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AHHOTanuA. AKmya/s1bHOCMb VCCleJOBaHUsl 00YCI0BAEHA HEOGXOAMMOCTbIO MOBbILIEHUS HAJEXKHOCTH U 3G PEKTUBHOCTU
GYHKIMOHUPOBAHUS TEXHOJOTUYECKOH CHCTeMbl U3MeJb4eHUs PYAbl MyTeM [103JIEMEHTHOTO ONTHMa/JbHOI'0 Harpy>KeHHOTO
pe3epBUPOBaHUs ee 3/1eMeHTOB. IJes1b: 060cHOBaHHe HEO6X0ANMOCTH NMOBBIIEHUS 3QPEKTUBHOCTH QYHKIIMOHUPOBAHUS TEX-
HOJIOTUYECKOH CHCTeMbI U3MeJIbYeHUs PyZbl IyTeM ONTHMAaJIbHOTO pe3epBUPOBAHUS U MPUOIKEHHOE pellleHHe CIeYI0INX
3aZa4: 1) MaKcUMHU3UpPOBaTh 3P PeKTUBHOCTh GYHKIMOHUPOBAHUS CJIOXKHOW CHCTEMbI U3MeJIbYeHUs PY/ibl IyTeM M03JIEMEHT-
HOT'0 Harpy»XKeHHOTO pe3epBHPOBaHMS NPHU OrpPaHUYEHHH, HAJOXKEHHOM Ha TeXHHKO-5KOHOMHYECKHUH ITOKa3aTe/b CHUCTEMBI;
2) MUHUMHU3UPOBATh TEXHUKO-95KOHOMHYECKUH [I0Ka3aTesb CUCTEMbl U3MeJIbYeHUs PYAbI IPU 33ZJlaHHOM 3HAaYeHUH NToKa3aTe-
s 3¢ PeKTUBHOCTH ee QYHKLMOHUPOBAHHUA. 06BEKM: TeXHOJOIMYecKash CUCTeMa U3MeJIbYeHUs] PYAbl, PaCCMOTPEHHast Kak
CUCTeMa CO MHOTMMM PabOTOCMOCOOGHBIMU COCTOSHUSAMHU (multi-state system), ajieMeHTbl KOTOPOH 06J1afjal0T JIMIIb JABYMS
BO3MOXKHBIMM COCTOSIHUAMM. PaccMaTpuBaeMas cucTeMa 3ape3epBHpOBaHa CIOCOOOM I03/1eMEHTHOTO Harpy>KeHHOro pesep-
BUpOBaHUA. Memodsl: MeTo/, OLleHKH 3$PeKTUBHOCTH PYHKLMOHUPOBAHHS CUCTEM CO MHOTHMHU COCTOSIHUSIMH, METOJ, He-
onpejie/leHHbIX MHOXHUTesel Jlarpamxa. Peszysabmam. IlosydeHo NMpubGIMKeHHOe 3HaueHHe MokasaTess 3$GeKTUBHOCTH
GYHKLIMOHUPOBAHUS TEXHOJIOTMYECKOH CHCTEMbI U3MeJIbUeHHsl PYZAbl CO MHOTHMH PabOTOCIHOCOGHBIMU COCTOSIHUSIMH, 3Jie-
MEHTbI KOTOPOH 006J1aZlal0T JIMLIb AByMsI BO3MOXXHBIMH COCTOSTHUSIMU. PaccMOTpeHbI 33Zla4l ONTUMa/IbHOTO pe3epBUPOBaHUSA
CJIOXKHOM TEXHOJIOTMYeCKOHM CUCTeMbI M3MeJibueHus pyApl. [losydeHbl IPUG/IMKEHHbIE PelleHNsl YKa3aHHbIX 3a/la4 MeTO/[0M
HeolpeJie/IeHHbIX MHOXUTeJeH JlarpaHka, KOTopble MOI'YT ObITh UCIOJIb30BAHbI IPY OPUEHTHPOBOYHBIX pacyeTax Ha JTale
HNPOEKTHPOBAHUSA CJI0KHBIX TEXHOJIOTMYECKHUX CUCTEM U3MeJIbYeHUs pyAbl. PaccMoTpeHa Takke 3a/ia4a ONTHMa/IbHOIO pe3ep-
BHUPOBAHUS, KOTZA U3 M 3JIEMEHTOB CJI0)KHOH CHUCTEMbI M3MeJIbYEHHUS Py/ibl MOXKHO 3ape3epBUPOBATb TOJIBKO N 3JIEMEHTOB.
Y4uTbIBasi onpezeseHHble JoNyleHUs Aas1 3GPeKTUBHOCTH QYHKLMOHUPOBAHHUS CUCTEMBI, 3ape3epBUPOBAHHON CIIOCOGOM
M103/1EMEHTHOT'0 Harpy>KeHHOI'0 Pe3epPBUPOBAHHS, TIOJIyYeHO NPUGIKEHHOE pellleHe 3TOH 3a/jauu.

KioueBble c10Ba: Ha/IeXKHOCTb, 3P PEeKTUBHOCTb QYHKIIMOHUPOBAHHS, ONITUMA/IbHOE pe3epBUPOBAHUE, CUCTEMA U3MEJb-
YeHUs Py/ibl, METO/ MHOXKUTeel JlarpaHxka

Jia putupoBanmd: banacansn C.II, I'eBopran 3.M. [IpubinxkeHHOe pellleHUe 3a/aud ONTHMAJbHOTO pe3epBUPOBAHUS
CJI0KHOW TEeXHOJIOTUYeCKOM CHCTeMbl U3MeJibueHUs pyAbl // U3BecTus ToMckoro noJauTexHUYeCKOro yHUBepcuTeTa. MH-
JKUHUPUHT reopecypcoB. — 2024, - T. 335. - N2 5. - C. 59-65. DOI: 10.18799/24131830/2024/5/4306

UDC 621.3.019, 681.51, 62.52, 622.73
DOI: 10.18799/24131830/2024/5/4306

Approximate solution of the problem of redundancy optimization
of a complex technological ore grinding system
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Abstract. Relevance. The need to improve the reliability and efficiency of the technological ore grinding system by element-
by-element optimal loaded redundancy of its elements. Aim. To substantiate the need to improve the efficiency of the ore
grinding technological system functioning by optimal redundancy; to find out an approximate solution of the following prob-
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lems: 1) to maximize the efficiency of the ore grinding complex system functioning by element-by-element loaded redundan-
cy limited, superimposed on the technical and economic indicator of the system; 2) to minimize technical economic indicator
of the ore grinding system at the set value of the efficiency indicator of its functioning. Object. Ore grinding technological sys-
tem, considered as a system with many operable states (multi-state system), the elements of which have only two possible
states. The system under consideration is reserved by the element-by-element loaded redundancy method. Methods. Method
for evaluating the efficiency of functioning of the systems with many states, the method of indefinite Lagrange multipliers.
Results. The authors have obtained an approximate value of the performance indicator of the ore grinding technological sys-
tem with many workable states, the elements of which have only two possible states. The paper considers the problems of
optimal redundancy of the ore grinding complex technological system. Approximate solutions of these problems are obtained
by the method of indefinite Lagrange multipliers, which can be used in rough calculations at the stage of designing complex
technological systems for grinding ore. The problem of optimal redundancy is also considered, when it is possible to reserve
only m elements from the n elements of ore grinding complex system. Taking into account certain assumptions for the effi-
ciency of the system functioning, reserved by the element-by-element loaded redundancy method, an approximate solution of
this problem is obtained.

Keywords: reliability, functioning efficiency, optimal redundancy, ore grinding system, Lagrange multiplier method
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Beeaenue C TeueHWEM BpEeMEHH IOJ BIUSHUEM BHEIIHUX W
braronapst cTpykTypHOH M (DYHKIMOHAIEHOH HM3-  BHYTPEHHHX CIYYaWHBIX (DAKTOPOB DJIEMEHTHI CHCTE-
OBITOYHOCTH CJIOXKHBIE TEXHOJOTMYECKHE CHCTEMBI MBI NIEPEXOAAT M3 OJHOTO COCTOSHHS B Jpyroe. B pe-
0051aJal0T MHOTUMH PabOTOCTIOCOOHBIMH COCTOSIHHSI-  3yIbTaTe MPOUCXOMUT IIOCIENOBATENbHAS CMEHA CO-
Mu. B oTinune OT OWHAPHBIX CHCTEM, OONAAOIIMX  CTOSHUIM CUCTEMBI B IIENOM.
JIMIIb JIBYMS BO3MOKHBEIMH COCTOSHUAMH (paboToCIo- Crryuaiinbiii N-mepHsiii mporece YO(t)={y’(t)} pac-
COOHBIM M HEPaOOTOCHOCOOHBIM), U TAKUX CHUCTEM  CMaTPHBAETCS Kak (HOPMAaIM30BAHHBIA ITPOIIECC HU3Me-
(multi-state systems) [1-4] mpakTHYecKH HEBO3MOXHO  HEHHMsS pabOTOCIHOCOOHOCTH DIIEMEHTOB CHCTEMBI H
OIIpeNIeTIMTh OOLICIPHHATOE MOHATHE 0TKa3a. [I03TOMy  omuChIBAaET ee MoBeAeHKE BO BpeMeHH. Kakmoi peanu-
JUISL CHCTEM CO MHOTMMH COCTOSHHSIMH BMecTo Hanex-  3auun YO(t) mpouecca YO(t) cooTBETCTBYeT ompesencH-
HOCTH BBOJUTCSI TMOHSTHE TEXHUYECKOH d3(P(EKTHBHO-  Has TPAEKTOPHSA B IPOCTPAHCTBE COCTOSHMI CHCTEMBI
CTH, OI[EHKa KOTOPO# TIPOU3BOAUTCS C TMOMOIIBIO CITe- 0 TMyo
LMATbHO BBIOpAHHBIX MOKasaTeneil spdexrusHoctH, Y —HY. . Ecn 0603naunte yepes P yo(t,t+6) Bepo-
YUUTHIBAIOIIUX TOCJEICTBUE BIUSHUS OTKA30B »lie- i=1 . 0
MEHTOB CHCTEMBI Ha Ka4ecTBO ee (yHKIMOHnpoBasus,  ATHOCT TOTO, 4T0 opMannsoBanHbri mporece Y (t) B
MeTtomonorndaeckold OCHOBOHM CYIIECTBYIOIINX Me- Hé{TePBaﬂe 0 Bpemenn  [tt+6d] umen peanmsaumio
TOMOB oOleHKM u ucciaenoBanus oddexrnroctn Y (Lt eY (Lt+0), a uepes go(t,6) — ycnosnbiii noka-
(YHKITMOHMPOBAHKS CIOXKHBIX CHCTEM CO MHOTMMH  3aTellb dQ(QEKTUBHOCTH (YHKIMOHMPOBAHUS CHCTEMBbI
COCTOSIHHSIMU CIIY)KHT KOHIICTIIUS CHCTEMHOTO MOAX0- Ui OTOH peanusanum, To nokasarenb dQpQpeKTuBHOCTH
na. JTa KOHIENIWS B JAHHOM Ciydae mposiBisercss B (QYHKIIMOHMPOBAHMS CHCTEMbI MOXKET OBITh ONpE/IETEH
TOM, YTO IOKAa3aTelb 3(1)(1)6KTI/IBHOCTI/I paccMaTpHBaeT- KakKk MaTeMaTH4YCCKOEC OXHIAHUE YCIOBHOI'O ITOKasaTe-
cd Kak (pyHKIMOHAI OT mporecca GpyHKiuoHupopanus 14 go(t, 6):

CHUCTCMBI. (1)
B pamkax ykazaHHOTo mojxopaa orneHka 3¢dQexTus- E (t' ‘9) = _[ €y (t’ 9) dPyO (t't + 9) .
HOCTH (D)YHKIIMOHHPOBAHHUS CIIOKHBIX CHCTEM OCHOBBI- YO (t.t+0)

BAeTCs Ha MCIIOIB30BAHMH MOJENH TIPOIecca H3MEHe-
HUSL PabOTOCHOCOOHOCTH JIIEMEHTOB CHCTeMBL. Ee
CYIIHOCTh 3aKiiodaeTcs B cliexyromeM. PopmaiasHo

HecMoTpst Ha KaXyIIyIOCs MPOCTOTY 3aIKCH, COOT-
HomeHne (1) MajompuroHO IS pacueToB M3-3a
3 Vo — 3 4pe3MepHoil TpyaHocTH onpeneneHus &(t,6), Py(tt+6)
Kaxkpii snement Ef (i=1,n) cuctembl B MmoOOH MO- i MokeT GBITH MCIONB30BAHO JIMIIb JUTSL OIIGHKH 3(-
MEHT BPEMEHHM MOXKET HaXOJUTHCS B OJHOM M3 BO3-  (DEKTMBHOCTH (YHKIIMOHHPOBAHUS CHUCTEM C HEGOJb-
MOXHBIX COCTOSHHMI Y €Yy, KakI0e U3 KOTOPbIX Xa- UMM YHCIOM COCTOSHUH. CPaBHUTENLHO XOPOIIO pas-
PaKTEPU3YETCs ONpPEIEIEHHBIM YPOBHEM paboTocrmo-  PabOTaHBl aHATMTHYECKHE METOMBI OLEHKH Y dekTns-
cobHoctH. COBOKYMHOCTh COCTOSIHMH JI€MEHTOB ~ HOCTU HEKOTOPBIX YAaCTHBIX THIIOB CIOXHBIX CHCTEM
YoO)=(y:"(0).y2°(0). ...y (1) B mpomsBombHEi Moment  [1, 2]. OCOGEHHOCTH STHX CHCTEM MO3BOIMIU MOMY-
BPEMEHH OJIHO3HAYHO OIPEENSET COCTOSHUE CMCTe- UHTh JIOCTATOYHO KOMIIAKTHBIE pacueTHbIe (HOpMyIIbI
MBL JUTsL OLICHKH (P PEKTUBHOCTH MX (PYHKIIMOHHPOBAHMS.

60



HU3Bectns ToMCKOro nosiMTeXHU4eCcKoro yHuBepcuTeTa. UHXKuHUpUHT reopecypcoB. 2024. T. 335. Ne 5. C. 59-65
Banacausu C.III., l'eBoprsiH 3.M. [IpubmkeHHOE pellleHHe 33/Ia4d ONITHMAJbHOTO Pe3ePBUPOBAHUSA CIOXKHOH ...

IocTaHOBKa 3aa4u

N3menbuenue pynabl SBISIETCS BaYKHEHIIMM TEXHO-
JIOTMYECKUM IPOLIECCOM PYAONOATOTOBKH, HEMOCPE-
CTBEHHO TIPENIICCTBYIOIINM KOHEYHOMY IPOILECCY
¢roTamuu pyasl U B 3HAYUTENEHONW Mepe Mpeaonpee-
nstrouM ero ddextuBHOCTh [5—8]. Kak moxaspiBaeT
OTIBIT DKCIUTyaTallil OOOTaTHTENBbHBIX (Gadpuk, 3¢-
(exkTUBHOCTh ()JIOTAIlMM 3aMETHO CHHWXKAeTCsl B pe-
3yJIbTaTe YXYIIICHUS BBIXOJHBIX XapaKTEPUCTUK TEX-
HOJIOTMYECKOM cucteMsl n3MenbueHust pyast (TCHP)
BCIICICTBUE OTKa30B ee o0opymoBanus [9—11]. B cesa3u
C 3THM BOIIPOCHI 0o0ecreyeHus: HaJeKHOCTH U 3P Pex-
tuBHOCTH (yHKIMoHMpoBanuss TCHP mpuoGperator
0co0yr0 BaxHOCTh. OJHUM M3 BO3MOXHBIX CIOCOOOB
MOBBIICHUS ~ A(PPEKTUBHOCTH  (PYHKIIMOHUPOBAHUS
TCUP sBnsercs pesepBupoBanue. Ilpu mpoexkTupona-
HUH CIIOXKHBIX TEXHOJIOTUIECKUX CHCTEM M3MEIbUCHHUS
C UCTIONIB30BAHUEM PE3EPBHPOBAHIS BO3HUKAIOT 3aia-
Yl ONTUMAaJIbHOTO pe3epBupoBanusa [12-21]. Cym-
HOCTB ATHX 3aJad 3aKIIF0YaeTCs B ONPEICICHIH THCEI

Xi, 1=1N 31€eMEHTOB i-r0 TUNA, MAKCHMHU3HDPYIOIIHX
3HAYCHHE MOKa3aTelsd 3(PPEKTUBHOCTH (PYHKIIMOHHPO-
BaHUsI TEXHOJIOTUYECKON CUCTEMBI M3MEIBUCHUS PYIIbI
OPY  OTpPaHUYCHHH, HAJO)KEHHOM Ha  TEXHHUKO-
SKOHOMHYECKHH IOKa3aTellb (CTOMMOCTh, BEC, 00beM
U T. J.) CHUCTEMbl, WIH MHHUMH3HPYIOIIAX TEXHH-
KO-DKOHOMHYECKHUI T0Ka3aTelb CHCTEMBI MPH 3aaH-
HOM 3HauYeHHH TMOKa3aTels 3PpPeKTHBHOCTH (DYHKITHO-
HUPOBAHUS CUCTEMBL.

PaccMOTprM HEKOTOPYIO CIOXKHYIO TEXHOJIOTHYC-
CKYI0O CHCTEMY HM3MEJBbYEHHUS PYAbI, COCTOSIIYIO M3 N
HEPE3ePBUPOBAHHBIX AJIEMEHTOB. JIOIMYCTHM, YTO Kax-
JIBIA DJIEMEHT MOXKET HAXOIUTHCS TOJILKO B JIBYX BO3-
MOJKHBIX COCTOSIHHSIX: B COCTOSIHUH PabOTOCIOCOOHO-
CTHM M B COCTOSIHHM OTKa3a. JTa CHCTEMa HMEeT KOHEed-
HOE YMCIIO HECOBMECTHUMBIX COCTOSIHHUIA:

e Sy — COCTOSIHHE CHCTEMbI, KOT/Ia BCE JIEMEHTHI pa-
60TOCIIOCOOHEI;

Si — COCTOSIHME CHCTEMBI, KOTJa OTKa3all TOJBKO i-i
anement (i =1,n);

Sij — COCTOSIHHE CHCTEMBI, KOTIa OTKa3alll TOIBKO
i-it 1 j-it omementsr (1< ; 1, j=1n);

Sij,...m — COCTOSIHME CHCTEMBI, KOTJ]a OTKa3aja Co-
BOKYITHOCTb TOJIEKO ij,...,m JJIEMEHTOB
(i<j<..<m;i,j,..m=1Ln);

Si2...n — COCTOSHHE CHCTEMBI, KOTJla OTKa3aJll BCe
3JIEMEHTHI CHCTEMBL.

ITycts BeposTHOCTH cocrosHUil So, Si, Sij, Sij..m
Si2...n ¥ TIOKazaTenn 3PQPEeKTHBHOCTH (PYHKIIOHHPO-
BaHHS CUCTEMBI [IJISl 3TUX COCTOSHHI COOTBETCTBCHHO
pasHbl Py, Pi, Pij, Pij .m Pio. .0 &, & &j &j...m
&2...n Torma >pQeKTHBHOCT (YHKINOHHUPOBAHUS
CHUCTEMBI ONPEJCITUTCS KaK MaTeMaTHUYeCKOe OXKhaa-
HUe nokasarens 3 HEeKTUBHOCTH £ 1o dbopmyre
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Pemrenue (3) umeet Bua

5250_Zn:qixi(go_gi)-
. % =—(1/Ing,)- Zai D*—Zai In(e, —&,/a) |+

Torma moryt GbITh cHOpMYIHPOBAHBI ABE CICIY-
IOIKE 33/1a9M, COOTHOCSIIMECS C 3aa4amMu | u 2, yka-
3aHHBIMH BBIIIIE B ITOCTAHOBKE:

) +In(g, —€,/3)) |,

1) max d(x ... X )= mxax(go —-2.0" (e, —51)) o=/

rue

TIPH YCIIOBHUH, YTO o
. a =—(d,/Ing,),1=1n.

ZdiXi =D";i :]ﬁ;

i=1

Just perieHust 3amaun 2 COCTaBUM CHCTEMY YpaB-
HEHUI

2) min d(x,,..., X, )= min Zn:dixi
oA

Xi

a%(de +/1'(8., ->q (e, —g,)—e'))=0,
IIpU YCJIIOBHMH, YTO | 1n

£,-20" (e, —¢)=¢i=1Ln (4)
]
_ X _ et
& = Zqi (—&)=¢; i=1n, Pemtas (4), momyanm
—
d o n
rae q; —Te.XHI/IKO-SKOHOI\;II/I‘IeCKI/II/I IOKa3arTelib OIIHOF? Xi = —Ingi In((go —&) /ai)_ Inl g0 —¢ Zai
3JIEMEHTa |-r0 THIIa; D - TeXHHKO-DPKOHOMHYECKHI -1
*
IIOKa3aTe€JIb CUCTEMBI, & — 3aJaHHOC 3HAYCHHE ITIOKa3a-
Tenst 3QPEeKTHBHOCTH (PYHKIMOHUPOBAHHS CHCTEMBL. Ecnu mokasarens s¢pdexkTuBHOCTH (DYHKIMOHMPO-
BaHUA CHCTEMBI HMCECT OCHCKHOC BBIPAXKCHHUC, TO
MeToz pelreHus MOKHO IIOCTaBUTH CJIEAYIOLIYIO 3a1a4y, SBJISIOLIYIOCS

ITocTaBiueHHBIE OBOWCTBEHHBIE 3aJa4d ONTHMalb-  YAaCTHBIM CIIydaeM 3ajadu 1:
HOTO PE3epBUPOBAHUS MOXKHO PEIIUTH PA3TUIHBIMHU . .
MeTojamMu (METOJ] JTUHAMHYECKOTO MPOrpaMMHpOBa- max| &, _zqim (¢, - gi)_zci X |, (5)
HUS, TPaJMCHTHBIC METO/IbI, TCHETHUECKUE aIrOPUTMBbI X Py y
onrummsanmu [1, 11, 13, 14, 16, 18, 21] u T. 1.), Kax-
JIbI U3 KOTOPHIX UMEET CBOM MPEUMYIIECTBA U HENOo-
craTkd. OJHAKO BCE TH METOJbI TPEOYIOT MpUMEHE-
HHUS BBIYMCINTEIBHONM TEXHUKU. B maHHOM cTaThe II0-

rae Cj — CTOMMOCTb OJTHOTO 3JIEMEHTA i-T'0 THIIA.
Juddepennupyst cootHomenue (5) Mo X; W mpu-
PaBHHUBAS €T0 K HYJIO, HAXOJIUM

CTaBJICHHBIE 351;[31111/1 pelaroTcs aHaJIMTHYECKUM METO- Xi = _(]/m qi)- |n(( g0 —&i) /ai )’
JIOM, KOTOPBIM MO3BOJISIET 00ECNEeUnTh MPOCTOTY pe-
[IEHUS ¥ BO3MOKHOCTD €€ BCECTOPOHHETO aHaJIH3a. rae yepe3 a; 0003Ha4ueHo Boipakenue (—Ci/lng;).
Ecmu paccmorpers ®P(.) Kak HEmpepsIBHYIO (QYHK- Ha mpakTuke 4acTo BO3HUKAET 3ajaya ONTUMAIbHO-

M0 OT X, TO MOCTABJEHHBIC 3aJaud MMEPBOHAYAIBHO IO PE3EPBUPOBAHMS, KOIJA U3 M 3JIEMEHTOB CIOXHOM
MOJKHO PEIINTH ¢ TOMOIIBIO HEOMPEAEICHHBIX MHOXKHM- ~ CUCTEMbI M3MENILYEHHS PY/bl MOXKHO 3ape3epBUPOBAThH
Tenei Jlarpamka ¥, IOIYYHMB HMCTHHHBIE pelieHHs X  TOJIBKO N JJIEMEHTOB. YUMTHIBAs CHAENAHHBIC JOMYyIIE-
JUISL KQXKJIOTO 3JIEMEHTa, OKPYTIIUTL MX 10 OimKaimux — HUs Uit 3Q(HEeKTHBHOCTH (DYHKIIMOHUPOBAHUS CHCTEMBI,
nenslx unces. Ecnm HeoOXoauMel 6ojiee TOYHBIE 3HA-  3aPE3EPBUPOBAHHON CIIOCOOOM IO3JIEMEHTHOTO HATpy-
YeHus Xj, TO JJIs UX OIpeeaeHus Hy)KHO MCCIeI0BaTh  JKEHHOIO Pe3epBUPOBAHMS, IPUOIMKEHHO MOTYIUM

OmpKaiime K Xj cieBa M crpaBa (HE MEHBIIE CIUHH- m
upl) nensie yucia [x] u [x+1], u3 Hux BeIOpaTh Te, NpH £ = H(]__ q; )><
KOTOPEIX D(Xy,...,Xn) UMEET HauOOIbIIee 3HAYCHUE B j=n+1

3aJa4ec 1 ¥ HauMeHbIIIee 3HAUCHUC B 3aJa4e 2.

n n m m
Pemrenn yyi 1 CBOOUTCS K PELIEHU - : ;
I CIlICHUE 3aJ1a CUOJI C PELICHHIO CIETYI0 « go_zqix (‘90_8i)+[1_z%xj’ ngqkl—[(l_qj) ©)
el cUcTeMbl ypaBHEHUH ¢ N+1 HEN3BECTHRIMU: it i1 K=ntl j=n+1

J72k

0 . .
— (50 —Zq (e,-¢) —l(;dlxl -D )): 0, Tpebyetcst pemuTh 3agaun tumna 1 u 2, chopmynu-
o, POBaHHBIC TS TAHHOTO CiIydas, T. €. korna 3¢dexrus-
id.x‘ =D". (3)  moctw onpenensieTcst BepakenueM (6). Pemms 3TH 3a-

62



HU3Bectns ToMCKOro nosiMTeXHU4eCcKoro yHuBepcuTeTa. UHXKuHUpUHT reopecypcoB. 2024. T. 335. Ne 5. C. 59-65
Banacausu C.III., l'eBoprsiH 3.M. [IpubmkeHHOE pellleHHe 33/Ia4d ONITHMAJbHOTO Pe3ePBUPOBAHUSA CIOXKHOH ...

JlauM TaKuM ke 00pa3oM, 4To ¥ 331a4u 1 u 2, cooTBeT-  3akJl04yeHUe
CTBEHHO MOJYyYHM TexHonoruveckass cucTeMa W3MEIBUYCHHS PYJIbI

sa o -ganle -anib

_ | paccMOTpeHa Kak CIIOXHas cUcTeMa, OOamaromast
=—/Inq)x MHOTMMH paboTocnocoOHbIMU  cocTostHusiME  (Mudti-
state system).

) a » [Monmy4yeHo NpUOMMKEHHOE 3HAYCHUE ITOKA3aTeIs

3¢ dekTHBHOCTH (DYHKITMOHUPOBAHUSI 3TOH CHCTEMBI,

+ |n( -& H /a )) 3JIEMEHThI KOTOPO# 00JIa/lafoT JIMIIb JBYMS BO3MOXK-

HBIMH COCTOSIHUSIMU. C HCIOJIb30BaHUEM MPUOITHKEH-

HOTO 3HAa4YeHUs NoKkasaTens 3pdekTuBHOCTH QyHKIINO-

:—(l/l ng)-| Inl| & —e ﬁ( _ ) a. HUPOBAHUSI TEXHOJOTUYECKOW CHCTEMBI 3MeIIbYCHHUS

PYABl METOIOM HEOIPEACIICHHBIX MHOXKHUTENeh Jla-

rpaHXa TMOJYYCHbI NPUOIMKEHHBIE PEIICHUS 3a1a4qu
OIITHMAIILHOTO PE3ePBUPOBAHUS CHCTEMBI.

)/ Cnenyer OTMETHUTh, 4YTO OKpYIJIEHHME 3HAYCHUH
o~ €n Zai

j=n+1

X, i=1LN 1o GIKaAIMX HETbIX YUCEN CYIIECTBEHHO
HE BIMSET Ha TOYHOCTH PEIIEHHs, TIOCKOIBKY CaMH 10

riue cebe d;, &, & TaKxKe ABIAIOTCS BeJIMYMHAMU 00Jee WiIn
MeHee TPUOIMKEHHBIMA. [109TOMY IIONydYeHHBIE pe-
£ =& H( ) z &0, - H( _q_)_ 3yJIBTaThl MOTYT OBITh C YCIIEXOM HCIIOJIb30BaHBI MPU

" j=n+1 k=n+1 j=n+l OPHECHTHPOBOYHBIX PacueTax.

17K [Ipu perenun paccMOTPEHHBIX 3a/1a4 METOAOM JH-

HAMHYECKOTO MPOTPaMMHUPOBAHUS MOJYYCHHBIC pellie-
HHUS MOXKHO HCIIOJIb30BaTh B KauecTBe onopHoro. O06-
JIaCTh TTOKMCKA TIPH 3TOM 3HAYUTEIBHO CY/KaeTCs.
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