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MeToauyecKuil MOAX0/ K MOCTPOCHUIO MoJeiell KOHQINKTA
MaJIOYHCJICHHBIX TPYNIIIMPOBOK CTOPOH, 00eceYrBAIO LM I
NOBBINICHHYI0 TOYHOCTh OTPAKEHHUS PeabHBIX MPOLECCOB

Kozupanxuii FO. JI., ITpoxopos 1. B., Kypesnos U. 0., I'oBopyxun C. A.

Ilocmanoexa 3a0auu: 0151 oyeHKU 60eBblX 803IMOICHOCIEL SPYNNUPOBOK CIMOPOH PA3IUYHBIX MAC-
WmMabos U ¢ pasiuyHbIMU CUCIEMAMU BOOPYICEHUS WUPOKO UCHONBLIVIOMCA MOOelU 2pynnogozo 6os. B
Hacmosiwee 8pems WUpoKoe pazeumue noayyul Memoo OUHAMUKY CPEOHUX, KAK XOPOulo pa3pabomanHblil u
6eCbMA 2UOKUTL MATHEMAMUYECKUTI annapam, no3601I0WULL ONUCHIBAMb CaMble PA3HO0Opa3Hvle boesble Cu-
myayuu. Tax HaubOILUWIYIO U36ECMHOCHb NOAYYULU MOOenU Ha ocHoge ypasuenuti Ocunosa-Jlanuecmepa.
Baoicuvim oepanuyenuem smot Mooenu A6asemcst 60abuas YUCIeHHOCHb CIOPOH-YYACTHUKO8 KOHQIUKMA.
Ilpu smom ¢ ymeHvuleHueM YUCIEHHOCMU NPOUCXOOUM U CYUeCMEEHHOe CHUMNCEHUe MOYHOCU Pe3yTbma-
moe modenupoganust. Ocobo Kpumuyen maxoi HedoCMamoK npu UCCLe008aHUU NPOYECCO8 B3AUMHO20 KOM-
NIIEKCHO20 (02He8020 U PAOUOINEKMPOHHO20) NOPANCEHUS, KO20Ad YUCTEHHOCMU O0e8biX CPeOCme CMOpPOH
nesenuxu. Llenvto pabomul sensemcs pazpabomra 6eposmMHOCMHOU MOOenu KOHPAUKMA MALOYUCTIEHHbIX
SPYRNUPOBOK, NO36OAIOWeEN KOPPEKMHO OYEHUBAMb NPOYECC UBMEHEeHUs YUCIEHHOCIel npomueooopcmay-
IoWUx Cmopon uepez coomsemcmsyrouue nokasamenu. Hoeusna pabomut 3axmouaemces 6 npedcmaenenust
npoyecca npomugobopcmea 0OHOPOOHBIX MATOYUCIEHHBIX SPYNNUPOBOK C UCHONb30GAHUEM NePeOamouHbIX
@yHKYuULl, NOIYYEHHBIX 8 pe3yibmame ONepamopHo20 NpeodpaA306anUst UHmMezpo-ouphepeHyuarbHbIX ypag-
HeHull, COOMBEMCMBYIOUUX HANPABLEHUSM HECTAYUOHAPHO20 UsMeHeHus: cocmoanutl. Pesynemam: na oc-
HOB8€ UCNOAb306ANHUSL NOIYMAPKOBCKUX NPOYECCO8 U MAMPUUHO20 NOOX00A NPEONONCEH Memo0d Henocpeo-
CMBEHH020 NPedCmasieHus npoyecca NPOMuUBoOOPCMEAa 0OHOPOOHBIX MATOYUCTEHHBIX PDYINUPOBOK OPUECH-
MUPOBAHHBIM 2PAPOM COCMOSIHUL, BEPULUHBL KOMOPO2O OMPANCAIOM USMEHEHUe YUCIEHHOCIU NPOMUBO-
OOpCMBYIOWUX CMOPOH 1O YObI8AHUIO 6 U0e NAPHBIX 3HAYEHUL NO Kaicoomy cocmosinuio npoyecca. Ilpax-
MUYecKas 3HAYUMOCHDb: NPOBEOCHbl PACHembl U NOIYYEHbl PACHpedesenuss (QUHATbHLIX BEPOSIMHOCHEl
yycrenHocmu cmopor A u B npu noanoil ympame 4ucieHHOCMU NPOMUBOCMOSAWEN CIMOPOHbL U 8EPOSIMHO-
cmeti moeo, umo no ucmeyernuio 80 cekyno cmopona A coxpanum M, a cmopora B — N eounuy mexuuxu.

Knrouesvie cnosa: memoouneckuii n00xo0, KOHQIUKM, MOOeb, MANOUUCTEHHbIE SPYRNUPOBKU, UH-
MEHCUBHOCb, NOPANCAIOWUE BO30CUCBUSL.

BBenenue
Jist pazpaboTKu BEPOATHOCTHOM MOJIENIN BOCTIONB3YEMCS XOPOIIO 3apEKOMEH-
JOBABIINM c€0s MOAXO0J0M, 3aKIIOYAIONIEMCS B PACCMOTPEHUU AMHAMUKU MPOTHUBO-
O0opcTBa NIBYX CTOPOH, KakK IMOJIYMapKOBCKOTO Mpoliecca, MPOTEKAIIIET0 Ha JEeTep-
MUHHPOBAaHHOM MHOKECTBE COCTOSIHUN KOHGIUKTHOUN cuctemsl [1, 2, 3]. Kaxmomy
13 MHOXECTBA COCTOSIHUN JUHAMUYECKON MOJIeTTH KOH(IMKTA TOCTABUM B COOTBET-
CTBHE COOTHOLIEHUE YHUCIEHHOCTEN cTOpOH. [Ipu 3TOM nepexoabl U3 OJJHOTO COCTOSI-
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HUS B Ipyroe OyayT XapaKTepU30BaTh U3BMEHEHUE YMCIEHHOCTEH CTOPOH B pPe3yJibTa-
T€ HECTAI[MOHAPHBIX BO3JCUCTBUN MPOTUBOOOPCTBYIOIIMX CTOPOH JPYr Ha Jpyra.
[Ipu ycnoBuu, 4TO HaYaIbHBIE YUCIEHHOCTH CTOPOH A — M, B — N JIMHAMUKY KOH-
(GbIuKTa MOXKHO MPEJCTABUTh B BUAEC OPUEHTHUPOBAHHOTO rpada COCTOSHUN MOJEIH,
MOKa3aHHOTO Ha puc. 1.

MeTtoau4yecKkuil MOAX0/ K MOCTPOCHHUIO Moje iell KOH(PIUKTA
MaJIOYHCJICHHBIX TPYNINIMPOBOK, 00ecneYMBAIOIIMI MOBBIIICHHYI0 TOYHOCTDb OT-
pa’KeHUs peajIbHbIX IIPOLECCOB

Hcxons U3 npeanosiokeHus o0 M0JIyMapKOBCKOM IIPOLIECCE U3MEHEHUS COCTOs-
HUU MOJENMpYyeMOoro KOHGJIMKTA, KaXIblii mnepexoa OyAeT XapaKTepu3oBaThCs
YCIIOBHBIMHM BEPOATHOCTHBIMU U BEPOSITHOCTHO-BPEMEHHBIMU XAPaKTEPUCTUKAMU B
BUJIE BEPOSATHOCTEN IIEpeX0a U INIOTHOCTEN BEPOATHOCTU PACIPEACIICHUS BPEMEHU
HAXO0XECHHUS B OJHOM COCTOSIHUU IIPU MEPEXOAE B IPYro€ COCTOSTHUE

I:)mn,m—ln’ Pmn,mn—li wmn,m—ln (t) ' (Dmn,mn—l (t) ' (l)

rne m=M,1; n=N,1; B . u P, .. — BeposTHocTH mepexoaa U3 OJHOTO CO-

crosinus B apyroe; @ . (1) u @ . (t) — mioTHOCTH BeposTHOCTH pacHpenene-

HUA BPpEMCHH HAXOXKICHHUA B OJHOM COCTOAHHUU IIPHU MCPCXOAC B APYIroc COCTOSAHUC.

Puc. 1. I'pad cocrosaMit

C yyeToM KOH(MJIMKTHOTO 00yclaBiauBaHus [3] MIOTHOCTU BEPOSITHOCTH U Be-
POSITHOCTH Tiepexoja OyayT ONpeeaThCs CICAYIONUMH BhIPAXKECHUSIMHU

t
qpr?n,m—ln (t) ’ [1 - j wrﬁn,mn—l (T)d T]
0 .

t)= ;
(pmn,mfln( ) P

mn,m-1n
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t
P 1) - [L= [ 920 1 1n () 7]

gomn,mn—l (t) = P L 7 (2)

mn,mn-1

t T
I:)mn,m—ln = !I_)T J‘(ann,m—ln (t) : [l_ J‘wnén,mn—l(u)du]d T 1
0 0

t T
Pmn,mn—l = !i_g;]_‘-gonﬁn,mn—l (t) ’ [1_ J‘gpr:n,m—ln (U)dU]d 7.
0 0

B cootBeTcTBUUM ¢ MOIX0/10M, IPUBEACHHBIM B [3] Kaxknomy nepexony rpada
COCTOSIHI/IfI MOXHO TIOCTaBUTh B COOTBETCTBHE IepeAaToyHble  (YHKIHMH

()= Hmn means Hinmnet (8) =H ompezensieMble COOTHOIICHUSIMU

mn m-1n (S) Ls[ mn,m-1n ¢mn,m—1n (t)] l (3)

mn mn l(S) Ls[ mnmn-1 * Pron,mn-1 (t)] 1
rae L[] — oneparop npeobpasosanus Jlaruaca.

Toraa nuHaMHUYecKyr0 MOJIENb paccMaTpuBaeMoro KoH@uukTa B ¢popme rnepe-
JATOYHBIX (PYHKIIUH MOXHO TMPEJICTABUTh B BUJIE, TOKA3aHHOM Ha puUC. 2.

mn m-1n mn,mn-1°

T H.-m-’.,w—l;\" Hj-w—m-'_,‘-w_z,w H.’Lf_g;\:..‘.\,f_:;‘,\:_% R — H INON [ P(~O,N ,S)
P(O,N-1,5)
Hy oy ana B
HM—L\".;‘U—L\'—I T P(h(), 2,5)
H.w—l.w'—l..w—zx—l } H1 o1 P(0,1,5)
Hy iy o2 Hl 1o P P(1,0,s)
H.m—l..w—m‘—l s ‘ P (2,’01 $)
Hm‘-z.:w-m‘-z :
P(M —1,0,s)
Sy e Hypanvs P a2 e A Hy o 2 P(IML05)

Puc. 2. Monens kondimkTa B popMe nepenaTouHbiX HyHKITAN

B pe3ynbpTaTe MOTYT OBITH MOTYYEHBI TUIOTHOCTH BEPOSITHOCTH pacpeieNieHus
YHCJIICHHOCTEN K0 U3 MPOTUBOOOPCTBYIONMINX CTOPOH KaK (DYHKIIMH OT BPEMEHH,
YTO MO3BOJIsIET CHOPMHUPOBATH 3aKOH PACIIPEACIICHUS YUCIEHHOCTEH KaXKI0M U3 CTO-
POH K MOMEHTY BpeMeHH t

P(m,t) = ZP(mnt) P(n,t)= ZP(mnt) (4)
TIPH YCITOBUAX (m=0)m(n:0) d, (m= M)m(n N)=0,

rne P(m,n,t) = L;lEﬁ(m,n,s)};
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[1-P(M -L,N,t)=P(M,N-1t)  P(M-1N,t) P(O,N,t) ]
P(mn.t)= P(M N ~1t) P(M —1:, N —1,t) P(0,|\! -1) | -
i P(M,0,t) P(M-10t) - _—_

C yuerom (4) cpenHue 3HAUYECHMS U TUCIIEPCUU YHCIEHHOCTEH CTOPOH MOKHO
ONPENENIUTh C UCTIOJIb30BAHUEM MU3BECTHBIX BBIPAKECHUM

im-P(m,n,t) ZN:n-P(m,n,t)

m(n,t) = n(m,t) =% :
P(m,n,t) ZP(m,n,t)
D)= [m-m(n0] -Pmny;
D, (m,t) = i[n —n(my] -Pmng). (6)

[lonyyenue pacrpesiesieHusi YUCICHHOCTEH CTOPOH, OCOOEHHO, KOT1a Hayallb-
Hble ynciaeHHocTH ctopoH M u N mpeBblmaroT 3, MPUBOAUT K JTOCTATOYHO I'PO-
MO3JKUM BbIpakeHusM. Jlyig oOecrieueHusi KOMIMAKTHOCTU 3aIluCcH, ya00CcTBa MOy-
YEeHHs ¥ pacyeToOB C UCTMOIb30BaHueM DBM mnpemsiaraeTcss MaTpUUHBIN MOAXO/I.

Jlist KoH(IMKTa ¢ HaYaJIbHBIMH YUCIEHHOCTSIMHU cTOpoH A u B: M u N, co-
OTBETCTBEHHO BBEJIEM B PACCMOTPEHUE CJIEIYIOIIUE MATPHUIIbIL:

— MATPHILY COCTOSHUM S,y s

— MaTpully TOPH30HTAIBHBIX IEPEXOAOB (CHIXEHHE YHUCICHHOCTH CTOPO-
HBl A) — Gy

— MaTpully BEpPTHKAIbHBIX NI€PEXOA0B (CHIKCHUE YUCICHHOCTH CTOPOHBI B)
o VN><M ;

— MaTpully IUIOTHOCTEH BEpOATHOCTEH HAXOXKAEHHUS B COCTOSHUSAX S B

HaYaJbHBI MOMCHT BPeMeHH — Py .. v.y)s

— MAaTpully IJIOTHOCTEH BEPOATHOCTEH HAXOXKICHHUA B COCTOSHHMAX S K MO-
MEHTy BpeMeHu t — P, .

DOneMeHThI TEePEUYHMCICHHBIX MAaTpHUIl B OOIIEM BHJE MOTYT OBITh 3alKCaHbI
CeAYIOIKUM 00pa3oM

M M-1 0
N N N
M M-1 0

S=|N-1 N-1 N-1[.
M M-1 0
.0 0 0 .
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HMN,M—lN(S) HM—lN,M—ZN(S) HlN,ON(S) |
G= HMN—l,M—lN—l(S) HM—lN—l,M—ZN—l(S) HlN—l,ON—l(S)
L HMl,M—ll(s) HM—ll,M—Zl(S) H11,01(S)
HMN,MN—:I.(S) HM—lN,M—lN—l(S) HlN,lN—l(S)
V= HMN—l,MN—Z(S) HM—lN—l,M—lN—Z(S) HlN—l,lN—Z(S)
L HMl,MO(S) HM—ll,M—lO(S) H11,1o(5)
10 .. 0 P1; P - Pim
S L »
00 0 0] [Py Puz - Pl

rae. m/n — COCTOAHUC KOH(i)JII/IKTa, Koraa COOTHOIICHUE YHUCJICHHOCTEH CTOpPOH paB-

Ho m/n; H (s) u H,, s (S) — mepenarounsie pyHkuun mpu m=M,1, n=N,1;

mn,m-1n

pij — IINIOTHOCTHU BCpOHTHOCTGfI HaXOXICHUA KOH(bHI/IKTa B COCTOSIHHAX S K MOMCHTY

BpemeHH t.

JIns mosy4yeHus pacrpeneseHusl YUCIEHHOCTEW CTOPOH K MOMEHTY BPEMEHHU t
IIPUMEHUM CJIEYIOLHAN aJITOPUTM.

1. IlpeoGpaszoBanue mMarpury G u V nyrem npousBenenus lllypa ¢ matpu-

-

eu
G,=P-G;

V,=BoV. (8)
ITpoussenenue llypa (Anamapa uin HayaabHOE MPOU3BEACHUE) MPEACTABISACT
co00¥ TI03JICMEHTHOE IMPOU3BEICHHE MATPHII (A o B)ij =(A);;(B)jj-
2. IlpeobpazoBanue matpun G, u V; cnegyromum odopazom
0
Gonsnx(M+1) = I N+)xN “Cinxm - IMx(M 1) ;
0]
V2(N+1)><(M +1) = F(N+D)xN - ViNgm - TMx(M 1), 9)
0 0
rae I(Nﬂ)XN , I(NtpxN, Imxviy, Imxmiy — MaTpunel Buga (mpumep Uil Cirydast

M=N=2)

10 00
0 1 00]° [0 10
l,, =0 1]; lse=|10]; I,,= l2a = .
010 001

00 01

3. CymmupoBanue noiaydyeHsslx Marpury G,, V, ¢ P, u nonydyenue matpuis

IJIOTHOCTEN BEPOATHOCTEM HaXOXKACHUS KOH(JIMKTA B COCTOSHHUSIX S K MOMEHTY
BpeMeHH
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P=P,+G, +V,. (10)

4. C ucnosib30BaHUEM 00paTHOTO MpeoOpa3zoBanus Jlamiaca moixyyeHue Bepo-

SATHOCTEW HAXOXJEHUS KOH(MIUKTa K MOMEHTY BpeMeHU { B COCTOSIHUSIX, COOTBET-

CTBYIOIIMX MaTpuile S (BEPOSITHOCTEN TOTO, YTO K MOMEHTY BpemeHu U cropona A
COXpaHUT M, a CTOpoHa B — N eIUHMI] TEXHUKH) (MaTpullbl Buja (5))

R = L5 [1@ (11)

S
Jnst ciaydasi, Koraa Oe3yClIOBHBIE IIOTHOCTU BEPOSTHOCTH pacipeieseHus
BPEMEHH HAXOXXJICHUSI B OJJTHOM COCTOSIHUU TPU MEPEXOE B APYroe COCTOSHUE OTpe-
JIEJSIOTCST SKCIIOHEHITUAIBHBIMU paclpeeiCHUsIMU, TiepeaTouHble (QYHKIIMU Tepe-
XOJI0B MOKHO 3aIMCaTh CIAEAYIOMHUM 00pa3om

A, A,

= = 12
mnmn—l() S+A +A mnmln() S+A +A ( )

rie Aa :Aam; Ay :Abn — MHTEHCUBHOCTH MOPAXAIOIIUX BO3JICUCTBUM, MpUBE-

JICHHBIC K YMCIICHHOCTSIM CTOPOH; ﬂ«a 51 /lb — UHTCHCUBHOCTH TIOpAXKaIOIUX BO3/CH-
CTBUH CTOPOH; M M N — TEKYyIIHE YUCICHHOCTH CTOPOH.

DddexTrBHBIE CKOPOCTPEIHHOCTH (MHTEHCUBHOCTH BBITIOJIHEHHUS 3a/1a4 Mopa-
KCHUS) OJTHOM OOCBOM CIMHMIIBI TPYIITUPOBOK CBS3aHBI CO CPEIHUM BPEMCHEM BBI-
NOJTHEHUS 3aJlay MOPaKCHHUS OJHOW OOCBOM E€IWHUIILI OOPAaTHON 3aBUCUMOCTBIO
4o =YT,, % =YT, [4].

JIist ompesiesICHUsT CPeHETO BPEMEHH BBITIOJIHCHHS 3aJlad OIHEBOT'O IMOpaXKe-
Hus (OIl) oxHol G0eBOM eMUWHUIICH CTOPOH T TZa, T =T. s» L1, 5] Boconb3yemcs

MOJIX0A0M, OIMMCAaHHBIM B [4].

[Tporiecc oraeBoro mopakeHusi 60EBBIMU CPEICTBAMU OJTHON CTOPOHBI OOEBBIX
CPEICTB MPOTHUBOCTOSAIICH CTOPOHBI MOKHO YCIIOBHO Pa30MTh Ha JIBa Mpolecca: pas-
BEJIKM M COOCTBEHHO MOPAKCHHS U MIPEACTAaBUTh B BUJE I'pada COCTOSHHM Ha puc. 3.

R P,

R=1-R  B=1-p

Puc. 3. I'pad cocTostHui, oTpakaroIIuii IPOIecC OTHEBOTO MOPAKCHHS

Ha rpade mpumenensr cnemyromue obo3HaueHusi: C1 — HA4aTO BBITIOJIHCHHE
3ama4 pa3Benku; Cr — 3a7a4ya pa3BeJKH BBINIOJIHEHA, HAYATO BBIMOJHEHUE 3a/1a4d T10-
pakeHust; C3 — 3aa4a MOPAKEHUs BBINOIHEHA; P, — BEpOATHOCTD BBINIOJIHEHMS 3a/a-

4HM pa3BCAKHU, P2 — BEPOATHOCTD BBIIIOJIHCHUA 3ad9W OITHCBOI'O ITOPAKCHUS].

B ¢dopme mepemarounbix QyHKIHNA MpoIecc pa3BeKHd U MOPAKCHUS MOXKET
OBITH MpEJCTaBIEH B BUAE cXeMbl Ha puc. 4, rae Hy,(s) u H,3(s) — mepenarounsle
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(YHKIMHU MPOIIECCOB Pa3BEJIKU U MOPAKEHUSI COOTBETCTBEHHO, ONPEEISIEMbIE UCXO-

A e~ el

nsus [4,6, 7] H(s)=

X
\ 4
T

Puc. 4. Tlporniecc orueBoro nopaxeHus B (popme neperaTouHbIx GyHKIUN

BBIpa)KeHI/Ie IJIA OIIPCACIICHUA O6H.I€FO CpCaAHCIO BPCMCHU PAa3BCIAKU H TIOpaA-
JKCHUS ICJIX MOKHO ITOJIYUYUTD, CIICAYSA pCKOMCHIAINAM, U3JIOKCHHBIM B [4]

7 dH, (s) 1
DR ! : 13
ds |, L [Hz(s)/s]t% (13)
C yueroMm BbIllIecKa3aHHOTO (opMupoBaHue 3iaeMeHToB matpuny G u V
y100HO MPOU3BOIUTH C TIOMOIIBIO CIEAYIONIUX BRIPAKEHUI:

— marpurpl G _
H..(s) = (M+l-Dh (14)
. s+(M+1-j)A, +(N+1-i)4
— Matpuiisl V _
H;(s) = M+1- )4, (15)

s+(M+1- DA, +(N+1-i)4,
Bocnons3yemcsi TaHHBIMH METOJIWYSCKUMHU PEKOMEHJAMSIMHA U Ha MPUMEpPE
paccMOTPUM KOHGIIMKT ¢ yncieHHocTssMu ctopor M =N =3,

I'pad cocrosHMil MoaeNH, XapaKTepHU3YIOMUA TUHAMHUKY KOH(IJIHKTAa B 3TOM
ciy4dae, OKa3aH Ha puc. J.

Puc. 5. I'pad cocrosiauii mpu M=3N=3
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Jlns ciydas HauanbHEIX unciaenHocTed cropor M = N =3 sepostaocTH To-
r0, YTO K MOMEHTY BpeMeHu U y cToponsl A4 octanercs M eqMHMI] TEXHUKH, & Y CTO-
ponbl B — N enunun texHuku, B popme npeodpazoBanus Jlamiaca MOryT ObITh TO-
Jy4YEeHBI C TOMOIIBIO CIAEAYIOIINX BBIPAKEHUH

1 1 3
P(2,3,S)=gH33’23=— ﬂb

sS+31 +31
1 1 3 3
P(1,3,S):_H33,23H23,13:_ % 4 ;
S SS+34, +34, s+24, +34
1 1 3 3 3
P(O,315):_H33,23H23,13H13,03:_ % 4 b ;
S SS+34,+34 s+24, +34 s+ 4, +34,
1 1 31
P(3,2,5):_H33,32:_ - :
S S s+34, + 34,
1 1 31 34
P(3,1,S):_H33,32H32,31:_ . - )
S Ss+34, +34, s+34, + 24,
1 1 34 34, 34,
P(3,0,5):_H33,32H32,31H31,3o:_ ;
S ss+34,+34, s+34, +24, s+31, + 4,
1 [ 3 24,
P(Z,Z’S)ZE[H33,23H23,22+H33,32H32,22:|:g|:s+3ﬂjb+3ﬂb S+2ﬂ“a+3ﬂ‘b +

N 34, 22, _
S+34,+34 S+31, +24 |

1
P(1121S):g[H33,23H23,13H13,12+H33,23H23,22H22,12+H33,32H32,22H22,12:|:
1 34, 34 A, N 34, «

S| S+34,+34, S+24,+34, s+ 4, +34 S+34 +34,

y 24, 22, N 34, 22, 22, _
S+2A4, +34 S+24, +24 S+34, +34 S+34, +24, s+24, +24 |

1
P(2,1s) :g[H33,23H23,22H22,21 + H33,32H32,22H22,21 + H33,32H32,31H31,21:| =

:;{ 3, 2, 7
S| S+34,+34, S+24, +34 S+24, +24, s+34,+34
L2 22, 3 34, A }
S+34, +24 sS+24, +24, S+34,+34 S+34, +24, sS+34L, + A |

P(LLS)=H,,,,P(L2,)+H,,,,P2,Ls)=
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:#P(1,2,3)+#P(2,1,3);
S+ A, +24, S+24, + A,
P(O.LS) = H,,,,PLLs)= ﬁ PALs):
A
P(l,O,S) = Hl 1’10P(1,1, S) = m P(l,l, S),
P(,2,s)=H,,,,P(12,s)= 24 P(12,s):
1 &y 12,02 ) & S+ﬂa—|-2/1b 1 & y
P(2,0,s)=H,,,,P(2,15s) = 24 P(2,1,5s):
1V 2120 1= S+22¢a+ﬂb 1= y
1 1), 34 +34
P(3,3,5)==[1-H,,,,—H.,,, |==|1- 2 |= |
(3:35) s[ ss23~ Hasse ] s|” s+34,+34 | s+34,+34 (16)

Pa3paboTanHas BepOsITHOCTHASI MOJIC)Ib ObLIa peajii30BaHa C UCIIOJIb30BAHHEM
cpeast MathCAD i crieyromX UCXOMHBIX JTaHHBIX: 'ITa =7c; 'ITb =12¢; t, =80c.
B cootBeTcTBUM C BhIpaxkeHUssMH (16) OBLIM MPOBEICHBI pacyeThl U MOJYYCHBI pac-
npeneacHuss (PUHAIBHBIX BEPOSITHOCTEH YHMCICHHOCTH CTOPOH A M B TNpHU TOJHOU
yTpaTe YUCIACHHOCTH MPOTUBOCTOSIICH CTOPOHBI (PHCYHOK 6) U BEPOSITHOCTEH TOTO,

uto kK MoMmeHTy BpeMmenu ty=80c cTopona A coxpanur M, a cropona B — N enuHuUI

TexXHUKHU (puc. 7). CpeaHee 3HaUeHHE YucaeHHOCTH cTOpoHBI A mpu N=0,N cocra-
Buio 1,4; 2,16; 2,17; 2,38, a nucnepcus — 0,38; 1,2; 0,8; 0,38 cooTrBeTcTBEeHHO. AHa-
JIU3 TOJYyYEHHBIX PE3y/IbTAaTOB IMOKA3bIBaeT 00Jee MHTCHCUBHOEC CHUKCHUE YUCIICH-
HOCTH TEXHUKH CTOPOHHI B.

PuUHATbHAA BEPOATHOCTh COXPAaHEHUA PuHaTbHAA BEPOATHOCTD COXPAHEHHA
YHCIIEHHOCTH eIHHHI] TEXHHKH CTOPOHBI A YHCIIEHHOCTH eIHHHII TEXHUKH CTOPOHEI B
P(m,0.t,) P(0,n.t))

0.4 T T —— 04 T T

— —

0 1 2 3 0 1 2 3
m n
YUCIIEHHOCTh €IMHHL] TEXHUKHU CTOPOHBI A UHCIIEHHOCTh €HHHI] TEXHUKH CTOPOHBI B

Puc. 6. Pacnipenenenue ¢hprHaIBHBIX BEPOITHOCTEH COXpAaHEHUS YHCICHHOCTH
CTOPOH A ¥ B ipy MOJIHON yTpaTe YMCICHHOCTH MPOTUBOCTOSIIEH CTOPOHBI
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P(m.,n,t,)

- 0.6
—04

02

0

PacnpeneneHue Bepoamocreﬁ COXpaHeHHA
CTOPOHAMH YHCIICHHOCTH eIHHHUL TeXHHKH

3 2 1

» UpcIeHHOCTh CTOPOHBI B

Puc. 7. Pactipeaenenne BEpOSATHOCTEH TOr0, YTO K MOMEHTY BpeMeHu [
CTOpOHa A COXpaHUT M, a cTOpoHA B — N €IUHUI] TEXHUKHU

BbIBOABI

Ha ocHoBe ncnonp30BaHus MOJIYMapKOBCKUX MPOLECCOB U MAaTPUYHOIO MOJ-
X0/J1a MPEJI0KEH METOJ] HETIOCPEICTBEHHOTO MPEJCTABICHHS TIPOoIlecca MPOTUBOOOP-
CTBa OJHOPOJHBIX MAJOYHMCICHHBIX TPYIIHUPOBOK OPUEHTHPOBAHHBIM TpadoM CO-
CTOSTHUM, BEPIIMHBI KOTOPOTO OTpakaloT HM3MEHEHHE YHCICHHOCTH MPOTUBOOOP-
CTBYIOIIIMX CTOPOH 1O YOBIBAHHUIO B BUJIC TTAPHBIX 3HAUYECHUN MO KaXKOMY COCTOSIHUIO
MpOLIECCa, M €Tr0 BEPOSITHOCTHOIO OINMCAHUS C MCIOJb30BAHUEM IEPEAATOUYHBIX
(GyHKIHM, TONMYyYEeHHBIX B pE3yJbTaTe ONEPaTOPHOTO MpeoOpa3oBaHUs HHTETPO-
nuddepeHIManbHbIX YpaBHEHUH, COOTBETCTBYIOIIMX HAIPABICHUSIM HECTaIlMOHAP-
HOTO M3MEHEHHUsI COCTOSIHUHN. TTPOBECHBI PacueThl U MOJYUYCHBI pacupeacieHus u-
HaJIbHBIX BEPOATHOCTEW YMCICHHOCTU CTOPOH A W B IpU MOJHON yTpaTe YMCIEHHO-
CTH TIPOTUBOCTOSIIIEH CTOPOHBI U BEPOSTHOCTEHN TOTO, UTO MO UCTEYEHUIO 80 CEKYH]
CTOpOHa A COXpaHUT M, a CTOpOoHa B — N €AMHUIl TEXHUKU
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Methodical approach to forming conflict models
small groups of parties, providing increased accuracy of reflection
of real processes

Yu. L. Koziratsky, D. V. Prokhorov, I. Yu. Kuryanov, S. A. Govorukhin

Problem definition. Group battle models are widely used to assess the combat capabilities of groups
of parties of various sizes and with different weapon systems. Currently, the method of medium dynamics has
been widely developed, as a well-developed and very flexible mathematical apparatus, which allows describ-
ing a wide variety of combat situations. Thus, models based on Osipov-Lanchester equations are best known.
An important limitation of this model is the large number of parties to the conflict. In this case, with a de-
crease in the number, a significant decrease in the accuracy of the simulation results also occurs. Such a
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deficiency is especially critical in the study of the processes of mutual complex (fire and electronic) destruc-
tion, when the numbers of the combat means of the parties are small. Purpose of the work is to develop a
probabilistic model of the conflict of small groups that makes it possible to correctly evaluate the process of
changing the numbers of the opposing sides through appropriate indicators. The novelty of work consists in
representations of process of confrontation of uniform small groups with use of the transfer functions re-
ceived as a result of operator transformation of the integral differential equations corresponding to the di-
rections of non-stationary change of states. Result: the method of direct representation of process of con-
frontation of uniform small groups is offered by the focused state graph which tops reflect change of number
of warring parties on decrease in the form of pair values on each condition of process, on the basis of use of
semi-Markov processes and matrix approach. Practical importance: calculations are held and made the dis-
tributions of the final probabilities of the number of sides A and B were obtained with a complete loss of the
number of the opposing side and the likelihood that after 80 seconds, side A would save and side B would be
units of equipment.

Key words: methodical approach, conflict, model, small groups, intensity, damaging effects.
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