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1.Классификация металлургических систем
Металлургические системы, включающие совокупность разнообразных физико-химических превращений относятся к числу наиболее сложных. В качестве элементов системы они включают следующие элементарные процессы : химические реакции , фазовые превражения, массообмен , механические явления и т.д.
	Составляющие сложный процесс элементарные явления протекают в областях , масштабы ктр  различаются от низшего (уровень атомов и молекул) до высшего( уровень агрегата и производства) 
- на атомарном уровне описываются процессы химической кинетики , протекающие в областях, имеющих масштаб расстояний между атомами;
- на уровне частиц малого объема объектами описания являются процессы в масштабе отдельного включения шлака и газового пузырька в сплаве , куска шихты и т.д. ; процессы предшествующего уровня должны быть дополены явлениями макрокинетики ( Тепло- массоперенос)
- на уровне рабочей зоны агрегата описывают процессы в областях, размеры ктр соответствуют крупным агрегатам частиц ( слой шлака, насадка ректификационной колонны , зона плавления шихты и т.д. ) 
-на уровне агрегата  учитывают взаимное расположение , форму и размер рабочих зон 

2.Планирование экспериментов при построении статистических моделей различного типа 
	Выбор и количества и условий проведения опытов , необходимых и достаточных для решения поставленной задачи и с заданной точностью, с целью максимального извлечения информации из производимых экспериментов и уменьшения их числа.
	Для построения статических моделей применяют 2 виды эксперимента: пассивный и активный . Широко используется пассивный в форме длительного наблюдения за ходом какого-либо управляемого процесса , что позволяет собрать обширный ряд данных для последующего статического анализа . При активном эксперименте ,когда имеется возможность регулирования условий проведения опытов , чаще всего изучают влияние одного фактора при прочих постоянных , затем переходят к изучению другого фактора , стабилизируя значение , и т.д. , что не дает возможности отчетливо выявить их взаимное влияние. При планировании активного эксперимента наиболее эффективно одновременное варьирование величины всех факторов по определенному плану , при этом удается выявить взаимодействие факторов и существенно сократить объем экспериментальной работы.
	При планировании экспериментов исходный этап включает определение основного уровня факторов (хi=0) и выбор интервалов варьирования  ∆Хi с учетом ширины области действия разрабатываемой модели . Чем больше погрешность опытов и ниже точность поддержания факторов , тем шире мб приняты  их интервалы варьирования.

3. Классификация моделей металлургических систем 
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4.Ортогональное планирование экспериментов 
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5. Этапы построения детерминированных моделей различного вида 
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7.Стадии разработки аналитической модели с сосредоточенными параметрами 
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9. Стадии разработки программной модели с сосредоточенными параметрами 
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10. Анализ результатов статистического моделирования 
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11.Формулировка физической и математической модели детерминированного процесса различной пространственной структуры 
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15. Этапы построения статистических моделей различного вида 
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17. Оптимизация методом крутого восхождения 
Градиентом называют вектор, показывающий направление наискорейшего изменения некоторой величины, значение которой меняется от одной точки пространства к другой. Градиент ([image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image571.gif]) непрерывной однозначной функции [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image283.gif]есть вектор:
[image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image574.gif]
где [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image576.gif] — частная производная функции отклика по i-му фактору; [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image578.gif] — единичные векторы в направлении координатных осей факторного пространства.
Согласно теореме Тейлора о разложении аналитической функции в ряд частные производные функции по факторам равны по величине и знаку, соответствующим коэффициентам регрессии. Следовательно, градиент [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image580.gif]функции отклика y есть вектор:
[image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image582.gif]
Движение по градиенту обеспечивает наиболее короткий путь к оптимуму, так как направление градиента — это направление самого крутого склона, ведущего от данной точки к вершине.
Если изменять факторы пропорционально их коэффициентам с учетом знака, то движение к оптимуму будет осуществляться по самому крутому пути. Этот процесс[9] движения к области оптимума называют крутым восхождением.
Процедура оптимизации методом крутого восхождения может быть выполнена по следующей схеме:
1) выбирается начальная точка, отвечающая наилучшему из известных рабочих режимов объекта;
2) задается интервал варьирования [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image584.gif]каждого фактора;
3) с центром в начальной точке проводится полный факторный эксперимент для определения вектора градиента;
4) вычисляются произведения [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image586.gif]и фактор, для которого это произведение максимально, принимается за базовый, т.е. [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image588.gif];
5) для базового фактора выбирают шаг крутого восхождения [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image590.gif];
6) определяются шаги крутого восхождения по остальным факторам: [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image592.gif];
7) совершается рабочее движение, очевидно i-ая координата h-ой точки будет [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image594.gif](знак “плюс” берется при поиске максимума, а знак “минус” — при поиске минимума);
8) в каждой рабочей точке могут быть проведены опыты, во время которых измеряются значения отклика (признаком достижения частного экстремума на рабочем направлении является снижение значения отклика после некоторой точки, при этом шаги варьирования для каждого последующего цикла выбираются такими же или уменьшаются по сравнению с шагами варьирования предыдущего цикла);

9) поиск прекращается, когда оценки [image: http://ok-t.ru/life-prog/baza1/1559895612029.files/image596.gif]коэффициентов регрессии получаются статистически незначимыми — область оптимума достигнута.
При поиске оптимума могут встретиться сложные случаи (наличие нескольких локальных оптимумов, седловая точка и т.д.). Поэтому метод крутого восхождения не гарантирует нахождения глобального оптимума. Во многом это предопределяется и начальными условиями эксперимента.
Глобальный оптимум может быть найден при повторении эксперимента с меняющимися в широком диапазоне начальными условиями.
18. Метод случайного баланса 
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20. Метод симплексного поиска 
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YpaBueHus, npuBejieHube B tabs. 2.1, cTpoka 1, AONOJHH-
TeJAbHO YUHMTHIBAIOT, YTO NPH NPOTEKAHNH B anmapare xumuue-
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BeTCTBEHHOE H3MeHeHHe XapaKTepUCTHK IOTOKAa ({,;, t).
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peasbHbIM TOTOKAM B MPOTOYHBIX annaparax’ ¢ Meulajkou, rie
NPOMCXOMNT SHEPrUuHOe nepemMenIuBanue npi HeBoNbIINX 06beM-
HBIX pacxonax. B merannypruueckux arperatax Ipouecco mpo-
TEKalOT B YCJAOBHAX, OJH3KHX K HeaJIbHOMY cMellleHuio, 0co-
GEHHO 5TO OTHOCHTCS K HeGOJbIIMM 00bEMaM JKHIKOro MeTasid
H mJakxa.

B modeau udearvrozo evirecnenus (1abi. 2.1, €Tpoka 2)

‘TpeAnosiaraercs, uTO TOTOK JBHIKETCS 4aBHOMEPHO _CO -
pocteio v 6e3 nepeMem"nponoanOM HanpaBJ/eHUH
(mopiHeBoe JBHIKEHHE) IIpH OJHOPOAH acmpeneseHuy TIa-
ptdi‘-!"rpos BWHHH. EaCCMOTpPIM cxemy ar-
WW%

B ycTaHOBHBLIEMCSl pPeXHME 0o = C;r = const) HakoiJje-

uusi BemectBa B oobeMe AV He mpoucxoaut. Ilpu usmeHeHuu
cocTaBa noToka Ha Bxofe C;o KOHIEHTPalHUs i-r0 KOMIIOHEHTa
MPH POXOKJAEHHH MOTOKOM HEKOTOPOTO CedeHHs C OeCKOHedHO
MaJIoil TONIMHON Al u3MeHuTcs Ha BeqnuuHy AC; W Ha BBIXOAE
u3 nero cocraBut Beauuuny C; -+ AC;. Mamenenue C; B CeUeHHH
A— A mpoucxoauT BCJEACTBHE TOTO, 4TO HaJBHraloumuics co
CKOPOCTHIO U Ha BHIOpaHHOe CeYeHHe II0TOK XapaKTepHayercd
unoii BeauuuHof C; Tlpu NOJHOM BHITECHEHHH IIOTOKA H3MEHe-
HHe KOJIHuecTBa KoMroHeHTa i B oObeMe AV 3a Bpemsi At cocTa-
Bur AVACI, 4T0 paBHO Pa3HOCTH MeXJYy NPUXOJOM H PacXoA0oM
KOMIIOHEHTA 3a 3TO JKe Bpems:

AVAC; = CigAt — (C; 4 AC:)gAn,

’

AHaJoruuHoe ypaBHEHHE noJgvuaercda IipHu

OTKyjJa B npejee :
aC; aC oC, :
== .._q.ﬂ}g_q,_a_l.l, ‘ (2.8)

CMbicsi 3HaKa MHHYC XOPOIIO HJIIOCTPHPYETCS rpaduKkoM
(tabsn. 2.1, cTpoka 2), M3 KOTOPOro CJeAyer, 4TO OKOJIO cede-
Hus A — A npoussopnas dC;/dl orpuuareibHa, a NpPOU3BOAHAS
dC;/dt B ceuennu nonoxureapia (C; pacrer), -
‘ Ananornuno BBIBOAMTCA ypaBHEHHe, ONHCHIBAIOLIEe H3MeHe-
e TemnepaTyphl B NOTOKe €O CTPYKTYPOil, GIH3KOM K miealb-
HOMY BBLITECHEHHIO. i » ! '
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Pacemorpennas MOAGTD  &F el 1IpH guuoanii | UTONGESS
pamMeTpamMH ILIHPOKO Henoab3yeTes - joiuenneM AJTHHBL K- nya,
Kanaqax (tpy6ax) ¢ 0OJbIUIHM oTl
METpYy. s 9] crpokn 3 H 4) 101yuyy,

Aupdysuonnas modeas (TadIl: < o peasibHbiX 110TOKOB g
WHDOKOE DAaC crpafeHie MpH OUEHK \ yaludy

HPOKOE pacnpocTrp: ”P()JL()J”,”()(, H painaibHoe

annaparax, B KoTOPHX HPOMEKCH \kyJSPHOA M KOHBEKTHBHoR
nepemMelIHBaHHe B pesyJbTatTe M()'”«-U}l/vl()ll(‘.Jl[r{ CAYHHT MOJen,
audoysun. Ocnosoit anddy3HOHHOR 6paTHBIM IEPEMeInBy.
HACAJbHOI0 BLITECHEHHS, ()(‘.fl(mﬂlcn)llclﬂ 00}
HHEM (NPOJOJILHBIM H pajAHaJbHbIM). N
Ecau [IPH NMOCTPOEHHH MO/€eJH ylll/[Tb[Ba!OT I;)[in;K;;OIII]EZﬁ(T)nb.
HO€ nepeMelinBaHHe, a B paaHaabHOM uanpuaBJIC S H e pa-
WHI0 (TemmepaTypy) moJaraior MOCTOSHHOH, Gk T . éle.m,
HasBIBACTCS OAHONApameTpHueckoii (Tali. 2,1, crpoka 3). Ecay
sanaua Tpebyer, uyro6bl MaTeMaTHUeCKoe OMHCAHHE YyHUHTHLIBalo
ellle H pajauaJbHOe NepeMellHBaHHE, TO AONOJNHHTE/IBHO BBOAAT
BTOPOii napamerp — Ko3phuUHeHT paaHaJbHOrO MEpEMEIIHBa-
HHS,, H MOJIeJIb CTAHOBHTCS O8yxnapamerpu4ecKou.

Ha npaktuke nud¢ysnonHble MOAEIH AOCTATOYHO TOYHO BOC-
IIPOH3BOASAT CBOHCTBA peaJbHOrO IOTOKA IMPH HCCJEILOBaHUH
TpyOuaThiX anmapaToB (IOJBIX H 3aMOJHEHHBIX HACAaAKOMH ), IJle-
HOYHBIX DPaCHBIIHTEJNbHbIX annaparoB, 6ap60TaKHBIX YCTPOKHCTB
H T. I

B Tex cuayuwasx, Korga OnHCaHHble BEIIE MO He oTpa-
aloT ¢ TpeGyemoli TOYHOCTBI0 PeasbHOro XapakTepa IIPOLLECCOB,
HCIO/Ib3YIOT PasJUYHBIe KOMOUHUPOSaHHble moOeau, cojlepxa-
IHe HX NapajjenbHoe H (MIH) NOCHENOBATEbHOE BKJIIOUECHHE

€ yueToM OOpaTHOH H WIyHTHPyIOuIe} UHPKYJISLUH, 06pa3oBa-
HHs 3aCTOHHBIX 30H U T. J.

UMANbHBIX ypaBHEHHH (Tabu. 9.1
OHOH sAYelkH (f) sBAsiercs ﬁx(;ﬂCTpoxa l), npu srom sbixoA
dCl’ l

q
i RPN BT s
4 Vj (Cpyr Cijay).
[lpuy m =1 saueeyyay
HA€ANBHOTO CMEWEeHHs, npy
BLITECHEHHS.
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Mogep

et fepexoqur Mozeb

B Mozenp mpeaspHOTO
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TO ITO O3HAYACT YTO CKATAPHOC MPOM3BEACHHE JBYX BEKTOPOB X; 1 X; paBHsctes
HYJ0, TO €CTh BeKTOPbI X; 1t X; - OPTOrOHATbHI.

Tak Kak 1060¢ CKATAPHOE MPOMIBEACHHC JBYX PASIHUNIX CTONGLOB B MATPHIE
X [OMKHO GhITh DABHO HYMO, TO OTO YCIOBHE HA3BIBACTCA YCIOBHEM
OpTOrOHAMBHOCTH MaTpHibl X, @ COOTBETCTBYIOLICE MIAHMPOBAHIE SKCTIEPHMEHT
(onperenenie coueTarii HaKTOPOB) HAZBIBACTCA OPTOTOHATHHBIM ITAHHPOBAHHEM.

JU1t OPTOTOHATLHOTO TIAHWPOBANKS TIPH YHETE TOrO 4T0 Ty =1, U=1,, 10
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Takum 06pasoM, MPH OPTOTOHATKHOM TTAHKPOBAHHH CYMMA HICMEHTOB JI0GOr0
cToAGUa MaTpHubl X, KPOMe NEpBOTO CTOMGLA AOTKHO ObiTh paBHa HyMo. ITo
NPABHIO HCTIOMB3YCTCA NPH MOCTPOCHHH TGN DKCMICPHMCHTA, TO CCTh TpH
ONpEACICHNH KakiM 0BPa3oM HYKHO MCHATh 3HAUCHHA (aKTOPOB B OMbITaX. TO
NPABHIO NOKA3LIBACT, YTO B OPTOTOHATBHOM MJAHPOBAHMH MPH UCTHOM HMCAC
YPOBHCI, Ha KOTOPBIX (HKCHPYCTCS Kak il (DAKTOP, TO STH YPOBHH JOMKHB ObITh
CHMMTPHIHO PACTIONOKEHbI OTHOCHTENBHO IEHTPATbHON TOUKH X=0, MPH HEYCTHOM
“HCIC YPOBHCI J0MIKHA HCTONB30BATECA H LCHTPATbHAA TOUKA (PHC.6).

KpoMc  CBOVICTBA  OPTOTOHATLHOCTH IUIaH MOKCT OOMAZaTh  CBOICTBAM
HACHILCHHOCTH, POTOTAGELHOCTH H ap. TIaH SABIACTCS HACBILCHHBIM, CCIH OBIICE
SHCT0 OMBITOR N PABHACTCH HHCAY HOHIBCCTHBIX KO)MHLICHTOR MOMHHOMA m-+].

x4 Xa

-
08
E] [ETFT

Pic. 6. BuiGop yposieii BapLHpOBAIIIS TIPi OPTOTORAILHOM IIAHHPOBAITHI
[lnan HA3BIBACTCA POTOTAGCIBHBIM, CCAH JMCICPCHS OTKIMKA OJMHAKOBA Ha
OfIHOM PACCTOAHMH OT UEHTPA TIaHa TpPH JIOGOM HanpaBlcHHH B (akTOPHOM
NOCTPAHCTBE. B yNPOIICHHOM BHIE 5TO 03HAYACT, 4TO BCC TOUKH MUIAHA JCKAT HA
oxpykHoCTH (cdepe, runepedepe).
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neTepMHHHPOBAHHO Matey;

DERE p{‘:f}?:?:\)::;“na puc. 2.1. Hecmorps na “yHLoTquQQKU'p,
M;)S,flqe::l”:pgll;()ﬂe.[)){(a””“ KOHKPETHBIX ;s‘z{,‘};.r, M(’Jlenflr?e””bxg
pas;{oo6p33nblx MeTaJJ1yprauecKux [\l])()ll(‘l;{)IS, nurchoenneaH"”
TeqH BKJIOUAET ONpeaeJeHHYIO [I()LJ[(’JL()H,II(‘:v”,”(m,”) BraHM”‘
élgﬂaaunmx 9TanoB, peaJn3anus K():I‘()pb]x MO3BOJIsier YCneuTx(L
npeonioieBaTh BOSHHKAIOLLHE TPYAHOCTH. 1ol

[lepsbiM  3Tanom paGoThl ABJSETCA 'll()(,'Jdll()BKa sanay
(60K 1), BKIIOYaOULAs (OpMYNHPOBKY 3aJanus yg Octiop,

aHaJH3a HMCXOAHBIX JAHHBIX O CHCTEME H ee mgyyeyy.
OLEHKH BbIENSEMBIX JUIs OCTPOCHHS MOMCIH PECYPCoB (kay
(DUHAHCHI, TEXHHUECKHE CPEACTBA, BpeMA H T. 1.) B COMnocTapy,.
HHH C OXHJaeMbIM HAayYHO-TEXHHUCCKHM H COLHANbHO-3Kopqy,
yeckum 3¢pdekrom. IlocTaHOBKA 3ajaud 3aBEPIIACTCH yerapg,
JeHHeM Kjacca paspabaThiBaeMOH MOJCNH H COOTBETCTBYioyyy,
Tpe6OBaHHH K ee TOYHOCTH H YYBCTBHTE/IBHOCTH, OBICTpojefcr.
BHIO, YCJOBHSIM \3KCIJIyaTaluH, MOCJAeLYIOMeH KOPPeKTupopky
H T. 1., T. €. BCeX TeX XapPaKTePHCTHK, KOTOPHIE B COBOKYMHOCTy

cocraBasiior TY (TeXHHUECKHE YCJIOBHSI) Ha HOBYIO paspaborky,
~ CrepyiomuM 374 a TCH hOPMYaU._

pOBKa ()H3HYECKOH MOJENH Ha OCHOBE IIOHHMAaHHS CYIIHOCTH
ONHCHIBAEMOTO NpOLEcca, Pas3jessieMoro B HHTepecax ero hop-
Ma/JH3alkH Ha 3JEMEHTapHble COCTABJSIOLUINE SIBJIEHHs (Temo-
o6MeH, THAPOAMHAMHKA, XHMHYECKHE DeakuuH, (as3oBhe mpe-
BpalleHHsi ¥ T. [.) H COIVIACHO IPHHATOH CTeNeHH JeTaju3a-
UuH — Ha arperaThl (MaKpOYpOBeHb), 30HBI (Me30-), GuoKK
(MHKDO-), suefikn (cyGMHKpPOypoBeHb). IIpu sToM cTaHOBHTCS
ACHO, KaKHMH sIBJCHHAMH HEOOXOIMMO HJIM Lesecoo6pasHo mpe-
HebOpeub, B KaKOil Mepe Hajo YYeCTb B3aHMOCBsi3b (3alelenue)
paccMaTpuBaeMblX sBIEHHH. KaXXZoMy H3 BbimeJeHHbIX SBIE-
HHH CTaBHTCSI B COOTBETCTBHE ONpENeNeHHBIH (DHU3HUecKHil 3aKOH
(ypaeuenne Gananca) u YCTaHaBJIHBAIOTCS HayaJbHble W T[Pa
HUYHBIC YCJIOBHA €r0 NPOTEKaHHS. 3amHCh 3THX COOTHOLIEHHH €
NOMOUILI0  MaTeMaTHYeCKHX CHMBOJIOB — caefylomuit 91l
(610K 3), cocTosmmit B MaTeMaTHUecKOM OTHCAHHH H3yyaeMore

T,

)

npoll?)Lecca, o6pasyiouiem ero HCXOZHYIO MAaTEMAaTHYECKYIO MOAE/Ib:
S 34BHCHMOCTH OT (hHU3HYECKO NPHPOABI TpoueccoB B CH-
H X

dpaKkrepa pemaemoli 3ajaun mMaTemaTHueckas MOASD
Zggeg;mmam ypaBHenus Ganauca Macchl W sneprun A
v ;IeJIeHHbIX NOACHCTeM (6J10KOB) MoaeaH, ypashenus KH°
Bemecmaumuqecxux peaxumit U pasoBbIx nepexogos nepenocz}e
s AMIYILCA, SHEPPHH M T. A, & TaKke TeopeTHuecKi
e aMZMHHPH'{eCKHe COOTHOILICHH S Mexny paaanHuMH naﬂ
"POHegca BmoneJm H OTpaHHYeHHs Ha YCJIOBHS npOTeKaHH'
HBIX T oA C HESABHBIM XapaKTepoM 3aBHCHMOCTH BBIXOA

Pamerpos Y OT BXOAHBIX mnepemMeHHbIX X B noJyyeHto

;aoonenn HEOOX0 MO BLIGPaTH !quuuﬁg MEeTOA M paapatSoram
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aJropuTM DpelieHug
6ioke 3. Jlas i

3ajauy (Gne
alu3anuy \DI0K 4), chopmyaupoBaHHOl B
JOTCSI AHAJHTHYECKHE | ume o NPHHSTOrO aJIropuTMa HCHOJB3Y-
yae HEOGXOMHMO Coctamm . CIHBE CpelcTBa. B mocaefHeM cay
UADNEMO  COCTABHTE W Orrid iy i < 5o
(610K 5), BHIGpPaTE JAaauTh mporpammy mdas OBM
Frpig J» o I mapns J\
(610K 6) OCVLIL)ICCT)PHTapdMeprI BBIYHC/IHTENILHOTO IIpolecca
5 ~7h KOHTDOMIbHBIE cuer (60K 8). AHaJIH-

THUYECKOE BBIPAaXKEeHHe 5
B 9BM, npefcrammm(?:gg}igns)g) S{m B R R
ObITh HCIOJIB30BAHA JIS H3yyeHus gn}: g;?ilc?ﬂm oo o L
OyaeT YCTAaHOBJIEHA aleKBaTHOCTE " Us Npolecca, ecyau
(610K 11). Jlas mposepk ‘ U HaTYpHOMY OOBEKTY
PKH aNeKBaTHOCTH Heo6XOaMMO CO6paTh
SKCNEPHMEHTAIbHbIE JaHHBIe (G6J0K 10) o 3sHauennsx tex ¢ak-
;gggipif;giﬁi;ggib é‘TObTONFI’gIeeBXOJMT B cocTaB Monenu. OQHaKo
e it g vl JEJIH MOXKHO TOJBLKO B TOM cJyuae,
YAY bl (M3 TAa6JHYHBIX JAHHBIX H CIPABOYHHKOB)
WM JIOTIOJIHUTEJIBHO 3KCIEPHMEHTAJIbHO ONpee/eHbl HEKOTOphIe
KOHCTAHTBI, COJEpIKAIIHeCs B MaTeMaTHUYeCKOfl MOJENH Tpo-
necca (640K 9). ) ,
OTpuuare/bHblfi pPe3yJabTaT NPOBEPKH aJeKBATHOCTH MOJEJH
CBU/JETEJbCTBYET O €€ HEeJOCTATOYHOH TOYHOCTH M MOXKeT OBHITh
cJeJICTBHEM I1eJI0TO Habopa pasjMYHBIX NpPHYMH. B uacTHOCTH,
MOXKeT NOoTpeboBaThbCsl Nepeje]Ka MPOrpaMMBI C IeJbl0 peaJjiu-
3alHF HOBOI'O a/JrOPUTMa, He JAIOLero CToJb 0OJbLIOH MOrpell-
HOCTH, @ T4KKe KOPPEKTHPOBKA MAaTeMaTHYeCKOH MOJIENH HIIH
BHECCHHe H3MeHeHHIl B (DU3HYECKYI0 MOJeJb, €CJH CTaHeT SCHO,
uTO npeHeOperKeHne KaKHMH-AHO0 (aKTOPAMH HABJISAETCS NPHYH-
Hoil neypauu. JlioGasi KOPPEKTHPOBKA MOJLEIH (6aiox 12) mo-
Tpebyer, KOHEUHO, MOBTOPHOrO OCYLIECTBJIECHHA BCEX OUEpaili,
cojepzKalluxcs B HHXKeJIexKalnx oaoKax.
“Tlon0KATENBHE PeayabTaT NPOBEPKH a/AEKBATHOCTH MO-
Jle/ld OTKPbIBaeT BO3MOMKHOCTH H3YdeHHs npouecca IyTeM Ipo-
BeJieHHs CepHH pacueToB Ha MojenH (670K 13)’HT~ S n YEETIIN-
TALHH [OJAYYeHHOH UHGPOPMAYUOHHOL modeau. OCHJGIQL}%Ba;:g;_
Hasi KOpPPeKTHPOBKA HH(pOPMALMOHHOH MOJeMH C e

IeHHSI ee TOYHOCTH IyTeM ydyeTa B3aHMHOrO Bn;:;;; %21:{1;2%21;
Hus B MOJeJb [OIOJHHTE
enis Ly it pIX» K03 (QHIHEHTOB MO3BO-

W YTOUHeHHs Pa3JHUHBIX «HACTPOEH A2 st
JSeT TOJYYHTL JBPUCTUHECKYIO - modeab ¢ no;;l%lgzgenmyéo_
HOCTBIO, KoTOpasi MOKeT OBITh HHCTPYMEHTOM N

i oHell, YCTaHOBJIEHHE
5o va sipennil. HakoHeL, :
U3yyeHHs] MeXaHH3 e S ot TeOPOTHYECKOTO

ueneBoil gpynkuun (640K 19 3
S Ferepm iouels 2 14) pas obOecredeHus
Werc Matemarnueckoro annapatd (OF0€ FLgn oo onmmyma

ueJeHanpasiensof 3BOJIOUAE o _modens 1po-
.El BOIMOKHOCT_T1O 3 A pelueHus 3afati
uecca. Apantayus noaydenH ‘B peajbHOM Mac
ynpasa [IPOH3BOJIC g

il
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Paspa6orka amanuruueckoii (uHTerpanbHOH) MOACIM
AJISt CHCTEMBI C COCPENOTOYEHHBIMY iapaMeTpamu

paCCMOTPH_\I NOCJIeA0BATENbHO 3TaNbl NMOCTPOSHUS ACTEPMHU-
HHPOBAaHHON MOJe M AJs HambGoJsee MpocToro cJjaydas, AONYCKalo-
LIEro TOYHOe aHaJAMTHYeCKoe peurenne (60ku [—7,7 na pHc. 2.1).
[Ipuemnl, anasoruunmne paccCMOTPEHHBIM HHXKE, HCIIOAB3YIOTCS
(¢ u3BecTHOI Moandukanueil) Takxke 115 Gosiee CA0KHBIX CHCTEM.

Ilocranosxka 3adauu. Heobxoammo paspaboraTb MaTEMaTH-
YECKYIO MOJeJb Npollecca HarpeBa CJAMTKAa B TEPMHUUCCKOU TI€UH
(Taba. 2.2), ne npuberas K BLIUHC/AHTEJNbHOH TEXHHKE M HE
NpeAbABASAs BbICOKMX TPeGOBaHMil K ee TOYHOCTH. 3aJlaHBl pas-
Mephl CJHMTKa, ero HayaJbHas CpelHsas TeMmeparypa to, TeMIe-
patypa B neuu f,, KOTOpas OCTAETCsI [OCTOSIHHOH TpH HAarpese.

Hocrpoenue usuyeckoii modeau. B cuiry TpebyeMol Tpo-
CTOTH Mojesu Oyaem pacCcMaTpuBaTb CHCTeMYy Kak 06BeKT ¢
COCPEAOTOUYCHHBIMM NapaMeTpaMu, T. €. He YUHTbiBas II€penalna
TeMnepaTyp 1O TOJUIMHE CIMTKAa W NPHHHMAas €ro B KaudecTse
MaTepuasbHOH TOYKH, HMMEIONleH TMOCTOAHHbIE Maccy M, unot-
HOCTb p, 06beM V u mosepxuoctb F. ITpumewm, uTO Tenaoo0Men
CJAUTKA C TeYbl0 IPOUCXOAMUT MO 3aKOHY KOHBEKTHBHOTO TeMJIO-
o6mena HpioToHa, T. e. npeHe6pexkeM JYUHCTHIM TENJ00OMEHOM.
Hauasnpuas Temnepatypa CJAMTKa fo MeHbLIe TeMmepaTypbl B
fleud f,, C TeyeHMeM BPEMEHH B pesy/]bTaTe TenyooOMeHa 3TOT
nepenaj Ttemneparyp fp—{% YMEHbBIIAGTCHA, TaK YTO Harpes
CJANTKA ACHUMITOTHUECKH 3amepgsiercsi. Taxkoe mnoapoOHoe H3Jo0-
JKeHHe yCJOBHH YaCTHOW 3ajayu HarpeBa CJAMTKA NPENCTaBIACT
HHTEpPec TOJABKO MOTOMY, UTO aHAJOTHYHBIM 06pa3oM MOryT OBITD
nocTapjeHbl BecbMa MHOTHE 3aJayud PasJHYHBIX MeTaJlrypruie-
cKHX mpoieccoB (Taba. 2.2). ,

Dopmyaruposka maremaruieckoi modeau. OCHOBHBIM COOT-
HOWIEHHEM MAaTeMaTHUECKOH MOojJenn sBJIseTcs ypaBHenue 0a-
jianca SHepruuM: M3MeHeHHe BHyTpewmeil suepruu cautka dQe
paBHO KOJHMYECTBY TNOIJIONIEHHOTO OT meun Temaa dQn: dQ. =
= dQy,; Buhipaxaa dQ. yepe3 u3MeHeHHe cpeaHeii TemmepaTyp!
B ofbeMe CANTKA M 3anuchiBas dQ, cornacHo 3akony HpioToH2
dQ, = a(ty— t)Fdr, nonyunm Vepdt = a(ty— t)Fdt, tae ¢—
yjaeabHas TenJoeMKOCTb MeTaJia; p — MJIOTHOCTL MeTraJia; ¢
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KO3
ddunnent TCNI00TAAYH o1 neuy none

mansio F, [ L PXHOCTH cauT: -
ONIYUeHHOe Aupdepentnan,noe ypaBHeHye Ka 1o

dt aF
@ = Vb —1), (2.9)

XOTH u , o
B COBO Vnaer ABOM saBHCHMOCTH {(t), MoXKer paccMaTpuBaTLCHA
KYMHOCTH ¢ HavaNbHBIM yeaoBmewm

t=1{ npu =0 (2.9a)

Kak duppepenyuaronas maremaruveckas modes OjiHONIapamer-

PHUECKOrO mpouecca, BBPakKalomas cKOPOCTh HIMCHEHHHA eni-

CTBEHHOro BLIXOAHOrO mapametpa (Temmepatyphi df/dt) Hepes

onpeneasiioumue ee pakropsl. B uacrnocrn, ua (2.9) caenyer, 4o

CKOPOCTb HarpeBa HMMeeT MaKCHMAaJbLHYIO BeJHUHHY B Hadaje

Tipouecca, koraa f == fy, u yO6biBaeT BO BpeMeHH B TOH cTenemw,

HACKOJMLKO MOBBHILIAGTCS TeMnepaTypa CJauTKa [ (NpH npoumx

NOCTOSIHHBIX BesuyuHax). Kpome Toro, u3 (2.9) oueBuano, uto

CKOPOCTb HAarpeBa 3aBHCHT OT KOMILJIEKCHOTO Te€OMETPHYECKOro
napamerpa F/V, KOTOpbIi 3aBHCHT He TOJNBKO OT Pa3Mepos, HO
H OT KOH()HIypauHH pPasjHYHBIX CJAMTKOB. B Teopuu Tensonpo-
BOJHOCTH YCTAHOBJIEHO, 4YTO TEJNO SBJSIETCH «TE€PMHYECKH
TOHKHM», 4YTOOBI nepenajoM TeMmepaTyp B HEM MOXKHO Obljo
npexebpeun, ecan kpurepuit Buo Bi = aV/AF <« 1 (3pech % —
TeNJONPOBOAHOCTL MeTaJla). ATO COOTHOUIEHHE TO3BOJSET Olle-
HHTb INpeJieJbl IPUMEHHMOCTH NOJYYEHHOH YMPOIIEHHOH MOJeJH.
[Moao6ublii aHaMH3 MOXKHO OBLIO OB NPOJAOJIKHTS, Hanpumep,
CONOCTaB/sAsi CKOPOCTH HarpeBa MJsi Tesl Pas3/IMUYHOrO pasmepa,*
4TO JaeT Ba)KHYI0 W ITOJIE3HYI0O MH)OPMAUMIO, NaixkKe eciau Audb-
(epenunaibHas MOJENb He HHTETPHPYETCS MPOCTHIM 06pasoM.
O6pamasc, BHOBb K TabJ. 2.2, MOXHO BHAETb W3 NPHUBEIEHHBIX
npumepoB (rpaga 3), uto cambie pa3HOOGPa3Hbie MPOIECCH ONH-
CBIBAIOTCS CXOAHBIMH MO CTPYKTYpe ypaBHeHHsIMH Gasianca smep-
rHM (HarpeB CJAMTKa), Macchl (3a/MBKa MeTajiia), KOJHYeCTBA
npumeck (KPHCTAaJJH3aUMs ), NOITOMY BO BCeX NOAOGHBIX Cay-
uasnx BO3MOKHO HCNOAB30BAHHE AHANOTHUHBIX [PHEMOB NOCTPOE-
HHA ARGHepeniuanbibx Mojieaell W uX anaausa.

'yt

A HILk -
- Buop meroda u paspaGorka aacopurma pewenus 3adaui.
H M

» UTO napamerpu mopenu (a, F, V, ¢
HHBIX nponecca (Temneparypul u Bpe-
b BAHANMEM HATpeBa W TepMuic

B (89) pewaercs

&
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< CrLidc a0t NTVva QLives
AJrOPHTMY, NMOJVYHM 3 IHAYA BRI

OTKYZa nocJje
o Q ¥ ‘l : _“K‘ . Yuetom HavYaaLuor VCJIOBHA
(2.9a) caeayer Bupaxenye ; o R

$ o= s — 1) & ey )
(In [Lv’(.\P('—-TT)’ f210,

ABJAAIOUICECS uHTe2parbuog K
J Modensvio Tipouecca H
: ; In J >
HBIX OTPAHHYEHHSIX H Ynpouwenusy. An p S o

: AJIOTHYHBI J
MOZAC/H DPa3JHYHBIX Npoueccos (Tab 5 6 fasenl

. J. 2.2, rpada 6) pasauunb
no MaTe.\iaanem\o;}’QJopMe, OJHAKO 00JagalwT TOk 0611HOCTBIO,
9TO JalT npubJaHKeHHOe dHAJHTHYECKOE ONMHCAHHE KHHETHKH

NNpoueccos, npu YCJIOBHH AOCTAaTOYHOro ynpouiesus no-
CTAaHOBKH 3aJauyu. HQHHOCTb 3TOro pesyJjbrara B TOM, 4TO OH
MATEMATHYECKH CTPOr MNPH CYLIECTBEHHOM CXeMaTH3aluHH (H3U-
HECKOH MOZAeJH mnpouecca. B cuay 3Toii ocoGennocTH MoJzesb
BIOC/ICACTBHH TOCTYXKHT HEe3aMEHHMBIM 5TAJOHOM, KOTJa Oy-
A€T NPEANPHHATA MNONBITKA NPHOJIHKEHHOTO (unc/ieHHOTO) pe-
WIEHHsA 3a4a4u AJ51 (USHYECKHUX YCJIOBHIl, Gojlee TOYHO OTpa-
KaloHKX peaabHble mpoueccsl. Kpome Toro, Hepeako paxe mpo-
CTbI€ MOJIEJH XOPOLIO OINHCHIBAIOT OTJEJbHbBIE 3TAlbl CJOMKHBIX
IIPOLECCOB.

Haa pewenus KourpossHeix 3adau TpeGyeTcs 3a4aTh KOM-
a o
nJjeKc k = Vep BeJIMYHHA KOTOPOro M3BECTHA ¢ 6OJIbLION TO-

rpEUIHOCTBIO, NOCKOJIbKY, HallpuMep, 3HauyeHHe ¢, IPHBOAHMOE
B TabJjunax, gaercss Hepeako c owubkoit =+ 5—10%, a Beau-
YHHA @ MOXKeT OBITh TOJbLKO NPHOJHKEHHO OLleHeHa C pasbpo-
coMm B 40—60%, Tak KakK 3aBHCHT OT OKHCJEHHOCTH NOBEPXHO-
CTH, HHTEHCHBHOCTH KOHBeKUHH B neun u T. A. ITostomy como-
CTaBJleHHe 3THX PACUeTHbIX JAHHBIX C Pe3yJbTaTaMH KOHTPOAb-
HbLX 3KCNepumenTog 3aTPYJHHTEJbHO H He JaeT OJHO3HAUHBIX
pes3ysbTaToB, 0COOEHHO, €C/IH B 3KCIEPUMEHTaxX He Obl1H 3aHUK-
CHPOBAHBI, HANIPHMEp, 3HAYeHHs fo WIH fn, a H3MepeHHe f mpo-
H3BeJIeHO B Pa3JIMYHBIX TOUKAX CJIUTKA.

Iposepka adex6arhocTu Modeau COCTOMT B TIOMCKe OTBeTa
Ha TPHHIMNHAJLHBIH BONMPOC O TOM, COOTBETCTBYET JH HAaTyp-
HBIM JlaHHBIM [OJYy4YeHHasi 3SKCIOHEHUMAJIbHAs TeOpeTHUecKas
3aBucuMocTh (2.10), u coBceM He CBOJHTCS K NOJArOHKe 3Haue-
Hull F uau o. [Mopobuylo 3anauvy OﬁbIIIUHO pelIalT MeTOAOM Al-
Heapuszayuu oneiTHbLx OQHHbLX, KOTOPBIH CBOLHTCH K Eaxghggai;
6opy KoopamHaTHBIX OCei, yTOOBI gﬁecneqmb npuegl npnann e
TEOPETHYECKOro BblpaKeHHs B ypaBHeEHHE npnm::%le cnbcodm
Pa3/HYHBIX BHAOB ypaBHEeHHIl HCIQJL3YIOTCS P ik ono
JuHeapusauup (ra6a. 2.3). IlpuBenenHble TPHMED m
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BalOT, YTO HEPEAKO ONHO TO 3
; 2peaK H TO XKe ypaBHEHHe MOoKeT Obl i
oy AL ypaBHeHnue Momer ObITh JHU
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9TOM PE3VJILTAT He BVier omim: :

HeI{HSII ((S% ”fr]ll_’* ‘1!%‘ f},m.u OAnosHaunsiM. Hanpumep, ans ypas-

b e ,l&\d”"' <.J) C M3BECTHBIM MOKA3aTeeM CTeneHH npes-
©hUEE HE MCIONb30BaTL JOrapHgMHpPOBaHHE. IIpumene-

HHE JIOTapH(MHUECKHX oOceil KOODIAHHAT IPH OTHOCHTEJNBHO V3-
KHX TIpELeJIaX H3MEHCHHSI NepeMeHHBIX Jerko ,ll\a(':'l /HCKé)Mil/;()
«JIHHEADH3AUHIO», MOCKOJIbKY CHJABHO CHKATHI Jgorapupmuposa-
HHEM OTPEe30K JI060H KpuBOii IIpeICcTaBJsAETCs [MOYTH npﬂM(mﬁ—
HeHHBIM. Cienyer o6paTuth BHUMaHHE Ha TO, 4TOOHLl JiUHEapH-
SYIOIHE KOOPAHHATHI HEe CONEePIKAJH HEH3BECTHBIX HJ/IH TPYAHO
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Puc. 2.2. ITpoBepka ajeKBaTHOCTH AaHAJHTHYECKOH MOJENH METOJ0M
JIMHeapH3alHH

I3MepsieMBIX NapaMmerpoB ypaBHeHus. [lo 3Tpo# mnpuunHe, He-
"OMHEHHO, NPEeANOoYTeHHe CJIEAYeT OTAATh IEePBOMY CHOCOGY JiH-
{eapH3allid ypaBHeHHs 2 = ki", TaKk KakK OH [O3BOJSIeT
)60HTHCH 6e3 H3MEpPEeHHs] N M Jaxe JaeT BO3MOXKHOCTb OIpese-
[HTh # 110 H3BECTHOMY YyTIJIy HAKJOHA NPAMOH JIHHHH.

Hus ypaBuenust (2.10) ¢ a3KcHoOHeHIHMAJbHOH (QyHKUHEH HALO
OCII0/Ib30BAThCA 110JYJ10rapuMHYECKHMH KOODAHHATAMH Y =
= In/({y—1*) u x=r1. O6paTiM BHHMAaHHE, YTO NO OpAUHATE
ano oTKJaabBaTh 3HayeHue In (f;—1¢), T. e. IpH OpraHU3alHu
OHTPOJILHBIX OIBITOB CJEAYeT HPEeAyCMOTPeTh H3MepeHue Be-

YMHB f, WK HENOCPEACTBEHHO pasHOCTH (fn—1{), Hanpumep,
npdepenunaspuoi Tepmonapoit. Ha pue. 2.2 mpeacTaBlenbl
PH BO3MOXKHbIe CHTyallHH, BO3HHKAIOLIHE IIPH MNPOBEPKe ajiex-
aTHOCTH METOJOM JIHHeapH3alHH.

Ec/iin 3kcnepuMeHTaJbHble TOYKH OTYET/IHBO pacnoJaraiorcs
a npaAMoii auuuu (puc. 2.2,a), 370 CBUAETENbCTBYET O TOM, 4TO
easbHasl 3aBHCHMOCTL OJIM3Ka K TOH, Koropas 3ajaHa ypaBHe-
MeM MHTerpajpHOi MOAENH, T. €. IMOATBEPMKAaeTcs aAeKBart-
OCThL HaTypHbiM ycaoBusiM. [lapamerpamMu ypaBHEHHs TPIMOH
AHHH § = ax - b, Jerko OnpeieseMbiMH IPaduuecKH, sBs-
TCs CBOGOAHBIH yseH b, paBHBIH 3HAYEHHIO Yy TIPH x==0; a
JKOKe TaHrenc yrjia @ HaKJAOHA npsiMoii K ock x (puc. 2.2,a).
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3.6. MpoBepka ageKBATHOCTH PErpecCHOHHON MOLEAM

AZleKBaTHOCTb CTATHCTUYECKOH MOJE/JH OLEHWBAeTCs C [o-
Momplo F-kputepus Puuiepa nyTeM CONOCTAaBJEHHS OIUIHGKH,
NoJlyqyaeMoOi MPH HCIOJb30BAHHUH MOJENH, C NOTPELIHOCTHIO Ollbi-
T0B. Jlucnepcusi aJeKBaTHOCTH Sax® onpejessercs mo dopmyJe

: %
Soit 7= ., (Werm i)

fl(N)
Pa3HOCTBIO JKCIIEPHMEHTAJbHBIX Yy; H PacUeTHHIX Y; 3HAUCHHI
napamerpa y npH YHCJe cTerneHed CBOOOADI fi=N—(k+1),

rae N — KoJuyecTBO OINBITOB; R — YHCJIO q>a1§TopOB. Monenn
MOXHO CYHT4Th ajeKBATHOH C JOBEPHUTEJbHOH BepOsTHOCTHIO
(1 *(1), ecan F = Saﬂz/sy2 < Fra6a, THE FTaO-'l(fl’ f‘-’t (1) — T1ab-
JIMYHOe 3HayeHue F-KpUTepHs NPH yPOBHE 3HAUHMOCTH a H HHCJE
CTenenedf cBo6oabl [ — YHC/AHTEISA H fo — 3HaMeHaTessl. ﬂém
OCyllecTBJIeHHs NMPOBEPKH a/eKBATHOCTH MOJEJH Hao, HTOO
YHCNI0 onpirop N 6bLIO 6OJible YHCHA OMPEAeIeMbIX Koacpcbu:
Unentop perpeccun (k -+ 1). [Ipn a0exk8aTROCTU modeau ﬂ:}.:lgl‘;f;lﬂ
HO® NoJMHOMHAbHOE ypaBHEHHE MOXKeT ObITh HCIOJIL3OB

HHTepnperanun pe3yJbTaToB. Cpo6oaHbIA YJeH YypaBHEHH:H b5;
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5KCIEePHMEHTa,
JIeBOM ) YDPOBHe,
b, nokasui-

COOTBETCTBYET BeJMUMHE Mmapamerpa B LeHTpe
KOrjga Bce (pakTopbl HaxoAsTCs Ha OCHOBHOM (my
ComnocraBnenne b, ¢ auuefiHbIMH K03 HHIHEHTAMH
BaeT, HACKOJIbKO H3MeHsieTcsi BeJMuyHHA Napamerpa IpH CMerie-

HUH OT UeHTPa K neprdepun skcriepuMenta (¥, = = 1). 3nak u
BEeJHUHHA JIHHEHHBIX K03(QHUHEHTOB PErpeccud bn YKasbiBaior
HanpaBJeHHe H CHJy BJusiHUs (haKTOpOB B mpeaestax HHTEpBa-
JIOB HX BapbHpoBanusi. [lo BeanunHe KO3()(PHIHEHTOB bn MOMKHO
paHXKHPOBaTh (hAKTOPHI, BJMSIOMIHE Ha BBIXOAHOW MaPaMeTp y.
OTH JaHHblE MOTYT GHITH COMNOCTABJEHBI C TEOPETHUECKHMH IMpex-
CTaBJIEHHSIMH O MeXaHH3Me TOrO BJHAHHS H TOCJHYKHTH €ro Ko-
JIMYECTBEHHOH OIleHKOI. ' Bospmas BelHYHHA KOSQ’)Q)HHHQHTOB
perpeccHu MNpH B3aUMOJEHCTBUAX bnm YKa3bIBAET, YTO IOBEpPX-
HOCTb OTKJ/IHKAa HeJHHEHHA MOJA BJMSHHEM COBMECTHOT'O BO3Jeii-
CTBHSL (DAKTOPOB, B CHJYy Yero BJHSHHE AAHHOTO (akTopa He
aJIUTHBHO M €ro CHJIa 3aBHCHT OT 3HauyeHHs APYroro gakropa.
[IpuunHamu HeadexsarHoCTU AUHCUHOU MmOOeAu MOTYT ObITh
CyllecTBeHHAsi HEJHHEHHOCTb IOBEPXHOCTH OTKJIHKA, ILHPOKHE
HHTepBaJibl BapbHPOBAaHUS M O6oJ/blias OWIMOKA 3KCIEPHMEHTOB.
O HeoO6XOAUMOCTH IOCTPOECHHS HEJHHEHHOH MOJLEJNH CBUJE-
TeJAbCTBYIOT GOJIbINOE. DPa3MHuHe MEXKAY BeJHUHHON bo(y = by
npu X, =0) ¥ ONBITHHIMH 3HAUEHHSIMH I[apaMeTpa B LEHTPe
3KCNIEPUMEHTa, a TaKxkKe 3HauuMble W OOJIbLIME [0 BeJHUHHE -
(hexTel B3aHMOJEHCTBHS, KOTOPbie HEOOXOAMMO BKJIIOYHTL B MO-
aenb. Jlnsi cHHXKEHHS 3(()EKTOB HENHHEHHOCTH ILesecoo6pasHo
pasjiequTb 06J1acTb SKCIIEPUMEHTOB Ha noxobmaactH, T. e. yMeHb-
WHTH HHTEPBA/Ibl BAPLUPOBAHMSA, H HAHTH JUISL HHX Pas/esbHOE
onucaHue. YMeHbIICHHE BJHAHHA OIIHOKH 9KCNepHMEHTa AOCTH-
raercsi AyGJHPOBAHHEM ONBITOB, a TaKKe NPOBEACHHEM 1010
HUTEJILHBIX ONBITOB JJIl LOCTPOHKH MATPHUBL 10 PeIVIHKH MeHb-
wei Apo6GHOCTH. ~ :
CnenuaJjbHble BONPOCH NPOBENEHHS IKCIepuMenToB u obpa-
'60TKPI HX pe3yJbTaToB NPH MOHCKE ONTHMYMa M BOJH3H OT HErO,
£ asoie TP, TocTpoRkER CTATICTHIECHER wojeneh b Tpo
0 Npou3BoJcTBA paccMmart-
pusatorces B [1, 5, 7].
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2.5. Pazpa6oTka nporpaMMHO#H (4YHCJIEeHHOH) MOAEaH
IJISi CHCTEMBI C COCPeLOTOYEHHBIMH MapaMeTpamMmu

[Tocsie Heyma4yHOH NMONBITKH NPHUMEHEHHS aHAJIMTHYECKOH MO-
JleJId, JJIs1 IOJIy4eHHsT KOTOPOH NoTpe6oBaJoCh MPHHSATH JAOMyLIe-
HHe O IIOCTOSIHCTBE TIapaMeTpoB JAHG(epeHunasbHOd MOAeH
(taba. 2.2, rpadel 5 u 6), BO MHOTHX CJaydasix Iesiecoo6pasHo

0TKAa3aTbCs OT MOMBITKH 0A060pa TAKHX YTOUHEHHH MOJEJH, KO-
TOpble NO3BOJISAIOT BHINOJHHTbL AHANUTHUECKOE HHTErpHPOBAHHE,
NMOCKOMLKY B GOJBIIMHCTBE CJIydaeB NOTpeGyercst AesaTh BecbMa
HCKYCCTBEHHBIE JOMYLIEHHS] O XapakTepe 3aBHCHMOCTEH Napamer-
pOB MojeJH OT mepeMeHHbIX mpouecca. HanGosee yHuBepcaip-
HBIM CIOCOGOM, MO3BOJISIIOLMM CPaBHHTENBHO INPOCTHIM IyTeM
pemarh 3ajayd ¢ NPOU3BOJbHBIM 3aKOHOM H3MEHEHHsi mapamer-
POB MOjesu, siB/IAETCS [NPHMEHEHHe YHC/ICHHOrO PelIeHHST 3ajauH
¢ nomouipio IBM (6a0ku [—6 ma puc. 2.1). OGbluHO Asisi pe-
iwenus An¢pdepeHunaibibX ypaBHEHHH HCNOIB3YIOT PA3HOCTHEIE
MEeTOAbl pemieHusi, XOPOUIO H3BECTHbI€ H3 TEOPHH H obecneyeH-
Hble CTaHJAapPTHBIMH NPOrpaMMaMH. 3ajaua 3akjoyaercss B BbI-
6ope pambosee NOAXOAALIErO MeETOAA, KOTOPBIl coueras  Obl
1pocToe mporpaMMUPOBAHHE pellaeMOi 3ajaud H HEOOXOHMYIO
TOYHOCTH pelieHHsi NPH SKOHOMHBIX 3aTpaTax MallHHHOTO Bpe-
Menu wa pocrynioit DBM. ;

29
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jeopuTMa peUieHuR 3adayy,
ante i N

Boibop meroda pa3paboTka Lae 128 oGituth ng

1 Y s ypaBHE v
Hcexonnoe audgepennnaabioe  ypa aeHHEM
KoTeporo MOKCT ObITh NMpeACTaB/eH BbIpAME

y! = "{.‘,. = f(x, ¥) ( )

s ax

aaveTes K DAa3HOCTHOMY By

AJISE YHCJIEHHOTO pelieHHs npm()pd.s'yt’un\‘ K 4\,12 s !J;Iy
BBEJEHHEM AHCKPETHBIX NmepeMeHHbIX Xo, A1, ~2 ¢

omepHOe NpHpalleHHe He3apy.

:.VO—{"[Axv rae lzo‘ 1’ R
6biTh IpHAAHa Pa3HOCTHag

Y2, ..., Yn. OObIUHO 3ajal0T paBH
CHMOH nepeMmeHHoH Ax, OTKyAad Xi
Toraa ypasuenuio (2.13) MoXerT
¢dopma

R R o ¢ e YtV =fi(xy ),
Ax

ILY
OTKyJZa MOXKHO IOJIYYHTh BBIUYHCJHTEJNbHYIO hopmyay
Yirr = yi + Axfi(x, Y), (2.14)

NO3BOJISIOULYIO 110 H3BECTHOMY 3HAuyeHHIO y; H [i(X, Yy) Ha npens-
AyuieMm i-M Iiare no x Ha#TH 3HaYeHHe Y4y HA IOCJIELYIOlleM
(i 4 1)-m ware. Uto6bl OCYLIECTBHTh 3TOT IPOLECC BHIYHC/ICHHI
BNJIOTb A0 n-rO 1Iara, HaA0 3ajJaTh HayaJbHOEe 3HaYeHHe |
Y(xo) = yo. Bun dyukuuu f;(x, y) 3aBHCHT OT NPHHATOrO Me-
TOJAa BLIYHCJEHHS NMPOU3BOAHON (Tabi. 2.4). B mpocreiimem cay-
uae, peaiusyiolleM MeTox Siinepa, 3aaawt fi(x, y) = f(x; yi),
T. €. SKCTPalNOJHPYIOT NPOH3BOAHYIO Ha Wesblii war Ax Brmepes,
BbIYHC/IHB €e 3HaueHHe B npeawiaymeit Touke. INonyuaemas npu
3TOM TIOTPELIHOCTh MOXKET OKa3aThCsl CJHLIKOM BBICOKOH M MO-
TpebyeTcsi CHJIbHO YMEHBUIATb WAr Ax, T. e, 3HAaYUTEJbHO YBe-
JHYHTE O0beM BbluHCAeHHH. [Ipu HCIIOJIb30BAHUK METON0B MO-
BBIIIEHHOH TOYHOCTH Jiiiepa — Koy, Pyure — Kyrra u ap.
(taba. 2.4) nOrpeulHOCTh peuieHHs MOXKET OBIThb CyiecTBEHHO
YMEHbIUEHA 1IPH SKOHOMHOM HCNOJIb30BaHMK MauIMHHOrO BpeE-
MEeHH.

Kak Buano us coothomwenus (2.14 B
npaBoi H4CTH TIPOU3BOAHTCS ﬂYTe(M IIO)}iCT:Il;‘;[BCl?: H::Bgé'(rfi,lalg)fl:
NPeABIAYIIEM i-M Ware 3HAaYeHul yx; y Yi, Hanpumep,

4

= a(t;, ) F
it = et (oo ) v (2.15)
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3YyeMOM SI3BIKE MporpaMmuponanus

KOManiamu n one
ceql VISl KOHKPeTHOH ABM.

a4 Taxkmxe BOCIIOJIL3OBATHE %
])nll‘l[):lMll BBOJIa H BBIBOA 4

v, IPUBeneH Texe: aMM
s '\’“/\\ "~| !(‘l\l’.‘l i‘r'r)(;\.‘ 1 : ' JEH TeK( I ”])Ul pr” bl
| <00 1a  SA3LIKe ([)t)l)1 pau, B KOTOpOM

NPeAYyCMOTPEH BBIBOJI pesyianTaron iepes 20 waros cuera 1«
g \ mnar v 1y ¢ 7 g / 'y
BpeMenn. Ornanka IPOTPaMMBl 3akJoyaeTcs YeTpaneuuu ouu

60K, BO3HHKIUHX HAa aran
A ' { dllC nporpaMMupoBanus ojie )O-
rpaMMmel B 9BM, : Moty

CTAHAAPTHBIMK

PROGRAM

READ (S) ALFAO,F v
T=T0 TAU=0O K-O, N;"-égo' Pk e TP,DLTAU'BI Dty

R-ALFAO*F#DLTAU/(V#CO#R
10 TAU=TAU+DLTAU "
C=1.4+Ci»T

ALFA-1.+B1&TAU+B2*T*G3
T=T+R* (TP-T) #*ALFA/C
K=K+1
IF (K<NO) GO TO 20
WRITE(7,30) TAU, T
K=0

20 IF(T>TK) G0 TO 10
WRITE(7,30) TAU,T

30 FORMAT(3X,’TAU=’,F10.3,3X,’T-',FB.3)
END

Jl7s BbIAIBAEHHS OIMHGOK HEsI3bIKOBOTO XapakTepa Jeaior
KOHTPOJIbHbIH CYeT KaKoro-au6o BapHaHTa, I[PeABAPHTENbHO
BCTaBHB B TEKCT NPOrpaMMbl ONEPATOPHl OTJAAJ0YHOH MNeyaTH,
MO3BOJISAIONIHE CJEIHUTh 3a TEKYIUHMH pPe3yJbTATAMH BhIUHCJIE-
Huil. B psigze 9BM ass aTHX LeJell NPeAyCMOTPeH ClelHalbHbli
pexum cuera (DEBUG). _

Bolbop napamerpos 8bi4UCAUTENbHOZ0 npoyecca. [Ins npoBe-
JIHHSI PacyeToB INIPH YHCJEHHOM HHTErPHDOBAHHH YpaBHEHHS
dy/dx = f(x, y) Heo6XOAUMO 3ajJaTh BEJHYHHY Iara Ax, o1
KOTOPOTrO 3aBHCAT NOTPElIHOCTb BEIYHCJEHHH Oy H 3aTpaThl Ma-
LIHHHOIO BpeMeHH Tm-llﬂﬂ OlLI€EHKH HOFpeHHKWTH,BHOCWMOﬁ quci
JIEHHBIM METOJOM pelleHHsi 3a/a4YH, HCIOJb3YIOT JBa MpHeMa.

— CcOmocCTaBJeHWe HHCJEHHbIX JaHHBIX C pe3ysbTaTaMH H3-
BECTHOrO aHAJHMTHYECKOrO pelleHus, B KauecTBe KOTOPOro MOxi-
HO MCHOJB30BaThL ypaBHenus (rabu. 2.2, rpaga 6), spasioumecs
YaCTHBIMH pelleHHAMH s cayuas nocwl‘i;x“ i:;w%ﬂpoa)\‘
MOJeNH; B 'laACTHOCTHé lzub l:!‘ ze:: O?ﬂ,“ TS

T. €. IPH €, i ) :
a % _f (ﬁbﬁl’mmﬁue pesyJibTaToB nompwoﬂnwu
¢ mocjeoBaTeNbHO YMeHblaeMo# BeJHUH ~wara Ax; ecan

NIPOH3BECTH BhLIYHCJIEHHA, H3MEHHB AX B JBA pasa, ‘
lul;ﬂ ouenks &y BOCNOAL3OBATLCH 1P it popmynoi
Pyure ‘ 3

| PV 1t S 2.16)
| 33
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MoJy4eHHble ¢
LA ple 3HAUEHHS, 007.
rae y(2Ax), y(Ax) — pacuerHk § — MOPSILOK TIOTPEIIHOCTH, fpy
BeTCTBeHHO ¢ marom 2Ax H AX;
A AnM3alUK  UHCICHHOMY  Mergpy

Cymuii BbiOpanHOMYy JJsA  pe
{rabua. 2.4.).

Ilpu ymenbwenun mara Ax pacyeTHblC SABHCHMOCTH y(x)

, 09TOMY COIIOCTABJIEHHE De3yy.
CXOISITCS K TOYHOMY peIIeHHIO, II ¢ yMeHblueHiey A
TAaTOB, MOJyYaeMbiX NpPH NPOOHBIX pacueTax C y e i
[TO3BOJISIET OLEHHTH MOJyyaemMoe IPH 3TOM YTOHU Como-
CTaBJICHHH C yBeJHYEHHEM 3aTparT MAaIIHHHOTO BPEMEHH. By
MHOTHX cJaydasx »KeJaTeJbHO NPH IPOrpaMMHPOBAHHMH 3anayy
MpeAyCMOTpPeTh. aBTOMATHUeCKHH BBIOOp 11ara AX, BBOAS Guaok
TIPOrpamMMEl, B KOTOPOM OLEHHBAETCH MOrPEIIHOCTH TOJyYaeMory
Pe3yJ/bTara, npoUCXOAHT €e CPaBHEHHE C 3aJaHHOIl MpPeaebHol
OWHOKOH 8Y/max H NOBTOPHOE BBIUHC/ICHHE C YMEHBIICHHBIM 13-
roM Ax*=oalAx (¢=08...09), ectn oy > O0Ymax. Touabko
MOC/IE YCTPAHCHHS BLIYHCHTENBHOM NOTPEIIHOCTH (yMeHbIIeHHS
HHAKE LONMYCTHMOTO npeAena §fmax = 0,05 ... 0,5% ) mMoxkHo TpH-
CTYNHTL K OLEHKEe aJCKBATHOCTH MOJEJH, TAaK KAk OCTaTOYHas
MIOTPELIHOCTD CBSA3aHa TOJIBKO C NMOTPEIIHOCTSIMH pusuueckoii mo-
JIE/IH 1 ee MaTeMaTHUYeCKON PeasH3aluu. \
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3.5. IlpoBenenue 9KCNEePUMEHTOB
u 06paboTKa Pe3yabTaToB OnbITOR
i, S

- A\__ g

[lpu peanusauuu HaMeYeHHBIX 9KCIIEPUMEHTOB BaKHO YUHTbI®
BaTh TpeOGOBaHUA PAHAOMUBAYUL ONBITOR (o1 anramiickoro ran-
dom — cayuaiinbiit), T. €. MX npoBemeHus B OAHOPOAHBIX YCJI0-
50
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BHSAX, C ONHHAKOBOJ NnorpemnocTpi
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yTOOBl H3MEHEeHH s CBOlicTR Cayuaitnom nopsake,

% ] pearenron apak’ '
OK H H3MEepHTe L , y XAPAKTEPUCTUK VCTAHNC
?O,I\I, ]‘(‘,i“1},“);,:,1':”)]‘\ ”l)”r)f)])()” B [)(‘,ffy/ll'l"'l'l('l ”('[N'M(}IIHI ;i(:
HAbi, HCI vib 3¢ ar- M ol )s 4 -Hb q
TOB, H3HOCa r\mnulm“l PASHLIX mapruii cuipps, CTapenus npoayx
ONBITOB He BBI3BaNH « SCHBL nepconana u T, p, B pesynbrarax
HHE H3YYaeMbix d(‘b.:1.““')0““””"" Apeiidax, uckamkaomero paus-
NPOBOAS HX, B ()’I"Ln;;:g(m. o PANIOMU3HPYIOT ONBITHI
v g J OT HyMepauu a 2Ty s
HESL, B CYUAHHOM NOpsiKa YMEpauun B MaTpHile nAaHupoBa-
IIpu cr 14e e .
i BPaHVHOaIT{I;fT}HCCKOI/I 06pabotke pesyapraros KCTIEPUMEH-
o eﬂe‘l\CI—lHﬂ BCTI) KOJIHUeCTBeHnYI0 XapaKTePUCTUKY TOYHOCTH
agwmvoﬁ omn6b}l<f)(3ﬂﬂblx TapaMeTpoB, uamepseMyio cpejHekBa-
goﬂm CAoo H ONbITa s,. Jlns ee onpejesenus oGbHO npo-
POTKYIO CepHIO MOBTOPHBIX 3KCNIePUMEHTOB Ha OCHOBHOM

YPOBHE, T. €. IDH Xpn = 0 (cM. onbiTel 9—11 B Ta6. 3.6), no nawu-
HBIM KOTOPBHIX PaCCUHTBIBAIOT

1 R
| Syzl/pTl(pz)‘(yl—y)z, l=1) 2»~--1p1 (3'4)

FA€ Yi— Pe3yJbTaThl NMOBTOPHLIX ONMBITOB, Y — CpejAHee 3HAUEHHe
M3 BCeX p NMOBTOPHBIX OMBITOB (p == 2).

O6pa6oTka pe3ynbTaTOB ONBITOB COCTOMT B pacuere Ko3ddu-
IIHEHTOB DPErpecCHd U OlleHKe HX CTATHCTHYECKOH 3HAYUMOCTH.
Kos(huunenTsl perpeccHn CTaTHCTHYECKOH MOJAENH ONpPeAeasioT
II0 METOAYy HaMMEHbIUHX KBaJpPaTOB H3 YCJOBHS MHHHMH3ALUH

CYMMBI OMH60K, PaBHBIX OTKJOHEHHIO DPACUYETHOro Yy H SKCIEpH-
MEHTaJbHOTO Y; 3HAYCHHA q)aKTopa no BceM N ONBITHBIM TOYKam

OCHOBHOH CepHHu: s
Gt

N k . ;
=3 [gi—bo—2 bn- (¥a)i—2 bam - (Xaxm)i]?; n 5= m,
| n=1 (k)

i W o Ugegho i (35)
—O_-b: #o Y obn 2 dbnm

B npocreiimem ciaydae oHO(DAKTOPHOH MoAean OyaeMm HMeTb

Yy = by + b,x, Toraa QyHKUHA
U=23 (yi—bo—bix:)?

(N
oTKyaa Ko3(pduunentsl bo H b, moryr ObITh HailjeHbl corjac-
HO (3.5): o G \

==V (g — bo—01x1) =V
0 w)(y (3.6)
O _ 9 $xi(yi—bo—bixi) =0.
w w)l(.’/ 5

4‘ & Pl o
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20 TN x2 — (2 x)? (3 7)
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by O DA B LB
4 e NI X2 — (2 xi)*

y X NAccus-
STH COOTHOLIEHUS CPABEANHBE NpH 00palGOTKE JANHLIX TACCUE
LTaThl ONBITOB 00pPa3yioT Ta6-

HO20 3KCnepumenTa, Korpa pesy i
JHIY H3 anap 3HaUeHHH (?c:, yi;) B CJy4anHo pPacroJ/OKeHHBIX
SKCNepHMeHTadbHBIX Toukax. [Ipu OpTOZOHANbHOM 1AAHUPOBA-
HUu 3KcnepumenTa B COOTBETCTBHH C yCJIOBHAMH (3.3) ¢op-
MyJbl (3.7) MoryT ObITH 3HAYHTEJNbHO yIPOLILEeHbL:
2y 3 xiYi
bO s a N ) 1 e N

O6061mas 3ToT pe3yJbTaT Ha caydail k& @aKTOpOB, MOXKHO MOJY-
YHTh PaCYeTHYIO (pOpMYyIy
N
X yj(xn);
bn=!-—_——l—lv—;n=l,2,...,k;j=1,2,...,N. (3.8)
Jlna pacyetoB b, mo Hefi HeEOOXOAMMO NMPOCYMMHPOBATH Pe3yJib-
TaTH ONBITOB Y;, NPHNHCHIBAS HM 3HAKH, COJeprKallHecs B CO-
oTBercTByIOIEM (n-M) cToabue, BK/IOYas CTOJOEN Xo, BBEMIEH-
HBIfl cneuMajbHO AJs onpelenenus bo. B Taba. 3.6 mpuBeneH:l
3HayeHHs KO03()(PHUHEHTOB perpeccHH, NOJyYeHHbIe MO pe3ylb-
TataMm ONLITOB AJs JAaHHO# Matpuupl. Hanpumep, koaddu-
uHeHT b;, BBIYHCJSIETCS C YYETOM 3HAKOB B CTOJOIE XXz CO-
raacHo (3.8) caenyomum o6pasom:
by =
21 114-30(— 1)+ O(—1)418(+ 1) 4-40(4-1)4-28( —1) 4-35(—1) +28(+1)
= : 3 Fis
== ],75.

3uauumocTh KO3(pMUUHEHTOB perpeccuu b, ouenupaercs ¢ MNO-
moutbio f-KpuTepusi CTBIOJEHTA M3 CONOCTABJEHHSI aGCOJIOTHOM

BeJHYMHBl bn, € OUIMOKON ee onmpejenenus s, =— Sv/Vﬁ. Koa-
n

Guuuent per{)eccml bn cunraeres cratucTHaeckm 3naunMMBIM,

byl -
eCJIn tn = —Wﬁ =1 (a n), rae ¢ (a, n)— raGauunoe 3Ha"

52 vy .
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q(‘HIIB (f)%)pﬂlftlf;:lﬂq NIPH BamanHom YPOBHe 3HaunMocTH o (06B1YHO
a = 0,0 ClIe cTenenen csoGoan n
X i ‘BC i e 2 -
JH Sy 10 popmyse (3.4); n = P 1 TR A
Ecan mnpoBepka paer S4KJIOUEHHE O HE3HAWUMOCTH KAKUX-
Janb0 K03 PHIHEHTOB, COOTBETCTBYIOLIHE wyjeHk HCKJII0YAI0T
M3 YPABHEHHsI DErDECCHH, NPH 3TOM He HYXKHO TIepecuuTHBAThH
ocramgufle KO3 dunuentsr. B HCCJICIOBAHHH, TIPEACTABACHHOM B
tabJ1. 3.6, KoappuIHEHTHI IIPH X1, X4 U X1X2 OKA3HLIBAIOTCH HE3HA-

YUMBIMH (tn < I(a, 1)), [IO3TOMY HTOrOBasi CTATHCTHYECKASE MO-
JeJb HMEEeT BHJ

Y= 25,0 -I-— 4,75)62 P 7,75)63 + 3,50)62)63 eon 5,75x2x4.

Hesnaunmocts kospduuuenta perpeccuu Moxer 6uth Bii-
3BaHa KpoMe c/1a60ro BIHAHHS (GAaKTOPa, COYETAHHEM TAKHX npH-
uHH, KaK 60oJibliasi omH6Ka SKCIEPUMEHTA S, H Majas BeJHunHa
HHTEpBaJia BapbupoBauus AX, BCJeACTBHe yYero HeGOJbLIOE H3-
MeHeHHe napaMeTpa Ay OKa3biBaeTCs HePAa3IHYUMbIM Ha (oHe
«myMa». Ecium HeT BO3MOXKHOCTH HMHBIM CHOCOGOM YMEHBIIHTH
NOrPEeUIHOCTH ONBITOB, NPHOEraloT K IOBTOPHBIM 3KCIEPHMEHTaM
B HEKOTODPBIX HJH BO BCeX TOYKAX MATpPHIbL. YBEJIHUYEHHE HHTEp-
BaJOB BapbHPOBAHUS 10O HE3HAYHMBIM (AaKTOpaM He BBI3BIBAEeT
He06XOJHMOCTH TOJIHOI'O NMOBTOPEHHS ONLITOB, NPH 3TOM OOLIYHO
nepexoasT K penJnKe MeHblieH JAPOGHOCTH NPH HCKIIOYEHHH TeX
¢hakTopoB, BIHSIHHE KOTOPBIX OTYET/IHBO BBIABJIEHO.
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Cnenyromm#i stanm pabotsl (6nok 2) — gopmynuposka usuueckoii
MoOenu Ha OCHOBE ITOHHMAaHHS CYIIHOCTH OITMCBIBAEMOI'0 Tpornecca,
pasfienseMoro B HMHTepecax ero QopMamu3aluu Ha 3JIEMEHTapHbIE
COCTaBIIAKONINE ABJICHUS (TCIUIOOﬁMeH, THAPOIWHAMHKA, XUMHYECCKUE PEAKIINH,
(a3oBhle MPEBPAIEHNS U T. [I.) ¥ COIIACHO NPHHSTON CTENEHH JETATN3AIY —
Ha arperatsl (Maxkpoypoeenv), 30HBI (Mme30-), Onoxu (mukpo-), sUeiKu
(cybmuxpoyposenv). Ilpp 3TOM CTAHOBHUTCS SICHO, KAKHMH SIBICHUAMH
HeoOXOMMO WM IelecoobpasHo mpeHebpedsb, B Kakod Mepe Haio y4ecTb
B3aUMOCBA3b  (3alleIUIEHHE) paccMaTpuBaeMbIXx —sBieHuit. Kaxgomy u3
BBIJIC/ICHHBIX SBJIE€HMH CTaBHTCA B COOTBETCTBHE OIpeeeHHBIN uanueckuit
3aKOH (ypaBHeHHMe GanaHca) M yCTAHABIMBAIOTCH HAYAIBHBIE ¥ TDAHHYHEIE
YCHIOBHS €ro MpPOTEKaHWS. 3amich OSTHX COOTHOIUGHMH C  TIOMOIIBIO
MAaTeMaTH4ecKuX CHMBOJIOB — Cieaylomuit stan (6mox 3), cocrosupi B
MaTeMaTH4ecKoM ONMCAHMM M3y4aeMoro mpouecca, oOpasyomeM €ro
HCXOMHYIO MaTEMAaTHIECKYIO MOJETb.
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[TepeXoioB, TepeHoca BEIIECTBA, MMIYIbCA, SHEPIMM M T. 1., a Takxe
TeopeTHuecKie M (WIH) SMIMPHYECKHE COOTHOLICHHA MEKIY pasiuunbivy
napaMeTpaMH MOJE/IH H OTPaHUYEHHs Ha YCIIOBHS IIPOTEKAaHNS Ipoliecca.

B cBA3U C HeSBHBIM XapaKTepOM 3aBHCHMOCTH BBIXOIHBIX Napametpos ¥
OT BXOJHEIX IIEPEMCHHEIX X B IIONyYeHHOH MOJENM HEOOXOAMMO BEIGpars
yaobHsIi Memod u paspabomame anzopumm peuieHus 3adauu (6nox 4)
copmympoBanHoi B Gnoke 3. Jlns peanusauuy IPHHATOTO aﬂropnm;
HCTIONB3YIOTCA ~ GHANIMTHYECKHe MIM YHCICHHBIE CpeAcTBa. Mexommpe
muddepeHIHATbHbIE  ypaBHEHHS, OOMMN BHA KOTOPBIX MOXKET Gty
IPeICTaBIeH BEIPAXKEHHEM

._dy_
¥, —E—f(x,J’)a (1_1)




image33.png
Mk adie ko s b ogho Ja oectedihac

= B
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kOTOPbI€ BLUIACT MPEMOXABATEIh, U B ONEHKE BEIHUMHEI Kod(dHImenTa napHOK
xoppesimn 7y y 1o popmye

2O =Ty -3,

(W)

o v 1=1,2 .01, 1.5
\/g(y.,‘—z,)? \/Z% -9y " )

(n)
1 K09 QHIHEHTa Perpeccuu a=tgp

Z(ypi_yp)z
- B i e B i
a=r i=1,2. (1.6)
Yp¥a - ’ o
3 1h A
(n)
rac Yoir Vsi — IHapel COOTBETCTBEHHBIX 3HaYECHHUH PacHeTHBIX H
SKCICPHMEHTAIBHBIX OaHHBIX; yp H _)_13 — CpEOHHUE 3HaAYCHHUA yp u y, 1o

COBOKYITHOCTH BCEX /2 COLIOCTABIISIEMBIX BEJIMYKH.

W3 rpaduyecKoro M YHCIEHHOIO aHalu3a COIVIACOBAHMS IMONYYEHHBIX
pacdueTHBIX ), M OSKCIEPHMEHTANIBHBIX ), JaHHEIX (cM. puc. 1.2) MOXHO
3aKMI0OYMTh 00 aIeKBaTHOCTH MOJENH B Cilydae, NOKa3aHHOM Ha puc. 1.2,a,
KOTZa r>rip(p,n) ¥ o = 1, rie TabIMIHOe 3HAUEHHUE Iy, TIPH NIPHHATOM YPOBHE
JIOBEPUTEBHON BeposTHOCTH p (06brHO GepyT p = 0,95) u umcne cremenei
cBOGOZBI (UmMCie OMBITHBIX Touek) » (Tabm. 1.1), Tak xak Touku Ha rpaduke
pacronararoTcs BOIM3H GHCCEKTPHCHI yria, 06pa3soBaHHOIO KOOPAMHATHBIMH

OCSIMH.
Ta6numa 1.1

Kpurnyeckoe 3Ha4yeHne
K03 PuIEenTa KOPPESNH Fip(P,i)

Yuco YpoBeHs IOBEPUTENILHOH Yucno VYpOBEHb IOBEPHTENBLHOM
crenene#t BEpOATHOCTH p crenenett | BEPOSTHOCTH p
CBOBOJIEI /1 0,90 0,95 cBoGOMIBI 1 0,90 0,95
1 0,988 0,997 8 0,549 0,632
2 0,900 0,950 9 0,521 0,602
3 0,805 0,878 10 0,497 0,576
4 0,729 0,811 11 0,476 0,553
§ 0,669 0,754 12 0,457 0,532
- 0,621 0,707 13 0,441 0,514
7 0,582 0,666 14 0,426 0,497
8 0,549 0,632 15 0,412 0,482

11





image35.png
B ciy4ae, Mpe/ICTaBICHHOM Ha puc. 1.2,6, korga » > o rm
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Puc. 1.2, IIpoBepka aneKBaTHOCTH YHCIEHHOM MOJETH

OrpuuarensHeii  pesynsrar IIPOBEPKH  aNeKBaTHOCTH  MOJEIH

CBU/ICTEILCTBYET O € HeNOCTATOYHOM TOYHOCTH M MOXET GbITh CeICTBHEM
Leoro Habopa pasiMYHBIX NPUYHH, B TOM YHCIE — GOMBMION TIOTpeIIHOCTH

KOHTPOJIBHBIX 9KCIIEpUMEHTOB.

JUI1  KOpPeKTHpOBKM MozenH MOXeT

NOTpebOBATECS Nepefenka IPOrpaMMsl ¢ UeNbI0 peayd3aliy  HOBOTO

aIropuTM™a,

HE Jalomero croms  Gonpmoi norpemHocTy, a Takke

KOPpEeKTHpOBKa MaTeMaTHYecKol MOJENIM MM BHECeHHEe W3MEHEHHH B
dusnyeckyio MOJENb, ecnu craHeT scHO, yro npeneGpexenue akum-1H00

hakropamu sBnsercs [IPUYHHON He

puc. 1.1, 6mox 12) norpebyer,
Ofiepaiui, conepxamuxcs B noce
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aHATM3a WM SKCIIEPUMEHTOB M B
MATEMATHYECKOro anmapara (61ok T:;‘;;’;HZGZC;(;Z:; ommnpymmmz
LeJICHaNPaBIeHHOM
3BOMIOLMM CHCTEMEl B OOJaCTh ONTHMYMa AaeT BOIMOXHOCT MOCTPOHTS
ONMUMUSAYUOKHYIO MOJens TIpollecca. ANanTalis NOMydeHHON Moxemns Ans
pelleHHUs 33129 YNPABICHHA NPOM3BOJACTBEHHBIM IPOLECCOM B PEATHHOM
macmrabe BpemeHH (670k 16) mnpH BKIOYEHHH B CHCTEMY CpEJCTB
@BTOMATHYECKOr0  pPEeryjMpOBaHMs  3aBepiuiaeT paboTy 1[0  CO3JAHHIO

MaTeMaTHYeCKON MoOenu ynpasnexus.
OnucanHble JTanbl pa3spaloTKH MaTeMaTHYecKo MOJeNH M HX
MerTojudeckoe obecriedenne IOC/IeI0BATeBHO PACCMATPHBAIOTCA Jaiee H
HITIOCTPHPYIOTCS NPAMEPaMA PellleRus 3a1ad 3THBKH JHTeHHOH (Qopmsl u

KpHCTALTH3ALMH OTIMBKH 3 ciutasa Al-Li.
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KnaccuhvKalmsa onTUMH3aLMOHHbBIX METOMIOB M MOfIENEH.

Mo XapaKkTepy B3aMMOCBA3N MEXTY NEPEMEHHBIMU: JIMHEHHBIE H HETMHERHBIE.

M0 XapaKkTepy U3MEHEHMA NEPEMEHHDIX: HEMPEPBIBHBIE M JHCKPETHBIE.

Mo y4eTy paKTOPOB BPEMEHW: CTATHUECKHE H AHHAMHYECKHE,

70 HATHHHIO HHBOPMALIHH O MEDEMEHHBIX. 3aAaUH MOTHON ONpeneneHHoCTH (AeTEPMHHHPOBAHbIE) H 3a4aUH B YCTOBHAX HEMOTHOH OMpeseIeHHOCTH,
Mo YHERY KPHTEDHES: MPOCTBIE OHOKPDHTEPHATTBHBIE 33[a4H H MHOTOKPHTEPHATBHBIE 3a[aUH,

FECim kpuTepimit 3qexTHBHOCTI M CHCTEME OIDEHHYEHI JIHHENHB], TAKAT 330343 ABNAETCA 334aY€H JIMHEIHOID MpPOrpamMIpoBaHis,

ECH KPUTEDHI 3PPEXTHBHOCTH ¥ CHCTEMA OIPEHIMYEHI ABNFIOTCT LETBIMA YHCTAMI, TO 3T 334343 HAFLIBIETCA 33034EN LETOYHCTEHHOIO TMHENHOO MPOrPaMMHDOBAHIS, 3 ECTH G
DYHKLHA 3a03HE! HEMHHEHHBIMI QVHKLHAMK, TO HMECM 33434y HEMHHENHOD MPOrpaMMHDOBIHHA,

ECmit enesan (oyHKLT H OTPaHHYEHHS 3380CAT OT NEPAMETPOS, TO 337848 HASBIBAETCA NEPAMETDHYECKHM PO PAMMUPOBIHHEM.
Ecimu Lenesan yHKLMH 1 CHCTEMA OfPAHHYEHMI HOCTT CTTYYaiHBIN XapaKTED, TO MOMYYHM 38434y CTOXACTHYECKOTO POrpamMmupOBaHIS.

ECs TOUHBIE OITTHMYM HBHTH TTOPHTMIYECKIM [TYTEM HEBOIMONHO, TO MPHBEraioT K METOJaM 3BDHCTHYECKOD PO PDAMMADOBIHIA,

(OCHOBHBIE 3Tanbl NOCTPOSHMA ONTUMU3ALIMOHHBIX MOZENEi MOKHO NPEACTaBMTE B BHOE CXEMBIL
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OCHOBHBIE 3Tankl NOCTPOSHWA ONTHMMKM3aLUMOHHBIX MOoAeneid MOMXHO npeacTasKMTe B BMOC CXEMbI
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3.2. Jtanbl NOCTPOEHUS CTATHCTHYECKO MOnean

B OCHOBE METOJ0B TOCTPOEHHS CTATHCTHYECKO! Mozenn OMH-
ChIBAIOLIEH HEKOTOPbIH OOBEKT, JIEXKHT KOHUenmug «‘lE"pHOro
AlHKa» (cM. pasaea 1.3), Aas KOTOPOrG BO3IMOKHO MHOroKpar-
HOE H3MepeHnHe BXOAHbLIX nepeMeHHbIX ((akTopos) x,, Xt $i0 Xk

H BBIXOAHBIX NEpeMEeHHBIX (MapaMeTpoB) yi, ys, ... . Yo, TIO pe-
3yJbTaTaM KOTOPOIO YCTAHABJAHBAIOT 3aBHCHMOCTE
Y ==F (0, 9, 42 S )2 i=12 ..., p. (3.1)

B otanune or npoueaypel moctpoenus AeTePMHHHPOBAHHOM
MOJIeJIH, ONMHCAHHOH B pasjene 2.3, rie HaGOp BXOAHBIX H Bhi-
XOJHBIX TEPEMEHHBIX OJHO3HAYHO BBHITEKAET H3 (DOPMYJIHPOBKH
(pu3HYECKOH ~MOAEJNH, TPH CTATHCTHYECKOM MOJEJHPOBAHHH
BC/IEeA 3a NOCTAHOBKOi 3ajaun (6aok / na puc. 3.1) npomusso-
AUTCS OTCEHBAHHE HaHMeHee BAaXKHBIX (DAKTOPOB H3 GOJBLIOrO
YMCJIa BXOAHBIX TEPEMEHHbIX, BJHAIONHX HA XOA mpouecca
(60k 2). BriGpanHble aJisi jaJbHeHIIEr0 HCCJAELOBAHHS BXOJ-
Hbl€ INepeMeHHble COCTaBAT CNHCOK (AaKTOPOB Xy, X2, ..., Xz B
(3.1), ynpaBasis KOTOPbIMH MOXHO PEryJIHPOBaTh BBHIXOAHBLIE Ia-
PaMeTphl yi, OCTalbHble BXOJHbIE NEPEMEHHbIe He (PHKCHPYIOTCH
W NMOTOMY MOTYT NPHHHMATbh B KaXJAOM 3KCNEPHMEHTE caydai-
Hble 3HaueHHs U 0Opas3yioT B COBOKYMHOCTH TOT CTATHCTHUYECKHII
«IIyM», KOTOPbIH CONPOBOXKAAET OCHOBHYIO «MEJIOJHIO®, TPEAL-
_CTaBJIeHHYI0 MOAeNbio (3.1). KoJnuecTBO BHIXOAHBIX IapaMeTpos
MOZE/H TaK/KE CJAGAyeT 10 BO3MOMKHOCTH YMEHLUIHTb, 4TOOHI CO-
KPaTHTbL 3aTpPaThl HA 3KCIEPHM -

Kak 6bl10 MOKa3aHO B pasjesie 2, MpH MOCTPOCHHH JNETEPMH-
HHPOBAHHOH MOJeJH ee CTPYKTypa mpejonpeae/ena Hagzlpoahf
AABJICHHH, KOTOpble MPHHATH B PacCMOTpeHHe, H 3a‘rmcmolrl 23-
XKAIOWMX UX (DU3HYECKHX 3aKOHOB. B orumune oT 31)::;3 g}:nbpsa_
paboTKe CTATHCTHYECKOH MOJE/IH ee crpyKﬁTyr;; -N‘IHC; g
Jana npoussosbio (670K 3) B BHAE YAO Hoe 11118HHbIe oy e
HHUS (QYHKLHH, annpoKCUMHUpYIoLLei QHNTH:IH MO}IeJlH-,
YTOUHsETCA Ha OCHOBE OUCHKH ajCKBATHOCIH ' oo (bopMa Mo-
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HCCJel0BaHU

4 Bbmfyxflpgxo? dakropa, uTo He aeT BO3MOKHOCTH OT-
C > 3auMHoe BausHue. 1

P e . lpn naanuposanuu ax-
) dKCnepumenta Haubosee 3hHeKTHBHO onﬂgspemem{oe

BapbHpOBaHHe Be€JHYUHBI BCex (I)aKTOPOB [0 ONpeaeseHHOM
nJany, NP 5TOM YAAeTCs BHISIBUTb B3aUMOJeHCTBHe (GaKTOPOB Z
CYUIECTBEHHO COKPATHTb 00beM 3KCIepHMeHTaJbHOH PpaboTHI.

Ha ocHoBe pesy.ibraToB mpoBeleHHBIX — KCIEPUMEHTOB
(610K 5) BBIYHCJIAT KO3DPUIHEHTH PErpecCHH W OLEHHBAIOT
MX CTATHCTHYECKYIO 3HAaYUMOCTb, YeM 3aBepllaercs NOCTPOeHHe
mogenn (60K 6). Mepoii agekBatHoctH Mojeau (60K 7) sB-
nAeTcs CPeJHEKBAAPATHYHOE OTKJOHEHHe BLIMHCIAEMBIX 3Hate-
HHiI Yy OT 3KCIEPHMEHTANbHBIX Y5, KOTOPOE COMOCTABJSETCS C
JONYCTHMBIM TIPH JIOCTHTHYTOH TOYHOCTH SKCIEPHMEHTOB. B cay-
yae HealeKBAaTHOCTH MOJIH ee KOPPeKTHpOBKa (6/0K §) MOXKeT
noTpe6oBaTh BKJIOUEHHS B MOJE/b JONOJHHTEIBHELX, BHayale
oTcesiHHBIX (aKTOpOB, yuera HeJuHeHHbIX 3 HeKToB B3aUMHOrO
pausius (GakTopoB M (WIH) H3MEHEHHS nJaHa 3KCIepPUMEHTOB,
OcJe Yero MOBTOPHO BHIMOJMHSIOTCS MOCAEAYIOMHE onepanuu
[I0CTPOEHHs MOJEJIH. Mcrnob30Banne MOJENH, BbIAEpHKABLICH
NpOBEPKY afeKBaTHOCTH, /A U3yueHus, ONTHMH3AUMA H ynpas-
Jaerusi mpoteccom * (GJ0KH 9—12), anajoruiio COOTBETCTBYIO-
UMM 3TanaM TpHMeHeHHs JeTePMHUHUPOBAHHON MOAETH.

MerojuKa BbINOJHEHHA flepeuncIeHHbIX 3TanoB pa3paloTKu

3 B nocae-
W amaJH3a CTATHCTHYECKOH MOZLCTH paccmarpupaercs. B 1l
AYIOLMX pasjienax.
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Al 71 13. Orcenaomue asxcnepu-
L ments. Meron caywaiinoro 6a-
0 Aanca. Jlns yveHbllenHs uncia
40 OMBITOB 9acTo Ge3 HO0CTAaTOHbIX
> OCHOBAaHHH CTAaGHIH3HPYIOT 3HA-

Ry wym YEHHS HEKOTOPHX (aKTOpoB B
> = npouecce Hccaenosawus. Ilpn

K%k e A Mot B penenny sagaun ontrmsamim

STO NPHBOIMT K ONpeiedeHiio

Puc. 42. Juarpausa pawmnposawss s¢-  T0bKO JOKATBHEX SKCTPEMYMOB
Gexron npouecca. Jlns  MHorodaxTop-

HBIX 3ala4 Ha nepBofi crammn

HCCIeI0BAHNSA NPOBOAAT OTCEUBAIOUlie IKCNePUMEHTSL, Tockoasky -
TeHCHBHOCTS BAHAHKS PAKTOPA CBSI3AHA C JNANa30HOM €ro H3MeHEeHHs,
MHOrHe (aKTOPHl NoAO3peBaeMbie Kak CYLIECTBEHHbIE HA OCHOBAHMH
ANPHOPHOH MidOpMaumH, MOryr oKasaThess Hesmawmmbivis., [Tosto-
MY OTCEHBAIOLLHE SKCTEPHMEHTH SOPEKTHBHE He TOJIbKO TpH nccAeo-
BaHHM HOBHX [PONECCOB, HO H KAK MepBasi CTaAHs H3YUEHHA MHOFO-
aKTOPHLIX NPOLECCOB ¢ JOCTATONHOM aNpHOPHO# HHpOpMaNHeli, ecan
UIHCHO $AKTOPOR CAHWIKOM BEAHKO, STOOB Cpasy MAQNHPOBATS SKCe-
DHMEHT, HANpaBJIeHHBIA HA NOHCK ONTHMAJBHBLIX YCJOBHI npouecca.
JLnst OTCEHBAHNS KOJIMYECTBEHHBIX H KAaUeCTBEHHHX (akTopos npu uyu-
CJle ypoBHEH, PaBHOM JIBYM, MOXHO HCIO/IB30BaTh JApoGuBie pemInkn
OT (aKTOPHOrO IKCNECPHMEHTA AOCTATOYHO BEICOKOI CTEmenH apo6Ho-
CTH, a TaKkKe HachUICHHLE OPTOroHabitie naans Iliakerra — Bep:
MaHa. DTH NIAHE M03BOASIOT I01YYATh PA3NEbHEE OUEHKH JAHHENHbIX
DPEKTOB BeeX (PAKTOPOB ¢ MAKCHMANBHO BOIMONKHO NpH AaHHOM 4H-
Cle- OIHTOB TOWHOCTLIO, ONHKAKOBO Aas Boex sdexton. Toctonea
OCOGEHHO UeltHO a STalle OTCCHDANNY, TAK KAK HEH3BECTHO, KAKHe o(-
exThr okaxyTCs 3HauMMBMA. K HELOCTATKAM yKasamHHX NMAaHOB OT-
HOCHTCS TpeGoBalie OTCYTCTBHS 3HAUAMBIX 3(BEKTOD BIAMMOACHCTBHA.
Jlns Bhinesenus CymecTBenHbX SGMEKTOB — MHHEARNX K nmapHbIX
BaauMozeficteuit — Catrepssaiitom [28] npeanoxken merod cay4ainozo
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Gaaanca. B 5TOM MeTOfe Nia KCICPHUMEHTA Npejnaraercs acaath
CaePYHACHII4EHN BN — THC0 ONNTOB N B MATDHIC IIAHAPOBANHS MeTb-
[he 4HCAa PACCMATPHBACMbX SOHEKTOB, T. €. BHAuale HCCIENOBANNL
‘e crencrel epoboms <0. Metox ciyuaiinoro Gazanca e 000cio-
SHBACTCS TCOPETHYECKN, @ HOCHT B OCHOBHOM SBDHCTHYECKHT Xapak-
Tep. OcHOBHAs MPEANOCH/KA SPHEKTHEHOO NPUMENEHIA MeTola ciy-
ualiKoro Ganaiica: cpet GOAIIOTO WHCAA PACCMATPHBACMEX 3hdek-
708 M HECKOALKO ACHCTRHTCABLO CYMIECTBEHHO BANSIOT Ha MpoLlece,
% boe 0CTAAbHME MOTYT GUTh NpH3NANBL HESHAUHMIIMH il OTHECCHH K
LuyMopony momo. ECA PACTOMOKKTS SpPexTs B MOpRAKe YOupania
BHOCHMOrO MH BKA2J1a B BC/AHUNHL ANCIEDCHH BHXOANOTO .(pakTopa,
o noayany Ouazparny pawscuposanus (puc. 42). IppexTs, monan-
WMe B NPADYIO ACTH AMATPAMMb PAIDKHPOBAHNA, AOMKKE OWTh OT-
HeCeni K UIyNOBOMY fomo. OTaecennie uacTi SGGEKTOB K MIYMOBO-
MY 70T MOSBOARCT PACUIENHTS HCXOANYIO MATCMATHUCCKYI0 MOZEMb:

+

= by + buxy 4 baxa ...+ bpxn+ broxrer + biaxidg 4 -
+ bR 1% Swocnps

Tl Spocnp — OWHOKA ONEITA.

ChTan, To HEKOTOPHIC X; 06O3MAYAIOT MApHHE B3anMOAEHCTBHR,
pacilenIeR Ty MOZeAb MOIKHO 32TICATh B JHHEAHOM BHAe:

e [—m—uncA0 3HauRMBX SGHKTOB; M — uHCAO SPPEKTOB, OTHE-
CeHMLIX K IYMOBOMY NI0AI0; .
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Onerika 3HAUNMEX KOSGOHIHENTOB OYAET NPOHIBOANTHCR C G0Ib-
110/t OWINGKOM WYMOBOTO MOAA Sa. B CBSI3H C STHM MeTON Caydaiinoro
Ganaca 0612 AT MeHbLICH YYBCTBHTETLHOCTHIO, Uen [0 ian 1D
(MO UYBCTBHTEILHOCTLIO METOLA NOHHMACTCA CIOCOGHOCTD BACHATH
KOS OIILICHTE PErpeccitl, 3HaTHNMO OTAHYAIONHECA OT Hyas). OAHAKO
MeTox cayualitioro Gasanca o0aatacT Gobiedt paspeiaioleii cnoco6-
HOCTHIO: Off TIOSBOISCT BLCAHTS PASETHHO KOMHHKPYIOIHE SDPEKTH
P Ouenb GOABIIOTO HCAa SPPEKTOB.

Tleab SKCTEPRMENTa METOTOM CAYHAHiOr0 Gananca COCTOHT B TOM,
4T0GH PACHO3HATS HCTHIHYIO AHATPAMMY PAHKHPOBAIII H NPOUIBECTH
pacumenesie Moxea. locae STOTO Mi2H 3 CHEPXUACKILRHHONO CTAHO-
BITCA HeNACHIENITLM O OTHOICHHIO K SHAUHMEM Sd(eKTaM, 109TOMY
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X MOKNO OUERNTS KoaNvecTaenro o0t nyrew, Eca e uncao
SERCTUITeT Lo I SBOEHTOS TETKD, 70 onoNT OmsTos 24
CUET CHPUICUIINNOCTH 1 MDOICKOIT C yseastemien <icns o1
R S0eKTOn (ocoGeinla Hppeton BisoshcTIN) BB
B e
FAHHDOBORIEA KPIBSA, Tem SpeNTIMIES Gyser OrccHImIC

rg6u cosuectinae Gucin SPPeKton G Cuedanis ChyAaI
€Gpa10w, TeDGROTNO N ToCTPOORIN MaTprIE - BaAORAA 10
OO0 KaKO Gy CAYIANIAT Nexam, Haiie sEero faro
5B ETORE AVANOrD Gansico ASPUADYOT s e Y posnis U
FocTp0stn NaTAL Mratposaan HRUITIGTEr: 1) Sinerui (.
S et o et ey e o oo s
SBBICHT o iGopa 18 ADVTIX CToAGON: 2) caysaii Cuobgin,
CHETCHATIICCUIY. 2pOBHN DERA BaXTOporo SKCICPHIT. I
Tl CAyUaNIR Garalc yeie  SDUCKTISGL, o9 ETOMIT, CCh
SRR TN Aboion YLCETRONNG YUCITASAGT DCHo Ok
Tipese new elosionT, TomyiC0 Taik 00708 MaTpIY
Ao, JEOXORING NOSIITLEN B o APUTORBETY, ey
LI UCTOTSONTE, SN 0 1SR IETER MOMHORTS0 S3KOPCAT.
DBl CToGis: tk Gomble KOpDERIR NEAY CroTONAM, T
COTUIE OTACHOETS, BUACACHLR T HASITIENLT 20N 5 hkton
£ Mepy OATIAAOT AT aIpobann TRIST Creayio
i Tokaaarean: 1) i optoSIA ot 5] W
SN VOV NOMDDRIENTA. Kopperain TN Bcex toson Tt
RSRTMOIERCTAN (AMICANI - T3PS, TapHX - RAPAK: ) Jern

0 pam scex artopor.

o srae xputepss a BM o peayarare cayuanoro cueunna-
it pemng 2, -1 % cayaailuoro swGopa eroxdiion Gian noayIelT
HATPIL MASHIDOBII, HPACTARICHILC & 120, 57 1 b 120, 11, |
PIIOKCHIR, BT NOTPiAE TaRKe NOKND NENOALIONAT A
wero wica Gatropon.

Paceorpin ' Katecrse npiepa sivny wzenckis v
appexton cpenn 14 aawelix W 91 spgerts ssansoncicrm
(G=14). MaTpiia naamponalin 1 peaymTaTy Skcnephwenta 10
BeACIS s a0 57, B waipwie Taanponana Kosgauicn xoppe.
s ia croatuon 14 paser g, ann erosuon 110
FS0517, aan crontiion 114 1 07,

JLan Diayasunoro suaeaenns i Gaxsopos 10 pesyabraan
ClepuNenTa Crpost duaepasiy paccesnus (it 13). 13 nepion
a7l 06paboTk SKCICPINGITON ANarpaury pCCEanis cTpost 1o
Ko 1aa ahmeinnen Spbexion. SBhekt nprsKacTcs SHsM, Ecan o1
et Goautoe pasawine MEXAY NeuwaMaNA AMe, OANERO 10T Ko
DA HEROCTATOeN, ROCKOTLY 0N e ADARETER OTVOSHIE, S
TNINCICR SN, €A I TakNG HHEST ComI0G e b
MBI TONCK, PACTOA0KENIN biie. (IKE) KoMion mTepsana
MENCHEINA Sugues 4 A% 1pYForo Yponia gaxrops. TIpi oncise
1 OETH YaKTOPOB 10 WHCRY BAACHALLINCS TOreR NOHO HeTom-

Y
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4.2, Onucanme MeToAR MOCHEI0BATEILHONO

CHMIIJIEKCHOI'O NOUCKA
B OCHOBY METOJA NMOCHSIOBATELHOIO CUMIIIEKCHOI'O [IOUCKA MoONOKEHO
GopMIpOBaHKHe H TepeMelleHHe B (AKTOPHOM MPOCTPAHCTBE MHOTOMEPHOH
durypst -~ cummnekca [16]. Cummiekcom —HaspiBaioT  BBITYKIYIO
reoMeTpHYecKylo (GHrypy, obpasoBanHyio (n+1) BepmHOM B 7 -MEPHOM
npocrpancTse (puc. 4.2). GopMUpoOBaHHE UCXOIHOTO CHMIUIEKCA B TouKe 0, ¥
ero LelleHaNpaBIeHHoe NepeMelieHue B HaNpaBieHuu yMEeHbIICHA 3HAYCHUH
LeneBOM (YHKUMM [O3BOJNSIOT aBTOMATH3MpOBaTh  IIOIIAr OBBIA  TIOMCK
ONTUMyMa, VIS Yero Ha KaXIOM Iare IoMcKa IpelyCMaTpUBAIOTCSA CPaBHEHHE
3HaueHHH IeNeBON QYHKIHMH y,,y, 1y, B BepLIMHAX CHUMILIeKca 4,BuC (puc.
4.2,a), BEGOp Hauxymmeil Bepumusl C # ee OTOOpaXKeHHEe OTHOCHTEIBHO
npoTHBONeXamei rpanu (pebpa AB), YTO TO3BOJIAET, Kak IpPaBUio,
TeHEPHPOBATH JIYYLIYIO BEpIUKHY D, T.e. BRIABUTD [IEPCIIEKTHBHOE HAINPABICHUE
nanpHejimero gBmkennsa. Ilocne orGpaceiBanks Bepmmubl C [yl HOBOTO
cuMInIekca ABD mpouenypa MOBTOpAETCS N0 T€X IOp, MOKa OfHA U3 BEpIIHH
CHMIUIEKCA He JOCTHTaeT OKPECTHOCTH Touku omrumyma 0, (puc. 4.2,6).
HauansHoe nosnoxenue 0; 1 Macmrab ncxogHoro cuMiiekca ABC onpenensior
TPaeKTOPHIO U KOJTUYECTBO 1IAroB IMOMCKA B HanpaBieHHH TOUKH (), B CBA3M C
YeM BAXKHOe 3HAYEHHE MMeeT BBIOOD HCXONHOM TOYKM M IOIXOASIIEro
macmTaba, IOCKOJBKY TOYHOCTH OINpEAENIeHHs KOOPAMHAT TOYKH ONTHMYMa
06paTHO MPONOPLMOHATIEHA BENUYHHE MaciuTaba. YIUTHIBAS, YTO MOBEPXHOCTh
1eneBoi (QyHKIMM MOXeT OBITh MHOTOJKCTpeMalbHOM, a 001acTh ONTHMYyMa
MOXET HMETh XapakTep IUIaTO (DOMMHBI) C MaIbIM YKIOHOM, MeETO
CHMILIEKCHOTO TOKCKa TpebyeT NMpoBeleHus psjia 30HAMPYIOUIMX HCIIBITAHHI,
T.6. 3allycka HECKONbKMX CHMIUIEKCOB C pPA3IMYHBIM PAcIOOXEHHEM
HAYaNbHOM TOYKM B MpejieNax JOMYCTMMOM 06NacTH M CONOCTABICHHS
KOOpAMHAT TO4YEK OCTAHOBKM mpu cBoGomHom (6e3 orpammuermil) MWK

OrpaHHYeHHOM (W15l YCIOBHOR ONTHMHUBALIMN) ABHKEHUH CHMILTEKCA.
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Bbauss omtmmywma gswmemme CHMIUIEKCA TNPHHHMACT XapakTep
%4 BOKDYT HamTyumedi sepmmMmHsl (12K HAISBAEMOE (GALAKTABAHAEY),

10 ABAACTCH CHTHABOM K npexpameso NOWCKa KK nepexoy k 6oiee TOYHOHR

AOKaNmzaimy ONTHEMYMZ C YMEHBIICHHEIM 3HATCHACM maciraba.

a 6)

HBHMCHBIUMM JHAGCHYAMY UC/IeBOl (QYHKIMM B BEPUMHAX CHMIVIEKCA He
NpPEBBILIZET 33/IaHHOTO MANOT0 3HZYCHMA, OTBEHAIOWIEro paspemalomei
COCOBHOCTY CUMIUIEKCa, KOT[Z YKIOHOM MOBEPXHOCTH Uenesol dyHKumMu
MOXKHO NpeHebpeys.

B ciyuae ycnoBHO# onTMMuzauuu, korja pomyctumad obnacts IO
orpanvyena (puc. 4.3,q), TONZJAHAE OTPAKEHHON BEPUIMHE CHMIVIEKCA 34
npejiessl A0MycTAMON 06712CTY TIPHBOIAT K OCTAHOBKE B PE3YJIBTATE (KAAHNA
cuMIIeKca MexLy Hauxyameli (2) v 3anpeiiennof (5) BepunHaMH.
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5.2. Beeenue
OnTUMHU3alMOHHAs  3a7a4ya JUli  MHOTOKDHTEPHAIbHOIO  Ipolecca,
XapaKTepU3yeMOro PAI0M NapaMeTpoB, KOTOpbIe HEXENATeIbHO HIH 1O KaKuM-
mu60 TpHYMHAM He YHaeTcss CBEPHYTh K ONHOMY, OGOGIICHHOMY KPHTepHIO
KadecTBa (HampuMep, ¢ MOMOIIBIO ¢yuxuun Xappuarrona [12]), B nanHOM
cIyyae CBOAMTCA K 3a/1a4€ OTHICKAaHHA 06IacTH ONTHMYMA, B IIPeJieNax KOTOpOit
BBITIOJHAITCS OTPAHMYEHHs, CHOpMYTHPOBAHHBIE JUIS KAXKJIOTO H3 MapamMeTpos

B BHte (yHKIH OT (PAKTOPOB, OKA3BIBAIONIAX HA HHX BIMSHHE, & TAIOKE Cepun

orpaHudenHi, KOTOPBIM YAOBIETBOPAIOT (axTopsl.
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dopmyupoBKa HE COOTBETCTBYET KIACCHYECKOH 355,
MOCKOJNBKy Al Kaxkaoro us napaMeTPoB
B CBS3M C UeM MHOTOTIAPAaMeTpPHuecky,
IOy CTHMOM obracmu, B peTengy

[Topob6HasA
OTBICKAHHS MOYKYU ONTHMYMA,
[O/IOKEHHe ONTHMyMa PpasjIiiHo,

3anady GOPMYTHPYIOT KaK MOMCK rpaHHLl
KOTOpO#f  JIOCTHraeTcsi ~ KOMIPOMHCC MeXIy BCEMH  TOCTaBlCHHb,

orpaHMYeHUAMH. BaxKHBIM MOMEHTOM TaKOro pelIeHHs ABJIACTCA 3aBUCHMocty,
MEXy TONOXKEHHeM ITHX TpaHHll (T.e. KOOpJMHATAMH 00/1aCTH KOMIIpOMEce,
1o BceM (hakTopam) W BETHIMHOH orpanuuerm# (06BIMHO - IBYCTOPOHHHUX) rg
KaxaoMy M3 mapamerpos. B cBa3u C ITHM BO3HUKAET JKEAHWE IyTey
KOPPEKTUPOBKH  OJIHAIKJIbI HalileHHbIX TIPaHHUIl o0nacTy  KOMIIpOMHcey
nobutecs  Hambosnee MOXOMAIIErO COOTHOLICHUS MECKIAY Pas3iiivdHbiMy
nmapaMeTpaMH, KOTOpoe¢ YHAOBJETBOPAIOT —IyTeM TOHCKA  KpPUTMHECKix
(aKTMBHBIX) OrpaHudeHud M WCCIEOBAHWMA WX BIMSHMA HA C/BUT Tpakuy
JoycTUMOM 061aCTH.

OTMedeHHBIe 0COBEHHOCTH TOCTAHOBKY 3a7a4i OOBACHAIOT, NOYEMY Mg
ee peleHus He MOTYT MCIIONb30BATECA KIACCHYECKHEe METOBI ONTUMU3ALINY, B
CBA3M C YeM PEATM3yeTcs MeTOJ CTATHCTHYECKMX MCTbITaHu# (MeTox Monte-
Kapno).

5.3. Onucanune Meroaa

Xapaktep QyHKUMH, KOTOPHIMM MOXKHO OITMCBEIBATE TOT MJIM MHOM MPOLECC,
pasndyeH, # 4TOOBI OTHICKATH ONTMMYM IIPAMBIM METOJOM, BO3MOJXKHO
OCYILUECTBEHHE ONTUMH3ALMU TONBKO Ui OAHOW (yHKuMH (TapaMeTpa), TaK
KaK KOOpJAMHATHI HKCTPEMYMOB Pa3iIMYHBIX (YHKIUN HEe COBIIAIAIOT.

s TOTO 4T06BI PeluTh «HEBBITIOJTHUMYIO) 3a/1a4y
MHOIronapameTpu4eckoi onTuMuU3aluy, ee npeobpasyroT B 3a4auy OTHICKAHUA
obnactu komnpomucca (OK) mna Heckonbkux nenesbix dyuxuuis. Ha puc. 5.1
u300paKeHbl B KauecTe TpUMepa TOBEPXHOCTH JIBYX LEIEBIX (ynxuui y;
Y2, 3ABUCUMBIX OT TIEPEMEHHBIX X U X,. ITpy oTbICKaHMK 06)1acTH KOMITPOMHUCCA

3ajlana CHCTeMa OrpaHKyeHnit Ha He3aBUCHMBIE TIEPEMEHHBIE X, ¥ X;, HAIPUMED,
B BUJIE ;

O0<x, <a; )

b<xl <c:

A TAIOKe OrpaHMieHMs Ha BHIXOJHEIE NAPAMETPE! (LeNeBhe ynxupnu) y; % )2

:;m 3a/laHnu, HaTpUMep, UX NpeebHBIX yposeit fu d (cm. puc. 5.1):
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»2fi (5.2)
y, <d.
N ciy4aifHBIX TOUCK (1<i<N) B

HepaTopa cy9aiHbIX
r  paBHOMEPHO

3ajaguM KOOpIMHATHI Ui CEpUH M3

Menax nomycrumol obnace (5.1) © TMOMOIIBIO TC

Da::;:;zle Hampuvep, myrem (OpMHpOBAHIA gy 0

. Jaiim:,];x CiTyuaiHEIX qHCe, IPUHMMAIONIAX 3HAYCHNA B npenenax ot

BI’“‘"CﬂmoT; . Tlpu sToM 3HaueHHs (axTOpPOB (xoopAMHATEI o)
1O clieyromeMy IpaBuiy:

{x,‘ =xm (e —xPt),  0<X <4 (5.3)

§ 4 ’
Xy = Pt eyt = 0 b<x; <c.

3?,aamme TakuM  oGpazom
CIIyHYalHBIE TOYKH MpPOBEpAIOT Ha
BLIIONHEHUE  ycnoBuii  (5.2) u
HCKIIIOYAIOT UX W3 JansHeHIero

paccMOTpEHHUs B .
Bapyag, Koopnunare
yaauHBIX TogeK,

yJOBJIETBOPSIOIIHE yCIOBHIO (5.2),
3a[IOMUHAIOT ¥ (OPMHUPYIOT U3 HHX

MaccuB 3Ha4eHHi s PucS. Tpaduueckoe npencrasienue
onpenenenus TpaHMI  OGTacTH TeeBLIX GYHKIHA
xomnpomucca (OK): Y1 mys, orpanmiennit y>f, yr<d
u o6nacTh komnpomucea OK
{(xr‘")' = min(x})"; ()" = max(x))’s et
(57" = min(el)s (5™ = maxCs) A

re uHIekcoM (*) OTMEYeHH! TOYKH, YAOBIETBOPSIOLIME yCIOBHAM (83K i -
HOMep TOYKH €O CTydaiHBIMH KOOpIAHHATAMH; HHIEKCAMY min 1 max OTMEUCHB
rpaHMYHbIe 3HAYEHHs YAaYHBIX HCIBITAHUN MO Kaxmo# KOOpPMHATHO! OCH,

ouepunsaromme OK. Obiee KOTHYECTBO Y/IAUHEIX TOUEK TaKXKe QUKCUPYIOT.
onre-Kapno

PaccMOTpHM  TIpEMephI  MCTIOB30BAHUA MeToma M
PellleHHs KOHKpeTHBIX 3a7ad, HampuMep Ad OWCKA ONTHMAIBHBIX CBOMCTB

CILTaBOB,
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2.2. MaTemaTHyYeCKHe MOJEJNH OCHOBHBIX
(H3HKO-XHMHYECKHX NMPOLECCOB

2.2.1. Isuxenune xuakoctu (rasa). Ha ocnoBe ob6mux 3ako-
HOB MEXaHHKH JBHXXEHHe XHAKOCTH (rasa) ONHCHIBAeTCSH CJe-
JAYIOIHMH COOTHOLICHHSIMH:

— YPaBHEHHEM CIJIOIIHOCTH, CBSI3BIBAIOIIHM TMJOTHOCTL JBH-
HKYUIEHCs] CIVIOUIHOM CPebl p C ee CKOPOCTBHIO v,

-g% + div (pv) =J, (2.1)

rae J — o6beMHBI HCTOYHHK H3MEHEeHH$ MacChl BCJEJCTBHE XH-
MHYECKHX H (ha30BBIX npeBpalleHuii; 1 — BpeMsi;
— YypaBHenusmMu HaBbe — Crokca
dv ov 1 v
7= ™ 5+ (vA) v = F——P- grad P -|--3-grad divo +vfo, (2.2)

e v-— KHHeMaTHuyeckas BA3KOCTL

KHAKOCTH; F — BHewHAs
obbemuas cuna; P

~— AABJICHHE B XXHJIKOCTH.
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JleBasi yacth ypaBHeHHS (2.2) cOJepXKHT CyMMY JOKa/JbHOTO
¥ KOHBEKTHBHOrO YCKODeHHsl, B TpaBofi 9acT CyMMHUDYIOTCH
o6beMHAs CHAA, AaBJEHHE H CHJBl CONDOTHBJIEHHS, BbI3BAHHbIE
BSI3KOCTbIO.

[IpuBeneHHass CHCTeMa YPaBHEHHii NO3BOJISET ONPEAETHTD
HeH3BecTHHe (YHKUHH CKOpocTedt v(X, ¥, 2, t) u nasnenns P(x,
Y, 2, T) IpH 3aJaHHBIX 3HAYEHHAX Fix & 2 xl e N 2 e
u v. Pemenwe nmogo6HOH CHCTeMBl C mHomouieio IBM Tpebyer
NpHMeHeHHsi BecbMa CJOXKHOTO MAaTeMaTHYeCKOro amnapara H
GOJIbLIAX BHIYHCJHTENbHBIX PECypCOB.”

JIns yCTAaHOBHBIIMXCS MPOLECCOB, KOTJA MOXKHO npeHeOpeub
YCKODEHHSIMH B JIeBOH YacTH yDaBHEHHs (2.2), MOXKHO NOJY4YHThH
ya06HOe AJsi HCIOJb30BAHHS H3BECTHOe ypaBHenue DBepyiiu,
HCIIOIb3yeMOe IJIs pacuera THAPABIHYECKOrO PEXHMa NOTOKOB*.

2.2.2. Tenao- u macconepenoc. [uddepenuuanbuoe ypaBHe-
HHe NepeHoca TemJa B JABHXKYIIEHCS CpPele YUHTHIBAET MOJeEKy-
JIAPHBIA TepPeHoc Tensaa KonOyxyued ¢ KOIQ(HHUHEHTOM TerIo-
NPOBOAHOCTH A M KOHBeKyuetr cO CKOPOCTBIO ¥ BCJIEJACTBHE Iepe-
MeleHHS YacTHI KHAKOCTH.

=50+ (0A)t = [A(Af) 4 Q]

" (23)
rae ¢ — temieparypa; ¢ — yAelbHas TemJIOeMKOCTb; Q — BHYT-
peHHHiI OOBeMHBIH HCTOYHHK TemJa B pe3yJbTaTe XHMHYECKHX
HJIH (pA30BBIX MPEBPaLIEHHH.

AHa/lorHYHble COOTHOLIEHHSI HCHOJb3YIOTCH JJIA ONHCAHHA
npouecca Igdysuu

d
HE =% 1 (vA)C = A(DAC) +,

(2.4)

rae C — KonuenTpauus AnddyHaupyouero Bemecrsa; D—
Ko3¢pduuuent AHPy3uu; r — 00bEeMHBIH HCTOUHHK BellecTBa.
Vpasuenus (2.3)—(2.4) nator pemenus (x, y, 2, v) u C(x,
y, 2, T), OTBEYAIOlIHE KOHKPETHBIM YCJIOBHSM 3a/laul, eciu yKa-
3aHBI COOTBETCTBYIOIIHE HAayaJbHble H IPAaHHYHbIE YCJOBHSA, T. €.
3aJlaibl  pacnpejesieHde TeMnepatypel (KOHLEHTPauun) B Ha-
YaJbHBIH MOMEHT BPEMEHH H YCJOBHMf Ha TpaHULAX paccMarpH-
BAEMOro TeJia Ha TNPOTAKEHHWH BCero mporecca. I'paHuuHble yc-
TOBHSI KOHBEKTHBHOTO TemjaooOMeHa (mepeHoca BEIIECTBA) 3a-
1a10T B JopMe H3BECTHOTO ypaBHeHHs HblOTOHA, M JIYYHCTOrO
renioo6mena — no 3akony Crepana — Bonbinmana.
: Hen}ﬂoroqncaenﬂme aHAJIMTHYECKHE peIIeHHs YypaBHEeHHH
(2.3)—(24) nne Ten THOA NJAATHL. LHJAMHAPA M IIapa TOJdV-




