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K Bonpocy 0 nocTpoeHuun arperupoBaHHOM Moaenu
NpoTMBO6GOPCTBA rPyNNUPOBOK BOMCK

B cmamee paccmompeHa MemoouKka azpe2uposaHusi KpynHoMacuwmabHeix modeneli npomusobop-
cmea nymem nepexoda om 8ekmopa ¢azosbix KOOPOUHAM MOOENU K UHEUHbIM HOPMAM U azpe2upo-
8AHHbLIM Napamempam 83aumMo0elicmaus, 4mo No380/UM HA NOPSIOOK COKPamume pazMepHoOCMs Mooe-
Ju. Beibopom waza uHmezpuposarusi obecneyusaemcs 3a0aHHAS MOYHOCMb Pe3y/bmamos no Uucxoo-
Hol u aepezuposaHHol moodenu. [lpusodsamcsi npuMepsl, UIIOCMPUPYWUEe NPUMEHUMOCMb MEMOOUKU
0711 NOCMpPOeHUs azpeauposaHHbix Mooesnel pasudHo20 ypOBHS.

CoBpeMeHHble rpynnMpoBKK BOMCK NpeacTaBnsioT coboi 60nblune BOEHHbIE CUCTEMBI, BK/OYA0-
wue B cebs AecaTKM BOMHCKUX (GOPMUPOBAHUM Pa3NIMYHOIO HA3HAYEHWS, COTHU eauHuL, 06pa3LoB
BOOPY>KEHMS U BOEHHOM TeXHUKU(BBT) pasnuyuHoi HOMEHKNATYpbl, ThICSYM EAUHULL XKMBOW CUNbI.

MopenvpoBaHue M aHanuM3 NPUMEHEHUS TakUX rPynnUPOBOK NPEACTaBASOT CO60M CNOXHEMLYO
HaY4YHYI0 M NpUKNagHy0 npobnemy. Mo3TOMy OAHMM U3 HAaNpPaBNEHWUA COBPEMEHHbIX HAY4HbIX Mccne-
LOBaHWUM B 061aCTM MoLennpoBaHUs BONbLUMX BOEHHbIX CUCTEM SIBASETCS pa3paboTka arpernpoBaH-
HbIX MOAENEN, MO3BONSHOWMX NPOMU3BOANUTD KAYECTBEHHDBIVM aHANIU3 AUHAMUKM TAKUX CUCTEM, OLLEHMBATb
WX CTPYKTYPHYI YCTOMYMBOCTb M MPOrHO3MPOBaTb pe3ynbTaTbl MX MPOTUBOOOPCTBA C aHANOMMUYHbLIMU
CUCTEMAMU C MCMOMb30BAaHMEM HEBONBLIOrO YMCIA arperMpoBaHHbIX NAapaMeTpoB. MccnenoBaHuUIo Teo-
peTUYEeCKMX OCHOB CO3[4aHMS arperMpoBaHHbIX Moaenein 60blWwMX BOEHHbIX CUCTEM MOCBSLLEHA MOHO-
rpaduma [1]. B aaHHOM cTaTbe paccMaTpMBaETCd METOAMKA MOCTPOEHUS arperMpoBaHHOM MOAenu rpyn-
MUPOBKM BOMCK, UCNOMb3YIOLLAS B CBOEN OCHOBE METOAMYECKUIA NOAXOM, U3NOXKEHHDBIN B paboTe [1].

B coctaB coBpeMeHHbIX rpynnMpoBOK BOMCK BXOAST BOMHCKME hopMupoBaHus (BD) paznuuHoro
Ha3HaveHus. Mo xapakTepy M MacwTaby pelwaembix 60eBbix 3aaa4 Bce BO nogpaspensatorcs Ha wecTb
knaccos [2]:

TB®-0. dnemeHTapHble BOMHCKME (GOPMMPOBAHUS poAa BOWMCK, OCHALLEHHblE OAHWM 00pa3LoM
BBT 1 cnocobHble BbINONHATL OAHY TAKTUKO-OTHEBYH 3a4auy (3agadvy obecneyeHuns), yHKLUMOHANBHO
onpepeneHHyto npegHasHavenneM BBT. K TBD-0 oTHocaTcs 6oeBble pacyeTbl (3KMNAXK), CNeLleHHble
MOTOCTpenKOoBble oTaeneHus (oTaeneHms Mopckon nexotol, BAB) u nM pasHble. Takum obpasoM, obpa-
3ew BBT c akunaxem (6oeBbiM pacyeToM) npencraBnseT coboin 3neMeHTapHoe BOMHCKoe GpopMUpo-
BaHue (boeyto eguHuuy) TBD-0.

TB®-1. TakTnyeckne noapasnenerHus (B3Boa, pota) poAa BOWMCK, OCHALLEHHblE OAHOPOAHbLIM BO-
OpPY>XEHMEM M TEXHUKOM U CMOCOOHbIE BbINOSHATL HECKOIbKO TaKTUKO-OrHEBbIX 3afa4 (3a4ay obecne-
yeHusl), DyHKLUMOHANbHO onpeaeneHHbIX npeaHasHavyeHnem BBT.

B coctraBe TB®-1 Hapsay ¢ 60eBbIMM pacyeTaMu, 3KUNAXKaMu, OTLENEHUSIMU MOTYT HAXOAUTLCS
pacyeTbl, 3KMNAXK U OTAeNeHus, T. e. BOMHCKMe dpopMupoBaHug Tuna TMB-0, obecneunsatowme gen-
cTBMS 60eBbIX NOApa3AeNeHuUn.

TB®-2. Taktnyeckve noapasgeneHns poaa BOMCK (6aTanboH, AMBUM3MOH, 3CKaApWbS), CNELManbHbIX
BOMCK, TbiJla M TEXHUYECKOro obecneyeHus, coctosme 3 Heckonbkmnx TBM-1, cnocobHble BbINOMHATL OAHY
TaKTUYecKyto 3aaavy. B coctase TBM-2 MoryT Haxoamtbes obecneumsatolume nogpasaenerns tuna TOB-1.
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TB®-3. TakTMueckue noppaspeneHvs poaa BOMCK (monk, Gpuraga, aBuabasza), cneumanbHbiX
BOWCK, TbIJ1Ja M TEXHUYECKOro obecneyeHuns, COCTosLLME U3 HECKONbKMX NoapasaeneHnin tuna TBMO-2 u
TB®-1 1 cnocobHbIX BbINOHATL HECKOMbKO TaKTUYECKMX 3a4au.

OB® - oOweBoiCKOBOE oOnepaTtMBHOE (ONepaTMBHO-TAaKTUYECKOE) BOMHCKOE (OpMMpPOBaHUeE,
onepaTMBHOE (ONepaTUBHO-TaKTUUYECKOe) BOMHCKoe popmupoBaHue Buaa BC (rpynnupoBka BOMCK U
cun), coctosulee U3 Heckonbkux TB®M-3, HenmocpeacTBEHHO NoAYMHEHHbIX TBM-2 u TBM-1, cnocob-
HbIX BbIMOMHATD ONEepaTMBHbIE 334a4yM, @ NPU ONpeaeneHHbIX YCIOBUSX — FOTOBUTb M MPOBOLAUTH
CaMOCTOsITe/NbHbIE BOEHHbIE AEMCTBMS ONEepaTMBHOMO (ONepaTMBHO-TAaKTMYECKOro) MacLTaba.

OCB® - obuieBorickoBoe (MeXBWAOBOE, 06beMHEHHOE) ONepaTUBHO-CTPAaTErMyeckoe BOMHCKOe
dopmuposanme BC, (rpynnupoBKa BOWCK M cun), coctosee mM3 Heckonbkux OB®, HenocpeacTBeHHO
NOAYMHEHHBbIX MM TBMD-3, TBD-2, TBD-1, cnocobHble roToBUTb M NPOBOAUTL CAMOCTOSTE/NbHbIE BOEH -
Hble LEeNCTBUS Pa3IMYHOM MHTEHCUMBHOCTM HA CTpaTernyeckom HanpasneHuu (TBL).

MepeuncneHHble Bbile KAacCbl 0OpasyT MepapxXmMUeckyd CTPYKTYPY BOOPYXXEHHbIX CUA (pUcy-
HOK 1). B 3TOM CTpyKTYype KaxAapii Bbicwmni Knacc BO BkntoyaeT B cebs HuxecToswme knaccol BO.

o
Boopvxennsle cHmmI
OCB@®
|
OB®
|
| o
TB®1-3
|
TB®-0

PucyHok 1 - Mlepapxmyeckas CTpyKTypa BOOPY>KEHHbIX CUN

B kauectBe TMNOBOro obbekTa MoaenMpoBaHua aanee byaem paccmatpmeatb TBM-3, nmerollee B
CBOEM COCTaBe BCE OCHOBHbIE PYHKLMOHANbHbIE INEMEHTbI:
» 6oeBble noacucTeMbl, obecneymBaoLLmMe HeNnocpeacTBEHHoe nopaxeHne oObEKTOB NPOTUBHMKA C
npuMeHeHueM yaapHbix cpeacts (YO);
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* noacucrtembl 60eBoro ynpasnenus (bY), ocywectensiowme ynpasneHme npuMeHernmem YG;
* NoacuCTEMbl MaTepuanbHo-TexHMYeckoro obecneyenms (MTO) rpynnmMpoBku.

Bonee BbicOkMe ypoBHM BOMCKOBbIX rpynnupoBok (OB®, OCB®) npuHUMNManbHO OTAM4YAKOTCS
TONbKO MacwTaboM pelsaeMbix 334ay, TUMAXKOM M YMCIEHHOCTbIO BXOASLMX B HUX 3NEMEHTOB M
YPOBHEM UX B3aUMOAENCTBUS.

B 6onee menknx BonHckux dopmuposanusx (TBM-2, TBAO-1, TBM-0) MoryT oTCyTCTBOBATL HEKO-
Topble QYHKLMOHANbHbIE 3EMEHTbI, HaNnpuMep, aBTOHOMHbIe noacucrembsl MTO.

BoeBble moacucTeEMbl ABNAOTCA OCHOBOM 60EBOM MOLIM BOMCKOBbLIX rpynnupoBoK. O6bekTamu
fencrems 60eBbiX MOACUCTEM BbICTYNAKOT BCE TPU KOMMOHEHTbI FPYNNUPOBKM NPOTUBHUKA. [1n4 pelue-
HMS 33434 NopaXKeHUs 0ObeKTOB NPOTUBHMKA OHWM OCHALLAKTCA YAAPHBIMU CPeACTBaMMU OFHEBOTO, pa-
[AMO03NEeKTPOHHOI0, XMMUYECKOro U ApYrnX BUAOB BO3LENCTBUS.

KntoueBbiMn xapaktepuctnkamm YC 9BASIOTCS UX TUMAX M U YUCNEHHOCTb N,.,(I'=1,_m) , UHTEH-
CMBHOCTb cTpenbbbl A; 1 BeposTHOCTL nopaxenus W
wero obbekTa NPOTUBHMKA.

YncneHHoctn n 6oesble BO3MOXHOCTM YC mpoTMBOGOPCTBYHOWMX CTOPOH OyaeM o6o3Hadvatb
BEPXHUMU MHAeKcamu. [Npu gonyweHun 06 OTCyTCTBUM BOCMONHEHMS TPYNMMUPOBOK B XOA4E BOEHHbIX
LLeViCTBUI, YTO COOTBETCTBYET Ha4YaNbHOMY 3Tany 1t060ro BOEHHOrO KOHPIMKTA, AMHAMMUKA U3MEHEHWUS
CPeLHUX YNCNIEeHHOCTEM NPOTUBOBOPCTBYIOLLMX FPYNMMPOBOK OMUCHIBAETCS CNEAYHOWMMU YPaBHEHMUS -
mMu [2, 3]:

j OAHWM BbICTPE/IOM (3a/1MOM) COOTBETCTBY!O-

1

dNY L,
= RN NP 0)=NE (i=Tm,);
— 1)
dN? &
i 1 OO V=N (= .
= I N NN (=T

L

LZ 1

roe 0<;yf.jl)<1 3 y(l.jl):l : 0<yfy.2)<1 3 yf./.z)zl - napameTpsl Lenepacnpenenerns YC no o6bek-
j:]_ /:1

TaM NPOTUBHUKA;

wf.jl):)L(jl)Wf.jl) ; wf.j”:/l(jz)Wff) - MHTEHCMBHOCTM nopaxatowero aencraus YC no obbektaM npo-
TUBHWKA;

m,, m, —xonuyectso TMnoB YC B rpynnmMpoBKax NpOTUBHUKOB;

L,, L, - obuiee 4n1cno BO3MOXKHbIX 0GbEKTOB MOPaXeHMs (Leneit) NPpOTUBHUKA.

Cpencrea 60eBOro ynpasfieHMs OCYLLECTBASKOT LiesieyKa3aHme u yrnpasneHue oriem YC no obbek-
TaM NpPOTUBHMKA. B KauecTBe UX OCHOBHbIX XapaKTePUCTUK PacCMOTPUM YMUCIEHHOCTb CpeactB bY n u
YMCNO KaHANoB ynpasneHus [. byaemM cumTathb, YTO C KKABIM KaHANOM YrpaBneHUsi CBS3aHO HECKONbKO
YC. lMNpu nopaxeHun cpenctsa bY BbIBOAATCS M3 CTPOSi BCe ero KaHanbl ynpasneHus. [pu notepe KaHa-
na ynpasneHus CBa3aHHble ¢ HMM YC Takke TepsoT CBo 60ecnocobHOCTb. [puHATbIE AoNyWeHUs He
NpOTUBOPEYAT NPUHLUMMAM U NPAKTUKE NPUMEHEHMS COBPEMEHHbIX CpeacTB 60eBoro ynpasneHus. 1u-
HaMUKY YUMCNIEHHOCTU CpeacTB bY B xoae BOEHHbIX AENCTBUI ONUCLIBAKOT C1eayoWwne YypaBHEHUS:

n m,
ﬂ:—z yf.jz)wﬁjzw(jz); n,(0)=n,;
dt j=1
dn ’”1 — @
—2=_% yf.jl)wf.jl)N(jl); n,(0)=n,.
dt j=1

C yyetoMm (2) cpenHee uncno 6oecnocobHbix YC B cocTaBe NpoOTMBOOOPCTBYOWMX MPYNNMPOBOK

Ha TEKYLLMIA MOMEHT BpeMeHu t ByaeT coCTaBnsTh:
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N (t):=min| NP (e), 47, (1)] . (3)

CuMmBON := 34eCb 03HAYAET KMONIOXKMUTb PABHbBIMY.

Moacucrema MTO BkatoyaeT B cebs cknapbl (MyHKTbI) € 3anacaMu MatepuanbHbIX cpeacts u boe-
npunacamu, HeobxoanMble TPAHCNOPTHbIE CPEACTBA U NNYHbLINA COCTAB AN9 UX OOCTAaBKM B BOWCKa. B
KayeCcTBe OCHOBHbIX XapakTepucTuk noacuctemsl MTO Bynem paccmMaTpuBaTh YMCIO F CKNAA0B (NMYHK-
TOB) pa3MelleHns MaTepuanbHbiX CPeacTB M ux obvem M. O6wmi 3amac MatepuanbHbiX CPeACTB B
rpynnMpoBKax COCTaBSET:

rl ml rz mz
M(l)zz Z M;;),. M(Z):Z Z ngz') ) (4)
k=1 i=1 k=1 i=1

JT0T 3anac obecneynBaeT BeAeHWe BOEHHbIX AEWCTBUIN B TeYEHME BPEMEHM NPOBeAeHMs onepa-
umn T . OT BENMYMHBI 3aMacoB, BpEMEHU NPOBEAEHUS OMEpaLLUU U YACIEHHOCTU YAAPHbIX CPEACTB
3aBUCUT MHTEHCMBHOCTb Aencteus YC no obbekTam npoTMBHMKA. B obwem cnyyae MHTEHCMBHOCTb
nevictena YC A onpenensietcs cneayowmM BblpaKeHUeMm:

M) o
A(t)= N(f)[Tm—f]’ M O, ()
0, M(t)=0

rome M(t),N(t) - cpeaHve 3HaueHMs Tekyllero 3anaca MaTepuanbHbiX CPeacTs U umncneHHoctv YC B
cocTase rpynnmMpoBKM.

Cknagapl (MyHKTbI) C 3aMacaMn MaTepuanbHbIX CPEACTB, TPAaHCMOPTHbIE MOTOKM MX MOCTAaBKM B BOVICKA
TaKKe SBAIOTCA 0BLEKTaMMU NOPaXKEHWS NPOTMBOBOPCTBYIOLLEN CTOPOHbI. [IMHAMUKY M3MEHEHUS 3aMacoB
MaTepuanbHbIX CPEACTB B XOAE BOEHHbIX AECTBUI MOXHO OnMCcaTh cMCTeMOoit AnddepeHLManbHbIX ypas-
HEHUIA, YUMTbIBAIOLMX Pacxos, MaTepUanbHbIX CPEACTB M X BO3MOXKHbIE NOTepU OT yAapOB NPOTMBHMKA:

dr moo o aMY o ‘
dtlz_z )/f-/-z)c()(f)N(jz); _dt’ :—Asl)NEI),' I_’l(O):rl,' M(I.l)(O):M(il),'
j=1
_ - (6)
a1, & 0 wmw. dMEZ)_ QAN . = (A)_ @A) — pg2)
—2=—>"y NY, —=—2NY; F,(0)=r,; M?(0)=M,

= A" L
Cuctema ypasHeHu# (1)...(6) aBnSeTCS 3aMKHYTOM M NO3BONSET MOAENMPOBATb MPOLLECC BOEHHbIX
[ENCTBUM MPOTMBOCTOALLMX FPYNNMPOBOK BOMCK. O6Lwasa pasMepHOCTb Aaxke Takow «rpybor» mogenm
coctagnsier 3(m, xXm,)+5 uto npu m>10 yxe sSBASETCS AOCTATOUHO GOMBLLON.
PasmMepHOCTb MaTeMaTU4yeCckKon MOLENN MOXHO CHM3UTb MyTEM Mepexona K CyMMApHOM YMCNIEH-
HocTn YC 1 arperMpoBaHHbIM MOKa3aTenam rpynnumpoBok:

ml ml
N<1):z N - N(Z):z N2
i=1 -1
mZ m1 ml mZ
(1) (1) p(1) (2) (2) \j(2)
1) i=1 j=1 i @ Nj 2) =1 j=1 i @ N/
V=== . : ¥ === . ’
~ () N \(2)
Z N/‘ z N/
j=1 j=1
ml mZ
)L(l)Nm Z ).(Z)N(z)
~ (1) N (2)
Z N/' Zl N/
i=1 i=
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(/)

nl nZ
B pesynbtate nonyyaem cuctemy m3 12 ypaBHeHWI 41 arperMpoBaHHbIX NMOKa3aTtenei rpynnmMpoBoK:
dN" dN" .
—- . - (1) N(l) .
dt Codt ’
e, M age.
dt dt
N(t):=min| N2, 4,7, (0)] ; N(t):=min| N2(£),1,m,(1) 9
dF _, dF _
—1:—60(2)/\/(2),' _Zz_w(l)N(l);
dt dt
dM(l):_;LmNm dM(Z):_»z)N(z).
dt Todt ’
MY:=F MY MP:=F M7

[NokaxeM, 4TO CMCTeMa arperMpoBaHHbIX YpaBHEHUI (8) HA ManbiX MHTepBanax BpeMeHn At 3k-
BMBAJIEHTHA pPeLUEeHNI0 CUCTEMbI ypaBHeHwui (1)-(6) 4N NMHERHOM HOPMbI BEKTOPOB.
[lng 3T0ro paccMoOTpUM CUCTEMY BEKTOPHO-MATPUUHbIX AuddepeHUnanbHblX YpaBHEHUI NPOTU-

BOGOPCTBA B YNPOLLEHHOM MpPeaCTaBIEHUM:

IX——By; x(0)=c,;
dt
dy ©)
——=—Ax; y(0)=c,;
dt y(0) 2
roe A:(a,.j)mxn; Bz(b,.j)nXm - MONOXWTENbHbIE MPSMOYroJibHblE MATPULIbl COOTBETCTBYHOLIMX pa3-
MepHoCTeNn;

X,y - BEKTOpa C HeOTpULATENIbHbIMU KOMMOHEHTaMM.

n
0603HauMM ||x||=>° X5
i=1

lyll=2y,
i=1

m n
1B=>. > b, - nueiiHble Hopmbl MaTpuL A, B.

i=1 j=1

n m
NuHelHble  HOpMbl  BekTopo Xy ; [Al=D. D) a;

i=1j=1

MpUMEHUM K BEKTOPHO-MATPUYHbIM YpaBHEHUSM (9) onepauuio HOpMMpOBaHUSA. B pesynbrate
MONYYMM CNeayHLLYy CUCTEMY CKANSPHbIX YPAaBHEHUIA:

dx
dt

dy

Z=—ax;

dat

n m

_:_ﬁy; X(O):C1;

(10)
y(0)=c,;

rpe x= Z X, 5 ¥y= z Y; — CyMMapHbleé YUCNEHHOCTWN YAaPHbIX CUJI I'IpOTMBOﬁOpCTBYPOIJJ,VIX rpynnmpoBOK;

i=1 i=1

X v
pi:—’ ; q,.:—’ — [I0/1EBbIE YNCIIEHHOCTM Pa3HOPOAHBIX CUI FPYNMNUPOBOK;
X y
m n n m
B :Z z b,./. q;; a= a;p; - arperMpoBaHHble NapaMeTpbl 3¢ dEKTMBHOCTU OENCTBUS CTOPOH.

i=1j=1 i=1j=1
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CoBMecCTHOE MHTEerpupoBaHue 3TUX YypaBHEHWI MO3BONSET NOAYYUTb OUHAMUKY CYMMapPHOM YumC-
NEHHOCTU yAapHbIX CUN FPYNNMPOBOK B MpoLecce NnpoTMBO6OpPCTBa B 3aBMCMMOCTM OT arperMpoBaH-
HbIX NapamMeTpoB 3PHEKTUBHOCTU UX AencTBUa o ,f .

. X
BeeneM Tenepb pacliMpEHHbI BEKTOp Z= n matpuuy D= . Toroa cucteMy ypaBHe-
y

A O
HUIM (9) MOXHO 3anucaTtb B BUAE O4HOM0 YPaBHEHUS:
az
—=-Dz: z2(0)=c.
" (0)
Ero peweHune umeet sug, [4]:
z(t)=eP'c, (12)

roe e ' - MaTpUuHaa 3KCMOHEHTa.
Ha mManom uHTepBane speMenn (t,t+At) umeeMm cneayroliee NpUBAMKEHHOE PaBEHCTBO:
z(t+At)=e P ex]1—AED]2(2)
OTKYyAa NONy4YaeM:
Az=—AtDz.
Mockonbky Matpuua D 6n1o4Has, To npupalleHne A z pa3brBaeTcs Ha ABa HE3ABUCMMbIX NPUPALLEHNS:
Ax=—AtBy; Ay=—AtAx.
MpuUMeHss K HUM onepaumnio HOPMUMPOBAHMS A1 BEKTOPOB X, Y, MOJy4aeM NpuUpaLLeHns 4ns CyM-
MapHOM YNCNEHHOCTU rPYNMNMPOBOK, COOTBETCTBYOWME YpaBHeHUAM(10):
Ax=—FyAt; Ay=—axAt.
Taknum 06pasoM, Ha AOCTAaTOYHO MaNOM MHTepBane BpeMeHU At peweHus ypasHeHun (9), (10)
No JIMHEMHOM HOpMe BEKTOPOB COBMAAatoT. Boibop ANMHbI MHTepBana At onpepensercs 3afaHHOM
OTHOCUTENbHOM MOrPeLIHOCTLI0 MOJTy4aeMOro peLieHns £ :

At< £
min]I a,/o’t- :
B pesynbraTte arperMpoBaHUsi 3HAUUTENIbHO COKPALLAETCs pa3MepHOCTb MOLENU, 4To He TpebyeT
NMPUMEHEHNS BbICOKOMPOMU3BOAMUTENbHbIX KOMMbKOTEPOB.
Mo pe3ynbTaTaM MOAENMPOBAHMS ONS KAXKA0r0 MOMEHTA BPEMEHWM HETPYAHO OMpeneNvTb KOJU-
4yeCcTBEHHOE COOTHOLUEHME CMA NMPOTMBOOOPCTBYHOLMX FPYNNUMPOBOK. DTOT NOKAa3aTelb onpeaensercs
KaK OTHOLUEHME CYMMAaPpPHbIX YUCIIEHHOCTEN YAAPHbIX CUA NPOTUBOBOPCTBYIOLWMX FPYNNMpPOBOK [3]:

x(t
k(=211 12)
y(t)

Mpu oLeHKe BO3MOXHOCTEN rPyNnnNMpPOBOK YaCTO MCMOMb3yeTcs nokasatens 60eBoro noreHumana
rpynnupoBku [1, 2, 3]. 3TOT Nokas3aTteNb XapakTepusyeT CYMMapHY BeNnM4YMHy yuepba, HAHOCUMOrO
NPOTUBHMKY B TEKyLWMI MOMeHT BpeMeHu. M3 (9), (10) cneayet, 4To noteHumansl NpoTMBOBOPCTBYIO-
LUMX CTOPOH COCTABNSALOT:

PelAxl=2 X a,x=ax; P=IBYI=2 2 b,x,=hy. (13)

i=1 j=1 i=1j=1
CooTHOLWeEHWE MOTEHUMANoB XapakTepusyeT 6oeBble BO3MOXHOCTU CTOPOH B TEKYLLMA MOMEHT
BpEMEHMU, KOTOPbIe 3aBUCAT KaK OT KOIMYECTBEHHOIO COOTHOLLEHUS YAAPHbIX CUA, TaK U OT 3bPeKkTnB-
HOCTU UX OENCTBUS:
P,(t)
A
Py(t)

—_a ” o
roe M_F — COOTHOLWUEHHNE arperMpoBaHHbIX NMNOKa3aTenen BCIJCDEKTMBHOCTVI AencTena CTOpOH.
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Mcnonb3oBaHMe B KayecTBE arperMpoBaHHbIX MapaMeTpoB nokasaTeneit 6OeBOro noTteHuuana
NO3BONSIET UCXOAHYI MoZenb npoTuBobopcTBa (9) NpeacTaBuTb B BMAE CUCTEMbI YPaBHEHWI ANS
60€eBbIX NOTEHLMANOB rPYNNMUPOBOK:

Py WP s)
dt °7 dt B Pa
C COOTBETCTBYIOWMMM HauanbHbiMu ycnosusamu P,(0) ; P,(0)
AP . [[BP,]| y
rme o = P ;B = T arpernposaHHble napaMeTpbl 3GHEKTUBHOCTM AeACTBUS CTOPOH OT-
B A

HOCUTeNbHO 60eBbIX MOTEHLMANOB FPYNNUPOBOK.

YpaBHeHus (15) gatotT 3KBMBANeHTHOE pelleHne UCXOAHOM 334a4vM B NMpOCTpaHCTBe 60eBbix NO-
TEHLUMANOB.

[na neMoHCTpaumMm MeToAMKKU pacCMOTPUM NPUMEPbI NOCTPOEHUS arperMpoBaHHOM MOAENu nNpo-
TMBOBOPCTBYHOLWMX IPYNMUPOBOK.

Mpumep 1. PaccMatpuBaeTcs npoTMBOAENCTBUE ABYX TaKTUYECKUX FPYMNUPOBOK, B COCTaB KOTO-
PbIX BXOAST TONbKO YAApHble CPeacTBa.

Tunax n ymcneHHocTb YC, a Takke napameTpbl 3OPEKTUBHOCTU UX AENCTBUS NpeacTaBieHbl B Ta-
6nmuax 1-3. B tabnuuax 2, 3 B nepBoM cTonbue npuBeneHsl BEpoSTHOCTM wenepacnpeaenermsa YC, a
BO BTOPOM — BEPOATHOCTU NOPaXXeHUs 06bEKTOB.

Tabnuua 1 - CocTaB M YMCNEHHOCTb FPYNMMPOBOK

CropoHa A CropoHa B
Tunax YC YncneHHocTb MHTeHVCMBHOCTb Tunax YC YncneHHocTb MHTGHVCMBHOCTb
OencTBus nencTeus

x1 10 0,15 yl 20 0,1

x2 30 0,1 y2 30 0,2

X3 15 0,2 y3 0 0
CymmMapHas 55 50
YUCSIEHHOCTb

Mo paHHbIM Tabnumy 1-3 METOAOM YMUCNEHHOrO MHTErpUpOBaHUS ypaBHeHUN (9) paccumTbiBaeTcs
AVHAMMKA UYMCNEHHOCTM NpPOTMBOOOPCTBYKOWMX CTOPOH B Xode 605 NpOAO/IKUTENbHOCTLHO
T,,=10 yacos . PacueTHblit MHTEpBaN BpeMeHW cocTaBnseT At=1 yac. Pe3ynbraThl pacyeToB npu-
BEEHbI HA PUCYHKaX 2, 3.

Tabnuua 2 - MaTpuua nopaxarowero 4eiCTBms CTOPOHbI A

CtopoHa B
CtopoHa A y1 y2 y3
x1 0,3 0,1 0,7 0,15 0 0
x2 0,5 0,2 0,5 0,1 0 0
x3 0,6 0,15 0,4 0,3 0 0
Tabnuua 3 - MaTpuua NopaxaroLero AefcTBrUs CTOpoHbl B?
CtopoHa B
CtopoHa A x1 X2 x3
v1 0,5 0,2 0,3 0,3 0,2 0,1
y2 04 0,1 0,2 0,15 04 0,2
y3 0 0 0 0 0 0

1 BTabnmuax 2,3 nepeoe 4MCNO O3HAYaET BEPOATHOCTL AelicTBus YC No 06beKTY, @ BTOPOE — BEPOSTHOCTb €ro NOPaXKeHMs.
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OvHaMHKa YHCNEHHOCTH FPYNNHPOBKK A

CpefHAR YHCNEHHOCTL YC
o B >

0 ' T
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—— 1
MpoponsMTensHOCTs GoeBbIX AEACTENR i
—a—x3

PucyHok 2 — [IMHaMWKA YNCAEHHOCTM TpynnUpPOBKKN A

OuHaMuKa  YHCNEHHOCTH rPynNNupoBku B
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PucyHok 3 = [IMHaMWKa YNCIEHHOCTU rpynnupoBku B

B cootBetctBuM ¢ popmynamu (10) paccumTtaHbl arperMpoBaHHble 3HAYeHUs nokasatenen a,f ,
AMHAMMKa KOTOPbIX MOKa3aHa Ha rpadukax pucyHka 4.

OwHamKuka arperMpoBaHHbIX napameTpos 3dexTHBHOCTH
AeACTBMA rPYNNHPOBOK
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PucyHok 4 — [InHaMuKa arpermpoBaHHbIX NokasaTtenein 3pheKTMBHOCTM AEeNCTBUS
NpOTMBOOOPCTBYHOLLMX FPYNNMPOBOK
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Mo 3TMM 3Ha4YeHUsIM NPOM3BEAEH PaCYeT M3MEHEHUS CyMMApHOM YMCNEHHOCTU rPynnMPOBOK NO
TouHoM popmyne (11) n npubamxkeHHbiM popmynam (10), pesynbraTtbl KOTOPOro MNOKa3aHbl HA PUCYH-
kax 5, 6. Kak BUAHO w3 npuBeaeHHbIX rpadukoBs, arpernpoBaHHas mogens (10) paet npakTnyecku
O[IMHAKOBble pe3ynbTaTbl B CPaBHEHWUM C TOYHOM MOoAeNblo. MiccnenoBaHMs NOKasbiBatoT, YTO BbIGOpOM
wara uHTerpupoBaHmna At MoxHO obecneunTb Nt0OYH 3aAaHHYO TOYHOCTb pacyeTa.

AMHamuka nIMeHeHHR CYMMapHOR YUCNEHHOCTH
rpynnMpoBKM A
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PucyHok 5 = [InHammnka cyMMapHOM YMCIEHHOCTM TpYNNMUPOBKK A,
paCCYMTAHHAsA TOYHbIM U NPUBAMXKEHHBIM METOAOM

OMHamuKka M3IMEHEHWR CYMMAPHOR YHCNEHHOCTH
rpynnuposkn B
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PucyHok 6 — IMHaMnKa CyMMapHOM YMCNEHHOCTU FPyNnMpPOBKKU B,
pacCYMTaHHAs TOUYHbIM U NPUBAUXKEHHBIM METOA0M

Ha pucyHke 7 npuBeneHbl 3Ha4eHMs Nokasatenei 60eBbiXx BOIMOXHOCTEN MPOTUBOBOPCTBYHOLMX
rpynnuposok K (t) Kp(t) B X0[€e 6OEBbIX AENCTBUIA.

N3 pucyHKa BUAHO, 4TO C TeyeHMeM GOeBbIX LENCTBUIA MOKA3aTeNlb COOTHOLEHUS YUCIEHHOCTH
cropo K, (t) yBenuuuBaetcs B mosb3y CTOPOHbI A, OAHAKO MOKa3aTeNb ee GOeBbIX BO3MOKHOCTEI!
ybbIBaeT N0 CpaBHEHUID CO CTOPOHOM B. ITO CBfi3aHO C TeM, YTo nokaszatenb 3PPEeKTUBHOCTU Oeli-

CTBMS CTOPOHbI B B cpeaHeM Bbilwe, 4em y CTOPOHbI A (PUCYHOK 6) M OH yBEeNUUYMBaETCS B xoae 60eBbix
[ENCTBUM 3a cYeT bosiee HU3KOro TeMna NoTepb.
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MpuBeneHHbIM NpuMep AEMOHCTPUPYET NPaKTUYECKYH0 LenecoobpasHOCTb NPUMEHEHUS arperu-
pPOBAaHHOM MOAENM ANS ONUCAHWS NPOLLECCOB NMPOTMBOBOPCTBA BOEHHbIX CUCTEM.

PaccmoTpum BTOpOM nNpuMep, B KOTOPOM MpPOTMBOOOPCTBYIOWME FPYNNUPOBKM BOMCK UMEKT B
CBOEM COCTaBe KpOMe yAapHbIX CpeacTB noacuctemol 60esoro ynpasnexnns n MTO.

Mpumep 2. lononHUTENbHBIMM AAaHHBIMKU K YCIOBUSAM NpuMepa 1 aBNSKOTCS YMCNEHHOCTb CPEACTB
bY n nyHktoB MTO ¢ 3anacaMu cpencTs NopaxeHus, a Takxke Lenepacnpesenerme YC npu gencTamm
no HuM (Tabnuua 4).

OuHamuka nokasatened GOEBbIX BO3MOMKHOCTEN
NpPOTHEODOPCTEYHWMX TPYNNUPOBOK
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MpogonKUTENbHOCTE GOEBLIX 4EACTENNA

PucyHok 7 - [IMHamMumka nokasaTenev 60eBbiXx BO3IMOXHOCTEN NPOTMBOOOPCTBYHOLWMX IPYyNnUPOBOK

Tabnuua 4 - MaTpuua uenepacnpegenerus YC rpynnMpoBoK no o6bekTam AeicTeus

CropoHa A CropoHa B
O6bekTbl aencTema YucneHHocTb Lenepacnpe- | BepoarHocts YucneHHoCTb Lenepacnpe- | Bepoatrocts
fneneHune NMOpaXeHs fLeneHune NOpaXXeHs
YC 55 0,5 0,3 50 0,6 0,3
CpepctBa BY 0,2 0,2 10 0,3 0,2
MyHkTel MTO 5 0,3 0,2 8 0,1 0,2
O6wwmii 3anac CI 240 240

N3 Tabnnubl 4 BUOHO, YTO TPYNNUPOBKU MMEKOT NPUMEPHO OAMHAKOBYH YncaeHHocTb YC u ad-
(eKTUBHOCTb MX NMPUMEHEHUs, CXOXue cucteMbl 6oeBoro ynpasnenuss 1 MTO, oAMHAKOBbIM 3anac
CpencTB nopaxkeHus. PasnnMume coctomT B CTpaTerMm OrHeBOro nopaxkeHns ob6bekToB NpoTnBHMKA. CTo-
poHa A ocHoBHOM ynop aenaet Ha nopaxeHue YC (50%) n nyHktoB MTO (30% ), a ctopoHa B — Ha nopa-
xeHue YC (60%) u cpencts BY (30%).

Obvem 3anaca CI1 obecneunBaeT HenpepbiBHOE BeAeHME BOEHHbIX [OENCTBUM B TeYyeHue
T =16 yac. MHteHcuBHOCTL AericTua YC paccumTbiBaeTcs M3 3agaHHoro 3anaca CI v npoaomxu-
TENIbHOCTM BOEHHbIX AeincTBui no dopmyne (5). B kauectBe pacyeTHOro nHTepeana npuHat At=1 vac.
MopaenvpoBaHue nNpoTMBOBOPCTBA NPOM3BOAMNOCH B paMKax arperMpoBaHHOM Mopenu. Pesynbtathl
MOJeNnpoBaHMs nNpuBeaeHbl Ha pucyHkax 8-10.

Kak BuaHo 13 pucyHkoB 7-10 npwu BbibpaHHOM CTpaTterMn orHeBoro nopaxeHus 3anacol CI1 cro-
poHbl B 3a Bpems 6oeBbix gencteuit t=11 yac. nonHocTbio pacxonytoTcs. Noatomy ctopoHa B xoTa m
nmeet 60/bLyo YncneHHocTb YC, HO oka3biBaeTcst He 6oecnocobHom. CtopoHa A B 3TOM Ciy4yae oaep-
XuBaet 6e3ycnoBHyo nobeny Hag NPOTUBHUKOM.
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Ouuamuka wucnedHocTen npotueoBopoTaylowmx
rRYNNNPOBOK
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PucyHok 8 - [InHaMuKka CpefHMX YNCNeHHOCTEN NPOTUBOOOPCTBYOWMUX rPYNMNMPOBOK

Ouxamuka sanacos CMN npotueoGopcTaylowmx
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PucyHok 9 - IuHamuka 3anacos CI npotuBo60pCTBYIOWMX rPYNNMPOBOK

OwHamuka nokasavenen GoeBLIX BOIMOMHOCTEN
npoTHeoGopCTBYIOWMX  TPYNNMPOBOK
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PucyHok 10 - [InHamuka nokasartenein 60eBbIX BO3MOXHOCTEN MPOTMBOOOPCTBYHOLLMX FPYNNMPOBOK

KapTuHa KapAMHanbHO MEHSeTCs, eciM CTopoHa B nmpuMeHseT cnepytolee LenepacnpenenHue
csoux YC: 50% pevictytot no YC, 30% - no cpeacteam bY, 20% - no nyHktam MTO. B 3tom cnyyae
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3anacol CI1y cTopoHbl B coxpaHsa0TCS BNAOTb A0 paCYETHOTO MOMEHTA BPEMEHU U B CPEAHEM MpPEBbl -
LIAT 3anacbl CTOPOHbI A (pucyHok 11). YucneHHOCTb rpynnmnpoBky B noytn Ha NopsiaoK npeBbiwaeT
YMUCNEHHOCTb CTOPOHBI A (prcyHOK 12), yTo 06ecneunBaeT er NOMHbIA Pa3rpoM NPOTUBHMKA.

Ounarmuxa sanacos CMN npormeoGopcreyrowmx
FPYNNUPoOBOX
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PucyHok 11 - Innamuka 3anacos CI1 npoTMBO6OPCTBYOLWLMX FPYNNMPOBOK

OuHamuka YHCNeMHOCTeR NPoTHBOBOPCTBYIOWMX
rPYNNUPOBOK
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PucyHok 12 - [InHaMuKa CpefHUX YNCNEHHOCTEN NPOTUBOOOPCTBYHOLMX rPyNNUPOBOK

MpuynHa TaKOro peskoro M3MeHeHus pe3ynbTaToB NPOTMBOOGOPCTBA COCTOMUT B TOM, YTO CTOPOHA A
M3HA4YaNbHO MMEET MeHbLLEe YMCIo CpencTB bY u nyHkToB xpaHeHus 3anacos Cl1, yto obecneunBaet
nx 6ONbLIYIO YS3BMMOCTb NO CPAaBHEHMIO CO CTOPOHOW B npu oanHakoBon 3PpdeKTUBHOCTM OeNCTBUS
YC. Kpome Toro, aphekTMBHOCTb NopaxeHna cpeacts bY ctopoHbl A B 1,5 pa3a Bbiwe, 4YeM y CTOPOHbI
B. Bce ato npuBoamT K TOMY, uTo Temn BbIObITMSA cpeactB bY u nyHkToB MTO y cTtopoHbl A B xoae 6oe-
BbIX AEMCTBMI Bbllle, YeM Y CTOPOHbI B (pucyHok 13, 14).

NccnepoBaHusa arpermpoBaHHOM MOAENM NOKa3blBAOT, YTO OHA 06/1afaeT AOCTAaTOUYHO BbICOKOM YyB-
CTBMTENbHOCTbID K M3MEHEHWMIO NAapaMeTpPoB NMPOTMBOOOPCTBA rPYNNMPOBOK (MX YMCIEHHOCTH, 3P dek-
TUBHOCTM NOPaXXeHUs1 06BLEKTOB M Ap.), YTO NO3BONSET UCMONb30BaTb €€ AN CPABHUTENIbHOIO aHaNM3a U
ONTUMM3aLMK 60EBbIX BO3MOXHOCTEN FPYNNMPOBOK Pa3/IMYHOrO Macltaba B pasnMuHbIX CLEHAPUSX
BOEHHOro npotuBobopctea. O61acTbl0 MPUMEHEHUSI PACCMOTPEHHOW BbIlle arperMpoBaHHOM MOAENU
MOryT 6bITb NpeABapUTE/bHbIE MCCEA0BAHUS NO 0O60CHOBaHMIO 06/IMKa CO34aBAEMbIX NEPCNEKTUBHbIX
BOMCKOBbIX FPyNnMPOBOK C HOBbIMM Buaamu BBT m oueHKM Mx 60eBbIX BO3MOXHOCTEN HA Pa3/IMYHbIX
TBA v onepaumoHHbIX HanpasneHusx [5]. ng npakTMYecKoro MCnonb3oBaHWUsS Moaenu paspaboTaH
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nporpamMMmHbIA Moaynb B cpeae Mathcad, KOTopbIf MOXeT 6biTb BCTPOEH B /1t0OY0 aBTOMATU3MPOBAH-
HY MHPOPMALIMOHHYHK CUCTEMY NOALEPXKKM PELLEHUI 33434 BOEHHOMO NIAHUPOBAHUS.

duHamuka wmcneHHoOCTH cpeacre BY
npoTueobopcTEYIOWMKX TPYNNHPOBOK
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PucyHok 13 - [lnHamuka cpefHen YncneHHoCcTn cpeacts bY npotMBo6opCTBYOLWMX FPYyNNMPOBOK

OvuHaMmuka YmcneHHocTu nyHkTos MTO
NpPOTMBOGOPCTBYOWMUX FPYNNUPOBOK
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PucyHok 14 - InHaMuKa cpeaHen YncneHHocty nyHkTos MTO npoTMBo60OpCTBYHOWMX FPYNNMPOBOK

MNocTpoeHne arperMpoBaHHOM MOAENU [As KPynHOMAcCWTAOHbIX BOEHHbIX cuctem Tuna OB,
OCB® notpebyeT panbHelLWwen CTPYKTYPHOW AeTanu3auun nx dyHKLMOHaNbHbIX nogcucreM. Hanpu-
mep, pasgenenuns YC no chepam nx npuMeHeHUs, pacluMpeHmns NepeyHs nopaXkaemMbix 06bEKTOB BO-
€HHOM M TPaXAAHCKOM MHOPACTPYKTYpbl, 6ONbLIER AeTanM3auMM CUCTEMbI BOEHHOMO YMNpPaBieHUs U
MTO rpynnnpoBok BOMCK. B 3TOM cnyyae pasaMepHOCTb arperMpoBaHHOM Mogenu OyaeT yBenMunBaTb-
€1, HO B 3HAUYMUTE/IbHO MEHbLUEN CTEMEHMU, YEM NPU TPALULMOHHOM MOAXOAE K MOAENMPOBAHUIO.
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