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LIEJ/1b PABOTbI

WccnenoBaTh BEPOSTHOCTHBIE M YMCIIOBbIE XapaKTepUCTUKU
C/y4aliHbIX NPOLECccoB

NOPSAAAOK BbINOJIHEHNSA JIABOPATOPHOW
PABOTDI

1. BbluMCnEHE MOMEHTOB C/ly4aliHOro NMpOoLIecca Ha OCHOBE OAHO-
MepHbIX NIOTHOCTEN pacnpeseneHunii BeposTHOCTEN
2. BbluncneHne MOMEHTOB C/lydaiHOrO Mpouecca Ha OCHOBe [ABY-
MEPHBIX M/IOTHOCTEN pacrnpeaesnieHnin BeposTHOCTEN
3. CTauMoHapHOCTb U 3ProIYHOCTb CyYalHbIX MPOLIECCOB
4,  3awwuTa oT4YeTOB Mo NabopaTopHoit paboTe

[ns npoBeAeHust UCCNefoBaHUiA NEPUOANMYECKMX CUMHANOB WC-
nosib3yeTca NporpaMMHbIA NpoaykT Electronic Workbench, a oanHou-
HbIX UMMNYNbCOB — A3bIKOBas cpeaa MathCad 14

1. BbIYHNCNIEHUE MOMEHTOB CJIYYAUHOIO
NMPOLIECCA HA OCHOBE OJHOMEPHbIX
NNOTHOCTEW PACMNPEAEJ/IEHWIA BEPOSSTHOCTEN

1.1 CTporo c TeopeTuyeckux Mo3uLMi, ClydaiiHblli npouecc
X&) cnepyeT paccMaTpvBaTb Kak COBOKYMHOCTb BPEMEHHbIX (PYHKLMM

Xy (1), nmerowmx onpepenenHylo obiyl0 CTaTUCTUYECKYIO 3aKOHO-

MepHOCTb. Mpu perncTpaunn cnyyaliHoOro npouecca Ha onpeaesieHHOM
BPEMEHHOM WHTEpBasie OCYLUECTBASETCA (DUKCMPOBAHME E€AVHUYHOM

peanusaunm Xy (t) 13 6EeCUMCIIEHHOr0 YMCna BO3MOXHbIX peanvsa-

umin npouecca X(¢). OTa eaMHUYHas peanusaums HasblBaeTcs BbI60-
POYHO¥ ¢pyHKYyMesi cnyyaliHoro npouecca X(£). OtaenbHas Bbi6o-
poyYHas QyHKUMS He XapaKTepu3yeT NpoLecc B LefioM, HO npu onpe-
[ENEHHbIX YCII0BUSX MO Hel MOryT ObiTb BbIMOSIHEHbI OLEHKWU CTaTu-
CTMYECKMX XapaKTepuCTMK npoLecca.

C npaKTUYecKon TOUKM 3peHusi BbIbopoyHasi yHKUMS sBns-
eTCs pe3ynbTaTOM OTAENIbHOro 3KCMepUMeHTa, Mocne KOTOpOoro AaH-

Hyl0 peanusaumio X (t) MoxHO cuMTaTh AETEPMUHMPOBAHHOM dyHK-

uven. CaMm cyyaiHblii NPoLEecC B LESIOM AO/MKEH aHanmM3vMpoBaTbCsl C
no3nummn BecKOHEeYHOW COBOKYMHOCTM TaKuxX peanu3aumii, obpasyto-
4
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WUMX CTaTHUCTHYECKHI aHCaMO/1b.

1.2 MonHOW CTaTUCTUYECKON XapaKTEPUCTUKOW mpouecca siB-
nsetcs N-MepHas nnotHocTb BepostHoctelt P(X,;t,) . Oarako akc-
nepuvMeHTasnbHoe onpeaesnieHne M-MepHbIX NIOTHOCTEN BEPOSITHOCTEN
MPOLIECCOB, @ TAKXE WX WUCMONb30BaHWE B MaTeMaTMUYECKOM aHanuse
NpeacTaBNseT 3HaYNTENbHbIE MAaTEMATUYECKME TPYAHOCTU. B cBA3u ¢
3TUM Ha npaKkTUKe OBbIYHO OrpaHUuMBAIOTCS OAHO- WM ABYMEPHOA
MIOTHOCTHIO BEPOSITHOCTENW NMPOLIECCOB.

®DUKCMpOBaHHAs COBOKYMHOCTb 3HAYeHU BCEX peanusauuii

(ancambnb) X (t1), X5 (t), ..., X (t1),...} B nponssonbHbIi Mo-

MeHT BpeMeHu 1) 6yaeT npeactaBnsiTb coboit ciyvaiiHylo BENUUMHY
X(&) v 9BNATbCS O4HOMEPHBIM CEYEHNEM C/TyHaiHoro npoyecca

(D).

OgHoMepHass yHKkUns pacnpenesieHnss BEPOSATHO-
crei F(X,ti) onpefenseT BepoSTHOCTb TOro, YTO B MOMEHT BpeMe-
HU {;3Ha4YeHne CyYyalHoN BennymHbl X(&) He NPEBbICUT 3HAYEHUS X:
F(xt)=P(X({)<x}. (1.1)

M3 aHanuza (1.1) cneagyeT, 4TO B AManasoHe 3HAYeHWin Bepo-
aTHocTen ot 0 go 1 dyHKums F(X,t) ABNAETCA HeybbiBalolEeN C

npeaenbHbiMu 3Hauermnamn F(—o0,t) =0 u F(oo,t) =1. npu us-

BectHoil dyrkumn F (X, 1) sepostHocTs Toro, uto sHauenve X (t;)

B Bblbopkax 6yaeT nonaaaTh B OMNpeAesieHHbIN MHTepBan 3HaueHui
[a, b] onpenensieTcsl BblpaXXeHNeM:
P(a< X(t)<b}=F(b,t;) - F(a,t;).

OQHOMEPHasi MJIOTHOCTb pPacripelesneHnss BEPOSATHO-
crest p(X,t) cnyvyaiiHoro npouecca X(f) onpeaensieT BepOSITHOCTb
TOro, YTO CiyyalHas BennunHa x(£) nexut B uHTepBane {x < x(f) <
x+dx}. OHa xapakTepu3yeT pacrnpedenieHMe BeposiTHOCTEN peanusa-
UMK CrlyYaHoi BeNnUmMHbl X(£) B MPOM3BO/bHBIA MOMEHT BPEMEHU i 1

npeacTtaBnsieT cobo Npou3BOAHYIO OT YHKUMM pacrpeseneHust Be-
POSITHOCTEMN:

p(x ) =d/dx(F(xt)). (1.2)

MOMEHTbI BpEMEHU ¢ ABNSIIOTCS CEUEHMSIMWU Cy4aliHOTO Mpo-

Lecca X(£) No NpoCTPaHCTBY BO3MOXHbIX COCTOSIHWIA M MJIOTHOCTb Be-
pOSITHOCTEMN p(X,ti) npeacTaBnsieT cobon MNOTHOCTb BEPOSTHOCTEN

CNlydyarHbiX BenMumMH  X(£) [aHHbIX  cedeHuil.  [pov3BeaeHue
5



YnpaBsieHue 1uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUHN

O61as Teopus cBS3U

P(X,t;)d X pasHo BeposTHOCTM peanusaumm ciyqaiiHol BenMUNHbI

X&) B 6€CKOHEYHO ManoM MHTepBasie dx B OKPeCTHOCTM 3HadeHus X,
OTKyAa CneayeT, YTo MIOTHOCTb BEPOSITHOCTEN TaKXKe ABMSIETCA HEOT-
pyuaTenbHOM BennunHoi. Ha pucyHke 1.1 npvBefeHbl npuMepbl pac-
npeaeneHnst BeposiTHocTel (pucyHok 1.1,8) M MNOTHOCTM BEPOSITHO-
cret (pucyHok 1.1,6) ceueHus cnydariHoro npouecca X() B Touke ti.
Mpn n3BeCcTHON (YHKLUUM MNOTHOCTU BEPOSTHOCTEN BeposT-

HOCTb peanunsaynmn 3Ha4eHns X ('[i) B MPOV3BO/SIbHOM MHTEpBase

3HayeHuiA [a, b] BbluMCnsieTcs no gopmyne :
b

Pa<X(t) <b}=[p(xt;)dx. (1.3)
a

MNOTHOCTb pacnpeneneHusi BEPOSTHOCTEW onpeaensieT gyHk-
LMI0 pacnpeaeneHnst BEposiTHOCTEN:

X
F(xt)= [ p0ot)dx. (1.4)
—00
1 I I 1 |
Pacpegenerme :
Eep 0ATHOCTEH }§1
Flzt) !
05+ .
# =m0 E - === [lommrnt ascanfoe
' — Tlo eerfiopran mpu M=1000
0 . 5 | |
0 20 40 O 80
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PucyHok 1.1 — PacnpeaeneHve BeposiTHocTel (a) U NIOTHOCTb
BepoATHOCTEN (6) ceyeHus cnyyanHoro npolecca

1.3 Ana onucaHus cryyaiiHoro npouecca Hapsiay C MoTHO-
CTbl0 BEPOSITHOCTEWN MPUMEHSIIOTC W BbIYMCIEHHBIE Ha WX OCHOBE
@yHKYN MOMEHTOB ciryyYasiHoro npoyecca. OHy NpeacTaBnsoT
coboii HecnyyaiHble YHKUMW, OLHAKO MpW OMpeaeneHHOM Konude-
CTBE MOPSIAKOB B 3aBMCMMOCTM OT XapakTepa rnpoLuecca MofHOCTbIO U
O[HO3HAYHO OnpesenstoT Cly4YaiHbli npouecc.

®DYHKUMM MOMEHTOB MPeACTaBNsOT CObON MaTemMaTuyeckue
0XXWMAQAHMSI COOTBETCTBYIOLMX CTENeHeN (NopsaKoB) /.

-3HayYeHWIN CnyYarHoro npouecca (HavyanbHblE MOMEHTHI):

M{x"(t)}= Tx”p(x,t)d X, (1.5)

- 3HayeHW ONIOKTYaLUMOHHBLIX COCTaBASOWMX Mpouecca
(UEHTpPanbHbIE MOMEHTbI, MOMEHTbI OTHOCMTE/IbHO LIEHTPOB pacrpe-
AENEHVSI CNyYalHbIX BEMNYMNH):

Mofx" ()3 = Mo{[x(t) - M{X)}"}= [[(x(t) - M{X®}" p(x,t)dx

. (1.6)

(DYHKLWIVI MOMEHTOB ABNAKTCA OCHOBHbIMU CTATUCTUYECKUMU
XapaKTepucTMkamm cnydaiHoro npouecca. OHM npeactaBnstoT cobol
HecnyyalHble (yHKUMM, OAHAaKO MOMHOCTbIO M OAHO3HAYHO onpeae-
NAOT CNyYalHbI NPOLECC, KaK U NNOTHOCTb pacnpeaeneHns BeposiT-
HOCTeVI, npn onpegeneHHoM Konmn4yecTtese nopsakos B 3aBUCUMMOCTU OT
XapakTepa npouecca. B npakTvke aHanuza cCnyyaiiHbIX NpoLEeccoB
UCMONb3YOTCS, B OCHOBHOM, HayasibHble MOMEHTbI MEPBOro nopsiaka 1
LUeHTpasibHbleé MOMEHTbI BTOPOIro nopsaka.

7
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MepBbIM HayaNbHBIM MOMEHTOM C/ly4alHOrO npouecca SBNsi-
eTca Matemarnyeckoe oxnganneM, (t) ,npencrasnsiowee coboii
CTaTUCTNYECKOE YCPEAHEHME CIyHaHON BENWYMHBLI X(&) B KakoM Jin-
60 (hMKCMPOBAHHOM CeYeHUM ¢ cydaiiHoro npouecca. COOTBETCTBEH-
HO, MoSiHast (PYHKUMS MaTEMATUYECKOro OXWAAHUS SIBNSeTcs Teope-
TUYECKOM OLIEHKOW CpEeAHEro B3BELIEHHOr0 3HAYEHUst CITyqaiiHoro
npouecca no BPEMEHHOM Ocu:

m, (1) c M{X ()}=x(t) = TX p(x,t)dx. (1.7)

BTopoin HauyanbHbLIN MOMEHT CNy4alHOrO MpoLecca onpeaens-
€T ero CpesiHIol MOLLHOCTb:

WM O} =x0 = [ petdx.  as)

Pasrocte X (t) —m, (t) onucbisaer ryxTyaunonnyro

coCTaBaIgoWyro npoyecca vi NpeacTaBnsieT 0cobbii MHTepec npu
aHanu3e ciyyarHbiX NPOLECCOB.

BTOpbIM LEHTpanbHBIM MOMEHTOM MpoLecca, onpeaensiowmm
MOLLHOCTb ero hyKTyaLUMOHHOW COCTaBNSIOWEN, ABNAETCA PyHKUYNS
ANCnepcHH, oncbiBaeMasi COOTHOLLEHUEM:

D, (t) = M{[X (t) - m, ()]} = M{X * ()} - mg (t) =

= T[x(t) —m, ()]? p(x,t)dx. (1.9)

AMNAUTYQHOM Mepoit pa3bpoca cryyalHoro npouecca no
BPEMEHHOW OCW OTHOCUTENBHO MaTEMaTUYECKOro OXMAAHMS NpoLecca
CNYXWUT @PYHKLUNS CPEQHErO KBaAPaTHYECKOIro OTK/IOHEHMS.

o, (t) =Dy (t). (1.10)

Ha pucyHke 1.2 npueaeH npumep toKTyaLMOHHOW COCTaB-
nsioweit npouecca X (t) B conocrasnennm co cpeaHum ksappaTuue-

CKUM OTK/IOHEHMEM Tt O cnydaiiHbiX BEMYMH OT MaTEMaTUYeCcKoro
oxupanns M(t).
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a0 I I I I

’ W= o)

- | I I l
o0 0 20 40 B0 = t

PucyHok 1.2 — Mpumep hOKTYaLMOHHON COCTaBNSAOLLEN
npouecca X (t)

2. BbIMUCJIEHUE MOMEHTOB CJZIYYAMHOIO
NMPOLIECCA HA OCHOBE 1BYMEPHbIX
NJIOTHOCTEN PACNPEAENEHUA BEPOSITHOCTEMN

2.1 OgHOMepHble 3aKOHbI NAIOTHOCTU pacrnpeaeneHnst BeposiT-
HOCTel CryyaiiHbIX MPOLECCOB HE HECYT KakMX-IM60 XapaKTepucTUK
CBA3N MeXAy 3Ha4YEHUAMU CﬂyanIHbIX BENMNYMH ANa pPas3/INyHbIX 3Ha-
YEHWIA apryMeHTOB. B CBSI3M € 3TUM HEO6XOAMMO MCMONb30BaTb ABY-
MEpHble NIOTHOCTU pacripeaeneHnst BEpOSITHOCTEN.

Mo onpeneneHvio gBYyMepHasi NMJIOTHOCTb pacripegesne-

nus BeposrHocresi P(Xy,t1; X,,1,) onuceisaer BeposTHOCTL COB-

MECTHOW peanu3auuy 3HadeHui cnydyainHblX BenuuuH X&) n X&) B
NPOW3BOJSIbHbIE MOMEHTbI BPEMeHWN f{r U lz YTO XapaKTepusyeT B3au-
MOCBSI3b C/ly4aliHOro npouecca B pas3fiMyHble MOMEHTbI BPEMEHU U
[aeT BO3MOXHOCTb OMPeAennTb XapakTep W3MEHEHUs Cly4aHOro
npouecca, T.e. ANHAMWKY pa3BUTUSI NPOLIECCA BO BPEMEHW.

PacnpeneneHune onucbiBaeT ABYMEPHYIO ClyYaliHylo BEANUUHY
{X(t), X(t)} B BUAe YHKLMUM BEPOSITHOCTU peanmnsaumu crydarnHom
BeNMUMHbI X(&) B 6ECKOHEUYHO ManoM UHTepBase dx; B OKPECTHOCTSX X
B MOMEHT BPEMEHU £ MPU YCNIOBUKU, YTO B MOMEHT BPEMEHW & 3Haue-
Hue X(&) 6ymetr peannsoBaHo B 6eCKOHEYHO MasioM MHTepBane dx; B
oKpecTHocTsX x;[1-5]:

P(X,t; X0, 1) = P{X; < X(t) < Xy +dX; N Xy <X(t,) <X, +dX5}

. (2.1)

2.2 C noMoLLbio ABYMEPHOW MNIOTHOCTU pacnpeaesieHns Bepo-
STHOCTE MOXHO OMNpefennTb KOppensaLUMOHHble (PyHKLIMK NpoLecca.

XapaKTepUCTMKOM AMHAMUKU M3MEHEHUS ClyYalHOW BeSIMYM-

9
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Hbl X(£) SBNSEeTCA KOppenaynoHHas PyHKYMS, KOTopasl ONUChiBa-
€T C/TyYalHbIN NPOLIECC B LIEIOM:

Rx (%, Xj) =M{X () - X(t2)}- (2.2)

KoppensiumoHHas dyHKUUA NpeacTaBnsieT cobol craTuctude-
CKM yCpeAHEHHOE NPOM3BEAEHNE 3HAUYEHUI ClyYaiiHoro npouecca X(£)
B MOMEHTbI BPEMEHW ¥ &5 O BCEM 3HAYEHUAM BPEMEHHbBIX OCEN iU &
a, CnegoBaTeNlbHO, TOXKE SBMSIETCS ABYMEPHOW (yHKUMel. B Tepmu-
Hax TEeOpWW BEPOSITHOCTEN KOPPENSUMOHHAs (yHKUMS SBNSIETCS BTO-
PbIM Ha4a/IbHbIM MOMEHTOM CITy4aliHOro npoLecca.

Ha pucyHke 2.1 npuBeaeHbl NpUMEPLI peanusauuii AByX Cy-
YalHbIX MPOLIECCOB, KOTOPbIE XapaKTEPU3YIOTCS OAHOW W TOW e
(yHKUMEN MaTeMaTU4eCcKoro OXuaaHus u aucnepcun. M3 aHanusa
PUCYHK@ BUAHO, YTO XOTS MPOCTPAHCTBO COCTOSIHMI 060MX MPOLIECCOB
MpaKTUYeCKy OAHO M TO XXe, AMHaMMKa pa3BUTUSI MPOLIECCOB B peasiu-
3aUMsIX CYLLECTBEHHO PasNyaeTcs:

-B npegene eagnHnYHbIE peannsalmnn KOppenmMpoBaHHbIX Mpo-
LIECCOB MOTMyT MMETb OAMH U TOT XX€ 3aKOH pacrpeaeneHnst CrydanHbIX
BENNYMH;

10
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Dllll.llll.llll.llll.lll

ITCYRTEL

0 10 20 30 40
Koopoumata

PucyHok 2.1 — MNpuMepbl peanvsauunii AByx CyyaiHbIX NPoOLECccoB
C OAMHAKOBbIMU 3HAYeHWAMU (PYHKUMEN MaTEMATUYECKOrO OXMAAHUS
W aucrnepcum

-B KOPPEMPOBAHHOM MpoLecce MMEETCs OnpeaesieHHasi CBSi3b
MeXZay MOC/EA0BATENbHBIMU 3HAYEHUAMU ClyYalHbIX BEWYMH, YTO
oTpaxkaeTcsl B 6oree nnaBHOW AMHAMWUKE PasBUTUSI €AMHUYHOW pea-
Nnsaumm no KoopanHate t OLl,eHKa CTENeHN CTaTUCTUYECKOW 3aBUCK-
MOCTM MFHOBEHHbIX 3HayeHul Kakoro-nnbo npouecca X(£) B npows-
BOJIbHbIE MOMEHTbI BPEMEHW {7 Ut Npon3BoaMTCS (PYHKUMEN Koppe-
nsumu. Mo BCceMy NPOCTPAHCTBY 3HaYeHWUIA cnydaiHoro npouecca X&)
KoppensunoHHas yHKUMS onpeaensieTcs BblpaXkeHWeM:
o 00

Ry (t.t;) = [ [x(t)X(t;)p0x.tixj.t)dx dx;.

(2.3)
11
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MNpun aHanuze Cﬂy‘-lal‘/'iHbIX npoueccos BTOpOVI MOMEHT BPEMEHN

t; ynobHo 3afaBaTb BE/IMYMHON cABUra T OTHOCUTENIbHO NEPBOro Mo-
MEHTa, KOTOpbIM MpK1 3TOM MOXeT 6biTb 3aflaH B BUAE KOOPAMHATHOM
nepeMeHHoM:

Ry (t,t+7) = M{X (t) X (t + 7)}. 2.4)

®yHKUMS, 3a1aBaeMas 3TUM BbipaXKEHWEM, 0BbIYHO HA3bIBAET-
CS aBTOKOPPeIIYHOHHOH PyHkynei (AKD nan ADK) crayqari-
Horo npoyecca.

2.3 YacTHbIM Cny4yaeM KOPPENSLUMOHHOW (DYHKLMKN SBNSIETCS
byHKuns aBrokoBapmnaymnn (PAK), KoTopas LIMPOKO WMCMOSb3YETCA
npu aHanuse curHanoB. OHa npeacTaBnsieT coboil CTaTUCTUYECKM
YCPEIHEHHOE MPOU3BEJIEHME 3HAYEHWUI LIEHTPUPOBAHHOW Cy4YaliHOM

dyrkumm X (t) —m, (t) B MomenTHI Bpemenm & n & u xapakTepusy-

€T (NIIOKTYaLUMOHHYIO COCTaBNAOLLYIO NpoLecca:
o0 0O

Ky (i) = [ [Ox(t) —me @)(X(t;) = my (t;) 0%t t) dx dx;
—00 —00
. (2.5)
B TepMMHax Teopuu BepoSITHOCTEN KOBapuaLuMOHHas hyHKLMS
SIBNSIETC BTOPbIM LEHTPasibHbIM MOMEHTOM C/ly4alHOro npouecca.
Ans  UeHTpUpOBaHHbLIX CydaiHbix npoueccoB PAK ToxAeCTBeHHa

yHKUMKM aBTOKOppensumMn. Mpu NPOMU3BOALHBIX 3HAYEHMSIX mX(t)

KOBapWaLMOHHbIE N KOPPENSILUMOHHbIE (PYHKLMM CBSA3aHbl COOTHOLLE-
HMeMm:

Ky (t,t+7) = Ry (t,t +7) —m2(t). (2.6)
HopmuposarHan @pyrkyms asroxkoBapmaynm (@PyHKyms

KOpPpEe/IAUNOHHbIX KO3puyneHToB) onpefenseTcsa BblpaXeHu-
eM:

oy (tt+7)= Ky (t,t+7)

oct)o(t+7)

OYyHKUMA KOPPENSLUMOHHBIX KO3(MMULMEHTOB MOXET MPUHU-
MaTb 3HauyeHusi oT +1 (NofHas cTaTUCTUYECKasi KOppenaumst crydan-
HbIX MPOLECCOB Ha MHTepBanax fu 1) Ao -1 (nonHas craTucTnde-
CKasi MPOTMBOMOMOXHOCTb MPOLIECCOB Ha 3TUX MHTepBanax). B marte-
MaTMYECKOM CTaTUCTUKE, a TakXKe [JOBOJIbHO YacTo M B TEXHUYECKOM
nutepaTtype, 3Ty YHKUMIO HasbiBalOT yHKUMEH Koppessaynn.
Mpun t© = 0, 3Ha4eHne px paBHO 1, a ®AK BbIpOXXAaETCH B AUCNEPCUIO

12
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Cy4altHoro npotecca:
Kx (t)=Dx ().

M3 gaHHOro COOTHOLLEHNS CReayeT, YTo ANst C/lyYaiiHbIX Npo-
LieccoB M (pyHKLUMA OCHOBHBIMU XapaKTEPUCTUKAMU ABASAIOTCS (YHK-
UMM MaTeMaTUYECKOro oXuaaHus u koppenaumm (koBapvaumm). Oco-
6011 HeO6X0AMMOCTM B OTAENBHON YHKLMM AUCNEPCUM HE UMEETCS.

2.3 PaccMOTpUM CBOMHCTBa pyHKUMM aBTOKOBapHuaLnn H
aBTOKOPpPeEILYNN:

1) MakcuMyM dyHKUMI HabnopaeTcs npu T = 0, nockonbky
npu t = 0, BbIYUCNSETCS CTEMEHb CBSA3M OTCUYETOB C COBON e, KOTOo-
pasi He MOXET OblTb MEHbLLE CBSA3M Pa3HbIX OTCYETOB. 3HAYeHME Mak-
CUMyMa (PYHKLMWN KOPPENsiLMM paBHO CPeAHEN MOLLHOCTM CUrHana.

2) ®yHKUMM aBTOKOpPENAUMM U aBTOKOBapvaUMn SBASILOTCA
YETHbIMU:

Rx(7) = R{-1).

3) Mpn t= oo 3HayeHns GAK ansa curHanos, KOHEYHbIX MO
3Heprum, CTPeMsATCS K HyMo, YTO MpsSIMO cneayeT U3 (pusnmyeckoro
cMbicna QAK. 310 no3sonseT orpaHnumnsaTth AnuHy ®AK onpepeneH-
HbIM MaKCMMasibHbIM 3HAYEHNEM -max- PAAMYCOM KOppensauuu, 3a npe-
fenaMm KOTOPOro OTCYETbl MOXHO CYMTaTb HeE3aBUCUMbIMU. WHTe-
rpanbHON XapaKTEPUCTUKON BPEMEHU KOPPensiuun ChnydalHbIX Benu-
UYMH OBLIYHO CUMTalOT 3GHPEeKTHBHbIH HHTEPBA/I KOPPETIUNH,
onpenensiemMbl no dopmyne[1-5]:

o0 1 o0
Ty = _{lpx (r)|dz :W_QRX (r)|dz. 2.8)

13
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OTtcueThl (ceueHuns) cydarHblXx GyHKUMI, OTCTOAWME ApYr OT
Apyra Ha paccTosHue bonbluee 7|, MNP MHXEHEPHbIX pacyeTax cuu-

TalT HEKOPPENMPOBaHHLIMK. [N yNpOLWEeHUsl pacyeToB MUCMOMb3yoT
MOHSATUE WHTEpBasia KoppensiuMu CflyyaHoro npouecca, npeacTaB-
nsowero coboil MHTEpBasn BPEMEHM, Ha KOTOPOM KOPPESsILMOHHAS
(yHKUMS yMeHbluaeTcst B M pas. 06biuvo M =10 umm M =€ . Ha
puCyHKe 2.2 NokasaH npuMmep rpaduka yHKUMU aBTOKOppEnsiuumM m
MOJIOXXEHUSI MHTEpBana Koppensumn. AHann3 AaHHOrO pUCyHKa Moka-
3bIBAET, YTO 3HaHWE KOPPENSLMOHHON (YHKLUMM NO3BONSIET CyAUTb O
CKOPOCTW M3MEHEHNS Cly4YaliHoro npouecca.

4) Ecnu K cnyyaiiHon dyHKumMmn X(£) npubaBuTb HEC/TyYalHYio
dyHkumio ¢, TO koBapuaumoHHas QyHkums ana Y =X+ HHe
N3MEHsIeTCS:

i
R(t)

gt fe s

T e bl S
fi i i

PucyHok 2.2 — MNpumep rpacdvka aBTOKOPPENSILMOHHON (yHKLMM
N NONOXEHNS MHTEPBana Koppensumu

K t,82) = Kl t1,62).

5) Ecnu cnydyaiHyto dyHKUmMo X(£) YMHOXUTb Ha Hecnydaun-
Hyt0 yHKUMio ff), TO ee KoppensiuMoHHas yHKUMS Rtz t2) yMHO-
xutcs Ha A &) - L).

6) Mpn yMHOXEHWUM (PYHKUMM CRydaliHOro mpouecca Ha no-
CTOsIHHOE 3HauyeHue C3HaudeHus GAK yBennumsatotcs B F pas.

2.4 B3anMHbIie MOMEHTBI C/TyYaiHbIX MPoLeccoB BTOPO-
ro nopsaka AatoT BO3MOXHOCTb OLEHUTb COBMECTHblE CBOMCTBa ABYX
cnyyalHbix npoueccoB X(&) n Y(£) nyTeM aHanusa Npou3BOJSIbHOM Na-

pbi BbIGopouHbix dyHkumin X (T) n Yy ().
Mepa cBsi3u Mexay ABYMs CiydalHbiMM npoueccamm X(£) u
14
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W{) TaKke YCTAHaBNMBAETCS KOPPENALUMOHHbIMU (YHKUMAMKM, a
UMEHHO -@PYHKUNAMH B3aHNMHOH KOPPEISUNN U B3aHMHOH KO-
Bapunaynu. B obuieMm cnyyae, AN Npou3BOSbHBIX (HUKCMPOBAHHbIX

MomeHTOB BpeMeHn T; =tu t, =t +7:

Ryy (6.t +7) = M{X ()Y (t + 7)}, (2.92)
Kyy (t,t+7) =M{[X () —m, OI[Y (t +7) —my (t + )]}
(2.96)

B3anMHble (bYHKLI,MVI ABNAKTCA NMPOU3BOJIbHbIMU CIJYHKLI,MFIMM,
He 0651a4aloT CBOWMCTBAMM YETHOCTM WK HEYeTHOCTN, N yaOoBNEeTBO-
paloT cnegyrownMMm COOTHOWEHUAM:

Ryy (=7) = Ryx (7), (2.10a)
2
IRyx (7)|” <Ry () Ry (7). (2.106)
Ecnm oavH 13 nNpoLIeccoB LEHTPUPOBAHHbIN, TO UMEET MECTO
paBEHCTBO

HopmupoBaHHas B3anMHas KOBapuaLMNOHHasA QPyHKUNS
(KosgpgbnymeHT Koppensynn AByX MPoLECCOB) XapaKTepusyet
CTeNeHb JIMHEMHOW 3aBUCMMOCTM MEXIY C/TyYaHbIMM MpOLECcaMu
npv OaHHOM cABure - OAHOro rnpouecca rno OTHOLIEHUIO KO BTOPOMY U
onpefensieTcs BblpaXKeHUeM:

KL(T). (2.11)
Ox Oy

2.5 Crarncrnyeckass He3aBHCHMOCTb CJIyYaiHbIX IMPo-
yeccos onpeaenseT OTCYTCTBUE CBA3M MeXAY 3HaYeHUsaMU AByX Cy-
YalHbIX BEIMYMH X 1 Y. DTO 03HA4aeT, YTO NJIOTHOCTb BEPOSTHOCTU
OZHOM CNyYalHOW BeNMYMHbI HEe 3aBUCWUT OT TOMO, KaKMe 3HayeHus
NPUHMMAET BTOpasl CyvailHasi BefMuMHa. [ByMepHasl MNOTHOCTbL Be-
pOSITHOCTEM NPW 3TOM JO/MKHA MPeAcTaBnsiTb COO60M MpousBeaeHus
OZIHOMEPHBIX N/IOTHOCTEN BEPOSITHOCTEN 3TUX ABYX BESIMUMH:

p(x,y) = p(x) p(y). (2.12)

OTO ycnoBue SIBNSIETCS 06s13aTeNlbHbIM YCIOBMEM CTaTUCTMYE-
CKOM HE3aBMCMMOCTM C/y4YyalHbIX BEMYMH. B MpOTMBHOM Cchydae
MeXAy Chy4YaliHbIMK BENUUYMHAMM MOXET CyLLECTBOBaTb OMNpeaesneH-
Hasi CTaTUCTUYECKasi CBSA3b, KaK SIMHENHAs, TaK U HeNMHelHas. Mepoit
NMHEMHOMN CTaTUCTUYECKOW CBSA3W SBNSETCS KO3gh@nuneHT Koppe-
JISIYNA.

Pxy () =

15
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_MEXY3-MEXM{Y}
X JDOIDgY:

3HayeHus iy MOIYT U3MEHSTLCA B npegenax ot -1 go +1. B
YaCcTHOM C/ly4ae, ecny CllyyaliHble BENTMYMHBI CBSI3aHbl JIMHEWHBIM CO-
OTHOLWEHNEM x=ay+ b, koapduumneHT Koppensumm paseH =1 B 3aBu-
CUMOCTM OT 3HaKa KOHCTaHTbl 4. CnyyaiHble BETMYMHBI HEKOPPENUpO-
BaHbl MpU 1y=0, NpY 3TOM U3 BbIPAXEHUS ANS fy CNeayeT:

M{XY}=M{XIM{Y}.

M3 CTaTUCTUYECKON HE3ABMCUMOCTU BEIMUUH CNeayeT UX He-
KOpPPENMPOBaHHOCTb.

(2.13)

3. CTALUMOHAPHOCTb U 3ProaAnN4HOCTb
CJTYYAUHbIX MPOLIECCOB

3.1 CnyvaliHble NpoUecchl pasnuyaloT No CTerneHu OfHOpPOoA-
HOCTW MUX NpOTEeKaHUs BO BpeMeHMU (Mo apryMeHTy). Kpome MOMEHTOB
MepBOro U BTOPOro Nnopsiaka CiyyaiHble NPOLECChl MMEIOT MOMEHTbI U
6onee BbICOKMX MOpsAKoB. 0 Mepe MoBbileHNS MOopsiAKa MOMEHTOB
BEPOSITHOCTHAsA CTPYKTypa C/lyYaliHbIX MPOLECCOB M KX BbIOOPOYHBIX
peanu3aunit onucbiBaeTcs Bce 6onee AeTanbHOo. OAHaAKO MpakTuye-
CKas OLeHKa 3TUX MOMEHTOB MO Bbl6OpKaM OrpaHW4yeHa, B OCHOBHOM,
TOMbKO CTaLMOHapHbIMK ClyYaiHbIMK NpoLeccaMu.

Ilpoyecc HaszbiBalOT cTaynoHapHeiM (bonee TouHO — cnabo
CTaUMOHapHbIM), ec/iM NIOTHOCTb BEPOSTHOCTEN MpoLecca He 3aBUCUT
OT Hayana oTcyeTa BPEMEHM M €C/IN Ha MHTepBasne ero CylecTBoBa-
HWS BBIMOSHAKOTCS YCNOBUS NOCTOSHCTBA MAaTEMaTUYECKOro OXXMAAHUS
WU OMCNEPCUMU, a KOppensiuMoHHas GyHKUMS sIBAsSieTcs (yHKUMen
TOJIbKO Pa3HOCTU apryMeHTOoB - -= [>-f;, T.e.:

m, (t;) =m,(t,) =m, =const,
D, (t;)=D,(t,) =D, =const,
Rty +7) =Ry (to. 1, +7) =Ry (7) = Ry (-7),
r(z) =Ry(z)/ Dy,
r(0) =1, |r(2)|<1, r,(-7)=r (7). (3.1)

UeM MeaneHHee Mo Mepe YBENUYEHMSI 3HaueHWui - ybbiBaloT
DYHKUMN R(-) 1 (), TeM Bonblue UHTEPBAN KOPPENsiLUK CrydanHo-
ro npouecca, ¥ TeM MedsieHHEE U3MEHSIOTCSA BO BPEMEHW €ro peanu-
3aumu.

16
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Mpouecc cunTaeTcs CTPOro CTauMoOHapHbLIM, eCli OT BpeEMEHM
He 3aBWUCAT M MOMEHTbl 6osiee BLICOKMX MOPSAKOB (B 4YaCTHOCTH,
aCMMMETPUS N 3KCLECC).

CTaumoHapHble cyyaiiHble npouecchl Havbonee YacTo BCTpe-
YAKOTCA MpU pelleHnn PU3MYECKUX U TEXHUYECKMX 3agad. Teopus
CTALUMOHAPHBIX Cly4YalHbIX (YHKUMI paspaboTaHa Haubonee MosHo.
CnyyaiiHble nNpoueccsl, yA0BNETBOPSIOLIME YCIOBUSIM CTaLMOHAPHOCTK
Ha OrpaHUYEHHbIX, WHTEPECYIOMX HAC MHTepBanax, Takke 06blYHO
paccMaTpMBalOT B Kacce CTaUMOHaPHbIX WM Ha3blBalOT KBa3ucTayM-
OHapPHBIMA.

B obwem cnyyae 3HayeHUst QyHKUMIN MaTEMATUYECKOTO OXW-
AaHus, AUCNepCUn U KOppensumMm MoryT 6biTb 3aBUCMMBIMU OT MOMEH-
Ta BPEMEHM £, T.e. U3MEHSITLCS BO BPEMEHW. Takme npouecchl CoCTaB-
NSAT KNAcC HecTaynoHapHbIX MPoLeCcCos.

3.2 CTporo KOppeKTHO XapaKTEPUCTUKM CIy4YalHbIX MpoLec-
COB OLEHMBAKOTCA MYyTEM YCPEAHEHUS MO aHCaMbslo peanvsauui B
onpefeneHHble MOMEeHTbI BpeMeHu (Mo ceyeHunsaM npoueccos). OaHa-
KO 60/IbIUMHCTBO CTaLUMOHaPHbIX ClyYalHbIX NPOLECCOB 0bnajaeT ap-
rogmMy4yecKuM CBOHCTBOM, CyLLHOCTb KOTOPOrO 3aK/HOYaeTcs B TOM,
YTO MO OAHOW AOCTAaTOYHO [/IMHHOM peanu3aumu Npouecca MOXHO
CyamnTb 060 BCEX €ro CTaTUCTMYECKMX CBOMCTBAX TaK e, Kak Mo fto-
60My KOSIMYECTBY peanusauuii. [lpyrMmMu CrioBaMu, 3aKOH pacripege-
NEHUS CNTyYaWHbIX BEIMYMH B TakOM MPOLIECCE MOXET 6blTb OAHUM U
TEM XE KaK MO CeYeHUto Afs aHCcaMbnsi peanusaumi, Tak U Mo Koop-
[VHaTe pa3BuTUs. Takue npouecchl Monyyunv HasBaHue 3proaude-
CKMX. [Insi aprogmMyeckmx NpoLeccoB UMeeT MeCTo:

<
m, (1) =M{x(0)} = lim [xmat, (3.2a)
0

]
Dy (1) = M{X() -, (O1°}= lim [[x(t) - m, (O] dt,
(3.26) °
)
R, () = M{x(t)x(t + r)}:TIim Ix(t)x(t +7)dt. (3.28)
~% 0

DproanyHOCTb SIBMSIETCS OYeHb BaXXHbIM CBOWMCTBOM cnyqaﬁ-
HbIX CTaUMOHapHbIX, N TOJIbKO CTalMOHapHbIX NPOLIECCOB.

CeolicTtBa 3pPrognyHoOCT MOryT nNposABAATbCA TOJIBKO MO OT-
HOWEHNK K ABYM NeEpBbIM MOMEHTAM CJ'Iy‘-l&VIHOFO npouecca, 4to

17
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BMOJIHE AOCTATOYHO ANS MUCMOMb30BaHMSi COOTBETCTBYIOLWIMX METOAMK
UccnenoBaHusl NpoueccoB. Mpu 3TOM MaTeMaTUM4eckoe OXuAaHue 3p-
FOAMYECKOro C/Ty4alHOro Mnpouecca paBHO MOCTOSIHHOW COCTaBAsito-
wei nobo ero peanusaumm, a AUCNEPCUS SABNSETCA MOLLHOCTbIO €ro
(bNIOKTYaLMOHHON COCTaBNSAIOLLEN.

MpakTyeckass NpoBepKa 3proAMYHOCTM npouecca O06bIYHO
NPOM3BOAUTCA NPOBEPKON BbINOSIHEHMS YCNOBUS CNyLIKOrO:

T—o

!
lim [K(r)dz=0. (3.3)
0

Ecnu koBapraumoHHas yHKUMS npouecca CTPEMUTCS K HYJIO
Mpy BO3pacTaHUM 3HAYeHWsl aprymMeHTa (-), TO MPOLECC OTHOCUTCS K
UYNCNy 3ProavyeckMx, Mo KpawmHel Mepe, OTHOCMTESIbHO MOMEHTOB
NepBoro 1 BTOPOro MOPsIAKOB.

4 ONMNCAHME NOPSAAKA BbINOJIHEHUA
NABOPATOPHOW PABOTbI

4.1 NpeacrassiieHne cMrHana

4.1.1 lNpoBeneM wccnefoBaHWe BEpPOSATHOCTHLIX XapaKTepu-
CTMK Ha npuMmepe TenerpadHoro curHana u ero moaudukaummn. Kak
W3BECTHO, MOAE/Ib AAHHOrO TUMA CUrHana OTHOCUTCS K OAHOM U3
Hanbonee pacnpoCTpaHeHHbIX MoAenen Hapsgy ¢ MoaensMu 6enoro
LyMa, rayccoBOro C/ly4aliHOro npowuecca Unm rayccoBoro wyma.

Tenerpagpupiii curHas npeactaBnseT coboi CcnyyvanHbli

npouecc X (t) & BuAe nocnenosaTeNnbHOCTY NPAMOYFOMBHLIX MOMO-
XUTENbHbIX U OTPULATENbHbIX UMMYbLCOB CO CNyYaHbIMU AUTENb-
HOCTSIMU W OETEPMUHUPOBAHHBIMU 3HAYEHUSAMW aMIIIUTYA C U —C,
NMpUYyeM NepemMeHbl 3Haka BHYTpU Ntoboro MHTepBana (t,t + T) npo-
UCXOAST C MHTEHCUMBHOCTbLIO (X B C/lyYaliHble MOMEHTbI BPEMEHU, U He
3aBUCAT OT MPOLECCOB B CMEXHbIX MHTepBanax BpeMmeHu. [pumep

BPEMEHHOW pa3BepTKM TenerpacHOro CMrHana fokasaH Ha pUCYHKe
4.1.
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A A
U U0 U

PucyHok 4.1 — BpeMeHHasi Avarpamma TenerpagHoro curHana

Ecnv cunTaTb CriyyaiiHOW BeENMYMHOM TenerpadHoro curHana
3HQUYeHME N - KOMIMYECTBO MEPEMEH 3HaKa BHYTPU WHTepBana ---To
pacnpefeneHne BepoSITHOCTEN 3HaueHuin 17 6yaeT onucbiBaTbCA 3a-
KOHOM [lyaccoHa:

P(n)=

2 exp(—alr])
(afelf ===
n!

Mpy BBIYUCNIEHUN KOPPENSALIMOHHOW yHKUMM TenerpadHoro
CUrHana Kaxxgoe oTaenbHoe npousBeaeHne xd &)xd t+-) paBHO nnbo
¢, NMbo - B 3aBMCMMOCTU OT COBMAZEHUSI UK HECOBMAAEHUS 3Ha-
KoB X(£) n Xd(t+-), NpU4eM BEPOSITHOCTb (> paBHa CyMMe BEpOSiTHO-
crert A0)+A2)+A4)+..., a BEPOATHOCTb -C OMNPeAensieTcs CoOTBET-
CTBEHHO cyMMol BeposiTHocTen A1)+A3)+A5)+... . ChepgoBatenbHo,

R, (7) = CZZ( 1)"P(n) =c? exp(— a\r\)Z( 1)“( ‘ D

(4.1)

= c” exp(—2a/r))

. (4.2)

MapamMeTp ¢ MOMHOCTBbIO ONpeaenseT KoBapuauWMOHHbIE U

crekTpasnbHble CBOMCTBa TenerpadHoro curHana. Mpn o —> OxapaK-

TEPUCTUKM CUTHaNa MNpuUBIMXKAIOTCA K XapakTepuUCTUKaM MOCTOSIHHOM

COCTaBNAOLWEN, @ NpU O —> 00- K XapaKTepucTukaMm 6enoro wyma.
MnniocTpaums ckasaHHOro Bbllle nNpuBeaeHa Ha pUcyHke 4.2.
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o exp(-200|T[) A
c=1 A N

e T
| all Bt -
0
- 10 -5 u 5 10
T
PucyHok 4.2 — 3aBUCMMOCTb (DYHKLIMU KOPPEeNsuun OT MHTEH-
CUBHOCTN X

4.1.2 [ins npoBeAeHVs UCCNeAoBaHUA 3aMWLIEM COOTHOLLEHUE

(4.2) B BUZe
Ry (7) = Pyexp(=Alz)),
(4.3)
a ero mogndukaumio B Buae
Ry (z) = Pa(L+ Blz)) exp(-Blz]), (4.4)

3
rne f=a-107;
P - MowHocTs nepeaasaemMoro curHana.

Mpu npeo6pasosaHusix nonaranock, yto 0 < ¢ <1.
4.2 MNnaH uccnegoBaHUm

4.2.1 UcxopgHble aaHHbIe BbibpaTh U3 Tabnuubl 4.1 B cOOTBET-
CTBMM C nocneaHen umdpoin HoMepa Mo XypHary.
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Tabnunuya 4.1 — VcxoaHble AaHHbIE ANS pacHETOB

Ne n/n

Py, B2

a,ct

Ne n/n P, B2 a,ct

Ba(7) =Ry(7) = Paexp(-Ar))

Ba(7) =Ry(7) = Pa(L+ Blz))exp(=Bi1))

1,0 13 6 1,2 29
1,5 14 7 1,7 30
3 2,0 15 8 2,2 31
4 2,5 16 9 2,7 32
3,0 17 10 3,2 33
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B Tabnuue 4.1 ncnonb3oBaHbl cnegytowme obo3HaveHus:

PA = O'i- MOLLUHOCTb (Aancnepcus) cooblueHus;

_ 3
L =a-10- wHTeHcmBHOCTL CMeHbl 3Haka B amnauTyae

CUrHana;

4.2.2 [1ns MCXOQHOr0 HenpepbIBHOMO coobuleHunsl, npeacras-
nsilowero coboi CTaumMoHapHbIA ClyYaliHbliA NPOLECC C HYMEBbLIM Ma-
TEMATUYECKMM OXUAAHMEM, (QYHKUMS KOPPENsuMn OnuChIBaeTCs B
3aBMCMMOCTM OT BapuaHTa 3afaHusl.

4.2.3 Onsl 3agaHHoN hyHKLMM KOPPENSILMK C UCMOSIb30BaHMEM
npeobpa3oBaHusi BuHepa-XvHUMHA HAWTW BblpaXKEHWE B 3aMKHYTOM

dopMe ans cnektpa mnotHoctM  mowHoctn G A(a)) , rhe
w=2rft.

4.2.4 Bbluncnute:

- MHTEpBan koppensumu 7y ;

- SHepreTUYEeCKyIo LWMPUHY crekTpa.

Mpy HaxoXAEHWUW MHTEpPBana KOppenauun T AN 33faHHbIX

3HaueHni yHkumMit koppensiumn B A (Z') peKOMEHAYETCS UCMOMb30-
BaTb M3BECTHblE 3HAYEHWNS NEPBOO6PA3ZHbIX :

j exp(ax)dx = iexp(ax),

[ xexp(ax)dx =&(Zax)(ax—l).
a

Mpn HaxoXXAEHUN SHEPreTMYEcKoro crnekTpa Aa)o npu B3s-

TUNU UHTErpanoB BWAA HeobXxoAMMO MCMONb30BaTb 3HAYEHUS nepso-

06pasHoli:
exp(ax)
a2 +b?

jexp(ax) cospx)dx = (acosbx + bsinbx)

Mpu pacyetax 3HepreTuyeckoro crektpa A@gyans BToporo

BapuaHTa yHKUMM KOoppensumMm HeobxoaMMo Mpou3BecTu npeasapu-
TenbHble Npeobpas3oBaHus:

exp[ jbx] + exp[— jbx] dx —
2

[ xexp(ax)cos(bx)d x = [ xexp(ax)
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:%J'xexp[(a+ jb)xIdx + [ xexp[(a— jb)xldx,

a 3aTeM MCnoJib30BaTb NepBoobpasHble, NpuBeaeHHble B ab3a-
Lie, OTHOCSILLEMCS K MHTEpBay KOppensiuuu.

[Na HaXOXXAEeHUS BENIMYMHBI Gmax HeobXxoaMMo, BO-TEepBbIX,
BbIUUC/IUTL NMPOM3BOAHYIO MOMYYEHHOW (YHKUMKM MIOTHOCTU CMeKTpa
G A No aprymMeHTy @ W, BO-BTOPbIX, NPUPABHSIB MO/yYEHHOE BbIpa-
)KEHWE HYNIO, HAUTU 3HAYEHME (1, NMPU KOTOPOM OHO BbIMOJHAETCS.
Mocne 3TOro MOACTaBUTb MOJIYYEHHOE 3HAYEHWE (Y B BbIpaXeHUe
oG 5. B oTyete no nabopaTopHoli paboTe HEO6XOANMO MpPUBECTH

OCHOBHbIE 3Tarbl BbIYUC/IEHNA WHTEpPBana KOPPensauMn U BENYUHBI
3HEpPreTUYECKoro crnekTpa. [ns KOHTPONs BblUMCIEHUI B Tabnuue 4.1
npuBeaeHbl 3HayYeHWs, NoslydeHHbIE Ha NpeaBapUTENbHbIX 3Tanax Bbl-
YNCNIEHWN.

Tabnunuya 4.2 — MNpoMexyTodHble pe3ynbTaTbl, NOyYaeMble
Ha 3Tane 4.2.4

Bua KoppensumMoHHOW dyHKUMK

Mapametp | B, (7) =Pyexp (—/5"5)5\ (r)=Pp(d+ ,B‘TD exp (——ﬂ‘f‘)

CriekTp
NAOTHOCTK
MOLLHOCTH

Wnn aHepre- 2PA,B 4PA,33

TUYECKUNIA —_—
cnexTp o’ + ﬂz (502 + 182)2
Ga(®),
B?c

NHTepBan

Koppensumm ]_/ﬂ Z/ﬂ

Tk C
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HavanbHas
3HepreTuye-

ckas  wpw-
Ha cnekTpa @ ﬂ

coobLeHuns 2 4
Awy, pan
ry

4.2.5 MNoctponTb rpadukn GyHKUMM KOPPENSUMM U HOPMUPO-
BAHHOrO CreKTpa MOLLHOCTU CUrHana, ykasas Ha HWX BepTUKaNbHbIMU
WTPUXOBLIMUA JIMHUSIMA MHTEpPBaNn KOppensiuuM U 3HEepreTUyeckyto
LUMPUHY CMeKTpa.

Mpu nocTpoeHun rpacmkoB yHKUMIN HEObXoAMMO BbIGUpaTb
cnepyowme napaMeTpbl KOOPAWHATHBIX OCEN:

- Ans YHKUMM KOpPEensuMu WCXOAHOMO CUrHana MHTepsan
N3MeHeHus! aprymeHTa X BbIbUpaThb B npeaenax

-1.57, <x<1l.57;
- NS CNeKTpa MOLHOCTM WCXOAHOrO CUrHana WHTepBan M3-
MeHeHust yacToTsl Boi6patb 0 < @ <1.25Awy.

COAEPXXAHME OTYETA

- uenb paboThbl;

- OCHOBHbIE COOTHOLLEHWUS A1 BbIYUCTIEHWI;

- BbIBOA BbIPaX>Xe€HWI, OMUCbIBAIOLLMX UHTEPBAN KOPPEnsumu,
CNEKTP MOLUHOCTU CUrHana, HepreTMYecKyto LWMPUHY CNekTpa, CBs3b
MeXAY VHTEPBANIOM KOPPEensiuMM M SHEPreTUYECKon LUMPUHON Crek-
Tpa;

- rpadvkn PyHKUMM KOPPENSIUMM U HOPMUPOBAHHOIO 3Hepre-
TUYECKOro CrekTpa C YKa3aHHbIMKM Ha HWX 3HayYeHUsIMM UHTEepBasa
KOpPEnsILMN U SHEPreTUYECKON LIMPUHBI CMEKTPA;

- BbIBOAbI N0 paboTe OTHOCUTENBHO 3HAYEHWIA.

KOHTPOJIbHbIE BOMNMPOCHI

1. YeM oTnMyaeTcs yHKUMS aBTOKOppensunm ot dyHK-
U1 aBTOKOBapuaLun?
2. YeMy COOTBETCTBYET 3HaYeHUe (PyHKUUM KOppensuum

BTouke 7 =07
3. Yto onpepensieT UHTepBan Koppensaunun?
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4, YTO onpegenseT sHepreTMyeckas LUMpUHA CrekTpa M
rae UCnonb3yeTcs AaHHOe NOoHATUE?

5. KaknMm XapakTepuctMkamm OnucCbIBAeTCs B3anMOo-
CBA3b ABYX CUIHanoB?

6. Kakoli npoLecc Ha3bIBaeTCs CTALIMOHAPHBLIM?

7. B ueM oTnnume Mexay CrydaiiHblM CUrHamoM v ciy-
YalHbIM Npoueccom?

8. YTO Takoe 3proanyHOCTb Mpouecca v rae AaHHoe no-
HATUE NCMONb3YyeTCA?

9. YeM oTnvMyaeTcs ABYCTOPOHHAS CnekTpasbHas nnaoT-
HOCTb CMrHana oT OAHOCTOPOHHEN?

10. C KakoW Lesnblo BBeAEHbI MOHATUS OHOCTOPOHHEN U

[BYCTOPOHHEN NNIOTHOCTEN pacnpefeneHns BeposTHOCTEN?
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