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CTATUCTNYECKOE MOJIEJINPOBAHUE
IMOIIYJIAIINM B3AUMOJIENCTBYIOIIINX YACTUIL C
ITPOMN3BOJIBHBIM PACHPEJIEJEHVUEM BPEMEHU
YKM3HU

B.1O. IImgyrun, H.B. Ilepriesn

We consider a stochastic model of interacting populations of the particles
with arbitrary distributions of the life spans. The Monte-Carlo approach for
the simulation the population dynamics is presented here.

BBenenue

[Ipu BepOSTHOCTHOM OMMCAHUU JUHAMHUKH IOIMY/ISIIUN ITHIPOKO MPUMEHAIOTCS Map-
KOBCKHE CJIydaifHbie MPOTECCHl KaK C JUCKPETHBIM, TAK U C HEMPEPBIBHBIM BPEMEHEM.
O iun u3 HauboJiee pacIpoOCTPAHEHHBIX MOJIX0/I0B OIUPAECTCS Ha CJAYYalHbIN MPOIecc
POXKJIEHUS U THOE/H. DTOT HOJAXO UCIOJIB3YeT cucTeMy JuddepeHIna bubIX YpaB-
Henuit Kosmoropona, penrenne KOTOPO# B HEKOTOPBIX CAYyYasdgX MOYKHO BBIPA3HTDH B
sBHOi bopme |1]. Ipyroit moaxos onupaercst Ha BeTBSIUECs CJydailHble MPONec-
ChI, KOTOPBIE TIO3BOJISIIOT OMUCATH PA3MHOXKEHWE U MIPEBPAIleHre JaCTHIl, a TAKKe
ux B3anMmoseiicrsue [2], [3]. B onpegeseHHBIX cIydasiX HAXOXK/ICHIE BEPOSITHOCTHBIX
XapaKTePUCTUK UHUCJIEHHOCTEH MO aB/IdeTcd 3aTPYIHUTEIbHBIM UJIH HEBO3-
MOXKHBIM U3-3a CJIOXKHOCTHU UCIOJIB3YyeMBbIX YpaBHeHH. B 3Tux ciaydadax s usyde-
HUST IOyl MOKHO npumenuts Metox Mounre-Kapaio 4], [5].

[Ipu uzyvyeHnn TUHAMUKHA TOMYIANINHA B 3a7a49aX AeMoTpaduu, SKOJTOTUH, T IE-
MUOJIOTUU U JIP. MPUXOIATCS PACCMATPUBATD B3AMMOIEHCTBYIOIIUE TOMYJISANNNA Ta-
CTHUIl, B KOTOPBIX BAYKHYIO POJIb UTPAET KAK OOIAs INCI€HHOCTh YACTHIL, TAK U UX
BO3pacTHO# cocTaB. Ecu npeanonoKuTb, YT0 IPOJIOIKUTEIBbHOCTD BPEMEHU KH3-
HU YaCTHUIL OIUCHIBAETCS IKCIIOHEHIIHAILHBIM pacipegeeHueM, TO /I HOCTPOeHUs
MOJIETH MOYKHO HCIIOJIb30BaTh CJAYUANHBIN Mpolece poKaeHnsa u rubenu, Judo BeT-
BAIIUIiCS CJydallHBIA nporece ¢ B3aumo/ieiicTBueM dactuil. Kcin xKe pacipejiejienune
BPEMEHU KHU3HU YACTUI] OTJUIHO OT SKCIOHEHITUATHHOTO, TO MOYKHO MPUMEHATD aTl-
apaT HOJIyMapKOBCKUX CJIyYaiiHbIX mporeccoB [6]. Bmecte ¢ Tem, ecyin MHTEHCHB-
HOCTHU B3aUMOJICHCTBUI 3aBUCAT OT YUCJICHHOCTEN MOMYJISIUN CJIOKHBIM 00pa3oM, a
pacinpeegeHne BpeMeHH KU3HU YaCTHUIL He SKCIOHEHIINAIbHO, TO IPUMEHEHHE YKa-
3aHHBIX BBIIIE HOJXO0/0B SIBJISIETCS, 10 BUIUMOMY, HEBO3ZMOZKHDBIM.
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HpeﬂﬂaraeMaﬂ UMHTaIIUOHHaA MOJEJIb IpEeAHa3HaYCHa AJId NCCIeJOBaHnd JUHA-
MUKH PAa3BUTHUS MOMYJIANMI B3aUMOJEHCTBYIONUX YaCTHIL ¢ MPOU3BOJBHBIM PacIpe-
JieJieHEeM BpeMmeHu kusnu. [Ipm peanumzamum 3Toit momesn Ha DBM umcnosan3osa-
JINCH CHENHAIbHBIM 00PAa30M ONTHMHU3UPOBAHHBIE CTPYKTYPHI IIPEICTABICHASI TaH-
HBIX, HO3BOJISIONINE COKPATUTH BPEMs BbIYUCJICHUN 1 00'beM HCIIOJIb3YEeMON maMsITH.

1. Omnucanme mMoaen
1.1. Ilomynsamum

Paccvorpum wHabop nonyaayut Ay, As, ..., Ay, Tox monynsanueit 6y1em moHnMaTh
KJIACC 9aCTHUIl, O0bEeINHEHHBIX 0 KAKOMY-JIN00 MPHU3HAKY, IIPHIeM KaKIasd yIacT-
BYIOIIAs B MOJEIH YACTHUIA MOXKET BXOIHUThH TOJBKO B OIHY MOIY/IIui0. Bynem cuu-
TaTh, YTO BCE CYIIECTBYIOIINE B OIMH MOMEHT BPEMEHHU YACTHILI OTIEIBHO B3SITOM
HOIYJIANMHE PABHOBEPOATHO IPUHUMAIOT yIacTHE BO 3aumodeticmeuss. Takxke njs
GACTHUIL OMHOI omyasaun 3aduKkcupyem pacrpeenenus va uareppade (0; +00) epe-
MeHU ux orcusnu: L; — NI 9acTHll, POXK/IEHHBIX B MOMeHT BpeMenu t > 0, u L —
JIJI 9acTHIl, yXKe CYMecTBYIMUX B MoMeHT BpeMern t = 0, 1 < ¢ < m. Ilpu-
MeM, 4TO pacupejenenns L; n L He U3MEHSIOTCA CO BpeMeHeM H He YYHTBIBAIOT
BJMAHUS APYTUX YACTUL U B3aUMOJACHCTBUN, B KOTOPbIE 4aCTHIA OyaeT BCTyIaTb B
IPOIIECCe CBOETO KU3HEHHOroO Iuk/aa. Kpome roro, noaraem, aro L;(0;dt) — 0 u
L3(0;dt) — 0 mpu dt — 0, 1 <@ < m.

B mowment t, > 0 poxienus: dactuipl © momyasimun A; (nasee OGyaem mucathb
xr € A;) 3aKpenuM 3a Heil BpeMst ee cmepmu ecaedemeue cmapenus d(z) = t,+{,, e
pacipejeeHne CJaOydaiiHoil Beqndunbl £, coBnagaer ¢ L;, 1 < i < m. Has gacrmui,
CYIIECTBYIONNX B MOMeHT Bpemenu ¢ = 0, momaraem d(z) = {,, Tae ciaydaiinas
BesinduHa {, uMeeT pacupegenenue L;. Ciaydaitable BeJuuuHsl {, U ¢, 114 JT00BIX
JIBYX YaCTHIL T U Y CINTAEM HE3aBHCHMBIMH.

Tax:xke OymeM cumTaTh, 9TO Kaxkaasa dactuna x € A;, 1 <7 < m, B MOMEHT CBO-
eif ecTecTBeHHOl cMepTu d(x) yHHYTOKAET & ; U MOPOXKIACT 1); ; YACTHUI] HOILYJIAINH
A;, 1 < j < m. Tak Kak yHHYTOKEHUE M POKJIEHHE IIPOUCXOJAT B OJUH U TOT ¥Ke
MOMEHT BPEMEeHH, TO JJIsI OIPEeACJCHHOCTH TPUMEM, YTO YHUITOKEHUE TaCTUIL TPE]I-
MIECTBYeT POXKIEHMIO, J100asd YacTHIA HOIyIAnun A; MoKeT OBITh YHHUYTOXKEHA C
PaBHOIl BePOSATHOCTDIO, U €CJIU NOMyIanusd A; nepes yHHITOXKEHAEM CofleprKasia Me-
Hee 4eM & ; YaCTHIl, TO YHUYTOXKAIOTCH Bee yacTuupl. 34ech & = (§1,&2, .-+, &im) 1
i = (M1, M2y Mim), 1 <& < M, — HE3ABUCHMBIE, EJOUNCTEHHbIE CTyJaiiHble BEK-
TOpa ¢ HEOTPUIATEILHBIMUA KOMIIOHEHTAMU, KOHEYHBIMU MHOMKECTBAMU BO3MOYKHBIX
3HAYEHUI U IIOCTOIHHBIMHU pacipeaeneHusIMu. [lapy smux BeKTopoB Oy1eM Ha3bIBATH
PESYALTATMOM CMEPMU BCACICTNEUE CNAPEHU.

BamernMm, urTo ecan gactuna x € A;, 1 < i < m, rubHer He B pe3yabrare CTa-
PeHHUsI, TO eCTh PaHbIIe HPEJNUCAHHOrO BpeMeHu d(x), To Takas Tubesb He OGyaer
COIPOBOKIATHCS POXKIEHUEM HOBBIX U YHHUTOKEHHEM CYIIECTBYIOIINX JACTHIIL,

YHCIEHHOCTD MOMYJIsiul A; B MOMEHT BpeMeHH ¢ Gyiem 0603HadaTh depes ;(t),
a YUCJICHHOCTH BCEX MOMyJsaiuit depe3 BeKTop x(t) = (x1(t),xa(t),. .., xn(t)). U,
HAKOHEII, KazK/I0f IOIYJISIIIUI CONOCTABAM YHUKAJIbHOE UMA (KOHEUHBIH HAOOD CHM-



BOJIOB), KOTOpOe OyjieM HCHOJIb30BaTh JJId OOpaIeHusi K 9TOil HOmyJIaud B IPO-
IrPaMMHOIl peaau3anuu MOJIeJIH.

1.2. BszaumogeiicTBuga

[lox s3aumodeticmeuem OyneM MOHUMATDH JII0OOOH MPOIECC, NPUBOALANINAN K U3MEHe-
HHUIO YACJCHHOCTH MOMYJIAINH, /118 KOTOPOTO pacipe/ie/ieHHe BpeMeH! MeK 1Y STUMHI
U3MEHEHUSIMU HOCUT SKCIOHEHITUAIBHBINA XapaKTep U 3aBUCUT TOJIBKO OT YHCJIEHHO-
CTH HOILYJIAIUN.

Bynem cuurTarh, 4TO 3a MEPUOJ CBOEH KU3HU YACTUIHI MOTYT y4acTBOBAaTH B
n Pa3IMYHBIX THIAX B3aumMmoueicrsuit I, Io, ..., I,. Kaxapiit Tun B3auMmoaeiicTBmit
I, 1 < k < n, OyaeM OMUCHIBATDH UHMEHCUCHOCMDIO — HEOTPHUIATEIbHON (hYyHKITHEH
qr(x), € Z™, n peayavmamom — Napoi HE3ABUCUMBIX, TETOUHCTCHHBIX CIY IafHBIX

BEKTOPOB V& = (Vk1,Vk2s - > Vem) ¥ Bk = (Be1, Br2s - - -, Brm) € HEOTpUIATETLHBIME
KOMIIOHEHTaM1, KOHEYHBIMHI MHOXKECTBaMU BO3MOZKHBIX 3HAYEHUN U IIOCTOSHHBIMU
pacupe/iesIecHusAMU.

ITyctb 3a mHTEpBAT BpeMeHH [t, t+dt) HeT THOe i YaCTHUIL B Pe3yJIbTaTe CTAPeHUSI.
Torna BepOITHOCTD OCYIIECTBICHUSI 3 9TO BPEMsT POBHO OJIHOTO B3aUMOeiicTBUsT Oy-
aeM nostarars pasuoit Q(x(t))dt + o(dt), rae Q(x(t)) = > 7_, qr(z(t)). Beposrrnocrs
BO3HUKHOBEHHS 34 3TO BpeMsi 6osiee 0JTHOTO B3aUMOeiiCTBIs IpuMeM paBHOM o(dt).

Onpegennm ciaydaiinyo Beaunduny 1(t) Kak TPOJOJKHTENTBHOCTh BPEMEHH 10
MEPBOTO OCYIIECTBIEHNA OJHOIO W3 B3aUMOJeHCTBUI HaumHas ¢ MoMmeHTa t. [Ipes-
IIOJIOYKUM, YTO 33 MHTEPBAJ BpeMeHH [t + 1)(t)) YUCIAEHHOCTH TOMYJISIU He MeHsI-
JIUCh, & B MOMeHT Bpemenu ¢ + () upousonwio Bzaumojeicrsue. Torga ciyvaiinas
Bean4nHa ) (t) UMeeT IKCIOHEHIHAIBLHOE PACIPE/Ie/ICHIe

P{y(t) > s} = e @Q@®s 5>,

Homep THma ocyIecTBUBIErocss B MOMEHT BpeMeHu t + ¢(t) B3aumogeiicrBus 060-
3HadnM depe3 k(1) u npumveM, 9To £(t) ecThb cirydaiinas BeJUIHHA ¢ PACIDE/eICHIEM

P{m):k}:%, <h<n

B pesynbraTe ocymecTsiennd B3auMozeicTsus Tuna I, ;) B KaxKaol nomyaamun A,
1 < i < m, B MOMeHT Bpemenu t+1)(t) OyaeT yHHITOKEHO Vi(t)i 1 POTUTCA By(p); da-
CTHII. 3J€Ch TaK Ke, KAK Mbl OIPEILsLIA PE3yJAbTaT CMEPTH BCJICICTBHE CTaPEHUs,
MPEeJIIO0IaraeTcsi, 9YTO0 YHUITOXKEHNe JaCTHUIl IPEeJIIeCTBYeT UX POXKJIEHHUIO, Jr0bast
JACTUIA TOMYJIAIUN A; MOYKeT OBIThH YHHUTOKEHA ¢ PABHON BEPOSATHOCTHIO, M €C-
U nomynAnus A; nepes yHUUTOXNKEHHeM cojeprKasia MeHee, UeM Yy, YaCTHII, TO
VHUYTOXKAIOTCS BCe JACTHITHI.

2. Omnmcanwme aJropuTMa MOJAEJITUPOBAHUSA
2.1. Bxoamble mapaMeTpbl UMUTAIIMOHHON MOJEJIN

Kak BumHO 13 onmcaHus Mojenu, K ee mapamMeTrpaM OTHOCATCS: KOJTUIECTBO MOILY-
JAnUil m; KOJIMYECTBO THUIIOB B3aUMOJCHCTBUN N; pacupeieseHusd BPEeMEHU KU3HU
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qactur, L; w L3, 1 < i@ < m; uHTeHCHBHOCTH B3anmomeicruil qx(z), 1 < k < n;
pacrpeieleHus pe3yJabTaToB cMepTu BeseacTsue craperus (§;1;), 1 < i < m, u
pesysibraTos Blaumomeiictsuit (Vx; Ok), 1 < k < n; HavaTbHBIE YUCICHHOCTH MOIY-
it ) = x;(0), 1 < @ < m. [lapameTpsl m u n BBIMHCISIIOTCS aBTOMATHICCKH
HPU OLIMCAHUUN LOIYJIANIWA U TUIIOB B3auModeicTBuil.

2.1.1. PacnpepnesieHuss BpeMeHU YKWU3HU YACTHUI]

Ha npammom sTame pa3paboTKM MMUTAIMOHHON MOIENH MIpobaeMa yaoOHOTO Ipei-
CTaBJIEHUs ITPOM3BOJILHOTO pacIpejie/ieHnsd BPEMEeHU »KU3HU 4YacTHIl He umeer -
dexTuBHOrO pernenud. TakuMm 0O6pa30oM MIPU ONMUCAHUU KOHKPETHON MOJIE/H IMOJIb-
30BaTEI0 HEOOXOMMMO JI/Id KarKI0i MONmyJIdIul yKa3aTh mnapy (MyHKIUHA, KOTOpbIe
OyIyT MO IMPOBATH CAyUdaiiHble BeJIMYUHEI ., ¢ pacipeneseHusayu L; u L. B naip-
HefIeM IIaHupyeTcs cO3IaTh JUHAMUYIECKYIO0 OMOINOTEKY paclpeaeIeHuil, pegak-
TUPOBAHUE KOTOPOH Oy/1eT JOCTYITHO I0JIH30BATEJIIO.

2.1.2. IHTEeHCUBHOCTU B3aumMoaecicTBuii

MHaTeHCHBHOCTD B3aUMOJAEHCTBUS — 9TO HEOTpUIATE/IbHAs (DYHKITU METOTUCTCHHBIX
aprymenToB. /lannasg GpyHKImMg g0/2KHA 00J1aJ1aTh COAEPKATEJIHHBIM CMbICJIOM, OT-
pakawImm creliuduKy n3ydaeMbix 00 beKTOB MojieinpoBannd. [[oaToMy B KadecTBe
UHTEHCUBHOCTEeH Oyaem Oparh opMy/ibl u3 KJjacca Q, IOCTPOEHHOrO IO MEepPEeYUrC-
JICHHBIM HHZKE HPABHIAM.

L. g(zy,29,...,2,) =1 € Q.
DTa MHTEHCUBHOCTH OLUCBIBACT B3aUMOIEICTBUE HE 3aBUCAIICE OT COCTOAHUI
MOJIEJIH, 9TO COOTBETCTBYET PEry/IsapPHOMY BHEIIHEMY BO3ICHCTBHIO HA MOIEID,
HAIpUMep, IPUTOKY YaCTHUIL.

2. q(x1, 29, ..., xp) =2, €Q, 1< i< m.
Takast HHTEHCUBHOCTH COOTBETCTBYET B3aHMOIEHCTBHUIO, KOTOPOE MOYKET OBITh
HHHIMAPOBAHO KaxkKI0il dacTuiei nomyagnun A; camoctostenbHo. [Ipuvepom
TaKOI0 B3aUMOIEHCTBUS MOYKET CJIYyKHTh IPOU3BOACTBO YACTUIAMHU IOIYJIsI-
mn A; gactun nomymanun A;.

3.geQ=kxqeQ, keR".
SJLGCI) * COOTBETCTBYET OIllepallud YMHOXKCHUA, a BBaHMOZLefICTBHe, OIINCBbIBae-
MO€ MHTEHCHUBHOCTBIO k * ¢, OCYIIIEeCTBJIAeTCA B k pa3 dalle B3auMOJICHCTBHS,
OIIMCbIBAa€MOI'O UHTCHCUBHOCTDBIO (.

4. eQ, cQ=qg+q¢cqQ.
VHTeHCUBHOCTE ¢ + ¢ ONUCHIBACT B3aMMOJEiiCcTBHe, BO3HUKAIOIICE HPH OCY-
HIECTBJIEHUHU JII0OOr0 U3 B3aUMOJIeICTBUI, OMUCHIBAEMbIX HHTCHCUBHOCTAMHE ¢

uqo.

5. 1€Q, e Q=aq*xqpcQ.
34ech * — 3TO olepalyst yMHOXKEHHs, U B C/Iydae, KOIUA ¢ = T, @2 = Tj,



1 # J, GYHKIUA ¢ * o = X1 * To OMKCHIBAET HMAPHOE B3aMMOJIEHCTBHE IPYT
¢ apyrom 4actun u3 nmomynanuit A; mw A, 1 < ¢,7 < m. [locrenosarensno
MIpUMeHSS 9Ty Olepalnio, MOXKHO ONMUCHIBATH B3aUMOJEHCTBUSA TPeX, YeThIPex
u D0J1ee JACTHI] PA3AUNHOLL TTOTYIAIMIA.

6. ¢ € Q — nocmpoena 6e3 UCTOALZ06AHUA NPACUAL 3. =
_ ik
comb(q, k) =C; € Q, keN.
Eciu ¢ = x;, To maTeHCHBHOCTH comb(q, k) onmuchiBaeT B3anMo/eficTBIe MeK /Ty
coboit k wactui odnoti momyasimun A;, 1 <7 < m.

7. ¢ €Q, 2 €Q=min(q,q) € Q, imin(qi,q2) = g2 — min(q1, g2) € Q.

[Ipu momomu (hbyHKIHE Min U imin MOXKHO OIIMCHIBATD IOBEJCHUE YACTHUIL B
YCJIOBHSX MOTpedIeHus pecypca. Hampumep, mycrs momyasamust A, — moTpe-
outesib, a nomyJsius A, BICTynaeT B poJin pecypca. Torjga B3aumMoeiicTBue
€ WHTEHCHBHOCTBIO ¢1(x) = x1 * min(za, k), k € N, ocymecrBiagerca B Mo-
MEHT TTOTPeOJIeHUsT YACTUTIBI-PECyPCa TOmyaanun Ay dacTureii-norpedbureiem
monyaamun A;. Ecim x5 > k, TO 9acTUNBI-IOTpeOUTETN He HCIBITBIBAIOT HEI0-
CcTaTKa B pecypce U HoTpedjeHre IPOTeKaeT ¢ UHTEHCHBHOCTBIO, 3aBUCSINEH
TOJIBKO OT CBOWCTB dacTui-iorpeburesieii. B nporuBHOM cjydae 4acTHIbI-
MOTPEOUTE/ I UCIBITHIBAIOT JAePUIUT pecypca U MHTEHCUBHOCTD MOTpeb/ieHus
CHUZKAETCS TPOTOPIMOHAIBHO 00beMy pecypca. [Ipu momorm nHTeHCHBHOCTH
q@2(x) = x1 * imin(zry, k) MOXKHO ONMUCATH B3aMMOJEHCTBHE, KOTOPOE BO3HU-
Kaer npu Jedunure pecypca (HAIPUMEDP, 3TO MOKET ObITh THOGe]b TaCTHII-
norpebureneit). B 9ToM caydae ¢ yMeHbIIEHHEM Ty HHTEHCUBHOCTE 9TOTO B3a-
uMOJIelcTBUS OyIeT BO3PACTATH.

Nuaykimeit mo gauHe GopMyJIbl MOXKHO IIOKa3aTh, 9TO Kaxkgas GyHkmusa ¢ € Q
olpejiejieHa W HeoTpuIaTe/lbHa Ha MHOXKecTBe Z)'.

[IycTs marencuBuocTh B3auMozeiicTeuit Tuna [, 1 < k < n, upeacrasisgercd B
Bujie popmynnr ¢ € Q. Torna, 3amensis B popMmysie ¢ BCe CUMBOJIBI Ty, 1 < 1 < m,
Ha HMeHa COOTBETCTBYIONIUX TOMYJIANNN, MOIYIAM CTPOKY CHMBOJIOB, KOTOpAs W
NOJIaeTCs Ha BXOJ, MPOTPAMMHO PEeHAJIN3AINY MOJIETN P ONUCAHUN TUIA B3aUMO-
neiictBuit I,.

2.1.3. Pacnpenesienus pe3yJbTaTOB CMEPTU BCJIEACTBUE CTAPEHUSA U pe-
3yJAbTATOB B3aMMOAENCTBU

[TpescraBnenne pacipejiefeHHit Pe3yIbTaToB cMepTH BeaeacTBue craperns (&;51;),
1 < i < m, u pesyabraroB B3aumoneicreuit (Vx; Ox), 1 < k < n, npunaroe B
UMHUTAIMOHHON MO/, IOKaXKeM Ha IIpuMepe caydaitnoit Beanaunnr £;. OcTajbHble
pacrnpeegeHus pe3yabTaToB OMUCHLIBAIOTCSI aHAJIOTHIHO.

COBOKYIIHOCTD, COCTOSINYIO U3 ki dacTul] monyasauund Aq, ko 9acTUIl MOMyJIAINNA
Ao, ..., ky, gacrur nonyssamun A,,, Oyaem 0003Ha9aTh ¢ MOMOIIBIO MYJIbBTHHHIEKCA,

AR = ARy Al s x AFm

m )

kﬁjGZ+, 1<j<m
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[IycTh ciyuaiiublii BekTOp £ NPUHUMAET 7 PA3IUYHBIX 3HAYEHUN Ui, U, ..., Uy C
BEPOATHOCTAMU D1, P2, ..., Pr, COOTBETCTBEHHO, TOIJA paclpelesieHue 3TOro Ciay-
JaHOTO BeKTOpa Oy/IeM 3allUChIBATH CJAEIYIONIIM 00pa3oM:

(&) = prx A™ +pyx A + . 4 p,x A%

Ecau & = 0 ¢ BepoaTHOCTHIO 1, TO €ro pacnpeiesenue Oyaem 3amucsBarh (&) = <.

Hanee, 3amenus B Beipazkennu (£1) Bce cuMBoabl A;, 1 < i < m, HA UMeHa COOT-
BeTCTBYIONIUX IOy, 8 OIePalMIo B3ATHA BEPXHEro MHIEKCA - CHMBOJIOM * =,
IOJIYYUM CTPOKY CHMBOJIOB, KOTOpPad M HOJAETC Ha BXOJ HPOrPAMMHON pealn3anin

MOJIe/I B Ka9eCTBe OMUCAHUS pACTpeIeSeHusd CIyIaiiHol BeTHIuHbI &;.

2.1.4. HauasipHBIE YNCJIE€HHOCTH TOILYJIAIINI

Hauanbubie wucrennocrn nomyaamuii x5 = x;(0), 1 < i < m, — HeoTpuraTeabHbie
neJble 9nucja, KOTopble 3aJlal0oT YHCJ0 YaCTHI] MOMYJSIUi B HAYAJIbHBIH MOMEHT
Bpemenu t = () 6e3 y4yera ux Bo3pacta. Bo3pacT 3TUX 9acTHIl BBIYUCISIETCS aBTOMAa-
TUYeCKU B COOTBETCTBUU C paclpejesienueM L.

2.2. AjaroputM mMojaesmpoBaHUS

Jlis onmcanust anropuTMa OyIeM HCIIOIb30BATH CICAYIONIHE IIepeMeHHbIE:
t — TeKyllee BpeMs;
t4 — BpeMs HepBoil rmOeH BCICJACTBHE CTAPEHUSA, TO €CTh - 3TO HAUMEHBINAL U3
BeJnInH d(T) 1O BCeM CYIIECTBYIOIUM B MOMEHT BpeMeHH | 9acTHIAM = (CM. MyHKT
u)

t; = t+1(t) — BpeMst OCyIIECTBIEHUS OUePeJHOr0 B3auMoieiicTus (M. myHkT 1.2.);
@ = qr(z(t)), 1 < k < n, — 3Ha4eHUs MHTCHCHBHOCTEH B3anMOAEHCTBHI B MOMEHT
Bpemen# ¢ (cM. myHKT 1.2.);
Q=Q(x(t) =q+q+...+¢, — cyMMapHas HHTEHCUBHOCTb BCEX B3aMMOJIEIiC TR
(em. myHKT 1.2.).

0. Maunnaansamms

0.1. Jna ecex nonynsanuit A;, 1 < i < m, creHepupoBaTh &5 YACTHIL, I KaK-
J0f M3 KOTODPBIX BBIYHCIUTD d(x) = {,, TJie pacupe/esieHne CJIydaiHoil
BeJIMYNHBL {, COBIAJAET C pacupejesenueM L.

0.2. nunuam3upoBaTh nepeMeHHbIe:
t:=0;
ta:=min{d(z):z € A;,1 <i<m}
@ = qe(z°), 1 <k <y
Q=g +aq@+. ...+

1. Urepanuonnas 4acTb

1.1. Eeau QQ =0, mo t; := +o0
unaue ty ==t — %hl( a), me a — paBHomepHo pacmpesenennas #a (0;1)

cayvailnad BeJAUYNHA.



1.2. Eeauta < tr, mo

1.2.1. Jlas scex qactun x € A;, 1 < 1 < m, Takux, 910 d(x) = t4, BHIYHC-
JIUTh BEJUYUHbBL &, U 1), PACIpPeIe/eHusi KOTOPBIX paBHbl (&) u (1;)
COOTBETCTBEHHO.

1.2.2. BoraucanTs obIee 4ucji0 YHUUTOKAEMbIX { U POZXKIAEMbIX 1) YaCTHUIL

o popmyiam:
§= 2. &= D 0
d(z)=ta

d(z)=ta

1.2.3. YHUYTOXKHUTDH 6ce 9aCTHUIIbI, I KOTOPBIX d(x) = t4.

1.2.4. YHUYTOXKUTDH YaCTHUIBI B HOIYJILIMSIX B COOTBETCTBUU C BEKTOPOM &
7 COTJIAINMEHUSMH, TPUHATHIMEU B TyHKTe 1.1..

1.2.5. TopoauTb 4acTUIbl B HOIYJISANUAX B COOTBETCTBHH C BEKTOPOM 1) U
COTJIATITEHU MY, MPUHATHIMU B MyHKTe 1.1..

1.2.6. g kaxkmoit poKIeHHOH dacTHIl ' € A; OnpenesnTh BpeMs ee
rubesnn B pesyabrare crapenus: d(x) = ta + {,, TJe pacupeenenne
caydainoi Benudunbl £, coBnagaer ¢ L;, 1 <1 < m.

1.2.7. 3menuTsh Tekytiee Bpems t 1=t 4.
1.3. Hnawe (ecmu to > t)
1.3.1. Boruncants 3nauenune K Ciydaiinoil BeJndunsl £(t) B COOTBETCTBHU
¢ paciipejieleHreM, Olpejle/IleHHbIM B TyHKTe 1.2..

1.3.2. BblucauTh BeJUYIHHBL Y U [3, PACHpEeJeHs KOTOPBIX PABHBL (7,)
u () COOTBETCTBEHHO.

1.3.3. YHUYTOXKUTDH YaCTHUIBI B MOMYISINUAAX B COOTBETCTBUU C BEKTOPOM 7Y
¥ COTVIallleHUudMU, MMPUHATHIMYA B IIyHKTe 1.2..

1.3.4. llopoauTh 4acTHUIBI B HOMYJISIUIX B COOTBETCTBUU C BEKTOPOM (3 U
COTJIATIIEHUSIMU, IPUHATHIMHA B IMyHKTe 1.2..

1.3.5. Jlng xaxkmaoit poXKIeHHOH dacTunbl r € A; ompeneanTb BpeMs ee
rubenu B pe3ysibrare crapenust d(r) = t; + {,, TAe pacupeenenne
caydaitHoit Besmaunbl £, coBnagaer ¢ L;, 1 <1< m.

1.3.6. 3amenunTsh Tekytee Bpemsd t := tj.

1.4. TlepecuuTath Bpems Jio TepBOil rubenm B pe3yabrare cTapeHus t, =
min{d(z) : x € A;;1 <i < m}.

1.5. Tepecuurars uHTEHCUBHOCTH ) = qK(2(1)), 1 < k < n.
1.6. IlepecuuTaTh CyMMapHYIO HHTEHCUBHOCTD () := q1 + @2 + ... + Qp.

1.7. Ilepetimu k caedyrouwseti umepauyuu.

OTMeTuM TPYIHOCTH, BO3HUKIIUE TIPU PeaTn3alini TPUBeIeHHOr0 ajropurMa. Bo
- IEPBBIX, P OOJIBIIAX YUCJTEHHOCTIX HOIYJIAIUN 1mepebop BCEro MaccuBa, YaCTHUIL
JIJIST BBIYHC/ICHUS BpEMEeHH JI0 IIepBOi TUOEIH B Pe3yabTaTe CTapeHusI t 4 CTAHOBUTCS
TPYJIOEMKUM U HPUBOJUT K 3HAUUTEJIbHOMY YBEJIUYEHUIO BpEMeHH Bbluuc/eHuii. Bo



- BTOPBIX, TIPU OOJIBITOM KOJHUYECTBE THIIOB B3aUMOJEHCTBUN 1 TPYJIOEMKUM CTaHO-
BHTC MO/ICJTHPOBALIE CIyIailHON BeaudIuubl £(t). YKazanuble TPYIHOCTH 3bdek-
THUBHO PEMIAIOTC IIyTeM HCIOIb30BaHud JIPEBOBUIHBIX CTPYKTYP, YTO IPUBOJUT K
norapudMrIecKoil 3aBUCHMOCTH YHCTIa ONE€PAIiil OT KOJNIeCcTBA JaCTHUIL HJIN B3aH-
MOJICHCTBUHA, COOTBETCTBEHHO.

B 3aBeprreHne ykakeM, 4TO [JIsI MOJEIHPOBAHHUS DPABHOMEDHO DAaCIpeseseH-
moit na (0; 1) caydaitHONl BEJIMYUHBI IPHMEHACTCH TATIUK TICEBIOCTY YAHBIX THCEIT
M. B. Aurunosa [7] ¢ nepuogom nocaemosareasroct ~ 2 - 10%.

3. IIpumepsl UCTIOJIb30BAaHUS U TECTUPOBAHUA UMUTAITMOHHOMN
MOJ1eJI

3.1. UWccaepoBanme Moaean pacIpOCTPAHEHUS SMUIEMUN

B kagectBe mpumepa paccMoTpuM auddepeHnraabayo Momeab Masg-Anmepcona
PACIPOCTPAHEHUS FMUIEMUH ¢ PHOOpeTeHneM uMMyHuTeTa [8]:

t=alr+y+z)—br—Lry+z,
y=p0ry—(a+b+v)y,
i=vy—(b+7)z

3nech © = x(t) — 9UCTO0 IYBCTBUTEABHBIX K OOIe3HE YacTuIl, y = y(t) — 9ucsio 3a60-
JeBIUX, 2z = z(t) — YUCJI0 YACTHUIl, KOTOPble MPHODOPETH UMMYHUTET MOCJEe BBI3I0-
poByenus. Bee kKoadduimenTs 3T0M MO - HEOTPUTIATETbHBIE TeHCTBUTEIbHBIE
YUC/Ia U UHTEPHPETUPYIOTCH CAEYIONUM 00pa30M:

G — WHTEHCUBHOCTD POKJEHUS HOBLIX YaCTHII;

b — HIHTEHCUBHOCTH CMEPTH YaCTUIl B Pe3yJbTaTe BO3AeiCTBU BHENTHUX (HPAKTOPOB;
[ — MHTEHCUBHOCTH 3apazKeHus B CJIydae KOHTAKTa IYBCTBUTEIBHOMN YACTHUIIHI C 3a-
PaKeHHOM!;

7 — UHTEHCUBHOCTD [IOTEPU UMMYHUTETA;

Q — UHTEHCUBHOCTH TMOEIN YaCTUIBI U3 3a 00J1e3HH;

U — MHTEHCUBHOCTH BBI3JIOPOBJICHUS W TPUOOPETEHUS UMMYHUTETA.

WN3BecTHO, 94TO B IPpUBEIEHHON MOJIEJIN CYIIECTBYET YCTOINBOE HEHYJIEBOE TIOJIO-
JKEHHEe PABHOBECHS (Lo, Yo, 2o ), KOTOPOE BOSHUKAET MPH OMPEIETEHHBIX COOTHONIEHH-
gax Ha ee KoaddunuenTol. Takoe perienne yKa3biBaeT Ha BO3MOKHOCTH OIDAHUYEHU S
YUCJIEHHOCTH TTOMYJIAIUI 38 CIeT PacIPOCTPAHEHNUS B Hell HEKOTOPOTO 3a00/1eBaHus,
JIOMYCKAIOIIEro cMepTe/IbHbIi ncxo. Hacrosmuit npuMep mpejcrasiisier codoit ojTHy
U3 BepOATHOCTHBIX Mojuukaruiit mojgenn Masg-Anjepcona, B KOTOPOl OIyCKaeTcs
IpeIIoJ0XKEHUE O TOM, UTO paclpe/ieieHre BpeMeHN KIU3HT YaCTHII IKCIIOHEHITUATb-
HO. [le/1bI0 IIPOBOJIUMBIX PACUYETOB SBJISJIOCH HAXOXK/IEHUE PENIeHUN UMUTAIMOHHO
MOJIE/IH, KOTOPbIE COOTBETCTBOBAIN Obl YKA3AHHOMY BBIIIE YCTONYNBOMY pPEIeHHIO
nupdepeHnmaabHONl MOJIETH.

[lepenumiem mosenb Masg-Anepcona B TepMUHAX MPECTABICHHON HMHTAIITOH-
HOIt Mofenn. PacemoTpuM Tpu nonyasanuu X, Y U Z, COOTBETCTBEHHO, UYBCTBUTE b~
HbIX, 3200/IeBIIMX U UMMYHHbIX Yactull. VMg nepsoit noiy/snuu nycts Oyjger "X",



uMsg BTOpoit — "Y", mmga Tperbeit — "Z". Pacupenenenus BpeMeHU KU3HH YaCTUIL
9TUX IMOIYJIAINN UMeIOT BUI:

Ly [s;+00) = Li[s; +00) = 7",
La[s; +00) = L[s; +00) = e~ (@040,
Ls[s;4+00) = L§[s; +00) =€

B MomenT tHOenTM B pe3ysabraTe CTApeHHS YACTUILI MOMYJAnud X HHUYEro He
IPOUCXOAUT, 3HA4HT, ({1) = &, () = 2.

Eciu B pesynbrare crapenus NOruOHET YaCTUIA TOMYASIUN Y, TO OHA C BEPOAT-
HOCTBIO p = v/(a + b+ v) MOpOXKAaeT OJHY YACTHUILY MOMYJIANUA Z, TO €CTh BBI3I0-
paBIuBaeT u npuodpeTaeT nMmyHHUTET. [Toaraem Torma, uto (&) = &, (ny) = p*x 1.

B cnaydae ruGesm B pe3ysibTaTe cTapeHUsl YACTHIIBI TOMYJIANNNA Z, OHA C Bepo-
ATHOCTBIO ¢ = 77/(b 4 7) HOpOXKIAET OJIHY YACTHUILY HOMY/IAlUE X, TO €CTh TepsaeT
ummynuter. [losromy npunumaem, uto (&3) = &, (n3) = ¢ * X1

B sToit Mmogesn cymecTByer jBa Thna B3aumozaeiicrsuit [; n I,. InrencuBHOCTH
B3aumoselicTeuit Tuna I paBHa ¢i(x,y,z) = a* (r +y + 2) (3mech x, y u z — 9uc-
JIEHHOCTH COOTBETCTBYIOIMUX TIOMYIANMIA), a pesyabrar (v) = &, (1) = X! — s7or
THII B3aUMOJIEHCTBII ONMCHIBALT ITPOIECC MOSIBJICHUS] HOBBIX YACTHUIl. Y B3aUMOJIEH-
creuit Tuna Iy MHTEHCUBHOCTL paBHA ¢2(T,Yy, 2) = B * x %y, a peayabrar (7o) = X!,
(B2) = Y. Tun B3aumoseiicTeuii [ ONUCHIBAET TPONECC 3aPasKeHUsl 1YBCTBUTEb-
HBIX YaCTHII.

Paccmorpum muddepennnanbayio mojgeasb Masg-Angepcona ¢ napaMeTpaMu a =
5b=1,a=8,3=0.01,7v=1, v = 1. B 3Tom cayJae ycToiiunBoe MOJOKEHUE
PaBHOBECHUST CYIIECTBYeT W PABHO (Zo, Yo, 25) = (1000, 2000, 1000).

[Tpu 3amycke IMUTAIIMOHHONW MOJIE/TH C 3TUMHU MapaMeTpaMi HA9aIbHBIE TUCIEH-
noctu nomynsnuit z° = z(0), y° = y(0) u 2° = 2(0) BBIOEpaNUCH: T° — U3 MHOKe-
crea {500, 1000, 10000, 100000}, y° — u3 muoxkecTBa {50, 100, 2000, 10000}, a 2° — u3
muokectBa {0, 100, 1000, 2000}. Orenka MaTeMaTHIeCKUX OKUIAHUH THCIEHHOCTEH
x(t), y(t) u z(t) B momenTor Bpemenn t = 10, ¢ = 15 u t = 20, npoussenenHas 1o 64
peanusanugaM ¢ J0BepuTebHON BeposiTHOCThIO (.95, ipuBeneHa B Tabsmie 1.

Tabanma 1
t x(t) y(t) z(t)
10 | 993,27 £45,23  1996,19 £92,00 1002,78 4 46,42
15 | 1000,86 + 45,64 1990,67 91,38 998,34 + 45,86
20 | 1002,84 +£46,12 1983,394+91,62 979,66 + 45,18

[Tony4ennble pe3yabTaThl YKa3bIBAIOT Ha HAJUYHE Yy MOJEIU YCTOHYHBOTO COCTOS-
Hust, npudeM cocrosaue (1000,2000,1000) nonaaer B ONEHOYHBIE HHTEPBAJIBL.

Bce onenku, BeTpedarolgecs B CTaThe JaJjee, TakxKe OyIyT TPOU3BOTUTHLCS C
JoBepuTesIbHOM BepogaTHOCTHIO (.95.

[Tpeamooxkum jgaJsiee, 910 Jjisi HEKOTOPOi 60JI€3HM HAKOILIEH CTATUCTUYIECKHit
MaTepuaJl O JJINTEJIbHOCTHU €€ TPOTEKaHUuA U O JJIUTEJIbHOCTH ,[LeﬁCTBHH UMMYHUTETA
K Heit. [Tycrs s1u manmbie onucsBatoTcs pagaMu {ly, Lo, ... Ly b 1 {1, Loy oo s
cooTBercTBeHHO. Torna B KadecTBe Lo M L3 MOXKHO B34Th JUCKPETHBLIE pacipeese-
uust takue, 910 Lo{ly} = 1/r, 1 < k < 7, u Ly{l,x} = 1/s, 1 < k < s. Taxk,

10



HAIIPUMeED, MOKHO nonoxkuth Lo{l,} = 1, tne I, = (a +v)™', a Ly{l.} = 1, tue
I, =~~'. B kauecrse L3 u L3 MOKHO B3aTh paBHOMepHBbIe Ha uHTepBastax (0;1,) u
(0;1,) pacupenenenusi. Hobie pactupeesenust Ly u L He yUUTBIBAIOT IHOETH YACTHI]
B pe3yJibTaTe BO3JICHCTBHUS BHEITHUX (PAKTOPOB. DTO MOKHO HCIIPABUTH, JOOABUB B
MOJeJAb ellle B3 THUIA B3aUMOIEHCTBUN

]3 : %(%ya Z) = b*yv <73> = Y17 <ﬁ3> = @,
]4 : q4(x,y,z) = b*Zv <74> = 217 <B4> =4,

1 u3Menus Beposraoctd p = v/(a+b+wv), ¢ =v/(b+v)nap=v/(a+v)uqg=1.
Pe3y/IbTaThl ONEHOK MATEMATHYECKHX OYKHAAHUN IUCICHHOCTEH MOmyaanuii ais
MOJIEJTH ¢ HOBBIMH MAPAMETPAMH MPHUBEICHBI B TabamIe 2.

Tabauna 2
t R0 v 20
10 | 945,91 443,37 3316,97 + 156,77 1993,83 4+ 95,91
15 ] 953,73 43,40 3253,64 + 149,11 1953,84 £+ 89,63
20 | 955,72 + 43,37 3242,81 + 149,53 1939, 98 4 88, 52

[To aTuM JaHHBIM TaK»Ke MOXKHO CJIeJIaTh BBIBOJL O HAJUYUU CTAIIMOHAPHOTO COCTO-
SHUST MOJIEJIN, U ITO COCTOSHUE OTJIUYAETCA OT CTAIMOHAPHOIO COCTOSHUS MOJIE/IN
Mbssg-Angepcona. Takum o6pa3oM, 3aMeHa paclpeie/eHnss BpeMeH! YKU3HA TaCTHIL
MOZKET MPUBECTH K 3HAYUTETbHOMY U3MEHEHUIO PEJEIbHBIX YUCJACHHOCTEH MOMYyasd-
IHHA.

3.2. Tecr 1

Nmeercst aBe MOMyJASIIUN CIIOCOOHBIX A W HECTOCOOHBIX Ay K BOCIIPOM3BOACTBY Ya-
crun. Pacupene/ienusa BpeMeHN KU3HUA YACTHUIL STHX MONYJIANMH UMEIOT BUI:

Lufs;+00) = LS s; +00) = e+,
Ly[s;+00) = L§[s; +00) = e k35 s> 0.

PGBYJII)T&TBI rubean BCJIeCTBHE CTapeHHud 3aJal0TCd COOTHOIIECHUAMMU.

(&) =@, (m) = A,
(§2) = 9, (m) = @.

3a BOCIIPOM3BOACTBO HOBBIX YACTHI[ OTBEYAET OJMH THUII B3AUMOIEHCTBHI

Lt qi(z,m0) = ki x a1, (M) =9, (B1) = X"

J171s1 maHHOI MOeIN N3BEeCTHO, 9TO IpH ky = k3 1 x5 = () MaTeMaTHIECKOe OXKUJAHTE
CyMMAapPHO#l IYUC/IEHHOCTH YacTHUIl B MOMEHT BPpeMeHU t WMeeT BUI:

o

_
2k — ko

OneHka MaTeMaTHYeCKOro OXKHJIAHUA M ero JIeHCTBUTE/TbHOE 3HAYCHUE, BBIYUCICH-
HOe 110 YKa3aHHOU bopMmysie, IpuBegeHbl B TabJHNAX 3 U 4 JJI Pa3JHIHBIX Hapa-
METPOB Mojiesin (yCpeJiHeHne IPOU3BOANIOCH 110 pesyiabraram 1000 ucubiranmii).

E(t) = E(x1(t) + xo(t)) (2kle(k1’k2)t — koe™M1Y) .
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Tabmnma 4
=100 k =0,1 ko =0,15

Tabauma 3
29=10 k1 =0,2 ky=0,1

t | E(t) E(t) (oneunka) t | E(t) E(t) (onenka)
10 | 35,79 35,738 % 0,804 10 | 132,25 132,81 £ 1,511
20 | 98,48 98,136 £ 3,031 20 | 106,55 106,52 £ 1,883
40 | 48,639 47,96 + 1,632
3.3. Tect 2

PaccmarpuBatores nars nomysaanuit A;, Ao, As, Ay m As, B KaxKJI0i M3 KOTOPBIX
00beIUHAIOTCS YACTHIIBI, HAXOALAIINECS B OJTHOM «COCTOAHUU». POIMBINNCE, YaCTHIA
JTOJIZKHA [TOCI€J0BATEILHO IPORTH BCE IATH «COCTOSHUI» U B KOHIIE CBOETO YKU3HEH-
HOI'O ITUKJIa IIOPOAUTDL JBE HOBLIC YaCTHUIILI, €CJIH HE HOFI/I6HeT paHee.

Pacnpenenenus BpeMeHHM YKU3HHU YaCTHUI[ PACCMATPUBAEMBbIX MOMYJIANUI U pe-
3YJIbTATH THOEJIH BCJIEICTBIE CTAPEHUs UMEIOT BHI;

Li[s; +00) = L3[s; +00) = e k15, (&)=, (m) = A},
Lyls; +00) = Lj[s; +00) = e7*2%, (&) =3, (n2) = A},
L3{m} =1, L3 - pasuomepnoe na (0;73), (&)=, (n3) = Al
Lay[s; +00) = L3[s; +o0) = 7545, (&) =@, (n1) = A3,
Ls{rs} =1, Lg - pasaomepnoe na (0;75), (&) =@, (n;) = A2,

rie s >0,73>0,75 >0,k >0, ko >0, ky > 0.
Yacrumsl monyaamnun Az MOryT Takzke MOrmbarh W B pe3yJabTaTe BO3IEHCTBHS
BHEIIHUX (PaKTOPOB:

[1 . ql(ﬂf) = kg * T3, <’}/1> = @, <ﬁl> = .

Eciu 3nauenns napaMeTpos ks u T3 TAKOBBI, 9T0 e 3™ < 1/2, 10 B 3TOM CIydae

BCE TOMYJIAINNH BBIPOKIATCA ¢ BepoaTHOCThIO 1. Comocrapienne JaHHOIO yTBEp-
JKJIEHHS € pe3yJIbTaTaMé MOJICTbHBIX PACUYeTOB ITPOUCXOIUIIO CJIEIYIONIM 00Pa30M.
QukcupoBauch mapamerpsl ki = 1, ko =2, k3 = 0,1, ky = 1, 75 = 6, a napameTp 73
YMeHbIIIaJICsd, HaUnHast ¢ 73 = 10, U I KaxKJI0ro 73 ONEHUBAJIOCH MAaTeMaTHIeCKOe
oxuganue E(T) spemenu T 10 BbIpOXKIEHUsI BCEX NOyJsnuii. Pesyabrarsl 51010
TecTa IpUBeeHbI B Tab/uIe 5. Takzke Mpou3BOANIACEH OTIEHKA BEPOSTHOCTH P(t) BbI-
POXKIEHUS TOMYISINiA K MOMeHTY Bpemenn t. OneHKr IpuBeaeHbl B Tadaunax 6 um 7.
s Beex omeHoK npou3Boanaock 1000 ucnbITanmii, KaxKa0e I3 KOTOPBIX CTaPTOBAJIO
¢ uncsennocreit x° = (10,0,0,0,0).

Tabunna 5 Tabsuna 6 (13 = 10) Tabsuma 7 (13 = 8)
73 E(T) (onenka) t  p(t) (omenka) t  p(t) (omenka)
10 110,691 44,570 40 0,092 4+0,0183 100 0,246 40,0272
9 141,047 £ 6, 080 60 0,25140,0274 200 0,585+ 0,0312
8 205,486 £+ 10,035 80 0,448 10,0315 300 0,779 +£0,0262
7,5 295,755 4+ 16, 808 100 0,637 40,0304 350 0,844 + 0,0229
7,2 437,156 + 28,662 120 0,765 %+ 0,0268 400 0,897 40,0192
7 788,025 +£ 86,303 160 0,897 40,0192
180 0,937 +0,0154
200 0,958 £0,0127
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3 sTux TabIuI BEAHO, 9TO ¢ IPHOINKEHHEM BeJIMYHHEI € ¥ K MoporoBoMy
3HaUYeHUO 1/2, KOTOpOoMy cooTBeTCTBYeT T3 & 6,931, BpeMsi 10 BBIPOK/IEHUS MOIY-
JSATUR pacTeT, & BePOATHOCTh PAHHETO BBIPOYK/IEHUS YMEHbBIIAeTCs.

B 3akmiouenune OoTMeTHM, UYTO Mpe/JIOXKEHHAs WMUTAIMOHHAS MOJETh ABJISeT-
Cs Pa3BUTUEM CTOXACTUYECKON MOJIeJiH, IIOCTPOEHHON € MCIOJIb30BAHMEM TOYEYHbIX
pacnpenesrenuii [9], [10].
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