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BBenenue

HanmenoBanue kypca — «MaTemaTH4eCcKOe MOIETUPOBAHUE B OTPACITIN».

Iesan kKypca — mpuoOpeTeHHE HABBIKOB pa3paOOTKH U MCIIOIb30BaHU MAaTEMAaTHUECKUX MOJIEIICH JUIs
OMMCaHMs, UCCIIEIOBAHNS U ONTUMHU3ALIMHU MPOLECCOB B MATUHOCTPOEHHUH.
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CUCTEMAX;
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B nencTBUTENLHOCTU BCE MHAYe, YeM Ha caMOM aene.
AHmyaH e CeHmM-3k3ronepu

Jlekuusi 1 Ilonsitue o mogesupoBanun. MojaeJib.

MopneaupoBaHue — 3TO METOJ] HCCIEIOBAHNUS CIIOKHBIX O0BEKTOB, SIBJICHUN MU MPOLIECCOB HAa UX
MOJIEJIAX MJIM Ha PEaJIbHBIX YCTAHOBKAX C IPUMEHEHUEM METOJI0B TEOPHH 10100Ms P TOCTAaHOBKE U
00paboTKe pe3ysIbTaTOB IKCIIEPUMEHTA.

Mogaean (ot nat. Modulus —mepa, obpa3zer, Hopma) - pusnueckas cucrema (YCTPOUCTBO, CXeMa,
YCTaHOBKA, CUCTEMa MAIllMH) WK MaTeMaTHUECKOE ONHUCAHNE KOMIIOHEHTOB M (DYHKIIHIA, oToOpakaromune
CYIIECTBEHHbIE CBOMCTBA KAKOI0-JINOO 00BEKTA, MIPOLIECCa UIIH SIBICHHUS.

Mogenb- 3T0 TaKoil MaTepUatbHbIN UM MBICICHHO MPEACTaBIIEMbI 00BEKT, KOTOPBIN B IpoIiecce
NO3HaHUsA (U3y4eHus) 3amMeliaeT 00bEKT-OpUrHHAJ, COXPaHss HEKOTOPbIE BaXKHbIE [Vl JAHHOTO UCCIIEO0-
BaHUS TUIIMYHBIE €TO YEPTHI.

C npeBHEHIINX BPEMEH IIPHA U3YYEHUH CII0XKHBIX IPOLECCOB, SBJICHNUN IIPU KOHCTPYUPOBAaHUHU HOBBIX
YCTPOMCTB U COOPYKEHHUH YEJIOBEK IPUMEHSAET MOEIIH. XOPOIIO IIOCTPOCHHAs MOJIENIb, KaK IIPAaBUIIO, J10-
CTYIHEE JJIsl UCCIIEI0BAHMS, HEXKENU peallbHbl 00beKT. Kpome Toro, HekoTopble 00bEKTHI BOOOIIE HE MO-
T'yT OBITh HCCIIEZIOBAHBI HETIOCPEACTBEHHBIM 00pa30M: HEIOMYCTHMBI, HAPUMEp, SKCIEPUMEHTHI C SKOHO-
MHUKOH CTpaHbl B [I03HABATEIbHBIX LEJSX, HEOCYIECTBUMbI SKCIIEPUMEHTHI ¢ IjIaHeTaMu COJIHEYHOH CH-
CTEMBI U T.II.

BaxxkHoe Ha3HaueHUE MOJIENIN COCTOUT B TOM, UTO C €€ TIOMOIIbIO BBISBIISIFOTCSA HanOO0JIee CyIeCTBEeH-
HbIE (aKTOPBI, POPMHUPYIOIIHE T€ MIIM HHBIE CBOMCTBA 00BEKTA, TIOCKOJIBKY caMa MOJEIh OTPaXKaeT JIUIIb
HEKOTOPbIe OCHOBHBIE XapaKTEPUCTUKU UCXOJHOIO OOBEKTA.

Moenp mo3BOJISET TaK)Ke HAYYUTHCS IIPABHIIBHO YIIPABIISATH OOBEKTOM, IIPOBEPSIS pa3INYHbBIC BapH-
aHTbI YIPABJICHUS HA MOJIEIH 3TOr0 00bEKTa. DKCIEPUMEHTUPOBATh B 3TUX LEJIAX C PeabHBIM 00bEKTOM
B JIy4IlIEM cily4ae ObIBaeT HEYJ00HO, a 3a4acTyI0 IIPOCTO BPEAHO, a TOPOIl HEBO3ZMOXKHO B CHIIY psija MpH-
YHH.

Taxum 00pa3om, MOJIeNb HyKHA JIJIsl TOTO, YTOOBI IIOHSTH, KaK YCTPOCH KOHKPETHBIH 00BEKT, KaKoBa
€ro CTPYKTypa, OCHOBHBIE CBOWCTBA, 3aKOHBI PA3BUTHUSA M B3aUMOJECHCTBUA C OKPYXKAIOUIMM MHPOM, a
TaK)K€ YTOObI HAYYUTHCS YIPABJIATH 00OBEKTOM HJIU IIPOLECCOM.

X0opo110 NOCTPOEHHAsl MOJIeNTb, KaK MpaBuilo, 001aJaeT yIUBUTEIbHBIM CBOMCTBOM: €€ U3yUEHHE
JlaeT HEKOTOpbI€ HOBBIE 3HAHUSI 00 0OBEKTE OpUTHHAIE.

IIponecc nocTpoeHusi MOAeIM HA3LIBACTCH MOJCJIMPOBAHUEM.

Cy1iecTByeT HECKOIBKO MPUEMOB MOJEINPOBAHMSI, KOTOPhIE MOKHO M300pa3uTh B BUJIE CXEMBI.

METO/IbI MOJIEJINMPOBAHN A

/ ~

MATEPUAJIBHOE NJAEAJIBHOE
OU3NYECKOE AHAJIOI'OBOE NHTYUTUBHOE 3HAKOBOE
MATEMATUYECKOE

Puc.1. Knaccuduxarms MeTo10B MOJIETHPOBAHMS.

K matepuajbHBIM OTHOCSTCS TaKuE€ CIOCOOBI MOJETMPOBAHUS, IPU KOTOPHIX HCCIEI0BaHUE Be-
JIeTCsl HA OCHOBE MOJIEJH, BOCIIPOM3BOIAIIEH OCHOBHBIE T€OMETpUYeckre, (hu3nyeckue, JMHAMUYeCKUe U
(GyHKIIMOHAJIbHBIE XapaKTEPUCTUKU U3ydaeMoro o0bekTa. OCHOBHBIMH Pa3HOBHUIHOCTSIMH MaT€pUAIbHOTO
MOJICJIMPOBAHUS SIBIISIOTCS (PU3UUECKUE U aHAJIOTOBBIE MOJIETIMPOBAHUSI.

Du3nyecKHM MPUHATO HA3bIBaTh MOJIEIHPOBAHUE, IPU KOTOPOM peaibHOMY OOBEKTY IPOTUBOIMO-
CTaBJISIETCA €r0 yBEJIMUYEHHAasl WM YMEHbIICHHas KOMMs, JOMyCKarolas ucciaefoBaHre (Kak MpaBuio, B
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ab0PATOPHBIX YCIOBHUSAX) C MOMOIIBIO MOCIEAYIOMIErO MEPEHECEHUs CBONCTB M3y4aeMbIX MPOIECCOB H
SIBJICHUH C MOJIENTH Ha OOBEKT HAa OCHOBE T€OpUH 1Mo 00usi. BoT HECKOIBKO TPUMEPOB (PU3UUECKUX MOJIE-
JIel: B aCTPOHOMUU — IIJIAHETApHii, B ApXUTEKType — MAKEThI 3JaHUM, B CAMOJIETOCTPOCHUU — MOJCIIN JIe-
TaTeJNbHBIX aNNapaToB.

AHaJIOTOBOE MOJIETMPOBAHNE OCHOBAHO HA aHAJIOTUHU MPOLIECCOB U SBJICHUM, UMEIOIIUX pa3iny-
HYI0 (PU3UYECKYIO IPUPOJTY, HO OJIMHAKOBO ONMUCHIBAEMBIX (POPMaIbHO (OJJHUMHU U TEMH KE MaTeMaTHYe-
CKMMU ypaBHeHUsIMH ). Hanbomnee mpocToit mpuMep — n3ydeHrne MEXaHUYECKUX KOJIeOaHU! ¢ TIOMOIIIBIO
AIIEKTPUIECKOM CXEMBI, OITUChIBAEMON TeMU ke TU(depeHIInaTbHBIMI YPaBHCHHUSIMHU.

OT MaTepuabHOro (IPeAMETHOI0) MOAEIMPOBAHUS NPUHIIUNUAIBHO OTJIHYAETCH MIeaJIbHoe
MO/IeJIMPOBaHKe, KOTOPOe OCHOBAHO He HA MATEPHAJILHON AaHAJIOTHN 00BEKTA M MO/IeJIH, 4 HA aHAa-
JIOTMH MIeAJIbHOM, MbICIUMOI. UieajibHOEe MO/IeTUpPOBaHUE HOCUT TeopeTHUYecKuil xapakrep. Pa3-
JIMYAIOT JIBA THUNA U1eaJIbHOr0 MOJeJTUPOBAHNS: HHTYUTHBHOE M 3HAKOBOE.

Iog unmyumuenviym_TMOHUMAKOT MOJIEIMPOBAHNE, OCHOBAHHOE HA HHTVHUTHBHOM IpeaCcTaBJie-
HHUH 00 00hEKTEe MCCIeI0BAHNS He MoUIaoumuMcsa GopMaau3alnm, Ju00 He HYKIAIIIEeMCs B Hei.
[IpuMepoM UHTYUTUBHOM MOJIEIM  OKPY>KAIOIIETO MUPA MOKHO CUMTATh KM3HEHHBIHN OIBIT KaXKJ0T0 ue-
JIOBEKA.

3HaK06blM HA3BIBAECTCA MOJIEJIMPOBAHNE, MCIOJIb3VIOIEe B KAUeCTBE MoJie/ieid 3HAKOBbIE Ipe-
00pa3oBaHUs KAKOI0-J100 BH/IA: CXeMbI, IpaduKH, YepTeKH, (hoOpMY.Jibl, HA00PLI CHMBOJIOB H T.J1.,
a Tak:Ke BKJIKYalollee COBOKYITHOCTh 3aKOHOB 0 KOTOPbIM MOXKHO OIIEPUPOBATh C BEIOPAHHBIMHU
3HAKOBBIMH ITPEOOPA30BaHUSIMH M MX JICMEHTAMHU.

BakHeiilnuM BHIOM 3HAKOBOI'0 MOJAEJIHPOBAHUS SABJIACTCI MAMEMAMUYECKOE MOOEUDPOEA-
Hue, TP KOTOPOM HMCCJIeIOBAHNE 00bEKTA OCYIIECTBSETCH MOCPEACTBOM MOJIEIN, (DOPMYJIHPO-
BAHHOM HA SI3bIKEe MATEMATHKH, M HCII0J1b30BAHHEM TeX WM HHBIX MATEMATHYECKHX METOJ0B.
Knaccuueckum npuMepoM MaTeMaTUueCKOro MOJICIMPOBAHUS SABJISIETCS ONKMCAHUE U UCCIIEIOBAHUE OC-
HOBHBIX 3aKOHOB MexaHuku M. HproToHa cpeacTBaMu MaTeMaTHKHY.

Hpouecc MATEMATHYECCKOIO MOJACIUPOBAHNA MOKHO IIOAPA3ACJIUTH HA 4 Talmna.

IlepBblii 3Tan — GopMyIHpPOBaHHE 3aKOHOB, CBSA3BIBAIOIIUX OCHOBHBIE OOBEKTHI MOJIETH. DTOT
JTar 3aBEPIIACTCS 3aMMChI0 B MATEMATUIECKUX TEPMHUHAX COPMYIUPOBAHHBIX KAYECTBEHHBIX MPE/I-
CTaBJICHUHN O CBS3SX MEXKAY OOBEKTaMHU MOJIEIIH.

BTopoii 3Tan — uccineoBaHuE MAaTEMATUHYECKUX 3a]1a4, K KOTOPBIM IPUBOAST MAaTEMATHUYECKUE MO-
nenu. OCHOBHBIM BOIIPOCOM 37I€Ch SIBJISIETCS PELIEHUE MPSMOIl 3a/1a4H, T. €. OJIy4eHUE B Pe3yabTaTe
aHaJIM3a MOJICIIA BBIXOJIHBIX JIAHHBIX JUJIS JAJIbHEUIIIET0 UX COTIOCTABIICHUS C pe3yIbTaTaMu HAOIIOACHUS
M3Yy4aeMbIX SBIEHUHN. 371eCh TIaBHYIO POJIb MPUOOPETAIOT MaTeMaTHYECKUH anmapaT U BIYMCITUTENbHAS
TEXHHUKA.

Tpetuii 3Tan — BISICHEHHUE TOTO, YIOBIETBOPSIET JIU MPUHATAS MOJIEb KPUTEPHIO MPAKTUKH, CO-
TJIACYIOTCS JIW PE3YNIbTAThl HAOMIOJACHUM C TEOPETHUSCKUMHU CIEACTBUSIMU MOJIENH B TIpe/ieiax TOYHOCTH
HaOIIOICHUH.

YerTBepThlii 3TAN — MOCISAYIOMNNA aHATTU3 MOJIETTM B CBSI3M C HAKOIUICHUEM JIJaHHBIX 00 h3ydae-
MBIX SIBICHUSX. BO3HHKaeT BO3MOKHOCTh MOJIEPHU3AIIMY MOJIETH, T.€. IIOCTPOCHH HOBOM, OoJiee coBep-
IMIEHHOW MaTeMaTHYeCKOM MOJICITH.

TexH0JIOrMs MOATOTOBKHU U pellieHUus 3a/1a4 ¢ MOMOIIbI0  KOMIbIOTEpPa
(TTo marepuanam caiita http://www.aec.neva.ru/book/informatika/theory/chapter8/1_8 2.html)
Wtak, 4To Ha3BIBAIOT MaTEMaTUYECKOW MOJIEIbIO?

MaremaTuyeckas MoJieJib — 3TO CHCTEeMa MATEMATHYECKUX COOTHOLIEeHU il — ¢opMy.Jl, YpaB-

HEHUil, HEPABEHCTB M T.JI., OTPAKAKIIMX CYHIECTBEHHbIE CBOHCTBA 00bEKTAa MU SIBJICHHS.

UtoO0BI onrcaTth SIBICHUE, HEOOXOIMMO BBISIBUTH CaMbI€ CYIIIECTBEHHBIC €r0 CBOWCTBA, 3aKOHOMED-
HOCTH, BHYTPEHHUE CBSI3U, POJIb OTACTBHBIX XapaKTEPUCTUK sBIIEHUs. BrienuB Hanbonee BaxXHbIE Gak-
TOPBI, MOKHO TTPEHEOPEUh MEHEE CYIIECTBEHHBIMHU.

Haub6onee r¢pexkTBHO MaTeMaTHUECKYIO0 MO/IETTh MOKHO PEai30BaTh Ha KOMIIBIOTEPE B BUJE all-
TOPUTMHAYECKON MOJEIIM — TaK Ha3bIBAEMOT'O ""BBIYMCINUTEIBHOTO DKCIIEPUMEHTA" .

KoneuHo, pe3yabTaThl BBIYUCIUTENBHOTO 3KCIEPUMEHTA MOTYT OKa3aThCA U HE COOTBETCTBYIO-
IIUMU JECHCTBUTEILHOCTH, €CJTU B MOJICNIA HE OyIyT yUTEHBI KAKHE-TO BaKHBIE CTOPOHBI JEHCTBUTEIHLHO-
CTH.



http://www.aec.neva.ru/book/informatika/theory/chapter8/1_8_2.html

Nrak, co3naBasi MaTeMaTUYECKYIO MOJIENb JIsl PEIICHUS 3a[1a4H, HYKHO:

® BbLIIEJUTH NPEANojoKeHNsl, HA KOTOPbIX 0YIeT 0CHOBBLIBATHLCA MaTeMaTHUYeCKast MOJIe/b;

e onpenenTh, YTO CUNTATh HCXOAHbIMH JAHHBIMH M PE3VJIbTATAMMN;

® 3amHCcaTh MaTeMATHYECKHE COOTHOIIEHHS, CBA3LIBAIOIIINE PE3VIbTATHI C HCXOIHBLIMH JIAH-
HbIMH.

[Tpu mocTpoeHNN MaTeMaTUIECKIX MOJIETICH 1ajeKo He BCET/la yaaeTcsl HAuTu (hOPMYIIbI, SBHO BbI-
pakarolIue MCKOMbIE BEJIMUMHBI Yepe3 JaHHbIe. B TakuX ciiydasix UCHOJIb3YIOTCSI MaTEeMAaTHYECKUE Me-
TOJIBI, IIO3BOJISIONINE JATh OTBETHI TOM UM MHOM CTCIICHH TOYHOCTH.

Cy1iecTByeT He TOJIbKO MaTEMaTHYECKOE MOICIIMPOBAHNE KAKOTO-THOO0 SBJICHHUS, HO ¥ BU3YaJIbHO-
HATypHOE MOJICTTMPOBAHUE, KOTOPOE 00ECTICUNBACTCS 3a CUET OTOOPAKECHHUS ITUX SIBJICHUN CPEICTBAMU
MalIuHHOM TpaduKy, T.€. Iepe HCCIEI0BATEIEM JIEMOHCTPUPYETCS CBOCOOPa3HbI "KOMITbIOTEPHBIH
MyIbTHUIBM", CHOIMaeMbIi B peabHOM MaciiTade BpeMeHr. HarmsqHocTh 3/1eCh OYeHb BBICOKA.

MaTteMaTHUYECKO€E MOIeJTHPOBAHNE MPOIECCOB B MAIMHOCTPOEHUH
[Tox 0O6beKTaMu MOJICTHPOBAHUS B MAIIMHOCTPOUTEILHOM ITPOU3BOJICTBE CIIEAYET TOHUMATH:
1. Texnonorumueckue cucteMbl (TC) — y9acTKH U3 YHUBEpPCAIbHBIX CTAHKOB, aBTOMATHYECKHE
JUHUH, THOKue npousBoacTBeHHble cuctemsl (I'TIC).
2. Texnonoruyeckue nporecch (TII).
3. ®usnyeckue npoueccel (PII) — mporeccsl, MpoTeKarOUIe NPU PE3aHUU METAIJIOB, TPU
(G YHKIIMOHUPOBAHUH TEXHOJIOTHYECKOro o0opynoBanus B yrpyroii cucteme CITN u T.1.

B uucrom Buje (110 — OTIETLHOCTH) MAaTEMaTHYECKHUE MOJICNIA JAHHBIX 00bEKTOB IPUMEHSIOTCS
penKo, Kak MmpaBujio, OHU KOMOMHUpOBaHHBIE. Hanpumep, B MaTematnueckux mojensx TC ucnomnb3y-
10TCsl MaTemMaTudeckue mozenu TII, B KOTOPBIX, B CBOIO OUepeb, MPUMEHSIOTCS MAaTEMAaTUUYECKUE MO-
nemu OII.

Maremaruueckas MOJIeNIb 00bEKTa MOICITUPOBAHUS — 3TO CUCTEMA MATEMATUUYECKUX JIIEMEHTOB (UH-
cell, IepeMEHHBIX, YpaBHEHH, HEPAaBEHCTB, MHOKECTB, MaTpUIl, Tpad)oB U T.J.) U OTHOIIEHUN MEKITY
HUMH, aJIEKBaTHO OTPaKaroIlasi HEKOTOPbIE CBOMCTBA O0OBEKTA, CYIIECTBEHHBIE C TOUKU 3PEHUS UHXKE-
Hepa, JUIs pelieHus TOW WK UHOM 3aa4u.

Marematuueckue MoJIeu pa3padbaTbIBAIOTCS IJIS:

1. Onucanus ®@II, TII, TC.(pu3nyeckux, TEXHOJIOTHUYESCKUX ITPOIIECCOB, TEXHOJIOTHYECKUX CH-
cTem)

Uccaenosanus OII, TII, TC.

[Ipoextuposanus TII, TC.

OnTtumusanuu B xoze npoexktuposanust TII, TC u opranuzanuum padotst TC.
ITocTpoenust cucTeM aBTOMaTU3UPOBAHHOIO TPOEKTUPOBAHMUS.

MeTtoabl ONTHMH3ALNH.

(TTo marepuanawm caiira http://dl/sumdu/edu/ua/)

[Tponiecc onTUMHU3AIMHK JEKUT B OCHOBE BCEH MHKEHEPHOH 1EATENIbHOCTH, TOCKOIBKY (DYHKIUH CIie-
L[MAJIMCTa COCTOAT B TOM, YTOOBI, C OJTHOM CTOPOHBI, MPOEKTUPOBATh HOBBIE, O0Jiee AP PEKTUBHbBIE, MEHEE
JOpOrue TeXHUUYECKHE CHCTEMBI, a, C JIPYrodl CTOPOHBI, pa3pabaThiBaTh METO/bI MOBBIIIEHHUS KauecTBa
(YHKIIMOHUPOBAHMSI CYILIECTBYIOIIMX CUCTEM.

B mpakTuueckoit 1esTeIbHOCTH YaCTO U3 MHOTUX BO3MOJKHBIX BapUAHTOB PELICHUN 3a1a4l HE00-
XOJUMO BbIOpaTh onTUMaIbHbIA. Hanpumep, U3 HECKOIBKUX BapUAHTOB MEPEBO3KH ChIPbs MOTPEOUTENSIM
HE00X0AMMO BbIOpaTh HanboJee JemeBblid, HO TAKOH, KOTOPBIA YUUTHIBAET OTPAaHUYEHUS HA JOMYCTUMbIE
TEPMUHBI TOCTABOK; U3 BO3MOXKHBIX IJIAHOB PAaCKpOsi MaTepuaia BbIOpaTh TaKOW, KOTOPBINA MO3BOJIMT BbI-
MOJTHUTD TUIaH MPU HAUMEHbIIEM KOJIMYECTBE OTXOOB U T.1.

Bo MHOXecTBe citydaeB 3a/1aya MOMCKa ONTUMAJIbHOTO PEIIEHUs MOXKET ObITh (hOpMaIU3upOBaHa U
peleHa TOYHO WK IPUOIU3UTENTEHO U3BECTHBIMU METOIAMHU.

IlocTaHOBKA 3212a4M ONITUMM3ALUH.

OnTuMuzanus B IIMPOKOM CMBICIIE CJIOBAa HAXOIUT MPUMEHEHHE B HayKe, TEXHUKE U B 00011 apy-
roil 00J1acTH YesloBeYecKon nedareabHocTu. ONTUMU3alus - leJIeHanpaBieHHas JesTeIbHOCTb, 3aKII0Ya-
IOLLAsICS B TIOJyYEHUHN HAUTYUIINX PE3YyIbTATOB IIPU COOTBETCTBYIOIINX YCIOBHSIX.

agrwm




[Toucku onTUMaIbHBIX PEIICHUM MPUBEIN K CO3[JaHUIO CIIEIIMAIBHBIX MATEMATHUYECKUX METOIOB U
yke B 18 Beke OblTH 3aJ10)KEHBI MaTEMaTHUYECKHE OCHOBBI ONITUMU3ALINHY (BapUAILIIOHHOE UCUHUCIICHHE, YN C-
JICHHBIC METOJIBI U JIP.).

Opmnako 10 BTOpOi mooBUHBI 20 BEKa METOIbI ONTUMHU3AIMK BO MHOTHX OOJIACTAX HAYKH U TEX-
HUKH TPUMEHSUITUCh OUYEHb PEJIKO, MOCKOIBbKY MPAKTUYECKOE MCIIOIH30BAHUE MATEMATHUYECKUX METOJI0B
ONTUMHU3ALUU TPEOOBAJIO OTPOMHOM BBIUHUCIUTENHLHOM PaboThHI, KOTOpyo 6e3 DBM peanuszoBarh ObLIO
KpaiiHe TPY/IHO, a B PsJie ClydaeB - HeBO3MOXHO. OcoOeHHO O0IbINe TPYJHOCTA BOSHUKAIN MPH pelie-
HUU 3a7]a4 ONTUMHU3ALMH [TPOLIECCOB B XUMUYECKON TEXHOJIOTHH K3-3a OOJIBIIOr0 YUCIa MapaMeTPOB U UX
CJIO’KHOW B3aUMOCBSI3U Mex 1y co0oii. [1pn Hanmuunn OBM 3aia4ya 3aMeTHO yIpoIIaeTcs.

[TocranoBKa 3a/1a4 ONTUMH3AUH MIPEANOIaraeT CylecTBOBaHNE KOHKYPHUPYIOIIHUX CBOMCTB MPO-
1ecca, Halpumep,

-KOJIMYECTBO MPOAYKIUH - "PacXo/i ChIpha'- KOJUYECTBO MPOIYKIHNH "KauyeCTBO MPOYKIIHH"

Br1600p KOMIIPOMUCCHOTO BapuaHTa JJIsi YKAa3aHHBIX CBOWCTB U IMPEJCTaBISAET COOOW MpoLexypy
pelIeHrs ONTUMU3AIIMOHHOM 3a/1a4H.

[Tpu mocTaHOBKE 3a/1a4¥ ONTUMHU3ALUN HEOOXOMMO:

1. Hanuuue ob6bekTa onTUMHU3ALUU U Lenu ontumusauuu. [Ipu stom dopmynupoBka Kaxaon 3anadu
ONTUMU3ALNH JOJIKHA TPEOOBATh SKCTPEMAIILHOIO 3HAYEHUS JIUIb OJTHOM BEJIMYUHBI, T.€. OJTHOBpE-
MEHHO CHUCTEME HE JOJHKHO MPUITMCHIBATHCS J1BA U 00Jiee KPUTEPUEB ONTUMU3AINH, T.K. IPAKTUYECKU
BCETIa DKCTPEMYM OJTHOTO KPUTEPHSI HE COOTBETCTBYET IKCTPEMYMY IPYTOTO.

TunuuHelii MpuMep HEMPaBUIBLHOW MOCTAHOBKH 3a/a4yd onTuMmuzanuu: [lonydnTs MakcHMalibHYIO
MIPOU3BOIUTEIIEHOCTh TP MUHUMAIIbHOUM cebecrommoctu. OmuoKa 3aKIr09aeTcs B TOM, YTO CTa-
BUTCS 3a/la4ya MOUCKAa ONTHMYyMa 2-X BEJIHYMH, IPOTHUBOPEYAIUX IPYT APYry 1o cBoeit cytu. [Ipa-
BWJIbHASI TOCTAHOBKA 3aJ]a4¥l MOTJia ObITh CIEAYIONIAs: a) MOJYyYUTh MAKCUMAJIbHYIO TPOU3BOIUTENb-
HOCTb MPH 33/IaHHOM ce0ECTOUMOCTH; 0) MOJIYYUTh MUHUMAJIbHYIO C€0ECTOMMOCTH TPH 3aJaHHOM MPO-
M3BOJMUTENLHOCTH; B mepBoM cityyae KpuTepuil ONTUMU3ALNH - TIPOU3BOAUTEIBHOCTh, @ BO BTOPOM -
ce0ecTOMMOCTb.

2. Hanmnuue pecypcoB ONTUMH3AIMH, TI0]T KOTOPHIMU TOHUMAIOT BO3MOKHOCTh BbIOOpa 3HAYEHUN HEKOTO-

PBIX MapaMeTpoB ONTUMHU3HPYEMOro o0bekTa. OOBEKT MOMKEeH 00JaAaTh OMpEeesIeHHBIMH CTEHEHSIMU

CBOOO/IBI - YIPABJISIIOITUMHU BO3/ICHCTBUSIMHU.

3. BO3MOXHOCTb KOJIMYECTBEHHON OIICHKU ONTHUMHU3UPYEMON BEIMYMHBI, TOCKOIBKY TOJIBKO B 3TOM CIIy-

gae MO’KHO CpaBHHUBATH d(H(PEKTHI OT BEIOOPA TEX MITU MHBIX YIPABIISIONIUX BO3ICHCTBUH.

4.Yuer orpannuennii. POPMYJIUPOBKA MATEMATUYECKOW 3AJAYYN ONTUMM3AILIUA

B nocrarouno obmiem Bue MaTeMaTUUYECKYIO 3a/lady ONTUMM3AIMA MOXHO CHOPMYIUPOBATH CIIEIYIO-

MM o6pazom: Munumuzuposams (MAKCUMUIUPOBANIL) UeNE6YI0 YYHKUUIO C yUem oM 02PAHUYEHUT HA

ynpagnisaemvle nepementble.

[Moa munumuszayueit (maxcumuzayuetr) pyaximu N nepemeHnbix f(X)=f(Xq, ... ,Xn) Ha 3a1TAHHOM MHO-
xectBe U N-MepHOro BEKTOPHOTO MPOCTpaHCTBa En mOHMMaeTCs onpeneneHre XoTs Obl OJTHON U3 TOYEK
MUHUMYyMa (MakcUMyMa) 5Toi pyHKIMKU Ha MHOKecTBe U, a Takke, eciiu 3T0 He0OX0AUMO, 1 MUHUMAJIh-
Horo (MakcuManibHOTrO) Ha U 3Hauenus f(X).

[Tpu 3amucu MaTeMaTUYECKUX 33]1a4 ONITUMHU3ALIMH B 00IIIEM BHJI€ OOBIYHO UCIIONIb3YETCS CIIEIYIOIIas CHM-
BOJIMKA:

f(x) -> min (max), x npunaoneacum U,
rae f(X) - nenesas ¢pynkius, a U - 1omycTuMoe MHOXKECTBO, 3aIaHHOE OIPAaHUYCHUSIMH Ha yIpaBJIsieMble
nepeMeHHbIE.
YUCJEHHBIE METO/IbI PEIIEHUS 3AJIAY OJJHOMEPHOM ONITUMH3AIIMH

3aga4yn 0THOMEPHON MUHUMH3AIINH IPEICTABIISIFOT COOON MPOCTEHIITYI0 MAaTEMaTHIECKYIO MOJIEITh OIl-
TUMH3AIUH, B KOTOPOH IiesieBasi GYHKIUS 3aBUCHUT OT OJIHOW MEPEMEHHOM, a TOMYyCTUMBIM MHOXECTBOM
SIBJSIETCS] OTPE30K BEIIECTBEHHOM OCH:

f(X) -> min , x npunaonesxcum [a, b].

Makcumusanus 1eneBor GyHKIun SkBuBanieHTa MuHuMu3armu ( f(X) -> max ) skBuBajIeHTHa MUHH-
MH3AIUU TPOTHBOMOIOKHOHN BermurHbI ( -f(X) -> min ), moatoMy, He yMauisis OOIIHOCTH MOXHO paccMmar-
pPHBAaTh TOJIBKO 33141 MHHUMH3ALIUH.

K mMaTemaTHyeckum 3ajadaM OJHOMEPHOW MUHHMH3AIMU MTPUBOIAT MPUKIIAJHBIC 33]a4l ONTHMH3a-
IIUH C OJTHOH yIpaBisieMoii mepeMeHHol. KpoMe Toro, He00X0MMOCTh B MUHUMH3AIUH (DYHKIUH OHON
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MEPEMEHHON BO3HHUKACT MPH PEAU3alMU HEKOTOPBIX METOJIOB PEIICHUS 00Jiee CII0KHBIX 3a/1a4 ONTHMHU-
3aIUH.

Jns pemenus 3anaun MuauMu3aimy Gyakuuu f(X) Ha otpeske [a, b] Ha mpakTHke, kak mpaBuIO, IPH-
MEHSIOT NMPUOIKeHHBIC MeTObl. OHU MO3BOJISIOT HAWTH PEIICHUS ITOM 3a/1a4u ¢ HEOOXOIUMON TOYHO-
CTBIO B pe3yJIbTaTe ONpE/IC/ICHIS KOHEYHOTO uKciia 3HaueHui Gynkimu f(X) 1 ee mpou3BOHBIX B HEKOTO-
pbIX Toukax oTpeska [a, b]. MeTobl, HCONB3yOIIUE TOJIBKO 3HAUCHHS (YHKIIMU U HE TPEOYIOIIHE BbI-
YHCJICHUS €€ MMPOU3BOIHBIX, HA3BIBAIOTCS MPSIMBIMA METOAMHA MUHHUMU3ALINH.

BoJIbIIIUM TOCTOMHCTBOM MPSIMBIX METOJIOB SBJISIETCS TO, YTO OT IIEI€BOM QPYHKIMU HEe TpeOyeTcs aud-
(bepeHIpyeMocT U, 60jIee TOro, OHa MOXKET ObITh HE 3a/laHa B aHAIIMTHYCCKOM Buje. EnnHCTBeHHOE, Ha
YeM OCHOBAHBI AJITOPUTMBI MPSIMBIX METOJ0B MUHHUMH3AIMU, 3TO BO3MOXXHOCTh OIpPEACICHUS 3HAYCHHIA
f(X) B 3amaHHBIX TOYKAX.

PaccmoTpum Hanbosiee pacpoCTpaHEHHbBIC HA MIPAKTHKE MPSIMbIE METO/IbI TOUCKA TOYKH MUHUMYMa.
CambiM ci1a0bbiM TpeOoBanueM Ha GyHKIHO f(X), TO3BOJISIONIMM UCIIONB30BaTh 3TH METO/IbI, SIBJISICTCS €€
YHEMOIAIbHOCTB. [ToaTOMY manee Oyaem cunrath Gyukuio f(X) yaumonansHoi Ha oTpeske [a, b].

Memoo nepebopa

Memod nopa3spsdnoeo noucka

Memoo denenus nonanram

Memoo 3010moeo ceuenus

METOJIbI BE3YCJIOBHO MUHUMM3AIIMA ®YHKINI MHOTUX MEPEMEHHBIX

3agaua 6e3ycI0BHOM ONTUMM3ALMK COCTOMT B HAXOXKJICHUM MUHUMYMa WIM MaKCUMyMa ()YHKLUHU B
OTCYTCTBHE KaKuX-IT1u00 orpannyeHuil. HecMoTpst Ha TO 4TO OOJBIIMHCTBO MPAKTUYECKUX 33]1a4 ONTHUMHU-
3alUU COAEPIKUT OTPAHUYEHUS, U3yUEHHE METOA0B 0€3yCIOBHOM ONTHUMHU3ALMHU BaXKHO C HECKOJIBKUX TO-
YeK 3peHuss. MHOTHMe aaropuTMbl pEeLICHUs 33aa4i C OTPAaHUYEHUSIMH MIPEATIOIAraloT CBEICHUE €€ K I10-
CJIeZIOBATENILHOCTH 3a/1a4 0€3yCI0BHOM ONTUMHU3AIUH.

Jpyron kinacc METOI0OB OCHOBAH HA IMOUCKE MOAXOASAIIErO HAIIPABICHUS U IMOCIEYIOIIECH MUHUMU3a-
LU BJIOJIb ATOTO HampasiieHus. OG0CHOBaHME METOJI0B 0€3yCIOBHOIN ONTHUMM3ALUU MOXET ObITh ecTe-
CTBEHHBIM 00Pa30M PaCHpOCTPaHEHO HA 0OOCHOBAHUE MIPOILIEAYP PEILICHU 33aJa4 C OTPAaHUYCHUSIMH.

Anroputmsl 6€3yCII0BHOW MUHUMM3ALMU (YHKIMI MHOTHX IEPEMEHHBIX MOYKHO CPABHUBATh U UCCIIE-
JIOBATh KaK C TEOPETUYECKOH, TAK U C IKCIIEPUMEHTAIBHON TOYEK 3PEHUS.

I[TepBbIii MOIX0 MOXKET OBITH PEATU30BaH MMOJIHOCTBHIO TOJIBKO Ui BEChbMa OTPaHUYEHHOTO KJlacca 3a-
Jia4d, HalpUMep, JJIs1 CHIIBHO BBIMYKJIBIX KBaJpaTUUHBIX QyHKUUHN. [Ipyr 3TOM BO3MOXKEH IIUPOKHI CIIEKTP
pe3yabTaTOB OT MOJIyuYeHHUs] OECKOHEYHON MUHUMH3UPYIOILEH MOC/IeA0BaTeIbHOCTH B METOJIE IIMKIINYe-
CKOTO MOKOOPJMHATHOIO CITyCKa J0 CXOAMMOCTH HE OoJjiee yeM 3a N uTepauuii B METoJe CONPSKEHHBIX
HaIlpaBJICHUMN.

MoniHpIM HHCTPYMEHTOM TEOPETUYECKOIO UCCIIEIOBAHMS aJITOPUTMOB SIBIISIIOTCS TEOPEMBI O CXOU-
MOCTH MeTOZ0B. OIHAKO, KaK MpaBuiio, GOPMYJIUPOBKU TaKUX TEOPEM aOCTPaKTHBI, IPU UX JI0Ka3aTelb-
CTBE MCIIOJIb3YETC alapaT COBPEMEHHOro (PyHKIIMOHAIBHOT 0 aHan3a. KpoMe Toro, 3a4acTyro HENpocTo
YCTAaHOBUTH CBSA3b IOIYYEHHBIX MATEMAaTUYECKUX PE3YJIbTATOB C NPAKTUKOM BBIYMCICHUU. [[e10 B TOM,
YTO YCJIOBHSI TEOPEM TPYIHO MPOBEPSIEMbI B KOHKPETHBIX 3a/1ayax, caM (akT CXOAMMOCTH MaJlo UToO JIaeT,
a OIICHKH CKOPOCTHU CXOJIMMOCTH HEeTOYHbI U Hea(hekTuBHEL. [Ipu peanuzanuu anropuTMoB TakKe BO3HU-
KaeT MHOT'O JIONIOJTHUTENbHBIX 00CTOSATENbCTB, CTPOTUHN YUET KOTOPBIX HEBO3MOKEH (OIIMOKH OKPYTJICHMUS,
NpUOIMKEHHOE PELIeHNE Pa3IMYHbIX BCIOMOTaTeIbHbBIX 33134 U T.J.) U KOTOPbIE MOT'YT CHJIBHO MOBIHATH
Ha XO07 Iporecca.

ITosTOMY Ha NPAKTHKE 4aCTO CPABHEHUE AIITOPUTMOB IIPOBOJIAT € IIOMOIIBIO BEIYMCIUTEIBHBIX JKCIIE-
PUMEHTOB MPU PEIIEHUH TaK Ha3bIBAEMBIX CIIEUAIBHBIX TECTOBBIX 33Ja4. DTH 3aJa4l MOTYT OBITh KakK C
MaJIbIM, TaK U ¢ OOJIBIIIMM YHCIIOM MEPEMEHHBIX, UMETh Pa3IMYHbINA BU HETMHEHHOCTH.

OHu MOryT OBITH COCTaBJIEHBI CHEIMATIBHO M BO3HUKATh U3 MPAKTUYECKUX MPHIIOKEHUN, HApUMep
3a/1aya MUHUMH3ALUU CYMMBI KBAJPAaTOB, PEIICHUE CUCTEM HEJIMHEWHBIX YPABHEHUN U T.II.

Bun, coctaB, cokHOCTh MaTeMaTHUYECKOW MOJIEH 3aBUCUT OT TOT0, KaKOH OOBEKT OHA OMKCHIBAET U
JUIsL KaKuX Lenei pazpaboTaHa.

Ipumep 1. ITycts TpeOyeTcs onucate U UCCIEA0BATH MPOLIECC pe3aHusl (TOYEHHUsI) C TOUKU 3PEHUs
JEUCTBYIOLIUX CUJI, KOTOPBIE IIPEICTaBUM U3BECTHBIMU B TEOPUU PE3aHUSI YPABHECHUSAMU:
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P, = C’Pxfmsmﬁfaﬂﬁ;
P — C‘pffwa}wK .
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rae C'p— ylenbHbIE CUIIBI PE3aHus; £ — MIyOMHA Pe3aHus; §— nojaada; <L, — MoKa3aTeld CTENCHH, BbIpa-
YKAIOIIHNE BIUSHUE COOTBETCTBYIOIIETO TapaMeTpa PeKUMa pe3aHus Ha CUITy pe3aHus ( IPH TOYCHUN
K=Y, =075), Kogy = K3y K 4% - koo dumment, 3aBucsinuii 0T cCBOHCTB 00pabaThiBAEMOr0 Mare-
puaiia, ”THCTPYMEHTaJIbHOTO MaTepuasa u T.1.

[IpencTaBieHHBIC BBIIIE TPH YPABHEHUS — 3TO YK€ OJIMH U3 BAPHAHTOB MAaTEMAaTHYCCKON MOJCIN
mpolecca TOYCHHS ¢ TOYKH 3peHUs AeUCTBYOMHMX cil. OHa, KOHEYHO Ke, TPOCTEHIIIAs U MOKET CITy-
KHUTh JIIS

1. Onucanus nponecca pe3aHusi.
2. VccnenoBanus mpolecca pe3aHusl.
3. Pacuera cun pezanusi.

Hanpumep, ¢ HOMOIIBIO TAHHOMH MOJIEIH MOYKHO HCCIEI0BATh 3aBUCHMOCTh CHJIBI pe3aHus £y OT riry-
Ounbl pe3anus £ ( puc.2)

¥

t
Puc.2. 3aBucumocts cuiibl pe3anusi P; oT rimyOuHbl pe3anus t

Hcnonp30BaTh MaTEMaTHYECKYIO MOJIENb IIPOLIECCA PE3aHMsl B TAKOM BHJIE, HAIIPUMED, Ui ITPOBEE-
HUS ONTHMHU3ALMY PEKUMOB pPE3aHMsI HEIb3s, OHA CIIMILKOM IpocTa. /i onTUMHU3ai MaTeMaTH4yecKas
MOJIETIb I0JKHA UMEThH CIEAYIOLINE DJIEMEHTBHI:

1. Kpurepuii uiau Kputepuu ONTUMH3ALIH.
2. lleneByro QpyHKIHIO.
3. Cucremy orpaHUYEHUIA.
4. CucreMy ypaBHEHMH, ONTUCHIBAIOIINX OOBEKT.
5. Bxopanble, BBIXO/IHbIE U BHYTPEHHUE TApaMETPHI.
6. Ynpasnsemblil (BappupyeMblil) Win ynpasisieMble (BapbUpyeMble) MapaMeTphl, KOTOpPbIE
BBIICJISIIOTCS U3 YKCJIa BHYTPEHHUX MTapaMeTPOB.
IIpumep 2. OgonapaMeTpudeckas OAHOKPUTEPHUAIbHASL ONTUMHU3ALMA PEKUMOB pe3anus. [lycTs

TpeOyeTcst ONPeIeTUTh ONTUMATBHYIO MOJAa4y a7y , IPH OTOM TTyOHHA pe3aHusi HOCTOsIHHA (£ = const ),

1. Kpurepuii onTUMH3aINK - CHJIa PE3aHUS 5 .

2. lleneBas pyHKIMS — 3aBUCUMOCTb MEXy KpUTEepHUeM (KpUTEpUSIMHU) ONTUMH3ALMN U MO~
JeKALMMHU ONITUMU3ALIMY TapaMeTpaMiy ¢ yKa3aHUEM HallpaBiieHus (BUJa) SKkcTpemyMa. B Hamem
IIpUMeEpPE OHA UMEET CIEAYIOIINMI BU:

Fo= Cﬁzfﬁxsmﬁfﬂm —» max .

3. Cucrema orpaHHYCHH BKIIFOYAET B ¢€0S JIMIIB OJHO M3 HUX:

007 =z =416, anef of.

4.Cucrema ypaBHeHHI. MaTtemaTnyeckast MO/I€ b B HAIlIEM MpUMepe BKIIOYAET B ce0sl 0O/1HO
yYpaBHEHUE

_ Ipr Inm
P =0t s K



5.BXozHbIe apamMeTphbl — = pzs & e s 4 pp s Koy »

o BBIXOJHOM Iapamerp — 7.

o BHYTPCHHHE IapaMeTphl — s

6.Y1paBisieMblil (BappUpyEMBIii) mapamerTp — &-
3amaya ONTUMH3AIUH pelIaeTcs B ABa 3Tamna (cM. puc.3):
Oran 1. Onpenenenne 06IacTH JOMYCTUMOCTH peteHui (padotaem ¢ orpanmueHusimu) — OJ1P.
&

Pz

Sont=4,16 muiob

Pzm ax

0Door 1 2 3 4 S, Mmbb
Puc. 3 I'paduueckas WILTIOCTpALHS PEIICHUS 33]]a91 OTITHMU3AIHH
Oran 2. OnpeneneHre ONTUMAIBHOTO MMapaMeTpa — Sqzr-
B o0miem Bue MaTemaTrueckast MOAENb 00BEKTa 3alMChIBACTCS:
Y=FX 0N,

rae ¥ — BEKTOp BBIXOIHBIX APAMETPOB, + = (V1. Va,.... 0 )i
X — BEKTOp BHYTPEHHUX [APAMETPOB, 4 = (X, Xq...., X, );
{/— BEeKTOp BHEIIHUX (BXOHBIX) NIAPAMETPOB, & = (F1.G 4. .. d )
Jlis mpuBeICHHOM BBIILIE MATEMAaTUYECKOM MOJIETU Mpollecca pe3aHusi:

Y=(F R, R,

X =1tz

Q = (CP.Y’CP}”CPZ’XM’XW =pr=}’px=pr=pr=KGHI; }
CrpykTypHas cxema 00beKTa MOJEIMPOBAHNUS [IPE/ICTaBIeHA Ha puc.4 .

Bxzonuue Buzonarne
mapaMeTpH Oxpysaron(an cpeaa TapaMeTE
1 0f%ex T MOEDIp ORAMHE V]
—¥ BuyTpennne napame pEl ——
s H=(z, %3, ..., Zp) 2
—_— b

W np AEMAS MEE NapaMETHEH

Puc.4. CtpykrypHas cxema 00beKTa MOJICTUPOBAHUS
CrnenyeT UMeTh B BHY, UTO JIF0O00M 0OBEKT HE MOXKET CYIIECTBOBATH 000COOIEHHO, O€3 B3aUMOCBSI3U
C IpyruMu 00BbeKTaMHu (OKpY Karolen cpeaoii). s mporecca pe3aHus dIEMEHTaMH OKPYKAIOIEeH CpeIbl
SBIITIOTCSI 00padaThIBa@MbIii 1 HHCTPYMEHTAIBHBIN MaTepUalibl, CMa30uHO-0XJIaXTAr0IIast KUAKOCTh, 00-
pasyromasicst B pe3yibTraTte 00padOTKH CTPYXKa | T.7. JJIsl TEXHOJIOTHYECKOTO TpoIiecca B X0/Ie ero pea-
TU3alUU- ITO TEXHOJIOTHYECKOE 000PYI0BAHUE, PEXKYIITUI MHCTPYMEHT, SJIEMEHTHI IPUCIIOCOOICHUS U T. 1.
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I[JIH TEXHOJIOTHYECKON CUCTEMBI (M@X&HH‘IGCKOI‘O ydaCTKa U3 YHUBCPCAJIbHBIX CTAHKOB HJIM CTAHKOB C
UITY, aBTOMaTHYECKOM JTUHUU | JP.) AIEMEHTAMU OKPYKAIOIIEH Cpe/Ibl SBISIOTCS APYTUe TEXHOJIOTHYE-
CKHE CUCTEMBI, LIEXOBOW TPAHCHOPT U T.[.

Jlutreparypa
1. BacunbeB @.I1. YncinenHble METOIbI PEIICHUS SKCTPEMaIbHbIX 3a/1a4. - M.: Hayka, 1980.
2. CyxapeB A.I'., TumoxoB A.B., ®enopos B.B. Kypc meTonos ontumu3zanuu. - M.: Hayka, 1986.
3. Ilonsax b.T. Beenenue B ontumu3zaiuto. - M.: Hayka, 1983.
4. Cea XK. Ontumuzanus. Teopus u anroputmsl. - M.: Mup, 1973.
5. 3aurswin Y. Henuneitnoe nporpammupoBanue. Enunsiii noaxon. - M.: Cos. paauo,1973.
6. banau b. Metoasl ontumuzanuu (BBOAHBIN Kypc). - M.: Panuo u cBsi3b,1988.
7. KomnproTepHoe METOAMYECKOe I0coOHe Mo METO/1aM MapaMeTpHIecKon
ontumuzanuu. MI'TY um. baymana,1997r.

Bonpochl /i CAMOKOHTPOJISI.
1.JlaitTe onpenesieHUe MOHATHS “MOJEND .
2. Uto Takoe MojenupoBanue?
3. Knaccudukanus cnoco6oB MoieTMpOBaHUSI.
4. OnpeneneHyrie MaTeMaTHYECKOIO MOIETTUPOBAHUSI.
5. KakoBbl OCHOBHBIE ATambl MOJICTHPOBAHUS?

TecT-KOHTPOJIb 3HAHUH
1.Mogens — 3T0:
* duznueckas cucrema (yCTpoHCTBO, CXe€Ma, YCTaHOBKA, CUCTEMA MAIIMH) WK MaTeMaTHYecKoe OIuca-
HUE KOMIIOHEHTOB U (PYHKIIM, 0TOOpakalone CyIIeCTBEHHBIE CBOMCTBA KAKOT0-IN00 00BEKTa, Ipo-
1iecca Wi SIBJIEHUs.
* dusnyeckas cucrema (yCTpOUCTBO, CXeMa, YCTaHOBKA, CHCTEMa MAIiH)
* MaTtemMaTu4yeckoe ONMCaHne KOMIIOHEHTOB U (YHKIMH, 0TOOpakarollie CyleCTBEeHHbIE CBOWCTBA Ka-
KOTro-Tn00 00BbEKTa, IPOIEeCCa UM SIBJICHUSI.
2.3HaKoOBO€ MOJEIMPOBAHUE — ITO:
* JacTHBIN ClTydail HHTYUTUBHOT'O MOJICITUPOBAHHSL.
* MonenupoBaHue, HCIOJb3YIOIIEee B KauecTBE Mo/ielell 3HaKOBbIe TPeoOpa3oBaHus KaKoro-1nbo Buja:
CXeMBbl, rpauKu, yepTexu, GopmMysbl, HAOOPHI CUMBOJIOB U T.1.
3. Onucanue 1 Uccie0BaHNE OCHOBHBIX 3aKOHOB MeXaHUKH M. Hpi0TOHA BBINOIHEHO MPH MOMOIIH -
* 3HaKOBOT'O MOJIETMPOBAHMUSI.
* IHTYUTUBHOTO MOJICIIUPOBAHMSL.
* MareMaTu4eckoro MOAeIMPOBAHHUS.
4. KuzHeHHBIH ONBIT Ka)KJ0r0 YelI0BeKa — 3TO IMpUMep:
* AHAJIOTOBOTO MOJIETUPOBAHUSI.
* IHTYUTUBHOTO MOJICIMPOBAHMUSL.
* 3HaKOBOT'O MOJIETMPOBAHMUSI.
5.C nOMOIIBIO BBIYMCIUTEIBHOTO SKCIIEPUMEHTA MOXKHO HAa KOMIIBIOTEPE PEATN30BATh-
* Mojesnb, HOJy4eHHYIO PY NOMOIIH (PU3NUYECKOT0 MOJIETHUPOBAHUS.
* Mopenb, MOTYyYeHHYIO PU MIOMOIIM aHAJIOTOBOT'0 MOAETUPOBAHMUS.
* Mojesnb, TOJy4eHHYIO MPY MOMOIIM MaTeMaTH4YeCKOr0 MOJIETUPOBAHUS.
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Jleknus 2 Knaccugukanusa martemaTnueckux moaeJieit. TpedoBanus,
npeabsBIsieMble K MATEMAaTHYeCKUM MOAEJISAM

Knaccudukanus B mo060it 06acT 3HaHUH upe3BblyaiiHO BaxkHa. OHA O3BOJIsIET 0000IIUTH HAKOII-
JICHHBIN OMBIT, YHOPSJOYHUTH IOHITHUS IPEIMETHOM o0nacTu. He sBiseTcs NCKIIIOYEHHEM B 3TOM CMBICTIE
U MaTeMaThyeckoe MojienupoBanue. B Ta6i.2.1 moka3zaHbl BUABI MATEMAaTUYECKUX MOZEIICH M0 pa3inny-
HBIM NIPU3HAKaM KJIaCCU(UKAINN.

Ta6ymma 2.1 Knaccudukamnus MmaTeMaTHIECKUX MOJIeIIeH

IIpu3naku Kiaaccupuxkanmu Buabl MaTeMaTHYeCKHX Mojesiei
1. Monenn MUKpOYpOBHS
1. IlpuHaANEXHOCTD K HEPAPXUUECKOMY YPOBHIO 2. Mojenu MakpoypoBHs
3. Monenu MeTaypoBHS
. 1. CrpykrypHble
2. XapakTep 0ToOpakaeMbIX CBOICTB 00BEKTa PYKTYP
2. OYHKIMOHAIbHbIC
1. Ananutuueckue
3. Cnoco0 npeacTaBieHns: CBOMCTB 0OBbEKTa 2. AnropuTMHYecKHe
3. UmMmuraunonHsie
1. Teoperuueckue
4. Crioco0 mosty4eHus: MO
2. DMIOUpUYECKUE
1. JlerepMUHUpPOBaHHbIE
5. OcobeHHOCTH TTOBEACHUST 00BEKTa Hlerep P
2. BeposiTHOCTHBIE

[TpuBeneHHast KIacCUPUKALNS MATEMATHICCKUX MOJICIICH MOXKET ObITh MPUMEHEHA 110 OTHOIICHUIO K
TH0OBIM 00beKTaM. MBI paCCMOTPUM OCOOCHHOCTH Pa3IMUHBIX BUIOB MOJICIICH MPUMEHUTEILHO K 00bEK-
TaM (TmporeccaM) B MaIIMHOCTPOCHHH.

MaremMaTHYeCKHe MO/IeJIM HA MEKPOYPOBHeE IIPOU3BOJCTBEHHOT'0 IPOLIECcca OTPaXKAIOT (PU3NUECKUe
MIPOIIECCHI, IPOTEKAIOIIUE, HAIIPUMED, TIPU pe3aHuu MeTaiuioB. OHU ONMHCHIBAIOT MPOIECCH HA YPOBHE Tie-
pexoja (mpoxosa).

MaremMaTH4YeCKHe MOIeJIM HA MAKPOYPOBHE IIPOM3BOICTBEHHOIO MPOIIECCA OMUCHIBAIOT TEXHOJIO-
THYECKHE MPOIECCHI.

MaremMaTH4YeCKHe MOJEJH HA MeTaypoOBHe ITPOM3BOJICTBEHHOTO MIPOIIECCa OMMCHIBAIOT TEXHOJIOTH-
YEeCKUE CUCTEMBI (YUaCTKHU, [IEXU, TPEAIPUITHE B IIETIOM).

CTpyKTypHbIe MaTeMaTHUYeCKHe MO/IeJIN ITPEeTHA3HAYCHBI. I OTOOPaKEHUS CTPYKTYPHBIX CBOMCTB
oowekToB. Hanmpumep, B CAIIP TII ansa npeacraBieHus: CTpYKTYphl TEXHOIOTHYECKOTO MpoIiecca, paciie-
XOBKH M3CIUH UCTIOIB3yeTCS CTPYKTYPHO — JIOTHYECKHIE MOJICITH.

DyHKINOHAIBHBIE MATEeMATHYECKHE MOJeIH TpeAHa3HaYeHbl s 0TOOpaXkeHUsI MH(OpMaIuoH-
HBIX, PU3NICCKUX, BPEMEHHBIX MTPOIIECCOB, MPOTEKAIOMINX B paboTaroIieM 000pyI0BaHNH, B XOJI€ BBITTOJ-
HEHUS TEXHOJIOTUYECKUX MPOLIECCOB U T.J.

AHAJTUTHYECKHE MaTeMaTHYeCKHe MOIeJIN TIPE/ICTABIIOT COOO SIBHBIE MAaTEMaTHUECKUE BBIpaXKe-
HUS BBIXOJHBIX MapaMeTPOB Kak (YHKIIMI OT mapaMeTpOB BXOAHBIX U BHYTPEHHHUX. DTO, HAIPUMEP, BbI-
pakeHUs JJTs CHIT PEe3aHMsI B IpUMepax, MPUBEICHHBIX B JeKiuu 1. BBuay Toro, uro Hamu Oyner paccMmar-
pUBATHCS Jajiee Leblid Psiji aHATUTUYECKUX MOJIENIel, TOTOBOPUM O HUX OoJjiee moapoOHO.

AHAJIIMTHYECKOE MOJICIMPOBAHNE OCHOBAHO Ha KOCBEHHOM OIMCAHUH MOJICITHPYEMOTo 00BbeKTa C TO0-
MOIIIbI0 Habopa MaTeMaTH4ecKuX GopMyi. SI3bIK aHATUTHYECKOTO OMUCAHUS COACPKHUT CIEIYIOIINE OC-
HOBHBIC TPYIIITBI CEMAHTHYECKUX JIEMEHTOB: KpUTEpHid (KPUTEPUH ), HCU3BECTHBIE, IAHHBIC, MaTeMaTHUe-
CKHe omepaluu, orpanndeHus. Hanbonee cyiecTBeHHas XapaKTepUCTHKA aHATMTUYECKUX MOJeNel 3a-
KITFOYAeTCsl B TOM, YTO MOJIEITb HE SIBISICTCS CTPYKTYPHO TI0/I00HOM 00beKTy MojienupoBanus. [Tog cTpyk-
TYPHBIM TI0JJ00MEM 3/1eCh MOHUMAETCSI OJJHO3HAUHOE COOTBETCTBHE DJIEMEHTOB M CBSI3eH MOJENHU DIIEMEH-
TaM | CBSI3SIM MOJISITHPYEMOT0 00bekTa. K aHaTMTHIECKUM OTHOCSTCS MOJICIH, IIOCTPOCHHBIC Ha OCHOBE
amnmapaTta MaTeMaTH4ecKOro MporpaMMHUPOBAHUS, KOPPETISIIUOHHOTO, PErPECCUOHHOTO aHaln3a. AHaIU-
THYECKasi MOJICTb BCET/Ia MPEJICTABIIIET COO0H KOHCTPYKIINIO, KOTOPYIO MOXHO IPOAHATU3UPOBATh H pe-
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[IUTh MaTEMATHYECKUMHU CPEJCTBAMU. Tak, €CIIM UCTIONB3YeTCs anmapar MaTeMaTUYecKOro MporpaMMH-
POBaHMsI, TO MOJIEJb COCTOUT B OCHOBE CBOEH U3 11eJIeBOM (PYHKIIMH U CUCTEMBI OTPAaHUYEHUI Ha TIepeMeH-
ueie. lleneBas GyHKIMS, KaK IPABIIIO, BBIPAKAET Ty XapaKTEPUCTUKY 00BEKTa (CHCTEMBI), KOTOPYIO Tpe-
OyeTcsi BBIUMCIIUTD UM ONITUMHU3HPOBATh. B 4acTHOCTH, 3TO MOKET OBITH MPOU3BOJUTENHLHOCT TEXHOJIO-
TMYECKOU CHCTeMBbI. [lepeMeHHbIe BRIPaKAIOT TEXHHUECKUE XapAaKTEPUCTHKH 00BEKTa (CHCTEMBI), B TOM
quclie BapbUpPyEeMble, OTPaHUYCHUS — UX JOIIYCTUMBbIE MPe/ieNIbHbIC 3HAUCHUS.

AHaTUTHYECKHUE MOJICIH SIBISTFOTCS 3P PEKTUBHBIM HHCTPYMEHTOM JUIS PEIICHUS 33/1a4 ONTUMHU3AIUU
IIPOLIECCOB, MPOTEKAIOIIUX B TEXHOJIOTMUYECKUX CUCTEMaX, a TAK)Ke ONTUMU3ALINN U BHIYUCIICHUS XapaKTe-
PUCTHK CAMHX TEXHOJIOTHUYECKUX CHCTEM.

Ba)kxHpIM MOMEHTOM SIBJISIETCS] Pa3MEPHOCTh KOHKPETHON aHaIUTHUECKON Monenu. Yacto st peasb-
HBIX TEXHOJOTHYECKHX CHCTEM (aBTOMATUYECKUX JIMHHMA, TMOKUX TPOM3BOJCTBEHHBIX CHCTEM) pa3Mep-
HOCTb MX aHAJUTHUYECKUX MOJEJEH CTOJb BEJIUKA, YTO MOJIYYEHHE ONTUMAIbHOTO PEIICHHs OKa3bIBaeTCs
BEChMa CJIOKHBIM C BEIYUCIUTEILHON TOUKYU 3peHMs. [[JIsl MOBBIIEHUS BEIYUCIUTENHHOU (D PEeKTHBHOCTH
B 9TOM CJly4ae HCIOJb3YIOT paziuyHble npueMbl. OQUH U3 HUX CBS3aH C pa3OMeHHeM 3a/adu OOJbIION
pPa3MepHOCTH Ha M0J3aJja4l MEHbLIEH pa3MEpHOCTH TaK, YTOObI aBTOHOMHBIE PEIIEHUS 110/133/1a4 B OIIpe-
JIeJIEHHOM MOCIeI0BaTeILHOCTH 1aBaji pellIeHne OCHOBHOM 3aauu. [Ipu 3ToM BO3HHUKAIOT MpoOIeMbl Op-
raHu3aly B3aUMOAEHCTBUS 110/]3a/1a4, KOTOpPBIE HE BCETia OKa3bIBatOTCs NPOCThIMU. [Ipyroii npuem npen-
oJlaraeT yMEHbIIIEHNE TOYHOCTU BBIYMCIICHUM, 32 CUET Yero YAaeTCsl COKPATUTh BPeMsl pEIICHUS 3a/1a4H.

AJIropuTMHYECKHE MaTeMaTHYeCKHe MOJIeJIM BEIPKAIOT CBSA3H MEXKIy BBIXOJAHBIMH ITapaMeTpaMu
Y TIapaMeTpaMy BXOJHBIMHU U BHYTPEHHUMU B BUJIE aJTOPUTMA.

NMuTannoHHble MATEMATHYECKHE MOIEIH — 3TO aJITOPUTMUYECKUE MOJIENH, OTPAXKAIOILIUE Pa3BU-
THE Tmpoiiecca (MOBEACHHUE UCCIeAyeMOro 00beKTa) BO BPEMEHH IPU 3aJJaHUK BHEIIHUX BO3JCUCTBUN HA
nporecc (00bekT). Hampumep, 3170 MoJeH CUCTEM MacCOBOTO OOCTY)KUBAHUS, 33JaHHBIC B aJITOPUTMUYC-
ckoit (hopme.

HMMuTanimoHHOE MOJEIMPOBAHUE OCHOBAHO Ha MPSMOM OINMCAHUU MojenupyeMoro oobekra. Cyiie-
CTBEHHOU XapaKTEPUCTUKON TaKHX MOJIENIEH SIBISIETCS CTPYKTYpHOE Moj001e 00beKTa U MOIeNH. DTO 3Ha-
YHT, 9TO KOKIOMY CYIIECTBEHHOMY C TOYKH 3PEHHUS PEIIAeMO 3a/1a4i JIEMEHTY 00bEKTa CTABUTCS B CO-
OTBETCTBHUE AJIEMEHT Mojienu. [Ipu mocTpoeHn UMUTAIIMIOHHON MOJIENU OMKCHIBAIOTCS 3aKOHBI (DYHKIIHO-
HUPOBAHHS KaXIOTO JIEMEHTa 00BEKTa U CBS3U MEKAY HAMHU.

Pabora ¢ UMUTaLIMOHHON MOEIBIO 3aKIII0YAETCs B MPOBEACHUH HIMUTALIMOHHOTO 3KcniepuMenTa. [1po-
1ecc, IPOTEKAIOIINI B MOJICH B X0OJI€ SKCIIEPUMEHTa, TOJJO0CH IMpoleccy B peaibHoM 00bekTe. [ToaTomy
UCCleIoOBaHNe 00BEKTa HA €r0 UMUTAIMOHHON MOJIETTH CBOJMUTCS K M3YYEHHIO XapaKTEPUCTUK Tpoliecca,
MIPOTEKAIOIIET0 B XOJI€ SKCIIEPUMEHTA.

[{eHHBIM KaYECTBOM MMHUTAIUH SIBISIETCS BO3MOXKHOCTH YIPABIATH MacIiTaboM BpeMeHU. [[lunamude-
CKHUI MPOLIECC B UMUTAIIMOHHON MOJIENIN NMPOTEKAET B TaK Ha3bIBAEMOM CUCTEMHOM BpeMeHH. CUCTEMHOE
BpEMSI UMUTHUPYET peanbHoe BpeMs. [Ipu 3ToM mepecder CUCTEMHOTO BPEMEHH B MOJIETTH MOKHO BBITIOJ-
HATH ByMsI criocobamu. [lepBblif crioco0 3akioyaeTcs B «IBHKEHUN» IO BPEMEHU C HEKOTOPBIM MOCTO-
SIHHBIM 1IaroM. BTopoii crmoco0 3akirovaercs B «JIBXKEHUU» MO0 BPEMEHHU OT COOBITUSL K COOBITUIO, TIPH
3TOM CUUTAETCS, YTO B MMPOMEKYTKAX BPEMEHU MEXKIY COOBITHSIMHU B MOJICITN H3MEHEHUI HE TIPOMCXO/IHT.

Teopernueckne MaTeMaTHYeCKHE MOJIEJIH CO3JJAIOTCS B pe3yJIbTaTe UCCIIEA0BAaHMS 0OBEKTOB (IIpo-
1IECCOB) Ha TEOPETHYECKOM ypoBHE. Hampumep, cylecTBYIOT BbIpaKeHUsI 711 CHJI pe3aHusl, OoJy4YeHHbIE
Ha OCHOBe 00001IeHNs (PU3NUeCKHUX 3aKOHOB. HO OHU He mpueMiIeMbl [T TPaKTHYEeCKOTO UCTIOIb30BAHMUS,
T.K. OUE€Hb TPOMO3JIKA U HE COBCEM a/IalITUPOBAHBI K peajbHbIM IIpolieccaM 00paboTKH MaTepHaloB.

OMIHMpPUYECKHe MaTeMaTHYeCKHe MOJeJU CO3/Al0TCsS B PE3YNbTaTe NPOBENCHUS 3KCIIEPUMEHTOB
(M3y4eHHUs1 BHEIITHUX TPOSIBIICHUI CBOWCTB OOBEKTA C TIOMOIIBIO U3MEPEHHUS €r0 IMapaMeTpoB Ha BXOJIE U
BBIXO7I€) U 00paOOTKHU MX PEe3yabTaTOB METOJIaMH MAaTEeMAaTUYECKOM CTaTUCTUKHU.

JleTepMHUHUPOBAHHbIE MATEMATHYECKHE MO/IeJIH ONHCHIBAIOT MTOBECHNE 00BEKTA C MO3ULIUHN TTOJI-
HOM ONPEENIEHHOCTH B HACTOAIIEM U OyaymieM. [IpuMepsl Takux Mojaeneit : Gopmynbl GU3HUECKUX 3aK0-
HOB, TEXHOJIOTUYECKHE MPOIECCHI 00paOOTKU JIeTaieH u T.1I.

BeposiTHOCTHBIE MaTeMaTHUYeCKHEe MOJIeJIH YUUTHIBAIOT BIUSHHUE CIIy4aliHbIX (paKTOPOB Ha MoBejie-
HUE 00BEKTa, T.€. OLEHUBAIOT €ro OyAyllee ¢ MO3ULNNA BEPOSTHOCTU TE€X WM UHBIX cOObITHH. [TprMepsl
TaKMX MOJENEH: OMMCaHue 0XKHUIaeMbIX JUTHH O4Yepe/ieil B CHCTEMaX MacCOBOTO OOCITY>KUBAaHHUS, OXKH/1ae-
MBIX 00BEMOB BBITyCKa CBEPXILIAHOBOM MPOIXYKITMH IPOU3BOJICTBEHHBIM y4aCTKOM, TOYHOCTH Pa3MEPOB B
MapTUH JeTaliell C y4eTOM SIBICHUS PACCEeSHUS U T.JI.
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TpeboBaHus, NpeTbsBIsiEeMble K MATEMATHYECKHM MO/IEJIsIM

K MaTeMaTHUeCKUM MOJETISIM MPEIbSIBISIOTCS CICAYIONIHE OCHOBHBIE TPEOOBAHMUS:

YHuBepcanbHOCTH. TOYHOCTH. AIEKBaTHOCTH. DKOHOMUYHOCTH.

YHuBepCcaTbHOCTh MATEMATHYECKOI MOJIeJM XapaKTEPHU3yeT MOITHOTY OTPAXKEHUS B HEW CBOWCTB
peasibHOTO 00beKTa. MaTemMaTudeckasi MOJIENIb OTPAKAIOT HE BCE, a JTUIIh HEKOTOPBIE CBOMCTBA PEATbHOTO
oobekTa. Hanpumep, hopMyItbl sl CHIT pe3aHus, KOTOPBIC TIPUBEICHBI B JICKITUH | , HE YYUTHIBAIOT TEM-
MepaTypy OKPYKaroIIero BO3yxa, BIaXXHOCTh, JKOHOMUYECKUE MTApaMETPhI U T.]1.

TouHOCTHL MaTeMATHYECKOH MOJIeTH OLECHUBACTCS CTEIIEHBIO COBIAACHHS 3HAUEHUH BBIXO/IHBIX Ma-
pamMeTpoB pearbHOro 00BEKTa U 3HAYCHHI TeX JKE MapaMeTPOB, PACCYMTAHHBIX C TTIOMOIIBIO MOJIEIH.

[TycTh oTpakaeMble B MaTeMaTHYECKONW MOJETH CBOMCTBAa OOBEKTa OLEHUBAKOTCS BEKTOPOM BBIXO/I-
HBIX TIAPAMETPOB { = (¥, ¥3. .. ¥y ), Vi I-bI IAPAMETP, PACCUMTAHHBIN C TOMOIIBIO MOJICIH, & Vi -
WUCTUHHOE 3HAYCHHE TOTO K€ mapaMerpa. Torna oTHOCHTENbHAs MOTPEITHOCTh MAaTEMAaTHIeCKOW MOJIEIN
o 1 — My napameTpy OyzeT paBHa:

E!- — |.J"?mu¢ .J"?:d| .
Yig

[To »TOM popMyse pacCUUTHIBAIOTCS MOTPEITHOCTH JIS KX I0TO BBIXOTHOTO TTapaMeTpa, B PE3yJIbTaTe
HOJIy4aeTcs BEKTOp morpeindocreit & = (&), &, ... E 1 . B 1ei0M s MaTeMaTHueCcKOi MOIENIN TIOTPell-
HOCTB OLICHHBAETCS CICAYIOIIUM 00pa3oM:

B =max B i=1m

Hanpumep, o1leHUM MOTPEITHOCTh PACCMOTPEHHOH B JIGKIIUU | MateMaTn4eckoi Moieinu. BekTop BbI-
XOIHBIX MapaMetpoB ¥ = (5, By, Fr) Tlycte &5y = &) = 0,05, Epy = B, = 0,07, Bpp = B; = 0,03 Torna B
1L[€JIOM [IOIPENIHOCTh MATEMAaTHYECKON Moaenu &,,, = max &, = 0,07

AIeKBAaTHOCTH MAaTEeMATHYECKOI MO/IeJIH — 3TO €€ CIIOCOOHOCTh OTPaKaTh 3aJaHHbIE CBONCTBA 00b-
€KTa C IMOTPEIIHOCTHIO, HE BBIIIC 3aIaHHOM.

T. K. BLIXOJHBIE TTApaMeTPhl MOJIENH ABIA0TCA Gynkuueit I = & (X, {}) o mapamMeTpoB BHYTpEHHHUX
Y BXOJIHBIX, TO U TOYHOCTH MOJICIH 3aBUCUT OT UX 3HAUCHHIA. AJIEKBATHOCTh MOJICIIH UMEET MECTO B Orpa-
HUYEHHOU 00JIACTH U3MEHEHHS BHYTPESHHHUX M BXOHBIX

o4 ={X QB _ =45},

raed - HEKOTOPOE 3aJaHHOE YUCIIO.

OKOHOMUYHOCTh MaTEMaTHYECKON MOJENN XapaKTepU3yeTcsl 3aTpaTaMH BbIUHCIUTEIbHBIX PECYPCOB
Ha ee peanuzanuio. Ecnu pabota ¢ MaTeMaTH4eCKO MOJIENIbIO OCYILECTBIISICTCS BPYUHYIO, TO €€ SKOHO-
MUYHOCTB ONPEEIIAETCs 3aTpaTaMy JIMYHOTO BPEMEHU MMPOEKTUPOBIIMKA. Eciiu Moienb NCIoIb3yeTcs pH
aBTOMATHU3MPOBAaHHOM ITPOEKTHPOBAHMH, TO 3aTpaTaMy MAIIMHHOIO BPEMEHHU U MaMsITH KoMIbroTepa. Tak
KaK yKa3aHHbIE BEJIMUYMHBI ONPEEISIIOTCS XapaKTepUCTUKAMHU KOHKPETHOTO KOMITbIOTEPA, TO MCIIONb30-
BaTh UX JJIS OLEHKH DKOHOMUYHOCTH MaTeMaTH4YECKON MOJENN HE KOPPEKTHO. [ToaTOMY, AJIs OLIEHKH 9KO-
HOMHMYHOCTH CaMOM MaTeMaTH4eCKON MOJIEH UCIIONIb3YIOT APYTHe BEIUYNHBI:

1. Cpennee KoIM4eCTBO ONEpalnid, BBITOIHAEMbIX IPU OJJHOM OOpaIIeHUH K MaTeMaTHYECKOH MOJAEIH.
2. Pa3mMepHOCTB CHCTEMBI YPaBHEHUH B MaTEMAaTHIECKON MOIEIIH.
3. KonndecTBo HCHOIB3yeMBIX B MOJIETH BHYTPEHHUX MTapaMeTpOB U T.J.

TpebGoBaHMsI BBICOKOH CTENEHU YHUBEPCATIbLHOCTH, TOUHOCTH, IIIMPOKOM 00J1aCTH aIeKBATHOCTH MaTe-
MaTH4ECKON MOJEIH, C OHOM CTOPOHBI, U BHICOKOW €€ DKOHOMHYHOCTH, C IPYrOd CTOPOHBI, IPOTHBOPE-
yuBbl. [[03TOMY KOMIPOMHUCCHBIE PEIICHUS] ONPEACIIAOTCS PEIIaeMON 3a1a4eH.

K mMaTeMaTHueCKUM MOJEISM MPeIbABIAETCS U eI Psil APYrUX TpeOOBaHMM, Cpeid KOTOPBIX Clie-
IyeT BBIJIEIUTD CIEAYIOLIUE:

1. BbIYHCIUMOCTB, T.€. BO3MOXKHOCTb PYYHOT'0 WM ¢ oMolibio DBM nccnenoBanus kaue-
CTBEHHBIX M KOJMYECTBEHHBIX 3aKOHOMEPHOCTEH (PYHKIIMOHUPOBAHUS OOBEKTA (CUCTEMBI).

2. MoayJabHOCTb, T.€. COOTBETCTBHE KOHCTPYKIHUNA MOJIENTU CTPYKTYPHBIM COCTABJISIOLIIM
00BEKTa (CUCTEMBI).

3. AJITOPUTMHU3HUPYEMOCTh, T.€. BO3MOKHOCTh pa3pabOTKH COOTBETCTBYIOIIETO AJITOPUTMA U
MPOTrPAMMBI, PEATU3YIOIIEH MaTEMATHYECKYIO MOAeNb HAa DBM.
4, HarasaHocTs, T.€. y100HOE BU3yallbHOE BOCIIPUATHE MOJIEIH.
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Jleknust 3. OCHOBBI TEOPMH MHOKECTB U TeOpUH rpagos
MHo:KecTBO — 3TO 0OBEMHEHHUE B OJIHO LIEJI0€ 0OBEKTOB, XOPOIIO PA3JIMYMMbIX HaIIEH
MHTYUIIMEN WIN Hallel MBICIBIO (aBTOP ONpEJIeIeHUs] — OCHOBATENb TEOpUHU MHOKeCTB KaH-
TOD).
ITycte 3 — MHOXECTBO.

M= {ml,mz,...,mx }
TOC #y, My ,.... M, — DJICMCHTBI MHOXCCTBA.
HpI/IMeHSIIOTCH CJICOYIOIUE BbIPpAaKCHUA!
m; € M — 3IeMEHT #; IPUHAIC)KUT MHOXKECTBY A |
my; @ M — sIeMeHT #; He TIPUHAJJIC)KUT MHOXKECTBY A |
M' c M— M aBlsieTcs IIOJIMHOXXECTBOM MHOXKeCTBa M .

JlekapToOBbIM (IPSIMBbIM) MPOU3BEIEHNEM JIBYX MHOKECTB M, 1 M, HazbIBaeTCsI MHOXKeE-
CTBO BHUJA:

M =M x M, ={omm,)lm; € M, m; € M,)},
rae (##;) — yIopsa04eHHOE MHOXKECTBO, B KOTOPOM 3aJlaH MOPSAI0K 3JIEMEHTOB.
Ipumep 1. lansl 1Ba MHOXKecTBa M, = {ay,a,.a)u M, = {28, JlekapTOBBIM MPOU3BEIE-
HHEM 3THUX MHOXECTB OYJIET MHOYKECTBO
M =M, %M, = {(a). (@5;), (@b, (@3hy). (a38), (28]

KonnuecTBo 3716 MEHTOB AEKapTOBOTO MPOU3BEACHUS ONPEIEISIETCS CIeIYIOIINM 00pazoM
(n7mst HaTIeTro MpUMepa):

|, % M| =M, % |M,|=3 2=6
KBaaparom MHOXecTBa A Ha3pIBAaeTCs AEKAPTOBOE NPOU3BEACHHUE JBYX PAaBHBIX MEKIY
c00O0M MHOKECTB:
MxM=M*
BuHapHBIM OTHOIIeHHeM T B MHOXECTBE M Ha3bIBaeTCs IIOJMHOKECTBO €ro KBaJIpara.
Mpumep 2. [Iycts M = {3, . KBanpar 3Toro MHO€eCTBa 3alUILIETCS:
M*=MxM= {I:mlml)s (ony ozy ), (pagiony ), (mzmz)}-
buHapHBIM OTHOIIIEHHEM B 3TOM MHOKECTBE SIBJIICTCS, HAIIPUMED, CICTYIOIIEE:
T = {(mym, )}, T C M*.
CoBOKYITHOCTh MHOKECTBA M C 3a/IaHHBIM B HEM OMHApHBIM OTHOIICHHEM T Ha3bIBACTCA
rpagom .
G={MT)
JIro0oii rpad MOKHO MPEICTaBUTH B BHJIEC MAaTPHUIIBI CMEXKXHOCTH Tpada. s paccMoTpeH-
HOTO BBIIIIE TpUMeEpa 2 MaTpHIia Oy1eT UMETh CIICTYIONNN BU/T:

mi tm=z
] 1 g
E =

B sto0ii MaTpuiie 1 — o603HavaeT HaJIM4KeE CBSI3EH MEKIy JIeMEHTaMU MHOXecTBa, 0 — oT-
CYTCTBHE CBSI3€M MEXKIY IEMEHTAMU MHOKECTBA.

[Ipumeuanue: MaTpulibl OyJeM YUTATh MO MPUHIHUITY «CTPOKA — CTOJIOCID.
Jlnst Hatero nmpumepa rpag OyaeT uMeTh creayrommii Bua (puc.3.1):
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3meck @ H @ - BE[II HHEH Tpab a, /\ -nyrarpab a.

Puc 3.1. I'pad nns mpumepa 2
JIBe BcTpeuHble AyTH B rpad)e MOTYT ObITh 3aMEHEHBI JINHUEH 0€3 CTPENIOK Ha KOHIaxX. JTa
JTUHUS Ha3bIBaeTcsa pedpom rpada (puc. 3.2).
Matpuiibl cMexHOCTH 000UX rpadoB, MPEICTaBICHHBIX Ha pUc 3.2., UMEIOT BUJI:

tmi ma3
] 1 ]
E =
1 0 m o

Ipumep 3. Ilycts TpeOGyercs u300pa3uTh rpad, NpeacTaBIeHHbINA CIeAYIOUIeH MaTpuIeit
CMEXHOCTH:

1T 1 2t 5 4

01 10 m
_ 000 0 1 m
B 001 0 1 m

010 0 m g

['pad, cooTBeTCTBYIONIMI 3TOI MaTpuile, M300pakeH Ha puc. 3.3.

Puc. 3.3. I'pad mns mpumepa 3

IMpumep 4. ImeeTcs 3cku3 aeTaiy, IpeacTaBIeHHbIN Ha puc.3.4.

30 30

Fy
Fy

85

F

Puc. 3.4. Ocku3 aeranu s npumepa 4
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Puc.3.5. I'pad s npumepa 4

TpeOyetcst n300pa3uTh B BUjIE rpada U MaTpULIbl CMEXHOCTH KOHCTPYKTUBHBIE U pa3Mep-
HBIC CBSI3U ATOM JICTAIIH.

I'pad myst aTOrO MpUIMepa n300pakeH Ha puc. 3.5.

Ha puc. 3.5 KOHCTPpYKTHBHBIE CBSI3H JA€TAJIN N300paKeHbl (TOHKHMH JJMHUSIMH) B BUJIE
pebep rpada, T.K. 371ech 0e3pa3IMuHO, CBA3aHa, HATPUMEDP, KOHCTPYKTHBHO TTOBEPXHOCTH 2 C
MOBEPXHOCTHIO 3 MM HA00OpPOT (OHU MPOCTO CBA3aHBI MEXKIY c0o00i). Pazmeps! Takke mpo-
CTaBJICHBI MEXK/y IIOBEPXHOCTSMH, B 3TOM IIPHMEPE HET MIPUOPUTETA, KaKash U3 MTOBEPXHOCTEH
SABJIsIeTCs 0a30i Mpu 00pabOTKE JETAIH.

[ToaToMy 1 pa3MepHbIe CBsI3M U300pakeHb! (TOJICTHIMHU JHHUSIMH) B BUE pedep, a He
nyr rpada. Ecim ke BaxkHO OyJIeT yKa3aTh, YTO OJIHA TIOBEPXHOCTh SIBJISCTCS 0a30BOM, a MOJI0-
KEHHUE IPYToH 3a1aH0 OTHOCUTENIBHO €€, TO B Tpade CBsI3b MEXITy 3TUMH ITOBEPXHOCTSIMU CJIe-
IyeT N300pa3uTh B BUC TyTH, UCXOAIICH U3 BEPIITUHBI, OTOXKICCTBIISIFOIICH MMEPBYIO MOBEPX-
HOCTh M BXOJSIICH B BEPIINHY, OTOK/JICCTBIISIONIYIO BTOPYIO IIOBEPXHOCTD.

Matpuia CMEeXHOCTH JJAHHOTO I'pada UMeeT CACAYIOIIHIA BH/I:

1234567
0110001 1
1010000 2
1101000 3

B = 0010100 4
0001011 5
0000101 6
1000110 7
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Jlexkuus 4. O0miasi MOCTAaHOBKA U BU/bI 32124 NPUHATUA PellIeHU.

MaremaTH4yecKasi IOCTAHOBKA U PA3pEeIIMMOCTDb 3a1a4 OIITUHMHU3AIINA

[Tpu npoeKkTHpOBaHUM JIFOOBIX TEXHUUYECKUX OOBEKTOB, TEXHOJIOIMUECKUX IPOLIECCOB U CUCTEM BCeraa
pelaroTCs 3a/1a4i BEIOOpA U MIPUHATHUS PEIICHUI.

3agayeii NPUHATHS PelIeHUs HA3bIBAIOT KOPTEX (COBOKYITHOCTD)
Ll={X, 0%
k)

rae X — MHOXKECTBO BaPUAHTOB PEILICHHS 33/1a4H;

O — IPUHIKIT ONITHMATIBHOCTH, JQFOIIHIT IPEICTABICHIE O KaYeCTBE BAPUAHTOB, B IPOCTEHIIIEM CITydac
— 3TO MPABUIIO UX MPEAMOYTEHHS IPYT HEPE IPYTOM.

Peurennem 3a1a4u MPUHSATHST PENIEHHId HA3bIBACTCS MHOXKECTBO Xonr, KOTOPOE SIBJISICTCS OMHO-
)KECTBOM MHOXECTBA A (& nzr © £ ), MONyYEHHOE HA OCHOBE MPHUHIIMITA ONITHMAIBHOCTH.

3amaun NPUHATHA PEUICHUH K1acCUPUIUPYIOTCs 1o Hanuuuio nHdopmaru 00 X u O u ObIBarOT Tpex
BHUJIOB:

1. Xu O — "Hem3BecTHBI. DTO 00MIas 3a7a9a IPUHSITHS PEIICHU. JlaHHBIC JUTS TTOJTyIeHUS
Xonr OTIPEIICTISIOT B IAHHOM 3aJ1a4ye B IIPOLIECCE €€ PEIICHHMS.

2. X— neus3BecTHO, O— M3BECTHO (9Ta 3a7]a4a IOMCKA BApUAHTOB).

3. X'u O — u3BecTHHI (3TO 3a7a4a ONTUMHU3AIIH ).

B o0mem cirydae 3aaya mpuHSATHS PEIICHUS PEIIaeTcs B JBa dTara:

1 3ran: 3agaua Gopmanusyercs, T.€. CTPOUTCS €e MaTeMaTudeckas MOJellb, B KOTOPOil KOHKpETHbIE
(bu3nyuecKre, TeXHUICCKUE, TEXHOJIOTHIECKHIE, SKOHOMUYCCKUE YCIOBHS U TPeOOBaHUS K 00BEKTY BOILIO-
IIAOTCS B BUJIE 33]]a4K ONTUMU3AIUU C ONPEACNICHHOM 1eTeBOM (PYHKIMEH U TOMYCTUMBIM MHOKECTBOM
BapHAHTOB.

2 sTan: Pemenue 3a1aun ONTHMHU3AIUY C UCIIOJI30BaHUEM U3BECTHBIX METOOB.

OcCHOBBI TEOPpUHU ONITUMH3ALMHA
«Teopusa ontumuszanum», ¢ OAHON CTOPOHBI, SBISETCA CAaMOCTOSITEIbHOW HAyKOM, a, C APYrou CTo-
POHBI, COCTaBHOW YacThIO HAYKH TOJI HA3BaHUEM «HCCJIEI0BAaHUE OTEPALIHii».

Onepamnus (B JaHHOH HayKe) — 3TO COBOKYITHOCTh B3aUMOCOTTIACOBAHHBIX JIEHCTBUHN, HAPABICHHBIX
Ha JIOCTH>KEHHUE BIIOJIHE ONPENEICHHON LENH.

O0s13aTeNIbHO JOMIKHO OBITH CPOPMYIIHPOBaHA 11eb. Eciii ecTh pa3Hble MyTH JOCTHXKEHUS 2TOM IIEH,
TO HEOOXOAMMO HAaUTH HAMITYUIINH U3 HUX.

MartemaTHyeckasi HIOCTAHOBKA 32/1a4M ONITUMHU3ALUH

[ToctaHoBKa 3ajaud ONTUMHU3ALMU BKJIIOYAaeT B ce0s MHOMKECTBO JIONMYCTUMBIX peIIeHUI
X={x.x x5, Ju YHCIOBYIO (QDYHKIMIO J , ONpPENENEHHYI0 Ha 3TOM MHOKECTBE, KOTOPas Ha3bIBAETCS
1eneBor QyHKIueH.

Henb3st 0TOXIECTBIATH KpUTEPUH (KPUTEPHH) ONITUMAIIBHOCTH U ENIEBYIO (DYHKIIHIO.

IeneBasi pyHKmus — 3TO aHATUTUYECKAS 3aBUCUMOCTb MEXAY KpUTepUeM (KpUTEPUSIMHU) ONTUMAIIb-
HOCTH U MOJJIEKAIMMHU ONTUMHU3ALUU NTapaMeTpaMM C yKa3aHHUEM HalpaBieHUs dKcTpeMmyma. OTinuune
MOHATUHN «KpUTEPHUI» U «1eneBasi QYHKIUA» COCTOUT B CIETYIOLIEM:

1. IleneBas pyHKLUSA MOXKET BKIOYATh B ce0s1 00siee OAHOTO KpUTEpUs.
2. Jlns neneBoi pyHKIMM Beeria U 00s3aTeIbHO YKa3bIBACTCS BHJI OKCTPEMyMa:
J(x) = max( f(x) — min)

PaznuyaroT ABa BHAA 3a7a4 ONTUMHU3AINK: 3aa4y MUHUMH3AIKH. 2.3aa4y MaKCUMU3aIWH.
Yro6bl peluTh 3a7a4y MUHUMU3aIMH QyHKIuK /' Ha MHOKeCTBe X , HE0OXOMMO HAHTH TaKOH BeK-
TOp %; €% (@ TakKe COOTBETCTBYIOLIEE 3HAUCHHUE IeNeBOil (QyHKuuHU f (X)), 4T00bI HEPAaBEHCTBO:
J(xy) = f{x) Bomonusuiock st Beex x € X . [Ipu 5TOM X; Ha3bIBAtOT ONTHMAIBHBIM PEIICHHEM (TOYHEE

371€Ch — MUHUMAJILHBIM peleHneM),a f (X ) - onTuMyMOM (MHHHUMYMOM).
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Yro6bl pelUTh 33734y MaKcuMu3anun QyHKIMU f Ha MHOXkecTBe X , HEOOXOAMMO HAiTH TakKoi
BEKTOp %, £ 4 ( a TakKe COOTBETCTBYIOIIEE 3HAYEHHUE LEeNeBON PyHKIUU f (X)), 4TOOBI HEPABEHCTBO:
J(xy) 2 f{x) Beimonnsiock s Bcex x € X . [Ipu 9TOM X; Ha3BIBAIOT ONTHMAIBHBIM (MaKCUMAJIBHBIM )
pemenrem, a f (x;) — onTuMyMoM ( MAKCHMYMOM ).

B 00111eM BHIe HAXOAUTCSA MIMEHHO BEKTOP Xy, T.K., HAIIPUMEP, IPU PELIEHUHU JBYXIIapaMETPHUYECKOM

3ajjauu, oH OyJeT BKJItoYaTh B ce0s Ba mapaMeTpa, TpexnapaMeTpruuecKoi — Tpu napaMerpa u T.A.
JlokaJbHBIH M 1710021bHBIH MUHUMYM (MAKCUMYM) LeJIeBOH (pyHKINHU
[Tpu pemennu 3a1a4 ONTUMU3ALUY CIEAYET UMETh B BUAY, KAKOM BUJI UMEET LieneBast pyHKIuS.
Hanpumep, @ =x =&, f(x) —»mm . [{enepas pyHKUUS MMeET BU, KaK IIOKa3aHO HA puc. 4.1.
.

fiz)

frzn

£(zq)

-

0 a 1 = b b4

Puc.4.1. UnnrocTpanus HOHATUN <«JIOKAIbHBII MUHUMYM» U «TJI00aJIbHBII MUHUMYM) [[€I€BOU

X ¥ x o o
byHkuu3aecs T. 0 - rao0anbHBI MUHUMYM, a T. “'1- TOKaJIbHBIA MUHUMYM I1€JIEBOM (DyHKITHH.
-
£z)

£
fiz0)

fiz1)

0 a b ¥ b bid
Puc.4.2. Unmroctpanuus NOHATHH «JIOKaJTbHBIA MAKCUMYM» M «TJ00aIbHBIH MaKCUMYM)» 11eJIeBOM

byHKIUHA
[lycts Temepp @ = X =4, f(x) — maz | a nenesas QpyHKIMSA UMEET BUJI, KaK MOKa3aHO Ha puc.4.2.

3nech X - TOUKa r100aJIbHOTO MaKCUMyMa, a X)- TOYKa JIOKATbHOIO0 MaKCHUMyMa LIeJIeBOH (PyHKINH.

Pa3peHII/IMOCTI) 3aJa4 onTuMu3alnuum
HpI/IBCI[GHHaSI BBIIIC 3aa4a ONITUMU3AIINU UMECT PCIICHUEC HE ITPU JIFOOBIX OEJICBBIX q)yHKHI/ISIX u no-
IMyCTUMBIX MHOXKCECTBAX. CYH_[CCTBYIOT 3ala4y, B KOTOPbIX HEBO3MOXKHO HAlTH ONTHMAaJIbHOE peuIcHueC n

SKCTpeMyM LieneBoi ¢pyHKkuuu. Hampumep, He cyliecTByeT TOueK MUHUMYMa (YHKIIMHM OJHOM MepeMeH-

A (x) — rnun)

HOH S Ha MHOXECTBE B CIIy4asiX, IPUBEJICHHBIX HIKE Ha puc. 4.3, 4.4 u 4.5.
F

Fe)

fay |7 fiz)

0 a b X

Puc.4.3. Unnroctpanus ciydasi, KOT/1a MHOXKECTBO JIOITYCTUMBIX PEIICHHUIN HE 3aMKHYTO
311ech rpaHulla «a» MHOXKECTBA JIOMYCTUMBIX PEIIeHUI B UHTEpBal BXOJUT, a TpaHuLa «b» HeT.
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X =[a,b)- MHOKeCTBO X He 3aMKHYTO, ClefoBaTenbHo, J (B) — He cymecTByer.

F 3

fiz)
F(a)

0 a %

Puc.4.4. Unmoctpaiysi HEOrpaHUYEHHOCTH MHOKECTBA JOIYCTUMBIX PEIICHUN

B cnyuae, nmpencraBieHHOM Ha puc.4.4, onpeaenena Juilib 0/1Ha JIeBasi FPaHUIIa MHOKECTBA J0MyCTH-
MBIX pEeIIeHUH. A = [.::, 00}, T.e. MHOJKECTBO JOIYCTHMBIX PELICHHH HEOIPAHHIEHHO.

Ha puc.4.5. noka3an emie oauH ciiydaid, KOrjaa 3ajgaya ONTUMHU3AIMN HE UMEET OJHO3HAYHOTO pellie-

HHA.
F 3

F(z)

fzy)

f(zn)

0 a x0X1 b X

Puc.4.5. Miumroctpanust ciy4vasi, koraa Gpynkuus f(X) He siBisieTcs: HenpepbIBHOM. 31ech GyHkuus f(X)
HE SIBJISICTCSI HEMPEPBIBHOM, T.K. B T. X0, X1 CYIIECTBYIOT JBa 3HaueHUs QyHKuuu — f(Xo) u f(X1).

CJ'IG)IOBaTeJ'IBHO, 3aaa4a ONTUMU3AIUU paspeiInMa, CCJIN BBIITOJIHAIOTCA CICAYIOIHNE TPHU YCIIOBUA:

1. MHoOXecTBO AOIIYCTUMBIX peH_IeHI/Iﬁ A 3aMKHYTO, T.C. €CJIX NIPECACIbHBIC TOUKHU ITPUHATIC-
KaT 9TOMY MHOKCCTBY.

2. MHOXECTBO <& OrpaHHYCHO.

3. UeneBas ¢pyHKIHS S (=) HEIPEPBIBHA.
3Oto HecTporas popMyTupoBKa Teopembl Beiiepmrpacca.
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Jlekuus S. I'pa¢o — aHa M THYECKUI METO/ pPelIeHus 3a1a4 MATEeMaTHYeCKOr0
NPOrpaMMHUPOBAHUSA

3aayaMy MATEMAaTHYEeCKOr0 MPOrpaMMHPOBAHMS HA3bIBAIOT O/IHOKPUTEPUAJIbHBIE 3214 ONTH-
Mu3anuu. MeToibl UX pPELICHUs ONEPUPYIOT C JETEPMUHUPOBAHHBIMM MATEMAaTUYECKUMU MOJEISIMU.
HanmomanMm, 9T0 JeTepMUHUPOBAHHAS MAaTEeMAaTUYECKasi MOJIEh OTPaKaeT NMOBEIeHNE 00BEKTa C TIO3HUIIHMA
MIOJIHOM ONPEICTICHHOCTH B HACTOSIILIEM U OyAyIIeM.

OTH MOJENH B UCCIEIOBAHUH ONEpalrid 3aHUMAIOT OJHO M3 TJIaBHBIX MECT. DTO O0YCIOBIEHO TEM,
YTO B HUX OTPa)KE€HbI pa3HOOOpa3HbIE MPOOJIEMBI pacIipe/ieiIeHHs] OTPaHUYEHHBIX PECYPCOB B IKOHOMUKE,
BOCHHOM JIeJIe, CO3JJaHU1 HOBOM TeXHUKH M T.1. [lyTu pemienus stux npobiem Tak Uid MHaue CBS3aHbI C
TUTAHUPOBAHHUEM IIeJICHANPABICHHON JEATEIBHOCTH, T.€. ¢ pa3pabOTKOi OnpeeeHHbIX YCTaHOBOK Ha Oy-
nyuiee.

TepMuH «mporpaMMHUpOBaHue» (OT aHMVIMKUCKOTO «programming» - COCTaBJICHHE IUIaHA WA IPO-
rpaMMBbI IeHCTBUI) 371eCh ClIeAyeT MOHUMATh B CMBICIIE «ITOMCK HAWIYYIIUX IIAHOBY (B OTIUYHE OT TOTO
TOJIKOBAHHSI, KOTOPOE MPUHSTO CIECHUATNCTAMU 0 MPOTpaMMHOMY obecrieueHnto DBM, — «cocTaBieHue
nporpammsl i1t OBM»).

3ajaya MaTEMaTHYECKOT0 MPOrpaMMUpPoOBaHus GOPMYITHPYETCs CIEAYIOUIMM 00pa3oM: HATH 3Ha-

YEHUs] MEPEMEHHBIX Xy, %3, ... X,, JIOCTABIAIOLIME MAaKCUMyM (MHUHHMYM) 3a/laHHOM LIeN1eBOM (yHKIMU

Y= flx,%,. . %, ) OpU yCIOBUIX:

g, (5. Ty 3y) S (2,508, (= Lom).
Paznuuatot 1Ba BUza 3aja4 MaTEMaTUYECKOTO IIPOrPaMMUPOBAHUS:
1. 3agauum 1MHEHHOrO NPOrpaMMHUPOBAHUS.
2. 3amauv HEMUHEWHOTO MPOTPaMMUPOBAHUS.

B IICPBLIX 3aJadax Q)YHKHI/IH Fu OI'paHHUYCHUSA g_i.' JIMHEHHBI OTHOCUTEIBHO MEPEMCHHBIX X . Bo BTO-

pbIX 3a7a4ax Lenesas QyHKUus ¥ U (WIK) yCIOBUs £; UMEIOT Pa3HOro poja HEINMHEHHOCTH.

I'padoananuruyecknii MeTo penieHus 3a/1a4 ONTUMU3AIUA
OTHUM METOI0M BPYUYHYIO PEIIAIOTCS TPOCTHIE 331a41 ONTUMHU3aLUU. MaTemMaTH4ecKue MOJENH B 3THX
3a/1auax He JIOJDKHBI OBITh CIIOXKHBIMH, T.K. B IPOTUBHOM ClIy4ae TPeOyeTCsl MHOTO BPEMEHH JIJISl UX pellie-
Hus. J{ns Hauana paccMOTPHUM OHOMAPAMETPHUYECKYIO0 OTHOKPUTEPUATBHYIO 33/1a4y ONTUMHU3AIIHH.
IMocranoBka 3agauun: Jlan oaun kputepuii /. OObEKT (MpoIecc) ONUcaH ypaBHEeHUEM (YpaBHEHH-
AMH), BKIIFOYAIONIMMHK OJIMH HCKOMBIH mapametp ¥ = f(x). MeeTcs cucTeMa OrpaHHYeHHiA:
Nxza,

dla, x =k U

HeoOxonnMo HaiiTh onTuManbHOE 3HAUEHUE MapaMeTpa X — X gy, OOpalaroniee HesieByo QyHKIUIO
J (X} B MaKCUMyM HMJIM MEHEMYM.
3anaya pemiaercs B JABa dTara:
1. IMoctpoenue obnactu gonyctuMsix pemenuit (OP).
2. Haxoxnenue B npeaenax O/IP onTuMaibHOTO pemieHusI.
[Tpu moctpoenun OJIP Ha mepBoM 3Tamne paccMaTpUBaeTCs cucTeMa orpaHnueHuil. Bee orpannueHus
JOJDKHBI OBITH BBITIOJHEHBI. BBIMOIIHEHNE MTEPBOTO OrpaHUYEHHs B IPUBEJCHHON BBINIE TIOCTAHOBKE 3a-

Jla4y ONTHMH3ALMK 03HAYAeT, YTO UCKOMOE 3HAYEHUE MapaMeTpa X JOJDKHO HaXOQUThCS MpaBee &, IpH-
4yeM, ;B pa3pellieHHbI HHTepBall BXOIUT (puc.5.1). BeinmoaHeHe BTOPOro orpaHu4eHNs 03HA4aeT, uyTo

MCKOMOE 3HaueHue napaMerpa X J0JDKHO HaXOAUTHCS B UHTEpBae (Ha OTPE3Ke) [ﬂgbl ], clenyeT UMETh B
BH]y, 4TO rpaHulbl nHTEpBasia B OJIP BXoa4T.
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Puc.5.1. I'padpuueckas nmoctpaliys perieHus OAHONapaMeTPHUECKON OJTHOKPUTEPHAIILHOM 3a1a4u
ONTUMU3ALNHI

Korpa ogHomapamerpudeckas OJHOKpUTEpUaAIbHAs 3a7a4a ONTUMHU3ALMY PELIACTCS ¢ IPUMEHEHUEM
rpad0aHaIUTHYECKOTO METO/1a BpYYHYIO, TO Ha BTOPOM 3Tare NpUMEHsIOT MeTo rnepedopa. CyTb ero 3a-
KIrovaercs B crneaytomeM. B mpenenax O/IP uepes onpenenennblii uHTEpBa h BIOMpaeTcs psia 3HAYCHUIH
napamerpa X. B paccmarpuBaemom Hamu ciaydae OJIP pa3bura Ha yeThlpe oTpe3Ka, U BBIOpaHO ISATh 3Ha-
yeHuH napaMmerpa % . Jluid 3TUX 3HaYEHUM napaMeTpa X pacCUMTHIBAIOTCS COOTBETCTBYIOLIME 3HAYECHU L1e-
neBoit pynakuuu. Cpeir HUX HAXOIAT MUHUMAIbHOE (MaKCHMAIIbHOC) 3HAYCHHUE. 3HAUCHUE TTapaMeTpa X;
, OOpararoliee 1eJeByo GYHKLINI0 B MUHUMYM (MakCUMyM), IBJsIeTCsS ONTHUMaibHbIM. Eciau B paccmar-
PUBaEMOM HaMu ciydae . (X) CTpeMHUTCS K MUHUMYMY, TO X gy = X3, €CIIM K MAKCUMYMY, TO X ggr = Xs.

IIpu pemieHMM NMpakTHYECKUX 3a7a4 ONTHUMHU3ALMKA BCErAa CIEIyeT MMETh B BUAY, KaKOBA II€JIeBas
¢byHKLMA. DTO 3HAUUTENIBHO YIPOINAeT padoTy Kak NMPpH PeLICHUH 331a4 ONTUMU3ALUKN BPYUHYIO C IpUMe-
HEHUEM rpaoaHaIUTUYECKOTO METO/1A, TaK U MPH PEIICHNN TaKUX 33]a4 C UCIOIb30BaHUEM KOMIIbIOTEp-
HBIX IporpaMM. [Tpuyem, 3T0 OTHOCUTCS U K CITy4aro UCIOIb30BaHUS TOTOBBIX IPOTPAMM, U, UTO OCOOCHHO
BaXKHO, K pa3pabOTKe COOCTBEHHBIX MPOTPAMM.

PaccmotpuMm, HarpuMmep, cneﬂyfomlilﬁ YacTHBIN CiTy4aid, Korja nesnesas pyHKuus auHeiHas (puc.5.2.).

F

£)

F(az)

flby)

k J

] an b1 X

Puc.5.2. I'padpuueckas mitroctpaliys perieHus OAHONapaMeTpHuecKoi OJTHOKPUTEPHATIbHOM 3a1auu
ONITUMU3AIMHU JJIs CITy4asi THHEHHOM 1esneBoi QpyHKIu

B nanHOM ciyyae Ha BTOPOM 3Tare BBIYUCISAIOT 3HAUEHUS 11eNIeBON (DYHKIIMM TOJIBKO Ha TpaHUIAxX
OJIP. OTu 3HaUeHUs CPaBHUBAIOT U BHIOMPAIOT HAaUMEHbIlIee WK HanOoubiee. /[ npumepa, npuBeaeH-

HOTO Ha puc. 5.2, ecnu J(X) = mit | 10 Xgpr =&, ecrn J (%) = max | 10X =dy.
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PaccmoTpumM Teneps rpadoaHaIUTUYECKUA METO PEIICHUsST MHOTONAPaMETPUIECKON OAHOKPUTEPH-
aJIbHOM 33/1a4¥ ONTUMU3ALMU. BpydyHyl0 3TUM METOOM peaibHO MOKHO PEIIUTh MAaKCUMyM JBYyXIlapa-

METPUYECKYIO 33/1a4y ONTUMU3ALUU.

ITocranoBka 3axaum:
Jan onun kputepuid F . O0beKT(IIpolecc) onucaH ypaBHEHUEM (YpaBHEHHUSMH), BKIIOYAIOIIMMU B

ce0s psAs mapaMeTpoB ¥ = f(x), x;..... %, ). IMeeTcs cucTeMa OrpaHuYeHHMI:
Da) =x =&,
2@y £ xy Zhy

Ala, =x, =&,

n+lix - x, 2o

BA2x, 1 =,

Tpebyercs onpeneanTh ONTUMAILHOE 3HAUECHHE PAJIA IAPAMETPOB Xiggr - Xaagrs---» X¥ggr 2 2 2] | 00-

paIaIuX neieByo GyHKImo [ (X, X;,..., X, ) B MAKCUMYM WJIA MUHHUMYM.
Ipumep. lan kpurepuii ¥ = %,/ x;. TpeOyercst HAUTH Xiggr, U Xagzr , OOpAIIAOIINE B MAKCHMYM

1esneByio GyHKIUO V = X,/ x; — max . OrpaHuyeHus:
1= x =5,
2= x, =12
X% =10

38.,[[21‘121 peuIacTCs OIATH B ZIBa dTalla:

1. [ocrpoenue O/IP.
2. Haxoxnenue B ipeaenax OJIP onTuMaibHOTO pelieHus.
[Toctpoenne OZIP B naHHO# 3a7aue B OTIIMYKE OT 337a4l OJJHOIIAPAMETPUUYECKOM 3aKII04aeTCs B TOM,

4TO paboTaTh HYXKHO B IBYX HampaslieHUsX. B urore B murockoctu #;0x, OJIP Oyner npeactaBisite co00i

MHOrorpantuk (puc. 5.3).
F 3

12
y=xaf]
Ha 0
10
1.5
2.5 12 \
10
5
0.4

2

\ 0,25
0 1 2 5 8 ®1

Puc.5.3. I'padpuyeckast nimocTpaus pereHus IByXnapaMeTpruuecKoi 0THOKpUTEPUAIbHON 3a1auu

ONTUMH3ALUU

JIist HOCTPOEHMsI HEJIMHEWHOTO OTPaHUUEHHs X - X, = 10 cHaYama HeoGX0MUMO IPUPABHATD JIEBYIO U

IPaBYIO YaCTH HEPABEHCTBA U MMOCTPOUTH COOTBETCTBYIOIIYIO KPUBYIO.
XX =107, =100 xg;
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X1

1

5

X2

10

2

[Tocie 3TOro Hy»KHO OIPECIIUTh HAMIPABICHHE JOMYCTUMOCTH UCKOMBIX NAPaMETPOB %1 M Xg . UTOOBI

HC OH_II/I6I/ITI)CH, A 9TOTO0 MOXXHO IIPUMCHUTD cnez[yfonmﬁ IIpUCM. BBI6CpCM IMPOU3BOJIbBHYIO TOYKY Ha

IUTOCKOCTH %0, ¢ J1r000# cTOpOoHBI KprBOi. Hanpumep, BeIOEpEM TOUKY C KOOPIHHATAMH X; = 2, X, =3,

T.€. «CIIPaBa - BBEPXY» OT KPUBOH. BBIUMCINM 3HaueHHE JIEBOIl yacTH HepaBeHcTBa: -2 = 2525 =10
CJIe/I0BATENILHO, HEPABEHCTBO BBINONHAETCS. DTO 3HAUHT, UTO BRIOPAHHAS TOUKA HAXOJUTCS B JOMYCTUMOM
00J1aCTH UCKOMBIX mapameTpoB. T.e. J0mycTHUMas 06IacTh HCKOMBIX MAPAMETPOB HAXOJUTCS «CIPaBa -

BBEpPXY» OT KPUBOM.

Ha BTOpOM 3Tarne HeoOX0IMMO BBIUMCIINTE 3HaUeHUs 1eneBoi ¢pynkuuu B npenenax O/P. B nanaom
IIpYMepe UCKOMast TOUKa, OIPEIEIIAIOIIas ONTUMAIbHbIE 3HAYCHHUSI HCKOMBIX ITapAMETPOB, HAXOJUTHCS Ha

rpanuie O/IP: Zipgr = 1. %yppr = 12, Econ x, /%) —min | TO X pgr = 8, Xgppr = 2.
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Jlekuus 6. MeToabl pemieHus 32124 JMHEHHOr0 MPOrpaMMHPOBAHUA

IMocTranoBka 3agaun. TpeOyercst HANTH ONTUMAaTBHBIC 3HAYCHUS # MIEPEMEHHBIX X1, X3,..., X, , TOCTaB-
JISIOLIUE SKCTPEMYM JIMHEHH O 11eJ1eBOM (QYHKIINH
®
Y=ok begx bt = o x,
J=1
NmeeTcss KOHEYHOE YHCIIO JIMHEHMHBIX OrPAHUYEHUN BUA!

Ak FaX o Fa,,x, 2, . p=1k;

rl
Apk tdpX, oo tayx, Sh1= 1k,
@ % Fa o e, x, =h m=1lk
I'padoananurnyeckuii MeTo/ pelieHUs 32124 JJMHEHHOr0 MPOrpaMMHPOBAHUS
Ipumep. Haiitu ontuManbHble 3HaYEHUS Xiogr» Xanpr -
HeneBas pynkuus
y=x+2x, —»max.
OrpanuveHus:
2% +x, =10,
x +3x, =15,
x =0
x, =0
1 3Tan. [loctpoenue ob6nactu gonmyctumbix pemenuit (O/P).
Jlnst popmupoBanus OJIP HE0OXOAMMO B CHCTEME KOOPAMHAT X; U X, MOCTPOUTD JIMHUHU, COOTBETCTBY-

HOIUC OrpaHUYCHUAM, ITPUPABHUBAA UX JICBBIC U IPABbIC YaCTHU, U ONIPCACINTD HAIIPABJICHUA PACIIOJIOKEC-
HUA JOIMYCTUMBIX 3HAYCHUIN MCKOMBIX IEPEMCHHBIX B COOTBCTCTBHUU CO 3HAKAMHU HCPABCHCTB (pI/IC6 1)

]
8

<

Fmaz— 128

[ A | d= h

o1 2 34 5 6 7 8 51011 12 =

Puc.6.1. I'padpuyeckast nimocTpaus peieHus 3a1aui JMHEHHOT0 IpOrpaMMHUpPOBaHUS

Beruncnenus 11 OCTPOEHHUs NEPBBIX JIBYX OrPaHMYEHHIA:
dnyt+x, 210 =2 +x,=10=x, =10-2x,;

X 0 5
g 10 0
n+ix, =2le —wxnt3x, == =(18-x)/3
xn 0 6
Xy 6 4
HamnpaBnenus 1omycTHMOCTH 3HaY€HUH TIEPEMEHHBIX XU X3 B COOTBETCTBHU C TIEPBBIMH JIByMsI OTrpa-

HUYEHUSIMH — «BHH3 - BJIEBO». B COOTBETCTBHH C TPETHbHUM OIrpaHUYCHUCM 3HAYCHUS HepeMeHHOI\/’I &
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JOJIDKHBI HAXOAUTHCA BBIIIC OCH ng , @ B COOTBECTCTBHUU C UETBEPTHIM OI'PaHUYCHHUEM 3HAUYCHUS IICPEMCH-

HOM X, JOJDKHBI HAXOIUThHCS IpaBee ocu Ux;. Cienyer uMeTh B BUay, uto rpanunbsl OJIP B 001acTh q0mmy-
CTUMBIX pemeHHﬁ BXOJAT. 3910 OG’BHCH}IGTC}I TEM, YTO B OTPAaHUYCHHUAX NPUMCHAIOTCA 3HAKHW HCPABCHCTB
«MEHBIIE — PABHO» U «OOJIbIIIE — PABHOY.

2 3ran. OKOHYATEIbHOE ONPE/IEICHNE ONITUMAJIbHBIX 3HAUEHUN IEPEMEHHBIX XU Xy .

JLiist TOro HE0OXOMMO CHaYaIa MOCTPOUTH MTPOU3BOIBHYIO TIPSIMYIO JUIS 1IEeBOU (YHKITUH, IPUPAB-
HSIB €€ BBIpaKEHHUE K JIIOOOMY YHCIy, TaK, 4TOObI 3Ta mpsMasi pacrojiaraiach B Ipejesiax BbIOpaHHOTO
Maciitaba pucyHka. [IpupaBHsieM BbIpakeHUE 1eJIeBON (YHKIMH, HApUMeEp, K yuciy «16» u moctpoum
COOTBCTCTBYIOIIYIO IPAMYIO JIMHUIO.

y=xtix, —max xtax, =16 = x, =(16—-x)/%;
x 0 8
X, 8 4

[Tocne 3Toro HE0OXOAUMO MOCTPOUTH MPSMYIO JIMHUIO, TAPATUICTBHYIO JaHHON MPSIMOH, TaK, YTOOBI
oHa kocHyaach rpanuibl OJIP. KoopauHatel Touku kacanms 3Toil npsamoii ¢ rpanuueit O/IP Oynyt orm-
TUMAJIbHBIMU 3HAYEHUSIMU IEPEMEHHBIX Xjomr U Xanmr .

JIJst TOUHOTO OTpeIeIeHUsI KOOPAMHAT TOYKH KacaHUs JIMHUU 1esieBoi GyHKIuu rpanuiibl O/[P (Tod-
HBIX 3HAYCHUH Xjggr¥ Xigzr ) HEOOXOIMMO PEIINTH CHCTEMY, BKIIOUYAIONIYIO B ceOs Ba ypaBHEHUS:
"Zx t+xy = 10" "x +3x, = 18", Pemmnm a1y cucremy ypaBHeHuit: 2x, +x, =10 = x, =10-2x,. Tloxa-
CTaBUM 3TO 3HAYEHUE X, BO BTOPOE ypaBHEHUE:

n+3l0-Zx)=l8=2xn+30-fx-l8=0=-5x+12=0=2x =12 5=24x,=10-2-24=532.

Te xypm =24 Zyggr =22, Ilpy  3TOM  MakCHUMaJbHOE  3HAYEHHE  [EIEBOM  (DYHKIMH
Vo =X H2x, =244+2.52=128,

Cumiiekc MeTo/1 pelieHus 3a1a4 JHHEHHOr0 NPOrpaMMHpPOBaHUS

O/IP B nByxmapaMeTpuU4ecKoil 3a7aue JMHEHHOTO POrpaMMHUPOBAHUS IIPECTABIIAET COOO0M MIOCKUI
MHOTOTPaHHUK (CM. IPEIBIIYIINNA IPUMED), @ B OOIIIEM BH/JIE 3TO BBIMYKIIbII MHOTOIPaHHUK.

Teopema: >KcTpeMyM IeIeBOM (PYHKIIMH B 3a/1a4€ JIMHEHHOTO POrpaMMHUPOBAHMUS, €CIIM OH CYIIe-
CTBYET, BCET/Ia SIBJISIETCS a0COMIOTHBIM U JOCTUTAETCS XOTs Obl B OHON KpaliHell Touke MHOTOTpaHHUKA,
onpenenstomero O/1P.

[Tpumeuanue. Kpalinne Toukn — 310 ToukH nepecedenus rpanun OJ(P.

Wnest cumruiekc MeTo/1a 3aKiII04aeTcs B HapaBJIeHHOM niepebope kpaiinux touek OJIP. DToT mMeTon
ABJIAETCS KJIACCUUECKHUM B JIMHEMHOM IPOrpaMMHUPOBAHUU.

[Tpumep. TpebdyeTcsi MUHUMU3UPOBATH LIETEBYIO PYHKIIHIO

y=x+x,+x; —>min
IIPY CIEAYIOIIMX OTPAHUYCHUSX:
n—xtin =1
- tEx, - =2
xn =0,
x, =0
;=0

Xomrs Faomr-Xaggr 1

ITocTaBUM B COOTBETCTBHUE ITOM 3adaue CJICAYIOIIYIO CUCTEMY JIMHENHBIX ypaBHCHI/II\/'II

Yo —x,—x =0 (6.1)
non+2xn =1 (6.2)
—-xntix, - =2 (6.3)

Pemmm 9Ty CUCTCMY MCTOJAOM MOCICAOBATCIIbHOI'O UCKIIFOUCHUSA HCU3BECTHBIX (MCTO,Z[OM Faycca). B
€ro OCHOBC JICXKAT CICAYIOIHNE DJICMCHTAPHBIC HpeO6p330BaHI/I$IZ
1. YMHOXEHHE KaKoTo - JTH00 YpaBHCHHA HA YUCJIO, OTIIMYHOC OT HYJIA;
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2. CnoxxeHHe ABYX YPAaBHEHHH U MOCIEAYIOIIAs 3aMEHa OJHOTO M3 HUX MOJTyYUBIIEHCS CyM-
MOI;
3. Ilepemena Mectamu JTIOOBIX ABYX YpaBHEHHH.
C TOMOIIBIO 3TIEMEHTAPHBIX MPE0OPa30BAHHUHN TTOIYIHM CIEITYIONIYIO CHCTEMY:

y+3x =7, (6.4)
x+3x, =4, (6.5)
Xyt x =3 (6.6)

VYpaBuenue (6.6) — 310 cymma ypaBHeHui (6.2) u (6.3).

VYpaBuenue (6.5) — 3To cymma ypaBHeHui (6.2) u (6.6).

VpaBuenue (6.4) - 3ro cymma ypaBHenus (6.1) u ypasaenutii (6.5) u (6.6).

[yctp %3 = U, mpu 5TOM 3HAYEHUS IEPEMEHHBIX OYIyT Claeayomumu: ¥ = 1,x =4, x, = 3, x5, =0,

OTH 3HAUYEHHUS SABJISIOTCS PEIIEHUEM CUCTEMbI ypaBHEHUH (6.4) — (6.6) 1, 3HAUUT, CUCTEMBI ypaBHEHUI
(6.1) — (6.3). Ilpuuem, x,.%,, % = 0 T.e. HAliJEHHOE PEIIEHHUE JOIYCTUMO.

Tx.¥=7-3x (cM.6.4), TO 1JIsl YMEHBIICHUS 3HAYCHUS [IEJICBOM (DYHKIIUM HEOOXOIUMO YBEITHIUTD
X3, HO YBEJIWYHMBATHh €ro OECKOHEYHO HeNb3sd, MHAye BEJIMYMHBI X U X4 CTAaHYT OTPHIATEIbHBIMU
(%, =4—3x;,x = 3— %, OTU BBIPOKECHUS [I0OJYYEHBI COOTBETCTBEHHO U3 YpaBHEHHH 6.5 U 6.6).

CornacHo MepBOMY YpaBHEHUIO X3 MOXKET OBITh PaBHBIM 4/3, COTJIACHO BTOPOMY ypaBHEHHIO 3. J{s
TOTO, YTOOBI BCE YCIIOBHS 33/1a4H BBIOJIHSUIMCH, HEOOXOIUMO B3SITh HAUMEHBINEE U3 STHX 3HAYCHHUU -
x; = min {4/3,3}=4/3 (ecim OPUHATH X3 = 3,10 %; =0, uro mpuemnemo, a &} =4 —3x, =4-3.3=-5
YTO HE IPUEMIIEMO I HAILEH 3aa4H, T.e. HEOOXOAUMO MPUHATL X3 = 4/ 3). Torga u3 ypasaenus (6.5)
ciaenyer, 94to x; = .

C nomol1pIo0 31eMEHTapHBIX IPeoOpa30BaHU MPUBEAEM CUCTEMY ypaBHEHHI (6.4) — (6.6) Kk cneayro-
el cucTeMe:

o+ 103 =413 (6.8)
xy =1 3x =573 (6.9)

Cuctema (6.7) — (6.9) u3 cucremsl (6.4) — (6.6) mosrydeHna cieayrImM o0pa3om:
x5, =460 =3x =4-x;
Y43 =T = y=T-3x=y="T-Ed-x)="-4+x=3+x=y-x =3
x4 3x, =4(6.3)

paszienuM 3TO ypaBHEHHE Ha 3, momyunM xz + 1/ 3x) =4/ 3(6.8) = x; = 4/ 3—-1/3x,- noncrasum B (6.6)
Kyt =306.6) = xy +4i3-1/3x, = 3=>x, — 1/ 3%, = 3- 413 = x, — 1/ 3x, = 5/3(6.9),
3anuiieM perieHre cucteMbl ypaBHenuit (6.7) — (6.9):
y=3x=0x=53x=4/3

3necy ¥ = 3+x,, yMEHbIIATD X; JUIS JaJIbHEHUIIET0 YMEHBIICHHS I€J€BON (DYHKIIUHM HEIB3S , T.K. OHO
CTaHET OTPUIATENLHEIM , YBEIMUMBATEL €r0 HET CMBICIIA, T.K. IIPH 3TOM YBEJIMYHMBAETCH 1eeBast (PyHKIU.
Criei0BaTebHO, HOMYYEHHOE 3HAUEHHE ¥ = 3 ABNISAETCS MUHUMAJIBHBIM, 1 €My COOTBETCTBYET ONTHMAb-
HBIE 3HAYEHHS UCKOMBIX TIEPEMEHHBIX: Xggr = U, Xypgr = 3/ 3, X3pgr =4/ 3. DTH ONTHMANIBHBIE 3HAYEHUS

MNEPEMEHHBIX CITPABCAJIUBEI U JJIA I/ICXO)IHOP'I 3a1a4u.
CuMiuiekc — MeTo. JTanbl NOUCKA PelleHnH
Jl1s ucnonp30BaHusl CUMILIEKC - METO/1a, 3a/1auy JIMHEHHOTO MPOrpaMMUPOBAHUsI HEOOXOUMO TPU-

BECTH K CTaHJAPTHOMY BUAY: HAUTU Xi.X;.....%,, JOCTABIAIONINE MUHUMYM II€JIeBOU (DYHKITMH

H

¥ = Z.:J.xj

7=l
IIPH YCIIOBUSAX:
@y % tapx, b tayx, =8
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g Xy FidggXy Tty X, =8

@y Xy oo+t %, =5

¥, 200 =1n).

M

31ech 3HAYOK ¥ 03HAYACT «BCEY.

C dopManbHOI TOUKH 3peHHST HET HEOOXOAUMOCTH CTPOTO Pa3IMyYaTh 3a/1a4d MMOMCKa MUHIMYMa WUJTH
MakcuMyMma 1eneBod pynkmmu. O1Ha 3a/1a9a CBOIUTCS K APYroi M3MEHEHHEM 3HaKa ' Ha MPOTHUBOMOIOK-
Hblit. Bee &; 10/KHBL OBITH T0JI0XKHUTEIBHBIME, B IPOTHBHOM CJIy4ae COOTBETCTBYIOIIEE YPABHEHUE YMHO-
xaercs Ha (-1).

PaccmoTpuM sTansl novcka penieHuid CUMILIIEKC — METOJIOM Ha CJIeIYIOIIEM ITpUMeEpeE.

IIpumep. Mogens packpos IMCTOBBIX MaTepuanoB. BeiOop Hammydiero Bapuanra.

Nmeercs HEKOTOPBIA MaTepuali B BUJI€ CTAHAAPTHBIX JIMCTOB, KOTOPhIE HEOOXOIUMO PACKPOUTH JIJIst
noydeHust He MeHee 80mT. aeraneli Tuna 1 u He menee 40mt. neranei Tuna 2. VI3BeCTHBI 4eThIpe criocoba
PacKpost JIMCTa, KaXIbIH U3 KOTOPBIX aeT pe3yibTar, IPEICTaBICHHbIN B Ta0muie 6.1.

Tabnuna 6.1 VicxonHble JaHHbIE U1 peIEHMs 3a/1a4K

CriocoObI pacKpos JIMCTa 1 2 3 4
3 meranu 2 neranu 1 nerans 0 meranen
tma 1; tHma 1; THMa 1; THmna 1;
Pesynbrar N . o
1 merans 6 neranen 9 neranen 13 meranein
THMIAa 2 THMna 2 THIA 2 THIA 2

Tpe6yeTc51 TaK IIPOBCCTH OIICPALIUIO U3IOTOBJICHUS ﬂeTaneﬁ, YTOOBI O6H_[I/II71 pacxoa JIMCTOB OKa3aJICsia
MHUHUMAJIbHBIM.

[TycTh *;— KONIMYECTBO JIUCTOB, pacKpauBaeMbIX j — M criocoooM ( ;i = 1,4). Torna uenesas Gpynkuus,
OyZeT UMETh CIICYIOIINN BU/L:
Y¥=xtx, tx +x, —n .
3neck ¥ —3T0 00MIMI cyMMapHBIil pacXo JTUCTOB.
dopmynupoBka 3agaun. Haiitu ., %, &3 . %, , JOCTaB/IAIONINE MUHUMYM IIPUBEICHHON BHIIIIE 1I€1€BOM
9
(GYHKIIUY TPU CIIETYIOMIUX OTPaHUYCHUSIX:

3x 4+ 2x, +x, 2 B0, (6.10)
x +hx, + 9 +13x, =40, (6.11)
Wx, 20(j=14) (6.12)

Orpanunuenue (6.10) obecieunBaeT 3agaHHOE YKo AeTaneit Tuna 1, orpannuenue (6.11) — 3aganHoe
yucio aetaneit tuna 2. Orpanndenue (6.12) He0OX0AUMO, T.K. KOJTUYECTBO JIUCTOB HE MOXKET OBITH OTPH-
[[ATEIbHBIM.

Jlist Toro, 4ToOBI 171s1 pelIeH sl TaHHOM 3a/1a4i IPUMEHUTh CUMILIEKC METOM, HE00X0IMMO cucTeMy (
6.10) — (6.12) mpuBecTH K CTAHAAPTHOMY BHIY:

3x + 2x, + x5 — x; = B0, (6.13)
x +b6x, + 9% +13x, — x, =40, (6.14)
¥x, 2 0(j=16). (6.15)

OueBuIHO creayrolee pemenne cucreMsl (6.13) — (6.15): x) = xy = x; = xy =0, x; = —80,x, = 40,

D10 pelieHUe Ha3biBaeTCs 0asMcHbIM. OHO HeENpHemlIeMo, T.K. X;H Xg OTpHUIaTelabHbL. CremoBa-
TeNBHO, cucTemy (6.13) — (6.15) HeobxoauMo mMpeodpa3oBaTh M peiaTh €€ B ABa dTara.

1 3Tan. BcrmoMoraTensHBIN.

OH BBITOJHSIETCS JJIS1 HAXOXKIACHHUSI MPHEMJIEMOro (I0NMYyCTHMOro0) ¥ ONTHMAJILHOIO JIJIsi JAHHOI0
JTana 6a3uCHOro0 pelleHus, T.¢. 10 CYIIECTBY KOOPJIMHAT OJHOM KpaiHel TOUKM 00JacTH JTOMYyCTUMBIX
pEIIeHNH C IebI0 HAINPAaBJIICHHOTO Iepedopa Ha BTOPOM 3Talle OCTAIBHBIX KPAWHHUX TOYEK JJIS BHIOOpA
ONTUMAJILHOTO PEIICHUs AJIS 33]]Ja4H B LIEJIOM.
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[Tpeobpasyem cuctemy ( 6.13) — (6.15) B cucremy ( 6.16) — (6.18):
3xyt 2%, + x5 — x5 +x, =80,

(6.16)
X +6x, +9x; +13x, — x; +x, =40, (6.17)
Vax, =00 = 18). (6.18)

CTtaBHM BCIIOMOTaTEILHYIO 3aJa4dy. HeO6XOI[I/IMO HaUTH .M. &y, TOCTABJBIIOME MUHUM ClIe-
>

AYIOILEH 1eneBoi GpyHKUMU: & = X; + %; —»min . 31ech JIEMKO HAXOIATCA HCXOIHOE JAOIYCTUMOE Oa3uc-
HOE peIlIeHUE:

XX, =05, =80,x, = 40.
[Tocne 3Toro HauMHaeTCs peanu3anus CUMILIEKC — aJroOpUTMa JUIsl pELIEHUS] BCIIOMOTaTeJIbHOM 3a/1a4uH.

Pabota mpu 5TOM OCyIIeCTBIsCTCS ¢ cucTemoit (6.16) — (6.18).

Xy o X
1. BoIpaxkarorcs 6a3ucHbie IepeMeHHble ~ 7 1 "% yepe3 cBOOOIHbIEC IEPEMEHHbIE
X)Xy Ky

xp=00-3x —Z2x, —x tx x5, =40 —x, —6x, =92, —13x, +x;.

2. Onpenensercs neneBast GyHKITUA:
@ =x; +x, =120—-4x —8x, —10x, —13x, + =z, + 75
3. AHanusupyercs BbIpaX€HUE [ 1IeJIeBOM (PYHKIIMH, B HEM MPUCYTCTBYIOT OTPUIATENIbHBIE
K03 (QUIIMEHTBI, 3HAYUT TEKYyIIee Oa3UCHOE PEIICHNE HE ONTHMAIIBHO.

TeopeMa. I[OHYCTI/IMOG Oa3ucHOE PEIICHUC ABJISACTCA OIITUMAJIbHBIM, €CIIN KOB(b(i)HHI/ICHTBI '5'3'

IpU CBOOOJHBIX IEPEMEHHBIX 7 ; B BBIPAXKEHUU JUIA 1LI€JI€BOI (PYHKIIUU HEOTPULIATEIIbHBIL.
Jloist Texyiero 6a3ucHoro pemenust @ = 80 +40 =120, T.k. ), %y, % = 0.

4. B BeIpaXeHHUH TS LIETIEBOM (PYHKIIUU HAXOAUTCS MEPEMEHHas1, UMEIoIIasi HauOObIIHi 110

MOJTYJIIO OTPULIATENLHBINA K03 hUIineHT, oHa BBOIUTCS B Oa3HC IS IOJTY4YECHUsI HOBOTO Oa3uc-
HOTI'O PEILICHMUS.

I[J'ISI 9TOI'0 aHAJIM3UPYIOTCA 3aBUCUMOCTHU TCKYIIIUX 0a3UCHBIX MMEPEMCHHBIX (S,Z[GCB e Ay ), OT BBOAH-

MOi1 B 6a3uC nepeMeHHoM (31ech X4, T.K. OHa UMeeT Kodh ULUEHT «-13») npu ycnoBuH, 4TO CBOOOIHBIE
HEpEMEHHBIE PaBHBI HYIIO (). Xy..... % = 0): x; =80, %, =40-13x,. OueBuaHO, YTO X, MOKHO YBEJIH-
guTh camoe Oosnbiee 10 40/13, mpu sTom
X, =40-13.(40/13) =0
:
T.€. IOJyYMM HOBO€E 0a3MCHOE pelIeHue:
rp=alx =400/15n=x,=x,=x,=%;, =%, =0
CHOBa BBITIOJIHSEM CHMITIEKC aITOPUTM:
1. Onsate BeIpakaeM 0a3HMCHBIE IEpEMEHHBIE Yepe3 CBOOOIHbIE:
Xy =80-3x - 2x, —x; tx,x, =0
o @= x5+ =80-3x —2x, — x, + x5
3. Munumym @ He qocTUrHYT (TeKyliee 0a3UCHOE PENIEHUE HE ONTHMAJIBHO), T.K. BHIpaXKe-
HUE s 1eNIeBOM (QYHKIIMH COACPKUT MEPEMEHHBIE C OTPULIATENBHBIMU KOOPPUITUECHTAMH.

m:gUTKx1=x2=x3=x5=UT HaYeHUeE 1eJIeBON QYHKIIMN YMEHBIIUIOCH 110 CpaBHE-
, T. , T.€. 3HAYCHUE LIEeJIEBON (PYHKIUU yMe 0Cb I10 CpaBHE
HUIO C TIPEBITYLIIM.

4. BBoauM B 6azuc xl, T.K. 9Ta TIEPEeMEHHAas B BEIPAKCHUH JIJIsI 11eJIeBOM (YHKIIUA UMEET KO-
sddurment «-3x». *7 = 80— 3x, TR TR T AT 0 = @0-x)/13 , T.K. 71 +13x, = 4D(CM.

ypaBHenue (6.17), pUHAMAs BO BHUMAHHUE, uTo 2 ~ °2 ~ 76 =48 =
x=mn {80/340} =

%, =80-3-40=-40 <0

0 ). 3mech
MOxHO yBenu4uuTh 10 80/3 (10 40 HENb3s, T.K. IPU STOM

). CnenoBatenbHO,
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X =80-3x, =60-(B0/3).5=0,x =60/3x, =40-380/3)/13 = 40:’39’ T.¢. oYUM HOBOE

GasmcHOE pemenue: 1 B0/3.xy =40/ By =x=x;=x=x =%=0
D10 Ga3MCHOE PElICHHE HA JaHHOM BTaIle SABJIACTCS ONTHMAIBHBIM (BBIPAKEHHE I 1IENeBOi QyHK-
UMK & = X; + X3 He COIEPKUT OTPHIATENbHBIX KodpduimenTos). [Ipu sToM
@=x; +x, =120—-4x —8x, —10x —13x, +x, + x4
a=120-4-B0/3) -8 0-10-0-13. {40/ 39+ 04+ 0= U_
LeneByto GYHKIMIO yMEHBIIUTD HEMB3s, T.K. 7x; = [,

[lepemennbie X; = Xz = | T.c. OHU MEPEILTH B Pa3psl CBOOOJHBIX IIEPEMEHHBIX U MOTYT OBITH OTGPO-
mienbl. OKoHuarenbHoe GasucHoe pemtenue X, = 80/3 x, =40/ 38 x, = x; = x; = x; = DgBugerca onrTu-
MaJIbHBIM JJIs1 BCIIOMOTaTeabHOr0 3Tamna 1 u qomycTuMbiM s cuctemsl (6.13) — (6.15).

2 3ran. PabGoraem c¢ cucremoit (6.13)—(6.15). HMmes pgomycrumoe Oa3ucHOE  peliie-
Hue x; = 8043, x, =40/3%8 x, = x; = x; = x; = U, mosydeHHoe B pe3ysibTaTe MUHUMU3AIMK & Ha Jtane 1,
OLICHUM €ro JUIs UCXOJIHOW 3a/1a4yM C 1eineBol pyHKiuen ¥ = % + x; +x; +x,. Tem caMbIM HauYMHAETCS

MMOBTOPHOE MCIOJIb30BAHNE CUMILICKC - AITOPUTMA, HO YKe JIIsl HCXOTHOH 3a/1a4H.
1. C nomomusto cuctemsl (6.13) — (6.15) nonyuum:

3 2
A0 - bxy -9
B 13
o ¥=X tx;+at = (4027 -3z, +12x, + 352,/ 39

eS|

Xy

(mpuBoaUTCS O€3 BBIBOJIA).

3. JlauHoe Ga3yCHOE PelICHHE HE ONTHMAJIBHO, T.K. IEPEMEHHAs * 2 HMEeT OTPHLATE/IbHBII

KO3 (ppuIeHT.
4. . BBoguM B 06a3uC IEPEMEHHYIO X2.
Bl—2x, 40-16x,
X =——=, X, =———= (BbIp@XEHHUE IS X, IPUBOAUTCS O€3 BHIBOJA).
: 3 ' 39

x, = min {40.40/16}, x, MoxHO YBEJIMYHUTH camoe Oobinee 10 40/16=5/2, npu 3ToM

_40-16.(40116) _

= = =

_B0-2.(5/2) oo
3

T.€. MOJYYHIIH HOBOE OA3MCHOE pelleHne: X = 23,%, = 5/, xy = xy = %, = %, = 0,

CHOBa BBINOJIHAEM CUMILIEKC — aJITOPUTM:

Xy

El

eS|

1,2. Beipaxkaem ' uepe3 cBOOOIHBIE IEPEMEHHBIC X3, Xy, X5, Xy .
440+ Sx; +3x, +5x, +5x,

16

3. B BBIp@KEHUH IS LEJIEBOM (QYHKIIUKM BCE KOI(PPUITMEHTHI IPH EPEMEHHBIX MOJIOKUTENBHEL. T.€.
TeKylIee 0a3MCHOE PEIICHHE ABIACTCS ONTHMAIBHBIM, 3HAYHUT Xipgr = &2, Xypgr = 2.2, Xaggr = U, Xypgr = 0

¥=xtx, tri,+x =

(mpuBoAMTCS O€3 BHIBOMIA).

. T.e. Hany4IIMK BapUaHT TEXHOJIIOTUU COCTOUT B IPUMEHEHHUH TOJIBKO IIEPBOTO U BTOPOI'O CIIOCOOOB pac-
KpOs JIMCTOB, IPHUYEM MEPBBIM CIIOCOOOM HEOOXOAMMO PACKPOUTH 25 TUCTOB, a BTOPBIM 2,5 HcTa, TOraa

HaUMEHBIINKA OOIIMI CyMMapHBIA pacxo]] JUCTOB cocTaBUT 27,5 mT. KonuuecTBo mosydyaeMbIx reTanen
pu 3ToM OyJeT: netaib Tuna 1 —

3+ 2x, +x;=3-254+2- 25+ 0=80wusn
JIeTanb TAIAa 2 —
mAbx, +9%x +13x, =2546. 2549 0+13. 0 = 40uen
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Jlekuus 7. Yuc/ieHHbIE METOAbI PellIeHU 32124 HeJIUHEHHOT 0
NporpaMMupoBaHus (MOUCK IKCTPpeMyMa PyHKIIUU OHOI NepeMeHHOM)

Hanomuum, 4TO 3a/1adya MareMaTH4E€CKOrO MPOrpaMMHUPOBaHUsS (GOPMYyIUPYETCs CIEAYIOIUM 00pa-
30M: HAWTH 3HAYEHUS IEPEMEHHBIX X1, Xy ,..., X, , IOCTABIIAIOIINE MAKCUMYM HJIM MUHUMYM LI€JeBON (yHK-

MK Y = J (2, Xy, X, JTIPH YCHOBUSX g (%), Xy, % ) = (2,200, (= Lm)
OcoGEHHOCTD 3a/1a4 HEJIMHEHHOTO MPOrPAMMHUPOBAHUS 3aKJII0YAETCA B TOM, 4TO GpyHKIMU ¥ 1 (WIK)
£;He nuHelHbl. Pa3paboTaHO MHOKECTBO YHMCIECHHBIX METOJOB PEIICHUS 33/1a4 HENMHEHHOTO IporpaM-

MHUPOBAHU.
Kunaccnpukanus YucJIeHHBIX METOA0B pelleHNs 32124 HeJIHHEHHOr0 IPOrpaMMHpPOBaHUA

1. YucneHHble METOIBI IOUCKA IKCTpEMyMa (PYHKIIMHU OAHOM MepeMeHHOH.
1.1. Kiraccuueckuii MeTon.

1.2. Meron paBHOMepHOTO Tiepedopa.

1.3. MeTto/1 30710TOr0 CeYeHHUs.

1.4. Meron ®uboHa4uH H T.1.

2. YucneHHble METObI TOUCKA SKCTpeMyMa (PYHKIIMU N — IEPEMEHHBIX.
2.1. YucneHHbIe METOJIBI B 337ja4ax 0€3 OrpaHHMYCHHA.

2.1.1. Meroa noOKOOpAMHATHOT'O CIIyCKa.

2.1.2. Meron Xyka — [IxuBca.

2.1.3. 'paiu€HTHBII METO/I.

2.1.4. Meron HerotoHa.

2.1.5. Metop conpsiKEHHbIX HaIlpaBJICHUH U T.1.

2.2. YucneHHble METO/IbI B 33/1a4aX ¢ OTPAHUYCHUSIMHU.

2.2.1. Meroa nOKOOpAMHATHOTO CIIyCKa.

2.2.2. Metop yCIIOBHOTO I'paJIu€HTA.

2.2.3. Metog OapbepHbIX (HYHKITUH.

2.2.4. Meton mrpadHbIX QyHKIHIA.

2.2.5. Meron nuHeapu3alnuy u T. 1.

YHUBEpPCAIILHOTO METO/IA, C TOMOIIBIO KOTOPOI'0 MOXHO OBbLIO OBl PEHIMTS JIF00YIO 33]jauy ONTHMHU3a-
LMY, HE cymecTByeT. [103ToMy [u1s penieHuss KOHKPETHOM 3a/1a4i IPUMEHSIOT OJINH WJIA HECKOJIBKO CBOMX
YHMCJIEHHBIX METOJIOB.

MeTtoabl noucKa IKCTpeMyMa (pyHKIMHM OJHOH NepeMeHHOI

OTH METOBI IPUMEHSIOTCSA B OJHONIAPAMETPUUECKUX 3a]a4ax ONTUMU3aluu. B HUX nIieTcst O1uH o1-
TUMaJIbHBINA apameTp. LleneBass QyHKIMSA — 3TO GYHKIUS OJHOU MMEPEMEHHOI.

IHocranoBka 3axaun. Haiity 3HaueHHe NEPEMEHHON X , TOCTABJIAIOLIEE MUHUMYM UJIM MAKCUMYM ILi€-
neBoit pynknun ¥ = f(x), npu ycnosusax g JE=i=z)0 (=1,

Kaaccnuecknii MeToq MUHMMHM3AIHMA (MAKCHMHU3anNK) PYHKIMHU OJHOM NepeMeHHOoI

[ycTh a = x <&, pynkuus f (X) HenpepblBHA Ha 3TOM OTPE3KE M MMEET Ha HEM HENPEPHIBHYIO PO-
M3BOHYI0. BBIMUCISAIOT 3HaYeHHe Npou3BoaHON f (X} M ONpenensioT KpUTHYECKHe TOUKH, T.e. TaKHe
BHYTPEHHHUE TOUYKH OTPE3Ka [c:t,E:'], B KOTOPBIX NMPOU3BO/IHAsL OOpaIlaeTcst B HyJIb WIK He CylIecTByeT. B

OKPECTHOCTH Ka)/10M TaKON KpPUTUUYECKOW TOUKHU MCCIEIYIOT 3HAaK MPOU3BOJHON M OTOMPAIOT T€ U3 HUX,
IIPU EPEXOJIE Yepe3 KOTOPBIE TPOU3BOIHAS MEHSAET 3HaK C MUHYCA Ha IUIIOC (9TO TOYKH JIOKAJIbHOTO MHU-
HUMYMa) W C IUTF0Ca Ha MUHYC (3TO TOYKH JIOKaJIbHOTO MaKCUMyMa). 3aTeM BBIYHMCIISAIOT 3HAYCHHUSI 1IeIe-

BOM (DYHKLIMHU B 3THUX TOYKAaX M Ha TPaHMIIAX OTpe3Ka [cz,f:']. OTu 3HaUYEHUsI CPAaBHUBAIOT MEXy co00il 1
OIIPENIENIAIOT TOUKY, B KOTOPOH JOCTUraeTcs MUHUMYM (MakCUMyM) LieJeBOi (QyHKIMU. DTa TOUYKa SBIIS-
eTcsl TOUKOM I7100aIbHOr0 MUHAMYMa (MakcuMyMa) Gynkmuy f (%) Ha oTpeske [-:I,E:'].
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[Ipu pelieHun peanbHbIX 33134 ONTUMU3AIMHI JaHHBIA METO] IPUMEHSIETCS PEAKO, T.K. 3a4acTyIO IPO-
U3BOJIHYIO IIEJIEBON (DYHKIIUK OMPEIEIUTD CIOXKHO HIIH HEBO3MOKHO.
MeTtoa paBHOMepPHOIo nepedopa
[ycTs nana Gpynknus ¥ = f(x) —»min (cm. puc 7.1).
-~

f(x)

L J

Lot o Lt

a=z] s X3

Puc.7.1. I'paduueckas unmoctpaliys MeToaa paBHOMEPHOTO repedopa

B cOOTBETCTBHHM C JAHHBIM METOIOM AJITOPUTM MTOUCKA X g7r 3AKITIOUACTCS B ClIeAyIONIeM. DUKCHPYIOT
BEJIMYMHY I1ara 4 = (). BEIYUCISAIOT 3HAYEHUS 1eJICBON (QYHKIMK B TOYKAX X} =d U %y = % +h— Flxin
J(x,). Tlony4yeHHbIe 3HAUYEHUS CPABHUBAIOT. 3alIOMMHAIOT MEHBIIICE U3 ITHX JIBYX 3HaueHU. Jlanee BbI-
Oupaercst Touka %z = %3 +# ¥ B HEll BBHIYMCIIAETCSA 3HAYCHUS LENEBON (QyHKuuHM J (x3). CpaBHHBaeTCs

OCTaBIIleeCss HA MPEABIAYNIEM Iare 3HaYeHue U 3Hauenue [ (*;). HanmMmeHblee U3 HUX OMATH 3aIOMH-
HatoT. Tak NOCTynaroT 10 TeX Mop, I0Ka ouepeHoe 3HaueHue * He npeBbicuT & . [locieanee ocrasiieecs
3HAYEHUE SIBJISIETCS NPUOIMKEHHBIM 3HaU€HUEM II100aIbHOI0 MUHUMYMA.

TpynHOCTH IpU MCHONB30BaHUU JaHHOro MeToja. Eciu neneBas (GyHKIMS MMEET Y3KYIO BIAJHHY,
[10/100HYIO PUBEJICHHON HAa PUCYHKE, TO MOYXKHO €€ IPOCKOYHUTh, U BMECTO TOUYKH IN100aJIbHOTO MUHUMYMa
OTIPENICNIUTh TOYKY JIOKATBHOTO MUHUMYMa. T.e. BMECTO x'MOXHO HaiiTm x''. DTa mpobiemMa 4acTUYHO
CHMMaeTCsl, €CJIM BBIOpaTh OUeHb MaJICHbKUI I11ar, HO IPU 3TOM NOTPeOyeTCs MHOTO BpEMEHH (B TOM YHCIIe
Y MAIIMHHOTO) JUIsl pEIeHUs 3a/1auH.

Mertox 3010TOr0 ceyeHus

PaccmaTpuBaeMas B IJaHHOM MeTojie (PYHKIMS JIOJKHA OBbITh YHHUMOAAAbHOMH. Dynkuus f (*) apyis-
€TCsl YHUMOJAAJILHOM Ha OTPE3Ke [cz,f:'], €CJIM OHA Ha 3TOM OTPE3KE UMEET €IMHCTBEHHYIO TOUKY I7100ab-
HOTO MUHHUMYMa U CJIeBa OT 3TOM TOUKHU SIBIII€TCSI CTPOr0O YOBIBAIOLIEH, a CIIpaBa CTPOro BO3pacTarole.
Jlpyrumu  cnosamu, (QyHKIMs f (%) yHMMOJanbHa, €CIIM BBINOJHSIOTCSA CIEIYIONIME COOTHOIICHHMS
(puc.7.2):

CYTI) METOJAa 30JIOTOIr0 CCUCHHUA 3aKIH0YaCTCA B TOM, YTOOBI ONPCACIINTh TOUYKY rJ100aJTbHOTO MUHU-
MyMa Ha OTPE3KE [ﬂf,b]'}.a MHUHHUMAJIBHOC KOJIHUYCCTBO 1IIaros, T.€. 3a MUHUMAJIbHOC KOJIMYCCTBO BbBIYHCIIC-

HUM 11eTIeBON (YHKIIUH.
B cooTBeTcTBHM C JaHHBIM METOJIOM B KaXbli TEKYIIU MOMEHT BPEMEHU pacCcMaTpHUBAETCS BCEra

JIBE€ TOYKH, HAIIPUMED, B HAYAIbHBIH MOMEHT TOUKH XU X5 TaK, YTOOBI ¢ < X; < X, <& . [Ipu 5TOM BO3MO-
YKE€H OJIUH U3 JIBYX ciydaeB (puc.7.3):
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fi(%) tiz)

Caygait 1 iz )=z Cnygai 2 {2 )=
f(z2) ! £(z1)
fz1) ! £z2)
L, .
0 a ¥ x b = 0 a ¥ o H b=

Puc.7.3. Unnroctparus 000CHOBaHUS UCKITFOYCHHS OTPE3KOB

CoryacHO CBOMCTBY YHHMOJQJILHON (DYHKIMH B IIEPBOM CIIy4ae HCKOMasi TOYKA Xp; HE MOXKET HaXO-
JNUTHCS Ha OTPE3KE [xg . E:'] , BO BTOPOM CIIy4yae Ha OTpe3Ke [cz, Xl](HOKaSaHH IITPUXOBKOI). 3HAYUT, 00IACTh
IIOMCKA CYXaeTCsl, M CIEAYIOIIYI0 TOYKY X;HEOOXOAMMO OpaTh Ha OZHOM U3 YKOPOUYECHHBIX OTPE3KOB:
[cz,xg]- ciydait 1 wmu [xl,E:']- ciryyaii 2.

Tenepb ClIe/yeT OpEENUTECA, T Ha HCXOIHOM OTpe3Ke |, & |Heo6X0auMOo BHIGHpATE TOUKH X1 %y

. HepBOHaLIaJ'IbHO HHUYETO HE U3BCCTHO O IMOJIOKCHUHU TOYKH ;. (Fpa(l)I/IKOB HCT, 1 OHU HE CTPOATCA, 311€Ch

MBI UX IIPUBOAUM IJIA H&FJI?I[IHOP'I WIITIOCTpalr CyTH METOa, IpUu peaHLHOﬁ OIITUMHU3alIUN €CTh TOJIBKO
BBIPAXXCHHUC JIA HGHCBOﬁ q)YHKHI/II/I) HOBTOMy JII000H U3 MPUBCACHHBIX BBIIIC CIIy9a€B BO3MOXKCH C OAU-

HAKOBO}i BEPOSTHOCTBIO. DTO O3HAYACT, UTO JIMIIHMM MOXKET OKa3aThCs IGO0 U3 OTPe3KOB: | Xy, & |wm
[, x,]. Orcrona sicro, uT0 TouKM X1 %, CleyeT BEIGHPATh CHMMETPHYHO OTHOCHTENBHO CEPeIUHbI OT-
pe3ka [cz,f:'].

Jlanee ajist TOro, 4T06bI MAKCHMAIBHO CY3UTh OOJNACTH MMOUCKA, 3TH TOYKH JOJIKHBI OBITh HOOIMKE K
CepeliHe UCXOIHOT0 o0Tpe3ka. OJHAKO CIMIIKOM OJIHM3KO K CepeIMHe OTpe3Ka UX TOXe Oparh He CIe/yeT,

T.K. Mbl XOTUM IIOCTPOUTH AJITOPUTM, AJIA PCAIU3AlHH KOTOPOIO HCO6XOI[I/IMO oﬁmee MHHHUMAJBHOE KO-

JIMYECTBO BBIYUCIICHUH 1esieBol QyHKIKU. PaccMoTpumM puc. 7.4.
F

fiz) fln ¢
Cryuaf 1 Crnyuaf 2

fi(z3) £{z3)
f(zz) fiz1)
£z fi(zzz)
0azns AR b o= 0 a AR ¥ b o=

Puc.7.4. I/IJ'IJ'II-OCTpaI_[I/IH 000CHOBaHUS PACIIOJIOKCHH A TOUCK Ha OTPE3KE

Bri6upast Ha epBOM I1are CpaBHUBAEMbIE TOUKH CIIHMIIKOM OJIM3KO K CepeIuHe OTpe3Ka [cz,b], MBI
UCKITIOYUM U3 PACCMOTPEHHsI OOJBIION OTPE30K [xg,f:']zmﬂ ciayvas 1 unm [.:;:, Xl]Z[J'ISI ciyyas 2. Ho Ha BTO-
pOM IIare BEIUMYMHA HCKIIOYAEMOI'0 OTpE3Ka 3HAYMTENbHO YMeHbINUTCH (OyIeT UCKIIOYEH OTPE30K
[ﬂ, X ])1)151 ciydas 1 unm oTpe3ok [x3 ,f:'] JUTSL cItydast 2).

Taxum 00pa3oM, ¢ OHOM CTOPOHBI, TOUKU CIIEAYeT OpaTh PSJIOM C CEpPEeAMHOI OTpe3Ka, a, ¢ APYroi
CTOPOHBI, CIIMIIKOM OJIM3KO JPYr OT Apyra ux OpaTh Henb3s. T.e. HEOOXOAMMO HAWTH HEKYIO «30JI0TYIO

cepeauHy». s 3TOro paccMOTPUM ISl IPOCTOTHI BMECTO OTPE3KA [cz N ]OTpe30K [0,1] ennHUYHOMN ITUHBI
—puc.7.5.
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A B - D

0 i 1-x 1
Puc.7.5. OGocHOBaHME «30J0TON CEPEANHBDY PACIIONOKEHHUS TOUYEK Ha OTpEe3Ke

Ha sTom pucyHke |£LB|= |CD| = x;|ﬂC|= |BD| =1- x;|BC’|= 1-2x.

Jlyist Toro, 94ToOBI TOUKa B OBLIa «BBITOIHOMY KaK Ha JAHHOM, TaK M Ha CIICAYIOIeM 3Tare (1are), oHa
JOJDKHA JIeuTh 0Tpe3ok AD B Takom e oTHomeHuu, kak 1 AC: AB/AD = BC/AC. Ilpu sTom B cuity
CUMMETPHUHU aHAJOTHYHBIM CBOMCTBOM Oyaer oOmamarhk u Touka C: CD/AD = BC/BD. B o603HaueHusx
KOOPAMHATHI X 3TH npornopiuu npuauMaroT Bu: X/1 = (1 — 2X)/(1 — X). Pemim 3Ty nmponopIiuio:

l-mi=l-2zx=zx-x*=l-2r=z-x"-14+2z=0=-x"+32-1=0=
=x —Zx+l=0T=b*dar=0-4=5

KopH# 3TOT0 YypaBHEHUS PABHBI:

-b- - -b+
_ @ff;m,zsz,xg: 2ﬁ=3+m5}1
a

et 2
HE [IPUEMIIEM, T.€. YPAaBHEHUE UMEET OJUH KOPEHb.

-5
2

eS|

O TOYKE, KOTOpaA pacCIiOJIOKCHA Ha PaCCTOSAHUHU

JUIMHBI OT OJHOT'O U3 KOHIIOB OTPE3Ka, TOBOPAIT,

YTO OHA OCYIIECTBIISIET «30JI0TOE CEUEHHUE» JAHHOTO OTPE3Ka.

O4eBUIHO, YTO KAKABIH OTPE30K MMEET JBE TaKUe TOYKH, PACIOJIOKEHHBIE CHMMETPUYHO OTHOCH-
TEJIBHO €ro CEepeUHBI.

Htak, anropuTM MeToa «30JI0TOr0 CEYEeHUsD» 3aKIII0UaeTCs B CleAyoleM (cM. Takke puc.7.6). Ha
HCXOJHOM OTpe3ke [, b] BeIOMpatoTCs ABE TOUKHU X1 U X2, TaK, YTOOBI BBHITIOJIHSIOCH MPHUBEICHHOE BBIIIIC
COOTHOILIEHHE «30JI0TOTO CEUSHHS» ITOTO OTPE3Ka. BBIUMCIAIOTCS 3HAUYEHUS IeNIeBOW (PYHKIMH B 3THX
Toukax — f (xJu f(x,). OHH CPaBHUBAIOTCS, ¥ M3 JAIBHEHIIETO PACCMOTPEHHS HCKITFOYAETCS OTPE3OK,
IpUJIETAIOIINK K TOYKE, Jaroliel OoJblilee 3HaYeHHE LeneBoil GyHKIMHU (37eCh 0Tpe3okK [Xz, b]). T.e. uc-
XOJIHBII OTpe30kK [a, b] «cTaruBaercs» 10 oTpeska [@, b1]. s 3Toro HOBOro oTpe3ka HaXOIUTCSI €ro cepe-
JIMHA, ¥ 110 OTHOILIEHUIO K HEl CHMMETPUYHO OCTaBIICHCS TOUKE X1 CTABUTCS TOYKa X3. J{J1s1 HEe pacCUUThI-
BaeTCs 3Ha4YeHHe [eeBoi QyHKumMU J (X3)u cpaBHuBaercsa ¢ fix;). V3 najpHe#iero paccMoTpeHUs

OIISATH UCKJIFOYACTCS OTPE30K, MPHIIETAIOLINH K TOUKE ¢ OOJIBIINM 3HaYEHHUEM 1eJIeBOM (yHKIINH, 371ECh 3TO
0Tpe30K [a, X3]. Tekymuit 0Tpe30K «CTSATUBACTCS» 10 HOBOTO OTPEe3Ka, 31ech 3TO [a1,b1] u T.1.
&

fi
= (JCh CHMMETPHH (JCh CHMMETPHH .

oTpeska [ab] oTpeska [ab] E
I e , |
) | do ; ;
e Es i ;

i AL i : N .
0 a =] o) b X
H3 b1

Puc.7.6. I/IJ'IJ'IIOCTpaI_II/ISI aJIropuTMa METola «30JI0TOIr'0 CCYHCHUA»

MeToa «30J0TOr0 CEYSHUS» pocCT, BCP(I)CKTI/IBCH U IIAPOKO MPUMCHSACTCA B HpaKTquCKOﬁ OIITUMHU3AIINH.
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Jlekuus 8. UuceHHble METOAbI PellIeHUs 32124 HeJTUHEHHOI 0
NPOrpaMMHUPOBAHUA (IIOUCK IKCTPEeMyMa (PYHKIMHU N — NIEPeMEHHBIX)

MeTton JinHeapu3anuu (MpUBeAeHNUs 321241 HeJIMHEHHOr0 MPOrpaMMMPOBaHUs K 3aa4e JIHHeii-
HOI'0 MPOrPaMMHPOBAHMA)

JlaHHBII METO/ CTPOro HE OTHOCUTCS K YHCICHHBIM METOJaM pelIeHus 3a1a4 ontumuzanuu. Ho on
3¢ GEKTUBEH U 4acTO UCHOJb3YETCs Ul PEeLIeHUs NPAaKTUYECKUX 3ajad. PaccMOTpUM CyTh JaHHOTO Me-
TOJIa Ha IPUMeEpe, KOTOPBIN pemtaics B Jekiun 5. Hanmomuaum GopMynupoBky 3agauu:
=x,/ x —»max

1= x =85
2= x, =12

1 3ran. [IpuBoauM AaHHYIO 337a4y K 3aja4e JUHEHHOro nporpaMMupoBaHus. Jlis 3Toro npoBoaum
norapuMUpPOBaHKUE OTPAHUYEHUH U 1eNIeBON (yHKIIUU:

lgl=lg x =lg s,
lz 2 =lg x, =g 12,
lg x +lgx, =110,

S+ x
Haiitn “107T y *200T [lenepas Gynkius @ , OTPAaHUYECHHUSL:

Ilocne BBIYMCIECHUI TIOJIy4YHM:

0=lgx =0,503 (8.1)
0,301=1g x, =1,07%, (8.2)
lg xy+lgx, =1 (8.3)

[Tocne norapudmMupoBaHus 1eIeBON HYHKIINU:

lgy=lgx,~lgx —max.

Janee 3amaya pemraercsi ¢ IPUMEHEHUEM CHUMIUIEKC - alrOpUTMa WM Tpado — aHATUTHYECKH (CM.
puc.8.1 U BBIYMCICHHS, COIPOBOXIAIOIINE OCTPpOCHHUs). 11 MOCTPOCHUST 00JIACTH JONMYCTHMBIX perie-
uuit (O/IP) B norapudmuueckux koopanHatax padoraem c¢ orpanndeHussmu (8.1) — (8.3). Orpannuenus
(8.1) u (8.2) — 3TO OrpaHMuUeHUs, rpadUUECKU MPEACTABIAIONINE COOOH MPSMbIC JTMHUH, TapaJlIeIbHbIC
cooTBeTcTBEHHO ocaM "U—lg x," u "0—lg x," . Tlpuuem, neBas orpaHuYUTENbHAS JIMHKUS B OrPAHUYEHUH

(8.1) coBmamaer c ocsto "0 —1g x," . Orpannuenue (8.3) nmpeacTaBiseT co00i MPIMYIO JTHHHIO, HAKIIOHHYIO

o yriaom 45 rpagycoB K 0CsiM, UMEIOIIas KOOpIMHATHI riepecedeHus oceit «0-1». [Ijist Hax ok IeHNs TOUKH
KacaHUs JINHUHU, COOTBETCTBYIOIIEH 11eNIeBOH (DYHKIINHU, CHAYAIa CTPOUM «IIPOU3BOIBHYIOY JTHHHIO JUIS I1e-
NeBOM (PYHKITUH, IPUPABHUBAS €€ BRIPAXKCHHE K IPOU3BOJIBHOMY YHCITY B JaHHOM MaciinTtaoe. [IpupaBHsiem

BBIp@KEHHE JUTA [eNIeBOM QyHKIMHU K uncny «1,2»: g x, —lg x =12 =lgx, = L2+1g xp.

Iz x, 0 0,3
lg g 1,2 1,5
lg 2 lgy=12

g v'tn ax)

0301 ~ lg v n)

0 03 0,903 1,0 lz =1
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Puc.8.1. I'padprueckas nmmocTpariys 3a1a4u ONTUMHU3ALNN METOJIOM JIMHEApU3allun

Hanee cTpoum JNMHUIO, TapaUIeNIbHYIO JaHHOM JTUHUU U Kacaromlytocs rpanuisl O/IP. Haxomum ko-
OpJIMHATHI TOYKHU KaCaHUS:
ey =025 =ll 5,y =107 = 5 m =12
Ecnu nenesas GyHKIMs CTPEMUTCS K MUHUMYMY, T.€. lg ¥ =1g x, —lg x;, = min | To npsmas nunus,

COOTBETCTBYIOIIAs €, kocHeTcs rpanuiibl OJ[P B Touke ¢ KoopAMHATaAMMU:
2 %o =003 = 2y =812 2y pr = 0301 = 5y = 2

MeToa NOKOOPAMHATHOIO CIIyCKA B 3aJa4ax 0e3 orpaHu4YeHui
Oro 3agaya 0e3ycJOBHOW MWHHMMH3aOMHU, T.€. 33Ja4yd MUHUMH3AIMUW 1eJIeBOH  (yHK-
uun Y = f(x).%,,..,X,) Ha BCeM IPOCTPAHCTBE IIEPEMEHHBIX (HA BCEM €BKJIMIOBOM IpOCTpaHcTBe). Eciu
TpeOyeTcs peluTh 3a7a4yy MaKCUMHU3alluH, TO BhIpaKEHHE 11eJIeBOi (yHKIIMM YMHOKatoT Ha (-1) U cHOBa
perraercs 3aa4a MUHUMU3AIUH.

CyTb JaHHOTO METOJIA 3aKIIIOYAETCS B MOCTPOSHHH MOCIIEN0BATEIBHOCTH Touek x' ' x+ x#!  xi*

o 1] 1 2
MOHOTOHHO YMEHBIIAIONINX 3HaueHue reneBoit dyukuun f(x7 = 7z = F(x%N = = £z,
CornacHo 3TOMY METOJly HaIlpaBJICHUs CIYCKa BbIOUpaeTCs MapauiebHO KOOPIUHATHBIM OCSM, T.€.
CHayYaJia CITyCK OCYIIECTBIIIETCS BJ0JIb IepBoit ocu OX1 3aTem B0Jib BTOpoit ocu OX» u T.11. 10 TOCIIeTHEN
ocu OX.

[ycts 'Y

— HayanbHas TOYKa (CM. pHC. 8.2), @ — HEKOTOPOE MOJIOKUTEIBHOE YMCIIO0. BHUUCIAIOT 3Ha-
YeHHe IeleBoil (ByHKIMH B Toif Touke — f (x'"'). Jlanee BHIUMCIAIOT 3HAYCHHE IEIEBOH (YHKIMH TIPH
x = x™ + 2 ¥ IPOBEPSIOT BHINOIHEHNE HEPABEHCTBA
Fx® ey < f (2™, (8.4)
Eciu 5T0 HepaBEHCTBO CIIPaBEJIMBO, TO BOJb HanmpasiaeHus ocu OX; 3HaueHue pynkuuu f ymeHb-

IIHJIOCH, U MTO3TOMY IIOJIAraroT X(l) = X(O) + a. Eciu HCPABCHCTBO (84) HC BBIIIOJIHACTCA, TO ACIAIOT Iar B
IMPOTHUBOIIOJIOKHOM HAITPaBJICHHUU WU ITPOBCPAIOT BBIIIOJIHCHUC HEPABCHCTBA

Fix -y« F (8.5)
B cnydae BbIIOJIHEHUS 3TOTO HEPABEHCTBA I10J1Arar0T X0 = xO - a. Ecnu 06a HepaBeHcTBa U (8.4),

(8.5) me BemonnsoTcs, To XU = xO),
F

z2

L 3

1
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Puc.8.2. I'paduueckas nmmoctpariys moMcka TOUKM MUHUMYMa METOJIOM MOKOOPJMHATHOTO CITyCKa
Bropoii mar npou3BoAsT BAOAb KoopAuHATHOW ocu OX). Beraucisitor 3HaueHne QyHKIIUHA B TOYKE
(xM + a) u cpaBHMBAIOT €O C IPEBIIYIIAM 3HAUEHHEM, T.€. IPOBEPSIOT BHIMIOTHEHNE HEPABEHCTBA
FEM+a) < FxM (8.6)
Eciu 910 HepaBeHCTBO BhimonHsercs, To nonaraoT X = xU + a. Eciii oHO He BRITIONHSETCS, TO Jie-
JIAIOT IIar B MPOTHBOIIOJIOKHOM HAIPABIICHUU U MPOBEPSIOT BHITIOJHEHUE HEPABEHCTBA
FxM—a) < Fx", (8.7)
B ciydae BBINONHEHHS HepaBeHCTBa (8.7) cumratot, uto X&) = X — a. Ecim 06a Hepasenctsa u (8.6),
1 (8.7) He BhIMOMHAIOTCS, TO mpuHEMaroT X = X,
Tak nepeOuparoT BCce N — HAINPaBICHU KOOPIUHATHBIX ocell. Ha 3ToM nepBasi utepamus 3aKoHYCHa.
Ha n - M mare 6yner nomydena Hekotopas Touka X", Ecmu ™ # x'*, to amanornuno, naunnas ¢ x™
OCYIIECTBIAIOT Bropyro urepanmio. Ecmm xe XM = x@ (310 mmeer MecTo, eciu Ha KakI0M ITare HA OJHO
13 TIapbl HEPABEHCTB HE OKAXKETCS BHITIOJHEHHBIM), TO BEIMYMHY [Iara Hy»KHO YMEHBIIHUTD, B35B, HAIIPH-
Mep, an+1 = an/2, U B CICIYIOIIEH UTEPAIIUU HCITOJIb30BaTh HOBOE 3HAUCHHUE BEJTMUUHBI 111ara.
[Tocneayromue UTepauy BHIIOJHSIOT aHAJOTHYHO. Ha mpakTike BEIYMCICHHS MPEKPAINAIOT TIPH BbI-
MOJTHEHUU KaKOTO — JIN0O YCIIOBUS OKOHUAHUSI cUeTa, HalpHUMep

|f|:x:||::~:+1:| —Fixy| <o

rae f(X)k+1) — 3HaueHue neneBor GpyHkuuu Ha (k+1) urepanumy;,

(X)) — 3HaueHHe 1IeTeBOi QYHKIMU HA K —OW UTEPAIH;

& - HEKOTOPOE TMOJIOKUTEIHHOE YUCII0, XapaKTEPU3YIOIIee TOYHOCTh PEUICHUs UCXOTHON 3aauu
MUHHMH3ALNH 1IeTICBON (QYHKIINH.

MeToa NOKOOPAMHATHOIO CIYCKA B 32]a4aX ¢ OrPAHHYeHHSAMH
JlaHHBII METOJT pacpOCTpaHSIETCs Ha 3a]]a4H, C MPOCTHIMU OI'PAaHUYCHUSIMH THIIA:

i 2 x5 Shy; (8.8)
@y T Xy Thy, (8.9)
@, Sx, Sh,. (8.10)

OCHOBHBIE TIPOIEYPBI TJAHHOIO METO/[a AHAIIOTHYHBI TIPEIBIAYIIEMY METOLY. Pasinuune 3akimovaeTcs
B TOM, 4TO HapsiAy ¢ nposepkoii BeimonHenus HepaseHcTs f(X© + a) < f(x@) (f(xO — a) < f(x@)), f(x® + a)
< f(x®) (f(x® — a) < f(xY)) u T.1. oCyITECTBAAIOT MPOBEPKY BHIONTHEHHS HepaBeHCTB (8.8) — (8.10). Bri-
MOJTHCHUE WJIM HEBBITIOIHEHHE STHX HEPABCHCTB MPUBOJNT K TEM K€ TOCIEACTBHSIM, YTO M BHIMOTHEHHE
WM HEBBITIOJHEHNE HEPABCHCTB, IIPUBE/ICHHBIX BBIIIIE.
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Jlekuus 9. MeToabl pelieHUsI MHOTOKPUTEPHAJIBHBIX 32124 ONTUMHU3AIUA

Ota 3a7a4u NPOEKTUPOBaHUS (ONTUMH3ALMH), B KOTOPHIX UCIIOJIB3YETCS HE OJJMH, 8 HECKOJIBKO KpUTeE-
pueB. Ha npakTuke Takue 3a1a4i BOZHUKAIOT, KOT/1a IPOEKTUPYEMbIil OOBEKT HE MOXKET OBbITh ONUCAH OJ1-
HOKPUTEPHAIbHON 3aBUCHMOCTbIO, WIIK OObEUHUTD OTIEIIbHBIE KPUTEPUH B €AUHBINA KPUTEPUN HE MPE-
CTaBJIsIeTCA BO3MOXKHBIM. Takoe 00beIMHEHNE KPUTEPHEB B €IMHBIN KPUTEPUH IPUMEHAETCS, U OHO OyJeT
paccMoTtpeno Hiwke. Ho 3To o0beauHenue, Kak mpaBuiio, ObiBaeT (popMaabHBIM, HCKycCcTBEHHBIM. C MaTe-
MaTHUYECKON TOUKH 3PEHUS HE CYIIECTBYET UAEAIBHOI0O CII0C00a, METO/1a PELIeHus TakuxX 3aaad. Kaxaplii
U3 HUX MUMEET MPEUMYIIECTBA U HEAOCTATKU. PaccMOTpUM HEKOTOpBIE METOABI PEILIEHUS MHOTOKPUTEPHU-
QJIBHBIX 3a/1a4 ONTUMHU3ALUU.

Metoa noucka Ilapero — 3¢¢eKTUBHBIX peleHHi

PaccmoTpuMm ero cyTh Ha IpuMepe UCNONIb30BaHMs ABYX KpuTepueB. Kpurepuu mmpyu UCoab30BaHUU
JAHHOT'O METO/1a SIBJISIIOTCS PAaBHO3HAYHBIMHU.

ITycTe nMeeTcss MHOKECTBO BapuaHTOB pelleHus. [10 kaxaoMy U3 BapuaHTOB OIIPEIEICHBl 3HAUYECHUS
Bcex KpurepueB. lIpeacTaBUM MHOKECTBO OLIEHOK BapUaHTOB DPELIEHUS B IPOCTPAHCTBE KPUTEPUEB
(puc.9.1).

Ea

L 4

0 Em Eu Enz K

Puc.9.1. Unmoctpauus noucka [Tapeto — 3ppekTUBHBIX pereHnit
Ha puc.9.1 npunste! cneayrompe 0003HaYEHUS:
K1 n K2 — xpuTepun oLleHKM BapUaHTOB PEILICHUS;

Y ={y1, Yo, ..., ym}- MHOXKECTBO OIICHOK aJIbTEPHATHBHBIX BAPUAHTOB PCIICHNUS;
Ku1, Ko, ... , Kim - 3Ha49eHus iepBoro kputepus st 1, 2, ... , m - TO BapHaHTa PEIICHHUS;
K21, K22, ... , Kom — 3HaueHHst BTOPOTO KpHUTepHs uis 1, 2, ... , m - FO BapHaHTa PEIICHHS;

P(Y) — muOx)ecTBO [Tapeto — 3¢ (heKTUBHBIX OLIEHOK PEIICHUIA.

IMpaBuao. MuoxectBo Ilapeto — apdexruBHbIX onieHok P(Y’) mpexacrapnser coboil «ceBepo — BO-
CTOYHYIO» TPaHUIly MHOXKeCTBa Y 0€3 TeX ero 4acreil, KOTopble mapaiesibHbl OJJHON U3 KOOPAUHATHBIX
ocel WM JIeKAT B «IITYOOKHUX)» MpoBaJax .

Jns cnydast, nzobpaxxkenHoro Ha puc.9.1, ITapeto — 3ppekTHBHbBIE OLIEHKU COCTOAT U3 TOUYEK KPUBOM
(bc), uckimrouas Touky (c), u auHUH (de).

[TpeumymectBa merona: 1) Kpurepun paBHo3HauHbl; 2) MeTon MaTeMaTHUECKH OObEKTHBEH.

Henocrarok merona: 1) OgHO OKOHYATENIBHOE PEIICHNUE TTOIYYaeTCsl TOJIBKO B YaCTHOM CiIyd4ae, T.e.
konnyectBO [lapero — 3¢h(heKTUBHBIX pelieHuil, Kak MpaBuio, 6ojiee OAHOTO.
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Ipumep. Umeercs 10 BapuaHTOB MaIlIuH, CPEAN KOTOPBIX IJIsl IPOSKTUPYEMOTO 00BEKTa HEOOXOJMMO
BbIOpATh HaWIy4IIMH. MalMHbI OLIEHEHBI SKCIIEPTaMu 0 ABYM IMOKa3aTesiM (KpUTEPHSIM): IPOU3BOAU-
TEJNBHOCTU U HaJle)kHOCTU. O1leHnBaHue Mpou3BoaAniIock 1o 11 - 6anpHoil mkane ot 0 go 10. Pe3ynbraTh
OIICHKH MAIIIMH MIPUBEJEHBI B Tabmute 9.1.

Ta6n1x1ua 9.1 9KCHepTHBIe OICHKHU MAlIWH 110 KPUTCPHUAM ITPOU3BOANTCIIBHOCTH U HAAC)KHOCTHU

Fpurepun (JUEHKH SKECIEpTOE (DAL OIA CTAHKGE

Cl | Q2 | C3 [ C4 | C5 | 6 | OF | C8 [ 29| C10

Ipouseogurent HooTe (11) é 4 |10 3 100 2 4 ) 7

Hanewuocte (H) & 2 1 7 4 4 10| 4 2 2

[IpeacraBuM MHOKECTBO OLIEHOK BapUAHTOB MAIlIMH B MPOCTPAHCTBE KpuTepues (puc.9.2):
[Tapeto — 3¢ deKkTUBHBIMU peLIeHUSIMH 37€Ch ABIIsAI0TCS BapuaHThl MaiuH Cs, C7 u Co.

4 310 22 C8
II,
b amme
Cs

10 \ /
g
8 X C4
7 cg>,

6
cy -

v

i s Lh v
.\\\ ._\_\__‘_\—-\_\_\_
‘\\

N

]

al

01 2 345 6 7 8 % 10 H .bamnu

¥

Puc.9.2. TIpumep noucka Ilapero — 3 pexkTUBHBIX pereHuit

Mertoa pemieHHsi MHOTOKPHUTEPHAJIbHBIX 32/1a4 ONTHMHU3ALMHU € UCNIO0JIb30BaHUEM 00001LIEHHOT 0
(MHTErpajbHOIr0) KPUTEPHSA

CyTb 1aHHOTO METO/1a 3aKJII0YAETCS B TOM, YTO YaCTHbIE KpUTEpUH 5 (X ),i = 1, kakuM - 1u60 obOpa-

30M OOBEIUHSIOTCS B OJMH MHTErPaNbHbIN KpuTepuit F (A ) = DA (A), F (X)), F (X)), a 3arem Haxo-
JUTCSI MAKCUMYM WJIM MUHUMYM JAHHOTO KPUTEPHSL.

Ecnu o0benHeHe YacTHBIX KPUTEPUEB MTPOU3BOIUTCS, UCXO/1 U3 OOBEKTHON B3aUMOCBS3H YaCTHBIX
KpUTEPUEB U KpUTEpHsi 0000LIEHHOI0, TO TOT/Ia ONTUMaJIbHOE pelieHue 0yaet koppekTHo. Ho Takoe 00b-
€IMHEHHE OCYIIECTBUTh KpalHe CII0KHO MM HEBO3MOXKHO, ITOITOMY, KaK MpaBUIiIO, 0000IEHHBIN KpHUTe-
puil ecTh pe3yapTaT YuCTO (POPMATLHOTO 0ObETUMHEHHS YaCTHBIX KPUTEPHUEB.

B 3aBucuMocCTH OT TOr0, KAKMM 00pPa30M YaCTHbIE KPUTEPUU OOBEAUHSAIOTCS B 0000IIICHHBIN KpUTEpUit
pa3IUyaloT CIAEAYIOIMNE BB 0000IICHHBIX KPUTEPHEB:

1. AnAWTUBHBIN KPUTEPUil;
2. MynbTHITMKATHBHBIA KPUTEPHIA;
3. MakcuMUHHBIN (MUHUMAaKCHBIN) KpUTEPUH.
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ANIMTUBHBIA KPUTEPUii
B Hux neneBast GyHKIMS MOTyYaeTcs MyTeM CIIOKEHHUS] HOPMHUPOBAHHBIX 3HAYCHHUI YaCTHBIX KPHUTE-
pueB. B o6miem Buje meneBas GyHKINS UMEET CASAYIOLUIUI BUA:

_yo FUE) oo -
FLO =26 = RO > et

rje N — KOJIMYECTBO OOBEANHIEMbIX YACTHBIX KPUTEPHUEB;

C’;— BecoBOU KO3 PHUIMEHT i — TO YACTHOTO KPUTEPHUS;

F (A )— gucoBoe 3HAYEHHE i — IO YACTHOTO KPUTEPHS;
FU%(X) — i— ii HOpMUPYIOIIMIT eTHTEIIb;

S (X ) — HOpMHPOBAaHHOE 3HAYEHHE I — I'0 YACTHOI'O KPUTEPHUSI.

YacTHble KPUTEPUH UMEIOT PA3IHYHYI0 (PU3UUECKYIO IPUPOAY U MO3TOMY PA3INYHYIO Pa3MEPHOCTb.
A 3HaYUT IPOCTO CYMMMPOBATH UX HEKOPPEKTHO. B CBsI3M ¢ 3TUM B mpenpiayueil popmyiie yucioBble
3HAQYEHMs YAaCTHBIX KPUTEPUEB JEJATCSA HA HEKOTOPbIE HOPMUPYIOLIUE ACIIUTENN, KOTOPhIE HA3HAYAETCs
CIIEAYIOIINUM 00pa3zoMm:

1. B xadyecTBe HOPMUPYIOIIUX AETUTENEH IPUHUMAIOTCSA AUPEKTHBHbIE 3HAUECHUS IapaMETPOB WU
KPUTEPUEB, 3aJaHHBIC 3aKa34MKOM. CUNTAETCs, YTO 3HAYEHUS [1apaMETPOB, 3aJI0’KEHHBIC B TEXHNUYE-
CKOM 3aJIaHHH, ABJIIIOTCA ONTUMAIbHBIMU WM HAaUITy4IIUMHU.

2. B xauecTBe HOPMUPYIOIIUX JEJIUTENICH IPUHUMAIOTCS MaKCUMallbHble (MUHUMAJbHbIE) 3HAUCHUS
KpUTEPUEB, JOCTUTAEMBIE B 00JIACTH JIOIyCTUMBIX PELLIECHUI.

Pa3mepHOCTH caMMX YaCTHBIX KPUTEPUEB U COOTBETCTBYIOIIMX HOPMHUPYIOIIUX IENHUTEIECH OAMHA-

KOBBI, I03TOMY B UTOre 0000IIEHHBIN aJIUTUBHBIN KpUTEPUI ITOJTydaeTcs: 6e3pa3MepHO BETUYUHOM.

Ipumep. Onpenenuts ONTUMAIbHBIA BapuaHT MAIIMHBI C MCIIOJb30BaHUEM OOOOIEHHOIO (MHTE-

IpajbHOr0) aJJJUTUBHOTO KpuTepus. YaCTHBIMU KPUTEPHUSIMH, C IIOMOILBIO KOTOPBIX OLEHEHBI BApPUAHTHI
MaIlluHBI, SBJISIOTCS €€ IPOU3BOAUTENILHOCTh M HAJIe)KHOCTh (HapaOoTka Ha oTka3). O6a kpurepus «pado-
TalT» Ha MaKCUMYM, T.€. HAWIyYIIUMHU BapuaHTaMH MallIMHbI SBJSIOTCSA T€ U3 HUX, KOTOpbIE 0Oecreyu-

BAIOT HAUOOJIBIIIYIO €€ TPOM3BOIUTEIILHOCTD M HAJCKHOCTh. ICXO/IHbIC TaHHBIE /1S PEIICHHS 3a1a4H [TPHU-
BelieHbl B Ta0mune 9.2.

Tabmmua 9.2. VicxonHble faHHBIE sl ONPEACICHHS ONTUMAIBHOTO BapUaHTA UCIIOJHEHUST MAITUHBI

KPHT'_EPHE Becopo#t JHaYEHHA KpHTEPHEE ANA EapHAHTOE
Fi kosdd HITHE BT HCIOIHEHHA MATTHHEL
Ci Bapumant1 | Bapmawpr 2 | Bapuanr =
IIpousEonuTEnL HOCTE 0.6 1000 2000 4000
{F1), ot
Hagexngocte 0.4 1500 1000 500
(mapaboTka Ha oTEaz)
(Fa), u.

HeﬂeBaﬂ (byHKHI/Iﬂ Ha OCHOBC aJANTUBHOI'O KPUTCPUA 3aAITUIICTCAH CICAYIOIIUM O6pa30M:
e F
F(X:'=C1 ].l: :I +C2 Q(le
Ny T R

B xauecTtBe HOPMHPYIOIIUX JlenuTeNnel B JTaHHOM 3amaue MNpUMEM HaAWJIy4YIINC (MaKCI/IMaJ'H:HBIC) 3Ha-
YCHUA YaCTHBIX KPUTCPUCB:

e .

FLPN(X) = 4000um f u, By™ (X = 1500um s

3HavyeHus: 0000IIEHHOTO a1 TUTUBHOTO KPUTEPHUS PACCUUTHIBAIOTCS I KaXKA0T0 BApHAHTa MAIIUHbI:
Bapmnanr 1.

F(X) = 0,6(1000/4000) + 0,4(1500/1500) = 0,55,
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Bapuanr 2

F(X) = 0,6(2000/4000) + 0,4(1000/1500) = 0,558.
Bapwuant 3

F(X) = 0,6(4000/4000) + 0,4(500/1500) = 0,732.

OnTuMaJIbHBIM SIBJISIETCS] 3 BAPHAHT MAIIMHBI, T.K. EMy COOTBETCTBYET MAaKCUMAJIbHOE 3HAYCHHE
000011I€eHHOTr0 aITUTUBHOTO KPUTEPUSI.

OxavH 13 HEAOCTATKOB TOTO METOAA 3aKJII0YaeTCs B TOM, YTO BeCOBbIE KO3(pHIIMEHTH Ha3HaYaeT
IIPOEKTUPOBILUK. Pa3Hble MPOEKTUPOBIIMKY MOTYT Ha3HAayaTh pa3Hble BecoBble K03 puuueHTsl. [1ycTs,
nanpumep, C1 = 0,4; C, = 0,6. OnpenenuM Teneps 3HaYCHUS aJJITATUBHBIX KPUTEPHUEB Ul BAPHAHTOB Ma-
LIMHBIL:

Bapuanr 1.
FA)=04-0254+06-1=07;
Bapuanr 2.
FE=04-05406-067=0602;
Bapuant 3.

FlA)=04.14+0,6.033=05%.
T.e. npu TakOM M3MEHEHUH 3HAYEHUH BECOBBIX KO3()(PULIMEHTOB ONTHMANILHBIM Y:Ke OyaeT 1 Bapu-
aHT MalllMHBbI.
IIpeumyniecTBO JaHHOTO METOJA: KaK IIPABWIIO, BCEI/IA yIAeTCsl ONPENEIUTh CAUHCTBEHHBIN OITH-
MaJIbHbIN BapUAHT PEILICHUSI.
HenocraTku:
1. TpynHocTH (CyOBEKTHBH3M) B OIIPEICIICHIH BECOBBIX KO PHUIIMEHTOB.
2. AINIMTUBHBIN KPUTEPUI HE BBITEKAET U3 OOBEKTHON POJIM YACTHBIX KPUTEPUEB U IOITOMY
BBICTYIIAET KaK ()OPMaTbHBIA MaTeMaTHYECKHH ITPHEM.
3. B agauTuBHOM KpUTEpHUU IPOMCXOJUT B3aUMHAsi KOMIIEHCALIUS YACTHBIX KPUTEPHEB, T.€.
YMEHBIICHNUE OJJHOTO M3 HUX MOXKET ObITh KOMIICHCUPOBAHO YBEIMYCHHEM JIPYTOro KPUTEPHSI.

MyJabTHIVINKATUBHbIA KPUTEPHUH
IleneBast pyHKLUSA 371€Ch 3aIIUCBHIBACTCA CIECAYIOUIMM 00pa3oM:

FX) = ﬁCiFi () = mas(min),

rae I1 — 3Hak npousBeneHus;
i - BecoBOU KOA((HUIIMEHT i-T0 YaCTHOTO KPUTEPHS;
F1(A) - yncnoBOE 3HAYEHHME i-TO YACTHOTO KPUTEPHSL.
IIpeumymecTBa MyJIbTUIIIINKATUBHOTO KPUTEPUSL:
1. He tpeGyeTcst HOpMUPOBAaHUE YaCTHBIX KPUTEPUEB.
2. IlpakTuyecku Bcerna onpeensieTcs OHO ONTUMAIIBHOE PEIICHHE.
Henocrarknu:
1. Tpyanoctu (cyObeKTUBHU3M) B OIIPEIETIEHUN BECOBBIX KO(PPUIIMEHTOB.
2. IlepeMHOMXeHHE Pa3HBIX Pa3MEPHOCTEH.
3. B3ammHas KoMIeHcaus 3HaYeHNH YaCTHBIX KPHUTEPHEB.

MakcuMHHHBIA (MHUHUMAKCHBIN) KPUTEPHU

3T KpuTepuu paboTaroT 10 NPUHLIUITY KOMIIPOMHUCCA, KOTOPbIf OCHOBBIBAETCS HAa UJie€ PAaBHOMEPHO-
cti. CyniHOCTh IPUHIIMIIA MAKCUMUHA 3aKJII0YaeTCs B cienyromeM. [Ipn npoekTupoBaHNN CIIOKHBIX CH-
CTeM, NIPU HAJTMYUH OOJIBILIOTO YHCIIa YACTHBIX KPUTEPUEB YCTAHOBUTH MEXKy HUMHU aHATUTHYECKYIO B3a-
UMOCBSI3b OY€Hb CJ0XHO. [losToMy craparoTcsi HalTH Takue 3HA4YeHHs] MEPEMEHHBIX (IapameTpoB)
K={x. 75, %), MIPU KOTOPHIX HOPMUPOBAHHBIE 3HAUEHHUS BCEX YACTHBIX KPUTEPHEB PABHBI MEXKIY CO-
oot

Cifil &)= K,
rae T - BecoBOM KOO QHUIMEHT i-T0 YaCTHOTO KPUTEPHSL;

Ji (A} — HOpMHPOBaHHOE 3HAYEHHUE I-TO YACTHOTO KPHUTEPHSL;
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K — KoHCTaHTA.

[Tpu G0JIBIIIOM KOJIMYECTBE YaCTHBIX KPUTEPUEB M3-3a CIIOKHBIX B3aMMOCBSI3€H JOOUTHCS BBITIOJTHEHUS
YKa3aHHOTO BBIIIE COOTHOIIEHUSI OYEHb CI0XKHO. [103TOMYy Ha mpakTUKe Tak BapbUPYIOT 3HAYCHUSIMU T1€-
PEMEHHBIX MPOEKTUPOBAHUS X1, X2, ... , Xm, IPA KOTOPBIX MOCJICIOBATEIHHO «ITOATITUBAIOTCS TE€ HOPMH-
POBaHHBIE KPUTEPHUH, YUCICHHBIEC 3HAYECHUS KOTOPBIX B MCXOJHOM PEIICHUU OKa3aJlCh HAUMEHBIIUMH.
T.x. aTa oneparus MpoOMU3BOIUTCS B 00JIaCTH KOMIIPOMHUCCA, MTOATATUBAHNUE «OTCTAIOIIETO» KPUTEPHUS HEH3-
0EKHO MPUBOANT K CHIDKEHUIO 3HAUYCHUH YaCTH OCTANBHBIX KpUTEepueB. Ho mpu mpoBeieHnH psijia maroB
MO>KHO JTOOUTHCS ONPEICTICHHON CTETIEHN YPABHOBEIIHMBAHNUS MPOTHBOPEYNBBIX YACTHBIX KPUTEPHEB,
4YTO M ABJIAAETCS HeJIbI0 MPUHIIUIA MAKCUMHHA.

dopMaTbHO MIPUHITUIT MAKCUMHUHA (POPMYIIUPYETCS CIASAYIOIMMUM 00pa3oM: BEIOpaTh TaKOK HAaOOp Iie-
pemennbix Y & ¥ npu KOTOPOM peann3yeTcss MaKCUMYM U3 MUHUMAJIbHBIX HOPMUPOBAHHBIX 3HAYEHHI

YACTHBIX KPUTEpHEB, T.e. F(X " = max min #(X) .

Taxoi npuriMn BeIOopa X" MHOrIa HOCUT Ha3BaHUE TAPAHTHPOBAHHOIO pe3yinbTata. OH 3aMMCTBO-
BaH M3 TEOPUH UIP, T/I€ ABJISETCS OCHOBHBIM IPUHIMIIOM.

Ecny 4acTHbIE KpUTEPUH HEOOXOIMMO MUHUMHU3HPOBATH, TO CAMBIM OTCTAFOIIUM KPUTEPHEM SBIISETCS
TOT, KOTOPBIH IIPUHUMAET MaKCUMAJIbHOE 3HaYeHUEe. B 9TOM cilyuae MpUMEHAIOT HPHHIUI MEHAMAKCA!

FXY = min max (X)) _

OcHOBHBIC IPUHIUIIBI BIOOPA KPUTEPHEB ONTHMAJLHOCTH

Br160p kputepueB — cioxkHas 3a7aua, T.K. LeJId IpU IPOEKTUPOBAHUU JII0O00r0 00bEKTa, KaK IPaBUJIO,
IIPOTUBOPEUYMBHI (0OecIeueHne MUHUMAJIbHOW CTOUMOCTH U MaKCUMAaJIbHON Ha/le)KHOCTH, MAKCUMaJIbHOM
IIPOU3BOIUTEILHOCTH U MUHUMAJIBHON 3HEPTOEMKOCTH U T.JI.).

Ecnu Tpebyercs onTUMU3UpPOBaTh OAMH U3 MTOKa3aTeIe KauecTBa MPOEKTUPYEMOTo 00bEKTa IIPU CO-
OJIOZICHUN OTPAHWYHMTENBHBIX TPeOOBAHMI HA OCTaJbHBIC MOKA3aTeNIH, TO HYXXHO C(HOPMHUPOBATH OJUH
YacTHBIA KpuTepuil. 3a7a4a ONTUMM3ALMHU TIPH 3TOM CBOJMUTCA K 3aJjaue MaKCUMH3alMU (MUHUMU3ALNN)
JAHHOTO KPUTEPHS C YYETOM 3aJaHHBIX OTPAaHUYECHUM.

[Tpu HaMM4YKUK HECKOIBKUX KPUTEPUEB BHIOMPAIOT:

a) alIMTUBHBINA KPUTEPHUii, €CIIU CYyLIECTBEHHOE 3HaYE€HUE UMEIOT A0COIIOTHBIE 3HAUEHUS KDUTEPHEB
IIpU BEIOPAaHHOM BEKTOpE MapaMeTpoB X;

0) MyJbTHIVIMKATUBHbII KPHUTEPHUii, €CIM CYILECTBEHHYIO POJIb UIPAET U3MEHEHUE aOCOJIIOTHBIX
3HA4EeHUH YaCTHBIX KPUTEPUEB IIPU BapHUalluy BeKTopa X;

B) MAKCUMHMHHBIH (MUHMMAKCHBII) KPUTEPHIi, €CIIU CTOUT 3a]a4a JOCTUKEHHUS] paBEHCTBA HOPMHU-
POBaHHBIX 3HAYCHUH POTUBOPEUMBBIX (KOH(DIMKTHBIX) YACTHBIX KPUTEPHEB.
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Jleknus 10 MaremaTu4eckoe Mo/ieJIMPOBaAHNE CUJIOBOT0 B3aMMO/I€iiCTBUSA B
30HE pe3aHus MPH U3rOTOBJICHUM JeTajleil HA CTAaHKaX

JlaHHast JIEKIUsS OTKPHIBACT IIUKII JICKIIUH, TOCBSIIEHHBI MATEMaTUYECKOMY MOACITUPOBAHUIO (HU3U-
YEeCKHUX MPOLIECCOB B TEXHOJIOTUYECKUX CUCTEMAX.

MeTtobl pacyera Cul pe3aHus nMpu 00paboTKe JIeTaliell Ha MEeTaUIOPEKYIIUX CTAaHKaX paccMaTpuBa-
10TcA B Kypce «Pe3anue MeTamioBy. 3/ech B Hayalle JIEKIUU MbI JIMIIb BCHOMHUM HEKOTOPbIE H3BECTHBIC
CHJIOBbIE 3aBHcuMoOcTU. Tak, HarmpuMep, A pacueTa CUJI Pe3aHus IIPU TOUEHUH UCIIONb3YIOTCS CIEAYIO-
e GopMYyIIbI:

Py = Chjﬁxsmvmﬁfmz; :
_ Ay v T :
By = Ut ™™ v K g
P = C;xf&xS}?xVaxKﬂm 2

rac F . A =PZ_ COOTBETCTBCHHO, OCEBasd, pagruajibHas U TAaHICHUOHWAJIbHAasA COCTABIAOIIUE CUJIbI pE3a-
HUA

C pe»C gy» U — KOHCTAHTBI (Y/IETBHBIE CUIIBI PE3AHNS), YUUTHIBAIOLINE BIUSHUE HA CHITbI PE3AHHUS BCEX

MPOYMX MAapaMeTPOB, HE BXOJAMIUX B (OPMYIIBI (TEOMETPUM HHCTPYMEHTA, BUJIa 00padaThIBA€MOro MaTe-
puaia, cMa3ouHo - oxJyiaxkaaroten texnonoruaeckoit cpeasl (COTC) u 1.1.);

t, S, V - rmyOuHa, mojjaya u CKOPOCTh PE3aHusl;

X, Y, Z - MOKa3aTeu CTETIeHH, BEIPAXKAIOIIHE BIMSHUE COOTBETCTBYIOLIETO ITapaMeTpa PexNMa pe3aHust
Ha CHJIbI pE3aHus;

Kosuy - K03 GUIHEHT, YYUTHIBAIOMINN JTOTIOIHUATENFHO BIMSHUE HA CHIIBI pE3aHMs CBOMCTB 00pabda-
THIBAEMOT'0, UHCTPYMEHTAIILHOTO MaTepHalia u T.1.

[Tpu cBepieHny A7 ONpeAeTIeHUS CHIIOBBIX IMapaMETPOB HCIIOIB3YIOTCS CIEAYIOUIHE (hOPMYIIBL:

My = C DT K,
B =0 DK
¥ ¥

rae Mgp, Po — cOOTBETCTBEHHO, KPYTAIIM MOMEHT U OCEBasi CUJjla pe3aHus;

Cm, Cp - KOHCTaHTBI, 3aBUCAIINE OT CBOUCTB 00pabaTeiBaeMOro MaTepuaia 1 Bujga oopaboTku;

D - nnameTp 00pabaThIBAEMOT0 OTBEPCTHS;

S - mojaua,

g, Y - TIOKa3aTeNy CTENEHH, OTIPEIEIISIONINE CTETICHb BIMSHUS COOTBETCTBYIOIIETO ITapaMeTpa Ha Kpy-
TSI MOMEHT HJIM OCEBYIO CHITY Pe3aHHS,

Kp - KoappuimenT, 3aBucaiumil oT cBOMCTB 00pabaTbiBaeMOro Marepuara.

Otu popmynbl (MaTeMaTUYECKUE MOJIEIH) UCIONB3YIOTCS Ui MPAKTUYECKUX pacdeToB. OHU TOIy-
YCHBI YMITUPHUECKUAM ITyTEM, T.€. HA OCHOBAHHUH MPOBEICHUS IKCIICPUMEHTOB M 00pabOTKH X pe3yiibTa-
TOB. IMEIOTCS U TeOpeTHUeCKH MOTyYeHHbIE YPaBHEHUS, HO OHU CJIOKHBI U JIJISl TPAKTHUYECKHUX PACUETOB
HE UCTIOoNB3yIoTcs. Hamma nanpHelas 3a1a4a B JaHHOW JIEKIIUH OCBOHTH MOPSAOK MMPOBEIACHUS CUIIOBBIX
HKCIIEPUMEHTOB U 00pPa0OTKH UX PE3yIbTAaTOB C LEIBIO MOJIYUYeHUS MAaTEMATHUECKUX MOJIENIEH.

[Mopsinok npoBeaeHusI CHJIOBBIX IKCIIEPUMEHTOB U ANNPOKCMMALMH Pe3yJbTaTOB U3MepeHn
(moJryyeHus MATeMaTHYECKHUX MojIeJieil)

B kaugectBe HU3MEPUTECIIBHBIX HpI/I60pOB IIpH MMPOBEACHHUU CHJIOBBIX 3KCIICPMMEHTOB IJIsI U3MCPCHUA

CHJI pe3aHUs MCTONB3YIOTCS JUMHAMOMETPHI. MIX cXeMBbI ¥ IPUHIUIIBI pa0OTHI IPUBEICHBI B CIICIIUATBHON
JUTEepaType U pacCMaTpUBAIOTCS B COOTBETCTBYIOUINX pa3zeniax Kypca «Pe3aHne MeTaioBy.
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[Ipr ycTaHOBJICHHH CHIJIOBBIX 3aBHCHMOCTEH, KaK IMPaBWJIO, MPOBOIAT OAHO(MAKTOPHBIE JKCIECpH-
MEHTHI. B X011 Takux SKCIEPUMEHTOB BapbUPYIOT TOJIBKO TEM MapaMmeTpoM ((pakTopom), BIUSHUE KOTO-
POT0 U3YYaroT, a BCE OCTANIbHBIE (DAKTOPHI 32 BpeMsI OIbITA OCTAIOTCS TIOCTOSIHHBIMU. Hampumep, ycraHas-
JUBAIOT BIUSHUE MOJa4l Ha cuily pe3anus. [I[puHUMaroT pa3Hble 3HaYeHUsI TOAaYU U U3MEPSIIOT COOTBET-
CTBYIOIIIEE UM 3HAYCHHSI CHIIBI pe3aHus. Bce ocTanpHbIe MapamMeTpsl, a UMEHHO, 00padaThiBaeMbIii U UH-
CTPYMEHTAJIbHBIM MaTepHalibl, reoMeTpuueckue napamerpsl pesua, Bujg COTC, riyouny, CKOpoCTh U T.A.
OCTAaBJISIIOT HEU3MEHHBIMHU.

KoHeunasi meJib JKCIIepUMEHTA - YCTAaHOBJIEHUE (PYHKIIMOHATBHON CBS3H (3aBUCUMOCTH ) MEX/1Y Ba-
PBUPYEMBIM MTAPAMETPOM U CHIIOW PE3aHHs M OIMMHMCAHUE dTOW 3aBUCHMOCTH MATeMAaTUIECKOU (hOPMYIIOM.
[Tocne ycTaHOBIEHHS BCEX YaCTHBIX 3aBUCUMOCTEH MOTY4at0T OOIIYIO 3aBUCUMOCTD CIIOCOO0M, IPUBEICH-
HBIM HUXKE.

Kaxxaplii SKCIepuMEHT COCTOUT U3 psijia OMbITOB. B Ka)kI0M OIbITe IPUHUMAIOTCS pa3HbIC 3HAYCHUS
uccneayemoro napamerpa. s obecriedenus TpedyeMol TOYHOCTH SKCIIEPUMEHTA B KaXKJIOM OIIBITE MPO-
BOJMTCS OIpPEAETICHHOE KOJMYECTBO MOBTOpeHUM uian Ayonei. Hampumep, mis oOecniedyeHus YpOBHS
HaJIeKHOCTH (JOBepUTENbHON BeposTHOCTH) 0,9 KoamuecTBO ayOseil B KaXJI0M OMbITE AOKHO OBITH HE
MeHee 5. J{is obecrieueHust ypoBHS HAJIGKHOCTH (IOBEPUTENBHOM BEpOATHOCTH) 0,95 KOJIMYECTBO TTOBTO-
PEHMII 10JIKHO OBITH HE MEHEE 7.

[Tpexxae yem MaTeMaTHuecKu 00paboOTaTh MOJIyYeHHbIE YKCIIEPUMEHTAIbHbIC IAHHBIC 3HAYCHHUSI CUITBI,
MIOJTyYCHHBIE B KaXKJIOM OTIBITE, ycpeTHIoT. O003HaYNM 3HaYCHHE CHITBI Yepe3 «Y» , a SHAYCHUE HCCIeTy-
€MOoro nmapameTpa uepes «xX». T.e., Harpumep, «y» - 310 Px ,umu Py ;unu Pz, a «X» - S,y t, wim v. Cpenee
3HAYEHHUE CUJIbI B KAJKJIOM OIIBITE Y ONPENEIUTCS CIAEAYIOLIUM 00pa3oM:

re | — HOMep TEKYILEro OIbITa,;

M — KOJIMYECTBO MMOBTOPEHHIA B | — OM OIIBITE;
] — HOMep TEKyIIEero ay0Jist Wik TOBTOPCHUS;
Yj — 3HAYCHHUE CUJIBI B | — M Jy0Iie;

N — KOJIMYECTBO OMBITOB B AKCIIEPUMEHTE.
[Tocne aTOro BCe JaHHbBIE CBOJATCS B TAOIUILY:

Howmep ombiTa 1 2 n
X X1 X2 e Xn
y Y1 Y2 e Yn

[Tony4yeHHbIe 3KCTIEpUMEHTANIbHBIE TAHHBIE IS TTOJTydeHHs (hopMysl MOJBEPraroT CleAyromel oopa-
6otke. CHavyana BeIOMparoT GopMyIty Ui ONUCaHUs OyAyIel 3aBUCUMOCTH. BakHO MIpaBMIILHO BRIOpaTh
BUJ| allIPOKCUMHUpYIOLIeH (hopMyIIbl («arpoOKCUMAIMs - YIPOIIEHUE B TOM CMBICIIE, YTO 3aBUCUMOCTh
MEXTy QYHKIHEH «y» U apTyMEHTOM «X» BOIUIOIIECHA M B BHJIE IPUBEACHHON BBIIIE TAaOJIHIIBI, HO 3Ta 3a-
BHUCUMOCTbH 0oJiee MPOCTO OyAET ONUCaHa B BUJIE alllIPOKCUMHUPYIOIIEH (HOpMYIIbI).

OcHoBHBIE TPeOOBaHUS K alIPOKCUMUPYIOIIEH Gopmyiie:

1. MakcumMasbHas TOYHOCTh OIMCAHUS YCTAaHABIMBAEMOM 3aBUCUMOCTH.
2. Ilpocrora
3. OGecrnieueHne ObICTPOTHI 00PAOOTKN IKCIIEPUMEHTAIBHBIX JTAHHBIX.

MHoroseTHrue HaOMIOACHUS TTOKA3aJIH, YTO 3aBUCUMOCTh CHJIBI PE3aHMsI OT ITapaMeTpOB PE3aHUsl XO-

POLIO OMUCHIBAIOTCS AMMPOKCUMUpPYIOLIEH pyHKIMeH Buaa:
y =%k

3aga4ya COCTOHUT B TOM, YTOOBI ONPeNeIUTh Hen3BecTHbIe Ko duimenTsl C u K . J{1st yrpoieHus Bbl-

YHCIICHUN 3Ty CTETICHHYIO 3aBUCHMOCTD JIOTapH(MHUPYIOT:
lsy=lgl+klgx
B norapudgmuueckux koopanHaTax 3ta QyHKIUS U300paxaercs npsmoi tunuei — puc. 10.1.
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Puc.10.1. AnnpokcuMarius S3KCIIepUMEHTaIbHBIX JAHHBIX B JIOrapuMUYECKUX KOOpIUHATAX

Yepes ONBITHBIE TOUKH IPOBOIAT IIPAMYIO JIMHHIO TaK, YTOOBI BO3MOKHO OOJIBIIEE YUCIIO TOYEK PaB-
HOMEPHO IPYNIIUPOBAIIOCH BOKPYT Hee. Torna & = fg¢?(TaHreHCy yriia HaKJIOHA IPSAMOM K OCH abCiucc).
Jlanee OepeTcs ONbITHAs TOYKA Ha MPAMOM, M onpenensercs nocrosunas C: 1g ¢ =lg ¥, —&lz %, . Tocne
HOTEHIMPOBAHKS HAXOAUTCA ABHOE 3HaYeHue noctosuuol C. [IpuBeneHHslil ciocod IPUMEHSIOT, TOTa,
KOT/Ia 3aBUCUMOCTBD Y = f(X) MOHOTOHHA U SKCIIEPUMEHTAIbHBIC TOYKH IUIOTHO TPYIITUPYIOTCSI BOKPYT Mpsi-
Moii. TOIBKO B 3TOM CJIy4ae BO3MOXKHO OOECIIEUUTh TPEOYEMYIO TOUHOCTh. ECIM NpHBEIEHHBIE BBIILIE
YCIIOBHSI HE BBITIOHSAIOTCS, TO JUIsI 00paOOTKH SKCIIEPUMEHTAIBHBIX TaHHBIX IPUMEHSIOT METO/l HAaUMeHb-
mux kBaaparos (Merox ['aycca). JIist €ro HCHOIB30BaHUS IPUMEHSIOT HCXOHYIO (GOPMYITY WIIH €€ OMISTh
norapudmupyror. B mocneanem ciyuae nocie gorapuMUpOBaHUs MPOIIE pellaTh ypaBHeHus. B nacros-
1Iee BpeMsi [P PEATU3aLMU METO1a HAMMEHBIINX KBaIPaTOB Ha KOMIIBLIOTEPE HALOOHOCTh B JIOrapu(Mu-
POBaHUU MCXOAHOHN (POPMYIIBI TPAKTUYECKH OTIIATIA.

AHajJuTHYeCKAas 06p360TKa IKCIMICEPUMEHTAJBHBIX JAHHBIX METOA0OM HAMMECHBIINX KBAAPpaTOB
I[J'IH MNOHUMAaHUA CYTU JaHHOI'O METOJd PAaCCMOTPHUM CHa4dajla pI/IC102 Ha HeM B OOBIYHBIX M JIOTa-
pI/I(i)MI/IT-IeCKI/IX KOoopauHarax I/I306pa)I(eHI)I OIIBITHBIC 3HAYCHUA (TOLIKI/I) H, COOTBETCTBCHHO, alllIPOKCUMMU-
pyroulas KpuBas v alllipOKCUMUPYROIIAd IIpsaMas.
A

F 3
¥ lg v
lgCH+klasy,
f(zn) lg ¥
¥n lg vi
Vi lgCtklgs;
fiz) lzC+klgz=a
f(za) lg vz
¥z g1
¥l lgCHkelgs
fz1)
0 =1 ®z o Zn X 0 lgx lgxzlgx; lgza lgx
Puc.10.2. MnmrocTpanus peann3anuy METo/1a HAMMEHBIINX KBaApaToB
Ha manHOM pHCYyHKE Y1, Y2, ..., Yn — IKCIIEpUMEHTANIbHBIE 3HaYeHUS, f(X1), f(X2), ..., f(Xn) — pacueTHbIC

3HAYCHUS aNPOKCUMUPYIONIEH (GYHKIIUU. AHAIOTUYHBIC 3HAUCHHS, HO TOJBKO B JIOTapU(MUIESCKOM H3-
MEpPEHHUH, TPUBE/ICHBI Ha TIPABOM YaCTH PUCYHKA.

B ocHOBe MeT0/1a HANMEHBIITNX KBAIPATOB JIGKHUT CIICAYIOIICE MOJIOKEHHE: HAUTy4Ilee TPUOINKCHUE
anmpokcuMupyrorreid Gyukimu y = f(X) Kk skcriepuMeHTaIbHBIM JaHHBIM OYIET B TOM ClTydae, KOraa cymma
KBaJ[paTOB OTKJIOHEHH pacueTHbIX 3HaueHui f(X1), f(X2), ..., f(Xn) OT SKCHIEpUMEHTANBHBIX JaHHBIX Y1, Y2
... Yn, SIBIIIETCSI MUHUMAJTLHOM, T.€.

=3[y, - £x)] = min

-1 WIn
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2

§ = ¥[ley; —(a C+klg x)] =min.
iml

PazHnoctb [,J?;- — i )]B BBIpKEHUH TSI S €CTh OTKJIOHEHHE 110 OPAMHATE | — Oif 9KCIIEPUMEHTATBHON
TOYKHU OT 3aMEHSIONIEH (anmpoKCUMHUpYIoIIel) KkpuBoil. KBagpaTel oTkiIOHEHUH GepyTcs, 4TOOBI KOMITCH-
CHPOBATh 3HAKHU «-» OTKJIOHEHU.

Cymma S’ Oy/ieT MUHUMAIIBHOM, €CIIM €€ YacTHBIE MPOM3BOAHbIE 0 napameTpaM C 1 K paBHBI HyIIIO.
ITpousBens nugdepeHnupoBaHUe U COOTBETCTBYIOLIUE MPEOOpa30BaHMsl, MOJIy4ar0T CUCTEMY HOpMallb-
HBIX YpaBHEHUHU, KOTOpAs 3aTeM pPEeIIaeTCs Il HaX0XACHUS NCKOMOH nmoctosHHOM C M mokasarens cre-
neHu K. CyIiecTByrOT KOMITBIOTEPHBIE TPOrPaMMBI JUTsE 00pa0OTKH IKCIIEPHUMEHTAIBHBIX JaHHBIX C LETbIO
MOJTyYEeHHUS allPOKCUMHUPYIOMINX (QYHKIUH, peaTn3yolie MEeTO ] HAMMEHBIINX KBaPATOB.

Beipaskenne ¥ = Cx* ABISeTCS MaTeMaTHUECKOH MOJICIbIO 00BEKTa MCCISI0BAHMS (31€Ch HPOLecca
pe3anusi). [ToaTomy nocie nosydeHus: YncieHHbIX 3HaueHnit C u K HeoOX0JMMO POBEPUTH CTEIICHD CO-
OTBETCTBMsI (aJ€KBATHOCTb) NPHUHATON MaTeMaTHYECKOM MoJenu omnuckiBaeMoMmy o0ObekTy. [IpoBepky
a/IeKBaTHOCTHU IIPOU3BOJAT, HampuMmep, no F-kpurepuro @umepa. Ecnu npuHsaTas annmpoKCHUMUPYOILAs
¢byHKLUA He ynoBieTBopsieT kputeputo duiiepa, To OHa A0JKHA OBITH 3aMEHEHa JIPYTOil.

[Tocre momydeHus: 4aCTHBIX 3aBUCUMOCTEH X 00BEIMHSIOT B 00110 3aBUCUMOCTD. [lpumep o6beaun-
HEHHS IBYX YacTHbIX 3aBUcHMoOcTeii. [IycTb B pe3ynbrare IpoBeAcHMs IBYX CEPUM SKCIIEPUMEHTOB I10-
JIy4YE€HbI CIEYIOIINE 3aBUCUMOCTH:

B, =Cg",
F =08

O06e cepun SKCIIEPUMEHTOB MTPOBOAMIMCH ITPH HEU3MEHHBIX 00pabaThIBAEMOM M HHCTPYMEHTAIBHOM
Mmarepuanax, ckopoctu pesanus, COX u t.1. Kpome 3Toro neppas cepus 5KClIepUMEHTOB ObLi1a BBHIITOIHEHA
IIPY TIOCTOSIHHOM MMojaue S = S const, a BTopasi Ipu MOCTOSHHOM IiryonHe pe3anus t = t const. Obmas ¢op-
MyJia, BbIpaXkarolasi OJHOBPEMEHHO BiusiHue t U S Ha cuiy Pz, umeet Bu:

Py =Ct"s”.
3/1ech HEeU3BECTHA MTOCTOSIHHAS s , KOTOpAs OMKCHIBACT BIMsHUE Ha cUiy Pz Bcex pakTopoB mporiecca

pe3aHusi, OCTaBaBIINXCS MOCTOSHHBIMU ITPH MPOBEICHUN 00CHX CEpHil SKCIIEPUMEHTOB, T.€. BCeX (aKTo-
POB, KPOME IIoAa4Y1 U FHY6I/IHI>I pe3aHusl. 06]]_[3.5{ Q)opMyJIa MMpEBPaAIacTCAa B 4YaCTHBIC, €CJIM B HCC IIOACTA-
BUTh COOTBCTCTBCHHO MIIM Epppsp , IPH KOTOpOﬁ IMpOBOANJIACH IIE€PBaA CCPUA IKCIICPUMCHTOB, UJIU frﬁ,m-_r , [IpHU
KOTOPOU MPOBOIMIIACH BTOPAsk CEPHsl IKCIIEPUMEHTOB:

C:r = C!S-'S'yc:m:t;

CS = Crsﬁx;am:r.

I/ICHOHB3yH JaHHBbIC HepBOﬁ u BTOpOI\/’I CCPpUH OIIBITOB, IMOJTYYHUM:

C!‘

Syc:::us:r
Cryy = 25
i =

¥
ﬁ RSt

C:rsm =

Bcnenctrue HEH30EKHBIX HOFpeHIHOCTeﬁ OKCIICPUMCHTOB BCIIMYNHBI C:_g , IIOJIYYCHHBIC U3 nepBoﬁ n

BTOPOIl CEpUU OMBITOB, OYAYT OTIANYATHCA APYT OT Apyra. [loaromy okoHUaTENbHO IPUHUMAIOT:
Crany + Chsay

2

[TonoGHBIM k€ 00pa3oM OOBEAUHSIOT TPH U OOJIEE YaCTHBIX 3aBHCHMOCTH.
[Tonydenusie popmymbl He SBISIOTCS GU3NUECKUMU 3akoHAMU. OHHU TTOJTyYeHbI HA OCHOBE 00pabOTKH
BITIOJIHC peaJ'H)HI)IX BKCHepI/IMeHTaHLHBIX JaHHBIX, HOBTOMy UMCHOT OHpeHeHeHHYIO O6J'IaCTB AACKBATHO-
ctu. T.e. 3a mpeaenamMu 3Toi 00JIaCTH UX UCTIONB30BaTh HeNb3sl. Hampumep, eciii cuioBas 3aBUCUMOCTh
ObLa mosrydena it moaad ot 0,1mm/06 1o 0,5 Mm/00, To mpu mogadax mensbine 0,1 wim 6onpire 0,5
MM/00 3Ty (hopMyITy UCTIOTB30BaTh HENb3sl. Besikas aKCTparnosus 3a npeaeaamMu 00J1acTH aJIeKBaTHO-
CTH MOJXECT HpI/IBeCTI/I K CYH_IGCTBGHHBIM 0HII/I6KaM.

m
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Jleknust 11. MaTemaTu4eckoe Moie TMPOBaHue YIPYrux Aedopmanuii B
TEXHOJIOTMYEeCKOM cucTeMe

[Tpu 06paboTke neTaneil Ha METANIOPEKYIIUX CTAHKaX CaM CTaHOK, IPUCIIOCOOICHUE, HHCTPYMEHT U
3JIEMEHTBHI €r0 KpeljieHus, o0pabaTbiBaeMasi 3ar0TOBKA IIPEJCTABISAIOT cOO0H ynpyryro cuctemy, Kotopas
HasbiBaeTcs ynpyroi cucremoii CITH/L.

[Tpu o6paboTke cuiia pe3aHusi U3MEHSETCs O] JEHCTBHEM IEPEMEHHBIX YCIOBHUH 00paboTKH, a
MMEHHO HEPaBHOMEPHOCTH IITyOWHBI pe3aHusi, KojaeOaHus TBEpI0CTH 00pabaTeiBaeéMOro Marepraia u T.11.
Konebanust cuibl pe3anusi MpuBOIAT K ynpyrum aedopmarusam aetaneit cuctemsl CITN u cmemenuto
3THX JI€TaJe IO OTHOLIEHMIO APYT K JAPYTY 3a CUET HAIUYM 3a30pOB B coeluHeHUAX. Kpome atoro ympy-
ras cucrema CIIN]] o6nanaeT He GECKOHEUHOM KECTKOCTHIO, IPUYEM 3Ta KECTKOCTh TAKXKE SBISIETCS CITy-
YaiiHOM BEJIMYMHOM, T.€. MOXKET U3MEHAThH CBOE 3HAUEHHE OT HAUMEHbIIETro 10 HaubobIiero. Bee 3To BMe-
CT€ B3STOE OKA3bIBAET BIMAHUE Ha (POPMUPOBAHNUE TOUYHOCTU OOPAOOTKH.

dopMHpOBaHUE YIPYTUX NEPEMEIEHUN U CMELEHNs JJIEMEHTOB B TEXHOJIOTHYECKOH cucTeMe U BIlU-
SIHUS MX Ha TOYHOCTh 0OpabOTKH MOTYT OBITh NPEICTABJICHBI CICAYIONIEH cXxeMoii — cM. puc. 11.1.

Eonebanne ceofcTE saroToEEH (TeTanm )

¥ ¥
HepapomepHooTs TEEpE OCTH HepapuomMepHoCTE OpHOVCER
¥
Fonebanne cun pezanua Ilepemennan % ecTEOCTE
TEXHONOTHYIECK o CHOTEMEL

3 3

YHijFHE TIEPEM AL EHHA H CM A1) EHHA SMEM EHTOR
E TEXHONOTHUECKOH CHOTEME

¥

Paccenganne pasm epoE (M3MEHEHHE TOYHOCTH )
I ETANH

Puc.11.1. Cxema hopMupoBaHust yIpyrux nepeMenieHHi 1 CMEIeHUs SIEMEHTOB B TEXHOJIOTHYe-
CKOH cHcTeMe U BIMSIHUS UX Ha TOYHOCTh 00OpabOTKHU

Kectkocts ynpyroii cucrembl CITUJL — 3TO OTHOLIEHUE COCTABIAIOIIEH CUIIBI PE3aHUsl, HATIPABIICH-
HOM 10 HOpMaJIM K 00pabaThIBa€MOi MOBEPXHOCTH, K CMEIIECHUIO JIE3BUSI HHCTPYMEHTA, YCTAaHOBJIEHHOTO
Ha pasMCp B IaHHOM HaIIPaBJICHUH.

Takum 00pa3oM, )KeCTKOCTh CHCTEMBI i~ paBHa:

jc:&,HIM,
¥

rie £, — paguanbHas cOCTABISIOMIAs CHIbI PE3AHMS;

Y - cMeleHre pexyllei KpOMKH HHCTpYMEHTa (JieopMalius ypyroi cucTeMsl).

AHAJIOTUYHO BBIPAXKACTCS JKECTKOCTh OTACIBHBIX JEMEHTOB TEXHOJIOTMYECKOH CHCTEMBI: ISl CYII-
HOPTA — | cyn, JUIS TIEpeTHEN 0aOKH — | 11 | T.1I.

JKecTKOCTh MOKET OBITH BHIPAKEHA TAKKE OTHOIICHUEM IPUPAILCHHS CUIIBI pe3anus L5V k npuparie-
HUIO TIepeMelIeHus & :

-8y

Ay
B HpaKTI/I‘-ICCKI/IX pacquax HHOTr1a I/ICHOJ'IL3YIOT BGJII/I‘-II/IHy, 06paTHyro KECTKOCTHU — IMOAAaTIINBOCTDb ar

Jje CHinan
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@ = l:i,mmx.l’H.
Py

Bennuuna gedopmanmu ynpyroi CUCTEMbI paBHaA:

Py

¥ = MAL
Jio
Jns onpeneneHusi craTHYeCKOM “KeCTKOCTH Y3Jla CTaHKa MPOU3BOST Psijl HArpy>KeHUH, BO3pacTaro-
LIMX OT HYJIS 10 HEKOTOPOTO MPEAEIBbHOI0 3HAaUEHUSI, KOTOPOE OINPEIEIAETCS pa3MepaMu cTaHka. s kax-
JIOTO 3HAYEHUSI HATPY3KH U3MEPSIIOT CMEILLICHHUE y3Jla B HAIIPaBJICHUM JEUCTBUS CHIIbL. 3aT€M MPOU3BOIAT
pasrpyXeHHe 3TOTO Yy3/1a, MOCTENEHHO YMEHbIIas Harpy3Ky U (pUKCUpys ocTaTodHble oTkatus. [lpu

HArpy>KEHHH W Pa3rPy;KeHUHU CTPosATCcs 3aBucuMoctu Y = f ¥ —puc.11.2.

F 3

Harpyaounada eeter

Pasrpyzounand eTer

0 ¥i ¥
Puc.11.2. 3aBucumoctn y = f(Py) npu onpeneneHuu craTuyeckoi )KEeCTKOCTH y3J1a CTaHKa

I[Ipyu 5TOM Harpy3o4YHas W pasrpy304Hasi BETBU XapPaKTEPUCTHKH JKECTKOCTH OOBIYHO HE COBNAAIOT,
T.€. HMEET MECTO 2ucmepesuc. Ilnomans et rucrepesuca — pabora, 3aTpadeHHas Ha IPEOIOJIEHUE CUIT
TpPEHHUs, KOHTAKTHBIX AedopManuii u T.1. IIpy IOBTOPHBIX UKJIAX HATPY3KH ILIOIIA/b IETIM TUCTEPE3NCA
YMEHBILIAETCS BCIIEACTBUE BHIOOPKHU 3a30POB B CTHIKAX JETAJIEH IPU EPBOM HAIPYKEHUM M YMEHBLIECHHS
IUTACTHYECKOTO Ae(OPMHUPOBAHHS.

JLy1st OLEHKH JKECTKOCTH B JII000# TouKe (Hampumep, B Touke A) kpuoi £¥ = 1 (¥} HeoOGxoaumo HaliTh
IIPOU3BOJHYIO B JAHHOU TOYKE

. dF,
¥ =g =——=1ig&
dy

YucneHHo MPOM3BOIHAS paBHA TAaHTEHCY yIila HAKJIOHA KacaTeIbHON K KPUBOM B TOUKE A.

KecTKoCTh cTaHKa 3aBUCUT OT €ro KOHCTPYKIIMU U OT Ka4Y€CTBa C60pKI/I. I[J'IS[ MHOTHUX CTAHKOB KCCT-
KOCTh ¥ MOAATAUBOCTh periaamenTupoBanbl [ OCTamu.

Kaxk moka3bIBaeT npakTuka, cTaTudeckasi )KeCTKOCTh CTaHKOB B 1,2 — 1,4 pa3a Bblllle, YeM KECTKOCTh
pabotatoux ctaHkoB. [ToaToMy Gonee OOBEKTUBHON BENTWYHHON SBISETCS TUHAMHYECKAsl KECTKOCTb
CTaHKOB, KOTOpasi ONpEeNseTcs ¢ TOMOIIBIO MPOU3BOIBHOTO METO/1a, KOTOPBIH OCHOBAaH Ha 00paboTke
3aroTOBOK C TIEPEMEHHBIM MPHUITYCKOM M MOCIEAYIOIINUX pacyeTax.

IMpumep. Onpenenenue TMHAMUYECKON HKECTKOCTH TOKapHOTO cTaHka (puc.11.3).

(\ Ho obpaboTen Il ocne obpaboten
] A

] L + L
P 7/

1 I s 2 dp dz

-

Puc.11.3. Cxema ucnbITaHuS TOKAPHOI'0 CTaHKa JIA OIIPCACIICHUS Cro JUHAMHUYECKOH KE€CTKOCTH

48



[Tosickn muametpamu D1 m D2 oOpabatpiBaroTCsl 32 OJMH pabOUYUil X0 TP HEM3MEHHBIX YCIOBHUSIX
(mmoavue, CKOPOCTH pe3aHus U T.1.). Yeryn & ,,, = &) — dy, 00pa3oBaBIIKiiCcs BCIEACTBUE PA3HBIX TIIYOUH
pe3aHus U, CIICI0OBATEILHO, PAa3HBIX OT)KATHI B TEXHOJIIOTHYECKOMN CHCTEME, OyIeT MeHbIe & ,, = Ly — 1),
(T.e. & pa i 00).

OtHotenne &= &, ¢ &, Ha3bIBaETCSA yTOUHEHHEM. OHO MMOKa3bIBAET, BO CKOJILKO Pa3 B Pe3ysibTare
00pabOTKH YMEHBIINIIACH TIOTPEITHOCTh 3arOTOBKH. Y TOYHEHHE XapaKTEPHU3YET JKECTKOCTh TEXHOJIOTHye-
CKOM CHUCTEMBI:

J=AC,s"e,

e A= F, [ F,;U, - koncranTa (MOCTOAHHAS CHIIBI PE3aHUs). §— MO/AYa.

JKecTKOCTh CTaHKa 3aBMCHT M OT CTENEHHU €ro Harpesa. Tak, HalpuMep, 110 HaOJI0AeHUAM Ipodeccopa
A.B.Xymo6uHa KeCTKOCTb IIIHH/ICIEHON 6a0KH KPyrIIonuIin(oBaIbHOIO HEPAOOTAIOIIETO CTAHKA COCTAB-

asier 15100 H/mm. TTocne 30 MuH ero paboThl Ha XOJIOCTOM X0y ’KeCTKOCTh nocturia 22400 H/mwm, T.e.
yBenuuuiach Ha 44%.

JKecTKOoCTh y3710B CTAaHKOB C BPALIAIOIIUMHUCS IETAISIMU HE OJMHAKOBA B PaHaIbHOM HAIlPaBICHUU.
Hanpumep, no ganneiM I'. b. @ukc — Mapronuza a1 TOKapHbIX CTAaHKOB XapaKTEpHBI CIEIYIOLINE KpyT-

JIOrPaMMBbI JKECTKOCTH IIMUHICILHON TPYIIBI () ¥ YIPYrHX MepeMelieHui mnunienei (Y ), nogo0HbIe
MpUBEACHHBIM Ha puc.11.4.

A0 rpag

e

180 rpag 0 rpag

270 rpag
Puc.11.4. KpyrinorpaMmsl ®eCTKOCTH IINMUHAECIBHON TPYIbI (] ) U YOPYTHUX NepeMeIleHui IuHe-
nelt (y ) TOKapHBIX CTAaHKOB

y‘-II/ITBIBafl, YTO KECTKOCTh TEXHOJIOTHUECKON CHCTEMBI NnEepEMEHHA, 1 €€ 3HAUYCHUEC 3aBUCUT OT MHOT'UX

(hakTOpOB, MPOSIBICHHE KOTOPHIX HEBO3MOXKHO MPEABUACTH 3apaHee, €€ XapaKTePUCTUKY CIeNyeT OTHECTH
K pa3psny cay4aiHbIX BeJIHYHH.

B

-
Lt

L 2

Fy
P J

F 3

¥
]

il

¥l »2 »l
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Puc.11.5. UnmocTparus popMupoBaHus 1MoJIel paccessHusl YIPYTUX NMEepeMeIIeHNH B TEXHOIOTHYe-
CKOH cucTemMe

BenenicTBre paccesiHusl 3HAYEHMIT TPUITYCKOB M XapaKTEPUCTHK CBOWCTB MaTEPUalloB 3arOTOBOK,
HaIpUMED, TBEPJOCTH, 3HAYEHHS! CUIIBI pe3anus OyyT Takxke paccensarbes o PHM o PHP. Ecyn mpu aTom
YYECTh, UTO 3HAYEHHS JKECTKOCTH TEXHOJOTHIECKONH CHCTEMBI CIy4aiiHbl M MOJIEKAT paccesHuio ot jiM

1o j7P, 10 naxke npu CTAOUIBHOM PAcCessHUM 3HAYCHUH CUIIbI PE3aHKs, 3HAYEHHS TI0JISL pACCesHUs &, U
KOOPJMHATBI €r0 CepelnHbl & &, He GyAyT 0CTaBaThCs MOCTOSHHBIME — pHC.11.5. YyacTok auarpamMmbl

mexy kpusbivu ™ u j1° Ha sTOM pucyHKe npencrasnser co6oit one &; paccesHUs 3HAYEHUH KECTKO-
CTH TEXHOJIOTUYECKOW CUCTEMBI.
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Jlexknus 12. MaremaTn4ueckoe MoeJTMPOBAHME TOYHOCTH 00Pa0OTKH JeTaliei
HA CTAaHKaX

OcHoBHBbIE (aKTOPBI, ONpees0IIue NOTPEeIIHOCTh 00Pa00TKHU AeTajieil
Hanuuue u popMupoBaHue NOrpeIHOCTH 00pabOTKH JIeTalel Ha METAITIOPEKYLIUX CTaHKaxX Ompesie-
JSIFOTCS CEAYIOIUMHE (DaKTOpamMu:
1. HenocraTOYHasl KECTKOCTh CTAHKA;
2. KonebaHMue CHIIBI PE3aHUs U3 — 32 HEPAaBHOMEPHOCTH TBEPOCTH 3arOTOBKHU H IPHUITYCKOB
Ha 00paboTKYy;
3. HETOYHOCTb CTaHKOB;
4. TOTPENIHOCTH YIpaBIAmuX mporpamm (st crankos ¢ UITY, naubosnee cymecTBeHHbIE —
HOTPEUIHOCTH alIPOKCUMALIUN);
5. MOrpeurHoCTh YCTaHOBKH (0a3MpOBaHUA U 3aKPEIUICHNUS ) 3ar0OTOBKY HA CTaHKE;
6. MOrpeuHOCTH HaCTPOWKHU MHCTPYMEHTA U CTaHKa Ha pa3Mep;
7. morpeurHocTH 00padOTKH, BBI3BAaHHBIE HETOYHOCTHIO HHCTPYMEHTA U €r0 U3HOCOM;
8. TeruioBbIe AehOpMAIINH;
9. ommbOku pabouero (HanaguIMKa, CTAHOYHHKA) U T.1.
JeiicTBue Bcex 3TUX (PaKTOPOB, BIMSIOIMX HAa TOYHOCTb OOpaOOTKHU, MPUBOJUT K BO3HUKHOBEHHIO
CYMMapHOW MOTPEIIHOCTA 00PaOOTKH.

PacueTHo-aHAIMTHYECKHIT METO/ onpeacacHuss TOUYHOCTH OﬁpaﬁoTKH
CoracHo 3TOT0 MCTOJa, 3JICMCHTAPHBIC TIOTPCHIHOCTHU 5;- OmnpeaAcCIsICMbIC JIeHiCTBHEM KaXKI0TO U3 npu-

BCIACHHBIX BBIIIC Q)aKTOpOB, MNPUHUMAIOTCS ITPAKTHYCCKHU HE3aBUCUMBIMU JPYT OT ApYyTra. Hx CyYMMHUPOBa-
HHUC ITPOU3BOJAT 110 BEPOATHOCTHOMY MCTOAY:

52 = Z(’?Cz‘ *51':'2:

=l

rje ¥ — KOJIMYECTBO YIUTHIBAEMBIX TIOTPELIHOCTE;

k; — xoadunrenT, yUuTHIBAIONMI 3aKOH pactpeaeienus | — oit morpemoctu (4 =10—-173) nus
PasHBIX 3aKOHOB PACIIPEIEIICHHUS, HATIPUMED, JUTsi HOPMAJIBHOTO 3aKOHa pacrpeseneaus K = 1);

d; - | — st BIIEMeHTapHast TIOTPEUIHOCTH 0OPAOOTKH.

IIpumep: pacyeT OJHOW M3 COCTABIAIOIIMX MOTPEIIHOCTEH 00pabOTKH, BBI3BAHHOW HETOYHOCTHIO
HaCTPOWKM MHCTPYMEHTA Ha pa3mep Juis cTaHkoB ¢ UITY.

CoBpeMeHHbIe TPUOOPHI AJIT HACTPOUKHM MHCTPYMEHTOB Ha pa3Mep MUMEIOT BBICOKYIO Pa3pellaroiyto
CIOCOOHOCTB: II€Ha JIeJIEHNs] KOOPAMHATHBIX HIKaJI | MKM U ONTHYECKOEe yBeJInYeHHe rnpoekTopa 10 30pas.
OnHako, CKoJIb OBl BEICOKOI HM ObUIa TOUHOCTh UCIIOJIHEHUS TPHOOpa, MHCTPYMEHT BCET/1a HACTPanBaeTCs

C HEKOTOPBIMH OTKJIOHEHUSMU. OHHU CKIJIaJIBIBAIOTCS M3 TOTPEIIHOCTel camoro npubopa (4 — d;) u mo-
IPENIHOCTEN YCTAaHOBKM Ha CTAaHKE HACTPOSHHOIO Ha pa3Mep MHCTpyMeHTa (Jg — & ).
ITo mpaBwIaM CIIOKEHHS CITyJaHBIX BEJTMUYMH TOTPEITHOCTD MOJI0KEHHUS BEPIIMHBI HACTPOSHHOTO Ha
pa3Mep HHCTpYMEHTa paBHa:
2 2 2 2 z 2 2
52 = \{(;ﬁﬁﬂ' Hika 80" H{ad5)" H kG, )7 + 050+ (k)" +1k 8,07+, 4,07,

e K1, Ko, K3, Ka, ks, Ke, k7, Ks — K03 HIIHEHTBI, yIUTHIBAIOIINE 3aKOHBI pacTIpeIeICHHUS OTPEITHOCTEH;
& - TIOTPEITHOCT MK OTYeTa IpUoopa;

dl, - TIOTPEITHOCTh OTCYETa pa3Mepa TI0 MIKajIaM;
{3 - HETOUHOCTH COBMEILEHHMS BEPLIMHBI MHCTPYMEHTA C TIEPEKPECTUEM DKPAHA IIPOEKTOPA;
d, - He COBMEIIEHHME HaYasl OTCYETA [IKAJl ¥ YCTPOMCTBA [UIs KPEIUIEHHS HHCTPYMEHTA;

4

ds - TIOTPENIHOCTD OT HETOYHOCTH YIJIOBOIO PACIOJIOKEHHS Ha MPUOOPE YCTPONUCTBA JUIs KPETIEHHS
WHCTPYMEHTA;

d- HECOBIMAJCHHE HYJsI OTCYETA KOOPIMHAT HHCTPYMEHTA C TCOPETHUECKHM IIOJIOKCHHUEM M3 — 32
HETOYHOCTH PACIIOJIOKEHNS TOBEPXHOCTEH, 0a3UPYyIOIUX HHCTPYMEHT Ha CTaHKE;
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;- HOTPENIHOCTh OT HENPABHIBHOIO YIJIOBOI'O PACIOJIOKECHHS HA CTAHKE 0a3sMpPYIOLIMX OBEPXHO-
cTeii;
dy - HOTPELIHOCTD B CBSI3H C JIe(OPMALIUSIMH SIEMEHTOB, YIaCTBYIOLINX B 32KUME HHCTPYMEHTA.
ITycTp
O =8, =laweae, 8, =8, =0, =0, =d; =0, =3amm, | =/, =Ky =K, =H; =k, =K; =kg =1

Torna

iy = P P 1 13t 128 13 7 = 7 4%

B TexHOIIOrHYeCKUX CIPaBOYHHMKAX MPUBEICHBI CPEIHECTATUCTUUYECKHUE JaHHBIC 110 TOYHOCTH 00pa-
OOTKHM JIeTay Ha CTaHKaX. Bce OHM MOTy4eHbl CTATUCTUYSCKUMU METOIaMU Ha OCHOBE 00pabOTKHU pe3yiib-
TaTOB KCIIEpUMEHTOB. OCHOBHOM HEJOCTATOK OMPEAEIICHUSI TOYHOCTH 00pabOTKHU IO CpeTHECTaTUCTHYE-
CKMM JaHHBIM COCTOHUT B TOM, YTO IIPHU 3TOM HEBO3MOXXHO y4€CTh MHIUBUIYyaTbHBIE OCOOCHHOCTH KOH-
KpeTHBIX cTaHKOB. CTaHKH Ja)Ke OJHOW MOJICTH OTJIMYAIOTCS JIPYT OT Apyra Mo TOYHOCTH M3—3a pasiind-
HOTO U3HOCA, pa3HOH TOYHOCTU COOpKH U T.A. B mpeansHOM ciiydyae He0OOXOIMMO UMETh JaHHBIE TIO TOY-
HOCTH Ka)KJIOTO CTaHKa, IPUYEM ATH JaHHBIC TOJDKHBI TIEPHOIUISCKHA OOHOBIIAIOTCS. T.€. Hy)KHBI MaTeMa-
TUYECKHE MOJIEIH, IPEACTABIISIIONINE TOYHOCTh 00pa0OTKH IeTallel Ha CTAaHKaX, PealibHbIC, YUUTHIBAIOIINE
JTMHAMUYECKHUE MTPOIIECCHI, MPOTEKAIONIME B KOHKPETHOM TexHoJorndeckoi cucreme CITN/I.

MoaenupoBaHue TOYHOCTH 00Pa0OTKM J1eTajleil HA OCHOBE TMHAMHYECKHX XaPAKTEPUCTHK
CTAHKOB

Matepuanbl 3TON 4acTH JIGKIIMU B3SThI U3 padoT K.T.H., To1eHTa kKadenpsl « TeXHOI0rus aBTOMaTU3U-
poBanHoro mamHocTpoeHus» MDY MuneeBa A.C. u ero qumiiomnanka Tananosa [1.B. Paccmotpum st
BOIIPOCHI HA IPUMEPE UCCIIETOBAHUS TOYHOCTH TUIOCKOILIU(OBAIBHOIO CTAHKA.

CHauvasia pa3pabaTbIBaeTCsl pacueTHasi CXeMa yIpyro CUCTEMbI CTaHKa, KOTOpasi IPEACTaBIsAET COO0M
MHOTOMAacCOBYIO MOAelb. [[i1st 3TOro craHok pa3OuBaeTcs Ha Psij y3JI0B, K&KIbIA 3 KOTOPBIX MPEACTaB-
nsieT coboii oTaenpHy0 Maccy. Kpome aToro kakasi-nmiu0o geranb cTaHKa IPUHUMAETCS KaK IeTallb YCIIOBHO
0ECKOHEYHOU MacChl, K KOTOPOI «IIPUBSA3BIBAIOTCS» BCE OCTAIbHBIE MacChl. PacueTHas cxema ynpyrou cu-
CTEMBI TIOCKONITH(OBATIHFHOTO CTaHKa MPEACTaBIsIET cO00H YeThIpeXMaccoByI0 MOZelb. B kauecTse ie-
TaJH yCJIOBHO OECKOHEYHON MAacChl MPUHATA CTAHWHA, K KOTOPOU «IPUBSI3aHBD» BCE OCTAIbHBIE MACChI —
cMm. puc. 12.1.

.

H: Cs

Puc.12.1. PacyeTHas cxema ynpyroi cucTeMbl INIOCKONUTH(OBAILHOTO CTaHKa

Ha nanHOM pHCYHKE NPUHSATH cleaylolie 0003HaueHUs: IIMUHENIb;2. IMuHeNbHas 0abka;3.mpo-
JOJIBHBIN CTOJI; 4.1I0TIEPEYHBIN CTON; 5.CTAHUHA;
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M1, M3, M3, M4 — ipuBe/ICHHBIE MaCChI IITTUHEIS, MIMUHACIbHON 0a0KH, MPOIOIEHOTO CTOJA, TOTIe-
PEYHOro CTONa;

C1, Cy, Cs, Cs — xectroctu; Hy, Ho, H3, Hs — k03 duninentsr nemmndupoBanus;

F_}, - BEKTOp paJuaibHON COCTABIISIIOIIECH CHIIBI PE3aHUS;

V3 — CKOpOCTh IPOAOIBHOIO IEPEMELIEHUS 3aTOTOBKHU.

B3aumoseiicTBue MeXy OTAEIbHBIMA MAacCaMH OIMCBIBAETCA, KaK IIPaBUIIO, IBYMsl BUJJaMH CBSI3EH:

1. ynpyrumu cBA3sIMH, KOTOpPbIE XapaKTePU3YIOTCS JKECTKOCTHIO;
2. neMrndupyOIMMHU CBI3IMHU, KOTOPBIE XapaKTepu3yroTcs KoddduimentamMmu remnpupona-
HUSL.

UtoOb!I JTyulie MOHATH XapakTep B3auMOJICHCTBHUS MAcC, MOXKHO TIPUBECTH MTPUMEP pabOTHI MOIBECKU
aBTOMOOMIIA. B Hell mpykKUHa OCYIIECTBISET YIPYTYIO CBSI3b, @ aMOPTU3ATODP SABIISETCS AeMIIpepoMm.

Wnorga, paccMarpuBasi B3aUMOJIEHCTBUE MACC, YUUTBIBAIOT TPETHIO CBS3b, KOTOpPasl Ha3bIBAa€TCs UHEP-
LIMOHHOM, KOTOPasi, KaK U JBE€ MPEIbIAYIIME TAKKE 3aBUCUT OT MAcCChl y3J10B. Bce Tpu Buaa cBsizeil 3aBUCAT
U OT BEJIMUMHBI IEPEMEIIECHHUS Y3114, OT €r0 CKOPOCTH U ycKopeHUsl. IHEepLIMOHHBIE CBSI3U B IaHHOM MOJENN
MBI paccMaTpuBaTh He OyIeM.

31ech uccieayeTcs MexaHu3M 00pa3oBaHUs HETIPSIMOIMHEHHOCTH, TIOATOMY CUMTAIOT, UTO JaHHAs Ye-
ThIpEXMaccoBas ynpyras cucTeMa uMeeT cBoOO1y IepeMelleH s BJI0JIb OCH Y, ClIeZIOBATEIbHO, B KAUECTBE
BO30Yy KJaroIie cuiibl OyeT paccMaTpUBaThbCA TOJIBKO pajidaibHasl COCTaBisAtoUIas cuwia pe3anus. T.k.
CMeEIlleHUE YIPYrol CHCTeMbl HeOOXOIMMO paccMaTpUBaTh TOJNBKO BJOJb OCH Y, IPUBEICHUIO BBILIE HA
puc.12.1 pacyeTHyI0 CXeMY HYKHO 3aMEHSITh SKBUBAJIEHTHON CXEMOM.

JluHamuueckas MOJIeNIb SKBUBAJICHTHOM YIIPYTol CHCTEMBI INIOCKONIIN(OBATILHOTO CTaHKA TPUBEICHA
Ha puc.12.2.

Puc.12.2. lunamMmuueckas MoJielb SKBUBAJIEHTHON yIPYroi CUCTEMBI INIOCKONIIM(OBAILHOTO CTaHKa

Ha naHHOM pHCYHKE TIPUHSATHI CISAYIONINEe 0003HAUCHUS:
Cv1, Cv2, Cv3, Cys — )K€CTKOCTHU B HaMpaBIeHUH OCH Y
Hv1, Hyz2, Hys, Hys — koaduninentsr nemndupoBanus B HaripaBIeHUU OCH Y.
OCHOBOW MOCTPOCHHSI MATEMAaTUYECKOM TMHAMUYECKONW MOJENH SIBIISETCS ypaBHEHUE KoneOaHuil of1-
HOMAaccoBO ynpyroi cuctemsl (puc.12.3).
, - o

!

I
l F(t)

Puc.12.3. Jlunamudeckas 0JHOMAcCOBast MOJCIb
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DTO ypaBHEHHE MPECTaBIsAeT coO0r nudPepeHnrantbHOe ypaBHEHHE BTOPOTO MOPSIIKA!
M+ Hi+Cx = B - U0

Ha puc.12.3 1 B 1TaHHOM ypaBHEHHH MPUHSTHI ciieayromue obo3Hauenus: M — macca, H — koadpuru-
ent gemnduposanus, C — sxectkocTh, £t} — Bo30yxnaromas cuia, IeiCTByomas B JaHHOM HalpaBJie-
HuUM, t — Bpems, X - IepeMelleHne, & - CKOPOCTh, X - yckopeHue, LY (£) - «obpaTHas cuay.

CMBbICT OHATHS «00paTHAs CHJIay 3aKJII0YaeTcs B clenyromeM — cM. puc. 12.4 ( Ha Hem OykBoi «3»
0003HaueHA 3ar0TOBKA).

Fii) ®

i &
CHCTEM &

U@

Puc.12.4. NmrocTpanms MOHATHsI «0OpaTHasT CHUIIa

ITox neiictBuem cuibl F(t) BO3HUKAET CMEIIEHUE X YIIPYTOi CHCTEMbI CTaHKa H, KaK CJICICTBUE, YMEHb-
IIeHUE TTyOUHBI pe3anus, oTcioaa cuia F(t) ymenbmaercs Ha Beauuuny U(t).

Wrtak, HeOOXOIMMO OMPEICITUTH TEOMETPHIECKYIO CyMMY CMEIICHHH £ y SKBUBAJICHTHOMN yIIPYTO# CH-

CTEMBI BAOJb OCH Y, KOTOPOE OINPEAENSIeT CYMMAapHOE CMEUIEHUE OCH BPAIICHUS IIMUHAEIS OT IPSIMOJIU-
HEWHOI'0 IBUXECHUS

by =ty — B
Nmest nanHbie 00 yIpyTrux MEepeMEIIeHHUsIX HEeCYyIIel CHCTEeMbI (IIMUHACTS OTHOCUTENIBFHO JETalln) 3a
N — € KOJINYEeCTBO 00OPOTOB LIMMHHEISI MOXKHO OTPEICIUTD BEIIMYUHY HEMPSIMOIMHEHHOCTH TIOBEPXHOCTH
JeTalli, OJIy4aeMyIo 1ocie NUTH(OBaHHUS.
[Tpu mmrdoBaHUM MOBEPXHOCTEH HA INIOCKONUTH(OBAIBHBIX CTaHKaX 00pa3yeTcs MOTrPEeuIHOCTb MPO-
(buIIs TUTOCKOI MOBEPXHOCTH B MPOJIOIEHOM CEUYEHHH (HETIPSMOIMHEWHOCTB), KOTOpasi UMEET CIICAYIOIYIO
pUpoay — cM. puc. 12.5.

Ymim -

[~

VA .

5
Tmm é T

Puc.12.5. Mexanu3m 006pa3oBaHus HENPSIMOJIMHEHHOCTH NUTH(YEMOI MOBEPXHOCTH
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Ha puc.12.5: 1 — TpaekTopusi ynpyrux NpHUBEIEHHBIX MEPEMEIIECHNN OCH BpallleHUs IIMUHIENS, 2 —
po¢ Ik IPOJOJILHOTO CEUEHHSI MIIIOCKOM MOBEPXHOCTH.

Jletans paccMaTpuBaeTCs Kak HEMOJABUXKHAsSL, @ BCE YIIPYTUE IEPEMEIIECHHU S Y3JI0B CTAaHKA IPUBOJISATCS
K mmuHAeno. B cucreme koopauHat mmuHAens XmmnO1Y I TpaeKTopus NepeMeIeHns Topia numdgo-
BaJIBHOTO Kpyra uMeeT GopMy UIeaTbHOW OKPY)KHOCTH pasinycoM R, IIEHTp KOTOPO# JIEKHUT Ha OCH Bpa-
LICHMS [IITUHAECTIA.

OpHako, TpaeKTOpuUs NMEPEMEIICHUS OCH IIMUHACISA B KOOpAUHATAX NETaIH UMeeT (JOpMy CIOKHOM
KpuBOH 1. DTO BbI3BaHO HEPABHOMEPHOH KECTKOCTHIO Y3JI0B, HAIMYMEM YIIPYTUX JIO(TOB B CThIKAX M T.J.

Taxkum 00pazom, TpaeKTOpHUs IBMKEHUS TOPIA NUIH(OBAIILHOTO KpyTa, MOTy4YeHHAs IPU €ro Bparle-
HUH, 00pa3yeTcst IPU CI0XKEHUU JIBYX JABHIKECHUI:

1. BpamarenpHOro 1BUKEHUS Kpyra BOKpYT OCH LIITUHAEIS.
2. IlepemerieHus ocy IIMHJEISA IO TPAeKTOPUH | (CMEIeHHe CUCTeM KOOpIUHAT
XumO1 Y u XoOYo).

[TosTOMy TpaexkTopus JBMXKEHUS TOpLa HUIM(OBAIBLHOIO Kpyra OyJIeT OTIu4aThCsl OT UaeanbHou. U
3TO, B CBOIO OYepe/ib, OMPEASIUT 00pa30BaHNue HEPSMOIMHEHHOCTH NUTH(YEMOM MOBEPXHOCTH.

HInudoBanbHOMY Kpyry cooOI1aeTcst KpyroBoe ABM>XeHue VK, IeTalH - IPoAobHOE ABMKeHHE V3. B
nporiecce pe3aHusi BOHUKACT CUJIa Pe3aHMs, COCTaBIomas Py KOTOpoil BBI30BET ehopMalnio 3aMKHY-
TOM TEXHOJOIMYECKOW CHCTEMBbl CTaHKA Ha BEJIMYMHY Y1, TOATOMY g = t — y1. Kpome aToro Ha riyOuny
UTM(OBAHNUS OKA3bIBACT BIMSIHHE U IIEPEMEIICHUE 3ar0TOBKH BAOJIb OcH X. OHO UMEET CKauK000pa3HbIii
xapakTep. B MOMEHT BbIxo/1a IITM(OBaIBHOTO Kpyra U3 KOHTAKTa C 3ar0OTOBKOM ynpyrasi cucTeMa CTaHKa
«BBIOMpaeT» AePOpPMAaIIUIO TEXHOJIOTHUECKONW CHCTEMBI Y1.

B MOMEHT Bpe3aHus Kpyra B 3aTOTOBKY TiIyOMHa pe3anus ty = t. Bce 5T0 BMeCTe B3ATOE ONpeensieT
XapakTep 00pa30BaHUS HEMPSIMOIMHEHHOCTH MUTH(YEMOM TOBEPXHOCTH.

Jis peanu3any HMUTALMOHHOTO MOAEIUPOBaHMS Mpolecca HuindoBaHus OblI IPUMEHEH IPOrpam-
MHO — Meroanueckuil komiuiekc MUK (MozpenupoBanusi 1 KOHCTpYUpOBaHus), paspadorannbiii B U'OY.
IIpu ero npuMeHeHUU MOJEIb JUHAMUYECKOIO MPOLECCa MPEACTABISAETCA B BUIE CTPYKTYPHOU MOJIENH.
3areM ¢ MOMOILBIO CIEUATILHOTO SI3bIKa BBOJSATCS [TapaMETPhl MOJAEIU U OCYLIECTBIISIETCS KOMITbIOTEPHBIN
9KCIIEPUMEHT.

Tananos I1.B. pa3padortan nporpammubiii koMmiuiekc PROGNOZ. On no3BossieT y1o0HO BBOJIUTH U
XPaHUTbh UCXOJIHBIE IaHHbIE, OcyILecTBIsAET cBA3b ¢ MUKom, 0OpabaTbiBaeT pe3ynbTaThl KOMIIBIOTEPHOTO
HKCHEPUMEHTA. ITOT KOMIUIEKC ITO3BOJISIET POTHO3UPOBATH TOYHOCTH 00Pa0OTKH JeTaje Ha MII0CKOILIH-
(boBaNIBHBIX CTAHKAX, a TAKXKe Ha CTaHKaX (ppe3epHO-CBEPINIbHO-PACTOUHOM IPYNIbI IPU pacTauMBaHUU
OTBEPCTHH (HEKPYTJIOCTh, HELMIUHAPUIHOCTH ).
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Jlekuus 13. MaTteMaTnyeckoe MOeJIMPOBAHUE YIIPABJIECHHS
NMPOU3BOANTEIbHOCTBIO, C€0ECTOMMOCTHIO M TOYHOCTHIO 00PA0OTKHU J1eTajied Ha

METAJJIOPECKYIIUX CTAHKAX
MopennpoBanue cBsizeil IPOM3BOANUTEIBHOCTH U TOYHOCTH ONEPALHl MeTANIO00PA0OTKH ¢ U3-
MeHeHHeM BXOJHbIX mapaMeTpoB. Uess atanTUBHOIO yNpaBJjeHUs MPo1eccoM 00padoTKu
HaunGonpiiee BnusiHME Ha BEIMUMHY I0JIS1 pACCEMBAHUS Pa3MEpOB JIETalIM OKa3bIBAET U3MEHEHHUE Ta-
KHUX BXOJIHBIX IapaMeTpoB Iporecca 00pabOTKHU KaK pa3Mepbl NPUIYCKa U TBEPAOCTh MaTepuaa 3aro-
TOBKH. DTO 00YCIIaBJIMBAET COOTBETCTBEHHOE BO3PACTaHUE IMANIa30HA U3MEHEHHS YCUIIMHA Pe3aHHs U BbI-
3bIBAEMbIX UMH YNPYIUX OTXKaTHM, a, CIIEA0BATENbHO, U M0JI pacCeUBaHMsl pa3MepoB 00pabOTaHHBIX 3a-
roTOBOK (zeraneii). Kak U3BECTHO, OT)KAaTHE B YIPYrol TEXHOJOTMYECKONW CUCTEME PACCUUTHIBAETCS IO

cienymouei popmyie:

F=E—
J

rae £, - HopmanbHas (pajuaibHas) COCTABISIOIIAS CHIIA PE3aHNS;

J - JKECTKOCTh TEXHOJIOTHYECKON CHCTEMBI.

[MorpemHoCcTh 00paOOTKK 3aBUCUT OT KOJICOAHHS OT)KATHS BCIICACTBHE U3MCHCHHS YCHIIUIA pPe3aHust
WU JKECTKOCTH CHCTEMBI. J{JIsI JOCTHM)KEHHS BBICOKOH TOYHOCTH 00pabOTKH HE0OX0AMMO 00eCTIeYUTh 110~
CTOSIHCTBO BEJIMYMHBI ' , 9TO BO3MOXKHO

1. mpu MOCTOSHCTBE COCTABIISIONICH CHIIbI pe3anus Py (Wi B 1ies10M cuiibl pe3anus P);
2. TIpH MOCTOSIHCTBE OTHOIICHHS P/j.
Hanpumep, npu 00pabOTKe CTAIU U YyT'yHa, CHJIa Pe3aHHs OIPEIeIIeTCs Mo CAeAyIomel Gpopmye:

P: IIAD;,Ir2+P},2 +i5;2 — ﬁcﬁx fLESU,ﬁHBijﬂ +(CF}. ﬁU,QSU.TjHBE:IE +|:CFKzSD1?SHBU1ﬁ)2.

Wuoraa B popmyiy BBOIST CKOPOCTh pe3aHus V.
Cuna pesaHusi 3aBUCUT OT TBepaocTu 3arotoBku HB, oT rioyOuHbl pe3zanus t, OT MOCTOSHHBIX

CFN’CFJ"CFKJ KOTOPBIC YUUTBHIBAIOT BJIMAHHUC HA CUIIY HHCTPYMCHTAJILHOI'O MaTcepuajia, rcOMCTpUU HH-

crpyMenTa, Buja COX u 1.1. 1 o mogauu S. /111 Toro, 4ro0Obl yIpaBisTh BEIUYMHOMN CHIIbIL, TEOPETHUECKU
MOKHO U3MCHATH BCC MEPCUUCIICHHBIC BBIIIC ITaAPaMCTPhL. Ho MPAKTUYCCKHU U3MCHATH MOXHO TOJIBKO I10-
Jady, T.K. ©3MEHHUTb TBEPIOCTh 00padaThIBA€MOI0 MaTepuaia HeBO3MOXHO. M3MeHsTh rinyOuny pezaHus
MO>KHO, HO 3TO MOBJIEYET 3a COOOM yXyAllIeHuEe TOYHOCTU 00paboTku. M3MEHATH MO X0y 00pabOTKH UH-
CTpYMEHTaJIbHBII MaTepHall, TeOMETPHUIO pe3Lia TOXKE MPaKTHUECKH HEBO3MOXKHO. [103TOMY €1IMHCTBEHHBIM
CII0co0oM KOMIICHCAlIU CUJIbI PE3aHUS SABJIACTCA USMCHCHUC ITOAAa4YU, YTO B OCHOBHOM U HCIIOJIB3YCTCA B
COBPEMEHHBIX CUCTEMaXx aJalTUBHOTO YIPaBJIEHUS B CTAaHKaX (MHOTAA PErYIUPYIOT U CKOPOCTb PE3aHMUs).

Ipumep: oOpabateiBasicsi ctanbHON Banmuk auamerpom d = 23mMm u anunoi | = 400mMMm. OOpaboTka
BeJIach PE3IOM C TIACTUHKOI u3 TBepaoro ciiasa T15K6 u yriom B miane @ = 45°, riyOuma pesanus t =

IMM, ynciio 060poToB mnuHAes N = 375 06/MmuH. OOpaboTka Benack MO ABYM BapHaHTaM:

a) mojlaya ocTaBajiach MocTosiHHOM S = 0,3 MM/00 ;

0) mojavya u3MeHsIach 1o jauHe oopadotku: mpu | =50 u 100 mm S = 0,53 Mm/00; ipu | = 150 Mm S =
0,33 mm/00; ipu | =200 MM S = 0,3 Mm/06; ipu | =250 mm S = 0,33 mm/06; ipu | = 300 mm S = 0,47 Mm/00;
opu | =350 mm s = 0,53 Mm/006.

bbuin nmostydeHsl pe3ynbTaThl, pecTaBieHHbIe Ha puc.13.1.

[Tpy u3MeHeHnu MPOJOIbHON M0/1a4H MOBBICHJIACH HE TOJBKO TOYHOCTH T'€OMETPUUECKON (POPMBI
neranu (KonebaHue AUaMeTpa 10 JUTMHE JeTald YMEHBIIHIOCh ¢ &y = 0,34 ame no A, = 0,0854e), HO 1
YBEJIMYWIACH MPOU3BOAUTEILHOCTH 00padOTKH, T.K. CpeaHss nogaya Beipocna ¢ 0,3 go 0,43 Mmm/00 (B
1,43 paza). [Ipon3BoAUTEILHOCTH IO OCHOBHOMY BPEMEHHU paBHA

HE

1
Q_ﬁ__ B

o Lpxi

rae {,- OCHOBHOE BpEMH,
% - ECII0 00OPOTOB IIMHUHIENS,
§5- MoJa4a (Ha OAMH 000POT IIMUHIENS);
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L ;% - InuHa pabodero xoa;
I - YUCJIO MPOXO/OB.

dam 4 a) PRV )
Ay =03 ame
218
217 i &y = 0,0858eae
g -
21.6
215
220 —
214 L 219
21.3 y 218 »
0 100 200 300 1, mm 0 100 200 300 1, mm
50 150 250 350 50 150 290 350

Puc.13.1. Pe3ynbTaThl 00pabOTKH BaJKa

Kak BuauMm, Nponu3BOUTENBHOCTD 10 OCHOBHOMY BPEMEHH MPSMO MPONOPLHOHAIBHA [101a4€e, CIe10-
BaTEJIbHO, OHA TAaKXXe yBenudwiach B 1,43 paza.

Jlns perynupoBaHus 1ojauu MPUMEHSIOTCS clieluaibHble YCTpoiicTBa. Panee oHM Ha3pIBayiuCh (11711
YHUBEPCAJIbHBIX CTAHKOB) CUCTEMbI aBTOMAaTHYECKOT0 peryinpoBanus. Ceiuac UX Ha3bIBalOT CUCTEMaMHU
anantuBHoro ymnpasinenus (CAY).

MozaeaupoBaHue ynpapjieHusi NPON3BOIUTEIbHOCTBIO, Ce0eCTOMMOCTbIO H TOYHOCTHIO 00pa-
00TKH Aeraseii Ha ctankax ¢ YITY

[Tponiecc nocTmxeHus: TpedyeMoil TOUHOCTH IPU M3TOTOBJICHUM JleTallell Ha cTaHKax (B TOM YHCIIE U
Ha ctankax ¢ YIIY) BkiroyaeT Tpu sTana:

Oran 1. Dran ycTaHOBKY;

Ortan 2. Drtal CTaTUCTUYECKOW HaCTPOMKH;

Otan 3. DTan TMHAMUYECKOW HACTPOUKU

Ha sTane ycTaHOBKH IPOMCXOJAUT OPUEHTALUS U 3aKPEIUICHNE 3arOTOBKH HA CTOJIE — CIIyTHUKE UJIU
Ha CTOJI€ CTaHKa, YCTAHOBKA CIYTHUKA HA CTaHKE, aBTOMAaTUYeCKasl yCTAaHOBKA PEXYILIEro MHCTPYMEHTA.
B pesynbsraTe dhopmupyetcst pazmMep yCTaHOBKHU — Ay.

IIpu craTnyeckoii HacTPoOiike NHCTPYMEHT 110 IPOrPaMME BBIBOJUTCS OTHOCUTEIBHO TEXHOJIOTHYE-
ckux 0a3 netanu Ha pasMep Ac.

IIpu TuHAMIYECKOiT HACTPOIiKe B IIpoliecce pe3aHus B pe3yibTare 1e(OpMUPOBAHHS TEXHOJIOTHYe-
ckoil cucremsl CITN]J[ hopmupyercsa pazmep n1nHaMUYeCKOW HACTPONKU Ag, T.€. pa3Mep MEXIY pexylen
KPOMKOH MHCTpyMEHTa U 6a30H.

T.e. y neranu nonyuaercs pasmep A = Ay + Ac + An. MBI paccMOTpUM BOTIPOCHI MOJICIIUPOBAHUS
yIIpaBJIEHUs] TOYHOCTBIO, TPOU3BOIUTENBLHOCTIO M CE0ECTOMMOCTBIO 0OpaOOTKH HA TPEThEM 3Tale, T.€. B
nporecce 00paboTKH J1eTanu, T.K. UMEHHO pa3MepoM A g ynpasisitoT B CAY.

CocTosiHME TEXHOJOTHYECKOW CUCTEMBI BO BpeMsl BBIIIOJIHEHUS Mpoliecca 00pabOTKH 3aroTOBKHU Xa-
paKkTepr3yeT KOMIUIEKC 3HAYCHUMN:

4 - mosrydaeMasi TOYHOCTh 00paboTaHHOM JAeTalu;

N — notpe0bsiemast MOIITHOCTB;

F — cuna pe3anus;

M p— KPYTAIINIT MOMEHT;

Ay — OpOXKIaEMbIE HATPY3KAMH YIIPYTHE TIEPEMEIECHNS;

T — TemnepaTypHBIA PEKUM CUCTEMBI;

M - MHTEHCUBHOCTD M3HANIMBAHKS PEXKYIIETO HHCTPYMEHTA;
% - ypOBEHb BUOpaIIMii;

S, — XapaKkTep CTPYKKOOOpa3oBaHUs H T.]I.
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OTH napaMeTpsl — IEPEMEHHBIE (BHYTPEHHHE MapaMeTPbl) COCTOSHUS TEXHOJIOTMYECKON CHCTEMBI.
Onu 00pa3yroT BEKTOP COCTOSHUS CUCTEMBbI

W= (8, NP, My, Ay T, 15,00

Bo3myiarorue hakTopbl (BXOAHbIE MAPAMETPHI):

{- KonebaHus CUIIbI PE3aHNUS;

HE - u3MeHeHune TBEpA0CTU MaTepualla 3aroTOBKY;

J - TIepeMeHHast )KECTKOCTh TEXHOJIOTHYECKON CHCTEMBI;

A - pa3nUYHAs PEKYIAs CIOCOOHOCTh HHCTPYMEHTA U T.JI.

Onu 06pa3yroT BEKTOp

U=, HB, j iy, ).

Bo3neiicTBue Ha TEXHOJOTMYECKYIO CHCTEMY B IPOILECCE PETyIHMpPOBAaHUS OCYIIECTBISETCS depes
ynpasJjsieMble apaMeTpbl. & - IoJauy; # - 4aCTOTY BpallleHus IHHENs (¥ - CKOPOCTh pe3aHus) U T.1I.

OTH napaMmeTpsbl, ABISSACH BHYTPEHHHMH NMapaMeTpaMH, 3/1€Ch BBICTYIAIOT B POJIM YHPaBJIsieMbIX
(ynmpaBasiiouux) mapamerpoB. OHU 00pa3yIOT BEKTOP YIIpaBICHHS

O =(g,n0v), )
Ha nepemennsbie (mapaMeTpbl) COCTOSIHUS U YIPABJICHUS HAKJIAJIBIBAIOTCS] OTPaHUUYCHHS, HAIIpUMep,
e Tpebyemas TOYHOCTh 00pabOTKHU AeTamu;
e JIOMYCKAaE€MbI€ CTAaHKOM Harpysku (1o cuiie, 0 MOIIHOCTH U T.JI.).

OTH OrpaHHYEHUS TUO0 ONPENENAIOT 001aCTh JOIMYCTUMBIX 3HAUCHUH MTEPEMEHHBIX, JIN0O yCTaHABIIHU-
BAIOT JIOTIOJTHUTENIbHBIE 3aBUCUIMOCTH MKy IEPEMEHHBIMHU COCTOSTHHSI U yIIPABIICHHS.

Ha craguum nporpammupoBanus (pa3paOOTKH yIpaBisIOLIel mporpaMmsl i ctanka ¢ UI1Y) HeBos-
MOJKHO 3apaHee M OKOHYATEIbHO OIPENEeIUTh ONTHMAJbHBbIE PEKHUMBI PE3aHMs BCIECICTBHE HEMOJTHOMN
OIpe/IeIeHHOCTH BXOHBIX (BO3MYIIAIOMINIX ) MapaMeTpos £, 75 u 1.1, [losToMy yrpaBisaTh nogaueil U cko-
POCTBIO pe3aHusl HEOOXOJMMO HEeTIOCPEICTBEHHO Ha cTaHke. Ha cranke ¢ UITY aTo ocymecTBisieTcs myremMm
aBTOMATHYECKOW KOPPEKIIMH IPOTPAMMBI C IIETTbI0 U3MEHEHHUST £ 1 ¥ Ha COOTBETCTBYIOILIEM TTEPEXO/Ie.

[Ipu cozmanmu CAY BakKHBIM MOMEHTOM SIBIISIETCS BBIOOP MCTOYHHMKA MH(OpMANNU, HA OCHOBAHUH
KOTOPOM OCYIIECTBISETCS KOPPEKTUPOBKA YIpaBiiolel mporpammsl ( €: V). Ilpsmoe nsmepenue pazmepa

JIMHAMUYECKOM HACTPOWKK 4y , T.e. H3MEPEHHE OTKIOHEHHMI MEXK/Ty PEKYIIMMH KPOMKAMH HHCTPYMEHTA
u 0azamu, ONpeeNsIIOIUMU T0JIOKEHHE 3arOTOBKH, IIPEJCTABIsET 3HAaUUTeNIbHbIe TpyIHOCTH. [ToaTomy
HMCIIOJIB3YIOT KOCBEHHbIE METO/IbI M3Mepenus 3y . OHUM OCHOBaHbI HA H3MEPEHUH YIIPYTHX IIEPEMENICHHI
B OTJIEJbHBIX CTHIKAX WJIM B CIIELHAIbHO BCTPOEHHBIX JUHAMOMETPUYECKUX YyCcTpoiicTBax. X co3nanue
OCHOBAHO HA BBISBIICHUU 3aBHCUMOCTH MEXJy Pa3MEPOM JIMHAMUYECKON HacTpoiiku <yu cocramsro-

MK cuntbl pesarus = (5, 5, B

Ay =aF, +bF, +elp,
rae @.2,¢ - ko>(QPUIUEHTHI, XapaKTepH3yIOLIUe CTENEHb BIUAHUS KaXI0H U3 COCTABIAIOMINX CHIIBI Pe3a-
uus Ha Ay . 5. F,, £, u3MepsoT ¢ MOMOIIBI0 IMHAMOMETPHYECKHX YCTPOHCTE.

Koo puuuenTs .& u ¢ onpenensiorcs cieaylonmmM 06pa3oM. IIpoBoaAT psiji SKCIIEPUMEHTOB, B X0/I€
KOTOPBIX U3MEHSIOT B ONPE/IETIEHHBIX PEIEIOM IT0/1auy ¥ IIyOuHy. JIJis 9TUX pa3HbIX BEJUYMH U3MEPSIOT
pasmep Ay . [ins monyuennst pyHkuuonansHoii 3apucumoctn Ay = f(5,, 5, . F) ocymectBusior anmpok-

CUMAIIHIO SKCIIEPUMEHTAIBHBIX JaHHBIX METOJI0M HaWUMEHBIIINX KBaJApaToB (MeToioM ["aycca):
]

[ Ay — (@Py +BE; +eE)]F — min
i1
[Tpu yrpaBieHUH IPOLECCOM Ha ATare JMHAMUYECKOM HACTPOMKH pelraeTcs KOMIUIEKC 3a/1a4, CBSI3aH-
HBIX C YIIPaBIE€HHUEM TOYHOCTHIO 00pPa0OTKH, C YIIPaBICHUEM PEKUMAaMU pe3aHusl, 00eCTIeUBAIOIIIMMH JKC-
TpEeMyM I1esieBor GyHKIHH (MAaKCUMYM MTPOU3BOIUTEIHFHOCTH, MUHUMYM CE0ECTOMMOCTH ornepanun). [Ipu
9TOM HCIOJIB3YIOT CUCTEMBI MPeAeIbHOI0 PeryJMpoBaHus U CUCTEMbl OITUMAJIBHOIO YIIPABJICHHS.
AanTUBHbIE CUCTEMBI NMPeIebHOr0 peryJupoBaHus
WX cyIIHOCTH 3aKITI0YAeTCsA B TOM, YTO C IIEBI0 MOBBIIIEHUS d3PPEKTUBHOCTH 00pabOTKU JeTaneit Ha
CTaHKaX 00ecreynBaeTCs IOCTOSHCTBO MPOTEKAHHUS TEXHOJIOTHYECKOTO MPOLIeCcCa OTHOCUTEIBHO TaKUX
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peryaupyeMbIX BEeIUYHH, KaK, HAIPUMEp, CUJIa Pe3aHus, MOTpedasieMas MOITHOCTh, KPYTAIIHA MOMEHT,
napaMmeTpsl TOUHOCTU. B pe3ynpTaTe B poiecce 00pabOoTKH HEMPEPBIBHO MOAAEPKUBAIOTCS HAMOOIIb-
1IIHE Tpe/Ie/bHEIEC 3HAUCHHS PEXKIMOB pe3anus (**° ), IpH KOTOPHIX HCKITI0UAETC BO3MOKHOCTD IIPEBBI-
IICHUSI 3aIaHHBIX OTPAHUYCHUH.

B cucremax mpenenapHOro peryiavpoBaHus AJisl yHIPaBJeHUs] NPOLEeccOM YepHOBOI M NpeaBapu-
TeJIbHOW 00pabOTKH, KOTJa CTPEMSTCS K MAaKCUMaJIbHOMY HCIIOJNIB30BAHUIO MOIIHOCTH OOOpPYIOBaHHUA,
OTpaHUYEHUS] OTHOCSATCA TJIABHBIM 00pa3oM K CHJIOBBIM MapaMeTpaM Harpy3Ku, JeHCTBYIOIIEH B TEXHOJIO-
ruyeckoi cucreme. Hanpumep, mpu 00paboTke ¢ OCTOSHHOM MOITHOCTBIO PE3aHUs 3aKOH U3MEHEHHUS ITPO-
JOJILHOM IO/IaYM OIpeIeNsieTCs BEIPAKEHUEM

rae &, - MOIIHOCTD JABUTATEIS I7IaBHOTO IPUBO/A CTAHKA;

7 - K03(h(HUIUEHT MMOJIE3HOTO JEHCTBHUS ITIABHOTO MPUBO/IA CTAHKA;

. Xg, ¥ ;. %, - TIOCTOSIHHASL CHJIBI PE3aHUsI M MOKA3aTeNId CTENICHU B BBHIPOKCHUM JIJISI COCTABIISFOLIEH
CHJIBI pe3aHus £ .

OpHako, KOrja mpu JOMYyCTUMON MOIIHOCTH PEe3aHMsl OJHA U3 MEPEMEHHBIX COCTOSIHHS, HAIpuMep,
cuna £, uim KpyTsIuil MOMEHT Ha mrnuHaene M g, TOCTHTAOT MPENENbHOr0 3HAYEHHS, TPOMCXOINUT J10-

MOJIHUTENbHOE U3MEHEHHE TI0JIa4H, B pe3yJbTaTe Yero MCKII0YaeTcs BOZMOKHOCTh MPEBBIIICHUS 3aaH-
HBIX OIPAHUYCHHHN.

B cucrtemax npenenbHOro peryiupoBaHusi, 00ecledrBaoluX ynpaBjieHHe MPoneccoM YHUCTOBOMH 1
MOJIyYHCTOBOM 00padoTKH JAeTasell, HajlaraeMble OrpaHUYEHuUs, 00pa3yrollue CUCTEMY HEPABEHCTB, OT-
HOCSITCSI HETIOCPEJICTBEHHO K MapaMeTpaM, OMPEeIIONUM TOCTHKEHUE TpeOyeMoil TOUHOCTH JIeTaNH.
Hanpuwmep, TpeboBanme Kk mepoxoBarocTu 00pabOTaHHONH MOBEPXHOCTH /ISl TOKAPHBIX CTAHKOB (B TOM
gucine u ¢ YITY) onpenensiercs cieayomuM BeIpakeHneM (CM. 1abopaTopHbie paboThI):

[Rﬂ ]vﬂ."-
65
riae [Rcz] - IOIyCTUMasi IIEPOXOBATOCTh 0Opa0OTaHHOM MOBEPXHOCTH.

5=

AanTHBHBbIE CHCTEMbI ONITHMAJIBHOIO YIIPABJICHUSA

C nenpro noBeimeHus 3QGEKTUBHOCTH 00pabOTKH JAeTalIel B 3THX CHCTEMax MOIICPKUBACTCS ONTH-
MaJIbHOE MTPOTEKaHHE TEXHOJIOIMUYECKOr0 poliecca OTHOCUTEIbHO 33JaHHON 1eNIeBOH (DyHKIIMH.

HecmoTps Ha ciaydailHbIi XapakTep MOTOKAa BO3MYLIAIOIMIMX BO3ICHCTBUM, aJallTUBHASI CUCTEMA TaK
yIIpaBJIieT TEXHOJOTHYECKUM MPOIIECCOM, YTO LieeBas (PyHKIUS HENPEphIBHO MOAJEPKHUBAETCS HA MaK-
CHUMaJIbHOM WJIM MUHUMAaJIbHOM YPOBHE B IIPEJIEIaX YCTaHOBJIEHHBIX OTpaHUYEHUH.

[Tpu ycnoBun obecnieueHus: TpedyeMoil TOYHOCTH JleTanu 3PPEKTUBHOCTh TEXHOJIOTUYECKOTO Mpo-
1ecca onpeesseT ce0ecCTOMMOCTh U3rOTaBIMBAEMON JIETAIM U IPOU3BOAUTEILHOCTh 00paOOTKH, 3aBUCS-
X OT OCHOBHOTO BPEMEHU 00pabOTKH.

IeneBast pyHKIUS BpeMeHH, YCTAHABIUBAIOIIAS CBSI3b MEXK/Y TapaMETPaMH PEKUMa pe3aHus & V»E
U MIPOJIOJIKUTENbHOCTHIO BPEMEHH, 3aTPAYMBAEMOr0 Ha OIEpaltio, UMeeT BUJ (ISl TOKAPHBIX CTAHKOB C
qIry):

Fro= Ty + B2 + Dl 11000vs — min,
rae L - MOCTOSIHHBIE 3aTPAThl, KOTOPBIE HE 3aBUCAT OT PeKUMa 00pabOTKH, MUH;
T =T nla+Ty + T, + T, Muh

3}1605 T!IS - IOATOTOBUTECIIbHO — 3aKIIIOYUTCIIBHOC BPEMA HaA OIICpaAllMI0O, MUH;

@ - pazmep mapTur 00pabaTHIBAEMBIX JICTANICH;
Ty

- BCIIOMOTaTEJIbHOE BPEMsI ONIEpallUU, MUH;
Tz~ BpeMs Ha 0OCTy)KUBaHKE 0e3 yueTa BpeMEHH Ha 3aMEHY HHCTPYMEHTA, MHH;
Torr - BpEMs Ha OT/IBIX paboyUero, MHUH;

Bt 3aTpaThl BPEMEHU, CBA3aHHBIE C 3aMEHOM 3aTYIIUBUIETOCSI HHCTPYMEHTA U COOTBETCTBYIO-
LIEH MMOJHACTPOMKON TEXHOJIOTHYECKON CUCTEMBI;
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E=T,DniC},
e T - BpeMst Ha 3aMEHY HHCTPYMEHTA U COOTBETCTBYIOLIYIO PA3MEPHYIO HACTPOUKY;
D, L - nuametp u aimHa 06pabaThIBAEMOTO Bala;

qu - KO3 HUIHMEHT IS pacueTa CKOPOCTH PE3aHMS;
¥ - CKOPOCTh PE3aHHS;

& - mojayva,

{ - rmyOuHa pe3aHus;

g=Ulmr=y,lmn=x,Im 3necy M, x,, ¥,- IOKa3aTeIu CTEIICHA B (OPMYyJIax sl pacyeTa pexu-
MOB pe3aHusl.

AHanu3 neneBoi (bYHKI_[I/II/I BPEMCHH II03BOJIACT BCKPBITh PE3CPBHI JOIIOJIHUTCIBHOI'O IOBBIIICHUSA

MMPOU3BOJUTCIIBHOCTU U OIPCACIIUTL ONITUMAJIBHBIC PCKHUMBI PC3aHUAA, O6€CHC‘II/IB3,IOIJ_II/IG MUWHUMAJIBHBIC
3aTpaThl Ha BBIIIOJIHCHUE OIICpalluu.

IeseBasi pyHKIHSI CTOMMOCTH Ha IpuMepe 00pabOTKH Bajla UMEET BUJI:
Fo=Cp+ Bt +0 Dt f vs — min,
rae
Co=M+0Tgla+Ty+ T+ o)
K=(CTy+C,mDaic,?

O =0, + 00 +0 5.
3nech M - pacxoapl Ha MaTepua;
Ca.C gp. U3z - pacxoipl B €JMHUILY BPEMEHH COOTBETCTBEHHO Ha SKCILTYaTaI[Mi0 000pYI0BaHUS, TIPH-

CTIOCOOJICHUS, 10 3apIUIaTe ¢ YIETOM HaKJIaJIHBIX PACXOJIOB;

T - BpeMsl Ha 3aMEHY HHCTPYMEHTA U COOTBETCTBYIOIIYIO Pa3MEPHYIO HACTPOUKY;
(" 44r - CTOMMOCTH HHCTPYMEHTA 32 MEPHOJT €70 IKCILTyaTaI[|H.

IlepBblii WieH BBIPAXKEHHS OINpPEIEseT MOCTOSTHHBIE 3aTPaThl HA MAaT€pUall, paCXO/bl, CBSI3aAHHBIE C
MOATOTOBUTENBHO — 3aKIIOYUTENFHBIM BPEMEHEM U BpeMEHEM OOCITyKUBaHUs. BTOpoil ujieH BhIpakeHUs
ONpPEACISIET 3aTPaThl HA PEXKYIIUN MHCTPYMEHT U IMPOCTOM IPHU €ro 3aMeHe. TpeTril WieH BBIPAKECHUS
ONpeIEeseT pacxo/bl, CBA3aHHbIE HEMOCPEACTBEHHO C BBIIIOJIHEHUEM IIPOLIECCA PE3AHMUSL.

Jlanee onTuMalibHble 3HaYeHUS ©: Y HAXOAST U3BECTHBIMU METOAAMHU (CM., HAllpUMep, METOINYECKUE
yKa3aHMs K IPaKTUYECKUM paboTam).
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Jlekuus 14 O0beMHOe IVIAHUPOBaHKME PA0OTHI TEXHOJOTHYECKUX CTAHOYHBIX

CHUCTEM
OTa u Bce MOCJICAYIOIINE JICKIUHN IMOCBAIICHBI BOIIPOCAM MaTEMATUYCCKOI'O MOACTIUPOBAHUA U OIITH-
MHU3aIIUHU TEXHOJIOTHYCCKUX CTAHOYHBIX CHUCTCM.

O0beMHOE IVIAHNPOBaHHE PA0OTHI MEXAHUYECKOI0 YUACTKA NP JOCTHKEHUN MAKCUMATIbHOI
3arpy3KH TEXHOJIOTHYECKOT0 000py10BaAHMS

IMocTranoBka 3amaun. MiMeercss M — cTaHKOB (M — TPYIIN CTAHKOB), HA KOTOPBIX MOTYT OBITh U3TOTOB-
JeHbl N — TunoB jgeraneid. TpyqoeMKocTs 00pabOTKH j - OW JeTaian Ha | — M CTaHKe COCTaBIseT Iy, Jac.

N3BecTHBI (hOHIBI BpeMEHHU pa0OTHI KaXKI0TO CTaHKa (TpyNIbl cTaHKOB) — Bj. McxonHble qaHHbBIC 11 pe-
IICHUS 3a/1a4y TIPEICTaBIICHbBI B Ta0ymie 14.1.

Tabmuma 14.1. VicxonHble naHHbBIe U1 pEIICHUS 3a]1a4uH, MPEICTaBICHHbBIE B 00IIIEM BHIE

ToyaoerEocrs mpi obpaboree geTaned oM B peMerE
CTarEwM THITA paboTer
ob opyaoE e
1 2 X
1
f’ll f’lﬁ f’l:'d Bl
2
r’21 522 f’ﬂx Bﬂ
L
zml zmﬂ z?ﬂ Bm

Tpebyercst onpexeTuTh KOIHYESCTBO JeTaIei KaXI0r0 HAMMCHOBAHUS (), X3 ..., X, ) , TpH 00paboTKe

KOTOPBIX JIOCTUTACTCSl MaKCUMaJIbHAs 3arpy3Ka 000py/I0BaHUS y4aCTKa.
MartemaTu4ecKkasi MojieJIb JUUIsl PEILICHUS 3aa41 3alIUIIETC:

OrpanuveHus:
fxy FEax, o F K, =5 (14.1)
foy2y Fhoxy + o i, x, =By, (14.2)
by Fhyady +o X, 28 (14.3)
¥x; 200 = La) (14.4)
Ynpasisiemble napaMmeTphbl.
A =(x,5,,..%)
HeneBas pynxkuus:
Y=Lyt —max. (14.5)
iml Ful

3ajaya pemaercss METO0M JIMHEMHOro nporpaMMupoBanus. [Ipu 3Tom ciieqyer UMeTh B BUY CIIEy-
romee. KonmuectBo orpannuenuit Buna (14.1) - (14.3) B maTeMaTH4YeCKOM MOJENHU JOJKHO CTPOTO PaB-
HATHCSI KOJIMYECTBY CTAHKOB (TPYIII CTAaHKOB) yuyacTka. [Ipu pemieHuun 3agauu ¢ NOMOILBIO KOMIIBIOTEpA
KOJIMYECTBO CTAHKOB (TPYIIN CTAHKOB), a TAK)KE TUIIOB JIETAJICH MPAKTHUYECKU HE OTPAHUYEHO U OTIpeIeIIs-
€TCs TOJIbKO BO3MOKHOCTSIMH KOMIIBIOTEPA U COOTBETCTBYIOIIEH MPOTPAMMBI.

[Ipu pemiennn 3ama4u BpyUHYIO ¢ MPUMEHEHHEM Tpado-aHATUTHIECKOTO METOa KOJTMYECTBO TUIIOB
CTaHKOB (TPYII CTAaHKOB) TaKXKe HE OTPAHUYCHO, HO UX YBEIMUEHUE €CTECTBEHHBIM 00pa3oM MpUBEIET K
YBETUYCHUIO BpeMeHHU pacueToB. KomnuecTBo ke TUIOB JieTajieil He JOKHO MPEBBIMIATh ABYX, T.K. B IIPO-
THBHOM Clly4ae HEBO3MOKHO Oy/IeT Ha MIIOCKOCTU BHITIOJTHUTH HEOOXOAUMBIE rpaduuecKre MOCTPOCHHUS.

IMpumep. VicxonHele naHHbIe AJi IpUMepa IMpuBeeHbI B Tadbnuie 14.2.
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Tabmuna 14.2. VicxonHble JaHHBIC AJIs PENICHUs 3a7a9u

Tirrg 0eMEOCTE D OHT BpeMEHE
T AFEEL obpal ok, dac., paboTer
HeTan e THIIA obopyAoE A,
I Dia ac.
TorapHELE 0,1 0,3 200
T pes epHER 0,5 0.9 00
B & ITEIIBHEIS 0,3 0,2 330

OG6o3HauUMM uepe3 “1kommuecTBO AeTaneii THia Di, uepes *2 kommuecTBo AeTaneii THma Do.
MaremaTH4eckasi MOJeJIb JIUIs pEIICHHs JaHHOH 3a/1a4y 3aIUIIeTCs :
Orpannyenus (1o GoHIy BpeMeHU paboThl 000pYI0BaHUS):

01z, +03x, =200, (14.6)
0,5x, +0,9x, =700, (14.7)
0,3x, +0,2x, =330, (14.8)
xn =0, (14.9)
Ky 20 (14.10)
HeneBas pynkuusi (CyMMapHOe BpeMsi pabOThI BCeX TPy 000PYAOBaHUS):
Fix,x,) =01x +0,5x, +05x, +0,9x, + 0.3z, + 0,22, = 0.9x, +14x, — max (14.11)

TpeOyercs HAlTH 3HAYEHUS XU X, , YIOBJIECTBOPSIONINE 3a1aHHBIM orpanndeHusm (14.6) — (14.10) u

obecrieynBaroe MaKCUMyM 1ieneBoil pynkuuu (14.11). [lapameTpsl &1 x4 SBISIOTCS yHpaBJIsieMbIMH
napaMeTpaMi B MaTEMaTHUECKON MOJIEIH.

Pemmum 3aagy rpado — aHATUTHYECKUM METOIOM (CM. JieKIuio 6). ['padudeckas WiumrocTpamus perire-
HHUS 33J1a4d NpuBeAcHa Ha puc. 14.1.

A
K T

1000 OfF (14.6)  (147) (14.3)

200 _| / Fy= 1500 9ac

A
600 "
] F =1201, 2 gac

400

Z00

L

k
I I I I I |
0 200 400 600 =00 1000 1200 ELIIT

Puc.14.1. I'paduueckas wutocTpanus petieHus 3a1a4um
Berunicnenus uis noctpoenus orpannyeHuii (14.6) — (14.8):
0l +03x, 2200 = 01x +03x, = 200 = x, = (200-01x) /03

X1 0 1000
X | 667 333

0,5%, +0,9x, =700 = 0,55 +09x, = 700 = x, = (700-0,5%) /0,9,
X1 0 1000
x, | 778 222

0,3x, +0,2x, =330 —0,3x, +0,2x, = 330 = x, =(330-0,3x,)/0,2.
x1 | 500 | 1000
x2 | 900 150

Hanpasienus nonyctumoctu orpanndenuii (14.6) — (14.8) — «BHHU3 — BIIEBOY.
Orpannuenust (14.9) u (14.10) — 310 ocu kKoopauHaT. HampaBieHus ux TOMyCTHMOCTH — «BIPABO» H
«BBEPX».
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Jnis Hax ok IeHHUst TOUKH Kacanus rpanuibl OJIP mpsiMoii muHuei, onpeaensoei 1eneByio ¢ yHKIHIO,
MIOCTPOUM CHauaJla IPOU3BOJIBHYIO NPSAMYIO JJIs LI€JI€BOM (QYHKLNHU, IPUPABHAB €€ BBIPAKEHHUE K IIPOU3-
BOJILHOMY YHCITy B IIpejiesiax MaciTada mocTpoeHui, Harpumep, k 1500:

P =09x +14x, = 1500 = x, = (1500 0,95}/ 1.4,
x1 | 500 | 1000
X2 | 750 428

[TpoBens npsiMyro JIMHMIO, TApauUIEIbHYIO JAHHOM, HAXOAUM TOUKY KacaHus ee rpanuisl O/IP — sto
Touka A. J{7s HaXOKIeHUs ee KOOpAuHaT (TOYKH repecedeHus orpanudeHuil 14.7 u 14.8) pemnraem cieny-
FOLIYIO CUCTEMY YPAaBHCHUM:

0.5x +0,%9x, =700
0,3x, +0,2x, =330
x, =(330-03x)70,2=05% +0,%((330-03x)/0,2) =700 =0,5x +1485-135x, =700 =
085z, =785 = x; = 24w, = (330-0,3.924) 1 0,2 = 264z,
T.e. OKOHYATENBHO Xyggr = H2duim., Xy o0 = 20duisin

MakcumanbHOE 3HaUCHHUE 1eIeBOM (DYHKIMHM (MakCUMalibHas 3arpy3ka 00OOpy/IOBaHHS y4acTKa) MpU

OIITUMAJIBHBIX 3HAUYCHUSAX NCKOMBIX HapaMeTpOB COCTAaBUT.
F'=09.924 +14 264 =1201 2zar.
3ajavya 0 MUHMMAJIBHOM 3arpy3Ke 000pyA0BaAHUA

DTa ¥ MOCIEeIYIOIINE 3a/1a49H B TAHHOW JICKIIUU TIPUBOSATCS HA YPOBHE MIOCTAHOBKH 3371a9d U (hOPMHU-
pPOBaHUS MaTEeMAaTHYECKOW MOJICIH I €€ penieHus. Bce oHM pemraroTess MeTogaMu JIMHEHHOTO TIPOrpaMm-
MHUPOBaHUA.

HmeeTcst M CTaHKOB, HA KOTOPBIX MOTYT OBITh U3TOTOBIIEHBI N TUNIOB JAeTanei. [[pon3BoAUTENHLHOCTH
| - TO CTaHKa IPHU U3TOTOBJICHUH JETalH | - To Tuna cocranisieT Cij. BennuuHbl miiaHoBbIX 3a1anuil Aj Ha
H3rOTOBJICHHE | - OF JIETaIM U pecypc BpeMeHu Bj paboThl | - To cTaHka npuBeaeHbl B Tabnuie 14.3.

Ta6muma 14.3 VicxonHble TaHHBIC TSI PEIICHUS 3a/1a41

Trm geTanei Fecype penaerm
Crarmat
1 2 »
1
n C1z C B
2
a1 Caz Can B,
FH
Tl Tz C B:w
Tpebyentoe
Kommnecre o A A ... -
Deramei 1 2 A’“

Tpebyercs, yuuTbIBasi pecypchl BpeMeHHM paOoThl KaKIOro CTaHKa PACHpENeNUTh 3alaHus MEXIy
CTaHKaMH TaKUM 00pa3oM, 4ToObI 00111ee BpeMs pabOThI BCEX CTAHKOB ObLIO MUHUMAJIbHBIM.

I[Tycts tij - BpeMst H3rOTOBIICHHUS | - Oif JAeranu i - M crankoM. COCTaBHM OrPaHHYCHUS [0 PECypCy
BPEMEHH ]ISl KaXKI0TO CTaHKa:

S, B i=1lm (14.12)

-1
Y cnoBus BBIIOJIHEHN TUIAHOBBIX 3aJaHUN UMEIOT BUJL:

™
i=l
Pentenune nmoctaBneHHOM 3a/1a4M COCTOMT B MUHUMU3AIIMHY JTUHEHOMN 11€JIEBON Q)YHKL[I/II/I (CyMMapHOFO

BPEMEHH)
] "

2.2, Ly —min (14.14)

ol ol
nipu orpannyenusx (14.12), (14.13) u ycnosuw, 4to Bee nepeMenHble &y 2 U
3agaya 00 ONTHMAJBLHOM pacnpeae/IeHUH AeTajlel 10 CTAHKaM
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[TycTh HEKOTOpas MalllMHA COCTOUT U3 & Pa3IMYHbBIX BUJIOB JI€Tael, KOTOPbIE Mbl IPOHYMEPYEM YHC-
namu LZ....% . ViMeeTcs #2 TMUIOB Pa3IMYHBIX CTAHKOB, IPHUYEM KOIMYECTBO CTAHKOB i- IO TUIIA PABHO

@;,1 =1,2,..,m .  Jleramm MOTyT OBITh HM3TOTOBJICHBI Ha CTaHKaX pasHOro THUIMa. [IpOM3BOIMTEIHHOCTH

cTaHKa i - ro THIa IIpHU U3TrOTOBJICHHUHN J - oM J€TaJll COCTaBJIACT C,'J' . Ilocne n3roroBaeHUs JACTAJIA ITOCTY-

naroT Ha cOopKy. TpeOyercs 3akpernuTh CTAHKH 3a JCTANSIMU TaK, YTOOBI B €IMHUILY BPEMEHHU TOIyYaTh
MAaKCHUMaJIbHOE KOJIMYECTBO MAILIKH.

ITycTh Xy- KOJMYECTBO CTAHKOB i - IO THIIA, HA KOTOPBIX MOXKHO M3TOTOBHTS ./ - 0 jieTatb. OUeBHIHO,
YTO KOJMYECTBO CTAHKOB i - IO TUIA, M3TOTABJIMBAIONINX AETAIH LZ,....& BUIOB, HE JOJKHO TIPEBBINIATH
3aJIaHHOE YMCIIO F; !

3
Toxy Za,i=lm (14.15)
7=l

O6mee KOJIMYECTBO z[eTaneﬁ J -T'0O BUJa, U3TrOTOBJICHHOC Ha CTaHKAaX 3a CAMHUIY BPEMCHU, COCTABJIACT
m

Zcﬁxﬁ,j =1k . B ka0 MalllMHe UMeETCsl POBHO OJIHA JIeTallb ¢ HoMepoM J, J = L2, & TlosTomy,
i1

JUTSL TOTO 9TOOBI HE OBLITO M3TOTOBIICHO JIUIITHUX M HE ObLIO NEe(UIIUTHBIX JETANCH, JOKHBI BBITOTHITHCS
yCIOBUSI KOMIUIEKTHOCTH:

b
Yicuky = > epkg. d#w L= 1k (14.16)
il i-l

O0111e€e KOJIMYECTBO KOMIUIEKTOB JIeTajei, HeOOXOAUMBIX JUIsl COOPKU MAIllMHBI, paBHO OOLIEMY KOJIU-
4YeCTBY KakoW-1100 OfHOM eTanu, uMerollel, Hanpumep, Homep 1. [ToaTomy perienue 3agaun 3aKiroya-

€TCsl B MAKCUMM3aLUH JINHEHHON (pyHKIMN
™

2aCaXy — maz (14.17)

-1
npu orpannyenusx (14.15), (14,16) ¢ 1ONONTHATENBHBIM yCIOBHEM, YTO BCE MIEPEMEHHBIE Xy = (.

o (0} o
HaiinenHbsle onTUMalbHbIE 3HAUCHUS Xi?- 9TOHU 3aJaydu HEC 0013aTeNIHLHO OeabIC 4YHUCIa. HaanMep,

0
}'[11': :I = 2,5 03Ha4acT, 4YTO Ha ABYX CTAHKaX IMEPBOIo THUIlA B TCUCHUC CIMHUIIbI BDEMCHHA 6y,[ly’1' HU3TOTOBJIATH

JIeTallb C HOMEPOM 1, Torj1a Kak TPETHI CTAaHOK TOTO )K€ THIMa OyAeT paboTaTh JINIIb [TOJIOBUHY YKa3aHHOTO
BPEMEHH.

3aga4a 0 Npou3BOACTBE NPOAYKIMH IIPH OTPAHUYCHHBIX 3a11aCaX ChIPbS
W3 % BUAOB CBIPbS MPOU3BOAUTCS # pa3IMYHBIX TUIIOB MPOAYKIMH. CTOMMOCTh peanu3alii U3roToB-

JIEHHOM MPOJYKIMH i - TO THIIA COCTABISIET ;i = 1,#2. 3amac ChIpbsl J - TO BU/a HA IAHUPYEMbIN EPHO/T

paBen z;, =12 [loTpeOHOCTb B CBIPbE - IO THIA COCTABISET Py. VICXOIHbBIE IaHHBIE I PENICHHS

3a/lauu IpUBeACeHbI B Tabmuie 14.4.
Tab6nuia 14.4 VicxonHble TaHHBIC Il pEIICHUS 3a/1a41

Trm Bz cripex C T oM CTE
T} O S ELT ELEL 1 2 L k] IO ELTEEL
1 -
Fu Pz Pz )
Z P P e P 3
pml pmﬂ pm C:w
Zarmtac - -
Z =z =
CRIPBE 1 2 *
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Tpebyercs M KaXkaoro THMa mpoaykra i = 1,Z...# onpenenuTh Takoil 00beM MPOM3BOACTBA Xj,
4TOOBI 00ECTIEYNTh MAKCUMAIbHYIO CTOUMOCTD PeaTM3allii H3TOTOBICHHON MPOAYKIIUH IPH YCIOBUH, UTO
He OyAyT MPEBbIIICHbI 3a11aChl UMEIOIIETOCS ChIPbSI.

OrpanudeHus 10 3anacam ChIpbsi UMEIOT BU/I:

M
Y.pex Sz, i=1la (14.18)
i=1
3aaya 3aKJII0YaeTCsl B TOM, YTOOBI ONPEAEINTh ONTUMAJIbHBIE 3HAUEHUS [TapaMeTPOB (IIEPEMEHHBIX)
R S SN 06paH1aIOH1Hx B MAaKCMMYM CTOMMOCTb IPOAYKIIMH, T.C. LCICBYIO (byHKuI/IIO

]
»y= Zcixi —

i=1

1pu orpaHndeHusx (14.18) u 1ONOJTHUTENBHBIX YCIOBUIX
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Jleknust 15. OcHOBBI TEOPHH MACCOBOI0 00CTYKUBAHUS

Teopust MaccoBOro 00CITY>KMBaHUSI COCTABIISICT OJMH U3 Pa3JIeJIOB TEOPUH BeposTHOCTEH. B 3T0i TEo-
pPHM pacCMaTPUBAIOTCS BEPOSITHOCTHBIE 33/1a4 U MaTeMAaTUYeCKUE MOJIENH (10 9TOr0 HaMH pacCMaTpHu-
BaJICh JIETEPMUHUPOBAHHbBIE MaTeMaTudeckue Mmoaenn). Hanmomuum, uro:

JleTepMHHUPOBAHHASI MaTeMaTH4YeCKasi Mo/ieJib OTPaXKaeT MOBEJCHHE O0BbEKTa (CHCTEMBI, IIPO-
1ecca) ¢ NO3ULMN MOJTHOI ONpeieIeHHOCTH B HACTOALIEM U OyIyLIeM.

BeposiTHOCTHasi MaTeMaTHYeCKasi MOJeJIb YUUTBHIBACT BIUSHHUE CIydaliHbIX (DAaKTOPOB Ha MOBeEJie-
HUE 00BEKTa (CUCTEMBI, IPOIIecca) U, CIEA0BATENILHO, OIICHUBACT OyAyIlee C MO3ULUI BEPOSTHOCTH TEX
VI UHBIX COOBITHII.

T.e. 3meCh KaK, HapUMep, B TECOPUU UTP 3a4a4U PACCMATPUBAIOTCS B YCJIOBHSAX HeOMpe1eJeHHOCTH.

PaccmoTpuM cHavanma HEKOTOpBIE MOHATHUSA, KOTOPBIE XapaKTEPU3YIOT «CTOXAaCTHUYECKYI0 Heomlpene-
JICHHOCTBY, KOT'/1a HeonpeAeIeHHbIe (PaKTopbl, BXOAIINE B 33/1a4y, IPEACTABISIIOT cO00i ci1ydaliHbIe Be-
JIMYUHBI (WK CiTydaiiHble (DYHKIMH), BEPOSITHOCTHBIE XapaKTEPUCTUKU KOTOPBIX JIMOO U3BECTHBI, JINOO MO-
T'yT OBITh MOJy4€HBI U3 OnbITa. Takyro HEONpeaeIeHHOCTh Ha3bIBAIOT €lIe «OJaronpusITHON», «100poKa-
YECTBECHHON».

IlonsiTHe ciry4aifHOro mpouecca

Crporo roeops, ciy4aiiHble BO3MYIIEHUs NPUCYIIX JitoOoMy mporneccy. IIpoie npuBectu npumepsl
ClIy4ailHOT0, 4eM «HeclIydaiiHoro» npouecca. Jlaxe, Hanpumep, poLecc X0Aa 4acoB (Bpoae Obl 3TO CTpo-
ras BbIBepeHHas paboTa — «paboTaeT Kak yachl») MOABEPIKEH CllydailHbIM U3MEHEHUM (yX0[ BIepes, OT-
cTaBaHMe, OCTaHOBKa). Ho 710 Tex mop, noka 3T BO3MYILEHHUSI HECYLIECTBEHHBI, MAJIO BIUSIOT Ha HHTEPE-
CYIOLIME HAc IapaMeTphl, Mbl MO’KEM UMH IpeHeOpeyb U paccMaTpUBaTh MPOLECC KaK JeTePMUHUPOBAH-
HBIH, HECITYYaHBIN.

[TycTh MMeeTcst HeKOTOpas cucTeMa S (TEXHUUYECKOe YCTPOMCTBO, IpyIINa TAKMX YCTPOMCTB, TEXHOJIO-
rMYecKas CUCTeMa — CTaHOK, Y4acTOK, LieX, NPEAIpUaTrue, OTpaciib MPOMBIIUIEHHOCTH U T.1.). B cucreme
S mpotekaeT ciay4yalHBIH NMpoIecC, €CIM OHA ¢ TEYEHUEM BPEMEHU MEHSET CBOE COCTOSIHUE (MepeXoauT
U3 OJJHOTO COCTOSTHHSA B IPYTo€), IPUYEM, 3apaHee HEM3BECTHBIM CITydailHbIM 00pa3oM.

Ipumepsr: 1. Cucrema S — rexHonoruyeckas cucrema (y4actok ctanko). CTaHKU BpeMsl OT BpEMEHH
BBIXOJAT U3 CTPOSl U peMOHTHpYIOTCS. IIponece, nporekaromuii B 3TOM CUCTEME, CIIydacH.

2. Cuctema S — camoJ1eT, COBEpILIAIOIIUi peiic Ha 3aJaHHON BBICOTE IO ONPEIETICHHOMY MapIIPYTYy.
Bosmymaromue GpakTopsl — METEOYCIOBUS, OIINOKHU SKHITaXa U T.1., HOCIEICTBHS — «O0ITaHKaY, HAPY-
1IeHue rpaduka mnoaeToB U T.A.

MapkoBcKHH c1y4ailHbIHA Ipouecc

CrnyvaiiHblii ipoliecc, MPOTEKAOIMKA B cUcTeMe, Ha3blBaeTcsi MapKoOBCKHM, €CIIU JJIs JIF0OOro Mo-
MEHTa BpeMeHU to BEpOATHOCTHBIE XapaKTEPUCTUKHU Ipoliecca B OyAYIIEM 3aBUCAT TOJIBKO OT €ro COCTOsI-
HUS B JAHHBII MOMEHT o ¥ HE 3aBUCAT OT TOr'0, KOI'Zla ¥ KaK CUCTEMA NPUIILIA B 3TO COCTOSIHUE.

[TycTh B HACTOSIIINIT MOMEHT to CHCTEMa HAXOUTCS B OTIPEICIICHHOM COCTOSTHUU So. MBI 3HaeM xapak-
TEPUCTUKH COCTOSIHUSI CHCTEMBI B HACTOSIIEM &, — .33 U BCe, 4T0 ObUIO TpH t < ty (peaBICTOPHUIO TPO-
recca). MoxeMm J11 Mbl Ipetyraaath (peackasaTh) Oynyuiee, T.e. uto Oynaet npu t > t? B TouHocTH — Her,
HO KaKue-TO BEpOSITHOCTHBIE XapaKTEPUCTUKH Ipoliecca B OynyiieM Hailtu MoxkHo. Hampumep, BeposT-
HOCTB TOT'O, YTO Yepe3 HEKOTOpoe BpeMsl T cucreMa S OKaKeTcsl B COCTOSIHUM S1 WM OCTAHETCS B COCTOS-
HUM So U T.11.

IMpumep. Cuctema S — rpynmna caMoJeTOB, Y4aCTBYIOIIUX B BO3AYyIIHOM 00t0. [lycTh X — KonnuecTBo
«KPAaCHBIX» CaAMOJIETOB, Y — KOJIMYECTBO «CHHUX» caMoJeToB. K MOMEHTY BpeMeHH o KOJIIMYECTBO COXpa-
HUBIIUXCS (HE COMTBHIX) CaMOJIETOB COOTBETCTBEHHO — Xo, Yo. Hac mHTepecyeT BepoATHOCTh TOTO, YTO B
MOMEHT BpeMeHH (£, + T, YUCIICHHBIN TepeBec OyIeT Ha CTOPOHE «KPACHBIX». ITa BEPOATHOCTH 3aBHCHT
OT TOr0, B KAKOM COCTOSIHUM HAXOJWJIACh CUCTEMAa B MOMEHT BPEMEHHU 1o, a HE OT TOro, KOrja U B Kakou
MOCJIeI0BaTeIbHOCTH OrHu0any cOUThIe 10 MOMEHTa ty caMOJIeThI.

Ha npaxTtuke MapkoBcKue MpoLEcchl B YUCTOM BUJE OOBIYHO He BeTpeuarorca. Ho umerorcs mpo-
LIECCHI, 11 KOTOPBIX BIMSIHUEM «IIPEAUCTOPHI» MOXKHO NIpeHeOpeub. M npu uzyuenuu makux npoueccoe
Modcno npumenams Mapkoeckue mooenu (B TEOPUU MACCOBOI0 0OCITYy’)KUBAaHUS pACCMAaTPUBAIOTCS U HE
MapKoBCKHE CUCTEMBI MacCOBOTO 00CTYKMBAaHUSA, HO MaTeMaTHUECKUI ammapar, UX ONUCBHIBAIOLINMA, T0-
pasno CioxHee).
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B uccnenoBanuu onepanuii 60J1b110€ 3HAYCHUE UMEIOT MapKOBCKHE CITy4aiHBIC MPOIIECCHI C JUCKPET-
HBIMU COCTOSIHUSIMU U HENPEPBIBHBIM BPEMEHEM.

[Ipouecc Ha3bIBACTCS MPOIECCOM C AUCKPETHBIM COCTOSTHHEM, €CIIU €70 BO3MOXKHBIE COCTOSIHUSA S,
S2, ... MOXHO 3apaHee ONpeAeNUTh, U MEePEX0] CUCTEMBI U3 COCTOSHUSI B COCTOSTHUE MPOUCXOJUT «CKau-
KOM», IIPAKTUYECKA MTHOBEHHO.

ITpouecc Ha3pIBacTCA MPOLECCOM C HelpePbIBHBIM BpeMeHeM, €CJIM MOMEHTHI BO3MOKHBIX IIEPEXO0-
JIOB U3 COCTOSIHUSL B COCTOSIHUE HE (PMKCUPOBAHBI 3apaHee, a HEONPEACICHHbI, CIIy4aifHbl U MOTYT IIPO-
M30MTH B JIF00OI MOMEHT.

[lanee paccMaTpuBarOTCs TOJIBKO IPOLECCHI ¢ JUCKPETHBIM COCTOSSHUEM U HENIPEPBIBHBIM BPEMEHEM.

IIpumep. TexHonoruueckas cucrema (y4acTok) S COCTOUT U3 JIBYX CTAHKOB, KaXKIbIH M3 KOTOPHIX B
CJIy4aliHbIIl MOMEHT BPEMEHU MOXKET BBIMTH U3 CTPOs (0TKAa3aTh), [10CJI€ YETO MTHOBEHHO HAUMHAETCS pe-
MOHT y3Ja, TOX€ MPOAOLKAIOUIUICS 3apaHee HEM3BECTHOE, ClydyallHOe BpeMs. Bo3MOXkHBI ciienyromue
COCTOSIHUSI CUCTEMBIL:

So - 00a cTaHKa UCIIPABHBI,

S1 - mepBbIil CTAHOK PEMOHTHUPYETCSI, BTOPOW UCTIPABEH;

S2 - BTOpOIi CTAaHOK PEMOHTHUPYETCS, IEPBbII UCIIPaBeH;

S3 - 00a cTaHKa PeMOHTUPYIOTCSL.

[Tepexo/ibl CUCTEMBI S U3 COCTOSTHUS B COCTOSTHUE TPOUCXOAT MPAKTUUECKU MTHOBEHHO, B CITy4aiiHbIE
MOMEHTBI BBIXOJA U3 CTPOsI TOTO WJIM MHOTO CTAHKA WJIM OKOHYaHUsS PEMOHTA.

[Tpu ananu3e ciydaifHbIX MPOIECCOB C AUCKPETHBIMH COCTOSIHUAMHU YIOOHO MOJIb30BaTHCS T€OMETPH-
4ecKoi cxeMoii — rpadom cocrosinmii. Bepmnsl rpada — coctosiaus cucremsl. Jlyru rpada — Bo3MOKHBIE
MePEXO0/Ibl U3 COCTOSIHUSI B cOCTOsIHUE. J{71s1 Hatiero mpuMepa rpad coCTOSIHUIM npuBeaeH Ha puc.15.1.

50

51 52

P

Puc.15.1. I'pad cocTostHu#t CUCTEMBI
[Tpumeuanue. [lepexon U3 cocTossHUSA So B S3 Ha pUCYHKE He 0003HaYeH, T.K. MPenojaraercs, 4ro
CTaHKH BBIXOJISIT U3 CTPOSI HE3aBUCUMO JIPYT OT Jpyra. BeposaTHOCTHIO 0THOBPEMEHHOTO BBIXOJIA U3 CTPOS
000UX CTAaHKOB MBI ITpeHeOperaem.

IToToxm coOBLITHH
IToToK cOOBITHIT — MTOCIIEAOBATEIHLHOCTh OJHOPOTHBIX COOBITHI, CIEAYIONIUX OJIHO 3a IPYTUM B Ka-
KHE-TO CITy4yallHbIe MOMEHTHI BPDEMEHH.
B npeapiayiieM npuMepe — 3TO MOTOK OTKAa30B M MOTOK BOCCTAaHOBJIEHUH. [[pyrue npuMepsl: MOTOK
BBI30BOB Ha TeJe()OHHOM CTAHIINH, TOTOK MOKYMATEIeH B MarasuHe  T./I.
[ToTok cOOBITHIT MOKHO HATJISAHO U300pa3UTh PSIIOM TOUeK Ha ocH BpeMeHu O t — puc. 15.2.

T iy

FY
h 4

— T D4

] t

Puc.15.2. U306pakeHne moToka cOObITUI HAa OCH BpeMEHHU

[TonoxeHnne Kax 101 TOUKH CIydaifHO, U 3/1eCh N300pakeHa JIMIIb KaKasi-TO O/Ha peasin3alus MoToKa.

HNHTeHCHBHOCTH MOTOKA cOOBITHIH (A ) — 3TO cpeaHee UnCIO COOBITHIH, IPUXOIAIEECs HA €AUHULLY
BPEMEHH.

PaccmoTpum HekoTOpbIE CBOMCTBA (BUABI) TOTOKOB COOBITHH.
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[ToTox cOOBITHI HA3BIBAETCS CTAIIMOHAPHBIM, €CITH €TO BEPOSTHOCTHBIC XapaKTEPUCTHUKU HE 3aBUCST
OT BpeMEHHU. B yaCTHOCTH, MHTEHCUBHOCTH A CTAllMOHAPHOTO MOTOKA MOCTOsIHHA. [T0TOK cOObITHI HEU3-
0€XHO UMEET CTYLEHHs UM Pa3pe’KeHUsI, HO OHU HE HOCSIT 3aKOHOMEPHOI'0 XapaKTepa, U CPeIHEe YUCIIO
COOBITHH, IPUXOSIIEecs HAa €IUHUILY BPEMEHH, IOCTOSIHHO U OT BPEMEHH HE 3aBUCHT.

[Torox coObITHIi Ha3bIBACTCSA MOTOKOM 0€3 MOCaeCTBHIA, €CIH /17 TFOOBIX IBYX HEIEPECEKaIOLINXCs
Y4acTKOB BpeMeHU T; M T (cM. puc.15.2) uncio coObITui, MOMagaonmx Ha OJUH U3 HUX, HE 3aBUCUT OT
TOT0, CKOJIBKO COOBITHI MOMAao Ha Ipyroil. Jpyrumu ciioBaMu, 3T0 03HAYAET, YTO COOBITHS, 00pa3yroIue
IIOTOK, MOSABJIAIOTCA B T€ WM MHBIE MOMEHTHI BpEMEHHM He3aBMCHMO JPYT OT APYra U BbI3BaHbI Ka)XKJ10€
CBOMMH COOCTBEHHBIMU NMPHUYNHAMH.

[Torokx coObITHII Ha3bIBAECTCS OPAMHAPHBIM, €CJIM COOBITHS B HEM IOSBIISAIOTCSA MOOJUHOYKE, a HE
IpynmaMHu 1o HECKOJIbKY Cpa3sy.

[Torox coObITHIl Ha3bIBaETCS MPOCTEHIMM (MJIH CTAIIMOHAPHBIM MyaCCOHOBCKUM), €CJIM OH o0Jia-
JIAaeT cpa3y TpeMs CBOMCTBaMHU: 1) cTanmoHapeH, 2) OpArUHApEH, 3) HE UMEET MOCIIEeICTBU.

[Tpocreiimmii TOTOK UMeeT Hanbosiee MpocToe MaTeMaTHueckoe onucanue. OH UrpaeT cpeau MOTOKOB
TaKyIo k€ 0COOYIO POJIb, KaK M 3aKOH HOPMAJILHOTO paclpeesieHusl Cpeu APYrHX 3aKOHOB pacmpeese-
HUS. A UIMEHHO, IPH HAJIO)KEHUH JJOCTATOYHO OOJIBILIOr0 YHCia HE3aBUCHMBIX, CTALIMIOHAPHBIX U OpIUHAp-
HBIX TIOTOKOB (CPaBHUMBIX MEXAY COOON MO MHTEHCHBHOCTH) MOJYYaeTCsl MOTOK, OMM3KUI K MpOCTEH-
uiemy.

Jliis mpocTeiiiiero noToka ¢ MHTEHCUBHOCTBIO A MHTEpBal T MEXIy COCEAHUMHU COOBITHSIMU UMEET
TaK Ha3bIBAEMOE MOKAa3aTeJbHOe (AKCIIOHEHIMAIBbHOE) pacipeae/ieHHe ¢ INIOTHOCTBIO

S =",

rae A - napaMmeTp noka3aTeJIbHOTO 3aKOHa.

Jnst ciyqaifHOM BeTMYUHBI T, UMEIOIIEH MoKa3aTelIbHOE PACIIPEICIICHIE, MATEMAaTHUYECKOE 0KUTaHIE
#ip €CTh BEJINUMHA, OOpaTHas mapaMeTpy, a CpeHEee KBaJApaTUYHOE OTKJIOHEHUE &y PABHO MaTeMaruye-
CKOMY OKHJaHUIO

= =114
YpaBnenust Kosimoroposa 1151 BeposiTHOCTeil cocTossHMii. @PMHATbHBIE BEPOSITHOCTH COCTOSTHUI

PaccmaTtpuBasgs MapKkoBCKHE NPOLIECCHI ¢ IUCKPETHBIMU COCTOSIHUSIMH U HENPEPBIBHBIM BPEMEHEM,
MOJIPa3yMeBAETCsl, YTO BCE TIEPEXO/IbI CUCTEMBI S U3 COCTOSIHHSI B COCTOSIHHE TIPOMCXOIAT MO/ ISHCTBUEM
IPOCTEHUIINX [TOTOKOB COOBITHH (IIOTOKOB BBI30BOB, IOTOKOB OTKA30B, IOTOKOB BOCCTAHOBJICHUN U T.11.).
Ecnu Bce mOTOKYM COOBITHI, TIEPEBOISIINE CHCTEMY S U3 COCTOSHUS B COCTOSTHHE POCTEHIIINE, TO IPOIIECC,
IpoTeKaroIuil B cucteme, Oyer MapKoBCKHUM.

Utak, Ha CHCTEMY, HAXOJSIIYIOCS B COCTOSIHHU +, JAEHCTBYET MPOCTEHINHHA MOTOK coObITuii. Kak

TOJIBKO MOSIBUTCS TIEPBOE COOBITHE ITOTO MOTOKA, MPOUCXOIHUT KIIEPECKOK» CHCTEMBI M3 COCTOSHUSI +; B
COCTOSIHHE + ; (Ha Tpade COCTOSHUM IO CTPENKe = —% & ;).

Jlns HarnsiAHOCTH Ha rpad)e COCTOSHUM CUCTEMBI Y KaXKIOW JIyTH MPOCTaBISIOT UHTEHCUBHOCTH TOTO
TIOTOKA COOBITHIA, KOTOPBIN MEPEBOUT CUCTEMY IO JIAHHOMN Jyre (CTPEJIKE). Ay - HHTEHCHBHOCTB TOTOKA
COOBITHIA, IEPEBOJIAIIMIN CUCTEMY W3 COCTOSHHSL 5B ~ ;. Takoil rpad HasbiBaeTcs pazMedeHHbIM. J[ist
Halllero npuMepa pa3MedeHHsbIl rpad npusesieH Ha puc.15.3.

Hag

52

g

Puc.15.3. Pa3zmeueHHBbIi rpad) cCOCTOSTHUI CUCTEMBI
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Ha stom pucynke Air" MHTEHCUBHOCTH IIOTOKA OTKa30B; Ay - MHTEHCMBHOCTHU ITIOTOKa BOCCTaHOBIIE-
HUH.

[Ipeanonaraem, 4To cpeHee BpeMsl pEMOHTA CTaHKa HE 3aBUCUT OT TOTO, PEMOHTHUPYETCS JU OJIMH
CTaHOK WJIM 00a cpa3y. T.e. peMOHTOM Ka)KJ0TO CTaHKa 3aHAT OTJEIbHBIA CIICIIHAIIUCT.

[TycTh cucTeMa HaXOAUTCS B COCTOSHUM So. B cocTosiHME Si €€ MepeBOIUT MOTOK OTKA30B IMEPBOTO
craHka. Ero MHTEHCUBHOCTH paBHA

Ay =V T, a1 -80 6PEMERL -

1€ T 4051 - CPENHEE BpeMst 6E30TKA3HOM pabOTHI IIEPBOTO CTAHKA.

N3 cocrosnus Sl B So CUCTEMY IIEPEBOAUT IIOTOK «OKOHYAHUH PEMOHTOB) IIEPBOT'O CTAHKA. Ero nn-
TCHCHUBHOCTL paBHaA

-1
80 epeMeHL

o =T,

Hewl:
7€ T yexe1 - CPENHEE BPEMS PEMOHTA MIEPBOTO CTAHKA.

AHAJIOTUYHO BBIYUCIISIOTCS WHTEHCUBHOCTH MTOTOKOB COOBITHH, MEPEBOSIINX CHCTEMY TI0 BCEM JTy-
ram rpada. Vimest B cBoeM pacnopsuKeHUH pa3MedeHHbIH rpad) COCTOSIHUI CHCTEMBI, CTPOUTCS MATEeMATH-
yeckasi MoJIeJIb JaHHOTO MPoIecca.

[TycTh paccMaTpuBacMasi CHCTEMA S UMEET % - BO3MOKHBIX COCTOSIHHI 437,43 3,..., Oy . BEpOATHOCTS i -

T'O COCTOSIHUS F*; (f:' - 9TO BE€POATHOCTDL TOI'O, YTO B MOMCHT BPCMCHHU i cucreMa 6yneT HaxoAUuTbCA B COCTO-

SSHUHU S; . O‘IGBI/II[HO, yTO IJIA JIF000r0 MOMEHTA BPEMCHHU CyMMa BCEX BepOHTHOCTCﬁ COCTOSIHUM paBHa
CANHUIIC:

Sp=1

i1

JIiist HaXOKICHUS BCEX BEPOSATHOCTEN COCTOSHUM 7; (1) Kak pyHKIMI BpPEMEHHU COCTABIISIFOTCS U Pellia-
10TCsl ypaBHenust KosimoropoBa — 0co00ro Bria ypaBHEHUsI, B KOTOPBIX HEM3BECTHBIMH ()YHKIIUSIMU SIB-
JISIFOTCSI BEPOSITHOCTH COCTOSIHUI. [IpaBuIilo COCTaBIIeHHsI 3THX ypaBHEHHUI MpUBeneM 31ech 0e3 JoKa3a-
TenbeTB. Ho mpexze, 4eM ero mpuBOIUTH, OOBSCHUM TOHITHE (PMHAILHOM BEPOSITHOCTH COCTOSIHMSI.
Yro GymeT MPOMCXOANUTH C BEPOATHOCTSIMHU COCTOSHHN Tpu £ —» 00 ? Bynyt u (). 24 £).... CTpEeMHUTBCS
K KakuM-1u00 mpezaenam? Eciu 3TH mpeselnibl CynIecTBYIOT U HE 3aBUCAT OT HAYaJIbHOTO COCTOSIHHS CH-
CTEMBI, TO OHU Ha3bIBAIOTCS (PMHATIBLHBIMH BEPOSITHOCTSIMH COCTOSIHHUIA.

]i]'l’lpz":f) = p;. :1:_”:

=w

re # - KOHEYHOE YNCIIO0 COCTOSTHUN CUCTEMBI.
@DuHAIbHBIE BEPOSITHOCTH COCTOSIHUIA — 3TO Y)KE€ HE IIepeMEHHbIE BEIMUMHBI ((QYHKIIUN BPEMEHH), a
MOCTOSIHHBIE yucia. OUueBUIHO, YTO

ZP:‘ =1

ia1
®uHaNbLHASI BEPOSATHOCTH COCTOSTHUSE = — OTO 10 — CYIIECTBY CPEHEE OTHOCUTEIBLHOE BPEMS TIpe-
OBIBaHMS CUCTEMBI B 3TOM COCTOSIHHH.

Hanpumep, cuctema S mmeet tpu coctostHus S, S 1 S3. MIX puHATBHBIE BEPOSTHOCTH PAaBHBI COOTBET-
ctBeHHo 0,2; 0,3 u 0,5. DT0 3HAUUT, YTO cHUCTEMA B IIPEIEIHHOM CTAIIMOHAPHOM COCTOSTHUU B cpearem 2/10
BpPEMEHH MPOBOAMT B cocTossHuH S1, 3/10 — B cocrostnum Sy u 5/10 — B cocTosiHum Ss.

IIpaBuso coctaBienusi cucreMbl ypaBHeHuii KoJimoroposa: B Ka)XX/1oM ypaBHEHHH CUCTEMBI B Jie-
BO#f €ro YacTH CTOUT (pUHAIIbHAS BEPOATHOCTH JAHHOTO COCTOSIHUS P';, yMHOKCHHAsl HA CyMMapHYIO HH-
TEHCUBHOCTb BCEX IMOTOKOB, BETYIIIMX U3 JAHHOTO COCTOSTHHUS, & B MPaBOii €ro YacTH — CyMMa Ipou3Be-
JICHUI MHTEHCUBHOCTEH BCEX MOTOKOB, BXOASAIIMX B I - € COCTOSIHUE, HA BEPOSTHOCTH T€X COCTOSHUM, U3
KOTOPBIX 3TH IMOTOKH HCXOISAT.

[Tonp3ysch TUM PAaBUIOM, HAIIUILIEM CUCTEMY YPaBHEHUH IJIsl HALIIETO MIPUMepa:
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(Agy + A ) g =yl + M Py
(H +Ap)py = A oo + Ha1 23
(Hapg +Ap)py = Agpg + it 05
(fa) + M3 )ps = APy + A2y
DTy CHUCTEMY YETHIpEX YPaBHEHHUH C YETHIPhbMSI HEU3BECTHBIMU Py, . Py, P, Ka3aJloch Obl, MOXKHO
BIIOJIHE pemuTh. Ho 3TH ypaBHEHUs! OJJHOPOAHBI (HE UMEIOT CBOOOAHOIO YJIEHA), U, 3HAUUT, OIPEEIIAIOT
HEM3BECTHBIE TOJIBKO C TOYHOCTHIO /IO MPOU3BOIBHOTO MHOKUTEN. OJJTHAKO MOKHO BOCIIONIb30BAThCS HOP-
MHUPOBOYHBIM YCIIOBUEM
Potptpytps=1
U C ero MOMOUIbIO pemuTh cucreMy. [Ipu aTom onHO (J1060€) U3 ypaBHEHUH MOYKHO OTOPOCHTH (OHO

BBITEKAET KaK CJIEJICTBUE U3 OCTAJIbHBIX).
IIpononxenue npumepa. [lycTb 3Hau€HUS THTEHCUBHOCTEHN IOTOKOB PaBHBI:

Ay = Ay =LAy = Ay =2y = ey =2 g = 45, = 3
UYerBepToe ypaBHEHHE OTOpAchIBaeM, 100aBIIsIsi BMECTO HETO HOPMHUPOBOYHOE YCIIOBHE:
3py = 2py+3py
4p =po +32;
dp, =2py +2p;
Potptp+ps=1
Po=06/15=04p, =3/15=02p, =4/15=027,p, =2/15=0,13

T.e. B pe/iebHOM, CTAIMOHAPHOM pexuMe cuctema S B cpeiieM 40 % BpeMeHH OyJeT MPOBOIUTH B
COCTOSIHUH So (00a cranka ucnpasHbl), 20 % - B cOCTOSHUU S1 (MIEPBBII CTAHOK PEMOHTHPYETCSI, BTOPOI
pabotaer), 27 % - B cocTOsSTHUU Sy (BTOPOU CTAaHOK pEMOHTUPYETCS, IepBbIi paboTtaet), 13% - B cocTossHUU
S3 (06a craHKa peMOHTHPYIOTCS). 3HAHHUE ITHX (UHAIBHBIX BEPOATHOCTEH MOKET IOMOYB OLIEHUTH CPE/I-
HIOI0 Y(PPEKTUBHOCTh PAOOTHI CUCTEMBI U 3arPy3Ky PEMOHTHBIX OPTaHOB.

[Tycts cucrema S B coctossHUM So (TIOJIHOCTHIO MCTPaBHA) MPHUHOCHT B €IUHHILY BPEMEHH JTOXOX 8
YCJIOBHBIX €JMHUI], B COCTOSTHUM S1 — TOXOJ] 3 YCIIOBHBIC CIUHMIIBI, B COCTOSTHUH Sy — TOXOJ] 5 YCIOBHBIX
€IMHUII, B COCTOSIHUM S3 — HE MPHUHOCHT J10X0/a. Toraa B IpeAeabHOM, CTAIMOHAPHOM PEXHME CPEITHUIMI
JI0XOJ1 B €/IMHUILY BpeMeHHt OyjeT pasen W =0, 4*5+0,2%3+0,27*5 =515 ycnopupix equnui.

CraHoK | peMOHTHPYETCS JIOJIF0 BpEMEHH, paBHyto Py + Py = 0,2+ 0,13= 0,33 Cranok 2 peMOHTHDY-

eTCs JI0JII0 BPEMEHH, paBHyI0 Fy +p3 = 0,27+ 013 =04 Bosaukaer 3anaua ontumusanuu. I1ycTs MbI

MOKEM YMEHBIIUTh CPEeIHEE BPEMsi pEMOHTA IEPBOr0 MJIM BTOPOTO CTaHKa (MK 000UX), HO 3TO HaM 000 -
JIeTCs B OIpe/iesieHHY 0 cymMMy. CripalinBaeTcs, OKYIUT JIM YBeJTHUEHUE J0X0/1a, CBI3aHHOE C YCKOPEHUEM
PEMOHTAa, MTOBBIIIEHHBIE pacxXo bl Ha peMOHT? HyXHO OyieT pemuTh CUCTEMY YeThIpeX YpaBHEHUH C de-
TBIPbMS HEU3BECTHBIMHU.

3agauu TeopuH MACCOBOIr0 00CTYKUBAHUS

[Tpumepsl cucteM MaccoBoro obciayxuBanus (CMO): TenegoHHbIE CTAaHIINU, PEMOHTHBIE MACTEPCKUE,
OuJIETHBIE KAacChl, CIIPAaBOYHbIE OI0OpO, CTAHOUHBIE U APYTUEe TEXHOJIOTMUECKUE CUCTEMBI, CUCTEMBI yIIPaB-
JIeHUs THOKUX MPOU3BOICTBEHHBIX CUCTEM U T.1.

Kaxgas CMO cocTouT U3 Kakoro — To KOJIMYeCTBa OOCITYKUBAIOIINX €IUHHI], KOTOPbIE HAa3bIBAIOTCS
KaHAJIaMH 00CJIyKUBaHHs (3TO CTAaHKHU, TPAHCIIOPTHBIE TEJIEKKU, POOOTHI, IMHUU CBS3H, KACCUPBI, ITPO-
naBubl U T.71.). Beskas CMO npennasHadeHa i 0OOCTy)KHBaHHS KaKOTO — TO MOTOKa 3asABOK (TpeboBa-
HUI1), TOCTYNAIOIUX B KAKUE — TO CIIy4aifHbleé MOMEHTHI BPEMEHHU.

OO0cnyxMBaHHE 3asiBKU MPOJIOJDKAETCSI KaKOe — TO, BOOOIIE rOBOPS, Cly4ailHOE BpeMsl, IOCJIE YEero
KaHaJl 0CBOOO’KIAeTCs U TOTOB K MpUEMY cieyroleit 3asBku. CiryyaifHbIi XapakTep MOTOKa 3asiBOK U Bpe-
MEHH 00CITY)KUBAHHSI IIPUBOJIUT K TOMY, YTO B KaKHe — TO TIepruo bl BpeMeHn Ha Bxoae CMO ckariBaeTcst
U3JIHMIIHE O0JIBIIOE KOJTMYECTBO 3asiBOK (OHH JTMOO CTAaHOBSTCS B 0Uepe/lb, 00 nokugaror CMO Heobcmy-
xeHHbIMU). B npyrue e nepuoast CMO Oyzaet paboTaTh ¢ HeAOTPY3KOi MM BOOOIIE MPOCTanBATh.
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[Tpornecc padotsr CMO — ciy4aidlHbIN MPOLIECC C JUCKPETHBIMU COCTOSIHUSIMU U HENIPEPHIBHBIM BpeMe-
HeM. Coctostaue CMO MeHsIeTCs CKaYKOM B MOMEHTHI TIOSIBJICHHST KAKUX - TO COOBITUHN (MPUX0/1a HOBOM
3asBKH, OKOHUAHHSI 00CITYKHBaHUs, MOMEHTA, KOT/1a 3asBKa, KOTOPOH HAI0€JI0 KJ1aTh, TIOKUAAET OUEPEb).

IIpeaMeT Teopuu MaccoBOro 00CayKUBAHUSI — [IOCTPOCHUE MAaTEMATUUECKUX MOJIEIIEH, CBSI3bIBAIO-
MUX 3aJaHHble ycaoBus padotsl CMO (Yuciio KaHaiuoB, UX MPOU3BOAUTEIBHOCTD, MpaBuiia paboThl, Xa-
paKkTep MOTOKAa 3asBOK) C MHTEPECYIOUIMMH HAc XapaKTEepPUCTUKAMU — IMOKa3arelsiMu 3((HEeKTUBHOCTH
CMO. D11 mokazaTenu OnuchIBatoT crtocooHocTb CMO crpaBisTHCS C TOTOKOM 3asBOK. FIMH MOT'YT OBITh:
CpelHee Yucio 3aiBOK, 00cimyxkuBaeMbix CMO B eUHUIly BPEMEHH; CPEAHEE YHCIIO 3aHATHIX KAaHAJIOB;
CpeaHee YMCIIO 3asiBOK B OUEPE/IH; CpeTHEe BpeMsl 0KUJaHUs OOCITY)KUBAaHUS U T.JI.

Marematnueckuii aHanu3 paborsl CMO odeHb obJsierdaercsi, €Ciim mpoiecc 3Told paboTsl MapkoB-
CKHUH, T.€. IOTOKH COOBITUMN, NEPEBOSAIINE CUCTEMY U3 COCTOSIHUS B COCTOsIHME — IpocTeimue. MHave
MaTeMaTHYeCKOe OMHUCaHUe MPOLecca OYEHb YCIOKHACTCS U €ro PEeIKO YAaeTCs JOBECTU IO KOHKPETHBIX
aHATTMTUYECKUX 3aBUCHUMOCTel. Ha npakTrke He MapKOBCKHE MPOLECCH C MPUOIKEHHEM TPUBOAATCS K
Mapxkosckum. [IpuBeeHHBIN Aanee MaTeMaTHYeCKUi anmapaT onuckiBaeT MapKoBCKUE MPOIIECCHI.

Kaaccudukanus cucreMm MaccoBoro 00CJIy;KUBaHUS

[TepBoe nenenue (1o HATMYUIO OYepeei):

1. CMO c oTtkazamu;
2. CMO c ouepennio.

B CMO c orka3amm 3asBKa, IOCTYNHBIIAA B MOMEHT, KOTJJa BCE KaHAJbl 3aHATHI, ITOJIy4aeT OTKa3,
nokugaer CMO u B ganpHeieM He 00CITyKHUBaeTCsl.

B CMO c ouepenblo 3asBKa, IPUIIECAIIAs B MOMEHT, KOTJ[a BCE KAHAJIbI 3aHATHI, HE YXOJHUT, & CTAHO-
BUTCS B OU€PE/lb U OKUAAET BOZMOKHOCTH OBITh 0OCITY>KEHHOM.

CMO c ouepeasiMu moapa3AesIlOTCA Ha pa3HbIE BUJbl B 3aBUCUMOCTH OT TOT'0, KaK OpraHM30BaHa
ouepe]b — OrpaHUYeHa UK He orpaHudeHa. OTpaHMUYEHUsT MOTYT KacaThCsl KaK JUIMHBI OYEPEH, TaK U
BPEMEHU 0KHMJIaHUS, «TUCLUIUINHBI 00CITYKUBAaHUS.

Wrak, Hanpumep, paccMmarpuBarotes cieayromue CMO:

e CMO c HeTeprienUBBIMU 3asiBKaMU (JIJIMHA OYepear U BpeMsl 0OCITyKHUBaHUS OIPaHUYEHO);
e CMO c obcnyKuBaHHEM C IPUOPUTETOM, T.€. HEKOTOPBIE 3aIBKU OOCITYKHBAIOTCSI BHE
ouepenu u T.[.

Kpome storo CMO pnenstcs Ha otkpbiThie CMO u 3amkHyThIe CMO.

B orkpoiToiit CMO XapakTEpUCTUKU IIOTOKA 3as8BOK HE 3aBUCAT OT TOI'O, B KAKOM COCTOSIHUM CaMa
CMO (ckonpKko KaHaoB 3aH:ATO). B 3amknyToii CMO — 3aBucsat. Hanpumep, ecinm ouH pabouuit o6ciy-
KUBAET IPYIITY CTAHKOB, BpeMsl OT BPEMEHHU TPEOYIOIINX Hajla/lKi, TO MHTEHCUBHOCTh IIOTOKA «TpedoBa-
HUI» CO CTOPOHBI CTAHKOB 3aBUCUT OT TOT'O, CKOJIBKO UX YK€ UCIIPaBHO U XKAET HATAIKH.

Knaccudukanus CMO naneko He OrpaHUYMBAETCS IPUBEIEHHBIMU Pa3HOBUIHOCTSAMHU, HO 3TOTO J10-
CTaTOYHO.
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Jleknus 16. MaremaTn4ieckne Mo/ieJId MPOCTEHIIIMX CHCTEM MACCOBOIO

00CTy:KUBAHUS

Hwxe OymyT paccMOTpeHBI MPUMEPHI MMPOCTEHIIMX cucTeM MaccoBoro oociyxuBanus (CMO). Tons-
THUEC ((HpOCTCfIIHHG)) HC O3HAYACT «BJICMCHTAPHBIC). Maremarudeckue MOZCIIN 9TUX CUCTCM IMPUMCHUMBI 1
YCIICIIHO MCITOJIB3YIOTCS B MIPAKTUYCCKUX pacyueTax.

OnnokanansHas CMO c oTkazamu

JlaHo: crucTeMa UMeeT OAMH KaHajl 00CTyKMBaHUS, HA KOTOPBI MOCTYIMAeT MPOCTEUIINI TOTOK 3aBOK
C HHTEHCUBHOCTBIO A . [TOTOK 00CITy)KMBaHUI MMEET MHTEHCUBHOCTL A . 3asiBKa, 3acTaBIas CHCTEMY 3a-
HSTOM, cpa3y e MOKHUIAET ee.

HaiiTu: abCOMIOTHYIO M OTHOCUTENIBHYIO MPOMYCKHYI0 crtocodHocTh CMO 1 BEpOSTHOCTH TOTO, YTO
3asiBKa, PUIIE/IIas B MOMEHT BPEMEHHU t, TOJyYUT OTKa3.

Cucrema mipu 110060M t > 0 MOXKET HaXOAUTHCS B ABYX COCTOSHUSX: So — KaHAJI CBOOOIEH; S1 — KaHal
3anaT. [lepexon U3 Sp B S CBs3aH C MOSBICHHUEM 3asSBKH U HEMEUICHHBIM HAYaJIOM €€ OO0CITY)KMBaHUSI.
[Tepexonm u3 S1 B Sp OCYIIECTBIIIETCS, KaK TOJILKO OUepeIHOe 00CcIyKuBaHue 3apepmures (puc.16.1).

A

i
Puc.16.1. I'pad cocrostauii ognokanansHoii CMO ¢ oTkazamu

BrixoaHble XapaKTepUCTHKU (XapakTepucTHKH 3 dekTuBHOCTH) 3ToU U Apyrux CMO OynyT gaBaTbCst
0€3 BBIBOJIOB U JJOKA3aTEIIbCTB.
AOCOIOTHASI MPOIYCKHASI CMOCOOHOCTDH (CpeiHee YHCIIO 3asiBOK, 00CIYKHBAEMbIX B €JUHUILY Bpe-
MCHH):
At
A+ i
rie - — MHTEHCUBHOCTD IIOTOKA 3asBOK (BEIMYMHA, 00paTHAsI CPEIHEMY IIPOMEKYTKY BPEMEHHU MEXTy T10-

A=

el edepaseris

CTyHnaromunuMu 3adBKaMH - 1‘,3 ), A — MHTEHCHBHOCTH ITOTOKA O6CJ'Iy>I(PIB3HPII>1 (BCJ'H/I‘-II/IHa, 06paTHa$I cpea-

HEMY BPEMEHH OOCITYKUBAHUS £z )

OTHOCUTeIbHAS MPONMYCKHAS CMOCOOHOCTD (CPEIHSS 10JIs1 3aIBOK, 0OCITYKHUBAEMBIX CUCTEMOM ):

__H
A+ u
BeposiTHOCTH 0TKa3a (BEPOATHOCTH TOT'O, UTO 3asBKa MokuHeT CMO HeoOCyKeHHOI):
A
PGI‘ = .
A+ u

Ou4eBUIHBI CHEAYIOMIUE COOTHOMIEHUS: & = 1= Forpul Fopp = 1- (2,
Ipumep. TexHOMOTMYECKas CHCTEMA COCTOMT M3 OJHOTO cTaHKa. Ha CTaHOK MOCTYNaroT 3asBKH Ha

U3rOTOBIICHHE JleTaneil B cpeqHeM uepes 0,5 waca (5 = 0,52 . CpeqHee BpeMsi U3rOTOBICHUS OJHOM Jie-

TaJll PaBHO f.; = 0,6%¢ . Eciin npu noctymieHny 3asBKU Ha U3TOTOBJIEHUE JETAIM CTAHOK 3aHSAT, TO OHA

(meranb) HampaBigeTcs Ha Apyroil craHok. HaliTu abcooTHYIO 1 OTHOCUTENIbHYIO IPOMTYCKHYIO CIIOCO0-
HOCTH CHUCTEMBI U BEPOSATHOCTH OTKAa3a 110 U3TOTOBJIECHUIO IE€TANIH.
Pemenue.

A=1t,=105=2"Y u=1tor =1/0,6 21,6727,
_ Ax 2167 uo 167
A+u 2+167 Avp 2+167

=09emlu, 0 = =0,455= 0,46
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T.e. B cpennem npumepHo 46 % neraneit 00padaThIBAIOTCS Ha ’TOM CTaHKE.

A2 g5
A+ 2+167

T.e. B cpennem npumepHo 54 % netasneil HanpaBisFOTCS HAa 00pabOTKy Ha IpYrUe CTaHKH.

PDI'X

N — kanaabHass CMO ¢ oTkazamu (3aga4a JpJianra)

DT0 0/1HA U3 MEPBBIX 3a7]a4 TEOPUHU MAaCCOBOT0 00CIykuBaHus1. OHA BOZHHUKIIA U3 MPAKTUYECKUX HYXK]
tenedonnu U Obla pemeHa B Havasie 20 BeKa JaTCKUM MaTEMaTUKOM DpPJIaHTOM.

JlaHo: B cCTeMe UMEETCsl N — KaHAJIOB, HA KOTOPBIE MOCTYMAET MOTOK 3asIiBOK C MHTEHCUBHOCTBIO A .
[ToToK 0GCIY)KMBaHUI MMEET HHTEHCUBHOCTh A . 3asBKa, 3acTaBIlias CHCTEMY 3aHITOM, Cpas3y e MOKH-
JlaeT ee.

HaiiTu: abCONIOTHYIO U OTHOCUTENBHYIO MPOIYCKHYIO criocooHocTs CMOj; BeposSTHOCTH TOTO, YTO
3asiBKa, MPUIIIE/IIIAasi B MOMEHT BPEMEHH {, TOJTYyYUT OTKa3; CPeJIHEe YUCIIO 3asBOK, O0CITY)KHBACMBIX OTHO-
BPEMEHHO (WK, APYTUMU CIIOBAM, CPEHEE YHCIIO 3aHATHIX KaHAJIOB).

Pemenne. Cocrosiaue cuctembl S (CMO) HymepyeTcss 0 MAaKCUMAIIbHOMY YHUCITY 3asBOK, HAXOJIsI-
IIMXCA B CUCTeME (OHO COBIIAJIaeT C YMCIIOM 3aHSTHIX KaHAJIOB):

e So—B CMO HeT HU OHOM 3aIBKH;
e S1—B CMO HaxoauTcs o/1Ha 3asBKa (OJMH KaHAJ 3aHAT, OCTalIbHbIE CBOOO/IHEI);
e S;— B CMO HaxoauTcs IBE 3asBKU (/1Ba KaHaa 3aHATHI, OCTAIbHBIC CBOOO/IHEI);
o P
e Sn—B CMO nHaxomutcs N — 3asBOK (BCe N — KaHAJIOB 3aHSTHI).

I'pad cocrosauit CMO npexacrasneH Ha puc. 16.2.

20 L

H 208
Puc.16.2. I'pad cocrosamii 11 n — kaHanbHOM CMO ¢ oTkazamu

[Touemy rpad cocrosiHUl pa3MeueH UMEHHO Tak? 3 cocTosHUS Sp B COCTOSHUE S1 CUCTEMY IIEPEBOIUT
MOTOK 3asBOK C UHTEHCUBHOCTBIO A (KaK TOJBKO MPUXOIMT 3asBKa, CUCTEMA MepexoauT u3 So B S1). Ecin
cricTeMa HaXOJWJIach B COCTOSIHUY S1 M MPHIIUIA €1Ie OJTHA 3asBKa, TO OHA TIEPEXOAUT B COCTOSTHUE S U T.JI.

[Touemy Takme MHTEHCUBHOCTH y HUXKHMX CTpeJiokK (ayr rpada)? IlycTs cucrema HaxXoauTcs B COCTO-
sauu S1 (paboraer oauH KaHan). OH IPOM3BOANT A 00CIYKHBaHWI B €IUHHILY BpeMeHH. [loaToMy yra
Hepexo/ia U3 COCTOSIHUSL S1 B COCTOSIHKE S HATPYKEHA HHTEHCHBHOCTBhIO 4 . ITycTh Temeppb cucteMa Haxo-
IMTCS B COCTOSIHAM Sy (paboTaroT ABa KaHama). YToOsl eif mepeiitu B S1, Hy)KHO, YTOOBI 3aKOHYMIT 00CITy-
’KMBaHHUE MePBbIi KaHal, 160 BTopoil. CyMMapHas HHTEHCHBHOCTb UX TIOTOKOB PaBHAa 24 M T..

BoixoaHbIe XapakTepuCTUKH (XapakTepucTuku 3¢ ¢dekTuBHOCTH) JaHHOH CMO onpenensitoTcs cineay-
IOLIM 00pa3oM.

AO0COJIIOTHAS MPONYCKHAS CIIOCOOHOCTD!

]
A=A11- A 2o Ll edapeneny,
L)oal

e N — koimuecTBo KaHanoB CMO;

FPu—BeposaTHOCTh HaxoxaeHuss CMO B Ha4aJIbHOM COCTOSTHUH, KOT/Ia BCE KaHAJIbI CBOOOIHBI ((PrUHATH-
Hasi BeposITHOCTh HaxoxxaeHust CMO B cocTosiHIH Sp);

Jnist Toro, yToOB! HanucaTh GOpPMyITy IS ONIpeNieNIeHust ¥y, PacCMOTpUM puc.16.3.
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A‘Jl Au 123 Aﬂ—l.?e

S0 [ 51 [ =2 wo- " Su

Hig a1 Mg Hy -1
Puc.16.3. I'pad cocTostHUI 1J1 CXEMBI «THOEITH U PA3MHOKEHUS

['pad, mpencTaBieHHbIN HA 3TOM PUCYHKE, HA3bIBAIOT elle TpadoM COCTOSIHUM JIJIsl CXEMBI «THOeH 1

pasMHOXeHus». Hanuimem cHavana jyist 2 o0uryro hopmyny (6e3 1oKa3aTeIbCTBa):
1

1_,_@_'_ A3 gy " Azt I Ay p ¥ 7y Ay A _
Hyp  Hplhy HapbHaHyp Foy g1 Xl Hoy My

Kcratu, octanbHble PUHATBHBIE BEPOITHOCTH cOcTOstHUNA CMO 3anmuinyTest e yromuM o0pa3oMm.
BepositHOCTh TOT0, uT0 CMO HaXOAUTCS B COCTOSIHMM S1, KOT/Ia OJTUH KaHAJ 3aHSAT:

Po=

A
P1=—F
Hig
BepositHocTh TOTO, uT0 CMO HaXOAHUTCS B COCTOSTHUM S, T.€. KOTJa /IBa KaHaja 3aHsATHI:
_ Ay _ A gy
PFo=—7"001=—F¢n
Hy Ao Hg

BeposataocTs Toro, uro CMO HaxoauTcsi B COCTOSIHUH Sp, T.€. KOT/Ia BCe KaHAJIbl 3aHATHI.
» = Ay 1n . XAgz Ay Ay
L=
Ay a1 X Xl Mg b
Teneps s n — kananbHOM CMO ¢ oTKazamu

0-

-1

i A X A
pI:I: 1+_+ 2+ 3++ ?!
Hoo1x2g 1x2x3u ml

IIpu 3TOM

A

= ;Pu;
ﬂ.ﬂ
Fa= 2{{.{2 Fos
A?!
Fx = al ™ Fo
OTHOCHUTENBHAS TTPOITYCKHASI CIIOCOOHOCTD:
]
Al P
O=1-|—| —.

Lg)oal

HamoMuuM, 4TO 9TO CpeHsst 10151 3asBOK, OOCITYKUBaeMbIX cucTtemMoit. [Ipu aTom
A= A0,
e )
BeposiTHOCTH OTKAa3a:
]
A
P, =|2| 20
Ll oal

HamomMHuM, 9TO 5TO BEpOSTHOCTH TOTO, 4TO 3asBka mokuHeT CMO HeoOcmyxeHHOH. OUueBHUIHO, YTO
Faorg = 1— {2 .Cpeinee 4nCI0 3aHATHIX KAHAIOB (CPEIHEE YHMCIIO 3aBOK, 0OCTY)KUBAEMBIX OJTHOBPEMEHHO):
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[Ipu sTOM

Ipumep. NmeeTcs TexHonoruueckas cucreMa (y4acTok), COCTOsIIAs U3 TPeX OJUHAKOBBIX CTAHKOB.
B cucteMy nocTynarT 11 06paboTKy aeTanu B cpennem yepes 0,5 yaca (¢ ;). Cpennee BpeMst U3rOTOBIIE-

HHA O,Z[HOfl JACTANIU EaqF = U,tﬂac . Eciu IIpU MOCTYINICHUHU 3asIBKU HAa U3TOTOBJICHUC ACTAJIM BCC CTAHKH 3a-

HSTBI, TO JIETAIh HAIIPABIISETCS HA JIPYroi y4acTOK TAaKHX K€ CTaHKOB. HaliTu (uHAIBHBIC BEPOSATHOCTH
COCTOSIHMM CHCTEMBI U XapaKTepUCTHKH (TIokazarenu 3¢ dexTuBHOCTH) nanHoi CMO.
1 1

/1 == —= 2
£, 035
T.€. B CPEIHEM JIBE 3asBKH Ha 00pabOTKY JeTayeii B 9ac.
1 1
H=E=E—=—=—= 1,6?
fop 00

I'pa¢ cocrosiHuMil cucTeMsbl NpeacTaBieH Ha puc.16.4.

A A A

—_

H 2L ¥

Puc.16.4.I'pad cocrosiHuit A5 paccMaTpUBaeMoro mpumepa
Bo3MOKHBIE COCTOSIHUSI CHCTEMBI:
So — B CMO (Ha yyacTKe) HET HU OJTHOM 3asBKU;
S1—B CMO (Ha y4acTKe) OHA 3asIBKa;
S2 — B CMO (Ha yuyacTke) JIBe 3asBKH;
S3— B CMO (Ha y4acTKe) TpH 3asBKH (3aHSTHI BCE TPH CTAHKA).
BeposaTHOCTh TOTO, UTO BCE CTAaHKU CBOOOHBI:

A o2 2 2 92 22 Ny
o=+ —+_—+ =[1+—+ -+ ;| =-=-=z031
167 22167 2x3x.67 321

BepO}ITHOCTB TOT0, YTO OJWH CTAHOK 3aHAT:

p 2
A, =% 031=037
nE P T e

BepO}ITHOCTB TOr'o, 4TO ABAa CTaHKA 3aHATHI:

A 22
= = 031=022
2 o Po= o 670
BepOHTHOCTB TOFO, qTO BCEC TpI/I CTAaHKA 3aHATHI.
A e
- - 031= 0,00
B E P T 3 e

» =
A= a1 2] Poloo o[ 2] 22 Ll i sosem
) al 167) 1.2 3
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] E] ]
Q:p(ﬂ] p_ﬂ:1_(iJ EEUELPMZ(EJ B i_p=009
167 i

MH)oowl 1.2.3 #l
- A AN o
F=ll-| A B ls 2 pe1=109
L L) oal L&7

T.e. B cpetHeM B 3TOM cucteMe oOpadarbiBaercs 1,82 netr/a (mpumepno 91 % HanpasisieMbIX qeTajieii),
IIPU 3TOM IIpUMEpHO 9 % paeraneil HampaBiseTcs Uid 00pabOTKU Ha Apyrue ydacTku. OIHOBPEMEHHO B

cpeliHeM paboTaeT B OCHOBHOM OJIMH CTaHOK (& = 1,09 ). Ho u3—3a cnyyallHbIX XapaKTepUCTUK IMOTOKA 3a-
SIBOK MHOT/1a paboTaroT OJTHOBPEMEHHO Bee TpH cTanka (73 = U.03), orcroma 9 % oTka30B.

Bo3mo:kHBIe TOCTAHOBKH 33/1a4 ONTHMHU3aLMHU N — KaHAJABbHBIX CMO ¢ oTkaszamu
1. Onpenenuth oNTUMAIBHOE YHCIIO KaHAJIOB, O0ECIeunBaroIllee MUHUMYM 3aTpaT Ha CH-
CTeMY, IIPU yCIOBUU JIOCTHKEHUS TPeOYEeMOro ypoBHs ee 0e30TKa3HOH paboThI.

A
IIpumep. [lycts ; =1, Py = 0,03(me. =3%)  1lenesas Gpynkuus (3aTparsl Ha CMO) 3anu-

LmIeTcs: ¥ =ck —r il | rae © —coxst | HaWTtu: # qpr.

Pemnenne:
Py = {i] Pu.
J7
A
—=1= Fore = 2o
I a2l
P =003=2"
#l
WU
i! =33

Fa
I1o-npyroMy MOKHO 3aIucaTh:

1 1 1 1
?2![1+—+—+—+...+—] =33
w2 3l #!

ITocnennee PaBECHCTBO HAYMHACT BBIIIOJIHATHCA IPH # ggr = 4 , T.K.

m=1%1[1+%]=2 < 33 H=2%1-2[1+%+%)=5{33

n=312 11 e+ |16 <33
1 1.2 123 .
1 1 1 1
n=4-31.2.3. 4 1+-+—+ + = 5 >33
112 1.2.3 1.2.3.4

2. OnpenenuTh ONTUMAIbHOE YHCIIO KaHAJIOB, 00ecneunBaroliee MakCUMyM MpUObUIN OT
skcrryataiuu CMO B elMHUILY BpEMEHHU.

CopneprkaHye KaXJ0ro KaHajla B €IMHUILY BpEMEHU 00XOJUTCS B KaKyl0—To cymMMmy. Uem Oosnblie Ka-
HAJIOB, TeM OoJibIle 3aTparhl Ha skcrutyaranuio CMO. Bmecte ¢ Tem, yeM Oofblie KaHaioB (mpu A u
H—const) tem OoJblIe 1071 OOCTY)KUBAEMbIX 3asiBOK. A Kax1asi 00CITy:KeHHAs 3asiBKa JaeT OIPE/IeIICH-
HBIM (IYCTh MOCTOSIHHBIN) 10X0J B €AMHULLY BpeMeHH. [Ipu yBennueHnn uncia KaHajaoB pacTyT JOXOJIbI
D, HO pactyT u pacxoasl Ha 3kcinyaTanuio CMO — R. UToOb! pemmTs 3Ty 3a1ady, HEOOX0AUMO HaiTH
ONITUMAJILHOE YHCIIO KAHAJIOB # ggy, OOECIIEUMBAIOIEE MAKCUMYM Li€1€BOM QyHKIMN F= 1) — A —» max |
T.€. HY’)KHO MaKCUMU3HUPOBATh MPUObUIb B €TUHUILY BPEMEHH.
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Jlekuus 17 OcHOBBI TEOPHHU NPOU3BOAUTEIBHOCTH M HAAECKHOCTH
aBTOMATHYECKHMX M ABTOMATH3UPOBAHHBIX CTAHOYHBIX CHCTEM

OcCHOBHbBIE MOHATHS 0 MPOU3BOAUTEILHOCTH U HATEKHOCTH ABTOMATHYECKHUX JIMHUI
IIpousBoauTeIbHOCTH aBTOMATHYECKOH TUHUM (AJ]) — 3TO KOJIMYECTBO J€Tanei, N3roTOBJIEHHBIX
B MHHILY BPEMECHHU.
Onnako 6e3 mpoctoeB AJI paboTaTh HE MOXKET, CJIEIOBATEIbHO, K IMOHATHUIO MPOU3BOIUTEIHLHOCTH
HYXXHO TIOJXOAUTh Tu(depeHIpoBaHHO. PasnuyaioT cienyromue BUIbI Tporu3BoauTensHoctd AJl:
1. HuxknoByro.
2. TloTeHIMaIBbHYIO.
3. dakTuveckyro (peaabHyo)
LukaoBasi NPOU3BOAUTENBHOCTD OIIPEAETseTCs Mo cleayoei hopMmyiie:
&0 60
¢, = T = —

g T Twae

rie Ty - Bpemst nukiia, MuH;
£, - OCHOBHOE BpPEMs1, MUH;

£, - BCIIOMOTaTelbHOE BpeMs Ha OTBOJ U MOJIBOJI MHCTPYMEHTOB, TPAHCIIOPTUPOBAHUE JI€TaleH OT Mo-
3WIMH K ITO3UIUH U T.J., MUH.

[Tpu yuete (pacueTe) HUKIOBOM MPOU3BOIUTEIHHOCTH YCIOBHO MPEINONIAratoT, YTO HHCTPYMEHTHI pa-
00TaIOT «OECKOHEUHOY», 000PYI0BaHKE HE PEMOHTHPYETCS. B JIeCTBUTEIHLHOCTH 3TO HE TaK, M HE00XO-
MO YYUTHIBATh TaK Ha3bIBaeMble «BHEIMKIOBBIEY MpocTou AJl. K HUM oTHOCATCS:

2. Ty - IPOCTON BO BPeMsl 3aMEHBI, PETYJIMPOBKH U TIOHANAIKH HHCTPYMEHTOB B TLTAHOBBIH TIEPHOJ
(Hanpumep, B MecHII);

> . Tz - IPOCTOM BO BPEMs PEMOHTA, PETyIMPOBKH M OTIA/KH Pa3IMIHbIX MeXaHu3MoB AJl B MIaHo-
BBIM TIEPUO/I.

Ecii Benmm4nHy 3TUX MOTEPh BPEMEHU OTHECTH K OJTHOM JIETalH, T.€. Pa3AeIUTh Ha KOJUYECTBO JIeTa-
neit ¢, 00paGOTaHHBIX B ILIAHOBBIN MEPHOJI, TO MOXKHO 3anUcaTh GOPMyYITy I MOTEHIHAILHOMN IPOM3-
BOJUTEIbHOCTH:

60 1L

Cr = Ty + 3ty + Yty vac’

_ LT _ 2o
R
rae ¢ , MHH; ¢ , MUH.
ITpu peanbHO# 3kcmryaTanuu AJI MOTyT UMETh MECTO ITOTEPU BPEMEHH 10 OPraHU3alMOHHBIM MPHU-

YUHAM H3-3a OTCYTCTBUA 3arOTOBOK, 3JICKTPOIHCPI'NH, pa60qer0 nT.no. - Zf’ﬂ'ﬂ" . Y4eT atux MOTEPh 1103~

BOJISIET CYIUTh O (haKTHUYeCKOii WM peajibHON MPOU3BOIUTEIHLHOCTH:
&0 L
o

Ty +Zﬁy +Z‘Ir,,lE +Zzw YQC
OueBUHO, YTO BBIMOJIHAETCS CIEAYIOIIEE COOTHOLIECHUE: Q.—; < = Q;,;.

OddextuBHocTh AJl, ee TeXHUYECKUN YpOBEHb XapakTepuszyeT KoI(P(PUUHEHT TEXHHYECKOro HC-
N0JIb30BAHUA .

7 _ o _ TI-!
ry - - ’
On Ty +Z:K +Zzﬂj
Paznenum uncnurenb U 3HaMeHATENb HA T , IOJTYYHUM CJICAYIOIIEC BBIPAXKCHUC!
_— Tyl Ty _ 1
T T Ty + 3ty I Ty + > t0s ! Ty 14 By, +85
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e By =Dty Ty - ynenbHasd, T.e. OTHECEHHAs K OJHOH MHHYTE pabOTHI JIMHUM JTHTEIHLHOCTH 3a-
MEHBI ¥ HaJIaJKi HHCTPYMEHTOB;

Bos = 2o tos! Ty~ yaenbHas JUIMTENBHOCTD yCTPAHEHHS. OTKA30B MEXaHU3MOB JIHHHH.

dopmyiia IS MOTEHIIHATBHOM TPOU3BOIUTEILHOCTH MOXKET OBITh 3alicaHa CIICIyIOMUM 00pa3om:
Oy
Uz = Qj,[?.‘-"r.}f = :
1+8,+5,;

CrietyeT 3aMeTUTh, YTO KOI(DPHUIUEHT TEXHMIECKOTO MCIONB30BaHus Hry < 1. Benmnunna (1— 7y 4

XapaKTEepPU3yeT 100 BpEeMEHH, B TedeHue KoToporo AJl mpocTamBaer M3-3a MJIAHOBBIX M BHEIJIAHOBBIX
PEMOHTOB MEXaHU3MOB, UX 3aMEHBI U MOAHATIAIKH.
Koy puunent oduero ncnosinzopanus AJl onpenensercs:

_Es
Oy

OH MoKa3kIBa€eT, KaKyko 4acTh JeicTBUTE I HOTO BpeMenu AJl paboraer. Benmnunna (1—#, 1 xapakTe-

-

PU3YET OO0 BPEMCHH, COOTBETCTBYIOIIYIO IIPOCTOAM IO TEXHHUYCCKUM U OpraHHU3allMOHHBIM IIPpUYXHAM.
_ Ty _ 1

T+ 2ty + b+ obopr 1+ By +Bop+Bopr’
rac B._-,up;- - YACJIBbHBIC, T.C. OTHECCCHHLIC K OHHOﬁ MUHYTC pa6OTLI MMOTCpU BPpEMCHHU 110 OpraHU3alluOH-

-

HBIM ITPpUYHHAaM.
CDOpMy.]'Ia I (baKTHqCCKOﬁ MMPOU3BOAUTCIIBHOCTHU TCUCPH 3aAITUIICTCA CICAYIOIMIUM o6pa30M:

Oy
Ca = Oyflz = 14 By +Bog + Bz

KoadduiumeHT TeXHUYECKOro UCNoNb30BaHus My AJl, cylllecCTBEHHO BIIMsAsA Ha €€ MPOU3BOAUTENb-

HOCTb, 3aBUCUT OT KOJIMYECTBA Y3JIOB, CIIO)KHOCTH KOMIIOHOBKH, HA/IESKHOCTH KaKA0T0 y3JIa U HHCTPY-
MEHTA, T.e. 0T HajeskHocTH AJl B nesiom.

Hanexnoctb AJI — ee CBOWMCTBO BBINOIHATh (GYHKLINHU, COXPAHssS BO BDEMEHU 3HAUEHUS YCTaHOBJICH-
HBIX 3KCIUTyaTallMOHHBIX [TOKAa3aTelel B 3aJaHHBIX MpEJesiaX, COOTBETCTBYIOIIMX 3a/laHHbIM PEXKUMaM U
YCJIOBUSAM HUCIIOJIb30BAaHUS, TEXHUYECKOTO 00CIYKUBaHUS, PEMOHTA.

®ynkuusa AJl — ee cpeHss IPOU3BOIUTENBHOCTD NPU YCIOBUHM 00pabOTKU JieTallell B COOTBETCTBUU
C TEXHUYECKHMHU TPeOOBaHUAMHM YepTerka U 3allJIaHHPOBAHHON ce0eCTOMMOCThIO 00pabOTKH.

Hanexxnocts AJI xapakTepusyeTcs JOITOBEYHOCThI0, 0€30TKa3HOCThIO U PEMOHTONPUTOJHOCTHIO 000-
pyLOBaHHUS.

J0JIroBe4YHOCTh — 3TO CBOMCTBO AJl 1iuTensHO (C mepepblBaMyi Ha PEMOHT) COXPaHATh CBOIO pado-
TOCTIOCOOHOCTD IPU OIPEICNIEHHBIX PEeKUMaX PabOThl U YCIOBUSAX IKCILUTyaTallUH.

KonnuecTBeHHO OHa OLIEHUBAETCSI CPEAHUM CPOKOM CITYXKOBI MEXKy pEMOHTaMHU.

Be30TKa3HOCTH — 3TO CBOMCTBO JIMHUM HETIPEPHIBHO COXPAHATH pa00OTOCIIOCOOHOCTH B T€UEHUHU HEKO-
TOPOTO BPEMEHHU.

KonnuecTBeHHO OHa OLIEHUBAETCS:

e BEPOSTHOCTHIO OE30TKA3HOU PaOOTHI;
e MHTEHCUBHOCTHIO OTKA30B;
e HapaOOTKOH Ha OTKa3 U T.JI.

B wactHOCTH, HapabOTKa Ha OTKAa3 — 3TO CpeJHee 3HaUeHNEe BpeMeHH paboThl MEXy IByMsl ITOCIIE10-
BaTeIbHO BO3HUKAIOIIMMHU OTKa3aMHu.

PeMOHTONMPHUTOTHOCTH — 3TO NMPHUCIIOCOOIICHHOCTh Y3JI0B U MEXAaHU3MOB JIMHUU K MPEyNPEKICHUIO
1 0OHapYXEHUIO MPUYMH BO3ZHUKHOBEHUS OTKA30B, MOBPEXICHUN U YCTPAHEHUIO UX TOCIEICTBUN MTyTeM
PEMOHTOB ¥ TEXHUYECKOT'O OOCITYKUBAHMSL.

KonunuecTBeHHO OHa OLIEHUBAETCS CPETHUM BPEMEHEM BOCCTAHOBJIEHUS PA0OTOCIIOCOOHOCTH.

Pacuer IMPOU3BOAUTECIBHOCTH THOKHX MNPOU3BOACTBCHHBIX CUCTEM
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[IpruMeHeHHe B MAIlIMHOCTPOEHUH THOKUX rpon3BoacTBeHHBIX cucteM (I'TIC) — BaxkHeWmuii myTh mo-
BbIIIEHUS 3QPEKTUBHOCTH MPOU3BOJACTBA. J[aHHBIE CUCTEMBI TPEOYIOT 3HAYUTENbHBIX KalUTaJIOBIIOXKE-
HUH, T03TOMY Ba)KHBIM MOMEHTOM IIPU UX BHEAPEHHUH SBISCTCS MMpaBHIbHAS OlleHKa UX 3(dekTuBHOCTH,
KOTOpasi XapaKTepHU3yeTcs PsAoM nmokazareneid. OTHUM U3 BaXKHEWINX rmokaszaTenei a¢pdexrunoct ['TIC
SBJIETCS €€ POU3BOAUTEIBLHOCTD

[TpouzBogurensHocTh ['TIC 3aBUCUT OT MPOM3BOAUTEIBHOCTH CTAHKOB, BXOJSIIHUX B €€ COCTaB, a
TaK)K€ OT IPOU3BOJUTEIBLHOCTH TaKUX €€ COCTABJISAIOLINX, KaK TPAHCIIOPTHO — HAKOIMTENIbHAsI CUCTEMA,
aBTOMAaTHU3HPOBAaHHAS CUCTEMa HHCTPYMEHTAJIbHOTO 00eCIeYeH sl U T. .

[Tpon3BOIUTENBHOCTD CIEAYET PACCUUTHIBATH KAK YACOBYIO, CYTOUHYIO, TaK U IO IIOJIHOMY T'OI0BOMY
¢dboHIy BpEMEHH, UYTO MO3BOJIUT YUUTHIBATh CTENIEHb aBTOMATH3AI[UH, CTETIEHb THOKOCTH U BO3MOKHOCTHU
nannoit I'TIC paborate B ManomonHoM («Oe3moaHoM») pexxkume. Ilpu KpyriaocyTouHOMU, exelHEBHOM,
KPYTJIOTOJUYHOM paboTe MONHBIA romoBod (oHI BpeMeHH coctaBisger 8760 4u.dakTuyecKkuid roaoBoH
¢donna Bpemenu pabotsl 3aganaoi ['TIC Oyner MeHbie U OyIeT onpeaesaThcsl HAJICKHOCTBIO €€ padoThI,
CHOCOOHOCTBIO UTUTENHHOE BpeMs (HOUHAs U BEUEPHSISE CMEHbI WM HECKOJBKO MPa3HUYHBIX JTHEH MOJ-
psin) paboTaTh B «OE3TIOAHOMY PEXKUME, a TAKXKE CyMMapHbIM 00EMOM IIPOCTOEB BCEX BHUJIOB B pacdeTe
Ha roJl.

Otnomenue axkrudyeckoro Bpemenu padotsl I'TIC k monHOMY (ycTaHOBIEHHOMY) TO10BOMY (DOHITY
BPEMEHH JIa€T Kauye€CTBEHHYIO OIIEHKY BO3MOkHOCTel Toi minu uHoil I'TIC, ee coBepiieHcTBa, SBISETCA
[I0Ka3aTeJIeM TOT0, HACKOJIBKO PELIEHBI B HEM IIPOOJIEMbI HCII0JIb30BaHUS BO3MOYKHOCTEN TMOKOI0 IMPou3-
BOJICTBA!

k=t
7

riae & - ko3 PUIHEeHT HCITOTB30BaHMSI TOJOBOTO BpeMEHH, WTH KO3 duImeHT rogosoi 3arpysku ['TIC,
Wi k03 (PUIIHEHT COBEpIIEeHCTBAa THOKOTO MTPOU3BO/ICTBA;
F4 - paktrueckoe rogosoe Bpems pabors ['TIC, u;
& s 1y

F -ronoBoit hona BpemMeHu, paBHbIi 8760 u.
B cBoto ouepenpb

Fg=dyh, _Zf’i:
rjie &, - yCTAHOBIEHHOE (ILIAHUPYEMOE) KOJIMYECTBO Pab0UMX JIHEH B TOIy € y4eTOM CyOOOTHHX, Bbi-
XOJIHBIX Y MPA3JHUYHBIX JHEH;
%1, - KOMMYECTBO yCTaHOBJIEHHBIX 4acoB paboTel [TIC B cyTku (16, 20 wim 24 4. B CyTKH, U3 KOTOPBIX
KaKO€-TO KOJIMYECTBO B «OE3TI0AHOM» PEXKUME);
Z t; - cymmapsbie (hakTudeckue rmpoctou ctankoB u Beewt ['TIC B pacuere Ha roJ.

Yem Ommke 3HaUeHHE & K equHHIlE, TeM coBepiuenHee ['TIC.
®daktrueckoe rooBoe Bpems padoTsl [ TIC B yacax u cocTaBiseT €€ MPOU3BOAUTEILHOCTh B CTAHKO —
qacax, T.€. 10 CyMMapHOM CTaHKOEMKOCTH 00paOOTKH BCeX JeTanei 3a rof

Fy= Qrm::'-
Cpe)]HeHIquHaﬂ roioBas IMPON3BOAUTECIBHOCTh MOXKET OBITH paccunTana ClieayromuM 06pa30M:
GOF N
A
LT o

rae & - konmnuyectBo cta"nkos B I'TIC;

f g cp - CPEIHEE IITYYHOE BPEMS 110 BCEeM JieTaisiM, oopadbarsiBaembiM B [ TIC, MuH.

CpenHemTyyHas IpOU3BOUTEILHOCTD 38 CYTKU & e, 9aC { e WIIM B MEHYTY { e MOKET OBITH PaC-
CYHTaHa COOTBETCTBEHHO 1O (JOpMyIam:

P
ﬂjc'_—:
d)‘
&
Qm =—df;
oy
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604, %,
®axtrueckas npousBoauTenbHOCcTh ['TIC 3a m1060# meproa BpeMEeHU ONpeneNsIeTcss C y4eTOM CyM-
MapHbIX [IPOCTOEB OTAEIBHBIX CTAaHKOB B cucteme u Beeil ['TIC (Za‘.,- ) C yY4ETOM BCEX MOTEPh BPEMEHU

(mpocToeB), KOTOPBIE MPOUCXOAAT IO Pa3HbIM IPUUYHUHAM.

YuuThiBas BO3MOXXHOCTb paboTsl ['TIC KpyriocyTouyHO M KPYIJIOrOAUYHO, IPU pacyeTe MoTephb Bpe-
MEHH HEOOXOJIMMO UCXOAMUTh U3 TOAUYHOTO (DOH/IA BPEMEHH, a HE OJTHOW CMEHBI MM OJHUX CyTOK. [Ipu
3TOM CJIelyeT paccMaTpuBaTh IIPOCTOU HE OJJHOIO CTAaHKA a CUCTEMbI CTaHKOB U Apyrux arperaroB ['TIC u
CBSI3aHHBIX C HUMH y4acTKOB paboThl (ydacTka COOpKH MPUCTIOCOOJICHHUH M YCTAHOBKH 3arOTOBOK, y4acTKa
HACTPOWKM MHCTPYMEHTOB Ha pa3Mep BHE CTaHKa, y4acTKa KOHTPOJIA IeTalei u T.A.). DTO MO3BOIUT OIpe-
JENIUTh CyMMY TIOTEPh Bcero rooBoro Goxaa Bpemenu B oxuoit ['TIC.

Kpome 3T0ro, cieayer yduTbiBaTh, YTO MEHSETCS COCTaB PA3JIMYHBIX BUJOB NOTEph. C MOBBILIEHUEM
crenenu aBTomatuzanuu [ TIC oTaenpHbIe MOTEPH MEPEXOIAT N3 BHELMKIIOBBIX BUJIOB IIOTEPH B IIUKJIOBHIE.
Hamnpumep npu pabore ctanka tumna «odpadareiBarommii neHtp» (OLl) B I'TIC cmena mHCTpyMEHTa MEXITY
TEXHOJIOTUYECKUMU MEPEX0aMHU, a TAKXKE U3 — 32 TIOTEPU UM CTOMKOCTH MPH HAIWYMHM aBTOMATHUYECKHUX
YCTPOMCTB CIIEKEHUSI 32 CTOMKOCTBIO (IIEPUOANYECKUN 3aMep PEexyIell KPOMKH MHCTPYMEHTA IYIIOM —
po0oil) SIBIISIETCS YaCThIO IIMKJIA, BMECTE C IPYTHMHU XOJIOCTHIMH XOJaMHU COCTABIISIET UKIIOBBIE MIOTEPU
U BXOJUT B IITYYHOE Nporpammupyemoe Bpems 0opadotku netanu Ha OL B ['TIC. K BHeMKIOBBIM mOTE-
psiM, cBs3aHHBIM ¢ pabotoii, B ['TIC ciemyer oTHOCHTB, HapUMeEp, OTACIbHBIC BUABI MPOCTOEB U3 — 32
IIOJIOMKHM MHCTPYMEHTA, KOI'/la HET aBTOMAaTUYECKUX YCTPOMCTB CIIEKEHUS 32 CTOMKOCTbIO HHCTPYMEHTA
WIH TpeOyeTcs BMEIIATENbCTBO OTIepaTopa JAJisi BOCCTAHOBJICHUS paOOTHI CTaHKA.

Urak, npu pacuere npousBoautensHocT ['TIC cnenyer yauThIBaTh CleayroNue MoTepy BpEMEHU:

1. [ukiioBele MOTEPU pabOYETro BpEMEHH (3aMeHa MHCTPYMEHTA B IINUH/IENE, YCKOPEHHBIN
MIOJIBOJT M OTBOJ MHCTPYMEHTA, KOOPAMHATHOE MepeMELICHUE CTOJIA U T.]1.);

2. IIpocTou mo BUHE HHCTPYMEHTA (3aMeHa MHCTPYMEHTA U3 — 3a MOJIOMOK, U3 — 3a 3aTyIlIe-
HUS, peryaupoBKa 0e3 3aMeHbl — B Cilydae OTCYTCTBHsI aBTOMaTU3alMM ¥ HEOOXOIUMOCTH BMella-
TENBCTBA OIepaTopa);

3. IIpocTou no BuHe 060pyoBaHUA (PEryJIMpoBKa U pEMOHT MEXaHUYECKON 4acTh 000py10-
BaHUS, PEMOHT T'HJIPABIMYECKUX CUCTEM, OTKA3 CUCTEMBI YIIPABJICHUS H T.1I.);

4. TIpocTou 1O OpraHU3alMOHHBIM IPUYHUHAM (OTCYTCTBUE JEKTPOIHEPTHH, BCIOMOTaTE b~
HBIX MaTepUasoB);

5. IIpoctowu, cBsi3aHHbIe ¢ OpakoM (Opak MpeablIylIuX onepanuii, 6pak MaTepuaioB, BbISB-
JIEHHBIX BO BpeMs 00paboTku, Opak oOpabOTKH | T.11.);

6. IIpocTou, cBA3aHHBIE C MepeHaIa 1Kol (3aMeHa OCHACTKU CTaHKa, 3aMEeHa KOMILJICKTa UH-
CTPYMEHTA).

CoctaB 1 BUJIbI TOTEPh pabovero BpeMeHH MPU Pa3IUUHbIX CPOKAX HAOIIOACHUS MEHSAIOTCS U 3aBUCST
0T pa3HbIX (pakTopos. [Ipu Habm0AEHNHN PabOTHl 000PYI0OBAaHUS B TEUEHUH | 4 MIPOU3BOIUTEIBHOCTD MIPO-
recca 00pabOTKM 3aBUCUT OT MPOU3BOAUTEIBHOCTH CTaHKA, TEXHOJIOTHH, AU epeHInay nin KOHIIeH-
Tpanuu 00paboTKH, CMEHBI HHCTPYMEHTOB, 3aTOTOBOK, BO3MO)KHO, OT OTKa30B CTaHKOB. [Ipu HabmoaeHnn
B TEUEHUH CYTOK JOOABIIAIOTCS MIPOCTOM, CBA3aHHBIE CO CMEHOM 3aJJaHMs, YCTAaHOBJIEHHBIMHU II€pPEepPbIBaMU
(oben, cnaya CMEHbI) U CIy4aliHBIMU IPOCTOAMHU (OTCYTCTBHUE 3arOTOBOK, padOYyuX U T.1.).

[Tpu Habmr0€HUN 32 TOJ] BBISBISIOTCS MPOCTOU, CBA3aHHBIE C EpeHaaAKol 000pyI0BaHUs Ul BbI-
ycKa HOBOM MPOAYKIINH, HEPAaBHOMEPHOCTBIO 3arpy3KH 000pyI0BaHMUsI, HETUIAHOBBIM PEMOHTOM, HEXBAT-
Kol pabouux B epuoj oTiyckoB u T.1. Ecnu ke Habmoaate padoty obopynosanus I'TIC 3a Bech nepuon
€r0 DKCIUTyaTalld, TO T00ABISIFOTCS MPOCTOH, CBA3aHHBIC C €r0 PEMOHTOM, MOJICPHHU3AIINEH, TIEpECTPON-
KOI Ha HOBYIO MPOIYKIIHMIO U JIp.
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Jlexuus 18. IIpou3BOAUTEIBHOCTD U HAACKHOCTH aBTOMATHYECKHUX M
aBTOMATH3MPOBAHHBIX CTAHOYHBIX CHCTEM

IIpon3BoAMTEJBHOCTD H HAJE/KHOCTH COJIOKHPOBAHHBIX ABTOMATHYECKHMX JIMHHUI

MaremaTnueckue MOJIEIH, ONUCBHIBAIOIINE TPOU3BOJUTEIIBHOCTh U HAJIEXKHOCTh aBTOMATUYECKUX JIU-
Huii (AJl), paccMoTpUM Ha MpUMEpE MaTEMAaTHYECKUX Mojelnelt cOnokupoBaHHbIX AJl. B cOMOKMpPOBaHHBIX
AJI Bce 311€eMEHThI COETMHEHBI 0CJIE0BATENIBHO B CMBICIIE HAJEKHOCTH, U OTKA3 JIFOOOI0 3JIeMEeHTa Ipu-
BOJIUT K OTKAa3y BCEH CUCTEMBI.

[Tpexne, yeM pa3zpabarbiBaTh MaTeMaTHueckue Mozenu AJl, Hy’KHO BBIICHUTD, [0 KAKOMY 3aKOHY pac-
IpeJesieHbl HOTOKH OTKA30B M MOTOKHU BOCCTAHOBIEHUH (CM. JIEKIIMU IO «T€OPUU MACCOBOI0 OOCIIYKHUBa-
HUS) MEXaHU3MOB M HHCTPYMEHTOB JIMHUH, T.K. 3TO OyJIET ONPEesATh, KAKHEe TEOPETUIECKHE MTOJIOKEHHS
OyZAyT 3aJI0’KEHBI B OCHOBY MOJIEIIH.

BriepBrie nzyuenue BeposSTHOCTHBIX xapakTepucTuk AJl Oputo Hayaro B DHMMCe. [1pu sTom mcxo-
JWIN U3 TIPEATIONO0KEHHS], YTO TOTOKH OTKA30B U TOTOKU BOCCTAHOBJICHUH SIBJISIFOTCS IIyaCCOHOBCKMMM, a
Nepuo/ibl BpeMeHU 0e30TKa3HOM paboThl Tpyz M BOoccTaHOBIEHUS TpAJl pacnpeneneHsl 10 SKCIOHEHIIH-

aJIbHOMY 3aKOHY. BCITOMHMM, 9TO 7151 IPOCTEHIIEro (IyacCOHOBCKOT0) TIOTOKA C MHTEHCUBHOCTBIO A MH-
TepBaI I MEXKIY COCEIHUMH COOBITHUSMHU UMEET MOKa3aTelbHOE (IKCIIOHCHIIMATLHOE) paclpeielicHUe ¢
IUIOTHOCTBIO f(£) = Ae ™"
[To3Hee ObUTM POBECHBI UCCIICOBAHMS ATUX TOTOKOB. [Ipruem, B OTJINYKE OT paHee BHIMOJIHEHHBIX
paboT MOTOKU OTKA30B M BOCCTAHOBIICHUI 00OPYIOBaHMSI U MHCTPYMEHTOB HCCIIEIOBAIN OTICIIBHO, T.K.
MPUPOJIA STHX TIOTOKOB Pa3iIMnvHa. BbUIH MOTYYEHBI CICIYIONNE OCHOBHBIC PE3YJIbTaThI.
CpenHeCcTaTUCTHYCCKH ISl BCEX MCCIICAOBAHHBIX OOBEKTOB 3KCIIOHCHIIUAIBHBINA 3aKOH JTOCTATOYHO
TOYHO XapaKTEePHU3YyeT paclpeeiiCHHe CIyYailHbIX MEPUOIOB BOCCTAHOBICHHS 000PYIOBaHUs. A 1Sl OT-
JEITBHBIX CTAHKOB M MHCTPYMEHTOB 3KCIIEPUMEHTAIIbHBIC 3aKOHBI PACIIPEICIICHUS] BDEMEHU T4z (PAaOOTBHI),

, IJ1e A - mapameTp NoKa3aTeJIbHOTO 3aKOHA (MHTEHCUBHOCTD [TOTOKA COOBITHIA).

Trgae (DEMOHTA), Tigs 3 (CMEHBI HHCTPYMEHTOB) OTJIMYAKOTCS OT TEOPETHUECKOTO KCIOHEHIIMAIBHOTO —
puc.18.1.

1.0
05 A;_-'

A
05 141/
05 Z,f

¥

0 0204060810 X
Puc.18.1. Kpussie pacnpeneneHus BpeMeHu 0€30TKa3HOo# padoThl 00opynoBanus AJl

Ha stom pucysnke: p(ngj - 4acTOTa; X - OTHOCUTEIbHBIC €ANHUIIBI, | — TeopeThuueckas: KpuBas; 2 —

AKCIIEPUMEHTAJIbHBIE KPUBBIE; 3 — cpeiHECTaTUCTHUECKas KpuBas. Pacxoxkenue Mexay KpuBbiMu (1) u
(3)—7—10 %, a U151 OTAENBHBIX CTAHKOB PACXOXKICHHE MEKITY IKCICPHUMEHTATBHBIMU U TEOPETHUECKUMHU
KpUBBIMH elle 6osiee 3HaunTenbHoe. [1oaToMy, moka3aTenbHbII 3aKOH IPUMEHSIOT B MAaTEMAaTHYECKUX MO-
JENSIX, UCIIOJIb3YEMBIX I IEPBOHAYAILHON OLEHKH HAJCKHOCTU CTAHOYHBIX CHUCTEM Ha paHHEH CTaJuu
MX IPOEKTUPOBAHMS, KOTJIa HE U3BECTHBI €11le KOHCTPYKIHH Y3JI0B U UHCTPYMEHTOB. [[J1s1 TOUHOH OLleHKH
(YHKIIMOHMPOBAHUS KOHKPETHBIX CTAHKOB M JIMHUU CJIEIyeT MCIOJIb30BaTh MaTeMaTHYeCKue MOJENHU C
MIPUMEHEHHUEM TEX 3aKOHOB paclpe/esieHus, KOTOpble OYIyT COOTBETCTBOBATH PEAbHBIM YCIOBHUSAM 3KC-
TUTyaTaluy 000py10BaHMS.

MpgI paccMOTpHUM NEPBBIN BUJ MaTEMaTHUECKHUX MOJIEEH 1715 MPOCTEHIINX (ITyaCCOHOBCKHX ) TOTOKOB,
TeM 0oJiee, YTO HaM U3BECTHBI COOTBETCTBYIOLIHE TOJI0KEHUSI TEOPUH MACCOBOTO OOCITYKUBAHMSL, IIOCTPO-
€HHBIC Ha OCHOBE MapKOBCKHX MPOLIECCOB.
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[TycTh cONOKHMpOBaHHAsI CTAHOYHAsI CUCTEMa COCTOMT M3 M — y3J0B U N — HHCTPYMEHTOB. T.K. Ipu
TaKol KOMIIOHOBKE BCE €€ HJIEMEHTBI COEIMHEHBI OCIEA0BATENbHO B CMBICIIE HAIEKHOCTH U OTKA3 JIIO-
60r0 DJICMCHTA HpI/IBOI[I/IT K 0TKa3y BCCI‘/JI CHUCTEMBI, TO BepOﬁTHOCTB OTKa3a JIUHUN OHpeHCHHTCH

Floy=1-(1-A)1-F)x x(1- 5,0
rae 5.5, £ - BEPOATHOCTH TOTO, 4TO 1, 2, ..., (M + n) — i1 snement AJI HaxoauTcs B paboTOCIIO-

COOHOM COCTOSIHHU.
Brinenum Tpu coctosinus cOnokupoBanHo# cuctemsl ( AJl ) — puc.18.2.

g Hag

’aﬂ’ AGE

Puc.18.2. I'pad cocTostnuii comokupoBanno AJl
Ha »ToM pricyHKe IpUHSATHI CAeay0Ne 0003HAYCHHS: So - BCE AJIEMEHTHI pa00TOCIIOCOOHBI; S1 - OTKa3

10 BUHE MHCTPYMEHTOB; Sy - OTKa3 [0 BMHE MeXaHU3MOB (000pynoBanus); Ay, sz — HHTEHCHBHOCTH 110-
TOKOB OTKa30B HHCTPYMEHTOB U O0OPYAOBAHUS; iy, Mgy - NHTCHCUBHOCTU IIOTOKOB BOCCTAHOBJIEHUH MH-

CTPYMEHTOB U 000pYy/I0BaHUS.
B cooTBeTcTBHE C OIOKEHUSIMU TEOPUU MACCOBOT'0 00CITY>KHBaHUS BEPOATHOCTh TOro, uto AJI Haxo-

JIMTCS B COCTOSIHMH &y — Pp,» —* Py, 5y — Py ONPENEIUTCS:
1

oo o Ay f plyg + Aoz oz

P, = (g Ey) :
T+ A, T+ s

Py = (Aog { ioz) .
T+ A, T, + A

BepOHTHOCTB Hpe6bIBaHI/I${ JIMHUW B UCIIPABHOM COCTOSHHU XAPAKTCPUIYCTCA KOZ)(I)(l)I/IIII/IeHTOM ro-
TOBHOCTH - I r. OtHomieHne A -'II.“ =5- 9TO yACIbHAas OJIUTCIbHOCTD HaCTpOﬁKH 9JICMCHTA WJIN TPYIIIIbI

a5eMeHTOB. TakuM 0Opazom
1

p =?,? = .;
Y 4B, +B,,
B 1
p1=+;
148, + B,
B 1
py=—to
148, + By

Crnenyer uMeTh B BUAY, YTO KOG (UIMEHT TOTOBHOCTH HE paBeH K03(PPUIHMEHTY TEXHUYECKOTO HC-
nosib3oBaHud AJl (cM. nekuuio 17). KoadduimeHT TeXHUUeCKOro HCIO0b30BaHus IO CPAaBHEHUIO C KO3(-
(UIMEHTOM TOTOBHOCTH JIOTIOJIHUTENIBHO YUYUTHIBACT IJIAHOBBIE MPOCTOU (peMOHTHI)AJL

Eciii U3BECTHBI HHTEHCHMBHOCTH A U & JUIst KaXKI0T0 MHCTPYMEHTA U y3I1a, TO

1

Py = n :w :
1+Z(Aiﬁffﬁi.af:'+2(ﬁfaﬁfﬁ§aﬁ)

i1 i1

(A i)

Pig = 2 oa

1+ZH:.':AW "r;{'{jjf)-l_i(’ajﬂj' "IIH'EG'.E‘:I
7=l

i=1
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— (A oz /£ 05)
Hlogr = " p :
T2 (e T e )+ 20 (A g g
il -1
Jlist pacuera kodddunrenta rotoBHOCTH AJl # » = 2y MyTeM AIUTEIBHBIX CTATUCTHYECKUX UCCIIEO0-
BaHUM B [IPOM3BOJICTBEHHBIX YCIOBUAX OBUIM HOJIyYEHBl 3HAUEHUS A ¥ &3 U1 pasndHbIX 3JeMeHToB AJL
[IpumMepsl Ux 3HaUEHUM NTpUBEICHbI B Tabauie 18.1.

Ta6mmma 18.1 3HadyeHns v 1711 HEKOTOPHIX 2JIEMEHTOB aBTOMATHUYECKHUX JIMHUIN
HaMeHOE aHHA ST eMeHT 0F A1 /1! *103 11"2;1;5:‘.1’3

B, *103,MHHfI§HEE

Tprecnoco b eHIA- CITVTHME M 1A 0,1 0,5

IECAITIE B 3 aEI{MA TAT OT OF 0K
Bopurranra ¢ panfaroryedct Mo
CEONBIANTEH BTIH OF I ILITAE QRO TR IT 4T () OH 0L 0,04 0,01
HMT.A.

OT0 JaeT BO3MOXKHOCTh IpH MpoekTupoBaHuu AJl BbIOMpaTh Takue TEXHUYECKHE CpelCcTBa (Mexa-
HU3MBbI) U UHCTPYMEHTBI, KOTOpbIe obecrevyar TpeOyemblil ypOBEHb HA/IeKHOCTU JUHUU (¥ ;). 3Has W

(?,‘n"j"_jf) U IUKIIOBYHO MPOU3BOAUTCIIBHOCTb, MOYXHO PAaCCUUTATh MOTCHUUAIBbHYIO HPOU3BOAUTCIBHOCTDb

(&7 = &5r ) u nanee GaKTUYECKYIO TTPOM3BOUTENBHOCTD (g .
IIpon3BoANTEIBLHOCTD M HAIEKHOCTH THOKMX MPOM3BOICTBEHHBIX CHCTEM

Ha xonmdecTBeHHbIE 3HAYEHUS IPOU3BOAUTENLHOCTH THOKUX MTpon3BoaAcTBEeHHBIX cucTeM (I'TIC) Bax-
HO€ BJIMSIHUE OKa3bIBAET HA/IEKHOCTh BXOJAIIUX B €€ COCTAB 3JIEMEHTOB ( CTAHKOB, TPAHCIIOPTHO — HAKO-
MUTENBHBIX CUCTEM, CUCTEM HMHCTPYMEHTAJIBHOTO obecrneueHus u T.4.). PaccMoTpuM criocoObl OLieHKH
HagexxHoctu ['TIC Ha npuMepe KOJIM4YeCTBEHHOM OLEHKH Ha/IeKHOCTU OJJHOW U3 BaXKHEHUILINX €€ COCTaBIIsI-
IOIUX - aBTOMATHU3UPOBAHHOM cHCTEeMbl HHCTpyMeHTalbHOro obecrieuenust (ACHUO). Martepuaisl 3TOro
paszzesna B3sThl U3 KaHIWJATCKOW JUCCepTaluy aBTopa JaHHOTO JIEKIIMOHHOIO Kypca. Tema nuccepTrauuu:
«Pa3zpaboTka MeTo/1a BHIOOpA CTPYKTYPHO — KOMIIOHOBOYHBIX PEIICHUN aBTOMAaTU3UPOBAHHBIX CUCTEM HH-
ctpyMmenTtanbHoro obecrieuenus ['TIC Ha panneii ctaguu npoektupoBanus (Ha npumepe ['TIC nns obOpa-
OOTKM KOPITYCHBIX JI€TaIei)»

Mo TTIC, cocrositux u3 O0JIBIIOTO YKCIa B3aMMOCBSI3aHHBIX M B3aMMO3aBUCHMBIX YCTPOMCTB, HEOO-
XOJUM pacuerT ee MoKasarene Haae:)KHOCTH. OTCYTCTBUE KOJUYECTBEHHOM OLICHKU HAJIEKHOCTHU NIPOEKTH-
PYEMOI1 CITO’)KHOM TEXHUUECKON CUCTEMBI, K yhcily KOTopbix oTHOcUTCS U ['TIC, MoXxeT npuBecTH K co3ja-
HUIO HEepabOTOCOCOOHOH 1100 HeID(HEKTUBHON CUCTEMBI.

Ha srane npoexktupoBaHust sl OLIEHKU HAJEKHOCTH 3JIEMEHTOB CHCTEMbI U CUCTEMBI B II€JIOM IIeJie-
cO000pa3zHO UCTIOIB30BATh KOI(PPHUIIMEHT TOTOBHOCTH:

ST
T+ T

rae - BpeMsi paboThI HJIEMEHTA CHCTEMBI 32 JAHHBII IIEPHOJ SKCILTyaTaLliH;
T gomir - BPEMs1 HEIUTAHOBBIX PEMOHTOB 10 YCTPAHEHHIO BHE3AIHBIX OTKA30B 000PYA0OBaHHSL.
JI71s1 onepaTMBHOM CHCTEMBI HHCTPYMEHTATIBHOTO 00€CTIEYEH S CTAHKA 7 zrr = T pm + T , JUIA IPY-

rux yerpoicTB ACUO Tz = Ty 31€Ch T ey i Tagm - BpEMS HETUIAHOBOT'O PEMOHTA 10 YCTPAHEHHMIO,
COOTBETCTBEHHO, 0TKa30B ycTpocTB ACHO 1 moaoMoK pexyInx HHCTpyMEHTOB. T.e.

_ TP

T+ Ty Ty

Tr

Pa3ieniM 9nCIuTeNh U 3HAMEHATEITh POOH B TIPEIBIIYIIEM BBIPAXKEHHH Ha 1 5.
1

1+ Ko VE s

Rr=
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3nech & pr'= Temp ' Tp- yoenbHas IUIMTEILHOCTD YCTPAHEHHSI OTKA30B (BOCCTAHOBIICHHH ) YCTPOUCTB
ACHO;
Komn''= Tagr' ' T - ynenbHas JUIMTENBHOCTD 3aMEHBI OTKA3aBIIMX HHCTPYMEHTOB.

KoadduimeHT roTOBHOCTH SIBJIsIETCS KOMIJIEKCHBIM ITOKa3aTeNleM OLIEHKH HaJexHocTu. OH XapakTe-
pHU3YyeT OJIHOBPEMEHHO 0€30TKa3HOCTh U PEMOHTONPUTOTHOCTh CUCTEMBI.

Hanpumep, st OmpejelicHUst YPOBHS YHCIECHHBIX 3HAYeHWH & gz yCTPOMCTB aBTOMATHYECKON
cmeHbl HHCTpyMeHTOB (YACH) Bocmosib3yemMcsi CTAaTUCTUYECKUMU JaHHBIMH HAOJIOIEHUN 3a paboToM
CTaHKOB THIIa «00padaTHIBAIOIIUI IICHTPY , POBEJACHHBIX HA FIBAaHOBCKOM 3aBOJIE TSXKEIOTO CTAHKOCTPO-
EHUSI.

B tabGnune 18.1 npuBeaeHa 4acThb JaHHBIX 10 MPOCTOSIM CTAHKOB, BRI3BAHHBIX BBIXOJIOM U3 CTPOSI dJIe-
MeHToB YACHU. UccnenoBanucek 3 cranka monenu MPS00IIM®4 (MPS8OOIIM®4) u 2 cranka monaenu
NP320IIM®4. HapaboTka cTaHKkoB Ha 0TKa3 coctaBmiia 8300 vac. [{nmutensHoCTh 00cae1oBanus — 2 Toja.

Tabnuma 18.1 JlaHHBIE 11O TPOCTOSM CTAHKOB THIIA «0OPaOaTHIBAIOIIMK [IEHTPY O MPUINHAM BbI-
xoJ1a u3 cTposi MmexanuzmoB Y ACHU

CE OFHBEL [Ief eHeHE CyrpapHoe Trenmo
OTKAT OF [H aMMeHOE AEEE [Tperprra oTEARA Tmcno EpEMA OTEA3 AFIIED
OTEATAEIIEDT CHET BT, OTE430F | BOCCTAHOBISHI, CT 4FE OB
YRIOE M JeTale) ac
. W arporymarop CITCMAH CVY 3E 1 20 1
2. Marmpmymar op Mpobrmo MarmeTy 1 & 1
THA POLEOTHER {1 A
3. Mex armrmng paEmina H=noc 4 ag 3
MHCT{YMERT 3 T EEIATEL
LIIHE T EHOTD Iy
FOTPOHCTEA
L Brmma mz cTpoz 1 36 1
IJamra
B CITohIAT HOE 1 2.5 1
Foymarmn
6. HHcTpynieHT b HEE MIarasem 1 a 1
LIAT 33 HH HE EBIXOFHT
E ITOFHIIEED

st onpenienieHus yaeIbHON ITTUTEIHLHOCTA BOCCTAHOBIICHUSI HECKOJIBKUX CTAHKOB BOCIIOJIb3yeMCsI pe-
xkoMexgarmamMu DHUMCa:

W
2.in
I =l
Z L
=1
B uncnurene npodu B 310i1 hopmyne — cymmapHoe BpeMsi Ha 0OHapyKeHHe, TOUCK IPUYMHBI U YCTpa-
HEHUE MOCIEeACTBUM #2 0TKa30B (cOOEB), B 3HAMEHaTelle — CyMMapHasi HapaOoTka ' CTaHKOB 3a BpeMs

HaOmroneHuii. Ilo nagueM Tabmuie! 18.1 & }m.?' =171,5/5*8300 = 0,004 . ITnst pa3HbIX IEpUO0B HAOIIO-

JIEHUH, pa3HOTO KOJIMYECTBA 00CIIEI0BaHHBIX CTAHKOB ITPUBE/ICHHBIX BbIIIE Mozenei £ }m?' KoJsiebneTcs ot
0,002 1o 0,007.

3nauenne K fm?' =024 H.?I.?E'I (mpuBoautca 6e3 BwIBoAa). Otcroma & HFL??. = 0,0005-0,0017 . Tlpu
ycioBuu ucnosib3oBanus Ha ctaHkax [ TIC apekTHBHBIX CpeAcTB 0OHAPYKEHHS TOTIOMOK HHCTPYMEHTOB
BeMYMHA K Eml OyJeT yMEHBIIATHCH.

[TpuBeneHHBIE BBIIIE BETUYUHB] £ ;7 U K ;7re MOTYT CIIY’)KUTh OPUCHTUPAMH IIPH ONIPEJCIICHUN 7 7

s YACH crankos I'TIC. C nakomienuem omnbita 3kcrutyatanuu I'TIC OynyT yTOUHATHCS 3TH BEIUYUHBI
JUTSL pa3JIMYHBIX MOJIEJIEN CTAHKOB, a TAKXKeE 3HaueHus ¥ p Juis Apyrux ycrpoiicts ACHO.

Bun ¢opmyn nnst pacdera korddummenta roroBHoctd ACHO B 1menom 3aBUCUT OT CTPYKTYPHI CH-
cremsl. Eciin, Hanpumep, ACHO I'TIC yctpoeHa Tak, 4To KaX/ablil cTaHOK uMeeT aBToHoMHoe Y ACH, To

KO2(DPUITMEHT TOTOBHOCTH OTMPESITUTCS CICTYIOITUM 00pa3oM:
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7 riacwey = 1-(1- ??rgmcm;:'(l— ??rgmcm;lj'x--x(l - ??rgmcm;.:'s
TI€ 7 rovaceny- 7 rovaceray -7 rivces) - KOOQQHUIUEHTHI TOTOBHOCTH, COOTBEeTCTBEHHO, YACH 1,2,...,n —

ro crankos ['TIC.

A ecnu, Haripumep, ACHUO I'TIC ycrpoena Tak, 4To UMEeTCs [IEHTPAJIbHBIA MarasuH MHCTPYMEHTOB
(IIMHW) u TexHnueckoe cpeacTBo TpancnoptupoBanus nuHcTpymeHToB (TCTU), oOmme 115 BceX CTaHKOB,
TO KO3 dumenT roroBHocTH Takoit ACHUO omnpenenurcs:

R riacwoy = 7 riman™ roreze -
rie 7 ryamary -7 i rorsey - K09 (OUIMEHTH TOTOBHOCTH, cooTBeTcTBEeHHO, LIMW 1 TCTH.

Hns npyrux ACHO ko3¢ dUIMEeHTh TOTOBHOCTH MOTYT OBITH OIIPEIEIICHBI IO aHAJIOTHH.

Bennuuna koaddurmenta roroBaoctu uisi ACHO B 1iesrom 3aBUCUT 0T KO3(PPHUIIMEHTOB TOTOBHOCTH
BXOJIAIINX B €€ COCTaB 3JIEMEHTOB, a TAK)KE OT CTPYKTYPHBIX PEIICHHUI CHCTEMbl. BO3MOKHOCTh OpTraHH-
3aI[M¥ aBTOHOMHBIX ITOTOKOB HHCTPYMEHTOB, HAIIPUMED, B TOM cily4ae, korja kaxasiid ctaHok [ TIC umeer
aBroHoMHOe YACH, 1o3BosieT 3HaUUTEIHLHO NOBBICUTEL HajexxkHocTh ACHUO u I'TIC B neaoM. DTo BbI-
TOJTHO OTJIMYAET TaKUE CHCTEMBI, HAaIPUMEP, OT COJTOKHPOBAHHBIX ABTOMATHYECKHX JIMHUN, COCTOSIIUX U3
3JIEMEHTOB, COSMHEHHBIX MOCIIEN0BATEIbHO. BBIX0 U3 CTpOs 0000, TaXKe OJJHOTO TAaKOTO AJIEMEHTA,
MIPUBOJIUT K TIOTEPE pabOTOCIIOCOOHOCTH BCEH JIMHUU.
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Jlekuus 19. OnepaTuBHO — KajJleHAApPHOE IVIAHUPOBAHUE B TEXHOJIOTHYECKUX
CHCTEMAX HA OCHOBE TEOPUM PACIIUCAHUIA

JJieMeHThI (0CHOBBI) TEOPUM PACTTUCAHUI
KauecTBO (yHKIIMOHUPOBAHUS COBPEMEHHOTO MPOM3BOACTBA BO MHOTOM OIPEACTISETCS PEIICHUSMH,
MPUHUMAEMbIMH Ha 3Tarax KaJeHJApHOro IUIAHUPOBAHMS U ONEpPaTUBHOTO yrpaBieHus. OCOOEHHO 3TO
aKTyaJIbHO B CBSI3U C CO3JIaHMEM COBPEMECHHBIX aBTOMATHU3HPOBAHHBIX MPOU3BOACTB — THOKHUX MTPOU3BO/I-
crBeHHbIX cucteM (I'TIC). CucreMsl onepaTuBHO — KaJ€HJAPHOTO IUIAHUPOBAHUSI COBPEMEHHBIX MPOU3-
BOJICTB CTPOSITCS B TOM YHCJIC U HA IOCTIKEHUSX TaK HA3bIBAEMOU «TCOPHH PACTTUCAHHID.
Teopusi pacmucaHuii — 5TO HayKa, 3aHUMAIOIIASICS UCCIIEJOBAHUSIMU JETEPMUHUPOBAHHBIX O0CITYKHU-
BAaIOIIUX CHCTEM Ha MPEAMET ONTUMH3AINH PACTIHCAHUN UX (PYHKIIMOHUPOBAHHUS.
[TpriMepsl TaKUX CHCTEM:
e II€X, yYaCTOK, HAa CTAHKaX KOTOPBIX OCYIIECTBIIAETCS 00paboTKa JeTanei;
e BY3, roe npenogaBareny o0y4aroT CTYyICHTOB U T..
B nmr06oM ciydae nMeeTcss KOHEUHOE MHOXKECTBO TpeOoBaHMii (Aerasneil, mpenogasBaTeneid U T.1.)
M= {l, 2,...,?3} ¥ KOHEYHOE MHOKECTBO MPHOOPOB (CTAHKOB, TPYIII CTYACHTOB U T.11.) M = {12m} .
[pennonaraercs, 4to | — € TpeOOBaHUE HA KAXKIOH CTaJMu €ro 00CIy)XUBaHHs ( (HanpuMep, Ha Kax-
JIOY oTiepaly TEXHOJIOTUYECKOTO MPOLIecca) MOKET ObITh 00CTYKEeHO JIF0OBIM U3 pubopoB L £ M (HO He
Oosee, ueM OJHUM OJHOBpeMeHHO). [Ipenmnonaraercs Takxke, 9YT0 KaXIbIH TPUOOP OJHOBPEMEHHO MOXKET
o0ciTykHBaTh HE OoJiee OJHOTO TpeOOBaHUSI.
B teopuu pacnircanuii pacCMaTpUBAIOTCS PA3TUYHBIC CHCTEMbI 00CITYKUBAHHUS

e CHCTeMBI IOTOYHOTO THIIA, B KOTOPHIX KaX/0€ TpeGoBanue = ¥ cnavana o0ciyXuBa-
eTcsl MpruOOopaMu NIEPBOI TPYIIIBI , 3aTEM BTOPOU IPYIIIHI U T.JI. TTIOKa HE OyeT 00CTy>KEHO TpH-
Oopamu MocyeaHel I — oif TPyMIIbL;

e CHCTEMBI C PA3JIHYHBIMU MOPSAAKAMH (MAPMIPYTAMHU) NPOXO0KIEHUSA NPUOGOPOB TPeHo-
BAHHMSAMM U T.JI.

B uwactHOCTH, B MOCIEAHUX CHCTEMAaX C MOCIEAOBATEIbHBIMU MPUOOpAMU I KaXKJ10ro TpeOOBaHUS

i € IV 3amaercs cBOsL, crieluuIecKast Uist TOro TpeOOBAHMSI [TOCIIEI0BATENBHOCT L = (LH, D, D ) ero
obcimyxuBanus npubopamu. TpeGoBanue i cHauana o6CTyKuBaeTcs IpubopoM 1, 3aTeM fi3 M T.J1. HOKa
He Gyzer obcyxkeHo mpubopom . [locienoBarebHOCTH 00CIyKUBAHUS MOTYT ObITh PA3IMIHBIMHU JUIS

pa3HbIX TpeOOBAHUI U MOTYT COZIEpPKaTh OBTOPEHHE MPUOOPOB.
B mo6om ciydae, eciiu TpeboBaHME | Ha CTaIUH ( TOJHKHO MM MOXET OBITh 00CITY)XEHO MPHOOpPOM

L=1', 10 mpexnonaraercs 3aJaHHON MIMTENBLHOCTH &; = Uero obciykuBaHus MpuOOpPOM. 3ammuch
t;; = 0, Kak mpUBUIIO, O3HAYAET, YTO IO YCIOBHIO 3aa4M TpeOoBaHue i Ha craguu ( mpubopom L He 00-
CITy>)KMBaeTCs.

Hapsiny ¢ BemunHaMu &;; MOTYT OBITH 3aJaHbl Takke: MOMEHT &; = U mocTymienus TpeGoBanus i B
CHCTEMY; TUPEKTUBHBIN cpok L = (| K KOTOpOMY HEOOXOIUMO 3aBEPILUTE OOCITYy)KMBaHHE TPEOOBAHMSI.

[Tponiecc pyHKIIMOHMPOBAHUS OOCITY)KUBAIOILIEH CHCTEMbl MOXKET OBITh OMHUCAH MyTEM 33aJaHMs pac-
nucaHms (KajJeHIapHOro MIaHa, BpeMEHHOTro rpaduka u T.1I1.).

Pacnimcanue — HEKOTOpasi COBOKYITHOCTh yKa3aHUN OTHOCHUTEIHHO TOTO, KAKUE UMEHHO TpeOOBaHUS
KaKUMHU UMEHHO NpubopamMu 00CITyKUBAIOTCS B KaXKIblii MOMEHT BPEMEHHU.

Pacrimcanne paccMaTpuBaeTCsi Kak COBOKYITHOCTh {808,508, ., 5, ) KYCOYHO—TIOCTOSIHHBIX He-
MIPEPBHIBHBIX clieBa (YHKITUH, KaXK/1as U3 KOTOPBIX 3a7jaHa Ha WHTepBajie [ =i < o0 NpUHUMACT 3HAYCHHS
0,1,...,n.

Ecmu S;(t) =i= 0(3mech i — HOMep TpeGOBaHusA), TO B MOMEHT BpeMeHH ¢ npubop L € M obcmyxku-
BaeT TpeGoBanue i € . Ecim S;(¢) = 0, To B MOMEHT BpeMeHH ¢ mpubop L npocranpaer.

HpI/I 3aaH paclivCaHusd JOJIXKHBI CO6J'IIO,ZIaTBC$I BCC YCJIOBHA U OTpaHUYCHU S, BBITCKAIOIIUE M3 I10-
CTaHOBKH paCCManHBaeMOﬁ 3aaavu, T.C. paCIMCaHnEC NOJIKHO OBITh A0IMMYCTUMBIM.
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Ilpumep. Ha puc.19.1 mpusemen rpaduk pacrmmcanust «;if).i € M obcimyxuBanus TpeOOBaHHI
N= {1,2,3,4} npubopamu M = {1, 2,3} MIPU Pa3IMYHBIX MapuipyTax oOcaykuBaHusl TpeOoBaHuii. Bee mmu-
TENILHOCTH 00CITyKMBaHUs paBHbI «1».!

F Y

Hpubop 3 _I ““““ Fooooo- : ———————— _I
302 b4 b1 b3 ;
Tpubop 2 : : _______ J:
I I AV
Opubop 1l |- | T I 1:
1

0 1 2 3 4 5 5 "

Puc.19.1. I'paduk pacnucanus oocmyxuBanus tpedoanuiit N = {1,2,3,4} npubopamu M = {1,2,3}

3necy L' =(1,2), T.e. mepBoe TpeGOBaHKE 0OCITYKUBACTCS TIEPBEIM M BTOPBIM TIpubopamu, & = (3,2)
— BTOpOE TpeboBaHKE 06CTYKHBAETCS TPETHUM U BTOPEIM Ipubopamu, I = (2.1,2,3) — TpeThe TpeGoBaHue
06CITy’XKMBAETCSs BTOPBIM, IIEPBBIM, CHOBA BTOPBIM M TpeThHM npubopamu, L' = (2,3,1) - uerBepToe Tpe6o-
BaHHE 0OCITY)KMBAECTCS BTOPBIM, TPETHUM U TIEPBBIM prbopamu. ¢; = 1— MOMeHT mocTyrienust Tpebosa-
Hus 1 B cucremy, @4 = d; = - MoMeHTBI mocTyruieHust TpeGoBanuii 2 U 3 B cucTeMy, @, = 2 — MOMEHT
MOCTYIUICHHs TpeOoBanus 4 B cucteMy. LY =4 — IUPEKTHUBHBIN CPOK 3aBEpIICHHS 00CTYKHBaHHUs TPEOO-
Banus 1, £y = 2 — IMpeKTUBHBIN CPOK 3aBepLICHUs 00CITY)KMBAaHUS TpeOoBanus 2, L5 = & — MUpexTUBHBIN
CPOK 3aBepIieHust 00CIyXKMBaHUs TpeboBanus 3, L)y, = 5— MUPEKTHUBHBIN CPOK 3aBEPIICHHS 00CTyKUBa-
HUs TpeOoBaHus 4.

[TpuGop 1 Bo BpeMeHHOM MHTEpBaJe [1,2]06cny>KHBaeT TpeboBanue 1, B uHTEpBase {2,3]- TpeboBaHUE
3, B UHTEpBaie {4,5] - Tpe6oBanue 4. [Ipudop 2 B uHTEpBaNE {0,5]663 MIPOCTOEB 00CTYKMBaeT TpeOOBaHUS

3,2,4, 1,3 u 1.4 OT0 pacnucaHue JOMYCTUMO, T.€. Kax/blii MpuOOp OJHOBPEMEHHO OOCITY)XMBAET HE
Oostee oHOTO TpeOOBaHMS U | — € TpeOOBaHHE 00CTY)KMBAETCS OHOBPEMEHHO He 0oJjiee, YeM OHHUM TpH-
60opoM.

Ecnu cymiecTByeT HECKOIBKO JOMYCTHUMBIX PACIIMCAHUHN, TO €CTECTBEHHO HEOOXOIUMO BBIOpATh ITyd-
niee U3 HUX. B Teopun pacnycannii kKayecTBO PACUCAHMS BO MHOTHX CIIy4dasiX OLEHUBAIOT CIIEIYIOIIUM
obpazom.  Kaxmoe  (momyctmmoe) — pacnmucaHwe S OJHO3HAYHO  OMpEACNsIeT  BEKTOP

E{S} = [.a (S],g {S).E {7) MOMEHTOB 3aBepIIeHNs 00CTYKUBAHUS TPeOoBaHMid. 3a7aeTcsa HEKOTOpas
JeNCTBUTENbHAS HEYOBIBAIOMIAs [0 KaXKIOM M3 MepeMEHHBIX QyHKIus &(x) = F(x), xy..... %, ) . KayecTtBoO
pacrcanus S OIEHMBAETCS 3HAUECHUEM JTOH (DYHKIMHM TIpH x = (.5} . V3 ABYX pacIiCaHU# TydlIIM CUH-
TaeTcs TO, KOTOPOMY COOTBETCTBYET MeHblllee 3HaueHue & (%) . PacmucaHue, KOTOPOMY COOTBETCTBYET

HauMeEHbIICEC 3HAYCHHUC F(x:' (CpCZ{I/I BCCX OOIMYCTUMBIX pacnncaHI/Iﬁ), Ha3bIBACTCA ONITHMAJbHBIM.
B YaCTHOCTH, npu MMOCTPOCHNU ONITHUMAJIBHOI'O mo 6LICTp0HeﬁCTBﬂm pacnucanus

F(x)=max{x i =12, ,%. B orom ciyqae F(£(5)) = tme (5, 1€ fmme (S) = max {f_z’ (S]I],z' =12,..n.
[Ipd TOCTPOCHHM pACIHMCAHHSA ¢ HAMMEHBLIIMM CyMMApPHBLIM BpeMeHeM O0C/IyKHBAHHUS

Fix)= ixi , TIpy oToM F{£(5)) = ZH:,-?;' (=7

iml il
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[Ipy IOCTPOCHKH PACIIMCAHHUS ¢ HAMMEHBIIIMM BPEMEHeM CMeIlleHHsl MOMEHTOB 3aBepILIEHuUs 00CITy-
JKUBaHMS TPeGOBAHMUIT | OTHOCHTENIBHO CpokoB s pyHkums F{x) = max{x, —0;}.i =12, .%. [pu stom

FRS) = Lo (8, 110 Loy, (5) = mazfes (9 - D, Ji =12, 0.

OnTUMaNbHOE PACIMCAHUE MOXKET OBITh HAlICHO B PE3YIIbTATE NEpedopa KOHEYHOIO MHOYKECTBA BO3-
MOJKHBIX BAPpUAHTOB. OCHOBHaﬂ TPYAHOCTD IIPU 3TOM COCTOHT B TOM, YTO YHUCJIO TAKHX BAPHUAHTOB OYCHb
BCJIIMKO U paCTeT, 110 MeHBH_Ieﬁ Mepe, OKCIIOHCHIIMAJIbHO C pOCTOM pa3MepHOCTI/I 3aJa4n. I/I3BeCTHBI TaK
HAa3bIBACMBIC 3BpI/ICTI/IquKI/Ie AJIrOpUTMBbI (bOpMI/IpOBaHI/I}I paCHHCﬂHI/Iﬁ, AJIrOPpUTMBbI Ha OCHOBC MCTOJI0B
JII/IHGI‘/’IHOFO U JUHAMHUYCCKOI'O HpOFpaMMI/IpOBaHI/ISI. 33.,[13‘{1/1 COCTaBJICHUA paCHI/IcaHI/Iﬁ JJIA HeKOTOpHX
CJIOKHBIX CHCTEM 00CITyKMBaHUS 10 cMX 1op He pemensl (NP — TpyaHble 3amaun).

@®opMuUpPOBaHNeE PACIIUCAHUS PA00THI 000PYI0BAHUSA METOAAMM JIMHEHHOT0 U JIMHAMMYECKOI 0
NPOrpaMMHPOBAHHSA
Ota MeToAnKa pazpadboTtaHa B 1abopaTropuu uccienoBanus onepanuii Jlenunrpaackoro (Hpine CaHKT-
[TeTepOyprckoro) rocy1apcTBEHHOTO YHUBEPCHUTETA O] PYKOBOJACTBOM rpodeccopa 1.B. Pomanosckoro.
Hcxoanble JaHHbIE /151 pellIeHUs] 3a1a4M.

1. KomnuectBo paccMmarpuBaeMbIXx BUAOB aAetained M. Bunel neraneit HymepyroTcs 4ducIaMu
m=12,. M,

2. KonmnuectBo Tpynn ogHOTUIIHOTO 000pynoBanus |. I'pynmbel 060pyaoBaHus HyMEPYIOTCS YUCIIaMU
i=12,..1,

3. Texnonoruueckue mapuipyTsl (TM) 06pabotku aeraneil. TM He coepKaT BHELIHUX OlEepaluid, T.€.
orepalui, KOTOpbIE BBIIOIHIIOTCS Ha IPYTOM 000pY10BaHHH.

Jlns kaxoro Buja aetaneit m (s =1, ) 3anarores:

e KosmuecTBO onepanuii B TM — J ™, Homepa oneparuii B TM 00603Ha4aroTCs yepes
Ji=12,J0";

e TIPOJOJKUTEILHOCTh OOPaOOTKH OJTHOM JIeTaau Ha onepanuu j —i J,-m (pu 0OpaboTKe aeTajei M),
J=1J";

e HOMeEp IPYIIIbI 000PYIOBaHUS — I

" .
; » Ha KOTOPOM BBINOJHACTCS onepanus j, j =1, "
4. Tlnau BBITyCKa JeTaneil pasIMuHbIX BHIOB — BekTop I = (@', d*, . .d™).

5. CtouMocTh ¥™ IposIeKUBaHus fetanei Buaa #(# = 1, M) B eIMHUIY BpEMEHHU.
[TycTh 0Tpe30K MIIaHuPOBaHUs pa3OUT Ha S YacTeid, KOTOpBIE TS MPOCTOTHI Oy/IeM Ha3bIBaTh CyTKaMHU
¥ HyMepOBaTh YuciIaMu &= L&,...,.5 . Jjis KakIbIX CyTOK JOJIKHBI OBITh 3a1aHbI CIIEAYIONINE BETMUUHBL:

6. TIpOJOIKUTENBHOCT CYTOK &,,5= 12,5

7. ®oHJ BpEMEHHU TPYIIT 000pyA0BaHus | B CyTku §— fi,. 1 =12, [a=12, .5,

[TnaH BBITyCcKa ieTalield KaXI0ro BUa pa3ouBaeTcs Ha mapTuu 00paboTki. OO03HAYMM YHCIIO MAPTHIt
06paboTku P 1 BBEEM I HUX €IMHYIO HyMEPAIMIO, HE 3aBUCALLYIO OT BUa aetaneii: 7 = L2, F By-
JIeM CYMTaTh H3BECTHOH (yHKImIo #( £}, KoTopas o HOMepY MapTHH 2,z = 1, P 1aeT HOMep BUa JeTalu

pe, e =1, M (B yacTHOM cirydae, eciu 3amycKaeTcsi B 00paboTKy 10 OJHOM MapTHH KaXJI0T0 BUJIA ACTalleH,
To P =y P=M).
KonuuecTBo neraneii B maptuu 00pabOTKHM p 0003Ha4YMM X, ,2 =1, 7 Torna J0KHBI HMETh MECTO
paBeHCTBa
f— " f—
2 ry=dt m=1M, (19.1)

il p =
T.€. CyMMa pa3MepOB BCEX MAPTUH I KaXJI0W JETaId paBHA IIJIaHy €€ BBIITYCKA.
3agaua gopmyJHpyeTcs CAeIYHIIAM 00pa3oM: HAWTHU YuCiIO nmapTuil 06padbotku P, xommdyecTBo

neTaneii ¥, B maptusx oopadotku P = 1.2, P u pacnucanus pa6ote 060pynoBanus (06paboTKU KaxI0M
MapTUH), ONITUMAIIbHBIE C TOYKU 3PEHUSI HEKOTOPOT'O KPUTEPHSL.
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3agaua JOMycKaeT BRIOOP MCMOIBb3yeMOTro KpUTEpHs B MIMPOKKX npezenax. Hike B kauecTBe KpuTe-
pust OyJeT NCIOIb30BATHCS CTOMMOCTD MPOJIeKUBAHUS 1eTaJIeH.
IocTaHOBKA 321241 B TEPMHHAX JHHEIHOr0 NPOorpaMMHUpoBanusi: 06o3HaunM & =1 roe S —

KOJIMYECTBO CYTOK, | — KonmmuecTBO rpynn odopynoBanus. Pacemorpum Q — MepHbIil BekTop F, KOTOpBIi
OIpeeIIAeTCsl CIeIYIOIUM 00pa3oM:
BEI{TGp iy f1 fFiz | ..] fiz fo fo | e | .| f I | .| fIs
Homep cyror s 1 LI I - 1 2 0.0 5 1.1 L N
Homep rpyonu
obopyI0BaHHA 1 1 2 . I

IlepBble KOMIOHEHTHI BeKTOpa F ecTh (hoHBI BpeMeHU MepBOil pyHIbl 060PYA0BaHUSL B L2, ..,
CYTKH OTP€3Ka INIAaHKPOBAHHUS, BTOPBIE — (DOHIBI BpEMEHH BTOPOM IPYIIIILI 000PYIO0BAHUS B T€ K€ CYTKU U
T.1I., HAIIPUMED, f2; — POH BpEMEHHU BTOPOM IPYIIILI 000PYIOBAHUSA BO BTOPhIE CYTKH.

Ecnu samucare Bektop F kak & =(F. % K0 1o & =fs, xorma g=G-1D5+s,
i= [(q -1/ S]+ lLe=g-(i-DS=g- [(g -1/ S]S , T1e [a] — mesas yacTh yKciaa a. DTH pPaBEHCTBaA [T03BO-
JISIFOT 110 HOMEPY TPYIITbI 000PYAOBaHMS | K HOMEPY CYTOK S ONPEAETUTh HOMEP ( KOMIIOHEHTHI BEKTOpPa
£, 1 HA0BOPOT — MO TOPSAKOBOMY HOMEPY (| KOMIIOHEHTBI BEKTOpa 4%, COOTBETCTBYIOIIUE EMY HOMEPA
IpyII 000pYA0BAHUS | M CYTOK S Y KOMIIOHEHTBI BEKTOPA fiz .

Ipumep. S =30 cyToxk.

1) HyxHO ompesienuTh HOpsIKOBbI HOMEP KOMIIOHEHTBI BEKTOPa 44 117151 BTOPO# rpymibl 060pya0Ba-
HUS HA TPETbU CYTKHU €ro paboThl

G=25=3)g=(-DS+s=(2-1)30+3=33

2) Haiitu i, s, ecnu q = 33.

i=[(33-n730]+1=1+1=2
s=33-[(33-1/30]30=33-1.30=3

JUis KakOaod mapTuM ¢ HoMepamMu g, p = 1, paccCMOTpUM BEKTOpP ', CTPYKTypa KOTOPOIO aHalo-

TMYHA CTPYKTYpE BEKTOpa F: 7y = (Fy . s Tyus -7 ). BexTOp 7 — 9TO 3eMenTapHOE pacnmcanue obpa-

0OTKH mapTuu p. Ero KoMIoHeHTBI OIIPEACIIAOTCA CIICAYHOUIUM 06pa30M.

Ecnu onepanus j mo o0paboTKe AeTaiy U3 HapTHH P BBITIOIHSAIOTCS B CYTKH S Ha TPyIiiie 000pyI0BaHUS

. . omilp :
1= 33’ , TO B KOMIIOHCHTY -rﬁ. BCEKTOPA C IMOPAAKOBBIM HOMCPOM of (3 » S:' , BBIYUCJIICHHBIM 110 ITPUBCACHHBIM

; wipl Y ;
BbILIE popMynam Juist ¢ -3, &, 3aHOCAT BpeMs £;  0OpabOTKHU 3TOi JieTau Ha onepanuy |. Bee ocranbhbie

KOMITIOHCHTbBI ,r'ﬂ TAKHE, UTO B CYTKM S HA I'PYIIIIC O60py,Z[OBaHI/I$I i He O6pa6aTLIBaIOTCH JETaJId IMapTHH P,

I0JIArat0TCs PaBHBIMU HYIIIO.
DneMeHTapHbIe pacIUCaHUs SBJSIOTCS paclicaHieM 00pabOTKU OHOM ieTanu naptuu P. Pacniucanue

£, st BCeli MapTHHU P TIONY4IUM, YMHOXHB BEKTOP 3IEMEHTAPHOTO PACIIMCAHUS 7y HA YUCIIO JIETANEH B
naptuu X, K, =7, %,  Kaxnas komnonenrta &, .¢ = 1,0 BekTopa pacnucanns &, paBHa IpoI0IDKHTENTb-

HOCTH 00PabOTKK MapTHH P Ha TpyIIe 00opyaoBanus (g} B cyTku Sig): Ry = 7%,
OO011ast IPOJOIKUTENLHOCTh CIIONB30BaHUs TPYIIIB 000pyI0BaHus (4} B cyTkM 5(4) BceMM mapTu-

AMH p,p = 1, P paBHa

? ?
Z Rp = Zr-rpxp'
p=l

p=l
DTa BeMYMHA HE JIOJDKHA PEBBIIATH GOH/Ia BpeMenu &, rpymmsl 06opyoBanus i(g) B cyTku 5(g)

£ -
Tty 2R g =10 (19.2)
¥l
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Boraucnum ctoumocts Cp MposiexxuBaHUs OJHOM J1eTany napTHH P pu ee 00padoTKe 1Mo 3JIeMeHTap-
HOMY PACIUCAHUIO 7y . Bpems ponexuBanus 7, 0HOMN NeTany napTuu P B CyTKH S 31€CH B 9TOI METOIUKE
orpeeNsaeTcs ciaenyomuM oopazom. Ecian geranu naptuu o0padbaThIBaIlCh B CYTKH S, TO CYUTACTCS, UTO
T, =0, ecrn e 06pabaThIBANUCH, TO 15, PABHO MPOIOIDKUTENLHOCTH CYTOK & — &, . JIOMyCTHM, 4TO MOJI-

HasAa o6pa60TI<a ,Z[CTaJ'IefI ImapTumn p 110 paClIMCaHUuIO F B HAa4YMHACTCA B CYTKH S1 M 3aKaHYMBAE€TCA B CYTKH S2.
Torna Bpems nposexuBaHus TF OJHOM JeTajau MapTUM P MO PACIHUCAHUIO MOKHO OINPEIEIUTh KaK CYMMY
BpPEMEHHU MPOJICKUBAHUS 110 BCEM CYTKaM, Ha MPOTSHKEHUH KOTOPBIX JETalb HaX0AMWIach B 00paboTKe:
2
L =27
S|
CTouMOCTb NPOJIEIKUBAHUS Cp OJHON AeTalld NApTHH P IpU ee 00pabOTKe MO0 PaCIUCAHUIO 7
c, =¥"T p=1F,
¥ ¥
a CTOMMOCTH TPOJICKUBAHUS BCEX JIETaJIel MapTuu P mpu ee 0O0paboTke Mo paclucaHuio Rr Oyzner

paBHa ¢, x,,p =1 . Takum 06pa3om, CTONMOCTb NMPOJIEIKMBAHNUS BCEX IAPTUN PaBHA

?
Cp = X6, %, (19.3)
p=l
B pesynbraTe npuxoauM K CIEAYIONIEH 3a/1aue JMHEHHOT0 MPOrpaMMHUPOBAHMS: ONIPEACTHUTH LENI0-
YHCIICHHBIC HEU3BECTHBIC P, X, 7 = |, P, MUHUMI3HPYIOIIIE CTOMMOCTD IPOJICKUBAHUS BCCX MAPTHIL T

(19.3) npu orpannuenusx (19.1) u (19.2). Konuuecto orpanndenuii pappo M+ =M +5. 1

Jlna pemenns 3ana4u Ha DBM CHMILIEKC — METOJIOM HCIOJB3YIOT CIENHAIbHbBIE aITOPUTMBL. [1pn
3TOM 3aj1a4y OpEIBaPUTENLHO 3alUCHIBAIOT B MATPHYHON (opMe (B JaHHOM JICKIIUK HE PACCMATPUBAETCS).
DjleMeHTapHbIE PACIMCaHus (POPMUPYFOTCS METOIAMHU JMHAMUYECKOTO IPOrPaMMHUPOBaHHUs. JuHAMHYe-
CKoOe MPOrpaMMHPOBaHHE — METO/IbI PEICHUs ONTHMU3AIMOHHBIX 33/1a4, B OCHOBE KOTOPBIX JICHKHUT HJIes
pa3sOueHus MCXOHOMN 3a/1auk Ha MOCIIEN0BaTENbHBIA P Goslee MPocThIX 3a1a4. OCHOBHAs 00J1aCTh TIPH-
JIOKEHHUS IMHAMUYECKOTO TIPOrPAMMHPOBAHHS — MHOTOILIATOBBIE POLIECCHI, T.€. MPOLECCHI, IPOTEKAIOIIHE
BO BpEMEHU (AUCKPETHOM WJIA HETIPEPHIBHOM).
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Jlexknus 20. Jloruueckne Mo/1eJ1d MPOLECCOB U 00HEKTOB

,@opMaIin3anus TeXHOJIOTHYeCKOro IUKJIA

[TonHbI TEXHOJOTMYECKUN UK U3TOTOBJICHUS TOTOBOM IITYYHOM MPOIYKLMH BCEraa mpei-
CTaBJISIET COOOM COBOKYMHOCThH OTACIIbHBIX TEXHOJOTMUYECKUX OMEpalnii, CMEHSIOUIUX JIPYr Ipyra B
OTIPENICTICHHOM MOCIIeI0BAaTEILHOCTH. [IpurHaMu CMEHBI OTIepaliii MOTYT ObITh KOMaH]Ibl YEJIOBEKa-
oreparopa Wik aBTOMaTUYECKOTI0 YCTPOMCTBA, BBIAAIOLIEIO UX MOCJE MOJIYYSHUS! CUTHAIOB OT JaTuH-
KOB 00 OKOHYAaHHH TMPEBIYIICH ONepaiii B COOTBETCTBUU C 3aJI0’KEHHON B HET'O MPOTPaMMOH.

B T0 ke BpeMst 04eHb PEIKO MOKHO 00ECIIeUnTh HOPMAIIbHYIO pa0oTy arperara, OpHEHTUPYSCh
Ha (OKECTKYIO» MPOTpaMMy, HE CIIOCOOHYIO aIallTUPOBATHCSA K HEOXKUJIAHHBIM CUTYaIUsIM, BO3HUKAFO-
MM B TEXHOJIOTHYECKOM IUKIIe. Tak, eclii Ha KaKoW-T100 onepanuyd CTAHOBUTCSI OYCBHUIHBIM IOSIBIIC-
Hue Opaka, TO OIepaTop WJIM aBTOMATHIECKOE YCTPOHUCTBO CIICIYIOIICH KOMAaH/I0M TIOJKHBI PETyCMOT-
peTh He MPOAOIKEeHNE 00pabOTKH, a OCTAHOB arperara U yOopky OpakoBaHHOMW JeTaiu. AHAJIOTHYIHAS
CUTYyaIlMsl BO3HUKAET MPHU IMOJOMKE 000pYI0BaHHMS, IPEBBIIICHUH JTOMYCTUMBIX 3HAYCHUH MMapaMeTPOB
mpoliecca, HeCOOTBETCTBUU MMAPAMETPOB UCXOHOM 3arOTOBKH TEXHUYECKUM ycaoBusMm [11].

[Ipu ynpaBieHUH TEXHOJOTHYECKUM ITUKIOM HE0OX0auMo (hOopMHUPOBaATh NUCKPETHYIO MOCIIe-
JIOBATEILHOCTh KOMaH I UCTIOJHUTEILHBIM JIEMEHTAM TEXHOJOTUYECKOr0 O0BEKTa yIpaBieHuUs (IIpH-
BoJIaM). PopMuposarue KOMAaHo OCYWeCmeasaemcs YRpasiaiouum YCmpoucmeom, Ha3vleaembim OUc-
kpemuwvim asmomamonm (puc. 20.1), na ocHose 102uyecko2o anaiuza cumyayuu, 0 Komopou cooowaom
PasiuuHble OaMYUKU NOI0NCEHUST OeMAU, 3A8ePULEeHUs. UTU KAYeCmed NPOMeKaHUs 04epeOHOll MeXHO-
JI02UYeCcKOoll onepayuu, N0 KOMAHOHbIM U ONOBECMUMEIbHBIM 8X00AM.

Tonbko 3Had, KaK U MPH KaKUX YCIOBUSAX T0JDKHA (POPMHUPOBATHCS HYKHAS MOCIEI0BATEILHOCTD
COCTOSIHUSI 00BEKTa YIIPaBIECHHUs, MOKHO C(POPMYIIUPOBATH 3a/IaHUE HA CHHTE3 YIIPABJISIONIETO YCTPO-
CTBa.

Bosoeiicmeus onepamopa
(KoMaHOHbLE 8X00bL)

S N

)
Vnpasnaowue Jluckpemmnotii ‘ Onosecmu-
—< — |l ¢—————— meJjlbHble <
66LX00b! asmomam (/IA) o0 1A
4 | ‘
-
Brodw: Texnonozuueckuii > Bbixoowl
0 — - > T0
—> > ]
(npugoabl) 06’beKm (TO) (damquxu)

’ rr 1T T

Texuonozuueckue
BO3MYWEHUA

Puc. 20.1. CtpykTypa ynpaBieHus: TEXHOJIOIMYECKUM LIUKIOM P IOMOLIH
JUCKPETHOI'O aBTOMAaTUYECKOT0 YCTPOHCTBA

Cy1iecTByIOT pa3inyHbie (POpMbI IPEACTAaBIECHUS MOJIENeH TUCKPETHBIX MOCIIEI0BaTEIbHOCTEN
orepauuii, To ecTb MoJieNiell TEXHOJIOrHYeckoro ukia. OHU MOTYT MPEJICTaBIATHCS B BUAE TaOJMIL,
HuKJIorpamMm, rpados, popmy:n u T. a. [Ipeanonaras, yTo Bce TEXHOJIOTUYECKHUE MTOCIEI0BATEILHOCTH B
KOHEYHOM CYeTe MPEACTaBISIIOT COO0I MOBTOPSIOIINECS IIUKIIbI, CJIEIYET BbIIEINUTH JBa CYIIECTBEHHO
OTJIMYHBIX BHJIa MOJIEJICH: KOMOUHAUUOHHbIE U NOCTE008AMETbHOCHIHbIE.

Jnst ynoOcTBa JIeNeHus IUKJIa Ha OTJENIbHBIE SJIEMEHTHI BBOJUTCS MOHATHE TEXHOJIOTHYECKOTO
TaKTa WM COCTOSIHUSI, TO €CTh KOHEYHOI'0 MHTEpBaJla BpEMEHH, KOria 00bEKT paboTaeT ¢ HEeM3MEHHOU



KOMOWHAIIMEH BKIFOUEHHBIX / OTKJIIFOYCHHBIX KOMAHIHBIX (KHOIIKHU, KJIFOUM), OTIOBECTHTEIIBHBIX (/1aT-
YHUKH) U UCTIOITHUTEIBHBIX (3JEKTPO-, THAPOIIPUBOIBI, SJIEKTPOMArHUTHI, MY(ThI) 3JIEMEHTOB.

OO0rmas mocneaoBaTenbHOCTh (POPMATH3AINH TEXHOIOTMIECKOTO IUKIIA COCTOUT U3 CIIETYIOITHX
ATAIOB:

1. CocraBiieHne colepKaTeIbHOTO OMUCAHUS, B KOTOPOM B IPOHM3BOJIBHON ITOBECTBOBATEIHHOM
(opMe onmHChIBAETCS TEXHOIOTMYECKHH UK TPH HOPMAILHOM €T0 XO0JI€ U aBapUHHBIX CUTYAIUIX;

2. PazOuenue mukia Ha TaKThl, XapaKTEpPHU3yeMble HEU3MEHHBIM COCTOSHUEM HCIIOJIHUTEIbHBIX
IPUBO/IOB M KOHTPOJIUPYEMBIX TApaMETPOB;

3. AHaiu3 Mepexoa0B OT OJJHOTO TaKTa K JPYroMy IIPH HOPMAIBHBIX U aBApUIHBIX CUTYaIHAX IS
BBISIBJICHUS IPHYMH MEPEXOJIOB, TO €CTh BBISIBICHUE W3MEHEHUS COCTOSHUS KOMAH/IHBIX W HCIIOJIHH-
TEJIbHBIX OPTraHOB, BHI3BIBAIOIINX MIEPEXO/I;

4. YcTaHOBICHNE NMPUYMHHO-CIICICTBEHHBIX M JIOTHYECKUX CUTYAalMOHHBIX CBS3€H MEXAY BXO-
JIAMH ¥ BBIXOZIaMU OOBEKTa yIpaBiieHHsl, 00yCIOBICHHBIX TPEOOBAHUSIMH TEXHOJIOTHH;

5. Cocrasnenue HopMaIM30BaHHOTO rPpahMueCcKOro MPeICTaBICHUS alropuT™Ma QyHKIIHOHHPOBA-
HUS B BUJIE TaOJUIIBI, IUKIOTPaMMBl, rpaduka u T. 1.

KoMOnHanmoHHbLIE MOIEIH

B KOMOMHAIIMOHHBIX MOJEISIX XOJI IIUKJIA OMPEAEISIETCS COCTOSIHIEM BXOJIOB U BBIXO/I0B 00b-
€KTa yNpaBJICHHs TOJBKO B JaHHOM TakTe. [Ipu dopmanuzamum Takux MoJeeld 4acTo MPUMEHSIOTCS
maodauybl UCMUHHOCH U, OTPAKAIONINE OJJHO3HAYHOE COOTBETCTBUE TUCKPETHBIX COCTOSIHUN BXOJIOB U
BBIXOI0B OOBEKTA yIPABICHUS.

AKTHUBHOE (BKJIIOUEHHOE) WJINM MacCUBHOE (OTKIHOYEHHOE) COCTOSHUE HCIIOJIHUTENBHOIO 3Jie-
MEeHTa (BX0/1a) M YPOBEHb KOHTPOJIHPYEMOT'O BbIX0/1a (BBICOKHIA, HU3KHIA) MOXKET 0003HAYaThCs JIFO-
O6b1Mu cuMBosIaMu. OOBIYHO JUIS ATHX LIEJIeH UCTIONB3YIOTCS TUCKPETHBIC BeMnYuHbI 1 1 0.

[Tpu uucne Bxon0B 1 Bo3MoxkHbI N = 2" coyetaHuii KOMOMHAIMI UX €AUHUYHOTO U HYJIEBOTO
ypoBHeil. [lockonbky nociedosamenvhocmes cmenbl KOMOUHAYUIL 6 OAHHOM CIyuae pONU He uzpaem,
B Ta0JIMIIe HCTUHHOCTH UX YJOOHO pacroarath B BHJIE KOJIOB HATYPAJIBLHOTO PsA/ia IBOMYHBIX YHCEIN, TO
ecTb, uepenys 0 u 1 11 mepBOro BXoAa 4epes 0JTHO COCTOSIHUE, [T BTOPOTO — Yepe3 ABa, JJIS TPETHEro
—uepe3 Tpu U T. 1. Ocobo cremyer OTMETUTh, YTO He Bce KOMOMHAIIMKM COCTOSIHUI BXOJIOB (MCIIOJTHH-
TEJIbHBIX MIPUBOJIOB) M TATYMKOB PEaIbHO MOTYT HMETh MecTO. PaccMOTpUM OJMH 13 BO3MOKHBIX TPH-
MEpOB.

Ipumep. IpousBecTH COPTUPOBKY JeTajell Ha TPU TPYIIBI MO pa3mepy, paBHomy b, 2b u
Oombiie 3D, OTKPBIB 3aCIOHKH OYHKEPOB-HAKOMUTENCH, IPeIHA3HAUCHHBIX [T 0TOOpa JeTaneil Kax-
noro tumna. KoHTposb pa3MepoB JieTaneid MOKHO OCYIIECTBHTh TpeMs natuukamu di, dz, d3, ycTaHOB-
JIEHHBIMHU TIOTIEPEK pOJIMKOBOro TpaHcnoprepa (puc. 20.2). O603HauuB OyHkeps! b1, b2 u b3, BbLEINM
curyanuu (cm. Taour. 20.1):

1) uner nerans pasmepa b — nepekpsIT oauH U3 qatunkoB (di wmu dz, wim ds), OTKPBIT OyHKEp

h b b b b1 (taktei 4, 2, 1);
e 2) unmet nmetanb 2D — mepekphITHI 1Ba
naruuka (di1, d2 wau dz, dz), oTKphIT OyHKEp b2

A
A
4
||r
A
L |

o LCF" o (TaxThI 6, 3);
d 1 dz | d,}' 3) uaer gerans pasmepom Oosee 3b —
| ] MIEPEKPBITHI BCE TPU JATYHKA, OTKPBIT OYHKEP
1

| " B3 (takT 7).

£ ]
| " Tabnuma WCTHHHOCTH COCTAaBIISIETCS
Y JUIL BCEX BO3MOYKHBIX KOMOWHAIIMIT KOMAaHII-
/ﬁ HBIX JAaT4YUKOB. YHCIIO TaknuxX KOMOWHAIMHA

paBao N = 2" = 8, rre n = 3 — 9HCI0 KOMAH/-
HBIX BXOJIOB (uncio naryukoB). CocTosHUS
JATYUKOB 0003HAYarOTCS JIBOMYHBIM KOJIOM
HaTypaJIbHOTO psila 4MCEl, YTO I103BOJISET
YIIPOCTUTDH 3aroiHEeHue Tabmuibl. BeixogHbie
curHansl 0 a1 COOTBETCTBEHHO O3HAYaloT,

Puc. 20.2. YcTaHOBKA TaTYUKOB JUIS
KOHTPOJISI pa3MepOB JIeTalln

3aKpBIT UM OTKPBIT OYHKEP.
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Tab6mua 20.1
Tabnuia HICTHHHOCTH COPTHPOBOYHOTO ABTOMATA

No komOu- CocrosiHue
HaLuHi Bxonos BrixonoB
(TakToB) di dz ds b1 b5, b3
0 0 0 0 0 0 0
1 0 0 1 1 0 0
2 0 1 0 1 0 0
3 0 1 1 0 1 0
4 1 0 0 1 0 0
5 1 0 1 0 0 0
6 1 1 0 0 1 0
I 1 1 1 0 0 1

He3anoHEeHHBIE KJIETKU COCTOSIHHN BBIXOOB (TaKT 5) COOTBETCTBYIOT HEPEAIbHOW CHTYAIIUH,
KOTJ1a JieTasib nepekpoet aaruuku di u dz u He nepekpoet 02; OHa MOKET BO3HUKHYTH JIMIIb B PE3YIIb-
TaTe HEUCIPABHOCTHU JaTuuKa O2. DTH KICTKH 3aNOJHAIOTCS HYISIMU JJIsl TPEAOTBPAICHHS aBApHUIHOM
cuTyanuu (Bce OyHKEpHI 3aKPHITHI, 3BYYHT CUTHAI).

Jlornueckast pynkuust paboTel OyHkepa b1 UMeeT BU:

51 = X X, X3 + X X, X3 + X Xy Xy (20.1)

ITocnenoBaTe JbHOCTHBIE MOIEIN

B oTiiume oT KOMOMHAIIMOHHBIX MOJICIICH npU coCmasieHuu nocieo06ameibHOCIMHbIX MOOe-
J1eil He0OXO0UMO OmpaXrcams 0OHO3HAYHOE COOMBENICINEUE COCHOAHUIL 8bIX0006 KOMOUHAUUAM CO-
CMOAHUIL 6X0008, KAK 6 0AHHOM maKkme, mak u ¢ npedvioyuiux. CieoBaTebHO, OHA U Ta KE KOM-
OuHAaIMs BXOJ/IOB B JIAHHOM TaKT€ MOXET BBI3BAThH IEPEX0/I B PA3HbIC HOBBIE COCTOSIHUS B 3aBUCUMOCTH
OT TOTO, KaKuM OBLIIO MpeIIecTByomiee cocTosiHue. [loaToMy B MOJENN TOMKHBI OBITH OTPAXKEHBI HE
TOJIbKO JAHHBIA TAKT, HO ¥ TPEILICTOPHS.

B 3aBucuMocTH 0T CI0KHOCTU 00BEKTA UCIONB3YIOTCS Pa3IMuHbIe BUIBI MOAeNel. B mpocTeii-
IEM CJydae MPUMEHSIOTCA UYUKA0ZPAMMbBL, B KOTOPBIX COCTOSTHUSI OTPaKarOT YCJIOBHBIM H300pake-
HUEM BKJIIOYEHHOT'O WJIM OTKJIFOUEHHOTO HCIIOHUTEIHLHOTO AJIEMEHTA B BUEC HAJTMUUS UM OTCYTCTBUS
nuHud. [Tpu 60BIIOM YUCIIE COCTOSTHUN TPUMEHSIOTCS] MAOAUYbL COCIOAHUIL Y 2Paghbl.

Huxknozpamma nipecTaBisieT coO0H Psii TOPU3OHTAIBHBIX CTPOK, PABHBIX YHUCITY KOMaHIHBIX U
WCIIOJTHUTEINIbHBIX 37IeMeHTOB. CTPOKU YCITOBHO Pa30UThI HA OTPE3KH, YHCIIO KOTOPBIX PABHO YUCITY dJIe-
MEHTApPHBIX TEXHOJOTMUECKUX TAKTOB. BKIIIOUEHHOE COCTOSHUE DJIEMEHTa Ha CTPOKE 0003HAYaeTcs
CIUJIOIIHOM JIMHUEHN, OTKIIFOUEHHOE — OTCYTCTBHEM e€. BepTuKabHBIMU JTMHUSAMHU HA ITUKIIOTPAMMaXx I10-
Ka3aHa "mepenaya ynpaplieHUs" — IPUUYUHHO-CIIEICTBEHHBIE CBSI3U MEXKy KOMaHIHBIMU M HCIOJHU-
TEABHBIMH DJIEMEHTAMHU.

Korga snemMeHT BKIIIOUEH, COBOKYITHOCTh TaKTOB HAa3bIBAECTCA MEPUOJOM BKIIIOUEHHMS, a KOrja
OTKJIIOYEH — TEPUOJOM OTKJIIOUYEHHUs. TakT, MpeaIecTBYIONUNA TEPHOIy BKIIOUEHHUS, HA3bIBACTCS
BKJIFOYAIOLIUM, a TIEPUOY OTKIHOUYEHUSI — OTKIIIO-

OO g Irea— HosMen maria

FAE M T YA HE g JarounM.
Faemesma | 1|2 rJ |“‘ | 5 fﬁ l 7 [3 r5' IMpumep. PaccMOTpUM IHMKIOrpamMMy pa-
58 35 60THI Tpy30BOTO ToABeMHNKa (puc. 20.3). I'py3o-
sg7 587 BOM MOJBEMHHUK C TEJIEXKKOM OT MOJaYM KPaTKO-
A, ﬂ’;:fgﬁ" S03 BPEMECHHOW KOMaHJbl KHOMKOW SB (Iryck) muer

Lx 3

Sq3 BBepX [KHomKa SB BkitouaeT koHtaktop "Brnepen"
5@ 2 s@z 54z KM1 (SB — KM1), nocie 4ero oTkirodaetcs (TakT
T E 1)]. B Hauanme ABMXKEHHUS OTKIIIOYAETCS HUKHUM

H T A AMT — o
manonsid| Kz Lo I KOHeuHbIH BhIKItOUaTenb SQ2 (takt 2). [Tocne no-
CTIDKEHHSI KpaifHero BEpXHETO MOJI0KEeHU s KaOnHa
Puc. 20.3. Ljukiorpamma paGoTbl BO3/ICUCTBYET HAa BEPXHUI KOHEUHBIH BBIKIIIOYA-
IPY30BOTO MIOAbEMHAKA tenb SQ1, KOTOpBIi aeT KOMaH [y Ha OTKIIIOUEHHE
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KM1I (taxt 3,SQ1— KM 1). Kontaktop KM otkmtouaercs (Takt 4). [Tocie BbIkaTa TEIEKKH OTKITFOYA-
€TCsl KOHEUHBIHN BeIKTIOYaTesb SQ3 (TakT 5) u Biroyaercst koHTakTop "Hazan" KM2, mogbeMHUK UIIET
BHU3 (TakT 6, SQ3— KM2), otkimrouaercs SQ1 (takr 7). [Tocne Bo3aeiicTBUsI BHU3Y HA HUKHUI KOHEU-
HBIH BeIKTIOUaTeNnbh SQ2 orkmovaercss KM2 (takr 8, SQ2— KM?2), kabuna octaHaBiuBaercs (TakT 9).

Tabauya cocmoanuii. Ynucno cTpok TabIUIBI COOTBETCTBYET YHCIY COCTOSHUM, YUCIO CTOJI0-
I[OB — YHCITy BO3MOXKHBIX KOMOWHAINI MEPEMEHHBIX; KpallHUH JIEBBIN cTON0OCI (PUKCUpyeT HOMepa HC-
XOJIHBIX COCTOSIHUH. B KJieTkax mpocTaBIsiOTCSI HOMEpa COCTOSIHUI, 00YCIOBIEHHBIX HCXOIHBIM COCTO-
STHUEM Y BO3HUKIICH KOMOWHAIMEH YIPABISIONINX TEPEMCHHBIX.

Tab6mwma 2.2 Tabiuia cocTOSTHUHN TPY30I0TbEMHHIKA
CocTOsHIe Knormnka Hwxunii Bepxuuii KB Konrakrop | Konrakrop
Ip. 1101 ITYCK KB KB BbIKaTa BBEPX BHU3
’ ' SB X1 SQ2 X2 SQ1 X3 SQ3 X4 KM1 Y1 KM2 Y2
1.Ctout 0 1 1 1 0 0
2.BBepx 1 1 0 0 1 0
3.Buus 1 0 1 1 0 1

I'pagh-cxema. 1lpu npepcTaBIeHNH UKIA B BUE Tpada B BepmmHax (OKPYKHOCTSIX) MPOCTaB-
JSI0TCSL HOMepa (KObl) COCTOSIHUIM. BepInHbI COeTUHAIOTCS CTPETKaMU, OTPAKAIOIIUMU EPEX0/Ibl U3
OJTHOTO COCTOSTHUS B Jipyroe. Hayx cTpenkamu 3amuchiBatoTCsi KOMOMHAIIMHY TIEPEMEHHBIX, 00YCIIOBIIHU-
BaIOIIUX TOT MEPEXO/I.

IIpumep. ITonbeMHMK NepeMenIaeTCs ¢ OAHOTO YPOBHS HA JAPYTrOM PEBEPCUBHBIM IIPUBOJOM,
BKJIFOUAEMBIM HCIIOJIHUTEIbHBIMU dJIeMEeHTaMu KoHTakTopamu KM u KM?2. Ilyck mogbeMHHKa OCY-
HIECTBIISICTCS 110 KOMaHJIE OT 3TaXXHBIX KHOMOK SB1, SB2, SB3, SB4. ABapwuiiHbie cCHTyaIliu MpeIoTBpa-
HIAIOTCS pelie Meperpy3ku, KOHEUHbIMHU BbIKItodarensimMu SQ1, SQ2 u xkoHTponeM 3aKkpbhITHS ABEpen
maxTel SQ3, SQ4. Bo3MoxHO cocTosiHMIA TpHU: | — ABMKEHHE BBEPX, 2 — IBM)KEHUE BHU3, 3 — KaOMHA
HEMOJIBUYKHA.

BBenem B paccMOTpeHHE CIENYIOIIHME KO-
ManoOHble nepemeHHble: TYCK BBepX [IB — HaxaThl
kaonku "Beepx" SB1, SB3 Ha mepBoM WM BTOPOM
sTaxke; Myck BHU3 [TH — Haxatbl kHOnkH "BHuz" SB2,
SB4 Ha mepBOM MM BTOPOM 3TaXe; €CTh pa3penicHne
JBUTAThCS BBEpX PB — 3aKpBITHI BCE JIBEPH, HE HAXAT
KOHEYHBIN BBIKITIOYaTenh SQL, HEeT meperpy3ku; ecTh
paspelieHue JBUTaThCsi BHU3 PH — 3aKkpbIThl Bce
JIBEPH, HE Ha)KaT KOHEYHBIN BBIKIItOUaTe)ib SQ2, HET
neperpysKu.

Ha pucynke 20.4 npencrasieH rpad, onucei-
BalOIIMHA paboTy noaseMHukKa. I'pad umeer Tpu Bep-
muHbl (coctosiHus 1, 2, 3). Ilyck u3 cocrosHus 3
(TTOabeMHUK HENOIBUXKEH) B cocTosiHUE | unu 2 (1BU-
JKEHUE BBEPX WJIM BHM3) OOYCIIOBJIIEH HAIUYUEM Tpe-
Oyemoii komanas! (11B wnu [1H), oTCyTCTBUEM MPOTH-
BONOJIOXKHOU (/1H wnu [1B) n HanuuueM pazpernieHni
(PB umu PH). OOpatHblii mepexoll 00yCIOBIEH
TOJIBKO OTCYTCTBHEM paspenienus (PB wim PH), To ects casitue 1B win [1H octaHOBa HE BBI3BIBACT.
Coxpanenue cocTosiHus 1 niam 2 00yciaoBIeHO TOJIbKO HannuueM PB unu PH, a coctosiHue 3 — UX OT-
cyrcTBUeM. B ckoOkax HaJl WM MO/ CTpEIKaMHU yKa3aHbl HOMepa KOMOMHAIMM epeMeHHBIX (TaKThl),
COOTBETCTBYIOIIME JTAHHOMY TIEpEXO0/y.

[IpencraBnenne TeM WM WHBIM 00pa3oM anropuTMa (QYHKIIMOHHUPOBAHHS TEXHUYECKOTO 00B-
€KTa 3aBHCHT OT CTETICHH WX OCBOCHHS U IPUOOPETEHHBIX HABBIKOB.

(1-6;8,9,11;
14-16)

Puc. 20.4. I'pad-cxema anropurma
(YHKIIMOHUPOBAHUS MOABEMHHKA
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CuHTe3 THCKPETHBIX AaBTOMATOB
OcHoOBHBIE 110JI0KeHHUS IBONYHOI ajaredpbl
OTHOUICHUSI MEXKAY IBYMsI 3JEMEHTAMH OTIPEACISIFOTCS OTHOIIEHHEM SKBHUBaJICHTHOCTH, 000-
3HaYaeMbIM 3HAKOM PABEHCTBA, M ONEPALMSIMH: CIOKEHUS (IUIBIOHKIMH), 0003HAYaeMOW 3HAKaMU
<+> unu <v> ,yMHOX€HUS (KOHBIOHKIINN) — <*> WU < A > U oTpunianus (naBepcun) — <HE> nmm <
>. [Ipu BBIITOJHEHUN BCEX TPEX OINEPALU OTHOIICHUS SKBUBAJICHTHOCTH OIIPEICISIFOTCS CICAYIONIMMA
BBIPAKCHUSIMHU:
0+0=0; 0-0=0; 0=t
1+1=1%  1.0=0; 1=0; (20.2)
0+1=1; 0-1=0;
1+1=1, 1.1=1;
OTH TIOCTYNATHI TO3BOJISIIOT 000CHOBATh 3aKOHBI IBOMYHON anreOpbl. 3aKOHBI OJIMHAPHBIX JJIe-
MEHTOB:
— YHUBEpCaIbHOTO MHOXKecTBa: x+1=1; x-1=x; (2.3)
— HYJIEBOTO MHOXECTBA! x+0=x; x*0=0. (2.4)
3akoHBI OTpHIIaHUs (Teopema Moprana):

- JIBOMHOTO OTPHUIAHUA: X=X (2.5)

— JIOTIOJTHUTEIIbHOCTH X+x=1 X-Xx=0; (2.6)
- IIBOHCTBEHHOCTH: X +X =X X5 XX =X +X,. (2.7)
3aKOHBI KOMOHUHAI[MOHHBIE:

— TaBTOJIOTHH: X+x=x; x-x=Xx; (2.8)

— KOMMYTaTHBHBIE UJIM IEPEMECTUTENBHBIE: X1HXo=Xo X1 X1-X2=X2:X1 (2.9)

— acCOIMaTHBHBIE UM COTJIACOBATE bHBIE:

(x1+x2) +x3 =X1+ (X2 + x3); (%1 -x2) -x3 = X1- (X2 - x3); (2.10)

— JUCTpUOYTUBHBIE WK paclpeaeInTeIbHbIE:

x1-(x2+x3)=XeX2 + X1-x3,  x1+ (X2 -x3)= (x1+x2) + (X2 +x3); (2.11)

— aOCcopOIMK WK MOTJIOIICHUs: X1 + X1 X2 = X1, x1 + (Xe+X2 )= Xq;

— CKJICUBAHMA: X1-X2 + X1- X, = X1.

CuHTe3 KOMOMHAIMOHHBIX AaBTOMATOB

JUig co31aHus CIOXHBIX KOMOMHAIIMOHHBIX aBTOMAaTOB MCHOJIb3YIOT 3JIEMEHTapHble KOMOMHA-
IIMOHHBIE aBTOMAThI (JIOTHYECKHE DJIEMEHTBI), KOTOPBIMH pean3yeTcs (pyHKINOHAIBHO MOJIHBINA Ha0Op
JBOMYHBIX (YHKIMH. D1eMeHTapHbIM KOMOMHAIIMOHHBIM aBTOMATOM Oy/ieM Ha3bIBaTh aBTOMAT, peaju-
3YIOIIUHN JIOTHYECKYIO (YHKIMIO IBYX NTEPEMEHHBIX.

CuHTe3 KOMOMHAIIMOHHBIX aBTOMAaTOB HAUYMHAETCA C CO/EPKATEILHOTO ONMUCAaHUS (QYHKIIMOHHU-
pOBaHUS 00BEKTA M COCTABJICHUS TAOIULbI HCTUHHOCTH.

Jljig mosTyueHusi aHaAJIMTUYECKOTO BBIPAXKEHMSI, ONPEIEIIAIONIEro HEOOXOJUMYIO0 CTPYKTYpPY aB-
TOMaTa, 3alUCBIBAIOTCS UCXOAHbIE (POPMBI MEPEKITIOUaTeTbHON (QYHKIIUN B BUJ/I€ COBEPLICHHOMN IU3b-
IOHKTUBHON HOopManbHON (opMbl (CJH®) unu coBepiieHHON KOHBbIOHKTUBHOW HOPpMaJIbHOM (OpMBI
(CKH®).

JIn3bIOHKTUBHAS HOpMalibHAs opMa MPECTABIsAET COO0M TU3BIOHKIUIO (CYMMY) MUHTEPMOB,
a KOHBIOHKTHBHAsI HOpMaJibHasi popMa — KOHBIOHKIIMIO (IIPOM3BEIEHUE) MAaKCTEPMOB.

Munmepmom I KOHCTUTYIHTON €IMHULIBI HA3bIBAETCS JJOrHuecKasi (pyHKIINS, TPUHUMAIOLIAs
3HayeHue 1 TOJIBKO Ha OAHOM Habope nepeMeHHbIX. O0pa3yeTcs KaKk KOHBIOHKIMS BCEX BXOJHBIX Ie-
PEMEHHBIX C OTPHIIAHHEM TEX, KOTOpble B JAaHHOM HalOope paBHbI HYNO. YHCIO MHUHTEPMOB PaBHO
quCITy HaOOpOB.

Makcmepmom WM KOHCTUTYIHTOM HYJS Ha3bIBaeTCs Jiorhyeckas (yHKIUS, MPUHUMAOIIAs
3HayeHue 0 TOJIBKO Ha OIHOM Habope nepeMeHHbIX. O0pa3yercst Kak TU3BIOHKIUS BXOIHBIX TIepEMEH-
HBIX, TJIe IEpEMEHHbIE JAHHOTO Habopa, paBHbIE 1, B3STHI C OoTpUllaHueM. UHCII0 MaKCTEpMOB paBHO
qHCITy HaOOPOB.
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Jlse smu ghopmwr sxeusanenmuol. Ilpu munumusayuu y0ooHo noavzoeamocs CHHD.

PaccMoTpuM MeTOZIbl CHHTE3a aBTOMAaTOB C MUHMMAJIBHBIM KOJIMYECTBOM 3JIEMEHTOB, KOTOPBIE
Ha3bIBAIOTCS MUHUMAJIBHBIMU WJIM ONITUMAJIBHBIMU.

IIpumep. PazpaboraTh aBTOMAT, pearupyrouuil He MEHEE YEM Ha JIBa CUTHAJIa U3 Tpex (Maxko-
pPHUTapHBI aBTOMAT).

Tabmuma 20.3 Tabiniia UICTHHHOCTH aBTOMATa

X1 0 1 0 1 0 1 0 1
X2 0 0 1 1 0 0 1 1
X3 0 0 0 0 1 1 1 1
y 0 0 0 1 0 1 1 1

1. ITo Tabnuile ICTUHHOCTH 3anuchiBaeTcs jorudeckas ¢pynkuus B popme CAHD. Yucno cna-
raeMbIX PaBHO YMCILy HAOOPOB, T1Ie CHHTE3UpyeMast PYHKIUS paBHA 1, a UUCIO COMHOKUTENEH B KaX-
JIOM CJIaraeMOM — YKCIy aprymeHToB. Hax aprymentaMu, NpMHUMAIOIIUMU B JaHHOM Ha0ope 3HaUeHHe
0, cTaBUTCS 3HAK OTPULIAHUS:

Y = XX X5 4 X X X5 4 X X X5 4+ X X X5 (20.12)

2. Munnmmsarus CJHH®. IlpowsBoautrcs Hawmboyiee MOMYJISPHBIM (TaOJMYHBIM) METOJOM
Kyaitn-Mak Jlacku (cymectByrot Takxke metoasl Kapuo, Kpaitna [12]).
2.1. Ananmu3upyem TabIUIly HICTUHHOCTH:

Tabmauma 20.4
Noctpoku| X1 | X2 | X3 y MuHTepMm Kon-Bo ennnnn
1 0 0 0 0
2 1 0 0 0
3 0 1 0 0
4 1 1 0 1 X1 X5 X3 2
5 0 0 1 0
6 1 0 1 1 X X5 X5 2
7 0 1 1 1 X X5 X3 2
8 1 1 1 1 X X2 X5 3
2.2. I'pynnyupyeM MHUHTEPMBI 110 KOJTUYECTBY B HUX €IMHMUIL:
Tabnuna 2.5
Ne rpynmer | Ne ctpoku X1 X2 X3 | Kon-Bo ennnun
1 4 1 1 0 2
1 6 1 0 1 2
1 7 0 1 1 2
2 8 1 1 1 3

2.3. [Ipousseaem 00beIMHEHHUE CTPOK KAXKIBIX MIPEIBIIYIIUX U MOCIeAyomux rpymnm. O0neam-
HSIIOTCS CTPOKH, B KOTOPBIX Kakoi-11b60 X paznuuaercs 3HaueHueM (0 unu 1) — emescruvle munmepmol.
Takoit X 0003HaYaeM 3HAKOM «+):

Tabnuua 2.6
NeNe ctpoxk X1 X2 X3 Komn-Bo ennnmIg
4,8 1 1 + 2
6, 8 1 + 1 2
7,8 + 1 1 2

2.4. IlpousBouTcst 00bEIMHEHHE CTPOK C COBIAIAIONIMMH MO3UIUAMU «+». B Hamem npumepe
TaKUX HET.

2.5. I3 ABYX CTPOK C COBMAJAIOIIMMU MO3UIUSAMH «+» OCTaBJISIEM TOJIBKO OJIHY.

[IpuBenennsIii Boimie anroput™ MuHuMu3zanuu C/IH® no3BossieT noayduTh Cleayouyo JoTU-
4eCKyI0 (YHKILHIO aBTOMATa:
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Y = X1X2+X1X3+X2X3 (20.13)
3. ABykparHoe uneptupoBanue CAH® (nepexon B 6a3uc Llleddepa):

4. IlocTpoeHue JOrH4eCKON CXEMbl aBTOMATA!

"‘T Ap X3

Pucynoxk 20.5. Jlornueckasi cxema aBToMaTa

CuHTe3 nocjIe10BaTeJIbHOCTHBIX ABTOMATOB

[TocnenoBaTenbHOCTHBIE aBTOMAThI OCYIIECTBIIAIOT IPeoOpa3oBaHUE ABOMYHBIX BXOIHBIX IEpe-
MEHHBIX HE TOJIBKO C YYETOM TEKYIell KOMOMHAIMK Ha BXO/IE B JAHHOM TaKT€ aBTOMaTHOI'O BPEMEHH,
HO U C YYETOM TOT'0, YTO ObUIO B MIPEIBIIYIINX TAKTAX.

Co3naHue mociuen0BaTeIbHOCTHOIO aBTOMAaTa, CIIOCOOHOIO 3allOMHMHATh IPEIIECTBYIOLIME
JAHHOMY TakTy KOMOWHAI[MM CUTHAJIOB Ha BXOZE, 00eCeynBaeTcss HAIMYMEM B KOMOMHAIIMOHHOM aB-
TOMAaTe HE TOJBKO BHEIIHUX (pabounx) BX0/10B X U BBIXOJO0B Y, HO M BCIIOMOI'aTEIbHBIX (BHYTPEHHHUX )
HEepEeMEHHbIX Z, KOTOpbIE JOJKHBI UMETh BO3MOKHOCTD JaBaTh PA3JIMYHbIE KOMOMHAIIUY JUIS KaXKI0r0
TaKTa, MOJJIEXKAIEro 3alIOMUHAHMIO, U PEATU3yEMbIX B BUJIE 0OpAaTHBIX CBsI3ed. DTH BHYTPEHHUE IIepe-
MEHHbIE, II0JJaBaeMbl€ Ha BX0J{ KOMOMHALIMOHHOM CXEMBI, KaK Obl KOPPEKTHPYIOT PE3YJIbTAT OT BO3/EH-
CTBUS BHEIIHUX BXOJIOB, YUYUTHIBAsI IPEABIAYIINE CUTYALUH.

Takum o0pa3oM, 3a1a4a BHEIIHUX BXOJIOB — 3a/1aTh TEKYIYyI0 KOMOMHAIUIO, 2 BHYTPEHHUX —
COXpPaHUTh M 33/1aTh Ha BX0/I€¢ KOMOWHAIMIO, OJHO3HAYHO COOTBETCTBYIONIYIO C(hOpMUPOBABIIEHCS Ha
BBIXOJIE B IPEAbIAYILEM TakTe (KOAUPYIOUIYIO ee). B 3Tom cityuae BbIxoaHas KoMOMHaLus Gopmupy-
€TCsl C YUEeTOM IpebIAyIIero TakTa. B cneayromiem TakTe BHyTpEHHUE IEpEMEHHbIE BHECYT OUEPEIHYIO
KOPPEKTHBY (eciIM UX KOMOMHanus OyAeT OTIMYHA OT Mpeablayliel) 1, cael0BaTelbHO, HOBbIE 3HaYe-
HUS BBIXOJIOB YK€ HECYT B ce0Oe cieibl IBYX MPEIbIIyIUuX TaKTOB U T.A. KonnuecTBo Takux coCTOSHUN
M BHYTpEHHMX NMEPEMEHHBIX Z Ha3bIBACTCS 6€COM TOCIIEI0BATEIbHOCTHOTO aBTOMATA.

Yucno BHYTpEHHUX NIEPEMEHHBIX Mz, 00eCTIEUNBAIOIIUX BO3MOKHOCTh KOAUPOBaHUs Bcex M co-
CTOSIHUI, Ha3bIBaETCsl 00bEMOM NaMATH aBTOMATa U PaBHO:

m; = logzM. (20.15)

BHemHUMHU BXOAHBIMU NEPEMEHHBIMU aBTOMAaTa OIPENEISETCS KOJIMYECTBO €r0 BO3MOKHBIX
BXOJIHBIX KOMOWHaIM{, a BHYTPEHHUMHU — 4epe3 CKOJIbKO KOMOMHAIMi BHENIHMX HAYWHAET MOBTO-
pATbCA KOpPEKIHs BHYTpeHHUMU. Tak, eciu my = 3 1 M; = 2, To aBTOMAT OyeT UMETh BOCEMb COCTOS-
HUU C TOBTOPSAIOLICICS KOPPEKIUEN Yepe3 YEThIPE TaKTa.

CrencTBueM 3TOrO ABISETCS XapaKTepHas 0COOEHHOCTh MOCIEI0BATEIbHOCTHBIX aBTOMATOB: Y
HUX BCJIEJICTBUE KOPPEKIMHU Z BO3MOKHBI pa3Hble KOMOMHAIIMHN BBIXOJO0B MPU OJUHAKOBBIX KOMOMHA-
LUAX HAa BHEIIHUX BXOJaX. TEXHUUYECKUX BapUAHTOB peaIN3aluy Jake MPOCTHIX MOCIIEN0BATEIbHOCT-
HBIX aBTOMAaTOB MOKET ObITh OY€Hb MHOTO. JIOCTaTOYHO HarjsJHON SBJISETCS CXeMa MOCIe10BaTeb-
HOCTHBIX aBTOMATOB, IPUBE/JICHHAsI HAa PUCYHKE 2.6 U MpeCTaBIsionas coooil Hanbonee o0muii ciy-
qau.

Bxozp! X ' orukoii KoMOMHAIMOHHOM cxeMbl GOPMHUPYIOT BHIX0B! Y ' B 1anHOM TakTe. B dop-
MHUpOBaHHH Y ' TIPH 3TOM y4acTBYIOT BHYTPEHHHE TIepeMeHHble Z U1 | KOMOMHAIHS KOTOPBIX CHOPMH-
poBanach B ripeabiayiem Takte t-1. [lepementsie Z copMupoBanuch y3nom ynpapieHus 00paTHIMH
cBsa3simu (OC) B 1ienu o0paTHOM CBSI3U, KOTOPBII MOXET BKJIIOYATh: KOMOMHAIIMOHHYIO JIOTHKY, Bpe-
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MEHHBIE 3aJICP’KKH U CHHXPOHU3 YoM BxoA. Kak BugHo n3 cxembl, uMeHHO OC obecrieunBaeT «3aro-
MUHAHUE» MyTeM MpHeMa Ha BXOJI BEIXOAHOW KOMOMHAIIMY aBTOMATa B JAHHOM TaKTe U Mepeavy ee C
BPEMEHHOM 3a/IEp>KKOI Ha BXOJbl ABTOMATa B CJICAYIOIIEM TaKTeE.

PazpsiB nienu OC npeBpaiaeT mocie10BaTeIbHOCTHBIE aBTOMAThl B KOMOMHAIIMOHHBIE. Bax-
HYIO POJIb UTPaeT XapakTep 3auepxkku: eciau 6ok OC uMeeT CHHXPOHM3UPYIOIIUA BXOJ, «OTIHPAIO-
HMIMI» U «3aMUPAIOLINI 1IeTTb 00paTHOW CBSI3U B KQKJOM TaKTe, — 3TO CHHXPOHHBIN aBTOMAT.
V mero paBeHcTBo Z "1=7 ' HacTymaer Tonbko mocie

FPabhayue ﬁg”ﬁﬂyﬂ!{lﬂﬂﬂﬂﬂy Pabdovue

Bxpin EXEMI Brixodn «OTHUPAHUS CHHXPOUMITYJIBECOM IIETIH 0OPATHON CBSI3H.
— = braronapst oOpaTHOM CBsI3U TOCIIEIOBATEIIHHOCTHBIC
it — . - YI aBTOMAThl 00JIAJIAlOT CIENU(PUICCKUM CBOWCTBOM, Xapak-
L] L]
: TEPHBIM JUIS 3aMKHYTBIX CUCTEM YIPaBJICHUS — OHU MOTYT
-—* > OBITh YCTOWYMBBIMUA U HEYCTOMYMBBIMHU. Y CTOWYUBBIM Oy-

JAE€M Ha3bIBaTh COCTOAHHEC, KOT'Ja KOMGI/IHaLII/ISI BbIXOJ0B MC-

é i ( ' é . HSIETCS JIMIIb BCJICACTBHE H3MEHEHUs Bxoa. HeycToiiunBbie

E" . - <L . Eﬁ ABTOMATBI MOT'YT IOCJIC YCTAHOBJICHHS KOMOMHAIIMH BXOJIOB

N %E HECKOJIbKO pa3 MEHSATh KOMOWHAIIMIO HA BBIXOJE, MPOXOIS

:-‘;E éal P83 PN HEYCTOMYMBBIX COCTOSHUM. TakoM IPOLECC MOXKET 3a-

g% Y361 ynaabnenus Ea:‘ BEPIIUTHCS IEPEXOIOM B YCTOHUHNBOE COCTOSIHUE (3aTyXaHHE

E“-if . (rocuxa ' 83 KosiebaHui) OO0 TPOMOIIKATHECS HEOTPAHWUYCHHOE BpeMs
x| ., | «dpemennnie |, |R3 (aBTOKONE6AHMS).

Jagepxrt) ¢ Paccmot 0 0 -

PUM ATarbl 6osee 00IIeTo CHHTE3a TOCIE0

1ﬂaﬁxﬂﬂﬁm?ﬂﬂyl‘ﬂ- BaTEJIbHOCTHOI'O aBTOMAaTa, y KOTOPOIr'o II€peXo U3 OJHOIO

wud cuesan COCTOSIHMS B IPYTrO€ 3aBUCUT HE TOJILKO OT IPHXOJ1a 0O4epe -

HOT'O TAaKTOBOT'O UMITYJIbCA, HO U OT YCIIOBUH, CPOPMHUPOBAH-
Puc. 20.6. Cxema II0CIEI0BATENBHOCTHOTO  HpIX «BHEIIHEH» JIOTMKOH — paslIMYHBIMM JATYMKAMH H
aBTOMaTa BHEIIHUMHU YIIPABJISIFOIIUMHI KOMaH/IaMu.

Oman 1. CoctaBuM OnMcaHue UK (QYHKIIMOHMPOBAHUS MEXaHU3Ma HIIM arperara, JJisi aBTo-
MaTu3alyd KOTOPOro pa3padaThIBAaeTCsl aBTOMAT. Y CTAHOBUM KOJIMYECTBO COCTOSIHUH (TaKTOB), KOTrza
HE MEHSIOTCSI COCTOSIHME HHM OJJHOTO JMCKPETHOTO MCIIOJHUTEIFHOTO 3JIEMEHTA, COCTABIISIONISE [IUKIT
paboTHl MEXaHU3Ma, ¥ MPUYMHBI IEPEX0/ia U3 OJJHOTO COCTOSHHSA B IPYTOE.

B 3aBHCHMOCTH OT IPHYMH MOKET MEHSTHCS ITOCIIEIOBATEILHOCTh CMEHBI COCTOSTHU M, HO HE MX
HOMeHKJarypa. [lo mpuunHamMu nmoHMMaercs cpabaTblBaHUE Kakoro-au0o AaTdvka WM KOMaHIHOTO
opraHa JJn00 U3MEHEHHE KaKOTro-JIM0O COYeTaHusl X COCTOSTHMNA. Hampumep, B ONTMCaHNU IIUKIIA yCTa-
HOBJICHO, YTO IIMKJI COCTOUT U3 IMSATH TAKTOB (COCTOSHUM a, ..., as), MEPEX0bl KOTOPBIX 00YCIOBIEHBI
pa3TMYHBIMU COUYETAHUSIMHU KOMaH] OTIepaTopa X1 — X3 M CUTHAJIOB AATYUKOB Z1 — Z4 (cM. puc. 20.7, a).

Aman 2. CoctaBuM (hopManbHbIi NOPTPET, OTPAKAIOUINNA BCE pealbHO BO3MOXKHbIE MEPEXO0/IbI
U3 OJTHOTO COCTOSIHHS B JIPYTO€ U yCIOBUS ITHX 1epexo10B. OH MOKET OBITh COCTaBJICH B BUE TAKTO-
BOM TaOIMIIbI, CTPYKTYPHOM CXEMBI QITOPUTMA WU B BUE Ipada, BEpLUIMHAMU KOTOPOTO SABJISIOTCS CO-
CTOSIHUS, a pedpa OTpaKaroT MPUYHHBI IIEPEX0/1a U3 OJHOTO COCTOSTHUS B Apyroe. Hax peOpamu 3amm-
caHbI JIOTHYECKUe ycsioBus nepexona. Ha pucynke 2.7, 6 moka3zaH BO3MOXKHBIM BapHaHT Takoro rpada.

Oman 3. IlpousBeaem KoAUpOBaHUE COCTOSTHUI. UTOOBI aBTOMAT «3HA» KaKOe B JAHHOM TaKTe
COCTOSIHUE, OH JIOJKEH UMETh y3€ell, Ha BBIXOAaX KOTOPOro MOsABIseTcs 1 B 3aBUCUMOCTH OT COCTOSIHUSA,
a UMEHHO: Ha TIEpBOM — IIPH a1, HA BTOPOM — TIPH @2 U T.J. TaKUM y3JIOM MOXKET OBITh JemudpaTop ¢
TpeMsi Tpurrepamu Ha BxoJie. [Ip1 KoaupoBaHUM COCTOSIHUN Ka)kKJJOMY COCTOSIHUIO CTAaBUTCSI B COOTBET-
CTBHE KOMOMHAIINS COCTOSTHUN BBIXO/IOB TPUTTEPOB. UTOOBI 3aKOAMPOBATH MSITH COCTOSIHUI, HY>)KHBI TPH
Tpurrepa c Beixogamu Qo, Q1, Q2:

He ncronb3yroTcs elre TpH BO3MOKHBIX COCTOSIHHS 3-X TpUrTepos (2°= 8)

Iman 4. CoctaBuM TabIMIly epexo1oB (cM. Tabu. 2.8), B KOTOpOil Ha OCHOBaHMU Tpada oTpa-
3UM TIePEX0]] KKIOTO BBIXO0JIa KAKIOTO TPUTTEPA TPU BCEX BO3MOXKHBIX IEPEX0JIaX aBToOMAara U3 OjI-
HOT'O COCTOSTHUS B Jipyroe. B tabiuie ykakeM JIOTHYECKUE YCIOBHS KaXJI0TO Mepexo/1a U COCTOSHUE
BX0710B JK Ka)X/I0TO TpHUTTepa MPU M3BECTHOM IIEPEXOJIE €T0 BBIXO/a, XapaKTEPHBIE TOJIBKO JIJIS BBI-
6pannoro JK-tpurrepa.
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—> —>
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a)

Puc. 20.7. IlocnenoBaTeIbLHOCTHBIN aBTOMAT:
a) cxeMa Bo3JeucTBus; 0) rpad-cxema

Tab6mua 20.7
Co-
CTOSTHHE Qo Qu Q2
al 0 0 1
a2 0 1 0
a3 0 1 1
a4 1 0 0
ad 1 0 1
Ta6nuia 20.8
HUcxonnoe Ko nexon- HoBoe co- | Kox HoBoro | YcioBus CocTosHne BXON0B TPHITCPOB
HOTO COCTOSI-
COCTOSIHHE st crosiuue | cocrosHus | nepexoma | Jo | Ko | J1 | K1 | J2 | K2
a2 010 X1X2’7Z1 | ~ 1 1 ~ 0 ~
al 001 a3 011 XI'X222 | ~ |0 | 1| ~]0 ]~
al 011 71’ 1 ~ ~ 1 0 ~
a2 010 a3 011 Z'72 |1 | ~ |~ 0] o0~
a3 011 ad 100 72°X3 ~ 1 ~ 1 1 ~
a4 100 ad 101 Z3X3 1 ~ 0 ~ ~ 0
ad 101 al 001 71°’72°73 | ~ 0 0 ~ ~ 1
Pa6ora JK-Tpurrepa onpenensiercs cieayromieil Tabauiei CocToSHU:
Tabmuma 2.9
J K Qn+1 / Qn+1
0 0 Qn | /Qn
1 0 1 0
0 1 0 1
1 1 /IQn | Qn

Oman 5. 1o Tabmune nepexona (Tabin. 2.8) 3anuiieM JTOTUYECKHE YPAaBHEHHS, CBS3BIBAIOIINE
BXOJIbl TPUITEPOB C KOMaHIHBIMU BXOJAMHU X CUTHAJaMU JAaTYUKOB Z U BBIXOJaMU TpurrepoB Q gepes
nemudpaTop coCTOSHUMN. 3anKch ypaBHEHUH TPOU3BOIUTCS CIAEAYIOUIMM 00pa3oM: Il KaXKA0Tr0 BX0oAa
Ka)KJ0ro TpUITEpa AJis IEPEXOA0B, II€ JAHHBII BXOJI paBeH 1, 3anuceIBaeTCs NPOU3BEIEHUE HCXOTHOTO
COCTOSIHMS Ha JIOTMYECKOE YCIIOBHE €T0 MEPEX0a B MOCIEAYIOIIEE.

VYpaBHEHMSI UMEIOT BUI:

99



Jo=a,(Z,+72,2,) + ,2,%, = 8,Z, + 8,Z,Xs ;
Ky =X X,Z, +8,Z,X; ;

J =a72,%,2 + X %,2, ;

K, =a,Z, +,Z,X; ;

J, =a;7,X; ;

K,=a727,7,

(20.16)

[Tonyaennsrii aBromar (puc. 20.8) MoxeT o0ecneynTh MATUTAKTOBBIA ITMKJ YIPABICHUS Ka-
KUMHU-TM00 UCIIOJIHUTEIBHBIMU dJIeMeHTaMU. VX He MokeT ObITh MeHee TpeX (UTOObI MOTYYHIIOChH MSATh
pa3HBIX COCTOSIHU), HO O0bIIe MOKeT ObITh (10, 20 U T. 1.), TO €CTh KaXKJI0€ COCTOSHUE OyIeT OTIIH-
4aThCsl KOMOMHAIMEH BKIIOYEHHBIX U OTKIIFOUEHHBIX 3JIEMEHTOB (CTAHKOB, MEXaHU3MOB).
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Hoz

Us8

"a as
a _ | & ai [asfas
_ — 11 1
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2 — Jo| To | Qo as
asg __| & —.»CO @
7] 1 < 7] afte—
X3 __| 0
ar __| _y a
w_ | & S 33 ‘
X2 1 S
71 | \]1 Tl Ql § a2 | |
— |~
as__ 2 | C: ( Qi |
2 1 K1 S ale——
X3 __| || §
V
N [
Jz T2 Qz
ai | e
x| & _
Xo | —p|C: Q2
77 | C
Ko —O
as |
ol &
77 —]
77— —-C

Puc. 2.8. DnekTpuueckas cxema apTomara
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2.3. [Ipumep goruveckoii moxesau padorsl 'AY
2.3.1. Oomee onucanue 'AY
PaccmoTpuM mpuMep JIOrH4ecKoro MoAeIMPOBaHUs CUCTEMBI yripaBiieHus 'AY 11s u3rorosie-
Hus aeraneil Tuna «Kopoyey». [InanupoBka ydacTka mpezacraBieHa Ha pucyHke 2.9. Benomocts 0CHOB-
HOT'O U BCIIOMOTAaTeNIbHOTO 000py10BaHus npuBeaeHa B Tabmnuie 2.10.
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Tabnuma 2.10
BenomocTts 000pynoBaHusi IPOU3BOJCTBEHHOIO YUacTKa
Nem.ii. | HammenoBanue Mopnems
TokapHbIi1 00padaTHIBAOIIHIA IEHTP INTEGREX 200 Il ST
PoOoT HanobHbII MI10OI1.62.01
PobGot nopraneHbIii CM40®2.80.01
PoGot-mrradernep PIII-500
ABTOMaTH3UPOBAHHBIN CKIIAJT AC-50
CKJ1a1 TOTOBBIX JeTajIei
Cku1az 1151 3ar0TOBOK
Croi1 cOOpKH-pa300pKH Taphl
Komnsetiep m1st yOOPKHU CTPYKKH
[IIkad snekTpoaBTOMATHKN
ITynsT ynpasnenus 'AY
KonTposbHbIii cTomn
Mecro otpixa
[xad-cTemmax
Io3riwist 3arpy3Ku-BBITPY3KH

5
:
:

O[NP |WIN|F-

[EEN
o

[EEN
[EEN

[EEN
N

[EEN
w

[EEN
IS

NG OV o P TN 1T I P N T N TSN IR [ N N

[EEN
a1

3aroToBkH B Tapax (cM. puc. 2.9), coOupaeMsIx B 1103. 9, MOCTYNAOT HAa XpaHEHHE Ha aBTOMAaTH-
3UpOBaHHBIN CKJIaja 4 U 110 TPeOOBAHUIO BBIIAIOTCS HAa MO3ULMIO BblIauK ckiaja. [lopransHbiil poboT 3
3a0MpaeT Tapy CO CKJIaJa U 3arpykaeT OJHY U3 IBYX MO3MIMN 3arpy3Kd MHOTOLIEIEBbIX CTAaHKOB. /IBa
HAIOJIBHBIX po00Ta 2, KaXKIblii 3 KOTOPBIX OOCITY>KUBAET 3arpy3Ky-pa3rpy3Ky IBYX MHOTOIIETICBBIX TO-
KapHbIX CTAaHKOB 1, MOIITYYHO 3a0UpaIOT 3ar0TOBKHU C IPUEMHBIX NO3ULUH CTAHKOB M, 10 OKOHYaHUU
00paboOTKH, YKIIAJABIBAIOT TOTOBBIC ACTAIHM B Tapy Ha pa3rpy304HbIX mo3unusx 15. [Ipu 3amomnennn
Tapbl FTOTOBBIMHU M3/EIMSIMU NOPTAIBHBIN poOOT AOJIKEH 3a0paTh Tapy ¢ pa3rpy304YHbIX MO3ULMN U 1e-
penartb ee Ha aBTOMaTU3UPOBAHHBIN CKIIAI.

2.3.2. [IpoekTHpOBaHUE MaTepHAIbHBIX NOTOKOB ['AY
B coctaBe 'AY (QyHKIIMOHUPYIOT IECTh UCTIOTHUTENBHBIX SJIEMEHTOB, BBITOIHSIOMINX 3a/1a4H
nepeMenieHus u GopmMooOpa3oBaHUs 3arOTOBOK | JeTalieit 00IbIIoi HoMeHKIaTyphl. B Tadmmme 20.11
3aKOJIMPOBAHBI U OMHMCAHBI JOKABHBIE 33/Ia4H KaXKIOT0 AJIEMEHTa, KOTOPhIE 33JJal0TCS B BUJIE yIIPaBIIs-
IOIUX MTPOTPAMM ITPH HaJaJIKe 000PYyI0BaHMUS.
Tabnuma 20.11  IlepeueHb COCTOSIHUI HCTIOHUTENBHBIX 271eMEHTOB ['AY

Ne | Kopgco- | O6o3HaueHnue Onucanue 3a1aun
I.II | CTOSHHS JIIEMEHTa COCTOSIHUS DJIEMEHTA
dnemenm 1 Aemomamu3zupoeannslii CK1ao noo ynpasienuem poooma-uimaoenepa

1. 001000 CPILI1 besneiictBue pobora-mrabenepa

2. 001001 CPLLI2 Br1ate Tapy 3ajaHHOro Kojia Ha B0y no3umuo AC
3. 001002 CPLI3 [TpunATE Tapy 3aanHOTO KO/Ia ¢ mprueMHoi mosummu AC
4. 001003 CPI114 3arpy3uTh MO3UIMIO KOMIUIEKTOBAHUS TApOW 3aJJAHHOTO KOJIa
5. 001004 CPLI5 Pasrpy3uTh Mo3uIMI0 KOMIUIEKTOBAHUS Taphl 33JAHHOTO KOJa
6. 001005 CPIII6 Beigate Tapy geraneit co ckiaaa

7. 001006 CPLI7 [IpuHATH Tapy 3arOTOBOK Ha CKJIA]]

Inemenm 2 Ilopmanvuwlit npomvluiieHHbLIL POOOM

8. 002001 CIIP1] besnelicTBre opTaIbHOTO poOOTa

9. 002002 CIIP2 3abpath Tapy ¢ Beiatoniei moummu AC

10. | 002003 CIIP3 [ToytokuTh Tapy Ha MpUEeMHYIO mo3utnio AC

11. | 002004 CIIP4 3arpy3uth npueMHyto noszummo MC1

12. | 002005 CIIPS 3arpy3uth npuemMHyto mo3uiuo MC2
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Ne Koxg co- | O6o3HaueHue Onucanue 3amauu

ILII | CTOSIHUS 3JIEMEHTAa COCTOSIHUS 3JIEMEHTA

13. | 002006 CIIP6 Pasrpy3uts npuemuyto nosurmo MCI

14. | 002007 CIIP7 Pasrpy3uts npuemnyto nosurnmo MC2

15. 002008 CIIPS 3arpy3uTh Bbiarontyro no3umuo MC1

16. 002009 CIIP9 3arpy3uTh BhIAAONTYIO To3uni0 MC2

17. 002010 CIIP10 Pasrpy3uts Beigaromnryro nosunuo MC1

18. 002011 CIIP]1 Pasrpy3uth Beigaromnryro nozumo MC2

Inemenm 3 Hanonavnutit pooom cmanka 1

19 003001 CHIII1 bes3neiictBue podoTa

20. | 003002 CHIII?2 3arpy3uThb 3aroTOBKY B JIeBbIN mmuHaeas» MC1

21. 003003 CHIII3 3abpath netanp u3 npaoro mmuHaens MC1

22. 003004 CHII14 CwMmeHa cxBara I10J 3aJaHHbBIA KO JIETaIn

Inemenm 4 Hanoavnulit pooom cmanka 2

23 004001 CHII21 besneiictBue podoTa

24. | 004002 CHII22 3arpy3uTh 3aroTOBKY B JIEBBIN mmuHaeIs MC2

25. | 004003 CHII23 3abpath nerans u3 npaBoro mmuHaenss MC2

26. | 004004 CHII24 CmMeHa cxBaTa 110/, 3aJaHHbIA KO/ JeTaIu
Inemenm 5 Toxapuwiit oopadamuviearowiuii yenmp 1 (MCI)

27. | 005001 CCll1 Bbesneiictene MC1

28. | 005002 cCil? OO0paboTka neTany 3aJaHHOTO KoJa

29. | 005003 CCIl3 CMeHa ynpaBIisonei mporpaMmmel

30. | 005004 CcCl4 OxuaHue mogHaIa K TEXOCHACTKH

31. | 005005 CcCl5 O>xuanue pasrpy3Ky TOTOBOM JeTasH
Inemenm 6 Toxapuwiit oopadamuiearouiuii yenmp 2 (MC2)

32. | 005001 cC21 Besneiicteue MC2

33. | 005002 cc22 OO0paboTka neTany 3aJaHHOTO KoJia

34. | 005003 CcC23 CMmeHa ynpasJstonei mporpaMmel

35. 005004 CcC24 Oxkuaanne NogHaJIagK!d TEXOCHACTKHU

36. | 005005 CC25 O>xuzianue pasrpy3Ku roTOBOM J€Talu

IIpoexTupoBanue HHGOPMALHOHHBIX NOTOKOB ['AY

Jlnst ynpaBieHHs TEXHOJIOTMYECKUM 000pyioBaHHeM B cocTaBe 'AY Heo0X0auM KOMITIEKC Hc-
TOYHHKOB MH(OPMALIUU O PEaJTbHOM COCTOSIHUM KaXJI0T0 UCIIOJIHUTEIBLHOTO JIEMEHTA, a TaKXKe o0Iiee
YIPABIAIOLIEE YCTPONHCTBO, KOTOPOE NPUHUMAET PELIEHUE O 3aIyCKE TOTO WJIM MHOTO COCTOSIHUS KaX-
JIOTO UCTIOJTHUTENBHOTO AJieMeHTa. @YHKIIMY UCTOYHUKOB HH(OPMALIUU O COCTOSIHUU UCITOJIHUTENIBbHBIX
AJIEMEHTOB BBINOJIHAIOT JaTYUKHU. Ha yyacTke NpUMEHSAIOTCS CIEAYIONINE TaTYUKH.

KonTakTHbIe 1aTUuKH M0J10KkKeHus (puc. 2.10) oTiinyaroTcss MEXaHUYECKUM BO3JIEHCTBUEM T1e-

Tun 1

-

[

0

1

7—>

uri
Puc. 2.10. KonTakTHbIit

PEKITIOYAIOIIETO YIIopa Ha YyBCTBUTEIBHBIN d71eMeHT. OOBIUHO 3TO
pBhIYQKHBIE BBIKIIIOYATENH, MPOCTHIC U JCIIEBbIC, HO MOBEPKEH-
HbIe MEXaHUYECKOMY U3HOCY M HE CIIOCOOHBIE paboTaTh MPH OBICT-
PBIX IIEpEMEICHUSIX 00BEKTA.
TakTuabHbIi 1aTunk (puc. 2.11) KOHTAaKTHOTO JaBIEHUS,
HE MMEIONUH myna. MaTpuiia JaTYMKOB KOHTAKTHOTO JIaBJICHUS
pa3Melaercsa Ha II0CKOM MOBEPXHOCTH U CIY>KUT JIJIsl pac-
MO3HaBaHUs POPMBI Kacaromerocs ee 00bexra. JlaTank KoH-

TaKTHOTO JaBJIEHUS] MOXKET OBbITh BBHINIOJIHEH B BUIE MaT-
~R PHIBI METAJUTMYECKUX KOHTAKTOB, HAJl KOTOPOH uepe3 dja-
CTHYHBIA MaTepuai ¢ OTBEPCTUSAMH yioxkeHa (onbra. [Ipu

TJHATHHK-HOJIOKEH F

i 888°ﬁ°888 HE s ]
1188 ool | | =
I'focooocooo) 1 -~

| B g »

Puc. 2.11. TakTUNIBHBINA JATYUK
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Ha)KaTHH Ha (DOJIBI'Y KOHTAKT 3aMbIKaeTcsi. OOBEKT pacrio3HACTCS 110 PACTIONOKEHHIO 3aMKHYTHIX KOH-
TAKTOB B MaTpHUIIC.

BoJiokoHHO-ONITHYECKHE AATYMKH TTONOXKEHUs (puc. 2.12) pearupyroT Ha MepeceUCHUe WK
OTpa)XCHUE CBETOBOTO IOTOKA, MEPEAaBacMOr0 Yepe3 ONTUYECKOe BOJOKHO. COBpEMEHHBIC IATYUKU
UMECIOT BCTPOCHHYIO PETYJIUPOBKY 30HBI YYBCTBUTEIHHOCTH. Hauano u KoOHell 30Hbl YyBCTBUTEIILHOCTH
YCTaHABJIMBAIOT HAYKATHEM KHOIIKHM Ha KOPITyCce JaTuyMKa Ipu 00y4eHUH cpabaThIBAaHUIO 1aTUYMKA.

Tun 3 Hatunk «CBeroBoii 6apbep» (puc. 2.13) npen-

CTaBIsIeT COOOHM CTOWKM (oToM3IydaTenei u GoTonpuem-

HUKOB, HalpaBJICHHBIX APYr K Apyry. OH mpeaHa3Ha4YeH

JUTsE OECKOHTAKTHOTO OTPaKJCHUS ONMACHBIX 30H. Kaxibii

(GOTONPHEMHUK MPUHUMACT Y3KOHAIPABICHHBIA ONTHYE-

Puc E1P-Bonorormmoses KHii CKUH JIyd OT NMPOTHBOIOJIOXKHOTO (oromsmydarens. [Tpu

: HepeCceYCHUH Jiyda 00BEKTOM OrpakIaeMblii TEXHOJOTH-

YEeCKHI MPOIIECC OCTAHABIUBACTCS M TIOACTCS] CUTHAI Tpe-
BOTH.

I'enepaTopuble natuuku (puc. 2.14) moapasnenstor

Ha I1IeJIeBbIE, INIOCKOCTHBIE U TOpPLIEBLIE. B 11eneBoM gaTunke

MEPEKIIOYAIOIINN YIIOP MPOXOJUT Yepes3 Iielib MUPUHON 3 —
100 mMm. Iudpdepentman xona cocrarisier 1,5 — 2,0 mm
[IpU LIMPUHE 11eau 10 6 1 5 — 15 MM npu mupuHe 1ienu
20 — 100 MM. B mockoCTHOM JaTymKe MepeKIIoYaromnit
yIHOp NepeMeliaeTcsa Ha paccTosiHuu 25 — 16 MM ot mioc-

~ 7 KOU MOBEPXHOCTH JIATUHKA.

) B coBpemeHHO# TeXHUKE aBTOMATH3alIMU Hanbosiee
pacnpocTpaHeHbl TeHEPaTOPHbIE JATYMKH MOJI0KEHUS TOP-
[IEBOT0 TUMA. 3a PyOEeKOM MX Ha3bIBAIOT MHAYKTHBHBIMH.
JlaTuvK 1OJIOKEHUs TOJBUKHBIX 3BEHBEB MEXAHU3MOB
BBHITNIOJIHEH B BUE Hepaz0opHOro Oonra quameTpom 8§ —
12 mm u amusoit 50 — 60 mm. BHyTpu Oonra pazmerieHbl

aBTOTE€HEPaTop, ACTEKTOP, TOPOTOBBIN SJIEMEHT U BBIXOIHOM yculIuTelb-hopMupoBarens. UyBCTBUTENb-

HBIN 3JIEMEHT MpeCTaBIIsAeT cOO00M KaTylIKy HHAYKTUBHOCTH. [IpoXokaeHne MeTauinueckoro o0beKkTa

Ha paccTOsHUU 1 — 3 MM OT TOpIia JaT4MKa IPUBOAUT K U3MEHEHUIO MHIYKTUBHOCTH, CPBIBY F€HEpaLUU

Y BKJIIOYEHHIO pelie MEXAy MPOBOJIOM MUTAaHUS U TPEThUM MpoBoJoM AaTtuuka. Juddepennuan xona

cocrasisieT 0,15 — 0,60 MM, morpemHOCTh NnonoxkeHus Touku nepexinoyenus 0,05 — 0,10 mm, yacrora

nepeximouenus 10 800 I', ok Harpy3ku 200 MA.
Cxema pacroioKeHHs 1aTYMKOB Ha PacCMaTpUBAEMOM YYacTKE WU3TOTOBJICHMs JETalel THUIa

«Kopnyc» npuBeneHa Ha pucyHke 2.15. BemomocTs nHpopManmoHHbIX AaTyukoB ['AY npuseneHa B

Tabnure 2.12.

Puc. 2.13. Jlatuuk Tuma
«CBetoBoii bapbep»
Tun

Puc. 2.14. I'enepatopHblii JaTYUK
TTOJIOKEHUS
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Tabnuia 2.12 Begomocth HHGOpMAIIMOHHBIX 1aT4ukoB [[AY

Ne | Tun Ha3nauenue natuuka
J[1 | Tun 5 Omnpenensier nmoyokeHne podora-mradenepa
J[2 | Tun 2 DUKCUPYET HAIMYKE Taphl C OMPEAEICHHBIM TUIIOM 3arOTOBOK
J[3 | Tun 2 @uKCHpPYET HAIMYUE Taphl C ONPEACICHHBIM TUIIOM JCTAJICH
/4 | Tun 4 CBeToBoe orpaxjeHue padoueit 3086l 'AY
JI5 | Tun 2 DUKCUPYET HAIMYKE Taphl C ONPEACICHHBIM TUIIOM JI€TAJICH
J{6 | Tun 1 Ornpeaenser MO3HUINI0 HAITOJIBHOTO poO0Ta B COCTOSTHUM OXKUTAHUS
J[7 | Tun 3 OrnpezernsieT HaTMYUe 3aroToBKMU B rpaBoM mmuHaene MC1
/I8 | Tun 2 PuKCHpPyeT HAIMYUE Tapbl C ONPEAEICHHBIM THIIOM 3arOTOBOK
9 | Tun 1 OrnpeensieT MO3UINI0 TOPTATLHOTO POOOTa B COCTOSTHUM OKHTAHHS
J[10 | Tun 2 DuKCHpPYET HAIMYUE Taphl C ONPEACICHHBIM TUIIOM JCTAJICH
J(11| Tun 1 Omnpenensiet MO3UIUI0 HATIOJIBLHOTO Po00Ta B COCTOSIHUN OXKUIAHHUS
J[12 | Tun 2 DUKCUPYET HAIMYKE Taphl C ONPEACICHHBIM TUIIOM JI€TAJICH
J[13 | Tun 2 DUKCUPYET HAIMYKE Taphl C ONPEACICHHBIM TUIIOM JI€TAJICH
J[14 | Tun 2 PuKCHpyeT HATMYUE Taphl C ONPEAEICHHBIM THIIOM 3arOTOBOK
15| Tun 3 OrnpenenseTr HaIM4Kue 3aroToBKU B JieBoM mmnuHaene MC1
16| Tun 3 OnpenenseTr HaTM4KUe 3aroTOBKYU B JIeBOM mnuHaene MC2
J17 | Tun 3 Onpenensier 3amuTy padouei 30H61 MC2
J[18 | Tun 3 OrnpezernsieT HaTMYUe 3aroTOBKY B npaBoM mmnunaene MC2
J[19 | Tun 3 Omnpenensier 3amuty padoueii 301 MC2
20 | Tum 1 Onpenenser HAIMYKME Tapbl B NO3ULMK KOMILIEKTOBaHUsT AC
J[21 | Tun 3 Omnpepenser, yto Tapa Ha 3arpy3ke MC1 nycras
J[22 | Tun 3 Omnpepenser, yto Tapa Ha Beirpy3ke MC1 craHka HanoJIHUIIACh
J[23 | Tun 3 Omnpepenser, yto Tapa Ha 3arpy3ke MC2 cranka mycras
J[24 | Tun 3 Omnpexenser, 4To Tapa Ha BeIrpy3ke MC2 cTaHka HaNOJIHWIACH

HbIX 27eMeHTOB ['AY. IIpu 3TOM HCHONB3YIOTCS 0003HAaUYEHNUs, MPpUBEIeHHbIE B I1. 11. 2.3.1, 2.3.2.

2.3.4. OnpeneseHye BCIOMOTaTeJbHBIX (PYHKIMII CHCTEMbI YIIPaBJICHUS

Jlornuyeckue (pyHKIMU TIPEACTABIAIOT COOONH KOHBIOHKIIMIO KOMaHHbBIX, BHYTPEHHUX MIEpEMEH-
HBIX cucTeMbl. Takke B JOrH4eCKON (PYHKIIMU COCTOSIHUSI OJTHOTO MCIOJHUTEIBHOTO 3JIEMEHTA MOTYT
IPUCYTCTBOBATH JIOTHYECKHUE (PYHKIIMU COCTOSTHUM APYTUX UCIIOJHUTENbHBIX 21eMeHTOB 'AY. Bee no-
ru4eckre QyHKIIMH CUCTEMbl OCHOBAHbI Ha OYyJEeBbIX (JJOTMYECKUX, OMHAPHBIX) IEPEMEHHBIX, UCTIOb-
3yeMbIX B JUCKPETHON MaTeMaTHKe.

Paz6epem noapo6HO mporecc GopMUPOBaHUSI HEKOTOPBIX JJOTUYECKUX (HYHKIIHH UCTIOTHUTEb-

DynKyua 3a2py3Ku 3a20moeKu 6 cmanok 1 nanonvhvim podomom
[TycTh HamonbHbIM poOOT y cTaHKa 1 HaXOAUTCS HA TEKYIIEM TaKTe€ B COCTOSHUU Oe3/1eHCTBUS
(coctosiuue CHIII1) (cm. tabin. 2.10 — 2.12). Ero nepexon B cocTostHue 3arpy3ku cranka (CHI112) mo-
KeT ObITh MPOU3BE/ICH B CIIydae, €CIU:
Ha IPUEMHOM MO3UIMK CTaHKa | ynokeHa Tapa ¢ 3aroroBkamu (/5=1);
cranok 1 6e3neiictByet (coctosiane CCI1=1);
JUCIIETYEPOM YCTaHOBJIEHO pabouee cocrosiHue ['AY (kHomka SB = 1);
JIUCIIETYEPOM YCTAHOBJICH KOJI JeTanu, ooOpadbareiBaeMoii Ha [AY (K3 = 1);
Ha CTaHKe 3arpy’kKeHa yIpaBisiolias mporpamma ¢ kogom aeranu (CCI13=1);
orpaxzeHue pabodeii 30HbI cTraHka yopauo (//19=0);
B 30HE paboThl pOOOTOB HEe HaxoasTcs Jroau (/4=0).
Onpenenum HazBaHue QyHKIMH Kak «Pa3perienne Ha 3arpy3Ky craHka 1», wim cokpamento P3C1:

P3C1l=J15-CC11-SB-K3-CC13- J19- /74 (2.17)

roe /{19- ,ZZ_4 — UHBEPCHBIEC 3HAYEHUsI CUTHAJIOB ¢ JaT4ukoB /19 u /[4.
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B cnyqae, ecnu dyakuus P3CI1 npuHUMaeT 3Ha4€HUE |, BBI3BIBACTCS JIOKAJIbHAS YITPaBIISIONIAS
mporpaMma y HamoJIkHOTO poO0Ta Ha 3arpy3Ky cTaHka 1.

Dynkyus, pazpemiaouan NOPpmMaibHoOMy pOOOnYy yCHAHO8UNb MApPy ¢ 20MO8bIMU

oemanamu Ha NPUEMHYIO RO3UYUI0 AGMOMAMUUPOBAHHO20 CK1aA0A

[TycTb nopranbHbIi pOOOT HAXOJUTCS HA TEKYIIEM TaKTE€ B COCTOSIHUM Oe37eicTBUS (COCTOSIHHE
CIIPI) (cm. Taba. 9 u 10). Ero mepexos B cCOCTOSIHHE 3arpy3Ky MPUEMHOMN IMO3UIIUH aBTOMAaTH3HPOBaH-
Horo ckiana (CI13) MoxeT ObITh MPOU3BENICH B ClTydae, €CIu:

- poOOT y>Ke B3sUI Tapy C OJJHOM M3 ABYX MO3ULIMK pa3rpy3ku craHka (cocrosiuue CIIP6=1
wi CIIP7=1);

— JUCIIETYEPOM YCTaHOBJIEHO pabouee cocrosiHue 'AY (kHomka SB = 1);

— B 30HE PabOThI pOOOTOB HEe HaxoaaTcst atoau (/[4=0);

— npuemHas mosuius AC He 3arpyxena (/3=0).

Omnpenennm Ha3Banue GyHkmMK Kak «Pa3pemenue Ha 3arpy3ky npueMHoi mozuin ACy, mim
cokpaiento P3IITTAC:

P3IITTAC=(CIIP6 + CIIPT )-SB- /[4- /I3 (2.18)

B ciyuae ecnu ¢pynkims P31111AC npuaMMaeT 3Ha4eHHE |, BRI3BIBACTCS JIOKATIbHAS YIIPABJISIO-
11ast IporpaMMa y mopTaJibHOTO poOoTa Ha 3arpy3Ky npuemuoi nosunuu AC. IlonaHbli nepedyeHs J0ru-
yeckux ¢pynkuuit 'AY npusenen B Tabnuue 2.13.

Tabauma 2.13
BcnomorarensHbie tornuyeckne Gynkuuu ['AY

No
.11

1. P3CI1 =][5-CC11-SBCC13- K3-ﬂ_]9-ﬁ Paspemenue Ha 3arpyzky MC1

dopmyia Onucanue

Pa3permenne Ha 3arpy3Ky NpueMHOMN MO-

2. | P3MITAG (CCIIP6 + CITP73SB14-113

suimu AC
3. | P3C2 =/J10-CC21SB-K3-CC23. JJ17- J]4-| Paspemenue na 3arpysxy MC2
4 POI= ﬂ]5-ﬂ]9ﬂ_7-CCHH]] -SB O06pabotka geranu Ha MC1
5. | PO2=/116-717-7118-CHII21-SB O6paboTka getanu Ha MC2
6. | PC1=/7/18/19CCI11I SB Pasrpysuts MC1
7. | PC2=/718/7127117CC21-SB Pasrpysuts MC2

Pazpemmts 3abpath Tapy ¢ ImpHEMHOI

8. | P3III11=J121-CHIII I JI5- /14 no3unuu MC1

Pazpemmts 3abpath Tapy ¢ ImpHEMHOI

9. | P3MIMI2= /123 CHIT2 I 110- /T4 Hosumn MC2

Pa3pemuts 3a0path Tapy ¢ MO3UILIUU BbI-

10. | P3MIIIBI= /722 18- CHITI I 14 rpy3ki MC1

PazpemuTs 3a0paTh Tapy ¢ HO3UILINUH BbI-

11. | P31II11B2= J124- 112-CHII2 |- ][4 rpysin MC2

PEBpeIJ_II/ITB IMMOJIOKUTL Tapy Ha HpUEM-

12. | PHITAC=(P3HIIII I+ P3IIIIII2) /13- ]4-SB HyI0 no3ALHo AC

13. | PIIIC=/]13-K3-SB- /]1 [IpunaTh Tapy Ha cknan

14. | PBIIC=J]14-K3-SB- /1 BbLiath Tapy o ckiaia

15. | PKIT=/120- J1-SB KomrutekToBath Tapy

16. | PIIIK =/[20- /]1-SB [IpuHATH Tapy ¢ KOMIUIEKTOBAHHUS

*[Ipumeuanue: Jlornueckas nepemennas K3 o6o3Havaer, 4To AucCreTYep Ha MYJIbTE YCTAHOBUI
KOJIOBO€ 3HAYEHHUE JIETAIIH, POU3BOJUMON B HACTOSIIMIA MOMEHT Ha ['AY.

107



2.3.5. CereBasi Mmoesib ynpasJienusi AY
[IpencraBuM TeXHOJIOTHUYECKHUE UK paboThl ['AY B Buje ceTeBbIX rpadoB (puc. 2.16 — 2.18)
B BepIIMHAX (OKPYXHOCTSIX) MPOCTABIAIOTCS HOMepa (KOIbI) COCTOSIHUN. BeplinHBI COTUHSIOTCS
CTpEeTIKaMH, OTPAKAIOIIUMU MEPEXOIbl U3 OJTHOTO COCTOSHUSA B Apyroe. Haj cTpenkamu 3amuchIBalOTCs
KOMOHMHAIIUK NTEPEMEHHBIX, 00YCIOBIMBAIOIINUX 3TOT MEPEXO/.

114203020

X [120 7120
A 120 SK
113 SB

Puc. 2.16. CereBast MoJienb ynpaBieHus: poO0TOM-1Tabemiepom

Jlornyeckue GyHKIMH yIIpaBIeHUS] pOOOTOM-IITA0EIIIEPOM:
CPLIl=CPLIY-J]1- 42 J3- 420+ CPLLI2- 2+ CPLI3- I3+
+ CPLL4 - ]]20+ CPLL5 - 120 + CPLL6 - 113+ CPLLT - J[14

CPIL2 =CPII?2- JJ2+CPLI1- ]2-K3
CPILI3=CPII3- J{3- P3IIAC + CPLII1- /{3 P3IITIAC (2.19)

CPILI4 = CPLI4- J]20+ CPLIL- J]20
CPILI5 = CPILI5- 720+ CPIIL- 20
CPILI6 = CPLII6 - J]13+ CPLI1- /]13-SB
CPILI7 = CPLLT - J14+ CPII1- /]14-SB
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Cemesasi MoOerb yripasnieHusi 2-M CmaHKOM Cemeeasi MOOerib yrpasneHust
1-m HarnonbHbIM pobomom

P3C2_PC2

Cemesasi MoOerib yripaerneHusi
2-m HarnonbHbIM po6omom

A15 47 19

Puc. 2.17. CereBble Mozi€nu ynpaBieHus aneMenTamu ['AY

Paccmotpum ansa npumepa paboty jorudeckor pyHkuuu cocrosiuus CPLI3 pobota-mtaden-
aepa:

CPIII3=CPII3- J]3- P3IAC+CPIII1- J]3- P3IITIAC

Po6or-mrabenep nepexonut B cocrosiaue CPIII3=] (mpuHATH Tapy 3aJaHHOTO KOJIa C MPUEM-
Hot mo3unuu AC, cM. Tabi. 2.11) ecnu B €TMHUYHOE COCTOSTHUE TIEPEMIeT 01HA U3 KOMOWHAIUHN JIOTH-
YEeCKUX MEePEMEHHBIX:

— CPLI3/[3-P3ITIAC — pobot yxe Haxomuics B coctossuun CPIII3=1 u natumk /{3=1
(ecTh Tapa ¢ onpe/eNIeHHBIM TUTIOM JIeTajiell B 3arpy304uHoii 30He, cM. Tabm. 11) u P3I1AC=1 (ITony4yeHo
paspenenue Ha 3arpy3Ky npuemHon nmozuruu AC, cMm. Taoi. 2.13);

— CPL 1 J[3-P3IIIAC - poboT Haxoauics B coctosiHuM 6e3aeiicteus CPLIII=1 u naTdauk
/{3=1 (ecTb Tapa c onpeaeIeHHBIM TUIIOM JIeTalieil B 3arpy304Hoii 30He, cM. Tabu. 11) u P3I1AC=1 (Ilo-
JTy4EHO pa3pellieHne Ha 3arpy3Ky npueMHoi nosuiuu AC, cM. tabm. 2.13).
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P3IIMAC P3rIrri1 P32 P3ririB1 P3ririB2 PriffAC

42 SB K3

Puc. 2.18. CereBas Mozieb yIpaBiieHUs HOPTAIbHBIM pOOOTOM

[Tonmy4yeHnHble ceTeBble Tpadpl MOTYT OBITh UCIIONB30BAHBI JIJIsl HATIISITHOTO OTOOpaXKEHHS TIpa-
BWJI yIpaBiieHUs 3yieMeHTaMu ['AY, a mocTpoeHHbIe 110 HUM JOrHyeckre (QyHKIMM MPUMEHSIOT MpU
IIPOrPaMMUPOBAHUH JIOTHUECKOI0 KOHTpoJIiepa i ynpasiaeHus [AY.

2.4. 3aiaHne HA BBINOJIHEHHE CAMOCTOSITeIbHOI pPadoThl

Jlns 3a1aHHOr0 Habopa aBTOMAaTU3UPOBAHHBIX 3JIeMeHTOB ['AY cocTaBuTh 00111ee ONMCcCaHne Ux
paboThl, onpenenTh HabOp COCTOSTHUM KaXKJ0TO 3JIEMEHTA, IPOU3BECTH PACCTAHOBKY WH(POPMAIIMOH-
HBIX JaTYMKOB, COCTaBUTH MPH HEOOXOIMMOCTH BCIIOMOTATENbHbIE JIOTHUECKUE (DYHKIIMUA pabOTHI CHU-
cteMsl yrpasieHus 'AY, npeacraBuTth paboTy He MeHee JBYX a1eMeHTOB ['AY B Bujie ceteBbiX rpadon
U OTIPENICIINUTH ISl OTHX DJIEMEHTOB Habop Jorumueckux GpyHKIMA ynpasienus. [Ipu xenanuu cTyeHT
UMEeT MPaBO BKJIKOYATh JOMOIHUTENbHBIE 2JIeMEHTHI B cocTaB 'AY. BapuanTsl 3a1aHuii mpUBeeHbI B
tabnuue 2.14.

Tabnuma 2.14 BapuanTsl 3a1anuit

NQNQ COCTaB aBTOMaTI/ISI/IpOBaHHBIX 3JICMCHTOB FAY*
BapI/IaHTa

1. MI1C, M2C, HP1, TC1, TC2
2. OI1, OI12, AC, ITP

3. MIC1, MIC2, TIP, AC

4. HP, YCC, OL11, OL12, TC

5, KM, HP, OI, 13, I1B

6. HP, VCC, TC, MIC, 1B

7. 113, TC, TIP, M1C, M2C,

8. OL11, OL12, HCJI, TP

9, OI11, OI12, AC, HP1, HP2
10. TP, YCC, OL], TC

11. OL1, AC, I13, I1B, HP

12. MIC1, MIC2, TIP, AC

13. M2C, HP, TC, TIB

14. OI11, OI12, HCK1, HCK2, PT
15. M1C, M2C, I13, [1B, HP

16. HCJL, PT, OL1, M2C
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Nele CocTaB aBTOMaTU3UPOBAaHHEIX dJIeMEHTOB 'AY*

BapHaHTa

17. TC, HP, M2C1, M2C2

18. AC, PT, HP, M2C

19. TC1, TC2, HP, M2C

20. OlLl, HCK, PT, AC
[TepeueHb MpUMEHSIEMBIX COKPAIICHU:
O06pabaTbIBaIOINIA LICHTP OI1
MHoroneneBoi TOKapHbIi OJTHOIITUH/ICIIBHBIN CTAHOK MI1C
MHoroueneBoi TOKapHbl IBYXIIITUHIEIBHBIA CTAHOK M2C
HamonpHs1it poboT HP
[TopTansHbIit poOOT [P
PoGotu3upoBanHas Tenexka PT
ITo3unus 3arpy3ku 113
[To3unust BBITpy3KH I1B
TakTOBBIN CTOJ TC
ABTOMaTHU3UPOBAHHBIN CKIa/] AC
Haxkonurens CIIyTHUKOB JTMHEHHBIN HCJI
HakonuTens CIlyTHUKOB KpyTrOBOM HCK
VY CTpONCTBO CMEHBI CXBAaTOB YCC
KonTponbHO-u3MepuTenpHas MalivHa KM

2.5. KoHTpOJbHBIE BONPOCHI
Uto takoe CKH®, C/IHD?
3auem npousBoauTcsa Munumuzanus CAHD?
OTnnuus nocae10BaTelbHOCTHBIX M KOMOMHAIIMOHHBIX aBTOMATOB?
Hasnauenue nemmdparopa B cxeme Ha puc. 2.87
Omnpenenure goruueckyro GpyHkuuio nepexoaa B cocrossuue CI/IP11 na puc. 2.18?
Omnpenenure jgorudeckyro GyHkiuio nepexonaa B cocrostaue CHI114 na puc. 177
Haiite TekcroBoe onucanue ¢pyukuuu PIITTAC B Tabm. 2.13
Jaiite TekcroBoe onucanue Gpynkuuu P3C2 B Tabdm. 2.13
3anumure Jorudyeckue GyHKIUM yrnpasieHus oOynkepamu b2 u b3 u3 . 2.2.
0.  IlepeuucnuTe OCHOBHBIE ATAIBI (HOPMANTHU3ANNN TEXHOIOTHIECKOTO ITUKJIIA M JaTe TMOsiC-
HEHUS 10 KKIOMY dTaly.

RHRoOoo~NoGO~LNE
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JIEKHUSA 21. CratucTuyeckoe Mo/ie TMPOBaHUe NMPOLIECCOB H 00bEKTOB

[IpuHnunuansHas 0COOEHHOCTD cayuaitnoit ¢eauuunvt (CB) — HEBO3MOXKHOCTH MpeCKa-
3aHMsI €€ KOHKPETHOI'O 3HAYEHUS 10 UCTIBITaHMSL.

Juckpernnie CB - nenouncieHHble 3HaUYeHUs (YUCIIO ABUTATENICH, paboTaromux Ha 00b-
€KTe B KaKoW JINOO MOMEHT BPEMEHH). HenpepsiBable CB — mo60e 3HaueHNe B HEKOTOPOM
UHTEpBaJe (pa3Mep MOBEPXHOCTH JIETAIIN).

OcnoBHble napamerpsl CB npuBeneHs! B TabmuIe.
HaszBanue ['enepanbHbie Bri6opounbie

N — HEKOTOPOE YUCIIO HabII01ae-
MbIX 3HaYeHuit CB

Xi,i=1..n
n<=5 — Manas BeIOOpKa
10<n<30 — cpennsis BEIOOpKA
50<n<200 — Gosnp11as BEIOOpKa

N —o0
O6nem CB beckoneunoe (niau oueHb OOJIBIIIOE
yucio) npossieHue CB

Omnpenensier HanOosiee BEPOSTHYIO

30Hy HaxoxnaeHus CB mpu Oecko- BeibopouHoe cpennee
Martemarnaeckoe | HETHO 1uCIE €€ IIPOSIBIICHU I n
al<MX<a2 > X,
oxunanue CB — A
He sBrisieTcst KOHKPETHBIM YHCIIOM, ¥ = d=L
ONpeeseTcsl TPaHULlaMU JI0BEpU- n

TEJILHOTO MHTepBana al, a2
Ompenenser HanOosiee BEPOATHBIN

pa3mep obustactu paccessaus CB npu Beibopounast aucnepens

OECKOHEYHO YHCIIe €€ MPOSIBICHUN n _\2
JHucnepcus CB b1<SX<b2 Z ( X, — X)

He sBiisieTcst KOHKpETHBIM YHCIIOM, o = =L

OIIPCACTIACTCS IPaHUIIAMH JOBCPH- n-1

TEJILHOrO nHTEepBana bl, b2

Kak oxapaxrepusoBats CB? Heo6x01uMO NOIY4YUTh YHCIOBBIE XapaKTEPUCTUKU €€ FeHe-
panbHbBIX U (WIK) BEIOOPOUHBIX TAPAMETPOB.

/Jlna nonyuenusa konuuecmeennvix oyenoxk CB neooxooumo nposecmu CTATUCTHYE-
CKHH AHAJIN3.

OcCHOBHBIE 3Tallbl CTATUCTUYECKOIO aHAJIN3A:
1 IMonyuutk BEIOOpOUHYIO cOBOKYHOCTE CB Xj, i=1..n
2 Paznenuts none paccesiaust RX=max(X)-min(X) na K uHTEepBaIoB Moay4nuB BEKTOP IPAHUILL HH-
TepBaJIOB Y

K=1+1.43*In(n)
Y1=min(X) Yj+1=Y]+ (max(X)-min(X))/K, j=1.K+1

3 s xaxkaoro uHTepBaina [ Yj,Yj+1] onpenenuTs KOJIUYECTBO MOMABLIMX B HETO 3HaueHuil X, To
€CTb MOJIYYUTh BEKTOP YacCTOT V;j.
4. Ioctpouts TUCTOI'PAMMY pacnpenenenust BenuuuHbl X — cTOJI0YATYIO AUATPAMMY 3aBU-
CHUMOCTH Vj. OT Yj(CM. PUCYHOK)
5 IlocTpoHTh KPUBYIO SMIUPUYECKOTO PACTIPEAETCHUS
6 ConocTaBUTh MOJIYYEHHBIN 3aKOH SMIIMPUUECKOT0 PaCIPEIEICHHsI C U3BECTHBIM TEOpETUYE-
CKHM 3aKOHOM pacIpeieleHts. DTO MOXHO cZeNlaTh U Bu3yalibHo. Ho sydie uenonb3oBaTh crie-
LIMAJIbHBIE KPUTEPUH COOTBETCTBUS (HApUMeEp, UIsl HOPMAIIBHOTO pacnpenenenus ['aycca — kpu-
tepun Konmoroposa unu XM-kBagpar)

Kak monwvko onpedenen 3axon pacnpedenenus CB, nwoodvie ee napamempol mozym 6vimo
6bIYUCTICHDL.

CyiecTByeT dga muna 3a0ay MaTeMaTUYECKON CTATUCTUKH.
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1. ITo BEIOOPOUYHBIM YUCIIOBBIM XapakTepucTrkam CB moxyduTs npencraBieHHE O YUCIIO-
BBIX XapaKTEPUCTUKAX paclpeleIeHUsI TeHEPATbHON COBOKYITHOCTH.
2. Io BBIOOPOYHBIM YHCIOBBIM XapakTepucTukam CB 000CHOBaHHO CYIHUTh O IPAaBOMEPHO-
CTU IPUHATUSA HEKOTOPOU CTaTUCTUYECKOM THIOTE3bI, HAIPUMED:
- BBIJIBUHYTOM T'MIIOTE3€ paclpe/iesIeHUsl TeHEPAIIbHON COBOKYITHOCTH;
- IPUHA/ATICKHOCTH JIBYX WJIH OoJiee BEIOOPOK OJIHOM reHepaIbHOM COBOKYITHOCTH;

- Cﬂyqaﬁﬂﬂhﬂ MTITa uppn\mqﬁnnm{ NARTTAUUAMA TTAaNAMATNNR {"’T‘Q"I"T/I("’T‘I/IUP(‘R'T/TY RLTﬁnﬁnI(
15
TeopeTuueckoe
13.5 pacIpeneneHue
=
10.5 \ [ucrorpamMma

9 T ~~ pacmpeneneHus
75

6 DOMIupHIecKoe
45 \ | pacrwenenenue

1 N

1.5

1 1.7 24 3.1 3.8 45 5.2 50 6.6 7.3 8

Cnucok zunomes 011 3a0au emopozo muna HEOI'PAHHUYEH u 3aeucum om meopue-
CKOIl AKMUGHOCMU U YCREUHOCH U IKCHEPUMEHMAMOPA.

Pemienue 3a1a4 0CHOBaHO Ha MCII0JIb30BAaHUM 3aKOHOB pacupeneneHus CB u ux kBanTuiei
pacnpeseseHus.

3akon pacnpenesenusi CB - 3T0 OTHOILIEHUE, YCTAHABIINBAIOLIEE CBS3b MEXAY BO3MOXK-
HbIMU 3HaueHUsIMU CB 1 BEpOATHOCTSIMH, C KOTOPBIMHM IIPUHUMAIOTCS 3TH 3HaU€HUs. 3aKOH pac-
IIPEJIEIICHNs ITOJIHOCTBIO Xapakrepusyer CB.

[Tycts X — HEKOTOpast ciay4aiiHasi BEIMYMHA, IPOSBISIONIas ceOs Ha yucioBoi ocu X. Pac-
CMaTpHUBAETCsl COOBITHE, 3aKIIIOYAIOIIEECs B YCIOBUHU, YTO X OKA)XKETCS] MEHBIIIE YeM HEKOTOpast Be-
mrunHa Xp (X<Xp). BeposTHOCTB 3TOTr0 COOBITHSI 0003Ha4YaeTCs Kak P(X<Xp). YpOoBEeHb 3HAUUMOCTH
g=1-p. Bcezoa p+g=1.

[Ipenmonoxum, 94TO U3BECTHA (PYHKIIMS 3aKOHA paclpeesieHusl CIy4aiiHON BeIUYUHBI X,
TO €CTh VISl K&KA0r0 XP MMEeTCsl COOTBETCTBYIOILIAs €My BEPOSITHOCTh COOBITHSI P(X<Xp) — 0J1HO-
croponHee pacnpeenenue win P(Xp1<X<Xp2) — IBYXCTOPOHHEE pacIpeieiicHuE.

x:=—100..100 (min(x) + max(x)) o= 30
a= —

1
X
F(x) = J f(x) dx onf2m

- 1000

0.015

1 0.012

0.8 0.009
f(x)

0.6 0.006
F(x)

0.4 0.003

0
0.2 -100 “60 20 20 60 100

0
~100 —60 20 20 60 100

X
PaccMoTpuM mporiecc MoCTpOCHUST KBAHTHJICH CTAHIAPTHOTO HOPMAJIBHOIO pacrpesese-
uus. (MathCad)
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KBanTniab 3akoHa pacnpeseaeHusi Xp - 3Ha4CHHUE CIIy4allHON BEIMYUHBI X C IPUIIHCAH-
HOM el BeposiTHOCTRIO P. JI[pyroe onpesenenre KBaHTUIIS - TaOyJIUPOBAHHOE 3HAYCHUE (PYHKITUU
3aKOHA pacCHpeeSICHUs CIIyYaiiHON BEJITUYUHBI.

PaccMoTpuM mocTpoeHHe 3aKOHAa HOPMaJbHOTO pacmpeaencuus ['aycca F(X) u GyHKImu
IUIOTHOCTH HOopMalibHOTO pacnpenencuus f(x) (MathCad).

Beegem HOBYO crydailHy0 BEMMUNHY u(x) = r-a n=—4,-3.5
[s)
2
—u ul :==—4,-399_.4
1 2
fw = -e
2-m u
I(w) = J‘ f(u) du
= 0.39894 -5
W27
0.4 u= if(u < 0,F(u),F(u) — F(—u))
4 3.13846-10-5
0.32 -3 0.00135
0.24 -2 0.02275
f(ul) -1 0.15865
0.16 0 0
1 0.68269
0.08 2 0.9545
3 0.9973
S 5 -1 1 3 s 4 0.99994
5 1
ul

F(1.96) — F(~1.96) = 0.95
Cmanoapmmnoe HopmanvHoe pacnpeodenenue — CUMMEMmPUUHoe 08yXCcHopoHHee
pacnpeoenenue
Haubonee uacmo npumensiemviii 8 mexruke yposerv eeposmuocmu P=0.95. Keanmunw
CMAHOAPMHO20 HOPMANLHO20 pacnpedenenus cocmagisem 11,96

Aneopumm pewenus 3a0a4 nepeo2o muna
[IycTh M3BECTEH 3aKOH pacHpesesieHus cllydailHOi BeTu4uHbl X - CTaHAAPTHOE HOpMaJlb-
HOE pacmpesieNieHle, G U pe3ysbTaT OAHOTO HaOmoaeHus Xo. OnpeaenuTs reHepaabHoe cpeiHee
CiIy4aiHOUM BeTM4MHBI X.
3AJIAYA TIEPBOI'O TUIIA, Tak kak HEOOXOIUMO HaMTH mapameTp reHepajibHOW COBO-
KkynHoctu !!!
1. Haxonum cBs3b 3aaanHoi B 3a1a4e CB ¢ CB, kBaHTHIIM KOTOPOH U3BECTHBI.
Tax xak X moguuHsAETCs CTaHJAPTHOMY HOPMaJIbHOMY PaclpeesIeHHI0, TO (CM. PUC. BBILIE)
x=a+tou => u=(x-a)lo
2. BriOpatb n0BepUTENbHYIO BEpOSITHOCTH oTBeTa. P=0.95
3. YCTaHOBUTH KBaHTWIJIbHBIEC TPAHHIIBI ¥ COPMHUPOBATH pa3peliaroiiee 3a1a4y HepaBeHCTBO
Up=0.95=71,96
-1.96<u<1.96
-1.96<(xo-a)/ 0 <1.96
4. PemmTh HEPABEHCTBO OTHOCUTENILHO ONPENETIEMON BETHUNHBI
Xo-1.960< a < Xo+1.960

Aneopumm pewtenusi 3a0asu 6mMmopoco muna
B onbiTe monyueno oano 3nadenne CB U=Uo. [IpoBeputs runoresy o Tom, yro U mogunHs-
€TCs CTaHAAPTHOMY HOPMAJIbHOMY PAaCIPEACIICHUIO.
3AJIAYA BTOPOI'O THUIIA, Tak kak HEOOXOAMMO MPOBEPUTH CTATUCTUYECKYIO THIIO-
Te3y!!!
1. Haxomum cBs3b 3amanHoi B 3a1aue CB ¢ CB, kBaHTHIIM KOTOPOW W3BECTHBI.
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Tax xak U mpoBepsieTcs Ha COOTBETCTBHE CTaHAAPTHOMY HOPMAJIbHOMY PaclpeesICHUIO,
u=u
2. BriOpatb noBepuTeNbHYIO BEpOSTHOCTH oTBeTa. P=0.95
3. YCTaHOBUTH KBAaHTUJIbHBIE TPAaHUILIBI U COPMHUPOBATH pa3pellarollee 3a1a4y HEpaBeHCTBO
Up=0.95—=71,96
-1.96<u0<1.96
4. IlpoBepUTb HCTUHHOCTb HEPABEHCTBA OTHOCUTEJIHHO OINPEAEIAEMON BETUYUHBI
Ecnu HepaBeHCTBO UCTUHHO — IPUHATH TUNOTE3y. ECiin HEpaBeHCTBO JIOKHO — OTBEPIHYTh
TUIIOTE3Y.
IIpu pemieHUH CTATUCTHYECKUX 3aJjad MOXHO COBEPIIUTH OIIMOKHU MEPBOrO MIIM BTOPOTO
pona.
Ommbka 1 pora - OTBEPrHYTh XOPOILIYIO IMIIOTE3Y.
Ommbka 2 poaa - HE OTBEPTHYTh HEBEPHYIO TUIIOTE3Y.
BeposiTHOCTH cOBEpIIMTE OIMOKY EPBOrO POAA NajaeT ¢ yMeHblIeHueM q=1-P.
BeposiTHOCTh COBEpIINTD OMIKMOKY BTOPOrO poJa yMEHbIIAeTcs ¢ pocToM =1-P.

CraTucTHYecKHe KPUTEPUH U UX MPUMEHEHHe

Pemenue craTucTUYECKUX 33/1a4 MPOBOJUTCS HA OCHOBE psijia ClICHUANbHBIX pacipe/ere-
HUH ¢ N3BECTHBIMH (TaOyTMPOBAHHBIMU) KBAaHTHIISIMHA. OOLIHIA TOIXO COCTOUT B TOM, YTO BBO-
JUTCS clTy4yaiiHas BEIMYMHA, CBSI3aHHAS C U3ydaeMOW U yAoOHas AJsl pelieHus: TOW UM UHOM KOH-
KpETHOH 3aJ1a4yHu.

Pacnpenenenue CtbronenTa (t-kpurepuii).

Pacnipenenenne 6s110 momyueno ['occerom (nceBmonum Ctorogenta) B 1908 r. 3aBucur ot
o6bema BeIOOpKH N wmin umncia creneneit ¢cBo6oabl f=N—1, ¢ KOTOpBIM omnpezeicHa BEIOOpOUHAs
nucniepens S? (cpennee kBagpaTudeckoe oTknonenue (CKO) BEIOOpKH S), M OT 3aJaHHOMN BEPOAT-
HOCTHU OTBETA, OMPEAeIIIeMOil MapaMeTpoM YPOBHsI 3HaUUMOCTH (| . DopMyIia KpuTepus:

X—a
tIT\/ﬁ, (4.1)

r7ie @ — TeHepalbHOEe CpeHEE UCCIeAYEMO CITyYailHOM BEeTUYUHEI X;

X — BBIOOPOYHOE MATEMATHIECKOE OKUIAHUE X.
Pacnpenenenne cMMMETpUYHO OTHOCUTENILHO Havajaa KOOPAMHAT, T. €. 1 q/2 = _tl—q /2

bosnee nonnble Tabnuiel KBaHTHIIEH pacripenenenuss CTbroIeHTa A YPOBHS 3HAUUMOCTH
g #0,05 conepxxarcs B [1].

Tabnuna 4.1 KBantunu pacnpenenenust Ctoronenta npu q=0,05
f=N-1 1 2 3 4 5 6 7 8 9 10 | 20 | 30 | ©©O

t1_q/2 12,71 | 4,30 | 3,18 | 2,78 | 2,57 | 2,45 | 2,37 | 2,31 | 2,26 | 2,23 | 2,09 | 2,04 | 1,96

Pacnpeoenenue Cmviodenma oaem 603MONCHOCMb HAXOOUMb 2eHEPATIbHOE CpeoHee U
npoeepams CMAMUCMuyecKue 2unomesl npu 04eHb MAblx 6bl0OPKAX.

IIpumep 1. M3BecTHBI TpHU 3HaUYEHUS HOPMAJIBHO PACIPENEICHHON CIy4allHOM BEITMYMHbI
X: x1=10; x2=9,5; x3=10,2. TpeOyeTcs OLICHUTH TeHEPATLHOE CPETHEE C BEPOSITHOCTRIO p =
0,95 (3amava mepBoro TUIa).

Onpenennm BoiGopouroe (N = 3) MaTemaTHueckoe oxumanne X

N
_ 2% 10495+102
X = =

N 3
Onpenennm Boioopounoe CKO mpu f= N-1=2:

-9,9
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(10-9,9)°+(9,5-9,9)+(10,2-9,9)°

S= =0,36.
2
3anumem BblpakeHue 4 t B coorBeTcTBUU C (4.1):
X-a 9,9-a
- XA N -%8-a g
S 0,36
ITo Tabn. 1 onpenennM KBaHTHJIBHBIE TPaHULBI b o/, = 4,30, tq/g =—4,30 u 3anumem

HEPaBEHCTBO

_430< 0—\/_ < 4,30.

PemmB HepaBeHCTBO OTHOCUTEIIBHO @, MOJIYYHUM C JOBEPUTENBHOM BeposTHOCTHIO p = 0,95
9,0 <a<10,8.
IIpumep 2. [IpoBepUTH TUIIOTE3Y, COCTOSIIYIO B TOM, YTO HOPMAJIBHO pacnpeesieHHas CiIy-
yaifHas BelMunHa X UMEET reHepalibHOe MaTeMaTH4YeCKoe oxkuaanue @ = 10 Ha OCHOBaHUU PE3YJib-

TaTOB JIByX UcHbITaHUM: X1=8,1, X2=8,9 (3amaua BTOpOTrO THIIA).

I[To pe3ynbraTtam ucnbITaHU onpeaessieM X = 85us= 0,57.

Boruucnsiem no (4.1) 3nauenne kputepust CterozieHra t:

8,5-10
t=""—"f2=-371.
0,57
Bri6upaem yposens 3HaunMoctu ( = 0,05 u no tabi. 4.1 Haxonum
st f=N—1=1 rpaHuIpl KPUTHYECKUX OOJIACTEN THITOTE3bI tl_q 5, =12,71, tq/2 =-12,71.

I'unore3a He oTBepraercst Ha ypoBHe 3HaunMocTu =0,05, MOCKOIBKY
= 3,71 JexuT BHE KPUTHUYECKUX oOacTeit. OTMeTHM, 4TO oveHb Majas unpopmarust (N =
2) v HU3KHUH YPOBEHb 3HAYMMOCTH HE JIAFOT OCHOBAHUI OTBEPrHYTH IJIOXYIO Ha B3TJISI TUIIOTE3Y.
Ecnu Ob1, Hapumep, Te K€ pe3yJibTaThl
(X =8,5us=0,57) obumr momyuens! ipu N = 4 (f = 3), To, Kak JIerko BUAETH, THIIOTE3Y ClIe-
JIOBAJIO OTBEPTHYTH HAa TOM e YpOBHE 3HAUMMOCTH. [Ipu BEIOOpE OoJiee )KeCTKOTO YPOBHS 3HAYH-

moctu, 0=0,2 uT_,,, =3,08,1. ¢. runoresa raxxe 101KHa GBITH OTBEPrHYTA.
Pacnpenenenue IIupcona

2 . .
Pacnpenencuue ITupcona (¥~ -kputepwuii) ya00HO JUIsl OIEHKH T'€HEPATbHON JIUCICPCUH

2
G o BEIOOPOUHOH S 2 B 1900T. [Tupcon BBeN cayyaiiHyIO BETUUUHY
(N-1)-S?

2
(&)

W HaAIICJ €€ pacClipCACIICHUC, 3aBUCAILICC JINIb OT f =N-1. Ono HECUMMCTPUYIHO, CIICAOBA-

A2 = (4.2)

TEJIBHO, ﬂé /2 = ﬂiz_q /2 - HekoTopble KBaHTHIIM NpUBEeHBI B Ta011.2. bornee moiHbie TabIuIb! Co-
JepKaTcst B cripaBovHuKax [1].

Tabmuma 4.2. Kaatwm pacnpenenenus [lupcona ﬂlz_q
f 1 2 3 4 5 6 7 8 9 10 15 20
112_0,95 0,0039 | 0,103 | 0,352 | 0,71 | 1,14 | 163 | 2,17 | 2,73 | 3,32 |394 | 7,3 |10,9
/112_0'05 3,8 6,0 7,8 95 |111 |126 | 14,1 | 155 | 16,9 | 18,3 | 250 | 314

Kpumepuii Ilupcona noszeonsiem pewiams cmamucmuyeckue 3a0a4u 0 OUCNEPCUsIX.
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. . 2
IIpumep 3. Haiitu ¢ BeposiTHOCTBIO p = 0,9 MOBEpUTENBHBIA HHTEPBAT AJII O HOPMAJIbHO
pacrpeieNIeHHoi ciTydaiftHoi BenmurHsl, ecau npu f = 5, S?>=1.0npenenus o Ta61.2 KBAHTHIIEHEIE

2 2
TPaHUIIBI /10,05 =1,14 u %,95 =11,1, umeem 1,14< fs? / o° <11,1 wmm mocne npeoOpa3oBaHMIA

2
0,45< 0 <4,39
IIpumep 4. IIpoBeputh runoresy, COCTOSIIYI0 B TOM, YTO Ie€HepajbHas AMCIIEPCUS HOp-

o N 2
MaJIbHO PacIpe/IeICHHON CIy4JaiiHOW BeIMYMHBI O =2, eciu 00paboTKa JaHHBIX JIECSATU OMBITOB

2 2
(f = 9) nama S? =4. B cBs3u ¢ TeM, uT0 S = G° | UMeeT CMBICH HCIIONB30BaTh OJHOCTOPOHHIOIO

oIleHKY cBepxy. BwibpaB q = =0,05, onpenenum mo tadi. 2 202 o5 =16,9. OGHapyxuBaem, 4TO

12_9;4

=18>16,9 , T. €. TUIIOTe3a JO0JDKHA OBITh OTBEPrHYyTa HA ypoBHE 3HaunMoctu 0,05,

2 .
TOCKOJIbKY PACCUHTAHHAS BENYMHA A~ OKa3agach B KPHTHUCCKON OOIACTHL.
Pacnpenenenne ®@uiepa (F-kpurepuii)

2 2
Vcnons3yeTcs Ul IPOBEPKH OJHOPOJIHOCTH JBYX BBIGOPOUHBIX mucrepcuii Sp u S,

2 2
(0GBIYHO MPUHUMAIOT S1 = S) U MCIONB3YIOT OJHOCTOPOHHHE OLEHKH), HAMIEHHBIX COOTBET-

CTBCHHO C fl u f2 , C OCJIBbIO YCTAHOBUTD WJIM OTBEPIrHYTh UX NPUHAAJICIKHOCTD OZ[HOf/i FCHCp&J’IBHOﬁ

COBOKYITHOCTH. cDI/IH_IepOM BBCJICHA cnyqaﬁHaﬂ BCINYHHA

SZ

_2
F== (4.3)
S
U IIOCTPOEHO ee pacnpenerenue, 3apucsiiee ot f,u f,. Hekoropsie KBaHTHIIM paciipeieieH st
®umepa misg q=0,05 npuBeneHsl B TaouI. 4.3.

Tabnuma 4.3 KBantunu pacnpenenenus Ouniepa F_g o
f f
? 1 2 3 4 5 6 12 24 0
1 1644 |1995 |215,7 |224,6 [230,2 |234,0 |2449 [2490 |2543
2 185 [192 [192 [193 [193 [193 |[194 [195 195
3 10,1 |96 9,3 9,1 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6
5 6,6 5,8 5,4 5,2 5,1 5,0 4,7 45 4.4
6 6,0 5,1 4,8 4,5 4,4 4,3 4,0 3,8 3,7
7 5,6 47 4.4 4,1 4,0 3,9 3,6 3,4 3,2
8 5,3 45 4,1 3,8 3,7 3,6 3,3 3,1 2,9
9 5,1 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7
10 5,0 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
15 45 3,7 3,3 3,1 2,9 2,8 25 2,3 2,1
20 4,4 35 3,1 2,9 2,7 2,6 2.3 2.1 1,8
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4
o0 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0

IIpumep 5. IIpoBeputh runore’y o0 OJHOPOAHOCTH ABYX BBIOOPOUYHBIX TUCHEPCUN HOP-
MAaJbHO PacHpeIeTeHHOMN CITydaitHol BeTmduHbl. PesynbraTel ombiToB: s, =0,9 mpu f, =3 u s5=0,2

npu f,=5.

Bri6pas g=0,05, naxogum mo Tabmn. 3 F _q=9,4. /I3 1aHHBIX OILITOB HMEEM F=0,9/0,2=45,

2 2
clieIoBaTeIbLHO, F < F]__q U THUIIOTE3a 00 OJHOPOJHOCTH S M S, , T. €. 0 IPHHAJIEKHOCTH HX
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OJIHOW I€HEepaJIbHOW COBOKYITHOCTH, XapaKTEPU3yeMOU 02 , HE OTBEpPraercs Ha YpOBHE 3HAUYUMO-
ctu 0,05
Pacnpenenenune Koxpena (G-kpurepuid)
Hcnonb3yercst [uist IPOBEPKH OTHOPOAHOCTH K BBIOOPOYHBIX JMCHIEPCHIA, HAWACHHBIX C OJTU-

HAKOBBIMH YMCJIAMHU CTEIICHEHN CBO60,Z[BI fi =N-1. KOXpCHOM BBCACHA cnyqaﬁHa;I BCJIMYHHA

G=-", (4.4)

re S°

imax HauOoIbIIas U3 CpaBHHUBACMBIX AUCIICPCUHN; U IIOCTPOCHO €€ pacClpECaAcICHUC, 3a-

BucsIIee OT | j 1 K. B ta6n. 4.4 npuBenens! HekoTopble kBanTunu G, ana ¢=0,05.

Tabnuma 4.4 KBanTtunu pacnpenenenus Koxpena C,_ , x10

k h
1 2 3 4 ) 6 7 8 9 10 o0

2 100 98 94 91 88 85 83 82 80 79 50
3 97 87 80 75 71 68 65 63 62 60 33
4 91 77 68 63 59 56 54 52 50 49 25
S) 84 68 60 o4 ol 48 46 44 42 41 20
6 78 62 53 48 44 42 40 38 37 36 17
7 73 56 48 43 40 37 35 34 33 32 14
8 68 52 44 39 36 34 32 30 29 28 13
9 64 48 40 36 33 31 29 28 27 26 11
10 60 45 37 33 30 28 27 25 24 24 10
20 39 24 22 19 17 16 15 14 14 13 5

0 0 0 0 0 0 0 0 0 0 0 0

2 2
Mpumep 6 IIpoBepuTh rUIOTE3y 00 OAHOPOIHOCTH BHIOOPOUHBIX Aucrepcuii 51 =3, S =5,
2 2 2
S3 =15, S; =2 m Sg =4, kaxkaas U3 KOTOPBIX onpeneneHa ¢ f ;=4 Ha YpPOBHE 3HAYUMOCTU g=0,05.

Ilo tabn. 4.4 Haxogum urst oxHocTopoHHeii onenku npu =4 u k=5 G; g5 =0,54. 13

OTIBITHBIX JIAHHBIX B COOTBETCTBHH C (4.4) umeeM

G 15
3+5+15+2+4

T. €. Ha ypoBHe 3HaunMocTu 0,05 runoresza 00 OJJHOPOAHOCTH AUCTIEPCUI HE OTBEPraeTcs.
OTMeTHM 3/1eCh, YTO HAMIYYIICH OIIEHKOW K-OIHOPOIHBIX JUCHEPCHI CITYKUT TUCTICPCHS,

OonpeacirsicMasn Kak
K
§* :(Zsf]/k (4.5)
1

C YHCJIOM CTENEHEN CBOOOIBI f= ka = k(N _1) . DTa OIleHKa MOXKET HCIIOJIb30BaThC IS

=0,52<0,54

o 2
ONpCACIICHUA JOBCPUTCIILEHOTO UHTCPBaJIa IJIA TCHCPAJIbHOU JUCIICPCUN c .

4 -pacnpenesienue ( 4 -KpUTepuii)
Hcnons3yeTcst a1 MpOBEPKU OJHOPOTHOCTH HAOMIOACHUH, HCKITFOYCHUS TPYOBbIX OMIMOOK
WiH BeIOpocOB. KBaHTUIN pacnipeieieHust CTy4yaifHOM BETUYMHBI
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% x|

4 , (4.6)

S
3aBUCSAIIETO JIMIIL OT 00beMa BbIOOpKH N, 10 KOTOpOU onpenensiores X U S, IPUBEACHBI IS
BepostHocTH p=0,95 B Tadm. 5.

Tabnumna 4.5 Ksantumm 7 -pacnpenenenus npu =0,05
N 3 4 5 6 7 8 9 10 15 20

(2 1,41 1,69 1,87 200 |217 [224 229 |229 |249 |262

IIpumep 7. Ha oHOM U3 OSTH OAMHAKOBBIX arperaToB (TPEThEM), BBITOJIHSAIOMINUX OHO-
TUITHBIC TEXHOJIIOTUYECKUE OTEepaIiy, ObUTH BHEAPEHBI MEPOTIPUSATHUS 110 SKOHOMHUU SIICKTPOIHEP-
ruu. OueHuTbh ux 3¢¢GEeKTUBHOCTh, €CIIM 3aPETUCTPUPOBAHHOE MECAYHOE MOTPEOICHUE SHEPTrUu

KaKpIM arperatom cocrasusger X; =10, X, =12, X;=8, X, =9, X;=11.

Kax u TIpeanosiaranoch, Ha TPEThEM arperate pacxoj SHEpPrud MMHHMAaleH, T. €. X3= 8.

Boi6pan 0=0,05, Haiizem 1o tabi. 5 4to, Tyes= 1,87. [To onbiTHBIM AaHHBIM onpenenum X =10,
[8—10]

$=1,58 v BRIUMCIUM 7 ="——
1,58
IMockonbky T =1,27 <1,87, T. e. He MOMagaeT B KPUTHUYECKYIO 00JIACTh TMITOTE3bI, HET OC-
HOBAHHM CUMTATh, YTO JOCTUTHYTHIH pe3ynbTaT HeclydyaeH, T.€. 00YCIIOBJICH MPOBEICHHBIMU Me-
ponpusitusiMu. OH BIOJTHE MOKET ObITh O0OBSCHEH €CTECTBEHHBIM pa30pOCOM B TOTPEOJICHUU DIICK-
TPOHEPTUU OTACIbHBIMU arperaramMu, 1 OCHOBAaHUU JIJIsl BBIILIATHI IPEMUU B ATOM CIIy4ae CTaTH-
CTHKa HE J1aeT.

=127.

JlucnepCHOHHBIN aHAIU3

[TocraBum 3amauy onpenenuTh Hakt BAUsHUS (HakTOpoB X HA PYHKIUIO LETH ¥ B YCIOBUSIX
NeHCTBUAX cydailHbIX (pakTopoB W.

3amaua pemraercsa ¢ MOMOIIBIO AUCTIEPCHOHHOrO aHanu3a (/[A), KoTopblil TO3BOJISET BbI-
SIBUTH, IPUBEJIET JIM U3MEHEHNE X K 3HAUMMOMY U3MEHEHHIO YV TO eCTh (DaKTUIECKHU SBISIETCS T X
BapbUpYyeMbIM (haKTOPOM.

Pesynbrat ombiTa ¥ MOKHO MPEICTaBUTH KaK CYMMY 2-X CIIaraeMbIX:
=y +Vy,
rae V' - 4dacte pesysnbTarta, O0yCJIOBIEHHAs BIUSHUEM X,

V’’ - yacTpb pe3yinbTara, o0ycinoBieHHas BaussHueM W.

ITo cBoiicTBaM IHUCIEPCUU:
DY=DYy’ + DV,
rae DY — obmias nucnepeust pe3yabTaToOB HAOIIOACHU I
DY’- nucnepcus V, obycioBieHHas BIussHUEM X ;
DYV- nucnepcust V, o0ycnosnennas siusiHuem W.

Ecnu oyenums oonopoonocme obweti oucnepcuu pezynomamog DY u oucnepcuu om enus-
Hus cayuainsix pakmopos DY, mo 6 cnyyae npunamus eunomesol komnonenma DY’ (Oucnepcus
om enuaAHUA X) oKazvieaemcs HesHauumenvHou, unu X Ha Y ne enusem.

Tabnuna 5.1 Tlnan npoBeaeHMs TUCIEPCHOHHOTO aHAIN3a
Ne YpoBHH X
OIbITa X1 Xz X3 Xm
1 Yu Y1z Vi3 Xim
2 Ya Y2 Va3 Xom
i=1..K =1..M
K Y Yka Vs Ykm

WTak, AMcriepCMOHHBIN aHaIN3 CBOJUTCS K ONPEACIECHUIO AUCIIEPCUH PE3YJIbTaTOB OIBITOB
DV’’, 00ycrnoBieHHbIX BIUsSHUEM cilydaiHbIX (pakTopoB W. JlaHHas 3agaua MOXKET ObITh pelieHa
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TOJILKO ITyTEM 3aIUIaHUPOBAHHOTO MOoBTOpeHus K omnbiToB Ha M ypoBHsx. B Tabxn. 6 npuseneH
CTaHJIAPTHBIN IUIaH MMOCTPOEHUS UCCIIEAOBAHUM.

JIns MCKITIOYEHHS] CUCTEMATUYECKHUX IMOTPENTHOCTEN JAHHBIX U3MEPEHUN MTOCIEN0BATENb-
HOCTh TipoBeieHrst N = K-M ombITOB onpenensieTcs: ¢ TOMOIIBIO MPOIEAYPHl PAHOOMU3AUUU
(Tabm. 5.2).
Tabmmma 5.2 Pangomu3zanusi mocaea0BaTeIbHOCTH MMPOBEIACHUS OIBITOB

No .. I'enepatop cayvaiubix yrcen ot 1 mo M-K
YpoBeHb 1 1 1 1 2 2 K
OneiT Ne 1 2 3 M 2 3 ... M
Iopsimok npoBeeHAs 5 2 1 3 8 4 24

O06paboTKa JaHHBIX CTPOUTCS IO CIAESAYIOIIEMY AITOPUTMY.
1. OmpenensieM BBIOOPOYHOE MaTeMaTHYECKOE OJKUAAHUE MO KaXXI0MY ypoBHIO (akTopa X.

K
2V
! K
2. OmpenensieM BBIOOPOUHBIE TUCTIEPCUU JJI KaXKAO0ro ypoBHS dakTopa X:
K 2

2(%i-Y)

Sy? =
Vi K-1
3. IIpoBeprM OAHOPOJHOCTD MOJIYYEHHBIX BEIOOPOUHBIX Jqucnepcuil no kpureputo Koxpena.
max(Sy;)
C=—g—

2.8
j=1

Ecimu G < Gragy, TUTIOTE32 OAHOPOTHOCTH IPHHUMACTCSL.

B ciyyae, korna rumnoresa 0JJHOPOTHOCTH OTBEpraeTcs, He00X0ANMO PEKPATUTh pacyeT u
PEKOMEHI0BATh:
1) YBeauuuTh KOJMUYECTBO OIBITOB;
2) IIpoBepuTh HAJIEKHOCTh U3MEPUTEIBHBIX CPEJCTB U MIPUHATH MEPHI K IMOBBIILIEHUIO CTAOMIIBHO-
CTHU TIOBE/ICHHUS OOBEKTA.
3. Onpenenum AUCTIEPCHUIO OT BIMSHUS CITyYalHBIX (PaKTOPOB.

3 2
Vi leyj
yh=31=_
A M

4, OHpeI[eJ'II/IM MATEMATUYCCKOC OXXKNIAaHUEC BCEX Ha6JIIO,Z[eHI/II>'II

K M
22N
V=t

M -K

5. Onpenenum o0IyIO TUCTIEPCHIO BCeX HAOMIOIEHUI

ZZ(Yi,j _Y_)Z

V=
A M-K-1

6. [Iposepum nucnepcuu Y "W IV na OAHOPOJHOCTH 1O KpuTeputo duiepa.
F = Ay

p I
Y
TabauyHOE 3HAUEHUE KpHUTEepHUsI CDI/II_LIepa onpeaenasaeM 1o tadi. 4.3 msd
f1 = M«(K-1), f= M-K-1

n
Ecmu Fp > Frasn, TO TUMOTE3a OmHOpOAHOCTH mucnepenit JIY u 1Y  oTBepraercs u, cienoBa-
TEJIbHO, C BEpOATHOCTHIO P (cM. Tabn. ®duiepa) ynpasisembiil pakTop X oka3bIBaeT 3HAYMMOE
BIHMSTHAE Ha QYHKIHIO 11en Y. B mpoTHBHOM ciiydae HEOOXO0AUMO CAENaTh MPOTHBOITOIOKHBIN
BBIBOJI.
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JIEKHIUA 22. OqnodakTopHbIi perpecCMOHHbIN aHAIN3

[To3HaKOMUBIIMCH C OCHOBHBIMHU IIEJISIMHU U TIPUEMaMHU TUCTIEPCHOHHOTO aHAITN3a, TTIOCTAaBHM
CIIETYIOIIYIO 33/1auy: HAyYUThCS OMPEEIATh, KaK BIuseT hpakTop X (oka ouH) Ha QYHKITUIO IETTN
Y B yCOBHSX IeWCTBHS CiIy4aiiHbIX (pakTopoB W.

3ameTuM, 4TO U3 ABYX BeMWYUH X U Y, MEXKAY KOTOPHIMU yCTAHABIMBACTCS CBS3b, JIUIIH
onna Y ciydaitHas. Eciu Ob1 00€ BeIMUMHBI OBLITH HECITYYaHBIMH, TO MbI ObI IMENH JIeJI0 ¢ 0OBIY-
HOW (PYHKIIMOHAIBHOM 3aBUCHMOCTBIO, H3y4aeMoil B MaTeMaTnyeckoMm aHaiuse. Eciu, Hao60poT,
paccMaTpUBAIOTCS JIBE CIy4daiHble BeTHMYUHBI X U Y, TO JUIS OLIGHKU CBSI3U MEKAY HUMHU MOXHO
BOCIIOJIB30BaThCs KO PUIIMEHTOM KOoppensiuH [7].

B namem ciyuae (X- Hecydaiinas BenndrHa, Y—ciydaitHas) 3aBucumocthb Y= f(X) nasbl-
BAIOT pecpeccuell WIN ypasHeHuem pecpeccuu. ITa 3aBUCHMOCTb B OTIMYNE OT (PYHKIMOHAIHHON
OTPaKAET CBSI3b MEXY HauboIee 6ePOSIMHbIM 3HAYeHUeM CITy9aiHOW BeTMUMHBI Y U BeTMUUHON X.

OcHOBO# IS HAXOXKICHHSI PETPECCUU CITY)KUT SKCIIEPUMEHTANbHBIN Mateprall — N Todek
B tutockocty Y, X. VX pacmonokeHue moka 4YTo HECYIIECTBEHHO: OHU MOTYT OBITh TOJTYYEHBI, KaK
B PaCCMOTPEHHOM IMIPUMEPE, HITU MOTYT MOSIBUTHCS B PE3yIbTaTe YCTAHOBKH X HA HEKOTOPBIX (PUK-
CHPOBAHHBIX YPOBHSX U MPOBEICHUS HA KaXKIOM YPOBHE OJTHOTO WJIM HECKOJIBKUX U3MEPEHUI Y .
[Tomryuenue perpeccuu BKIIOYACT TPH dTara.

Jran |: moctynupyercs BUJ YpaBHEHHS perpeccuu, BKItouaromiero, kpome X u Y, He-
CKOJIBKO HEU3BECTHBIX TapaMeTpoB (Kod(h(PHUIIMEHTORB), KOTOPBIC HAXOASTCS IO OTBITHBIM JaHHBIM.

Oran |l: onpenenstorcss HensBecTHbIE KO3(PPHUIMEHTHI, BXOISANIME B MOCTYJIUPOBAHHOE
ypaBHEHHUE PErPECCUH.
Oran |ll: npoBoaUTCS CTaTUCTUYECKHI aHAU3 PErPeCcCUU C IEINbI0 JI0Ka3aTeNIbCTBA €

aJICKBaTHOCTH SKCTIEPUMEHTAIILHBIM JTaHHBIM, KOTOPBIE OHA TIPE/ICTABIISCT.

Jran | BeImoaHsAeTCs 0OBIYHO Ha OCHOBE allPUOPHBIX COOOpakeHHii (Hampumep, Hy»KHa JTi-
HEHAas MOJIEIb), MPEIIISCTBYIOLIETO ONbITa, MHTYHIIMU U IPYTHX He (POpMaIN3yeMbIX TPHEMOB.

OObIYHO (HO HE 00s13aTENIbHO) ypaBHEHUE PErpeccHH MOCTYIUPYETCS B BUJE IMOJIMHOMA.
Haubouee pacripocTpaHeHHBIME M yIOOHBIMU PETPECCHOHHBIMU MOJICITISIMA MOXKHO CUHTATh CIIEIy-
romue: Moaenb 1 mopsinka Y=Bo+B1X ; mMozens Il mopsiaka: Y=Bo+B1X+B11X?.

B npakTrke MOTYT HCIIOJIB30BAThCA JTFOOBIE APYrUe MOJIEIH, B TOM YHCIIE U HEJIMHEHHbIE
OTHOCHUTENIbHO K03 ummeHToB (cM. Taodr. 6.1).

B pesynbrare 3aMeHbI IEpEMEHHBIX, BCE yKa3aHHbIE B Ta01.6.1 GyHKIIMU MOTYT OBITH Ipe-
00pa30BaHbl B JINHEIHYIO MOJIENIb TIEPBOTO MOPSAKA.

Tabnuna 6.1. Buael ypaBHeHHH perpeccuu U UX JMHEApU3yIoIue Mpeo0pa3oBaHUs

Jluneapusytomue npeoOpa3oBaHUs
Ne DVHKIII [TpeobpazoBanus Beipaxxenus s
n/n YHER IIEPEMEHHBIX BesinunH BO u B1.
\& X' Bo’ B
B 1
1. Y =B, +Yl Y X Bo B1
1 1
Y=—uw—— =
2. B, + B, - X Y X Bo B1
__ X X
3 B, +B,-X 2 X Bo Bs
4. Y =B, B/ In(Y) X In(Bo) In(B1)
5, Y =B, -e™” In(Y) X In(Bo) Bi
1 1
R B el -X
o B, +B, - Y ¢ B0 51
7. Y =B, -X* In(Y) In(X) In(Bo) Bs

121



8. Y =B, +B,-Ln(X) Y In(X) Bo B
B, + X Y B, B,

0, | v=2 1 = B =
B, + X Y X B, B,

11 % In(Y) : In(Bo) B
' Y e BO -ex X 0 1
12. Y =B,+B,-X" Y X" Bo Bi

OtmeTHM, 4TO HEyAauyHO BbIOpaHHAs (IIOCTYIMpPOBaHHAs) MOJIEIb MOXKET BBI3BATh HEIPO-
U3BOJUTEIILHYIO TPATy BPEMEHU, XOTS ¥ HE TPUBOUT K MPHUHIIUIINATBHBIM OIIMOKAM B pE3yJIbTaTe,
MOCKOJIBKY €€ aJIeKBaTHOCTH ITPOBEPSETCS HA MOCIICIHEM ATAIlE U I1I0Xasi MOJIETIb HE HCII0JIb3YyeTCsl.
[ToaTomy Ha 3Tane BhIOOpA BHIa PETPECCHH HAJIO UCTIOIB30BaTh BCIO HMEIOIIYIOCS WH()OPMAIIHIO.
Hanpumep, ecinu uzBecTHo, uto Y u X 00paTHO MPOMOPLHUOHAIBHBI, MOKHO BBIOpPAaTh B KaYECTBE
¢axropa X' = 1/X. Eciiu anpuopHOii Wim Kakoi-1160 apyroii HHGOpMAaLUU HET, CIeyeT HauuHATh
¢ mpocreitmen moaenu (| mopsiaka) — gake eciau OHAa M OKaKETCs HeaJeKBaTHOM, MOTpeOyeT s
MOJTyYCHUST MCHBIIIUX YCHITHH.

Ortan || — HaxoxaeHue HeN3BECTHRIX KO3(P(MHUIIMEHTOB 110 ONBITHBIM JJAHHBIM — OOBIYHO
BBITIOJIHSIFOT HA OCHOBE MeToJla HauMeHbInnx kBaaparoB (MHK). PaccmoTpum 3TOT mmpoko uc-
MOJIb3YEMbIN B HAYKE M TEXHUKE «METOJl U HAYYHMCSI €0 IPUMEHSITh.

[Tycth mocTynupoBaHa JTUHEHHAs perpeccus u Tpedyercst HauTu Bo u B1 1o N OmBITHRIM
ToukaM. B 11060M U-M ombITE MMEeeM

Yu=PRo+B1Xu+ey, (22.1)
riae Yy, Xy — 3HaueHHS CAy4aliHOW BETMUYMHBI Y M HECIydaiHOTro aprymenTta X B U-M orbite; 3o,
B1— «ucTHHHBICY 3HAUYCHUS KOI(D(DUIIUCHTOB PErPECCUH, COOTBETCTBYIOIINE MOACTH Y yuer= Bot+ B
1X;
€u — ommOKa, OOBSACHSIONMIAs OTINYNE HAOII0JaeMOT0 3HAUCHUS OT «MCTUHHOTO» U OOYCIIOBJICH-
Hasi BO37eiicTBHEM Ha Y CllydalHbIX (haKTOPOB.

OueBHIHO, YTO HAM HUKOT/Ia He yaactcst HaTu Bo u B1, a koaddunueHts Bo u B1, koTopbie
MBI JIOJDKHBI ONIPEICIINTh, €CTh HEKOTOPbIC Haunyuuiue oyenku o u 1. MeTox HAMMEHBIIMX KBaJI-
paToB ompeeNseT CIeAYIONIee CoIepKaHuEe TEPMUHA «HANITYUIITHEe):

N
2. (Y, =Yy )’ = min,

T. €. TaKH€, 4YTO CyMMa KBaJpaTOB OTKJIOHEHUH HaOm01aeMbIX Y OT «ICTHHHBIX» MUHUMAJIbHA.
JUia TMHEWHOM perpeccuu ciefayeT apyras 3anuch yciosus MHK
N N
_ 2 2 :
S=> (Y,-B—-BX,): =D "= min,
u=1 u=1
HETIOCPE/ICTBEHHO MO3BOJISIFOLIAst HaiiTh oneHkH Bo u B1. [Ipoauddepeniposas S no Bo u B1 u

NPUPABHSB MOJIy4YEHHbBIE YAaCTHBIE IPOM3BOIHBIE HYIII0, UMEEM CIIEYIOUIYIO CUCTEMY JTMHEHHBIX
anredpandeckux ypaBHEHHUM:

B,N + BlzN: X, :ivi
i=1 i=1
N

Boi X+ Bli Xi2 :Z(Yi ) Xi)

i=1

, (22.2)

pelasi KOTOpPYIO JI0ObIM CITOCOOOM, OTIpeieNsieM HEM3BECTHbIE KO (PHUIIMEHTH! YpaBHEHUS pe-
rpeccuu Bo u Ba.

[To3HaKOMUMCSI ¢ «MH)XEHEPHBIM METOZ0M» (POPMUPOBAHMSI CUCTEMBI JIMHEHHBIX ypaBHe-
HUM JUIsl HAX0KJIEHUS] HEU3BECTHBIX K03(h(PUIIMEHTOB perpeccun. AHaIN3 ypaBHeHUs 6.1 1 mepBoro

122



YpaBHEHHSI CHCTEMBI 6.2 MOKA3bIBAET, YTO B HUX €CTh «HEUTO o01ee». Bropoe ypaBHEHHE CUCTEMBI
6.2. oy4aercst MyTeM «yMHOKEHHsI» IIEpBOro ypaBHEHHs Ha cyMMy X. OTU HaOIr0A€HUS 103BO-
JSIFOT ¢(hOPMHUPOBATH «IBpPUCTUUECKUHN anropuT™ popmupoBanus CJIAY» 3axmtouaromuiics B ciie-
IYIOILEM:

Ilepsoe ypasHenue cucmemvl coOomeemcmeayem uoy 6blOPAHHO20 YPAGHEHUS Pe2PecCUll C
3amMeHamu.

Bo Ha BoN; X Ha cymmy X; Y Ha cymmy Y

Kaorcooe nocnedyowee ypagnuenue cucmemvi nonyuaem u3z npeovloyuje2o nymem yMHolce-
Husi Ha cymmy X.

[IponmnocTpupyeM aJropuTM Ha IIpUMepe.

[TycTs HEOOXOAUMO HAWTH HEU3BECTHBIE KO3 (DUITMEHTHI PETPECCUOHHOTO YPaBHEHHS
BUJA

Y=Bo+B1X+B2X?

B ypaBuenuu tpu HemsBecTHBIX KodddumuenTa. CnenoBarensHo, mopsaaok CJIAY pasen

3. IIpuMeHsIs «3IBPUCTUYECKUI aJITOPUTM», IOTYUYAEM:

B,N + Bli X, + Bzi Xi2 :ZN:Yi
. i=1 . i=1 . i=1 .

Boz Xi + Blzxiz + Bzz Xi3 :Z(Yi 'Xi)
i=1 i=1 i=1 i=1

Boi Xi + BlZN: Xi2 + Bzi Xi4 :i(Yi ’ Xiz)
i-1 i1 i-1 i1

OTMeTuM, 4TO U3JI0KEHHAs MPOLEAYPa MOXKET OBITh OCYIIECTBICHA B JIFOOBIX CIyJasx —
MHK Bceraa no3BoiauT NpOBECTH JIMHUIO, COOTBETCTBYIOIIYIO TOCTYJIMPOBAHHOMY BBIPAXKEHUIO U
HaWIy4llIuM 00pa3oM (B yKa3aHHOM BBIIIE CMBICIIE) OTBEYAIOILYIO AKCIIEPUMEHTAIbHBIM TOUKAM.

Jran Il — ananu3 ageKBaTHOCTH PErPECCUH, B pe3ylbTaTe KOTOPOTO MbI JOJKHBI BhISIC-
HUTb, YAAYHO JIM BRIOpaHa UCXOHAS MOJIEIb, T. €. aJeKBATHO JIM OTPaXKAET IMOIydeHHAsI PETPecCHs
SKCHEPUMEHTAIbHBIA MaTE€pHal, IOJIOKEHHBIN B €€ OCHOBY.

[IpoBepKy aneKBaTHOCTH NOCTYJIMPOBAHHONW MOJEIIH IPOU3BEIEM IIyTEM CPABHEHUS IBYX

2
JUCIICPCHUH, OJJHA U3 KOTOPBIX SY XapaKTCPU3yCT BIIMAIHUC HA Y CIIYUYauHBbIX (baKTOpOB, a BTOopaAa

2 o
Sa() OLICHUBACT p336pOC OIBITHBIX 3HaYeHUI Y OTHOCHUTEIBbHO JUHUHA PErpeCCrun U BbIYUCIIACTCA

N
2
Z (Yi - y(Xi))
2 _ a1
ao N _ K
¢ uucniom creneneit cBo6opl fa;= N - K (B Mmogenu o N onbitam onpenenenst K koaddunmen-

TOB).

CocraBuM OTHOIICHHE
S 2
F =2
p 2
Sad
Y CPaBHUM €ro ¢ KBaHTWIBbHOM rpanutiei kputepust Oumiepa Fripu f1 = N-1u f2 = fo; . Ecu F< F;

TO TMIIOTE3a 00 OJTHOPOTHOCTH CPABHUBAEMBIX TUCIIEPCHI HE OTBEPraeTcsl Ha ypOBHE 3HAUUMOCTH
g, cienoBarenbHo, HabmoMaeMbiid pa3opoc Y u Y(Xi) MOXKeT ObITh OOBSICHEH €CTECTBEHHBIM BIIHSI-

HUECM CﬂyqaﬁHBIX (I)aKTopOB 1 MOJCJIb HCAICKBATHO OIIHMCBLIBACT MMPOLCCC. Ecmu xxe F>F; To Sa;[

2
3HAYUMO MCHBIIIC S , T. €. MOCTyJIUpOBaHHAasd MOJCJIb CTATUCTUYCCKH 3HAYUMO OITMCBIBACT IIPO-

IIECC U MOKET OBITh IPU3HAHA aJIeKBaTHON. 3aMEeTUM, UTO B cllydae, KOrJa JUCIepCHsl aJleKBaTHO-
CTH CTPEMHUTCS K HYJIO, pacueTHbIN KpuTepuit duinepa crpemMutcs k 6eckoneyHocTu. Takum oOpa-
30M, AMCIIEPCUs aIeKBATHOCTH MOXKET ObITh IPU3HAHA OCHOBHBIM I1apaMETPOM, OLIEHUBAIOIIUM Ka-
YECTBO MOCTPOECHHOU MOJIEIIH.
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JIEKHUS 23. MHOro(pakTOpHbIii perpecCHOHHBIH aHAIHN3

Haunbosee naTEpeCHbIC M TPAKTUYECKHA BaXKHBIC 32/1a4W OOBIYHO MPEIIO0JIaraloT MOoTydeHue 3a-
BUCUMOCTH Y OT HecKobKux so3oeucmayiowux gaxkmopos {X—X1, Xo, ..., Xi, ... , Xn). Takue 3amaun
MPUBOAAT K MHOTO(DAKTOPHOMY PErpeCCHOHHOMY aHAIIU3Y.

OueBHIHO, YTO UMETh JEJI0 C HECKOIBKIUMHU Pa3HOPOIHBIMH HE3aBUCHMBIMU ITEPEMEHHBIMU, KO-
TOpPBIE BBIPAXKAIOTCS COBEPLICHHO Pa3IMYHBIMI MMEHOBAaHHBIMU YHCIAMHU U BapbUPYIOTCS B Pa3INIHBIX
npezenax u T. I, IO KpaiiHel mepe, Heyno0Ho. st Toro 4ro0bl M30aBUTHCS OT 3TOTO HEYH0OCTBa,
nepeiieM K KOJANPOBaHHBIM (haKTOpaM, KOTOpbIe OyzeM 0003HaYaTh CTPOUYHBIMHE OYKBaMH X C COOTBET-
CTBYIOIIMMHU MHACKCAMU U KOTOPBIC 6yILYT CBA3aHbI C UCXOJHBIMU HCTHHHBIMU q)aKTOpaMI/I X COOTHO-
IICHUSIMU
X=X, X — Xcp

X = = s
ch_Xmin Xmax_ch

rae Xmin, Xmax— MHUHHMAaJIbHOEC W MaKCHMalbHOE 3HA4YeHHs (pakTOpa, BEHIOpAHHBIC BHYTPHU JHANa30HA
€ro U3MEHeHUs (BapbUpoBaHus); X, —Cpe/iHee 3HaueHue (akTopa, ornpeaesieMoe Kak
— X min + X max
cp 2

[Tocse BBITIOJIHEHUS ONEpaIlliy KOJUPOBAHUS MBI UMEEM JIeJI0 ¢ Oe3pa3MEepHBIMU (aKTOpPaMH,
BapbUPYIOMIMMHECS OKOJIO HYJIS B HEOOJIBIINX MpeIeiax
(4acTo B aKTHBHOM DKCIICPUMEHTE BBIOMpAIOTCS mpeaensl -1...+1).

[Toctynmupyem Momensb clieAyromero Buaa (Ko3pUIMeHTs P KOJIUPOBAHHBIX (hakTopax Oy-
JeM 0003HaYaTh CTPOYHbIMU OykBamu b):

Y=bo+bix1+... +hnXn+bioX1Xo+b1sXiXa+... +
Bn-1,nXn-1XnHD123X1X2X3+ ... +D12.. nXaX2... XN+D11X12+ ... +DnnXn?.

B Moaens BXoaST Hy/IeBO# 4iieH, wWieHbl BUaa Dixi (TuHeiHas perpeccus), wieHbl BUaa DiijkXiXjXk,
OTpaKaIOIINe B3aMMOJCHCTBHS (haKTOPOB (HETOJHAS KBAaJIpaTUYHAs PErpPeccusi), U, HAKOHEI, YJICHBI
Buza biixi? (kBagpaTiunas perpeccus). OUeBHIHO, UYTO NPU 3HAYUTEIBHBIX N 3aIUCh BUA yPABHEHHUS
CTaHOBUTCS BEChMa IPOMO3AKON U HeynoOHOH. He u3meHss Buna Mojenu, 3anuiieM ee B 0oiee KoM-

NaKTHOM Gopme
A m
Y =2 bix,

i=0

,
rie Xo=1; xi mpu | > N 0603HaYaeT IPOU3BEICHNUS U KBaApaThl (hakTopos; bj mpu i > N —ko3dunneHTsI
MIpU MPOU3BEICHUAX U KBaJpaTax (PakTOpOB; M — MOTHOE YUCIIO YWICHOB MOJUHOMA, HE CUUTAs HYJIe-
BOTO (Bcero M+1 ujeH).

ITepexonum Terneps K ONnpeAeieHuo KodpduieHToB perpeccuu bj mo manHbM onbitoB. Kak u
B cTydae OJJHOMEPHOM perpeccuu (CM. Jiek. 6), B 1I000M U-M OIBITE UMEEM

Yu= BoXou+ PiX1u+...+ PmXmu + €y,
rae Yy—3HaueHue Y B y-M OIBITE X0y, X1u,...,Xmu —3HAYCHHS HE3aBUCHMBIX ITEPEMEHHBIX X0,...Xm, B U-M

onbITe; Po,...,Pm — «UCTHHHBIC» 3HAYCHUS KOAPUIIMEHTOB pErpecCuu, OLIEHKH KOTOPBIX Do,...,bm BxO-
IST B MOJIEJIb; Ei—OLIMOKa B U-M OIBITE.

PeSy.]'II)TaTI)I BCECX N OIIBITOB 3AaITHUIIIEM B BHUJIC ManI/I‘IHOFO ypaBHeHI/IH
Y =Xp+e
rae



Y, Xo Xq1-: X1 Bo €1

, X= Koy Xy Xy s B: Bi y ET|Ey

Yy | Xon XN XN | _Bm_ &N ]

Pa3mep BekTopa HaONIOEHUHN, WM MATPULBI-CTONIONA Y M BEKTOpa OMIMOOK, WM MATpPHIIBI-
cronbia € — (N* 1); pasmep BekTopa koaddurmentoB (M+1%1); pasmep marpurns X (NXm+1).
VYcnosue MHK 3amnuiem B Buje
S=(Y-Xp)?> — min.
HopmarnbsHbie ypaBHEHUS TTOIY4nM, TPoudGepeHIpoBaB 1o f3:

B ox v -xp)

dg
(muddepeHpoBaHre BBIMOIHACTCS 1O OOBIYHBIM TPABHIIaM, HO NEpea CKOOKOW 3aruChIBAeTCS Xt
4TOOBI YMHO)KEHUE UMEJIO0 CMbICIT) U IPUPABHSB IIPOU3BOAHYIO HYIIIO:

XTX B = XTY
Torna
B=(XTX)1XTY,
4To U sABisercs Marpuued MHK—oneHok ko puuneHToB perpeccuu.
O6o3nauns ~ XTX = C, nonyuum B = CIXTY,

OTMeTHM, YTO B BhIpaxkeHue mis B Bxoaur o6partnas matpuna C. Miexoanas matpuna C ornpe-
JIeJIeHa Ha OCHOBE MaTPHUILIbI X, OTpa)karolllel 3HaUeHUsI HE3aBUCUMBIX IEPEMEHHBIX B onbITax. Eciu Mbl
CaMH 3a/1a€M HE3aBUCUMBIE IIEPEMEHHBIE B Ka)KJIOM OIBITE, T.€. IPOBOANM aKTUBHBIN dKCIIEPUMEHT, MbI
FIMEeM BO3MOKHOCTB T103a00THTECS O TOM, UTOOBI CKOHCTpyHpoBath C, a, cnenosarensho, u C meko-
TOPBIM HAMJTy4IIUM 00pazoM.

[To3HakOMUMCSl C «HMHYKEHEPHBIM METOA0M» (OPMUPOBAHMS CUCTEMbI JIMHEWHBIX YpaBHEHHM
JUIS HAXOXKJICHHUSI HEM3BECTHBIX K03()(DUIIMEHTOB MHOTO(QaKTOPHOI perpeccuu.

Ilepeoe ypasHnenue cucmemvl coomeemcmeyem uody blOPAHHO20 YPAGHEHUs pecpeccull C 3a-
MeHamu:

Bo Ha BoN; Xk Ha cymmy Xk; k=1.m; Y Ha cymmy Y

Kascooe nocnedyrowee ypagnenue cucmemvi noiyuaem nymem YMHONCEHUS NEPBO2O HA CYMMY
Xk.

[IponmnrocTpupyeM aaropuTM Ha IIpUMeEpe.

[TycTh HEOOX0IMMO HAWTH HEM3BECTHBIE KO (UILIMEHTHI PETPECCUOHHOTO YPaBHEHUS BUJIA

Y=Bo+B1X1+B2Xo+ B3 X3

B ypaBHeHuu 4yetbipe Hen3BecTHHIX kKoaddunuenta. CnenosarenbHo, nopsaok CJIIAY pasen 4.

[TpuMeHss «OBPUCTHUECKUI aJITOPUTMY, ITOJTy4aeM:
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B,N + BlzN: Xii+ Bzi Xip+ B3ZN: Xis ZZN:Yi
i=1 i=1 i=1 i=1

N N N N N
Boz Xi,l + Blz X 2i,1 + Bzz Xi,z + Bsz Xi,s :z (Yixi,l)

i=1 i=1 i=1 i=1 i=1

N

N N N N
Boz X2+ Blz X1+ Bzz X 2i,z + Bsz Xis :Z (Yixi,z)
i-1 i-1 i-1 i-1

i=1

N N N N N
Boz xi,a + Blz xi,l + Bzz Xi,z + Bsz X 2i,3 ZZ(YiXi,S)
i=1 i=1 i=1 i=1 i=1

[TepeiineM Kk TpeTbeMy ATaIy PErpecCHOHHOTO aHAIN3A U TOJTYYUM BBIPAXKECHHS IS TUCTICPCUH
OLIEHOK K03(puirenTos B.
BBezneMm B paccMoOTpeHHE MaTpHUIly AUCTIEPCHU KOIDPHUIINEHTOB:

DB=C™.-DY,
rae DY — nucniepcust HaOmroaeHU
B obmiem cnygyae DB — kBaapaTtnas matpuiia pasmepom (1+m)>X(1+m); nuaroHaibHbIe 3Jie-
MEHTBI—JIUCIICPCHH COOTBETCTBYIOIIUX KOAPPHUIIMEHTOB, HEIUArOHAIbHbIE— KOBAapPHAIIUH, ITPEIICTAB-
JSIonIMe cO00I0 MEpy HEOTPEISIICHHOCTH, BO3HUKAIOIIEH B CHITY 3aBUCUMOCTH APYT OT JApyra ko3ddu-
1ueHToB perpeccun. Matpuia DB MoxeT ObITh HCIIOJIB30BaHA IS OIICHKH 3HAYMMOCTH KO PUIHCH-
TOB PETrPECCHUH.

t. =i, 1=0,1.m
DB,
rue ti — pacueTHbIld Kputepuii CTBIOZCHTA B 33aja4e O THUIIOTE3€ PABEHCTBA HYIO | — ro ko3dduimeHTa
MOJICIIH.
Hpoeepka adexsamuocmu pezpeccuu 6blnoOJIHAEmCcA Cn06’060]l/l, ONUCAHHbIM 6 JIEKYUU 6 0111 00-
HOGaKmMOPHOIL pecpecCUOHHOU 3a8UCUMOCTIU.
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Jleknus 24. Metoauka (pakTOPHOr0 IKCIIEPUMEHTA

Pemenne nocraBieHHON nepe] HCCIENOBATENIEM 3aJa4d METOJOM IIPSIMOIO KCIEPUMEHTUPO-
BaHU CBA3aHO C INTyOOKHM MMPOHMKHOBEHUEM B CYHIHOCTh M3Y4aeMOro mpoliecca.

[TonroroBka K 3KCHEPUMEHTAIbHOMY HMCCIEAOBAHUIO HAYMHAETCS C TIIATEIBHOTO W3y4YCHUS
BCEX MaTE€pUaJIOB, OTHOCSIIMXCS K LIETU U NpeaMeTy uccienoBanus. Hanpumep, mpu uccinenoBanun
KaKoH-TM00 TEXHOJIOTMYECKOM onepanun HeoOXOJUMO BBIAICHUTh KOHCTPYKTUBHBIE OCOOCHHOCTH 00-
pabaTbIBaeMOM JeTanu, TEXHUUECKUE TpeOOBaHHS K HEW, XapaKTepUCTUKH MTPUMEHsIEMOro 000py10Ba-
HUS, IPUCIIOCOOJICHUH U MHCTPYMEHTOB, PEKUMBI PE3aHUS U JIp. YCIOBUs 00pabOTKH. 3aTeM HYXHO
HOMBITATHCS J1aTh HAYYHOE IMPEAIOJIOKEHUE O XapaKTepe MPOTEKAOLIEro MpoLecca U BEPOSITHOE €ro
0o0BsICHEHUE, MHaYe roBOps, pa3padboTars pabouyto runoredy. Kak Munumym, pabouas runoresa ycra-
HaBIUBAET (PaKTOpHI, 00YCIOBINBAIOIINE PAa3BUTUE UCCIIEIYEMOTO IpoLecca.

Ha BbIcIIEM ypOBHE IpEIIIoaraéMoe pa3BUTHE IIPOLIECCa NMPEACTABIAETCS MAaTEMaTUYECKUM
BBIPQ)KEHUEM, OMMCHIBAIOIINM, HAIIPUMED, €ro PU3UKO-MEeXaHWYeCKne 3akoHoMepHOocTH. Ho Bo Bcex
cllydyasix TMIIOTe3a HE B COCTOSIHUU COBEPIIEHHO 0TOOPa3UTh PeabHbIi MPOIecC U HOITOMY HYXKAAETCs
B YTOUYHEHHSAX, 10pabOTKax, 1ake MHOT 1A B PAJAUKAJIBLHON 3aMEeHE HOBOIA.

Buvioop mooenu uccnedyemozo npouecca

Kaxxp1i1 n3y4aeMslil IpoLecc B KOHEYHOM MTOre IPEICTaBISAIOT B BUAEC HEKOTOPOM MOJEIIH,
Harpumep, rpaMKoM HJIM MaTeMaTH4ecKoi ¢popmyioil. ' 1aBHOe CBOWCTBO MOJENIN — 3TO €€ CII0COo0-
HOCTB TPE/ICKa3bIBaTh XapaKTep NPOTEKaHUs IpoIIecca MPH U3MEHEHHUH JICHCTBYIONUX Ha HEro (akTo-
pOB.

PaccmoTpuM cnenyroiee BeIpaXeHHE, MPEICTABISIONIEe COO0H aHATUTUYECKYIO 3aBUCHMOCTD
ynpyroi aedopMaruu 1o OTBEpCTHIO JETAIH IIPU JOPHOBAHHUHU:

bZ
o 374‘1 b2
lJ:E%a ; In—, (24.1.)
— -1
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I7Ie Gs — BEIMYMHA CONPOTHBIIEHUS MaTepuana IUIACTUYECKOMY Je(OpMHUPOBAHMIO, 3aBUCSAIIAS
TaKKe OT HaTsra JOPHOBaHUS; 2D, 28 — HapyKHBII U BHYTPSHHUI JHMaMeTPbl IeTainu; £ — MOIyJIb IPo-
JOJIBHOM YIPYTOCTH.

[IpencraBnennas Gpopmyia — 3TO MOJEIb MMPOLEcca M3MEHEHHUsI BETMYMHBI YIPyToit aedopma-
un U. He npuberast k ¢pu3ndeckuM ompiTaM, 1o Hell MOKHO yCTaHOBUTH HCKOMOE 3HaueHHue aedopma-
WY [IPH U3MEHEHNUH HATsATa JJOPHOBAHUS, Pa3MEPOB JIETaIM U €€ MaTepHrala.

Mogens B JaHHOM Cllyyae BBISIBIISIET HE TOJBKO IJIaBHBbIE (DAKTOPHI paccMaTpUBaeMOro Ipo-
1ecca, Ho ¥ CTENeHb BIMSHHS KaXKI0TO M3 HUX Ha TpoIiecc B 1esioM. MmMes Takyro Mojiesb, CClieoBa-
TEJIb JIETKO OCYIIECTBUT ACTAIN3ALNI0 METOIUKH MOCIETYIOIIEr0 SKCIEPUMEHTAIBHOTO UCCIIEI0BaHMS,
C TIOMOIIBI0 KOTOPOTO MOXKHO YCTAaHOBUTH MOTPEIIHOCTD (POPMYIIBI M YTOUHUTH O0JIACTh €€ MPUMEHe-
HUSL.

B TexHOJI0THHM MaITMHOCTPOEHUSI MHOTHE TTPOIIECCHI TIPEACTABIISIOT B BHJIE YMITHPUIECKUX (op-
MyJ, CTPYKTypa KOTOPBIX OIpeeNIIeTCsl Ha OCHOBE anpHopHOi uHpopmauuu. Hanpumep, npu uccre-
JIOBaHUU HAKJIETIa TOBEPXHOCTHOTO CJIOS TTOCIIE TOYCHUS TTOTydeHa CIIeIyIOIas 3aBUCHMOCTD:

138, 7. SO,OZtO,OZaO,Oer,OS
H V%90 +17)*
rne  Hy— MUKpPOTBEpJOCTh HA TIOBEPXHOCTH JeTain; V — CKOpOCTh pe3aHus; S — nmogaya; t — rimyonHa
pe3aHus; o — 33AHUN Yo, Y — HepeAHUN Yro; I — panyc OKPYTJICHUS PEXKYIIEeH KPOMKH.

[Ipumenenue npuBereHHON (OPMYNBI OrpaHUYEHO MaTepuanoM jaetainu (ctaib 45) U UHCTPY-
meHTa (T16K6), ckopocteio (71...282 M/MuH.), mogaueit (0,05...0,43 mm/00) u 1.1. Dopmyny (8.2.)
HEITb3sI UCIIOJIb30BaTh HEMOCPEICTBEHHO /ISl pacueTa BeIMYUHbI H, Tpu 00paboTKe, HanmpuMep, 3aKa-
JIEHHOM cTanu 31600poBbIMH pe3tiamu. OJJHAKO UCCIeI0BaTeNh UMEET BCE OCHOBAHMS MPEIOIOKHTD,
YTO CTPYKTYpa MOJIETH B HOBOM TPOIIeCCe HE M3MEHHTCS M MPEJICTABHUTH €€ B BUJIC:

_a-Sxtyakr”
M V90 +7)

H I wnd, (24.2)

(24.3)



B npuBeneHHBIX BbIIIE MpUMepax BXOASMUE B (GOPMYIbI (PAKTOPBI, ONPENEIONUe X0 po-
11ecca, MOTyT MIPHHUMATh T10 JKEJIAHUIO UCCIIE0BATENS JI00bIe MOCTOSIHHbIE 3HAYSHUS C 3a/IaHHON TOY-
HOCTBIO U MOJJIEPKUBAThCS HA 33JaHHOM YPOBHE B TEUEHHE BCETO OIbITA. Takue (pakTopbl Ha3bIBAIOTCS
yIPaBJIsi€eMbIMHU, a SKCIIEPUMEHT, B KOTOPOM OHU YYacCTBYIOT — aKTHBHBIM.

OueHb Ba)KHO B MEPHOJ MOATOTOBKH K SKCIEPUMEHTY Bce (PaKTOpPbI, 00ycIaBIMBaOLIUE MIPO-
LIECC, PA3/I€IUTh Ha OCHOBHbBIE, OKa3bIBAIOIIME PEIIAOIIEE BIMSIHNUE HA PA3BUTHUE ITpoLIEcca, U TOTOIHU-
TEJIbHBIE WJIM BTOPOCTENEHHBIE. JomosHuTenbHbIe (GaKTOPbl OOBIYHO CTAparOTCsi HEWTPAIM30BaATH B
npoliecce HKCIEPUMEHTA IyTEM CO3JaHUs TAKUX YCIOBUH, IPU KOTOPBIX UX BIMSHUE HA Jpyrue (ak-
TOPBI CTAHOBUTCS HE3HAUUTENbHBIM. OIHAKO ClIeAYeT IOMHHTD, YTO JieJieHHe (GaKTOPOB HA OCHOBHbBIE
U JIOTIOJIHUTEIIbHBIE B OOILEM CITyyae YCIIOBHO M MOXKET ObITh IIPOU3BEJICHO TOJIBKO HAa OCHOBE JI0BEpU-
TEJILHOW anpruopHON MH(POPMAITIH.

Buvioop memooa uccneoosanusn

B03M0OKHOCTh OTHOBPEMEHHOT'O U3yUYCHHUS BIUSAHUS PsAJla OCHOBHBIX ITEPEMEHHBIX ()aKTOPOB Ha
IPOTEKaHHWE OJJTHOTO Ipoliecca He BCerla OCylecTBUMa. B Takux cityyasx Juid NOJy4eHUs ¢ 10CTaTou-
HOM CTEINEHBIO HAJIE)KHOCTH YETKOW 3aKOHOMEPHOCTH IIPOLECCA CIEAYET BbIIEIUTh B KAUECTBE OCHOB-
HOTO (paKTOpa JUILb OIMH, HEUTPAIU30BAB BCE OCTAJIbHBIE. 3aTEM, IIOCJIE0BATEIILHO IIepedrpast OCHOB-
HbIe (DaKTOPBI MPH HEU3MEHHOCTH OCTAJIbHBIX, YCTAHABIMBAIOT 00IIME 3aKOHOMEPHOCTH Pa3BUTHS HC-
ciieyeMoro mnporuecca. Takoil MeTo| UCCileJOBaHUS Ha3bIBACTCs OJJHO(AKTOPHBIM IKCIIEPUMEHTOM.

JloCTIKEHHE TeNT ¢ TIOMOIIBI0 OAHO(PAKTOPHOTO SKCIIEPUMEHTa TpeOyeT MOCTAHOBKH MHOTO-
YHCJICHHBIX OIBITOB, YHCJIO KOTOPBIX BO3pacTaeT ¢ pOCTOM KonuyecTBa paktopoB. Kpome Toro, Bo3HH-
KaeT HEYBEPEHHOCTh B OLIEHKE MCKOMOTO IMapaMeTpa, KOr/a BXOASAIINE B HaIeHHYIO GopMyry ¢ak-
TOpBI IPUHUMAIOT OJHOBPEMEHHO PA3JIMYHbIE 3HAYCHHUS, OTIIMYAIOIIUECS OT (PUKCUPOBAHHBIX B HKCIIE-
pumenTe. IIpeononers BO3HUKIIMK Oapbep MOMOraeT METOJ MHOTO(aKTOPHOTO MJIaHUPOBAHUS IKCIIE-
PUMEHTAJIbHBIX UCCIIEA0BAaHUH. DTOT METO IO3BOJISIET OAHOBPEMEHHO BapbUPOBATh BCEMHU (paKTOpaMu
B HY)XHOM HAalpaBJI€HUH 110 CHELUAIbHBIM [IpaBWJIaM — aIrOpuTMaM. 3ajiauu, 1Jisd PeLIeHUs] KOTOPhIX
MOYKET MCII0JIb30BaThCsl MHOTO(aKTOPHOE IUIAHUPOBAHKE SKCIIEPUMEHTA, YPE3BbIUYaHO pa3HOOOpa3HbI.
OTO — MOUCK ONTUMAJbHBIX YCIOBUI MPOBEIEHUS NPOIECCA, TOCTPOSHUE MATEMAaTHYECKUX MOJENIEH,
BBIOOp CYIIECTBEHHBIX (PakTOpoB U J1p. IIpu 3TOM NpennoyTeHne 0TAaeTcst MOJENsIM Ha OCHOBE CTEIEH-
HBIX PSAJIOB - AIredpanvyecKuM MoJIMHOMaM pa3inyHoi crenenu. Hanpumep, nosmHOM nepBoii CTeNeHn
¢ ¢akTopamMu x1, X2, X3 ¥ T.1. OyJI€T UMETh BU/I:

y=by +b X +b,X, + 0%, +....+ b X, . (24.4)

HerpynHo yoeauTbes, 4TO K TAKOMY BUAY JIETKO IPUBOAMUTCS BCTPEUABILIEECs] BBIIIIE BEIPaKEHUE
(8.3) myreM ero siorapuMUpOBaAHHUS.

B npaxTHke TeXHOJIOIMH MAaIIMHOCTPOEHHSI BCTPEYa0OTCs POLecChl, (hopMupyromuecs mnoj Bo3-
neiicTBueM ciydailHbIX (hakTopoB. Tak, oOpabaTbiBaeMble JETaIM UMEIOT MIEPEMEHHbIE TI0 BETUUYNHE
IIPUITYCKHU U PA3IMUHYIO TBEPAOCTh MaTEPHaAJIa, YTO BBI3BIBAET HE MOJAAOIINECS KOHTPOJIIO H3MEHEHUS
CHUJI pe3aHus U KojebaHus ynpyrux orxatuii B cucteme CIIN/I. B pe3ynbrare pazmepsl oOpabaThiBae-
MBIX JieTajieil OyayT ciiydallHbIM 00pa30M OTKJIOHATHCA OT HACTPOEUHOTO pa3Mepa, T.e. Oy1yT U3rOTOB-
JIEHBI C HEKOTOPOM IOIPEIIHOCTBIO.

Jlnisi BBISIBJIIGHUS XapaKkTepa U CTENEeHU BO3JEHCTBUA clydaiiHbIX (pakTOpoB Ha mporiecc npuode-
raroT K CTaTUCTUYECKUM MoJesM. By ctaTucTuyeckoil Moieny 4acTo HOCUT MHOTOBapHaHTHBIN Xa-
paKkTep U MOXKET ObITh YCTAHOBJIEH SKCHEPUMEHTAIbHBIM MyTeM. [IpakTHUeCKH CTaTUCTHUYECKYI0 MO-
JIeJIb BBIOMparoT Ha OCHOBE anpuopHoil nHpopmanuu. Harpumep, /uist n3ydeHus MOrpeuIHoCTe TUHeH-
HBIX U YIJIOBBIX Pa3MEpPOB, IIEPOXOBATOCTH TOBEPXHOCTH, TBEPJOCTH, MEXAaHUYECKUX CBOICTB MaTepH-
aja, a TakyKe Macc JieTajiell 4acTo MpUMEHSIOT HOpMallbHbIHM 3akoH pacnpeaenenus (I'aycca). 3mene-
HUS DKCHEHTPUCUTETA, HECOOCHOCTH U OMEHHs1, pa3HOCTEHHOCTH, HENapaIeIbHOCTH U HETIEPIIeHAUKY-
JISIPHOCTH, KOHYCHOCTH M3y4YaloT Ha OCHOBE 3aKkoHa 3kcueHtpucurera (Penes). Hepenko npuberator k
KOMITO3UIIMOHHBIM 3aKOHAM pacrpeieiIeHNs, PECTaBIISAI0IINM CO00M COBOKYITHOCTh IPOCTHIX pacpe-
JeJIeHn ABYX U 0oJiee HE3aBUCUMBIX CIIy4allHbIX BEJIHYHMH.

B TexHOJOrMuYecKuX 3KCIEepPUMEHTAaX 4YacTO BO3HMKAET HEOOXOJIUMOCTh ONpPENEICHUsl CBS3eH
MEXy ABYMS WJIM OOJIBIIMM KOJUYECTBOM (PAKTOPOB, MPUYEM B OOJIBIIMHCTBE CIIYy4aeB 3TH CBSI3U SIB-
JSIFOTCS He (PYHKIMOHATIBHBIMU, & CTATUCTUYECKUMHU (BEPOSTHOCTHBIMH ) M OOHAPY>KUBAIOTCS JIUIIb IPU
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MacCOBOM H3y4€HUHU Mpu3HakoB. Hanbonee MpocThIMU CTATUCTUYECKUMH CBSI3IMU SIBISIOTCS JTMHEH-
HbIE, HO BCTPEYAIOTCS U KPUBOJIMHEHHBIE (HenuHeHbIe). CTaTUCTHYECKUE MOJIENIH TaKUX MPOIECCOB
BBISIBJISIIOT METOZOM KOPPEISILIHOHHOTO aHAIN3a.

C moMoIIbI0 KOPPENSIIHOHHOIO aHATN3a OMPEEIIIOT, HAIPUMEP, KaK U3MEHSETCS MOJIe pacce-
SHUS pa3Mepa JeTalld NP W3MEHEHUHU MPUIYCKa WK TBEPJOCTU 3arOTOBKH, U3YyYalOT B3aWMOCBSI3H
MEXy TapaMeTpaMH YepHOBOM M YHCTOBOM 00pabOTKH H T.JI.

Kak BugHO U3 mpeblIyIero, BIOOP MOJIENHU Mpoliecca U METO/1a UCCIeI0BaHuUs YacTO BECbMa
CJIOJKEH, a caMa MOJIETb ellle He rapaHTHpYeT ycneX. TeM He MeHee, paccCMaTpUBaeMblii dTall SBISIETCS
COBEPIICHHO HEOOXOIUMBIM ISl OIIPE/IeTICHHS BCEX MOCIEAYIOMNX ASHCTBUN SKCIIEPUMEHTATOPA, T.K.
OT 3TOTO dTana 3aBUCAT 00BEM M KaueCTBO BBIITOJIHEHHBIX UCCIIEOBATEIBCKUX ornepanuii u 3¢ deKTus-
HOCTh KOHEYHOTO pe3yJbTaTa UCCIIeIOBaHUM.

Ha paccmoTpeHHOM 3Tamne cTaBUTCS 3ajada IPUHATH TOT BapUAHT MOJEIH U TOT METOJI Hcce-
JIOBaHUSI, KOTOPBINA MPEAIOI0KHUTEIBHO MOXKET 00eCIIeYnTh Hanboee OBICTPOE U BEPHOE PEILICHHE 3a-
nauu. J[1s1 BBIMOTHEHHs yKa3aHHOTO TPeOOBaHUS B HEKOTOPBIX ClIydasx ObIBAET MOJIE3HO BKIIOYUTH B
pOTrpaMMy HCCJIEIOBAaHMN CIIEIMaIbHBIE TTOMCKOBBIE OIBITHI, MPEAINIECTBYONME pa3paboTke oO1meit
METOJIUKH.

Pazpabomxa memoouku IKCnepumenmanbHuixX Uccie008anuil

BHe 3aBUCHMMOCTH OT CIOKHOCTU SKCIIEPUMEHTAIBHBIX UCCIIEOBAHUN MPOBEICHUIO SKCIIEPU-
MEHTOB 00s13aTeILHO JIOJDKHA MPEAINIECTBOBATH pa3paboTka paboueit METOIMKY UCCIICI0BAHUM U MaTe-
MaTH4eCKON 00pabOTKU MOTYyYEHHBIX TaHHBIX.

Memoduxoil IKcnepumMenmanbHbIX UCC1e006aH Ul HA3bIBAECTCS JETANBHBIN IJIaH MCCIeA0Ba-
HUH, YCTaHABIMBAIONINN COBOKYITHOCTh CIIOCOO0B, MPUEMOB HCCIIEI0BAHUS, UX MTOCIEI0BATEILHOCTD U
CpeACTBa OCYIIECTBICHUS HCCIIENOBaHU (00OpYyIOBaHUE, MPHUCIIOCOOJICHNS, HHCTPYMEHT, U3MEpHU-
TENbHYIO alnaparypy).

MeTtoauka, OTHOCSIIAsICSL KO BCEMY MCCIIEI0BAHNIO, Ha3bIiBaeTcs o01iei. OTaenbHo pa3padarsl-
BaeMble pabourie METOAUKH 7Sl IPOBEACHMUSI, HAIPUMEp, MOUCKOBBIX SKCIIEPUMEHTOB WIJIH ONpEe/IeIICH-
HBIX YCJIIOBUI DKCTIIEPUMEHTA, HOCAT Ha3BaHMWE YacTHBIX. [IpaBmiibHO pazpaboTaHHast METOIMKA HCCIIe-
JIOBaHMsI — 3QJI0T €r0 yCIeHOro ocymiecTBieHus. K pa3paboTke METOIMKH CIelyeT OTHECTUCH CaMbIM
Cepbe3HBIM 00pa3oM BO M30eKaHUE MOTyYSHHS OITMOOYHBIX PE3yIbTaTOB WIIH HETIOAAI0IIETOCs HUKA-
KOl 00paboTKe OeCToIe3HOr0 MaTepuraa.

B paboueii MmeTomKe HODKHBI OBITH BBISIBJICHBI BCE AJIEMEHTAPHBIE TIOAPOOHOCTH SKCIIEPHMEH-
TOB. B Heil yka3pIBatoTCs: - 11€JIb UCCIEIOBAHUS; - TIOCIEOBATEIBHOCTD IPOBEICHHS IKCIIEPUMEH-
TOB; - TOJITOTOBKA K MPOBEACHUIO SKCIIEPUMEHTOB; - TIPABUJIa U3MEPEHUI U MOPSIOK PETUCTPAIMH Pe-
3yJIbTaTOB U3MEPEHUH; - XapaKTEepUCTUKH U Tpa(UKH, OTydaeMble B pe3ysibTaTe MaTeMaTHUeCKO 00-
paboTKu HAOIIOACHUIA.

Ienv u 3a0auu uccneoosanuil.

Lenb nccnenoBanus JOMHKHA OBITH cPOPMYIHpPOBaHA OUYEHb YETKO U JIONMYCKaTh KOJIMYECTBEH-
HYIO olleHKY. L{enb uccnenoBanust MOKeT OBITh IOMONIHEHA (POPMYTMPOBAaHUEM OTJENbHBIX 3a/1ad, pa3-
JENISIOIINX COJIepyKaHUE UCCIIeI0BaHUI Ha XapaKTepHbIE TaIlb.

OcHoOBHasl 11eJ1b TPOU3BOJICTBEHHBIX HCCIIEI0OBAaHUN — 3TO 0OeCIeueHHe KauecTBa BhIITyCKaeMoil
MMPOAYKIMHU ITPHU MUHHUMAJIBHBIX 3aTpaTax Ha €€ IIPOU3BOACTBO (I/IHa‘-Ie roBoOp:A, ONTUMH3ALNA ITPOU3BO/-
CTBa). 3a/layaMH MCCIEI0BAaHUMN SBISIOTCS:

- 00BEKTUBHBIN BEIOOP KOHTPOJIUPYEMBIX TapaMeTpoB ((haKTOPOB) TEXHOJIOTUYECKOTO MPOIIecca;

- MUHMMM3alKs pacxoja MaTeprasioB Ha €AMHUILY BBIITYCKA€MOM MPOIYKIIUU TPU COXPAHEHUH €€ Kaye-
CTBa;

- IOBBILIEHNE IPOM3BOAUTEIBLHOCTHY TPY/Ia 3@ CYET BHEAPEHUS HOBOM TEXHUKH U TEXHOJIOTHH ITPU HEU3-
MEHHOCTH Ka4eCTBa BBIITYCKa€MOW MTPOTYKIINH;

- IOBBIIIEHUE OJHOPOIHOCTH, CTAOUIBLHOCTH KayecTBa MPOIYKIIMHU, €€ HAIEKHOCTH B HKCIUTyaTaIiH;

- yBEJIMYEHHUE HAJKHOCTH U OBICTPOACHCTBUS MPUMEHSIEMBIX CPEICTB MIPOU3BOJICTBA, YIIPABICHUS U
KOHTPOJISL U Jp.

[pumep 1. [lenr uccnegoBaHus MEKPOTBEPIOCTH MTOBEPXHOCTH JIeTajei Mocie 3J1b00pPOBOro
TOYEHHUS: BBIIBUTH YCIOBUS MOJMyUYEHUs 3HaYeHUN [, B YCTAaHOBJIEHHBIX YEPTEKOM Mpefenax (yKas3bl-
BaloTCA 3HaYeHUS H|,) IpH yA0BIETBOPUTEIBHON MPOU3BOAUTEIHLHOCTH Mpoliecca 00paboTKH.
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3amaun uccieq0BaHus:
- BBIOOp KOHTPOJIMPYEMBIX MTapameTpoB (PpakTopoB);
- OMpe/IeNIeHNE CTETIEHN BIUSHUS ()aKTOPOB Ha MPOILIECC;
- obecrieueHre CTabMIBHOCTH JOCTHTAEMOT0 KauecTBa 00paboTku (1o H,).

[pumep 2. Ilens uccienoBanus mpolecca JOPHOBAHUS OTBEPCTHH TPyOUaThIX JieTajaeii MHOTO-
3yOBbIMHU IOPHAMHU - OIIPENIETICHUE YCIOBUI MosydeHus oTBepcTuil 10 KBanuTeTa TOYHOCTH IIPH IIPOU3-
BojutesibHOCTH 1000-1200 neraneit B cMeHy.

3aauu UCCIeI0BaHU:

- BBIOOp KOHTPOJIMPYEMBIX ITapaMeTpoB ((pakTopoB);
- ONITUMHU3AIUS PEKHUMOB 00pabOTKH;
- BBIOOp CMa3KH U JIp.
W3 npuBeeHHBIX IPUMEPOB BUAHO, YTO LEJb U 33141 UCCIIEJOBAHMS MOTYT ObITh YCTAHOBJICHBI
JIMILB [1OCJIE TIIATENBHOIO U3YUYEHHUS BCEX MATEPHAJIOB, OTHOCSILIUXCS K PACCMaTpPUBAEMOM TEME.
Oovexm, pakmopul npoyecca u cpeocmea ucciedo8aHuil.
Ha ocHoBe npeiioskeHHON MOEIH Mpoliecca HEOOX0IMMO YCTAHOBUTD:
- BUJI, GopMy U pa3Mepbl 00bEKTa UCCIEI0BAHUS;
- KOJIMYECTBEHHBIC 3HAUCHUS ()aKTOPOB M YPOBHU WX BapbUPOBAHHUS,  TAKKE YCIOBUS UCIIBITAHUI;
- cpeAcTBa uccienoBanus (000pyaoBaHNe, HHCTPYMEHT, U3MEPUTENIbHbBIE YCTPOUCTBA U TPEOOBaHUA K
HUM);
- KOJIMYECTBO MOJIeKAIIUX MPOBEACHUIO UCIIBITAHUM.

@DaKTophI HCCIEeyeMOro Tpolecca Te ke, 4To U B pazpadoraHHoi moaenu. [lo Bennunne dak-
TOPBI TOJDKHBI OBITh OTpaHUYEHBI CHU3Y M CBEPXY B IIeJIeco00pa3HbIX rpanuiax. Hampumep, ckopoctsb
pe3aHusl IPU TOYCHUU HE MOXET OBITh PaBHON HYJIIO WM O€CKOHEYHOCTH. [Ipy ManbIX cKOpOCTSIX pe-
3aHUS HU3KA MPOU3BOIAUTEIHLHOCTh 00paOOTKH, MPU OONBIINX — Maja CTOMKOCTh PEXYIIEro HHCTPY-
MeHTa. /lnana3oH M3MEHEHHs CKOPOCTH, CIIEJ0BaTENIbHO, JIOJKEH ObITh LieraecooOpasHbiM. Cremyer
UMETh B BUJY, YTO pacIIUpPEHHE TPAHUI] BAPbUPOBAHUS (PAKTOPOB MPUBOJUT K CYIIECTBEHHOMY MOBBI-
LIEHMIO 3aTPaT Ha IPOBE/ICHNE SKCIIEPUMEHTOB, a CIMILKOM Y3KHH 1Maria30H — He O3BOJIUT JOCTUTHYTh
LEJIU UCCIIeTIOBaHUS.

VYcnoBus UCIIBITAHUNA ONPENENSIIOTCS HA OCHOBE BBIOPAHHOIO MeToja uccienoBanuil. Hampu-
Mep, MpU OAHO(DAKTOPHOM SKCIEPUMEHTE CIEAYEeT CTPOTrO OTOBOPUTH 3HAUEHUS HEUTPaATM30BAHHBIX
(dakTopoB B Kaxa0M onbITe. [Ipu cratucTuyeckux ncciaenoBaHusX TpedyeTcss 00eceunTh B3sSTHE BbI-
OOpPOK, YAOBIETBOPSAIOLIUX YCIOBUIO CIIy4YalfHOCTH.

Ocoboe 3HayeHue MpuoOpeTaeT BONMPOC HA3HAUYCHMs KOJUYECTBA OMBITOB. Hampumep, ecnu
npeiaraeMasi MoJiesb Ipoliecca MpeAcTaBiseT co00i TMHEHHYIO0 3aBUCUMOCTD, TO, OYEBHIHO, MOXKHO
OTPAaHUYUTHCS HAXOXKJIEHWEM JIUIIh JABYX TOUEK CO 3HAUYUTEILHBIM MPOMEXKYTKOM MEXAy HUMH. s
MOCTPOCHUS OKPY>KHOCTH YIOBIETBOPSAIOTCS TpeMsi ToukamH. [Ipu CIOKHBIX KpUBBIX HEOOXOAMMO
3HaTh 0OJIBIIOE KOJINUECTBO ToueK. COOTBETCTBEHHO HaA0 Oy/eT NpuaaBaTh TAKOE e KOJIMYECTBO 3Ha-
YeHUI KaXJIoMy uccienyemMomy ¢dakropy. Jlanee, yauTsiBas 1eHCTBHE HE BKJIIOYEHHBIX B HCCIIEA0BA-
Hue (PaKTOpOB, CIEIYET BECh OIBIT MOBTOPUTH, T.€. IPOBECTU CEPHUIO ONBITOB, KOJIUYECTBO KOTOPBIX
4acTo MPUHUMAETCA He MeHee 3-X. DTO MOBBIIIAET 00BEKTUBHOCTh OIIEHKH KOOPIWHAT KaXKJOW Orpe-
JeJIIeMOM TOUYKHU IIyTeM UX YCPEAHEHHUS.

Iloozomoexa k npogedeHuI0 ucciedo8anuil.

B meTonuke packpbIBatOTCsl yCIIOBUSI M3TOTOBJICHUS U MOHTa)ka 00pa3IoB, METObI aTTECTAIUN
000py/I0BaHUsI U KOHTPOJIHHO-U3MEPHUTENBHBIX MPUOOPOB, MpaBUia TAPUPOBKH CHEIHATBLHBIX CPEJICTB
W3MEPEHHM, YCIOBUS MIPOBEICHUSI YKCTIEPUMEHTOB, T.€. TEMIIEpATypa OKPYKAIOIICH Cpe/Ibl, BIIaKHOCTD,
TEXHOJIOTHYECKHE CPeJICTBA U crocoObl ux mpuMeHeHus (Hanpumep, COX) u ap.

B paboueit MeToarKe MTOMEMIAIOTCS CXEMBI M3MEPEHUS U UX onucanue (pacmugpoBKa), €CIu ATO
TpeOyeTcs Mo yCIOBUsAM dKCIiepuMenTa. HampruMep, yka3bIBalOTCS U3MEPHUTENbHBIE CEUeHUS (OCEBhIE U
JTMaMeTpaTbHBIC) KOHTPOIHPYEMBIX TOCIIE TOPHOBAHUS OTBEPCTHI, TTOJIOXKCHUE W HANPABIICHUE H3Me-
pEeHUs TJIOLIAJKUA U3HOCA PEXYIIEH TPaHU UHCTPYMEHTA U T.J. 3aTeM OIpeAeIIeTcs MOPsSI0K IpoBeie-
HUS ONBITOB U PETUCTPAIIMU UX PE3yibTaToB. [[1s1 3TOr0 B METOAMKE JOJIKHBI OBITH MPETyCMOTPEHBI
(dbopMBI crieluanbHBIX Ta0JIUII, KOTOPBIE TOMELIAIOTCS B )KYpHAJE UCCIEI0BaHUN.
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B mocnegneit vact METOIMKYM MOMEIIAIOTCS YKa3aHUs O METOIaX MaTeMaTHIeCKOl 00paboTKu
pe3yJIbTaTOB AKCIEPUMEHTA, a Takke (Gpopmbl Tabiuil, rpaduKoB, MOTYYaeMBIX B pe3yabTaTe 3TOH 00-
paboTKH.

Memooukxa nonnozo gpakmopnozo Ixcnepumenma (I1D3)

Huke NPUBONTCS KPaTKOE U3JI0KEHHE MOTHOTO (hakTopHOTo sKcnepuMenta (IIMD) tuma 2X, B
KOTOPOM KKIOMY M3 BKIIOUEHHBIX B SKCTIEPHMEHT (akTopos x?, x2, ..., xX («k» pakTOpoB) ycTanasmu-
BAIOT TOJIBKO J1BA YPOBHS BAPbUPOBAHUS: BEPXHUN U HUKHUM.

ITockonbKy (akTopsl Mpolecca HEOJHOPOAHBI ¥ UMEIOT PA3JIMYHYIO Pa3MEPHOCTbD, a YNCIIA, Bbl-
pakaromye BeIMYUHBI (PaKTOPOB, UMEIOT Pa3IUYHBIC MOPSAKH, UX TPUBOIAT K €AMHON CHUCTEME CUHC-

JICHUS IyTEeM Iepexojia OT AeUCTBUTEIbHBIX 3HaUeHUH (aKTOPOB K KOAUPOBAHHBIM IO (popmynam:

xi max + Xi min
Xioen = ’ (245)
2
A)Ci _ Xi max ~ Xi min 1 (246)
2
- X — X
X =—""", (24.7)
Ax;,
rae X;,., — OCHOBHOW ypOBEHB; X; max — BEPXHUHI YPOBEHb; X; min— HIDKHHI YPOBEHbB; | — HOMEp

dakropa; Ax; — HHTEpBaJI BAPLUPOBAHMSA; X; — KOJAUPOBAHHOE 3HaueHHE (HAKTOPA, ONPENEIIEMOE IS
Ka)Kaoro (aktopa.

Tax xak 4ucio ypoBHEH A7 KaXI0TO (pakTopa paBHO 2, 3HAUEHUS Xj MOTYT OBITh PaBHBI X max

i X nin - KomoBeie 3Hauenus pakTopoB, paccuuTanubie o Gopmyiie (8.5), OyayT paBHBI «+1» (Bepx-

HUM ypOBEHB), «-1» (HMKHUH ypoBeHb) 1 «0» (OCHOBHOM ypoBeHb). [Ipy MOCTPOCHHH MIIAHOB MATPHIL
IUTAHUPOBAHMS SKCIIEPUMENTA LUQPHI (€AMHUIBI) OOBIYHO OMYCKAIOT M ITHIIYT TOJIBKO 3HAKHU «+» WA
«», a BMECTO X, — X, .

JIns mpumepa paccMOTpUM METOAUKY IuianupoBanust [1OD mist onvcaHus 3aBUCUMOCTH MTOKa-
3aTelisl CTOMKOCTH KOHIIEBBIX ()pe3 OT 3a/IHEro yriia o (x1), MepeHero yria y (x2) IUPUHBI JISHTOUKH f
(x3). TIpu Tpex dakTOpax KOTHMUECTBO OMBITOB B dkcrepumente N=2° = 8. YpoBHHU (aKkTOPOB U HHTEP-
BaJIbI BApbUPOBAHUS 3aIMCHIBAIOT B Ta0OMITy THIIA 24. 1., NCTIOIH30BAB APHOPHYIO HHPOPMAIIUIO O BITH-
SHUU (PaKTOPOB.

Tabmuma 24.1. YpoBHU (haKTOPOB U UHTEPBAJIBI BAPbUPOBAHUS
YpoBHH (pakTopoB O06o3HaueHue o v f, am
X1 X2 X3
OcHOBHOM 0 14 15 0,05
WHTepBan BapbHMPOBAHUS Ax; 4 6 0,03
Bepxuuii + 18 21 0,08
Hyoxuanit — 10 9 0,02

Jlanee cTpouM CTaHIApPTHBIN IUIAH MaTPUIIbl IUTAHUPOBAHMSI KCIIEpUMEHTa B Bujie Tabi. 8.2. B
HEH MpescTaBlieHbl BCe BO3MOXHbBIE COUETaHHs YPOBHEH (akTOPOB M MX B3aUMOJICHCTBUA, UTO J1OCTHU-
raercs cieayroumum odpa3zom. B nepBoM cTonbiie pukTuBHOMY (HaKTOPY X0 IPUIAIOT OJUHAKOBBIE KO-
JIOBbIe 0003HAUEHUS «+).

B cronbie st mepemeHHOro (pakTopa X1 3HaKH YepeayIoT 10 OJJHOMY, JUIS X2 — 110 ABA U JUIS X3
— I10 YEThIpe. AHAJIOTMYHO MOKHO ITOCTPOUTD IIAHBI MATPUL] U1 UETBIPEX (YEPEAYIOT 3HAK 110 BOCEMB),
IATH (110 IEeCTHAALATH), NECATH U T.A4. (hakTopoB. KooBble 3HaUEHUS MPOU3BEACHIHN (aKkTOpOB Ompe-
JeTISIOT MyTeM alredpandeckoro MepeMHOKEHUsI KOJOBBIX 3HauUeHU comMmHOoxuTenel. [1nan skcnepu-
MEHTA BBIJCIISIOT PAMKOU B Ta0JI. 24.2., OCTAJIbHBIC JaHHBIC UCTIOIB3YIOT JIUIS pacdera KO3 PUITMESHTOB
MOJIETH.
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Tabnuia 24.2. TTomHsIii m1aH GaKTOPHOTO SKCIIepHMeHTa 2°

KomOunarnwms nmpousseze- .
3HaveHus GaKTOPOB B o JlelicTBUTEIbHOE 3HAUYCHHE
Howmep HUM (PaKTOPOB B KOJIOBBIX 9
KOJIOBBIX 0003HAYEHUSIX ToKasareys cToikocTu (pes
OTIbITa 0003HAYCHHSIX
X0 X1 X2 X3 | xwx2 | xix3 | x2x3 | xweexs | Y1 Y2 Y3 Y
1 + - - - + + + - 41,0 | 34,85 | 34,85 | 36,90
2 + + - - - - + + | 43,85 | 47,45 | 40,90 | 44,07
3 + - + - - + - + 43,30 | 32,00 | 29,25 | 34,83
4 + + + - + - - - 48,85 | 58,50 | 50,50 | 52,62
5 + - - + + - - + 26,70 | 15,38 | 12,25 | 18,11
6 + + - + - + - - 31,52 | 24,35 | 36,30 | 30,72
7 + - + + - - + - 17,32 | 30,85 | 28,70 | 25,62
8 + + + + + + + + 30,75 | 29,50 | 38,15 | 32,80

[Tocne mocTpoeHus miiaHa MaTpULbI IJIAHUPOBAHKS ITPOBEPSIOT €€ CBOKCTBA!
—CHMMETPUYHOCTh OTHOCUTEIILHO IICHTPA SKCIIEPUMEHTA: aireOpandeckas cymMma 3JIEMEHTOB
cTonbIa Kaxxaoro pakTopa MoKHA OBITH paBHA HYITIO (KpOME X0), T.€.

N
V=1
— HOpMHpOBKy: Cy'MMa KBaI[paTOB 3JICMCHTOB KaXXI0T'0 CTOJ'I6]_Ia paBHa LII/IC.]'Iy OHBITOB, NJIn
N
2
>xi =N (24.9);
V=1

— OPTOTrOHAJIBHOCTh: CyMMa IOYJICHHBIX POU3BEIEHUH JTI00BIX ABYX CTOJIOLOB MAaTPUIbl paBHA
HYJIO, T.€.

N
invxjv :Oa J7ﬁ|, ] =0, 1, 2..K (2410)
V=l

Ecnu paspaboTaHHbIi I1aH MaTpULlbl OTBEYAET yKa3aHHBIM CBOMCTBaM, MOXXHO IPUCTYNUTH
HEINOCPEACTBEHHO K IIPOBEACHUIO SKCIIEPUMEHTOB. [1ops10K IPOBEEHNS ONBITOB B CIIy4ailiHOM TOCIe-
JIOBATEJIbHOCTH JIJIS1 KYKJOW CEPUH OIBITOB 11€JIECO00PAa3HO YCTAHOBUTD C IOMOIIIBIO TaOJIUI] paBHOMED-
HOT'O pacHpelesIeHus CIy4aHbIX unces. Hanpumep, B paccMaTpuBacMOM CiIydae OIBITHI CIEAYET MPO-
BOJIUTH TaK:

Tab6muma 24.3. Pantomu3aiys onpITOB B 9KCIIEPUMEHTE
Howmep 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 Ne cepun
OnbITa Crpoka miaHa (moBTOp)
[Topsmox 1 6 5 8 2 7 4 3 I
pea3anuu 3 8 7 2 1 4 5 6 1
OITLITOB 7 1 4 2 5 8 3 4 1

OTa onepanus Ha3bIBACTCS PAHOOMU3AYUell N TIPUMEHSETCA C 1IeJIbI0 UCKITIOUEHHUS CUCTEMaTH-
YECKHUX OIIMOOK, BRI3BAHHBIX BHEIIHUMH YCIOBUSIMH (IIEPEMEHOM TeMIIepaTyphl, CHIPhs, orepaTopa 1
T.J.).

[Tocne kaxmoit cepun omnbIToB noydaroT N 3HaueHU BCcKomMoro mapamerpa Y1, Y2, Y3 U pac-

CUUTHIBAIOT Cpe/IHEE 3HAUEHHE TTapaMeTpa Y IS KaKI0H UccieyeMOl TOUKU II1aHa 1mo (opmylie:
— 1™
Ye==> VY, (24.11)
m 4~
rae Yjk — pe3yibtaT K, j ombITa MaTpHUIbl TNIAHUPOBAHUS; M — YKCIIO MapaJUIeIbHBIX HAOIIOACHHUH B
KaxJ0i Touke (B mpumepe M = 3, j=1..3); k — Homep ombiTa (B mpumepe k = 1..8).
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,HJ'IH OLICHKHK OTKJIOHCHHS IIOKA3aTCJIA MnmapamMceTpa OT CPECAHCTO 3HAUCHUSA CICAYCT BBIYUCIIUTDH
AUCTICPCHUIO BOCIIPOU3BOJAUMOCTH I10 JaHHBIM «k» mapalJICJIbHBIX Ha6JHOI[eHI/II71 IJ1aHa MaTpULbI IIJIaHU-

pPOBaHMSI B K&X]I0M TOUKe 1Mo GpopmyIe:
m

Z(?k —kaj)z

Hamnpumep, B Touke 1 mana (ctpoka 1) momydyum:

(36,9041, 0)% + (36,90 —34,85)° + (36,90 — 34,85)°
3-1

AHAIIOTUYHO HAXOIST 3HAYCHUS IUCIICPCHI B OCTAIBHBIX TOYKAX:

$2=10,76; SZ=5544; S2=27,41; SZ=32,36;
S2=36,18; S?=5289; SZ=21,36

Hanee onpenensitor kputepuit Koxpena G, mo KoTopoMy MpoBepsieTCsl TUIIOTE3a OTHOPOTHOCTH
JIACTIEPCUI:

=12,60.

S?

~ max(S?)

st
2S¢
k=1

WA, JJIA pacCMaTpuBacMoro 1nmpumepa,

(24.13)

G- 55,44 _

12,60 +10,76 + 55,44 + 27,41+ 32,36 + 36,18 + 52,89 + 21,36
[Tonydennoe 3nauenue «G» cpaBHUBAIOT ¢ TaONMUYHBIM Gyp (Ta01.4.4.), onpenessieMbIM Ha Te-
pecedenuu ctondma N =m-1 ucrpoku N,, = N .B paccmarpuBaemom nmpumepe aist m—1=2

0,22.

16 max
u N = 8 maxogum Gy = 0,5157. Eciiu okaxeTtcsi, 4To pacueTHoe 3HadeHHe «G» MEHbIe TaOIUIHOTO
Gyp, TO TUTIOTE3a 00 OJJHOPOJIHOCTHU JTUCTICPCHI ¥ BOCIIPOU3BOJMMOCTH PE3yJbTaTOB MPUHUMAETCS. B
MIPOTUBHOM CITy4ae HEOOXOAMMO YBEITUYHTh YUCIIO MTAPAIUICITBHBIX OIBITOB.

Ecnu mucniepcun 0THOPOIHBI, UX CIIEAYET YCPEIHUTh U HAUTH JUCIIEPCUIO UCCIISyeMOro mapa-
MeTpa 1o popmyse:

>s;
g2olka 249 _ 31,125, (24.14)
N 8

rae S? — cpenHsas apudMeTHdecKas JUCIIEPCHii BceX PasTHUHBIX TOUEK TLIaHA MATPHIIE! HITH AUCTIEPCHS
MCKOMOTO TTapaMeTpa.

[TapameTpsl MOJENH HCCIIEAYEMOTO TMpoliecca Uiu Ko (OUIIMEHTHI PerpecCuu ONpPeaesioT Mo
euHOM opMmyIie:

b =¥ 24.15
=E (24.15)
roe b — koaddumment perpeccun i =1, 2...N
[TpousBenem pacyer k03P PHUINEHTOB PETPECCHH TSI PACCMATPUBAEMOTO MTPHUMEPA.
b — X Y1+ x5 Y2+ + X Vs _
’ 8
~ (1-36,90+1-44,07+1-34,83+1-52,62+1-1811+1-30,72+1-25,62+1-32,80) _ 34 46
8 )
b, = X Yi+x,Y2+...+x,Ys _
8
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_ (~1)-36,90+1-44,07 + (1) - 34,83+1-52,62 + (1) -1811+1- 30,72 + (~1) - 25,62 +1- 32,80)

8
Takum myTeM HaX0IUM BCE BOCEMb MCKOMBIX KO3(P(HUIIUECHTOB:
b, =243; b3=-7,64; b12=0,65; bi3=-0,65  b2s=0,39; bi3=-0,5.
Hckomoe ypaBHeHHUE B TpeoOpa30BaHHBIX IEPEMEHHBIX Xi Oy/IET:
Y =34,46+5,59x, +2,43x, — 7,64x, +0,65x,x, —0,65x,x; + 0,39x,x, — 0, 5x,x,x,.
Jlanee cinemyeT OIEHUTH 3HAYMMOCTH KOA(DPUIIMEeHTOB perpeccu 1o t — kpurepuro CThIOICHTA.

Jist 3TOTO CHAYaja ONMpEeaelsioT TUCTIEPCHIO M CPEHEKBAIPaTHIECKOe OTKIOHEHHEe Ko3(dduumeHTo
perpeccud 1o Gpopmysam:

=559

2
S,? = S _3L125 1,296 . (24.16)
Nm 8.3

2
S, = /S— =/1,296 =1,13. (24.17)
Nm

3aTeM pPacCUUThIBAIOT 3HAUCHUA ti— KpUTCpUA:

t = M (24.18)
1 Sb . .
Jlst paccMaTpuBaeMoro NpuMepa MoyquMm:
t, = 3447 _ 30,49; t, = 559 _ 495 t,= 243 _ 215, t, = 764 _ 6,76:
113 113 113 113

0,65 0,65 0,39 0,5
t,=——-=057; t,=——-=057;, t,=—-=034; t.,=—=0,44.
2113 B 113 #2113 2113

Kpurtuueckoe 3HaueHue ti, onpenaenstor mo Tabi.4.1. B 3aBUCKMOCTH OT YKCJIa CTCIIEHEH CBO-
6omet N, =N(m-1)=8-(3-1) =16 mnpwu 3amanHoM ypoBHe 3HaunMocTH ( = 5%: tip, = 2,1190.

Ecmu ti >ty , TO kKO3 urmenT bi npusHaercst 3HaunMbiM. COrIacHO pacyeTy, 3HAYMMbIMU SIB-
asiroTest Koo durmentsr bo, b1, b2 u bs. Ocransueie ko3 dumuentsr b1, b1z, bz u b1z crarnuecku
HE3HaYMMbl U MOTYT ObITh OTOPOIIEHBI 0€3 Iepecyera BCeX OCTAIbHBIX.

B MaTemaTHueckyro MOJIeNb MPOIIecca WM 00bEKTa BKIIIOYAIOT TOJBKO 3HAYMMBbIe KO3(dHuIu-
eHThl. JJIs Hamero mpuMepa moay4Inm

Y =34,47+5,59x, +2,43x, — 7,64x,

HaKOHGH, 4TOOBI MOJIYYHUTb MOJICJIb B HATYPAJIbHBIX MIEPEMCHHBIX, HAAO0 B MOJTYYCHHOC YpaBHC-
HUE TIOJICTAaBUTh BBIpaKEHUS Xj U3 (hopMyIbl mpeoOpazoBanus (8.5).

[Ipunumast Bo BHUMaHueE Tab. 8.1., 71 paccMaTpuBaeMoro mpuMepa MmoTyduM:
a-14 . y=15 _f-05

X, =

4 0 2T e T 003

CrenoBatenbHO
Y(et,y, 1)=33,7+1L4a+0,4y —255f .
[Tocne Berurcnenust K03(hHUIMEHTOB CIeAyeT MPOBEPUTH MPUTOJHOCTH MOJIETY UITH €€ aJleKBaT-
HOCTb. JIJTs1 TOr0 BHAaYaJIe HaXOAWM OIEHKY JUCTICPCHH aJICKBATHOCTH MOJICIH Sjo o gopmye:

m <&, - ?
o= 2V Y@ ) (24.19)
—li=1
rae | — gucno 3HaunMeIX K03 duineHToB (B HameM ciaydae — 1o Do, b1, bz, b3, T.e. | =4);

Y (OCi Vi fi ) — MaTeMaTU4ICCKOC OKNJaHHUEC NUCKOMOTI'O ITapaMeTpa, MOACUYUTAHHOC IO YPAaBHCHUTIO PC-

rpeccuu. Ero onpenensroT 11t KaXK10i CTPOYKHU TUTaHa MATPUIIBI, C yY€TOM 3HaKa (akTopa, KakK ai-
redpandeckyro cyMmy Ko PuimeHToB ypaBHUBaHus. Tak, 11t IEpBOM CTPOKHU
Y (e, 7, ) =34,47+(-1)-5,59+(-1)-2,43—(-1)- 7,64 = 34,09.

AHaJIOrn4Ho MMOJIYyYuM:
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Y(a,,7,, f,)=4527; Y(oy, 7, 1,)=38,95 Y(e,,7, f,)=5013, Y(e, 7, f;)=18,81
Y(og, 76, 1) =29,99;, Y(a,,p5, f,)=23,67, Y(c, s, f3) =34,85.
Torna

S2 = si4 [(36,90 —34,09)* + (44,07 — 45,27)° + (34,83 —38,95) + (52,62 —50,13)* +

+(18,11-18,81)* + (30,72 - 29,99)* + (25,62 — 23,67)* + (32,80 — 34,85)° ] =45/135.
AJNIEKBaTHOCTH MOJIEIIH IIPOBEPSIIOT 1O (hopMmyIIe:
F_Sw _45135 _
$* 31125
rae F — xputepnii ®umepa, TabnuuHoe 3HaYeHHe KoToporo Fy, ompemenstor no tabi. 4.3 B 3aBHCH-
MoctH oT yncina creneneit ceodoxsr N, ,, =N -l u N, , =N(m-1).

1,45, (24.20)

Hns paccmarpuBaemoro npumepa mpu N, , =4, N, =16 u ypoBHe 3Haunmoctu ( = 5%, Fyp =

3,01.

Ecnu pacuetHoe 3HaueHue kputepus F okaxkercss menblue 3HaueHUs Fp (B mpumepe 1,45 <
3,01), To rumnoTe3a afeKBaTHOCTH MO MPUHUMACTCSI.

AHAJIN3 MOJEJIN

[TosrydeHHast MOJIelb MOKET OBITh MCIIOJIB30BaHA TOJIBKO B 33JaHHBIX Ta0m. 24.1. nHTEpBaax
BapbupoBanus pakropos: o= 10...18°,y=9...21° u f=0,02...0,08 mM. B yka3aHHbIX Ipeieax yBeu-
YEHHUE 0 ¥ Y IPUBOJUT K MOBBIIICHUIO CTOMKOCTH HHCTPYMEHTA. BinsiHue yria o CylecTBeHHO BBIIIIE,
YTO BHUHO M3 COMOCTABJICHHS COOTBETCTBYIONIMX KOI(D(DHUIIMEHTOB. Y BEIMUEHHE IIIUPUHBI JICHTOYKH f,
HA00OPOT, TIOHUKAET CTOMKOCTh, O YeM TOBOPHT 3HaK K03 duirieHTa. BrusHue mupruHbI JICHTOUYKH —
3HAYUTENBHOE.

[Tocne mpoBeaeHMsI MHOTO()aKTOPHOTO SKCIIEPUMEHTA U OIPEICICHIS MOJICIIA MOKET OBITH IO~
CTaBJICHA 33J]a4a ONTHUMH3AINH (PAaKTOPOB HA OCHOBE METO/Ia, HAIPUMEDP, KPYTOTO BOCXOKICHHUSI.

Jlpoonuwiit pakmopuuwiit 3xcnepumenm (ID3)

B paccmotpenHOM BbIle ipuMepe Bee (P PeKTh B3aUMOCHCTBUS OKa3aIuCh HE3HAYMMBI, OJia-
rojiapsi yemy ObL1a MostydeHa JuHelHass Mojenb. Eciu 661 3T0 06CTOSITENbCTBO OBUIO U3BECTHO AIlpH-
OpH, YKCJIO OMBITOB MOXKHO ObLIO OBl COKpaTUTh. [yt 3TOr0 10cTaTouHO OBLIO OBl (PAKTOPY MPUCBOUTH
BEKTOP-CTOJIGEI MATPHIIBI, IPUHAIEKAIINI B3aUMOIeHCTBIIO (hakTOpoB X1x2 B mmane N = 22 (Ta6u.

24.4).
Tabnuua 24.4 [onHblit haKTOPHBIH dKCIepHMEHT 2°
Ne ombi- Xo X1 X2 A3 A% \ %) V3 %
TOB (x1x2)

1 + - - +
2 + + - -
3 + - + -
4 + + + +

[TocTaBUB X3 HA MECTO X1X2, MBI COKPATUIN KOJIHMUeCTBO ombIToB 110D 23 ¢ 8 1o 4-x, T.e. Boc-
TIONB30BaTHCh ToNoBHHOM T1DD 22 umn momypemnukoit. C yBenMyeHHeM KOITHYecTBa (PaKTOPOB B DKC-
nepuMeHTe APOOHOCTh PEIUTMK MOXKET BO3PacTaTh, a KOJUYECTBO OMBITOB COOTBETCTBEHHO YMEHb-
HIaThCs 1Mo cpaBHeHUIO ¢ [1DD (Tabn. 24.5).

Tabmuma 24.5. YcnoBHbIe 0003HAUYEHUS TPOOHBIX PEIUIHK U KOJIUYECTBO OIBITOB

Koun-Bo ¢ak- JpoOHas VYcnoHoe 060- Kon-Bo Kon-Bo
TOpoB «K» pernKa 3auenne 2XC | omprtoB s JI®D | omwitos s [1DD
3 1/2 or 23 231 4 8
4 1/2 o1 2* 241 8 16
5 1/4 ot 2° 2°2 8 32
6 1/8 ot 2° 253 8 64
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7 1/16 ot 2’ 274 8 128
5 1/2 or 2° 251 16 32
6 1/4 ot 2° 26-2 16 64
7 1/8 or 27 273 16 128
8 1/16 ot 28 28-4 16 256
9 1/32 ot 2° 295 16 512
10 1/64 ot 210 2106 16 1025
11 1/128 ot 211 2117 16 2048
12 1/256 ot 212 2128 16 4096
13 1/512 ot 218 2139 16 8192
14 1/1024 or 214 214-10 16 16384
15 1/2048 ot 21° 21511 16 32768

C — konmdecTBO JNUHEHHBIX 3¢ dekToB ((haKTOPOB), MPUPABHEHHBIX K 3(PdeKkTamMm B3auMoaei-
CTBUSL.

Paccmorpum meroauky noctpoenus miaHoB D3 115 u3ydeHus 3aBUCUMOCTH MUKPOTBEPIOCTH
MOBEPXHOCTH IPHU IHOOPOBOM OOTAYMBAHMHU 3aKAJCHHOM JIE€Talu OT Mojadu S, rIyOuHBI pe3anus f,
3aJIHETO YIJia o, paguyca MpH BepIIMHE pe3lia I, CKOpocTH pe3anus V u nepeanero yria y. s momyde-
HUS MOJICJH, CXOJTHOU TI0 CTPYKTYpe ¢ hopmyon (24.3), paxTopsl 0003HAYAIOT CIEAYIOMIUM 00pa3oM:

X =InS; x,=Int; x;=Iea; x,=Inr; x,=IV; x,=In(90+y).

[Tocne konupoBanus (HakKTOPOB BCE MX BO3MOKHBIE COUETAaHUS, B TOM YHCIIE B3aUMOJCHCTBUS

BCEX NOPSIKOB, MOYKHO IIPEJICTABUTH CICIYIOLIUM PSIAOM:

X1, X2, X3, X4, X5, X6,

X1X2, X1X3, X1X4, X1X5, X1X6, X2X3; X2X4; X2X5,; X2X6,

X3X4, X3X5, X3X6, X4X5, X4X6, X5X6,

X1X2X3; X1X2X4, X1X2X5, X1X2X6; X1X3X4, X1X3X5, X1X3X6;

X1X4X5, X1X4X6, X1X5X6, X2X3X4, X2X3X5, X2X3X6, X2X4X5,

X2X4X6; X2X5X6, X3X4X5;, X3X4X6; X3X5X6, X4X5X6,

X1X2X3X4, X1X2X3X5; X1X2X3X6, X1X2X4X5, X1X2X4X6, X1X2X5X6;

X2X3X5X6, X2X4X5X6; X3X4X5X6,

X1X2X3X4X5; X1X2X3X4X6; X1X2X3X5X6, X1X2X4X5X6,

X1X3X4X5X6, X2X3X4X5X6,

X1X2X3X4X5X6.
CrenoBaTeNBHO, TIONHBIHA (haKTOPHKI FKcepuMenT Tha 28 motpe6oBan 66 TpoBeeHNs He MeHee 64
onbITOB. Ecin anpropu U3BeCTHO, YTO BCE B3aUMOICHCTBUSI, HAUWHASI C TIAPHBIX U BHIIIE, HE3HAYUMBI,
TO 00BEM IKCIIEPUMEHTA Pe3K0 yMeHbIIUTCs. JlelicTBuTenpHO, BMecTo [1DD 26 moxHO mocTaButh O
23, 3ammcaB Ha MecTaxX B3aMMOJICHCTBHIN X1X2, X1X3 M X1X2X3 B TabI. 24.2 GaKTOPHI X4, X5 U X6. MBI T10-
yduM Ipo6HBIH GakTopHKIi skcrepuMenT Tuna 253, apnsiomuiics 1/8 peruku ot 2°. Bech manbHeii-
IIMH X0J1 KCIIEPUMEHTA U MaTeMaTH4ecKoi 00pabOTKU ero pe3yabTaToB He oTaudaercs ot [1PD.
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