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MHOT'OKPUTEPUAJIBHASA OIITUMU3ALIUA B 3ATAYAX POPMUPOBAHUSA
KOXXEBEHHBIX 1 MEXOBbBIX MATEPHUAJIOB

© O. B. Canrnnosa, A. I'. lanuiakosuy, C. B. bpanosunkas
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I’lpO@O()LUlOCb ons pﬂ()a UHHOBAYUOHHbBIX mexHono2uil d)opMupoeanz mamepuanos U3 Kosccu u mexa.

Knrouesvie crnosa: KOMNpOMUCCHAA 06JZaCmb, 3a0aua onmumuzayuu, gbusuko—xwwultecxue npoyeccsl, Koxcanvle u
Mexoeble mamepudaiol.

The comparative analysis of the efficiency of different ways to obtain a compromise solution in the multi-
objective constrained optimization tasks has been conducted. The analysis was performed for a number of
innovative technologies of leather and fur materials forming.

Keywords: compromise area, optimization task, physical and chemical processes, leather and fur materials.

1. BBenenue

S =(N(ED) /(s [ (K)) (M

K HacrosmieMy BpeMeHHM HAaKOIUIEH 3HAUNTENbHBIN

ONBIT pelueHus 3a7a4 MHOTOKPUTEPHAIBHON
ontuMmuzanyy. CylIEeCTBYIOIIME METOJbl  PELICHHS
OCHOBaHbI Ha CBEJICHUU HCXOJHOM 3a7auu K OJHOU WU
HECKOJIbKAM 3aj1a4aM OJIHOKPUTEPUATbHON
onTUMH3aMA. I3BeCTHO, YTO OT BBIOOpPA CXEMBI
KOMIIpOMHCCA JJIi KOHKPETHOM  3aJayd  3aBUCHUT

TPYJIOEMKOCTh, & MHOTIa ¥ BO3MOXXHOCTH €€ PEIICHHS;
MPH 3TOM PpEIIeHHs, MOJyYeHHBIe IS OJHOTO Kiacca
3aja4, MOTYT OKAa3aThCs  HENPUTOAHBIMH  JTHOO
HeapeKTUBHBIMU AJIsl Apyroro knacca 3amad [1—3].

B¢ dexTrBHOCTD PacCMOTPEHHBIX HIDKE cxeM
KOMIIDOMUCCOB ~ IPOAHANIU3UpPOBaHA Ha  IpUMeEpe
MoJIelIeH, IpeCTaBIEHHbIX Hauboiee
pacIpocTpaHeHHBIMU THUITAMH YpaBHEHHH,
OINMCHIBAIONIMX  pa3IM4HbBIE TIPOLECChl W CTaauu

TIOTY4YEHHS KOKaHBIX ¥ MEXOBBIX MaTepHAaJIOB.
Lenpro manHO#N pabOTHI ABISIETCS CPABHUTEIBHBIN
aHamu3 A(QQPEKTUBHOCTH HEKOTOPHIX HaWOOJIee YacTo
UCIIOJIb3YEMBIX ~ BBIYMCIUTENBHBIX CXEM MOIy4YeHHs
KOMIIPOMHCCHBIX pelIeHuit JuIst MIPOLIECCOB
(bOpMHPOBaHUS KOKEBEHHBIX H MEXOBBIX MaTepPHAIIOB.

2. [loctaHoBKa MPoOIEeMBbI
ITyctb  xauecTBO  OOBEKTa
OLICHMBAETCS BEKTOP-(QyHKIMEH

OIITUMH3AIUH

KOMITOHEHTAMH KOTOPO#l SIBJISIOTCS 3a/laHHbIe (QYHKIIUU
f;(x) (j=12,....k) Bexropa X =(x,,x,,...x,) . Bekrop
X , TaKUM 00pa3oM, MPHHAIISKUT MHOXECTBY X ero
BO3MOXHBIX 3HaueHMd. Ha nepemennsle x, (i :L_n),
KaK MPaBHJIO, HAKJIA/IBIBAIOTCS OTPAaHUYCHHS BUIA

[, <x,<u; (j=12,..,n), 2)
160

q,(x)<bh (i=12,....m). 3)

Bynem Ha3piBaTh MHOXECTBOM  JIOIYCTHUMbIX
3HaYeHUH BEKTOpa X OrPaHWYEHHOE WU 3aMKHYTOE
MHOXECTBO D , KoTOpoe (OPMHUPYIOT OrpaHIMYHBAIOIINE
¢ynkmm (2) u (3).

TpebyeTcst HANTH TaKylo TOUKY X € D, Kotopast
obecrieunt ONITUMAJIbHOE 3HAYCHHE byHKIWMi
LX), f,(X),..., f,(X) Ha MHOXecTBE D .

B paccmaTprBaeMoM citydae NOCTaBJIEHHas 11ejb
XapaKTepu3yeTcs HEeCKOIbKUMH GyHKuusaMu f;(X), a

3aJada ONTHMHU3AIMHU 33aKII0YAETCs B TIOMCKE YCIOBHOTO
MHHAMyMa WJIH MakCHMyMa BceX KpuTepueB. Pemenne

cOpMyIHpOBaHHOW 3amaun  TpeOdyeT HaxOXKICHUS
KOMIIPOMHCCa MEXIY KPUTEPHIMU
L), f,(X),..., f,(X), KoTopple B o00LEeM ciy4ae

SABJIAKOTCA MIPOTUBOPCUUBBIMU.
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CymecTByeT ZBa OCHOBHBIX IOJX0Ja K BBIOOPY
CXEeMBI KOMIIPOMHCCA: TIPHOPUTETHHIH moaxoxn [1—4] u
CBEpTKa KPHUTEPHEB, T.€. PUBEICHUE BEKTOPHOMN 3a1a4n
K 3ajade ¢ OJHUM CKaJsIpHBIM Kputepuem [2, 3]. B
paboTe BBINONHEH CpPaBHUTENBHBIH aHAIW3 METOJOB,
OTHOCAIIUXCA K MEepBOMY IOAXOAY: METOHa IJIABHOTO
KPHUTEPHs, METOAA IPUOPUTETOB U METOJa YCTYIIOK.

3. O030p BBIYHCINTEIbHBIX CX€M MOJTYYeHHS
KOMIIPOMMCCHOT'0 pellleHHsI

[TpuBeneHHBIH HWXKE JIMTEPATYPHBIA  0030p
OXBaThIBaCT  XapaKTEpPUCTHKy  Haubojee  4YacTo
WCIIOJIB3YEMBIX CXEM KOMIIPOMHCCOB M OCOOEHHOCTH
MaTeMaTH4eCcKOro OMHCAHMS TPOIECCOB KOKEBEHHOTO U
MEXOBOTO IIPOU3BO/ICTBA.

Bermie mokaszaHo, 4To KOMIpoMuce (GOpMHUpYETCs
160 MyTeM CBEPTKH KPHUTEPUEB, 6o
MIOCIIeIOBaTeNIbHO, HauylHas ¢ HanOoJiee BaKHOH 3a1auH.
PaznuyHple  cmocoObl  CBEPTOK M aHAIM3  MX
3¢ PEKTUBHOCTH JOCTATOYHO INUPOKO IPEACTABICHHI B
nmuteparype [1—5]. Hambonee dwacTto HCHONB3YIOTCS
TaKkWe  BHOBl  CBEPTOK, KaK  aJJAWTHBHas W
MyJIbTHILIMKAaTUBHAS CBEPTKH [3, 5], cBepTka ['epmeiiepa
[2], w™erom wneampHOM Toukd  [2], yHKIUA
JKENaTeNbHOCTH XappuHTTOHA [6, 7] W HEKOTOpEIe
npyrue [1 —4]. O0muM HeZoCTaTKOM ITaHHBIX METOIIOB
SIBIISIETCS  CYOBEKTHBHOCTH ~ OOOCHOBAHHSI ~ BECOBBIX
k03¢ ¢unneHToB 0000IEHHON 1Ie7eBOi  (YHKIUH U
BbIOOpa crocoba cBepTku. B paborax [1, 2] mokasaHo,
YTO HE BCErJa HHU3Kas OLEHKAa M0 OJHOMY KpPHUTEPHUIO
MOXET OBbITh KOMIIEHCHpOBaHa 0oJiee BBICOKOH IO
JIpYyroMy.

Hcnonp3oBaHre HEKOTOPHIX BUAOB  CBEPTOK
MpeAycMaTprBaeT HAIMYME OTPAaHMUYCHHUI: HampHMep,
TIPU TIOCTPOCHUM AJUIUTHBHOW M MYJBTHIUIMKATHBHON
0000mEHHON 1eNeBoi byHKIIH MHOKECTBO
JOMYCTUMBIX PEIICHUI MODKHO OBITh BBIMYKJIBIM, INPH
3TOM B  CIlydya€  MYJbTHIUIMKaTHBHOW  CBEPTKH
JOTIOJTHUTENBHO TpeOyeTcss BOTHYTOCTh BceX (YHKIMH
Inf(x), i=L2,...,k [l, 2]. HeBbinomHenue 3Tux

YCIOBMM  MOXET  HPHBECTH K  pe3ybTaram,
MPOTUBOpEUAIUM 3JpaBOMYy CMbICTy. B 3amadax mo
ONTHMU3AIMN 3KCIEPUMEHTa B XUMHH M XHMHYECKOH
TEXHOJIOTHH JUI HaXOXKICHUS KOMIIpOMHCca Hamboiee
4acTO  HWCTONb3yeTcs  (QYHKIHUS  JKEJIaTelbHOCTH
Xappuartona [6, 8§, 9], omHaKO 3TOT MeETOA
MIpeAnoaracT paBHBII BKJIAJ BCEX YaCTHBIA IIEJIEBBIX
¢Gbynkimii. Meton HIeanbHOW TOYKH B TMPAKTUYECKHX
3aja4ax ONTUMM3ALNH (PH3HKO-XHMMUYECKHX IPOIECCOB
HE BCerna MO3BOJISIET Haitu peleHue,
YIOBJIETBOPSIONIEE TEXHOJIOTUUYECKUM OTPAHUYEHUSM,
TIOCKOJIBKY (DOPMYJIMPYET JIMIIb HEOOXOANMBIE YCIIOBHS
ONTUMYMa.

3amaun ¢ OpUOPUTETaMHU  MPEATNOJIATAIOT
rociIeaoBaTenbHoe ()OPMUPOBAHUE PEIICHUS!: YaCTHBIE
KPUTEPUHN PAHKUPYIOTCSI B HOPSOKE MX BAXKHOCTH, U
MONCK pEMmeHus] Uil MEHEee BaKHOTO KpHUTEpHs
OCYIIECTBIISICTCS  TOJBKO rocie ONTHUMU3AINN
BhIIIECTOsIIIEH 1leneBoil  ¢GyHkimuu. B murepatype
JOCTaTOYHO IOAPOOHO OIMCAHBI TAaKUE METOIBI, Kak
METOJ TJIaBHOTO KPUTEPUs, METOJ IPUOPUTETOB U METOJ
ycrynok [2, 4]. B omiMune 0T MeTojga TIJIaBHOTO
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KPHUTEpUs, B METONaX IPHOPUTETOB M YCTYIOK LN
HU3LIMX YPOBHEN MOTYT BIMATh Ha pelieHue. [lannas
Tpylna METOJOB PEIKO NPHUMEHSETCS IpPH pPEIICHUH
MPaKTHIECKUX 3amaq MHOTOKPUTEPHAITBEHON
ONTHMU3AIMUA  XUMHKO-TEXHOJIOTHYECKHX IIPOLECCOB,
TIOCKOJIBKY IIOMCK KOMIIPOMHCCHOW 00JacTH 4acTo
OCYILECTBIIIETCSI IKCIEpUMEHTaNpHO [6—8] mmbo ¢
WCIOJIb30BaHUEM DA3IMYHBIX CBEPTOK [3, 5]; mosToMy

CPaBHHUTENIBHBIH  aHaau3 A(QQGEKTUBHOCTH 33/a4  C
MPUOPUTETAMH MPEIICTABIIICT HHTEPEC.

Ananms myOnuKanui, MOCBSIIEHHBIX
MaTEeMAaTHICCKOMY MOJICITUPOBAHUIO ¢duznko-

XUMHUYCCKUX IMPOHECCOB KOKEBCHHOI'O IPOU3BOJACTBA,

oKa3al, 41O aBTOpaMH UCTIOIB3YFOTCS
MIPEUMYIIIECTBEHHO anreOpanyeckue ypaBHEHUS,
TIOITyYeHHEIE B pe3ynbsTare 00paboTku

SKCIIEPUMEHTAIBHBIX MaHHBIX [6, 7, 10]. OTo Haubomnee
npoctas M ynoOHas Qopma 3amucH MaTeMaTHYECKUX
MOJAENeH, HCIoJb3yeMas B Cllydae  HEIOJIHOM
nHpopManum o crenuduke TPOTeKaHuUs Mpolecca:
n n n . P
Vi =4 +Zaixi + z Qi Xy X +zaiixi2 +ees ST Lk, (4)
i=1 i=1

u,i=1
u#i

rae y — napaMeTpbl COCTOSAHUA, X — HapaMETpPbl

VIOpaBJICHUS, @ — TOCTOSHHBIC KO PHUIIUEHTHI.

Juddepennmanpapie YpaBHEHUS UCTOIB3YIOT IS
MOZEJIUPOBAHUS JMHAMHYECKUX HPOLIECCOB c
HEeTIPephIBHBIM BpEMEHEM. B MyOJIMKaIUsX,
TIOCBSIILIEHHBIX MOJICIIMPOBAHUIO TPOLECCOB XMMUYECKON
TEXHOJIOTUH, JUTSt OTIMCaHUs 00BEKTOB c
COCPEOTOUCHHBIMU napameTpamu NPUMEHSIOT
oObIkHOBeHHBIE T depenHmansable ypasaenus (O/]Y)
MIEpBOTO TOPs/IKa

y, Tk
Rl GRS AL AU R ALL )

a JUId ONHCaHUA OOBEKTOB C paclpeleleHHBIMU
nmapameTpamu  —  auddepeHIuansaple  YpaBHEHHS
BTOpOro M 0Oojee BBICOKOrO NOpAAKOB. Monenn B
NPUPALICHHUAX OIUCHIBAIOT IIPOLECCHl C IUCKPETHBIM
BpPEMEHEM JIM00 YCTAaHOBUBILIHMECS IPOLIECCHL.

Takum oOpa3oMm, cpaBHeHHE 3()(HEKTHBHOCTH
pPa3NUUHBIX  BBIYMCIUTEIBHBIX ~ CXEM  MOJy4YeHHs
KOMITPOMHCCHOTO PEIIeHHUS 3a]]a4 MHOTOKPUTEPHUAITLHON
ONTHMHU3AIMM I TIpPoIeccoB  (hOPMHUPOBAHUS
KOKEBEHHBIX M  MEXOBBIX MaTE€pPHUAIOB  SIBIISIETCS
aKTyaJIbHOH 3amaden.

4. UccaenoBanue 3pPeKTHBHOCTU PA3JIMUHBIX
METO/10B MOJIyYeHHs] KOMIIPOMHCCHOIO pellleHUs

Huxe  mpuBeneH  CpaBHUTENbHBIM  aHaIMU3
3G PEKTUBHOCTH YKa3aHHBIX BBIIIE BBIYUCIUTEIBHBIX
cXeM KOMIIPOMHCCOB KacaTeJIbHO MPOIIECCOB,
NPOTEKAOMMX Npu (HOPMUPOBAHUHM KOXKEBEHHBIX U
MEXOBBIX MaTepHajioB. MaremaTudeckue MOMEIH,
BBIOpaHHBIE JJISI MCCIICJOBAHUS, OIMCHIBAIOT OCHOBHBIE
(PM3UKO-XUMHUYECKUE TIPOLECCH MPOU3BOACTBA KOXKH U
Mexa: OTMOYHO-30JIbHBIE, TYOWJIBHBIE ¥ OTIEJIOYHBIE.
Kpatkast xapakTepucThka MOJENEH MpencTaBieHa B
Tabn. 1. MHOXecTBO 3(PPEKTUBHBIX TOUEK IS KaxIOH
MOJENH HAWAEHO B pe3yiapTaTe MPOBEACHUS psna
HATYPHBIX ¥ UMUTALMOHHBIX SKCIIEPUMEHTOB.
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Tab6mmna 1
Kpatkast xapakTeprucTHKa MaTeMaTHIECKOTO OTACAHMS UCCIEAYEMBIX (DH3HKO-XMMHYECKHX IIPOILIECCOB
KomuuectBo
Craaus N rnapameTpoB
Ipormece Bun ypaBHeHUi 3amava ONTUMU3AINN
TIPOU3BOJICTBA COCTOSIHMS/
YIpaBJICHUS
1. IlogroroBka 1.1. OgHOCTaAMHHBIN a) anreOpanyecKue; ), — MHHUMH3aLWA,
KO>KE€BEHHOTO ChIPbsI npotecc 0)ony 2/4
Y, —Makcumusanus
00e3BOJIAIIBAaHUS-30JICHUS
1. 2 YHuBepcanbHbIil anreOpanyeckre
mporiecc 3/3 MUHHUMH3ALHS
00e3BOJIAITMBAHHS-30ICHIS
2. Crabunmm3zanus u 2.1. ly6nenue anreOpanyeckre
Ay P 4/3 MaKCHMMU3aLHs
(dhopmupoBanue HEJBOCHHOTO TOJIbSI
CTPYKTYPBI 2.2. lyGenne-xupoBaHue | a) anreOpandeckue;
. 5/3 MaKCHMMU3ALIs
noyabpukara MEXOBOW OBYHHBI 0)oay
3. Otnenka 3.1. ®opmupoBaHUe anrebpanyeckue
4/3 MaKCUMMU3ALM
KOYKEBEHHOTO U JIAKOBOTO TTOKPHITHS
MEXOBOTO 3. 2. ®opMupoBaHHe a) anreGpandeckue;
nonyhadpukaTta MO (PUIIMPOBAHHOTO 0) ooy 3/3 MaKCHUMHM3AIUs
SMYJIBCHOHHOTO MOKPBITHS

PaCCMOTpI/IM bonee HOI[p06HO MaTE€MaTUYICCKOC

MEXKONECPAITUOHHBIC IPOMBIBKU — 1 Ipu pacxoa€ BOAbL 2

OIMCaHue (PU3UKO-XUMUYECKUX TPOLIECCOB MwT.
(bOpMHUpOBaHUS CTPYKTYpPHI MOTy(habpukaTa — rojbs Ha
cTamuu  00€3BOJIAIIMBAHUS-30JICHHASI IIKYp KPYITHOTO Ta6numa 2
poraTtoro CkoTa, OCOOCHHOCTH KOTOPBIX ITOAPOOHO TlapameTpsl [UIaHa KCIEPHMEHTA
MpoaHaTu3upoBaHbl B [6, 7]. Tlonck KOMIIPOMHCCHOTO o O6o3Haue YpoBeHb
pellleHys: MUHMMU3AIMK PAcX0/ia ChIphs, k2/100m” Koxku aKTop HUE -1 0 | +1
(V) u MakcUMabHOH COPTHOCTH IOTy4YEHHBIX KOXK, %o KoHueHTpanms, Kr/m°
(),), ©0pd MHUHMMAaIBHBIX pacxofax IIENTOYHEIX KapboHata X 0 4 8
peareHToB IS TOATOTOBKM KOXXEBEHHOTO CBHIPbS K HaTpuA
. cynmbhuna HATPUS X, 6 9 12
JabHEHIINM TEXHOJIOTHYECKHM MpoLeccaM IPOBEIeHO
B ycmoBusix — mybmmuHoro AT «Ummbap» ¢ TUApOKCHAa X3 3 8 13
HCIIOIB30BaHUEM LIKYDP MOKPOCOJIEHOTO KaJIbHA
KOHCEPBUPOBaHMs.  TEXHOJOTHS  MPEILyCMaTPHBAET Temmnepatypa X, 24 | 28 | 32
NpOBEJEHHE BCEX OTMOYHO-30JbHBIX IPOLECCOB IIPH npouecea, °C
TEeMIepaType H  pacxome LISNOYHBIX  PEarceHTOB
MIPEICTABICHHBIX B Ta0I. 2. OCHOBHBIMHU HETSIMH ONITUMU3ALMN HCCIIEAYEMOM
[Iporieccel  MPOBONMINMCH NPU  ITOCTOSHHOM TEXHOJIOTUH SIBIISIETCS yBEIWYEHHE BBIXOJa IUIOMIAAN
COOTHOLIEHHU TEXHOJOTHYECKHH PAacTBOP/CHIPEE paBHOM KOXH C CIMHMIBI CBHIpbS M MHHHMH3ALMA pPacxoja
1’3 M3 /T . HPO,HOH)KI/ITCHBHOCTB MPOLIECCOB, 4Yac.: PCarcHTOB. BLIXOI[HLIC TIIEPEMEHHBIC, ITOJTYYEHHBIC ITOCJIE
BOCCTAHOBJICHHE pABHOBECHOM BJIaru KOXXEBEHHOT'O peanusanuu D-onTHManbHOro IU1aHa BTOPOrO TOPSKa,
ChIpbsi — 6, oOe3BonamBanue-3onenne — 10-12, TIPE/CTaBIICHbI B TA0IL. 3.
Tabmuma 3
Pe3ynbpTaThl SKCIEpUMEHTA
Ne 1 2 3 4 5 6 7 8 9 10 11 12
V| 6322 | 631,8 | 643,5 | 6458 | 6442 | 642,5 | 649,8 | 649,1 | 636,2 | 638,1 | 649,2 | 647,1
V 89,4 89,7 88,5 88,8 89,6 89,7 89,8 89,9 90,6 90,8 90,4 89,9
V| 6647 | 6632 | 6662 | 6684 | 6389 | 636,7 | 646,7 | 736,1 | 649,3 | 6355 | 659,9 | 6364
Y 89,5 89,4 89,2 89,2 91,7 91,7 91,1 91,8 90,2 90,7 90,3 89,7

B pesymprare 00pabOTKH HSKCHEPUMEHTATBHBIX
JAHHBIX TIONlydeHa MareMaTHdeckass MOJeNb (QHU3UKO-

XUMHUYECKUX MPOLECCOB OTMOKH—30JIEHUSI KOKEBEHHOTO
CBIPbs KPYITHOI'O POraToro CKOTa:
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¥, =640,6—4,3x, —7,7x; —6,5x, —1,8x,x, +3,7x,x, —
=2,5x" +2,1x} +7,9x;
¥, =91,3240,21x, +0,13x, —0,23x, —0,075x,x, +0,175x,x, =, (6)
—0,144x,x, +0,38x7 +0,13x; —0,87x] —7,9x;
rAC Xx; — KOHLCHTpalu:ia Kap60HaTa HaTpus B pacTBOpEC
OTMOKa, 2/0M’; X, — KOHILIEHTpAIs CyIb(uaa HaTpUs B

30JILHOM ~pacTBope, 2/OmM’; X, — KOHIEHTpAIus

3
TUAPOKCHIA KaNbIMA B 30JIbHOM pacTBope, 2/0m” ; X, —
TemIiepatypa nporecca oTMoka M 3omeHus, C; y, —
pacxon ceipbst Ha 100 m° xoxm, x2/100m° ; y, —

COPTHOCTb HOJIyYEHHBIX HIKYp, %.

MaremMaTHueckoe ONucaHHe AWHAMMKH Ipolecca
MOXET OBITh TNpPEACTaBIEHO B (QOpMe OOBIKHOBEHHBIX
nuddepeHranbHBIX YpaBHEHUH MTEPBOTO TOPsAKa:

4y,
d—t' =-0,0283y, —0,188x, —0,182x, —0,787x, —1,009x, (7
% =-1,56-10"y, —1,11-10x, +0,068x, —0,039x, — 0,022x,
HayanbHble ycnoBus:
7,(0) =640, »,(0)=91 ®)
OrpaHI/I‘leHI/IH Ha NMEPEMCHHBIC
0<x <8, 6<x,<12, 885<y <918

3<x,<13,24<x,<32 63,8<y,<736,1, (9)
ITo omenke 3KcmepToB, 00a MOKa3aTenst KadecTBa
MMEIOT IPUMEPHO OJIMHAKOBBIN BEC, XOTA O0Jiee BaXKHBIM
C JKOHOMUYECKOM TOYKHM 3pEHHUsl SBISETCS IEPBBI
ToKa3aTelNlb — pacxojl chipbsd Ha 100 M KOXKH.

ITonpoGHOE ommMcaHWEe OCTAIBHBIX IIPOLECCOB
(tabn. 1) mpencrasnexo B [6 — 8].

Hmke KkpaTko paccMOTpeHa CyTh KaxIOro u3
METOOB IOJY4EHHs KOMIIPOMHCCHOTO pELIEHUs U
npuMep pemenus s Moaenu (6), (9). Pamkxupoanue
KPUTEPUEB BO BCEX METOJaX OCYIIECTBISETCS JIHIIOM,
npunMaronM pemenne (JIIIP) nubo HeckoabkuMu
JKCTepTamMH. B mocnenHeM ciydae ciexyeT MpoBEepHUTH
COTJIaCOBAaHHOCTH MHEHHH 3KCIIEPTOB.

B cooTBeTCTBHM ¢ METO/IOM TJIaBHOTO KPHUTEPHS,
MONCK ONTHMAIBHOTO pPEUICHUs] HAaYMHAIOT C BBIOOpa
OMHOW W3 WeNeBbIX (yHKIHMH, HauboJee IIOIHO
OoTpaxkarolled Leiab NpuHATUS peweHus. Kpurepuun

Vyseoo ¥y (J =1,k ) 3aMeHAIOT OrpaHUYEHUAMH.
Hampumep, f(X¥) — max — IyaBHBI KpUTEpHH,

TOTZla OCTaJIbHBIE KPUTEpUH HpuMyT BUI: f,(X)—> g,,

v LX) > 805 oo i) > g, THE g, j=LE -
orpaHu4eHus. Torma HUCXonmHas 3aJada CBOOUTCA K
PELICHNIO OJHOKPUTEPUAIBLHON 3a/audl ONTUMH3ALUH
OTHOCUTEJIBHO "TJIaBHOTO" KpUTEpUS.

PaccmoTrpuMm monmpoOHee anropuTM MeTola Ha
mpumepe wmoxeru  (6), (9). Ha mepBom miare
MUHHUMH3MpYETCs Nokas3aress y,. Ilouck omrtumyma B

paccMarpuBaeMOM M MOCHEOYIOIIMX  [pHUMepax
MPOBOAMIICS METOJOM bokca, MOCKONbKY JaHHBIA METOJ
MO3BOJISICT YYUTHIBaTh orpanuueHus Buma (2), (3).
Anroput™m MeTona Bokca moapoOHO omucaH, HapuMmep,
B [5]. KoopanHaTel MUHUMYMa U COOTBETCTBYIOLLEE UM
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3Ha4YeHHE IEPBOTO KPUTEPHS ),
x, =74 2lom’; x, =102 2/om’;
x, =124 2lom’; x, =28 °C;
¥, =630,0 x2/100m°

Ha BTOpOoM 1Iare B ypaBHEHHE BTOpPOMl LIEIE€BON
(YHKUMM — MOACTAaBISAIOT — HailleHHbIE  KOOPIAMHATHI
ONTHMyMa W TOJNYYalOT MAaKCHMaJbHOE 3HA4YCHHE
BTOpOro kpurepus: y, = 91,20 %.

OKCIEpUMEHTAIBHO YCTaHOBICHO, YTO OTMOYHO-
30JIbHBIE TTPOIIECCHI, IPOBECHHBIE NTPHU TeMmeparype 28
‘C co CHIWXEHHOH KOHLIEHTpaluel kapOoHaTa HaTpusl B
TEXHOJIOTHYECKOM PacTBOPE AJIs OTMOKA M CHUKCHHBIMHU
KOHLICHTPALMSAMH THIAPOKCHIA Kamblusi U Cyiabduaa
HAaTpuss B  OTPabOTaHHOM  PACTBOpPE  IMO3BOJIIOT
YMEHBIIUTE COACPKaHHE XUMUYECKHX pEarcHToB B
nosryhabpuKare W yBEIUYUTh BBIXOA IUIOIIAIH KOXH Ha
3,5 %. Hannyumue nokasaTeny, 10 CPaBHEHHUIO C paHee
UCIIONB3YEeMBIMH  TE€XHOJIOTHSAMHM, JIOCTUTAIOTCS  IIPU
pacxonax Na,CO,, Ca(OH), u Na,S COOTBEICTBEHHO

4-5,6-8 1 6-9 2/om’ .
Takum o00pa3oM, pe3ynbTaThl, IOJyYEHHBIE C

WCITIONIb30BaHMEM  METOAa  TIJIaBHOTO  KPUTEpHS,
NOATBEPIKIAIOTCSL TOJBKO I 4YeTBepToro (axropa —
TeMIIepaTyphL.

Meton mpuoputeroB [1] mpemycmarpuBaer

pamXHpoBaHME Kk YAacTHBIX LENEeBBIX (YHKIUHA B
MOPSIIKE NX BaKHOCTH:

MUHHMHU3HPOBATh L) =n (HauBBICIIMI
HPUOPHUTET), ...,

MHMHUMHU3MPOBaTh  f,(X)=r  (camblii HU3KHH
MIPUOPUTET).

Ecmun okaxkercs, 9YTO 1O MEPBOMY KpPUTEPHUIO
BO3MOXKHO HECKOJIBKO ONTHMAJbHBIX PELICHWH, TO Ha
BTOPOM IIare MpOJOJDKAIOT TOUCK MHHUMyMa [0
BTOPOMY KPUTEPHIO CPEIN HAWIEHHBIX PEIICHUM.

[Ipornecc nmoucka npoompKaeTcs 10 TeX Mmop, MokKa
HE OCTaHEeTCs OJHO permreHue. TakuM 00pa3oM, peleHue
3amaun ¢ 1eneBod (QyHKIueH, nMeromel 0oee HU3KHMA
MPUOPUTET, MOKET BJIMSITh HA OKOHYATENIbHOE pElICHUE,
HO HE YXyAIIaeT MOJYYCHHBIC paHee peIIeHUs 3a/1ad,
UMEIOIINX 00Jiee BEICOKUI PHOPUTET.

B paccmarpmBaemMoM mpuMepe Ha IEPBOM Iare
MHHAMM3HPOBAIN IIOKa3aTenb ), a 3aTeM HaXOIUIIU

KOJIMYECTBO OJMHAKOBBIX OMNTHMAJIBHBIX PEIICHUH: U3
1075080 BO3MOXXHBIX 3HaueHHWH y, HalgeHo 84321

COBHaHeHHﬁ. OHI/IHaKOBHMI/I TNIpUHATHI 3HAYCHUA ), AT

KOTOPBIX MOAYJIb Pa3HOCTH MEXAY TEKyIIUM |
MUHUMAaJIbHEIM 3HaYCHWEM HE TIPEBBINIAN 3aJaHHOW
TOYHOCTH & .

Ha BTOpOoM mare ¢hopMHUPYIOT MaTpUIly haKTOpOB,
B KOTOPYIO BKJIIOYAIOT KOOPJAUHATHI, COOTBETCTBYIOLINE
HaWJIeHHBIM COBNAJAIOIIUM 3HaueHusM y,. KonndectBo

CTPOK JIaHHOM MaTpHULbl PAaBHO KOJUYECTBY COBIAJCHUN,
a KOJIMYECTBO CTOJIOLOB — KoJMuuecTBy (pakropoB. Eciu
COBMAJICHUH He 3a(PMKCHPOBAHO, TO METOJI IPUOPUTETOB
(hakTHYECKN CBOAMTCS K METOAY IJIaBHOTO KpuTepus. B
Ka4yecTBe KOOPJAMHAT ONTHMYyMa IMPUHUMAIOT 3HaYeHUS
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X5 X (n - KOJIMYECTBO

n

(haxTOpoB),

COOTBETCTBYIOIIHME Y™, MOJCTABISIOT UX B YPABHEHHUS

(6) 1 cunTaroT pacueT OKOHYeHHBIM. VIHa4ye mepexomsiT K
ClIeIyIOLIEMy IIary.

Ha tperbem mare s Kaxmoill CTpPOKM MaTpUIIbI
(haKTOPOB PACCUHUTHIBAIOT 3HAYCHHE BTOPOW IIENIEBOM
GbyHKIMM y, W HaXOIAT CPeAM HUX MHUHHUMAaJbHOE

3HA4YCHUEC. B Ka4d€CTBC KoopauHaT ONTUMyMa

min

HIPUHAMAIOT 3HAYCHUS X,,...X, , COOTBETCTBYIOIINE ),
Ecmu moxkazareneil kadecTBa OoIbIlle OBYX, mard 2 u 3
MOBTOPSIFOT JI0 TEX TMOp, MOoKa He OyayT HalaeHb
3HAYEHHS BCEX LENEBBIX QYHKIHHI.

Jns  paccmatpuBaeMoro ImpuMmepa  TOJIy4YeHBI
CIIE/TyOIIIE Pe3yIbTaThI:

x, =78 2lom’; x, =12 2/om’;

_ 3, _ 19 o,
x, =13 elom’; x, =32 °C,;
v, =630,0 ke/1000° | y, =84,99 %.

TakuM 00pa3oM, MONyYCHHBIE pE3yIbTAaTHl HE
COOTBETCTBYIOT ONITUMAJTEHBIM 3HAYCHHSM,
MOJTBEPKACHHBIM 3KCIEPHUMEHTAIBHO HU 110 OJHOMY U3
TTOKa3aTeIIEH.

B meronme ycrymok [1, 4] k& d9acTHBIX IeNeBBIX
GYHKUMA pamXupyIOTCSd B TOpSAKE YOBIBaHUS HX
OTHOCHUTEJIPHON BaXHOCTH, Kak M B MpPEAbIIyIIEM
Meronle. BHavane onTUMHM3MpPYIOT TNEpBbIA, Hauboiee
BOXHBI KpUTEpHUH. 3aT€M C y4ETOM TEXHOJIOTHUECKHX
TpeOOBaHMII  Ha3HAYalOT  BEJIMYMHY  JOMYCTHMOIO
OTKJIOHEHUWsI 3HAYeHUs JITOr0 KpUTEpHs — TaK
Ha3bIBaEMyI0 YCTYIIKy — W ONTHMH3UPYIOT BTOpPOU
KpUTEpUil TpH YCJIOBUM, 4YTO 3HAYEHHE MEepBOTIO
KpUTEpUsI HE MODKHO OTJIMYAThCS OT ONTHUMAIbHOTO
Oosiee 4eM Ha BEIMUYMHY yCTaHOBJICHHOTO OTKJIOHEHHMS.
Janee aHalOrMYHBIM OOpa30oM ONTHMH3HPYIOTCS BCe
nocienyromue Kputepud. ONTHMaIbHBIM CUUTACTCS
3HayeHne BekTopa (1), momydeHHOe B pe3ynbTaTe
OTBICKAHHSI YCJIOBHOTO ONTUMyMa IIOCJIEIHEro Io
Ba)KHOCTH KPUTEPHSL.

PaccMoTpuMm anroputM Merona Ha IpUMeEpe
mozenu (6), (9): Ha mepBOoM mIare MUHUMH3HPYIOT
MOKa3aTeNlb J, U PacCUUTHIBAIOT MPEEIbl JOMYCTUMOIO

OTKJIOHEHUsI TepBOro LeneBod ¢(yHkuuu. B nanHOM
IpUMepe BENUYMHA YCTYNKH IPUHATA PAaBHOH 2 & :

min

min
N, =Y, +2e, M, =N -2¢,
rac le ylH — BCEPpXHASA W HWXKHAA T'PpaHULBL
JOIMYCTUMOT'O  OTKJIOHCHMUSA, ylmin OIITUMAJIBHOC

3Ha4YEeHUE TIEPBOTO KPUTEPUS; € — 3aJaHHAs TOUHOCTb.
Ecin 3Hadenust y,  y, TPEBBIMAIOT IPaHUYHBIC,

YCTAaHOBJIEHHBIE JUIS 3TOTO ITOKA3aTels, TO HPHHUMAIOT
y.=b wwm y =a, rme a u b — nuana3soH
B H

U3MCHCHU KPUTCPHUS ), .

Ha BropoM 1miare oNTUMHU3UPYIOT BTOpOH
KPUTEPUH NpU YCJIOBHM, YTO 3HA4YEHHE IEPBOIO HE
BBIXOJIUT 33 PaHMIE! OTpeska [y, ; y, ]. Eciu neneBbix

¢yHKIMHA OonblIe JBYX, pPACCUUTHIBAIOT BEIUUUHY

YCTYIIKM Ul BTOPOTO TOKasaTedst KadecTBa, Imar 2
TIOBTOPSIFOT VIS TPETHETO KPUTEPHS U T. 1.

PesympTaTel pacuera Uil paccMaTpHBAEMOTO
npuMepa:

x, =34 2lom’; x, =8 2lom’;
x, =94 elom’; x, =282 °C;
¥y, =630,0 xk2/100M° ¥y, = 82,50 %.

Takum oOpa3om, pe3ysnbTaTel ONTHMH3ALNH,
MOJTyYEHHBIE C HCIOJBb30BAaHWEM METOJa YCTYHOK,
Han0oJsee OJIM3KH K SKCIIEPUMEHTAIBHBIM JaHHbIM.

5. Anpo0anusi pe3yJibTATOB HCCJeJ0OBAHUMN

C menplo aHau3a pe3yJsibTaTOB ONTUMH3ALUH JIIS
BCEX MOJIeNIel, NMpHUBEAEHHBIX B TaOy. 1, pa3paboraH
mporpaMMHbIiA Moaynb B cpene VBA (Visual Basic for
Application), peanu3yromuii paccCMOTPEHHBIE METOMBI.
HcxomHple naHHBIE TONB30BATENh pa3MeIlaeT Ha JIMCTE
MS Excel, xak moka3zaHo Ha puc. l, mocie 9ero Moxer
3allyCTUTh pacyeT OJHOTO M3 METOJOB. [ paHWYHBIE
3HAYCHUS OTKITUKOB u KO3 UIHEHTHI
COOTBETCTBYIOIINX YPAaBHEHUH CIIEIyeT PacHOIOXHUTh B
HopsiZike YOBIBaHUS MX BaKHOCTH. B IaHHOM mpumepe
BCE [TOKA3aTeIN Ka4eCTBA MAKCUMHU3HUPYIOT.

o,
) NO|
Yopmup P

Mparuys!|  Hay KOH h Oal(mop
x1 150 300 1 Omuauk
x2 5 15 0,2
x3 20| 60| 0,5]

y1 290 384,2] 0,1| max
y2 53 76,65 0,1| max
y3 180 351, 6| 0,1|max
y4 6,2 15 0,1| max

Koagppuyuenmor
npun

a0 x1 x2 x3 x1*x2 x1*x3 x2*3 x1/2 x2/2 X372

349,4) -45,84] -14,91 43,85 13,75 0 0] -43,01] -18,32] -28,9]

72,33 -4,51 -3,87 5,06 [ 0 0 -4,26 -7,44] -3,21)

313,9 -6,49] 50,57 22,77 0] 14,38 6,88 -12,01] -22,59| -25,24]

10,48 0 -0642] -0,366 0] 0 0] 0] 0,35 0]

Puc. 1. Pasmenienne HCXOOHBIX TaHHBIX JINCTE
MS Excel

Pe3ynpraTel pacdeToB 1O METOAY TIJIABHOTO
KpHUTEpHUs U MCCICILyEeMBIX MOJENEH MOKa3and, 4TO B
HEKOTOPBIX CIy4asX PacueTHbIC 3HAYCHUS IOKaszaTelel
HE TpHHAUIeKAT JONMYCTHMON ob6mactu (Tabm. 4).
Hanpumep, B MaTemaTtrndeckoii Mmoaenu mporecca 2.2 (a)
nokasarenb kadectsa y,= 10,8 MIlla (mpenen

MPOYHOCTH TPH PACTATMBAHWK) BBIXOJWT 3a TPaHUIIBI
[11; 15], T.e. HapymIatOTCS OrpaHUYEHUS I YETBEPTOTrO

kputepust. OueBHIHO, YTO LENM HU3LIMX YpPOBHEH He
NOBIMSIM  Ha  pElICHHEe, MO3TOMY  KOOPIMHATHI
ONTUMYMa, HalJ€HHBIE M TEpPBOro KpUTEpHs, He
ABJIAIOTCS JOIyCTUMBIMU IS IOKa3aTend y,. B Takom

Cilyyae CIIEAyeT BEPHYThCS K PEIICHHIO, HaliACHHOMY
JUIl TJIaBHOTO KpHUTEpHs, W BBHIOPaTh KOOPAWHATHI
ONTHMYyMa, yIOBJIETBOPSIOLINE OIPAaHUYEHHUSIM IO BCEM
IeTIeBBIM (DYHKIUSAM.
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Tabnwa 4
Pe3ynbpTaThl ONTUMH3AINH UCCIEAYEMBIX NMPOIIECCOB 110 METOAY IMIABHOTO KPUTEPHSI
KoopauaaTs! ontumyma 3HaueHHs IeNeBbIX (YHKINH
Howmep npouecca
X X2 X3 X4 b4 Y2 V3 Y4 s

1.1. 7.4 10,2 124 | 28 630,00 91,20
1.2. 0,74 1,37 12,8 6,44 23,08 37,96
2.1. 1,1 30,2 0,8 99,29 103,43 229,36 -5,07
2.2. 1,4 4,8 3,65 81,04 0,16 0,21 14,53 40,44
3.1. 182 7 59 384,20 75,07 262,30 1,21
3.2 26,2 10,4 1,95 250,10 337,98 22,90

Takum 00pa3oM, MeETOJ TJIABHOTO KpUTEpHs
MOXXHO PpPEKOMEHJOBaTh B Cllydae, €clIH MepBbIi
KpUTEpPUI HAMHOI'O Ba)KHEEe BCEX OCTalbHBIX. [loaTomy
UCIIONIb30BaHKUE JIAHHOTO METOoJa Ul MOJIENH TIpolecca
3. 1, B KOTOpPOH MO MHECHHIO SKCIIEPTOB BCE KPUTCPHH
paBHO3HAYHBI [6], HerenecoobpasHo. OTHAKO MeETO
MOJKHO UCTIOJTB30BaTh JUTSE HCCIICAOBAHUS
YYBCTBUTCIFHOCTH  ONTHMyMa  IIYTEM  POTAINH
TIPUOPUTETOB: €CITH UMEETCS kK YPOBHEH MPHOPHUTETA, TO
uMmeercs k! BapHaHTOB UX POTAIIHU.

C 1uenpl0  HUCCIENOBaHHS  YyBCTBUTEIBHOCTH
onTMMyMa Jisi  MojJenu Tmporecca 3.1  mpoBeneH
OTJICNEHBINA BBIYMCIIUTENBHBINA SKCIIEPUMEHT, B KOTOPOM
BCE KPHUTEPUHU TOOYCPETHO PACIONATAIHACH HA TICPBOM
MecTe. Pe3ynpraTel pacdeToB, MPECTaBICHHBIC HA PUC.
2, TIOKa3BIBAIOT, YTO KOOPIMHATHI ONTUMyMa, a TaKXKe
ONTUMANIbHBIE 3HAYEHWS IENIEBBHIX (YHKIHHA MOTYT
OTIMYATHCA 3HAUUTEIIBHO.

Ecnu cpaBHHBaTH pe3yibTaThl ONTUMH3ALNN CO
3HAYCHUSMH, MTOJYYEHHBIMU 3KCIIEPUMEHTAIIBHO, TO YeM
MEHBIIIE MMOKa3aTeNell KayecTBa, TeM OJIMXKE PacuUCTHHIC
3HAYCHUS K JKCIEPHUMEHTAIBLHBIM, a TPU YBEIUUYCHUH

KPUTEPHUEB, pPACIOJIOKEHHbIE HAa MOCJIEAHUX MecTax,
MOT'YT BBIXOANTH 33 YCTAHOBIICHHBIC IPAHUIIBI.

Crnenyer Taxke NPUHATH BO BHUMAaHHE, UTO
JIOBOJIBHO ~ CJIO)KHO ~ ONpPEAEINTh OrpaHHUYEHHsS IO
[oKa3aTelliM KauecTBa ),,...», . B pJaHHOH paboTe

WCCIIEOBAIUCH MOJENH, I KOTOPBIX ONTHMAIbHBIC
JIVana3oHbl  M3MEHEHHS  (PaKTOPOB M OTKIHKOB
OTIpeNesIeHbl dKcIepuMeHTansHo [6—10], ogHako mpu
pa3zpaboTke HOBBIX TEXHOJIOTUi KOJINYECTBO
9KCIEPUMEHTOB BO3pacTeT.

YCTpaHUTh HEKOTOpble HENOCTAaTKH JaHHOTO
MeToza TIO3BOJISIET METOJ MIPUOPHUTETOB
(excukorpauuecKoro yrnopsi0uuBaHus KPUTEPHEB).

BEI30B COOTBETCTBYIOIIETO PacyeTHOrO MOJYJIS
W pa3MeNIeHNe MCXOAHBIX JTaHHBIX aHAJIOTHYHBI METOIY
TJIABHOTO  KpuTepusi.  Pe3ynpraTbl  ONTHUMH3ALMA
UCCIEAyeMbIX (PU3NKO-XMMHYECKHX TPOIECCOB  II0
METOAY YCTYIIOK NpWBEACHHI B Tabn. 5. B omimume ot
METOJla TJIABHOIO KpUTEpHs, 3HAUEHHs IIOKa3arenei
KayecTBa JJIs1 BCeX MOJEIeH HaxonsiTcs B Juana3oHax,
YCTaHOBJICHHBIX 3KCHEPUMEHTaNbHO. JlIs1 HEKOTOpBIX
MoJIeJield KOJIMYECTBO ATAIlOB MOXKET OBITh COKpAalIEeHO,

KOJINYECTBA IENEBBIX (YHKIUH 70 4-5 3HaucHHA KaK TOJIBKO BCTPETUTCS €IUHCTBEHHOE PEIlICHHE.
X1 X2 X3 Y1 Y2 Y3 Ya
Y1—Y2-Y3-Ya 182 7 59| 384,1998| 75,069| 262,2972( 11,2115
Y2-Y3-Y4-Y1 185 8,6 56| 382,9899| 76,0175| 292,4003| 0,9624
Y3-Ya-Y1-Y2 233 15 52,5| 328,3749| 62,39906| 350,6816| 0,52725
Ya-Y1-Y2-Y3 300 5 20 170,64 51,72 166,73 9,758

Puc. 2. PeSyJ’ILTaTLI HCCJICA0BaHU YYBCTBUTCIBHOCTH OIITUMYMa

Tabauna 5
Pe3ynbTaThl ONTHMHU3AITNH HCCIEAYEMBIX MPOIIECCOB IO METOTY TPUOPUTETOB
Howmep KoopauHaTe! onTrMyMa 3HaueHHS IENIEBBIX (QYHKIUI
rnpomnecca X1 XD X3 X4 Y1 ) V3 Y4 Y5

1.1. 7,80 12,0 13,0 32 630,0002 84,99
1.2. 0,84 1,37 16,0 6,440241 25,27 40,071
2.1. 1,20 41,8 0,80 99,2937 104,86 231,72 -6,503
2.3. 1,40 4,80 3,65 81,04009 0,156 0,2018 14,475 40,39
3.1. 215 8,40 56,0 384,1998 75,326 290,80 10,446
3.3. 35 11,2 1,95 250,0962 324,94 23,663
34. 250 9,50 0,75 303,7498 65,49 164,83 139,93

CpaBHuBas PE3yJIbTATHI ONTUMU3AIIH, neNeBblx  (YHKIMHA coBmamgaroT (puc. 3, a), a B

IMOJYYCHHBIC Pa3HbIMU ME€TOAAMH, MOKHO OTMCTUTD, YTO
B HCKOTOPLBIX ClIydasaX 3HAUYCHUS KOOPAWUHAT ONITUMYyMa U
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HEKOTOPBIX CIIydasixX MOTYT CYIIECTBEHHO OTIHYATHCS
(puc. 3, 0).
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Ecmm CpaBHUBAThL PpE3YyJIbTAaTbl pPacdeToOB C
OIITUMAJIbHBIMHA 3HAYCHUAMU, TI0JTy4Y€HHBIMHA
OKCIIEPUMEHTAJIIBHO, TO KOJINYCCTBO PE3YIBTATOB,

ONMM3KUX K SKCIIEPUMEHTAIBHBIM, BO3POCIO JI0 Y€ThIpEX.
OTMETHM TaKXKe, 4TO MO CPaBHEHHUIO C MPEABIIYLINM
METOJIOM, pa3MelIeHHe 1IeTIeBOi (DYHKIUH HA MOCIEIHEM
MecTe He yXy/IIaeT pe3yIbTaT o 3TOMY KPUTEPHIO.

HccnenoBanre 4yBCTBUTEIBHOCTH ONTUMYMa JIJISt
MaTeMaTH4eckod  Mmojenu  mpouecca 3.1 gano
pe3yJIbTaThl, aHAJOTHYHBIC METOJY TJIABHOTO KPHUTEPUS.
Otcroma  ciieyeT, YTO  HWCIOJB30BAHHE  METO/a
MIPHOPUTETOB B CIy4ae PaBECHCTBA BECOB KPHUTCPHUCB HE
pEeKOMEHIyeTcsl.

BbrunciuTenbHble  9KCHEPUMEHTBI 10  METOY
MIPUOPHUTETOB 3aHSIM OOJbIIE BPEMEHH, YeM B METOJE
rnaBHoro kputepus. CyObeKTHBHOCTH paHKHPOBAHHUS
KPUTEPUEB U CIIOKHOCTb OIpENeNieHHsT OrpaHUuueHHUi
CYXaloT 00J1aCTh UCIIONIb30BAHMSI IAHHOTO METO/Ia.

x1 x2 x3 yl y2 y3 vy4 y5
MIK 1,4 4,8 3,65| 81,04009| 0,15873| 0,21266| 14,5339 40,4415
mn 1,4 4,8 3,65| 81,04009] 0,15596| 0,20182| 14,4749 40,3916
a
x1 X2 x3 yl y2 y3 y4
MrK 182 7 59| 384,1998| 75,069 262,297| 10,6435
Mn 215 8,4|  56,00| 384,1998| 75,3256| 290,803| 10,4454

o
Puc. 3. Pe3ynbTaTsl ONTUMHU3ALHAN METOIAMH
rinasaoro kpurepust (MI'K) u npropureros (MII):
a - 17t MoJienH npouecca 2. 2; 6 - Uit Mojienu
mponecca 3. 1

MeTopl MHOTOKPHTEPHATILHOM ONTHMHU3AIMU C
NPHOPUTETAMH YacTO KPUTHKYIOT 32 TO, YTO BBICIIHE
YPOBHH TPHOPHUTETA HE TEPIAT KOMIPOMHCCOB C
HIDKHUMH ypoBHAMH [2]. OmHa #3 BO3MOXKHOCTEH
HOBBICUTh TMOKOCTH METOJa - HCIIONb30BATh METO[
yCTyHoK [2, 4].

AHanu3 pe3ynbTaToOB ONTHMH3ALUHM II0 METOLY
YCTYIIOK TPOBOAMIICS C TOMOIIBIO COOTBETCTBYIOLIECTO
MPOTPaAaMMHOTO MOJTyJIst (TabI. 6).

Tabmnuia 6
Pe3ynpraThl ONTHMH3AINHT HCCIIETYEMBIX MPOIIECCOB IO METOTY YCTYTIOK
Homep KoopauHaTel onTrMyma 3HauCHHS IENICBBIX PYHKITUI
rnponecca X1 X2 X3 X4 Y1 Y2 V3 Y4 s
1.1. 3,40 8,8 12,4 32 630,00 82,50
1.2. 0,54 0,97 8,40 6,4402 14,09 12,433
2.1. 1,30 33,6 0,60 99,294 108,9 247,99 -3,504
2.3. 1,10 4,80 3,25 81,040 0,3089 0,331 14,99 47,63
3.1. 300 5,00 20,00 384,19 76,02 350,68 11,84
3.3. 39,8 15,0 0,00 250,09 343,59 28,141
3.4, 218 2,20 0,75 303,74 76,596 177,5 144,26
CpaBHUTEITBHEIHA aHamu3 pe3yIBTaTOB MPOTPAMMHOM peaji3aluy SBISICTCS METO]] YCTYIOK; B
ONTUMH3AIMA TI0 TpPEM METoJaM IOKa3all, dYTo TO XK€ BpeMs OH HamOoyee ITUTENbHBIN. HanmeHsmee

KOOpJIMHATH ONTHMyMa MOTYT KaK COBIAAaTh, TaK U
OTJINYAThCS, B 3aBUCHMOCTH OT BHJA MOJEIH, IPUIEM B
cllyya€  pErpecCHOHHBIX MoJeNne  pe3yJbTaThl
oTIn4aroTes yae. Vi3aMeHeHne nopsiaka KpUTepueB It
Mozenu 3.1 mokazaso, YTO HECMOTPS Ha pa3IUYHBIC
KOOPJMHATBl ONTHMYMa, 3HAUY€HHs LEJEBBIX (QYHKIMI
COBIIQJIAIOT U OJIN3KHU K IKCTIEPUMEHTAIILHBIM.

Hawnbonee ONM3KO0 K ONTHMANBHBIM 3HAUCHHUAM,
IOy YE€HHBIM 9KCIIEPUMEHTAIIBHO, HaxXoJATCs
Ppe3yJbTaThl, MOJIYYEeHHBIE 110 METOy ycTymnok. OmHako
CJIe/lyeT OTMETHUTbH, YTO 00OCHOBAaHME BEJIIMYUH YCTYIIOK
ULt MHHOBAIMOHHBIX TEXHOJIOTUH BBI3BIBACT
OIIpeZIeTICHHBIE TPYTHOCTH.

K HenmocraTkam ITaHHOTO METOJIa MOKHO OTHECTH
OTHOCHTEJIbHO  JUIMTENIbHOE  BpPEMS  BBIMIOJIHEHUS
pacyeTosB.

TakuM o0Opa3oMm, BcE pPacCMOTPEHHBIE METOBI
NpeANoJaraloT  paHKUpPOBaHWE  KPUTEPHEB,  YTO
npeaonpeaensier CyOBEKTHBHOCTh MOJTy4EHHBIX
pewennii. Ilpy HMCHONB30BaHUM METONOB TJIABHOTO
KpUTEpUST ¥ YCTYNIOK BO3HHUKAIOT CIIOKHOCTH B
MIPaKTHYECKOM OIpPENEeNICHNH JTUalla30HOB M3MEHEHHMH
3HAYCHWH  IIENEBBIX  (QYHKIUH, 9YTO  3aTpymHSET
MIPUMEHEHHE METOZOB U1 Pa3pabOTKH MHHOBAIMOHHBIX
TexHomoruii. Hambonee mPOCTEIM C TOYKH 3pPEHHA

BpeMs pacueToB — B METOJAC TJIABHOTO KPHUTEPHS,
MTOCKOJIBKY OCHOBHOE BpEMs 3aTPauMBaCTCs Ha PEIICHHE
JIMIIb OJHOM — TJAaBHOM — 3aJa4d OIITHMH3AIAH.
Koopaunatel  ontumyma, Haubojee — Onmskue K
SKCIIEPUMEHTAIBHBIM, TTOJYYEHBI 110 METOY YCTYIIOK.

6. BuiBoanbl

CpaBHuTEbHAs OLEHKAa OS(QGEKTUBHOCTH TpexX
BBIUUCIIUTENBHBIX CXEM MOJy4eHHs] KOMIIPOMHCCHOIO
pelleHuss  BBIIONHEHAa  JUId  IIeCTH  MOJEJNEH,
OIHCHIBAIOIIUX OCHOBHBIE (PU3UKO-XUMUYECKHUE
npouecchl (OPMHUPOBAHUS KOKEBEHHBIX M MEXOBBIX
MaTepralioB pa3iNYHOrO Ha3HAadeHWsA. MareMaTHdeckne
MOJIETIM TIPE/ICTABICHBI HANOO0JIEE YACTO MCIOTb3YEMbIMU
TUIIAMU YpaBHEHU.

VYCTaHOBIEHO, YTO METOJ TJIaBHOTO KPUTEPHs
MO3BOJISIET MOJTYyYUTh KOPPEKTHBIE PE3yNbTaThl B CIydae
CYIIECTBEHHOT0 Mpeo0sialaHksl OIHOTO W3 KpUTEpUEB
HaJ OCTaJbHBIMH. [IpHMeHeHHe MeToJa OrpaHUYEHO
U3BECTHBIMH TEXHOJIOTUSIMHU BCJIEICTBUE CIIOXKHOCTH
00OCHOBaHMSI ~ OTpPaHMYECHUH  JUII  HIKECTOSIINX
kpurepueB. [Ipu yBenMUEHMHM KONHMYECTBAa LENEBBIX
(yHKIMHA KadecTBO pEIIeHHs yXYALIAETCS, MOCKOIBKY
LEeIM HWKHHUX YPOBHEM HE BIIMAIOT Ha pe3ynbrar. B
METOJIe  NPHOPUTETOB  [EJM  HIKHUX  YPOBHEH
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YUUTBIBAIOTCSI, OJTHAKO HE OKa3bIBAIOT MPSIMOTO BIIMSHHUS
Ha pe3ynpTar. MeTron yCTYNOK sBIsieTcs Hauboiee
TMOKAM W  TIO3BOJSIET  YYECTh  TEXHOJIOTHUYECKHE
O0COOCHHOCTH TIPOM3BOACTBA MAaTEpHAJOB W3 KOXH H
Mexa; JaHHBIH METOA MOXET OBITh PEKOMEHAOBAaH IpHU
pa3paboTKe HOBBIX TEXHOJIOTHH.

BeinonHeHa nporpaMMmHasi peaiu3alus METOJO0B
TJIABHOTO  KPHUTEpUS, NPUOPUTETOB W YCTYNOK, U
pa3paboTaHHbBIH TMPOTPaMMHBIH MOIYJbh BKIIOYEH B
naKer MPUKITaIHBIX porpamm COTSolution,
pa3paboTaHHbIX Ha Kadeape KHOEPHETHKH XHUMHKO-
TEXHOJIOTUYECKHUX MIPOLIECCOB HTVYY «KIIN».
[omy4eHHble pe3yabTaThl MOTYT OBITH HCIIOJIB30BAHBI
ULt YCOBEPIIEHCTBOBAHHSA CYIIECTBYIOIINX "
pa3paboTKy MHHOBAIIMOHHBIX TEXHOIOTHH.
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