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Biticoxosuti incmumym OQodecvkozo HayioHanbHo20 noaimexuHiunozo yrisepcumemy, Ooeca

CTATUCTMUYHA MOAENDb ANS OLLIHKM IMOBIPHOCTI
AOCSIHEHHS METWM BOMOBOI NPOTUAN

3anpononosana moodenv O OYIHKU MEMOOOM MAKCUMALLHOI NPABOON00IOHOCMI NPOSHO3HUX 3HAYEHb NAPa-
Mempie mpeHOa 3MIHU Y 4act IMOSIPHOCME 00CsAcHeHHs. Memu 0010801 npomudii, KUl A0eK8AMHO ONUCYE Pe3Yib-
Mamu npoyecy 63aEMHO20 Pe3yIbMyIoY020 602HEE020 GNAUEY NPOMUOTIOUUX CIODIH.

Knrouosi cnosa: cmamucmuuna mooens, iMOBIPHICING 00CscHEeHHs Memu 0010601 npomuoii, pisHUYsL IHMEHCU-

6HOCEL BNIUBY CTNOPIH, MEMOO NPOSHO3YBANHS.

Bctyn

HIupoko BigoMi mozaeni 6oioBoi mporuaii (cra-
THUCTUYHI, IMOBIpPHICHI, MaTeMaTHYHi, iIrpOBi), HANPH-
kian, Caari, Benruens, Jlanuecrepa, Heiimana i Mo-
prexmrepHa [1 —4].

BoHu MaloTh 3arajibHy CyTTEBY OCOONHUBICTD — HE
JIO3BOJISIIOTH  OTPUMATH y3arajbHEHI OIIIHKH XOAy Ta
pe3ynbrary 00HOBOi NMPOTHIII CTOpPiH, SIKi XapakTepH-
3YIOTBCSI BEJTUYUHOIO IMOBIPHOCTI JOCSTHEHHS METH
MpOTHUIi 1 MPOrHO3YBAaTH JUHAMIKY 3MiHM IIHOTO TOKa-
3HMKA y Yaci B 3aJI©KHOCTI BiJl pi3HUII IHTEHCUBHOCTEH
BOTHEBOTO BIUIUBY KOKHOI 3 CTOpiH.

Mertoto CcTaTTi € OOTOBOPEHHSI METOAY MOOYAOBH
IMOBIpHICHOT MOJIelTi TpeHAY Tpoliecy 00HOBOT MPOTHIT
CTOpiH, OLTBII aACKBATHOI HIXK BiJIOMI, 1 METOJy MaKCH-
MaJbHOI MPaBAOMOAIOHOCTI I MPOrHO3YBAaHHS Iapa-
METPIB IBOTO TPEHY MO 0OMEKEHIH CYKYITHOCTI JaHUX
Ha TI0YaTKOBOMY eTarli, TOOTO Ha PeTpPOCHEKTHBHIN -
JISTHII Yacy CIOCTEPEXEHHs IIPOLIECy MPOTHJIII.

OCHOBHa 4YaCTHHa

AJIEeKBaTHICTh Ta MPAKTHYHA 3aCTOCOBHICTH MOJIe-
JIeH, y TOPIBHAHHI 3 BiJJOMHMH, TIOBUHHI 3aCHOBYBATHUCH
Ha OO’€KTUBHOMY OOJIKY Yy3arallbHEHHX (aKTopiB,
CHpHSIOYNX Ta (DAKTOPIB, IO MEPEIIKOHKAIOTh JOCST-
HEHHIO METH, JII0YHUX OJJHOYACHO.

VY sKocTi IMOBIPHOCTI JOCATHEHHsI MeTH 0OHOBOI
MpoTUAii JOIUIBHO 00paTH, HAIIPUKIA[: BiJHOCHE 3HA-
YEeHHS TJIMOMHH CMYIH, IIO0 OOOpPOHSETHCS; BiJIHOCHE
3HAYEHHs 33/IaHOTO PiBHS INIMOWHM NPOCYBAHHS BIHCHK
y HACTyII; BITHOCHE 3HAYECHHsI BEIUYUHH 30€PEKEHOTO
0010BOr0 MOTEHIliaTy BIHCHK Y KOHTPHACTYII 1 T.11.

3Ha4YeHHsI TaKUX BEJIMYMH, SIKI CIIOCTEPIraroThes y
JIMCKPETHI MOMEHTH 4acy Ha MOYaTKy 0O0I0, € BUXiTHOO
iH(OpMAIIli€r0 AJIs OLIHKY MapaMeTpiB TPEHIa, 10 OIH-
Cye OUiKyBaHy JMHAMIiKy 3MiHH IMOBIpPHOCTI JOCSTHEH-
HSl METH TIPOTH/IIT Y Yaci.

Jlis moOymoBM iMOBIpHICHOT MOJIEII BBEIEMO 1103-
Ha4yeHHS: Y = (Yl _72) — TocTiliHa y Yaci (IO3UTHBHA

abo HeraTMBHA) PI3HICTh IHTEHCHBHOCTEH BILIMBY 1- i
2-i cTOpiH, HANIPUKIIAJ, SKa JOPIBHIOE KUTBKOCTI BOTHE-
BUX BIUIMBIB B OJMHHUIIIO yacy; B(t)— iMOBipHiCTh nocs-
THEHHsS MeTu O0o#oBoi mporuaii 1-f0 cTopoHO0, sKa

3MIHIOETECS y qaci; t= tO — YacC JOCATHCHHA ACAKOI'O

3aJJaHOr0 PiBHS IMOBIPHOCTI JOCSATHEHHS METH, HalpH-
KIag, piBms, o mopisHioe B(t=ty)=0,5; [1-B(t)]
IMOBIpHICTh HEOCATHEHHsI MeTH 001oBOi npoTuaii 1-fo
CTOpPOHOIO, SIKa YHCEIFHO JIOPIBHIOE IMOBIPHOCTI JAOCST-
HEeHHSI MeTH NpoTuii 2-1 cropoHH. 3po3yMiJio, M0 iMO-
BipHocti B(t) i [1-B(t)] ommcyrorh coboro MOBHY
rpymy Ho/il, TOMY X CyMa 3aBXIU JOPiBHIOE OJIMHHIII.
3miHa y gaci imoBipHocTi B(t) 3amexurs Bin dax-
TOPIB, SIKi CIIPHUAIOTH 1 (PAKTOPIB, SIKI NEPEIIKOIKAIOTH 11
3pOCTaHHIO, JAil0YuX oxHo4dacHo. Llei mporec cymicHO-
r0 BIUIMBY INPOTHJIEKHO CIPSIMOBaHUX (AaKTOpiB Ha
LIBHJKICTh 3POCTAaHHS IMOBIPHOCTI JOCSTHEHHS METH
npotuaii 1-1 cTOpoHU BifoOpa3uMo 3 ypaxyBaHHSIM KO-
edimieHTa MPOMOPIIHHOCTI Y , IO JOPIBHIOE DPi3HHUIN
IHTCHCUBHOCTEH BIUIMBY CTOpPiH, y BUIVILAI aud)epeH-
LIHHOTO PiBHSHHS
dB
——=7B(0-B). (1
dt
Pitnennst piBHsHHS (1) mpH MOYATKOBHX YMOBax
B(t=1ty)=0,5 nae Tpenx, mo omucye y 3araJbHOMY
BUTJISIIII TMHAMIKY 3MIiHM Y 4aci IMOBIPHOCTI JIOCATHEH-
Hsl MeTH 00ioBoI npotuaii y Burisni (puc. 1, 2)
-1
B(t) = {1 + exp[-v(t - t9)]} )
[MomiTMO, 110 OTpHMaHa IMOBIPHICTH 3aJEXKHTh
JUIIE BiJ ABOX MapaMeTpiB: Di3HUI IHTEHCHBHOCTEH
Y= (y] - yZ) (aKTUYHOTO, JESKOro Yy3aralbHEHOTO
B3a€EMHOI0 BIUIMBY KOXXHOI 3 CTOpiH i 4yacy t, Hocsr-

HEHHS IOJIOBUHHOT'O PiBHS iMOBipHOCTI B.

Bt 7)
0

M>72>73

t. = const

Puc. 1. 3miHa iIMOBIpHOCTI IOCSTHEHHSI METH
00110BOT POTHIIIT CTOPIH MPH Pi3HUX
IHTEHCHBHOCTSX Y B3aEMHOT'O BIUIUBY CTOpIH.
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Bit.t,)
L1 ]

7 = const

Gy lez e

Puc. 2. 3miHa iIMOBIpHOCTI IOCSTHEHHSI METH OOHOBOT
MPOTHU/IT PY PI3HUX 3HAYEHHSIX Yacy ty JOCATHEHHS
piBHsI iMOBipHOCTI, 110 JOpiBHIOE B = 0,5

VY BUDANKY, SKIIO IS JSSKOrO JOBUILHO y3SITOTO
MOMEHTY t( BiZIOMO 3HAa4yeHHs IMOBIPHOCTi, BiIMiHHE
Bix piBHA 0,5 i piBHe B, To 3anmexHicts (2) npuiimae
OLIIBII CKJIAJHUA BUTIAL

-1

B = -+ (B3’ ~Dexplyt—to)f . )
Bu3HaYMBIIM BUTJISAA IMOBIPHICHOTO THIIOBOTO
TpeHxy Mojeni 0oHoBOI mpoTunii, OLIBII aIeKBaTHO
HiX 3a JIOMIOMOTOK BIIOMHX MOJeNeH, sSKuid BimoOpa-
kKae mpouec 0e3KOMIPOMiCHOI 00WOBOI HpOTHIIT CTO-
PpiH, epeliieMo 10 BUKIIAJEHHsI METO1y POrHO3yBaHHS
(owinku mapamerpiB) TpeHAa (2) Mo oOMexeHill cykym-
HocTi JaHux B(t;),i=1,...,m, sxi oTpuMaHi ekcepu-

MCHTAJIBHO Y I[I/ICerTHi MOMCHTH 4acy.

OntuManbHi ominku (tgs)” i y* 6e3 BKUBaHHS

CrieliaJbHUX 3aXOMiB JUIsl JiHeapu3alii TpeHa (2) 3Haii-
TH He BIaeThcs. Tomy OyneMo mrykaTs iX y JBa eTar.

Ilepm 3a Bce, OTPUMAEMO ONOPHI 3HAYECHHA
(to,5)o 1 Yo TO ABOX 3HauyeHHsX (yHKuii (2), Hanpu-
KJa, Uil BiZIOMHX 1 HAWOINbII BifaneHnx (Ha eKcrie-
pUMEHTAIBHOMY  IHTEpBalli) 3HA4Ye€Hb  apryMEHTY
t=tit=t,.

[Ipu 1bOMy OTPUMAaEMO CHCTEMY PIiBHSHB Y BUTIISII
B, = {1 + eXP[— Yo(ty — to,s)]}_l ;
Bn = {1 + exp[— Yo(tm — tos )]}_] .

PimeHHs cucTeMHu Ja€ OMipHi MapaMeTpu:
. In(1/B;-1)-In(1/B,,-1)
0= )
(tm 'tl)
t, In(1/B;-1)—t;In(1/B,, -1)
In(1/B; =1)~In(1/B,, 1)

JInst 3HAXOMKEHHS OLIHOK to,s i Y, HAIPUKJIAZ,

(4)

(to,5)o =

METOAOM MAaKCHMaJbHOI HpaBIONOAIOHOCTI, 3 ypaxy-
BaHHSM iX OMipHUX 3Ha4eHb (4) 1 BCIX BIZIOMUX 3HAYEHb
¢Gyukuii B(t) ma imrepBami [t=0,t=t,], npudomy
BiJIOMHX 3 NOTPIlIHOCTAMHU G1,G3 ...,Cpy , BBEAEMO 10~
3HAYCHHS:

dj =(tg5)0 +Altgs) =dg; +Ady;

(%)
dz =Y +A’Y =d02 +Ad2.

Poskinamemo B(t) 3rimHo (2) y psaa Tetinopa 3a ma-
pamerpamu d1 i d2 HaBKOJIO BEKTOpPY dOT =(dg1,dg2),

0OMEXYIOUHCh TEPIIUMHU WICHaMU po3kiananus. [Ipu
mpoMy I t =ty, k= 1,...,m orpumaeMo 3HayeHHs k-i

JIMCKPETH Y BUTIIALI
2 dB(v
B(ty) = BO,O(tk)"‘Z] (—k)(di —dgj) =
dd; (dgy) (6)
2
=B (t) + 2 Bi(t)(d; —dg;),
By o(ty) = {1 +exp[~d gy (t; —do 0
B; (t) = —{l+exp[~doy (t) —dop)]} > x
ne exp[—dgp(tx —dgp)ldoo; (7
B, (ty) = {l+exp[~dgy (ty —dg))]} % %
exp[—dg (tx —dop)I(tx —do1)-
Ipencrasumo mis t=ty, k=1,...,m BupaxenHs

(6) CUCTEMOIO BUTIISATY

AT.Ad=C,
Az[Bl(tl)...Bl(tm) } Ad:(Adl J;
B, (t))..B, (t,) Ad,
B(t;)=Bg () (®)

B(tm) - BO,O (tm)
[epm Hi>k MepedTH A0 BiANIYKaHHS BEKTOPY OLi-

HOK Ad, 3HalzeMo, BUKOpPHCTOBYIOYM TpaBwio Cap-
proca, BH3HA4HUWK iH(opMmamiiHOi MaTpuni Dimrepa,
SIKMH 3Ti7HO (8) TopiBHIOE

[aTA|= Y Bl )Y B () -
k=1 k=1
- ) )
2 Bi(t)Bs (ty)

k=l
I3 (9), maroun Ha yBa3i (7), MOKHa 3pOOMTH BHCHO-

BOK IIPO T€, 1[0 BU3HAYHUK MaTPHUIIi ‘ATA‘ HE JIOpIBHIOE

HYIIIO, 3 YOTO CIiyeE, IPU PO3B’sI3aHHI PIBHSHHS (8) MOX-
Ha OTPUMATH OIIHKH, sIKi MalOTh KiHIICBY JUCIICPCIIO.

Bi3zsMeMo 110 yBaru HeTOYHMIA omuc mporecy B(t)
Ha iHTEpBaJl EKCIIEpUMEHTaJIbHUX BHUMIpiB. 3HAYCHHS
npoekuiii Bektopy C MicTATh MOMWIKY. BumaaxoBuii
BekTop y BUNIIiAl C+3 Mae peanizamito

y=C+3d'. (10)

SIKIIO TOMUIIKK OTHUCY IIPOLIECY, IO PO3TIISAA€Th-
csl, PO3MO/ITIEHI HOpMAJBHO (11 TPHUITYLIEHHS HE CyTie-
peunTh KiHIeBild Teopemi JIAmyHOBa, OCKIIBKH HpOLEC
PO3IIISIAETHCSL TiJ BIUIMBOM MHOXHHHM HE3aJIOKHUX
(dakTopiB) 3 HYJBOBHM CEpEIHIM 3HAUCHHAM, TO iX
IITBHICT IMOBIPHOCTI Ma€ BUTJISIT

m 1

0(8)=(2mn) 2|[ 2 exp{—%S'T : n“a'}, (11)
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ne T — MaTpuirs KoBapialliif MOMUJIOK OIKCY MPOIIECY.
®ynkuis npasponoAiOHocTI mapamerpiB Ad, ski
i JJIATa0Th OLIHIOBAaHHIO, 3TiaHO (10), MTOpiBHIOE
m
1

w(Adly) = (2m) 2|12 x

: , (12)
exp{—a(y—A-Ad)T -H'](y—A-Ad)}
e A= A(d0);
y = y(AdiCTa 6’)

Jiis He3aIeKHUX OMHJIOK HEPIBHOTOYHOT'O OMHUCY
nporecy B(t) matpuis koBapiariiii i 3BopoTHa Tif € Jia-
TOHAJIbHUMHU

62 0 0 ..0 W, 0 0.0
Hocs%o O;H—I_OWZO 0,
C o o) loolw,
W, =612, (13)

nie ci — mucrepcis momuiku k -ro BigpaxyHky B(t),

[Ka JIOPiBHIOE ci = MISZJ.
PiBHSHHS MpaBAOMOAiOHOCTI BUXOAUTH 3 (12) mic-
1151 muepeHIitoBaHHS JIOTapuUPMy .
Bono mae Burisin
AT 'A)Ad=ATTT . (14)

Martpuns (ATH_]A)_1 srigno (8) Ta (13) nopis-

HIOE

AT 'A) ! =
.
D Wi Bii >- Wi B3y —| > Wi By By x (15)
k=1 k=1 k=1
m 2 m
> W Biy - W By By
o k=l k=1
m m 2
> WiBiBy D Wi B3y
k=1 k=1

VY BimnosigHocti 3 (4), (5), (7), (13), (15) B pe-
3yJAbTATI OTPUMYIOTHCSI ONITHMANIBHI OI[IHKH ITapaMeTpiB
TEMITIB 3MIiHM IMOBIPHOCTI JOCSTHEHHsS MeTH OOHOBOI
MPOTHU/Ii B 3aJIEKHOCTI Bif ii TPUBAIOCTI.

O1iHKY mapaMerpiB, a came, Y — Pi3HULI IHTEHCH-
BHOCTEH B3aeMHOro BIUIMBY 1-1 Ta 2-1 cTopiH, sika Jopi-
BHIOE PI3HHUII KUTBKOCTI X BOTHEBHMX BIUTUBIB 3a OJIHU-
HUIIIO Yacy.

Ta t0 — wacy mpoTuzii, IO BIAMOBIAAa€ JACIKOMY
3aJ]aHOMY PiBHIO IMOBIpHOCTI JIOCSTHEHHsI 1-10 CTOpO-
HOIO MeTH 00MOBOI pOTHIIT, piBHOMY 0,5 Hanpukiaz, y
BUTJISIIII YTPUMAaHHS TIOJIOBUHU TIIMOMHH CMYTH 000pO-
HU 1-i CTOPOHH, € eleMEeHTaMu MaTpHIIi

(tos/7)= (16)

m m m
| WiBy D Wi B3y —WiBy; Y WiByBa |y
-1 k=1 k=1

(VO,S )0 + 2

D> W Bi > Wi B3y —| > W By By
k=1 k=1 k=1

m m
2
WBy > W, Bi —W;By; > W By Byy |y
i 1=1 k=1 k=1
Yo 5

D Wi Bii > WiB3y —| D W By By
k=1 k=1 k=1

Mz

Jucnepcii oniHok mapamerpis, t0 1y, y BiIHOBiA-
HocTi 3 (15) MaroTh BUTIIAA

< 2
> WiBik
k=1
ol = ;
> Wi Bik > Wi B3y —| > W By By
k=1 k=1 k=1
o i (17)
> W By
2 k=1
C? 5"

m m m
> WiBfic X WiB3i —| Y Wi By Boy
k=1 k=1 k=1
To4HOCTI OIIHOK 3pOCTAIOTH MPU 301IBLIEHH]I YHC-
J1a TUCKPET 1 TOYHOCTI BimpaxyHkiB B(tk).
[MixcraBnsroun ominku napamerpiB (16) y Bupas
(2) mis Tpenmy, orpuMaeMo (YHKIIIO, SKa TO3BOJISIE
BU3HAYUTH OUiKyBaHy 3aKOHOMIpHICTh 3MIiHHM Yy 4aci
IMOBIPHICTh JOCSTHEHHS MeTh OoifoBoi mpoTumii 1-1
CTOpPOHHU.
3p03yMijio, O y BUIMAAKy HETaTHBHOI PI3HUIN iH-
TEHCUBHOCTEH B3a€MHOTO BIUIMBY CTOpiH, IMOBIpHICTh
JIOCSITHEHHSI METH 1-10 CTOPOHOI0, TIpH 301IbLIEHHI TPH-
BaJIOCTI OO0, 3MIHIOEThCS BiJl PIBHA, OJHM3BKOTO IO
OJIMHUIII 1 IParHe 0 HyJbOBOTO PiBHSL.

BMCHOBKM

1. 3anpornoHoBaHUI METOJI IPOTHO3YBAHHS X0y Ta
pe3yabTaTy 0010, IO BPaxOBYe 00’ €KTHBHE IPOTUCTOSH-
HS (paKTOpPIB BIUIMBY, CHPHSIOUMX 1 MEPEHIKOKAIOUMX
peamizamii eeKTy JAOCATHEHHS METH, 3aCHOBYETHCS Ha
BUKOPHCTaHHI PETbHUX EKCIIEPUMEHTAIBHHX JIAHUX.

2. CraTHCTHYHA MOJIENb, L0 BHKOPUCTOBYETHCS
JUIE OTPUMAaHHS OLIHOK IOKa3HUKAa PE3YJbTaTy OO0, €
OLIBII a/IEKBATHOIO HIXK BiJIOMI, 1 3py4HOIO [UISl IPAKTH-
YHOT'0 PillIeHHS 3a]a4.

3. Meron 103BoJIsI€ TPOrHO3YBATH (110 OOMEXKEHIH
CYKYITHOCTI €KCIIEpPUMEHTAIILHUX JaHUX) PEaNbHUN pi-
BEHb OYiKyBaHOI'0 BUKOHAHHS OOMOBOT0 3aB/IaHHS, KO-
T'O MOXKHA JIOCSITATH IIPY BiZJIOMOMY PiBHI pi3HUIII iHTEH-
CHBHOCTEH B3a€MHOTO BIUIMBY CTOpiH, a TaKOXX BH3HA-
YaTu TMOTPiOHY PI3HMIIO IHTEHCUBHOCTEH BIUIMBY IS
JIOCSITHEHHSI METH 0010 32 JTAHWMHU TEPUINX Pe3yJIbTaTiB
00110BOT MPOTHIT, 10 CHOCTEPIralOThCS.
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CTATACTUYECKAS MOJAENDb ANS OLLEHKWM BEPOATHOCTH
AOCTMXEHWA LLENTM BOMOBOIO NPOTUBOAEUCTBUSA

B.H. Knnmenko, b.A. JleMpsiHUyK

Ilpeonosicena mooenv Onst OYeHKU MemoooM MAKCUMATLHOZO NPA8OON0000UsI NPOCHOZUPYEMbIX 3HAYEHUL NAPAMEmpos
MPeHOa U3MEHEeHUsl 60 6PEMEHU GEPOAMHOCHIU OOCUIICEHUs Yelu 60eB020 NPOMUBOIEICMEUsl, KOMOPbIU AOEKEAMHO ONUCLIEA-
em pe3yIbmamul nPoYecca 83auMHO20 Pe3YTbMUPYIOWe20 02He8020 B030€lCMBUsL NPOMUBOOEICMBYIOUWUX CINOPOH.

Kniouegvie cnosa: cmamucmuueckas mooenv, 6eposmHOCmb OOCMUdNCEHUs yeau 60e6020 NpomueoOeticmaus, pasHochib
UHMeHCUSHOCMell 8030eUCHEUsi CHOPOH, MEMOO NPOCHO3UPOBAHUS.

STATISTICAL MODEL FOR EVALUATION OF PROBABILITY OF ACHIEVING OF MILITARY
COUNTERACTION AIM
V.N. Klimenko, B.A. Demyanchuk

Proposed is the model for evaluation by maximum likelihood method for prognostic values of parameters of alteration in
time trend of probability of achieving of military counteraction aim, which adequately describes results of mutual resultant fire
effect of counteracting parties.

Keywords: statistical model, probability of achieving of military counteraction aim, difference in intensities of parties in-
fluence, forecast method.
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