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Annortamus. Kiaccndeckoe GpyHKIIMOHATEHOE MOICIIUPOBAHUE Ha KAUCCTBEHHOM YPOBHE BBINIOIHSACTCS Ha OCHOBE aHa-
JM3a CTPYKTYPHI CBSI3CH MEXKAY OTACTbHBIMH (DYHKIUSAMH MOJCIUPYEMOro Tpoiiecca 0e3 ydeTa MX B3aHMOJCHCTBHS
¢ IpYrHMH CHCTEMaMH, B TOM YHCJIC B3aHMHOTO BO3JCHCTBHS OTACIBHBIX (PYHKIMH IBYX U Oonee cucteM. B mpencras-
JICHHOU CTaThe AaeTcs oOmuil anamm3 yHKIMOHAIBHOTO MOJEITHUPOBAHUS IBYX CJIOXKHBIX B3aUMOJACHCTBYIOLINX CHCTEM
C AaHTarOHMCTUYECKUMH HensIMH. [Ipn B3amMOIEHCTBIM ATHX CHCTEM OJHA M3 HUX IIEJICHATPABICHHO aTaKyeT IPYTYIo,
a IPOTHBOMOJIOKHAS CTOPOHA 3aIIUINACTCS, TACCUBHO MM aKTUBHO MPOTHUBOAEHCTBYS STHM aTakaM, TO €CTh CYIIECTBYET
ompe/ieNicHHAs] KOHKYPEHIIUS MKy CHCTeMaMu. B KauecTBe MpUMepa pacCMOTPEH HEKUi aOCTPaKTHBIN MPOIIECC, Mpe-
cTaBicHHBIN B HoTarmu TexHonorun IDEF0 u sBistronuiicss pyHKIIMOHATEHON MOJICIBIO JABYX CIIOXKHBIX B3aHMOJICHCTRY-
IONIMX CUCTEM C aHTAarOHHCTHYCCKUMU IesiMUA. HTeprpeTUpys 3Ty MOJIENb Kak oprpad, oCyIecTBsieTcs: (opMHUPOBa-
HUE MaTPUIIBI CBA3CH QYHKIMIA MOACITUPYEMOTO MPOIecca, Ha OCHOBE KOTOPOU BBIBOJSATCS MATEMATHUCCKIE 3aBHCUMOCTH
onpenencHus 3QGEKTUBHOCTH (QYHKIMOHATBHON MOIETH ABYX CIOKHBIX B3aUMOJCHCTBYIONINX CUCTEM C aHTarOHUCTHU-
YECKMMH LICIIIMH.

KnioueBsble ciioBa: QyHKIMOHAIbHAS MOJAETb, CIOKHBIE CHCTEMBI C aHTarOHHUCTHYCCKHMH HeTsIMH, 3(PQeKTHBHOCT
(hyHKIMOHATFHON MOJeNN, MaTpHUIla CBs3el, mpouecc (yHKuuoHupoBaHus, TexHonorus IDEF0, Bo3neiictBue, araka,

3amuTa

BBenenue. Henz0exHoe YCIIOKHEHUE CHCTEM,
U B TIEPBYIO OUEpPEIb NCKYCCTBEHHBIX OpraHU3aIl-
OHHO-TCXHHNYECCKUX, CO3aaBa€MbIX YCIOBEKOM B
pasHBIX O00JIACTAX JIEATEIHHOCTH, OOYCIOBHIIO
HEOOXOJMMOCTh TIPEOBUIETH PE3YIbTATHl JJIH-
TEJILHBIX U IOPOTOCTOSIINX paboT M0 UX CO3aHHIO
1 TIOMCKY HHCTpyMeHTapwst st 3toro [1]. Lems mo-
HCKa — YBHUICTh W OLCHHUTH (DYHKIMOHUPOBAHUE
CO3/1aBacMOH CHCTEMBI paHbIlle, YeM OHA OyneT
co3fana usmyecku [2].

OO6mras MeTomonorus (QyHKIUOHAIEHOTO MO-
nemupoBanusi IDEF Bkmtouaet B ceOst psij vacT-
HBIX MeTomooruii. Oana n3 Hux, IDEF0, ncroms-
3yeTcs IUI CO3JaHusl (PYHKIIMOHAIBHBIX MOJICTICH,
0TOOPaXKAIOUINX CTPYKTYPY U QYHKIIUH CUCTEMEI,
a TaKXE IIOTOKH I/IH(bOpMaIlI/II/I U MaTcpruaIbHBIX
00BEKTOB, TpeodpasyeMble 3TUMH (YHKIHSIMH.
C moMOImIpI0 HATJISIAHOTO TPAQHUIECKOTO SI3BIKA
IDEFO0 n3yuyaemasi cuctema npecTaeT rnepes pas-
paboTuMKkaMu M aHaJUTUKaMH B BHJe Habopa
B3aUMOCBsI3aHHBIX (yHKIWH (B TepmuHax IDEF0 —
(yHKIIMOHABEHBIX OJIOKOB).

N3BecTHO, 4TO Jr00asi CUCTeMa CO3JaeTCs IS
TOTO, YTOOBI (hYHKIIMOHUPOBATH. Pe3ynpTaToM pa-
OOTBI CHCTEMBI SIBIISICTCSI OCYIICCTBICHUE €10 Ma-

TepHaTbHO-MH(POPMAIIMOHHBIX OOMEHOB, TO €CTh
npeoOpa3zoBaHuii ee BXoJoB B Bbixozwl [3]. Cu-
creMa oOecreunuBaeTcsl MaTepHaibHOW HHGpa-
CTPYKTYpPOU, COCTABJISIOLIEH €€ YCTPOMCTBO U MOP-
(donoruro. Xapakrep (pexum) (yHKIIHOHHPOBA-
HUSI CHCTEMBI B TIpenesiax ee MOp(OIOrHYeCKUX
BO3MOXKHOCTEH OIIpENernsieTcsl yIpaBlIeHHEM pa-
0oToii cuctembl. IMEeHHO 0COOEHHOCTH (DYHKITHO-
HHUPOBAHUS 00YCIOBIMUBAIOT  MOP(HOJIOTHIO, U Ma-
TepUaIbHO-NH(POPMAIMOHHBIE IIOTOKH CUCTEMBI [4].

OyHKIMOHATBHAS MOJENb €CTh IpaduIecKoe
npejacTaBicHue (QYHKITMOHHUPOBAHUS CHUCTEM H
00bekTOB [5]. OHAa MOXKET HCIOJIb30BAaThCS Kak
JUTSL aHaJIM3a MPOIIECCOB, MPOTEKAIOIINX B CYIIIe-
CTBYIOIIMX CHCTeMax (MX (YHKIHOHHPOBAHHE),
TaK U IPpU MPOCKTUPOBAHUUN HOBBIX CHUCTEM IJIA
CHHTE3a HX CTPYKTYyp [6]. OqHako aHamm3 QyHK-
OUOHABHBIX MOJIENICH B HACTOSIIEE BPEMs BBI-
IMOJIHACTCA Ha Ka4€CTBEHHOM YPOBHE IIYTEM aHa-
JHM3a CTPYKTYPHI CBs3ed MEXAY OTHEIbHBIMU
(GYHKIUSIME MOJEIUPYEMOTO IpoIecca, a TaKKe
CpPaBHEHMS Pa3IMYHBIX CTPYKTYp IPOLECca U pas-
JUYHBIX TPOIIECCOB MEXIy coOoil. B He3Hauu-
TENILHOM KOJIMYECTBE UMEIOIIUXCS HCTOYHUKOB U
JOKYMEHTOB 10 METOIOJIOTUH (YYHKIIMOHAIEHOTO
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MOJICITUPOBAHUS HET HHPOPMAIIMH O METOIaX aHa-
JIUTHYECKOTO KOJIMYECTBEHHOT'O aHan3a (pyHKITH-
OHAJILHBIX MOJIEJeH U Mpolleccax, OMUChIBAEMbIX
umu [7-9].

OyHKIIMOHATFHASI MOJIEITb JIBYX CIIOKHBIX B3a-
UMOJICHCTBYIOIIUX CUCTEM C aHTaroHHUCTHYe-
CKHMHU LIEJISIMU MPEACTABIAET cO00i MPOTHBOOOD-
CTBO JIByX CIIOKHBIX, HalpUMeEp, KOHKYPHPYIO-
mux cucrteM. B obmem ciydae Takoil mporecc
MOJXKET COJIepKaTh B cebe JBa BapuaHTa MPOIec-
COB: C OJHOW CTOPOHBI — BO3JEICTBHE, aTaka Ha
CHCTEMY, C APYrod — 3aluTa OT BO3JEHUCTBUSA
Y IPOTHUBOICHCTBHUE, a TAK)Ke OJIHOBPEMEHHO BO3-
NEWCTBUE U 3aIlMUTa OT HErO KaKIOU CIIOKHOM CH-
CTEMOIA.

B nepBom ciryuae niporiecc OyJaeT UMeTb OAHH
BBIXOJI — M3 aTaKyeMOM CHCTEMBI, BO BTOPOM JIBa —
U3 KaKIOW cucTeMbl. B cTaThe paccMaTpuBaeTCs
TOJIKO TIEPBBIN BapHaHT, MMOCKOJBKY BTOPOH SB-
JISETCSl YaCTHBIM CIy4aeM U MPUHLUIHAIBLHO He
OTJIIMYAETCS OT MEPBOTO.

IIpouiecc neWcTBUM ABYX CIOXXHBIX CHUCTEM
C AHTAarOHUCTUYECKUMH IIEJIIMU B HOTAIMU TEX-
nonoruu IDEFO mpezactaBien Ha pucyHke. OH
BKITIOYAET B ce0s MIeCTh MPOIEAYPHBIX (QyHKIUI
(A1-A3, b1-b3), BeImonHAIOMHX, CKakeM, 00pa-
00TKY HH(pOpPMAIIHH, U JBe crienu(uuecKkue QyHK-
nuu ynpasienus nporeccom (A0, B0), cBs3anHbIe
MEXIy COOO0H MPSIMBIMU ¥ OOpaTHBIMHU (HYHKITHO-
HAJIBHBIME CBsI3siMH. [Ipoliecc MMeeT oIuH BXO[
U3 BHEUIHEH cpesibl (MOXKET OBITh U3 IPYroro Mpo-
mecca — Outl) U OJTMH BBIXOJ BO BHEITHIOKO CPEY
(Bo BHemHUe mponecchl — Inl). Kak BumHO, BXOX
W3 BHEIIHEH cpensl BBINOJHSETCA 4depe3 (yHK-
uuto Al, obecreunBaroiyto 00paboTKy BXOIHOM
HHPOPMAIMH U e¢ Mepeaady IpyruM (GyHKIUIM.
BbIXoT BO BHEIIHIOW CpEly OCYIIECTBISCTCS
¢yHkumel B3, koropas, OYeBHIHO, pelIaeT Oc-
HOBHBIE 33/Ia4H IIPOIIeCcca, a OCTAIBHBIC — 00ecIe-
guBatorue. CleayeTr 3aMeTHTb, YTO KOIUIECTBO
BXOJIOB U BBIXOJIOB B OOIIIEM CITydae MOXKET OBITh
JIOOBIM U OIIPEIEISIeTCs] TOJNBKO CTPYKTYPOU HC-
cinexyemoro mporecca [10].
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Functional model of two complex interacting systems with antagonistic goals in IDEFO notation
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WuTepnpetupyss (QYHKIMOHATBHYIO MOZIEIb
Kak oprpad, chopmupyeM MaTpuIly CBsA3el (yHK-
U MOJICTTUPYEMOTO MPOoIlecca, MPEACTABICHHYIO
B Tabnuie. B Marpuile mo cTpokaM eMHUIIAME U
HYJISIMU 3alMCaHbl BXOJbI B (YHKIIUH, IO CTOJIO-
[[aM, COOTBETCTBEHHO, — BBIXOJIbI U3 HUX. CyMMBI
BXOJIOB 10 CTPOKaM H BBIXOJIOB ITO CTOJIOIAM 103~
BOJISIFOT PaHXXHUPOBATh PYHKIMU 0 CTETICHH BaXK-
HOCTH B uccieayeMoM Tpoiiecce. OOmas cymma
BXOJIOB M BBIXOJIOB TI03BOJISICT CPAaBHUBATH CTPYK-
TYpPbI OZIHOTO MPOLIECcca U Pa3HbIE MPOLIECCHI 110 KX
cioxxroctH [10].

MaTtpuua cBsseii QyHKIMOHATBHOM Moe N
ABYX CJI0KHBIX B3aHMO/IeHCTBYIOIMX CHCTEM
€ AHTArOHUCTHYECKUMU LeJIsIMH

Relationship matrix for a functional model
of two complex interacting systems
with antagonistic goals

Ou
t1
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A0 |Al |A2 |A3|BO Bl [ B2 | B3 |Inl|Zin

Ou
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AO|O|O|1|12|1|0|0O|0O]|O0O]O0O]3

Alj0|1(0|1|1|0|0|0]|0]O0]3
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p1f0f0|0|0]J0O)1T]|0]|1]|]0]|]0]2

p2j0j0|1(0|1(0]|j0O|0]21]0]3

p3|0j0jO0Of0O|12(0|O0O|O0O|O0O|O0]1

Intffjojojo0ojofo0ojofo0ojo|l1|0|1

2o
ut

o(1(3 (2412 |3 |4|0/20

D¢ peKTUBHOCTE MpoIiecca MOXKET OBITH OIpe-
JieNieHa KaK cpeiHee apu(hMETHIEeCKOE YEThIpeX KO-
3¢ PHUIUEHTOB U PACCUUTHIBACTCS IO (popMyIie

5, :RM+RC+Rp +RH' ()

4

Kv — Macmtabubiii k03 duumeHT mnporecca,
OILICHUBAIONINY KOMYECTBO (PYHKIHMI B HEM. UeM
Oonpire K03(Q(UIIMEHT, TeM CIO0XKHEE IPOIIecC.
Pacuer ocymecTsisiercst mo popmyie

: (2)
rae fy — obmree koamyecTBO QYHKIHI HCCIEmye-
MOTO TIpoIecea.

K,=1- e{l_%]

K. — xo3ppummeHT CBA3aHHOCTH (YHKIIAN
mporecca, OIEHUBAIOINA KOMMYHHKaTHBHOCTb
¢ynkumit B npouecce. bonee cioxHbIA mponecce
uMeeT 00U KO3 PUIMEHT CBsA3aHHOCTH. Pac-
YeT OCyLIeCTBIsIeTCs 10 Gopmyie

, ©)
rae Sy — 00l1ee YNCIIO CBA3€EH, TO €CTh YHCIIO E1U-
HUII B MATPHIIE.

K, — xosddunmeHT paBHOMEPHOCTH pacipeie-
neHus QyHKIUIA B nporiecce. Uem MeHbIIe KO3¢-
(bULIHEHT pABHOMEPHOCTH, TEM JIY4IlIe CTPYKTYPH-
poBan npouecc. Koaddummenr paccuntsiBacTcs
o Gopmyie

Z‘Zin-ﬂ—z‘iout-ﬁ‘
f f
K =e 25 , 4)

p

K el

rae Xin — cyMMa eMHHUIL B CTPOKE, TO €CTh CyMMa
BXOIHBIX CBs3ell (DYHKIIMH Tporiecca; in — cpen-
HEe YHUCIIO BXOJIHBIX CBS3€EH; 20Ut — cymMMa e IMHUL
B CTOJIOIlE, TO €CTh CyMMa BBIXOJHBIX CBs3EH

¢byHKINK Tporecca; Out — cymMMa eIUHHIl B
CTONOIE, TO €CTh CPEIHEE YMCIO BBIXOTHBIX CBS-
3ei.

Ky — k03¢ ¢unmeHT 1u301upoBaHHOCTH (YHK-
MK, ONIPENEISIFOINUI 00I1Iee YUCITIO HECBSI3aHHBIX
(YHKINH, a Taxke He MMEIOIIUX BXO/I0B I BBI-
xo0B. M3onupoBaHHble (PYHKIMN HE BIUSIOT Ha
Ka4ecTBO IIPOIECCa W PACCUUTHIBAIOTCS 1O (op-
MyJe

n,

lenp + Mero

K,=e %, (5)
TZIe Herp — YUCIIO ITYCTHIX CTPOK (YHCIO (PyHKIMI
0e3 BXOMOB); HMcro — YHCIO TYCTBIX CTOJIOIOB
(byHkIHii 6€3 BEIXOJIOB).

UucnoBsle 3HAYEHUS] MAaTPUIBl CBsI3el (yHK-
LIMOHAIBHOW MOJENU JEUCTBUU JBYX CIOYKHBIX
B3aUMOACHUCTBYIOIUX CHUCTEM C aHTarOHUCTHYe-
CKUMH IIETSIMA W3 PAacCMaTpUBAEMOTO IpuMepa
monctaBuM B popmyisl (1)—(5) u mpoussenem pac-
4eT Ko PUIeHTOB 1 3¢ (HEKTUBHOCTH IpoLIecca.

Macwmabnvuii ko3¢uyuenm npoyecca.

Oo6iee konudecTBo (yHkIwmi fz= 6, Toraa
2 2

—1-— —1-Z
K,=1-e =) =l-e =) =1-¢ "% =0,4865.
Koagpgpuyuenm ceszsannocmu @ynxyuil npo-
yecca.
OOmiee 4uCIIO CBs3EH, TO €CTh YUCIIO €IWHHII
B Matpulie Sz = 20, Torna

K, = e[lﬁ] - e{ ) = ¢ 0% =0, 7165.

Kosgppuyuenm pasnomepnocmu pacnpeoene-
Husl pyHKYULL 6 npoyecce.
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Cpennee uncio BXOAHBIX cBs3eit in = 10.

CpenHee 4nCIIO BBIXOAHBIX CBSI3EH out =12.
Z‘Zin-ﬂ—Z‘Zout-ﬂ‘
K, =e 2% =
_|20-10]-|20-12]
=e 20 =¢°%%=0,9512.
Koagpghuyuenm uszonuposannocmu ghynxyuil.
Yucno mycThIX CTPOK Aerp = 0, YMCIIO MYCTBIX
CTOJIOIOB Hero = 2, TOTAA
_Menp +Mero 0+2
K =e 2t =g 26 = 0168 _ 0,8464.
Dgpexmusnocmo npoyecca.
K, +K, +I{p+1<”
o 4 -
_ 0,4865+0,7165+0,9512 +0,8464
4

=0,7502.

TaxuM 06pa3oM, orydeHa oreHka 3¢phexTus-
HOCTH (DYHKIIMOHAIBHOW MOJETH TPH BO3ICH-
CTBUH Ha Hee JIPYTrOil CHCTEMBI.

3ak/rouenne

B cratee cmenan oOmuii aHanu3 (yHKIHO-
HAJILHOTO MOJICIIUPOBAHUS JBYX CIIOMKHBIX B3au-
MOJICHCTBYIONUX CHCTEM C aHTAarOHUCTHYCCKUMHU
nessive. BeimonHeH pacdet 3¢ dekTuBHOCTH ek -
CTBUU (DYHKIIMOHATBHOW MOJENIH JIBYX JTHX CH-
CTEM.

[Ipennaraemplii METO ITO3BOJSAET OLIEHUTH d(-
(hbeKTHBHOCTB CIIO)KHOM CHCTEMBI TIPH TMpeIHAME-
PCHHOM WJIH HENpeTHAMEPEHHOM BO3JCHCTBHU
Ha (QYHKIUH HCCICIYeMON CHCTEMBI APYTrOil CH-
CTEMBI, UMEIOIIEH, KaK MPaBHIIO, IPOTHBOIIOIOXK-
HBIE, AaHTArOHUCTHYECKHE, LIEIIH.
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Abstract. Classical functional modelling is based on the structure analysis of links between individual functions of the
modelled process. It does not take into account their interaction with other systems, including mutual influence of separate
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functions of two or more systems. The paper shows a general analysis of functional modelling of two complex interacting
systems with antagonistic goals. When these systems interact, one of them purposefully attacks the other and the opposite
side defends itself. It passively or actively counteracts these attacks, i.e. there is a certain competition between the systems.
As an example, the paper considers a certain abstract process presented in the IDEFO technology notation, which
is a functional model of two complex inter-acting systems with antagonistic goals. Interpreting this model as a digraph
forms a matrix of relations of the modelled process functions. This matrix is a basis for deriving mathematical dependencies
for determining the effectiveness of the functional model of two complex interacting systems with antagonistic goals.
Keywords: functional model, complex systems with antagonistic goals, efficiency of a functional model, relationship matrix,
functioning process, IDEFO0 technology, impact, attack, defense

References

1. Harari, F. (1969) Graph Theory. Addison-Wesley Publ., 274 p. (Russ. ed.: (2009) Moscow, 300 p.).

2. Ilin, V.A., Kozlov, L.L. (2009) ‘On the problem of automation of control of forces and means, functional modeling’,
Automation of Control Processes, (4), pp. 53-57 (in Russ.).

3. Dubeykovskiy, V.1. (2004) Practice Functional Modeling with AllFusion Process Modeler. Moscow, 364 p. (in Russ.).

4. Shpak, V.F., Direktorov, N.F. (2005) Information Technologies in the Navy Force Management System. St. Peters-
burg, 827 p. (in Russ.).

5. Drescher, D. (2017) Blockchain Basics: A Non-technical Introduction in 25 Steps. 255 p. (Russ. ed.: (2018) Moscow,
320 p.).

6. Karpychev, V.Y. (2018) ‘Functional modeling (IDEF0) as a method of research on blockchain technology’, Transa-
ctions of NNSTU n.a. R.E. Alekseev, (4), pp. 22-32 (in Russ.).

7. Tebekin, A.V. (2021) ‘Methodology for functional modeling of complex technical systems of modular type’,
J. of Tech. Research, 7(2), pp. 3-12 (in Russ.).

8. Tebekin, A.V., Tebekin, P.A., Egorova, A.A. (2021) ‘Technological transformations of the 21st century as an indu-
cing vector of transition to a new quality of production’, Theoretical Economics, (1), pp. 42-53 (in Russ.).

9. Tebekin, A.V., Petrov, V.S. (2017) ‘Using the modeling methodology IDEF in the formation of structural-parametric
model for the implementation of technology ensure the efficient development of industrial enterprises in the condition of
postindustrial economy’, Transport Business of Russia, (4), pp. 43-49 (in Russ.).

10. Tlin, V.A., Yancha, S.P. (2009) ‘Methods analisis of functional models’, Software & Systems, 22(4), pp. 32-34
(in Russ.).

ABTOpPBI Authors
Hoaros Hukoaaii Banepbesuu *, Nikolay V. Dolgov !, Adjunct,
ameionkT, d_N_v92@mail.ru d_n v92@mail.ru

Wabun Bukrop AnexceeBud %, 1.B.H., Viktor A. Ilin %, Dr.Sci. (Military Sciences),
npodeccop, mpodeccop Kadeapol, Professor, Professor of the Department,
vikil.45@yandex.ru vikil.45@yandex.ru

! BoeHHBII HHCTUTYT JOTIOJHUTENLHOTO I Military Institute of Continuing
npoecCHOHANBEHOTO 00pa3oBaHus Professional Education

BYHII BM® «BoenHO-MOpcKas akaieMusi»,
r. Cankr-IlerepOypr, 195112, Poccust

of the VUNTS Navy "Naval Academy",
St. Petersburg, 195112, Russian Federation

373



