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Xapvkosckuti uncmumym 0anKo8ckozo dena Yuugepcumema danxkosckozo dena HBY, Xapvros
2 y N y
XapvKrosckutl 20cy0apcmeenHblll mexHUYecKuti yHugepcumem
cmpoumenbcmea u apxumexmypul, Xapbkoe

OLIEHKA HXHEM PAHMLIbI SKCTTYATALUMOHHOTO PECYPCA
_ CJIOXHOM ®U3UKO-XMMMHECKOW CUCTEMBI
MPM MOJIHOM W1 HEMOJIHOM MHMOPMALIMM O EE HAYATIBHOM COCTOSHWM

IIpeonooicenvl cnocobvl onpedenenus HUdICHel panuybl IKCHILYAMAYUOHHO20 pPecypca CAOICHOU Qu3uko-
XUMUYECKOU CUCeMbl NPU NOIHOU U HeNOHOU UHGOopMayuu o eé nauarbhom cocmosanuu. Ilepeuucnenvt 6udvl He-
onpeodenénHocmu uHGoOpmMayuu 8 3a8UCUMOCIU OM UMEIOWUXCA C8OEHUll O HAYAAbHOM COCMOAHUU Cucmemsl. B
cayuae noaHol onpedenéHHOCMU U CIOXACMUYeCcKoU HeonpeoeieHHoCmuy Oisl pewenus 3a0a4 UCNOIb3068AH Memoo
JuHeapuzayuu GYHKYuu CIy4auHuix apeymenmos. B ciyuae necmoxacmuueckoii nHeonpedenénHoCmu UCnonb308an
MEMOO UHMEPBATLHBIX BLIYUCTEHU.

Knroueswvie cnosa: cocmosinue cucmemsl, pecypc cucmemal, Memoo JuHeapusayuu, UHmMepealbHble 6bI4YUCTIEHUA.

BeepeHue

B pabotax [1...4] aBTOpamMu TaHHOTO COOOIICHUS
OBUTO BBEJICHO MOHATHE COCTOSIHUS CIIOKHOU (hHU3UKO-
xuMudeckoil cucremsl (COXC), akTUBHO B3auMOJEH-
CcTByIOIIEH C BHemHed cpenoil. CocTOSHUE CUCTEMBI
OBLTO OTIpENENICHO B BHIE MYJIbTHUILTUKATHBHON (DyHK-
UM CHEIHAIBHOTO Buaa. B pabdore [9] Obuta mosyueHa
OIICHKa CpeNHeH IITUTeThHOCTH Oe30TacHOW 3KCInTya-
TallMd TakoW cUcTeMbl. [[eficTByromue B HacTosuiee
BpeMsi HOpPMaTHMBHBIE JOKyMeHTHI [5, 6, 7] TpeOyror

OIIpeJICJICHUs. HE TOJIBKO CPEHEr0 BPEMEHU JKCILIyaTa-
LUU CHCTEMBI, HO M BBIUUCICHUE €€ HIDKHEN TpaHUIbI,
ONpEeNeNEHHON C 3apaHee 3aJlaHHOW JOBEPUTENbHOU
BEPOSITHOCTBIO Y, TaK Ha3bIBAEMBIN Y-IIPOLIEHTHBIA pe-
cype. 910 TpeboBaHNE BBI3BAHO HEOOXOIUMOCTHIO PaH-
Hell TUarHOCTUKHU BO3MOXKHBIX MTOBPEXKIECHUH CHCTEMBL.

B pamkax maHHOHN MyOMUKAaI[MM B COOTBETCTBUU C
yKa3aHHBIMM HOPMAaTHUBHBIMH JOKYMEHTaMH IPUHSITHI
IpuBe/IeHHbIe B Tabn. 1 Takwe TepMUHBI M ompenerne-
HHUSL.

Tab6numa 1
TepMuHBI U OIPE/ICICHUsI, IPUHSATHIE B paboTe

Tepmun

Onpenenenne

Jomyctumslii (wnu HE0-
MyCTUMBII) BUA TEXHUYE-
CKOT'0 COCTOSIHHSI CHCTEMBI

OnuH 13 ABYX BUAOB TEXHUYECKOTO COCTOSIHUSI CHCTEMBI, OTIPE/IeNIIeMbIil TIOJMHO-
JKECTBOM TEXHUYECKHX COCTOSHUH, KOTOPBIE JAOMYCKAIOTCs (MK HE JOIMYyCKarOTCs)
MIPY DKCIITyaTallii CHCTEMBbI

KonTtpoaupyemsrit
napameTp

KonmdecTBeHHas WM KauyeCTBEHHAs XapaKTEPUCTHKA TEXHUYECKOTO COCTOSHUS
CHCTEMBI (COCTABIISIFOLIAsi COCTOSIHUS) M/ MJIM HArPY30K U BO3JIEHCTBUII Ha CUCTEMY
(cocTaBnsromas BO3JEHCTBHUIT), KOTOpas YCTaHABIMBAETCS TEXHUUECKOW TOKYMEH-
Tanuei Ha cuctemy. KosmuecTBeHHas XapaKTepHCTHKA MOXKET OBITh IpeJcTaBlicHa
COCPEAOTOUCHHON W/MiN pactipeieIeHHON (PU3NIecKOH BETHYNHON

Kputepuii npeaensHoro
TE€XHUYECKOTO COCTOSIHUSA
cHCTeMBI (KpUTepHit
HPE/IeIEHOTO COCTOSTHHSA)

VYcinoBrue NpPUHAUIEKHOCTH KOHKPETHOI'O TEXHUYECKOTO COCTOSHUSI CHUCTEMBI K
KpUTEpUAJIbHOMY MOAMHOXECTBY, KOTOPOE BKIIOYAET JOMYCTUMBIA BUJA TEXHHYE-
CKOT'O COCTOSIHHSI CUCTEMBI U MMEET OOIIYI0 YacTh TPAaHMIBI C TPAHHIEH JTOIMYCTH-
Moro Bua. O0mIast 4acTh IPaHUIBI COACPKUT MPEISIbHBIC TEXHUUECKUE COCTOSTHUS
CUCTEMBI, KOTOPBIC MOXKHO YCTaHOBHTH IO 3TOMY YCIIOBHIO (KPUTEPHIO MPEACIHHO-
ro cocrosiau). Ilepeceuernne Bcex (MMOTHONW COBOKYIMHOCTH) KPHUTEPHAIBHBIX MOJ-
MHOXXECTB 00pa3yeT JIOMyCTHUMBIA BHJ TEXHHUYECKOTO COCTOSIHHSI CHCTEMBI
C TPaHUIICH, MpeICTaBICHHONH 00BEIMHEHNEM BCEX OOIUX YacTel

OTKa3 CHUCTEMBI

Tlepexoa TEXHUYECKOTO COCTOSIHHSI CHUCTEMBI OT JOMYCTUMOI'O K HEJOIYCTUMOMY
BULY

[IpenensHoe (TpaHU4HOE)
TEXHHYECKOE COCTOSTHUE
CHCTEMEI

TexHu4YecKoe COCTOSIHME CUCTEMBI, IIPUHAJUIEXkKAIee IPAHULIE NTOAMHOKECTBA TEX-
HUYECKUX COCTOSHUM, KOTOPBIE JIOMMyCKAIOTCS MPH AKCIUTyaTaI[ii CHCTEMBI (TpaHH-
I1¢ OIyCTHMOTO BHI3 TEXHUYECKOIO COCTOSIHHS CHCTEMBI)

IIporHo3upoBaHue TEXHH-
YECKOT0 COCTOSIHUS
CUCTEMBI

Omnpenenenne (C ONEHKOW BEPOSITHOCTH) TEXHHYECKOTO COCTOSHUS CHCTEMBI U €T0
BUJA B IPEICTOSIIAC MOMCHTHI BPEMEHH IPH OXUIAEMBIX HArpy3KaxX WU BO3JCH-
CTBHSIX Ha CHCTEMBI BMECTE CO 3HAUCHUSIMH MOKa3aTeCH HAJICHKHOCTH CUCTEMBI
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Anamm3 aureparypel. B paGorax [1, 2] Gwuia
BBeJleHa orleHKa Tekyriero coctostaust COXC B Buze:

Si=11 : 1)

i=1
rae Xit — TCKYyUIEC 3HAYCHHC i-ro KOHTPOJHPYEMOTO

[Xit—Xik|
Xik

napameTpa, Xik — MpCACIIbHOC 3HAYCHUC i-ro KOHTPO-

nupyeMoro mapamerpa. s MpOrHO3MpOBaHUS MpPO-
JOJDKUTENFHOCTH 0€30IacHOTO0 TEXHHMYECKOr0 COCTOS-
Hus cucreMs! (T,,,) OblIa IpeuIoxkeHa hopMya:

S
-t _KT,,

So =S¢
rae Sp — HauanpHOoe cocTossnne CPXC, u3BecTHOE 3a-
panee; T, — BpeMs 9KCIIIyaTalliy CHCTEMbI 1O MOMEHTa
eé obcmenoBanmst; K — smmmpraecknii k03¢ HUIIEHT,
YUYHUTBIBAIOIINI 0COOCHHOCTH AKCILTyaTallii CUCTEMBI.
HauanbHbiM coctosianeM (Sp) COXC HazoBEéM yuc-
JICHHOE 3Ha4YE€HNE M3BECTHOM (DYHKIINU KOHTPOIUPYEMbIX
IapamMeTpoB, MPH KOTOPBIX pacCcMaTpuUBaeMas CHCTEMa
HayaJjla B3aMMOJICUCTBHE C BHEIIHEW cpenoi. B Tom ciy-
Yyae, KOT/la UX TOYHbBIC YHCJICHHBIC 3HAUYEHHS M3BECTHBI,
HarpuMep, W3 HOPMATHBHOM WM HPOEKTHOH IOKYMEH-
Tauuu, OyAeM TOBOPHTB, YTO MBI pacroyiaraéM IOJTHON
nH(popManyel 0 HayaJIbHOM COCTOSTHUH CUCTEMBI H, ClIe-
JIOBAaTENIbHO, HEONIPEIeNEHHOCTh OTCyTCTBYeT. Ecim »tn
CBEJICHHUS MOJYYeHBl MPU MPOBEIACHUM CIHEIHAIBHOTO
JKCTIEpUMEHTa U B pacuérax OyAyT HCIIOIb30BaHbI HE
TOYHBIC HayaJlbHbIC 3HAYECHUs] KOHTPOJIMPYEMBIX Mapa-
METpPOB, a UX CTATHCTUYECKUE OLIEHKH, TO OyJeM TrOBO-
PHUTH O HAIWYHUU CTOXACTHYECKOW HEONpEeAeNEHHOCTH B
OIIpe/IeNICHNH HavYalbHBIX 3HauYeHWi. bynem roBopurs,
YTO BEJMYMHA Sy MMEET HECTOXACTHYECKYIO Heolpee-
JIEHHOCTb, €CJIM JUISI KaKJOM KOHKDETHOH pealn3aluu
C®XC u3BeCTHBI TOJHKO TOUHBIC 3HAYCHHUS TPAHUI] WH-
TEpBaJIOB M3MEHEHHs HayajbHBIX 3HAUCHUH KOHTPOJIH-
PYEMBIX ITapaMeTPOB, HO HE MX KOHKPETHbIC 3HAUCHHUS.
IToctanoBka 3amaum. Tpebyercs omnpenenuTsb
HUKHIOIO TPaHUIly dKcIulyaTanoHHoro pecypca COXC
HE3aBHCHMO OT BHJIa HEONPEENEHHOCTH OTHOCUTEIHHO
nHpopMannK 0 HAYAILHOM COCTOSHHU CUCTEMBI.

O]

Top

UsnoxkeHue pesynbtaTos

CocrosiHHE CHUCTEMBI OyJeM CUYUTaTh B OOLIEM
ciaydae yObIBaromie (yHKIMEH BpEMEHH, 32 MCKIIOUe-
HHEM He Ooyiee OJHOTO HMHTEPBada IUTEIBHOCTHIO
T, <T,

mpex » TA€ T,

npen — IPEACIBHO JTOMYCTHMOE BpEMst
CYIIECTBOBAaHUA CUCTCMBI. Hanuune takoro HWHTEpBaJa
BBI3BIBACTCS OCO6€HHOCT${MH IPOTEKaHUA Ae€rpagalu-
OHHBIX TPOILIECCOB B KOHKPETHBIX CHCTEMaX.
PaccmoTtpum 6onee moapoouo ycnosue (1). Beime-
JIMM BO MHOXECTBE KOHTPOJIUPYEMBIX I1apaMETPOB

U={X{,Xp,..Xp} IOAMHOXECTBO KOHTPOIMPYEMBIX
napameTpoB M = {Xi}, {i=12,..m} Takux, 4TO Te-

Kyllee COCTOSHHE cuUcTeMbl S; TeM Ooiblue, 4eM

Oonpie yuciutedb ycnosus (1). Bergenum Bo MHOXe-

CTBE KOHTPOIMpYeMbIX mapamerpoB U ={Xq,Xp,..X, }

IIOAMHOXECTBO
N =

KOHTPOJINPYEMBIX IapamMeTpoB

{Xi} , {i = m+1,m+2,...n} TaKHX, YTO TeKyllee
COCTOSIHME CUCTEMBI S; TeM OOJIbIlIE, YeM MEHBILE YHC-
nutens yenoust (1). OueBugno, uro U=MUN mpu
yenosun, uto M(N =,

C yuérom 3toro B paborax [3, 4] ycmoBue (1)
MPEJICTABIICHO B BHU/IC:

m
_ it ik
St=]1
i1 Xik
B ycmoBum (3) s obecriedeHUs HEOTPUIATEIb-
HOCTHU YHUCIIUTCIIA HpI/IMCM, qTo:

Xik = Xit _ . g
Xik

@)

i=m+1

Xj,eClm  X; ZXik,
Xi = (4)
Xjk €Il Xj < Xk,
npu ycnoBuu, uto  i=1,2,..m u
Xi,ecnu X < X;
X; = i i ik> (5)

Xijk,€CMM  Xj > Xik
[PU YCIOBUH, 4TO i=M+1m+2,..n.
Jlanee Oynem Ha3pIBaTh YHCIHMTENb APOOCH, BXO-
JSIIUX B paBeHCTBO (3), aOCONIOTHBIM 3HAYCHUEM pe-
cypca COCTOSIHMS 110 MEPEMEHHOM X, KaXKIyIo U3 JIpo-

0eil — OTHOCHTEIbHBIM 3HaYEHHEM Pecypca COCTOSHHS
110 COOTBETCTBYIOLIEH IEPEMEHHOMN.

1. Pacuét raMMa-npouEeHTHOro pecypca B ycJio-
BUSIX NMOJIHOW MHGOPMHPOBAHHOCTH M CTOXaCTUYe-
CKOi HeomnmpeaeJéHHOCTH JAHHBIX 0 HAYAJIbHBIX 3HA-
YeHUAX KOHTPOJIMPYEMBIX NapaMeTpoB. Bemmumny
Ty Ha30BéM OSKcIulyaTauMOHHBIM pecypcom COXC,
AaKTHBHO B3aMMOJEHCTBYIOLIEN ¢ BHEIIHEHN cpenoil. s
OTIPENIeIICHUS €T0 Y-TIPOLEHTHOTO 3HAYECHUS BOCIIONB3Y-
€MCs METOAOM JIMHEapu3aliui B TOM BHUIE, B KOTOPOM
OH omcaH B pabore [8].

[TycTe HaAM U3BECTHA C TOYHOCTHIO J0 TIOCTOSHHBIX

dynkums Y =@(Xy,X5,..Xpy, THE

Xl,Xz,...Xn — cnyqaﬁHHe BCJIIMYMUHBI, UMCIOIIUEC, II0

k03¢ ULNEHTOB

KpaliHeil Mepe, KOHEUYHbIE BTOPbIC HAayaJIbHbIE U LICH-
TpaJIbHblE MOMEHTBI.
Torna cpeanee 3HaUeHNE TaKOW (QYHKIINU:

Y~ @(X, X2, Xny (6)
JMCTIEPCHS:
2
D( o
Dly]=> | 2% | DIxi]+

. |=16 1/x (7)

¢ P

+2§ a—XI a—xj 7r|JG(X|)G(XJ)
X

B ycnosuu (7) npussATO, 9TO D[Xi] — qucrepcust
i-ro aprymeHTa,

9
6Xi X

OQ(Xy,..Xp) - -
=— | Xy =Xq,.., Xy =X},
axi | 1 1 n n
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o(Xj)— cpenHeKBaApaTUYECKOE OTKIOHECHHE i-TrO
apryMenra; [jj — Kod(QHIHCHT KOPPEISIIHH MEKLY i-M
U j-M aprymMeHTamu,
Y =0(Xg, Xp,..-Xp)y -

Juns ¢pyskmm Buna (2) B cCOOTBETCTBHH ¢ (6) ompe-
JIETIMM Cpe/IHee 3HAUSHUE IKCILTYaTallMOHHOTO pecypca:

BXOJIIIUMU B (DYHKIIUIO

= __ S
Tnp - SO _§t KT3 : (9)
W3 yenosuit (7) u (8) mpu N=1 nonxydnm, 910

2
d S )
DIT. |=(KT.)2| ——t | &%(s,). (10
[np:| ( 3) [dst SO_St]St ( t) ( )
BrinonHuB HE0OX0JMMBIE TTPE0Opa3oBaHusl, TIOITY-
YUM, YTO

2| S
D[Tnp :| = (KTa) — 4 (11)

2
(St S )4 o (St) )
0 s
Bripaxenus (9) u (10) no3BosA0T ONpeAeauTs Y-
MIPOLEHTHBIN 3KCIUTyaTallMOHHBIM Pecypc, HCIONb3Ys

BBIpa>KCHHUC

T = Tap~ t,0(Trp) (12)

0,5
OYEBUJIHO, YTO G(Tn.p) = D[Tnp] . Ecmm y=0,9, T0
BenuunHa L, =1,6 nns OONBIIMHCTBA 3aKOHOB pacIpe-

JIeJICHUS] HEMPEphIBHOW cirydaitHoil BemmuuHbl. OOoC-
HOBaHKE 3TOT0 YTBEPIK/AeHHs AaHo B pabore [9].

N3 ycnosus (10) cnemyet, uro aucnepcus (cpen-
HEKBAJ]PaTHYECKOE OTKJIOHEHHE) BenuuuHbl Tp, ecTh
ClOoKHAs (QYHKIUS, apryMEHTaMH KOTOPOW CITyXKaT
3JIEMEHThI MHOXeCTBa U- MHOXKECTBA KOHTPOJIUPYEMBIX
napametpoB. PaccmoTpum nosnpo6Hee yciosue (3).

Ecmn i e M 10

%S| 1 Xit ~Xik | | (13)
X | Xik igmiiy  Xik

Ecmm ie N, 10
@ - 1 Xik = Xit C. (14)
OX; Xik je(Nyi) ik

Wcnons3ys Beipaxenus (13) u (14), ¢ yaérom (7)
MIOJY4UM, 4TO
m 2
2 1 Xit — Xj 2
o*S)~GY| — [] ~—%| " (xi)+
i | Xikie(m\i)  Xik

2
n Ly
+CY’ —% 11 % o2 (xi)+
m+1 MK ig(Nvi) ik
oS 0S
+22[—t] —L | rio(xj)o(xj).  (15)
Sloxi ) Laxg | 7 )

PaccmoTpyM BakHBIA ISl TPAKTUKA YacCTHBIN

ClTydail, KOTrJja OIIEHKa TEKYyIIETr0 TEXHUIECKOTO COCTO-
SIHUSI CHCTEMBI UMEET BUJ
_ PH{ —pHy Wi —W,
t pHy Wi
B ycnosun (16) mpunsito, uyro pH — mokasarens
ENTOYHOCTH BOJHOM BBITSKKM U3 BSXKYILLEH KOMIIOHEH-
1Bl Oerona; W — mokasaTenp KaOMUIAPHOTO BOIOIO-
rionieHus. GU3Yecknii CMBICT ATHX TO0Ka3areneil pac-
cmoTpeH B padote [10]. Merton nauHeapu3anuu, npuMe-
HEHHBIN K ycnmoBuio (16), aét cnemyroniue pe3yIbTaThl.
CpenHee 3HaueHHWE OIIGHKM TEKYILEro TEXHUYE-
CKOTO COCTOSIHHSI CHCTEMBI IIPUMET BUJL:
5 = pHy —pH, Wi —W;
pHy Wi
JInst BBIYMCIIEHUS AUCIIEPCHUH 3TOW OLEHKU OIpe-
JIeTIMM, YTO!

=A-B. (16)

=A-B. (17)

08 _ B 18)
o(pH)  pHy

u
S __ A (19)
W, W

I[I/ICHepCI/IFI BCJIIMYHMHBI St MOKET OBITh omnpeaeie-

Ha 1o ycioBuio (15), KoTopoe B TaHHOM clTy4ae MPUMET
BU]I:

2 2
o%(S,) = (ij o?(pHy) + 0 (W) -
ka Wk
-2 rpH’Wc(th)G(Wt) . (20)
Crnenyer oOpaTHTh BHUMaHHE Ha TO, 9YTO KO3 du-
OUEHT KOPpEJSInH, BXoAAmuii B yciosue (18), Oymer
OTpPHUILATENILHBIM BCIIEICTBHE (DU3UUECKOTO CMBICIA 3a-
Jlayy OTOMY, YTO yMeHbllIeHHe BennunHbl pH compo-
BOJK/1A€TCSl POCTOM BEITMYHHBI W.
Ucnons3ys ycnous (11) u (18), oxoHuarenmbHO
HOJIyYUM YCJIOBHE!

s B\’
D[ Ty, | = (KT,)? 0 [ ] 2(pHy) +
[ P:| ( ) (§t—SO)4 A PH o (pHy)

2
+ 22 62 (W) — 21w (pH, ) o (Wh).

Wi
OmnbIT puMeHeHus oneHkH Buaa (1) s penreHus
MPaKTHYECKUX 33J1a4 BBISIBUJI CIICAYIOIIUI HEIOCTATOK.
[Ipn yBenn4eHNM KOJIMYECTBA MEPEMEHHBIX B YCIOBUH
(1) pesymbrar mpousBeiecHUs OyneT BecbMa MaJIbIM
qHUCIIOM. XOTsI 3TO HE MEHSIET YIOPSI0YCHHOCTH B PAILY

(21)

HaOTIOICHUH, TICUXOJIOTUYECKas «OCA3aEMOCTb)» TaKOTO

pesynbrarta HeBenuwka. Jlydmmii Uit MOHUMaHUS pe-

3yJAbTaT JA€T MCIOJIb30BAHUE CpPEIHEH reoMeTpuye-

ckoit. B aTom ciyuae orenka (16) npumer Bu

PH{ —pH, W —W; W2 Z(A-B)2, (22)
PHy Wi

oteHka (17) npumer Bujg

St =(

20
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(pF't)_ka . Wk _Wt

PesynbraThl BhMMCIEHHI BeanuuHbl S; 1o Qop-

§tr = PH, Wi (23) myiam (17) u (19) npuBeneHs! B Tadi. 2.
Tab6muma 2
PesynbTaThl pacuéra 3HAYSHUS OLCHKH TEKYLIETO TEXHUYECKOTO COCTOSHUS CHCTEMBI
YMHO)KCHHEM H CPSITHUM I'€OMETPUYCCKUM
Ne m/m pH, W, A B S, St
1 11,63 6,4 0,0113 0,0857 0,0010 0,031
2 11,82 59 0,0278 0,1571 0,0044 0,066
3 11,53 6,8 0,0026 0,0286 0,0001 0,008

W3 mpuBECHHBIX TaHHBIX BUIHO, 4TO A< S{ <B u

OIICHKA IMOJTyYmiia BUJ OoJiee yIOOHBIM i MOJIb30Ba-
Hus. B o0miem cirydae 3Ta orjeHKa MpUMeT BHT

n
1—[ Xit—Xik|
! Xik
i=1
B COOTBCTCTBUU C Tpe60BaHI/I${MI/I METOAa JINHEAa-
pI/ISaL[I/II/I HOHy‘II/IM BLIpa)KeHI/Iﬂ JJI1 YaCTHBIX HpOH3BOZ[-

HBIX 110 apTYMEHTaM, BXOSIINM B OolleHKY Bupa (19):
[(PHy -PH)(W,-W, )

reoM _
St =

(24)

oS _\ pH, W _ St - (25)
a(PHy) 2(x2b2—4act—kaj 2(pHe-pHy)
//(ka_th)(Wt—Wk)
R Pl M ot (26)
(W) 2(Wy — W) 2(W, -W,)

OO1mee B MOJTy4EHHBIX BBIPAKEHHSAX TO, YTO TIPH
NpUOIMKEHUH TEKYIIMX I1apaMeTpoB, BXOAAINIMX B
OIIGHKY COCTOSIHHSI, K CBOMM IpEeAeTbHBIM 3HauCHUSIM
pacyéTHass BeJIMYHMHA CPETHEKBAIPATHYECKOTO OTKJIIO-
HEHUSI OTKJIOHCHMSIM HEOTPaHWYEHHO BO3pPacTaeT W,
CJIeJIOBATENIbHO, B COOTBETCTBUH C ycioBueM (12) Benu-
uuHa Ty, — IPOJOIDKUTENEHOCTE OE€30IaCHOTO TEXHUYE-
CKOTO COCTOSIHUSI CHCTEMBI yMEHbIIaeTcA. DTO 00CTOs-
TENbCTBO Ja€T BO3MOXKHOCTH OINPEAECNUTh 00JaCTh Iie-
J1ecO00Pa3HOTO MPUMEHEHUS OIIMCAHHON METOIUKH IS
KaXJI0M KOHKPETHOW MpenMeTHOH oOmactu. OueBUITHO,
910 OHA OynIeT S((PEKTHBHONH Kak CPEICTBO PaHHEH Jia-
THOCTHKH COCTOSIHUSI CHCTEMBI U CBOEBPEMEHHOTO BBIOO-
pa BpeMeHH NPOBEACHHS NPO(YUITAKTHIECKUX PaOOT.

2. Pacyér HUKHel TPaHUIBI pecypca B YCJIOBHAX
HECTOXACTHYECKON HeompeAeJJéHHOCTH AAHHBIX O
HAYAJTbHBIX 3HAYEHUAX KOHTPOJMPYeMBbIX MapaMeT-
PoB. BBIUMCIUTENBHBIM anmapaTtoM, afeKBaTHO YYWTHI-
BalOLIUM OCOOEHHOCTH ACHCTBHH C BEJIMYMHAMH, MMEIO-
MMM HECTOXaCTHYECKYIO0 HEOIPEAeICHHOCTh, MOTYT, TI0
HallleMy MHEHHIO, ObITh HHTEPBAIbHBIC BIYMCIeHHS [11].

ITycte R — mosie BemiecTBEHHBIX YHCElN, @y, a; —
AJIEMEHTHI TOJIs, IpU4eM a,<a,. Torma A=[a,, a,] Oynmet
WHTEPBAIBGHBIM YHCIIOM, OIpEEJICHHBIM Ha MHTEpBaje
I=[a,, a,] — HocuTene uHTEpBagbHOTO umciaa A. Eciu
a,=a,, TO OIpeJeJICHUEe NHTEPBAIILHOTO YHCIIa COBIIa/Ia-
er ¢ obmenpuusTeiM. ClenoBaTelbHO, MHTEPBAJILHOE
YHUCJIO B W3BECTHOM CMBICIE SIBISCTCS PACIIMPEHHUEM
MOHSTHS YUCTA.

Omneparuu Haj uuciamu A=[a,, a,] u B=[B,, B,]
MPOBOJIAT O MpaBHJIaM, BBeJeHHBIM B [11].

A+B = A=[a,TB,; a,+B,]; (27)
A-B = A=[a,—B,; a,-B,]; (28)
A-B=[min(a,By, a,B;, a;By, 8;By),
max(a,By, 8,B;, 8By, a5B,)]; (29)
A/B=[a,,a,][e,:1/5,]. (30)

Crnemyer OTMETHTh, YTO HHUKAKUX HHBIX IPEIIO-
JKEHUI O CBOMCTBAX UHTEPBAIbHBIX YUCEI HE JEIACTCA
B OTJIMYKE OT YHMCEJ CTOXAaCTHMUYECKU HEOTPEJIeNCHHBIX,
JUTSL IeUCTBHIA C KOTOPBIMH HEOOXOANMO 3HATh HX COB-
MECTHBIC 3aKOHBI PacIpeeTICHHs WU HadalbHBIC, IICH-
TpaJIbHBIE U CMEIIAHHbIE MOMEHTHI.

B ToMm cnyuae, korma COXC peanuzoBaHa B BUIE
TEXHUYECKOTO OOBEKTa WM €ro (parMeHTa, TO IpH
OMpE/ICTICHUM BEIUYUH Xjy MOT'YT OBITh nBa Ciiy4as. B
MIEPBOM CITydae TeOMETPHUECKUE Pa3MePhl UCCIIEAYEMOTO
00BEKTa TO3BOJSIIOT MOJIYYUTh BHIOOPKY HEOOXOIUMOTO
o0beMa JJIsl TIOJMYYEeHUsI CTAaTHUCTUYECKH OOOCHOBAaHHOM
OIICHKH Xj; BENIMYUHBI Xj;, TOT/a MPH ONpPE/ICICHIN Be-
JMYUHEL S; HCTONB3YIOT BeMHMUHHY Xi=[ Xiy,Xis ]. Bo
BTOPOM CITydae, KOTJja HeT YCJIOBUH ISl OTY9ICHHS BBI-
00OpKH HEOOXOAUMOro 00beMa, BMECTO Xj CJICIAYeT HC-
II0JIb30BaTh €r0 WHTEPBAJBHBIN aHATOT Xi=[ Xiw, Xitel-
['panuIy MHTEpBaIa — HOCUTEIS YHCNA Xj; ONMPEACIIIOT,
HCTIONB3YS AKCTPEMANIbHBIC CBOWCTBA SHTPONHU HETpe-

PBIBHOM cilyuaiiHo# BenmmuuHbl [12], a UMEHHO:

O 3@ ) (P
) (

XiTH = minlSuSPi (Xit IR TEED it e (31)

Xits = Maxy<y<p; (X, x@ L xW Py (32)
(u)

it

U-e 3HAYCHHUE OMpPEAECNICHHUS i-r0 CBOICTBAa BO BpeMs t;
Pi — Koim4ecTBO ompeneneHuii i-To cBOicTBa B yKa3aH-
HBIX YCJIOBHsX. B maHHO# paboTe paccMOTpeH oOIIui
cllydall, TO €cTb BTOPOW BapuaHT. MIHTepBalIbHbBIE YKC-
J71a, COOTBETCTBYIOIHE nepeMeHHbIM Try, Ts, Sy, So, BXO-
asmuM B (2), o6ozHaumM kak [Tyl [T,), [Sd, [Sdl-
Ycnosue (2) npeacTaBuM B Buje

[Tn]= [So]-[St]
) [T,.T,][Stu-Sts ]
[T Tun | = EENEEEN

B BrIpaxenusx (26) u (27) npuHATO, 9TO X

(33)

(34)

nim
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Bxomsmyro B (28) BenuuuHy [S;] BEIYACITHM TakK.
(X, Xita) — (Xik Xi) |

Ilycts Dy |= ; (35)
(4] (Xik, Xik )
€CIIH TI0 HMBUIECKOMY CMBICITY 33/1aUH Xjr>Xik
Xik Xik) — Kt X
- [D2]=( ik, |k) ( ita, ma); (36)
(Xik, Xik)
m n
o sI=TToul TIDa]. @)
i=1 i=1
Jus i=1,M BenmumHa Xi>Xj W1 i =m+1,0

BEPHO YCIOBHE Xjt<Xik.
VYuureiast paBeHctsa (3)...(6), ycnosue (10) mpu-
MET BUJ

[Min(T,Sy, \T,Sw), Max(T,Sy, \T,Sw)]
[(Son _StB)’ Sob _Stn]
BbIHOHHH?[ OHepaHI/IIO I/IHTCpBaHBHOFO JCJICHUA,

[Ton

b= (38)

MOJTYyYUM:
[T T ] = Min (T,Sy, T,845), Max (T,S, T,Sy,) |
B -1 (39)
X|:(SOB _Stﬂ) 1’ (SOB _StB)i| '

Jasiee onpenesuM HWKHIOK IPAHUILY WHTEPBAIIb-
Horo uncna [Ty,]:

T =min ((min (7,8, T,S4) - (Son S ) ™

i -1
(mln (T3StH’ TastB) . (SO_StB)) ’

max (Tastn ' TastB) ' (SOB - Stn )_1 ; (40)

max (Tastn’ T:)SaB) : (Son 'StB) -1) .

[IpuBeneHHbI NpUMeEp NOKa3bIBAET, UTO pacyeT
HIDKHEW T'paHMIBl BhIpaykeHus (28), sBisiomerocs nH-
TEePBAJIBHBIM PACIINPCHUEM YCIOBUSA (2), CTaHOBHTCS
BECbMa TPOMO3AKHM.

Jlns ynpouieHust mpoliecca BIYUCICHUH pa3pabo-
TaH CIELMAIU3UPOBAHHBIN IPOrPaMMHBIN KaJIbKYJIATOP
(CIIK). CIIK mpencraBmsieT co0Oi CHenHaIN3APOBaH-
HBI IIPOrPaMMHBIN IPOAYKT, HAIIMCAHbI HA A3BIKE IIPO-
rpammupoBanusi Object Pascal m peanu3oBaHHBIA B
cpene mporpammupoBanus Delphi 6.0. s mcmons3o-
Banua CIIK co3maHo NpUIIOKEHUE, MCIONb3YIOIEe
anemeHThl ynpaeieHus ActiveX. Wurtepdeiic CIIK
IpuUBeJIeH Ha puc. 1.

n MNpaexa KpuTeprH AsanTHEHEE EpHTEpHM Momowk  dopMel

=101 %]

A1 o0E0d MHTEpEANEHEIE SHAYEHHAS 3PrYMEHTOE
\—‘ #1H =1k ®2H R2K,

A | £+ [o0eds” [os04  [4nss $<|,ns19?

0,008041 0,0
WHrepeancHei PesynsTar
'H Tk

IEI,EIS?4‘I |0,1 a2

OnepauHH HHTEREaNEHDH
METEMSTUKIA

A1) ul
Mleall| Allex]
Inf<1342] | logl<1.x2]

-
R 3anarHHTE pesgnb‘ril

OyucTra padouus nonei |

016
0412

Sheetl|| ¢

HE % A™S™Y98E |1|DD j‘ I h_ B KH4MTE HHCTRYMEHTE

Mepenucars pesyneTaT B none X1 W X2| 0,08
0,04 /
0,00
1 2
alnlml xeatnl xiesl @iear] aexi | anex| aexl -

Puc. 1. MaTepdeiic crienuanu3npoBaHHOTO MPOTPAMMHOTO KalbKyJIATOpa
JUISL OTIPENIETIEHUS] MHTEPBAJILHOI'O OCTaTOYHOIO PECYpPCa CUCTEMBI

B kadecTBe MILIIOCTpaluM pPacCMOTPUM IpUMED,
npuBeieHHBIH B pabote [10]. KoHkpeTHble yncieHHbIE
3HAYCHUS B3ATHI W3 OJTOW K€ pabOTBl M yKa3aHBI
B TabiI. 3.

PesynbraThl pacuera nokasaim, YTO CPOK CIYXKOBI
cucreMsl Oyzer ot 3,8 roza 1o 36 ner.

HNcnons3yst npusenenusie B [10] cBenenus o cTaTu-
CTUYECKMX CBOMCTBAX BENUYUHBI S;, MHTEpBAl MOXET
ObITh cyxeH oT 4,8 1o 19,8 rona.

CpaBuenwrie ¢ npuBeaeHHbIME B [10] olieHKaMu T0-
Ka3bIBACT, YTO 3a CUET YBENUUECHHSI MH()OPMHUPOBAHHOCTH

O CBOMCTBaxX BEIMYMHBI S; YAAIOCh 3HAYUTEIBHO YMEHb-
IIMTh BEJIMYMHY MHTEpBasia. JlanpHeillee ero ymeHsble-
HUE BO3MOXHO TOJIbKO 3a CYET YTOUHEHUS CBEACHUM O
BEIMYUHE Sy, TO €CTh O BEIMUUHAX, ONPEACISIOMINX
HA4aJbHOE COCTOSTHUE CHCTEMBI.

BbiBOpbI

1. Omnpenenenst BUJIBI HeonpeneIEHHOCTH
HayaJbHBIX YCJIOBHH IPH ONpEleIeHHH SKCIUIyaTalu-
OHHOTO pecypca CIOXKHOU (PU3NKO-XUMUIECKOW CHCTe-
MBI IIpU €€ B3aUMOJAEHCTBUHU C BHELIHEN cpenoil.
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Ta6mumna 3
Vcxo/iHble JaHHbIC Il PELICHHsI YUCICHHOTO IpUMepa
YcnosHoe
. Wurepsan, HocUTEb
o0o3HaueHne CopeprxaTespbHOE 3HaYCHUE NIEPEMEHHO . .
. 3HAYEHHUH TTepEeMEeHON
NepeMEHHOM
T,, roas: IIpog0mKUTEIBHOCTD IKCILTYaTAI[H CUCTEMBI 10 00CTYKHUBaHHUS [12; 12]
W, % Bopgonornomnienne no Macce Bo BpeMst 00CTyKUBaHU [4,82; 6,5]
pH; IToxa3aTens KOHIIEHTPALUU BOJOPOIHBIX HOHOB IPU 00CITy>KUBAaHUU [11,6; 12,32]
V., % CopepxaHre HEMTPOrUAPATUPOBAHHBIX IIEMEHTHBIX OCTATKOB, % [41,3; 47,9]
Wy, % HauanpHoe 3HaYCHHE BOJIOMOTIIONICHUS 110 Macce [2,48; 3,31]
pHo HauansHoe 3HaueHHe MOKa3aTelss KOHIEHTPAIMH BOJOPOIHBIX HOHOB [12,4; 12,6]
Vo, % HauansHoe 3HaueHHe HETPOrMpaTHPOBABIINX [IEMEHTHBIX OCTaTKOB [40; 50]

2. OnmcaH cmoco0 oOIpeneNneHuss TramMma-Tmpo-
LEHTHOTO pecypca CHCTEMBI B YCJOBHSX MNOJHOW HH-
(hOpPMHPOBAHHOCTH M CTOXaCTHYECKOH HEONpeaenéHHO-
CTH O 3HAYCHNH HaYaJIbHBIX ITAPAMETPOB CHCTEMBI.

3. OO0O0CHOBaHO NMPUMEHEHHE WHTEPBAIBHBIX BBbI-
YUCIICHUH U1 MPOTHO3UPOBAHUSA OCTATOYHOIO pecypca
OTKPBITHIX CIIOXKHBIX (DU3UKO-XMMHUYECKHX CHUCTEM CO
CTOXaCTUYECKH HEOIPEEJICHHBIM Ha4aJbHBIM COCTOS-
HUeM (Ha4aJIbHBIMU YCIIOBHUSIMH).

4. TlpemnokeH  CHEIUAIM3UPOBAHHBI  IPO-
TPaMMHBIN KaJIBKYJISTOP JUISL BBITOJHEHHUSI PACUETOB IO
NpaBUJiaM UHTEPBAILHOM apu(METHKH.

5. BbmomnHeH nporHo3 Uit 000CHOBaHUS BO3MOX-
HOCTH JaJIbHEHIIIEH HKCIUTyaTal[ui KOHKPETHON CHCTEMBI.
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OLIHKA HXHBOT rPAHMLY gKCHﬂyATA!_LIFiHOFO PECYPCY CKJIAOHOT CDIBVLKO-XIMI‘-IHOT CHUCTEMU
NP NOBHIM | HEMOBHIN IHPOPMALIT MPO 1 MOYATKOBUA CTAH

B.1O. Qy6ornnskuii, A.M. Ko6unix, B.JI. UepHsaBchkuit

3anpononosani cnocobu usHaueHHa HUNCHLOL ePAHUY eKCRIYaAmayitiHo2o pecypcy CKIAOHOI Qisuko-ximiunoi cucmemu
npu NoGHill i HenosHill inghopmayii npo it nouamkosuil cman. Busnaueni suou Hesuznauenocmi ingpopmayii 3anexicHo 6i0 Hasi6-
HUX 8Ii0OMOCHell Npo NoYamKoguil cmau cucmemu. B pasi noeuoi eusnauenocmi i cmoxacmuynoi HegusHaueHocmi O7is
038 ’A3aHHA 3a0aui GUKOPUCMAHO MemOoO TiHeapusayii QyHKYill eunadkosux apeymenmis. B pasi necmoxacmuunoi HegusHaue-
HOCMI BUKOPUCMAHO MEMOO iHMEPBATbHUX 0OYUCTEHD.

Knrouogi cnosa: cman cucmemu, pecypc cucmemu, Memoo nineapuzayii, iHmepeanvHi 004ucieHs.

ESTIMATION OF LOW LIMIT OF OPERATIONAL RESOURCE OF DIFFICULT PHYSICOCHEMICAL SYSTEM
AT COMPLETE AND INCOMPLETE INFORMATION ABOUT ITS INITIAL STATE

V.Iu. Dubnytskyi, A.M. Kobylin, V.L. Cherniavskyi

There are offered the methods of determination of low limit of operational resource of the difficult physicochemical system
at complete and incomplete information about its initial state. The types of uncertainty of information are determined depending
on present data about the initial state of the system. In case of complete definiteness and stochastic definiteness for the task deci-
sion the method of function linearization of random arguments is used. In case of instochastic definiteness the method of interval
calculations is used.

Keywords: the state of system, resource of the system, method of linearization, interval calculations.
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