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ﬂPEIll/lCJIOBl/IE KO BTOPOMY U3JJAHHIO

Hacrosimas kuura nanucana kak yueGnoe mocobue mo cTaTHCTH-
9eCKOH pajauoTexHuKe. [1o cpaBHEHHIO C MePBbHIM H3AAHHEM B KHHIY
BKJIIOUEHbI 10 CYLIECTBY TPH HOBbIE I'JIaBbl (MO0 MaTeMaTHYeCKOH CTa-
TUCTHKE, MAPKOBCKHM H TOUYEUHLIM CJyYaiiHbIM MpoLeccam), a MaTe-
pHAJ N0 KOpPeSAUHOHHBIM QYHKIHSAM H CMNEeKTPAdbHbLIM IJOTHOCTSM
BBLJICJIEH B CAMOCTOSITEJbHYIO I1aBy. Kpome TOro, sHauuTebHO 06-
HOBJIEHbl NIPUMEpHI U 3a4a4H.

Kuura cogepxut 18 rias, 0XBaThIBaIOLHX BCe OCHOBHbIE pasaensl
CTaTHCTHYECKOH paJHOTeXHUKH. B Havaje KaXmOH TIJaBbl KpaTko
NPUBEICHbl TEOpeTHUECKHEe CBeJeHH B 00beMe, HeOGXOLHMOM s
PEIICHHST paccmMaTpHBaeMbIX 3a1a4. MeToAnka MpUMEHEHHS UX AJs
PeleHHs KOHKPETHBIX MPAaKTHYECKHX 3a4a4 HJIIOCTPUPYETCS Ha psi-
Ae mojApOGHO pa3o0paHHBIX MPHUMepOB. 3aTeM chopMynUpPOBaHbI 33-
Aaun, cHaGxenuple otBeTamu. Jas yao6cTsa peleHHus 3aiay, B KO-
TOPbIX TPeGYeTCa MOJYYHTH OTBET B UHCJACHHOM BHE, B NP HIOXKEHHH
NOMelleH psj CIpaBOYHbIX TaGJuIL.

IIpu noaBope npuMepos n 3a4au GBI HCMONL3OBAHB OTEYECT-
BeHHble W HHOCTPAHHblE MCTOUHHKH, MHOTHE TpHMepbl H 3a4auH CO-
CT4BJCHLI aBTOPAMH CaMOCTOsITeNbHO. Bcero B kuure comepxutcs
796 npumepos ¥ 3axav.

Kuura paccuditana ma cTyaenTos u acrpaHToB, cleyHaan3npy-
IOLHXCA B 06JIACTH pAIHOTEXHHKH W aBTOMAaTHYECKOrO ympaBieHus,
€€ OCHOBHAfl LeJb — CHOCOGCTBOBATL aKTHBHOMY YCBOGHHIO TeOpe-
THHECKHX OCHOB CTATHCTHYECKOH PaAHOTEXHHKH H BbIpaGOTKe HABbI-
KOB NpUMEHEHHA TEOPHH K pelICHHIO MPAaKTHYECKHX 3ajad. OfHAKO
4BTOpbI HAJCIOTCH, YTO OHA OYAET MOJIe3Ha B KauyecTBe CNpaBOYHUKA
TaKXe WHXEeHepaM H HayyHoiM paGoTHukam. MMeHnHO N03TOMY 3a-
llauu ¥ OTBETHl MOMEILEHB BMECTe.

Pa6ora mexay aBTopamu Guuia pacnpejeseHa caeayomum obpa-

. 30M: rai. 5, 6, 10, 12, 14 u 15 Hanucaus B. T. lFopsunoBEIM; . 1—4,

9, 17, 18 u npunoxenne — A. TI. XypaBaesbim; ra. 7, 8, 11, 13 u
16 — B. U. TuxouoBsiMm, KOTOpBIi BHITOJIHHI TaKkKe 06Liee pegakTH-
POBaHHe KHUTH.

ABTOpEI BBIDaKAIOT 61ar04a PHOCTD PELEeH3CHTY KaHJ. TeXH. HayK
#ou. B. I1. )KykoBy 3a KpuTHUECKHE 3aMeyaHus U NOJIe3HBIe COBETHI.
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Paspen l

CJIYYAWHBIE BEJHYHUHDI

1. OCHOBHBIE ONPEAEJIEHHS H TEOPEMDBI
TEOPHHU BEPOSTHOCTEH

1. TEOPETUYECKHE CBEJAEHHS

Co6bITHE — BCEKHI $akKT, KOTOPBA B peayabTaTe OfbITd MOJKEeT TIPOH3OHTH

MJIH He MPOH30HTH.

Co6biTHS NOAPa3AeNfOTCA Ha JO
yaiintie (A, B, C, ... Han Ay, Ay, Ag, ..)
NpHHUMAETCS 32 eHHHIY, 2 BEPOATHOCTD HEeBO3MOXKHOT

P(Uy= 1, P(V)=0.
BeposiTHOCTb A1060r0 COGBITHS A saknioueHa Mexay HyJaeM H efHHHLEH:
0< PA)< 1. (1.%
6hiTHE A, IPOHCXOIHT TaKXKe coboitne B,

croseputie (U), HeBO3MOXKHbBIE (V) u cay-
BeposiTHOCTb AOCTOBEPHOTO COGHITHA
0 — 3a HyJAb:

Ecau Besku#l pas, KOraa NPOHCXOMHT CO
To roBOpSAT, 4TO COOBITHE A BiedeT 3a coboit co6tTHe B H o6oanadanT A C B,

rme — — 3HaK Bkalovenus. Ecan A © B 1 B TO Xe BpeMs Bc A, 10 cobhiTus A
H B Ha3biBAIOTCS PRSHOCHALHBIMH (sKBHBanEeHTHHIMU) U 0603HAYAIOTCH A= B.
B stom caydae P(A) = P(B).

Cymmofi HaH o6BbefHHeHHeM MH
Takoe cobuitie A, KOTOpOE NPOUCXOL
no Kpaiueil mepe oiHo («XOTH 651 OJHO») H3 3THX CO
Ay, A, A, ... ofo3HauaeTCH

A:A,+»AJ+-A3+...=%Ak wm A=A, U4, U 45U ... = yAk.

LY
oecTBa coGbiTHH Ay, Ay, Ag, ... Ha3bIBACTCH
UT TOrJa U TOJbKO TOrAa, KOTrjAa MpOHCXOIHUT
GerTiit. Cymma CoOOBITAH

rae U — cHMBOJ o6be HHeHH s COOBITHE (JOTHYeCKas onepalHs HJH).
W3 onpesenenust CyMMsl COGHITHH HEMOCPEACTBEHHO BHITEKAIOT cjepyioliHe

COOTHOMWIEHHUS:
A+ A=A, A+ U=U, A+V=A, A-+B=DB+t+A,

(A+ B)+ C= A+ (B+ O , (1.2)

cobbiTHit

[MpousBegeHueM (HAH ~ TepeceyeHUeM, MAH  COBMEIEHHEM)
Ay, A,, A, ... Ha3bIBAETCS TaKOE cobuiTie A, KOTOpOe NPOUCXOLUT TOTAA H TOAb-
KO TOr1a, KOTJa MPOMCXOAAT BCe COOLTHA BMECTE (<oxHoBpemenno»). Jas obosna-
yeHHs TPOM3BeJeHHs COOLITHA NpPUMEHAIOTCH caejyioliie 3anucu:

A=A Ay Ag =I;l Ap nan A= ANANAN .= T14y,
R

rge [} — CHBMOJ nepeceueHHs co6pTH# (aoruueckas onepauns H).
Ilns npousBejeHHs coGHITHI ClpaBeiJHBEl COOTHOMEHMN:

AA = A, AVv=V, AU= A, AB= BA, (AB)C = A (BC). (1.3)
4

Iasi onepauuit yMHOMEHHSI H CIOXKeHHS COGHITH, npﬂMEHHEMbl;( COBMeECT

~ HO, CIpaBeaus OOGLIYHBIA pacnpele/uTebHbH (AUCTPHOYTUBHELA) 3aKOH

\ (A4 B)C= AC+ BC (1.4)

H, KpPOME TOro, TaK Ha3biBaeMbid «BTOPO pacnpeleHTebHL i 3aKOH» [2]
AB+C= A+ 0 (B+ 0 (15)
Cobmitus A, B, C, ... 06pa3yioT NOAHYIO rpynny COGLITHH, ecad B pe3yian-

aTe onbitTa He”l)eMeHH() JOJKHO MOABUTHLCS XOTH Obi OJH HHX. “l)y HMH
T O U3 HHX
CJ0BaMH, CyMMa C06b”l/”’l, ()6p33yl0U.UlX l]oﬂﬂyio I‘pylllly, €CThb }IOCIOBepHOe CcO-

ObiTHE, T. €.
: A+B+CH ...=U.

Cobritisi A u B u
23bIBAIOTCS HECOBMECTHBIMH (U
AU HecoB
HX COBMECTHOE MOosiBJeHHe HeBO3MOMXHO, T. €. ecnu( MecTAMLMH), ec

AB=V.

it I,E[eacal)scwc[)gcb;;m HA3LIBAIOTCA MPOTUBOMONOKHBIMA (A0NONHHTENLHBIMH), eCaAn

onn ieconuec bl 1 06pasyioT noauyio rpynny. Cobbitue, npomsononom;oe co-

T , O osHatiaeTc;l A. HaxoxJeHHe NPOTHBONOMOKHOrO COGHLITHS SKBHBA-
JIEHTEO’IJIOI‘H‘{GCKOH onepauud HE (oTpuuanus), uubiMu croBamMu A = e A
Jsi MPOTUBOMOJIOKHEX COOHITHA cnpaBejauBbl POPMyaHl ‘

A=A, U=V, V=U, A+A=U, AA=V,
L (1.6)
A+B=AB, AB=A+B, A+B=A {-AB, A +B=AB, AB=A--B.

Hecg:;gngslcilMigg}rd:;eMbry“l ONHT HMeeT N paBHOBO3MOMXKHBIX HCXOLOB KOTOpbie
JASIOT NOAHYIO TPyn ’
GuiTus A yio rpynny (CXeMma ciy4aes), BepOSTHOCTL CO-

P(A)=n/N, (1.7)

rie n — 4YHCJO HCXOJ0B, KOTOpbie NMpHB
OJAT K Hac
R sy cotuma A} p p TYMJAEHHUI0 cobbiTHst A (6aaro-
3oaa}?upep'lu I?;:;l;])e\:{yﬂqﬂus(al;[%{ H6a HenocpescTBeHHbIH MOJCYeT BepOSTHOCTEH C HCIOTL
) MY .7) 06mux cnocoGoB /5 HAX0XK Bo
eHus .uucea N u
MHOTHX CJyyasix mpeJdecoobpasHo H p X ot
CMNOJb30BaTh «KOMOHHATOpPH
T. €. TEODHIO coelHHeHHll (pa3MelleHHH Py, Hom oom
_ HH, NepecTaHoBOK, €O i ;
4acTO NPHXOJIHTCH BBIUUCASITL YHCJO coéeTaguﬁ » coueanmi). Tipu stow

!
ch_— "
" — R (1.8)
ECJIH 3HayYeHHUss n H k Beau
Eean MHKH, TO HCMO/b3YIOT NpHGAKKeHHYIO popmyay CTup-

n! >~ (n/e)"}/ 2an. : (1.9)

?g;bﬁgmyga AdeT XOpOUlYI0 TOYHOCTh MPHOIHKEHHS M npHU CPaBHHTEJbHO He
oy OXIS aqeﬂnﬂ‘xln. TaK, HaanMep, OTHOCHTeJabHAnA NOrpemiHOCTb He npeBoc
it 0.1 npi 1 > 1, 0,01 == npy n >"10 1 0,001 — npn 1 > 100 pesec
PHIX 3ajauax NOHATHE PaBHOBO3 i
MOJKHOCTH COOBLITHH npHM
;Oo)zzlgahﬁigec‘;OHeqﬂuM YHCJIOM HCXOMOB, KOorja yucaa Nﬂ n OHpeﬂe.‘/’IHT:HH;('EeB’I(‘)C;-'
n/N) a.He ng§03:(be qﬂupc(jllgleucﬂblqﬂcﬂﬂTbISZMBy BEpOSITHOCTb COOBITHS (OTHOmeHHe
R XoAoB n . TAKHX Caydasax o,

Ab3YIOT -

PHYECKHMH BEPOSTHOCTAMH, KOTOpbie Onpeiensiotcs GopMyaod yiores reower

mepa g
mepa G’

5

P(A)= (1.10)



rie G — reoMeTpHueckas Mepa (MiMHA, NJOmMAalk, o6beM H T. I.) Bcelt 06JacTH,
g — reoMeTpHyeckasi Mepa 4acTH of6aactu G, nomajanue B KOTOpyio 6aaronpusT-
cTByeT cob6uTHIO A.

puMeHHMOCcTH (HOPMyYJIH (1.7) BecbMa orpaHuyeHbl

Kpome Toro, ycnoBHs O
orjia, Korfa OmbT CBOLHTCH K CXeMme Clyuaes).

(PopMyaa npEMeHHMA TOALKO T
B GoablmscTBe MPAKTHYECKHX 3324, CBS3AHHHX C PealbHbIMH SABACHHAMH, Be-

POSITHOCTb HEMOCPEACTBEHHO CBABIBAIOT C SMIHPHUECKUM TIOHATHEM 4aCTOTHL.
UacToTofi HAH CTATHCTHUECKOH BepOsATHOCTHIO P* (A) coBbITHS A B fauHoO# ce-
PHH OIHITOB HA3piBaeTcsl OTHOUIGHHE YMC/IA ONHTOB 7, B KOTOpHX NoSBHIAOCH

co6biTHe A, K 00weMy Yucay N npoH3BeJeHHBIX OMBTOB:
P*(A) = n/N. (1.11)

ITo TeopeMe Bepuyanu npH 60JbIWOM YHCAE ONLITOB HACTOTA CXONUTCH MO Be-
POATHOCTH K BepOSATHOCTH COOBITHH, T. €. TPH aw6oM € > 0

Pl|P*(A) — P(A) < el = L.

OnpegeneHye BepoOSTHOCTH CJAOKHOTO COGHTHS A yepe3 BeposiTHOCTH GoJee
NPOCTHIX COOLITUE Ay, Ay, ..., Ap 623HPYeTCH HA HCNONb30BAHAH OCHOBHLIX TEOPEM

TeOpHUH BEPOATHOCTEH (TeopeM CAOXKEHHSI U YMHOXEHHUS BepOﬂTHOCTeﬁ H UX cael-

C¢TBHM).
CorfiacHo TeopeMe COKEHHS BepOsiTHOCTed BEpPOATHOCTb CYMMbl IBYX CO-

6LiTHil paBHA cyMMe BeposTHOCTeH 3THUX COGLITHH MHHYC BEpOATHOCTh UX NPOH3-
BelleHHs:

P(A 4+ B) = P(4) + P(B) — P(AB). (1.12)
Ecau cobuitusi A 1 B HecOBMeCTHH, TO
P(A + B) = P(A) + P(B). (1.13)

Popmyan (1.12) r (1.13) obobmaloTes Ha CyMMy A1060T0 9HCAA N COOLITHI:
n n n—1 n
P 2 Ap | = 2 P(Ap) — 2 2 P(Ap Aj) -
k=1 k=1 k=1]=k+41
n—2 n-—1 n k L
+3 Y Pl A)— (=1t PUTT A ), (L122)
k=lj=kt1li=j+1 k=1

n n
Pl D A |= 2 P(4). . (1.13a)
k=1 k=1

CyMMa BepoATHOCTEH HeCOBMECTHEIX COGHITHH, COCTABAAIOMUX NOARYIO TPyT-
ny, paBHa elHHHLE:

n
> PAp=1. (1.14)
k=1
CymMMa BeposiTHOCTeR IBYX NPOTHBONONOKHBIX COOHTHIA paBHA eNHHHLE:
P(A) + PA) = L. (1.15)

[lo TeopeMe yMHOXeHHsi BeposiTHOCTeA 1isi ABYX COGHITHR BepOsiTHOCTh mpo-
HsBeleHUsi IBYX COOLITHHA PaBHA NMPOM3BELECHHIO BEPOSTHOCTH ONHOrO H3 HHUX Ha
yCJAOBHYIO BEPOATHOCTL APYTOTO NpH yCAOBHH, HTO NPOH3OLUII0 NEPBOE:

P(AB) = P(A) P(B | A) = P(B)P(AIB), (1.16)

rae P(A|B) — ycoBHAs BEPOSTHOCT COGHTHS A, T. €. BEPOATHOCTb COGHTHS 4,
BWUHC/AEHHAS B NPENOJNOKEHHH, YTO HMeao MecTo coGuTHE B.

Puc. 1.1. TlapanneabHoe coefuneHHe 3Je-
MEHTOB ) Dy

npﬂq}é;ﬂ:;ggﬁ!;;ﬂ;ic;aHT:sc;g:ecxn HE3aBUCHT OT cobbiTUst B, To P(A|B)=P(A)
I0TCS He3aBUcUMBMH, [Ipu "
; . He3

A u B suipaxenue (1.16) npunnmaer BUJ P ARMHCHMAE CoOKTHAX

P(AB) = P(A)P(B). (1.17)

Dopmyan (1.16) u (1.17) o6o6mwanTes Ha n cO6MLTHI Ay A, Ay

’ y ey n-

P(Ar Ay ... An) = P(A)P(A; | AYP(A3 1 AAy) ... PAg |14y ... Apy)
: (1.16a)

n n 4
PIII 4 |=TI pPa

e e (Ar) . (1.17a)

reo fjuéigy;e:;mrux NPAKTHYECKUX 3a[ay TpeGyeT COBMECTHOrO HCNOAB30OBAHUS
P fi M yMHOXEHHS BeposiTHocTed. B 4acTHOCTH, ¢ mOMOW(BIO 3THX
TEOPEM TNPOH3BONUTCS PacyeT BEPOATHOCTH Ge30TKA3HON PaGoOTHl, HampuM
JUOTEXHHUYECKHX CHCTEM. ' pHIED. pa-
i BepoATHOCTBIO 6€30TKa3HOH PaGOTH HEKOTOPOH CHcTeMEl ( uny ee saemenTa)
3EIBAIOT BEPOSITHOCTL TOTO, UTO CHCTEMA (31eMEHT) B TedeHHE YCTAHOBAEHHOTO
BpeMeHH OyneT paborars 6e3 OTKa3oB.
[Ipu o6beIHHEHHH HECKOABLKUX
3/1EMEHTOB B CHCTEMY Pa3/H4alo0T
HX napasn-
ﬁgﬂbﬂoe coeplHenne ( pesepBHPOBAHHE) H TOCAELOBATENbHOE (OCHOBHOE). %pn
pannelbHOM coeuteun (puc. 1.1) oTKas cHCTeMbl BOSMOXKEH ToABKO NIPH OTKa-
3¢ BCEX 3/JEeMEeHTOB, a NPHU nociefoBarteasHoM (pHe. 1.2) oTkas cHCTeMul mpomuc-
XOJHUT IpH OTKa3e Jioboro aaemenra [1]. P
BeposTHocTh 6e30TKasno# paGote P = P() cHcTeMbl u3 k mapaniennbio

' CoelHHEHHBIX 3j1€MEHTOB

«

k
P=1— Tt (1—py. (1.18)

i=1

rae p; = pi(f) — BepOATHOCTL Ge30TKA3HOH PabOThI {-TO 3JeMeHTa Ha HHTEp-
BaJge (0, #). C yse/JuueHHEeM YHC/IA TAPAJJIIbHO BRAYEHHBX 9]eMEHTOB Bepos-
HocTb Ge30Tka3Ho#l paboTbi cHCTEMbl BO3pacTaerT. P
Ecan cucTeMa COCTOMT M3 k 1OCAeIQBATENbHO COGNMHEHHBIX 3JEMEHTOB, TO
BEPOSTHOCTL 6e30TKA3HOH PAGOTH CHCTEMb BMUUCAfETCs No GopMyne ’

k
P =TI p:. (1.19)

i=1

C yBeHYEHHEM 4HCA2 TOCAENOBATENLHO BK/IOUEHHHX 3/1€MEHTOB BepOSTHOCTH

Ge30TKa3HOH paGoTH CHUCTeMbl yOhiBaer.
Bo MHOrMX peanbHuiX CHTYAuHsX TO UJIH HHOE COOHTHe A MOXKET NOABUTHCH
JHWIb KaK CcAydYaiiHoe CAeNCTBHe OJHOTO M3 HECOBMECTHBIX COOBITHH H; (i ==
i (6=

. =1,2,..., n), KOTOpEIE BXOASAT B HEKOTOPYIO TOAHYI0 TPYANy COOBLITHI M Ha-
© 8HBAOTCA THNOTe3aMU. B TakHX cayuasx GesycnoBHas BeposiTHocTs P(A) co-

Prc. 12. Tocnegosatenstoe coegupe- O tLb—-Z}—---—FF—o

Hye 31eMeHTOB Py £z Dk



6bitHA A Npu H3BECTHHIX BEPOSITHOCTAX THINOTE3 P(H;) u yCcIOBHBIX BepOSITHOCT-
ax P(A]H;) onpesesasierca 1o ¢opmyJe noaHOH (uaH cpenHed) BEPOSTHOCTH:

n
P(A)= 3 P(H)P(AIH)). (1.20)

i=1 .

Mpu 5TUX e LAHHKIX, T. € H3BECTHHIX BEPOSTHOCTSAX P(H;) n P(A|Hy),
MOMKHO HAlTH M3MeHeHHe BeposiTHOCTe# runoTe3 Hj, eCiaH NpelnoJoKUTh, 4TO CO-
6biTie A yike npoH30im10, 3314y N0A0GHOrO THNA PEIAIOTCs € NOMOLLbI0 TEOPEMb
runotes (dau Gopmyas Bafeca):

P(HOPA|Hy)  __ PH)PAIH))
P(H; 1 A)= " PiA) . (1.21)
D P(Hp)P(Al Hy)
k=1

Beposithocth P(H;) HaspBaercs anpuopﬂofx (moonuiTHOR), a P(H;lA) — ano-
CTepHOPHOA (M0C/IeONEITHOH) HAM 0GpaTHOH BEPOATHOCTLIO.

B TeopuH nepefauu cooGuEHUH, TEOpHH CTPenbOb, NPH KOHTPOJE KaUeCTBA
NpPOLYKUHH H T. [. 4ACTO BO3HHKAIKT 3a1a4H M0 ONpeleNeHHI0 BEPOATHOCTH N05iB-
NeHUs KAaKOTO-TO CO6LiTUs A B pe3yibTaTe CePHH ONMBITOB, B KaXAOM H3 KOTOpbiX
3TO COGHITHE MOMKeT npOM30HTH MM He npouMsoTH. [Ipoie Bcero oHU pemaroTcH
Toria, KOra ONHTH $BAAIOTCH HE3aBUCHMHIMH, T. €. BEPOATHOCTb TOrO UAH
HHOrO MCXO0[A OMbiTa HE 3aBHCHT OT TOro, KakHe MCXOAbl AMeJH LpyrHe OMbiThHl,
Cnoco6 pemends MOIOGHLIX 3afau AaeT TeOpeMa O NOBTOPEHHH OMKTOB (hopmy.a
bepHyaaH).

BeposiTHOCTL TOTD, 4YTO NPH n HE3aBHCHMBIX OMBITAX (AcnbiTaHUAX) COOH-
THe A NOSBHTCH POBHO & Pas, eCAK NPH KAXKIOM ONbITE BEPOSTHOCTb COGLITHSA A
OLHHAKOBA M paBHa p, onpeledsiercsi hopmynoi

Pr (k)= Cip*q" =%, ' (1.22)

rie g=1—np.
dopmyaor (1.22) HeyRo6HO nonb3oBaThesi npH Goibmux n. B stom cayuae
1% nojcYeTa BEpPOSITHOCTH P;(k) mpuMeHsioT npr6auiKenHbie GOPMYJbl. ¢
Ecau n BeJUMKO, p Mano, a ap = A HMeeT KOHeYHOe 3HayeHHe, TO MOJb3YIOTCH
npubauxenuoii popmyJon Ilyaccona
Ak
Pp(k) = o e M (1.23)
[pubauieHHoe 3HayeHHe OTHOCHUTENILHOH MOrpemHOCTH npH npuMeneHHH ¢op-
myabi (1.23) Bmecto (1.22) pasuo
k— (k— np)? 1 .
Pall) = Pl e —pp2.
n(k) on 2 p

Korpa npg He caHmIKOM Majo, To fpHUMeHseTcs JokaabHas dopmysna Myas-
pa — Jlanaaca: . :

Po(k)=p1 (¥)/V npg, (1.24)
rie
=2 e k—_n_p .
Vnog

IMpu6amxkeHHoe sHaueHHe OTHOCHTENLHOK TOrpeIHOCTH NPH BLIYHCAEHHAR BEpOAT-
nocte P, (k) no dopmyane (1.24) pasuo

=+ (1=5).
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S
px(x)=—f/§e

C nomorupio Gopmyan (1.22) MOXKHO BHYHCAUTL BePOSITHOCTb TOTO, YTO NPH 71
HEe3aBHCHUMBIX ONEITaX COObiTHE A, HMelonee BePOATHOCTL p, OSABUTCH He MeHee k
pas:

n k—1

Pom> k)= D) Clp™g"~"=1— D} CMp™ g"—m. (1.25)

m=4Fk m=0
BeposiTHOCTb nosiBJaeHHs COGBITHS XOTS GBI OLHH pa3 NpH n ONBTAX paBHa
Pom > 1) = 1 — gn. (1.26)

BeposiTHOCTB TOrO, YTO fIPH n HE3aBHCHMLIX ONbITaX CcOGHTHe A, HMepee
BEPOSITHOCTL p, NOABUTCSH He Gojee k pas, onpelessieTCsi BEIpaKeHHeM

. k
Ppim < ky= 3, Cp™q¢"~™ (1.27)
m=0

Ecan BEPOATHOCTL NOABACHUSA COOLITHSI B KaXKJOM OlkiTe paBHa p, TO BEPOST-
HOCTb TOTO, YTO B CEPHH M3 7 HEe3aBUCHMBLIX ONLITOB cob6riTHe A mosiBUTCH OT w
A0 V pa3 BKJAWYHTENALHO, PaABHA

v
Pou<sk<vy= D Clpmg*—m. (1.28)
m=n
[pu 6oapiux 7, W K v 3TOH GOPMYNOH NOAB30BATLCA 3aTPpyNHHTENbLHO. B
9TOM cJyuae HCIOAL3YIOT NPHOAMKEHHYI0 HHTerpaiabHyio dopmyny Myaspa —
Jlanaaca )

b
1 2
Prlu<k<v= ﬁ—j‘e—t -/2dt=CD(b)——CD(a), (1.29)

roe

4
w—np v—np 1 —2/9

a= — . b= =, O@)= —=—= 5‘ e~/ 2y,
Vnpg Vnpg Von

KoanyecTBO n ONBITOB, KOTOPLIE HYAHO NPOU3BECTH IS TOTO, YTOGL C BEpOST-
HOCTbIO, He MeHbilled Py, MOXKHO OblI0O yTBEPAKAaTh, YTO JaHHOE COGLITHE npOH30H-
IeT no kpaiiHe# Mepe OJMH pa3, HAXONUTCH MO Gopmyae

n = log(l — Py)/log(l — p). (1.30)

HanBeposiTHeiiiiuM yucaom ky, nosiBaeHHR cOObITHS A B 7 He3aBUCHMBIX OTbi-
Tax HasbiBaeTcs Takoe 3Ha¥enue k = k,, IpU KOTOPOM BepOATHOCTL P (k) na-
néoabHas. DTO YUCAO onpefeasieTcs nNo Gopmyae

np — q < kg < np + p. (1.3

Ecnu np — g — Opo6Hoe uHcao, To HepaseHcTBo (1.31) onpepensieT omHO 3Ha-
ueHde HauBeposiTHeHmero yucaa. Ecau ke np — ¢ — ueaoe YHCJa0, TO HEPABEH-
cto (1.31) onpeneasieT ABa 3HaYeHUs HAUBEPOATHEHIero YHCAA.

®dopmyana (1.22) coctaBasieT cofepKaHMe TaK HasbiBaeMoH 4acTHOH TeopeMst
0 NOBTOpPeHHH onuiToB. M3BecTHO HeCKOALKO ee 0606menuii. OfHO M3 HHX OTHO-
CHTCs K CJlydalo, KOT[a H3-32 H3MEHSAIOMMXCH YCAOBHH NpH npoBelleHHH n He-
3aBUCHMBLIX ONBITOB BEPOSITHOCTb p MEHSeTCH OT OJHOTO ONbiTA K CAELyioueMy
‘(o6wasi TeopeMa 0 MOBTOPEHHH ONbLiTOB). B 3TOM cayuae BeposTHOCTDL P, (k) moss-
JeHus cobuTHs A poBHO & pas ompepessiercs no npomsBoisiwed dbyugnuu [3]:

n n
on@ = IT (@ +pie) = X Pn(k)2, (1.32)
i==1 E=0
Tle p; — BepOSTHOCTb NOsiBAeHHA COGHITHS B {-M onuiTe, ¢; = | — p;.
9



Hckomass BeposTHOCTb Pp(k) paBHa Ko>p(HuHEHTYy npH 2® B pasnoxenuu
npoHussoxsiell GyHKnHU U MOXKET GBIThL Onpeje/ena auddepennuponanneM QyHk-

uHH Qp (2): e L M} ) (1.33)
n (k) = £l dz* 2=0

Hpyroe o6obuwenne opmyar (1.22) oTHOCHTCA K Ca1yuaio, KOTAd Kablil
OMBIT MOXET HMeTh He 1Ba, a Gojbiiee YHCJAO Hcxonos. Ecau, nanpumep, npH
Ka)KJIOM TOBTOPEHMM ONHTA MOKET TpPOU30fTH TOJABKO OLHO H3 COGHITHH

m
A;, A, ..., Ap, COOTBETCTBEHHO C BEPOATHOCTSAMH Py, P2y --+» Pm (?Pi = 1),

TO BepOATHOCTs Pp(ky, Ry, ..., k) TOTO, UTO HPH 7 HE3ABUCUMBIX onznax cobniTHe
A, nosiButcsi ky pa3, cobuithe A, NOSABHTCH ky,pa3 v T. 1., coOnTHEe Ay, NOABUTCH
m

ky pas (Zk,- = n), onpexeasiercsi GopMyaol MOJHHOMHANLHOTO PACHpEAeaCHUA
i=1

n! k

' ky k ’
= ip? ., (1.34)
Pn (R, k2s ooey km) kgl kgl o fem] Py P P
kP m
BepositHocTs Py (R, Ry, ...y Rip) siBASETCA Kos(pdHnHeHTOM npHu 2,1 2,2 2, ™ B pas-
JIOXKEHHH MO CTENEeHSAM apryMeHTOB Z; NOJAMHOMA
@n (210 230 o0 Zm) = (p321 T P22 T - + pmzm)™ (1.35)

HpejCTaBASIoWEero co60# NPOM3BOAAILYI0 (QYHKHHMIO NS COBOKYMHOCTH ducen
Pr(ky, Bay ooos Bm)-

2. MIPUMEPBI

1.1. JloxasaTh CNPaBeIJIHBOCTD CJCAYIOWEro COOTHOIICHHUS MEXKLY

cobertusimu: (A + B) C = AC + BC.

Petetive. 3aJaHHBIH PACpeIe/IHTENbHbIA 3aKOH MOXKHO A0Ka3aTh
NyTeM HeNOCPEACTBEHHOTO PacCMOTPEHHS CMbIC/IA YTBEPXKACHUH, BbIpar
JKaeMbIX KaXkIOH 4acTbio paBeHCTBa. JleBas 4acCTb JAaHHOTO DPaBEHCTBA
03HAauaeT coObITHE, COCTOSIIEE B TOM, YTO TNPOH3OLIIH COBMECTHO COGbI-
Tust A win B n cobmtue C. IlpaBag yacTb O3HayaeT, 4TO MpPOHCXO-
asT cobnitust A Bvecte ¢ C uan B Bvecte ¢-C (un W TO, H JApyroe).
ATH gBa yTBEPKIAECHUST PABHOCH/bHDI. _

1.2. Toxkasats, yto A + AB + BC + AC=A + C.

Pewerue. J10Ka3aTeJbCTBO CHPaBeJIHBOCTH 3aJaHHOrO PaBEHCTBa
nposegem ajreGpanueckum myTeM. Mcnoabsys ¢popmy.ier (1.2)—(1.6),
AMeeM _ _

A+ AB + BC + AC = (AU + AB) + BC + AC =

= A(U + B) + AC + BC =AU+ AC+ BC = A + AC+BC=
=A+AC+AC+BC = A+ CA + A)+BC=
=A+C+BC=A+C.

1.3. JIeym pamMocTaHumusiM paspemena paGoTa Ha [CATH OJHHA-
KOBBIX (PHKCHPOBAHHBIX YaCTOTAaX.

Onpenesuth BepOATHOCTH P(A) TOro, YTO HACTPOEHHLIE HE3ABHCHMO
0be pajuOCTaHUMH OKaXYyTCs palOTAaiOWUMH HA OJHHAKOBBIX 4ACTOTAX.

10

Pewenue. OGo3naunm (YHCTO (OPMasIBHO) HACTOTHI OJHOH pajHO-
4 (3] " .
CTaHIMH 4epe3 fi, a vacTOTel Apyroii — uepes fi, i=0,1, ...9
fi = [i. Pacno/ioxum Bce BO3MOKHBIE HCXOABI B BHE TAGJIMIBL:

fofo Foli oo 015

hfs Bl ... KT

fofo FFi oo T
Bcero paBHOBO3MOXHBIX HcX0A0B N= 10 - 10=100. Dtu wncxogsl co-
CTaBJIAIT MOJHYIO TPYNIy HECOBMECTHBIX cJyuaeB. Hcxopos, 6Gaaro-
NPUSATCTBYIOMAX cOObITHIO A (06€ paHOCTaHUMH OKaXyTcs paboTaio-

IMMH Ha OJMHAKOBBIX uactoTax), Oymet n = 10(f,f;, fifs ..., fafs)-
CregoBaTesbHO, .

’

P (A) = n/N = 10/100=0,1.

1.4. ITo Juuuun cBa3u B cayvaliHoM mopsaxe nepeaaiorcs 30 3HaKOB
pycckoro aJjidpaBuTa.

Haiitn BepositHOCT P (A) TOro, 4To Ha JIeHTe MOSIBUTCS MOC/IeJ0Ba-
TEJIbHOCTb GYKB, 06pa3yIoIHX CJIOBO <pajHO».

Pewenue. Uncao Bcex paBHOBO3MOXKHBIX clyyaeB N (4ucio BHGO-
pos u3 30 Oyks ajdasuta, no 5) paBHO uyucay pa3meuiendii u3 30 mo
5 OyKB, T. €,

N=A4}, =30-29.28.27.26

M3 stux ciayuaeB 6/1arOnpuUATCTBYIOIAM COOBITHIO A SIBASIETCS TOJIBKO
oauH (komOuHanus, obpasyiomas CJI0BO «paauo»), T. €. n = 1. Cre-
JIOBATEJIBHO,

P(A) = n/N = 1/A3, = 1/30 - 29 . 28 . 27 . 26 ~ 5,88 - 105,

1.5. Ilpoussoautcss npHeM KOAOBBIX
nsth udgp ot 1 xo 5.

Kakosa BeposTHOCTb P (A) TOro, 4To B NpHHATOH KOMOHHANMK 1HD-
pe! 00pasyoT nocjenoBaTeasiocts 1234572

Pewenue. Uncno BceX paBHOBOSMOXKHBIX CayyaeB N paBHO yuciay
NepecTaHOBOK H3 NATH  3JeMeHTOB, T. e. N = P, = bl =120. U3
3THX cjlyyaeB OJarofnpHsTCTBYIONMM COOBITHIO A SIBJASIETCH TOJABKO
onuH, T. e. n = 1. CaegoBaTenbHO,

" P(A) = n/IN = 1/51=1/120.

1.6. B naptun u3 N 3anacHbiX pajuosamn umeetcss M Hectangapt-
HpiX. Jlis mpoBepku BbIOMpalOTCS Hayraj k pajuo/aMmn U3 3TOi map-
tuu (B << N).

- Onpenesute  BEpOSTHOCTb P(A) TOro, 4TO CpeId HHUX OKaXyTCs
poBHO [ Hectanaaptaeix (I << M).

Pewerue. Obmee 4nuc/o BO3MOXKHBIX BeIOOpPOB U3 N pamwoJamn 1o k
paBHO umcay coueTanuii u3 N 3jementos mo k, T. e. Cr.Baaronpust-
CTBYIOIHMH TIOCTABJICHHOMY YCJOBHIO SIBJSIOTCH CJIYyYaH, KOTAa H3 06-
mwero yxcia M HeCTaHJAPTHBHIX PajfMOJIaMIl B3SITO POBHO [ WITYK, 4TO

KOMOHHAIHH, COAepKAUUX
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Puc. 1.3. K shiunciennio BepositHocTu P (A)

\%
\\ _rz—i,='—r

g T T 7

MOXKHO OCYIIECTBUTD Chy cnocobamu. Ho xaxapi H3 3THX C/yYaeB B KOH-

TPOLHOM NAPTHH MOXKET GBITh B Pa3THUHOH KOMOHHAIHY C OCTAJIbHBIMU

k—1[ cTaHAapTHBIMH JaMnamu. HHCI0 TakuX KoMOHHAUHH paBHO Cf;—_’M.

CaenosaTesbHo, o0mee uuci0 OgaronpUsITCTBYIOLHMX C/Y4aes oynet

paBHO MPOU3BEJICHHIO C;IMCf\,__IM. B COOTBETCTBHH C ONpEJNCIECHHEM Be-

POSITHOCTH MOJYSHM ) ,
P(A) = CuCl—'m/CA.

1.7. B 70o6bi€ MOMEHTBI HHTepBaja BpemeHH T paBHOBO3MOXKHBI
MOCTYI/IeHHs B NMPHEMHHK JBYX HE3aBHCHMBIX CHIHAJOB. TpuemMHUK
OYIET meperpyeH, eClH PasHOCTb MEXY MOMEHTAMH MOCTYNJCHHSA
curHasoB OyJeT MEHbIIE T.

Onpeneauts BepasTHOCTL P(A) Toro, 4TO NPHEMHHK Oynet nepe-
rpYy2KeH.

Peiuenue. V306pasum c/IyyaiiHbie MOMEHTBI TOCTYMJIEHHS CHTHAJIOB
B PAaJHONPUEMHHK T; H Ty B BUIE JeKAPTOBHIX KOOPIHHAT HA NJIOCKOCTH.
O61aCThIO BO3MOMXHBIX 3HAUEHHH T; U T, ABJISETCS KBaapaT MJOLIANBIO
S = T2 (puc. 1.3). [puemnuk GyxeT neperpyxe, eci [te — | <.
Jlannass 06MaCTh JEKHT MEXAY MPAMBIMH Ty — Ty = T H Ty — Ty =
— — . Tnowans stoii obnactu s = T2 — (T — 1)2. CrefoBaTesbHO,

1.8. Tlo IaHHBIM PEMOHTHOM MAcTepCKOd B CPEXHEM H3 100 oTka3oB
reseBusopa 50% 0OYCIOBJEHO BHXOAOM H3 CTPOS SMEKTPOHHBIX Jawm,
15% — kouneHcatopoB, 12% — pe3ucTopos, 5% -— KHHECKOIIOB, a
OCTa/IbHBIE OTKA3bl 00YCJIOB/ICHD! APYTHMH NPUYHHAMH.

Hajity BeposTHocTb P*(A) oTKasa TeseBH3opa 0o JPYruM IpH-
YHHAM.

Pewenue. Tlo ycnoBHio BEPOSITHOCTH BbIXOa U3 CTPOs Te/IEBH30pA
H3-33 OTKa3a Pa3JHUHBIX 3JEMEHTOB PABHEL

P*(A,) = 0,5, P*(4,) = 0,15; P*(As) = 0,12; P*(4,) = 0,05,
rxe Ay, Ay, As, A, — 0TKaspl TeJEBH30DA, 00YCJ/IOB/ICHHBIE COOTBET-
CTBEHHO BBIXOJOM H3 CTPOS 3JEKTPOHHBIX JIaMmr, KOHJEHCATOpOB, pe3H~
cropos u kuneckonos. Cobbitust A, A,, Ay, A3, A, COCTAaBASIOT NOJNHYIO
rpynny. CrnenoBaTesbHO,

4 .
PrA) =1—73 pP*(A)=1—(0,5+0,15+0,12 -+0,05) =0,18.

T 1
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1.9. B naptuu u3 N nonynpoBOJHHKOBBIX TPHONOB HmeeTcss M Gpa-
koBaHHBIX. LI KOHTPOJs W3 nApTHH OepeTcs HAYrajx A TPHOIOB.

KakoBa BepostHocTs P (A) Toro, uto cpeau Hux Oynet ne Gosee m
6GpaKOBaHHBIX?

Pewenue. Tlyctb A — cobpiThe, cocTosee B TOM, UYTO CPENH 7
B3ATHIX /st KOHTpoJst TpHojnoB Oyaer ue Gonee m Opakosanueix. Co-
6biTHe A NPOM30MALET TOTIA, KOra CPeJld n B3ATHIX HA NPOBEPKY TPHOLOB
HTH He GyJeT HH OfHOro GpaKOBaHHOrO (cobbiTHe A,), UiH oaun Gpako-
BaHHBIH (CoGbiTHE A;), UK 11Ba OpakoBaHHBIX (COOBITHE A,) U T. X., HIH
oKaeTcsl m GpaKoBaHHBIX TPHOJLOB (colbiTHe A,,), T. €. ‘

A=Ayt Ay + Ayt o+ Ay + oo F A= DA,
k=0

BeposithocTs P(A}) cobbitus Ay paBHa
P(A,) = Chi CR=*u/CX.

Csie10BaTeIBHO, 10 TEOPEME C/I0KEHH ST BEPOSTHOCTEH COOBITHI HMeeM

m
m 2 CIIZVI C?\I:kM
P(A)= 3 P(4)=""—.
X k=0 CnN
1.10. OGnapy:xeHue BO3AYUIHOH uEMH TNPOH3BOAHTCS HE3aBHCHMO
IBYMsi PaIHOJOKALHOHHBIMH CTaHnHsAMR. Beposthocts P(A) oGuapy-
KeHHs uenu nepsofi cranuueii pasua 0,7. BeposTHocTs P(B) obHapy-
JeHHus 1eTH BTopoii cranuue pasua 0,8.
Onpenenuts BeposiTHOCT  P(C) Toro, uTo uefis Gynet obHapyxKeHa
XoTst OBl OIHOH CTAHIUEH.
Pewenue. Tlo yeaoButo coOeitust A U B He3aBHCHMBI, MO3TOMY Be-
POSITHOCTB COBMECTHOTro coleitus AB (uesnb oOHapyxeHa obeuMu CTaH-
WHAMH) :

. P(AB) = P(A) P(B) = 0,7-0,8=0,56.
Hcnonb3ys dopmyay (1.12), noayuaem
P(C) = P(A + B) = P(4) + P(B) — P(AB) =
=0,7 4 0,8 — 0,56 = 0,94.

Taxk xak co6biTHs A W B He3aBUCHMBI, TO MPUMEDP MOXHO PELIUTH

nyTem nepexona K IPOTHBONOJOKHBIM cobbiTusam A u B. B stom cayuae

P(C) = PA+ B)=1—P(A) P (B) =
=]—[1 — P AI[1l — P (B)l=1-—0,3-0,2=0,94.
‘1,11, Kaxpas 6ykBa cioBa «MaTeMaTHKa» HAMMCAHA HA OTAEJNBHON
KapTouke, KAapTOuKH TuaTeJqbHO nepemewiansl. [locsenoBatensHo us-

BJIEKAIOTCS YeThIpe KapTOuKH.
KakoBa BeposiTHOCTE P(A) NOJYUHTH CJAOBO «TeMa»?

13



Pewenue. Tlycrs Ay, Ay, As, A, — cOBBITHSI, COCTOAUIUE B MOCAE0-
BAaTE/bHOM H3BJECUCHHH OYKB «T», «e», «M», «a». Toraa cooTBeTCTBYIOMKE
BEpOSATHOCTH paBHBI: :

2 2.
»

1
P(A1)=‘]—0; P(A2|A1)='9—; P(A3IA1A2)=_8—

3
P(A4|A1A2As)=‘7-

[Mpumenss gopmyay (1.16a), nonyyaem
P(A)=P(A)P(A;]A) P(As| Ay A)) P(Ag] A1 Ay Ag) =

1.12. JIBa cTpe/Ka CTpe/sIOT MO OYepeau MO MUIIEHH IO NepBOro
nonaganus. Kaxaplfi U3 HUX HMeeT NpaBo ciaejaTh He GoJee ABYX Bbl-
cTpe/ioB. 3Has, YTO MPH OJHOM BBICTPE/e MepBbIH CTPENOK Nonajgaer
B MHIIEHb C BEPOSTHOCTBIO Py, @ BTOPOR—C BEPOSITHOCTBIO Po, HAHTH
BePQSITHOCTE TOrO, 4TO: 1) MepBblfi CTPEOK MONajeT B MHIUEHDb; 2) BTO-
poit CTpe/IOK MOMajeT B MHUICHB. '

Pewenue. PaccmoTpuM caepyiomye coObiTHs: A — MepBhIfl CTPEJIOK
nonagaetT B MHILleHb, B — BTOPOi CTPe/NIOK NONajaer B MHILEHb, A—
nonajanue y MepBOro CTpeaka NMpH nepBoM BeicTpese, A, — mnpomax
y nepBOro CTpeJKa NpH MepBoM BoiCTpefe, A,—INonajaHue y nepBoro

cTpesKa Mpu BTOPOM BbiCTpene, A, — MPOMax y NepBOro CTpe/ka npu

BTOPOM BhICTpese, B; — nonajanke Y BTOPOro CTpe/iKa Nnpu NepBoM Bhl-
cTpéne, By — MpoMax y BTOPOro CTpeJka NpH NepBoM BeicTpene, B, —
Nonagasne y BTOPOro CTpeJKa NMpH BTopoM BeicTpese. Torxaa

A= A, + A,B,A,, B = AB, + A,B,A,B,.

Tax xak
P(A,) = P(As) = p1, P(A_1) =P (Zz) =1-—p,,.
P(By) = P(B;) = pa, . P(El) = 1-— p,,

' TO
1) PA) = p, + (1 — p))(1 — po)py = pll + (1 —p)(1 —p,)l,
2) P(B) = (1 — p)ps + (1 — pi)(I — po)(l — p1)pe =
= (I — pypadl + (1 — p)(1 — po)l.

1.13. CucTema ynpaBjieHHsi COCTOHT M3 YETBIpEX Y3/10B A, Ay A, .

u A, (puc. 1.4). BepostaocTi p; Ge30TKa3Ho#i paGOTHI Y3/10B COOTBET-

CTBEHHO PaBHHL P1, P2, P3, Pu
BbIYHCAHTh BePOSITHOCTE 6e30TKa3HO# paboTel P BCeH CHCTeMBI yni-

paBJeHHS.
14

Puc. 1.4. CrpykTypHas cXema cucTemb O——¢4—{_F— yR— )

ynpasaeunsi o

Pewetiue. BeposiTHOCTb Ce30TKa3HO# paGoTel Py, UENH M3 ABYX MO-
cJle0BaTe]bHO COSIHHEHHBIX 3/eMeHTOB A; u A, corjacHo ¢opmyne
(1.19) pasua

2
pr=T1 p;=p1ps

(=1

BeposTHOCTb (e30TKa3HO# paboThl pgy LENH, COCTOAWIEH H3 IABYX
napase/bHO COCIUHEHHBIX 3/MeMeHToB As u A,,0npenenum 1o gopmye
(1.18):

Pas = 1—11}3(1 —pp=1—(1—pg)(1— pa).

[Mpumensist dopmyay (1.18) ewme pa3, nonyyaem:
P = 1—(1 — pio)(1 — pus) = 1 — (1 — p1pa)(1 — ps)(1 — pa).
Ilycts, wanpumep, p; = 0,7, p, = 0,6, ps = 0,8, p, = 0,9. Toraa
P =1—(1—0,7 - 0,6) (1—0,8) (1—0,9)=1—0,58-0,2 + 0,1=
=0,9884~0,99.

1.14. BeposTHocTH TOro, 4TO NMapaMeTpsl OAHOrO U3 TPeX GJIOKOR
pajHOCTaHIHH (aHTEHHO-DUIEPHOrO YCTPORCTBA, NPHEMHHKA HJIM mepe-
JATYMKA) BHIAAYT 32 BpeMst MoJjera camoJeTa u3 J0NyCKOB, paBHbI COOT-
sercrBenHo 0,1; 0,2 u'0,3. Ecin u3 nosst JOMYCKOB BB HapaMeTpsl
onuoro 6/10Ka, cBs3b He GyieT ycTaHOBJeHa ¢ BeposTyocTwio 0,25, ecau
aByx 6aoxos, To 0,4, ecau Tpex, 1o 0,5.

Hatitu BepostocTs P (A) Toro, 4To cBa3b He OyaeT yCTaHOBJEHA.

Pewenue. K untepecytoueMy sac coObiTHio A BeAyT TPH THIOTE3HI:
H, — 3a nose IONYCKOB BHILLIH MapaMeTper oxuoro G/oka; H, — 3a
noJje IOMYCKOB BeIUIM MapameTpsl AByX OsiokoB; Hs — 3a noJae no-
fIYCKOB BBHILJIM MapaMeTpsl Tpex 0JI0KOB.

CorsiacHO Teopeme CIOKEHHS H YMHOXEHHS BEPOATHOCTEH HMeeM

P(Hy)=0,1(1—0,2)(1—0,3)+-0,2(1—0,1)(1—0,3)+
-+0,3(1—0,1)(1—0,2)=0,398,
P(H,)=0,1.0,2(1—0,3)-+0,1-0,3(1—0,2)-+0,2-0,3(1—0,1)=0,092,
P(Hs)=0,1.0,2-0,3 = 0,006.
© Tlo yenosmo P(A|H,)=0,25, P(A|H;)=0,4, P(A|Hs)=0,5.
ChnepoBate/1pHo, 10 popmyJe MoaHoH BepositaocTH (1.20) mosyuum
3
P(4) =l2‘. P(H;) P(A | H;)=0,398-0,254-0,092.0,4 +
=1
-+ 0,006-0,5 = 0,139.
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1.15. Tlo kanaJy CBsi3H, MNOJBEPIKEHHOMY BO3JEHCTBHIO TOMEX,
nepenaercs OgHa u3 ABYX KOMaHJ yNpaBJeHHusi B BHJE KOIOBHIX KOM-
Gunanuii 11111 wau 00000, npuyeM ampHOPHHE BEPOATHOCTH Mepelayn
3THX KoMaHJ cooTBeTcTBenHo pasHH 0,7 u 0,3. M3-3a naauuns momex
BEPOSITHOCTL NMPaBHJIBHOrO MpHeMa Kaxaoro u3 cumMBosoB(l u 0) ymenp-
waetcss go 0,6. Tlpennosaraercs, 94TO CHMBOJIBI KOJOBHIX KOMOHMHANU#
HCKaXaTCs He3aBHUCHMO Jpyr oT apyra. Ha Beixope mpuemuoro yct-

poiicTBa 3apeructpupoBaHa KomGunanus 10110. Onpeneauts, Kakas -

KOoMaHJa Guljla nepejaHa? _

Pewenue: Tlyctb A — cobhiTHE, cOCTOsIIee B NMpHeMe KOMOHHAUMH
10110. K sToMy COOHITHIO BexyT jBe rHnoTess: H, — Obija nepenaia
komGunanus 11111; H, — Omja nepepana kom6unanust 00000. Tlo
yeaosmo  P(H,)=0,7; P(H,)=0,3. YcioBHas BepOSITHOCTH MpHema
konoBo# xomOunanuu 10110 Bvecto 11111 pasna

P(A|H,) = 0,6-0,4:0,6-0,6-0,4 ~ 0,035.

AHaJIOTHYHO
P(A| H,) = 0,4.0,6-0,4-0,4-0,6 ~ 0,023.

o dopmyJe (1.21) naxoxum

' _ P(H\)P(A| Hy) . 0,7-0,035 ~ 0.78
P A) = = ~0,7-0,03540,3-0,023 0,78,
> P(HR)P(A| Hy)
k=]
0,3.0,023

CpaBHuBast Hafi[IeHHbE YCJIOBHBIE BEDOSITHOCTH, 3aK/Ii0YaeM, YTO MpH
nosBaeHun Ha Bhixone KomGuuauuu 10110 ¢ BepostHocTeio 0,78 Gbia
nepenana komanna 11111

1.16. TlpousBoautcst 6 He3aBHCHMBIX BBEICTPE/IOB MO uestu. Bepos-
HOCTb p TOMajaHHsi MPH KaxJom BeicTpese pasHa 0,75. BbrunCauTh:
1) BepOATHOCTb POBHO MATH NMONajaHKi; 2) BEPOATHOCTb HE MEHee MATH
nonananuii; 3) BepoOSATHOCTb GoJjiee TpeX MPOMaXOB.

Pewenue. 1. Tlo yc/ioBHIO BepOATHOCTb MONAJAHHA [IPH KaKIOM
prctpedsie p = 0,75. CiienoBaTe/1bHO, BEPOSATHOCTh IpOMAXa ¢ = 1— p=
= 0,25. BepostHOocTb poBHO nATH mnonaganuii mo ¢opmysae (1.22)
paBHa

P, (5) = Cipqt = 6-(0,75)°+0,25 ~: 0,356.

2. TpeGosanue, yToOH npu 6 BHCTpeJax OHJIO He MeHee NMATH I0-
najauuii, 6yieT yAOBJIETBOPEHO, €CAH OCYWECTBHTCS 5 WilM 6 nonajanuil.
AT co6HTHSI HecoBMecTHH. Ilostomy mo dopmyJe (1.25) umeem

6. 6 0__

6
Pg(m =5)= ESC?P’"QG—”’=C2p5qI+CGp g =

—6-(0,75)5+0,254 (0,75)° & 0,534.
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3. BeposTHOCTB TOTO, 4TO NpH 6 BHCTpe/lax GyneT CoJee Tpex mpo-
MaXOB, paBHa BEPOSITHOCTH TOTO, YTO NMPH 3THX 6 BHCTpeaax GyleT MeHb-
ure Tpex NonajaHui (M/JAH HU OXHOTO NMONAaJaHHUs, HJIH OJHO, WIK ABa Mo-
naganus). Mcnonwsys dopmyay (1.27), noayqum

2
P(m<2)= 3 Cip" ¢ "=Cp" ¢ +Cp' ¢°+ Cép2 gt =
m=0

=(0,25)% +6-0,75-(0,25)°+ 15.(0,75)*.(0,25)* &~ 0,0376.
1.17. BeposTHOCTb p MOSBAEHHS COOHTHA A NpH KaXJOM HCIHI-
tanuu paBHa 0,2. Tlpoussogutcs 400 He3aBUCUMBIX HCHBITAHUE.
Onpenennts BeposiTHOCTB P, (k) Toro, uto: 1) coGwbiThe A HAaCTymuT
posHo 80 pas; 2) cobbitie A nacTymut ot 60 10 96 pa3 BK/IOYHTENBHO.
Pewenue. 1. Bocnosib3yemcst NpuGIHKEHHOM JOKAJIBHOH (OPMYJIOH
Myappa — Jlanaaca (1.24). Tlo yciaosnmo n = 400; k = 80; p = 0,2;
g = 0,8. CaepoBaTtesibHO,
z = (k — np)/V npg = (80 — 400.0,2)/)/ 400-0,2.0,8=0.

Torna

 P90(80) = p,(0)/)/ 400-0,2.0,8.
To taGmuue (cm. npusoxenue 1) naxozum p, (0)=0,3989. OkoHuaTe1bHO:
noJiy4aem ,
P40(80)=(1/8)-0,3989 ~ 0,0499.
®opmy.ia (1.22) NpUBOXUT MPUMEPHO K TAKOMY e Pe3yJibTaTy:
P 400(80)=0,0498.

2. Hcnoansyem npuG/uKeHHYI0 HHTErpaabHYI0 Gopmyay Myaspa —
Jlannaca (1.29)
96— 400.0,2 €0—400.0,2
E<L96) =0 ———2 | P ———— =) =
Paoo(60 < < 96) q)( 1/400.0,2.0,8 ) ( 1/400.0,2-0,8 )
= Q(2)— P(— 2,5)= D (2) —[1 —P(2,5)].
[o Ta6aune (éM. npunaoxenne 1) naxogum ©(2)=0,977; ©(2,5)=0,994.
CiieoBaTesNbHO,

Pooo(60 < k < 96)=0,977—1+-0,994=0,991.

1.18. TlpotuBoTaHKOBOE Opynue BexeT CTpeabGy IO TaHky. Beero:
NPOU3BOAHTC 6 BBICTPEJIOB, NMpHYEM BepOSITHOCTh MONajaHWs B Tadk
npH KaxJIOM BHCTpeJie paBHa 0,3. '

Paccyutath: 1) HauBeposTHeHlllee 4YHCJAO MNOMAajaHWA B TaHK;

~-2) yHC/I0 BLICTPENOB, HEOGXOJNUMHX IJsl TOro, YTOGH € BEPOSTHOCTHIO:
0,9 NOpas’uTh TaHK, €CJIH JJiS 3TOr0 JOCTATOYHO OJHOTO MOMajaHus.

Pewenue. 1. HauBeposTHeiliee yuc/ao nonapaHuii B, HaXOxuM N0

Qopmyse (1.31). Tlo ycnoBmo, n=6, p=20,3,¢g=1—p=0,7.
.Caenoparesbho, 6-0,3 — 0,7 < kg << 6 - 0,340, 3, 1. e.

L1 << ky<< 2,1,
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Mexay uncaamu 1,1 v 2,1 3aKJIOYEHO JHIIb OHO LEJIOE YHCIO — 2.
TTosTOMY HauBeposTHeiiee GHcIo kg = 2.
2) [Ipumenus ¢opmyay (1.30), monyuum

n > log(l —0,9)/log(1 — 0,3) ~ 6,45.

Taxkum o6pa3oM, JJIsi NOPaKEHUs TaHKa € sepoaTHocThio 0,9 nocratou-
HO MPON3BECTH 7 BLICTPEJIOB.

1.19. Cucrema HaBeJEHUst PAKeThl MMeET ueThipe AaTuHKa WH(Op-
mamnu o uenud Dy, Dy, Ds, Dy, uH@opManusi ¢ KOTOPLIX NOCTynaer B
cucTeMy yrnpaefeHHst pakeroil. KaxIbiii JaTuMK HE3aBHCHMO OT ADY-
HUX ONpenesseT NapameTpsl JBHKEHUS UETH. BeposiTHOCTH PABHIBHOIO
onpejesienusi NapameTpoB COOTBETCTBYIOUIMMH AATHHKAMHU paBHBIL:
pr =09, p, = 0,95, ps = 0,8, p, = 0,85. .

BoiuucuTh BeposiTHoCTH Py(k), & = 0, 1, 2, 3, 4, Toro, 4TO NPABU./Ib-
HYI0 MHGOPMALMIO HE BHLIACT HH OJMH JAaTYHK M BBILALYT OAMH, 1B,
TpH, yeThIpe JaTyHKa. ' -

Pewenue. Ilnsi onpejenenus BeposiTHocTell P,(k) cocraBum npo-
ussoasuyo ¢yHknuw. [lo ycaosHio, n = 4;,p,=09%¢=1—p =
=0,1; p,=2095 go=1—py= 0,05, ps=08; gs=1—pa=
=02 p, =085 g,=1—p,= 0,15.

Torna- '

14 (2) =l4£ll(qi + pi2) = (0,140,9 2)(0,05--0,952)(0,2+0,8 2)(0,15 +

40,85 z) = 0,0002 - 0,0056z + 0,06962% + 0,34322% 4- 0,58142%.

Vickomble BeposTHOCTH P, (k) paBHbl KO3(QpHIUEHTaM [pH z¢. Cneno-
BaTe/bHO,

P,(0)=0,0002, P,(1)=0,0056, Py(2)=0,0696, P,(3)=0,3432,
P, (4)=0,5814.

1.20. Ha yuactke of6cTpesia HaXopaTcs TPH wE/IH. BepositHocTu
p; NONajaHusi B MEPBYIO, BTOPYIO U TPETHIO UEJH COOTBETCTECHHO PaB-
Hel p; = 0,4, ps = 0,3, ps = 0,2. Tlo yuacTKy NpOH3BEACHO 12 BricTpe-
JIOB.

KakoBa BepOsSITHOCTb TOTO, 4TO B IePBYIO ue/b nonaier 5 cHapsiloB,
BO BTOPYIO — 4, B TpeThlo — 2 cHapsna?

Pewenue. Tlo ycnoBuwo, n = 12, p; = 0,4, p; = 0,3, p3s=10,2,
Pas — 1 — (pl + P2 + p3)=1_0,9=0’1’ kl = 5’ k2 = 4’ k3 = 2»
k,—12—5—4—2=1. 3nech p, — BEPOSTHOCTb MOMAjaHHs B 0671aCTh,
HaXONSILLYIOCH BHe neJei, k, — YuCI0 nonajaHuii B 3Ty 06JacThb.

Cornacuo gopwmyJe (1.34) nckomasi BEpOSITHOCTD

12
Pio(5, 4, 2, 1) = s—ames (0.4-(0,3)(0,2)0,1 2 0,0276.
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3. 3AIAYH H OTBETH

1.1. PasBenniBaTeNbHast OEJEHraTOPHAst CUCTEMA COCTOMUT ‘U3 UETHI-
pex CHHXPOHHO BpPAallAOMIMXCA AaHTEHH € HeNepeKPhLIBAIOLIMMHUCA IU-
arpaMMamu HamnpasJeHHocTH (puc. 1.5), npuuem Kaxaas aHTeHHa coe-
JMHEHa CO CBOUM MpueMHHKOM. ILIHTeNLHOCThL CHrHaJa TaKoBa, uToO OH
He MOXeT GhITb O6HAPYKEeH ABYMS NPUEMHHKAMHU.

Ha#ith cBasb cobGritust A (o6HapyKeHu#e CHrHaJa NeJIeHraTOPHON
cucremoii) ¢ cobpituamu A;, { = 1, 2, 3, 4, KOTOpEIe COCTOAT B OOHAPY-
EHUN CUTHAJIA MepPBhbIM, BTOPHIM, TPETHUM N YETBEPTHIM NPHEMHHKOM.

Omeem: A = A, + A, + As 4+ A,

1.2. TlpuGop coctouT H3 ABYX GJIOKOB NepBOro THMA U TPeX GJIOKOB
Broporo Tuna. Ilyctb cobuitusi: A;, § = 1, 2, — ucnpaseH i-ii GNoK
nepeoro Tuna, Bj, j = 1,2, 3, — ucnpasen j-ii GJOK BTOPOro THNA.
[MpuGop paGoTaer, ecau HCOpaBHBI XOTA Obl OAHH GJIOK MEPBOro TUMNA
H He MeHee JBYX 6JIOKOB BTOPOTrO THNA.

BeipasuTh cobpiTHe C, o3Hayaiollee paGoTy npubopa, yepes coObITH S
Ai H Bj. i

Omgem: C = (A, + A,)(B,B; + B,Bs + B,Bs).

_ 1.3. UsBectHnl cobutusi A, B, C, npuuem A — B. Onpepeauts
- cnoxubie cobutia AB, A + B, ABC n A + B + C.

Omgem: AB = A, A+ B=B, ABC = AC, A+B+C=B + C.

1.4. lokasaTs ciepyiomue paBeHCTBa:

VA+B=A+ AB, 2)A+ AB=A -+ B,3)A + B=AB,

4) A+ B= AB; 5) AB= A + B.

1.5. Hcrpebutesn atakyeT 60eBoil DOPSIIOK NPOTHBHUKA, B COCTaBE
KOTOpOro 6 HocuTesedl U 3 NOCTaHOBIIUKA [IOMEX, BHeLle APYF OT Apyra
He pa3jUuMMbiX.

Hafitu BEpOATHOCTb TOrO, YTO ATAKOBAHHBLIH CaMOJET sABJAETCS HO-
CHTeJIeM.

Omeem: 2/3.

1.6. B napTun nosyIPOBOAHHKOBBIX TPHONOB fi CTAHAAPTHBIX U m
6pakoBanHpiX. [1pyn KOHTpO./Ie OKa3aJ0Ch, UTO MEPBbE B TPHONOB CTaH-
JNapTHHI.

OnpeneanTth BEPOATHOCTh P TOr0, 4TO CAEAYIOWIHE TPUON Gy AeT CTaH~
JapTHBIM

" Omeem: P = (n — k) (n + m — k).

1.7. Ha nsTH ofvHaKOBBIX KapToukaX Hamucasel nudper 1, 2, 3, 4

H 5. JIBe U3 HUX Hayraj BLIHUMAIOTCS OXHA 33 APYTOH.

Puc. 1.5. JuarpavMMa HanpaB/JeHHOCTH aHTEHH
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Haiitn BeposTHOCTb TOrO, 4TO: @) CyMMa UM(p Ha BRIHYTHIX Kap-

TOUKAX sIBJSIETCH HEUeTHHIM YHc/IoM; 6) BTopas uudpa MeHblie nepBoi;

B) BTOpas uudpa GoJblue Nepsoii POBHO Ha 1.

Omeem: a) 3/5; 6) 1/2; B) 1/5.

1.8. HaGupasn' Homep Teneona, aGoHeHT 3a0bil DOC/TeNHUE JBE
uHbpBl U, MOMHSA JIHWbL TO, YTO 3TH WH(PLI Pa3IHYHbL, Habpasn ux Ha-
Taj. o
’ OnpenenuTs PEPOATHOCTL P TOro, uto HaGpaHbl HYXHbIE uudpsl.

Omeem: P = 1/A7,=1/90.

1.9. TNpunuUMalOTCst KOJOBHIE KOMOMHAUHH, COAEpXKAILUE NATH HE-
nosTopAMHKXCs 1Hdp oT 1 1o 5.

KakoBa BepOATHOCTb P TOro, 4TO B ONHOi NPHHATOH KOMOMHAUWH
uudpbi 06pasyloT nociesoBaTenbHOCTs 123459 .

Omgem: P = 1/P, = 1/5! = 1/120.

1.10. B co6upaembiii paauo6JOK BXOAAT JB€ OXMHAKOBbIE PaJHO-
famnbl. TeXHUUeCKue YCI0BHS npuema 6/oKa HapymaoTcs, ecsn obe

. JlaMObl € TOHHKEHHOH KpYTu3HOi. Y MOHTa)kHHKa umeercs 10 Jawm,

U3 KOTOPLIX 3 UMEIOT MOHUKEHHYIO KDYTH3HY.

OnpeseanTs BEPOATHOCTb HAPYIIEHHA TEXHWUYECKUX YC/IOBHH MOpH
C/ly4aiiHOM BHIOOpE ABYX 3JIEKTPOHHBIX JlaMIl.

Omeem: 1/15. ’

1.11. B macrepckoii HaxoasiTcs a + b Gl0KOB OT IBYX Pa3JIMUHBIX
paJMONIPUEMHHKOB, H3 KOTODHIX JBA NOBPEXJEHDI. :

KakoBa BeposiTHOCTb P TOro, uTo MOBPEeXIEHbl GJOKH Da3THUHBIX
PHEMHHKOB?

Omeem: P = 2abl(a + b)a + b —1). :

1.12. Camosier, uMeOHH ~paZuOJOKAUWOHHYIO CTaHUWIO € Jajb-
HOCTBIO JeHCTBUS &), OCYINECTBJSIET MOUCK €O CKOPOEThIO U B 1OCTATOU-

_HO 6OJIbIIOM paiioHe mJowaabio S, B JOOOH TOUKe KOTOPOTO MOMCT

BCIJILITEL HA BpeMs { OABOJHAA JIOJKA.
Haiitu BeposTHOCTE P 0GHApyKeHus NOABOJHON JIOJAKH PajHOJIOKa-
TOpOM, €C/U BpeMs ¢ HeBeillko W JIoAKa OGHapy:KHBAeTCs Opu nona-

JIaHUH B 30HY J€HCTBUA pajxoJioKaTopa.

Omgem: P = (n9* -+ 2-Put)/S. -

1.13. Tocajounasi cucrtema asponopTa obecneynBaeT 3aXoJl Ha MO-
CajIKy B CJIOKHEIX METEOYCJOBUSIX C WHTEPBAJIOM MEKJY NOCagKaMu ca-
MOJIETOB He MeHee 5 MuH. JIBa camoJjieTa JOJDKHBEI NPUOLITH Ha a3poapoM
no pacnucaHuio: ofuH B 10 4, a 1pyroi B 10 4. 10 MuH.

KakoBa BepoATHOCTbL TOrO, UTO BTOPOMY CaMOJIeTy MpUAercss yxo-
IMTH B 30HY OXKHJAHHA, €CJIH MepBblil CaMOJIET MOXKET BBIATH HA a3pof-
POM C OTKJIOHEHWEM OT pacmucanns B npezenax 410 muH, a Bropoii —
B mpesesnax -5 MHH, IPH YCJOBHH, YTO BE/IHUHHBI OTKJIOHEHHH OT pac-
NUCAHUSI B YKA3aHHBIX NPEJenaX PaBHOBO3MOXHbI?

Omsem: 0,25. .

1.14. Uckycersennsiit cnyTHuk 3eman (MC3) nBuxercs no opGure,
KoTopas 3akmouexa mexny 60° ceseproit u 60° 10XKHOH HIMPOTHI.

20

TMonaras nagenue VMIC3 B M106Yi0 TOUKY MOBEPXHOCTH 3eMJU Mexay
 yKa3aHHBIMH MapajiiejsMH PaBHOBO3MOXHBIM, HAHUTH BEPOATHOCTH
TOro, uTO CHYTHHK ynajeT Boitte 30° ceBepHOil MIUPOTHI.

Omeem: (4] : 0,21.

1.15. Tlpu uconitanusx 200 cayuafiHo OTOOGpaHHBIX PE3UCTOPOB B
TeueHHe BpEMEHH { 0Ka3aJoCh, UTO OTHOCHTE/IbHAs YacTOTa MCMPABHBEIX
pesucropoB pasna 0,95.

OnpenesuTs YHCAO UCHIPABHBIX PE3HCTOPOB.

Omsem: 190.

1.16. Tlposoaurcs GomGoMeTanue Mo TpeMm CKJajzam Goenpunacos,
npuuem copacsiBaetcst ofua Gom6a. BepoaTHOCTh NONAJAHUs B NEPBbIH
ckaaa pasna 0,01, Bo Bropoii — 0,008, B TpeTnit — 0,025. Ilpu nonapa-
HUH B OJIMH N3 CKJAJOB B3pLIBAIOTCA BCE TPU.

OnpenesiuTh BEPOSITHOCTL TOTO, YTO CKJajbl GYAYT B30OPBAHbI.

Omeem: 0,043.

- 1.17. Kourposep npopepser B3aThle CAy4aidHO H3JeJus U3 NapTuu,
cozepamei a uspeani 1-ro copra u b usnenui 2-ro copra. Ilposepka
‘mepBLIX m w3genuit (m << b) noxasana, 4To BCe OHH BTOPOTO COPTa.
' BbIYMCJIUTb BEPOATHOCTH P TOrO, 4TO U3 CEAYIOMHMX YETHIPEX Mpo-
PepaeMbiX H3LeJHi N0 KpakiHed Mepe 1Ba OKax YTCsi BTOPOCOPTHBIMHU.

Omgem: P = (C}—mC%: + aC}—m + Cb_n)/Catb—m-
~1.18. Ha Bxox pazuonmpHeMHOr0 YyCTPOHCTBA MOCTYNAIOT KOAOBbIE
“KOMOHHALMH, COCTOSIME u3 ABYX 3HakoB: 1 (mocwiika) u O (maysa).
" KakoBa BepOsITHOCTb TOTO, YTO B IEPBOi KOJOBOH KOMOHHALMH GyzeT

XOT$1 6bl OUH HYJIb, €CH NOSBJIEHUE HYJs H eHHAILE PaBHOBO3MOKHO?

Omeem: 3/4.

1.19. INaprtua u3 100 paguonamn NOABEPraeTcs BbIGOPOUHOMY KOH-
Tposio. YC/OBHEM HENPUTOAHOCTH BCed NapTHH SABJACTCS HalHuUe

XOT$ 6bl OJHOT 6PaKOBaHHOH PAaANONAMILI CPENH NATH MPOBEPEHHBIX.
. OnpegpenuTb BepOSTHOCTL A/IA JAHHOH NApTHH ObiTh HENPHHATOH,
ec/i OHa cofepKuT 5% HeucnpaBHLIX PaguoJamii.

Omegem: 0,23.

1.20.. [Ipuem paavOCHTHANOB MPOU3BOAUTCH HA 1Ba PA3HECEHHDLIX
_npueMHHKa. BepoATHOCTh MPABHJIBHOrO MpPHEMAa HA NEepBblil IPHEMHUK
“paBHA Py, Ha BTOPOH — po. CoObITHA, COCTOSIIIME B NPHEME CUTHAJIOB

Ka)XKJIbiM OPHEMHUKOM, CUHTAIOTCA HE3aBUCHMBIMU.

Hafitu BeposTHOCTH P NMpaBU/LHONO NMpHEMa PaaHOCHIHAJIOB.

Omeem: P = py + py — p1pa-

1.21. BeposiTHOCTb YXOAd 4YacTOThl MPHHHMAEMBIX Kosie6aHuii 3a
TIpeje/ibl MOJIOCHI MPONYCKAHUS MPUEMHHKA H3-32 HeCTaGUJBHOCTH Ya-
cToThl KoJeGanuii nepematuuka paBHa 0,1, a u3-3a HECTaGHJBHOCTH
_dacToThl KoJeGaHuil retepopuHa npueMHnka — 0,2.

OnpefnenuTs BEPOSITHOCTL TOTO, UTO YacTOTa MPUHHMAEMBIX Kode-
Ganuii HE BbIAET 32 Opelessl NoJIoChl MPONYCKaHWs NPHeMHHKa.

Omeem: 0,72. '

1.22. [Ipoussenenbl TP HE3aBHCUMBIX H3MEpeHusl HeKoTopoit du-
SHueckoii BEJHUHHBl. BeposiTHOCTb TOro, uTO OPU OJHOM H3MEPEHHH
OLINGKA NPEeBLICUT 3adHHYI0 TOYHOCTb, paBHa 0,4.
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OnpefieuTh BEPOSITHOCTH TOFO, YTO TOJLKO B OJHOM U3 H3MEDEHHH
omubKa OpeBLICHT 3aJlaHHYI0 TOUHOCTb.

Omeem: 0,432.

1.23. B CTYyAuH UMEIOTCSI TPU TeJEBU3MOHHBIX Kamepol. BeposT-
HOCTH TOro, 4TO KaK/Jasi Kamepa BKJ/IOUeHa B JaHHbIH MOMEHT, paBHa
0,6.

HaiiTi BeposITHOCTb TOTO, 4TO B JAHHBI MOMEHT BKJ/IIOUEHA XOTS Ol
olHa Kamepa.

Omeem: 0,936.

1.24. Tlpu nepenaue Texcra 10% GYKB uCKaKaoOTCs U NPHHUMAIOTCS
HeBEepHO.

KakoBa BEpOSITHOCTb TOTO, UTO BCe NsATh OYKB JaHHOrO cjoBa GYAyT
IPHHATH OPABUJIBHO? )

Omeem: 0,59.

1.25. Tlo xauany CBsi3H OepenaioTcs IBA CUTHAJa: HYJb W €AHHHUA.
H3-3a HaJuuus 0OMEX MOCHAHHBIH CHTHAJ NPUHUMAeTCss OmMOOuHO
¢ BeposTHOCTbIO 0,01 U NPHHMMARTCS MpaBUAbHO C BeposTHOCThIO 0,99
(He33aBUCHMO OT TOro, OblAW NPHHATHl NpEJUIECTBYIOHE CHIHAJBL C
OmMOKOH WM OPABHILHO).

3uasi, uyto nocaaua xomGuuauus 10110, HafiTh BeposiTHOCTL TOTO,
yTO: a) OHA OpHHsTa Ge3 ucKaxeHuit; 6) npuHaTa KoMOuHauus 11110;
B) B IPUHSITOH KOMOHHANWH HMEETCS OLHA ommokKa.

Omeem: a) 0,99% 6) 0,01-0,99%; B) 0,05-0,99%.

1.26. Ilo xamany cCBsI3d, COCTOsiEMY U3 MepefaTudka, peTpaH-
caAsiTopa W OPUEMHMKA, NepelaloTcsl JiBa CHIHAMA: eJIUHHuA H HYJb.
3a cueT BO3AEHCTBUSA NOMEX CHTHAJBI MOTYT MCKaxkaThesi. Ha yuacrtke
nepefaTunK — PeTPAHC/ISITOP eMHHIA [ePEeXOJIUT B eJMHUNY C BeposiT-
HOCTBIO Py H B HYJIb C BEPOSITHOCTBIO 1-— p;; HYJIb NEpeXoluT B HY.JIb C Be-
POSITHOCTBIO ¢y U B eJMHULY C BeposTHOCTbiO 1— ¢y. Ha yuacTke pe-
TPAHCASITOD — IPUEMHHK YKa3aHHLIE BEPOSITHOCTH COOTBETCTBEHHO paB-
HEL o, 1 — pos o 1 — .

OnpeneauTs BeposiTHocTs P Toro, uto KomOunauus 10, nocianuas
nepeaTuMKOM, GYieT IPHHSATA NPUeMHUKOM Ge3 HCKaXKeHHUH .

Omsem: P = [pyps + (1 — py)(1 — g:)llgugs + (1 — g1)(1 — po)l.

1.27. PapuopesiefiHasi TUHHsI CBSI3U COCTOMT M3 /7 PETPAHCJSIIIMOH-
HbIX CTaHuuii. BeposTHOCTL Ge30TKa3HOH PabOThl KaxX/0H CTAHIUH ONH-
HakoBa. CTaHuHH BHIXOAAT U3 CTPOS HE3ABUCHMO APYT OT APYra, npuuem
oTKa3 Joboil cTaHuuHu BeueT 33 coboii OTKa3 BCEH CHUCTEMBI CBSI3H.

OnpezenuTb BEPOSITHOCTD p; 6e30TKa3HOH pabOTh KaxI0# CTaHNUH 32
NPOMEXYTOK BpemeHu T, eC/li BepOsITHOCTb Ge30TKa3HO#H paloThl BCei
JIMHUHM CBSI3H 32 3TOT NPOMEMXYTOK BpeMeHH JOMKHA OHTb He meHee P,

Omeem: p; = PVm,

1.28. Mexny xoppecnonaentamu M u N OIPOUCXOJUT oOMen HHbOpMa-

N

nuell mo cxeme, npuBeseHuoll Ha puc. 1.6, rae K; u K, — oxoHeuuas

anniapatypa, a L, L,, Ls — xaHaJbl, B3aHMHO pe3epBUDYIOWME APYT
Apyra. BbIXOibl U3 CTPOS 3JIEMEHTOB CXEMbl— HE3aBHCHMBIE COOBITUS.
- BeposiTHocTu Ge30TKa3HOH paGoTel saemeHToB K, K,, L,, L,, L3 3a
Bpemg T coorsercTBeHHO pasue:: 0,8; 0,7; 0,9; 0,6; 0,5.
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Puc. 1.6. Cucrema nepesauu undopma-
uud € TPeMsl NMapaJlleJIbHBIMH 3JIeMek-
TaMH

. KaxoBa BeposiTHOCTb TOro, 4To 3a BpeMmsi T He mPOHU3OHAET nepe-
pbiBa CBSI3U?

Omeem: 0,549.

‘1.29. Ces3Hasi caMoJleTHasi paauoCTaHuUsI MOxeT paborath B Tpex
peKMMax Mo MOIHOCTH: [OJIHOH, NOJOBUHHON U MPH MOIHOCTH, COCTaB-
asomesi 25% nonHol MOmHOCTH. BeposiTHOCTH paboThl PaauOCTARIHU
B 9TUX PEXMMaX COOTBeTCTBeHHO paBHml 0,7; 0,1; 0,2.

BeposiTHoCTH OTKasa = pajuoCTaHUUU OPH paboTe B 3THX PERUMAX
sa Bpemst T cocTaBasiioT cooTsercrento 0,3; 0,2; 0,05.

OnpefiesuTh BEPOSTHOCTL TOTO, uTo 32 T yacoB paloThl DALHOCTAH-
Atvis He BbIAJIET W3 CTPOS. o
© Omeem: 0,76. :
~ 1.30. BeposiTHocTH TOTO, uTO BO Bpemst paGotel LIBM npousofizer
€60ii B apU(METHYECKOM YCTPOHCTBE, B ONEPATUBHON MaMsATH, B OCTa/b-
HBIX GJIOKaX, OTHOCATCS Kak 3 :2:5. BeposTHOCTH OGHapyeHHsi
€6os1 B apuMeTHUeCKOM YCTPOUCTBE, BONEPaTHBHOM NaMsiTH U B OCTaNb-
‘Hbix 6J0Kax cootBeTcTBeHHO pasHul 0,8; 0,9; 0,9.

: Haiith BeposiTHOCTb TOTO, 4YTO BO3HMKHIMH B MawuHe cGoil Gyrer
OOHapyKeH.
" Omeem: 0,87.

1.31. Tlo KaHany CBsI3u NepejaioTCst ABa CUrHaJa: HYJb ¥ eIHHHNA.
H3-3a Hanuuus mOMEX BO3MOMKHBI HCKajKEHUs! CHTHAJOB: €[lMHHUua me-
PEXOJIUT B €MHUNY C BEPOSITHOCTBIO P U B HYJIb— C BEPOSITHOCTBIO | — p;
HYJb NePeXoJUT B HYJb C BEPOSITHOCTBLIO ¢ W B eUHUULY — C BeposT-
siocteio 1 — ¢. Hayran ornpasien curuad.

OnpenenuTh BEPOSITHOCTb P Toro, 4to: a) Ha MPUEMHOM KOHue 6yner
noayueH cursas 1; 6) Ha mpueMHOM KOHue GyjaeT mosyuyed curhan O.

Omeem: a) P = 0,5(1 + p —q); 6) P = 0,5(1 — p + q).

1.32. CamoJsier, BbLLIETAOWME HA 3aJaHue, CO3JaeT paJAuONOMEXH,
KoTopeie ¢ BeposiTHOCThIO 0,4 «3a6UBalOT» PAJAMOCPENCTBA CHCTEMBI
A1BO. Ecau paauocpeicTBa «3a0UTHI», TO CaMOJIET NPOXOAHUT K OGBEKTY
{HeoOCTpeNsiHHEM, cOpachiBaeT GOMOBI M MOpa)kaeT OOBEKT € BeposiT-
MocTrio 0,8. Ecau paguocpenctsa cucremsl [1BO «He 3a6utel», TO ca-
MOJIeT ro/iBepraeTcst oGeTpeny u cOuaetcsi ¢ BeposTHOCThO 0,7.
¢ HafiTu BepOATHOCTD TOTO, YTO OOBEKT OYIET paspyileH.

Omeem: 0,464.

1.33. [IBa u3 Tpex HezaBHCHUMO paboTalomuX 3JIEMEHTOB BbIUHC/IH-

TeJILHOTO YCTPOMCTBA OTKA3aJH.
k. BbluuCTuTh BEPOSITHOCTH TOrO, UTO OTKa3a/d MepBbiii i BTOPOH siie-
{Qaemm, ecsiv BEepOsITHOCTH OTKa3a MepBOro, BTOPOIO M TPETHETo dJeMeH-
o cooTBercTBeHHO paBHbl 0,2; 0,4; 0,3.

Omeem: 0,298.
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1.34. CamosieT MOKET BLINOJMHATL 3ajaHHe Ha OOJBIIHX, CPENHHX
M MaJblX BHICOTaX, NpPHuYeM Ha GoJblUMX BLICOTAX OpeAnosaraercst co-
BepwnTb 25% Beex noseToB, Ha cpeaHux — 10% u Ha Maabix — 65%.
BeposTHOCTH BbIXOJa CaMOJieTa Ha 3aJaHHbIH OOBEKT Ha 6OJbLIKX, CPel-
HUX W MaJblX BBICOTAX CooTBercTBeHHo pasuml 0,75; 0,9; 0,65. Camoner
BHIILEN HA 3aJaHHBI OOBEKT. :

OnpenenuTh BEPOSITHOCTb TOTO, 4TO MOJET NPOHCXOAMJ HA MaJOl
BLICOTE.

Omesem: 0,604.

1.35. Ilo gBOMuHOMY KaHaNy CBA3U € IIYMaMH [epejaroTcss TOKOBad
(1) u GecrokoBas (0) NOCHLIIKH C aPUOPHBLIMH™ BeposTHOCTAMH p (1)=
=0,6 u p(0)=0,4. HM3-3a HaMuuua nomex BO3MOKHBI HCKAXKEHUS CHI-
HAJIOB: BEPOATHOCTb [EPexojia €AHHHILI B €UHUNY (BEPOATHOCTb OPH-
HATb €IUHHUIY npu nepepaue epusuusl) p = (17]1)=0,% BeposTHOCTH
nepexona epuuuupl B Hyab p (0']1)=0,1; BepoaTHocTb nepexona HyJs
B Hyab p (0’ |0) = 0,8 u BeposiTHOCTH Iepexoza HyJ1s B egunuuy p (1°10)=
==0,2. Ha BbIXoze paguonpueMHOro YCTPOIICTBa 3aPErHCTPUPOBaHa enH-
HULA.

KakoBa BEpPOATHOCTL TOrO, 4TO: a) B JeHcTBUTENbHOCTH Oblia mHe-
renana 1; 6) Ha camom nene 6wl nepenas 0.

Omeem: a) 0,87; 6) 0,13.

1.36. BeposiTHOCTH TOrO, UTO OPHM OQHOM BHICTpEJE W3 Opyaus Mo-
JyualoTcs HejoJeT, monajaHue u nepeser, pasunl 0,1; 0,7; 0.2. na
APYrOro OpyaHsi BEPOSITHOCTH 3TUX COOBITUIl PaBHBI COOTBETCTBEHHO 0,2;
0,6 u 0,2. Hayran BribpauHoe opyaue cTpesieT Tpumxael. OrTMeuensl:
OJIHO MONajaHue, OHH HEJOMeT U OfUH [epeser.

HaiiTu BepoSITHOCTB TOro, 4TO CTPRJIAJIO NepBoe opyiue.

Omeem: 7/19.

1.37. UMny/abcHO-KOfOBas KoMOHHauMs 0Gpa3yercsi ¢ MOMOLIbIO
[IeCTH JBOWUHBLIX CUrHAJOB O uau 1, KoTopble cayuailHeIM 06paszoM
NOSIBJISIOTCST HA ME3HUMAX KOLOBOH KOMOMHAUHM HE3aBUCUMO JpYr
or apvra. [Mosenenue curnanos O u 1 na KaxJ0H MO3KHUKMH PABHOBO3-
MO>KHO.

BBIUHCAUTL BEPOSATHOCTb TOTO, YTO B KOJOBOH KOMOUHAUMH MOSBHT-
CSl UBCJO HYJIeH, MEHbIlee JABYX. :

’ Omeem: 7/64.

1.38. Tlpu BpameHuu aHTeHHB! 0630PHOrO PAAHOJIOKATOPa 33 BpeMs
o6/yueHusl 1eNH’ yCreBaeT OTPa3uThCs 8 uMNYJbLCoB. [lnst o6Hapy:ke-
HUS nead Heo6xoguMmo, UTOOHI Yepe3 MPUEMHUK HA WHAHKATOp MPOILIO
He Medee 6 OTPaKEHHLIX UMIYJILCOB. BepoATHOCTD NOAaBNEHUS UMDY b~
ca mymoM B mpuemHuke passa 0,1.

OnpepenuTb BePOATHOCTL OOHAPYXKEHUS [€]H 332 OfMH o6OpOT aH-
TeHHbl paJuoJOKaTOpPa.

Omeem: 0,96. i

1.39. Panuos/eKTPOHHH{i KOMILJIEKC caMoJeTta-6oM6apAnpoBIIVKa
BKJIIouaeT B ce6s 10 06BbekTOB. BeposTHOCTh Ge30TKa3HOH paboThl Kax-
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goro o6bexTa B Teuenue Bpemenu T pasna 0,9. OGBEKTH! BLIXONAT U3
CTpOsl HE3aBHCHMO OIMH OT JIp YTOTO.

BLIYHCHTD BEPOATHOCTL TOrO, UTO 33 Bpemsi T a) oTKakeT XoTd Obl
onui 00BexT; 0) OTKaKyT POBHO 1Ba OOBEKTa; B) OTKAXKYT HE MEHee
ABYX OOBEKTOB.

Omeem: a) 0,652; 6) 0,194; B) 0,264. ,

1.40.. Ha orpasuunTesb NOCTynaeT INOC/EA0BATELHOCTL M3 BOCH-
MU CJYYafHBIX O aMIJIUTYJE He3aBUCUMBIX BUACOUMNYJbCOB. BeposT-
HOCTh MPEBBIIEHUsT TNOPOra OTrPaHHUYeHUs] KaKIbIM UMIYJbCOM paBHA
0,25. .

BoluncauTh: a) BEPOATHOCTH TOTO, 4TO W3 8 UMOYJbCOB HE MeHee
6 BUJEOMMYJIBCOB MpPEBLICUT Mopor; 6) HauBeposTHeiiee 4ucyao BUAEO-
MMIYJIbCOB, TPEBLICUBIIUX MOPOT.

" Omeem: a) 0,00422; 6) 2.

1.41. BeposTHOCTb MONajaHusi B CAaMOJIET [IPU OHOM BLICTpEJie PaB-
#a 0,01. ITo camosery npoussoputcss 100 HE3aBHCUMBIX BHICTPEJIOB.
OnpepenuTh BePOATHOCTb JBYX NoNajaHuil B caMmoJer.

Omeem: Poo(2) = 0,184.

1.42. B nepenaBaeMoii MO KaHajy CBf3W [OC/€10BaTe]bHOCTH
BHAKOB, 06pa3ymomuX Coo0meHue, Ji060i 3HaK U3-3a IOMeX He3aBUCHUMO
mckaxaercss ¢ eposTHocteio 0,2. HesaBucumeiM  oGpasoM nepenaHo
40000 3naKoB.

KakxoBa BepoOSITHOCTb TOrO, YTO B NPHHSITOH I[OC/IEA0BATENbHOCTH
Byner ot 2000 1o 2100 nckakeHuin?

¢ Omeem: 0,494. .

£ 1.43. BeposiTHOCTH pasperyJupoBKd JaTduka OMOPHLIX 4YacToT,
flepefiaTuiKa, NPHEMHHKA H aHTeHHO-QHIepHOro Tpakra 3a Bpems T
paboThl PaMOCTAHUUU COOTBETCTBEHHO PaBHbl 0,4; 0,2: 0,3: 0,3.

Haiitu BeposiTHOCTb OTKa3a pajaudocTaHuMH 3a Bpems T, ecu u3-3a
PpasperynupoBKu ofHoro GJIOKAa PajMOCTaHuMsl OTKa3biBaeT C BeposT-
‘HocThio 0,3, U3-3a pasperyaupoBKH ABYX G6aokoB— 0,5, Tpex 6J0KoB —
0,7, uetuipex—0,9. :

Omeem: 0,316.

1.44. Tlo MUHUHK CBA3U NEPEJaHO YeThlpe PaavOCHIHAaJ/a, HMEIOIHX
‘pas/iMuHbe aMIUIUTYAbI. BeposTHOCTH npuema KaxJoro u3 CHIrHAJIOB
He 3aBMCAT OT OPHEMa OCTAaJbHBIX W COOTBeTcTBeHHO paBHhl 0,2; 0,3;
0,4, 0,5. :
&-. OnpeneauTb BEPOSTHOCTb TOTO, uTO: @) GyAeT MPUHATO R CUTHAJOB
é(k = 0, 1, 2, 3, 4); 6) 6yaer ycTaHoB/eHa JBYXCTOPOHHAS PaJHOCBSA3b,
BCJ/IM BEPOATHOCTb 3TOTO COOBLITHS NPU NPUEME OJHOro CUrHaja paBHA
1@,2, npu npueme AByX curianoB—O0,6, a npu npueme Tpex U ueThpex
RHIHAJOB — EJVHHIE.

§.  Omeem: a) 0,168; 0,394; 0,320; 0,106; 0,012; 6) 0,389.
- 1.45. JeBATH pajMoCTaHUWSM pa3pelieHa pa6oTa Ha TPeX BOJIHAX:
» Ay ¥ A3. BolGOp BOJIHBI HA KajKJOil CTAHIMH OPOM3BORMTCA CJydaiHo.
¢ Haiitu BeposATHOCTb TOro, UTO Ha Kaxjo# W3 BOJH GyneT paboTaTh
TOUHO 3 CTAHIUU.
Omeem: 0,0854.
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2. 3AKOHbI PACNIPENEJNEHHUSA U YUCJIOBBIE
XAPAKTEPUCTHKH ONHOMEPHDIX CJTYYAHRHBIX
BEJMTWUYHUH

1. TEOPETUYECKHE CBEJEHUA

Cnyuafinoii Be1HUYHHOH HasblBaeTcsi TaKas NepeMeHHasi BelWYHHa, KoTopas
B pesyjbTaTe ONbITA MOXeT NpHHHMAaTh TO HJIH HHOe 3apaHee HeM3BeCTHOE 3Haye-
Hue. Pa3uyaloT aBa OCHOBHBIX THNA CAyYyaHHbIX BeNHUHH: JHCKPETHBIE H He-
npepbiBHbie. JIHCKpeTHasi cayuafiHas BeJHUHHA MOXKeT IPUHUMATb KOHEUHOe HJH
GecKoHeuHoe cueTHOe MHOXXecTBO 3HaueHHit x; (HX MOMKHO MpoHyMepoBaTh). Boa-
MOXKHble 3HAUEHHS HENpepbhIBHBIX CAYUYaHHLIX BelMUMH He MOryT GuiTb 3apaHee
nepeuncaeHbl U HenpepbiBHO 3aNOJIHAIOT HeKOTOPLIH NPOMEXYTOK WJIH JaXKe BCIO
ock. YacTo BCTPEUaloTCs cayyaliHbie BeJTHUHHB CMEIIaHHOro THNA, KOTOpHIe MOTYT
H HenpepblBHO 3aNMOJNHATL HEKOTOPHIK NPOMEXKYTOK H NPUHHMATb OTAENbHbIE
JHCKPETHblE 3HAYeHHS. : '

[Toauoi cTaTHCTHUECKOH XapaKTEPUCTHKOH OQHOMEDHOH cayuyaliHOH Besu-
YHHbL ABJASIETCS 3aKOH pacnpejeseHusi BeposiTHocTel. B ciyuae gMCKPeTHOH cay-
yafiHOH BestHuHHbL X NMOJA HHM NOHHMaeTcs COOTHOWIEHHE, ycTauaBJiHBaollee 3a-
BH CHMOCTb MeXAy BO3MOXKHBIMH 3HaUEHHSIMH X; AHCKDETHOH clyyaiiuoil BEJMUHUBE
H HX BEPOATHOCTAMH p; = p(X;).

3akoH pacnpeaejenusl AMCKPeTHOH cJayuyaHHOil BeJHUHHBI MOXKHO 3a4aTb B

-pasaMuHbIX pOpMax: TaGAHUHON (PSR Pacnpefeserus), rpapuuecKol (MHOrOyroap-

HUK pacnpenejeHHst), auaJHTHUYeCKOH (B BHae (GOPMyJhl).

YHuBepcaabuoi XapaKTePUCTHKOH, OAUHAKOBO NPHTORHOH KakK AJfl JHCKpeT-
HbIX, TaK U J/151 HENPEPbIBHbIX OJHOMEPHBIX CJYyYaHHBIX BeJHUUH, siBJseTcs GyHK-
uMsl pacnpejenenuss BeposTHOcTel Fj(x), onpeaensiomas BepoOATHOCT P Toro,
4TO cayyaHHas BelHYHHa X mpUMeT 3HaUeHHE MEHbIIEe HEKOTOPOro yucaa x:

Fi(x) = P(X<x). 2.1)
OyHKuMio pacnpeaenedus Fi(x) HHOT/ia MashiBAIOT TaKiKe HHTerpaabHOil (yHK-

uHel pacnpeneneRds HJIH HHTErPaJbHbIM 3aKOHOM pacmnpeaeeHus.
OyHKIIHA pacnpeaetelds obJdafaeT CJAefyOWUMH CBOHCTBAMH: v

1. Fy(—o) = lim Fy(x)=0.
X—=— 00
2. Fi(}+ )= lim Fyx)=1.
x>} oo
3. Fi(x) — HeyOniBawowas ¢yHKuusa, T. e. Fy(x,) > Fy(x,) npu x, > x,.
4. P(x; < X < x3) = Fi(x5) — Fi(xy). 2.2)
GyHKIHA pacnpeneeHHs JHCKPeTHOH cayuyalHo#l BeMUHHBI NPEACTaBJsieT
c060il cTyneHuarylo GyHKLHIO CO CKauKaMH B TOUKaX Xy, X,, ... (puc. 2.1, a),
¢dyHKLMS pacnpefeneHHs HEMPepLIBHOH CAYYAHHOH BeTHUMHLI — HENpPEPLIBHYIO

¢dyHKuuo (puc. 2.1, 6) v pyHKuMsA pacnpeieeHus CMEIIauHOH cayuyalHHOH Be-
JIMUMHbl— KYCOUHO-HENPePhIBHYIO (GDYHKIHIO C HE 60/1e€ YeM CUETHBIM UHCJIOM CKay-
KoB (puc. 2.1, 6).

‘B npuKaajubiX 3ajavax npejrnosaralor, YTo GyHKiuHHM pacnpeleseHus venpe-
DHIBHBIX CJyYaHHBIX BeldUHH AH(OdEPeHIHPyeMbl BO Bcei OGMACTH BO3MOMKHBIX
3HaueHH# cayuaiinniX BeanunH. [Ipu TakoM npeanooXeHuu HenpepbiBHas. Cay-
yaliHan BeauuMHa X uame BCero ONHMCHIBAETCS MJOTHOCTBLIO pacnpefielieHHs Be-
POSATHOCTH p;(x), KOTOpPasi HHOTAA Ha3biBaeTcs AM(dEPEHIHaNbHBIM 83KOHOM pa-
cnpeseleRus uaM anbbepeHnHAaIbHOR ¢yHKUMER pacnpexenenus. [laoTHocTb
BEPOSITHOCTH ONpeje/asieTcsl Kak NPOU3BOAHAS QyHKIHH pacnpejeleHHs:

pi(x) = dF(x))/dx. 2.3)
TII0THOCTE BEPOATHOCTH OGNanaeT ClefyIOUHMH OCHOBHLIMH CBOHCTBAaMH;
1. TIIOTHOCTD BEPOSATHOCTH HEOTPHUIATENbHA, T. €. pi(X) > 0.
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Puc. 2.1, GyHKIHS pacnpelefedHss gHCKperTHofi (@), HenpepwiBHOil (6) H cmelllaH-
Hoil (8) cayuafiHbIX BeJHYHH

2. BeposTHOCTb MOnajaHua HenpepuiBHOW C1yuyadHOH BeJHUMHBI B HHTEPBaJ
{xi, X;) paBHa HHTerpaJay OT NJIOTHOCTH BePOATHOCTH B 3THX Npejesax:

P(xy < X < t5)={ pi(x) de="Fy(2s) — Fi(x) . @4

Xy

3. Unrerpan B GeCKOHEGUHBIX HpepenaX OT QYHKUHH p;(X) paBeH eiquHHIE
(ycnosue HOPMHPOBKH):
’ 00

[ px de=1. (2.5)

—_—0

~ OueHb BaxHOe NpPaKTHUeCKOe 3HAUEHHE MMeeT rayccoBckas (HOpMaJbHas)
QINIOTHOCTL BEPOATHOCTH py (X), KOTOPas WMeeT BHJ
1 (x—m)?
1{X) = — €Xp
pi(x) oV n 202

(2.6)

Ha4

2 (e 2
pf (x—m) ] @.n

n(x) = e_ exp
EVom E2

rie m — MaTeMaTHUeCKoe OXHiaHHe (CpeiHee 3HayYeHHe) CayualHOH BeNHYHHBI
X, o2= D(X)= D, — aucnepcus, ¢ = -} VD, — cpenkee KBagpaTHueckoe
(craupapraoe) orkaonenue, E = pol/2 — BeposTHoe (cpeiMHHOE) OTKJOHe-
nue X; p = 0,476936...

. [Mpu rayccoBCKOM pacnpefe/eHHH BepOsATHOCTb MOMafaHus CAYyyadHOH Be-
AHuuubl X B 3afaHHblt HHTEpBan (o, f)

P(a<X<B)=(D(ﬁ—_’ll—)—(D(u), 2.8)
- g g
Tze

O(2) = Vlﬁ S e~ 2y, B(—2)=1—0() 2.9

— 00

' TaGyNUPOBaHHBIH HHUTErpal BepOATHOCTH. 3uauenus @ (2) npuBeAeHb B NPH-
Nokenuu 1.

27



Jast AHCKpeTHO# cayyafiRo#l BeMUHHB MJIOTHOCTD BEPOSTHOCTH

n
px) = X pidlx—xi). 2.10)

i=‘
rje x; — BO3MOXHbIe 3HAUCHHSA cayuaiiHoll BeqWuHHbl X, p; — BEPOATHOCTH BO3-
MOKHBIX SHaueHHH x;, 02 — 2o) — Aeabra-Gyskuus (MMmy/bcuas GyHKuuA,

¢yukuus dupaxa).
JeapTa-pyHKUHSA 06jgafaeT caelylOULHMH CBOMCTBAMH:

00 npu z2=2g,

8z —z0) = 0 npu z # 2,
Zo+¢e
f 8(z—z¢)dz =1 npu mobom & >0,
PAY:
24+¢8 .
[ H28@—z0) dz=1(20), . @.11)
—&
7Y zn-i:e :
j‘ 8(z—2¢) dz= j 8(z—20) dz:-—2— , £€>0.
20—¢€ 2o

B Ta6a. 2.1 npuBeneh paj 33KOHOB pacnpeiceHHus AMCKpeTHOH cayuaiinoit
BeJHUHHBL W COOTBETCTBYIOLHE HM XapaKTepHcTHUECKHe QyHKIHM B (jv), 8 TaKKe
rpaduKH 3aKOHOB DacTpefe/eHHs MpH PasIHYHLIX 3HAUEHHAX napaMeTpoB pa-
cnpejesieHuii. AHanOrHuHbie JaHHBIE N0 33KOHaM paclpesenen s HenpephbIBHBIX
cayuafiHbIX BEHUMH NPEACTaBeHst B 1a6a. 2.2 [1,5—15].

Bo MHOTHX IPAKTHUECKHX 33JaUaX TPYAHO HJIH [jdKe HEBOSMOMKHO NOMHOCTBIO
onpeaenuTh pyHKIHUIO pacnpeneaetns cayuaitHoii Beauununl. MHorna B 570M u HeT
Heo6XoaUMOCTH. B TakHX cayuasiX MOJHOE ONHCaHHE cayuaiiHoll BeIMYHMHB NIPH
NOMOLLH 33KOHA PacTpeseeHUsi MOXeT 6HITh 3aMEHEHO yKa3aHUEM OTACIbHEIX na-
paMeTpoB (YHCJIOBLIX XapaKTepHCTHK) 3TOro pacmpejaejenus. .

HauboJiee BaK HBIMH YHCJAOBbIMHE X3 PaKTePUCTUKAMH CJAyUYaHHOH BEJHUHHE X
ABASAIOTCSL MaTeMaTHueckoe oxuaanue M(X) = my, H AHCOEPCHA D(X) =
= Dy = ot

Jlist gMckpeTHo# cayuafiHOM BeJHUHHB X MareMaTHyecKoe OXHiaHHe

n
my=M(X) = X} <ipi. (2.12
f== 1
Ecau X — HenpepbiBHast cay4afiHas BeJHUMHA C MJIOTHOCTHIO BEPOATHOCTH
| pi(x), TO
| i my= j xpy(X) dx. 2.13)

- 00

‘ GopMy bl s AUCHEPCHH COOTBETCTBEKHO MMEIOT BHI:

rae Xo = X — My — UEHTPUPOBAHHAA cayuafiHas BeJMUHHA, T. €. OTKIOHeHne
clyuaiiRoil BeJHUMHB X OT ee MaTeMaTHYecKOro OXHiaHus.
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02 =M[(X —mz)?] = M(X}) = D} (xi—ma)® pis 2.13)
i==1
: o= | (r—mg? o) dx, e

MaTeMaTHueCcKOe OXHAAHHE onpejensieT abCcUHCCy IHEHTPa TAXKECTH KPHBOM
pacnpesie/icRusi, a AMCNEpCHsi — paccenBaHue (pasbpoc) CayvaiHOR BeJHUHHBE
OTHOCHTEJBHO €¢ MaTeMaTHUeCKOrO OXHAaHus. PacceuBahue cayuyaliHofi Beauuu-
gbl YaCTO X3PaKTePH3ylOT CPEJIHHM KBaAPAaTHUECKHM OTKJIOHEHHEM

ox=} ol (2.16)

Kpome MaTeMaTHYeCKOr0 OXHAAHHA, B KAHECTBE XaPAaKTEPHCTHK NOJOKEHHs
cayualiHoil BeJMYHHB NPHMEHSAIOTCA WHOrAA Meiauana u moaa. Meauanoir M,
{nHaue cpeIUHHBIM HJH BEDOATHLIM 3HAuYEHHEM) HasblBaeTCs TaKoe 3Hauenue
cayuaftHofi BeHuHHBl X, NpU KOTOPOM

P(X < M) = P(X > Mg} = /2. ©.17)
Jast HenpepbiBHOM cayuafHOR BeqHuMHb X MEJHaHa HAXOIUTCA H3 yCJOBUS
Fi(Me) = 1/2

M
M, o
5 pix)dx = | pu(x)dx.
— o Me

JIAs AHCKPETHBIX CAYYaHHBIX BEJHUHMH MeJHaHA OMpenensercss HEORHO3HAYHO
B NpakTHUECKH He ynorpebaserc. :

Mogoit M (HauBeposiTHeHIIMM 3HAaueHHEM) Ha3bIBAETCsl Takoe 3HAaueHHe
cayuaiiHoil BeIHuMHb X, A5 KOTOPOro B C/yuyae AHCKPETHOro pacnpene/etus se-
posaTHoers P(X = M), a B cayyae HenpepHBHOro pacnpeiesenns NaI0THOCTL Be-
pOATHOCTH p;(M) muMeloT HauGo.bluee sHauenHe. EciaM MaKCHMyM O1HH, TO pa-
crpesieeHne HasbiBaeTCs OHOMOMANbHEIM (YHHMOA/IBHBIM), 8 €C/IH  HECKOJAbKO —
TO MHOTOMOZAJbHBIM ([0JHMOJAAbHbIM, MYyAbTHMOAANbHEIM).

[lpu ONUCAHMH HENpPepHBHOrO pPACIPENEeHHs] HCNOMb3yIOT HHOr4a KBaH-
Tuad. KBaHTH/EM, OTBEU3IOHMM 33J3HHOMY YPOBHIO BEPOATHOCTH p, Ha3biBa-
ercs Takoe 3HaueHHe X = Xp, NPH KOTOPOM QYHKUHA pacnpencnenus Fi(x) npu-
HUMaeT 3Hau€HHe, paBHOE p:

Fy(xp) = p- @.18)

O6mHEMH UHCJAOBHIMH X3paKTEePHCTHKaMH CJOy4YafiHOM BEJNMUHHBL SIBJSIOTCA
MOMEHTBE H SHTpOMHSA (cM. TJ1. 17 ¥ 18), KoTopble mpefcTaBasioT cobolt HecTyuai-
Hble BeJHUHHLI (dMcaa). XapakTepHO, UTO MOMEHTHE §oJiee HH3KOro nopsjika He-
¢yT B cebe 6odblile CBeAeHHH O CAyUaiiHO} BeTHYHHE, UeM MOMEHTHI GoJiee BEICOKOTO
nopsiaka. MomentoM k-ro nopfika cayuafiHoi BeqHyHHbE X OTHOCHTeAbHO NpO-
H3BOJbHON TOYKH @ HAa3bIBAeTCH  MarTeMaTHyecKoe O&KUJaHUC BeJTHUYHHBI
(X — a)*

my(a) = M(X — a). T (2.19)

MoMeHT, paccMaTpUBaeMbili OTHOCHTENbHO Hauaaa KoopAHHAT (¢ = 0), HasbiBaeT-
Csl Haua/JbHBIM, 3 OTHOCHTE/NDbHO MaTEMaTHUECKOro OXHAAHHA (@ = my) — LeH-

TP aJbHbIM.
B HeKOTOPBIX CaAyYasiX HCHO/b3YIOTCs a6cofioTHbe H (aKTOPHANBHBIE MO~

MeHTbi, KOTODbiE COOTBETCTBEHHO ompeesioTcs GopMyaamu:
Br(e) = M(IX — af), (2.20)
my(@) = M(IX — alléhy, (2.21)

e 29 =22 — )z —2) ...z — k+ 1)

C noMowpbio haKTOPHAAbHBIX MOMEHTOB MOXHO B 0o/iee KOMNAKTHOM BHIe
8amuCcaTh MOMEHTH HEKOTODBIX HIHCKPETHHIX pacnpesenenuli (Tuna 6HHOMHANBHOTO)
H, KPOME TOrO, B 33aUaX ONPeJeNeHHOr0 K1acca, BK/IIOUAIOWHX IUCKPETHbIE Cay- .
vaiiible BeJIHUHHL, 4aCTO yA06HO HAXOfHTb HAauaabHble MOMEHTH My, NPEABAPH-
TeJIbHO BBIYHCAHB (aKTOPHAJbHBIE. ’
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3aKkoHW pacnpejesieHHs JHCK

O6sacTb H3MEHEHHS

3akou . AHaJIHTHYeCKOE BuIpaKeHHE 3aKOHA
pacrpefeneHus 3HaueHHH cayuaiiHOk pacnpejesenus
BeJIHYHHbI
k ~n—~k
1. Cunepreomerpu-| k=0,1,2,..., Po(k) CuCnmM
i . nlr) =
YeCKHH min (M, f'l) C'Ii]

2. BHHOMHAAbHBIH
(Bepuyaau)

k=0,1,2,...,n

Palk) =CEp* (1 — p)"—*

3. Moanuomuannb-
HBIH

i=1

2

Pulky, kgy oo, k)=

n! )
= _—p":‘ .. .pkm,
ky! kol . . k! vt

p1-tpyt oo Fpm=1

4. Ilyaccona

k=0,1,2,...

peruoil cnyyat Hoil

BEJIHY HHBI

Ta6auna 2.}

Onpegension ue Tpadpuk 3aKoHa XapaKTepHCTHYECKas DYHKUHS

napaMeTpbl pacnpepjeseHun 0,(jv)
min(M.n) Ak n—~k
CMCNTM 4
Nr M, n " el
k=0 CN
g 2 4-6 8 0k
n,p [14p " —nI"

7 2 4 & 8 10k

BeJIHUHH H3
D1, P2, -++» Pm

n n mobbie m— 1|

P (k)
12 x=4

g7

g2 & & 81k

jo__
e?»(e 1)
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1
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P(k) =CiZ| p"(1 —p)*—n,

GHHOMHaJLHbIA HH Wi
£=0,1,2,... _
P(k)=Ci 3, o (1—p)*
A \&
P(k) =P,
*) OG+%)X
k=0,1, 2,... i
o (1+a)...[14+(¢k—1)a]
18. Moaua npu & =0; X ol .
k=12, ...
npu o > 0 a>0, A>0,

Py=P(O)=(14ar)—!/=
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P pl1—(1— pe®|™!
72468 ws
Alk)
42 n=70 eiv(l_eiun)
n - 47 —_—
s n{1—e'?)
N2 4 687k
n,p pl1—(1— p)e®|™"
02 4 658K
o A [1+4 oa(1— eft)]— 1/

02 46 8 Wk
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my=mny, My=wns, mj=ns+3xd,... (2.30)
Re=mMY, ug=my, ng=my—3my?,. .. (2.31)
my=2uy, Mg="%o+ni, My=ug+3us %y +uf; (2.32)
my=%g-4uy w3+ 303+ 6u} wyt+nd, ...
KW=My, wg=My—m}, wuy=rmg—23my my-42m} , (2.33)

wy=my—4m, my—3m} 4 12m% my—6mé, ...

B dopmynax (2.28) u (2.29) npeanonaraercs, 4To BO3MOMKHbLIE 3HAYEHUS cay-
9a{HOH BEJHUUHBI OTIHYAIOTCS HA EIHHMIY.

B cnyuae ananutuueckoro saganus sakona pacnpegenenns (8 Buae Gopmy.sl)
onpejeseHne MOMEHTOB CBOAHTCS K BHIYHC/EHHIO COOTBETCTBYIOMUX CYMM H HHTe-
rpanos (cM. Ta6a. 2.3). Pacuer MOMEHTOB YMPOWAETCSH, €CAH BOCHOMAbL30BATLCS
aNNapaToM XapaKTePHUCTHYECKHX (QYHKUMH.

XapakrepucTuueckan QpyHkuMst O,(jv) OnpeensieTcss Kak MATeMATHYECKOE
OKHJaHHe CAyualiHOH BeJHUMHH e/VX T, e.

Bu(j0) =M(e/™) = [ e/** pyx)dx , (2.34

—00

TA€ v — BEHIECTBEHHAS BENIHUYHHA, j = 'l/— 1.

Hcnonssys npeacraBiienne MJOTHOCTH BePOATHOCTH pi(x) B Buie cyMmmel
RenbTa-QyHKIKH, GopMyay (2.34) MOKHO pacnmpocTpaHuTh Ha JAHCKpPETHbIE cay-
yaliHble BeJHYHHLL:

n
81(jv) = D) pel™i, (2.35)
=1

Fle x; — BOSMOXHbIE 3HAUGHHA Clyuaiinodl Beamunnnl X, p; = P(X = x) —
COOTBETCTBYIOIHE HM BEPOSTHOCTH.

TlnoTHOCTL BEPOATHOCTH py(x) OAHOSHAUHO BRIpAKAETCH 4epe3 XapaKTepHCTH-
YeCKYI0 (QVHKIHIO:

1 n :
(%)= r— 5‘ B4(ju)e %% gy, (2.36)

—0o0

W3 (2.34) Buano, 4TO NpH M3MeHeHHM 3HAKa y NOKa3aTeasl 3KCHOHEHThb om-
pelleleHue XapakTepHCTHUECKOH GYHKILUK COBNAAAET C ONpeieeHHeM CHOeKTpanb-
HOoi ¢pyukumnn. [lo3TOMY 419 HAXOXIeHUs 04(jv) MO H3BECTHOH MJOTHOCTH Pr(x)
WIH py(x) MO O(jv) MOKHO NONL30BATHCS TAGAMUAMH NpeoGpasosanmil no Dy-
pee (uau no Jlannacy ¢ yueTOM npeenoB HHTCFPHPOBAHMS).

Inst onpenenenust MOMEHTOB my CAYYRIHHOH BeNHUMHLI X HYXKHO BBLIYHCIHTE
k-0 r(x)poussonﬂyxo OT XapaKTePHCTHYECKOH QYHKIUKK 10 N2PAMETPY U H NOJOKHUTD
v=20:

e — L 81 (0) 0.37
k= ik dvk u=0. ( : )
CeMHHHBapHaHTbl ®i ONPEAENAIOTCA H3 COOTHOLUCHHUS
! oo
s . L
n8,(jv) = 2 T(/v)k- (2.38)

k= 1
BMeCTo XapaKTepHCTHueCKHX QyHKUMii 6,(jv) "acto HcmoabaywTes Tak
Ha3piBaeMble APOM3BOAsIKe GyHKuuK [10—12]:

Pu0)=M(e™) = [ e p(x)dx . (2.39)
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y=g()

a)

Puc, 2.2, Bsaumno-01H03Ha4YHOe ¢ yHKIIHOHALHOE HPeo6Pa3oBaHues
@ -= opsimas byrkuus, 6 — o6paTHas QYHKUUS

CyuiecTsenHoe pasiuue MeXKAy HHMH COCTOHT B TOM, 4TO XapaKTEpPHCTH-
YecKas PyHkuMs CYmeCTByeT BCeria, a NPOH3BOAAMmAS (PYHKUHS — TOJLKO B
cly4yae CyHecTBOBAHHS BCEX MOMEHTOB,

B ra6n. 2.4 npusenent GOPMyJbl A OCHOBHLIX YHCAGBHIX XaPAKTEPHCTHK
AUCKpEeTHLIX 3aKOHOB pacnpenesnenus, a 8 Taba. 2.5 — ais HauGosee pacnpocrpa-
HEeHHbIX HEempepLIBHBIX 32KOHOB pacnpeaenenus [1, 4—16].

Bo MHOrMX uHKEHEPHLIX BepPOATHOCTHBIX pacyeTaX, HANPUMEpP NPH H3YUYEHHH
fIPOXOKAEHHS CAyyafHEX CHFHAJMOB 4Yepe3 JiuHefinble M HeMuHefiHble CHCTEMH
(cM. ra. 10—12), gacro TpeGyeTcst OMpeAeNHTb HOJNOTHOCTb BEPOSTUOCTH gl(y)
C/ydaidHOH BeNWYHHbl Y 1O H3BECTHOH MJOTHOCTH BEPOATHOCTH py(x) ClyualiHoh

BeAnuHHH X M M3BecTHOH (YHKIHOHANBHOH ¢BA3H Y =g(X) cayyadHbX BeJH-

qun Y u X.

Ecan o6parnas pynknus X=h(Y) opHosnauna (puc. 2.2), To npaBujo npe-
06pa30Banusl NJAOTHOCTEH BepOSATHOCTEH CAYYaHHHX BeJuYuH omperesiercs op-
MyJI0i

pi(y) = p(ldx/dy] = ps[h(y)]] dh(y) /dyl. (2.40)

Ecan o6patnas ¢ynkuus X = A(Y) neoanosHauna, HampuMep HMeioTCH
IBe BeTBH of6paTHON dyHKmuu hy(y) m hy(y) (puc. 2.3), TO mJIOTHOCTH BepoAT-
HOCTH p; (y) HaxoauTCs no dopMyJe

piy) = ml(llA{ @)1+ pilhs()] R w!. (2.41)

Ecan uncao Bersein o6patnoft yHKnuu Goablue aByX, TO B HpaBOd uaCTH
dopMyanl (2.41) caenyeT 6paTh CyMMY MO BCEM BeTBAM

ny)= 2 p1lhi (1| h{(9)],
=1

o |
JA
y=9(x)=az? z,,_;,,@)=‘/§;-
J v,
- > zz-ﬁz(y)=—Vf—
a) 0")

Puc, 2.3 Ksaapatuunoe (1Byx3Haynoe) mpeoGpasoBaHme:
a — npaMas ¢yHRnus, 6 — obpaTuas GYRKUKS
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OCHOBHEIE 4 UCJOBEIE XapPaKTEPHCTHKH

HanrmenoBanxe

LleHTpaJbHBEIH MOMEHT m-:;, KoappuuHEenT

3aKoHa m ¢’ acCHMMETDHH Vg
o o M (V= M) (N —2M)
PTONS(N=1)(N—2)
Tunepreo- nﬁ MN—M)n(N—n) Xn (N—n) (N—2n),
MeTpuuecKkHui N N2(N—1)
 (N=2M)(N—2n) VN1
BTN 2 VM(N—M) n(N—n)
m§ =npq (g—p),
Bunomu- npq,
asmLHbIH ip g=1—p Yl:__q-—_p
npq
md=A,
[lyaccona A A 1
vy
Pasnomep- |72+1 n?—1 m3=0,
HBH 2 12 ¥1=0
m8=A (14 ah) (14 201),
Nosma A A(l 4ahr) 1+ 2ah

"VEaTe

52

‘RACKPETHLIX 3aKOHOS paciipeiesieHHs

Ta6nuna 2.4

LledTpansHsit MOMEHT my, Ko3ddHUHEHT
IKCLLECEa V,

(IpyTHe COOTHOWIEHHS AN MOMTHTON

mo — M(N—M)n(N—n)
PNV (N —1) (N —2) (N—3)

X{N8 (N4-1) —6N2 n (N —n)+
+3M (N M) [N? (n —2) —Nn2+
+6n (N—n)]}

mj =3n? p? ¢>*4- npg (1—6pq),

I—6 . dmy,
— Opg m = nkmf __
g L. k+1 pq( R )
npq
g =A,
mi=23A2 -4, dm})
s ’"3+1=7‘k’"3—1+7‘ T
V2= A
f—

1
—1
Myt =mp+A X C} m._;
=0

(n*—1)(3n*—7)

my =
4 240

1,2 !
Ta ==l +n2—1

m§=3a? (2a +1) M+
160 Qa4 1) A3 - (7ot 3) A2 A,

|
=0t o

53



OCHOBHBIE YHCJOBHE XapaKTEPHCTHKH

TaG6auwuna 2.5

,'nenpepusuux 33KOHOB pacnpefencHs

HaumeHoBaHHe

LlenTpaacupiit MoMeHT m?

LledTpanoHufi MOMEHT mg,
KoshduluHenT 3Kclecca Y,

Llpyrue COOTHOLUEHHSA IJa5s1 MOMEHTO!

kt1l__ gkt
0__(b;a).4_ mh=_—-b * att ,
=" b—a)(k+1)
bR+2_gk+2 gy
=——l,2 ==
Pa mp4 B—1_gk—1 k—[—? mpg
(2k)! 0% \k
= () e =0
0 k
oy S e
Vo= - 9 1 '
- (k—2i)! !
[k/2] —HanGoabllee uenOe YUCAO, He NPEBOCX Ofs-
‘mee k/2
. (2R) [ 1 \k
ma =3, Mah =M =" 7) '
y2=0

Maptr=m3 =0

_ T(a4b)T (atk
T T(a)T(atbt+k)

m=VIV T (£F)

332KOHa m o Kosbduuue uT acuuMeTpunsw,;,
b A a--b (b—a)? m$ =0,
aBHOMe PHBIH 5 EETHE 71=0
. . m$=0,
HopmasbHbli m o?
y1=0
Hopmaabhbiii 0 1 m§=0,
CTaHAaPTHBIH =0
Bera- a ab .
pacipejenenye at-b (a+b6)2 (a4b1)
- ’ . md =08 (n—3) l//%-
Penest o ‘/Jl o (2 - 7) —
2 / n
Nn=(n—-3 ] -
1 2
—— — 2
o % oy ¢ a[!~(1+_)_ my
Beii6yana [ @ Y= 0.;
P {t4— o1 L
o —l+
o3
6
2 ERY
Jlannaca 1 VY _
A 372
‘Y] = —'_2"—-
DKCNOHeHHA b~ 1 1 o 2
HbIH OAHOCTOPOH - — — 87 53
HUH P A Az e
V1=
r m3=2(a1)p3,
aMMa- pacnpe- (@1-1)p (@1) P

AesleHHe

. 2
V1= Vari

¥ ™ ) i
=
ot mh = Z(—l)lczmimk_t
i=0
%21
24 (mo)R -2l moyk —2L _
0 <1 — —2i
mi="5 mp = A! 24 ez
To=3 =(2k)!}. %, my, . =0
.9 mp=h! A=k,
M= k41
m = m
Y2=6 h+1 2 Rk
03 3 1) 4,
mi =3 (et ’é‘” )8 M =+ &+ 1) By,
=T np=(k— 1! @+ 1) P*.  %py,=kBup
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£Ie f — 4HCAO BeTBell (YHCAO HEOIHO3HAuHOCTedl). 3amaua npeoGpasoBauus
WIOTHOCTE i BepOsATHOCTeH pacCMATPHBAETCHA TONLKO A/ HEMPEPHIBHBIX CAYHAHHEIX
peanunk. ®yHKLUOHANbHOE NpeofpasoBalde NHCKPeTHOH CAy4aitHOH BeNHIHHUE]
HC H3MeHSeT pacnpeieseHUsi BePOSITHOCTeH; OHO H3MeHseT TONbKO ee BO3MOMKH bie
3HAYeHHUs.

OnpeneseHne YHCJAOBEIX XapaKTepUCTHK cayuaiinofi Bequuunsl ¥ = g(X) AB-
AsieTcsl YACTHLIM CJydaeMm paccMoTpehHolt 3a1auu. [1pu 3TOM MX MOKHO BEIYHCIHTD
ARYMsi CIIOCOBAMH: ¢ MOVOWBIO HaiileHHOl o hopmynam (2.40), (2.41) naorHOCTH
BEpPOATHOCTH py(y) Wad myTem ycpeidenus g(X). Bropofi nmyrb skoHoMHuuEe,
Tak Kak He TpeGyeT ompeleneHus [NJOTHOCTH BePOsTHOCTH QYHKUUH py (). Ha-
opuMep. GOPMYAbl 1M MATEMATH4ECKOTO OXHIAHHS U JHCIIepCHM Cayuafinoi Be-
auunnb Y = g(X) npH 3THX c10c06aX COOTBETCTBEHHO HMEIOT BUIL

my = ; ypiy) dy, of= g‘ (y—my) puy i dy , (2.42)
o o
oo . 0

my = j glx) py{x) dx, 0'3: y Ig(x\_mu]‘.! D.fx) dx . (243)

Jnst iMckpeTHOM cyyalHOH BETHUHHbI YACTOBbIE XapaKTEPUCIHKH HAXOAATCH
no Gopmynam: -

my=Mlg(X)] = X g(xi)ps, (2.44)
oh=DlgX)] = X lg(xe)—my}?p; - (2.45)
2. MPUMEPH! '

2.1. Tlo oxHOl u TOM ke CTapTOBO#N MNO3HIHMM MPOTHBHHKA NPOU3-
BOJNTCSI MYCK TATH pakKeT, NPHuYeM BEPOSITHCCTh p IMOMAjaHHs B Uelb
npH KaxJaoM nycke pasha 0,8.

[MocTpouts: 1) psa pacnpeneneHus umcja NonajaHuin; 2) MHOTO-
YrONbHHK pacnpesieenns; 3) dyukuuio pacnpenetends F(x) uucaa
nonafaHuii.

Pewenue. CrhyyaiiHas BesauyuHa X (YUC/IO NOMNALAHUH B UEb)
MOXKET [PHHATH Clepylomue 3HaueHHs: xo =0, x; =1, x, = 2,
x3 = 3, x, = 4, x;, = 5. DTu 3HaueHWs cayyaiiHas Beqauunua X npu-
HHUMAaeT ¢ BEPOATHOCTAMH Pg, Py Par P3» Pas Pse KOTOPBIE B COOTBETCTBUH
¢ dopmyaoit (1.22) pasuel:

po = (I — p)® = 0,2°=0,00032,
p. = Cip(l — p)* = 5.0,8-0,2¢=0,0064,
ps = Cip*(1 — p)*=10-0,82.0,23 = 0,0512,
s = Cipd(l — p)* = 10.0,8%.0,22=0,2048,
pa = Ctp*(1 — p)=5-0,84*.0,2=0,4096,
ps=p® = 0,8=0,32768.
M3 Bbuuc/IeHHBIX 3HaueHwi p;, (=0, 1, 2, 3, 4, 5, BuAHO, uyTO

HauGoJiee BEpPOSATHO MOMAJaHNE B LEJAb YETHIPbMS PAKETaMH, B TO Bpe-
M KaK MPOMax BCEMH PaKeTaMH MaJOBEPOSITEH.
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7(%)
g5 10
B4 481
i
bor | aor
0,2 | i { 241
!
VUs Pl g2F o
Fol ’ o
S SR RS ST s L
g 7 2 3 4 5 z 2 7 2 3 4 Z
Puc. 24. MuoroyroabHux Puc. 25. TIpadur ¢yukumu
pacnpelenedus pacnpeneneHus cayyafinoi
BeNNYHHbE
1. Pan pacnpenesieHUs] HMeET CIEAYIOUHNHA BUA:
X; 0 { ? 3 4 5 ’
pi 0,00032 | 0,00640 | 0,05120 | 0,20480 | 0,40960 | 0,32768

2. B COOTBETCTBHH ¢ pSAOM pacClpeneseHHs BEPOATHOCTEH 4YUC/ia
nonajgaHuil B 1€/Ib NOCTPOEH MHOTOYTONLHHK pacnpeseeHus, NpeicTas
" JIEHHBI Ha puC. 2.4.
3. [o onpenenennio, QYHKIHs paclpeneeHns

Fy(x)=PX <x)= 3 P(X=x,).

Mpu x <0 Filx) = P(X<<x)=0,

mpu 0 << x << 1 Fy(x) = P(X = x, = 0)=0,00032,

mpu 1 << x << 2 Fi(x) = P(X = 0) + P(X = 1)=0,00032-
+ 0,00640=0,00672,

npu 2 << x << 3 Fix) :éOP(X = x;) = 0,05792,
npu 3 << x << 4 Filx) '=i_2f0P(X = x;)=0,26272,
npu 4 < x << 5 Fix) =:20 P(X = x;)=0,67232 ,
npu x >5 Fyx) = 52 P(X =ux;)= ti p; =L

=0

{=0

I'padyk ¢yHKuMH pAClIpefiesieHdst NPeAcTaB/ieH Ha puc. 2.5.
2.2. TINOTHOCTH BEPOSTHOCTH P, (X) CAyYaiiHOH BeJNUMHBL X uMeel

BHJL
p1(x) = a exp (—Blxl), —oo << x < oo,

rIe o U p — TMOCTOSIHHBIE BeJIMYHHEL
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Tpebyerca: 1) HaiiTH COOTHOUIEHHE, KOTOPOMY JOJLKHBI yAOBJIETBO-
pATh noCTosiHHbIE & M B; 2) BHIYUCAHTE QYHKIHUIO pacTipefeerHs F; (x)
cayuyaiiHoii BequunHbl X; 3) MOCTPOHTH rpaduku MJIOTHOCTH BepOsSTHO-
cth py(x) u GynKmMM pacnpenesenws F(x) npu g =2

Pewerue. 1. Utobbl HafiTH COOTHOLIEHHE MeXAY TIOCTOSHHBIMH
@ ¥ B, BOCTOJIB3YeMCS YCJIOBHEM HOPMHPOBKH /sl TUIOTHOCTH BepOST-
poctd. [Ipu 3TOM yuTeM, YTO MJOTHOCTb BEPOSTHOCTH HMEET pashble
aHaJMTHYECKHe BbipaxeHus npu x << 0 n x > 0:

3? p(Ydx = o ?e"m’”dx:a[ f e dx—}—}oe‘ﬁ"dx]—_: 2 =1,
0

— 00

— 00 —o00
Cuie/10BaTeNbHO,
p=2a.
2. dyuknus pacnpenenenus Fy(x), Mo Onpele/eHHIo, paBHa:

X

Fx = { p()dz

o

[Mpn x << 0
o Bx Bx
Fix)=o 5 eﬁzdz———ﬁ—e =—e
[Tpu x >0
Fi(x) = —1—+ a "e—f‘Z dz =14 SLENN BRSPS DL P 2
e 2 T2 2
0

3. Tpn p =2 py(x) = e~2 51,

0,be2x npn x <0,

F =
1) ‘l —0,5e~2* npu x>0.

Tpaduku py(x) 1 Fy(x) npn p = 2 usobpaxensl na puc. 2.6.
2.3. ®yuknus pacnpenenenus F(x) cayuafiHoi BeauuuHst X 3a-

nana rpagukom (puc. 2.7).

Fr(2)
20~ ===
46
421
] L ] | i : | ] 1 ! -
-5 -85 0 45 35 @ -5 =05 0 45 Loz
a) J)

Puc, 2.6. [TnotiocTs BeposaTHOCTH (@) u byHKUHS pacnipefenenus (6) uenpepbis-

HOH cay4aituoil BeJHYHHBI
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FHlm stz ry@

14/ 30
4,75
g5+ g5
T L 1 t 1 ]
g 7 2 3 42 071 2 3 4 z -7 - g 7 2z
Puc. 2.7. ®yukmua pac- Puc. 2.8. [lrotnHocts Be- Puc, 2.9. OyHKIHA pac-
npeaexeHus POATHOCTH npeneneHus

Tpebyerca: 1) naiiTh aHajnTHUECKOe BbipaxeHHe AN GYHKUHI
pacnpesesieHnsi; 2) nocTpouTb rpaduK MIOTHOCTH BEPOSTHOCTH p, (x);
3) onpenesuTh BepOSTHOCTb P TOro, YTO BesMuMHA X NpPUMeET 3HAYeHUe
ot 3,5 1o 4,5.

Pewierue. 1. Korja sHauenns: Besnunubl X 3aK/I04eHbl B penenax
oT 3 10 5, dhyHKIUS pacnpesenerns F, (x) npencrab/seT coboii OTPe3ok
NPsIMOi, NIPOXOAsILIEH yepe3 JiBe TOUKH € KoopAuHaTtamu (3, 0) u (5, 1)
Hcnonpsys ypasherne npsamoit B Buie (x— x;)/(Xo— X;) = (y — 1)/ (yo—
— Y1), noaydaem (x — 3)/(5—3) = Fy(x)/1, T. e. Fy(x) = (x — 3)/2
CnepfoBarensHo,

0 npu x < 3,
Fi(x) ={(x—3)2 mpu 3<x <5,
1 npH x>>bH.
2. Tlo onpenenenuio, p,(x) = dF,(x)/dx. Tlostomy
0 nmpm x<3,
p1(x) =4 1/2 npu 3 << x5,
0 npu x>5.

I'papuk NNOTHOCTH BEPOATHOCTH p, (X) MpencTaBieH Ha puc. 2.8.

3. P=P @35 X<45)=F, (4,5) — F, (3,5) = (4,5—3)/2 --
—(3,5—3)/2=0,5.

2.4. Cnyuaiinas BeanudHa X YIOBJETBOPSieT HEPaBeHCTBY —I1 <C
< X < 1, npuyem B unTepBane or —I go +1 ona pacnpenesena pas-
HOMEpHO, a Kaxloe u3 3HaueHuii —1 W 41 npHHHMAaeT c BepoAaT-
HoCThIO 1/4.

HeoGxoaumo: 1) HaliTH M NOCTPOMTH (YHKIHIO pacnpeneseHus
F,(x) cayuajinoii Bequuntbl X; 2) BulUHCJHMTbH BEPOATHOCTb P TOTO,
YTo Clyyafihas BequuyMHa X nonajeT B wWHTepBas or —I1/2 o +1/2

Pewenue: Tlo ycaosno, X — cayuafinag BeqMYHHA CMELIAHHOTO
THMA.

1. Tlpu x << —1

Fi(x) = P(X < x) = 0.

[Mpu —1 < x << 1

Fix)=P(X= —‘1)+§p1(x)dx=f7+5‘ _d_=%.+ x
I -1

+
=
-+
N

X
4
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ITpn x > 1
dx 1 1 |
Filx)=P(X=—D+ —4—-+P(X=l)'~"4—+7+‘4—=1-
{

Ipadux dynkuun pacnpenenenus F,(x) npusesen ua puc. 2.9.

2.P:F1<L>—F1(—L)=2+0'5— 2-05 _ 1
2 2 4 4 4

2.5. Cnyuajiible OWNHOKH W3MepeHHMs AaJbHOCTH A0 HENOABUKHON
HeJH MOAYMHEHBl TayCCOBCKOMY 2aKOHY C MaTeMaTHYeCKHM OXHAAHHEM
m = D W cpefHUM KBaAPaTHYeCKHM OTKJIOHeHHeM ¢ = 10 M.

OnpenenuTs BepOSTHOCTH TOTO, YTO: a) M3MepeHHOe 3HayeHHe fajib-
HOCTH OTKJIOHHTCS OT HCTHHHOTO He GoJsiee yem Ha 15 m; 6) npu Tpex He-
3aBHCHMBIX M3MEpEHHsIX OWMOGKA XOTs Obl OIHOTO H3MEpeHHs He Mpes-
3oiinet no abCoIOTHO} BesuyiHe 15 M.

Pewenue. a) Onpenesnenne BepOATHOCTH TOTO, YTO M3MepeHHOE 3Ha-
YeHue JAJLHOCTH OTKJIOHHTCH OT HCTHHHOTO He Gosiee dem Ha 15 M,
CBOAMTCS] K BbIYHCJIEHHIO BEPOATHOCTH TNONAafaHHA CJAYYaHHOH BEJHYH-
Hot X (omwmOKM u3mepenust) ¢ m = 5 M U 6 = 10 m Ha WHTepBan or
—I15 g0 15 m.

Hcnonb3ys dopmyay (2.8) u 3navenus @D(2) u3 npuaoxenusa I,
noJyyaem:

a) P1:P(|X|<15):P(_15<X<15):(13(15[;5)_

| Sy

_Q)(ii) O()—D(—2)=d(1)—[1 =P (2)] =

10
=0,8413 —1+0,97725 =~ 0,82, ,
6) BeposThocTe P, TOrO, 4TO NpH TPeX He3aBHCHMBbIX M3MEPEHHAX

ownOKa XoTsa Obl OZHOIO U3MeEpPeHUs He Nes30iiier No abCoMIOTHON Be-

Jauynne 15 M, onpenenuica no dopmyJie
P, = 1—(1 — P,)® = 1—(1 —0,82)® =~ 0,994.

2.6. Tlpoussoaurca ctpesnnba Mo MOABHUIKHOM [IEAH A0 MEPEOTO Mo-
najaHus. BeposiTHOCTL p MONajaHHs NpPH KaxKAOM BBICTpeJie paBHa
0,4. Ha crpennfy oTnymero 4 cHapsiaa.

Briuncante: 1) MaTeMaTHyeCKoe OMHUAAHHE 11, CAYYAHHON BEJHYMHBL
X — 4Mcsa M3PAaCXONOBAHHBIX CHApsIOB; 2) AHCTEPCHIO OF M CpelHee
KBafipaTHyeCKoe 3HaueHHe O, BeJHYHibl X.

Pewenue. CnyuaiiHag BeaunHa X MoxeT TNPHHATh CjAefyOuHe
SHayeHud: X, = 1, x, = 2, x, = 3, x, = 4. BepoATHOCTH HPUHATHHA
BEJIHYHHON 3THX 3HAYEHHWH COOTBETCTBEHHO PABHbI:

=1)=p=p=04 PX==p,=(l—p)p=
= 0,6 - 0,4 = 0,24,

P(X = 3) = p; = (1—p)? p = 0,62 . 0,4=0,144,

PX=4)=p, =01 —pPp+d—p?i=0,630,440,6* =0,216.
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1. Tlo ONpENEIEHHIO MAaTEMATHYCCKOTO OKHAAHUS, UMeeMm

" 4
my= > x; p;= > X p;=1.0,442.0,24 +3.0,144+ 4-0,216 ~ 2,2.
=1 f==}
2. Jlns gucnepcHu NoJy4um
4

i= 3 (5 —m)? py= (1-~2,22.0,4+ (2—2,27.0.24 +

i=1
+(3—2,2). 0,144 +-(4 -2,2)2.0,216 ~ 1,38;
o,= +Voi=V138~1,17.
2.7. Cayuajinas BeqmynHa X umeeT pacnpenesenue Jlansaca,
MJIOTHOCTb BEPOATHOCTH p,(x) KOTOPOro
Pl =—eTM s,

HafiTn maTemaTHyecKoe OXMaaHHWe M RHCMEPCHIO BeguunHb X.
Pewenue: MatemaTnyecKoe oxHAaHWe onpeneasieM 1o dopmyJae

2.13):

fe o) fe o)

m, = jxpl(x)dx—— S‘ xe M1 ¥l gy,

- 00

*Tax KaK TJIOTHOCTb BEPOSITHOCTH py(X) MMeeT pa3Hble aHAJHTHYECKHe
Bblpa)KeHI/Iﬂ mpu x<<0wu x>0, 10 .

m, =— j'xe“dx—}- 5 xe—hxdx,

ClIeJ]aB B NEPBOM HWHTerpaJjie 3aMe€HYy MnepeMeHHbIX ¥ = — Y, NOJYUUM

] oo oo
m, = % sye—’“y dy +——2—5vxe~’“" dx = —% jye""y dy +

(]

<+ LJ xe—M dx,
0

Caenosatenwho, m, = 0. Toraa
x 0 o
Ox = 1ty = xzpl(x)dx=—}‘— S‘ xZebr dx +_7‘_. j x2e—hrdyx =
s 2 A 2 :
o

sze*“ydy+—;—

X

2
2

e—M dy-= XS x2e—rx dy,

OL"DS



Hssectro [17], urto

an+!

S gne—ar dy = Lt (2.46)
0

CaenoBaTtesbHO,
o = AT(3)/A® = 2/A%

2.8. Mo KaHaJy CBsi3H C MOMEXaMH NEPEelaeTCs KoJoBas KoMOuHa-
1HsT, COCTOSIAs M3 ABYX WMMYJbCoB. B peaysbraTe HE3aBHCHMOIO BO3-
JeHCTBHS NOMEXH Ha 3TH HMIYJbCH KaxIbifi M3 HHX MOXeT OpiTh
nojiaB/eH € BepOATHOCTHIO p. _ e

OnpejennTb XapaKTepUCTHYECKYIO (DYHKLHIO ©,(jv) cayugaiinoi
BeJHYHHBl X — YHCJA NOJaBJICHHHX NOMEXaMH HMIYJIbCOB.

Pewenue. BO3MOKHbIE 3HAUEHH T IMCKPETHOH CJYYaiiHOM BeTHUHHBL X:
%, = 0, xa =1, x; = 2. BepOsATHOCTH p; 3THX 3HAYEHHil COOTBETCT-
Beno paBhb: p; = (I — p)% pa = 2p(1 — p), ps = p*.

Coraacuo dopmyae (2.35) nmeem

3 . .
0,(jv) = = p!™i = (1 — p)* + 2p(1 — p) el + pPe¥ =
i=1
=] _2p +p2 + 2pej7’ —_ 2p2e/'” + pzeziu —
= 142p(e — 1) + p*e/* — 1) = [1 + p(¢? — 1)1
2.9. Cnyuafinas BeJHduHZ X HMEET PaBHOMEPHYIO TJIOTHOCTHL Be-
posiTHOCTH B nuTepsase o1 —B/2 1o B/2. .
Onpele/uTb XapaKTepUCTHUECKYIO (YHKIIHIO 0,(jv) cayuaiHO#
pesinumHbl X M HapuCOBaTh e rpaduk.

Pewenue. Tlo ycioBuio HOpMHPOBKH, py (x) (B/2 + B/2) = 1.
CaenoBatennho, py(x) = 1/p. Torza

o g/2

. 1 . 1 . .
i)} — vx —_— jux " (eitB/2 —e—ivB/2) =
6.(jv) Se’ py(x)dx B { el dx o (e )
—o —B/2
__sin(u}/2)
T B2

T'padMKH NJOTHOCTH BEPOSITHOCTH  py(x) M COOTBETCTBYIOWEH efl Xxapak-
TEpHCTHUECKO#H (YHKIHMH ©4(jv) npHBEIeHb! Ha PHC. 2.10.

5,(2) &gu)
7 A 10
ya
ﬁ I u
A 0 B = g\ iz lp 1B\ Mam v
-7 4 A B 5 F
a) J)

Puc. 2.10. PaBHOMEpHAA MJAOTHOCTb BEPOSTHOCTH (4) M COOTBETCTBYKWLAR efl
xapakTepHcTHueckas PyHkuun (6)
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2.10. Haiitu nJ0THOCTE BEPOATHOCTH py (x) CAYUAHHOH BeInunHm X,
XapaKTepUCTHUeCKast QYHKIHS KOTOPOH HMMEeT BHJ

0, (jv) = 1/(1 + ?.
Pewenue. Coraacuo dopmyae (2.36) umeem

1402

- 00

1 p . . 1 e e—ivx
p(x) = j 8, (jv) e—ior dp= —— j do =
n 21

l fe o) _ . o0
— 5‘ cos vx— j sin ox do — 1 cos ux dv —
n 1402 21 1492
—0 - 00
- 5 SO gy L[ 208 gy L ek
. 2n 1402 T | 2 ’
- 0

fe o)

TaK KaK

00

Scosax dx=ie—1al.
1 a2 2

1]
2.11, Cayuafinas Beawurna X nOAuYMHEHA YXZ-pacrpesesieHHIo.
fIIOTHOCTE BEPOSITHOCTH KOTOPOrO MMeET BHUX
!
—————xM2—le—*/2 ppu x>0, n>0
pl(x)zl 22T (n/2) P ’
0 npu ¥ <<0.
BoiuncnuTh XapakTepucTHuecKyo ¢yHKuuio 0, (ju) ¥ HavanbHble
MOMEHTH! i1y BeJHUHHBLI X.

Pewenve. Tak Kak 1J0THOCTb BEPOSITHOCTH OTJIMYHA OT HYJA TO/b-
Ko npu x > 0, 10

N

oo}

8, (ju) = j eior py (x) du =

& 00

s o]
___1_ eivx xn/Q-—l e—x/z dx_:
22T (n/2)

0

nj2—1g=(1/2—iv)x dy.

l s o]
_——— X
2M2 T (n/2) j

0

Bocnonb3oBaBmuch uuTterpajiom (2.46), noayuaum

. 1 C2—14+1) 0 ois _nre
@1(]) 2"/2[‘(71/2) (1/2_].0),,/2_1+1—(1 2]0) nr2,

HavanbHbie MOMEHTHI 1y CBA3aHbI C XapaKTePUCTHUECKOH (YHKIMEH

cootroiernem (2.37):

1 gk 0, (jv)
my, = ———211" .
R gk gm0
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B naiem ciayuyae

48, (jv) = jn(1—2jo)=n/2=1,
dv

a (5:19(]0) =jtn(n+ 2)(1 —2jo)—n/2=2,
do?

43 8, ()
duvd

E‘%;(—m= i (n +2) (n +4) (n-6) (1 —2jo) =2 =4,
R
5—3‘,&:]% (n +2)(n +4)..(n+ 2k—2)(] —Qju)y—n/2—k,
o

Takum obpasom, my = n(n -+ 2)(n + 4)...(n + 28 — 2).

2.12. Cnyuaiinasi BenHunHa Y sIB/sIeTCst MHHEHHON (yHKuMe# cay-
yaiinoit Benunnbl X Y = g(X) = aX + b, rae a u b — nocrosuubie
BEJHUMHBI.

HaiiTH NIOTHOCTb BEPOSITHOCTH Py (y) BeHUMHBl Y fipu H3BECTHO#H
MJIOTHOCTH BEPOSITHOCTH py(x) ciydaiino# Bennunbl X.

Pewenue. Tax kak obpaThas dyskuuss x = h(y) = (y — b)/a on-
HO3HayHa, To, MOACTaBAss ee Buipaxenue B (2.40), noayuaeMm

pa () = — pl(ya_b).

fa]

=+ 2)n +4)(1—2jv)="/"—3,

Ecan, HanpuMep, Beqnunna X umeeT DaBHOMEDHYIO NJIOTHOCTB
BEpOSITHOCTH B MHTepBane (X;, X,),T0 BeJIHUHHA Y 6yzet pacnpenenesa
paBHOMEDHO B HHTepBaje (ax; —+ b, ax, -+ b). .

Korna Besimyuna X HMEET HODMAaJlbHYIO MJIOTHOCTL BEPOATHOCTH

1 o (x—m)?
p1(x)= Uv’ﬁ‘exp [ 92g?2 ]’

To ee JuHefiHas (GYHKNUs TaKxke paclpelesieHa Mo HOPMaJbHOMY 3a-
KOHY
1 (y —my)?
_ — X —
P (Y) oV p [ %oz |’
rae m, = am+ b, o, =|alo.

TakuM 06pasoM, NpH JHHEHHOM NPeoGpasoBaHUH cayyailHo# Benu-
uMHbl €€ MJIOTHOCTb BEPOSITHOCTH. CMEIaeTCsi Ha BelMuuMHYy b, a maciura-
Gbl BAOJb KOOpPAHHATHBIX OCeH U3MEHSIOTCA B @ pas.

2.13. Cnyuajisas BequuuHa X ¢ PABHOMEPHOH TMJIOTHOCTBIO BEPOAT-
socTH (puc. 2.11)

px) = /(b + a),

—a<<x< b a<hb,

foxBepraeTcs KBagpaTHaHOMY npeoGpasoBantio ¥ = X2
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Dy (2) £z ” ~

Iy

&

30 >

D

7 G55 4

1 b+a _/ { e | | S
- 0 @ & =z -2 7 a & z —azy 037 2 z
Puc. 211, Tlaothocts  Prmc. 2.12. ®yuxkuua pac-  Pue. 2.13. Ksagparuy-
BEpOATHOCTH  CAyuad-  [pemeneHus cayuaitioli  Hoe npeofpasosaHue

HoOH Beauunub X BeAHYHHD! X.

Onpenennth 1 noctpouth: 1) dyHknuo pacnpenenenus Fy(x) cay-

" qailHol Bennuuusl X; 2) yHKuHIO pacnpenenenus F,(y) u MJIOTHOCTb

BEpPOSITHOCTH p, () ClyuaiiHO# BequunHb Y.
Pewenue. 1. Tlo onpeneneuuto,

FFx)=P(X<x)= j. pn(2)dz.

"Mpu x L —a F(x) =P (X< —a)=0,

X

____x—i—a
b+4-a

- 1
Fy(x) = jpl(z)dz = b—_gz

nppr x>b F,(x) =1L
Tpaduk dyukuuu pacnpemesesus F,(x) npusesen Ha puc. 2.12.

2. Tlpu kBazpaTHuHOM nNpeoGpasoBarnn y = x* (puc. 2.13) dyHK-
UAS 4y HUKOTAAa He NpDHHUMAeT OTpHUAaTeNbHbX 3Hayenwii. [lostomy
Fiig) =P(Y <y) =0 mpun y < 0.

Ha wuntepBasie (—a, a) obpaTHas QyHKuHA x = h(y) — nBy3-

% HayHa (puc. 2.13): x; = h, (y) = -+ Vy x=nh@) =— V.

CoGbiTHe Y << y PaBHOCH/BHO MOMafaHHIO ClydyaHHOH BeaudnHb X

B untepsan (— Vy, V), 1. e

PY<y =Pl< X<t =PVy< X<Vy=
=PX<Vy — PX<—VY.

Caenosatenbho, npu 0 << y << a®

Vy —Vy . IVE | -V V5
F == S x)dx — = —_— ==—y
1Y) pr(x)dx 5' pr(x)dx e o+ax e
—(] R -—a —a _a
3 3ak. 1203 65



F) Z G\
10— === -
g6t
0,2 . |

2 2

g a° 6c ¥ :
1 A
0 a? 22 7

Puc. 2.14. ®yukuns pac- Puc. 2.15, [lnoTtnocTtb Be-
npeaeneHusi cayuafiHo# POATHOCTH BeJIHYHHBI
Bennuunbl Y =X? Y=X2

Ha unteppase (a, b) obpaTHas QyHKuUS x, = hy(y) = V'y onso-
anayna. [lostomy

Fi(y)="P Y<y)~P(—a<A <a) +Pla< X<V y) =
vy Vy _

— 2a ' 1 _ VU+G

(x) dx = bita E bta o= bta

Takum oGpasom,
0 nmpu y << 0,
2V y/(b +a) npi 0<y < a®
(Vy+ao+ a) mpu a®<y<b?
1 npu y > b

Fi(y) =

Bocnosbsosasiuvchk gopmyJoi (2.3), nonyuum

0  mpuy<O,
p(y) = 1/(b+a)l/y_ mpu 0 <<y << a?
12(6+a) Vy npu a*<<y<H,

0 npu y > b

Tpapukn dynxuuii F,(y) u p,(y) npeactaBnens Ha puc.2.14 u 2.15.
OtmMeTHM, 4To Takoe npeoObpa3oBaHue umeeT MecTo, Halpumep, B IBYX-
NOJyEePHOAHOM KBajpaTU4HOM AeTEeKTOpe.

2.14. Cnyuajinas BeqnuuHa X ONHChIBaeTCs OWHOMHAJIBHBIM 3aKO-
HOM pacripefie/leHusi BepOsITHOCTe.

Haiitn maTemaTuueckoe OxHaaHue m, ¥ JHCIEPCHIO O CIyyaiiHo#
BeJIHYHHB Y == e@X,

Pewenue. Cnyuaiinas Bejuuua X MOXeT NPHHHMAThb 3HA4YeHHA
0, 1, 2, ..., n. BepostHocTh P, (k) Toro, 4ro OHa NPHMET 3Hauenue K,
onpenemeTcs; Bhipaxenuem (1 .22)

P (k) = Captit, g =1—p.
66

HUcnonbays gopmyant (2.44) u (2.45), nonyuaem

my = 2 g(x) pp = z g Py =3 * Chp* g " = (g +peo),
= k=0

= 3 Cu(pe™p gt —my=(7-+ ety —

R

2.15. Cnyuafinag Besnuuna X MOAYHHEHA PABHOMEPHOMY 3aKOHY
B uHTepBaJe oT 0 jo 2.

Onpenenuth MaTeMaTHYECKOE OXHIAHHWe H JHCNepCHIO BEJHYHHEI
Y = 6X2

Pewenue. Ha ocnoBanuu (2.43) Hmeem

Gy—zykp (k

2
=8,

0

2 2
= Yg(x)pl(x) dx = jvﬁx2 1—dx=3if-
0

‘ 2
Uy = 5[g(x)_ y]2 P (x S 6)62)2 _— dx ﬂly
0

—64 =51,2,

=18 2 [°
5 o

3. 3AJAYH H OTBETHI

2.1. TTo ABouYHOMY KaHaJly CBSI3M C MOMeXaMH nepealoTcs ABe Hudg-
poi: 1 u 0. AnpuopHble BepOSATHOCTH mepelayd 3THX uHdp paBHbI
p (1) = p(0) = 1/2. U3-3a Ha/IM4Hs NOMEX BO3MOXHBI MCKax€HHs. Be-
POATHOCTH Mepexoja eIHHHIb B enmmuy W HYJS B HYJib COOTBeTCTBeH-
Ho pasHbl: p (1/1) = p, p(0/0) =

Onpeﬂenmb 32KOH pacnpenenemm BepOATHOCTeH Cly4aiiHOH Be-
Auguebl X — OJHO3HAYHOrO YKCJAa, KOTopoe OyReT NoJyueHo Ha npueM-
HOM KOHIlE B HEKOTODbifi MOMEHT BDEMEHH.

Omeem:
Xi 0 1 ‘

pi (I—p-+q)/2 (1—q+p)/2

2.2, U3 nmecsTH TPaH3WCTOPOB, CPENH KOTOPbIX ABa OpaKOBAHHBIX,
CayyajiubiM 00pasom BbiOpaHbl 1Ba TPAH3UCTOPA J/Isi MPOBEPKH HX
napawmerpos.

OnpeneanTb W NOCTPOHTH: @) Psifi pacnpenesieHus C/yyaHHOro 4uc-
sia X GpakoBaHHbLIX TPaH3HCTOPOB B BulbOpKe; 6) (QyHKnHIO pacnpe-
Ienenus Fy (x) cayuaiiHoi Beqnuuusl X.
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1 2

Omeem: a)
x; 0

pi 1/45 ' 16/45 28/45

0 npu ¥ <0,

6) Fy(x) = 1/45 mpu 0 <<x<1,
17/45 npu 1 < x <2,
1 npu x > 2.

2.3. BeposTHOCTb II0Jy4eHHsi OTMETKH HeJH Ha 3KpaHe o(30p-
HOTO panMo/IOKaTopa NpH oxaHoM o6opoTe aHTeHHol paBHa p. Lean
CUHTaeTCs OOHAPYIKEHHOM, eCiy NI0JYyYeHO 1 OTMETOK.

Haiitu 3aKkom pacnpepejeHds CayyaiHo#i BeauunHbl X — uucia
060pPOTOB aHTEHHbI PagH0JIOKaTopa.

Omsem:

P(k)y = P(X = k) = CGiZipn(l — p)ft=" k=nn+1n+2

2.4. TlocaenoBaTesibHble YCKOPEHHbIE UCTIBITaHUS NMPUOOPOB Ha Ha-
AEXKHOCTb IIPOM3BOAATCS IO IepBOr0 OTKAasa, II0C/€ 4ero OHM IIpeKpa-
waores. [Tonb3ysach MOHATHEM IJIOTHOCTH BEPOSITHOCTH JIA JHCKPeT-
MOH C/IyuaiiHOfl BesuuuHbl, HalTH IJIOTHOCTb BEPOATHOCTH p, (x) Ciy-
YafiHOH BesHuuHbl X — 4HC/Aa HCIBITAHHBIX NMPUOOPOB, eCJaH BepoAT-
HOCTb OTKa3a JJis Kaxaoro npubopa pasua 0,5.

= Z 218 (x— x;).

T=1

Omsem [4]: py(x)

2.5. Oyuxuust pacnpenenenvs F,(x) cayuafmnot eervungn X
3agaHa rpadukom (puc. 2.16, a).

TpeGyerca: 1) HallTH aHaAWTHUeCKOe Bblpa)ceHHe s £ (x);

2) nocTpouTb rpadMK MJAOTHOCTH BEPOSITHOCTH P, (X); 3) ONpENeNnTh
BEpPOSITHIOCTH TOTrO, YTO BejluMHa X IpHMeT 3HayeHHe, 3aKJIOYEHHOe
Ha untepsaze or 0,2 no 0,8.

Fz 2@y
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Puc. 2.16. Gynkuus pacupefenenis (@) u NJOTHOCTb BEPOSTHOCTH (6)
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Omsem:
0 npu x << 0,
{ ¥/2  mpu 0<<x <1,
LAMW=] 172 upul<rx<?,
(x—1)/2mpu 2<<x< 3,
1 npu x > 3.

2. TpaduKk NIJIOTHOCTH BePOATHOCTH p, (x) NpHBeneH Ha puc. 2.16, 6.

3. 0,3.

2.6. Cnyuvaiinas BennuynHa X HmeeT HOpPMasbHOE pacnpefenieHue
¢ napameTpamMH m, =3, 0, =2.

Kak 1nsmeHnTCs MJOTHOCTL BEPOSITHOCTH Py (X), €CIH napameTphl
NPUMVT 3HaueHust m, = — 3, 0, == 4?
- 2.7. Coobulenne nepefaercst I0CAeI0BATeNbHOCTbIO aMIJIHTYIHO-
MOJLY/IMPOBAHHBIX KMIY/IbCOB C 3a[2HHbIM [1aroM KBaHToBaHus A (A —
"HaWMeHbIlIasi PAa3HOCTb MeXKIy ABYMs MMIyJbcamu). Ha cooBuienne Ha-
"KJaIbIBAIOTCA  1IVMbl, paclpeneneHHpie [0 HOPMabHOMY 3aKOHY
i€ TVIOTHOCTBIO BEPOSTHOCTH
prx) = —
« ! oV on

Ec/li MrHOBeHHOe 3HAaYeHUe LIYMOB TpeBblLaeT I0J0BHHY lIara KBaHTO-
{BaHHs, TO IIpU Nepenaye COOBIIEHHsT BO3HHKaeT olnHbKa.

* Onpenenutb, NPH KaKOM MHHHMaJlbHO JONYCTUMOM ILAre KBaHTO-
_BaHUs1 BEPOSITHOCTbL OLIMOKH W3-32 WymMOB He npesbicHT 0,1.

Omeem: A = 3,4 o.

2.8. Cayuaiinas BeanuuHa X — owwmbKa u3mepHTesbHOro npubopa
pacnpenénena 1o HopMaabHOMY 3aKOHY ¢ jgucrepcueil 16 MB2. Cucre-
MaThyeckast omnbKa npubopa OTCYTCTBYeT.

BLiuH CIHTH BEPOATHOCTb TOTO, YTO B IISITH HE3ABUCHMbBIX H3MEPEHHAX
omubka X: a) npessoiiaeT 1o moay/io 6 MB He Gosee Tpex pas; 6) X0Ta
6b1 onMH pa3 OKaxeTcs B uutepsane 0,5 MB — 3,5 MB.

Omeem: a) 0,999; 6) 0,776.

2.9. Ha snexktponHoe peje BO3NelCTBYeT ClydaiiHOe HalpsKeHHe
€ peNleeBCKO# IJIOTHOCTBIO BEPOSITHOCTH

e—x?/20% .

pr(x)= - e—*/2 x>0,
02

KakoBa BeposiTHOCTE P cpabaTblBaHUsI CXeMbl, €CJH 3JEKTPOHHOE
ipese cpabaTbiBaeT BCAKHMH pas, KOTZa HalpsKeHHe Ha ero BXole
“npespbliaer 2 B?

Omegem: P =e—2/0",
- 2.10. OnpeneanTb MaTeMaTHYeCKOe OXKMIAHHe M W JHCTIEPCHIO OF
_4Hcs1a npuopoB X, MMEBIUMX OTKa3pl 32 BPeMsl MCMIBITAHHMIA Ha Hauex:
‘HOCTb, eC/JM HMCNBLITAHHIO TNoABepraercsl oAuH npubop, a BePOATHOCThb
"€ro oTKasa paBHa g.

Omeem: m, = g, 03 = q(1 — ¢).
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2.11. Crpenna Bejetcss no HaGmojaeMoi ueau. BepcsitHocTh ne-
najaHus IpH OJHOM BbicTpene pasna 0,5 ¥ OT BbICTPENA K BBICTPEJY HE
MEeHsIeTCS. ,

BhLIYHCJAHTD MATEMATHUECKOE OXUJaHHe M, W AUCTIEPCUIO O% CJy-
yafiHofi Beawuumbbl X — 4ucJaa nonajaHiil B eab MNpH NATH BHICT-
penax.

Omeem: m, = 2,5; o2 = 1,25,

2.12. Ha Bxoa orpaHuuyMTenst BO3AEHCTBYET BUAEOMMIYJbC €O CAY-
yaiiHoft aMnauTyi0H. BeposTHOCTL NpeBblUIEHUA HMMOYJIbCOM YDOBHSA
orpanuuenus paBHa p. PaccmaTpuBasi COObITHE MPEBLILEHHS YPOBHS
OrpaHuyeHusi HMIYIbCOM KaK C/ydaiiHylo BequdHHy X, NPHHUMACILYIO
3Hauennsi | (npeBbiuienue) u O (HerpeBblileHue), ONPENCNHTH CpelHee
3Hayenne u gucnepcuio Besmunnbl X. Hafitw cpennee 3nadenue u auc-
TMepcuio Yucaa Y UMIy/nbCOB, MPEBLICHBILMX OPOT, NPH NOJaye Ha BXOX
OrpaHUYHTe/st 1 HMITYJIbCOB. .

Omeem: my = p, 62 =p(l —p), m, = np, o5 = np(l — p).

2.13. BeposTHOCTb OTHICKAHHSI MaJOpa3MepHOro OObeKTa B 3alaH-
HOM paiioHe B KaXOM BblieTe paBHa p.

OnpeenuTs MaTeMaTHYECKOE OXMAAHHE H JHCMEPCHIO 4HCJa Npo-
H3BeEHHBLIX HE3aBUCHMBIX BbIJETOB, KOTODbIE BBINOJHSAIOTCS A0 nep-
BOro 0GHapYXKEHUS eI

Omeem: m = l/p, a® = (1 — p)/p*.

2.14. Ha paauomasik-OTBeTYHK B CpejHeM noctynaer 15 3ampncos
B yac. CyuTass YHCJO 3aNPOCOB CJAy4HaifHON BeJHUHHOM, pacrpefeseH-
Hoit o 3akoHy [lyaccona, onpenenuTs BepOSITHOCTb TOTO, 4TO 32 4 MHH!
a) noctTynuT poBHO 3 3anpoca; 6) MOCTYNUT XOTs Gbl 0QHH 3arpoc.

Omeem: a) 0,0613; 6) 0,632.

2.15. Uamenenue yactoThi X reHepaTopa H3-3a camolnporpesa Mof-
qHHEHO pacrpefe/CcHHIo, FpadHK KOTOPOro u3oGpaeH Ha pHC. 2.17.

Onpenenuth: 1) aHaTHTHYECKHE BplpaMenus 1s MJOTHOCTH BeposIT-
HOCTH p, (x) ¥ dynkuuu pacnpenenenus F, (x); 2) maTemaTHuyeCKoe
OXuAaHWe M, W CpejHee KBaipaTHYeCKoe 3HAYEHHE O, CJYYaiHOH Be-

JAUYHHb! X.

0 npu x <, — a/2,
-Omeem: 1. py(x) ={(2x +a)/a® npu —a/2<<x<a/2,
0 npu x>a/2,
(0 npu x << —a/2y
Fy(x) = i[(Qx 4 a)/2a)? npu —a/2<<x<a/2,
I npu x >a/2;

2. m, = alb, 6, = a/3)2.

2.16. Coob6uienue nepelaeTCs KBAaHTOBAHHKIMH MMINYJ/bCAMH C Ila-
roM keaHToRanuss A = | B. [Ipeanonarasi, 4to OLINGKAa KBaHTOBaHHS
paBHOMepHO pacripenesieHa B npejesax HHTepBala KBaHTOBaHUS H UMeeT
HyJeBOe Ccpejiee 3HauyeHuWe, ONDEJENUTb JUCTEPCHIO 0% (MOLLHOCTB)
mymMa KBaHTOBaHUS.

Omsem: o = 1/12 B
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Puc. 2.17. [1notHoCTL BEPOATHOCTH Dy(2)

a

1
Ny
Nl

2.17. llpu wu3MepeHUH HANDSKEHUS] rapMOHHYECKOrO KosebaHus
u(t) = Asin(of + ¢) 1aMNOBEIM BOJBTMETPOM, MPOrpaayHpOBAHHEIM
B 3DQEKTHBHBIX 3HAYCHHSAX, CTPEJIKa BOJIBTMETPA M3-33 HAJIH4Hs moMeX
PABHOMEPHO KOJIeGIeTCsl MeX]y 3HAYCHUSIMH Oy H Q.

BoluncauTts: 1) cpennee 3naueHue m, NOKa3aHHi BONLTMETPA; 2) or-
HOCHTE/IbHYIO MOTPEIHOCTb A = 0 /M, W3MEPEHHs aMIUIMTYAbl HANps-
Xenust u(f), Tie o, — CpelHEKBaApaTHyeCKoe 3HauCHHeE.

Omasem:

1) m, = (&, + a)/2; 2) A = (&, — )V 3 (ay + o).

2.18. Bpems Ge30TKa3HO# pabOThl CaMOIETHOTO PaJHO3/IEKTPOHHOTO
.00opynoBaHHA B MoJiete sBJISETCS cny4aiiHOll BeNMYMHOM, pacnpene-
JIEHHO[i TI0 3KCITOHEHIIHAJLHOMY 3aKOHY.

OnpeneqnTs BepOATHOCTh 0€30TKa3HOH paboTh oGOpynoBaHHs B
TeyeHue AECSTHYACOBOrO MOJeTa, ecid CpeiHee BpeMms Oe30TKa3HOM
paGoThl 110 CTATHCTHYECKHM JaHHBIM COCTaB/IAET 200 4.

Omeem: 0,951.
2.19, MruOBeHHbe 3HAYeHHd aMIIMTYIH X MPUHMMAaeMoro CHrhana

NPy 3aMHPaHHsIX OMHMCLIBAIOTCA pacnpenenennem Penes

) = e, 530,

BbiuncMTb CpeiHee 3HAYeHHe W JUCTIEPCHIO CAYHaiHOH BeJTHUHHbI X

Omeem: m, = oV n/2, of = 0*(2 — n/2).
2.20. [Toka3aTb, 4TO HayaJbHblil (GaKTOPHANbHbIN MOMEHT YETBED:
2 TOro mopsiika my4) CaydaiiHo@ BenuuMubl X CBA3aH € HAyalbHBIMH

MOMEHTaMH CJIAYIOUMM COOTHOLIEHHEM:
myq; =my—6mg -+ 11my,—6m,.

2.21. HaiiTu ueHTpanbHhe m§ W UEHTpajbHbie a6COMOTHbIE ph
“MOMeHTHl C/ydajiHoil BelnyuHbl X, pacnpele/ieHHO# MO rayCCOBCKOMY

- 3aKOHY

I

1 _ (x—m) ]

pr(X) = — Vi exp[ oo

Omeem: Tlpu naudethom k mp = 0,

3 m:l/z 0k2(k—l)/21“(_k_il_)= ‘/Zg(k—l)ﬂ(f;'_l_)! ot
i by 2 by 2
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Ilpu uetHoMm &

mh =ph = ‘/_z_ok 2("-”/2I‘(k——;1—\).
E

2.22. Jloka3aTb, 4TO eCau CjyuyaiiHas BeauyuHa X NOJYHHEHA Tame
Ma-pacrnpeneneHHIo
1

= T

TO XapaKTepucCTHuecKass (QYHKIMS BeJHuHHBl X
0, (jv) = (I — jpoy—*+D,
a HayaJibHble MOMEHTHI BBIYHCJAAIOTCH MO QOpMyse
my =ptU (kR +a+ )T (a+ 1)

2.23. OnpenenuTb XapakKTepUCTHUecKyI0 GyHKuHio O, (ju) cayuai-
HO# BesMuMHbl X, NpuHumarouieii:1) oHO-eMHCTBeHHOE 3HaueHHe, paB-
Hoe C; 2) C OIMHAKOBO{i BePOSITHOCTbIO JBa 3HaueHusi, paBHble == C.

Omsgem: 1)0, (jv) = ei*C; 2) O, (jv) = cosvC.

2.24, [lokasaTb, 4To pacnpejefeHue ¢ XapakTepUCTHYeCKO# (yHK-
uueii 0, (ju) = coslmw/2 (1 — ©v?)] obnapaeT NJIOTHOCTBIO BepOAT-
HOCTH

we=*B x>0 a>—1, p>0,

p1(x) =05cosx, —n/2 < x < @/2.
2.25. OnpeneniTh XapaKTepHCTHUECKY IO PyHKIHIO O, (jv) cnyyaino#
BeHYKHHBl X, MJOTHOCTb BEPOSITHOCTH KOTOPO#H
(x —m)?

X)= —__exp|— ———]
pl( - UV% p[ 9a2 .
Omeem: O, (ju)= exp [/Um—— 2(; ]

2.26. JluckpetHas cayuailHas BeauuMHa X XapaKTepusyeTcs psilloMm
pacrnpeneneHust

,_.
(B

X —2 —1 0 '

pi ‘ 0,1 0,2 0,3 | 03 - 0,1

Haiitn 3akoHbl pacnipesesienus ciydaiiHpix Benvuun ¥ = X? + 1,
Z=1Xl

Omeem:
y]' { 2 5 Zh 0 [ .2
p; 0,3 0,5 0,2 oK 0,31 0,5 0,2
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2.27. Cnyyaiinas BeauyuHa X € MJIOTHOCTBIO BEPOSITHOCTH
X
pl(x) — _(_T_E_e—-xz/?Gz’ x>0’

noaBepraercs npeobpasoBanu Y = o/X.
OnpenennTb NIOTHOCTb BEPOATHOCTH AJsI CAyHaiiHON retHuNHb Y.
Omeem: p,(y) = ye—v*/2, y > 0.
2.28. Caydaiinas BenuuuHa X pacripeiesieHa paBHOMEPHO B HHTep-
Base (a, b):
pr(x) = l/(b—a), O<a<xgh.

OnpenesnTs MJIOTHOCTb BEPOSITHOCTH CJyHaiiHOH BeJHYMHE Y =
= X* 1 NOCTPOMTD ee rpadmK.

Omsem: p, (y) = <<y <<h

1
2(b—a)Vy
2.29. Pewutb 3anauy 2.28 npu ycnosuH, 4to
pr(x) =1/ —a), a<x<b<O.

Omeem: pp(y)=1/2(a —b) Vy, bB<y<a

2.30. Cayuaiinas BenuuuHa X C MJIOTHOCTBIO BEPOSITHOCTH P (X)
noasepraeTcs npeoGpasoBanuio ¥ =|1 — X|.

HaiiTh nioTHOCTL BEPOATHOCTH C/1yYafiHON BeNHUHHBI Y .

Omsem: py(y) = pi(l —y) + pr(1 +y), y>0.
2.31. Caryyafinas BeaqnunHa X C HOPMaJIbHOM MJIOTHOCTHIO BEpOSIT-
HOCTH

noxeepia=Tcsl npeodpasoBaHuio ¥ = X2,
Onpene/iuTs MIOTHOCTb BepOATHOCTA CAYYAaHHOH Benuuunsl Y.
1

Omeem: py(y) = 6V oy
0 , y<<0.
2.32. Peumts 3agauy 2.31, eciu

1 —m)?
p1(x) = ——:exp[——M}.

e—¥/20" =,

gy 2n 202
Lm? n
Omeem: p, (y) = —— exp [ __M] ch nVy , y>0.
oV 2ny 20° o?
2.33. Psan pacnpenesenns ciyyaiiHO# BeluumHbel X umeeT BHJ
X 0 | 2
0; ' 0,2 0,5 0.3 '
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BpiucauTh MaTeMaTH4eCKOE OXHJIaHHe H JHCOepCHIo CAy4yanHoOH

Besuunupl Y = 1—2X2 \
Omeem: m, = — 2,4, 0, = 9,63. ]
2.34. Cayuaitnas BeaquuuHa O paBHOMEPHO pacnpejenesa B HHTEP

Bajie oT O go 2m.
BLIYHCAHTD MAaTeMaTHuecKoe OMHJaHHE H JHCNEPCHIO BeJIMYHHEL

X = A, cos? (of + D), rie o, { — HecJyuaHHble BEJHUHHBL
Omeem: m, = A2, of = Ap/8.

3. 3AKOHbI PACOPELEJIEHUS H YUCJOBBIE
XAPAKTEPUCTUKHA MHOTOMEPHbBIX CJYYANHDIX
BEJIUYHUH -

1. TEOPETUMECKHE CBEJEHHS

XHHUYECKHX YCTPOMCTB 4acTO MPpHXOAHTCA HMETH
Goabmiero uncaa cayyainbx Beanunn. Cueremy n
CcAyyaiiHpIX BEJHYHH MOXHO pacCMaTpHBATH KAK TOUKY B n-MepHoM H;‘)OCTpaH;;Bf
co cayuafinnMu KoopaHHaTaMH Xy, Xg, -oos Xn- [MosToMy TaKyio CI/I(TEMyMHan
BAIOT n-MepHO# cly4aiiHoM BeJHUHHOH HJH N-MEPHBIM CJy4aHHLIM BEKTOquéngﬂ
n=2 gByMepHas caydaiinas BeJHYHHA MOKET pACCMATPHBATHLCS KakK CleaHITBe
TOUKA HA NAOCKOCTH, a npH a# = 3 — KAk cJyuaiinas TO4Ka B OPOCTP c >
Takan TPaKTOBKA COBOKYIHOCTH IBYX HJIH TpPeX CiyuauHLIX BeJAHUHH JaeTr BO
MOKHOCTb TTONBL30BATLCS HATJSIHHIMH TEOMETpHYECKHMH MPEICTaBICHUAMH.

CucTeMbl cAydafiHbX BeJIH4HH MOTYT OBITh JHCKDETHbIMH, HenpeprBHbu\;x?
H CMEelI4HHBIMH, B 3aBHCHMOCTH OT THNA CJY4YaHHbIX BeJNHUHH, o6pa3ylomax ¢

eMy. _ 5 )

cT M)}I(ax M B c/yuae OfHOMEpPHO# Cleqfii/’IHS)i/’I BeJIHuH HbE, TTIOJHON BepOHTH(;CTHOeP-l
XapaKTepHCTHKOR MHOrOMEpHOH CJy4aiiHOH BeAHupmlibt ABJACTCA 3aKoH p cnpbIX
LeJeus — COOTHOLEHNE, yCTAHABANBAIOIEe CBS3b MEKIy 00/1aCT M BO3MOXKH
3HAueHHil MHOTOMEpPHOH CJAyuaHHOH BEIMYHMHH H BEPOATHOCTSIMH "ee T0ABJACHUA
B 3Tux o6JaacTax.

3akoH pacupegeseHHs MOkeT ObITb 3a1aH B PABNHUHBIX dhopmax. Hanpumep:
eClH X 0 Y — JHcKpeTHbie cayuafiapie BeJHUNHEL, TO 3aKoH pacnpesne/ieHus ABY
mepHOH cayuaitnoi Beauunust (X, Y) sagaercst B Tabau4uOi Gopme

[Mpu HccaepOBaHUH pajgHOTe
JIEJ0 ¢ COBOKYMHOCTBIO ABYX HJH

Xi
n .
7] x 2 | | % Xn > p(xi, 4i)
(=1
W P Pa1 ‘- Piy Pna p (4
Yo P12 Dy | -+ | Piz | - Dna p (y2)
Yj pii | o2 | oo | Pu | oo | Pni o (47
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[podoascenue

Um Pim | Pem Pim | --+ | Pam p (Ym)

n
3P (xioy))
i=1

plxy) [ p(xe) p(xs) | .. | p(xn)

3necy
py=PX=xY=y)i=12 .,nj=12 ..,m
[pu sTom
ipiy=1, 3.1)
i
m .
PiX=x=py= X pijs PY=yp=pi= X pij. 3.2)

i=1 =

Ecan X u Y HesaBHcuMBY, TO p;; = p;ipj-

YunBepcajbHOH XapakTepHcTHKOH MHOFOMEPHLIX CAyYafiHMX BeJu4YHH,
TNPUTOAHON A OMHCAHHA KAK AUCKDETHBIX, TAK M HENPEepPHBHbIX CAYyYaHHBIX Be-
JUYHH, ABAseTca QyHKUHA pacnpeneneHust. B cayuae apymepsoit cayuaiinoil Be-
AHYHHB QyHKIUA pacupeledenus Fy(x, y) ecThb BeDPOATHOCTh OJHOBDEMEHHOTO
BLIMOJIHEHUS IBYX HepaBeHcTB X < x, Y <y, paccMatpuBaeMas KakK ¢yHKIHR
nepeMeltbix x,

Fatx,p)=P(X<x, Y<uy). (3.3)

B reomerpuueckoii wuHTepnperaumn (puc. 3.1) GyHKuHMIO pacnpeneneHus
F, {x, y) MOKHO TPAKTOBaTbh KaK BEPOSATHOCTh NONANAHHUSA CAYyYAHHON TOUKH BHYTPb
GecKOHEUYHOTO JIeBOTO HHAKHEIO KBAaAPAHTA C BEDIHHOM (¥, y).

B cratucruueckoll pasnorexuHMKke OCHOBHOE INpPAKTHYECKOE 3HAYEHHE HMEIOT
CHCTEMBl HEMpephIBHbIX cJaydyalubiX BeJHUHH, pacrnpejesneHde KOTOPBIX OOBIYHO
XapaKTepu3yoT He pyHkiuned pacopefenenind, 8 NAOTHOCTDIO BEPOATHOCTH.

Ecan dyukuns pacnpenenenuna Fo(x, y) HenpepoiBua H 06/ajaerT Henpepbis-
HOU cMemaHHOM NPoU3BOIHON BTOPOTO NOPALKA, TO IByMEPHARA MJAOTHOCTh BepoaT-
HOCTH onpegedserca GopMyJaoH

Pz (8, y) = 0%Fy(x, y)/dxdy. (3-4)

/ (z,4)

\

Puc. 3.1. K onpexenennio dyHknHu pacnpeaene- 7
Hust
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Puc, 3.2, lipamoyroan- Puc. 33. CoBmecTHas

Hasi 001acTh NAOTHOCTDL BepOATHOCTH

ABYX CJyyaHHbBIX BeJHYHH
u obnacts D

Bwmecto maoTHocTH BEPOATHOCTH MOXKHO HWCIOJb30BATH ABYMEDHYIO XapaKTepHCTH-

4eCKyl0 QyHKIIHIO

o0 o0
8, (ju, fvz):M[ef @ x+ 0| J f ol v v U by ) dxdy. (3.5)

—_—00 —OC

Anmapar xapakTepucTHueckux (ynkuuii ocobeHHo addeKkTHBeH Ans HccaeloBa-
HHUSl CYMM B3aMMHO HE3aBHCHMBIX CAY4aHHbBIX BEJAUYHH. )

Oyukrunu Fy (x, y), pa(x, y) 1O, (juy, iv,) 06,121210T CACAYIOUIHMH OCHOBHBIMA
¢cBOHMCTBAMHU:

1. F;(x, y) — HeyGpiBatomasi GyHKUHS CBOHX APryMeHTOB, I. €.
Fo(xg, y) > Fy(xy, y), eclin xy, > xq

Fy(x, ) > Fy (x, yy), ecan yy > 4.

2. Fy(x, — @)= Fy(— o0, y) = Fy(— 0, — oo)={. (3.6)
3. Fy (00, o0) = 1. 3.7
4. Fy(x, )=F (x), Fy(o0, y)=F, (). (3.8)
rie Fy(x) ® F,(y) — cooTBeTCTBeHHO (YHKLUHH pacnpeneiedus Caydailsbix
BeauyHy X u
x oy
5. Folx, = j j‘ po (4, vy dudv. 3.9

6. BeposTHocth P (R) nonajanus caydajtnofi Toukn (X, Y) 8 TP AMOY 016
HuK R (puc. 3.2) co cTopoHamu, napanjeabHbiMu ocaM Ox B Oy U ¢ KOOPAHHATAMH
BepmuH A (x,, y1), B (xs 41), C(%s, ys), D (xy, y5) paBua

PRI=P (< X<x p<V <y)=Fs(xe ya) — F201 Ya) —

— Fy(xa y)) + Fa(xr, w) (3.10)
7. pa(x, y) > 0. 3.1
8. j f D (%, y)dxdy = 1 (ycnoBHe HODMHDPOBKH). (3.12)

9. BeposrtHocTs P(D) momaganus CAyuaiHoil TOYKH B IPOH3BONBHYIO 06/1aCTh
(puc. 3.3) onperensercst popmysod

P(D) = (;)3) Pa (%, y) dxdy, (3.13)
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rae ps (x, y)dedy — agevenr BePOATHOCTH AJSl CHCTEMB ABYX CAYYalHLIX B e-
JIMUUH.

10. 9, (0, 0) = 1.

R 1. Ecan X u Y — HesaBHcuMble C/Iy4aiiHble BEHYHHB C XapaKTepHCTHYe-
CKHMHK GYHKUHAMA COOTBeTCTBeHHO O (ju;) u O, (ju,), TO
O (jor, jus) = 8y (o)) B, (jug). (3.14)

OJLHOMEprle Q)}’HKIU/IPI pacnpeieJeHua U NJAOTHOCTH BEePOATHOCTH BbIpAKAIOT-
Csi yepe3 agByMepHble C MOMOIILLIO CAeayIoiHX COOTHOIIEH Hil!

X o

Funy=Fy(x, )= | | patx, y)drdy,
=2t ) d
P1 - ox - Pz(x; ylay,
v (3.15)
AW=F(o, 3= [ | pa(x, y)dudy,
OF, ( T
() =— 9 _ fpz (%, y) dx.
oy

3akoH pacnpejiesieH s CHCTEMbl ABYX ClyYaiHbix Beauynd X, ¥ onpegensercs
pacmpejeseHueM Ka)KI0H M3 BeNHYHH, BXOASUIMX B CHCTEMY, H 3aBHCHMOCTBIO
Mexay Humu. CTellenb 3aBUCHMOCTH clydalubix Beaund X u Y XapakTepusyeTcs
YCIOBHBIM 32KOHOM pacmpesiellenust, MOA KOTOPbIM NMOHHMaeTcst 3aKOH pacmpe-
~ AeJleHHs OJHOM M3 CAyyaHHHIX BeJuuuH, HAWIEHHbI} IDH YCAOBHH, 4TO Apyras
- Cayvalnas BellMUHHA NIPHHANE ONpejeleHHOE 3HAUeHHe.
Mo Teopeme yMHOXKeHHS 3aKOHOB pacupejeneHus

pa (%, ) = pr (2} py (y1%) = py (y) pr (x]y), (3.16)
rae

Py (ylx) = OF, (ylx)¥dy, py (xly) = OF(xly)/dx

— YCJOBHBle MJIOTHOCTH BEPOsIHOCTCH.
Il15i He3aBHCHMBLIX CAYUAHHLIX Beduuud X u Y

P2 (%, ¥) = p1 (%) py (). (3.17)

Yeaosue (3.17) — neo6xoauMoe H IOCTaTOYHOE YCAOBHE He3aBHCUMOCTH Clyuai-

HbIX BeJHYHH.

Boipaxenns (3.15) u (3.16) HO3BOASIOT MOAYUHTH COOTHOIUEHHS, CBA3BIBAIO-

| mpe Mexay coBOH ycaosHbie M GeaycnoBHbie NMJOTHOCTH BEPOSITHOCTEl, a TaKiKe

-~ GopMyny monHo# BepoATHOCTH H dopmyny Baileca Anst HempepblBHBIX CAyYaiiHBIX
BeJIHYHH:

X, X,
piyl g = P2l%, y) P2 (%, Y) )
p1(x) %
[ patxs pray
_ - (3.18)
xly, = p2 (X, Yy) . pa{X, Yy} .
& ! iy, ’

J‘ D2 (x) y) dx
00
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pw= | px,9dc= [ pxplxds (3-19)
p1(x] 5= mm (¥) prL(y %) ) (3.20)
j. p1i{x)pi (Y1 x) dx

CgofictBa 1 —11 u dopmyas (3.1)—(3.20) ofio6waroTcss HA MHOrOMepHBIE CJy-
yafinbie Beauynuet [1, 13,

3aKOHBl pacupefie/leHHsl ABARIOTCS HCYEPMBIBAIOWHMH BEPOSITHOCTHEIMH Xa-
PAKTEPHCTHKAMH MHOTOMEPHBIX CAyuafinbx Beauyud. OJ1HAKO eCTH CHCTEMA BRJIIO-
yaer B ce6s1 GoJiee ABYX —— TPeX CAy4yaiHbIX BeJTHYHH, TO 5KCOEPHMEHTAIbHOE Ofl-
pese/ienHe ee 3aKOHOB paciipee/eH st BeCbMa 3aTPyAHEHO, 4 NPOBEJEHHE PACUeTOB
TpeGyeT rpOMO3AKHX MaTeMaTHYECKHX Bbluuc/JeHHH. [losToMy npu uccae10BaHRH
CHCTeM CJyd4afiHBIX BeJHYMH MIHPOKOE NPHMEHeHHe HAIIH HX YHCJOBblE Xapak-
TePHCTHKH, KOTOpbie B ONpeleNeHHON cTemeHH MOI'yT AaTh NpeicTaBJleHHe H O
XapaKrepe 3aKoHa pacnpeieneHHusi. B oCHOBY nonyueHHst TaKHX YHCAOBBIX Xapak-
TEPHCTHK MOJIOKEHO MOHSATHE MOMEHTOB.

Pas/HyHbie MOMEHTH COOTBETCTBEHHO AMCKDETHBIX H HelpephBHBIX AByMep-
Hblx CAYYAHHBIX BEJHYHH ONpPeessioTcsl CAeAyWBMRr hopMyTaMH:

. Hauvanbueiit moment mp,p, nOpsiaka k + kg

My, =M (X5 = B B iy
T
T 7 (3.21)
My k, = f f gk p, (x, y)dxdy

—00 —00

=

. HUentpanbHbifi MOMEHT mk,.k, DOPsAKA By + kgt
k B
My, =M(Xes V)= 33 (s — ma) (g5 — my)* 0y,
i

3]

o oo (3.22)
my, = [ (x—= mo)fy—my)* o, (x, y) dxdy.

—00 —00

3. A6conoTHHI HayalbHBIH MOMEHT Bk, MOPsAKa Ry -+ ke
k k
Ber, =M (XI" V|k2)=ZZ|XH Yy iy
T

B, = f f [x1® 1y 1" py(x, y) dxdy .

00 —00

-

A6comorunii nenTpanbHué Moment Bhk, mopamka ky -+ ky
Bt =M (1 Xo ™ 1Yo ") = 3 S|ty —me [ Ly, —my [y,
[

T " N (3-24)
Beye, = f f |x—mxf |y—-my| pPe X, y) dxdy.

—00 =00

(o4}

. ®akTopualbHuA HavaJbHBHIA MOMEHT Mg, ik, TOPANKA ky - ky:

AP
My 1y) =M (XD y["zl):ZinE Ry T

T T b (3.25)
Mik] (he) = f f k3 yloel oo (x, y) dxdy .
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6. PakTopHaNbHBIA LEHTPANBHBI MOMEHT mle,] fk,] mopsaka ky -+ ky:
k —
i, (g =M (XET VD) =30 (3 — )T (g5 — my) 5 Ipys,
i

© o (3.26)
Mt o) = | [ (x— m®d (g—my)e2l p, (2, ) dxdy .
—ac —o0

M3 navanbHelx MOMEHTOB Ha npakTHKe Haubosee 9acro HCNOJb3YIOTCA Ha-
YaJbHble MOMEHTH NePBOro NOpaAKa: :
My = M(X'Y) =M (X) =my, my =M (X¥)=M (Y)=my,
(3.27)
KOTOpLIe SBASOTCA MATEMATHYECKHMH OXHAAHHSAMH CJAy4aiiHbiX BeqHunH X u Y,
BXOISIIKX B CHCTEMY, H KOTOpHIE ONPENeNsIOT KOOPAHHATH TOYKH, HA3LIBAeMON
UEHTPOM PaCCeUBAHHSI CHCTEMbl HA MJAOCKOCTH.

M3 uenTpanbHeix MOMEHTOB HaHGOJMee yNOTPEOHTENBHE MOMEHTHI BTOPOTO
nopsajka. [[Ba u3 HEX NpeACTaBAAIOT CO60H AHCNEpCHH BeaHuHH X # Y:

De=mg = MI(X = m? (Y — m) =M (X — me], (3.2
Dy=m,=M{X — me)* (Y — my)?2l =M [(Y — my)?],
XapaKTepH3yioulHe PAacCeHBAHHE CAyuafiHON TOYKH B HampaBaenud ocelt Ox

n Oy
Cpean cMewanHbXx MOMEHTOB 0CO6YI0 PO/Ib HIpaeT LeHTPAbHbIA CMem A Hb

MOMEHT BTOpOro nopsaka m}, = Kyy, Ha3bIBAeMBI KOPPEN S LLHOHHLIM MOMEHTOM
(uHoraza — momeHTOM CBA3H) cJy4yaHHbIX BeJHYHH X, V.
MYy =Ky =M (X}Y o) =M [(X = mg) (Y — my)]. (3.29)
Ins gucKpeTHBIX cAyyalinbiX BeJHYHH
ny=22(xi_mx) (yj—my) pij, (3.30a)
[
riae

. pi, =P (X =x;, Y =y;),
a AJid HeNnpephHiBHHX

oo 20

Key= [ | (x—my) (y—my) py (x, y) dxdy. (3.306)

—00 —30

Koppensiuuonrriit MOMEHT K, ONHCHBAET, MOMHMO pacCeHBAHHS BEAHIHH X
HY, ewe ucBs3b Mexay numu. Hacto BMecTo Ky monbsyioTes 6e3pa3MepHoll Be-
JHYHHOH — KO3DOHUHEHTOM KOppessilHy Ryy:

Ryy=Kyy/0x ay, (3.3hH

Tle Oy, O, — CpDelHHEe KBagpaTHuecKHe 3HaYeHus BeJaHuun X u Y. Kospopuunenr
KOppensuud Ry, yIOBJeTBOpSeT ycaoBHI: —1 < Ryy < | u  onpegeaser
JRHEAHYI0 BEPOSTHOCTHYIO 3aBHCHMOCTb MeX1y CAYd4afiHHIMH BeJHuHHAMH.

Ecta X n Y nesaBHCHMH, T0 Kyy = O Ryxy = 0. [IBe cayuaiinbie Besu-
9HYHBI, LJIS1 KOTOPEI X KOS(HLUEEHT KOPPEIsLHA paBeH HYJ0, HA3BIBAIOTCA HEKOp-
penHpoBaHHBIMH. HesaBucHMBe BeNHUHHB BCerga He KOpPEJHpPOBaHbl. 3aBHCH-
Mble BEHYHHBI MOTYT GBITb KaK KODPDEeJHDOBAHHBIMH, TaK M HEKODDENHDOBAHHEI-
M. JIns rayccoBckux cayyafiHbIX BEeJHYMH HEKOPPeNHPOBAHHOCTb O3HAYAET
TaKKe H He3aBHCHMOCTb.

B HEKOTOpLIX c/ly9asiX HCIONB3YIOTCS YCAOBHHE MOMEHTH CJYYailHOH Besau-
4uupl X oTHOcHTeAbno V. JINs yCNOBHHIX MAaT@MAaTHYECKOTO OXHIAHHH H gHCIEp-

79



cHW ClyuziHON BENMYHHBL X OTHOCHTENbHO ¥ (OpMyJbl COOTBETCTBEHHO HMEIOL

BHA
00

x | tpalx, y) dx
M X1y = Yxm()fly) dx = _ww ’
oo ‘s pz(x, y) dx
- (3.32)
o0
o« | =M (X 1P o5 (x,4) dx
D(X|y)== 5[x—M(XlL/)]2 oy (x ) dx == - .
L § p2(x, y)dx

OCHOBHBEIMH YHCJIOBHIMH XaDaKTePHCTHKAMH CHCTEMbI fi CJy4afiHbIX BETHYHH
ABJAAIOTCHS MaTeMaTHYecKHe OXHAaHus H Aucnepcun: M (Xp).
D (Xp) =M{[Xk—- M (Xh)]‘!}, k=1, ¢, ..., n.
a TakxKe KOppessiiHOHHbIE MOMEHTH HJIH KO3(h(DHIIHEHThl KOppeJAlnn
K, ={[Xi—MX) [X;—MXpl}, 1==1,
H , {8.33)
in x,.=Kxi % loxi Oxi’ i/,
Ins yno6crsa KOppensilHOHHBIE MOMEHTHI H KO3GQHIHEHTH KOppeasiLHn
4AacTO 3aMHCHIBAIOTCS B BHAE KOPPeJisiHHOHHON MaTpHUL H HODMHDOBAaHHOH KOppe-
JMAUAOHHONH MaTpPHIBL

1
Kuey Krpry o K Rupe =+ Ren
1 ,x
P79 2 Xk g, 2*n ] .
...............
K 1
‘non

Bo MHOr#x sajauax CTaTHCTHYECKOH pagHOTeXHHKH Tpelyercsl OmpelennTb
BEPOSTHOCTHbIE XapaKTEPHCTHKH OJHOH CHCTeMbl C/yYailHbiX BEJHYMH 00 3anaH-
HBIM BEPOSITHOCTHBIM XapaKTePHCTHKAM APYroil CHCTEMH, CBSI3aHHOH C NepBOH
(bYyHKLHOHAJIBHOU 3aBHCHMOCTBIO.

flycTs aBe cayuaiinbie BeHUYHHbE Y B ¥V, 3a1aHbl BbipaXKeHHAMH

Yi=g (X1, Xa), Ye=gs(Xy, Xo) (3.34)

rie g, H g, — 3ajaHHbe JeTepMHHHPOBAaKHbIe GYHKLHH.

Tpe6yercsa nailTu coBMecTHy0 QyHKURIO pacnpegeseHus Fy (yq, Yp) H coBMe-
CTHYIO MJIOTHOCTh BEPOSTHOCTH Py (Y, Y2) CAyYaHHBIX BeJIHUHH Y H Y, 10 H3BeCT-
HOl NMJIOTHOCTH BEPOSITHOCTH Py (X1, Xp) CAyYaAfiHbIX BeJHUHH X; H X,

Tax kak

Faryd = P(Yi <y, Ya<y)=
= Plg (X1, Xo) <y, g2(Xy, Xo) <l
To

Falth, y2) =jl_(P2 (x1, x9) d¥; dx,. (3.35)
D

O6nacTe WHTErpHpoBanus D ompeleisercss HepaseHCTBAMH gj (%, Xz) < yU’
ga (X1, X3) < y,. T1IOTHOCTb BEPOSITHOCTH py (Y, Yp) MOJyuaeTcss nyTeM aupde-
penunposanks F, (4, ys):

pa{Y1s Yz) =0%Fs (Y1, Y2)/0Y10Ys. (3.36)
80

Ecan neo6xoxumo Haifita p, (y;, y,) 6es NpeABapHTENbHOTO ONpegeJeHHs
Fy(yy, y3), TO TNpH OFHO3HAYHBIX OOpaTHBIX (YHKUHSX Xy =hy (Y, Yy,
Xy = hy(Yy, Y,) Hmeem

e P2y, Ys) =ps Iy (Y1, Ya)s b2 (g1, y2)1 1Dy, (3.37)
_ 0{x1, X3) Ohy/dyy  Ohy/0y, 1
y = 2 _ = 3.38)
(Y1, y2) 0Oha/0yy  Ohy/0y, 9 (Y1, Ys)
d(x, xz)

~— SIKOGHAH Mpeo6pa3oBa.Hs OT cayyaiinbiX BeJHYHH X,, X, K Beluuunam Y, Y,

B Tex enyuasx, koraa o6patibie pyHKIMK f; HEOLHO3HAUHEL, B IpaBoi yactH
(3.37) caenyet BasTh CyMMy 10 KamA0R M3 mozo6MacTei.

Pesysbrathi (3.34)—(3.38) MoxHO pacupocTpanuTh Ha (byHKUOHAMbHEIE TIpPe-
06pa30BaHHS MHOrOMEPHHIX CJly YaiiHbiX BeJHYHH.

Hacro tpebyercss HaliTH MIOTHOCTb BEPOATHOCTH (GYHKWHH ABYX CAyYaiHbIX
BeJHYHH X; H X, 100 H3BECTHOH COBMECTHOH OJOTHOCTH BEDOATHOCTH pg (X1, X3):
Y=V, =g (X, X5)=g(Xp, Xa), Y= g;(X;, Xs)= X, (mam Xy).

Tlps onnosnaunoit obpatuoit pynkunn X, =h, (Y,, Y;) = h(Y, ¥,) K TraKomy
IpeoGpasoBaHHIo MOKHO NPHMEHHTH (hopmysy (3.37). B nannom ciygae skoGuan
npeo6pasoBanus

Oh(y, yz) Ohiy, ys)

o (y, y:
Dy=| oy E :—(-’;—@—.
0 l 4
Torna dopmyna (3.37) upumer Bux
o (y, ys
02 (Y, Y2)=p2[h (¥, y2), ysl —(ay;ﬂ)— 3-39

[ponuterpuponan (3-39) no y,, NONYYHM MJIOTHOCTH BEPOATHOCTH AJS Y:

20

pi(Y) = Y P2 Y1, Ya) dYs= 5 p2lh(y, ys), ys}
—00

o

oh (!/, yl)

dy,. (3.40
dy Yo | )

®opuyna (3.40) mos3possieT HaifiTH JOTHOCTD BEpOSAATHOCTH CYyMMbl, Pa3HOCTH,
NPOH3BEIEHHS H YaCTHOTO ABYX CAy4YaliHBIX BEJHUYHH:

x o
P = [ pa(y—xe, X dxe= [ py(y—r1, 1)y, Y =Xy 4+ X, , (3.41)
e 2

o0

ny)= f P2 (Y +xz, X3) dxy= j‘ palxr—y, xi)dn, Y =X—X,, (3.42)

—00

o0
1
pl(y)=5 Pz( Y , Xz) dxy==
Xg | %y

o0
Y |
= \ —_, —dx;,, Y=X,X,, .
5‘ Pz( X1 Xl) x| X1 » Xy X (3.4
x X
Pl(y)=5 P2 (yxz, xo) | X3l dxy = j‘ pz(—l-,xl) | ¥ = =,
. <. Y Y X,
(3.44)
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In1 He3aBHCHMBIX CJAy4afiHBIX BedHUMH X; M X, ¢ MIOTHOCTAMH BepOsT-

HOcTelt py (X)) B py(xs) py(xa, X3) = Py (x1) py(xy) u dopmyan (3.41) — (3.44)
NpHHAMAIOT BH],

oo o0
ply)= j- PL{Y—%x3) p1(X3) dXy = j- ply—x)pr(x)de, Y =X+ X,,
(3.45)
Py = [ pri(y+x,)pi(xs) dey=
= [ pma—p px) da, ¥ =X,—X,, (3.16)
_ (_y_ L,
ny= 4 P p1(x2) PN Xo
( J e, V=X, X (3.47)
= - —dxy, Y= X, .
141 o )pl(xl L | 1 1Ay
ply)= 5 PL yXa) 0 (x2) | Xo | dxy =
v X
= Sl ” (—xl—)p,(xl) —f;— dxy, Yo L, (3.48)
Y Xq

Oco6oe npakTHuecKoe 3HaYeHHe MMeeT 3a1a4a OTHICKAHHA [JOTHOCTH Be-
POSITHOCTH CYMMBI He3aBHCHMBIX CJY4dafHBIX BEJHUHUH O H3BECTHBHIM [JOTHOCTAM
BEPOSATHOCTH cJlaraeMblXx (KOMNO3HUHS 3aKOHOB pacmpejieeHus). Dta 3agaya pe-
waercs ¢ nomMoubio Gopmy.st (3 45). OAIAKO ec/H YHCJO cJaraeMelx 60Mbile ABYX,
TO BHIYHC/IeHHe HHATErpajioB CBePTKH 3HAUHTENbHO YCJIOXKHAETCS; MNO3TOMY MNpH
n > 2 noJb3YIOTCS aNMapaToOM apaKTepHUCTHYecKHX PpyHkuuii. CHauana HaXonaT
XapaKkTepHCTHYECKYIO GYHKIHIO Oy (j U) CyMMbl He3aBHCHMbLIX CIy49aifiHBIX BeJHYHH
Y = X, + X, + .. + X,. KoTopas paBna npOH3BeleHHIO XapaKTepHCTHYe-
CKUX (DYyHKIUH{ OTIeAbHBIX CJaraembiX:

n
0, joy=M{e!*"} = [] 6y (o), " (3.49)

(=

a 3atem u3 o6partHoro npeoGpasoBauus Pypne

j oI @, (ju) du (3-50)

—oc

I
2n

pn Y=

HaXOAAT MJOTHOCTb BePOSTHOCTH BEJNHYHHE Y.

UucsoBele xapakrepucTuku dyukuuil Zy, Z, cHcTeMbl ABYX CAy4alHBIX Be-
anupd X, Y 1 Zy = g (X V), Z, = g5 (X, Y) MOXKHO HAaHTH, He IPOH3BOAs Npe-
ABapHTEJbHOr0 onpeleseiins MJIOTHOCTH BCPOSITHOCTH P, (24, 2,). @ HENOCPEACTBEH-
HO HCHOJb3YS COBMECTHYIO NJIOTHOCTb BEPOSITHOCTH pgy (X, ) CNYIAANBIX BeJHIAH X
u Y. B stom cayuae maremaTHuecKoe Oxujanue my, = M (Zp), nucnepcas
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D SZk) H KODpensuHOKHBIH MOMEHT Kz,z, AJIt NMCKPETHBIX B HellpephlBHBIX cJ1y-
YAHHBIX BeJHMYHH OMpPelesalOTCS COOTBETCTBEHHO BhIp a:KeHHSIMH;

M ZZ Z gr (Xi, Y1) iy »
i f

© o (3.51)
my, = [ [ a(x, 9)ps(x, y)dxdy,
D(Zy)= Z Z lgn (x5, ypy — m:kJz Pijs
i
w o (3.52)
Dizy= | | [gr (£, y)—m, |2 pa(x, y) dxdy ,
K,. = Zg[gl K Yp)— my, (22 (%, yp) — Mm,,| Pij s
(3.53)

Kz,zz = f j‘ (8%, y)—m, |{ga(x, Y—m, | ps(x; y)dxdy ,

—o00

rae k= 1,2; x;, Y; — BO3MOXKHBIE 3HAYEHHS ClyYalHbIX Besuyud X u Y piy —
BEDOSITHOCTH COBMCCTHOrO NMOABJEHHSA 3THX 3HAYeHHH.
Hactieimm cayuasimu dopmy. (3.51)—(8.53) sBAsAIOTCA CaAeNyIOUHe COOTHO-

LUEHASA MJISi OCHOBHBIX YHCJOBHIX XAPAKTEPHCTHK CAYYAAHLIX BEJHIHH (oCHOBHHIE
CBOHCTBA YHCJIOBBIX XapakTepHCTHK):

l. Ecan C — Hecayuaitnas Besasuuua, To

M(C) = C, M(CX) = CM (X). (3.54)
2. Ias mobuix caydafinpix Beqnuun X o Y
M(X £ Y) = M(X)y+ M(Y). (3.55)
3. MaremaTnueckoe oxuIaHHe MHHeHHON Gyukunn
n n
'M(Z a; X + b>= 3 @ M(X;) 45, (3.56)
=1 l,=

rle a;, b — Hecayvaithsie Ko3QOHLHEHTH,
4. Ins mwobuix X 0 Y

M(XY) = M (X) M (Y) + Ky (3.57)

Ecnu X u Y ne xoppennpoBanu (Kxy = 0), 10
M(XY)y = M(X) M (). (3.58)

5. Ecnu C — necayuafinas Beswuuna, To
D (C) = 0. (3.59)

6. Hecnyuaiinyio Bensunny C MOKHO BHHOCHTD 33 3HaK Ahcrnepcad, BO3BOAS
ee B KBajpar:

D(CX) = CD (X, 0 (CX) = |Clo (X). (3.60)
7. 1as A06biX cayuyafineXx Bequdun X u Y
D(X£Y)= D(X)+ D (¥) & 2Ky, (3.61)

Iucnepcus cyMMH (PasHOCTH) HEKOPPENHPOBAHHBIX cAy4alHHX BeJdHYAH

(Kgy = 0) paBHa cymme ux aucmepcuit:

D(X + Y) = D(X) + D (Y) (3.62)
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. N o
8. [iHcnepcus AuHefiHOR pYHKUMH YaXi+b onpexendgercs Gopmya0H
i=1

n

- on
D( Do X+ b>: D aFD(Xy)+2 D aia;Kyje (3.63)

{="1 i=] i<y
Ecau Bece Bestuunnnl Xy, X,, ..., X, — He KOpPeJHPOBAHH, TO
n n
D(Z a; X;+ b): Dk D(Xy. (3.64)
=1 i=]

9. Jlna nesaBuCHMBIX clydaliHbix Bednund X M Y ancnepcust HX npomsse-
JeHH s

D(XY) = D(X) D (Y) + m2D (Y) 4+ m2D (X). (3.65)

2. N1PUMEPDHI

3.1. Iuckpernas ABymepnast cayuajiHas seauuuna (X, Y) omu-
ChIBAeTCS 3aKOHOM paclpeleNeHHsl BepostTHOCTeH, 3ajiaHHoro Tabuau-
uef

Xy

0,15
V2 0,15 0,25
0,15 '

141 0,10
Vs 0,20 Z

Onpenenutb: 1) 3akousl pacnpegesedus coctapisouux X u V;
2) yc/10BHBIH 3aKOH pacrpefefenys cAydyadHOH BeJuuHHbl X NpH yec-
JIOBUH, yTO ¥ NpHHS/IA 3HAYEHHE Y, M cAYuaiHO BeInuuHb Y NMpu yc-
JIOBHH, uTo X NPHUHIA 3HAUEHHE X,.

Pewenue. 1. Ins onpenenenuss 6e3ycJ0OBHBIX 3aKOHOB pacrpee-
JIeHHs caywaiiHplx Beauund X # Y Bocmosassyeucs dopmynoi (3.2):

p (x) =/=le p(xy, Yy) = p(xy, Y1) + p Xy, Ya) -+ p Xy, ys) =
=0,10 + 0,15 + 0,20=0,45,

) .
p(xs) = ;2=x P (xs, y;) = P (X Y1) + P Xy, Y2)+ pxa ys)=

= 0,15+0,25+0,15=0,55.

Takum obpasoM, 3aKoH pacnpeleNeHHs CJAYYafHOH BeJHYUHBI X
B Ta6IMUHOM QopMe HMeeT BHI

X3 X Xg

o (x3) 0,45 0,55
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Jas Besnuunsl Y no aHajoruu nojyuuM

2
P) = Zp i 1) = p(ry, 92) + p sz ) = 0,10+0,15 = 0,25,

P(ys) = p(xy, ys) + plry ys) = 0,154-0,25=0,40,
pys) = p(xy, ys) + p(xs ys) = 0,2040,15=0,35.

V. ’ V. ‘ Ve I Vs

.

‘ 0,40 ‘ 0,35

A ’ 9,25

2. YcaoBHBIA 3aKOH pacnpeie/enHs caydafiHoil BeqHuHHBl X NpH
Y =y, onpenensietcs COBOKYNHOCTBIO  YCJOBHEIX BEpOATHOCTEH
p(x, 1Y), p(xsly,), KOTOpLie IO TeopeMe YMHOXEHHsI BepPOATHOCTER
PaBHLL:

P (X, ) 0,10 2 P (%3, 41)
p(x = = — :T,p(xz y):——::
(x1191) bt 0.2 5 | th 2 (50)
0,15 3
0,25 5

CaefioBaTenbHO, HCKOMBIE 3aKOH B TaOJH4HON dopme umeeT Bul

X X1 - Xa

p (xilyn) 2/5 3/5

ITo anajorun HaxolUM yCJIOBHBIA 3aKOH pacrpeleneHHs BeJIHUHHLL Y
npu X = x,°

p(Xz, yl) Oyl5 3

1] Xg) = = _=—, Xy) =
P (1] Xa) o (ra 0.55 T P (yz | %)
Pyl 0,25 5
D (x3) 0,55 11°
14 (XZ) ys) 0115 2
Xo )= = T —
P (¥al x2) D (X) 0,55 1
ChefoBarenbHo, MOXKHO 3aMHCATh

Vi Y1 ' £ 1Z) (
p (¥ilxy) 3/11 5/11 3/11 l
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L1571 KOHTpPOJIST BOCMOJL3YEMCs YCIA0OBHEM HOPMHPOBKH

2 3
S p(x)=0,45+0,55=1, 3 p(y,) =0,25+0,40 40,35 =1,

(=1 =1 ¢

2 3
2 | 3 3 .5 , 3
2 p(xi|y1)=?+?=l,.Zp(yﬂxz):l—l‘i“——“ +_l' =1.

=1 i=1

3.2. Bounc/IHTL M NOCTPOUTH ABYMEPHYIO GYHKIHIO pachpee/enus
Fy(x, y) He3aBHCUMBIX IHCKPETHHIX CiyuaiinblX Beduuvn X u Y, ecou
CiyyaiHast BeiHuMHa X MPHHHMAET TPH BO3MOMKHBIX 3nauenus 0, 1, 3
¢ BeposiTHocTamd 1/2, 2/8 w 1/8, a Y — aBa BoaMoxKubiX 3uauenns 0O
u 1 c BepostHOCTSIMH 1/3 W 2/3.

Pewenue. Tlo onpenenenuio,

Fol, p=PX<x,Y<p)= 2 22 PX=x,Y=y),

’fi<x yf<.

rie i=0, 1, 3, j=0, L
Tak kak no ye/10BHIO cyuaiinpie Benuunasl X U Y He3aBHCHMH, TO

Fy(x,y) = ; P(X = x;) 2 PY=yy.

y; <y

Mpu x<<O P (X << x) = 0. CiefosaTenbro, B 3ToM CIyuae npH Jo6oM
Y u3 obnacti ero BosMOMHBLIX 3naueHMil F,(r, §) = 0. AHANOTHUHO
mpu y<LO0 P(Y <y) = 0. Mostomy npu ao6oM X u3 06JacTu ero
BO3MOXKHBIX 3HaueHHH F, (x, y) = 0.

Mn 0<x <l u0<y< |

Fa(x, Y=P(X=x=0PY =y, =0)=

S
2 3 o
Mpp0<x<Lluy>1

Folt, )= P (X =x =0V [P(Y =yy=0) +

TPV =p =l = (5 +75) =+

2 2
Il <x<<3u 0<y <<
Foi6, =[P X=x=0)+P(X=1x,=1)"x

f

, 7
<m0 - )
Mpu 1 <x<<3mn y>1
1 3 7
Fz(x,!/)=(7—l—?>l=? s
[lpy x >3 n 0<y<<1
1 3 [ 1 1
F === )=
2(% ) (2+<${‘8)o b}

e
i

Puc. 3.4. HBymepHas dyuxuus pacnpese- Falz,g) g
JIeHHsl

7
PL N\

2 AN

1/,

7 }2L r i

A TTOEOOENRN N s,
174 7 2 3

Qo

~—

&z

Ilpp x>3u y>1
(1 3 1 1 2
Fy(x, y) *(T‘F S +T)(? "}"?) =1,
Ipaguk pynkumuu pacnpenenenus F, (x, y) npeicTasnen na puc.3.4.

3.3. CoBmecTHas NJOTHOCTb BEPOSITHOCTH p, (X, y) TrayCCOBCKOrO
pacnpenesenust JABYMepHO#H caydaiiHofi BeauuuHnl (X,Y) umeeT Buz

1 1 (x— 1my)?
p2 (%, Yy) = — exp { — -
210y oyVl“‘Riy 2(1—R%) o3
2Ry (x—my) (y — my) + (y —my)?
Ox Ty o2 ’
TIe My, My, Oy, Oy Ry, — NapameTpnl pacnipefesenis.

Onpenenuts: 1) nJoTHOCTH BEpPOSITHOCTE! py (x) M p; () CAYHARHBEIX
BesquurH X W Y; 2) yc/loBHBIE MUIOTHOCTH BEpPOSTHOCTEH .p, (y|x) H
pi(x|y) Besunn X un Y.

Pewenue. 1. Cornacro gopmyae (3.15) umeem

mw=jmmww

IlpousBoast 3ameHy mnepeMeHHHX (¥ — mx)/ﬁox=u,
(y — m,)V 20, = v, nonyunm

1 u? K. 1 2
p1(x) = eXP( )J‘exp(-":—v'f‘
' V2 no,V 1—RY, 1—R%, < I =Ry

2Ry u)dv
T T=grg, |4
Hzpectho (17), uto

mex (—p2x? 4+ x)dx—-——Rex (qz
5 p(—p q == p 4p,)-

~=00
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EBocncab3oBaBLIKCE 3THM HHTErpaJIoM, HaBJeM
1

—_ - e—u?
pl (x) V?J’L O
HJIH
) i ex . (Xx—1m)? ]
P10 = b | —

Takum obpasom, Bennunna X rmozuuHenra rayccoBCKOMY 3aKOHV C

napaMeTpamMu m, U o,.
[TponsBenss aHAJIOTHYHBIE BHIUMCJIEHHS, MOJYUHM

1 (y—my ?
p1(y) = Vino, P [ —Q—O?y—]

2n oy

2. Tlo dopmysaam (3.18) Haxogum ycsoBHBIE MJOTHOCTH BEPOSIT-
HocTel

1 i
X)= —— €Xp T oy e
Prylx) VTV I=RT, { 2(1—R2,) 02
2
X [y“‘my“" Rx.l/ zy (x— mx)] },
L ex : K
Pi(xly) = VBT p { (=R

o 2
X [x— m,— Ry, —= (y—my)} }

Oy

W3 stux Bripaxenuii caenyer, uto p(y1x) B py(x|y) npeacraBisior
000#l TayCCOBCKHE MJOTHOCTH BEPOSITHOCTH C MapaMeTpamh

o, o ]f_—_ 3
My« =y, -~ Ry, 0” (x-—my), oy1x =0,V 1 —Riy,

x

o D2
Meyy =Myt Ry, —%(y—m,), 0,5 =0,V 1— RY,.

Oy

3.4. Cnyuaiinasi Touka na MJOCKOCTH pacrpeiesieHa IO 3aKOHY,
{IpUBEJIEHHOMY B Tab/IHLe.

i
yi=—1 | 0,10 0,15
ya=0 , 0,15 0,25
V=1 | 9,20 0,15

88

Hafimu: 1) matematiueckue OXHIAHWS CTy4afiHbIX BemnudH X u Y
2) aucnepcun seanuuy X u Y; 3) ycnoBHoe MaTemaTiueckoe OXHJAanue
BeHunbl X npu ¥V = ys; 4) KOppensuHonnbiit Mmoment K, U Kosdpu-
UHEHT Koppeasuun R,

Pewerue. Ipeaaputensho ONPENeaIM HEOOXOAUMbIE 3aKOH b pacnpe-
Aenenntst. COXKHUB BEpOSITHOCTH Mo CTO/I01EMY, MOSYUHUM BEPOSITHOCTH
BOSMOXHBIX 3Hauennii X :p(x, = 0)=0,45, p(xy = 1)=0,55. 3a-
KOH pacnpenesnenns Benruuunel X umeer pua:

Xi X1=0 X2=1

p (x3) 0,45 0,55

C/10KUB BEPOSITHOCTH «IIO CTpOKam», anajloriyno HaiieM pacrpesele-
Hie BeJH4HHp YV

Vi yi=—1 )’2=0 yszl

oy ' 0,25 0,40 0,35

Boruneany yenosueie BeposTHOCTH BO3MOMNKHEIX 3HaYenuit X nmpu ¥V =
= yg = l:

I

X1, Ys 0,20
P (x1] yy) =20 s

3
p (ys) 0135 7 )

== plralyy) =

CJIeszaTeﬂbho, MOXeM 3anucaTh B TaOAUUHON cdopme

X; x, =0 xy=1

p(x: | ys) 4/7 3/7

BocnonbaosaBuics cooteetcTsyompmy OIpeAENeHUsIMA W HalleH-
HBIMY 3aKOHAMM, MOJYYHM:

2
Lome=3 3 xip(xy ) = 3 xip(x)=0.0,45 +1.0,55 =0,55,
[

=1
3
My =3 245 (% y)) = fg' yinly;) =

=—1.0,25+0.0,40+ 1-0,35= 0,10
&9



2. D(X)=3 3 (x; —me)p(xs, yj) =
i

7

(xi_mx)2 P (xi)z
1

I

i

I
o

xt p(x;)—-m: =0-0,45+ 1-0,55 -0,552 ~ 0,248,
A
3

DY) =3 3(—m)p(x, y) = 3 (y;—mi) p(y,)=

y j=1

= i yip(y) —mj =1.0,25+0-0,40 +1-0,35 —0,01 =0,59;

=1

2 C s 3 3
3. M(Xlyy=1) = ¥ xip(xilys) =0+ — + L Zo= —;

(=1

M e

2
4 Key=3

=1 j
= (x, — m)ly — my) p (xyy Y1) + W2 — m)p(xy, yo) +
+ (s —my) p (X3, y3)l 4 (. — mIyy — my)p (xa, 4y) +
+ (Y2 — my)p (Xe y2) + (ys — my) p(xy ys)l =
= (0—0,55) [(—1—0,10) - 0,104 (0—0,10)0,15+ (1—0,10)-0,201 +
4+ (1—0,55)-[(—1—0,10)-0,15 + (0—0,10).0,254 (1—0,10)-0,15] =
= — 0,055,

Ry, = K,,lo.0, = — 0,055/)/0,248 /0,59 ~ — 0,144.
3.5. CoBMecTnast MJIOTHOCTb BEPOSITHOCTH po (X, Y) ABYMEPHOH Ciiy-
yaiiHoil Besaununnbl (X, Y) UmeeT Bun
dxye=* =¥  x>0,y>0,
0, x <0, y<O0.
Onpegeants: |. MaremaTHyeCKUe OXHAAHUSL M, U m, BesmunH X
u Y. 2. qucnepcun D (X) u D (Y) coctaBasiomux.

Pewernue. TlpeaBaputenbHo HafiileM TJOTHOCTH BepPOSTHOUTH BeJIH-
gtH X u Y

x; — my)y; — my)p (s, y;) =

p2(x’ y) = {

oo

p1(x) = 5 ps (x, y) dy= 4xe—=* § ye—¥dy =2xe—*, x>0,
0 N
p@)= {pa(x y)dx =2ye=", y>0.
0

1. mx-——jxp1 (x)dx= 25x2e_xz dy.
0 0

90

o0

1
(%)
Tak kak | xre—ax® 4y —
n+1
20 —
¢ 2

ipu >0, n> —1, 1o

) _pay_vE Tz_z _vx,
9 %F<2)_ 9 ’mll—Qoyeydy“ 7

kY] oo

2. D(X)zj.(x—mx)zp, xX)dx = Jlxzpl(x)dx— m; =

0 0
. (20
=2Yx‘°’e**’2dx—m3=2 2 (Y= 2:1 x
H 2 2 T4

D(Y) = D(X) = | — n/4.

3.6. MsBectHa coBmecTHAs MJIOTHOCTL B
YARHBIX BeaHuHH X, n X,.

Haiitn aeymepuyio naotnocts BEPOSITHOCTH Py (Y}, Y ,) CAYUAAHBIX
BeMuHH Y, n Y, ecan YV, = aXy + bX, Y, = cX, + dX,,
rue a b, ¢, d — noctosiuupe KO3 U HEHTHL.

Pewenue. Ecin onpenenutess CHCTeMB, COCTABACHHLI U3 Kospdu-
UHEHTOB @, b, ¢, d, OT/IMYeH OT HyJIs1, TO CHeTeMa u3 ABYX JIMHE{iHbIX

anrebpauyeckux  ypasnenuii y, = axy + bx,y, y, = cx; -dx, umeer
O/IHO3HAYHOE pelueHue:

€POATHOCTH p, (X, y) cay-

X, = @y + by, xy = ¢y, -+ diy,,

rae Kospduunentsr a,, by, ¢;, d, BEpaxawTCa Yepes a, b, ¢, d. B nan
HOM Cayyae skobuaH npeofipasosanus (3.38)
D,. Ot 1 1 Lo
A, vz O, yy) ad — be

O(xy, xy)

Ay /0x, Oyy/Ox,y ah
0yo/0x; Oyy/0x, cd
CnenoBaTesibHO, B COOTBETCTBHN ¢ (3.37) nosnyunm

i
D2 (Y1, Ys) = Tad—tel Pe(ay yy +b1 45, ¢y, +d, Ys) .
g ad—bc |

3.7. OnpenesuTh COBMECTHYIO MJIOTHOCTB BEPOATHOCTH py (Y, ¥,)
CNy4yadHbIX BeJH4UH Y, M Y, npu sagannoil cosMecTHOH 0JI0THOCTH
BEPOATHOCTH P, (X}, X,) CAYYaHHBIX BeMUHH Xy n X, ecau

Yi=VX XE V,= XyX,

Pewenue. Tpu y, > 0 cucrema us ABYX HEJHMHEHHBLIX aJreGpauge:
CKMX ypaBHeHHH

Vi + 08 =y, xin = g,
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HMeeT JIBa pelueiHs:
GV =g (1 + 93712, 0P =g (1 g2y

2) __ 2y
X\ =M (B = gl
B coorserctsun ¢ (3.38) sko6Han npeo6pasopanus

1 1

t

9 = J— — — == — B
(1, ys) xxf 423 T2 gy (x 4xp) U2 |4y
0(xy, x3) 1/x, —x,/x}

Ipumensis popmyary (3.37) w15 cyuas ABY3HAYHOro OOPATHOrO HPeOs-
pasoBanus, nNoayyaem

— h ) Yi Yo % —;—-
P2 4= "% [”Z(VIH; )
4 ( Yi Y2 L — h )], > 0.
Ve Vies /7

I[Ipu y, << O cucrema He HMeeT BelIECTBEHHBHIX PELIEHHA H MOITOMY
P2 (Y1, y3) = 0. ‘

3.8. BeluHcants ¢ynknnio pacnpepesenuss F,(y) M ILIOTHOCTB
BEPOATHOCTH p, () cayuaiinoii Beamunns VY, ecau ¥V = min (X,, X,)
¥ HM3BECTHA COBMECTHasl TVIOTHOCTb BEPOATHOCTH P, (X, X,) CAYUAHHBIX
BeqMuH X; U X,.

Pewenue. Y = min (X,, X,) o3nauaer, uto

y ={X1, ecau X; << X,
X,, ecam X, > X,.
CrnenoBarenbho, 11s F, () Moxenm 3anucaTh
FL=PY <y =PX <ylxn <X, +P(X, <ylou<X)=

y oo oo

= S S P2 (X1, X32) dxy dxy - li % P (X1, X3) dxy dxy =
y ‘ _: " ¢

= S dx, sz {(x1, X2)dx, - s dx; s« P2 (X1, Xo)dxy =

—0o Xy — Vo
X1

Y *
= j dx, [ Pa(X1, X2) dxy — S P2 (%1, X,) dsz =4

—00 —oc —-00

Xs

y 0
+ S dxz[ S P2 (X1, X3) dxy — S P2 (%1, X5) dxl:,Z

—00

& y "311 y
= li‘ p(x) dxy — S dx j Pz (X1, Xo)dxy - S p1(%2) dx, —

— j‘ dx, y Pz (X1, X3) dxy =

= Fiy=x)+ Fi(y=x)—Fo (Y= x1, Yy =x,),
92

ruae
¥y oy
Faly=1x, y = X)) = s‘ ‘S‘ P2 (%1, X;) dxy dxy =
Y Xy - —my X2
= 5 dx, ‘S‘ Pz (X1, X2)dx, - S dxs Y Pz (X1, Xo)dxy.

poauddepenunposas Fy(y) no y, noayunm mioTHoCTH BeposT-
HOCTH

Fyy _a e, T
Py = 0l =—ay—[j dx, jpz(xl, %,) ds +

oo

- f dx?TW (X1, x3) dxl] :j’ Pz (Y, %2)dxs + sz (%1, ¥) dx,.
Yo v, 7

4

[Ipn  HesaBMCHMBIX Xy v Xy py (%, x3) = py (X1)p1 (x2). Tlostomy
opmMy.IEL cooTBETCTBEHHO TPUMYT BuA:

Fiy) = Fiy = %)+ Py = x,) —
— Fily =x) Fily = X2),
Prly) = dFy@)dy = pi(y = x) 11 — F,(y = x,)] +
Tl = x)Il — Fily = x)l

03.90. [TosyunTts QOPMYTY AJs1 MJIOTHOCTH BEPOSITHOCTH p, (y) cay-
4aHNOH BeHuHHBL ¥ = | X, 4 X, | npu 3ajanHOf COBMECTHON MIoT-
HOCTH BEPOSITHOCTH Py (X,, X,) C/YYaliHBIX BeAHUHH X, U Xo.

Pewenue. PaccemoTpum MPEABAPHTENBHO BCMOMOraTeNbHYIO CIy-

uafinyio Bequuuny X = X; + X,. B cooTBeTcrBuM C (3.41) u (3.42)
MI0THOCTD BEPOATHOCTH p; (X) BeJMuMHBL X UMEeT BHj

Py (%) =_f P2 (X TF x5 X,)dx,.

Wntepecyowas nac seqnumna Y cesisana c BesiMuMHOH X paken-
crBoM YV = | X|. Tax Kak aas pannoro cayyas

p1 () =i§, pilhy B )] = pr W) + pr(—y), y > O,

TO
oo o0

() =_(' P2y F x,, Xg) dxy + ’ Pa2(—y T x,, X5)dxy, y == 0.

93



[lpu nesaBucumeix Besnunnax X, u X, Boipaxenue 1as p, (y) npumer
BHJ

p1 (y) :_.L p1 ()l (v F 1) + p1(—y F xy) dx,.

3.10. Haiiti njoTHOCTB BeposiTHOCTH py () CJ1YUaHHON BEJHYHHBL
=1 +AaX/2+ (1 —21>bX,2,
rae X, u X, — CJAYYaAHBIE BEJHYUHH C COBMECTHOH IJIOTHOCTBIO Be-
POSAATHOCTH Py (X, Xp); @ U b — NOCTOSIHHbBIE BEJHYMHBI, A — AHCKpET-
Has CJayyafiHas BeJHYyHHA, MPUHUMAOWAS 3HaueHHs + | u —I1 c Be-

posiTHOCTAMU p M g = | — p.
Pewenue. VI3 ycnioBust  sicHo, uto

Y — {aX1 € BEPOSITHOCTBIO p,
bX, ¢ sepositHOCTBIO g=1 —p.

TlosTomy yc/10BHast MJIOTHOCTB BEPOSITHOCTH py (Y| X1, X3) ONpeneuTCs
BbipaXkeHHem

o1yl x1, x3) = pS(y — ax;) + ¢ (y — bx,).

Beaycnosua 51 VIOTHOCTB BEPOSATHOCTH

p1 (y) z_fj P (Y], x3) P2 (X4, Xo) dxydxy =

8

gl

Buinonnue uuTErpHpoBanMe C JenbTa-pyHKIHEH, OKOHYATENLHO
1o1yyHM

|

[pd (y — ax;) + g6 (y — bx,y)! palxy, x5) dxy dxs.

00

i K i T .
Pl(y):DT," 5 pL(y|a, xo)dxy - ¢ ITI j py (%1, yl0)dxy.

Ecan ciyvafinbie Beanundsl X; M X, HE3aBUCHMH, To GOpPMyJaa ympo-
waercs:

1
161

Piy)=rp Pyl a)+q pi(¥10b).

1
lal
3.11. Hesasucumple cayuaiiime sequunHBl X; M X, NOAYHHEHH

sakony [lyaccona ¢ napamerpamu A; u A, COOTBETCTBEHHO"

L M et
P(XI =k)=7e— 'y P(X2=k) =—;—l— e—h:, k=0, 1,.-.

M

P

AT

JUs——

IR T A A,

OnpenenuTh 3aKOH pacnpeneseHdss CayuaiiHofi Beanuunn Y =
= X1 _I— Xz-

Pewenue. Pemnm sagauy aBymsi crnocoGamu: 1) HEmocpeacTBEHHO
MCIO/1b3YsT 3aKOHB pacrnpeje/senns, 2) ¢ NOMOLLbIO aNapaTa XapakTe-
PUCTHUYECKHX (YHKUHH.

1. Cymmupyst BepoATHOCTH BCeX HeE3aBHCHMBIX HCXOA0B, 6aaro-
MIPHSITCTBYIOWIMX OCYILECTBAEHHIO COObTHst (Y = n), MOXKHO 3anucaTh

P(Y S o M M
=N} = Pn—k: _e_l._z_—é‘:
V= =3 PHPE~D 2T
=e—’~1—7»2 \ _——)\’13 )‘g—k :.e"‘"—’Hl i i : (}v_l)k=
= kl(n — k) n! - Rl(n — k) \ Ay
n
memhmh T2 (14 S = BB et im0, 1,9,
n 2 n!

n n

f }\r_ln__ k }\/1 k_ n! }\11 k
(H' A ) B ZC”(M ) —,Eo nl(n — k)l (xz)'

2. Onpenenum xapakTepuCTHUeCKHe (QYHKUHMH CyYafiHBIX BEJHUHH
Xiu Xy

k! k!

; O e M > ivyk
Os,(jo) =M (&)= 3 erok Mgt e=n B M
£=0 k=0

=exp( -M)exp(re®) =exp[A(ef*— 1))

ITo ananorun mveem 0, (jv) = exp [A,(e/> — 1)].
Toraa B coorBerctsuu ¢ (3.14) monyunum

0, (jo) = By, (jv) Ou, (ju) = exp [(A - 1y) (€77 — 1)1.

Takum o6pasom, ciyuafinas BeqvuMHa Y Takke NOAUMHSETCH 3a-
koHy Ilyaccona ¢ mapamerpom A = A; + A,. DTOT pesy.bTaT MOMXKHO
06OOLIMTL Ha CYMMY HECKOJIBKHX MyaCCOHOBCKHX CJyYaHHBIX BEJIHUMH.

3.12. Hafitn sakoH pacnpefesenusi cayyaiiHoli BequuuHBl Y =
= Xy — X,, rie HesaBHCHMBIE CIAYuaiiHble BeNUYMHB X; M X, Noj-
4HHEHH 3akoHy [lyaccoHa ¢ mapamerpamu A; M A, COOTBETCTBEHHO:

k k
P(Xy=k) =e~h, P(Xy=h) =2 e=n, £=0,1,2, ...

1 k
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Puc. 3.5. O61acTb UHTErpHpPOBaHHA, ONpelesio-
was F,(y)

L2

)

’%
25

Pewenue. Cymmupyst BEpOSITHOCTH BCEX HE3aBHCHMBIX HCXOJIOB,

T7

6aronpusTCTBYOWMX NOSBIEHHIO COObITHS (Y = n), MOXKem 3amucathb
P(Y=n)= ZP Pin+ R =PX,=nP(X,=0) +
+P(X =n+DP(Xo=D+ .. +P(X,=n+-)P(X,=Fk)+... =

BocnonbsosaBumcs npencrasnenvem ¢ynkuuu Beccens n-ro no-
psika oT MHUMOTO aprymenta I, (x) B BHAe psija

X

1, (x)= (_)" AN _‘_(.f_f’*,
2) & Re 2

OJVYUM

P(Y =n) —e—tuth, )(il )’”2/.”, 2V T )y n =0, 4= 1, £ 2, ..

2

TlpuBenennsle BoiyMCIeHNs COpaBeaaHBel TOAbKO NMpH 1 > 0. Og-
HAKO eCJm NOBTOPHUTL HX A5t n << 0 I yuecTb PaBeHCTBO I_n (x)=
= I, (x), To NpuiemM K 3aKJIOYEHHIO, YTO MOJYYEHHOE BbIPaKEHHE
OCTaeTCs CNpaBeJIMBBIM H A1 OTPHIATE/NbHBIX 3HAYEHUT 7.

3.13. Cayuafiubie pennunnsl X, u X, HE3aBUCHMBI M DaBHOMEPHO
pactipesesiensl B uHTepeage (0, 1).

Boruncants ¢ynkunio pacnpegenenmus F1 (y) » nJAOTHOCTE BEpOSIT-
HOCTH p; (y) ClyuaiiHOR BesnuHel ¥ = X,

Pewerue. O6nacTbi0 HHTETPHPOBAHMS, KOTOpaﬂ onpegenset Fy (y),
ABJAETCH  3alITPHXOBaHHAR o6sacTh, H300paxKeHHass Ha pHC. :

Fiy)=P(Y <Y =1-P¥ >y=I —Sydxldxz ==
)
I

~1—ydx1ydxn_l~y(

y/x y

Y )dxlzy(l——lny).
Xy
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CnenoBaTtennHo,

0 npu y<<0,

Fiyy ={y(1 —ny npu0<y<l,

: 1 npy g > 1.
Inddepenunpys F, (y) no y, Nosvyaem MJIOTHOCTb BEPOSATHOCTH
0 npu Y0,

i D) =1{—lny npu0<y<l,
0 TnpH y>1.

3.14. lsymepnasi cayuaiinas seauunHa (X, Y) pacnpegenena no
8aKOHY, NPUBEIEHHOMY B Tabiuue

(7" xi

! Ay =U I x,=1
g=—1 0,1 0,2
Yg=0 0,2 0,3
Yys=1 0 0,2

OnpenenuTbh MaTeMaTHuecKoe Oxkuaanve M (Z) = m, u JUCHEpCHIO

D (Z) = o} cayuainof seapunnnl Z=2 X + Y2
Pewenue. Ucnonbays dopmyay (3.51), nmeem:

+ (2%, + YD) par +

2 3
=2 2 @n+ypy=@n + g
+ (2x

YD Pre + Cxa oy + Cxy + yi)ps +
+(2X2.+ Y2 pyy = (2:0 + D O, 12+ 1+1) 0,2+
+(2.04+0)0,24+(2-14+0)0,34(2-0+1) 0+(2-141) 0,2=1,9.

Ilns onpenenenusa D (Z) Bocnosb3yemcst Beipaxenuem (3.52), npu
3TOM yuTeM, 4To
D(Z) = M(Z%) — m,

2 3
MZ%) =% Z (2xi+!/?)pir‘:(2xx+!/f)pn+

=1 j=
+ 2xs + 41) par + (21 F Y3 pro + (2 x5 + Y2)pes -
+ @61 + YE)pus + (2x2 + Y3) pos = 172 012 - TH1)7 - 0,24
+ (2 14002 - 0,3--(2 - 1-1) - 0,2=4,9,
D(Z) = 4,9—1,9°==1,29.
3anauy MOXKHO peLIMTh, HCNOJb3Yys cBoficTBa (3.54) u (3.55). On-

HAaKO NpH 3ToM CJeAyeT MpeiBapHTesbHO Ol’IpEL[eJIHTb no ¢opmysaam
(3.2) 3aKouBI pacnipenesieHus CydafiHbIX BeTHIHH X nY
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3.15. HaiiTu wmartemaTuueckie oy
UHOHHBI MOMEHT C/1yYaiHBIX BeJHYMH
HbIM XapaKTepHCTHRKAM CIYYaliHBIX BeJHuHH X 1 Y, ecan

U=aX + by, V=1cX + dy,

rae a, b, ¢, d — nocTostHHBIE KO3(pUUIHEHTH.

Pewienue. Ha ocuosannu dopmya (3.55), (3.61), (3.29) u (3.57)
HMeeM:

MU) = M@X + bY ) = aM (X) + bM(V),
M(V) = M(cX + dY) = cM(X) + dM (Y),
D(U)=D@aX + v¥) = &> (X) + *D (v) + 2K, =
=a'D(X) + D (Y) + 2b R,, 0,0,,
D) =D(eX +av) = D (x) + @D (v) + 2k, —
= D (X) + d*D (V) + 26dR , 0.0,
Kup = MU — MOV — M ()} = M (Uy) —
= MUMV) = Ml(@X + bY) (X + dY)] — [aM (X)+
T M) eM (X) + dM (V)] = acD (X) + baD (¥ +
F (b + ad) Koy = acD (X) + bdD (V) + R

xy0x0y.

Eciu X u Y nesaBucumsl, o Bhpaxenus ans D(U), D(V)yn K,
ynpowarotes:

DU) =aD (X) + v®D(Y), D(V) = D (X) + a®D (Y),
K., = acD (X) + bdD (V).

3. 3AAAYH U OTBETHI

3.1. IIBouuHbiii Kaman cBsiay o 1o

MEXaMH OflUCLIBAGTCS COBMECT-
HBIMH BEPOSITHOCTSIMH p (x

i Yi)y i =7j =1, 2, yKasanubinu B Tabnuue

.\’l-

!/,

J 5 ’

" ’ 0,45 ’ 0,5 ,

4s ' 0.05 0.45

T

Boiuncanrs: 1) anpuopHbLIe BEPOSITHOCTH p (x;) MepenaBaembix CHI-
HaJIOB X; M BEPOSTHOCTH p (y;) NPHHUMAEMbIX CHTHaJIOB y;; 2) anocTe-
PHODHEIE BepOsITHOCTH p (x; | y;); 3) BeposTHOCTH nepexona p (4| xy)
CHTHAJIOB X; B y;.

Omsem: 1) p(x,) = p (x,)=0,5, p (4,) = p (2) =0,5; 2) p (x;1y,) =
=P Elu) =09 p(xi]y)=p(x|y) =01 3) Pl x) =
=P Y:lx,) =09, p Wilxs) = p (@, ]¢) = 0,1

8

JaHHsA, RUCIEPCHH H Koppeas-
U n V 1o saganubiM ananoruy-

3.2. 3akroH pacnpeneseHust ABYMEPHOM CIYy4alHO!H BETHYHHBI 3aAaH
tabinuei

Y

J ! Xy I X3

Xy
0,10 0,30 0,20
h 0,05 l 018 0,16

Haiiti: 1) Gesycnosubie sakonst pacnpeienesust c.yuajiHeIX BesH-
unH X M YV 2) ycnoBHBI 3aKOH pacnpeneenist BeTHunner X NpH yc-
JOBHH Y = y,.

Omeem:
1.
v X, Xo X Vi V1 Y2
p (xp) 0,16 ‘ )4~ 0,36 p(y;) l 0,60 | 0.40
2 ¢, i A, ‘ v Xy
pix, v \ l/6 ' 172 /3

3.3. o uenn npon3BOAMTCR ABA HE3aBUCHMBbIX BhicTpela. Beposr-
HOCT;a nonaaaHus B LeJb [MpH [EepPBOM BLICTPEJe paBHa py, fpu BTO-
ONI - 2 ' o . [T k7
P Haﬁfu dbyukuHio pacupepenedust Fo(x, y) nBymMepHO# cn.yqamion
BEJIMUHHE] (X Y), rae X — uuci10 nonagankii npu NepBeM BLICTPEE,
b
a Y — uncso nonajanyiil Ipi BTOPOM BbICTpese

Omeem:
10 npu x <0, y<<0,
(1 =p)(l—py) mpn 0<<x<C1, 0<<y<],
Frx, )= {1 -p, nmpn 0 << x <1, y>1,
'y —p, npu x>0, 0Ty,
!l apH x> 1 y> L

3.4. llo kamany cBsi3u TepenaeTcss OAHH pas ag%xpembm curian,
; a koroporo p = 0,8.
BEPOATHOCTD NPABHJBHOTO MPHEM o
pOnpeﬂeJIHTb 3aKOH paclpejeseHus B TaﬁJII:[‘{HE)H dopme u Q)y)}gxu;p;)
pacnpenenennst F,(x, y) ABYMEpHOH CJaYy4aiiHO{i BeJII/‘I;II/IHbI u(cmé b
rae X — YHCJO MNpaBHJAbHO MPHHATLIX CHrHAAOB, a Y —d
NpaBHJBHO NPHHSATHX CHIHAJOB
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Omeem:

Xy =0 xy==1
§=0 0 0,8
Yo=1 0,2 0.
0,2 npn 0<x<, y>1,
Fs(x, y) = 0,8 npwu x>1, 0<y<l,
1 TpH x>1, y>1,

0 B CTaJbHBIX CJydYasx.

3.5. IlokasaTh, 4To AJ151 HE3aBHCHMBIX CJayyafinplX BesiunH X u Y
CIPaBeAINBO paBeHCTBO F, (x, y) = F, (x) F, ()

3.6. Cucrema HesaBHCHMBIX CAydafiHbIX BeauunH (X, X, ..., X,)
aaﬂar_ia IJIOTHOCTIMH BEPOATHOCTEH Py (X,), 1 (xa), .oy pa (X,). '
Boaucauts dpynkipio pactipenenenust £, (x3, X, ..., X,) 5TOR CH-
CTEMBI CAYYAHHBIX BEJIUUHH.
n ".i
Omeem : 'Fn (*1, X2, seey xn): n j 41 (yi)dyi'

{= 1 —o0

3.7. HesaBucumbie cayuajinpie penuumanr X u YV pacrnpenesieHsl
Mo saKomy Faycca ¢ mnapamerpavn m, =1, m, = —3, o2 = 9
ol = 16, ! I

Haunuca"rb BRIpaXKEHHE 1J151 TVIOTHOCTH BEPOSITHOCTH p, (X, ) CHC1EMBI
Cl1ydanublX Besnund (X, V). .

Omeent: p, (x, y) fr—l—exp L Sk VA e I
245 18 32
3.8. HesaBucumbie cayuajjubie Besnunnn X u YV HUMEIOT paBHOMeEp-
Hblelpacnpeﬂeneﬂnﬂ COOTBETCTBEHHO B HHTepBasax oT O no | u or —1
xo0 1.

OnpenetnTb dyHkimio paci
perenenust F, (x,y) CHCTEMBL C %
seanan (X, 1) 2 (4,9) bl CITyYafiHBIX

Omsem:
0 npu x<<0, y<g —1,
- x(y+ 1)/2 mpr0<x <, —l <y,
2 (X, y) = { x npu 0 << x <1, y>1,.
i(y_,!— 1)/2 npu x>, — 1<y,
(1 pu x> 1, y>1

3.9. IlnotHocTh BeposTHOCTH i
. P2 (%, y) CHCTeMBI ABYX CyuafiHbIX Be-
auunn (X, V) umeer Bug ’ Y Y

P2 (%, y) = A/(1 + x 4 42 - x2).
10 '

.~ Hagru: 1) kozdpduument A; 2) BeposTHOCT, P nonaganus BeJHYHHbE
(X, Y)BkBagpat:—1 << x < 1, —1 <y < 1; 3) dynruun pacnpene-
aenuss F,(x, y), F1(x), F,(y); 4) NJIOTHOCTH BeposITHOCTe# p;(X) H
p1(y) ¥ 3aBHCUMOCTD Cay4aiiHbIX BesHuHH X # Y,

Omsem: 1) A=1/n2, 2) P==0,125;
l /
3) Fy(x, y) =?(arctgx +%) (arctgy +i))

F,(x) =Tl(arctgx +—z—) Fi(y) = —rl[—(arctgy +%) ;

4) pix) = Un(l + 2%, pi(y) = Un(l + )

Cayuafinple BeuyHubl X U Y He3aBHUCHMBI.

3.10. ®yukyus pacnpegetenus F,(x, y) ABYMEpHO#l CJIy4afHOR
BeqnuuHbl (X, Y) 3agana BoipaenueM:

Fo(x,y) =1 — e % — e fr L. e—ax—8r x>0, y>0.

) OupeneanTsb: 1) WIOTHOCTD BEPOSITHOCTH p, (x, y) cuctemst (X, Y);
. 2) nsoTHOCTH BeposITHOCTEH py (x) M p;(y) W 3aBUCHMOCTb C/IyHaRHBIX
senpund X u Y; 3) BeposiTHOCTb monanaunus Beanuust (X, Y) B kBaa-
par ¢ sepmnnamu: 4 (1,1) B (0,1); C (0,0) D (1,0).
Omsem: 1) ps (x, y) = afe”®*=8 2) p, (x) = ae=**, p, (y) =
- =pe—B", cayuaiinpie Benunnbl X ¥ Y HesaBucumbl; 3) P= (I —e™%) X
X (1 — e—B).

3.11. T1IOTHOCTb BEPOSITHOCTH pg (X, y) CHCTEMBl ABYX C/YHilHBIX
peanund (X, Y) 3anana BolpaxkeHHeM

pa(x, y) = (A/n) exp (—x* + 6x — y» — 2y — 12).

Onpenenuts: 1) kosdpduunent A; 2) MIOTHOCTH BEPOSTHOCTEH
p1(x) U py(y) coorBetcTBeHHO Besnuun X u YV 3) ABJA0TCA M CIy
yaiinple BeJHYHHBI X ¥ Y 32BHCHMBIMH. 3

Omsem: 1) A = % 2) py(x) = (1/}/ n)e——* p\(y) = (1/) n)e—tw+D?,
3) cayuaiinple Bejuunubl X H Y He3aBHCHMBI.

3.12. [IBymepuas cayuafiHasi BeqnunHa (X, Y) uMeer NJIOTHOCT:
BEPOATHOCTH py(x, y) = Asin(x +y), 0<x << /2, 0<y<< /2

Oupenenuts: 1) nocrosuuyio A, yukuun pacnipeneaenus F,(x, y)
Fi(x). F,(y); 2) BepoaATHOCTL P BHIIOJHEHHS HEPaBEeHCTB x << m/4.
y << n/4,

Omsem: 1) A = 0,5, Fy(x, y) = 0,5lsinx 4~ siny — sin (x + y)]
Fi(x) =0,5(1 —cosx + sinx), F,(y)=05( — cosy - siny).
2) P = 0,207 : '

3.13. JIBymeprnas cayuaiinasi Bennunua (X, Y) umeeT paBHOMep-
HYIO TJIOTHOCTb BEPOSITHOCTY BHYTPH kpyra C pazuyca R:

_ 1/nR?* npu x® +y> < R?,
p-z(x.y);{ P . s,
0 npu x24 y2 > R?%,

HokasaTb, uTo caydaiubie BesHuHHbl X W Y ABJIAIOTCST 3aBUCH:

MBIMH .
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3.14. TINOTHOCTL BEPOATHOCTH ABYMEPHOH CaY4ailHofi BeJHUHHDI
(X, Y) uneer Bug

1 x2—2Rxy + y*
2 (X, = —_— X TS pa.
D2 ( y) MY T—R? p[ 2(1—R?) jl

BuiuicanTh NAOTHOCTL BepOSITHOCTH CAyuaiiHO# Beanuumpr X.

Omegem: p, (x) = e—x/2,

1
Vn

3.15. T110THOCTD BepOSITHOCTH p, (X, ) NBYMEDHOH c/yuaiHO# Be-
THYHNB (X, V) uneer Bug '

1/6st  BuyTpH s/1mnca (x2/9 +y24 <),

p2 (%, y) =
0 BHE 3TOrO 3JHIICA,
Hoxasatb, 4to X u Y — 3aBucumble BeHuHHEL
3.16. JlBymepuas cayuaiinas Benuunna (X, Y) pacnpepesiena mo
HOPMAJIbHOMY 3aKOHY C TJIOTHOCTBIO BEpPOSITHOCTH

2
Pa(x, ) = L=ttt 4 ),
n

Tpebyercsi: 1) naiiTu 3HaueHne BeaHUHHBL h, ecau u3BECTHO, UTO
BEPOATHOCTD NoNananusi B kpyr (x% + y* < R?)paBHa p; 2) onpenenuTh,

fIpH KAKOM 3HAYeHHH /Il BEPOSTHOCTDL MONajfaHus B KOABUO (r?<C x% -
+ ¥® < R?) 6yner nanGonbuei

Omsem: 1) h =L l/ln 1 : 2)h=l/ QII’I(R/r)'
R l1—p V r—r

3.17. 3akou pacnpepenenus IUCKPETHOIl ABYMEPHO C/y9aiiHOf
Beanyiinel (X, V) sagan taGaupen

*

v

! xy=—1 l x,=0 Xy=1
Jo— 4/15 1715 4715
Ya=0 1/15 9/15 115

TpeGyetcsi: 1) onpenennts maTemaTHuecKHe OXHIQHUSL m, U m,
CiyuaiHpiX Beauund X u Y; 2) ycTaHOBHTH HEKOPPENHPOBAHHOCTD H
3aBHCHMOCTD CayvaiiHblX Benuwiy X u Y.

Omgem: 1) m, = 0, m, = — T/15; 2) X u Y He koppe/npoBansi,
Tak Kak K., = 0; oqnako X u Y 3aBUCHMBI, MTOTOMY 4TO HeoOXoauMoe
A1 HE3ABHCHMOCTH YCIOBHE p (x;, Y;) = p(x;) p (y;) ne BHOJHsETCS.

3.18. Tlo onuOii 1 TOi xe CTapTOBOH NO3HIHH TPOTHBHHKA MpPOH3-
BOANTCs TpH 1E3ABHCHMBIX TIyCKA PAKET, MPHUYEM BEPOSITHOCTH [10MAAa-
HUSL B LI€/1b ONHO pakeTofi paBHa p. [1ycTs ciyuaiinas Besnuuna X —
HHCJI0 monaxanuii B 1eh, a caydajivan BeaHdnHa Y — 9HCAO NPOMAXOB.

192

Haiitu martemaTnueckue oxHAaHHS M AMCIEPCHH CAYYAfiHBIX BEJH-
und X u Y, a Takxke KOppeJsiHOHHBIA MOMEHT M KOS(pHIHEHT Koppe-
JISILLMH. ,

Omsem: m, = 3p, m, = 3q, 65 = 0; = 3 pg, Key = — 3pgq,
Ry=—1,9=1—p .

3.19. Hanucats BoipakeHne A5 HOpMAJIbHON MJIOTHOCTH BEpOSTE-
HOCTH p, (¥, y) ABYMepHO#i cayuaiino Bennuunbl (X, Y) ecan

i 16 12
mx::O, m!/=61 “le['llzlli\l]'”=H12 25 ¢
Omeem:
| 1 2 1L,2%y—6) | (y—06)p? ]}
P2 (%, y) = 3971 exp {—- 1,28 {T{w— 20 + 25 )

3.20. [lnoTHOCTL BEpOSITHOCTH [ABYMEPHOH CJAydyafiHOH BEJIHUHHBL

B (X, Y) onperensiercst dopmynod

pa(, ) = 0,6sin(x +p), 0<x< /2, 0<y << /2
Onpenennts: 1) maTematuyeckne OXKHAAHNUA fl, W A1, JIHCTEPCHH
D (X), D (Y) cayuaiiunix sesnunn X u Y; 2) koppessiiHOHHY1O H HOP-
MHPOBaHHYIO KOPPE/ISUMOHIYIO MATPHIIH.

Omsen: 1) m, =m,= 0,785, D (X) =D (Y)=0,188; 2)||K;, |l=
0,188 —0,046 — 0,245
=H 718 y )”, ”Ril”::

1
0,046 0,188 ! — 0,245 1

3.21. Ieymepuast cayuainas Bemuuuna (X, V) pacnpenenena
0 HOpPMaJbHOMY 3aKOHY ¢ napametpamu m, = m,=0, o, =0, = 0,

v = 0.

RM/BbI‘{MCJIHTb ReposTHOCTH cobuiTiil:  a) [Y[| << X; 6) ¥V < X;
B) Y < | X| i

Omeem 118]. a) 0,25; 6) 0,56: #) 0,75.

3.22. Onpene’ T COBMECTHYIO MJIOTHOCTH BePOSTHOCTH P2 (x, u)
cayuaiitieix seanunH X = sin® n ¥ = cos® npn n3sectHoll nJaor-
HOCTH BEpOATHOCTH p, (p) caydaiigoii Beauuunsl @ B nHTepBase
(—m, ).

__ pr(arcsin x) 8

Omeem [19]:  ps(x, y) '—m—— (y:FVl—xz)

3.23. Jlsymepras caydaiinas Benuunna (X, V) umeel HOpMasbHYIO
COBMECTHYIO TJIOTHOCTH BEpPOSITHOCTH

p(—555)-

i
= eXx
De (x1 y) 9na? 202

BLiunC/IMTL COBMECTHYIO [UIOTHOCTb BEPOSITHOCTH p,(r, @) BeJH-
gnbl (R, @), ecn X = Rcos®, ¥ = Rsin®.
Omsem: py (r, @) = (r/2nc?) exp (—r?2¢%), r > 0.
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Cnyvaiinpie Bennuniapl R 1 (D — He3aRHCHMBI, TaK Kak pair, ©) =
= p(r) r1 (@), Tae BeinuuHa R pacnpenesesa 1o 3akony Peses
(-'0%) exp (—r?*20?%, a Beinunsa O — 10 paBHOMEPHOMY 3aKOHY
r(g) = 1/2 m.

3.24. CoBvmeCTHasl TJIOTHOCTH BEPOSITHOCTH Py (Xy, X;) CHCTEMbI

(X;, X,) nneer BHA
e~ 1—% apux; >0ux, >0
Pz (X1, Xp) = { ’
0 B OCTa/bHBIX CJAYyUYasX.

Haijitu nnotaocts BeposiTHOCTH D2, {#1, Yo) RBYMEpHOI cJayuafiHoh
Bemmunnbl (V,, Yy), ecmn Yy = X, + X, ¥V, = X,/X,.

Omeem 171
—y‘—,ﬂ’—z upu ¥, >0, y, >0,
p: (41, y2) = (1 12) .
0 NPH APYTHX Yy H Ys.
3.25. JlokasaTh, uTO neJOuMC/EHHAs CaAyuaiiHasi BequunHa Y =
= | Xy — X,f, rae X, n X, — He3aBHCHMBIE C/yuaiiHble BEJHYHHBI,

pacrpenenenubie 10 3akony Ilyaccona ¢ napameTpamu A; u A, COOTBET-
CTBEHHO, HMEET 3aKOH pacipenesesist BHAa

e—(’vl'l'kz) IO (‘ZV}\.] }\2 ), n =O)

P(Y =n)= n/e n —_
e— (i) [("_1> ! +( }'2) /2]1n 2V M) n=

Ay M

Ykazauue.
TaTamu npumepa 3.12.

3.26. Tlonyuntb Gynkunto pacnpenenenus F, (y) U MJIOTHOCTb Be-
posTHOCTH p, (y) cyyafinoil Besnutiapl ¥V = max (X, X,) 0pH 3aanuO#R
COBMECTHOl MJIOTHOCTH BEPOSITHOCTH pg (X, Xp) CAYUYAfHBIX BEJUYHH
Xy X,

Omeem:

C.nezlyer BOCTIO.1h30BaThCst METOJUKOH H pe3yJb-

y v
Fily)= 5 f P2 (X1, Xo) dx, dx, = Fy(y, y),

—_—0

y oy
(y) = f P2 (Y, xy) dx, + f Po(xy, y)dx,.

Ykaszauue Crenyer BoCIONb30OBAaTHCS METOMI!KOR peueHus
ripumepa 3.8.

3.27. Oupenenuth NJ10THOCTb BEPOSITHOCTH p; (y) cayuafinoii Be-
Juuibet ¥ = min (X, X?) 1o u3BecTHO{ NIOTHOCTH BEPOSITHOCTH Do (X)
CJIy4aiHOH BeJHYMHLEL X.

Omeem [181:

priy) = P2V y mpu 0<y<1,
Paty) np <0 i y>> 1.
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3.28. [lpou3BoaHTCS ORHOKpaTHOE H3MEpPEeHHE YacCTOThi KoJeGaHHi
aBTOTEHEparopa, paclpeneeHHol 110 PaBHOMEDHOMY 3aKOHY B HHTEp-
BaJ€ or fmln Ao fmax'

Haiith nioTHOCTH BeposITHOCTH  py (y) pes3yJbTaTa H3MEpeHHs
Y = F + X, rne norpemsocts uamepenust X ne 3aBucHt oT F u pac-
npenenena no 3akouny laycca

p1(x) = (/0 V' 2m) exp (—x/2 o).

T (e ()]
fmax"fmin o 0

3.29. JlokasaTb ¢ nomoLlbio anapata xapakTepHCTHUECKHX (YyHK-
Hil, 4TO CyMMa ABYX HE3aBHCHMBIX C/1YyuyaiiHbiX Beinunuel Z = X + Y
C HYJIEBBIMH MaTeMaTHYECKHMH OXHIAHHMSMH H JQHCIEPCHSIMH OF U Of
pacnpenesiena no sakody laycca ¢ xapaKTepucTHUeCKO#i (yHKuueh
BHJA :

Omeem: p,(y) =

2 2
0, (ju)=-exp <—- f—"——)tiﬁ).

3.30. Ha epiumTatoimee YCTPOHCTBO BO3AEHCTBYIOT He3aBHCHMbI@
curdavisl X (f) u Y () ¢ Hy/IeBbIMH MaTeMAaTHUECKHMH OXHIAHUAMH, IH-
CIepCHsIMH Cf M O} COOTBETCTBEHHO H TayCCOBCKUMH OXHOMEPHBIMH
IJIOTHOCTSIMH BEPOSITHOCTH.

OmnpenenuTs MJIOTHOCTD BEPOSITHOCTH p,(2) Bennuudnt Z = X — YV
Ha BHIXOJ€ BLIYHTAIOILErO YCTPOHCTRA.

Omeem: p,(z) = (1/6,)/ 2n) exp (—2%202), rae o2 = 0% + o}.

3.31. Haiith n/n10THOCTH BEPOSITHOCTH CJAYYaHHOH BeIHUHHH Y =
= AX, rne A 1 X — B3aUMHO He3aBUCHMHIE CJyuaiHble BEJHYHHBI

C MJIOTHOCTAMH BepOHTHOCTII
p (A) = (Alo?) exp(—AY2 a2), A >0,
pi(x) = (l/o, I/QT) exp (—x*203), — oo < x <C oo.

| —tyl/o, 0
e 17 x

Omgem py(y) =
. ?O'] Tx
3.32. BpuMCJHTBL IUIOTHOCTL BEPOATHOCTH CJAYYAHHOH BeNHUYHHH
Z = X/Y,ecnu X u Y — He3aBHCHMBIE CiiydaiiHbie BeJHUHHbB, paclpe-
IejieHHble N0 3akony Penes:

Rl VT x>0, y>0.

pi(x)= , pl(y)=_0y?e

02

Omeem: p,(2) = 2z/(1 + 22)%.

3.33. Cayuaiinast Betuunna ¥ = aX,; + bX,, rue au b — nocrosu-
Hble Ko3hpuiuenTsl, a X; H X, — HE3aBHCHMBIE CJy4ailHble BeJHYHHBI
¢ nmapaMeTpaMi A; H A, COOTBETCTBEHHO.

TTokasaTth, uTo pacnpenesensde Y He MNoguHHsIeTCst 3aKkony [lyac-
COHa.
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3.34. Haiitu maTemaTuueCkoe OXMIAHHE ¥ AHCIEPCHIO CIydaiiHOf
Benuunnpl Z = 2X — 3Y, ecan M(X) =0, M(Y) =2, D(X) = 2,
D(Y)=1, Ry = — ”VQ

Omeem: M (Z) = — 6, D (Z) = 29.

3.35. B cucreme panuocesiau ¢ pasHeceHHBIM npuemoM (pHC. 3.6)
IPHENHHKH HaXORATCSH Ha TAKOM pacCTOSIHNM APYT OT apyra, uTo CHr-
Haiel X, Y, U Z CTATHCTHYECKU HE3ABHCHMDL.

Onpenennts KOS(QHLUHEHT KOppesasiiud Ry, AJs Hanpsixenut U
uV,ecan X, Y u Z pacnpenenensl 1o 3akony laycca, npuuem nx cpen-
HHE 3HAYeHHs! paBHBI HYJIIO, & ANCTePCHH 0 = 0% = 3, o2 = 12.

Omsem: Ry, = 0,8.

3.36. TIpon3BORMTCA 7 HE3ABHCHMBIX W3MEpEHH|i HEKOTOPOH du-
3UYECKOH BEJHUHHBI.

PaccmaTpupasi pesynbTaT Kaxaoro uamepeHws caydyaliHOR Beu-
YHHOM X; C MaTeMaTHUeCKHUM OXKHAaHHEM M i pUcrepcueii 62, BHIYUCIUTD!
1) matemaTuueckoe oxuzanue m, u AMCTIEPCHIO O CPENHEro apudgme-
THYECKOrO 71 113MEPeHHil; 2) OTHOCHTeNILHYIO OlUM6KY A = a,/m, B on-
peneneHuu cpeaHero apudgMeTHUECKOro.

Omsem: 1) m,, = m, 62 = o%n, 2) A = o/mV 'n.

3.37. OnpenesnTb MaTemaTHUECKOe OUIAHHE U JAHCTIEPCHIO CaTy-
HaiiHol BenHukiiel Z = XV, ecsiu He3aBHCHMBIE BeJHYHHL X H Y HMEIOT
PaBHOMEpHbie pacrpeneielinst COOIBETCTBEHHO Ha UHTepBanax (a, b)
u (c, d).

Omsem: m, = (a + b) (¢ + d)/4, o} = (@® + ab + b?)X
X(c® + cd + d¥/9 — (a - b): (¢ + d)¥16

3.38. Ilnst ompenenennsi MJOWAnu KBaapaTa H3MepsioT ABe ero
CTOPOHbI C TOMOL(BIO OJHOTO HHCTPYMEHTA H pe3yJibTaThl H3MePeHHS
NepeMHOXKAIOT.

C kakoii oTHOCHTENBHON cpenuei KBajpaTtHuecKoll ommbKoi A =
= 0/m HYXHO H3MepsTb CTOPOHLI KBagpata A/si TOrO, uToBbI cpenHss
KBajpatnyeckasl omuGka onpeneseHds Miomany Oeina e Gosee 19%?

Omgem: A = 0,71%.

3.39. B nuankarope Kpyrosoro 0030pa panHoJ/IOKAHONHOf CTaHUH
MY UMEHEHA 9JIEKTPOHHO-yYeBast TpyOka, 3KpaH KOTOPOH NpeicTaBJser
coGoit Kpyr paauyca a. M3-3a Hanuans nomex Ha 3KpaHe MOKET NOABHTh-
Cs MIATHO C ILEHTPOM B JI0GOH TOUKe IKpaHa.

U=x+7
Npuempur 7 '—X—' Gymmamop }—-—o
LL fpuerpiun 2 11 4
,E, Y

V=y+Z
flouemuir 3 j—y-)l Gymramay }———o

Puc, 3.6, CucTeMa pafsnoCcBA3H ¢ Pa3HECEHILHIM npHeMoM
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- Haiitu maremaTuueckoe oxuzanue u JHCTIePCHIO PaCCTOSAHHS LEeHT-
pa 1sATHA OT LeHTpa Kpyra.

Omeem: m, = 2a/3, o2 = a¥/18.

3.40. Cayuaiinsle senanner X, Y, Z uneror paBHBle MaTeMaTHue-
ckue oxunanust M(X) = M(Y)y = M(Z) = 10, nucnepcuu D (X) =
=1,D(Y)=14, D(Z)=9 u xosdpuinentr KOppeIsuy Ry, =
= 0,R,, = /4, R,, = 1/2.

Boiuncauts: a) M(X + Y); 6) D (X + Y); B) M(X + 2);

1) D(X + Z); n) M(X — 2); e) DX —2);, x) M(X +Y —22),
3) D(X +Y—22), n) MIM(X)l; &) DIM(X)l; n) MID (X)),
M) DD (X)].

Omsem: a) 20; 6) 5; B) 20; r) 11,5; n) 0; e) 8,5; ) 0 3) 26; n) 10;

K) 0; 1) 1; m) 0.

4. OCHOBblI MATEMATHYECKOH CTATUCTHUKH

1. TEOPETUYECKHE CBEREHHUSA

MaremaTHYecKast CTATHCTHKA — pa3fes MAaTeMATHKHW, MOCBSIICHHbIi ycTa-
HOBJ/IEHUIO 3AKOHOMEPHOCTEH CliyYaliHbIX siBJeNHil HIH APOIECCOB HA OCHOBAHWH
00PACOTKH CTATHCTHYECKHX JAHHBIX — Pe3Y.bTATOB 11a6MoieHnll #au H3MepeHHi.

Han501ee BamHbIMUH B IPHKAAXHOM Tiane SIBJASIOTCH TPH 33a2d4d MaTeMaTH-
YecKOii cTatucTuky [6, 7, 13, 20—25].

l. Ouenka HewaBecTHOH (PYHKUHH pacnpenefcHHs HAH MJAOTHOCTH BEPOST-
HOCTell, KOr4a 110 KOHKPETHBIM 3HAUCHUAM Xi, Xy, ..., Xp, TOJYUCHHHLIM B pedyJbe
TATe HE3ABHCHMBbIX H3MePeHUH ciyuyaiinod Besuwnunl X, TpeGyercsi OHEHHTh He-
H3BECTHY!0 PYHKUHUIO pacnipenesienus Fy (x) BeimunHbl X WM €€ IVIOTHOCTb Bepos-

" HOCTH py(x), eciim X — HenpepulBHas cJyvailHad BeJHUHHA.

2. OueHka HensBecTHpIX napaMerpoB. B sToil 3aiaue npeanosaraercsi, uto
Ha OCHOBaHHM (PH3MYECKUX HAH OOLIeTCOPeTHUCCKHX COO0OpAKENHIl MOKHO 3aKJio-
YATh, YTO cayuaiinas seanuuna X HveeT GyHKUHIO pacripefesiends onpelefieHHOro
BHJa, 33aBHUCAWYIO OT HECKO.TbLKHX MapavMeTPOB, 3HAUENHUs KOTOPbIX HEH3BECTHBLL
Io pesyastataw nabawiedust BeauunHsl X HYKHO OUCHHTL 3HAYCHHS ITHX
NapaMeTpoB. 3a1auy MOKHO CTaBHTb BHe cB713u ¢ QyHKuHeldl pacnpedenennsi. Ha-
npumep, TpebyeTcs OUEHHTb: MaTeMAaTHUECKOE OKHIAHHAE, IMCTIEPCHIO HJIH MOMEH-
Thi CJAYYaiiHON BeJIHYdHbl X; aMMIaTyly, 4acToTy wuad ¢asy paiuoumaydbca,
HalJiogacmMoro na doue wyMa; KOPpelAUHOHHYIO GVHKUHIO HAM CNEKTPAIbHYIO
IVIOTHOCTh CTALHOHAPHOTO CAYYailHOro mpouecca u T. 1.

3. Cratuctuueckas nposepka runores. OGHYHO 3Ta 3a1a4a (GOpMyaHpyeTcs
TaK. [TycTb Ha OCHOBAHHH HCKOTOPbIX COOGPAKEH U MOKHO CUUTATE, HTO hyHKUUA
pacnpeneseHus HccaelyeMOl caydadHoil BedHUdHbl X ecTs Fy(x). Heouéxommo
BbISICHHTbH, COBMECTHMbI JiH ONbITHbIE 1aHHbIE C THOOTe30H, 4TO CjyyaifHas Be-
auunna X eficTBHTENbHO HMeeT pacnpeienenne F, (¥). 3azauy MOKHO chopMy-
JinpoBaTh UHave. [IpexnonoxumM, HaG.1l01aeMble 3HAYCHHS CAYyYalTHON BeJinuuHbl X
00ycJ/ioBJieHbl ABYMSl HJIH HeCKOJIbKHMH Pa3duuHBIMH NpHYHHAMH (THNOTe3aMH).
B pesyasraTe nabaogenus Beauunusl X HyKHO PELIHTh, ¢ KAKON U3 TUIOTE3 cJe-
LyeT CBS3LIBATHL NOJYYeHHble 3HaveHHna BetuunHsl X. Hanpumep, nycte Ha Bxox
pPaaHONpHEMHOro ycTpoiicTBa noctynaer cayyaifHoe koJebanue X (f), Koropoe
B KaKABIH MOMEHT BDeMeHH siBafeTcd JinGo cyMMoil cHrhada s(f) u nomexu nf)
(rumoresa H,), nuGo oxno# moMexu (runotesa Hy). B Hekoropblit GuKCHpOBaHHHA
MOMeHT BPEMEeHH npoH3BeieHo H3MepexHe seqanyuHsl X. [To monyyennoMy uncao-
BOMY 3HAYeHHI0 ¥ HYXHO PeUUTh lauayumuM o6pa3oM, npHcyTCTBOBAJ JH Ha
BXoze cHruad s (£), T. e. BBI6paTh OHY H3 ABYX [HIIOTe3:

Hy(x= st n)uan Hgy (x = n).
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I/choguuibmu AAHHBIMH, TIOAJICKAUHMH O6PaGOTKe, CAYNKAT pe3y/ibTaThl
HaGuoxenuit Hax cayuaiinoll BeinunHOR X.

MHOKeCTBO BCeX BOIMOKUBIX 3HAYEHHU ciyvaiinoit BesinunHb X HasbiBaercs
F€HepasibHO# COBOKYMHOCTHIO, 4 MHOMKECTBO ONBITHHIX 3HAYCHH X1y Xgy weey X —
BLIGODOYHBIMH 3HAUEHHSIMH, YHCJO Nl — O0GBLEMOM BLIGOPKH.

Ecan ussecTnnl ¢pyHKuns pacnpegesienns F(x) HIH NJIOTHOCTL BEPOSITHOCTH
P1 (%) cayuafinoii Beiuduns X, To TOBOPAIT, 4T0o BLIGOPKA Xy, Xy, ..., X MPHHAL-
J€KUT pacnpepesiendio Fy (x) uiau p,(x). PacnosioxuB uuciaa X1y X9, .., Xp
B BO3PACTalOmeM nopsiake, TAaK 4To x; > Xj OpH { > j, NOJiyYHM yMOPAAOYEH-
HY1©0 BHIGODKY, HA3BIBAEMYIO BADHAIHOHHBIM HJH CTATHCTHYECK UM psizOM.

Ilo BEIGOp ke 06BeMa 1t onpenesisTioTCs ee CTATHCTHYECKHE XapaKTePUCTHKH* —
NPUG/IHKEHHbE 3HAUCHHS COOTBETCTB YO HX BEPOATHOCTHLIX XAPAKTEPHCTHK CO-
BOKYMHOCTH. TIpuGiiniKenue TeM Jiyulle, 9eM Godiblie n. ‘

AnajioroM QyHKuMM pacnperesieHHs Fy (x) cnyuainoii Beduuunn X ciay-
HKUT CTATHCTHUECKAs (IMNHMPHYECKAs) QYHKUHA PACIpegesieHHs F] (x) BbiGopKH,
KoTopas npencTaBiisieT co6oit yactoty cobuitisi X < x:

Fi(x) = P*(X < x) = v/n, ) “.1)

TA€ Vv — UHCAO0 YNeHOB BbIGOPKH, MEHLLIHX X.

Koraa BhiGop ocymectsasercs u3 nenpepuisHOTO pacnpejie/leHUsT B THCIAO
BLIGOPOUHbIX 3HAUCHHH BEAHKO (mopszKa COTeH), nesiecoo6pasHo CTPOHTb THCTO-
rpaMMy, KoTopast aBAAETCH CTATHCTHUYEC KOH 4nnpoKCHMauHeH NJIOTHOCTH BepoAT-
HOCTH p; (x). Jlast 3TOro o6aacTh 5KCHepPHMEHTAAbLHBIX 3HAUCHH i cayqaitnoit Be-
JHUHHLL PA3GHBAIOT HA 7 OGLINHO OZMHAKOBWIX MHTEPBANOB i M BHITHC/ARIOT OTHO-
CHTEJ/IbHYIO NIOTHOCTb TOUEK B KAXKAOM HHTeepBae:

pilh = wi/nh, i = 1, 2, ..., r, (4.2)

TA€ Vi — YHCJIO 3KCTIePHMEHTAJibHLIX TOUEK B {-M HHTEpBaJie; p; = vi/n — ot-

HOCHTE/ibHAA uacrtoTa. [loAcUHTAHHBIE TAKHM of6pasoM 3HaueHHS H306paxkaT

rpadgHyecKH B BHIe CTYyNeyyaToR KPHBOM: 1O OCH a6CIHCC OTKJAALIBAIOT COOTBET-

CTBy}Ou_[He HHTepBaJIbI H Ha KaXKJ0M H3 HHX K4K HAa OCHOBAHHH CTpOAT HpﬁMOyFOJ[b-
1Y

HHK BHICOTOIT p?/h. [Monyyennas crynenuatass KpuBas HasbiBaeTcs THCTOT PAMMO,
Ha npakruxke uacto BosnuKaeT neo6xoxumMocTh annpoKCHMaUHH THCTO-
FPaMMbl TOIXOIAWHM AHANHTHYECKHM BbipaKCHHEM KaKoli-jinGo TeopeTHYeCKOf
IMIOTHOCTH BEPOSTHOCTH (BbpABHHBAHHE CTATHCTHYECKHX AaHHHX). [TpH 3Tom
ANMMPOKCHMALHNA J0/K113 GbITh B ONpesieleHIOM CMbIc/Ie HAHAY YiLelt.

TMoaGop annpoxcnmanun o6bYHO HAYHEAETCA ¢ KAUCCTBCHHOFO CONOCTABJe-
HUSE THCTOrPAMMBL ¢ TpaQUKAMH PA3THUHHX TEOPeTHYeCKHX MJOTHOCTel BEposiT-
HOCTEH W ¢ Bhibopa HauBosee GAn3kol K rucrorpamme. Boabmoi HaGop MoT-
HOCTEH BEPOSATHOCTEN py (X) 1aeT CHCTEMa KPHUBLIX [Mupcona, 3azaBaemas giuddepen-
UHAJAbHbIM ypaBHEH HeM '

dpi (x) x+a
dx  bettextd N (*).

[Mapamerput a, 6, ¢, d onpegedsiiorest U3 YCJOBUA COXPAHEHHs MepBLIX YeThpex
MOMEHTOB CTATHCTHYECKOTO pacnpeseseHHs.

[To meToay mMomeuton napaMeTps a, b, ¢, ..., 1oag6HPAIOT TAK, UTOGH MepBhe
(HH3IIHE) MOMEHTHI pacnpexesenus pr (x) paBHSJMCH Gbl COOTBETCTBYIOU{MM CTa-
THCTHYCCKHM MOMEHTAM. UHCJio IPHPABHHBAEMBIX HH3LIHX MOMEHTOB Oflpeesisiercs
KOJHYCCTBOM HEH3BECTHLIX MapaMeTpoB a, b, c, ...

Hto0ul OUEHHTb, HACKOJIbLKO XOPOILIO BLIGPAalHbIil TeopeTHyecKHll 3aKoH pa-
CNpEreieHHsT COrJiacyeTca ¢ pesy./ibTaTaMH HaGJilofeHHH, HCIOJb3YIOT KPHTEPHH
corjiacus, cpelld KOTOpuIX HaHGoJee YacTo mpHMeHsieTcst kpHTepHil %2, [To stomy

*) CTaTHCTHYCCKHe XapPAKTePHCTHKH BCIOAY OTMEYeHbl HHaeKkcoM *.
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KDHTEDHIO 33 Mepy DPAaCXOMJAEHHA De3yAbTaToB HAG/I0IeHHI H TeopeTHueCKoro
pacnpenefeHHs MPUHHMAIOT BejiHUUHY

r r r

(Pi —pi)? (vi—np;)? v
2 - _ — 4.3
e 2 Pi '21 np; 2 np; " -3

=] i= i=1

rae n — o0beM BLOGOPKH; r — YHC/IO HHTEPBAJNOB PA3GHEHUA SKCICPHMEHTANbHBIX
AAHHBIX; V; — YHCJAO 3HAYEHMI B i-M MHTCpBaje, p/ — OTHOCHTEJbHAS 4ACTOTA;
Pi; — BEPOATHOCTh MOMAagaHUsa caydyailnoil BeauyuHst X B i-H HuTepBas.

Cayuaiinas BeninyHHa A2, He3aBHCHMO OT pacmpeiefeHus BeJiHYHBB X, MpH
n—->00 aCHUMNTOTHYECKH pacmpeie/iena no 3akoHy ¥ ¢ k= r — s — | creneHsamMH
CBOGOALI, T[l€ § — YHCJIO MapPaMeTPOB TeOPeTHYECKOro pachpeledeHHs, OLEHH-
BaeMblX 10 pe3yJbTaTaM Habjwopenui.

MoKHO pexoMeHI0BaThL C/AERYIOULYI METOIHKY NpHMenenus kputepus x?
AJist OUEHKH PACXOKICHHS TEOPeTHYECKOro W CTATHCTHYECKOrO pacrpenesieHHii.

1. TTo dopmyne (4.3) moacuuTaTh 3HaYenue 2.

2. Onpegenutbh uHcjio creneHeil cBoGoam 8 == r — s — 1.

3. Hcxoas w3 xapakrtepa 3agaud, BoIGpaTh 10CTATOYHO MaJyi0 (06bIYHO PaB-

-Hy10 0,05 uau 0,01) BeposTHOCTS O, HA3LIBAEMY0 YPOBHEM 31HAUHMOCTH.

4. C nomoubio Tabsiuykl npuioxenus 111 no uaBecTHLM & M o HaltTH 3HAYe-
BHE BeJUUYHHB )f.,, Onpene/isieMoll paBeHCTBOM

P(2>XE )= j P dxt=1—F; (1}, ). (4.4)
2
Xk: a

5. Ecam smayenne y2, Briunciaennoe no gopmydie (4.3), Godasue ¥3. ,. TO TEO-

peTHYECKOE pacrpenefedHe CUHTAIOT MJOXO COTMACYIOU{HMCH C pe3yJabTaTaMH Ha-
GntoneHHil TPH ypOBHE 3HATHMOCTH O; €C/iH )®> < ¥3.,, TO M0JiarawoT, 4To BbiGpaH-

HO€ TeOpPEeTHYECKOE pacrpenesieHHe COrNacyeTcs ¢ IKCIepAMEHTANbHLIMH JaHHBIMH.
Cpo#icTBa BLIGOPKH ONHCHIBAIOTCS TaK:Ke GoJsiee MPOCTHLIMH XapaKTepHCTH-

KaMH — BHIGOPOUHLIMH (CTATHCTHYECKHMH) MOMEHTAMH: BHIOOPOUYHbIM CPEIHHM My,

o u *
BbIGOpouHOl aHcnepcHeit Dy u T. A )
BrlGopounsie cpegHee, NHCTEPCHS, HAaYaJibHBIH H EHTPAJbHBIA MOMEHTHI R-TO
NOpsAKA OnpeRe/ifaioTCH COOTBETCTBEHHO (GOpMyaMH:

n

m;z‘—'E/\f,‘, (45)

(4.6)

“.7

(4.8)




Eciin oTfe/ibHbie 3HAYeHHUs B psAle pacnpeteneH s MOBTOPAOTCH N0 HeCKOMb-
KO pas, TO ciefyeT yu4ecTb UacToTy kaxnoro nostopenns, Torga, nanpumep, dop-
myast (4.5) u (4.6) npEMyT BHT: .

1
my=—— EXi Vi, (4.5a)
n .
i
‘D*-_._l )2 _L 2 *)2 (4.6a)
x (xi'—'mx) Vi— Xi Vi—(mx) ’ :
n n 4
{ {
rAe x; — 3HaueHHe BeJHYHHBl X B {-M OmbiTe; V; — 4aCTOTa 3HAYCHHS X;.

[lpu BhluncaeHHH BHIGOPOUHBIX CPenHET0 W QHCMIEPCHH MO CrPYNIHPOBAHHLIM
A4BHBHIM DOJIb3YIOTCSH dopMyJaaMu

r r
* 1 * 4 9
my= Vi A= al'pl'y ( : )
n .
i== 1 =1
1 r r
*__ e 2 * — 2 ok 9
D;=— N viap—(my2="Y, a? o} —(m})p2, (4.10)
= i=1]
rje r — 4dCA0 MHTEpBAaJioB TPYNNHPOBKH, @; — cepejHHb HHTepsajnos. Takoi
fI0/ic4eT BHOCHT OWHGKY, OCOOEHHO 3aMeTHYIO NPH MaJoM 4YHCJe HHTepBaJos.
Jag ee ymeubwedusn npuGeraioT k nonpaskaM lennappa. [Tpu paBHbIX HHTep-
Banax /i ¢opMysabl A4 nepBoix ABYX BLGOPOYHBIX MOMCHTOB C y4eTOM MOMpPaBOK
Hennapaa amewr Bua:
my =m}, my=m}—h%12.

s BEGOpOYHOrO HavaabHOro MoMeHTa nopsaka k [16]:

-, ol — . i
ny = N €, {2 —1) B, Mmip_iyhts k=1,2, .05
=0 5
rie B; — uvcaa Bepunyanu.
IlByMepHoe cTaTHCTHYECKOe pacnpefedeHie caydaiinolt seanuuns (X, Y)
3agaetcd nmapaMmH 3Hadenuill (X, i), (X3, Ys)s ..~y (¥n. Yn), IPHYEM OCHOBHOH HH-

Tepec B TaHHOM Cyyae npeicTan/sior Gopma cBs3H Mexly X H Y H cremneHb 3TOH
cBsAsu. MudopmMauuio 06 9TOM 1aeT CTATHCTRYSCKUIT KOPpeasiuHOHHBIH MOMeHT Kxy
H CTATHCTHYCCKHI KO3(DDHIUHENT Koppeasuuu Ryy:

t *
Xy .
* ok !

= i 0,0,

W - B
- j:j (¥i —m) (1 —ml/)‘ ny =

7

rae my, my, ox, 0y — BLICOpOYHBIE CpelHHe M cpelAHHe KBAjpaTHYECKHE OTKJO-
HeHusl sequuun X u Y.

BuiGopounbie sHaueHHA H HX QYHKUHA HHTepeCHn He CAMH MO cebe; OHH Cay-
AT CPe/CTBOM S MOJAYYEeHHsl CTATHCTHYECKHX BHLIBOJOB, _

[lp ouenke napaMeTpoB pacnpezeneHHsi COBOKYMHOCTH MO BLIGOPOYHBIM
XapaKTePHCTHKAM MPEANO/iaraercs, 4To TeOpeTHUeCKOe pacrnpeneleHHe H3BeCTHO,
4 HEH3BeCTHBI JIHUIb IO NapaMeTprl — YHCAOBEIE XapakTepHcTHRH. OueHKa Moxer
GuTh TOYeYHOI, KOTAA OHA OnpefeAsieTCs OfHHM YHCJOM, HJIH HHTEpBaJbHOH, KO-
rJa ompeznensieTCs ABYMSA 4YMC/iaMH-— KOHUAMH HHTepBaJja. B kauecTBe ToyewHprx
OUEHOK MOKeT CYLUICCTBOBATH MHOIO BHIJOPOYHBIX CTATHCTHK — QYHKUHA Ha6M10-

RaeMbiX 3Hadenuit, UTOGH ouenKka A mapameTpa A MMesa MpaKTHYECKYIO LEHHOCTD,
Opa joaxHa 061axaTh TPeMs I'TABHBIMH CBOCTBAMH: HECMEUieHHOCTHIO, COCTOf~
TeIbHOCTLI0 H 3(EeKTHBHOCTbIO.

1o

R L s e e

Ouenka Ha3piBaeTCst HeCMEIIEHHON, ecan NpPH A060M oObeMe BBIGOPKH
M [A] = 3, 4.1

rie A — HCTHHHOE 3HaueuHe OLUECHHBACMOrO napaverpa. B npoTuBHOM Cayyae OHa
obnajaer cumerennen A, (cucteMaTHUYeckoll OowHGKOIl), BeAHUHHA KOTOPOTO

A = MM —

Ouenka HassiBaeTCA COCTONTEABLHON, €CTH OHA CXOIMTCH MO BEPOSTHOCTH K
OLUCHABACMOMY mapaMeTpy NPH yBeJHYEHHH 06bEMa BHIGOPKH:

im P{{A—A| <e}=1, (4.12)
-0

rae € > 0 — cKOJIb yroaro majgoe YHCsAO.
Hecmemennas cocrostesbnas ouenka HaspiBaetcs 3pdeKTHBHON, €CiH NPH
8anaHHOM o0beMe BLIGOPKH N GHA HMEET HAKMEHbIIYIO AMCTep CHIO:

Dy=M (A —=2)?)= Dy < M1R; —1)2], {4.13)

.

rie A — paccMaTpuBaeMas OlUeHKA, h; — JioGas Apyras oueHxa.
Ilpu ouetke o1noro napameTpa aucmepcHs OUCHKH N[O BLIGOPKe ofbeMa n
He MOMKeT GbiTh Meubwe nUXHel rpaunust ( rpaudus Pao — Kpamepa):

1 dl XA \2
Dpin = -—n—{M [(___—__rl P ) )

-1
m 17 (4.14)

f

rae p; (X; A) — NAOTHOCTb BEPOSITHOCTH WAM B CAyuyae IHCKPeTHOH cayuafiHOi
BesruunHbl X BeposaTHOcTh P (X = x;; A).

OuLeHKAMH MaTeMaTHYECKOTO OKHAAHHS My, AMCOEPCHH [, HAYaIbHBIX H
UeHTPAILHBIX MOMEHTOB Cly4aiiHOH BejHYHHBl X MOTYT CAYKHTb COOTBETCTBYIO-
uiHe BbIGOpOYHbIE XapaKkrepucTuxH (4.5)—(4.8). Ipu ysesudennu unciIa HAGJIO-
LEHHH OHH CXOAfTCA MO BEPOATHOCTH K COOTBETCTBYIOUIHM XApPAKTEPHCTHKAM Be-

. Jnvuunbl X, MpH4YeM OUCHKH HaUaJbHbIX MOMEHTOB HeCMEU{€HHbI€ H COCTOSITEJ bHbLE,

8 OLEHKH UEHTPAJiLHBIX MOMEHTOB COCTOsITeJdbHble, HO cMemienHble. [losTomy 3a
OUEeHKY AHcrepcHH D, mnpepnmoytuTedbHee (pPAaTh He CTATHCTHYECKYIO NHCIEPCHIO

- 1 J .
Dx = ;; (x; — m:)'z, 4 «¥uCNPABJCHHY 0% BHIGOPOYHYIO RHCIICPCHIO
f=]
1 n
s AN N n . 1=
82 = P (v —mIR=———D 4.15
n—] < (*: x) n—| % ( )

=1

Kotopasi ABJAeTCA HeCMeuieHHOM OUeHKOH.

Jlast monyYeHHs TOYedyHBIX ONEHOK HEHSBECTHH X NAPAMETPOB pacmpene/icuns
MPAKTHYECKH HCIIONB3YIOTCS YeThipe MeToga*): MeTol MOMEHTOB, MeTOZ MHHUMAMb-
HOH JHCTIEpCHH OLEHKH, MeTOJ MaKCHMa/ibHOi aloCTEepHOPHOH BepoOATIOCTH H Me-
TOA MaKCHManbHOro mnpasponozofus [22]. U3 uux mauGosee wacto npuMeHsATCA
MeTOZ MOMEHTOB H MCTOJ MAKCHMAaJdbHOTO Mpaslononofus. _

[1pn meToze MOMEHTOB BbLIODOUlibBIE MOMCHTH NPHPABHUBAIOTCH K COOTBET-
CTBYIOUIHM MOMEHTaM TeOpe1HYeckoro pacmpeneerus, KOTOpbIe BASOTCH QYHK-
LHAMH OT HeH3BECTHBIX OLEHHBaeMbIX TapaMeTpoB. B cayyae ouenku oanoro napa-
MeTpa ROCTATOYHO HMeTb OJHO ypABHCHHE OTHOCHTEJILHO 3TOTC NApaMeTpa.

[TycTh, HanpHMep, 38144 BH1 NJIOTHOCTH BepOsiTHOCTH p; (X; L), onipenen aembli

OfHHM mapaMeTpoM A. u TpeGyerca HaliTH OUEHKY A sToro napamerpa. Crenys me-

*) Oueuxu A, nMosydeHHHE Pa3sHbLIMH METOAAMH, 34ech OGO3HAYEHH OQHHAKOBO,
XOTsl OH!I Pas3JH4YHbl H COBMAAAIOT JUulb B YACTHHIX WM ACHMITOTHYECKHX C1YYaiXe

111



TOy MOMEHTOB, IPUPABHsEM NepPBhill TEOPETHUECKHIT MOMeHT my (A) = my (A) nep-

*
BOMY BHIOPOUHOMY MOMEHTY m) = mx = -

my (A)=my, (4 16)
Pewys 310 ypaBHeHHe OTHOCHTEJBLHO A, HAWJeM OLEHKy A, KOTOpas sBJfAeTCH
dynkune# oT BHGOPOUYHOH cpefHell H, cJjelJOBaTe/ibHO, QYHKLHEH BLIGOPOUHBIX
3HAYeHH:

£=(p(x1, Xgy seey Xp)e

Ipu oueHKe & HEH3BECTHBIX APAMETPOB Ay, Ag, ...y Ap Cli€ayeT HAHTH NepBbiily
BTOPOH, .., k-it MOMeHTH pacnpeneiceHus p; (X; Ay, Ag, vy AR):

mj (A, hgy ooy Ag) == J‘ xipl(x; Aishgy voey Mp)dr, 1=1,2, oo, ke

—00 B
a 3aTeéM COOTBETCTBYIOILHE BMGOPO‘{HME MOMEHTBIL!
n

l
L
—_—— 2: {
my (Xy, X3, o+, Xp) . X

=1

H NPHPABHATHL HX. TOrAa NOJY4YHM CHCTEMY & ypaBHeHH#l ¢ k HeH3BeCTHLIMA!
my (A, g, ooy Ap)=m] (Xy, Xy, een, Xn) 4.17)

Pemus cuctemy (4.17), onpefeiinm OLEHKH HEH3BECTHHIX NapaMETPOB.

IlocToHHCTBOM METOAa siBJisieTcs ero npoctota. OAHAKO OH CONEPKHT e
MEHT NPOH3BOJia, TAK KAK, KPOME€ MOMEHTOB, MOMHO paccMaTpHBaTb H ApyrHe
XapaKTEPUCTHKH (MOLY, MEJHAHY H T. 1.). OlleHKH 10 METOJy MOMEHTOB B CMbIC/ie
3(PEeXTHBHOCTH He ABASIOTCA «HAWJYUIWHMH» — B GOJibIIHX BLIGOPKAX OHH HMEIOT
He HAUMEHbUIYI0 AHCIEepCHIO.

Merox MaKCHMaJibHOrO MpaBROMOXOGHS, KaK H JABa APYyTrHX Meroja, Gass-
pyeTcs Ha paccMOTpEHHH AamOCTePHOPHON (NOCJEONBITHON) MNJIOTHOCTH BEDOSKT-
HOCTH:

Pps (M ==p (A X1, Xa, -+, X ==kppr (M) L (R), (4.18)
rie B = p=! (x4, %3, ..., Xp) — KOIDPHUHEHT, 3aBUCAWHI OT pe3yJibTATOB BHIGOD-
KM, HO He 3aBHCAWMIT OT mapamerpa A; p,r(A) — anpuopHas (zoonelTHas) nJoT-
HOCTb BEDOATHOCTH napaMerpa A; L (A) = p (%y, x5, ..., ¥p|A} — byHKUHMs npas-

Ji(2: (0): (o0} : 8

Ec/# na0THOCTb BepoaTuocTH py (x; A) ciydaliHoil Beandnnbl X COIepiKUT ONHH,
nojjexamui oueHke rnapaMerp A, TO ¢yHKUHA npaBronoaoGHa Ajs 3TOrp mapa-
METPAa 1PHU He3asHCHMOIl BIJOpKe 0GbeMa N HMEEeT BHX

n
Lov =[] poxss M. (4.19)
f=1

34 OUeHKY MAKCHMAJibHOIO NPABIOMOIOOHA NmapaMeTpa A MpHHUMACTCH Ta-

KOe ero sHa4eHne A, npu KoTopom L (A) 10cTHraer MakCHmMyMa, T, e. TaKas OLEHKa
ABJACTCA peIIEHHEM yPaBHCHHA NPaBAONOAOSHS:
dlnL (k) din L ()

=0. {4.20)

oA A=A oA

[Ipu ouenke k NEHSBECTHBIX NAPAMETPOB Ay, g, ..., Agp DPACHpPEJEICHHUA
P1 (x5 Agy Agy <oy Ag) OUCHKH ONPefesisilOTCS KAK PEUICHHS CHCTEMbI ypaBHeHuil

OINL (hy, hgy woey Ap)/Ohy = 0, j = 1,2, ., ke @.21)
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OueHk#, nojiyyedHEle O 3TOMY MeTOAYy, NPH AOBOJIBHO OGUIHX YCJOBHSAX SBJf-
I0TCsl COCTOATE/NILHBIMH, aCHMOTOTHYCCKH HECMelUieHHBIMH, ACHMITOTHYECKH HOp-
MaJibHbIMH H acuMaTOTHYeckH 3PpdekTuBHuivH Ha npakTHxke sTOT MeToa HHOria
HPHBOIHT K CJIOKHBIM CHCTEMAM ypaBHeHHIi.

Toueunble OuEHKH NPHMEHSIOTCSA Npex.ie BCero TOrAa, KOrAa ¢ HX NOMOILbIO
HyXHO [POBeCTH eiue H ApyrHe pacyers.. Takie OUEHKH HE HeCyT HH(MOPMAaUHH O
TOYHOCTH KOHKpeTHOI oueHKH. [IpH mMaJibix BHISODKAX OHH ChAyyailubi, a MOITOMY
MaJioHaaexubl. TOWYHOCTH H HAACKHOCTb OLUEHKH MO3BOJIAIOT ONPEREJdHTb HHTED-
BaJibHble OLEHKH.

[Tycte u3 ommiTa nosydena HecmeiueHuias OyeHKa A= g (x5, X3, ey Xp)
napamerpa A. Ijis pasyMHOro HCmoJib30BaHisl 3TOH OLEHKH HA NPAKTHKE HYKHO
3HATh BEPOATHOCTB TOTO, UTO NPH XAHHOM 0GbeMe BHGODKH N OTKJIOHEHHE OLEHKH

A OT OLEHHBAEMOrO MapaMerpa A He MPeBLICHT rpaHuubl § > 0:
P{h—M<8 =P{—8<h—A<8=P{A—-0<i<i-t0}=8

(4.22)
riie § — TOYHOCTH OLEHKH; § — JOBEpHTE/ibHASA BEPOATHOCTh (HAZEKHOCTB) TOTO
YTO TNpH JaHHOM N OueHKa A 6yxer umerb TouHocth §; (A — &8; A -+ 8) — no-

BepHTe/ibHbl HHTepBaji. Besanunna P onpegessiercs KOHKDETHBIMH YCJOBHSMH
3aja4d H o6biuHO BriGHpaerca pasHoit 0,95, 0,99, 0,999. 3apaBasce J0GHMH
AByMsi H3 Besinumu 8, §, n, cBaAsaHHBLIX cooTHOweHueM (4.22), MOKHO HANTH
TpeTbio. [ljis 3TOro HyXHO 3HAaTh 3dKOH pacnpeie/ieHHs OLEHKH A, KOTOpeill B 06-
nleM c/iyyae 3aBHCHT OT CAMHX HEH3BecTHhIX mapameTpoB. OxHako HHOrjJa ypaert-
csi mepefiTh B (4.22) oT A K TakHM QyHKUHAM BbIGOpOUHBIX 3HA4eHHH, 3aKOH pac-
Opele/ieHHst KOTOPbIX 3aBHCHT TOIbKO OT O0beMa BLIGODKH 1 M 3aKOHa pacrnpejge-
JieHHsl cJjiy4aitHo# BeJiHuHHbl X ¥ He 3aBHCHT OT HEH3BECTHLIX NAapaMeTpOB.

Ecuin Boifopka o6beMa n IPOH3BEAeHa H3 TayCCOBCKOH reHepaJibHoi COBOKyI-

2

HOCTH C 1apaMeTpaMH my H Oy, TO 1OBEPHTe/ibHble HHTePBAJbI /it OLeHOK napaMer-
POB C BepOSITHOCThbI0 f} PACCYHTHLIBAIOTCH MO CheayouwnM GopMyliaMm

1. JloBepHTe/ibHBIH HHTEPBaJ AJAS MAaTCMATHYECKOTO OXHAAHHSA M, NDH U3-

“ 2 o
.BECTHOI AMCNEpCHH Oy CTPOHTES HA OCHOBE BHIGOPOUHOH yHKUMH Z = (m*—

— my) 0y, HMeOueld CTaHzapTHOE HOPMAJibHOE paclpejeieHHe ¢ NapaMeTpaMmu
M(Z) =0 D, = 1. B srom ciyyae ot QopmyJib (4.22) npHXOIUM K Bbipa-
KEHHI

my—z2 0x/V'n < mx< my-+2505/V1, (4.23)

rie zg = 1551/5/0,r onpenesiserca H3 pasencrtsa @ (zg)=(1 - f)/2 no rabiiunue

npuJjioxenus [1.
2. JloBepHTeabHbIH HHTEpBaA AJisi MATEMATHYECKOTO OKHAAHHS M, NPH He-

o 2 -
H3BECTHOH AMCNIEPCHH Ox CTLOHTCA C MCIIOJIb30BAHUEM BLIGOPOYHOH (YHKLHH

T = (m: — mx)Vﬁ/s, uMeiomeh f-pacnpegesienne CrtbiogeHta ¢ k=n — 1 cre-
neHsMu cBofonrbl. B stoM ciiyyae dopmydia (4.22) npUBOAMT K BHIPAKEHHIO

My—lp g2 S VI <me <midip oy (VN k=n—1, (424

rae

l n
¢2=ﬁ 2 (xi\_m;)z,
i=1

fy q— @ —npoleHTHAs TOYKA t-pacnpenesienus CToionenta ¢ k==n — 1| crenens
MH cBoGonbl, onmpexedisieMas mo taf/iHuaM npHjioxenus IV H3 yciobHa

. ‘
Pl >y )= f priydi=a=1—P; & | _q/0=—1p o2
koo
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= 2
3. HosepurenpHplil HHTEpBA JJifl JMCIEPCHH O¢ CTPOHTCSH € HCHOJib3OBAHHEM

spiGopodnoit ¢ynkunu ¥2 = (n — 1) $*/0%, uMewowedl y>-pacnpeienenne [Inp-
COHAa ¢k = n — 1 cTeneHsaMH cBOGOILI, B COOTBETCTBHY ¢ hopMmyJioii

2 fns 2 2,9 -

RS Y, o < Of < RSy, 1— /2, (4.25)

2
tle Yk @ — O — MPOUEHTHAA TouKa Y2-pacnpelesienus {lupcona ¢ k= n — 1
CTEMeHSIMH CBOGOJABI, ONpefe/isieMasi DaBEHCTBOM

P> o= | muddp=a=1—8.
X a

TpouenrHsle TouKu YX2-pacnpefesenus NpuBeieHtl B npuaomenun 111 Y2-pacmpe-
AeJieHHe acHMMeTpHuHO, ¥* > 0. Ha npaxtuke o6biuno spGHpawT ¥2 u %2
Tak, atobnl P{y* > yil="P {* < y3} = /2.

CraTucrityeck#e THUIOTE3bl MOTYT (JOPMYAMPOBATLCA HJiM OTHOCHTEJbHO He-
U3BECTHBIX MapaMeTPOB U3BECTHOrO paclipefenetus (napaMeTpHYECKHE THIIOTE3b),
WIH OTHOCHUTe/bHO HEU3BECTHOrO 3aKOHA pacnpelesienus (HemapameTpHuyecKHe
rUnoTesbt). Bo3aMOKHEL H ApyrHe BapuaauTsl rumores.

ITpH 1ByXa.1bTepHATHBHOM CHTyauHu, KOT1a NPOHCXOIAT OHO H3 ABYX COGHI-
THil, pacCMAaTpHBAIOT 1Be FHIOTE3bl: HMCXOARYI0 (HyJAeBYld HAM OCHOBHYI0) H,
H KOHKypupywomyio (anbTepuatasnywo) H,, koropas nporuBopedut H, 3ajada
COCTOHMT B TOM, YTOGBl MO pe3yJibTaTaM HAOGMAI0JICHH{I NPHHATb OAHY M3 nux. Ha-
38 cayyadHoro xapaxTepa fBJeHER Ji0foe peucnme (BHGOP 0IHON W3 rUmOTe3)
CONpOBOXK jaeTcA OwUBKaMy 18yX BHJ0B. OwuOKa nepBOro pola Bo3HMUKAeT TOMa,
KOrja OoTBepraercsl npaBHJbLAS runorte3a. a outkGKa BTOPOro Pojia— KOrjla NpH-
HHMAeTcsl HeMpaBHJ/ibHAS THIIOTE3a.

[Tycrs na6.ionaemoe coSwTue 06ycJosiedo OJAHOR M3 ABYX mpHYHU: A,
(rumoresa Hg) wam A, (runoteaa f,); I' — npocTpaHCTBO BCeX BO3IMOKHLIX 3Ha-
YeHHit Ha6mozaemoit Besinuunbt X; I'y — o6aacts npunaTua runotessr Hy, Ty—
06.1aCTh OTKJAOHEHHSI rHROTe3bn H (KpUTHuecKas obnacte); po (%)= p (x]Ay),
P1(x) = p (xlA,) — ycaoBHBE MNJOTHOCTH BePOATHOCTH TOYKH X MPOCTPAHCTBA
T, Ppr(Ag) = p, Ppr (AY) = ¢ = | — p — anpuopHsle BEPOSITHOCTH A,
W A, o0 — yCjiOBHAs BEPOSTHOCTb OWHOKH MepBOrO posa (YpOBEHb 3HAUHMOCTH
KpUTepHf); i — ycJjioBHAs BepOATHOCTH OWHMGKH BTOpOro poxa; (I — B) — mom-
HOCTb KpHTepHS®; p, U pg — Ge3aycaoBHble BepOATHOCTH OWHGOK MepBOro H
BTOpOro poia; P, — cymMMapHas BeposiTHOCTb QUIMGKH.

Toraa crnpasew1uBH cielywollde COTHOWICHHS:

a= p (vydx, ﬁ:,[ m (%) dx, (4.26)
m Ty
pa=p{ po(¥) dx, pﬁ=qj 2, (%) dx. (4.27)
T, T,
Pe=pa+p6=pf po(x)dx-{-q’( p(x)dx, g=1—p. (4.28)
T Ty

B pagnoTexHHUYecKux Npu/OKEHMAX HAMGOJEe UACTO MPHMEHAITCA ABA OI-
THMAJIbHbLIX MPABH/A DeIICHUs: KpUTepHH WiealibHOro HaGJwofarenss (KPUTEpHi
Korejipuukosa — 3urepra) u kputepuit Hefimana — [lupcona.

Kpurepnit ugeasinnoro na6.ao1atens NpHMEHRETCH TOrja, KOrja HeT pasJiH-
YA B 3HAYHMOCTH OWHKGOK NepBOro H BTOPOro PONA W KOT/a H3BECTHHI anpHOPHbIE
BEDOATHOCTH KAXK oM U3 THNOTe3, UTO XAPAKTEPHO AXS pAXHOCBE3H. [lpu sTom
KDHTEPHH NPABHIO DEIICHUSA COCTOHT B CJACAYIOUWEM:

ecnn I (x) > h, TO npuuumaercs Hy,

ecan I(x) < I, 1o mpunumaerca H, (4.29)
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rie
[(x) = py, (/po (), (4.30)

— OTHOLLeHe MPaBLonolo6us; A = p/q — nocTosHHMI MOpOr, KOTOPHIH fAB/AsAET-
Cl DemeHHeM YpPaBHeHHS ‘

p1(Wpy(h) = plg. (4.3

’Kpm'epm“a HACAMLHOrO HAG/01aTesis MHHHMH3HDYET BEpOSTHOCTb MOJROI
OILIHOKH ’

oo h
Pe=p [ pi(de +q [ p(x)dr. (4 32)
h

—_x

Kpurepuit Hefimana — ITupcona npumensercs B cliyyasiX, KOT/Ja 3HauuMOCT:
OWHGOK & B f§ pasiHyHa, a ANPHOPHLIE BEPOATHOCTH FHIOTE3 HEH3BECTHb (xapaxk-
TEPHO Jlis1 3a71ay pagnosioxaunu). [1pn sTom Kputepuu OnTHMAJBHBIM CYUHTAETCs
TAKOE pelelhe, KOIla MpH 3ajantolt OWHGKEe MepBOro poja MHHHMHIHpyeTCs
OurHGKa BTOpPOro poja. Pemenue BLIHOCHTCS Ha OCHOBAHUH CPaBHEHHs OTHOLIEHHS
npasjlonofgobus ! (x) ¢ noporom h:

L{(x) = p, (x)/py (x) > h. (4.33)
Topor & onpesessiecst no nanepex saxauso# owudke mepsoro poaa

X0
a={ p,(x) ds. (4 3%
h

Has apoepku runoresn H, o 3aKoe pacnpelleeHRs FeHepanbHOH COBOKY M-
HOCTH OGBIYHO HETIONBL3YIOT KpHTepHHl coraiacHs %2, npHu KOTOpOM 3a Mepy pacxox-
ACHHA TEOPETHYECKOTO U CTATHCTHYECKOTO pacrpeiesieHuil npHHHAMAeTcs BesH
yHHa (4.3), KOTOpasl NPH N — 00 ACHUMITOTHUECKH pacmpejiejieHa 10 3aKOHY %*
¢ k==r — | cTeneHsMH cBoGOAb, HE3ABHCHMO OT pacnpellejieAuss cJjyyafiHoit Be-
JAUYuHbL X.

Kpurepuit ¥2 1 rumotesst Hy ¢ ypoBHEM 3HAYUMOCTH Q otBepraeT H,, ecau

2

BLIUHC/iCHHOe MO BbIGOpKe 3HAYeHuwe ¥ > y? . W npunumaer H, ccai y? <
< Xj; o- Benuuna y2  ompezeasercs u3 yeaosis

o

f nHdEHh=a

2

Yhia
no taGauuaM npudioxkenus III, npw 3aianubix k£ B o. YpPOBeHb» 3HAUMMOCTU &
HaHGosee yacTo BuiGHpaercsd pasubim 0,05 uan 0,01.

Ilpu npumeRennu KpuTepus ¥ HeoGX0AMMO, UTOGH BEJHUHHLL 1 W v; GbLIU

ROCTAaTOYHO BeJHKH (peKoMeHdyeTcss n > 5, v; > 5—8). EcJin uucao nabaiwoienuil

B OTJEJbHBIX HHTEPBaJiax o4yeHb Mano (OAHO-ABa HabMioJleHH), To ciaelyeT obbe-
JAMHHTL HEKOTOpbLIE HHTEPBAJibl.

2. MPUMEPBI

4.1. Owu6KH 15 u3MepeHHit JaJbHOCTH A0 LEMH C NOMOWIbIO PaLHO-
JaJIbHOMEPA RPEACTaBNEHB TabJIuuel

Houmep u3me-
penus 12 |3]4|5 {61789 [t0]11]12{13]14]I5

Omnbka x;, m | 18| —15|—5t 6 {—15] 6 [ 12 |—5|—10{ 6 | —5—104 12 |—10]—5
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TpeGyercs: 1) noCTpOUTH pacnpeneneHe BRIGOPKY U CTATHCTHYECKYIO
dyHKnuio pacnpenetenus Fy (x); 2) onpenenuTb BHIOOPOUHYIO CPERHION
My ¥ BbIGOPOUHYIO pucniepchio Dy omuOKy H3MEpeHHsi.

Pewenue. Bapuanuounbiii psin umeer Bua: —15, —15, —10, —10,
—10, —5, —5, —5, —b5, 6, 6, 6, 12, 12,18. Ou conepxuT pIeCTH pas-
JHYHBIX 3Hauenuii: —15, —10, —5, 6, 12, 18. HacToThl v; 3THX 3HAYEHUH
paBHH COOTBeTCTBeHHO: 2, 3, 4, 3, 2, 1.

1. Pacnpenenerue BbiOOpKH TNpeactaBum Tabgmueh

X, M —15 —10 = 6 12 18
v 2 3 4 3 2 1
P =vi/n 2/15 3/15 4/15 3/15 2/15 1715

Haumensbiiee 3nauenune omnbky uamepenuss X pasuo —15. Cieno-
Batenbno, Fj (x) = 0 npu x <L —15. 3uauenne X << — 10, a umenno
x;= — 15, nabatonanoch aBa pasa; nostomy F; (x) = 2/15 npy —156 <
<x < —10; mpy —10<<x < — 5 F; (x) = 2/154-3/15=5/15. Tlpo-
JAOJKAS AHAJOTHYHBIC PACCYXKIEHHs!, MOJYUUM pe3yJbTaThl, IIpUBE-
‘ReHHble B Talauile '

x<—15—15<x{—10 6<x<12|12<x<18|x>18

——10<x<—5‘—5<x\<6

0 2/15 \ 5/15 . 9/15 |1‘2/15 14/15 i

Cpaduk pyHkuuu F; (x) nokasan ua puc. 4.1.
2. Hcnonbsys popmynsl (4.5a) u (4.6a), nojayqaem:

—15-2—-10.3—5.4 + .3412.2118.1 4

. 1
m _—_—_—Vx.v.—_—— = e o

Ton 4/-‘1 . 15 3 t

-
1 6 .
D*ZTEI xF v, — (i =
=
_ 225-2+100-3+25-4-1}—536-3+144-2+324-1 _(%)2 ~ 103 ot

4.2. B Teuenne 24 u perucTpupytouee yCTpoHCTBO KOHTPOMs Kaxk-
bl wac ¢uxcupyer nanpsixkenue cetu. [locne mepBuuHOft 06paboTku
JAalHBIX TIONYY4EeHO pacrnpenesenie BHIGOPKH B HHTEPBaJbHOH (opMe,
RplrefeliHoe B Tabsuie

199

' ‘ v ! 3 6 10 4

l Hureppadini, B 213—215 215—217 217219 ] 219—221]221—923

[TocTpouts rucrorpamMmy BLIGOPKH.
Pewernue. VI3 Tabnuubt BUAHO, YTO YACTHUHBIE UHTEpBaJbl OHHAKOBbBI
h; = h = 2 B. [NosTomy B COOTBETCTBHY C (4.2) mosnyunm:

pih = 1/24 - 2=0,0208,  pl/h = 3/24 . 2 = 0,0624,
pylh = 0,125, pi/h = 0,208, p'/h = 0,0834.

ANt MOCTPOGHHS! THCTOTPAMMBI OTJIOKHM TIO OCH abCICC YKasaH-
Hble B TA0JMIIE YACTHUHLIC HHTEPBAJbl M HA Ka)kAOM H3 HUX TOCTPOUM
NPSIMOYrOJIbHUK BBICOTOH pi/h = pi (u), i =1, 2, 3, 4, 5. Hanpumep,
Hap wuHTepBanom 219—221 npsmoyrosbHUK umeeT BricoTy 0,208.
[ucrorpamma BeiGopku u300pasmena na puc. 4.2.

4.3. 'enepanbHas COBOKYMHOCTH pacnpeneseHa Mo HOPMAaJbHOMY
3aKOHY C HEH3BECTHBIMH MapaMETPaMH m H G:

p1 (x) = (2no®)—1/2 exp [—(x — m)¥/2 ¢?].

Buiuucainth no HesaBucHMOil BHIGODKE Xq, X, ..., X, OLEHKH HEH3-
BECTHBIX NapaMeTpoB m U O: 1) METOAOM MOMEHTOB; 2) METOXOM MAaKCH-
MaJIbHOrC npaBponoaobust.

Pewernue. Opnomepuasi HOpMasibHas IUIOTHOCTh BEPOSTHOCTH OIl-
penensietcsi AByms napaMeTpamu m H o2,

1. Tlapametpel m u o2 NpencTaBastoT CoGOH COOTBETCTBEHHO HAYAdb
HbI# MOMEHT NepBOro NopsiaKa m; H UEHTPAJbHLI MOMEHT BTOPOrO Mo-
psnka my @ m; = m, my = D, = o> Hauaabublii SMNUpHUECKHiL
MOMEHT NepBOTO MOpPsiIKA paBeH BLIGODOYHOH CpemHel m, = iy,
4 UEHTpAJbHbII MOMEHT BTODOIO nopsiika —BLIOOpOUHOH AHCHepCHl
m3" = Dj. TlpupaBHsB B COOTBETCTBHH C METOZOM MOMEHTOB COOT-

%*
A ()
e -
77’0)L _________ g2 .
72| 0,76 -
% 72}
a L.
75 0,08 -
4
75 G041
1 | 1 L 1 . L. l

1510 -5 § 5 W 15 =z g "213 75 217 29 221 223 «

Puc. 41. OMnupuyeckas Qyukuusg Puc, 4.2, T'ncrorpamma BuGopku

pacnpeaejeHus
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BETCTBYIOLIHE TeOpPETHYECKHE H BLIOOPOUHBIE MOMEHTHI, MOJTYUHM OLEHKH
apaMeTpoB HOPMAJILHOTO paclpeleseHus:

m=m,, o=} D;.

2. B cootBerctBun ¢ (4.19) ¢ynKuus npaBmorionofus HyeeT BUI

L(m, o)=[]pri(xs; m 0)= (6 2a)~" [T expl—(x;- m)*/20% =

=1 =1
=(c)/ 2n)™" exp[— En (xi—m)z/Qa?}
{=1

a jorapudmigeckas (yHKUUS rpaBRonojobus:

n | < PR
InL(m, 0)= —nlno— - In(2n)— S ,Z, (x; —m)2.
Hcnonbsys ¢opmyay (4.21), noayuaeM cucremy ABYX ypaBHEHHH OT-
HOCHTE/IbHO M H 0%

n 2 n
ollmo) 1| N 0ti=mp__ 1 N x, —nm | =0,
Orm 20° = om ot \ /=
n
dnkinn LN gm0
U o g3 et

Orciona HaxoguM

n
1 *
ﬂlZT E,’Ci:—'—mx,

n
. 1 1
P=— N (%, —m)? =— E (x; —m3)? = Dx.

i=1

o

il 4=

B maunoMm cayvae OueHKH, HaleHHbe MO METOLY MOMEHTOB H MO
METOIY MaKCHMa/JIbHOTO NpaBiofofobus, coBnagaot. OHH gBAAIOTCH
€OCTOAITE/bHBIMH, NIPHUEM NepBas H3 HUX HeCMelleHHas1, a BTopas cMme-
nieHHas.

4.4. Tlpoussesieno 16 He3aBHCHUMBIX M3MepeHH CayyYafiHOf BeaHuH-
HBl X, pacrpefiesieHHol 10 HopMabHOMY 3aKoHY. ITo BeiGopke HajileHa
Bbi6opoynas cpenuss m;y = 4,l.

OueHNTL HeW3BECTHOE MATEMAaTHUECKOE OXHIAHHE M, CJaydaiiHOR
BeJHYHHB X 10 BHIGOPOUYHO# CpPENHEH NpH MOMOMmH AOBEPHTENLHOTO
HHTEpBasa ¢ HajiexkHOCThIO B == 0,95, ecau: 1) cpextiee KBafgpaTHYeCKoe
OTKJIOHEHHE BeJNUHHB X H3BECTHO H PAaBHO eIHHHLE; 2) CpeliHee KBajpa-
THYeCKOe OTKJOHEHHE O, HEH3BEeCTHO, a BHIOOpOUHOE CpelHee KBajpa-
THUCCKOE OTKJIOHEHHE BeJuuHHH X s = |, ‘

Pewente. 1. Tlo ycaosuo, p = 0,95. CnenosareabHo, D(zg) =
= (1 4+ p)/2=(1 -+ 0,95)/2=0,975. K3 rtabnuum npuaoxesus I
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HaxoauMm 3HavendHe zg = 1,96, kotopomy cooTercTByeT D (25)=
= 0,975. OnpenenuM TouHOCTb ouenkn 85 = z,40,/) n = 1,96/} 16=
= 0,49. B cootBerctBHY ¢ opmyJoii (4.23) npu m, = 4,1 noBeputeaL-
HBI MHTEPBAJ HMEET JOBEpPHTEJbHbE IPAHHLEL
my — 0,49==4,1—0,49==3,61, m; -+ 0,49=4,1--0,49=4,59.
TaxuM o6pasom, 3HaueHHs1 HEM3BECTHOTO 1aPAMETPA MM, COIAACYIO-
Hecs ¢ JaHHbIMH BHIOODKH, Y/JOBJETBODSIIOT HEPABEHCTBY:

3,61 << m,, << 4,59.

2. Cnyvaiinas BenuunHa T = (my; — m,))/ n/s noxunnsercs f-pac-
npenesnenuio CTelonenTa ¢ k = n — | creneHsMu cBoGonw. [lostomy
JOBEPUTENBHBI HHTEPBAJ CTPOHTCA Mo dopmyde (4.24).

[To ycnoBuio, k =n— 1=16—I1=15, a=1—8, a/2 = (1 —
—B)/2=(1—-0,95)/2=0,025.

QI/Ilcnonbsy;r Tabanubt npuaoxenus 1V, noayuaem: by o —= bs: 0,025=
=2,131.

Torna noeepnTenbHble rpaHHLBI PAaBHE

my — e o8’V n = 4,1—2,131-1/4~3,57,
My b oS’V n = 4,142,131 1/4224,63.

B ranHOM civuae ¢ nanexuoctToio f = 0,95 Hen3BecTHBIH napametp
3aKJI0UEH B JIOBEPHTENbHOM HHTEpBaJe:

3,57 < m, << 4,63.

4.5. Tlpou3BeleHO yYeThIipe H3MepeHHs! AAaNbHOCTH IO HENOJBHIKHOM
e ¢ MOMOLLbIO PAalAHOoJIOKaTOpa, B pesyJbTaTe MOJAYUYEHbl CJeNVIoHe
Jannse: 2470, 2490, 2580, 2520 m

OueHuTs TOUMOCTL PaAliONOK3TOPa MPH HAJEKHOCTH OUEHKH P =
= 0,95. ‘

Pewenue. Ornpenenum BpilopouHbIe XapakTepHCTHKH my n s [lo
¢opnmy.aan (4.5) n (4.15) nmeem:

~

¢ o ATO 42490 42580+ 2520

; =2515
4

. !
my = —
n

i

1 *
Sz:n—l 2 (% —m3)? =
=l

Mo ta6auue npunoxenus 111 qas k=3, a/2=(1 — B)/2=(1—0,95)/2=
= 0,025 ¥ | — a/2=1—0,025=0,975 naxoaum

AE: a2 = )(5; 0.025 = 9,35, Xl?; l—a/2 == %3: 0,975 =0,216.

= 2300 2.

452 1952 1 652 4 5?
3

IpanupaMu JOBepHTE/(bHOTO HHTEPBaJa JAs AHCHEPCHH O SIBJAAIOTCS:
2 . 2 2300
ket 3200 95 ke _ 3:2300 3} 900,
Wi g2 9,35 Xe; 1—of2 0,216
Torpa 736 M? << o << 31900 m2.
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Puc. 4.3.

T'ucrorpamMma Pic. 4.4, 3Smnupuueckas
BbIGOPKH

pydxuua  pacnpeleneHus

OileHKa cpejHero KBajpaTHYeCKOro OTKJIOHEHHs
V736 < 0, < V31900 nm 27,2 M < 0, << 178 M.

PesyabTat noxaspiBaer, uto i onpelejeHdst TOYHOCTH paaHO/IOKa-
TOpa YeThIpeX H3MEpPEeHHH MaJo.

4.6. Omm6xu 500 .pe3ynbTaTOB H3MEPEHHIl Aa1bHOCTH J0 ueNH pa-
AHONANBHOMEPOM TpUBeeHH B TabaHue

Hurepsaa (h;), M —25; —15] —156: —5| —5; 5 5 15 15; 25

Uneno oiuuboK B UHTEp- 50 130 200 100 92

BaJje v;

OTHocUTeJbHas YyacToTa p: 0,10 0,26 0,40 0.20 0,04

1

Tpebyerca: 1) nocTpouTh rucrorpammy p; (x) u SMﬂle/IquKle
dyHKuMIO pachipenenenus F) (x) omHGOK H3MEpPeHHs NaJbHOCTH;
2) annpoKcHMIPOBaTh Bb16opoqﬂoe pacripejie/ieHye ¢ IOMOLLbIO HOpMaJib-
HOTO 3aKOHA; 3) MoJ/ib3ysiCh KPHTEPHEM COracHsa %2 ¢ YDOBHEM 3HAYH-
moctn o = (0,01, npoBepHTL COrJaCOBaHHOCTb TEOPETHUECKOTO H 3M-
MUPHYECKOTO paclpeseneHti.

Pewenue. 1. Tlo yci0BHIO, UHCJIO HHTEPBANOB 1 = 5, a nmma UH-
teppanioB b = 10 M. Ucnonways ¢opmyast (4.2), (4.1), nanusie tabanupl
H METOIHKY, H3JOKEHHYIO B fpuMepax 4.2 H 4.1, cTpouM rucTorpamMmmy
n QyHKUMIO pacnpesenendss F; (x), TpadHKH KOTOPHIX COOTBETCTBEHHO
u3o6paskenst Ha puc. 4.3 u 4.4.

2. Tlo MeToLy MOMEHTOB 3aMEHHM TEeODETHUECKHE (1apaMeTphl My
W 07 UX BBHIOODOYHBIMH XapakTepucTHKaMu my u Dy. [locaennue onpe-
zeauMm no dopmyaam (4.9) u (4.10):

*

My =

I M

a;pt = — 20.0,1-10 - 0,26—0 - 0,404-10 + 0,20 +

1 .
-+ 20.0,04 = —1,8m,
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B 180

Dy = I afpi — (m})? = 400.0,14-100-0,26-+100-0,2+

I e
-

+400.0,04—3,24=98,76 M2, =VD;, =V 98,76 ~ 9,93 m,

Tie a; — cepeiMHn HHTepBaJjoB: —20, —10, 0, 10, 20.
Torna BeipameHHsl OUEHOK (JIOTHOCTH BEPOSATHOCTH M (DYHKUHH pa-
crnpefieieHHs GyAYT UMETb BHIL

Py () = 2no®)~12 exp |— (x — m)¥2 o?] =
= (2n - 98,76)~12 exp [—(x -+ 1,8)%/2 . 98,76],

Fy(x) = f pr(x)dx = @ (—;—553—8)

3. Jl1st onpenenenns Mepb pacxoxkieHds (4.3) HeEOOXOXMMO BbIUHC-

JUTb BEPOSITHOCTH
Xi -_—m Xi—m

() ()

TA€ X;, X,y — TpaHUlBl i-ro MHTepBaja, a @ (x) HaxonuTcs U3 Tab-
muusl npujoxenusn II. Tax, Hanpumep, nns ueTBepToro HHTEpPBaJa
(5: 15) meem: p, = ®(B2ELE) @ (22 ) =0,2012. Pesyar-
TaThl BEIYHCAEHHE OCTAJbHBIX BEPOSATHOCTE CBEAEHE! B TaOAHILY

hi, M —25; —15 —15; —5 —5 5 5 15 15; 25

pi 0,0821 0,2818 0,3794 ’ 0,2012 0,0417

[lonctaBuB cooTBeTCTByIOUIHE 3HAUEHHsT B Gopmyay (4.3),n00yunM
pacxomAeHHe:

5
=3,427.

OueHOUHBIMY -3HAUEHHSIMH 3aMEHEHBI JiBa [lapaMeTpa HOPMaJbLHOIOo
pacnpenénenus. ITosToMy udcao cremneneli cBoboubt k = 5—[ —2=2.
W3 tabnanust npunoxenus I1I npu k = 2, & = 0,01 Haxonum

YE o = %3 0,00 =9,21.

Taxk kak 4% = 3,427 < %4 o« = 9,21, TO runOTE3y O TOM, UTO OLIHG-
Ka H3MEpeHWsl paclpefiesieHa [10 HOPMaJbHOMY 3aKOHY, MOXKHO CUHMTATh
npapAonogoGHOH .

4.7. Ha Bxoa panHonpueMHOro yCTPOHCTBAa B HEKOTOPHIH (PHKCHPO-
BaHHBIA MOMEHT BpeMeHH { BO3JeHCTBYeT CayuvaiiHoe HanpsixeHnue X(f),
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A Puc. 4.5. HopmaabHbie MIOTHOCTH BeposT-
HOCTH H OWMOKH NEPBOro H BTOPOro poja

by(2) 2,(2)
= >

KOTOpOE sBJseTcs AH60 CyMMOR H3BECTHOrO curHada s () u nomexu a(f)
(rumoresa H,), nubo ool nomexol n(f) (runotesa H,). [Nomexa n (f)—
TayCCOBCKHUIl CTAIMOHADHBIA IMIYM C HYJEBHIM MaTEMaTHUECKHM OKH-
JlaHHEM W uU3BECTHOI aucriepcHell D. AripuHopHbie BEPOSITHOCTH THIIOTE3
OMMHAKOBBL: p = g = 1/2. B MOMeHT ¢ = {, 1poM3BOJAUTCS H3MepeHHe
Besuuunb X (f). :

Tpebyertcs: 1) nocTpouTs npaBuo pemeHns; 2) BLIYHCAATD YC/IOB-
Hble BEDOSITHOCTH OWMOOK [epBOr0 W BTOPOro pofa, a Takxe MOMHYIO
BEPOATHOCTEL OIIHOKH.

Pewerue. TIpu oTCyTCTBUM curHasa X = 71, 103TOMY

po(x) = (ZaD)—1/2 exp (—x?/2D).
Ilpu nanuuuu curnana X = s -+ n. CaegosaTenbHo,
Py (x) = po(x — s)=(2n D)~1/% exp |—(x — s)¥2DI.
1. B cootBetcTBuH ¢ (4.29) ripaBu/Io pemenus npHHEMAET BHA
1(x) = py(x)/po(x) = expl— (s* — 2 xs)/2D] = 1,

970 SKBHMBAJIEHTHO (TI0C/e AorapiMipoBaHHsI) HEPaBEHCTBY x > §/2.
Taknn ofpason, npuxnvaercs pewenie o Haiudud curnana (H,),
€CJTH H3MepeHHoe 3raueHne x == /2 (obaacts I')); upu x << 8/2 (o6aactb
T'y) xoucTaTupvercs oreyTeTBHe Curnana (H ) '
2. To gopmy.1an (4.26) u (4.28) Haxoaum BEpOATHOCTH OWIUGOK:
% e
o = \ Pu)dx=1—D(/2) D),
/2
/2

[ = j () dx = 1 —d(s/2V D),

— 0

P,=ap +Bg=1—a(s/2V D),

rae @ (x) orpenensierca o Tabauie npioxenus 11.
I'paduky niOTHOCTEH BepOATHOCTEH, a TaKke OWHOKA o H P noka-
83HH Ha puc. 4.5.

3. 3AJAYH U OTBETHI

4.1, B pesyabrate nsaTH u3MepeHHH pU3HUECKOH BeAHUMHH X
OAHUM NPHOOPOM, KOTOPHEA HE MMEET CHCTEMATHUECKO# OWHOKH, noJay-
YeHL caenyiomie pedyabrate: 92; 94; 103; 105; 106.
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PRE S0

b

OnpenenuTs: a) BhGOpouHyIO cpertion m) U3MepsIeMOil BeTHUUHbI;
6) BEIGOpOuHyI0 Dy M HcrpaBaeHHYyIO s2 aucriepcu owu6oK npubopa

Omeem: a) my = 100; 6) D} = 34, s*=42.5.

4.2. Us 100 TtpausucTopoB B cpegHem GhiBaeT 1Ba CpakOPaHHBIX.
[IpoBepeno necats napruit no 100 TPAHBHCTOPOB B KaxAol. OTKiasHe-

U5 4uC/la OPaKOBAHHBIX TPAH3HCTOPOB OT CPEAHETO TNpUBEJEHb B Tab-
JHUE

[
Honep maptun I 2 ’ 3 4 5 ‘ 6 ! 7 8 ’ 9 |10
OTksoHeHUe or ¢
cpeanero —1 0 l | 1 —1 ’ 1 0 | =2 2 1

HOCTpOl/ITb*paCHpene.ﬂeHMe BHIGOPKH, SMIHPHYECKYIO DYHKIHIO pac-
npenenenus £ (x) v THCTOrpaMmy BHIGOPKH.

Omeéem:
X3 —2 1| o 1 2 0, r <=2
O)ly -‘2<X<\:~ly
Vi 1 2 2 4 L] Fi(x)= 0,3, —l<x<0,
. 0,5, 0<x],
oy | 01| 02 02 0,4 0,1 0.9, 1<x<2
1, x>2.

4.3. TlocTpouTs rucrerpammy no pacnpenenendio BHIGOpKH, [pen-
CTapJeHHYI0 Tabnupel
s l

vs 20 30 50 ,

Hurepsanm v—2 2—4

Omeem: pi/h = 0,2/2=0,1, p/h = 0,15, pslh = 0,25,
4.4. Otofipanst cayuaiino 200 OgHOTHIHBIX pamuoctanuuii. Bpewms
uX paCoThl RO NEPBOTO OTKA3a XapaxkTepHsyercs Tabauei

Cpok cayKOB pagHOCTaHUHH 10 nep-

BOro OTKasa, 4 900— 1100 1100—1300 | 1300— 1500

KosiuecTBo paauocTauumii 10 120 70

Briuncauts BeGopounsie cpepnne mg, qucnepeuio Df u cpegHee kaaj-
paTHYeCKoe OTKJ/OHEHHE 0v CpPoKa CJYKObl PAgMOCTAHUHE A0 TIEDBOrO
OTKa3a.

Omeem: m; = 12604, D; = 12400 u?, 6] = 111 4 .
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4.5. HamepurenbHBIM NpUGOPOM, NPAKTHYECKH HE UMEIONIMM CHCTe-
MaTHYeCKOR OWMOKH, OBblJIO NPOU3BENEHO MATH HE3aBHCHUMBLIX H3ME-
peHUft, pe3yabTaThl KOTOPHX HPEACTABAEHBH B Tabauue

Howmep
H3MepeHus 1 2 3 4 5
X 2781 2836 2807 2763 l 2858

Onpenennts: a) BHIGOPOUHYIO ANCHEPCHIO OWUOKH U3MEPEHHS, ec/H
u3MepsieMas BeJMYMHA TOYHO U3BecTHa U paBHa 2800; 6) BmGopounoe

cpenHee, BLIOOPOUHYIO AHCTEDPCHIO M €€ HECMEEHHYI0 OLEHKY, ecJH

TOYHOE 3HAYEHUEe H3MEDSeMOM BeTUUYHHBI HEH3BECTHO. ]
Omeem: a) Dy = 1287,8; 6) m; = 2809; D; = 1206,8; s>=1508,5.
4.6. TTokasaTb, UTO OLECHKH Q& H E, paccyuTaHHLIE MO METOAY MOMEH-
TOB /151 TapaMeTpoB o U f raMMa-pacnpenenenus
L
BEHIT (2 +1)
ONPEJENAIOTCS BhIPAXKEHH IMH: '

p1(x) = x*e—*/8, x>0,

a=(mysp—1, p=s*/m},

rpe
1

n—1

1 n n
Mme=— 3 x;; s*= ) (5 —me)
ni= i=1
X; — BbIOOPOYHOE 3HAaueHUe; 1 — O6'bEM BHIGOPKH.
4.7. T1MOTHOCTb BEPOATHOCTH CJy4aHHOR BeaMuuHbl X HMmeeT BHA:
r b
P (x) = ﬁ:—(—g)— = (1 —x)—1, 0< x<< I( Geta-pacnpenenenue),
Bbiuncants no MeTosy MOMEHTOB OUEHKH @ M b apaMeTpoB paciipe-
JejeHust a v b,

*

o) - l—m
. b=—5=Imi(l—m})—s?.

Omsem. a= -,
| —m

4.8. OnpenesuTs METONOM MAKCHMAJIBHOTO (PABAONONOGHS OUEHKY

napameTpa p GHHOMHAJBHOTO pachpenejaeHu s
k -
Pn (k) p— Cnpk(l __p)rt Iz,

€CJIM B 71y HE3ABHCHMbIX HCTIHITAHHAX COObiTHE A [OSBUJIOCH My Pa3 U B
n, HE3ABIICUMBIX HCHBITAHUAX — M, pa3.

Omeem: p = (m, + m,)/(n, + n,).

4.9. BubGopka o6vemom n’ H3Bseyena u3 COBOKYNHOCTH € MOKasa-
TeJbHbIM pacnpesnenender p, (x) = he—**, x > (.

Haiitu ouenky A MakcumanbHOro npasponofo6us aas napaMerpa A.

Omsem: b = l/mg.
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4.10. IMpoussenena BriGopka ofvemom n = 100 U3 GONbIIOH napTua
OXHOTHNHBIX panuo/ami. Cpearuit CPOK CAyKOB PagHONAMITEL BEIGOPKHY
okasaJcst paBHbiM 5000 u.

Haiitn € nanexnoctsio 0,95 noBepuTenbupilt HHTepBa /s CpesHero
CpOKa cayKObl pajiioJamMnel BO Beefi MApPTHH, €C/H CpejHee KBajapaTH-
4eCKOe OTKJOHeHHe cpoka cayxObl coctaBaser 40 4.

Omeem: 4992,16 4 << m; < 5007,84 u .

4.11. KakoB no/ieH 6biTb MHHHMAJbHBIE O6HEM BLIGOPKH 71, UTO-
Obi ¢ HanexHoCTbio 0,98 TOUHOCTL ORCHKH MATEMATHUECKOTO OMKHAA-
HUSl m renepasbHOl COBOKYIHOCTH C TOMOILbIO BEHIGOPOUYHOrO CPEJHEro
Obina paBua 0,2, ecid cpejHee KBajipaTHUecKOe 3HAUYEHHE COBOKYI-
Hocth g = 1,57 ‘

Omsem: n = 3086.

4.12. Cpennsis KBajpaTHyeckas oOmHOKa palMOBBICOTOMEDPA C =

= 15w

Cko/IbKO MOTpeGyeTcsi TakKHX BBHICOTOMEPOB, 4TOGHI C HAJEKHOCTHIO
0,99 ounbka cpenreir BECOTH my Gbi1a Gonbine— 30 M, €cTH OLHGKH pa-
JHOBLICOTOMEPOB HMEIOT HOPMAJILHOE pacnpenesenue, a CHCTEMATHUECKHe
OWHOKYH OTCYTCTBYIOT?

Omeem: He meHee IBYX.

4.13. CayyaiiHeiii pagHOCHTHA/1 DACIIPEseseH [0 HOPMaJbHOMY 3a-
KOHY, [IDHYEM €ro CpejHee 3HayeHHe HEU3BECTHO, a JUCNEepCHs 02 =
= 1 B? Tlpousseneno 100 u3amepeHHi CurHana, MO KOTOPLIM ONPEEJIEHO
3HaueHHe BLIGOPOYHOrO cpepguero my; = 1,5 B.

OnpenennTs BeIHYMHY TOBEPUTENLHOR BEPOATHOCTH B, ¢ KOTOPOD
MOKeT ObiTb CapaHTHPOBAHA MpeJeJbHAasl MOTPEINHOCTh H3MEPEHHUs
CpenHero 3Hauenus curxaaa § = 0,2.

Omsem: f = 0,954.

4.14. Pucnpeaenesie Boifopkn o6bevoM n==10 3agano Tabauueit

v, ' v ’ 1
Ouenute ¢ HagexHocTbio 0,95 MatemaTuueckoe OxupaHHE m,
C/YYalHO# BeHuMHH X, pacnpeeieHHoOH MO HOPMa/JbHOMY 34aKOHY,
no BbLIGOPOYHON CpefHelt NpPU MOMOIH AOBEPHTENBLHOrO MHTEpBAJA.
Omeem: 0,3 < m, < 3,7.

4.15. IlpousBeieHO aecsTh HE3aBHCHUMBIX U3MEPEHHH CJydafHol

BeJIHYHHBL X, MOAYHHEHHOR HOPMAJbHOMY 3aKOHY C HEH3BECTHBIMU Napa-
MeTpaMu M, U 0,. Pe3ynbraTbl U3MepeHuil npejacraBaeHsl B Tabjuile:

' 5

2 . 2 l 2 1

Homep uamepenus,

i 1"2 3 4 & 6 7 8 9 10

Pesyabiar usMepe-

Hi 2,5 —2.31 1,9 |—2,1) 2,4 | 2,3 |—2,5 1,5 |—1,7

»




Hajitii oueHky my A MaTeMaTHUECKOro OXKHJIAHHS H TMOCTPOHTDH
JIOBEDHTEIbHBI HHTEPBaJ, COOTBETCTBYIOUIMA NOBEDHTENBHOH BEPOAT-
roctH fi = 0,95.

Omeem: my = 0,4; —1,18<<m < 1,98.

4.16. TTpouseeneno 12 uaMepeHut HAMPIKEHHs PAJHOCUTHAIA OTHUM
H TeM ke NMpuGOpOM, HE HMEIOLIUM CHCTeMaTHYeCKOoH OMmHOKH, NpHUeM
BbIGOPOUHOE CPeJHeE KBAAPATHUECKOE OTKJIOHEHHE S CayuafiHbiX OHIMOOK
OKasajock pasHeiM 0,6 B.

Haiitu Tounocrs npubopa ¢ Hajexuoctbo 0,99.

Omegem: 0,39 B << 0 << 1,24 B.

4.17. Ha KOHTpOJIbHBIX HCNBITAHHAX 16 paaHoaaMn Oplad ofipe-
Je/1eHbl BLiIGOpPOUHbIE XAPAaKTEPHCTHKH X CpOKa CayxKObl, KOTOpLIE OKa-
3anuch pasHbiMu a1y = 3000 un s = 20 u. .

Cudrtasi, 4yTo cpoK cayxkObl KamxaoH JaMmNbl SBJASETCS HOPMAJIbHON
CNy4yaiHO! BEJIMYHHOM, OMpPENeNHTb: a) JOBEpHTE/IbHbI HATEpBAI A/
MaTeMaTHYECKOTO OXKHAAHHS U CpeJHero KBajpaTHUeCKOro OTKJIOHEHHS
1pH JOBEepHTE/BHOM BeposTHOCTH 0,9; 6) ¢ KaKOi BEPOSATHOCTHIO MOXKHO
yTBEPKIAATh, 4TO a6COMIOTHOE 3HAYEHHE OMWHCKH OMNpEeNeNeHHs iy
He npessoiiZier 10 u, a ouiGka B onpeneneHHd ¢, Oyrer meHbie 2 4P

Omeem: a) 2991,235 4 << m, << 3008,765 u, 15,50 u<T o, <<
< 28,74 4; 6) 0,93; 0,41.

4.18. Ha renedoHHOl CcTaHHK NPOM3BOJMIACH DPErUCTPALIHA YliC-
Jla HeNpaBHIbHHIX COeHHEHHH x; B MHHYTY. Pesysbrartsl HabJaloNeHHit
fnpuBenens B Tabniie

=}
~'

X; 0

Vi o i7

Tpedyercsi: a) onpesedis BuIOOPOUlibie XapaKTePHCTHKU my H §°

H DUDORCPHTbL BLIOJHEHHE OCHOBHOTO YCJOBHS JJs1 pacnpeieneniis
Ilyaccona, 6) maiitu Teopetiideckoe pacnpefieneriiie [lyaccona v mpo-
BEPHThL CTeMeHb COOTBETCTBHsI TEOPETHYECKOro H 3MIHPHYECKOro pa-
crnpesie/ieHdit Mo KpuUTepyio y2 ¢ ypoBrem 3naunmoctd o = 0,05.

Omsem: a) my ~ s*=2, T.e. ycjoBue jas 3akcHa [yaccona npak-
THYeCKH ButnoaHsetcs; 6) ¥ = 0,2 << 43 0.05=9,5

4.19. IlpousBenensl ucnuitanus 500 papsonpHeMHUKOB H4 HX YYB-
CTBHTEbHOCTL. JlaHHbIE OTKJIOHEHHH YYBCTBHTEJBHOCTH OT HOMHHAAA

yKa3aHpl B Tabauue

HurepBansl uyBcTBH-

TesibHOCTH, MKB —4; —3—3; —2|—2; ——1‘——1; 00, H1; 212, 3, 4

Vi 6 25 72 133 1120 88 [ 46 | 18

125

ks o

I3

[IpoBeprte no xpurepuio ¥2 ¢ yposHem 3nauumoctd x = 0,01
runoresy f, o TOM, 4TO pe3yJbTATHI HCHBITAHUH MOXUMHSIOTCS HOp-
MaJIbHOMY pacnpe;[eneumo

Omeem: v* = 3,94 < y& 001 =15,1.

4.20. I/ICHbITaHl/Iﬂ 200 pagionamn Ha HX CPOK CAYKObI AaTH Pe3yb-
TaThbl, TNPHUBEJEHHBIE B TabJ/lHie

Cpox eay 6w, u| 300—| 100—| 500—| 600—| 700—| 800—| 900—|1000~|1100—
200 | 500 [ o0 | 00 | =00 | 900 | 1000 | 1100 | 1200
l vi | ‘ l I« | 33 | 40 | 52| 29 | 14 4

Tpebyerca: 1) ycTanoBHTL TeopeTHUeCKHii 3aKOH paclipeleneHus
Cpoka CJyxObl palHoJaMmil H HAHTH €ro napamerphbl; 2) HaMHCATDL BH-
pa}KeHl/Iﬂ I8 MJIOTHOCTH BepOHTHOCTH Py (x) H bYHKIUNH pacnpeseedusy

F(x); 3) nonp3ysce xpuTepHem ¥?, YCTAHOBHTD, cor/iaCyloTes M JaH-
HBIE HCOLITAHHI C THIIOTE30i O PACMpeAeseHl C1yuyaiHOol BETHYHHE 10

136paHIIOMY TEODETIUECKOMY 34KOHY.
Omeem: 1) 3(1KOH paCﬂpt,IIGJIeHl/Iﬂ HOpMaJIbHLI € mapameTpamu

m= my; = 784 u, 0% = 26844 v%, ¢ = 163,8 y;
- . 1 . (x84 P _ x—784\,
2 P = 163,82 P [ 53688 ] 1) _d)( 163,8 )

3) cornacymwres,



Pasgea II

CJIYYANHDIE NPOLLECCHI

5. 3AKOHbI PACIPEAEJEHHUA H MOMEHTHBIE
®YHKUHH

1. TEOPETHYECKHE CBENEHHA

Cnyuaiusiii npouecc (f), 3aBucsmuil OT OnHOro AeRCTBUTENLHOIO NapaMer-
pa ¢t (BpeMmeHH), cuuTaercsi ONpeneJeHHHM Ha uHTepBane Bpemend (0, T), ecau
IpH MPOU3BONBLHOM YHCJE R H A8 00X MOMEMTOB BpEMeHH fy, fy, .... Ip Ha
9TOM HMTepBaJje W3BECTHA N-MSpHAd [JIOTHOCTh paclpeleleHHs BepOATHOCTeH
Pn s, Ea ooy Bns by, ta, -.., £) HIH n-MepHasi XapaKTepHcTHYECKas yHKUUSA

n
On (jor. 109, -vos n; Uy L3y -esy tn)=M{ [1 exp(lviEi)}=
(=1
=J---len G Bas cver Ens tyy Ig,eees Bn) XD (JO1 31410280+ - - o 0R ER)X
Xd%y d%,. . .d5n. (5.1
rae §1 = g(tl), gz = g(tz)y vevy gn = g(tn)- .
[lnoTHOCTL pacnpenesentsi BepOSITHOCTEH HOMKHA YIOBIETBOPATL CJCAYIO-

muM ycuoBusm {1, 14, 27]:
1) ycsoBHIO nOJIOKUTENbHOR OnpeieseHHOCTH:

Pn (&, &2 s Ens ity by oo fn) = 05 (5.2)
2) YCJIOBEIO HOPMUPOBKY: ‘ .
f oo i Pr (Bry Bas ees Ens le oy wony Bn) dEydEp...dEy =1, (5.3)

3) ycaoBHIO cHMMETpRE: QYHKUHA pn(&y, &g .-vy Sns 6y loy ... In) BONKHA
GEITH CHMMETPHUHOI OTHOCHTEJILHO CBOHX apryMeRnTOB &y, &g, +..y &p, T. €. He JOJK-
Ha H3MeHATheA npH Ja6oil nepecTaHOBKE STHX apTyMeHTOB,

4) ycJIOBHIO COTVIaCOBAHHOCTH: NpPH J1060OM 111 < n

Pm (E1s G20 oo on Ems l1s lae e ees tm):! ---1 Pn (1 Bay veer B Emars eoes Eni
Hodor veer tm. tmiers »oos En) ey - - din. (5.4)

Mockoanky xapakrepucTHyeckas GyHkuus (5.1) siBasercs npeoGpasoBaHueM
dypoe OT COOTBETCTBYIOWEH WJOTHOCTH pacnpepe/eHHs BeposiTHOCTeH, TO Hifl
Hee TaKKe ChnpaBeJJHBO YCJOBHEe CHMMETPHH, a@ YyCI10BUs HOPMHPOBKH (5.3)
H coraacosaniocTH (5.4) NpHHHMAIOT BRI

0, 0,0, .. 0=1, (5.5)
O (jU1, [Ugs oeens jOMI 11y gy oons tm) =
=8p (JU1, 102, «--s [Ums Uy «oeey 05 815 L2y ony Tm)e (5.6)
128

MroroMmepuble NJIOTHOCTH paciipeleeHHst BeposiTHOCTEH ABasioTcs Hanbosee
NOJHBIMM XapPAKTEPHCTHKAMH CayuaiiHbiX npoueccoB. Omuako B psane cayuaes
A/ peuienusi APaKTHYECKH BaXKHBIX 32434 OKa3blBa~TCql AOCTATOUHBIM PacCMOT-

enne Gojee NPOCTHX XapAaKTEPUCTHK, B YACTHOCTH MOMEHTHBIX GYHKUHE

-128, 29].

MMox MOMEHTHEIMH QYHKUHMAMH CJAy4aiHOTO Npouecca &(f), 3alaHHOIO Ha He-
KOTOpOM  HHTepBaje, NOHHUMAWTCd GYHKUHH mv‘(t), My, vt |29
m, . v (t4, 5, ..., tp), CHMMETDHUHBIE OTHOCHTEJbHO BCeX CBOHX apry-

MEHTOB, onpene.}meMble COOTHOUIEHHAMH
my (Hy=M (g ()} = .y Vi p, (B0 d7. (6.7

My, v, (1, ) =M {’év’ (1) V2 (L)) =

= [ [ e 0 Gu a0, 1a) 0B dEs, (3-8
My, Vay eees Vn (t, fa, oees tn)=M{§v‘(t1) §va(ta) §v"(tn)}=
= o [ EVLEYa LLEVpp (Br, Eas cces En b by oees fn) dE1 dEg .. dEn (5.9)
L o 172 n '

MomenTHasd (yHKUIHs My, w0 v, (44, ta; ..., ty), 3aBHCSAmMAs OT 1 HecoB-

NafdiomKX apryMeuToB %y, fp, ..., Iy, HA3bHIBAETCS N-MEPHON HAYAJIbUOH MOMEHT-
Hoil PyHKuHER V-ro (v = vy + v3 - ... + vp) mopsnka.
Onxuomepuasi wada/ibuasi MOMeHTHAsl QYHKILHS NepBOro Nopsnxa

m () = M{EW); = | &py (& D dE= m() (5.10)

Ha3LBAaeTCs MaTeMaTHYeCKHM OXHiaHumeM ciydaiinoro npouecca E(f). Ilomumo
5TOH XapaKTepHCTHKH, UIHPOKO HCIO/BIyeTcH TaKKe ABYMEpHas HayalbHas MO-

MedTHast GYHKUHS BTOPOro Nopsaika

.

my Aty 1) = M{E(t)E (L)} =_:( _‘ £ X

X po(8y. Bai ty, 1) d5yd8y = K (4, £a), (5.11)
Ha3biBaeMasi KOBapHauHOHMOR (GyHKLMed caydaifHoro npomecca §(¥).
" 3MECTO MOMEHTHBIX (QYHKIHA My . v v. (t1, ta, ..., ty) MOXKHO paccMmat-
s o Vg

puBaTh n-MepHbE HeHTpadbHbie MOMEHTHLIE (byHKIlHH v-ro NopsANKa, KOTOphIE Of-
penensiorcd COOTHOIIIEHHEM

my oo (et ey ) =M {[E () —m_ (0)] ™ [E (f)—

Vi. Vg, .oy Vg
o0

—m @)1 e [ G —m @) M= [ e | B )] R

X|Ea—m, ()12 ... [En—m, )™ pp (1, By -ees Ens
fi, lgy «eey tn)dErdEy ... dEn. (5.12)
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IBymepnas uentpajsHas MOMeHTHas (yHKUHS BTOPOro MOpsAKa
x

mi,y () =M{(E () — mg I () —my = | [ [E—m, (] %
X [§2—mg(12)] pe (Ers Eos B, 1) dE, d§2=R§ (t, 1) (5.13)
HasbiBaeTcst Koppensiunounoil GpyHKuuel ciysaitnoro npouecca E (¢).

Honar?ﬂ B (5.13) 4 = 13 = {1, nojy4aeM Cle1yIOlIee 3HAYEHHE OLHOMEPHOH
UeHTpaJblioi MOMeHTHOH (YHKIMN BTOPOTO NMOPSAKA:

my () =I{E O —mg O} =W O} = [ [E— mg (12X

X @0 di=my () —mE () =Ky (1, H—mg (V=R (L. =D, (). (5.14)

3pece wepes E; () = & (1) — me (f)} 0Go3HaYen nEHTPHPOBAKHDLI cayYalHbL
npouecc. Taxum o6pasom, Bepamesue (5.14) onpegeaser AUCHIEePCHIO caydaiiHoro
npouecca § (¢). Kopewb KBagpartHmilt u3 nucnepcuu D, (f) wasmsaercs cpegnum
KBaJpaTHYECKHUM OTK/IOHeHHeM O, (f) caydaiinoro nponecca & (£):

oy () =)/ D, 0 =) M{z O m; OF). 5.5

chm«x cayvalinpii npouecc & () sazaH n-MepHoil xapakTepHCTHYECKOR byHK-
uheit, MOMEHTHbBIE GYHKUHH yi06HO BBLIYHCJAATH NyTeM ee AnpoepesnHpoBanHus.
Henoabsys onpepeienue xapaktepuctdyeckoll ¢ywkunu (5.1) u packaaavisas
SKCNOHEHUHANBHYIO hyHKuHIO exp(z) B pax Teitnopa, moxno nokasars, uro ans
n-MepHOH HayaNbHON MOMEHTHOH ¢YHKUMM CcApaBeliuBo cooTHowenHe [1,14]

,"‘V1+V2+“'+Vn’

mvl' Var e,y (ty tay oeny tp) = X
aV1+V2+"‘+Vn

— . O, (Jur. (Vg vvey O30 Ly veny Ln) ., (5-16)
ov,tov,? ... do " v, =0

r

Koppeasnnounsie Qynkuuu Ry ({y), Ry (1, fy), ..., Ry (ty, ty, .ovy ty) of-
peieasioTes passoxeiHen B pal Max1opeHa JorapupMa MHOTOMEPHBX Xapak-
TepUCTHUCCKHX GyHKnui. MoxHo nokasats [1,28], uTo aast nepsuix Tpex Koppe-
JSANHOHHBIX GYUKUR{T CIPABEIIHBL COOTHOLIEHHA:

R(t) = my(ty = M{E (Z)},
Ryt le) = mi (1. 1)) =M {[E (t1) — my (1] X

XAE (1) — my )]} = my(t f)) — my (1) my (ty) =

= K{fy. ty) — my(ty) mq(ty),
Ryt ta, ty) = My (b ta, tg) — my (8) X
X Ry (fa, ta) — my (f3) Ry (¢, t3) — my (£3) Ry (1, 1) + (5.17)
+ 2my (£1) my (t3) my (Ly). '
(1o MOMEHTHBIM M KOppPeNsNHOMHEM QYHKUHSIM MOXKHO BOCCTAHOBHTD Xapak-

TePACTHYECKYI0 QYHKLHIO U, CIEJOBATENBHO, NJIOTHOCTL PACHpeIe/ieHHs BeposiT-
HocTel [26]:

On(jor. g, ooy Uity ta, onns p)=
n 1 n n
=14j glml(lu) Yy +E i 2 2 my ey, t) o, 0, -
u p=1v=1
n n
REFRANEVAN
< 3 i 2‘ 4 My (tu, L, t,h)vuvvv;\—f-...,
u=1v=_1is=1
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n
Bn(jor, 103, «ouy ns t ey oesy tn)=3Xp[l 2 R, (tu) Uy -+
n=1

P n n 1
+?,2 2 21 Ry (1, ) Oy vy 4 5 P

1v

X

b=
D4 5
(OB

Rty ty, B o, 0,0, .- } (5.18

u=1v=1 A=1

JI7is rayccoBCKOTO cJydaliHoro npouecca, 4acTO BCTPeqalOULerocs B pasJuy-
HBIX paidobHU3HUeCKHX 3a1ayax, NJOTHOCTh paclipejeleHds BEpOATHOCTEH H
XxapakTepucTuueckas ¢ynknus onperensiorea dopmyaamu [26):

|

v Ens ly ly, e, ln)=—l/—(2——ﬁx

pn (&1 Ea.

1 n n
X exp Yy E] Z By By —m (0T IE, —my (lv)]} . (5.19)
p=1v=

B, (fuy. W3, «ee, Tn; . la, {n)=

n n n
1
= xp | ] 2 e (1) 0+ 5 P 2 2 R: (1,. t)u, v, | (520
w=1

n=1vs=1
Bnech | mg(f,) — MaTeMaTHuecKoe OXHIaWue cayvaitwolt meauunusl §, =
=t (tu), A= RE (tu. t,)| — onpegennteab n-ro TNOPsSIAKA, COCTaBJAEHIIbIR
u3 3Hauennit Ry (f,, f,) KoppeasinHoHHbIX GyHKuuh Re(fy, #) = M{[E (t) —
— mg(t)WE(t) — my (t)]} mpn ¢ = t, u ty = t, A, — airebpaunue-

CKOE€ JONOJIHEHHE 3JIeMEHTa Rg (tu’ t,) aToro ompejennress.

BasKHHM KJaccoM cayyafiHbIX MpOUECCOB ABASIOTCHA CTayHOHapHbe caydai-
Hole mpouecchl. Cayyaiiupii mpouecc § (f) Ha3piBaeTcs CTAUMOHAPHBIM B Y3KOM
cMbicJle, eCJM Bee ero MJAOTHOCTH pacnpenesiedust seposThoctedt pp (&, &y --vy En3
ty» t3. ..., tp) TNPOM3BOALIIOTO MNOPSAAKA 1 HE MCHAWTCH IpH OJHOBpPEMEH-
HOM CjABHT€ Bcex TOYeK ¢, fy, ..., I, BiOAb OCH BpemMeHH Ha Jioboe T. Cra-
OMOHADHBIM B IIMPOKOM CMEBIC/IE Ha3biBaeTcs cayyaiibiii npouece & (f), ma-
temaTHueckoe oxnpanue M {E(f)} kotoporo He 3amMcMT oOT BpeMeHu, T. e.
M &ty = me(t) = mg, a KOppeAAUHOHHAA (YHKUHS Ry (tu’ ty) 3aBUCHT
AUIb OT PasHOCTH T, ==[1, — ¢ | MEKAY ABYM: pPacCMaTpHBACMbIMH MOMEHTAMH
BpeMedH. [as rayccoBcKoro mpoupecca o6a 3TH NMOHATHS CTANMOHAPHOCTH COBIa-
[a10T, TOCKOJNbKY CTalHOHAPHBIA rayccoBCcKHil pouecc MOMHOCTbIO ONpEeaesisfieTCs
MaTeMaTHyecKHM OXCHAaHHeM M KOPpeNsiuHOHHOH GpyHKuHel u a/1s €ro IJI0THOCTH
pacnpeleNeHHst BeposATHOCTeH M XapakTepHcTHYeCKO# ¢yHKuHM CIPaBesNHBHI
COOTHOINEHHS

pn Ei. Ean oeos gn)=Wx

l n n
Xexpl T9@ D 2 2 D,y Ey—m) Gy—m) | ¢ .21)

=1!v=1

n
8, (ju,, jvg, .., fop)=
n 1 n n

== exp | jm Z e jzo? Z 2 F (T 00y |- 6.22)
n=1 ) n=l v=l
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FAe m — mareMaryyeckoe oxuaanue; ¢> = D = R (0) — amucnepcust npouecca
(), D=|r (’tuv) | — onpeneantens n-ro nopsiiKa, coOCTaBACHHHA H3 KO3(hu-

RHEHTOB KOppeasinuy
F () =7 (1t — 1, =02 R (11, —t, ) =0~ M{[E (t ;) —m] [E (t,)—m]}.
IpuMenstencHo K aByMepHOMY cayuaio gopMyasl (5.21) u (5.22) npuHUMAIOT BHj
! 1
P2 8 = T ) “p{— 20— (1))

X1 —m)® —2r(¥) (Ea—m) (Ea— m) -+ (B — mm} , (5.23)
8, (jor, foy) = exp {im (0 03) —

1
——Taz[v;“+2r(r) ) vz-i—v%]}, T=ty—4. (5.24)

Cpeju pasaHuHbiX 3834 CTaTHCTHYECKOH PAjHOTEXHUKH BechMa 4acTo BCTpe-
valoTes 3aMauM, CBA3AHHbIE C JIHHCAHBIM HJAHM HelHHeHHHIM TNpeoBpa3oBaHHeM
cayyailHbix nponeccos. B pange cayyaes ycneutHoe UX pemieHyne CBA3aHO ¢ BOIMOK-
HOCTLIO TPEACTaBAEHHs NAOTHOCTeld pacnpejeNeHHs .BepOSITHOCTER cayyalHbIX
npoleccoB B BHe GbICTPO CXOAAWETOCH PAIA, Y/IeHE KOTOPOTO BHIPAXKAIOTCH Jepes
TabyaupoBaHHbie GYHKUHH. HeKOToprie 43 TakMX pas3jokeHHH, GasHpyomuxcs
Ha NpPeiCTaBJeHUH COOTBETCTBYIOMHX MUIOTHOCTEH paclpedeleHHs B Buje psAa
N0 OPTOTOHAMBHLIM MOJNMHOMAM, DAaccMOTpeHH! B pabotax [6, 26, 30. 32, 34].

2. MPUMEPbHI

5.1. Haiitu oxnomepnyio p,(§; t) n asymepuymw p,(%,,E,; ¢, 1,) naor-
HOCTH pacripelleleHHs BeposiTHOCTel mpouecca
E() = acirol -+ Psinat,

rle o — TOCTOSIHHAS YT/I0Bas 4yacToTa, o W [} — B3aUMHO HE3aBHCH- *
Mbl€ TayCCOBCKHE C/1YYafHBIE BEJHUYHHE C HYJEBBIMH MAaTeMATHUYECKH-
MH OMHIAHHAMH mo = mp = 0 W pucnepeusmu D, = Dy = o2,

Pewenue [35]. Cryuaitnas envunna & = & (£) npu io60oM UKCH-
POBEHHOM 3HAYEHHH [ fIPEACTARIAET cofofl MMHEHAHYIO KOMOUHA [[HIO
TayCCOBCKHX C/TyYalHBIX BEJIMUUH 1 B CU.1y 3TOMO TAKKE sIB/ISETCH rayc-
coBckofi. Takum ofipasom, inisi onpenenenns rJI0THOCTER pachpenee-
Husl BeposiTHOCTEl py(E; 1) u py(&;, &y ¢y, £,) mpouecca E (f) HeoGxogumo
ONpPENeNHTb €r0 MaTEMaTHUECKOE OKUIMAHUE g (£) U KOPPEeNsHOHHYIO
dynxumio Ri(t, 15).

B cootBetcTBUH ¢ (5.10)

mg(t) = M{E ()} = M{acoswt + B sinwt} =
= M{a}cos of + M{p}sinwt.
Ilockoabky mo yeiosio M{a} = mg = 0, M{B} = myz = 0, 10
me(f) = 0.

I1pu 3toMm anst koppensiuronHoi Gyrkunu (5.13) nonyyaem

Re () £,) = M{lacosot, + Psinmt,] X
X lacoswt, + Psinwti}.
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YuurteiBast, uto no ycnosuio M{ap} =M {pa} =0, oxoHua-
TEJBLHO MOJYUaeM :
Re (8, t;) = o® coswt, cosot, + o’sinetsinet, =
= ogcosm(ty — 4,) = Re(1), T =1, — |,

Takum 00pa3soM, HCKOMBIE IJIOTHOCTH pACIpPENENEHUsT BEPOSITH O-
CTeil HMEIOT BHI

1 g2
P& 0 =pu®= p=exp (— )
P2 (&1 Eos 11, £y) = Py (B1, &) =
{ __. £} —2E, Eycos T 4-EF ]

202 (1 — cos? wt)

T a0 V1= cost ot
5.2. CranvoHapHBI CJAyuyalHBI Hpoyecc
() = A(f)cos oot + ¢(f)]

C Hy/JeBbiM MaTeMaTHueckuM oxugandem M{E ()} = my; = 0 3a
JaH OJHOMEpHOfi MJIOTHOCTBIO pacnpefe/ents BeposiTHocTed py(E) =
= pe(E). Tlpeanonaraetcsi, YTO w, €CTb aNPHOPH HW3BECTHAs MOCTOSH-
Hast uacToTa, CTAllHOHApHBIA cay4aiiHeii npouecc A (f) MOXKeT npH-
HUMATh TOJbKO MOJOKHTENbHEIE 3HAUCHH, a () npeacrasaser co6or
cayuaiiHyio a3y, paBHOMEPHO paclipesie/IeHHY10 Ha HHTepBaJe (—i, 5t}
[pu 310oM QYHKUHA pg (E) CBA3AHA C OAHOMEDPHOI MJIOTHOCTHIO pacmpe-
JeneHHs BeposiTHuctelt pa(A) npouecca A(f) cooTHoLieHHEM (CM. 3a-

nauy 5.4)

pad

| K -

_ ul 5.2

P (B)=— [ g 44 (5.25)
]

OrnpenesuTb OOPaTHYIO 3aBHCHMOCTb, T. €. HafTH BbIpAXKEHHE I8
pa(A), TpH KOTOPOM OJAHOMEpHAasi MJIOTHOCTDL pacnpene/ieHus BeposT-
Hoctedt pe(§) = py(E) OyAeT UMeThb 3aidaHHbI BUIL.

Pewenue [401. Tlpoussons B (5.25) 3ameny nepemenHbix: & = x~*
i A? = A~% nojyuaeMm ypaBHEHHe

I 1 o PA(I/M
2 — =\ —L——dA. 5.2
x pg( x ) S AV E—RE (5.26)

0

DT0 COOTHOMIEHHE OTHOCUTCS K KJACCY MPUBOAMMBIX K ypaBHeHHIo AGe-
Jst, U JJs1 HErO CYHIECTBYIOT cjeayiomue (opMyabl o6pameHHs:

X t
. u(f)dt 2 d xf (x) dx d
o = yass o=< gl yame 69
7 0
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Vicnonssys (5.27), ypaBrenue (5.26) moxHO mpuBecTH K BULY

1 | ¢ ”t(i)d‘v
—p, [ —)=2 | X
A pzl( A ) 7y J V (528)
0

iz 2

Ilepexons B (5.28) k crapwbim IEPENMEHHRIM, MOJyyaeM BhipakeHwue,
onpexensiomee HCKOMYIO MJOTHOCTL paclpefeeHHs BepOsTHOCTEN:

A
) dt
L] (5.29)

d
pA(A)_2‘47A[A’ e

Bripasxenne (5.29) noxuo ynpoctiTs, IpeIBapHTEI1bHO BbIUHCIUB
MYTEM MHTETpUPOBAHUS [0 YACTAM BXOASUIHE B HEro MHTerpan:

[ r@a i A\ ¢ A
g = -
E__Vﬁ =—- [(arccos - ) P (a) +f(arccos : ) P (E)d&],
(5.30)
Honcrasassa (5.30) B (5.29), oxoHuaTesbno Haxomi
A
? n. () -
A} =D = dE,
o) - 21‘ = & (5.31)

rne p: (§) = dpg(§)/dE.
Cootrowenne (5.31) onpeneaser ONHOMEPHYIO MJIOTHOCTH” pachpe-
ACJCHUsT BEPOATHOCTEH p,y (A) Pyukumu A(f) B CTALMOHAPHOM CJyyYafi-

HoM mpouecce E(f) = A(f)cosloot + @(f)] ¢ nocTosHmol anpHopH .

M3BECTHOI YaCTOTON o # CJAYYaAHHON dasoit ¢ (f), pasnomepro pacupe-
N€TEHHOI Ha uHTepBase (—a, 7), IpH KOTOPOil MTHOBEHHBIE 3HAYeHus
npouecca E(f) xapaxtepusyiorcs 3a1aHHOH O/IHOMEpPHOM MAOTHOCTbIO
pacnperenenus BeposTHOCTEd pe (E).

[Teac6uoro pona sanaun uacro BCTPEUAIOTCS Ha (IpaKTHKE [IPH MOfe-
JUPOBAHNI CTYYaHHBIX KO.TeGAHNE BHaa £ty = A(f) cos [myt +- ¢(H)]
C MOMOWbIO CPeACTB  BBIYNCIHTEIbHOR TEXHHKH B fporecce ucee-
AOBAHUA  CTATHCTHYECKON AMHAMHKH pas/HUHBIX PalHOTEX HHYECKH X
CHCTeM W ycTpoiicTs [40].

5.3. HaiiTu aBymepnyio niotsocts pacipeneseHnis BeposiTHOCTef
P2(&;, &) cTauHoHapHoro cayuaiinoro fpogiecca

E() = A,,cos (0ol + @),
rie A, U ®, — NOCTOSHHBIE aMIJHTY 8 U yrioBas 4acToTa; ¢ — cay-
yaiiHasi HavalbHas (asa, paBHOMEpHO pacHpenencHHas Ha HUHTepBa.te

(—=n, =m). IBymepnas XapakTepHCTUuECKasn QynKuusn 6, (v, jU3)
npouecca £(f) umeer Bug [36]

0, (o, ju,) = M {exp (ju.&; + juels)} =
= Jo (A v? F 20,0, cos 0yt + v?),
34

[y

rned, = &), & = &), T = t, — 1), Jo(x) — dyuruusa Beccens
Nepeoro poja HyJ/eBOro Nopsika.
Peruerue 137]. B cootBercTBum ¢ (5.1) MoxeM HamucaTs

§ [ @ty joexp( ~joni —fout) doydoy
Moncrasasia ciona O, (ju,, fu,) U HCHOAB3YST TEOpeEMY CJDKEHUS s
GecceneBrx pyuxkuuit [381:

Jo(AV Q2 4- 2Q, Q, cos w1 -+822) =‘§U( —Iyee, 4, (AQ) <

P2 (& B = @y

X J, (AQy) cos kuT,

re {I npu k=0,
Ep =

2 mpn k=1

— wmHoxutenp Hefimana, Haxomum

P =3 (—I)ksk[—Z%— S I (A, v) e= i dv,]x

k=0
o0
X l% 5 Iy (A, vp) e iP5 dvz] cos kwoT.
2n
— O

[TpousBoast 3aMeHy MepeMeHHBIX A, =uAmvl, Ay = A0, U TONB3YACH
MHTerpajbHbIM TpencTaBieHuemM QyHKUUH

W @) =5 (F [ Iamemran

noJydaem :
\ SN RS (k) ,
pz(gl: &) = Z(JTAm)-2 lP}e ) (7::) ¥ (-‘f—n—) €0Ss Rw,T.
k=0
OyHrUAH yiP (2) MOryT 6bITb BHIpaKeHBI Yepes NOJMHOMH Yelw-
wea Ty (2):
Tgk) (Z) — (1 __22)—1/2 Tk (Z),

J

Ty (2) =1 (G +iVT=2)+ (e —jVI=F)"].

2
[Ipyn atoM UMeEM

P2 (&1 &) = p1 (E)p1 (B2 i e T, (7%,.—) T, (‘%n) COs kT,
£=0

e p (B =1/nVAZ—8, E<A,.
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Takum o6pasoM, nonyuennoe BeIpaxenue 1as p, (&, &,) naer pasao-
MEHHEe JIBYMEDHOR MJIOTHOCTH pacnpefieleHHsl BepOsATHOCTE)l apMOHH-
4eCKOro KoJebGaHHs co cnyyaiHOH HavyaabHOW (ha3oft B psil No opTOro-
HaJbHBIM NOJH1IOMaM YebhiineBa.

3 3A1AYU U OTBETHI

5.1. Hafitu oanomepHyio nioTHOCTB pacnpencaeHis BeposSTHOCTER
npouecca E(f) = a 4 Bf. rae @ ¥ f — B3aUMHO He3ABHCHMblE C/IVYAR-
Hble BEJHYHHBI C MJIOTHOCTAMH paclpefefeHns BeposiTHOCTeli p, (o)

H py(B).

_ & 0—— ( pe—prp (&
Omeem [35]: p,(E; 1) = T S P, ( [5)P‘Jv(l )dﬁ.

5.2. Cayuvainniii npouecc £(f) sagan B Buiae E£(f)=+b -+ Vi rae
b — wu3BecTHas noctosiuHas; V — cayuafinas BejHuHHA, pacnpeseen-
Has MO HOPMaJbHOMY 32KOHY C MaTeMaTH4YeCKHM OXHAAHHeM m, H Au-
cnepcueit B, = o},
Haittu notHocTe pacnpenenenus seposiTHocTedr p, (E) caydaiiHoro
mpouecca E(f), ero maTeMaTHYecKoe OXHAAHNE mg W aucnepcio Dg.
< ! [E— (myl +b))2
Cmeem. =pE )= —ex ——”q}
p1{€)=p; (& l110, 1o p 202 ’
Mg =mg (ty=m t +b, Dg=D:(f)=0}r.

5.3. Haiitu oxsOmepHyio XapakTepHcTHUecKyio GYHKUMIO raye-
COBCKOTO fiponecca & (¢), HMEKOIero nI0THOCTb pachpenejenns BeposT-
HOCTEeH

p1(§)=7%7-1-;jeXp [—

oy |

20?

0. (ju) = exp (jmv — %0202).

5.4. Hafity onHOMEDHYIO MJOTHOCTb pacrlpeneeHus BeposATHOCTe ]
C1yyaiHOTO CHTHAJA

E(t) = A()sinlot + (1)),

y Kotoporo cayvaiineie ¢pyakudd A (£) >0 u ¢ (¢) npeanonaratorcs
HE3aBHCHMBIMH B OJHH H TOT }X€ MOMEHT BPeMeHH, MPHUeM CaydaiHas
¢dasa ¢ (f) cudTaerca pacnpefeseHHOH pPABHOMEDHO Ha HHTEepBaJje
(—, n), a oruGatowmast A (f) UMeeT MNOTHOCTH paclpeleneHHs Bepo-
arHocTelt pa (A).

Omeem:

[>.+] A [>.+]
Omaem: =~ [ 7AZzda=L[p,(21chnax.
1&1 0

VA2—§2
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5.5. HallTw nioTHOCTL pacnpereneHHst BEPOATHOCTEH CAYYafHOro
npouecca §(f), YKasaHHOro B NpeabiAylledl 3ajaue, AJs CAEAYIOIMX
QACTHHIX CJIYy4aeB:

1) pa (A) = (A/0®) exp (—A%2 0%), A =G,

I
_ A< A,,
D pyd)=lm » OSASA
lO npu apyrux A;

3) pa(4) = aexp(—ad), A = 0;
A

—_ A< Ay,

) p,,<A>={AOVAa—A2’ osAs

0 npu apyrux A.

Omeem [19, 401:
I

exP(— & ) —o0 << E << o0}

2¢2

1) pl (E) = VZI‘G

_ ! A+ VAP <A
2) pl(.E.)"‘ 251/40 In AO—VA_gj’-.? ] IEI\ [13]

3) p1(8)=— K, (@F), tze
Ko(2) = y e—Iachx gy
J ,
— nyJeBas ¢pyHKuus Maknonaabaa [39];
1/24,, —A,<E< A,
o p@={0
0 npH ApPYyTHX §.

5.6. Haiitu .onnomepuyio p;(E) u AByMepHYIO p, (&, &) mior-
HOCTH paclipelie/ieHnsl BepOSTHOCTeH A5 FapMOHHYECKOro KojebaHus
E (1) = Amcos(oof + ),

HMEIOIEer0 MOCTOSIHHYIO aMIUTHTYAY A,, H YIVIOBYIO 4aCTOTY ®,, HO CJaY-
yafinyio HavanbHyio ¢asy ¢, PABHOMEPHO pacnpeleleHHyio Ha HHTep-
Base (—a, J).

Omeem:
P (®) {0’ <
m {6 [E? _{4’” cos (‘00"7+ arccos j_:n)] +

m

01 |§]|>AM) IE2|>AM'
3necb §=E(f), &, =E(f), &= E(h), 1=4 — L
137
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5.7. TlokasaTb, 4YTO OaHOMEPHAst XapaKTePHCTHUYECKAss (YHKIUS

6, (jv) kBa3uAETEPMUHHUPOBAHHOIO CTAIIHOHAPHOTrO MPOIECCa
E(t)=acos(w +q),

rae ®, — NOCTOAHHAR 4acTOTa; ¢ — Hava/ibHast (asza, PaBHOMEPHO
pacnpenesedHas Ha uHTepmasne (—m, n); a — cAyYaiiHas BEJIMYHHA G
MJIOTHOCTbIO PACIpene/IeHus BePOATHOCTEH p, (@), umeeT Buj [14]

6, () = | Jo (@) py (a) da.

3nece J,(2) — dynkuus Beccenss neproro poma Hysesoro nopsinka.
OnpenesuTh OJNHOMEDHHE HAYaJbHBIE MOMEHTHBIE (DYHKIUM ver-
HOro nopsigxa npotuecca & ().

(2n)!
%2n (n!)2 2nas

. Omeem [14): M{E* ()} = myp(f) =my, s =

Tae Moy, = M{a®*}. .

5.8. Hafitu nJjoTHoCcTe pacnpenesenyiss BEPOSTHOCTEH CYMMEBI (pas-
Hoctn) L (f) = E(f)=2=m(f) ABYX HEKOPPENHPOBAHHBIX TIayCCOBCKUX
CTAllMOHAPHBIX TpoueccoB E(f) u v (), UMEIOIUX MaTeMaTHUECKHE
OXHIAHHS W JUCTEPCHH, DABHBIE COOTBETCTBEHHO mp U fmy, Dy =
= of u Dy = o}.

Omsem: p, ()= __—_[§ (7 = ’”n)P}

2(0t+07)

| (0%4—03])
5.9. BoluuciuTh MUIOTHOCTH pacrlpene/ieHuss BePOsTHOCTEH CyMMBI
E() = &) +n(@)

JBYX HE3ABHCHUMBIX CYYAaHHBIX MPOIECCOB: FADMOHUYECKOr0 KoJebaHus
n(f) = A, cos(wef -+ @) C paBHOMEPHO pacnpeneseHHOf CJAyHaiHO
¢asoii ¢ Ha nuTepBaJe (—I, ) ¥ TayCCOBCKONO CTAIKOHAPHOTO Myma
£ (#) ¢ Hy/1eBBIM MATEMATHUECKHM OXHIAHMEM U aucnepcnedt Dy = o?,

— (§—Am cos §)? ]d'l‘,’.

202

2m
1
Omsem: p,({)= Ve 5exp [
0

5.10. [lBa rayccoBCKHX HEKODPPETHPOBAHHEIX CJYHAHHBIX npouecca
£ (f) 1 n (?) AMEIOT MaTeMaTHYECKHE OXKUAAHUS K NUCTIEPCHH, DABHBIE
COOTBETCTBEHHO mig U my, Dy = o} u Dy = o}f. 3anucats cosmect-
HYIO IJIOTHOCTb PaclpenesieHns BEPOATHOCTEH p, (E, n).

1 E—m)®  (n—my)?
Omsem: p, (L, T])=W exp [_ 26%5 - 2(1;]" } :
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5.11. HMmeercs nmBa cayuwaiinbix npouecca E(f) u m(f) = ak(f),
rie o — NOCTOsHHBIA Koapduuuent. Cumrass npouecc & (f) rayccos-
CKHM C HYJIEBHIM MATEMATHYECKUM OXKMJaHWEM W aucnepcHei Dy =g?,
3aMHCaTh COBMECTHYIO [JIOTHOCTD pachpeesel st BEPOSITHOCTER p, (E,1)

Omsem: p, (€, W) = V‘_n e—/20" § (n— aik),

rie 8§ (x) — nesbra-QyHKOus.

5.12. 3anucaTe COBMECTHYIO [JIOTHOCTb PacCNpele/eHust BEpOsIT-

HOCTEf 1151 TapMOHHUECKOro Kosebanus
E(f) = A, cos (vt + ¢)
CO CIy4alfHOH Hava/abHOR (as3oil ¢, PaBHOMEPHO pacrpeneltervod g
HHTepBaJse (—, 1), ! €ro NPOoU3BOAHOH & (£) B TOT :Ke MOMEHT BPCA.CLIL.
1 : =T %3
e [0 0 VA5 —8) +
2n VA;n~— £2
+ 8¢ oo VAL =B, [E1< A

5.13. Tpe6yercst 3amucaTh COBMECTHYIO TJIOTHOCTb pachpepeseHust

BEPOSITHOCTEH NJIsi CTauuMoHapHoro npouecca & (f) ¥ ero npoussorHof

E (f) B onMH ¥ TOT Xe MOMEHT Bpemeny. [Ipexnosaraercs, 4To Mpouece
E (f) sBISIETCS TAYCCOBCKHUM, UMEET HYJIEBOE MATEMATHUECKOE OXillaHue
v auddepeHIUpYEMYI0 KOppessiuoHHylo ¢yHkiuio R (t) = o% (1),
rle 6% — aucnepcusi.

. 1 1 g
2m: po(E. E)=— - -
Omsem: p, (%, E) 270° V=7 (0) €xXp { 252 [E r’ (0)]} ’

’ (0) = a?r (1)

dt?

Omeem: p,(E, &) =

T=0

5.14. BoiuHCAUTh 7-MEPHYIO HEHTPANBbHYI0O MOMEHTHYIO (YHKIHIO
n-ro mopsijaka

s oy 1(t1, t2) saey tn) = M{EO (tl)go (t‘.’) oo EO (tu)}

A8 LEHTPUPOBAHHOrO TayCCOBCKOro cayuyanoro mnpouecca §, (f)
C HYJIEBBIM MaTEMAaTHYECKUM OXKMAAHUEM U KOPDENALHOHHON QyHKuHed

0
mi, 1

RE (tlv t2)
Omeem [191:
M {Eo (t) &o (12)50 (t)}=
0, npu Heuer-
HHX 1,
(n— 1)1
3 Re(t, try)) Ry (bnyiyy tra)- Re (tn,_ 00y Enpd) mipu wer-
(=1 nj2-~-comMHOMHuTE EH HBIX 1.
3nech cumposamu wty (i), R = 2, 3, ..., n, 0bO3HAuEHL 3HAYECHUS HH-
1eKCoB 1ty (i) = 2, 3, ..., n, TOJyuYeHUBIE B De3yJbTaTte (- nepecra-
1:0BKH HEMOBTOPSIOMMXCSE HCXOIHBIX MHAEKCOB j=2, 3, ..., n ¥ HX No-

139



Ta6bauuma 5.1
3uavennn cumsosos mp (§)

n=4 n=6 T (0 e (6 o ) 7t (D) 75 (f) e (0)

1 1 7T 77 7 3 7 71 | 5 6
— 2 1 2 3 By 4 6
— 3 1 2 3 6 4 5
2 4 I i 3 | 2 | 4 5 6
- 5 1 3 2 5 4 6
— 6 1 3 2 6 4 5
3 A I 6
— 8 I 4 2 5 3 6
— 9 1 4 2 6 3 5
— 10 1 5 2 3 4 6
— 11 1 5 2 4 3 [
— 12 1 5 2 6 3 4
- 13 [ 6 2 3 4 5
— 14 1 6 2 4 3 5
— 15 1 6 7 5 3 4

napHo# rpynnupoBku (nmaumnas ¢ my(i) = 1) u NOCICAYICILETO Yrops-
JOUNHBAHHsI KaxJOH Mapbl MO EO3PACTaIOWIMM 3HAYERUSM BXOLAMIAX
B Hee HHJEKCOB.
Hns npuvepa B 1aGa. 5.1 npuBenenti 3uavenus CHMBOMOB 1, 0)
Adst n == 4 (BbLAeJEHbl XKHPHBIMH JHHUSMH) H 7 = 6 COOTBETCTBEHHO.
5.15. Hcnonbsys pesyabTaT 3anauum 5.14, onpegeants YeThIpeX-
MEpHYI0 HEHTPABHYIO MOMEHTIVIO (YHKIMIO YeTBEpPTOro nopsiaka

m(l).l,l.l(tlv 121 ts, t4) =M {Eo(f1)§0(t2)§o(f3)§0(f4)}

275 TAYCCOBCKOTrO CYYaiHOro nporecca &g (f) ¢ HyJeBbIM MaTemaTy-
YECKHM OM1aHHeM U KOPPeJsIMOHHON QYHKuMeH Ry (4, f,).

Omeem: M{E(t))E0 (1)En(13)Eo(ty)} = Re(ty, t)R: (I3, ty) + Ry (4,
1)Rx(La, ty) -+ Rylly, LRy (tsr Ls).

5.16. Hairru obmyio GopMyny AIst OZHOMEPHBIX HAYAILHBIX MO-
MeHTHBIX QYHKUHMA raycCOBCKOrO CTauHOHapHOTO mpopecca () ¢ ny-
JEIbIM MaTEeMAaTHUECKHM OXHIaHHEM U Jucnepcue Dy = of.

Omeem: M {& (t)}={1-3.5....-(v—-— )oY npu uernom v, -
0 IIpH HEYETHOM v,

5.17. Hcnosb3ys pesysbTaT 3afauu 5.15, onpenennts TPEXMEpHYIO

UEHTPAIBHYIO MOMEHTHYIO (YHKIHIO YETBEPTOro NopsaKa
mi,ia (b, ty, &) = M {ES () Eo(22)E0(t3) )}
140

JLIst CTANMOHAPHOTO Ta YCCOBCKOTO CaydaiHoTO nponecca Eqf) ¢ HyJeBuM
MaTeMaTHUECKUM OXKHMJAHHEM U KOPPEJsIIMOHHON QyHKIHEH

Re (4, t3) = Dyre (8, — ).
Omeem: M {E2(t,) Eo(£s)Eo(f3)} = DeR: (£5, £3) +2Re(t, L)Re(t, &)
5.18. HanucaTp ABYMEPHYIO [EHTPAJbHYIO MOMEHTHYIO (YHKHHIO
ueTBEPTOrO NMOpsifika my o (t, ) = M{E] (¢,) & (£,)} Anst rayccoeckoro
CTanMoHapHOTO CJyualHOro npouecca §of) ¢ Hy/leBbIM MATEMAaTHUECKHUM
OXKUJAHHUEM H KOPPesiuMOHHOH (QyHKuMed

Re(h, ts) = Dyre(ly — 1y).
Omeem: M {E3(t)Ex(t)} = D} 11 + 2 ri(fy — &)).
5.19. Hcnoaw3ys pesyabTaT 3agzaun 5.17, onpenenwTsh nsymep-
HYIO UEHTPaJbHYI0 MOMEHTHYI0 (YHKIHIO YETBEPTOro MOPsALKa

mi. (b, ts) = M{E(H)E(La)}

A5t CTAallMOHAPHOIO rayCcCcOBCKOro caywafinoro npomecca £, (f) ¢ ny-
JIEBLIM MATEeMATHUYECKHM OXKMIAHHUEM M KOPPeJstiMOHHOH QyHKuHed

Re(ty, t3) = Dyre(ty — 1y).

Omeem: M{E3(t,)Eo(t)} = 3Dire(t,—1,).
5.20. BplYHCAUTb TPEXMEPHYIO HadasbHYIO MOMEHTHYIO QYHKIHIO

my 1 aaltints, 1s) = M {E(4)E(L)E(ts) )}

15l CTA[MOHAPHOro rayccOBCKOro caydafiHoro mpouecca §(f) ¢ mare-
maTuueckuM oxuaaHnem M{E(f)} = m: () u koBapuanHoHHOH QyHK-
uned Kg (4, 1,). ‘

Omsem: M{E(H)E (t)E(f3)} = Ki(ty, 1) me (Is) + Ku(ty, ts)mg(ts)+
-+ Kg (tg, f3) me (tl) —2 mg (tl) 3 (tz) n; (t'z)

5.21. OnpeneauTs YeTHIPEXMEPHYH HaHaAblIYI0 MOMEHTHYIO (yHK-
LU0 YETREDTOIO TOPsn

my yaa s ty, t3, 1) = M{E (1) (£2)E (42)2 (1)}

rayccoBCKOrO CaydaijHoro nporecca £(f) ¢ mateMarThHueCKHM Oxufa-
nuem M {E ()} = mg () n KoBapHanuonHOH Qynkumen Kg (4, fy).

Omeem [14]: M{E(4)E (£)E (13)E (L)} = K (£, £y) Ke(ts, t,) +
+ K (f, t9) Ke (e 1) + Kalhy b) Ks (o 13) — 2 ms () my (L) X
X mg (t3) mg (Ly).
-+ 5.22. Haptn obuyio Gopmyay Mist ABYMEPHBIX HEHTPAJNBLHBIX MO-
MEHTHBIX (YHKIHE raycCOBCKOTO CTallMoHapHoro npomecca &, (f) ¢
HYJeBLIM MATEMATHUYECKHM OXKHMAAHMEM U KOPPEJsIIHOHHOH QyHKmHeH
R: (t) = o (7).

Omegem [26}:.

had k

my, ., = MEROE (< 1)} =0or T E Ny.x Ny, rkf‘r) ’

h=0
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r.e

Ni,w= 5 xt @D (x) dx.
—o00
3navenus koshdHuueaTos N; , npupeneHn B taba. 5.2,
5.23. BbIUMCIUTD TPEXMEPHYIO MOMEHTHYIO (DYHKIMIO

mi, v, a (Ty, Tp) = M{E (HE (¢ + )8 (¢ + 7))}

RJst CTallMOHApHOrO TayCCOBCKOTO CaywaiHoro npouecca £, (f) ¢ Hy-
JCBBIM MAaTEMaTHYCCKHM OXKHMIAHUEM H KODPeJSUOHHOH (YHKIMEH
Re (v) = o?r(7).
Omeem [26): M{EA(OE (I +T) BV (f + 1)) =
o0 oo oo k ) m
—gh-+Vv+A N N N re(m) ) r' (1, — 1)
N, k40, k-+-m IVA, | -m .
kgo 1§0 nzZl_:O kU Itm!

5.24. Onpenenutb, Npy KAKMX YCIOBHRX CJydaituniii npormecc
E(1) = Apcos(oot + ¢),

tae A, ©, — HeCTyyaiinbie, CTallMOHAPEH M HECTANHOHapeH.

Omsem: Tlpouecc E(f) craiuionapeH, ecau cnyqaﬁuaﬂ@asa ¢ pas-
HOMEDHO pacnpeje/eHa Ha uHTepsaJe (—mx, 7). B mpoTusHoM cayuae
npouecc E(f) HecTanuoHapeH.

5.25. Coyuahinele Beuunnnl A n (D HesaBuCUMBL. MaTemaTHdecKoe
oxmuaune M IMCNepCHst NepBOH U3 HHX PaBHLI COOTBETCTBEHHO my = 0
¥ D4 = 0%, BTOpas NONYMHSETCSt 3aKOHY PaBHOMEDHOTO PACHPeNeIeHUs
Ha uHTEpBase (—m, ).

HlokasaTh, uro ciydaiiHelii npomecc E(f) = Acos(w, ¢ + @)
CTallHOHapeH (m, — HeCTy4aiiHasi BeTHUHHa).

Omsem: Ilpouecc £(f) crannoHapeH B INPOKOM CMBIC/IE, TAK KaK €ro
MaTeMaTHyecKoe OXxuJaHWe NMOCTORHHO (my = 0),a Koppe/suUOHHAs
OYHKIMS 3aBHCHT TONBKO OT Pa3HOCTH T = [, — f;:

Ri (1, fs)=— 0?03 04 (s —1y) =Ry (7).

Tabauua 5.2
3naqeuwn wostpuunentos N;

k
i 0 1 e | s | 4 5 6
0 1 0 0 0 0 0 0
1 0 | 0 0 0 0 0
2 1 0 2.1 0 0 0 0
3 0 —3-1 0] —3.2.1 0 0 0
4 3.1 0 4.3.1 0 4.3.2.1 0 0
5 0| —5-3-1 0{—5-4.3.1 0[—5.4-3-.2-1 0
6 [5-3-1 06531 06-5-4.3-1 016.5.4.3.2.]

5.26. [lokasaTb, UTO CJy4YaiiHBIA NpoOLECE
()= X cos wof + Y sin m,t!

SIBJISIETCS] CTALlHOHAPHBIM B INTPOKOM CMBICJIE TOJIBKO B TOM CJydae, Ko-
ria cjaydaiiHnie BejH4HHEBL X H Y B3aUMHO HE KODDE/IMPOBAHBI U UMEIOT
HYJIeBbIE MaTeMaTHUECKHE OKMAaHUs mx = my = 0 ¥ paBHBIE Aucnep-
CHUu Dx = Dy = D.

5.27. OnpeznenuTtb, nNpY KaKHX YCIOBUSX CJAYYalHBIA [pOLECC

£ ()= Ay cos (oo L+ ¢) +n (f),

rne A,,, w, — NOCTOstHHLIE, 7# (f)— IIYM, CTAUHMOHAPEH B Y3KOM
CMBICJTE.

Omeem: Tlpouecc E(f) cranuoHapes, ecmi crannoHaped wym n (f)
M CJaydaiiHas HauaabHas (asza ¢ pacrnpeleneHa paBHOMEPHO B MHTEp-
Baje (—am, ).

6. KOPPEJ]HLLHOHHblE OYHKLUHUU U CHEKTPAJIbHBIE
NJAOTHOCTH

1. TEOPETUMECKHWE CBEJEHHUSA

Oco60 BaXHYI0 pOab B TeOPHH CAYYAHHLIX NMpoHeccoB § (f) urpaioT Matema-
THUeCKOe OXKHJaHHe (OJHOMEpHAs MOMeHTHAafg (YHKUHSA [epBOro MNOpAAKa)
|1, 6, 14, 26, 27, 34—36, 41, 42]

oc
me () = my(t) = M{E(®)} = | Em(E; HdE (6.1)
N —00
M KOppeAfluMOHHAH (YHKUHS (IByMepHAs LEHTPaibHAf MoMeHTHAf QyHkuus
BTOPOrO MOpPsNK4)
R; (ty. p)=m] (k. =M {Zo (1) Eo (ta)} =

[ ] Be—m )1 () —mg 9] P2 B Eo tiste) dEa dEy =

—00 =00 .

= Kg (t1, £)) —my (f1) Mg (£2) - 6.2)

3nech Kg (f, fy) — KOBapHAUMOHHET (QYHKUMH, TPEACTABIOMAsN co6oit ABY-
MepHYIO HAYaJbHYI0 MOMEHTHYI (YHKLHIO:

Ky (ta, o) =my 1 (b)) =M{E (&) £ (ta)}=

(] BB pe B B ta, 1) dE1 By =

—_00 —00

= R (ty. Ly) +my (13) myllg). (6.3)

I
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Ina cTauMoHapHEIX caydafineix npoueccos popMy.nt (6.1)—(6.3) npuHUMaIOT BHA:

mO=MEO)= ] i@ dimm (6.4
R: (01, t)=M{E,(2) i (ta); =
= 1 Tw [E (t2) —my) [E (k) —mg] po (51, Eo) diy dis =
=Ky (ty—t)—mZ =R, (l—1); (6.9)

Kyt )= MEmWEW}= [ [ L)t

- 00 =00
Xp2 E1. Ep) dly d{%z:Rg (tz—tl)"i‘mg =K: (t3—1). ~ . (6.6)
Gopmyan (6.1)—(6.6) cnpaBeanuBsl I AeHCTBUTEIbHLIX CAyYaHHBIX NPO-
neccos E,(Q. [Tpu npercrasjeruu cayuafiHoOro npoyecca B BHAe KOMNJIEKCHON QyHK-

und [14] E (1) = n (&) + jv (f), raen (f) u v (f) — neficTBUTebHER CAYYAil-
Hble npouecch, OTOGpaxaloulue peajbHyl0 H MHUMYIO COCTABJSIOUUE IpoLecca

-E(z), popmy et (6.1) — (6.3) npuHUMAIOT caeaylOUHA BUA:
me (=M{ED)=M @O} +iM{v O} =my ()+im (1, (6.12)

Ry i 1) = MARE (t) —m (I [E* (1) —m (1)) =

g
=Kz (n t)—mg () m2 (ta); (6.2a)
Re b, t =M {Et) & (o) =
=R (0, ty) +-my () m2 (1y). (6.3a)

31ech 3Be3NOUKON OTMedeHH! KOMIUIEKCHO-cONMpsiKeHHble pyHRuuM. [as cranno-
HapIibiX KOMIVIEKCHBIX CJAyYafiHBIX npoileccoB § (f) uMeem

’715 () =mn—[— jm, = r?tg; (6.4a)
ﬁ'g’ (tlr t2)=k~€ (t2—‘t1)_|’;‘€ |2=ﬁ—::v (T);' (6.53)
Ky (. t)=Rg (ta—t) +Imz =K¢ (), (6.6a)

T = t2 -— ti-
Koppensiunonsne ¢GyHKuuH Ry (T) cTAuHOHADHBIX C/AYYaAHBIX NpOLECCon
() 061afaloT CleyIOW UMY CBOACTBAMH:
I. Gynkuuu Ry (T) ABASIOTCH YeTHBIMU: Ry (T) = Ry (—1).
2. AGcomoOTHHE 3HAYEHHS KOPPENALHOHHOR QyHKUUH Ry (1) craumonap-
HOTO cnyqéaﬁﬂoro npouecca § (¢£) npu n1060M T He MOTYT NPEBHINATH €€ 3HAYCHUS
npy t = 0:

[Re (1) ] < Re (0) =Dy,

3. Ilpu HeorpanHYeHHOM yBeJHUeHHH T QYRKUUH Ry(7), xak npasuio, crpe-
MaTcs K Hymio, T. e. lim Ry (1) = 0.
T—>o0
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{ToMuMO KOppessIHHOHHLIX, BEChbMAa 4aCTO HCIOJNb3YIOTCSl B3aUMHbBIE KOppPeas-
nHoHHbe (GYHKUHH, XapaKTepH3yWiHe CTATHCTHYECKYI0 3aBHCUMOCTb MexXAy
3HaYeHMsIMH JBYX CJAY4aliHBIX IPOLECCOB B JBA COBNAJAOMHKX HIH DPA3JIHUHBIX MO-
meHTa BpeMeHH. Tak, K npHMepy, JAJ JIBYX CTAUHOHAPHBIX CJydaiiHblX NPOUECCOB
E(H) 1 n(!) c MaTeMaTHUECKHUMH OXKHIaHUIMH My u M, BIAUMHble KOPpeJsiiHOHHbIe

GyIKUHH MMEIOT BHI
Rey (1 tp) =M {L& (t)—mg] [n (1) —my|},
6.7
Rye (t1,ts) =m{[n () — my] [§ () —m: 1}

Ecav ®3auMubie KOppeasuuonnbie GyHRouu (6.7) 3aBHCSAT JHUIb OT Da3HOCTH

T = f, — f;, 70 npoueccy E(f) # (f) HA3HBATCH CTANHOHADHO CBA3AHHBIMH
H JJIs1 HUX CNPaBeJJIHBO COOTHOLIEHHe
RET} (tl»’2)=R§n (t)=R’ﬂ§ (—o. 6.8

Jlna XOJMYECTBEHHON XapAaKTepPHCTHKH CTENeHH JHHEHHOA 3aBHCHMOCTH
clydafiHBIX MPOUECcCOB YACTO HCHOJb3YIOT HODMHDOBAHHBIE KOPPEJSHOHHBIE U
B3aMMHbie KOPpeJAnUOHHble (GYHKUHH, KOTOphie ONpelensioTcs COOTBETCTBEHHO
dbopmynamu

Rg (t1.t3)

VD, (t1) D (ta)

'g (t11[2) =

6.9
Ryy (t1,to)
VDt Dy (&)
3nect Dy(fy = R(t, f) — mucnepcus cayuaiinoro npomecca & (f), Dn (t) —

Aucnepcud npouecca v(f). Ecau aTH npoueccs CTaiHOHAPHH H CTAMOHAPHO CBfA-
3aHbl, TO

Ten (t1.ts) =

D: (=R () =D, =0}, Dy ()=Ry(0O)=D =0y

n hopMy.ipt (6.9) NPHHUMAIOT BUJ
Rg (1) o Rg (7)
re (T = D. = o ,

-

it

(6.10)

Rin (M Ry (@
wO=Y5. D, ooy

B GosbiMHCTBE PAIHOTEXHHUYECKUX 33134 HOPMHPOBAHHEIE KODDeasLHOHKbIE
GyHKUMH uMeloT BHJA JAu00 MOHOTOHHO yOnBawwux GyHKpui 7 (W = p. (1)
(puc. 6.1, a), 1u6O 3aTYXAWIMMHX OCHHAIHPYIOMUX (GYHKUWA, HanpAMep THNA
r(t) = p(T)coswyT (puc. 6.1, 6). Tlpu 3tOM cTeneHb KOPPESHPOBAHHOCTH cJy-
4af{HOro NpoOilecca MOXKHO, XapaKTepH30BaTh TAK HA3bLIBAGMBIM HIITEDPBAJIOM KOP-
peasiuuu

oc

1
et |

.
e OO

le(nldt = S‘Ip(r)ldt. [(6.11)
0

leomeTpuYecK# HHTEPBAJ KODPe/SiilHH PaBeH OCHOBAHHIO NMPSMOYTOJBHHKA C Bbl-
COTOH 0 (0): |, nnowa b KOTOPOTro paBHa MJAOWAIH, 3aKJKYeHHoil MeX 1y Kpnaoii
te(t) | npu T > 0w ocbio abcuuce (puc. 6.1). BeanunHa 1, gaeT opUeHTHPOBOY-
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.Boe NPelCTaBJIeHHE O T0M, HA KAKOM HHTEPBaJie BDEMEHH B CPEAHEM HMeeT MecTo
KOppCIHPOBAHHOCTL MEXKNY 3HANEHHAMH clyyaliHoro nponecca.

BecbMa pacnpoctpanenuoii X2DAKTEPUCTHKOH CTAWHOHAPHOTrO c/Ay4aitHOro
npouecca siBJAsIETCs! €r0 CNeKTPAILHAS MIAOTHOCTD Sg(m), CBSI3aHHAsl ¢ KOBapHa-

unonHoi pyHkumed (6.6) npeobpasopanuem Dypre:

x

wr={ K. (1)e~/0% yg, (6.12)

o ,
Kem=—— | S. (e . (6.13)
J . -

Anaornyyo cBsizanb Mex1y coboil KOppeafunoHHasa GyHKNHS R, (T) 4 cnekt-
&

panbyas mAOTHOCTL Sg“(m) UCHTPHPOBAHHOTO CTAUHOHAPHOIO CJy4aiHOro npo-

uecca Eo(f) = E(t) — m.:

— 8 ¥

S;, (@) =1 Ry (1) e /9T dr— S; (©)—2nmZ § (o), (6.14)
! [§ jot
Ry (7)= on S, (@) ' do.. (6.15)

Wcnoib3ysa cBOACTBO 4eTHOCTH KOBAapHALHOHHOR K (t) n xoppensunonnoi R‘é ()
$yHkumit, cooromenns (6.12)—(6.15) Moxno TPUBECTH K BUAY

S (m)=2£ K¢ (%) cos otdr, (6.16)
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Puc. 6.1. Hopmuposanuwie

oo
1
K§ T) = ?j‘Sg () cos wtdw, (6.17)
0
S&a (o) =2‘£ R (7) cos wtdr, (6.18)
l oc
Ry (T)=— jSEO (w) cos wtdo. (6.19)
n
0

Coornomenust (6.12)—(6.19) nasniBaorcest popmynamu Bunepa— Xunurna.

Kax cnenyet u3 (6.14) , cnekTpajpsast IIOTHOCTb S; (0) craguonaproro cay-
yaliHoro npouecca §(f) ¢ MaTeMaTHYeckHM OMXHJAAHHEM m, W KOBAPUALHOHHORN
byHKIMeH K§ (t), onpeneasemas cooTHomekHeM (6.12), oTiuuaercs oT chek-
TpaibHO# NJIOTHOCTH Sg,, (w) cTauuonapHOro caydaitHoro npouecca §(f) ¢ HyJjebniM
MaTeMaTHYeCKUM OXUTaHWeM my = 0 W  KOppenfuHonHoH dynKuHedr R.(1),
Bhigucasiemoli no dopmyie (6.14), numb HadduMeM JONOJHUTENbLHOTO 4JeHa
2nm§6(m). [Ipu my = 0 o6a npeacraBieHns CNeKTPaibHOH MAOTHOCTH cOBNa-
LAI0T, I03TOMY B JajibHelileM Pa3jHyHe B STHX XapaKTepUCTUKAX Byj1eM oTMeuaTsb
JUMb B cAydae Heo6X0 U MOCTH.

OTMeTHM OCHOBHble CBOHCTBA CNEKTPaNbHOH MIOTHOCTH CTALMOHAPHOTO CAY-
qaifHOro npouecca.

1. CnekTpaibHas IVIOTHOCTh He MOXKeT HMeTh OTPHLATeJbHbIX 3HAUEHHUH,
7. e. S (w)>0 npu J0O6HX .

2. JInist BeLleCTBEHHBIX CAYYaHHBIX NPOLECCOB CHeKTPRJAbHAsE NJIOTHOCTL fB-
asiercst yetHoft pyHruued, 1. e. S{w) = S(—w). )

B dopmyaax (6.12)—(6.19) cnexkrpanbras njaotHocTe S () onpegesneHa g
NONOKUTENLHBX H OTPHLATETbHHIX 3HAYeHHH KPYroBOH YacTOTH, HpHUEM

S () = S (—w). Ecau xe BMeCTo TaKOro cHekTpa, Ha3LBAEMOTO JBYXCTOPOH-
HHM, BBECTH O{HOCTOPOHHIOIO ¢DH3 HIECHY 103 CHEKTPAN bHYIO INTOTHOCTh
SH=I[S(®) + S(—o)l=2 S (v), (6 20)

OTJIMYHYIO OT HyAsl jumb npuf > 0, To popmyasl (6.12)—(6.19) Moxno 3anucars
B BHje

Se f)=4g K¢ (1) cos 2nftdt, (6.2h

Kg(t)zj Sg (f) cos 2nfdf , (6.22)
0 .

Se, (H= 4;{ R; (T) cos 2nftdt (6.23)

Ry (v)=[ S, (f) cos 2a/tdf. (6.24)
0

CooTHoweHust, aHafioruuinle (6.21)—(6.24), cnpaBeaquBel U AAA B3aHMHBIX

KOppe/isiuHOHHBX H CIeKTPaJbHEIX byrRUHH. .
HHorja B KadecTBe XapaKTePHUCTHK CAY4aHHBIX NMPOLECCOB HCHONBL3YIOT pas-
JMuKble TaPaMETPHl HX CHEKTPAIbHbIX MIOTHOCTel. HauGonee ynoTpeGutenieM ua
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TAKHAX NAPAMeTPOB fABJACTCA 3p(heKTUBHAS WHPUHA cnekTPa Aw,, ONpeseideMas
COOTHOMEHHEM

<
2

I
o —— do . - 6.
Aoy 5 Sto do (6.25)

—00

floMuMo 5TOro, HAXOAST NpuMeHeHHe TAKHEe NAaPpaMeTphl, KAaK CPeAHAS uaACTOTA
m, = M{®} cnexTpanibHO# NJIOTHOCTH, cpelHull KBAipaT YACTOTH Moy =

= M{w? H cpeaHss KBaipaTHUeCKas MmHpPHHA O, CHEKTPaANLHOH NJIOTHOCTH,
COOTBETCTBEHNO pAaBNbBIC

2 oc
nzm:M{m}:?‘f(oS(m)dm, (6.26)
0 -
2
my, =M{o?, = s 5&)23(&))(10), (6.27)
0
. 2 K
02 =M {0*} — M2 {0} = pes j‘(m—mm)2 S (o) do. (6.28)
0 .

TIpu peuleHnn 3a1ay cTATHCTHYECKOH PATHOTEXHMKH HHOTAA BO3HHKAET He-
06X0AHMOCTb YCTAHOBJ/CHHSI HENIPEPLIBHOCTH H audPepeHHP yeMOCTH cayuafiHpix
npoiteccoB. - Heo6X0auMbiM H JOCTATOUHBLIM yCIOBHEM HeNpepHBHOCTH cayyai-
Horo nponecca & (f) B MoMenT ¢ siBaseTcst HENPEepHIBHOCTb €TQ KOPPeasilHOHHOH
DYHKLHH RE (#3, t3) mpy t, = ¢, = ¢t. Ilan CTAUHOHAPHOTO B LWHPOKOM CMbiCJe
clyuaiiHoro npoulecca § (¢) HeoGXOAHMBIM H JOCTATOYHBIM yCJlOBUEM HeMpephiB-
HOCTH HBJASETCH HENPEPHIBHOCT €r0 KOpPeIAUHOHHOR (yHKUHK Ry (¥) npu

= 0. ‘

Cayuaitupit mpouece £ (/) nasmiBaercs auddepenunpyeMbM B MOMEHT Bpe-
Menu f B CPeJHEKBAJPATHUCCKOM, €CIH CYUIECTRYeT Taxas ciyualinas QyHKuHs
() = d& (H)/d!. na3nBaenasn MPOH3ROIDI B CpeIHeKBAIPATHUCCKOM lipouecca
E(#), nis koropel

. E+Tr—(n . N
lin ,HJ — ()| {=0.
e

MareMaTH4YeCKOe OXKHUJaHHeE m; (f), KOBapHaiHOHHas ng (23, {5) ¥ KOppeasunoH.

nas Ré (ty, ;) GYHKUHE npom3BoIHOM &(t) ciyvaiinoro nmpouecca & (f) onpege-
JASAI0TCA COOTHOMEHH SIMHU

’ . dmy (£)
m, (t)=M{§(t)}=——d‘i—, (6.29)

@ Ky (1, t3)

K, (i, to)y=M{E(t)) E 1y} = , .
¢ () =MAE (1) Eity)} o, (6.30)
. P Re (1, ¢
Ré (tr, 1) = M{E gt 1) = “—_5(} 1y (6.31)
OLy Gy
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3necy my (1), Ky (t, ty) m R (t1, ;) — maTeMaTHuecKoe OKHIaHHe, KOBAPHALHOK.

Hast u ROppeJAuHOHHA1 QYHRUUKM caydaltHoro npomecca £ (f). [las CTALHOHAp-

HOro cayyaiiHoro npouecca § () cooTHOWEHHs (6.29)—(6.31) npusoasTes x BHIY
& K‘é (T d? Rg (t

mg (1)=0, KE (}'):RE (T)= — e = — s ’ (6.32)

a CHeKTPanbHafd IJOTHOCTh Sé (®) nmpoH3BOAHOH E(t) onpenenserca Gopmyaoi
Sé (0)=wn? S, {o), (6.33)

rae Sp (©) — clexkTpagbHas NJOTHOCTh CTAUHOHADHOTO CAYuafiHOTO fipoiecca
Eo(0)- '

Bsaumupie xoBapHauuoHHas Kgi:, (t;, t;) ¥ KoppedsiuMoOHHAs Rep (1, 1)
$yHRUHE AupdepeHUNPYEMOro B CpelHEKBAPATHIECKOM CAY4aiHOro Mpoyecca
& (t) 4 ero npowasonHod £ (f) pasum

K t _M{ £ }_M 6.34
£ (21, tg) = E(t) St =" o, . (6.34)

. aRg ([1' t‘a‘)
Reg(tur 1) =M {8 () T (1)} = ——5 —— (6.35

Has cTayHoHapHoro cayuaiHoro npouecca § (¢) cootHowenus (6.34) n (6.35) npu
HUMAOT BUI

Kgé(t).—_ Rgé(‘t)= _Kég(t)‘—“ -—Rég(t) =dK; (t)/dv=dRg (v)/dT, (6.36,

2 B3aWMHAf CIEKTPajbHaf IJIOTHOCTD
Sgg.(m)= imSEO (0). (6.37;

M3 (6.36) H (6.37) clenyer, 4TO 3HAUeHHEe B3AWMHOR KOPPeNAUHOHHONH QYHKUHH
RE-t (T) CTauMOHapHOTO ciyualiHoro mpoilecca § (f) u ero nNpoH3BOAHOM E(t)
)

B COBMAJalouHe MOMEHTbI BpeMeHH (T. €. NpH T = 0) paBHO HyJI0 (3TO 0O3HAaYaeT,
gto JMwbas AHPdepeHnuHpyeMas CTauHOHapuas cayuaiinas ¢yHxuus & (f). H ee

npoussoinan § (f) B cOBNajawiiue MOMEHTH BpEMEHH He KOPPENHPOBAHLI), a
HX B3aMMHAfl CNEKTPa/ibHAasl MIOTHOCThL SIBJSETCH UHCTO MHHMONA QyHKuHei:.

Jlas nponssoansix E™ (1) n-ro nopsika cayuaitmoro npouecca & (f) cnpa-
BeJ/IHBbi COOTHOWEHUS:
‘ " Ky (4, t)

K‘é(n) (t, t)= - arn Ot';— y - (6.38
02)1 R‘é (t19 t2)
_— (6.39)

R, (th, ts) =
g TR e e

Ecaw § (f) apaseTca cTauHoHapHeIM cayuaiiibiM npoueccoM, To (6.38) u (6.39)
NpUBOAATCA K BHAY

' @ Ky (1) n Ry (1)
v E E
Ko (M=Ryny M= (=t — s —= (=) —=—.  (6.40,
a clexTpaAbHaa MAOIHOCTL n-A nmpussomHoit W (#) pasua
Sg(n) (m)=(02n Sgo (®). (6.41)
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BsauMuble XKOBApHALHOHHEIE U KOPpPENgUHOHHHIE $yHKuEH k-# w [-4 npo-

maBoanbix %) (#) u EV(/) eayuaitnoro npouecca § (£) onpeleagiorTcd cMelaHHH~
MH DPOH3BOJAHBLIMH BHJAA

ak+l K& (ll ’ t2)

h, ty) = 6.4
Ky gy (s 2) o ot (6.42)
ak+l Rg (tli ,2)
R (f, ty) =————"— 6.43)
g(k) g(y o T2 otk o

Anst crannonapHuIX cAyuaiiHEIX IPOLECCOB GOPMYibi (6.42) u (6.43) npusoxaTca

K BHIY

dk+! Kg(ﬂ

= —_ k
Ké(/") gt (T)ﬁpg(}e) _E(”(T) = (—1) PR,
d*+1 Ry (T)
g
== (6.44)
2. MIPUMEPHI

6.1. Onpenennts, ofsagaer Ju GyHKUHS

a
R(t)= 02e—“'f'(ch WoT -+ ——sh wdr[), a>0, wy; >0,
®y
CEOMCTBAMH KOPpe.TsiiHONHOH DYHKIMH.
Pewenue. 1na oTBeTa Ha NOCTaB/EHHLIH BONPOC HEOGXOIHMO npose-
PHTBb BLINOJHEHHE CJeAYIOIHX YCIOBHE:

DRO>0 ) R(D=R(—1); 3)[RTMI<KR();
4) S(w) = 30 R(tvye—/lotdr > 0.

TTonoxuTenbHbIl OTBET OTHOCHTE.ILHO BLINOHEHMs! YCJAOBU 1)n2)
CJ€LYET HENOCPEACTBEHHO H3 aHA.N3a Bhipaxenus Aas R(t). s npo-
ECPKI BRINOJTHEHHs YC.10BHs 3) npeicTaBum QynKuHw R(t) B Buje

R(I):%Z—[e—‘“—“’v”( i +1)_e—<a+wo>‘r( « —1)J,r>0.

Oy a%)

Tak kak R(0)=D = 0%, 1719 BLINOJHEHHS YCJOBHs 3) Heo6X0oaMMO, YTO-
Obl BhipaXKeHHE B KBAJPATHHIX CKOOKAX MO MOAY.IIO He Gbito Goibie 2.
MoxHO nokasaTh, 4To NpH & < ®, 3TO YCAOBHE HE BHINOJHAETCS, TaK
KaK NpH T— 00 1 a < o, 3HaueHHe exp [—(a — )Tl neorpanuyen-
Ho BospacTtaer. B cayuae o = oo Pyukuus R(t) == | u Toubko npu a >
= 9 YCJI0BHe 3) BhinosHseTcsi. K TAKOMY 3Ke BLIBOAY NPHBOAMT aHa-
JIH3 BbipameHus R(t) npu t << 0,

B coorsercrBun ¢ dopmyaocsi Buuepa — Xumusua (6.14) umeem

° " 4o (o —o3)
S (w) = y e/t g = (i} .
(@) _wR( ) [(e—©0)?+ @] [(a + @4)? + w?]
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Otciena cregyeT, 9TO YCJOBHE 4) BBIIOMHSAETCS TaKkKe NMPU o > o,
CrenoBaTesfbHO, anamsupyemas QymkiHs R(T) obiagaeT BCeMH CBOii-
CTBAMH KOPPEJSILMOHHBIX QYHKUHEH [OPH & => ®.

6.2. Hafiru xoppensiuMoHHYyI0 (QYHKUHIO Re(T) H CNEKTPaJbHYyio
IJIOTHOCTh Si(®) AJST CTAIMOHAPHOIO CJYYaiHOTO CHrHaja

E(f) = A sin(wof + ¢),

rae A,, 4 w,— NOCTOSHHBIE aMIJIUTYJA H YIJOBas 4acrora; ¢ — CJay-
yaiiHasi HavyaJabHas (asa, paBHOMEPHO pacnpeeJeHHas Ha HHTEpBaJe
(—m, @),

Pewenue. Tlo onpenenennio KoppensinoHuol Gynkuun (6.5), umeem

Re (1) = M{E (DE (¢ + )} — mi.

[Tockoabky
my=M{E Do = [ Ansin(@t+ ) pi(e)do=0,
TO

Re()=M{WE( +1)}p=\ A% sin(wot+ 9) m ()X

fe—

f
1 .
XSt (gl +0T+¢)de = T X A sin (o, t4 ¢) X
—n

X sin(wg t +wo T 4+¢) de.
Yuurnsas, dro {17]
sina sin p = [cos(e — P) — cos(a + B)1/2,
HAXOIHUM
Ri(t) = (AM/2) cosm,T.

CnekrpaJibiasi IOTHOCTDb Bbiduc/siercs no dopmyse Bunepa— Xun-
uyHa: .

I 42 % )
Se () = j Rg (1) e—iotdy =T'" 5' e—19T cos poTdT=

2 oo
____il_”‘_ 5 [ei(coo-co)‘r +e—i((ﬂu+m) r]dr,
4
—00

%

oc
YyurtniBas, uto [17] ZIR f e/otdr = §(w»), OKOHYATE/IBHO NOJydYaeM
00

St(0) = (AL/2)[8( + wy) + 8o — o)l
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6.3. OnpenesnTs KoppensunoHnyo Qyukumio R(t) CreKTpasb-
HYI0 [JIOTHOCTb S (w) CTALMOHApHOTO C/yyaiiHoOro npouecca

E(t) = Acos(wt + ¢), (6.45)

rae A, o U @ — HE3AaBHCHMbIE CJ1yYaliHBIe aMIIMTY A, YaCTOTA H HAYA/b-
Hast ¢asa. Caydaiinpie BeqMuiHbl A U ® 3a1aHBI ONHOMEPHBIMH MJIOT-
HOCTSIMH pacrnpefiesienust BepostHocTeli pa(A) v py(w), a HavasbHas

$asa ¢ npexnosnaraercs paBHOMEPHO PaclpeNeEHHOR HAa HHTEpBase

[—n, al, Te. polq) = 120, —n < o < m.

Pewenue [43]. B cooTseTcTBHE ¢ onpeneseHnem (6.2) uckomas xop-
pessiunoHHast QYHKHs NpencTaBasieT co6oil ABYMEPHYIO HEHTpaJbHYIO
MOMEHTHYI0 QYHKIHIO BTOPOro Nopsiika ¥ paBHa

Re(ly, 15) = M{[E(t) — me(i)E(LL) — ma(t,)]}. *  (6.46)

[Nockonexky B Hawem cayuae me(f) = M{E(f)} = 0, 10 (6.46) npu-
BOJHTCA K BHAY

Re(f, t2) = M{E(t)E(t,)}- (6.47)

INo ycnoBuio sajaun cTapHOHApHBIL CAYHaRHBIA npopece E (f) 3a-
BHCHT OT TPeX HEe3aBHCHMBLIX CJyYaiiHbiX napameTpoB A, o u ¢, B CoOT-
BETCTBUH ¢ 4eM B (6.47) HEOOGXONMMO BRHITIOJHHTD YCPENHEHHE 10 KaxK-
ZoMy u3 3THX mapameTpoB. Takum oGpasom

| RE(’L ty) = :’f

—00 —00 —00

s' j' E(t) E(t2)pa (A) po (@) pe(p)dAdodp =

g‘ A? cos (o) +) cos (o, 4+ ¢) pa(A) X

% P (0) dAdord g, ’ (6.48)

[Tocse HeclOkHBIX NPeo6pasoBaHUii HAXOAUM CICRYIOUIEe BLIpaXKEeHHE
A5 KOPPEeJISANHOHHON QYHKIMH CTAUMOHAPHOrO CJyYajiHOro nponecca
(6.45):
o %
Ry (6, 1) = — M{A%) 5 Po (©) cOs 0Tdo = Ry (1), T=1t,— t;. (6.49)

—00

[lonarast B (6.49) v = 0, naxozum AncnepcHio cayuafinoro npomec-

ca E():

Dg:%M{AZ} f Do () do>. (6.50)
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Ilas onpenenenus cOeKTpanbHOfl MJIOTHOCTH St (@) BOCHO/Ib3yeMm
cs1 cooTHowweHuem (6.19) u sanmwem Koppeasiuuonnyio GyHKuHIO R (1)
B BHIE '

Re ()= ?]n— j S;, (0) cos wrdr. (6.51)

CpasnuBas (6.51) ¢ (6.49), BuauMm, uro
St() = Sy, (0) = aM{A%}py(v), (6.52)

T. €. CHEKTpa/ibHasi MJIOTHOCTH KoJjebanus (6.45) ¢ TouHocThIO O NO
CTOSTHHOTO MHOXKHTEJISI COBIAJiaeT ¢ OJHOMEPHOH MJIOTHOCTBIO pacnpefe-
JIEHHs1 BEPOATHOCTEH CaydafiHO# YaCTOTRI 3Toro KoJjebanus. s uact-
Horo ciydas A = A,, == const, T. e. A1s c1yyas cTagHOHApPHOro KBA3H-
rapMOHHYECKOro Kojie6aHHsi ¢ NOCTOSIHHOM aMITUTY oM, CIy4afiHof Yac-
TOTO# H CTATHCTHUECKH HE3aBHCHMOH OT Hee CJy4YaifHOl HayajabHoOl ¢a-
30#, PABHOMEPHO paclpe/ieJieHHOH HA HHTepBaJe (—t,i), COOTHOIEHHS
(6.49) u (6.52) npUHHMAIOT CJAEYIOLIMH BHA: ’

P oo

A
R: (1) = —2 5pm(w)cosmdw, (6.53)

2

—_00

SE (0) = (n4 %71/2)pm(0))' (6.54)

6.4. BbIACHHTDH pasHHILY MEXIY CNEKTPAJbHBIMH MJIOTHOCTAMHA CTa
(IHOHAPHBIX CYYaRHBIX NpoueccoB &,(f) u E,(f) ¢ HyMeBLMM MaTemaTw-
YECKHMH OXHEAHUAMH H KOPPEJISIHOHHBIMH QYHRIUSIMH

R (t) = ofe=%! Tt R (T) = o%~!7! cos w,T.

Pewenue. Koppensunonnas ¢ynkuus Ry, (T) sBJISETCS 4acTHBIM
cayyaen KOppesasuuoHHOH ¢yHkuuH Ry (t). [losTomy BHawane naii-
IeM CNeKTpa/bHYIO TMJAOTHOCTE St (w), COOTBETCTBYMOILYIO R: (T), 2
3ateM U3 Sg,(w) noayunm Sg, (o).

CorsacHo ¢gopmynam Bunepa—Xununina umeem

S, (0) = j' R, (1) e—/oT d1=0? j' e— %I TI—i0Tros myTdT =

—00 —o0

»
= 02[ 3)‘ e*t— 10T cos w,TdT -+ j'e—‘““"‘“ coswordr],
S
Vuurnsas, uro [17]

COS (T = {€/® T e~/ T)/Q,

(92

10J1yyaem

| ]
St (0) -0 [ a2 4 (0 — wp)? + o +(0 4092 |
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' k sz (o) A SEZ @) Sezm)

Sof<z? Saé>a? 3ol >>a?

S
[3)

3
ey
S

Wy =Gy @
a2) & )

Puc. 62 CrexTpasbHble DA0TLOCTH OpH PaannuHbIX COOTHOLICHUAX MEKAY O H Mg

Paccmotpum nosenerne dynkunu Se,(0).

L St(@) >0 mpu | & — .

2. Tlpu 307 < o’ y pyukuun Si(0) HET MAKCHMyMa, OHA MOHO-
TOHHO ') 6wBaeT ¢ poctoM | @ | (puc. 6.2, )-

3. Ecan 3] > o, gynkuus Si, (o) umeer MakcuMyM (puc.6.2, 6)
B TOuKe '

|0m | = (@24 wf)!/4 V 20, =V o +0f.

4. Tlpu 3w} > a® cnekTpasbHas MIOTHOCTD St,(0) Takxke HMmeer
M3KCHMYM B TOuKe | @, | > o, (puC. 6.2, 8).

CyMMHpPOBAaHHE CMIEKTPasbHBEIX MJIOTHOCTE S:, () ¢ pasiuunbIMH
BeCami NpH COOTBETCTBYIOWMM OOPA30M BHIGPAHHBIX & H », 03BOJSET
aNNpPOKCHMHPOBATL CIOXKHBIE CIEKTPANbHBIE MI0THOCTH. Tak, K npHme-
PY, MyTeM CIOKeHUst H30GPAKEHHBIX HA pUC. 6.2 QYHKIME Se, (0) MOx-
HO TOMY4HTD CNEKTPANbHBIE MJIOTHOCTH Sy(w) U S,(w) (puc. 6.3), xo-
POLIO CoBrajaiouHe ¢ SKCNepHMEHTAIbHO ONpeNeseHHHIMH ChOEeKTpaJp-
HBIMH TIJIOTHOCTAMH C/Ty4aiiHbIX H3MEHEHHH BO BPEMeHH CKOpOCTeii B aT-
MOCHEPHOM TypGYJIEHTHOM MOTOKe.

Tlonaras 8 S, (0) 4acToTy w,==0, waxomum CHEeKTPaJbHYIO MJIOT-
HOCTB S (), COOTBETCTBYIOLLYIO KODPPE/ISLMOHHON -DYHKIHH Ry, ()

Sgi(0) = 6*2a/(a® + »?).

Ipagukn dynkumit Re (t) » Re,(T) ¥ COOTBETCTBYIOWUX UM CNeKTpaJb-
HBIX TUIOTHOCTEH St,(w) M Sg,(w) NpuBeeHsl Ha puc. 6.4.

LS,(G)) ‘
- A S200)
- ——
/4 @ 0 @
Puc. 6.3, Caroxuble cRekTpadbubie NAOTHOCTU
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T TR R
R *

6'57 (@)
7 @
\ 6}2 ()
-w, g Wy ©
(Gg >> e}

Puc. 6.4. Koppeasinonusie Gyuking COOTBETCTBYIOIE HM CHEKTpaJbkble MJIOT-
HOCTH ’

6.5. HaiiTu Koppessunonnyio ¢yHKuMI0  Re(tr) craunonapHoro
CayyaiHoro mpouecca E(f) ¢ HyJeBBbIM MaTeMaTHYECKHM OXMJAHHEM H
CMEKTPATbHOH MJIOTHOCTBIO (PHC. 6.5)

N0/2, —wggﬁ)g—ml,
SE((‘O): N0/2, 0)1<0)<U)2,
0 NpH JIPYTHX o.

Ins wacthoro caydass w, = 0 onpene.uTh BEJMYHHY HHTEpBaJja
A = fyyy — 1, UPH KOTOpOM 3HAuEHUs Gio1 =8y ¥ &y = € (In)
HE KOpPeJHpOBaHLI.

Pewenue. Tlo dopmyne Bunepa— Xuuunua maxomnm

20 s
i o N
T) = — St (w) e/t doy = 2\ cos wtde =
R (=5 [ 8;) 5
—oo ®y
Ny

o (sinwz T -sino, T).

Tak kax [17]
sina—sinf= 2cos “’2{'5 sin “;B,

S,
/Vg/ZI & (6)

<4 2> <-4 6)

1
L ——

—G7 -Gy -6y g @y Gy &) @

[
Puc. 6.5. Pastomepuast B nonoce gac-
TOT CHEKTPaJibHAs MIOTHOCTh



KOPPE/IAUHOHHYIO QYHKIHIO MOXKHO NMPENCTaBUTL B Bue (puc. 6.6, a)

Re(T) = 03p,(T) COSm,T,
rae
sin (Aw1/2)
Awt/2
01+ o .
2

2 AwN,
4

0y = 00 =

Aw = wy —m;, Wy=

( llﬂéxsqaéc)moro caydas o, = 0 QyHKuus Koppeasuuu umeeT Bua
puc. 6.6,

Nowy, sinwst

N .
Re (1) = ‘—ZI:Tsm Wy T = =03p, (.T)»

2n W, T
rae
0': = N0w2/?nY p'Z(T) = (Sil’l (OQT)/O)zT-

WUntepsan A = f,,, — {,, npn KoTopoM 3HaueHus (oTcuertn) &y =
=&(tx) v By = E(fy1) OYyLyT He KODpeNMPOBaHBI, MOMXHO
ONPEACINTD, NIPUPABHAB HYJIO 3HAYEHHE HODMUPOBAHHOM KOP PeJsiIHOH-
HO# QyHKuMY p, (A). B pesyanbTaTe Haxomum '

(sinw,A)wA = 0, A = nlo, = 1/2F,,

rae Fy = ©,/2n — BepxXHsas rpaHHuHas 4acToTa CIEKTPaJIbHOH MNJIOT-
HocTH S(w). Takum 06pasoM, B peanusapuu  E(f) nMTebHOCTBIO T
conepxurcst N = T/A = 2F,T HeroppenUpPOBaHHBIX OTCYETOB.

%

Puc. 6.6. Koppeas-
i - LHOHABIE ¢ YHKOHH
o sitnw;7 Y3KOIOJOCHOTO (@)
2 w,r M LIHPOKOMNOJOCHO-

~ ro (6) cayvaiiunix

mpouecCoB CO Clek-

\/ g \-/ T TPaAbHLIMH  [AOT-

HOCTAMH,  paBHO-

o MepHLIMUE B MOJIOCe
4actoT
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" Sgtey Puc. 6.7. Onpeneneuue sdhdpertusuoii
WHPHHB CHEKTpa cayd4ailHoro Apo :
Sg w p p y pouecca

_0,53;(0)

g A& 46)3 :)’
6.6. CnekTpanbHas IJIOTHOCTB St {») CTAMHOHAPHOTO CJAYYafHOTO
npouecca £ (f) umeer Bua (puc. 6.7) :

S

Onpeneants COOTHOWIEHHE MeXAY 3PPEKTHBHON LIHPHHOH CHEKTpa
Aw, mpouecca E(f) M wHMPHHOH €ro CNEKTPaJbHOA MAOTHOCTH Aw Ha
ypoBue 0,5S; (0).

Pewenue SdpderTuBHAan wmpuHa cnekrpa Aw, mnpouecca E(f) on-
PeResIsneTCcst COOTHOLICHUEM

, o << 0.

)i St (0) do.

—00

Aw, = l
S: (0)

3

[Tocne noncranoBku Sg(w) HaXoauMm

20

Aw,= 2 _ e do=aarctg =
4 a? + w? o
b

11
=0 —.
2

[Hupuua cnekTpaabHOl n10THOCTH Aw Ha yposre 0,5S:(0) naxoanTes
ns GopmyJsl

S (Aw) = —%

a? 4 (Ao)?
oTkyia Aw = a. CjexoBatesbHo,
Awy/Aw = Af/Af = n/2.

=0,58; (0) =0,5 2%
g

3. 3AJAYH H OTBETHI

6.1. Coysafiaple npouecce! E(f) ¥ v(f) 3azaHbl CBOMMH MaTeMaTy-
YECKUMH OXHIaHUAMH mg(f) 1 my(f), KOppensuHOHHBIMH Ry(fy, ¢,)
u Ry (%, ¢;) ¥ B3aUMHBIMY KOPPEISAUMOHHBIMH (YHKUHAMH

Ren(ti,ts) = M{E(h) — me(t)ln (8) — my(t:)1},

Rug(ty, 1) = M {In(t) —my(t)] [E(t) — me(t)1}.
OnpenenuTb MaTeMaTHUECKOe oOxujaHue my(f) ¥ KOPPEJSIIMOHHYIO
bynkuuio Ry(h, f;) cyMvmapHOro (pasHOCTHOTO) cy4aiiHOro npoiecca
£ (1) = ED) (). )
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Omsem: my () = ms (8) &= mq (6, Re(ty t)=Re(ty )+
+ R (1, 1) &= Ren (6, 1) = Ruz (8, &)

6.2. Onpenenutb KOPPENSIHOHRYIO (YHKIHIO Rq (4, t,) cayuaii-
HOTO mporecea

N =E8¢+T)+ £,

rae & (f) — cayuaiseii nponece ¢ HYJIeBbIM MaTeMaTHYeCKUM OoXuna-
HHEM ¥ KOPPeJISUMOHHOH (QyHKuued R (£, t,).

Omeem: Ry (fy, t) =R: (t, + T, L+ T) £ R (t, + T, 1) &
=+ RE (t, &+ T) + R (4, ty). " )

6.3. [lokasaTb, 4TO A5 KOPPEJSUHOHHBIX M B3aUMHBIX Koppess-

NHORHBIX QyHKuMA cayuainbix npoueccoB & (£) u v (¢) COpaBeJHBhI
COOTHOLICHUS:

[ Re (ty, 1) ] < oz (4)o (2,),
| Re (fy £)] <0k (4) + of (4)1/2,
[Ren (4, 1) ] << o (f)om (L)

3necy o (f) = VD:(0), oy (f) = V' Dy, (f) — cpennue KBapaTHYeC-
Kuie OTKJ/IOHEHHs mpoueccos & (f) u 1 () COOTBETCTBEHHO.
6.4. Haiitn xoppensiunOHHYIO GYHKHHIO CHMHana

s(f) = An § () cos (0ot + @),

rae § () — cTanuonaprbifi cayuafHbIA npouecc C HyJIeBbIM MaTeMaTu-
JECKHM OXKHJAHHEM M KOPPENSHOHHOA ¢yHKuMeH Rg (t); A, U 04 —
NOCTOSIHREE BEJHYRHBL, @ ¢ — CyyafiHas HauajbHas (asa, paBHOMEp-
HO pacnpeje/ieHHas Ha HHTepBaJle (—m, 1) W He 3aBHCsmAas OT & ().
Omsem: R, (1) = (A%/2)Rg (T)cos o,
u6.5. Onpeneynts KOppPe/IsSHHOHAYI0 QYHKIHIO KOMIIEKCHOTO cly-
4affHOro mpoiecca

)= 3 o,

I=1

T1€ ®; — MOCTOSIHHAsl YIVIOBasi HaCTOTa; «aty, Oy, ..., 0, — B3aHMHO
HE KOppenHpOBaHHLIE ClydafiHble BEJHUHHEL C HYJEBLIMH MaTeMaTHuec-
KHMH OXHAZHHAMM m; = O 0 nncuepcusma D;.

~ u .
Omeem: R (v) =i21 D%, v =t,,,—t,.
6.6. Pewnts sanauy 6.5 aqna cayuas, Koraa
~ n
EO =T (a;coso, ¢4 B;sinw,; ),
L]
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rie a; 1 B; — B3aUMHO He KOPPEIHPOBAHHBIE CAYUYAaRHbIC BENUUHHBI ¢
HYJ/IeBBIMH MATEMATHUECKUMH OXHIAHUAMH Mo, = my, = 0 u jpucnep

cusmu Do, =Dpg,=D;.

_ n
Omegem: R~ (1) = 3 D;cosoT.
S~

6.7. Onpenennte MaTemaTuueckoe oxunauue my(f) = M {n(f)}
H KoppeasuHOBHyw ¢yukwio Ry(f, vy = M{n (f)n ({ +v)}—m3 (1)
nepHOANYECKY HeCTAa[HOHAPHOrO CAy4a#HOro mpomecca

() = F(HE(),

rne F(f) — nenepponuueckass AeTepMHHUpOBaHHast yHkuus; E(f) —
CTAllHOHAPHBIA CJAYUAHHBI Mpolect ¢ MaTeMaTHYeCKUM OKHUAAHHEM
my B KOppeJasiHOHHON GhyHKuel R (1).

Omesem:

malt) = meF (1), Ryll, 1) = FIOF(t 4+ 1)Re(x)

6 8. 3azaubi 1Ba B33aNMHO He KOPPEAHPOBANHBIX CAYYAWHBIX MPO-
necca £(f) w q(f) c Hy eBBIMH MaTeMATHUCCKHME OXKIAAHUSMH B KOp-
peasiiMOHHBIMA DYHKuHAMH Re(f, ) 1n Ry(f, ). oxkasatp, uto
KoppeasaunonHas GyiuKuHg Npon3serenns 3TUX npoueccoB § () =
= E(f)n ({) paBHa npou3BeneHHIO KOPDEASIHOHHLIX GYHKIMHA COMHO-
KHTenel:

Rt(tn t2) = R.E(ln L) Ryt tz)'

6.9. IlokasaTte, 4TO KoppenduuoHHas GYHKuUs [DOU3BEIEHUs n
B33HMHO HE3aBHCHMBIX CJYYaiHbIX [(POILECCOB

& (0
1

n() =

’

I :::

C HYJAEBLIMH MATEMATHUECKINMH OXKIIAHN MU B KOPPeAgnuoarhivi GYHK-
wiaMi Ry, (£, £;) paBHa MpPON3BEICHIIO KOPPEJSUHOHHBX (QYHKIHH

COMHOKHTe1eH:

Rn([p l-z)= n RE, Ulr t‘z)-
=1

6.10. Iycts u3 craunonapiioro cayuaiigoro npouecca E(f) ¢ mare-
maThueckuM oxutannem M {§(f)} = mg M KOBapHanHOHHON yHKIHEH
Ki(t) = M{E (H)&(t + v)} Bbimeser OTPE30K NPOAOJ/DKUTE]BHOCThIO
T, KoTophl#i 3aTem HepHOAHYECKH MOBTOpsieTCst (pHc. 6.8).

OnpenenuTh MaTemaTHyeckoe oxuaanue my(f) = M{n(f)} » xo-
Bapuanuonuyo oyukuuio  Ky(f, ) = M{n({n( + v)} noayqaio-
ILErocs NepHOIHYECKH-HeCTallHORAaPHOTO nporecca v(f).

Omeem {19). my () =mz, Ky (t, T) - i M, (v) ef2mt/T,

N= —00
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rue
(1 "%)KE(T) +—1/7:-K5(T—-'r),' n=_0;
M, (1) =
n |
(—1 e

(1 —e")[Kg (1) —Ke (T—T7)], n40.

6.11. [lokasaTb, uTO HE CywecTBYyeT CTauHOHAPHOTO CJY4YaifHOTrO
npouecca § (¢), koppersuuoHHas QYHKpus KOTOporo R (t) MocTosHHA
Ha KAaKoM-TO BPEMEHHOM HHTEpBaje€ (—t,;, T;) U PaBHa HYJIO BHE €ro:

ot < 1,

Rm={
0 opu apyrux Tt.

Omeem B cooTBeTcTBHH ¢ Teopemoii BuHepa—Xmmuﬂa S(o) =
f R(t)e—i®%dt = 2g%1,

t) dyHKnust S(®) AMs  HEKOTOPbIX 3HAUEHUH ® OTPHIATeAbHA, 9TO
NPOTHBOPEUUT (PH3HUECKOMY CMBIC/AY CHEKTPAJBHOH MJIOTHOCTH

6.12. Onpenenuts KOppeaAnHoHHYI0 QYHKuUI R(T) U CIEKTpanb-
HYIO mI0THOCTE S(w) C1ydaitHOro curxafa

sin OTy
T

s =3 Ay sn{e;! +@;), —oo <1< oo,

=1

rae A,,; M @; — MOCTOstHHBIE aMIIJIMTYA U YIJIOBas 4acTOTa; @y, Ps,...,Qp
— B3aHMHO HE3aBHCHMbie CJyYaiiHble HauaJbHbi€ (pasbi, PABHOMEPHO
pacnpeneneHHbie Ha WHTepBaje (—a, ).

n | .
Omeem: R (1) = ;Zl - A% cosw; T,
Sw)=mn {‘ Loa 16 (0 ;) +6(0—0))]
- ad B mi i i)l
=1
o)
I
! | l l
LU
I
AT AT A WAV
U KN |
i | | | Puc, 6.8. Tlepuonuue-
[ 1 1 | | CKH - HecTalHOHapHBIA
g A ar kT (h¥DT cayualiuslii mpouecc

Orciona CJAenyeT, uyTo AJAA mponecca

6.13. Onpenenutb KOppensuHOHKHYIO QYHKNMIO R (T) M CHEKTpadb-
HYIO IJIOTHOCTE S (@) CAYUYaAHiHOTO CUTHAJa

S() = 3 Ay sin (0,7 +y), —00<E< 00,
=

T/le ®; — MOCTOsSIHHAA yrjoBas 4acTtoTa; A,g, ---, Amns Pry coos Pp —
B3aHMHO HE3aBUCHMbIE C/TYYaliHbIE aMIJIUTY LI H Havua bHbie (aswl. [Ipen-
noJjiaraercsi, 4to cpexHue kmagpatht M {Af:} c/ayuaiiHBIX amMnaAMTYA
A,,; U3BECTHbI, a Haua/nbHbie ¢aspi ¢; pachpeleseHbl PaBHOMEPHO Ha
usrepsasne (—mn, n)

%M{Amz}cosa) T,

~M=

Omeem: R (1) =

i

= |

S=mn 21 —;- M { Az} [ (0 +0,) 4 6((.0—.(0,;)].

6.14. Haiitu cnektpasibHyio nOTHOCTb Sg (@) CTAHOHAPHOTO CJY-
gailHoro npouecca §(¢), KoppensiuuoHHast QYHKIMS KOTOPOTO paBHa

R:(t) = oiexp(—a’t?).

2 - 9
ot V'n o)
T exp ( )

a2

Omeem: S, (®) =

6.15. Onpenenuts CHeKTPaNbHYIO ITOTHOCTb CTAHMOHAPHOTO €AY
yafinoro npouecca § () ¢ KoppensiuHoHHOR QYHKIHER

ot (l—|sl/T), oI <T
R° T) =
. {0' lt|>T.
Omeem: S, (@) = of [ S_ifl_ﬁﬁ__@_]{
) oT/2

6.16. Pewmntb 3agauy 6.15 nns nponecca E(f) ¢ KoppelsiiuoHHOR
dyHKIHER

~

Rg (1) == E o/ Cos ®; T.

i=1

Omgem: S, (w)= T é o1 [0 (04 ;) +8 (0 —0,)].
=1

6.17. Tlokasatb, uto ¢u3MUecKas cHeKTpasJbHas MJIOTHOCT S(f)
cHTHaJa

SO = 3 Apisin @, +1),
=1
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y KOTOPOTO CJy4ajiHel Juilb (asel @;, NPUYEM ¢; B @p OPH i = k ne3sa-
BHCHMBI M pPaBHOMEPHO pacnpeje/ieHBl Ha HHTepBaJe (—T, 7), PaBHA

S(=— 2 Az 8(f—).

i=1

6.18. Haiitu (u3uyecKyio CNEKTpaJbpHYIO MJOTHOCTH CJAY4adHOro
nponecca

E(t) = Apn(t)cos(wet + @),
rae n(f) — cTaunowapHplii 6ejH 1WMYM C KoppeJsinHOHHOH $yHKuHe#
Ra(v) = (N4/2)8(7);
A,, — NOCTOsiHHASi aMIJUTY#a; ¢ — CJydaiiHasi HadaJpHas ¢asa,
PaBHOMEPHO pacnpefie/leHHas Ha HHTepBaje (—d, 7). .
Omeem: Si(f) = NoAn/2.

6.19. [TycTb cTapuoHapHBIil FAYCCOBCKHUI WyM § (f) UMeeT paBHOMED-
HYIO CHeKTpasbHYIO MJOTHOCTH B ToJoce wwHpuHOH F:

Nopu 0LKf<F,
S&(f)={
0 npu f<<0, f> F.

IokasaTe, uTo 3Hauenus wyma E(f) B MOMEHTEl BpeMEHH, OTCTOSILILUE
ApYT OT Apyra ua seanuusy Af, = n/2F,n =1, 2, 3, ..., cTaTuCTHYeC-
KH HE3aBACHMEI. ‘

Omeem: KoppensumonHas o¢yHguus 1wyma E(f) paBHa Rg(v) =
= NF (sin 2rFt)/2nFv u o6pamaercs B Hy/nb B TouKax v= Af, = n/2F.

6.20. IToka3aTh, uTo A/1s TAyCCOBCKOTO CTauHoHapHoro wmyma &(?)
€ OrpaHHYEHHHIM, HO HEPABHOMEPHBIM CIIEKTPOM BHIA

S.(f)= {Ccos 2nfC npu 0 < f << F=1/4C,
o 0 npu f <0, f>F,
sHauenus £ (f) B MOMEHTHI BpeMEHH, OTCTOsIIUE ApYT OT ApYra Ha BeJ/n-

uuHy A, =2nC,.n = 1, 2, 3, ..., 3aBHCHMHL.
Omsgem: VI3 Bbipaxenus AJs KOppessiuMOHHONH GYHKuMM Re(t) =

F 1 cos (nz/20) .
= g St (f) cos 2nfvdf = = e caepyer, uto Ry (At,) = 0.

6.21. Cayuajinpiii npopecc m(f) mnpexcTapjserT coboil moc/enoBa-
TEJILHOCTD CJY4aiiHO YepenyIomMuXCsi OTPE3KOB «3JIeMEeHTapHBIX» CHTHA-
aoB §(¢) u Ey(f), T.e. umeeT BU

n(t) = (/21 4 EB)IE@) + (/21 — EHIE)

3neck & () u Ey(f) — cTapuonapHHE B CTAUUOHAPHO CBsI3aHHBIE CJY-
YajiHple TPOUECCH, He 3aBacsimue oT E(f); &(f) — caydallublii ABOMY-
HEIH CHTHAJ, KOTOPHIE B J0GOH MOMEHT BPEMEHM f MOXET NpHHMMATh

onso M3 aByX 3HadeHuit £ = 1 nmu § = —I1 c ONMHAKOBEIMH BEpOSAT-
woctamu P{E = 1} = P{E = —1)} = 1/2, npuyeMm MOMEHTH CKay-
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KOB (nepemeH 3HaKa) pacnpeeJeHsl o 3akony [Tyaccona, T. e. Beposir-
HOCTb NOJIy4eHHsl 1 CKAUKOB Ha BPeMEHHOM HHTEpBaJie NJHTENbHOCTbHIO
T onpepessieTcst GopMyJIOh

e-‘V‘l:

pr(n)= (vi)r , n=0,1,2 .. |

n!

BuuucauTh KOppesIsiuHOHHYIO $yHKuHIO npouecca n(f) npu ycio-
BHH, YTO MaTeMaTHueCKHe OXHAaHHsi npoueccoB & (f) u E,(¢) paBum
HYJIO, 8 X KOPPeJANOHHbIE U B3aHMHBEIE KOPpeJsROHHEE QYHKIHH
U3BECTHBl H HMEIOT BHJ

Re, )y =M {§, (1) & (t+ v}
Re, )y =M {& (1) & (1+ 7))},
Ree. My =M {§ (1) & (t + v)}.

Omsem: Ry (9) ==(—) 11+ Re (] Ry, (x)+ Ry, (9)]+
+ (/21 =R (D R, &, (7).

rze R:(t) = e~2viT),

6.22. OnpenesuTh KOppensiMOHHYIO (GyHKpMIO R(T) H ORHOCTO-
POHHIOID CHEKTPaJbHVIO MJIOTHOCTEL S (f) caydaiinoro curHana s(f), oT-
pakenHoro or 06beKTa, ABHXKYLUErOoCsi C OTHOCHTENBHOH CKOpoCcThio V.
Curnan umeer BuR

o(t) = Apcosl2n(fy + 2V + ¢l

rae A, fo B Ay — MOCTOSIHHBIE aMIJINTYNa, HECYIas YacTOTa H COOT-
BETCTBYIOUIAsi 3TOH 4YacCTOTe J/IMBA BOJIHB JMEKTPOMArHUTHHIX KoJeba-
HMl; ¢ — cJyvaiiHas HauvaJbHas (asa, paBHOMEPHO pacnpeje/ieHHas
Ha untepsaJje (—un, n). OTHOCHTENbHO CKopocTH V jenaeTtcs mpeano-
JIOXKENHE, UyTO OHa NpeAcTas/iseT coboli C/IyYaiH yio BeTHUUHY, paBHOMep-
HO pacripeje/ieHHY10 Ha uHTepBaJe (—V,, V,), B COOTBETCTBHH C deM ee
MJIOTHOCTh paclpejesieHnst BepOsiTHOCTEH HMeeT BUX

pi(V)y = 12Vy, |VI<V, .

A% sin (4nVy t/hg)

Omeem: R (t)= 5 P cos 2nfy T;
0 (]
AL A 2V
S =—m P g Eisn
() =~ [T—hol <=3

6.23. Pewnts 3amauy 6.22 paa caygas, Koraa

1 ’ &
pi (V) = Voo, &P ( _W) .
6 163



Omesem:

2 4 2]
R @ =20 exp[- %( L ) Jcos?nfor;

A, Ey [2n (} —fo)l? _ 1 ( dnoy \?
s(==1)/ e (- BB Y 0= (S

6.24. Haiitu xoppeasiunonHYyio GyHKiHio R (£, T) Kosebanus
s(t) = AnE () cos lmgt + P (1) + @l,

rae A,, 1 ®, — NOCTOSIHHEIE aMIJIUTYa H 4acToTa; (o — CJyyalHas
HauasibHast (ha3a, PABHOMEPHO pacnpenesiesHas Ha WHTepBane (—w, 1);
E (¢) u ¥ (f) — cranuonapHpie TayCcCOBCKHE c/yuaiiHbie QYHKIUH, Mea-
JIEHHO MEH SIfOILHecs N0 CPABHEHHUIO ¢ KoJeGaHHeM 4aCTOTHl @, 1 OTOOpa-
JKAjOlIMe 3aKOHBI aMIJIMTYAHON U YIVIOBOfi MonyJssiuuu mpouecca § (2).

Omsgem [14):

A2 ' ; '
R(t, 7) =———2'" Re[M{E () E(t-+ tye—/ 1 t+n =t (O]} = 001),

6.25. Pewnts 3anauy 6.24 s cJyyas aMIVIATYAHOR MOLYASIIMH,
T. €. pu Yyc/AoBHH, 4TO P(f) =0 n

EQ { I +mam A (1), 7;(’) > — l/mam,
0. Al << — imam.

3nech mam — MOCTOSIHHBIE  KOD(HIMEHT aMMAUTVIHOR MOXYAS-
uuu, M) — CTAaUMOHAPHBIH rayCCOBCKHE cyuafnbiil npomecc C HyJe-*
BbIM MATEMaTHUECKUM OKHAAHHeM H KOPPessiHOHHON dyHKIHe! Ry, (T)=
= ofr.(7).

Omeem 147
Arzn a - 1 . l' 2 R
Run® = = mmf-{,;ﬂf“f (e )| 7 “’} s
e
fo = —texp (), [ (0 == F (0.
Von » ’ dxk
Mpu mamoa< ]l (OTCyTCTBHE  aMIUIMTYAHOR  MEPEeMORYJIsiIUM)

Ram (1) = (A%/2)coswyT + (An/2)mamoin (T) COS woT.
[lpu mamoy 3> | (cuabHas NepeMONYJIHHUS) ’

°_°‘ ok~

127)

. :
Ram (¥) == ~—— Man 03 T (1) {coswg T

k=t 2| ]—
Z
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6.26. Pemnts 3anauy 6.24 nis cayuas $a3oBOfi MOAYJIsiuuM, T.e.
npu yciosuu, uto E(f)=1 u P(f) = MomM?), rne Maom — no-
CTOSIHHBI KO3(bHUHEHT $Ha30BOH MOAYAAUHH, A (f) — CTALMOHAPHELH
TayCCOBCKHl C/yYyafiHBI NPOLECC C HYJIEBHIM MAaTeMaTHUECKHM OXHNa-
HUEM M KOPPENSIHOHHOH GYHKuHMEl Ry (t) = 0fri(T). :

A

Omeserm [14]: Rom (v) =

—— exp {— Mom 0k [1 —r, (V)]} cos o 7.

6.27. Pewutb 3anauy 6.26 npu ycnoBuu, uto
W(8) = MMt) + M%)

Omeem [14):  Rom (1) = (A%/2)(1 + 4Mioill — r§ (1)])~1/2 x
X exp {—M7ioill — ry(v)l(1 + 4M20i[1 —rk(v)]) Jeos w,T.

6.28. IlokasaT, uyTO KOppe/NsiUMOHHAs OYHKIME R (T) chaydaii-
HOrO CHrHaJa

s(t) = A, cos (o4t + Momsin Q + @ (9],

rae Ap, ©q. Mom B Q — nocrosinBrle Beduuunnl; () — cTamuo-
HAPHBIA FayCCOBCKUH C/IYYaiHBIA MPOIECC C HYJIECBHIM MATEMATHYECKHM
OXHJAHHEM H KOppe/suMOHHOH (yHKUHEH Ro(t) = odro(v), umeer
BUJ,

R®)= L a3 4, (2M¢M sin %) X

xexp{ -03[rs(0)~ ro (1)]} cos wq T.

3necy J,(x) — dyukuuss Beccenss nepsoro popa HyJseBoro mopsika.
6.29. Pewmts sagauy 6.24 ans csyuas 4aCTOTHON MOAYJISiLMH, T.€.
npu ycaoeuu, uto E(f)==1u

4
P ) =Mam [ A0t
0

3nece Muym — NOCTOSIHHAsT BeJMUMHA; A(f) — CTaMOHAPHBIA rayc-
COBCKH{1 CJIYyUalHBIH NPONECC € HYJEBHIM MAaTEMATHUYECKHM OXKHUjaHUEM
H KOPpeJ/ISIHOHHON (yHKIMEH Rj(t) = oira(v).

Omeem [14]:

2

A Tu .
Rupm (1) =‘—2m exp [ ——;— Min oiyj n (u—v) dvdu] COS Wy T.
00

6.30. Pemuty 3apauy 6.29 s ciayyas, Korjpa KOppessiIMOHHAs
bysruust Ra(t) MOAYJHPYIOUIETO CTAIMOHAPBOTO TayCCOBCKOIO IIyMa
paBhHa:

1) Ra(x) = ofe—17%l, 2) Ry(v) = ofe~*'7,
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Omeent:

A2 2 2
1) Rum(v) = 2’"exp[-—-ﬂ*ala—“—(a|r|+e‘°"“—1)]coswor:
v

2

2) Rum (v) = A2m exp {—“

+a|1:|]/—n—[d> V2 alt))— ;—D}coso)o T,

6.31. [Ipeanoioxum, 4TO 3aJaH Y3KOMOJIOCHHIH CTAallHOHAPHEIA CTY-
YafiHEA MpoLECcC

2 2
Mymoi

a?

(e —l+

E(t) = Eg(t)cosloot + et

e Ex(f) u @p(f) — OyHKuMH, MEN/IEHHO H3MeHsioutecs Ao CpaBHe-
HHIO C KOJIeGaHHEM YACTOTH o, MpeAcTaBJsiomHue cofoft orubaroulyo
M MrHOBEHHYIO caydafinyio ¢asy. kone6anus §(¢). KoppensuuonHas
¢dyuruug nponecca &(f) umeer Bux

Ri(t) = 0fre(t) = 0Rpe(T)COS®,T.-

DTOT NPONECC MOABEPraercsi CMEIAHHOR aMIJINTYAHO-YIJIOBOA MOAY/S-
UHH, B pesyJbrare 4yero Gopmupyercs KoJebaHue

s(t) = Eg(t)E(t)coslo)ot + P (f) + el

3neck E(f) up(f) — MennenHo H3MeHstommecs QYHKIUH, OTOGpaxao-
M€ 3aKOHBI AMMJUTYAHONA U yTJIOBOH MONYJSIHH, CTATUCTHYECKH Hes3a-
BUCHMBIe OT & (£).

OnpeneuTh KOppessiHOHHYIo GyHKuHIO R (f, t) Konebanus s (f).

Omgem [14]: R (2, r)—_—éRe [M{E: (¢) Ez ¢+7) ! [<D§(t+t)—q)g(t)]}x
XM{E @) E (t +7)e—11v¢+n — v (]} e—io. 7).

6.32. Pemnts 3agauy 6.31 ang caydas amMIIMTYAHOHR MOIYJ/ISIIHA,
T.e. mpH ycJoBHH, uTo P(t) = 0, a Kosebauue E(f), orobGpaxaoiuee
3aKOH aMMBTYAHOH MOIYJSIIMH, HMEET BHI .

Ed) = {1 +mam A (@), A()> - 1/mam,

0, Aty << —1l/mam.
3nech A(f)—cTanMOHAPHBIH TAayCCOBCKHH CJAy4YaiiHBIfi Mpomecc ¢ Hy-
JeBBIM MATEMATHUECKHUM OKHAAHUEM U KOpPeJsinUOHHOH (YyHKIHEH
Ri(t) = airi(t). Tlpeanonaraercss, d4ro HawaneHas ¢asa @ = @¢(0)
kosie6anus E(¢) caydaiiHa U paBHOMEPHO paclpejesieHa Ha HHTepBase

(—m, ;).
Omsem [14):  Ram (v) = Ry()YM{E(HE(t + 1)}

[Ipu mamon & 1 (oTCyTCTBHE MEPEMONYJISIHU)
Ram (v) = lofpe(t) + mamoEodpe(t)ra(t)]cos w,T.
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[Tpu mamon >> 1 (cunpnas nepemonynsinus)

Ram () =—i-miM of o1 pz (1) {[—g- J-arcsinry, (17)] X
Xxn () +V1i—r (r)} COS Wy T.

6.33. Pemmte 3anauy 6.31 ana cayuas $asoBoi MOAYAANMH, T. €.
npu ycaosud, yto E(f) = 1, a konebGauune (), orobpaxaromee 3aKOH
dha3oBoli MORYASIIUA, HMEET BUJ .

(1) = Momh(t),

rae Mem — nerepMunupoBanHbifl KosdduuueHT $aszoBol MOAY/sUUY;
A(f) — cTamuoHapHbIl TayCCOBCKHH CAYYafHHI OpPOHECC C HYJIEBHIM
MaTeMaTHYECKHM OXHJAHUEM U KOppeNsUOHHOH (yHKuueli Ry(t) =
== g}ra(v). Havanpnas ¢asa ¢, = ¢¢ (0), kak u B 3agaue 6.32, npea-
?o.narae)rcsx caAy4affHOl ¥ paBHOMEPHO pACNpejieJieHHON HAa WHTepBaJie
—, m). :

Omeem [14]): Rom (7) = 0 pg (7) exp {—Mdm 03 [1 —ra (7)]} cos o, T.
6.34. Pemnts 3anauy 6.3l ans cjyyas 4acTOTHOH MOAYJSINH, T.€,

npH ycaoBuH, uto E(f) = 1, a xose6anue P(f), orobpazkaromee 3aKoH
4aCTOTHOR MOAyJSIHH, HMeeT BUA

t
P () = Mum jx (t) dt.
0

3neck Mup — NOCTOsIHHASE BeJHYHHA, A (f) — CTanMOHAPHBIN rayccos-
CKMI CJY4YaiiHBIA MPONECC € HYJEBBIM MAaTeMATHYECKHM OXKHMJIAHHEM H
KOppe/siiHoHHOl dyukuneii Ri(t) = oirn(t). [Ipexnonaraercs, Kak u
panee, 4To HauwasbHas hasza ¢, = ¢ (0) KoseGauus E(f) sBasieTcs
CNY4aiiHON BeJUYUHOM, pAaBHOMEPHO paclpeneseHHOR Ha MHTepBase
(—m, m).

Omeem [14]:

T U
Rum (t) = of pg (v)exp {——% Mam a{jvj‘r;v (¢ —v)do du] COS @, T.
. b o )

6.35. OnpenesuTk KoppessuuoHHyo GYHKIHIO Ram(T) H ORHOCTO-
poHHiol (® =>> 0) CNeKTPaibHYIO MJIOTHOCTE Sam(®) aMIIUTYAHO-MO-
ZYyJIIPOBAHHOTO CHTHAJA

s(t) = 14,, + MamM#)lcos [wof + @(f)],

rae A,,, Mam 1 0, — NocTOsiHHLHIE BenuuyusH. [Ipeanonaraercs, 9TO
A(t) m @(f) — cnyvafiuele mpouecch, 3aAaHHBIE YPABHEHUSIMH:

dMtydt + aMt) = m(t), de(t)/dt = ny(t). (6.55)
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3neck nu(f) M ng(f) — HE3ABUCHMBIE CTAIMOHAPHBIE  TayCCOBCKHE
Gesibie IYMEI C HYJIEBHIMU MATEMATHUECKUMH OXHUIAHHSAMH H KOppeJis-
IHUOHHEIMH DYHKIUSAMH

N N
Rup(ty b)) = —=8(t, —1)). Ry, (ty, ) = —28(t,—1). (6.56)

Hauanwhas dasa ¢, = @(0) cuntaercs caydaiiHo#l H DPaBHOMEDHO pac-
ApejesieHHOll HA HHTepBaJe (—m, ).
Omeem:
An @ Neplti/d
RAm(T)=T’"(l+m‘3e" 'theNel®l/ o5, T,

m=0,/A,, 0h= Mim0oi =Ny Min/da, -

Al D(P mz(l—{—D@)
Sum (@)= —m D, = ,
am (@) = [ D + RE R K No/do

Q=(0—0wy)/a, ©=>0.
Ipadukn dbyukuun Sam(w) npuBeneHs Ha puc. 6.9.

X SAn (@)
Ay
m=1 P
&
7
/ Jo=0
7 7
/8
Puc. 6.9. CnekrtpaJb-
1 Hasl UJOTHOCTb aMIMJH-
- — -9 - —@y  TYAHO - MOIYJIHPOBaH:
¢ 4 z g z 4 w“ HOTO CcHIHaJa
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Puc. 6.10. CnekTpaJn-

Hasl UJAOTHOCTb aMILIH- M
TYRHO - MOAYJHPOBAH- 6'42
HOTO CHrHaJa ¢ HoAas-
JIEHHOH Hecyllel
- ﬂ?=0
oy
/
45 =2
4
L~ 8
~& -4 -2 g 2 ¢ w-oy

a

6.36. Peiuute 3apauy 6.35 asis 4acTHoro csyyas OTCYTCTBHS B
curnase s (¢) dasopeix Quykryauuii (Ng = 0).

Omeem:
2

A )
Ram(t) = —; (14+m?e—>1%l)cos w, T,

A2 —
Sam(®)= m[né(Q)—{-i], Q=u-, o>0.

a 1+ @2 ]

oy
6.37. Haiitu KoppensiuuoHHyIO (YHKmMIO Rpam(T) ¥ OZHOCTOPOH-
HIOIO CNEKTPaJbHYIO IJIOTHOCTE Spm(®) ABYXIOJOCHOrO aMmJHTYAHO-
MOAYJ/IHPOBAHHOIO CUCHAJA C TMOJABJEHHOH Hecyluel

s(t) = MamMt)cosloot + o(2)l,

rie Mam U @, — TOCTOSIHHBIE BeJNHUHHE; A(f) U (f) — Caydaiinbe
nponeccel, 3ajaHHele ypaBHeHHsiMH (6.55) u (6.56). Hauanbnaa ¢asa
@0 = @(0) cunrtaercss cayyaliHOH M paBHOMEPHO pacmpespe/eHHofl Ha
uHreppane (—m, m).

Omeem:
Ram (1) =(0}/2) e " * TN/ D% o5 o v,
a2 14-D _ .
S _A _ ""e Q= 2™ ]
am (w) 2 (TD+® " — 0>0

Ipadukn dpynkmun Spym(w) npencrassenst Ha puc. 6.10.

6.38. BpiuHCIHTB KOppessiuHOHHYIO OGYHKuMio Rom(T) H  OnHO-
CTOPOHHIOIO CHEKTPAJTbHYIO MJIOTHOCTE Som(w) ¢a3omony.IHpoBan-
HOTO CUrHaJa .

s(t) = Apcoslogt + MamMt) + o(f)l,
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o Synle | Puc, 6.11. CnexTpaabnan
— MJIOTHOCTL  (ha30MOAYJIH-
Am POBaHHOTO CHrHana
2
G‘u=%
Jp=7
-7
7/\\/
/4
8
-
& ~4 -2 0 2 4 w-w,
«

rae A,,, ®9 1 Mom — NOCTOSIHHBEE BeJHUHHB; A(f) U @(f) — cay-
gajiHpe TPOIECCH, 3a]aHHbIe YpaBHEHHAMH (6.55) v (6.56). Hauanpuasn
daza ¢, = 9(0) c.nyqapma ¥ paBHOMEDHO pachpefie/ieHa Ha HHTepBanie |
=, n).
Omesem:
2

Am
Raom (t) = 5 €

o
1 —(n-+Dg)a] |
[2 T((r“‘q>)"e e ]COSO)O'U,

1 1
o} = of Mom =TN}" Mdwm, D¢=4—aNq,,

2
—(0p+Dgxitl)
¢ exp (05 e~ 1% 1y cos w, T=

b & _ (9b) (n+Dy) _0—ay
S oo T 0 >0

n=10

Som (0) =

Ipadukn QyHknHY Som(w) npueeseHH Ha pHc. 6.11.
6.39. Pemutes sagauy 6.38 n.fm 4aCTHOr'O CJIydas OTCYTCTBUS B CHP-
Hase s(f) asoBhIX ¢ayrryanuit (N, = 0).
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2
<o
exp (0% e~ 1) cos w, T =

An —ak !
=—-e [l + 2 n—,(ofp)ﬂe—"“”' J Ccos @, T;

n=|

_ A o= y (B
Som(@)=—"e [”6(9)+ ,Zl (n—1)! (nz+gz)]’

Q= (0 —0y)/a, ®>0.

6.40. Onpepenuts KoppensinHOHHYIO (YHRuHIO Ruym(t) W ofHO-
CTOPOHHIOI0 CHEKTPasIbHYIO [LIOTHOCTE Sum (®) HACTOTHO- MOnLy iHpO-
BaHHOTO CHrHa/A :

s(t):Amcos[wot—I-quf?»(t)dt—}-cp(t)],
0

rie A,, o, ¥ Muw — nocTosHRbie BeJHuHHB; AMf) H @(f) — cay-
YaiiHpie IPONeCCHl, 3ajaHHbe ypaBHeHUsmMH (6.55) B (6.56). HavanbHasn
®daza @, = @(0) caydajiHa B PaBHOMEPHO pachpefieieHa Ha HHTepBaJje
(—=n, =)

Omeem:

Az e[ﬁam—(ﬁﬁm +Dg) ait]]

Rum ()= 5

exp( — Pume—*)ycosw, T =

COS @, T;

_ A?,, ﬁqM[i (—U”(ﬁqzv)” —(n-l-'Blem-l-D@)al'cI:l

e (o) =2 1§y (S Bl 0Ll D)
@ ! (1B + Dg)? +52]

n=10

0-2
A 1 0—
ﬁ%-lM='—a'2" M%{M, D®=4—dN(P, Q=T—Q, W > O.

Ipadukn dyHkuuy Sum(w) aaHe HA pHc. 6.12.

6.41. OnpenenuTe KOPPeNsSiHUOHHYIO (GYHKHHIO Raom(T) H OXHO-
CTOPOHHIOK CMEKTPAIBHYIO MIOTHOCTE Saom (®) aMIIHTYHO-(HA30MO-
JyJHPOBaHHOIO CHTHAJ/a

s(f) = Mam Mt)coslwgt + Momh(t) + (),

rae MAM, Mom U 0y — MOCTOSIHHEIE BENH4HHEL, A(f) U @(f) — cay-
YafiHple Mpouecch, 3ajaHHbBe ypaBHeHusMH (6.55) u (6.56).
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Omeem:

62 _g2 _ o
Raom (1) = 2A e %[aie D(Docl‘rl_.{_(l_zo.(zb)e (‘+D¢)OHT|+

+ 0% e—(2+ Do)z Int] exp (6§ e —4T) cos w, T;

0% —o3 o (o%) (n+D,)
S — A < 2 o] @ 1_2 2 X
aom(0) =—"e {G®£§0 ml(n+-Dy)t + 2| +( %)
(0%)" (1 +24Dy)

V' _(05)' (2 +14+Dy) 2 N
X .
2 Toriopror T 2 mare oo
0= 0l Mim, 0b= 0f Mém, Do =4—'N@,

16 -

Q= 0% , o>0.
o

I'padukn pyHkuun Spom (o) npuBenens nva puc. 6.13.

6.42. BriuncauTpe KoppeldsiiMOHHYIO GYHENHIO Raum (t) H 0IHO-
CTOPOHHIOIO CIEKTPANBHYIO IMIOTHOCTE Saum (®) AMILIUTYAHO-YACTOTHO-
MOJZYJTUPOBAHHOTO CHUTHAJA

t
s(f)= Mam A(2) cos [a)ot—I-Mqu' Atydt +CP(1)} ,
0

rae Mam, Mum H @y — NOCTOSIHHBIE BeJHYHHb; A (f) ¥ ¢ ({) — cay-
yafiHeie MPOIeCcCH, 3aJaHubie ypaBHendamu (6.55) u (6.56). Hauasbuas
$aza ¢, = ¢ (0), KAk ¥ B OpeIBIAVIIMX 3agauax, NPEANoaaraercs cJy-
9afiHoil ¥ PABHOMEPHO pACHpPENE/IeHHON Ha HHTepBajie (—7I, 7).

€ Syy (@)
A%
A=

=0

/ 7

| -2

|- 4

/8
Puc, 6.12. Cnektpaib-
Hasi MJIOTHOCTb YacTOT-

2 4 @-@g yo - MoayAHPOBAHHOTO

o CHrHaJa
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Puc. 6.13. CnexrpaJsb-
Has NJOTHOCTb aMNJjau-
TYILHO-(Ppa30 MOy IHPO-
BaHHOTO CHTHaJa 5¢=%—
4
8
-5 -4 -2 0 2 4 w-w,
s
Omeem:
03 p? —Dg, alti ~ (V4 Dg) i
Raum@=—=e "[—Blme 4+ (1+2Bkme M
-——-(.2+D Yyt g, — o)
—pBhme v e men exp(—Bime  )cosw, T
g2 2 _ 2\ 2 D
Snam(@)=—2 "M [ gy, 3 L=l Cowf @4 PimtDy)
a ! [(n+BYm +-D)* +- Q%)
. o (— DrBhm) (n+-14+BEm+D
1+ 2t ¥ " @) (24 B D)
e n (- 14-BYm 4-Dg)? -7
oo — Dn (B2 n{n 2+ 2 )]
—pim ¥ (— D" (Fam) (21L Bam+Dq) |
& (- 24-BYm+ D)+ )
o} , —
Bhm =— Miw, 0h=0f Min, Dy =—— Ng, Q=2"2 >0,
o 4o

I'papukn pynrunn Spum(w) npercTap/eds Ha puc._6.14.

6.43. Hafitu unTeppan Koppessuuu T, AJs CTAUOHAPHHIX CJAYyYai-
HBIX npoueccoB E(f) ¢ KoppessiiHOHHEIME QYHKIHAMH:

1) Re(v)=ofe==1"}; 2) Ry (v)=of e=*%; 3) Re (V) =0 (1 —a 1)),
|T|< e _

Omeem: 1) t, = l/a; 2) v, = V a/2a; 3) 1 = 1/2a.

6.44. Onpenennts 3bdeKTHBHYIO WHPUHY Aw, crnekTpa Sg(w)
CTallHOHAPHOTO CJy4yaiiHoro npouecca & (£) ¢ KoppesssMoHHEIMH (QyHK-
HAMH

DR =0t —alt]), [t|<Va; 2) R (r)=ofe*!IT}
3) Ry (t) = ofe—>"v", :
Omgem: 1) Aw, = na; 2) Aw, = na/2; 3) A, = 2 1.
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&Spm@) Puc. 6.14. Crexrpadb-

a’f Hast MJOTHOCTb aMILIM-
TYLHO- 9aCTOTHO - MO-
AYAUPOBAHHOTO  CHfP-

By 7 HaJa
4] =0

‘5 -4 -2 1/ 2 4 6)—6)0 -
. o

6.45. TTokasaTb, 4TO AJis JIEOGOTO ‘CTAMOHAPHOrO CAYuYajiHOro mpo-
ecca E(f) ¢ KoppesisiuuoHHo#l GYHKuHeH R(t), NPUHUMAIOLIEH TONBKO
TOJIOXKUTEIbHEIC 3HAYEHHs!, MPOH3BENeHHe BPEMEHH KOpPpEeJsiHH T, Ha
a(hpeKTHBH VIO INUPHHY CNIEKTPa Aw, PaBHO Awaty = /2.

6.46. OnpeneauTe 3GPEKTHBHYIO IIHPUHY CNEKTPa Aws, CPEAHIO0
9aCTOTy CNEKTPAJbHOH TMJIOTHOCTH m,, CPeAHHA KBajapaT 4HacToThHl
M{®®} u cpesHIOI0 KBAaJPaTHUECKYIO LIHPHRY O, CNEKTPAJIbHOH NJIOT-
HOCTH CTAOMOHAPHBIX CJAVUYAHHX TIPOLECCOB C HYJIEBHIMH MaTeMaTH-
QECKUMH OXHJAHHUAMH U KOPPeJsiUHOHHEIMH QYHKIHSIMU:

s sin (Awt/2)
Awt/2
2) R(t)=0c%e~* T cosm, T,

) R(vy=o¢

COS W, T,

P a .
3) R(t)= c?e—%u (cos Wy T + —sinm, | T |> .
w0y

Omegem:
) Ao, = Ao, me=0, M {0} =0+ An?/12, 03 = An? 12,

2) Aw, =2 na, my~e, M{o}~ojta? 05~ o
H 2 o
3) Aw, = aa. Mg =211 —Z arctg ——-—] ~ 0; —2a/n,
@y T (O]
02 ~ dam,/n, ©f =of+ ol
6.47. J1okasaTh, 4TO HeOOXOAMMBIM H AOCTATOUHEIM YC/IOBHEM Hempe-
PHIBHOCTH B CPeJHEKBaApATHUECKOM CTALHOHAPHOTO CJYy4yaifHOro Mpo-
necca & (f) siBJsieTCs HENpepHBHOCTb €70 KOPPeJIsMOHHOA (QYHKIHH
Ry (v) mpu Tt = 0. .
6.48. Onpene/uTh, YAOBJETBOPSIOT JIH YCJAOBUSIM HEMPEPHIBHOCTH
¥ qudxbepeH P yeMOCTH CTAIMOHAPHBIE CaTyyaiiREe npoueccs § (#) ¢ Kop-
pessiuMOHHBIME QYHKLIHUAMH BHJA ,
1) Re(t) = o?e=@!7l; 2) Ry(r) = o%~*!T! cosmT;
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A$

3) Re(t)=0%e—% (cos 0 T+
)

- Omeem: Tlponecch & (£) ¢ KOppeJISUHOHHEIME (YHKIMSMH BUAA 1) u
2) HenpepwiBHB, HO He audxbepeHUMpyembl; mpouecc &(f) ¢ Koppedas-
LHOHHOM (yHKuueji 3) HenpepbiBeH U auddepenuup yem.

6.49. Ciyuajinmii npouecc E (f) 3agaH KoppeasiHOHHON (YHKUHeR

sina)olrl).

R (t)=e—4chw, T4+ —2shw,| T]], a>wy>0.
™ 0

Ornpene/uTs KOppensiuHOHHYIO QYHKUHIO Ry(T) H CHEKTPANBLHYIO MJIOT-
HOCTE Sy(w) cayuaiiHOro npomnecca
n(¢) = dE(t)/dt.
Omegem.
Ry (1) =(a* —wf)e=u (ch g T———shay |t |);
(O]

0
Snloy=—— e —ob) _____
(e —0)* 4+ [{o +-00)? + 0¥
6.50, Cayuaiinbifi nponece 1 (¢) noJiyuaeTcs nmocpeacTeoM Audpdepes-
LMPOBAHHS CTAUMOHAPHOTO CayuaiiHoro KoneGanus §(f):

n(t) = de(t)/dt.

OnpeneuTs KOppeJsnHOAAYI0 GyHKuMIO Rp(t) mpouecca n(f) B Tex
yaCTHHEIX CAyuasX, koraa GpyHknus Re(t) Konebanus § (f) 3azana Bbipa-

KEHUSIMHL

> 1) Rg(T) — Uze-anl;

2) Re(v) = ote=!*1 (1 4 all);

3) Ry (t)=ofe—dd (COS Wy T + ——sinay | T |) .
(1T

Omeem:
2
1) Ry(v)=ca*cte—oId [1 ——38(7) e“"'] ;
a
2) Rn(7)=alot e~ (l—alT|) .
3) Ry (v)=(a?+wp)af e““"l(cos 0y T— —— sill @, | T |) .
)

6.51. Hajitu cnektpa/ibHYIO NJIOTHOCTE Sy (®) CTAHOHAPHOTO CJIY-
yaiiHoro mpoiecca 1 (f) ¢ KoppeasiiHoHHOH PyHKUHEH

Ry (7) = a0 e =i [1 ~28 () eam]
a,
(cm. 3apany 6.50).

Omgem: Syq(w) = 2a0%w? (@ + o?).
Ipadux pynruny Sy(w)/2a0® npusesen Ha puc. 6.15.
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Sp (@) Puc. 6.15. Cnexrpassnasd MIOTHOCTb
7 NPOU3BOAHOH  OT  CTAaHHOHAaPHOTO

e cayyalHOro npouecca

48

\el 7
Al [

-5 -4 -2 7 2 4 e

6.52. [lokasaTh, 4TO B3aUMHAs KOppe/asiHUOHHAS -(DYHKUHS
Ren(ty, t,)] cranuonaproro ciygaiinoro npouecca () u ero mpoH3Boa-
HO# v (f) = dE(f)/dt ynoBneTBOpseT YCJOBHIO

R&ﬂ(tl’ t2) = —'R.En(tz’ tl),
T.e. IPU NIepeMeHe MECTaMU ApTYMEHTOB MEHsET 3HaK Ha 06paTHbI[7IJ
6.53. OnpenesnTh CHEKTPAJIbHYIO MJIOTHOCTE Sy (®) CAYYaiHOTO
npouecca
n(t) = ak(t) + bd¥(t)/dt,
rae &(f) — craguoHapHBI CJAY4afHBIi OpOece C HyJEBbM MaTEMATH-
YECKUM OXMHUJAAHUEM H KOppeIsiHOHHOH dyHKIHEH

R(t) = o?e—* 17! (14 a]T]).
402 a? 2 1 B2
Tore (a* - PP o?).
6.54. OnpeneinuTs KOppe/siHOHHYIO GYHKUMIO Ry(t) ciydaiinoro
npoiecca

Omsem: Sy (®) =

— aE(t) d? E()
n(t) =ag () +b-E0- 1 o 20,

rae & (f) — cTaunoHapHEIfi C/ydaliHei Npoece ¢ HYJIeBbIM MaTeMaTHuec-
KHM OXHJaHHEM M KOpPe/IsiHOHHOH QyHKuMed R (T). :

. 42 a4 '
Omegem [19]: Ry (r):azRg(r)—l-(Qac——b?)_.gf;@__l_ c? 23”) .

7. MAPKOBCKHE CJIVYAHHBIE NPOLECCHI

1. TEOPETHYECKHE CBEJEHHUA

B 3aBHCHMOCTH OT TOrO, HENpepbIBHOE HJAH AHCKPETHOE MHOMKECTBO 3HaUeHH#
NpHHHMAIOT cayyaiiHast BeNUUUHA g(t)\u ee napamerp ! B 0GJACTH 3afaHUA npo-
mecca [0, T], pa3iuyaoT ueThipe OCHOBHLIX BHJAa MAapKOBCKHX CNyUYaiHBIX OpO-
LeccoB: MapKOBCKHe HelH (IHCKPeTHbIH NPOHECC € AHCKPETHbIM BpEMEeHeM), Map-
KOBCKHE MOCJeJ0BaTENbHOCTH (HENpPEephIBHbIH NMPOLHECE ¢ THCKPETHBIM BpEMEHEM),
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MUCKPETHBIA MapKOBCKHI npouecc (RHCKpeTHu mpomece c HENpepbIBHBIM Bpe-
MeHeM) H HempepHBHO3HAYHBLIA MApKOBCKHA mpouecc (HenpepwIBHBHIE npowecc
C HenpephiBHuM BpemeHey). XapaKrep BpeMeHHbIX peanH3amHi nepedrcieH Hbix
fipoueccos nokasan B Ta6a. 7.1. [ToMHMO 4eTHIPEX OCHOBHBIX BHIOB, BO3MOMHbI
Apyrue, GoJjiee CJOKHbIE MPOHECCH MAapKOBCKOrO THMA (RHECKpeTHO-HenpephB-
Hble, Pa3NHYHOrO xapakKTepa cMewaHHble H T. 1.) [45].

Onpenensitolee CBOHCTBO Beex BHAOB MapKOBCKHX NPOLECCOB COCTOUT B Cie-
aywomem. Cryvabhiupit npouecc E(f) HasbiBaeTcs MapKOBCKHM, eCJH aas M06bix
i MOMEHTOB BpeMmeHH £ < fp < ... < #, u3 oTpeska [0, T| ycaoBxas bynkuHs
pacnpenejieHus «HOCJENHEr0» 3HAYEHHS E(tn) npr GUKCHPOBAHHBLIX 3HAYEHHSX
E(t), E(ty), ..., §(§1n—1) 3aBHCHT TOJbLKO OT §(f,_j), T. . IpH 3agaHHBIX 3Ha-
wRHHsX §, &, ..., &, CIpaBenaHBO CoOTHOWeHHE

P{E(fn)<§n|§(tl)=§1: sy Etno)=En_1} =
=P{§ (Zn) <gnlg(1n—l)=§n—l}- (7.1)

Das tpex mMomeHTOB BpemeHH f; > t; >ty dopmyna (7.1) npuuuMaer BuA

PLE(D <BilE(t) =8, E(t) =L} =P{E(f) <EilE(tp=E;}. (7.2)

[TosroMy wyacto rosopsit, uTo XapaKTepHOe CBOHCTBO MapKOBCKHX MPOLECCOB
COCTOHT B CJIelyIOlUIeM: €C/IH TOYHO M3BECTHO COCTONHHE MapKOBCKONO HpoLecca
B HACTOSILIHH MOMEHT BpeMeHH (tj), To Oyayiuee cocToside (npH ¢;) He 3aBHCHT
OT NPOUNIOro COCTOSHUS (NPH f).

B xauvectse onpenenenus MapKOBCKOro [NpoUecca MOXKHO TAaKXKe HPHHSATH
Clelyomee COOTHOWEHHE, CHMMETPHYHOE OTHOCHTENbHO BPEMEHH:

P{EG) <E, Elh) < Er1E(y)=Ej}=
=P{E(t) <ElE(t) =8} P{E(tx) < Ex 1E (1)) =E;} - (7-3)
TaK“aﬂ 3aMACh O3HAYAET, YTO NPU GUKCHPOBAHHOM COCTOSHHH MPOLECCA B HACTON-
WHH MOMEHT BpemeHH ¢; OGynywiee (NpPH £;) M NpOWLIOe (MPH £5) COCTOAHHA Map-
KOBCKOTO MpoHecca He3aBHCHMBI. ’
Yxaxem eme oaHo o6liee U BaxkKHOe CBOHCTBO

M
HHX SBOJIOUHS BeposTHOCTH nepexona P {§ (f) < &
ypaBHeHnHeMm BHAa

aPKOBCKUX TpOHECCOB: A4
| & (to) = &} onHcuBaeres

dpPldt = AP, (7.4)

rae of — HeKOTopuill JHHEHHHH onepaTop (MaTpuua, guddepeHHa bHbIH onepa-
TOp H Ap.). DTO NO3BOJIAET HCCAEIOBAaTh MOBEAEHHE MAapPKOBCKHX NIPOHEccOB NpH
MOMOIH XOpowo pa3paGoTaHHBIX METOAOB pelleHHd COOTBETCTBYMHOWHX AHMDE-
peHUHAJbHHX ypaBHeHHH. [Ipu 3ToM xapakTep peumraemblXx (H3HYECKHX 3ajay
MOMKET ObiTh Pa3JHUHbIM, B 3ABHCHMOCTH OT 3aJ@HHBIX HAYaJbHBIX H FPAHHUHAIX
yca0BHH 1asi ypaBHeHus (7.4).

[MycTb, Hanpumep, moBegeHHe paccMATpHBAEMOH CHCTEMbI ONHCHIBAETCH He-
KOTOpbIM ypaBHEHHEM, yHOB/ETBOPSIOWUM ycJOBHIO (7.2), H 3agaHbl HayajJbHble
yCNOBHS (COCTOAHHE CHCTEMBI B HayajbHbIH MOMEHT Bpemen# #,). Torga B oT-
CYTCTBHE KAKHUX-NHOO OrpaHHYeHHE HYXKHO CHAayasa 3anucath ypaBHEHHE BHAA
(7.4) u 3aTem npu 3ajaHHBIX HAYaJbHBLIX YCJAOBHAX HaliTH ero pemenue. Eciu xe
Ha moBejeHHe CHCTeMbl HaJOMKEHB HEKOTOpble OFPaHHUYEHHS, TO A/ NOJYYEHHOTO
ypaBHenus Buaa (7.4), KpoMe Hauya/IbHLIX YCJAOBHH, HYXHO AONONHHTENbHO 3a-
AaTh IPAHHYHBIE yCJOBHS, OTpa)alouHe 3TH OrpaHHYeHHUs.

Xapakrep rpaHHYHbIX YCJOBHH MoxeT GbiTb pa3HbimM. Hanpumep, Touka,
oTofpaxaowmas NoBeleHHe CHCTEMbl, HAYHHAS ABHKEHHE H3 HAuaJbHOrO COCTOS-
uua § (¢)) = &y, NPH NOCTHKEHHH rpaHuun & (f) = c «morjomaercsi» e u pa-
Gora cHcTeMbl Npekpamaercst (Hapyiaertcsa) (Tpaektopus [ Ha puc. 7.1); Touka
«OTpaaercs» OT rPaHHUbl ¢ (TpaekTopus 2) U 1. 4. Eciau rpaHHua 7 morjaowato-
uas, To, MOMHMO OTHICKAHHS BEPOSITHOCTH nepexoda P ans § < ¢, MOXKHO HHTe-
pecoBaTbCsl BepOSITHOCTBIO CHOIVIOWIEHHN» 33 HeKoTopoe Bpems T HJH Ke MaTe-
MaTHYeCKHM OXKHIAHHEM, IHcHepcHeli W ApyrHMH XapaKTepHCTHKaMH speMenH T,
no HCTeUeHHH KOTOPOro TPaeKTODHS B MEePBbIH Pa3 JAOCTHMHET TPAHHIDI C.
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Ta6bauna 7.1

Knacendukauus MapKosckux npoueccos
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Puc. 7.1. Bausnne norsomaroumeit n otpaxaio- )}
wefl rpaHHlbl Ha TPAEKTOPHIO Npollecca i
7
7 z
/4 T T

3anaun yKasaHHOro XapakTepa UMET MaTeMaTHYeCKH CTPOroe peuleHHe
TOIBKO /il MADKOBCKHX 0POLECCOB. :

Koukperusupyem ypaBHehue (7 4) IIst 4eThipeX OCHOBHHIX BHJOB MapKOB-
cKHx npoueccos [45].

1. Mpoctas uen» Mapkosa. [lycTe cayuafitbii npouecc 0(f) Moxer npu-
HHMATh KOHEUHOe 4HCA0 K DassuuHbIX RAHCKPeTHbX 3HAYeHHA Oy, Oy ..., Uk,
B HekoTopble nuCKpeTHbIE MOMEHTHI BpeMeHH [y < & < f3 < ... < fy O9TH 3Ha-

YeHHs MOI'yTA MICHOBEHHO H3MeHATbCHA, T. €. HMET MeCTO NepeXOoAnl ﬁi - ﬁj,

i, j=1, K. .

XapakTepHCTHUeCKOe CBOHCTBO IIPOCTOM LeNH MapkoBa cOCTOMT B TOM, 4TO
BepositHocTh P (8,) sHauenns npouecca O, B MOMEHT BpeMeHH f, 3aBHCHT JHUIb
OT Toro, KaKoe 3HadcHHe HMeJ IIPOLLECC B HENOCPEACTBEHHO NPEAINSCTBY IOMHE eMy
MOMEHT BpeMeHH {p_,, H He 3aBHCHT OT 3HaueHHil mpouecca B Gojee paHHHE MO-
MEHTEl BPeMeHH, T. €.

P(6,10,,6, ...,0,1)=P(0,10,_1)=m(0,10,_y).

[Tostomy as4s npoctoi uend MapKoBa COBMeCTHble KOHEYHOMEpHbie MJIOTHO-
CTH BEPOSITHOCTH omnpelenasiorcs dopMyno#

7
P(8y, 01, ..., 8)=P1(80) Il =z, 8,16, ). (7.5)
u=1

Yca0BHEIE BEPOATHOCTH T, (Ou[ Gu_l) IPHHATO HA3LIBATH BEPOSITHOCTAMH [Me-
pexoja H3 COCTOSHHA Ou_,_l B COCTOSIHHe Ou 33 IPOMEKYTOK BpeMeHn (£, —¢, ).

OpHa H3 OCHOBHBIX 3ajauy B TeODHH NPOCTHIX Uelefi MapkoBa ciepyoiias.
{lycTb 3anaso Hada/lbHOE 3Ha4YeHHe mpouecca NMpH f, H YKa3aH BEpPOATHOCTHLIH
33aKOH CMEHbl cOCefHHX 3HauyeH##i Ipoumecca (T. € 3a4aHbl COOTBETCTBYIOLLHE
BEPOSITHOCTH mMepexofa). Kakum o6pa3oM MoKHO HafiTH BepOATHOCTH PA3JHYHBEIX
3HaueHHR MIpollecca B MOMEHT BpeMeHH {, > f, H, B YACPHOCTH, NIpH n - o0?
’ BBenem caerylomHe oGosHaueHHs AJsi Ge3YCJHOBHEIX H YCJOBHEIX BEpOAT-
HOCTeh:

Pr()=P{On=0r}, a1, n)=P{6,=0,|6,=9;}, (7.9)

i9k=HK, oépén, n=’0,_1\7.

-Benuuuna py (n) ectb Ge3yc/J0BHA BEpPOSATHOCTL 3HaueHHs ¥y Ha n-M ware (T. e.
B MOMEHT BpeMmeHH ! = {,), @ pn (fp) = p) — HayasbpHas BePOATHOCTb 3HAYECHHSA

0. Ycaownas BeposTHOCTh 3t;,(M, n) onpefesisieT BEPOATHOCTh 3HAYEHHA Uy
npu ¢, eciu B Gojiee paHHHA MOMEHT BPemehH f, < fp 3HaueHHe mpouecca 66110

pasHo 9.
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OueBHAHO, YTO BBeLeHHbie BEPOATHOCTH HEOTPHUATEAbHbI H yAOBJETBODPAIOT
YCIOBHIO HOPMHDOBKH:

K

k}]} pr(ny=1, py(nj>0, n=0,N; (7.7)
K —

2 “]‘h(H» n):l, n]'h(p‘v n)>‘0v ]=lv K. (7.8)
k==1

Ha ocHoBanuu npasusia MoHOR BepOSITHOCTH A/ BBEAEHHHIX BepOATHOCTEH
MOXeM HalucaTb ypasHeHHs Mapkosa:

K
pr(n) = D piWapp,n, k=1,K 0<p<n (7.9)
=1
K e —
Tjp(p, n)= ) @i (W, M) Mp(m, n), j, k=1,K, 0<p<m<a. (7.10
i=
Cpenn npocThix ueneit MapKoBa BbIeasiOT ofHOpoAHHe uend. OHH xapak-
TEPH3YIOTCA TeM, YTO BepOATHOCTH Nepexoia mjp (W, n) 3aBHCAT TOABKO OT pas-
HOCTH apPTryMeHTOB, T. €.

g (4, 1) =Tk (n—p), > p > 0. (7-1D)
OGosHauuM opHoWaroBble BepOATHOCTH Nepexoaa uepes mjr = T (1).

[Mosnoe BeposaTHocTHOe onmucaHHe NPOCTOR OAHOPOAHOR UenH MapKoBa JoCTH-
raeTcs 3ajaHHeM HauajbHLIX BeposTHocTedl {pd} W MaTpHubl OJHOWATOBHIX Be-

posiTHOCTeR Nepexojla
TMyy TMyg »o- an

g—| T T2 oces Tk | (7.12)

Ty Ao »+» gk

MoxHO y6eAHTbCH, YTO AA NpPOCTOI OfHOpPOAHON uenH MapkosBa maTpuua
BEPOSITHOCTel Mepexcia 3a # WArosB paBHA n-f CTeNeHH MATPHIH OXHOILIArOBLIX
BEpOATHOCTEHR

a(n) = an, (7.13)

a MaTpHUA BepOSATHOCTeH pasJHUYHBIX 3HaUeHHil Npollecca ompefensercs ypas-
HeHHeM

.

PT (n) = PT(0) n". (7:14)

3pecy PT(n) — maTpHua-cTpoKa Ge3ycJOBHLIX BepPOSATHOCTed pas/HYHBIX 3Ha-
wennit mpouecca Ha n-m mare, P7(0) = [p}, p3, ..., p%] — Marpmua-crpoka na-
49aJbHBIX BepPOATHOCTedA (IpH fg).

Onnopopunas uenb Mapkosa, 11s KoTopo# seposTHOCTH {pr(n)} = {pn}
He 33aBHCAT OT 7, HA3biBAaeTCs CTAlUHOHADHON, B-NPOTHBHOM CayYae HENb HA3B-
BaeTCs HeCTalHoHapHoH. B ofwem ciyuae BeposTHOCTH pp, €C/AH OHH CyinecT-
BYIOT, HaXOLATCA B pe3y/bTaTe NpeAe/qbHOro Mepexoaa

oy = lim pp(my), k=1, K, (7-15)
n-»oc

H Ha3bBalOTC QHHANBHLIMH BepoaTHoCTAMH. OJHAKO, eC/H HavdadbHbE BEPOAT-
HOCTH {pg} COBNANAIOT ¢ COOTBETCTBYIOUWLHMH (HHAJbHLIMA BepOSTHOCTSAMH

{pk}, To uenb Mapkosa GyneT cTalHOHapHOR HauuHasg C ;.
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®unanbHBle BepPOATHOCTH IOJKHBI YIOBJeTBOPATH cHCTeMe K JiHHeHHbIX
anre6paHuecKHX YpaBHEHHI

IN

pr= X pj, k= 1,K, (7.16)
= 1

H IONO/IHHTRILHOMY YCAOBHIO

K
> =1, pp > 0. (7.17)
k=1

Cymmupys ofe uacth Bcex paBeHcTB (7.16) mo k£ W yuuTHIBas COOTHOLIEHHE
(7.8), mpuxonum Kk Toxnectsy. [Tostomy K ypasuenuii (7.16) asasioTcs AHHeiHO
3aBHCHMbIMH, H K GHHAJLHBIX BepOATHOCTeR chefyer onpefenaaTbh H3 (K —1)
ypaBHenuii (7.16) u ypasuenus (7 17).

2. RuckpeTHet Mapkosckuii npouecc. [lycTb No-mpexHeMy caydaiHbil

-mpouecc O (/) MOXKeT NPHHHMATh TONBKO AHCKPETHHIE 3HAaueHHs ¥y, T, ..., Oy

HO CM€HA 3THX 3HAYeHH{l MPOHCXOAHT He B GHKCHPOBAHHKIE, d B JIOGLIE CydaliHble
MOMEHTEI BpeMeHH. BepoaTHocTH mepexoja

Mg (L, D=P{O(1)=0,10(to)=0:}, t > 1o, (7-18)
yﬂoBJXeTBOpﬂlOT CJeNVIOUHM COOTHOLIEHHAM
K

C 3wl =1, ML, >0, i, j=1,K, (7-19)
i=1
| opu i=j,
.5 — .20
i (8o, Lo) {0npui=/=]‘. (7.20

Kpome storo, s HuX cnpaseiiuso ypasuenne Kosnmoroposa—Usnmena
K
j (to, LA = D) Mip (b, t)mup; (1, L+AL), £> Lo, At>0. (7.21)
k=1
XapaKTepHoe CBOHCTBO paccMaTpuBaeMblX NOpouUeccoB COCTOHT B TOM, 4TO
AN MaJbslX BpEeMEHHbBIX HHTepBaJIOB At BEPOSATHOCTD L7 7% TOro, 4TO 3HauyeHue He
H3MEHHUTCSH, MNpEeBbIINaeT BepPOATHOCTb HU3IMEHEHHH 3HAaueHH4:

nrr(t, 1+ A = 1 4 apy (DAL + o(AY),

Mt 4+ AD = a0 At o(Al),

rae cuMBOJOM 0(Af) oBo3HaveHbl YJeHbl Bhillle MePBOFO MOPALKA MaJOCTH OTHO-
cutenvso Af, T. e. lim [o (Af)/ Af] = 0 [45].
Al—=0
Tak kak BepoATHOCTH Nepexona H3 ORHOFO 3HAYeHHH B Apyroe HeoTpHUua-
TenbHb (@k;(f) > 0) M ann HHX [OJKHO BHIOAHATbCH YCVIOBHE HODMHPOBKH
(7.19), To u3 (7.22) nonyuaeMm

apr)=— X arj()<0, ap;()>0. (7.23)
FG+R

[ToxcraBus (7.22) B npaByl0 uacTe ypaBHeHHs (7.21) W mepefiga kK Npegeay
npd At — 0, NOAYYHM CAeAYOINYIO CHCTeMy JHHEHHBIX AHddepeHIHaNbHbIX
ypaBHeHHH:

(7.22)

K
d 2 -
— (o, b = F= apy (g (to, 8, 1, j=1, K, (7-29)

rie ag;({) yaoBaetBopfioT cooTHowenHuio (7.23). Pelienne sTof cHCTeMBl pH Ha-
4aJbpHBIX ycaoBHaAX (7.20) 1aer 3aBHCHMOCTh BePOATHOCTel Nepexofa OT BpeMeHH

181



JiMCKpeTHBII MapKOBCKHIl Npollece QCTaeTcst MAPKOBCKHM H B of6paTHOM Ha-
NpaBJAeHHH, T. e. Hapajy ¢ ypaBHeHusMmH (7.24), 4acTQo Ha3bIBAGMBIMH «IIPAMBI-
MH», cIpaBelHBHl Tak¥Xe «o6paTHbie» ypaBHeHHS ’

K
Y i (o) Tk (For 1), £ > o - (7.25)
k=1

—T[i]' (t()r t)= -

0t0

YpasHenuam (7.24) ynosseTBopsioT He TOJbKQ BEpQATHQCTH mepexoaa, HQ
H GesycJoBHbe BEDOATHACTH 3uaueHui p; (¢):

d
TR =Eak,- ®) pr (). (7-26)
k

Stu auddepenunanbubie YpaBHeHHS HYXKHQ HHTerpHpOBaTh IIPH HAuaJbHBIX
yCIOBHAX

pi(t) = pj(t)) = p] npu t=t, . (7.27)

JuckpeTHsti MapKOBCKHA Npouece Ha3sHBAeTCs OAHOPQLHBIM, eclHd BepoAT-
HOCTH epexoAad i (fg, f) 3aBUCAT TOJAbKO QT PASHOCTH T = | — ty

Ry (te, 1) = g5 (v), T=1t—t (7.28)

U3 (7.22) caepyer, uTo puas ofHopoAHOre npouecca agj(f) = apj NQCTORHHBE
BeJHYHHBE H nupdepeHunasbHble ypasHenus (7.24) ynpaomawoTcs:

d
e (M= ;akj Typ T) - (7.29)

Ecnu npu T — oo cyuwlecTByioT OpejelbHble 3HaYeHHs BEpPOATHOCTeH Hepe-
xona py = lim R®;;(t), KOTopble He 3aBHCHAT OT HauaJbHOrQ CQCTOSIHHA, TQ Map-
T~>00

KOBCKHE TPOUECC MOMKHO Ha3BaTb CTaUHOHapHbIM. BeposATHOCTH CTallAOHapHLIX
3HayeHHA ONpeReJsIOTCS CHCTeMOl ajareGpaHyecKHX ypaBHeHHi

Narjor =0, Dpr=1- (7~30)ﬁ
I3 P

3. .Mapkoeckne INoc/ielOBaTe/bHOCTH. [lycTb caAyuaitnble BeJHUHHbI Ap =
= A(fp) B HEKOTOpbIE AHCKPETHbIC MOMEHTH BPEMEHH ) < [, < ... <, < ... <

4
NPHHMMAIOT HelpepbiBHOE MHOMXKECTBO BO3MOXKHbBIx 3Hauesdit (cM. ta6a. 7.1

Onpenessiomee cBOACTBO MapKOBCKOil mociefosatenbhocTd {An, n =1, N}
COCTOHT B TOM, YTO COBMECTHAsl MJOTHOCTH BEPOSITHOCTH pPacCMaTpuUBaeMHX CJay-
YaiiHbIX BEJHUYHH BbipaKaeTcs uepes MJOTHOCTb BEPOSATHOCTH Haya/JbHOIO COCTOS-

HUS py(A) M MJOTHOCTH BepOATHOCTH nepexoia fi, (hnylAn—y), n=2, N:

n
P, by ooy A =p g [T T pfAu_). (7.31)
u=2

YkaxeM HeKOTOpHE CBOHCTBZ MapROBCKHX TocJefoBaTesibHOCTeil: 1) ecan
TOYHQ H3BECTHO 3HMaueHHe MapKOBCKOH [IOC/Ae0BaTebHOCTH B HACTOSAIIHA MOMEHT
BpeMeHH, To ee 6yayuiee 3HaYeHHe He 3aBUCHT OT NpeAbIAYWero snaueHns; 2) Jio-
6as1 [I0C/eA0BAaTe/IbHOCTD, B3ATAs1 H3 MAapKOBCKOM, sBJsETCS TAKIKe Map KOBCKOH;
3) mMapkoBcKas MNQCJAELOBATENbHQCTh OCTAeTCs MapKOBCKOH H B of6paTHoM Hal-
pasJieHHH; 4) TJIOTHOCTh BEPOATHOCTH Mepexoia YAQBJETBOPseT YPaBHEHHIO

n(hn|Ay) = j Anihm) & (Am[h,)dhm, n>m>p (7.3

~=00
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MapKoBCKaa 10cie10BaTeIbHOCTb Ha3bBAETCH OXHOPOLHON, eCTH MOTHOCTH
BEPORTHOCTH Mepexoaa Tip(Ap | A,_y) He 3aBHCAT OT n. MapkoBckast Hocaenosa-
TETbHOCTL HasbiBaeTcst CT2UHOHApHOM, ec/id OHa OQHOPOLPa W BCe CAydalinbie
BeJMUMHLL A(1) HMEIOT OAHY H TY e IIOTHOCTb BEPOATHOCTH: P (Ap) = const(n).

4. HenpepoieHosHa4nblii Mapkosckuii npouece. OG6aacTb anadenwit Hellpes
polBHO3HAUHOrO mpouecca A (f) u 064acTb ero onpenesenns [0, T] ectb nenpephis-
Hbie MHOKecTBa. [l HempephIBHO3HAYHOTO MapKOBCKOro mpouecca AH(GMY3HOH-
HOro THOZ MJIOTHOCTh BEPOSTHOCTH Tepexoaa m (A, f|Ag o) == P (A()] A (Zy))
W Ge3yCoBHAS WJOTHOCTb BEPOATHOCTH p (A, f) YIOBJETBOPSIOT YpaBHEHHIO
B TaCTHBHIX mpOM3BOAHBIX ®Pokkepa—Ilianka—Kosimoroposa, KoTopoe npH-
MEHHTEJbHO K MJIOTHOCTH BEPOATHOCTH p (A, f) HMeeT BHA

%p(k, H=— %[a &, e, nl+ -é—a—a;;[b *p () (733
HJH, HHaue,
0 0
E—p *, t)+0_7\, G\, H=0, (7.34)
The
1 0
GO, =ad, )p M, )————1[6A, Hp O, 0], (7.35)

2 o

«Kos(puunentsy croca a (A, ¢) B anddysun b (A, ) anpeaensiiorcs no HCXox
HOMY CTOXaCTH4YeCKOMY AH(¢epeHnda ibHOMy ypaBHEHHIO, ONHCHBAIOWEMY IO
BejfleliHe paccmMaTpHBaeMO# CHCTeMbl, GapMyJaMmn

) 1
a(h, t)=iltr—n>o —At—M{[x (t+AN =X (O] M (D}, (7.36)

bk, = lim ——M{IA ¢ +A0 —A (O |17} > 0. (7.37)

Ecan cToxacTHuecKoe umpq)epéﬂunanbuoe ypaBHeHHEe HMeeT BHA
dMdt = f O\, t) + g (\, 9 n(b), Mto) = Mg, (7.38)
rae f(A,t) B g (A?) — neTepMHHHpOBaHHble (YHKUMH CBOHX apTFyMeHTOB,

n (f) — rayccoBckui Gesblif IIYM C HyJeBBIM MaTeMaTHUeCKHM QXKHAAHHEM H
KOppe/JLUHOHHOH byHKIHeil

Min(ty) n(ta)) = (1/2)NS(t, — #y), (7.39)
TQ KO3(pdHUHEHTH cHOCa U nHbDYy3IHH paBHAbI
1 db(h,t) 1
ah, )=f(, N+ T b(h,t) = ?Nog’i(k, f). (7.40)

Kospdpuuueut cuaca a (A, f) xapakTepHayeT cpeiHee 3HayeHHe JOKAJbHOH CKO-
pOCTH MapKOBCKQra mpouecca A (), a kaapdpuuuent auddysus b (A, f) — Jo-
KaJbHYI0 CKQPOCTh H3MeMeHHWs JHcHepcHH npHpaumeHds. Ecaw njoTHocTs
BePOSTHOCTH Tepexofd 3aBHCHT JHWb OT Pa3HOCTH BPEMEHMBLIX apryMeHTOB
T = {—14, a KO3pDHAUMEHTBI @ ¥ b He 3aBHCAT OT ¢ U ¢y, TO paccMaTpUBaembrii Npo-
gecc A (f) HasnBaeTcs OJHOPOIHBIM BO BpPEMEHH. -

[lpy  uavansnoM YCAOBHH  p(hA, to) = po (A) = 8(A — Ly) 6Geayc/ioBHan
NJIQTHOCTb BepOATHOCTH p(A,fl caBMajaeT ¢ MJOTHOCTHIO BEPOSITHOCTH Nepexojia
% (A, ] Ay, %o). [1pu 9TOM pewenue ypasuennn (7.33) HasuiBaeTcs ¢yHAaMEHTaNb-
HBIM peHreHHeM.

Has oThickanua pewenws ypasHenus Pokkepa—Ilnanka— Kosimoroposa
(7.33) Heo6xofHMQ 33ajaTh HauadbHQe YC/OBHe

p(Ah, tg) = po(A) (7.41)
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AlT)
Puc. 7.2, [lorjowaloute rpaHHILbI

Ao

H yKasaTb rpaHHYHble yc/oBHA. [paHHUYHBIe ycJ0BHA MOryT GHITh BECbMa pasHO-
0o6pasHbIMH H OmNpeeasloTCH CyulecTBOM ¢usHueckoi sajgaun. [Ipusenem 31ech
TPH BHIA FPaHHUHBIX YCJOBHH.

Ecau cayuaiinbii npouecc A(f) MoxeT MpHHHMATh BCEBO3MOXHblE 3HAUCHHSA
OT —oo 10 —-00, TO 06BIYHO BHIMOJHSAIOTCA HYJ/eBble 'PAHHYHbIE YCJOBHA

G(—oo, )= G (o, ) =0, p(—o0, t) = p (o, )= 0. (7.42)

Iycrb cayuadiubili npouece A (f) MoxeT NpHHHMaTh 3HaueHHs JHIUbL B Orpa-
HHYEHHOM HWHTepBaJe (¢, d), npHYeM B TOUKaX ¢ H d MOMelleHb! OTpaKaloiiHe rpa-
HHUBI (3KpaHbl): TPAEKTOPHSA MpolLecca, JOCTHImAaA 3THX 3KPaHOB, 3epKajbHO OT-
paxaercs oT HHX. B 3ToM cayuyae goJkKHBI BHIIOJHATBCA yCJAOBHA OTPaKaOUIUHX
FpaHHIL

G, ) =G, )= 0. (7.43)

[Ipeanosoxum Tenepb, 4TO B CPAHHYHBIX TOYKaX ¢, d pacno/oxkeHs MOrJo-
iamouue 3KpaHbl: TpaeKTopHd, AoCTHruiasg rpaHHLbL, norJoiaerca e d HCKJII0-
yaeTca W3 gajbHelimero pacCMOTpPeHHs. YCJ/OBHe NOrMOWAOWHX FPanHll (3Kpa-
HOB) HMeeT BHJ

p,)y=p@ =0 (7.44)

[IpH HaJHUHE NOrJOMLAIOWKMX FPAHHLL MOKHO HHTEPECOBATbCA BePOATHOCTbIY
NOFJIOMIEHHs HA OXHOH HaM ofeHX rpanullax 3a HeKoTopoe BpeMa f. [lockoabky
anaJHTHYECKOe peweHHe TAKOM 3a]ayd OKa3biBaeTcs CJAOXKHBIM, TO (pH OTpa-
KaWIBX HJIH NOMMOMAKUHKX PaHHIAX YaCTO OrPAHHYHMBAIOTCA BBINHC/CHHEM
XapaKTepuCTHK (MOMEHTOB) cJydyafiHoro BpeMeHH 7T 1o HCTEYEHHH KOTOpOro
TpaeKTOpHs Tpouecca, Hcxoismas fnpa { = 0 H3 HEKOTOPOHl TOUKH Ag, 3akJjo-
YCHHON BHYTPH TpanuL (¢ < Ay < d), BOepBbie JOCTHTHeT FpaHull ¢, d (puc. 7.2).

Adas opHOpogHOro Bo BpeMeHH AHG(Y3HOHHOFO Tpollecca MaTeMaTHUYecKoe
oxngande Ty = M{T} ¥ aucnepcus D = D (T} cayuaiinoro speMenu T mep-
BOTO JOCTHXEHHA rpaHHll onpejessioTcsd oO6biKHOBEHHbIMH AH(depeHLHANbHEIMA
ypasHenusaMd [lonTpsaruna

1 &eT, dT,
— : — 7.45
5 b\) i +a(ky o +1=0, ( )
| @D dD dT, \?
—— —_— ! =0, .4
b O ke +b<xo>( dM) 0 (7.46)

Pewenus 3THx ypaBueHHH 10JKHB GHITb HeoTpHUATenbHBIMH: Ty(c, Ag, d) > 0,
D (¢, Ay, d) > 0 u OpH nmordowalowHX FpaHHUAX ¢, d LOJKHE YAOBJIETBOPAThH

YCJTOBH AM
t

Ty, e, d)=Ty(c.d. &) =0, D, ¢ d)=D( d, d)y=0. (7.47)
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Ilpu TakHX rpaHuyHBIX YCJOBHAX pemedds ypasHenuit (7.45) (7.46) na-
I0TCAl BBIP 2KEHH AMHU

Ay
e® (& 4, je—w ) dx -

<

d X
Tic,h,,d)=2 Ee-q’ ) dxj‘ !
b(2)
A~ 0
e

. x a d -1
1
—I-Se—q’(") dxj‘ e e¥ &) 4z \S‘ =0 gy Xe_w Sydx ], (7.48)
h
An ¢ A ¢
a ¢ Ao
K]
D(C, )»0, d)= 2 Se-w (x) dxjv(-‘%(z—,‘) eID (2) dzj‘e""(p (x) dx_‘_
A, ¢ ¢
I . X T . a a -1
d
+ S‘e'“’ x dxj‘(%) e® (2) dzye—w ) gx S‘e—q’ ®gr] ,(7-49
Ao ° Ao :7
roe
a(x)
x) =2\ ——dx, 7.50
| P ( SV b (%) s ( )
- a -1gq x
AN = 9e¢— ®(2) 5"‘;—07(x) dx j‘e—w (x) deV ! W) gy —
dz b(y)
c c 4

(7.51)

- 1

— %W ¢
Sy b ) Y
14

B 3akmovenne yKkameM, 4TO 1/ OZHOMEPHOTO MapKOBCKOTO Mpolecca
BO MHOTHX CJAY4YasX f1pOCTO HAXOJHTCH CTALHOHAapHAs (LIOTHOCTb BEPOSATHOCTH
pst (M) = lim p (A, f), eciin oHa cyuwecrByeT. [TockoMbKy OHa He 3aBHCHT OT Bpe-
f—>o00
MeHH, To H3 (7.34) caegyer, yTo

d1b (A) pst (M)
di

OGuiee peuweHHe 3TOFO ypaBHeHHs H3BecTHo [45). [IpH HysieBbIX rpaHHUHBIX ye-
soBuAx (G = 0) oHo AaeTcs BHIpamKeHHeM
- A

—2a (M) pg (A) = —2G.

C a(x)
A= —_—
Pst ( ) b (}‘1) exp 2;" b (X) dx ’

rie C — mpoH3BOAbHAA TOCTOAHHAA, ONpeje/ifeMass W3 YCJOBHA HOPMHpOBKH
NJOTHOCTH BEePOATHOCTH, A’ — MpPOW3BOJibHAs TOYKA HHTEPBa/sa, B KOTOPOM
onpegeseH mpouecc A ().

[IppMenHuTesibHO K CTOXacTHuYecKoMy AHddepeHUHANIbHOMY YypaBHEHHIO
(7.38), nas Kotoporo kosppuuHeHTn cHOca B IH(dY3SHH oupeaeneHsl GopMy.oil
(7.40), peluende NpHHEMAET BHA

. &
< exXp é‘—f(X) dx

(7.52)

(7.53)

M=
Pat ( g(A) Ny ) g(x)
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2. IPUMEPD!

7.1. Onnoponnas uenb Mapkosa ¢ AByMsi cocTostHUAMH. [1ycThb uenb
Mapkosa {0,, n =0, 1, 2, ...} umeer 1Ba cocTosnHs ¥, # ¢, (puc. 7.3)
¢ BepOSITHOCTAMHM HauajpHoro coctostuusi py(0) = pi, p2(0) = p?,
rae p¢ + pb =1.OnxomaroBble BEPOATHOCTH NEpexona He 3aBUCAT OT
BpeMenn M 3azanb’ m,,=l-—a, T,=a, "y=f, figy=1—p. He-
K/IOYHM M3 PACCMOTPEHHs 1Ba TPUBHaAbHBIX caydas: 1) a 4 f =0,
Te.a=p=0 2a+p=2rT ea=1, =1 B nepsom ciy-
yae He NPOHCXOMHUT CMEHEl COCTOsTHHMA (06a COCTOAHUS ABJAIOTCA NOTJ0-
LAMWKMH) U CHCTEMa OCTAETCs B 3aJaHHOM HayajbHoM cocTosiHuu. Bo
BTOPOM CJ1y4ae CMeHa COCTOSIHHi NPOHCXOAMT IeTepMHHHPOBAHHO, H
ec/lit HAYANbHOE COCTOSIHHME 3a]aHO, To MOBeleHHe cucTeMbl OyreT He-
CJYYaAHHBIM.

TpebyeTcst HAHTH BEPOSTHOCTH NEpeXofa fi;, (n) 3a n 1ares, Ges-
YCJIOBHBIE BEPOSITHOCTH Py (n), (uHAJbHbIE BEPOSITHOCTH pp W OTHOCH-
TeIbHYIO OO BPEMEHHU, POBECHHOrO CHCTEMO B OJIHOM U3 COCTOSIHHI
B TeueHue GOJIBILOIO HHTEpBaJa BpEMEHH.

Pewenue. TIpuMeHnTeIbHO K JAHHOMY NpHUMEPY B ypaBHEHHAX (7.16)

u (7.17) nyxuo nojoxuTs k=1, 2:
pr=p (1l —a)+psh, py+pa=1
Otcioia HaxXofuM (pHHAJIbHBIE BEPOSTHOCTH
pL= ﬁ/(a_-i— B), ps = alle + B). (7.54)

Ha ocnoBanuu (7.13) nosyumm cjeayloniee BbIpaxKeHHe A MaTpHUbl
BepOATHOCTEH Nepexosa 3a n 1aros

B a n a ]l — y— B\
o a—HﬂTa—-{jE(l —a—p) a—}-B“ (1—o—p)*]
B (1 —(1 —a—p) 2P _(1—a—py
248 o4 o+ B
i (7.55)
Tak kak |l —a—f|<<] npu a +P*0 u o +P#2, T

—a—pr—>0mn

At = [Pl pz} )
P P

rae py — GUHANbHBIE BEPOSATHOCTH.

a(t))
ﬂz”"' ) i R
| l”
F]a"'ﬂf [

1 | 3.1 —
U Puc. 7.3. lens MapkoBa ¢ AByMs cOCTOR-
7] 17 t2 in t / HUAMH
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Puc. 7.4. OnHoMepusle 1uckpeTHble cJayuaitnuie §/2) 7
6,1y K LaHHS

Zr 7-p-y
7 -
0 1
-7

Ilo gopmyne (7.14) naxonum 6Gesyc/ioBHble BepPOSITHOCTH COCTOSTHH
yepes n 1I1aToB

PT(n) =(pt p5| au" =—aiﬂ (B-+ (2t —Ppd) (1 —o—P)" + .o +
+ (Bpg —api)(1--a—p). (7.56)

Orcrona npu n — co_mosiyuaem npexuue 3HaYeHHsi GUHANBHBIX BEPOST-
HocTeR (7.54).

BbluuC/IHM OTHOCHTENIBHYIO KOO0 BpeMeHH HAXOMAEHHSI CHCTEMbl B
KaxaoM u3 cocTossuii. las 3toro gopmaJbHO OTOKAECTBHM COCTOSTHHE
¥, ¢ HyJem u cocTosiue &, ¢ exunuueit. [IycTo Ciyuwafinas BenumHa
Xn = {0, 1} o3HauaeT cocTOsIHME CHCTEMBI B MOMEHT BpeMeHH f,, npH-
YEM HHTEPBAaJbl BPEMEHH MEXAY COCeAHHMH CKAayKaMH OJWHAKOBHI,
T.€ fyy —ty=const, n=0,1,2 ... Torna cymma X, + X, +
+ ... + X, onpepenser, cKoJbKo pa3 43 obLIero Yucaa 1 npoBeAeHbl
CHCTeMO# B cocTosHuH 1. OBG03HAauMM Haya/ibHOE COCTOSIHHE yepe3 |
Ty (n) = P{X, = 1| X, =/}

MsBectho, uTo mMaTemMaTHuecKoe oxHaauue c/ydaiiHoOf BeHuuHBl X,
NpHHUMAOMmE UL ABa 3HaueHHs O u 1, cOBnajaeT ¢ BepOATHOCTHIO
P{X = 1}. Tlostomy :

M{Xl + X2+ e+ anx(,=/'}=ﬂ,-2(l) + 7jp(2) + ... F Ty (n).

Cpennee 3naueHHe OTHOCHTE/BHOrO BpeMEHH, NPOBEJEHHOTO CH-
CTeMOH B cocTosinuu 1, oueBuawo, paBHO {m;y(1) + m;5(2) + ... +
+ mj(n)}/n  Ecnu mpepen nocsenoBatenbocTd {a,} npu n > oo
paBeH a, TO mpenen MOCAEAOBATENBHOCTH (@, + @, + ... + a,)/n Tak-
xe pase a. [Tockonbky 1 j, (1) — p, NPH n — oo, TO CpejlHEe 3HAUEHHE
OTHOCHTE/IBHOTO < BpeMEHH, MPOBEAEHHOTO B COCTOSHHHU |, CTpeMHTCA
K (uHANBHOH BepOATHOCTH p, NPU n — oco. AHasoriiuso npesen cpexn-
HEero 3HayeHHsA OTHOCHTENBHOIO BpemeHH npebbiBauus B cocTosHuH 0
paBen p,. ®dunanbHble BEPOATHOCTH p; U P, AAOTCA Gopmynaoi (7.54).

7.2. HeorpauuueHHble C/1yvaiiHbe 61yxaanna. YacTuua coBepmaer
cryvaitnple 61yxaauus BAOAb ocH 0, npeacTaBasionue co6oi ogHOpoa-
HYIO Lenb MapKoBa CO CHETHEIM YHCJIOM COCTOSIHHMIL: M3 J106Oro cOCTOs-
HUA [ uepe3 HEKOTOPYIO €HHHUY BpeMeHH BO3MOXKHBLI Hepexojbl JHIb
B Tpu Onuxkaiuux coctosimua f+ 1, j, j— 1 ¢ BeposiTHOCTAMH
Ym)=p, m,;(0y=1—p—gq, n;,;,()=gq (puc. 7.4).
nyQCTb HavyasibHas KoopauHaTa dYactdubl O = 0 npu ¢ = 0. Hyxso
HafiT¥ BEPOATHOCTbL TOrO, YTO B MOMEHT BpeMeHH [ = n Koopau-
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paTta vactiunl 0, = k, tne k = 0, &1, 2, ..., &=n, a TaKxke MaTeMa-
THYECKOe OKHJAHHE H QUCIepPCHIO cayyalinoil BequuuHbl Oy
Pewerue. O603HauuM uepe3d Z; u3MeHeHHE KOOPAMHATHI 4YacCTHUBl B

JMCKPeTHbIe MOMeHTH! Bpemenu [ = 1, 2, ..., n, ... CiyvaiiHas Be/H4HHA
Z; MOXeT NPUHHMATH TPy 3uauenus: 1, 0, —1 ¢ BeposTHOCTAMH
P{Z,=1}=p P{Zi=0}=1—p—gq P{Zi=—l}=q

n
Uepes n 1waroB KoopAuHaTa yacTvuw Gyner pasna 0, = 3 Z;. Cayuaii-
i=1

Hasi BeJlMUMHA O, MOXKET MPUHUMATH Pa3jHuHble 3HaveHus k = 0, +1,
+2, ..., 4=n. UTo6bl nonacts B TOUKY K, 4acTHua JOJKHA CHENaTb M,
NOJIOKHUTENbHBIX 1IAT0B, f, OTPHIIATEbHBIX LIATOB H 11, <HYJEBLIX», TAe
fy, Ny M Ay — HEOTPHUATENbHBIE UE/ble YHCJA, YNOBJETBOPSIOWIHE pa-
BEHCTBaM

n—n, ==Fk ny=n—(n + ny). (7.57)

BepositHocTh Toro, uto 6, = k, onpepnessercs 060GmEHHBIM 6uHO-
MHAaJIbHBIM 33 KOHOM
1
P {0, =k} =2———pn(l -p—qr=q™,

nnl nll Na!

(7.58)

rlIe CyMMHPOBaHHEe TIPOM3BONHMTCS 1O BCEM 3HAUEHHAM fg, My, Mg, YAOB-
JeTBOpsIOmMM paBeHcTBaM (7.57). A

O6o3uauum uepe3 m, U D; MaTemaTHyecKoe OXKHAAHHE U IHCNEPCHIO
cJyyafiHoOH BeiMuMHLI Z; (33 onuH war): my = p —q, Dy =p+q—
— (p — g)%. Torna martemaTuueckoe OXHIaHHE m, H aucnepcus D,
cayuapiHol BesnnuuHel 0, 6yayT onpele/iaTbes gopMmyiaMu

My = M{0,} = nmy, Dy = M{(®, — nmy)?} = nD,. (7.59)

B Tom uacTHom ciyuae, korja p + g = | (coxpaHenue npeapiny-
11IeTO COCTOSIHMA He Jonyckaercs), ¢opmyJa (7.58) npumer Bua

P {en= k} — an—l—k)/? p(l1+k)/2 q(n——k)/Q_

7.3. JluckpeTuuiil MADKOBCKHH Npouecc ¢ ABYMS COCTOSTHUAMH (CaY-
yaiiHbIi IBOMYHBIH curHaj). [TycTs npouecc 6(f) B JoGoit MOMEHT Bpe-
MeHH MOMKeT HMeTb JHIUb OAHO u3 3HaveHHH ¥y = 1l wiau ¥, = —
(puc. 7.5), npryeM BepOSTHOCTL Nepexona ¥ — ¥, 3a manoe Bpema Af
pasna AA?, a BeposTHOCTb nepexona &, — U pasna pAf. HMapectunl Be-
posTHoeTH HauajbHOro coctosHus pf = P{O(t,) = 1} u p} =

= P{O(t) = —1} =1 — pi.
a0

i
T

L ¢
) Puc. 7.5. Cayuafiabifi JBOHYHBIA CHIHAJA
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Hyxuo Beruncaiuts BepositHocTH nepexona il 8) = P{B (¢) =
= 3;]0({y) = &;}, rne &, = 1, ¢, = —1; i, j = 1. 2, BeposiTHOCTH
CTALlMOHAPHOTO COCTOAHHUS Py H Py, 4 TAKIKE MATEMATHYECKOE OXKHAAHUE
H KOppeJsuHOHHYI0 GYHKuHuIO npouecca 8 (f).

Pewenye. Jlns nanHoro npumepa a,, = A, a,, = p. Us (7.23) na-
XOIUM @y = —A, @y, = —p Tak Kak Bce ueTwpe KoshdUUHeRTa a;; —
MOCTOSHHBIE BeJIMUHHBI, HE 3aBUCSIIHE OT BpeMeHu, To npouecc 0 (f)
SIBJISIETCS ONHOPO/HBIM. ’

Huddepenunanbubie ypaBHenus (7.24) npuHUMaIOT BuUJ

= Ty (fgy O) = — ATy (L, 2) Uy (4, 0),

a
Y Tip (L, D)= —nas (L, 1) +A (tgs 1), £= 1, 2. (7.60)

U3 ycnosusi Hopmuposku (7.18) umeem 5 (2, B =1—umy (&, ).
[Tostomy nepsoe u3 ypasuenuii (7.60) MoxHO 3anucaTh uHaue

Oy, (20, 1)

Lol — — 0w an ey O+p,

1> 1,

OOGuiee pewienye 3TOro JMHEHHOro HEOAHOPORHOTO AnGdePERUHANBHOIO
YPaBHEHHSA N€PBOTO NOPSAAKA C HAYAJIbHBIM YCJIOBHEM Tiy;(fy, fo) = 1,
Kotopoe caenyer u3 (7.20), usBecTHO:

{
Ay (lyy H)=p j‘e—@-*-u)(t—s) ds4e—G—w =g —=_F 1
5 Atp

0

B pesynbrate perenns cuctemsl ypasuenui (7.60) pis a06ex T > 0
NOJYUHM

Ty \T) = x-l;-u +( Aiﬂ)e““"”, an(r)=<——7h7,L .)[1 —e—G+wr,
+n
(7.61)
= A _L — (A4 _ [ _ T
T3 (T) " —I—( H—u)e e, nzl(f)—( 7~+u)”——e FwyTy,

OTCIOlla NMpH 1 -—> 00 HAXOAHUM BEPOATHOCTH cragMonapubelxX 3Hayenui
pr = w@R +p), py="u (h+p). (7.62)

OTH BepOATHOCTH MOXKHO ObLIO JIerko HaiTtu M3 ypasueruil (7.30).
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3Has BEPOSITEOCTH HAYa/bHBIX 3HAUCHHA M BEPOATHOCTH NEPEXOAd,
3aMUCHIBAEM EBIPAXKEHHs AJs GE3yC/IOBHbIX BEpOSTHOCTEH S3HAaueHHH

npouecca

R 0 0 ‘ | —(A+u)s
Pt +S):plnu(s)‘*‘(l*‘pl)n?l(s):'r_l:__}; +(pl o K-{—p) e,
(7.63)
o A 9
Py (to+ s)= (1 —p}) mp () +pi ﬂu(s)=—’x+p_(p‘ - xiu)x

X e—+u s s§>0.

Ha oCHOBaHHM ONpeNeNeHHs HAXOLHM MaTeMaTHYecKoe OxHnaHHe
npo.ecca

mo () =M{0 ()} =1-p () —1-p,(t) =

e vy A
Cn u ,

AHAJIOTMYHO BHIYHC/ISIEM KOPPEISAUHOBHYI0 QYHKUHUIO
Ro(s, /=M {0(1,+5)0(fy+ s+ T)}— M{0(%, +8)y M{B(f +s+
. 4kp p—2a ( [ ) — 4w <]
T = —_ e X
o { At )? [ ST U

x(p? ——h—i—p)e—“Jr“) S}e*“-‘-u”, s, t>0. (7.65)

Herpynno y6enuThes, 4TO B CTALLHOHAPHOM COCTOSIHHH
my = (u — AY/(h + n), Re(t) = 4Au(d + p)*expl—@A +p} 7|1

YkaxkeM, 9To ecau DHCKPETHbE MapKoBCKHil mpouecc @ (f) umeeT
AB2a TIPOM3BOJIBHBIX 3HAYEHHS @; H Qg TO €70 MOXHO BBIPASHTb HCPE3
cayuaiinplii npouecc 0 (£) ¢ xByms 3HaueHuAMH =1 npy nomowy cieayio-
HEero JHHeHHoro npeo6pa3oBaHHs

O (1) = (@1 +) +(0r—9) 0 ()] (7.66)

7.4. JluneiiHbli npouece poxjeHns u rubenu [46].Paccmorpum auc-
KpeTHbI# npouecc O(f), B KOTOPOM NOMYCKAIOTCH KaK MOJOXKHTE/bHEIE,
TaK ¥ OTPHUATE/IbHHIE CKAYKH. DTOT MPOUECC Ha3LBaeTCs MpOoLecCoM
POKICHUS H THGeNH 1 onpeneseTcs Cleyomumu nocTynatamn: 1) eciu
B MOMEHT BpeMeHH ! CHCTeMa HAXONHTCH B cocTosHuu j (j=1, 2,..),
TO BepOsATHOCTL nepexona j—» j -+ 1 B majiom uHTepBase Bpemenu (%,
t + Af) pasua A;Af + o(Af); 2) ecin B MOMEHT BpeMeHH ¢ CHCTeMa Ha-
XOIUTCs B cOCTosHHHM j (j = 1, 2, ...), TO BEpOSATHOCTb mepexona j —
— j — 1 B unTtepsane Bpement (¢, t 4 At) pasua p,Af + o(Af); 3) Be-
POATHOCTb NEpeXoia B COCTOAIHME, OTIHYHO® OT IBYX COCEIHHX, €CTh
o{Af); 4) BepOATHOCTb COXpaHeHHsl [PEKHEro COCTOSiHHA paBHA
1 — (A; + p;)Af + o(At); 5) coctoauue j = 0 fABJsETCS MNOr/OWAIO-
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LHM; ecaH u3obpakaiolas TOUKA NONaJja B 3TO COCTOSIHHE, TO MPONECC
NpeKpamaercs. ‘
Pewenue. Ha ocroBanuu mnocTysnaToB 1—D5 sanuchiBaem ypapHeHHe
(7.26):

dp; . ,
—‘pjjt(t‘)' =hjoy picr () — g+ 1) Py O+ Rjgr Pia (), §=1,2,... (7.67)

B paccmaTpuBaeMOM KOHKPETHOM CJaydae, Koraa coctosnue j =0
SIBNsIeTCsl NOTVIOWAIOWHMM, HYXKHO NOJaraTh A_; = Ay = Mo = 0. Ilo-

3TOMY
dpo(t)/dt = pypy(9). (7.68)
[NpennonaraeTcs, 4To B HaYaNbHbIH (HY/1€BO/) MOMEHT BpeMEHH CHCTEMA

HAaXOAMTCs B HEKOTOPOM COCTOSIHHH jgo, 0 << fo << 00, H, C/IeN0BaTeNbHO,
Haya/ibHple YCJIOBHS HMEIOT BHJ

1 npH ]=] ’
0)=6,; ={ 0 7.6
PIO=%0=1 0 nou j#],. 7.59)
B ofuem cayuae, npu NPOU3BONBHBIX QYHKUMAX A; B W;, PelleHHe
ypaBaenuii (7.67) u (7.68) okaspiBaeTca 3aTpyaHUTeAbHEIM [46]. B ToM
YacTHOM CJyuae, KOTJa NpouecC PoxIEeHHs U THOenn AB/seTCs JuHed-
HoIM: A; = Af, W; = pj, A = const > 0, p = const > 0, perilenus npu
HauasbHOM veaosuu 0 (0) = j, = 1 nawTcsa BblpaxKeHHAMH
polt) = o), pit) = 11 — a()lll — BOP=1(®), [=1,2,...,
(7.70)
rae

ple*—wi—1)
Aeh—uw) f_p

AleP—uri_y)

S, (7.71)

a(f) = » BO)=
MaTemaTuueckoe OXHAaHHE ¥ NUCTIEPCHS TAKOTO JIMHEHHOTro Mpo-
1ecca poxKaeHHs U Tubesn paBHBI

mo () —exp [(h—p)f] Do ()= %U-‘ et—m) [ek—m’ 1], (7.72)
—p
s (7.70) u (7.71) naxomgum BepoOSATHOCTb TOrO, YTO KO BpEMEHH £
cucTema 6yieT HaXOAUThCs B COCTOSIHHH j = 0 (¢KO/IIEKTHB» BHIMHpPAET):
Do (1) == p (€A —wt—1)/(heP—mit—y)

BeposiTHOCTL TOrO, YTO CKOJJIEKTHB» KOrJa-HUOYAb BBIPOAMTCSH, MOMY-
yaeM OTCIONA NpejesbHBIM NepexooM Npy ! —» oo:

{ 1 nopu A<y,
w/A npu A>p.

DTOT pe3y/nbTaT TOBOPHUT O TOM, YTO ¢KOJJIEKTHB» BHIMHpPaeT C BeposT-
HOCTBIO, PABHOH €IHHHUE, eCTH HHTEHCHBHOCTb Iube/n OoJbllue HHTEH-
CHBHOCTH poxkieHusi. EC/JH e HHTEHCHBHOCTb poxjeHHs GoJblie HH-
TEeHCHBHOCTH THbesd, TO BepOSITHOCTb BHIPOMKJEHHS! PAaBHA OTHOLIEHHIO
X MHTEHCHBHOCTEH.

tim p, () = (7.73)

{00
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[lpu navanbron ycaosuu 0(0) = jo > 1 gopmynwr Jia MaTemaTH-
YECKOTO OXKHIAHHA H IMCMEpCHH NOJyYaloTCs yMHOMKEHHEeM npaBbix yac-
Teit Buipaxenuil (7.72) Ha j,. BeposTHOCTE BRIDOXKIEHH S (7.73) no-npex-
HeMy paBHa eIMHHMUe Npu A < u w paBHa (w/A) mpu A > p

7.5. TIpu pa3aHuHBIX TPAHWYHBIX YCJOBHAX HYXKHO HAUTH OCHOBHBIE
XapaKTepUCTHKH HENpepLBHO3HAYHOrO MAapKOBCKOro fpouecca A1),
33JJAHHOTO CTOXAacTHYeCKHM IHddepeHiHalbHbIM  YPABHEHHEM

dMdl = —ah + n(t), A (0) = A, (7.74)

Ille 6. — MOCTOSIHHAS BeJqMunHa, n(!) — rayccoBCcKHii Gesblii WyM C HY-
JIeBLIM MaTeMATHYECKHM OXHIAHMeM ¥ 1e/bTaoOpa3sHol KoppessuHoH-
Ho#t gpyukuuei (7.39).

Pewenue. Tlo ¢opmynam (7.36) u (7.37) naiizem cHauana Kosgou-
UMeHTH CHOCA ¥ JuGdy3uu s npouecca A (f). OtMmeTuM, 4To_peluenue
ypasuenus (7.74) npu nava/ipHoMm ycnosun A (0) = A, MOXKHO 3amucaTh
B BHJIE

[1

Af)=Ae—* fe-* 5 e 1 (x) dx. (7.75)
0
Cornacuo (7.74) npupalieHue npouecca 3a maJjoe BpeMs At paBHO
t+A!
A+ At)—h(t)= f [—ah (x) Ln(x)]dx. (7.76)

f

Otcioza HaXOIMM MATEeMAaTHYeCKOoe OXHIAaHHe YCJOBHOTO MpHpalesus
tHAL
M{ME+A)—=A DI ()= —a [ Ax)dx,
t
a Takxe BeIpaxkeHue s Kodpduunenta cHoca a (A):
t--Al
a(h)= —a lim—— j‘ A (x)dx= —ah(l).

A0 Al
t

Ha ocuoBanuu (7.76) njisi cpensero Kpajapata yC/JOBHOTO TpHpaie-

HUA MOX¥EeM Hamnucathb
t+4A
MA@ +A)—AOPIA D) = ﬁ M {{—ah(x)+ n ()]
t

t
~+ At

x[—ak(y>+n(ymdxdy=a2( [ 2w dx) et

[Mostomy

1 N N
A= im —— A (A AR o Mo
b()aifToAt[“A]'l_z .
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Ypapuenue ®okkepa—IInanka-—Kosmoroposa apunumaer suj

N, &
4

0 0
—p(h =0 — (A . 7
5 P =a —-(Ap) - p _(7,,7)
Moxno ybenuThes (HanpuMep, HEMOCPEACTBEHHON NPOBEPKOii), UTO MJIOT:
HOCThL BepositHoCTH mnepexoma = (A, ¢| Ay, 0), saBasowanca dyuzamen-
Ta/1BHBIM perleHrieM YpaBHeHHs (7.77) npH 3aJaHHOM HAYAJBHOM YCAO-
Bt py(h) = 8(A — A,), Haercss BbIpaKeHHEM

(M, £ Ay, 0)=[2m6? (1 ——e—2%4)|—1/2 exp [ (k=R e My J ‘

2o (1 —e ‘at)

310 ecTh HOpPMa/bHAas HECTAUHOHAPHAA MJOTHOCTb BEPUATHOCTH
C MareMaTHYEeCKUM OXKHJIAHHEM Aoexp (—al) u  zHmepcuei
021 — exp (—2at)]. TNonaras ¢t — oo, noJyyaem CTAuHOHADT ) 10 NJOT-
HOCTb BEPOSITHOCTH

2 Mo

1 A2
Pat (M) = oV 2n exP( W) e

.Ecsiu n/IoTHOCTH BEPOSITHOCTH HAYaJbHON KOODAHHITH A, cOBRanaet
CO CTalMOHAPHOR MJIOTHOCTBHIO BEPOSTHOCTH, T. € p, (A) = p, (A), To
HEeTPYIHO MPOBEPHTH, YTO MEPEXOIHKHIH NMPOUECC OTCYTCTBYET 1 CTALHO-
HapHOe COCTOsIHHEe HMeeT MeCTO, HaYHHasd C HayaJhHOTO MOMCHTA Bpe
menu ¢ = Q. : )

[TycTh B CHMMETPHYHBIX TOUKAX — ¢ = d = h NOMELLEHKI NOr1011al10-
mue tpandusl ¥ A, = 0. Corsiacuo gopmyJe (7.48) cpennee BpeMs nep-
BOrO JOCTHXKEHHs TAKHX TPaHHL paccMatpHBaeMeiM npoueccon (7.74)
PaBHO

— hjo
Tl(_h’ O’ h)z_;— I/‘_J;‘ 5 IQ(D(X)‘—”EX?/?dx\

0

rae M(x) — uHTerpan BeposaTHOCTH (2.9). Belpaxkenune nas aucnepenu
BpeMeHH NepBOro NOCTHxeHHs rpanui (7.49) okaseiBaeTcs 6ojee Cicx
HpM [45] ¥ nosTOMy He MpUBOAUTCSA.

3. 3AIAYH H OTBETHI

7.1. Yactnua copepiaer caydyaiiHble 61yXIaHUS BIOABL NpsaMoil 0,
npexcTaBiasiomue coboit oqHopoanyo uens Mapkopa. Koopauunara uac-
THIH B JUCKpETHHIE MOMEHTH BpeMeHu { =1, 2, 3, ... MeHsieTca Ha cay-
YaHHYIO BeJMUHHY Z;, NTPHHUMAIOLULYIO JHIUb IBA 3HAYEHHUS -+S U —s C
OJIMHAKOBHMH BepOATHOCTAMH, paBHeiMu 1/2, TIpu 6 = +2s pacnosoxe-
Hbl OTpaaiolife SKPaHsl (YacTHUA, JOCTHrILAs STHX SKPAHOB, B CJe-
AYIOIWMiI MOMEHT BPEMeHH OTpaxaeTCsl OT HMX BHYTpb oOnacTi (—2s,
25), U3MeHAS KOOPIMHATY COOTBETCTBEHHO HA BEJHYHHY. =S ¢ BEPOAT-
vocteio 1)-(puc. 7.6). O6o3naunum uyepes 0, KOOpIHHATY UYACTHIK Yepes
n warop. Bo3moxuple 3pauvenus 8, ectp ¢, =-—2s, U,= —s, Gus=0,
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0, = s, ¥, = 2s. 3anucaTh MaTPHUY ONHOIIATOBLIX BEPOSTHOCTEH nepe-
X0l ¥ OnpenesHTb Haua/bHble BEPOSTHOCTH, MPH KOTOPHIX npouecc 6y-
1eT cTanuoHapHbIM, Hauunas c ¢ = O.
Omeem:
0 ] 0o 0 0
/2 0 12 0 0
a=| 0 12 0 12 0|, pi=ps=1/8 py=ps=p,=1/4
0 0 12 o0 172
0 0 0 1 0

Y ka3a#uue. llenb MapkoBa 6yneT cTagHoOHAPHO#, €C/IM HAYaJIb-
Hble BepOsITHOCTH COBMNAAAIOT ¢ (pyHANBHHMH; MOC/IENHHE ONPENeNAOTCS
B peay/bTaTe pelleHHs CHCTembl anreSpanueckux ypasuenuit (7.16),
(7.17). Ins cocTaBjienlisi MATPHIbl BEPOSTHOCTEH nepexona uenecoob-
pa3HO BOCMOJIb30BaThCS MPEeACTaB/entem neny Mapkosa B Buze rpaga.

7.2. [lpu Tex xe yCJOBHAX, UTO H B NpeAblnyiLlel 3anade, u npy 6 =

= 25 nomelles OTpakawuluii 3kpaH, a npu 6 = 2s norJowam K.

TpeGyetca: 1) sanucaTh MaTPULY OLHOLIATOBBIX BEPOSAITHOCTEH fe-
pexona; 2) onpenenuTh BEPOATHOCTb MOIVIOUIEHHS 33 YETHIpe lliara,
ec/H B Hauaje 4acTHUA HAXOAWJach B cocTosiuuu O3 (0 = 0); 3) Boi-
WHC/MTD Cpeanee 3HauenHe BpemeHn Ty, MO HCTEYGHHH KOTOPOTO vac-

THUA B MEpBblil Pa3 «NPHJHNHET» K MONIOWAIOWEMY SKpaHy, ecly B Ha-
uasbHbIH MOMEHT OHA HaXoauaach B coctosnun O; (i = 1,5).

Omeem:
0 ] 0 0 0.
1/2° 0 1/2 0 0
) = o 12 0 1/2 0 s
0 0o 172 0 /2 ‘
0 0 0 0 1
2) po’ = 1/8; 3) Ty, = 16, Ty = 15, Te, =12, Ty =17,
Te, = O.

Y Kasauue. JIng BHUHCIEHUA BEPOATHOCTH NMOIVIOMIEHHST MOMKHO
PacCMOTpeTb BO3MOXKHBIE TPAEKTOPUH JIBHKEHHS YACTHIbI H3 COCTOSHASA
83, KOTOpHIE IPHBOMAT K MOIJIOLEHHIO 33 YeThIpe ara. Cpennee Bpems
10 NMepBOro AOCTHXKEHHsl MOTJIOMWAMEH IPAHHIbBI MOXKHO ONPEeNe/HTb,
pemasi  pasuocthoe  ypasuenue Te, = (1/2)(Te,_, + Te,, ) +1

(k =2, 3, 4) ¢ rpanuuHbMH ycaoBUsMH To, = Te, + 1, Te, = 0.

a(t)\
Zs -

S . : -

g

L1
7 2 3 L ¢

-r Puc. 7.6, Cayuaiiunie 6AyXKIaHHA MeXAY

-25 i IBYMS OTPaXKalOUHMH TPaHHIAMH
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7.3. Mmeetcst onHoponHas uenb MapkoBa C ABYMSI COCTOSIHHSIMH
¥, u O, onHOwWwaroBble BEPOATHOCTH NEPEXOA PABHBI Ty = P, fiyy = g.
[TycTb B peasinsauuu 3TOH LENH COXPAHSAIOTCA TOJIbKO COCTOSIHHSA, COOT-
BETCTBYIOIHE HEYeTHBIM MOMEHTaM Bpemen# [ == 1, 3, 5, ..., a ocTab-
Hble HCKoualoTea. B pesysibTate nosnyuaercs woBasi uenb Mapkosa ¢
cocroanuamu B, u ¥, TpebyeTcsi onpexenuTb BepOATHOCTH nepexona
fif1 M M3p 32 ONWH LIAT AJISl MOJYYEHHOH UENH.

Omeem: niy = p* + (1 — p)(1 — q), as = ¢* + (1 — p)(1—q).

7.4. Tlo cucteme CBsi3H nepejalOTCsl ABOMYHHIE CHMBOJBL, KOTOPbIE
o6o3naunm ¥, u ¥, Kaxkngblil nepenanHuifi CHMBOJ [OC/AEN0BATENbHO
NPOXOAHUT YEPe3 HECKOJbKO YCTPOHCTB (KaCKafoB), B KaxKIOM H3 KOTO-
PHIX BHIXOJQHOH CHMBOJ H3-32 HaJUUYHA UIYMOB JIHIIb G BEPOATHOCTDIO
p BOCHPOHM3BOAUTCA BEPHO M C BEPOSTHOCTHIO ¢ = | — p mepexoaut B
apyro#. Ilyets 8, = {§,, ¥,}— cumBo/Ibl HA BBIXONE N-TO yCTPOIICTBA.
IMocnenoBatenbHocTh cuMBOJIOB 8, 0,, ... ecTb oaHoponHas uenb Map-
KoBa C MaTpHIEHl BeposATHOCTEH nepexola

x=|? 9]
arp
Hauasnbible BepoaTHOCTH Ha BXojie cucTeMbl 3ajanbl: p§ = P {0, = 0, },
p% = P{0, = ©,}. Boluncaute BepostHOoCcTb P{0, = ¥,|0, = 0,}
a

TOro, YTO €CJIM HA BBIXOAE N-TO yCTPOHCTBA NPHHAT cuMBOA Uy, TO Gbl
nepenay 3TOT ke CHMBOJI.

Pt +pl (p—q)"

Omeem: P {8, =10,10,=90}= 1+ (p% — pg) (p— g™
1 2

7.5. Haita maTpuubl nepexoiublx BepoOSTHOCTEH N/l MapKOBCKO#
1eny, ofHchIBaoUIeH caenyomuil npouecc KaxJas exununa Bunyckae-
MOl Ha NPOM3BOACTBEHHOH JIMHHH MPOAYKUHH C BEPOATHOCTHIO p HJET
B Gpak. KayecTBo KakIOro OTAENbHOrO H3Je/Hs (TOAHO HIH NePeKTHO)
NPennosaraercs He 3aBUCSLINM OT KauecTBa APYIrHX H3aeani. KoHTpoab
KauecTBa H3JeHii coCTOMT B cieaywuiem. [Toka He nosBurcs i HeGpa-
KOBaHHBIX H3NEH NOAPfAN, NpoBepsieTcsi KaJoe BhycKaemoe H3je-
Jue (nmepBoe MpaBujo) 3aTeM M3 KaxkAblX 7 NOCAEAYIOIIMX U3neuil AAs
NpOBEpPKH PaBHOBEPOATHO BHIOWpaeTCsl JMILDb OJHO (BTOpOe NMpaBuiIo).
Ecou 6yner o6Hapyxeno GpaKoBaHHOE H3Je/iHe, TO KOHTPOJb MPOH3BO-
JUTCHA N0 NEePBOMY NPAaBHJY: NPOBEPseTCs KaKAOE H3ae/He BIVIOTb 10 M0~
fIBJIEHN s r HeOpaKoBauHwuIX H3nenuii noapsa u T. 4. [Ipennonaraercs, gre
MOMEHTHEI BPEMEHH £ OTCUMTBLIBAIOTCSI NPH MPOBEPKE Ka)KNOTO H3Je/HA
o NepBoMY MPaBHJY W CEPHH H3 r H3JeJNHHA — N0 BTOpOMY.

“Ilyctb coctosinne ¥ (R =0, 1, 2, ...) 03nauaet, 4To AP KOHTpOJE
MO HepBOMY NP4BUJY MOCAENOBATENBHO NMOSBUINCH B HeOpPaKOBAaHHHIX
usnennii. Cocrosnue xe 0., 03Hauaer, Yto NPoBEpKa OCYLIECTBJISAETCS
COTJIaCHO BTOPO#i YaCTH MPOUERAYPbt (IPOBEPSETCS ONHO U3 7 H3fe/nf)
U NOSIBHJIOCH ONHO WK 6Gosiee HeGpaKOBAHHBIX H3RE/HI.
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Omeem 147): npu Bcex 3mauenusx n'

npedbiBaHWe B COCTOSIHMH U, nocae n + |

njn =P ! nposepok | mpebuisanue B cocrosHuu U, =
nocae n NpoBepoK
p npu k=0, 1=0, 1, ..., ¢, t+41,
={1—p npu k=j+1, ;=0,1, ..., { wwm k=j=i+1,
0 BO BCEX CCTaJbHBIX CJAyYasXx.

7.6. UacTtuua cosepiuaer GayXKAanus MEXAY TOYKAMH, PacnoJ/IoKeH-
HBIMH HA OIHHAKOBBIX PACCTOSIHHAX APYT OT APYra Ha OKpyKHOCTH (06-
HIEE YUCJIO ToueK pasHO n). [Ipu 3TOM B NMCKPETHBIC MOMEHTH BpeMEeHH
t=1,2,3,... ¢ BEpOATHOCTBIO p YACTHUA MEPEXOAUT B COCEAHIOIO TOUKY
B HaNpaBJ/IEHHH O YaCOBOK CTPEJKE W C BEPOSITHOCTBIO § — MpPOTHB §a-
cosof’ crpesiku (p + g = 1). Ecnin vacTuua B Havua bHBIA MOMENT £ = 0

HAXONUTCA B HEKOTOpPOM coctosiHuu O; (i = 1, n) u na nepsom ware no-
magaer B cocrosiHue Oy, (4au ¥, ;), To roBOpAT, YTO OHAa CoBep-
ILAET MOJHBIA WHKJ 6/1yKAaHU{, eCH B cocTosiHue &; OHa BIepBLIe Bep-
Hercs u3 coctoauua ¢;_; (uan ¢;;). OuesnaHo, 4TO 3a HOMHBIF LHKJI
G1yKNaHHH YacTuua NMoGbiBaeT BO BCEeX NMPOMEXKYTOUHBIX COCTOSTHHAX.
Tpebyercss ONpeAe/HTb BEPOSITHOCTb P, COBEPILEHHS MOJHOTO UKKJ/A
Oy KIAHU . T

Omeem [48]: Py = (p — q)(p" + ¢")'(p" — ¢*).

Y kKa3anue MoxHO BOCHONB3OBATBCS H3BECTHHIMH pe3yJibTa-
TaMH pellfeHHs 3ajaud O CJAYy4aidHbiX OJYKAAHHAX MeXIy OOrjomalo-
mumu skpanemu [45].

7.7. BpluHcauTh KOpPENsIUHOHHYIO (GyHKUMIO ¥ CHeKTpaJbHyo ot
HOCTb KBa3uc/yuaiiHoro tenerpacguoro curuaga 6(f), npunuMarnomero

nsa 3Hauewus ¢, = ¥, u ¥, = —¥, c OAUHAKOBEIMKH BEPOSATHOCTAMH
p1 = p. = 1/2, npHueM CMeHA 3HAYEHHH C BEPOSTHOCTAMH nepexona
;s = Ty = ¢ BO3MOXHA TONBKO B (PHKCHPOBAaHHLIE MOMEHTHI BPEMEHH
t, = A = nTy, rne Ty = const, n =0, 1, 2, ..., A — cayuaiinasa se-

AWYHNa, He 3aBHcsm@s oT B8(f) u paBHOMEpHO pacmpenesednas Ha oT-
peske [0, Tl (puc. 7.7). PaccmoTpeTs wacTHeli cayyait ¢ = 0,5.
Omeem [45]:

Re<r)=ﬂz~;(n— '

)(p—q)"—' + 93 [—';—'—(n—l) (p— 9

¢

Tl
Ty

p=1—q, (n—DT,<lIv|<nT,, n=1, 2, 3, ..;

So (0) =2 5‘ Ry (t) cos otdt =
0

— 93 Toll —(p—9q)°]
1—2(p—q)coswTy+(p—q)?
196

(Sil'l 0)T0/2 2
oTy/2 *

. g‘ar*,"fq@;;&wwwp w

Ilpu p=g=0,5

ﬁ%(l — I;I ), 171 < T,

o

Ro(1) = | Sp(w)= 93 (S_i" T/ 2?
( (@)= 83T, T )
0, |T|>T,,

7.8. BuiuncauTh KOppeauHOHHYIO QYHKIHIO B CMEKTPANIbHYIO 11J10T-
HOCTb PaJHOCHTHAJA CO CIYYalHOH Hava/lbHOH (asoil Npy HaIWYHE RO-
HOJIHUTENBHON (Ha30BOH MaHUNYJALMKY KBA3HC/AYYaHHBIM TeserpadgHbim
curnajiom  0(f): s (f) = Agcoslmwet + 6(f) + @ol. 3mecs 6 (£) — ksa-
3ucayuajinplii TeJerpadHelil CHrHAJ, ONHCAHHLIA B 3ajzaue 7.7, ¢, —
cayyaiinasi HauaJibHas (asa, He 3aBucsimas ot 6 (f) u paBHOMepHO pac-
npexpeseHHasi Ha orpeske [—mn, nil. BuisicHuTh OTAMuMe B xapakrepe
cnexkTpoB npu 3o = /21 & = n. )

Omsem [45]: Ry(t) = (A§/2)lcos? &y + fr, (17]) sin® &yl cos ogr,
rue

FnlT) = (p — g |1 +2(m——-)]. mTo<t<@nt DT,
- (] .
m=0, 1, 2, ..,
S, (0) =(n/2)A] B, [6 (0 —@y) 4 6 (@ +y)] + (A8/4) Ty sin? 8, %
1—(p—q)* ( sin v—)2
X
[ 1—2(p—q) cos (0—ay) To+(p —9)2 \ 7v- +
4 I—(p—q) ( sin y+ )2J
1—2(p—gq) cos (@+wg) To4(p —9)? Y+ '

Ve = (@ 2= ) Ty/2.

[lpu ¥, = n/2 cuekTp fBAsETCS CAJIOIIHBIM, 4 TpH ¢y = L — YHCTO
JIUCKPETHEHIM. :

7.9. laiiTu Geayc/OBHYIO BEPOSITHOCTb pj(T), T =t — {,, uHCIa
MOSIBJIEHH{T j HEKOTOPOTO CJYdaiHOTO COBHITHS B NosynHTepBade [£,, f).
Cnyuaiiuptii npouecc 0(f) siBAsieTCA NMCKPETHBIM, ONHOPOJHBIM, MpPHHH-
MaeT ToMbKO uenounc/ienHsle 3navenus 0, 1, 2, ..., j, ... ¥ MOXeT Juiub

a@I
d(t)\ R i J :; =L_-
%o 7y B B 5T
)L —— 2 B
) Ao 23 e o n 7k
‘-#a Jt” ! 1 1 7_

Puc. 7.7. KBasuciyuafinohi Tede-

Puc. 7.8. IlyacconoBcknit nmpouece
rpaHbii curuas
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pospactaTh (puc. 7.8). HauanbHas BeposiTHOCTb H BEPOATHOCTH Niepexoaa
3aJaHbl:

(1 opu j=0,
9= .t =
pr Pilto) { Onmpu j=1, 2, ..,
0 npu > j,
0t L+ AH=
Tt - AD [ Mt+o(Af) npu i=j—1,

PaccmoTpeTs TakKe CJydali HEONHOPOIHOTO Mpouecca, Korja HH-
TEHCHBHOCTb N1€PEX0/la U3 COCTOSHHSA j — | B j 3aBHCHT OT BPEMEHHU, T.€.
niy j (¢ 1+ Af) = MH)AL + o(AD).

Omeem [46]: BepoaTHOCTH p; onpenessioTcs 3akoHom [lyaccona:

pi(%) -——-L?l— e—M  j==0,1, 2, ..., t=I—F,
1
L i ' .
pi(ts t)=i—]l( X(s)ds) exp(—S%(s)ds), j=0, 1,2, ..
0 / tO V

{

7.10. BoIuuC/aIMTh BepOATHOCTD pj(f), @ TaKKe MaTeMaTHYECKOE OXKH-
JaHHe W IUCNEepCHIo JJIf JIMHEHHOro npouecca poxaenus 0(f), sanan-
HOTO cJeayomuMu ycaoBuamu: 0 (0) =1, ;i (4 ¢ + Af) =
=AAt+o0(AY),j=1,2,3,..,{>0,tne A = const.

Omeem: pyt) =e~M1 —e=M)i-t j=1 2, 3, .., me(t)=
= eM, Dy = eM(eM — 1).

Y kasaunue: Taxoii oTBeT MOXHO [IONYy4HThL H3 PE3YJLTATOB -

(7.70)—(7.72) npumepa 7.4, nosoxkus p = 0.

7.11. Bpiuuc/HTL BEPOATHOCTb p,(f), eCln HauaJbHOE 3HAYeHHe
npouecca poxjenns O (f), salanHoro B 3anaue 7.10, paBro 6(0) =
=m<h.

. — (n— L —mht __e—Atyn—m
Omeem [35]: p, (%) (m-l)!(n—m)!e (1 —e—At)yr—m

7.12. Tlycts 0 (f) — MApKOBCKH{i TIPOUECC POXKACHHUS, AJIs KOTOPO-
ro CrpaBeyIiBLI CJAeAYIOMHKe COOTHOLIEHHS:
P {coBuitne nactynut B (¢, ¢+ Af)|6(f) nedyetno} = LAt + o(Al),
P {cofwtue HactymuT B (f, ¢+ A?)|0(f) uetHo} = A,At + o(Af).
Haiitu caenyomye BeposiTHOCTH: '

p.(t) = P{6(f) neuetno}, py(¢) = P{0(f) verno}.

- A
Omeem {471]: ) = 2 | —e—®a+ha)),
{471 p(®) N ( )

M Ag
+
A4y )
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e—{h +7\.,)l.

pa{t) =

¥ ka3 aHue: Busectd u pemnts AudxbepernyasbHBle YpaBHeH Ha
dpy(t)/dt = —hpy(t) 4 Aspa(t),
dpy(t)/dt = Mpy(E) — hopo(2).

7.13. Tlpu Tex ke yCJIOBHAX, 4TO U B 3ajave 7.12, HafiTH MaTeMaTH-

qecKoe oxulanue npomecca 0(¢).
Omegem:

M6 — Pt (A —As) A
oo it T (m-;z)22 exp[—(at- 28— 1),

7.14. Haiitu BeposTHOCTh p,(f), a TaKKe MaTeMaTHYECKOE OKHIa-
HHUE ¥ JUCNIEPCHIO M5 JIMHEHHOTO npouecca ruGesy, 3alaHHOTO CAeyo-
mumu  ycaosusMu: pl = P {8(0) = N} =1, pf =0 npu j<< N,

5y, 31ty ¢+ At) = pjAt + o(At), j=N, N—1, ..., 0.

M
nl(N—n)!
mg (£) = Ne— W, Dg(f) = Ne—ut (1 —en),

Omeem: p, ({) = e—nut (| —e—ntyN—n

7.15. Hcnoawsys Tot ¢akt, 4To MapKOBCKHil MPOLECC OCTAETCH Map-
KOBCKHM H B OOpaTHOM HarpaBJIeHWH, [OKas3aTb, 4TO BEPOSITHOCTHBIE
XapaKTepUCTHKM Hpolecca rHGe/In MOXHO MOJY4HUTb H3 COOTBETCTBYIO-
HHX CBORCTB IPOLECCA POXKACHHSI.

Y g a3aHnue CreryeT BoCNoJAb30BAaTHCS PaBEHCTBOM

P{O(t + v) = il 6(2) = [}P{B(¢) = [} =
= P{8(t) = jl 0(+1) = i}P{0 (¢ + ) = i}.
7.16. Tpebyercs BBHIYMCIHTD KOPPEJNSMMOHHYIO GYHKIHMIO H CIEKT-
paJIbHYIO [IIOTHOCTb PAaJMOCHTHAJA €O CJYYaHHOH HauaJbHOH (asof

NPH HAJMYHH JONONHHTEJIbHOH (a30BOH MaHMMY/MAUMH CIyyaiiHBEIM Te-
JerpadHblM CHTHAJIOM: -

s(t) = Aqcoslogt + 6(f) + ,l.
3nech @, — cayuaiinas HauanbHas (asa, PABHOMEPHO pacripefesieHHAs
B WHTEpBaJE (—1, ), 6(¢) — He 3aBHCAWNI OT @, CTANMOHAPHBIN CHM-
METPHUHbBIH TeserpadHblii curnas (cM. puc. 7.5), NpUHHMAOWH JIHIID
aBa snavuenus +8,, 0 << n ¢ BeposTHOCTAMU p; = p, = 1/2; Be-
POSITHOCTH Nepexoja 3aJaHbl BHIPAKEHH IMH
“11'("7) = Tae(t) = (1 + 6—2“)/2’ g (T) = 5y (1) = (1 — e—21)/2,

_ Omgem:
Ry(t) = (A§/2)lcos* &4 4 exp(—2A| 7| )sin? &,] cosamgr,

S(@) = (nAY/2) [8 (@—0g) + & (@ + @) cos? & + A} Asin? B,

X [ 1 + !
4A? - (0 —g)? 402 4 (@ 4wg)? |
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i(’t)A Puc. 7.9. UmnynbcHbifi

7_272 =413 cayuaiiHblfi mpouecc ¢
F=vy—> TpeMsl 3HAYEHHAMH
Az YAz Ady

7-237-43] L

1}3=0 > - ?
212 73 A3
b=~y
7-221~ 423

B ofmeM cjyuae CeKTp SBJAETCH AUCKPETHO-CIVIOMHBEIM. B uacTHOM
ciyuae &, = n/2 cnekTp GyneT CrJIOUIHLIM, a NpuH ¥, = 5 — JAUCKpeT-

HBIM.
7.17. VimnyJabcHblii cayuajinelii npouecc 0(f) npunumael TpH 3Ha-
genus: ¢, = &, ¥, = —%,u &3 = 0 (puc. 7.9). 3anaunl oAHOWIATOBIE

BEPOSITHOCTH fl€pEXO/a 32 MaJjloe BpeMs At:
A’let(ﬁl g ﬁe)v 7‘13At(ﬁ1 g ﬁs), 7‘23At(ﬁ2 g 1‘}3)7
Mg AL (G, — O), Ay Al (F3 — &), AgAL (83 — Ty).

Hy:xHo HajiTi: 1) BepOSTHOCTH CTAMOHAPHBIX 3HAUEHHI, 2) Koppe-.

JSUHOHHYI0 QyHKIHMIO npouecca 6(f) B CTalMOHAPHOM COCTOSHHH.
Omeem [49]:

1) py = a,/kiky, py = aolkiky, ps = aslkik,, rIHE
o = Agrhgy + Agihgs + Agihys,
0y = hiohgy + Aighge + Aqahyy,
0ty = Agghyg + Aoghiy + Agihs,

ki = (1/2)(Ay + Ay + Ay + hig + Ao + Ags) F
F [(1/4) (R + Aoy + Ay + Mg+ hog + Ago)® —
— (}‘317%1 + }‘317V23 + }‘21}”32 + }‘12)‘32 + }‘13}”23 +}‘12}V31+}V‘13}”1~2+
+ Agghiy + Agghoy)]'/3; .
kiky = aihar+AgihagHAarh gt Arshas+Aghog A ohgy +hoshy s +
+ Aaghis + Aighen;

2) R(t) =19} (i —Otz_)ﬂ_ ky kg (G t+ao)+kg {0y (2hiat Ayg)+ 0 (2Ag1+ Ags)] %
’ ky k3 (kg —Fy)

Xe —Ryltl X

by (o —0g)2—Ry by (0t Gg) ko [0y (Zhyg +M3) +- otg (2hg1+ Aa3)]
x @ —(ks—F2) m} .

« [1 R (01— ag)2— Ry kg (0 0a) +ky [0 (Zhyg +Aas) +aa (2hey +RAs5)]
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7.18. M3 otBeTa Kk 3amaue 7.17 mosiyunTb pesyJsTaTh npumepa 7.3.
Omeem: HyxHo nosoxuTh p§ = P{08(f,) = 3} = 0, ;3 = Ay, =0,
Ay +hge=1,0=—=38,= 1. Tlpn atom &y = 1,ky = Ajy-FA,,

4
;= Ayg, Xy = Ay, @3 =0 R (v) = (‘;f_%exi) (=g + Agp) 1L

7.19. PaccMoTpeTh CJeAylOlIME TPH YACTHBIX Cayuas 3ajaud 7.17:
D) Aig = Ay =4, Ay =gy = P, Ay = Ay =5
) My =Ry =4 Mg =Ag =p, Ay = Ay = 0;
3) Mg = o1 =0, Aoy = Ay = p, Ay = Ayy = 1.

Omeem:
1) pr=ps =/ (20+ 0), Py=0/(2n +p),

8z 2p . .
R (v) =103 TS exp [ —(2A +p)lT();

9 pr=pa=py=1/3, R(1) = 05 — ~ (@A +p—

, 3 (ky—hy
— k) et 1M —(2h +p —k) =k 1 1]

: 2u o 2u -
3 = == , = , R T) = ’8‘2 e—PlH,
) p1= Pz ontp Ps St p (T) 0 S

7.20. TTonyunTh BBIpPAXKEHH$ (JIOTHOCTH BepOSITHOCTH M KOBapHa-
[MOHHOM QYHKIMH CTALMOHAPHOTO MMIYJIBCHOTO CJaydYaHHOTO fpoiecca
6 (¢), sapanunoro caenywomum obpasom. [lIpouecc 6(f) npencrasaser co-
6ol CTaUMOHAPHYIO MOC/EeA0BaTeBHOCTD (1PAMOYTOJBHBIX HUMIYJbLCOB,
aMIJIMTYbl KOTOPHIX B3aUMHO HE3aBUCHMBL H OJMHAKOBO PACNpeNeseH
¢ nJoTHOCTBIO BeposiTHocTH p(8) (puc. 7.10). «MuTencuBHOCTBY nepe-
X0/l U3 HYJIEBOTO COCTOSIHUA B Ji060e OTJIMYHOE OT HYJISl COCTOsSIHME pPaB-
Ha W, 4 HHTEHCUBHOCTb 00PaTHOTO Hepexoja paBHa A.

A W
Omeem: P =—— §(0 —— p(9),
aem: po (8) =5 8(8) + —Lm p(®)
rae 6(x) — AesbTa-QyHKUKA,;

= Dy —2 _e—>Itl ad 2[1 2 e—ttmm
Fal) hrw +m9(7~+u) + b ’
rje -

mo = [ $p(®)d®, Do = [ (& — me)2p(8)d9.

Y ka3amn ue: Ciieqyer yuecTb, - 4TO BEPOSITHOCTH [€PEXOIAOB (1pO-
mecca 0 (f) coBraiaioT ¢ BEPOSITHOCTAMH [epPeXO/0B AMCKPETHOTO Map-

o)

g 4

o)

Puc. 7.10, MlMnyabcHeiil cayuadHbifi mpo-
necc
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EOBCKOTO MPOLECCa ¢ ABYMS COCTOSHHAMH, a JUIMTENBLHOCTH HMITYJIBCOB
B MHTEPBAJIOB MEXIY HHMH pacnpejlejieHbl N0 SKCIIOHEHIHAJNBLHOMY 3a-
KOHY C NapaMeTpamMH A H |4 COOTBETCTBEHHO.

7.21. TlycTb nocsefoBaTe/IbHOCTL C/ydyalHbIX Beqauuud {A,} npex-
cTaB/sieT coboil BpeMEHHBbIE OTCUETH IrayCCOBCKOTO CTANMOHAPHOTO Mpo-
necca E(f) ¢ 9KCMOHEHUMAJNBHON KOBapHAUHMOHMOH OGYHKUMEH k() =
= Dexp(—a|t]), a >0, 1. e. A, =8¢+ ), n=1,2, .., rre
f, — NPOM3BOJNBLHO B3ATHII HayajbHLIE MOMEHT BpemeHu. YO6eauTncd,
9T0 MOJIy4eHHAs NOCJef0BaTeJbHOCTh {A, } IBJASETCS MAPKOBCKOIL.

Omeem naet cielytoumas Teopema [5l: rayccoBckuii cayuaiiHbiii npo-

necc 6yZeT oJHOBPEMEHHO W MaPKOBCKUM TOTAA H TOJIbKO TOrAa, Korja
opu s << { <C T KoappHUMEHT Koppeasuuu mnpouecca r(f;, ¢,) yIOBJIeT-
BopsieT GYHKUHOHAJIBLHOMY COOTHOWEHHIO 7(s, H)r(t, ©) = r(s, t). Hasa
rayCCOBCKOrO CTalHOHAPHOTO Ipouecca ¢ 3KCNOHeHIMAIbHOH KoBapua-
[HOHHOM (YHKUHEN 3TO COOTHOLIEHHE BBINOMHAETCS. .

7.22. HesaBucumele ciiyyaiiHbie BEJHUHHBI Ay, Agy ..., An, ... HMEIOT
COOTBETCTBEHHO MJIOTHOCTH BeposiTHOCTH p (A,) = p, (A). HokasaTs,
410 cayuaiinple BesuuuHnl Xy = A, X, = A + Ay, .., Xy = A, +
+ Ay 4 ... + Ay, ... 06pa3y10T MAPKOBCKYIO NOCJIE0BATENBHOCTb. -

Omeem:
P(xy, Xgy 200 Xp)
i, (xn‘xly K2y eeny Xp_g)= = =p(xn- Xn-1)-
Pxy, Xgy -o oy Xp_1) .
7.23. M3 He3aBHCUMBIX ClyualiHbIX BEJMUUH Ay, As, ...y Ay, ... 0O
pasoBaHel HOBpie cJayuaiiHele BesvuMHel Xy = Ay, X, + ¢X,_, =

= An, n>2, ¢ = const. Tlokasats, uTo nocsenoBatesibHOCTh {X,, } AB-
ASIETCH MapKOBCKOH.

Omeem: 1, (Xn| Xy, Xy -ovy Xpey) = P (Xn — CXpoy)-

7.24. BpiuuMC/IHTL KOPPEJALMOHHYIO (DYHKUHIO H CHEKTPaJIbHYIO
WIOTHOCTh  pajMOCHTHala ¢  paspuiBHOM (asoli Buga s (f) =
= A, cos [wgt + 6(f) + @,l. Bornnuwe ot 3agauu 7.8 3nechb 3HaueHus
@ ecTb HenpepoLIBHBIE C/yYaliHbIE BEJHUYHHBI, PABHOMEPHO PACnpee/IeH-
Hble Ha oTpeske [—un, nl, npuuem &; u &; npu i 5% j HezaBuCUMBL. PasphI-
Bol (CKauku) (asbl JONYCKAKOTCS TOJABKO yepe3 (DHKCHPOBAHHHIA Bpe-
meHHoi HutepBan Ty = const, a B Ipefenax KaxXAOro MHTEPBajia AJIH-
TesbHCCTHIO T4 hasa octaercs MOCTOSHHOM.

Omeem [45]: '

Ry(x) = (A8/2)(1 — |7| /T )coswyt, 15[ < T,

Sy (@) =(A4§/4)T, [( sin (o — @g) T/2 )2 +( sin (@ + @y) To/2 )z]

(©—ag) To/2 (©+0,) To/2 i

7.25. Pemuts npenpiaymyio 3agauy 7.24, npuHsB, 4To CKauKH (aswl
MOTYT NPOUCXONUTH HE Yepe3 (PUKCHPOBaHHBIA = uHTepBaj Bpemenu T,
a B CayuyadHble MOMEHTH BpeMeHH, ONHChIBaeMble 3aKoHoM Ilyaccowna,

.y .
pe(h) = e 10, k=0,1, 2, .
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Omeem [45):
R(t) = (A3/2)e~vI*I cosmgr,

A2 v v
Si0)= 1 [ + =
2 V2 (0 — 0g)? v+ (0+ oy)?

7.26. Yucro andpysvoHHBIH caydaiiHelli npouece o(f) 3agaH Cro-
xacTuueckum JuddepeHuManbHbEIM ypaBHeRHeM du/dt = n(f), v(0)=
= vy, Ije n(f) — rayccoBckui Gesblii mIym C HYJEBRIM MaTemaTHdec-
KHM OXHJaHHeM W le/jbTao0pasHoil KoppensiuuoHHoi dyHkuuei (7.39).
3anucath a1s npouecca v(t) ypaBwenue Poxkkepa—Ilianka— Konmo-
rOpoBa H NOJYYHTH ero (yHAAMEHTAJILHOE peleHue.

Omegem:

a
pral AL

_ {v—u)
Not ]

0 1
a—tp(v, f)== TNO

1
p(vr t)_‘ V—m exp [

7.27. lna uncto audxpy3uonHoro npouecca u(f), OMNHCAHHOTO B 3a-
jgave 7.26, nosyuuTh BbIpaXKEHHs MJIOTHOCTEH BEPOATHOCTEH AJis ABYX
ciyuaeB: 1) B Touke v = € > v, PacnoJIOXKEH OTPAXKAIWUUH 3Kpau;
2) B TO4Ke U = € > U, PACNOJIOKEH NOT/IOMAIMUHA 3KpaH.

Omeem:

+exp [— _(20—1\/0700)2-]}, —o<o<Le
0 -
__ S el 7Y ) _Ze—v—u) N
2 P 0=m {eXp[ Vol ] exP[ Not ]}
—oo <CU < C. :

7.28. 3anucath ypaBueHue Pokkepa—Ilranka—Kosamoropora u
NoJyuuTh €ro (yHJaMeHTalbHOe pelleHHe [J18 CJY4YadHOro npouecca
A (t), 3anannoro ypaBHenueMm dA/df + p = n(t), M(0) = A,, rme p —
nocTosiHNAaA BeJuyuHa; n (f) — rayccoBckuil Oesnlil uyM € KoBapua-
uMoHHOM (yHKUMeH (7.39).

Omeem:

d 0 1 02

2 ooh =2 L A

5 P O =p— p(},t)+ 7 No5 P00,
1 _ (A—Ao+-pi)?

VaN, ! cxp [ Not ]

7.29, TlonyunThb BhIpa)KeHHE CTAHOHAPHON MJIOTHOCTH BEPOSATHOCTH
MapKOBCKOTO CJYy4aiHOro fponecca A(f), 3aJaHHOTO CTOXaCTHYECKUM
JuddpepeHuyanbHbEIM YPaBHEHHEM :

dhdt = —yh + No/4h + n(t), A >0,
203

-




rae y > 0 — NocTosiHHas BeNHuyHa; n (£) — rayccobckuil GeJblii mym
¢ KopapuaunoHHoil dyuxuuedt (7.39).

Omsem:; ps,(x)=(0L)exp (_

2

N
,02=— A>0.
202 4y
7.30. [loayudTh BhIpa’KEHHE CTAUHOHAPHOH MJIOTHOCTH BEPOATHOCTH
cayuafiHoro npotecca A (f), 3alaHHOro croxacTuyecKuM Auddepenunasnb-
HBEIM YpaBHEHHEM

dhdt = —ad In (Mm) + oda(t), > 0,

rie o >0, m> 0 — noctosiHHbie BEJHUHHBL, 7n({) — raycCOBCKHH

feaniii WymM € KoBapuauHoHHOH ¢yHkuued (7.39).

(In A—In m)?

. __ _ 2_ N
Omeem: pg, (1)= Vo exp[ oo ], ol=alNy/4, A>0.

7.31. Mapkoeckuii cayuyaiiHbiii npouecc A (f) 3aJaH HeJMHEHHLIM
CTOXacTHYeCKUM JAudpepeHudabHEIM ypaBHEHHEM

L‘t‘;‘_z(__ mgo >}‘/3—4m+]/2_}\,l—2mn(t), l}O,m;%,

rae m u §2 — MOCTOsIHHBIE MapameTpbl; # (f) — rayccoBckuil OeJinlfi
myM ¢ KoBapuauuouHoil dyuxuueii (7.39). Tlonyunts Beipaxenue cra-
ILMOHAaPHOH MJIOTHOCTH BEPOSITHOCTH mporecca A (f).

Omsem: pg, (M) =

2 _[m\m Am—1e—mh/2 4 >0, m > _l_
F(m) \ Q 2

7.32. Buluvenuth cpensee Bpems T uw gucnepcuio Bpemend D nep-
BOTO /OCTHXKEHHS MNOIJIOWAIOMWNX TPAHUL ¢, d YucTo AupdY3HOHHBIM
npourccoM u(f), onucauybl B 3aaaue 7.26, npeanonaras, 4To Hayalb-
HO® 3HAUeHHE NPOLeCca U, HAXOAHTCS BHYTPH Ipanu (¢ << vy << d).

Omeem: Ty(c, vy, d) = (2/N,) (d — vy) (v9 — ), D (c, vy, d) =
= (1/6N)(d — ¢)* — (d + ¢ — 2v,)2l.

7.33. Onpenenauts cpennee gpemsi T', NEPBOTO AOCTHKEHHUS OHOM NO-

TJOWAIOIIEH TPAHHIb], PACTIONOKEHHOH B TOUKe A = d, ciyyaiiubiM npo-
meccom A (f), onucanHbM B 3ajaue 7.28, cuyutaga p > 0 H Ay << d.

Omeem: Ty (—o0, Ay, d) = (d — Ag)/u, n > 0.

7.34. lna cayuaiinoro npouecca A(f) Takoro me, KakK U B 3afaue
7.29, BRIUKMCIHTDL cpelnee BpeMs T NEPEOro NOCTHRKEHHS NOMOWAOMEeT
rpaHuiubl d, ecaM rpanuna ¢ = O spasercs orpaxaiomesi. Hayanbhoe
sHayenue npouecca A, Haxoautcs BHYTPH rpauuu (0 << Ay < d).

: dfo
A 1 1 2
Omeem: Tl( ,—",—d—-)=— — (€¥*/2—1)dx.
o o Y x
hol/O
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8. TOYEYHBIE H UMNYJbCHBIE CAYYAHHBIE
NPOLECCHI

1. TEOPETHYECKHUE CBEJAEHUA

1. Myacconoscknii npouece. [locrenoBareabHocTs CaAy4YaHHBIX CcOGLITHR
(TpeGoBanmil, 3a9BOK, OTKA30B M AP.), NPHCXOAAIHX BO BPEMEHH, MOXHO Xapak-
TepH30BaThL cyYadHLIMH MOMEHTAMH BpeMEHH WX NOSBJEHH: fy, fy, £y, ... Ha Bpe-
MeHHoll ocu (puc. 8.1). Takyw HOCJe10BATENbHOCTL COGBLITHH HAa3bLIBAIOT cay-
HafHLIM TOYEYHbIM NPOLECCOM HJM C/yuafiHbM NOTOKOM. ECJM TOUKH Hepasan-
4HMbI, TO BMECTO HHX MOXKHO PACCMAaTpHBaTh WEJAOYHCAEHHBI CaydailHel npo-
uecc N(f) — 4Hc/I0 COGHMTHH (TOueK), MOABASIOUWHXCHA B noayunrepsane (0, {1,
npuueM B faibHeiimem npuuato N(0) = O (puc. 8.1). Ha puc. 8.1, 6 n g nso-
Gpaxenbr TakiKe COOTBETCTBEHHO NpOH3BoAHan &(¢) = dN({)/dt, npeictasasio-
was co6o# NnocAes0BaTeNbHOCTb AeIbTA-QYHKIHIA B TOUKAX ¢, &3, I3, ..., H IpHpa-
uenne n(f) npouecca AN(f) 3a Hekoropoe Bpema g&:n (f) = [N (f + &) —
— N(H)V/e.

HMmeercs 1Ba TecHO CBSI3aHHHIX Mexay co6oil MeTo4a ONUCAHHSA cAyuaiiHbIX
TOYEYHBIX npoueccoB. [lepBLill H3 HHX GasHpyeTcst HA pacCMOTpeHHH cAyyaliHOi
NOCNe0BaTeNbHOCTH TOYEK BO BDEMEHH, a BTOPOfl — Ha aHaJH3e ueJOYHCAESHHOro
cayuyaiiHoro npouecca N(f) [45])

BeeseM HHTepBajbl Mexiy COCEAHHMH TOUKAMH

u=4—4>0, i=1,2,3, .., (8.1

FJle TOA fy MOHHMAeTCs HAYAJO OTCYETA BpeMeHH, NPHHUMaeMoe 332 Hyap. Toraa
NOC/e/l0BATENIbHOCTD TOYEK MOXKHO X4PAKTepH30BATh A-MePHOH NJAOTHOCTbLIO Be-
POSITHOCTH Py (Ty, ..., Tp) HHTEPBAJOB MEXK1y TOUKAMH HJIM XK€ IJAOTHOCTHIO Be-
posaTHOCTH Py (fy, ..., {5) KOOPAHHAT CAMHX TodeK. MeXIy STHMH MJIOTHOCTSAMH

BEpPOSTHOCTH HMEIOTCS  OYEBHAHBIE
COOTHOILUEHH S //(t)l}
—
Palty. ta oo, ty) = pnlty, tyg — 4, ..., n - i
th — thy), 8.2) :‘ I
i
Plty Too s Tp) = Pyp(ty 1+ o ,_‘rrl
—- ot
+ T e, BTt e 1) = T T
(8.3) r-—irﬂl : !
1 i1yl .

Bripaxenua nas nnotuoctell BepoAr-
HocTe#l pp ¥ Py laxe B clyyae CTALHO-
HAapHOro TOYEYHOro mpollecca, Boobie a)
roBops, OyAyT pa3jiH4YHBIMH, KOrja f(ﬁk
Hayalo OTcyeTa BpeMeHH BHOpaHO
MPOHM3BOJIbHO H KOFja 3a Hayajo of-
cyeTa B3fATa Kakaf-AHO0 H3 BhINAB-

by by

||

h—
f——a——
—

L

e

IHX TOYEK. X
Bwmecro sTux mnoTnocTe#t BeposT- 0ty ty 5 % tusy T
HocTell MOXHO paccMaTpHBATH uelo- net) 5
yhcHeHHbll cayualinub npouecc N(f). _Z_L )
Ecan #; — KoOpAuHaTa {-ii U3 BHINAB- & w2
wHx Touek (& < f < ..o < < ..0), 1
To N({) =0 Torsa H TOJNBKO TOrxas & !
) =
Puc. 8.1: Uenouncnennufi cayyaiinmii 0 b 2 ts n g ¥

npouecc (@), ero mpousBoAHas (6) u 8
npHpauleHye npouecca ()
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woraa v, >4 u N(H)<n Toraa M TO/NbKO TOrAa, Koraa Ty + T3+ ... -+
+ Th > 1, T. €
PIN@®) = 0y = Pty > #},

PINO) <ny=Plyy+ 1+ . +m>t), n=123, ..
Clle10BaTeIbHO, €CJAH M3BECTHO pacripefeieHHe eNOYHCAEHHOTO cayyaiiHoro npo-
necca N(f), TO MOXKHO HAHTH OZHOMEpHbIe U MHOrOMepHhIe IIOTHOCTH BEpOAT-
HOCTH CJy4aiiHbiX BEJHUHH Ty, Ty, T3, ..., H HAOGOPOT.

OcHoBoO# a5 GOPpMHUPOBAHHS PA3JIHYHHX TOYCUHHIX IMPOLECCOB fABAAETCA
npocrTefilnil nyaccoHoBCKKil NOTOK. Llenouncaentbiii npocTe Al uil 1yacCOHOBCKUH
toveunwifi npouecc {N (f), 0 <t < + oo} onpenenserca Tpems CBOACTBAMH.

1. Ou opauHapeH, T. €. BepOATHOCTh HACTyN/eHHsa (0jee OLHOro COGHITHA
Ha JI060M MaloM HHTepBaje BpeMenH Af HMeeT 60/ee BLICOKHI NOPSAAOK ManOCTH,
uem Al

P{N(t + Aty — N(t) = 13 = P{N(AN) = 1} = vAl + o(A¥), (8.5)
P{N(t + A — N(H) > 1} = P{N(A) > 1} = o(A1), . (8.6)
rIe v — HEKOTOpas NOJOXKHTEAbHAsA BeAHUYHHA, HMElOasd pa3MepHOCTD, oGpaT-

Hyo BpemeHu [cM. (8.13)]. CaeancrBueM 3THX ABYX COOTHOEHHR sBJSETCH pa-
BEHCTBO

P{N(t + Af) — N()=0} = P{N(A!) = 0} = | — vAt+ o(AH. (8.7

2. [lpouecec cTamuoHapeH, T. €. ero BepOSATHOCTHbIE XapAKTePUCTHKH He H3Me-

(8.4)

HAIOTCA OApHW CABHIe BCeX TOUEK BAOJb OCH BpDEMEHH HAa NPOH3BOJNbBHYIO, HO OLHY'

H Ty XK€ BeJIHUHHY A, .

3. On uMeeT HE3aBHCHMBIE NPUPAUIEHHS (3HAUYEHHS) HA HEHePEKPLIBAIOLUIH XCsl
HHTEpBaJax BpeMeHH (OTCYTCTBHE rocjeneicTBus). .

Ha ocHoBanms 3THX CBOilCTB MOXHO nokasaTbh [45], uro BéposTHOCTL Pg(¥)
Haauuna k Toyek B nosynHteppase (0 ¢] onpeseaserca 3akonom [lyaccona:

Pr(h=(vH*e= /11, k=0, 1, 2, ..., ¢>0. (8.8)

W3 3Toit popMyasl cieayel. YTO BEPOATHOCTb OTCYTCTBHSA ToYek (k=0) Ha KaKOoM-
AH6O noayHHTepBajie 1

Py(1) = exp (—v1), ' (8.9)
a BEepOsTHOCTb HafHUHA OAHON Touku (k= 1)
Pi(1) = vt exp (—v1) (8.10)

Ecaiu B (8.9) u (8.10) non0xHTL T = Af, rieA! — MaJjas BeIHYHHA, YIOBJET-
BopsouLAsa ycaoBHI0 vAL € 1, TO moaydum
Po(AD) =~ | — vAL + (1/2) vi(Aty,
STH paBeHCTBa coraacyloics co cpoiicteamu (8.7) H (8.5) myaccoHOBcKOro 3akona.
Kpowme Toro, H3 BTOpPOro paBeHCTBa UMeeM
v=1lim P, (Af)/At. (8.11)
Af—>0

Pi(Af) o VAL — v(ARR.

MaTemaruueckoe oxuaasue m M aucnepcus D sakona INyaccona paBHH Apyr

apyry:

m= D = vi. (8.12)

[MockonbKy m onpelensieT cpeiHee YHCAO TOUEK, BHINABUIHX B IOJyHHTEpBaE

(0, #], To napamerp

v =/t (8.13)

MOXXHO TpaKTOBATb KaK CPEJHEE YHCNO TOUEK, NPHUXOAAWMXCA HA CIHHHYHBIA

HuTepBas BpeMmenn. [lo3TOMy v 4acTO Ha3HIBAIOT NapaMeTPOM HHTEHCHBHOCTH my-
4CCOMOBCKOrO nOTOKa.
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[notHocTs BepOSTHOCTH BpeMeHH f; MOSABJACHHS k-l TOUKH onpenenseTcs
ramMa-pacrpeneieinem (C napamerpamu X u v):

pry (N=ve V()= ik—1)1, =1, 2, 3, ..., r>0. (8.14)
MaremaTHYeCKOE 0XHJAaHHE H IHCNEPCHs CAyYailHOTO BpeMeHH
my, =kl/v, Dy =k/v?. (8.15)

[MocnenoBarensvtocts T, i = 1, 2, 3, ..., BpeMeHHLIX HHTEPBaJOB Mexay
COCeIHHMH TO4KaMH [YacCOHOBCKOI'O MOTOKa SBJASETCH NOCJEA0BATENbHOCTLIO
11e3aBHCHMEIX M OAHHAKOBO DACHPENC/CHHBIX CYUYaiiHBIX BEJHUHH C 3KCHOHEH-
UHMaJbLHOH MJIOTHOCTHIO BEPOATHOCTH

p(r) = ve™ V%, 1> 0. (8.16)

MaremaTH4ecKOe OXKHIAHHE H JHCIEPCHS HHTEPBAJIOB MEXAY COCEIHHMH TOUKAMH
COOTBETCTBERHO paBHB m_ = lfv, D = 1/v2.

CrnpaBefiuBo 06paTHOE YTBEep:KACHHE: €CJAH HMMeercs I0CAeN0BaTeNbHOCTD
He3aBUCHMBIX CAYYaHHBIX BENHUHH T;, i = 1, 2, 3, .. , HMEIOUIHX OXHY H Ty Ke
9KCTIOHCHIHANLHYIO MIOTHOCTL BEPOATHOCTH (8.16), To coorBeTcTBYIOMME €il TO-
YeyHHIH IIpOLleCC, OKAa3hIBAETCH MYacCOHOBCKHM.

ﬂyaccouoscxnﬁ MOTOK TOY€K MOXKHO MONY4UTh chenyiomum ob6pasoM. [lyctob
cayyallHbiM H HE3aBHCHMbIM 06pasoM BO BpemeHHOM noayuHtepBane (0, T] pas-
MeuleHO n TOYeK, IPHUYEM BepOATHOCTb NMONajaHHA KAaKOH-JIHOO TOYKH HA MadJbiil
unreppan A¢ & (0, T) paBHa P = A{/T € 1. Torza npn T — oo, n — oo,
n/T — v BepPORTHOCTb HaJHUYMA Kk TOUeK HA MOJyHHTepBajie gaunHoil ¢ & (0, T
Gyaer onpefensiToca 3akonoMm [lyaccona (8.8).

M3BecTHO HecKObKO pa3iMdHbIX 0606weHHnil npouecca [lyaccona. Ykamxem
sjech 7ABa Takux OoCoCmeHHs: HEONAHOPOXHLIA IyacCOHOBCKHM INpouecc M mpo-
(UABTPOBAaHHHIA NYy3CCOHOBCKHE mpolecc.

[MyaccoHOBCKHIt Npouecc Ha3blBaeTcsl HEONHOPOAHLIM, €CJH €ro IapaMmerp
HHTEHCHMBHOCTH 3aBHCHT OT BpeMeHH v (f). Ias Takoro npouecca BepOsAITHOCTb Ha-
anuMs k Todek B nonyHnHrepBane (0,f] naetcs HeoaHopoaHEM 3akoHoM [Tyaccona:

t k i
1
Py () =" X vitydt | exp —-y vitdt |, k>1. @8.17)
0 0

[lpn v = const (oaHOponHBIA mpouecc) 3TOT 3aKOH NEpeXoauT B OOHYHLIA 3aKOH
[lyaccona (8.8). MaTeMaTHUeCKOe OXHAAHHE M JHCIEPCHS HEOZHOPOAHOrO mpo-
uecca [lyaccoHa paBHb APYF APYTY:

t
m(f)=D () ={ v(z)dr. . (8.18)
0

MpopuabTpoBannniit nyacconosckni nponece {E(#), # > 0}, 4acto nasumae-
MbIfl IpOGOBHIM LIYMOM, MOMKHO IpEICTABHTL B BH[E B

N(D
Ho= ) he, b, a). (8.19)

=1

3rec {N(#), ¢ > 0} — B obuemM caydae HeOAHOPOAHHIM NyacCOHOBCKHM MOTOK
¢ HHTEHCHBHOCTbIO  v({), {ai} — MOCJIe10BATeNLHOCTL B3aHMHO HE3aBHCHMBIX
H OJHHAKOBO pacnpefesieHHbIX CcAydYalHbiX BeJHYHH, He 3aBHcsAulasg OT {N(t),
t> O}, h(¢, T, a) — neTepMUHHDPOBAHHAA GYHKLHA TpeX BELlECTBEHHBLIX Tepe-
MEeHHBIX. - :

Bo MHOrMX NpaKTHYeCKHX 3ajadax OTIeNbHHE BEJIHUHHH B 3anucH (8.19)
JONyCKalT chaelyloulylo HHTepnperaiuio: {; — Bpems NOsABJAEHHA caydaliHoro
cOGbITHS, Q; — «aMIIHTYZa» 3J€MEHTapHOr0 CHrHaja, CBS3aHHOI'O C 3THM COGHI-
THeM, h (f, f;, a;) — OOYC/IOBJGHHOE 3THM COGHITHEM 3HaueHHE 3JeMEHTapHOro
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CHrHa.1a B MOMEHT BpeMeHH / U §(f)—'3HadeHHe NPH ! CYMMBbI 3IeMEHTapHBIX CHT-
Han0B, 0GYC/OBJAEHHBX COGLITHAMH OCYUleCTBHBIIHMHCS BO BPeMEHHOM MOJIYHH-
tepsaae (0, £].

Ilas 3ajanus MpOQHALTPOBAHHOTO NMyacCOHOBCKOTO Ipolecca HEoGXOAMMO
ykasatb: |) HHTEHCHBHOCTb V (f) TMOpPOKAAIOWEro nyacCOHOBCKOTO TMOTOKa,
2) obmee aaq Beex caydaiineiX Bequunt {aq;} BEPOATHOCTHOE pacIpeleseHHe M
3) wkoHkperHblil BHA GyHKuHH h (¢, T, a).

Ec/in BuINOJHSETCH yCJa0BHE

M{r2(i, %, @)} < o ans Beex T, (8.20)
TO MaTeMaTHYecKoe OMKHJdHHE, NHCHEPCHA H KOppeasiluOoHHAs (QYHKUHS IpPO-

¢HALTPOBAHHOrO MyacCOHOBCKOTO Ipouecca onpefeasorcs GopmyJsamu:
t

me(t) = [ vy M {h (¢, <, @)} dr, (8.21)
0
t
Diy=[v@) M{r2 (t, v, )} dv, - (8.2
0
min (f,.f3)
Ry(tr, 1) = vty M {h (t1, T, ) h (L5, Tya)} dr. (8.23)
0

[Npu BoiyMCAEHWH 3THX W APYTHX XAapPAKTEPHCTHK TOUEUHHIX M HMIYJbCHBIX

ciiy4yafinbix npoueccoB Buaa (8.19), npencraBasiowux co6olt cymmy cayyadiHoro

4HCJA B3aHMHO ME3aBHCHMBIX CJAyYaHHHIX BEJHYHH, HCIONb3yeTCH TOMKAECTBO
Baabaa.

[Tycrb {X,-} ~— IIpOHM3BOJIibHbIE CAYy4alHBe BEJHUHHH ¢ OAHHAKOBEIMH MaTe-
MaTHaeckuMH oxuganuamn M{X;} = m, u N-— cayuailuas Benwuuua, npuuu-
Maiouasi HeoTpHlaTe/bHbie LeNOUHC/AeHHHIe 3HAaueHus 1, 2, ... u He 3aBHcAWan
or X; npu i > N. Torza gas cymmsl

N
Y= X; (8.24)

cnpaBenHBO paBeHcTso Baabja:
my = M{Y} = m,M{N}. (8.25)

Kpowme TOTO, eCiit Cayuafinbie BejiHuHHEl X; He KODPENHPOBAHbI B BHMEIOT 0AHHAKO-
poe aucnepcun M{(X; — my)®} = Dy, 10

M{Y?} = mZM{N*} + D.M{N}. (8.26)

B uacrHoM cayuae, koraa N (£) ectb npocToii nyaccoHoBCcKHM noTok (8.8), B 3Tux
dopMynax HYKHO TOJNOKHTb :

M{N(@)} = vt, M{N2(8} = vt (1 + Vo). (8.27)

Yactuui Bup mnpouecca (8.19), yacto npumensemMui B KauecTBe MOjedH
CTallHOHapHOTO APOGOBOrO IyMa, ONMHCHBAETCS BHIPAXKEHHEM

EMy= D Ahlt—t,u), —olt< oo (8.28)

= —oo

3nech {A;} u {T;} — BaaumHO HesaBHCHMblE cAyuaHHEe aMIVIUTYAB H ANHTENb-
HOCTH HMMily/ibCOB, HMEIOI[HE OAWHAKOBble AJAsl BCeX [ MJOTHOCTH BEPOSTHOCTH
p(A) u p(T) coOTBEICTBEMHO, {; — CJAy4alnoe BpeMs TNOABNEHHA KaKAOro
U3 3J1eMeHTapHbIX UMIYJibCOB, e 3aBucsimiee oT {A;} u {T;} M onucwBaemoe npo-
CTHIM [TY2CCOHOBCKHM TIOTOKOM C MapaMeTPOM HHTEHCHBHOCTH V.
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Puc. 82, Cayuaitnas 130)
HOCJ/Ee 0BaTeNbHOCTD Uy
. HelepeKpHBAOUHXCA

(@) u nepexkphiBaio-

muxes (6) HUMIYJAbCOB Ay % 4,

1
¥ o Ty  Tyer z
o £6t) 7y
gt .
PN

- N \

0 Ty  Tyar z.

2 .

Ecnn M{A7 h2(t — 4, T;)} < 00 ANA BCeX [, TO MAaTEMaTHYECKO® OKHAa-
: HHe, IHCNEDCHS H KOPpeJsuHOHHAasn GYHKUMA onpejeasiorcs Gopmyiamu Kemn-
Geana (cM. npumep 8.6):

me=vyM {4 [ h(u 1) du}, (8.29)
Dg=vM A} | K@ w) du}, (8.30)
Rg(r)=vM A} [ h(u, t)yh(ulvl, ;) du}. (8.31)

Bulid yKa3aHe HMIYJAbCHEIE MPOLECCH, Ga3HpYIOUIHECA HA NyaCCOHOBCKOM
notoke. [IpuBefieM CnpaBouHbie CBeAEHHS LM MMIYJbCHEIX npoueccos GoJee
ofllero xapakrepa.

2. CnekTpaJbHas MJAOTHOCTh CJAYYaiiMOrO UMIlyancHoro mpomecca [15]. Cay-
yaftupit MMnyabcHuifl npouecc & (f) mpeacrasaser coGo#i MOC/ae[0BaTENbHOCTD
HMIyJbCOB B o6uieM caydae pasHofi Gopmml, cjaepyiomux ApyT 3a aApyrom depes
HEKOTOpHIE NPOMEKYTKH BpeMeHH. Ecau popma HMNyJbCcOB H3BECTHA, TO CAy4al-
. HBIMH MOTYT GbiTb OTA€/NbHbIE MAapaMeTPhl HMIYJAbCOB: BBICOTA HJIM «aAMIVIHTY13»
. A, auTenbHOCTD T, BpeMms NOsABACHMA f, H AD. (puc. 8.2).

ChyuafiHble MMIYJibChl MOTYT ObiTh HeHePeKpbiBAIOUIMMHCH H NEPEKPHIBAIO-
mumucs. [1ox nepeKpHBAaHWEM HMIYJAbCOB NOHHMAeTcs BO3MOXMHOCTb HOJHOrC
MM YaCTHYHOTO MaJOXeHHs pasHBIX UMIYJbCOB ApYr Ha apyra. Ecau B cayuait-
MOl HMMIYJbCHOH MOCJAe30BaTebHOCTH HHKaKHe B3 HMHYJbCa HE HaNaraorcs
Lpyr Ha Apyra, TO 3TO IOCAEAOBATE/NbHOCTb HENEepEeKPHBAIOLIHXCA HMIYJbCOB.
B noc/nieoBaTebHOCTH HENEepPeKpHBAIOUWUXCS HMIYJbCOB OTACAbHbIE HMHYJbCH
LOMKHBI UMETh KOHEUHYIO JJIHTENbHOCTD T,,. Y CJOBHE OTCYTCTBHA NepPeKpuBaHHA

HMIYJAbCOB MOMKHO ONpEACMUTL HEDAaBEHCTBOM

by +Typr <tygy, v=0. 1, 2, ... (8.32)

OueBUAHO, 4TO €CIW HelepeKphBaloulnecs HMNyJbCH BO3AeACTBYIOT Ha Ka-
KyH0-1160 MHEpIHOHHYIO CHCTEMY, TO Ha BHIXOJE CHCTEMEI, KaK NMpaBuio, NoJy-
4aloTCs NEPeKpbiBalOUIHEC HMMIYJAbCH. B -cayuafinolfi NOCAeA0BATENbHOCTH Ne-
PEKpPHIBAIOLIHXCA HMITYAbCOB ycsaoBHe (8.32) He BHINONHACTCA A5 BCEX HAH 9acCTH
L HMEYJbCOB, T. €.

t

fymuF Ty, >y, RV,
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[MpH paccMOTpeHHH caydafiHBIX HMiyJibCHLIX NMpPOLEccoB GOPMY OTAE/bHBIX
MMIIyJBCOB 4acTo npeanonaranoT H3BecTHofi. [Ipu 3TOM HcClefoBaHHe Henepe-
KPBIBAIOUIHXCS HMNYJAbCOB OGLIMHO CBOXHTCS K pelieHHIO ABYX 3aJa4: Haxoxle-
HHIO NJIOTHOCTEH BEPOATHOCTEH AJs OTAEABHEIX NapaMeTPOB HMIIYJAbCOB («amm-
JHTYHA», AJAHTeNbHOCTeff, BpeMeHH MOsABJEeHHs) H BbldHCACHHIO CHEeKTpaabHOl
NJIOTHOCTH (KOBaPHALHOHHOH (GyHKIHH).

Ipn BHCccnenoBaHHH NepeKpbIBAOLUIHXCS HMNYJAbCOB, KPOME TOFO, 4acCTO pac-
CMaTPHBAIOT eule TPeThio 3aJady — BHIYHCJACHHE MJAOTHOCTEH BEPOSATHOCTER Ans
MFHOBEHHHIX 3HAa4eHHH pe3yAbTHPYIOUIEIO Mpolecca, NPEACTABJASAIOUEr0 CyMMY
HanaraomHxcs EMnyabcoB. OHAKO 3Ta 3aj1a4a B JasbHeHmieM HE pacCMaTpH-
BaeTcs, TAK KaK HMeeTcs OYeHb MaJio NMPOCThIX peuieHHH ee,

Pemennde nepBoé 3aja9H oObI4HO CBA3aHO ¢ (QU3HYECKHM aHANH30M KOHKpeT-.

HOF0 yCTPOMCTBA HJW MeXaHH3Ma, reHepHPYIOUIEro cAyd4afHyo NOCAeNoBaTe/b-
HOCTb HMIy/ibcoB. B RasibHefimem 3ta 3ajaua takxe He paccmarpuBaercs. [lpen-
nosaraercs, 4t0 HeO6GXOAHMble BEPOSTHOCTHbIE XaPaKTEPHCTHKH 3apaHee U3BECT-
HEL

CnekTpanbHyl0 MNAOTHOCTb CTALHOHADHOH HOCJAeNOBATE/NbHOCTH  B3aHMHO
He3a3HCHMBIX HENEPEKPHIBAIOUIHXCA HMIYJbCOB CAEAYET BEIIHCAATb-NIO (OpMyse

1
S(w)=_lim—— M{| Fr (jo)?}, (8.33)
T->00 T
rjge
T/2 )
Fryo) = j () e 6t gy (8.34)
—T/2 :

— CNeKTPaJbHAsA (GYHKUHA yCedCHHOH peasH3aUHH HMIYAbCHOTO CAydaiiHOro

npouecca E (f), T. e. peaqH3auHH HA KOHEYHOM BPEMeHHOM uHTepBaje (—7/2,
T/2) oTHOCHTE/NIBHO NPOH3BOJILHO B3ATOIO Hauajsa OTCYETa BPEMeHH.

[Mycts yceyennas peannsauns §(£) comepxHT # HMIyAbcoB. [IponyMepyeM ot-
AeJIbHble HMIYABCH B MOPSIKE WX CJEJOBaHHA Ha OcH BpeMens. Eciu £, — Mo-
MEHT BpEMEHH Hadana v-ro HMnyanca, 10 —T/2 < tg < §) < by < .. < tpoy <
<ty < T/2. OTMeTHM TOT CylIECTBEHHDI HAKT, 4T0 ANHTENbHOCTH HHTepBaaa T 3a-
BHCHT OT #, T. . T="Tp. Ecnn 4epes §, = v 1 — ¢, 0603HAUUTD ANMTENBHOCTS

n
BPEMEHHOrO HHTEPBAJA MEKIY ABYMS COCCIHHMH HMUyabcami, To Th &~ 3 @,
v=1
[TpoHsBOAbHBIE OAHHOYHLIA HMIYJbC TTOCAEI0BATEILHOCTH OGO3HAYHM Yepes
As (t— &, 1), THe ;

solt, 1,), t,<t<i,+1
s(t—t,, tv)={ 0 v v v Vs

Mpennonaraercs, 4T0 GyHRUHA 8, (£, T,) ABAAETCS AeTePMHHHPOBaHHOX. UTo6ul

L<t,, >0, 41, (8.35)

NOHATHE «aMIVIHTYAB» A, HMEJO CMHIC/I, HIPHHHMAaeM, 4TO MaKCHMaJibHOE 3Hade-

HHe so(t, T,) paBHo eannuue. CienoBaTedbHO, cNyYadHuili XapakTep paccMaTpH-
BAEMOTO OJHHOTHOTO HMIYJbCA 3aKJIOYAETCA B TOM, 9TO €TO «aMIIHTYAa» A,
AJHTENbHOCTD T, H MOMEHT NOABJACHHA f, AHAAIOTCH CAYYafiHHIMH BeJHYHHAMH,

CpaBHHTEILHO NPOCTO H MAaTEMAaTHYECKH KOPPEKTHO MOMKHO BLIHOJIHHTEL BEL-
4HC/ICHHSA 10 Gopmyse (8.33), MpH CACAYIOUIHX MPENNOJOKEHHAX OTHOCHTebHO
HapaMETPOB HMNYJ/LCOB H BCell HMNYJAbCHON HOCHENOBATEAbHOCTH.

1. «AMnnaTtynar A, H JNHTENBHOCTH HMIlyJibCa T, He 3aBHCAT OT HHTEpBasia

@, MeXAy COCCAHHMH HMmyabcaMH. COBMECTHAS MJIOTHOCTb BEPOATHOCTH Caydaii-
HBIX BenHUHH A, H Ty, a Takke MIOTHOCTh BEPOATHOCTH ¥, He 3aBHCAT OT Bpe-
MeHH H OHHAKOBEl I/l BCEX HMIY/bCOB NOC/ENOBAaTENbHOCTH, T. €. pg (A, T,)=
= py(A, 7), p(B,) = p (8) npu pasHuX v,
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2. [NapameTphl pasubix HMIYAbCoB Ay u Ty, 8 Takxke U, B3aHMHO HE3aBHCHMH,
7. e. caydafinsie BeaHadHn 4, T, ¢, v=1,2, .., n, H Au’ Ty \‘)u, p=1,2

veey N, NIPH b 5= V HE3ABHCHMHL .
[IpeacTaBHM paccMaTpHBaeMylo peanusaluio E(f) cAyyadHuX Hemepexpsl-

n
BalOUHXCA HMOy/AbCOB B BHIe cymmm §(f) = 2 A.s (¢—{,. ty). [loncrasus s10
V=1

supaxenHe B (8.34), nony4um

< —ioty
Fr(jo)= 3 A, Fi (0, 1)e .
. v=1
rae’
% I
Fio t)= [ s (¢, 7,) e 4t (8.36)
— o0

— CNEKTP THIOBOTO HMIy/ibca NOC/ENOBATENbHOCTH (cm. Ta6a. 8.1).
OueBHAHO, 4TO KBaADAaT MOAyAs CHEKTPaibHOH QyHKUHH

|Fp (jo)lt= Fp (jo) FT (j0) =

.n n l'(D(i —1 )
* n LY
=3 D AAF@© T)Fi(e T)e ,
pu=1v=1
rre uepe3 F* 0603HA9EHA KOMMIEKCHO-CONMPsKEHHAN QYHKIHA.

FEc/AH BBHIYHCAHTL MaTeMaTHIECKoe OXHIaHHE 3TOrO BHIpAXEHHA, yuTA
npH STOM NpHHATHE NPEINOJOKEHHS OTHOCHTEALHO NApaMETPOB HMIyJbCOB, 3
TaKe papeHcTBo Banbaa (8.25), noACTaBHTL NONYIEHHHH PE3yIbTAT B HCXOAHYIO
gopmyay (8.33) H aaTeM nepedTH K npeaeay npH T — co, NOJAYYHM CAEAYIOILLYI0
OKOHYATeNbHYIO (popMyay:

S (“’)=7an{ [M {A*| Ry (@, T) 2} +2M {AF (@, O} X
' 8, ()

. XM {AF} (o, r)}ReT:%ﬁ—(—m) +2m 8 (0) (8.37)
31echb i ‘
mﬁ=‘w{ﬁ}=j Op(0)dé - (8.38)
0

_ MaTeMaTHUeCKOe OXHIAaHHE HHTEPBAia MEXIy HMIYJbCaMHj
i ,
Mt () =—— M{AF, (0, )} - (8.39)
me {e®)} g {AFy H

— MaTeMaTH4ecKoe OXHaaHHe (ﬂOCTOﬁHHaﬂ COCTaBJ'lﬂlOHlaﬂ) Cle‘laﬂHOl‘O HM-

myJabCHOTO npouecca, .

0, (0) =M {e/®?) = (10op(B)dD ' (8.40)
0

a MeXAy HMIYJIbCaMH.
__ xapakTepucTHueckas (yHKuHS HHTEDBaJ )
CpneKTp[;Jleaﬂ JIOTHOCTL B OOLIEM caydae siBJAsercs HENpephBHO nncxpe:-
HOM, T. €. COCTOHT H3 JABYX COCTaBJSIOLIHX: HenpepniBHOH 9acTH Sc(w) B RHCKpe

qoll AHHUE HA HyaeBoit yactore Sg (0):
S(w) = Sc(0) + Sa(w). (8.41)
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JuckpeTnana Audua o6yc/oB/eHA OTJAHYHBIM OT HyJfl MAaTEMAaTHUYECKUM OXHIA-
HHEM c/y4afiHoro UMIyJabCHOTO Mpoilecca.

Dopmyna (8.37) cnpaBeasuBa A4 MHOMHX NPAKTHYECKHM BaKHBIX HMIY JIbCHBIX
Cly4afHbX 1poneccoB. B yacTHOCTH, ecad AONOJAHHTENbHO K pauee cHeNaH HuM
NPENTOJIOKEHUSAM IPUHATD, YTO caMAAuTyAa» A,, 1 ANUTETbHOCTD T,0XHOTO U TO-
FO K€ HMIIYJ/IbCA eCTh TAKKe He3aBHCHMbIC CAyuyaiHble BEJHUHHN, T. €. pgo(A, T) ==
= p(A)p(t). To dopmyaa (8.37) ynpouraercs 4 npUHUMAET BUX

S )___I_ M'A2 IM2: AR M_
= A R e, (@)
2
XM{1Fy (@, ¥ [} -3 [M {A} M {F, 0. )}]2(0). (8.42)

2
ma

PaccMoTpum mpsMoyrosibHbie EMOyJAbCH M BMecTo uHTepBana §, BBeneM
MHTepBaJ MeXIy UMIyJabCaMu

Av¥ﬁv—tv. L (8.43)

B stom cayuae dopmyna (8.42) npamer Bax

S {M {42} Re [1—8_(0)] +

b ReeA (®)[1— 8, (0)] [8,(w) —1] . m, 22 6 -
4 1—8_ (1) 8, (v) +m5 m, -, 16 ().  (8.44)

3nech m., my ¥ M, — CLOTBETCTBEHHO MaTeMaTHUECKHE OKUAAHHSA JAJAMUTE]bHOCTH
UMIlY/1bC3, TPOMEKYTKA MEXKAy UMNYJbCAMH U aMIVIATYIH UMIyJbca, B (0) =

= M{exp(jm-l:)} — XapaKkTepucTHYecKass GyHKUHA ANHTENbHOCTH HPAMOYIOJb-
HBIX UMIYJAbCOB d 6,(w) = M{exp(]u)A)} — XapaxkTepucTudeckas QyHKuus
HPOMEKYTKOB MexAy ABYMA COCEAHHMH UMIYJAbCAMH,

B ToM uacTHOM ciiyuae, Korja He3aBHCUMBE NPAMOYrOJAbHpie UMY JIbChI
UMEIOT OAMHAKOByIO amnauTyly (A, = A, = const), cnpasepiusm paBeHcTBa'

M {A%} = m} = A} Tlpu srom ¢opmyna (8.44) ynpowaercs 4 oKasmBaercs
CHAMMETPHUHOH OTHOCHTEJLHO XapaKTepHCTHYECKHX GYHKuHIl 6.(0) u 8,(0):

242 [1— 8 (0)] [1 —8,(w)) m, 2
5 Re A | ———— 2nd(w) .
w* (my +my) 1—0, (0) 6, (w) mymy

(8.45)

[IpuBenem okoHuaTenbHbIe GOPMYJIH AJsl CHEKTPAdbHON MAOTHOCTH nepuonu-
YeCKUX W KBagunepHONWIECKHX UMIYJIbCHRIX NPOLECCOB, BCTPEYAIOMIH XS B Pagao-
TexHHuuyecKux cucremax [27, 50].

PaccMotpum cayuail, Koraa uMnyJbcel 3ajaHHoN QopMbl f(¢, To) uMmeroT noO-
cTofnHBIA mepuoX moBropenus & = &, = comst, nocroswayw AnuTesbHOCTH
T = Ty = const (1y < $), HO caAydafiHble M KOppenupoBaHHBie aMnaaTyas A,

(puc. 8.4, a). Taxoe sananue napaMeTpoB HMIlYJ/bCOB XapaKTepHO AJdS ammju-
TYZHO-uMIyJbCHOR Moxyasuua (AVIM). [pu AMNJBTY IHO-HMIYIbCHOR Moay-
AAUHH NEPHOIHUECKH, Yepes TAKTOBHA HHTepBan Oy, GepyTcs Bubopku { (kG, +
- %) cayuaitnoro npouecca £(f), kotophie 3arem NpeBpamanTca B NepHOLUYE-
CKYIO MOC/IENOBATENLHOCTL UMIYNbeOB  Apf(f — kg — ¥, T,) co cayuaiinpmu
amnnurynamua  Ap = [(k®¢ 4+ %) (puc. 8.3). Cumraem, uyto Tounas «TIpUBS3Ka»
MOMEHTOB OTCYETa K UCXONHOMY NPOLECCY OTCYTCTBYeT (HeCHMHXPOHHHE NepHOxd-
4eCKHe WMIyabChl) W CAydYaiiHas BeJHUWHA Y PaBHOMeDHO pacrpefesieHa B HH-
TepRanie 0 < ¥ < ¥y, a fpax(f, 1) = 1

S(w) =
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Puc. 8.3. Moxyaupyiomue
cayyaliHble HMITYJbCH NIpU
AMIUJIETYHO - UMITYJILCHOM
MOAyAasiluu

Mpeanonoxum, uro cayuaéium@l mnpouecc [(f) saBasercs CTaLHOHADHBIM,
AMEET MaTeMaTHueCKoe OXHIaHHe fmy = mM{g (9)} = const u Koppensuuonnyw
yHku IO Rg(t)=Dcrc(1:), rie 7;(T) — HOpMHDOBAaHHAH KOpPessiLUOHHAS
byHkuasg.

CrexTpanbHas NIOTHOCTb NOJNYYEHHOrO TaKHM OGpA30M CAy4aflHOro HM-
nyJbCHOTO npouecca omnpepesercs GopMyJof

—~ 2 N 2nk
S(m)=2nm§ B52] Fi(o, To) | k;(ﬁ&(m_ . )+
& F 2 S bOy) e/ Ok
+ 9, | 1 (@, To) | k__z_‘w ry (ko) e (8.46)
AJH .
- . 2nk
S(@)=905%| Fy (0, To)|? {2nm k=2—w6(m_ o )+
g Otk
- E S,;(m— 5, ) . “(8.47)
k= —o0

U3 stux dopMysn BHIHO, 9TO CHNEKTP COCTOMT U3 HelpepbiBHON YacTu 4 fu-
CKpeTHBIX CNeKTPaJsibHbIX JHHUA NpH yacTOTax f=4~k/@, DTu gucKpeTHBIE JAUHAH
UMEIOTCSE TOJIbKO B TOM cJydae, Koriaa mgq& 0. Onu o6ycnoBAEHB NEepHOAHYECK UM
CTPOGHpOBaHHEM TOCTOARHOM cocTaBasiioued mnpouecca. [lpa my = 0 cnextp
SBJISIeTCA CIJIOMHBIM.

Ecau nepuon &, BelUK 10 CPaBHEHHIO ¢ BpeMeHeM KOppessiuuu Ty npouecca
{(?), To B nocnesuelt cymme B npaBoii uactu (8.46) Oyner OTJAMUHBLIM OT HyJs
JUIIb cJaraemoe TIpH = 0, u dopmysa (8.46) ynpomaerca:

00"

2qk
S@)=Sa@) N S(m——;)“o—)Jrsc(m). Bo > T, (8.48)

k= —o00

rae
Sd(&))=2nm§ 0721 Ao, 9, S (0= (Dc/ﬁo) | Fy (0, ©) 2. (8.49)

3neck Sq(®) — MHTEHCHUBHOCTb (¢BHICOTA») IMCKPeTHBIX CHEKTPAJbHHIX JHHHE,
Sc(®) — HelpepHBHAS YacTh CMEKTPaJbHOA MAOTHOCTH.

B ra6a. 8.2 npusejeHs pe3y/ibTaThl BRYHCJACHHA CHEKTPANbHON NJOTHOCTH
umnyascos npu AUM no dopmynam (8.49) nasa fasﬂux pacnpenenenHii aMITHTYR
HMIyJbCOB, npelcraBieHHnXx B Ta6a. 8.3 [51]. CnekTpH ojuHOYHHIX BHACOHM-
nynbCoB pasuoil GOpMul ObldH yKasaHu B TaGu. 8.1,

FocaenoBaTebHOCTH KBA3UNEDHOAHUSCKUX CyTafubiX HMIYALCOB BCTpeda-
I0TCS [pH Pa3uYHBIX BHIAX HUMOYJbCHO-BpeMewHOl Moxyasuuu. Pasznnyaior
yeThipe OCHOBHHIX Buja Takoh Moayasuuwa. Ha puc. 8.4, 6—3 nokasawn «HH3-
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Ta6aupa 8.2

CrexTpaisHas njoTHocTh HMOyascoB npH AHUM

Ta6banna 8.3

n
negg::ggg:kx > (@) —nwy), S. (@
[
ey con n=0, &1, %2, ..
p(x)
Cunyco- 2 28 x5 | Fy (@, %) 2
WAaJbHAd 92 m%|Fy (0, 7o) |20 (@ —nwo) 29, 1(@, T)
n o2 |
Hopmansbtas — m? | Fy (@, Tg)|* O (w— nay) — | Fi (o, To) 2
'\(}6 ’\(}0
9 2 6 X?j F P
PaBHoMme pHast 2 m2}Fy (0. Tg) > 0 (0—nwg) 39, | Fi (. To) |
2n 2
Cymma aByx -—_ Xy —X. x,]2 % p1 (L —p1) (g — xy)
ZeabTa-QyHK- O [pr (1 =)+ x,] o IFy (@, To)f?.
i X1 Fy (o, To) 12 8 (0 —nay)

KO4aCTOTHHE» HMAYAbCH, COOTBETCTBYIOIHE PA3HLIM BHAAM MOAYJALHH, 4O TO-
FO, KaKk OHH BO3JCHCTBYIOT Ha xoaeGanHe Hecymedi 4acTOTh. JLAS TPOCTOTH
H306paXeHH MpPSIMOYTOJIbHEIE HMIYJAbCH OJHHAKOBOH aMIIHTYIH. .

1. [lpu uMnyancuo-pasosoit mopyasuun (MOM) uMnysbch HMEIOT MOCTON Hx
Hble aMIAHTYRY H LAUTEIbHOCTb, @ HX NMOJIOKEHHE OT NEPHOAA K IEPHORY MEHSHeT-
cfl B COOTBETCTBHH C MepefaBaeMbiM coobuleHHem (puc. 8 4, 6).

2. llpn opnocTOpoHHER MONYMALMH JJHTEILHOCTH HMIyaAbcoB (OJIHM)
BCE MMIYJIbCH HAYMHAIOTCH B MOMEHTH BPEMEHH, OTCTOSIIME HA NMOCTOSHHBIH Ie-
puon §,, a AAHTEbHOCTb HX H3MEHSEeTCs B NpelesiaX HEKOTOPOrO HHTEpBafia
(0, tm), menbmero ¢, (puc. 8.4, g).

[pu aByxcTOpOHHeH MONYJALMH MNHTEALHOCTH HMIyAbcoB (IJIHUM-1)
HHTEPBa/ BPeMEHH MEXAy CepenuHaMH JIOGbX IBYX COCEAHHX HMIYJbCOB OIH-
HakoB (G, = const), a JANHTENLHOCTH HMNYJbCOB CAYYAHHO H3MeHAI0TCA
(puc. 8.4, 2).

4. [lpr pByXcTOpOHHEH MOAYJSUHH JNHTENLHOCTH HMIYJbCOB (A OHUM-2)
H3MeHSeTCH KaK IJHTENbHOCTD, TAK H NOJI0KeHHe GPOHTA HMNYALCOB, HO KaMABH
‘MMIYJAbC He BHIXOAMT 32 Mpefelibl CBOEr0 TAKTOBOTO HHTepBajda (pHC. 8.4, d).

[lpn Bcex vethipex BHA2X MOAYASIMHH He JAONYCKAeTCA HepPEKpPHIBAHHE HM-
1r(;y;l;cms, a4 HX NOJIOKEHHE OrpaHHYHBAETCH TNOJOBHHOA TAKTOBOrO HHTEPBaJa

o/ 2.

[IpuBenem Bripaenue creKTpaibHON MAOTHOCTH A/ HECKOALKO OGOGIIEH HOTO
BapHAHTa HMIYJbCHO-0a30B0# MORynAuHH. [1ycTh AAHTENLHOCTD KaMKAOFO THIO-
BOro HMNyneca f (4, Tg), rie fmax(f, To) = 1, nocrosunas T; = T, = const, a
amnauTyAe A, W cMeuleHHsi QpoHTA £ CAydafiHm, CTALHOHADHH H HE3aBHCHMHE
KaK JUis OJHOr0 HMIyJbca (T. €. NPH vV = k), TAK H ANA HMNYJbCOB B PasHhIX
TAKTOBHIX HHTePBANAax (NpH v =~ k). /lns ycrpaHeHHs nepekpuiBaHHSA HMIIYJl1 5COB
CYHTaeM, 4TO CYMMAa NJIHTEJAbHOCTH HMMIYJbCA T, H MAKCHMAJbHOIO CMEIiEHHs
emax He npesbimaer ¢¢/2.
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CnekTpa/ibHas NJAOTHOCTb TaKON fiHO# :
c1y4afiHo# HMMnyJabcHOfi moc/exoBaTen
HOCTH onpefensercs opmyJo Y 8 "

M{A} —m} | 8, (@) P+

mh < ok \1
+2“T|98(‘°) 12 2 ‘5((0—-— ﬁn )]. (8.50)

0 -

1
S(@)=——1|F (0, To) |

R= —o0 .
}‘{(e 8, (0) = M {exp (joe)) — xapakTepHCTHuecKas (YHKIHS CMemleHHs e.
PB &; = e, = const paccmMarpuBaemas nOCAeAOBATENbHOCTh HMI
YJbCOB MepHo-
ARrueckasn, | O, (0)| = 1, B popmyna (8.50) nepexonar B (8.48). g
Hs ¢opmyan (8.50) BHaHO, uTO npB my == 0 cnekrp sBjsercs AUCKpeTHO-
CAOWHNM. JlHCKpeTHble CHEKTPA/bHbE JHHHH OTCYTCTBYIOT MpH my = 0.

ANY
% i & i
/2 7
7 %
137 7] 7 Ty
0/
HOM z
&7 .
- Ty 7 7]
P Z |
|
% % -
Ep-'—” £Z=” z
QAN
T2 (254 17/} Ty l 172
Z Zi I
8 | ! |
! | l
| | I
T ® Y ’;
' 24m1-1 l
|
72 Ty (7] 74 r, |
Z? / %Y 5 Il
2) | /
5
N A
49 44anr-2 ' 7
dy2l by
1, g I 7
2 : 101 B
2
/ {
7 Eg"ﬂ Tt &= Vi 7

Puc. 8.4, Pasnuunble BHAH UMOYJAbCHON MOAYASUHH
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HOas amnynbcHo-da3080h MOAYNAUMH C NOCTOSHHON AMIVIATYAOH UMIYIbCOB
Ap = Ay = const (puc. 8.4, 6) popmyna (8.50) npHHHMEET BUI

00

2nk
S () =S84 (w) 2 5(@-‘—; )+Sc(co). (8.51)
k= —o0 ¢

rae

Sa () =21A3 452 | Fi (0, 7o) 218, (@) |2
(8.52)
Se (@) =A3 851 | Fi(0. %) 2[l—]8, () 17].

B Ta6n. 8.4 npuBefeHH pesyJbTaTel pacuetob no ¢opmyae (8.52) mas pasHeix
njaoTHOCTell BepoATHOcTedl p(€) CMelleHMH MOMEHTOB HOSIBJEHHS HMIYJIbCOB

= x (cm. Taba. 8.3). AMIJIATYAn HMHOYJbCOB CYUMTEIOTCA OJHHAKOBHIMH, pas-
HeIMH A, -

CnekTpa/bHas IJIOTHOCTb CTAUHOHAPHOA NOC/HEI0BATENbHOCTH HemepeKphl-
BAIOW[MXCA MMOYJAbCOB MOCTOAHHON aMIMIMTYAH Ay NpH OQHOCTOPOHHEH MOAyaf-
LHH BX 0O AJATENLHOCTH (puc. 8.4, 6), KOTA2 HMNyJbCh C/elyloT NepHOJAHUeCKH
uepes uuTepBaJ &y, a JHTEJTbHOCTH UMOYJILCOB CAyYadHE H He3aBHCHMbI C A/OT-
HOCTBbIO BEpOATHOCTH p (T) = p (x), onpeneaserca dopmyaoi (8.51), B KoTopoi
HyXHO HOJararb :

Sgq(0)=2nA2 952 | M{F, (0. T)} 2,
(8.53)

Se(@=AZ 951 M{IF) (@ D)2} —IM{F (@ D}

Pesy/IbTaTsl BbUHCJAEHHH N0 3TEM GOpPMyYIaM A BMIYTbLCOB NpAMOYTOJbHOR
QOpME! [IpH Pa3JHYHLIX PACHpefeNeHHsX AMATENbHOCTEH MMAYJIbCOB MPHBEACHH
B Ta61. 85 (J4(x) — dyHruus Beccens nyneBoro nopsixa).

CnekTpaibHas IJIOTHOCTb CTAILHOHAPHOX MOC/Ael0BaTeNbHOCTH HeNepeKphl-
BaIOWHXCA MMAYJIbCOB NOCTOAHHOA aMIJIATYAH Ay = const npH AByXCTOpOHHEH
MOAYJASUHH HX AJHTEJbHOCTH (puc. 8.4, 2), xoraa mHTepBaJ BpeMeHH MeXny
cpefHHAMH JIOGhIX ABYX COCEAHHX HMIYJbCOB MOCTORHEH H paBeH ¥y, a AJHTEND-
HOCTH HMHYJAbCOB cy4afinnl B He3aBHCHMBI onpelenserca gopmyJod (8.51),

B KOTOpOH
Sq (@)= 2mA3 057 IM{F, (0. ©) /22
(8.54)

Se (@ =A% B7 1 M {| Fy (0. O 2)— | M {F (©. v/}

Pesy/IbTaThl BhIYHC/AeHRE 118 ABYX (GOPM HMIy/bCOB™ UPH Pa3HeIX pac-
npenefeHHAX HX AJHTeNLHOCTH MpHBeaeHsl B Ta6/a. 8.6.

B sakaioyenue ykaxem ¢gopmyJay, KOTOpas 4acTo HCHOJb3yercs B AaHHOH
r/laBe NpH pelleHAn npHmMepoB U 3aaav. OHa nosy4aerca B pesyJbTaTe NPeICTas-
JeHHs TepHOAMUECKOdl MNOCAENOBATEbHOCTH AeabTa-GyHRURH pagom Dypebe

H yMeeT BHI

ad - M\ onk
2 e/note — Esncosnmﬁo= 3 z 6((0— e ) (8.55)

0
== ——00

n=—oo n=20

rae
gg=2 gp=1, nx>1l.
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2. MPUMEPDI

8.1. BbluMC/IUTD NJIOTHOCTH BEPOSTHOCTH BPEMEHH f, TNOsBJEHHS
n-ro co0biTHS B HEONHOPOAHOM [yaCCOHOBCKOM MOTOKE C HHTEHCHB-
HOCTBIO V({).

Pewenue. IlBa cobptusi {t, <<t} n {N(f) > n— 1} spasiorcs
5KBUBAJIEHTHLIMM B BEPOSITHOCTHOM CMBIC/IE, TAK K4K OCYLIECTBJEHHE
OJHOT'O H3 HUX JIOCTOBEPHO BJIEYET OCYLIECTBJIEHHE JPYroro, T.e.

Plt, <ty =PINt)>n— 1} =1 — PIN(O) < n — 1}.

Ha ocnoBanun atoro pasexcrBa u opMmyJnt (8.17) sanncpiBaem Bbipa-
KeHue 15t GYHKUMH pacnpenesieHdss BpemeHu f,

t nel t
Ftn(t)=l—exp(—§ v(t)dt ) 2 —;!—(jv(r)dr )k, t=>0.
0 0 .

k=0

T10THOCTb BEPOSTHOCTH. BpEMEHH £, TOSBJIEHUS n-ii TOUKH ONpeneisieT
cs opmy.iok

1
Pia(ty=——Fin () =v(®exp ( —fve dr) X
0

n—1 -1 koope t k
1
(S o) -E (o)
0
t n—1

= v(f)exp (—jv(r) dt) W—l_n-— (5‘\7 (1) dr) . (8.56)
0

0

8.2. Tlycrb +(#') — oTpesok BpemeHH OT HEKOTOPOro (PHKCHPOBAH-*
HOTO MOMEHTa £’ IO MOMEHTa NIOsIBJIEHHS NIepBOro CoOLITHS focse ¢ (pac-
CTOsIHKE OT ' 210 NEPBOH TOUKH cripaBa — pHc. 8.1, a) B HEOQHOPOHOM
NyaCCOHOBCKOM NOTOKe ¢ MHTeHCHBHOCTHIO v(¢). Hafith naoTtHocTh Be-
POSITHOCTH CJIYYAaHHOH BeJIMUMHbLI T+,

Pewenue. s npouspoabnoro t©>>0 cofbitusi  {t+ >t} u
{N({" + 1) — N (t') = 0} BeposSTHCCTHO 3KBHBAJNEHTHBI, T. €,

te j—'l: .

P{tt >t} =P{N({t'4+t)—N({t')=0)}= exp(— j v(s) ds).

7
Ha ocHoBanun storo pasencTsa 3anuceiBaeM (YHKLHIO paclipeieieHuss
BE&JAHUYHHBL T NPH QHKCHPOBAHHOM {':
/b4
Fr@lty=P{rt<t)=1— exp ( — j v(s)ds).
[ /
Orciona HaxomMM TVIOTHOCTH BEPOSITHOCTH
- . t 41
Per @) == Foa (t]t) = (" + D)exp (— | v<s>ds)» (8.57)

7

224

Puc. 8.5. Cayuaiinsil &)
JNBOUYHBIA CHrHAJ 7

-

™+

g 17

A L

8.3. BbiHC/IHTL KOBapHALMOHHYIO QYHKUHIO  KBa3MCIYYafiKOro
ABOWYHOTO cHrHana E(f), copMHPOBAHHOTO HA OCHOBE MPOCTOTO Myac-
COHOBCKOTO NOTOKA YNOPSIIOYEHHBIX BpeMeHHBbIX Touek {fy, k=0, 1,2, ...}
crenywomum o6pasom: E(f) = 1, ecan uucao Touek B uurepsane (0, f)

. ueTHoe, H E(f) = —I, ecau uucio Touek B unTepBaje (0, f) neueTHoe
(puc. 8.5). -

Pewenue. Tak kak cobuitus {k Touek B untepBaje (0, {)} npu pas-
JUYHBIX kB = 0, 1, 2, ... HecoBMeCTHBI, TO BEPOSITHOCTb HATHUUS UETHOTO
qucia Touek B untepsafe (0, {) B cooTBercTBHH ¢ (8.8) paBHa

Py(t) +Py(t) + .=~ [1 +-LE 4 ] —e=vicht,

AHAIOTHYHO BEPOATHOCTb MOJYUeHHs: HEYETHOrO UHC/IA TOUEK B HHTEp-
- Bane (0, #) paBua

Pi() +P,(t) +...= e~V [vt +—(;—?3— +] —e~Vishvt,
CrenoBatesnbuo, . (
P{§(t)y =1} =e—vichvi, P{&{) = —1} = e—" shwt.
[lo 5Tum BeposITHOCTAM HAXOMMM MAaTEMATHUECKOE OXHAAHHE
M{ED} = 1-PEOH =1} — 1-P{§t) = —1} =
= e~V (ch vf — sh vt) = e—2v, (8.5¢)
Hns Beuncsienns kopapuauuonHoi Gyukuan Kg(f, ) = M {E() X
A X E(f,)} HYXKHO 3HATH COBMECTHbIE BEPOSITHOCTH CJYYAiHBIX BEJHUHH
P> Kh) n E(f), Tlyets £, —t, = t>0. [lpW 3aJaHHOM 3HAueHHH
e  &(fy) = 1 cryvajinas Besmunua E(4) = 1, ecqim B uuTepBage (£, f,)
. HMEeTCs YEeTHOoe 4HCJIO Touek. [lostomy .
: P{E(t) = 1]&(t;) = 1} = =¥t ch v,
'YMHOXHB 5T0 Bupaxenue Ha P{E(fy) = 1}, noiyunm
P{§(t) =1, §(t,) = 1} = e=V' ch vt e—Vis ch vf,.

.AH'anoquo HaXOIUM
P{E(t) = —1, E(ty) = —1} =eT ch vt eV: sh vi,,
P{E(t;) = 1| &(ty) = —1} = e—VTsh v,
P{&(t) = 1, &(ly) = —1} = e—Vr sh vt e—Vts sh vi,,
P{&(t) = —1, &(fy) = 1} = e~Vishvre—Vichvt,
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4i7] Puc. 8.6.

. Cayyafiubii
77 (74 dotoTene-
rpadHbIA
CHTHAJ

i 1 1 ! S

taty oy t t2  t3 ty t5 5 Ty tg ¢

3anucaB pasBepHYTOe BHIPaXKEHME I/ KOBAPHALMOHHOH (QYHKUHMH H
MONCTABHB B HEro HajifeHHbie BeposTHocTH, noayumm Kg(fy, f5) =
= exp[—2v(t, — £,)I. TlomenaB wmectamu £, u t, (T. €. MOJOXKHB <<
<< t,), MpUIEM K OKOHUATeNbHOH popMyJie

Kyt 1) = exp (—2v|t; — L5]). (3.59)

W3 dopmyast (8.58) BHgHO, uTo npouecc E(f) HecTamHowapeH. JT0
OOBsICHSETCSt TEM, UTO HAualo OTCYeTa BPEMEHH ObLIO BHIOPAHO BMOJHE
ONpPENC/EHHLIM  06pas’oM (Ha MOJOKHTENLHOM MMNYJBCE). I—11'061,1“«Ha“-
Ya/IbHOE YCJIOBHE» OBLIO CJyuafiHO BRIGPAHHBIM, PACCMOTPHM CJTy4aHHBIH
JBOHYHBIHA CHTHAJ

n(t) = AL(), (8.60)

rae A — HesaBucumas oT E(f) cayuajiHas BeJMYHHA, NPUHHMAIOMAs
Auiib nBa 3HaueHus: +1 u —1 ¢ OIUHAKOBBIMH BEPOATHOCTSMHI
P{A =1)}=P{A =—1}=1/2. Tlpu 3Tom

M{A} =0, M{A?}=1.
Hetpyamo y6enuThes, uTo npotiece n(f) CTalMoHapeH, TakK Kak

M{n@)} = M{AM{ED)} = 0, ‘
Ku(t,, t;) = M{A*}M {E(4))E(Ls) } = exp (—2vit, —t1)-  (8.61)

IMpouecchr E(f) u m(f) acumntoTHYeckn (npu {—» 00) HMEIOT Oxu-
BaKOBble BEPOATHOCTHHIE XapaKTEPHCTHKH.

8.4. Boiuuc/aHTL KOBapHAUHOHHYIO QYHKIHIO H CNEKTPaIbHYIO IAOT-
HOCTb CJ1yuaiiHoro gototesnerpadguoro curiana §(f), cpopMHpoBaHHOTO
Ha 6a3e NyacCOHOBCKOro MOTOKA YMOPSXOUYEHHBIX BPEMEHHBIX TOYEK
{tw; £ =0, £1; %2, ...} cnexyomum obpasom [50]. B unrepBanax
MEX/y COCEQHHMH TouKaMu E(f) — MoCTOsiHHAs BeMunHa, paBHas 1 win
0 ¢ BeposTHocTsMU p U | — p cooTBercTBeHHO. 3Hauenus E(f) B pas-
HLIX MHTEpBajaX He3aBHCHMbl. THNUYHAs peajusaunMs npouecca noka-
sana Ha puc. 8.6.

Pewenue. Il npoU3BOJLHO BRHIOPAHHOTO MOMEHTA BpeMEHH ! MaTe-
MATHUECKOe OXUJaHHe Mnpolecca

MEE®DY = 1-P{ED = 1) + 0-P{Et) = 0} =p. (862

3anumweM BbipaxeHHe /s KOBApHAUHOHHOH QyHKIMH:
Ke(t, t +v) = M{EQEt + 7))} = PEE@®) = 1, &t +v) =1}, |
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Purypupyomas 3jecb COBMECTHas IJIOTHOCTb BEPOSTHOCTH 3aBHCHT OT -
TOro, HAXOASATCS JIH MOMEHTHI BPEMEHH { M { -~ T B OXHOM M TOM K€ WH-
TEpBAa/NE WIH B pasHbIX:

PE@ =15 +1) =1} = {p, ecau t v {-}- T.B OJHOM HHTEpBaJe,
p?, ecim f U t4T B pa3sHbIX MHTEPBAJaX.

BeposiTHOCTb Toro, uTo ¢ U £ -+ T HAXOZATCS B GIHOM HHTepBaJe, onpe-
neasiercsa gopmyiioit (8.9) u paBra P, (| t|) He3aBucHMO OT ¢, a BEposT-
HOCTb TOro, 4YTO ! W { + T HaXoAsiTCs B pasHbIX MHTEpBa/JaX, PaBHa
1 — Py(|1]). CnenoBatennho,

Ki(t) = pe—vitl 4 p2[1 —e—vitl] = p(1 — p)e—vIvl 4 p?
(8.63)

o koBapnaunonHo# PYHKUHH HAXOAUM CHEKTPAJbHYIO NJIOTHOCTb
cayyaiinoro gotoTenerpadpHoro CHrHaga ‘

w .
S(w)= S K:(t)e 1otdr = LZ:-:—::;& +p*-2n8(w). (8.64)
—00
CnekTpaJjibHasi BJJOTHOCTb COCTOHT U3 HENPepHIBHOH YaCTu M JHCKPETHOH
CHIEKTPaJIbHOHA JIMHUHW HA HYJIEBOWH YacCToTe.

8.5. Ilna cayuaiiHoro dotorenerpadHoro curHana E(t), . onucau-
HOTO B NPENLIAYIEM NpHUMEpe, BBIYUCIHTh MATEMATHYECKHE OXHIAHE A
BpeMeHH Mexay nepexogami 1 — 0 u 0 — 1 u mMexay o6paTHLIMU nepe-
xonamu (pHc. 8.6), a TakKe CPeLHIOIO YACTOTY NEPEXOIOB.

Pewenue [501. TlycTb cyuajiHas BeJIMUMHA T, €CTb BpeMsi MEXIY CO-
cexnumu nepexonaMi 1 — 0 u 0 — 1. [lpuHumas Bo BHUMAaHHE OCHOB-
Hble CBOHCTBA CJIy4affHOro TeJerpaHoro CHruaJja, MoXeM 3anucaThb

o

Pir<y<t+ At} =Y P {uanuuus k— 1 Touek B 7T}X
=y

XP {oTcyTcTBHS nepexonoB B3THX k— | Tounax } P {Hajuuus k-i TOUKH B
uatepBane (v, v -+ Av)}P{Hajsununs nepexoga B k- Touke } =
oo 00 k1
=3 Pua(d)l — p}! (vAr)p = pvit X G emvil — p)t =
: = o =1 ’
= pvAte—ovt,
MaTemaTuueckoe OXHIaHHE BPEMEHH MEXIY YKA3aHHHIMH Nepexoiami

20

M {z,} =5pv1:e*“’" dv =1,
vp
0
B ‘cuny cumMeTpum cpeiHee BpeMmsi Mexay oGPaTHEIMH nepexoaamu
0— 1ul— 0onpenensercs BeipaxkenneM M {v,} = 1/v(1 — p).
ChenoBaTelibHO, CpelHee BPeMs MeXAY JIOOWMH ABYMsi mepexclami
paBHO

1
2vp(1—p) ’

Iy _r LT
S M {m) + M ()= [W + m_gp)]
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4TO COOTBETCTBYET cpeaHeii yactore nepexonos 2vp(l — p).
8 6. Boiunc/uTh KOBapHAHOHHYIO (GYHKIHIO cnyqanuoro nporecca

E(n= 2 Akh(t-th) k=0, (8.65)

= —00

rane {4y} — cTanMoHapHas MNOCJAENOBAaTENbHOCTb C/yUYadHbIX BEJIUYHH
€ OJIHHAKOBO{ MJIOTHOCTHIO BePOSATHOCTH p(A), He 3aBHcsAlLasn OF NOCJAEN0-
BATeJIbHOCTH 3HAueHWii {fp}, KOTOPble YNOPANOYEHB M OMHCHBAIOTCA
notokoM [lyaccona ¢ napamerpom v.

Pewenue [50]. TIpumem npousBOIbHYIO TOUKY f = f, 3@ Haya/io OT-
cueTa BPEeMEHH W 3aTeM NpoHymepyem {f,} B peannsaumuu E(f) TaK, uto
t, — nepBas TOUKa CNpaBa OT f,, {_; — NepBast TOUKA C/I€Ba OT fo U T. L.
(cM. puc. 8.2, a). Toraa Bee ciyuailHbie BEIHUHHBL ¢, — fo npH B >0
Uty — f npu k << 0 UMEIOT NJOTHOCTb BeposTHOCTH (8.14). '

Mo onpenenennio, MaTeMaTHUECKOE OXHJAAHHE TMpOLECCA

=M{EDY = ¥ M{AIM{h(E—1)} =
k=—o0
_M{A}[A‘)h(t)pt (£ydr + 2 jh(_t)Pt (t)dt]
k=—oo §
= vM Chipremw § (ot e

v {A}U (@)e k;“‘_‘(k_m ‘”+Jm (e x
O (—vnitt _ < o,
. [=,u——1ﬁ—df’] = vM{4} f h(t)dt. (8.66)

[Ipu BHIUHC/AEHHH KOBapHALMOHHON (YHKUHMH NPENNOJOKHM, UYTO

cayuaiiHbie BeJIHUHHLL N0CAe10BaTeIbHOCTH {4, } B3aHMHO HE3aBHCHMBI,
TaK 4To

M{A% npu k=i0,
M2{A} npu ki,
0 npu k wm i =0,

M{A4, Ay =

Torzs nmeem
Kt +7, =M EC+DEO} = 3 3 M{A, A} X
R=—00 {==—00

XM {h(t—1t, +r)h(t—ti)}

JIBoiiHy10 CYMMY MOMXHO BHIMHCIHTb NYTeM Pasfe/bHOro paccmorrpenna
BOCHMH WJEHOB, IS KOTopeX k> i>1, k=i< —1, R=i>1,
i>k>1, i<h<—1, k<i<l, k>l l<—'1 i> 1
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Puc. 8.7, Cioco6 noayuenns cocrasHoro curuana 1, (f)

k << —I1. Dty BhYHC/IEHHS BECbMa TPOMO3JIKH U 3/1€Ch HE NPUBOAATCS.
ORoHuaTe/IbHHH pe3y/bTaT UMeeT NPOCTOH BHI: ,

—_—00

Kg(r)—vM{Az}j h(t)h(t+r)dt+[vM{A} 5 h(t)dt]. (8.67)

8.7. BoiiHC/AUTD MaTeMaTHUECKHE OXHAAHHA H KOBAPHAHOHHEIC
GYHKUMH Tpex BHJAOB COCTABHOrO (MaHHMYJAMPOBAHHOIO) CHTHaJja
(puc. 8.7)

() = (1/2)[1 + MOIE(1) + (1/2)[1 — MD)1Ey(2), (8.68a)
No(f) = ME)E(1) + [1 — A1) 1E,(2), (8.680)
ns(t) = Mt — A& (t — A) + [1 — A(t — A)IE,(t—A)  (8.68B)

Ns(t) = Mi—A)E(t) + —A(t — A)IEy(1),

rae E,(f) n Ey(f) — me 3aBucsiuue ot A(f) cTauMOHapHbE, HE KOppe-
JAUPOBaHHHIE MEXKAY coboii CayuadHbIe NPOLECCH C KOBAPHAHOHHBIMH
¢yuknuamu K, (t) 1 K, (t).

B cocraBHoM curHaje (8.68a) A(f) — «nepekouaomniiy CrauHoHap-
HbIH CJIyYa{HbIH ABOHYHBIH CHIHAJ (HanpHMep BHAA, YKa3aHHOro B Npu-
mepe 8.3) ¢ KoBapHalHOHHOI ‘GyHKuuein Ky(t), npuHUMaomui JHmb
nBa spauenus: -1 u —1. Tlpn stom curnan m(f) = &,(¢f) npu A(f) =
=1 u n(f) = Ey(f) npu A = —1, T. e. cayuaiHsii npouecc vy(?)
npexacras/iseT co0Of c/AyYadHHIH MaHHNYJHPOBAHHBIA ABOHYHLIA CHT-
HaJ, CcOCTOfUHH H3 NOC/JAENOBATEbHOCTH CJYYaiHHO YepenyIomHUXCs
ABYX «3/IEMEHTApHBIX» CHTHAJOB &(f) M Eo(f). .

B curnase (8.686) A({) ectb nepuosnueckas (¢ nepuogom T) (cuH-
XpOHHAs) NOCJEA0BATENBHOCTD AETEPMHHHPOBAHHEIX MPSIMOYTO/IBHbIX
HMNYJTHCOB aauTensHocToio Ty (puc. 8.8):

W)—{ npu kT <t <kT 4+ Ty, k= 0i1i2 .
0 npu gpyrux f.

B curuane (8.688) A(f —A) — nepuoauueckass (HECHHXPOHHas)
MOCJAEN0BAaTEABHOCTE TEX XK€ NP AMOYTOJBHbLIX UMNYJAbCOB CO c.nyqaﬁﬂbm
cMeleHreM A OTHOCHTEIbHO Havasa otcueTta Bpemenu. Ciyuainas Besin-
YuHa A cyuTaeTcs paBHOMEpHO pacnpenestennonn B untepsane (0, T).

(8.69)
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Pewenue. Vicnonbays mnesasucumocts A(f) oT Ey(f) u Ey(f,) npu
PasJIHYHbIX £y, {y, U ¢, NI MATEMAaTHUECKOTO OXHIAHUSE H KOBapHalMOH-
HOft pyHKuMH cUTHa/Ia 1,(f) nOJy4HM

M{ny(8)} = (1/2)[1 + M{MONM{E(D)} +(1/2) [1 — M M)} X

‘ X M{E(1) },
Kn,(t) = M{ny(Oa(t + 1)} = (1/4)[1 4 Ka@)[Ky(x) 4 Ko()] +
+ (1/2)[1 — Kyp(7)IK ;5(7). ‘

Korzna anemenrapubie curuanst &(f) u Ey(f) HE KOppEJIHPOBAHLI MEKIY
coboit (K;5(t) = 0), u3 nocnenneir GopMyaH noayuaem

Ka, (1) = (/D11 + Ka(w)lIKy(v) + Ko(T)).
Ilnst curuana v,(f) Haxomum
M)} = MMOIM{EWD)} + 11 — M{MD}IM (1)),
Ka,(t t + 1) = M{ny(tna(t + 1)} = MOME + 7)Ky(7) +
+ [T — MO — ME + )IKo(v) + (MO — A + )] +
+ M4 I — MODM{EOIM{EDY. . B 706)
B cuny nepuonnunoctn M(f) cHrHan ny(f) SBASETCH NEPUOAHUECKH CTa-
OMOHAPHEIM, TaK Kak
Miny(t + T)} = M{no(8)}, Kn(t+ T, t+ v+ T)=
="K, t + 7).

(8.70a)

Hakonen, maTemaTHueckoe oxMIaHWe W KOBapHALMOHHAS (yHKIHs
CHTHANA Mg(f) paBHLL '

. T T
Mins®)} = M{E ) = { Ae— AydA + Mg e -~ [ 1—
T J T
0

—ME—B) A= 2 M & ()12 M ),
Ka(t) = —-9 (W K, (®) + -2 11— (91} Ko (9) +

FIM{E O M O} -(l—gm),  © (8.708)
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o RER S F R

T .
rre g(t) = Fl %X(t)?»(t -+ 1)dt. Tlepuomnueckas ¢yHKuHs ¢(t) noka-
1

3aHa Ha puc. 8.9. CurHan mny(f) sBASETCS CTAUHOHADHBIM B ILHPOKOM
CMbICJIE.

8.8. TloyunTb BHIpa:KEHHE CMEKTPabHOH MJIOTHOCTH CTALMOHAPHOH
NoC/1e10BaTe/ILHOCTH HENEPEKPhIBAIOLIMXCS HMMYJILCOB NOCTOAHHOH aM-
naUTyael A = A, U NOCTOSIHHOM IJIHTEJIbHOCTH T = T,, €CJAH BpEMEH-
HOM WHTEpBa/J MEXJy HaualaMH COCEIHHX HMMyabcoB & > v, usme-
HSETCs CIYYaiHO H HE3aBHCHMO OT HMIYJIbca K HMNyJbcy. PaccMmoTpeTs
YACTHBIA CJAyuail IPAMOYTONLHBIX HMI}YJ/ILCOB.

Pewenue. TIpAMEHUTENBHO K JaHHOMY npuMepy dopmyaa (8.42) npu-
HUMaeT BUX :

_A . 1= (8@ a1 o,
S@ == I Fyo.w) [ 5ot ok PO, %) 258 (0). (871

Jlns npsiMOYrOfIBHOTO MMMYJIbCA 371€Ch HYHKHO MOJIOKHTD

1
Fl (0.), 170) =i_(0 (1 _.e—l'(ﬂto),

lpl(h;."'fo)|'=%5m2( m;) ). Fi1(0, %) =1, .
Toraa nonyuum

443 1— 8 ()P A g
S (@) = smz( “’;0) | 1_'9(‘3))IL +( ate ) 26 (0).  (8.72)

8.9. U3 HOpMa/bHOTO CTamHOHApHOTO npouecca §(f) ¢ HyJeBbM
CPemHHM 3HAUEHHEM H Koppe/IstuHOHHOH GyHKUHeH Dyre(t) 6epyTcs ne-
pHonuuecky (c nepuonoM &,) otcuetnt § (£ — id,), i =0, 1, 2, ... Imn
oTCueTHl MpPW TOMOWIM HEJHHEHHOA cTynemdartoift dyukuun {(f) =
= g[&(f)] noxBeprawTCst KBaHTOBAaHMIO Ha UETHIPE YpPOBHH L, =
=1, 2, 3, 4, npuueM nNOporu KBaHTOBaHHs paBHbl &;, &, = 0, &3
(puc. 8.10). ®dyukuns g(E) npemnonaraercs HeuetHokl, T. €. g(E) =
= —g(—E&). MNonyyaromancs ciayuaduas noC/A€NOBATEILHOCTb 3HAYE-
Huii §,, npeBpaiaeTcst (KOAUPyETCst) B OC/IE€R0BATE/bHOCTb NPSIMOYTOJb-
HBIX HMNYJAbCOB (GHKCHPOBAHHOMN IJHTEJNBHOCTH Ty < &y CO CyuafiHBIMK
aMnInTyamu §,,. BHUYACAHTDL CNEKTPAIbHYIO MJOTHOCTH HMNYJbCHOMH
nocjenoBaTeNbHOCTH  1)(£), H[OJYYeHHOH W3 CJAy4a#HOro Mnpouecca
(f) npu moMoOULH KBaHTOBAHHS MO BPEMEHH M NO YPOBHAM.

Puc. 8.9. [lepuoauyeckas dyHk-
uud .
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Puc. 8.10. KpauroBaunne cay-
yafitoro mnpouecca E({) no

BpeMeHH H MO YPOBHSAM
AN |

£

Pewenue [11. K nauHomy npumepy npumenuma gopmyaa (8.46). Ilpu
3TOM MoJyYeHue UMNyJbCHOro npoiecca v(f) wuejsecoo6pasHo paccmaT-
PHBaTb B 06paTHOM NOpSKe, a HMEHHO, KaK nepHoandeckoe (C NeprHozoM
¥,) BpemeHHOe CTpOGHPOBaHHE NPSMOYrOIbHBIMH HMMYJAbCaMH ATHTE b-
HOCTDIO T, Npouecca §(f), nosyueHHoro U3 HcxonHoro npouecca §(f) npu
AOMOILH HesluHefiHoro npeo6pasoBanusa g(&(7)).

Tak Kak cpenHee sHauenHe npouecca E(f) paBHO HYJIIO B QYHKIHA
g(8) ueuernas, To cpenHee 3Hauenue npouecca {(f), odeBHAHO, TOxXe
paBHO HymMmoO, T. €. my == (. [TosTomy dopmy.a (8.46) ynpouaercs:

Snlo)= 1;0 | Fi{o, To)|2 Dy 2 1 (n0) efonde =
N=-—00
— 3 [sinen] § fand, 8.73
_ﬁc[ P ] D Ru(ndy)elord, (8.73)

A=—00

rae Ry(t) — KoppensunouHas ¢yHkuus npouecca §(f). 3mech yureno,
9TO JJist NPSIMOYIOJbHOIO HMMNYJAbCa EAMHWYHOH BBICOTH M JJHTENb-
HOCTH T, .

, _—
| Fy (o, To)|2=T3[&£:%/‘)—] .
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Ilna onpenenenns cneKTpaabHOH MIOTHOCTH Sy (®) ocTaercst Bbiuy-
CJUTb KOPPEJILHOHHYI0 (yHKuHIO npouecca {(f). AwWanausupys Hean-
HejiHoe GesblHepUHOHHOe npeoGpasoBanue g(E) H3BECTHBIMH MeTofaMHu,
MOXKHO NOKasaTb (cM. npumep 12.6), uto

oo 3 2 k
RK(T)=_L]): 2 [E A, O® (%;L)] rik_('”’ (8.74)
Se=1 L m=1 ; ) :

rae A(M(x) — nponsBoanbie OT MHTErpaja BepPOSTHOCTH;
Am = cm-}-l_cm’ m = 1: 2, 3.

[loncraeue (8.74) B (8.37), noayunm OKOHYATE/bHO

2 ; 2 12 o
Spw)= D L[Mﬂ_ S e/ont,
n(l ) £ 'l()u (0'[0/2 el x

n=—o

0 3 2k .
%« ¥ [2 A,, D (5&)] L8 (8.75)
A O kI
k=1 | m=I

8.10. Bulunc/aIHTh CNEKTPasibHYIO MJIOTHOCTb CTALIMOHAPHON Mocje-
ROBaTe/IbHOCTH HEMEPEKPHIBAIOUINXCS HUMMYABCOB MPH ONHOCTOPOHHEMH
MOIYJISILMH HX MO MJIMTEIbHOCTH (puc. 8.4, 8). AMNIMTYIa MMNYJIbCOB
¢ukcupoBana (A; = A, = const), uMNyABCH cenyIOT nepHOAHUECKH
uepes MHTepBall $y, a IJIMTENBHOCTH UMNYJIBLCOB CAYYaiiHBI H HE3aBHCH-
Mbi. PaccMOTpeTs cilyuait npsiMOyro/IbHBIX MMMYJIbCOB @ PABHOMED HbIM
pacnpeseneHueM AJMUTENbHOCTE N

p1(7) = {1/2T0a |T—T 1T < o,
0 [T—Ty [ > 1o.

Pewenue. Cnenyer BocnonbsoBaTbest gopmyJioit (8.53). s npsamo-
YronbHOro uMnyJbca ¢ yuerom (8.76) MoxkeM HanucaThb

(8.76)

Fy (o, 1) = I—‘w (1 —e—ior),

21,

. M {Fl (0), T)} = —271-— S F]_ ((D, T) dt= 2—(021—1:——(1 __2,'(,)1'0_ e—?iu)‘[n),
o o .
[i] -

| MA{F; (o, T)}? =;17[1 -+ sin? m:" g SN0 coswroJ,
. w (010)* Ty

MY Fy(ow, r)|}=j—2[l — ﬂaﬁl"— cos ;m:o] .

TloxcraBuB sTh Bepaxenust B (8.53), nosyuum

 2nA} sin® ot , sinwt,
S; () = (@B’ [ + (ono) 2 o COS(DTO],
o) =28 [ sintet
Se @) =254, [ = ]
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8.11. Hajitu cnekTpajibHyi0 MJIOTHOCTb CTaLHOHAPHOM MOC/eN0Ba-
TeNbHOCTH HelepeKpbiBaIOmMUXCst UMIYJIbCOB MPH ABYXCTOPOHHEH MONY-
JISiMA HX 10 JJHTeabHocTH (puc. 8.4, 2). Bynem cuuTath, 4To aMnauTyAa
MMITyJIbCOB nocTosiHHa (A; = A, = const), uHTepBaj] BpEMEHH MEXIY
cpexmHaMu JIOGHIX JBYX COCEHHX HMMITYJIbCOB MOCTOSIHEH M paBeH g,
a JUTHTeJLHOCTH MMIYJIBCOB CAYUAHHB U He3aBUCHMbI. BbIMOMHHUTD Bbl-
YHCJIEHUs IJIS MMIYJIbCOB MPSIMOYTONBHOM (OPMBI, KOTAA MX IJ/IMTENb-
HOCTHM pacHpejesieHHl 110 HOPMaJbHOMY 3aKOHY:

1 (T—1p)° o) -
p1(7) = —0—]72_R_—exp( oot ), 0L~ (8.77)

Pewenue. B paHHOM cjyuyae HYXKHO BOCHOJIB30BATbCs (opMYysamu

(8.54). st mpsMOYTOJIBHOrO HMITYJIhCa HAXOIHUM

Fl(d), T) :—1—(1 —e—/ot),  F (@, T)e/0"/2= isinaﬂ-s
jo ® 2

[Fi(o, D)= —22—(1 —Cos 0T).
(0]

Bocnosib30BaBIIMCH MPH CTATHCTHYECKOM OCPEIHEHHH C MJIOTHOCTHIO Be-
positHocTH (8.77) M3BeCTHBHIM HHTErpajiom

o0

1 3 b
—Bx? = — -— - y
je cos bxdx 5 l/ 5 gxp( m ), Rep>0
0
noayIum
M{Fl (o, T) efml:/?} i isin .g.o_exp ( _Lozmz)'
® -2 8 '

M{| Fy(0, 7)|?} = —(022— [l—cos 0T, exp(———;— o m’)].

IozcTaHoBKa 3THX coOTHOmEHHH B hopmyJint (8.54) naeT BoipaxeHHe s
CHEKTPANbHON MJIOTHOCTH HE3aBHUCHMBIX MPSIMOYTOJIBHBIX HMIYJIbCOB
APH IBYXCTODOHHEH MOAYJSIIHM MX MO JJHTEIbHOCTH
T [ sin(wte/2) 12 1
Sy (m)=2nA3(—°—> [—(——tﬂ-] exp<~ —o’m’),
L] 4

0 ©Ty/2

Sc ((1)) =

. .
2:4" [l — exp( —L g m’) —2exp ( L m’) sin? 220 ]
®* %, 2 4 2

PeayabTaThi BolUHCJIEHHE AJsi MPSMOYTOJbHBIX H TayCCOBCKHX HM-
NyJbCOB MPH PAasHbIX pacHpeneeHHsiX JJIMTEJbHOCTEH NPHUBECHH - B
ta6n. 8.6 [511].

8.12. HaiiTn cnerTpaibHyI0 MJIOTHOCTh CTAIMOHAPHOM MOC/IEN0BaA-
TEILHOCTH MOJYJAHPYIOIMX HMIYJIbCOB NMOCTOSIHHOM aMNAHTYAN (A4, =
= A, = const) npu aBycTOpoHHEH MORYJISUHH ANUTSIbHOCTH HMIYJIb-
coB (puc. 8.4, ). Ilpennonaraercs, 4To AJUTENIBHOCTH MMILYJIbCOB Ty
H CMelleHHs €; MOMEHTOB HX MOSBJACHUSI OTHOCHTEJbHO TAKTOBOIO HH-
TepBasia ¢, HE3aBHCHMEL IVIst JIOOBIX Nap HMITYJibeoB, npuueM 0 << T, -
+ &; << 9, (oTcyTCTBHE fiepeKpbiBaHuf). PaccmoTperb uacTHbI ciydait
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NPpAMOYTOJIbHBIX HMNYJAbLCOB, Yy KOTOPbIX CMELIEHHS M JTHTEbHOCTH
HE3aBHCHMbI M pacrpesieieHsl paBHoMepHO B uuTepBajte (0, §4/2), T.e.

puT) = l/ty, py(e) = gy, Ty = g4 = B,/2. (8.78)

Pewenue. TlpumeHUTeNbHO K CHOPMYJIHPOBAHHOMY HPHMEpY CHEKT-
pa/ibHasi MJIOTHOCTb ONpeNeNsieTCs PopMyJIoi

S) = 2t [M (| Fu(, 0} —| M{F; (o, T)elog 2 +
+| M {F} (o, t)eiw8}|2§_" 3 a<m - 21’;’: ) (8.79)

L Seunp

rre F*(x) — dyHKuMs, KoMmieKCHo-conpskennas F(x).

Ecin 1/IMTEJIBHOCTH T, H CMEIEHAs £, HE3aBHCHMBI HE TOJbLKO st
JOOBIX PASHEIX (i 7= k) UMNYJIBCOB, HO H /It OXHOTO H TOT'O JKe HMITYJ15Ca
(T.e. npu i = k), T0 hopmyaa (8.79) ynpowaercs:

+ | MAF} (o, T)} B, (0) |2 2~ S 6( — 2nk) .

| M{Fi (0, T)} B, (0)] > k=2_m o— =], (8.80)
rae O, (0) = M{exp(joe)} — xapakrepucrnueckass (yHKUMs CMeme-
HHUS €. ,

Ilaist IpsSIMOYTOJIBHOTO MMMNyJibca ¢ ydeToM (8.78) MOXKEM HAMHMCATH

1(w, 7) ='_l (efor— 1),
jo

To
M{F (o, D} =— jF: (©, ¥ dT =—L (1 + jor, — /o),
To Y (02 T
| M{Fy(o,7)}]* = 422 [ 4+ —+ (0Ty)2 —COs 0Ty — OT, sill OT, ],
wit? 2

M{ Fi(o, )P} =

— (0T —Ssin aty).
®* Ty

3Hast MIOTHOCTb BepOSATHOCTH (8.78) miIst CMEeHMsi, HAXOIMM Xa-
PAKTEPHCTHUECKYIO QYHKUHIO
I .

63(@)‘—‘—' ! ‘S‘e""edaz ic;e (eib’ao ~l),]®e(m)|’=L(l—cosaieo).
(4

€ (wey)?

_ MasBectHo, 4To KBampaT Monyast NPOM3BENEHHst XBYX KOMMJIEKCHBIX
BeJIHYMH PaBeH NMPOU3BEJEHHIO KBaJpaToB MOAY el comHoxuTenell. Ecau
YYECTb, UTO Ty == &9 = $¢/2, U NOACTABUTH 3aNHCAHHBIE COOTHOLIEHHS B
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(8.80), TO NOMYYHM BbIpaMeEHHE A5 CNEKTPALbHOH MJOTHOCTH cnyqau—
HOH NOC/IeNOBATEIbHOCTH HE3aBHCHUMBIX NMPSMOYTOJbHBIX HUMNYJIbCOB

S(0) = _‘%L [xs(x—sin x) —(x% 4+2—2cos x —2x sin x) X

X (1 —cos x) +(x? 44 —4 cos x —x? cos X —2x 510 X) X

2 %5(_2“k) = 08y/2.
Xﬁok:m © 4 _,x mO/

YKaxeM, 4TO NPH 3anHCH COMHOXKHTESS Nepes CYMMO# nenbTa-(hyHK-
UMl 6BLT0 YYTEHO, YTO Ae/bTa-QYHKIMH OTIMYHBL OT HYJIS JIHiib B TOY-
Kax o = 2nk/®, (0%, = 2nk), B KOTOpHIX

2 cosx + 2x sinx cosx = (I 4 cos2x) —x sin2x =-2.

3 3AJAYH U OTBETHI

. Ucxoma wu3 Toro, 4to npupaueHus npocToro nyacconoscxoro
nm‘oxa N(t)) — N(t,), t2> ;" Ha HenepeKpHIBAIOUIMXCS BPEMEHHBIX
HHTEPBAJIaX HE3AaBUCHMBI H PACNPEJE/ICHBI O 3aKOHY [Myaccona c maTte-
MaTHYECKHM OMKHIAHHEM v(t — t;), HaATH MaTeMaTHYEeCKOe OXHIAHHE
npou3BeNeHHs NPHpaumeHHi Ha XBYX HHTepBajax, KOrla 3TH HHTEP-
BaJTBl HEe NEPEKPBIBAIOTCS W nepekpwiBaioTcs (puc. 8.11).

Omeem:
MAIN (1)) — N (t)HIN (2) — N (8)1} = v* ({, — 1) (f. — L)
npu t, >t > 1. > 1y
MAIN (t) — N (t,)HIN (t) — N (tg)1} = M{{IN (t,) — N (L)) +
+ IN (t) = N ()| H{IN () — N (i) + IN (B) — N (t)1}} =
= \72 (ta—tb)(tc—td)+v(tc——tb) an ta> tc> tb > td’

i (S (t — 1,) — IJiMHAa TIePeKPbIB3IOUIKXCA yacTed 1BYX HHTEPBaJoB

(tbv ) H (td’ c)
8.2, TosyunTh BEIpaKeHHUe A/ KOBAPHALUOHHON QYHKIMH uenoqnc-

JIEHHOTO MyaccoHOBcKoro nponecca N(I).
Omsem:

1 L.
K (f, ts) = M{N (t) N (1)} = {V‘* +Vitity, nprh>t

'th +V2 t1t2 HpH tl <t2

8.3. HaiiTu BepaxkeHue /i KOBapHAUMOHHOH QYHKIHH HEOAHOPOA-
HOro nyaccoHoBckoro npouecca N(f).

Tty fy
Omeem: K n(tyls) =5' v(f)dl [l + 5' v (f) dt] npH t; > fy.
‘ 0

-t

[Ipu ¢, << [, B 910M BLIPAX<EHHH HYKHO NOMEHsTb MecTaMH ¢, u 1,,
pH 4y 2 ‘ MCCTAMH §; M 1,
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Puc. 8.11. IlepexpbiBawulnecs HHTEPBaJbl BPEMENN o .
7 1] L7 ty

8.4. BoiuncsinTh MaTeMaTHYeCKOE OXMAAHHE M KOBAPHAMMOHHYIO
GYHKUHMIO C/Ienyiomero npHpaiueHuss n(f) NpocTore MyacCOHOBCKOTO
npouecca (cM. puc. 8.1, 6) n(f) = [N(t + &) — N(f)l/e, rpe e > 0—
3ajlaHHan BejguuunHa. M306pasuTb rpaduk KOBapHAUMOHHOH (YHKUMH H
paccMoTpeTh npefiesibHBIN ciyuall npu & — 0.

Omsem:

Min(t)} = (Ve)yM{N (t + &)} — (Ve)M{N ()} = v,

; v npH |t —1ty | >,
K, (t, )= { pu |t —1l ]

vip ve l—ve |, —£ | npu |f L | <e.

I'paduk KoBapuamuoHHoii QyHKuMK u300paxkeH Ha puc. 8.12. Kosa-
pHamuoHHas (YHKII COCTOMT H3 CYMMb! MOCTOAHHOH cOCTaBJsouief
vZ U paBHOGEIPEHHOTO TPEYTOBHONO HMIYJibCa, KOTOpbiit npu & — 0
NePexonuT B AebTa-uMnyanc vé(f, — fy).

8.5. BbluuCAHTH MaTeMaTHUECKOE OxHAAHHE H KOBapHAIHOUHYIO
$yHKuMI0 npouecca

E() =dN (tydt =limn () =38t —1),

npeacrapasomero co6ofi noc/eNoBaTeIbHOCTh aesbTa-byHKuuil (cM.
puc. 8.1, 6).

Omeem: M{E(f)} = v, Kg(t,, ;) = V¥ 4+ vd(t, — 1))

Ykaszauune. [lpn nonyueHun KoBapHAIHOHHONR (QYHKUHM Cje-
AYeT BOENoJib30BaThea (opmysiof (6.30) u BbipaxKeHHeM KOBapHAlHOH-
Hol pyHKuuu npouecca N(f), mosyueHHbM B 3ajnaue 8.2,

8.6. Las npocroro myaccoHoBckoro npouecca N({) noayuuTb Bbi-
paKeHHe OgHOMEpPHOH XapaKTepHCTHUECKON (yHKIHH.

Omsem: ©(ju) = M {e/tN ()} = e¥i(elv — 1).

”ﬂ(tth)
K
2
2L
L 4
Puc. 8.12. KoBapnauuonuaf ¢yuxuus npupa- 1
lenHsA TYaccOHMOBCKOro npouecca -& 0 & Z';-Z"z
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8.7. [laa npoctoio nyacloHuBekoro npouecca N(t) npu £, > 1, u
{1€JILIX MOJIOKHTENbHBIX YHCAAX R U 1 [0J1yYHTD BbIpaXKeHHeE AJ1s1 Bepos I-
neetu P{N(t)) = k + n, N(ty) = k}.

*
(h—tg) ¢
Omeem: P{N (t;) =k +n, N(ty) =k} =e—" vk+”——ﬁ—2—.
8.8. JokasaTb, 4TOo MaTeMaTHuUECKOoe OXHIaHHe my, ¥ RUCTIEPCHsl
D:, Bpemenu ?, nosiBjienus k-ro cOGLITHA B MPOCTOM IyaCCOHOBCKOM
NOTOKE BHIPAXKAIOTCs1 YEpe3 MaTEMaTHUECKOE OKUIAHME /1, H AHCIIEPCHIO
D ; unTepBaoB T, MEXAY COCENHHMH COOLITHAMH (OPMYJaMu my, =
= km,, Dth == kD.[
k

Omeem: t, = ¥ 1, rae {1,} — nocies0BaTe bHOCTh B3aHMHO He3a-
=]

BHCHMBIX CYYafHBIX BEJHYMH C OAHHAKOBBIMH MAaTeMaTHUECKHMH OXH-
HNaHHAMH m, 1 JdcnepcuaMs D ..

8.9. BulunC/IHTL BEpOSITHOCTL Ha/JW4dst A COOLITHA B MOJYHHTepBa-
ae (¢, ¢ 4 ] Aig HEOZHOPOZHOTO MYaCCOHOBCKOTO MOTOKA C MHTEHCHB-
ROCTbIO V(f) = v(l + a sin wi). ‘ ,

Omgem: Py(t) = (voT)re=VT/M,
rhe

4t
. 2 . 1 .1
T= S (1 +asinwt)df = T+T smco(t —I—-? r)sm —2-am
J.
B gacrthocTH, |

- ' 2 . 1\ 1
Py (t) =exp [—-vo T — 2%V gip w(t —|~7 r) sin —q—mr].
® . <
8.10. Berauc/uTh NMJIOTHOCTh BEPOSITHOCTH BPEMEHHOrO HHTEpBana
=1l — 1y Mexay k-t u (k— 1)-#i TOukaMH HEOMHOPOAHOTO
MyacCOHOBCKOTO IOTOKa C HHTEHCHBHOCTBIO V(f), CYHTasi MOMEHT Bpe-
MEHH f;_; H3BECTHBIM H (PHKCHPOBAHHBIM.
) e
Omeem : Py, (tlfp1)=v(tp-s + Dy eXP| — S v(s)ds|.
t
h=1

8.11. Bbl9nc/MTL MJIOTHOCTH BEPOSITHOCTH CJYYARHHIX BesnuuH T+
A T~ I/ GPOCTOTO 11YyaCCOHOBCKOTO MOTOKA C WHTEHCHBHOCTBIO v, TA€
¢ — JJMHA BPEMEHHOTO HHTEPBaJa OT MPOU3BONLHO BRIGPAHHOTO MO-
MeHTa BpemeHH ¢’ 20 OnuKaimed TOuKH crpasa, a v~ — 10 GaHkaimei
TOYKH CJIeBa. }

Omgem: pr+ (t) = pr-(T) = v exp(—v1).

8.12. Hafite N/JIOTHOCTL BEPOSATHOCTH NPOMEXKYTKa BpeMenu T =
= fygn — b MeXAY i H ([ + k)-M COOLITHAMH B IIPOCTOM I1yacco-
HOBCKOM [OTOKE ¢ UHTEHCHBHOCTBIO V.

Omeem: py, (1) = ve=V'(\(}k=Y (k — 1)
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Jr——e—x¢ ¢ 3% ¢ cHul
Y mooyeer
. - poyese
4 s .?',oﬂxmflaa

Prc, 8.13. Mamoctpauus (popMuposanus moToxa Opaanra u3 myacco-
HOBCKOro npa k=3 i

. 8.13. B npocrefinreM 1yacCOHOBCKOM MOTOKE ¢ HHTEHCHBHOCTBIO V
IIPOU3BOAMTCA onepanus «paspexenus». [Iycrb BCe ToOuKM, HauuHas C
- HEKOTOPOr0O HAYa/bHOTO MOMEHTA BDEMEHH, NEPEHYMEPOBAHDI B MOP IKE
HX MOsIRJEHH 1. FICK/IIOUHM BCe TOUKH, KpOME TeX, HOMepa KOTOPbIX Kpat-
HLl HEKOTODOMY 1e/1oMy 4yncay k (na puc. 8.13 npusesen npumep Ajs
k = 3). B pesyJbiate TaKoro paspexenus MONYYHM HOBBIH TOYEYHBIH
npouecc — noTok p.sianra. HaiTy mioTHOCTL BepOSTHOCTH BpeMeHHBIX
HHTEPBAJIOB MEXNY COCENHHMH COOSITHSIMH B NMOTOKe Dp./aHra.
. Omeem: P, (1) = ve~v® (vi)e-Y(k — 1), k=1, 2, 3, ...
8.14. B sakone [Tyaccona (8.8) A/MTesIbHOCTh BPEMEHHOTO HHTEpBa-
Aa ¢ SIBJISIETCA CAYHalHON BEJHUHHOM C SKCHOHEHIHAJBHOM MJIOTHOCTBIO
BEPOATHOCTH - p(f) = o exp (—af), @ > 0, ¢ > 0. Haiitu BeposTHOCTH
P, poBHO n coBHITH. : ‘

Omsem Pn=are—(a+\'nt O g @ ( v )"'
0 nl atviatv 1

8.15. TenedonHele BHIBOBLI OTAE/IBHEIX A60HEHTOR BASIOTCS nyacco-
HOBCKHMH 1OTOKamMH BHIA (£.8), HO C pasHBLIMM MaTeMaTHUeCKUMH OXKH-
. Aauusamy. HafiTh BeposTHOCTb NOCTYN/IEHHST POBHO /1 BHI30BOB HA TeJe-
GOHHYIO CTAHUMIO 34 Bpems {, ec/u napaMeTpbl HHTEHCHBHOCTH Pa3HBIX
aCOHEHTOB MOXKHO annpOKCHMUPOBATh I'aMMa-MJIOTHOCTDIO BEPOSITHOCTH

a1y g—av

ot o ¢

-

Omsem: P,,(t)=Tpn(t)p,(v)dma:“(i)““( ! )".
0

8.16. Ilycrs {Ny(f), 0<<t<<oo} u {(Ny()), 0 it< oo} ectb
ABa HE3aBHCHMBIX IYaCCOHOBCKHX IPOLECCA C HHTEHCHBHOCTAMH vy H Vg
COOTBETCTBEHHO. BLIYHC/UTEL BEPOATHOCTBL P, - TOrO, YTO BO BPEMEHHOM
NPOMEXKYTKE MEXIY ABYMsl JOGHIMH COCEAHHMH COGHITHSIMM [popecca
N\(¢) nosBuTCs PoBHO 7 coOwITHI mpouecca Nyf). :

Omeem:

Pnz"s‘(v:_-;:)ne_vz,[ V[ e—v"rdt = L ( o )nu o Or l’ 21 ."'
0

Vit vz \vi+v,
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/i > fpoyece Wy (2)

ot —= ooqges Ny (1)
! >||< > Mooyect Nz (&)
e

8.17. B sakone Ilyaccona p, = A* exp (—A)/kl cam mnapameTp A

pacnpenesieH TakKxKe M0 3aKOHY HyaCCOHaI

Puc. 8.14. Hanoxe-
HHME TPeX TOUYEUHbIX
npoleccoB

—= Cymmapnsid mboyese M)

Py, = o exp (—a)/M.

Haiitu Gesyc/ioBHYIO BEepPOSITHOCTD MOSBJIEHHS POBHO 7 COGHITHI.

a—h e—®

Ea—M
Omegem: P, = 2 A ; =L exp
A

-kﬂ’" e\ —
X;K(e) exP( e)M k!eXp[ a(

[~o(1= )%

rae M, — k-ii HauanbHBIHE MOMEHT pacnpegenenus [lyaccoua.
8.18. Mmeercs: KOHEUHOe YHC/IO 7 B3AHMHO HE3aBHCHMBIX I1yacCOHOB-

CKHX NOTOKOB N(?), ..., N.(f) C HHTEHCHBHOCTAIMH vy, ..., Vv, COOTBET- '

cTBeHHO. [TokasaTh, 4To CyMMapHLlil HOTOK (puc. 8.14) N(£) = Ny()-+...
. &+ N (!) ABnsiercs Takke NYaCCOHOBCKHM C MHTEHCHBHOCTBIO Vv =

=V1+ “ee +Vr.

Omeem: HyxHo y6eautscs, 4To IJs CyMMapHOro notroka N(f) Bu-

Y K a3 anue. Hyxno Bocnoib3oBaThCsl COOTHOLIEHHEM
n(#) = (172)(Ay + Ag) + (112)(A; — A)E(Y),
a Taxxke dopmynamu (8.58) u (8.59).
8.21. BpiuncauTs MaTeMaTHUeCKOE OXHIAHHE W KOBaPHALHOHHYIO
GyHKuHIO ClydafiHOTO ABOMYHOTO' CHrHasa 1(f), KOTOPHIH OTJIHYaercs

OT cy4yaiiHoro gororenerpadHoro currana §(f), onucaHHoro B npumepe
8.4, TonbKO Tem, 4To npuHuMaeT sHaueHus A, u A, ane 1 u 0.

Omsem: M{n(t)} = Ayp + Ax(1 — p),
Kn(@) = [Ayp + A1 — p)I* + (A—A,)%p (1 — pe—ITl.
Ykasanue Hyxuo Bocronb3opaTbCs CooTHOUIEHHeM 1)(f) =

= A, + (4; — A,) &(f), a Taxxke popmynamu (8.62) u (8.63).
8.22. HaiiTu cnekTpaJbHYIO MJQTHOCTb CTAlMOHAPHOM MYacCOHOB-

CKO# MOCJIe0BaTeNbHOCTH AeabTa-UMNyJ/abcoB E(f) = 3 A,6(1—1;),
. k= —o0

rae {A,} — nocneIoBaTeNbHOCTh B3aHMHO HE3aBHCHMBIX CJYYaHHBIX
BEJHUHH C OAMHAKORO{! MJIOTHOCTHIO BeposTHOCTH p(A), {ty} — Hesa-
Bucumast ot {A,} nyaccoHOBCKas MOC/JefOBaTeNbHOCTh TOUEK Ha OCH
BpeMeHH C WHTEHCHBHOCTLIO MOTOKa v (puc. 8.15).

Omgem: S (0) = vM{A?} + (vM {A })*2n6(w).
Y k a 3 a H ue. Henecoobpasno cHauasna no gopmyae (8.67) Haiitu
KoBapHanuoHHYyIo dyHkumio K(t) = vM {A%}8(t) + (vM{A})?, a s3a-

NOJHSIOTCA TPH ONPeResIIONIHX CBOHCTBA MYaCCOHOBOCTH MOTOKA: OPJIH-
HapHOCTH, CTallHOHAPHOCTH W HE3aBHCHMOCTH NpHUpalieHuil Ha Herepe-
KPBHIBAIOIHXCA HHTEepBanax BpemenH. M3 ycioBus opaunapuoctu (8.5)

TeM 10 Hefi BEIYHCJIHTL CHEKTPAJbHYIO MJOTHOCTh.
8.23. IMoayunTh CHEKTPAIbHYIO IIOTHOCTH CYMMhI ABYX B3aHMHO

IAng notoka N(f) onpenens
e v,

€T napameTp HHTEHCHBHOCTH v = v;-+..,

8.19. Mneercsi 1Ba He3aBHCHUMBIX [EJIOYHC/IEHHBIX MYaCCOHOBCKHX
npouecca Ny(f) u N, (f) ¢ 3akoHaMu pacmpeniesieHus

Py (ﬂ) — (v )" e—Vx‘,
n!

Haiitn 3akoH pacnpenenenu
Omsem:

=B, 0,15
1

s p(k) nns pasnoctu N(f) = N(t) —N,(¢).

He3aBHCHMBIX CTaHHOHaprIX HOCJIQ}IOBaTeJ]bHOCTeﬁ AeabTa-uMnyJabCoB
«ppICOTOHY A, ¥ B;: :

E(t) = Zw Ay 8t —1,) + 2°° B;d (1 —1,).

k== —oc (= —o00

3pech neppasi nocjeloOBaTesbHOCTh ONMHCaHa B 3ajaue 8.22, a BTopas
NOC/1e0BaTe/bHOCTL aHaAoTrHyHa nepBoil: {B;} — nocreloBaTeabHOCTD
B3aHMHO HE3aBHCHMBIX C/1YYaliHbIX BEJHUHH C ONHHAKOBOH MJOTHOCTHIO
BepoATHOCTH py(B), {¢;} — He 3aBucsmas ot {B;} nyaccoHoBCKas
10C/IE0BATEbHOCTD TOYEK HA BPEMEHHOH OCH C HHTEHCHBHOCThIO 110TO-

plly=e=turet (PR, QY3 k=0, 21, £2,..,

2

rae [,(x) — dynkuusi Beccens k-ro mopsaka or MHHMOTO aprymenTa.
8.20. BuiuucauTh maTemaTHUECKOE OXHAAHHE H KOPPEISLMHOHHYIO

GYHKUHMIO C1YUaliHOTO ABOHYHOTO CHTHasla 1|(f), KOTOPHE OT/IHUaeTcs

OT KBa3HCJIYYaRHOTO JABOMUHOTO CHrHaja E(f), OMHCAHHOTO B npumepe

8.3, nuib TeM, yTo NpHHUMAaeT 3HaueHus A, u A,, ane +1u —1.
Omeem:

MO} = (12) (A; + A)) + (12)(A; — Ae=,
R () = (I/4)(A; — Aple=1h=te —e=2v it
240

Ka .
Omsem:

S(w) = vM{A?} 4+ uM{B?} 4 [vM{A} 4+ uM{B}I? 2nd(w).

&)

.

t-3 | -1,

|
A (t—ty,).
I tsf’

o

nyacCoOHOBCKasn nocaeaoBa-

Puc. 8.15. Crauuonapuas l | t—zl
TEIbHOCTb  JAeAbTa-PyHKIuH

-2M

7 2y ¢y ] "tk I 2




8.24. PaccmotpeTh JBa 4acTHBIX Caydas 3ana4u 8.22: )

1) p(A) = 8(A — Ag); 2) p(A) = [6(A — Ag) + §(A + Apl2.

Omsem: ‘1) S(0) = vA}[l + 2nvd(w)], 2) S(w) = vA§.

8.25. [Tonyuntb BeIpaXKeHHe KOBapHAIMOHHOU (PyHKIUH GeCKOHey-
HOH 1MOC/IeA0BaTEIbHOCTH YepelyiolMXCca GUIIOJIAPHLIX JAe/1bTa-UMIYJ1b-
coB AS(f— 1) u —AP(f — tyyy) (puc. 8.16), rme {f»} — cra-
UHOHAPHAsI [IVACCCHOBCKAs I10C/eA0BATENLHOCTL TOYEK HA OCH BpeMeHH
C HHTEHCHBHOCTBIO V.

Omeem: K(t) = vA§6(t) — v*Age—2vitl,

Y Kas3aHue. PaccMaTpHBaeMyro NOCTEAOBATENLHOCTh YEPEAYIO-
WMXCS GUIONSIPHBEIX Ae/1bTa-UMIY/1LCOB MOXKHO HOJNY4HTh MyTem Audde-
PEHIHPOBaHHsl CTALHOHAPHOTO CAYYafiHOTO JBOHYHOIO CHI'HaJla, NpUBe-
AeHHOro B npumepe 8.3, MPUHUMAIOLIErO JBa 3HadeHus: Ay/2 u —A,/2
(puc. 8.5). Korapuanuonsnas ¢yskuus takoro curiana &(f) cornacHo
dopmyane (8.61) paeua ‘ :

Ki(t) = (A3/4)exp(—2v]||).

[lostomy K(t) = —d*Ky(t)/dv®. TlpH BeuMCIEHHH BTOPOi NpOHM3BOA-

HOi1 MOJIE3HO BOCIO/Ib30BaThCA NpeiacTaBsieHueM (cM. puc. 8.17)

dKe(r) _ [(vA}3/2)ervr npH 1<<0,
5D @+ R {_ LN,
rae
vA3/2 npu t<<0, —(vA7/2) (1 — e®¥") npu <0,
fm={ ¥ fz(r)={ 2 i
—vA3/2 mpu 1> 0, (vA3/2) (1 —e—27) npu 0.

8.26. Ha ocnose npocToro nyaccoHoBCKCro noToKa BpeMeHHbIX TOYeK
C MHTEHCHBHOCTBIO v COPMHUPOBaH CayuaiiHblil npouecc §(f) = A, npu
b S E<<lpyyy R=0, &1, £2, ..., rie {A,)} — HesaBucumas or
{¢»} mocnenoBaTeNLHOCTb B3aHMHO HE3aBHCHMBIX CJAY4afiHBIX BEJHYHH
¢ obweit MJIOTHOCTBIO BepOSTHOCTH p(A). BHYHCAHTL MaTeMaTHYECKOe
OXHJaHHE W KOPPeJsILHOHHYIO QYyHKIHIO nponecca §(f).

Omeem:

M{Et)} = M{A,} = | Ap(A)dA = my, :
R(t) = M{A®}P(r) + r?lilll — Py(t)l — m% = Dje—v171,

rae Da = M{A*} — mj — pucnepcus cayuajinoii BeauunHm A .
- 8.27. Beryucauts  KoppeasiiHoHnyio yHKOuio H CHEeKTpaJlbHY10
MJIOTHOCTh CTAllHOHAPHOTO CAYYaHHOTO CHrHaja

s(t) = Acoslaot -+ () + @l

Y KOTOpOro Ay # @, — NMOCTOAHHEIE AMIVIUTYa H 4acTOTa, Qg — cay-
YaiiHas Hava/jbHas (hasa, paBHOMEDHO pacCrpejeJieHHasi B HHTEpBAJE
(—n, n), @(¢) — MoAynvpyioWee caydaiiHoe COOCLIEHHE BHAA ¢(f) =
::(Pk, tk<t<th+l?k:0! j:l. ﬂ:?, e U . '
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| | ’
tKeto i) g G
Puc. 8.16. Crauuonapuasi myaccoHoBcKas mo- 5r) 0/
C/Ie/lOBATeJbHOCTD Uepelylolinxca GHIOAAp- 17 12(7)

Lh+y

*

| l l Apd(t-t)
%

t7|

Agdtt~ty ;)

HbIX JesbTa-QyHKUHH

Puc, 8.17. K BbuucieHuio NpoH3BOAHBIX KO-
BAapUAUHOHHON BYHKUHU ..,,402/2

" 3nech {@x} — caydvaiiHas nocnenOBaTENbHOCTh B3aHMHO HE3aBHCHMBIX

CHy4YaifiHbX BEJMYHH, PABHOMEDHO paCnpenesieHHHX B HHTepBaje (—x,
n), {{r} — He 3aBHCsAWAs OT {@j)} CTaNHOHAPHAS MOC/EOBATENLHOCTD
IIyaCCOHOBCKHX BPEMEHHHIX TOYEK C HHTEHCHBHOCTBIO v.

Omeem [45): :

H
R(1) == ?A,,, e~viTlcos wy T,

! v . v
S(0) = — A2 [ ]
@ 2 77 v eta) + v+ (0—w,)?

8.28. Cnyuaiinas QyHkuus E(f) o6pasopana nocaenoBaTeSLHOCTHIO
NPUMBIKAIOIKX APYT K APYTY NPSMOYTONbHEIX HMIYJbCOB, aMILIHTYAN
H IJHTEJBHOCTH KOTOPHIX CJAY4afiHel H He3aBHUCHMH (puc. 8.18). Ilnor-
HOCTH BepOSITHOCTH A/ aMIVIUTYJ W AJHUTEJIbHOCTER 3aJaHbl

i (A—ma)? 1, _ '
p(A)=m exp[—T y p(’l.')=ae a‘, a>0, T>0.
BhiukCanTE CHeKTpanbHyI0 MJOTHOCTh M KOPPEJISLHOHHYIO (YHKIHIO
cywaiiHoro mpouecca E(f). .

Omeem: S (w)= 2 04+ m%2n8(w), R(x) ="gje—~=IT\,
o242
" ¥Ykasanue Cresyer roenonsaoBaTecs popmyanoit (8.44), nono-
KuB A = 0.

Tivs

75 i

Aivt

Puc, 8.18. Cayuafinar no- l

C/IeAOBATENBHOCTL TPHMbIKA-
IOIHX [PAMOYrOAbHLIX HM-
DYAbCO8

A;

«Y
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8.29. HaiiTu crnexkTpasibHYIO TJIOTHOCTL CTALMOHAPHOf TOC.i€10Ba-
TeNBLHOCTU NPAMOYTONBHBIX UMTYJbCOB C OCTOAHHOA aMINHUTYIONR A =
= A, KOrja uMAyJbChi B IPOMEXYTKH MEXKAY HHUMH UMEIOT OfHHAKOBBIf
3aKOH pacnpepefieHus.

Omeem:

A3 18, (0)
wim Re 14-6_ (o)
T T K

1—18_ (o) |2
=M 0O 14 8).
w? m; | l—]—O_c((o) |2 2

S() = 4 %Ag ad(w) =

Y ka3anue. Bocionb3oBatues dopmynoi (8.45).

8.30. BurumciuThL CNeKTPalbHYI MJOTHOCTL CTALMOHAPHON HOC/e-
AOBATENBHOCTH HE3aBUCUMBIX OPSAMOYTOJbHLIX HMIYJALCOB C HOCTOSH-
HOI aMILIHTYNOH A, ¥ NMOCTOAHHOR AIHTENLHOCTBIO Ty, €CIH IJIHTEeAb-
HOCTb BPEMEHHbIX HHTEDPBAJIOB MEXAY COCEAHHMH UMNYJhCaMH A UMEeT
nokasaTe/bHLIN 3aKOH pacnpeneienus: p(A) = pe—PFA >0, A > 0.

243 B (1—cos ot} +
(1 4 BTy){(B/0)2(1 —cos wrg)® + (14 Po =1 sin ©Ty)?]

-|-<A°—Bl‘—) 278 (w).
1--fo

8.31. Haittu crexTpanbHy0 MIOTHOCTL CTAauHOHAPHOI MOCJAEI0Ba-
TeJILHOCTH HE3aBHCHMBIX MPSIMOYTOJNBHBIX UMIYJLCOB C MOCTOSTHHON aM-
nauTynoit Ag ¥ MOCTOSIHHON ANHTENBHOCTBIO IPOMEXKYTKOB MEXKAY HM-
nyjabcaMu Ay, KOTAA ANHTENbHOCTH UMIYJbCOB pachpee/eHnl M0 MoKa-
3aTeNbHOMY 3aKOHY p(T) = ae—%, o >0, v > 0. :

2043 (1 —cos wA,) a\? | — AP
o (11 ady) [( ) (1 —cos oA+
als Ay

[0}
a . 2]—1 2
{1 4+ —sin wA, ] 4[] 2n6 ().
® J I aA,

8.32. BbiukcauTth cnexTpadbHYIO MIOTHOCTE H KOPDEALHOHHYIO
GYHKUUIO CTALMOHAPHOM 1OC/EL0BATE1LHOCTH HE3aBHCHMBIX HMITYJIbCOB
NPSIMOYTOLHOR GOPMBI C MOCTOSIHHON aMIluTyAol A, Koraa AUTeNb-
HOCTH MMIYJILCOB T H JJIMTEIbHOCTH HHTEPBAIOB MEXAY COCETHHMH HM-
myJbCaMi A MMEIOT MoKasaTesbHble 3aKOHHI paclpe/lesieH s

p(t) = ae=%%, 1>0; p(A) = fe~Bs, A>0. -

Omeem: S (w)=

1

Omsem: S (0) =

Omsem:

S(w)=22848 1 +( Bl ) 256 (w),

a+f o (a4pf)?  \atp
A3
R(1) = A8 ~@+srin
) (B
8.33. TNepuoanuecKue BLIGOPKH (C nepuoaom &) CTauHOHAPHOrO C1y-

YajijHoro npouecca (f), HMewuero cpefHee 3HaueHue mg B Koppens-
UHOHHYI0 YHKUHIC Ry(T) = ofe—*!7|, npeBpamaiorca B NPSAMOYrodb-
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HBIE UMITYILCH ICCTOAHHOR ATHTENbHOCTH T- = const (cM. puc.8.3). On-
PENCAHTL CHEKTPaJIbHYIO MJIOTHOCTh. MOJYUAIOMIEHCS HePHOTHUECKOf
NOC/IeNOBATENbHOCTH MPAMOYIONbHEIX HMIYJLCOB CO CAYYAHHBIMH aM-
nuTynamu A, = {(f — id,).

Omeem: S (o) :—']Fl(co, 2| o[ 1+2 2 e~"% cos wnd, | +
ﬁo 4

n=1

m3 ad
-+ ¥ 6( —i) =t il shd
& mﬁm f 4, 0 &y 2| ch §y—cos wd, L
2rm? had 9
4 o— =
+ ﬁo k=2—oc ( ';)'ﬂ )

8.34. HesaBucuMEle ONMHAKOBLIE HMIYJIbCH TPEYrOJBHOMN tdopmb
(cM. 1a6a. 8.1)
(t + wo)/y, iy — 1, <1< B,

(te — 1)/, << I ity + 1 7, << 902,

f(t— i, Tp) =
L0, npH apyrux ¢

HMEIOT NOCTOsHHHIA Mepuod cienoBanus ;. [L1OTHOCTH BeposATHOCTH
aMIIHTY | HMIYJLCOB HMEeT BHI

Ve —(A—m]~!
p(A)={lﬂ xg _(A-mA)2] » ,A_mA,<x0’
O\ I A— mA | > X().
Hafitu cniekTpanbHyio MI0THOCTb TaKOH CAYUAfiHOH HUMIYJBCHOR MOC/e-

NOBaTe/bHOCTH.
Omeem: (cm. taba. 8.2)

(% 2T sin (07,/2) 4_1_ 0 951m d (5( _ 2nk)]
S() (ﬁo)[ wTy/2 ][2 ¥ 0o ﬂmAk:Z;oo ? B /1

8.35. llo kanany CBs3u nepefaeTcst ABOMUHAsI HH(OPMALHS: HE3ABH-
CHMbIE MOCBIJIKH H May3bl PABHOBEPOSITHLL U MEPealoTcs NepHOfHYeCKH
C TaKTOBbIM HHTepBasiom @, IlockiiKe COOTBETCTBY@T MPSMOYIOJbHHI
HMIYJ/1bC MOCTOSHHOR aMIIMTYAB! A, H NOCTOSHHON AJIHTENBHOCTH T,, A
nayse — OTCYTCTBHE HUMIMyJabca. HallTu crnekTpasbHyIO IIOTHOCTH I0-
CJ1e10BaTEJIBHOCTH  HMITYJIBCOB. )

Omeem:
— a0 (L) [y 4 2 S g, 2
S(w) 3 Aj 00(@.0) [((Mo/Q) ] I+ 4, k___z(» © 1, )

- 8.36. Hesapucumble H paBHOBepPOSTHEIE MOCLIIKH H Nay3bl PEACTAB-
JFIOT  COGOH MPAMOYTOJIbHBIE HMMYJbChl MOCTOSHHON JJIHTENbHOCTH
T = ¢, H NOCTOAHHOH amMmIHTYAbl A, , HO NMPOTHBOMOJOKHOH HOASP-
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HOCTH (HOCHIIKE COOTBETCTBYeT +A4,, nayse coorsercreyer —A,). [lo-
ChI/IKH ¥ TMay3bl CIENYIOT 4epe3 NOCTOSIHHBIA HHTepBas BpemeHH ¥,. Bot-
HHC/IHTh CHEKTPANbHYIO MIOTHOCTE M KOPPEASUHOHHYIO GYHKIHIO TaKO-
ro cayuaiinoro tenerpadHoro CHraaza.

Omeem:

22 sin (0%0/2) |® () —= A2 _ﬂ_l il I

8.37. Ha nunefinoe ycrtpoificrBo (puc. 8.19), cocrosmee u3 NHHHH
3anepiKKH Ha BpeMsa ¥, BHIUHTAIOIEH CXeMBbI H HI€a]BbHOTO HH3KO4acToT-
HOTrO ycuautens ¢ KoadpuuueHtoM ycuaenusa K ,, Bo3neicTsyer caydaii-
Hasi MOCJEA0BATeNbHOCTb ABOMUHBIX CHTHAJOB, YKa3anHas B 3afave 8.35.
Onpepenutb COEKTPaNbHYIO OJIOTHOCTb CNY4aHHOH HOCAes0BaTe/bHOCTH
HMIIYJ1bCOB HAa BBIXOJE YCTPOHCTBA. .

Omgem: S (0)= A} K} ﬁo( 5 ) [Siﬂ (wTo('/jz s/l2n) (080/2) ]n.
0 0 :

Ykazanue. YacrorHas XapaKTepHCTHKa pacCMaTpHBAaeMOro
yerpoiicta K(jo) = Ko(1 — e~iod),

8.38. [lBoHunas uHGopMauHs nepenaercs npH MOMOUIM AETEPMUHH-
POBaHHBIX CHTHAJOB C (a30Bol MaHunyasuuei. HesaBucumbie u pasHO-
BEPOSITHBIE NOCHIIKH H [ay3bl EPEeAaloTCs NEPHOAHIECKH B TEUEHHE Bee-
ro TaKToBOro uurepBana @&, = const. [locbinKe COOTBETCTBYET npAMO-
YroJbHbll paguouMnyasC Asinw! KAUTENBHOCTHIO Uy, a Mayse — pa-
AHOUMNYABC — Asinw ! Tofl ke pautenbHocTH. Ammnutyaa A # uac-
TOTa , — HOCTOsTHHHIE Beauuusnl. Cunras w,0,= 2nan, rae n — aoboe
1eJsioe NOJIOKHUTE/IbHOe UHC/I0, HAalTH CIeKTPaJIbHYIO IJIOTHOCTh c.nyqau-
HOI MOC/Ie0BAaTeNbHOCTH IPSAMOYTOJAbHBIX PAXHOUMIY1bCOB.

Omeem: S(w) = A%, [M—/ﬂr

‘ (080)? — (2nn)?

8.39. Ilepenaua nBouuHOH HH(OPMALHK OCYILECTBASETCSA NPH [OMO-
MK HUMOYJAbCHO-(a3oBofi ManunyasudH. Ilockika nepepaercs npsMo-
YroJIbHEIM BHAEGOHMITYJ/1BCOM C aMILIHTYROH A = const, AauTeNbHOCTEIO
Ty = const ¥ BpeMeHHLIM [OJIOKEHHEM OTHOCHTENLHO TAKTOBOTO HHTEp-
Baja ¢ = g, = const. [Tay3a nepepaercs TeM e NMpAMOYIOJbHEIM HM-
RYJICOM, HO €ro MoJIOXKeHHe OTHOCHTEbHO TaKTOBOTO HHTEPBA/A PABHO
e = g, = g, + €, rae g, = con’t. Kaxapiit #3 UMNYJIBCOB HE BRIXOAHT
8a mpenenbl CBOETO TaKTOBOTO HMHTepBana, T.e. 0 < e, <%y — 7,
0< e, << ¥y, — 1. [TocbIKM M may3kl HE3aBHCHMEI H PaBHOBEPOSTHBI.

+ »
> + > D‘——)' o,
— - - ¥y ' .

y | Puc. 8.19. Cxema auneiinoro ycrtpofi-
cTBa
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Haiitu cnexktpanbnyio nnotHocTs Takoit cayuaiHol mocneroBaTeNbHOC-
TH MPSAMOYTOJIbHEIX HMIMYJbCOB.

Omeem: S(w)= A29, (%)2 [W]2[1_0052%+
0 0

+ ?Oéos- (’);" i 6(w— —2:;1?)]

k= —oo

Y x a3 aunue.Cnenyer Bocronb3osaTbcs Gopmy.oit (8.52). B nan-
HOM CJ1y4ae NJIOTHOCTh BEPOSATHOCTH A/ CMELIEHHS € paBna ple) =
= (1/2)6 (e — &) + (1/2)8 (e — &,).

8.40. B xBasunepHoOnH4ecKoi CTauHOHApPHOH noc.nenoaaTe.nbﬂocm
HE3aBHCHMBIX UMNYJ1LCOB, KMEIOIUX ORHHAKOBYIO GOPMY, HO CAYYaiiHbe
aMIJMTyAbl A, CMEILLEHHS & MOMEHTOB HOSIBNIEHHS] HMITYJILCOB OTHOCH-
TeJbHO T4KTOBOTO HHTEpBaJja, pasBHore &, pacnpeneiess 1Mo
HOPMANbHOMY 33aKOHY

ple)= ——exp [ — 2
oem P( 202 )'

rae 0p & ¥, (oTCyTCTBHE HANOXKEHHS HMOYJbLCOB).

BLIuKC/MTL CHeKTpasbHYI0 [JIOTHOCTb HKMIYJBLCHOIG CJY4YaiHOro
npouecca. PaccMoTpeTs 4acTHBIH CIyuaii, KOTA2 aMIVIMTYAL HMIYJIRCOB
nocrosiggbl (A; = A, = const).

. Omsem [52]:

S(w)= {% | Fy (o, To)|2{M {A® —mjexp(—ol w?) 4

2 2z
A exp(—ot o) S‘ oa—
L]

k=_

2nk 1

0

-+

S (w)= 43

l—exp( —0lw?)

B ep(—oie) 3 0o 1)

0

he= — 0

8.41. HesaBucumbie nepHOnMUECKH NOBTOpAMOMMEcs (C NHEPHOIOM
¥,) npsiMOyroyibHple HMNYJILCH C MOCTOSIHHOH aMIIMTYROH A, UMEIOT
NJIOTHOCTb BEPOATHOCTH AJHUTENbHOCTH HMIIY/1bCOB

o p() = pS(t — ) + (1 — pr)d(r — ).
HaiiTi crniekTpasnbHyio NAOTHOCTb MMIYJ/IBCHOTO C/1y4aiHOTO TpowHecca.
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Omgem: S (o)== wz/::’z [1 —p; +p2 — p, cos 01— (1 —p,) COs 0T, +
] “ 2k
243
+= pr(1—p)[l—cosw (1, —1y)].
[0} 'l‘)o

8.42. HaiiTn cnexTpanbHyI0 MJIOTHOCTb CTAHOHAPHON NOC/IEN0Ba-
TEBHOCTH HENepeKphIBAIOMMXCS HMIYJIBbCOB NPH ABYCTOPOHHEH MOXY-
JAUMH WX N0 AJUTebHOCTH (puc. 8.4, 2). AMNAMTYRa UMNYJLCOB MHO-
crosiHasn A, = const, MHTEpBaJ BpPEMEHU MEKAY CpENHHAMH JIOOHIX
ABYX COCEJHHX HMNYJ/bCOB TaKXKe MOCTOSIHeH H paBeH U, a AJIHTeNb-
HOCTH HMNYJBCOB CJY4aiHbl, HE3aBHCHMEL H HUMEIOT HJIOTHOCTH BEpOsAT-

HOCTH

p1<r)={[“Vx3‘(‘—%)2J", 1T —To| < Xa
0, |t —1o | > Xq.

. . of _To \? sinz((or;)/Q) 2 [ Xy
Omeem: S(w)_2nA0(ﬁo) S i (%)<

o0 s . 2nm 242 , N B
X2 e S e esion

o)

rae J,(x) — dynkuus Beccens nysnesoro nopsaxa.

8.43. B naockonapa/nenbHoM auone, paboTawlleM B peHME HACH-
HICHUsI, MOMEHThI BhIJIETa 3JeKTPOHOB C KaToAa He3aBHCHMHI H OMHCH-
BatoTcst 3akoHoM [lyaccona. [Ipene6perast Haua1bHBIMH CKOPOCTSIMH Bbl=
JieTa 3/CKTPOHOB M3 KATOHA, MOXKHO CYWTATh, YTO MNPOJET KaxKAOro

, Ste)

e ) oy A
{Zﬂ/yi(ﬁ)
| Lo
2e 7%
7 '
S ' ! ]
7 Ty, ¢ Gz im 3n in S emwry
a) ) 9

Puc. 8.20. DneMeHTapHLIR AMIYJABC aHOLHOTO TOKA (U) M CUCKIPAAbHRS -
mjioTHOCTE ApoGoBOro mwyma (6)
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3/JEKTPOHA OT KaToja 1O aHOAAa HABOAMT B aHONHOH LENH TPEYro/bHBIf
UMNyJabsC Toka (puc. 8.20, q)

i ()= 2etit}, 0ty

()=

0 npH ApYTUX £,
r1e e — 3apsj 571eKTPOHA; T, — BPEMs NPOJIET3 3JEKTPOHA OT KaTO.a
no aHoaa. Cpennee sHayeHHe aHOAHOTO ToKa [, = ev, rae v — cpegHee
YMCJIO 3/1€KTPOHOB, NONAJAIOWUX HA aHOJ B €AHHHULY BPeMEHH.
Bel4ucauTL W HOCTPOHTHL rpaduK CHEKTPaJbHOM NMAOTHOCTH APOGO-

Boro wyma. OnpejenuTb 3HaUYeHHe HENPEPHIBHO YaCTH CneKTpa S.(w)
Npu HYJ€BOIl YacroTe.

4
(0To)*
—oTsiney)], S, (0)=-el,.
I'padux cnexktpanbHoil naoTHocTH n306pasxen Ha puc. 8.20, 6.

Omegem [42]: S (@) =2n/%6(w)+ e/, [(nTo)? 42 (1 —cos w1, —

9. OCHOBbl TEOPHH HALE)XXHOCTH U MACCOBOTO
: OBCJNY)KHBAHHUS

1. TEOPETHYECKHE CBEAEHUA

. Hagexuocts — cBoficTBO cucTembl (06beKTa, d3neausi, yCTpoficTaa,
3JEMEHTa U T. I.) BHINOJHATb BO3JMOKEHHble HAa Hee (QyHKuHU C cOXpaHeHHEM
SKCIIyaTaLHOHHBIX NOKa3aTeJell B 3ajaHHBIX Mpejesax NpH OnpeleseHHbX pe-
HMHUMAX M YCJAOBHAX 3KCNAYaTauuH.

Hapexroctb — cioxuoe cBOACTBO, BKJIOYAWILEe B CBOW OYepefh (e30TKas-
HOCTb, NOJIIOBEYHOCTb, PEMOHTONMPHIOJHOCTD H COXPAHAEMOCTb. B 3aBHCHMOCTH
OT KOHKDeTHBIX CHCTeM H YCJACBMH MX 3KCNJAyaTauMH STH CBOHCTBA MOTYT HMETh
PA3/NHYHYI0 OTHOCHTeJNLHYI0 3HAYHMOCTh.

IOaa pacyeTa HanexHOCTH, QOPMYJHDOBAHMA TPeGOBAHMH HA HANEKHOCTD
pa3pabaThiBaeMblX CHCTeM, CPABHEHMS CHCTEM 10 HANeKHOCTH M T. N. CJAyXAT
KOJHYECTBEHHbIE XapAaKTePUCTUKH — MOKa3aTeH HAIEKIOCTH, KOTOPhHE onpeje-
AAOTCA HAH 00 3KCHepHMEHTAAbUhM JaHHBIM 00 OTKa3aX CHCTeMbi, HAHU NO H3-
BECTHOMY aHAJHUTHYECKOMY BbIPaXKeHHUW KaKof-nu6o xapakrepuctixku. B nepsom
Cllyyae HCROJb3YyIOTCS CTATHCTHYeCKHe onpelelieHUus nokasaTesell HANeXHOCTH,
KOTOpble NOJNyY4iOT OPH UCHHITAHUAX U S5KCNAYAaTaUHH CHCTEM (TAKHe NoKasareH
B JaJbHefllleM OTMeYeHL 3Be3J0YKOH); BO BTODOM — BEpPOSTHOCTHLIE Ompernese-
HHA M AHAJTHTHUECKHME 33BHCHMOCTH MeX1y HuMH. BepostHocTHbe pacueTh npo-
M3BOJATCA HA CTajHH TPOEKTHPOBAi Ul o

Ilna HeBOCCTaHAB/IMBAEeMbIX (HEPEMOHTHPYEMbBIX) CHCTEM YaILE BCEro HCNOJb-
3YIOTCA 4eThipe NoKasaTes st HalNeXHOCTH: BEPOATHOCTb Ge30TKasHOl paGotw
P(f), nJoTHOCTD BEPOSITHOCTH OTK230B (4aCTOT2 OTKAa30B) py(f), MHTeHCUBHOCTL
0TKa30B A(f), cpexHee BpeMs 6e30TKa3HOH paGoTH (cpeanas HapaGoTKa 10 OTKa-
3a) my [22, 53—57]. : ' L

BepostnocTe GesoTkasuoft paGothi (pyHkuMs HagexHocTH) P(f) ecTb Be-
pOATHOCTb TOrO, YTO CHCTEMAa NpPOpaGOTAaeT GE30TKA3HO B TeYeHHe BpEeMeHH {,
HauaB paboraTh B MOMeHT BpeMeHH { = 0, WJH BepOSITHOCTBH TOrO, 4TO BpEMA
paboTH CHCTEMLI'I0 OTKA3a OKaMeTCH GoJblie 3aJaHHOrO BPEMEHH f:

P(t)y= P(T > t) = | — Fy(d). ‘ ©.1)

rie T — cnydaiinoe Bpemsi paGoTh (HapaGoTKa) cucTeMsl 10 OTKasa; Fy({) =
= P(T < {) — dyukuus pacnpenesenns ciaydyailHo#i seauuuus T.
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" Puc. 9.1. Tunaunwic sux dyukuur P(f),

Al
/bL Q(t)» pl(t)v }"(t)
7 |
, <1 o)
| \ |

UHoraa noAn3yloTcss NOHATHEM BePOATHOCTH OTKasa Q(f) 3a Bpemsd ¢, KoTO-
pas onpejensieTcd Kak BePOSITHOCTHL TOro, 4To clydyaiHoe BpeMs paGoTh CHCTEMB
[0 OTK23a OKAMXETCS MeHblIe 3aJaHHOrO BpeMeHH £

Q)= P(T < t)y=1— P(t) = Fy(2). 9.2)

[1/10THOCTb BEPOSTHOCTH OTKa30B py(¢) — IVIOTHOCTb BEPOATHOCTH -TOrO, HTO
Bpems pa6OThl CHCTeMbl 10 OTKA3a OKAMXeTcs MeHblie f, MWIH IJIOTHOCTb BEposT-
HOCTH OTKa3a K MOMEHTY BpeMeHM [

P(t-+At)—P(t dP(¢ dFy(¢ .
1ty = —lim (+An—P@)  _dP() _ 1) ©.3)
At—>0 Af o dt dt

HnTeHcHBHOCTE OTKa30B M{) cHCTEMH B MOMEHT BpeMelH f ecTb MJIOTHOCTH
BEPOSITHOCTH OTKAa3a CHCTeMbl K MOMEHTY BPEMeHHM ! NpH YCJIOBHH, 4TO A0 3TOTO
MOMEHTa OTKA23 CHCTEMH He NpOH3oues:

1 dFy (9)- P (8 . ) ('9_4)
1—F (f) dt P (%)

Cpentee BpeMst 6e30TKa3HOR PaGoTHl my CHCTeMH — MaTeMaTHYeCKOe OXKH-
AaHnWe BpeMeHM pabOThl CHCTEMH O OTKa3a: '

Aty =

my={ tpy(tydt={ P(dt. ’ ©.5)
[ 0

TMokasatenu uanexHoctH (9.1)—(9.4) GyHKUHOHAILHO CBSA3aHB MeXAy: CO-
Gofi: 3uas oquy m3 pyrkumii P(1), Q(f), py(f), M), MOKHO OnpeleaHTb TPH OC-
rajdpHble (Taba. 9.1). :

Tunuunuiit Bua Gyskuuit P(f), Q(f), pi(f) m M{) wu3oGpaxeH Ha pPHC. 9.1.
Mycth N, — YHCAO HUCHpABHLIX CHCTEM B HAYalbHbl MOMEHT BPEMEHH

= 0;" N({) — 4MCJIO MCRPABHBIX CHMCTEM B MOMEHT BpEMEHH f; n(f) — uacao
CHCTEM, OTKAa3aBIIKMX 3a Bpems [ ;An(f,Af) — YHCJIO CHCTEM, OTKA3aBIUMX HMEHHO
B nuTepsate or { go !+ Af; f; — Bpems HapaGOTKH {-fi cMcTeMbl IO OTKa3a.
Toraa CTAaTHCTHYECKHE 1OKa3aTeJH HAJeXKHOCTH [ HEBOCCTaHAB/IWBAGMBIX

CHCTEM OnpejpeasloTcs BblpaKEHHAMH:

PH(1) = A;V(t) = No;:(t)él— ';é') —1—F), 9.6)
n 0

Q*(t)=r;$t)/No, 9.7
n_ BUHAN—n()  NEHAH— N Ang, AY) :
piify == Ny At - N, At NoAtl ' 0.8
Nl = nttAy—n()  NE+AN—N@) _ Angt, Y 09
- N()A? - N(D) At Noar ' 9

No

i

m == D b ©.10)

[ 1] Py}

9.1

Tab6auna

¢yuxuuouanbnan CBA3b MEX]Y NOKA3ATENAMH HANENKHOCTH
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Iln7 BOCCTAHABJAHBAEMblX CHCTEM XapaKTepHO yepejOBaHHe BpeMeHH HCnpas-
HOW paGOThi W BPEMEHH BOCCTAHOBJEHHS (PEMOHTOB). PaccMoTpeHHbe N0Ka3a-
TeJH ONHCHBAIOT NepHOJL paGOThi CHCTEMH A0 NEPBOro 0TKasa HJH 1ocje JHKBH-
JAuMM OTKa3a 10 nosBjenus odepeanoro. [losToMy Aast BOCCTAHABAUBAGMH X
cucTeM BBOLATCH JONOJHUTEIbHBE NOKA3aTe/H,MIaBHHMHA U3 KOTOPH X ABIAIOTCA:
napamerp noToka 0TKa30s A(f), HapaGoTKa Ha OTKa3 M,, CPeAHee BpeMA BOC-
CTaHOBJeHUSA my U Ko3hbuuueHt rososHocTy Kp. MHoOraa ucnoapdyiorcsa A Apy-
rue XapakTepHCTHKH: YaCTOTa BOCCTAHOBJEHHS, AHTEHCHBUOCTL BOCCTAHOBJICHHUA,
BEPOATHOCTb BOCCTAHOBJIEHUS U T. 1.

[MapameTpoM NOTOKA 0Tka30B A(f) Ha3HBaeTcH Mpejes] OTHOWeEHHI BeposT-
HocTH P(f, Af) nospieHus xoTa Gbl OAHOro OTKa3a 32 WHTEpBAJ BpEMerH At

K AJIHHe 3TOoro HHTepBaJja:
A()y= lim0 [P(t, At)/AL). 9.11)
At—

Hapa6oTka Ha OTkas mg ecTh CPejiHee 3HAUCHHE BPEMEHH MEXAy COCEAHHMH

OTKa3aMH.
Cpe}mee Bpems BOCCTAHOBJIEHHS! CHCTEMH my — MAaTeMaTHYeCKQe OXHAa-

HHe NPOAOJIKHTENbHOCTH BOCCTAHOBJEHHS CHCTeMH nocjae oTkasa, T. €. 3TO
cpelHee BpeMmsd BBIHYXJEHHOTO, ueperJaMeHTHPOBAHHOTO npocros, BLI3BAHHOTO
OTHICKaHHeM H yCTpaHeHHeM OTKasa:

mg-——-g tpg()dl = g tdFB(t)=,£ [1— Fg(d)ldt, (9.12)

rae pg(f) — NAOTHOCTL BEPOATHOCTH BpEMEHH BOCCTAHOBJEHHSH, Fg(f) — byHK-
LHs pacnpejesleHus BpEMEHH BOCCTAHOBJEHHS.

Koadunuent roroBHOCcTH Kp ANA YCTAHOBUBUIErOCs peXKHMa SKCIayarauHu
onpejensieTcsl Kak BepOATHOCTb TOro, 4TO CHCTEMA 6yaeT mcnpasHa B INPOH3-
BOJILHO BHIGPAHHLI MOMEHT BPEMEHH B NPOMENKYTKAX MKy MJaHOBLIMH TEXHH-
geCKUMH OGCHYKHBAHHAMHU! :

Kr = mo/(mo -+ ms), (9-13)

rae m, — CPeAHsii HapaGoTka Ha OTKa3; mpy — CpPeLHee BPEeMA BOCCTAHOBICHHA
CHCTEMBL.

CraTHCTHYeCcKas OleHka napaMeTpa NOTOKa OTKA30B onpejeasercs Kak OTHO- )

CHTeJIbHOEe UYHUCJJAO0 OTKA3aBIIHX CHCTEM B €IHHHUY BpEMEHH
A*(t) = Any(t, ADNyAL, " (9.14)

TnpUHUYEM B YHCAO Any(t, Af) BXOIAT Kak Nepponaua’abHble OTKa3hbl, TAK W OTKa3kl,
[OSIBHBLUMECH MOCIe BOCCTAHOBJEHHS WU 3aMEHHl OTKa3aBUIKX cHcTeM. B ofimiem
cnyuae Any(f, At) 6oable BenuduHbl An(f, At) 8 popmyae (9.8). [Tapamerp noTo-
Ka OTKa30B BOCCTAHABJAHUBAEMHIX CHCTEM paBeH HHTEHCHUBHOCTU OTKa30B COOTBET-
CTEYIOWMX HEBOCCTAHAB/JIHBAGMbIX CHCTEM, €C/IH NOTOKH OTK3308 B 060AX CJy4a-
ax ssaswTCcA npocTediwumu (cM. ri. 8): A(f) = M{) = const.

Hapa6orka Ha 0Tka3 10 AaHHLIM HCIHTAHHA OJHOTO 06pPa3ud CHCTEMH Bbi-

gncasercs no Qgopmyne .
’ n
. 1
my=—" 2 t, (9.15)
n .
=1
rae n — obmee YHCJAO OTKA30B CHCTEMbl 32 Nepuoi HaGaioleHUdA; [; — BpeMd
HCNpaBHON paGoTH CHCTeMbl MeXay (f — 1)-M H i-M OTKaszaMu.

Ecau HA ucnNBTAHUH UJH SKCﬂﬂyaTauﬂﬂ Haxonputcsd ND OJAUHAKOBH X CHCTEM
B TeyeHHe BPEMEHH f, To HapaGoTKa HA OTKA3 OMpelenseTcs BHPaKEHHEM
N, n;

m=( 3 3

f=ti=1I

(9.16)
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e f; — i ‘ -

L;c j — UHCJO OTKA30B /-r0 5K3eMNJApa 3a BpeMs f; f;; — BPEMs HCOPABHOR

PaGoTH f-ro sk3eMnaApa MexAy (i — 1)-M u i-M OTKa3aMH. '
®opMysIB AN CTATHCTHYECKHX OUEHOK BPEMEHH BOCCTAHOBJCHHA m) U KO-

apGHUUEHTa TOTOBHOCTH KIZ COOTBETCTBEHHO HMEIOT BHJ

My = tnis 19.17)

n n n ’
K=t ti+l2 tai | . (9.18)
=1 .

i=1 i=1

3nech Ny — ofumee uucao cucrem (MJ1H YHCJIO BOCCTAHOBJEHUH OLHOH U TOH Ke
CUCTEME), l3; — peanusauuss BpeMeHH BOCCTAHOBJCHHS AAA i-H CHCTeMbl (WM
(-1 peann3auns OJLHOW ¥ TOH e CHCTeMbl), 7 — YH(JO0 OTKa308 CHCTEMbl 33 BPpeMd
HCNBHITAHUH HJH 3KCNJAyaTauuu, fy; — BpeMs BOCCTAHOBJEHHS CHCTeMbl nocJe
{-ro OTKasa. ’

Uepes H3BecTHHii KOS(DQHUHMEHT TOTOBHOCTH BHpamaeTcs KOa(puuHeHT
:gQTCOT;ﬂ,_, onpejensomui BePOATHOCTh HAXOKACHHS CHCTEMH B HEHCNPABHOM

< HUU: '

Kp=1— K. (9.19)

Tlpu onpenenenun nokasaresneli HaJeKHOCTH 1O SKCNEPUMEHTAaMALHBIM NaH-
HbIM OCHYHO HAXOAAT HEKOTOPYIO HCXOLHYIO XapakTepHCTHKY, HanpHMep 3aKoH
pacnpejenenns BpemeHu Ge30TKa3HOH paboTh, a OCTajbHLIe NOKAa3aTeH onpeae-
JA10T pacyeTHHIM OyTeM. Bhi6panHaa Mojesnb 3aKOHA pachpejeseHus JOJKHA
COrJ1acOBLIBATLCA € 3IKCHEpUMEHTAJbHLIMH AaHHBIMH. [IpOBepka cOOTBeTcTBHA
NpOU3BOAUTCA NO NpaBU/aM MaTeMaTHUECKOH CTATHCTHKH (cM. ra. 4). Kpome Toro,
€CIM TO He NPOTHBOPEYUT CYyHIECTBY fJesd, TO BCeraa clejfyeT BLIGHPATh TaKue
pacnpejeneHus, KOTOpbie onpelendoTca HeGoJbIUM 4HcaOM napametpos. Torza
nposejeHne CTATHCTHYECKUX OUEHOK U pacyeT HAJeXMHOCTH 3HAYUTENLHO ynpo-
MARTCH. ;

Hanﬁo.v“lee 4acTO HCMOAb3YIOTCA CleAYIOHlHe NJIOTHOCTH BEPOSATHOCTH BPeMEHH
(e30Tka3HOH paGoTel: 3KCNOHeHUMaJbHAs (nokasaTteasHas), Befibyana, ramma-
pacrnpejenenue, aorapudMHUeCKH-HOPMAJabHAs, yceueHHaa HopMadbnas n PeJses.
Oco6ast posb NPUHALIEKUT SKCOOHEHUKANLHON NJIOTHOCTH BEPOATHOCTH, KOTOpasA
NopoXKAAETCa NPOCTEHIIHM NOTOKOM OTKa30B {cM. . §8).

OKcnoHeHyHaibHOE pacnpeieleHHe JOCTATOUHO XOPOWO ONUCHIBAET IOBe-
AeHHe JICMEHTOB M CHCTEM B NepHOl HX HOpMaabHON skcnayarauuu {o6aacts 11
Ha puc. 9.1), KOr1a npoHCXoAsT BHE3aNHbe OTKA3k H KOT1a HHTEHCUBHOCThL OTKa-
308 NPHMEPHO NOCTOAHHA: A(f) = A({) = const.

3aBHCHMOCTH OCHOBHEIX NOKAazaTe/eii HaJe:KHOCTH OT BPEMEHH JJIt HEKOTo-
PHX NNOTHOCTeH BEPOATHOCTeH npUBEAeHH B Taba. 9.2.

Peienne sajauu onpejesenus HaAeXHOCTH CHCTEMBl NO XapaKTepHCTHKAM
HalleXXKHOCTH BXOAAIIMX B Hee 5/71eMeHTOB 3aBHCHT OT cn0co6a cOeJHHEHUS NOC/en:
Hux. I[lpu nocsrenosarenbHOM, UAU OCHOBHOM, coeaunenuu {puc. 1.2) orkas xo-
TA OB OJHOrO U3 JeMEHTOB NPHBOAHT K OTKA3y BceH cHCTeMHb {cHCTeMa He umeeT
CTpYyKTypHOH H36GmTouHOcTH). [Ipu napansennHOM, HJIH Pe3epBHOM, COAUHEHHWH
{cM. puc. 1.1). oTka3 cucTeMH HacTynaeT JHiibL NPH OTKAa3€ BceX ee 2/eMEHTOB
(B cucTeMy BBOASITCH UBGHITOUHEE saeMeHTH). CoueTaHHe OCHORHOTO H pe3epBIloro

Puc, 9.2. Opuu u3 BapHavTOB CMelIaH-
HOTO CORIHHEHHA 5JEMEETOB
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Ta6auwuna 9.2

3aBUCHMOCTH MOKA3ATeNel HANEHOCTH OT BPeMEHM 148 HaHOoJee PACHPOCTPAHEHHBIX pachpelesenH it
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BH7OB COejuHeHHA 06pasyer cMeuwranHoe (OC/e0BaTeNbHO-NAPadiesbHOE) COe-
AuupeHue, OJMH M3 BAPMAHTOB KOTOpOro NMpHBejeH Ha puc. 9.2,

[Tycrb cacTeMa COCTOMT M3 2 mOC/]ejoBATENbHO COEJHHEHHHIX SJEMEHTOB
(puc. 1.2), OTKa3H KOTOpBIX He3aBHCHMbI, 4 BEPOATHOCTb Ge30TKa3HOH paGoTHI
1-TO 3/1eMeHTa B TedeHue speMeln f pasHa P;(f). Toraa seposiTHOCTh Ge30TKa3HOM
Pa6oTul Py(f) 1 BepOATHOCTb OTKa3a Qo(f) CHCTEMB PACCUUTHIBAOTCH MO GopMyJaam:

k
Pyty=T1 Py,

(=1

(9.20)

k
Q) =1—Py (t)=1— TT Py(t). 9.21)

=1

B cootsercrsun ¢ dopmyaamu ta6a. 9.1 seposTHOCTH Py(f) B Q4(f) MOKHO BH-

PasHTb 4epes HHTEHCHBHOCTH OTKa30B 3JeMeHTOB A (£), { == 1, 2, ..., &,
1 kot
Poty=exp| — [, (v) dv [=exp| — X [M(r)dr |, (9.22)
0 =10
t
Qulty=t—exp| —[Ao(r) dr |, (9-23)
0
rioe
" k
A= D A () (9.24)

(==}

— HHTEHCHBHOCTb OTKa30B CHCTEMbI.
Ec/n 0TKa3Hl 3/1eMeHTOB ONHMCHBAIOTCH OJHOPOJHHMH MyaCCOHOBCKHMH MOTO-
KaMH, 1o A; (f) = A; = const # dopmyan (9.22) u (9.24) npAHEMAIOT BHL

B ’ k
Polt)y =exp (—hof), RAo= 3] Ay (9.25)
=1

Korja cacTeMa COCTOHT H3 m FpyNN 3JeMEeHTOB, B KaXJA0H H3 KOTODLIX HMe-
eTcsd nj 3J1eMeHTOB € MPHUMEDHO OJMHAKOBOH HAJEKHOCTBbIO, TO BMECTO (9.24) m
(9-25) nonb3yiOTCS COOTHOIIEHM AMH:

m m

M= X njhj (). ko= X nyhdj.

i=1 f=1

(9.26)

JaHuble N0 MHTEHCMBHOCTSM OTKAa308 OTACJAbHHX 3JIEMEHTOB DPaJHO3JEKTpOH-
HBIX cHCTeM GepyTcsi M3 COOTBETCTBYIOUIHX CHPABOYHHKOB. :

[TycTh CHCTEMA COCTOMT K3 k MapaJliesbHO COeHHEHHbIX9JleMenTOB (pac. 1.1)
B OTKa3hl 3JeMEHTOB B3aHMOHe3aBHCHMb. Toraa seposiTHOCTb OTKasza Qp (f) m
BEPOATHOCTb 6e30TKa3HOM paGoTh Pp(f) cAcTeMB B TedenHe BPEMEHH ! COOTBeT-
CTBEHHO paBHBHL:

k
[T i—Puo2l,

i=1

kR
Q) = I1 Q= (9.27)
{=1 .

' k
Po(t) =1—Qp(ty =1— [1 [1—Py1)], (9.28)
i=1

rae Q;{f) = 1'— P;(f) — BepOATHOCTb OTKA3a i-r0 9JEMEHTa B. TeueHHE Bpe-
MeBH [
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Caa3b BeposiTHocTelt Q(f) M Pp(f) ¢ MHTEnCHBHOCTLIO OTKA30B OfpeesseTcs
COOTHOUICHHIMH .
k t
Qp(h = T1 | t—exp —-jxi (vyde | b, 9.29)
, 0

(=

R 1
Ppty=1—T1 {1—exp| —{A;(m)ydr|t. (9.30)
0

i=1|

Ec/IM MHTEHCHBHOCTH OTKa30B He 3aBHMcAT OT BpeMeHH, To Gopmyan (9.29),
(9.30) npHHHEMAOT BHA:

. .
Qpt)= IT [1—exp (—1; 1], 9.31)

. —
k

Po(t)=1— [T (1 —exp (—4; D). . (9.32)
i= |

Koraa cucremMa COCTOMT M3 m rpynmn, 8 KAXAOH H3 KOTOpHIX HMEETCS n; SJe-
MEHTOB C MPHMepHO OAMHAKOBOA HajJeKHOCTbIO, TO

n , _

Q=TT [1—exp(— 2y 1", (9.33)
f=1

Pp)=1—TT [1—exp (—2; 0], (9.34)

f=1

[pr cmewanHoOM coeiMHeHHH (pHc. 9.2) cHauyana no cOOTBETCTBYIOWHM (op-
MyJ1aM HaXOAMTCH HAJeXKHOCThL UENH H3 k mOC/Ie]0BaTeILHO COSJHHEHHBIX 3/1eMeH-
TOB, 4 3aTeM HAJe:KHOCTb CHCTeMbl M3 m mapajjesbHLiX BeTBei.

B 3aBHCHMOCTH OT 3Tama paspaGOTKH PajgHO31eKTPOHHONR CHCTEMbt fMpHMe-
HAIOTCH pasHyYHble MeTOABl pacyeTta najexHocTu (22, 55, 56, 58]. Ha HauanbHoM
9Tanme NpOeKTHPOBAHHA CHCTeMEl (nPel3CKH3HbIR npoeKT) NpOBOAUTCA NPHKHLOU-
HbIfi pacuer, NpH KOTOPOM ONpeAedsIoTcd liedecoofpa3Hbie HOPMbI HAEKHOCTH
AN OTAeNbHBIX yacTell cucTeMnl {6J10KOB, KacKaJ0B) © L{eAbI0 NPOBEPKH TMPHHUH-
NHAJBLHONH BO3MOMKHOCTH BHIMTOJIHEHHS TPeGOBAHHIl MO HAJeKHOCTH, BHUABMHYTHIX
32Ka3YHKOM B TEXHHYECKOM 3aJaHHH.

Ha sTane 3ckH3HOro mpoexTHPOBaHHA, NOC/e pa3paBOTKH MPHHUKTHAIbHEIX
3JIeKTPHYECKHX CXeM, BBIIOJIHSIeTCSl OPHMeHTHPOBOUHKLIH pacyeT HAJAGKHOCTH
(LENJIOMHOE NPOEKTHPOBAHME MOJMKHO OTHCCTH K 3CKH3HOMY MpDOGKTHPOBaHHIO, a
pacyeT HaneXKHOCTH — K OPHEHTHDOBOUHOMY pacucTy).

OpHeHTHPOBOUHB pacyeT NPOM3BOAHTCH OGEHIYHO N(pH cJAeAyIOWHX, Ao0y-
IMEeHUAX: CHCTeMa paccMaTpHBaeTcH KAK rpymnma mocsejoBaTeslbHO COeHHEeHHBIX
SJIeMEHTOB, MHTEHCHBHOCTH OTKAa30B KOTOQLIX He 3aBHCAT OT BPEMEHHM (MOTOK
OTKAa30B — npocTefilil); Bce 3/]eMeHTh OJHOIO M TOro Xe THNA HMET OJHHAKO-
BYI0 HaJeXKHOCTh HE3aBHCHMO OT MX MecTa pacllo/NoXKeHHs B, CHcTeMe; Bce 3Je-
MeHTHl Pa6OTalOT B HOMHHAJLHOM PeXHMe, NPHYeM OTKa3bl 3/1€EMEHTOB CYHTAIOTCH
Be3aBHCHMBbiMI COGHITHSIMH; BJAHSIHHe YCAOBHIT PaGOThl yUHThIBaeTCs 0P HOIHKEHHO
€ NOMOUILI0 MONpaBOYHOro KoshQHuHeHTa.

[Monublil pacueT HAALKHOCTYH NPOHUSBOAHKTCH NOC/Ae HCOLITAHHA MaKeTa B J1a6o-
PATOPHEIX YCJAOBH#X, KOrja CTAaHOBATCH M3BECTHLIMH peasibHble PEXKHMMbI PaGOThl
SAEMEHTOB, NO3BOJfIOUIME YTOUHHMThL 3HAYeHHS WHTEHCHBHOCTe# HX OTKa30B.
Hpu 3T0oM YYHTHIBAIOTCH BJAHSIHHE CXeMHOfl 3aBHCHMOCTH 3JIEMEHTOB, PeXHMbl HX
PpaGoTul M Apyrue GaKTophi. _

2. Teopus MaccoBoro oGcAyKHBAaHHA (TeOpPHA ouepelleit) McclelyeT KoJad-
WECTBEHHYI0 CTOPOHY MPOUECCOB NPOTEKAIIHX B CHCTEMaxX MaccoBOro oGeJy-
muBanua (CMO). Ona ycTaHaB/AHBAeT 32BHCHMOCTb MeX]y XapaKTepoM NOTOKA
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3asgBOK (TpeGOBaHHI), NMPOU3BOAUTENLHOCTLIO OTACILHOIO KaHasa (0o6cayxusaio-
uero annapara), YHCAOM KaHnanoB # 3¢beKTHBHOCTBLIO O6C/ Y KHBAH H.

CucreMa MaccoBOro 0Gc/1yKHBAaHHA BKJIOYAeT B ce6sl TPH 3/eMeHTa; BXOAHOR
NOTOK, 0GC/YKHBAIOUYIO CHCTEMY C ONHHM HMJIH HECKOJIbLKHMH OGC/IYKMBAIOWLKMH
agnapaTaMH M BLIXOAHOH [OTOK.

CHcTeMb: M2CCOBOro OGCAYKHBAHHMA JeNATCH HA CHCTEMH ¢ oTkasamn (CMO
C NMOTepsIMH), CHCTeMbl C OXKHJIaHHEM H CHCTEMBl CMEIIaHHOro THna. B cucteMe nep-
BOr0 THNA 32ABK3, NOCTYNHBIIAA B MOMEHT, KOrja BCe KaHaJbl 3aHATH, NOJy4der
OTKa3, MOKKJI2eT CHCTeMy H B JajbHeiilleM mpollecce o6C/yKHBAHMS He y4act-
ByeT (mpoHcxoAMT noteps 3asBkH). B CMO c¢ oxujaanueM 3asaBKa, UOCTynHBLIAA
B CHCTEMY, KOrJa Bce KaHaMabl 3aHATH, CTABATCA HA oUePeb ¥ OXKHAACT, KOra Bce
NOCTYNHBIIHE paHee 3asBKH GyayT oGcay:KeHbl. B CHcTeMax cMemwaHHOro THAA
HaKJa/blBAIOTCA OrPaHHYEHUsI HA BpeMs O:KHAAHMA 3aBKH B 04epeju, obuee Bpe-
Ms npeCLIBAHMA 33asIBKM B CHCTEME, YHCJO 3afBOK B oyepeaH M T. A HauGonee
X0powo paspaGoTaHbl CHCTEMbl NepBbIX ABYX THIOB.

B 3aBHCHMOCTH OT ycJOBHE 3ajaul M uesJed MCCAeJOBAaHHS KOJHMYECTBCH-
HBIMH OUeHKaMM KadectBa paGorsl CMO Moryr 6biTh: cpeiHHil NPOUEHT 33a4BOK,
MONyYHBIUKMX OTKa3 H MOKHJAAWWHEX CHCTEMY HEOGC/yKEHHBIMH; cpPeiHee BpeMft
0XHA2HHA OCCAYXKHBAHHA, CPellHsd AJMHHA OYepelH H ee pacnpedeseHHe H Ap.

BXxoanoit mMOTOK (IIOTOK 3asBOK) — OCHOBHOH 3/IeMeHT, onpelenasiowuii npo-
zeccol B CMO. YHacto ero c4uTaloT NpocTefIMM WM CTAUHOHAPHBIM NyacCOHOB-
CKHMM [OTOKOM, TIDH 3TOM B GOJLUIMHCTBE CJAy4YaeB yAaeTcs MOJYYHTb YAOBJETBO-
pHTesbHBIE 110 TOUHOCTH peleHHSs.

' Iasa upoctefimero MOTOKA YHCJAO 33asfBOK 8 [IPOMeXKYTKE BPEMeHH T pac-
npeneneno no sakony Ilyaccona
T k
P (x, 1’)=(—2;2—e"7“, k=0.1, 2, ..., (9.35)

_rAe A — NJOTHOCTb (HHTEHCHBHOCTb) MOTOKAa — CpejiHee YHCJO COGHITHHA B MOTOKe

8a e[IHHHIY BPeMeHH; v = AT — cpejHee YHCIO0 COGBITHH B MOTOKe, TPHXOAsIeec
Ha HHTEpBAJ T.

IMycth cayuaiihas Beauynna T — npOMEKYTOK BpeMeHH MeXAy IByMA
TIpOM3BOJIBHBIME COCeHMMHE 3afBKaMH B mpoctefimiem notoke. Torpa ¢yhkumna
pacnpegenenus Fi(f), NMIOTHOCTb BePOATHOCTH p;(f), MaTeMaTHYECKOE OXHAAHHE
m; W AMCnepcHs 07 BeNHuMHEl T onpeleasioTcs (opMyaamu:

Fy=P(T <t=1—eM p()=r"M, (9.36)
] my = 1/A, o? = /A2 (9.37)

B cayuae HecTalHoHAapHOrO yacCOHOBCKOro moToka Bhipamenus (9.35) u
(9.36) cOOTBETCTBEHHO NPHHHMAIOT BHA
i

Pk, w, ty) =Z—!e-", (9.38)
b
Fi(t, tg)=1—exp| — j A de|,
o
9,
e (9.39)
pit, t)y=A({ 40 exp| — j A@wydt|, #>0.
Lo
3necn
tatT
'v=J A (f) dt [(9.40)
to '

— MaTeMaTHYeCKOe OXHJAHME YHCJ/Ia 8A5BOK Ha yuacTke OT £, 10 fy + %, rie
M (f) — MrHOBeHHasl NJOTHOCTb NOTOKA.
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* Boixopnsie notoku CMO ugacto nmpeicTaBasioT co60fi NOTOKM C OrpaHHYEH-
atiM nocaenefictsuem (notoku [lanpma). OpAuHAapHBIH MOTOK OXHOPOAHEIX COOGHI-
THil ABJAETCA MOTOKOM C OrPAHUYEHHBIM NOC/IEACHCTBHEM, €CIH TPOMEXYTKH Bpe-

MCHH MeK1y NOCAel0BATENbHEMHE coObiTUAMH Ty, Ty, ..., €CTh HE3aBUCHMBIE CAY-
qaiinple BenuyuHbl, [lpocTefiiniéi NOTOK, B KOTOPOM HE33aBHCEMbIE BEJNHYMHH Ty,
Ty, ... pacnpejeJeHbl MO NOK3a3aTeJlbHOMY 3aKOHy, — dYacTHHIfl ciywail moroxa

Naaoma. Ecau Bce ¢yHRUHHM pacnpefenedus Fy(f;), 3a uckaodenueM, GuThb
moxer, F(¢), cosmamaior, 10 mortok [laabma ofpa3dyeT NOTOK BOCCTAHOBJEHHS

anMGPOM TNIOTOKOB C OrpaHHYEHHBIM nociaefeficTBUEM ABJISAIOTCS NMOTOKH Sp- .

naHra, o6pasyeMble «npoceHBaHHEM» npocTefiwero notoka [3]. [lnorHocTs Bepo-
STHOCTH 33KOHA Dpsaura k-ro nopsAKa uMeeT BHA
AR+1
f=—————the™M, (50 (9.41
41 ( r (k + 1) * ’ )
k1
rie T = 2 T; — HHTEepPBAN BpEMeHH MEXIy COCEXHHMH COGLITHAMH B IMOTOKe
(=1 -
Apaaara k-ro nopaaka; Ty, Ty, ..., Thpy — HE3aBHCHMBHIE CAydYaiiHble BeJHYHUB
€ OlMHAKOBEIMH TJIOTHOCTAMH BepoATHOCTER py(f;) = Ae— M, i>0,i=1, 2,
o R+ L
.
MaTtemaTuyecKoe OXKNIAHHE U IUCNEPCHS BeJHUUHH T ¢ NJOTHOCTHIO BepoAT-
HOcTH (9.41) paBHH

my= (k+ /A, o = (& + 1A, (9.42)

rae A — NJOTHOCTH MpOCTefiliero MoToxa.

HOns ynpomenus uHoria yxoGHO 3aMEHUTh peajbHHH MOTOK 3asfBOK ¢ MOC-
JelieficTBHEM TaK HA3bIBAE€MbiM HOPMUDPOBAHHBIM MTOTOKOM DpJaHra k-ro -nopsjka
C MIpUMEpPHO TEMH XK€ MaTeMaTHYeCKHM OXHAAHHEM W JHUCIEpCHEHd MpOMeXyTka
mexay 3asBkamu [3]. [110THOCTL BepOATHOCTH, MAaTeMaTHYECKOE OXHUIAHUe H

AMCHepCHS HODMHPOBaHHOH cayuafdinofi Benwuunn T = T/(k + 1) umeoT Bug

- Ak+1

ﬂl(t)=—m (k1 ke =MD 50 (9.43)
~ ~ 1
my=1/A, of =1/A2(k4-1), (9.44)

rae A — MAOTHOCTH NOTOKA, COBNAAAIOWANA UPH MOGOM & ¢ NJIOTHOCTHIO UCXOAHOTO
npocrefillero NoOTOKa 3asABOK.

dyuxuuonuposanue CMO Bo Myorom onpenessieTcs BpeMeHeM O6Cy KHBAHH S
ofHoit 3asBKH Ty, KOTOPOe XapaKTepH3yeT NPONYCKHYIO CHOCOGHOCTL CHCTEMBI.
B ofumem cayuae Tog — caydaitHas BequyuHa. [IpH TEOpeTHUECKMX HCCJENOBA-
HHAX M MPAKTHYECKHUX PACYETaX Halie BCEro MPeNNoJaraer:f, 4To BedHuHHa Tyg
pacnipezesieHa NO [OKA3aTeJbHOMY 33KOHY, KOrAa (YHKIHS pacnpeieJeaus u
IJIOTHOCTb BEPOSATHOCTH ONPENeNAIOTCH COOTBETCTBEHHO BHIPAKEHUAMH

Friy=1—e M, b ()=pe™ ¥, ’ (9.45)

rie napaMeTp i — BeJIHYHHA, 06PaTHAS CPeHEMY BPEeMeHH O6CAYVIKUBAHHA OLHON
339BKH:

p=1l/myo6, mpo6=M (Tqp). (9.46)

[Ipu moxasatenbHOM pacnpefieileHHd BpeMeHH o6CHYXKHBAHHA 3anada no-
MyCKaeT MPOCTOe pelienue, KOTOPOE C YAOBAETBOPHTEALHOA A MNPAKTHKH TOU-
HOCTBIO ONHCbIBAaeT XoX npouecca B CMO,

[Tycts umeercs CMO ¢ n o6cayXUBAOmMMMH annapaTtaMu (n-KaHaabHAas
CHCTeMa), HA BXOJl KOTOPO# NOCTynaer MPOCTeHWIHH OTOK 33aABOK ¢ HJOTHOCTHIO
A. Bpems 06cnyKHBAHHMA ONHOH 33aABKH OAHMM aNnapaToM MOJIMHEHO MOKa3a-
TeNLHOMY 33KOHY € NapaMeTpoM M.
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B 370M ciydae OCHOBHHE XapaKTepHCTHKD 5¢peXTUBAOCTH (yHKIUOHUPO-
Banua CMO c oTkaszaMu (noTepsaMu) ompeneasorcs CHAENYIOULUMH BHIPAXKEHUAMH.

l. BepouTHOCTL TOro, 4to B cHCTEMe 3aHATO & 0GCAYy KMBAOWHX annapa-
TOB (B OGCAyKUBAIOmMeEH CHCTeMe HAXOMNMTCA TOYHO & 339BOK);

P, [ A P
Pr=P, (h)=— | )= gt
r=1Fp (k) ) (” ) P (9.47)
rie
n -1 n -1
1 [ A\ ak
P, = ——(—) = —_ (9.48)
1
kgo # ® kgo K
~— BEpOATHOCTb TOTO, YTO Bee OGCAYKUBAIOWHE ANNAPATH CBOGOAHE
o= AMp = hm o5 (9.49)

— cpejHee YUCAO 3aABOK, MPUXOAAIIEecs HA cpPefiHee BPeMa OGCAYMKHUBAHHA Oll-
HON 32ABKH (NpuBejeHHas NJIOTHOCTb MOTOXKA 3ad4BOX [3]).
IMoxcraBus (9.48) B (9.47), nonyuum ¢opmyay Dpaaura:

n -1

ak ak
Pp == —— —_— . .50
RS 2 x) (9-59)

2. BepouTHOeTb 0TK33a B OGCNYKHMBAHUM OYEpPENHON 3aIBKH

n ~1

—1
1 Ayl - 1 Ak al v of
Porgy=Pp=——|— —— —_— —_— . (9.5
OoTH Y (;L ) kzo k! (p, ) n! ké) k! -5

3. Cpennee uHCc/IO 3aHATHX OGCAYXKHUBAMUX ANNapaToB

n

n k .
my=M (K)= 2 kPp = 2 (ki—l)'Po. (9.52)
k=1 k=] ’

Cucrema MaccoBOro oGCAYXHBaHHA ¢ OKUAAHUEM NPU OrPaHHYECHHOM Bpe-
MeHU OKMAAHHUA Tou, PacupeleleHHOM MO MOKa3aTeNIbHOMY SaKOHy C mapa-
METPOM Y, B yCTAHOBUBIUEMCA DexXUMe O6CAYKHBAHHA OINHCHIBACTCH CJefyIOm HMH
xapakrepuctukamu [3].

1. BepoaTHocTh TOro, 4TO 3aHATO TOYHO k OGCAYXKUBAIOIMHX AMNaparton
(ouepeau Hert):

ak
Pk:T Py, O<k<n. (9.53)
-

2. BeposATHOCTb TOrO, 4TO BCEe N ANNapaTOB 33aHATH, § 3afBOK CTOAT B OYe-

peis: .

« -1
an+5

Prts=——— P, [1@nemp| , s>1. (9.54)
m=1

3. BeposaTHocTh TOTO, 9TO BCe amMAapaThl CBOGOLHHI:
' -1

g k n > s
Po= Td a: 2 — (6-56)
£=0 S 0 (a4 mp)
m==1]
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4, CpeaHss JinHa odepend

oo

A sa’
mg = 2 8Ppts = ' 2 s x
s=1 =1 Il (n+ mﬁ)
m==1
Dok o e -t
N+ w 2 —| .56
k=0 s=1 [ (n+4+mp)

m=1

5. BeposTHOCTb TOro, 4T0 3aABKA MOKHHET CHCTEMY HeOGC1yXKEHHOH:

) an’ sa®
L i el LI
@ n s=1 II (n-+4-mp)
m=1
ok P as -
X B! + n! 2 s ’ . ©.57)
k=0 T os=l1 I1 (fl+mﬁ) - ’
m=1

B ¢opmyaax (9.53)—(9.57) n — uucsao o6cayKUBAOMHAX anNapaTos B CHC-
TeMe,

a = Mp=Am; o5, P=VWp= vm o6 (9.68)

rae A — MJOTHOCTh NpocTefilerc NMOTOKA 3asfBOK; W — NMapameTp HOKa3aTedb-
HOTO BpeMeHH O6CAYXKHBaHHUSA; ¥ = 1/Mmy o — MApaMeTP NOKA3aTENBHOTO Bpe-
MEHH OXHIaHMsA (BejiM4UHA, o6paTHas cPefHeMy CPOKY OXHIAHHS).

Tpu f - oo cucrema nepexoxut B CMO ¢ oTkasamu, 3 npu § — 0 — B «yuc~
TYiO» CHCTEMY C O HaHHeM, KOT1a 3aABKHA BOOGME HE yXOAST U3 O4epea (Kaquasul
H3 3asBOK PAaHO WM no3xHo GyneT obcayxeHa). B nocjexnedt cucreme npejebHuId
CTAIHOHADHHIA PEXUM CYIIeCTBYeT TOALKO npu a < n. [lpu a > n gucao 3as-
BOK B odYepenH C Te4eHHEM BPEMeHH HEOrpaHHYEHHO BO3PACTAeT.

INas CMO ¢ HeorpaHHYeHHBIM BPeMeHeM OXHIaHHA (YHCTAaA CHCTEMA C OKHU-
JAaHueM) NpH o < n CnpaBelJNBbl (POPMyJIHL:

n -1
(Zk o+l
- AR Sl B . (9.59
Po L—o B! +nl(n—a)] 8-59)
ek | o ok 4ot -
=8 —_— Ie— » 0\’k’\ y 9»60
Pr="a k;() ® | nl(n—a) se<n ©-60)
n -1
ont+s ~ ak o+l
= ———— —_—de— 1 9.61
Prts nl ns [k—:o k! +n!(n—a)] : (A )
n -1
o+ ok ot+1
= —— _ . 9.62
ey D) R
n

Ecau umeercs CMO ¢ oxHzanHeM n 4ucJjO 33a8BOK B OYepenw OrpannyeHo,
TO NMPH NPOCTeHlIeM NOTOKE 3aABOK U MOKA3aTEJIbHOM DPAClpeneseHHy BpemeHH
oGeayxuBanust GopMysnl KA Pgp U P, s COOTBETCTBEHHO MMeloT BHA:

at T3 at o Glav]
Pk=k—’ T+T (—) » (9.63)
k=0 ’ A

= s

at {a V] < of AN
Pn+s=—' (‘—) _‘-+ ) 2 <—' ) ] (964)
n n - &! n! - n

TAe m — 4qHC/A0 335IBOK, KOTODBIMH OrpPpaHuyeHa odepelb.

2. NPHMEPHI

9.1. CeMb HEBOCCTAHAB/JMBAEMBIX DPAaJHO3IEKTPOHHBIX CHCTEM TMO-
CTaBAEHBl HAa HcOBITaHHSL. Peanusanmun Bpemenu paGOTHI 3THX CHCTEM
npencrasjeHst Ha puc. 9.3. ’

BBIYHCIHTE CTaTHCTHUYECKHE MOKa3aTeNH HalexkHOCTH P*(f), Q*(2),
pi(@), A*(¢), mi-npu t = 30uu At = 10 u.

Pewernue. B coorBeTcTBHM ¢ onpenenendeM no gopmynaam (9.6)—
(9.10) umeem:

P*(t = 30) = N(t—lf@ = -?— = 0,714 (#e OTKa3aaM CHCTeMBl C HO-
mepamu 2, 5, 1, 4, 7)2 /
Q*(t=30) = "—QF:-EQ = -2;— = 0, 286 (oTKasa; M CHCTEMH! C HOMEpa-
mu 6, 3), ’
* n(t+A—n(t n(t=40)—n (t=30
P’ (t =30)= ( +Noit (y _ n( )7.10( )
4—2

=0,0286 41,

L i L1 ]

|
7 2q 30 140 50 60 70 84 90 ity

Ut uts| 4 th
a4t <

T=30 t+4¢=44

Kormep cuemermer’

Puc. 9.3. Pacnpenenenue Bpeme:
HH PaGoTH O OTKAa3a HEBOCCTa-
HABVIMBAEMBX 5K3eMNJAPOB pa-
JNHO3JIEKTPOHHBIX CHCTEM
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oy _A(tFAN—n(t)  n(=40)—n(i=30) _4—2 _ -
AR (t=30) = oYY N (¢ =30)-10 5.10 0,04 97,

N
] + ... 2121 4-8 64 12
mi =(1/Ng) 3 1, =’1+12F7 iy 43242+ ;’*+3 12496

f=1

=48 q,
TounocTs peaysinTaToB HeBesinka. OHa yBeJHUYHBaeTCs ¢ yBeaHye-

BueM gucia N,. [las onpenenendss TOYHOCTH H HAAGKHOCTH OLEHOK cjie~ -

AyeT BOCHO/NB30BAThCst METOIaMH MaTeMaTHYECKO CTaTHCTHKH (CM. TJ1.4).

9.2. MHTEHCHBHOCTb OTKA30B 3JEMEHTA ONPENENsieTCst BhIPAXKEHHEM

A (l) 1/(100—¢), 0<<f<C 1004,
- o, t<<0, t>100u.

Onpenennuts: 1) BepoOsiTHOCTL Ge30TKa3HOMN paGoTel 3/1eMeHTa B HH-
tepsase Bpemenn 0—10 u; 2) cpennee BpeMs Ge30TKasHOi pabOTH 3Jie-
MeHTa; 3) NJAOTHOCTH BEPOATHOCTH OTKA30B.

Pewernue. dnsi BhIYHCNACHUS TpeOyembiXx NoKasaTesnell HAACKHOCTH
BocnoJib3yeMcst GopMyJiaMH, TPHBEJEHHLIMH B Tabn. 9.1, u Brpaxennem
(9.5).

¢ ¢
1) P@)=exp [—SA(T)dT] =exp ( —f lool_rdr) =
0 0

100__1) 100—1

=exp|in
p( 100 100

[pu ¢ = 10 4 umeem
P (t = 10) = (100 — 10)/100 = 0,9. .
100

2 m,=SP(t) df = 5 00—t 4y 1100 —t=y| =
0 0

100
L L =50 u,
100 2 |o
1 100 —¢ 1
3) n (i)=7~(t)P(f)=——100_t 00— 100 a~l

9.3. Tpu CcHCTeMEl, cocTosiMe U3 ABYX 3/eMeHTOB, 06pa30Banbl Tpe-
Mst CnoCoGaMM CcOoellMHeHHs 37eMeHTOB (puc. 9.4). OIkasnl 3/1eMEHTOB
HE3aBHCHMB! H OMHChIBAIOTCH MNPOCTBIMH NMYAaCCOHOBCKHMH MOTOKAMH C
HHTEHCHBHOCTAMH A, H A,. BuIK/lodaTesp a6COMOTHO HANEKEH.

7 4 ' 7
b4 .
2) ) a7
Puc. 9.4. Tpu CHCTEMBI, COCTOS INUE U3 ABYX 3JleMeHTOB
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TpeGyerca: 1) onpenennts BeposiTHOCTH 6€30TKa3HON PaBOTLI, cpex-
HHE HapaGOTKH M MJOTHOCTH BEPOSITHOCTH OTKA30B AJIst KANIOH M3 CH-
cTeM; 2) HapHCOBaThb 3aBHCHMOCTH BEDOSITHOCTel Ge30TKa3HOifi paboTh!
CHCTEM OT BPEMEHHM NpPH A; == A, = A; 3) CPaBHMTB CHCTEMBI M0 HANEK-
HOCTH 0OpH A, = A, = A.

Pewenue. 1. BeposiTHocTh 6e30TKasHOf paGOTH /st CHCTEMBI H3
NOC/IENOBATENLHO COENMHEHHBIX 3JeMeHTOB (pHC. 9.4, a) onpepensercs
dopmyJoii (9.25):

2
i1=1

Hcnonssys (9.5), nmonyuaem Bhipaxenue aas épennero BpeMeHH Gea-

OTKa3HO# paboThl

mi, = [ Po(ydt = [ ™M dt =, +2,)1
0 0

ITo dopmyse u3 Ta6n. 9.1 HaXOAMM MJIOTHOCTH BEPOSTHOCTH OTKA30B
Pro(t) = —dP, (t)/dt = (A, + Ag)exp [—(h, + A,)t.

Jnst cucTemsl ¢ NapasiielbHBIM COGIHHEHHEM 31eMeHTOB (pHc. 9.4, 6)
COOTBETCTBYIOIIME XaPaKTEPHCTHKH DPaBHHI :

2
Po() =1 —TL{1— P = 1 — (I — =)l — e=at) =

= exXp (—ht) + exp (—Aat) — exp [—(hy + M), my = [ Py(t)dt=
- 0

= (M + My + R/ MAy (A + RAy), prp () = —dP, (F)/dt =
= A exp (—Ayf) + hopexp (—Af) — (A, + AgJexp [—(hy + A1l

Tperbs cucrema (puc. 9.4, 6) paboraer Tak. Eciiu nepeniii sement,
HauaB paboTaTb B MOMEHT ! = (, OTKaXeT 9epes WHTEPBaJ BpeMeHH
T, = &, TO MTHOBEHHO ABTOMAaTHYECKH BKJIOYAETCH BTOPOH SJIEMEHT.
Ecau orkas BToporo snementa HacTynaeT B MoMedT T, = f, NOCJe €ro
NONKMOYEHHS, TO BpeMst 6e30TKA3HOM PaGoTH CHCTeMH T3 = Ty + Ty
[o3ToMY AACTHOCTL PEPOSITHOCTH QTKA30B TPETHE§i CHCTEMBI €CTh MJIOT-
HOCTh BEPOATHOCTH CyMMBbI IBYX HE3aBHCHMBIX CAYYaWHBIX BeJHUUH:

4 .
Pia (0= {2100 pot—t) dty = Pala (bt e~
0 Pt

—M

rae  pull) = Mexp (—ad), Py(f) = MyeXp (—Aqf) — DAOTHOCTH Be-
POSITHOCTH CAYUAHHBIX BeiMyHH T, #H T, (HAOTHOCTH BEPOSTHOCTH MO-
TOKa OTKa3OB MEPBOr0 M BTOPOro 3jemeHToB). [lo IAOTHOCTH BEpOST-
HOCTH Py (f) Halike BEPOSTHOCTh Ge30TKa3uol paboTw P, (f) u cpen-
Hee BpeMa 0e30TKa3HOH PaloThl 71y,

Pi(f) = (e —Ae—2Y (A, — &), Moy = O + Xy)/3A,.
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£t Puc. 9.5. BepoatHocTH 6e30TKa3HOH
paGoThl  CHCTeM, TpsiBelleHHnX Ha
puc. 9.4

¢ 03 16 24 Ab

2. TIpu A, = A, = A XapaKTeDHCTHKH CHCTEM OMNpeleJsioTCs eJe-
AYIOIIMMH BbIDaXKEHHsIMH: JJisi TIepBOil CHCTEMBI

P, (f) = exp (—2At), my, = 1/2h,

AJist BTOPOil CHCTEMBI
P, (t) = [2 —exp (—M)lexp (—M), me, = 3/2\,
RSl TpeTheil CHCTEMEI

P.(f) = (I + Af)exp (—Af), my, = 2/h
&

Ha puc. 9.5 n3o6paxens 3aBHCHMOCTH BEpOATHOCTEl Ge30TKa3HOl
paGoTh cucteM P, (t), Py (£), P (£) OT BpemenH NpH AM=2i, = A

3. W3 rpadukoB BHIHO, YTO HaHMEHEE HAJEKHON ABJACTCs nepBas
chctema o HauGoJsee napexuoii — TpeTbs. Ilo cpennemy Bpemenu Ges-
OTKa3Hol paboThl TPEThs CHCTeMa Jiyyilie nepsoi B 4 pasa, a pTopas — B
3 pasa. PesysibTaT cnipaBe/lius npH aGCOMOTHOR HANeKHOCTH BHIKJIIOYA-
Tesis. B npoTHBHOM Caydae, npH H3BECTHOH HANEXKHOCTH BBIKJIOUATENS
HaJIeKHOCTh TPETheHl CHCTEeMBI C/leayeT BRIYHCIATE N0 GopMynam Ajs
CMEIAHHOT0 COeNHHEHH . ;

9.4. Onpejenuth BepOSITHOCTh 6@30TKA3HO# paGoThl aBapHHHOM
paauocTanuuy 3a Bpemst f, = 100 u npu 3apanHOM ‘CpenHeM BpeMeHH
Ge3oTkasHol paGoThl My, = 250 4.

Peweriue. 3anada THOHYHA JJIST TIOBEPOYHOrO OPHEHTHPOBOUHOIO
pacueTa HaJEKHOCTH, KOrlia TpeGyeTcst OnpenesuTh ONMH HJIH HECKOb-
KO foKasaTesell HaNeKHOCTH DPaJHOCTAHIIMH (CHCTEMEHI) MO H3BECTHBLIM
MOKAa3aTesAM €€ 3/EMEHTOB. _

JIns pacyeTa HYXHO BOCNOJB30BATbCS TEXHHYECKHM OMHCAHHEM H
NpHHIHIHAJBHOH CXeMOil pajMOCTaHIHK, & TaKxke CPABOYHBIMH AaH-
HBIMH MO HHTEHCHBHOCTSIM OTKA30B 3JIEMEHTOB. YI0OOHO COCTaBHTb Tal-
Juny:
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1. Onpegensiem cyMMapHylo HHTEHCHBHOCTb OTKa30B

11
}\.0= i n; 7», =\z njkj=43,5- 10-% -1,
=1 f=1

2. Cpennee Bpems 6e30TKa3uoit paboTel m; = 1/A, = 1/43,5-10-5=
= 2,3-10% u. PacuetHoe 3naueHue GOJbINE 3aJAHHOTO: My => my =
= 250 u. .

3. BeposTtaocTh Ge3oTka3Hoil paboTei paJHOCTAaHIMH 3a BpeMmsi f, =
= 100 g

P(t =100)= e "M% == —43,5:107°-10° n, ( 06,

Ienecoobpa3no Anst 5—8 MOMEHTOB. BpeMeHH B mpelnenax ot ! = 0
o t>> m,; onpeneauTh 3uauenie GyHkuuu P (f) = exp (—A,f) u nocr-
PONTH TpadHK 3aBHCHMOCTH P (f), MO KOTOPOMY MOXKHO ONpEAEJNHTDL Be-
pOSTHOCTb Ge30TKa3Hoil paboT 3a Jo6oe Bpems [,

IMpu ucnonb3oBaHHH AAHHBIX 1O HHTEHCHBHOCTSIM OTKa30B 3JIEMEHTOB
caenyer coGmonaTth OnpeneneHHYI0 OCTOPOXKHOCTb. Bosee Tounbie pe-
3yJabTaThl GyAyT TOFAa, KOFJa MCOOJB3YIOTCS JaHHBIE, TMOJYYEHHBIE MO
OMIBITY 3KCTJyaTanuH o0pasiios, GJAH3KHX MO KOHCTPYKIIMH H Ha3Haue-
HHIO K PaCCYHTHIBAEMOH CHCTEME.

9.5. B KOHTPOJIbHO-NOBEPOYHYIO J1a60paTOPHIO MOCTYNaer nyacco-
HOBCKH# MOTOK NPHGOPOB C MJAOTHOCTHIO 4 npubopa B yac.

Onpenenuthb: 1) BepOsSTHOCTB TOTO, 4TO 3a YaC B J1aGOPaTOPHIO TO-
crynuT k npubopos, rae k = 0, 1, 2, 3, 4, 5, 6, 7; 2) BepoaTHOCTH TOrO,
YTO 32 BpeMsi NMPOBEPKH MpHOOpa, HA KOTOPYIO 3aTPauMBaeTcs B Cpen-
Hem 30 MuH, B J1aGOPaTOPHIO NOCTYMHT HE MeHee TpeX NpHOOpOB.
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Peuwenue. Tlo ycnoBuio 3aau BXOAHOH MOTOK — IYaCCOHOBCKHIA.
Io3TOMy BEPOSITHOCTB TOTO, UTO 32 BpeMs T B Na6OPATOPUIO MOCTYNHUT
poBHo k npuGopos, onpenensercs gopmyiroi (9.35):

P (%, t)‘—:————(M)k e—hr,
L. BnaHHOMcnyqaeA——tl t=1,k=0,1,23,4,5,6, 7. o
3TOMY

4

P(0,1)=—e“z 0,0183, P(1,1) = —e*~0,0733,

P(2 1):\_/ 147, P(3,1)~0,195, P (4, 1)~ 0,195,
P (5, 1)~0,156, P (6,1)~0,104, P (7,1)= 0,0595.

oo 2
; 1 ! 1
2. P(k=3, )= 3 [ 5)=1= 3 Pk 5)

m
R
o V!
Hafins sHavenue cymmul 2: Te-", [OJy4HM

2 2

1 veoo

DN (k, —)= 3 L emv=0,677,
k=0 2 k=0 ki

rme v = At = 4(1/2) = 2. Caeposatensno, P (k> 3,1/2) = 0,323.

9.6. Ha Bxon cuctembl ofciyXHBaHMs MOCTynaeT npoCTEfmiH{ no-
TOK 3a5BUK C MJOTHOCTBIO A = 4 3asBKH B yac. Bpems o6cayxuBanus
pacnpejiejleH0 MO MOKa3aTelbHOMY 3aKOHY, IPHUeM CpeliHee BpeMs 06-
C/YXKHBAHHS ONHON 3asiBKM M, .6 = 15 MuH.

Beiuncante: 1) KOomuyecTso HeOOGXOMMMBIX OOC/HYKHBAIOMMX ala-
paToB, YTOOb! BEPOSTHOCTh OTKA3a B OOC/NY:KMBAHHH 32s5BKH He MPEBHI-
mara 0,01, 2) cpesnee 4yHCIO 3aHATHIX amnapaToB; 3) BEPOATHOCTD
P (k == 3) Toro, 4To GyJeT 3aHATO HE MEHee Tpex annapaTos.

Pewenue. Viueem p = 1/my 55 = 1/0,20 = 4, a = Ap = 1.

1. Mo popmy.ie (9.51) BepoaTHOCTB OTKa3a B OGCJYKHUBAHHN

Pory = IE ] [nl-;)%}_l.

HesfROIMMO HANTH TEKOE UHCJIO 11, YTOGHI BEPOATHOCTE P, He mpe-
pocxomusia 0,01,
flpu n = 4 uMeeM

Pon=| 0 (1 e )J‘ 20,0154,
#pH u = D nony4uwm
pm:[sz (1 + e et %)]’“' ~ 0,00306.
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Taknm 06pa3om, YTOGH! BBINOJHUTE ycaoBHe P, << 0,01, Heobxo-
IMMO HMETh 5 06CJYKHBAIOWIHX annapaTtos.
2. Cornacuo (9.52):

n k 5
o 1
"kg, (k1) —0’368k§, (k=11

1 1 1
—0368(1+1+-L L\
0,6( + +2!+3!+4l> 0,996.

3. P(k>3)=Ps-+ P, + P,

P, =-3— P, = % 0,368 =0,0614, P,=0,0153, P,= 0,00306.

Crnenosarensuo, P (k= 3) = 0,0798.

9.7. Ilna yHHYTOXEHHs BHOBb OOHADYXKHBAEMBIX BOSllymHOH pas-
BENIKON Ha3eMHBIX [IeJIeli BRIeJNIEH Hapsl H3 NaTH Gatapelr. Uucnao o06-
CHYKHBAaEMBIX LeJeil NpencTaBasieT cofoil NPOCTERMINE NMOTOK € MAOT-
HOCTBIO A = 8. Bpems 06C1yxHBaHHS MOAYHHEHO MNOKA3aTENbHOMY
sakony. Cpensee BpeMs 06pabOTKH ONHOMN GaTapeed ONHOM HENH m, 5 =
= 30 MuH. -

- Onpegenuts: 1) Hanuuue ycranoBusmerocs pexuma pabotet CMO;
2) BepOSITHOCTB TOTO, YTO MPH MOCTYIVIEHHH OYEPEAHON 3asBKH Ha 0O-
cTpen Bee naTh 6aTapeit 6yAyT CBOGONHEIME; 3) CPENHIO AJHHY OUEepesH.

" Pewenue. 1. Tlo yciosuio, My g = 30 mMuu. CaenoBaTenbHO, b =

= 1/my o6 = 2, a = Ap =4 Tak kak a << n, TO yCTAaHOBHMBUIHIICH

PEKHMM CYILECTBYET. .
2. Tlo dopmyae (9.59) Haxonnm

5 . =/ 5 6
Po:[ S ] [ St e ]
k

& & 5l1(5—4) 6!
=0,0129.
3. Cornacuo (9.62) nonvuum
_ o+ P — 48 0,9129 _29.

M nont (1—a/n)2 = ° 5.51(1— 4/5)

9.8 [3]. Ha cranuuio Tekyiero peMOHT2 aBTOMAIIHH MOCTYNaeT npo-
CTelmuE NOTOK 32sBOK C IVIOTHOCTBIO A = 0,5 Mamuusl B yac, MmeeTcs
NOMEeILERNE s PEMOHTa ONHON MamWHK. Bo aBOope cTaHumHM MOTYT Of-
HOBPEMEHHO HAXOINMTBCH, OXKHIast Ouepeid, He Gojee Tpex MaIUHH.
CpeniHee BpeMmst DEMOHTa OAHON MAIIHHBL M o6 = 2 4.

HafiTu: 1) nponyckHyio CnoCOGHOCTb CHCTeMBI; 2) CpelHee BpeMms
MPOCTOst CTAHIMK; 3) HACKOJBKO M3MEHSTCst 9TH XaDaKTEePHCTHKH, €C/H
'060pyaA0BaTL BTOPOE NMOMEMEHHE 1t PEMOHTA,

Pewenue. meem A = 0,5, p = 0,5, = 1, m = 3.
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1. IMo dpopmyae (9.64), noaaras n = 1, naxoauM BePOSTHOCTb TOrO,
4TO UpHILEAlas 3asBKa MOKHHET CHCTeMY HeoOC/YXKeHHOH:

P, =Py, =1/1+1+3 =02

Otuocutenbnas NPONyCKHas CNOCOGHOCTh CHCTeME ¢ = | — Py = 0,8.
A6cosloTHAs MpoNyCKHAas Cnoco6HOCTE Q = Ag = 0,4 mawHHel B 4ac.
2. CpenHiolo J0/110 BpeMeHH, KOTOpoe cucrema OyleT npocTauBaTh,
Haiiem no dopmyae (9.63): Py = 1/5 = 0,2.
3. Monaras n = 2, Haxoaum

i I ! 1 1 \—!
=P, =— 1+l + —F— e — = 21;
Pa=Pora=5 (1 L+ 5+ 8 16) 0,021

g=1— P, = 0,979,

T. €. yIOBJETBOpATbCs 6yaer okosao 98% scex 3asiok; Q = Ag = 0,49
Mawukn B8 yac. OrdocuTe/bHOe Bpems npocros P, = 16/47 = 0,34,
T. €. ofopynoBasue GyleT NMPOCTaHBaTh MOJHOCTbIO OKoJO 34% Bcero
BpEMEHH.

3. 3AJAYH U OTBETHI

9.1. HapaGotka T cricTeMbl 10 OTKa3a MOIYHHEHA SKCMOHEHIHANB-
HOMY 3aKOHY C MNOCTOSHHOH HHTEHCHBHOCTBIO A.

[Tokasark, 4T0 BeposTHOCTH Ge30TKasHoii paGotel P (f), dyHKuns
pacrpeneseHus F, ({), nOTHOCTb BEPOSITHOCTH py (f), MaTeMaTHUECKoe
oXulAaHue my,, W JMCHEPCHs 0f BeHuuHbl T onpenessiorTcs GopMmyaaMy

P(t)y=-eM F (t)=1—e M p () = he—M,

m, = /X, 6f = 1/A?

9.2. HapaGorka cuCTeMbl 10 OTKa3a OMHCHBAETCS 3KCHOHEHUNAb-
HBIM 32KOHOM C mapametpom A = 1073 g-1,

Onpenennts: 1) cpeaniolo HapaGoTKy 10 OTKasa; 2) BEepOSITHOCTh
6esorkasHoi paGoTel B Tedenue { = 200 q. -

Omesem: 1) m, = 1000 q; 2) P (¢ = 200) = 0,82.

9.3. VHTeHCHBHOCTB OTKA30B CAMOJETHHIX T'€HEpPaTOPOB B TedeHHe
nepHona HOPMANBHON IKCIJYaTagHH MPAKTHYECKH $BJSIETCst MOCTOSH-
Hoi BesinunHOl u pasHa 0,021-10-3 g=1,

BLignCINTb M09 BpemeHH HapaGoTku reHeparopa { = 500 4 BeposT-
HOCTh 6€30TKa3HOH pPaGoTHI, BEpPOSITHOCTE OTKa3a, TMJIOTHOCTb BEPOAT-
HOCTH OTKA30B W cpepxee Bpemst §e30TKa3HON paGOThI.

Omeem: P (500) ~ 0,99, Q(500) = 0,01, p1 (500) ~
~ 0,021.10~% 41, m, = 476.10% u. :

9.4. Bpemsi paGoTh 37eMeHTa 10 OTKA3a OMMCHIBAETCH 3KCHOHEH-
[HAJBbHBIM 32KOHOM € napameTpoM A = 2,5.10-% -1, _

BriuHCINTE NOKA3aTeJqH HaneKHOCTH 3aementa P (f), p, (£), m, npu
t, = 500 ¢ u {, = 1000 u.

Omeem: P (500) ~ 0,986, P (1000) = 0,975, p, (500) = 2,47 %
X 10~5 g1, p, (1000) = 2,44.10~% uy-!, m, = 4.10% u.

9.5. MHTeHCHBHOCTL OTKA30B 3JeMeHTa A (f) = af, rae @ — nocTosH-
Has BesHYiiHA.
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Onpenennts: 1) NIOTHOCTE BEPOSITHOCTH OTKa30B; 2) BePOATHOCTH
6e30TKa3Hol paGoTH 3/1eMeHTa B TedeHHe CpenHel HapaGoOTKH 0 OTKA3a.

Omeem: 1) p,(f) = atexp (—at¥/2); 2) P (m;) = 0,46.

9.6. [110THOCTE BEPOSATHOCTH OTKA30B pajHOTEXHHUECKOH CHC-
TEMH
0,002 exp(—0,002f), ¢>0,

1) =
() {0’ o

Haittu bynkunio pacnpenenesus F, (f) 4 BEpOSTHOCTB TOrO, 4TO Bpe-
Ms1 6e30TKa3HOM paGOThl CHCTEMBI NPeBbICHT 500 4.

Omesem:

0 (<0
F(t:{ > <Y p (1> 500) ~ 0,37.
1) 1—exp(— 0,002, ¢>0; ( )

9.7. Bpewms pa6oTe usnenus nonuuHeHo sakony Peses ¢ napametpom
pacopenesedus ¢ = 1000 u.

Onpenenutbh nokasateJn HajeXKHOCTH M3zeaust P (f), p,(f), A(¥),
my nas t = 500 q.

Omeem: P (500) = 0,88, p, (500) = 0,44.-10=* ¢~1, A (500) =
= 0,5.10"3 971, m, = 1253 u.

9.8. CymmapHbiil HaJeT camoJeToB cocTasasieT 5000 4. 3a 310 mo-
JIeTHOE Bpemsi MPOM30uJI0 14 0TKa30B B GOPTOBBIX PAJHO3JEKTPOH HBIX

- KOMIUJIEKCaX.

Ouennts ¢ Hagexsoctbio B = 0,9 cpenHee BpeMsi Ge3oTKasHoi pa-
60THl KOMIJIEKCOB. :

Omeem: 242 u << m, << 614 u.

9.9. DeMeHT HMeeT SKCIOHEHIHAJIbHBIE 3aKOHB! PACTPeNie/IeH sl Bpe-
MeHH paoThl H BpeMEeHH BOCCTAHOBJIEHHS C MapaAMETpaMH COOTBETCTBEH-
HoA = 0,04 g~ yp = 24971,

BrulunciinTe: a) BeposiTHOCTh 6e30TKa3HOH PaGoOTh H BEPOSATHOCTE OT-
Ka3a 3a ppeMs {=24y; 6) cpenHee Bpems Ge30TKa3HOI paGOTH H CpesHee
BPEMsi BOCCTAHOBJIEHHS.

Omeem: a) P(2) = 0,923, Q(2) = 0,077; 6) my = 25 4, m, =

= 0,54, )

9.10. AnnapaTypa cBg3u pafoTaja no 8 4 eKENHEBHO B TeuenHe
30 nueil. 3a 370 BpeMs GBLIO ABa OTKasa, Ha YCTpaHeHHe KOTOPHIX 3a-
TpadyeHo D 4. .

Onpenesnts Ko3(hpdHNHEHT TFOTOBHOCTH ammapaTyphl

Omesem: 0,98.

9.11. BoccranasiuBaemasi CHCTeMa C SKCNOHEHIHANBHBIMH pachpe-
JeJeHUSAMH BpeMeHH Ge30TKasHOH paGoOThl H BpeMeHH BOCCTAHOBJIEHHS
umeeT KOadpunmedT rorosHoctd K, = 0,95.

BeiaucauTh BEPOSTHOCTE Ge30TKa3HOH paGOThI CHCTEMBI B TEYEHHE
t = 10 4, ec/iu CpenHee BPEMs BOCCTAHOBJEHHS m, = b u.

Omeem: P (10) ~ 0,9.

9.12.- B pe3y/abTaTe HCIILITAHUH IBY X PAaHOCTAHU N} ONHOTO H TOFO 3Ke
JKe Ha3HAueHHUs yCTaHOBJIEHO, 4TO Y MEPBOi U3 HHUX HapaGoTKa Ha OTKa3
B 1Ba pa3a Gonbine, yeM y BTOPOH,. a CpelHee BpeMsi BOCCTAHOBJECHHs
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f1epBOil PaAHOCTaHIIMY B MaTh pa3 OoJbine, 4eM Y BTOPOi, H COCTaBJs-
€T OHy JecsTylo HapaGOTKH Ha OTKas3s.

Buiuneants kosduumedtsl rotosHotd Ky, u Kr, pamguocraHuuii n
OHEHHTbL HX 3KCIIYyaTallHOHHYIO HaJEXKHOCTb 32 BpeMms [,.

Omeem: K;r, ~ 0,91, K;, ~ 0,975. 3¢ddekTHBHOCTD HCIOJB3OBA-
HHst HEePBOfi PaJIMOCTAHIIHHM MEHbIe u3-3a 60Jiee NJMTENbHBIX BHIHYX-
AeHHBIX HPOCTOEB.

9.13. PannocraHuus COCTOMT H3 IBYX OJNOKOB, OpHYeM HapaGoTKa
Ha OTKa3 nepsoro 6/0Ka paBHA My = 25 4, BTOPOro — my, = 100 u.
Cpenee BpeMst BOCCTaHOBJEHHst NMEPBOTO H BTOPOro GJIOKOB COOTBETCT-
BCHHO DaBHBL My, = | 4, nmy, = 6 4. OTKaset OJOKOB HE3aBHCHMBL.
Cranumns oTkasbiBaeT OPH OTKa3e JI060ro 6J0ka M CYHTaeTCst HEpPaGoTO-
CNoCOGHOK N0 TeX MOop, MOKa He OyNeT OTPEeMOHTHPOBAH OTKAa3aBIIM
6J10K. .

Onpenenuts kKo3PdHNHEHT FOTOBHOCTH K, PaIHOCTaHIIUH.

Omeem K, = 0,91.

9.14. Ilo cTaTMCTHYECKHM JAHHBIM, MOJYUYEHHBIM /IS NECATH OTKa-
30B DajgnO3/]1eKTPOHHOW CHCTEMBI, MPOHM3BECTH C JOCTOBepHOCTHIO 90%
3IKCINIyaTaHOHHYIO OUEHKY KO3(HIHEHTa TOTOBHOCTH, €CJIH M3BECTHO,
YTO CPEJIHECTATHCTHYECKOE BPeMst Mex 1y OTKasamu mg = 100 u, a cpen-
HECTATHCTHEECKOE BPEMsi BOCCTAHOBJICHHst HEUCOPABHON CHCTEMBI M, =
=10 u.

Omeem: 0,864 << K, << 0,966.

9.15. IlpoekTHpyeMOe pajHOTeXHHYECKOE YCTPOHCTBO NOIKHO BKIIO-
YaTh TP MOCJAEA0BATENLHO COCMHEHHBIX 610Ka. PacueTsl nokasanu, yro
HHTEHCHBHOCTH OTKa30B MEPBOrO W BTOPOro GJOKOB COCTABAT A, =
=0,008 u! g A, = 0,032 u~!. Bpems Ge3oTKa3Ho#i paGOTH KakAOrO
H3 6/10KOB pacnpeie/ieHo N0 NMOKa3aTeJbHOMY 3aKOHY.

OnpenennTb HHTEHCHBHOCTb OTKA30B A s TPETHEro 6J10Ka, P KOTOPOit
BEPOSITHOCTE 6E30TKa3HOH pabOThl yCTPOHCTBA B TeuEHHE BpPeMEHH [ =
= | 4 pasHa 0,95. '

Omegem: Az = 0,0113 g~L

9.16. Cucrema TejleH3MepeHHil COCTOMT H3 OCHOBHOTO M TPEX peseps-
HBIX KAHAJOB, HAXOAAMXCA B HEHATPYKEHHOM DeXHMe, IpHUeM Me-
pex.Joyaollee yCTPOHCTBO CUHTACTCS aOCOMIOTHO HadeKHbIM. K ax ablit
H3 KaHAJOB HNeeT HoKasaTeJbHOEL pacipefiesieHHe HapaBoTKH 40 0TKa-
3a C HHTEHCHBHOCTBIO OTKa30B A = 1072 y~L, ‘

OnpejenuTh CPpeAsiold HapabOTKy 1O OTKa3a ¥ CpelHee KpaapaTH-
YyeCKOe OTKJIOHeHHe HapaGOTKH J0 OTKa3a CHCTEMH.

Omeem [57): my = 400 4, 0, = 200 u.

9.17. CucreMa O0Gpa30oBaHa CMEUIAHHLIM COGHHHEHHEM SJIEMEHTOB
(puc. 9.6). Bce snemeHTH MMEIOT ONHHAKOBYIO MHTEHCMBHOCTb OTKa30B
A(l) = 4.

Pne, 9.6. Cucrema co cMemaHHbIM CoelHHEHHU-
£ €M 3JEMESHTOB
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BriuncnTs nokasatenu HanexHoctH cucremsl P (¢), Q (4), p, (f), m;.

Omeem: P (f) = 2e—2M — e=3M  (Q(f) = | — 2e—IM | o—3At,
py (8) = A (de—2M — 3p—3M) m, = 2/3\.

9.18. PanmnocTaHuis COCTOMT H3 MIECTH GJIOKOB € M3BECTHLIMH 3Ha-
YEeHHWSMH MHTEHCHBHOCTEH OTKAa30B A;, { = 1, ..., 6, HHTEHCHBHOCTH OT-
Ka30B JaTYNKa OROPHBIX 4acToT A, = 54,34-10-% u~!, npuemoBo36y nu-
Tess Ay, = 58,71.10-% y=1, ycunutens mommnoctn As = 61,16-10-5 y-1,
corniacyiowero yctpoictsa A, = 42,14-107% y~!, 610ka nutanus A, =
= 64,91.10-% 4~!  nmyswra ynpasaenus Ay = 4,15-1073 y-1,

TpeGyercs: a) NponsBecTH OPHEHTHPOBOUHEIN pacyeT HaJEKHOCTH
paanocTanunu; 6) onpefesnTb KOMPDHIHEHT MPOCTOS PAAHOCTAHILHH,
€C/IN CpefHee Bpemsi, HEOOXOAMMOe IJ/ist OGHAPYKEHHs H yCTpaHeHus
HEHCITPAaBHOCTH, pPaBHO 2 4.

Omeem: a) Ay == 285,41-10~°4~'; 6) m, = 35l y,
P ()= exp (—285,41-10-° ¢); B) 0,00567.

9.19. -Ha cuctemy MaccoBoro o6y KHBaHMsE MOCTYNAET MPOCTERILIHI
AOTOK 3asiBOK C IJIOTHOCTBIO A.

Tpebyetcsi: 1) onpenenuts, APH KAKOM 3HAUCHHH ! BePOSTHOCTB IO-
crynneduss B CMO TOYHO k 3asBOK 3a HHTepBaJ BPEMEHH [ JOCTUraeT
HaWOO/IBIIErO 3Ha4eHMs1; 2) MOCTPOHTH 3aBHCHMOCTH P (R, f) mpu A = |
nk=201, 2 3

Omeem: 1) t = k/A (R =0, 1, 2, ...).

9.20. lNoToK OTKa30B PaJHOTEXHHYECKOH CHCTEMBI #BJISETCS APOC-
TEeAMAM ¢ HHTeHCHBHOCTBIO (0,02 0TKa3a B yac. HafiTw BeposTHOCTB TOTO,
470 33 10 4 paGoOThI B CHCTEMe: a) He AOSBUTCs HU OJHOTO OTKa3a; 6) no-
AIBUTCS XOTsi OBl ONIMH OTKa3; B) MOsIBUTCH ONMH, [Ba, TPH OTKasa.

Omeem: a) P (0,10) = 0,819, 6) P(k > 1,10) = 0,181,

B) P(1,10) = 0,164, P (2, 10) = 0,164, P (3, 10) = 0,00109.

9.21. Uucao sneMeHTapHHEIX YacTHL, MOMAAAIOWKX B annapartypHEli
OTCEK KOCMHYECKOH PAKeTh! 3a BpeMs ee MmoJera f, mpeactaBasieT coboi
npocTefiilinii MOTOK € IJIOTHOCTBIO A. YCJIOBHASE BEPOSTHOCTH /st KAXK-
JOB W3 YacTHIL NONAacTh B ys3BUMBIH 6/10K pasHa p. OnpelennTs BeposT-
HOCTh MONajanus B ysa3puMblii Omok: 1) poBHo &k wactui; 2) xorTs 6wl
OAHOH YACTHIIH.

Omeem:

(Mp)*
1) Pk, t)=T exp(—Mp), 2) P(k>1,0)=1—exp(—Aip).

9.22, Onmrt nokasan, 4o 8 IBM npoucxonut B cpefeM ofHa ommb-
Ka 32 10 4 paGoOTHl, a MOTOK OMHOOK MOXKHO CYUHTATh MPOCTER ILIUM.

BbI4HCINTE BEPOATHOCTH HEMPABHIBHOIO pEIIeHHs 321a4l Ha MaILH-
He, €CJIH MPOJOJIKHTENBHOCTh pemleHHs cocTaBaser: a) | 4, 6) 10 g

Omeem: a) 0,095; 6) 0,632.

9.23. Uucno OTKA30B PAaJAMOTEXHHYECKOH CHCTeMb! MPEACTABMSET
cobofi mpocTeftIni MOTOK C WHTeHcHBHOCThIO 0,005 U,
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BoiuHcANTh: 2) BEPOSTHOCThL £€30TKa3HOH PAGOTH CHCTeMbi 3a ! =
= 20 4; 6) MaTeMaTH4ECKOE OXKHIAHKWE H IHCNIEPCHIO BpeMenH 6e30TKas-
HOH paboThl CHCTEMBDL.

Omeem: a) P(0,t) = 0,905, 6) m;, = 200 4, o/ = 4-10* %,

9.24. [Toka3aTb, 4TO MOTOK 3asBOK, Y KOTOPOTO HHTEPBAJB MEXIY
3asiBKAMM B3aHMHO HE3aBMCHMBI H pacrpene/ieHbl o ONHOMY H TOMY
e TMO0Ka3aTeqBHOMY 3aKoHYy py(f) = Ae—M, gpaserca myacCoHOBC-
KHM.

9.25. JlokasaThb, 4TO /st HECTALIHOHAPHOrO NMyacCOHOBCKOro MOTOKa
3aBOK (PYHKIIHS pacrpele/eHHs W NJOTHOCTb BEPOSITHOCTH CAY4afHOfM
BenHyuubl T (MHTEPBAJ BPEMEHH MEXKIY COCEHHMH 3asiBKaMH) HMEIOT
BHI

to+1
Fi(f, t)=1—exp| — S My di |,
ta
tot1
it t)=h(t,+Dexp| — { Ayt ],
ti\
rae t, — mapameTp pacnpenesieHns (MOMEHT NOABAEHHS NEpBOi U3 ABYX
COCEIHNX 3a$1BOK).

9.26. MrHoBeHnas MJOTHOCTb HECTA[IMOHAPHOrO MYaCCOHOBCKOro
BXOJHOTO TOTOKAZ 3asBOK MPEACTABAAET CO0OH JHHEHHYIO (QYHKIMIO
Bpemenu: A (f) = a + bt

OnpeaennTs MJIOTHOCTh BEPOSATHOCTH CJIy4YaiHOH BeIMYMHBI T —
MPOMEKYTKE BPEMEHH MEXKAY COCENHHMH 3asiBKaMH.

Omeem [3): p,(t, 1) = la + b(t, + t)lexp (—at — bi,t — bt?/2).

9.27. HectanvoHapHeIi nyacCOHOBCKHA MOTOK  BbI30BOB Ha TeJje-
(QOHHYIO CTAHIMIO HMEET MrHOBEHHYIO ILIOTHOCTL Buaa A(f) = °
= A (1 — cos 2at). _

Haiitn cpeasioo MJIOTHOCTb MOTOKA BbI30BOB 32 MPOMEXKYTOK Bpeme-
HU OT £, 10 fy -+ L.

Omsem [59]: h(t, t;) =7 [1 —

sin a (t—ty)

T hcosa(t -H(,)].

9.28. Ha Bxon ofCayKUBAIOLWEH CHCTEMB MOCTYMA€T MPOCTEHILWH
OOTOK 33a9BOK C HHTEHCHBHOCTBIO AW HHTEpBaJIaMH MEXIY 3asiBKaMu
Tw Tsy ooy Thy Thirs .-, KOTODBHIE SBVIAIOTCS HE3ABHCHMBIMH CJTy-
YaHHBIMH BEJIHYHHAMH.

k41
[TokaszaTh, 4TO MIOTHOCTH BEPOATHOCTH HHTepBana T = Y, T; ompe-
i=1 :

nenseTcs Bblpa}KeH HeMm
py(?)

}‘k+l
T T (kED

9.29. JTokasaTh, 4TO MpH MOKa3aTeNbHOM 3aKOHE pacrpene/ieHus
BpeMeHy OOGCTYKHBAHHS pacrpeliesieHHe IJIHTeNBHOCTH OCTaBLISHCS
gacTu paboThi M0 OGCAYKHBAHHIO HE 3aBUCHT OT TOTO, CKOJIBKO OHO YxKe
MPOJI0J1KAIOCh.

tke—M (0.
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9.30. B pesysbTaTte aHAMH3a CHCTEMBI MACCOBOrO OGC/YKHBAHKA VC-
TaHOBJEHO, 4To PYHKUMIO pacmpenenenns Fy(f) BpeMenn o6CHyxuHBa-
Hust T, MOXHO ONMHCATH BHIPAKEHHEM

Fo(t) =1 — 11 + 1,
rae ¢ — BpeMsi, MHH.

OnpenennTh: a) BEPOATHOCTb P; Toro, 4TO BpeMst 00C/yRKHBaHUs
3asBKH He mpeB3ofiieT 5 muu; 6) cpennee Bpemst OOC/JYKHBaHHsS OXHOR
3asBKH; B) BEpOATHOCTB P, TOro, 4To 33 3TO BpeMsa o0CJYRKHUBAHHE Oue-
penHoi 3asBKH OYIET 3aKOHYEHO.

Omgem: a) P, = 0,972, 6) my ; = 1 mun, B) Py = 0,75.

9.31. 'pynna u3 n €amoJeTOB MPOH3BOIHT TMOHCK MAJOPa3MEPHOro
ofnekTa. Kamipii caMosieT AEHCTBYET He3aBHCHMO oT Apyrux. [owck
NpeKpaulaeTcs, KaK TOMbKO OOBEKT OGHApYXKEH ONHHM M3  CAMOJIETOB.
T[TycTh 3aKoH pacmpeneseseHnsi BPEMEHH MOHCKa KaXIBbIM CaMOJIeTOM —
I0Ka3aTe/IbHbI, IPHYEM CPEelHee BpeMs MOMCKa N/ KaXK[0ro caMoseTa
COOTBETCTBEHHO paBHO 1/, 1/, ..., 1/, . [lokasats, 4to: 1) pyHKuHA
pacrpenesieHus BpeMEHH MOHCKA BCEMH n CaMoJ/IeTaMH HMEET BHAL

Fl(t) =1— exp l—(lll + e + ... 4 Hn)ﬂ:

2) maTemMaTiYeCKoe OXKHIAHME M JHCMEPCHA BPEMEHW MOWCKa MpH
By = [y = ... = [, = [ COOTBETCTBEHHO PaBHbI

m ;= lnp, of = 1/(np).

9.32. YacTuua, nonaswas B cuetank leifrepa—Miosnepa, BeibiBaeT
paspsi, AJSIMACS BPpeMs T (T — NocTosHHO). [Tonapmue 32 970 BpeMs
B CUETYHK HOBBIE YACTHIEI He perucTpupytorcs uM. CuuTasi, yTo pacmpe-
Je/I€HHe YMCJa 4acTHil, NMONABIIHX B CYETYMK, MOAYHHAETCH 3aKOHY
[Tyaccona, HAHTH BEPOSTHOCTb TOrO, YTO CUETYHK 32 BpEMs t>0 co
CuMTaeT BCe MOMaBlIHE B HEro.YaCTHILb

n

Omeem [62]: P(t)=e~M|1 -+ 2

k=0

AR+ (1 —kT)R+1
(k+ D!

rae A — CpemHee 4uC/IO 4acTHI, MONABIIMX B CYETYHK 32 ENWHHLY Bpe-
MEeHH.

9.33. B aptonapk, paccyMTaHHBIA HAa n MECT, npuOBIBaeT NPOCTEl-
(LIMiT TOTOK MaillMH ¢ MHTEHCHBHOCTBIO A JI0 T€X 1Op, ITOKa HMEITCS CBO-
Gonueie mecta. HailTu auddepennnasibie ypaBHeHA A NJIs BEPOATHOCTEH
Py (f) TOro, 410 POBHO K MECT 32HATHI.

Omserm (5] = Py ()= —(h +w) Pr () +APi-s (0 +
A+ DRPy (), 1<k n—1; = Py ()= —nuPy (0 +1Paa (D,

9.34. CkoabKO OGOPOHHTE/IbHBIX KOMIJIEKCOB n N0JKHA HMETh 060-
POHHTE/bHAS CHCTEMA, YTOGB BEpPOSATHOCTH €€ MpophiBa NMPOTHBHUKOM
e npespiwana 0,02, ecnn Ha JaHHOM HANpPaB/ICHHHN NeHCTBYET npocTeii-
WIMil NOTOK wLeJell MPOTHBHHKA C TMJOTHOCTBIO A = 4, Bpems obcTpesa
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OIHOH UEJH ONHUM OGOPOHUTENLHHIM KOMIIEKCOM PACHpefesneHo no mo-
Kas3aTeJbHOMY 3aKOHY C MlapameTpoM i = 2, a BEpOSITHOCTh NOPAXKEHHS
U/ fIPH ONHOM BRICTpEJie (3asfe) paBHa eJIHHUIe.

Omsem: n = 6. .

9.35. Ha cravunn n TenedoHoB-aBTOMaTOB, OGCNYKHUBAIOMHX B
cpenteM N uenosek. BeposTHOCTH OXHOBpEMEHHOTO pasroBopa k ue-
JIOBEK pacripeneniens no sakouy Ilyaccoua

Pk, 1) = 20 e,

Haiitu cpennee yncio aGoneHToB, CTOSILMX B OYEpensX K ABTOMATAM.

k
Omesem: m = (k—n)(}“L)e—kt =P, [ i
pa k! ( ) n--1 +
2 (A1)? (N—n) ag)N —" .
+ (n+1)(n+-2) e (1) (n+2)...N ]
rie
Pn, )= e—ir

n!

9.36. Y3en cBsiau o6eaysxusaer 1000 aGOHEHTOB, KaKIBIH H3 KOTO-
PHIX B CPeNHEM 3aHHMAET JIHHHIO CBA3H B TeueHHe 6 MuH 3a uyac. Kakoe
YHCJIO KaHAJMOB 71 Hall0 UMeTh, YTOOHI MCKJIOYHTH AJMHTENbHBIE OXKHAa-
HHsl (BEPOSITHOCTb TOTO, YTO MAKCHMAJIbHOE YHCJIO ONHOBPEMEHHO mo-
CTYNHUBIINX BHI3OBOB MPEBLICHT YHUCJO KaHaJ0B, HE JNOJIKHa fpeBbIMIATDH
0,3 %).

Omeem: n = 128.

9.37. Hnst oxpauel paiiona oinesieno 10 kopa6neii, pemoHT KOTODHIX
ofecnieynsaior nBa noka. Kaxnmwlli 1ok Moxer ONHOBPEMEHHO NPUHATH
AJIst peMOHTa OfMH KOpa6iib. B 10K kapabab cTaBuMTCA TOTHA, KOrAA OH
HE MOXKET HECTH OXpaHy M HyKjaercs B pemouTte. BepositHoeTts Toro, uto
kopaGab 3a Bpemsi ! notpeGyer pemonta F(f) = 1 — exp (—0,02¢),
rae ¢ -— Bpems, Mec.

IIpennosiarasi, 4To B CpejHeM Ha PEMOHT OAHOrO Kopabs 3aTpaum-
BaeTCst N1Ba Mecdia, a BpeMms pEMOHTa MOAYUHSAETCH noxasaTeanOMy
32KOHY, ONpEJe/IUTh: a) CPeaHee YHCJIO KopaGieft, HAaXONAWMXCS B pe-
MoHuTe; ) BEPOSITHOCTb TOTO, YTO JUISt OXPAHH paiiona GyneT UMeThCs He
MeHee 8 MCTIpaBHBIX KOpaGieii.

Omeem [63]: a) my, = 0,395; 6) P (k> 8) = 0,99.

9.38. B cucreny ¢ onHHM OGC/yHBAIOIMM annapaToM NOCTYMHaer
PPOCTEHINMHA NMOTOK 3asIBOK C MJOTHOCTBIO A =9,8 3asIBKW B MHHYTY.
Hucno o6esyXeHHBIX 3asIBOK MOAUMHSIETCs! 3akoHy Ilyaccowa, npHYeM
cpenHee 4uc/IO OCC/TYKEHHHX 3a5BOK B MHHYTY pasHo 10.

OnpenenyThb: a) MaTeMaTHUECKOE OKHUAAHHE NJHHbI ouepenu; 6) se-
POSITHOCTH TOTO, 4TO B ouepeny Haxomurest 0, 1, 2 3asiBkM; ‘B) BeposT-
HOCTB TOrO, YTO BHOBb MOCTYNHUBIIEH 3asiBKE COBCEM HE NMPHAETCS XKAATh;
I) cpenuHee BpeMsl OxMIAHUS.

Omeem: a} m, =49, 6) P, = 0,02, P, = 0,0196, P, = 0,0192,
B) Py = 0,02, r)m = 4,9 wmun.
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Pasnen III

BO3AENCTBHE CJAYUYAHHbBIX NMPOLECCOB
HA 3JIEMEHTbl PAAHOTEXHHYECKHX
YCTPONCTB

10. BOSAENCTBHE CJIYYANUHDBIX MPOLUECCOB
HA JIUHENHBIE CUCTEMDbI

1. TEOPETHYECKHE CBEJEHHUSA

[Npr paccMoTpeHER npeo6Gpa3oBamRfl cyYallHHX CHATHAJNOB JHHEHHEIMYU CHC-
TEMaMH MOXHO M0/1b30BaTbcs anmnaparoM aRAQdepeHnHaNbHEIX ypaBHEHHH, UM
MyJbCABIME XapaXTEPHCTHKAMHE H KOMIJEXCHBIMAE YaCTOTHBIMH XapaxTepHCTHKaA-
MH CHCTEM. ) .

B ofmem cayyae, KOraa AHTEPECYIOTCA KAK HECTALLHOHADHHIM, TaK H CTalHO-
RapHLIM PeXXAMaMA paGoThl CHCTeMH B HAYaJbHbie YCJOBHSI B CACTEME He RyJeBble,
ieecooGpa3Ho ucnoab3osaty annapat Aaddepenunanbupx ypasHenni. Ilpa vy
JNeBHIX HavYaJbHEIX YCJNOBHESX YAOGHEee MOJAb3OBATLCS HMNYJALCHEIMH XapaxTe-
pEcTHXaMA. C KOMIUVIEKCHHIMH Y3aCTOTHBIME XapaXTePHCTHKAMH OGLIYHO oOfepH-
PYIOT B TOM CJyYae, KOria HHTEpeCyHTCS JHIIb CTALAOHADHHIM COCTOSIHAEM JH-
He#lHOH CHCTEMHI.

Tunosele 3ajaun, cBA3amHbIe C NPeo6pPasoBaRden CJy9YafHLIX i (FQLCOB JH-
HeHHBIMA CHCTEMAaMH, MOXHO pa36GHATb Ha JBe TPyMNML: ’

1. 3apnaum, TpeGylomme onpefle/icAAss MATeMaTHYECKAX OXHAAHEMN, Koppenst-
UBOHHHX QyHKLHA H CHEKTPANbHHIX NJOTHOCTeH NMPONECCOB HA BHIXOAE JHHEH-
HBIX CHCTEM.

2. 3anauy, TpeGylowne ofnpelesenna GyHKUHHA pacnpelefieHHS BHXOJLHOrO
cayyafiHOro npouecca.

OueBRIHO, YTO 43 pelleHRs 3afay BTOPOHl rpyflnbl MOXKeT GEITH MONYyYeHO
peWweHRe 33134 NepBOR rpynmel. OleﬁKO, 33 HCKJIOYeHHeM TOrO BaXKHOFO, XOTb
B Y3acTHOro cjyuas, KOrja Bo3jeHcTBylowHil HAa JRHEHHYIO CHCTEMY mHpolecc
E () ABaAsieTcA raycCOBCKHM, He cyuleCTByeT MeToja, KOTODHH no3Bossa Gul Ha-
XOAUTH HENMOCPEACTBEHHO NJOTHOCTHU paclpefe/ieHua BePOATHOCTeR R mpomnecca
1 (f) Ha Buxone cucTemu. B ob6wiem caywae 3ajiaum BTOpOH Tpynmb HPHXOAHTCA
peulatb nyTeM BHUNCAEHHS KOPPEIAUEOHHHX (yHKUHEH BBIXOAHOrO Mpouecca
1 (f) ¢ mocaejrylomuM onpelieJleHAeM XapaKTepUCTHYeCKAX (PYHKUUH B COOTBeT-
CTBYIOWHAX HM TMJIOTHOCTEH pachpefefeHns BepPOATHOCTeR pn(ny, Mg, ..oy N} f
t3, ey 1), Huxe npaBOASTCA GOPMYJIHI, IO KOTOPBIM HAXOAATCS KOPPENAUHOHHEIE
(rnE MOMeHTHbIE) QyHKIHR OpOllecca Ha BEXOJAe JUHeHHOR CHCTEMBl HPH H3BeCT-
HBHIX KOpPeqsilHOHHHX PyHKUASX mpomecca Ha BXOJe.

PaccmoTpum CucTeMy, ONECHBaeMyio NBHefHbM AubdepeRUHaNBHEIM YpPaB-
HEHHAEM C MOCTOSHHLIME RJH 3aBHCAIHMH OT BpeMeHH KOsbdHuHeHTaMA:

n

d d
an (t)jﬁ—; Nty +...4+ al(t)—gt-n(t)+ao(i)n(t)=

d

‘ m
=bm ) EW+ ...+ b0 ()

d
—EO+ROE@.] (0.1
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3nech §(f) — npouecc Ha BxOze CcHCTeMbl, XapaKTepHayemblll MaTeMaTudgeckum
oxuianueM mg(f) = M (§ (f)} n KoppeasunoHHOH PyHKumed )
Rg (f1, ta) = M {[E (1) —my ()] [E (t2)—my (1,)]}.

BBoas onepatop p = d/dt w oneparopnt A (p, 1) u B (p, 1), onpese/iseMble paBeH-
CTBaMH

n m
Ap. =D a®p, Bp, =3 bip, (10.2)

=0 i=0

nadpepenuuasibioe ypapHenne (10.1) MOXHO npuBecTH X cienypomeMy onepa-
TOPHOMY COOTHOIWeHHIO [64]:

A= B(p,HE®. (10.3)

M3 (10.3) ¢opmansbHo caenyeT paBeHCTBO, ONpejefsiiOlIee CHTHAA HA BbixOAe
CHCTEMBl B AIBHOM BHJe: :

B,y

N = A7, 1) E(t =L(p, nE(). (10.4)
Oneparop
Lp, y=-21029 (10.5)
’ Ap, b '

HA3BBAETCA JIMHEHHBIM OIHOPOXHLIM ONEepaTOPOM cHcTeMul. JlWHAMHYecKas CHe-
Tema ¢ onepaTopoM (10.5) aumefina, Tak Kak npu peweHun nuddepeHuuansoro
ypaBuenus (10.1) npuMeHHM NIpUHUUN Cynepno3nuuy. JuHednnm HEOXHOPOAHBIM
onepaTtopoMm L(p, f) masbipaeTcsi CyMMa JWHefHOTO OXHOPOLHOFO oneparopa u
HeKOTOpO# 3apaHHoOR dyHkuuw f (f)

[Lip, = L(p, )+ f(

Tlytem Boiuutanus usz (10.6) dyukuuu f(¢) a060i HeOXHOPONHLIA OnepaTop Mo-
K eT GEITh NpUBefeH K ONHOPOAHOMY. :

H3 (10.4) MoxHo nonyuuts CAEAYIOIMHE COOTHOWEHHSA, ONpeNeasIOnHe MaTe-
MaTAYEeCKUE OXUNAHAA W KOPPeJAnHOHHbe GYHKUHH NPOLECCOB HA BhIXONE Ji-
HeHHBIX CHCTEM Yepe3 WX OMepaTophl W CTATHCTHYECKHe XaPAKTEePHUCTHRH BXOJNHBIX
npoueccos [64]:

(10.6)

(10.7)
(10.8)

mp() = L(p, t) my (1),
Ryt b)) = L(p,t,) L(p, t5) Rg(’n ty).

HeoxnoponHocTb onepatopa cucTeMB HA 3HaYeHHH KOppeJdsiqHOHHOR GYyHKuun
He OTpaKaercs, 4 NPU HAXOXKIeHHH MATEMATHUECKOrO OXHAAHHSA OHA JOJKHA
ObiTh yYTeHa 106aBOYHBIM C/ATaeMbIM.

Tipu 3ananuoM omeparope JuHefiHOf cHCTeMbl ODHHUHUD CYNepno3uuuA no-
3BOJISICT CBECTH MCCIENOBAHHE PEAKNHM CHCTeMH HAa MPOM3BOJbLHOE BOSIEHCTRHe
K MCCJENOBAHMIO DeAKIMH CHCTEMHl H3 THIIOBOE BO3feiicTRHe. B KauecTBe THIOBOro
OGHYHO HMCOOAb3YeTCS HUMOYJILCHOE BO3ZEHCTBHE B BHpe DenbTa-GyHKUUH UM
TapMOHHYECKoe KoOJeGaHHue.

Peaxuus npefBapuTeNLHO He BO36yKAeHHUOH NHHEeHHOH CHCTeMB HA BO3Jeii-
CTBHE B BHIE ACNbTAa-QyHKUMU HA3BIBACTCH HUMOYJALCHON XapaKTepUCTHKON cHuc-
TeMsl i (£). Eciiu onepaTop cHcTeMbl onpegeasercs ¢opmyuoii (10.5), To sta peax-
UM MOXKET GHITb YCTaHOBJIEH3 B pPesyJabTaTe pelerus JuHeHOro Aubbepeny-
4JIbHOTO ypaBUEHUSRA

dn d
o () 7 h @) oo Far(t) ?-t—h(t)+ao(t)h(t)=-

dam d
=bm (1) e 6(t)+... + by (1) —dt—é(t)+b.,(t)6(t) (10.9y
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apu uyneBHIX HadalbHEX ycaosusax. Ilpu sToM npouecc ua Bbixome nuHefiHOR
CHCTeMHl ofpenensercss HHTerpajom [lioamens:

t t
10 =[ht—DE@dr = [roE@—nds. (10.10)
0 0

Henonssya (10.10), nosnysaem cienywomue GOopMyas AAf MAaTEMAaTHYECKOro
OXKHAAHUA U KOPpeJNAUHOHHOH GyHKUMH HA BuHXOje cHcreMn [1]:

t
Mg (O = h(t—7) m (7) d, (10.11)
0
tt,
Ry (t, ty) =’f§ h(ti—71) h (8 — T2) R (T, T5) dr) ATy, (10.12)
00

Ilnsa BHCWINX KOPPENAHOHHBIX DYHKUUH (T. & N-MEPHEIX USHTPAJIbHHIX MOMEHT
HBIX GYHKUMB n-TO NOPANKE) HMEEM: :
bty Ly
Ryg(ty, ta ty = £ b (h—T) A (ty—Ta) A (t3—Tg) X
0

X Ras (T1, Tg, Ta) Ty dT, dr.
3t (71, Tg, Ta) dTy AT, dg (10.13)

t fn ’
R,y (11, ...;znxmy oo | R =T) h (ta—Ty) o R (En—Tn) X
0 0

XRnE(TI’ Ty »+»y Tp)dh de eee dtp .

TlpuMeHHTENLHO K CTAlHOHADHHM BXOAHHWM Hpoueccam § () dopmyawd
(10.11)=(10.13) mpuHUMAIOT BHA

t
my (=my [ h(t—7)dt=my [h(x)dx, (10.11a)
. 0 0
L
R, (ty, ty)= { f h(ty—T) h (fa—Ts) Ry (Ta—Ty) duy dty;  (10.12a)
00
[ AT
Ry (tis ta t= | [ | h(ti—m) h(fa—1a) h l3— ) X
000
X R3E (Ta—7q, T3—Tp) 47 dT, dT3. (10.13a)

B cayuae JuHefiHbIX NAacCHBHbIX CHCTEM C 3aTyXaHHeM HO HCTe4enHn AOCTa-
ToYHO 6OJIBIIOr0 BpeMeHH OT MoMeHTa f= 0 cayuvaliHuii mpouecc 1) (¢) Gyzer
npubAMKATbBCA K CTauHOHApHOMy. Jlas cTauuoHapHoro mnpouecca ¢QopMyJiH
(10.11)—(10.13) npeoGpasyiotcs k Buny [1,14]

00
mnmmgg h(x)dx, (10.116)
-
00 T4x
Rym= [ h(ndx | h(t4x— 2R, (2)d2 (10.126)
. 0 -
%0 Ty X Tobx
Ran (1, )= [ h(x)dx R (T 42 —y) h (T3 + 5—2) X
. 0 —_—00 =00
X Rae (y, 2) dy dz. (10.136)
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B sakuioueHne yRamem, YTO BIAUMHSET KOPPeAAu#OUHAT DYMKUHA A5 npo-
mecca § (f) Ha BXoje AMHEHHOH CHCTEMb H BBIXOXHOTO npouecca 1 (f) pasna

ty
RE" (tll tZ) =j‘ h (tz—T) RE (tln T) dt. . (10014)
0

Ecan npouecc & (f) craunonapen, to
ty
Rey (11, 1) = g h (t,—7) R (h —7) dr. (10.14a)

lMoxaBast Ha BxOX JHHEHHOH CUCTEMB rapMOHHYeCKOe KodeGaHnue x (t, ®) =
= exp (fjwf) u pewas ypaBHEHHe

B (p'l) ei(l)[
A(p.)

onpeensiomee paGoTy CucTemb!, HaxoghM, uTo pemwenue (10.15) npeacraBaser
co60o# B o6ueM cayyae KOMNJIEKCHYI0 GYHRLHIO JeHCTBHTENbHbX apryMeHToB f, .
Brigenum us dyurunu (1, jo) MHOKHTEAb exp (jo?), T. e. NPEACTABHM pelleHHe
B BHje

A (L. jo)= , (10.15)

Kyt jo)y=2K (¢, jo) e/ =K @, ]'(o)le] Are JE (1. joy efot, (10.16)
Har410 NOKA3LIBAOILEM H3MEHeH NI AMIINTY AL M (hassl Bo3gelicTBHS X (£, ) =
= exp (jw!) npH ero MPOXOKACHUH uepe3 NHHEHHYI0 cHeTeMy. DyHRUHIO K (£, jo)
Ha3bIBAIOT KOMMJIEKCHOA YacTOTHOR XapaKTepHCTHKOH CHCTeMH, B o6umem cayyae
OHa 32BUCHT HE TOJbKO OT 4acTOTHl @, HO M OT BpemeHH f. [Ipu nomomm 3Toit
GYHKLUHH JerKo BBIYHCJSETCS CNEKTPadbHAs MJIOTHOCTh S, (©) npouecca 1 (¢) na
EbXOfe JHHeHHOH CHCTEMBbI:

Sy (@)=8 () | K (¢, Jo) P=S8, (. 1)- (10.17)

3nech Sg (w) — cnekTpasbHas NJOTHOCTH BO3/eACTBYOLEr0 Ha CHCTEMY CAYuaii-
HOro npouecca & (f).
KomnneKkcHan 4acTOTHAR XapaKTeDUCTHKA CHCTEMBI C MOCTOSIHHLIMHE napa-

METpaMB H ee WMNy/bCHAA XaPAKTEPHCTHKA CBA3AHLI APYL C APYroM npeoGpaso-
Banuem Pypoe:

1o :
h (t}:E ‘7 K (jw) e/ do, (10.18)
I (jo)={ k(e 1" 4. (10.19)
b .

Beipaxenus J (jo) u (1) gas HEKOTOPBIX NPOCTEHNIMX JHHEeRHEX CHCTEM C MO-
CTOAHHBIMH DapamerpaMM npHBeleHbl B Taba. 10.1, :

2. NIPUMEPBI

"10.1. Ha Bxon nudpeperunpyiomero yerpoiicisa NOCTyi1aeT cnyyaii-
HBIH npouecc E(f) ¢ MaTeMaTHYECKHM OxuiaHHeM mg (£) = sinft u
KoppensiuvoHnoi dyHKuHe

RE (tb tz) — D§ e-—-a(t:—h):'

Onpenenute MaTemaTHUECKO® OXHAaHHE iy (f) u aucnepcuio Dy (£)
npouecca n () Ha BLIXOfl€ CHCTEMBI.
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Puc. 10.1. Hurerpupymoimaa uenouka RC

Vi7]

Pewenye. Cnyuaiinpiii npouecc 1 (f) Ha BbIXOJIe CHCTEMBI (peakuus)
cBsizaH ¢ posjeiicTeuem & ({) onepatopom anddepeHunpoBaHus: .

n{) =1L (p, t)E () = dE (t)/dt.
[Tpumensa ¢opmyant (10.7) u (10.8), umeem

M (¢) =% ms (£) = B cos Bt,

a2
L, b=
Ralty t) ==

[Monaras t, = {, = {, Haxoaum
Rq (¢, ) = Dy () = 2aD; = Dy,
10.2. Ha wenouky RC (puc. 10.1), naumnasa ¢ momeHnta ¢ =0,
BO3/IeCTBYET -CAy4aiiHoe Hanpsokenue E (f), npeacraBasiomee coGoft

CTauHMOHAPHBIH GeJBIH 11IyM C MATEMATHUECKHUM: OXHIAHHEM flg U KOppe-
JauuoHHOH dyHKuMeH

Ry (1, ) = 2Dz e —ta—1)* [1 — 20t (f,— 1))?].

Ry (t) = (N4/2) 8 (v). (10.20)

OnpenenuTb MaTeMaTHUECKOE OXKHAAHHE iy ({) B KOPPeJsilHOHHYIO
dyukuuio Ry (4, {,) Hanpsnkenus 1 ({) Ha emroctu C. 4

Pewenue. Juddepenunanbioe ypaBHEHHE AJs HCCAeRyeMOR CXeMH
MMeeT BHA

dg ()/dt + an () = ak (f), o= 1/RC. (10.21)

Bynaem cuutaTth, YTO B HaYa/JbHLIH MOMEHT BpeMeHH eMkocTb C pas-
psixena, T. €. 11 (0) = 0. B obmem cayuae n (0) MOXKET OHITH OTIHUHBIM
OT HYJISl U HOCUTD KaK A€TEPMHHHPOBAHHBIH, TaK H CJYHYaiHEIH XapaKTep.
[Tpn HyseBHIX HauaJbHHIX YCJIOBUsiX peiueHue ypaBHeHud (10.21) umeer
CJAeYIONINH BUA:

t
() =ae= e E(x)dx,
) 0
B COOTBETCTBHH C YeM MaTeMaTHYECKOE OXHAAHHE CJAyHaflHOro mpouecca
1 (¢) Ha BeixoAe uenoukuw RC paBHO
t
Mo (() =M {n (O} =ae=o* [ emx M{E(x)} dx=
0
t
= qe—* S e mg dx = mg e—* (e* —1).
1]
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Taxum o6pa3som,
mn (t) == m": (1 _ e—“’).

Tpaduk 3Toil 3aBHCHMOCTH fpuseieH Ha puc. 10.2.
Koppensunonnas QynkuHs caydaiiHoro Kosne6anus n (f) Ha BuXone
penoykn RC corsiacHo OfpeleseHdio paBHa:
L5
Ry (t, ) =a2e—= t+t) \ ge% G+ Ry (y —x) dxdy.
00

VupteiBas, 4To Mo ycjaoBuio 3axauu R (t) = (Ny/2) 8 (v), Haxoaum
.
Ry (t, t)=a2e—*(+t) 85 ex 5t § (y—x) dxdy.  (10.22)
0o .

[Ipn BHIYHCJIEHUH HHTErpaJsa
tty
1=§§ea @+o) § (y— x) dxdy : (10.23)
00 :
HeoOXOIUMO HMeTb B BHAY, YTO (opmy.a
2,4+ €

| [@8@—2)dz=f (20

crnipaBefuBa Juuib npu £ >0, T. €. KorAa ocobas TOUKa 2 == 2, JEeKHT
BHYTPH [PENENOB HHTETPIPOBAHHS.

O6nactu unrerpupoBanus B (10.23) npu vt > 0 u v << 0 u3o6parkeHn
cootBeTcTBeHHO Ha puc. 10.3, a u 6. A

Henvra-pynkuns 8 (y — x) obpamaercsi B GeCKOHEYHOCTb, KaK 3TO
caexyer u3 puc. 10.3, numb na Tom ydacTke GHCCEKTPHCH KOOPAMHAT-
HOTO YIJIa TIJIOCKOCTH NEPEMEHHBIX X M Y, KOTOPHIH ONpeleNnsercss Hau-
MEHbILUUM H3 fpexesioB { uau ¢;. TTo3ToMy NPU BEHIYKUCJCHHUH HHTErpafa
(10.23) oba npegesia HYXXHO NoJaraTh OAMHAKOBLIMH H PAaBHLIMH HaH-
MEH bIlIEMY.

my @) y{\ 7> P r<o
g N £ ] !
”,95/77§ —————————— r— 7 h -
13 < %
2
7 yesre ¢t 0 g 0 4 t 7
@ J) '
Puc. 10.2. Hapacranue martema- Puc. 10.3, O6aacT HHTerpHPOBAKHSA
THYECKOTo OXIUZAHUA
284

Puc. 10.4. FHapacranue AHCNEpCHH Zy(t) lzTA’a
ah, —

895 4" !

|

|

|

|

]

|
l -

4 _3g

ty—-z—/?é’ 12

Tak, npu t>> 0 HaUMEHBIIUM K3 TPEAEJOB MHTETPUPOBAHNH B
aserea ¢ (f, = ¢+ v H, CJe0BATEJBHO, t, > t). [losromy
tt - t '
1=SSea w+ 9 § (y— x) drdy = Sewdxyeay@(y—x)ay:
00

1] 1]

t
= Sem dx= —— (e22— 1), (10.24)
20
- [
Moactasass (10.24) B (10.22) 1 npoH3Bols 3aMEHY t=t+t(x>0),
HMeeM:
R (t,7) = (@Ny/4) e=o% (I —e™?¥), ©=> 0. (10.25)
Tpu ©<C O HauMeHbLIHM U3 TIPELEJOB WHTETPHPOBAHHS ABIACTCA
t, ¥, CJENOBATENbHO, '
bty
[ = ”eaww 8 (y —x) dxdy = -2—;—(e2“‘n——l). (10.26)

o

b0
[oxcrasassa (10.26) B (10.22) u samenss ! 4epes L —r1T(t<<0),
HMEEM
Ry (£, T) = (aN/4) e (I — e=2%), 1T 0. (10.27)
O6veannsis (10.25) u (10.27), nonyyaem cieayiounee BLIPaXKEHHE /151
KOPPESUHOHHOR OYHKUHH Ry (£, T) caydajiHoro Hanpskerus 1 (f)
Ha KoHIeHcaTope emKocTeio C: .
Ry (t, ©) = (@N,/4) e~*!¥! (1 —e—2e). (10.28)
MMosarass B (10.28) = = 0, HajizeM IHCIEPCHIO Dy (¢) caydaiinoro
npouecca M (f)
Dy (?) = (@N/4) (1 — e—2%).

I'paduk 9TOit 3aBHCHMOCTH NMpPHBEJEH HA PHC. 10.4. CpaBuuBas QyHK-
unio Dy, (£) ¢ rpadHKoM my (%) Ha pHC. 10.2, HeTpyHO YCTaHOBHTD, 4TO 10~
cTukenue aucnepcueii yposus 0,95 Dy (00) NPOHCXONUT 33 BpeMs ycTa-
HOBJIEHHS Ly = 1,5 R C, T. e. BIBoe OLICTpEE, Y€M JOCTHIKEHHE YPOBHSA
0,95 1y (00) MATEMATHUECKHM OXHIAHHEM fin ().
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B craunuonapHoM - pexxnme
Mmy(t) = mz = mny, Ry (1, 7) = (@N/4) e=%! %l = Ry(1),
Dy (8) = aN/4 = Dy
19.3. Pa6ora TIPOTIOP UHOHAJIBHO-HHTET PHP YIOLIETO q)mn}rpa

(puc. 10.5) onuceiaercs JiMHEHHBIM AuddepeHnHaibHbIM YPaBHEHHEM
nepBoro nopsaKa:

T 1
NO=—LELE) =L () EO. (10.29)
Hnsi gunetpa, usobpaxennoro Ha puc. 10.5, a, kospduunentsr T
T, cooTBeTCcTBeHHO paBHH (cM. Tabsi. 10.1):
T=CR-+R), T,=RC,
a ana ¢unestpa puc. 10.5, 6:
T=R(C+ (), T, = RC,.

Ha Bxon ¢unbTpa nocrynaer cayuaiinoe nanpskenue & (f), npes-
cTaBisiomee Co6of CTauMOHAPHBI{ rayCCOBCKUii Geblil WyM ¢ HYJIEBbIM
MaTeMaTHYECKUM OXHaaHueM mg = 0 W KOPPeNSUHOHHON (YHKIH-
e (10.20). :

Onpenenutb CnekTpasibHyio MIOTHOCTh Sy (©) A KOPPEAALHOHHYIO
¢byHkuMio Ry (T) HanpsukeHus 7 (£) Ha Beixone GuABTpA.

Pewenue. B cooTserctBuu c (10.29) KomNIeKCHas 4acToTHAs Xapak-
TEPUCTHKA NPONOPLUHOHANBHO-HHTErpUpPYIomero GUAbTPa

H(jw) =L (p=jo) = (1 + joT)/( + joT),
a KBaJApaT ee MOAYJs ONPENENSAETCS BbipayKCHHeM

|9 (j@)] 2 =11 + (T2l + (oT)?. (10.30)

IToacrasass B (10.17) cootnomenne (10.30) u cneKTpanbHyI0 NJIOTHOCTE
BXOAHOrO 1yma Sg(®) = Ny/2, Haxoaum CHeKTpanbHYIO MJIOTHOCTD
npouecca n (f) Ha BeIXOfe (HUABTpa:

ST\ (m):ﬁ)_ 1 +(0)T1)2 .

2 14+ (0T)2
I'padux cnextpanbHoii naotnoctn Sy (@) HA& BHIXOEE NPONOPULHO-
HaJIbHO-UHTETPUpyIoniero ¢punbTpa npeactasied ua puc. 10.6. Buguo,
470 0Py @ —- 00 # Ty 7= T CeKTpanbHasi IJIOTHOCTD Sy () CTPEMHTCS
K HEKOTOPOMY [OCTOSSHHOMY YPOBHIO, paBHomy N,T3/2T%. Ecau mno-

(10.31)

R ) =
§@) D_A’r 70 &) —--]l__j o0
T° 4 T
a) J)

Puc. 10.5. Ilpa papnanTa cxeMbl OPOBOPUHOHANbLHO-HHTCTPHPYIOLIETO BHJILTPA
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Puc. 10.6. CuextpajbHas NJOTHOCTb Ha
BBIXOZlE nponopIHoHaIbHO-HHTETPHPYIO-
utero GbuALTP2

crosiuble Bpemend Ty u T paBHbl, Sp(w) = N,/2, T. e. npouecc Ha
BbIXOZe (UIBTPa B 3ToM Cjlyyae paBeH BXoAHOMY OGesomy wymy.
Tpu T; = 0 NpoONOpHHOHAJIBHO-UHTErPHPYIOWHi QUABTD BeleT Cels
Kak oObluHas uHTerpupyiomas uens RC.

JInsi BHIYHC/IEHHS KOPPEIAUHOHHON QYHKIHMH Ry (T) BOCHONB3yeMCs
dopmyJioii Bunepa—Xunuuna:

;;5 Ry(7) —_—QL Sl Sy (@) et day, b (10.32)
%19
f —00

Mocite noxcratoBkr (10.31) B (10.32) umeem

_ Mo 1 F 1T gy
R"(T)._ 2 on 5. I'4(0T)? ¢ o

—00

[lpousBoas Aanee 3ameHy e/®™ = cos wT +- fsifl wT, HAXOAMM:

N 1 K 1 (0Ty)?
R11(1)=_2°_E[ ‘Y —l-i;w—r"—ﬁ—coswtdw-l—

—00

F dene oo
+ | 5' ————1 +((DT)2 ST OTAO

(10.33)

Bropoii unterpas B (10.33) B cully HEUeTHOCTH MOABIHTETPAJIbHOM
¢yHKUMA U CHMMETPUYHOCTH NPEAEJOB DAaBEH HYJIO, MOITOMY (10.33)
NPHUBOAUTCS K BHAY

_Noe 1 r cosar 4
Rn (== 52 5 T 0T
T? ™ _ e cos OT d .
BT [ 5‘ cos wtdw 5 ———1+(mT)2 ® ]}

‘
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YuutwBas, uto [171

l o0
. j‘ cos 0tdw =8 (1),

(4]

_LOOT g =T e—tT/T,
14+ (0T ? T

—00
OKOHYATEJbHO TI10J yyaem
N,

T 2 o 2 ___ T2 .
Ry (1) =T(Tl) b () + 4> —%Le—mﬂ. (10.34)

[Ipu T = T, n3 (10.34) umeem
Ry (1) = (N/2) 8 (1) = R: ().
B cayuae T, =0
Ry (1) = (N /4T) e 71 /T,

9TO COTacyeTcs ¢ peaysibTaTaMu npHmepa 10.2. I'paduk Koppensunon-
Hoit dyHKuuH (10.34) npueeaen Ha puc., 10.7.

10.4. Ha penb, cocTap/IeHHYIO M3 TIOCJEAOBaTEJNBHO CO€AMHEHHBIX
MHAYKTHBHOCTH L wu comnporusnenuss R (puc. 10.8), BosaeficTByer

Hanpsukenue § (£), npeacrapisiomee co6oi 6eblfl IYM C HyJeBHIM Ma-
TEMaTHUYECKUM OXKHAaHHEM mg = (0 ¥ CNEKTPaJbHOH [MJIOTHOCTHIO

St (0) = Ny/2, —o0 << 0 < 00. (10.35)

Haiitn cnektpanbnyio miotHocTh Sy (@) M KOPPENSUHORHYIO QYHK- .
BHIO Ry, (T) HanpsiKeHHs 1 (f) Ha CONpPOTHBJEHHH R.

Pewenue. KomnneKcHas 4acTOTHAsi XapaKTePHCTHKA HCCJEAyemoik
LMK OfpenessieTcst COOTHOEeRHeM (cM. Taba. 10.1)

Z(jo) = RI(R + jol),
a KsajJpaT e€ MOAyJIA
' 1 #(jo)|? = R¥IR? 4 (oL)l. (10.36)

IMoacrasnsis (10.35) u (10.36) B (10.17), HaXOAUM CHIEKTPANBLHYIO MIOT-
HOCTb HalpsiKeHus n (f)

, N R?
S 0))=S OJ)IW 0)2=—0———-“ —_
n( 5 ( (jo) | R (olP 00 << @ < 00,
[To cnektpanbhoii noTHocTH corsacHO Gdopmy.e Bunepa— Xunuuua
HaXO1HM KOPPEJISUHOHHYIO (GYHKIHUIO

1 Ny R
T) = —— S elot = 0 R _a—ivlR/L
Ry (T) o 5 5 (®) do o e—it .
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]

Puc. 10.7. Koppeasunonnasa ¢yHK-
UM H4 BbIXOLE MPONOPUHOHAJBLHO-
HHTErPHPYIOLIEro (hUABTPA

Puc. 10.8. Llenoyka RL
aat

f .

k!

0 7

ARaJiornuno pemawTcs BCe 3a]auM, CBSI3aHHLIE C BO3JAECHCTBHEM HA
JUHeliHBe cucTeMsl Geqoro myma. B taba. 10.2 npuBoastcs pesyanb-
TATH PEILeHHs 3aj4a4 Moao0HOro BHAA AJIs CJyyasl BO3JEHCTBHS HA He-
KOTOpHIE MpocTefitine JHHEHHBIE CHCTEMBI CTALHOHAPHOTO rayCCOBCKOro
Gesoro 1yma C HyJIeBEIM MaTeMaTHUECKHM OXHaanueM. B Tabnuue aanst
HOPMHPOBAHHHE KOPPEJSIUHOHHbIE (DYHKUHMH H COOTBETCTBYIOUIME HM
CHEKTPaJbHBIE TMJIOTHOCTH NPOLECCOB HA BHIXOJE.

10.5. Onpenenuts KoppessiynoHHylo GyHKuMio R (T) cayuyaiiHoro
nanpsokeHus E (¢) Ha Bxoje Juneiinol uenu RL (puc. 10.8) npu ycso-
BHH, YTO BHIXOAHOE HalpsikeHue 1) (f) npeacrasiaseT cofoi cTanunoHap-
HBIHl FAYCCOBCKHMH CJYYaiHBIH MpPOHECC C KOPPENALHOHHOH QyHKuHeH

Ry (1) = Dye=%. (10.37)

Pewenue. Cnyuaiinuit nponece E (f) Ha Bxoane paccmMaTpHBaeMoi
JIMHEHHOR CHCTEMBbI ONpPEAE/SIETCS] YPaBHEHUEM

) =F O+ 0=y0+ (),

B COOTBETCTBHH C UYEM

Ry (1) = M {Eo(t) Eolt + 1)} = M {lyo(t) + no(®)] lyo(¢ + 7) +

+ Mo(t + DI} = Ry (1) + Ry (v). (10.38)
Yuursipas, uto y (f) = _ILQ_% 'q. (¢), maxonmm:
R, (x) = —(%)’ ;’: Ry (1) =2aD, (%)’(1—20&2) e, (10.39)

[Mocne noacranoeku (10.37) u (10.39) B (10.38) nonyuaem
R; (v)= D, e~ [1 120 ( z_)’ (1 — 2aw?) ]

10.6. Ha penmouxky RC (puc. 10.1), nauunas c momenta t = 0,
BO3JEHCTBYeT cjyuafiHoe HanpskeHue E (f), npejctaBasiomee Co6of
CTALHOHAPHBIA 1IyM C HYJIEBHIM MAaTEeMAaTHUECKUM OXKHAaHHeM mg = 0 u
KOppeJsifHoHHON GyHKIHeR .

R: (t) = Dge—B17],

10 3ak. 1203 289
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6npez1¢.}1nTb koppemunoéﬁ'yro dyurumio Ry (t) Hanpsxenus
1 (¢) na emxoctu C. :
Pewenue. Tpouecc q (¢) Ha Brixone uenouku RC (cM. npumep 10.2)
— —uf ax —_——
n () =ae ,je E(dr, a=—c.
: 0

B COOTBETCTBHUHU C yYeM €ero MaTeMaTHYeCKOe OXHJAHHE
ma (1) = mg (1 — e=).

Tak Kak no ycjoBuio 3ajau mg = 0, To my (£) = 0.
: Koppensuuonnas ¢yskuus Ry (f, {;) mnpouecca n (¢) (cM. npu-
mep 10.2) .
tt
R"l (t’ tl) =q2e® (t4-ty)
/)

-

‘e (x+9) Ry (y— x) dxdy.
Tak Kak B Hamewm cayuae Rg (1) = Dee—BIT | 10

it
Ry (¢, t,) =a? Dge—a (1) f j e (xtn—Bw—=xdxdy. (10.40)
) 00

-

Cuenaem B uHTerpaje

¢
=

sameny y = z + x. Ilpu stom (10.41) npeoGpasyercs K BHAY

ex (x+9)—Bly—sidxdy = (10.41)

&

L

t t—x
I :5' e20x dy S exz—Bi1z (z, (10.42)

0 —x

Tak Kak B NOJBIHTErPaJbHOM BbIPAXKEHHH aPTyMEHT Z Gepercs mo Mo-
AyJ110, HEOGXOXHMO ONPENETHTb 06.1aCTH HHTETPHPOBAHUS TaK, YTOOBI
B npejenax Kaxol M3 HUX apryMeHT z MMeJ Obl TOJNbKO OJMH 3HaK.
O6nacTH MHTETPHPOBaHHMA I8 CJiydas, Korma 4 =1{¢+ 1>t (T. e.
korpa T > 0), u 1/1a caydas, Korma 4, = ¢ + v << ¢, (7. e. xoraa t <<0),
nokasauel Ha puc. 10.9, a u 6.

Takum obpasoM, npu T > 0 NpH MHTETPUPOBAHUM MO Z B Npejenax
[—x, O] apryment z << 0, a npy uHTerpupoBanuu B npexenax [0, £, —
— x] apryment 2> 0. B coorsercTBuM ¢ 3TuM npu v > 0 uHTerpan
(10.42) MoxHO MpPEACTaBHTH B CJIEAYIOLIEM BEJE:

t 0 . t —x
I =Se2“* dx [ S e@t+Pzdz 4 S ela—p)z dz]. (10.43)
b b

—_—X
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>0 -
ZA r<g

a)

Puc. 10.9. O6nacTs HHTErpHpOBaHHA

[Moacrasasa (10.43) 8 (10.40) u yqnfbeaﬂ, yTo £ — ¢ = T, noay-
YaeM CJEIYIOUIEe BHIPAXKEHHE JJs KOPPEeIsIUHOHHOW (YHKUMH INpH
T > 0:

ZD ’ B
Ra(t, 1) = E;———:F {% (1 -—e—20tye—at | [e~(@+B) _e—2atje—at

—[l—e—(@+B) ! ]e—lér}, T>0. (10.44)
Anajorudno MOXKHO HalTH, 4To NpH T < 0
2D
Rall, 9= e (B (1 ety o femto ¢ et emi
_[l_e—(a-{-ﬁ) t]eﬂt}’ 1;<’0 (1045)

O6venunsas (10.44) u (10.45), nonyyaeM CJieaydoiee BhIpaKeHHE

JI18 KoppensinHoHHoH GyHKuMH caydaiiHoro npomgecca m (£):

ol DE

BZ__ o2

Rn (t, %) -__: {% ! _e-—2at) e—a|Tl +[e—(@+B) ‘_e—2ai] et —
—[1—e—(@+B)t]e—B m}, (10.46)

[Tonaras B (10.46) {— oo, HaXoAHM KOppeJNALHOHHYIO QYHKIHIO
AJisi CTALLHOHAPHOTO PEXHMa:

Ry (1) = Bza—D-iz_ (Be— Iti__ ge—B Iy,
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Hucnepcust Dy B CTauHOHapHOM pPEXHMe paBHa

o N
"y b |

10.7. Ha JHBejinylo CHCTEMY C HMNYJIbCHOH XapaKTepHCTHKON
h () BO3J(e/iCTBYeT CTauHOHAPHBIH TayCCOBCKHi Oenbtit wmym & (f)
¢ KoppensiuyHonHo#i dyHKuHeR Rg (1) = (No/2) 8 ().

OnpeenuTb B3aHMHYIO KOPPEISIUHOHHYIO (YHKuHIO Rpy(T) mpo-
uecca § (¢) Ha BXoze CHCTeMbl H BBIXOXHOTO npouecca n(¢) ¥ QUcnepcHio
D,, npouecca m () Ba BbIXOXE.

Pewenue. Tloncrasass B (10.14) 3sHauenHe xoppensiuMoHHOH (YHK-
uHH R (T), HaXonum

(No/Q h(ta—ty) mpu 0 <, (10.47)

Rin (t, 1) = '
en (81 £2) {0 npu £, <<0, t; >1,.

Uz (10.47) caenyer, 4TO C TOYHOCTBHIO KO MOCTOSHHOTO MHOMHTEJIS -

HMITY/IbCHASI XapaKTepHUCTHKA JIMHEHHOH CHCTEMEHI COBMajgaeT C B3auM-
HO# KOppeJisiudOHHOM PYHKUHEH MeX]y BXOIHBIM CTAUHOHAPHBIM 6esibiM
IIYMOM, BO3JEHACTBYIOIHM Ha CHCTEMY, H BBbIXOIHBIM CIyYaiHbIM IpO-
eccom. STUM pe3yJbTaTOM HaCTO MOMB3YIOTCA /IS IKCHEPHMEHTAJb-
HOro onpefeseHds h (f) HEH3BECTHOH JIHHEHHOH CHCTEMBI NPH TOMOILH
KOPPEJIOMETPOB.

3nauenne gucnepcuu Dy B CTauHOHapHOM peKHMe MOXKHO omnpeje-
JAuTh 0pu nomom#t gopmyanl (10. 12 6). [ToacraBass B Hee 3aJaHHYIO
¢yHkuHio R (v), uMeeM: .

Rn (") = (10.48)

[Tonarass B (10.48) © = 0, Haxonum

D, = ";0 jhz(x)dx.

10.8. Haiitu cneKTpaanyio nnoTHOCTb St (f) HanpsiKeHHs cobet-
BEHHOTO TEIJIOBOrO LlyMa Ha napasensHoi uenouxe RC (puc. 10.10)
H TOCTPOHTH IpaguK 3aruCHMOCTH Sg(f)/4kT oT BenmuuHHBI R 115 Tpex
4acToT:

f=100 'y, 1,5 u 15 kT npu C = 100 n®.

BLIYHCIHTD JTHCIEPCHIO HANPSIKEHHs yMa B nogoce dacTor [fy,fa] u
110Ka3aTh, 4To npu f; = 0, f, — oo ona pasHa RT/C.

Pewenue. Vi3BecTHO, UYTO cHeKTpasibHas [IOTHOCTD Hanpﬂx(eﬂmr

COGCTBEHHOTO TENJIOBOTO 1IyMa JIIOG0H NMaCCHBHOH JHHEHHOH 3JIEKTPH-
YecKoil uerm onpenensiercs ¢opmyaoii HafikBucra:

St () = 4kTR Re{Z}, 0<<f< oo,
294

Se(7)
4 . $kT

- 8 - r
£ o= @) : 4 / 2
: /Al '
Puc. 10.10. llenouka RC \ - \vh
LN \"
NN i
. S\ o
=

Puc. 10.11. CnekrtpajbHad MOJOTHOCTL 19°
TEMJIOBOTO IIyMa /A 04 708

rae kT = 4 - 10~2 B1/Ty, Re {Z} —_ nencmmenbnaﬂ 4aCThb KOMILIEKC-

HOTO CONPOTHBMEHHN UEMH Z.
s napaJiiesbHOf uenoukd RC umeem

___ R R . ReRC
14+joRC  14(oRCP 14 (@RCY
[MosTomy  ---
S:()=4hT—F ___ 0<f< 0.

1 + (2nfRC)

‘ I'paduku 3aBucumoct Sg (f)/4kT oT R na1st Tpex wacrot npu C = 100 n® -

npeacraBiens Ha puc. 10.11. ducnmepcHio myma B nosioce 4acToT
lf1, f.] Haxonum 1o opmy.te

D; = 4kTR5' df =

1+ (2 nfRC)?
2kT

[arctg (2ntf, RC)— arctg (2nify RC)]

[Tonaras 3xech f1 = 0, f2 — 0o, moONy4HM
Dy = RT/C.

3. 3AJAYH U OTBETHI

10.1. Ha Bxojx /MHEHHOH CHCTEMbI C MOCTOSIHHBIMH napameTpamH,
onHuCchIBaeMOl auddepeHuHalbHBIM ypaBHEHHEM

an——n—n(t)—l—,.. +a1—ﬂ(t)+ao'fl(t)=

—bm—d;,,,—a(twr 4 b= 50 +5 E ),

BO3JCHCTBYET CTAUHOHAPHBIN CAydaiHBId mnporecc E (¢) ¢ matematu-
YeCKHM OXKHJAHHWeM, PaBHBIM M.
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.Hafitn maTemaTHueckoe oxxuaanue my peakuun cucTeMsl m (f).

Omeem: my = (by/ay) mg.

10.2. Ha Bxoa uaeanbnoti auddepeHnupylomeii nenyu Bo3Ae{dCcTByeT
CTAlMOHAPHBIH TayCCOBCKHH CJyvaiiHblii npouecc § (£) ¢ HyJeBbIM Ma-
TemaTHUECKHM OxMAaHHeM mig = 0 H KOPPEeJsUHOHHOH (yHKumed -

Rg (t) = Dge—®171(1 + alt).

OnpenesnTh KoppesinHoHnylo ¢yHkiuio npouecca n (£) = d& (1)/dt
Ha BBIXOJE.

Omeem: Rq (t) = a?Dge—*1%1 (1 — a|1]).

10.3. Pemnts 3anauy 10.2 npu ycjoBHH, UTO

1) R (1) = Dy e 1d (cds ©oT +

o

sin molrl);
@

2) Rg(1)=Dge > 7, )
Omeem: S
1) Ry (v) = (@* + of) Dye—!d (cos Wy T —

[+

sinmoy | Tl) ;
[}

" 2) Ry (1) = 20™Dye=% (I — 2a%?) = 2a*(1 — 2u*) Ry (v).

10.4. Ha BXoa paaMoTEXHHYECKOrO YCTPOHCTBA, COCTOSIIErO H3
JIHHUHK 3aJ€PXKKH Ha BpeMs fyyn = fo ¥ AU epeHnHpYIomed CXeMbl
(puc. 10.12), BospeficTBYeT cTanuoHapHbIfi cayuaiHeli npomecc E (7)
C HYJIeBLIM MaTeMaTHYeCKHUM oOxuaanueM mg = 0 M KOppesANHOHHOH
dyHKIHeH

Rg (t) = Dg e= 21" (I 4+ a|tl).

Ornpene/uTh B3aUMHYI0 KOPPEJNSIUHOHHYIO QYHKIHMIO Req (T) npo-
neccoB E (¢ — ¢,) u n () = & (¢) = dE (¢)/dt.
Omgem [4]: Rgy (1) = — a2 Dg (T—1y) e 2 1v—hl |

10.5. Koppensiunonnasi GyHKuus npouecca § (£) umeer Bua
Ry(t)=e—* 7,
Ha#itu koppensinMorHylo QyHKUHMIO TIponecca
n () = & () + dE (¢)/dt. .
Omsem: Ry (1) = [1 + 20%(1 — 2a?r?)] e—o*e,

&) 7 éw)
. dt - > .
% 3
Et-2y) HZA Fle®.,
N < 7

Puc. 10.12. Iubdepennupyoiwas cxe- Puc. 10.13. Haeaabubift unrerparop
Ma ¥ JHHHA 3afepXKKH

~
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10.6. Koppensimponnas dyukuus Ry (t) cayuaiiroro nponecca
g (¢) umeer Bup '

Rg(T)=D§ el 1(1 —l—a|r|—[——;-a2 rz).

Haiitn B3aumHyio xoppensu#onHyio QyHKuHMio nponeccos & (£) u
n (8) = d?e(t)/de. @

Omsem: Rgy (1) = — —;—Dg ale®t(l +a|t]|—a?1?),

10.7. Ha Bxoa wunrerpupyiomero ycrpoiictBa (puc. 10.13) Bos-
AEHCTBYET CTAMOHAPHBIA CayuYafinuil npouecc E (¢) ¢ KoppensiuuoHHof
byukuuei Ry (1).

Onpenennte pucnepcuio Dy nporecca y (£) Ha BbiXOAe HHTerpaTopa

¥ B32aHMHYIO KOPPENSIHHOHHYI0 QYHKUHIO Rgy (£, #5) AJsi BXOAHOTO H
BBIXOHOT'O TPOIECCOB. :
Omesem [4]:

t |
Dy =2 § (t—7) R (v) dv =Dy, (9),

iy

Ren (s t2) = § Ry (t,—x) dx.

10.8. BoiuuciuTh KOppeisinHOHHYIO @ynxmﬁo Rg (4, t5) m aucnep-
¢ .

cuio Dg (£) cayuaiinoro npouecca Bunepa E (f) = f n () dt, rae n(t)—
0
CTAMOHAPHBIA O€/BI LIYM C HYJIEBHIM MATEMATHUECKHM OXKHAHHEM
m, = 0 ¥ KOppesiuHOHHOH (GYHKIUeH
R, (t) = (Ny/2) § (v).
Omsem:
Rz (8, ts) ={(N0/2) hy L<ty,
No/2) b,  ta<<ty;
10.?. Ha Bxon uHTerpupyiomero ycTpoficTsa Bo3aeiicTByeT cTamuo-
HApHBIA CyYaiiHblf TIponecc & (£) ¢ HyJIeBoIM MaTEMATHUYECKUM OXHa-

HueMm mg = 0 ¥ KOppeNsIUHOHHOH QyHKIHel Rz (7).

Onpeneants pucnepcuio Dy ¥ KoppensinMoHHYI0 GYHKLHMIO Ry (7)
npouecca

Dy (t) = (Nos2) .

1 t+T
"(t)=3?,£,§(x)dx

Ha BBIXOAC HHTErpartopa.
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Omeem:

Dy=—+ ( R (r)(l——- ';,‘ )dr,

T AY

L
T

| |<_,§~)

Ra=7 | R (1—h)d
. =T

10.10. CayuafineLi npouecc ¢ (f) 3a1aH ypaBHEHHEM
do(f)ldt = ng(t),

. 1€ ng (f) — CTAanMOHAPHBIA rayccoBcKui Gesblil IIYM C HYJEBBIM MaTe-
MATHUECKUM OMHIAHHEM M KOPPEJSIIMOHHOH (yHKIHEH

Rug (©) = (No/2) 8 (¥).

Onpegenuts pucnepcuio Dag (4 7) npupamenus Ae (f, 1) =
= ¢ (t+ 1) — ¢ (f) B CTALHOHAPHOM COCTOSAHHH.
Omsem:

Da(t Ve =M {19 ¢ +9—0OP} hom =27
10.11. Borumcauts pucnepcuio Day (£, T) NPHPAIIEHHS
AN (L, ) =A(t+ 1) —A (@)
rae A (t)'—— C/yYaliHblA NPOLECC, 3aJaHHBIH yPaBHEHHEM
dht)/dt + ah (t) = na (). (10.49)

3geck 1y, (f) — CTAaUMOHAPHBIA IayCCOBCKHH Genpiii LWIyM C HYJ€BHIM
MATEMATHYECKUM OXKHMAAHHEM H KOppeIsIMOHHOU (pyHKIHEH

R"L (T) = (NA/Q) ) ('IT)

t

Omgem:

. ' 2 Na —alvl
sty D emoo = M AN+ 1) —A OF} o =22 (1 —€ 2171,
10.12. Onpenenuts aucnepcuio Dy (£, T) mpouecca

t4<
n{)= j‘ A(x)dx

npu t — oo. 3xech A (f) — cuyuaiinbii npouecc, 3aiaHHBI YPABHEHHEM
(10.49). .

N | .
Omsem s Da(t ) |tros = ;:—’-[altl—(l —e—alt)],

L + i

10.13. ITycTb cayuaiinbie npoueccht & (£) u m (£) Ha BXojie ¥ BhIXOAE
JVHERHOR CHCTEMB! C MMIYJBCHOM XapaKTepHCTHKOI A (f) CBSI3aHEI CO- .
OTHOILIEHHEM

—_—

t
n()=fhrit—7E@d

rie dyHkuys A (f) aGCOMIOTHO MHTETPUPYeMa Ha MOJOKHUTENBHOR NoNy-
oCH. '
JokasaTb, 4TO

t
Ren (2, 1) =_£°h (t, —T) R (8, v) dr,

rie Rgq (4, 1) — B3auMHast KOppeJsUHOHHAs (YHKUHMA IMPOIECCOB
E () u n(f); Rg(tt) — xoppensunonnas ¢ynkuus npouecca § (f).

[pennonaras, yro npouecc & (f) cranyMonapex, 10kKasaTb, 4yTO QyHK-
uusi Rey (f, ;) 3aBUCHT TOJBKO OT PA3HOCTH apPTYMEHTOB, M BHIPA3UTh
B3aHMHYIO CIEKTPAJbHYIO IVIOTHOCTh Sgn (®) mpoueccoB § (£) u m (¢)
yepes CIEeKTPAaJIbHYIO MIOTHOCTh St (©) npouecca & (¢).

Omeem: Sy (@)= Sy (0) | A(v)elovd.
10.14. Tlycts & (1) 1 ,(f) i CyYafiHbe IPOLECCH H
()= g'h(t—-c)g(r)dr, 'rh(t)'=j iy (t— 1) &, () d.
JlokasaTb, 4TO | i
Rum, (4, t1)=_tjwh(t—r) dr 'j hy (t—1) Rag, (7, ) d1y,

-0

rae Ryy, (¢, f)) — B3auMHAst KoppensiuMOHHAs (QYHKUMS IIPOLECCOB
N (¢) u ny(); Ry, (¢, f,) — B3auMHas KoppensuuoHHas QyHKIHs npo-
ueccoB & (£) u §(?)

- 10.15. Ha KongzencaTop eMKocTplo C HAaYMHASi C MOMEHTa BPEMEHH
¢t = 0 Bo3neficTBYeT QIYKTYauHOHHBIH TOK i (f), MPEACTAaBAAIOMHH CO-
Gofi Gesblfi WyM C HYJEeBbIM MaTeMaTHUECKUM OujlanueMm m; = 0 H
KoppenguuoHHo# yHkuuedh

Ri (v) = (No/2)8 ().

Hapitu mucnepcuio Dy (f) Hanpsoxendss m (f) HA KoHIeHcaTope
(puc. 10.14).
N,
) : Dy(f) = =2t
meem : Dy(f) = -
- 10.16, Peumnts 3azauy 10.15 ay1a cinyuas, Korma KoppessiiMOHHast
dyukuus Toka i (f) umeeT BUR Ry(t) = D;e—8m |

. __ 2Dy ___l_ —a—
Omaem[441: Dy ()= =2 [t - (1—e at)].
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c'(t) Puc. 10.14, BosgeftctBue cayuafiHOTO TOKa Ha
i

€MKOCTb
[ _ -

10.17. Ha Bxon auddepenunpyiomes uenouku (puc. 10.15) Bos-
JeHCTBYeT caydaitnoe HanpsikeHue & (£), npexcrasasiomee co6oi orpa-

HUYEHHBIH [0 YacToTe GeJblil mIyM, CeKTPaabHas MJIOTHOCTH KOTOPOro -

SE((D):{NO" 0<(,0<(D1,
0, 0<0, 0>w;.
Haiitn aucneputo Dy, Hanpsikenns 1 (f) Ha-BbIXOJle UETIOYKH.

Omeem: Dy= —IZL—" (ml— ?l(—;—- arctg o, RC) .

10.18. Ha Bxox cxemsl RC (puc. 10.16) Bo3neiicTByeT orpanuueHHoe
no ToJioce cydaiiHoe Hanpsixenue § (f) co CNEKTPaNbHOH MIOTHOCTHIO
No, 0p—A0/2 < 0 L o, +Av/2,

0 nas Bcex IpYyTrHX ©.

se)={

HaijiTu cnekTpajbHYIO0 MJIOTHOCTH Sy (©) HanpsxkeHus 1 (f) HA BbI-
xoze.

Omesem : .

Sp(@) =N R? 4 (0R{R,C)? e Aw Ao )

" ® (Ry+Ro)? +(0R,RoC)? 2 2

10.19. Ha Bxoj TpoONOPHMOHANBHO-HHTErpHpYIOMWEro QuUAbTPa
(puc. 10.5) mocTynaer CrauuOHdpHOe CayvYajiHoe Hanpsikenus E (1)
C MATEMATHYECKHM OXHIAHHEM mz M KOPPENSANHMOHHOH (QYHKUMEH

RE (17) = DEe— @ T

OnpenesuTh MaTeMaTHUECKOE OXHIAHHE My, CIEKTPAJBHYIO TIOT-
HOCTb Sy (@) 1 aucnepcuio Dy Hanpsikenus 7 () Ha BeIXOfE QUIBTPA.

" Omeem : . o
_ 20 14 (aTy)? | — +Tia
mn = mgy S‘n ((0) - DE a? +mz 1 —l—((DT)z ! D D T (l _l_(zT) )
il . \ . -
] ‘—,&’ )
6' - .
& £l &) ——Ilc— AR

Puc. 10.15. duddepennnpyiomas Puc. lO.i6. Cxema RC

nenouka RC
300 -

10.20. Hanps:xenne Ha Bxome ¢uabTpa, u306paKEHHOTO HA
puc. 10.1, npeacraBaser co6ol CnydafHBIi CTaUMOHADHBIA IIpoO-
uecc. OnpesennTs OTHOHICHHE AucnepcHM Dy BEIXOJHOTO HalpPsKEHHS
n (f) x aucnepcun Dy BXojHOTO HanpsikeHUs & (f), ecm cnekTpasibHas
IJIOTHOCTh BXOJHOro mpopecca pasHa: 1) Sp (0) = Sye—Bo’;

2) Sz (0) = See—Blel. 3necy S>> 0, B> 0 — nocTosiHHBIE n€TEp-
MHHHDOBaHHBIE BEJHYHHHI.
Omeem:

e

rIe

1 1 ho——
o= —, Dd(2)= j e 2 dx;
RC @) Vox p

D af af
2) D_" =af [sin af 5 22X dx—cos ap 5 nr dx] N
§ e Lo

X x

10.21. Hanpsixenue & (£) Ha Bxoge RC-QunbpTpa, H306paKEHHOTO
Ha puc. 10.16, mpencrasiser coboil CnydYaliHBIH CTanMOHApHBIA INpo-
LECC C HYJIeBHIM MATEeMaTHYECKMM OMMAaHueM mg = 0 M Koppesasiuu-
OHHOH pYHKnueH *

Re (1) = Dge—Plvi.

OnpenenuTs KOPPeNSAUHOHHYI0 (QYHKUMIO Ry (¢), mucnepcuio Dy
M CIEKTPalbHYIO0 IUJIOTHOCTE Sy (®) BHIXOZHOrO HanpsixkeHus m (f).
Kak cnrenyer Bri6path napametpsl R u C, 4TOObl OTHOLIEHHE JUCTIEPCHH
BHIXOZHOTO Tiponecca M (f) K AuCnepCHH BXoaHoro mpouecca § (¢) G0
MeHbHIe 3ajiaHHoro ymcaa 6?

Omsem:
aD
8 oo, s
Rn(r)z 1 .
5 Dee ®Ti(14Bld),  a=B;
. a . — 2% B0y -
_ Dy = a+ﬂD§: Sn(0)= (a2 4+-0%) (P2 t-0?) ' *= RC’

Ina Toro, 4To6Bl OTHOMIEHHE AMCHEPCHi Obl10 MeHbLIE 8, AOJMKHO
BHIIONHATECs:  HepaBeHCTBO RC < 6/f(1 — 6).

©10.22. Ha Bxox aByX napajnenbHeix nenodek RC (puc. 10.17)
JeficTByeT cayyaiiHOe Hanpsaxerue § (f), npeacTasasmomee coGol
CTAMOHAPHEIf O€Jblli IIYM C HYJEBHIM MaTeMaTHUECKHM OKHIAHHEM
H KoppensiuvoHHO# ¢yHKuuei (10.20). ‘
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#r it 7 }
(7] % ==0
¢ 7 L, f e il & || 7@
: T
l 5 .

Pue. 10.17. Ose napannenbHble uenodk#  Puc. 10.18. BosgeiicTBue cayuaitHo-
RC ro Toka Ha HHTerpanbHo-AHdepei-
LHPYIOWLYIO cXeMy

Haiitn B3aumHyl0 KOppeasiuMoHHYI0 OYHKUMIO 1Jsi BHIXOAHBIX Ha-
npskeHuit v (£) u p (%).
Omsem:

. N "
R t ,t m [ "‘all‘:_tll_.e—(ll ti—0y by
nu( 1 2) 2( -t ) 1

al e I/RICI, az - 1/R2C2.

10.23. Ha cxemy, usobpaxennyio Ha puc. 10.18, neficteyer dayk-

TYauMOHHBIH TOK i ({) B BHJE IlyMa C HyJIeBBIM MaTeMaTUYeCKHM OXH-
JanueM m; = O ¥ KOppeasuHOHHON PYHKIHEN

Ri(t) = (Ny/2) 8 (x). ~

Hajitu koppensuHoHHYI0 OYHKIHMIO Ry (T) H.CHEKTpajbHYIO IJIOT-
HOCTb Sy (®) BBHIXOJHOTO HanpsKeHHs M () B CTaHOHAPHOM DEXHME.
- Omgem:

Ry(v)=p2— No e~eltl, Sy (0) =4 No —Il—mz’ ‘

rae
ﬁ = I/RICI’ o .= (Cl ‘I‘ C‘z)/R]_C‘;lC‘z~

10.24. K cxeme, usobpaxennoit na puc. 10.19, npuioxeno ciay-
yafiHoe HanpsixeHue § (£) B Bule 6esloro mIyMa C HYJIeBBHIM MaTeMaTH-
YecKMM oOXHfaHHeM mg = 0 u KoppessuuoHHO# ¢ynkmuen (10.20).

OnpenenuTb KOPPENSILHOHHYI0O QYHKIHIO Ry (T) H CNEKTPaJbHYIO
MJIOTHOCTh Sy, (®) BBHIXOAHOTO HamnpsukeHHs 1 (f) B CTAIHOHAPHOM CO-
CTOSIHHH.

Omsem: - » ]
—_ _f“__ ! . _(Z— -
Ry(v) =£“-Iv—°[(a+7v)e : —(@—MA)e 2 ’ ];
‘ akh 8
N 2 @3 .
S'ﬂ(ﬁ) = — " zp ’
: 2 ot —2y) ey
rpe ’
=L R L
o= T ( +ﬁ+ ) Rz ’ 1’ TIT"
1

ll, = T N I—RICI’ T:—R.C‘, A,:sa'-—4“’_

1
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Puc. 10.19. BosgeiicTBHe cayuaiiHoro Prc. 10.20. Huterpupyromas
HanpsXeHHs Ha HUTerpajbHo-AHbde- cxeMa :
PeHUHPYIOILYIO CXeMy

10.25. Ha cxemy, npexncraBiennyro Ha puc. 10.20, neiictByer
daykTyaunoHHoe HampsixeHue £ (f) B Bume Gesioro miyMa C HYJIEBHIM
MaTEMaTHYeCKHM oxujaHueM mg = 0 H KODPeJNSUHOHHOH GYHKIH-
eit (10.20).

Haiitu xoppessiuvoHHyIO (byHKumo R, (t) m cnekT¥panbHylo IVIOT-

"HOCTb Sy, (@) BHIXOIHOTO HaNPSKEHHUs 1) (£) B CTAMOHAPHOM COCTOSTHUH.

Omgem:

No N 1
Rn(7)= e — eIt Sn(@) pE— 2°m,

rae

=L 7= =L =R
b= T’ T R1C1 a T (ﬁ‘l‘l)’ﬁ R

10.26. Haiitu nucnepcuio D; BXogHOTO ToKa I (f) B JIUHEHHON LeNH,
usobpaxento#t Ha puc. 10.21, .mpu ycnosun, uto HanpsikeHue 7 (f)
Ha BBIXOJle SIBJISIeTCst C/yYafiHbIM IPOLECCOM, CNEKTpajbHas MNOTHOCTD
KOTODOI'O HMEET BHJ

Sq(0)= Noe mpu 0o <o,
0 npu e <0,~&)>®1-
Omgem: D;= P Z: (6 + ] R2 C?).

10.27. Ha Bxon uenouku RC (puc. 10.22) Boszeiietsyet cTauuonap-

HOe cnyqam{oe Hanpsikenue & (f) Co CIEKTPasbHOM MJOTHOCTHIO

St (0) = dal(da® + o).

OnpenenuTsh CleKTPajbHbE MJIOTHOCTH Sy(e) u Su (®) BBIXOZHEIX
HanpsikeHud 1 (f) u p () M HX B3AHMHYIO CIIEKTPAJbHYIO MJIOTHOCTD

S (©).
o
i) .
-Lc gﬁ 76)

Puc. 10.21. BosgeficTeHe cayaafinoro ° ‘ T
TOKa Ha mapaienpHylo nemouky RC v
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CK‘ —0 Prc. 10.22. BoageiicTBHe chyya®HOrO
‘K nanpsKeuns Ha cxemy RC
f]” 7@
,______(E PHCR£0.23. [TocnenopartenbHad Lenoy-
20, ka
Lo fe
A(@)
S
Omeem [35]:
Sy (@) = B0 S, (0)= — e
(4?4 0?) (4p2+-©?) (402 +?)j(4p* +0?)
_ _ 4B (B+jo) 1
Su @)= G o apron’ P RS

10.28. Ha nocaepopatenpnyto uenouky RL (puc. 10.23) neiictyer
QAYKTYauUMOHHHH TOK i (f), MMEIONMA DPaBHOMEDHYIO CIIEKTPaJIbHYIO
n10THOCTh Si(@) = No/2 B 06M1aCTH HaCTOT — @) << © << @y,

Haitu nucnepcuio Dy HampsiukeHus v (f) Ha uHAyKTMBHOCTH L.

(0 L) Now,

Omgem: Dy = 3 s
1

16.29. Ha nocnemoBatensHyo uenouky RL (puc. 10.24) nefict-
BYyeT GAYKTyauHOHHBIH TOK i (f) ¢ KoppensunoHHOH (yHKuuei .

_ Ri ('IT) = Die—a’t’.

Hajitu mucniepcuio Dy, HanpsikeHus 1 (f) Ha MHAYKTHBHOCTH L.

Omsem: Dy = 20*LD;.

10.30. Hanpsxenme E(f) Ha BXoje OM/IbTpa, W300paKEHHOro
Ha puc. 10.8, npexcTaBaseT coboit CJAydYadHblH CTAalUMOHAPHHIA IIpo-
HECC C MATeMaTHUYECKHM OXHIAHHEM Mg M KOppeNsuHOHHOH QyHKumed

' R (t) = Dge—*I%1L

®uAbTp BKJIOYAIOT B MOMEHT BpemenHu { = 0.
OripeiennTh MaTeMaTHYECKOe OXHIaHMe iy (f) u mucrepcHio Dy (1)
BBIXOJIHOTO HanpsiKeHus 1) (f) ¥ HafTH MX 3HaueHHWe NpH [ — oo,

pﬁ% 10.24. TlocaexoBaTenbHaa Lellb Puc. 10.25. Cxema RL
R .
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Oneem:

P

R, oL-+R _R,

D | —e L [SLE+R 70 __
5@L+R[ € (ocL——R €

D. () = ‘ . 2R —at =e_R_

a0 aze) | et

R

1 R\ —* ! R

D —{1—(1 2—) L =R,

2 | el P A=

M () leso = Mg; D (t) oo = ———Dg. -

alL-}-R

10.31. Hanpsskenne E (f) ua Bxoge ¢uabtpa (puc. 10.24) npen-
craBjsieT Co6ol Genplil IyM, CeKTpalbHas MJIOTHOCTh KOTOPOTO pPaBHA
Sg(®) = Ny, 0<C 0 < 0. i '

Onpenenuth KoppenduuonHylo GyHKuMi0 Ry (T) HanpsKeHus
M (f) na Buixome. Kak cienyer BoifpaTh mapamerpnl Gu/bTPa, YTOOH
Aucnepgxgl Dy, BHIXOZHOTO HaNPsIXKEHUS He NpeBHlNaa 3aJaHHOTO 3HAa-
yeHusa D:

Omesem:
Ny 0% .
—Za—“ e—% T l(COS W T+ %l-smml |v ])
npu @, > a (1. e. nipu R <2V'L/C),
_ﬁf_mie—alxl (14 a7
Ry (v)= —
npH oy =0 (T. e. ipu R=2)"L/C),
M08 o—aiti(ch) B—wht+ —2—sh} & —wb|v
4a (12—-&)% ’
npu we<a(T.e. nipy R>2V'L ).
3necn

w, = /V'LC, o = R/2L, 0=V 0} —at> 0.

Ilng toro, utobu gucnepcus Dy BHIXOLHOTO HaNPSIKEHUs He NPeBHIIIa-
Ja 3ajaHHOrO 3HayeHust D, 1ONXKHO BHINONHSITHCH HEPABEHCTBO
RC = N/2D. ‘

10.32. Ha Bxon uenw, usobpaxennoii Ha puc. 10.25, BosgeiicTByer
ci1yvaiiHoe Hanpsixenue § (f), mpencrasasiomiee coGoit Gesblii mym
CO CHEKTpaJbHOH MJIOTHOCTBIO Sg(0) = N, 0 < 0 << 0o,
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Hafitu cnekTpanbHyo NJIOTHOCTb, KOPPEISANMOHHYIO (YHKUHMIO H
cpefinee KBajpaTHUYECKOE 3HaYEHHE Oy = VDn BBIXOJIHOTO HaTpsizKe-
Hus 1 (£)- :

Omeem:

a=RJ/({Ry,+ Ry, T= L/(Rl + Ry).

10.33. Hanpsxenne & (f) Ha BXome ©OuIIBTpa, - M306pajKEHHOTO

ma puc. 10.26, npencraBasieT coGoil Genwlil myMm, CHeKTpalbHAs MJOT- .

HOCTb KoToporo Sg(0) = Ny, 0 << o < oo, .

OnpeneuTs KOPPEISIHOHHYIO QYHKUMIO Ry (T) HanpsxeHus n (f)
Ha Beixofie $uabTpa. Kak caenyer BuGpaTh napameTpel GuabTpa, YTOOH
aucnepcus Dy HanpsiKeHUs Ha BBIXOJ€E He NpeBhllala 3aJaHHOTO 3Ha-
venus D?

Omeem:
Noﬁé-—ﬁm(cosmu _ mlsin(oﬂtl) npﬁ 0P,
: Nope-Sisi(—ple) - npi @, =B,
Rald= Noﬁe—ﬂ'“(chvmr——i—sh VBZ_:?o—%M)
, p*—oj
npu @, <<P.
3pechb

Haa Toro, uTobel aucnepcusi D, BEIXOZHOTO HanpsiKeHHs He INPEBhl-
ana 3ajJaHHOTO 3HayeHHs D, JOMKHO BHIIOJHATECS HEPABEHCTBO
RC = N/2D. - , :

10.34. Ha BriCOKOROOPOTHHIA KoJle6aTeNbHBl KOHTYD, COCTaB/leH-
HBI K3 NapajiesbHO COeNMHEHHBIX KOHIEHCaTopa eMKoCTbio C, pe3uc-
TOpa CONPOTHBIEHHEM R M KaTYWIKH ¢ HHAYKTHBHoCThIO L (puc. 10.27),

a1 ] . ) O3y a
7 _L - z'(t)l @ \,
§@) c AN (] c R LY p®)

1 —1

Puc, 10.27. KoneGaTeabHufi KOHTYP
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Puc. 10.26. ®uaptp RLC

5 oO—> ’
Puc. 10.28. KonebaTenbHEH KOH- 20 l v

TYp
c 70
T p
O ¢ &

BO3JIEHCTBYET CyUYaiiHEIl TOK I (f), NpeAcTaBAsIomMi CoG0H Genbifi myMm
C HYJNIEBEIM MaTeMaTHYECKHM OXHUJaHHeM m; = 0 u creKTpa/bHOMH I1oT-
HOcTEIOl S;(@) = Ny, 0 < o << 00,

Onpenenuts KoppensiuuoHHble GYHKIME Ry (T), Ry (T) ¥ clieKTpasb-
HbIe TNIOTHOCTH Sy (®), Sy (@) ToKa v (f) B MHAYKTHBHOM BETBH U Hanps-
)eHud n () Ha KoHTYpe. '

Omeem [44]:
RV(T)=NOﬁd2e—ﬁl1;l. (COS(OI'I,' + :E—sin(olltl\),
. 1
R;,(T)=N06R3e—5"'(cos'ml1: —misincolltl),
1
Sy()= MRt
Y L+ 4P ot (@—od)t
‘ — 3 4P ot )
SO =No R ot
3nech '
=1 o=l 4= = Vo —B>(
) ﬁ 2RC y @ VII" d G)OL y O3 V&)o ﬁ > 0-

10.35. TIpuMeHHTeNbHO K YycOBHUsiM 3afaud 10.34 onpegesutsb
B3aUMHYIO KOPPEJNSALMOHHYIO QYHKUHMIO Riy (T) Anst BXOmHoro i (f) u
BBIXOJHOTO Vv (f) . TOKOB M B3aHMHYIO KOPPEISLHOHHYIO (DYHKIHMIO
Ry (T) A5 BXOJHOTO TOKA M BBIXOXHOTO Hanpskenus 1 (f).

Omeem [44]:

-

2
Me-—“'sinml T, 1>0,
Rw(t)=1 o
0, <0,

2N, pRe—B7 (cosml*c — £— sin (.011,') , >0,

1

0, " <0,

Riy (7) =

10.36. Ha BrICOKONOGPOTHBIAI KOsMEGATENbHBIAI KOHTYDP, COCTABJEH-
HHH M3 NapajiiesibHO COeJMHEHHBIX KOHJIEHCAaTopa eMKOCThio C U Ka-
TYWKH C MHAYKTHBHOCTBIO L u conporupnenneM R (puc. 10.28), Boa-
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HEHCTBYET cayuaisplit TOK i (f), npencTaBasOmHi coGol Gesblfi mym
CO CHEKTPaJbHOH MAOTHOCTHIO Si(w) = Ny, 0<C o << oo.

Hajlitn koppensinuonnsie GyHKumu Ry (t), Ry (T) ¥ cHeKTpasbHEE
naoTHocTH Sy (), Sy (o) TOKa v (f) B MHLYKTMBHOH BETBM KOHTYpa H
BRIXONHOTO HanpsikeHus 1 (f).

Omeem:

Rv(r)zNoane—“”‘(cosa)l‘t + isinhmtllrl),
®y

Ry ()= N, aQ? p? e—“lfl<cos o7 T — f—sin coll'c]),

1

S, (0) = lllo 42 ,
R2C? 402 0® - (0®—03)?
Sn (0)) — N,L2 402 ©?

R:C? 4o 0?4 (02 —03)? ‘
3necn '
@ = RI2L, 0, = 1/V'IC, Q= 0,L/R = p/R, 0, =V 0f —a?>0.

10.37. CrapuonapHmuii caydaiiHelii npomecc & (f) cO CREKTpasbHOR
IJIOTHOCTBIO St () BO3AEHCTYeT Ha JHHEHHBIN GUALTD ¢ KOMIJIEKCHOH
9aCTOTHOM XapaKTepPHCTHKOH

# (jo) = (1 — e=IoT)n,
OnpenenuTs CNEKTPaNbHYIO MJIOTHOCTh- Sy (®) BHIXOAHOrO MpOIEC-

ca n(f)." :
Omegem: Sy(0)=Sg(0) (2 sin mTT)zn .

10.38. Ha koJsieGaTenbHblI KOHTYP C KOMIUIEKCHOH YacTOTHOH Xa-
PaKTePHCTUKOM
200

o
F o) =% T e

BO3eficTBYeT ClydYalHblii npouece x (f) = s (f) + n (f), tne
s)=0EH—10¢—-DIE®

npeicTaBiaseT cob0H MONE3HbI CHMrHaJ B BHIE OTpe3Ka (MMNynbca)
IJIUTEJIBHOCTBIO 7' CTAaMOHaPHOrO KBa3HTapMOHHYECKOTO HIyMa

E(t) = A (t) cos [wot + @ (£)]

C HYJEBBIM MAaTEMaTHYECKHM OXMJaHMeM mg = O H KOpPe/siHOHHOM
dyHkpei '
R (v) = Dge—8!1%! cos w,1;

n () — craupoHapHbI 6€JIBIH HIyM € KOPPEeNSUHMOHHON YHKIHEH
Ra(1) = (No/2) § ().
308

Puc” 10.29. Ortuo-
[IeHHEe CHTHaJ/IIyM
Ha BbIXOJe Kojeba-
TeJABHOTO KOHTypa
npu  skcnoweHun- §8

<3
J

RS,
aNbHOU  KOpPpesd- ] \%
QHOHHOH  (GYHKUHH \\ a
ot gl e T ]
r THYECKH
aykryanui %Q\w/
| — 29
Gy e~ ‘E\*
20
a2
55
g 45 7 75 Z  a=al |

Onpenenurs KOppensiMOHHYIo GyHKIHIO Ry(f, T) nponecca n (f) =
= n4(f) + M, (f) Ha BBIXOZE KOHTYPA H OTHOLIEHHE CUIHA//IUYM B KOHIE
HMITYJIBCA :

P (T) = Du(T) /Dy,

rae Dy (t) — nucnepcus COCTaBJAONIEH Ms({) BBIXORHOrO C1y4aliHOTO
npouecca 1 (), ofycnoBnennas BosneficTBuem KoneGanus s (t); Dy —
JUCTepCHs BEIXOAHOTO miyMa ().
Omeem [65]:
Ry (¢, ©) =Rn (¢, V) + Ry, (),

Dy K2
RWIs t 9= ::’fiﬂ—zi[(ae‘fﬁ It —Be—alvn) 4
+(@+p) et —a (e~ te~brye—(a+B lcos w7, £2>0,

2
Rnn(t)——-_“—lv"zﬂ e—xlitlcos wy T,

Al

— ) —2e—a (1411 1 (g —2a
_gg =) —2e=2UHEI 4 (1 4y e
PN =24 a(i—pm)

. g=D:T/Ny,, a=0oT, w=p/a.
I"pacbuK' oyuruun p(T)/g = f (a, n,) nan Ha pué. 10.29.
10.39. Pemuts 3agauy 10.38 npu ycaoBuu, 4TO
RE (T) = D;e—V"’cosmoT.
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it Puc. 10.30. Orio-
4 ) IIeHHe CHIHaJ/uryMm
HA' BbIXOJE KOHTY-
78 pa OnpH rayccoBo#
! P KOppesLHOHHOR
2~ OYHKUMH BXOLHBIX
\ " D KBa3HUTapMoHHYe-
a8 ,/_\\ N A’Z CKHX  QuyKTyalHii
$4 ”‘J
\\\ 49
gu—fmS I . -
RN
’ 22
42 27~~~ .
35 :
’ 45 7 35 2 gear
Omeem [65]:
D 2 -
Rt =22 7 e { ® (_oizu) _
2 ' V2
—® (_a:?m'_) _|_[q> (i—_?Y_’_’) Lo (a—27’t——2y T
\ Yv2 yv2 YV—

) oo s

_Q)(M):’ezalﬂ }e—“l”coscoor, t>0,

V2 ‘
oo o) ol L),

+[“’( ’“2"”’) *(i2) )
na V2 V2 © '
g=DyT/Nyg, a=oaT, p,= Y. -

Ipaduku ¢pyukunu p (T)/g npusenenst a puc. 10.30.
10.40. Pewuts 3agauy 10.38 npu YC/IOBUH, 4TO

Ry (9 =Dp 2 ¢

COS g T.

310

Omsem 651
aD &3 (B
et Sid B gsindx .
Rn (¢, ©) = > | S' e — dx

X
—t

t
l:j‘ msm{ix dx _I_S' axsméxd Je_zat_l_
ox
0
~1T

+e2“lﬂj e“"sugax dx}e—“ltlcosmor, t>=0,
. X

—t—x

a a
o (T)=-2L j'e—"———-smp‘sx dx—e—2ﬂje” ST LA dx],
a 9 M3 X 9 M3 X

g = DT/INy, a=oaT, ps=3dla.

- Tpapuxk oyuxkuuu p (T)/g = [ (a, ws) npusenen na puc. 10.31.

10.41. Ha Bxon JMHEHHOr0 HEHIYMSIIETO YeThIPEXNOJMIOCHHKA
C KOMIIJIEKCHOH YaCTOTHOH XapaKTepHCTHKOH X (jo), MOAYJb KOTODOM
ONpeaeNseTcss COOTHOMEHHEM

l.%‘(jm)l:{l npH 0y —Aw; <o <o +Aov, .
0 npu Apyrux o,

_BO3IEHCTBYeT COOCTBeHHBI miyM § (£) mapaJjiesibHOTO KOJebaTeslbHOro

KOHTYpPa C Pe30HaHCHOH 4acToToll ®, (puc. 10.32).
Breruncnuts gucnepcuio D, Hanpsixkenus m (£) Ha BbIXOJe 4eThIPeX-
NOJMIOCHUKA B 3aBUCHMOCTH OT €ro MNOJIOoCH nponyckanust Aew = Aw, +

-+ Aw,.

P
7

Puc. 10.31. OtHo- 44
[leHHe CHrHaJ/IIyM
Ha BBIXOAe KoJeba-
TENIBHOTO  KOHTYPA 5y
npu  NpAMOYrodb- 7
HOf  CreKTpajbHOR
IJIOTHOCTH  BXOR«
HHX  KBasHrapmo- 2 -
HEMecKEX $AYRTYa 47 7 1 2 gear




Puc 10.32. Jlune#nni#t ueTHpexmosiod-
P HHK :

¢ e lrgay |  p
# T |

Omgem: Jlns ciyuass anepMOIMYecKMX KoleGaHHi B KOHTYype
(0 —a*<< 0, 0§ = 1/LC, @ = R/2L, pobpotHoctb KonTypa Q =
= 0oL/R < 1/2): .

o o VZ@ [ 1 c

D, =4kTR PR V=i [_A (arctg -~
D 1 Cc D

—arctg 7)——-? (arctg—B — arctg F)] ,

A=) 1—-2—VT1—40",
8=y T3¢ /=1,
C=(1+6y) QVZ D= (1-—6) QVQ, 6; = Awy/o,,
§; = Awy/o,.

Ins cnyuas nepuofuyecKux KosneGaHuil B KOHTYpe (0§ — o> 0,
npu stom Q> 1/2):

D= kTRmoQ{ 1__ %
n 2 V42 1
9 [m 20 (1-+8,+2 (14+8,) 14Q7 1420
2Q (1 +8,*—2(1+8,) V4@ —1+-2Q
_n2R0 =82 +2(1—8) VAP 1420 }
2Q (1 —8)*—2(1—8;) Vi@ —1+4-2Q

QUUABR 11 4, QU8 1) L

-+ arctg

18, 1—§;
[lpu Q >> 1 nocnennee Bopak€HHE MPUBOAMTCA K BHAY
kTR0, Q [ 1 8, b Q5,5
Dy=—"*—In—— +arctg =—2— —
K n [ 2Q 8;a T g 118,

—Qbya
1—&,;

Ecay monoca mponycKaHHsi YETHIPEXNOMIOCHMKA CHMMETPHYHA OT-

HOCHTENBHO ®, (T. €. ect Aw; = Awy, = Aw/2), To npu Q 3> 1 umeem

— arctg ] a=2—8, b=218,

D 3
D”I=_§ Lln%{-arctgw _—

7 2(2+49)
— = (4—9) 5= o
arctg > G—) ] , -
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Puc. 10.33. Moay/b KOMOJEKCHOH 4acTOTHOH xa- W{(j&)}l
PaKTepHCTHKH (QHAbTpa HHXHHX 4acTOT

g ' Wy ®
Ecan x Tomy xe 8 = Aw/o, € 1, T0

Dy=D¢ % arctg Q8.

3neck Dy = kT/C — gucnepcusi COGCTBEHHBIX IIYMOB KOHTYpa (CM.
npumep 10.8).

10.42. CranuonapHblil c1ydaiisblii nponece & (f) ¢ KoppeasiHOHHOM
dysknpei

R (v) = Dy~ !+

BO3JCHCTBYET Ha (GUABTP HMKHHMX YaCTOT, aMIUIUTYLHO-YaCTOTHAs Xa-
paKTepUCTHKa KOToporo npuBeieHa Ha puc. 10.33.

Hajitu nucnepcuio Dy, BBIXOAHOTO hampsikenus 1 (f).

Omeem: Dy = DE,% arctg %’ )

10.43. JIuneiinas cucreMa HMEET aMILIMTYLHO-YAaCTOTHYIO Xapak-
TEPUCTHKY, PABHYIO NOCTOSIHHOK ' B MHTEpBaNe (0, — A®, ©, + Aw)
¥ HyJI0 BHE 3T0r0 MuTeppana. Ha Bxon cucremer nomaercs 6enbiii mym
§ (f) co crmekTpasbHO MAOTHOCTBIO Sg(m) = N,, 0 << @ < co.

Haiitn koppensuuonnyio GyHKiuio Ry, (¥) npounecca 1 (£) Ha Bbixoze.
Kak cnenyer BriGpath Aw, YTOOHI zucrniepcusi Dy, BEIXOZHOTO mpopecca
HE NpeBbllana 3aJaHHoro 3Hayenust D?

Omeem:

Ry (1) = % HE N, Ao &AA(D"‘;L cos e ¥, Aw< Dr/d%3 N,.

10.44. Onpenenutb 3QHEKTUBHYIO IIYMOBYIO noﬁocy NPONYyCKaHU4
HHTErpupytomel penouku RC (puc. 10.1).
Omsem: Af, = 1/2RC.

10.45. ®unptp cocrour u3 i[Byx MOC/IEIOBATENBHO COENUHEHHEBIX

OAHOHAaNPaBJ/JE€HHBIX JIMHEHHBIX CHCTEM, YaCTOTHbIE XapPaKTEPUCTHKH KO-

TOPHIX COOTBETCTBEHHO paBHbl 1/(1 + joT;) u /(1 + joT,), rae T,
u Ty, — NONOXUTENBHBIE YHCA.

Haiitu koppensunonnyio GysKnuio Ry(t) M aucnepcHio Dy, npoyec-
ca 1 (f) ra BoIXoze GUABTPA, €CIH CHEKTPANbHAs IUIOTHOCTH MPOLEC-
ca §(¢) Ha Bxone uabTpa

Se(w) = So/(@® + o?).
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Omeem:
R, () — S, BB !

n (%) =5 = [a(ﬂ%~a2) (B2 —a2)
e—Bilwl L 1_ —BarTr]
"B @B BI—FD) }

[312 I/Tp ﬁz= 1/Tz»

_ i Bz 0‘+Bl+ﬂz
Dn——So .
20 (a-+By) (@ +B2) (B1-+B2)

e—%ltl |-

1

[ :
+51(63—B%)(0°2— )

10.46. Boipasuts Koppensimyonsyo ¢yHkmiio Ry (T) npomecca
M ({) Ha BbIXOEe CYMMHDYIONIETO YCTPOHACTBA C JHMHHMEH 3afepHKH
~ (puc. 10.34) yepes xoppensiwyoHHylo GyHKuuIO Ry (t) CrapmioHapHoro

caydafinoro npopecca & () Ha Bxoge. ) '

Omseem: Ry (t) = 2Rg(v) + Re(x— T) + Re(x + T).

10.47. Ha Bxop nuauu sajnepxku, nmeromeit N OTBOJOB uepes Bpe-
MeHHple MHTepBadnl O (puc. 10.35), Bo3meficTByeT CramHOHAPHHIA CaY-
YaiHBIA nipouecc § () C HyJeBEIM MaTeMaTHYeCKHM OXupaHueM mg = 0
¥ KoppeasinMoHHol dyHkuyein Ry (t).

Onpenenutb KoppeasiunoHHYI0 QYHKIMIO R, (T) M CHEKTPalbHYIO
IUIOTHOCTh Sy, Sco) nponecca 7 (¢) Ha BbIXofie CyMMaTopa.

Omeem [66]: _

N—1

> W—i)Rg (v +i0) +

i=]

N2
N—1
+— 3 (V=) R (- —i8),
i=1
sin N 223
1 2
vl o
. 2 -
Ipapuk dynkuun S, (0)/Sg(w) = f (o) npusegen ma puc. 10.36.
10.48. Ha nunejinoe ycTpoficTBO, CoCTOsmIee M3 NMHMH 3afePKKH
. Ha BpeMsl f,; = T ¥ BulYMTawouero ycrpoiictea (puc. 10.37), Bos-

Sn (@) =St (0)

EE-w-18)
@) . z 20t) Ew . (
w-7)8
i e . |
4 . 200
Puc. 1034, C i | Ly
uc. 10.34, CymMupymomee ycTpoiicTBo -
¢ nuHHel 3amepKKHU cE-4)
§)
Puc. 10.35, Cymmupyoniee ycTpORCTBO

¢ MHOTOOTBOAMOH JHHHEH 3alepKKu
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Puc. 10.36. CnekrpanbHas Sy @)
NJOTHOCTH Hpollecca Ha BH- W

AN
LA

G4 \ \V
a2

=70 \&

V.~

>

O4n 94
2

| ]

7. gm oir 43x

NeHCTBYeT CAyYaiHpli nporecc § (f) ¢ MaTeMaTHYECKHM OXHJaHHeEM
mg (t) n KoBapuaunoHHoil dyHkuven Kg (fy, f,).

Onpenenuth MaTeMaTHYeCKoe OXMMAAHHE My (f), KOBaDHALMOHHYIO
dyukumo Ky, (¢, t;) BbIXxogHoro npouecca

n@=8¢+T)—E()

M B3aMMHYIO KoBapuamuoHHylo GyHKuMo Kpq (£, £) = M {& () X
X M (%,)} npomeccoB Ha BXOJe M BBHIXOZe.
Omsem:

ma(t) = mg (L + T) — mg(t);  Kn(t, t;) = Kg(t-+ T, to + T) —
- KE (4, &, +T)— K{‘; (¢ + T, t) + KE (4, 12),
K&n(tb ty) = K&(tls th+T)— K&(th ty)-

10.49. Pemnts 3ajauy 10.48 mpu ycnoBun, 4te@ BXOZHOH INpouecc
E (f) sBAsieTC CTaMOHADHBIM C MaTEeMATHYECKUM OXKHJAAHUEM mg W
KoBapHanyoHHo# ¢yHkuuer K (r).

Bolyucanth CHeKTpanbHYIO NJIOTHOCTH Si(®) BHIXOAHOLO CTAIMO-
HapHOTO clydyaiHoro mnpopecca n (¢) = & (¢ + T) — & (¢) u B3auMHYyI0
CNIEKTPANbHYIO NJIOTHOCTh Spy (@) CTAanMOHAPHO CBA3aHHBIX CJydYail-
HBIX mpoueccoB & (f) u m ().

& X 7@

Puc. 10.37. Buunraouwee ycrpoiict- 7
BO C JIMHHEH 3aJepXKKH - :
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Omsem [14]:
- my () =0, Ky()=2K;(t)—Ke(t+T)—Ke (t—T),
Ken () =Ke (v +T)—Kg (1),

Sy (@) = 5 K,,(T.)e-fmdr=4sm2-‘°21$§ ©),

Stn@= | Kin() e=1o%dr = (@71 S; (o),

rie

Sy@= | Ky@etordr.

— 00

10.50. Ha Bxox anﬁpa CcXeMa KOTOPOro NpeACTaBjieéHa Ha
puc. 10.38, noctynaer cayuajinbiii npouecc § (f) ¢ KOppe/suMOHHOH
dyHKIHEeH

RE(C) = Dge—“f’.

Ha®tn gucnepcuio Dn npouecca m (f) Ha Beixoge GUABTPA.

Omeem: Dy = 2Dg (1 — e—oT*).

10.51, Hamn CIeKTPAJIBHYIO IIOTHOCTE Sy (©) npouecca 1 ()
Ha BbIXofle duAbTpa (puc. 10.38), ecan criekTpasbHas MJOTHOCTH NPO-
mecca & (f) Ha ero Bxone )

S¢ (0) = Ae—** o* +B§(m_ 22n ) ,

rie 8 (x) — nenbra-dynkuusi; T — BpeMsi 3aJePKKH B JHHHH.
Omeem: Sy, (0) =4Ae—** 9*sin? (m—;) .

10.52. Hafitu xoppensiunoHHyio ¢yHKumo Ry(t) npouecca m (f)
Ha BeIxomie GMJIbTPA, CXeMa KOTOPOro npeacrtaBjeHa Ha puc. 10.38,
BBIPa3UB €e uepe3 KoppensuHoHHYIo ¢yHRIMo R (T) CTauHOHapHOI‘O
caywafiHoro npouecca & (f) Ha Bxoje. .

Omeem:

Ry(v) = Rg(v) —4Rg (v — T) — 4Rg (v + T) + Ry (v — 2T) +
+ Ry (v -+ 27).

10.53. Ha Bxon papvoTexHHuecKoro YCTPOHCTBa, COCTOSIIETO
H3 MOC]EN0BaTeNbHO COENMHEHHBIX aydepeHunpPYIOnHX yCTPOHACTB H

¢ _ 700

T L] |

Puc. 10.38. Cxema dunnTpa
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Puc. 10.39. Tocneposarennhoe coemn- £(f) 7 7
dende JHddepeHUHPYIOIIHX YCTPOHCTB 7 > ys
H CyMMaTopa 12

70t)

cymmatopa (puc. 10.39), BospmeficTByeT cTamyuoHapHBIH CAY4aHHBIN
npouecc & (¢) ¢ Hy/1eBBIM MaTeMaTHUeCKHUM oxunanneM mg = 0 ¥ Koppe-
JasiuronHof dyHkuuest R (v).

Onpepenutb KOppPeNsuMOHHYIO (yHKuMIO Ry(t) npouecca m (f)
Ha BBIXOfle CyMMaTopa.

Omeem [4]:

Ry (v) =Rg (v)

®-

(v) -+

10.54. Bobiuycauth OfHOMEPHYIO NJIOTHOCTB pacnpenejeHdss Bepo-
ATHOCTeHl py(M) AN HanpsikeHUs 1-(f) Ha KoHAeHcaTope eMKOCThio C
B CTalIOHADHOM COCTOSIHWH, KOTJd Ha NOC/eI0BaTe/bHYIO nenouky RC
(puc. 10.40, a) BospeiicTByeT cayuajinnlil TejerpadHbiii curran § (f)
(puc. 10.40, 6). Curnan & (f) ¢ onMHAKOBHIMH BEPOSITHOCTSIMH, PaBHBI-
mu 1/2, npuaumaet Jumb aBa 3navenusa: -+1 u —1. MomeHTsl nepeMen
3HaKa (HyJei) pacnpenenens no 3akony Ilyaccona, T. e. BepOSTHOCTb
NOJNYUEHHMsl n HYyJeli B MHTepBaJe (f, ¢ -4 T) paBHa

pr(n, 1) = —— (e,

rae A — cpefHee uxCI0 HyJeil B eJHHUIY BpeMeHHU.
Omeem [68]:

r xr+—

(
I
l—n)”—‘ Ini<1, -
F()»T) (10.50)

1 0 IpU ADYTHX 1).
3pece T = RC; T (x) — ramma-QpyHKuys.
§))

-} —_— 7
S Tl 1.

ﬂ) =7 i)

Puc. (g(;x;o Harerpupyomas gemouka RC (@) u cayyailHblii Tenerpa(prm CHr-
Han
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Ta6auuwa 10.3

MaoTHocTh pacnpepesientss BeposTHOCTed p) (M) MpH pasaHuHbIX 3HAueHHax AT

3navenue
napax;_'rpa + AHaJHTHYeCKOe BHIPaXeHHE T'padux
1 1
) P1(2) =777=— exp(— '—22),
z=nVAT+1 .
4 7
¥4
3
AT=2 pl(n)=‘4—(1—-71’), Inr <l
~1 9 1y
%3
KT'—‘E‘ ()_._2_'1/1 e <1
= pr(m)=" —=n% [n] <
-7 a 7 7
p
. 72
AT=1 P =" Inl<1
rd V4 7 g
1
) =AT (1= ! !
AT 1 ' i !
Imi<l ! i
- -7 g 7.9

10.55. IMTonyunte u3 (10.50) acmmMnToTHYECKHE BhipaxXCHHA H MO-
CTpOHTH TpadUKH TJOTHOCTEH pACTIPENEJNEHHst BEPOSTHOCTEH py(n)
A CREAYIOIHMX YacTHhIX cayuaes: 1) AT > 1, 2) AT =2, 3) AT =
=3/2, 4 AT =1, B) AT K 1.

-Omeem npusenex B Taba. 10.3 [68].

11. Y3KONOJOCHBIE CJIYYANHBIE TPOUECCHI

1. TEOPETHMECKHE CBELEHHUSA

CranuonapHusl cayyaiinbi nponece § (¢) ¢ HyJeBHM MaTeMaTHYECKHUM OXKH-
A2aHHeM Ha3LIBAaeTCsl Y3KOTOJOCHBIM, eC/IH WIHPHAA noJochl Af Tofi o6nacTu wac-
TOT, TJle CHeKTpaJbHasi NJOTHOCTh Sg (f) npakTHYecKM OTJIHMYHA OT HYJs, MaJja

10 CPaBHEHHIO C HEKOTOPOil MeHTpasbHON yacToToft fo aTolt o6aactu (puc. 11.1),
T. e.

S (f) 0 mpu fo — Af/2 < f < fo+ A2, AF < fo, (1L.1)

rae Sg(f) — OJZHOCTOPOHHSSI CIeKTPa/lbHAas IIOTHOCTh; Af — mHUPHHA NOJOCH,

KOTOPas MOXeT ObiTh OnpejelNeHa ro-pasHoMy.
Ec/id OfHOCTOPOHHSISL CIeKTPAbHAS IJIOTHOCTh Sg (f) cuMMeTpHYHA OTHOCH-

TeJbHO HEeKOTOPOR YACTOTHI fg, TO €CTeCTBEHHO 3 fy NPHHATL 3TO 3HAYEHHE YaCTO-
Tel. B Apyrux ciyuasx f, MOXKHO BHG6paTh 60Jiee HJM MEHee NPOHU3IBOJIBHO.
YacTo B KauecTBe [, 6epyT «<MaTeMaTHUECKOe OXKHAAHHE» HOPMUDPOBAHHOHA CreKT-
paJbHOH MJOTHOCTH: ] .
oo -1 o
o S, (A d S, () d 11.2
h=no=(| Sz (] | 15, (0. (11.2)

0 0

Koppensuuonnasi QYHKIUHS Y3KOIOJOCHOTO CJAYYaHHOrO Ipolecca Bceria
MOXKeT 6HTHL mpexcTaBieHa B Buge [1]

Re (M =0§ [re () cos @y T4rs (T) sin @ t]=c§ r (%) cos fwg T-+y (v)], (11.3)
rae ‘

ry=Vre@+ri ), tgy @)= —rs(¥)/rc(v), | (11.4)

o0
Gg re (T)= f S (fo -+v) cos 2nvdv,
_fo

(11.5)
o0 -
ofrs(1)= [ Sy (fo-+v)sin 2nvidv,
—Fe
npuyem -
re(0) =1, 10) = 1,7 (0) = 1; © (11.6)
Gg — RHMCHEPCHsT Y3KONOJOCHOro mpomecca & (f).
() AF
Puc. 11.1. CrekTpa/JibHasg IJIOTHOCTh Y3KONOJOC- 5' - L =
_ HOTO mpotlecca ] r
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B TOM uacTHOM cliyyae, KOria CrHeKTpaJbHasl MJIOTHOCTH SE(f) cuMMeTpHuHa

OTHOCHTeJIbHO WEHTPaJbHON 4YaCTOTH f,, KOppeMsUHOHHAs (DYHKLHA Y3KOHO-
JIOCHOTO Npoliecca HMeeT BHUJ \

Ry (v) =0 r (1) cos wp Tcos 0y T f St (fo=4-v) cos 2nvtdv, (11.7)
TaK KakK - .
rs(®)=10, y(r)= 0. (11.8)

ITockonbky B npaBeie yacTH dopmys (11.5) u (11.7) BXORHT cnexTpatibHas
IJIOTHOCTB npouecca § (f), cMellleHHast B 06J1aCTh HHIKHHX 4aCTOT (MHauye — HH3-
KOYaCTOTHBIl CNIeKTP), TO GYHKUHY r¢ (T), 75{T), Kak H r (T), y (1), ABAAIOTCH Mex-
JIEHHO HM3MEHSIOUIMMHCS N0 CPaBHEHHIO C COS ©,T.

Peannsanuu yakononocHoro nponecca § (f) HMelOT BUX MOXYJHPOBAHHOTG
rapMOHHMYECKOro KoJseGaHHs. [103TOMy 4acTO HCHOJB3VIOT NPeACTaBJIEHHe y3-
KOIIOJIOCHOIO Npoliecca B CJeRylollleM BHje:

Et)=A @) coslogt +o )], A(@)>0, —an<o(@<a, (1.9
“rre A () ¥ @ (f) — MexJIeHHO H3MeHSIOIHeCs T10 CPABHEHHIO € €OS W,T QyHKUHH

BpeMeHH, Ha3hHBaeMhie COOTBETCTBEHHO OruGamomeill H $a3oft y3aKoNmoJOCHOro npo-

necca & (7). .
MoOXKHO TaKXKe BBeCTH NOHSTHe MIHOBEHHON YacTOTH, ONpeJe/HB ee PaBeH-

CTBOM .
o(f) = 0, + ¢ (9, : (11.10)

rae TOYKOil cBepXy 0GO3HauYeHa NPOH3BOXHASA IO BPEeMeHH.
IpencTaBieHde yaKonoJocHoro npoliecca (11.9) MOXKHO 3amucaTb HHaye:

E (f) = Ac() cos wyt — Ag (f) sin oy, (11.11)

e Acf) = A (ycos@ (), A ()= A (f) sin @ (). (111.12)
Orcofa chaexyet, 4TO

A=V A2 O+AL (1), gO)=arctg[4s ()/4c ()], (11.13)

As (W) A ()—Ae () As (1)
A% ()443 ()

dopmyast (11.9) u (11.11) 1o3BONsAIOT HHTEPNPETHPOBAThL OrHGaloILyIO
A (f) KaK JJIMHY BEeKTOpa, NPOeKIHH KOTOPOrO Ha OCH NPAMOYTOJbHOH CHCTEMH
KoOpAUHAT paBHE A (f) U A, (f). Pas30BH yroJ MeXAy OCbK a6CHUCC U HANDPAB-
JenHem BeKTopa paseH @ (f) (puc. 11.2), npuyeM BO3MOXHHE 3HadYeHHs @ (f)
OrpaHHyYeHH HHTepBajoM (—m, m). Juauna BekTopa A (f) ¥ ero ¢a3osbiif yron
¢ (f) H3MeHSIOTCS BO BPeMeHH CJIyuyafiHEIM 006pa3oM, T2K YTO KOHell BEKTopa co-
BepMmaeT clyvaitble 6y aaHHS HA IIOCKOCTH. IIpu TaKod HHTeprnpeTanHH npo-

o () =wo+

Puc. 11.2. T'eoMeTpuueckoe npefcTaBjeHne y3-
KOMOJIOCHOTO npolecca
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exuun Ag(f) u A (f) ecTecTBeHHO HA3HATH KBaAPATYPHEIMM KOMIOHEHTaMHM IPO-
tecca E (7).

Hexons M3 pasiMuHHX MaTeMaTHYeCKHX oOnpefeieHuit orubawmeir A (f)
u dassl @ (f), MOXKHO [0Ka3aTh, YTO eCJH HCXOXHHIA npouecce § (£) rayccosckuii, .
TO KBaapaTypHble KOMHOHEHTH A¢(f) u Ag(f) ABAAIOTCS COBMECTHO HOPMAJNbUBIMH.
Ecau B fpononneHHe K 3ToMy npottecc & (§) cramHoHapeH, HMeeT HyJieBOe MaTe-
MaTHYeCKO€ OXHAaHHe H Koppensuuonnyw oyukuuio (11.3), To npoueccu
Ac(t) n Ag(f) sBnsloTCA CTAUMOHADHLIMH H CTAlMOMADHO CBA3AHHEIMH. MX Ma-
TeMaTHYeCKHE OXKHAAHUS DABHH HYJIO:

M{A(H} = M{A,(D)) = 0, (11.14)

2 KOppeNsiiHOHHHE H B3aHMHBle KOPpPeasiHOHHHE OGYHKUHUH OnpeAesioTCs
dopmynamu '

Re (M =M{Ac () Ac (t+7)} =Rs (V) =M {A; () As -+ =0F rc (v).  (11.15)

Res (T)=M {Ac () A (¢ +T)}= —Rse (1) =
=—M {4 (t) Ac (t+-7)} =0} rs ().

OrMerumM, uTO cornacHo (11.6) snaveHust KBagpaTypHHX KOMHOHEHT A(f) u
Ag(f), B3siTHe B OQMH M TOT e MOMEHT BPeMeHH, BCEria He KOPPeJHPOBAHH H,
CJIeJlOBaTeJIbHO, AJs FayCcCOBCKOrO CTALHOMAPHOro mpouecca & () He3aBUCHMEL,
JlucriepCHH KOMIIOHEHT, KaK ClefyeT U3 nepBoit dopMyusi (11.15), onunakoBu H
paBHH JHCNepCHH npouecca § (f)

01=M {A2 (0} =02=M {AZ (f)} =0} (11.16)

Eciu cnekTpanbHas mi0THOCTD SE(f) rayccoBcKOI'0o CTALHOHAPHOrO npouecca

E(¢) cuMMETpHUHA OTHOCHTEJNBLHO YaCTOTH fj, TO COBMECTHO HOPMAJbHBIE POLECCH
Ac(ty) m Ag(tg) cornacuo (11.8) HesaBHCEMH He TONIBKO B COBHAjaloliHe (mpH
t, = t3), HO M B pasnuie (1pH }; 5~ {;) MOMEHTH BpeMeHH, TaK KaK

Res (v) = Rge(t) = O. (11.17)

B naibHeiimeM NPHHATO, YTO HCXOAHHR Y3KONOJOCHH Cywaitublii npomecc
E () sBasieTCs rayCCOBCKHM CTaLHOHAPHEIM C HYJIEBHIM MAaTeMaTHUECKHM OXKHia-
uueM. [Tpu sTuX yenoBusx dopmyas (11.14), (11.17) nosBonsioT CpaBHUTENBLHO
HPOCTO HAXOXMTh Pa3jHYHBIE COBMECTHBIE IJIOTHOCTH BEPOSITHOCTH OruGaiomeit
A (f), dassl @ (f) ¥ HX NPOH3BOAHHX. Jlst 5TOrO HYXKHO MPEXBAPHTENBHO 3AMIHCATD
COOTBETCTBYIOIIYI0 COBMECTHYI0 HOPMAJbHYIO NJIOTHOCTH BEPOSITHOCTH CTalMO-
HapHO CBA3AHHHIX npoueccoB A(f), Ag(f) H HX NPOU3BOAHHEIX, a 3aTeM B Heft 1o
H3BeCTHRIM NpaBUJIaM NepeffTH K orubarome, dbase 4 HX IPOU3BOAHEIM COTJIACHO
paBeHCTBaM, cJueaywoumuM u3 Bupaxenuit (11.13) (ecm. (11.26) u npumep 11.1).

Ecnu uMeercs"CyMM2 y3KONOJIOCHOrO raycCOBCKOrO CTALHOMAPHOTO _Tpo-
necca (myma) § (f) = A (¢) cos [wyf + @ (f)] ¢ HyneBHM MaTeMaTHYeCKHM OXKH-
JaHHEeM H JeTePMHHHPOBAHHOrO TapMOHMYECKOro CHruana,s (f) = Am cOs @y,
TO MOXHO ONpele]HTh oruGawuiyio, Gbasy H CaydyaltHylo YacTOTy T2KOH CyMMEI
IPH NOMOIIH COOTHOIIeHH !

NMO=s@O+EO=V{coslot+9 (N, VEH>0, —x<P() <,
_ (11.18)

rae
Vf)cosy (t) = Am + Ac(f), V (t)siny (1) = A, (2), (11.19)

VO=V Ant AOPFAD, t€9O=40/An+AOl  (11.20)
o LA 014,02 () As ()
¥ TAm+As (NP FAT ()
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ITpu 3TOM OCTaeTcsl B CHJIe FeOMeTpHUeckas HHTeplpeTallus, aHAJOrHYHAf Npu-
BefenHo# (cM. puc. 11.2).

Buipaxenust (11.20) npurKMaOT ocoGeHHo npocTolt BUA NpH GOJLITHX 3Ha-
YeHHSIX OTHOLIGHHs CHTHaN/myM g == Apfo > 1

1Az () Ad)  As)
V(t)gAm_}_Ac(t)——?T, b(f) arclg = T, (11.21)

P(t) 2 Ag (t)/Am, a» 1.

[To ananoruu ¢ (11.20) MOXHO onpeResHTb OTHGAOMYIO H $asy Al CYyMMH
Y3KONOJIOCHOTO FayCCOBCKOIO CTAHOHAPHOTO IIyMa M HECKOJbKHX JAeTCPMHHH-
POBaHHBIX FapMOHHYECKHX CHTHaJOB, o .

Pasanunble BepOSTHOCTHHIE XapaKTePHCTHKH oruGawmell V (f), ciyyaiHOR
dashl P (f) ¥ HX TPOU3BOLHBIX MONKHO NMOJYUHTH TEM Ke HyTeM: CHaya/Ja HyXKHO
3amHCaTh COOTBETCTBYIOLLYIO COBMECTHYIO HOPMaJbHYH IVIOTHOCTE BEpOSTHOCTH
s KoMmmoneHT A¢ (£), A () ¥ X NPOU3BOAHBIX, @ 3aTeM nepefiTH B BHPAKEHHH
Lisi Hee K oru6aiomef, Gase ¥ HX NPOM3BOAHLIM B COOTBETCTBHH C pPaBEHETBA-
ma (11.19). ] . -

Hajinem coBMecTHYI0 mJIOTHOCTb BeposTHOCTH Pa(V, V, ¥, V) oruGawomei
V(#), daset P(f) ¥ ux nepBHX npousBoaHbX V (£), P (f) B OfMH H TOT Xe MOMEHT
BpéMenHu Anas cyMMmbl (11.18) rapMoHMYecKoro CHrHaja H y3KONOJOCHOTFO HOp-
MaJbHOTO CTAIlAOHAPHOTO Mpoliecca E () ¢ xoppeasiudonHOf byHKUHed

Ry (v)=0fr (Y)cos®, T, r(@=1. (11.22)

Coraacuo (11.7) cnekTpaibHas MIOTHOCTb PAacCMaTpHBaeMOTO Y3KONOJOC-
HOro mpoliecca E(f) CHMMETpHUHA OTHOCHTEJBHO YacTOTH fo = 0,/ 21, TlosTomy
BCROMOTaTe/bHEHe HOPMaJbHBEE cTanHoHapHBe npoleccsl Ag(f) U Ay(f) HesaBucH-
MHl, npHYeM HX KOppeJsUMOHHEE GYHKUMH DaBHH:

Re (%) = R(v) = 0}r(v). ' (11.23)

U3BecTHO, YTO NPOM3BOAHAs (CKOPOCTB) FayCCOBCKOIO CTallkOHApHOTO mpo-
1ecca ecTh TaKxkKe rayccoBcKHI cTanMoHapHHIA mpoliecc, mpHieM 3HaYeHHEe mpo-
H3BOAHON He 3aBHCHT OT 3HAUEHHsSI CAMOTO npolecca B TOT e MOMEHT BpeMeHH.

IMosTomy cayuaitnbie Benuuunn A (¢), 4g (9), A (f), A (f) BaauMHO He3aBHCHMH,
npHueM KaXjias H3 HHX pacnpeleleHa HOPMAJbHO. JUHCIEPCHH STHX CHydaHHHIX
BeJMYHH PaBHBI:
=ot=0},
o . . . Er(@
MAZO) =M (420) =—otrt. ="

Ha ocHOBaHHH M3BeCTHOTO BHPaXKeHHS HOPMaJbHOH NJIOTHOCTH BEPOATHOCTH
3anHCHBaeM COBMECTHYIO IJIOTHOCTh BEPOSITHOCTH

P (A, As Ac: As):—

1 —r} (Ag+A§)+(A3+A3)]} . (11.25)

1
m—— kP — T
4t of (—15) p{ 208 (—7%) [
’ [lepeitaeM 3pech oT mnepeMennnx 4dg, 4, Ae, Ay K HOBBIM mepeMeHHHM
v, Vv, ¥, 1p IpH MOMOINH COOTHOIMCHHN, CJELYIIHX U3 (11.19),

T==

A= Vcosp — Ay, Ag= Vsiny,
A=V cos p—YVsinyp, Ag=Vsin P+ Vcosy.
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0<0. "(11.24) .

Herpyano yGeauTscsi, 4To MOAY/Ib siKo6HaHa npeoGpasoBaHHsl NepeMeHHHIX
l a (AC’ Asr Ac, AS) .

- - Ve,
9 (V’ Vr“')y ‘P)

ITosToMy noJiyyum
v,V ; v
W= ——m i
paV, V, ¥, ) s ot (—h) Xi

1 . on;
X exp[{ ——m [—70 (V2 + A% —24m V cos §) +V24V2 qﬂ}. (11.26)

Bocnoss30BaBumch CBOACTBOM COTJAaCOBAHHOCTH IVIOTHOCTefl BeposiTHOCTed
nyTeM HHTErpHPOBAHHSA 1O «IHIIHefi» NepeMEeHHOH, MOXKHO HOJYYHTh PasJHyHLE

ApyrHe MJIOTHOCTH BEPOSTHOCTH. B uacTHOCTH, mpounTerpupoBas (11.26) no V

H { B npefesax —oo 0 00, NMOJYUYHM COBMECTHYIO IJIOTHOCTB BEPOSTHOCTH AJst
oruGaroiieil # Gash B OAMH H TOT K€ MOMEHT BPEMEHH:

o

V. Y= [ pW, V.9 PdpV= .

—_00 — 00

|4 1
= 2m§ exp[ — Eg—(vﬂ—l-A?n—-Mchosxp) ] , Viz20, —a<yp<m.

. (11.27)
Otciofa HaXOAMM NJIOTHOCTH BEPOSITHOCTH LJst ornda:lom;eﬁ H dash:
F11 "
1% V247 AV
py (V)= 5 pe (V, \P)d¢=7exp(—- 201 10( o ) , V>0,
Y 3 g
o (11.28)
— _1__ —az?/2
Py 0= 2V, W&V =6 =2 x
0

X [14+V2n acos 9 (acos g) e €* ¥/2], g < < m. (11.29)

3pecs a = Amjcg — OTHOmeHHe CHrHAN/MYM, [o(x) — dynxuus Becceas myie-

BOTO NOPSIAKA OT MHMMOTO apryMenTa, @ (x) — HHTerpaJ BepOSTHOCTH.
Hcnoabsyst dopmyay (lla.28), MOJKHO NMOKa3aTh, YTO MaTeMaTHYecKOe OXHJa-
HHe H Iucnepcus oruGawomeil V ({) onpefensiiorcs BHpaxeRusiMu

my=M{V (t)} =0 l/%-lFl (———;; Y —%ﬁ):

=g VE.[(]_{_.L.az I _L 2 ' L 2 1 _1_ Py —az/4

¢ 2 2 o 4 a + 2 a l( 4 a )]e ’
: ‘ K (11.30)
1

cf,:?cg(l—l——{a’)——mf,, ’ (11.31)

tae 4 Fy{o; B; ) — BHPOXIeHHAs! PHIepreoMeTpHYecKast GYHKUHS; I'n(x)—dynk-
uus Beccesst n-ro nopAAKa 0T MHEMONO apTyMeHTa.
b
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Monoxus B popmyaax (11.28) u (11.29); Ay = 0, moJyudM nJIOTHOCTH
BEpOATHOCTH OrHOGawomel U (ask y3KONOJOCHOTO HOPMaJILHOTO CT2UHOHAPHOTO
npouecca E(f) ¢ CHMMeTpPHUHOH CHEKTPAJILHOH IJIOTHOCTHIO:

P4 (A)=(A/0f) exp (——A2/2og), A>0, (11.32)
Py(P) = /2n, —m<@<mnN (11.33)

Koppeasuuonsast QyHKUHus orubawpomeit A (f) y3KOmOJOCHOTO mnponuecca
E (/) u kBagpaTa oruGaiomesi A%(f) COOTBETCTBEHHO PABHH

R4()=— og[(%)zrzuw( ) e+

+(2:§6)_2r6 (1)4_...]:0}1 74 (9, (11.34)
03=(2—n/2)0f, r4(%¥) =0,915r% (v)+0,057r* (1) + - - -,
R 42 (v) =404 r? (7).

AnaJoruyssie (GopMyJH s oruGaioumed V (f) cyMMB JeTepMHHHPOBAHHOTO
FapMOHHUYECKOr0 CHFHAJa M y3KONOJOCHOTO mryMa HMET BHI

-—z-cg [r2 () +(%—)2 atr ('c)] , agkl,
1

ot r(v) [ 14 Py
Ry: (v) =40"E [r2 (v) t-a? r(v)] -

VKaxeM, 9TO B AaJbHeilmeM, TpH (GOPMYJHPOBKe OTACILHHEX 32121, npexa-
noJsaraercs, uyto oru6awomue A (£) u V (f) ¢ HEKOTOpHM K03(hGbHIHEHTOM IPOIOD-
LMOHAJIBHOCTH BOCIPOM3BOAATCS HA BHIXOAE JHHEHHOrO AMIVIHTYHOTO AeTEeKTOpa
oruGalomeii, KBagpaTh oruGawpouux A2 (f) u }/2 (f) — ua BHXOzE Ksanpamqum(‘:
aMmIMTYAHOTO KeTeKTOpa orubaommei, clydannse dastt @ (f) u P (f).— ua BHX
1e (as0BOro AETeKTOpa M CiAydaiiHble YaCTOTH @ (f) u 1 (f) — na BEXOAE YACTOT-
HOro JeTeKTopa.

(11.35)

Ry (v) =~ (11.36)

r_('c)] . a»l,
(11.37)

2. IPUMEPBHI

11.1. HaiiTn AByMEpHYIO MJIOTHOCTb BEPOSATHOCTH orubatoweir 4 (f)
CTALMOHAPHOTO TayCCOBCKOro mpouecca £ (f) ¢ HyJeBHIM MaTeMaTH-

YeCKMM OXHIAHHEM H KoppesuuoHuoi ¢ynkumei (11.3). ‘
Pewetiue. 3Hauenns KBaIpPAaTypHBIX COCTaBasiomux A, = Ac(t),

A=A ), Acr=A[t+7), Age=A4t+T) B B2 MOMEHTa BPEMEHH '

t{ u t+ T HMEIT COBMECTHYIO ‘HOPMAIbHYIO MJIOTHOCTH BEPOSITHOCTH,
npHyeM KBaJpPaTYyPHHE COCTABJISIONHE €CTh CTAIHOHADHLIE H CTaIHO-
HADHO CBA3aHHBIE MPONECCH. JIHCMEPCHH KOMIOHEHT COL/IAHO (11.16)
OJMHAKOBB! H PAaBHBI Of, 2 MATPHUA HODMHPOBAHHBIX KODPE/ISHHOHHBIX
GyHKIHHA B COOTBETCTBHH C (11.6) n (11.15) umeer BHI

T 0 re () ry(%)
0 1 —r,(v) rc.(1)
re (@) —rs(v) 1 0
rs(@ re(® 0 1
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3anuchiBaeM COBMECTHYIO HOPMANbHYIO IJIOTHOCTb BEPOSTHOCTH
caydaitnbix pesnuud A, Ag Aer, Age

P (Acr As’ Ac‘t: As.‘t) =
1
o (2mog)? (1—r?) exp {_ 20% (1—r?) X
X [Alz.‘ +A§ +AL2‘T +A.?'t—'"2rc (Ac Ac'c +As As‘t) -

—2rs (A Agc—Age As)]} : (11.38)

rae r® = r¥(t) onpemeneno ¢opmysoin (11.4): r¥(t) = ri(z) + ri(v).

[Tepeiinss Mo M3BECTHBIM MpAaBHJIAM B 3TOM BBIDAXKEHHH s TJIOT-
HOCTH BEPOSITHOCTH K HOBBHIM CJIYYaiHBIM BEJIMYHHAM COIVIACHO PaBeH-
creaM (11.12), 1. e. nosioxus

A= A cos g, A, = Asin g,
Ac1:=A‘tCOS Prs AST='ATSin Py
o/ yYnM
A4,
Pa(A, Az, @, o) = (@nod)2 (1—r?)
. 1 2 2___ —_—

+rgsin (¢ ——fp))l} =
AA, exp ( A2 A2 ) ex [ AA_ 1 cos (q),r-—cp_v):l '

~ Groyy (1= 20— of (1—r?)

(11.39)

rae tgy (v) = rs(T)/rc(T)‘.

Ha ocHoBanuH CBOJCTBA COT/IACOBAHHOCTH {IJIOTHOCTE]! BEPOSITHOCTE
3Ta $pOpMYJ1a 1I03BONI ST NIONYYaTh PA3/IHUHbIE ONHOMEDHDIE U JBYMEPHEIE
TIJIOTHOCTH BEPOATHOCTEH orubalomeit H $assl rayCcoOBCKOTO CTANHO-
HapHOro mpouecca. B yacTHOCTH, mMyTeM HHTErPHPOBAHHS MO @, H @
u3 (11.39) HaxopuM ABYMEPHYIO NJIOTHOCTH BEPOATHOCTH /15t OTHOAKOMEH

T.t It.
P2 (4, A7) = 5 j Ps(4, Az, @, @) doldg.

—n —x

Ilpn BHINOJIHEHHH MHTETPHPOBAHHMS C/IEAYET BOCIOMB30OBATHCS OMpEnE-
nenneM Qynkuud Beccens mysesoro mopsjka or MHEMOro apryMmenta

T—%
lo(x)_—:—?;— 5 ex cos ¢d1‘-’. (11.40)
. —n.—x
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B pesysabTaTe NOJAYYHM HHTEpECYIOILYO HAC MJIOTHOCTDH BEpOSATHOCTH

AA, A2y A2 AAr
= —— = . 41
nl, A)= x| iy |1 () - a1

Ha ocHoBanuu 5Tl GOPMYJIbI MOXKHO PHATH K Beipaxennuto (11.34)
AT KOpPEeAALMOHHOH QYHKIHH OrHbarowmeii rayCCoBCKOro CTauHoHap-

HOro mpouecca.
* 11.2 BYHCAHTD NJAOTHOCTb BEPOSITHOCTH OTHOAIOMEN CYMMbI ABYX

JIETEDMHHHPOBAHHBIX FaPMOHHYECKHX CHTHA/OB $5,(t) = A;c0s wf,
ss(t) = Agcos(wet + @;) H TayCCOBCKOrO CTALHOHAPHOTO Y3KOMOJOC-
Horo mpouecca & (¢), npeacrasaenroro B suge (11.11).

Peuwenue. Beenem orubaromyro V (f) u caydaiinyio dasy ¥ (¢)
HHTEDECYIOMEli HAaC CYMMBI, BOCHOJIB30OBABLIHCH CJEAYIOWEH 3aNUCHIO
CYMMBl 3aJaHHbIX JETEPMHHHPOBAHHBIX CHIHAZOB H CJYy4aifHOTO mpo-

mecca:
1 (£) = s,() + sa(t) + & (£) = A;008 ot 1 A5C0s P08 @l —
— A,sin @gsin @ef + A(£)cos wof — A4(f) sin 0f =
== [A; + Aycos @y + A(f)] cos @t —
— [A4(t) + Agsin @,] sin wgf = V (f) cos [aet + 9 ()],  (11.42)

rae ,
V (t) cos (£) = Ac(f) + Ay + A, cos @y,
(11.43)
V (#) sin ¥ (£)= Ay(t) + Assin @,

e V() ={[A) + A; + Ascos g,l A1) + Agsin g.]P}112,

tgP(t) = [A4(t) + Agsin @ l/[A() + Ay + Acos @)
U3 pasencts (11.43) caenyert, uto _
Ac(t) =V (t) cos q’(t) - Al - A2COS Qg

&

(11.44)
Aty = V (t) sin (£) — A, sin go. |

3amnucaB COBMECTHYIO HOPMAaNbHYIO NJIOTHOCTb BEPOSTHOCTH HE3a-
BHCHMBIX KBaADATYPHBIX coCTaBJsOIHX Ac(f) 1 A4(?)

1 AG+AF
. p(4., 4,)= g €Xp ( 20 )

¥ Tiepeiifis B Hejl K HOBBIM CJ1yYaiHbIM Besuunnam V (f) n (f) cornacuo
pasenctBam (11.44), moJMyYHM COBMECTHYIO NJIOTHOCTH BEPOSITHOCTH

L5l orubamomei H §asbl:

PV ) =g 30 | o WP+ AL A2, Ay cos gy

—29V A, cosp—2VA,cos (p + cpz)]} . (11.45)
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Orciona HaXoAMM MJIOTHOCTh BEPOATHOCTH [JAs orubarouiei V(t)‘
H 9
V)= pa(V, b)db.
-3

Tlpn HHTErpHPOBaHHM CJAEAYeT BOCMONB30BAThCH BhipawenueMm (11.40),
NpeABapHTEJbHO NPHMEHHB C-€BHJHOE COOTHOIIECHHE

Agcos (P + @y) + Ajcosp =V A3 + A3 + 24,408 @, cos( + x).

Ilocnie BHIMOJHEHHS HHTETPHPOBAHHS MONYYHM

pv(V)= "2 exp (* vz+A%+A§+2A1A2cos%) o
-0 203 »

) |
X1, (—Gg— VAT T A3+ 24; Ay cos cpz) : (11.46)

M3 sTofi GopMysIBl KaK YacTHBIE CIyuaH CAEAYIOT paHee IPUBEIEH-
Hple pe3ynbrathl. Tak, nonaras B (11.46) A, = 0, npuxoguM K hopMye
(11.27), a npu A; = A, = 0 — & ¢opmyae (11.32).

O’I‘I\{,IeTIdM, 4TO €CAH Obl B PaCCMaTPHUBAEMOM IIPHMEpE JAETEPMHHHDO-
BaHHBI TADMOHHYECKHH CHTHAJ S,(f) uMeJ BHA So(f) = A,c0s (wyt +
+ @3) = Ayc0s [t + (03 — @o) £+ @,], T. €. ero uacrora o,
OT/IHYHA OT UEHTPAbHOM YAaCTOTBl ©¢ CHEKTPANbHOH IJIOTHOCTH CJIy-
yaiinoro npouecca § (f), To Bce mpeaplAyIHe BbIPAXKEHHS OCTAJUCh Obl
B CHJI€, HYXKHO JHIIb B HUX BMECTO @, MOACTABHTH (0, — ®¢) { + @,.
I;[g)NI[d aToM orubaiomas cymma V (f) 6elia 6bl HECTALMOHADHBIM TPOIEC-

[Toneaysce sanucoio Buaa (11.42), nonsTus orubaiommei H CayyaiHou.
(a3bl MOXKHO PaCIpPOCTPAHUTh Ha CYMMY HECKOJbKHX AETEPMHHHDPOBAH-
HbIX TApMOHHYECKHX CHMTHAJNOB H TayCCOBCKOTO CTAlMOHAPHOTrO IpO-
ecca.

11.3. TlycTs Ha BXO@ paJMONpPHEMHHKA, YNPOIIEHHAst (YHKIHO-
HaJbHasi CXeMa KOTOpOro mpusejieHa Ha puc. 11.3, BO3AEHCTBYET cym-
Ma JAETePMHHHDPOBAHHOrO TapMOHHYECKOro curHana s(f) = A,,cos2nft
H TayCCOBCKOro CTauuoHapHoro 6esoro myma n (f) co CneKTpaibHOl

Vit)cos[wpt +p(2)]

swn@) [amy] O\ Taweinee | v [o77 ,
ST aln) > gemexmap KL . ¢t o -
geudnrowed ()

Puc. 11.3. Ynpoulennasi ¢yHKUHOHANbIAS CXxeMa pajHONpHEMHHKA
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njotHocthio S,(f) = N,. KpaapaTh MonyJsieli YacCTOTHBIX XapaKTEPHC-
THK YCHAHTENst NPOMeXYTOuHOH 4acToTet (YITH) n ycuIuTeNss HH3KOH
yactoTsl (YHY) HMeroT Bua rayccoBbX KPHBBIX

| 2, (jf) P =} exp [—n(%)] Ay & for

12 22 _mf
i =see [ = (5 ) -
rae Af; u Afy, — shdexTHBHBIE NOJOCH YCHJIHTENCH.

BLIUHCJAHTD MaTEMATHUECKOE OXHAAHHE H KOPPENSHHOHHYIO QYHK-
nuto Hanpsokenus {(f) na Beixoge YHU npn GOabIIHX H MAJbIX OTHO-
HIEHUSIX CHTHAJA/HIYM. o (] .

Pewenue. OueBrIHO, YTO CHrHan Ha Bhixoge YITH pasen

sy(f) = 1 Ap, cos 2nifyt,

a CIeKTpa/JbHAsA MUIOTHOCTH lIyma Ha Bhixofe YITH onpenenserca us-
BECTHBIM COOTHOIICHHEM
[—fo

S:1()=Nao| %, (jf) = %1 Ny exp [nn(—Af—)]

Takofi CNEKTpa/bHO#l NJOTHOCTH COOTBETCTBYET KOPDENANHOHHAS
byHKIHSA
oo &

Ry(v) = 6[ Sy(f) cos 2afvdf = ot exp [—xn (Afyv)*] cos 2nfT,

o = HINAF,. ©(11.47)

T'ayCCcOBCKH CTAlMOHADHHIA LIYM HA BBIXOJE YU npu yca0BHH
fo> Af, sBAseTCs Y3KOMOJIOCHBIM, NpHYEM €ro CHeKTpaJbHAsd nJoT-
HOCTb CHMMETPHYHA OTHOCHTEJBHO LEHTDAJBbHOH 4aCTOTH fo- TloaTOMY
CyMMa TapMOHMYECKOrO CHTHANA H Y3KOMOJOCHOTO LIYMa HA BhIXOLE
VYTIU moxer 6uTh 3anucana B Buae (11.18).

i - BpegeM OTHOIIEHHE CHTHAJI/HIYM HA BXOJE JHHEHHOTO JNETEKTOpa

orubaomei @ = X,A.,/0, = An/V NoAf,. BocnonbsoBasuuch pesyb- X

TaTaMH PpELIEHHsS 3a/a4d 11.23, a wnMenno, coornouenusMu (11.56)
u (11.57), HafizeM MaTeMaTHYECKOE OXHJAHHE HANPSKEHHS HA BRIXOAC
JeTeKTopa

mv=Am9Y'1(1—|— '), a>3;

4q2

my=01‘/i;(l+—i—a2),a<l. (11.48)
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[

IR = T

Hna untepecyoux Hac cayyaeB GOJBIIHX M MaJsbiX OTHOLIEHHH
curaan/uiyMm KOpPeNsAlHOHHAs (QYHKIHsS HaNpsKeHHst HA BBIXOAE JH-
HEHHOro JIeTeKTopa orubatoueil aaetcs gopmysnoii (11.36), koTopas npu-
MEHHMTENbHO K PACCMATPHBAEMOMY CJYYaio NIPHHAMAET BHJ

oiexp[—m (Aflr)z]{l + —iz—exp [— 7 (AR 7)2]} ,a>3,
Rv=1 "
- o} {exp[ —2n (Afy T)2]—|—( ;) a? exp [——n(Aflr)z]]},a<l.

. (11.49)
BoCno/1b30BABMIKCH H3BECTHHIM HHTErpasoM [17]

e—Bxcos bxdy = —— 1/ = exp[ — 2
S cos bxdx =— l/ﬂ exp( 46),ﬁ>0, (11.50)

0

HaileM CIEKTPajibHBE NJIOTHOCTH, COOTBETCTBYIOIHE KOPPETSAIHOHHEIM
dynkmuam (11.49),

Sv()=14 XRV (v) cos 2nfrdr =
0

3] e+ s 3 e
no? n 2 N = n 3
e[ 5 ) [+ (2 e 5 (5 [} a<t

Tak kak Koa(pduuuent ycusnenns YHU npu f = 0 pasen ¥,, To
CpenHee 3HAYEHHE HANpsiKeHus Ha Bbixoge Y HU, oueBnpano, paBHO

f
Af

9y Am(l +—-—422 ) a>3,

w.0t1/ 1+ L g
2011/2(1,1- 4a),a§1.

CrnexTpasnbHasg NJOTHOCTh HanpsikeHus G(f) Ha Bhixoge YHUY on-
penessieTcsi COOTHOUIEHHEM

St®)=Sv (1% GDIE. (11.52)

mg = (11.51)

CornacHo H3BECTHO# (HOPMYJIE N0 CIEKTPAJIbHOMA NJIOTHOCTH HAXOAUM
KOPPeJAUOHHYI0 GYHKIHIO

Ry (v) = bg Sy (f) cos 2xftdf. (11.53)
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Buinosnus Bouncaenus npu nomomn (11.50), fromyaui

2 mpr2 T _ _(2Af117)2 B
20!”2‘\’[]/ 1+4v2 EXp( 1 —1+4v2 ) "—

Lo ST (AR ]
Tovea V T e~ 1+2v2)]’a> ’

o T (AR (11.54)
4V§v[‘/1+2v2 EXP( )t

4y i (AR |
+(n) V§azl/ T exp( R )], a<l,
vae v = Afy/Af;.

MoHO pacCMOTPETh YacTHuIE cayyan popmy.sl (11.54). Hanpumep,
MOXKHO YOENHTBCs, 4TO NpH v > 1 cnpaBeTHBO COOTHOIIEHHE

Ry (t) >~ F3Rv(7), v > L. “ (11.55)

DToMy pe3y/bTaTy MOXHO JaTh caenyiomee obbacuenne. Ecau mo-
Joca TIPONMYCKAHHS YCHJMTENs HH3KOH YaCTOTBI SHAYHTENBHO GOMble
MOJIOCH TPONMYCKAHHst YCHJHTENst MPOMEXYTOYHOH 4acToTel (T. €.
v > 1), TO HH3KOUACTOTHBIA CHNEKTD HAMPSIXKEHHs HA BHIXOAE JIMHEH-
HOrO JETeKTopa Oru6aiomeil BOCIDOH3BOAMTCH YCHIHTENEM HH3KO#R
YacTOTHl NPAKTHUECKH G€3 HCKAXKEHWH; BCE CMEKTPajbHHE COCTABJISAO-
e YCHIHBaloTcs B K3 pas. :

Rz;(f) =

3. 3AJAYH U OTBETHI

11.1. Cayuajinbiii crammonapuslil nponecc § (f) ¢ KOppessitHoHHOR
dynruHedt Re (t) = ofe—%!7! cos w,t 3anucan B Buae (11.11):

E (1) = Af) cos gt — Ay(t) sin wgl.

OnpeenuTh KoppessiHOHHbe QYHKIHH R.(T) H R4(T), a Takxke B3aHM-
HYIO KOPP&TANHOHHYIO QYHKIHIO R o(T) AIst ABYX C/yYaes: 1.) W F= W
1 2) wp = 0, [44] , :
Omegem: _
1) Ro(t) = Ry(x) = ofe—*!7l cos Ao,
Res(t) = ofe—%1%!sin Aot, Ao = @y — 0o}

‘ 2) R (t) = R,(x) = ofe—*!1%l,  Ri(r) = 0.

11.2. Ciyuafineii cramuonapHulii mpouece §(f) ¢ KOppe/sHOHHOA

¢dynknued
Ry (v) =of e—= l"(cqsmo T4 —;io sinag [ 7| )
3amHCcaH B BHJE ’
E (1) = Aq(t) cos @t — Ay(f) sin @of.
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MIOTHOCTD Sco(®)-

Puc. 11.4. OynkupoHafbHAs cXema CHHXpOH- B(7) Z(8) y(t) 2(%)
HOTO JAETEKTOpa o—>1 X > PHY

o Jow

Haiitn koppensinuonnsie GYHKIHH R (t) 1 Ry(t), a Takxe B3aHMHYIO
KOPPEISAUHOHHYIO QYHKIHIO R .4(T).

Omeem:
Rg (T)=R3 (T)=0§ e—a” ,, RCS(T)= —'-—(l;i Uge_al Tlsgn T,
[1]
I, x>0,
sgnx={ 0, x=0,
-1, x<0.

11.8. TIpu Tex xe yCJOBHSIX, UTO H B 3ajiaye 11.2, BRIGHC/IHTD CHIEKT-
panbHHEe MJIOTHOCTH Sq(®) H S;(®), a TaKKe B3aHMHYIO CHEKTPAJbHYIO

\

203 o oda o
Omeam: 5o =8, =L St = “E- A

~11.4. Cnyyafinplii cTanMonapHuiji mpomece & (£) co CHEKTpasibHOM
MJIOTHOCTBIO
St (@) = {So mpH @ SO0,
0 mpro<<o,o>0,
3anucad B BHJE
E () = A.(t) cos wpt — Asin ogl.

Haptn xoppensiuuonnsie GyHriHA R (T) 0 Ry(t), a Takxke B3aHMHYIO
KOPPENANHOHHYIO QYHKIHIO R o(T) A5t ABYX cjydaeB: 1) @ = @y =
= (0 + 0)/2; 2) 0p = 0.
Omeem:
1) R.(xr) = Ry (1) = of sin ft/Ptr, R.s(t) =0,
of = So(0s — 1), P = (0,— ,)/2;
2) R(r) = Rs(t) = of sin (05 — @) /(03— ) T,
R s(t) = (S¢/2) [cos (0 — wy) T — 11

11.5. Ha puc. 11.4 npuBeseHa cxeMa CHHXPOHHOrO JIETEKTOPA,
NpEeACTABMSAIIONEro co60il MOCAeNOBATEBHOE COEAHHEHHE MEPEeMHOMKH-

" Telst U HJEaJ]bHOrO HHU3KOUYaCTOTHOIO (I)HJIpra, npomyCKamwIero npak-

THYECKH 6€3 UCKaXKCHHIl HH3KOYACTOTHYIO 4acTh COEKTpPa H He mnpomyc-
KalOuIero BbICOKOYACTOTHYIO 4acTh. Ha ofuH BXOJ MepeMHOXKHTENs HO-
JaeTcst rapMOHMYECKHH CHrHan s (f) = A,sin w,f, a2 Ha Apyro# — ys-
KONOJIOCHRI cTarMonapHetit mym & (f) ¢ Koppeasmuonno# GyHKuuei

Rg(t)=ofe—°‘|”(cosmo1: + -;"-‘-sincooltl) , a & @ .
0
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OnpenenuTb KOpPeNssnHoHHYI0 GYHKIHIO Ry(t) KonebaHus v (f) Ha
BLIXOJ€ (GMABTPE B CTANHOHAPHOM COCTOSIHHMH.

Omsem: Ry(t) = (1/4) Alofe—2!%1,

11.6. HaiiTh OTHOIIEHHE CHrHAJ/IUYM Ha BeiXoA€ (HIBTPA CHH-
XpoHuHoro getekTopa (puc. 11.4), Korna Ha ojuH BXOJ NMEPEMHOKHTENA
BO3/IEHCTBYET cymMma CHrHasia u myma s (£) + & (f), a na gpyroit —
curnaJ s (f). Curnan s (£) u wym & (f) Te xe, yto ¥ B 3azaue 11.5.

Omeem: a= A,/oe.

11.7. Ha oxuun BXox cuaxpouHOro jetekropa (puc. 11.4) nozaercs
cymma AM konebanusi A,(l + mcos Qf) cos wyf M  Y3KONOJIOCHOTO
crapuoHapHoro mywma § (f) ¢ aucnepcueii of, a Ha Jpyrofi — omnopHoe
Kosebanue A;cos oyf. OnpenesnTh OTHOMIEHHE CHTHAJ/IIYM Ha BBIXOJAE
JeTekTopa (NMOJE3HBIM CHTHAJIOM CuMTAaTh KojiefaHHe C 4acToTod Mo-
AyJIsiuHH Q). .

Omsem: a = mA,loy.

11.8. Ha cunxpoHHBIfi aeTeKTop (puc. 11.4) Bo3jeiicTByeT cymma
curHana M wyma s (f) + E (f), a TakKe onopHoe rapMOHHUECKOE KO-
neGaune Ay c0s @of. Curmasom s (f) saBaserca MOAYJIHPOBAHHOE
1o C1Y4afiHOMY 3aKOHY rapMmoHHueckoe xoneSanue s (f) = {(#) cos @,f,
rae () — He3aBHCHMBIH oT E (f) CTAallMOHApHBI CAY4YaiiHBIH NPOLECC
CO CHEeKTPATBHOH MIJIOTHOCTHIO

Se npu 0P <CF/2,
S;(f): {0: P f /
; TpH apyruxf.

Cranyonapunlii wyM § (f) HMeeT Hy/I€BOE MaTeMaTHUYECKOE OXKHAAHHE H
CIEKTPAJbHYIO NJIOTHOCTD .

St(f):{No HprO—F/2<f<f0+F/2:
® 0 npu apyrux f.

AMNIHMTYAHO-UACTOTHAS] XaPaKTEPHCTHKA (HABTPA HH3KHX YacTOT MO-
CTOSIHHA M OTJHMYHa OT Hyas Jumb npu yactTax 0 < f << F. Haiitn
OTHOLIEHHE AMCTEPCHH CHIHAJa OFf K JHCIEPCHH o lIyMa Ha BbIXOze
¢$uabTpa. :

Omeem: o2/o® = (S/2N ).

11.9. Ha pBa pasHbIX BXOJAa NMEPEMHOXKHTENs MOAAIOTCH /B3 HeE3a-
BHCHMBIX Y3KOMOJIOCHBIX CTamMOHapHBIX npomecca & (f) u Ey(f). IToka-
3aTh, YTO MOILIHOCTH (IHCIEPCHS) BRIXOAHOrO mpopecca § (f) pacmpene-
JIEHA TIOPOBHY MEXK/Y HH3KOYACTOTHOH H BBICOKOYACTOTHOH OOGJACTAMH
cnekTpa. :

Yxasanue. J[aa peeHHs 3aJaud MOXKHO BOCIIOJIb30OBATHCH
NPEJCTABIEHHEM KOPPE/IAIHOHHOA (QYKIHH Y3KOMOJOCHOTO CTAIHOHAP-
Horo-mponecca (11.3) u yuects,uto y (0) = 0.

11.10. Ha oaun BXOJ CHHXPOHHOTO AeTekTopa (puc. 11.4) nopaet-
cst Y3KOMOJIOCHBIfI FaYCCOBCKHl CTanHOHapHuif . myM § (f) ¢ Koppeas-
[HOHHOH (yHKuHER Rg (T) = Ofr () COS @,T, a Ha APYrofi — ONOpHOe
HanpsokeHne A;cos @of. ITonyuuTs BelpaXeHHs /it OJHOMEPHOH H
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JBYMEPHOH MJIOTHOCTeH BEPOSITHOCTEH KosaeGanus v (f) Ha BeXone
IETEKTopa B CTallHOHAPHOM COCTOSHHH.

Omeem: BpixonHo# mponece 1(f) rayccoBCKHil C AuCMEPCHEeH o =
= (A,0¢/2)) ¥ HOPMHPOBAHHOH KOpPENSAUHOHHON ~ byHKuHe#d  r(v).

11.11. BLIUHCAMTH MAaTeMaTHUECKOe OXMJAAHHE ma H JHCHEPCHIO
o} orubawoomeit A(f) rayccoBCcKOro CTalHOHapPHOro mpopecca E @),
HMEIONEr0 JHCIEPCHI0 Of .

Omeem: ma = oV n/2, oi=(2—n/2)ct.

11.12. [ToayuuTh NJOTHOCTH BEPOATHOCTH p (m) ans Kpajapara
oruGatomeii A%(f) rayccoBcKoro cramonaproro nponecca £ (£) 1 (f) =
= A%(f).

n

Omeem: p(n) = -aly—g—exp(—%;—), 1> 0.

11.13. BriuncaiuTh MaTeMaTHyecKoe OXHIaHHE Mg H JHCHEPCHIO
o%s KBapjiata orubaionefi TaycCoBCKOro CTallHOHAapJOro npouecca E@).

Omeem: mas = 20}, ok = 40f. :

11.14. TayccoBCKHi Y3KOMOMOCHHI CTalMOHapHHE mpouecc € ()
€O CpelHMM KBafpaTHUeCKHM 3HauenueMm o = | B mofaetca Ha nuned-
HHIfi IeTeKTop orubatomeit ¢ KosdduuHeHTOM nepefaun & = 1. Hafitu
BEPOSATHOCTD TOTO, UTO HANIPSKEHUE Ha BBIXOJE IETEKTOPA NPEBLICHT 2 B.

Omeem: P = exp (—2) = 0,135.

11.15. KoppensuuonHass (yHKIHSI TraycCOBCKOro Y3KOMOJOCHOTO
cTanuonapHoro nponecca E(f) paBHa Re(t) = ofe—2/1 cos o,v. Bounc-
JUTH KOppeNsnHOHHYI (YHKnuio Ra(v) oruGawomed A(f) srtoro
nponecca.

Omeem: Ra '(T) = (2—- _J;_)o'g (0,915 e—2a (vl |
40,057 e—4o 171 4 ).

11.16. Pemmnts 3amauy 11.15 pas  cayuas,
= ofe—*'""/2 COS @,T.

Omeem: Ra (17).—_-(2 — —;—) of (0,915e—* 4 0,057 e~22*=* ..

Koraa Rg(t) =

11.17. Koppenﬂunoxmaa‘ GyHKIHUST TraycCOBCKOro CTalfHOHapHOIO
nponecca & (¢f) paBHa

Re(t) = ote—%v"/2cos .

BBIUHC/IUTD KOPPETAMHOHHYI0 (GYHKIHIO R4:(t) KBajapaTta orubatomed
A2(t) sToro mponecca.

Omgem: R as(t) = 4ote—%'7",

11.18. TToayuuTh JBYMEPHYIO [IJIOTHOCTh BEPOATHOCTH AJId Nporecca
n (f) = A%(f), npeacrasasiouero co6oii KajpaT orubaiouled rayccos-
CKOr0 Y3KONOJOCHOrO CTAHOHAPHOTro mpomcca & (¢) ¢ KoppensunoHHOM
¢dyuknues Rg(t) = ofr (T) cos @,t.
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Omeem:
_ n+ 1, TV
p2 (nv n'l.') 40§_(l—r2) Xp [ 2Gg(l—r2) Jlo(og (1___r2) ’

r=r(v),

11.19. TayccoBckufi cranuoHapubifi yskonosocuslii mpomecc & (£)
HMEeT KOPPENANHOHHYIO QYHKIHMIO Rg(t) = odr (1) cos w,T. I[Tonyunts
OIHOMEPHYIO MJIOTHOCTb BEPOATHOCTH Uil NPOM3BOAHON OT Cy4afiHOMH

¢a3nl ¢ (2).
Omeem:
. 1 ¢! \—3/2 v d¥r(7)
P\9)= ———— ] — — ) = — .
( ) 2V —r, ( ' o ) & v im0

L3 .
11.20. Tlpun Tex xe ycaoBHsiX, 4To M B sagauve 11.19, moayunrs
COBMECTHYIO TUIOTHOCTb BEPOATHOCTH JJId CayyaiiHO#t daswl ¢(f) u ee

NPOU3BOAHOH ¢(f) B OHH H TOT XK€ MOMEHT BPEMEHH.,

. 12 \—3
Omsem: p (@, ¢) =—o» (1_%_) o
43‘5]/——-1'6' Ty

11.21. Ha npuemHoe yCTpO#iCTBO, CXe€Ma KOTOpPOro H306parkeHa
Ha puc. 11.5, BosneficTByeT cTanMoHapHELH Gesblit mIyM n(f) CO CHeKT-

" PanpHOE IVIOTHOCTBIO Sp(0) = Ny/2. UacToTHas XapakTepHCTHKA

YCHJIHTENIA NpoMexyTouHol yacToTul (YITU) 3anana Beipakenuem

200

H(jo)=%
(jo)=%4 200+ (0—3)

a<<(00)

a HMNYJbCHAsi XapPaKTEPHUCTHKa h(f) uHTerpupymomero ¢punsrpa RC
paBHa. h(f) = ye—vt,

Onpenennts: 1) nIOTHOCT BepoATHOCTH  p(v) mpopecca n (f)
Ha BbIXOJAE KBAJPATHYHOrO JAETEKTOPa orubaiomen; 2) MaTemMaTHUeCKoe
OXHIAHHE fMy, KOPPENANHOHHYIO QYHKIHIO Ry(T) M AuCHEpCHIO o)
3) MaTeMaTHYECKOE OXHAAHWE /mg, KOPPENAMHOHHYIO dyHKuHIO Rp(T)
H pucnepcuio of nponeccea §(f) na Beixone guiastpa RC B CTagHOHAPHOM
COCTOSIHHH.

Et)=A) cos[wg t+p(t)]

7)=A%)
(AR > ”%”Zfﬁé’/’;f;’,’;’”” mmsapunyounui |50
A ye) oeudurow el punsmp R6

Puc, 11.5, Ynpomennasi GYHKUHOHA/bHAST CXeMa PaAHONpHEMHHKA
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1 2 i .
Dpm =% 1=0, o = -l #4/2;
13

2) my= 20’%, Rn (’IT) = 40’% %‘6 e—2altl , %___ 40-£ xﬁ, 0 > a;
3) mg= (ZNO ..71{'3, Rg (’[) = 0'?1 _#_ (Y e—20(.|1:| ___Qae—ylﬂ )’
v —4a?

v
, 742
11.22. Iycte & (f) = A () cos [wof + ¢ (f)] — rayccosckuii cra-
IHMOHAPHBIA Y3KOMOJIOCHBIH Hpouecc. PaccMoTpuM caydyaiHbiii mpomnecce
n (¢) = & (t) cos ot = (1/2) A (¢) cos[(wy — w5) t +
+@ (1)1 + (1/2) A(t) cos [(wo + @4) t + @(D)],

T/I€ Y4acToTa m, Maja Mo CPABHEHHIO C YaCTOTOH @y, HO 3HAYHTE/IBHO -
NpeBLILIAeT MIHPHHY CHOEKTpa Hpouecca E ).

Cnektp mponecca 1 (f) pacrnojiokeH B JABYX NPAKTHYCCKH Henepe-
KPHIBAIOMIMXCS  M0J0CaX, NMPHYeM HHXKHeH GOKOBOH MOJioce COOTBET-

CTBYET Mponecc
() = (1/2) A (f) cos [(0p — @) t + @ ()],

a BepxHel 60KOBOj# NOJ0CE — Mponecce
na(t) = (1/2) A (t) cos (0o + @)t + ¢ (B)].

[TokasaTb, UTO OPOUECCH 1)4(f) H 1o(f) ABMAIOTCH CTANHOHAPHBIMH,
XOTst HX CYMMa €CTb HEeCTanMOHapHBIH mponecc. YO6eauThCst, YTO MPo-
neccnl 1,(f) H ny(f) HE ABASIOTCS HE3aBHCHMBIMH.

Ykasanne. [Ipn a0Ka3aTenncTBax IeN1€C000PasHO BOCHOJb-
soBaTbest cooTHomenuamu (11.15). _ :

11.23. YcTaHOBUTH Pa3HBIl XapaK)ep H3MEHEHHS MaTeMaTHYeCKOro
OXMJAaHHs my M Aucnepcuu of orubaromeil V({) B 3aBUCHMOCTH OT OT-
HOIIEHHs CHMHAJ/yM @ = A, /0t 175 MaJblX U 6OJbIIMX 3HAYEHHH a.

of

IR
_o',n

Omsem: . o
my= Ogl//%(l —}——;az), ov=o§l/- 4;” (l.-}- -14—a2),a<1;
(11.56)

my= A, ‘/\1+_27;—2Am(1+;‘;), oy =0y, a>3. (11.57)

Vkaszanune. Hyxuo B dopmyne (11.30) Bocnonb3oBaTbes cie-
AVIOIMMKY ACHMOTOTHYECKHMH MPEACTABICHASIMH (QYHKIHHA Beccens:

1, (%) =(%)2—‘- [1 b2 +...],x§1; (11.58)

al 2(2n+2)
Loy =—2J1+1=% L 1, e>1. 11.5
w0 = [T A | x> (11.59)
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11.24. Hajitu maTemMaTHYeCKOe OXHIAHHE H JHCHEDCHIO KBajpaTa
orubatomeit V(¢).

Omeem: my: = 20¢(1 + a%2), o} = 40f(1 + a?).

11.25. HaiiTu onHOMEpHYIO NMJIOTHOCTH BEPOATHOCTH /st MPOKECca
n(f) = V3(f), npencraBasiomero coGoii KBagpaT OrHGAIOMWEH CYMMSL
ACTEDMHHHPOBAHHOTO TaPMOHHYECKOrO CHTHaja M TayCcCOBCKOTO CTa-

nuoHapHoro myma E(?).
L A2 -
exp (__ n+A43 )[0( AnVm )

20} %

Omeem: p () = %7
Ykasauue. Hyxno s dopmyne (11.28) nepeirtu ot V x 1.
11.26. Bouncinte ofHOMEpHBIE HayajbHblE MOMEHTBI M, =

=M{V* ()}, k=1, 2, 3, ..., oruGaromei V(f) CyMMB! ieTePMEHKPO-

BAHHOTO TaPMOHHYECKOro CHrHana A,Cos @of H rayccoBCKOrO CTamuo-

HapHoro mpomecca § (f) ¢ mucmepcueii of.:

Omgem: m =(202)k/21‘(1 +i) F—kf. . _Ah
Y 3 z 141 9 y 4y 202 ,

rae I'(x) — ramma-gynxuus; Fi(e; P; x) — BbIpoxaeHHas rumep-
reoMeTpuyeckass GyHKmus.

Yxaszauue. Ilpyu BHNONHEHHH HHTETPHPOBAHHSA C MJIOTHOCTHIO
BepoaTHocTH (11.28) cneayer BoCMONB30OBATBCA H3BECTHBIM HHTErpa-

aom [17]
. @ \v [ty
: ) (%)
qu—‘lv (ax) e~B** dx =
g 28% T (v 1)
v—p . . o?
xlFl( Sh vkl )

11.27. BblMHCIAHTD COBMECTHYIO MJIOTHOCTb BEPOSITHOCTH  py(V,V)
Asist orubaromeit V () u ee npoussonuoii V(f) B ONHH H TOT e MOMEHT
BpemeHn f. Cumraercs, uto orumGaiomas V (f) ompenenena ¢apmy-
Jgoir (11.18). '

- Omeem:
(11.28);

pg(V,V) =p, (V) p (V), rtne py(V) naerca c¢opmyanoit

. 1 V2
V = —e X . ——
p(V) o Von(—r3) p[ 208 (— r3) ]

~— HOpMaJbHasi TMJIOTHOCTb BEPOSITHOCTH. ,
Ykazauue HyxHo NPOHHTErpHPOBATH MJIOTHOCTH BEPOSITHO-

cti (11.26) cnauana no ¢ B npesesax ot —oo 110 0o, a 3aTem Mo Y B pe-
Aeaax oT — ; g0 N.

11.28. HaiiTh nioTHOCTE BepoOATHOCTH npoﬁecca Nn(f) = cosP(t), -

npefcTaBasiomero co6o#t Kocunyc ¢aspl P(f) cymMmmbl FeTepMHHHpOBaH-
390

g g iibganran

B

-

HOTO rapMOHHYECKOr0 CHrHANA A,,C0S ®,f M rayCCOBCKOro CTalHOHAPHO-
ro wyma § (£) = A (£) cos oot + @ ()] ¢ mucnepcueir of.
Omeem:

p@) = e=a/2[1 + 1/ 2x and(an) e® /2],

Y l—n

a=tn, _1<n<l,
%

rae @ (x) — UHTErpas BEPOSTHOCTH.
11.29. Pewnts 3anauy 11.28, nonoxus 1 () = sin (¢#).
Omeem:

1 +V2n(d—n?) ae?® X

e—a'/2
2

-1
p M= T '
<[@leyT=E ]| i<t

{ ‘ Lo -y

11.30. Ilokasatb, yTO Npu GONBLIMX OTHOWIEHHAX CHCHAA/LIYM
(@ = Ay/og > 1) cayuaiinyio ¢asy ¢ (f) 4 ee NPOH3BOAHYIO MOXKHO
NPHO/IHKEHHO CYHTATD rayCCOBCKHM CTAHOHADHBLIM MPOLECCOM. 3aru-
caTh JUIsl 3TOrO CJ1y4as COBMECTHYIO MJIOTHOCTb BEPOSITHOCTH AJIst (asbl
H €€ MPOM3BOJHO B ONMH H TOT K€ MOMEHT BPEMEHH.

Omeem:
Ag (D . Ag (8) . .
P () ~ —ﬁ', Y ()= A P (¥, ) =py (V) Py (v) =

_ a? _a_2 e 1 2 Py _ dzrc(‘l:)
oy =r2(0) exP[ 2 (u r" (0) ¥ )] e ()= W |,

11.31. OnpenenuTb NIOTHOCTL BeposTHOCTH oruGatomeit V (£) cym-
MBI JBYX T'apMOHHYECKHX KOjie6aHuii °

() = Agsin (oof 4 @), sy(t) = Agcos (0ot + )

H  TayCCOBCKOrO  CTANHOHADHOIO  Y3KOMOJIOCHOTO myMa & (f) =
= A (¢) cos [wof + @ (f)] ¢ HyJIEBBIM MATEMATHYECKHM OXKHIAHHEM H

nucnepcueii of:
s1(f) + 8,(t) + & (&) =V (£) cos [oot + 9 (2)].
CayuaiiHble HavanbHbIe Gaspl Q; U @, NPERIONATAIOTCS paBHOMEpHO

pacnpeneneHHBIMH B HHTepBaJje (—m, 7).
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Omeem:
_ Y Y R TNEAAY ﬂqx
P = e (= PEEEA) ()
AlAﬂ < A1V /ASV 1 A1A2 ):l.
X"’( ot )ﬂ;“.( ot -)’"( i )"\ "o

Y kasanue. [Ing pemeHds 3ajaud CJAELYeT BOCHOJIb30BaThCH
WHTerpajbHbM  Tpenctapnennem  ynkuuit Beccena [17] In(x) =

k19
= 15‘ excos® cos n0d0, n = 0, 1, 2, ..., 4 YaCTHBEIM CJY4aeM, «TeOPEMbI
b1
P ,

cnoxeHus1» OecceneBblX (QYHKUMM:

I, (mV a* 1 6°— 2abcos B ) =1y (ma) Io(mb) +

) E I, (ma) I, (mb) cos nd,

n=1 .

rrea>0,b>0u0>0. )
11.32. Ha nuHeiiHBI JeTexTop orubatoiefl BO3JACHCTBYET CyMMa

s (t) + & (t) = Apcos (0o + @o) - A (t) cos [ogt + @ ()] =
= V () cos [oet + P (B)],

rie s (f) — JeTepMHHHPOBAHHBIR rapMounuqecxuﬁ curnan; § (f) — ra-
YCCOBCKUil CTALMOHAPHBIH Y3KOMOJOCHBIA MIYM C HYJIEBbIM MaTe-
MATHUECKHM OXHIAHHeM H KOppelsuuoHHOH QyvHKmHeH Rg(t) =
= ¢}e=%%'c0s ®,T.

OrnpenenuTs NPHOTHKEHHbIE BBIPAXEHHS I MaTEeMaTHYECKOro
OXULAHHS My ¥ KOPPENIUHOHHOM QYHKIUHE Ry(T) HaNpsDKEHHs HA Bhl-
xojie netekrtopa m (f) = V (¢) npu Gonbmux (@ = Aplo > 1) u Manex
(a € 1) OTHOIEHHSAX CHTHAN/IYM.

Omeem:

m,,gA,,,(1+zf’_), R“(t)zoge—m'(l—l- L e-m’), a>l,

2a?

My 220y l/%(l + 4‘112 ),

Ry (7) =~ —;—Ua’ [e—z“" +(-3'—)’ q’e;“f’], all.

J

12. BOSAENCTBHUE CJHAYYANHDIX NTPOLECCOB
HA HEJIMUHEWHDBIE CUCTEMbI

1. TEOPETMYECKHE CBENEHUA

Cpean HeanHeHHBIX TNPeo6pasoBaHHil cAyYadHLIX TPOLECCOB npoCTelUIHM
fIBJsIETCA TaKoe npeoGpasoBanne (puc. 12.1), npu XOTOpPOM 3HAYeHHe BHIXOLHOTO
npouecca 1 (£) B 1060H MOMEHT BpeMEHH Oupeje/feTcd TONbKO SHAYCHHEM BXOL~
Horo nponecca § (f) B TOT e MOMEHT BpPEMEHH:

n () =Fl§ O] (12.1)

rze f[§] — nexotopas mennmehnan Qynkuns. Taxkoe mennwefinoe npeo6pasopa-
HHe Ha3HBaI0T GeSbIHEPHHOHHHM HJIH (QyHKLIHOHAJIbHLIM.
K GesunepunonnoMy CBOXATCS TaKXKe HeNHHEAHEIE NPeOGPa3OBAHHA, NpH

* KOTOPHIX BXOXHOA]H BHXOXHOA npoueccH §(f) u 1 (f) noAsepraoTcs AONOAHHTENb-

HOR TpauchOpMALHH JNHHeHHHIMH CHCTeMaMH (pHC. 12.2), He OKa3HIBAIOMHMH
PeaKUHH HA HeJMHHEAUHH 9aeMeHT, Takoe npeo6pasoBaHHe MOXKHO SaMHCATH

» dopue L) = Lof [LsE (8],

rae Li# Ly— anpefiHule OnepaTOpH, ONHCHBAIOMHEE OB eHHE IHHEHHEX CHCTEM.

r}ocxonbxy NpaBHIa NPeo6pasoBanHA XaPaKTePHCTHK CAydYafHHX mpolec-
COB JIHHEAHHIMHE CHeTeMaMH H3BeCTHH (CM. T. 10), 1/ H3yYeHHA yKa3aHHEIX He-
JAHHEHHHX Mpeo6pasoBaHHR JOCTATOYHO PacCMOTPeTh mnpeoGpasosande (12.1).

O6mee mpasmjo. B ofmeM BHIe mpHHUMNHAJALHOE pelleHHe 3afaiH O He-
JAHHEHHHX Oe3LHEDLHOHHHX NPeoGpa3oBaHHAX CAyYaRHHX MNPONECCOB JAeTCH
H3BeCTHHIM CBOWCTBOM HHBAapHaHTHOCTH Juddepenumana BepoOATHOCTH. IlycThb
H3BeCTHA n-MepHAs NJOTHOCTL pacnpefeleHHS BeposTHocTelt p, (&, i ..., &n)

cayyaiubx Beauynd §;, ,, ..., , H HYXHO HalTH NJOTHOCTH pachpejeNeHHs Be-
poatHOCTeH pp (M, Mgy ...r Mp) AAA CAYYAHHBIX BeJHYHH

W=/ & &, ..., &l

Na=Fa &, &, .., Enl, (12.2)

ﬂn:fn [Elv §2’ eeny En]’

rfe f; — KycouHo-HenpepHBHbHE (YHKUHH. ECIH CymecTBYOT OJHO3HAUHEE
o6parHble QyHKIHH

El = q)l ("hyr"lm "'annly
& = @3 [M, Mo ooy Ml (12.3)

gn’ = q)n [nly 7]2» eeay ﬂn]y

L&) FlLr &ty
\ - "3
& @) &) | Nunedwan Henunedrord \ Nunedses |pL)
—> &/ Z—)— > cucmerma \ B3 GIHELYUTH~ cuCmens 7
L HEn peosh T — l7
gobamens
Puc, 12.1. Heau-  Puc, 12.2. Tunosoe paiHOTeXHHYCEKOE yCTPOHCTBO
HeliHblfi  GeablHep-
ILHOHHKIH npeo6-
pa3oBaTensb
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TO nH'repecyxomaa HAC MNJOTHOCTH pacnpene.'lennﬂ Bepomnocreﬁ onpeaeJasercs
dbopmyanoi .
Pa(e, Mes - -+ M) =P (@1 [ Mo v+ +s Tl

PNy M2 eeos Maloevos Prlm, Mg oves M) D51, (12.4)
rae
9, _ 21 E En) (12.5)
0 (M1, Ngyeer, Mn)
— fAKOGHAH Npeo6pas3oBaHHs OT NepeMeHHbX &, &y, ..., §p K IepeMEHHBIM
M M2s -os e

B tex cayuasx, xorja o6parkble GyHKUHH (; HEOZHO3HAYKbI, B NIPaBOH YaCTH
tdopmyan (12.4) caexyeT B3ATL cymMMy IO KaxKAiOH H3 nojpoGiacred.
PaccmoTpuM chenyiownli wacThuit caysail. Ilycrs

m=hHGEl=8 ==/ 138 tal

npuuem ofpaTubie Qynkumm & = @,n,] = n,, & = @gn;, ngl oanoamaymm,
B xanHOM cayuae mKOoGHau mpeo6pasopannms (12.5) :

1 0
$'= _a_q)’_ itg’_- =%:f—-=‘%’n!"l
o omg

a COBMeCTHASl MJIOTHOCTb pacnpelle/leHRs BEPOATHOCTEN p, (M1 M) cyuafiunix Be-

JHUHH 1); H 0 B cooTBercTBHH C (12.4) ompexensetcs Qopmyaofi

99
o

Hnterpupys (12.6) no 1, noayyaem oiHOMepHYIO MIAOTHOCTH PAacTIpefeNeHHs Be-
pOSTHOCTEH NJA cAy4afHOH BeNHYHHH 1}

Pz (s W) =23 (M1, s [Mr, M) . (12.6)

¢ P
pm= S Pa (M, @2 [, ) % dvy. (12.7)

lpn npumenennn opmynn (12.4) K IPAKTHYECKH HHTEPECHHM HeJHHeHHbIM
npeoGpasoBaHHAM MOTYT BOSHHKHYTh TPYAHOCTH. Taxk, ecnn GyHKIHH f; ABAAIOTCH
MOJHHOMAMH Bbllle TPEThell CTENeHH, B ofbmeM cJyyae 3aTpyAHHTENLHO HaHTH
GYHKUHH @;, T. €. AHAIHTHYECKH DA3PEUIHTh CHCTEMY HENHHeHHBIX ypaBHEHHil
(12.2) ornocurensho §;. AHajOrHuHBlE TPYAHOCTH BOSHHKAIOT M NpH TPaHC-
HeHACHTHBIX GYHKIHAX f;. [IpH KYCOYHO-JIHHEHHON anNpOKCHMALKH byukuHn [;
OKa3bBAIOTCA PASPHIBHEIMA H NPOH3BOAKEE O@;/0f; BO MHOTHX THIOBHEIX CayuasX
B HEKOTOPHX TOYKAX MOTYT GLITh PABHHIMH GeCKOHEYHOCTH. '

BBHIY CJI0XKHOCTH HEeNOCPEACTBEHHOrO BHYHCIEHHA MJOTHOCTEH pacmpenese-
HHS BEPOATHOCTEH YacTO OrpaHHYHBAIOTCA HAXOKJEHHeM 60Jee MpPOCTHIX, HO Me-
Hee NOJIHBIX CTATHCTHYECKHX X2PAKTEPHCTHK BHIXOLHOIO Npouecca, HaNpHMep Ma-
TEeMATHYECKOTO OXHAAHHA H KOppeNAUHOHHOR Qynkiunn. [IpuMernTe BHO K pas-
HBbIM BHJIAM HEJTHHEAHbIX NPeoGpasoOBAHHA A/ ONpeJle/leHHs STHX XapPaKTepHCTHK
MOXHO YKa3aThb HECKOJBKO METOJOB.

Noauromuansnoe mnpeobpazosanne [29]. IlycTo xapakTepHCTHKA HeluHed-
Horo avementa 1) = f [E] sBaseTcs aHaqHTHYeCKOH GyHKUHER B OKPeCTHOCTH He-
koTopo# ToukH C. TOrza ee mMoxHO pasyoxuth B pax Tefsopa:

N=fEl=a+4a, (E—C)+...+a, E—C)",
1 d*FIEl

ap =—
R gk feoc”
YHC/JIO0 YJICHOB KOTOPOTrO ONPEACJAE€TCA TOYHOCTBLIO ANNpOKCHMAUHH,.
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(12.8)

OGo3navuuM HauaIbHble MOMEHTHBE GYHKUHH npouecca § (2) qepes m, a 1(¢)—

yepe3 m. CTAaTHCTHYECKH YCDELHHB JIEBYI0 H NPaBYl0 Y4CTH PAaBEHCTBA (12.8),
NOJYYHM

my(t) = M{n ()} = m, (1) = ap+ ayM {& (t) — C} + ... + M{[E (1) — Cln).
(12.9)

[TepemHOXHB JeBbe H NpaBHe Y4CTH paBeHCTB (12.8) Ais ABYX MOMEHTOB Bpe-
MeHH t;,"t; W BHIIOJIHHB ONEPALHIO CTATHCTHYECKOTO YCPENHEHHS, HARIEM BHIpAXKe-
HHe L JBYMEDHOH MOMEHTHOR (YHKUMH (KOBADHAIHOHHOR dyHKuUMH):

myy (f 1)) = M{n () 0 ()} = Ky (b, ta) = af + agay [my (2) +
+my(ty) — 2C) + af Imy 4 (4, 1) — Cmy () — Cmy (8) + C?] + ... +
+ @2 M{(E (t) — CI* [§ (ty) — CIn}. (12.10)

Ananorauno HaXOAATCA BHPANKEHHA JJNA BHCIIAX MOMEHTHHX QynKuuA.

HAan noftyuenns BHpa)eHHA MOMEHTHHX QYHKIHA mpouecca v (f) B uBHOM
BHJle Yepes MoMenTHuie GyHKUHH npouecca § (f) HyXHO BOCNONBIOBATHCH topmy-
noli 6unoma HoloTona :

(&—C)"=i B __ gt
il (k=) ’

PACKDHTh WJeHH BHAA
[g (tl) - C]k [E (t!) - C]l [g (ta) - C]m voey kr l, m<n,

H 3aTeM BHIIOJHHTbL CTATHCTHYeCKOe ycpepnenme. I1pn stom, ecanm mpouecc § (f)
3aJaH CBOMMH MOMEHTHLIMH (QYHKUHAMH, CDPa3y nolyiaeM HYXHHA pesyJbTart.
Ecan xe npouecc § (f) 3ajan NIOTHOCTAMH PacnpefefeHHs BepOATHOCTEH HJIH
XapaKTepUCTHYECKHMH QYHKIHAMH, TO MO HEM HEOGXOLHMO NMpeBapHTENILHO BH-
YHCJHTh €ro MOMEHTHhIE GYHKIHH. . . )

MowmeHTHbIe GYHKIHH CPABHHTENBHO NPOCTO HAaXOAATCA IJs raycCOBCKOro
craunonaproro npouecca §(¢). [IycTs mMaTemaTHYeCKOE OXHAAHHE My TaKOro npo-

1[eCCa PaBHO HYJIO; 0GOSHAYHM €r0 AMCMEPCHIO uepes Dy = a’g, a HOPMHPOBAHHYIO
KOpPeNANHOHAYI0 QYHKIHIO — Yepe3 T (v)- Herpynuo yGenutnes [6], uro npn

STOM OJHOMEpHBIE MOMEHTHble (QYHKUMH CTAallHOHAPHOTO TayCCOBCKOrO Ipolec-
ca omnpefenswrca ¢GopmyJaoi

1.3:5...... (v—1) oy npn vernom v

0= )= : ,

0 NPH HEYETHOM V,

a8 L JBYMEPHBHIX MOMEHTHBIX (YHKUHA CIpABeLJHBO CODTHOLIEHHE
o !
rie
N = T g o+ () ge.

3nece @)(z) = d"®(2)/dz" — n-s5 nNpoMsBojHAas OT HHTerpaja BEPOSTHOCTH
z

S e %2 gy, (12.11)

1
D (2) =
®="
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Cosoxynnocth Koshduumenros AN;, o6pasyer MaTpHUy, NpPHBEIEHHYIO
B Taba. 5.3.

Tpexmepuble MOMeHTHHE (GYHKLUHH TaycCOBCKOrO INpolecca ONpexessioTcs
anasoruyno [26]. O6uiee Npapun0 BHIYHCJIEHHS MHOTOMEDHEIX MOMEHTHHX (QyHK-
Wt ycTaHOBJEHO B paGore [69]. )

W3 dopmya (12.9) n (12.10) Buano, yTo MOMeHTHHE QYHKUMH Npouecca 1 ()
JuHefiHO BRIPAKAIOTCSH Yepes MOMeHTHHe GyHKUHH npouecca § (f), oxmaxo ¢op-
MYJIbl 1J11 MOMEHTHB X (QyHKUHA BHIXOZHOrO npouecca BKJIIOYAIOT 60Jiee CJAOKHELIe
MOMeHTHbe QyYHKIIHH BXOZHOrO Ipolecca. B 3ToM COCTOHT 0QHA H3 XapaKTepHBIX
oco6erHOCTeH JI060ro HeJHHefHOro npeo6pasoBaHus (B TOM 4YHCJe H MOJHHO-
MHA4JIBHOTO) MO CPABHEHHIO C JHHEHHHIM.

Kycouno-paspuBHbE H TpaHCHEHIeHTHbe npeofpasosannn. [Ipn paccmotpe-
HHH BOBJAEHCTBHA JOCTATOYHO CHJBHBIX CHTHAJIOB H NOMEX HA HeJHHeHHbIE YCT-
poficTBa YaCTO NPHMEHAIOT aNNPOKCHMAIIHIO HX XaPAKTEPHCTHK KyCOYHO-pPasphiB-
HHIMH HJIH TpaHCUeHJeHTHHMH dynxkuusamu f[El, nockonexy omum mosBofisioT
Jaydyme mNepeiaTs CyllecTBeHHEIE CBOACTBA y4YacTKa HeJHHe#AHOR XapakTepm-
CTHKH. BHuHc/Ienne MOMEHTHHX QynKIuft BHXOJHOTO MpoLecca AN HEMHHeAHEIX
npeoGpasopannf (12.1) TaKOro BHAA MOXKHO BHINOJHATL ABYMS TeCHO CBASAHHEIMH
MeTOJlaMH: TMPAMBIM H METOXOM XapaKkTepHcTHYeckHX ¢ynkuufi [36].

B mpamom meTofle HcMOMIB3YIOTCA caMH HelHHeAHHe XapaKTepHCTHKH H cTa-
THCTHYeCKOe ycPlenHeHHe BHIIOJHACTCA NMPH NOMOIIH MJAOTHOCTeR pacmpefeneHHs
BepoaTHOcTelA. ITpH sTOM OfHOMepHEIE MOMeHTHHE QYHKIHE HaXOXATCR COTMacHO
oueBHaHOR dopmyTe

iy O =M{" O} = [ PEWOIpE 1) .

a L IBYMEpPHOH MOMeHTHON ¢yHKUMH my , (4, {,) crpaBeA/IHBO COOTHOLIEHHE
1 (s t)=M {n () n (1)} =

= FrEalfEd p G & b, t) dEy dE,, (12.12)

—00 =—00

rie & = E (), & = E(ty).
B mMeToze xapaKTepHCTHYeCKHX QYHKIHA HeMHHedHAN XapAKTEpHCTHKA Npel-
CTaBJIsieTCA NpH MNOMOImH npeo6pasoBaHus Jlamaaca:

1 .
= _— H ug
n=f &l o EF(]u) e/ 8 gy,

rie L — cooTBeTcTBYIOMHM 06pasoM BHGPAHHEIA KOHTYD HHTErPHPOBAHHS B KOM-
NnekcHol 061acTH u. BHL KOHTYpa HHTerpHpOBAHHS H BHpaenHe GYHKIHH
F (ju), npexcTaBasiomeit co6ofi npsmoe npeobpasoanme Jlanmaca HenHHefiHOR
dyrxuun f[E]

Fuy=[ flE]e /b ag,
. 0

npHBeAens B TabJa. 12.1 [34]."He'rpynno y6ennThbes, 4TO B JAHHOM Caydae ABYyMep-
Hasg MomeHTHAs GyHKuMA my, (%, #,) onpexensercs ¢opMyJoi

- 1
M, )=~ §§ #u F g x
L L

X 6, (]l'llv jug; 4, 1) duy du,,” . (12.13)

e O (fuy, fug; ty, fs)—AByMepHas XxapaxTepHcTHuecKas] (YHKHHS BXOLHOTO
BosJieficTRuA € i
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. mbift MeTosiomM [Tpaiica

Ma  (12.12) u (12.13) crenyet, uto kxak MeTox xapaktepHcTHUECKHX dyukuuit,
TAK W NpsAMOR MeTOX TPeGyloT OXHHX H TeX XKe ANPHODHBIX CBEJEHHH O BXOJHOM
cayyafiHoM npollecce § (f), n6o XapaKTepHCTHYeCKHe QYHKUHH H MJIOTHOCTH pac-
npefieleniss BepOATHOCTeH, Kak H3BECTHO, CBsI3aHBl NpeoGpasoBanunem Pypne.
INpu BHG(pe TOro WM HHOrO H3 PACCMOTPEHHLIX METONOB pellaomee 3UaYeHHE
HMEIOT He CTOJIBKO TeOopeTHYecKHe cOOGpaKeHHH, CKOJIbKO BHIYHCJHTENbHbIE TPYA-
HOCTH.

B sakaioueHHe OTMETHM, YTO €c/H § (f) SIBJASIeTCS TayCCOBCKHM CAy4afiHbIM
IPONECCOM, TO ECTECTBEHHBIM Pe3YJ/bTATOM MPAMOr0 METOAA ABJAETCS BhIpAXKEHHE
OTBeTa Yepe3 TaGyMHpOBaHHbIE MPOH3BOXHLIE OT HHTErpasna BepoaTHOCTH (12.11),
a NpH HCNOJb30BAHHH METOJA XapaKTepHCTHYECKHX GYHKIMA OTBET yaime BhIpa-
KaeTcs yepes runepreomerpHyeckue pyunxunn [71]. Oxnako sTo He HMeeT cymecT-
BEHHOTO 3HAYeHHsA, TAK KaK NPOHU3BOJHBIE OT HHTErpana BePOSTHOCTH H BBIPOXK-
LeHHAs THIepreoMerpHyeckas (GyHKIHA CBA3AHB APYT C IPYrOM H3BECTHBIMH

cootHomennsamu [70]. . .
Ecnn ma BXOg paccMaTpHBaeMOro HEeMHHEHHOTO >/JeMEHTa BO3JeHCTBYeT ra-

. yccoBckHil cranmuonapubift npouecc § (f) ¢ HyJeBM MaTeMaTHYECKHM OXHJAHHEM

me = 0, nucnepcuedr Dy = Of H HOPMHDOBAHHOH Koppe/dsuHoHHOH (yHKuHeR
ry (T), TO MpoueXypa BLIYHCJEHHS HHTETpajoB B MpaBIX HACTAX dopmyn (12.12)
H (12.13) MOXeT GHITH yNpOmEHa ¢ MOMOMbIO CNelHaIbHbIX npHeMoB. ITpumenn-
TeJbHO K ¢opmyie (12.12) ognn H3 TAKHX NMPHEMOB, HA3BAHHBIA METOLOM LeNbTa-
dyuxuun, 6ut pasBuT B paboTtax [72, 73]. Tlosxe aHaJOrHYHBLIH MeTOJ, HA3LIBAE-
[74£ 6Ll TPHMEHEH K BBHIYHCJCHHIO HHTerpaaoBs BHAA (12.13).
s MeTon neabra-QyHKUHH Ga3sHpyeTcs HA MNpPEACTABJEHHH [ABYMEPHOH M0T-
HOCTH pachpejiefieHHsl BEPOATHOCTEN rayCCOBCKOro CTanHOHAPHOrO mpouecca
E@®c HyneBbiM MATEMATHYECKHM OXHJAHHeM, HMeIomeH BHJ

_ B} —2r; (v) E1 8o 83
' 20¢ [1—1} (¥)] '

= p—— 12.1
P (€1, E2) 2“Q§V1—r§ @ exp (12.14)

B ¢dopme pana [6]

S 1 n § n E
Py 1, E) =05 X, — O +”(i)m< +”(0—2§) 8 ().

n!
n=0
Ha ocroBauuu sroro pasnoxenns dopmyny (12.12) mMoxHO NMpeicTaBHThL B BHJE
- o : 2
g (O =my fog® X~ S flET @D (7;) a5t ri(m,  (12.15)
n=1 "~ L,

rle MaTeMaTHYeCKoe OKHAAHHe BLIXOJAHOTO nporecca n (f) ompexefiseTcs COOT-
HOLIeHHEM °

1 [ -)
my=M {n(0)= = |t mm(—fg—)dg- (12.16)

Hs (12.16) caenyet, 4To xOppenstiHoHHAR GyHKIHA BHXOJHOrO Mmpollecca paBua

Ry (V) =my,; () —m3 =

- ai.ng _an_ _S”“E] m(n+1)(}§:)d§ | (). (12.17)
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ITpamenss x (12.17) nuTerpHpoBalHe N0 yacTsaM v pas H HCHOJb3ys H3BecCT-
HHe CcBOfcTBa dyuxkunn @) (2) [70], nomyuwaem :

00 00 2 n(
R, (1:):0%”—2 2 { fO) [g] @tat1—v) (_Gi_) ng e (1) . (12.18)

1 n!
n=

TIpHMEHHTENPHO K DASTHUHBIM KYCOYHO-PA3PHIBHBIM XapaKTepHCTHKaM HeJHHefl-
HBIX S/IEMEHTOB CHNEAYeT BBHINOJHATE HHTErPHPOBAHHE MO YAaCTAM TAKOE YHCHO v
pas, uToG6H v-51 nponssognas fV) [E] npesparuaace s AeNbTa-QYHKIHIO HIH CyM-
My JAelbra-QyHKuHIL.

Dopmyna (12.18) yeranasnusaer cBa3bL Mexny KoppeassuHoHuOR QyHxumef
BLIXORHOTO Npouecca H HOPMHPOBAHHOH KOppedsiiHOHHOA (yHKiHeh BXOJIHOTO
fiponecca H, CACAOBATENBHO, NMO3BOJAET HAATH CMEKTPANLHYIO MAOTHOCTD BHIXOJ-
HOTO nponecca no H3BeCTHOH CNeKTPanbHOM MAOTHOCTH NpoUecca Ha BXOJe HesH-
HeRHOro snementa. Haanune B (12.18) uneHoB c n > 2 MPHBOAHT K HCKAXKEHHIO
M PacUIMpEHHIo CNEeKTPa BHIXOZHOrO MPOLECCA MO CPABHEHHIO CO CNEKTPOM BXOJ-
HOro npoiuecca. B 5TOM, B YaCTHOCTH, COCTOHT BTOPAS OCOGEHHOCTDL HENHHEHHbIX
GesbiHEPIHOHHBIX Npeo6pasoBaHHui.

[lpn Bhiuncaennn nurerpanos (12.13) MOXHO NPOZYKTHBHO HCIOAB30OBATH
TOT (Q2KT, 4TO JJIA XapaKTePHCTHUECKON QyHKUHH CTallHOHAPHOro' raycCcOBCKOro
npouecca § (¢), ameomen BHA

8, (juy, jus) =M {exp [juy T1+ju, 1) =

1
=exp {——2— of [4i +2r (V) iy u2+u§]} ' (12.19)
CIPaBEAMHBO COOTHOLICHHE
8y (1)t () 6 (i, i,
ar’g .
B COOTBTCTBHH C Uem (12.13) MOKHO NpencTaBHTH B clefyioueM BHe:
2k ’

*myiq(z Y . o . .
;'1( )= 452' S. (jun)* F (juz) duy S‘ (jua)® F (jug) @, (juy, jug) du,.
¢3rE () L T X

[ToAcTaBuB ciopa HcxonHoe onpejgefenne XapaxkrepucTHYeckofi dpynxuun (12.19)
H H3MEHHB NODANOK HHTETPHPOBAHHA H CTATHCTHYECKOrO yCpenHEHHs, noay-
qynm [74]

o my 4 ok i (k) (%)
— =0} PR [8,) po (B4, &,) d&, g, (12.20)
arg _Sm —5;0
1 d*fIE)
“on 5 (iu)k F (ju) eJut du—f® ] :F .

[pH BEYHCIEHHH KOppeasHOHHO ($yHKIHH Npollecca Ha BLIXOZE HeHHeli-
HBIX 3J1eMEHTOB C KYCOYHO-pPaspuiBHLIMH xapax're;)mc'rnxaun no gopmymne (12.20)
HYXHO 6paTh TaKoe sHaueHHe k,' npH xotopom f(A)[E] o6pamaercs B CYMMY nefib-
Ta-Qyukunft. Torna HHTErpasa B NpaBol yacT (12.20) Bcerpa Buiuncnsmercs n, cie-
AOB2TENIbHO, HAXONHTCA k- MPOH3BOAHAS (QYHKIHH my,; (t). UTo Kacaercs no-
CeAYIOWEro HETETPHPOBAHHS NO 3HAYEHHAM HODMHPOBAHHOA KOPpeJsUHOHHON

- v -
G yHKUHH e () c uenbxozonpenenenna:ml,l('c), TO OHO_OCOGEHIIO JIErKO BHINOJHSET-

Cq1 B yacTHOM cayuae, Koraa f®) [E] = 4 8 (&) u BO31eACTBYIOWHA HOpPMAJIbHbIY
Crauuonapubift mpouece § (f) HMeeT HyleBOe MaTeMATHYECKOE OXHAaHHe.
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2. NTPUMEPbDI

12.1. Ha 6esbluepuuom{blﬁ JBYXCTOPOHHH{T KBaApaTHUHBIA JETEKTOP
¢ xapakrepuctukoil (puc. 12.3)

n=FfI[El =ak? a>0,

BO3JEHCTBYET CTANMOHAPHBIN rayccoBCKMi myMm § (f) ¢ NJIOTHOCTBIO
pacrnpejiesieHHs1 BepOSITHOCTEH

0= L exp] — ETM] (12.21)
PE= Voo exP[ 2} } ,

OnpeenuTs MJIOTHOCTb pACHpEeNeH s BEPOSATHOCTEH p,(n) Mpo-

necca 1 (f) Ha BBHIXOJE NETEKTOPA.
Pewenue. Bpu a> 0 cayvaiiHasi BeJqH4uHa 1 = 7 (f) HE MOXeT

6LITH OTPHIATENBbHOM, NMo3TOMY NpH 1 << O dynxmua py(n) = 0. [das
n > 0 umeem :

E=ql=%Vala,
B COOTBETCTBHH ¢ vem MoayJb sikoGHaHa mpeoGpasoBanus (12.5) pasen
|dE/dn| = 1/2)/ an.

VuuTeiBas, 4To B paccMaTpuBaeMoMm npumepe ¢yHKmusa § = ¢ [yl
IByx3HayHa, no dopmyJe (12.4) naxonum

o —

pdn%=E%Eﬁ[p?(l/rég)’kp?(_‘b/ i})]’">£’ (12.22)

0 1n<0.

Ecan MaTeMaTHYeCKoe OxHuaHue npoupecca §(f) paBHO HYJO (my=
=0), To ¢opmysa (12.22) npuBoanTtcs K BuRY (CM. 3ajauy 2.31).

— L _exp (— 1 ) n>0,

pr(M)={ o)/ 2nan 2a0} .
0, 1<0.
I'paduk 3Toli GyHKuHu npuseser B Tabn. 12.2. ‘
74 ,
7=a¢
Puc. 12.3. AMnanTyJHaf XapaKTepHCTHKa ABYX- — —= 7 ?
CTOPOHHEr0 KBaAPaTHYHOTO LETeKTopa .
347
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7

AS1d(7-a)
ar a
-.ﬂ P
4 E> 2(7)
_& b
ASyE(7+6)
g
= &(t)
eSSy |
=
m
: ]
—Q>
YA
Sz |I Sy Puc. 124. BospefictBHe caydalHbX
npoueccoB Ha Ge3bHepPIHOHHLIA orpa-
HHUHTEJB
v 7 «

12.2. Ha Bxoj1 Ge3piHepIHOHHOTO OTPAHHUHTENS C XaPAKTEPUCTHKOM

(puc. 12.4) :
—b mpu E<—B,
n=FEl={st mpu —p<Li<a,
a npu E>o
Bo3A€HCTBYET CTAaLHOHAPHBIH TayCCOBCKHH caydaiitbiin nponece § (f)

¢ MUIOTHOCTBIO pacnpenenenns BeposrHocteh (12.21).
Onpexenuth TUIOTHOCTb paclipeneseHus BepOsTHOCTEH py(n) MHpo-

ecca v (f) Ha BeIXo#e orpaHuuuTens mpu s> 0. )

Pewenue. Ha unrepBane (—b, a) npeoGpasopanue = f [E] B nan-
HOM TIpHMepe sBJsercs JHHedHbM: 1= sE. [losToMYy BHYTPH STOro HH-
TepBaJja

(12.23)

pl(n)=p?(%)%, —b<n<a.

BeposrHocTb TOro, 4TO 1) << —b i m>> a, paBHa HYJIO, a BE-.

POSITHOCTb TOTO, YTO 1) 3aKJIOUEHO B MHTepBane (—b, a),
a a
1
P(—b<n<a)=5 p1(n)dn= s—f pt (T")dn.
b Zb
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Bee 3uaueHus &, A KOTOPHIX E>a, mpeoOpasylorcs OTpaHHuH-
TeJleM B ojHo 3HauyeHde 1 = a (puc. 12.4). AuanoruyHo, Bce 3HaUCHHS
t < —p npeobpasyiotes B 3Havenue n = —b. CieloBaTesnbHO, BEpo-

SATHOCTb
PE=a)=5= pt®dL,

npeoGpasyercst 4l N B JAe/bTa-QYHKIHIO, PACNOJOKEHHYIO B TOUKE
n = a. MuoxuTeNb NPH 9TOR Aebra-QyHKuHH § (n — @) mponopuHo-
HajeH S;. BeposrtHOoCTb

PE<—F)=Sy= | pt(®)dE

npeobpasyercss A 1 B A€JAbTa-QYHKUHMIO, PACNONOKEHHYIO B TOUKE
n = —b, MHOXHTeNIb NPH 3Tol JenbTa-dyHKuuH 8 (v + b) nponopuyo-
nanen S,. Takum o6pa3oM, HCKoMas IVIOTHOCTb DACHpENENEHHS Be-

pPOSITHOCTEN paBHA
L 1 (L) +18:8(1=0) +38, 8 (n-+8), —b<n<a
pr()=1¢% s

?

3nech A — Kos(PUUMEHT MPONOPLHOHATBHOCTH, ONPENEISeMbIH H3 yC-
JOBHSI HOPMHPOBKH TMJIOTHOCTH DAaclpefieNieHus BepOsITHOCTER pi(n):

n< ""b: 7]>a-

a
M(SiHS) -+ | pt(T)dn=1.

OueBuaso npH s = 1 Kosduuuest A == 1.

[pauK TJIOTHOCTH pAachpeneNeHust BeposTHOCTEH p1(n) npHBelEH
B Taba. 12.2. Tam xe npeacTaB/eHbl NJIOTHOCTH pacnpene/eHus BEpPo-
ATHOCTEl py(N) HA BBIXOJE HEKOTOPBIX GE3BIHEPIHOHHBIX HeJHHEHHBIX
YCTPOHCTB IIPH BO3AEHCTBHH Ha HX BXOJ CTaHOHAPHOTO rayCCoBCKOro
cnyuaiiHoro npomecca § ({) ¢ HYJIEBBIM MATEMAaTHYECKHM OXHIAHUEM

mg = 0.
12.3. Ha uenuueiHblii sJeMEHT C napaGoNHYeCKOH XapaKTepHC-
THKOMH ‘
n = fEl = af + a,&?
BO3JIEHCTBYET CTALHOHAPHBIN CYYaiHbli Npomece

E@) =s() +n()

s(f) = Apm cos (0ot + @)

— rapMOHHYECKHH CHrHaJ C NOCTOSHHBIMH aMIUIMTYZ0H H 4acTOTOk H
cayuaiiHoil HavanpHo# ¢asoidt ¢, paBHOMEPHO pacnpeneseHHOH Ha HH-
teppasie (—x, 7), a n (f) — raycCOBCKHH CTAUHOHAPHBIA WIYM € HYJer
BEIM MATEMATHYECKHM OXKHAAHHEM H KOPPEJISIHOHHON dyHKIHEH '

R,y =M {n () n(t+ 1)} = oar(x).
351

rjae



OnpenennTh MaTteMaTHYECKOE OXKHJAAHHE My M KOPPEISUHOHHYIO
byHKuHIO Rp(t) npomecca m (f) Ha BHIXOJE 3/€MEHTa IPH YCIOBHU
CTATHCTHYECKOH HE3aBHCHMOCTH CHTHAJla H IIyma.

Ilng vacrHoro caydas r, (1) = e~%t onpejendrs (QU3UYECKYIO
CIEKTPAJbHYIO IIOTHOCTD Sy,(f) 1€HTPHPOBaHHOTO BHIXOAHOrO Npouecca
no(f) = m (f) — mn.

Pewuenue. Tlo ycnoBuio

1 (t) = als () -+ n ()] -+ als () -+ n (OF =
= a5 () + ayn (1) + axs*(f) -+ 2a5s (£) n (¢) + an?(f). (12.24)
ITpousBONsl CTATHCTHYECKOE yCpeHeHHe cootHomenda (12.24) u yuu-
ThIBag, 4TO B pPacCMaTpUBAaeMOM NpHMepe

M{st)}y=0, M{n(@®)}=0 M{s(®)n(®)}=0,
NoJy4aeM CEIyIOee BLHPaXKEHHE ] MATeMaTHYECKOTO OXKHJaHHs

nporuecca n (£): 4o
m

2

mn=M{n(t)}=a2(

ITepemuoxue pasexcrBa (12.24) 1 MOMEHTOB BpeMeHH ¢ M ¢ + T,
BBINOJIHUB CTATHCTHUECKOE YCPEIHEHHE Pe3y/IbTaTa NEPEMHOKEHHS, BHI-
YUCJMM JIBYMEPHYIO MOMEHTHYIO (KOBapHAuHOHHYI) (yHKuMio npo-

ecca 1 (f)
;7’1'1,1(17) =M{n®n(t+o}=
= Ky(t) = a2l(A2/2) cos 0yt + onrn(T)] +
+ a2[(A4/4) (1 + 0,5 cos 204T) +.2472 677,(t) COS 0T + Amon +
4 of + 207 ri(7)l.
Orciofla HaxOJHUM KOPPeIAnHOHHYI0 DYHKIHIO
Ry(t) = my ,(v) — mb = a}(A2/2) cos et +
+ a3(A%/8) cos 20,4t + atorr,(t) + 2adohra(t) -+
-+ 2a3 A %0 r,(t) COs wT. (12.25)

Ilns BHIYHC/CHHS CIEKTPanbHOM MJOTHOCTH Sy, (f) caemyer.Boc-
nonb3oBathes opmyaoi (6.21):

+0§> .

Sna(f) = 4 Ry(r) cos 2ufx dr. (12.26)
- 1}

ITocne noxcranoBkd B (12.26) koppensuuontoi ¢ynkuuu (12.25) npu
rn(t) = exp (—a |t| ) Haxomum
Az Al _
S, (f)=a?T'"ﬁ(f—fo)+a§T"’6(f~2fo)+40}‘".(a?+a§ %) X
o 4aj Ao a
X @ Tanip | oAt AR (—fo

(12.27)
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Puc. ,12.5. JlucKpeTHO-CIJIOIIHAS  CHeEK- : Puc. 12.6. [Ilepemuoxu-
TpaJbHas MJIOTHOCTD Tesb

U3z (12.27) crepyer; uro crexrpanbHasi IJIOTHOCTE Sy, (f) aBasercs
JMCKpETHO-CNIOmHOR (puc. 12.5). OHa COCTOHT M3 JBYX JHCKPETHBHIX
CHEKTPa/bHBIX JHHHE NPH f = f, u f = 2f,, 00yC/IOB/ICHHBIX HAMTHYHEM
Ha BXOJi€ MapaGo/IM4ECKOro 3jeMEeHTa TapMOHHYECKOro cHrHana s (1);
HH3KOYaCTOTHOTrO CIJIOMIHOrO CheKTpa, OOYCJAOBJEHHOrO TOJNBKO IIy-
MOM, H CIJIOHIHOTO CHEKTPa, PaCHOJIOXKEHHOTO B OKPECTHOCTH YacCTOTHI
f = fo. ocnenuuit 06yc10BaeH B3aMMOIEACTBHEM CHIHAA S (f) H IIyMa
n (f) B pesysbraTe HENTHHEHHOrO npeoGpa3oBaHU.

12.4. Ha Bxonpl nepemuoxurens (puc. 12.6) BO3AEACTBYIOT CTa-
LMOHADHBIE HEKOPPEJHPOBAHHBIE C/ydaiiHeie nponecch §i(f) H Ey(f)
CO CMEKTPaJIbHBIMH MJOTHOCTAMH Si(@w) H S,(®), COOTBETCTBEHHO paB-
HBIMH

Ny —op—AR2<o<— o+ A2,

Si(@) =Ny, o —A2<o<o, +-4/2, - (12.28)
0 npu apyrux o;
) Ngy —0,—A22<o<—0, +4/2,
S, (m):[Nz, 0, —A22<LoLo, +A/2, (12.29)

v 0 npu apyrux .

OnpenenuTs CneKTPasbHYIo NMIOTHOCTL Sy(w) C/y4aiiHOro npouecca
N () = E;(¢) Es(f) Ha BuIXOZE MEPEMHOKHTEIS.

Pewenue. CrnextpanbHasi IIOTHOCTh Sp(w) CJAY4aiHOro mponecca
N () = E,(f) &,(f) B nanuoMm caydae onpenensercs dopmy.oi [1]

Sa(0) =—— [ 808 0—vav (12.30)

rne S,(v) — cnekrpaibHasg NJOTHOCTH nponmecca &(f); Sy(o — v) —
GyHKuMA, CABHHYTAas Ha YacCTOTY ( OTHOCHTE/JIbHO CNEKTPaJbHOHK MJIOT-
HOCTH Sy(—v) nponecca E,(f). I'paduueckoe H300paxkeHHe GyHKnUR
S;(v) 1 S,(v) nano ma puc. 12.7. Tam xe mokasaHa cnekrpajbHas
IIOTHOCTh Sy — V).

Hurerpan (12.30) otnuveH oT HyJs TOJBKO B TOM CJy4ae, KOrja
OT/IMYHA OT Hy/d NOABIHTErPajibHAd QYHKIHUS, T. €. KOTJa CNEKTPaJibHbIE
IJIOTHOCTH S1(v) B S,( —v) nepekpuiBaiorcs. Kak caenyer u3 puc. 12.8,
IPH H3MEHEHHH - OT —oo JIO 0o, T. €. PH NEePEMENICHHH CIEKTPA/bHON

12 3ax. 1203 353



Puc. 12.7. Cnexk-

S10v) TpaJbHble  IJIOTHO-
# - CTH NpOLECCOB Ha
BXOZ2X  NepeMHO-
oy @y _ KHTEJISA
o d apd 0 g 4 .1 >
2 2 Y3 2
\52(”)
Nz
Q2 s -
4 40 41 4 v
P B 4 .4 A4
&)y 2 &)2+2 (273 7 (27} 2
\Sz(&)—v)
¥z
@O-@); @+a
v
w-wz—ZA w—m2+24 ? wrayr s

NJIOTHOCTH Sy(®w—v) cJieBa HanpaBO OTHOCHTENbHO S;(v), TaKoe nepe-
KpBITHE HMEET MECTO B YeThIPEX C/yvasX, NepBEIl H3 KOTOPIX COOTBET-
CTBYET MNEPEKPHITHIO COCTAB/SIIOMEH CHEKTPAaJbHOM MJOTHOCTH S,(v)
B o6nacTd v << 0 ¢ cocTaBasiiomel CieKTPanbHOM MIOTHOCTH Sy(w — v)
B o6nactd ® — v > 0. I10T cayyail nepekphtis S,(v) U Sy(w — v)

HMEET MECTO IIPDH 3HAYECHHAX YaCTOTHI ®, YJOBJECTBOPAIOMIHX HEPABEH-

crBam (puc. 12.8)
A A
0+ 0y + %>——ﬂh — %, 0>+0>z——2'<—m1 + - (12.31)

O6penunss uepasedcTra (12.31), maxonum cjaefywuiyw o6jacTb 3Ha-
YEHUH ®, COOTBETCTBYIOMYIO NEPBOMY C/y4aio MEpeKpbITHS QYHKUH
Siv) u Sy(0 — v):

_mc—A<m<_mc+Al

Tl ®, = ®; - ®y— CyMMapHas 4acToTa.

St
— A
¥
y 17 » ‘
g ey
ey arepty Puc, 12.8. O6sacTi HHTerpHpOBaHIA
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‘ Hafl INIOTHOCTb Ha BhI-

[pu nanbuefimenm YBEJIHYEHUH o W BBINOJHEHHH HEPABEHCTH
A A A A
CTaty 2o oo r e o

HACTYNaeT NepeKPLITHE COCTABISIOMEH CMEKTPaNbHON NJIOTHOCTH Sy(v)
B o6nacTi v>>0 ¢ cocrap/siomei CNEKTPANIbHON NMJIOTHOCTH Sy(w — v)
npd @ — v = 0. CooTBeTcTByIOmas 3Tomy cayyarw o61acTh 3HAYEHH I
® ONPENENSETCS COOTHOMEHHEM

op — AL o< o, + A,
Tl€ ®p = ®; — ®,; — PA3HOCTHAS YACTOTA.

AHanoruyHo st TpeThero ciaywas (mepexpriTHE COCTABIAIOMHUX
Sy(v) B o6nactn v << 0 1 S,(@ — v) B 061aCTH o — v < 0) naxomum

—@D—Agmg—merA,

a JUis YeTBEPTOTO (NEPEeKPhITHE COCTABsIOmHX S,(v) B 061acTd v >0 u
Sa(® — v) B obnacty o — v << 0) umeem

0. — A< o< o, + A

[Toncrasnss teneps B (12.30) 3nauenus S:(v) u Sy(@ — v), onpege- |
JsieMble cooTHomeHusMA (12.28) u (12.29), u npoussons HHTEIPUPOBA-
HHE B YKa3aHHBIX BHE 06GJacCTAX, NoJyyaeMm

So(wg + A 4+ ),
So (—o; + A — o),
So(0p + A + w),
So(—op + A — ),

—og — A< o< —a,
—0, SO —og + A,
—0p — A << 0 << —wyp,
—0p L O —op + A,

Sp(0)= So(—mp+A+m), 0p — A< o< 0,
K So(0p + A — w), m§<m2mp+&
So(—o, + A + o), 0, — A< 0 < ag,

0, <KL oK oy + A,
NpH JPYTUX o,

So(mc _l_ A - (0)1
0

rjae S = N,N,/2x. Tpadux dynkuuu Sn(w) npeacrasnen na puc. 12.9.
12,5, Ha Gesbiepunontbit orpannuutens c XapaKTepHCTHKOM
(12.23) Bo3pelicTBYeT cTanuOHapHBI rayCCOBCKHIl CYHaiHEI Nponece
£ (f) c HyneBBIM MaTeMaTHYECKHM OXHIAHHEM mg = 0 U KoppensinuoH-
HOH ynxuuedt Rg(t) = ofry(x). )
BouucnuTh  MaTemaTHYeCKoe oxHjaHue My U KOPPENSHOHHYIO
¢ysKnuo Ry (v) mponecca v (f) Ha Bhixoje OrpaHHUYHUTENS.

\ S¢ (@)

o A on [,\ o
L | ] 1 -

Puc. 12.9. Crnextpamn- g -4 / -4 / 0 w4 / - /
-t +A —wp-m wp+d Wn+A4

X04e MNepeMHOXHTeNds

12+ 355



Pewenue [26]. B coorBercTBHH C ONpeJENEHHEM MaTeMaTHYeCKOe
OKHJIAHHE Ha BBbIXOJI€ OTPAHHUMTE/H

o —B A
my={ fIElpy(8)dE=—b 5p1<§)d§+s_jﬁgpl<§)d§+
+0£P1(§)d§»

rae  py(E) — HOpManbHasl MJOTHOCTb PACHpEIENeHHs BEPOSTHOCTEH
(12.21) npu mg = 0. Ilocse nOACTaHOBKH p1(8) B BoIpaxkeHHE IS My
H HECJOMKHBIX BBIYHCJICHHHE NOJYYHM

=210 (2 |- ()~ -0+
()

Ilns BBIYKMCJEHHS KOPPEAnHOHHONR (QyHKIHH Rp(t) BOCHOMB3YEMCS
dopmy.oit (12.18). TTocse nByKpatHOro JH(GhEPEHIHPOBAHHL HETHHEH
HOHl xapakrtepucTHkH [ [E] orpanuunTe/ss HMEEM

fIEl=s6 (& +B)—8(E—a)l

B cootBercTBHH ¢ ueM u3 (12.18) naxonum [26]

S a 2 2 (x)
R, (7) =(s0g)? Z [(I)(n—l) (_GE__) — (Dn=1 (_%)] gn! _

n=1

—o% 3 a,rE (%) (12.32)

n=1

2\ e (8 \]" (o
e[l o ()T

3uaueHHs KO3(DPHIUEHTOB @, 1/ PA3JHYHBIX C/Y4aeB OrpaHHYEHHs]
manp B Taba. 12.3, oTKyla, B YAaCTHOCTH, CJEAYET, YTO OMPELE/IAIO-
myio poab B ¢opmyse (12.32) Urpaer nepBhKA 4feH € K03hHHIHEHTOM
a,. CymMa BCex OCTa/IbHBIX KO3(DOUIHEHTOB JIaXKe NPH CH/ILHOM Orpai-
yeHHH (HAmpHMep, CHMMETPHUHOE OrpaHH4YeHHE ofox = 0,1) cocras-
nster npumepuo 35% OT CYyMMBI BCeX KOS(pHIHEHTOB. IMTostomy uHOrIa
npu pacuerax B (12.32) yYHTHIBAIOT TOJIBKO MEPBbIA 4JIEH, YTO MO cty-
IECTBY COOTBETCTBYET JIHMHEHHOMY Npeo0pasoBaHuio npouecca § ®.

12.6. Ha BXOJ KBaHTYOIEro YCTPOHCTBA € XapaKTePHCTHKOH

n:flglzaiv ai<§<ai+1’

e i =1, 2, 3, ..., N— 1, (puc. 12.10) Bo3zjieiicTByeT CTaHOHAPHBIH
rayccoBCKHi1 Cy4aiHBI} nponecc § (f) C Hy1eBHM MaTeMaTHYECKHM OXH-
nandeM my = 0 W KOPPeJsNHOHHOH (YHKuHEH R (t) = oir(7).

rje
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3nauenus Kosdduuuentos a,,

Ta6anuna 12.3

v/o
a, 5
0.1 0,3 | 0.5 | 0,7 1,0
CuMMeTpHUHOE OTPAHUYEHHE : a/a§=6/0§=v/ﬁg
ai 0,646 0,735 0,789 0,837 0,90!
a, 0 0 0 0 0
as 0,114 0,114 0,112 0,103 0,072
a, 0 0 0 0 0
ag 0,050 0,048 0,042 0,033 0,015
Qg 0 0 0 0 0
a, 0,030 0,027 0,021 0,013 0,003
ag 0 0 0 0 0
alc
a, &
0,3 0,5 [,0 L5 | 2,0 ®
HecuMMeTpHYHOE OTPaHHYEHHE ﬁ/dg =0
ay 0,681 0,704 0,736 0,739 0,740 0,733
as 0,007 0,021 0,078 0,142 -0,193 0,233
Q, 0,107 0,099 0,062 0,025 0,007 0
a, 0,007 0,015 0,042 0,052 0,043 0,020
as 0,045 .0,037 0,012 0,001 0 0
as 0,004 0,011 0,025 0,020 0,010 0,006
aq 0,026 0,019 0,003 0 0 0
as 0,004 0,009 0,015 0,008 0,002 0,003
a/aﬁ
a, 1,0[ 1,5,3,0 1,0,1,5|3,o 10| 1,5 3,0 1,0 ,1,5[3,0
B/a§=0,3 B/agzo,s [3/0§=0.7 B/a§=0,l
HecumMeTpHYHOR OTpaHHUYEHHE : ﬁ/aé>0
ay 0,809|0,819{0,821{0,840{0,859|0,864|0,871({0,893/0,902/0,930[0,939|0,944
a, 0,036(0,0850,1540,018/0,054/0,110{0,006{0,031/0,075{0,010{0,025/0,038
a, 0,081/0,043(0,006/0,0870,050)0,011/0,086/0,053|0,014/0,049|0,029(0,015
ae 0,019(0,029(0,013j0,00940,014§0,007|0,003;0 008/0,003(0,002(0,002|0
ag 0,021)0,005{0,001|0,023/0,007|0,002|0,021{0,008/0,003{0,005{0,002|0,002
[ 0,011(0,010{0,002]|0,004i{0,005|0 0,001/0,002{0 0 0 0
a, 0,007(0,001{0,001/0,008|0,00{0,002(0,005/0,001|0,002]0 0 0,001
as 0,006(0,003|0,00(j0,002{0,001}0 0 0 0 0 0 0

IMpemnonaraercst, uro gyukuus f [E]l weuerna, 1. e. —f [—E] = f[E],
a ofuee KONHYECTBO YPOBHeH KBAHTOBAHHS Q; PABHO UETHOMY YHCIY.
Onpejie/uTh MaTEMAaTHYECKO® OXHJAHHE MMy H KOPPENSHHOHHYIO

¢yukuHo Ry(t) nponecca 1 (f) Ha BbIXOJe KBaHTOBATEJS.

Pewenue [1]. Maremaruueckoe oOxHIaHHe

my = M {0 ()} = [FI&] p,(B) d&.

-— 00
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! ™~ Puc. 12.10. BoszzaeiicTBHe caydaliHoro mpoliec-
+Y ca Ha KBaHTYIollee YCTPORCTBO

TloacraBnsga cioaa [JIOTHOCTb pACIpejeseHHst BeposTHoCTel py(E),
onpenensemyio dopmysoi (12.21) npu mg= 0, # yIHTHBasK HEUCTHOCTD
¢yuxnuu f [E], Haxonum

q = 0.
Koppensnuonnass ¢yHKuus mnponecca v (f) Ha OCHOBaHWH bopMyJII
(12.17) pasua

Ry (17)—‘—— 2 {j‘ f[‘é]q)(n+1)( )d‘é} fgn(l‘t)

n=1

BbLINOJIHUB HHTETPUPOBAHHE MO YACTAM, MOTYIHM:

jfl§1d><"+'>( )d‘é— Sf[&]cw (oi)dg.

—00

Jlis paccMaTpHBaeMOro HpHMepa

N—1
FLEI= 3 8,6E—a)

=1

rie A; = 0jp; — Oy — PACCTOSHHE MEXIY COCeIHHMH YDPOBHAMH
KBanToBaHHMsl. TakuM o6pasoM, HAXOAHM:

. N—1
y preroeeh (- Jie= 3 aier (21).
{=1 3
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[ToacTaB/isist 3TO BHIPAXKEHHE B Ry (T), moaydaem caepyiomyto dopmy:ry
JJIS KOPPeJISHHOHHON DYHKIMH:

N P
Rn(T)—_——E ZA(D(")(%) —.
1

nem] | =

12.7. Hafitn KoppensuHOHHYIO (GYHKUIHIO Rp(t) Ha Bhixome Ge-
3LIHEPIUOHHOrO  CIJIAXKEHHOTO OrPAaHHYHTeNs € XapaKTePHCTHKOH
(puc. 12.11)

g
n=f[§]=a+——2"—:5‘e"‘”""” dx,
YV 2nog

TJIe @ ¥ Y — DOCTOSIHHBIE BEJIMUMHBL, TIPH BO3IEHCTBHH Ha BXOJ OTrpaHH-
4HTelsl CTAUMOHAPHOTO FayCCOBCKOro mIyMa C ABYMEDHO# TJIOTHOCTBIO
pacrpesenenus BepositHocteit (12.14).

Pewenue. JIns onpenenenus Ry(t) Bocmonp3yeMmcs ¢opmyJioi
(12.20). MoxcrapuB B Hee NepBbIE MPOU3BOJHBIE

FIE1= e—#/,
v Vin

HaXOUM

omy,1 (1) -2 l/ b—d? 5 5‘ X

v~ V icaw ) v

b1 —2dE, Ea1-bE3
Xexp[ L 2(b’id’2) 2 Jd§1 dE, (12.33)

rupe

=y=o§(yﬂ+o§|1—rg ) - ¥2 bry (7)

(v*+of)2—of ri (v) P+oil—rE (]

JIByKpaTHEI}i MHTErpaj B NpaBoii yacTu paseHcTBa (12.33) paBeH
eMHHUIE, TOCKONBKY OH MpeACTaBaseT cofoll MHTerpas OT ABYMEPHOR

7
ZJ

Puc. 121!, Amnauryanas xapakrepi- o
CTHKA CIVIa;KEHHOIO OrPaHHuUNTC/s /] ¢
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HOPMAaJIbHO} MJIOTHOCTH paclpejieieHHsi BepOsiTHOCTel 1o Beelt o0sacTu
usMeHeHus nepemennbix. CienoBaTeqbHO,

omy,, (T 2q2 l/ o 2?2 0} : of ry (v) \2 7172
Ore (7) ny? I—rg(m  a(og+v%) - o} +v? )

OTclofia HaxXoMuM

cg e (1)
of-+v? s ()
~ 2 2 OLre (T
m; (7)) = 2a S dx +C = —Qa—arcsinig———{-C,
’ i I—x? n oé +y?

-_— 00

rie C — NpPOM3BOJbHAS MOCTOsHHAS HHTerpupoBaHust. Ona onpefe-
JseTCqa U3 YCJOBUH

limrg (v)=0, lim my,;(7)=C =mi=a2
T—>00 T—> 00

Takum o6pasoM, HCKOMas KOppesnsnuoHHAs (QYHKIUS paBHA
ag ry (1)

i (12.34)

2a? .
Ry(x)= 2 arcsin
s

Ecau BOCMOJIB30BATBCST PA3JIOKEHHEM

1.3
X eee
2.4.5 e

¢dynknuio (12.34) MoxHO npeicTaBHTL B BHAE Psija

o of re (1) 1 ogre (v) P
Ra () = T {0@-}-?2 T 2.3 | of+v T

. 1
arcsin x =x-+ o3 x

3. 3AAYH U OTBETbI

12.1. Ha BXox JBYXMOJYNEPHONHOTO KBAJpPATHYHOrO JETEKTOpa
¢ xapagTepucTHKOH (puc. 12.3)

n=/[I[El=ak a>0,

BO3JEHCTBYeT CTayMOHAPHBIH rayccoBcKuii mnponecc & (f) ¢ marema-
THYECKHM OXUJAHHEM mg W mucrnepcued Dy = of. .
Hajiti mioTHOCTb pacnpejiesieHdss BeposTHOCTEH p,(n), MaTemaTH-
yecKoe OXHAAHHE my, K Jucnepcuio D, BexopHoro mpomecca v (£).
Omeem:

muy=aVlV 2mg Dy +m¢ , Dyn=2a%Dy(D:+2m}),

1 (Vn/a—mg)*
2V 2nan o { exp [_ 20¢ ] +
! — Vawyy 2
p1!(m) Fexp [__ (V nia+ my) ]J >0
208
0, ¢ on<0.
360 M

Puc, 12.12, Henuneiinaa sjekrpHueckast leNb 15,

§t) Los 4

12.2. Orubawmas A () Y3KOIOJOCHOrO CJAY4YaiHOTO HANpsKEHHS
Ha BXOJle KBAaJpaTHYHOro JeTeKTopa ornbaiomel pacrnpejeseHa no 3ako-
Hy Pejes:

A= Z-emarze, A0,

. Hafitu nuioTHOCTb pacmpefieieHHsi BeposiTHOCTelt py(n), MaTtemaTu-
YecKoe OXuJaHue my # aucnepcuio D, nanpsokenus W (f) Ha BbixoAe
JeTEeKTOpa, eCJH

n (f) = (@/2) A%().
e—n/20 1> Of.

Omeem: my=o00?, Dy=0a?0%, p;(n) = —

12.3. Ha penb, cocrosimyio H3 MOCJAEJOBATENIbHO COEJHHEHHbIX
NOJYIIPOBOJHMKOBOTrO Anoja V u pesuctropa R (puc. 12.12), BospeficT-
ByeT cayuaiiHoe Hanpsskerue & (f), npeacraBasiomee coboil cranuoHap-
HBLl TayCCOBCKHMH IIYM C HYJIEBBIM MaTeMaTHUeCKHM oxufannem my = 0
u tucnepcuelt Dy = of. XapakTepucTHKa AHOAA UMEET BHI

O
squ, u<<O,
rae
§= (Rinp + R)‘ly 5 = (Rioﬁp + R)'l,
R;np " R,oﬁp — BHYTpeHHee COMNpOTHBJIEHHEe JHOIAa B MPSIMOM H 00-

paTHOM HampaBJEeHHH.
OnpenenuTh MaTeMaTHuECKOe OXHJaHHe m; Toka i (f) B nenu u ero
nucnepcuio D;.

[
Omgem: m; =-

. o2
£ (s—s)); D; === [(n—1) (s*+ s1) +2s8] .
Vzn o2n

12.4. Haiitu mniioTHocTh pacnpejesendss BeposTHocTell p,(v) Ha-
npsixkenus v () Ha BbIXOZle ORHOIOJYIEPHOAHOTO JHHEHHOr0 AeTeKTopa,
XapaKTepHCTHKa KOTOpOTo MpejicTaBjeHa Ha puc. 12.13, ecau Ha BXoj
JIETeKTOpa BO3JAEHCTBYET TayCCOBCKHH ciyuaiiublii mpomecc § (f) ¢ ny-
JIeBLIM MaTeMaTHueCKUM OxHJaHHeM mg = O u nucnepcuedt Dy = of.

Omsem: py (v) 2% 8 (n) + _V_l__

—n2/2a? 68
—2— (i € ! Ggy 7]20-
na 3
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7=0¢ =alél

4 3

Puc. 12.14. AMmiuTyaHas XapakTe-
PHCTHKA ABYXDOJYIEPHOAHOTO JIH-
HefiHOTO JeTeKTopa

Puc. 12.13. AmnuuTyaHas Xapakre-
PHCTHKA  OAHOMNOJYNEPHOAHOTO JIH-
HelHOTO JAeTeKTopa

12.5. HajiTu TUIOTHOCTL pacHpejieieHHsl BeposTHocTed p,(n) Ha-
npsKeHnus v (f) Ha BbIXOJe ABYXIOMYIEPHOHOTO JIHHEHHOTO MeTeKTopa,
XapaKTepUCTHKa KOTOPOro MpeJCTaB/jeHa Ha pHC. 12.14. Ha =xon
JeTeKTOpA BO3/IEHCTBYET TayCCOBCKUil CAYYailHbIi npamecc E(f) c ny-
JMeBbIM_M#TEMATHIECKHM | Oxunannem mg = O u qucnepcueir Dy = of.

Omeem: py (n) = ]/% _":’_a e~ W2 >0,

12.6. HaiiTi ofHOMEPHYIO TVIOTHOCTb paclpe/ieieHns BeposTHOCTEH
p1(n) HampsikeHUs v(f) Ha BbIXOJE OJHONOMYTIEPHOHOTO KBA/IPATHYHOTO
JETeKTOpa, XaPaKTEePHUCTHKA KOTOpOro H3o0paxeHa Ha pHC. 12.15,
eCJIi HA BXOJ JIeTeKTOpa BO3/IEACTBYeT rayCCOBCKHE CAyYaliHbIl npouece
E (f) c Hy/neBHIM MaTeMaTHUECKMM OXujaHueMm mg = 0 qucnepcueit

Dg = O'g.

1 —n/2a0f
— e » 1=0.
2V 2nan o =0

12.7. Ha kBanTylomee yCTPOACTBA C XapaKTEPUCTHKOH (puc. 12.16)
n=7FI[El=a sgnk

BO3AEHCTBYET CTAjMOHAPHBIH TayCCOBCKHI caywaiiuelit mpopecc § (£)
C HYJeBbIM MaTeMaTHUECKUM OXHJAHHEM Mg = 0 u aucmepcreh

A 13
Omeem: py (1) = — 8 (W+

7| .

] [re——————

: b
g £
nt’4
4 4
Puc. 12.15. AMmiuTyaHass Xapakre- Puc. 12.16. AMnautynHaa xapaxTte-
pHUCTHKA OXHOMOMYTIEPHOLHOTO pHCTHKA KBaHTOBATe/s Ha JBa ypos-
KBaJpATHYHOro JAETEKTOpa H
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ol ot

Onpepenutb: 1) cpennnit KBajapar g? pasnoctd mpopeccoB & ()
H m (f) HAa BXOne U BHIXOJE KBaHTYIOWETrO yCTpoiicTBa; 2) 3HayeHue
a = Gopy, MEHHMH3HDYIOMEE €%, H COOTBETCTBYIOMIUH STOMY 3HAYEHHIO
MUHHMAJIBHbIH CPEIHHUIl KBAJPaT ehin.

Omeem: ' L

1) e = M{In (t) — 5O} = o — 2V 2/nacy + a¥;

9) aopt = V 2/noy, ehin = (1 — 2/m)ct.

12.8. Ha pxon kBantoBaTess (puc. 12.16) BosneficTByeT CTaiHOHap-
HBIi TayCCOBCKUHA CTyYalHBIA Mporecc E (f) c MaTeMaTHYeCKHM OXHAa-
HueM my u Aucnepcuelt Dy = of. ’

Onpefenutb IVIOTHOCTb pacrpefeneHus BeposiTHOCTeH p; (n), Ma-
TeMaTHYeCKOe OXHIAHHUE My U Tucrepcuto Dy mponecca 7(f) Ha BbIXofle

KBaHTOBATEJIA.
Omeem:
m
pr(m) = @(f‘—) s@a—n+ @ (——‘) 8 @+
O Oz A

oo 02| e[ )2(-2)
\ 0 b3 Oy O

12.9. Ha cummerpryHbIfl OorpaHHYHTeNb, XapaKTePUCTHKA KOTOPOTO
nmpejicTaBieHa Ha puc. 12.17, BO3JIeACTBYeT CTallMOHAPHEIH rayccoBcKui
myM & (f) ¢ Hy/eBEHM MaTeMaTHYeCKHM OXHJaHueM mg = 0 u jucrep-

cuelt Dy = of.
Haliti ofHOMepHYIO IIOTHOCTb PAcTpefieieHus BePOATHOCTeH py M)
LJIS HanpsikeHHs 1) (¢) Ha BbIXOJle OrpaHUYHTE .

Omeem:

/ nt/903
pl(n)=[1—d)k—:_§_):|6(n+a)+72:;€e ﬂ/2§+

+[l—d>(-a"§—)]6(n—a), —a<n<a,

rie @ (2) — nurerpan pepostHocTH (12.11).

12.10. Hafitu ofnoMepHylo IVIOTHOCTb paclpejeneHus BepOSATHO-
creil p; (), MaTeMaTHUIECKOE OMHIAHHE MMy K JUCIEPCHIO Dy, nanpsxe-
HUS Ha BbIXOJe HAEaJbHOTO OTPaHHYATENs C XapaKTePHCTHKOH"

. o E'—h» E> h )
n =FfIE] {0’ b,
eclli Ha BXOJ OTpaHuMunTeNsl TojaeTcs ciydabinoe Hanpskenue §(f)c
TIUVIOTHOCTHIO PaclpefiesieHuss BePOATHOCTEH
pr(B) = Ee=¥/2, £>0.
Omsem
py(m) = [1 —e="7218 (n) -+ (n + he=MHNY2, 1 =>0;
iy = V2 [1 — @ (h)}; Dy = 2(e="/? — hmy) — m3.
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7 cos [wpt+8,(t]]
a 7 {‘“—;j—““.
_ | ! ult)
a L o — X P ony H—>
| 0 a 3 o
| L
f—-a 2c0s /eyt +8,(2)]
Puc. 12.17. Amnunryanas xapax- Puc. 12.18. Pasosniit me-
TEPHCTIKA CHMMETPHUHOIO Orpa- TEKTOP

HHYITEAA

12.11. Hanpmxemfe u () na Brixoge ¢asoBoro gerektopa (D),
COCTOAIIETO W3 MePeMHOXHTeNs U (uapTpa HHKHHX wacror (DPHU)
(puc. 12.18), pasmo

u (t) = cos @ (f) = cos [0, (£) — 8, ()]

OrpefieiuTh MIOTHOCTL pacTpefie/leHns BepOATHOCTER py (u), eciw
0, (f) n 0, (f) npenacrabasiior coGoii He3aBUCHMBIE CTAIMOHADHEIE CJY-
YaHHEle POIECCH], PABHOMEPHO paclpe/ie/leHHble Ha HHTepBasle (—I,T).

Omsem: py (u)= 1/aV/' 1 —u? |u| < 1. :

12.12. Ha paamortexnuyeckoe ycTPOHCTBO, COCTOSILEE U3 KBajIpa-
THYHOTO JleTeKTopa orubaromel, THHUK 3a/lepKKH U Tpeo6pasoBaTesi—
(puc. 12.19), BosmeficTByeT rayccOBCKHMH CTallMOHAPHEIH KBasHTapMO-
HUYeCKHH c/ayyaiHbIll nponece

E(t) = A (f)cos [oof + ¢ (D))

C HY/IeBBIM MaTeMaTHUeCKHM OXHJaHHeM my = (0 U KOPPEISIHOHHOH -

dyHKunet Ry (1) = 0fpe(t)cos wgr.

Onpenenuts OJIHOMEPHYIO MJIOTHOCTEL paclpejiefieHus BepOsiTHOCTeH
P (Y), ONHOMEPHYIO HAYANBHYIO MOMEHTHYIO GYHKLHIO V-rO TOpPsAKA
my (f) = M{y" (f)}, Matematuueckoe oxupganue my (f) = my(f) =
= M {y (f)} w nucnepcuio D, (f) = m, ({) — m? (f) nponeccay (f)
Ha BHIXOfle mpeoOpasoBaTelisi, OCYIIECTB/AIONIErO CAOXKEeHHe [PONEecCOB

u() u ou(t+n):
yW)=u()+ u(t—n),

TAe u (f) — Tporecc Ha BBIXOJle feTeKTOpa, PaBHHI KBaJApaTy OruGaro-
weft Bxoaxoro myma & (d:u () = A2 (f).

| 7/t-7)
T
&(t) }”%’Z?%Z’M '//f/, Npeospazo- | y(t]
seubarowed B . Bamepe —>

Puc, 1219, Kpagpatuunblif feTektop oruGaiouiefl, JUHHA 3afepXKy u mpecbpa.
30BaTe/b -
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Puc. 12.20. TInoTHOCTL pacnpejfedeHust BepOATHOCTell CyMMB KBajpaToB orubaio-
el KBa3HTrapMOHAYECKOro llyMa

Omeen::

1 Yy
= exp| —— | —
pi(®) 407 oy { p[ 28 (1+05) ]

__..y—:l}’ y> 0’
20f (1—0¢)

iy () = my =2V [(1 +p)v+1—(1 — pe)v + 1] 08" /20s,
my (f)=m, =408, D,({)=Dy=8(1+pd pf, pz=0z (7).

Ipaduk GyHKIMH py(y) NPUBEAEH HA puc. 12.20.
12.13. PemuTh nOpeRbIAYIMYIO 3aJayy MPH YCJAOBHH, 4TO MIpoONECC
Ha BbIXoAe mpeoGpasoBatens y (1) = u (f) — u (£—- 1).
Omeem: : _
' ! 191 )
0=~y )
Moy = 2VVI(1 — pi)"o‘é”; my = 0; D, = 208(1 — p}).

Tpaduk dYHKUHH p,(y) npuBefeH Ha puc. 12.21.
12.14. Peuwmts 3agauy 12.17 gas cayuas, korja npeoGpasoBaTtesib

npeAcTaB/sieT co6oi NepeMHOKHUTEND, T. €. -

y®y=u@®ut—r.
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. Omeem:

p (!/)——— 1 ]O( pEV.;/— )KO( pEV.’/— )’ >0,
= s —a) °\og 1—ep) aa— ) ¥

v - 2
My = 92V (V)2 (1 — p2) 2 (vtk) oz 4n
' (=3 o wrv—m \1—er )%

my = 40g(1 +pg), D, = 160§(3 + 14p} + 3p}).

3necy Iy(z) n K(2) — moguduumposannse dynknnn Beccens co-
OTBETCTBEHHO NMEPBOT0 K BTOporo posa [76]. Ipaduk dpyrkuun p,(y) npu-
BeJeH Ha puc. 12.22,

12.15. Penmtsb 3agauy 12.12 npu venoBuw, dto NIPOLECC Ha BLIXOfE
npeoGpasoBatens pased y (f) = u (f — ©)/u (¢).

Omeem:

(t—pf)'(t +9)

p(y)= L y>0;

3
[14+2(1—202)y 4122

my, My u D, snementapro He Bhyucnsorcs. I'paduk ¢byuxnun p,(y)
npUBeZeH Ha puc. 12.23,

12.16. Ha paauorexnnyeckoe yCTPOHCTBO, COCTOsiEE U3 JHHEH-
HOro JieTeKTopa orubaimomesi, JHHHH 3a7epKKH M TpeoGpasoBaTes

bty ’ ~
455 .
04
~=
4,8
a3
7
/7 0’7
-6 -4 -2z ) 2 ¢ yel

Puc. 12.21, TlnoTHOCTL pacnpefie/leHHsT BepOATHOCTEl PasHOCTH KBaZpaTOB OIH-
falolell KBAa3HraPMOHHYECKOrO IyMa
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Puc. 12.22. IlnotHocTe pacnpefesieHHsi BeposTHoOCcTell NpOH3BEAEHHA KBaApaToB
oruGalouieli KBa3urapMoOHHYECKOTO 1yMa .

by gy
(/’0
1
48
=7
%

475

4,6 X7
95
Y -

; / ‘Q

g 7 2 3 4 5 6 g

Puc. 12.23. TIAOTHOCTL pacnpefesieHAa BepOATHOCTEH YacTHOro KBAAPAaTOB OrH-
Galomefi KBa3HTapMOHHYECKOTO lIyMa
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Puc. 12.24. Jluneitubii meTexTop oruGaiomer, gHHHS 3alPXKKH H NpeoGpasoBa-
Tesb

(puc. 12.24), BosjeiCTBYeT raycCOBCKHMil CTAaHOHAPHBL KBasuUTapMo-
HUYeCKHH# CJyYajiHEIfi Oponecc
E(t) = A (t) cos oot + @ (1)
C HYJIEBHIM MaTeMaTHYeCKHM OxHJaHHeM mg = 0 U KOppessuOHHOH
pyHkuei
Rg(t) = ofpg(r) cos w,.

BeiuncauTb ofiHOMEpHYIO MJIOTHOCTb paclpefieieHHs BepOsTHOCTEH
pi(y), onHoMepHYIO Haya/JbHYI0O MOMEHTHYIO (PYHKIHIO v-rO NOpsfKa
my(t) = M{yv(t)}, wmaTematuueckoe oxHzanue m,(f) = my(f) =
= M{y (t)} n nucnepcuo D, (f) = m,(f) — mZ(ty nponecca y (f)
Ha BEIXOJi€ MpeoGpasoBaTess, OCYMECTBISIONIETO ONEPAIHIO CYMMUPO-
BaHUA:

yW =u@®+ut—r), u@)=A4Q.
Omeem: 7
_ ey (s T
P1lH)= 20, {"a exP( 4“2) +Vn (2"5 l) x

y\ 1 y? 3 Y Yy
N TR S AU

my @) =my ~ (1—p?) (V7 oz)" i c’;r<1 +-’;—)r<1+
- E=0

R por 2V T o) (1 + ),
\ 2

2
my(t) = m, =V 2oy, D,(f) =D, = (4—n) (1l + p}) of,
Pz = pg(t).

3pecy T (2) — ramma-dpyuknua. Tpaduk ¢ynkmun pi(y) npusefen
_Ha puc. 12.25, : :

12.17. Pewmnts npemwiaymyio 3agauy npH ycaoBHH, 4TO. Iporecc
Ha BeIXOJle MpeoGpasoBatens y (f) = u (f) — u (£ — ).

Omeem:

1 y?
~ ——eXp | ——— .
PO i p( 20¢ (1—p3) )
My 2 (v — DU — pg)e2v;  m, = 0; D, >~ o}(l — pE).
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Puc. 12.25. ITnotHoCT pacnpeje/leHHsI BEPOATHOCTeH CyMMBl OruGarolMX KBasH-
rapMOHHYECKOro LiyMa :

Ipaduk nuotHocTH pacnpenenenns BeposiTHOCTeH py(y) mnpuBeneH
Ha puc. 12.26.

- 12.18. Pemmts 3agauy 12.16 p1sa cayuas, korna npeoGpasoBaTesb
npeacTaBiseT coboit NepeMHOXHTENb, T. €. ¥ () = u @ u@t—n).

! b9

| "
48
ﬂ§=7
. [ " 48
L 25 g i

4 44
v
| /’/ 42—\
3 -_ /

3 Z 7 g 7 2 45

Puc. 12.26. TlaoTHoctb pacnpenenenus BePOATHOCTeH pasHocTH OruGalolHX KBa-
_ 3UTAPMOHHYECKOTO IIyMa
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Omeem:

p1 ()=

TR By . )K (—-"——),y>0,
of (1 — 03) ( o (1—p3) / "\ o (1—e})
'mv=2vr2(1 +%)(1—-p£)v+‘zﬂ(l + 1 bt

3 3
my=—-2’£(1—p§)22F1(—2—;-—§—; 1

; pg)og;' Dy =my—myj.
3nech oF,(x; y; 2, q) — runepreomerpuyeckast ¢pyukuus [71]. T'pa-

¢uk py(y) maH Ha puc. 12.27.
12.19. Pemuts 3aauy 12.16 npu yca10oBHH, YTO NPOLECC HA BHIXOAE

npeobpasosarens y (f) = u (f — v)/u (f).
Omsem:
2(1—p) y(¥*+ 1)

(142 (1—203) y*—4312 y>0, my=Epy.

n@ =

3nech E (z) — nonublit sqiunTuyeckuit uererpan 2-ro popa. I'pa-
¢¥MK TJIOTHOCTH pacnpejesneHust BeposiTHOcTed py(y) npuBelieH Ha
puc. 12.28.

2(y)

=7
a4 \pc/
’ \ 7/ 0’7
7
43 \

42 N
i
a7
y \
) \\
g 7 2 3 4 5 & y/cs

Puc. 12.27. [110THOCTb pacnpefe/ieHHsi BepOATHOCTEH TPOH3BEACHUA OrUOaIOUIMX
KBAa3HrapMOHHYECKOro luyma

370

-~

b S

2@

48
pc"017
46 \ <
7
44
42
g 7 z 5 4 5 6 g

Puc. 12.28. TlaotHoCTe pacnpelesieHHS BepOATHOCTEH YacTHOrO OruGalomIMX KBa-
3HrapMOHHYECKOro HIyMa

12.20. Ha Bxoxn pajuoOTeXHHYECKOTO YCTPOHKCTBA, COCTOSIIEro
U3 CyMMAaTOpa W JIHHEHHOro jperTektopa orubarowedt (puc. 12.29), Bos-
HeHCTBYeT TayCCOBCKHMH CTaiMOHAPHBIH KBAa3HTADMOHHYECKHH ITYM

E(f) = A (t) cos [oof + @ (8]

C HYJIEBBIM MaTEMATHUECKHM OxXHJaHueM my = 0 u jucrepcueit Dy =
= Of W rapMOHHYecKoe KosieGaHue

uy(t) = Uycos (0ot + ).

- B HEKOTOpBI# MOMEHT BpeMeHH ! = f, Ha TPeTHi BXOX CymMmaTopa Io-

JIaeTCsT CHrHAJM
uy(t) = Uscos w,f.
OnpesennTb OTHOLIEHHE
. (my)oys—(my),

(oll)a-i-s

' TAe (my), — MaTeMaTHYeCKoe OXHAaHue mponecca y (f) Ha BrIXxoge ycr-

poiicTBa NpH BO3LEHCTBHH HA €ro BXOA nponeccos & (£) u u,(f), (m,)gss
U (0,)o4+s — COOTBETCTBEHHO MAaTEMaTHYECKOE OXHAAHHE M CPEJHee
KBaJpaTHYECKOE 3HAYEHUE MPU BOBAEHCTBUH mpoueccoB & (£), uy(f) u

u(t).

§t)—— N
fuweuanord | y()

Uplt)——> T GEIMENITGD e
veudurow ey

Pue, 12.29. CymMmaTop M JMHMeHHB _
IETeKTOp oruGaiomeit Us ()=
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rjge
Ut = U2 + UB + 2U,U,cos .

Tpu U%20% < 1 n Uj/208 K 1 umeem

a z—L( T )1/2(U§+ 2U, U, cos§) o5 ;
4 \ 4—n
npu U¥2e¢ > 1, U/208 > 1
a — (U -— Uo)/Gg.

I'paduku q)yﬂxunﬁ a = f (U,/og, Ugoy) npusesesn Ha puc. 12.30.
12.21. Ha Bxor Ge3piHEpIHOHHOTO OJHOMNOMYNIEPHOAHOTO JHHEHHOTO
JeTekTopa ¢ XapakTepucTukoit (puc. 12.13)

at, £>0,
0, §&<0,

BO3ZEHICTBYeT CTAl[MOHADHBI rayccoBckuit mym § (f) ¢ HYJaeBHM Ma-
TeMaTHUECKHM OXHAaHHeM My = 0 M KOppeNAnHOHHOK (YHKIHEH

Rg(v) = ofry(v).

Onpese/luTh MaTeMaTHUeCKoe OXHJAHHE My, KOPPEJaSIHOHHYIO
dyHKuHIO Ry(t) 1 aucnepcuio Dy BHXOXHOrO mponecca 1 #).

n=f[E =

a ' Up/e =100 a
6 6
D & ”g/6§=0 /
Z
¢=¢7ﬂk' g 7
4 ' , s—p=2x ,/
/1 |5
2 2
=
v 7 3 5 /ey 77 3 5 Us/or

Puc. 12.30. OTHOCHTEJbHOE MpHpAIIEHHe MAaTEMaTHYECKOTO OXHAAHHA Ha BBIXOJE
JHHeHHOro JeTeKTopa oTHGaromen
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Omeem [33]:
1

my=—%; Ry@=— b (1 =A@ +

¥V on
R% (1) ato}
5 ]; Dy = 5 :

+-re(v) arccos[—rg (D]} — my o~ ‘sz [Rg (v) + =

nag
Ykasanue: Creayer Bocnonb30BaThCs Pa3ioKEHHIMH B PAL:
b1 1
arccos (—2) == 42 —[—2—3 24,

(1—23)12=1 2

12.22. Ha Bxoj1 6e3bIHEPIIHOHHOTO ABYXMOJYIIEDPHOLHOTO JHHEAHOTO
JETEKTOpA C XapaKTepucTukoi (puc. 12.14)

e | 6B, E=0,
n_ﬂgl_{—aﬁ, £<0,

BO3ZEHCTBYeT CTANMOHAPHHIA TrayccoBcKuit myM § (f) ¢ HYyJeBBIM
MaTeMaTHYeCKHM OXHJaHueM mg = 0 M KOppeJsnHOHHOH (yHKUHEeH
Ry(x) — otry(v).

Onpefe/IMTh MaTeMaTHUECKOe OXHJ@HHe mmy Tponecca v (f) HA Bhl-
XOfie IETEKTOpa ¥ ero KOppeJsiHOHHYI0 QYHKIHIO Ry (7).

R R 2 a? 2
Omeem: my = - acy, Ry (v) = - R (7).

12.23. Ha Bxoj Ge3blHepuHOHHOI'O OJHOMOJYNIEPHOAHOTO KBajpa-
THYHOTO JETeKTOpa C AaMIUIUTYJAHOH XapaKTepHcTHKOH (puc. 12.15)
n=fl§]={a§2’ £>0,

0, &<O,

BO3JICHCTBYET CTAIMOHAPHBIA TayCCOBCKMI cJydainbii npomece § (1)
C HYJIeBHIM MaTeMaTHYeCKHM OXHjuanueM mg = O M KOppeJSIHOHHOK
dynKnueit Rg(t) = ofrg(r). .

OnpeneanTh MateMaTHueCKoe OXHJaHWe My, H KOPPEJNAIHOHHYIO
dynKuuo Rp(t) BEXOgHOrO mpomecca v (f).

Omeem:

ac} 2a%c

2§ ’ RTI () = = é

+% r (v) arcsin ry(t)+ —%— @MV 1—ri(@) ]

12.24. Ha Bxoj JABYXNOJYNEpPHORHOTO KBajpATHUHOTO AETEKTOpA
C aMILIMTYJHON XapakTepucTHkoi (puc. 12.3)

n = flE] = at?, a>0,
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My ==

[—}— () + —i— arcsin rg (t) -



BO3/EHICTBYeT CTAMOHAPHBIA raycCOBCKHMI caydaiiHblii mnponecc & (f)
C HYJIeBbIM MAaTeMaTHYeCKHM OxHJaHHeM my = 0 ¥ KOppessiuOoHHOH
dyukuuesr Rg(t) = oirg(v).

OnpenesuTh MaTeEMAaTHYECKOE OXHAAHHE My H KOPPENHHOHHYIO
GyHKIHIO Ry(t) BeIXogHOTrO mpopecca n ({).

Omeem: my = acg;  Ru(t) = 2a°RE(7).

12.25. Ha Bxoj KBaHTYIOMEro YCTPOHCTBa HA TPH YPOBHS C amil-
JUTYAHON XapakTepuctHKo# (puc. 21.31)

_b’ E<_ﬁy
n=flEl={ 0, —p<i<a,
a, E=Zo

BO3JEHCTBYET CTajMOHApHbIii rayccoBckuil myM E (f) ¢ HysneBbM Ma-
TeMaTHYECKHM OXHJAHHEM mz = 0 M KODPPeNSIHOHHOH (PYHKuHEf

Ry(v) = ofrg(v). .
Onpefie/uTh MaTEMATHYECKOE OXKHJAHHE My H KODDEISIHOHHYIO

GYHKIHIO Ry(t) BeIXOmHOTrO mpopecca v ().

Omeem:
—(@— b) — |a® [ 2)—bd L)J
= ) [a ( Oy ) ( O /1

AN

~ 2 rg (1)
= m [ % () p £
Ra= 3 [eom (55 o0 (—or) [ S
n=l g 13
12.26. Ha Bxoj HeCHMMETPHYHOrO KBaHTYIOMIETO YCTPOHACTBA Ha JBa
YPOBHS C aMIIATYAHO! XapaKTepucTHKoi (puc. 1.32) '

n=fia={ & iy

BO3/IEHCTBYET cTayMOHAPHBIH IrayCCOBCKU 1myM & (f) ¢ HYJIeBEIM MaTe-
MaTHUECKHM oxHuanueM mg = O M KoppessiMoHHOK GyHKuueh Ry(t) =
= oirg(r).

OnpesenuTh MaTeMaTHUECKOE OXKHIAHHE My W KOPPEJSIHOHHYIO
byuKnHio Ry(t) npomecca v (f) Ha BbIXOAE yCTpOHCTBa. .

7\ Z
0’ —
-8 7 7 o
@ 3 ¢
—___T_é -4
Puc. 12.31. AMnuMTyZHas Xapakre- Puc. 12.32. Awmniutyauas xa-
PUCTHKa KBaHTYIOWIEro ycrpolicTBa PAaKTepHCTHKA  HECHMMEeTPHYHO-
Ha TPU yPOBHSA ro KBaHTOBaTeJs Ha JBa YPOBHSA
374

Puc. 12.33. AMuuTy1Has XapaKTePHCTHKA ¢A

OrpaiuyuTesJaa gr—————
|

/,I_

B~y L

Omeem:

My :_; (@—b), Ry (%) =-(a—';bﬁ arcsin rg (v).

12.27. Ha BBox HesuHefiHOrO Ge3bIHEPIHOHHOTO YCTPOHCTBA € aM-
IJIMTYJHOR XapakTtepucTHKOoH (puc. 12.33)

—b, : E<<.—B,
bE+V/(v—B) —p<E<—y,

n=fI& = 10, —r<E<s,
a(E—e)/(a—¢), e<E<a,
(o t>a,

rae a/(ec — &) = b/(y — P) = s, Bo3nEHCTBYET CTAHMOHAPHEIH I'ayCCOB-
CKHi mymMm & (f) C HYJeBbIM MaTeMaTHYECKUM OXHJaHHeM my = O u
KoppenanuonHof ¢yHKnue# Ry(t) = ofrg(r).

Onpene/uth MaTeMaTHyeCKOe OXKHAAHHE My ¥ KOPPEASAHUOHHYIO
bynkunio Ry(t) nponecca v (f) Ha BbIXoje.

Omeem:
memb = ol o (f
o) () (- (&)

Hols) o =l

Ry (1) = (s0)? i {[qy(nﬂ)(_‘;:_)_cp(nﬂ)(_?ﬁa_)]_

n==1

R R =

12.28. Ha Bxox ofHONONYNEPHOAHOTO JIHHEHHOTO JeTeKTopa ¢ aMm-
JUTYAHOH XapaKTepUCTHUKOH

at, E>a,
0, E<a,
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BO3/eiCTBYeT CTAI(MOHAPHHIH TayCCOBCKHMI cayuailHbiii mnpouecc E(f)
C HYJeBHIM MaTeMaTHYeCKHM OXHAaHHeM mg = 0 M KOpPEJAIHOHHOH
¢yuknuedt Ry (t) == ofrg(v). -

OnpeneuTs MaTeMaTHUeCKOe OXKHAAHHE My H KOPPENSIHOHHYIO
¢yukuuio Ry(t) BeIXogHOro mpomecca n (f).

Omeem:
my = aog [(_D' <_a_> _._?._(D (__a.)J s
3 O + O
@ )

R (7 =<ao§)2,{ 8 (——
9

3 [orn(2)] A9,
B 2‘[ - O nl

n=2

12.29. Ha snorapudmuuéckoe ycTpolicTBO ¢ HeJIMHEHHOH XapakTre-
PHUCTHKO! BHAA

In(l +-ak), £>0,
0, £<O,

BO3ZEHCTBYET CTANMOHAPHBI TayCCOBCKHE cayuafinnii nponecc & (£)
C HyJIeBBIM MATeMATHUECKHM oxuJaHueM mg = 0 ¥ KOPPEJIANHOHHOH
dyurumein Rg(tr) = oiry(r).

OnpenenuTh KoppeasnHoOHHYI0 GYHKuHHIO Ry(t) u aucnepcuio Dy
nponecca v (f) Ha BeiXofe.

Omgem [771:

n=f\[§]={

x2

R (r)=71”_—§1 U n(l Laxje 2 Dal®) dx]zré ),

rie a = aog)/2; D,(x) — dyukuus napaGonmyeckoro puanngpa [78};

Dy= T}ﬁj‘e—x’ In? (1 +ax)dx— M?{In (1 +af)}.
0

12.30. Ha Bxoj CHMMETpHYHOrO OrpPAHHYHTENsI C XaPAKTEPUCTHKOR
(puc. 12.34)

3
n=FfE=—2 j e~*%% 4y —q

21 Gy

BO3/IefiCTBYeT TayCCOBCKHUIl cTanHoHapHbif mym & (£) ¢ HYJeBEIM MaTe-
MaTHgecKuM oxuaanueM mg = 0 W KoppensnuonHO ¢YyHKnHeh

Ry(r) = ofre(v).
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Puc. 12.34. AmnanTynHas XapakTepH- 7) )
CTHK4 CHMMETPHYHOIO CIJIaXKEHHOTO Or- p L _______ .
pPaHHYHTENS
Puc. 12.35. BesniHepiHonHOe HEMHHEH- 7 -
HOE YCTPOHCTBO ¢ ABYMSA BXOAaMHU '3
2,
24N I
‘ ——d f[Z'I,'Z'ZJ
—————————— -a
22(%)

Onpese/uTh OJHOMEPHYIO MJIOTHOCTb PACHPElE/NEHHs BEPOATHOCTEH
pi(n) ¥ KoppelsuHoHHYIO QYHKuuIO Ry(T) mpomecca n (f) a BHXOZE
OrpaHUYHTe/Is. ,

Omeem [79]:

n2
exp <—— - ) ’ G§ << 001
n
1/2a, Ot = Oy,

[6(m+a)+6Mm—a)/2, o> 0o
. aresin [ry (v)/(1+a)] . Ga

Rn(ﬂ:m‘ arcsin [1/(1+a)] ’ = o

12.31. Ha Bxox OesbiHEpHHOHHOTO HeMHHeRHOro YCTpoHcTBa
(puc. 12.35) Bo3gmeficTBYIOT CTajMOHApHBIE TayCCOBCKHe CJydaiHble
nponecchl Xy(f) B Xo(f) C HYJEBbIMH MaTeMaTHYeCKHMH OXHMAAHHSMH
My, = my, = 0 U JUCTEPCHAMH D,, = D,, = 1. CoBmecTHas mjort-
HOCTb PaCMpENe/eHHs BEPOSTHOCTE MPOUECCOB X;(¢) U x,(f) HMeeT BUA

x3—2rx; xz—{—xg]
1

exP{ 2 (1—ry

p (xl, Xo) = ==
’ 2 an 1/1—r2

rpe r = r (T) — HOPMHPOBaHHAasi B3aHMHas KOppeJNsiHOHHAA (QYHK-
uus. Ilpopecc Ha BbIXoJAe HEJHHEHHOTO YCTPOHCTBA ONpefessercs
COOTHOIIIEHHEM

y ()= f Lxy(t),  x9(B)].
JlokasaTb, 4TO f71- MPOU3BORHAS OT MaTeMaTHYeCKOIO OXKHIAaHHSA
M{y (#)} mo r (v)
' FM{y () _ gy [0 L2 B, % O]
or™ (t) 0" x, (1) 0™ x, (B)
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12.32. Hcnonbsys pesyabtar sajgauu 12.31, omnpenenuts marteMa-
THueckoe oxuaanue M {y (f)} npouecca y (f) Ha Bbixofie Ge3bIHEPIHOH-
HOTO HEJIMHEHHOro YCTPOHCTBA C XapaKTEPUCTHKOH

y @) = [ Ia®), x: O] = [x0) + x() | — [ (@) — x(8)],

rae x,(f) u x,(f) — cranuoHapHBIC rayCCOBCKUE CJYyYafiHble TPOLECCH

C HYJEBHIMH MATEMAaTHUECKHMH OXHIAHUSIMH My, = my, = 0, 1Hc-
nepcusiMmi Dy, == Dy, = 1 B COBMECTHOH IJIOTHOCTBIO PACIIpeNeeHHs!
BEpOSITHOCTEH
1 x} —2rx; xq-+x3
Xy Xo) = ————6€xXp | — 2—""2 2|,
Pa (%2, %) oY 1—r p[ 2 (1—r%) ]

Omaem: M {y (B} =m,=——[VTHr—VT—7]-
Va

12.33. Ilpouece m (f) dopmupyercs u3 cayyafiHoro KoJseGaHHs
 (f) mocpeacTBOM HeNHHEHHOro Ge3bIHEPHHOHHOrO Npeo6Gpa3oBaHHs:
1 (¢) = f [E (¢#)]. Tlpeanonaraercsi, uto § (f) — cTaunoHapHHIA rayccos-
CKHil CAyYaHHBIA MpPOLECC C HYJEBHIM MATEMATHUYCCKHM OXHIAHHEM
mg = 0 n xoppensiuuonHoft dyukuuesi Ry(t) = ofrg(r).

OnpenenuTs KOppeasiioHEYI0 GYHKIIHIO R.,,('cs nponecca 1 (f) aas
CMIEYIOMUX YAaCTHEIX CJIy4aeB:

Dn@=8@EC+T: 2)n@)=28¢; 3)n)=¢8@.

Omesem:

1) Ry(t) = RE(x) + Rg(v + T) Re(x — T);

2) Ru(t) = 6RE(r) + 9ofRy();

3) Ru(t) = 24R{(v) + 720 RE(v).

12.34. OnpenesuTh CNEKTPANBHYI0 IJIOTHOCTE Sy(w) CaydaiiHOro

npouecca 1 () Ha BBIXOAE OAHOMOJYNEPHOAHOIO JHHEHHOrO JETEKTOpA
¢ aMIUIUTYAHOH XapaKTEPUCTHKOH

at, §>=0,
0, §<0,
NpU BO3JIEHCTBHH HA €ro BXOJ CTAIlHOHAPHOTO TayCCOBCKOro CAYYaHHOro

npouecca E'(f) ¢ HyJeBbIM MaTeMaTHYeCKMM oxujanueM mg = 0 u
CHIEKTPaNbHON TIJIOTHOCTBIO

n=na={

Sg((o)={N°' m1<m<m2;
0 npm gpyrux o.
Omeem:

Sn(w) = (a®N/2n) (0, — @) 8 (@) + Sp,(w),

378

.rpe

2 — —

a? Ny wy—0;—0 , 0 <0< wy—ay,
2n Wy — 0,
2

2 Yo ) 0 <O 0
2n

— 2 —
S"ll ((!)) =1 &N No L et/ 20, s 2(1)1 < w < Wy 4+ ®y,

2n wg—o,
2 —

@ Ny 20,—0 @y + 0, < 0< 20,
2n Wy — ©

0 Ipu JIpYrux .

Ipadux dynxuun Sy, (o) npeacrasnen xa puc. 12.36. .
12.35. Onpene/uTh CNEKTPAJBHYIO IVIOTHOCTh Sy(w) CIyYaHHOTO
nponecca 1 (f) Ha BbIXOJE ABYXINOJYNEPHOAHOTO JIMHEHHOrO JETEKTOpa

C aMITUTYRHOH XapaKTEePUCTHKON
ag, £§>=0,

m=r={ % 12,

NMpH BO3JEHCTBHH HA €ro BXOA CTAalHOHAPHOTO 'TayCCOBCKOrO Caydaii-
Horo mpomnecca § () ¢ HyJeBbHIM MaTeMaTHUYECKHM OXHIAHHEM mg = 0

H cneKTpaanoﬁ TIJIOTHOCTBIO

SE((O)—_'—-{NO’ (1)1<(0<(02,
0 IpH APYTHX ©.
Omeem:
Sn(®) = (202N o/n) (@3 — @) 8 (0) + Sye(@),
rae
2a% Ny 03— —0 L 0<0<0,—ay,
2n Wg — O
Sn, (@)= | Llo 0201 20, < 0 << 0 + O,
It Wy — W1
BNy 203—0 , 0y + 0, < 0 <20,
F1 Wy — Wy

T'paduk . CIEKTPAJILHON MAOTHOCTH Sp,(®) MpHBEIEH HA puc.‘12.37..

Sy (@)
A%
' ﬂzﬁ’g ¢ Y

2’[ \ ”2”0
dzﬁ’g V 4
4 I

| .
: 1 -

q G-ty ®y ¢y 20y GWrw; 260; @

Pue. 12.36. CnekTpajbHas MJOTHOCTH Npollecca Ha BLIXOAE OAHONOJYNEPHOAHOrO
neTeKTopa
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A 570(0)) Puc. 12.37. CuekrtpanasHas

Zdzlg IJIOTHOCTL  fipollecca Ha
03 BBIXOJ€ [JBYXNOJYHNEPHOAI-
2 HOro JIMHEHHOro AETEKTO-
a“Ny \ pa
AN __7\

Y >

-0; 2oy ey 20, @

12.36. Ha BX0ox pagMOTeXHHUECKOrO YCTPOficTBA, COCTOSIErO
U3 nuddepeHIHPYIOmEH cXeMbl U nepeMHoxuTeas (puc. 12.38), moxa-
€TCs1 TaYCCOBCKHH CyYaiHbli nponece & (f) ¢ Hy/1eBLIM MATEMATHUECKUM
oxulaHueM mg=0 U KoppensnHOHHOH (YHKIHeH

o

'Rg(r)zoge—“'”(c'osmor+ sinmolrl).

Wo
OnpeneJLmb CTEKTPANBLHYIO TIOTHOCTE Sy(w) NMponecca 1 (£) Ha ByI-
X0Jie YCTPOKCTBA.
Omeem:

402 a (0?4 0?) 0? (0? 42002 {40 3)
(@2 +40%) [(0* 4402 +-403)! — 1602 03]

Sn(w)=

-12.37. Ha Bxoan nepemHoxuTenst (puc. 12.6) mnojaworcs HesaBu-
CHMbIE CTaLHOHADHBIE CJAYYaiHble TpoueccH & (f) u p (f) ¢ matemaru-
YECKUMH OXKUIAHUAMHU Mgz U my ¥ KOPPEJSIHOHHBIMH (PYHKIMSIMU

Ry(t) = ofe—*",  Ry(r) = ope—Bit,

Onpene/nTs CNEKTPANBHYIO IVIOTHOCTE Sq(w) mpouecca v (£) HA BLI-
XOJie TIePeMHOKUTES.
Omsem:

2 (a+p) of o}, Qﬁmg o}, 20m} o}

(@+Brtar | ptaer | adip

. Sy(w)=

12.38. Ha Bxon paauOTEXHHUECKOTO YCTPOHCTBA, COCTOSIIErO U3
AuddepeHIHPYIOMMX CXeM H nepeMHoxuTeast (puc. 12.39), monarorcs
HE33aBHUCHMbIE CTAIlMOHAPHBIE CJydadHBe mponecchl &;(f) u E,(f) ¢ HY-

- ff (t) 0[
@) 7 . 2 )
a7 1 708
7 X
X &0 [7 5
v

Puc. 12.38. Huddepenuupymomas
cXeMa H NEePEMHOXKHUTED

Puc. 12.39. [se auddepenuupyto-
HiHE CXEMbl H NePEeMHOKHTEJb
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Puc. 12.40. Cunxponnnii gerexrop 20t t=z(tuft) z(2)
X 28y |
Natt)=Usosw, ¢
[emepoduy

JIEBLIMH MATEMAaTHYECKHUMHM OXMAAHMAMH my, = mg, = 0 U Koppe-
JISAHOHHBIME OYHKIHAMH

Ry, (v) =0 e~ 7! (cos mlt—}——g‘—sinmﬂrl) N
®y

R, (t) =0}, e~ it (cos 0, T4 -2 sinw,| ]) .
W3

OnpenenuTh KOPPENSHUOHHYIO (QYHKIHIO Ry(T) ¥ CHEKTPATbHYIO

I0THOCTh Sy(w) nponecca v (f) Ha BhIXOJAE TEPEMHOKUTENS.
Omeem:

Ra () =Ry, (1) R, (v) =04, o, (a1 +0l) (@3 + 0f) X

o2 . .
X e—(f’h+"‘=)'“(coscol'l:——1 sin mllrl)(cos 0y T——2
[0 [0}

sinmzlﬂ);
2

Sy (m)=a[ acosd, - (0—awg)sind;  acos b4 (04wc)sind, 4

(0—wc)* 4o (0 +wc)* o
+ @ cos 8y (0—wp)sin; @ cos 83+ (0 +wp) sim 6,]
(0—wp)?+-a? (@ +wp)?4-a? '
rae

a=of, o, o] ©3/2 cos® y; cos® y,,

&y

v, = arctg Z—i , Y2 =arctg , =0 -} 0,

Wy

i=71+7ve Ga=9%1—792 0= 0+ 0, 0p=01— @y

12.39.” HajiTu crmekTpasnbHylo mioTHocTs S,(w) mnpouecca y (1)

HAa BBHIXOJE YMHOXHMTe]sl CHHXpPOHHOro jetektopa (puc. 12.40), ecau

BO3JCHCTBYIOmMEE HA JeTeKTop KoJeGanue x (£) = s(t) -+ n (f), rame

BXOAHOH wyM n (f) mpeAcTtaBiasieT coboll CTanMOHAPHBIR rayCCOBCKUU

TIPOIECC C HYJIEBEIM MaTEMATHUECKHUM OXUJAaHUeM m, = 0 U CleKTpanb-
HOH TVIOTHOCTBIO

80 ) =i e | LG rexp [ —LERE L,

a nosesHufi curHan s (f) = A, cos (wef + 0).
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&) % Puc. 12.41. Banascuuf
+ zl(i =2 | 4 @) MOZLYJISITOP
— 2(2)
— 7
Iz ()
@ — > g=z7
¢ i )
3necb A, — NOCTOsIHHAS aMIIATYAa, O — paBHOMEPHO pacrpeje-
JIEHHAs1 B HHTepBaJe (—n ) cayvaiinas ¢asa, He 3aBHUCSIIAS OT IIyMa.

Omsgem: S ,(f) = S s(f) + Syn(f),

Sys () == ARUS () +—c A4 U8 (F—2o) +8 (F +2fu)

rne

—_— cneKTpaanaﬂ TJIOTHOCTh CHUTIHAaJIa Ha BBIXOHE YMHO)KHTGJ'IH;
AU [ fa (F—2fo)?
= 9 _ =2t T
S LIS I g
(o)
+exp[ ot ]}

— CNeKTpasbHasi TMJIOTHOCTh LIYMa HA BBIXOAE YMHOMXKHTEJS.

12.40. Ha Bxoipl GanaHCHOTO MoOAyJasiTOpa (pHC. 12.41) nocTyna-
IOT CTALHOHAPHBIC H CTAIHOHADHO CBSI3aHHBIE CJYYaiHBIE npoueCCbI
Ei(f) u Ea(f) ¢ HYJIEBBIMH MAaTEMATHUECKHMH OXKHIAHHUSIMH Mg, =
=0, KOPPEJIAIHOHHBIME  DYHKLHMAMH Ry, (1) = Rg,('c) = czr ('c) u
B3aHMHOH KOppeansiiuoHHOH QyHKIHe#d Rg,g,(T) = 0%r,(T).

OnpenenuTs KOppesnsiuoHHYlw GYHKIHIO Ry(T) BBHIXOAHOTO npo-
necca n(#).

Omesem [14]: \

> 24—V ra(y
Ry (x)= 0% v+

[7 (v) 41z (F)12%.
=T (2% L1yTe (l-—k—l——-—-)

12.41, Cnyuaiinass BenquuuHa v (T) dopmupyercs B pesyJibTaTe
YCPeNHeHHs1 KBaJpaTa CTALHOHAPHOTO IayCCOBCKOTO CJYYaHHOTO Mpo-
necca & (f) na nurepBase T:

T
M= | Bd.
=7/2

OmnpenenuTh MaTeMaTHYECKOE OXHAAHHE my Beauuunsl 1 (T) u ee
aucnepcuio Dy npu ycsoBuu, uto mporece § (f) xapakTepusyercs cie-
AYIOHMIMMH CICKTPAJBHEIMH IJIOTHOCTSIMH:

o} o?

4a0f
1) S!(“’)=—OW;;; 2) Sy(0)= Q\?
o+ ) @—opy
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B

@ AG) [ gempoiemén | % y
40 Bordagwni Hakomamens.  ——3=

Puc. 12.42. JluckpeTHbll HaKOIHUTEb
Omeem [14]:
1) /in =08, Dy =—i-(4p—1+e=4), =2

20% %

2) my=0g, Dn=

(DoT
Q

12.42. Ha Bxoxa cxemel puc. 12.42, cocrosmeii U3 JHHEHHOTO
netektopa oruGaromeit (JIIO), ycrpoiicTBa BHIGODKH M HAKOMHUTENS,
BO3IEHCTBYET CTAIMOHADHBIH TAayCCOBCKHUH KBAa3HTapMOHHYECKHH INYM

E@) = A (t) cos oot + ¢ ()]

C HYJeBbIM MaTeMaTHUECKHM oOxuiaHueM mg = 0 H Jaucnepcuedt’
D¢ = of. Bbréopoqﬂble snauenus A; = A (f;) B3auMHO He KOppesH-
POBaHHI.

OmnpezeuTh MaTEMaTHUECKOE OXHJAHHE MMy, KUCTIEPCHIO Dy u nnort-
HOCTb pacrpejesnenus Beposithoctedi py(Y) cayuafinoii BenunHel Y Ha
BBIXOJE HAKOMMTENs, eC/H

_ 2 —vainz Y YT TR —
x[v—1+e "+4Q_1e vsin®— V41Q 1],7

n

Y:—I—S‘. A, n> L
In s

i=1

I S _(Y—myp?
pl(Y)— Vﬁ VD_Y exp[ QDY :l .
12.43. Ha cucremy orpannuutens—ouantp (puc. 12.43) Bosﬁeﬁ-

CTBYET CTALHOHAPHBIN rayCCOBCKMi IyMm & (f) ¢ KOpPeJAIHOHHOM
dyrknuedt Ry () = olexp (—v|7[).

’ f(t) Jeoanwy — 7(1-) /{(t)
Puc. 12.43. CHcteMa  OrpaHuduTens — — > ‘,,,”,,,Zj,’,, Punsmp —>
hunbTp
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OnpenenuTs KOppensinuoHHYyo dyHkumio Ry(t) mnpouecca p (f)
Ha BRIXOJe CHCTEMBl B TIPEATIOJIOKEHHH, UTO aMIIMTYAHAs XapaKTepuc-
THKA OTpaHuuuTeast UMeeT BUl (puc. 12.4)

_b’ §<—'l3;
n=FEl={st, —p<<E<L0,
a, E&>aq,

UMIY/IbCHAs XapaKTepHCTHKA (QUJIBTpa

et et .
h(?) = e 'T, e ,
npuuem T, > 1/, 5> 1/y.
© Omeem [80]:} _
2 o an 1 —%lrl 1 —-;‘—-lrl
Ry (%) =20y 2,_nv_ on, e 4+ o, e T _—
n=

'_ 1 (e_‘:,‘"' +e—_:’-m)]'

T1+Ty

0 =|on-n{2\ _pu-n{__B ik I
o a o nlad !

oh =M (W ()} —M* {(n()};

s - 1o 3]0 (2]
[l )
M{n2<t>>=szoz{(o—°;)z+(£€—)“—

el o]
() ()
Lo (3) 2 o)
®")(z) — n-s1 npousBojHas oT uHTerpana BepositocTH (12.11).

12.44. Ha mpueMHOe YCTpoficTBo, CXeMa KOTOpPOro H300paxeHa
Ha puc. 12,44, Bo3NeHCTBYeT CTamuoHapHbiii Genbiii mym § (£), crexT-
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rjae

)=V )5us @gt+p) z(t)=vi)
- JOyxcrmoporrad
_‘f(i) Huwednan KBadpamuynerd tunemp | 4
cucmena demexmos, R
geudaroueyd

Puc. 12.44. PaguonpueMHoe YCTPOHCTBO

panbHasi IJIOTHOCTH KOTOporo Sg(w) = No/2. KommuekcHast dacTot-
Hasi XapAKTEPUCTHKA JIMHEHHOH CHCTEMBI HMEET BHJ
200

F(jw) =K
() =0 T @ oD

a UMMyJIbCHAs XapakTepuctuka ¢uastpa RC h(t) = ye—vi.
OnpenenuTsb:
1) nJIOTHOCTH paclpefieieHust BeposiTHOCTeH p,(z) mpomecca z(f)
Ha BBIXOJIe JBYXCTOPOHHEr0 KBaJPaTHUHOIO JETEKTOpa orubaiome;
2) MaTemMaTHYeCKOe OXHjaHue m, mpouecca z(f);
3) koppessiuuoHHyI0 GYHKIMIO R,(T) u qucnepcuio D,
4) MaTeMaTHUECKOe OXHIaHHe m, mnpounecca u (¢) Ha BpIXofe GUIBT-

pa RC; ~
5) xoppensuuounyio ¢yHKuuo R, (t) u nucnepcuio D, Ha BhIXOZE
¢unstpa RC.
Omeem:
1 z
) mE=gy o (=5 ). 220

rie 62 = aN,#§/2 — pucnepcus mporecca y(f) Ha BHXOAE JHHEHHOM
CHUCTEMBI;

2) m, = 20} = aN #j; .
Dz = azN%jf%;

3) Rz(T) — azNg 66—2“”‘;
4) m, = aNH;
5) 'Ru ) ____-Y—::Iv%ii)—(ve—m,n_gae—vnl)’ .
—4a
D, =Ny s —Y— .
u=0aWy ov—}—Qa

12.45. Ha upuemnoe yCTpOHCTBO, CXeMa KOTOporo H3o0paxeHa
Ha puc. 12.44, BosneficTByeT Cay4aHHBIA NpoIECC

x(8) = E(1) + m(2)-1,(0),

rae E(f) — cranuoHapHbBIH Gesblil IIYM CO CNEKTPabHOH IJIOTHOCTBIO
Se(w) = Ny/2;  14(f) — enunuunas QyHKUHS;

n(t) = A(t) cos oot + @ (¥)]
13 3ax. 1203 385



— CTAIHOHADHBIA KBA3UIaDMOHMYECKHH IIYM C HYJEBBIM MAaTEMAaTH-
YeCKUM OXKHJAAHHEM My = 0 U KOppeasuuonHoi GyHKIuuen

R,,('c) = gpexp (—P ] t]) cos w,t.

KommiekcHast yacToTnast XapakTepHCTHKA JHHEHHOH CHCTEMBI, KaK W
B 3ajxaue 12.44, umeer Bug
. 200
X (jo) =7, —
200+ j (0*—})

OnpenenTe MIOTHOCTD pAaCHpeNeseHUs  BePOATHOCTEH nE b
nporecca 2(f), ero MaTeMaTHYeCKOe OXHAAHHE m,(f) n KOPPeJISIIHOHHYIO
dynkumio R (¢, T) ana ¢t > 0.

Omsem:

1 F4
pl(Z»; )= 27 0 eXp( %3 (0 ) 220,
ma(t) = 204(t), R.(L ) = 4doy(t)ry (L, ©), ry(t, ©) = R (¢, ©)/0(F).
3nece L
oy(t) = op + o%(f), of = aN,x3/2,

ol(t)= %[(“;‘r’)+(°‘+'3)e_2“’—-2ae—(aji-ﬁ)t], t>0,
0 t<<0;

Ry(t, ) =Ru()+Rv(t, ), Ru(T)=LN';ﬁe““'f’cosmoT.
ac.?l%'g

o l(@e P17 —pe=a171) {(a p)e—or—2at _
—a (e~% +e—B7) e~(a+B) t] cos @, T, 1>0,

0, t<<0.

12.46. Hcrnospsys ycnoBue u pesynbtaThr 3agauu 12.45, onpege-
JIUTH MATeMaTHYECKOe OxuJaHue m, (f) npomecca u(f) Ha BbIXoge
(uabTpa ¢ MMIYJILCHOM XapaKTepuCTHKOf h(f) = ye— ¥, :

Omsem: »

Ra(l, %)=

mu(t)=a1voxg+%[°‘7-5+

a2—pe |
et sy
y—o—B Y y—2a
+ﬂ e—2at___2a_. e—(x+8) t]‘ .
v—2a y—a—p

12.47. Ha paauorexnuueckoe ycTpoicTso, CocTosmee u3 UHTer-
pupyromei uenouks RC, AByX1OMyNepHOTHOTO Ge3biHepIHOHHOTO KBa-
PaTHYHOTO 3/IEMEHTA € XapaKTePUCTHKON § = an? u ujeasbHOro GHibT-
pa nmxuux wacror (PHUY) (puc. 12.45), BosnefictByer cranuonapHbIi
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£
D_DT—WJaipamawme
£) Y 7@ | yempodembo | @) | ony v(z)
O— f= ﬂﬁz —_—

Puc. 12.45. PagnoTexunyeckas cxema

rayccoBckuit Genbit mym E(f) ¢ HYJEBbHIM MaTeMaTHUECKUM OXHAAHUEM

mg = 0 u CnekTpasbHOH MAOTHOCTEIO Sp(w) = N, 0<< o << oo.
OnpeneuTh KoBapuanmuoHHyo ¢yHKIMIO Ki(T) M CIeKTpalbHYIO -

II0THOCTE Sg(w) mpomecca { (f) HA BBIXOJe HEJIHWHEHHOTO 3JeMeHTa.
Omeem:

K (v) =204 [1+2eXp(—%|T|)J;

4(RC)?
a® N3 4
50 = ey 20Ot |

12.48. Hcnonpsys ycnoBue u pesysbraTol 3ajaum 12.47, onpepe-
JUTh MAaTEMAaTHYECKOe OXuJalue my u aucnepcuo Dy = o3 mpoyecca
v (f) Ha Bbixofe (WIBTPA HHKHHMX UACTOT C HMIYJIBLCHORN XapakTe-
PHCTUKOH '

h(t)_{oce—“’ mpu 0<ICT,
0 npH ApPYrux f.
Boiuucauth  otHomenue  oy/m, W ero mnpelenbHoe 3HAYEHHE

npu T — oo,
Omgem:

+ e—?(lT_

aazNg[ 1 1
af-4-2 ap—2

20.p LBt T g 9 p
.. B , lim —Y — il -
(fp—t © ] m l/aB+2’ B =RC.

12.49. Hcnoabsyst ycnoBue u pesysbTaThl 3ajaun -12.47, oupepe-
JIUTb MATEMATHUECKOe OXHMIAHHE my W Jucmepcuro D, mpouecca v ()
Ha BHIXOZe (U/IBTPA HMMKHHX YACTOT C KMIYJBCHOR XapaKTEPHCTHKON

h(t)={ I mpn 0t T,
0 npu gpyrux f.

Omeem: m, = ;

v 2% v 4
.- 12.50. Ha puc. 12.46 upusesena YOPOWIeHHAsl CXeMa JBYXKa-
HaJapHOro koppensrtopa. Ha onun u3 ero BxomoB mocTymaer koseGa-
Hue

oMol . pp _ @M} VT ' —T].

E(t) = s,(t) + my(0),
13+ 387



IR
7(2)

X > BHY >
& @) T Puc. 12.46. JByxkaHanbHEIH KoppenstTop

C (bl‘IJIprOM HHXHHX 4aCToT

a Ha JApYrou

. E:(t) = so(f) + no(d).

3nech s;(f) — rapMoHHUECKHe KOJe0aHHs YacTOTBl @, C PA3JHUYHBIMH
aMIITUTYaMH H HAuaJbHLIMH (asaMu:

s,() = Aj cosmyl, sy(t) = Apcos(wot + 6);
n;(f) — KBasurapmoHnueckue GayKTyalHu:
© () = x,(t) cos wet + y1(2) SN wef,
na(t) = Lxy(2) + kxy(t)] cos 0ot + [ga(t) + kya(t)] sin wot.

Ksanpatypusle cocraBasiomue x;(f) U y;(¢) sBASIOTCH HE3aBHCHMBIMH
CTAIMOHAPHBIMH CJIYYafHBIMH TPOIECCAMH C HYJICBLIMH  MaTeMarH-
UeCKHMH OXHJAAHUSMH u gucrmepcusmMu Dy = o} mas x(f), y,(f) u
D, = 0} nas x(t), y(t). Kospdunuent & onpenenser creneHb Koppe-
JHUPOBAHHOCTH QIYKTYaunit ny(f) u ny(f):

M{n, (t)ny(t)} = ko?.

Onpefenurb MaTeMaTHYeCKOe OXHJAAHHE fly H JUCHEPCHIO D
_mporecca n(f) Ha BeIxofle GUIBTPA HUKHHUX 4aCTOT.
Omsem:

= A,A,cos0 + 2ko?,
D, = 4k%1 +01(A2 +k2A14 2kA, A, cos0 +Alo? +-20103).

12.51. ITpumenutensHo K ycnosuio 3ajaud 12.50 ompenenuts xa-
pakTepHcTHUeCKyo GyHKuHIO O, (jv) mpouecca v (f) Ha BbIxofle QUIBTPa
HUKHHX 4YacCToT.

Omeem [81]:

1
ot o (b o)

[eA] +B (6* +c?) + 2iA, bv] o }

2(af+v?) ’

8, (ju)=

X exp {iUA1 (b—A R)—

rae
b= A,cos® + Ak, c= Agsin®, «=1/02 — 2kv, B = /ol

12.52. Hcnoab3ys pesyJIbTaT 3ajauu 12.50, BBIYHCIAUTH IJIOTHOCTD

pacrpe/ieJieHusl BePOATHOCTe# py (V) mpouecca n(t) Ha BEIXOfle GHJIBTpA
HUKHUX 4acTOT JJis YACTHOTO CJydas BO3JIEHCTBHSA Ha KOppeasTop

388

HJEHTHUHBIX KoseGauuii £,(f) = E,(f), 1. e.ipu A, = A, = A, 6 = 0,
E=1ua2=0
Omesem:

. (_ﬂ) O(AVn> n=0.

2 2
202 4y

12.53. Pemutb 3amauy 12.52 pas ciyuas OTCYTCTBHS IuyMa fy(f)
Ha BTOPOM BXoJe KOppeistopa.
Omeem:

pl(n)=7/;n—%exp[—w],

2
QO'n

rae m, = A;A,cos 0, of = oiAL
12.54. Peume sajauy 12.52 pis coyuast BO3JeHCTBHSI HA KOppeJsi-
TOP W/JCHTUUHBIX CHTHAJOB §;(f) = 5,(f) M HeKOppesupOBaHHBIX npo-

1eccoB 1,;(f) U no(f) C paBHBIMK JAKCIIepCHSMH, T. e. pu A; = A, = 4,
ol =o02=0% 0=0, £ =0.
Omsem 811
- 2L —a .
0'2
, o © , n<<0,
pl (n) - n 0o a
1 iy —-a 1 n \t €n—1
' ypn e ° ngon_'(7) [1'— @ ]’ 7]>O.

3nech a = A%/20% — OTHOLIEHHE CHIHAJI/IIYM HA BXOJE KOPpEasTopa
p pa,

en—l——1+—a+— 4. +———qn-1,

n—l)'

Tpaguk NJIOTHOCTH paclpefieJieHHst BEPOSTHOCTEH py(v) NpHBeleH

“Ha puc. 12.47.

12.55. Ha Bxoi KoppenasTopa, COCTOSIIICrO H3 JIMHHH 3aJepKKH
(J13) ¢ BpemeHeM 3aJIePKKH Ly, = T, EPEMHOKHTENS H qmanpa HUX-
aux uactor (®HY) (puc. 12.48), mocrynaer CTamMOHAPHBIA Caydai-
Hblfi mponece &(f) ¢ HyJeBEIM MaTemMaTHueCKuM OxujanueM mg = O u
KOppe/siuHoHHOl GYyHKuuen

R (t) = oipg(t) cos w,r.

®uAbTp HHUKHHUX YaCTOT NMPONYyCKaeT Ge3 HCKAXKEHHH TOJbKO HH3KO-
4aCTOTHHIE COCTABJAIOIIHE MPOIECCa HA BBHIXOME TEepPeMHOMKHTE.

OnpenenuTs NJOTHOCTL paclpeleNeHds BepoatHocTefn p;(v) mpo-
mecca 1 () Ha BHIXOJE KOppeasitopa.

Omsem [821:
exp ———'—"'——} .
402 20“5 [l —Py (T)]

pi(n) =
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2, ()

04

g3

42 :
2,7
a1 7 A

-4 -2 7 2 4 6 8 70 4/5*

Y

Puc. 12.47. TlaoTHocTh pacnpenesienHsi BEPOATHOCTER HA BHXOAe ABYXKaHAJbuOro
Koppeasitopa

12.,56. Ha oaun- us Bxoxos nByxkaHaanoro KoppesisTopa
(puc. 12.49) nmocrynaer xosebanue
x,(H) = si(f) + my(?),
a Ha Jpyroi
xa(t) = s3(f) + na(?).
3necn

5, (t)=% cos(@of +). 0<ILT, i=1,2,

— MpPSIMOYTOJIbHBIA PaJHOUMIYJBC AMUTENBHOCTBIO T my(f) u ny(t) —
HE3aBUCHMBIE CTAllHOHAPHBIE rayCCOBCKHE OeJible INyMbl C HYJEBBIMH
MATEMATHYECKUMH OXHIAHUSAMH M KODPEISIMOHHBIMH (PYHKIUSIMH

Rp, (v) = Rn, (v) = (No/2)8(v), M{ny(t) ny(t + 1)} = 0.

Zr(t)| @7
1 >4 (t)
@) 170 7 -
=4 2,0 o7 :
> ho(t)

Puc. 1249, JlpyxkanajabHbit Koppess-
TOp C HHTErpaTopoM
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Puc. 12.48, Koppenarop

B kauectse BxoaubIX (uabTpoB (P) KoppensTopa HCMONB3YIOTCS
KoJjie6aTeNnbHEIe KOHTYPBl € MMITYJBCHEIMH XapaKTepPUCTHKAMU

hi(t) = 206 ™% cos wf, t>0.

OnpenesuTh MaTeMaTHYeCKOe Oxuiaanue my(t) mpouecca v(f)
Ha BBIXOJE KoppeJasTopa B MOMEHT BpemeHu { = T.
Omeem:

iy (T) = —%COS (P — ) F (a1, @),

rae

F (a;, a) =1 -——l—’(l —e—a) +_1_.(1 —e—as) 4
ay Qg

1

— (1 —e—tastan),
o -+ay ¢ )

~ 13. BBIBPOCHI CJIYYAAHBIX HPOHECCOB

1. TEOPETHYECKHE CBEJEHHS

PaccMoTpHEM KaKy0-J1HGO peasH3anuio HenpepwBHOro (mHddepeHnupye-
Moro) caydaiinoro nponecca E(f) anutensnoctsio T (pHe. 13.1). Takas peaansa-
IHS Ha KOHeYHOM HHTepBade T HMeeT KoHeYHOe YHCJIO MAKCHMYMOB H MHHAMYMOB
€ pasAHYHHMH 3HaueHHAMH [, npHYeM B MOMEHT BpeMeHH f,, peaiH3alHs HMeeT
a6conotTHHf (HaHGONbINHA) MaRCHMYM Hp,. e

Peanusanus § (f) MoXer HecKoJNbKo pa3s mepeceKaTh (GHKCHpOBaHHEE Ypo-
BeHb C CHH3Y BBepX (C NOAOKHTEAbHOHR NPOU3BOAHOM), NPHIEM B MOMEHT BpEMEHH
T, BIEpBHE NPOHCXOAUT TAKOE nepecedenHe (T. . HepBHit pa3 cHH3Y AoCTHraercs
rpanuna C). Korna cayyaiinuit npomecc §(f) nepecekaer yposenb C CHH3Y BBepX,
GyneM roBopHTh, UTO HMEET MeCTO NOJIOKHTeNbHHIi BHOGpoc. Ecian xe yposenn C
nepeceKaercs CBepXy BHH3, TO MOXHO TOBOPHTb 06 OoTpHIaTeNbHOM BHGpoce.
Torza MOXKHO CKa3aTh, UTO peadH3anis E(f) NAHTEAbHOCTLIO T HMEET 7 MOJOXKH-
TeNbHHX (OTPHUATENbHHX) BHOPOcOB HA ypoBHe C, mpHUEM yKasawHHe HA PH-
CYHKe BeJHYHHE T H O MOXHO Ha3BaTh COOTBETCTBEHHO JA/HTENbHOCTAMH HOJOXKH-
TeJAbHHX H OTpPHIATENbHHX BHOpocoB. UacTo pennuHny O yasmBaioT AnHTEND-
HOCTLIO HHTEDBAJOB MeXAY BHOPOCAMH. -

. Beamunum v, O 1 H B npefeNax ofHoNl peaAH3aUMH MOTYT NPHHHMATH He-
CKOAbKO 3HauenHil (B 3aBHCHMOCTH OoT ypoBus C # HuTepBana T) H BMecTe C Be-
JIHYHHAME n, Ty, H My, H3MEHAIOTCA CAyYaAHHM 0o6pa3soM OT OAHON peasH3aIHH
K Ipyrof.

[Ip# CTATHCTHYECKOM ONHCAHHH STHX CAYYaXHHX BEJHUHH MOXKHO HHTEpe-
COBATbCA MX CDENHHMH 3HAUCHHAMH, AHCHEPCHAMH. NJIOTHOCTAMH BEpOSTHOCTH

&)

I ¥

g Al -
Puc. 13.1. Peanuzauun Tr
CTaHOHApHOI'O  cayvaii- .

HOT'O NIpOHecca



M APYTHMH XapakTepHcTHKaMHu. B naHHOH rynaBe npuBefeHb! OKOHYATeAbHBIE (Op-
MyJib! B OCHOBHOM jJisl CpefHHX 3HAUYeHHH, TAK KaK BHIYHCJIeHHE APYTLHX Xa-
PAKTEPUCTHK, KaK HPABHJO, CBSI33aHO C BHOOJHEHHEM YHCIECHHOTO MHTEerpHpoBa-
HHs, YTO BHIXOAHT 33 HpejesH HeneBoro Ha3HayeHus AAHHOH KHuru. J[pyrue xa-
PAKTEPHCTHKH paccMaTpPHBAIOTCH TOTAA, KOraa oHHM MOryT ObiTh HaligeHbt 6e3
CJOXHBIX MATeMATHYECKHX BbIUHCJAeHHH. '

1. Cpeaxee yucao nepeceyeHHH gH{PEpPEHHHPyeMbiM CAYIATHEIM POLECCOM
E(Y) uenpepmBHON Kpupoil a(f) cHudy BBepx (pHc. 13.2) na unteppane (f,, f, +
-+ T) BHuucHAseTcs N0 QopMyJie :

b T o, . . .
NF(T)= tf di | (O pela(t), a(®)+E(N1dE. (13.1)
0 0 - .

3aecy pa(E (8, E(t)]'— COBMECTHAsl NJOTHOCTb BEPOSTHOCTH AJs mpouecca §(f)

u ero npousBoauoit & () = dE (f)/df B oauH H TOT e MOMEHT BpeMEHH.
Ananornuno uHcsn0 mepeceueHui mpoueccoM §(f) cBepxy BHH3 KDHBo# a(f)

paBHo

to+T 0 . . .
Ng (T)= J dt [ E() pala(t), a(t)+E (] 4dE (13.2)

Myers Ha uHTepBade (¢, !y + T) 3apanH ABe HenpepHBHbie KPHBHe a (f)
u b (f), yroBaeTBopsiomHe HepaBeHcTBY a (1) < b (f). CpeaHee uHcio pas, Korja
nponecc BuiineT u3 rpauun a (f) < § (¢) < b (f) na unrepsane (¢, ty + T), oupe-
peasiercss QopMmyJoi . ’

i to T b - - . - - 'y ’
Nab (T) = f at{ E{plo ), 6O+EDI+pala(), at)—E ]} k. (13.3)
0

o

B ToM uactHOM chydvae, KOrza paccMaTpHBAIOTCH HepecedeHMs mpouecca

E(!) c ropusoHTansHod mnpsimod, T. e. a (f) = C = const, ¢popmynam (13.1) n°
(13.2) npHHHMAIOT COOTBETCTBEHHO BHJ
. L o . R .
N+, T)= | dtf E@pelC, E@]dE, (13.9)
£ 0
t°+T 0 . . .
N=(C, T)y=— [ d [ E@)plC, E(DIdE. (13.5)
to —o0 s

MpumMeHHTENbHO K CTAHOHADHHIM B Y3KOM CMbIC/€ NMPOHECcCaM E(#) BuyTpen-

HHe uHTerpafur B popmysaax (13.4) u (13.5) He 3aBucAT OT BpemeHH H Uesnecool-
pa3Ho BBECTH CPejHee YHCJO Nepecevyeuuil B eauHuny speMenH. Jlas cpepmero
YHcJa nepeceveHuii B €fHHHUY BPeMeHH CTANHOHAPHBIM CAYYaHHHM HpoleccoM

|
/] t[] V\W tp+7\/ ¢

Puc. 132. Tlepecedenus: cayuaiiHoro npouecca §(f) U AeTepDMHHUPOBAHHOH (YHX-
i a(f)
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)

¢ (#) puxcupobannoro yposns C cuusy BBépx M cBepxy BHu3 u3 (13.4) u (13.5)
nojiyyaem HpOCTHe (oOpmyJH

NT (€)=N+(C, )= &p, (C, §) dE, [(13.)
0
0
NT €)=N=(C, )=— | E&n(C, E) k. - (13.7)

Jas psiaa CTalMOHADHBIX [pPOLECCOB (HANpUMEp, FAYCCOBCKHX) 3HAYEHHS

nponecca §(f) u ero npoussogHofl §(f) B coBnajammne MOMEHTHl BPCMENH OKA3k-
BAIOTCS CTATHCTHYECKH HE3aBHCHMBIMH, T. €.

p2(C, &) = p(C) p(E). - (13.8)

Ilpr Bunosnennn storo ycaosus ¢opmynn (13.6) u (13.7) eme Gosee ynpoma-
oTCs:

°0 - . . 0 . ‘a .
N (€)=p1(C) £ EPE)E, NT(C)=—p(C) | EpB)dE. (13.9)

TIpamennTeJbHO K rayccoBCKOMY CTAalHMOHApHOMY aH((EpPeHHUpPYEMOMY Nipo-
ueccypi (f) c MaTeMaTHYECKHM OXHAAHHeM m H KoppenfinHoHHoK QyHKuHedh
Rg(r) = 0%r(1) (13.10)
dopmyan (13.9) npHHHMAOT BHA

1 -— 1 /C— 2
Nf(c)sz(C)zEV—’ﬁeXP[——z—< om)]’ rﬁ:dzdrtsr)

-(13.11
oo (181

Ins orHGaomeit V(f) cyMMB rapMoHH4YecKoro KoseGauus s(f) = Ap X'
X cos (wof -4 @g) H rayccoBCKOrO KBAa3HIaDMOHHMYECKOro (y3KONOJIOCHOTO) CJIy-
yajioro mpouecca §(f), HMeOUEro HyJAeBOe MATEMATHYECKOE OXKHAAHHAE H Koppe-
JAAHHOHHYI0 (YHKIHIO

RE(T) = a%p (1) cos w,T, (13.12)
nojyyaemM
—pi\l/2( C 1 Ay, CE
+ e = = —— - —_— :
Wi @ =Nz @=(S2) " (L] = tanron | 1o (429),
., dp (1) '
=g |y Cc>0. (13.13)

3necy Io(x) — dynkuns Beccens  HyJeBOro mopsizka oT MHHMOTO apryMeHra.
Mpa Ay, = 0 dopmyaa (13.13) onpepensier uucno BH6PocoB orubawomei A
OXHOro KBasHrapmoHnHueckoro mpouecca E(f):

Ny (C)=Nf(C)=(——2;Lg)”2(£)exp[~—l- (i)a] C>0. [(13.14)

o 2 Iy

2. CpeaHee uyHcJIO .MaKCHMyMOB AHppepenunpyemoro mnpouecca §(f) Ha mu-
TepBane (f,, fp -+ T) ompemensiercs QopmyJoit

to+T 0 .. .. ..
Nmax(_T);—tf dt [ E(@)p.10, E1dE, (13.15)

FAe Py [E(#), E(8)] — coBmectnast naoTHOCTH BepOATHOCTH AJ151 HEPBOA M BTOPOIl
NPOM3BOAHKEX npouecca § (f) B OgMH K TOT Ke MOMEHT BpeMeHH.
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Has CpefHero 4Hc/a MHHHMYMOB MNpolecca cnpaseasinpa tbopmyna
to+T oo
Nmin (M= | dt| E(t)p,l0, E(0]aE. (13.16)
to 0

Cpexnee YHCIO MAKCHMYMOB H2 uHTepBade (fy, fo + T), NpeBHIaOUNX $uk-
cHpoBauuuit yposeub C, paBHO
htT w0 .
Nmax(H>C, CO)=— | a&t{d& [ E()psle(®, 0, EldE,  (13.17)
to c — o0

- .

rae pg € (9), g(t), £ (/)] — cosmecTHAs NJIOTHOCTL BEPOSTHOCTH CAMOTO MpOLec-

€4 B _ero mepsuX ABYX HDOH3BOAHHIX B OZHH H TOT K€ MOMEHT BPEMEHH.
IIpAMenHTENbHO K CTALHOHAPHHM NPOLECCAM MOXKHO HHTEDECOBaThCsH Cpess

HAM YHCJAOM MaKCAMYyMOB B eaHMHuuy Bpemend. [IpH atom u3 dopmya (13.15) u

(13.17) umeenm
0 .
Nimax=Nmax(l)=— j -épn (©, ‘é) dE: ' (13.18)

oo 0
Nimax (F > C)=Npax (H > C, 1)=’—I dg j .%Ps (E- O.E)d‘é; (13.19)
. C — 00

®opuyam (13.18) H (13.19) mas rayccoBcKOro CTANHOHAPHOrO Mpolecca
E(f) c HyNeBLIM MaTEMATHYECKHM OXHAAHHEM H KOppeAsnBORHON $yHKuHel
(13.10) npHHAMAIOT COOTBETCTBEHHO BHA .

1 ris®) dir(z
N1 max= 25 l/ —or” ’ rg‘)=F() te=0
0 =

Nimax (H > C) =Ny pax [‘D(—%) +-|/me—c:/2® (M Co)] ’

v

(13.21) -

rpe @ (x) — HATerpas BepOSTHOCTH,
Co=Cla, v=(1—rg*[r§)1/2. (13.22)

3. Cpenusisi AMHTENABHOCTb BHGDOCA CTAMHOHADHOTO 9PTOAHNECKOrO mpoLec-
ca §(f) man ¢ukcHpoBanumM ypoBieM C BuuHcisercs No hopmyde
-]
HO=5ra | @
o ) e (13.23)
c .

Cpenuuit HATepBall MeXIY BHOpOCAMH HA ypopHe C

c
_ 1 i
0(0)=m')‘ .Y p1(B) d§. (13.24)

TIpAMEHATENBHO K rayccOBCKOMY CTALHOHADPHOMY MpOLECCY ¢ MaTeMaTHYe-
CKAM OXHIAHHEM m H KOppeasinHounoi ¢ynxuned (13.10) dopmyam (13.23) u
(13.24) npumEMaloT BHJ

- on R — :
e e X
- 2 sr0
e(C)ﬂ—%”_m(y) v/, (13.96)
-y .
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(13.20)

Puc. 13.3. Cmeuienne MOMeH- ' ~
TOB cpaGaTbIBaHHSL peje H3- A y \
3a wyma A e \
Jutt)+E®) \
/ ul?)
4 7 ) \ - F
7 r VA7 o
%’,’—\- ’,\5—0 4&:7—1———)-
g 7] ¢y ¢

Ins oruGaromeli A(f) KBazurapMonHueckoro mnpomecca &(f), mmerwoinero
Koppeasuuounyio dynkuao (13.12), cpaBeasnBn clepyroulHe COOTHOIIEHHS:

- 1 Ton . C :
T (C)=— Lo = Y= >0, (13.27)
( ) Y l/- —bDo v g . ’

~ 1 2% 1
| B(C)z_v—l/ Y [exp(—z— v’)—l]- (13.28)

CpeiHsiH JJIHTEABHOCTD HHTEPBAJa MeXAy MAHHMYMOM H CJelyIOUHM 32 HAM
cocesHHM MAKCHMYMOM Tmy, 2 TAKKe MEXAY MAKCHMYMOM H NMOCJEAYIOUIHM cOcel-
HHEM MHHHMyMOM O HaxomaTcs no dopmyaam

oo 0
- 1 T 1 N
m=—0— dg, Opp=—"" . 13.29
= ip@)& Nlmu_i”(g)"g (13.29)

Has rayccoBcKoro cragHOHapHOro mnpouecca

Tm=0p=nV —rg/ri® . (13.30)

4. B panHorexnHYecKHX HPHJIOXKEHHSX pacCcMOTpeHHe BHOPOCOB 4acTO CBS-
3HIBAIOT C AHAJAH30M AeHCTBHA MOJE3HBIX DEryJsipHBIX HUMNOYJBCHHX CHrHAJOB
u(¢) coBMecTHO ¢ moMexaMmu £ (f) Ha 3JeKTPOHHBEE peJsie H ApyrHe NOPOroBHe ycCT-
poiictBa. B ToM caydae, xoraa AeTepMHHHPOBAHHLIH NOJE3HHH CHTrHAJ CKJAAAB-
BaeTCH C ¢IrJIAjKHMH» MOMEXaMH MaJoil HHTeHCHBHOCTH, MOMeXH BH3HBAIOT CAy-
qajinoe ApoXaHHe MOMEHTOB cPAaGATHBAHHA H MOMEHTOB OKOHYaHHS DAGOTH peJe.

TlycTh B OTCYTCTBHE NOMeX peje CPAGATHBAET OT MOJIE3HOro HMAyJabca u (f)
B HEKOTOpHII MOMEHT BpeMenH f; M 3aTeM uepe3 HPOMENYTOK BpeMeHH T, T. €.
B MOMeHT fy = f; 4 T, CKauKOM BO3BpamaeTci B NepBOHAYAJAbHOE COCTOSHHE
(puc. 13.3). Ipu HaAHYHH cAaGux nomex &(f) 3TH MOMEHTH BpEeMeHH GYAYyT cMme-
HIEHH HA MaJble H cAydafnbe BeAHUHHH ApH Ay, T.e. f{ =H+ Ay, 13 =1Fg + Ag.

B suneiinoM npHGIHKEHAH -

Ay = §(t)/s(t), A = E(t/s(ty), (13.31)

du(?)
rae s(t) = —g;—
6armBands C.
Ecan cranmonapsmil myM & (f) HMeeT HyJieBOe mareMaTHuecKOe OXHUNAHHE
H KOppelAsiuHOHHYI0 QYHKUHIO R (T) = 0%r(T), TO AHCHEPCHH MOMEHTa cpaGaTH-
BAHHSA peJie H MOMEHTAa OKOHYaHHs DPabOThl COOTBETCTBEHHO PAaBHH

03, = 0U/s%(t1), O} =0si(ty). , (13.32)

¢ =¢, — KPYTH3H2 [IOJIE3HOTO MMUyJbca Ha YpOBHe Cpa-
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Hs pasencrsa 1/ = #; —#; = T+ (A; — A;) N0 H3BeCTHHIM npaBHJIaM
HAXOAMM AMCHEPCHIO AJIMTEJLHOCTH HMOYJbca HA BHIXOJe pene
g2 [ s (4) 5% (1)
02= 1—2 r(v)+ . 13.33
TN sty T T () (559
2. NTPUMEPDI

13.1. BuiunciuTh BEPOATHOCTL HaJlMudst B uHTepBane (f, t -+ 7)
HEUYETHOrO 4YuCJa HYJe# rayCCOBCKOTO CTANHMOHAPHOro mpomecca E(f)
C HYJIEBLIM MAaTeMaTHYECKHM OXHUJAHUEM U 33aJaHHOH KOPPEeISLHOHHON
dyukuuei R(t) = o2r(t). Ilox HYAAMH NOHHMAIOTCS TOYKH HA OCH
BpeMeHu, B KoTopux E (f) = 0. )

Pewenue. OueBumHO, YTO TPH BBIIOJHEHHH HEpaBEHCTBA E(f) X
X E(¢ + 7) << 0 uucao HyJel TpaeKTOpHHM mpouecca & (f) B uHTepBaJe
(¢, t -+ 1) neuetHoe (puc. 13.4). O6o3HAUUM BEPOSITHOCTH HEUETHOTO
uucJa HyJel B unTepsane (1, t + 1) uepes p, (v). OueBuaHO, 4TO

Pu(t) = P{E() E(t + 1) <0} = P {E(¢) >0,
Et+ 1) <0} + P{EM <O, E(t+7)>0)}.

Herpyano yGemuThes, uTo A CTAHOHAPOrO rayCCOBCKOrO NMpO-
11eCCa C HYJIEBBIM MaTEMATHYECKHM OXKHJAHHEM 00a c1araeMbix B IpaBofi
YacTH 3TOTO PaBEHCTBA PABHHI APYT APYTY M

pa(® = 2PIE() >0, E(t+1) <Ol = 27 [ palt, Er) dEodE,
_ J1 4

rie p,(§, &) — ABYMEpHAs MJIOTHOCTh BEPOSTHOCTH 3HAUEHHEH CJY-

4afHOro Mporecca, pasjejJeHHbIX MTPOMEXKYTKOM BpeMenu T. I10ACTaBUB -

CioJla  BBIPAXKEHHE JIBYMEPHOH HOPMAJBLHOH IIJIOTHOCTH BEPOSTHOCTH
(5.23) u BHIMONHUB WHTErPUPOBAHHUE, TIONYUUM

Pa(t) = n~Yarccos r(t), 0<arccos r(t) < m
HIIH
cos [np, (7)) = r (7). (13.34)

13.2. OnpenenuTy 4HC/I0 TONOXKHTENBLHBIX BHIOPOCOB HA ypOBHE
C = 30 Bo BpemeHHoM uHTepBajse T = 100MKC raycCoBCKOro craruo-
HapHOTO Mponecca § (f), umerolero MmaTeMaTHIeCKoe oxuianue (m = 0)
U CNEKTPaJLHYIO TJIOTHOCTD

S (w) =—;—No {exp [—-(—m—:‘;i] +-exp [—-L“%]} .

ecln fy = wo/2n = 60 MI'm u sddekTnuBHas mupuUHA criekTpa Af, =
= 2 Ml A

\_\\ f%\
1 . [ o Puc. 13.4. Heuernoe umc-

t NS \i}"{ Z 10 uyJeit B HHTepBaje

(1, 1+7)
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Pewenue. O603HAUAM CPEIHEE YHCJIO MHTEPECYIOUHUX HAC BHIOPOCOB
yepes N+(C, T). Tak kak mpouecc &(f)CTanHOHapeH, TO Nt(C, T)=
= TN{(C). dnst paccMaTpuBaeMOro NMpHMepa CpejHee UuC/I0 MOMONKH-
TEJBHBIX BHIOPOCOB B €IMHUILY BPEMEHH onpeJeisieTcst popMyJIoH (13.11)
npu m = 0

C

_— 1 2
N+ (€ = TV =Trexp [ = (]

TMonpsysach dopmyaoi (6.15) Moxkem HamucaTh

1

202

r(t)y= S S (w) &7 do,

rje

ot = 5 S(m)dﬁ)—’—Nol/i-
2n T

— nucnepcus nponecca §(f).
CieioBaTeNbHO,

n " l
fo=r (0)= o 2no? S

0? S (0)do.

[ToACTAaBUB CIOJA BBIPAXKEHHE CMEKTPAJLHOA IIOTHOCTH M BHITOJIHHB
MHTErpHpOBanHe, moayuuM rg = —(0f + 2a). Tlostomy -

)e—‘t,s.

a
2
0

20 4.5 A
N+(C, T)=}fT \/1+Ee 45_f,,T(1+ .

TTo onpenenenuio 3bPeKTHBHON HPHHE! CIEKTPA
[+ 4

i
_ S (0)do =
M= a5 Y (@)do

0
¢ (@0 — o) 5
I y w—0
= N, Yexp[————"—]dmzl/—
41S, . 4o b1
0
“maxomum o = stAf3. C yueToMm 3TOro COOTHONIEHHs IOJydaeM OKOH4Ya-
TEJIBHYIO PAaCUeTHYI0 (GOpMYJIY

i 2 \2
—R&0.108. .10-6 — =) |~6T7.
—60-10°-100-10 [1+4n (60)]

13.3. Ompefenuth OTHOCHTENBHBIA ypoBeHb C/o, TIPH KOTOPOM
orubaomast A(f) KBasurapMOHHYECKOro mpomecca E(f), HMEIOMIEro
TMOCTOSIHHYIO M OTJHUHYIO OT HYJs CHEKTPAJbHYIO IUIOTHOCTb TOJMbKO
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npu "acrorax |f—f, | << Af/2=0,5MI'u, na unteppase T = 1000 MKc
npesblliaeT yposenb C B CpelHeM OfuH pas.
Pewenue. Bocnosb3oBaBmuch hopMy.ion (13.14), moxem Hanucarte

HC TY=TN* (O =T1/ =85 € __L<£)2],
N¥(C, T)=TNt (€)=T]/ St exp[ -
B nanuom npumepe
pl(v) = sin nAfr/nAfr, pg =— (n%/3) AP
IToatomy
L T)= = C —Lgfe
N+ (C, T)=AIT 60exp[‘2<0

[Tocnte moacTaHOBKH OTAE/bHBIX 3HAYECHHII MPHXONHM K TPAHCHEHIEHT-
HOMY YpD3BHEHHIO OTHOCHTENBbHO (/g

—
Cc 1 [ C\2
=0 () eo 2]
0%-10 | ]/ 5 |5 ) exp 7 5
NpUG/IHKEHHOE DElleHHe KOToporo AaeT C/c ~ 4.
13.4. Tlycte 3ajano ¢ynKuuonanbHoe npeoGpasoBamue y = f(x),

KOTOpO€ ABJIAETCS HEBBIPOXKAEHHBIM, HENPEPLIBHBIM, B3aHMHO-OJHO3HAU-

HbIM, B X = @ (y) — obpaThast dyHKuusi. TpebyeTcss BBHIYHCTHTD cpen-
HEE GHCJI0 BBIGDOCOB CIy4afiHOro nporuecca

n(t) = f[E()], (13.35)

rae  E(f) — auddepeHunpyeMbiii  cayuainpii TIPOLECC C H3BECTHON
COBMECTHOJi TUIOTHOCTBIO BeposiTHOCTH p [E (£), é(t)]. ’
Peuwettue. Tlo W3BECTHHIM NpABHJIAM NepecYeTa MIOTHOCTE!] BEPOsAT-
HOCTeil TpH (GYHKIHOHAJIBHBIX NPeo6pa3oBAHUIX CTYYafHBIX BEJHYHH
HAXOAUM COBMECTHYIO TUIOTHOCTH BEPOATHOCTH A m (f) u v (£):

pin(), 1O = ple@), ¢ @ ).

[To dopmyne (13.4) naxoaum cpelnee YHCIIO NOJOKUTENBHBIX BBIGPOCOB
npouecca 1)(f) B uutepsase (0, T) Ha yposue Hy, = f(Hy):

T oo
NG (Ha T)= dt | np (Hy, m)di =
0 0

T g - . . '
= { dt { np (@ (Hn), o' () ) 9" (Hy ) i, (13.36)
0 0 -

U3 cpaenenns stoit gopmyasr ¢ dopmyioii 1N cpesHero uncaa BbIGpO-
coB nponecca E(f)

T [
Nt (Hy, )= dt | &p(ty, B dt
0 0
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CAeayer, uro \
Ni(Hy, T) = N¢(Hy, T). (13.37)

STO PaBEHCTBO BLIPAXKAET OYEBHIAHBIH (PaKT — NPH B3aHMHO-OJHO-
3HaYHOM (yHKIHOHAJbHOM mnpeoGpa3oBanun (13.35) Bcerga cymiect-
BYET OJHO3HAYHOE COOTBETCTBHE MEXAY KaXIbIM NEPECEYEHHEM MpONEC-
coM E(%) ypoBusi Hy n KamIbM TepecedeHnemM npoueccoM 1 (f) ypoBHs

" 13.5. Haiith cpeiHee 4WC/I0 MaKCUMYMOB B €IHHHIY BPEMEHH Hal
ypoBHem C = 26 rayCCOBCKOTO CTamHOHAPHOTO MPOLECCA C HOPMHPO-
BaHHOH KOPPeJNHOHHON (yHKiueli r(t) = e~ q = 4nAfs.

Pewenue. Otser paer ¢opmyna (13.21). Tax kak rp = —2a,
r'$=122, 10 v= V' 2/3. Toacrasus OTAEJIbHBIE BEJHYUHBI B opMyny
(13.21), nonyuum

' 6
Nlmax(H>20)=‘/:Afa X

 — ro—_— - '
X [(I) ( —‘1/ i) +l/ —;-e‘2¢(V3)}z0,256Af3.
2 .
13.6. BbiunciuTe cpefHufi HHTEPBAJ BPEMEHH MEXKIY MaKCHMYMOM
(MHHHMYMOM) H COCEIHHM MHHHMYMOM (MaKCHMYMOM) rayCcoBCKOro
CTallHOHApPHOTO MpOLECca ¢ HOPMHPOBAHHOH KOPPENSILHOHHON (YHK-

1Hel ,
r(t) = p(t) cos ®,t, p(0)=1.

. o 1,2
Paccmotpers wacTHell cayyail, korga p(t) = exp (—nAf3r?), npuuem

Afa L fo = /2. . . .
Pewenue. Jlns paccMaTpuBaeMoil HOPMHPOBAHHOMN KOP PEJISIIIHOHHOM

dynkuuu Haxomum rg = —(of — pg), Y = 0§ — 6wdp; + oM. Iox-
CTaBUB 3TH BesnyuHb B dopmyJay (13.30), momyuum )
Ty =0, =— [ —p5/08 )”2. 13.38
= =0 (1—6pz/w3+ps,”/ms ( )
HOaa p(t) = exp (—nAf37?) umeem pg = —2nAf3, ol#) =12n%Afs.
TToatomy . )
L [ Afo\? 1/3
T —f =L l+2ﬂ(fo;) ' ~
m = o, ,+1(Afa)=+ 3 (Afa)‘
) fo 4n3 fo
1 5 [Afs\2
S, | —— , Af,.
T 2% [ 4n (fo )] fo > 8Fs

13.7. Ha «Ge3biHepuHOHHOE? MIEKTPOHHOE pesie BO3IEHCTBYET CyM-
Ma CHTHAJa B BHJE MMMYJbCA rayccoBoit GopMbl

u(t) =A, exp [ —2,8 (L)']

Tn
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u auddepennupyemoro GIYKTYauHOHHOTO HiyMa C MaJlol Aucnepcuei
62 = NyAf,. OnpelenuTh BO3MOXKHYIO HAUMEHBIIYIO HECTAOHIBHOCTD
MOMeHTa CpaGaThiBaHHsI peJie Ga,, OOYCIOBJEHHYIO HTYMOM.

Pewenue. Tlepsas u3 ¢opmy. (13.22) nokaswiBaer, yTo NpH 3ajaH-
HOK JHUCMEPCHH IuymMa o©° HaWMeHbliass HECTaGHJIbHOCTh MOMEHTa
cpabaTeiBannsi GYAeT Npu nopore cpabathiBaHHs Peje, COOTBETCTBYIO-
IIEM MAKCHMAJbHOM KPYTH3HE HMITYJIbCa. L

U3 pasencrBa u"(f) = 0 HaXOAWM MOMEHT BpPEMEHH f; = v/} 5,6,
npH KOTOPOM TayCCOBCKHII HMIYJIbC HMEET MAKCHMAJbHYIO KPYTH3HY:

S(t1)=u'(t)|t=t1=A0VB>—6 e—0:5 %=1,435%. .

[MoacTaBuB 3T0 3Hayenue B nepByio gopmyay (13.32), Haxoaum Hau-
MEHBIIYI0 HECTAGHIBHOCTH MOMEHTA CpalaThiBaHHs peje ~

6a, = TV NoAf/1,435 A,.

3. 3AJAYH H OTBETHI

13.1. Hajith BEpOSATHOCTb py(T) TOrO, YTO rayCCOBCKMH CTaygHOHap-
Hblii mponecc §(f) ¢ HYJEBHIM MATEMAaTHYECKHM OXHIAHHEM H KOpp-
JAsinHoHHON (yHKuueir R(t) = o3 (t) uMeeT B uHTepBaje (£, f -+ 1)
YeTHOE UHCI0 HYJeH. :

Omeem: pq(t) = P{E({)E(t + t)>0} = 1 — n~tarccos r (1),

0 << arccos r(7) < m.

13.2. ITosyuuTh NpHOJIHKEHHOE BhIPAXKEHHE /151 BEPOATHOCTH HAJIH-
YHg B MaJOM BPEMEHHOM HHTepBase (f, ¢ 4 T) OAHOrO HYJs TayCcCcoB:
CKOTO CTapguoHapHOro auddepeHnupyemMoro cjiayyafiHoro mnpopecca
C HYJIEBBIM MaTEMaTHYECKHM OXMIAHHEM H KODPeJSAIHOHHOH QYHKuuel
R(t) = o?r(t). L

Omeem: p,(t) = vt, v =} —rg/n.

Ykaszauue B Majiom BpPEMEHHOM HHTEDBAJ€ IPAKTHYECKH
BO3MOKHO HAJHYHE JHIIb OAHOro HyJst AudQepeHIHpyeMoro npopecca
E(¢), 1. e. B QopMyne (13.34) MOXHO MOJIOXKHTb Py(T) {;1(1:): ITo-
CKO/MBKY TIPH MajibiX T BbIMOJHSETCS HEPABEHCTBO py(t) K 1, To yum-

ThIBas JIHIIb NEpPBbIE [Ba YJ€HA DAa3JIOKEHHA KoCHHYyCa B CTENEHHOMN

pag, umeeM 1 — (Y/,) n?p2(t) ~ r(v). Pasnarasg sarem B CreneHHoft
psii ueTHYIO HODMHPOBAHHYIO KOPDEJAIHOHHYI0 (GYHKuHo r(T) o~
~ 1 + (1/2) rgt?, nojydyaem OTBET.

~ 13.3. BpluncauTh 3HAUYEHHE MapaMeTpa v B OTBeTe K 3ajaue 13.2,
KorJa rayCCOBCKHH CTapHOHApHBIA mnpouecc §(f) HMEET CneKTpasbHYIo
IJIOTHOCTD ‘

Sy mpu | e | < Ao,

S (o) =
(©) {0 npu || > Aoe.

Ormgem: v = Aw/a})/ 3.
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13.4. Tlonyuntb BbIpakeHHe AJisl BEPOSTHOCTH HAJHYHS OJHOTO
HYJig B MaJloM BpeMEHHOM MHTepBaJje (£, £ + t) Ans mpomecca 1 (f) =
= s(t) + E(¢), rie cayyaiiHpiii curHan s (f) umeer BUA

s(f) = Ei(f) cos wof + Ex(f) sin @t

Cnyuaiusie npoueccsl E(f), &, (f) u E,(f) sBasOTCA TayCCOBCKHMH,
CTaHOHAPHLIMH, HE3aBHCHMBIMH C HYJIEBBIMH MATEMATHYECKHMH OXKH-

JAHUSAMH H KoppensinuoHHbIMH QYHKuHaMH R (1), Ry(t) u R,(t), mpu-

4eM Ry(T) = Ry(v).

1 H 0)—R1: (0)—R” (0)]1/2
onan: 1= A0

k14

Y kaszanue. Cnyuaiiuslii pouecc 1 (f) ABAAETCA rayCcCOBCKHM,
CTALHOHADHEIM, HMeeT HYJIEBOE MaTeMaTHYeCKOe OXMIAHHE H Koppe-
JSILHOHHYIO (GYHKIHIO Ry(t) = Ry(t) Cos @yt + R(%). ‘

13.5. Pemuts 3agauy 13.4, xorma &, u &, aBasoTCa He CAYYaHHBI-
MH HpOLECCAMH, a HE3aBHCHMBIMH TayCCOBCKHMH C/yYaHHBIMH BeJIH-
YHHAMH C HYJIEBbIMH MAaTEeMAaTHYECKHMH OXHAAHHSAMH H OJIHHAKOBOH
aucnepcueit o®. PaceMoTpers wacTHbili ciayuait E(f) = 0.

2 g —R” (0 /
Omeem: p1(1)=—;~[m—°‘::—ﬁ8—(0;—)]1 2, p1(t)=0y /7 npu §(£)=0.

13.6. IlosnyunTth BhIpa)ieHHE YCJIOBHOH BEPOATHOCTH pg(T) HaJH-
Y45l HEYETHOTO YHCJ/1Aa HYJell BHYTpH HHTepBana (£, f 4+ t) Ansg rayccos-
CKOTO CTanHoHapHOTO AuddepeHpupyemoro caydaiinoro. nponecca & (f)
€ HYJIEBBIM MAaTEMATHYECKHM OXHAAHHEM H KOPpPENsHOHHON (yHKIIH-
eil R (t) = o?r(r). [Ipeanonaraercs, 4To B HayaJie HHTEpBaA/la HMEETCH
HyJb, T. €. §(f) = 0.

Omgem: cos npy (v) = — r' (V)Y —rf [ [1—r¥(T)].

Ykasauune. OueBugHo, ut0 pu(t) = P{E(NEE + )<<
< 0|E(f) =0}. VYcnoeHas mnJjotHOCTb BepositHocTH p [E (f), & (¢ +
+ ©) | E(¢) = Ol siBAsieTcs HOpMaNbHOH C HY/EBBIM MAaTEMATHYECKHM
OXHJAHHEM H HODMHDOBAaHHOH KOpPEIANHOHHOH (yHKIHeH

M{EWE(+D 180} _
VMg a+oreeymigEoiee

Tostomy npumennma dopmyna (13.34), TosbKo Teneph B Hee BMECTO
r (T) HYHO NOACTaBHTb 7 (t). BbIYHCAHUB r(T), noNyuum oTger.

13.7. HafitTh cpejnee 4YMC/IO TNOJIOXHTENbHBIX BbIGPOCOB B €IHHHIY
BpeMeHuH Ha ypoBHe C <T A, L5 TapMOHHYECKOTO KoJeGaHHs
s(f) = A cos (0ot + @), HauajbHas (aza KOTOpOro cjydafiHa u
pacnpeneseHa paBHOMEPHO B HHTepBase (—m, ).

Omeem: N{(C) = [y = 0y/2n, C<< A,
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r(v)=




Y kasauue. Tak kak npousBogHas fo BpeMmeHH OT npomuecca
s{) = — 0gApsin (0t + ¢) = Lo,)/ A% — $*(f), To coBMecTHas
IJIOTHOCTb BEPOATHOCTH onpenensiercs GopmyJioi

pals (s =p (9 p ($]s) = ————[8 (s—0, V AE—5) +
2n '[/Afn—s’
+8(s +0VAL=5)Epi(s)p (),
rae § (x) — menbra-pyHKnus. _

B nannom ciyuae ycjosue HesaBucumoctd (13.8) e BoimosHsieTcs
H 1103TOMY CaeayeT npuMeHarts gopmyay (13.6). '

13.8. Haiitu na wuntepane T aucuepcuio uucaa uyiaei o3 (7T)
rapMOHHUYECKOro KoJebGanus s(f) = A, sin (2nfof + ¢), y Kortoporo
ciydafiHasi HauajbHas (asa pacipene/eHa PaBHOMEPHO B HMHTEpBaJie
(—mn, ;). :

. { Omeem [83]: 63(T) = (2f,T — [2f,T1) (1 — 2f,T + [2f,T),
rne [2f,T]1 — nenas wacte uucna 2f,T.

13.9. ITonyunts B aBHOM BHze Bhipaxenne Ni (C) ais raycCoBCKHX
CTAaH{HOHAPHEIX NMPOIECCOB C HYJEBHMH MaTeMaTHYECKUMH OXHMIAHHAMH,
OJMHAKOBBIMH JHCNEPCHAMH H TpeMsi HOPMHPOBAHHLIMHM KODPeJsHOH-
HBMH QYHKIHAMH

n@=1+alt)e-21l r,(1)=e—2"
_ sin (Awt/2)
fa(7) = " Aot/2 )

CpaBHHTb NOJNyueHHbIE Pe3YJbTaTH IPH OIHOM W TOM K€ 3HAYEHHH
ypoBHs C U o1uHaKoBOf 3deKTUBHON 1HHpHHe CNeKTPoB Af,.
Omeem:

i@ 2 ] (5] |-omanen] L (£]].

Ni2(C)= T/IE_;Afaexp [—%<£)2] -
c

— 0,38894 Af, exp [ —t (—)'] ,
N#3(C)= 1—/% Af, exp[——;— (%)2 =0,28867Af, x
X eXp [—% (—f—)'] ,
NT,1(C)> N1, (C)>N15(C).

13.10. lanpl nBa TayCCOBCKHX CTanHOHAPHBIX  Y3KOMOJOCHBIX
npomecca ¢ KOPpPeAIHHOHHBIMH (DYHKIHSIMH

Rl(r)=c’e-°‘"'(coscoor + isinmolrl),
®p )
R,(7)=0c%e—2i%!{coswy T —isinmo Tl).
2 @

402

Kakoii u3 aByx npouecco siBnsieTcs: auddeperuupyemoiM? Briuucautsb
IJIsl HETO CpeHee YuCJIO NOJIOXKHTENbHBIX BhbpocoB Ni (C).
Omeem: nepBrii npouecc auddepeHuHpyeM, BTOPOH — HET;

211/2 2
N @=h[1+ ()] exp(—L), L
. 13.11. Haiitu cpexuee 3nauenue nonsoro uncna nepeceuenuii N,(C)
yposus C xna cymmel 1(f) = E(f) + Eq(f), tae Ey(f) n Ey(f) — ampa
rayCCOBCKHX HE3aBHUCHMBIX CTAalHOHAPHHIX AHGODEPEHIHUPYEMBIX MNPO-
1ecca, UMEIOLIMX HYJeBble MaTeMaTHYeCKHe OXKHIAHHS U KOPpPEJIsHOH-
HHe QYHKIHH Ry(t) = 02ry(r), Ry(r) = o2ryv).

Omeem: ,
2 =__1_ _ 0 rio+0dr3, \1/2 1 c
Mi(Q)= (-t te ) en| TEErk
» B
fio drd =0

13.12. Peunts 3agauy 13.11 gist ciyuas, koraa

n(f) = E(f) — E(9).
Omeem:
1 0¥ riotodry, \1/2 Cc?
Q)= — [ —O1"10 2720 —_— ),
MlO=+ ( o1+ o2 )" ex 2 (o} +o§))
13.13. B 3apaue 13.11 HaifiTH 4YHCJIO <NOJIOKUTENBLHBIX» HYJeEH
N $(0) npouecca ) (£), koraa

Ri(t) = 0205(1) c0s &yT,  Ry(r) = 03pa(r) 05 @y,
P1(0) = p,(0) = 1.
Omeem: ‘ :
N;‘(o)=_1_[ 0} (0} — p10) + 08 (0§ —pf,) ]'/2’ of = -2201(%) .
: ™ o2 + o2 dv®  |i=o0

13.14. Haiitu wa unrepsane (¢, f, + T) Cpemsee uyMCIO NpeBbI-
mweHuiH ypoBHs C CYMMOH TrayCCOBCKOTO CTA[MOHAPHOrO Mpomecca
E(f) u npamoii a(f) = a, + a,4, Tae a4 ¥ a; — NOCTOSTHHBEIE KOIDGH-
nuentel. Ilpouecc & (f) uMeeT Hy/neBoe MaTeMaTHUeCKOe OXKHIAHHE H
ABaXIbl AU(depeHIHpYEMYIO KOPPeNALKOHHYI0 OYHKuHIO -R(T) =

= 6% ().
Omeem:

' —rry 2
N+(C,T)=[a—°ll/2n’° exp(2:;r”)+d>(—o = rﬁ)]x
0 70

‘ X[(D( C—ao-—alt)__cb(c—ao—al(to—l-T))] )

[+ )
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Yxasaunue: [lpeaBapuTeIbHO HYKHO HAATH COBMECTHYIO MIOT-
HOCTB BEPOSATHOCTH Py (1 (£), n(f)) ANA rayccoBCKOrO HECTA[HOHAPHOTO
npopecca n(f) = a, + oyt + E(¢)- u ero mpoussonmoil n(¢) = a; +
+ & (¢), a sarem cnenyer BocnoJb3oBathest popmy.ioi (13.4).

13.15. BbluuCIHTE CpeaHee 4uCJO Hyneli Ha uutepBane (0, mT,)
TAe m — uejioe MOJIOKHTENBHO® YHCJIO, MJIS MEPHOLHYECKH HeCTauHo:
HapHOro rayccoBckoro mponecca 1 (¢) = E(f) cos wot, T = 2n/w,.
3neck E(f) — rayccoBCcKuii CTauHOHAPHBIA NMPOLECC C HYJNEBHIM Cpef-
HHM 3HAYEHHEM H KOPPEeJNAnHOHHOH QyHKumel R (t) = o?r(t).

Omeem: N (0, mT,)= m:“ (m0+1/—r8). ’

13.16. Hajitu cpennee umcjo HyJeil B eXMHHIY BPEMEHH Mpopec-
can (f)= §(f) Eu(f), rme E(f) m Ey(f) — mBa rayccoBckuX CrapH-
OHADHHX HE3aBHCHMHIX AH(pdEpEeHUHpPYeMbIX MpONECcAa C HYJEBHIMH
MATEMAaTHYECKHMH  OXHAAHHAMH H KOPDE/SIHHOHHBIMH (PYHKIM MU
Ry(v) =-01r:(1), Ry(t) = oiry(). : '

Omeem : N1(0)=_nl_(]/ oV =r%), rho= a2 r; (7)

dr?

T=0

Y kasamuue: Ilockonbky HesaBucumble mpounecch £,(f) u E,(f)
auddepeHnHpyeMbl, TO HX peaNH3apHH NPEACTaBASIOT cO6OH MJaBHO
ua3MeHsoecs GyHKnnuH BpemeHu. BeposTHOCTh coBnajenus wuynei
IBYX TaKHX QYHKUHK}i MPAKTHYECKH paBHa HyJ0. [TostoMy wmcJio Hynes
NpOKM3BeleHHs IBYX (GYHKuMH DABHO CyMMe uHCeJa HYJeH KaMIoi
H3 MEePEeMHOMXKAEMBbIX (YHKHI.

13.17. Buiuncauts cpennee uncao Bei6pocoB N{(C) KBampaTa cras
IIHOHAPHOrO C/ydyaiiHoro mnpopecca §(f), HMMEIOIIEro HyJeBOE MaTeMa-
THYECKOe OXHAAHHE H KODpEJSAuHoHHYI0 ¢yHKpHio R (1) = o?r(1),

C

202

Omeem : NF(C)———EL V —rt exp (— ), C>0.

13.18. Hajitu cpeanee uncso BeiGpocoB N{(C) cayuaiinoro npo-
necca n (f) =V E(f) = | & (t)], ecan rayccoBckuit nponecc § (¢) imeer

KoppensiuHonHyio ¢oyuknuio R (t) = o?r(r).
c?

202

Omgem: Nt (C)=—;— V —ro exp (— ), C>0.

13.19. Beruncints cpenHee uucjIo BE;I6pOCOB Ha ypoBue C >0
JIorapupMHUYECKH HOPMaJIbHOTO npouecca 1)(f), 3aJaHHOTO BHpAaXkKEHHEM
E(f) = Inn(#). 3mech E(f) — rayccoBcKhii CTanHOMApHEIfi Tponecc
C HY/IEBHIM MATEMATHYECKHM OXKHJIAHHEM H KOPPeNsinHOHHOH (yHKuueil
R(r) = o®r(x). '

Y In? C

Omgem: N (C)=—=1V — —

i (C) V%V foeXP( P

), C>0.

404

E C neTepMUHHDOBAHHEIM HMINYJILCOM rayCCOBCKOH (OpPMBI

Puc. 13.5. Bo3geficTBHe CyMMBI CHI- " -
Hada n wywma mHa cornacopamnsii SO\ Coznacobunnend 580+ S

duabTp gunemp X(j&)

13.20. Toayuuts Buipaxenue N{(C) A/1s CTagMOHAPHOrO Mponec-
ca () =V'EI(F) + E3(?), rae &i(f) u &, (f) — ABa HE3ABHCHMBIX rayc-
COBCKHX CTAaHOHAPHBEIX MPOLECCA C HYJEBLIMH MaTeMAaTHYECKHMH OXKH-
JAHHSIMH K OJWHAKOBBHIMH KODDEJSIHOHHBIMH (PYHKUHAMH Rq(t) =

= Ry(t) = a*r(7).

a2 () exp [ —L (LY
Omsert NT(C)ZI/M (o)exp[ 2 (o)]' ¢>0.

13.21. Umeercs JuHeiiHbii ¢uapTp (puc. 13.5), cornacoBaHHbIH

s(t) =4, exp [~2,8 (i})] 0<t0<T, T>Tm
n

Il T, — MOMEHT BPEMEHH, COOTBETCTBYIOLLHH cepelHHE HMMYJIbCa;

b T, — LJIMTEBLHOCTh HMIyJIbCA HA YPOBHE 0,5; T — uurtepBan HabJO-
i neHHd.

YactoTHas XapaKTePHCTHKA COTJIaCOBAHHOrO (HJIBTPA HMeeT BHI

7 (o) = Aoy /2 exp ——jto—)].

’

rae f, — MOMEHT BpeMeHH, COOTBETCTBYIOmUfi HAHOOJbIIEMY 3HAYEHHKIO

BLIXOJHOTO CHTHAJIA S ax = Ss(te) = E = A2t} 7/5,6.
HaiiTh cpeiHee UMCJO MNOJIOKHTENBHBIX BhiGpocoB N*(C, T) Bul-

" xopHoro myma & () ma ypoBHe C, paBHOM HaHOOJIBLIEMY 3HAYEHHIO

BLIXOIHOTO CHI'HAJIA.
Omgem: N+(C,T)= VO———7(1) exp (———) .
T Tn

13.22. TlonyunTh siBHbie Boipaxkenus N{(C) Ans raycCOBCKHX CTa-
[IHOHApHBIX" Y3KOMOJIOCHHIX MPOLECCOB C HYJEBHIMH MAaTeMaTHYECKHMH
OXHIAHHSAMH, OIMHAKOBLIMH JHCHEPCHAMH H TPEMS DA3HBHIMH HOPMH-
POBAHHLIMH KOPPEJSUHOHHBIMH (PYHKIHAMH

@M= +a|r)e=*171cosw,T, ry(T) =" cosayT,
sin (Aot /2 )
Sin (Awv/2) COS Wy T.
Awt/2

CpaBHUTbL MOJIyYEHHBIE PE3YJbTAThl NPH OLHOM H TOM XK€ 3HAYEHHH
ypoBust C 1 ONHHAKOBOI 3(b(EKTHBHOMN MHpKHE CIEKTPOB Af,.
Omeem:

Ni#(C) ~ foll + (2/m)(Af./fs)2lexp (—C?%20?),
Ni2(C) =~ foll +(1/4n) (Afs/fo)?1 exp (—C?20%),
405

rs(7) =

o = ®¢/2m,



—

NT,3(C) 2= fo [14-(1/24) (Af/0)2) ekP (—C?%*26%, Af=Ao/2n,
Nt,1(C)> Nf2(C)> Ni3(C).
13.23. Tlonyunts bopmysy AJs CpEIHEro YMCla MOJOMKUTENbHEIX

BbIGPOCOB B €IMHHIY BPEMEHH Ha ypoBHE C rayccoBCKOTO CTapHoHap-
HOTO npopecca ¢ KoppessauHoHHON PyHKuued

R(7) = &®p(t)cosl@ gt +y(T)], p(0) = 1.
Omesem: '
Ni(O)= 2= [(1+ o) L5 ] exp (— ) vo= 28

2
o (H

~

t=0

13.24. Onpenenauts cpeanee uncio Buibpocos N+(C, T) orubaromei
A(%) KBa3UTaDMOHHYECKOTO 1iyMa, CNeKTPasibHas MJIOTHOCTh KOTOPOro
NOCTOsIHHA B HHTEPBaNe YacToT | f — fo [ < Af/2 v paBHa HyJII0 BHE 3TOTO

HH'Ingaga. Pacemotpers cayuaii, korna 7 = 1000 wmxke, Af =1 Mrg
u C = 3e. '

Omeem:

N+(C,T)=TN# (C)=TA l/?—(i)' e
C7) 1 (C) f o eXp( >t |r €>0,
N+(3c, 1073) ~ 24 c-1,

13.25. HaquozL CHCTEMBI, NpeACTaBJeHHOH Ha puc. 13.6, Bozgei-
CTBYeT OGeJnifi wyM n(f), OXHOCTOPOHH:ASs CNeKTpaJbHas MNJIOTHOCTh
KoToporo S.(f) = Ny, f = 0. Onpezenuts uncio cpabaThiBaHHH «Ge-
SLIHEPIMOHHOrO» 5/1€KTPOHHOTO peJie OT WIYMOBHLIX BHIGPOCOB MPH MO-
porax cpabatwianus C; = 26 u C, = 30 32 Bpema T = 1000 mxc,

€C/M KBalpaT 4aCTOTHOM XapaKTEPUCTHKH YCHJIMTENs NPOMEXYTOUHOM
gactoTel (¥YI1Y) umeer Bug

KNy =22, exp[—z,s( —f%)] AF & fon

rae f, — pesoHaHcmas wacrora; Af — nonoca mponyckamus YITY
Ha }(r)pOBHe 0,5. Bhlunc/ieHus BBLINOJIHAT LTs1 Af = 2 MIn.
meem:

N*(C, ;T)= TN+(C) = TAfa% exp (_ 2%_) Af, = Af l/

N*(20, 10-%) ~ 540 ¢, N+(35, 10-%) & 66 c-L.

14
2,8 °

n(t) &g) Auredrmerd Alt)
e > Gemenmay @) Trenmponnoe
seUSTROMEd Lene

g’uc, 13.6. Tlpocreiiwas cxema aMIIHTYAHOrQ pajHONPHEMHHKA e 9JIEKTPOHHEIM
ege
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Ykasauue. Ha Buxome Jumefinoro nerextopa orubaiomeh
BOCNPOM3BOAKTCST  Orubatomasi A (f) KBa3WTapMOHHYECKOTO ILIyMa
E (f), BO3ZEACTBYIOLIErO HA BXOJ JETEKTOpa.

13.26, ITycts Ha cxemy puc. 13.6 Bo3jeifictByer cyMMa TapMOHH-
yeckoro curHana s(f) = Apcos(wof + o) ¥ KBa3UrapMOHHYECKOTO
myMa § (¢) ¢ dyHKueit Koppeasuuu .

Rg(t) = o%xp (—nAf312)cosmyT.

Hajitu cpennee unc/io cpabaTeiBaHuil pene 3a ¢uKcHpoBaHHOe BpeMs T
npu nopore cpabateiBanus peje C = 30, €ClTH OTHOLIEHHE CHIHAJ/IIYM

a=A,/c =2.
' Omeem:
N+(C, T)=TNH(C)=TAf, % exp [_—; (a= + oﬁ)]lo (a %) ~

~0,3TAf,.

YkKkazauue: Ha Brixoge /unHeliHOro- jeTekTopa orubarmoiei

. BOCIIPOM3BOIHMTCs orubatomwas V(f) cymme! CHrHasa ¥ mmyma.

13.27. Pemutrk 3agauy 13.26 nn1a cnygas, Korga KoppessiiHOHHas

_ ¢yurnus myMa E(f) umeer Bug

— 2 _SinnAfe
Ryt)= ¢ BT COS g T,
: H.CpaBHHTb OTBETHI.
Omeem:
W+E D =181/ = Lexp[ L (@ 4L 1o(a L)~
? 6 o o2 0 -
~0,22TAf.

13.28. BriyncauTh cpegHue yuC/la MaKCHMYMOB B €IHHHIY BPEMEHH
Nimax TAYCCOBCKHX CTAIHOHAPHBIX MPONECCOB C HOPMHPOBAHHBIMH KOP-

. PENANHOHHBIMH (PyHKIHAMH

ry(t) = e~ ry(t) = sinnAf'l:/nAf'r.m

- CpaBHHTb NMOJYUeHHBIE PE3Y/IbTATH NPH OAUHAKOBOH 3ddeKTUBHON mHu-
- PHHE . CIEKTPOB. .

Omeem:

: o —
Ni2max= Tn_VGa = \/—:'- Af,=1,382Af,,

Nl.s max =—;' l/-'% Af =Q,387Afa<Nl.2 maxe
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13’2?' Hns NPOUECCOB, YKA3aHHBIX B 3ajaue 13.28, Berumcsints
CPELHHI BDEMEHHON HHTEDBA/ MEXLy MaKCHMYMOM (MHHHMYMOM) H Co-
CeAHAM MHHHMYMOM (MaKCHMYyMOM).

Omeem:
7 ot 1 v 0,362
2m — —_ _—= ,
Véa  2AM, 6 Afs

_ 1 /3 19200 -
T = % ‘/—?~ T Af=Af,

13.30. Haiitu cpennee uncno MakcuMymos B eIMHUY BpeMeHu Ny,
TayCcoBCKOTO CTALMOHAPHOTO MPOREcca C HOPMUPOBAHHOI xopperJl;?;[If
LHOHHON dyukuued r(t) = p(t)coswyr, p(0) = 1.

Omeem:

1—60" /w2 (4) /34 \1/2
Nlmax=fo( 0o/ o”‘l‘Po fwg \1/ , o=_‘£o_
1—p5/0} 2n

13.31. Pemmuts 3apauy 13.30 npu nHopMupoBaHHOi ' i

. i Koppen
dyme p PPEeNANHOHHON

__ sinmAft

r(t)= T COS @,T,

cunran Af & fo = oo/2n.
Omeem:
L[ AFYe, L]
N (5 e (5
lmax—fo 1 Af 2 ~
H (5)

~s 1 .._i. A_f 2

f"[ o ( fo )

.13.32. Peumts 3anauy 13.30 npu HOPMHPOBaHHOM KOppesinHOHHON
GbyHKHH
r (t) = exp (— nAf3r?) cos @y, Af, & fo = 04/2m.

Omeem:
, 3 (A6 )\ 3 [ AR\t ]2
1+ﬂ(fu)+4n2(fa)
Nlmax:fo 1 AT, \2 0 ~

) PR P 5
'+ 2n ( fo )

~ _ i Afa 2

~~fo [1 - i (—_fo ) J

13.33. BuipasuTe uepe3 spdekTUBHYIO mMpUHY cnekTpa Af, cpex-
Hee BpeMs MEXAY ABYMs COCENHHMHU TOJIOXKHTEJbHHIMH BHOGPOCAMH HA

408

ypoBHe C JJisl TayCCOBCKHX CTajMiOHapHbIX NPONECCOB C HYJ/IEBBIMH
MATEMATHYECKUMH OXKHIAHHAMH H HODMHPOBAaHHBIMH KODPEASIHOH-
HbIMH (PYHKpHAMH

ri(t) = (1 4 aft]) =%, r,(1) = e~%%2, ry(t) = sinnAfr/nAfr.

ConocraBuTh NOJAYYEHHbIE OTBETHI C PE3YyJbTATAMH DEINCHHS 3alayH
13.9. -

Omeem:
7 (C)= 4;3 [I—QD(—S;)] exp—é%,
5(0)= ,gfg[l_m(g)]exp%,
7 (C)= 22]{5 [I—QD(—E-)]exp %

13.34. Jlnsi rayccoBCKHX MpOpeccoB, ykasaHHbiX B 3agave 13.33,
HaliTH CpeIHWH HWHTEPBAJ BPEMEHH MEXK]Y COCEIHHMH HYJISAMH.

Omeem:
TO) _ _m 0,397 B0 /w1 _ 0621
2 8Afs A, 2 2 2Af, Y
1 =« V8 _ 1,732
- W0 = AF AF

13.35. OnpenenuTb CPEIHHH HHTEPBAJ MEX1Y MNOJOKHTEIbHHMH
BoiGpocamMu Ha yposHe C rayCcCOBCKOTO CTAHOHAPHOTO mnpomecca C Hy-
JIEBBIM MAaTeMAaTHYECKUM OXKUJAHHEM H HOPMHDOBAHHOH KODPENANHOH-

HOll (pyHKuHeH
r(t) = p(t)cosm,t, 0 > — pg, p(0) = 1.
T(C)~ L(l +

=T )l=e(a):
fo o 202
13.36. ITons3ysch orBetoM K 3ajade 13.35, ompenenuTs CpeiHui

MHTEPBAJ MEXKJ]Y COCEIHHMH HYJSMH MPOUECCOB C KOPPEeIAHMHOHHBIMH
(dbyHKnuaMH

ro(t) =exp(—nAf3 1%) cos @,T, ry(T) =

Omeem:

05
203

sin tAf, T

COS WgT.
nAfzT

oo~ L(B V] Lz~ Ll1— L{Ak)
2T2(0)—2f0[1 4“( fo):l, 2T3(0)— 2fo [l 24( fo)]‘
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13.37. Onpepenutb cpeanuii HHTEPBAJI MEXKAY COCEAHHMH IOJIOMKHU-
TEJIbHLIMH W OTPHUATE/ILHBIMH BBLIGPOCAMH  OTHGAIOMIE A(f) Ha uexko-
TOpoM ypoBHe C > 0 1151 rayccoBcKuX CTallHOHAPHBIX MPOUECCOB C HOP-
MHpOBAHHLIMH KOPPE/IANMOHHBIME (YHKIHSIMH, YKA3aHHEIMH B 3aja-

ge 13.36.
= 1 o = 1 ]/i_o_
Tﬁ(C)_ Afa—C-, 3(0)* Af, .:n'. c’
c?

Omeem:
= 1 ]
8,(C) = A, C [eXp (

13.38. Haiitu HauGonbmyio TounocTs OMpENE/ICHUS MOJOKEHHSA Tq'

IIEHTPA BHICOHUMIYJIbCA IayCCOBCKOH (OPMHI (pHC. 13.7)

u(®)=4, exp[—2,8 (——t_T° )2] ,
Th
TA€ T,— H3BECTHAA NJIMTEBHOCT MMMYJIBCA HAa YPOBHE 0,5, B cay-
‘Hasix, Korpa: 1) ans onpegenenus MCMOJIb3YETCS MOPOTOBOE YCT-
poiicTBO, pearupyiomee TOALKO Ha GpOHT uMNynbCa; 2) MoMeHT T,
ONPEJe/IsIeTCs MOPOroBbIM YCTPONHCTBOM, PearHpyiomuM Kak Ha_ dpOHT,
TaK M Ha CPe3 HUMMNyJbca. ' '

YkazauHblii uMnyJbC NPHHUMAETCA Ha (POHE amIUTHBHOIO daykTy-
AIMOHHOrO INyMa MaJ/IOH HHTEHCHBHOCTH C KOPPEJsIMOHHON dynkupen

R(7)=oc%exp (——Z- Af3 rz) » Afy =~ L.

%

Tn
Omeem:
1) o = -Tu ;
) O, 1,4354,
67, - 0,886 0T,
Oy, == ————— 1 ex —A225,6 gr“u.
) 0% 1,4351/2A0V + exp(— nAfs 2/5,6) 1,4354,"

Ykaszaumue. PaccmaTpusaemsiii FayCCOBCKMA  BHJCOHMMYJIbC

HMEET MaKCHMaJIbHYIO KPYTH3HY (POHTa M CPe3a Umax (t,,) =

- ut)
Ag
0 Ty
2
Y/ t 1 4 TPHC. 13.7.  Buaeoumnyssc rayccoBcKoft

tdopmbi
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= + Ang,_G_—e-"v5/'r" B TOUKAX #,5 = To 'r‘,,,fl/5,6, OTCTOHUJ,L;);
Apyr OT pyra Ha v = 7./} 1,4. Tloporossie ychOHCTBaBgO;I;gHg[Mm\(;[J%y-
nopor cpabatuiBanus C = A,e—05, LLe(X;Ti 1;1\;}12ynbca p
aBeHCTBOM T, = (f+ £2)/2.

qaelscfggfe Iggg;gﬁmi BPEMEHHYIO HeCTAGHABHOCTh non?qmeﬂu? K?xf;_)m;
Mu60 HYJs CyMMBI FapMOHHYECKOro KoJebanus s(f)= Apcos(o, Ma({')g-
H TJaBHO H3MEHSIOUIErocsi (1yKTyalHOHHOTO myma ¢ HYJIEBBIM
MATHUECKHMM OXKHAAHHEM M Manoi Aucnepcuedl 6° < Am.

: = ¢/w,Ap.

?énggm H:ﬁom nnogm')nch BEPOSAATHOCTH BPEMEHHOTO gHTepBgJE?) :'r
MEXAY COCEIHMMH HYJISIMH CyMMbl NapMOHHYECKOrO KoJe a;x;ﬂ A
= A,, cos (wef + ¢,) W rayccoBCKOro CTalHOHAPHOTO IHYy et
MHTEHCHBHOCTH) C HYJIEBBIM MaTeMaTHUECKHM om_una;mem 178\ p
nupyemoit Koppensuuounoit ¢yukumeir R (t) = o®r (v).

Omeem:

a6 n? a2 (mo'c/ﬂ—l)z} a—= Am_

w) = Ty O 4 ool ’

Ykaszawne Kak crenyer us (13.31), B smHefinoM npu6n:;:e:
HHHM TJIOTHOCTb BEPOSATHOCTH MHTEPBa/la BPEMEHH MEXJY COCeIHHMH HY

JsMH Gyjer HopManbHOf. [Ipn 3TOM cpelHee 3HaueHHE HHTEPBaJa, O4e-

BHJHO, PaBHO n/mo,a IJ1 BBIUHCAEHHS [AHCMEPCHH HYXKHO BOCIIOJ/]L-

- soBaTeca opmydon (13.33).



Paszgea [V

TEOPHS NMMOMEXOYCTOMYHBOCTH

14. ®UJIbTPALLUS CUTHAJIOB

1. TEOPETUMECKHE CBELEHUYA

B o6mem BHge 3apady onTHMaabHOM (QHJBTPAUHH CHIHAJNOB H3 LIyMOB MOX-

HO CHOPMYyJIHPOBATL CAeaylolHM 06pasoM. [lycTh KoaeGanue x(t), npuusToe ua °

HEKOTOPOM HHTepBaJe BpeMeHH, sABAsSeTCs GyuKuued or curuana sl¢, Af)] u wmy-
Ma n(f): .

'x(-t) = F{slt, A ()], n (). . (14.1)

Curuaa s[z, A(t)] B 0o6meM CJyyae MOXKeET 3aBHCETb He OT OJHOr0, 2 OT HeCKOJb-
KHX napameTpoB A; (f), mpuyem auGo cam curuax slt, AM(#)], au€o ero napamerp
A (?) sBaAsOTCH CAYYATHBIMH npoueccaMH. Bua pyunkuuu F{s, n}, T. e. cnoco6
KOMGHHHPOBAHHSA CHIHAJA H IIYyMa, H HEKOTOPHE CTATHCTHYECKHe XapaKTepHCTH-
KH CHrHajla H Wyma NPEANOJAraioTcsl anpHOpuo u3BecTHuIMH. Hcnonbsys stu
anpHOpHbIE faKKble, HEOGXOAHMO OTMPEAAHTh yCTPOHCTBO (pHC. 14.1), pemaio-
mee ONTHMAJAbHEIM 06pa3om, KAaKas peajH3auHs CamMOro CHruaia s, AH)] nau
€ro Napamerpa A(f) coaepxHTCS B NPHEATOM KoaeGanuu (14.1).

H3-3a wanuuus wyma n(f) u cayuaitmoro xapakrepa CHruana s[f, A1)

OLEHKA peatH3anHH CHrrana s{¢, A(#)l uan ero mapamerpa A (¢) ne 6yaer coBma-
AaTh C HCTHHHOH peanu3anHei, T. e. OyAyT HMETb MeCTO OWIHOKH (HALTPALHH.
Jast koaHueCTBEHHOM XaPAKTEPHCTHKH KAYECTBA (GHIBTPALHH MONKHO HCIOMb3O-
BaTh pasqaHunbie kpuTepuu [42]. HauGosee uacTo B sagauax ¢uabTpaumus He-
NOJIB3YIOTCA KPHTEPHA MHHHMYyM2 CPeQHEro KBajpaTa OWHOGKH, KPHTEpHI Mak-
CHMAJBHOTO OTHOMIEHHS CHTHAJ/IIYyM H KPHTEPHE MaKCHMyMa anocTepHOPHOH
BEPOSTHOCTH.

B 32BHCHMOCTH OT JOTOJIHHTeJBHBIX MPEATIONONKEHHYE O XapaKTepe CHTHAAA
H MyMa CHOPMYyAHPOBAHKASA 3a5a4a PellaeTCd METOAAMH JHHeXHON HJH HelUHeH-
HO# GHABTPAuHH. B ga’buefimem MEL OTPAHHYHUMCS DACCMOTPEHHEMH JHLb 32734
Jduuedinoli ¢puabTpanuu. Kpome Toro, OyaeM NpexnosaraTb, YTO CHTHAJ H mym
B32HMOEHCTBYIOT aiAHTHBHO, T. e. .

x(t) = s{t, Mt)l + n(p). (14.1a)

OnTtumanbuas JuMeliHAs QHALTPAUHS NO  KpHTEpHIO MHHHMYMa CpejHero
KBappata omu6ku [84—89]. IIpexmonoxum, yTo BXOasmue B (14.1a) curuaa
slt, M)l = s(t) u wym n(f) npexcrasasior coGoi -cTALHOH2PHBIE HOPMaJibHble
FaycCoBCKHE CMyyaiiHble IPONECCHI ¢ H3BECTHBIMH KOBaPHANMOHHEIMH Oy HKIHIMHA:

Ks(v) = M{s(?), s(t + v)}, Kn(x) = {n(t) n(t + 9}
Ksn(t) = M{s()n(t + 7)}.
Tpebyercs omnpenefHTh CHCTeMy, KOTODPAs H3 NPHHHMAEMOH CMeCH
x(t) = s(t) + n(t) (14.16)
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¢ mitmumanbHoft cpeameft KBagpaTHueckolt OWHOKOH Bhae/sieT He Mapamerp
Mf), a cam nonmesuwmit carmana s(f). Takum o6pasoM, [HCKOMas ONTHMaJbHas
,

cHCTeMa JO0JKHA MHHHMH3HPOBATb BEJIHUHHY
e2 = M{Is(t) — s(t + AP} (14.2)

B (14.2) aas o6muocTu BBejeH BpeMenHO# CABHT A. ITpu A > 0 onenxa so(tz
Ha BRIXOfEe CHCTEMbl AOJIKHA TpPeAcKasbiBaTh (IPOrHO3HPOBAThb) 3HAUECHHE BxT(flﬂ
HOTO CHruaga s(f) ua Bpems A, npH A = 0 chopmyanpoBaHHas 3aga4a CBOAH
K BbiINEHHIO (CIJAXHBAaRHIO) CHrhaja s(f) H3 KojeGanHus f(t). o env-

CTporoe MaTemaTHueckoe peulenHe cHOpMyJIHPOBAHHOH :sa;(aqpfA AJIII Koz-
yas nosyGecKOHeYHOro HHTEPBaIa HaboaeHHs (— o, ) 65110 gano A. - Ko
moropoBbim [84] u H. Bunepowm [85]). Mimu, B wactHocTH, GELIO noﬁxasauo, g o on-
THMaJbHOE NO KPHTEPHIO MHHMMyMa CpejHero KBajparta OUIHOKH yCTPOIHIa 0
B J2HHOM CJIyyae OTHOCHTCS K KJaccy JHHeHHbIX QHIBTPOB C HOCTOMHHMHamgca
metpaMH. OcHOBibie pesy/bTaThl TeopHu Koamoroposa—Buuepa 3akaiod

B CJAeAYIOIEM. .
Hpianonomum, 4yTo Ha BXOj (H3HUECKH peau3yemoll JHHeHHOH CHCTEMBI
(puc. 14.2) ¢ uMnyabCHOH XapaKTePHCTHKOH

h(ty, t>0, 14.3

Bo3geficTByer crayHonapuuil caydalinbii nponece x(¢). Ilpa atom CTaHOHAPHBIR
cayyaiinnift npouecc y(f) = sA(t) Ha ee Bhixoje 6yxeT OnpesessiTbCsl COOTHOILIEHHEM

y()=5(t) = | h(v) x¢—v)dv . (14.4)
0

Moacrasaas (14.4) B (14.2), nonyqaeM crexyiomee BhIPaXKeHHe AJA CpPeaHero
KBajpaTa OMHGKH GHIbTPanHH:

oo 2
e==M{[j h(v)x(t — T)dt — s(t—i—A)] }
0
KOTOpOE TNOCJE HEeCHOXKHBIX npeo6pasoBanuil NPHBOAHTCS K BHAY
2 =K; (0)—2 [ h()Kea(t + Aydv + [ | Br)h(t)Ka(ra—m)dudrs.  (14.5)
0 . 00

Snece Ksx(v) = M{s(t)x(t + )} . (14.6)

— B3aHMHas KoBapHapHoWHas (GyHKuMs Tpomeccod s(f) H x(f);
Kx(v) = M{x(Hx(t + )} (14.7)
— KOBapHapHOuHas QyHKuHs CcAydainoro npomecca x(t).
2@)=F{s[tA &), n(t)}

A A
| VN r—— $/eac) z@t)=st)n@)| hott), |y®=5)
> QURSITE -, W — ] Ky (J&)

Puc. 14.1, Ontumanbubit QHIALTP . Puc. 14.2. JTunefinbiii GHABTP

413



Uro6r onpefie/tHTh HMIYJbCHYIO XapakTepHCTHKY ho(f) onTuMajdbHOro
GHIbTPA, MHHHMH3HDYIONIETO CPEfHHil KBAJApaT OWHOKH (14.5), Bocmosnb3yemcs
H3BECTHLIM METOJIOM BapHAUHOHHOIO HcuHCaAeHHs. ITycrs :

h(t) = ho(t) + pe(), (14.8)

rje | — mapameTp, He 3aBHUCIMA OT #; g(f) — HpoH3BONbHAT (YHKUHS. Tpu
STOM ycloBHe MHHHMYMA CpEJlHero KBaJpaTa OlMGKH 3aNHCHBAETCH B CleyIOlieM
BHJE:

de?
d!.L u=20
[Tocne noncranosku (14.8) B (14.5) ycaopue (14.9) npuuumaer Bug

=0. (14.9)

‘£ g('t.)[ g ho(V)Kx(T'fV)dV—st(T -+ A) :ld'c-=0 .

ITocKoABKY STO COOTHOLIEHHE AOJKHO BINOJH IThCH TPH [POU3BONBHOM byukunH
. §(f), To oTCI0N1a CaIeflyeT, YTO UMMYJbCHAS XapakTepHCTHKA hy(f) onTHManbHOroO

$uAbTPA NOMKHA YAOBAETBOPATH HHTErPaJbHOMY ypaBHeHHIO DpeAroabma nep-
BOro poja ,

{ ho(W)K x(t —v)dve==Ks (vt +A), 7 > 0. ) - (14.10)

STo HHTerpanbHOe ypapHeHHe SIBASETCS OCHOBHLIM ypaBHeHHeM TEOpHH JHHell-
HOH (QMALTPaUHH M Ha3wBaeTcs ypaBHeHHeM Buuepa—Xonda [86].

Takum o6pasom, 3ajaua HaxoXJIGHHS ONTHMAJAbHOIO CIMAMNHBAIOLIEr0
(A == 0) unu nporuosmpymouiero (A > 0) bu3HTeCKH peanu3yemoro pHAbLTpa CBO-
AMTCH K PELICHHIO HHTErpaibHoro ypasHenus (14.10). Pemense sToro ypassenus
B 0CIlleM Clydae BCTpedaeT H3BECTHHE TPYAHOCTH, 06YCJOBACHHbE, IaBHLM OG-
pasom, TpeGoBanueM QH3HYECKOH peaSH3yeMOCTH ONTHMAJAbHOTO ¢unbTpa. Onua-
KO B 4acTHOM, HO BeChMa BaXHOM C IPAKTHYECKON TOYKH 3peHHs clyuae ApoGHO-
PalHOHANbHOH CHEKTPaAbHOH IMIOTHOCTH Sx(®) BXogHoro mnpollecca x(f) 3
(14.10) MoxHO nOAYUHTbL caefyiollee BHIpaXKeHHe AAS KOMIJIEKCHON YacTOTHORN
XapakTepHCTHKH K¢ (f®) onTHMANBHOrO (PHJABTPA, MHHHMP3IHPYIOLIErO CpelHHH
KBajpaT OUHOKH:

. L jors ( Sx®
—_—— fot Q (T+44A
HKolio) omF (9) §e drjl F* (2) 2T g0, (14.11)
3nech o
F(jo)F*(jo)=|F(jo)i? =S(),
Sx(@)= { Kx(r)e—fmd;, (14.12)

Ssx(@)= [ Kex(v)e™!%dr.

Ipu stoM MHHUMaAbHBIE CpeHHH KBajgpaT OWHOKH (QHJAbTPAUHH

e :
et’nln=_2;' f [Ss(@)— 1K o(jo)? Sx(e)] do , (14.13)
rRe -
Ss@) = | Kyr) e~ /9% s, (14.14)
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Jlas yacTHOro ciyuasl CrJIaXKHBAHHA ajiHTHBHON CMeCH B3aHMHO HE3aBHCH-
MbiX CTallHOHApHBIX CAydaituoro mpouecca s(f) u Gejaoro myma n(f) ¢ HyJeBEM
MaTeMaTHYeCKHM OXHAaHHeM mp = 0 H KOpPeJANHOHHOH (yHKIHeH

Rn(v) = (No/2)8()

dopmyna (14.11) ynpomaercu [89] u mpuBonutca K BHAY:
No
[2Ss (®) + Nol+

Hupnekc ¢}+» y BoipaxkenHss B KBajpaTHHX CKoOKax o3uadaer, YTO €CJH 3TO BHI-
paxeHHe PasJOXKHTb HA MPOCThE APOGH, TO B PA3JONEHHH NOJNKHB GHTb OCTaB-
JIEHBl TOJbKO Te€ H3 HMX, KOTOphle COOTBETCTBYIOT NOJIOCAM, PACHONOKEHHHIM B
BepxHeil noaymaockoctd. Bee npoctee Jpobn dynkuuu F(o) = Ss(0) + Ny/2,
COOTBETCTBYIOLlHe MOJIOCAM B HHXHeH MOJNYNJOCKOCTH, a TaKxe Uenas 4acTb
F(®) M0MXKHE GHTb 0TGpomenbl. MHHHMANbHLIH cpeAHH# KBAApaT OWIHOKH AaS
PacCMATPHBAEMOro CJlyyas MOXeT ObTb BhiuHcaeH mo dopmysre [89]

(14.lla)A

Ko(je)=1—

[ -]
N, 25; (0) \ do . :
e§11n=_2 In (l-|- T E. .(14.133)

- 00

ITpakTHuecKHe BHUHCAeHHS 10 Qopmyde -(14.11) okasbiBaioTcsi JOBOJNBHO
rpOMO3AKHMH. 3HaUHTENbHOE YNPOLlEHHE MOJYy4aeTCs, eCJAH He HAKJIAJBBATbL HA
ONTHMAJNbHBI (QUALTP TpeGoBauHs (u3Hueckoli peanusyemoctd (14.3), 1. e. mo-
aaraTh B (14.4) ¥ nocieayOmHX . GOPMyAax HHKHHE npefes paBHEM — oo. IIpH
stoM BMecto ypasHeuds (14.10) moayuyaeMm uHTerpajdbHoe ypaBHeHHe BHJA -

oo
[ ko (v) Ke(t—v)dv=Ksx(t+4) , (14.15)
oo ]
pellieHHe KOTOPOTO NMPHBOAHT K CJeJyIOILeMy BhIPAXKEHHIO A1 KOMIJIEKCHOM Ya-
CTOTHOH XapaKTeDHCTHKH (pH3HYeCKH HepeaiH3yeMOro ONTHMajbHOTO GHJAbTpa:

— Ssx(0) foA
Ji’o(]m)_——sx(m) e/ 08, (14.16)

MHHHMANBHBIE CPeJHHi KBAAPAT OWHGKH H B 3TOM ciyuae BbIYHCJAAETCS MO Hop-
myne (14.13). Jlasi 4acTHOro Cjy4as CTATHCTHUECKH He3aBHCHMbIX CHrHaqa s(f)
¥ wyma n(f) ¢opmyaa (14.16) npusopuTcs K BHAY

sy Ss(w) joA *
;.KIO(](D)— Ss(ﬁ))+sn(m) em ) (14.163)

Xotsa cootnomenns (14.16) u (14.16a) cootBeTcTBYIOT HH3HUECKH HepeanU3 ye-
MEM ONTHMaJbHEIM (GHJIBTPAM, OHH BeCbMa NMOJE3HH, TaK Kak Ji06ofl PuaHuecKH
peanusyeMHil GuALTD He MOXeT AATh MeHbIllel cpeHeldl KBajpaTHUeCKOH OMHOKH,
gem GHABTPH, Onpeleisemuie (14.16) u (14.16a). O6bacHseTCs 3TO TEM, YTO HANO-
weuHe Ha GHAbTP yciaoBHA du3HuecKol peanunayemoctd (14.3) cyxaer BO3-
MOXHOCTH BHIGOpAa ONTHMAJNbHOH XapaKTePHCTHKH GHABTPA M NO 3TOH NpHYHHE
MOXeT NPHBECTH JHIIb K yXYIUIEHHIO KOHEYHOTrO pe3yJsbTaTa.

OntuMaapuas Judeiinas ¢HIBTPAUHA NO KPHTEPHIO MAKCHMYMAa OTHOWICHHA
curnan/mym (27, 42, 82, 89—91]. IIpeanosoxumM, 4To Ha BXOJX JHHefiHOrO HHID-
Tpa ¢ KOMIJEKCHOMH 9acCTOTHOH XapaKTepHCTHKOH Jf(j®@) mocTymaeT ajfuTHBHAHA

CMech
x(t) = s(t) + n(), (14.17)
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rae n(f) — cTauHOHAPHLIA cayyaliHHA mNpollecC €O CHEKTPANLHOR MJOTHOCTHIO
Sn(0); s(f) — cTaTHCTHYeCKH He3aBHCHMum oT n(f) nonesHnfi curuan, d¢op-
Ma KOTOporo (aMnaMTypHu# chekTp S(j®)) 3apaHee m3BecTHa. [IpH aTHX ycuo-
BHSX Mpolecc Ha Buixone GHJALTpA

Y(t) = sprax(?) + npnx(t), N (14.18)

rae Spnx(f) M npux(f) — pe3yabTaThl Npeo6pa3oBaHMA CHrHajJa M NMOMEXH JH-
HeliHbiM GUAbTPOM. CHrHaJbHAad COCTaBASOMAS ONpeseasieTcss COOTHOIICHHEM

o
1 ;
Sprx(f) =5 j‘ S(jo)X (jo)e!®dw, (14.19)
—_—00
a QMCHepPCHs BBIXOAHOrO WIYMa ngyx () BuuHCAseTcs N0 GopmyJae
[+
1 B
Dygpix = 03,« = 5‘ Sa(0)l (jo)Pdo. (14.20)
—00

BpefleM B paccMOTpeHHE OTHOIIeHHE

a=I8pux(TW/Onpix, ) (14.21)

npeacTabasiomee coGoll OTHOIIEHHe MIHOBEHHOrO 3HAUeHHS CHrHaJla Ha BHIXOfE
¢HIBTPA B HEKOTOPLIK MOMeHT BpeMeHH { = T K cpefHeMy KBaapaTHYeCKOMY 3Ha-
YeHHIO BeixoaHoro myma. B coorBerctsum ¢ (14.19) u (14.20) 310 OTHOlIeHHE
paBHo

o0

1
o 5. S(jo) X (jo) e/*Tdo
a= ) = 12 (14.22)
I:? 5‘ Sp(0) | (jo)l? do ]

JluHeliHbli OHABTP, MaKCHMH3HDyIOUHHA OTHOWeHHe (14.22), HaswBaetcs
GUALTPOM, ONTHMAJBHBIM N0 KPHTEPHIO MaKCHMYMA OTHOILIEHHS CHIHAJM/IIYM.
MoxHo noka3satk [89, 90], yTo kKoMnJekCHAs YAaCTOTHAsl XapaKTEPHCTHKA TaKOro
duabTpa .

S*(jo) -

Ho(jo)=C S.(@)

{14.23)

rae C — HekoTopas nocrosHHas; S*(jo) — dyHKuHS, KOMIJIEKCHO-CONPSXKEH-
Has ¢ aMOJHTYAHbLIM cmekTpoM S(jw) BXopHOro curxana s(f). :

Ecau sxogamuit B (14.17) cayuaitumit npouecc n(f) npeactasisier co6oit cTa-
UMOHAPHHA rayCCOBCKHA Gesbifi IIYM €O CHeKTPANbHOH MIOTHOCTBIO Sp(w) =
= N¢/2, — 0 < 0 < o, To dopmyna (14.23) npuBogMTCS K BHAY

X o(jo) =xS*(jw) e /0T, (14.24)

TakuM 06pasoM, B cjayuae NpHeMa aJJHTHBHOH CMeCH CHrHajla B 6esoro myma
KOMHOJIeKCHAs 4acTOTHAs XapaKTepHCTHKA QHIbTpA, ONTHMAJLHOrO MO KPHTEPHIO.
MaKCHMaJbHOrO OTHOIIEHHMS CHrHaM/IIYM, MONHOCTBHIO ONpeflessieTcd AMIVIHTYA-
HBIM CHEKTpPOM BXOAHOTO CHrHaJa. B COOTBETCTBHH C STHM ONTHMAaJbHble GHABTPLI
¢ KOMNJIeKCHEIMH YaCTOTHMMH XapakTepDHCTHKaMH (14.24) Ha3HIBAIOT COr/JlacoBaH-
HBIMH.
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Onpege/uM HMIYJbCHYI0 XaPaKTePHCTHKY COIJIaCOBAHHOIO ¢duabTpa:

1T :
ho(ty =—— S Ko(jw) el do. (14.25)
2n
—00
Mocae noacranoBkH (14.24) B (14.25) moayuaeM
ho(t) = ks(T — 1), (14.26)

rie K — HeKOTopas MOCTOSHHA# BeJHYHHA, HMEomas CMHC] KosppHIHeHTA
yCHJIEHHS.

2. IPUMEPDI
14.1. Vmeercst anauTuBHasi cmech x(¢) = s(f) + n(t),“ roe n(t) —
CTAaHOHADHBIN HOPMAaJIbHBIf GeJbiil IIyM CO CNEKTPaJbHON NJIOTHOCTBIO
Sp(®) = N2, — oo << @ << 00; (14.27)
§(f) — CTATHCTHYECKH HE3aBHCHMbIH OT 1 (1) crTanMOHapHBIA CJy4ail-
HbIH MpOECC CO CNeKTPaJbHOH NJIOTHOCTHIO
Syw) = 1/(1 + ©?), — oo << o <Too.
Onpene uTh KOMIJIEKCHYI0 YaCTOTHYIO XapaKTEPHCTHKY XK o(jo) du-

3WUECKH pEAJH3yeMOro MPOTHO3MpYOWEro (H/IBTPA, MHHHMHIHPYIO-
mero CpeaHuii KBajgpaT OIIMOKH

e = M{Iy(t) — s(t + A)I2}.

3nech y(f) — cayyaiiHbii MponecC Ha BBIXOAE ¢huabTpA.
Pewenue. B coorserctsun ¢ (14.11)

1 f jorg T Ssx(®) _oj0 (r+4) 4Q,
'%'0(]0))— 23‘[F(i(0) Je T F*(ig)

rae

F(jo)F*(jo) = |F(jo)* = Sx«(®).
TTockoabKy 1o ycjosuio 3anaun s(f) H n(t) CTaTHCTHYECKH HE3aBH-
CHMBI, TO

Sex(@) = Sy(0) = V(1 + @),
S0) = Sy() + Sule) = (Vo + 2 + Neo?)/[2 (1 + o).
Orcioga caegyeTt, d4To
VITIHi0 VT gy Y Hot 20 Vs
V2 (1+jo) V2 (1—jo)
TakuM o6pasoM, HCKOMasi KOMIJIEKCHAs YaCTOTHAST XapaKTepHCTHKA
ONpENEeNsieTCs] COOTHOIIEHHEM

F(jo)=

. l4je T —jet
X, (jo) = — |\ I(¥) e v,
' n (VNof2+j0 VN §
14 3ax. 1203 . 417



riae

o0

/() — 1
® S (14+72) (VN +2 —jQV/No)

YuutoiBasg, uto [17]

eif t+8)4Q,

— 00

{ (Bt 02 (r— )= emirrdy =

— 00

=2n p4y)n v 2

I'(2p)
—yp), p<0,

rae Wi 4(2) — dyHkuus Yurrekepa, HaXoauM

oy 28 (vm +1)—‘exp[ VNV T3 (TM)]X

e B=VI2 W, _y 119 py(—Bp—

VNo V'No 2V Neo
: VNet2+ VN, o -
W —1 A —
e /2( VN, v+ )) VN2 + VN,

xexp[—(v+A4)l..

IMocsie moacTanoBKU (1) B #¢(jw) M psifla HECJOXKHHIX npeolpa-
30BaHUM OKOHYATEJbHO IOJYYaeM

Ho(jo) = FJ( + joT,),
rae

2 N
A —— — e—A’ T = l/ 0 .
VYN (VN R 2+ VN) ° Ny +2

Taxum o6pa3oM, MCKOMBbIH IPOrHO3UPYVIOMHUHA (HJIBTP MOKeT ObITh
NpeACTaBJieH B BUje IOCJEA0BATE/BHOTO COCAHHEHMS HAEAJbHOIO (He-
HCKarKalOWEro) yCUJIUTEIa C KOo3hHUHEHTOM YCHJAEHHMS 'y U HHTe-
rpupyioiei nenouku RC ¢ nocrosHHoi Bpement RC = T, (puc. '14.3).

14.2. Ha Bxox ¢usbTpa BO3ACHCTBYET ajAUTHBHAs CMeCh X (f) =
= s(t) + n(f), rae n(f) — cTanMoHapHBI/i HOPMaJbHBEIH O€Jbli LIYM
CO CheKTpajibHOM MjoTHOCThiO (14.27); s(f) — cTaTHCTHYECKH HE3aBH-
CHMBIH OT n(f) CTAIMOHADHBIA CJAYYaHHbI NPONECC ¢ HYJEBLIM MaTeMa-
THYECKHUM OXHAaHUeM mg; = O U KOppessuHOHHOH (pyHKuuei

R; (1) = ole—%Tcoswgt.

OnpenenuTb KOMIJIEKCHYIO YacTOTHYI0 XapaKTEPUCTHKY I y(jo)
(hH3HYECKH peau3yeMOro CrJaKHBaoOEero JHHEHHOro GpUIbTpa U BhIYH-
CJMTh COOTBETCTBYIOIIUI eMy MUHHMAJbHLIH CPEIHUH KBajpaT OILHOKH

e — M{ly(t) — s()1?).
418

-

7 A ® .
2 Ky C== 5(t+d4) 2(t) ¢ —[— y()
o— —0 o . —0
Puc. 14.3. Tporuozupylomnil GHABTP Puc. 14.4. Hurerpupymowmas

nenouyka RC

Pewenue: B coorsercteuu ¢ (14.16a) uckomas KOMIJIEKCHAs 4a-
CTOTHAsi XapaKTEPHCTHKA HMEET BUA .

. Ss
Ho(jo) = ©)

Ss(0) +Sn(0)

a CreKTpaJbHas IJIOTHOCTb npomecca s(f) npu mg = 0

Sy(w)= S R, (v) e~7o%dv=a0; [ a4 (0 — )? + a? (0 +o)? |

MoacTaBiasigs Sy(w) B Ho(jw), noaydaem
2002 2002

+ 2002+ a2 No-+No (04 )2

K (jo) =
o(j) 2062+ 02 No-+No (0— 09)?

3HaueHHe cpejHero KpajpaTa OWMOKH HaXOAuM H3 (14.13):

aNo
2_ o2, - g2 _ aNo
"= &min= Os l/(aNo+2og) -

14.3. Ha Bxox RC-¢unpTpa (puc. 14.4) nocTynaeT ajiiuTHBHA#A
cmech  x(t) = s(f) + n(t), rae s(t) — CTALlMOHAPHBIH TayCCOBCKUMH
CJyuaiiHblii NMPOLECC CO CIEKTPAIbHOH IJIOTHOCTHIO

S{(w) = 2003/(@* + ©?), — oo << w << oo;
n(t) — CTATHCTHYECKH HE3aBHCHMbIH OT s(f) cTauuMoHapHbIA TraycCcoB-
CKHi 6eJplil 1yMm, AJf KOTOpOro
Sp(w) = Ng/2, — oo << o << oo0.
HajiTi onTHMAasbHOe 3HaueHHe nocrosHHod Bpemenu T = RC, mu-
HEMU3HpYIOIEe CPeIHHi KBaJpaT OMHOKH
e = M{ly (t) — s(t)I2),

rae y(f) — npouecc Ha BbIxojie GuibTpa, H ONPEIETHTH 3HAUEHHE Emin-
Pewenue. O603Ha4MM HMIYJIBCHYIO XapaKTepuUCTHKY RC-¢punibTpa
yepes h(f). Torma pasuoctb E(f) = y(f) — s(f) MONKHO NPEICTaBHTH
B BHJIE
t t

g)= § at—ox@di— § s(@d(t—1)dr=s(0) +m(t),

— o0 —oc0

14* 419



P e
¢ 11
si(t)= S [A(t—7)—8(t—T)Is(x)dT = 5 hy(t—T)s(T)dT,
ny(t) = f h(t—T)n(T)dx.

— 00

ITo ycioBuio 3ajgauu npoueccs! s(f) u n(f) B3aUMHO HE KOPPEJH-
poBaHbl, BCJEICTBHE Yero B3aHMHO HE KOPPEJMPOBAHBI H MPOLECCH!
$,(f) u ny(t). Takum o6pasoM, ClEKTpasibHasi MIOTHOCTh Mpolecca &) .

Sg(@) = Ss,(0) + Sa,(0),
rie .
S5, (0) = Sy(@)| #1(jo) % Sn(w@) = Sp(w)|#(jo)|®
— cneKTpasibHbie [UIOTHOCTH Tpoueccob s;(f) u ny(f),

K (jo) = S h(u) e—ioudu,

| Hyljo)=§ 1) —8(u)] e~ ovdu.

— 00

Takum obpasom, Axcnepcus npouecca §(f)

of =¢&? =—2}; S Sg(w)deo =

= [ 1S o) — 1P -+ 8(0) 1F ()Mo,

IMo ycaoBuIO 3ajauH,

#(jo) = B/(B + jo), p=1/RC=1T.

CaenoBaTesibHO,
8z=¢.}°[ T [
2% (24 o) (B2 + 0%  2(B24 0?)
1 2062 N,
= ( + —2—0 [3) .

2 \ ot

Jlnsl HAXOXKJEHHS ONTHMaJIbHOTO 3HaveHHs f = 1/T cocraBum npo-
H3BOAHYIO OT €% mo f:

de? ___1_( N, 20&03)

B 2\ 2 (B
420

Orcioza Cl€AyeT, uTo NPHU }f 2<< 405 /o0 onTHMa/bHOE 3HayeHHe NOCTOsAH-
poii BpemeHu RC-puabTpa-

VW _
Bo 20,V a—a VN, '

a COOTBETCTBYIOILHH €My MHHHMAJbHEIH CPeJHUN KBapaT omu6Ky craa-
JKUBaHHUA

ein = 0,1/ aNg — aN/4.

Ecau e Ny = 24%/a?, To onTumasbhoe snavenue Ty = 1/f,— oo,
a CpelHHI KBaIpaT OUIMOKH

2 2
€min —> Os.

14.4. Tlpu Tex e yCJOBHsX, yTo W B npumepe 14.3, Haitu ontu-
MaJlbHOE 3HAueHHe nocrosHHoi BpemenH T = RC, MHHUMH3HPYIOLIEE
cpelHHii KBaJpaT OIUHOKH

e2 = M{[y(t) — s(t + A)I*}.
Pewenue. B nanHoM MNpHMEPE Pa3HOCTh
&(t) = y(t) — st + A) = s:(f) + ml?),
rae ‘
s(t) = ( [A(t — v) — 8(¢ + A — 7)ls(v)dr,

ny(t) = yth(t — T)n('c)d'r:

[TockosbKy nponeccsl S,(f) u ny(f) B3auMHO HE KOPPEJMPOBaHbI, CIEK-
TpasbHas IJIOTHOCTb nponecca E(f)

St(0) = S, (@) + Sn,(0),
rie
S5, () = Sy(@)| H#1(jw) | Sn(0) = Si(0)| #(o)|*
YuuToiBas, YTO
HF(jo) = io hy(w)e—iovdy = io [h(u)—8(u + A)]e—Tordu =
ooy,
HaXO[ UM
Si(0) = Sy(0) | #(jo)—elod 2+ S, (o) | Z(jo)*
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Orciopa mucnepcus npomecca E(1)

of =et=—— [ [S,(0)] H(jo)—elo |+ 5,(0) | H(jo)1do =

B _ej(DA

p+ijo

17 [ 2002

o a2+ 2

2(F* +0?)

2

1 l 2 -
—_ — 5 1— aAy__
40 ( € )

2(10'3 o N0>
e R

Ananusupysi 3aBHCHMOCTb &2 OT [}, HETPYAHO YCTAHOBHTb, YTO INIPH
A = (In 2)/o. HanmeHbiee 3HAUCHKHE CPEIHETO KBajpaTa ONIMOKH HMEET
mecto npu P, = 1/Ty = 1/RC =0 u paBHo :
&hin = OF.
Ecmn A << (In 2)/a u.

40,02 172
[ Tvos (26—‘“—1)} —a <0,
0

TO HaHMEHbiee 3HAyeHHe &? Takxke HMmeeT mecto npu f, = 0. B cay-
yae A << (In 2)/o u

4a0? 1/2
[T (2e_°‘A——'l)} —OL>0
0

MHHHMAaJIbHOE 3HAUEHHE &, OGEeCNeuHBaeTCs IpH

40,02 1/2
[30: 1 :[ (ZOS (2e_aA__ 1):| .

T, Ny
14.5. Ha Bxoj auHeiiHOTO $UIbTPa BO3/EHCTBYET aJAUTHBHAS CMEChH
x(t) = s(¢) + n(f), rme n(f) — crauMOHAPHBIH TayCCOBCKHH O€JbIH

(TyM;
a(t—T)
s(t):{Ae , t=T,
0, t<T,

— CTAaTHCTHYECKH HE3aBHCHMbIH OT 1IyMa n () IKCIOHEHIKAJIbHBIA BU-
Jeoumuyasc (puc. 14.5).

s(t)

Puc. 14.5. 3kcnoHeHuuanbHE BHAeO-
HMIYJbC
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-

OnpejennTb KOMIJIEKCHYIO YaCTOTHYIO XapaKTCPHCTHKY Fo(jo)
¢uabTpa, MAKCHMH3HPYIOMEro OTHOIIEHHE CHTHAJI/IUYM HA BHIXOIE.
Pewenue. Boruncaum crnekTp curhaza s (f):

oo T
S(jo) = S s(tye—Tot df = Ae—aT 5’ ot d = —e=ioT.

Ucnoassys cootnomenne (14.24), HaXOAHM HCKOMYIO KOMIUIEKCHYIO
YaCTOTHYIO XapaKTEPHCTHKY:

H(jo) = kS*(jo)e—1oT = K/(a + jo).

Taxum 006pasoM, (HIBTP, COIJIACOBAHHBIA C JlAHHBIM CHIHAJIOM,
MOKeT GbITh peasusoBaH B BHie uemnouku RC (puc. 14.4), y koropo#
RC = 1/a.

14.6. OnpejesnTh KOMIJIEKCHYIO YAaCTOTHYIO XapaKTEPUCTHKY ¢duJb-
Tpa, COIJIaCOBAHHOTO C CHIHAJIOM

0= [~[2]]

rje T, — AJIHTEIBHOCTb MMIyabca S(f) Ha yposue Ale.
Pewenue. BoluHCIUM CHIEKTp BHACOMMITYJbCa S (£):

S(jo) = T s (f) e—iot d’t:bexp(— Af;z),

—-— 00

rae Af = 2,25/t — wHpuHa cnekTpa S(jw) Ha ypoBHe b/e. HUcnosib-
sya (14.24), naxoaum

H(jo) = Fexpl— (f/Af)? — joTl.

14.7. Hajity ¢uibTp, COrJacoBaHHBIH C TNPAMOYTOJbHBIM BHIEO-
HMITYJIbCOM
A, Ogtg’tﬂ’
0 mnpu ApYrHxf,

s(f) = {

Y BBLIYMCJHMTbL OTHOILEHHE CHTHAJ/IIYM Ha €ro BoiXofe.
Pewenue. CueKTp TpSIMOYrOJILHOTO BHICOMMITYJIbCA

o0 .‘:n .
S(jo)= S s(f)e—iot df= AS e—iot ¢ _—__i‘:_lo_(l_e—mrﬂ).
L d

TakuMm 06pa3oM, KOMILIEKCHAsi YaCTOTHAsi XapaKTEPHCTHKA JIo(jw)
¢uIbTpa, COMJIACOBAHHOTO C MPAMOYTOJbLHBIM BHICOUMITYJIHCOM J/IH-
TeJbLHOCTHIO Ty, HMEET BUJl

% (jo) = KS¥(jo) e—ioT = % (/9 _ 1) e—1oT,
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20 [ Yrupamene Hrmeepaman) 1@
Ay i Ve g
Lo |
Ty

Pue. 14.6. ®uantp, cornacosauubiii ¢ NpAMOYTONbHLIM BUAEOHMIYIbCOM

Ecu nHTepBas HaGIONEHHs COBNAJAeT ¢ IMMTENBHOCTBIO MMITYJIbCa,
T. e. T =1, TO

Ay (jo) =22 (1—e™1¥%),

Cxema Taxoro ¢miabTpa npupenesa na puc. 14.6.
Onpenesinm curuas Ha Buixone GuiabTpa, uMess B BHAY, YTO B COOT-
BeTCTBHM C (14.26) ero umny/bCHAs XapaKTEPHCTHKA HMEET BH

ho(t) = ES(T — ) = K ys(ty — 1).
CiieoBaTes1bHO,

Spux ()= fho(r)s(t —1)dt = X, {s (ty—1) s (t—7) d7.
b 0 :

Hetpyaso Buuets, uto makcumaibHoe 3uauenne [Sn. . (f)lmax HMeeT
MECTO MpH { = Ty M pPABHO

[sBHx(t)]ma-- = *%.nAzTH = %‘OE,

rae E = APt,; — sHeprusi curhana s(f).

Boruucanm nucnepenio myma Dy, Ha BHIXOJIE COTIACOBAHHOTO (DHIb-"

Tpa, TnoJjarasi, 4TO CHEeKTpaJibHas IJIOTHOCTL BXOJHOTIO uryma

Sp(®) = Ny/2, — oo << 0 << .
Torpa

Dpuy =0iix= ;| S, (0)| H\(jo)? do =

‘Y %(l—cosmrn) do =

CJIezIOBaTeJIbHO, MaKCHUMaJ bHOE€ OTHOIIEHHE CHFHaJI/U.IyM
a = [snmx(t)]max/cnmx = V2E/N0'

14.8. Ha Bxon unrerpupyioweii uenoukn RC (puc. 14.4) Bo3uei-
CTBYET aJUINTHBHASL CMECh CTATHCTHYECKH WE3aBHCHMBIX CTa[HOHAPHOTO
FayCcCOBCKOro 6esioro myma n (f) co CrnexTpatbHOH TJIOTHOCTBIO

HKINE

Sp(®) = Ny/2, — oo << 0 << o0,
424

M TPSIMOYIOJBHOTO BHIEOHMMYJIbCA
s(t)z{ U, 0<t<1,
0  npu npyruxf.

[Ton BEIXOMHEIM OTHOLIEHHEM CHIHAJ/MIYM @ NMOHHMAETCH OTHOLICHHE
MaKCHMaJIbHOTO 3HaYeHHs CHTHaJsa Ha BHIXOJE K CPEHEMY KBajpaTHae-
CKOMY 3HAYEHHIO BBIXOAHOIO .1IyMa:

a = [snmx(t)]max/cnmx'

BLIBECTH COOTHODIEHHE, CBSISBIBAIOLIEE OTHOIIEHHE CHMTHAJ/IIYM Ha
BhIXOfIe HENoYkKd RC C AJIMTEJNbHOCTBIO HUMIYJbCA Ty M 3(¢EKTHBHOMN
myMoBof mnojocoit Af, nenu RC; onpenennuts, B KAKOM COOTHOMIEHHH
JOJIXKHBI HAXOJUTHCA JVINTENLHOCTL HMITYJILCOB H ONTHMAaJbHas 3¢iek-
THBHas mWymoBas mojoca Af, opy, TPH KOTOpO# Ha Bhixone RC -uenu
HUMEET MECTO MAaKCHMAJILHOE OTHOLIEHHE CHTHAJ/LIYM.

Pewenue. B cooTBeTcTBNH ¢ Teopemoii Bunepa— Xununna gucnepcus
CTA[HOHAPHOTO IIYMA Ha BoiXOfe menouykd RC

1 ¢ 1T .
Dnmx:‘cgux:E ‘Y Sa Bmx(m)dm:'g j‘ Sn(m)l‘%‘(]m)PdO)-

IlopcraBnsis B 3To BhipaxeHue
#(jo) = 1/(1 + joRC),
HaXOJUM
Oaux = No/ARC = N A},/2,

rae Af, = 1/2RC — adextupras mymoBasi nosmoca uenn RC.
[osiesuniil curuajg Ha BbIXOJE paccMaTpuBaeMoro (GuibTpa
t

Spux ()= S h(t—T)s(z)dr,

0
e
h(tjz{ aexp(—at), 0<t a=1/RC,
0 npa ¢ <<0. °
B pesysbTaTe HECJIOKHBIX BBIYACJACHHH HaXONLMM
Sanx () =U (1—e=#)- 1, ()= U (1—e™*( "W). 1, (t—1,),

1, t>0,
1o (t)={
0, £<0,

rjie

— equHuYHas yHKuus.
Herpyano Bumern, uto 3HaueHne [Syuy(f)lnay HMEET MecTo npu
! = Ty, T. €. B MOMEHT OKOHYAaHHSl BXOJHOrO HMMYJhbCA:

[snux (t)]max = Spux(Ta) = U(l — e—‘n/RC).

425



B coOTBETCTBHH C 5TMM MAaKCHMaJIbHOE OTHOLIEHHE curnana/mym Ha
BEIXOJI€

a= [Snux(t)]max= VQU (l—e—2Af"rﬂ).
Osnix V' No Afs

Jlist onpeesieny s 3aBUCHMOCTH MEXKY JVIHTEbHOCTBIO HMITY1bCA Ty
¥ onTHMmanbHOi >PheKTHBHOH LIYMOBOH mnosiocolt Af; opty HEOGXOAHMO
BBIYMCIHTH TPOU3BOAHYIO OT a To Afy:

d T2 12— 1 e _
d(:fa)z \/ — U[%HA,’; /2e 2”a'ﬂ+7Af3 2 (1—e 'Mfe'u)].

[IpupaBHaB 3Ty NPOM3BOIHYIO HYJIO, MOJNYYHM

Talfs opt = (1/2) In [4t,Afs opt + 1],

OTKY 1
Afy opt = 0,628/,

[IpH 5TOM MaKCHMAJbHOE BHIXOJHOE OTHOLIEHHE CHIHAJ/LIYM
Apax= 0,9V 2U% 1,/ N, =0,9) 2E/N,,

rae E = UPt, — 3HEprus BXOJHOrO BHAEOUMITYJbCA.

3. 3AJAYH U OTBEThHI

14.1. Ha Bxoj ¢uawipa mOCTymaeT aJlAHTHBHAas cmech x (f) =
— s(t) + n(t), rae n(¢) — crauuoHapHBIfi HOPMAIbHBIH GeJblil MyM
CO CHOEKTPaJbHOM IIJIOTHOCTHIO

Sp(w) = Ny/2, — oo < o < oo;

s(t) — B3anMHO He KoppenupoBauuslii ¢ r(t) CTalHOHAPHBIH TayCcCoB-
CKMH CJyuYalHpifi ITPOIECC CO CIEKTPANbHOM IJIOTHOCTHIO

(
Aw, —a, <o <0,
W¢
Ss(‘ﬂ)z{A“’_c—_“?, 0 <L o<,
|,
0 npH IpYrux o.

HaiiTi KOMIJIEKCHYIO YaCTOTHYIO XapaKTePHCTHKY ¥, (jo) dusnue-
CKH HEpeaJH3yeMOro JHHEHHOTO CrJaXKMBAIOWEero (UIbTPa, MHHHMH-
3MpYIOEr0 CPEJHHH KBajpaT OWMOKH GHJILTPALHH

e? = M{ly(t) — s()I*}.
Omeem:
A(l—| ol/ag)
A(l—] @ /o) + No/2
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Ho(jo) = v o< @

14.2. Ha Bxoj ¢unbTpa nocTynaeT ajiHTHBHAs CMECh CTaTHCTHYE-
CKM HE3aBHCHMBIX CJYHYaHHOro mpouecca s (f) co CneKTpajbHOH MJIOT-
HOCTHIO

Si(@) = 1/(1 + 0?), — oo << » << 00,

M CTalMOHAPHOTO rayCCcOBCKOro 6ejoro myma n () co CneKTpajbHOH
IJI0THOCTHIO

Su(0) = N2, — oo << o < 00.

OnpepenuTs KOMNJIEKCHYIO YaCTOTHYIO XapaKTEPUCTHKY K o(jo) on-
THMAJbHOTO (DH3HYECKH pEaJH3YEMOro JIHHEHHOTO CIVIAa:KHBAIOLIEro
GUIbTPA M BBLIYHCJIHTH COOTBETCTBYIOWIMI €My MHHHMMaJbHBIf CPeIHHH
KBajpaT OLIMOKH

g2 = M{ly(t) — s(t)1?} = ehin.
Omesem:

Ho(jo)=

HE AR No]

1
edin=—|1—
min =y [ 1T oT

Lo
1 +joT’
rne

K e 2___ — T = l/ Ny
*T VN2V NoF 24 VNI’ No+2
14.3. Cayuafiuplfi CHrHaJ HMeET KOPPEJNAUHOHHYIO (PYHKIHIO
Ry(r) = exp(— a|t]).

HaiiTh nns Takoro curHaja MMIOYJbCHYIO XapaKTePUCTHKY h(t)
JUHEHHOrO (U3UUECKH pealu3yeMOro IpOorHosupyiomero ¢uinTpa,
€CJIM CHEKTpaJsibHag MJIOTHOCTh HIYMa

Sy(0) = 4/(4 + o?).

6
Omeem: ho(t)=—v-_—e—(f+A),
14-V2
rie A — BpeMsi IpPOrHO3MPOBaHMs.
14.4. Peumuts 3agauy 14.2 npu yc/JoBHMH, YTO CHEKTpaJbHBIE TLJIOT-
HOCTH CHWIHAaJa M HIyMa COOTBETCTBEHHO PaBHBI «

1 2po?
SS((D)—;I—{—&)Z’ S"(m)=ﬁz+mz’ — 00 <C 0 < 00,
Omesem:
(i) = B+ (B+jw) . 203 -+p*
o(j®) (2Ba2+1) (A+1) (A4 jw)’ A _l/ 2oz 1 °

14.5. Ha Bxox onTHMa/jbHOro NMPOrHO3UPYIOIEro JHHEHHOrO (hHJIb-
Tpa C KOMMJEKCHOH HaCTOTHOH XapaKTePHCTHKOH Ho(fw), MHHAMM-
3UDPYIOICH CPeAHMH KBagpaT OUIMOGKH

e? = M{ly(t) — s(t + A)I*},
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BO3JeHCTBYeT aJAMTHBHAs CMECh B3aMMHO KOPPEJMPOBAHHBIX CTalHO-
HapHoro myma n(f) u curdazna s(f) : x(t) = s(t) + n(f).

OnpenenuTs B3aMMHYIO CIEKTPaJbHYIO MJIOTHOCTH S,y () mpo-
mecca x(f) ¥ BuIXoAHOro Inponecca y(f) = s ().

Omgem: S, (0) = [Sy(w) + Se(w)] efod,

14.6. HafiTH KOMILIEKCHYIO YaCTOTHYIO XapaKTEPUCTHKY I y(jw)
ONTHMAJIbHOTO (DH3HYECKH DEAJH3yEMOro MPOrHO3UPYIOIEro (HIbTPA,
Ha BXOJL KOTOPOro MOCTyNaeT AJAAUTHBHAf CMeCh CTATHCTHYECKH He3a-
BHCHMBIX CTA{HOHAPHOTO TayCCOBCKOro Gesioro mwyma () Co CrekTpaJb-
HOM MJIOTHOCTBIO ‘

Sp(w) = No/2, — 00 << 0 << o0,

U CTapdOHApHOro cJyyafiHoro npopecca s (f) co CHNeKTpPaJibHOH II10T-
HOCTbIO

S . 2062
(@)=— g T <o<co.
Omeem:
5 (jo) = 4062 e—aA B /4oc052 T Noa?
° ¥ @rnate’ ) No

14.7. OnpeesyuTs KOMILJIEKCHYIO YACTOTHYIO XaPaKTePHCTHKY Ho(fm)
ONITHMaNIbHOrO (H3UYECKH peajiH3yeMoro JIMHEHHOro CrJaxKHBalomero
¢$uabTpa NpH NOCTYNJIEHHH HA €ro BXOJ aiJUTHBHO!H CMECH B3aMMHO He

KOPpeJHPOBaHHLIX CHrHaJa s(f) M mnomexu n(f), CreKTpaJbHpie MJOT-

HOCTH KOTOpPbIX COOTBETCTBEHHO 'paBHbI

20,02 2Bo2
So)=——0 SO= g, —e<e<e.
2002 (4 B) (B+jo)

Omsem: % y(jo) = e (a+v) (v + jo)

rae

c*=2a0? +2B02, =1 2ap?c? - 2a2Poi/c.

14.8. Tlpy Tex Xe YCJIOBHaAX, YTO W B 3anaue 14.7, onpenenuts
KOMILJIEKCHYIO YaCTOTHYKO XapaKTePHUCTHKY OITHMAaJIbHOIO HPOrHO3U-
pyiomiero ¢GuiabTpa.

2003 (0 4-B) (B+jo)
e

t Ko (jo) =
Omsem: %o (1) =~ ot v @ 119

k4

rie A — Bpemsi YTpeXKIEHHS;

=202+ 2pcs, =1V 20p*c? + 202 fol/c.
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14.9. Ha BXoj ONTHMAJbHOTO JHHEHHOrO (GHIBTPA C KOMIJIEKCHOH
yaCTOTHON XapaKTePHCTHKOH 7 ¢(j®), MHHHMH3HDYIOWIEH CpejHUN
KBajJpaT OIHOKH

e = M {[y(t)— ds(t)/dt1?}, (14.98)

BO3JCHCTBYET aiiuTHBHas cMech x(¢) = s(f) + n(f), rae s(f) #
n(t) — B3aMMHO KOpPpeJHPOBaHHbIE CTA[(HOHAPHbIE CJYYaHHbIE TPO-
IIECCHl CO CMEKTPaJbHbIMH IJIOTHOCTAMH Ss(@) H Sp(®).

OnpefesnTs B3aHMHYIO CIIEKTPAJBHYIO IJIOTHOCTb Syy(®) BXOJ-
Horo mpomecca x(f) u npouecca y(f) Ha BuIXOJE (HHIBTPA.

Omsem: Sy, (0) = jolSs(0) + Sm(o)l,
rae Sgn(®) — B3aNMHAs ClEKTpasbHasi IJIOTHOCTH INPOWECCOB s(f) H
n(t).

)14.10. ITpHMEHHTENBHO K YCJIOBHIO 3ajiaud 14.9 BEYHCIHTH MHHH-
MaJIbHOE 3HAUEHHE CPEJHEro Kpajparta oumHO6kH (14.28).

Omeem [4]:

e,%i,,:% S (028 (0) —[S4(0) + Sn(®) + Syn(@) +

+ Sin(@)]|# (jo)} do-

14.11. Ha Bxoj ¢u3HYecKH peanH3yeMOro JHHEHHOro (QHUABTPA,
MUHUMH3HPYIOLETO CpeiHnii KBaapaT omu6ku (14.28), BosfeficTByer
ajJMTHBHAA CMeCh CTATMCTHYECKH HE3aBHCHMBLIX CTaUHOHApHBIX CJaY-
yajiHoro npopecca $(f) €O CHEKTPAJbHOH MJOTHOCTHIO

Sy(w) = A/l4a® 4 (2p% — 0?)?], — o0 < @ << oo,
H rayccoBckoro 6esioro myma n (), Wis KOTOpOro
Sp(w) = N¢/2, — o0 << 0 < 00,

OnpejennTh ONTHMAJIbLHYIO KOMIJIEKCHYIO YACTOTHYIO XapaKTepH-
CTHKY # ((jo) $HABTPA W BHIYHC/IHTb MHHHMAJbHOE 3HAYEHHE Emine

Omeem
% (jo) = jA m-tjn o+ m—jn —
° omNy \ [m+j(n+n)P—mi (@—m—jny) (0+mi—jn)
_ —m-jn Oo—m—jn
[m—j(n+n)P—m} (0—mi— jn;) (0-+mi—jn) } ’

rue

n=V@+Vira, n=VVFTa—p,
m=V V et

nl"‘V l/ﬁ4_|_a4+ 2‘:,0 _pl,
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m+-jn
[m?—m}—(n+n1)?] —2jm (n+tn1) ~
14.12. Tlpouecc y(t) npencTaBisieT co60l aiAHTHBHYIO CMECh B3a-

HIMHO "HE KOPpPEJIHPOBAHHHIX CTAHHOHADHHX CJAY4afiHHX MPOIECCOB
s(f) u n(f):

82:1{_1__A[El_2-+1m( 8 )]},
4 n m2 N, n m--jn
B =

y(t) = als@t) + n(®).

OmnpezenuTh -3Ha4€HUE IOCTOSAHHON @, MHHHMH3HPYIOWIEH CpelHHM
KBajgpaT OIIHOGKH

e* = M{ly(t) — st + J)I*},
H BHUYHCJIHTbL 3HAYEHHE ehin. CIEKTpaJbHBIC MJOTHOCTH HPOLECCOB
s(f) 1 n(f) COOTBETCTBEHHO PaBHHI

2002 2fia2
Ss(w):m, Sn(w):m, — 00<C < 00.
Omeem:
0-2 . 02
a:—-z—s-—z-'e—aA, 8?},1;‘ =0'§ 1 —_——2 5 3 e—2°°A .
05 +0ﬂ Os+0n

14.13. Ha Bxoj onTHMasbHOTO CrJIa:KHBAOMIET0 GHJILTPA, MHHHMH-
3UPYIOMEro CpeIHH# KBajpaT oOmHOKH

e? = M{ly(t) — s()I"},

BO3/IEACTBYET ajaMTHBHAs  cMechb  x(f) = s(f) 4+ n(f), rne n(f) —.

CTAauHOHAPHBI HOPMaJbHEH G€JIBIH IIYM CO CHEKTPaJNbHOM NJIOTHOCTLIO
Sn((o) = N,/2, —oo<< < oo;

CTATHCTHYECKH HE3AaBHCHMBIH OT mryma curuagd s(f) ofpasyercs mpo-
NYCKaHHEM CTAnHOHAPHOTO HOpMasdbHoro 6esioro iuyma §&(f) co crek-
TpPajJbHO# NJOTHOCTHIO

Sp(0) = Ng/2, — o0 < 0 < o0,

uepe3 uuTerpupyioimyio uenouky RC (puc. 14.4).
OnpenenuTs MHHHMATbHOEC 3HAYEHHE CPEJHEro KBajpaTa OUIHOKH
CrJaKUBAHUS Emin.

Omeem:
N
8rzhin=a§ [1— @ = ],
K 1+ ViFa)

" @ =1/RC, a®= Ng/N,.

14.14. Ha Bxox GATHMAJBHOIO NIPOrHO3HPYIOMIEro (3KCTPaNOJIHP VIO
wero) uIbTpa, MHHHMH3UPYIOUIETO CPEIHHH KBajpaT OImHOKH

e = M{[yt) — s(t + A)2Y,
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rae

- e

Phe. 14.7. KorepeHuTHbl# NpHEMHIK () X DHY g
Hp (/&)

T-’lun @&

Bo3feficTByeT ajauTHBHas cmech  x(f) = s(f) + n(f), rae s(f) H
n(f) coOTBETCTBYOT YCJOBHsM 3ajaud 14.13.

OnpejieiNTh MHHHMAJIbHOE 3HAYEHHE CDEJHEro KBajpara OLIHGKH
SKCTPATONSIIUH Efin.

Omeem:
2 (ZNE 1 a? e—QaA ]
€min == —_ —— ,
4 [ 1+ Vita)
a = 1/RC, a* = N¢/N,.

14.15. Ha BXoj KorepeHTHOro NpHeMHHKa aMIUIUTYJHO-MOAYJIHPO-
BaHHLIX CHTHAJOB, COCTOSIIETO M3 NEPEMHOXKHTENs W (HIbLTPA HHK-
HHX wacToT (puc. 14.7), mocTynaeT ajiuTHBHas CMeChb x(f) = s(t) +
+ n(#), rae n(f) — crauvoHapHH# HOPMAJbHBIHA GEJBI MIYM CO ClEK-
TpaJbHON TJIOTHOCTBIO

Sp(0) = Ny/2, — oo < 0 << 005
s(t) = V 2Pm(t)sin(w,f + ¢)
— CTATHCTHYECKM HE 3aBHCHINee OT n(f) aMIIUTYAHO-MOAYIHPOBaHHOE
KoJefanue ¢ nonaBAEHHON Hecymel. 31ech @y — YIJVIOBasg 4acToTa He-
cyme, ¢ — CJydaiiHas HadajbHas ()asa, paBHOMEPHO PaClpeeseH-

Has Ha HHTepBaje (— &, m), m(f) — cTauMoHApHBIfi rayCCOBCKHH CJY-
yafiHpll IpOHeCC CO CIEKTPaJbHOH ILIOTHOCTHIO

Sp(0) = 20/(@* + @?), — 00 < @ < .
Ha BTOpoi#i BXOX MNEPEMHOMKHUTEJNST IIOAAETCH OMOPHOE Kosie6aHue
uon(t) = V2 sin(wet + ). -

OnpefenuTb KOMIIEKCHYI0 YaCTOTHYIO XapaKTEPHCTHKY Jo(jw)
(uIBTPAa HHKHHX YacTOT, MHHHMHSHPYIOUIYIO CPEHHH KBajpaT OLIHG-
KU

e? = M{ly(t) — m(@®)1*},

H BBLIUHCJHTH 3HAUEHHE &hin.
.Omeem [92I:

. (@—la 1/ 1 L, _ o
Holjo) = aatjo a—l/ 1+aNu’ Emin a-tl
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o Puc. 14.8. Tpaneuenaaabubit BH,ZIGJO-
?{ HMIYJbC

-jfddLn

/!

L

I
z

\._______
MNoleg

L —

NS

14.16. HaiiTh uMNyJbCHYIO XapakTepUCTHKY hy(f) coraacoBas-
HOro ¢u/abTpa IJs CHTHasa

(A, 0t oo,
s(t)z{
0, £<<O.
Omeem: ho(t)r:{ 4, 0<Ei< oo,
0, ¢<<O0.

14.17. Onpenenurs HMNYJLCHYIO XapaKTEePUCTUKY h,(f) corsa-
CoBaHHOro (GUAbTpa AJsi CHrHada s(f) = A,sinw,f, ecau Ha wuntep-
Basie (0, T) yKaaaslBaeTcsl HEYETHOE YHCJO TMOJYIEPUOJOB.

Apsineyf, 0Lt <<oo,

Omeem: h,(f) =
# o) {0, t<0.

14.18. Haijitu coryiacoBaHHb# GUABTD I/ TPANENEH1adbHOTO BUIEO-

umnysasca (puc. 14.8)

0= ) )

)23 2]

rae ejguHuuHasg yHKOUA

1, ¢£=0
1 t= ’ =\
o (1) { 0, t<0.
Omeem [82]:
. Ko . T—T . TTy
e e ]

hq(?) =£ [t- 1, (t)—(t-- T—;Tl). 1, (t__ T—;x)_
— (=) () e = e ).
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Prc. 14.9. TlapaGonuyeckni BH- S(t)\
JEOHMIYIBC Ab

!
T~y
AT F——— }
| I
-
g T-T; T T+7y 12
2z 77

14.19. Haiitu umnynbCHYi0 XapakTepucTHKY Ho(f) corJacoBau-
HOro ¢QuiabTpa I/ist BHAeocHrHasa s(f), HMMeioiero napabosHuecKyio

tdopmy:
S(t) = { A =@, —T2<E< T2,
0, [¢]>1/2.
Omsem [82]: hy(t) = <[ — 21,6+ Z-t-1,(8) + - (t—)x
0 T2 2 ° 2 0 2
x 1(t— 1) —l-%r(t—r)- 1,(t—1) ] .
14.20. BupeonMnynnc s(f) (puc. 14.9) omucwiBaeTcss ¢yHknuef,
COCTaBJIEHHOH U3 TPeX OTPE3KOB MapaGosi TaKum 006pa3oM, uTO0hl nep-
Basi Ipou3BoaHasa s (f) O6b1a HEMpPEPLIBHOM:

_ 4 e (P!
T(t—1y) = 2 '
4 T\? 1—7 T+T
A1 — PRI I i WP i Y
e e e e
4A T4+T1
f—1)? —
Ty o SI<T,
0, 1<<0, t>n.

OnpepennTh COrJacOBaHHLIH GUILTP IJA TAKOTO HMIYJbCa,
Omeem [82I:

ho(t) = —-24 {%-lo(t)+ —[——;—(t—‘—;—T)x

T(T—n)
_ , 1 1;+ 2 {—1)2
x 1(,(t—T Q“)T—Q—(t——;i) -lo(t —IJLQ-E)]—(?T) 1y(t— T)}.

14.21. Ha sxox ONTHMAJbHOIO JIMHEHHOro (GUALTPA, MAKCHMM3H-
PYIOILEro OTHOWIEH)E CHTHAJ/IIYM Ha BLIXOJE, BO3JEHCTBYET MOJIE3HbIH

. CHrHAI
t, 0<t<a,
s)={2—t a<t<a,
0, t<<0, t =2a
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1 Gedpift MIYM CO CIIEKTPaJbHOH IJIOTHOCTHIO
Sp(®) = N2, — oo << o << oo.

HaiiTi KOMILIEKCHYIO YACTOTHYIO JHo(jo) H HMIYJAbCHYIO Ay(f) Xa-
PAKTEPUCTHKH (UILTPA. :

Omseem:
,95{'0(]'0))= — Ho (l_e—ima)z e—-jmT’
&)2
t—(T—2a), T—2a<t<<T—a,
ho(f) ={ T—¢, T—a<t<T,
0, t<<T—2a, t>T.

14.22. Hapitu curnan s,(f) Ha Beixoge (HJAbTPA, COrJIaCOBAHHOTO
C BXOJAHBIM CHTHAJIOM

sl(t)={ A, 0,
0, t<<0, t>r1,
Omeem:
s(t)—{ KA =T+ 1), T—<t<T,
* — kA2 —T—7y,), T<I<TH Ty
14.23. Ha Bxop JuHefiHoro <¢uAbBTPa BO3AEHCTBYET aAdUTHBHAs
cMecs x(f) = s(f) + n(f), rae
s(t):{ A, 0<i<y,
0, <0, >y

— NPSAMOYTOJBHBIH BHACOMMIYJIBC JJHTEJNBHOCTBIO Ty, A () — cra-
[MOHAPHBIA FayCCOBCKHH HWIYM CO CIIEKTPaJbHOH IJIOTHOCTHIO

Sq(w) = 2aa/(a® + 0?), — o0 << @ < oo.
HafiTi KOMILIEKCHYIO YaCTOTHYIO XapaKTePUCTHKY I o(jw) dpuib-
Tpa, MAKCHMM3HDYIOWIErO BBIXOJHOE OTHOLIEHHE CHIHAJI/IIYM.
Omeem [82]: ,(jo) = H,[(a2/jo) —jo] (1—e %),
14.24. Pemnth 3agauy 14.23 pna cayyad npuema IpAMOYIoJib-

HOrO BM€OMMITyJIbca Ha (pOoHE CTAIlMOHAPHOTO mIymMa CO CINEKTPaJbHOM
MJIOTHOCTHIO

Su(0) = 200%(@* + 0¥), 0< o< .

. A o? —
0 82]: % =—°-[1— ] | — e~ 0%,
meem [82]: % ,(jo) o o ( )

14.25. HafiTH KoMOJNEKCHYIO YacTOTHYIO J7y(jw) H HMITYJILCHYIO

ho(f) XapaKTEPHCTHKH ONTHMAJbHOTO (UILTPA, MAKCHMHSHPYIOMETO
OTHOLIEHHE CHTHAJ/IYM Ha BHIXOAE€, €CJIM Ha BXOA (QUJIbTPA INOCTynaer
aqIMTHBHAS CMECh CTAaTHCTHYECKH HE3aBHCUMBIX CHIHaJa

s (f) = Aexp(— %/40?)
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Puc. 14.10. TTocaenoBaTeAbHOCTD s
NPAMOYTOJbHLEIX ~ BHIEOHMIYJb- A -
(]

N fiEn

H UIyMa CO CHEKTPaNbHOH MJOTHOCTLIO

Sn(0) = Neexp (— fPo?),

3

npuuem f & o.
Omeem:

Hofjo) = #y expl— (@2 — pAo? — joTl,

14.26. OnpeneauTb KOMIJIEKCHYIO YacTOTHYIO XapaKTEPUCTHKY
H o(jo) ONTHMAJBHOTO JHHEHHOro (HAbTPa, 06eClNEeUYHBAIONIEr0 MaK-
CHMaJIbHO BO3MOXKHOE OTHOIIEHHE CHrHaJ/UIyM Ha BbIXOA€, €CJAH Ha
BX0j (UJAbTpa NOCTYNAeT aiAMTHBHAs CMECh CTATHCTHYECKH HE3aBHCH-
MBIX TOJIE3HOTO CHrHAJA B BHAE NMOCJI€10BaTeNbHOCTH U3 M NIPSAMOYTOJb-
HBIX BHAeouMmnyJabcoB (puc. 14.10) u Genoro myma Co CneKTpaabHOH
MJIOTHOCTbIO

ho(t) = %,

Sn(@) = No/2, — o0 < o< oo.

Omeem:
jomTy

97{'0 1—e
jo l—emT“

K ofjo) = (e —1)e—ioT,

14.27. HaiiTu KOMIJEKCHYIO YAaCTOTHVIO XapaKTepHCTHKY K (fw)
COTJIaCOBAHHOTO (PHJABTPA, MAKCHMH3HP VIOLLErO OTHOLIEHHE CHTHAJ/LUIYM,
€CJIM B KauecTBe MOJIE3HOI0 CUCHAJa MPUHATH PajHOJOKAnHOHHEIH CHI-
HaJl, NPEICTaBAAOMME COOOH NakeT (1auKy) U3 m HRAMOYTOJbHEIX UM-

. NyJbCOB, aMIVIATYja KOTOPHIX H3MEHsIETCs B COOTBETCTBHM C (popmMo#t

auarpammbl Hanpasiennoctn PJIC (puc. 14.11).

As@ e
Q‘,}A )
\\& A
A v
Y z'”
Puc. 14.11. Tlocneaopa- | @y4 T /cz,,.,A
TeNbHOCTh  BHACOHMMOYJb- Av < -y
. COB, MOAYJAHPOBAHHHIX MO ”
AMILIMTYAE -
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Omsem:

p A joT jo(m—1)T ; :
xo(]®)=i—£[a1—l—a2e"" T oy, @/ D) (/0% [) e—foT,
14.28. Onpenesurs MaKCHMAJbHOC 3HAUEHUE OTHOLNEHUS CHUI-

HaJ/uIyM Ha BBIXOJE YCTPOHCTBa, M306paxKeHHOro Ha puc. 14.12, npu
BO3JEACTBHU HA HEro ajAMTHBHOH CMECH CTATHCTMYECKU HE3aBHUCUMBIX
6esioro mymMa n(f) co CNEKTPaJbHON MJIOTHOCTHIO

Su(0) = Nof2, — o0 < @ < oo,

W curHaja s(f), umeromero Buj u3obpaxKeHHoi Ha puc. 14.13 nocrepo-
BATEJIbHOCTH 3JIEMEHTAPHBIX (Ha30MaHHUIYJIMPOBAHHLIX MPSIMOYTOJbHBIX
BHJICOUMINYJIbCOB C PABHBIMU aMIJIMTYAAMH A M IJIUTEJIBHOCTSMU Ty

s(t) = Ally(f) — 2-1o(f — 3ty) + 2-14(¢t — 4vy) —
— L4t — BTyl

BuixoiHOf uJIBTP COrJIacOBAaH C 3JIEMEHTAPHLIM HMOYJbCOM M HMEET
AMOYJILCHYIO XapPaKTEPHUCTHKY

A(ry—t), 0ty
ho(t) =
0 Ipu Apyrux t.

Omeem: a=[syuy (O)max/Osax =V 2E[Ng,

rie E = 5A%,; — nosHas 3Heprus CUreaja.

14.29. Ha Bxon junefiHoro ¢pusbTpa, usobpaxentoro Ha puc. 14.14,
MOJA€TCsT afJMTHBHAs CMECh CTATUCTUUECKH HE3aBHCHUMbIX CTAlMOHAp-
HOIO raycCoBCKOro 6esioro myma M curtana s(t), NpeacTaBJSIOEro
cobofl NATh CJACAYIOIHUX APYr 32 APYIOM 3JEMEHTAPHBIX NPAMOYIOJib-
HBIX UMOVJIBCOB C DABHBIMH aMIVIUTyAaMH A U AJUTEJBLHOCTAMH Ty
(puc. 14.15). OTBoABI OT JIMHUM 33J€PKKH COOTBETCTBYIOT BPEMEHHLIM
3alIePIKKaM fyn = 0,414, 515, 9Ty, 10T, u 14v,. Brixomsoir ¢usbrp
COIrJIaCcOBaH € 3JEMEHTAPHbIM MMIYJbCOM (CM. 3amauy 14.28).

OnpenennTb MaKCHMa/bHOE 3HAYEHHE OTHOWIEHMs CUIHAJI/LIYM Ha
BEIXOJC GHUIbTpA.

&) +nt) — sy
# T j A’” r
7 rn
. <
; Oorxod d o ¥
z Dunsmp| .

Puc. 14.13, TlocneaosaTeabHOCTH
GHOONAPHBIX IPSIMOYTOJBHBIX
BHAEOUMIYJIBLCOR

Puc. 14.12. CornacoBasHblii QUABTP
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S@)+n(4) ;
' 4Ty
1 1 1 1
x(~2) x3 e o »3 x(-2)
Y Y Y Y Beorxod
b Puntmp ——>

Puc. 14.14. HeonTumanbHbii GHILTP

g = [soux (t)lmale/ 36 2B,
Oprix 928 N,
rae E, = A?t, — 5HEPTHsi 3JEMEHTAPHOTO UMITYJIbCA.

14.30. Ha Bxoj olMHOYHOrO KOJ€6aTEJBHOro KOHTYpPa C KOMILIEKC-
HOHM YaCTOTHOH XapaKTepPUCTHKOH

K(jo) = 200/[200 + j(0* — ©f)]

Omeem:

BO3EiCTBYeT ajauTuBHas cMech x(f) = s(f) + n(f), rne n(f) —
CTAIMOHAPHBI TayCCOBCKHil Gesblii 1mym; s(f) — CTATUCTHYECKH He-
3aBUCHMBIHl OT HIyMa OPAMOYTOJIBHBIH PaJHOHUMITYJIBC JVTHTEILHOCTHIO
Ty, HECYIIAsi YACTOTA KOTOPOT'O COBNAaeT C PE30HAHCHON YaCTOTOH KOH-
TYpa .

OnpejieMTs ONTUMANBHOE 3HAUEHHE M0JIOCH MNpolycKanus Afgpg
KOHTYpa, NpPH KOTOPOM BBIXOJHOE OTHOUIEHHE CUTHAJ/YM AOCTUraeT
MaKcuMyMa. _

Omsem: Afopt = 0,4/Ty, @max = 0,9V¢,
rae Af — nosoca mponyckanusi Ha ypoeue 0,5 mo mommpoctd; ¢ =
= 2F/N, — BXOJHO€ OTHOLIEHHE CHUTHAJ/IIYM.

14.31. Pemuts sanauy 14.30 ang caydas BO3JAECHCTBUS aiJMTUBHOH
cMecH MpPAMOYTONBHOTO PaAHOMMIYJbca M GEJIOro IyMa Ha MJeasbHbIA
GUIBTP ¢ IPAMOYrOJBHONH aMIMTYNHO-YACTOTHON U HYJEBOH (a30BOH
XapaKTePHUCTUKAMH:

K,

0

—0,—Aw/2 <m<—mo:l—Am/2,
H(jo)={ x,, w0, —Aw/2 < 0 < 0+ Ao/2,
0 HOpH APYTHX O.

Omsem: Afopy = 1,37/Ta, Ggax = 0,91Vq.

S

Tn

Puc. 14.15. TocnepoBaTenbHOCTh NpHMEIKAIO- . /7 57y £
HX OPAMOYrOJbHBIX BHAEOHMIYJ/IBCOB
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14.32. Pemnts 3amauy 14.30 mis coiyuas BO3AEHCTBHS affHTHBHOLN
CM€CH TPSAMOYTOJBHOTO PafHOMMMNYJbCa M CeJOro mymMa Ha rayccos-
CKHH UIBTP ¢ KOMIJEKCHOH 4YacTOTHOM XapaKTepUCTHKOH

K (joy = H yexp [— 1,4 (—%)2——ij] .

Omeem: Afopy = 0,72/t4, amax = 0,94} q.
14.33. BbIYHCIHTD MAKCHMaJIbHOE 3HAUEHHE OTHOILCHHU S CHrHaJ1/1IyM
Ha BBIXOfle QHJBTPA C NPAMOYTOJIBHOLN AMIUIMTYIHO-4aCTOTHOH Xapak-
TEPUCTHKOR
Hoy — 09 —Aw/2 <o —wy +Aw/2,
Z(j0)=15,, 0g—A0/2 <0< oo+ Ao/2,
0 mpu gpyrux e,

npu BO3JeHCTBHH Ha €ro BXOA afIHTUBHOH CMECH CTAaTHCTHUYECKH He3a-
BUCHMBIX 0eJIoro myMa HU TraycCoOBCKOro pajgunouMnyJieca

s(t) = Aexpl— 2,8 (t/t,)? + jo,tl.
OrpenieuTh ONTHMAJIBHOE 3HauYeHHe IOJOCH TPONYCKAHUS ¢uaBTpa.

Omsem: Afops = 0,72/t amaz = 0,94)q.

14.34. Pewnts 3agauy 14.33 s cayuas BO3JeHCTBHS afAHTHBHOM
CMecH GeJIOro 1IyMa M rayCCOBCKOrO PajHOMMIYJIbCA HA ayCCOBCKHI
$UIBTD.

Omsem: Afopy = 0,63/, amax =V q.

14.35. Ha Bxox ¢uibTpa, coryacOBaHHOTO ¢ IIPAMOYTOJILHBIM pagHo-
HMITYJIbCOM  S(f) JJIUTEJBHOCTBIO Ty

s(t) = Apcosoet, 0<<t< 1y,

(Am, ©¢ ¥ T, — TOCTOSIHHBIE BEJHUHMHEI), BO3JEHCTBYET aJiUTHBHAs
MECh CTaTH CTHUECKH HE3aBHCHMBIX CHrHasa s(f) U CTalMOHapHOro Ge-
Joro myma n(t).

OnpenenuTs oTHOmeEHHe CHrHAJ/WyM a(t) = erax(£)/Oagig (), THE
CUpyx(f) — orubatomas cursana Ha Bpixoge (HJIBTpa, Opux(t) —
Cpefitiee KBaJpaTHYECKOe 3HaueHHe BBIXOJHOTO IIyMa, B KOHIE HMIYJib-
ca (t = 1y4) A8 CJIEIVIOIHX CJYYAEB: ,

1) curnan s(¢) ¥ wym n(f) HauMHAIOT BO3AEHCTBOBATH HA ¢dunpTp
OIHOBPEMEHHO C MOMeHTa ¢ = ( (c/ydalf TOYHOTO BPeMEHHOTO CTPOGH-
POBaHHs1 HMIY/IECHOTO CATHAJIA, IPHHAMAEMOTO Ha ¢oHe 6esoro uymay;

2) mym n(f) HauMHAeT BO3JEfiCTBOBATH HA GUABTP C HEKOTOpHIM
onepexkeHHeM Af 1O OTHOWIEHHMIO K CHTHany s(f);

3) wym n(t) BO3KEACTBYeT HAa PUABTP C MOMEHTA f—> — 00, @ CHI-
Han s(t) — c MoMmeHTa ¢ = 0 (caywaf OTCYTCTBHS BpPeMeHHCTo CTpoGu-
poBauus).

Omgem: 1) a(vy) =V'q, 2) a(vy) = Vg, 3) a(ty) = V7. 3necs |

g = 2E/Ny, E = Ajt,/2.
14.36. Ha Bxon ko/e6aTeqbHOTO KOHTYpa C KOMINIEKCHOH YacTOT-
HOH XapaKTepHUCTHKOM

% (jo) = 200/200 + j (0® — of)]
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BO3NefCTBYeT aJNMTHBHAS CMECh CTaTHCTHYECKH HE3aBHCHMBIX MpsMO-
yroJbHOTO pajuHouMnyfibca S(f) AMHTENBHOCTBIO Ty H CTALHOHAPHOIO
6enoro myma n(t).

OrnipenesuTh OTHOIIEHHE CHTHAJ/LIYM a(T,) B KOHLE HMIYJbCa AJis
cJydaeB, yKasaHHBIX B 3ajaue 14.35. Jlas cayyasi OTCYTCTBHS BpeMeEH-
HOTO CTPOGHPOBAHHUS ONpEJEJHTh ONTHMAJbHOE 3HaUeHHe MOJIOCH! Mpo-
nyckausi Af,pt, TpH KOTOPOH a(Ty) = Gmax-

Omeem:

) a(e) =V7 |/

T2 l—exp(—nAfty)
nAfta Y T—exp (2nATw)

_ 3 1 —exp (—nAfrm)
2) a(t)=Vyg l/nAfm V 1—exp [20Af ( + Af)]

3) a(Tn)=Vq_l/ 2 [1—exp (—nAfry)l, Afopt = (l—’:

nAfty

Ipaduru ¢pysruuu a(ty) = f(Afty, AfAl) NpUBEJIEHb HA PHC. 14.16.
14.37. Pewntr 3agauy 14.36 pas caydass BoO3jeHCTBHsA aJIUTHB-
HOH cMecd cHraaga s(f) 1 6es1oro myMa Ha HeaJIbHEfl TOJIOCOBOH QHIBTD
C KOMILIEKCHOH YaCTOTHOH XapaKTepPHUCTHKOM
“7{07 '—'('00_'_A(’~)/2 <(1) < — Wy +A(0/2 s
H(jo) ={%,, 0y— A0/2 <0< 0o+ Aw/2,
0  npHu apyrux .

Omeem.
— 2 Si(nA fry/2)
1) a (Tn) = Vq =

V 2nAfry ‘/ Si(nAft) — A [T /2

rae
z

Si(z) _ 5‘ sinxx dx -

0

~ MIHTErpaJibHBIil CHHYC;

2) a(v,) =
—V7 2 Si(nAfry/2)
I . W SIn® (RAf (ta/2 - AD)]
V 2nAfty I/ Sl[fmAf( 2 + )] — 2AT (a2 A1)
: -V 2 . [ Aty _ 137
3 alw) =V =51 (B2, Aope = 221

I'padmukn dynxunn a(t,) = f(Afta, AfAt) npeacrabnens na puc. 14.17.
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&(zy) 2(zy)
7 7 A
nyeid _
’8/%#.4#:0 — 48 /k/[m,‘t:g
5,95 47
45’ 3 g6 ’
-0 / S oo
G4 a4
42 42

7 g7 44 06 48 4fr, 0 55 46 49 1ld47m

Puc. 14.16. OTHOWEHME cmrHat/wyM Ha  Puc, 14.17. Otuollende curHan/myM Ha
BBIXOjJ€ KOJeGaTe sHOIO KOHTYpa BBIXOJC mIeaJbHOro GmibTpa

14.38. Pemutsn 3ajlauy 14.36 nnis cayyas BO3ZEfCTBHS alNMTHBHON
CMECH CHTHaja s(f) u Gesloro myma Ha QUIBTP C KOMILJIEKCHOH 4acToT-
HOH XapaKTepHCTHKOH

=5 [~ 552 o e (222

Omeem:
) a(ty) =Vq 2%_55 [q;( 2:/2— >__;-] [(D(_;-)_—;—]_”Q;
) aw =17 [0 )] [o(++
3) a(w)=V7 Qﬁ [o(z7 )
S Y f
V0,347 Tn

3nauenus a(t,) npuBeneHsl Ha puc. 14.18.
14.39. Ha Bxon ¢unbTpa, COIJIacOBAHHOTO C NPSIMOYTONBHEIM pa-
AMOUMNYJIBCOM So(f) AMHTEIBHOCTBIO Ty

5o(f) = Apcosayt, 0t Ty,
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Puc. 14.18. OTHOWweHne curnaa/myM Ha 2(ty)
BBIXOJle TayCCOBCKOTO (uibTpa '

g5 47 18 2,4 47z,

(4,,, @, U T, — NOCTOSIHHBIE BEJIHYUHHBI), BO3JEHCTBYET aliuTHBHAas
cMech x(f) = s,(¢) + n(t), roe n(f) — cTaunoHapHBIH Geablfi myM,
$4(#).— CTaTHCTHYECKH HE3aBHCHUMBI OT LIYMa NMPSMOYTOJbHBL PagHO-
HUMIYJBC JJIHTETBHOCTBIO Tyt

51(1) = Apcosoqt, 0<<t<C Ty,

4acToTa KOTOPOro @; OTJHYHA OT YacTOTHl CHTHANA So(f)(J@; — o =
= A(l)p << (1)0).

Ornpenenute OTHOWEHHe CHTHAJ/IyM a(f) Ha BpIXOAE (HJILTPA B
KOHUE HMNYJIbCa $,(1).

atzy)
i
T~ | sin(a0,/2)
~\42p/2
\(P
48 Y
\\
N @ty = 2,57
N
46 N 2,2
7,88
1,57
a4 N 7,26
\
N
Prc. 14.19. 3aBuce- a2 \
MOCTb OTHOIUeHusi % N
CHUTHAJ/IIYM Ha BHIXO- N
ne COr1acoBamHOr0 AN
¢uabTpa ®  KoJeGa- S
TeJBHOTO KOHTYpa OT /7 o225 ) a5 a75 40
06061eHHOH pacct- ’ 4 ’ bl 24
poilka r
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Omeem [93]:

— sin (AQp/2)
a(t,) = — P AQ = Aw,T,.
() =V 250 2, = BoyT,

Tpaduk ¢ynkuuu a(t,)/) g = f(AQ,) npexcrapnen ma puc. 14.19
(LUTpUXOBas JIHHUSA).

14.40. Ha Bxopn Kosie6aTe1bHOrO KOHTYpa € KOMIJIEKCHO# 4aCTOTHOH
XapaKTEePUCTHKOH

H(jo) = #200/200 + j(0* — of)]

BO3JefCTByeT aiguTHBHasi cMech x(f) = s,(¢f) + n(¢), rme n(t) —
CTayHOHAPHEIH O€JBI MIyM,

5;(t) = Apcosont, 0 <L 1y

— CTaTHCTHYECKH HE3aBHCHMBIH OT IIyMa NPSMOYTOJBHBIH PajHOHM-
NYJIbC QJIMTEIBHOCTBIO Ty, YaCTOTa KOTOPOrO ®; OTJIHYHA OT PE30HAHC-
HOMt 4acToTel KOHTYPa (Jw; — wol = Awy K 0,).

Onpene/uTd OTHOLIEHHe CHrHAJ/wyM a(f) HA BBIXOJE KOHTYpa B
KOHIE HUMNyJbca $,(f).

Omesem [93!:

_ -_— __9a—0QT, AQ +e—20ﬂn
aT)—-Vq 1/20“, 1—2e %' cos AQp .
( " " (“711)2+AQ%

3navenus ynkuun  a(t,)V q = f(AQ,, oty) NpHBeeHH Ha
puc. 14.19.

ary)

~<_ |5in@2,/2)

\\\ 40,/7
78— Adwry=7721
2 B -,

] 15,06
12,97
125 /10,76

\ 8,60
AN
a4 A

4,2
\\ \ .
\ Puc. 14.20. 3asucu-
\ MOCTb OTHOILUEHHS CHI-
” Hal/llyM Ha BBIXOJE
425 4,5 475 49,  wreamsuoro  GuabTpa
573 or 0GoOleHHOR pac-
CTPOHKH

Puc. 14.21. 3abucu- a(vy)
MOCTb OTHOUIEHHA CHI- g
HaJ/luyM Ha BHIXOJE

raycc%scxoro duabTpa \\\J»sin(dflp/Z)
or o06o06LIeHHOH pac- ~10./7
CTpOfiKN Q A2, /2
48 o fty=7,68
/ /i
15,76
46 4,80
3,84
44 ™ \\
\
42 \\ AN
AN
AN
\
g 425 a5 575 A%y,
- 2m

14.41. Pemmts 3amauy 14.40 B cJIyuae BOSJCHCTBHA CYMMbI x(t)
Ha GUIBTP C KOMIJIEKCHOH YaCTOTHOH XapaKTePHCTHKOM

Koy —0—A0/2 Lo —oy +An/2,
K (jo) =12,, w,—r0/2<L 0 <m0 +Aw/2,
0 npu mpyrux o.
Omeem [93]:

a(t,) _Vq l// 2 Si (Aoty/2+ AQp/2) +Si (AwT,/2 — AQD/Q)
VA,

paqwlxxn dynkunn  a(ty)/) g = f(AQ,, Awt,) npeacTaBJeHsl Ha
puc. 14.20.

14.42, Pemnts 3agauy 14.40 pas cJ1yuasi BO3JEACTBUSA CYMMBL X ®

¥  uwa ¢uinTp C KOMIICKCHOH 9YaCTOTHOH XapaKTepUCTHKOM

F(jo) = H, { exp [’_E—ﬁ%] +exp [— —(—m%)—"-)z—]}

Omeem [93]:
e 172 2 2
ar)=Vg 14//_%]/(37,14 S exp (— 541“ x?
0

Tpaduku odyskumn  a(t,)/V g = f(AQy, Br,) upeicTaBieHs! Ha
puc. 14.21.

) cos (AQpx) dx.
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15. OBHAPY)XEHHUE U PA3JIMUYEHHE CHUTHAJIOB

1. TEOPETHYECKHE CBELEHHSA

[lpu paccMOTpeHHH IOMEXOYCTOHYMBOCTH pPAasAHYHLIX PaIHOTeXHHAYECKHUX
cucTeM cjeiyeT pasJHuaTb JBe IpyNnsl 3ajad.

1. 3agaHbl cTaTHCTHYECKHE XAPAaKTePUCTHKH CHTHAJOB H TNOMeX U CTPYK-
TypHas cXema NpHeMHOro ycrpoiictsa. TpebGyercs onpeleluTb KOJNUYeCTBEHHBIE
XapaKTepUCTHKH NOMEXOYCTOMYMBOCTH NIPHEMa NAHHBIX CHTHAJOB NAHHEIM MpHEM-
HHKOM.

9. 3apaHpl CTATHCTHYECKHE XAaPAaKTEDUCTHKH CHTHAJOB M NIOMEX U XapakKTrep
ux B3auMopeiicTBusi. TpebyeTcs OnmpemeNuTb CTPYKTYPY YCTPOicTBa, OCymecT-
BJASIOLIET0 ONTHMAJBHYIO, 110 ONpeAeIeHHOMY KPHTepuio, 06paboTKy CMecH CHI-
Haja ¥ IIyMa, ¥ BEIYUCIHTH COOTBETCTBYIOLME KOJHYeCTBEHHBIE XaPaKTePUCTUKH
NIOMeXOyCTOHYMBOCTH ONTHMAJbHOTO NPHEMa NaHHEIX CHIHAJOB.

3aja4u NMepBOi FPYNIH IO CYLW(ECTBY CBOAATCA K aHANUSY BO3AEHCTBHA HA
JaHHOE pagHOTeXHHYecKoe yCTPOfcTBO 3alaHHON cMecd cHrraia ¥ wyma. Ko-
HEYHOH 1eJNbi0 aHaJd3a SBJAETCH BHIYHCJIEHHEe CTATHCTHYECKHX XapaKTePUCTUK
clyuafHEIX MPOLECCOB HA BEIXOJE NMPHEMHHKA, HEOGXOAUMEIX V1A MOCAENYIOUWLErO
onpeneneHus TPeOyeMbiX KOJMIECTBEHHEX XapaKTePUCTHK NMOMEXOYCTOMYHBOCTH.
3ajgauu 3TOH rPyNNBl PelaTCs PACCMOTPeHHBIMH B NIPEABAYIMHEX raBaX MeToaa-
MH aHajM3a BO3AeHCTBHA CJAYHajiHBIX IPONECCOB HA JUHeHHBe H HelUueiiHble
3BeHbsl PAJUOTEXHUYECKHX YCTPOHCTB.

Jlna peleHus 3aja4 BTOPOR IPyNNe HeOGXOAMMO HCIOJAB30BATh amnapar
TeOpHH cTaTHcTHYecKMX pewennit [1, 27, 94—98].

[NpeanonoxuM, 4TO Ha BXOJ NPHEMHOrO YCTPOHCTBA NOCTYMaeT cMech CHI-
Hajla u mmyMa

x(8) = Fls@®), £, (15.1)

rae s(f) — nonesnwdr curnan; E(f) — nomexa. ®ymkuua F[s, E], 1. e. xapak-
Tep B3aUMOJEACTBUS CHTH{JA H NOMeXH, 4 TaKXKe CTATHCTHYECKHE XapaxTepH-
cTukd wyma E(f) u cureana s(f) npeanosararoTcsi H3BeCTHBHIMH.
[IpuMeHHTENBHO K CAy4aio PasiuueHds m CHTHANOB, NPUHEMAaeMbIX Ha doHe
noMex, Bxoaauuil B (15.1) caruas s(f) MOXXHO NpPeACTaBUTb B BHIAE CYMMBI

m
s =s(t, M) = > Msi (£, 10,18, ... 1), (15.2)

=1
rae A; — napamerp, onpefeldioWnil, Kakoil U3 curHanos s;(f) = si(4, ly’,
lz‘,", ceey l,(;)) NPHCYTCTBYET HA BXOje NpHeMHHKa B NaHHBII MOMEHT BPEeMEHH;
lg) — napametp currana s;(f),v= 1, 2, ..., k. Ilapamerp A; npencrasiseT co-

60t cayuafiHyi0 BeJUYHHY, NPUHUMAIOI(YIO HA HHTepBale nabawoaenns - (0, T)
3HaueHAA A; = Ajo= 0 Jaubo A; = Ay = 1, npuuem ecaum A; = An=1,
TO BCe OCTaJbHBIe BXOHAmHe B (15.2) MapaMeTpu A; ¢ HHAEKCOM j == { paBHH HY-
mo: Aj = Ajo = 0. [IpueMHHK, OCYIIECTBIAMOWAMA pa3NHIeHHE M CUTHATOB, A0JI-
KeH ONpefeduTh, KaKoi W3 KO3hhHuHeHTOB A; paBeH eiUHHI, T. €. KAKOH U3
CHrHaJlOB s;(f) TMpuUCyTCTByeT B NPHHATOM KoaeGaHuH x(f).

B nanbHefueM OrpaHAYUMCs PACCMOTPeHHEM JIUIIb CIy4as pasinieHus AByX
CHIHANOB §,(f) ¥ Sy(f), NpuHUMaeMbiX Ha ¢oHe noMex. IIpu aToM curuan (15.2)
MoxeT GHITb NpeACTaBJeH B BHAE

s(t)=s(t, M =Asy(t, 1, 41, ..., )+ (1—4) sa(t, 142, 1§D, 1Y),
(15.3)

3pech A — nmapamertp, cilydaiHpft 06pa3oM NPUHAMAWOWIEA IBA 3HAYEHUA: A=
= A; = |, 4TO COOTBETCTBYeT HaNMYHiO B NPHHATOH pealusandu x(f) curnania
5, (f), uta A = Ay = 0, Korga B peanu3auuy x(f) OPUCYTCTBYET CHIHAJ S,(8).
Ilpencrapienue curuafa s(f) B dopme (15.3) xapakTepHO AJIA PasIHYHEIX CHCTEM
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flepenauy ABOMYHOK MHGOPMAauMu, MUPOKO HCHOAb3yeMBIX B CBSI3H, TeleMeTpPUH,
TeJeynpaBJeHHH H T. I. :
IlpuMeHHUTENBHO K cy4ao 0OHApyXKeHHs cHrHAJ s(f) npeAcraBJisercd B BHAE

s(f) = s(t, A) = Asy(t, Iy, gy ooer In). (15.4)

3HaueHue napamerpa A = Ay = ] COOTBeTCTByeT HAJHYKMI HA BXoAe NPHEMHHKA
cMecH cHTHaJaa d wyMa, A = Ay = 0 03Ha4aeT, YTO HA BXONe NPHEMHUKA HMeeT-
cA TONbKO ImyM. IIpMeMHHK, NpejHasHa4YeHHLIH AJA OOHApyXXEeHHS CHTHAJOB,
ompejelsieT, KakKoe 3HaYeHHe HA JaHHOM HHTepBasle HaGawoaenus (0, T) umeer
napaMeTp A, T. e. IPEACTABJAAET JX NPUHUMaeMoe KojueGaHue x(f) TOJbKO WYM HIH
cMech CHMrHajna ¥ LyMa.

B COOTBETCTBHM C TeOpHel CTAaTUCTHYECKHUX pelieHHH NpPHHATHE THIOTE3H
A = Ay uau A = A, JOJKHO OCHOBBIBATbCA HA pPe3yJbTaTax aHaJH3a OTHOLIEHHS
npasaonoaobus. Ilpu auckperHoi o6paboTke pealu3anul 3TO OTHOIIEHHE HMeeT
BHA

Alx (Dl =palxa, Xz, -+, Xn | M)/pn(%, X2, -, Xp | Ao, (15.5)

rae P (%y, X2, ---s Xn | M) 4 P (%g, X2, .-, Xnlhg) — n-MepHBHIE NMIOTHOCTH pacmpe-
JeJleHHs1 BepOsATHOCTell BHIGOPOK xp = x(fg) Tnpouecca x(f) COOTBeTCTBEHHO NpPH
runotesax A = Ay ¥ A = A, PaccmaTpupaeMas Kak ¢GyHKRuus napamerpa A,
yCJIOBHAA NJOTHOCTb pacnpeleseHdsi BePOATHOCTeN pn(%y, Xgy ..., Xn | A) obo3ua-
yaeTcad 4epe3 L(A) u Ha3smBaerca (yHKuueir npasmonoiodus.

5 B cayuae HenpephslBHOI 06paGOTKR pealu3allid x (£) OTHOLIEHHe NPABAONO-
no6us

Alx(®)] = Flx (8) | MV Flx(d) | Al, (15.6)

rae
Fix(t)| A}= lim pp(xy, %3, -+, X¥n|A) (15.7)
n=>» oo
A0

— TaK HasbplBaeMblit GYHKIHOHAJ [JOTHOCTH pacnpejeledss BeposTHOCTeH.
3necb A = f{p4y — lg — BpeMeHHOH HHTEePBaJ MeXIy COCeJHHMH BLIGODKAMH
xp = X(tp, M) ¥ xpy1 = x(fp+1, A). PaccMmatpuBaeMullt Kak @YHKOHA OT
napaMetrpa A, OH HaspBaeTcsl (PYHKIMOHAJOM Npasjaonoxobus H obo3uauaercs
yepes F(A).

CaepyeT OTMeTHTb, 4YTO KOHEYHBIH np2ues, onpelesseMblil COOTHOIIEGHHEM
(15.7), He cymecTByeT. MoxHo nokasartb [96], 4To B NpaByl 4acTh paBeHCTBA
(15.7) BXOOUT MHOXHUTeNb k = k(A), He 3aBHUCAIHNA OT BHIOOPKH Xy, Xg, ---) Xn,»
HO 3aBUcAWM OT A Tak, 4To npu A = 0 & - oo. OfHAKO B pe3yJbTaTe TOro, 4TO
HeonpeleJeHHbIl MHOXKHUTeJAb k2 He 3aBHCHT OT X, Xs, ..., Xp, HMEeTcqd BO3MOXK-
HOCTb BHIUHCJHTh KOHEUHHE npenesa ortHowenusa (15.5):

lim _Pn (¥ %20 oo, nlh) _ Flx® bl (15.8)
Z""(‘; Pn (xlv X, ...,xnllo) F[x(t)IA'O]
Haub6onee npocro ¢yHkuud npasaononobus pn(xy, Xz, ..., xp|A) = L (A)

BHYHCJIATCA B TOM cJay4ae, KOraa x(f) npeacrasiseT cofol aiidTHBHYIO cMech
curHana s(¢, A), 3aBUCAILYIO TOJbKO OT OJHOTrO CAy4aiiHOro napaMerpa A, u myma

E(2):
x(f) = s(t, &) + E(p). (15.9)
B sToM caydae [96]
P (%, X5y -y Xl M) =LA) =ppelta—s1 (A), xa—55(A), ..., xn—sn (W)],
(15.10)
rae png(gl, Es ..., En) — n-MepHas [JIOTHOCTb DaclpefeleHus BepoATHOCTel

wyMa E (¢); xp = x (t); sp (A) = s (fx, A). Uepexoms B (15.10) x npeleny npu
A = tpyy — tp — 0, noayuaem

Flx(®IM=F @) =Flx@® —s M (15.11)
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B 6osee obieM cayuae noje3Hbiil CHIHAJ MOMET 3aBHCETh He TOJbKO OT Na-
pameTpa A, HA3LIBAEMOTO CYILIECTBEHHLIM, HO H OT PAAd HeCYLECTBEHHBIX cayuat-
HBIX 1APAMETPOB Ly, Ly, ..., {p. [IPH 3THX YCAOBAAX M (YHKIHOHAJ MJIOTHOCTH pac-
npenejeHus BeposaTHOCTEH FE[x(t) — s(t, A, Iy, Iy -y Ir)] okasbiBaeTcs 3aBH-
CALEM OT HeCylleCTBeHHEBIX Cy4ailHblX 1apaMeTpoB H NJI71 OnpeleseH s QpyHKIHO-
nana npasgonogo6us Flx (f) [A] Tpebyercs ero ycpentenne IO HeCYECTBEHHHIM
napamerpam:

o0 o0
Flx(ty (M=FM = | ... | Fle)—s(t, h, by lgy -, B)IX
-0 —o00
X pu(lys lo, -+, Ip)dlhdly. .. diy. (15.11a)
3necs pr(ly, lg, --+» Ir) — COBMECTHAS NJOTHOCTL paclpejeeHusd BeposiTHoCTeH
HECYILECTBeHHBIX NapaMeTpoB Iy, Iy, ..., In.

Ecau E(f) npeacrasasier cobofl rayccoBCKuit cayyaithblii mpouect ¢ HyIeBLM
MaTeMaTHYeCKHM OxupaHueM my(f) =0 1 KOppelaunoHHOH (byHKuHeﬁ,Rg(tl, ty)=

= M{[&(t) — me(t)E (L) — mg(tg)]}, TO ero n-MepHas IJIOTHOCTb paclpeneJfe-
HHA BepoATHOCTEH onpegenseTcs GOpMyJOH
' 1
y Egy o0y = —— X
P €1 &g En) 6102 ..oV O

n n
1 €n &y
’ exp | — o Oyw 5 o ) (15.12)
( 2 p,zl vgl w v
3aech 0& =ocf (=M {§2(tu)} — m§ (¢,) — mucnepcus cay4aiHol BeIMUHHEL
&, = E(t)s
1 ryg --- I
a1 o ran
ni I'ng 1

—OnpeAeNuTeNb n-TO NOPAIKA, COCTABIEHHLIH U3 HOPMUDPOBAHHHIX B3AUMHDBIX KOp-
penAnmoHHHX QyHkumi ry, = r(t,, ) = Rg (1, tv)/cuov; I,y — anrebpau-
yecKoe JONOJHEHHE 3JIEMEHTA r) , OTpEfeauTe N IL. Ilepexons B (15.12) x npeneny
npu A = fp4y — fp - 0, MoAyuaeM Ciefyioulee BblpaXKeHHe L4 ¢dhyHKIHOHANA
NVIOTHOCTH pacrpefeeHus BepoATHOCTe! rayccoBCKOro cayyaiHoro mpouecca

&)

TT
1
Fy[E(h)] =k exp [—--2— S j E(1)E(L)0(t 1, tz)dtldtv,], (15.13)
00 A
rae O(fy, t,) onpenensercd HHTerpajJbHbHM YypaBHEHUEM
T
[ Ryltr, 1B(x, t,) dr=0(t;—11) . (15.14)
0
Unoraa yuobuo mpeobpasosats (15.13), BBens ¢yHKuHIO
T
o(ty = Et)8(, t)dts - (15.14a)
0
IIpu 3TOM NOJYYHM
T
1
FelE(H)] = K exp [——Q‘Y g(t)cp(t)dt], (15.13a)
0
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rae dyuknusa @ (¢), kak ato caeayer u3 (15.14) u (15.14a), ynoBaeTBOpsAET HHTe-
rpanbHoMy ypaBHenuio @PpearoibMa NepBOTO POAa:

T
{ Re(t, Dgp(rydr=t(1), 0<t<T. (15.146)
0

MpeanonoxumM, uro E(f) npencrabiaser co60H rayCCOBCKUR Oesbll IyM C HY-
JeBBIM MaTeMaTHYeCKHM OXHJaHHeM mg(t) = 0 ¥ KOppeJsiuHOHHOH OyHKIHeH

Re(ti, ta) = M{E(®) E(ta)} = (No/2)8(ta — 1y). (15.15)
Ioacrasaasa (15.15) B (15.146), naxogum, 4TO
?() = (UNE®),

B COOTBETCTBHH C YeM AJ1 GyHKIUOHANa NJIOTHOCTH PaclpenelieHdsl BepOATHOCTER
6esoro myMa noJy4aeM clejyiolee BblpaxKeHHUe:

T
1
FLE(D] = Kexp [—- m Ofgz(t) dt]. (15.16)

Ananoruuso HaxoguTcsd QyHKUHOHAJ NJOTHOCTH paclpeleseHHsA BepPOATHO-
cTefl AAA rayccoBCKOro mpomecca £(f) ¢ HyJeBHIM MaTeMaTHYeCKHM OXHAAHUEM
mg(t)= 0 u KoppensuHOHHOH QYHKuUEH

Rg(ty, ty=cg e~ 1 f=hl (15.17)

B stoM cayuae [96]

T T

: 2 1 :

Fy [8()] — rexp {~—4§§ Uaztt>dt+ j(ﬁ‘i) dt}—hmg [220) + () |-
0 0

o

(15.18)

Ilna rayccosckoro npouecca &(f) ¢ HyaeBHIM MaTeMaTHYeCKHM OXKHAAHHeM my =
=0 u KoppeasiuHonHo#t QyHKuueh

o
Ry(ty, ty) =oge* 1 f:—hl [ cos @y(ty—h) +——sin oyl t— 4| ] (15.19)
1

uMeeM [96]

T T
1 .. .
FylE0] = rexp l_—_‘“’% —ve ( Oj (Eoypat + a3 Oj (& art

T T
+o8 [ &2 dr+203[ £ O E (1) di+ao0d [B2 O +8 (D] +o0 [é2<0)+é2(T)1)],
0 0

(15.20)

- rie 0 =0} ta?, ay=20.

Ecnu B pesyabrate AUCKpeTHOH OCpaGOTKH mnpuHSATON peanusauud x(¥)
OKaxeTcs, YTO OTHOmeHHe mpapjononobus (15.5) npepslinaeT HEKOTOPYIO BeJH-
ygny C, T. e.

__Pn (*¥1, X5, -+, Xn | }V.l)_» L (ML)
Pn (%1, X, ..o, Xp1hg) L (Ay)
npuHuMaerTcsi pemiedde A = A;. B NpoTHBHOM caydae NpHHUMaeTcs pelleHHC

> C, (15.21)

Alx(®)]

0°
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[pHEATHe pellleHMs O03HAYaeT pasOHeHHe BCeH o6nacty I' BO3MOXHBEIX 3HA-

YeHHH X;, Xg, ..., Xp HA ABe nogpobnacts I'y 8 T'y. [Ipn nonapanus NpREATOMH BHI-
GOpPKH Xy, X3, «+., Xn B OOnacTs I'y npHHEMAeETCA pelieHue A = A, a NpH Nonaza-
HEH X, Xg, --., X B oOnactb I'y NpRHEMaeTcA peuieHue A= Ay Tak Kax pp(x,
Xgs «0r Xn

M) B pn(xy, Xgo -oor Xn|Ag) on{enenex—xm no Bceft oGnacta I', Bceraa
HMeeTcs BepOsTHOCTb TOTO, YTO MPH &= o BHIOODKA X, X3, ..., Xp [ONazaer B
nogo6aacrs I'y, WI# Hao6opOT, NPK A = A, BHOOPKA %), X3, ..., Xn NONANAET B
nono6aacte Iy, Tak#m o6pasoM, NpR NpHeMe peastH3anHH x(f) Bceraa HMeercs
BEPOATHOCTh NPHHATb OUOOYHOE PellieHne A = A, TOrZa KaK B J€HCTBHTEJBHOCTH
A == Ay, B Ha0OOPOT. DTH YCIOBHEE BEPOSATHOCTH HA3LIBAKOTCA COOTBETCTBEHHO
BEpOSITHOCTAMH JOXKHO# TPeBOTR Pp H IOXHOTO ot6os PFo H ONpeleNsoTcs

COOTHOLUEHHAMH

PF1=P(}»1|}»0)= .fpn (%15 X9, - Xl M) dxy dxy ... dxp, (15.22)
I,
Pp, =P (ol A)= [ pn (51, Zas ooy 3nlhe) dirdy ... dy. (15.23)
T

BepoATHOCTH MPRHATHA NDABHJIbHBIX pelieHui A = Ay wae A = A, Ha3BIBAIOTCA
MOIIHOCTBIO PEIICHHA H 0003HAYAKTCA COOTBETCTBEHHO Yepes Pp u Pp

Pp =P (MIh)= [ pn(®1, %o ZnlM)drydr, ... dig,  (15.24)
T,

. Pp, =P (holdo) = [P @1 %2 o0 2n | ho) d2y diy . din. (15.25)
V)

ClienyeT OTMETHTb, YTO YCJOBHEIE BepPOATHOCTH Pp # Pp He MOJHOCTbIO
XapakTepH3ylOT OWHKOKH peurenusi. OTHOCHTeNbHAS YaCTOTA MOABJIEHHA STHX
OmHG0K 3aBHCHT OT 3HAUEHHA anpHOPHHIX BepoaTHoctedt p(Ay) B p(hg), T. €. OT
Toro, HACKOJLKO YaCTO ANPHOPH HA BXOJAE PeLIdiollero YCTPOHCTBA MOABIAeTCA
CHrHAJ, COOTBETCTBYIOWIKH A = A, HIM A = A,. [ToaToMy B psze cly4aeB OUIHGKH
pemEHHs XapPAaKTEPH3YIOTCA MNOJHHIMH BEPOSITHOCTAMH OWIMGOK MepBoro 2
H proporo P, poja:

(15.26)
(15.27)

Py=p (M) Pp =p (M) P (Aol D),
Py=p (ho) Pp, =p (ko) P (M 1Ag).

3HauyeHRs BepoATHOCTell OmMGOK 3aBHCAT OT MPaBHJIA NPHHATHA pELIeHHA
(15.21) ¥ onpelensioTcA 3HAYEHHEM MOCTOHHON C. EcrectBeHHO BHGpaTh Ta-
KYI0 NOCTOSHHYIO, IPU KOTOPOH NpaBHIO (15.21) oka3sblBasnoCh Gbl B onpenesen-
HOM CMHIC/Ie ONTUMAaJNbHEIM. B 3agauax cBA3H, TeJeMeTPUH H TeJleyNnpaBJeHHsA B Kd-
gecTBe KpHTEDHs ONTHMANbHOCTH OGBIYHO BCMOJB3YIOT KpHTEpH} HieaNbHOro Ha-
6aonatens (KpHTepH#t KoTteasHRKOBa—3HKIepTa), COBNAJAWILMHE C 6aiiecoBbIM
KpHTepHeM MBHEMAJBHOTO CPefHero pRCKa NpH npocTof GyHKnMHE norepb, Koraa
OUIHGOYHOMY pEINeHKIO NPHNRCHBAeTCA BeC, PABHBI eIUHHNE, d NPABHILHOMY —
pec, paBHHE Hymo. COIrACHO 3TOMY KPHTEPHIO ONTHMAJbHEIM CUHTAETCA COOT-
womenne (15.21), MBHEMH3HpYyIOIee CYMMapHYIO BepOSATHOCTD o RGOK MNepBOro
H BTOpOrO pojaa

P=p (M) P (Ao 1 A1) +p (Ro) P (M1 Do) (15.28)

Moxuo mokasats [96], 4To 370 ycJoBHe BhmoaHsierca npH C = p(Ao) p(Ay),
B COOTBETCTBHE C 4eM ONTHMAJLHOE 10 KPATepHio KiealbHOro HabJrojarens npa-
BHJIO MPRHATHS DemeHRd A = A, NpHHKMaeT BRI :

L(})/L(Ao) > p(Ao)/ p(A)- (15.29)
B cayuae HenpepeiBHO# 06pabOTKH pealH3aUHK X (¢) npasnao (15.29) npeobpa-
ayercss K BHAY

F (M)/F (ho) > p (ho)/p (A1) - (15.29a)
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B 3ajauax pajHOJOKAallMH LIHPOKO HCMOJb3yeTcs APYroii KpHTepRi ONTH-
MaJbHOCTH, HasbiBaeMuiit KpHTepueM Hefimana—ITupcona. CornacHo satoMy KpH-
TepUI0 ONTEMaJIbHHIM CYHTaeTCA NpPaBRIO (15.21), MakCHME3Hpyllee BepoOAT-
HOCTb NPaBHJbHOIO DelIeHHs PD, (MOIIHOCTL pelieHRA) NPH 3aXaHHOH BEPOAT-
HOCTH JIOXKHOR TPEBOTH PF;' MoxHo nokasarte [96], 4To 3TO yCJIOBHE BEINOJIHAET-
ca npk C= h, rae h onpejensercd No 3afaHHOH BEPOATHOCTH JOXHOH Tpe-
BOTH PFI. TaknM 06pasoM, ONTHMaabHOe no Kpurepuoo Hefimana—ITupcona
NPABRJIO MPUHATHS DeleHHs A = A, HMeeT BEJ

LMY L(hg) > b (15.30)

F(h)/ F(hg) > h. (15.30a)

TaknM 06pasoM, peumieHHe chOPMYJKDPOBAHHBLIX B Hauaje nmaparpada sajgau
BTOpOfl IPYNNH CBOZHTCA K OTHICKAHRIO ONTHMaJbHOLO YCTPORCTBA, OCYILECT-
BAAWILEr0 06paboTKy NpHHHUMaeMoll cMecB x(f) B COOTBETCTBHH C NpaBHAAMH
(15.29) man (15.30), B BHUHCJEHHI COOTBETCTBYIOUIUX BepoATHOCTeHd owunGoy-
HBHIX pelieHHii.

B ABYX paccMOTPeHHBIX KPHTEPHSX MpPepNoJarajioch, 4yTo peireHHe NpBHH-
Maerca 34 (HKCHPOBAHHHI KHTepBaJ BDeMeHH NLJAHTeabHOCTbIO 1. ONHAKO B OT-
IeNbHBIX ClydYasX mpHHUMaeMas peasn3anus x(f) MOXKeT 0Kas3aTbCd HACTOJNBKO
6J1aronpHATHOM, YTO HaleXHoe oOHapyxXKeHKe KJIHK pPasjRueHHe CEIHANOB MOXKHO
NPOR3BECTH 3HAYKTENbHO GLICTPee, 4eM M cayyae npHeMa MeHee OJaronpHATHOR
peannsanig. [loaTomy, eclH 3apanee He QHKCHPOBATb NJAKTEAbHOCT: T HabJone-
HHS, MOXKHO MOJYYHTb B CPellHeM 3HAYKTEJbHYIO SKOHOMHIO BO BpeMeH R olpabor-
KH NpHHHMaeMux peanHsauuit x(f). Takoe Ha6GrwpeHHe, NPH KOTOPOM AJNHTEND-
HOCTL 06paGoTKH x(f) 3apaHee He (PHKCHpyeTcs, a ONpENENAETCS CaMHM XOIOM
SKCNIepHMeHTa, HAa3blBaeTcsl NMOCJefOBATeNbLHLM HabawoneHReM (IOCAeN0BaTelb-
HuM aHaa®som) [99, 100].

Ip® nocrenoBateJbHOM HaAGMIOJEHRH NPOH3BOANTCA HENPEPHIBHBIR aHANHZ
OTHOLIEHHs NPaBIONOJO6HA B CPAaBHEHHe ero ¢ ABYMS NOPOTaME hy, H Ry < hy.
EclH OTHOWEHHe NPaBAONOJO6HA MeHbure f,, NPHHHMAaercs THIOTE3a A = Mg
Ecar xe oTHomenme mnpasionogo6us Alx(f)] > hy, npuanMaerca rxmoresa
A = A;. B TOM cayude, KOTAA OTHOLIEHHE NIPaBIONONOOHA HAXONHTCA MEXKAY HHXK-
HEM hy B BeDXHHM h; YPOBHIAMH, CUHTAeTCsl, 4TO NOJYYeHHAsA B pesyJprare o6pa-
60TKH peanH3anBu x(f) CTATHCTHKA HEJOCTATOYHA AJs NPHHATHS pelieHHs B HC-
NbITAaHKE NpOAOJXKaeTcH.

RIR

2. IPUMEPHI

15.1. Ha BXox paguMonpHeMHOro YCTPOHCTBA MOCTYNaeT KoJeGaHue
x(t) = As (¢, 1V, 189, ..., I?) + (1 — A)so(, 12, 1, ..., )4 E@),
(15.31)

rae §(¢) — crauHoOHapHBIA TraycCOBCKU OeJbifi IYM C HYJEBHIM MaTe-
MATHUECKHM OXUJAHUEM H KODPeJsAuHOHHOH (YHKuHEH

Re(t) = (No/2)8(x); (15.32)
si(t, 19, 19, ., 1) = ft, 19, .., 1) cos [oit +
LWt B, o B, =1, 2, (15.33)

— JeTePMUHHPOBAHHbBIE Y3KOMOJOCHEE pPaJHOCHIHAJILL

31ech @; —Hecyuye yactothl, f;(f) u ¥;(f)—byskuun, otrobpaxarto-
mye 3aKOHH aMIVIUTYJHOA H YIVIOBOH MOAYJSLMH, i — anpuopHo
M3BECTHHIE NapaMeTphl CHrHajoB s;(f, I, 1P, .., l,(,?) = 8;(f).
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[TpexnonaraeTcs, yto MHPHHA CNEKTPOB curHanos s, (¢, N, ', ...,

DY) u o os, (¢, 4%, 182, ..., [;})) MHOrO MeHblIe HX HECyUIHX 4a-

CTOT H, KpPOME TOro, |®; — Wz| = Aw € w;; a camu curganst  s;(t,
; {

lg", [(’i), veey lfn)) [OJHOCTBIO OMNpeJeseHbl Ha HHTEpBanax BPEMEHH

JJTHTEIbHOCTRIO T M paBHbI HYJIO BHE 3TOTO HHTepBasa. Ilapamerp A
npeiCTaBaseT Co6Oj CJAYyaiHYIO BETHUHHY, NTPHHUMAIOMLYIO HA QHKCH-
poBanHoMm uuTepBane (kRT, (k + 1)T), k=0, 1, 2, ..., 3Hauenue A =
= A, = |, 4TO COOTBeTCTBYeT HAJHYHIO B NPHHATOM KoJeGaHuu x(f)

curana s, (¢, 1V, LY, ..., IR’) =s(t) uwimu A = A, =0, Korga
B KoneGanun x (f) TPHCYTCTBYeT CurHan s, (f, 0%, I§¥, ..., [5)) =

= s,(f). AnpuopHbie BeposiTHOCTH  p(s;) = p(M) H p(sy) = p(ho)
npucyrtcTBusi curnanoB (15.33) B koneGanuu (15.31) cuurarorcs us-
BEeCTHBIMH. )
OnpejennTs CTPYKTYpPY MPHEMHOTO YCTPORCTBA, OCYIIECTBISIONIErO
ONTHMAJBHYIO 0 KPUTEPHIO HIealbHOro Habmonartens o6paGoTky pea-
nu3auud  x(f) 1 BHUMCJHTB COOTBETCTBYIOMYIO €l MHHHMAJBHYIO CyM-
MapHYIO BEPOSITHOCTh OIIMGOYHOrO MPHeMa AeTePMHHHPOBAHHHIX CHIHa-

noB s;(¢, U2, 189, ..., D) = s,(f) u sy, B2, ¥, ..., ) = sy(t).
Pewenue. Kak cnegyer u3 (15.11) n (15.16), B CJin‘{ae npuema
NeTEPMHHMDOBAHHBIX cHruanoB s;(¢, 1, 1P, ..., I1%) = s; () na

done Genoro myma E(f) ¢ysKumoHans npasgonofobus F (Ay) u F(Ao)
OTPENIENISIIOTCST  COOTHOLICHHSIMH

T
F(h) = xexp {_7\;:5' [x (t) —s: () dt }. (15.34)
0

T
Fg = rexp | — [ —s0r dz‘]. (15.35)
0

1

[Moacrasasia (15.34) u (15.35) B (15.292) u norapudmupys noJyyeH-
HOe BEIpaxeHHe, HAXOAMM, YTO ONTHMA/bHbIA MPHEMHHK JUIS pasnude-
HHsl IBYX JETEPMHHHPOBaHHHIX CHrHAJOB s;(f) (i = 1, 2) ua ¢one Ge-
JIOro myma AOJXKeH CPOpMHPOBATH BEJIHYHHY

T T
U= S'x(t)sl(t)dt— g x(f)s,(t)dt (15.36)
0 0
H CPaBHHUTH ee C mnoporom
H=L [El——Ez + Nomﬂi%)—]. (15.37)
2 p(s1)
3xech
T T
E = g si@t)dt, E, = gsa(t)dt (15.38)
0 o

— BHeprus CHruajioB s,(f) u sy(f).

450

=
o0t X g Y U Topozoboe | g>k-=4=7
—— As, ) — yompbolembo —7
- ¥ V4 U<H=A=0
X S
J
TSZ(Z() @)
ce7
1y (8) =Sy (T, ¥
2(%) 15 7Y | 70002060217 >H# =47
- CPOLETBO | e s
@7 g y J<H=A=0
I
2 (8] =52(7-2)

d‘/ ~

Puc. 15.1. OnruManbhble ycTpoiicTBa AJs pa3MyYeHUs ABYX AETepMHHHPOBAHHBIX
CHTHAJIOB

Pemenne A = 1 npunumaercs npuiU > H, B npOTHBHOM Cilyuae
NpuHUMaeTcs pemeHue A = 0.

B cootsetcTeuu ¢ (15.36) n (15.37) HcKomOe onTHMAaNbHOE IPHEMHOE
YCTPOKCTBO JOJIKHO COCTOATb M3 ABYX TNepeMHOXKHTeJEef, MHTEerpaTo-
POB H MoOpOroBoro ycrpoiictea ¢ noporomMm H (puc. 15.1, a). Ilepemuo-
AKHUTEH M HUHTErpaTopbl MOXKHO 3aMEHHTb COIVIACOBAHHBIMM (PHJBLTPA-
Mu (CP) [82, 90] ¢ UMNY/bCHBIMH XapaKTepHCTHKAMH

P 9TOM CXeMa ONTHMATBLHOTO NpHEMHHKA Mpeobpa3yercs K BUAY, H30-
6paxeHHOMy Ha puc. 15.1, 6.

Ilpeanonoxim, uro xonebanue (15.31) Ha Bxoge npuemuHoro ycr-
poiictBa umeeT BUL Xx(f) = s,(f) + E(¢), a chopMHpOBaHHAS TIPHEMHH-
KoM Benuun#a U <C H. B 3ToM cayyae GymeT MmeThb MecTO ommGKa
(npunnmaercst pemenne A = 0, Korga B JeHCTBHTesqbHOCTH A = 1),
BEPOSITHOCTb  KOTOPO#H

H
Py =p(s)P(sz [ s) = p(s1) E p(UlA=1)dU. (15.40)

3pect py(U [A = 1) — ycioBHAasT MJIOTHOCTL pacrpefesieHust BeposiT-
HocTefi CiyyaiiHofi Besuyudel U NpH HaJMuMH Ha BXOje TpPHEMHHKA
CHrHasna s§(t).

W3 (15.36) caepyer, uto U siB/isieTcs rayccoBCKOfi Cly4a@HOl Be-
JIMYHHON C IIVIOTHOCTBIO pacrpejenel s BepOSTHOCTE

pUIR) = T_;—;exp [_LU—;G’;L)Z] (15.41
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MaTeMaTHUECKOE OxuIaHHE n W guciepcust Dy = ok KoTopoit 3a-
BHCAT OT Napametpa A. IloxcraBiss, B wactHocTH, B (15.36) cymmy
x(¢) = s;(t) + E(f), mocne HECTOKHBIX BEIYMC/IEHHH HAXOIHMM

my=1 = E; — Bs, o1 = (Ny/2) (E; + E; — 2Bs),

rape
B,= jr sy(t) sa(t)dt. (15.49)

0

TakuM 06pa3oM, BEPOSTHOCTb MPUHATHS OLIHOOUHOTO pelueHHs A = 0

_ _ Ey+ E;—2Bs—N, In [p(s5)/p (s1)] 15.43
P=re) (1= (A T e Jj. 0349

rne
’ 2z

B 1
d)(z)—V Xe =" dx

on
—00

-— MHTErpaj BEpOSTHOCTH.

Mycte U > H, x(t) = sy(f) + E(). B sTOoM ciyyae Takxke nme-
eT MecTo omHOKa (NpUHUMaeTcs peuwenue A = 1, xorza B JeACTBU-
tenpHocTH A = 0), BEpPOATHOCTHL KOTOpPOH

Py=p(s:)P(s152)=p(s3) | paU] A =0)dU. (15.44)
H
B nannoM ciyvae
ireo = Bs — E,, 03—0 = (E; + E, — 2B)Ny/2  (15.45)

u ¢opmysa (15.44) npuHHMaeT BHI

_ _ E;+ E;—2Bs+No In [p (52)/p (51)] } 15.46
Pz_”(s”{l q)( V2 (B +Es—2B;) Nol2 )‘(' 49)

[MoxctaBnss (15.43) u (15.46) B (15.28), Haxoaum CJeNyollee BbIpaxe-
HHe [JIs1 CyMMAapHO} BEPOSITHOCTH OUIMOKH NMPHU ONTHMANbHOM NpHEME
JeTepMUHAPOBAHHBIX CHTHAJIOB!

Ey+4-E;—2Bs— Ny 1n [p (85)/p (51)]
P=p(s){1—@ zl/. A;° (Ex+Es—2Bs) t

Ey+ E;—-2Bs+ No1n [p (s2)/P (s1)]
+P(Sz)[1—¢( 2 l/ A;° (Ey+Eq — 2By) )] - (1547)
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- MeTpsl curnana s (¢, Iy, I, ...

[lpu p (s,) = p (sy) = 1/2 dopmy.sa (15.47) 3HauMTENBHO ympowA-

eTcs:
P=1—0FVq (I +8—2p:)4), (15.48)

rae
g, = 2Ey/N,, 8§ = E,/E,, psy = B,/E:. (15.49)
JInst GONBLUIMHCTBA PUMEHIEMBIX B CHCTEMaX panHoTenerpaduu CHr-

HAJIOB XapaKTepHBIM SBASETCS paBeHCTBO X suepruii E; = E. Tlpu
sTom ycsosun U3 dopmyn (15.48) monyuum [27]

P=1—0®(Vq{T—p)/2), (15.50)
T
o b= =%§s1 () sa (1) dt (15.51)

0

— KO3Q}HLMEHT B3aMMHOH KOPPEJSLMH CHrHaloB §;(f) H Sy (¢).
W3 (15.50) cnenyeT, uTo onpexeneHne NOTeHUHANBHON TIOMEXOYCTOMR-
qHUBOCTH AJI1 CNyYasi ONTHMAJIbHOrO TNpHEMa JeTePMHHHPOBAHHBIX CHE-
HAJIOB CBOAMTCS K BRIUHCIEHHI0O KoahdHiHeHTa HX B3aHMHOH KoOppe-
JSIMH. YYHTEBast MOHOTOHHO Bo3pacTarouuit Xxapakrep ¢yHkuud @ (2),
NPHXOZHM K BBRIBOJY, YTO TPH ONHHAKOBBIX OTHOLUEHHSIX CHTHAJ/UIYM
g = 2E/N, nauGonee NOMEXOYCTOHUMBBIMH SIBJISIIOTCS CHTHAJBL §; (f),
IV1sT KOTOPHX KO()HLHMEHT p, MHHUMaJeH. 3HaueHus P = [ (g, ps)
BeluHCIeHHBle TIo dopmyse (15.50), mpexcraBnensl Ha puc. 15.2.
15.2. Ha BXox pagMonpHeMHOro yCTpOHCTBa NOCTynaeT KoneGaHHe

x ) =As(t, Ly Ly ooy L) + E (D), (15.52)

rge & (f) — cTayuoHapHBIH HOPMAaJbHBIH Oespiif MIYyM C HYJIEBBIM Ma-
TeMaTHYECKHM OXHAaHHeM mg = 0 U KOppesiuHOHHO# yHKiHeH (15.32);

s (tr ll’ 12’ tety lm) = f (tv llv [ERS} lk) Cos [G)Ot + ‘P (tv lk+1) ey lm)]v
(15.53)

— JETepMHHHPOBAHHBIH Y3KOMOJOCHBIH DamgHOCHTHAM®. 31eCh 0y —
Hecymas yactoTa, f (f) u ¥ (f) — dyHkuuH, oTobpaxalomHte 3aKOHBI
aMIJIMTYIHOH H YIJIOBOH MORYJSIUHMH, [, — aNPHOPHO M3BECTHBIE Mapa-
, Im) = s (f). Tlpennomnaraercs, 4TO WHPH-
Ha crnekTpa curHana s (¢, I, Iy, ... , l,) MHOrO MeHblIe €ro HecymeH
YaCTOTH, a CaM CHCHAaJ MOJIHOCTBIO ONpENeseH Ha HHTepBase IJIHTENb-
HOCThIO T ¥ paBeH HYJIIO BHE TOro HHTepBaJa. IlapameTp A mpencTas-
JsteT coBoH C/yYaiiHyio BEJHYHHY, TPHHHMAIOIYI0 Ha (GHKCHPOBAaHHOM
untepBane HaGmonenus (0, T) sHaueHHe A = A, = l umu A = A, = 0

OnpegendTh CTPYKTYPY NPHEMHOro yCTPOHCTBA, OCYUIECTBJISIIOMIErO
onTuManpHy10 1o Kputepuio Hefimana—IIupcona o6paGoTKy peannsa-
1MH x (f) ¥ BBIYHCIHTD XapaKTePUCTHKH OOHAP yKeHHUs T1eTePMHUHHPOBAH -
Horo cursana s (¢, I, l, ..., 1) na ¢one Gemoro myma.
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Pewenue. B coorerctBuu ¢ (15.11) u (15.16) ans paccMmaTpuBae-
MOTO cJyvast

/)

T
F (M) =xexp —L [x(H)— s (O dt}, 15.54
o (15.54)
0]
1 T
F (M) =K exp [ — X X2 (f) dt ] (15.55)
[

Moncrasnas (15.54) n (15.55) B (15.30a) u AorapudMupys nosny-
yeHHOe BLIPaXkeHYe, HAaXONHMM, YTO ONTHMAJbHBIH NPHEMHHK 151 OGHa-
pyXeHHs JeTePMHHHPOBAHHOTO CHrHana s(f) momxkeH CHOPMHPOBATDH
BEeJIMYHHY

T
U=Sx(t)s(t) dt (15.56)
0

H CPaBHHTb ee C IOPOroM
H, = (E 4+ N,y In h)/2, (15.57)
454

rae
T
E= g s (t) dt (15.58)
b
— sHeprusi curHana s (f).
[pu U > H, NpHHAMAETCS pEIIeHHe A =X = 1, B IpOTHBHOM

cnyvae npusumaercss A = A, = 0.
Ha ocnosannn (15.56) # (15.57) MCKOMbI ONTHMAJbHBIH NIPHEMHHK

JOJKEH COCTOSITh M3 NE€PEMHOXKHTENsI, HHTerpatopa # NoporoBoro ycr-
poitcTea ¢ noporom H, (prc. 15.3, a). Kak oTmeuasoch, NEpeMHOKUTE/ b
1 MHTErpaTop MOXHO 3aMEHHTDb COTVIACOBAHHBIM (PMIBTPOM € MMIYJbC-

HO#l XapaKTepUCTHKOH

h(t)=s (T — 1), (15.59)

[IpH 5TOM CXeMa ONTHMAJbHOrO OGHApPYXKHTENs NpeoGpasyeTcs K BHAY,

usoGpaxennomy Ha puc. 15.3, 0.
HaiineM XapakTepHCTHKH OCHApYXKEHHS. BeposiTHOCTB JIOXKHOR Tpe-

Bor# Pp, paBHa BePOSITHOCTH ToOro, 4to U > H, npu ycnoBuu A =
= Ay = 0, U omnpegensercs ¢opmyJoH

Pr, =g p(UIA=0)dU. (15.60)
H,

3nech p; (U|A = 0) — NJIOTHOCTH pacrnpefeseH st BEpPOSITHOCTEH CJIY-
yapoii BesHunHbt U nipu A = Ay = 0, T. . IpH HAJIMYHK HA BXOA€ NpH-

eMHHKA TOJBKO IIYyMa.
Kaxk caegyer us (15.56), U npexactaBisieT coGoii raycCOBCKYIO Cly-
yaiHyIo BEJHYHHY C IJIOTHOCTHIO PacTpeeneHnst BeposTHocTeft (15.41).

IMpu =0
T
U=S§(z‘)s(z‘)dt,
0

OTKyd HaXOJHM

a0 = 0, of—=o = EN,/2. (15.61)
(%) X f U | 7opoeoboe | U>Hy+A=7
g - ypmp;”apmia ————-’” <HyA=l
Ts(t)
a)
z(t) e U Nopozoboe U >Hy~=A=7
—_—— D0,
b)=s(7-2) Wil ==
7)

Puc. 15.3. OnruMaapubie ycTpoficTBa AJa 0GHapyXKeHHA ReTepMHHHDOBAHHOTO
curiala
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IloxcraBasas (15.41) B (15.60) u yunrteBas coornowenus (15.61), no-
Jyqaem

Pp, = 1—@ (h/V'q), g = 2E/N,, (15.62)
rpe @ (z) — uHTErpan BepOSTHOCTH;
hy = 2H,/N, = E/Ny 4+ Iu h. (15.63)

BeposATHOCTE NpPaBHIBHOIO OGHAPYMKEHHS (MOM[HOCTH peIIeHHs)
Pp, paBua BeposiTHOCTH TOro, uto U > H, npu ycnoBuu A = A, = 1:

PDI=Ep1 (UlA=1)dU. (15.64)
H

[MogcraBasis B (15.64) mnotnocte pacnpegenenus BeposTHocTedl (15.41)
U YUYHUTBIBas, 4TO MpH A=QA, == | MaTemMaTHYecKOe OXHIAHHE H JUCIEP-
CHs caydaiHoi BenuuuHbl U paBHBI

taey = E, of_i = EN,/2, (15.65)

HaXOJHM
Pp, =1—@ (h/V g— V). (15.66)

@opmyanet (15.62) u (15.66) nokaseiBaoT, YTO KaK BEPOATHOCTH JIOXK-
HOfi TpeBOrH Pp,, TAK H BEPOSATHOCTH NPABHIBHOrO OOGHADYKEHHUS
Pp, 01HO3HAYHO ONPENEJSIOTCA MOPOrOBHIM YPOBHEM fy M OTHOILEHHEM
curnan/mym ¢ = 2E/N,. 3agaBasicb 3HayeHVeM BePOSITHOCTH JIOXKHOH
TpeBord Pp,, no ¢opmysne (15.62) MOXKHO BLIYHCIHTH 3aBHCHMOCTH
he = f1 (), a 3aTeMm onpegenuts ¢yukuuo Pp, = f, (¢), Ha3sBaeMyO
XapaKTepPHCTHKON oOHapyxeHHsi. 3nadeHus Pp, = f, (g), BbIYHCIIEH-
ueie 110 gopmysie (15.66) n1s1 HECKONBKHX 3HAYEHH [T BEPOSTHOCTEH JIOK-
HOJi TPEBOTH, NPEeACTaBeHbt HAa PUC. 15.4 (CTOHbBIE JTHHHH).

15.3. Peumte npumep 15.2 npu ycnosuw, yro npouecc § (¢) B (15.52)
npejacTaBiseT coboil CTaiHOHAPHBI TayCCOBCKHIl MIYM C HYJEBhIM Ma-
TeMAaTHYECKHUM oOxugaHuem mg = 0 M KoppensuuoHHOfl dyHKUHeH
Rg (t, ta). '

Pewenue [96]. B coorBerctBuun ¢ (15.11) u (15.13) dysxuHOHaNDL
TpaBAONOAOGHS /151 PacCMaTPHBAEMOrO TPHMePa ONPEIENSIOTCs CO-
OTHOILLIEH HSIMH

TT
F (o) = K exp {— Y je(tl, ta) x (t) x (t2) dty dtz}. (15.67)
90

vo| =

TT
F(L)=rKexp {_% s‘jﬁ (t, B2 [x (t) —s (EDV [x (F2) —s (o)1 dty dty },
00
(15.68)
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Puc. 15.4. XapaKTepucTUKH 0GHApYMXeHHS AeTepMUHHPOBAHHOTO CHIHAJNA (cnont-
HblE JIMHHN), CHTHAJA CO CAy4ainol waualsHoil (asoit (LITPUXOBLIE) M CHTHAJNA CO
CAy4adHOR aMIVIMTYAOH u HaYaJpHoH (pasoi (WUTPHX-NyHKTHD)

rre ¢ynkuus 6 (4, f,) yaoBaeTBopser HHTErpajJlbHOMYy ypaBHEHHIO
(15.14). Tloxcrasass (15.67) u (15.68) B (15.30a), Haxonmv?

TT

A x (f)]=exp [——; jjs(tl) s (62) 0 (ty, 15) dt, dt, -
00

TT
+ j j A ALI A dtZJ.
00
31ech yuTeHO, 4TO BCJIEICTBHE CHMMETPHH QYHKUUH O (£, {,)

rr TT
f S X (8) 8 (t2) 0 (th, t,) dty dt, = j j X (t2) s (t1) 0 (t,, t5) dt, dt,.
00 00

-

BBoas nanee ¢yHKiHiO
T

9 (t) =S 8 (1, t2) s (t,) dis,
0

y;IOBJIe;Bopmom,ylo HHTerpanbHOMY ypaBHenuio ®pegronbma mepBoro

pona, j‘ Ry (t, ©) @ (t) dv = s (), oKoHUaTenbHO noJsyyaem
0

T T
A[x (] =exp [—%ys(t) o (t) di + jx(t) 0 dtJ. (15.69)
0 0
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Cornacuo kputepuio Heiimana—ITupcona pemenne A =3, =1
NPHHHMAeTCst TPH

Alx () >h (15.70)
[Tocsie AorapudMHPOBaHisl 5TO YCJIOBHE NPHBOJAMTCS K BHAY
T
U= x@sdt>h, (15.71)
0
rae
T
ho =lnh+%j's(t)cp(t) dt. (15.72)
0

CootroweHne (15.71) onpenesser CTPYKTypY ONTHMAJBHOrO O6Ha-
pyxutens. Ecan oxamercs, 4yto U >> h,, NPHHHMAETCs pElIeHHe
A = A; = 1, B NpOTHBHOM C/1y4yae NMPHHHMAETCA DeleHue A=Ay,=0.

Onpefe/nM XapaKTEPHCTHKH OGHapykeHHs. BeposTHOCTb JIOXKHOH
TpeBorn onpexenserca gopMydaoi (15.60), rae p; (Uh = 0) — nsor-
HOCTb pacnpefieieHis BEPOSTHOCTE! C/1yYaAHOH BEJIHIHHDBI U, xotopad
npu A = Ay, = 0 paBHa

T
u={ewowat (15.73)
0

d, CJeJOBATeJbHO, MPEACTaB/IsieT COo6Oi rayccoBCKYIO clyYajiHylo Be-
JHUMHY C TJIOTHOCTBIO Pacnpelie/leHusi BepOsiTHOCTEH (15.41), ¢ nyne-
BbIM MATEMATHUECKUM OXKIAaHHEM fMa—o = 0 1 JuCNepCHer

TT T
Of=o = j jRg (t1, ta) @ (t) @ (82) dty dt2=S s{t) o (f) dt =ob.
00 0

TMocne monctanoBku (15.41) B (15.60) monyuaem
Pr, = 1 — @ (ho/oy).

BeposTHOCTB IPaBHABHOTO OGKEApyKeHHs paBla
PD: =1—0 (ho/oo — 0‘0).

15.4. Bxomsuue 5 (15.31) curnamst s; (0, 19, ..., %) meror
BH]L )
s; (¢, I, 1Y, ..., WY = s; (¢, ;) = fi (2) cos Lol + P; () + @l
i=1, 2 (15.74)

NpPHYEM BCE N1apPaMeTpPbl i) taknx CHrHAJNOB, KpoMe HavyalbHbIX (a3
¢, AIPHOPH H3BECTHBI, 8 HAYA/IbHBIE dasbl @; NpeACTaBAAIOT CoBoii Cy-
gajiHble B&JIHUHHE], PABHOMEPHO pPacipe/ieleHHble Ha HHTepBase (— 7, ),
H CUMTAIOTCA HeCyuleCTBeHHbIMH Napamerpamu. CoxpaHsas B CHJe OC-
Ta/bHBle YC/I0BHS npHMepa 15.1, onpesie/uTb CxeMy ONTHMAJIBLHOIO 1O

KpuTepuio KorenbHiKOBa—3HIepTa NPHEMHHKA CHTHAJOB 8 &, o)
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CO CJIyYaiHBIMH HadaJbHbIMH (a3aMH H BBIUHCJIHTBE CYMMapHYIO Be-
POSITHOCTb OMIMGOYHOTO TIPHEMA.

Pewernue [101]. B aToM cnydae ¢yHKIHOHAAB NPaBACHOAOGHS
F (M) n F (Ay) caenyer Buiuncasth no ¢opmyde (15.11a), ocymectpisis
yCpeJHEeHHE 1o CAydYaiiHbiM (a3aM ¢; KaK HeCYHIECTBEHHBIM NapaMeTpaM:

T T
P = | exo =5 100
-3 0

- h(t)cos(wltwlm+cp1)12dt}dcpl, (15.75)
P(ta) == | exp{—— [x () —
—F (t) cos(@y t + () + )P dt} do,. (15.76)

Beenem o6o3Hauenus

T
X, = S x () i (f) cos [o; £ 4, ()] dt,
) (15.77)

T .
Y= j‘ x (8) f; (t) sin [e; £ -+, (£)] dt
0

H yYTeM, 4TO

I 19
. S exp(Rcos0) dd =1,(R),

—1
rae 1, (R) — dynkuus Beccens nyJieBoro mopsijxa oT MHHMOTO apry-
menTa. Torpa nocsie noncranoBk (15.75) 1 (15.76) B (15.29a) u psiga He-
CJIOKHBIX NpeoGpasoBaHnil HafiileM, YTO ONTHMAJIbHBIA NPHEMHHK JJIS
pasiHueHHsd ABYX curHajoB (15.74) ¢ HeusBecTHbIMH Haya/bHBIMA Qa-
3aMH JO/KEH CHOPMHPOBATb BENTHUHHY

H CPaBHHTb €€ C IIOpOroM
H = (Ey, — E,)IN, -+ In [p (s)/p (s,)l. (15.79)

3pech Ey u Ey—5HEPTHH CHTHAJOB & (¢, ¢;) H 8, (¢, ¢p), onpexesse-

mble  ¢opmynamu  (15.38). Benmuunet R; =V XP + Y? npen-
CTaB/ISIOT COGOH 3HAaueHHs OTHOAIOMHMX CyMMbl curHana s; (£, ;)
H 1yMa (B MOMEHTH BpeMeHH ¢ = kT') Ha BhIXOJie COI‘JIaCOBaHHbIlX (immi-
TPOB C HMIYJBbCHBIMH XapakKTePHUCTHKaMH h; (f) = s; (T — ).

Cxema Takoro mpHeMHHKa NpeAcTaBieHa wa puc. 15.5, a. [lpuus-
Toe KoseGaHue x (£) BO3NeHCTBYeT HA ABA COr/IACOBAHHBIX QUILTPA C M-
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Puc. 15.5. OnTumanbeble YCTPOHCTBA AAA PasfiMyeHHs ABYX CHTHAJOB CO cayyaii-
HHIMH HauaJbHuIMH (a3aMu

NyNbCHHIMH XapaKTepHCTHKaMH fi; (f). Ha Bhixone Kaxaoro QuabTpa
CTOST JETEKTOPH! OTHOAIONIHX, BHIXOAHBIE HATIP AXKEHHsT  KOTOPBIX BBIYH-
taloTcs H pasnocTb (15.78) mojaercs Ha NOpOroBoe YCTPOHCTBO C MO-
porom H. Ipn U >> H npunMvMaercs peuexse A = 1, nppp U< H
npunumaercs A = 0.

B naJipHefinieM OrpaHHYMMCs PaCCMOTPEHHEM JIHIUb CHMMETDHYHBIX
CHCTEM II€pPEJayH JBOHYHBIX CHTHAJOB, A/sl KOTOpblX E; = E,=E,
p(51) = p (S5) B P (51183) = P (Sy]81). JLnst TAKHX CHCTEM, KaK 5TO CJie-
xyert u3 (15.79), nopor H = 0 u Bbhipaxenue (15.78) npHBOAKTCS K BHAY

U= I, (2R1/H0) — I, (2R/Hy).

Ciegyer OTMETHTb, YTO NpH CHEJaHHBIX 37€Ch TPEINOJONEHHSX
33KOH JETEKTHpOBAHMS HE MMEET CYIIECTBEHHOro 3nauenus. Baxno
JIHIIb, YTOOBI BEIXOHOE HANPSIKEHNE JeTEKTOPa Ob1JI0 MOHOTOHHOH yHK-
nueit orubatomeit R; (). Ecax, nanpuMep, B ONTHMAJBHOM NpPHEMHHKE
NPHMEHHTb JHHEHHOE IeTeKTHpoBaHHue ornaiomeii (pHC. 15.5, 6), To
C HYJEBHIM TOPOrOM HYXKHO CpDaBHHBATb BEJHUHHY U=R;— R,

CymmapHas BEPOSITHOCTb OHOKH IIPH 3TOM ONPENeJIaeTcs tdopmyJI0i

d =§° deSm PRy, R dR,, (15.80)
T 0 R
PaRe R =8 exp [ —L— S|
X ’°(V‘7%) ’o(;,"—(’i‘_L;,)) (15.81)
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—— COBMECTHAst TLIOTHOCTb pacClpe[e/eHHsi BEepOSTHOCTEH Ciy4aiHbIX
BejnunH R, B R,. 31ech g = 2E/N, — OTHOIEHHe CHIHAJ/IUYM Ha
BXOJie IPHEMHHKA (Ha BXOJI€ COTJIACOBAHHBIX QHIBTPOB), 0% = EN/2 —
JMCTIEPCHS IIyMa Ha BBIXOAE KaxIoro (HJBTPa, P — KOI(MDHIHEHT,
HMEIOIIHH CMBIC] KO3Q(HLIHEHTa B3aHMHOH KODPEJSIHH MEXAY CHI-
HaJIaMH:

o=|Vb+B|/E, 0<p<]1,
T

b= [ RO RO 05100 t+ B O— B O1t, (15 g0

)

0
T

1 .
b= [ RO LOsn(@—0) -+ —h O
0
IMoncraeue (15.81) B (15.80) n BbINOJIHMB HHTErPHPOBaHHE, MOJY-

YHM CJIeLYIOLIEE BBIPAXKEHHE [/ CYMMapHOil BEPOSTHOCTH OIHOKH NPH
IIpHEME CHTHAJIoB §; (f, ;) C HEH3BECTHHIMH HAua/IbHBIMH (Ha3aMH:

P=Q(+V g1V T=p% 5 Va4V T=))~

_% e—a/4], (_FZI_) , (15.83)
rae
Q(v, u)= f xexp (—"”Qr "’) Io (@x) dx, (15.84)

u

— dynxnus pacnpenesnenns Penes—Paiica [32, 102].
15.5. Pemnts npumep 15.2 npH yc/oBHH, 4TO Bxoismui B (15.52)
curnan s (¢, I, Ly, ..., ) BMeeT BHI

s by by oy Im) = s (8, @) = [ (¢) cos loot + ¥ (f) + @], (15.85)
rle ¢ — CJyyajiHas HadajpHas ¢asa, pPaBHOMEDHO pachpefeseHHas
Ha uHTepBane (— m, m).

Peweriue. OyHRKUMORANB TPABRONOAOOHS /151 paccMaTPHBAEMOrO

cayyass B cooTBeTrcTBHH ¢ (15.11a) paBHbl .
1 ¢ 2R
F () =K exp {_To[ f 2 (1) di +E” Io(3%). (15.86)
I
- F(h) =rxexp [ —zjz(t):dt] . (15.87)
0
0

[Tocae noncranosku (15.86) n (15.87) B (15.30a) mosyyaem caenyio-
llee NpaBHJO NPHHATHS pemleHus A = A, == 1 (puc. 15.6, a):

eE/Ne] (2RIN) > h (15.88)
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) U>hy—~A=1
z(t) 114 2R /4 opocoboe 0
—apd n/p(— CcmpoLembo f——————2-
h)=5(T-2) 7 (//0) o Ny<hg=a=0
. a) ‘ .
Z(t) cy Nuneinori | R | obosgbos | #>H=A=1
—_— Temenmaop yempoiemby m
ht)=s(T-¢) vzubroH el y
)

Puc. 15.6. OnrumanbHble YCTPOUCTBA AJs1 OOHApYIKEHHS] CHTHaJa ¢O CJaydalHOMN
HauanbHOH (daso#t

HJAU
I, (2RIN ) > h, = heE/Ne, (15.88a)
rje ~ )
R=|VXEFY?|
T

X={x®f@O)cosloot +p@)]dt,

5 (15.89)

Y= § x () f @) sin oyt -+ (f)]dt.

Tak xak ¢yHKuus [,(2) ABAgEeTCA MOHOTOHHOM, DelIeHHE O HAJH-
UHH HJH OTCYTCTBHH CHIHAJa § (£, ¢) Ha BXOJe NPHEMHHKA MOXHO NPH-
HHMAaThb Ha OCHOBaHHH CPABHEHHS C HEKOTOPHIM HOpOrOM JrGoH MOHO-
TOHHOH (QYHKUHH apryMeHTa R, mpeicTabasmomero coboff, Kak oTmeya-
Joch B mpuMepe 15.4, 3HaueHus orubaromeil R (¢) Ha BLIXOZE COTJ1acOBaH-
Horo ¢QuabTpa C HMOyJabCcHOH Xapakrepuctukoii h (f) = s(T'— ) B
MOMEHT BpemeHH ! = 7. Ecju cpaBHuBaTb C moporoM [/ camy oru-
Gatomyio R (7), To IpaBHJIO NPHHSATUSA pelleHust A = A; ='1 npHHuMaeT
BUJL

R>H. (15.886)

CooTBETCTBYIOmAsl 3TOMY IIpaBHJY CXeMa ONTHMAJbHOIO INpHEMHHKa

npuBeneHa Ha pHc. 15.6, 6. '
B cootsercrBuu ¢ (15.886), (15.22) n (15.24) BeposiTHOCTH JIOXKHON

TPEBOrH H MpaBHJABLHOTO O6GHAapy:KeHUsd OnpefensoTcs GopMyaaMu

Pr,={ p1(RIN=0)dR, Po,=[p (R|A=1)dR.  (15.90)
H H

Herpynno nokasats, yto Bxoasimue B (15.90) nioTHocTH pacnpenene-
HHA BEPOATHOCTEH paBHLI

PRIA=) =20 p(~ 5o (F).

209 o2
R R2 a_ EN,
)\,z = a— — N = .
Py (RIA=0)=-2 exp( 203) o3 ==
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Nocne moxcranoBru p; (R|A = 1) u p, (R|A =0) B (15.90) Haxoxum

PF =e_h:/n.2-’i ho=_l/éi=_H_
' - EN, g '
Pp,=Q(V'q, ho), (15.90a)

rie ¢ynkuus Q (v, u) ompenenena cooTHoweHuem (15.84). 3uauenus
Pp, = [ (g), Beruncaennpie no dopmynam (15.90a) ans sagaHHbIX 3Ha-
YeHH# BEPOSITHOCTH JIOKHOHA TpeBorH Prg,, TpEACTABJIEHH Ha pHC. 15.4
(LUTpUXOBLIE JIMHHH).

15.6. Ha Bxox mpuemuoro ycrpojictBa mnocrynaer kosebanue

X (t) =hug () + (1 —H) 1, () +E(2), (15.91)
rae E (f) — KOMIUIEKCHBIA CTaNMOHAPHBIN TayCCOBCKHH GeJiblii 1IyM
HYJIEBBIM MATEMATHYECKHM OXHJaHHeM mg =0 H KOppeJAuHOHHON

¢dyHkuuei
R+ () =(No/2)8(r); u;(f)=ae=1°5,(t)
— denuHryomue cCurHansl. 3aech
s () = fi (D) exp {jlot +p; ()]}, 0T

— JETePMHHUPOBAHHBIE Y3KOIOJIOCHBIE pAafHOCHTHANL, @ U O — He
3aBHCHMBIE CJY4YafiHBIe BEJHUYMHBI, XapaKTepPH3YIOUIHE ME/IeHHLIE H3-
MEHEHUs aMIVIMTYAB M (aspl CuUTHasoB §; (f).

[pnnumaembie CHIHANDBL 4; (£) COCTOST U3 I€TEPMHHHPOBAHHOM K CAY-
YafBoH COCTaPJAIOLIUX:

u; (1) =5; (1) [owe =10 +Pe—le], (15.92)

ae—10 — qe—id L Be—is, (15.93)

rae o H O NpejcTaBAfgIT co60f aMIVINTYAHbIH Ko3hduuuenT u gasobii
C/BHI IETEDMHHHPOBAHHON coCTaBJsiomeli curuada u; (£) (o u & —
NOCTUAHHbIE BEJHYHHE); B M € — aMIVIHTYIHBIH MHOKHTENDb H (a30BhIN
CIABHI CJy4afHOH KOMIIOHEHTBI, MOCTOSIHHbIE Ha HHTEpBaJje HabAofeH S
(0, T). B naneueiiiem 6ynem npexnoJarath, 4To ¥ & NpPENCTABASIOT
cobo# He3aBHCHMbIE CJy4afHBIe BETHUKMHEL, NpudeM f pacnpenenena no
3akoHy Pesies, a € — paBHOMEpHO Ha HHTepBaJjie (— mx, Jt), BCJAEACTBHE
YEero MX COBMECTHAsi MJIOTHOCTBL paclpenesieHdsi BEPOSTHOCTE} iMeeT
BUJ :

B 2
o) =| T P( o) O<B< o —n<esa

0 npu apyrux f u e,
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IMpu cpenaHHBIX NPEANONOXKEHUsIX COBMECTHasi MJOTHOCTb pacrpenene-
HHM# BEPOATHOCTEH CJAYYafHBIX BEJHYUH @ H O onpemensiercs 3aKOHOM

Paiica: ‘

a a? }-a?— 2aa cos (0 —8)
2n0§, exp [_ 20(1’, ] ’
P, (a, 6) = 0<a<oo, —n<—6<, (15.94)
0 npH Apyrux a u 0,

a cpejHHe SHEPrHH CHrHaNoB u; (1)

o0

T
M{E7) =M [S PAGIE dt] =E,,
0 0

a®p, (@) da =

=23 E, (1 +¥42)=EFn i=1,2,

rie y = a/0y XapaKkTepH3YeT COOTHOILIEHHE MEXNY AeTePMHHHPOBaH-
HOM M CJyuaiHOH COCTaBJSIONMMH cHriraka u; (f); E,, — aneprus cur-
Ha/MoB §; (0.

[Mapamerp A B kojeGauun (15.91) Moxer npHHHMAaTb 3HAUEHHS
A=A, =1 unu A = Ay = 0 c anpHOPHBIMH BEPOSITHOCTSAMH P (A;) =
=p (u) = p (Ay) = p (k) = 1/2. Tlo npunstoit peanusauun x (f)
Tpefyercs pemiHTb C MHHHMAJbHOK CYMMapHOH BEPOATHOCTBIO OLIHGKH
(15.28), kakoe 3HaueHHe HMeeT mapaMeTp A Ha JaHHOM HHTepBaje Ha-
6monenun (0, 7).

Pewenue [103). Ilpu pemennn chopMynHpoBaHHOHR 3ajaud CJIeAyeT .

pasnuyaTh JBa 4aCTHHIX cayuasi: 1) cpennee anauenue 6 $a3oBoro CiBH-
ra 6 npunumaembix curaanoB (15.92) anpuopu uaBecTHO; 2) cpeiHee
3HauenHe asoBoro cipura O Ha NpHeMHOfi CTOPOHE HEH3BeCTHO.
; {

[onctaBnsia B (15.11a) BMecto curHanos s; (¢, IV, IO, .., 1)
curHaabl u; (1) = u; (f, a, 0), onpesensieMbie cootHowendeM (15.92),
H OCYUIECTBJIsisl YCpPEJAHEHHe NO HECYIIeCTBEHHLIM NapameTpaM a H 0
C IJIOTHOCTBIO pacrpene/enns BepositHoctedt (15.94), naxoxum, uto on-
THMaJbHBIA N0 KPHTEPHIO HAeaJbHOro HabuofaTeNss NPHEMHHK CHIHa-
aos (15.92) ¢ paBubiMH 3HeprusiMu E; = E, = E, paBHbBIMH anpHop-
HEIMH BEPOSTHOCTAMH P (u4;) = p (4,) = 1/2 M H3BECTHBIM CPEIHHM
3HaueHHeM & MX ¢asoBoro cjpura 0 josxeH chHOpMHPOBATH BeJAHUHHY

|

_[ a‘% |72 +Re (s e—fo)] (15.95)

|7 Reie |-
alNg

1 cpaBiuTh ee ¢ noporoM = 0. [Ipu U <C H BbHOCHTCS peleHne
A =0, npu U> H npuHumaerca A = 1.
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1354 A Ja%[//(/yq_ X J
r
(&)= (T-8)| | e ¥ 7 SO —-A=1
z(%) Nopoeoboe
' 5!5/ —_ —I; JEMPOlG = |
ahy ) cmbo H=0
op2 Wo’%z;mav— > . J<f— =0
nt-ar4| 17| ety :
@)
cer Lemexmap.
G e (F) = 1ty (T-2) veudurou ey U>0-=4=1
2@ | 7 _Viopozobpe
yempoi— >
1404 cmbo H=0
Lemenmal -
2 (E) =1, (T4) veubaroyel __T U<g—=i=0
4g)

Pue. 15.7. Ksasukorepentnoe (2) ® HeKoTepeHTHOe (6) ycTpolcTBa AJH passHue-
HHS JIBYX MeJJIeHHO (helHHIYIOIHX CHIHAMNOB

Bxomsmue B (15.95) Beanuuubl r; = r; (0) — 3naueHHs KOMILIEKC-
HBIX B3aHMHBIX KOPPeNsnMOHHBIX QYHKUHMi curnanos (15.92) u npuns-
toro KosebaHus (15.91), paBubIx :

: T

7 ('c)==—;—§§* () 4 (¢ > ) dt.
— 0
3nech x* (f) — GyHKuMs, KOMIVIEKCHO-CONpsikenHas ¢ x (f). Hcnosb-
3ysi YCJOBHE Y3KOMOJIOCHOCTH CHIHAMOB 1; (f), MOMHO NOKA3aTb, UTO
AEHCTBHTE/bHAA YacTh QYHKIHH 7; (T) NpeicTaBiaseT coboii B3aHMHYIO
KOPpeNANHOHHYI0 QYHKIHIO AJsi JEHCTBHTENBHBIX yacTell koseGaHHUi

X () n ou():
T
Re[rj(r)]=j Re[x (1)) Re[u, (t—1)) dt,
0

a 3HaueHMs |r; (T)| COBMAZaOT CO 3HAYEHHsIMH OruGaromed 5Tof Kop-
pensnHoHHOf QYHKIHH." B COOTBETCTBHH C 5THM CXeMa ONTHMAjbHOTO
NpHEMHHKA MOXKET ObITb NpEACTaB/ieHa B BHJE, H306parkeHHOM Ha pH-
cyuke 15.7, a. Ilpu sTOM cymMMapuas BeposTHOCTH P OmHO0K KBasu-
KOF€PEHTHOTrO MpHEMa MeJIeHHO deluHrylomux curuanos (15.92)
HOACUHTHIBaeTCs 1o dopMyJe

P =Q(ac, bc)—
__;_[1-{-_:"/—-:/_1—;%]exp[—£’-_*fif]lo(abc2), (15.96)
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a KO3(DhHIHEHTH p ¢ K p ONPENEsIoTCs cooTHowenusMHu (15.51) u (15.82).
Ecnu cpepnee 3naueHue § ¢a3oBoro capura 0 npHHHMaeMblx CHrHa-
JioB (15.92) HeusBecTHO, ONTHMAJbHBI NIPHEMHHK 1Jisl Pa3jiHueH s ABYX
(peHHTYIOMMX CHTHAJOB JOJDKEH BBHIHOCHTL DelleHHe O IpHeMe N0
HJTH 1Z2 (f) Ha_ocHOBe aHanM3a NPOCTOrO BBIpaXeHHs (PHC. 15.7, 6):
U=|r|—]|rd. )
Ilpu U << O mpuHuMmaercs peweHue A == 0, B IPOTHBHOM C/iyyae —

A = 1. OTMeTHM, YTO NpH HEKOrepeHTHOM NpHEMe He TpeGyercs 3Ha-

HHsl OTHOLIEHHS O§/aN .
CymmapHasi BEPOSTHOCTb OLIMGKH IPH HEKOTEPEHTHOM NPHEME MOJ-
cuuThiBaeTcs no ¢opmyse (156.96), B Koropofi

a=-‘/1_1/(l—p’)(l—va’p’) ’ b=V1+V(l-p’)(l—uzp’) ,
1—pp? l—pp?

o .ﬂt—————l_p‘p’ .
¢ ]/ i (15.98)

15.7. Ha prixone YTIU npuemunKa aMIVIHTY IHO-MaHHIYJIHP OBAH HEIX

PaJHOCHIHANOB, CXEMa KOTOpPOrO INpeicTaBjeHa Ha puc. 15.8, umeer
MECTO CMeCh CHFHAJAa H LIyMa '

x@) =hAsi &, @) + (1 —MNs; (6, @5) + E (),

E(t) = X () cos ot + Y (f) sin wq ¢

— raycCOBCKHH KBa3HIapMOHHUECKHHA WIYM C HYJAEBBIM MaTEMaTHYE-
CKHM OXupaHueM mg = 0 § KOppeIANHOHHOK (YHKIHEH

Rg (v) = ofpg (v) cos o,T;
s (6, @) = Ap, VCOS (0of + @1),
s (¢, @) =0,

— aMIVIHTYAHO-MaHHIYJIHPOBaHHEE paguocurHann. HauanbHas ¢asa
@, CAyuajiHa H DaBHOMEDHO pacrpejesieHa Ha uHTepBaje (— 7, 7).

' ‘ Z(t, at) ag> /{'ﬂ Q=7
| Teadpa- \ [ Zarednerd \ TopoeaBoe

IBY > V774 gemenmop e pOlEMEY e
3obanmens oeudnrouer v p//p

rje

0t T,

’/<”ﬂ -A=0

Puc. 15.8. ITpuemuux AM curHajioB co cay4yafiHoft HauasbHoR ¢a3oi
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[Tapametp A npexncTab/ser cofoi Cay4YaliHylo BeJHYHHY, NPHHHMAIOMYIO
na uHtepBase (0, T) sHauenna A = A, = 1 uwan A = A, == 0 ¢ anpu-
OpPHBIMH BEpOSTHOCTAMH p (A;) = p (Ao) = 1/2. Pemenne A = A; npu-
HHMaeTCs B TeX CJayyYasX, Korja 3HaueHue oruGatoment U = U (T),
BLIIE/ISIEMOl JIHHEHHBIM JEeTEKTOpOM orubalomieii, npesblnuiaeT nopor .
B npoTHBHOM CJyuae NpHHHMAaeTcss A = A,.

OnpenennTs ONTHMAJBHBI NOpOT H j, MHHHMH3HPYIOIIH I CYMMapHY IO
BEPOATHOCTh OWHOOYHBIX pemeHnfi (15.28), M BHUHCAHTBL COOTBETCT-
BYIOHIYI0 €My CYMMapHY!O BEPOSITHOCTb OLIHGOK.

Pewenue. B cootBerctBun ¢ (15.28) cymMapHas BEpOSTHOCTH OLIH-
GOK mnpHEMa AMIVIMTYJHO-MaHHNY/HPOBAHHBIX CHIHAJIOB

H, 0

Paw=p(s1) [ pr(UIA=1)dU+p(s) | p1(UIA=0) dU, (15.99)
0 Hy

rne

v Ut Az UA
pl(U|A=1)=Eexp(— 20%”')10( 02"'),U>0

— IJIOTHOCTH pacrpefiefieHHsi BepOATHOCTeH oru6aromefl CyMMbl CHTHa-
na s; (¢, @) 1 KBasurapMoHuueckoro myma § (£);

_m_ VU _ Us
PUIN=0=1 exp( = ) U>0

— IVIOTHOCTb pacrnpefesieHHsl BEPOSITHOCTEH OTrHOaioLiel TONBKO LIyma
& (¢). MoncraBass p, (U{A;) B (15.99), Haxomum

L[y, _ L (H\ oA )]
PAM:_Q—{I+exp[ 2("&)] Q("s' "5)} (15.100)

Bssip npoussonnyio no H, or Beipaxenus (15.100) u npupaBHaB ee
HyJII0, TOJYYHM ypaBHEHHE, CBs3pIBalOlIee ONTHMANBLHBIA nopor H,
C OTHOILIGHHEM CHIHan/wyM A /o

() 24

3. 3AJAYH H OTBETHI

15.1. Ha Bxox npueMHOro yCcTpOACTBA, ONTHMAJBHOTO N0 KPHTEPHIO
HICATHHOTO HaGNI0JaTe/s, BO3JEHCTBYET aJIMTHBHAS CMECDH

x(#) =2s, (&) + (1 — ) s, (&) + E (), (15.101)

rae & (f) — cranmoHapHbIf raycCOBCKHA Ge/bIi LIyM C HYJIEBBIM MdTe-
MaTHUECKHM oXujahneM mg = 0 B KOpPpPensuHOHHOR (yHKHHER

Ry'(t) = (No/2) 8 (z);
sy (£) =FAp, cos (01 + @1)s
s; (8) = 0,
467
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— JeTepMHHHPOBAHHDIE AMIIJIHTYIHO-MaHHITy/IHPOBaHHbIE CHTHAJILL. [Ta-
paMerp A mpHHHMaeT 3HaueHHs A = A; = | uan A = Ay = 0 ¢ Beposr-
HocTsME  p (A) = p (Ay) = 1/2.

BbIUHC/IHTE CYyMMapH Y0 BEPOATHOCTD OLIHOGOUHOro NMpHEMa CHIHAJIOB

$; (8) u sy (1)
Omeem: Paw=1—®) q/4, ® @)=

2
S e—x*2dx,

2n

g = AnTIN, = 2E,/N,.
Ipabux dbyuxkuun Pam = f (g) npuBenen Ha puc. 15.9.
15.2. Pemntp 3ajmauy 15.1 ans cayuas onTHMa/lbHOrO NpHeMa je-
TEPMHHHPOBAHHLIX YACTOTHO-MAHHIYJIHPOBAaHHBIX CHIHAJIOB
81 (8) = Ap cos (o,f + ¢y),
Sz () = Ap c0s (w5t + @o),
npH  YCJIOBHH, uTO |@; — wg| 7T > 1.
Omeem: Puy = 1 — ® (V' ¢/2), q = ALTIN, = 2E/N,.
Ipaduk ¢ynkuuu Puym = f (g) npuBeseH Ha puc. 15.9.

15.3. Pemnts 3agauy 15.1 nas_cayuas onTeMajbHOrO npHema da-
30MaHUIYJHPOBAHHBIX CHIHAJIOB

s; (f) = A,, cos (wof + @),
Sy () = Ay c0s (ot + @y + T),

Omsem: Pom = 1 — @ (V).
Ipaduk ¢yuxkuns Pom = f (g) nan wa puc. 15.9.

0< I<T,
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Puc, 15.9. 3apHcHMOCTD BEpOSTHO-
cTH OW46KH OT OTHOIIGHHS CHI-
aom\| an HaJ/wyM JIpH ONITHMaJbHOM PpasJil-

YeHHH JAETePMHHHPOBAHHBIX CHIHa-
F JIOB
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15.4. Ha Bxopx onTuMasbHoro no Kpurepuio KorenbHuKoBa— 3urep-
Ta NpHeMHHKa BosfeficTByer KojeGanue (15.101), rae s; (¢) — merep-
MHHHDPOBaHHbIE TOHAJbHO-MAHHITY/IHDOBAHHbIE CHIHaJbl Buia AM-AM:

s, () = Ap [1 + my cos Qt] cos (wof + ¢4),
Sy (£) = Ap [1 4 my cos Q] cos (0ot + @2),

BbIYHCIHTL CYMMapHy0 BEpOSITHOCTb OLIMOOUHOrO NpHEMa TaKHX
cHruajoB Ha oHe 6Genoro IiymMa NPH YCJIOBHH DPaBEHCTBA anpHOPHBIX
BEPOSITHOCTE} CHrHAJIOB S, (£) U S, (£). [Ipennonaraercs, 4T0 NepHOA To-
HaabHbIX KoJebanuit To = 2n/Q L T n Q & 0.

. g (m—mp?)
Omeem: Ppyam=1—® (l/_[ —Eﬁ )

3naueHus Pam.am = [(¢) aas m; =1 u my, = 0 npuBeieHpl Ha
puc. 15.9.

15.5. Pemutb 3ajauy 15.4 nna ciayuas ONTHMaJIBHOrO NpHEMa Je-
TEPMHHHDPOBAHHBIX TOHA/IbHO-MaHHNYJIHPOBAHHBIX CHrHasOB BHaa UM-

0T

s, (8) = A [1 + m cos Q8] cos (wof + ¢4),

Sy (f) = Ap [1 4 mcos Qut] cos (0ot + 95),

[Mpennojaraercs, uTo TOHAJbHbIE YaCTOTHI Q; &£ w, H, KpOMe TOTO,

nepHoj TOHaJbHBIX KoseGauuii To,= 2m/€2; MHOrO MeHbLIE LTHTE/b-
nocty T curHajoB s; ().

Omeem [104]: Puym.am =1 —(D(l/ % 2I’m’ ) .

3naueHuss Pum.am = [ (g) npu m = 1 npuBefensl Ha puc. 15.9.

15.6. Pemmteh 3amauy 15.4 ans cayuass ONTHMaJbHOTO MpHeMa Jie-
TEPMHHHPOBAaHHBIX TOHAJBHO-MaHHIY/THPOBAHHBIX CHIHaJoB BHia OM-
AM:

0T,

$ (8) = Ap [1 -+ mcos Q] cos (wef + (PI);

sy (1) = A, [1 — mcos Q1] cos (0ot + @),

. _— —_ m’

Omeem [104): Pom-am =1 d>]/q ot

3naueHns: Pom-am = f (g) Ans m = | npuBeieHsl Ha puc. 15.9.

15.7. Onpenenntb CYMMapHYIO BEPOSTHOCTb OIUHOKH NPH ONTHMAJ b-
HOM II0 KPHTEPHIO HIeasJbHOro HabJojaTens NpHeme Ha ¢one 6e0ro
IyMa JETePMHHHPOBAHHBIX TOHAJBHO-MAHHIYHPOBAHHBIX CHIHAJIOB
puxa AM-UM: ’

s, (£) = Ap, cos [t + Py cos Qf + ¢,l,
8y (f) = A, cos [t + By cos QF + @y,
Omeem: Pamum=1—@(V q[1—J,(B,—B1/2),
469
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rae J, (2) — dynkuus DBeccenss mymneBoro mnopsijika mnepsoro poja.

15.8. Pewnts 3agauy 15.4 gns cnydyas onTHMa/ibHOrO NpHema je-
TePMHHHPOBAHHBIX TOHAJIbHO-MaHHNY/HPOBAHHBIX CHTHAJOB BHia UM-
UM: ‘

8y (£) = A,y cos [agt + P cos Qf + o],
So (t) = Am cos [wf + p cos Q¢ + 9., <L I T.

Omgem [104]: Pumym=1—& () g[1— J(’)(ﬁ)]/«?)-

15.9. Pewinth 3amauy 15.4 ans ciayyast npHeMa IeTePMHHHPOBaH-
HBIX TOHAJ/JbHO-MaHHIYJHPOBAHHBIX CHIHaJOB BuHia OM-UM:

8; (£) = A, cos [0ot + B cos QF + o],

Sy (1) = Apm cos [of — P cos of + @],
Omeem [104]: Pomum=1—0 (V q[1—J,(2p)1/2).
15.10. Ha Bxon paguonpHeMHOro yCTpoficTBa MOCTyNaeT Ko/eGanue

£ () =2y (f @)+ (L—N) s, (4 o) -+ E (8, (15.102)

rae & (f) — cTauHOHapHBI TayCCOBCKHA GeJblfi IIyM C HYJIEBbHIM Ma-
TeMaTHYeCKUM oOxujaHnem mg = 0 M KOPPeNSIHOHHOK QyHKuHeH

Re (v) = (Ny/2) 6 (v);
$ (tv (Pl) = Am cos (mot + (Pl)’ . 0 < t< T,
S2 (h @) =0,

— aMIUIHTYHO-MaHHIY/IHPOBaHHbIE cUrHaAb. HavanbHas dasa ¢, cur-
Hana § (¢, @,) ABJAseTCs CAYYaiHOMH, PAaBHOMEPHO pacnpeliesleHHOH Ha
uHTEpBaJe (— I, T), H CYHTAETCS HeCYuIeCTBEHHbIM napaMeTpoM. [Tpen-
nojaraercs, 4ro Bxoasmui B (15.102) napameTp A npencraBaser co6oii
C/y4afiHyI0 BEJHUUHY, NPHHHMAIONIYIO 3HaueHHss A = A, = | uin A =
= Ay = 0 ¢ paBHBLIMH aTNpPHOPHEIMH BEPOSITHOCTAMH p (M) = p (Ay) =
= 1/2.

OnpeneauTh CTPYKTYPY ONTHMAJBHOIO 1O KPHTepHIO KoTesbHHKO-
Ba—3Hrepra NPHEMHUKA AaMIVIHTYIHO-MAHHIIYJHDPOBAaHHBIX CHIHAJOB
C HEeM3BECTHbIMHM HAYaJIbHEIMH ()a3aMH ¥ BHIYHCIHTD CyMMapHYIO BEPOXT-
HOCTb OLIKGOYHOrO mpHeMa.

Omeem: OnTuMaAbHBIE TPHEMHHUK JOJMXKEH COCTOSTL U3 COIJIACOo-
BaHHOro QubTPa C UMNYIbCHOH NepexonHoi dyHkuued A (f) = s, (T —
— t), TMHEeHHOrO JeTeKTOpa orubaromesi ¥ MOPOroBOro YCTPOHCTBA C 110-
poroM h,, ONPENeNsieMbIM COOTHOIIEHHEM

I (hoV‘—l) = 3_4/2: q=2E,/N,.

~ CyMMapHasi BEPOSTHOCTb OHGOUHOIO NpHEMa aMIJIHTYAHO-MaHHI1yJIH-
POBaHHLIX CHTHAJIOB IIPH STOM BBHIYHCJAAETCH MO GoOpMyJie

Pam=[14+e=1/2—Q(Vq, hy)]/2.
3uauenusi Pam = f (¢) npuenensr Ha puc. 15.10.

0T
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15.11. BBIYHCIHTD CYMMapHY!O BEPOSTHOCTD OLUHGOK NMPH ONTHMAJ b-
HOM 110 KPHTepH!O HJieasbHOro Habatojartess MpHeMe aipHOPH PaBHOBE-
POATHBIX YAaCTOTHO-MaHUINYJHPOBAHHBIX CHIHAJOB

S (t) - Am CcoS (wlt + q)l),

0Lt T,
Sy (f) = Ay cos (@yf + @),

Ha (OHE CTAaNHOHAPHOTO rayccoBckoro Gesnoro myma § (f) ¢ HyJeBbiM
MaTeMaTHUECKHM OxXHpaHHeM mg = OH KOppelsnHOoHHOH QYHKUHEH
Ry (v) = (No/2) 8 (v).

Cnyuaiinpie HauaJbHble (asbl @; H @, CHTHANOB 8, (f, @;) H S, (4, @)
paBHOMEPHO pacmpefie/ieHbl Ha HHTepBaJe (— T, T) H CUHTAIOTCA He-
CYIIECTBeHHBIMHI NMapamerpamu. [Tpexnonaraercs, 40 [ 0; — @, 7 3> 1.

Omeem: Pum = (1/2) e—9/4,

3uauennss Pum =f (¢) npuBenedn Ha puc. 15.10.
15.12. Peumirh 3agauy 15.11 pas caydas oNTHMasNbHOrO NpHEMA
TOHAJbHO-MAHUNYJUPOBAHHLIX CHIHAJOB BHAa UM-AM:

sy (£) = Ay [1 4 m cos Q4] cos (0ot + @),

S, (1) = Ap [1 4 m cos Quf] cos (0o + @), 0<is< T’

HayaJIbHblE (ha3bl KOTOPHIX CAYYafiHBl U PaBHOMEDHO PaclpeesIeHHl Ha
unrtepsase (— m, n). [Ipeanonaraercs, uto Q; K 0o u T, = 20/Q; K

LT
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Omeem:

Panan=Q (0 ==/ Lo 210,

rae

/4 Vom® Fmt l/ Vome fmt

-1/ <+ 1______>, — i( _mﬂ)

¢ l/ 4 ( 24+ m? “ 4 I+ 24m J
3navyenns Pum.am = f (¢) a1 m = 1 npusenens Ha puc. 15.10.

15.13. Pemmuts 3amauy 15.12 pns cayyas onTHManbHOrO npHeMma
TOHaJIbHO-MaHUNYJIHPOBAHHBIX CHIHAMOB Buaa GM-AM:

8; (£) = A, [1 + m cos Qt] cos (0ot + @y),

Sy (£) = Ay [1 — m cos Q] cos (wof + @3), 0§t<T.
Omeem:
1 g 2—m?
Pom-am =Q (v, u)—;e an 10( 4 2+mn)
e

_ e (V2—mP 1/ ¢ (V2+m)?
A VAR

I'paduk (bynxmm Pom-am = f(g) ans m =1 npusemeH Ha
puc. 5.10.
15.14. Ha Bxox npueMHOro ycTpoiicTBa mnocTynaeT KoseGaHHe

X () =Auy (£) + (1 — N, (1) + E @),

rae & (f) — CTauMOHAPHBIA FayCCOBCKMI Gesiblii IIyM C HYJEBbIM Ma-

TEMaTHYECKHM OKHJAHHEM mg= 0 u xoppensuHoHHOH GYHKuHE
Re(t) = (Ny/2) § (v);
Uy (t) = ae—i0s, (f) = ad,, exp [j (0t —8)], %y () =0
0L T,
— MeJiJiIeHHO q)emmryroume AMIVIHTYAHO-MaHHUNYJUDOBAHHBIE CHTHAJbI.
3mech a — amn.nmymabm MHOXHTENb, MPUHUMAIOMI HA HHTEpBajax

(0, T) cayuafinbie  3HayeHus C  IJIOTHOCTBIO  pacrpeneneHHs
BepOoATHOCTEH

l a
p1<a>=%exp[—7(—2‘,3“’)]10(%1@), 0<a< oo,

Tle y = &/0y XapaKTepH3yeT COOTHOLIEHHE MeXJy NeTepMHHHPOBaH-
HOji M CJTydaf{HOH COCTABASIOWMMH CHTHANA U (f) (cM. npumep 15.6).

HauanbHag (basa 0 curnana u,(f) sBAseTcs CayYafHOR paBHOMEpHO
pacrnpesiesieHHOA Ha HHTEpBaJe (— T, ) U CUUTAETCA HECYUIECTBEHHEIM
napamerpoM. IlapameTp A npuHHHMMaeT 3HayeHusg A = A; = 1 mm A=

= Ao = 0 ¢ anpuopHbIMH BepOATHOCTAMH p (Ay) = p () = p () =
= p (u,) = 1/2.

472

OrnpezenuTh CxeMy NpHEMHHKA, OCYLIECTBJSAIOMIETO ONTHMAJLHYIO
0 KPHTEpHIO HeajbHoro Habmionatesns 06paboTKy KoJsebaHus x (1),
H BBIYUCJHTH COOTBETCTBYIONIYIO €l CYMMapHYIO BepOSTHOCTh OLIMGOY-
HOrO IpueMa.

Omeem: OnTuManbHBIA NPHEMHHUK JOJKEH COCTOSITh H3 COrJacoBaH-
HOTO (GUJBTPA C HMNYJAbCHOH Xapakrepuctukoit A (f) = s, (T — 1),
JIMHEHOrO JieTeKTopa oru6armmmeil 1 MoporoBoro yCTpoHCTBa € IIOPOroM
he, olpenesisieMBIM U3 YpaBHEHHS

i
2+ql(v°2+q (g o) =P T g

[Ipu 3TOM BepOATHOCTb OLIMGOYHOrO IpHEMa BBIYHCASETCS MO GopMyse

e 1100 (oo )/ )

Il 9acTHOrO caydass TpHeMa aMIVIHTYAHO-MaHHIYJIHPOBAHHbBIX
CHTHaJIOB, (befuHIyOmUX 1o 3akoHy Penes (y = 0), umeem

_L ) exn (L2
Paw=g [ 1+ exp (= #5)—exp (—5 i =],

®24q
rje h, onpenejsiercss U3 ypaBHEHHH

exp —th q_\=—2_.
2 27 ) T na

31ech _
q = 2039, = 204 + 2E,/N, = 204A5T/N,.

Ipadukn ¢yuxkouii Pam = fi (@,9) u ho=fs (g, v) npuBeneHn
cooTBeTcTBeHHO Ha puc. 15.11 u 15.12, Uepes ¢ 0603HaYeHO OTHOWIEHHE
CHFHAM/WIYM, PaBHOE OTHOLIHHIO YABOGHHOTO CPEJHEro 3HaueHus E;=
— M{Ez} sHepruu curHana u; (f) X CeKTpaibHOH MAOTHOCTH LIVMA

E@:
g=2Ey/No=q(1+ v*/2).
15.14. Ha Bxox mnpHeMHOrO YCTPOHCTBA MNOCTym@eT KoJjebaHue
x(t) =R (1) (=N (1) +E(0),
re £ (t)—cranHOHApHbI rayccOBCKHUH GeJblii LIYM C HYJIEBBIM MaTeMa-
THYECKHM OXKHJAHHeM Mg == 0 u xoppenduuoHHO!H (yHKOHEH
_ Rg® = (Nu/2) 8 (v);
uy (1) = ad,, exp [j (0.t — 0)], 0t T,
iy () = ad,, exp [j (0,t — 0)],
— Mej/IeHHO (elUHTyIomHe YaCTOTHO-MaHHNYJHPOBaHHbIE CHIHAJbI.
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Vi 20 w & &0 lf Puc. 15.11. CyMmmapnasi BeposiTHOCTD

107 own6ouHoro npuema AM curgajgos co
Al CAY4YafHBIME aMIVIHTY0R B HayaJspHoM
hasoi

y2=0 Puc. 15.12, 3aBucuMocTs ONTHMAJbHO-
w! e ro nopora OT OTHOWIEHHSI CHTHaJ/uiyM
\QL., npu npuemMe AM cHruanos co cayyail-
- 7] HbIMH aMIUIHTYAOH H HauanpHol (asoh

\ A

70—2 \ \5 7o

~

L/ \\\

[ ——

\

\ 10 5 ‘:;
S~ _ 7

\ i 4 Aﬁ

7

N ~ fc

\ 20

AN ==

\ N = —]

] \ 8 e

0 4 \ \ 5 2 }.2=0
'\ N ?
Pam | 7

g w 4w 6 & qy

3nech a ¥ 0 — aMIVIHTYIHBIH MHOMXKHTENDb U (Da30BbIH CABHT, MPHHHMAIO-
mue nHa uHtepBanax (0, T) ciydaiiHble 3HAUEHHH C COBMECTHOH MJIOT-
HOCTBIO paclpelie/ieHHsi BeposiTHocTel (cM. npumep 15.6)

exp [ —(gr +17—ZL2L)], 0<a<oo, <o,
pa(a,0)=1{ 2103 2 % o .
0 npu apyrux a u 0.

[lapameTp A mpuHHMaeT 3HayeHuss A = Ay = 1 uan A = A, = 0 ¢ an-
PHOPHBIMH BEPOSITHOCTAMH  p (Ay) = p (o) = 1/2.

IIpuemnoe yCTPOACTBO OCYLIECTBJISIET ONTHMANBLHYIO MO KPHTEDHIO
uaeanbHoro Habmronartes o6paGoTKy NpHHHMaeMoro koJebSanus x (£).
BriuncanTh COOTBETCTBYIONLYIO €ff CYMMapHYIO BEPOSTHOCTD OLIH604HOrO
npHeMa JJisi CJYyYaeB ampHOPH H3BECTHOTO CPENHETO 3HAYCHHS Mp=
= M {0} dasoBoro caBHra 6 (KBa3HKOTE€DEHTHbIH NMPHEM) M HEH3BECT-
HOrO CPEJHEr0 3HAYeHHs My (HEKOTEPEHTHBI IIPHEM) IPH YCJOBHH

oy — 0| T3> 1.
Omeem: Puym= Q (ac, bc)—%’—exp [—%(aﬂ. b%) 02] 14 (abc?),
q

rae JAJsg KBASHKON€peHTHOro IIpHEMa

a=—to, p=2249D oy /44a,

449"’ 44-q 4q
474

a 1Jsi HEKOTepPEeHTHOrO MpHEeMa
a=0 b="Vo, c=va7/2 4+q. .

I'paduxu dyuxuun Puy = f (g, ¥) AJst ciyYaeB KBa3HKOrepeHT-
HOTO H HEKOTE€DEHTHOro NpHeMa MENJIEHHO (EJMHTYIOMHKX YaCTOTHO-
MaHHIYJHPOBAHHBIX CHTHAJOB NpHBEAeHHI Ha puc. 15.13, a u 6.

15.16. Pemmnts samauy 15.15 ajs ciyyas OnTHMajbHOTO TpHEMa
MeAeHHO (PEIMHTYIOIHX (A30MAHHMYJIHPOBAHHBIX CHIHAJOB

g (t) = aly exp 1j (05t — 0)],

Zz (t) = aAm exp [] (0ot + 7 — e)]’ 0<ILT.

Omeem: TIpu KBa3HKOTEPEHTHOM INpHEME

Pom=1—a 1/2—‘7—>
oM ( Y2+q ’

NpH HEKOTE€PEHTHOM IpueMe Poy = 1/2.

Ipaduk &y Pom = f(Z], V) LJsi Clydass KBA3HKOTEPEHT-
HOTO TpHEMa NpHBENEH Ha pHc. 15.14,

gl o & 7 ol 2w & e 7
s107 s
w7’ w’
\\
\\ 2.y ~ 2
- -7
N =
77t — y//4 -2 N
\ \\ — \\\\ >
, 7
/i w3
\\ \ \\
2
w4 A\ \\ w* \ -
' \ \ 20 \
7 \M N 5 \WV
Pyy Mid Pun "°°/\ - N

a) d)

Puc. 15.13. 3aBHcHMOCTb CYyMMapiiofi BepOATHOCTH OMHGOK OT OTHOLIGHHSI CHI-
HaJ/IIyM NpH KBA3HKOTEPEHTHOM (a) W HeKorepenTHoMm (0) TnpHeMe MeJEHHO
¢dennuryomux UM curnanos
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7 20 w0 U 84 }” Puc, 15.14. 3aBHcuMocTb cyMMapHOM

4 BEPOSAITHOCTH OWHOOK OT OTHOLIEHHs
57077 CHTHaJI/WyM TIpH  KBA3HKOTE€PEHTHOM
},2=0 mpHeMe MeAJeHHO (eguHryomux OM
CHTH2JIOB
/ad
‘ \ ;
5
w2
~—— 7
7073 N
70—4 \\
76 \ \%
] \8 47,
Pou =2

15.17. Pemnts 3amauy 15.15 mis caydas ONTHMAJBHOrO IpHEMA
MEAJIEHHO (bEIIHHI‘YXOIH,HX TOHaJIbHO-MaHHHyJIHPOBaHHbIX CHTHAaJIOB BHIa

UM-AM '
% () = ady [1 -+ cos Q,f] exp [j (0ot — O)),
i, () = adp [1 + cos Q,f] exp [j (0ot — 0)],

0<t<T,

npu ycaoBHH Q; L 0o, To; = 2/Q; L T.
Omeem: TIpH KBa3HKOTe€pEHTHOM TNPHEME

Pum.am = Q (ac, bc) — % bexp [ ——é— (@®+ b2)cz] 1, (abc?),

rIe
_ V1 oy 81
VolatorP—4g* Vo(a+qr—a
1 /=, 12 3.
c=vy IE-(CH-T),

npu HEKOrepEHTHOM IIPHEME

Pypm.am=Q (aC, bc) —%— [ 14 Vg—(z—l__/l__-%)?’éiﬁ :| e~ 1, (abc?),

476

rie

_ VSVourr . ,_1/ 4 VBV 96—
a= 1 _— = ’ b_" 1 + - - ’
9(4+q)—4q 9(4+9)—4q
- 1= 9at9—4
e=v l/ 2 T 9ot
paduku QYHKUHA Puym-am = f(g, y) Anst ciyuaeB KBa3HKOrEpEHT-
HOFO H HEKOTEPEHTHOTO MEIJIEHHO (eIMHTYIOUHX TOHAJILHO-MaHHIY-
JMpOBAHHLIX CHrHAJI0B Buaa UM-AM npusenent Ha puc. 15.15,a 1 6.
15.18. Pemntp 3agayy 15.17 pas ciydas ONTHMAJBHOTO NpHEMa
MEAIEHHO (EJMHTYIOMUXCA TOHAJLHO-MaHHIYIHPOBAHHEIX CHIHAJIOB
BHaa OM-AM:
Uy (f) = ad,, [1 + cos Q] exp [j (ot — )],
Uy () = ad,, [1 — cos Qt] exp [j (0.t — 0)],

0 <<ILT.
Omeem: [lpn KBa3HKOI'€PEHTHOM IpHEME

Pom.am = Q (ac, bc)— % exp [—% (a2 -+ 0% cz] I, (abc?),

g W40 &1 & y ol W w o & 7
s G107
/a4 w”’ D ~— 2
\ 2= \ ;’ =7
EQL& \§§
\ = -2 b 5
7072 \\\\ g 77 ~
- \\ 4 -3 \ ~
A N 70 = <
87 N
n* k wt NN
»: 160
-~ 00
Al Wt
Pum-an o Pym-am )

Puc. 15.15. 3aBHCHMOCTb CyMMapHOM BeDOATHOCTH OWHGOK OT OTHOWEHHST CHI-
HaJi/llyM NPH KBa3HKOTePeHTHOM (a) M HekorepeHThoM (6) mpHeme MedJieHHo de-
puHryomuax YM-AM curnanos
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rge
. 2V3q¢ ., 2V3q
l V__—__—2——__2, b—l'i_V_——-;;—_—;__é,
9(4+9)*—¢ 9(4+9)P—7q
P
1 - .
c=y ]/ 4—‘-](3 +9);
NpU HEKOTEDEHTHOM IpHeMe

Pom.am=Q (ac, be) — —é— [1 + 1/9(24%?)2?] e~ I, (abc?),
7 —

rie
1/ 1 _2VaVeluxaP—2. ,_y/ (. 2V2V ot —7 .
-V e A o

_y 1) L, 2017
=1l 5 2t

Ipaduxu pyukuuit Pom-am = f (¢, ) A/a CAyuaeB KBA3HKOTEPEHTHOIO
¥ HEKOTepeHTHOTO IpuemMa MNpHuBeleHnl Ha puc. 15.16,a u 6.

ol W 4w s & 7 gol 2040 60 80§
s s
727 PN /A \~
\\ 2_0 \\ Zaﬂ
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2 P— 2z w2 N~ 2
N 5 \ N7
\\ \\
s \ 70 70_5 \\ /)
NS N
wt k AN 2 e \\ AN
760 \ \ \ \ 40
| Yp 40 _ 7% 80
07 o0 /ad —\ \
Pon-u 2 Pon-an %)

Puc. 15.16. 3aBHCHMOCTb CyMMapliolf BepOSITHOCTH OIUMOOK OT OTHOLUENMS CHr-
HaJ/llyM NpH KBAa3UKOTEepelTHOM (@) M HexorepenTHoM (6) npueMe wMeanenuo
deaunnryomnux ®M-AM curnanos
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15,19. Ha BXo: mnpHEMHOro YCTPONCTBA MNOCTynaeT KoJebaHue

x (t)y = s () + E (),
rae

m
s()= 3 ks ()
(=1
— ONUH M3 M BO3MOMKHBIX CHTHAJOB S (f), ..., Sy, (f), TpHuemM ecnu
A; =1, To Bce octanbHble Ay = O (j 5= i). [Ipeanosnaraercs, 4To anpu-
OpHBIE BEPOATHOCTH p (S;) NPUCYTCTBUsI CHUTHANOB §; (f) B peanusaunuu
x(f) anpuopH H3BECTHH W PABHHI:

p(s) =p(s2) = ... =plsm) =1m,
a caMu CHTHAJH §; (f) MOJHOCTHIO onpefienensl Ha untepsane (0, T) u
PaBHBI HYJIO BHE STOTO MHTEPBA/a, VMEIOT DaBHble SHEPIUM E; = E ¥
OpPTOTOHA/bHEI: :
(s s, di={E =1
§' ! {mi#ﬁ

AnnutuBHag nomexa § (f) npeacraBisieT cobof CTaiUOHAPHBIA TayCcCOB-
ckuil Gebifi IYM C HYJIEBHIM MATEMATHUECKUM OxHAaHueM my = 0 u
KoppeasiuioHHoH (pyHKIMeH

Ry (v) = (Ny/2) § (v).

OupenenuTb CTPYKTYPHYIO CXeMy TNPHEMHHKA, OCYIIECTB/ISIOWETO
ONITHMAJIBHOE 110 KPHUTEPHIO WJeasbHOTO HabojaTenst pasjauueHde
M-UUHBIX CHTHAJIOB §; (f), U BHIIUCJIUTH COOTBETCTBYIOMLYIO €My CyMMap-
HYI0 BEPOATHOCTb P omm6ouHOro npuema.

Omeem: TIpueMHHK JoMxeH CPOpMUPOBATh BEJTHUHHBI

Ui=§x(t) s, (£) dt
0

U OCYWIECTBUTH WX cpaBHeHue. Pemenue A; = | npunumaercs, ecin
U; = Umpax (puc. 15.17). Tlpu sToM cymMmmapHasi BepOITHOCTh Omn6ou-
HOTO mpuema

1T o~y 2N
I

15.20. Pemuts 3agauy 15.19 ana cayuas npuema m-UYHBIX J€Tep-
MHHHDOBAHHLIX CHrHaMOB §; (f) Ha ¢oHe aJTUTUBHOH TrayCCOBCKOH
crapuoHapuoii nomexu & (f) ¢ HyJE€BBHIM MATEMATHUECKHM OXKHAAHHEM
mg = 0 u KoppensiuuoHHo#l GyHkuuer Rg (T).

Omeem: OnTuManbHbIfl TPUEMHUK JJISL PA3/MUYEHUS] M-UUHBIX CHT-
Ha/MoB Ha (JOHE KOPPeqMPOBAHHOIO IIYMa JOJKEH cHOPMHPOBATDH CJy=

qajgiHbpie BeJHYUHBI
T

U= x )8,y dt,
0
479



rae ¥; (f) ecTh peleHHEe HHTErpajJbHOrO ypaBHEHUs
T
[ Re(r—09; (M) dh=s5, (1),
0

M OCYIIECTBUTH HX cpaBHeHue. Pemenue A; = 1 npunumaercs, eciu
U; = Ungax- Tlpu 3TOM cyMMapHasi BEpOATHOCTb OWIMGOUHOrO INpueMa

o0

1 — 22
P=l—ﬁ 5‘ e~/ [ (z24-0y)Im1dz,

T
rae of = [ 9,(®)s; () dt.
0

15.21. Ha Buixoge ¥YITU cuHXpOHHOrO NpUEeMHHKA (p}vxc. 15.18)
UMeeT MecTO KojebaHue

x@=r O+ (1 —=Ns () +EO,

rre & () — KBa3UrapMOHMYECKH{I rayCCOBCKH{I HIYM C HYJEBBLIM MaTe-
MaTHUeCKUM OxHUnaHueM my = 0 U KoppensiuuMoHHO# (GyHKuuei

Rt (v) = of pg (T) cOs 0, T;

S (£) = Am cos (@, ¢ + @), 0
S (f) = O, SIsT

— JeTepMHUHUPOBAHHBIE AMILTUTYIHO-MAHUIY/JIHUDPOBAHHBIE CHUTHAJBL.

Ha BTOpOfi BXOA CUHXPOHHOTO JETEeKTOpa Mojaercs KosebaHue oT
MecTHOTO retepoanHa u, () = U, cos (wef + ¢,). Ecau nanpsxenue
U (f) 1a BLIXOfi€ CUHXDOHHOIO JIETEKTOpa MpEBHIIIAET HEKOTOPBIf I10-
por H,, npuHuMaeTcs pelieHue o npueme curuasna s, (£) (A = 1), B npo-
TUBHOM C/yuae IPHHUMAETCs pelLleHHe o MpueMe CUrHana s, (f) (b = 0).
AnpuopHbie BEPOSTHOCTH p (S;) MPUCYTCTBUS HA BXOJl€ NPHEMHHKA CHUT-
HAJOB §; (f) paBHBl MexAy CoOOi: p (S) = p (so) = 1/2.

4 /4
X A
Sy (2,
iR y §§ Uy =Unuz—2,
rl & S |Ui=lmuz—Ai=7
2(t) X > ./ ’§§ -
—1 . 3
S2(2) S8
12 | 89
. . o - * L] * ‘

“
N

X
Yom@®

Puc. 15.17. OnTuMaAbHBIH NPHEMHHK /M-HYHBIX CHI'HAJOB
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t (%) V{57 I>Hg +~A=7
Treodba- \ | cummpormeri \ [ 7opoag0e
984 - smmens> 7 2 ormonman yomoadom ==
7
Tz/r(t) U<Hp—=A=0
[emebodus

Puc. 15.18, CHIXPOHIIBIH NPHEMHHK

OnpeseuTh CyMMapHYIO BEpOSTHOCTb OLWIMGOUHOTO NpHemMa MpH
yCI0BHH, 4To 110por o BEI6paH ONTHMAMBHBEIM O KPUTEPHIO HIEATb:
Horo Ha6mionaresis.

Omsem: P =1 — @ (An/20¢), Ho = An/2.

15.22. Pemuth 3azauy 15.21 pas ciyuas npuema GasoMaHunysIu-
DOBAHHBIX CHTHAJIOB

5; (f) = Am cos (0ot + 1),
S, () = Ay c0s (@t + @y + ),
Omsem: P =1— @ (A,/oy), Hy=0.

15.23. Ha Boixone YITU npuemHHKa, cXeMa KOTOPOro NpeicTaB/ieHa
na puc. 15.8, nmeer mecto kojeGanue

x(f) = huy (8) + (1 —A) us (B) + E (),

rae £ (f) — KBasurapMOHHYECKH rayCCOBCKHIl IIYM C HYJIEBBIM MaTe-
MATHUECKHM OMianueM mg = 0 M KOpPEJsIHOHHOR (yHKuued

0<t<T.

Ry (v) = of pg(T) oS @,T;
uy (£) = U (f) cos [o,t + o (B)], 0Lt T,
u, () = 0,

— AMIJIUTYAHO-MaHHIYJIHPOBAHHBIE CHTHAJBL.
Cursan u, (f) npencrasiser co6oii OTPE30K KBa3UrapMOHHTECKHUX
daykryanuii, orubarwomas KOTOPEIX paclpefeneHa I0 3aKOHY Penes:

py (U) = (Ula?) exp (— U?lot), UZ=0,

a cayuaiiHas HadanbHas  Gasa — paBHOMEpPHO Ha  HMHTEépBaje
(— g, ). [TapameTp A NpHHHMAET 3HAUEHHS A=A = lumd =k =
— 0 c anpHopHbiMH BeposTHoCcTsMH p (A) = p (Ao) = 1/2.  Ecnu
npouecc U (f) Ha BmXO/l€ IMHEHHOTO JETEKTOPA orubaroueft NpeBhIIAET
HEKOTopsit opor H,, NPUHHMAETCs pelmeHne A = 1, B NDOTHBHOM CJTy-
yae npuxumaetcss A = 0.

Onpenenute CyMMapHyl0 BEpOATHOCTDb omnboK MpU YCJOBHH, WTO
nopor H, BbIGpaH ONTHMANbHLIM 110 KPUTEPHIO HAEATBHOTO Habmojare-
JIsl.
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Omeem:
1 H?2 H?2
P = {l 4 exp (-— —Qﬁé—)——exp [—2—(—————0%:_03)]},

rje

% ./ oz +of
Ho=7"1/ 2(02+of)In 7 =

15.24. HaiiTh CTPYKTYpHYIO CXeMy MPHEMHOro YcTpoi#cTBa, OcCy-
LECTBJSIOMIETO ONTHMATBHYIO Mo Kputepuio Hefimana—ITupcona obpa-
G6oTKy KoJjeBanug

x () =hs () +EQ)

rae & (f) — cTauHOHApHBIH rayCCOBCKHA LIYM C HYJNEBbIM MaTeMaTHue-
CKUM oxupganueM mgy = O 1 KoppeasnxonHoii QyHKuued

Ry (t, ty) =ofe—lhi—h |‘;

s (f) — NEeTepMHHUPOBAHHBIH CHTHAM, ONpEIEJeHHBIH Ha HHTEpBase

(0, T) u paBHBlii HYJIO BHE €rO.
.Omeem [96]: OnTuManbHbIl NPHEMHUK JOJXKEeH chopMUPOBATH Be-

JHYUHY

T
U =35 Hx'(t)s(t)+ gl;é(t)é(t)]dt+—2{‘€[x(0)s(0) L x(T)s(D)]
0

W CPABHMTb €€ C MOPOroM f,, ONPENENseMbIM 33aJaHHONH BEPOSTHOCTDHIO
JIOXKHOH TDEBOT'HY :

Pp, = 1 — @ (h/0,),
rie

02 = =
0= 9g3
20§

[52 (t)- ;“—52 (t)] dt -+ 7‘0-? [s2 (0) +s2 (T)].

Sy

Ecnu U > h,, NpUEAMaeTCs pemenue A = A; = 1, B NPOTHBHOM CIIy-
yae npuauMaercs A = Ay = 0. BepoATHOCTb NPaBUJILHOTO ofHapyxe-
Hus BeluHcasercs 1o dopmyne

PD,=1—c1>(”° —a.,).

Go

15.25. Pemuth 3anauy 15.24 pas ciyuasi, Korja KoppensinHOHHAs
GyHRUus IIyMa HMEET BHJI

Re(h, t = ot e~ 1 [coson (b, —t)+ o sin e h—l|.
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Omsem [96]: OnruManbHelfi NPHEMHMK JoJikeH cGopMHDOBAThH Be-
JHUHHY

1
T 20003 0}

[% (&) +ox () + 032 (f)] X

Sy

x [$()+as () + @y s (0] at + 2L @, x0:0

3 2
£ ©5 Of
02 = o +a? o,=2a,

H CPABHHTb €€ C IIOpOroM H,, OINpEJeNseMbIM 3aJaHHOH BEPOSITHOCTLIO
JIOXKHOH TpEBOTH

P'F‘1 = 1 —_ @ (ho/o'o),
rae
T

1 - - £ | 50
Gg_moj [5(8)+ s () - mgs(t)]dt+—(;§—+m—30§—-

Ipu U > h, npunumMaercs A = A; = |, B NIPOTUBHOM CJy4ae NMpUHHU-
MaeTcss A = Ay = 0. BeposaTHocTs NpaBUABHOTO OGHADYKEHUS BhIUHC-
Jsercs no dopmyJe

PD, =1—0 (ho/oo — 0'0).

15.26. Ha Bxon ontumanwHoro no kpurepuio Hefimana—ITupcona
NpUEMHHKA NocTynaer KoneGanue x (f) == Au () + & (¢), rne & (f) —
CTAlMOHADHBIA TaycCOBCKHUE Genblit MIYM € HYJNEBBIM MATEMaTHYECKUM
oxunanuem mg = 0 u kKoppenasinuouHo#t ysakpued

Ry (v) = (Ny/2) 8 (v);
u(f)= ad,cos(wyt+90), 0<ILT,

— MEAJMEHHO GAYKTYUPYIOUUE CUTHAN. 31ech A, H oy — MOCTO-
sIHHBbIE BeJIHUUHH, O — cayuaiiias HavanbHag asa, paBHOMEpPHO pac-
npeneseHHasl Ha MHTepBaje (— m, ), @ — AMIVIHTYAHLIH MHOXKUTEb,
npunuMalomuii Ha uatepBase (0, T) cayuajiHble 3HaUeHHsi C IMJIOTHO-
CThIO DACHPENESECHUS BEPOSTHOCTEN

p1 (@) = (a/og) exp (— a?/203), 0 < a.< 0o.

BeluncuTh BEPOSTHOCTD JIOKHOH TPEBOTH H NMPABHALHOTO OGHApYyKe-
Hus.
Omeem:

Ppl=exp<——;—h3); PDl=exp(-—2_{l_7 ha), q=20q,
°F AL T

No N,

Ipadux dynkuuu Pp, = f (¢) npuBenes Ha puc. 15.4 (IUTPUX-TYHK-
THPHBIE JIMHHH).

q-_—__
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16. OLEHKA NAPAMETPOB CHUTHAJIA

1. TEOPETUYECKHE CBEAEHUSA

Ilycte na HekoTOpoMm Bpemennom uutepsane (0, T) umeercs peajiusauus
1 (f) CyMMBl MOJIE3HOTO CHTHaAa § (fy, Ay, Ay, ...), 3aBHCAUETO OT HECKOJBKHX
mapamerpoB Ay, Ag, ..., H FayCCOBCXOTO CTalHOHApHOro wyma § (¢):

N =5 A, Agr ) FE(@), 0<t<T. (16.1)

IlpennonaraloTcss H3BeCTHBIMH CJelylomHe cBeleHHsa: 1) rayccoBCcKHH cra-
LHHOHADHBIN WyM & () HMeeT uyJ/ieBOE MATEMATHUECKOE OXKHJaHHE H H3BECTHYIO
KOppeassHOHHYI0 (YHKIHIO:

M{E ()} = 0, M{E (t) & (ta)} = R (tz — 41); (16.2)

2) BHp cHreanaa s (I, Ay, Mg, ...) 3a1aH H OH NMOJHOCTBIO PACMOJIOXEH BHYTPH HH-
TepBana nabalomerus (0, T), Tak YTO 3HAYEHHs CHTHAJa H eT0 MPOH3BOAMBIX Ha
KOHIaX 5TOTO HHTepBa/Ja PaBHEl HYJIO; 3) 10 Haba0JeHHi OPHEHTHPOBOYHO H3-
BECTHEI AlIPHOPHBIE MIJIOTHOCTH BEPOATHOCTH apaMeTpoB Ay, Ay, ... Ji1st HHTEpecylo-
KX HAC apaMeTpoB B JaJibHeHIIeM OHH NOJAaraloTCs PaBHOMEPHBIMH B HEKO-
YOpOM HHTepBade 3HAYCHHI.

IyTem 06pa6oTKH IpHUATOrO KoJieGanus 1) (£) HyXKHO HANTH npeledbHYI0 TOU-
HOCTb OLEHKH OJHOTO MJH HEeCKOJIbKHX NapaMeTPOB A;.

O6pa6oTka NPHHATOH peaJH3alLUH MOXKET OCYLECTBASATbCS B JHCKPETHOM
HJH HeNpepHBHOM BpeMenH. B mepsoM ciiydae o6BIYHO HCNOAbB3YIOTCH PABHOOT-
CTOfIAE OTCYeTH peajH3alHH 1; = 1 (A), Ny = 1 (24), ..., Nm = 1 (T/m),
Ha3bplBaeMble B COBOKYMHOCTH BhIGODKONI ofBeMa m; BO BTOPOM Cjlyyae HCHOOJb-
syeTcs Bcsl peanHsanms 1 (f) ua umerepsante (0, 7).

IlycTh HCTHHHOE 3SHAYEHHe mapaMeTpa A; TOCTOSIHHO H paBHO My, 2 ero
OLEHKa O IPHHATON peajH3aLHH ecThb A;. OlleHKa A; H3-32 HaJHUHs [yMa OyJleT
cnyyafiHoil BeJHYHHOM, H3MeHsloulefics OT OJMOIl pealH3allHH K IPYrof.

B kayecTBe ompeAedslOMHX MOXHO B3ATh Pa3uble XapaKTepHCTHKH cay4a#-

ROl BeJIHUHHDI 7"i' B 3aBHCHMOCTH OT 3TOF0 paccMaTpHBAIOT TOYEUYHbIE H HHTEPBAJDb-
Hble OHeHKH.HpH TOYECYHBIX OLEHKAX HUTEPECYIOTCA I/IAaBHBbIM 06pa30M MaTeMaTHye-

CKHM OXHJaHHeM M QHCIepCHel ciayvafiHofi BesHunusl ;. Mnrepsaipuas onenka
CBOJHTCSl K BHIYHCJIEHHIO HHTEpBa/ja, B KOTOPOM C 3aRaHHOH BepOsSTHOCTLIO 3a-
KJAI0YeHO 3HadYeHHe OlleHHBAEMOTO mapamerpa. B naabnefilmeM paccMaTpHBaIOT-
Csi TOILKO ToYeyubie OLEHKH. .

Oneuka A; Ha3biBaeTC HECMELIEHHOH, ecaH M{?»,-} = MAjg; B TIPOTHBHOM
caydae (M{?»,-} = h;o) OleHkKa uasbiBaercs cmewenuodl. PaszuwocTs AL =
= M{Mi} — MAjp nasmiBaeTcs cMemeHHeM HJH CHCTEMATHYECKOH OWHOKOH OueH-
kH. HecMemennas ounenxa, HMelomas HAHMEHBINYIO BO3MOXHYIO JHCIEPCHIO

Dy, =min M {(R,—2,0)*}, (16.3)

HasbiBaeTcs sp¢pexTHBHOH. Komeuno, Bcerja xenareqbHO NOAYYHTb 3beKTHB-
Hyl0 OILEHKY.

B ToM ciyuyae, KOr/la moJe3Hbill cHruan s (¢, A) 3aBHCHT OT OLHOTO OLleHHBAe-
MOTO apameTpa A H ero oLeHKa NPOH3BOAHTCS 1O BHIGOPKE {1);, Na, ..., Nm} 0ODe-
Ma m, MOIKHO J0Ka3aTh, YTO JHCNIEPCHs HecMelleHHOH OLleHKH HMeeT HHKHIOW rpa-
HHLy, ONpeiesieMylo CHelyloUmHM HepaBeucTsoM Pao-—Kpamepa:

d 2 -1
D;: >{S§ [alnpm M1y -+ o0 Mms 7»)] P (M -o o ms A) dm---dnm} )
(16.4)

rxe pm (M, ..., Nm; A) — cOBMecTHA$t ILUIOTHOCTb BEPOSTHOCTH BBIGOPOYHBIX
3HaYeHHH.
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Ecau prifopounbie 3aYeHHS g, Vg, .., T, HE3ABUCHMEl B COBOKYTHOCTH, Tpa-
Basi 4acTh HepasencTsa (16.4), onpenensionmas MUHHMANLHO BO3MOXKHOE 3HAYEHHE
JHCMePCHH HECMELIeHHOH OLeHKH, npHuuMaer Buy {105]

1 d R 2 . —1
p. Ly [2mp(nd) BRI D 2LV IURD N
Amin m ak m e

(16.5)
rle I/ HenpepuBHONH CAyYaHHOH BeJIHUHHEL 1)
Olnp(mh)|*_ [ olnplmh |
Ml=——r b 2 -~ < A) diy =
(S = ([ s
T amy T d
_ j[ p(n )] n_ (16.6)
oA p(n; &)
a I JHCKPETHOM CJAy4aiHOH BeJdHYHHBI
dlnp(m; M) 12~ [9lmp (m M)]?
M{i————— = = i» M) =
(e 2 |52 s
<~ [ Op(ns M 1
— 2 [ p (n; )] . (16.7)
(- oM P (s A

Korna nonesupiit curuani s (¢, Ay, Ay) 3aBHCHT OT ABYX NapaMeTpoB A;, Ag
H OLICHKA HX NPOH3BOJHTCH MO He3aBHCHMON BBIGOPKe 06beMa m, GopMydn! Aas
MHHHMAJbHBIX IHCIEPCHH OLEHOK H HOPMHPOBAMHOH KOPPEASIHOHHOH QyHKIIHH
MEXIYy OLeHKaMH HMeIOT BHJ

D. _ (1—riy—t D . (1—rp)-t
7“ . .,\ ~ 1 ,’\2 . - ~ ~ b
- {alnp(nllly Aa) }2 B [61np(11; M. 7\2)}2
ok, ok,
o o (16.8)
M{ Olup(n; Ay, hy) dlnp(m; &y, xz)}
oy kg
Fig= — ~ =~ 9 2 e 271/2°
{M{ alnp(ni M 7»2)} M { alnp(ni AgS 7»2)}
oy o

JIlasi nonyYenHs OLEHOK MOTYT MPHMEHSTHCH PasHble METOAbI: MeTO] MOMeH-
TOB, MO MAaTEMATHYCCKOMY OXKHIAHHIO aNOCTEPHOPHOIO paclpeiefeHHst, MO MaK-
CHMYMY anoCTePHOPHOTO pacnpenesenHs, METO] MAKCHMAJAbHOrO NP aBLONOXOGHS
HAp. [6, 106]. HanGosee yacTo HCMOMB3YIOTCS METON MAKCHMAbHON anocTepHop-
HOH IJIOTHOCTH BEPOSATHOCTH H METOJ MaKCHMAJbHOTO MPaBLONOL0GH .

Ilo npexnosioxer 0, 3HaYeHH5 OLEHHBAEMBIX NADAMETPOB Ag, Ag, ... TOCTOSH-
HHl Ha nHTepBajie HaGllogenns. Henoabays Tor dakr, uto wym B (16.1) rayccos-
CKHH, MOMKHO HAHTH COBMCCTHYIO MJOTHOCTb BEPOSTHOCTH IJsi BHOODKH (1),
Mg, -+-» Tim) H NAPaMETPOB Ay, Ag, ...

P Mms My Ay, o) =po (M, Aay o) p (e en, LAy, Ay, ) =
=P (M1 -0y Mm) p Ay g,y o 01y ooy M)
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Octiopa nonyuaem dopmyay Bajfteca 1as ycJOBHOH MIOTHOCTH Bepbmnocm
p(}\.l, }\.2, cae I Nis-»es ’I’]m)zkpo (;\,1, )\42, ...) p(’l’]l, ey ’I’]mlxl, )\,2, . ..), (16-9)
rae koapdHIHEHT B ompejensieTcs H3 YCIOBHS HODMHDOBKH:

k= {...{ po (b, gy o) P (s e Mm | ha By, oo ) dhadhg.

[IpH peleHUH psja NPAKTHYECKHX 3a4a4 10 IPOBeleHUsT HAaGMI0NeHHH ¢ GOMb-
wefi HAH MeHBbIIejl CTeNeHbIO AOCTOBEDHOCTH ObiBaeT OpHEeHTHPOBOYHO H3BeCTHA
IJIOTHOCTh BepPOSTHOCTH OLeHHBAEMBIX MapaMeTpoB pg (Ay, Ag...), KOTOPYIO HA3EI-
BAIOT anpHOPHO (ACONBITHO). Y CJIOBHAS MIOTHOCTb BePOATHOCTH p (A, Mg, ... )
M1, .-+ Tim) HA3bIBAETCS ANOCTEPHOPHOIT (MOCAEONBITHOM) IIOTHOCTBIO BCPOATIIOCTH
napaMeTpoB Ay, Ay, ... IIpH RanHOi BHGODKE OHA J@eT MOJible CBeelHs 06 HH-
TepecylOWHX Hac napamerpax. ‘

YcaoBHAs NAOTHOCTb BEPOATHOCTH p (1, .-, NmlA1, Ag, -..), paccMaTpuBaemas
KaK QyHKUHS MAPAMETPOB Ay, Ay, ..., HasbiBaeTcs dyHnkuneil npabionogoous. Ilpu
H3BJeueHHOH BhIGOpKe (Ge3 yyeTa anpHODHOTO pacnpelelends pg (A, gy .20)
OHa NOKa3bBaeT, HACKOJbKO OAHH BO3MOXHbIE 3HAYEHHS NADAMETPOB Ap, Ag, «-
Gonee mpaBAOMOAOGHBI, YeM ApyrHe.

B MeToge MaKcHMAJbHON anoOCTepHODHOH IJIOTHOCTH BEPOSATHOCTH B Kaue-
CTBe OLEHOK Ay, Ay, ... MapametpoB Ay, Ay, ... GEPYTCs Te 3HAYEHHS, NPH KOTO-
PHIX AN AaHHOHA BHIGOPKH (N1, ..., Nj;m) @MOCTEPHOPHAS MIOTHOCTb BEPOATHOCTH
HMeeT aGCOMIOTHEIA MAKCHMYM., OTH 3HAayeHHS SBJAAIOTCH peLeHHSMH CHCTEMbI
ypaBHEeHH

3 N R
-Kp(xl, Kgrooor Mjue i, mm) =0, i=1, 2,... (16.10)

i
OTH pelneHHs ROJIKHBI ABHEIM O0pasoM 3aBHCETb OT pe3y/bTaToB BBIGODKH H
ofeceyHBaTh DOJyYeHHe a6CONIOTHOTO MAKCHMYMA aloCTePHOPHOM MIOTHOCTH Be-

POSATHOCTH.
Tak Kax JiorapHudM — OJHO3HAUHASE H MOHOTOHHO Bo3pacraiomas GpyHKUHA
apryMenTa, TO pe3yJ/ibTaT MAKCHMU3ALUH anoCTepHOPHOH MIOTHOCTH BePOATHOCTH

H norapudma OT Hee coBmaaaioT. [TosToMy BMecTO ypasHeHH: (16.10) mMoxxHO HC- -

KaTb COOTBETCTBYIOUIHe KODHH yDaBHEHHS

mp(hy, R, ooy Ry oo Iy, M) =0, i=1, 2,0 (16.11)

oAy
Bo muoOrux NpaKTHYEeCKHX caydasax anpuopHas TMJIOTHOCTb BEPOATHOCTH
po(hiy Ao, ...) OKA3BIBAETCS HEM3BECTHOH H ee MOJAraloT PABHOMEDHO PACTIDEALIeH-
HOil (HampHMep, NPAMOYTOJLHO HJIH HOPMaJbHOH ¢ GOJBIIOH AMcrmepcCHeli) HA
HHTepBaje BO3MOXHEIX 3HauenH#i mapamerpos. IIpH 5TOM KOOpIHHATH MAKCHMYMA
anocTepHOPHOH MAOTHOCTH BEPOSTHOCTH OyJyT COBNAAATH C COOTBETCTBYIOMHMH
xoopaHHaTaMH (QyHKIHH MpaBaomogobHs, KOTOpEIE OMpeAeifloTcs IHyTeM pelle-
HHSI CHCTeMBl ypaBHeHH# NIpaBaonooGHs

G I :
—— Lk, Ay, .nn, Ry, .0 )=0, i=1,2,3...
ak;
HJH

d SN N
_alenL(h' Rgroois by, .0)=0, i=1,2,8,... (16.12)

t
rae

LA Agree)=p(M1r--e» Mm A Agoenl). (16.13)

PeleHus 1OMKHE ABHBIM 06DPa30M 3aBHCETD OT Pe3y/bTaTOB BHGODKH H oGec-
NeydBaTh NONYueHHe A6COJMIOTHOTO MakcHMyMa GYHKIUH [paBRomOfOCH s (unn ee
norapHdMa).
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B GosblHHCTBE PaJHOTeXHHYECKH X 3a/a4, CBA3aHHbIX C OLleHKOM/ TapamMeTpoB,
NpeHMylleCTBEHHO HCNONb3yeTCsT MeTOA MAaKCHMAaJbHOTO NpaBAOMOAOGHA. D10
o6bscHACTCH DAAOM JOCTOHHCTB OLEHOK, MOJiydYaeMmblX 3THM MeTOJOM, a TaKxke
CPABHHUTEIBHON NMPOCTOTO} BhIYHC/IEHHH H NPAKTHYeCKOf peasiH3alHH COOTBETCT-
BYIOULHX aJCODHTMOB B BHJe H3MepHTeNbHEX ycTpoiicTs (107, 108]. B yacTHOCTH,
NpU OLCHKE OJHOro mapaMeTpa nojyyaeMas OLEHKA OKa3biBaeTCH ACHMITOTHYe-
ckH (mpu ouenb GodbuioM 06beme BHIGODKH) abdekTHBHOH. Tlepeuncinm Temeps
HCXOJHbIE YCJOBHS, BRIIOJHEHHE KOTOPHIX Mpejanosaraercss B gajbHeiilleM, H 3a-
TeM B CNPaBOYHOM BHJe NpHBeleM KOHeuHbie QOPMYJbl AJsl AHCIEDPCHH ONEHOK
[108] npu o6paboTKe HenpepHBHOM peanHsanuu 1 (f).

1. B peaausauusx 1 (f), nognexamux o6paGoTKe, OTHOWeEHHe CHrHan/mym
HACTOJIbKO BEJHKO, YTO HEOJHO3HAYHOCTb OLEHKH NMPAKTHYECKH HCKJIOYeHa.

2. PaccmartpHBaeTcs OLeHKA JIHIIbL OJHOrO KaKOro-JiHGo H3BECTHOro mapame-
Tpa A; mosesznoro cHrHaja s (f, Ay, Ag, ...). AIDHODHAS NJAOTHOCTb BePOATHOCTH
3TOr0 mapameTpa A; npHHHUMaeTcsi paBHOMEepPHOH B HEKOTODOM HHTepBaJje 3Hadye-
iHil. Ocra/ibHble MapaMeTpsl CHrHaJla CYHTAlOTCH HJIH BCe H3BECTHLHIMH (Tak Ha-
3biBAEMBIl MOMHOCTDI0 H3BECTHBII CHTHAJ, 33 HCKJ/IOUeHHEM OUeHHBAaeMOro napa-
MeTpa) HJIH e DAJHOCHTHAN § (£, Ay, Ay, ...) HMeET clyuaiiHylo HauaJAbHylO dasy,
PaBHOMCDHO pacnpeae/ieHHYI0 B HHTepBaJe (— 7, 1) (CHIHAJ cO caydyafiHOH Ha-
yanabHOfi ¢asoit). B panbheiimiem paccmaTpupaercs B OCHOBHOM cCJy4Yafi moJ-
HOCTBIO H3BecTHOrO cHrhaja. OfHAaKO P#jA MOJNYYEHHBIX Pe3yJNbTaTOB OCTaeTCd
clnpaBeJVIHBbIM H A/ DAaJHOCHTHANOB CO chy4aiiHofi HauanbHO# ¢asofl.

[Tapamerphbi A; (AMINIHTYZA, AJIHTEJNBHOCT HMIyJibca), OT KOTOPbIX 3aBHCHT
9HeprHsi CHrHAajga, HA3bLIBAIOTCH 3JHEPreTHYeCKHMH; OCTajbHble MapaMerphl (ua-
cToTa, Bpemss nOABJeHHs, dasa H Ap.) — HesHepreTHYECKHMH.

3. B nanbHeiilleM paccMaTpHBAIOTCS TPH YacCTHhIX BHAA rayccOBCKOTO cTa-
nuoHapHoro myma & (f):

Geablil IIYM ¢ KOppeAsinHoHHOH dyHKuHell

Ro (s — t) = N (ts — 1)/2, (16.14)
SKCIOHEHIHAN bHO-KODPEJNHPOBAHHLI IIyM
Ry(ty— 1) = o2 exp (—alty — 1, ]), (16.15)

Y3KONMOJOCHBIHl IYM € KOppedsnHOHHOH dyHKnueH

Ry (ta~-t1)) =0 exp (—olly—1; ) [COS o (fz_tl)—i-_(;z‘ sin@yg | fa—4 I] - (16.16)
1

[Ips yKazaHHBIX TPeX YCJOBHSX OUEHKH HedHepreTHYecKHX NaPaMeTpOB CHI-
HajJa, a TaKXKe ero AaMmILIHTY[bl OKa3biBAlOTCS HeCMelleHHLIMH.

JHcnepcHs OUeHKH HesHePreTHYECKOrO MapaMeTpa A HOJNHOCTbIO H3BECTHOFO
curuana s (£, A) onpegeasiercs ¢opmy.aoil [108]

2_[d2s(7») -1
A= | " . . (16.17)
rae Ay — HCTHHHOE 3HAYeHHEe OLEHHBAEMOrO MapaMeTpa;
T
s(M:i[s(t, M) v (t, A)di. (16.18)

Jnis rayccoBCcKHX CTallHOHADHBIX INYMOB C KOPPeNAlHOHHBIMH (GYHKIHSMHA
(16.14)—(16.16) dyHkuus v (f, A) cOOTBercTBeHHO paBHa o

2
vo (£, k)=—NO—S(!» ), (16.19)

1 ds@, M)
a® dn ]

v (¢, M) = [s (¢ A)— (16.20)
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r

1
v, (2, MZW [w% s(t, M)+2 (0 —2a?) X
@s(t, h)y ds(t, N
X i + i ], 0} =0l Ja?. (16.21)

JlncnepcHsi OUeHKH «aMIWIMTYIB» 4 MOJHOCTBIO H3BECTHOIO CHrHajaa BHAa
s(t, a) = a s, (t), rae sy (f) — HOpMaJM30BAHHBIH CHIHAM, paBHA

T —1
og:“ So (1) 07 (£) dt } . (16.22)
0

3nech ¢pyHkuus v’ (f) onpenensieres npexHUMH Gopmynamu (16.19)—(16.21)
¢ 3aMeHOl B npaBuix 4acTsx s (f, A) Ha sq (¢).

2. MPHUMEPBI

16.1. Cnyuajinas eanusHa X npuxHumaer jgsa sHauyenus 1 u 0 c
pepositTHOCTMH  P{x =1} =7, P {x =0} = 1 —A. Ilyctb B pe-
3yJbTaTe m UCIBITAHHHE UCXOX X = 1 ocymecTBHICs R pas, a HCXOR
x = 0 ocyumecTBusics m — k pas. TpebyeTcs NoNyuuTh OUEHKY BEPOAT-
HOCTH A MO pe3ysabTaTaMm OIbITA.

Pewernue. B panvom npumepe QyHKIMS NPaBIONOAOCHS ONPEAe/IAeT-
ca GuHoMManbHBIM  pacrpenenenuem L (A) = Ak (I — Aym—*. ¥Ypas-
HeHUe MpaBiornojo6Us NPUHUMAET BUI

O mLy="t _m=k o

~

ar A 1—A

Orciona noayuaenm pemenue A = k/m. CienosaTenbHo, ONEHKCH BepoAT-

HoctH P{x = 1} = A ABAAETCA OTHOCHUTENbHAS YacToTa k/m wncxona

x=1.

Jlis HAXOXKIAGHHIS MHHHMMAJBHOJ JUCTIEDPCHH ONEHKH BOCMONL3YyeM-
cs dopmynamu (16.5) u (16.7). Tak Kak dp/oh =1 mpu x =1 u
op/loh = — 1 npn x =0,

0]np(x;7»)12 1 1 1
y— 2o = —— = .
Ml o f x+ 1—A  A(1—A)

ITosTomy

Dy = (1—)m.

A, min

16.2. HekoTopasi HopMaabHO pacnpeje/eHHas caydafiHas BENTHUHU-
HA A U3MEpSETCS HE3aBUCHMO ABYMSI HEPABHOTOYHBIMH npubopamu, Ko-
TOpBIE OCYLIECTBJSIIOT HU3MepeHHs: 6e3 CHUCTeMAaTHYeCKUX OmuGoK, HO
c pasueivy aucnepcusiMu Dy u D,. Hyxno ykasaTe pesyssTHpyIOLLyio
NMOTPEIIHOCTh U3MEPeHHUs CAydyaf{HOf BEJHUYMHBI A.

Pewenue. O603HAYNM MOKA3aHUS NEPBOro MW BTOpOro npubopos
COOTBETCTBEIIHO uepes 1, H 1,. Moxem 3amucaTs 1y, = A + &, 1, =
= A4 &, e &, u &, — He3aBUCUMBIE HOPMAJbHO pacnpejeseHHsle
clyyafiiple BETHUHHBI C HYJEBBIMH MAaTEMAaTHUYECKUMH OXKHIAHUAMH H
aucnepeussmu Dy v D,.
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Hetpyano y6eautnest, uto dyuxuus npasononobus ciyuafiHol Bé-
JHUMHBL A OMPEJENAeTCsl BBIPaKeliien

L()=p (s 1)) =5 exp | (U2 (22l ],
1 2

2510, Oy

YpapHeHue mnpaBionogo6us TPUHHMAET BUJ

2 3 (m—=3%) | (n,—1)
2 _InL(})= M 2 =0.
ar ( ) Dy T D,
OTclona  HaXoIuM
. Dy Dy
- ¥ .
Di+Ds " 4D, M

ITo u3BecTHRIM NpPaBUAAM [0JYy4aeMm JUCIEPCHIO TAaKOH ONEHKH
Dj = DDy/(D; + Dy).

16.3. BoluncauTe QUCTEPCHI0 OHEHKH AMIUIMTYABI @ OPSIMOYrOJib-
HOTO pajHOUMMYJbCA

s(h a) = acos (of + @), 0<< bty < I by +1u<<T, oT > 1,
(16.23)

NPUHUMAEMOro Ha (oHEe rayccoBCKOIO CTAIHMOHAPHOTO IymMa C Koppe-
nauuonHof dyHkuuein (16.15).

Pewennie. PaccMaTpuBaeMblii pagHOMMIYJAbC PABEH HYJIO0 HA KOH-
uax unTepsasia Habmonenus (0, 7). Has uero ¢yuknus v’ (f), Bxoas-
masi B gopmyay (16.22), onpenensiercss Boipaxenuem (16.20) u pasua

ripny O b d2s0(t,7»)"__i w?

v =g [l h) = = (1 Scos(ot+w)
[ToacraBus a1y dyHKnuio v’ (f) B dopmyny (16.22) u BeINOJAHHB HHTe-
TpUPOBaHHe, TPU yejaoBuH o7 3> 1 moayumm

2 r —
il ) R T
()
0Ty (l—}—?) et R ®
rae Af, = /4 — 3bdexTuBHAA IMPUHA CcreKTpa myma; Af — mmpu-
Ha OCHOBHOTO «J€lecTKa» CIIeKTpa pajuoMMITyJIbCa.

16.4. OnpefesuTs IUCTIEPCHIO OHEHKH PAasHOCTH T = Ty — T, Bpe-
MEHHBIX MOMOXKEHHH JABYX HENEPeKPLIBAIOUXCH DPaJHuOUMIY.IbCOB

st (E— 1) = ayf ( — my) cos (of + @),
83 (£ — T3) = a,f (£ — 73) cos (0t + ¢,),

npuHATEIX Ha doHe Genmoro myma n (f) B untepBane Bpemenu (0, T),
npuueM o7 > 1. dyuknusa f (! — ;) onucwiBaer orubaromue pajuo-
HMIYJTCOB.
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Pewenue. Ecnn 0603HauuTs yepes 8, u 8, COOTBETCTBEHIO Cayuaii-
Hble OMMGKH ONpENENeHHsl [; U Ty, TO AMCIEPCHS OLEHKH pPasioCTh
6 = 6, — 8, ompenensieTcsi COOTHOLUEHUEM

Dy =M{8 =M {61} + M {63} —2M {6, 0,} = Dr, + Dy, —
—2V Dx, Dx, 12,

rge D., u D,, — QuCriepCHUU pa3jeibHBIX OUEHOK Ty H Tyj f1z — 1OP-
MHUpOBaHHAS KOppe/IANHOHHAS (QYHKUHSI COBMECTHOM OWEHKI Ty I Ty.
Tak Kak UMNyJbChl HE NEPEKPHIBAIOTCH, TO iy = 0 H

D.,=D. + D, (16.24)

CnaraeMsle B npaBoii wacti (16.24) HaxoiuM No OCHOBHOH Qopmyrne

(16.17), npuuem gas Gesoro myma B (16.18) HyxkHO NnoOxCTaBAATH hyHK-

o v (£, T;), onpenenexnyio cootsomenuem (16.19). .
CrefoBaTeibHO, MOMKEM HaINHCaTh

T -1
2 g2 .
D‘i=_ j—v—o-j‘si(t—'cio)ﬁsi(i-——ri)dt , i=1,2. (16.25)
0 ¢ 1 =T10 :

Moxuo noxasats [108], uto 3ToT pe3ynnTaT NPUBOMUTCS K BHAY

1
Dy = ————, 16.26
T (2E4/No) B (1620
T
rje E;= (s} (f—r;)dt (16.27)
0
——aﬂepfnﬂ papvouMnyasca s; (1 — 1),
00 -1 o
[52=[ [ 1F(jo) lzdm} [ o F(jo)do, (16.28)
Fjo)= { f(elatat (16.29)

-_—0

— KOMILIEKCHBIfI criektp orubamowed [ (f).
Brruncsieaus no dopmyne (16.28) nuisa orubarouieit rayccosoit ¢op-
Mer [ (f) = exp (— 2,8f%t;), T Ty — JUIMTENBHOCTh HMIYJLCA HA
ypoBae 0,5 0T MaKCHMA/IbHOrO 3HAUEHUs], NIPHBOASAT K CJEAYiomeMy pe-
ayabTaty: B? = 2,8/7h.
[IpUMeHHUTeNbHO K TayCCOBbIM DAfMOMMIYJ/BCAM (OpMYJa (16.24)
npu a, = @, = a TNPUHUMAET BHUJ
T3 n Aty

_ % . k-1 = —0,37a%7,. (16.30)
1,4(2E/Ny) 5,6 2

D-;:
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3. 3AJAYH H OTBETHI

16.1. VmeeTcss mocJefoBaTe/bHOCT, N HE3aBUCHUMBIX HCHBITAHHUH,
B Ka)KI0M M3 KOTOPBHIX MHTEPeCYIOMHMil HaC HCXOJ HACTYNAET C NOCTOSH-
HOH, HO HEeH3BEeCTHOI BEPOSATHOCThIO p. I1ycTh n — Habaiofaemoe 4UC/IO
TIOJIOKHTETLHBIX HCX040B. KakoBo Hanbosee npabponojo0Hoe 3Haye-
Hue p?

Omeem: p = n/N.

16.2. OuenuTh napameTp A B 3akoHe pacnpenenesus Ilyaccona

X

A . -
p(x, M) = — e—* mnonp3ysck BeIOOpKOH, KoTopas I CAydaidHo#
x!

BesuuMHE X Jajla 3HAueHHs Xy, Xg, ...y Xn-
n

Y 1
Omeem: 7\427 E Xiy D’L'—"

.

=|>’>

i=1
16.3. Ilokasanus ny, fg, ..., Ny Kaxkporo u3 N CUeTUMKOB pacrpe-
feneHs] 1o 3akony [lyaccona. MasectHo, uto cpennue snauenns M {n; } =
= M;, i =1, 2, ..., N, rne A — HeusBecTHass MUHTEHCHBHOCTb; f; —
OT/eJbHEIE BPEMEHHbIE HHTepBaJbl cuyeTa. HalTH OHEHKY HHTEHCUB-
HOCTH A. :

. N N
Omesem: A= 3 ni/ >t
[ =1

=1

16.4. Cnyuaiinas BeJuuuHa § IMEET HOPMAMBHYIO NJIOTHOCTH BEPOST-
HOCTH

PO= 3755 o0 |~ 5]

C M3BECTHBIM MATeMaTHYECKUM OXKHJAHHEM 171 U HEH3BECTHON JUCIEpCH-
eft D. B peaysbTaTe HabmoneHU I TONYYEHB! 71 HE3aBUCHMBIX SHAUEHUH
£, &, ..., &, coyuafinoft Besuaunsl §. Hafitn npasponofo6uoe 3uauenue
aucnepcr D. ByzpeT nu nonyyeHHas oneHKa HECMEUIEHHOMH?

n

Omeem: D = L 2 & —m)
n
i=1

OLIEHKAa HeCcMelIeHHas.

16.5. B Tex xe yCJI0BHAX, YTO U B 3ajaue 16.4 HEH3BECTHL! H rOAJIe-
JKaT O[eHKE MaTeMaTHUeCKOe OXkUaaHue m u aucnepcus D. CMelesHbIMH
WIH HECMEIeHHpIMH OYAYT OHeHKH MaKCUMaJIbHOTO mnpaBpornogobHs?

Omeem s m = nii &, L =~;—i E—m).

{um] =1

OueHKa MaTEMaTHYECKOTO OMKHAAHUS HECMEUIeHHAs, TAK Kak M {;n—

— m} =0, a ONEHKA JHUCIiepCHUM CMENIeHHAs, TAK KakK M{ﬁ} =
= D(n— 1)/n.
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16.6. Haiitit T1CcrepcHio OLEHKH aMIVIMTYJBl @ rayccoBa MMITyJbca

s(t, a)=aexp [— 2 (t—ro)ﬂ, 0<t,<T,

H

puHHMaeMoro Ha (oHe raycCOBCKOro CTAIIMOHAPHOrO LIYMa C 3SKCIo-
HEHIMAJbHOH Koppe1siuontoi dyHkuneir (16.15).

Omeem: o= 4o? — = 2,67

Bl 2]

Ty

oty 02
2,8+ (aty)?

16.7. Ha doue onnoro u toro xe 6ejoro myma n (£) pasfeabHo NpH-
HUMAIOTC TPSIMOYTOJBHBI W TrayCCoB DPajUuOHMITYJILCH

s (t, a) = acos (of + o), 0< < ttn,<<T,
5y (1, @) = ae—¥=")cos [0 (£ — Tp) + @ol, 0 << 7y << T

HaiiTu npenenbuyio TOYHOCTh U3MEDEHHsl aMIIUTyABl @ TaKUX Daguo-
UMITYJIHCOB, CYMTAS, YTO OHU NPAKTHYECKH MOJHOCTBHIO PaCO/IOXKEHbI
BuyTpu unreppana (0, T). CpaBHUTL Pe3y/NbTaTHl [IPH PaBEHCTBE 3HEp-
TUfl PajuOUMITY/BbCOB, T. €. IIPH YCJIOBHH

T oo
\ st @)di= § s3 (¢, a) dt.
0 —o00

N . 2
Omeem: o},=—2L, 03%=N, ‘/TY’ ol. =0,

$4
Tn

ar
npu T, = —_
p un ‘/ 2v
16.8. BriupcMTh AHCIEPCHIO OLEHKH mapametpa m1 pajnoCHTHafa
s (t, m) = ay (1 4 m cos Qf) cos (ot + @), 0t T, 0T > 1, npu-
HuMaenoro Ha ¢ome Gesgoro myma n (2).

2N, [H— sinQQT]—l
a3 T 2QT ’

16.9. ITpamoyroabusli paguonmnynne (16.23) npuHumaercs Ha
done yskoriosocroro myma (16.16). Haiitu aucriepcuio oueHku amILiy-

TyABl a. PaccMOTpeTh YacTHBI Caydaii, KOria © = @q = Vol + ol

Omeem: o =

Omeem: o% = 8aw o° . ol = 20*
(0*—o03) 402 0?

NpH © = .

16.10. Ha ¢one Genoro myma n (f) NpUHAMAETCss DagHOCHTHAN
s(t, @) = U () cos lot + ¥ () + ol
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—

rae U (f) u (f) — 3aKOHBI aMITUTY MO W Basoroit Mony.asuuu. Onpe-
JEeTUTh JUCTIEPCHIO OLEHKH HEHW3BECTHOH HauasJbHOH (asel ¢. -

T
. 1 1 .
: 0= ——, E=— 1) dt, 1.
Omeem: o3 CE/Ny E 5 .S‘U (Hdt, oT>
0

16.11. BpiuuCauTh AUCIEPCHIO OHEHKH BPEMEHHOIO TOJOKEHUS T
raycCOBCKOTO HMIYJIbCa

2

.8
: (t—w]

T

s(t,ro)zaexp[——

IPH ONTHMANBHOM TipHeme Ha ¢one 6esoro myma. [lpeanonaraercs, yro
BECh UMIYJLC NIPAKTHYECKH HAXOAUTCS BHYTPU HHTepBaja nabionenus

©, T)

Omeem :

=~}
2
TH

Gzozm, E= j' Sz(t’TO)dtzl/S_nG'azTM:0775a2Tn‘

— 00

16.12. Pemuts 3amayy 16.11 nasa caydas, Korja NpHEM rayccoBsa
HMITyJibCa TPOU3BOAMTCA Ha (pOHE IKCIOHEHIUATbHO-KOPPENHpOBaH-
soro myMa (16.15). TIpu Kakom ycJIoBHM OTBETHI K 3agauam 16.11 u
16.12 cosnagaiot?

Omsem: o2 = 40%3/5,6aE, N, = 40%/c.

16.13. Ha gone Gesmoro myma n () IpUHUMAETCS [PAMOYIOJIbHBIA
PaJMOUMITYJThC

s, Q) =acosl(e + Q)¢+l 0Tty

HaiiTy nipesenbHyio TOYHOCTH M3MEPEHHsS CMELIeHHs 4acToThl £,
Omeem:

3

2 __
= eI,

T
E:st ¢, Q) dt='—; att,, oT>l.
) .

16.14. Pemuth 3agauy 16.13 pns rayccoBa pajuouMIlyJ/bca

s, Q) =aexp|— 22t — )] cos (0 +©) (t—o)+ol, 0<%o<T.

T3

CpaBHUTDH Pe3YJIbTAaThl /IS NPSMOYTOJIBHOIO U FayccoBa paxuOHMITY b
COB NIpU PAaBEHCTBE HX 3HEPIHil.

Omesem: ogl= 11,2 , %" =3,7'£4_’
B (2E/Ny) ' o} ol
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16.15. Pewuts 3agauy 16.13 st ciyuas, Korga NpsiMOYTrOJIbHBI
PajgHOMMIY/bC NMpPUHHMAETCS Ha (GoHEe 3KCIOHEHIUAJTbHO-KOppesy-
poBanHoro wyma (16.15), cunTas BO3MOMKHBIE 3HAUEHHS € MHOro
MEHBIIE .

602
2074 E [14-(0/a)t]
16.16. BbluuC/INTE QMCNEPCHIO OLEHKH NapaMeTpa P pagHOCHTHAMA

s(t, B) = acos (of + P cos Qf +qo), OIS,

Omeem: o=

npuHuMaeMoro Ha ¢Qone 6eioro mwyma. [lpeanonaraercs, yTo BO3MOXK-
Hbl€ 3HAYEHUs f§ MHOro MeHniie w H ol > 1.

Omeem :
T
2 in2QT 1-1
i — 1 sin 2 ~ 2 . 2 ~ 1
b 2E/No[ * “ser ~ 2E/N, ’ E_js (. pdize—- *T.
0

16.17. Onpenenuts AUCHIEPCHIO OHEHKH HEGOJIBILONO CMEMIEHUsS Ya-
CTOTEl 2 MPSMOYroJBHOrO PaaHOHMITYJIbCA

s(t, Q) =acos(o+ Q) t+ @, 0<<Tt< 1y

npHHUMaeMoro Ha QoHe GIYKTYalUOHHOrO IyMa € KOPPETSIHOHHOM .

dynxnuesr (16.16), B xotopoit ©, = @, > . Ilpeanonaraercs, uTo
JOIyCTHMBbIE 3HAUeHUs 2 3HAUMTENBHO MEHbIIE . -
Omeem:

T%E

T,
12a0? d
oh= - <—m°—)2 , E= j Sz(t» 9) dt = =1 azrm ot >,
0} : 2

Paspen v

TEOPHS UH®OPMALIHH

17. JUCKPETHBIE CHCTEMbI NEPEJAYH HH®OPMALUH

1. TEOPETUYECKHWE CBEJAEHHS

Jnckpernnle (uH(pPOBLE) CHCTeMbl CBA3H — CHCTEMEl, B KOTOPHIX KaK pea-
JA3auuA cooblenH s, TaK M PeaNH3alHA CHrHANA NPEACTABATIOT coGoit mocaeno-
BATEJILHOCTH CHMBOJIOB a/(haBHTa, COJEPIKAamerc KOHeyHoe YHC/IO 3JeMeHTapHbIX

cumBosios [1].
Ilycts x;, i =1, 2, ..., n, — COBOKYIHOCTb BO3MOMHHX DA3NHYHEIX He3a-

BHCHMbIX 31eMeHTap HbiX CHMBOJIOB a1paBHTa Ha BXOJe CHCTeMbl, a yj, j = 1,2, ...,
..., M — COBOKYIIHOCTb CHMBOJOB Ha ee BHXOJe; p (X;) — anpHopHas BepoOsT-
HOCTb CHMBOJA %;; p (Yj) — BePOSATHOCTH [OABJEHH CHMBOJA y; Ha BHIXO/E
CHCTeMHI; p (X, yj) — COBMeCTHas BepOATHOCTh MOSBJEHHH HA BHIXOLE CHCTEMb

CHMBOJA Yy, €CJIH Ha BXOfe OLII CHMBOT Xi; p (%:| y;) — amocTepHOpHas BepOsT-
HOCTh CHMBoAa Xi; p (Yj1%;) — ycnOBHas BEPOSTHOCTb MOABJAEHHH Ha BLIXOLE

CHCTeMHl yj, TPH yCJAOBHH, YTO HA BXOJe GbLT CHMBOJ x;. [t 3THX BeposTHOCTeH
BLHIIOJHSIOTCS COOTHOWIEHHS

P(xi)=12 p (xi, 43), p(yj)=_21p(xi, yj)-ile(xi)=’le(yj)=l- (7.1
=1 = = =

Torza co6crBenHast HHGOpMauHs CHMBOJA X (KOJHuYeCTBO HH(OPMAIHH, JO-
cTaB/igeMOe CAMHM CHMBOJOM x; HAH JIOCBIM APYrHM OXHO3HAYHO C HHM CBA33H-

HBIM) onpenensieTca GopMynoH

I (x) = — log p (x). (17.2)

JIpyrHe NOHATHS HH(GOPMALHH ONpeleNsOTCS CeNy OMHMH COOTHOMEH HIMH:
— ycaoBhast cofcTBeHHas HHGODMAUHS CHMBOJA x; [PH H3BECTHOM yj

I(x;1y5)=—1log p(x;:|Yj); (17.3)

— B3aHMHass HHGOpManHA BYX CJAy4aHHEIX CHMBOJNOB OTHOCHTENbHO ADYr
Apyra (KOMHuecTBO HHGOPMAUHH OTHOCHTE/IbHO CHMBOAA i, AOCTaBASAEMOE yj

plelyi) _ o PG Y) (17.4)

I (x5 yp)=1 ’
(x5 y5)=log p (%1) p (x1) p (yg)

— co6cTBeHAas MHGOPMALHA COBMECTHOTO COCHITHHA (Xf, ¥j)
A (x4, yp) = —log p (1, ya): (17.5)
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— CpeJHee KOJHYECTBO Hn(popmauuu, AOCTaBAsieMOE TPHHATHIM CHMBOJOM
4j OTHOCHTEJHLHO MHOXECTBA BCEX TMEpejaBaeMblX CHMBOJOB

X={xi}. i=1,2, ceoy, T,
p (x| yj)

1(X; y;)=211(xi: 9 P (xiy5) = E p(x:1y5) log—p(T; (17 .6)
i= Xi

— CpellHee KOJIHYECTBO B3aHUMHOM HHGOPDMANHH TO MHOXKECTBY CHMBOJOB
Y={y;}, i=1, 2, ..., m, npu GUKCHPOBAHHOM x;

i=1

. < . , X il x;
I (x; Y)=l§]1(xi, Y pyilx) = 2 P (y5 1 x1) logp(Z—J(J;c)—)-; (17.6a)

— MOJIHOE cpejHee KOJAHYECTBO B3AHMHOII HHCI_)OpMaILHH B MHOXKE€CTBE CHM-
BOJIOB Y OTHOCHTEJNBbHO MHOXKECTBA CHMBOJIOB X

n m . m :
1 7=Y Ep(xi,yj)log—l’;f—my—”=2 PN (X: gp). (17.7)

=1

i=1j=1 j=1
Ilpa pemennn GoablIHHCTBA 3aJa4, CBA3aHHLIX C NMOCTPOEHHEM CHCTEM Ile-
pelayn H npeo6pa3oBaHHs HHGOPMAUHH, HAHGO/AbUIHH HHTePeC NpeACTaBAsSeT Be-
anuyrna [ (X; Y).
Ecnu caMBOM %; CTaTHCTHYECKH CBsSI3aH He TOJMLKO C CHMBOJIOM yj, HO H C
TPEeTLHM CHMBOJIOM 2, B = 1, 2, ..., [, TO IPH H3BeCTHBIX BEPOSTHOCTAX P (Xi, yj
2p) ycioBHas B3aHMHasi HHpOpMauHs paBHa

, p(xilyj, zn) P (xi; yjlzr)
I(x;; yilzn)=log =log , 17.8
(55 931 28) p (x; 1 28) p (xilz8) p (451 28) (17.8)

rre [ (x;; yjlzr) — KonHuecTBO HH(OpMAUHH, HOCTABJsEMOE Yj O x;, Koraa
npelBapHTENbHO H3BecTed CHMBOJA Zp.

Eannrna xonnyectsa HudopManHH onpenesnsercs BOOPOM OCHOBaHHS JOra-
pHdMoB. Korxa Hcmoabndylorcs jgorapHOMbl MPH OCHOBAHHH 1BAa, TO KOJHYECTBO
HHQOpMALHH [ H3Mepsercsl B IBOHYHBIX eNHHHUAX (1B. ex., uau 6ur). [Tepexon
OT OXHOH CHCTEMBbI JIOTADHQMOB K Jpyrofi paBHOCHJIEH IPOCTOMY H3MEHEHHIO elLH-
HHIB H3MEDEeHHS HHGODMALHH. DTOT TEPexXol OCymecTBAfeTcs mo Qopmyde
logy k= logy a - log, k.

Jas KoanyecTBa HHOOPMAUHH CIpaBeNIHBbI CJAELyIOU[HE COOTHOLICHHS:

I(xg 9 =1y x3), 1 (x5 95) < 1(x), (x5 95) < 1(y;), (1?~9)
I(xis gy, 2p)=1 (x5 y5) 41 (x5 2195y =1 (55 zp) +1 (235 Y5l z8), (17.10)
I yp)=1 (i) — 1 (i Lyp) =1 (y)—1 {yj| x;) =

=T () +1(y;)—1 (x5, y35), _ (17.11)

Ilxs yj) =10y + Iy — 1T (x5 95), (17.12)

I(X; y)) >0, I(x;; ¥) >0, (17.13)

I(X; Y)=1(Y; X) >0, (17.14)

I(X; Y, Z)y=[(X; Y)+ I(X; Z|Y), (17.15)

I(Y,2Z; X)=1(Y; X)+ 1(Z; X|Y). (17.16)
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[To auanoruu co cpeiHedl B3aHMHON HHpOpMalHell, cpefHSIA cOGCTBEeHHAS
HHA$OpMAUHs onpexeAsercd QopMydoil

I(X)= 3 px) ! (xi):—.zl p(xi)log p (x;) =H (X), (17.17)
== {am

rie H (X) — sHTpOnNHs JHCKPETHOM cayd4aiiHOM BeJHYHHB X, onpelensomas Ko-
JIHYECTBEHHYIO MeDy HeoNpeZeieHHOCTH O COOOWIEHHH 10 €ro npHema.
Jasi sHTPONHH cnpaBefJHBHE CJaAejylouiHe BhIParKeHH::

n m

HY | X)==—2 X P, yj)logp(ysla)=

t=1j=1

== p(x) D plyslx)logpyylx)=1(Y]X), (17.18)

i=1 =1

~

oL

n
HX|Y)=—2 p (x;, yj) log (xi | yj) =
i=1j=1 :

[

=— D pW) 2 pEily)logp(xly)=1(X1Y), (17.19)
j=1 i=1
H(X,Y)=— 2 >\ p(x yj)logp(xi, yy), (17.20)
i=1j=1
H(X,Y)=HX)+ H(Y|X)= H(Y)+ H(X|Y), (17.21)

rage H (Y| X) — ycl1oBHas 3HTPONHS MHOXKECTBA COGLITHI Y NDH NAHHOM MHO-
xecTBe coOmTHi X; H (X|Y) — yclloBHAas 3HTPONHS MHOXecTBa COGHITHE X
OpH AaHHOM MHOxecTBe Y; H (X, Y) — suTponHs MHOXeCcTBa COBMECTHBHIX CO-

6eiTHE X,
Korpa muoxecrsa X u Y Hesasucumn, 10 H (Y| X)= H (Y), H(X|Y)=

= H (X). Ilpu srtom
H(X, V)= H(X)+ H(Y). (17.21a)

Cpenuns Bsaumuas HuEdopMauHs [ (X; V) cBs3aHa c SHTpONHeil COOTHOMIe-
HHAMH

I(X;Y)=HX)—H(X|Y)=H(Y)— H(Y|X)= H(X)+ H(Y) —
— H(X, Y), (17.22)
I(X; V)< H(X), [ (X; Y) < H(Y). (17.23)

durponua A — ynoGHasi Mepa HeompeAeJeHHOCTH 3aKOHOB pacnpejefeHHs
BeposTHOCTEH, 0COOCHHO B TeX CJAyyasiX, KOTAa pacnpelefieHHss SIBJASIOTCH aCHM-
METPHYHBIMH, MHOrOBEPIIHHHBIMH H KOIAa HCNOJb30BaHHE TAKHX YHCJAOBRIX Xa-
PaKTePHCTHK, KdK CpejHee 3HayeHHe, JHCNEPCH7 H MOMEHTH! BBICIIHX NOPSXKOB,
TepsieT BCAKYI0 HAIVsJHOCTD. ’

BripaxkenHs 15 5HTPONHH HeKOTOPHIX JHCKPETHRIX 3aKOHOB pacnpepeneHHs
BeposiTHOCTeH mpHBeAeHH B Tabu. 17.1.

Jasi xapakTepHCTHKH BeJqHYHHBI, Ha KOTODYIO YAJHHSIOTCH COOCIEHHS Ha
A2HHOM SI3bIKE N0 CPAaBHEHHIO C MHHHMaAbHON NNHHOMN, HeOGXOXHMOM A S mepena-
YH To# e HHQOPMAIHH, BBOJAT clleHa bHbift mapamMerp R — H36LITOYHOCTH:

R=1—Ho/log N=1 — Hua/Hy= 1 —p, 0 <R <1, (17.24)

rge N — 4HCAO pa3/iHUHBX GYKB HCHOAb3yeMOTO andaBHTa; H_ — sHTponas,

NpHXOAAMasics HAa OIHY OYKBY CMBICJOBOrO TEKCTAa NPH yueTe BceX MHOro6yKBeH-
HHX coueTaHHi; H,== log N — MaKcHMANbHASA SHTDPONHS, NPHXOAAMASACA Ha
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Ta6auna 17.1

nrponns H (X) HEKOTOPHX AHCKPETHMX 3aKOHOB PachpenceHus

Ta6bauuma 17.2

OTHOCHTeNIbHbIE YACTOTHI NOSABJEHUs GYKB B PYCCKOM TeKCTe

BykBa (n;e) [] e, & |a H T H c lp B a

YacroTa lO.l75l0.090|0,072 0,062|0,062|0,053 0,053 0.045|0,040 0.038|0.035

BykBa K ’u ln n ly 1 Bl 3 b, B |6 T

YacToTa 0.028[0.026]0,025 0,023 0,021'0.018 0,016 0.016'0.014 0,014/0,013

Bykna g lﬁ X lm 0 Im I i1 3 [

YacToTa |0,012l0.0l0 0,009/0,007 0,006'0.006 0.004'0.003 0,003|0,002

Ta6aunua 17.3

OTHOCHTeJIbHbIE YacTOThl MOABJEHHA GYKB B aHIJIHACKOM TeKCTe

BykBa | (rupey| ¢ t o a n 1 r s h

Yacrota (0,2 0,105| 0,072'0,0654] 0.063' 0,059(0,055 | 0,054[0,052 | 0,047]

BykBa d I [4 f u m P v I ] 2

Yacrora 10,035 | 0 029 0.023'0,0225'0.0225[~0,02l 0,0175| 0,012 0.0l2| 0,611

BykBa b U k x i q z

Yacrora 0,0105' 0.008} 0,003}0,002 |0,00! |0,001 Jo,00!
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. Ta6auna 17.4
3navenns surponufi H; npuxopamuxcA ma opny Gyksy

C yu4eToM pPa3JHyHBIX GYKBCHHBIX COueTaHHM

AB.eA. .
Pycckufi Tekcr 5,00 4,35 3,62 3,00 — —
Aurmufickufi 4,75 4,03 3,32 3,10 2,16 1,86
TEKCT

*) H,— su¥penusi Ha GYKBY TEKCT2 NPH yUeTe BEPOSTHOCTH NOSBICHHA ABYXGYKBEHHKX

ceveranmuit.
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6ykBy, KOrfa 6yKBbl HE3aBHCHMLI H PABHOBEPOSTHHI; U — KO3DODHIIHEHT CKATHA
TEKCTa.

H36uiTouHOCTS HanGoJee PACIPOCTPAHEHHEIX eBPONEHCKHX SI3HIKOB NMpeBhLIIa-
et 50% . HekoTopble CTaTHCTHUECKHE JaHHBE O CTPYKTYDE PAa3JHUHEIX A3BIKOB
npuBelensl B Ttaba. 17.2 — 17.4 [1, 15].

Bo MHOrHx cayuvasix BHIFOJHO HepBOHauaJdbHOe COOOIEHHE HCTOUHHKA Npel-
CTaBHTb NMPH NOMOLLH Apyroro aadaBHTa NyTeM KOIHPOBAHHA,

XapakTepHCTHKAMH KO0Ja fBJAIOTCS 3HAYHOCTh M €ro OCHOBaHHe, 3HAUHOCTH
KOJa n — 4YHCJO CHMBOJIOB B KOJO0BOM CJIOBe (KOJLOBOII KOMGHHAIIHH), a OCHOBA-
HHe L —4YHCJIO Pa3THUHLIX CHMBOJIOB Koja. HanGosee pacnpoctpanensl JBOHUHLIE
(6uHapHEE) KOLbI C OCHOBaHHeM L = 2. PaBHOMepHLIM aBJIsETCA TAKOH KOJ, ¥ KO-
TOPOro 3HAYHOCTH KOJA /15 BCeX KOJOBHIX CJOB OTHHAKOBAa (HanpHMep, Kox Bono).

ITpn KoxHpOBaHHH COOGUIEHHI, NepelaBaAeMBIX 10 KaHaJaM CBSI3H §e3 NoMex,
HeOOXOIHMO BLINOJHHTL IBA YCJAOBHA: 1) KOJOBHE CJOBA TOJKHE GhITh pa3IHuH-
Mbl M OJIHO3HAYHO CBfA3AHLI C COOTBETCTBYIOIHMH COOOLICHHAMH; 2) NpHMeHse-
MBIH CNOCO6 KOJIHPOBAHKHA NOJKCH O6eCHeuHTh MAaKCHMaJbHYI0 3KOHOMHYHOCTH
(KpaTKOCTb) KOJa, NPH KOTOPOH HA NMepefauy JaHHOrO COOGMEHH 3aTPauHBaeTCa
MHHHMaJbHOE BpeMA. -

Koz, yrosaerBopsiloutHii BTOpOMy H3 3THX yCJOBHIl, Ha3HBAIT ONTHMAJb-
HBIM.

Ecau {ui}, i=1, 2, ..., N,—aucamM6ib B3aHMHO HE3aBHCHMEIX COOGIEHHHA
C anpHOPHBIMH BepoaTHOCTAMH p (1;), a {v;}, j=1, 2, ..., L,—auncam6» CHMBO-
JIOB KOla M L<<N, TO UHCJIO KOZOBLIX CJIOB N0 71 CHMBOJIOB B KaXJAOM cJjioBe M=—=L",
Ilpu L? > N, rge n— HaHMeHbllee leOe UHCJO, 1Js KOTOPOrO BhIIOJHSETCS
9TO HepPaBeHCTBO, aHcaMGab cooGmeHHiH {u,-} MOXHO OJIHO3HAa4HO 3aKOAHPO-
BaTh NpH NOMOMH N Pa3NHUHEIX KOIOBLIX CJOB IO /1 CHMBOJIOB B CJIOBE.

CpenHee yHCJIO (1) CHMBOJIOB KOJa, NPHXOIAIIHXCA HA OIHO cOOGMmEHHE,

<n>:'2n ni p (&), (17.25)

i=1
[pHUEM
H (U)log L < <n> < H (U)jlog L + 1, (17.26)
rue

N
H{U)= _12 p (1) log p (u;)
=1

— SHTpONHUA aHcambias CooGIIEHHIH,
[Ipr KOZMPOBAHHM LeJbIY «GJOKOB», a HE OTAEAbHLIX COOGUIEHHl

H(U)log L < <ny < H (U)/log L + /v, (17.27)

rje v — 4UMCJ0 CTATHCTHYECKH HEe3aBHCHMBIX CHMBOJIOB B GJOKeE.
Jlns 1BOMUHOrO KOAA ,

H(U) < <ny < H (U) &+ . (17.28)

[TpuMepaMH IBOHUHBIX KOIOB, GJH3KHX K ONTHMAaJdbHEIM, aBjasiorca koj llen-
nona—dauno u xox Xaddmena [1, 2, 109, 110].

DKOHOMHUHOCTh KOIHPOBAHHA COOGUIEHHH — OHA U3 BaXKHBIX XapPaKTePHCTHK
paGoTsl CHCTeMB! CBA3H. JIDYTHMH e€e XapPAKTEPHCTHKAMH SIBJMIOTCA CKOPOCTH
nepejayH, NpoNycKHas CoCOGHOCTb, JOCTOBEPHOCTH NMPHEMA HH§HOPMALHH H T. 1.

[TycTs HMeeTCs IHCKPETHHIN CTALHOHADHHI KaHas CBA3H Ge3 namsaTH (6e3
NOCJeICTBHA) C 3aJaHHLIMH XapakTePHCTHKAMH (puc. 17.1), npHueM BCe CHMBOJIb
¥; 3aKOJHPOBAHHOTO COOCMEHHS*H COOTBETCTBYIOMHE HM 3JIeMEHTApHbE CHIHAMK
Y MMEIOT OIHHAKOBYIO IJHTENbHOCTh T, rie F = 1/T — yactoTa NOCHIIKH CHM-
BOJIOB.

Kanasn Ges naMsiTH NOJHOCTBIO ONHCHIBAGTCS ANPHOPHBIMH BepOSATHOCTAMH
p(x;), XapaxkTepH3YIOIIHMH CTPYKTYPY 3aKOJIMPOBAHHHIX COOGUIEHHA, H YCJOB-
HEIMH BepOSTHOCTAMH p (yy x;), onpelensIOMHMICS XapaKTepUCTHRAMH Kauaja.
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Kodupolburuw LAerodypobuur 5
_i) cuzHamy oyl Wiidhided I > cuzkany |

I HemosHiuk IoMEX J

Piuc. 17.1. Kanaa cBsizy ¢ noMeXamu

CkopocTh nepeiaun Vi — cpejHee KOJHYeCTBO HHPOPMALHH, MOJyuYdeMOe
3a eIMHHLY BPEMEHH:

Vp=FI(X;Y)= FIH(X)— H(X|Y)=F[H(Y)— H((YIX)]. (17.29)

[IpH OTCYTCTBHH mHOMeX MHOXeCTBAa COGHTHH X M Y CTaTHCTHYEeCKH mnOJ-
HOCTbIO B3aumozaBucuMmil, T. e. H (X |Y)= H (Y| X) = 0. CnezosareasHo,

Vimax = FH (X)= FH (V). (17.29a)

[TponyckHas cnocoGHOCTh KaHana cBA3H € — MaKCHMaJabHAsg CKOPOCTH me-
pefaud HHPOPMAIMH, KOTOPAs MOXKeT GBITh NOCTHIHYTa BHIGOPOM ONTHMAJNBHOrO
pacnpefie/ienHs BePOSITHOCTEH nepefaus p (¥;) CHMBOJOB COOCLEeHHA:

C:Me(ax FI(X; Y):M(ax) FIHX)—HXIMN]=
P (%) P (¥
:M(ax) FIHY)—H (I X)]. (17.30)
p(%;
[lpu otcyrcreum mnomex [H(X|Y)= H(Y[X)= 0
C=Cmp=Max FI (X; Y)=Max F H(X) :Max)F H(Y). (17.30a)

P (*;) P (x;) p(*x;
Jlns [IBOMYHOrO CHMMETPHUHOrO KaHajJa CBS3H
C= F[l+ (1 — P, log (1 — Pg) + P, log P, (17.31)

rie P, — BepOSITHOCTb OMHGOUHOrO NpHEMA.
[pu orcyrcteuu moMex (Pe = 0)

C= Cpn=F. (17.31a)

Ha puc. 17.2 npuBegeHsl 3aBHCHMOCTH OTHOCHTEJIbLHOH MPONYCKHOH cnoco-
HOCTH OT OTHOUIEHHS CHTHaJ/LIyM NpH ONTHMAJBHBIX METOJ&X IpHEMa pajHOTe-
nerpadubix cHruanos [1]; cnsowmke KpHBHE OTHOCATCH K 1€TEPMHHHDPOBAHHLIM
CHrHaJaM, a IITPUXOBLIE — K CHFHAJaM CO C/Iy4aiinoil HauanabHo# ¢asofi; E —
sHeprus cHruana, Ny — cHekTpajbHas NJAOTHOCTh GeJOro wyMma.

Ilns NOBLINIEHHS IOCTOBEPHOCTH NpHeMa THCKPETHOH MNQOpMAIHH HCROJb-
3yI10T KOPPEKTHPYIOLIHE KOJBI (KOAK ¢ O6HApYXeHHeM OLIHGOK M KOIE ¢ 0GHApyKe-
HHEM H MCIpaBJEHHeM OWHGOK). MeToIbl TOMEXOYCTOHUHBOTO KOJHPOBAHHA OC-
HOBaHB! HA BBeJEHHH B KOJ HEKOTOPOW H3GLITOUHOCTH, NOCTATOUHOH AJI1 KOMIIEH-
canuu nomex [109—115].

DKOHOMHUYHOCTH H 3G()eKTHBHOCTH KOIOB ¢ OGHApyXKeHHEM OWHGOK ompene-
As10T K03DDHIHEHT H3OHITOUHOCTH Ry, H K03bdHuHeHT o6Hapyxenus K, [114]:

Ry =1 — log M,/log M, (17.32)
Ko = Q/(Q 4+ Q). (17.33)
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Cfm Puc. 17.2. Tlponyckras cnocoGHoCTh
pasiHYHBIX CcHCTeM pajdnotenerpadiu

b9 = ,\\\ / I\S / Q\' 4 HPY IpHeMe NeTepPMHHHPOBAHHBIX CHI-
i S K {\P/\‘, HaJoB (CIJIOWIHBlE JHHMH) H CHTHaJIO0B
4 / {]"52\,3?/— tg\/% co  cayuafiHoit  HadasdbHOH  Gaszoit
I | A (wTpuxoBble JIHHHH) Ha doHe Gesoro
{ l”fﬁ’l““"l‘ P—— myma
099 FFFHFAF
[ 1i]// / o
LLJ/ 17 N
[ /77 )
T 17y 7 ;2 .
f l” :ll' Illl‘ II;II I,I
"y
/
.
e

7 20 40 60 80 ZE/N

rie M = 2% — ofyiee 4HCJIO KOLOBHX CJIOB, KOTOPOE MOXKHO HOJIYUHTH 'B n-3J1e-
MEHTHOM KoJe; M; — KOJHUeCTBO HCroAb3yeMblX KoMGHHauuf; Q — obuiee Ko-
JIHYECTBO HCKAXEHHHIX KOMOHHALHH, OLIHGKA B KOTOPEIX MOXeT GHITh OGHapyxe-
Ha;, (Qy — ofmee UuHCJIO HCKAXKEHHHX KOMGHHALHN, OWHO6KAa B KOTOpHIX He
nopfaetcsi OGHAPyYXKEHHIO. '

2. MPUMEPBI

17.1. B naptuu 100 pagmonamn, us nux 5% Opaxosanueix. M3
MapTHH BHIOHpAlOT Hayraj 5 pajgumonamn IS KOHTPOJS.

Kakoe KomiuecTBo HH(pOPMAnKH COAEPKUTCS B COOOWIEHVH O TOM,
4TO B CTy4aiinoi BbIGOpPKe 0Ka3a0Ch POBHO 3 GPAKOBAHHBIX PAIHONAMITBI?

Peuwenue: Cnyuaiinas senuuuna X — 4uc/io GPaKOBAaHHBIX PajHO-
namn B BLIGOPKe U3 5 PajuosaMni — MOMKET IPUHSATH 3Hauenus x, = O,
x9 =1, xs =2, x, =3, %, =4, x4 = 5. Pacnpegenenne BeposT-
HOCTeji BesiMuMHbl X TONUHHEHO THIEPreoMeTPHUECKOMY  3aKOHY
(cm. Tabm. 2.1): - , oo Lo
£ Pr(X =k) = C} CR8,/C,.

B namewm cryuae N = 100, n = 5, M = 100 - 0,05 = 5, k — 3.
CreploBatenbio, BeposTHOCTb Py (3) Toro, uTo B CayuaiiHOfi BeGOpKe
Oyner poBHo TpH OpaKOBaHHBIX pajHONAMNObLI, paBHA

P, (3)=C} Cl5s’_5/Cloo = —>— ! [ loo! ]"_~_ 0,000953.

[

3121 21931 | 5195
Hcnonssyst dopmyny (17.2), momyuaem T
I (x) = — log p (x3) = — log P, (3) &~ 10,7 uB. en.

17.2. Tlo pBouYHOMY CHMMETPHUHOMY KaHaJy CBSISH C TOMeXaMH
(puc. 17.3) mepesaloTCsi CHTHAMBL X; H X, C ANPUOPHEIMH BEPOSITHOCTSI-
MU p (x;) = 3/4 u p (x;) = 1/4. V3-3a wuanuuus momex BepOSTHOCTB

602

T ) . 7

Puc. 17.3. ABonuusbifi chC- 5 e '1,,)=?
.\ X _

MCTpIUIiGl KaHakd CBf3I play=3:z,

Hoxexamu

PEy=7i2;

ﬁ(yz I.ZZ):&Z

NPaBUJBHOTO [IPHEMa KaMKJAOro H3 CHIHAMOB (X; U X,) YMEHbIIaercs

no 7/8.
Haiitu: 1) ycaosnyio coGerernyio Hudopmausio [ (x,|y,); 2) B3a-

umiyio undopmauuio I (x4 Y,); 3) cpelHue KojivuecTBa HH(DOPMAUHH

Pemwenne. ITo ycnosuio p (x,) = 3/4, p (x;) = /4, p(lx) =
= p(W2lx0) =78, p (trlxs) = p (2] %)) = 1/8.
Boluncaum BeposiTHOCTH p (Y5), P (xi y5) ¥ p (x:ly;):

P () =P () p (2 2 +P () P (] 1) = -+ =

p(y2)=p(xz)p(y2Ix2)+p(x1)p(yzlx1)=i——; Lalrabival
P (e 1) =p () p (a2 =P (4) p bir| ) = - - = 22
P(xl»!/z)zp(xl)l’(l/z|x1)=*z‘_;"—‘?32';
Pl ) =P ()P (1 %) = 5 =57
P 02) =P (8 p (02 | 1) = - ==
Taxk kak
x|y )= PELE WL
TO }
p(xlly1)=————”(x‘)p”(;f)"x‘) - L. 2_Z,
P(x1|!/2)=—i—- 213—:;_(2):-1%; p(xglyl)zf.%;%_:?l{;

PalYa)=— 5 i =70 *

1. Ha ocuoBanmu (17.3) umeem
I (xs)Ys) = — log p (x4 y2) = — log (7/10) ~ 0,515 ns. ex.
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2. Ucnonbays Qopmyay (17.4), nosnyuaem
[ (x.:4.) =1o p (%1l Ys) —1 7/10
(*2342) e 1,485 ns. ex.
3. Cormacuo (17.6) naxopum
2
1(Xg) =3 plx |y log ZELIL b | ) log LELW)
i=1 P (x3) p (*1)
+ p(x y IOg P (% 1ys) =_3__1 i/& _Z__ 7/10 ~
2] Y2) ERPYPRRERET 8 = T log ST

~0,644 1. en.
[Tpumenus dopmyay (17.17), nosyuum

2
I(X)=— ¥ p(x)log p(x;)= —Ip (x2) log p (x2) +p (x) log p (x2)] =

i=1
(3,3 1 1
= ———(T log T +Tlog 7)20,811 AB. €]1.

(I}J;ng;z'bmucneﬂmx undopmaruu I (X|Y) Bocrnosbsyemes dopmy.oi

2

2
IX|Y)=—3 D plei,y)logp(xily) =

i=1j=1
= —[p (%1, y1) log p (x1 | 11) + P (x5, y1) log p (x2 | 1) +

+p (x1, %) 10g p (¥1 ] 42) +p (x5, 2) 10g p (x| 1)) =
) 21 | 1 13 3 7 7
= |2 _log =— + — _—t . . —_~
] ( 2 08 o T 32 log 22 T 32 log 10 * 32 log 10)—
~ 0,459 zB. exn.
Corsacuo  dopmyse (17.7) naxonum

2 2
I(X,Y) —_ p(xi’y‘ log p(.’Ci|yj) — , 1 p(*1|y1)
gl gl 7) o (m) p (x1, 1) Og—p ) | +

+ p(x2, 1) log_”(_"z_'.:’)i 4 p (6 g,) log LY

plx p (%1)
L p(x,, gy) log LloR) 2L o0 21722 1 g 1/22
p (%, Yo) log » (%) 32 ©° 3 + = log L X
T 32 log 3/4 + 32 log 1/4 ~0,352 nB. en.

17.8. HcTtounuk coolieHuii reHepupyeT MHOXKECTBO KOJOBEIX KOM-
GuHANHMi, OJHA H3 KOTOPBIX HMEET allPHOPHYIO BEPOSTHOCTD p (x) = 1/8,
a anocTepHOpHEIE BEPOSITHOCTH, COOTBETCTBYIOLIME MOC/E0BATELHOMY
npuemy cumBonoB y = 1, 2= 0 u u = 1, pasusl: p (x|y) =p (x|1) =
=1/6, p (xly, 2) = p (410) = 1/2, p (x]y, 2, u) = p (x|10]) = 1.

504

Onpefenuth yBeJnuenne HHPOPMALHE O cooflieHly x B fipolecce

fpuema CHMBOJIOB Y, 2 H U.
Pewenue. Tlocne mpuema mepBoro cumsona y = 1 undopmanus

I(x; y)=1 (x; 1 :log—p—(xl—l)— =log LI 0,415 ns. ex.
p (%) 3

Bropoii npuusTeifi cuMBosl 2z = 0 Ha OCHOBAaHMHU (17.8) pocraBut Jo-

MOJIHUTENbHYI0 HH(OPMAIHIO

. _ . I = p (x]10) _ 1/2 ~ el
I(x;zly)y=1(x; 0]1) log———p(xll) log——l/6 1,585 1B. e

AHANOTMYHO TPeTHii CHMBOJ u = 1 JOCTaBHT O cooBuienus x HHpop-
MaLHIo
I uly,2)=1(x; 1]110)=lo _p(x110L)
(6 uly, ) =1 ( 1]10) =log ZEL
Tonnas uudopmauus ! (x; ¥, 2, 4) 0 COOOLIEHHH X TIOC/I€ NpHeMa BCeX
TpeX CHMBOJIOB
Typzu)=Imy + 1wy + Tnaly =11+
4+ I (x; O)1) + 1 (x; 1]10) = 0,415 -+ 1,585 -1 =3 uB. en.
17.4. WcTounuk BoipabaTbiBaeT amncamOib CHMBOJIOB X = {x;},
i=1,2,3,4,csepostHocTAMU p (x,) = 0,2, p (X) = 0,3, p (x3) = 0,4
u p () = 0,1. Koppensuuonisie CBA3H MEKIY CUMBOJIAMH OTCYTCT-
BYIOT. DBBIYHCIHTH 3HTPONHIO HCTOUHHKA.
Pewerue. Tlpumenns dopmyay (17.17), noayuum

= log2=1p8.ex.

4
H (X) :"‘E, p(x;)log p (x;) = — [p (xy) log p (x1) -+ p (x5) X

% log p (xs) - p (xs) log p (xs) + p (xa) log p (o)} =
= —0,2 X log 0,2 — 0,3 log 0,3 — 0,4 log 0,4 — 0,1 log 0,1 =
=0,4644 -+ 0,5211 + 0,5288 - 0,3322 ~ 1,847 nB. ex.

17.5. OnpenejuTb SHTPONNIO CJIYYailHOH BEJIMUKHBI X, pacnpe-
JesIeHoll 1o GuuoMUaTbHOMY 3akomy: 1) B ofen ciayuae; 2) npu
p=12 n n=>5.

Pewenue. Tlo ycaoBuio cayuaiinas BejsuunHa X.pacmpejenena ro
GunoMuanbHoMy 3akony. CJefoBaTesbHoO,

P, (X =k =Csptg"—* g=1 ~p.
I HX)=— 3 Chptqn—+logChprqn—F=

k=0
=— 3 Ck pt gn—*log Ch— ﬁ Cr ptgn—*log p*t —
k=0 E=0
_ i C": pk qn—klog qn—k‘
F=0

5)5



Tak wak npy k=0 u k=n logCﬁzo,
f} n
hy Cﬁpkqn—k: 1, 3 kcspkqn—k:np’
k=0 k=0 R

TO

n—1
H(X)=—n(plogp+qlogg) — 3 Ckpkg—*logCk.

k=1

2. llpu p=¢=1/2 ¥ n="5 umeem

e/ 1,1 1 - 1\E( 1 \5—¢
H(X)= 5(7‘°g‘2‘+?’°g?)*k2 Ci(5) () toeCh=

4 .
—5_ 1 k k¢ 5log54 101og10
5 = k216510g65_5_ T 210 9198 15. ex.

17.6. AndaBut cocTOUT U3 ueThipeX GYKB x,, X4, X3, X, BEPOSITHO-
CTH NOSIBJIEHHS KOTOPEIX PaBHBL: p (x) = 0,5, p (x,) = 0,25; p (x3) =
= p (xg) = 0,125, YcsoBubie BeposTHOCTH p (x;|x;) NOSBACHUs [-ii
6yKBI:I IpH YCJIOBHY, UTO eff npejmuecTsoBasa (-1 GyKBa, 3ajanbl Tab-
JNUIEH '

*j
xi 4
Xy X, X, X4 jzlp(lexi)
1 0 ) 0,2 0,4 0,4 1
Xy 0,2 0,2 0,3 0,3 1
X3 0,25 0 0,25 0.5 1
X4 0,2 0,4 0,4 0 1

Hafitu u36pitounocts R; MCTOUHHKA COOOILEHHM IpH CTATHCTHUe-
CKOH HE3aBUCHMOCTH OyKB M U30BITOUHOCTH R, C YU4ETOM 3aBHCHMOCTH
Mexay OYKBaMH. '

Pewienie. Ha ocnosanuu (17.24) umeem R, = 1 — H,/H,. Tax Kak
Hy=1og N = log4 = 2 8. en.,
H, = _1§ p (xi) log p (x;) = — (0,5 log 0,5 + 0,25 log 0,25 -
+2.0,12510g 0,125) = 1,75 8. en.,

T0 R, =1—1,75/2 = 0,125.
[Ipu yuere CTaTHCTHUYECKOH 3aBHCHMOCTH MexAy OyKBaMu R, =

= 1 — Hy/H,, rne H, — sutponusi na GyKBY npu yueTe ABYXOyKBeH
HBIX COYETaHHi].
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Outponust AByXOYKBEHHOTO TEKCTA
H (Xl’ X,) = H (Xl) + H (le Xl) = 1,75+ H (X2|X1)’
rae 4 4
H (Xs] X) = — 3p () B p (vx) log p () =

— —0,5(0,2 1og 0,2 -+ 2 - 0,4 log 0,4) — 0,125 (2 - 0,2 log 0,2 +
4-2.0,31og0,3) — 0,125 (2 - 0,25 log 0,25 -+ 0,5 log 0,5) —
—~ 0,125 (0,2 10g 0,2 - 2 - 0,4 log 0,4) ~ 1,62 ne. en.

— ycJIoBHAsS SHTPONKS BTOPOii 6YKBHI, onpejeJisiemast opmynoi (17.18).
Cpennssi HTpONUsl HAa OAHY OYKBY

H,= H (X, X2)/2= (1,75 + 1,62)/2 = 1,685 15. ex.

C/1e710BaTe/bHO,
R, =1—1,685/2 ~ 0,l6.

17.7. 3aKoaupoBaTh JBOHYHBEIM KOJIOM Hlennona—®Pano ancambab
coobwenuii X = {x;}, i =1, 2, ..., 7, 8, eciiu Bce Koqupyembie co00-
IIeHUsT paBHOBEpOATHHL. [loKa3aTh ONTMMAJbHBIE XapaKTep TNOJyYeH-
HOTO KOJa.

Pewsenue. TIpu koaupoBanuu no Meropy Hlennona—@ano Bce co-
o61eHus 3aNUCHIBAIOTCA B MOpPsiAKe YOBIBAHMST HX BEPOATHOCTeH H pas-
GUBAIOTCA Ha JBE TPYIIH Tak, 4To0bl CyMMBl BePOATHOCTel cOoOmenHE
B KaJIOfi M3 TPyNn ObLTH Mo Bo3MoxuOCTH Gmuskumu K 1/2.  Beem
COOBIIEH MM, BXOJSLIMM B BEPXHIOIO IPYNITY, NPHIUCHBaeTcs nudpa «O»
B KauecTBe NepBOil HU(pPH JBOMUHOrO Koja, a cooOIienusM, BXO-
AAIMHEM B HHIKHIOIO rpynny, — muopa «l». 3atem Kaxaas W3 rpynm
aHaJorMuHo pasGuBaeTCst HA MOATPYNNBL IO BO3MOXKIOCTH C OJHHAKO-
BEIMII CYMMADHBIMM BEePOSTHOCTAMH, NPHUEM BEPXHHM MOATPYyNNaM B
ofeux rpynmax onarb npunuckiBaercs uudpa «O» (Bropas uudpa
Koja), a HumKHUM — uudpa «l». Jlenenue NnoBTOPsIeTCs 10 TeX TOp,
foKa B KaxIOH TOATPYNNE HE OCTAHETCst N0 ONOMY COOCIIEHHIO.
TTpouecc KopupoBanusi npusesen B Taba. 17.5.

Cpesnee UiC/IO ABOMUHEIX 3HAKOB, MPHXOASALIMXCA HA OfHO CoOOIe-
Hue,

- _ ol 1 L
= X mp () =3ep 4B

=8-3-—;§—=3;{B.en.

Durtponusi ancambis KOAUPYeMHX coolumenHii
H (X)=1log N = log 8 =3 nB. en.

Tak Kak cpefnsAs JJiMHAa KOJOBOro CJoBa <(n>> paBHa 3HTPONHH
H (X), T0 Koj oOnTHMaleH.
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Tabauna 17.5
Koauposanne no Meroay lllenHona — ®ano

Coo6
0 glieﬂ"ﬂ p (xi) PasGuenus Kogoseie cioBa
% 1/8 0 000
0
X 1/8 1 001
0 )
X3 1/8 0 010
1
X4 1/8 1 011
J
Xs 1/8 0 100
0
X 1/8 1 101
1
X7 1/8 0 110
1
X 1/8 1 111

17.8. Tlokasath, uto suTponus H (X) aadaButa {x;} ¢ KOHEUHBIM
MHOXKECTBOM CHMBOJOB X;, { = 1, 2, ..., n, JOCTHTaeT MaKCHMYyMa
H (X) = Hp (X) = log n, xorga Bce CHMBOJBI PaBHOBEDOSTHH.

Pewierue. O6o3naunB p (x;) = p;, UMeeM

n n
H= — >\ p;logp,, Z,Pi:]-
=1 i=1
[Tosib3ysiCh METOJOM HEOMNpeJe]eHHbIX MHOKUTE e Jlarpanxka, nafijiem
9KCTpeMyM (GYHKUHH
-n n
O= — ¥ p;logp;+r 3 p;.
. i=1 i=1
HuddepeHuypys 3TO BbIpaxenue no py, ..., p, U NPHPABHHBAA
IPOU3BOJAHBIE HYJIO, TOJyYaeM CHCTEMY YDaBHEHHH:
logp; Floge+h=0,i=1,2 .., n
HJIH
' log p; =—h—1loge=const, i =1, 2, ..., n.
n
Tax kak ¥ py=1, 10 pr=py=... =P, =——.

i=1 n
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CrenoBaTennsHo,
H (X) = Hp, (X) = log n. Unoe pewenue sanauu naso 8 [1, 1101,
17.9. BLIUHCJIUTE NPONYCKHYIO CMocoOHOCTh C JBOMUHOTO CHMMET-
puunoro Kanasna (puc. 17.4) npu ycjoBHH, UTO BCE CHMBOIM coob1nenus
¥ COOTBETCTBYIOLIHE UM 5JI€MEHTApHBIE CHIHAJbl 4J; UMEIOT OAHHAKOBYIO

- TUTeNBHOCTB T, Tae F == 1/T — uacToTa NMOCHJIKH CHMBOJIOB.

[Toctpouts rpaduk 3aBucmmoctn C/Cp, = [ (P,), rne C, — Mak-
CHMaJibHasl [IPONTYCKHAS CMOCOOHOCTD (TIpH OTCYTCTBHH TOMeX), 3 P, —

. BEpOSITHOCTD o1M60UHOro npydeMa.

Pewenue. Cornacio (17.30) umeen
C=F Max[H (Y)—H (Y| X)].
P{*1)

B wuamem ciayuae
2
HY)=—3 p (yy) log p (y;)

i=1

HY1X)=—3 p(x)

i=1 i

p (y;| x;) log p (51 x3).

i

Tax Kak

p () = p (x) p (Glx1) + p (x2) p talxe) = p (1 — Pe) + (1 —
—p)Pe:p+Pe—2pPe’
p (4s) =p (x2) p (Yolxa) + p (x1) p (Gelxy) =
:(]-‘p)(] “_Pe)'}'ppe: 1 ‘—p_Pe—%“QpPev
TO
H(Y)=—lp-+ Ps— 20P;) log (p -+ Pe — 2pPe) + (1 — pe—
— P, + 2pPg) log (1 — p — Pe -+ 2pP)],
H (Y|X) = — p (x1) [p (talx1) log p (Y:lx1) + p (Yafxa) X
X log p Ualx)l — p (x2) [p (41lx,) log p (y1]xs) + p (alxe) X
% log p (Yalxe)] =— [(1 — P,) log (I — P,) + P, log Pl
U3 Beipaxenuss s H (Y | X) Buano, 4to BBHAY CHMMETpHH Kanala
cBa3u yesaosuas sutpors H (Y]|X) ne 3aBuCHT oT BEPOSTHOCTH nepe-

paun p. Ilostomy MakcumasibHoe snauenne [ (X; Y) nocruraercs npo-
cro Makcumusamueii H (V).

D04 | 8r)=7-Fp

P@)~piz,

Yy

Puc. 17.4. JlBOuuHBIA CHM- 4 . 4
METpPHUHbI} KaHaJ CBA3H PG| Z2)=7-Ve



&/lm Puc. 17.5. 3aBHCHMOCTHL RPONYCKHON CHOCOGHOCTH
ABOHUHOTO CHMMETDHUHOIO KaHaja OT BEPOATHOCTH
10 omnGoyHoro npuema
46
/¥4

0 04 08 A

Makcumym H (Y) pocTuraetcss Torsa, Korjia CHTHaJbl , M Y, He-
32BHCHAMBI M paBHOBeposATHH (CM. mpuMep 17.8), uto B CBOIO ouepesb
uMeeT MecTO NPM DaBHOH BepOATHOCTH HepenaBaeMbiX cuMBosos. Cre-
JOBaTeILHO, :

C=Fl1+1—-P)log(l —P,)+ P, log P,

Ilpu otcyrcrBun nomex (P, = 0)C = C,, = F. Tlostomy C/C,, =
=fP)=14+(1—P)log(1 — P,)+ P, log P,. 3aBHCUMOCTB OT-
HOCHTeILHOR NMponyckHoi cnocobHocTn C/C,, OT BepOSTHOCTH OLINGOY-
Horo npuema P, H300paxeHa ua puc. 17.5.

3. 3AJAYH U OTBETHI

17.1. CamosieT npOTUBHHKA C PABHOH BEPOSTHOCTBIO MOXET HaXO-
IMThCs B opHoll u3 1024 30H BO3AyWIHOrO MPOCTPAHCTBA.

Kakoe KosnuecTBo nudopManuy nosyyaeT onepatop pajiuoJoKanuoH-
HOH CTaHIUH, KOrjJa oH (PUKCUPYET HaJnuue CaMoJeTa B OfHON U3 30H?P

Omsem: I (x;) = 10 nB. en.

17.2. PapuocTannusi CocTOMT U3 16 paBHOLEHHBIX C TOUKH 3PeHUs
HaJeXHOCTH GJIOKOB M HMeeT VCTPOfiCTBO KOHTDOJISI M RHHAMKALHM HC-
NMPaBHOCTH GJIOKOB.

OnpenenuTs MUHMMAJBHOE YHCIO NPo6 R, KOTOPOE HEOOGXOAMMO
BBUIOJIHUTE 3TOMY YCTPOACTBY, 4TOGH OTHICKATh JOGOH HeHcnpaBHBIHR
6JI0K.

Omeem: k= 4.

17.3. Tlo kanany TenexojoBo#l CBS3N NepealoTCss NATh KOMAHJ
X = {x;},i=1,2,3,4, 5csepoaraoctamn p (x,) = 0,3, p (x,) = 0,1,
p (x3) = 0,25, p(xg) = 0,2, p(x) =0,15.

OnpenennTh cpeiHee KOMHUECTBO MHGPOPMAIMH, NMPUXOASIIEECH Ha
OJHY KOMaHJy.

Omsem: I (X) ~ 2,228 nB. en. )

17.4. CumBone andaButa as6yku Mop3se NosBASIOTCS B COOGIIEHUN
co crepyomnMu BepostHocTamu: 0,51 pns touru, 0,31 mas tupe, 0,12
AN npomexyTka mexay O6ykBamu, 0,06 1n1s mpoMexyTka Mexnay
CJIOBAMH.

OnpenenuTh CpefHee KOJMHUECTBO HHGOPMANNHM B COOOLIEHHH U3
500 cumBosOB ganHoro angaBuTa, CUMTAS, YTO CBA3b MEKIY IIOC]AEI0Ba-
TeTBHBIMH CHMBOJIAMH OTCYTCTBYeT.

Omeem: I (X) = 236 nB. en.
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17.5. Hanpsukenue usmeHsiercs B npeferax U, — U, =8 B.
TIpn paBHOMEPHOM KBAaHTOBaHMH JATYHK PErHCTPHPYET NPHPALLEHH s Ha-
npsukenns AU = 0,1 B.

BEIUHCIHTL MAKCUMAJIbHOE KOMHUeCTBO MH(POPMAIHK 32 5 OTCUeTOB.

Omeem: I (X) = 31,61 nB. en.

17.6. Ha#iTi KonHuecTBO HH(POPMALMH, KOTOPOE COACPIKUTCS B KBaH-
TOBAaHHOM TEJEBH3HOHHOM CHUrHaje, COOTBeTCTBYIOWIEM OJHOMY Kaapy
pasBepTKH n3obpaxenus, ecim: B kanpe 625 CTpok; CHrHas, COOTBETCT-
BYIOIIH{I OAHOIl CTPOKe Pa3BepPTKH U300paxKeHHs, NpeacTaB/ger co6oi
nocaenoBaTebHoCTh U3 600 cyuafiHbiX 10 aMIJIATY 1€ HMITYTBCOB, KaXK-
ABIfi U3 KOTODHIX MOKeT C PaBHOji BepPOSTHOCTHIO NMPHHATE JioGoe 3Ha-
geHue B uutepsase oT 0 1o 8 B; kaxAblit HMITY/IBC KBAHTYETCs] 10 BETHUN-
He C [1aroM KBaHTOBanusi | B; HMIyJIbCHl H306paeHUs Mex1y coGoi He
KOpPeJHpOBAHH.

Omeem: I (X)= 1125 - 10® nB. en.

17.7. BeiuncamThb cpeee kosuyectso nudopmanun I (X; y,) o mne-
penannmix komangax X = {x;}, i = 1, 2, 3, 10CTaB/I:€MO€ NPHHSATHIM
CHTHAJIOM Y, aHcamGas curnanoB Y = {y;}, j = 1, 2, 3, ecqu o6wenu-
HenHas cuctema (X, Y) xapakrepusyercs pacnpeleneHneM BeposTHO-
cTefi, INpMBENEHHBEM B CJCAylomeH Tabnauue:

*i
v; P (yy)
Xy | Xs X3
1 0,05 0,2 0 0,25
Uy 0 0,3 0,1 0,4
Ys 0,05 0 0,3 0,35
p (x3) 0,1 0,5 0,4

Omeem: I (X; y5) ~ 0,268 nEB. en.

17.8. PajguocTaHinds NPOTMBHMKA MoxeT paGoTaTb Ha BOJHE A,
(cobritne A,) uau Ha BomHe A, (coGhiTme A,), Mpuuem B HMITYJIBCHOM
(co6eitne B,) uau enpeprisHOM (coGbiTne B,) pexumax. BepostHocTn
COBMECTHEIX COGHITHI MMeIOT clefyiomue suauenus: p (4,, By) = 0,7,
p (Ali Bg) == 0,15, p (Ag, Bl) = 0,05, p (Az, Bz) = O,l.

BuIunCIHTL KOMHYeCTBO RHGOPMALKH, MTONyYaeMOfi*0 PexxiMe PAGOTH
CTaHNHM, eCJM CTaHeT W3BeCTHOH JJHHA BOJHHI CTAHIHH.

Omeem: I (B; A) = 0,102 nB. en.

17.9. Hafitn MakCuMaJbHYIO SHTPOIHIO YEPHO-GEJOT0 N306paxKeHus
c IByMsl rpajanusMu, copepxkamero 5 - 10° He3aBHCHMBIX 3JIEMEHTOB.

Omeem: H, (X) = 5.10% gB. en.

17.10. Pacnpenenenne BeposTHOCTe# C/ydaiHOfi BeTHUMHBI X HMe-
er Bua: p (x) =01, p(x,) =0,1, p(xs)=0,1, p(x) =0,7.

OnpeneuTs YUCaO 71 3HAUGHUH CTyyaiHoOf BETMYMHBI, IPH KOTOPOM
sHTponust H,, (X) paBHOMepHOro pacnpenenents GyneT paBHa SHTPONHH
H (X) 3ananHoro pacapenenenus.

Omeem: n = 2,56
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17.11. BepoATHOCTB NosBAeHHst COOBITHS A TPH OJHOM HMCIBITAHHH
paBHa p. McnbiTanus noBTOPSIOTCS A0 NMEPBOTO NOABJIEHHs COOBITHSA A .
HafiTH SHTPONHIO yKcaa HCIBITaHHE X H BBISICHHTE XapaKTep H3MeHEeHH st
SHTPONIH C H3MEeHeHHeM p.

Omeem: H (X) = —Iplogp+ (I —p)log(l —p)l/p xB. en
TIpu yMenbilenuu p oT 1 o O SHTPOIHsS MOHOTOHHO BO3PAacTaeT OT
0 g0 oo.

17.12. Jlns1 noBwIIeHHs JOCTOBEPHOCTH Kaxmjoe COOOlIeHHe MOKeT
nepeaBaThCs MO KaHAJMy CBsI3H £ pa3, NMpPHYEM BEPOSITHOCTH HeHCKa-
JKEHHOTO NMPOXOXKIeHHs1 CUTHAMA NpH KaxJof nepenaue p, = 0,2. Tloc-
ae k nostopenuft (I << k < N) pewmaioniee yCTPORCTBO CpaBHHBAeT BCe
k NPUHATHIX CHUTHAJOB H NDH HX COBNaJeHHH BBIHOCUT PelleHHe O mpa-
BHJIBHOM NPHEMe, N0CJIe Yero OTIPaBHTeII0 NOChIAeTCst KOManja o npe-
KpalleHHH TMOCHIIKH JaHHOro CooflIeHHs H o fepejaue CIeAYIOmero
coolm1eHH . ’

OnpesieuTh 3Hauende KodhdHIHeHTa Ny6aMpoBanus R U3 yCIoBUs
MaKCHMyMa KoJsiuecTBa HHdopManuH, ofecrneudBaeMofl PpelalomuM
yCTPOUCTBOM.

Omeem: k = 3.

17.13. Aucam6mu co6ermiit X 4 Y o0neadtens!, NpHueM BeDPOATHOCTH
COBMECTHBIX COOBITHH paBHBL: p (%, #) = 0,1, p (x5, ys) = 0,25,
p (x2! yl) = 072! p (x2! y2) = 0, p (X3, yl): 0’3’ p (XS, yz) - 01]5

OnpenenuTs: a) >HTpONHH aHcamGielt X U Y; 6) sHTponHio o0pe-
JHHeHHOro amcam0iisi; B) YCNOBHBIE SHTPONHH aHcaMOJed.

Omeem:

a) H (X)= 1,512 gB. en., H(Y)= 0,971 8. exn.;

6) H(X, Y)=2228 nB. en;

B) H (X|Y) = 1,257 nB. en, H(Y|X)=0,716 ns. en. 7

17.14. Vctounuk coolmieHHil co3jaeT NnocaeloBaTeNlbHOCTh OYKB,
BEIGpaHHBIX M3 Habopa 6yks A. B, C, D ¢ BepostHocTsivu 0,5; 0,25;
0,125; 0,125, npxueM ouepesHast GyKBa BhHIOHpaeTCss HE3aBUCHMO.

BEIUHCIMTE H30BITOUHOCTH TEKCTa.

Omeem: R = 0,125.

17.15. JIns nepenaust COOOLIEHHMI] HCMOJb3YeTCS KOJ, COCTOSIIUHMMA
M3 TPeX CHMBOJIOB, BEPOSITHOCTH MOsIBJEHHSI KOTopwiX pasubl 0, 6; 0,2:
0,2. Koppensmusi MexAy CHMBOJAMH Koja OTCYTCThbYyeT.

OnpeietuTh M30BITOYHOCTH KOJA.

Omeem: R = 0,139.

17.16. Aucambab coobmenufi {x;}, i =1, 2, ..., 8, ¥ BEPOATHOCTH
coofiIeHHi 3ajaHbl Clefytomes TabaHned:

X; Xy Xo . X3 ‘ Xg Xy Xg X7 Xg

pi 1/4 174 1/8| 18 | 1716 | 1716 | 1716 | 1/16
. j

IMoctpouts kop llennona—®PaHo 1Js NaHHOTO aucambas U TMoKas3aThb
€r0 ONTHMAJbHHI} XapakTep.
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Omeem:

Coofuenue Xy Xy X3 Xy X5 Ixe X7 Xg

KozxoBas xomGuuauus 00 01 100 101 1100‘1101 1110 | 1111

H(X)y=<n)>=275 nB. en.

17.17. CoolweHHus Xy, Xy, X3, X4 NOABJAAIOTCS COOTBETCTBEHHO C E€-
poarnocTamu 1/2, 1/4, 1/8, 1/8 1 KOgHPYIOTCA YeTHIPbMS IBOMYHBIMH KO-
JoseiMH cjoBamu 0, 10, 110, 111,

Tpebyetca: a) mokasaTh, 4To ecau COOGIEHHS CTAaTHCTHUECKH iHe-
33BHCHMEBI, TO B TIOJIYUAIOMIEACS IOCTEA0BATENBHOCTH KOJOBEIX CJIOB
cuMBoatbl O M 1 NOABASIOTCS € PABHBIMH BEPOSITHOCTSAMH, H 9TO CHMBOJIBI
B TaKOH MOC/NEJ0BATENbHOCTH HE3aBHCHMEI, 6) HAHTH cpeiHee 3HaUeHHe
{n) UYHCJa JBOMYHHEIX CHMBOJIOB Ha COOOMIEHHE.

Omeem: 6) (n) = H (X) = 1,75 g8. en.

17.18. Ancam6sb coobwennit {x;},i = 1, 2, 3, ..., 9, u ux Beposr-
HOCTH 3aJaHpl CAeAylomed Tabaunmer: :

X; ¥ Xy X3 X4 X Xg X, X X9

pi ‘ 0,20 ‘ 0,15 0,15 l 0,12 \ 0,10 ' 0,10 . 0,08 ’ 0,06 | 0,04

[lpoussecT KogupoBanHe ABOMYHBHIM KOJAOM 1O MeToay Xaddmena (Me-
TOJ BCHOMOTaTeNbHBIX PYNNHPOBOK) H BEIYHCIUTEL SHTPONHIO CoobuIe-
uuit H (X) u cpepsiolo AMMHY (1) KOJOBOro CJOBA.

Omeem:

X4 Xg Xg | %7 Xg Xy

Coobwenne X Xy X3

Kogosas komGu-| 10 001 [ 010 | o1l 110 111 | 0001 | 00000; 00001
HalHs

H (X) ~ 3,04 1B. en., (nd ~ 3,08 1B. exn.

17.19. AncamGab cooBumeHufi COCTOUT U3 ABYX GYKB: X, U Xy, TIPH-
quOBlelpoxTHocm p (x;) nosiBnends 6yKs paBHH p (x;) = 0,89, p(x,)=

OripenennTsb cpejee YHCI0 CHMBOJIOB KOJA, NMPUXOAALIEECs Ha OHY
OyKkBy, €c/M KOJAMPOBaHHE OCYWECTBJSIETCS: a) Mo Onlof GyKse;
6) 610kamMu no ABe GYKBbl; B) 6/JOKaMH 10 TPH GYKBHI.
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Omeem [115]:

a) 6)

Coo6ulenne
Xy X, X1%1 X1Xg X2Xy X3Xo

KoxoBaa xom6Gu- 0 1 0 10 110 111
Hallus

{n>, AB. el. 1 ~0,66

)

Coo6uieHne - l
xlxlx,‘ X, XX, X1X9Xy I XXy Xy | XyXaXp | XpXyXs | XpX3Xy XgX3X3

Kozaosas 0 100 101 | 110 11100 | 11101 § 11110 | 11t11
KOMGHHa-
HA

<ny, 0,552
AB.efX. .

17.20. OnpeaenuTs NponycKHyo Cnoco6HOCT C JBOMYHOrO CHMMe-
TpUYHOrO KaHala co ctupardeM (puc. 17.6), ecnu CHMBOJH X; H Y
HMEIOT OJHHAKOBYIO JJIHTENBHOCTE T, rje F = 1/t — 4acroTa nochuIKH
CHMBOJIOB.

Omeem:

C=F{l—ql —log(l —)l + (1 — P,—¢q)log 1 — P.—q)+
-+ P, log P.}.

17.21. Ha Bxon kanana cBsiu (puc. 17.7) nocTymaer ancamOib CHr-
HanoB X = {x;}, i = 1, 2, ..., N, C BepOATHOCTSIMH p (x;) u 4acto-

7—/75 "q

b(z)=p; 2y

OY3 Puc. 17.6. I Bonusbli cHMMeT-
PHUHBIH KaHaJ CB3H CO CTH-
paniem

P(22)=T-piiy0 2

P(Zg); Zy

PZ2); X2

P(Zy); Ty v Puc. 17.7. Kanan csasn
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Puc. 17.8. Kamaa cBssn ¢ Nepedamyur  POMPascanmop — [JDusHyir
peTpaHcaaTopoM 7. 7P, Y T-Pe
ﬂ(w/)'z‘,'z/ ' PL1
oe ee
ped
Cad
pizy=1L;z, > >0z
2 7_/05 yz 7-/75

TOH MOCBMIKK F = /T, re T — AJMTeNBHOCTHL CUTHAJOB. BeposatHoCTH
nepexoja paBHel p (Y;|x;) = 1 — Pompuj=iup (y;|x;) = P, /(N—1)
npu j #=i.

OnpeneauTs NponyCcKHYIO CIIOCOGHOCTh KaHasla CBSA3Y.

Omeem:

C=F[mgN+4;mg

P,
N—1

17.22. Tlo kaHamy CBsi3u, COCTOSIIEMY U3 NEpeJaTURKa, peTpaHcasi-
Topa M fpuemHHKa (pHc. 17.8), mepefailorcst CUTHAMB X; H X, C 49acCTo-
To# cmegoBanust F = l/t, rle T — MJIHTENBHOCTb CHTHAJOB. SHAYEHUS
anpyoOpHBEIX BEPOSITHOCTEH M BEPOSITHOCTE!N Hepexoja Ha ydacTKe Iie-

pelaTuHK-—peTpaHCaaTop U PeTPaHCAATOPp—IIPHEMHHK YKa3adHbl Ha
pHCYHKe.

BbI9HCIUTE NPONYCKHYIO CIOCOGHOCTh KaHasa CBSI3H.

Omeem:

C=FIl +(1—2P,+ 2P% log (1 — 2P, + 2P%) + 2P, (1 —

“—Pe)+2Pe(]_Pe)logPe(]“Pe)]'

17.23. OnpenenuTb NpPONycKHYIO CHOCOGHOCTH KaHala CBsI3u, MO
KOTOpPOMY MNepeNaloTCst CUTHAMB X;, X, X3, X4 C UACTOTOH CJENOBAHUS
F = l/t, rie T — NIUTENbHOCTh CUTHAJOB. BiusiHue momex XxapakTe-
pHU3YeTCst YCJIOBHBIMYM BEPOSATHOCTAMH p (Y| x;):

P (hlx1) = p (Yalxa) = p(yelxs) = p (yalxa) =1 — P,
P (Yalx1) = p (th]xe) = p (valxs) = p (ys|xy) = P,
P yslx) = p Galx) = p (yalxa) = p (Walxa) = p (ilxs) =
= P (¥2lx5) = p (#lxa) = p (y:lxa) = 0.
Omgem: C = F [2 + P.log P, + (1 — P,) log (1 — P,)1.

+(1—P,) log(l—Pe)].

18. HENNPEPBIBHBIE CUCTEMbBI NEPEJAYHU
HHO®OPMALUH

1. TEOPETHYECKHE CBEJEHUSA

HenpepriBibe cHCTeME! nepefayd HHGOPMAIHH -— CHCTEMEl, B KOTOPHX KAK
peasnsauun coolWeHHs, TAK H PEAaJH3AUHH CHTHAJAA HA KOHCUHOM BPEMEHHOM

uurepBae (0, 7) npeictasidior co6oil HEKOTOPHE HeNpephIBHBIE dyHKuHM Bpe-
menn [1, 110].
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[lycts x (f) — peajH3aiHs HeNpPePHBHOrO COOGIIEHHA HA BXOAE KaKOro-
JHGO 6/10Ka CXeMbl CBA3H, y (f) — peasnH3anus BhIXOJHOrO COOOIeHHA (CHrHaMa),
pi (x¥) — OLnOMepHAA IVIOTHOCTh BEPOSTHOCTH aHCAMGJA BXOIHHX COOCIICHHIH,
p1 (y) — OIHOMEpHAs IJIOTHOCTh BEPOATHOCTH aHCaMGJA BEIXOXHHIX COOCILIEHHI,
P2 (x, y) — coBMecTHAs IVIOTHOCTh BepPOATHOCTH, Dy (x| y) — ycnoBuas naot-
HOCTh BEPOSITHOCTH X NIPH H3BECTHOM Y, py (Y | x) — YCJIOBHAA NJIOTHOCThL BepOAT-
HOCTH y TMpH H3BCCTHOM x. TOrja 1/ KOJHYecTBa HHPOPMAauHH [ CIpaBelTHBEI
caenyiomue cootnowenusa [1, 3, 110, 115]: .

p2(x, y) p1(*1y) p1(ylx)
C o — —1 =1 =[ (y; x), 18.1
Lo p=le— "o ' g @ (8D

1(X; y)==xf I(x; 9)py(xly)ds, 1(xY) =Yf [(59)pylnydy,  (18.2)

I(X; Y>=Yf P () I (X; y)dy =

=) n o1 dsdy=1 13 %, (18.3)
106 1= | | pates oy 10g 2D gy [ pu 9108 pu )0+
Y X p1(x X )
%—Xf Yfpz (x, y)log py (x| y)dxdy, (18.4)
I(X;9) >0, I(x; Y)>0, I(X; V)>0. (18.5)

3nech I (x; y) — B3aHMHast HHOPMALHS MEXLY KaKHM-JIHGO 3HAUEHHEM X BXOX-
HOTO H 3HAUEHHeM y BRXopHOTO coobwennit, [ (X; y), [ (¥; Y) — cpennne suave-
HHA ycaoBHOH HHdopmanuu, [ (X; Y) — NoJMHaA CpeiHss B3aHMHas HHpopMa-
IHA.

dopMyab Lns SHTPONHH H HenpepslBHLIX COOGLIEHHH NOMY4aloTCA nyTeM

0606menHs (GOpMya AR OHTPONHH IHCKPeTHHX coobumieHHi. Ecan Ax — uH-
TepBaJ KBAHTOBAHHA (TOUHOCTh H3MEPEHH:), TO MPH LOCTaTOUHO MajoM Ax sH-
TPONHS HENpephBHHX COOGWEHHH

H (X)= HT p1 (%) log py (x) dx—Tlog Ax | p1(x)dx=
=H (X)—logAx=— | py(x)log[ps(x) Ax]dx, (18.6)
r ane /
H(X)=— | py() log oy () dx. (18.7)

U3 (18.6) BHaHO, uTO HHPOPMATHBHOCTH COO0MIEeHHH, 06yCIOBICHRaA CTATH-
CTHKOH COCTOSTHHH 3JIEMEHTOB COOGIIEHHS, LEJHKOM ONpeleNseTcs BEJHYHHOH
H (Xf, KoTOpaa HaswiBaercs auddepennnansuoi [115, 116], a nroraa npuseses-
Hoit [3] amTponHef. :

Bennunna — log Ax 3aBHCHT TOJNBKO OT BEIGpaHHOro HHTepBasa Ax, onpe-
JeJSIOmero ToYi0CTh KBAHTOBaHHS, M NpH Ax = const ecTb BEeJHYHHA NOCTOSH-
Has, KOTOpyIo HHOTA HCKMioualoT ma3 paccmortpenus [117, 118]. IIpu onpenede-
HHH TOAHON B3auMHO Hudopmanuu [ (X; Y) seanunnsl log Ax u log Ay B3aum-
HO KoMIeHCcHpylotcs, Tak uto [ (X; Y) or BeGopa KOOPAHHAT HE 3aBHCHT.
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[To amanorun c (18.7)

HY)=— [ p1(y)logps (v)dy, (18.8)
HX1Yy=— { | pa(x, y)logpi(x)y)dxdy, (18.9)
HY X)=— [ [ pa(x, y)logps(y]x) dxdy. (18.10)

Korza X u Y craTHCTHueCKH CBA3aHH MexAy co6oii, TO

HX, VW=HX)+HYI|X)=H(Y)+ H(X]|Y). (18.11)
ITpn HezaBHcHMEIX X H Y
H(X, Y)=H(X)+ H (). (18.12)
[Monuasa cpepusas BsaHMHasd uHbOpMauHs onpegensercs ¢opmyoi
I(X; W=HX)— HX\|Y)=H({Y)— H({Y]X), (18.13)
a nponyckHas CHOCOGHOCTb HeNpepLIBHOIO KaHaJja '
C:TILH;Max[-TlfI(X; Y)] , (18.14)

rie MakcuMyM [ (X; Y) nocturaercsi BHGOPOM ONTHMaJbHOTO pacnpefeeHHS
p1 (x) BXogHOro cureana x (f) npu ZOCTaTOYHO GOJIbUIOM HHTepBaJjie BpeMeHH T.

B cnyuae kaHana CBA3H € OrpaHHUYEHHOH HOJIOCON 4acTOT NPONYCKHAs CIIO-
co6uocTh ompefensercs dopmyJoit Ilennona [1]

C=F log (1+0%/N, F), (18.15)

rie F — nosoca nponyckaHHs KaHaja, N, — NOCTOAHHAs ClEKTpajabHas MJOT-
HOCTh HOPMAJbHOrO CTauHOHapHOro Iwyma n (f) B noaoce 0 < f < F; o2 =
= < x% (f) > = const — orpaHHuYeHHas CpeJHAA MOIHOCTb CHrHaja x (f),
HnpeAcTaBaAlonero co60i CTaHOHAapHEH TraycCOBCKHH mpouecc C paBHOMEpHOH
CNeKTpanbHOH NJOTHOCTRIO B mosoce 0 < f << F; y () = x (f) -+ n (f), npHueM
x(f) H n (f) — CTATHCTHYECKH HEe3aBHCHMLL

Ecan 02/NyF > 1 (oTHomeHHe cHTHAN/WIyM BEJHKO), 10

C = F log (63/N,F). ) (18.16)

[Tpu Gg/NoF <1
C =2 1,44306%/N,. (18.17)
Korza cnexTpanbHast IMIOTHOCTh TaycCOBCKOIrO cayuvaiinoro currana x (f)

ectb S (f), a crekTpanbHas IJOTHOCTh aJXHTHBHOrO rayccoBCKOro myma n (f)
paBHa N (f), dopmyna (18.15) wumeer BHZ

C=

fa
f log [14-S (f)/N ()] df . (18.18)

1

B ta6n. 18.1 npuBeleHH 3HaueHHs 3uTPONHH H (X) HEKOTOPHIX HENpepHIB-
HEIX 3aKOHOB pacnpegeneHus [1, 15, 110, 115--120].
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Tabauna 18.1

Autponusa H(X) HeKoTOPHX HENMPEpPHIBHHIX 3AKOHOB paclpenefeHus

HanmeHnoBanne
3aKoHa pacnpe-
AeneHHust

AHanHTHYeCKOE BhIpaKelne
¢ MOTHOCTH BEPOATHOCTH Py (X)

oo

HX)=— | p,(x)logp, (x) dx

— 00

PaBHomepHbi i

1

(npnﬂ)moyronb- b—a ax<b log (b —a) —log (02 V/3)
HbIA T
10, x<a, x]>0b
TFayccoBckuil I (x—m)? 5
(nopManbHeii) | o/ 9n exp [‘“ 29° log (o 1/ 2me)
logT' (n/2)4-log 24-
__t LH2—1 g —x/2 +-[n/2—(n/2—1) ¢ (n/2)] loge,
r 2"/2 T (n/2) ’ d
=0 rae w(z):ﬁ—z-lnI‘(z)—
ncu-(QyHKuusn Sinepa
I log T (@ --1)—a loge- P (a4 1)+
raMMa-pacnpe- 5a+] P((x-_t,_—l) xae_x/ﬁ. +(a+1)10g e+10gﬁ,
JieJieHne rie P (a+l)—ncu-(1) HKILUA
x>0, a>—1, p>0 diepa Y
Kotn ! h log 4mh
- —_
n B () e
X e_;ﬂ/zo2 (c/2-+1)loge,
PeJes o? rge ¢==0,5772...—uncao ditze-
x>0 pa
_2_ 1 2 —x2/202 1 2m0?
Z —x%e , — 1o cloge,
Makceeana n o3 2 e e telog
x>0 rae ¢=0,5772

Jlanaaca (AByx-
CTOPOHHHH 3KC-
MOHEHIHAJIbHELH)

A —Ajx—p]|
-/ ¢
2

log QTe =1log (oe VQ_)

DKCNOHEHIH-
afbHBIA ONHO-
CTOPOHHHI

?»e_M, x>0

log —;—: log (ce)
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Mpodosscerue maba. 18.1

o0
H .
Humerosame | Ausmmectoe supmnente | H (X)=— [ 5y (0108 py () 0¥
neJieHHs o
log m!—m log e X
xm e m
[Toka3aTebHO- —eTh, x> 0 1 |
CTENeHHOH m: X Z R —c |+ loge,
k=2
rae ¢=0,5772
{o, x<a,

4 (x—a) b-+a

- a<lx<C T , -
CuMIcoHa (Tpe- (b—a) log (b—a) Ve — log (o)/Be)
yrombHbIi) 4(b—a) a+b ‘ 2

—_—, — <x<b,

(b—a)? 2

0, x>b

0, x< —a, .

1 1 log (a®—x*

Saxon -1— ———, —a<x<a,| logn-{— logl@—x9) ) dx
apKCHHyCa x Va—x? 7 VaE—xz

0, x>a 0

2. IPUMEPDI

18.1. Ha BXoj TNpHEMHOrO YCTPOHCTBA BO3JEHCTBYET KoJebanue
y (t) = x () + n (¢), rae cursan x (f) 1 nomexa n (f) — HesaBUCHUMBIE
rayCcCOBCKHE CJydYafiHble IPOUECCH ¢ HY/IeBBIMY MATEMATHUECKHMH OXH-
JAHHSMU M JHCTIePCHAMH, DABHBIMH COOTBETCTBEHHO O H on.

OnpefiesinTb: 1) KOJHYECTBO B3aUMHOM undopmanun I (x; y), XKo-
TOpOe COJEPIKUTCS B KaKOM-IHGO 3HAUYEHHH MPHHATOrO KoJiebaHus
y (f), o snauennn curHana x (f); 2) MOJAHYI0 CPEAHIO B3AHMHYIO HH-
dopmanuio I (X; Y).

Pewenue. 1o yenosuio 3amaun y (f) mpeacTaBiseT COGOH Cymmy
He3aBHCUMBIX KosieGanuit x () u n (f), KOTopble UMEIOT HOPMAJILHbIE NJI0T-
HocTH BeposTHOCTH. Ilo3TOoMy

oy = 0% - on,
- X oo v
P = eXp( 203), ) = - VﬁeXp( 307 )

B _ 1 (y—x)? 1 _
Pl(ylx)—m(y—*x)—me"p[_ %02 J_

1 2
—_— exp(——gj—%—):pl(n).

o, ) 2n
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1. Tlo (bopMyJIe (18.1) naxoaum

] x; =10 Pl(!ﬂx) — 1 ]n pl(ylx) —
o=l @0 "
1 o n? y?
—mlno_:e’(p(—%z—‘*“ 203 ) )
. _ 1 VO-}C—*_ O',Zi 1 n? y2
i) = hﬂln On T e [_ 207 +2(°§+0§)}.

2. Cornachuo (18;3) HMeeM

n

1(X;Y)= jjp %, 9) 1 (%; y)dxdy =< (; 5)]>=log +
XY

1 <y <n? Voitoap
-+ — = —_
n2 [ 2 (0; + 0:) 20,“} ] IOg On +
024 o2 a3
! ——=,
In2 | 203+ of) 202
rae { ) — 3HAK YyCPeAHEHHs 1O MHOMXKECTBY.
Takum o6pasom,
2 2 2
I(X; Y)=log 1 % =L 10g (1 | 0"2 AB. €l
On 2 Gn

18.2. BbluucaUTh TOAHYIO CPEAHION B3auMHYIO HHOOPMALHIO.

I(X; Y)mexny caydaiinbiMy BeguuunaMd X U Y, HMEIOIUMH HOPMa/b-
HbI€ TIJIOTHOCTH BEPOSITHOCTEH U KO3(hGUIMEHT B3aMMHOH KOPpessiuu

(X —my) (y—my)),

ny prnd R =
Ox Oy
rae my, m,, G}, Oy — MaTeMaTHYeCKHe OXHAAHHA H Jmcnepcpm Be-
auup X un Y.
Pewenue. B coorserctsun ¢ (18.3) u (18.1) nmeem

©o
n

1(X;Y)= jjpz(x, Yy I (x; y)dxdy = j‘ j‘pz(x,y) X

XY —00 —00

og pa(x, y) dxdy=Tl——5. jpz(x, y) [1n ps (x, y)—In p, (x) —

p1 (%) pu(¥) n2 Jo
—In p, ()] dxdy = T [ ( S pz (%, y) In ps (%, y) dxdy —
520

5‘ ? ps (%, y) In p, (x) dxdy — T T pz(x, y)In p; (v) dxdy]

—00 —00 ~—00 —00

3 “ fmx y)lnp,(x, y) dxdy — j p1 () In py (%) dx—

- j p1(¥) Inp, () d.’/]-

BuluncauM 5TH HHTErpasibl, YYUTHIBAs, 4TO MO YCJAOBHIO

. 1 _ (x—my)?
P9 = — e [ Lend ]
1 (y—my)?
= ex ——
p1(Y) = p [ 203 J
) = 1 _ 1] (x-—my)? .
P2 y) = 5 o VIR eXp{ 2 (1—R?) [ o2
(x— my) (y—my) + (y —my)? .
—2R Ox Oy o ]}’
j' Jf p2 (%, y)In ps (x, y) dxdy = 5 j' Pz (%, 4) X
1 1 (x%m,c)2 (x—my) (y—my)
1 —_—— — ¥
X { & 2o, oy YV I— R 2(1—R?) [ 0% 2R Oy Oy +

+ (y— m,,) ]} dxdy:-ln(Zno oyl/l—Rz)

- Rz) a2 5‘ j‘ (x—my)? ps (x, y) dxdy -+
2R 00 00 .
+’L2 (1—R%) o, oy j‘ 5‘ (x—my) (y—my) ps (x, y) dxdy —
l 00 00 \

- 2(1-——R2) o} j‘ f (Y—my)? ps (%, y) dxdy .
Tak Kak e
y S(x—mx)zpz (*, y) dxdy = o, _f j(y——m,,)z P (%, y) dxdy =o2,

_s' S (x —'mx) (y—my) p2 (x, y) dxdy: Ro-x 0{/9
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10

t T In ps (x, ) dxdy = — In (20, 0,V T—R)——— +

j ij(W) 0 p, (¥, y) dxdy = &0 By 2(1—R?)
R2 . 1 — 11’1 (2n0x 01/]”/-1_“122)—1 —

.
" 1—R2 2(1-—R?)
= —In(2seo, 0, V' T—R?),

(x—mx)? —
jpl(x)lnpl(x)dx— Spl(x [ln o} 2o 202 ]dx_

= —In(o, ) 2n)—1/2= ——1n]/2necrx

Tlo anasorumu

{ p10)Inps(y) dy= — In}/ 2nea].
Torpa L
[(X;Y)= 71—-2—[—1n (2qte0, 0,1/ 1— R?)+ In )/ 2mec +
n
—1 1 V/ 4n? e oia} _
+In)/ 2nec} | = — n]/4n2e20202(1—R2)
_ 1 o 1 —R2
“1n21nl/1—1¢2 21112( RE)-
CaenoBaTesbHO,

I(X; Y)=—(1/2) log (1 — R?).

18.3. [lo ;AuHUM CBA3H nepejaloTcs HeNnpepbiBHbIE AMIIHTYAHO
MOJY/THPOBAHHbIE CHTHAJBI X ({), paCTipE]eNeHHbIE N0 HOPMALHOMY 34
KOHY C MareMaTHYeCKUM OXMJaHHEM My = 0 u jaucnepcuei oy =
— 02 — 8B2

Onpegenuts sutpornmio H; (X) curHana npu TOYHOCTH €ro HsMepe-

sus Ax = 0,2 B.
. Pewenue. Tlo yCNOBHIO IJIOTHOCTb BEPOSTHOCTH CHTHa/A x ()

1 —_x2/902
p1(x) = c]/ﬁ e /207
ITo dopmyse (18.6) umeem
Hy(X)= — j p1 (%) log ps (x) dx— log Ax =

N 5‘ p1 (%) In py (%) dx—logAx =
In2
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R S Py (x)[ V?n —= de—logAx:

1 1
T e (ln oV on __2_)—_10gAx—

In}/ 2mec? — log Ax — log Y29 |

In2 Ax

IMoacTaBass 4yucAOBbIE 3HAUYEHHS, noJiyyaem

V 2ne8

’

H,(X) =1log ~ 5,87 iB. ex.

18.4. HenpepriBHas cayuajiHas Beanuuna X, uMeeT MJOTHOCTh
BeposSTHOCTH p; (x). Benuuuna Y ecTb opHo3HauHas dyHKuus Y=
= g (X)

ITokasaTh, 4TO

H(Y)=H(X)—<log1D(f> N

/ ]
rae H(X), H (Y)— coorBercTBeHHo auddepeHnuanbHbie 3HTPONHUHU
BeanunH X u Y; D (x/y) — saxoGuan npeoGpasoBaHusi OT X K Y.

Pewenue. Tak kak
D)l 4=[P(%)
To 1o ¢opmyse (18.8) nmeem
H(Y)=— f p1(9) log py (4) dy=—jp1 ®|D(=)
ol |0 ()]s~

P[NP () eene
~ el (Dl =[P ()

[MockONbKY

p(y)lP(x) D)l =Coe |2 ()

l (y x y ’ N y I\
OKOHYATeJIbHO TOJIYUHM

H(Y)=H(X)—<log|D<—;—)

p1(Y)=p1 (%) dx,

X

% log [m (x)

_‘)S; p1 (%)

log p; (x) dx —

dx.

=1, (P log
X

\ .
/
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18.5. CpenHsiss MOIMHOCTb TepenaBaeMbiX cHriajoB oy = o®. Hai-
TH pacnpefeneHne, KOTopoe IPH HaHHOM OrpaHHYeHHH obnajaer Mak-
CHMaJIbHO# 3HTpOMNHei, paBHOH

H (X) = (1/2) In (2rec?).

Peuwenue. PemiuM 3a5auy ¢ IIOMOIIbIO METOAOB BAPHAIHOHHOTO
ucunciends: [117] (uHoit meton ucnosbsosan B [1, 110]).
Ecnn Tpebyercss HafiTH MaKCHMyM (MM MHHUMYM) HHTerpana

b
1= Flx, p,(0)ldx (18.19)
NPH JIOTIOAHHTENbHBIX YCAOBHAX

b
j ¢, [x, p; ()] dx = k, = const,

b
{ 0slx, py (9] dx = ky = const, (18.20)

...................

b
j. on [x, py (x)] dx = k, = const,

To QyHKuHS p, (x), obecreunBaomasi MaKCHMYM (MJH MHHHMYM) HH-
terpana (18.19), HaxomauTcsi U3 pEIIEHHS YDaBHEHHS

oF 0 .
OF 13, %% g, % g On (18.21)
Op1 Op1 Op1 om

rae Ay, Ag, ..., A, — HEKOTOPble KOHCTAHTHI (HEoNpeaeNeHHbE MHOXKH-

Tenn JlarpaHmxa), KOTOpble ONPENessioTcs NOACTAHOBKOM p, (X), sB-
asomencs perennem ypassenusi (18.21), B pasenctsa (18.20).

B nannom ciyuae Tpebyercsl HaiTH TaKyio QYHKHHIO p; (x), NPH Ko-
Topo#

H(X) == § p (@) Inp, (x) dx

L OCTHraeT MAKCHMyMa, TPUYEM MAKCHMYM CJI€AYeT HCKaTh NpH ycjo-

BHSIX
00

(o mdr=0t [ p(de=1 (18.22)

Oyukuuy F, @, @, UMEIOT BUJ
Flx, py (0)] = — py (x) In p; (x),
@1 [x, pr ()] = £py (%), @2 %, p1 ()] = py (%)
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CnenoBaresbHO,
OFldp, = — [1 + In p, ()], 0g,/0p, = x*, dg,/dp, = 1.
ToncraBup 3HaueHus npousBoAHelX B (18.21), nmomyuum
— 1 —1Inp; (x) +A&x®* + 24, = 0.
M3 sToro cooTHomeHus caepyer, 4to In py (x) = Ay — 1 + Ax® um
p1 (x) = eh—lehsx?, (18.23)

s HCKJOUeHUS HEH3BECTHBIX A, U A, MOACTABUM HafJeHHOE 3Ha-
yenne p; (x) Bo BrOpoe pasexcrso (18.22). Tornma

§° p(x)dx = OSD e—he—leh 2%y —2eha—1 ofe’»x tdx=1.
— 00 —o00 0

OTMeTHM, 4TO A, JOMKHO ObITh OTPHUATENbHBIM, HOO B NMPOTHBHOM

00

caydae HHTerpan x py (x) dx pacxomurcsa. Tak Kak
0

S e— @ dx =1"n/2a,
0

TO

0
2eta—1 ewzdxzzeh—lLl/ T
2 —M

0
HH
e—h—1=] —A\/m.
Torpa (18.23) mpumer Buj

pL(x) =V — Ao eh*’, (18.24)
Toncrasum (18.24) B mepBoe cooTHouieHHe (18.22):

00

0% = 5‘ x2py(x)dx=2 l/_—xl-j‘xze’ﬂ"’dx:
Y I 3 Y

=:2 l//r —~k1 —l—l//— 11 _ 1

x4 (—MpP 2

CnenoBaTenbho, A, = — 1/202.
TMonctaBuB 3HaueHue A, B BbipaxKeHue (18.24), oKoHYATEALHO TOAYYHM

1 2 2
X) =—F= e—*"/20",
P1 (%) o/

Takum 006pasoM, Mpy OrpaHUYEHHH CUTHAJOB 10 HX CpefHeil Moil-
HOCTH MaKCHMaJbHOH SHTponuel obganaioT GYHKHHH ¢ HOPMAJbHBLIM
pacripefieieHHeM.
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BbluMc/IMM 3HTPONHIO CJAy4YalHOfi BEJHYHHBI, DaCHpeleNeHHOH o
HOPMAaJbHOMY 33KOHY

oo o0 1 i ]
mm:—fmmmmmwz—fpmm%wﬁrwww=

202

= j p1(x) ) 2n0® dx + j p1(x) i dx.

YuuTeiBasi orpaHuuyHBaiomue ycjaosus (18.22), nafizem
H(X) = H, (X)=1n1V 2n06® + ¢¥2¢> = In }/ 2n0? + Ine.
Cnenosafeﬂbﬂo,
H (X) = In V 2ne0? = (1/2) In (2mec?).

18.6. OnpenenuTh mojiocy NPONYCKAaHHUS KaHaja Mepeiaud TeJe-
BH3HOHHOro 4epHo-Gesoro usobpaxeruss ¢ 5 - 10° smementamu, 25
KajipaMl B CEKYHAY H 8 paBHOBEDOATHHIMH TpPajalisiMH SPKOCTH AJS
otHowenusa of/NoF = PP, = 15 npu ycnoBuu, yto H306paxenue
MOXeT TPUHHMATh HanboJee XaOTHYHBIA BUJ — BHJI «0esoro uiyma».

Pewenue. WU3obpaxenne npunnmaer Bui Gesoro myma, eciu Bce
€ro /IEMEHTH! KaK B OIHOM KaJpe, TaK U B Pa3/IUYHLIX HE3aBUCHUMBI. DHT-
porus TaKoro u300paKeHHsl NPH YKasaHHBIX YCJOBUSAX paBHA

Hy(X)=05.10%1log8==1,5.10° gB. en. (
BBH1y He3aBUCHMOCTH KajpoB oOmee MaKCHMAaJbHOE KOJMYECTBO HH-
dopmanuH, KoTopoe fo/mkHO ObiTh nepepano B 1 ¢, cocrasut H (X) =
= 25.1,6.10% gp.ex. [IlpupaBHuBasi 5TO 3HAYEHHE TPONYCKHOM
criocobnoctn Kaxana (18.15), monywaem 25 . 1,5 - 10 = F log (1
-+ 15), orkyzaa

F=9,375 - 10° 'y ~ 9,4 MIu.

OG6blunbie TeeBH3HOHHbIE N300PaXKeHHS UMEIOT CUJBH VIO NPOCTPaH -
CTBEHHYIO H BpPeMeHHYIO Koppessiiuio. [TosToOMy HpakTHueckH Heol-
XOJHMasl TPONYCKHAsi CNOCOOHOCTb MOMKET ObiTh CYIIECTBEHHO MEHbIne
NPUHSTOTO 37IeCh MAaKCUMaJbHOrO 3HAUEHHs.

18.7. Haiitn crnexTpanbHyIo NJIOTHOCTS curiaza S (f), kotopas npu

2

3aJaHHBIX 3HAYEHUSIX €ro TMOJHOH MOmHOCTH P, = S S (f) df n cnek-

F1
TPaJbHOH MJOTHOCTH rayccoBCKOH noMexu N (f) ofecrneydT MakcuManb-
HY10 CKOpOCTb mnepejavyu HHpopMaluy.
Pewenue. Cornacio (18.18) ’
fa
c =11l + 8GN ().
f1
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TpeGyeTca HafiTH MAKCHMYM 3TOrO HHTerpaja MHpH YCaoBHH Py =

= S S (f)df. Ha ochoBanuu (18.21) umeem
fa

OF 1,09 __ 0 SYea S
oS +A as  as ln(l T N )+ as 0.
rie S= S (f), N =N (f). Tak kak
3 Sy_ 11
Eln(l +W)— 1+-S/N N '

Té [S () + N (/)I7* = — A. CaezmoBatesbHO,
S () = —1h— N (f).

Hckomas criekTpanbHas IJOTHOCTL curHana S (f) posxkHa ObITh TaKoii,
yTOObI, 6yAyun A00aBIEHHON K CIEKTPANbHON MJIOTHOCTH nomexd N (f),
oHa obecrieyusia MOCTOAHCTBO 9TOH CYyMMBI M HE3aBHCHMOCTbL €€ OT ya-
cToThl. Bemnuuna A BbifupaeTca Tak, 4ToObl 00mas MOMmHOCTHL 11071€3-
HOTO CHMTHAJa DaBHAJACh 3aJaHHOH MOIIHOCTH P,

3. 3AIAYHY U OTBETDI

18.1. Undopmanus nepenaercs NoCPEACTBOM H3MEHEHHS aMIIUTY-
Abl curHana X, pacrnpelieleHHoH Mo HOPMaJbLHOMY 3aKOHY C napameTpa-
MH my, = 0 u of = 15. Bennunsna X n3mepsieTcss PErHCTPUPYIOMHUM
YCTPOHCTBOM € NMOTPEIIHOCTDIO Z, He 3aBUCAmEH OT aMIJIUTY/bl CHIHAaMA
H TaKKe pacnpefiesIeHHOl 1Mo HOPMaJIbHOMY 3aKOHY C MaTeMaTHYeCKUM
oxujanueM m, = 0 u gucnepcuelr o = 9.

Onpepennts kKoauyectso uubopManuu [ (X; Y) o seianynne X
3aKJIOYeHHOEe B CJYy4YaiiHbIX pe3synbTaTax usmepenuii Y = X + Z.

Omeem: I (X; Y)~ 0,71 nB. en.

18.2. /lns xoHTpOss McnpaBHOCTH 6J10Ka NEPHOINYECKH H3MEDPSIOT
HanpsKeHue B KOHTPOJbHOH Touke cxembl. IIpH ucrpaBHoM 6m0Ke 3TO
Hanpskenne pasHo | B, a npu HeucnpaBnom — 0 B. Omubxa BoJBT-
MeTpa pacrpejieieHa DaBHOMEPHO C HYJEBbIM CDPEJIHHM, HO IHPHHA
3TOr0 pacrpesiesieHnsl 3aBUCHT OT 3HAYEHHS H3MEPSIEMOrO HaNDsKeHU:
oxa pasHa 2 B, ecin nanpsikenne Ha Beixofie coctaBiser 1 B, u 1 B
B npoTuBHOM cayuae. B cpeanem B 90% Bpemern 670K ucnpaseH.

Boiuncauth Kosuyectso uudopmanun I (X; Y), nocraBnsiemoi npu-
GopoM IpU OJHOM H3MEpeHHH.

Omeem [120]: I (X; Y) = 0,28 uB. en.

18.3. Mudopmauua nepepaercs ¢ MOMOmBIO HACTOTHO-MOAYJIIPO-
BaHHBIX CHMHYCOMJA/JbHBIX CUTHAJOB, pabouas yacToTa F KOTOPhIX H3Me-
HAETCA C pPaBHOH BeposATHOCThIO OT f; = 10 MI'm go f, = 50 MTIw.

Onpenenuts sutponuio H,; (F), ecy TOYHOCTb U3MEPEHHS YACTOTHI
Af = 2 kI

Omeem: H, (F) ~ 14,28 nB. exn.
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18.4. UsmepuTeabHOe YCTpPOHCTBO BhipafaThiBaeT BpeMEHHHE HH-
TepBa/bi, paclpeleieHHble caydaiiHbiM o6pasom B npexenax ot 100
no 500 mc.

Kak uaMeHHTCST 3HTPONHS CJAYYAHHON BEIHYHHBI NPH H3MEHEHHH
TouHOCTH H3MmepeHus ¢ 1 Mc jgo 1 MKc?

Omeem: duTponusa yeemduurca npuMepHo Ha 10 xB. en.

18.5. Buuncantb auddepeHunaibHyio SHTPONHIO HOPMANTbHOro 3a-
KOHA ¢ JUcrIepcHedi ¢? U paBHOMEPHOro paclpefeseHds ¢ TOH xKe JHc-
nepcues. _

Omeem: H, (X) = log (6} 2ne), H,p (X) = log (62}/3).

18.6. B pesysbTaTe MosHO# Ae30praHH3aniu yMpaBJeHHUs 7 CAMO-
JIETOB JIeTAT C MPOM3BOJNBHBIMH KypcamH. YTpaBsieHHe BOCCTAHOBJIEHO
1 BCe caMosieThl B3slM oOmuii Kype co CpefHell KBajpaTHueckKoll omuo-
Koil gp = 3°. :

OnpenenuTsh u3MeHeHue HTPonuu AFH;, cuMTtas, 4TO B MEpPBOM CO-
CTOSHHH MMEET MECTO paBHOMEPHOE pacHpesiesieHHe BepOsTHOCTH, 8 BO
BTOPOM — HOPMAaJIbHOE.

Omeem: AH = Hy (X) — H, (X) = 4,86 n 1B. en. ‘

18.7. TInOTHOCT, BePOATHOCTH caydafiHoro mnporecca x () umeer
BUA p, (x) = Ae ™, x> 0.

Hajity auddepeHnuanbiyio SHTPONHIO BeMHUMHB X.

Omeem: H (X) = log (e/A).

18.8. Onpenenuts suTponuio A (X) cayuaitnoi Beanunnbl X, QyHK-
U5 pachpefeseHHss KOTOPOH

0 mpu x<C0,
x2 mpu 0<<x<Cl,
1 npu x>1.

Omeem: H (X) = log (V e/2).

18.9. TlokasaTh, UTO €CJH CUCTEMA C HOPMAJBLHBLIM paclpefiesieHHEM
KOODJAMHATHI MEPEXOAUT H3 COCTOSIHUSA, MPH KOTOPOM O, = Gy, B CO-
CTOSIHHE, MPU KOTOPOM O, = G, TO NMPUPAIEHHE SHTPONMHU

AH = H, (X) — Hy (X) = log (0,/0y).

18.10. Haiitn audpepeHnHanbHyI0 SHTPONHIO CAY4YaHHON BeJH4H-
uH Y = A sin of, rae { paBHOMEpPHO pacHpejieseHo B HHTEpPBaje OT
— nt/w Jo W/e, A 1 ® — NOJOXKHTENbHHE TOCTOSHHBIE.

Omeem 1621: H(Y) = ln (nA/2).

18.11. Onpeneantb YCNOBHYIO AHGpGdEpeHnHaNbHYI0 SHTPONHUIO
H (X]y) u cpenuiomo ycaoBryio auddepeHnuanbayio sHTponuio A (X Y)
cyuaiiHoi BemuuuHsl X otHocutenbHo YV, a Takke H (Y|x) u H (Y|X)
cyuajiHol BeTHuMHBE Y OoTHocuTtenbHO X Ans cucteMsl (X, Y) rayccos-
CKUX CJy4YafiHHX BEJHYHH.

Omeem:

H (Xly) = H (X|Y) = log [,V 2ne (T — R%,)};
H (Y|x) = H (Y|X) = log [o,)/ 2ne (I — R%)1,
528

Fi(x) =

i€ ¢, U O, — CpeiHHe KBaipaTHYeCKHE 3HAueHUs; R, — Koapdu-
UHeHT Koppensauud Mexay X 4 Y.

18.12. Haiitn puddepenunansuyio sutponsio H (X) paBHOMEpHO-
ro pacnpesenenus Ha otpeske (0, 2) 4 SHTPONHIO CYMMbI ABYX HE3aBHCH-
MBIX CJAYYalHBIX BeJHUHH X W Y, PaBHOMEDHO pacCNpeieseHHBLIX Ha
YKa3aHHOM MHTepBase.

Omeem: H(X)=1 8. en.,, H(X, Y)=2 pB.en

18.13. PagnonpueM ocCymecTBJAsieTCs Ha JABe aHTEHHH, pa3HeceH-
Hbie B IPOCTPAHCTBE TaK, YTO CHrHAMbI X (£) U y (f) B BETBSIX CTATHCTHYE-
CKH HE3aBHCHMBHI.

Onpenenuts sutponuio H (Z) konebanus z (f) Ha BbIXOAE CYMMH-
PYIOLIEro YCTPOHCTBA, ecau x (f) H y () pacnpenesens Mo HoOpMaJbHOMY
3aKOHY C HYJIeBBIMH MATEeMaTHUYeCKUMH OXHJAHHUSMH H JUCIEDPCHSIMH
o3 = 16 B* u o = 25 B

Omeem: H (Z) ~ 4,73 1B. en.

18.14. Tlokasarb, uto ecan Y = X 4 ¢, rie ¢ — TocTosiHHas Be-
auyuHa, umd Y = — X, o H(Y) = H (X). -

18.15. MameputenbHoe yCTPORCTBO BHpabaThBaeT CAyYaiiHbI CHT-
Has x (f) ¢ HOpMaJIbHOH NJIOTHOCTBIO BEDOATHOCTH H KOPpesuHOHHOH
dyukuuesi Buga R, (1) = oze—otl,

OnpefenuTh SHTPONMUIO CHrHAJMA U ero U3HTO0YHOCTb, BHISBAHHYIO
HaJHYHEM KOppessuud, ecau o, = 6 B.

Omeem [116]: H (X|Y) = 4,52 1B. ex., R = 0,024.

18.16. AncamMOnb CUrHa/NoB, NPOXOAANMX Yepe3 YCUJNHTENb, UMeeT
3HAYEHHd, OTPAHUYEHHLIE CBepXY BeJHUYHHOH X = b H CHH3Y — Be-
JUUdHOH X = a. :

Haiity mMakcumanbHyio sHtponuio f,, (X) u surpomuio H (X) Ha
eMHANY BPeMeHH, ec/d IIHPHHA NOJ0CH NPONYCKAHHS YCHJHTENs PaB-
Ha F.

Omeem: H,, (X)=log (b—a)mB.en., H (X) = 2F log (b—a) AB. ex.

18.17. TlepenaBaempble CHIHAJbLI OrpaHHYEHB! 110 MHKOBOH MOMIHOCTH.
Onpegenuts pacnpesiesieHle, KOTOpoe NpH AaHHOM orpaHHueHHH obna-
JaeT MaKCHMAaJbHOH SHTPONHEH, a TAKXKe BLIYHCAHTL SHTPONHIO MpH
5TOM pacnpeseseHun.

Omeem: p, (x) = 12V P,,, H (X) = In 2V P, rne P,, — nuxo-
Basg MOMLIHOCTb. .

18.18. Curnan ¢ MaTeMaTHYeCKUM OKHUJAHHEM /1, MOXKET NPUHH-
MaTh TOJBKO TOJIOXKHTENbHbe 3HaueHus [p; (x) = 0 mpu x << Ol

Haptu pacnpeseneHde, KoTopoe MpH JAHHHX OrpaHHuYeHHaXx obna-
JaeT MAaKCHMMaJIbHOH SHTpONHEH.

Omeem: py(x)= L eFime,
m

X
18.19. ITokasath, uro NpH 3aJaHHOH SHTPONHHM HOPMAJBHOE pac-
npefeseHHe BepoATHOCTEH
e—x*/200

pl (‘x) = 0‘1/1275

HMeeT HAUMEHbINYI0 H3 BCeX OFHOMEpHBIX paclpenesieHH#l TUCTEpCHIO.
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18.20. OmpenenuTh MaKCHMaJbHO BO3MOXKHYI0 CKOpOCTb Tepena-
uy MHGOPMAlHH 10 PafHOTEXHHUECKOMY KaHaJly CBSI3H IYHKTa ylpasJe-
HHg C TeJeyrnpaBJsieMOH pakKeTOH, eCiH TroJioca NPOoNnyCKaHHs KaHasza
cBs3H paBHa 3 MI'n, a MHHHMMAaJbHOE OTHOLUIEHHE CHIHAJ/IIYM IO MOI-
HOCTH B MpOIECCe HaBeJeHHs PaKeThl HA LeJib PABHO TPeM.

Omeem: C = 6 - 108 pB.en./c.

18.21. BbluucaUTh NPONYCKHYIO CNOCOOHOCThL KaHaJja CBSI3H C aM-
TTHTY HO-UMIYJIbCHOM MOAYJsILHeH, €I YHCIo YPOBHe# curHana 16,
110/10ca YaCTOT HCXOAHOTO CHTHana Fg, CHTHAJ1 paBHOMEPHO pacrpesiesie
ua untepBane (— Um, + Um), 2 BeDOATHOCTb HCKAXKCHHA, BbIpaxaio-
masi BO3MOXKHOCTh Tepexoia B CoceHHi ypoBeHb, 5%.

Omeem [119]: C = 8,5 #B. en.

18.22. CpaBHHTb NpONYCKHble CNOCOOHOCTH JBYX KaHAJOB CBSI3H,
ecd B NepBOM JEHCTByeT Oenblii rayCCOBCKUA wyM B nojoce 'F ¢ puc-
nepcuefi 62 = 1 B2 a Bo BTopoM — Oenblii 11yM, paBHOMEPHO pacrpe-
JeJleHHbll B HHTepBaJe + 1,5 B ¢ mosocoit 2F. CydTaTh, YTO MOIIHOCTD
nepeaBaeMoro CHrHasa Pg BeHKa 110 CPaBHEHHIO C MOIIHOCTbIO IYMOB.

Omeem: C,—Cy,=F log Ns N, — —_ etog3
. 1 2 Ps ’ 2 9e ’

rze C, u C, — TPONyCKHBIE CMOCOGHOCTH MEPBOro H BTOPOT(O KaHAJOB.

R .
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NPUJIO)KEHHUE 111
TpoueHTHbIE TOUKH pacmpenenenus y2 P [X}§>X§; o=

o

NMPUJAOXEHHUE IV

T poueHTHbIE TOUKH {-pacnpeneeHus Crsiopenta P [fp>1t,; o ]=a

k 0,990 | 0,975 | 0.950 | 0,900 | 0,10 | 0,05 | o,o25| 0,010

o

1 0,00016| 0,00098 0,0039 | 0,0158 2,71 3,84 5,02 6,63
2 0,0201 | 0,0506 | 0,103 0,211 4,61 5,99 7,38 9,21
3 0,115 0,216 0,352 0,584 6,25 7,81 9,35 11,34
4 0,207 . | 0,484 0,711 1,06 7,78 9,49 11,14] 13,28
5 0,554 0,831 1,15 1,61 . 9,24 11,07 12,83] 15,09

6 0,872 1,24 1,64 2,20 10,64| 12,59 14,45| 16,81
7 1,24 1,69 2,17 2,83 12,027 14,07| 16,01| 18,48
8 1,65 2,18 2,73 3,49 13,36| 15,561 17,53 20,09
9 2,09 2,70 3,33 4.17 14,68 16,92f 19,02 21,67
10 2,56 3,25 3,94 4,87 15,99| 18,31 20,48] 23,21

11 3,05 3,82 4,57 5,568 17,28 19,68 21,92| 24,73
7 4,40 5,23 6,30 18,65( 21,03 23,34 26,22
1 5,01 5,89 7,04 19,811 22,36| 24,74 27,69
14 4,66 5,63 6,57 7,79 21,06 23,68| 26,12 29,14
3 6,26 7,26 8,55 22,311 25,00f 27,49 30,58

7,9 9,31 23,54 | 26,30f 28,85| 32,00

8,67 10,08 24,771 27,59 30,19 33,41

18 7,01 8,23 9,39 10,86 25,99 28,87| 31,53 34,81
s 0,12 11,65 27,20 30,14| 32,85( 36,19

20 8,26 9,59 10,85 12,44 28,41 31,41| 34,17| 387,57

21 | 8,90 [10,28 (11,59 |13,24 29,62 32,67 35,48| 38,93
22 | 9,54 (10,98 |[12,3¢ |14.04 30,81| 33,92 36,78| 40,929
23 110,20 |11.69 |13.09 |14.85 32,01| 35,17| 38,08| 41.64
24 [10,86 [12,40 {13,85 |15.66 33,20| 36,42 39,36| 42.98
25 [11,52 |13.12 |14.61 |16,47 34,38| 37.,65| 40,65| 44,31

26 |12,20 13,84 15,38 17,29 35,66 38,88 41,92 45,64
27 (12,88 14,57 16,15 18,11 36,74 40,111 43,19| 46,96
28 13,56 15,31 16,93 18,94 37,92 41,34 44,46 48,28
29 | 14,26 16,05 17,71 19,77 39,09 42,56 45,72| 49,59
30 (14,95 16,79 18,49 20,60 40,26| 43,77 46,98] 50,89

40 (22,16 24,43 26,51 29,05 51,81| 55,76 59,34 63,69
60 |37,48 40,48 43,19 46,46 74,40 79,08| 83,30/ 88,38
120 |86,92 91,58 95,70 100,62 140,23 146,57 | 162,21 158,95

. 2 ]/ 7 |
Mpu £>120 2. a_k[l—ﬁ +z, %] , Mlle z,-—3ajlanHad npo-

LeHTHasd TO4YKAa HOPMHPOBAHHOIO rayccoBCKOro pachpelleJsielind .

534

k 0,10 | 0.050 0,025 | 0,010 | 0,005
1 3,078 6,314 12,706 31,821 63,657
2 1,886 2,920 4,303 6,965 9,925
3 1,638 2,353 3,182 4 541 5,841
4 1,633 2,132 2,776 3,747 4,604
5 1,476 2,015 2,571 3,365 4,032

1,440 1,943 2,447 3,143 3,707
(73 1,415 1,895 2,365 2,998 3,499
8 1,397 1,860 2,306 2,896 3,356
9 1,383 1,833 2,262 2,821 3,250

10 1,372 1,812 2,228 2,764 3,169
11 1,363 1,796 2,201 2,718 3,106
12 1,356 1,782 2,179 2,681 3,055
13 1,350 1,771 2,160 2,650 3,012
14 1,345 1,761 2,145 2,624 2,977
15 1,341 1,753 2,131 2,602 2,947
16 1,337 1,746 2,120 2,583 2,921
17 1,333 1,740 2,110 2,567 2,898
18 1,330 1,734 2,101 2,552 2,878
19 1,328 1,729 2,093 2,539 2,861

20 1,325 1,725 2,086 2,528 2,845
21 1,323 1,721 2,080 2,518 2,831
22 1,321 1,717 2,074 2,508 2,819
23 1,319 1,714 2,069 2,500 2,807
24 1,318 1,711 2,064 2,492 2,797
25 1,316 1,708 2,060 2,485 2,787
26 1,315 1,706 2,056 2,479 2,779
27 1,314 1,703 2,052 2,473 2,771
28 1,313 1,701 2,048 2,467 2,763
29 1,311 1,699 2,045 2,462 2,756
30 1310 1,697 2042 2457 9’750
40 : 1,303 1,684 2,021 2,423 2,704
60 1,296 1,671 2,000 2,390 2,660

120 1,289 1,658 1,980 2,358 2,617

3uauenna o =0,995; 0,990; 0,975; 0,950 u 0,900 moaywaioT, NOAL3YACH
COOTHOWEHHEM fp. | _ o= —tp: o
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