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Henumpanvnuii naykoso-oocnionuii incmumym 3opoiunux Cun Yxpainu, Kuis, Ykpaina

OCHOBHI NONOXEHHA NOBYAOBU BAFATOMIOXIQHOI MOAENI
MNIATPUMKN YTPYNOBAHHSA BINCbK HA OCHOBI CUCTEMHOI
ANHAMIKUA TA ATEHTHOIO MOOENIOBAHHA

Oonum i3 npobreMHUX NUMAHb, IKe HAOYI0 C8OEI AKMYAarbHOCMI N0 4AC POCIUCLKO-YKPAIHCHKOL GiliHU
nepeo 3opounumu Curamu Ykpainu, € nioguujenms epexmusHocmi (DYHKYIOHYBAHHA Cucmemu HiOMPUMKU
yepynosanb giticok. Cucmema niompumKy Mae 8ionogioamu Haykogo o0Ipynmosanum eumozam. Tomy eunuria
HeoOXiOHICMb SUPIWUMU 3A80AHHS, WO NO08 A3aHe 3 N0OY0080I0 GION0GIOHOI Mamemamuynoi moodeni. Mema
cmammi: pO3KpUmMms OCHOBHUX NOJIOJCEHb N00YO08U 6a2amonioxionoi Mooeni niompumKy yepyno8ans GillCbK
HA OCHOGI CUCMEMHOI OUHAMIKU MA A2eHMHO20 NiOX00y 00 MoOoento8anHs. Memoou docniodxcenHs: y cmammi
PO32ISIHYMO OCHOBHI NOJIONHCEHHs R00Y008U 6a2amonioxionoi Mooeii niOMpuMKY Yepyno68anHsl 8ICbK, OJis AKOI
BUKOPUCMAHO NIOX00U CUCMEMHO-OUHAMIYHUX MA A2EHMHO20 NIOX00y, W0 0a€ 3M02Yy KOMNIEKCHO 8pAXy8amu
PDI3HOPIOHI hakmopu, wo eniugaromv Ha yeil npoyec. Ananiz moolenell, WO ONUCAHI MA GUKOPUCMAHI )
00CiONCeHHAX [ nYOniKayiax, ceiouums npo ix 8i0OKpemieHe po3poONeHHs | HEMONCIUBICMb IX 00 €OHAaHHA, a
MAKOIHC BCMAHOBIEHHSL MIJNC HUMU B3AEMO38 A3KY OJis 8i000PANCEHHS. CYKYNHOCMIE CKAAOHUX 83AEMONOB A3AHUX
npoyecie niompumku 6iticbk y ounamiyi. Ha cbo2oOHiwHil 0elb Npakmuuni acnekmu CmeopenHs CUCTHeMHO-
OUHAMIYHUX ™A a2eHmHUx mooenell NIOMPUMKU YePYNo8ansb GIICbK, Oe Po321A0anucs ii cknadosi, matice He
8i000padiceni y cneyianvuii aimepamypi. 3anponoHo8ana MamemMamuina Mooeib NIOMpPUMKU Yepyno8anHs
BIUCLK HA OCHOBL CUCMEMHOI OUHAMIKU ONEPYE acpe208aHUMU NOKAZHUKAMU MA MHONICUHOIO 83AEMOOIIOYUUX
360POMHUX 36 3KI6, SKI 3YMOGNIOIOMb PI3HO20 pOOy «3ampumkuy. Modenb onucye 3anedicHocmi Midic
BUBHAYCHUMU, 30 MEPMIHONOZICIO CUCMEMHOI OUHAMIKU, HAKONUYY8adeM i NOMOKAMU, WO 3MIHIOIOMb CMAH
Yb020 HAKONUYYEAHd, 4 MAKOIHC OUHAMIYHUMU 3MIHHUMU A NAPAMEMPAMU, WO GUHAYAIOMb GNIUE DIZHUX
gaxmopie na nomoxu. S Haxkonuuysau 3anponoHOBAHO pPO32nA0AMU piGeHb 60€30aMHOCMI GilICbK, AKULL
nos’a3anull 3 il CKIaoo8UMU Yepe3 MHONMCUHY OUHAMIYHUX 3MIHHUX, WO 6i000paddcaromo 3MiHy GeIUYUHU YUX
cknadosux y uaci. OOHUMU 3 MAKUX OUHAMIYHUX 3MIHHUX € 3MIHHI, W0 XapaKmepu3yloms CMaH uoie RiOmpumKu
BILICHK [ 8 Medcax 3a2anbHol 6aeamonioxionoi Mooeii po3enioarmscs K azeHmui mooeni. Haykogow HosuszHO0
€ 3anpoNnoHOBAHE KOMNIEKCHE NOECOHAHHS CUCMEMHOI OUHAMIKU A A2eHMHO020 Ni0Xo0y 00 MOOeN08AHHA 68
Medcax 6azamonioxionoi mooeni cucmemu nIOMPUMKU YePYNOBAHHS GIlICLK 3 MeMOoI0 0OTPYHMYBAHHS 8UMO2 00
nei. Teopemuuna ma npakmuyna 3HaA4ywicms pooomu: po3pooKa noaodiceHb nobyo0osu 6azamonioxionoi mooeni
0n1s1  00CTIONCEeHH NIOMPUMKU  VESPYNOBAHHS GIlICbK, Oe BUKOPUCOBYIOMbCA MAKi CYYacHi napaouemu
iMimayitino2co MoO0eno8aHHs K CUCMEMHA OuHamika ma azcenmuuil nioxio. Ilepcnexmuea nodanvuiux
00Ci0JCeHb: PO3POoONeHHs 0a2amonioxionoi mooeni niOMpuMKU YZPYynosamnsb GilicbK HA OCHO8I CUCMEMHOL
OUHAMIKU MA A2eHMHO20 NiOX00Yy 00 MOOENO8AHHS, 4 MAKONC NPOO0GICEHHS pobomu wooo niO8UUeHHs
cmynens adexeamnocmi mooeni nio uac ii po3poonenus.

Knrouosi cnosa: 6azamonioxiona mooenb, niOMpuMKa 8ICbK, CUCMEMHA OUHAMIKA, A2eHMHUll nioxio,
MOOeN08aHHS.

JUIS  YCHIIIHOI TMiATOTOBKM Ta BEICHHS CYYaCHUX
onepartiii (6oHoBUX i), €HEKTUBHOTO 3aCTOCYBaHHS
Biiicbk (cmi), 30epekeHHs iX 00€3MaTHOCTI Ta

Beryn
IMocranoBka mnpodiaemu. OmHUM 13 BaKIUBUX
MUTaHb, SKE MOCTaJ0 Ta MOTPedye CBOI'O BUPIIICHHS

3a JIOCBIOM BEIEHHS BOCHHHUX IIM ITiJ 4ac BIXOWUTTS
mpoKoMaciiTabHoi  30poiiHOT  arpecii  pociichKoi
(dbenepanii, € BOPOBaKEHHS Yy MEPCHEKTUBHIN
cTpyktypi 30poinux Cun VYkpainm (mani — 3C
Ykpaiuu) Ii€BOi CHCTEMH MiITPUMKH YIPYIOBaHb
Bilicbk. DYHKITIOHYBaHHS TaKOi CHCTEMH BBa)KA€ThHCS
Ba)XXJIUBUM YMHHHKOM CTBOPCHHS CIIPHUATIMBHX YMOB

3HW)KEHHS €()eKTUBHOCTI 3aCTOCYBAHHS BIHCBK (CHII) 1
30poi mpoTHBHHMKA. B ymMoOBax iCHyIOUMX pecypcHHX
oomexxenb 3C YkpaiHW, BUMOTH 1O MEPCIEKTHBHOL
CHUCTEMH MiATPUMKH YIPYyNOBaHb BIiHCBHK IIOBHHHI
OyTH HayKOBO OOIPYHTOBaHI, 10 B OJAJIBILIOMY, 32 iX
KOMIUIEKCHOI peaiizamii, JacTb 3MOTY CcHJIaM i
3ac00aM MiATPUMKH BifiCBK yCIIIITHO BUKOHYBAaTH CBOT
3aBJIaHHs 32 TIPU3HAYCHHSIM.
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BifcbkoBa KibepHeTUKa Ta CUCTEMHUI aHani3

ITix gac Takoro HAyKOBO OOIPYHTYBAHHS BHHHUKAE
HEOOXIAHICTh BHPINIUTH 3aBIaHHS, IO IOB’S3aHE 3
moOyZ0BOIO  BIAMOBIMHOT MaTeMaTUYHOI MOJIEN,
BUKOPUCTAHHS SKOI JO3BONUTH C(HOPMYBATH BHUMOTHU
JI0 CKJIAaJIOBUX TIPOIECY MIATPUMKH BIHCBHK, a TaKOX
OI[IHUTH 3MiHH HOro TMOKa3HWKIB e(QEeKTUBHOCTI
BHACNIJIOK  BIUIUBY  Di3HUX  [O3UTHBHUX YU
HeraTuBHHUX (akropiB. Mojenb mpouecy MiATPUMKH
BIICRK  Ma€  BigoOpaxkaTH  BCIO  CYKYIIHICTh
B3a€MOIIOB’I3aHUX HOTO CKIAJ0BUX B IWHAMIII, a
TaKOX BpPaxXOBYBAaTH BEJIMKY KUIBKICTh PI3HOPIAHUX
(axTopiB, 110 BIUIMBAIOTH Ha Iied mnpouec. TooOTo,
JlaHa MoOJeNb Ma€ CTBOPIOBATHCS SK IMiTamiifHa
MOzeNnb, M0 Tependadae BU3HAYCHHS MHOXHHU
TIpaBwI, K1 popMalTi3ytoTh nporecu GyHKITIOHYBaHHS
CHCTEMH TIATPUMKH BIHCHK Ta ii IEPEXOIiB 3 OJHOTO
CTaHy y 4Yaci B iHIIHH.

OmHuM 13 HampsAMIiB  MOJIETIOBAHHS IPOIECY
HiATPUMKH YTPYIIOBaHb BIHCHK B onepaunisx (00HoBUX
NisfX), SAKAW ~ BIANOBiZaTUME 3a3HAYCHHM  BHIIE
yMOBaM, €, Ha JYMKy aBTOpa, caM¢ CTBOPCHHS 1
BHUKOPUCTAHHS 0araTomiIXigHOi IMITamidHOT MoJeni
HAa OCHOBI KOMIUICKCHOTO TMO€IHAHHS IIOJIOKCHB
CHCTEMHOI JMHAMIKH Ta AareHTHOTO IMJIXO0ay MO0
MOJICITIOBAHHSI.

OTXe, BOXJIMBAM Ta aKTyaJIbHHUM 3aBIaHHIM €
pO3po0IIeHHsT GaraTomiaxigHoi MO, 3aCTOCYBaHHS
SIKOT JJaCTh 3MOTY:

BH3HAYWTH CTYIiHb BIUIMBY, IO 3iHCHIOIOTH HA

npouec IMATPUMKH — YrpyIOBaHb BIHCBK, 3MiHH
XapaKTEPUCTHK II CKJIaI0BUX;
BpaxyBaTh  MiJi  4yac  JOCHIJDKEHb  BIUIUB

pi3HOPIAHKX (QaKTOPIB, SIKI paHille HE PO3TIATAIN YU
CIIPOCTOBYBAJIH;

BpaxyBaTH CKJIAJHICTh, XapaKTCPUCTUKU BHUJIIB
MATPAMKE Ta OIHWTH iX BIUIMB HAa BUKOHAHHS
3aBIaHb YIPYNOBAaHHSIMH BIHCBK B  OIEparmisx
(GotioBUX misiX);

MIPOBOJUTH  JTOCHIDKCHHS CHCTEMH IMiATPUMKH
BIiCBK y  IIMPOKOMY  Jiama3oHi  yMOB  ii
(YHKITIOHYBaHHSI 3 METOIO OOIPYHTYBAaHHS BHUMOT JIO
i€l CUCTEMU.

AHani3 ocTra”HHiX JocaimkeHb i myOaikamiii.
3acrocoByroun  icHyroui miaxomum [1-11] no
MOCHIDKCHHST ~ CKJIAZIOBUX  CHCTEMH  IIiATPUMKH
YIpyIHoBaHb BiHCHK (IH)KEHEpHOI MiATPUMKH (faimi —

IIT), reompoctopoBoi miarpumkn (mami — TITI),
TiApoMeTeoposIoridyHoi  miaTpuMkn (mam — I'M),
XiMigHOTO,  0iOJIOTIYHOTO,  PajioNOTIYHOTO  Ta

simepHoro (manmi — XBPA) 3axucry), ki B OCHOBHOMY
0a3yl0ThCs Ha pe3yJibTaTaX eKCIIEPTHOTO OI[iHIOBAHHS,
CTATUCTHYHUX JAaHUX a00 CIPOIIEHUX aHAJTITHIHUX
3aJ@KHOCTSIX 1  CTOCYIOTBCS ~ OKPEMHMX  BHIIB
MiATPUMKH BifiCBK, HE MOXHA B HIOBHIH Mipi OXOIUTH
e peanbHUil npouec y wnimoMmy. Tox mocTano
MUTAHHS LIOJI0 1X yJIOCKOHAJICHHS. 30KpeMma, aHaji3
MOJIeJIeH, 1110 ONMCaHi Ta BUKOPHCTAaHI y METOAMKAX,
CBIIYMTH TMpO IX BiJIOKpeMIIeHE pO3pOOJICHHS 1
HEMOYKJIMBICTD 1X 00’ €IHAHHS, a TAKO)K BCTAHOBJIEHHS
MDK HHMH B3a€EMO3B’SI3KYy JUIS  BiloOOpakeHHS
CYKYIHOCTI CKJIAIHUX B3a€EMOIIOB’SI3aHUX TMPOIIECIB
MiITPUMKH BICHK y TUHAMIII.

Ha cporomuimmuiii AeHh NPaKTHIHI
CTBOPCHHS CHUCTEMHO-IAMHAMIYHAX T4 aAreHTHHX
MoJeNiell MiATPUMKH yrpylnmoBaHb BIiHCHK, ne O
PO3TIIAIAINCS 3a3HAYCHI BUINE i1 CKIIaIOBi, Maibke He
BimoOpakeHi y crieniaabHil JTiTeparypi.

3 ommsimy Ha 3a3HAYCHE BHINE, PO3KPUTTS
OCHOBHHX TIOJOXCHb MMOOYIOBH OaraToIiaXigHOT
MOJIeTl MIATPUMKH YIpyIOBaHb BICbK Ha OCHOBI
CHUCTEMHOI JWHAMIKM Ta AareHTHOTO MiAXOQy [0
MOJIC/TIOBAHHS € aKTyaJbHAM HAYKOBHM 3aBJIaHHSM.

Mera crarTi MONIiTaE B PO3KPUTTI OCHOBHHX
MOJIOXKECHb ~ MOOYMOBU  OaraTomimxiiHoi — Mozeni
MiATPUMKH yTPYIOBaHb BiHCHK Ha OCHOBI CHCTEMHOL
JIMHAMIKH Ta ar€HTHOTO MiAXOIY 0 MOJICIIOBAHHSI.

BukJiag ocHOBHOTo MaTepiajy

AOCTi/IZKeHH S

Mertoro (QyHKIIOHYBaHHS CHUCTEMH MiATPUMKH
YIPYIIOBaHb BIMICBK € CTBOPEHHS CHPHUSTIMBAX YMOB
JUIst  3a0€3NedeHHsT  YCMIIMHOT  TiATOTOBKH 1
e(heKTUBHOTO 3aCTOCyBaHHS ixX cHiI 1 3aco0iB,
030po€HHsT 1 BIHCHKOBOT TEXHIKM Ta 30epeKeHHS
iXHBpOT O0€3AATHOCTI MiA YaC BUKOHAHHS BH3HAUYCHUX
3aBaanb [12]. [IpoBeneHHS AOCTIIKEHD IIE€T CUCTEMH
3 ypaxyBaHHSM BU3HA4YCHOI METH il (YHKI[IOHYBaHHS
nependavae BUOIp Merony (MiAXOIy) MOJICIIOBaHHS,
skuid  Oyme — 3ajmekaTH  BiA  3aBIaHHA, IO
PO3B’sI3yEThCS, Ta LieH, sKi HeoOXimHO mocsarTa [13].
Ane He Bci 3aBIaHHS MOXHA pPO3B’sA3aTH 3
BUKOPHCTaHHSIM TUIBKM OJHOTO Merony (miaxoay),
4acTo HEOOXigHO iX KOMOIHYBaTH y MeEXax OJIHi€l
MoJIedTi, o0 MOCATTH O6a)kaHOTO pe3ynbTaty. Tomy, 3a
3alyMOM aBTOpiB, MOXXHa BECTH MOBY IIpO
0araToITiIXiJHE MOJEIIOBAHHS SIK OIMC CHCTEMH, 3a
SIKOTO BHUKOPHCTOBYETHCS O1NIBIIE OJHOTO 3 METOIIB
(migxomiB)  MonemioBaHHA.  Hampukman, — sKIIO
3aBIAHHS TOJSTa€ y JCTAIBHOMY MOJICIIOBAaHHI
BUKOHAHHS 3aBJaHb B MEXaxX OKPEMOTO BHUIY
mintpumku (II1, T'TI T'M, XBPS 3axucry), To Moxe
Oyae IOCHTh OJHOI'O AarcHTHOIO0 a00 JUCKPETHO-
nojBifiHoro miaxomy [13]. Ause SKIIo po3risaaTd
30epexeHHsT 00€3IaTHOCTI BIMCHK y IMIIOMY, IO
3a0e3mneuyeTbes 3aBASKHA (QYHKIIOHYBaHHIO 0aratbox
B32€EMOIIOB’SI3aHUX CKJIAJIOBUX 1 XapaKTepU3YIOThCS
CKJIaTHIMH MIPUIHHHAMHI apaMeTpUIHUMHI
3aJIe)KHOCTIMH Ha OCHOBI TPAMHX Ta 3BOPOTHHUX
3B’S3KIB MIDK 3MIHHAMHM, IO BHIJIEHI B 3araiabHik
CHUCTEMi, TO IOULIBHO 3aCTOCOBYBATH MOJICITIOBAHHSI
Ha OCHOBI CHCTEMHOT TMHAMIKH.

Take BUKOpUCTaHHS PI3HUX METOMIB (MiIXOJIB)
MOJICJTFOBAHHS JTO3BOJISIE MPOCTIIIE OMUCYBATH Pi3HI
YaCTHHU 3arajibHol MoJelli MiATPUMKH Bificbk. OTxe,
y LUIOMY MOXKHA 3a3HAYUTH, [0 HEOOXiNHICTH Y
OaraTtomiaxigHOMY, OaraTOpiBHEBOMY MOJIEITIOBaHHI
3’SIBJIIETBCS TOMi, KOJH TMOTPiOHO pO3B'sS3aTH HE
JIOKaJbHE 3aBJAHHA, a TOJUBUTHCS Ha MpoOIeMy, 1o
JOCITIKYETHCS, ITUPIIE ¥ PO3B'SA3aTH ii KOMITJIEKCHO.

Ha puc.1 mnHaBemena Oiok-cxema 3arajibHOL
MaTeMaTHYHOI MOJeNli  MIATPUMKH  YTPYIOBaHHS
BICHK, CKJIAJOBi SIKOi B KOMIDICKCI peali3ylOTh
OaraTomiixiHe MOJCTIOBAHHSL.
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EiHcBK (CHI)
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edekTHEHOCTL

MACHCTEM MATPHMER
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Monens
IIT eificeK

(M)

AreHTHI MOAem GYVHKIIOHVEAHHA [NICHCTEM
MATPHMEH YTPYIIOBAHHA BIHCEK
Mogens

I'TI pificex

(Mrr)

Mogens
XBPA zaxucty
E1HCEK

(Mxsrz)

Mogens
I'MIT pificex

(M)

Pucynok 1 — Biok-cxema 3aranbHOi MaTeMaTHYHOI MOJIEIi MIATPUMKH yTPYHIOBAaHHS BiHCHK,
sIKa Peaji3yeThCs 0araToI IXiJHIM MOJETIOBAaHHIM

VY 3aranbHOMY BHIVISIII MaTeMaTHYHY MOJIENb
mATpUMKH (Hami — MiTp) yrpynoBaHHS BIHCBK
MOJKHa 3alMCaTH SK:
ne Mcg — CHCTEeMHO-TUHAMIYHA MOJENb MiATPUMKH
yrpyIOBaHHs BIHCHK;

Wer — (axkTopHHE TPOCTIp 3aJIe)KHUX 3MIHHHX
MOZeNi, SKUH MOXKe MaTi OyIb-AKy CKIaJHy IPHPOLY,
o0  BU3HAYAETBCS  CTPYKTYpPOIO  Mojem i
OCOOJMBOCTSIMH HiATPUMKH YTPYIOBaHb BIHCEHK;

Y — dakTopHHMIT TPOCTIp 30BHINIHBOTO CEPEIOBUINA,
e yi € Y (i=1,2,...n) BEKTOPH HEBHU3HAUYEHUX
rnapamerpis, o XapaKTepU3yIOTh YMOBH
(YHKIIOHYBaHHSI CHCTEMM HIATPUMKH YIPYIOBaHHS
BINCBK;

Z — (GaxkTtopHHH IIpOCTIp BEKTOpIB CHCTEMH
NpOTUBHMKA, ne z; € Z (i=1,2,..,n) BEKTOpU
(Wcﬁ,Y Z),
Moy (Wi (v, )., F ).
Mnimp = ( F F )

g (Wmn (wfm Vi )

M XBPS (Wxsp;z (Wz;ﬁp,l )v F;,W F Sipn )

rapameTpiB /il MPOTHBHUKA;

M B Mri , My , Mxsps — areHTHI MO,Z[GJ'Ii IH, FH,
I'MII, XBP# 3axucty BinnoBigHO;

Wit , Wrir , Wrvir , Wxsps — THTETpaibHI TOKa3HUKU
edpexruBHOCTI (yHKUionyBaHHs miacucrem II1, I'TI,
I'MII, XBPSl 3axucTy BiAMOBIAHO;

—  YaCTKOBI

ITOKa3HUKH

wo,wo W W,
in on o x6pa

epexTuBHOCTI QyHKIioHyBanHA mincuctem II1, T'TI,
I'MII, XBPS 3axucTy BigmoBigHO, SIKi € (QYHKIiIMH

Bii iX BekTopiB  mapamerpiB  (w, = f (’71- ),
wim = f (fim ) 4 .\m - f ( m,) [ = f (xixﬁpﬂ) >
i=1,2,...,n),

F F F F — BEKTOPH €HJIOTCHHUX

Gin 6an G Bxipa
¢akropis, mo BruuBaroTh Ha II1, TTI, TMII, XBPA
3aXHUCT BIJIIOBIIHO;

Sxopa
¢dakropis, mo BrmmuBaoTh Ha II1, I'TI, TMII, XBPA
3aXHCT BIAMIOBIIHO.

Sx  BimomMo, TpEeOMETOM  MOJCIIOBAaHHI Y
CHCTEMHIN JUHAMIL, € B3a€MOITIOB’I3aHi ITiJICUCTEMH,
SIKI  XapaKTePHU3YIOThCS CKIAJHAMHU TPUYHHHUMHU
MapaMETPUYHUMH 3QJIC)KHOCTSIMH HA OCHOBI TPSMUX
Ta 3BOPOTHHX 3B’SI3KiB MK 3MIHHUMH, 1[0 BUIIJICHI B
3aranmpHiit  cuctemi [13]. Mogens  miaTpUMKH
YrPYIOBaHHS BiMChK Ha OCHOBI CHCTEMHOI AMHAMIKU
nependavyae abcTparyBaHHs BiJI OKpeMHX 00’€KTiB
(elleMeHTIB) CHCTEMU 1 TIOJIH, IO PO3TIAAAETHCS, Ta
omepye JHIIe iX KIJIBKOCTSAMH, arperoBaHUMHU
MOKa3HUKaMH  Ta  MHOXHHOIO  B3a€MOJIIOYMX
MMO3UTUBHUX (HETaTUBHUX) 3BOPOTHUX 3B’S3KiB, SKi
3YMOBIIIOIOTH ~ Pi3HOTO pPOAy «3aTpUMKH». Taka
MOJICJIb OIMUCYE 3alIe)KHOCTI MiXK BHU3HAYCHUMH, 32
TEPMIHOJIOTIEIO CHUCTEMHOL JIUHAMIKH,
HAKOMHUYYBa4aMU Ta MOTOKAMH, IO 3MIHIOIOTh CTaH
OUX HAKONMYYBayiB, a TakKOXK JUHAMIYHUMHU
3MIHHUMH 1 TapamMeTpaMu, [0 BHU3HAYAIOTh BILTUB
pi3HMX (haKTOPIB HA HOTOKH.

Ha puc. 2 HaBeneHO CTPYKTYpHY CXeMy CHCTEMHO-
MUHAMIYHOI MOJIeNi MIATPUMKH YTPYTIOBaHHS BiHCHK
3a BU3HAYEHUMH i1 BUJaMHU, 1110 OPONOHYyeThbCs. [any
MOJIENIb PO3POOJIEHO B CEPEIOBUINI IMIiTAIiitHOTO
MozemoBaHHS «Any Logic 8.5.2».

BCKTOpHU CK30ICHHHUX
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Pucynox 2 — CTpykTypHa cxeMa CHCTEMHO-JHHAMIYHOT MOJIeJIi B CEpEeIOBHIII iMiTalliifHOTO
MmozemoBaHHs «Any Logic 8.5.2»

IMoOymoBa Takoi Mogmem mnependayae IEBHY
MOCHIIOBHICTE  Jii 3  MeToKw  3a0e3le4YeHHs
HEOOXiTHOTO CTyHeHs ii BiAMOBIAHOCTI peaTbHOMY
mporiecy  (GYHKIIOHYBAaHHS  CHCTEMH  ITiITPUMKH
yrpynoBaHHs BilichKk (ii MeTa, 3aBHaHHS, MMOKa3HHUKH
e(exTuBHOCTI, TapaMeTpH).

Tak, cmouatky 3a0esmedeHHs 00€31aTHOCTI
TpoIieC MATPUMKH YTPYIIOBAHHS BIHCHK MOIAETHCS Y
BUTJIAI  JIOTIYHUX — JiarpaM, 1[I0  BiJOUBaIOTh

MIPUYMHHO-HACIIIKOBI 3B'SI3KH MiX 1 CKJIaJJOBUMH, SIKI
MOTIM  TIEPETBOPIOIOTBCS B €JIEMEHTH  MOAENi,
300paxkeHy rpadiuyauMu 3acobamu. [ami 1 Moaenb
aBTOMATHYHO TICPETBOPIOETHCA HA 11 MaTeMaTUIHUN
aHaJIOT — CHCTeMy IU(EpeHIIHHNX pIiBHAHB, SKa
BHUPIIIYEThCS YMCIOBUMHU METOJaMu, BOYJOBaHUMH B
Cepe/lOBUIIIE  MOJICTIOBaHHSI. Y  TOAAIBIIOMY
OTPUMAaHE DINICHHS MOJAETHCA y BHIIIAAI rpadikiB i
TaONMUIb, SKI MIATAIOTECS KPUTUYHOMY aHamizy. Y
pe3ynbTaTi MOJENb MEPeTiAaacThes  (3MiHIOIOTHCS
mapaMeTpu CKJIaJOBHX, JOJAIOTHCS HOBI JWHAMIYHI
3MiHHI, BCTAHOBJIOIOTHCS HOBI a00 3MIHIOIOTHCS
3B'A3KM, LI0 ICHYBaJW paHille, TOIIO), MICIS YOro
MOJIC)Ib 3HOBY aHANI3YEThCs, IIOKA BOHA HE CTAaHEC B
JIOCTAaTHIH Mipi BIINOBiZAaTH peanbHiM cuTyamii 3
HiATPUMKH yIPyNOBaHHS BIHCHK.

Jami, xomm Momenb moOymoBaHa, B HIil
BHUOIUIAIOTECS ~ KepoBaHi (OO0  ONTHUMI3YIOTHCS)
mapamMeTpu i OOUpAIOThCS TakKi 3HAYCHHS ITUX
napaMmeTpiB, TNpH SKUX 3aJeKHI 3MIiHHI MOZEIi
(moka3Hukn  e€()EeKTHBHOCTI  MIATPUMKH  BIHCHK)
MaKCHMI3yIOThCsl @00 MIHIMI3YIOTBCS 3aJI€XKHO Bix X
(bi3UYHOTO 3MICTY.

3a HakomM4YyBa4 B MOJENI, IO PO3IIISIAETHCS,
NPUIHATO piBeHb 00€3aTHOCTI YrpyIOBaHHS BIHCHK.
CraH 1bOTO eJIEMEHTY MOJICIIi 33Ja€THCS BiAMOBI THUM
mudepeHIiadbHUM  PIBHSIHHSIM, J0 TNpaBoi YacTHHHU
SIKOTO BKJIIOYEHO BXiIHUH TMOTIK, IO 301IbIIye
3HA4YCHHS HAKOMHMYyBadya i, BIAIOBiAHO, TOMAETHCA, a
3HAYEHHS BUX1JIHOTO MOTOKY, BIiAIIOBITHO,
BigHIMaeThCs. 3  OMIAYy HA BiJOMI  CKIAIOBI
6oe3matHOCTi [14; 15] 3ampomOHOBAaHO BXITHUH MOTIK

(¢opMyBaTH TaKMMH JUHAMIYHUMH 3MIHHUMH, 5K
3abe3neueHicTh ocoboBuM ckimagoMm (mam — OC)
(YKOMILIEKTOBaHICTh HUM, HOTO IiATOTOBJICHICTH Ta
MOpaNbHO-TICUXONIOTiYHUK cTaH (mani — MII3)),
3a0€e3MeUeHiICTh 030POEHHSIM Ta BIHCHKOBOIO TEXHIKOIO

(mami — OBT) (YyKOMIIIEKTOBaHICTH Ta iX CTaH),
MaTepialbHO-TEXHIYHUMHU 3acobamu (mami — MT3) Ta
TOTOBHICTh CHCTEMU YIIPaBTiHHS (cTymiHb

HiATOTOBJICHOCTI ONEPAaTHBHOTO CKJIAAy Ta ITyHKTIB
ynpasiians (nami — I1Y)). Takox. ckiaagoBumH, siKi
3IIMCHIOIOTh BIUIMB Ha BXIAHUH TOTIK OyIyTh
JUHAMIYHI 3MiHHI, SKI XapaKTepu3ylOTb CTaH BHIIB
miaTpuMku Bidickk, T0o06TO III, TM, T'Il Ta XBPA
3aXHCTY.

Buxigauii moTik  (QOPMYETbCST  TUHAMIYHUMH
3MIHHUMH, SKi XapaKTepH3yIOTh BTPaTH OCOOOBOTO
ckiany, OBT, a mapamerpaMu IUX 3MiHHHX OyAyTh iX
BIZIMOBiAHI iHTeHCHUBHOCTI. [Ipm mbOMy, TakoX, Ha
BUXIIHMA  TOTIK  (3MEHIIEHHS  0O0€31aTHOCTI)
BIUIMBATUMYTh  (i3uKO-reorpadiyni  yMmMoBH, SIKi
3aJaI0THCS BIAMOBIAHOIO 3MIHHOIO.

VY cucTeMHO-ITWHAMIYHIN MOJE BHIU MiATPUMKU
yrpyIoBaHHS BIHCHK BpaxoBaHi depe3 JAWHAMIYHI
3MiHHI, KOKHa 3 SKHX XapakTepusye e(eKTHBHICTh
BukoHaHHs 3aBaanb II1, I'M, T'TI ta XBP 3axucty
BIAMOBINHMMHU cujaaMu 1 3acobamu nux BumiB. Lli
3MiHHI peai30BaHi Ha OCHOBI areHTHOi MOJEi.
Bigomo [13], 1m0 OCHOBHMM TOHATTSM B areHTHIii
MOJIeTIi € areHT, o0 Mae Habip mapameTpiB, fKi, 1O
CYTi, € KUTbKICHUMH XapaKTepUCTUKaMH HOTO CTaHy, a
TakoX HaOip mpaBwi, sKI BH3HAYalOTh MHTTEBHH
nepexiz 3 OJHOTO CTaHy B IHIIMH, IO W 3AiHCHIOE
B32€EMOJIII0 3 IHIIMMHU areHTaMu W 3MiHY NpH LIbOMY
BJIACTUBOCTEM 1 JIiHIT HOBEIIHKY areHTa.

[ToBexniHka areHTa OMUCYETHCS 32 JOMOMOIOI0 TaK
3BaHUX KapT craHiB (puc. 3). Kapra craniB siBise
coboro opientoBanuii tpadp G = (S, V), y sxomy
0e3miu BepmuH Si — I1e CTAaHW areHra, nepeOyBardu B
SKUX BiH BUKOHYE TO¥ a0o iHIWEK HaOip Aiif, a 6e3mia
nyr Vi— 1e mofii, ki IepeBOJsITh areHTa 3 OJHOTO
CTaHy B iHIIIE.
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Pucynoxk 3 — dopmarizauis BAKOHaHHS 3aBJaHb CUJIAMH 1 32C00aMH I ITPUMKH Ha OCHOBI areHTHOTO IMAX0ay

JIOUiNBbHICTh  BHUKOPUCTAHHSA CaM€ areHTHOTO
MiIXOMY Ui MOJCIIOBaHHS (DYHKIIOHYBaHHS CHII 1
3ac00iB MIATPUMKH BIiliCBK 3yMOBJICHA 3arajbHOIO
TEHJICHIIIEI0 X 3aCTOCYBaHHSA IIiJf dYac BiAOUTTA
MUpoOKOMacIITabHOi 30poifHOi arpecii pociiicbKoi
tdenepamii [15], axa xapakTepu3yeThest (OpMyBaHHIM
B yMOBax OOMEKEHOrO pecypcy 3BEICHUX TIpyl
(3aroHiB) 3a BHIAMH MIITPUMKH  BIHCBK IS
BUKOHAHHS 3aBJIaHb 32 NMPU3HAYCHHSM Ha BU3HAYCHIN
KIJIBKOCTI 3arpo3jIMBUX HaNpsMKIB, 110 3abe3neuye
017b11 BUCOKY (HOPIBHSHO 13 IITATHUMHU HiAPO3AiTaMHu
niarpumkn BuniB 3C VYkpaiHu) omepaTHBHICTb IX
MaHEBPY Ta 3aCTOCYBaHHA. Taki Ipymd MOXYTh
PO3TISIATHCS K AaTCHTH.

BuCHOBKH il IEPCHEKTUBH MOAAIBIINX

JOCTiKeHb
Y craTTi pO3MIAHYTO OCHOBHI  ITOJNIOXKEHHS
moOynoBr  OaraTomigxXimTHOi  MOAENl  MiATPUMKH
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BifcbkoBa KibepHeTUKa Ta CUCTEMHUI aHani3

BASIC PRINCIPLES OF BUILDING A MULTI-APPROACH MODEL OF SUPPORT FOR A GROUP
OF TROOPS BASED ON SYSTEM DYNAMICS AND AGENT MODELLING

Furmanov Kostiantyn (Candidate of Military Science, Senior Researcher)
Hutchenko Oleh (PhD in Military Science, Senior Researcher)
Hutchenko Kateryna (Candidate of Medical Science)

Central Research Institute of the Armed Forces of Ukraine, Kyiv, Ukraine

Formulation of the problem in general. One of the problematic issues that the Armed Forces of Ukraine faced
during the russian-ukrainian war was to improve the efficiency of the system of support for troop groups. The support system
must meet scientifically sound requirements. Therefore, there was a need to solve the problem associated with the
construction of an appropriate mathematical model.

Research methods. The article considers the main provisions of building a multi-approach model of support for a
group of troops, for which the approaches of system-dynamic and agent-based approaches are used, which allows to
comprehensively take into account the heterogeneous factors that influence this process.

Analysis of recent researches and publications. The analysis of the models described and used in research and
publications shows that they were developed separately and cannot be combined, nor can they be interconnected to reflect a
set of complex interrelated processes of troop support in dynamics. To date, the practical aspects of creating system-dynamic
and agent-based models of troop support, where its components are considered, are almost not reflected in the special
literature.

Presenting the main material. The proposed mathematical model of troop group support based on system dynamics
operates with aggregated indicators and a set of interacting feedbacks that cause various kinds of "delays". The model
describes the dependencies between the accumulator, defined in the terminology of system dynamics, and the flows that
change the state of this accumulator, as well as the dynamic variables and parameters that determine the impact of various
factors on the flows. The author proposes to consider the level of combat capability of troops as a storage device, which is
related to its components through a set of dynamic variables that reflect the change in the value of these components over
time. One of such dynamic variables is the variables that characterise the state of the types of troop support and are
considered as agent models within the general multi-approach model.

Elements of scientific novelty. The scientific novelty is the proposed integrated combination of system dynamics and
agent-based modelling within the framework of a multi-approach model of the troop support system in order to substantiate
the requirements for it.

Theoretical and practical significance of the article: development of provisions for building a multi-approach model
for studying the support of a group of troops, using such modern simulation modelling paradigms as system dynamics and
agent-based approach.

Conclusion and the perspectives of future researches: development of a multi-approach model for supporting troop
groups based on system dynamics and an agent-based modelling approach, as well as continuing work to improve the
model's adequacy in the course of its development.

Keywords: multi-approach model, troop support, system dynamics, agent-based approach, modelling.
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