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HENIHINMHNIA PEKYPEHTHUIA AHANIS
YACOBUX PAAIB NPOLIECY 3ATUPAHH4
conoay 9K CKJ1AOHOI CUCTEMM

3 NEPEMDKHICTIO

B.A. KuweHbKo, KaHA,. TeXH. HayK, M.B. YepHeubkuit, acnipaHTt ©
HauioHanbHWi YHIBEPCUTET XapHOBUX TEXHOTONN

HaBeneri pe3ynbTaTti 4OCIAXEHDb MPOLECY 3aTUPaHHS COJI04Y Ha MMB3aB0oAax K CKAaAHoI
ANHaMId4HOI cucTeMu 3 [03ULIA  HENIHIRHOI aAnHaMikn. AHaniayBainchk 4acoBi psan
TEXHOJIOMYHUX rapaMeTpiB AaHoro o6’ckTa KepyBaHHS Ha OCHOBi ¢yHAaMeHTasbHOI
BAACTUBOCTI ANCUMNATUBHUX OANHAMIYHUX CUCTEM — peKypeHTHocTi. OTpumMaHi peKypeHTHI
AiarpamMy Ta rpoBeaeHniA KiflbKICHUIA aHania OUIHOK MIp HEMIHIMHUX cucTeM A03BOJININ
BUSBATH 0COBIMBOCTI [pouUeciB 3aTupaHHa coJsiogy (CTOXaCTUYHICTb, XaOTUYHICTb,
3MIHIOBaHHSI PIBHS LIYMIB, HasIBHICTb TpeHAiB), Lo 3abesnedvye peasisauilo epekTUBHUX
pecypcooLLaiHNX CUCTEM CUHEPre TUMHOIrO KePYBaHHS 3aTOPHUM arlapaTom.

Knio4oBi cnoBa: pekypeHTHI giarpamu, peKoHCTPYKLiS ¢a3oBoro rnpocropy, 4acoBuii psia,
CUHepreTu4He KepyBaHHS, 3aTUPaHHS.

Bertyn. TligTpUMKa neBHUX TeXHONOFIYHMX MapaMeTpiB CKAafHUX CUCTEM YNpaBAiHHA Ha
KOHKPETHOMY, YiTKO BMU3HaUeHOMY PIBHI, KONU CHUCTEMA XapaKTepU3yeTbCcA BigganeHicTio Bif cTaHy
TepMOAWHaMIYHOI piBHOBaru | YTBOPEHHA AUCHNATUBHUX MPOCTOPOBO-YACOBUX CTPYKTYp, €
aKTyanbHolo npobaeMoto Ha faHOMy eTani PO3BUTKY CHCTEMW aBToMaTHsauil BUpOBHULTBA.

MoseniHka TakuMx OB’eKTiB xapaKTepusyeTbcs nepeMikHicTio. [lepeMikHicTio HasuBaloTb
NOBTOpPEHHS [AeTepMiHOBAHOCTI, CTOXACTUUHOCTI | XxaoTWyHocTi B oB’ekTi. XaoTWMuHa nosegiHKa
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lpouecu xap4oBux BupobHuums MPOLIECU TA OBJIAOHAHHSA

ob’eKTa ynpaefiHHA BUKJAWKaHa HU3KOIO BHYTPIWHIX dhakTopie i Ay>ke yacTo Bigirpac KOHCTPYKTUBHY
ponb y aganTtayil CKIagHUX CUCTeM Yyepes camMoopraHizauiio.

Lna cTeopeHHs edheKTUBHOrO ynpaefiHHA, Wo nobyjoBaHe Ha CHHTE3i Kepylouux cTparterii,
TONOJNOrUHO  y3rofXeHoro pecypcosbepiralouoro xapakTepy pesoHaHcHol gil, HeobxigHo
3AINCHUTU paj eKcnepuUMeHTaNbHUX LOCAIMKeHb Taknx ob’ekTis BUPOBHULTEA MeTogaMHu HeniHinHOT
AWHaMIKH.

B paHii poboTi Oys BUKOpUCTaHWI MeTon, nobyaoBaHWH Ha BAACTUBOCTI CUCTEMH —
pekypeHTHocTi. Lleli meTon aHanisy basyeTbcs Ha npeAcTaBieHi BaacTMBOCTel ob’ekTa KepyBaHHA Y
BUNSAI FEOMETPHUHMX MPOCTOPOBO-YAcOBUX CTPYKTYp. BiH Moxe 6yTM iHCTpyMeHTOM pgns
BUABJIEHHS 3aJIeXXHOCTeH y npouecax, 3a SKUMHU crocTepiraemo.

Martepianu | MeTogu. B paHilt cTaTi gocnigKyeTbca peKypeHTHWH MeToh AAS aHafisy YacoBHX
psAgiB TeXHOMOrMHOro npolecy NpPUroTyBaHHS MUBHOFO Cycla Bapo4HOro BigAifeHHs nuB3aBody.

JocnipkeHHa Takol CKAagHOI CUCTEMM i3 BUKOPHUCTAHHAM MeToHy PeKypPeHTHOro aHanisy
MO>XHa MPOBOAMTH HaBiTb Y BUNAAKY BpaxyBaHHA NULUE OAHIEI 3MIHHOI KOOpPAWHATH, BUXOQSAUU I3
TeopeMu TakkeHca Mpo Te, WO 3a AI€l0 OKPEMUX 3MIHHUX B CKAAQHWUX CUCTEMAaxX, MOXXHa BU3HA4YUTH
OWHaMIiKy Bciel cuctemu B Linomy [1].

I3 Teopemn TakkeHca, ekBiBaneHTHa cpbasoBa TpaekTopis, wo 3bepirac cTpyKTypy
opuriHanbHoi hasoBol TpaekTopil, Moxe 6yTH BigHOBNEHa Yepes OfHYy cCnocTeperkyBaHy 3MiHHY, a
came uyepes il yacoBuii psg. Hexal us smiHHa 6yge X, wo BknageHa B ncespocasosuil npocTip
cTasol posMipHocTi 7 :

(x1rx27 7xm)
én ( "'rxm+1) (1)

(fom, LN—(m+1)s-s Xy)

Byno sanponoHoeaHo MeTop BigobpakeHHs m — MipHOI hasoBoi TpaeKTopil cTaHy cUCTEMH
npouecy, 3a fKUM BefeTbca crocTepeXxeHHa. [na pocinimkeHHs 6yno obpaHo uacoBuii pag
TexHoNoriyHoro napameTpa — TeMnepaTypu 3aTUpaHHS, Ha [LBOXMIpHY KBafjpaTUUHY MoABiHHY
maTtpuuto posmipom N x N, npu skomy N — BignoBigac noBTopeHHIO cTaHy NpH OesAKOMY uaci / B
OesKUH HWWH yac j, a ABI KoopAuHaTW oci € ocaAMM yacy. [padpiuHe npefcTaBneHHs TakKoro
npouecy HasuBaloTb peKypeHTHolo Aiarpamolo, abo ckopoueHo RP (recurrence plots) i e
npoekuielo mM-MipHOro nces,qocbasosoro NpocTOpy Ha MAOLUMHY [2] PekypeHTHI piarpaMn —
ePeKTUBHUI KOMMIEKCHUH MeTopR ,qOCHI,q)KeHHﬂ CKNagHUX AWHaMIYHWX CUCTEM 3a YacOBWUMM
pagaMM 3MiHHWX, B SKOMY OpraHiyHO NOB’Ai3aHi BisyanbHi MOXXAWBOCTI (fiarpamu) i NOTY>KHWH
obuncnioeancHui anapat (Mipu).

PekypeHTHa giarpama onucyeTbcs TaKUM YHHOM:

ml p—
R = O(e; — [ - x|) (2)
i} =[x, 20, s 2yl €R™, i, j= 1, 2,..., N, N — KinbkicTb cnoctepexxysaHux cTaHiB
JocnigkyBaHoro npouecy, € — PO3Mip OKONy TOYKW X; B MOMEHT /, [lX; —x/-" — BiAgcTaHb MK
Toukamu, ©(e) — doyHKLia XeBicanga.

[ns petanbHoro aHanisy npouecie, 3a [OMNOMOrold peKypeHTHUX AiarpaM, BUKOPWUCTOBYIOTb
ABa Knacw: Tonosorii i Tekctypa sobpaxeHb. Cnig BpaxyeaTW, WO TONoAoris, ska npencTae/ieHa
BEJIMKUMU CTPYyKTypaMW [ae JAulle 3arajbHe YsSBAEHHS NPO XapakTep MNpPOLUecie No YOTUPLOX
KNacax: ogHopigHi, nepiognuni, apeids, 6ini obnacti. TekcTypa 306parkeHb xapakTepusye ApiGHY
CTPYKTYpY Aiarpamu i nobygoBaHa i3 OKpeMMX TOYOK, a TaKoX i3 AiHIM: BepTUKaNbHUX,
ropU3OHTaNbHUX, BiaroHasbHUX.

PekypeHTHi giarpamy posBondioTe 3L4IMCHUTU BisyallbHUM aHanis TpaeKTopil y chasoBomy
npocTopi BUCOKOI PO3MIpHOCTI. 3OBHIWHIA BUrASh AiarpaMu fJae YsiBAeHHS NpPO eBOJIOLil LUMX
TpaekTopid 3 uyacom. BugindoTb ABa OCHOBHMX Kjaach CTpyKTyp: Tononoria (topology), wo
Bignosigae BesMKoMacwTaBHUM cTpyKTypaMm, i TekcTypa (texture), wo Bignosigae gpibHoMacLu-
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TabHuM cTpykTypam. Tonooria fossosse nobauntu i oUiHWUTH xapakTep npouecy. |cHyloTb YoTHPH
Pi3HUX KnacKh CTPYKTyp: ogHOpPIgHI (HOopMasbHO posnofiNeHui wyMm), nepioguuHi (reHepaTtop BaH
nep Mons), gpeiicp (sigobpakeHHs |kegu i3 HaknapeHol AiHiMHO 36inbluyBaHOl NocnigoBHOCTI),
KOHTpacTHi obnacTi i niHil (3aranbHuit 6poyHiscbkuit pyx) [3].

I'Iposlsum BisyasbHe JOCHimpKeHHS PEKYPEHTHUX giarpam, MU MOXKeMO MNPOBECTH TaKoX iX
YUUCNOBUN aHanis. MeTofuKy KinbkicHoro aHanisy pekypeHTHUX giarpaM Ans BU3HaUYe€HHS YMCNOBMUX
nokasHukie ctBopunn 36unyt i Bebep [4]. Cyts MeTogy nonsrac y BW3HaAUYeHHi LWiNbHOCTI
pPeKypeHTHUX TOYOK | HiaroHalbHUX CTPYKTYp giarpamMu. B pesynbTati gas pochimkeHHS MoXkHa
BM3HAUMTU TaKi KiNbKicHi NokasHUKKU Ak: Mipa pekypeHTHocTi (RR), Mipa getepmiHoaHocTi (DET),
cepefHa OOBXWHa giaroHanbHux AiHiH (L), eHtponia (ENTR), tpena (TREND). 3rogom MapeaHoM
ByNo 3anpONOHOBAHO PO3PAXOBYBATH MIPH, LLO 3aCHOBAHi Ha BEPTUKAJNBHHUX UM FOPUIOHTANbHMX
CTPYKTypax pekypeHTHUX giarpam [5, 6]. A came, Taki Mipu ak: Mipa 3amupaHHs (LAM), nokasHuk
satpumkn (TT). Takox pospaxosyloTe Mipy uwactoth (CLEAN), Tob6To ouiHky 6anaHcy Mk
cToXacTWUHOlO | peTepMiHOBaHOl cknagosoto. Y 6HinbwocTi BUNagkis Ana pospaxyHKy Mip
BUKOPUCTOBYIOTb PeKypeHTHi AliarpaMu i3 cTasMM 3HauYeHHAM nopory.

Mipa pekypeHTHOCTI pospaxoByeTbes 3a [3]:

Z Ri7¢ (3)

//1

Mipa peKypeHTHOCTI MOKasye LibHICTD pPeKypeHTHUX TouoK. BupaxoByeTbca Ue 3HaueHHS
nigpaxyHkoM AiHiW igeHTWYHocTi. Takoxk, QHaHa Mipa, noKasye IMOBIPHICTb 3HaxomKeHHS
peKypeHTHOI TOYKU B pPeKypeHTHiW pgiarpami. [pouecH i3 cTOXacTMUHOIO NOBELIHKOK MOXKYTb
yTBOpIOBATH HaA3BUUaliHO KOpoTKi piaroHani abo Bsarani He yTeopioeatH ix. [lpouecu is
JeTepMiHOBaHOIO MNOBEAIHKOIO YTBOPIOIOTE AOBri fiaroHani i 30BCiM Many KifbKicTb OKpeMHUX
PEKYPEHTHUX TOUYOK.

Omke, MOXHa BU3HAUMTWU CMIBBIQHOLEHHS PEKYPEeHTHUX TOYOK, WO ByayloTb AiaroHanbHi
CTPYKTYPH, AO 3araibHol KinbkocTi Touok 3a (4):

DET = %’,’;mi )

Lleit nokasHMk HasuBaloTb Mipolo peTepMiHoBaHocTi abo nepepbauyBaHOCTI CUCTEMM.
MotpibHo BpaxysaTH, WO Mipa nepeabayyBaHOCTI HEMAaE peanbHOro 3HaueHHs AeTepMiHOBaHOCTI
npouecy. MiHiManbHa AOBXKWHA /nin — LUe KpahHE 3HaueHHs, WO BUKJIOUAE HasABHICTb fiaroHasbHUX
NiHIH, AKi CTBOPeHi 3HaUEHHAM TaHreHca pyxy TpaeKkTopil y dpasoBoMy npoctopi. AKWo /i, = 1, TO
i DET = 1. Mo piaroHanbHUM CTPYKTypaM MO>KHa BU3HAUWTH 4ac, B XOAI AKOro YyacTUHa TpaeKTopil
NPoXoAWTb JOCTaTHbO OAU3BKO A0 IHWOI yacTMHU TpaekTopil. ODke no AaHUM NiHIAM MOXHa
BU3HAUUTU PO3XOMKEHHS e/leMeHTIB TpaeKTopil.

HactynHuit nokasHWk, SK cepefHs AOBXXWHa fiaroHanbHoOl AiHII L, nokasye yac Ha npoTaAsi
AKoro ABi uYacTUHM TpaekTopil npoxogaTb 6AM3bKO ogHa Ao opgHol. Moke posrnspatvcs sk
cepefHii yac nepenbauysaHocTi | BUsHavyaeTbhes 3a (5):

[ =R (5)

MokasHuk DIV aueepreHuis (6) BusHauae MakcMManbHy AOBXMHY AiaroHanbHWUX CTPYKTyp abo
1l iHBepcid

1
Lmax

hax = max(/;;i =1...N,), DIV = 6)
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BcraHoBneHO, WO OOBXKMHM fiaroHasbHUX AiHIH cniBBigHOCATbCA i3 HaWbiNbl NO3UTUBHUM
nokasHukoM JlanyHoBa, y BUNagKy, KOAW BOHHW ICHYIOTb AA8 OOCAimKyBaHO! cucTeMU. B pesyabTaTi
JocnimpkenHs 6ynM  BU3HAueHi OUIHKM MAaKCMMaJbHO MNO3WTUBHOrO MoKasHWka JlanyHoBa i3
BUKOPUCTaHHAM [OOBXXWHU pJiaroHanbHUX JiHiH. Mipa eHTtponii (7) cniBBigHOCHTbCA AO eHTponil
LLIeHHOHa YacTOTHOrO po3nofifieHHA OOBXXWH AiaroHanabHUX JIiHIN.

ENTR = - i p(/)Inp(/) (7)

P(/)
N
> Pe)

1=loin

CnieeigHoweHHa Mk DET i RR MokHa pospaxyBaTh i3 YacTOTHOrO pPO3NOLINeHHS OOBXKHH
AiaroHanbHUX AiHIN.

gde, p(/) = nokKasye cKiagHicTb AeTepMIHOBaAHOI CKNafoBOI CUCTEMMU.

N A
RATIO = N, RO (8)

JocnigkeHHs nokasanu, Wo gaHa Mipa Mo>ke ByTH BUKOPUCTaHa AAS pPo3nisHaBaHHA hasoBuX
nepexopis y Bunagkax konu RR ameHwyeTtbeq, a DET — HesMiHHe.

> vPe(v)
ZRm, 8,',/'

Mipa samupaHHa LAM nokasye cniBBigHOWEHHS KiNBKOCTI PEKYpPEHTHUX TOUYOK, LIO YTBO-
plolOTb FTOPHU3OHTaNbHI JiHIT O 3aranbHOI KibKOCTI peKypeHTHUX TodokK. [TokasHUK XxapaKTepusye
HasfBHICTb CTaHIB 3aMWpaHHA cHcTeMH. 3aMupaHHSM BBakaloTb CTaH CHCTEMH, KOJU pyx Uiel
cucTeMH no dasoBil TpaeKTopil 3ynuHAeTbea abo BigbyBacTbes Ay>ke NOBiAbHO.

CepefHs OOBXXHHa FOPU3OHTaNbHUX CTPYKTYpP (MOKa3HWK 3aTPUMKH) BU3HadaeTbes 3a (10):

LAM = 9)

g: vPE(J)
T = —Uzum;\; (10)
PR AY

L=Vnmin

JaHul nokasHWK xapakTepusye cepefHiii uyac, 3a SKMIi cucTeMa Moxke npoBecTW B 6inblu-
MeHW cTabinbHoMy cTaHi. Bnane ctoxacTMuHOl cknafoBoi Ha cucTeMy BigobparkacTbes Ha giarpami
Yy BUrASAi NOSBM OKPEMO CTOSUUX TOUOK abo KOpOTeHbKUX giaroHanbHux AiHii. CToxacTMuHa
CcK/lafoBa Yy AesKMX BUNafKax B3arajli MOXKe He YTBOPIOBATH fiaroHaNbHUX JiHIN.

Mipa cniseigHOLIEHHSA KiNbKOCTI TOUOK, WO opMyioTb fiaroHasbHy NiHilo AOBXKUHOW [ < /i,

ZO KINIbKOCTI TOUOK, o opMytoTh giaroHanbHi AiHIT / >/,

Tin =1
> 1P

CLEAN = L1—— (11)
> IPe()
/=lrgin

HasuBaeTbCA MIpOIO YacTOTU | NOKasye BIJIMB CTOXacTUYHOI CKnagoBol npouecy. [lpu
HasBHOCTI NepeBaXkHOCTI Uiel cknagoBoi 3HaueHHs CLEAN spocTae.

Pesynbtatn. [ns pocnipkenHs 6yno obpaHo uyacoBuW psf 3MIHM TeMnepaTypu saTUpaHHs
BaApOYHOro BiggineHHs nuesasogy (puc. 1).
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Puc. 1. YacoBu# psaa 3MiHUW TeMnepaTypu 3aTHpPaHHSA

B pesynbtati 06pobku oTpUMyeMO peKypeHTHY Aiarpamy npouecy satvpaHHs (puc. 2).
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Puc. 2. Bipo6pakeHHs peKypeHTHOT giarpaMu
TeMnepaTypH 3aTUPaHHS («UYOPHOro» LWYMYy)

Jani nobyayemMo TeKkcTypy, fKa Aac MOMIMBICTb OLUIHWTHU BiACTaHb MK CTAHAMW CUCTEMU Ha
Aiarpami sigctaHen, Wo sigobpakacTbcs NeBHOK KoAbopoBoto nanitpoto (puc. 3).
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Puc. 3. Bigo6pakeHHs TeKCTypH peKypeHTHol giarpaMu («4opHOro» LWyMmy)
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Puc. 5. Bigo6pakeHHs peKypeHTHOT giarpaMu
TeMnepatypH 3aTupaHHA (KOHTpacHa Tononoris)
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Ona BigobparkeHHs 6inbll NOBHOI KapTUHWU MOXKHA BMKOHYBaTM PEKOHCTPYKUilo aTpakTopa,

ANA BU3HaueHHs obnacTell NPUTAraHHS AUHaMIYHOI CUCTEMM.

Tabauys. KinbkicHUiA aHanis pekypeHTHHUX giarpam

Mipa

RR 0.085 0.213 0.099 0.112
DET 0.389 0.647 0.478 0.512
L 4.756 2.995 3.553 2.851
DIV 0.015 0.031 0.027 0.039
ENTR 1.198 1.13 1.47 1.26
RATIO 4.892 5111 5.396 4.561
LAM 0.614 0.518 0.61 0.589
1T 2.971 4.144 2.735 3.781

Buxogauu BisyanbHoro Ta KiNbKICHOrO aHanisy oOTPUMAHUX pPEeKYpeHTHUX Aiarpam,

BCTAHOB/IeHa NepeMibKHICTb B NoBediHUi ob’ekTa KepyBaHHA (TeXHONOriUHOrO npouecy saTUpaHHs
conogy), To6To uepegyBaHHA XaoTHUHMX (puc. 4) Ta cTOXacTUUHUX pexkuMmis (puc. 2), HasBHOCTI
TpeHay (puc. 5). BusHaueHi ocobausocTi noeefiHkn ob’ekTa 3a [ONOMOrolo Mip, WO AO3BOAUAO
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OUiHUTM MaKcUManbHI noka3HWUKW JlanyHoBa, BM3HAUMTU XapaKTep npoueciB (CTOXacTUUHICTb,
XaOTWUHICTb, NepioAMUHICTL), BWSBUTM NeBHi nposiBM noeefiHkM ob’ekTa (3MiHa pe>kuMis,
CniBBigHOLWEHHS PIBHA WYM/KOPUCHUH CUrHaA, 3MiHa TpeHAiB).

BucrHoBkn. PeanbHi TexHonoriuHi o6’eKTH ynpaBniHHA € CKAagHWMU HeniHiMHUMU 06’eKTaMu.
BoHu MOXKyTb XxapakTepusyBaTUCb pi3HOMaHiTHOlO nNoBegiHkol. B cBoil noBegiHUi MOXXyTb
NPOABAATH SK [HOeTepMIHOBAHICTb, CTOXAcTHUUHICTb, XaoTHUHiCTb. B 3anexkHocTi Big peXkumy
HeobxigHO obpath neeHy cTpaTerilo ynpasAaiHHS.

OpHa i3 HalcKnagHiWKX Y NAaHi ynpaBaiHHA — XaoTMYHa NoBefiHKa TexHo/oriuHoro ob’ekTa.
BoHa gocnipkyBanacbh MeTogaMu HeAiHIHHOI AUHaMIKH, WO AO3BOJIWIO BU3HAUMTH SAKICHI | KiNbKicHI
NOKasHWUKW echeKTUBHOCTI, WO CTBOpHAO HeobxigHi nepegyMoBM AN po3pobKWU  cyuacHUx
pecypcoolafHUX CUCTEM CHHEPreTUYHOrO YNpaBiiHHA XaoTWUUHUMK npouecaM, [0 AKHUX
BifHOCATbCA NpolecH 3aTUpaHHA conody Ha NUB3aBOAAX.
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HEJIMHEWHbIWN PEKYPPEHTHbIN AHANTN3
BPEMEHHbIX PA40B NPOLECCA
3ATUPAHUA COJIOAA KAK CJTIOXKHOM
CUCTEMBbI C NEPEMEXHOCTIO

B.A. KuweHbko, H.B. YepHeukunit
HaumnoHansHbIVi YHUBEPCUTET MULLLEBLIX TEXHOSIOM N

lMpuBegeHbl pe3ynbTaThi UCCAEA0BaHUIA NpoLecca 3aTupaHus cosoda Ha niBsaBofax Kak
CJIOXHOW OUHAMUYECKOI CUCTeMbl C MO3ULNN HESTUHEHON ANHAMUKYA. AHAIN3UPOBAIACh
BpeMeHHbIe psaabl TEXHOJIOTMYECKUX NapaMeTpoB AaHHOro obbeKkTa yrpaB/leHUs Ha OCHOBE
¢dyHOaMeHTaabHOro CBOHCTBA ANCCUNAaTUBHbBIX AUHAMUYECKUX CUCTEM - PEKYPPEHTHOCTH.
lMonydeHHble peKkyppeHTHble AnarpaMMbl U NMPoBeAeH KOJIMYeCTBEHHbIA aHann3 oLeHoK Mep
He/MHENHbIX CUCTEM [03BOJINI BbISBUTb OCOOEHHOCTY [POLIEeCCOB 3aTupaHus cosoga
(CTOXaCTUYHOCTb, XaOTUYHOCTb, U3MEHEHUS YPOBHS LUYMOB, Ha/lMyus TpeHaoB), 47o obec-
neynBaeT peanmaaumnio ag¢ekTUBHbIX pecypcocbeperaiouwmx CUCTEM CUHEPreTUYeckoro
yripaBiaeHusl 3aTOPHbIM arnapaTom.

KnioueBble cnoBa: pekyppeHTHble AnarpaMmbl, PEKOHCTPYKUMS ¢Ga3oBoOro npocTpaHcTBa,
BpeMeHHO psfl, CUHepreTU4e ckoe yrpasreHne, saTupaHue.
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