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XapbkocKkuti HaYUOHALHBIU YHUBEpCUMEM PAOUOINEKMPOHUKY, XaPbKO8

PA3PABOTKA BUOMEONLMHCKOW CUCTEMbI XXU3HEOEATENBHOCTHU
NMPU BO3AENCTBUU ANEKTPOMAITHUTHBIX NU3NTYYEHUA

Pacczwampueaemcg 3a0aua cunmesa 6u0MeduL;uHc1<0L7 cucmembl HCU3HEOesTMeNbHOCMU 4ell08eKd HA OCHOBe
0606u4€HHO—cmamucmutteczcoeo Kpumepuu, 6 CJIOINHCHbIX CUCMEMAX KOHMPOJA U YynpaeieHus 31€KmpomMacHUumHHbIim
U3TYYeHUem CeepxeblCOKUxX 4acmom. HC}’!OJle’yﬂ OonycmuMble SHAYEHUS UHMEHCUBHOCIMU U3TTYYEHUs NPU PA3TUYHBIX
UCMOYHUKAX dHepcUuU C6EePXBblCOKUX 4acnom, CUHMeE3UpPYmcs ycmpoﬁcm@a 3awumol U 6bl6upa70mc}l 3AKOHbl U3-
MEHEHUA ynpaelerusl ypoeHem UCmo4YHUKa 6 3p200uttecz<ux cucmemdax. Hpu pa3pa60m1<e CJIOMCHBIX cucmem 3auju-
mbl, npedcma@zmemcg HeobX00UMbIM ocyuiecmeums manemamudecKkoe ModeflupoeaHue HA HenpepwvlieHbIX U ouc-
KpPENIHbIX 6€POAMHOCMHbIX MOOETIAX UOCAIbHbIX U peailbHblx npoyeccoé KOHmpOoJsa u ynpaeileHusl. Beeoenue uoeann-
HbIX NOMEHYUATIbHBIX Mmooeneti 06yCJ106Jl€H0 HEeoOX00UMOCMbIO OYeHKU 3d)dJeKmM6HOCmM u onmumuszayuu pealbHvlx
B803MOJCHOCIEL CUCEMbL OMHOCUMENbHO NOMEHYUAIbHbIX.

Knrouegvte cnosa: mooenn, ungpopmayus, oyenra, 3auuma, OUOMEOUYUHCKASL CUCEMA.

BBepeHue

IlocTanoBka mpodiaemsbl. B mocienHee Bpems,
npu OBICTPOM POCTE W Pa3BUTUH METUIUHCKUX UH(OP-
MaroHHbIX cucteM (MUC), BXOISIMX B CIIOXKHBIE
MPOrpaMMHO-aNNapaTHbIe KOMILIEKCHI, ONpeIeIeHHYIO
pOJb UrpaeT MeIUIMHCKHIA TIEPCOHAT «OCO0Oro THIIay,
KOTOpBII HMMEET HE TOJIbKO INIyOOKHE MEAUIHMHCKHUE
3HaHMs, HO U HaBBIKM MOJIB30BaHUS MH()OpMAIMOHHBI-
MU cHCTeMaMU. Pe3ynbraT paboThl MEIUIIMHCKOTO Tep-
COHaJla 3aBHCUT OT TPHUHATHS UM CBOCBPEMEHHBIX H
aJIeKBaTHBIX pelIeHuil oT TexHuueckux cpencts MUC,
NpU TIOMOIIM KOTOPOH OH OIIEHHBaeT WH(OpMAaIUIO.
[IpoGnema popMHUpOBaHHST OCHOBHBIX MOBEACHUECKHUX H
TICHXOJIOTHYECKUX CXeM obecnedeHus: O0e30MacHOCTH,
CBSI3aHA C TIONBITKAMH CO3/aHHS MaTeMaTHYECKUX MO-
Jieneld Uit onucaHusl (PYHKIIMOHUPOBAHUSI CHCTEMBI B
uenoM. J{Jst Sproguyeckux CHCTEM, KPOME IOpPOTrOBBIX
XapaKTEePUCTUK MCTOYHUKOB, HEOOXOMMa TaKXKe OIICH-
Ka KOJMYeCTBa HMH(pOPMAIMH, KOTOPOE MOXKET OBITh
MepeaHo ONepaTopy WIM OIepaTropaM, MOCPEACTBOM
TOrO WJIM MHOI'O CHTHaja B ONpe/eJIeHHbIE BPEMEHHbIE
WHTEPBAJIbI, BEPOSITHOCTH BBIIOIHEHHS 33a]jauH, OLUINOKH
W 3aTpaThl MIPU BBINOJHEHHU CHUCTEMOH M ONEpaTOpOM
3a/1a4M.

AHanu3 ucciaegoBaHuii u myOaukanmii. Ormpe-
JIeTIeHNe 3aKOHOB pAacHpelesieHns] BEPOSITHOCTEH BBI-
TIOJTHEHHMS! 33]]a4¥ 3alIUTHI TPEJICTABISIET BECbMa CIIOXK-
HYIO 3a/lauyy aHaju3a B CTAaTHCTUYECKOW ITOCTAHOBKE.
DTy ke 3a7ady KakK YacTHBIM ciiydaif MO)KHO pPEIIUTh B
JIETEpMHUHUCTCKONW IMOCTaHOBKe. B OCHOBY uccienoBa-
HUS M CUHTE3a MOJIOKEH JETePMUHHCTCKAN MOAXOM,
YTO MOXKHO CBECTH K YaCTHOMY CIy4al0 PacCMOTPEHHS
MaTeMaTUYECKUX OXHIaHWUH BMECTO CITyYailHBIX BEIlU-
YHH. 0000111eHHO- () YHKITOHATBHO-CTATHC THYECKU I
KPUTEpUA TP 3TOM HCIOJIB3YeTCss Kak OCHOBA JIJIs

00001IeH!s] METOJOJIOTHH aHAJIN3a U CHUHTE3a CHCTEM
6uonornaeckoii 3amutel (CH3). B KOHKpETHBIX ciTydasx
€ro MOXKHO TaK)Ke HMCIOJIb30BaTh HE TOJBKO JJISI ONTH-
Mu3anuu CB3, HO M KOJUYECTBEHHOM OICHKH dPQeKTa
3aIHTHI.

K HacrosiiemMy BpeMeHH BO MHOTHX CTpaHax MH-
pa, B YaCTHOCTH, B Y KpauHe, CIIEKTpP ONACHBIX TEXHOJO-
THi B MEIMKO-THATHOCTHUECKUX, JICUCOHBIX, XUPYPTHU-
YEeCKUX MPHUOOpax M CUCTEMax, CO3JaeT OCTPYIO COLU-
aJIBHO-TICUXOJIOTUYECKYIO CHUTYAIIHIO, KOTOopasi Tpedyer
CYIIECTBEHHOT0 aHan3a W pa3pabOTKH 0OOOIIEHHOTO
KpuTepuss OWOBO3JCHCTBUSA PA3IMYHBIX THIIOB HCTOY-
HUKOB Ha J>KWU3HENEATENLHOCTh OMOJIOTMYECKOH CUCTe-
MBI, UCIIOJIB3YS TIPH STOM IOCTPOCHUE MAaTEeMaTHYECKUX
Mozerneit.

B pabore [1] nokazaHo, 4To HaJAEKHOCTH CHTHAIIA,
BbIpa0aTHIBAEMOr0 MHOTOMEPHON CUCTEMOH 0e3 TaMsTH
(T.e. menpr0 MapkoBa) MaKCHMMaJbHa TOTJa M TOJIBKO
TOr1a, KO/l TOMOJIOTHS CUCTEMBI TAKOBA, YTO MPOIECC
UJIET HeoOpaTUMO Yepe3 KaXKJ0e COCTOSIHUE, Te WHTEH-
CHBHOCTH TIE€PEXOJOB BHIOpaHbI TaK, YTO paBHAs OIS
CyMMapHOr'o CHrHaja I'eHepHpYyeTCs B KaXKIOM COCTOS-
HuM. BaranaGe, Capaii m Takaxamu [2] mpemioxeH
METOJI MPUOJIKEHUSI 0XKHIAEMOT0 COCTOSIHUSI JJIsl Of-
HOPOIHBIX Ieneii MapkoBa, Ha3BaHHOTO TICEBIO OXKH-
nanueM. OH OCHOBaH Ha MPOCTON BEPOSITHOCTHOM pe-
KYppEeHTHOU (hopmyIre.

B wuccnenoBanun [3] aHanm3upyercs Matpuila
KpPHUTEpUEB — IIeJIel UTPhI IPH SHTPOIHU OKPYKaroIeH
cpensl. B [4] ana Meroga MakcuMyma JHTPOIUU
(MaxEnt) nokazaHo, 4TO TONBKO B aCHMITOTHYECKOM
CMBICIIE HAXOJHUTCSl TAKOH BEKTOP aOCONIOTHBIX YacTOT
B JIOYCTUMOM MHOXXECTBE, KOTOPBIH HMMEET MaKCH-
MaJIbHYIO BEPOSTHOCTh OBITh MOPOXKICHHBIM OJHOPO[-
HOUM anpHOpPHOMU IOCIIE0BATENbHOCTBIO reHeparopa. B
[5, 6] meron (Illennona-Kymp0aka) OTHOCHUTEIHLHOU
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MakcuMuzanuu dHTpormu (REM mnm MaxEnt) moxer
OBITh, TI0 KpaifHell Mepe, B JUCKPETHOM CiIydae, B COOT-
BETCTBHU C MaKCHMAaJbHOH TEOpPEMOH BEpOSTHOCTEH,
paccMaTpHUBaThCI KaK aCHMMIITOTHYECKONW BapHAHT Me-
TOlla MaKCHUMaJbHO#M BepostHocTH (MaxProb). B pa6o-
te M. Frontini u A. Tagliani [7] npobnema KOHEYHBIX
MOMEHTOB B paMKaX IOIX0/1a MaKCUMaJIbHON SHTPOIHH
YHUCJIEHHO HCCIEeNOoBaHa MAJIS 3a/aud BOCCTAHOBJICHUS
(YHKIMU TUIOTHOCTH pacnpenencHus. Amauths Illactpu
u Pekxa I'oBun (Rekha Govil) B [8] nomyumnu auc-
KPETHBINA BapUaHT KJIaccHueckoi Teopemsl IlleHHOHa, 0
TOM 4YTO, KOTJ]a B Ka4eCTBE BEPOSTHOCTU HCIOJB3YIOT
YaCcTOThI, DHTPONUIHAS (YHKIMA JOCTUTaeT CBOCTO
MaKCHMAaJIBHOIO 3HAUCHHMS, KOTJ]a BEPOATHOCTH OJIM3KH,
Ha CKOJIbKO 3T0 Bo3MokHO. K. banmmomaaxuss u
A.K. bxaTtauapua B [9] npeyioxKuian TEXHUKY ONTUMHU-
3allMM SHTPOIMM JUIs pacdeTa pacHpeAesieHus Mo ero
MOMEHTaM. Mest ocHOBaHa Ha MaKCHMHU3AIlUU TUCKpe-
TH30BaHOM (opMbl 3HTponuu IlleHHOHa myTeM OTO-
OpakeHus MPOOJIEMBI Ha JBOHCTBEHHOE MPOCTPAHCTBO,
IJIC ONTUMAIBHOE PEIICHHE MOXKET OBITh IOCTPOCHO
HUTEPATHBHO.

MaxcuMainbHasi SHTPOIUS CTajla TOMYJIIPHON cTa-
TUCTUYECKON MOJIENBIO B HEBPOJIOTHH U IPYTruX obac-
TAX MEAUIMHBI U MOXXET OBITh MOJIE3HBIM HHCTPYMCH-
TOM JUIS TTOJyYCHHS OIICHOK B3aMMHOW MH(OpMAIlUH B
OMOMEIUIIMHCKUAX CHCTeMaX. TeM He MeEHee, METOJ
MaKCUMyM SHTPOIIMH MOJEIH TOAXOIUT IS HeOOJb-
IIMX HAOOPOB JAaHHBIX, YTO MOXKET OBITh MPUYHHON
CMEIIleHHUs BBIOOPKH, T.€. MCTHHHAS SHTPOMUSA JaHHBIX
MOJKET OBITh CHIIBHO HemooreHeHa. B [10] ko6, Mrop-
pe#t u Ilutep u3ydyanu CBOMCTBA BBHIOOPOYHOM OICHKHU
SHTPOITUH, MOJYYCHHBIC U3 MOJEIH MaKCUMAaJIbHOH 3H-
TPOIIHH.

B [11, 12] npeacraBieH MeTOAMYECKUM MOAXOI,
OPUCHTUPOBAHHBI Ha yIpaBlieHHE OE30MacHOCTHIO
CIIOKHBIX WH(GOPMAIIMOHHBIX CUCTEM, OCOOCHHO KPHUTHU-
YECKH BaXKHBIX.

W3 ananuza nepeynciieHHBIX BBIIIE padoT, a TaKkxke
U3 JOCTATOYHO OONBIIOr0 YHCIA IPYTUX HCTOYHHKOB
[13 — 21] nmemaem BBIBOA, YTO METOJA MaKCUMHU3AIUH
SHTPOIUH, TECPBOHAYAIBHO CTPOTO JOKA3aHHBIA IS
3aMKHYTBIX CHCTEM, OKa3ajcs aJeKBaTHBIM H 3(dek-
TUBHBIM JJI PAacueToB LIMPOKOTo Kiacca Mojened B
Pa3TUYHBIX 00JTACTAX HAYKU.

IocranoBka 3agaun. [loctpoenue 3amuTel Ouo-
MEIMIIUHCKON CHUCTEMBbI JKU3HEACATEIIbHOCTH OpPTaHU3-
Ma 4YelIOBeKa, NPH BO3JCHCTBHU 3JCKTPOMArHUTHBIX
M3IIy4E€HUH, UCIOB3Ys MaTeMaTHYeCKoe MOJEIUPOBa-
HUC HWACATBHBIX U PEaNbHBIX IMPOIIECCOB KOHTPOJISI H
VIPaBJICHUs] COBOKYIIHOCTHA Pa3JHYHBIX HCTOYHUKOB
M3IYyYCHUN CBEPXBBICOKUX YaCTOT (MPSIMBIX, OTpakKeH-
HBIX, TAPA3UTHBIX), UMCIOIIUX CIyJaiHbIC AMILIUTYIbI
u (a3pl, I OUeHKU 3((EKTUBHOCTH U ONTUMHU3AIUH
peabHBIX BO3MOXKHOCTEH CHCTEMBI OTHOCHTEIBHO IIO-
TEHIIMATBHBIX.

N3noxeHne oCHOBHOro MaTepuana

IIycTe cymiecTByeT n pa3iHyHBIX BEPOSTHOCTEH
CYIIECTBOBAHUSI UCTOYHHUKOB M3JIY4EHHH, KOTOpbIE OY-
IIyT pa3nuyaTthes Mo uHuekcy i=1,2...., n.

Ha puc. 1 mpuBeneHa ¢yHKIMOHaIbHAS MOJIEIb
OMOMEIUIIMHCKON  CHUCTEMBI  JKHU3HENESTElbHOCTH
(BMCX) ¢ MCTOYHHKOM DJIEKTPOMAarHUTHBIX H3Iyde-
uuii (OMU), Ha KOTOPBIIT NeHCTBYET HEKOTOPBIH BEKTOP
BHEITHUX U BHYTpeHHUX Bo3mymieHu# Z(hy,hy,hs,...hy),
HOCSIIMX CIyYalHBINA XapakTep. DTH BO3MYIICHUS 00Y-
CIIOBJIMBAIOT CIIy4alfHOCTh BEKTOpa KOOPAMHAT HCTOY-
Huka OMU X(X,X,,...X},) 4 BeKTOpa X’(le,Xz’,. - X).

BexTop BBIXOAHBIX KOOpPAWHAT MCTOYHMKa DM
MOJKET OIPENeNUTh MPOCTPAHCTBEHHOE M BPEMEHHOE
MOJIOKEHHe O0BEKTa, a TaKkKe HeCTH WH(OpMAaLUIo O
MepeMeHHbIX cocTosiHus OMU npu Bo3geicTBUM Ha
WCTOYHMK M CHUCTEMY 3alllThl, BEKTOPOB YIPABIISBLINX
curnanos U (Uy, U,,...Uy), U(U,",U,,...U,"), BeIpada-
THIBAGMBIX CHCTEMOH KOHTpois u ympaienus (CKVY).
Bemonnsas u3Mepenus BekropoB X, X', Xapakrepu-
3yromux coctosHus OMMU 1o u mocne cpensl, U MPUHU-
Mas pemeHus o cocrosaud DOMU, CKY dopmupyer
Bekropa ynpasienuid U u U'. Cucrema 3anursl GpopMu-
pyer Bektop Y. IlopakeHuwe OHOIOTMYECKON Cpeabl
xapakrepuzyercst Bekropom .

Bextopet X, X', U, U', Y, ® umeror ciydaiHblii
Xapaxrep, 00yCIOBJIEHHbBIH KOHEYHOH TOYHOCTBIO pabo-
161 CKYVY, Xapakrepu3yeMbIX BEKTOpOM Z, a Takxe Aei-
CTBYIOIIUMH Ha MCTOYHUK CIy4aliHBIMH BO3MYILEHUS-
Mu Z. Ha paccMOTpeHHOW ()YHKIMOHAIILHOM CXeMe I10-
Ka3aHbl OCHOBHBIE CBS3M MEXIY JIeMEHTaMM Ipolecca
KOHTPOJISI U YIpPaBIIEHUs, MO3BOJIAIOUINE IOCTPOUTH
00001IeHHbIE MATEMAaTHYECKUE MOJIEITH.

IToctpoenne mnotenmmansHo Moaenu bMCK
yaoOHee HayaTh C PacCMOTPEHHs paboThl perarouien
CHUCTEMBI KOHTPOJIA yrpaBieHus. [ ynpolieHus Hanu-
CaHMs pacCMOTPUM OJHOMEpHbIE peIIeHHs, KOTOpoe He
COCTAaBJIIIOT 0CO00T0 TPyAa 000OIIMTE HA MHOTOMEPHEIE.
[IpennonoxuMm, uyro mmeputensHas cucrema (MC) 3a-
LIUTHl U3MEpSAeT KOOPAUHATY X; M NEPEBOIUT Pe3yJIbTaT
HM3MepeHHs B HEKOTOPBIN pe3yabTarT peuieHus y;. B atom
cllyyae YCJIOBHAsl BEpOATHOCTh TOTO, YTO BBIXOAHAS KO-
OpIMHATa HaXOIUTCs, HanpuMep, B HopMme (uHAEKC 1),
T.e. cuctemMa 3amuthl (C3) 3amminaer OHOIOTHYECKYIO
cpemy, MOXeT OBbITh OIpe/ieneHa 1o popmyIe

v;
Pin = Pi(Xli)
X1i | X1i
Ph|l—|=——7F—, (1)
Yi P (i)
rac Pin L — yCHOBHaﬂ BepOHTHOCTB HOJ'IyIIeHI/Iﬂ yi.

X1i
IIpHU HAXOXJACHUHU Ha BXOAC COGHTI/IH X1is

P, (Xli) — BEPOSITHOCTS TIOSIBJIEHHUS Xjj;

P, (Yi ) — BEPOATHOCT TIOSBJIEHHUS Y.
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: | X (X Xpeen X, ) |
|
| V (Vs Vpreo V) |
| |
! C3 or MU |

Puc. 1. ®ynkuuonanbHas Mmoaens BMCXK

C ydeToM 3aKoHa pacIpeieeHus W[LJ
X1i

)

fn [lePm (Xli)
p | M- M/
"y P (i)

VYcinoBHasE BEPOSITHOCTh TOTO, YTO BBIXOIHAS KO-
opauHaTa TpeBbicwia HopMmy (mHACKC 0), T.e. C3 He
3alIUIaeT OUOTIOTHYECKYIO Cpemy

N B Xy*(;l Pin (Xo0i)
)-8

"y P (i) ’

€)

Xn:
rac Pin (i — YCJIOBHAA BEPOATHOCTH IOABJICHUA Yi
Yi

IIpU HAXOXKIACHUH Ha BXOIAC Xoi, Pin (XOi) — BEPOAT-
HOCTB ITOSIBJIEHUS COOBITHS X0i-

C yueToM 3aKoHa pactpeneneHus f, [L :
X0i

(4)

fn (lePm (XOi)
p | Xoi |- %o .
"y P (i)

CucreMa 3alUThl IPUHUMAET pelleHHe U MepeBo-
JUT X; B y; IO ONpPENEICHHOMY aJTOpPUTMY, B OCHOBY
KOTOPOT'O MOYKHO TOJOXUTHh (DYHKIMIO U OTHOLICHUE
[PaBJOIO00US COOTBETCTBEHHO

)

—'J : (6)
|

IIpu P, (ij > Py {&J — IPHUHUMAETCA Pe-
Yi Yi
uiexue 1.
IIpu P, (iJ(PI {&j — NPUHUMAETCS pelle-
Yi i
Hue 0.
Pin );IIJ
WUnu nipu yenosun —————< > 1 — npuHMMaeTcs
P, [XOIJ
Yi
peuienue 1.
IIpu 1L < 0 — npunuMaeTcs penteHue 0.
P, [XOIJ
¥i
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C yuetoMm(5) u (6) MOXKHO 3amucaTth, YTO MPH

> Pin (XOI) = )\0
Py (%) Pni

. — Yni
ni

npuHuMaer pemrenue 1, mpu Ay; < Ag; — mpuHHMaer
pemtenue 0.

Jl1 MOTeHIMAIbHOM CHCTEMBI IIPU ABYX aJbTep-
HATUBHBIX PEILECHUAX

1
P (X0i) = Pin (x15) = 7’ (7
HpI/I MHOT'OJIBTCPHATUBHBIX PCIICHUAX
1
Pin:PZn: ':Pmn:_ (8)
m

pemaroniasi cUcTeMa HpeNCTaBIseT co00l «HaeaNnbHO-
ro» HabOmoxaTens.

B ciyuae, ecnu pemreHne NPUHUMAETCSl OTHOCH-
TENILHO HENpPEPHIBHOW KOOPAWHATHI, TO CUATAETCS, YTO
KOOpJIMHATA paclpe/esieHa 0 HOpMalbHOMY 3aKOHY.

Pemaromast cucreMa TOTEHIMAIBHONH CHUCTEMBI
nenaer omuoku 1-ro u 2-ro poza. 3a omMOKY IEPBOTrO
poZAa MPUHUMAETCsl BEPOSITHOCTh COOBITHS, KOTIa KOOp-
JIMHATAa HAXOJMTCS B 3aJaHHOM JIOMYCKe, a aHaJIU3aTop
ommbaeTcs ¥ NMPUHUMAET PElIeHHe, YTO OH BBIIIEN 3a
JIOIYCTUMBIN TIpeen

ni| Yi D_‘ . (9)

3a ommOKy BTOPOTO poja MPHHAMACTCSA BEPOST-
HOCTh COOBITHS, KOTJa KOOpPJMHATA HAXOIWTCSA 3a JO-
MTyCKOM, a aHaJU3aTop OIIMOAETCA M MPUHUMACT pellie-
HUE, YTO KOOpJIMHATA B JOIYCTUMBIX Mpeeiax

b [y oM

P 1
X0i

HoIT (10)

Tak kak NOTCHIIMAJIbHAaA CUCTEMAa NNPUHUMACT PE-
IOCHUS MO KPUTCPUIO UICATIBLHOI'O HaGJ'IIOZ[aTeJ'IH, TO OHa
MUHAMHU3UPYET CYMMAaPHYIO OLIHOKY

P + P

JIo1Ti pormi . M.

(11)

B pesynbrate ocyliecTBaeHUS Mpoiiecca MPUHATHS
pelleHus ¥ ynpaBlieHUs MOTEHIMAIbHAS CUCTEMA Tepe-
BOJMT, COCTOSIHHE HCTOYHHKA H3JIYYEeHUS, XapaKTepH-

X
3yeMoe BeposTHOCTEI0 P| =L | B HekoTopoe Gonee or-
¥i

PEACIICHHOC COCTOAHUE, XapPaKTECPU3YEMOC BEPOATHO-
CTbIO

P

in” jtomi

+ P

in*t Homi

’in:P

in' jiomi

= , (12)
oaydas mpu 3TOM OIIPEACIICHHOEC KOJINYCCTBO I/IH(l)Op-
Manuu

Imian = Hio]‘[ - P; s

1

(13)

max

rac
(14)
(15)

COOTBETCTBEHHO SHTPOMHs cocTostHus OMU o u mocie
pEIICHHS U YIPABIICHUS.

OO0mee KOIMYECTBO HH(POPMAIUK, MOIyIaeMoe
MOTEHIUAJIEHOM CHUCTEMOM, COCTOSINCH M3 m aHajau3a-
TOpPOB

Hion = _PniIOgZPni - pni10g2pni )

Hin = _P’nilogZP’ni - l_)nilogzﬁnilogzl_)'ni

m

Imax - Zli
1

. (16)
max

max max

[MoTeHIMa pHAs CHCTEMA SBJISIETCS [TOYTH HIealb-
HOH HE TOJBKO B CMBICIIE MUHUMAJIBHBIX OIIMOOK, OHA
SIBJISIETCS. MAEANBHON TaK)Ke B CMBICIE MPOCTOTHI, TaK
Kak B Heifl He MPeAyCMOTPEHO KOMILIEKCUPOBAHUS ISt
MOJIYYEHHsT HY)KHOTO OBICTPOAEHCTBUS, HAIEKHOCTH
paboTHI | T.II.

Otcroma creqyeT, 4To MOTEHIUATbHAS CHCTEMa
IIPY BBIMOJHEHUH YKa3aHHBIX YCJIOBUH OymeT HMETh
MUHHAMAITbHBIE 3aTPATHI

(17)

D PEeKTUBHOCTh TOTEHIMATBHON CHCTEMBI Olle-
HUBaeTcs K03()HUIMECHTOM

Imaxmax

Kin =
10 C

(18)

. s
min

MIPEJCTABIAIONIMM OTHOIIEHUE CTENEeHH IOBBIIIE-
HUS JOCTOBepHOCTH coctosHust DMU B norapudmuye-
CKOM MacIiTade K 3aTpaTaM.

Peanpnas matematudeckas moaens bBMCX ctpo-
UTCS AaHAJOTMYHO TNOTEHLUUAJIbHOM MaTeMaTHYecKOM
MOJIENIM, HPU 3TOM IPUHUMAIOTCS pPEaJbHBIE 3aKOHBI
pacnpeneneHust BepOsITHOCTEH U pa3iM4yHbIe alrOpHT-
MBI NPUHATHS PEUICHUH, 00YCIIOBJICHHbIE BHIOPAHHBIM
KpUTEPHUEM.

VYcroBHas BEpPOATHOCTh TOTO, UTO KOOpJUHATA Ha-
XOAWUTCS B HOpME

f L Pi (X]i)
X]' 1

p | i M) (19)
Yi P (y;)

Wnu ¢ Y4Y€TOM 3aKOHa pacnpeacjiCcHusaA BEPOATHO-

cmn f| - , OITy4UM
Xl
P| YL (P (xy)
pl i \%i) (20)
: .
Yi P (vi)

VYcnoBHas BEPOATHOCTH TOI'0, YTO KOOpAMWHATA OT-
KIIOHWJIAaChb OT HOPMBI
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. Xn:
p| 2o | = D0 Q1)
Yi P, (v;)

HJIK C YYE€TOM 3aKOHA pacCIipCaACICHUA BepOHTHOCTCﬁ

Yy
f 7)( Pi (XOi)
X0i 1
P20 | = N\ (22)
Yi P (y;)
DyHKIUA ¥ OTHOLIEHHE IPABIOINOJ00US MOTYT
OBITH OIIpeeNIeHbl COOTBETCTBEHHO 110 TaKol (opMy-
1e:

B S 2 (xy)
Yi _ X1 (23)
X0i Yi
B[ =0 f] =L P (xg5)
Yi X0i
£l Yi
P G | Wi (24)
£l Yi
X0i

Ecnu peleHrie IpUHUMAETCS [0 KPUTEPHIO MPAB-
JIOITOI00 M, TO MPH

_ Pi(xo1)
P (xy)
npuHuMaercs -1, ecnu A<\, - mpuHuMaercs 0.
Pemaromast cucremMa MOXeET OBITH MOCTpOEHA C
YYETOM Pa3IMYHbIX KPUTEPHUEB:
— 11 KpUTEPUSI HICATBLHOTO HabmoaaTens Ay=1;
- L
— IUI1 KPUTEpHsl HOPMAJBHOTO pUcKa Ay = ——,
L,P
rae Ly u L, — BecoBbIe KO PUIIUEHTEHI;
— nns xputepus Heitmana-ITupcona Li=L,.
OmunlOkaMu MEPBOrO U BTOPOTrO poOJa SIBISIFOTCS
COOTBETCTBEHHO

Pri =P (y - VOxli)

Pooi = Pi(y 2 Vixgi),

KOTOpBIC PACCUMTHIBAIOTCS C YIETOM BCEX OIIMOOK.

ITocne npuHATHS peuieHus] U yIpaBIeHUs] BEpOSIT-
HOCTh COCTOSTHHSI MCTOYHHMKA H3TYYCHHS IO i-i Koop-
nMHaTe

(25)

P. = PiPJ'IOi
i = = .
PiPJ'IOi +P HOI

(26)

KOJ'H/I'-ICCTBO I/IH(l)OpMaHI/H/I, HOJ'Iy'-IeHHoe HpI/I HpI/I-
HATUU peHJeHI/IH 10 l-ﬁ KOOp[[I/IHaTe
— 1
Limax = H; —Hj, (27)
rac

H; = —Plog,P; - Plog,P,, (28)

H’i = —P’ilogZP'i - ﬁ'ilogzl_)'i, (29)
OO11ee KOIMNIECTBO HHPOPMAIUU
m
Imax = Zlimax . (30)
i

Oo6mue 3aTpaTrbl, C YUCTOM 3aTpaT Ha IMOJYUYCHHC
HYXHBIX HaJCKHOCTH, 6LICTpO)16f/iCTBI/IH " T.IL
m
C=>C¢, (1)
i

rac

C + ACip + AC,

ip > (32)

i = Cimin
AC;; — NONOJTHUTENbHBIE 3aTpaThl Ha MOJy4YEHUE
HyXHoro ObicTpopeiicTBus; AC;, — JONOTHUTENbHBIE

3aTpaThl HA TMOJYYCHUE HY)KHOM HAICHKHOCTH.
DddexTuBHOCTH padboTH peanbHoit BMCXK paBHa

I
K, = -max 33
1=C (33)
DddexruBHocth BMCXK ¢ yderoM moTeHIHab-

HOU M peasibHON MoJIesici OyaeT paBHa

D= KI — Imax — Cmin . (34)
Kio Imax C
max

JlocTOMHCTBOM  00OOIEHHOTO  CTaTHCTUYECKOr0
KpPHUTEpHs, TIOJIyYEHHOT'O Ha OCHOBE IOTEHIHMAJIbHOU U
peaybHON MaTeMaTHYeCKUX MoJeseld, OMoMeTUIIMHCKOM
CHCTEMBI KHM3HE/IESITENbHOCTH SIBJISETCS IIOJHOTa, Ha-
TJISTHOCTD, CPAaBHHUTENbHAS POCTOTa M OOIIHOCTD, TO-
3BOJISIIOINAST OJTHAM YHCIIOM XapaKTEPH30BaTh KaK BCIO
CHCTEMY, TaK U IO YacCTsSM, BKJIIOUYAIOIIUM CJIOXHBIE U
MIPOCThIE YCTPONCTBA.

[lpu >TOM AMama3oH W3MEHEHUs] KPHUTEPUS IS
MPaKTHYECKUX CHCTEM OIPEAENIeTCs KakK:

0<3<1.

OTcloga MOXKHO C/eNaTh BBIBOJ, YTO HECOBEp-
menasie BMCXK nMeror D OnuM3kuil K HyIIO, a COBEp-
IICHHBIC — K OIUHHMIIC.

BbiBoAabI

Paccmotpena omenka 3ddexkTuBHOCTH PaOOTHI
OUOMETUIIMHCKON CHCTEMBI JKM3HEAEATEIBHOCTH Ha
OCHOBE MAaTEeMAaTHYECKUX MOJENEH MOTEHIUAIbHBIX H
peabHBIX BO3MOKHOCTEH.

B 0CHOBY MOCTpOEHHUSI MOJEIHU IIOJIOKEHBI JETEP-
MUHHUPOBAHHBIE KPUTEPUU M BEPOSTHOCTH BBIMOTHEHHS
3a[aud 3alIdThl OMOMEIUIIMHCKON CUCTEMBI, KOJHYECT-
BO HH(pOpPMAIIHH, ITOJTYyIaeMO CaMOI CUCTEMOH ¢ y4eTOM
3arpar.

00600111eHHO-() YHKIIMOHAJIEHO-CTATUCTUICCK U
KPUTEPHA TIPH 3TOM HCIIOIB3YETCS KAaK OCHOBA JIJIs
0000IIeHUS] METOIOJIOTHH aHAJIN3a U CHHTE3a CUCTEMBI
OMOJIOTMYECKON 3allMThl, YTO B JajbHEHIIEM MOMKET
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OBITH HCIOJL30BAHO HE TOJILKO JJIs1 OIITUMU3alMK 3a-
IIUTBI CUCTEMBI, HO U KOJIMYECTBEHHOI OLCHKH 3(1)(1)31(-
Ta 3allUThI.
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KH, XapbKOB.

PO3POBKA BIOMEOUYHOI CUCTEMU XUTTEQIANBHOCTI
nPn BNINUBI ENEKTPOMAIHITHOIO BUNMPOMIHIOBAHHA

B.B. Cemenenp, T.€. Crurieako

Posensioaromocs 3a0aui cunmesy 6iomeouunoi cucmemu HCummeOisibHOCMi Npu 6NAUBI eNeKMPOMASHIMHO20 BUNPOMINIO-
6AHHA HA OCHOBI Y3a2ANbHEHO-CINAMUCMUYHO20 KDUMEDIIO, 8 CKIAOHUX CUCIEMAX KOHMPOIO Mad KePYSaHHs PI6HEM eleKmpoma-
CHIMHUM 8UNPOMIHIOBAHHS HAO GUCOKUX Yacmom. Buxopucmosyiouu oonycmumi 3nauenns inmeHcusHOCMi 6UNPOMIHIOBAHHS NPU
PI3HUX 0dicepenax enepaii HA08UCOKUX YACHOM, CUHME3YIOMbCA NPUCIMPOT 3aXUCmy ma 8UOUPAIOMbCA 3aKOHU 3MIHU KePYBaAHHAM
pigHeM Odicepenamu 6 ep2oOuyHUx cucmemax. IIpu pospooyi CKIaoHux cucmem 3axucmy, 6aiCIU80 UKOPUCIAMU MAMEMAMUYHE
MOOenio8anHs Ha Oe3nepepeHux ma OUCKPEmHUX GiPOIOHUX MOOeIAX MA Peanrbhux npoyecie KOHmponio ma Kepyeanhs. Beeden-
Hsl i0eanbHux NomeHyitinux mooenetl eqpeKmueHOCmi ma OnmumMIi3ayii peanbHux MONCIUBOCMel cucmemu 6i0HOCHO NOMEHYIUHUX.

Knirouogi cnosa: mooens, ingpopmayis, oyinka, 3axucm, biomeouuna cucmema.

DEVELOPING OF BIOMEDICAL SYSTEM OF THE VITAL ACTIVITY INFLUENCED
BY ELECTROMAGNETIC RADIATION

V.V. Semenets, T.Ye. Stitzenko

Tasks of synthesis of the biomedical system of vital activity influenced by electromagnetic radiation based on generalized
statistical measure, in complicated systems of control and control of the level of the electromagnetic radiation of ultra-high fre-
quencies are being considered. Using allowable intensity values with different sources of the energy of ultra-high frequencies,
devices of the defense are being developed and laws of the change of the control of the levels of sources in ergodic systems are
being selected. During the developing of the complex systems of the defense, it's important to use mathematical modeling on con-
tinuous and discrete probability models and real processes of the control and management. Insertion of the ideal potential mod-
els of efficiency and optimization of the real opportunities of the system relatively to potential.

Keywords: model, information, mark, defense, biomedical system.
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