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B3aemooia cucmemu ma 306HiuHBLO2O cepedosuwa XapaKxmepu3yemvcs 08OMA MUnAMU
36’83Ki6 — GXIOHUMU | euXiOHUMuU. [ mi, Ul iHWi € MamepiarbHUMU, eHepeemuyHuMu ma/abo
ingopmayitinumu nomoxamu (besnepepsni abo ouckpemi 6 uaci). Beascaroms 3a Kpawje 6i0o-
opadicamu 83AEMOBNIUG CUCEMU MA 306HIUHBO20 cepedosuya OLIbW CNpoueHo. AKWo cKiao
i 6HYmMPIWHI 36 "A3KU 6 CUCIEMI, A MAKOXNC 81ACTNUBOCTI [T eleMeHmi8 Hegi0oMi, cucmemy 8U3HA-
yaioms K "wopna ckpunvka”. I1io ocmannboo npuiinamo posymimu 06’ €km, npo 6HYMPIUHIO
6y008y sIK020 HIY020 He8i0OMO ma iHghopmayiro npo 6y008y ma GYHKYIOHYBAHHS AKO2O MONCHA
YACMKOBO OMPUMATHY TULe AHATIZVIOUU 6XIOHI-8UXIONT 36 A3KU Yb02o 00 ckma. [Ipu yvomy cio
mMamu Ha yeasi, wo i 6xi0 i 6uxio cucmemu, 3a36Udail, HOCAMb 080Ky npupody. 3okpema, Ha 6xi0
cucmemu Haoxo0ams 8i0 308HIUHBLO2O CEPeOOBUWA He MINbKU Mi MAMEPIANbHI, eHepeemuyti
ma/abo inghopmayiiini nNOMoxu, sKi HeoOXIOHI 015 il PYHKYIOHYEAHHA 8IONOBIOHO 00 nOcmasie-
HUX nepeo Hero yinetl, a il maxi, o GaxmuyHo YCKIAOHIOMb Peanizayiio CUCHemMolo nocmagie-
Hoi memu. Ilepwi 3a36unaii Ha3u8aOMe cueHanamu, a opyai — nepeuwikooamu. OcmanHi MoxIcymo
mamu sk iHOugepenmuuil (6aiioyicutl) cmocoerHo memu cucmemu xapakmep, i Oymu yiiecnpsi-
MOBAHO OpP2aHi308aAHUMU 13 OOKY YACMUHU 308HIUHLO20 CepedosUa 3a015 NePeUtKOONCaAHHS
BUKOHAHMIO CUCEMOIO C8020 NpusHaueHHs. B pobomi nocmasneni 3a60anHs 0N 00CHIONHCEHHS
Hepe2ynbosano2o 00 ’ekma. Ilpu 0ocniodcenHi Hepe2ynb08ano2o 06 €EKmMa MAe 3HAYEHHs me, W0
CUSHATU 3082HCOU ONUCYIONMb NOBEOIHKY 00 €Kma K Yinoeo i 8i000paicyioms iHOUBIOYAIbHI pyXu
BENUKO20 YUCIA 11020 OOHOMUNHUX MIKPOUACMUH.

Ha nepuwiomy emani ananizy — 6UOLIEHHIO KIACY — HEOOXIOHO SUPIMUMU 3A2ATIbHI NUMAHHSL:
3a anpiopuumu 0aHuUMU npo 00CIONHCY6aHUti 00 €Km O0OIPYHMOBAHO 0OUPAEMO OOUH 3 MUNIG
onepamopa (QyHKyioHanbHUl, OugepeHyianvHull, iHmespatvHull abo inmezpo-oupepenyians-
Hut). Ilpu yvomy neobxiono epaxogyeamu i nonepeonio iHghopmayiro, OMpumy6any 3 CUSHATY.

Jana cmamms npucesiueHa 062080peHHI0 NOCIMAHOBKY 3a0ayi I cxeMu it po36 s13aHHs 8 Hall-
npocmiwiomy eapianmi 0py2020 emany ananizy CmpyKmypu Hepe2yiboeanozo 06 ‘ekma. Pospobka
MemoOie NOULYKY Y BUSHAUEHOMY KAACI PIGHAHHS GIOHOCUMbCA 00 0DEPHEHUX 3a0ay AHANI3Y.

Knrouogi cnosa: nepeeynvosanuil 06 ’ekm, eKCnepumMenmanbti Oami, Xapaxmepucmuune pig-
HAHMS, «HOPHA CKPUHLKAY, AHANI3 CMPYKMYPU 00 '€Kma, nobyooea mooeri.
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Dymova H. O., Larchenko O. V. Inverse problems of analysis of an unregulated object

The interaction of the system and the external environment is characterized by two types
of connections — input and output. Both those and others are material, energy and/or information
flows (continuous or discrete in time). They prefer to display the mutual influence of the system
and the external environment in a more simplified way. If the composition and internal con-
nections in the system, as well as the properties of its elements are unknown, then the system is
defined as a "black box". The latter is usually understood as an object, about the internal struc-
ture of which nothing is known and information about the structure and functioning of which
can be partially obtained only by analyzing the input-output connections of this object. In this
case, it should be borne in mind that both the input and output of the system, as a rule, are
of a dual nature. In particular, the input of the system comes from the external environment not
only those material, energy and / or information flows that are necessary for its functioning
in accordance with its purposes, but also those that actually make it difficult for the system to
achieve its. The first of these is usually called signals, and the second — noise. The latter can be
either indifferent (indifferent) in relation to the purpose of the system, or be purposefully orga-
nized by a part of the external environment to prevent the system from fulfilling its purpose. The
paper sets the tasks for the study of an unregulated object. When studying an unregulated object,
it is important that the signals always describe the behavior of the object as a whole and reflect
the individual movements of a large number of its microparticles of the same type.

At the first stage of the analysis — class selection — it is necessary to solve general issues:
according to a priori data about the object under study, reasonably choose one of the types
of operator (functional, differential, integral or integro-differential). In this case, it is also neces-
sary to take into account the preliminary information obtained from the signal.

This article is devoted to the discussion of the problem statement and the scheme of its solu-
tion in the simplest version of the second stage of the analysis of the structure of an unregulated
object. The development of search methods in a certain class of equation belongs to the inverse
problems of analysis.

Key words: unregulated object, experimental data, characteristic equation, "black box",
object structure analysis, model building.

Beryn. Y Mipy mepexony 10 AOCHIIKEHHS Bce OLIbII CKIAJAHUX SBUIL 30UIBIIY-
€ThCSI 3HAYCHHS IJIAHYBaHHS CKCIICPHMEHTY, @ TAKOXX aHai3y Pe3yJbTaTiB MacuBHUX
criocTepekeHb. TpaauIiiHii cxeMi JOCITIKSHHS BiIIIOBIIa€ HACTYITHA ITOCITIIOBHICTh
orepariii:

— OTPUMAaHHS EKCIIEPUMEHTAIBHUX MAaHUX — II€ BHSBICHHS SKiICHUX CTODIH SIBHIIA
Ta mo0ya0Ba HOTro MOJIelNi, HallMCAaHHS PiBHSIHB MOJIEII Ta IX pO3B’sI3aHHS;

— 3iCTaBJICHHS PIlICHHA 3 EKCIIEPUMEHTAMHU Ta YTOUHEHHS MOJIENi TOLIO.

Taka cxema JOCHTiKEHHS BUSBISETHCS IIPH IIBOMY HE 3aBXKIHU TOLLITEHOIO.

IMocranoBka mpoodaemu. /[yt BUBUCHHS CKIIATHIX 00’ €KTIB, KOJH IIPH IIbOMY OTJIST
pe3ynbTaTiB BUMipIOBaHb CTAa€ MPOOIEMOI0, 3aIPOTNIOHOBAHO CXEMY «HOPHOI CKPUHBKI.
VY miid cxeMi BIUIMBU €KCIIEPUMEHTATOpa Ha 00 €KT OMHUCYIOTHCA (POPMAabHO SIK HA0Ip
30ymKkeHb. {10 cxemy, 10 BUXOAWTH i3 PETYISIPHOTO 3iCTaBJICHHS BIATYKIB 00’€KTa
(Ha BUXOIli «YOPHOI CKPUHBKIY) 31 30y/IKeHHAMH (Ha HOTO BXO[I1), XapaKTepU3ye AeLI0
1HIIIa TIOCITIOBHICTH oneparii [1-2]:

1) BuOip anpiopHOTO KJIaCy PiBHSIHBb MOJIEIII;

2) 3icTaBJEeHHS BIATYKIB 31 30y/PKCHHSMH Ta OTPUMAHHS KOHKPETHUX DIBHSAHB
MO,

3) moOymoBa Mojeti.

Y HaMIIpoCTiIOMY BapiaHTi aHANIi3y€eThCs peslakcallist 10 CTIMKOro TPAaHUYHOTO PyXy
y BIAIIOBiIb Ha MMOYATKOBE BIIXWJICHHS. 3a/1ady BiIIIyKaHHS PIBHSHH MOIENI B TPHH-
UM MOXKHA PO3B’A3aTH, AKIIO 30ypeHHS Ha BXOAl «4YOPHOI CKPUHBKH» TOCUTbH MOBHI
1 TO3BOJISIIOTH BUSIBUTH Y BiATyKax 00’€KTa BCi HOTO CTYIEHs CBOOO/IN, CYTTEBI B SIBUIII],
IO CIIOCTEPIraeThesl.

Bukiaan ocHoHoro marepiaiy. Hexaii curnan U, (f) aBTOHOMHOTO 00°€KTa OIHCY-
€ThCSI 3BUYANHUM JTIHIHHUM U EepeHialbHAM PIBHAHHSM 31 CTIHKOIO TOYKOIO CTIOKOIO
U,=0[1-2].
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q-
quO(t)+Z Uy =0
dtq Im = gem © =0.
m=0
ITo3naunmo MOYaTKOBI YMOBH: ,m=20,1, 2, ..., g-1.

BpaxoByroun it mpocToTH, Mo piBHAHHA (1) HE Mae KpaTHHX XapaKTEPUCTUIHUX
qHCcell, OTPUMAEMO

2

XapakTepuUCTHYHE PIBHSHHS ¢ +Ef=_01 a,;k' = 0 BCTaHOBJIOE B3aEMHO OJHO-
3HAYHMIl 3B’A30K MDK CYKYIHICTIO KOpeHiB {k} 1 BekTopom (4, a, .. , a_).
3 iHmoro OGOKy Npu JaHOMY HaOOpi XapaKTePUCTHYHHX YHCE]T MaeEMO ¢ PiBHOCTEH

, IO OJIHO3HAa4YHO 3B’SI3YIOTH BEK-

topu (€1, Cp,-.-,€4) Ta . OUYeBHIHO, KOKHUI KOHKPETHHI 3aI1Hc
curHairy Ug(t) KO3BOMUTH 3HAWTH TIMTBKH Ti 3HAYCHHS kz’ JUTS SIKUX Y BIJTOBITHOCTI
3 MOYaTKOBUMH YMOBaMU koedinienTn C, OKaXyTbCs BIIMIHHMMH BiJ HYJISL.
Mertoro aHanizy € obuncienss koediuientis {a,} 3a 3amucom Ug(t), Tomy mMoxHa Bpa-
XOBYBAaTH, 1[0 KOKEH 3 BEKTOPIB , st sikoro Bei C,# 0, no3sosisie
0e3 MomaTkoBUX 30Y/DKEHBb JOCHTIHKYBaTH 00’ €KT, TOOTO OJHE Take IMOYATKOBE BiJIXH-
JICHHS pealtizye MoBHUN HaOip 30ymkeHb 00’ eKTa.

i MipKyBaHHS BTpadaloTh CEHC, AKIIO MPOBOASYH EKCIIEPUMEHT, HEMA€E MOXKIIUBO-
cTi opMyBaTH Ha BIACHUI PO3CY] CTAaHH aBTOHOMHOTO 00’€KTa 1 3MYyIIEHHH POOUTH
BHUCHOBKH 31 CIIOCTEpEKEeHb HOTO pyxy, L0 BCTaHOBHUBCS. O0JacTh JONATKIB TaKOro
POy 3a/1a4i JOCTATHBO MIMPOKA — HEPETYILOBAHUX 00’ €KTIB OLIbIIE, HIXK 1€ IPENICTaB-
JSETHCS 3 TepIIoro morwiay. /1o HUX BiTHOCATHCS 0arato MEAWYHUX i MIPOMHUCIIOBHX
00’€KTiB, BIIXWJICHHSI BiJ] HOPMaJIBHOI JISTTLHOCT] SIKUX HeOaKaHi, a TaKOXK MUTAHHS
aHaJIi3y pe3yJbTaTiB 3allMCaHMX HEMOBTOPIOBAaHHMX CIOCTEpekeHb. Ha mouarkoBomy
eTari JOCIiKEHHS IOUIJIHbHO BPaXOBYBAaTH HEPETYJIHLOBAHUM IIUTKOM JOCTYITHHM, ajie
JIOCTaTHBhO CKJIAJHUH 00’ €KT, 3B’ SI3KH SKOTO 13 30BHIIIHIM CepeIoBUINEM Oymaydn Heic-
TOTHUMH TIPH BUBYCHHI JIaHOTO SBUINA, MOXXYTh CHJIBHO YCKJIQTHHWTU aHali3, TOOTO
3aJTMIIAI0YHCh Y PaMKax 1J1eali30BaHOl CXEMH aHai3y, MO OMUCYEThCS B 1A MOJEN,
HE BPaxOBYIOThCS BILUTUBH BHYTPIIIHIX (UIyKTyaliil 00’ekTa, Horo HemiHiHHOCTI, 30B-
HinmHIA myM tomo. KpiM 1iporo, 3a3Bu4ail 3a31aerijib HeB1JIOMO 1 HACKIJIbKU TTOBHHUN
JIOCTYITHUN Ta BUKOPUCTOBYBaHU HA0ip 30ypeHb.

[Mpu qociimKeHHI HeperyIbOBaHOTO 00’ €KTa BEIMKE 3HAYCHHS MA€E Te, [0 CUTHAJIY,
SIK1 TOCTAaTHBO JETAJIBHO (PIKCYIOTHCS, 3aBXKIM HE TUTBKH OIMCYIOTh MOBEIHKY 00’ €KTa
SIK IJIOTO, aJie 1 BIIOOPaXKYIOTh IHAMBIIyallbHI PYXH BEJIIMKOTO YUCIIa HOTO OJTHOTUITHUX
MikpodacTuH. Haimpocrinioro, 1mo BpaxoBye Lie MaTeMaTH4HOi Mopaeni (GopMyBaHHs
B yaci ¢ curHaiy U(f) MoxHa npunaty BUJ piBHAHHS D, [U] = F(t), toe F(f)— mani
KOPOTKOKOPEIJIbOBaHI TayCoBi (IIyKTyarlii, mo 30yprOIOTh BCTAHOBICHY TUHAMIYHY
3MiHy CHTHaly, SIKa MPOXOAUTH 3rinHo piBHsHHIO Do [U] = 0 [2, 3]. Knac {D,]} ome-
paropis, 10 MOPOIKYIOTh JMHAMIYHE PIBHAHHA D, [U] = 0 1 CEpel HUX — PiBHSHHS
Dy[U] = 0, sike JUHAMIYHO aPOKCHMYE€ CIIOCTEPEKyBaHi MPOSIBU 00’ €KTa, IO aHaIi-
3y€ThCS, BU3HAYAIOTH BUXOISYH 3 allPIOPHUX BIZOMOCTEH PO OCTaHHIH, i3 aHAIOTOBUX
MipKyBaHb (III0 BPaXOBYIOTh BIACTMBOCTI 00’€KTiB, BIIOMUX JOCTITHHUKY 1 MOMIOHMX
TOMY, III0 BUBYAETHCSA), & TAKOXK 3 IPUHIIUILY IIPOCTOTH OIIUCY.
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Cxema 4OpHOi CKPUHBKH PEKOMEHIYE IICHIs BUIUIEHHS Kinacy {D } JMHaMivHUX
orieparop iB BiJIIYKaTH (3a JOMOMOTOI0 YHACEIBHOT 00poOKHy curHany U) B IIbOMY KJi1aci
enemMeHt D, sKuit TMOPOJIKY€e JUHAMIiYHe piBH;{HH;{ 00’exTa, 110 BUB4aeThes. [1oTiM o
BUIY D, Hy)KHO Ha OCHOBI BIJIOMHX 3aKOHIB IPUPOIN no6yz[yBaT1/1 BKE HE MaTeMaTH4HY,
a BII[HOBI,HHO 10 3371241 Qi3uIHy, XiMidHY, 010JIOTIUHY, eKOHOMl‘{Hy, TOOTO «IIPHPOTHY»
Mozeib. [I[pHHITUITOB] yCKIIAIHEHHS MIPH IIbOMY HEMHHYYE TOBUHHI BUHUKATH IIPH CYT-
TEBOI y4acTi y CIIOCTEPEKYBAHOMY SBHII aOCOJIIOTHO HEBIIOMUX HaM 3aKOHIB MpH-
ponu.

3 mepUIMM €TaroM aHai3y — BUAUICHHM Kiacy {D } — 0B’ 13aHi 3arajibHi MUTAHHS:
3a ampiopHUMH JaHUMH TIPO AOCHIIKYBaHMH 00’€KT HEOOXiTHO CHOYaTKy oOpaTu
OITMH 3 THIIIB OIeparopa, BCTAHOBIIOIOUNCH, HANPUKIIAA, Ha (DyHKI[IOHATBHUX, Hude-
pEeHLIaNbHUX (3BUYAWHUX, 13 3aMi3HIOIOYUM apryMEHTOM 3 MPUBATHUMH MOXITHUMHU),
iHTerpanbHuX abo iHTerpo-andepeHmiadbHuX oneparopax [4; 5]. Ilotim caix obrpyH-
TOBaHO BUOpaTH THUI OIepaTopiB. BpaxyBaBimn OUTbIN JEeTaNbHI alpiopHi BiJIOMOCTI,
00MEXHUMOCS PO3IVISIOM JiHIMHKUX a00 'k craboHeNiHIHHUX onepaTopiB 3 MOCTIHHUMU
koegirienTamu. B TakoMy pasi HeOOXiTHO BpaxOBYBaTH HE TLIBKH alpiOpHi BIACTHBO-
CTi 00’€KTa, 1110 aHAJI3y€ThCS, alie 1 OMEPEAHI0 1HPOPMAITiI0, OTPUMYBaHY 3 CUTHAITY.
[Tpu moOy0B1 «ITPUPOITHBOD» MO, MiJIX1/1 JO BUBYEHHS KOXKHOTO HOBOTO 00’ €KTa Ha
3aKJIFOYHOMY €Talli 3apa3 MPEICTABIAETHCS M OUTBIN 1HIUBITYaTbHUM.

PoGoTa mpucBsiaeHa OOTOBOPEHHIO TTOCTAHOBKH 3alavi i CXeMH ii pO3B’s3aHHS
B HaMMmpocTiIOMy BapiaHTi APYroro eTamy aHaji3y CTPYKTypHd HeperyabOBaHOTO
00’€KTa — BHALICHHS B KJaci JMHAMiYHUX oneparopis {D }, 10 BPaXOBY€TbCS MPH
IILOMY 3a3J1aJIET1/Ib BIJIOMHM, OTIEPaTOPOM D, BIIIOBIHOIO CTATUCTAYHUM BJIIACTUBOC-
TSIM 3apEECTPOBAHOTO cuTHay [3; 6].

BucHoBkH. Po3po0ka MeTOiB MOIIYKYy y BH3HAYEHOMY KJIaci piBHSHHS, IO Ma€
3amaHy (YHKIIIO CBOIM PIIIEHHSM, BiTHOCUTRLCS 0 0OepHEHUX 3ajad aHamidy. Ha3pa
«00epHeHi», CiIil BpaxoByBaTH YMOBHHM. B NpUHIMIMIaIBbHUX NPUPOTHUYUX MPoOiIe-
MaXx JOCHITHUK 0e3M0CepeHbO CTHUKAETHCS caMe 3 00CPHEHUMU 3aJlauaMH, KOJIU CITO-
CTepIraeThCcsi pyX 00’€KTa 1 HeOOX1THO PO3YyMITH BIAIITYBaHHS OCTaHHLOTO. [IpsimMa x
cXeMa — 3HAWTH NP 3aJJaHuX YMOBaX pyX 00’€KTa BiZIOMOi CTPYKTYpH — Ma€ B HaylIli,
SK TPaBUIIO, OUTBII BY3bKY, TEXHIUHY 00JacTe Oe3mocepeqHix IoAaTKiB. BriM, gacto
3HaHHS PIICHb PI3HOMAHITHUX NMPSIMUX 33]1a4 aHAT13y BUKOPUCTOBYETHCS B 00CpPHEHUX
cxemax JUIs 3°sCyBaHHs CTPYKTypu 00’€KTa IO HOro MOBEAIHII METOAOM Migdopy abo
BraJlyBaHHs piBHSHbB, alleé TAaKUH METOJ JOCIIKCHHS He 3aBkau e(DeKTHBHUI 1 Hee-
KOHOMIYHHUHA. 3 TpaJUIiIHOIO MPSIMOI0 CXEMOIO MPHPOIHUYUX JOCIIIKCHb OB’ sI3aH1
3BHYHI OL[IHKW BiJTHOCHOI CKJIQJIHOCTI Pi3HUX ONHCIB ABHIIA, MIPKYBaHHS PO HaMIii-
HICTh BUCHOBKIB TOIIO. [Ipy mepexo1i 10 MOCIIiIOBHOTO aHaNi3y SBUINA Y Mexax odep-
HEHOT CXEMH IIi YSBJICHHS BISIBILIFOTHCS YacTO HEOOIpyHTOBaHMMH. [l0CBin po3misimy
METOAUKOIO YOPHOT CKPUHBKH 0€3 BXOIy NOKH HEBEJTUKOTO YHCIIa MPUPOAHUYHX MIPH-
KJIQJIiB CBIITYUTH MPO Te, IO TPYAHOII B NpsAMild Ta 0OepHEHIN cxemax po3IMoiIeHi
no-pizHOMy. Hampukiiag, OCHOBHHH eTan MpsIMOI CXEMH BiJIIyKaHHS PO3B’S3KiB PiB-
HSIHb 00’ €KTa — y 00EepHEHil cXeMi MPAKTUYHO BiJICYTHS, OCKUIBKU TYT CIIOYaTKy MaeMO
CIpaBy 3 CUTHAJIOM, TOOTO 3 TOTOBHM PIIIEHHSAM PiBHSHB 00’ €KTA.
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