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1. BeedeHue

CoBpeMeHHBIE  paanodNieKTpoHHble  cuctembl  (POC)  mpum
yIpaBJICHUH YAAJICHHBIMU MOJBHXHBIMH OObCKTaMH Ha Mope (K B
KOCMOCE) peIIaroT 3aJadd OOJBIION CIOXHOCTH M pPaboTarT, Kak
MpaBUjIO, B  TDKEIIOM IMOMEXOBOH  OOCTaHOBKE; IO  OTHM
MOJpa3yMeBaeTCsl BO3ACHCTBHE KOMILJIEKCHBIX TIOMEX - aTMOC(EPHBIX,
pazuonoMex COCEIHUX paJWOCTaHLIMH, NPEAHAMEPEHHBIX IIOMEX,
CKOpPOCTHBIX MOoMeX U (eauHroBbix nomex. [Ipu 3ToM, 3TH momexu
BO3/ICHCTBYIOT OJHOBPEMEHHO, YTO YCIOXKHSIET 3a7ady ONTHMAaJIbHOTO
npuemMa CUTHAJIOB.

IlepBbIM ImaroM K IyTH ONTHMAJBHOIO TIPUEMa SIBISETCS
olpejieNicHHe 3aKOHa pachpeaesicHusi (eIUHrOBOrO CHUTHala B TOYKE
MpHeMa, TMOCKOJIbKY 3aKOH pacIipelielieHHs 3aMUpaHusi CHUTHajla B
TOYKE NpHEMa 3aBUCUT OT MHOTUX (PaKTOPOB: OT reorpaduyeckoro
pacroyioKeHUss TOYKM NpPHEMa, OT BPEMEHHM roJa U OT BPEMEHH B
CYTKH, OT JAIbHOCTH PaJWOIUHHUN, OT COCTOSIHHS HOHOC(EpPHl M OT
IpyTrux GakTopoB.

Craructuueckue Mojenu paaumokaHanoB (PK) wHe maror
BO3MOXHOCTb YIpAaBJICHUS B peaJbHOM BPEMEHH, IOCKOJIBKY
CTaTHCTHKA W3MEpsIeTCS NPHU ONPEICICHHOM COCTOSHHN (MOJIen)
panuokaHana BbIOOpOYHO BO BpemeHdu. U Takum  oOpazom
HaKaIlJIMBAaeTCsS  CTATUCTHKA, IIyTEM CTaroOpabOTKH  KOTOpOW
MPOU3BOJUTCS ANNPOKCHMAIIMS W YCTAaHOBJICHHE BHIA MOJICIH
paznnokaHana ¢ 0OJbIION aJeKBaTHOCTHIO.

OTH MOAETH MOXXHO MCIOJIb30BaTh TOJBKO MPHU CTATHCTHYECKOM
nccnenosanun wmozeneit PK. Ho B mpouecce ynpasnenuss PITY
WCTIOJB30BaTh 3TH MOJIENTN HEYJO0HO.

IIpu stom, B OonbmMHCTBE citydaeB (okosno 60-65%) cBs3b
yCTaHABIMBAETCA 1O “XopomuM~  KaHajlaM, TJ€ OTHOIICHHE
cUrHaJ/moMexa OOJbIIe EIUHHIBI, K YHCIY KOTOPBIX OTHOCSTCS
paanokaHanel Mopened Panmess m Paiica (0o0oOmenoir PeneeBckoit
Mmozenu). Hemocratku 3TuX Mopeneid — MOJENH yIOBJIETOBOPHTEIBLHO
omuceiBatoT PK 3a kopotkoe Bpemsi (MHTEpBajl KPaTKOBPEMEHHOTO
CpeIHero, KOTOpOe JUTUTCS HECKOJIBbKO MHHYT), 3aT€M CBs3b CHOBA
TepsaeTcs.
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A mo gpyrum (“mroxum”) pamdoKaHalaM — CBSI3b HE
YCTaHABJIMBACTCA, K YHCIy TaKMX KAaHAJIOB OTHOCATCS PaguOKaHaJbI
MOJENIeN Xorira, bskmaHa, YCEUEHHO-HOPMAJIbHOMI u
TpexmnapameTpuIecKoi u ap.

B Takux paaMokaHalax OTHOLICHHE CHTHai/moMexa (IO OCH
abIMcc) HAMHOTO MEHbLIE EIMHUIIBL, B TAaKHX YCIOBHSX CHIHAIl HE
MPUHUMACTCSL.

B HacTosmee BpemMs HOCTPOCHBI  OOJBIIOE  KOJIUYECTBO
OMHOMEPHBIX 3aKOHOB pacmpeneneanii (3P) ¢emurroseix PK  kax
JHMCKPETHOM, TaK 1 HelpepbIBHOW Gopmax (4-12).

Mmuoroo6pasue 3P wuccienyembix PK  gemaeT  BO3MOXKHBIM
HCIOJBb30BaHUE CTATUCTUYECKUX MOZEJIeH TOJIBKO IPH HCCIICAOBAHUM.

A B peaJbHOM BpPEMEHM NpHU YIPaBICHUH PaJHONPUEMHBIMU
YCTPOHCTBAMU CTATHCTHYECKHE MOJEIH UCTIOIBb30BaTh HEYIAeTCsl.

Bo3nukaer HEO0OXOIMMOCTh MIOCTPOEHUS undposoii
00001IeHHO0Il UMUTANIMOHHOIM MOJIeJIM, KOTOpas OXBaThiBaia ObI BCE
cymecTBytonue Mmozaenu PK  u  KoTopyro MOXHO ObUIO  OBbI
UCIONb30BaTh B PeaJlbHOM BpeMeHH [UIl H3MEpeHus u Ui
YHOpaBJIECHUS paluONpPUEMHBIMA CHCTEMAMHU.

2. OCcHO8Hast Yacmb

2.1. [UDPOBBIE OFOLLIEHHO UMHTAL[HOHHBIE MOLEJIA

QE/IUHI OBbIX PA/IHOKAHAJIOB

[lepBoit 3amaveid  sBhsieTcss TMOMCK  OOOOIIEHOTO  3aKOHA
pacnpenenenust (3P) 3amupanus ¢enunrooro pamuokanana (PK).
[oucky 0606mennbix 3P deaunaroBoro PK mocesmiens: tpyasr Paiica,
Opnanra, [Ilyaccoma [1-10], Hakaramu [10], B.M.Ky3bmuHa,
H.H.Kpsuiosa [11], Kamuesa E.®.[12], Knoskoro /I./1.[13], Illanuesa
B.A.[15], Manema, JIxoncoHa, ®umiepa, MwumitoHa, [IeBHHIIKOTO,
Jluxtepa u nap.

IIpuHIIUTIHATBPHBIM OTIMYHAEM B TAHHOHW paboTe Moaxoaa sIBISICTCS
CO3JlaHME MAaTeMaTHYEeCKOro ammapara (OPMHPOBAHHA CIyYalHBIX
MIPOLIECCOB € MPOU3BOJILHBIMH, HO 3apaHe 3aJaHHbIMU 3P.

Tyr ™l mome3yemcst 0000menHsiM 3akoHOM b.M.Ky3pmuHa,
H.H.KpputoBa, omyGmukoBanueid B [11]. Drtor mnoaxox naer
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BO3MOXHOCTh TONyYUTh JIIOObIe HEO0XOAMMbIE HCCIeT0BATENI0
pacrnpe/esieHusl CTy4aiHbIX BEUYHH.
[110THOCTE BEPOSITHOCTH OOOOIIEHHOTO 3aKOHA pacIpeaeICHHs

HNMEECT BUI:
X k+g-1 1
Pk M.exp[_a.(pq(x)}*

- de(x)
1g,p(X
F(Z+1J-q%

dx

*dx

1)
JIisi  OJTHOCTOPOHHHX 3aKOHOB ISl TMEPEMCHHOW X (DYHKITHS
pacnpenenenus (OP) MokeT ObITh 3amucaHa B BHIC:

r{(kﬂ co(x)}
P o a a

K (x) = m ,...Xe[o,oo)
1"[ -+ 1]
q
)
Psan  pacmpenenenuii momydaercs u3 (1) ms  oOpasyromux
byHKImi BHIA u=qt?q=123...tpuq=12..u
p(X)=ax” —y.

Jlnst torapugmudeckn HopMaabHoro 3akona  @(X) = xInx—y,
a JUIsl IBOIHOTO MOKA3aTeaLHOro 3aKkoHa o(X) = Sexp(ax ).

Ilpu BBenmeHuii QakTopa BpEeMEHU BBOIWINCH KOPPEISAIMOHHBIC
KO3 PHUIHEHTHI TI0 OPTOTOHAIBHBIM COCTABIIAIONIMM KOMIUIEKCHOTO
curHaia npocrpaHctBeHHO-BpemeHHoro (I1B) - pannokanana, T.e.
MOCTPOCHA IleCTUNIapamMeTpudeckas o00oOmeHHas wonens [IB —
paaroKaHaia, Ha OCHOBe 00001eHHoN Moaenu Kitosckoro [13].

Mopnens Knockoro 3aBucutr oT 4 mapaMmeTpoB: My, My ok, Oy.
IToroMy Ha3bIBaCTCS YETHIPEXTAPAMETPUICCKOM.

B o011em Bue MOJEIIb UMEET TaKOM BHI:
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3mece Hi - mnomubnom Dpmwura, [(0) - MomuduuupoBaHHas
¢byukuus beccerst HyeBoro mopsiaka.

YacTHple MOJEIM O3TOM MOJEIM TMOJYyYMM T[PH PasiIdYHBIX
3HAYCHUAX [TAPAMETPOB:

1. Ilpu m ~ my ~0, O, & O, 3HAYCHUAX ITapaMETPOB MOy IUM

[IOJIy4YHM OJTHOTIapaMeTpHUecKoe pacnpenaeienue Penesd:
2
Y

(4) w(y)= GLe* .

2. 2
2. Ipum,=Am ~0, o, ~0, 3HaYECHUsX NAPAMETPOB

MOJyYHM JIByXIapamerpuieckoe 00o0IIeHHoe pacnpeaencnue Penes
unu pacnpezaencHue Paiica:

2+ 2

¥ +rp
®  We)=Zpr = --0[77;],

(o8

rae  lo(-) — momuduimpoBannas Gyukims beccest.
3. Hpu m,=Am, ~0, o’ < O'f, 3HAYEHUSIX TIAPAMETPOB
HOJIYYHM JByXTapaMeTPHIECcKOe pactpeesierne bakmana:

iy

(6) m(y):L€7Wi(2k—l)”(O'z) _O'zx){ _;/k [k[}/z/pj ,
(o}

k 2k, k
0.0, o k12 0,7,

X

. 2 2
4. Pacmpenenenue Xoiita umeer 2 napamera: 0y, <0,

m, ~m, ~0:

2 2
(7 oo, 20°x ), 2 2\oc°’x o’y
2 1 1 2 1 1
= ¥ exp _7/_[ > +TJ ]0 7/_( -—— > j .
o0, 4\oc°x o'y 4\oc’x oy

5. Ilpu 3Hauennii o << 0'5, m, = Am, ~ 0 nomyuum Tpex
apaMeTPUYECKYIO MOJIEb:

PR 1 2
s oaf]_[ ()
O-y 27[‘]/2_”13’ 20': 20)}




. 2 2 . -
6. Ilpu 3HayeHU o, << Oy» m, = my ~0 MOJIYYUM
OJTHOCTOPOHIOKO YCEUEHYIO HOPMaJIbHYIO MOJEIIb!
2 -
2 2
(9) W ( v ) = ¢ o3
A/ 27ZO‘§
7. YacTo mpH aHAIUTUYECKHX HCCIICIOBAHUIX B CTAllMOHAPHBIX
HHTEpBaJiaX UCMOL3yeTcss M pacnpenenne Hakaramu [10] :

(10) Wm(7)=%exp[——myzj,m -1
r(m)y’ vt 2
()

30€Ch 3 = — IapaMmeTp OIpenessomui

< (72 —7_/2) >

rIyOouHy (peTMHTOBOTO MpoIiecca.

8. TIIpodeccop lanues B.A. npu nccienoBanuii GpeTuHTOBOTO
CHTHAJIa pacipeielICHHe aMIUTUTY ]l CUTHAIA HCIIONb3yeT
pacnpenenenne Hakaramu — Paiica [15].

(uf +u, )m 2uuy
T2 B e W |
v v

2u;" " m”

a - wl,)

3necs, m = 0.5, U, >0, 7/2 > 0.
9. JlorapudMuuecku HOpMAJIBbHOE PACTIPEACICHUE
B panmuoTexHuKke MeUICHHbIC (EIUHIOBBIC 3aMUPAHHS CO3JAIOT
0oJIbLIME TOMEXH IPH Mepeade JaHHbIX [0 paJHOKaHaIaM.
K takum nomexam OTHOCSTCS aTMOC(EpHBbIE M HHIYCTPHSIbHbBIC
noMexu. PacmpeneneHue aMmIUTMTyJ TaKUX IIOMEX OIKMCHIBACTCS
norapuMuIecKu HopMabHO# dyHkimen (12):

2
1 e,fn y

(12 oly)= e
0 0

re: of, Il (T) - K03(HIMEHTHI pacipeeIeH s

m, = \/500,05 = e(e—l)aé,



Hns uudpoBoro MonenupoBaHusi (EAUHTOBBIX CHUTHAJIOB B
pealbHOM BpeMeHH BBOAMTCH (PAKTOp BpeMeHH, T.€. BBOJIWINCH
KOPpEeISIMOHHbIE KO3 HUINUEHTHI TI0 OPTOrOHAJIBHBIM COCTABIISIOIINM

Py Py KOMILIEKCHOTO CHTHANIA MPOCTPaHCTBEHHO-BpeMenHoro ([IB) -

paarokaHana, T.€. aBTOPOM IIOCTPOCHA IIEeCTHNAapaMeTpHYecKasi
nudposasi 0606meHHo umMuTanuoHHass moxeabr (LIOUM) I1B —
pamuokaHana, Ha OCHOBE BHINICTIPUBEICHHON OOOOICHHOW MOIEITH
Kiosckoro [1-10].

O06001IeHHBIe MOZIENN 00J1a1aI0T OONBIION YHHBEPCATbHOCTHIO,
3HAYMMOCTBIO W  TaKKe BBICOKOH  aJeKBaTHOCTBIO; HO  HX
UCTIONIb30BaHKE B aHATUTHYECKON GopMe co3aeT OOIbIIe TPy THOCTH
naxe mnpu ucnonb3zoBanun PC DBM. A npu wucclneoBaHUHM |
MPOEKTHPOBAHUM CHUCTEM pEANTBbHOTO BPEMEHHU HCIOIB30BAHUE HX
CTQHOBUTCS] HEBO3MOXKHBIM.

[TosToMy it WCCIENOBaHMS W TPOSKTHPOBAHUS  CHCTEM
peambHOro BpEMEHH  Ipenjiaractcsl pa3padoTraTs U UCHOJIb30BaTh
M (ppoBbIe MO PeaTbHOT0 BpeMeHH.

Anroput™Mbl  TM(POBOTO MOJEIUPOBAHHUS CUTHAJIOB M TIOMEX
MOKHO pa3JielUTh Ha JBa KJacca: alrOpUTMBI  IUPPOBOTO
MOJICJIMPOBAHHSl CHTHAJIOB C OTPAaHWYEHHBIM CIEKTPOM YacTOT
(MapKOBCKHE CHTHANBI) M aIrOPUTMBI IHU(PPOBOrO MOICTUPOBAHUS
CHT'HAJIOB C HEOrPAaHWYCHHBIM CIIEKTPOM YacTOT (HEeMapKOBCKHE

CHUT'HAJIBI). ITpu MOJICJINPOBAHUU MapKOBCKHUX CUTHAJIOB

obecrieunBaeTcs yciaoBue KoTenbHMKOBa 1O ONpeneNeHuro Iiara
1

AUCKpeTH3alud At = ——, F— MakCHMaibHas 4acToTa CIIeKTpa
m

CUTHAJIA.

Jia craroHapHBIX HOPMAJBHBIX MPOIIECCOB B HACTOSAIIEE BPEMs
CO3/1aHBbI OY€Hb IKOHOMHUYHBIE aJITOPUTMBI.

OCHOBBI 3THX aJITOPUTMOB TAKOBBI: OYyAE€M CUHMTATh,UTO 3aJaHa
MOCJIC/IOBATEILHOCT, HOPMAJIBHBIX  IICEBIOCIYYaHbIX 4ucen X[Nn]
(“muckpeTHBIN OeNblid TyM™), TyTeM JHMHEWHOTO MpeoOpa3oBaHUs UX
MOJIyYMM  KOPPETUPOBAHYIO TOCIENOBATEIbHOCTh 1O 3aJaHHOMY
3aKoHy &[N], T.€. OTPE30K CIy4alHOTo Mpolecca.



3aechk omepaTropsl JIMHEHHOTO MpeoOpa3oBaHMs 3aal0TCS B BUIC
ITOPUTMA CKOIB3SIIET0 CYMMHUPOBAHHUSL:

N
¢lnl=>"C, *xIn—K],
(13) K=1
WA PEKYPPEHTHO PA3HOCTHOTO aJrOPUTMA!

élnl=apXn] +ax[n -1 ..+ ax[n-1]-bén -2~ b,&n - 2] -... - b, n-m =
1) = ZI:aKx[n- K]-Zm:ng‘[n— K]

Bun  koppensiuoHHOW (QYHKIUU ONpEessieTcss 3HAuCHUsS\MH
mapameTpos: 8, ,b,,Cy .

(

Ot AJITOPUTMBL OTJIMYAIOTCHA HpOCTOTOI\/'I N AarT BO3MOKHOCTH
WMHUTHPOBATH MPOIECCHI JIIOOOH JUTHTENEHOCTH

AJTopuTMBI  ITM(GPOBOTO MOIECIUPOBAHUS IS  MapKOBCKHX
MoOJeNe  jmaeTcs B Takoi (opMe: CHavalla MOJCIUpPYETCs Tmapa
HapMaJIbHBIX YHCCJI JIA1 OPTOrOHAJIbHBIX COCTaBJIAIOIMIUX X WU ) II0
ANTOPUTMY:

*(mpuM.,HEMapKOBCKHE MOJIEIIH PACCMOTPHM TTO3KE)

x[n]=m, +o, V=2 RI(/1- p,, c0s27R2+ p, sin 27R2)
y[n]=m, +o,+v~-2InRlsin 22R2

rae R1,R2 — random [0;1].
IIpy  orcyrcTBHUM  KOppelsiqMUd  MEXAY  OPTOrOHAIBHBIMHU

(15)

KOOpJMHATaMHU Py X0, MOJIYYUM:
x[n]=m, +o, v—2In Rlcos2zR2
y[n]=m, +o,v-2InRlsin 22R2.

A 3aTeM MOJEIHPYETCs JIBa HOPMAJIBHOTO MPOIecca M0 BPEMEHH
JUIL  OPTOTOHAIBHBIX COCTABJISAIONIMX X M ); THE€ OTCYTCTBHE
METOIUYECKOM MOrPENIHOCTH MPU  JUCKPETH3ALU  HENPEPBIBHBIX
mporieccoB X(t), y(t) obecneunBaeTcs BBIOOPOM AMCKPETHOIO IIara

KoreapHukoBa Az = L

2F

(15.1)



IMapameTpsr ap, b1, C2  DKCIIOHEHIIMATBHON KOPPEIAIHOHHON
byukimn (KO) onpenenstorcs MeTooM (akTOpH3aIlieil U PaBHBI:

a,=+1-p>, b=-p=e7", c,=y.=0At
VYpaBHeHus 4nucnoBOW GuiibTpaimu s Xi[n], yi[n] umeer Bua:

(16) Mx,i+Xi[n]=O-x,i\/1_7pi,i'N(O'1)+px,i'xi[n_l]v
(16.1) ™M, +vi[n]= o-yyi\/l—ipji- N (0.1)+ p,; -y;[n—1],

rae Myi , Myi - Maremaruueckue oxupaHus, a O, f,i’ o ii—
JUCTIEPCHH OPrOHAJIBHBIX KOMIIOHCHTOB xi[n ] yi[n].

Hwxe npuBogurcs mnporpaMma HMHUTALUOHHOIO MOJEIMPOBAHHUS
(dennHroOBOrO  Tpolecca MO  BBIIICTIPUBEACHHOMY  alTOPUTMY;
IporpaMMa HarmrcaHa Ha si3bike TypOo Ilackans:

TexcT mporpaMmbl

program Mx14;
uses crt;
var i,j:integer;
cx,cy,x1,x2,q1,92,Rox,Roy,Mx,My:real;
z,fx,y,x3,y2:array[0..100] of real;
label ter,terl;
begin clrscr;
Rox:=0.1; Roy:=0.1; cx:=5; cy:=5; Mx:~0; My:=0;
X[0]:=0; Y[0]:=0;
for i:=1to 60 do
begin
terl: gl:=random;
ter: g2:=random;
if g2=0 then goto ter;
x1:=sqrt(-2*In(g2))*cos(2*pi*ql);
x2:=sqrt(-2*In(g2))*sin(2*pi*ql);
X[i]:=(cx*x1*sqrt(1-sqr(ROX))+rox*x[i-1]);
x3[i]:=x[i]+Mx;
y[i]:=(cy*x2*sqrt(1-sqr(Roy))+Roy*y[i-1]);



y2[il:=y[i]+My;
write('x[',i,'1="x[i]:5:2);
write('y',y[i]:5:2);
z[il:=sqrt(sqr(x3[i])+sar(y2[i]));
if (x3[i])=0 then goto terl;
fli]:=arctan(y2[i]/x3[i]);
write('z',z[i]:5:2);
write('f',f[i]:5:2);

end; end.

[lpu pa3nuyHBIX 3HAYEHUSIX HIECTH MapameTpoB CX,CY,Mx,My,
Rox, ROy ™Mbl MOXXeM MOJIy4uTb MNPOrpamMMy JUIS BbIYHCIICHHS
XapaKTEPUCTHK II0 BBILIEYKa3aHHBIM Mojensm: Penes, Paiica, Xoiira,
E3KM_§11;1a, YCEUEHHO HOPMaJIbHON MOJENIH U TPEXIIapaMeTPUUYECKOM.

zz meCT:'"aPameTRuqecuuﬁ rayccoBCKMii npouec
-

IR WA P
L WAL
Vi A

0 rTrrrrrrrrrrrrrrrrrrrTrr T T T T T T T T T T T T T T T T T rrorTd

135 7 911131517192123252729313335373941434547

Puc. 1. I'pagux wecmunapamempuueckozo eayccosckoz2o
npoyecca

daza BekTOpa OOILIETr0 rayCOBCKOrO IMpOLecca pacupeacssieTcs
MeXaAy —Z < @<7 10 pa3HOMY, TOJBKO B CJIy4dae PEIEeBCKOTO

pacnpeneneHuss  (asa BEKTOpa pPaclpenessieTcss pPaBHOMEPHO B
yKa3aHHOM WHTEpBaJe.
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2 Pacopexeiente ¢ga3bl 0611€I0 FAYCOBCKOIO

mpomecca

1,5

-

TRl LN VN AT IRAN
05 ¥35 1\1};%3‘ ¥ 12324272‘;3, '3¥i3}414 480

I LA Y A 1
1%

-1,5 1

Puc. 1.6 I'pagpuk usmenenus gaszvl wecmunapamempuuecko2o
2aycco8CKo2o npoyecca
1. HmutauuoHHOE MOJETUPOBAHUE CTAIIMOHAPHOTO
(MapkoBckoro 1-crenenn) HOpMaJbLHOTO CJIY4AiTHOTO
npouecca.
IInoTHOCTH BCPOATHOCTU HOPMAJIbHBIX cnyqaﬁme qucell
OIUCBIBAIOTCS ypaBHEHUEM (4).
JonycTiM MapKOBCKHI IPOLIEC 3a1aH KOPPEISLHOHHOM!
¢dhyHKIMEH BHIA:

R(z) =e I R[] =e71";

Toraa anroputm ero MoaenupoBanus umeet Buf (16.1),
rae N[N]- HopMasbHBIC TICEBIOCITyYaiHbIC YKCIa C TTapaMeTpaMu

m=0, o, =1, xoropsle HaxoxATCs NO anroputmam: (15,15.1).

TekeT mporpamMmubl:
PROGRAM LABL,;
USES CRT;
CONST PI=3.1415; RO=0.1;
LABEL OTU;
VAR S1:ARRAY[1..200] OF REAL,;
ILINTEGER; RA1,RA2,X,XX:REAL;

BEGIN CLRSCR;

S1[1]:=0;

FOR 1:=1TO 20 DO BEGIN
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RA2:=RANDOM;
OTU: RA1:=RANDOM;

IF RA1=0 THEN GOTO OTU;
X:=SQRT(-2*LN(RA1))*COS(2*PI*RA2);
S1[1]:=SQRT(1-RO*RO)*X+RO*S1[I-1];
WRITELN('S1[1,]=',S1[1]:6:4); END; END.

HopMaﬂbeIﬁ npouec no X

Wil W .
Rl P
R \V/ N

Puc.2 Hopmanwnwiii npoyec (npocmoii Mapkosckuil
npoyec 1-nopsoxa)
MopaeanpoBanue MapKOBCKOIo Mpouecca BTOPOii cTenenn
MapKkoBCKHIi mpoliecc BTOPOH CTENEHH UMEET HKCIIOHEHIIMAIBLHO
KOCHHYCHYIO KOPPEISILMOHHYIO (PYHKIIHIO:

R[] =c% " cosm,r,

B muckpernoit popme numeer BU::

R[n]=o’e ™ cosy,n;

AJropuTM MOJETHPOBAHUS UMEET BUJIL:

Ve = AL, ¥, = wAt,
(17)¢n]=a,N[n]+a,N[n-1]-b,f[n —1] - b,c[n - 2],
b, =-2pcosy,; b, = p*;

12



A, =(@1-p*)pcosy,;
__1+p®
° 2pcosy,’

Uy, = U, + v —1;
8y = /A8 = i;

%)

¥

3nece N[n], N[n-1] - HOpMasibHBIC MCEBIOCIYYaiHbIE YHCIA C
napametpamu M=0, & = 1, onpeaensrorcs mno anropurmy (15).

TekcT mporpamMmsbI:

PROGRAM Lab 2;
USES CRT;
CONST PI=3.1415; SIG=1;R0=0.1;
LABEL OTU;
VAR X,KSI:ARRAY/0..20]OF REAL;
N:INTEGER;B1,B2,YAO0,V0,V1,A1,a0,X22,X11,GAM:REAL;
BEGIN CLRSCR;
GAM:=PI/6;
B1:=-2*RO*COS(GAM);
B2:=RO*RO;
YA0:=(1-SQR(RO))*RO*COS(GAM);
V0:=(1+(RO*R0))/(2*RO*COS(GAM));
V1:=V0+SQRT((VO*V0)-1);
a0:=-SQRT(YA0*V1);
AL:=SQRT(YAO/V1);
FOR N:=1 TO 20 DO BEGIN
X22:=RANDOM;
OTU: X11:=RANDOM:;
IF X11=0 THEN GOTO OTU;
X[N]:=SIG*SQRT(-2*LN(X11))*SIN(2*PI*X22);
KSI[N]:=a0*X[N]+AL1*X[N-1]-B1*KSI[N-1]-B2*KSI[N-2];
WRITELN(KSI[,N,]=", KSI[N]:6:4);

13



END; END.

i~ lNpocTtoh Mapkoe.npoyecc

& M ' 2 " Jlor.HopHaneHBE NpoUyecc
ﬂpKDB'"pDuFCC nopaaka " He cTau.HOpHMankeHBIN Npouecc

© 1nopsanka BMI—:Ep I POLLECE T PeneieBckuvil npouecc

¢ 2nopsaxa Bunep npouecc ¢ CocpeanoToOUYEeHHHE PAAMONOoOMEex

Puc.2.6 Hopmanvuwiii npoyec (npocmou Mapkoeckull
npoyec 2-nopsioKa)

MopenupoBanue JorapupmMuyecKu HOpMaJIbHOIO MpoLecca

B pagmonepenade qaHHBIX MeIJICHHBIE ()eTUHTOBBIC 3aMUPAHUS

CO3MAIOT O4YeHb OOJIBIION ypOBEHb IMOMEX; K TaKUM IOMeXaM
OTHOCSTCS aTMOC(EpHBIE U HHTyCTPUATIbHBIC TIOMEXH.

OyHKIMS pacnpeaeNicHus] TaKuX MPOIECCOB OIMUCHIBACTCS TaKOH
byuxkimeit (12).
JMcKkpeTHbIE — peanu3anusiinuu §[n] HOPMAaJIbHOTO  CTallHOHAPHOTO

nporecca HaxoaaTes 1mo anroputmy (16,16.1):
A peammzamuu  JorapuMHYECKH HOPMAJBHOTO  IIpoIlecca
onpeaeNsoTes o Gopmyie:

(18) y[n]=e ",

TekeT mporpamMmubl:

PROGRAM LABS;

USES CRT;

CONST PI=3.1415; RO=0.9;

LABEL OTU;

VAR S1,Y:ARRAY[1..20] OF REAL,;
ILINTEGER;
RA1,RA2 X, XX:REAL,;

BEGIN CLRSCR; S1[1]:=0;

14



FOR I:=1 TO 20 DO
BEGIN  RA2:=RANDOM:;
OTU: RAL:=RANDOM;
IF RA1=0 THEN GOTO OTU;
X:=SQRT(-2*LN(RAL))*COS(2*PI*RA2);
S1[1]:=SQRT(1-RO*RO)*X+RO*S1[I-1];
Y[I]:=EXP(S1[I]);
WRITELN(CYT,1,1=,Y[1]:6:4);
END; END.
16

JlorapudgMaYecKH HOPMAaJbBHEBIH Ipollec
nmoY

14

12 +

10

6 \
e MmN~
M \

0 LN L e e O A

1357 911131517192123252729313335373941434547

Puc.3 Tpagpux nozapugpmuuecku HOpMAarbHO pacnpederentozo
npoyecca

15



HopmanbHbliii npouec no X (cuHHas)

) Norapudm. Hopm.npouec (kpacHas)

i \
A i
TN | /\

LAY VAL N A,
LA W

O =N W kUG

s DA ) e P 0]

Puc.3.0 I'paghux nocapugpmuyecku HopmaibHO
pacnpeodenenno2o npoyecca

MoneaupoBaHue pejieeBCKOro nmpouecca

PeneeBckuil mpouec ONMUCHIBAETCS INIOTHOCTBIO BEPOSITHOCTH

LZZ /4 T
4) W(y):%e 20, m, = \/;G(),O'y2 :(Z_Ej oy,

rue: 0'02 v Ty (Z') - K03 (HUIMEHTHI pacpeieneHusl.

ANTOpPUTM  MOZEIMPOBAHUS PEJICEBCKOrO  Ipolecca MOXKHO
MOJy4uTh U3 ob1rero ypasHenus (16,160), u3Biekas U3 KOpHS CyMMy

KBaJpaToOB X;[n u VAL U o YpPaBHEHHUIO:

19)y=0c*y-2*In(RL), rtme R1- random  paBHOMEPHO
pacrpesieleHHOe B HHTEpBAJIE [0,1], [PU  BBITOJHEHUH YCIOBUSL:

m,~m, ~0,0,~0,,p, = p,.

16



Peneepcknil npomec
2.5

A /\/\h‘ 1N
NAAVTHATY R NIV,
V\\V | Y UA |

0 LI I I I I |

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Puc.3.6 I'pagux peneesckozo npoyecca

MopaeanpoBaHue 00001IEHHO PeJieeBCKOro npouecca i
paiiccoBCKOro mpomecca

PaiicoBckuii mpoliiec OnuchIBaeTCs IIOTHOCTBIO BEpOSITHOCTH (5).
ANTOPUTM MOJENUPOBAaHUST 00OOIIEHHO PEJIeeBCKOro Mpolecca
WM PanCCOBCKOrO IpOLECCa, CABHHYB IO OCH X MaTeMaTHYECKOe

OXXMJAHUE Ha IIOCTOSHHOE YUCI0 M, ~ A, NOJXy4YduM parCOBCKHI

npouece, T.e. M ~ Am, ~0,0, o, p, = p,u3 (16.1).

5 -

n_ N A A
ANV
v |

2 ] L]
PaiicoBcKoe pacnpeaeneHue

0 LI O O O

1 3 5 7 9111315171921232527293133353739414345474
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Puc.5 I'paghux paiiccoscku pacnpedenennoco npoyecca

AJNTOPUTM MOAEIHpPOBaHUS PalicOBCKOTO pacrpeneiieHus UMeeT

BUL. Y = \/(xl +az)2 +x§ ;

371eCh: X1, X2 — HOPMAJBHO PACIpe/ie]ICHHbIE TICEBIOCTyYaliHbIe
gucia ¢ napamerpamu (0, 62).

MopenupoBanne X0HTOBCKOro mpouecca uin

NOJIpeJieeBCKOro mpomuecca

XOUTOBCKAMA MPOLEC HA3BIBACTCA MOIAPEJICEBKUM, IOCKOIBKY
YPOBEHb CUTHaJa XOWTOBCKOW MOJENM HAMHOTO HHMXKE€ YEM YPOBEHB
CUTHaja pejeeckoro KaHama. [Ipu 3TOM, BBINOJNHSETCS YCIOBUE

m,~m ~0, o,<o,, p,=p, us(16.1).

X

3

2,5

) /\ )
YA

Y WA VALl
WV

XoToBCKMiA Npouec

0 rrrrrrrrrrrrrrrrrrrrrrrrTrT T T T T T T T T T T T T T T T TTrTrTrTl

13 5 7 911131517192123252729313335373941434547

0,5

Puc.6 I'pagux xotimoeckozo unu noopeneeskozo npoyecca
MopenupoBanne npomnecca bakmana

VIMUTAIMOHHYIO0 MOJENb Tponecca BakMaHa MOXKHO MOJNYYUTh
npy BITONHEHHs ycnosus: M, ~ Am, ~0, o,<o,, p,=p, m

(16.1). Ornuyaercst OT MOJAPETCEBCKON MOJCIH TEM, YTO MOCTOSHHAS

18



COCTaBJIAIOIIAs 10 OCH X HAMHOI'O MPEBOCXOIUT JUCIIEPCUIO TIO TOM Ke
ocu X.

60

50
40 |

30

20
| [ 1A
10 || V¥

o | LMW A AL AL an ]
10 357 911 l51x{A‘.1} 27293 335373941\%&&!]

20

bakmaHa npoueccsl

30
Puc.7 I'pagux Brkmarnosckoii modenu npoyecca

Moueﬂnponaﬂne YC€IE€HHO HOPMAJIBHOI'O IMpoILecca

B Takoii Mojenu pagroKaHai cuuTaeTcs HenpoxoauMbeiM. Ho mpu
COOJIIOZIEHUI  OHpPEAENEeHHBIX  NpaBWI  pPajUOKaHal  MOXKHO
WCTOJB30BaTh IS NepeJaul AJaHHBIX; HAlPUMED, Pa3HECEHHBIN ITpHeM
CHUTHaja IO MHOTUM KOOpJIWHATaM: IO BpPEMEHH, IO YacToTe, B
mpocTpancTBe. B Takoii  Mozmenw  coONMIOMAIOTCS  YCIIOBUS:

m #0,m =0, o,<<o,, p,=p, n3(16.1).

19



,_
c

5 YceyeHHO HOpManbHaa moaenb

N |

eIl

; \ A

. | L

Al VIR i
/| ERYAN \

N EREVMIINERTRVIIY

135 7 911131517192123252729313335373941434547

Puc.8 Ipagpux npoyecca yceuenno HOpMaibHOU MoOenu

MoeanpoBaHue Tpex NapaMeTpPUUecKoro rnpomecca

40

4,5
4

3,5

3

I

£ 25

S5 2 MWFJAWCWA\_I%QVHL\VL
1,5 ’\ A

1

0,5
0

0

t,sek

Puc.9 I'papux npoyecca mpexnapamempuueckoi Mooenu

YcnoBus

CYIIECTBOBAHUS  TpexIapameTpHIecKOi

m, ~Am ~0,0, <<o,p, =p, u3(16.1).

20
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4u

- TpexnapameTpuyecKkasa mogen

. |

N | N M1,
VAL LAY

SNV VY

v L]

’ |
0 LA LN L L I

135 7 911131517192123252729313335373941434547

Puc.9.6 I'paghux npoyecca mpexnapamempuseckou Mooeau

MogaeanpoBaHue paauonomex no mojaenu Bunepa nepsoii
cTeneHu

B paauomnepeade OCHOBHBIM BHJIOM MOMEXHU SIBISICTCS  «Oeblid
HIyM» WK «Oeras moMexa.
Koppensmonnast GpyHKIUS TaKOW IOMEXH HMEET BUJI:

RO (7) = N,5(z).
B muckpetnoit popme:

N,At,n =0

RPIA =1, n[>0

Hucnepeust takux nmomex umeet Bug - N AL,

Anroputm MojenupoBaHus BuHepoBckoro rmporeca mepBoit
CTETIEHH NPECTABIIAETCS!

(20) &[n] = &In —1]+ /NoAt * x[n],
3geck  X[N] — HOpMasbHBIE IICEBIOCIy4YallHBIE 4YHCIa C
napametpamu (M=0, o = 1), onpenensrores o anropurmy (15,15.1).
TekcT mporpaMmsI:
PROGRAM Lab3;
21



USES CRT;

CONST PI=3.1415; M=20; SIG=1; NODT=2;

LABEL OTU,;

VAR X,KSI:ARRAY[0..20] OF REAL,;

N:INTEGER;X1,X2:REAL,;

BEGIN CLRSCR;

KSI[0]:=0;

FOR N:=1 TO M DO BEGIN
X2:=RANDOM,;

OTU: X1:=RANDOM,;

IF X1=0 THEN GOTO OTU;
X[N]:=SIG*SQRT(-2*LN(X1))*SIN(2*PI1*X2);
KSI[N]:=KSI[N-1]+SQRT(NODT)*X[N];
WRITELN('KSI[',N,"1=",KSI[N]:6:4);

END; END.

’
il

..(.{b o

..aiHAHI M X ll IIIIIli |

\ll‘f\f I|I|I| “l{'lmllll
Ml

I|”| f (H.'ifl '||\ y |I|”||

i, |i"

|
o '!ﬁ'iff B ’|“|'\I‘\ /

NS rl |"

;\| | it

v

li,

" lNpocToit Maprkoe. npouecc
" Mapkoe.npouecc 2-nopsaka
1
# 1nopaaka BuHep npouecc
1

" Znopsaka Bunep npouecc

 fMor.HopraneHHR Npoyecc

" He cTau HoOpHManbHBIA NpoUecc
" PeneileBckMii npouecc
 CocpeaoTo4YeHHHE paaHonoMex

Puc.10 I'pagux npoyecca Bunepa nepesoii cmenenu

MO}]CJIHpOBaHI/Iﬂ nmpomecca

Bunepa BTOpOIi cTEneHH

[Ipomeccyr BuHepa BTOpO# CTEIIEHN BCTPEYAIOTCS B BHJIE «OEIBIX
mymoBy». KoppensiuHHas (QyHKIHUS BTOPOW IMPOWU3BOAHONH TaKUX

ITyMOB MMeeT BUJ paBHOMepHO pacmtpenenennoi ¢pynkmun Nyo(r)

22



R®(z)=N,5(r). B muckperroii dopme mpenCTaBIAETCS

2N At®
3

N, At®

,n=0

R®(n1]=

|n[=1,

0,|n|>1

[lepBasi IPOM3BOHAS TAKOTO CUTHAJIA MOJIETMPYETCS MO TAKOMY
arropurmy: &P [n] = a x[n] + a,x[n —1]. A cam  mpomec
MOJIENIUPYETCSI 11O ATITOPUTMY:

(21) &[n]=ax[n] +ax[n —1] - 2&[n 1] - &[n - 2],

rae: X[n], x[n-1] - HopmanbHBIE TCEBAOCIyYalHbIC YHCIIA
onpeaensTes 1o anroput™y (15,15.1).

A a,,a, - napaMeTpsl ONpeeNsroTcs 1o GopMynam.

NI - JE W U
T 6 6 23
TekeT mporpamMmbl:

PROGRAM LAB4;

USES CRT;

CONST PI=3.1415; RO=0.001;

LABEL OTU;

VAR S1,X:ARRAY[1..20] OF REAL;
I:INTEGER,
RAL1,RA2,XX,A0,AL:REAL;

BEGIN CLRSCR;

S1[1]:=0;
S1[2]:=0;
A0:=SQRT(2-SQRT(3))/SQRT(6);
Al:=1/SQRT(6)*1/SQRT(2-SQRT(3));
FOR 1:=3 TO 20 DO
BEGIN

RA2:=RANDOM;

23



OTU: RA1:=RANDOM:;
IF RA1=0 THEN GOTO OTU;
X[I]:=SQRT(-2*LN(RAL1))*COS(2*PI*RA2);
S1[1]:=A0*X[I]+AL*X[I-1]+2*S1[I-1]-S1[I-2];
WRITELN('SL[1,1=",S1[1]:6:4);

END;END.

" MNpocroi MﬂpKl:lB npnuecc

S E " T
" MNMor.HopMansHLE Npouecc
" He cTay.HopHankHHA Npouecc \l

) \ i .

" Tnopsaka BMHEp npuuecc . © PeneiieBckuil npouecc |

Lo 2nDp9uJKﬂBMHEpI1pDL|.EEC .  CoCcpenoTOuEHHBE PAAWONOMEX ‘ l,

| I b | |

i~ MapkoB. npnuecc 2—n|:|ps|£u<a
I

Puc.10.6 I'pagux npoyecca Bunepa emopoii cmenenu

AJ'[FOpOI/ITM MOACIUPOBAHUSA cnyqaifmux CUTHAJ/IOB
pacnpeaejeHHbIX 10 MOKa3aTeJIbHOMY 3aKOHY
IInoTHOCTH pacrpeacicHud CHy‘IaﬁHBIX CUTHAJIOB
pacnnpeacjICHHBIX IO MMOKa3aTCJIbHOMY 3aKOHY UMECT BU!
2 1
(22)y:/’i,e yyyZO,my:O-y:_'

AJITOPUTM MOJICTUPOBAHHS IMEET BUI:
1
(22.1) y= —zln X, x- Random paBHOMepHO pacmpeienieHHbIC

MceBoCayvainbie uncia B natepsaine [0-1].

Mopenu CIly4YailHbIX CUTHAJIOB paclpeneneHHbIX o
IIOKa3aTCJIbHOMY 3aKOHY HUCIIOJIB3YIOTCA JJII UMMHUTAIIUHM MApPKOBCKHX
CHUTHAJIOB M JJISi UMMHTAIMU MPOCTeUInX ITyacCOHOBCKUX MOTOKOB
TpeOOBaHUM.

24



Anaropoutm MOJeJTUPOBAHMS CIy4YaliHbIX  CHUTHAJIOB
pacnpeie/IeHHbIX M0 3aKOHY XM KBajJgpaTr

[1noTHOCTH pacrpeeneHus CIy4aiHbIX CHT'HAJIOB
pacpeIeeHHbIX 110 3aKOHY XU KBaJApaT MMEET BHII:
b
21 y
1 y 2 - 2
_ 2 .
(23) w(y)= = -e 297,y >0,

22 . F[b)az
2

3aech ['(x) — ramma QyHKIuS.

AJNTOPUTM MOJAETMPOBAHHS CIyYalHBIX YUCET PACTPEAETCHHBIX
10 3aKOHY ¥°> M- CTETIEHH HMEET BHI:

24) ¥y =D xXg ,
K=1

371ech Xk — HOpMaJIbHBIE MICEBI0CTyYaliHbIE YHCIIA C TapaMeTpaMu
(0, 6%) u ¢ Homepamu K.
OHu MoJeTUpyIOTCs 110 anroputMy (15,15.1).

Huxe npuBoautcs nporpamma Ha sa3bike Typ6o Ilackans.
PROGRAM XiKvadrat;

USES CRT;

CONST PI=3.1415;SI1G=1;

LABEL OTU;

VAR X,Y:ARRAY|0..20] OF REAL;
M,I:INTEGER;X2,X1,R1:REAL;
WRITELN('BBOJl M=',M:2);
BEGIN CLRSCR;

Y[0]:=0;
FOR I:=1 TO 20 DO BEGIN R1:=0;
FOR J:=1TO M DO BEGIN
X2:=RANDOM;
OTU: X1:=RANDOM,;
IF X1=0 THEN GOTO OTU;
X[J]:=SIG*SQRT(-2*LN(X1))*SIN(2*PI*X2);
R1:=R1+SQR(X[J]);
END;

25



Y[I]:=R1;
WRITELN(CYT',1,1=",Y[1]:6:4);
END; END.
Buuzy Ha pucynke 11 mokaszaHo pacmpeneneHue X KBaapaT
KaK cCyMMa KBaJpaToB YETBIPEX HOPMAIbLHO PaCHpPENICHHBIX CUTHAJIOB.

C D E F G H I J
1 sigma pi korenln cosin norml norm2 norm3 norm4
2 5 3141593 1119461 0,648455 0,128215 -0,07637 -0,07324| 0,448129
E 342656
4 Xu kBagpar 4 - cteneHun 03525
52 101686
6 107509
7 P 88602
8 118224
9 110023
10 ¢ | 185786
1 ’\ A g1 22899
12 4 199167
13 ’ \ I \ 120216
14 2 A A A “VA 62648
15 _.\I \f’ \_/V\/ \/ VV \j\ 102727
16 hn R AR sy R B
17 154341

Puc. 11 I'pagux npoyecca Xu xeadpam uemeepmoii cmenenu

2.2 [JUDPOBBIE OBOFLIEHHO UMUTALIMOHHBIE MOJIEJIN
ITOTOKOB TPEFOBAHHH B IJH®POBbBIX CETAX CBA3H
Ha pucynke 12 mokazano pacmpeneneHue  Xu KBaapaT Kak
CyMMa KBaJIpaTOB YETHIPEX HOPMAIBHO paclpeICHHBIX MOTOKOB
JTAHHBIX.
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c D E F G H ] K L M

16" T 146066 22,82926
23,2836

1357 9111315171921232527 293133353739
25,36767

17 154341
18 21 3,141593 1620395 -1,28789 -0,63135 0,148884 -0,06813[ 2,084066
18 |7 6 26,14683
20 27,44259
21 29,3186
22 32,48423
32,5022
33,18806
36,04222
38,72652
51,67816
51,81536
54,96275
55,24311
58,08808
58,11845
60,32554
61,99491

UK Sl S 2 L 2 2 22 * 4400 0

24 4
25
26 3 #Pagl

28
29
30
| |g

32 0 20 40 60 80
33

34 37 3,141593 1,256153 1,245838 0,342271 0,00895 0,00584| 1,669376

O - o0 WwWnE®o R VWO ®
L R LR L L R R L L L N LR L L LT

D DD DD DD DD DD D DD DD D

Puc.12 I'paghux nomoka Xu xeadpam yemeepmoii cmenenu

I[Ipu  wucnonp3oBanmid  000OIIEHHOW  IWPPOBOH  MOAEITH
W3MCHSIOTCS BO BpPEMEHH H3MeEpseMble (DAKTHUYSCKUE IapamMeTphl
MOJICTH HENMpPepPbIBHO BO BpPEeMEHH; IIpU OSTOM HU3MEPCHHUC
MPOM3BOAUTCS METOAOM CKOJB3SIIETO OKHA,YTO JaeT BO3MOXKHOCTH
OObeMHEHNSI BO BPEMEHH TMPOIECCOB HW3MEPEHHS, AaHau3a,
UICHTU(DUKAIIMY U YIIPABIICHMSL.

Takass BO3MOXKHOCTH co3jaercs npu wucnonb3oBanuii CASE —
TEXHOJIOTHI TIPH TIPOEKTUPOBAHUIA COBPEMEHHUX CIIOKHBIX CUCTEM.
IIpu 5TOM Ha OCHOBE CJI0KHOW MPOEKTUPYEMOW CUCTEMBI CTPOUTCA €€
0000IIICHHAsT MOJIE/Ib, KOTOpasi JOJDKHA OXBAaThIBAaTh BCE BO3MOXKHBIC
BapHaHTHI COCTOSHUS 3TOIH CHCTEMBI.

3aTeM HCCleayss BPEMEHHbBIC XapaKTCPUCTHKH CJIOKHOW CHUCTEMBI
CTPOSITCSI MMUTAI[HOHHBIC MOJICIIH ITPOLIECCOB, KOTOPBIE TAKKE JTOJIKHBI
OBITh OXBaYeHBI 00OOIIEHHON MOIEIBIO.

Ora 3a7a4a TpeOyeT aHalIn3a BPEMEHHBIX XapaKTPUCTUK CUCTEMBI,
T.. aHAJIM3a ABTOKOPPEISIHUOHHBIX XapaKTEPUCTHK IMPOECKTUPYEMOM
MOJIETTH CUCTEMBI.

[Ipu pa3paboTke anropuT™Ma MOJEITHPOBAHUS CIOKHOH CHCTEMBI
MOJIeJIb CTAaHOBHUTCS €IC CJIOXKHEe; HalpUMEp IPHU MOJSITMPOBAHUN
yeTelpexnapaMmerpuueckoi  moxenu  Kioeckoro  mpu yuere

27



ABTOKOPPEJIIMOHHBIX KOA(P(UIINEHTOB MOAENs OyNeT MMEeTh IIeCTh
MapaMeTpoB, T.€. MOJIENb CTAHOBUTCS IIECTHITAPAMETPHIECKOM.

[Ipr 3TOM HEOOXOOMMO YYeCTh B3aUMOKOPPEISLHMOHHYIO (YHKIUIO
OPTOTOHAJILHBIX KOMIIOHEHT KOMILJIEKCHOTO (DeIMHTOBOI'O CHTHAJIA.

Takast CIOKHOCTb OKYyNAeTCsi NpU MCHOJIb30BAHUN MOJIEIH:
MOJI€Th ~ WCIONB3yeTcs He  TONBKO  JUIA  WCCIEAOBAaHUS U
MPOEKTHPOBAaHUs, OHA  TaKXKe  HCIOJNB3yeTcss B Ipolecce
MIPOTHO3UPOBAHUSA U YIIPABICHHUS, YTO OYE€Hb BAXKHO NpU pa3paboTke u
MIPOEKTUPOBAHUH CIIOKHBIX CHCTEM PEaThHOTO BPEMEHH.

Beliie MbI paccMoTpenu 0000IeHHbIE MOACTH PAAHOCUTHAJIOB C
(eIMHrOBBIMU  3aMHUpaHUSIMHA. PacMOTpUM 0000IIEHHbIE MOAEH
NMOTOKOB 3asIBOK B Y3JIaX CBSI3H.

OO6m1as Mozenpb nmpeacTaBisieTcs: TakuM oopasom: A/B/m, 3mecs A
n B — pacnpenenenuss BpeMeHM MeXIy 3asBKaMH, A- MOMEHTHI
MOCTYNAIOMUX 3asBOK, a B- AucHWIUIMHA OOCTY)XKHUBaHUS;, M-
KOJIMYECTBO CUCTEMBI 00pabOTKH (KOJIMYECTBO KAHAJIOB).

Hwxe mnpuBemeHsl Hamboliee YacTo BCTpeyaromieecs 3aKOHBI

pacmpeneneHus MOTOKOB 3asBOK [3,12]:

1) mnoxkaszarensHbIi 3akoH (Markovian) win 3akon Ilyaccona

(22,22.1) (MpUMHUTHUBHBIN TOTOK),

2) - CTEIICHU apHaHFOB pacrpeacjacHmue
K+1

(25): b(x) = ﬁ CX K g

3) R - crenenu rumnepeTeneHHOE pacpe/e/icHUE:
R R

(26) b(x) =D aue™| D> a;, =1,a,20|
i=1 i=1

(15,16) wopmanbHOe pacnpenenenue, (4,19) pacnpenenenue Penest.

OTH 3aKOHBI pacTpeiesIeH s ObUIHM UCTIONIb30BAHBI IPH
MOJICJIMPOBAHHUN CUTHAJIOB B (DETUHTOBBIX pa/InOKaHaNax,
HECTAIMOHAPHBIX TTOTOKOB 3asiBOK, TOMEX Pa3INYHON CTPYKTYPHI;
HanpuMep, HOPMaJIbHBII U PEJICeBCKUI 3aKOHBI pactpeiesieHust ObuIn
WCTIOJIF30BAHBI Il MMUTALMOHHOTO MOAETUPOBaHUS ((DeTMHTOBBIX )
PaAMOKaHAIOB C 3aMHUPAHUSIMH.

3akoHbl pacnpeaencHus Ilyaccoma wu Opnanra pasnndHoOR
CTelleHM ObUTM HCIOJIB30BaHbl Ui MOJEJIMPOBAHUS  TOTOKOB

28



COOOIIEHNH M UX OOCITY)KMBaHUS B Y37aX CBSI3H, KOTOPBIC MTPUBOAATCS
HIDKE.

AJTOPUTMBI UMHTAILIIOHHOTO MOJICIIMPOBAHUS TOCTPOEHBI Ha MS
Excel, kKoTOpBIi OTIMYaeTCst MPOCTOTON, YA0OCTBOM U HATJISTHOCTHIO B
UCTIONIb30BAHHH.

3akoH pacnpeaeinenus IlyaccoHa - SBISSCH TUCKPETHBIM 3aKOHOM
pacmpeneneHusi, TaKKe SBISAETCS TNPENeNbHBIM W OYEHb Ba)KHBIM
cilydaeM OMHOMHAJIBHOTO 3aKOHA PACTIpEeTICHUS.

ITpu Bo3pacTanuy nmapaMerpa N U Mpu GUKCHPOBAHHOM 3HAUCHHUU
np=4 > 0 OunHommanbHOe  pacmpeaenenue B(n,p) cxomutcs K
ITyacconoBckomy.

Takum oOpa3oM, cioydaifHOe 4YHCIO C [mapamMeTpoMm A
pacmpeniesieHHOe 10 3akoHy IlyaccoHa HOCTUTHET HEOTPHLATEIBHOIO
LIEJIOT0 3HaU€HUsI C BEPOATHOCTBIO:

-1 7k
27) P(k/ﬂ):%,k ~012,...

WuTterpanbhas QyHKIMS pacpeaeTHUs BEPOSITHOCTH UMEET BUL
(28) Fi(k)zw,kzo,l,z...

B pacmnpenenennn Ilyaccona maTtemMaTHdeckoe OKHIaHUE H
AucHepcHs  cay4ailHOro 4YHCJa PaBHbI U OIpelersieioTcs
napameTpoM A. ODTOMY MOXKHO TPHBECTH MHOYECTBO TPHUMEPOB;
HampuMep, B OINPEACICHHBI WHTEPBAT BPEMEHU KOJIHYECTBO
MPOE3KAIOIINX aBTOMOOWIIEH 1O Jopore, WM KOJIWYECTBO 3BOHKOB B
aBTOMarndeckoit Ttemeponnoi cranimu (ATC), WIH KOJHMYECTBO
BBI30BOB ITOCTYMUBIIMX 32 33/IaHHBI MHTEBAJI BPEMEHH B BeO-cepBep,
WM KOJIIMYECTBO OMIMOOK 3a 3aJaHHBII 00beM TECTa WU KOJMYECTBO
3Be37] 3a BHIOpAaHHBIN y4acTOK Heba.

ITyacconoBckuit W MIPOCTEUINI IOTOK obpazyer
OpnanroBckuil motok 0 cremeHu. Ecnu ynansiTe Kaxaoe BTOpoe
TpeboBanue B IlyacCOHOBCKOM IMOTOKE, TO IMOJy9WM TOTOK DpIiaHTa
MEepBOI CTENIEHHU.

Takum 00pa3oM MOXHO TOJyYHTh JPJIAHTOBBIH IMOTOK K- cTeneHH
npu K- pa3 MoBTOpeHW yka3aHHOTO mporecca. [Ipu K- crpemiienuii k
0eCKOHEYHOCTH (WJIM O4YeHb OOJIBIIOM 3HAYCHHUH) MBI [OJYIUM
PETyJSIPHBIN MOTOK, T.€. 3 EKT CIy4alfHOCTH UCUE3aeT.
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Baxnoe CBOWMCTBO mpocTeliliero TIMOTOKa —  CBOWMCTBO
OPAMHAPHOCTH, T.€. B KOKIBIH MOMEHT BPEMEHH IPOUCXOAHUT OJIHO
coObITHE.

Eme onmHo BaxHOE CBOWCTBO MPOCTEMINErO MOTOKA - BHICOKAs
KOppeJsiLiisS BO BPEMEHH WJIM BBICOKUI ypOBEHb nociueneucTBus. Yem
Ooiplle  ypoBEHb IIOTOKOB OJpllaHTa, TEeM HIDKE YPOBEHb
MOCJIEICUCTBHUS.

Ha ocHoBe mpenensHON TEOpeMbl MOKHO YCTAaHOBHTH (PAKT, UTO
CyMMa CITy9allHbIX YHCEN OyJIeT HeCITyIaiHbIM.

3nech, 4eM OOJblle KOJMYECTBO CIyYalHBIX YHCEN, TeM TOYHEe
MOXHO IIpeJIcKa3aTh UX CYMMY.

Hns IlyacCOHOBCKOrO MOTOKAa WM MOTOKa OpJjlaHra HYJEBOU

0
CTENEHU BpeMs MeXIy TpeOOBaHMSAMM: 7; ompeleinsercs mo Gopmyie

(22.1). JIst MOTOKOB DpiiaHra  pacrpeieieHHe BPEMEHH MEKITy
TpeOOBaHUSIMH oTnpezensercs KaK:

k-1
(28 P(Z'ik ): ALY (2:1) e " k=012,..
(k1)

IMapametp moroka Opmadra k-cremenu A =A/K, toe A
WHTEHCUBHOCTb MPOCTEHILETO IMOTOKA, Ak - MHTEHCHBHOCTH IOTOKA
DpraHra K-CTeneHu.

IMapamerpsl  3akoHa  Opjanra  ompemensercs: M= 1/,
ox = 1/sqrt(k)/Jx. IIpu stom, K =0, T.e. mpu npocreiimem motoke My
N ok OAUMHAKOBBIC.

Ipu k—>o00, cOOBITHS TPOHUCXOAAT B JCTCPMUHHPOBAHHBIX
MOMEHTax BpeMeHH, u npu 31oMm, ¢—>0. Iloxyunm perynspHbiil
MIOTOK.

Hwxe npuBomutcs 0000IIEHHBIH alrOpuTM HMMHUTALMOHHOTO
MOJIJINPOBaHMs IpocTeiiero noroka Ilyaccona m motokoB DpiiaHra
BBICOKOH CTEIICHH, aJlTOpUTM peannzoBann Ha MS Excel.

AJNTOpPUTM JaeTcsi B CIeAyroleit mocnenoBarenbHocTd: Random,
Delta T,Parametr, Intervali vr, Erlang0, KoordinO, Erlangl, Koordinl,
Erlang2, Koordin2, Erlang3, Koordin3. 3arewm, crober; A- 3arosHsercs
TMICeBIOCTYYaliHBIMU YHUCIIAMH C IOMOIIBI0 TeHeparopa Random; u3

OCHOBHO IaHEJIN BRIOUPAETCS fX , morom CJIHNC; OK.

HpOTaCKI/IBaHI/IeM 3aIllOJIHAIOTCA HIKCIICKaIe SIYCHKH.
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3arem, B — cronmben 3amomHseTcs HaTypaJdbHBIM JOrapuhMom
COJEPKMMOTO TIEPBOTO CTONIONA ¢ OTpUIaTebHBIM 3HakoM: =-LN(A2).

3arem, C- cronben 3amoiHsAETCS MapaMeTPOM pacHpeAciIeHus
MOTOKa, T.¢. 3HaueHueM A ; B mpumepe A =0,1.

3arem, D - cronbern 3amoiHAIOTCS CIyYailHBIMHA YHCJIaMU,
KOTOpbIE MOKa3bIBAIOT HMHTEPBAJI BPEMEHH MEXIY ABYMS COCETHHUMHU
TpeboBanmsMu. OHEN onpenerstores o Gopmyie: =B2*1/C2.

3arem, E - cromben 3amoyHSIOTCS CIOy4YalHBIMH YHCIaMU,
KOTOpBIE COOTBETCTBYIOT MOMEHTaM Hadana COOBITHH; 3aech E2=D2,
E3=E2+D3.

Takum oOpazom, B crombOue E3 monyuum mortok Ilyaccona wiwm
OpraHra HyNeBOW cTemeHu. 3atem, F- cTonber 3amoiHSIOTCS HYIISIMH,
KOTOpBIC COOTBETACBYIOT MOMEHTAM BPEMEHH Havana COOBITHH.

IIpu mnoctpoennn rpaduka moroka Ilyaccona cronbenr E

IIOKa3bIBA€CT MOMCHT Haydajla BbI3OBOB, a F- IMMOKa3bIBa€T OpAUHAT UX
110 BEpTHKAIH (pI/IcyHOK 13)

M N o}
1 Randnm De\taT Parametr \nlervaherr\angU Knnrdmﬂ Er\ang1 Knmmm ErlangZ Knnrdm? Er\anga Knmmna
2 | 0,761239 0,272808 0,1 0,027281 0,027281 0 0027231 2 0,027281 4 0,027281 6
3 0.342601 1.071189 04 1071189 1073317 [ [] 4 0 6
4| 0895877 0.109952 0.1 1,099518 11.83869 0 11.83869 2 0 4 [ 6
5 | 0622355 0,474244 0.1 4742441 1658113 [ 0 2/ 16,58113 4 0 6
6 0.362695 1.014184 0.1 1014194 26.72306 0 2672306 2 u 4726.72306 6
7 | 0,236392 1,442264 0,1 1442264 41,1457 0" 0 2 4 0 6
8| 0.817305 0201742 01 2.017424 4316313 0 4316313 2743 15313 4 0 6
]
10 7
11
12
1 6
14
15
16 5
17
18
18 4 - O Y S S DO VU O + Erlang0
20 = Erlang1
21
% 3 Erlang2
23 Erlang3
24 2
25
26
21
28 1
29
2 0 - . ' -
;i 0 50 100 150 200 250
34
35| 0840983 0173184 017 1.731837 2643214 [ 0 272643214 4 0 6 T T

Puc.13 I'paghux nomokoe Opranea paznuynol cmenenu

AJTOpUTMBI  HMMHUTANMOHHOTO MOJeJHPOBAHUS MOTOKOB
TpeOOBaHMI pacHpele]eHHbIX @0 3aKOHAM PaBHOMEPHOMY,
HOpMasibHOMY U PeJiest.
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Hmwxe mnpuBoauM 00OOIIEHHBIE aJrOPUTMbl HMHTAllHOHHOTO
MOJICJTUPOBAHMS IIOTOKOB TPEeOOBAaHMI paclpeeCHHBIX 10 3aKOHAM
paBHOMEpHOMY, HOpMaidbHOMY U Penes Ha MS Excel; aToT anropurm
JIACTCSL B CIICIYFOIIEH TI0CIIeI0BATEILHOCTH;

AJITOpUTMBI HMUTAIHOHHOTO MOJICTUPOBAHHUS ITIOTOKOB
TpeOOBaHUI paclpe/ielICHHBIX [0 PABHOMEPHOMY 3aKOHY.

B nepBoii cTpoke BBIIAFOTCS Ha3BaHUS CTOJIOIOB M BBITOJIHSAEMBIX
omeparum; Harpmep, Randoml, Random?2,PotokRan,Kordin0, Sigma,
Pi, Koren, IntRelay,PotokRel, Koordin2, Kosin, Abs, Int Norm,
PotokNorm, Koordin4....

3arem, cronber A- 3amoyHICTCS PABHOMEPHO PACTIPECTHHBIMU B
nnTepsane [0,1] mceBmocnyyaitHBIMU duciIaMu TeHeparopoM Random;

M3 OCHOBHOM MaHeNd HHCTpyMeHTOM BbiOmpaercs f,; 3arem, u3

pasznena CJIYMC BeiOupaercs ciydaiiHoe uuciio, W Haxartuem OK
MOJIy4aeTcsl IIEPBOE CIIyYalHOE YUCIIO; MPOTACKUBAHUEM 3aIOJHSIETCS
HUYKHUE STYCHKU.

Cronben B- Takke 3anoiHseTcsl paBHOMEPHO paclpe/leIHHBIMU B
nnTepsane [0,1] mceBmocnyyaitHBIMU duciIaMu TeHeparopoM Random;
00beM CilydaliHbIX YHCell BBIOUPAETCs U3 yCIOBUS 3a/1auu.

3arem, ctoibernyr C- 3amonHsAETCS TOTOKOM  PaBHOMEPHO
pacrnpe/iesIeHHbIX Yncell.

Hanee, crombeny D 3amonHsercss 3HAYeHHEM KOODIMHAT; T.€.
Kordin0. Beimemnsisi Bmecte crosionioB C u D, BbIBOJMM Ha 3KpaH
rpaduk MOTOKa paBHOMEPHO pacipeiesieHHbIX Yrcel ( pucyHoK 14).
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A B C D E F G H 1 J K L

1 Randl Rand2  PotokRan kordin0 Sigma  Pi Koren  IntRelay PotokRel Kordinz Cosin abs

2 0551426 0,814804 0,814304 0 1 3,141593 1,091099 1,091099 1,091099 2 0432094 0,45&20941-I
3 0,700334 0938647 1753451 0 1 3,141593 0,844036 0,844036 1935135 2 0,782095 0,782095
4 1 5803 2,560938 2 -0,27559 0,275591
5 09 3474 3464412 2 -0,48499 0484993
6 2118 468653 2 -106724 1,067244
7 08 2771 5719301 2 -1,02983 1,029826
g8 07 2747 6,772048 2 0,219194 0219194
9 06 3503 8655551 2 -1,0311 1,031102
10 05 4516 9,080067 2 -0,38797 0,387968
1 #Paal 9969 10,07004 2 -0,82155 0,821553
n| % 3292 1156333 2 1,366291 1,366291
1303 4681 12,28801 2 -0,60099 0,600989
14 02 8666 1449668 2 -1,09767 1,097673
15 01 7572 14,84425 2 -0,22182 0221822
16 6581 16,12083 2 0461962 0,461962
17| 0 THOMIENNENDE S HE M BN 4405 1647523 2 0247427 0247427

0 5 10 15 20 5 30

18 7009 1741224 2 0131114 0,131114
19 0,245045 0,833863 9,308953 0 1 3,141593 1677089 1677089 19,08933 2 0,843373 0,843373

Puc.14 T'paghux c pasnomepro pacnpedeneHuvimu UHmMepaaLamu.

Paccmotpum anroputM MoaenupoBaHus noToka Peses.

Jliist Moie TMpOBaHus UCTIoNb3yeres anroput (4,19), toe R1 —
paBHOMEpPHO pacmpeneiaeHHoe B unrepsaie [0,1] mceBmocmydaiiHpie
YHclia, paHee MOydeHHbIe B cTooIe B2.

Cronben E 3amonnsercs napamerpom, Hampumep, o =1. 3arem, F
— cronber] 3anoaHseTcs 3HaYeHneM [1u.

JIHH MOACIIUPOBAHUA CHy‘iaﬁHBIX YUCCI PacCHpCIACIHHBIX I10

3akoHy Pejiest B BoIOpaHHOM sueiike cTojidona G cTaBUM 3HAK PaBEHCTBA

¥ M3 OCHOBHOW maHenu BblOMpaeM f,; 3atem BbiOMpaem pasjen

KOPEHD n Haxxumaem OK.

B BoiOpanHywo sueiiky Habupaem - 2*LN(A2). 3HaueHme
nepeMHOXKaeM Ha mnapamerp curma B pasgene E2. IIporackusanuem
3aI0JHSETCS. HKHHE SUCHKH.

Takum oOpazom, H — cronber 3amonHsieTcs: MceBaOCTyYaiiHbIMU
YHCIIaMU paclpeesieHHBIMU 110 3aKOHY Pesiest. DT uucia 1o BeqTuunHe
pacnpeneneHsl 1o 3akony Pened; 3nece 2= H2, [3=12+ H3. Hakonern,
B cToj01e I3 moayuum nmotok pacrupenencHus Penes.
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A B C D E F G H | J K L
Randl Rand2 PotokRan kordin0 Sigma Pi Koren  IntRelay PotokRel Kordin2 Cosin  abs

[ e[l

1566 1449668
1572 1484425
1581 16,12083

0 405 1647523
0 10 0 0 0 50 ) koo

-1,09767 1,097673
022182 0221822
0461962 0461962
0247427 0247427
0131114 0131114

05

0551426 0814804 0,814804 0 1 3141563 1,091099 1091099 1,091099 2 0432094 0432094 _
0700334 0,938647 1753851 0 1 3141503 0344036 0344035 1935135 2 0,782095 0782005
2 1303 2360938 2 027559 0275591
74 3464412 2 -048499 0484993
118 468653 2 -106724 1067244
T GO0 00%s OBHO R0 000 IR DU 771 5,719301 2 102983 1029826
747 6772048 2 0219194 0219194
1 503 8655551 21,0311 1031102
515 9,080057 2 038797 0387968
#Prgl 1369 10,07004 2 082155 0821553
1 292 1136333 2 1386291 1366291
331 12,28801 2 050099 0,500989
2
2
2
2
2

1741224

Puc. 15 I'pagux nomoxa pacnpeoenenus Penes.

3arem, ctonben J — 3amoiHseTCS JBOWKAMH, OHU TOKA3bIBAIOT
KOOpIMHATHI TpoLecca.

I[Ipu mnoctpoenun rpaduka mnoroka Pemes B conbue |
3aIllMCHBAIOTCS YMCIIA, KOTOPBIE TIOKA3hIBAIOT MOMEHTHI BPEMEHH Havall
coObITHH Tporiecca (pucyHok 15).

PaccmoTpum ITOPUTM MO/JICJIUPOBAHUS HOPMAJIBLHO
pacnpeaeieHHOT0 MOTOKA.

Hnst  MonenupoBaHUSl CIIyYalHBIX YHCEN  PpaclpeleeHHbIX
HOPMAaJILHO TIPUMEHSIETC clieayronuit anroputm (15,16), re
Rl u R2 — paBHOoMepHO pacmpenencHHbie B uHTepBase  [0,1]
TICEBI0CTyYaifHbIe YUCIa, paHee OHU MOTy4eHbI B cTononax A2 u B2.

OTOT aNroOpuTM SIBJISIETCS MPOAOJDKEHHUEM paHee MOCTPOSHHOTO
aNrOpuTMa MOJENIUPOBaHUsl PeneeBckWx uymcen, T.e. OCTaeTcs
NEPEMHOXXUTH paHee TOIyUYeHHbIE 3HAYeHUSI Ha KOCUHYC.

Ho B peanmpHBIX cCilydasix MBI BCTpEYaeM TOJBKO YyCEYEHHO
HOPMAJILHO pacrpe/ieJieHHbIe MOTOKH, T.€. B IOTOKE OTPHUIATEIbHEIC
YKcia OTCYTCTBYIOT.

Taxum oGpaszom, ecinu B croione K pacrnonokeHbl HOpMajbHbBIE
CiIyJaifHble dYWcia, TO B croynbme L OyAayT pacmoyioKeHBl TOJIbKO
NOJIOKUTe/IbHbIe HOPMAJIbHBIE CJIy4aiHbIe YHCIa.
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A B (= D E F G H | ] K o

Randl Rand2  PotokRan kordin0 Sigma  Pi Koren  IntRelay PotokRel Kordin2 Cosin abs Nl
0,551426 0,814804 0,814804 0 1 3,141593 1,091099 1091089 1,091099 2 0432094 0432084
15 036 1935135 2 0,782095 0,7&20957
303 2,560938 2 -0,27559 0,275591

4 HROOEARO- R OO DD ——— 474 3464412 2 -0,48499 0,484993
35 118 468653 2 -106724 1,067244
771 5,719301 2 -1,02983 1,029826

3 747 6,772048 2 0,219194 0,2191%4
25 503 8,655551 2 -1,0311 1,031102
2 #Pag1 516 9,080067 2 -0,38797 0,387968
969 10,07004 2 -0,82155 0,821553

15 292 1156333 2 1366291 1366291
1 581 12,28801 2 -0,60099 0,600989
a5 566 1449668 2 -1,09767 1,097673
572 1484425 2 -0,22182 0,221822

0 581 16,12083 2 0461962 0,461962

0 0 0 0 40 405 1547523 2 0247427 0247427
0,644686 0,227656 847509 0 1 3,141593 0,937009 0937009 1741224 2 0131114 0131114

Puc.16 I'pagux yceuenno nopmanvro pacnpedeneHHo2o
HOMOKA Mpebo8aHuil.

W3 nony4yeHHBIX MONOKHUTEIbHBIX HOPMAJIBHBIX YHCET MOCTPOUM
MOTOK U MX 3alMChIBaeM B cToj0ern M.

A B ctonben; N 3amucbiBaeM KOOPAWHATHI HOPMAJIBHBIX YHUCET; B
npumepe, umcio 4. Ha pucynke 16 mnokazan rpaduk ycedeHHO
HOPMaJIbHO paclpeesIeHHOTO [TOTOKa TPeOOBaHUM.

MogaeanpoBanue JorapuMu4ecKu HOpMAJIbLHO pacipeae;IeHHOr0
NMOTOKA TPeOOBAHMIA.

Hast MOJETTUPOBAHUS sorapupMUIECKH HOpPMaJIbHO
pacmpenesieHHOro TOTOKa TpeOoBaHWK IpeoOpasyeM HOPMaJIbHO
pacmpeieieHHbIe 4YHcia B TOJOXKUTEIBHYIO OCh,T.€. OepeM HX
20COIOTHBIE 3HA4YeHHs] B cronOue G. 3areM IO HHUM HaxXxOIuM
byukimio EXP (B cronbue H). Koopmunaty (=3) pacmosoraem B
crosbue 1.
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KaXJ0ro coObITHsA TouTH ciuBarorcs (puc.1l7.a). A mpu Sigma

A B c D E F G H |

1 randl rand2 sigma pi korenln cosin absol norrlognorm koordinat
2 | 0,525855 0,105073 1 3,141593 1,133781 0,895544 0,895544| 2,448668 3
3 | 0,908768 0,507167 1 3,141593 0,437414 -0,43697 0,436971| 1,548011 3
4 (35 515 3
-l 1543 3
6 3 e sselore s iliie] > 1584 3
7 1231 3
8 |25 1361 3
9 2 1069 3
10 1291 3
11 |, 5 oPanl 442 3
12 1385 3
13 1 486 3
14 1715 3
15 |0,5 434 3
16 o 238 3
4 0 5 10 15 20 pss 3
18 1739 3
19 0,652316 0,821367 1 3,141593 0,924365 0,400745 0,400745| 1,492936 3
20 0,612063 0,059097 1 3,141593 0,990878 0,923349 0,923349| 2,517709 3
21 0,298132 0,095679 1 3,141593 1,555775 1,283009 1,283009| 3,607479 3
M 4 » M| ol Nuer2 Nuerd Ha <l

Puc.17.a I'pagpux nocapugpmunecku HOpMaIbHO PACNPeOeieHHO20
nomoxa mpebosanuil.
ITpu Sigma =1 TouKH MOKa3bIBAIOIIME MOMEHTBI BPEMCHU Havasia

3

TOYKH ITOKa3bIBalOIINE MOMEHTBI BPEMCHU Hadajla KaXXI0I'o COOBITHS

PpacnoJIOKE€Hbl HaMH
A B

36

1 randl rand2

oro

pe>‘1<e (puc.17.0).

G H

sigma pi korenln cosin absol norrlognorm
2 | 0,798262 0,867381 3| 3,141593 0,671294 0,451419 0,451419 1,570539
3 | 0,857459 0,202789 3] 3,141593 0,554585 0,162108 0,162108 1,175988
4 |35 404
5 616
6 3 fesvwcon wlolweevivlerolel > > 959
7 586
g |[25 471
9 . 897
10 2 201
11115 +Pap1 809
12 993
13 1 906
14 231
15 | |05 547
16 o 641
| e s e 897
18 278
19 | 0,415475 0,727844 3] 3,141593 1,325394 -0,18391 0,183911 1,201909
20 | 0,669437 0,89026 3] 3,141593 0,8959 0,691237 0,691237 1,996183
21| 0,484194 0,302096 3|PF 141593 1,204383 -0,38723 0,387227 1,472891

4 4 » ¥ | Nincrl Jluer2

Nuer3 *J

4]

|
koordinat

WW W W Ww W W W W W W WwWwWwWwWwWwwww

Puc.17.6 I'pagpux nocapugpmunecku HOpMALLHO PACNPEOETIHHO20
nomoxa mpebosanuil.



Ajnroputm MOJeJTUPOBAHUS CJIyYaiHbIX ymceJ
pacnpeeeHHbIX M0 3aKOHY XU KBaIpaT
OYHKIUS pacpeICICHHs] CTyYaliHbIX YUCEI 10 3aKOHY XU KBajpaT

[ )
umeet Buj (29): w(y)= 1 _(sz o 207 - y>0
m 2 > -
22 -r(bjaz

3aech ['(x) — ramma QyHKIuS.
ANTOPUTM MOJICTTHPOBAHMS CIy4alHBIX 4YHCEd IO 3aKOHYy x°

m
crenenn M umeet Bux (30): YV = Zx?{ 5
K=l
rIe Xk — HOpMaJbHBIE clydaiHble uucia ¢ HomepoM K u
napamerpamu [0, 6°]. OHHM TeHEPHUPYIOTCS IO BBINIENPHBEACHHOMY
anroputMy. Hwke mnpuBenena mnporpamma HamucanHas Ha Typ6o
ITackaie.
Teker nporpamMmsl:

PROGRAM L9XiKvadrat;
USES CRT;
CONST PI=3.1415;SIG=1;LABEL OTU;
VAR X,Y:ARRAY[0..20] OF REAL;
M,l:INTEGER;X2,X1,R1:REAL;
WRITELN('BBOJI M=',M:2);
BEGIN CLRSCR;
Y[0]:=0;
FOR I:=1 TO 20 DO BEGIN R1:=0;
FOR J:=1 TO M DO BEGIN
X2:=RANDOM;
OTU: X1:=RANDOM;
IF X1=0 THEN GOTO OTU;
X[J]:=SIG*SQRT(-2*LN(X1))*SIN(2*PI*X2);
R1:=R1+SQR(X[J]); END;
Y[1]:=R1; WRITELN(Y['I,1=, Y[I]:6:4);
END; END.
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Hwxe npuBenensl rpadhuku  Xu KBaJpaT pactpeesieHus; 31ech B
epBOM pHCYHKe (puc.6.a) XM KBaJpaT COCTOMT M3 CYMMBI YETBIPEX
KBaJ[paToB HOPMAJILHO PACIPE/ICICHHBIX CUTHAJIOB.

Bo BTOpOM pHCYHKE XM KBagpaT COCTOMT M3 CYMMBI YETBIPEX
KBQJI[PaTOB HOPMAIBHO paclpelIeleHHbIX BO BPEMEHH ITOTOKOB
coObITHI (pHC.6.0)

‘ Aunarpamma 1 - fe
(o} D E F G H | J K L M
1 sigma pi korenln cosin norml norm2 norm3 norm4 xi kvadrat kordinata
2 5 3,141593 1,119461 0,648455 0,128215 -0,07637 -0, 07324 0,448129| 5 0,448129 6
3 2 142656/ 5 0,990785 6
4 Xun KBagpaTt 4 - cteneHu ;03525‘ 5 1,494309 6
5 2 /01686 5 151117 6
6 107509 | 5 8,618679 6
7" }88602| 5 11,00728 6
8 8 18224, 5 12,18952 6
9 110023/ 5 12,28975 6
10 g 385786“ 5 13,17554 6
11 Pag1 122899 5 14,19844 6
12 4 [99167| 5 19,9976 6
13 )20216| 5 20,01782 6
14 2 162648, 5 20,18047 6
15 o 002727, 5 20,18319 6
16 1 35 7 9111315171921 2325272931 33353739 5‘6066{ 51:22,82926 s
17 154341/ 5 23,2836 6
18 21 3,141593 1620395 -1,28789 -0,63135 0,148884 -0,06813] 2,084066| 5 25,36767 6
19 |7 5 26,14683 6
20 5 27,44259 6
21 6 4 0 SOMO VO 0000 5 29,3186 6

M4 » M Nuctl | Niuer2 Juer3d %

Puc. 18.a T'paghux xu xeadpam pacnpedeﬂeHHblx CUcHaNo08

Onarpammal = I
, & o | E _F [ H 1 Il K L M

16 4 35 7 911131517192123 252729313335 37 39 satad 5 2282926 6
17 154341 5 23,2836 6
18 21 3,141593 1,620395 -1,26789 -0,63135 0,148884 -0,06813| 2,084066) 5 2536767 6
1 |7 6 5 26,14683 6
20 8 5 27,4259 6
21 [6 W@ s come e * 5000 oW 6 s 293186 6
2 | 3 5 32,48423 6
23 5 5 32,5022 6
24 4 4 5 33,18806 6
25 6 5 36,04222 6
2% |3 #Paal g 5 38,72652 6
27 4 5 5167816 6
28 |2 5 5 5181536 6
2 | 9 5 54,96275 6
30 6 5 5524311 6
31 o 6 5 58,08808 6
32 0 20 a0 60 80 1 5 5811845 6
33 9 5 60,32554 6
34 37 3,141593 1,256153 1,245838 0,342271 0,00895 0,00584| 1669376 5 61,99491 6
3s 38 3,141593 1,196966 -1,15799 1,147177 0,626898 -0,57855 3,384662 5 6537958 6
6 39 3,141593 0,592449 -0,33425 0,20438 -0,10321 -0,1002| 0,174191 5 6555377 6
M 4 b v Nverl | Nucr2 Mucrd 40 1

Puc. 18.6 I'pagpux xu xeadpam pacnpedenenHbix NOmoKos
cobbimutl.

38



3. Bbi800bI u 3aknro4YeHus

Ha 6azax o6o6mennsx mogeneir Kpsutoa H.H., Kyzsmuna b.1.,
Knosckoro [I./1., Kamuesa E.®. pa3paboTansl nudpossie 06001IeHHBIE
WMHUTAMOHHBIE MOJIENIM PEaTbHOr0 BPEMEHHU, KOTOpbIE MOTYT OBITh
WCIONb30BaHbl HE TOJBKO JUISI HCCIENOBAaHUS,  a Takxke sl
[IPOTHO3UPOBAHUS U YIIPABJICHUS NIPOLECCAMH B PEATbHOM BPEMEHH.

Mopenu Penes, Paiica, Xoirta, bakmaHna, TpexnapaMeTpu4eckoin u
YCEUCHHO-HOPMAJIbHOM MOT'YT OBITh MCIIOJIB30BaHbI Ul UMMHTALMH B
peasbHOM BPEMEHH CUTHAJIOB C COCPEIOTOYECHHBIM CIIEKTPOM YacToT, a
TaKke IS MOJEIUPOBAHUS M HCCIEJOBAHHUA pPATUONIOMEX CO
COCpPEIOTOYEHHBIM  CHEKTPOM, T.€. paAMONOMEX OT COCEIHMX
paznocTaHLIuy.

A Ui ucclenoBaHMS IIYMOBBIX MOMEX C IIMPOKUM CHEKTPOM
qacToT (aTMOc(epHble U  HMHAYCTPUAIbHBIE TIOMEXH) MOXKHO
HCIIONb30BaTh BHUHEPOBCKUE MPOLECCHl MEPBOM U BTOPOUH CTENECHU; B
Cllydac HEBBICOKOH HECTAalMOHAPHOCTH  (BENMYMHA  M3MCHEHHMS
MaTOXKUJIAHUSI HE TPEBBINIACT BEIUYMHBI TUCICPCHU) HCIOJIB3YeTCs
BunepoBckue mpouecchl NEpPBOM CTENEHH, a B CIy4ae BBICOKOM
HECTAI[MOHAPHOCTH (BEJIMYMHA M3MEHEHHUS] MaTOXKUIAHUS IPEBbILIACT
BEJIMYMHBI JUCIIEPCUH) UCTIONb3YyeTCss BUHEPOBCKHE MPOIIECChl BTOPOi
CTETIeHH.

Mogen CHUTHaJIOB C  YCEYEHHO HOPMAJbHBIM  3aKOHOM
pacnpezeneHus UCTIONb3YIOTCS JUII UMMUTAIIMH KPAaeBbIX UCKAKEHUH B
HU3KOCKOPDOCTHBIX ~ KaHajaXx CBA3M, a MOJIeIM CUTHaJlOB C
JOrapuPMHUIECKH  HOPMAJIBHBIM  3aKOHOM  HCIOJB3YIOTCS  JUIs
WMMHTAIMM HCKQKEHUM THNa JAPOOJCHHMS KOAOBBIX  IOCBUIOK
JTUCKPETHOTO CUT'HAJIa B T€X )K€ HU3KOCKOPOCTHBIX KaHaax CBS3H, JJIS
MMMUTAIMA MEJJIEHHOTO 3aMHpPaHHsA CHUTHAJIOB, a TakXe B TEOpHUH
HaJIeKHOCTU JUII MMMUTAMM MOMEHTa BBIXOAAa M3 CTPOS IIAPHUKO
MOJIIIATTHUKOBBIX CHCTEM.

A B ycnoBusX TIyOOKOTO MEUIGHHOTO 3aMHpaHHs IS
MMMUTAIlMA HCIIOJB3YyeTCsl MapKoBckue Lenu. Ho Takme wmomenu
WCIONB30BaTh B Mpolecce yrnpasieHus HeynoOHo. bonee anexBaTHO
WCIIOJIb30BaTh MOJIEIb HECTal[HOHApHOI'0 npolecca co
CTallMOHApHBIMU NpUpalIeHuaMH, peaioxkeHHon Knosckum 1.1 Ota
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MOJIeNib TIOXOXKa Ha MOojelb BuHepa BTOPOM CTENEHH M OTINYAeTCs
BETMYMHAME  KOX()(HULIMEHTOB, KOTOPBIC OIPENCISIIOT — XapakTep
npoueccoB. OKOHYATENbHBIC PE3YJIbTaThl MOJTYYCHBI B MOHOTrpaduu
aBtopa [2].
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DIGITAL GENERALIZED SIMULATION MODELS OF
COMPLEX SIGNALS, INTERFERENCE AND
REQUIREMENT FLOWS.

Tukubaev Zukhirkhan Beisekovich, doctor of technical sciences,
professor (tukubaev1945@mail.ru). (Shymkent, Borili st., 2,

tel.8 707 601 69 25).

Tukubaev Aziz Zuhirkhanovich, master on specialty 05.13.01 -
system analysis and management (Almaty, Gagarin st.,65,

tel.8 701 552 65 65).

Abstract: Algorithms and programs for digital generalized simula-
tion modeling of fading signals, complex interference and data
flows in digital fading radio communication networks have been
developed.

Key words: digital generalized simulation model, space-time radio
channel model, atmospheric radio interference, radio interference
from neighboring radio stations, intentional interference, high-
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speed interference and fading radio interference, probability densi-
ty, real-time models.



	Алгоритм моделирования случайных чисел распределенных по закону χ2    m- степени имеет вид:
	(24)

