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MOJTUPIKALIS METO/IB TOCIIPKEHHS CHCTEMU
PISHULIEBMX PIBHSTHD 3 BUIIA IKOBUMU
KOE®ILIEHTAMM JJIsI AHAJII3Y 3ATPO3
COLIIO-BE3NEKH B YMOBAX HAHJIEMI{

MODIFICATION OF RESEARCH METHODS THE SYSTEM
OF DIFFERENCE EQUATIONS WITH RANDOM
COEFFICIENTS FOR ANALYSIS OF SOCIO-SECURITY
THREATS IN A PANDEMIC CONDITION

AHomauisi. B po6omi docnidxeHo modenbHy 3adayqy nobydosu i aHanisy cmil-
Kocmi cmaHy couio-6e3rneku 3 moyku 30py 3a2p03, SKi cKrianucs Ornsi HaceseH-
HS KpaiH ceimy 8 menepiwHil Yac 8 ymoeax HegusHa4eHocmi, 3Hall0eHo yMosu
il cmabinisayii 8 okpemomy Harnpsmi. B skocmi iHCmpymeHmapito 3anpornoHo-
8aHO Modudbikayiro acumnmomuy4HUx mMemodis i MoOesib, sika OnuUCyemMbCs pPis-
HUUEBUMU PIiBHSIHHAMU 3 8UunadKosuMU MapKoBCbKUMU KoedpiyieHmamu, 60
MapKoBChKi npouyecu HalladeksamHiwe sidobpaxatomb peasnibHy cumyauito 3i
cmpubkamu oKasHUKi8 Kirlbkocmi xeopux. LOCniOKeHHs € noYyamkKom UuKily
pobim, npucesHeHUX IPYHMOBHOMY 8UBHEHHIO yCix ghakmopie coujo-6e3neku 3
rnodaHHsAM ii Sk QyHKuii 6acambox 3mMiHHUX. KOXHa 3MiHHa Ornucye oKkpemy 3a-
epo3sa coyio-besneku. OcmamoyHa Mema meopemu4yHo20 OOCIOKEHHS y 8y-
3bKOMY CeHci — rnobydoea iHmeeapasibHUX MOKa3HUKI8 CKiadosux 3agpo3 coyio-
b6e3neku Ons ix eumiprosaHHsi | OuiHKU. Memor 8 WUpPOKOMy CeHCi € (020
rpakmuyHe 3acmocy8aHHs Ha OCHO8I OMPUMaHUX MOKa3HUKI8, ¢hOpMYrito8aHHS
y suenadi anzopummie pekomeHoayili OepxasHUM ycmaHoeaMm wWiisixie 3anobi-
2aHHs coujanbHUX MompsicCiHb. 3anpornoHysamu KOHUenuir, ujo0o 30amHocmi
cycninbcmea 36epizamu €800 CymHiCmb y HE8U3HaYeHUX yMo8ax MocmiliHUX
3MiH i 36epiczamu cmabinbHUl cmaH Cycrifis.cmea 5K Mo OKpeMuM Harpsimam,
mak i 8 uinomy. Anapam pi3Huyesux pigHsHb 3 sunadkosumu KoedpiyieHmamu
dyxe 0obpe nioxodums Orisi MoOeso8aHHs MaliXe 8Cix 3azpo3 coyio-be3neku.
Bydyemo i sug4aemMo mamemamuyHi Modesti, W0 rMoe’s3aHi 3 eumipamu KirbKo-
cmi xeopux. OmpumaHi ymosu cmilikocmi MOSICHIOKMb CmaH Cycrinbcmea.
MoxHa makox cghopmymoeamu Hanpsmu Oiti Ord npakmukie i3 3acmocyeaH-
HAM ymoe cmilikocmi. PO3yMiHHS HOBUX yMO8 CriigiCHy8aHHs y ceimi ri0 Jac
naHOemii cmasumb Ha rnepwe Micmo pi3HoMaHimHicmb OGocnidxeHb 3apadu
JIKOONHN. Tomy poboma € akmyarnbHUM HayKoguM OOCIIOXEHHAM, Mae meo-
PemuyHy i npakmuyHy YiHHICMb.

Knroyoei cnoea: acumnmomuyHi memoodu; couio-b6esneka; cmilikicmb; mMap-
KoecbKul mpouec; HesudHadyeHicmb; naHoemiss; cucmemMHul aHarnis; akmueHi
X80pI.

Abstract. The paper investigates the model problem of construction and
analysis of the stability of the state of social security in terms of threats to the
population of the world in our time in the uncertaintly of individual cities, the
conditions of stabilization. As a tool, a modification of asymptotic methods and
a model proposed by difference equations with random Markov coefficients are
proposed, because they most adequately reflect the reality with jumps in the
number of patients. The study is the beginning of a series of works devoted to a
thorough study of all factors of social security with its presentation as a function
of many variables. Each variable is a separate threat to social security. The
ultimate goal of theoretical research in the narrow sense is to build integrated
indicators of the components of social security threats for their measurement
and evaluation. The purpose in a broad sense is its practical application on the
basis of the received indicators, formulation in the form of algorithms of
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recommendations to state institutions of ways of prevention of social shocks.
To propose a concept of the ability of society to preserve its essence in the
uncertain conditions of constant change and to maintain a stable state of
society in some areas and as a whole. The apparatus of difference equations
with random coefficients is very well suited for modeling almost all social
security threats. We build and study mathematical models related to measuring
the number of patients. The obtained conditions of stability explain the state of
society. It is also possible to formulate courses of action for practitioners using
sustainability conditions. Understanding the new conditions of coexistence in
the world during a pandemic puts in the first place a variety of research for the
sake of MAN. Therefore, the work is a relevant scientific study, has theoretical
and practical value.

Keywords: asymptotic methods; socio-safety; stability; Markov process;
uncertainty, pandemic; system analysis; active patients.

Beryn. B rnoGanpHMX yMOBaxX HEBM3HAYEHOCTI JIOCHIPKEHHS 3a-
rpo3 COIi0-0€e3MeKr CTae HAMBaXIIMBIIIMM 1 HAMAaKTyaTbHIIUM JIIsl J10-
ciipuukiB. Couio-6esnexa [20] — e craH 1 XapaKTepUCTHKA MipH JI0-
CSTHEHHs| ONTUMAJILHOTO PIBHsL Gesnekd (YHKUIOHYBAHHS, PO3BHTKY
CYCIIUIBCTBA, SIKE 3a6e3neqy€Tbc;1 CYKYIHICTIO [OJITHYHHUX, [PaBOBUX,
€KOHOMIYHUX, OpPraHi3allifHuX, COILIO-TICHXOJOTIYHUX HAIpPSIMIB, SKi
JIO3BOJIIOTH 30epiraTu CoIiajibHy CTabiIbHICTh B CYCHUIBCTBI. [HAMKA-
TOPOM COI1i0-0e3MeKn € comiaibHa TpaHchopMarlis, a came: HeCTii-
KICTh COLIIAJIBHUX CTPYKTYpP CYCHUIBCTBA, IPOIIECH JeTpajallii, y3ypra-
mist BIagu TOmIO. 3 1Ii€l TOYKU 30py 3aCTOCYBaHHS MaTeMaTHYHHX
METOIB JUIs TOCTIIKEHHS 3a3HaYeHNX, 1 0araTh0X 1HIIUX npoueciB He-
3anepeyHo. Oco0n1Bo 3aCTOCYBAHH z{o6pe PO3BUHYTHX 1 MOAH(IKO-
BaHMX MCTOLIB TEOPIi CTINKOCTI Ta TeOpil KepyBaHHs JUIsl JJOCIIJUKCHHSL
CTIHKOCTI pi3HUX CHCTEM 1 MiJicucTeM cycrninbeTBa. Ha choromui moci-
JIHUKU 3 YCIX rajy3edl HamararoThCsl JOTIOMOITH BIIQJIi CIIPaBUTECS 3
HACITIIKAMH TIaH/IEeMil, IOTIOMOTTH JIFOJICTBY BIKUTH 1 BUITH TIEpeMo-
KIFIMH 3 HE3aIePevHO CKJIaL[Ho'l' cutyarii. CuM0103 METO/IIB 1 TTOCTaB-
JIeH1 aBTOpaMH 3a/1a4i € OPUIIHAIBHIMH, X04a 1 CIMPAOTHCS Ha JOCII-
JDKEHHs1 0araTh0X BUEHHX, SIK1 KUIIM 1 TBOPWIIN paHille.

AHaJIi3 OCTAHHIX J0CTiUKEHD i nyﬁ.mlcaum. OcobmuBy poitb Ma-
PKOBCBKHX IPOLECIB y Cyd4acHill Teopii BUIAIKOBHX MPOLECIB i B i
3aCTOCYBaHHI JUIS BI/IplLHYBaHHH CKJIaJHUX 3ajla4 BU3HAHO i HayKo-
BLSIMM TEOPETHKAMH, I NPAKTUKAMH. Ix pocnimxenno IPUCBAICHO
BEJIMKY KUIBKICTh POOIT, Pi3HUX SIK MO IMOCTAHOBKAM 3ajJad, TaK 1 1Mo
MeTOaM X po3B’si3yBaHHs. YacTo 11l METOM BUKOPUCTOBYIOTh HAsIB-
HICTh y MPOIIEeCl JIEAKOi MOCIIJOBHOCTI MOMEHTIB 3yNHUHKH, SIKa PO3-
OWBa€ 4acoBY BiCh Ha IHTE€PBAJIN 3 JIOCTATHHO MPOCTOIO MOBEIIHKOIO
TpaekTopiii. HallOinbIl BUBYUSHUMH MIPOIIECAMU TAKOTO TUITY € CTPUO-
KOMO/i0HI MpOLECH, TEOPis AKUX BUKJIAJEHA B KIACHYHMX MOHOIpDa-
¢disx WU.I. T'ixmana 1 A.B. Ckopoxoaa, [I. Jly6a [5]. Cnpoba moOymy-
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BaTH OCHOBM TeOpii MapKOBCHKHUX MPOIIECIB, NMOBEJIHKA SKUX Ha IH-
TepBaJIax MK CTpUOKaMH HE TpuBiajbHa, Oysa 3po0seHa B podoTax
[II. Barana6e, H. Ixema Ta iHmmx aBTopiB. Y 1uX pobOTax po3risia-
IOTBCS Pi3Hi Mpoleaypu nmo0yI0BH MapKOBCHKOTO TMPOLECY 3 YACTHH.
i moOymoBu BusBHIMCS TUTiAHAMHA B podoTax A.B. Cxopoxoma [16,
17] #1 iHIWIKX aBTOpPiB, CHOM SHYTHUX BUIIE, AKI BUBYAIN JUQY3iiiHI
posranyskeHi mporecu. OOMeXeHHS, SKHUM 33J0BOJBHIIOTH XapaKTe-
PHUCTHKH IIUX TPOLECIB, JO3BOIMIN OTPUMATH PSJ] ICTOTHUX Pe3yJbTa-
TiB, HAsIBHICTH SIKUX ITOB’513aHa HE TUIBKU 3 JOCTATHBO CKJIAJJHOIO TTOBE-
JUHKOIO JU(Y31HHUX PO3rally’KEHUX MPOLECIB MI>K CBOIMU CTPHOKaMHU 1
HE TUIBKA 3 MHOTOBHIOM SIBHII, II0 OOYMOBIICHO PO3TalyKEHHSM.
CkJ1aqHi ITyacCOHOBCHKI ITPOIIECH 13 3aTPUMKOIO B HYJ, @ TAKOXK CITLIb-
Hi KyCKOBO—JIIHIIHI TIPOIIECH, ICTAILHO JTOCTIHKCHI B YMCICHHUX PO-
6otax B.C. Kopomntoka, b.B. ['nenenko, [.M. KoBanenko Ta iH.

VY poboti €.®. Lapkosa [19] HagaHo cTporo MaremMaTudae oorpy-
HTYBaHHS aJITOPUTMY 3BEJICHHS PIBHSIHHS:

dX

—=4 X

XA,

ne A — HenepepsHa Marpuuna (ymkuis, {y(¢)} — croxactuummit,

(I)GJ'IJ'ICPOBCBKI/II/I MapKOBCBKI/II/I nmpouec Ha KOMHaKTHl a0 plBHHHHH 31
CTaJIMMU KOC(I)ILIICHT&MI/I I MaTEMaTU4YHOI'O CHOI[lBaHHSI PO3B $I3Ky X

B (et 4)- M. M = EX(),

JlochiKy€eThesl €KCITOHEHITIabHA CTIHKICTh Y CepeTHbOMY KBa/I-
paTUYHOMY PO3B’SI3KIB LII€T CUCTEMH.

TpusianbHuil PO3B’ 30K HA3UBAETHCS EKCIIOHEHIIAILHO CTINKUM Y
CepeHbOMY KBAJPAaTHYHOMY, SKIIO ICHYIOTh Taki JOJaTHI cTaji

N,y ,monpuBcix teR,X eR" yeY nnd po3s’s3KiB 110 I0YaTKO-
BHM JIaHUM BUKOHYEThCSI HEPIBHICTh

M{(x]z }S Ne’y’|x|2

VY GaraThox 3amavax Teopii KepyBaHHs BUHHMKA€E 3aja4a Mpo CTild-
KICTh HYJILOBOTO PO3B’SI3KYy CHCTeMHU Nu(epeHIiabHUX PiBHSAHB, sIKa
MiCJIsE NEPETBOPEHB NpUitMae BUJT

dx
E:AX+,uF(X,,u), F(0,1)=0,
ne F (X , ,u) — BEKTOP-(QYHKITIS, sIKa PO3KIAMAETHCS B PSIIT TIO CTETIe-

HSX Majioro mapaMmerpa 4 1 JudepeHiidoBaHa JOCTATHIO KIUIbKICTh
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pa3iB mo X, u. Byno noBeneHo, 10 BENWKY pONb MPH TOJAaHHI
PO3B’SI3KY Yy BHUIVISIII PO3KJIaAy B sl 1O MajoMy HapaMmerpy rpae
CTIHKICTh PO3B’A3KiB MOPODKYIOUOI CHCTEMH JiHIHHUX JudepeHiia-
JHHUX PIBHSIHD

ax

dt

AcCUMNTOTHYHHUNA METO]] HAOIMKEHOTO IHTeTrpyBaHHs TudepeHIiia-
JILHUX PiBHSAHB OYB po3pobisenuii y podorax H. Herorona, JI. Eiinepa,
JI. Jlarpamxa, I1. Jlarutaca, K. [denone, M. Jlingcmenra, A. Ilyankape
i 6araTbox iHmmx. i Meroau 3acTocoByBamucs, sK MPABUIIO, JUIS
PO3B’A3yBaHHs 33/1a4 HEOECHOT MEXaHIKH, 110 ONKMCYBANMCS KAHOH{4-
HUMHA TUEpPEHTiaIbHUMH plBHHHHSIMI/I Z[e;nq BapiaHTH aCHMIITOTH-
YHOTO iHTerpyBaHHs OyJU MOB’s13aHi 3 BUKOPUCTAHHIM OIepallii yce-
PEIHEHHS 32 4acoM f

P(x)= hm—j0 F(t,x)dt = E{F(z,x)}.
t—>+00

Onepartist ycepeaHeHHsI 3acTocoByBayiacsi y poborax b. Ban-nmep-
[Tons, JI.I. Mannpenbmrama, H. JI. [Tananekci Ta inmmx. Y nux podoTax
mo0y/10Ba yCepeTHEHOI CUCTEMH Bke He OyJia TIOB’si3aHa 3 KaHOHIYHIC-
TIO CUCTeMH Ju(epeHLiaIbHUX PIBHSAHB. 3 1HILIOI CTOPOHHU PO3POOIIsB-
cs MeToT HopManbHUX (hopMm y poboTax A. Ilyankape, [x bepkroda,
K. 3arens, A.Jl. bprono, A.Il. MapkeeBa i O6aratbox iHIIHX. 3’sCy-
BaJIOCS, IO ACHMOTOTUYHUN METOJl € CHOCOOOM 3BEAEHHS CHCTEMH
/:Ln(bepeHulaanHx PIBHSHB 710 HOPMATBHOT dopmu. [HIwMIA, Ok IPO-
CTHH 1 QITOPUTMIYHAIT METOX CKIIALAEThCsS 3 3aCTOCYBAHHS ACHMIITO-
TuaHOro Metony [1—4, 12—15] Ta itoro moaudikariii i pO3BUHEHHS B
pobotax [6—8]. [HCTpyMeHTapiii Iy)ke Ho0pe IMpairoe MpH MOJIEITIO-
BaHHI PI3HOMAHITHUX S$BHUIIl €KOHOMIKM, IOJITHKH, (DiHAHCAX TOIIO
[9—11]. ¥V nauiit po6oti Gyno 3polieHo nepiy cpody 3aCTOCYBATH
MOIM(IKOBAaHNH aITOPUTM A0 AOCIIPKEHHS MPOOJIEM, OB’ I3aHUX 3
TOJIOBHOIO TEMATUKOIO Cy4aCHOCTI — O€3MEeKO0 JIIOAMHU.

IMocTanoBka npodaemu. Meroro cTarti € mMoOya0Ba MOEINi Ta
aHaji3 CTIMKOCTI cHTyarii 13 KITBKICTIO OCi0, M0 3aXBOpuUIM Ha
COVID-19 y micrax Ykpainu. Po3B’s3aHHA 1i€i TpoOiieMy MpUBEIIO
710 HEOOX1JHOCTI MOAM(iKaLli ICHYIOYUX MIAXO0/IIB, a CaMe yJIOCKOHa-
JICHHS METOJIa ACUMIITOTHYHUX METOIIB JOCTIPKEHHS PIZHUTIEBUX Pi-
BHSIHb 3 BUIIQIKOBUMH Koe(illieHTaMu. 3a JOIOMOT0I0 HOBOT'O MiAX0-
Ny BIAJIOCS JOCHITUTH CTIHKICTh OJIHOTO 3 BIUIMBOBUX (DakTOpiB
colio-0e3neky B yMOBax HEBU3HAYEHOCTI (YMOBax maHjemii) — BH-
Mipy KUTBKOCTI OCi0, IIT0 aKTUBHO XBOPIIOTh.
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OcHoBHuUIi pe3yabTat. Po3risHEMO aCUMITOTUYHUN METO]T TOOY-
JIOBU CHCTEMH pi3HHueBHx PIBHSIHB [JISl MATEMAaTHYHOTO CIIOJIBAHHS
BUIIQJIKOBOTO PO3B’SA3KY CHCTEMHU JIHIMHMX DPI3HUIEBUX PIBHSAHb 3
BUIAJKOBUMU KoeilieHTaMu. BBakaeTses, MO 1S BHIIAJKOBOIO
IpoIiecy, 10 BU3HAYA€E 3HAUCHHS KoeqnuleHTlB, BiJJOMi OaratoBUMIipHi
3aKOHHU po3noaity. HaltmpocTimi pe3ynbTatu OTpuMaHi Ui BUMAJKY,
KOJIM BUIIaJIKOBHI MPOIIEC € MAPKOBCHKUM JIAHITIOTOM [1].

3arajibHy CXeMy aCUMITOTUYHOI'O METOIy PO3TJISTHEMO Ha MOJEII,
10 OTMCYETHCS CUCTEMOIO PI3HUIIEBUX PIBHSHB

Xns1 = Xp + uF(n,x,,&,),(n=0,1,2,...) (1)

Je {4 — MaJIui mapamerp, &, — BUIAJIKOBHH MPOIIEC 3 BiIOMUMH 0a-
raTOBUMIPHUMH LIUTBHOCTSIMHU PO3TOILTY

Pl(nJ f): P2 (n, ny, fi 51),1)3(71, ny, Ny, E' flt 52) (2)

Bexrop F(n, x, &) BBaXaeTbcs JOCTATHHO KUTBKICTh pa3iB aude-
PEHIIIOBAHUM I10 XTa iHTErpoBaHOIo 1o ¢ B obsacti D

D={n=0+11+2,..;|lxll <oo,|¢] < o} €)

[IlyxaeMo BHIaIKOBHH PO3B’S30K X, Y BUTJISAAI aCUMIITOTUYHOTO
PO3KJany Mo CTENEHsIM napaMeTpy

=Yt Zg=1 ”klpk (M, Y, $n) + O(HN+1) “4)

1€ Y, — MaTeMaTU4He CIIO/IIBaHHS BUITAJIKOBOTO PO3B’SI3KY X,

n = E{xn}a (Tl = 0,1,2,...)

{m}— cumBoa MaTemaTuuHoOro criogiBanHs. Baxaemo, 1110

Wy &EN=0,(k=1,...,N;n=012,...) (5

[lyxaeMo neTepMiHOBaHY CHCTEMY Pi3HHMIIEBUX PIBHIHb, SKIH 3a-
JIOBOJIBHSIE BEKTOD Yy,

Yn+1=Vn + 2=t K@ () + OV (6)

[lincraBnsroun po3kiaau (4) ta (6) B cucremy (1), mpuxoaumo 1o
CUCTEMH PiBHSHB
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Zﬂkd)k(n Yn) + Zﬂkq)k(n + 1 In +Zﬂs(p (Tl yn) €n+1) -

_Zk 1 U d)k(n yn' fn) + .uF(n Yn +Zk 1ﬂkd)k(n Yno S;n) En) +
o) (7)

[TpupiBHIOIOUM KOE(DIIEHTH MPH OTHAKOBUX CTEIICHAX MapaMmeTpy
MPUXOAMMO IO CUCTEMU PI3HUIICBHUX PiBHSIHD BUIY:

1111 (n +1, Y €n+1) - lpl(nr Y fn) + &, (n' yn) = F(n, Y En)
Y+ 1L, yn, éne1) — V(M yn, $) + @ yn) = F(, Y, $0),
(k=2,...,N) (8)
ne F(n, yn, $) — BiOMUM BEKTOP, IO BUPaXaeThes 4epes @ (n, yy,),

Yi(m,yn,$)0 =12,...,k—1).

3 cucteMu piBHSAHB (8) Ta yMOBH (5) 3HAXOIUMO:

@1 (1Y) = (F(, Y &0)) = [ F(1, v, €2) P (0, €)dE

(pk(n' yn) = <F(n' Yno fn)>a(k = 2) v 'N) (9)

B npyromy HaOImKeHHI MATUMEMO CUCTEMY PI3HUIICBUX PIBHSIHB!

Yo+ 1L, Yn, $ne1) — Y2 (0 Y §n) + @o(n,yp) =

— DF(Tl.;/n.fn) 1/)1 ETL) — M d)l (n; yn) (10)

(", Y, Do

I3 (10) 3Haxoaumo:
DF(n,yn.én
d)Z(ni yn) =E {%ﬁlpl(n» Yno En)}
3 nepuioro piBHIHHSA (8) 3HAX0UMO:
Y1 (M, Yo, §n) = X520 (F (S, Y5, §5) — P1(5,%5)), ¥1(0,¥0,§0) = 0,
Oo(n,yn) = B {ZE2E T (F (5,56, 6) = 1(s,90))} (1)
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S DF (n, yy,
- Z f ,[ P(n,s,¢,7) (Z—yyf) (F(s,Yn,m) — @1(s,y5))dédn
s=0 ° TT® n

AHAJIOTIYHO 3HAXOAThCS iHIII BekTOopH @) (1, ),), (kK = 3,...,N)

[2].
ACUMNTOTHYHUNA METOJ| CIIPOIILYETHCS Ul CUCTEMH JIIHIHHUX pi3-
HUIIEBUX PiBHSIHb

Xni1 = Xp + A, &) xp (12)

ne A(n, &,) — Marpuiis, 0 3aJSKUTh BijI BUIIaJKOBOTO MPOIIECY &,.
BunankoBuii po3B’S30K X, HIYKA€ThCS Y BUTISII ACHMOTOTHYHOTO
PO3KIIaAy 1O CTENECHSIM apameTpy U

Xn = Yn + ZI?:l ﬂkll)k (n, fn)yn (13)

A€ Y, — MarcMaTU4HC CHO,I[iBaHHH BEKTOPY Xj,. HpH IbOMY BUKOHAHI
YMOBHU

E{(n, &)} =0 (14)

M 1rykaeMo cucTeMy pi3HUIIEBUX PIBHSHB, SIKIN 3a]J0BOJIBHSIE BEK-
TOp Yn = E{Xn}
Yn41=Yn + Zicer K B () Yn (15)

[MincraBnsatoun posknaau (13) ta (15) B cucremy pi3HUIEBUX
piBHsHB (12), OTpUMaEMO CHCTEMY pPIBHSHB

(I + X e (n + 1,8n40)) (I + EZoy 1 Br(n)) =
(I + pA(n, E)U + Xiq 1 (n, ), (16)

sKa PO3MANAEThCS HA HECKIHYEHY CHUCTEMY JIIHIMHUX MAaTPUYHUX Pi3-
HUIICBHUX PiBHSIHb

PYi(n+1,8401) —Pp1(n, &) +Bi(n) = A(n, &,y)
v, (n+1E, )~y (n,E)+ B,(n) = z v, (n+1E.)B,_ (n) =
= A(l’l,én)lﬂk,l(l’l,fn) (k = 2,3:)

(17)
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3 cucremu piBHsHB (17) 3Haxomumo Matpuui B (n) (k = 1,2,...):
B, (n) = (A(n, $)),
B(n) = (A(n, &) i1 (n, §))(k = 2,3,...) (18)

SIKi BUpa)KEHI Yepe3 MaTeMaTUIHEe CIIOAIBaHHS BiJl BIIOMUX MaTpPHIIb.

Jns 3HaxomxkeHHs: By (n) HEOOXigHO 3HATH K — MIpHY INUIBHICTh
HMOBipHOCTI. 30KpeMa, MaeMo (HOpPMYIIH

Bi(n) = E{Am, &)} = [ A P(n,$)dE  (19)

ITpu 1, (0, &) = 0, 3maxomumo 3 nepiioro piBHsIHHA (17) cucremu:

P1(n, &) = T (AGs, &) — Bu(s)):

Lle no3Bosie oGuncnutu B, (1)

B2(n) = (A(n, §,) X85 (A(s, &) — By (5))) =

=Y [T [T P(n,s, &, M)A, &) (A1) — By(s))dédn  (20)

AHaJoriYHO MOXYTh OyTH o0uncieHi B, (n) (k = 3,4,...).
Hexaii Biomi 3HAYEHHS IS BUIA/IKOBOTO MPOLECY &y, $pn s S

P, (n), Pk,k1 (n,ny), ..., Pk,kl,...,ks (n,nqy,ny,..., M)

[Tpu upomy dhopmymu (19), (20) 3aMiHATHCS IHITUMH

Bi(n) = q— 1AM, 0,) P(n)
B,(n) = X154 X =1 A(n, 0)(A(s, 0) — B1(5)) Py (n,5)  (21)

HaBenemo pospaxyHKoBi (popMynu Juist OOMCICHHS MaTeMaThY-
HUX CIOZIBAHD Y BUIA/KY, KO &, € CKIHUEHO 3HAYHUM MapKOBCHKHM
JIAHITIOTOM, KW TpuiiMae 3HadeHHs @, (k =1,...,q) 3 WMOBipHO-
ctsimu Py, (n)

Pe(n) = P{$n = Ok} (k=1,...,9) (22)
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BBaxkxaemo, 1m0 BEKTOp WMOBIPHOCTEH, 3aJOBOJIBHSE CHCTEMI
PiBHSHB:
Py(n)

P(n+1) =NmPm),p(m) =| (23)
F,(m)

Enementn Il;4(n) matpuni [1(n) MoxHa po3risimaTé sSK yMOBHI
HMOBIPHOCTI Iepexoy 3 s-T0 CTany k- uif ctau [1]

Mis(n) = P{Sps1 = Okl$n = Op},(k,s = 1,...,q) 24)

Beenemo B po3risn GyHAaMeHTaIbHY MAaTpPUIIO pO3 B’S3KIB CH-
CTeMH Pi3HUIIEBUX PiBHAHB (23)

N(s,n) =I(s — DI(s — 2)...1I(n) s >n (25)
[Tpu npOMy BBaXKAEMO
Nn+1,n)=0In),Nnn)=In=0,12,...) (26)

[oszuaunmo enementu Matpuui N(s,n) uepes vi;(s,n) (k,j =

1,...,q). s MapKOBCHKOTO BUIIAIKOBOTO JIAHIIOIa MAaEMO TEPEXiIHi
HMOBIpPHOCTI
Vij(8,m) = P{§ = Op|$ = 0;},(k,j =1,...,9) 27

Tomy 3a yMOBH 1 = Ny = N, 2...=> Ng MOKHA OOYHCITUTH CyMICHI
HMOBIpHOCTI pO3MOALTIB 32 (hopMyIIor0

Pk,kl,...,ks (n' ny, Ny, ., ns) =
Vk,kl (Tl, nl)vkl,kz (nlr nz) Vks—l' ks (ns—lﬂ ns)Pks (TlS) (28)

Hexail 3aana QyHkuis i Bunaakosoro npouecy a(n,$,) (n =
0,%+1,%2,...). [To3HaYMMO YaCTUHHI 3HAYCHHS:

a(n) =an,0y), (k=1,...,q9) (29)

i 3HalieMo (popMyITy JUIS TIOLIYKY MATEMATHYHOTO CIIOiBAHHS
(a(n, S;n)a(nlﬂ S;nl) a(ns' fnS» =
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— V4
- KK1,e ks_1Pkk1 ks(n nlf"'ﬂns)ak(n)akl(nl)---ak,s(ns)

Kkq,.ks=1 Ak (n)vk,kl (n,ny)ay (n)ak1 () ...

vks_l (ns—lf ns)akS (ns)
Py, (ns) (30)

®opmyiy (30) MoxkHa 3amucaTH Yyepe3 JlaroHalbHI MaTPHULIL:

a;(n) 0 0
am=| 0 @0 (n=0,+1,42,...)
0 o ag(n)
isektopC(1 1 ... 1),dimC=q:

E{a(n, &)a(ny, &) - a(ng, &)} =
CAMN(n,n)AM)...N(*nso,n)AMDP() (D)

SIKIIO MapKOBCHKUH JIQHIIOT € OJHOPIITHMM, TOOTO MaTpuis
[1(n) = II B cucremi pi3HHIEBHX PiBHSAHB (23) € cTaNo0I0, TO

{atn, &a(ny, &) o a(ng, &)} =
CAMI™™MA(ny)... NP1 A(n)P(s), n =2 ny =1y 2.2 N

MopaeabHa 3aga4a. JlociiguMo CUTYaIlio 3 KUIBKICTIO XBOPUMH Ha
COBI/] B nesixomy wmicii Ha nipu kiHIi 2020 poky, sika OMHUCY€ETbCS Pi3-
HUIIEBUM PIBHSHHSM IIEPIIOTO MOPSIIKY:

Xnt1 = Xn + pa(8n)xy, (32)

e BUIIaIKOBUH mponec &, Moske npuiiMaTu 2 cranu. B nmepuiomy crasi
KUIBKICTh aKTMBHO XBOPHX € JOJATHUM YHUCIIOM, a B JIPYrOMy CTaHi
BIJl'EMHUM YHCIIOM. AKTHBHO XBOPHMH 0COOaMH NPUHHSTO BBAXKATH
PI3HUIIIO MIXK KUIBKICTIO 0C10, 1110 3aXBOPUIN 1 THX XTO BHJIIKYBaBCH, 1,
AK He 0yJ10 61 cyMHO, moMep:i. CucteMa CTpHOKOM MOKeE IEPEXOAUTH

65



13 o/1HOTO cTaHy B iHIIMI. DYHKIIA a, sIKa 3aJIe)KUTh BiJl BUIIAJKOBOTO
Mpoliecy MpuiMae aBa 3HaYCHHS a4, a, 3 UMOBipHOCTSIME P (1), P, (n),
SKi 3a/JI0BOJIBHSIOTH 3 OIVIALYy MapKOBCHKOCTI OIMCAHOI CHUTYyalii
HACTYTHY CUCTEMY PiBHSIHb

Pi(n+1) = (1 -a)P(n) + P, (n),

P,(n+1) = ab(n) + (1= B)P,(n), (33)

neld<a<1,0<p<1i0<a+p<2
BBaxkaroun

=" 15

3HaxonuMo (yHkiito Bix mMatpuit 11 [3]

Hn:L(ﬂ ﬁ)+w<“ _B> (34)

a+f\a « a+p —-a ,8
3Hax0AMMO PO3B’ 30K piBHAHHA (33) y BUIIIAI:

Xp = Yp + 0P1(M,E0)Yn + .uzlpz M, &)Yt (35)

ne Yn = (X,) 3a10BOJIbHSIE JETCPMIHOBAHOMY PI3HUIIEBOMY PiBHSHHIO:

Yni1 = Yo + UB1()Yn + W2ho (M) (36)
[To3naunmo a;, = a(0)(k = 1,2), P, = a‘%ﬁ, ) = ﬁ, 3a (21):
bi(n) = (a(6) = P+ aP, =02 =p, (37)

3 pizauneBoro piBHSHHA Y, (n+ 1,&,41) — Y1 (0, &) + bi(n) =
a(&,) 3naxoaumo tipu Y4 (0, &y) = 0 Bupas mus yukuii P, (n, &,)

Y1 &) = XiZo(a(én) — by).
Oo6uucmoemo koeditieHt b, (n) 3a popmyiioro (32):
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by (n) = (a(§n) X§=6(a(§n) — b)) = CA(T +
M"~2+...+M)(A — b,E)P,

wa=(y r=()=c(Ehe=0

BuxopucroBytoun popmyiny (35) orpumaemo

by(n) = B (1 —a—f— (1—a =B,

. _ 2
by =limby(n) = 25 (1 - a = ).

PizauneBe piBHsHHS (37) mpuiiMae BUTIISA

B+ (a1-az)*aB(1-a-p)
sz = (L p= 8 + @2 a2 4 0y (38)

3 piBHsAHHA (38) BUIIMBAE, 10 HYJIHLOBHI PO3B’SI30K Pi3HUIIEBOTO
piBHsAHHA (32) 3 BHIagKOBUMHU KoedilieHTamMu Oyne CTIHKHN B ce-
pEeIHBOMY, SIKIIIO BUKOHAHA YMOBA

a1ﬁ+az“+ 2 (a1—az)?ap(1-a—p)
a+p (a+p)3

+0@®) <0,Jul>0. (39

SIKIIO BBayKaTH Mepexin 3, O/UHOTO CTaHy B =M piBHO I/IMOBlp-
HHM, TO JICTaHEMO yMOBY U {3 >t 23 < 0 cTiliKOCTI cTaHy cUTyalii i3
3aXBOPIOBAHOCTI B TOMY YH iHIIOMY MicTi. 3HaU€HHA a4, ,, @, [ 3a1a-
I0ThCA, BPaXOBYIOUM O]iIiifHI CTAaTUCTUYHI JIaHi.

[Tokaxemo, mo piBHAHHA (38) MOXKHA 3HAWTH 3a JOMOMOTOI0 MO-
MEHTHHX piBHSHB [4]. {75 4aCTHHHUX MOMEHTIB My (Nn) Mmepuoro mo-
PAIKY MAaTUMEMO CHCTEMY Pi3HUIICBHUX PiBHSIHb:

my(n+1) = (1—-a)(1 —pua)my(n) + (1 + pa)m,(n),
m,(n+ 1) = a(l + pa)m(n) + (1 — B)(1 + paz)my(n).(40)

pmy(n)—am,(n)

Beoaumo 3minni m(1n) =m,(n) + my(n), v(n) = o

OTprUMaeMo CUCTEMY PiI3HUIICBUX PiBHIHb:
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a,B+aa

m(n+1) =m@) +pu m(n) + u(a; — a)v(n),

a+p
v+ 1) = pa - @) TEEDmm) + (1—a - p)(A +
a,f+aa
=g v (41)

a+p

B mepmomy HaOmmKeHHI 3HAXOAMMO IHTETPAIbHUNA MHOTOBH]L
pO3B’s13KiB cucTeMu (42)

-1
v(n) = pa — &) TEZDmmn) +0(?)

1 17151 3MiHHOT M (1) 3HAXOIUMO PiBHSHHS:

a1ﬁ+a2a+ Z(al—az)zaﬁ(l—a—ﬁ)
a+p 'V (a+p)?

mn+1) = (1 +u + O(Hs)) m(n),

SIKE CIIBIIAZAE 3 PIBHAHHSM (39).

HOTp16Ho BIIMITHTH, L0 3aCTOCYBAaHHs MOMEHTHUX METOAIB [8] 10
HEJHIHHOT CHCTEMH Pi3HHUIIEBUX PIBHSAHB JIOCIIHKEHO, 3HAWICHO YMOBU
CTIMKOCTI, ajie 3aCTOCYBaHHS JJIsl pealbHUX 3a/1a4 JOCUTh TPOMI3IKO. 3
YPaxyBaHHsAM YHCEIBHUX MCTOJIB Ta 3aCO0IB KOMII IOTEPHOI MaTeMa-
THKH Taki cipobu 6yt 3po0IIeHo 1 BOHH JOCHTb Baaii [21].

BucnoBku. TakuM unHOM, ):[OCJ'II,Z[}KGHHSI CTIHKOCTI B CEPEAHBOMY 1
CepEeIHhOMY KBaJIPATUYHOMY PO3B’SI3KiB JU(DEPEHIIAILHOTO PIBHIHHS
(1) 3 koedimieHTaMH, SAKI 3aJEKATh BiJ JUCKPETHOTO MapKOBCHKOTO
MPOIIEeCy, 3aB/SIKU BUKOPUCTAHHIO MOMEHTHHUX PIBHSHb, BUKJIAJICHUX B
[6], Bramocst 3BeCTH 10 PO3B’SI3YBaHHIO CUCTEM 3BHYAIHHX JU(EPCH-
LiaJIbHUX plBHHHB OtpuMaHuii MiJIXI/ 32CTOCOBAHO 110 OOYI0BH Ta
aHaJi3y yMOB CTIMKOCTI BiTHOBJICHHSI HACEJICHHS B YMOBaX MaHeMil.
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