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1. HEPEYEHDb IIVTAHUPYEMBIX PE3YJIbTATOB OBYYEHMUSA 110 JUCIUIIJIMHE,
COOTHECEHHBIX C [IIUVIAHUPYEMBIMHM PE3YJIBTATAMHM OCBOEHUA
OBPA3OBATEJIbHOM ITPOT PAMMBI

Buj nesiTeIbHOCTH BHIMYCKHUKA

I[I/ICI_[I/IHJII/IHa OXBaTbIBACT prr BOHpOCOB, OTHOCAIIIUXCS K Hay‘-IHO-I/ICCJIGIIOBaTeJ'IBCKOf/'I nu
HpOI/I3BOI[CTBCHHO'TGXHOHOFHHCCKOﬁ JCATCIIBHOCTH B COOTBCTCTBUU C KOMIICTCHIIUAMU U BUAaMU
JACATCIBbHOCTH, yKa3aHHBIMI/I B y‘~IC6HOM IIJIAHE.

ean aucMNINHBI

[ToaroToBka OOy4aroOmMXCs K CaMOCTOSTEIBPHOMY PEIICHHIO HAy4YHO-UCCIICIOBATEIBLCKUX
3a/1a4  JISCO3arOTOBUTEIBHBIX M JIEPEBOINEPEPa0ATHIBAIOIINX IPOU3BOJCTB C HCIOJIH30BAHUEM
COBPEMEHHOTO KOMITHIOTEPHOTO ¥ IPOT'PAMMHOTO 00ECTICUCHUSI.

3agaun AU CHUILINHDBI

Hay‘-II/ITI) 06yqafoumxcs[ HUCIIOJIb30BaTh MAaTEMAaTHUYCCKUC METO bl B TCXHUYCCKUX
HpI/IJ'IO)KCHI/IﬂX; HUCIIOJIb30BaTh BO3MOXHOCTHU BLIqHCHHTGHBHOﬁ TCXHUKU WU HpOFpaMMHOFO
00ecCreveHNs; CaMOCTOATEIHHO (POPMYIUPOBATH 33/Ia4y HAYYHOTO WCCIIEAOBAHMUS, HAMETHTD ITyTH
ce peHIGHI/Ifl, OpFaHI/ISOBaTI) HpOBeIleHI/Ie HayLIHI)IX HCCHGHOB&HHﬁ, JeJIaTb BBIBOJABI 1 O606HI€HI/I$I.

Kon Coaep:xkanue IlepeyeHb mIaHUpPyeMbIX pe3y/1bTATOB
KOMIIeTEHIIMHU KOMIIeTEeHIM I 00y4YeHHUsI 10 JMCUMILINHE
1 2 3

OIlK-1 CIIOCOOHOCTh MIOHUMATh | 3HATH:
Hay4HbIE OCHOBBI TEXHOJIO- | - METOJbl IOJYyYEHUs MAaTEeMAaTHYECKUX MOJENei
TMYECKHUX IMPOIIECCOB B 00- | TEXHOJOTHYECKHX IPOLIECCOB;
JAaCTH  JIECO3arOTOBHUTENb- | - MaTEeMaTUYECKHEe METOAbl M mporpamMMmsl OBM
HBIX IIPOU3BOJICTB JUISL pEILIEHUS] MOJIEJIEH.

yMeTh:

-  HUCHOJb30BaTh MaTeMaTHYECKHE METOJAbl B
TEXHUYECKUX MPUITOKEHHSIX;

- camocrosiTeNnbHO  (opmynupoBaTh  3amady
HAy4yHOTO UCCIIEJOBaHUS, HAMETHTh NyTH €€
pelleHus, OpraHu30BaTh IPOBEIECHUE HAyYHBIX
UCCJIEIOBaHMH, JIeJ1aTh BBIBOIBI U 0000IIEHHS.
BJIA/IeTh:

- MareMaTH4YeCKMMH METOJaMU IUIaHUPOBAHUS
SKCIIEPUMEHTa Ui TOJYyYeHHs] MaTeMaTUYECKUX
Mo/IeTIeil ONUCaHMs TEXHOJOTUYECKUX IIPOIECCOB;

- MeTOo/IaMu CTaTUCTUYECKOU 00paboTku
pe3yabTaToOB JKCIIEPUMEHTA U MIPOBEPKHU
aJICKBaTHOCTH MaTEeMaTHYECKON MOJIEIH.




[1K-2

CII0COOHOCTh MCIIOJIh30BaTh
ITAKCThI HpI/IKJIa[[HBIX
mporpaMm IS pacdera
TEXHOJIOTMYECKHX
napaMeTpoB TPOLECCOB U
000pyIOBaHUSI.

3HATH:
- METOJbl IIOJIY4YEHUs MAaTEMAaTHYECKUX MOJECIIeH
TEXHOJIOTMYECKUX IPOLIECCOB;

- MareMaTH4ecKHe MeToJpl M mnporpammsl OBM
JUISL PEUIEHUS] MOJIEIICH.

yMeTh:

- CaMOCTOSITENbHO  (hOpMYIUpPOBAaTh  3aaady
HAay4yHOTO HCCIIEJOBaHMUS, HAMETUTh IyTH €€
pelleHUs, OpraHu30BaTh IPOBEIECHUE HAYYHBIX

HCCIIeN0BaHNMH, IeJIaTh BEIBOALI M 0000IICHHS.
BJIA/IETh:

- MaAaTreéMaTu4cCKMMHU MECTOOaMH HJIaHI/IpOBaHI/IH
3KCH€pHMCHTa JUJISA HOJIy‘-IeHI/IFI MAaTEMATUYCCKUX
MOJIEJIeH OMTMCAHUS TEXHOJOTHYECKUX MPOIIECCOB;

- METOIaMU CTAaTUCTUYECKOU 00paboTKH
pe3ynbTaToB IKCIIEPUMEHTA u MIPOBEPKHU
aJICKBATHOCTH MAaTEMAaTHYECKOH MOJIEIIH.
IK-12 CrOCOOHOCTh BBIOMpPATh U | 3HATh:
MIPUMCHSITh -OCHOBHBIE IIOHSATHS M METOAbl MaTEMaTHYECKOTO
COOTBETCTBYIOIIME METOMBI | aHAIHM3A
MOJICITUPOBAHUS yMETh:
MEXaHWYECKUX M (U3HMKO- | - HCIIOJIb30BaTh MAaTeMaTHYCCKHE METOJbI B
XUMHYECKUX MIPOIIECCOB | TEXHUYECKHUX MPHIIOKCHHUSX;
JIECO3arOTOBUTENIBHEIX W | BJIAAETh:
JepeBoTnepepadaTHIBAIONINX | -CAaMOCTOSITEIILHO (hopMyTHUpOBaTH 3aaqy
ITPOU3BO/JICTB. HAyYHOTO WCCIICJIOBAaHUS, HAMETHTh IIyTH €e
pereHus
-OpraHu30BaTh MPOBEICHNE Hay4HBIX
HCCIIEAOBAHUM, NeNIaTh BBIBOALI U 0000ICHHS
2. MECTO JUCLHMIIVIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM

ITPOI'PAMMMBbI

Juctunnunaa b1.6.11 MoaenupoBanue W ONTHMH3ALUS MPOIIECCOB OTHOCHUTCA K 0a30BOM

qacCTu.

Z[I/ICHI/IHJ'II/IHa MO,Z[eJ'II/IpOBaHI/Ie U OIITUMU3AIHA IIPpOoUeCCCOB 6a3preTc;1 Ha 3HaHUIX,
IMOJYYCHHBIX IIPU HM3YYCHHH TaKHUX yLIe6HBIX JUCHHUIIIIMH, KaK: MaTcéMaTukKa, (1)1/131/11«1, METOAbI U
CpC€aACTBAa HAYYHBIX HCCJ'IC,I[OB&HHIZ.

OCHOBBIBasICh Ha HU3YUYCHHU NCPCUNUCIICHHBIX NUCHUIUINH, MOACIUPOBAHUEC U OIITHUMU3ALHNA
IIpoueccoB I[epeBOO6pa6OTKI/I NPEACTABIISICT OCHOBY JJII M3YYCHMSA OUCHUIIIMH. TCXHOJOTHS
KIICCHBIX MATCPHAJIOB U JPCBCCHLIX IIJINT, TCXHOJIOI'A U3CIUi u3 APCBCCHUHEI.

Takoe

CHUCTCMHOC

MCKIUCHUIIIIMHAPHOC

HN3y4YCHHUC  HAIIPpABJICHO Ha JOCTUKCHHC

tpedyemoro ®I'OC ypoBHS MOArOTOBKY MO KBaNU(pUKAIIMU OaKanasp.




3. PACHPEJIEJIEHUE OB BEMA U CHUIIJIMHBI
3.1. Pacnpeneiienne 00beMa JUCHMIIMHBI 10 hopMaM 00yUeHHs

Tpyooemkocms oucyunaunsl ¢ uacax
~ © « Kypcosasn Buo
¥ S S paboma npomesnc
» S Q © 8 (npoexm), P y
Dopma S = 3 3 S mouHOu
- 3 z X 2 KOHmMPObHAA
0byuenusn S S X N 3 ammec-
] = S N 3 paboma,
S S & g o 3R S mayuu
g S 2 (8 S8 s = 3 pegpepam,
S| o S| 3 |&8 S g §
o X N N SRS £ X S pre
S| 5 3| 2| 8|S &:F | &8¢
= O Q = N (N S XS O
1 2 3 4 5 6 7 8 9 10 11
Ounasn - - - - - - - -
3aounas 4 - | 180 | 20 8 6 6 151 - 9K3aMEH
3aouHas - - - - - - - - - -
(yckopeHHoe
00y4eHme)
OuHo-3204Hast - - - - - - - - - -
3.2. Pacnpenenenue o0beMa TUCHHUIJIMHBI IO BUAM Y4€OHBIX 3aHITHH ¥ TPYA0EMKOCTh
6 m.u. ¢ p 5
Tovoo- UHmMEPAKmMuUeHOIl, acnpeoenenue
. Py AKMUBHOIl, UHHO- o Kypc, 1ac
Buo yuebnwvix 3anamuii EeMKOCHb .
6AUUUOHHOIL
(uac.)
dopmax, 4
(uac.)
1 2 3 4
|. KontakTHas padoTa o0y4aouiuxcs ¢
P yHaion 20 14 20
npemnojaBareJieM (Bcero)
Jlexmm (JIk) 8 6 8
[Ipaktrueckue 3ausaTus (113) 6 4 6
JlaGopaTtopusie pabots (JIP) 6 4 6
I'pynmoBkie (MHAMBHYaTbHBIC) KOHCYIbTAIIUMU + - +
I1.CamocTosiTenbHAsi paGoTa 00y4YarOIIUXCS
P yHaion 151 - 151
(CP)
IMoaroroBka K 1a00paTOpHBIM paboTaM 57 57
[ToaroroBka K MPaKTHYECKUM 3aHATHSAM 58 58
[TonroroBka K 3K3aMeHY B TEUCHHE CeMecTpa 36 - 36
I11. IIpomexyTOUHAs aTTecTaUMsA  3K3aMEH 9 - 9
OOmmas Tpy10eMKOCTh TUCIMITIINHBI yac. 180 - 180
3a4. efl. 5 - 5




4. COAEP) KAHUE JUCHUIIJINHBI
4.1. Pacnpenesnenue pa3aejioB JMCHUILIMHBI 10 BUAAM y4eOHBIX 3aHATHI
- 1J151 32049HOM (hopMBbI 00yUeHus

No
pas-
oena

memol

Haumenosanue
pazoena u
mema OuCUUnIUHbL

Tpyooem-
Kocmb,

(uac.)

Buowt yueonwvix 3anamuil, éxnrouan
camocmoamensvHyo padomy o0yHaruuxcs u

mpyooemKkocmu; (uac.)

ylleﬁﬂ blé 3aAHAmMUA

nabopa-
npakmuyeckue
JleKyuu P mopHbsle

3aHamus paﬁombl

camocmosnme’ns-
Hasa paboma
odyuarowuxcs

=

2

7

BBenenne B MaTreMaTudec-
KO¢ MOAEJIUPOBAHUE u
OCHOBHBbBIC NMOHATHSA. 33213‘[1/1
ONITUMM3AIIUH.

56

50

1.1.

Benenue. Dtanbl onTUMK3a-
LUOHHOTO WCCIIEZIOBAHMUS.
OmpeneneHue  MareMaTHye-
ckux mopeneid. TpeGoBaHuUs K
MaTeMaTHUECKHUM  MOJICIISIM.
Knaccudukanus matemaTu-
yeckux wmopenedt.  OOmas
[TOCTAHOBKA 3a/layfl HCCIeNo-
BaHMus onepauuii. Kpurepuii
OITUMAJIBHOCTH. MHOIOKpH-
TepuajbHbIE 3aJIa4 HCCIeNo-
BaHud omnepauuii. MeTobl
CBEPTKH KPUTEPHUEB.

56

50

OcCHOBHbI€ MOHATHSA JHHEH-
HOI0 TMPOrpaMMHUPOBAHMS.
CuMILIeKC-MeTO/I. JIBoii-
CTBEHHAs 3ajaya JIMHe#-
HOTI'0 MPOrpaMMHUPOBAHMSI.

59

50

2.1.

BBenenue B nuHEHOE Mpo-
rpaMMHUpOBaHUE. 3amadyd JIH-
HEWHOro MpOrpaMMHUPOBAHUA.
OcHoBHas 3a7a4ya JHHEHHOTO
nporpaMmmupoBanus. I'eomer-
pudeckass WHTEpPIpeTanus oc-
HOBHOM 3aJjauyd JIMHEWHOIO
nporpammupoBanus. [ 'padu-
YECKOE peELIEHUE OCHOBHOMI
3a7a4d JIMHEHHOro mporpam-
MHPOBaHUS METOJIOM TIepec-
TaHOBOK. ANTopuT™ mpeodpa-
30BaHUs CTaHIAPTHOW TaOIH-
ubl B cuMIuiekc-merone. Ha-
XOXJIEHHUE OMOPHOTO U OMNTH-
MaJbHOTO pEIIeHUsS 3aJlaud
JUHEHHOTO  MPOrpaMMHUPO-
BaHUs. DOPMYIUPOBKA ABOM-
CTBEHHOM 3aJa4M JIMHEHHOrO
MIPOrpaMMHUPOBaHUs. DKOHO-
MU4ecKas WHTEpIpeTanus
NpsIMOM M JBOWCTBEHHOH 3a-
Jad JIMHEHHOro MpOorpamMMu-
pOBaHUsL.

59

50

D




3. Tpancnopraas 3agava. He- 56 3 1 1 51
JINHeHHOe NMPOrpaMMHpoOBa-
Hue. MeToAbl MMHUTALHOH-
HOT'0 MOJeJIHPOBAHMNS.

3.1 DopMyIHUpPOBKAa  TPAHCIOPT- 56 3 1 1 51
HoM 3ajmaun. HaxoxneHue
OIIOPHOrO IJIaHa. YJIydlleHUe
IJlaHa TepeBO30K. Perrenue
TPAHCIIOPTHOM 3aJa4ud METO-
JIOM TOoTeHUHanoB. TpaHc-
MOpTHHIE 3aJa4d C Hempa-
BUJIbHBIM OamancoM. Ilocra-
HOBKa 3aJlaudl HEJIMHEHHOIo
MporpaMMupoBaHus. MeToJibl
OTBICKUBAaHUS JKCTpEeMyMa
st QYHKIWW OIHOW Tepe-
MEHHOM. MeToapl OTBICKH-
BaHUs 3KCTpeMyMa i PyHK-
UM HECKOJNBKUX TIEPEMEH-
HBIX. MeTObI UMUTAIMOHHO-
ro Mmogenuposanus. Mccieno-
BaHMs Ha HWMUTAI[MOHHOMN
MOJIETIH.

nuToro 171 8 6 6 151

4.2. ConepxaHue TMCHMILIMHBI, CTPYKTYPUPOBAHHOE 10 Pa3JejaM U TeMaM.

Pa3znen 1. Beegenue. DTanbl ONTHMH3AMMOHHOIO HccaeqoBaHus. OnpeneaeHne MaTeMATHYECKHX
Mo/J1eJIeid.

MarteMaTu4yeckoii  MoOAeJbI0  00beKTAa  HA3bIBACTCS  COBOKYMHOCTh  MaTEMAaTHYECKHX
3aBHCHMOCTEH, OMMMCHIBAIOIINX €r0 (PYHKIIMOHUPOBAHHUE.
Hawnbonee TummaHbIMU 00BEKTaMU UCCIIECOBAHUHN B IEPEBOOOPAOOTKE SBIISIOTCS TEXHOJIOTUUECKHE
MPOIIECChl MEXaHUYECKOH 00pabOTKH, CYIIKH, MPOIUTKH, CKICHBAHUS, MPECCOBAHMS JIPEBECHHBI,
HaHECEHHE 3aIUTHO-IACKOPATHBHOTO TMOKPHITHSA. Bce OHM MOCTATOYHO CIOXKHBI, MOATOMY TpH
MaTeMaTHYEeCKOM OIMMCAHMHM HMX HEU30EKHO MPUXOIUTCSA YIPOIIaTh, OrpyOssTh, MpeHeOperas
BTOPOCTEIICHHBIMH (hakTOpamMu W OOpaiias BHUMaHHE Ha CYIIECTBEHHBIC. YCIIEX WIJIM HeyJada
HCCIEAOBaHUS BO MHOTOM TIPEIOIpeAeisaeTcss BbIOOpOM croco0a omucaHus OOBEKTa, BHJIA
MaTeMaTHYeCKOW MoJeiau. MareMaTHdecKhue MOJETU IOJIYYaroT JBYMsSI OCHOBHBIMH METOJIAMU:
TEOPETUYCCKUM M IKCIIEPUMEHTAIbHBIM. COOTBETCTBEHHO PA3IMYAOT aHATUTHYCCKHE MOJICIIH,
MTOCTPOCHHBIE TEOPETUYECKUMH METOIAMHU, U SMITUPUIECKUE MOJIEIIH, TIOJIyYeHHBIE TIO pe3ybTaTaM
00pabOTKH IKCIIEPUMEHTANbHBIX JaHHBIX. [l0sSICHUM MPUPOy aHATUTUYECKUX MOJIEIEH.
JIr000#1 TEXHOJIOTMYECKUH TIpoIecC JepeBOOOpaOOTKH BKIKOYAET HEKOTOpbIe (DHU3UUECKUE
MPOIIECChI: TEPEMEICHUE BEIIEeCTBa, TEIUIA- M MAaCCONEPEHOC, XUMHUYECKHE IPEBpaICHUSI.
[lepemernieHue BelecTBa MOXKET OBITH CBSA3aHO C HAPYIICHHEM BHYTPEHHHX CBS3€H, YTO TUIHMYHO
JUTSI TIPOILIECCOB MEXaHWYECKOW O0OpaOOTKM JIPEBECHHBI - PE3aHUs], pACKAJIbIBAHMS, M3MEIbYCHHS,
o0paboTku naBneHueM. Ou3ndeckue MpoLecchl TeIIo | 1 MaccomnepeHoca JiexkaT B OCHOBE CYILIKU
W TPOIMMTKH JPEBECHHBI. TEXHOJIOTHYCCKHE MPOIECChl CKICHMBAHUS U OTICIKH COMPOBOXKIAFOTCS
XUMHYECKUMU MPEBPALEHUSIMU
Teopetndeckoe omucanue (U3MUECKUX MPOIECCOB OazupyeTcss Ha OOMIMX 3aKOHAX MPHUPOIbL:
3aKOHAX COXPAHEHHUS MaTepUu M DHEPruu, HEKOTOPHIX (U3MUECKUX MPHUHIMIIAX U 3aKOHaX,
YCTaHOBJICHHBIX ONBITHBIM MyTEM. 3aKOH COXpaHEHUS MaTepud MOXKHO 3amucaTh B BHUIE
ypaBHEHUI MaTepuaIbHBIX OallaHCOB:
JUT TUHAMUKH TIpoIecca
MPUXOJ1 = yOBLIb +.IIPUPAIICHUE;
JUIS CTATUKU TIpoIecca
MPUX0J = YOBLIb.




IIpn moctpoeHun Mojesneld 3TH YpPaBHEHMsI 3alUCBIBAIOT C MHCIIOJIb30BAHMEM IOHSATHS IOTOK
BenlecTtBa. [loTok BemiecTBa - 3TO KOJIMYECTBO IOCTYNHMBINETO WM YHIEALIErO0 BELIECTBA 34
(UKCHUPOBAHHBII OTPE30K BPEMEHH Yepe3 eIMHUILY TOBEPXHOCTH.

3aKkOH COXpaHEHUs MaTEpUM 3alMCchiBAaeTCsl B BUIE BbIpaxeHus (1.2) B Tom ciydae, Korna
paccMaTpUBaeTCs IMOTOK BEIIECTBA, MPOXOAALIUM Yepe3 OINpeleNeHHOe cedeHue. s MOTOKOB
BEIIECTBA, OCTYNAOIIUX B HEKOTOPYIO €MKOCTh M BBIXOJSIINX U3 Hee, mpuMmensiercs gopma (1.1).
3aKOH COXpaHeHHs Hepruu 3amnuceiBaercs anaiorumyHo (1.1) m (1.2 ) mo mpuxoxy, yobuln |
MIPUPALIECHUIO SHEPTUU.

PaccmoTpuM npuMepsl MOCTPOEHUSI MOJIETIEN HA OCHOBE 3aKOHA COXPaHEHUSI MATEPHH.

Orlpe)le.ﬂelme MaTeMaTH4YeCKHX Mojeiel

O603HaunM uepe3 V1 BXoadumuil MOTOK KPYIJIOIO ChIPbs, BBIXOASAIIME MOTOKH: V2 - HOTOK
MUJIoMaTEPHATIOB; V3- MOTOK TEXHOJIOTHYECKOH MIETbl; V4 - MOTOK OMWIOK; V5 - MOTOK MOTEPh Ha
YCYUIKY U pacnbUl. YpaBHEHUE MaTepUAIbHOTO OajaHca 3aluIleM B CIEIYIOIEM BUIE:
V1 =V2+V3+V4+V5,
B3sB mpounsBogHBIE O BpEeMEHM OT €ro 00eux yacTei, moyyuyuM anddepeHuanbHyo Gopmy
ypaBHEHUS
dV1/dt = dV2 /dt + dV3 /dt + dV4 /dt + dV5 /dt.
VYpasuenue (1.4) 3agaet cBA3b MEXIY CKOPOCTSIMU M3MEHEHHS BXOJIHBIX U BBIXOJHBIX TOTOKOB, T.
€. MeXIy NMPOU3BOAUTEIHLHOCTHIO JUHUM MO MpomycKy ceipbsi dV1 /dt, mpou3BOIUTENHEHOCTHIO
JIUHUY 10 BbIpaboTke nuiaoMarepuanoB dV2/dt, mo BeipaboTke TexHoIoTHYecKOoM mensl dV3/dt u 1.
1.
MartemaTHyeckasi Mo/ieJib MOJIyYeHHs] IPOKJIEeHHOH Macchbl B NPOU3BOACTBE JABI

B smuke HenpepbIBHOW MNPOKIEWKH, CHA0KEHHOM MEIIAJKOW, MPOUCXOAUT CMEUIMBAaHUE
JPEBECHOBOJIOKHUCTOW Macchl (motok Q1) ¢ mponuThiBatomeir ao0aBkoit (motoxk Q2),
ruapodo6Hoit nobaBkoit (motok Q3) m ocamutenem (mo- Tok Q4). B pesynbTare cMeENIMBaHHS
MOJTyJaeTcsl MPOKJIECHHAs! Macca, IOTOK KOTOpoil 00o3HaunM vepes Q5. Mojaens qaHHOTO TIpoliecca
MOXHO 3aIucaTh Ha OCHOBE cooTHomeHus (1.1):
Q1+ Q2 + Q3+ Q4- Q5= AQ5.

[Ipupamenne AQS,paccMarpuBaemMoe 3a OECKOHEUYHO Mallbli TPOMEKYTOK BpeMen: dft,
npeactaBisieT coboit mpousBoanyto dQS /dt. Moaens npuHUMaeT CAEAYIOMUNA BUI:

Q1+ Q2 + Q3+ Q4- Q5t.
MaTeMaTI/I‘IeCKaﬂ MOI€JIb ABUMKCHHUA YaCTHUIbBI Cprme‘IHOﬁ MacCcChbl

Mogenb crpoutcss Ha ocHOBe (u3mueckux 3akoHOB. (I'omoBau B. M. IloBblmieHne kaudecTBa
(bopMHUpOBaHUSI IPEBECHOCTPYKEYHOTO KOBPA.

ABTopedepar nuccepranuy Ha COMCKaHUE YIYCHOW CTETNeHH KaH/I. TeXH. HayK. — M).

Jliia KoHTpoJisa KauecTBa (OPMUPOBAHUS JAPEBECHOCTPYKEUHOTO KoBpa mpu mpousBojactse JICTII
HEOOXOIMMO H3Y4YHTh JIB)KEHHUE YACTHUI[ CTPYKEYHOM MacChl TNpPU HACBIIKE OCMOJIEHHBIX
JPEBECHBIX YaCTUIl Ha JBIKYIIUMNCA TOJIIOH WIM JEHTOYHBIH KOHBeilep. PaccmoTpum Mopenb
JBUKEHHS OJJMTHOYHONH OCMOJICHHOMH peBecHO yacTulibl. Ha cB06OHO Majaronyto 4actuiy OyayT
JIeMCTBOBATh CUJIa TSDKECTH Mg M CHJIa COMPOTHBIICHUS Bo3ayxa F, mpomopluuoHansHas KBajapary
CKOPOCTH:

F=cx S p v2/2

rIe M - Macca 4acTHIIbI;

g - yCKOpeHHe CBOOOTHOTO MaIeHUS;

cX - K03 PHUIHEHT TOOOBOTO COMPOTUBIICHUS;

S - Tak Ha3bpIBaeMoe€ MUJENEBO CEYCHHE - IUIONIA[lb TMPOEKIMU YAaCTHUIBI Ha TMJIOCKOCTb,
MEePIEHIUKYISIPHYIO K HAIPABJICHUIO CKOPOCTH €€ MaJICHNUS;

p - IUIOTHOCTh BO3/yXa;

V - CKOPOCTb YaCTHIIBI.



Bropoii 3akoH HbtoToHa A5t IBMKEHUSI YAaCTHLIBI IIPU €€ CBOOOJIHOM MaJeHUH MOXKHO 3alucarh B
BUJIC
m (dv/dt)=mg- c,Spv?/2.
ITocne pa3aeneHus IEpEMEHHBIX MOJIy4YUM
dv/(g-av?)=dt
rzae a = cxSp/2m. [locne unrerpuposanus auddepenmansHoro ypasHenus (1.5) nomydanm

1 ng\/a_

In

2 [VE-wal

3HayeHne MOCTOSTHHON nHTerpupoBanusi C HaiiieM W3 HadalbHBIX yciaoBHid. [Ipumem, uTto mpu / =
0, TO ecTh B MOMEHT OTpbIBa OT KOHBEHEpa NMUTATENs, IpeBecHasl YacThIla UMeeT CKopocTh v = 0.
[oncraBus 3navuenusi t = 0 u v = 0 B popmyny (1.6), momyunm C = 0. C yueTom 3TOTO Haiigem u3
(1.6) BbIpaxkeHHE 17151 CKOPOCTH YACTULIBI:

g €2 agt __ 1 g 2
v= [P——r——= 21—
ae2jagt 41 a e2vast +1
N3 nomyuennoii moaenwu (1.7) ABUKEHUs IPEBECHON YaCTHIIBI CIEAYET, YTO CKOPOCTh €€ C MOMEHTA
OTPBIBA MOHOTOHHO BO3PAaCTa€eT, CIPEMSCH K IPEAEIbHOMY 3HAYEHHUIO VIIP, PABHOMY

. g
=limv= [=
t—oo a

+ C.

Vip

TpeboBanus kK MaTeMaTH4YecKUM MoaesM. Kiaccuukanus matemaTnueckux Mmojeseii. Oomas
MOCTAHOBKA 3a/1a4M MCC/IeI0BAHUS ONMePaIUii.

[TocTpoeHre MoAenM OCHOBAaHO Ha MCIIOJIb30BAHWM KaK 3aKOHA COXpPAHEHUS SHEPTUH, TaK U
(u3nyecKux 3aKOHOB. JlaHHBINM Ipolecc MOXKeT ObITh onucaH quddepeHnaIbHbIM YpaBHEHHEM B
YaCTHBIX MPOU3BOAHBIX BTOPOTO MOPSIKA - ypaBHEHHE TerionpoBogHocTH Dypre. DTO ypaBHEHUE
IIMPOKO  HMCHOJNB3yeTCs Ui ONHUCaHHWS TPOIECCOB  TEIUIONEpeHoca MpU  MPECCOBAHHUU
JPEBECHOCTPYKEUHBIX U JPEBECHOBOJOKHHUCTHIX IUIUT. PaccMOTpUM ero BBIBOJ ISl MPOCTEHIIEro
cillydas, KOTJa TeIUI0  pPacmpoCTpaHseTcs 1O  JUIMHE  OJHOPOJHOTO  HM30TPOIHOTO
TEIJIOU30JIMPOBAHHOTO CTEPXHS BJOJb KOOPAMHATHI X. Bo3bMeM fBa cedyeHUs CTepX HS Ha
paccrossHuU A X Apyr oT Apyra. COOTBETCTBYIOLIME UM 3HAYEHUS KOOPAUHATHI 0003HAYNM Yepe3 X
u (x + A x). O60o3HaunM yepe3 AQ mpupaiieHne KOJIMYeCcTBa TeIula B MOJYYEHHOM DJIEMEHTE 3a
HEKOTOPBIA TpOMEKYyTOK BpeMeHu A t. Bemnmumna AQ paBHa cmAT, rae ¢ - yaenbHad
TEIJIOEMKOCTh; T - Macca 3neMeHTa crepkHs; AT - u3MeHeHHe ero TemmepaTypbl 3a Bpems A t.
Ecnu Tenmepb BMecTO NMpOMeEXyTKa BpeMeHU A t B3STh €IMHUYHBINA NPOMEXKYTOK BpPEMEHH, TO
COOTBETCTBYIOIIIEE TpHpalleHne KoiuuecTBa Temia Aq Oyzmer paBHO AgG=AQ/At=cmAT/At.
[Tepexons 3neck k mpeaeny npuAt—0, monyunm dq = cmdT/dt. [IpencraBum mMaccy 37eMeHTa Kak
MIPOU3BEICHUE €0 TUIOTHOCTH P, MIIOIIAIU MONIEPEYHOro ceueHus ¢ u AiuHbl A X. Toraa
dg = ¢ po Ax(dT/dt).
CornacHo 3aKOHY COXpaHEHHS SHEPTUu NpupanieHue dq paBHO anreOpanyeckoil CyMMe KOJIMYeCTB
Terla, MOCTYNUBIIMX B PAcCMATPUBAEMBIM SJIEMEHT 3a €IUHUILy BPEMEHHM Yepe3 CEUeHHs X
u(x+Ax). O603HaYUM ITH KOJMYeCTBa Teruia yepes ql u q2:
dg=0:- 02

Boipaxkenus mist ql U 2 monyduM U3 3aKOHA BHYTPEHHEH TEIUIONPOBOIHOCTH B TBEPIBIX Telax
(3axona ®ypbe). B oqHOMEpHOM ciydae ( = -G, Iie q - KOJIMYECTBO TerJa, MPOTEeKarollee Yepes
IUIOMIA/IKY a, MEePHNEHAUKYISIPHYI0 K OCH X; X- KOI(QQHUIMEHT TeronpoBOJIHOCTU. BripakeHue

(1.9) moaToMy MOKHO TiepenucaTh B BHJIE:
oT
dq = —oA—
q oA E

+kaT
< Gax

x+Ax

ITonenus o6e yactu Ha Ax 1 yurs (1.8), momyuum
Ilepexons k npeaeny npu Ax — 0, IpugeM K HCKOMOMY YPaBHEHHUIO
TEIUIONPOBOAHOCTH:



rjae a - ko3hUuIreHT TemMnepaTypornpoBOIHOCTH, a=a/cp.
AnanornyaeIt BUJ UMCCT YPABHCHHEC BJIArornpoBOJHOCTH, OIIMCBIBAKO
11ee pacnpeeseHre BIaKHOCTH B TEJIE U MCIIOJIb3yeMO€E B TECOPHH CYIIKH JIPEBECHUHBI.

KJ’[aCCI/I(l)I/IKaIIHﬂ MaTeMaTH4YeCKUX MojeJIei.

B HekoTOphIX ciayyasX 3aKOHOMEPHOCTHU IPOTEKAHUS Pa3IMYHBbIX IPOLIECCOB MOKHO OIMCATh,
ucnosib3yss oOume cooOpaxenus. Ilyctb y - BenuuMHA, XapakTepU3ymollas KOJUYECTBO
ONPEENIEHHON NpOAYKUMU (B LIMPOKOM CMBICIE), CO3JAaHHON 4YEJIOBEKOM WM HPUPOJOH K
HACTOSIILIEMY MOMEHTY BPEMEHHU t. DTO MOKET ObITh, HAallpUMEpP, KOJIMUYECTBO TOBApPOB, OHoMacca
pacTymiero aepeBa, Yucio u300peTeHUH, KOJTUYECTBO MyOIMKAIMi B HEKOTOPOW HAYYHOH 00JIacTh
u T. 1. VHOra MOXHO MNpEeANnoJOXKUTh, YTO IMpHpalieHrue Ay 3TOl BEIMYMHBI 32 MPOMEKYTOK
BpeMeHH At MIPONOPLMOHAIBHO CaMOM BEJIMUMHE Y U JUIMHE IPOMEXKYTKa, T. €. Ay=ay At, raea -
ko3¢ ¢unment. Ilepexons Kk OECKOHEYHO MallbiM TMPUPALIEHUSAM, MOIy4YuM JuddepeHranrbHoe
ypaBHenue dy/ dt-ay.
[IpunsB 3a Hauano oTcuéra t = t, = 0, MOJIy4YnUM pelIeHre ITOTO ypaBHEHUS
B BUJIE ¥ = Y, eat. 'paduk 3TON 3aBUCUMOCTHU MpPEACTABISIET COOON SKCIIOHEHIMAIbHYIO KPUBYIO
(puc. 1.1, a). 3aech - 310 3HayeHue y npu t = 0.
Takoil ~ SKCNOHEHIMAIbHBIA  POCT  JIEWCTBUTEIBHO  CBOMCTBEH MpoleccaM, HMEIIINM
JIAaBUHOOOpAa3HBIH XapakTep, KOIrJa MPUPOCT HPOMNOPLIUOHANIEH JOCTUTHYTOMY YPOBHIO M HET
OTpaHWYEHUHN pocTa. DTa K€ 3aBUCHUMOCTh CIIPABETHBA U ISl OMHMCAHMS OOIIeH 3aKOHOMEPHOCTH
pa3BUTHUA HayKU U TeXHUKHU B artoxy HTP.
JlommycTuM Temeph, YTO MPOLECC PACIIMPEHHOTO BOCIPOM3BOJCTBA IPOTEKAET B YCIOBUAX
OTpaHUUYEHHOCTU pecypcoB. Torjga ero MHOrJja MOKHO OIMHUCATh cleAyouuM nuddepeHIanTbHbIM
YpaBHEHHEM, CIpPaBEUIMBBIM B MPEINOJIOKEHUH, YTO CKOpocTh mnpupocta dy/dt Bospacraer
MPOMOPLHMOHAIBHO KOJMYECTBY IOJYYEHHOTO MPOAYKTa M CHHXKAETCSl MO Mepe HucUepHaHHus
pecypcoB:
dy/dt=a[l-(y/x)]y,
re K - KO3 UIIUEHT.
B pesynbraTe uHTErpHpoBaHus 3TOro ypaBHeHus (pu to = 0) noxydaem
y=k/(1 +be™),rae b= (klyo)-1.
DTO ypaBHEHHE OMHCHIBACT TaK Ha3bIBAEMYIO JIOTUCTHYECKYIO KpuByro (puc. 1.1,6). Ilpu t—oo
OpAMHATa dTOM KPUBOW CTPEMHUTCS K aCUMITOTE Y = K. Ha HadalbHOM yd4acTke, T. €. IpyU Majoi
CTEIeHU HCII0JIb30BAHUSI PECYPCOB, OHA CXOJIHA C AKCIOHEHTOU. JIorucTuyeckue KpuBbIE XOPOIIO
OTHCHIBAIOT PA3IMYHbIC MPOLIECCHl «C HACBHIIIEHHEM», B TOM 4YHCIIE M Pa3BUTHE BO BPEMEHHU
(YHKIIMOHATBHBIX XapaKTEPUCTUK PA3THMUHBIX TEXHUYECKUX YCTPOICTB.

F ¥

0 (=

Puc. 1.1. [IpocTeiiue Moaenu pa3BUTHS:

a - SKCIIOHEeHIINaNIbHAs KpHUBas; O - JTIoTHCTUYeCcKasi KpuBast

3aKOHBl Pa3BUTHSI CUCTEM B JICHCTBUTENBHOCTH Oo0Jiee CIOXKHBL. Tak, TEXHUYECKHE CHCTEMBI,
HcUeprnaB PECYpChl CBOErO pa3BUTHUA, IEPEXOIAT Ha CIEAYIOUIUH YPOBEHb YK€ BKAYECTBE
MOJICHCTEM TI0 OTHOIIEHHIO K HOBBIM, 00JIe€ CIIOKHBIM CHCTEMaM.

JlocTroBepHOE  MareMaTHUecKOe  OMHCAaHHME  JI00OTr0  TEXHOJIOTHUYECKOTO  Tpolecca B
nepeBooOpaboTke W B APYrUX OTpacisX - JOCTaTOYHO TpyaHas 3amada. [lomumo omwucanus
BXOJIIIUX B €ro cocraB (PM3MUECKUX IMPOILIECCOB B ITUX Cilydasx TpeOyercs, Kak MpaBuio,
PacCMOTPEHHUE CIIOKHBIX B3aUMOCBSA3EH BBIITYCKA MPOIYKIMU C HAJIMYHUEM 3aMacoB, MOCTYIJIEHUEM
ChIphs, TonyhabpukaroB, paboToli obOopymoBaHus U T.A. Kpome TOro, mareMaTH4eCKOMY
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OIMCAHUIO MOJJIEXKAT, KaK IPaBUJI0, MHOTOYUCIIEHHBIE TPAHCIIOPTHO-IIEPEMECTUTEINIBHBIE OIIEpPALIUU
IpU TOrpy3Ke, pasrpy3ke M COpPTUpPOBaHMM MarepuanoB. [losToMy ans mocTpoeHUs
MaTeMaTHYECKUX MOJIEIeH TEXHOJIO-THYECKHIX MPOLIECCOB AEPEBOOOPAOOTKH  HapALy co
c(OpMyYIMPOBAHHBIMU BbIIIE (U3NYECKUMU 3aKOHAMH M TPUHIMIIAMHU IIHPOKO HCIIOJIB3YIOTCS
caMmble Pa3HOOOpa3HbIE MaTEMaTHUECKHE METOABl - KakK TPaIuIMOHHBIE, TaK U CIHEIHAIHHO
pa3paboTaHHBIE B UCCIICAOBAHUH OTIEPAIIHIA.
AHanuTHYECKUE METOJbl IOCTPOCHUS MOJENEH, Kak IpaBWiIO, IPUMEHSIOT B COYETAaHUU C
9KCHEPUMEHTAJIbHBIMH, IIOCKOJbKY  MaT€MaTU4YeCKOE€  ONUCAaHUuE OO0bBEKTa,  IOIYy4EHHOE
AHAJIUTUYECKUMHU METOJIaMHU, OOBIYHO COAEPIKUT KOHCTAHTBI, 3HAYEHMsI KOTOPBIX ONPEIEINISIOT O
pe3yiapTaTaM »JKcnepuMeHTta. Hampumep, npu NpPOEKTUPOBAHUU CHUCTEM ITHEBMOTPAHCIOPTa
TEXHOJIOTUYECKOW MIenbl OT pyOUTENbHONW MalIMHbBl K OYHKEpPY HCIOJIb3YIOT B KadyecTBE
MaTeMaTH4eCKOl MoJenu ypaBHeHHe Jlapcu, cBs3bIBarolee NOTEPH JAAaBJIECHUS BO3YLIHOTO MOTOKA
H ¢ nmuHoii TpyOs! /, ee muameTpoM d ¥ CKOPOCTHIO BO3TyXa V:
H=a(/d)p(v?/2),

/i€ p - IVIOTHOCTh BO3/1yXa;

A- KOX(QQUIMEHT T'HAPaBIMYECKOTO CONPOTHBIICHHUS, 3aBUCAIIMM OT mapameTpoB v, d u
IEPOXOBATOCTU TPYOBI A.
3aBucumoctbh X = /(v, d, A) ycTaHaBIMBAIOT DKCIIEPUMEHTATLHBIMU METOJIaMU. DTUMH METOIaMU
YTOYHSIOT TaKXKe BUJI MaTeMaTHUYECKON MOJIENIN U MPOBEPSIIOT €€ JOCTOBEPHOCTb.
OKClepUMEHTAIbHbIE METOJbl  MOJYYEHUs MaTeMaTHYeCKUX MoJeliel OOBEKTOB UrparoT
JOMHMHHUPYIOLIYIO pOJIb B T€X CIy4asiX, KOI/la UCCIeIyeMbli IPOLECC CIUIIKOM CJIOXEH JJIsl TOro,
YTOOBI MOKHO OBIJIO MOJYYUTh €0 TEOPETUUECKOE OMUCAHUE, HAIpUMEp, MTPH OMHCAHUU CHIIOBBIX
1 Ka4YeCTBEHHBIX XapaKTEPUCTHUK MPOILECCOB MEXaHNUECKON 00pabOTKHU APEBECUHBI.
CratucTtrueckyro 06paboTKy pe3yabTaTOB KCIEPUMEHTA IIPU MOTYYEHUN SMIUPUUECKUX MOJIEen
4acTO MPOBOJAST METOJIOM PErpecCMOHHOTO aHanuza. Takue SMIHUpUYECKHEe MOJENN Ha3bIBalOT
perpeccuoHHbIMH. PekomMeHaanusaMy, sI3aHHBIMU C COCTaBJIEHHEM SKCIEPUMEHTAIbHBIX IUIAHOB U
MOJIyY€HUEM MaTeMaTUYeCKUX MOJIeNiel 0 pe3ysbTaTaM MX peajan3aluy, 3aHUMAeTCsl criennaibHas
JTUCLMIUIMHA - TJITAHUPOBAHUE SKCIIEPUMEHTA.
B 3aBucuMocTu OT crocoba mpeacTtaBieHds HHOOPMALMK Pa3IU4aloT JeTEPMHUHHPOBAHHBIE U
BEpPOSITHOCTHBIE (MJIM CTOXAaCTUYECKHE) MaTeMaThdyeckKue MoOJAeTu. BeposTHOCTHbIE Mojaenu
coJlep)kaTr ciydailHble mapaMeTpbl, MO3TOMY pe3yJlbTaT pacuera Mo Takoil MOAeNnu - 3To OO0
BEPOSITHOCTh HACTYIUJICHHSI OMPEIEICHHOTO COOBITHS, JTMOO CTaTUCTUYECKas OI[EHKAa HEKOTOpOil
Cly4yaHOW BenuuuHbl. [IpuMep BEpOATHOCTHOM MOJENM - MOJIENb PAcXOJIOBaHUs 3aIacoB s
cOOpOoYHOro 1exa MebeIbHOr0 KOMOMHATA, C MMOMOIILI0 KOTOPOH MOYKHO PacCUyUTaTh BEPOSITHOCTD
HaJIM4us TOTO WM MHOTO 0ObeMa 3aracoB JeTaieil Ha ckiaae. Bee perpeccnoHHbIe MO TaKkKe
SIBJIIFOTCSI BEPOSITHOCTHBIMU, MOCKOJIBKY U1 HUX BBIXOJHOM BETMYMHOMN SIBISIETCS CTAaTUCTHYECKas
OIICHKA YCIIOBHOTO MaTeMaTUYECKOTO 0XKHUJAaHUs HEKOTOPOTO MapaMerpa.
B oTinumne oT BEpOATHOCTHOM, IETEPMUHHUPOBAHHAS MOJIEb OJJTHO3HAYHO MpEACKAa3bIBACT 3HAUCHUE
BBIXOJHOM  BENMYMHBI MpH  3aJaHHBIX  3HAYEHMSX BXOJHBIX  mapameTrpoB. [Ipumep
JNETEPMUHUPOBAHHON MOJENU - pacCMOTpeHHas BbIie 3aBucuUMOCTh (1.11). OGmacte OCHOBHOTO
MIPUMEHEHHSI BEPOSTHOCTHBIX MOJEIIEH UCCIIeJOBaHMSI OTIepaIiii - OTMCaHue 0ObEKTOB B YCIOBHSX
HEONPEJENIEHHOCTH, T. €. TPU OTCYICTBUM HEKOTOPBIX CBEICHHH 00 YCIOBHSIX €ro
(G YHKIIMOHUPOBAHHSL.
B 3aBucumMoctu oT (hakTopa BpeMEHH MaTeMaTH4YeCKUe MOJIENU MIPUHATO JIEIUTh Ha CTAaTUYECKHE U
OUHaMH4Yeckue. B JAMHAMUYECKHUX MOJENSIX paccMaTpu-BalOTCAd XapaKTEPUCTHKU OOBEKTa,
MEHSIOIMECS BO BPEMEHH; B CTATHUECKUX 3TU MapaMeTphl MPEANojaraloTcs HE 3aBUCSIIMMU OT
BPEMEHM.
KubepHeTnka BHecla B COBPEMEHHYIO HAayKy IOHATHE O MOJEIUPOBAaHMM KaKk O HOBOM
3pPeKTUBHOM METOJie MO3HaHMs OKpyxkaromeil neiictBurenbHocTU. [lo 3TOMy MeToay M3yueHHe
caMoro o0ObeKTa - OpUTMHala — BEJIEeTCS MOCPE/C-TBOM HM3Y4EHHUs JIPYroro oObeKTa - MOJENH, -
UMEIOIIETO CXOJACTBO C oOpuruHasoM. [log cXOoJACTBOM HMEIT B BHAY M0j00u€ CBOWCTB,
COOTHOIIEHUI WM OOLIHOCTh OCHOBHBIX 3aKOHOB (DYHKIIMOHMPOBAHUS OpPUTMHAIa M MOJEIH.
MoenupoBaHie O3Ha4aeT MOCTPOCHHE MOJENM O0BEKTa M HCCIIEAOBAaHHME €ro Ha MOCTPOECHHOM
Mozenu. Takoil MeTox TO3HAHUS OKpYXKallled JeHCTBUTEIBHOCTH UrpaeT Bce Ooliee
3HAUUTENIBHYIO POJIb B COBPEMEHHOMN HAYKE U TEXHUKE.
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Kpome maremaTHuecKHMX MOJENe, B HayKe M TEXHUKE HCIOJIB3YIOT MOJETH JPYruX BHUJOB,
HanpuMep, IpeIMETHbIE MOJIENH, T.€. MOJEINH, MPEICTaBIAoNIe c000i MaTepuaibHble OOBEKTHI.
Paznuuator ¢usnyeckne W aHaNOrOBBIE NpeAMETHbIe Mojenu. Eciu mpenmerHas Mojaenb U
MOJICTTUPYEMBIH OOBEKT UMEIOT OJIHY U TY K€ (PU3MUYECKYIO0 MPUPOJY, TO TOBOPAT O (PU3NIECKOM
MO/ICTTUPOBAHUH U, COOTBETCTBEHHO, O (DU3MUECKUX MOJEIISX.

C nomomrpio GU3NIECKUX MOJIENel U3y4aroT, HapuMep, sIBJICHH, BO3HUKAIOIINE TPH 00TEKaHUH
TBEPIBIX TN XUAKOCTHIO M Ta30M Ha HMX YMEHBIIEHHBIX KONHUSAX. Tak, CONMPOTHBIIEHHE BOIBI
JBIDKEHUIO OPEBEH B PeKEe MOXKHO MCCIIEIOBATh HA HEOOJIBIINX IHJINHIPAX, IIOTPYKEHHBIX B JIOTOK
¢ xkuakocteo. [lpu Qu3nueckoM MOAETMPOBAHUH XapaKTEPUCTHKAM MOJCITUPYEMOTOo OOBEKTa
COOTBETCTBYIOT OJIHOMMEHHBIE XapaKTEPUCTUKN MOJIEIIH: CKOPOCTH - CKOPOCTh; BPEMEHH - BPEeMs U
T.1. HeoOXoauMbIMK yCTIOBHSIMH U (PU3UUECKOTO MOJCITHUPOBAHUS SIBIISIOTCS T€OMETPHUECKOE
(momobue gopmer) u pusmdeckoe nomodue. [locneaHee o3HaYaeT MPOMOPIHOHATLHOCTh 3HAUCHUH
MCCIIEyeMbIX MapaMeTpOB OPUTHHAJIA U MOJEIU B COOTBETCTBYIOLIHNE MOMEHTHI BPEMEHH M B
COOTBETCTBYIOIIMX TOYKaX IMPOCTpaHCTBAa. braromaps ¢usnueckoMy TOJOO0HIO 3HAYEHHE
MCCIIeIyeMOro TapaMeTpa JIIsl OpUTHHATIA MOKHO MTOJIYYUTh, YMHO)KHB 3HAYCHHE ITOTO ITapaMeTpa,
MOJIyUEHHOE B AKCIEPHMEHTE Ha MOJEIHM, Ha HEKOTOphI Ko3(pduuueHT. IToT KO3 ULIHEHT,
MIOCTOSIHHBIM U1 BCEX BEIWYHMH JaHHOW Pa3MEpPHOCTH, Ha3biBaeTCs KOA(PPHUIMEHTOM I0I00MS.
Hanpumep, kospdunuent nonodus miuH Kl paBeH OTHOIIEHUIO UIMH CXOJICTBEHHBIX 3JIEMEHTOB
OpUTHHAJIA 1 MOJICIIH:

I MHACKC | COOTBETCTBYET UCCIEAyEeMOMY OOBEKTY, a MHIEKC 2 -MOJCIIH.

dusndecKre BEIMYUHBI, KaK U3BECTHO, CBSI3aHBI MEXIY CO00# ONMpeeICHHBIMUA COOTHOIIICHUSIMU.
Ecnu HexoTophie M3 HUX BBIOpaTh B KA4€CTBE OCHOBHBIX, TO KOA(hOUIIMEHTHI TOJ00MS IS BCEX
JIPYTUX BEIMYUH MOXKHO BBIPA3HTh 4Yepe3 KOADOUIMEHTHI MOJ00MsI OCHOBHBIX BEIWYHMH. Tak,
MOCKOJIBKY CKOpPOCTh paBHa Vv = l/t, To ko3ddunuent nomodbust ckopocreir Kv=v1/v2 moxHO
BBIPa3UTh uepe3 Kod3pduunents! nogodus anu Kl u Bpemenn Kt:

Kv=vlv2=(11/t1)/(12/t2) =(11/12)/(t2/t1)=K1/K2

Ananornuno kodpdumument mnomobus s yckopenumit paBeH Ka =Kv/Kt. CormacHo Teopum
nofgobust A JAHHOTO (PU3UYECKOTO SIBJICHUS CYILIECTBYET OIPENEICHHOE  KOJUYECTBO
0e3pa3MepHbIX KOMOWHAIMKA BEJIWYHMH, XapaKTePU3YIOIMHUX O3TO SBIEHUE. OTH Oe3pa3MepHbIe
KOMOHMHAIIMM BEJIMYMH, Ha3bIBAEMbIE KPUTEPUSMHU MOJI00US, IOKHBI HUMETh OJHO M TO XKe
3HaYEHUE JJIs1 UCCIEAYEMOT0 0ObEKTa U €r0 MOJICIH.
PaccmoTpumMm, Hanpumep, kputepuil nogoOust HeloToHa, KOTOPBIH SBISETCS OCHOBHBIM KpUTEpUEM
pu GU3MYECKOM MOJCIUPOBAHUM MPOIIECCOB TUHAMHUKHU TBEPABIX Ted U kujukocteil. O0603HaunB
ko3 durment nompoous macce yepe3 Km=m1l/m2 naiinem u3 BToporo 3akoHa HeloToHa CBSI3b MEXIY
ko3 durmentom nomxoous asa cun KF u ocranbHbiMEA KO3QPUIImEeHTaMH MO0 0uS:
KF=F 1F 2=(m la I {(m 2a 2)~K mK a=) (K mK v)K t=K mK IMK t"2)
PaccmoTpuMm Temepr 0Oe3pasMepHOE BBIpKEHHE U BBIpA3UM B HEM 3HAYCHUS yepes
COOTBETCTBYIOIIHNE MapaMeTpbl MOJAEIHA U KO3(DdUIHeHThl moaooust coriaacHo dopmynam (1.12) -
(1.15):
(m1v I™"2)/(F11.1)=
Takum o6pazom, 6e3pasmeproe BoipaxkeHre mv2/(F 1) 1omkHO UMETh OJTHY U Ty K€ BETUYHHY IS
OpUTHHAlla ¥ MOJeNnu. 3HauyeHHEe OSTOro BBIPAKEHUs HasbiBaeTcs uuciaoM Herorona. [lpu
MOJENUPOBAHUY TUPABINYECKUX SBICHUIN HCIIONB3YIOT U ApYrue kputepuu - Peitnonbaca, @pyna.
HeobOxomuMbIM ycoBHeM (PHU3WYECKOTO MOJICIUPOBAHMS SBISETCS PAaBEHCTBO BCEX KPHUTEPUEB
noaooust Juis opuruHana u Mojaenu. [IoCKOIbKY MOCTPOUTH MOJEINb, YIOBIETBOPSIONIYIO BCEM
KpUTEpUSAM, KaK MpaBUJIO, HE yAaeTcs, MpuOeraroT K MpUOIMKEHHOMY MOJECIUPOBAHUIO, MPU
KOTOPOM HMCCIEAYIOTCS TOJIBKO BaXKHEUIITNE XapaKTePUCTUKU OOBEKTA.
[Ipu aHamoroBOM MOJIEIUPOBAHUH, B OTIHYKE OT PU3NYECKOTO, MPUPOA UCCIEAYeMOro 00BEKTa U
€ro MOJENH pa3lu4Hbl, HO (DPYHKIMOHHPOBAHHE OOOUX OINHUCHIBACTCS OJHHUMH M TEMH XKe
MaTeMaTU4YeCKUMH COOTHOIICHUSMHU. PaccMoTpuMm, Hampumep, MEXaHHYeCKue KoyeOaHus
MPYKUHHOTO MasiTHUKA, TO €CTh IPy3a MacChl T, MOJABEIICHHOTO Ha MPY)XKUHE, 1 U3MEHEHUS TOKa B
KoJebaTeIbHOM KOHTYpE, COJepKalleM mocleaoBaTenbHoe coeauHenue mnocrossHHo DJIC E,
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emxkoctu C u wuayktuBHOoctH L. OOa 3TH mpormecca ONHMCHIBAIOTCS OJHUM M TEM XKe
middepeHnanbHbIM ypaBHeHUEM. [IeficTBUTENBHO, HA TPY3 MACChl T , CMEIIEHHBINA U3 MOJIOKEHUS
paBHOBECHS Ha BEJIMUMHY X, ICHCTBYIOT CHJIa TSDKECTH Mg U Cuila ynpyroctu npyxkunsl kx. Torna,
o BTOpoMy 3akoHy Herorona,md”"2
Jiis konebaTenbHOro KOHTYpa COTJIACHO BTOpoMy 3akoHy Kupxroda nmeem
IJie i - TOK B KOHTYpE;

g - 3aps] Ha IJJaCTMHAX KOHJEHCATopa.
[Moncrasus B popmyny (1.18) i=dq /d t, momyunm
L
N3 conocraBnenust ypaBuenuit (1.17) u (1.19) cnenyer, uyto KosiebaHus JIEKTPUUESCKUX 3apsIOB B
paccMaTpuBaeMOM KOHTYpE IPOMCXOJAT IO TOMY € 3aKOHy, 4YTO U KojeOaHus rpys3a B
MPYKUHHOM MasiTHUKE.
BcenenctBue 31Ol M MOJOOHBIX AHAJOTUHM HAa ANEKTPUUYECKUX MOJAEIAX, Oojiee yAOOHBIX IS
UCCIIEIOBAaHUM, MOXHO H3y4aTh MEXaHHYECKHE, a TaKkKe THJPaBIMYECKHE U JIPYrue SIBICHMUS.
[IpumepoM aHAJIOTOBOTO MOJEIMPOBAHUS MOXET CIY)KUTh MOJEIUPOBAaHHE HA AaHAJOTOBBIX
BbIUMCIUTENbHBIX MamuHax (ABM). Cnegyer oTMETHTh, YTO BO3pacTalOIIME BO3MOXHOCTH
1M(pPOBON BBIYUCINUTENBHON TEXHUKH OOYCIOBWIM IOCTENEHHOE YMEHBIIEHHE HCIOJIb30BaHU
METO/IOB aHAJIOTOBOTO MOJEIUPOBAaHMSA U YBEIMYEHHUE TMPUMEHEHHUS MOJCIUPOBaHUS Ha
ANIEKTPOHHBIX IU(PPOBBIX BBIYMCIUTENBbHBIX MamuHax (OBM). B stom cinysae Ha OBM
OCYILIECTBIISIETCS KCCIIEI0BAHNE BBEJICHHOW B HEE MATEMaTUYECKOW MOIETN 0OBEKTA.

[IpuBeneHHy0 KinaccuUKAIMIO MOJEIeH MOKHO HECKOJbKO pacIIUpUTh, YYUTHIBas, dYTO
MaTeMaTH4eCcKUe MOJEIN OOBIYHO BKIIIOYAIOT B pa3ps] TaK Ha3bIBa€MbIX 3HAKOBBIX Mojeneil. K
HUM OTHOCSTCS MOMHMO MaTeMaTHUECKHUX MoOJieJied OMUCaHHsI OOBEKTOB C IOMOILBIO CXEM,
JIOTUYECKUX CXEM allfOpPUTMOB, TpadoB, uepTekel, Homorpamm U T. I. Kpome Toro, otaenbHO
paccMaTpuBalOT HMUTAIIMOHHBIE MOJIENIM 00BEKTOB, peain3yembie Ha DBM.

Kputepuii ontumaibHocTH. MHOTOKpUTepHATbHbIE 3a]a4HM HccjledoBaHUs omnepanuid. MeToabl
CBEPTKH KPUTEpPHEB.

Nmeercst HEKOTOPOE YUCIIO MMYHKTOB HA MECTHOCTH, CBSI3aHHBIX CEThIO Aopor (puc. 5.2). Tpedyercs
HAWTH KpaTYyallvi MyTh MO 3THUM JOPOraM M3 Ha4aJbHOTO MyHKTa A B KOHeYHbIM myHKT M. Ha
puc. 5.2 uMeromuecs: Joporu 0003HaueHbl OTPE3KaMU MPSAMBIX, YUCJIAa HAJl HUIMU - 3TO PacCTOSHUS
MEXAY MyHKTaMU.

B cooTBeTcTBUM €O CXe€MOIl AMHAMHYECKOTO MPOTPaMMHUpPOBAHUS cieayeT pa3OuTh Ipolecc Ha
JTambl, WM WIard, W BBIJCIUTH COOTBETCTBYIOIIME COCTOSHUS cucteMmbl. [locnennee, n-e,
COCTOSIHUE, €CTECTBEHHO, IOJKHO COOTBETCTBOBATH MOMaJaHUI0 B Touky M. PaccmoTpum B
KavecTBe mpenmnocieanero, (N - 1)-ro, cocTosHus MomnajaHke B OJAWH M3 TE€X MYHKTOB, OTKYy/a
MOXXHO TpPUHTH B MYHKT M TOJNBKO 3a OJMH NEPEXOJ], MPUYEeM OTCYTCTBYIOT MapILpYThI,
MO3BOJISIIOIIME CAeNaTh 3TO 3a JBa wiuM Oosee mnepexofoB. OYEBUAHO, TaKUM YCIOBUSIM
ynoBietrBopstoT myHKTH JI K, HO He mynkT U, Tak kak ans Hero, kpome Mapuipyra W — M, ectb
eme nyte U - K - M, cocrosmmuii u3 aByx nepexonoB. C cocrosHueMm (N - 2) MocCTaBUM B
COOTBETCTBUE IMYHKTHI, U1 KOTOPHIX HAUOOJIbIIIEEe YHCIO MEPEXOA0B 0 MyHKTa M paBHO JBYM, C
coctosiHreM ( N - 3) — MyHKThI ¢ HAMOOJBIIUM YKCIOM MEPEXOJ0B, PaBHBIM TpeM U T. 1. Tormaa
cocTosiHHO (N - 2) COOTBETCTBYET TOJIKO OJWH MYyHKT U; coctosHuio (1 - 3) - myHkTel [T 1 3;
coctosiauio (N - 4) - nyuktel B u E; cocrostauio (N - 5) - nyuktel b u [I. Cocrostauio (N - 6)
COOTBETCTBYET TOJBKO HadalnbHBIA MyHKT A. HauanbHoe cocTostHMe OOBIYHO CUMTAETCS HYJIEBBIM,
MOATOMY YHCIIO COCTOSIHUN B JAHHOM 3ajaue paBHO N = 6.

Takum oOpa3oMm, MyHKTBHl MapuipyTa TMPUBEIEHbI B COOTBETCTBHUE COCTOSIHHSIM CHCTEMBI
CIIEAYIOIIHUM 00pa3oM:

Homep cocrosnus................ O 1 2 3 4 56

TIyHKTBL.....covviieiiiiniieeeen A B,J] BEIL3U JIKM

CHagana permaem 3ajady JUis MOCJETHEro, IIEeCTOro, Imara. 37ech OTBICKHBAIOTCS ONTUMAbHBIE
Y4aCTKU MapiipyTa OT MMyHKTOB, COOTBETCTBYIOIINX MATOMY COCTOSIHMIO, T. €. JI u K, mo mynkra M.
OnTumanbHOE yIpaBlIeHHEe COCTOUT B BBIOOpE KpaTdaiiiero mapiipyra. Ha qanHoM miare Beioopa
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HeT: Kaxabld U3 nyHKTOB JI u K coenuHeH ¢ myHKTOM M TOJIBKO OJAHMM IEPEXOAOM, KOTOPBIA U
OyZeT YCJIOBHBIM ONTHUMAaJbHBIM yIpaBileHueM. Ha puc. 5.2 MapmpyT, COOTBETCTBYIOLIHA
YCIIOBHOMY ONTUMAaJIbHOMY YIIPABJIEHUIO, BBIACICH NBOWHOW JnuHUEN. Kpurepuil ontumanbHOCTH
BCEH 3a/aud - 3TO MHHUMYM CYMMAapHOW JJIUHBI MaplipyTa. 3HA4eHUs I[eJeBOW (YHKIUH Ha
JAHHOM IIOCJIEIHEM LIare 3TO MpocTo paccTosiHus oT myHKToB JI m K no mynkra M Otu uucna
3alMCaHbl B paMKax psOM C COOTBETCTBYIOIIUMHU ITYHKTAMM.

[lepeiinemM K ONTUMHU3ALNN IPEATIOCIETHETO, IATOrO, 1IAra. 3€Ch pacCMaTPUBAETCS TOJIBKO ITYHKT
N. Kparuaiimuii u3 AByX MapuipyToB OT HEro 10 myHkra M - ato nmyrs B oguH nepexon U — M,
JUTMHA KOTOporo paBHa 4 ea. Ha yeTBepTOoM 11are aHaau3upyemM MapiipyThl U3 myHKTOB [ u 3. s
nyHkra [' ecTp ABa BapuaHTa OKOHYaHMs MapLIpyTa: IEpBBIA - depe3 IMyHKT [l BTOpOM - yepes
nyHkt WM. Jlns OThICKaHWs JIydlIero BapuaHTa HAAO0 CpPaBHUTHh JUIMHBI 3THUX (HparMeHToB,
npeanoJaras, 4yro Nnpu nonagaHuu B NyHKT JI mnm W pganbHelnee ABUKEHUE NMPOUCXOIUT IO
ONTUMAJILHOMY MapHIPYTY (I10JIb3yEMCsl IPUHIIUIIOM ONTUMAIbHOCTH).

DTO OKOHYAHUE MaplIpyTa HaM YK€ M3BECTHO IO pe3ysibTaTaM ONTHUMH3ALMU IMOCIEIHEro Iiara.
[TosToMy JuIst OnIpeneneHus JUIMHBI KaKI0I0 Y4acTKa MapuipyTa U3 IMyHKTa I’ TOCTaTOYHO CIOKUTH
JUIMHY INIEPBOTO MEPEX0/ia U3 ITOr0 IYHKTAa C YHMCJIOM, CTOSIIUM HaJ IYHKTOM, KOTOPBIM JaHHBIA
nepexo/1 okaHuuBaetcs. Tak, AnuHa ydacTka Mapiipyra oT nyHkra [' 1o M uepes nyHkr JI paBHa 6
+ 5 =11, a yuepe3 nynkt U paBHa 5 + 4 = 9. KpaTuaiimum, cienoBaTesnbHO, OyJIE€T MyTh Y€pe3 MYHKT
W. Iloatomy yuactok I' - U Beiiensiem 1BoMHONW JMHUEH, a HaJ myHKTOM [ mpocTaBiisgeM uucio 9 -
ONTUMAJILHOE PACCTOSHUE OT Hero o myHkTa M. Tenepp yxe, KakuMm Obl IyTeM Mbl HU TOMAJIHU B
NyHKT [, onTHManbHOE OKOHYAaHUE MaplIpyTa HAMH MOJy4deHo: 3To nyTh I - U - M. AHanoruynsiM
oOpa3oM M3 JABYX BapUaHTOB MapUIPyTOB M3 TOYKM 3 ONTHUMaJEH NOyTh dYepe3 NyHKT U.
CooTBeTcTBYIOIIEE pAaCCTOSIHUE 0 TOYKH M paBHO 6. Takum ke crmocoO0M ONTUMH3HUPYIOTCS
TpeTuil ¥ BTOpOoW maru. HaiieHHble ONTHManbHblE MAPUIPYThl U COOTBETCTBYIOLIME PACCTOSHUS
MIPHUBEICHBI Ha puC.5.2.

OTmeTHM, 4TO TpU BHIOOpE MapuIpyTa U3 MyHKTa J[ MOXHO MPUHSATH JIH000€ pellleHne: JUIMHA MyTH
yepe3 NyHKT E u depe3 myHkT U okazanack oawHakoBoll W paBHol 11 : 2 + 9 =7 + 4, [lna
OTIPENICTICHHOCTH Ha puC. 5.2 n300pakeH NEPBBIM BapuaHT. To e MOXHO cKa3aTh o myHKTe b, rae
W3 TPeX BO3MOXKHBIX MYTEH JIBa OKA3bIBAIOTCS OJWHAKOBO 3(PdektuBHbIMU. OcTaercs 1-i miar, Ha
KOTOPOM MPEJCTOUT BBIOPATh OJHO U3 YETHIPEX BO3MOKHBIX HAIIPABICHUH ABM)KCHUS U3 IyHKTa A.
Jnst aTOoro cpaBHUBaeM UIMHBI MapuipyToB u3 A depe3 b, B ,Jl u E . OHu paBHBI, COOTBETCTBEHHO,
4+13=17;6+11=17;6 + 11 =17; 7+ 9 =1 6 . [InuHa nocieaHero Mapupyra okaszajiach
MHUHUMaNBbHOU. [losTOMy M3 myHKTa A cieayer nmepeit B myHKT E u manee, BBIOUpast KaIbli pa3
HaWJICHHBI paHee ONTHUMAJIbHBIA MMyTh. TakuM 00pa3oM, KpaTyaWliuid MapmipyTr UIMHOW 16
€IMHUILL TPOXOAUT Yyepe3 NyHKTol A, E,3, U, M.

Ha sToM e npumepe jerko noka3arb, 4YTO MOIBITKAa ONTUMUA3UPOBATH KaX/bIH 1Iar B OTACIBHOCTH
HE NPUBOJUT K MOJIyYEHHUIO ONTHUMAJIBHOIO pelIeHus 3ajaud. B camom nene, NEHCTBYS TaKUM
o0pa3oM, b €. OTBHICKHBas Ha KaXKJOM LIare mnepexoJ MUHUMAJIbHON JUIMHBI, Mbl Ha 1-Mm miare
npusieM u3 nyHkta A B b, Ha 2-M - u3 b B B 1 ganee no mapuipyry I' - 1 - M. JlninHa Bcero nmytu
cocTaBuT 18 equHUI - XyK€e, YEM B ONTUMATIBHOM PELICHUU.

MHorokpuTepuaJbHble 32/1a41 HCCJIeI0BAHNS ONlepaAnid

B kauectBe npuMmepa 3agaum pacrpeiesieHusl pecypcoB pacCMOTPUM OAWH U3 BapUAHTOB 33Ja4d O
pexoHCTpyKIMH. [IpeAmnonoxum, 4TO B COCTaBe MPOU3BOJCTBEHHOTO OOBEIMHEHHS] HMMEETCS
YeThIpe MPEeINnpUsITHs, TOJUIekKAIINe PeKOHCTpyKuuu. OOmmii 06beM CpeAcTB, BbIICICHHBIX Ha
PEKOHCTPYKIMIO Bcex mnpeanpustui, cocrasiser 100 ycnoBHbIX eauHul. KonmyecTBO cpeiacTs,
BIIO’)KEHHBIX B JIF000€ TpeanpusTue, T0HKHO ObITh kpaTHO 20. B Tabn. 5.1 mpuBeneHa BenuuuHa
exxeronHoil mpubbu Fi, KoTOpyI0 moiydnno Obl KakI0€ MpPEANpUATHE TMOCIE PEeKOHCTPYKIIHH,
3aBHUCHUMOCTH OT 00BhEeMa X BJIOKEHHBIX CPEJICTB.
Kak BugHO U3 Tabn. 5.1, 3aBUCMMOCTH MPUOBUIA OT KOJUYECTBA BIOKEHHBIX CPEACTB IS KaXKI0TO
MPENNpPUATHS SIBISIETCS BO3pAcCTarolleil, HO He JIUHEHHOW (YHKIMeH, MpudeM Uid pa3HbIX
MPEeNNpHUATHI OHa pa3nuyHa. TpeOyeTcsl BBISICHUTH, KaK PaclpeleinTh UMEIONINeCcs CpeAcTBa IO
OPEeanpHusATHsIM 4YTOOBI CyMMapHas TpuUOBUTE B pe3yiabTaTe PEKOHCTPYKIMU OKaszalach
MaKCHUMAaJILHOM.
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Beiaenenue [puGsLas pennpusTus

CPEACTB X F1(x) F2(x) F3(x) F4(X)
1 2 3 4 5

0 0 0 0 0

20 6 5 9 3

40 9 6 11 3)

60 10 8 13 6

80 13 9 14 9
100 15 10 15 11

st ynoOcTBa JeneHust Ha 3Tambl OyJeM YCIOBHO MpearojaraTb, YTO MPOLECC PEKOHCTPYKIHH
IIPOUCXOJUT IOCJIEIOBATENbHO: HAa IEPBOM JTalle BBIAEISAIOTCS CpPEACTBA Ha PEKOHCTPYKLHIO
IIEpPBOTO MPEANPUATHS; HA BTOPOM 3TaIle - Ha PEKOHCTPYKIIMIO BTOporo U T. A. Homep 3tana, Takum
o0pa3oM, COOTBETCTBYET HOMEpY MpEANpUsTUsA, I KOTOPOTO BBIJCNAIOTCS CPEJCTBA.
VYnpapiieHneM Ha KakJIOM I1are sBisieTcss 00beM Ui.CpEeJCTB, BBIAECIEHHBIX HA PEKOHCTPYKIIHIO 1-TO
npeanpustus, i = 1,2, 3, 4.

B coorBercTtBMM ¢ wuaeell MeToJa JMHAMMYECKOTO MPOTPAMMHMpOBAHHUS pEUICHHE 3ajauu
HAuMHAeTCs C MOCJEQHEro mara. Pa3muuHble COCTOSHUSA IMpolLecca K Hadaly 3TOTo mara OyayT
COOTBETCTBOBATb pAa3HOMY KOJMYECTBY CPEACTB X, OCTaBIIMXCA K JAHHOMY MOMEHTY.
OnTumalbHOE pelleHHe Ha TOCHeAHEM IIare W u; HPUHUMAETCS IMPOCTO: B PEKOHCTPYKIHIO
MOCJIETHETO MPEINPUSITHSI BKJIaIbIBAIOTCSI BCE OCTABIMECS CPEACTBA, TO €CTh u; = x (BTOpas rpada
Tabis). BenuunHa ycIOBHOTO ONTHUMABHOTO BBIMTPHINIA HA 3TOM ATare, KOTOPYIO Mbl 0003HAUYUM
W, (x), OyzeT paBHa COOTBETCTBYIOLIEMY 3HAUEHUIO MPUObUIM YETBEPTOTO MpeanpusTus: W, (x) =
F,(x). Tenepp MOXHO 3alIOJTHUTH TPeTho Ipady Tabn. 5.2. B Hell nepenucanbl 3HaYeHUS TPUOBLITU
YeTBepTOro Npeanpuatus u3 S5-ii rpadel Tadm. 5.1.

[lepeiinem Kk ONTUMHU3ALMU MPEABIAYIIEr0, TpeThero, mara. IlycTh Kk Hadamy ero o0beM CpelcTB
paBeH X. DTO CpPEACTBA, BBIIEICHHBIE HA PEKOHCTPYKLUIO TPETHETO M YETBEPTOTO MPEANPHUATHH.
Ecnu ans TpeThero npeAnpusaTHs pelieHo BIACTUTh Uz €IMHUILL, TO AJIS YETBEPTOro ocTaHeTces (X -

U3). [ToaToMy BBIMTPBIII HA ABYX MOCJIEIHUX IIarax OyaeT paBeH
F3(u3) + W4(X - u3)

X i=4 i=3 =2 i=1
u; (X) Wy () u; (x) W5 (x) u; (X) Wy (x) u () | Wy (x)
1 2 3 4 5 6 7 8 9
20 20 3 20 9 0 9
40 40 5 20 12 20 14
60 60 6 20 14 20 17
80 80 9 40 16 20 19
100 100 11 20 18 20 21 40 26

Ilocnennee cmaraemoe - 3TO BBIMIPBHIN HAa YETBEPTOM JTane. PyKOBOICTBYACH IPUHLMIIOM

ONTUMAJILHOCTH, CJEIyeT MCKAaTh TaKoe YIpaBJIEHWE Ha TPEThbeM Llare, KOTopoe OOpaTUT B

MaKCHMYM BBIMIPBIII Ha TPEThEM IlIare B CyMME C MAaKCUMAJIbHBIM BBIMIPBIIIEM HAa YE€TBEPTOM

uiare, T. €. BEJINYUHY

F3(us) + Wy (x — up).

B pesynbrate Oyaer mojydeH MaKCHUMaJbHBIH YCIOBHBIN BBIMIPBIINI HA ABYX HOCIEIHHUX IIarax.

Oty BenMUMHY 0003HaunM depe3 Wy (x) Taxum oOpazom, Wy (x).

UYroObl HAWTH W; (x) IPUXOJUTCS NepedpaTh BCE BO3MOXKHbIE 3HAUEHHs YIPaBIeHUs Uz HA TPETheM

niare Npu pasjInyHbIX KOJIMYECTBAX CPEICTB X, BIOXKEHHBIX K Hayally JAaHHOIO miara. OTH

BEJIMYUHBI IPUBE/ICHBI B IEpBOil 1 BTOpO# rpadax tadin. 5.3. Tak, 1 x = 20 ynpasieHue Uz MOXKET

MIPUHUMATh OJHO 13 ABYX 3HaueHui: 0 nmm 20; anda x = 40 - ogHo u3 Tpex 3Hauenuit: 0, 20, 40 u .

a. (Tabmn. 5.3, rpada 2). CooTBETCTBYIOIINE 3HAUCHHUS BHIUTPHIIIA Ha TpeTheM miare F3(Us) B3SATHI U3

yeTBepToit rpadsl Tabm. 5.1 u nepenucansl B yeTBepToi rpade Tabm. 5.3. ApryMEHTOM BEIUYHHBI
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W, B (5.2) siBnsercs BbipakeHue ( X - Uz). Ero 3HaueHus 1is pa3inyHbIX Uz IPUBEACHBI B TPEThEH
rpage tadn. 5.3. CoorBercTByIOmME 3HaUeHUST W, (X - Us) B3SATHI U3 TpeTbel rpader Tadm. 5.2 u
BIMCAHKI B ms1Tol rpade tadm. 5.3. Hanmpumep, mist x = 20 u Uz =0, x - U3 - 20; F3(0)=0 (cm. Tabm.
5.1); w;(20) = 3 (cMm. rpady 3, Tadma. 5.2). Cymma Benmunn F3(Us) 1 W, ( X - U3), T. €. B 4ETBEPTOM U
nsaTod rpadax Tabn. 5.3, mpuBeneHa B mecToil rpade 3Toi TabnMubl. JTO HE YTO HMHOE, Kak
BbIpakeHHE B (UTYypHBIX cKOOKax (opmynsl (5.2). Temeps s onpeneneHuss Wy ( X) Mo 3TOH
(dopmyne 10CTaTOYHO HAWTH MaKCHUMaJbHOE W3 YKCEN B LIECTOM rpade s Kaka0ro X. DTH Yucia
3/1eCh OOBEJICHBI M BITMCAHBI B MATOM rpade Tadm. 5.2.
B derBepryro rpady BIMcaHbl COOTBETCTBYIOIINE ONTUMANIbHBIC yrpaBieHus. Hampumep, ams x =
20 yCcIOBHBIM ONTHMAJbHBIM YIpaBICHHUEM Ha TpeTbeM miare Oyaer Uz = 20, MOCKOJBbKY €My
COOTBETCTBYET HanOOJIbIIAs BEIMYMHA BBIUTPHIIIA, W= 9.
Ecnm MakcuMalbHBIMU OKa3aJIMCh CPa3y HECKOJIBKO CYMMAapHBIX BBIMTPBIIICH JUIS TAHHOTO X, TO
BBIOMPAETCS YIpaBJICHWE, COOTBETCTBYIOIIEE JIFOOOMYy M3 HHX. Tak, mist X = 60 MakcuMym
CYMMapHOTO BBIMTPHINIA HA TPETHEM M YETBEPTOM IIarax JOCTUTaeTCs Kak mpu Us = 20, Tak u pu
M3 =40. B 00oux ciydasx oH paBeH 14. B xauecTBe oNTHMAaIBHOTO 3/1€Ch BBIOpaHO Uz = 20.
3aBepIIuB NMOACYETHI 110 TPEThEMY LIATY U 3aroJHUB rpadsl 4 - 6 Tabn. 5.3 u rpadw! 4, 5 Tadn. 5.2,
MEepexoaUM K ONTHUMH3AIMKA BTOpPOro Imara. J[us Hero cocraBisieM ypaBHEHHE, aHAJIOTHYHOE
ypaBHEHHIO (5.2), U pyKOBOICTBYEMCSI IPU ATOM TEMH e NMPUHIUIIAMH: ONITHMAIBHOE YIIPaBICHUE
Ha BTOPOM MIare JOJDKHO MaKCHMH3UPOBATH CYMMY BBIMTPBINIA HAa 3TOM Iare ¥ MaKCHMalbHOTO
BBIMTPHIIIA Ha BCEX OCTAIBHBIX IIArax: TPEThEM M YETBEPTOM, T. €.

Wy (x) = max{F,(u,) + W5 (x — u,)}
3mech dYepe3 X TO-TIpeKHEMY O003HAUEHO KOJHUYECTBO CPEICTB, HMEIOIIUXCS K Hadary
paccMaTpuBaeMoro mara (B JaHHOM cliydae K Hadaixy BTOporo mara). Torga K Hadalxy TPeThero
mara ocTaHercs (x — u,)eanHuI. OT ATOM BETUYMHBI 3aBUCHUT BBIMTPHIII Ha TPETHEM M YETBEPTOM
marax, W, (x — u,). PacdeTs! s BTOporo mara aHaJIOTHYHBI pacdeTaM Ha TpeTheM mare. [Ipu sTom
MoJIb3yeMCsl yXe 3aloJHeHHbIMH Tpadamu 1 - 3 Tabm. 5.3, monaras Temepb, 4TOo u; - 3TO
ynpasieHue Ha BTopoM Iare. ['padel 7 u 8 3T0i TaOiAMIIBI 3aMOJHSIOTCS NaHHBIMHU U3 rpadsl 3
tabn. 5.1 u rpader 5 Tabn. 5.2. HalineHHble 3Ha4eHHs] YCIOBHBIX ONTHUMAJbHBIX YIPAaBICHUN U
BBIUTPBIIIEH 3aMUChIBatOTCs B rpadax 6 u 7 tadin. 5.2.
J1y14 iepBOro 11ara UMeeM ypaBHEHHE

W, (x) = max{F, (u;) + W5 (x — u,)}

Tpetuii mar Bropoii mar ITepBsiit mar

:I - > —_ X ~ 2 —~
x [ T =N s I R N R I

= : < ) o) = R - - B B

s = < X = | ¥ = o | ¥
1 2 3 4 5 6 7 8 9 10 11 12
20 0 20 0 3 0+3=3 0 0 9]

20 0 9 0 9+0=[9] 5 9 5
40 0 40 0 5 0+5=5 0 12 12

20 20 9 3 9+3=[12] 5 9

40 0 11 0 11+0=11 6 0 6
60 0 60 0 6 6 0 14 14

20 40 9 5 5 12

40 20 11 3 14 6 9 15

60 0 13 0 13 8 0 8
80 0 80 0 9 9 0 16 16

20 60 9 6 15 5 14

40 40 11 5 6 12 18

60 20 13 3 16 8 9 17

80 0 14 0 14 9 0 9
100 0 100 | O 11 11 0 18 18 0 21 21
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20 80 9 9 5 16 6 19 25
40 60 11 6 17 6 14 20 9 17
60 40 13 5 18 8 12 20 10 14 24
80 20 14 3 17 9 9 18 13 9 22
100 0 15 0 15 10 0 10 15 0 15

OOBeM pacdeToB 3/1€Ch YMEHBIIIAETCS, TAK KaK K Ha4yally MepBOTO I1ara HaM M3BECTHO KOJIMYECTBO
BBIJICJICHHBIX CpelcTB X: OoHO paBHO 100. CnemoBaTesbHO, BBIYUCICHUS JOCTATOYHO BBHITIOJIHHUTH
TONbKO Jutsi 3toro X. Ilo 3aBepmieHmHm pacdeToB okasanock (rpadel 8 m 9 Tabn. 5.2), 4to
ONTUMAJILHOE YIIpaBJICHHWE Ha MEPBOM IIare paBHO uj = 40. HaiileHHOE 3HAauYCHHE SIBIETCS YXKe
0e3yCJI0BHBIM ONTHMAJbHBIM YIpPaBJeHHEM, IIOCKOJIbKY OHO 00€CleunBaeT MaKCUMyM
CyMMapHOM NMpUOBLIM Ha BCex miarax. BennunHa 3Toro MakcuMyMa okasajiach paBHOM W' = 26.
[locnennss craaus pacdyeToB - MPOXOXKIACHUE Ipoliecca, HAuMHas C MEPBOro M A0 IMOCIEAHETO,
YEeTBEpTOro, LIara C LEJbI0 OTHICKAHUS HAa KaXIOM U3 HUX yXE HE YCIOBHOro, a 0€3yCIIOBHOTO
ONTUMAJIBLHOTO ympaBieHUs. Ha mepBom 1iare, kak yKe BBISICHEHO, uj =40, T. €. 40 eauHun
JIEHE)KHBIX CPEJICTB CJIEYET BBIACIUTDH IEPBOMY IPEANPUATHIO. Y HAC OCTANOCh, CIEI0BATENbHO, X
= 100 - 40 = 60 ex. k HA4aTy BTOPOTO IIara, T. €. JUI (PMHAHCHPOBAHHS PEKOHCTPYKIIMH BCEX
ocTanpHBIX npeanpuatuil. Yuciny x = 60 Ha BTOpOM I1are COOTBETCTBYeT uj; = 20. (rpada 6 Tadu.
5.2). Temepp yxe 53T0 0€3yCIOBHOE ONTUMaIbHOE yrpaBieHue. OctaBiidecs CpeAcTBa B
konnuectBe 60 -20 = 40 eauHUL TpeAHA3HAUEHBI TPETHEMY U YETBEPTOMY IpeanpusaTusam. s x =
40 u3 rpads! 4 Tabn. 5.2 NOay4UM uj = 20.- CTOJIBKO CPEACTB BBIAEISETCS TPEThEMY, a OCTATOK, X:
=40 - 20 = 20, - yeTBepTOMY NPEATIPHSTHIO.

Takum 006pazoMm, ONTUMANILHOE pacIpeieIeHne CPEACTB Ha PEKOHCTPYKIIMIO CIIEAYIOIIEee: IIEPBOMY
npeanpuaThio Beiaensercs 40 en., BTOpoMy, TpeTbeMy M yeTBepromy - no 20 en. CymmapHas
MpHUOBLIb IPU 3TOM COCTABUT 26 €.

MeToabl CBEpKH KPUTEPHEB.

B neconmnenuu OpeBHaA mepen pacKpoeM COPTHPYIOT MO BEIMYWHAM HX JTUAMETPOB B BEPIIMHHOM
topie. Kaxmas pasmepHas rpyrmma coepKuT OpeBHa OJHOTO WM HECKOJIbKHUX OJIMKaUIITUX YETHBIX
TMaMeTpoB. bpeBHa, BXOMSIIME B OJHY Pa3MEPHYIO TPYINy, PACIUIUBAIOT MO OJHOMY IOCTaBY,
KOTOPBIA PAaCCYMTHIBAIOT, KaK TMPaBWJIO, Ha CpeAHUN (TOYHEE, CPETHEB3BCIICHHBIN) IHAMETP
OpeBeH JaHHOUM pa3sMepHOU rpymibl. UeM MEHbIIIE YHCIIO YeTHBIX JUAMETPOB OPEBEH, BXOISIINX B
JAHHYIO Pa3MEpHYIO0 TPYIIy, TEM JIy4dlle HPUMEHSIEMbId TOCTaB COOTBETCTBYET pPa3MEPHBIM
XapaKTEPUCTHKAM CHIPbS. DTO CIIOCOOCTBYET YBEIUUYEHHUIO OOBEMHOTO BBIX0/Ia MJIOMATEPHAIIOB H,
CJIEIOBATEIILHO, POCTY MOJIy4aeMOM TPHOBLITH.

C npyro#i CTOpOHBI, YMEHBIIIEHUE YHCIIa THaMETPOB OPEBEH B OJIHOM pa3MEpHOM TpyIIie BiCYET 3a
co00l yBEIMYECHHE YHCIIa 3TUX TPYII, YTO MPUBOJIUT K YBEIWYEHHUIO 3aTpaT Ha COPTHUPOBAHHE
MMAJIOBOYHOTO CHIPhs. TakuM 00pa3oMm, BO3HHMKACT ONTHMH3AlMOHHAs 3ajada: Kak pa3/eiuTh
MMEIOIIUICS 3aIac ChIpbS Ha pa3MEpHbIE I'PYIIbI, YTOObl BETUYMHA NMPUBEICHHOTO J0X0/a Oblia
MaKCUMaJbHOW. OTOT KpUTEpUi, KaKk BHUJHO U3 €ro CTPYKTYphl, CM. (opmyiy, ydTeT Kak
BO3pacTaHue oObeMa BBINyCKA MHUJIOMPOAYKIIMH B pe3ylbTaTe YyBEIMYEHHsS OOBEMHOTO BBIXOJa
NWJIOMaTEPUaIoB, TaK U 3aTpaThl HA COPTUPOBAHUE TUIIOBOYHOTO CHIPHS.

Bocnonp3yemcss MeTOIOM JMHAMHUYECKOTO MPOrPAMMHUPOBAHMS Ul PELICHUS IOCTaBICHHOU
3amaun. VcxomHbie MaHHBIC: BEIMYMHBI 0OBEMOB OpEBEH I KaXKJIOTO WX YETHOTO JAHaMeTpa.
[1ycTs nmeromuiics 3amnac NuIOBOYHOTO

CBIPBS COJIEPYKUT OPEBHA T YETHBIX THaMEeTpoB: OpeBHa quamerpa d 19 cMm, B koauuectse V (d,), M
muamerpa d, —V (dy), 9 M3,...zu/IaMeTpa dn =V (dy), M. B cooTBercTBHH C MOPSAAKOM JECUCTBUM,
U3NIOKEHHBIM B 1. 5.2, paszmenuM Tpolecc COPTUPOBAHMS Ha JTambl, BbiOepeM (a3oBbie
KOOpAMHATBl M ympaBieHus. C KaXIbIM 3TalloM IOCTaBUM B COOTBETCTBUE OIPEACICHHYIO
Pa3MEpHYIO IPYIIY MHIOBOYHOTO ChIPhS: MYCTh I-My 3Tally COOTBETCTBYET PACIUIMBAHKE CHIPhS i-
i pasmepHoil rpymmbl. OOIIee KOIMYECTBO JTAloOB I HaMm 3apaHee HeusBecTHO. CocTosiHue Si
CUCTeMBl Ha KaXJOM JTame OyldeM XapaKTepu30BaTh €IUHCTBEHHOW (a30BOW KOOPAMHATOU -
HAMOOJIBIIIMM YETHBIM JUaMETPOM Ui max OPEBEH, BXOSAIINX B I-10 Pa3MEPHYIO Ipynmy: Xi= Uimax -
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B kauectBe ympaBieHHs U; Ha KaXJOM IIare Takxke OyaeM paccMaTpuBaTh €IUHCTBEHHBIN
napamerp - YKcJI0 YeTHBIX JHaMeTpoB OpeBeH B I-if pa3mepHoit rpymre. [1ycts, HanpuMep, OpeBHA
C BEPIIMHHBIM JUAaMETPOM O3 BXOJIAT B TPETHIO pa3MEpHYIO Tpyiy, OpeBHa ¢ quamerpamu s 1 ds -
B YETBEPTYIO, a ¢ nuamerpamu dg, d7 u dg - B msiTyro pasmepHyro rpymmy. Torma Xs = d 3, u U= 1; X4
=ds, u Uy = 2; X5 = dg, u Us = 3. OueBuaHO, UTO 3HAuUCHHE (Pa30BOM KOOPAMHATHI BMECTE C
yIIpaBJIeCHUEM Ha JJAHHOM IIare Mpy TaKOM HX BBIOOPE MOJIHOCTBIO ONPENENIAIOT COOTBETCTBYIOLIYIO

pa3MepHyIo rpyIiy OpeBeH.

Paccmorpum Ha ocHoBe (Qopmynsl  (2.2) BbIpaxkeHHUE JUISI TEPEMEHHOM COCTaBIIAIONICH
IIPUBEACHHOTO JI0X0/1a, MOJIyYEHHOTO B pe3yJbTaTe PAaclUIMBaHUS MMEIOLIErocs 3amaca ChIpbs U
peanu3ainuy MpoOU3BEACHHON MUIONPOAYKIIMU. BennunHy eTMHOBPEMEHHBIX KalUTaIbHBIX 3aTpat
B OTOH (opMyie TMOJIOKHM PaBHOW HYIIO. BMECTO BETWYHMHBI CyMMAapHBIX SKCILTyaTallMOHHBIX
3aTpaT 3 BO3bMEM €€ MEPEMEHHYI0 COCTaBISIOUIYIO 3., CBA3aHHYIO C 3aTpaTaMU Ha COPTHPOBAHUE
ceipbsi. Torma i HamIel 3agaun 1eaeBas QyHKIUS IPUMET BUJT

n

W= 0-3
i=1

rae Qi - 00beM MUIOMAaTepUaoB, MOJYYEHHBIX M3 MUJIOBOYHOTO CHIPbS I-i pa3MepHOW TpyMIibl, a
Ci, - ux cpenHss OTmyckHas leHa. BemuwunnHa 3. 3aBHCHUT Mpexzae BCEro OT o0bema ChIphA,
MOJJIEKAILEr0 COPTUPOBAHUIO, U OT yucia N pasMepHbIX rpynm. IlpeacraBum ee yciaoBHO B BHUJE

aJIUTUBHON QyHKIUU
n
36 = Z 3,:
i=1

rae 3i - BeIU4MHa 3aTpaT Ha COPTUPOBAHNE, IPUBEIACHHAS K OJTHOM pa3sMEepHOU
rpynme MHJIOBOYHOTO CHIPhS. Torja €CTeCTBEHHO CYHWTaTh, 4YTO 3arpaThl 3 MPsSMO
MPOMOPIHOHATIBHEI 00beMy ChIpbsi Vi B I-il pa3MepHOi Tpymme W oOpaTHO MPOMOPIMOHATBHBI
YHCITy YETHBIX TUAMETPOB OpEBEH B HEW, T. €. YIIPaBIEHUIO Ui HA COOTBETCTBYIOILIEM LIare:
3;i=fVi+r/y
rae f u r - momoxkurensuele Kod(pdumeHTs. IIpeacraBieHne BTOPOro ciaraeMoro B Qopme
7/u;00bACHSAETCS TE€M, YTO YBEIMUEHHUE U; BIIEUYET 3a COOO0M COKpallleHHe YKCIIa N pa3MEPHBIX TPYIIIT
U, CJEeI0BaTelbHO, YMEHBIIEHWE CYMMAapHBIX 3aTpaT Ha COpTUpOBaHUE. Temepb KpUTepuit
ONTUMAJIBFHOCTU 3aJjaud MOKHO 3amHcaTh B BUJE aIJUTHUBHOW QyHKIMUM W =YY" w; , TOE CO. -
neneBas QyHKIUSA Ha i-M 1iare, T. €., B JAHHOM CJIy4ae, COCTaBJISAIONIAs IPUBEICHHOTO I0X0a IS
I-i pa3MepHO# FPYIIIIBI:
w; =CQ; = fVi—r/y
Koadhduumentsr f u r B 310#1 dopMyse MOXKHO OINpPEICTUTh MO pPE3yIbTaTaM SKOHOMHYECKOTO
aHayiM3a ce0ecTOMMOCTH NWJIOMAaTepUajoB Ha JIECOMWIbHBIX MpeAnpusatusax. Jlamee HYyXHO
BBIpa3UTh (YHKIIMIO CO, B ypaBHEHHUH, 4epe3 (ha3oByro mepeMeHHywoo Ha mpeapiaymieM (i - 1)-m
mare Xjq W yhopaBieHHe Uj, TO €CTh IOJYyYUTh B SIBHOM BHUJIE BbipakeHue . Benmumumna Q; B
ypaBHEHHH , o4eBUaHO, paBHa Q; = Ki Vi , rme Ki- cpeanuit ko3pduipeHT 00beMHOrO BbIXO/a
MUJIOMAaTEPHAJIOB, MOJIyYaeMbIX U3 OpeBeH i-if pa3MepHO# IPyYIIIbI.
CnenmoBaTeabHO,
w; =GR —NVi—71/y
YuuteiBas, 4To uepes X;
0003Ha4YeH HauOOJIBINUI qraMeTp OpeBeH B I-if TPyIINe, MOYKHO 3aIHCATh:
Vi = V(dimin) +V@iin + 2) + V(dignin +4) +V(x;)
I0€ dimgc - HAUMCHBIIMI 4YeTHBI auamMeTp OpeBeH B - pa3MepHON rpymme, a uepes
V(d;pmin)0003HaUCH 00bEM OpeBEH, UMEIOIINX 3TOT BEPIIMHHBIN AUaMeTp. 3HadeHHs AuaMeTpoB di,
dy,... 00pa3yroT apruMETHUECKYIO IPOTPECCUIO C Pa3HOCThIO, paBHOU 2 cM. [ToaTomy
X; = dipin +2(u; — 1)
Juamerpy d;,;, IPEAIIECTBYET YETHBIN AUAMETP, SBJISIOUMNACA MaKCUMaIbHBIM IS MPEAbLIYIIEH,
(i- 1)-i, rpynmbl. Criei0BaTeNbHO,
imin = %1 +2
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[ToacraBuB 3TO BBIpAKEHUE IS d;ypi, B YPABHEHUH, MIOJTyYUM
X; = X1+ 2y
CooTHoIIeHNE TIOKA3bIBACT, KAKUM 00pa30M CHCTEMa NEPEXOAUT U3 COCTOSTHUS B Si1 MOCIEAyIomee
COCTOSIHUE Sj, T. €. CIIy)XHUT SBHBIM BUJOM BblpakeHus. [loncraBuB B GopMyny BBIpRXKEHUS UIS
dimin, IMEEM
Vi=V0y_  +2)+ V(i + )+ +V(x;_, +2u)
Benmnunna Ki B hopmyre Takxke siBisiercst pyHkuueit gpazoBoii KoopAMHATHL U yrpasieHus Ui Kak
U3BECTHO, C pOCTOM BEpUIMHHOTO juaMeTpa Odg KOIPPUIUEHT K OOBEMHOIro BBIXOJA
MUJIOMATEPHAJIOB BO3PACTaeT NMPUOIM3UTENFHO MO 3aKOHY BBITYKJIOH KBaJApaTHYHON (YHKIIUH:
k =6+ adg + pd%, rae KOOXPPUIUEHTH § U a TIOJIOKUTENBHBI, a f oTpunareieH. [1o oTHomeHnO K
JaHHO# pa3MepHoit rpymre BMecto U OyaeM paccMaTpuBaTh HAUMEHBIIHN AHaMeTp OpeBEH B HEH,
paBHbIi (X1 + 2). Benmmumna K; mponopumoHanpHa TaKKe M YIPABICHUIO H,, IPHYEM OTa
3aBUCHUMOCTb BblpakeHa ciabee, yem mpenpiaymas. Takum o00pazoMm, HNPUOIMKEHHO MOKHO
roJiarathb
k=6+a®_, +2)+ By +2)° +yy
rae y > 0 1 y 3Ha4MTEIbHO MEHBLIE a.
Benuuuny Cij, B ypaBHEHHMM MOKHO OINpEACIUTh IO MpeHCcKypaHTy W cheuudukanuu Ha
MUJIoOMaTepuansl, BblpadaTbiBaeMble U3 OpEeBEH TaHHOW pa3MEpHOM IPYIIIbL.
Boipaxkenue ais 1eneBoi GyHKINN w; C YIETOM MEepenuIIeTcs Tak:
w; G-, u) = {Cil+aley +2) + s +2) + yus Ix

Ui
XZ Vixi_ +2))—1r/u
=1

Teneps MOKHO 3amucaTh IS JaHHOW 33]]a9 OCHOBHOE (PYHKITMOHAILHOE YPaBHCHHE B BH/IE

Wi (xi—1) = max{w; (xi_y,u;) + Wi, G-y — 2w}
riae GyHKOHS w;(x;_;,u;) OMPENCNIeTcs BBIpAXKCHHEM. ApryMeHT (yHKOuH W, B IOJyYeH
MTOJICTAHOBKOM BMECTO Xj €T'0 BEIPAKEHUSI.
Jlanee pemraercs MOCIeI0BATEILHOCTh AKCTPEMAIBHBIX 3a7a4. BHavyasie OTHICKMBAETCSl YCIIOBHBIN
ONTUMAJTHHBIA BBIMTPHIIT W, Ha TIOCJICTHEM ITIare:

W,r = max{w, (x,_1,u,)}

[Ipu »TOM 3amaroTcsi pa3IMYHBIMH 3HAYCHUSMH Xp.q W PACCMATPUBAIOT KaXIBIM pa3 TOJBKO
JOTIYCTUMBIE YIIPABJICHHS, KOTOPBIE TIEPEBOJAT CUCTEMY B cOCTosiHUE Xn. COCTOsSHUE X, 3a7aHo:
3TO HaMOOJBINUI YETHBIN quaMeTp Um OpeBeH B MUIOBOYHOM CBHIPBE, MOJUIEXKAIIEM PACITHINBAHHUIO.
3aaHHBIM SBJISIETCS W HMCXOJHOE COCTOSIHUE CHUCTEMBI Xg. DTO, OYEBHIHO, BEJIWYHWHA YETHOTO
JIMaMeTpa, MPEAIICCTBYIOIIEr0 MUHUMAIBHOMY JHaMETPy OPEBEH B HMEIOIIEMCs 3amace: Xo = dj- 2.
[Ipu BBIOOpE JAOMYCTUMBIX YIPABJICHUI MOXHO PYKOBOJCTBOBATHCS PEKOMEHIAIMEH: 00bEIUHATD
B OJIHy pa3MEpHYIO Tpyliy He Oojiee 4eM S 4YeTHBIX JuaMeTpoB OpeBeH. Torma B KauecTBe
JOTIYCTUMBIX YIIPABJICHUH KaK Ha MOCJICIHEM, TaK M Ha MPEABIAYIINX IIarax BRIOUparoTcs ynucia Ui
=1,2,...,s. Ilocne ompenenenus W, ypaBHEHHE IEPEMUCHIBAIOT I | = N - 1 ¥ ¢ €ro MOMOIIKIO
pEILIAIOT 3aa4y YCJIOBHOM ONTUMM3AIMHK I Ipeaplayiero, (N - 1)-ro, mara. Jlajgee TOYHO Tak ke
noctynarot it (N - 2)-ro,(N - 3)-ro u T. A. mIaroB, 10 Te€X IOp, MoKa He OYAyT PacCCMOTPEHBI BCe
JOMYCTUMBIE COCTOSIHHS M YIPaBJICHHS. 3aTe€M OTBHICKUBAIOT ONTHMAJIbHOE YHWCIIO STaloB U
JNEMCTBUTENHFHOE ONTHUMAlbHOE YyIpaBlieHWe Ha mepBoM Imare u;.C 3TOW LeNbl0 Cpeau BceX
YCIIOBHBIX ONTUMAJIbHBIX yOpaBieHul w;(i =n; (n—1);(n —2);...), BBIBOJALUUX CHUCTEMY U3
cocrosiHusi ar0, BeIOMpaeTcs TO, HpU KOTOpoM IieneBas GyHKUUS W*(x,) MaKCHUMalbHA.
CooTBeTCTBYyIOIIEMY JTamy MpHCcBauBaeTcsi HOMep 1, B pe3yinbTaTre 4ero cpa3y OTBICKMBAETCA
ONTUMANIBHOE YHUCIO ATanoB N. [ HalileHHOro OMTUMANIBHOTO YIpaBieHHUs u; Mo GopMymne
HaXOJSIT COOTBETCTBYIOIIEE 3HaUEHUE X1. J[J1s 9TOM BETMYMHBI CpeIu HAWJCHHBIX paHee YCIOBHBIX
ONTUMAJBHBIX YIMPABICHUM Ha CIEAYIOIIEM Ilare OTBHICKUBAIOT JEHCTBUTEIHHOE ONTUMAIBHOE
ympasjenue u;. [To popmyse npu | = 2 HaXOIAT X2 | T. 1., BIUIOTh 10 Xnp.1.

Paznen 2. OcHOBHBIC NOHATHS JINHEIHOT0 NporpaMMupoBanusi. CHMILIEKC-MeTOA.
JBoiicTBeHHAas1 32/1a4a JINHEIHOI0 NPOrpaMMHUPOBAHMSL.

19



Tema 2.1 Beenenne B JinHeiiHOe MPOrpaMMUpoOBaHue. 3a1a4M JIMHEHHOT0 MPOrPaMMUPOBAHMS.
OcHoBHas 3a1a4a JHHEHHOr0 NporpaMmMupoBanus. ['eoMmeTpudeckass HHTEpNpeTanusi OCHOBHOM
3a/a4yM JIMHEHHOI0 MPOrpaMMHUPOBaAHUsI.

Jlexmust mpoBoauTCs B hopme auickyccuu (3 gaca)

Vmeercst chIpbe 1-ro 1 2-T0 COpTa B KOJIMYECTBE COOTBETCTBEHHO by 1 by, M°. Tpu mpeanpustus 1o
ero mepepaboTKe, BBIMYCKAIOUINE OJHOPOJHYIO TPOAYKIHIO, pacrojarailoT CBOOOJHBIMHU
MOIIHOCTSIMH, TIO3BOJISIIONIMH TepepaboTaTh COOTBETCTBEHHO Ci, Cp M Ca, M°, CBIPbS. DTH
MPEANPUATHS pabOTAIOT B Pa3HBIX YCIOBUSAX U UMEIOT COOTBETCTBEHHO PA3JIMUYHbIE HOPMBI BBIX0OJ1A
MIPOJTYKIIUH.
ITycTs ajj - 00beM NpOAYKIMH, BEIpadaThIBaEMOil U3 1 M CBIPBS I-TO COpTa Ha j -M MPEIIPUITUH, 1
=1, 2;j=1, 2, 3. Tpebyercs onpeneyinth, B KAKOM KOJIUYECTBE HEOOXOIUMO MOCTABIISATH CHIPhE
KaXJIOTO COpTa Ha Kaxjoe u3 npeanpuaruid. [Ipum 3Tom nosmkeH ObITh o0ecriedeH MaKCUMaJIbHBIN
00bEeM BBINMyCKa TPOAYKIMHM, ¥ YYTCHBl OTPAaHMYCHHsS IO 3amacaM ChIpbS U 00BEMaM ero
nepepaboTKU Ha NPEIIpUSITHUSIX. OJIEMEHThl pelleHus B JaHHOW 3ajade yJoOHO 0003HAuYUTh
MIEPEMEHHBIMU C JIByMsI HH/IEKCaMU: MIEPBBIA UHAEKC - COPT ChIPbS; BTOPOH - HOMEP IPEAIPUSITHSL.
Takum o0Opasom, dYepe3 Xjj 0003Ha4eH O0OBEM CHIPbsI I-TO COpTa, IOCTAaBISIEMOr0 Ha j-€
npeanpusaTie. 3ajaya Mo3TOMY COJIEPKUT IIECTh AJIEMEHTOB PEIICHUS: X11, X12, X13, X21, X22,X23.
OO611uit 00BeM chIpbs 1-TO copTa, MOCTABIIEMOT0 Ha BCE TPH NMPEANIPUSATHUS, paBEH CyMMe (X11 + X12
+ X13) M He JIOJDKEH MPEBBIIIATh MMeERoIerocs 3amaca by m°. CrejoBaTebHO, HMeeM IpyITy H3
JIBYX OTPaHUUYEHUH 10 3aracaM ChIpbsl KaXJI0To copTa:

X1t X+ X3 < bli}

Xp1+ Xy + X33 < by
O0BeM MOoCTaBOK ChIpbsA 1-r0 M 2-T0 COpTa Ha NEPBOE MPEANPUATHE, PABHBIN (X11+ X22), HE JOJKEH
MpEeBBIIATh MOLIHOCTh €1 O3TOr0 MpeAnpusAtuss mo ero mnepepabotke. Mcxoas wu3 storo,
COCTaBIIIIOTCA OTPAaHUYEHHs] 1O MOIIHOCTH MepepabOTKU ChIpbsl A IMEPBOrO0 M OCTaJbHBIX
MPEATPUITHI:

X1z T X < €y

X1t X S Cl;}
X13 + Xp3 < C3.

OO6mwmit 00beM BEIPAOOTKH MPOAYKIIMU HA BCEX MPEANPUITHIX PABEH CyMMe

2 3
A1 Xyq F 8ypXpp +813Xy5 851 Xpp 855 X5y + 853X = Zzaij Xij
i=j =L

JUTSI KOTOPO# HaI0 HAWTH MaKCUMyM. DTO BBIPQKCHHUE CIIY)KHT IIeJIeBOM (PyHKIIMEH 3a1aun
2 3
W =>">"a;x; - max.
i=j j=1
Kpowme toro, Hasio yuects TpeboBaHHe HE OTPULIATETLHOCTH MTEPEMEHHBIX
X; 20,i=12;j=123.

[Toctpoennass marematrueckas Mozeib (3.10) - (3.13) - sto erte oaun mpumep 3JI11.
3agaum TUHEHHOr0 NPOrpaMMMIpPOBAHUSA

Chopmynupyem 3a1aqy TMHEHHOTO MPOrPaMMHUPOBAHUS B OOIIEM BHIE.
Nmeetcs N mepeMeHHBIX X1, X,...,Xn. TpedyeTcs HAMTH Takue UX 3HAYCHUS, PU KOTOPBIX IeIeBast

GbyHKIHS

W =c X, +C,X, +...+C X,
o6pamaeTc;I B MAaKCUMYM (MI/IHI/IMYM) HpI/I 3TOM IIEPEMEHHBIC X1, X2,...,Xn JOJLKHBI YIOBJICTBOPSTH
pany OFpaHI/I‘{eHI/Iﬁ, KaKI0€ U3 KOTOPLIX NOJIKHO OTHOCUTHCA K OJHOMY U3 CICAYIOMIUX THUIIOB!:

d, X, +d,x, +...+d X, =dg;

8 X +€,X, +...+€,X, =€;;

fox + £, +..+ f x, = f,;

20



KpomMme Toro, umerorcs orpaHu4eHus BUaa
X =0;x, >0;x, >0.

KOTOpbIE Ha3bIBAIOT OOBIYHO MPOCTHIMHM WJIHM TPUBHAJIBHBIMH OrpaHH4YeHUsiMU. OYEeBUIHO, UTO
orpannuenust Buaa (3.17) nerxo cBomsarcsa K Buay (3.16) ymHOXKeHHEM 00euX 4YacTeil MCXOIHOTO
HepaBeHcTBa Ha (-1) u oOpatHO - Bux (3.16) k Buay (3.17). Ot orpanndeHUi-paBeHCTB TOKE BCET/Ia
MOXKHO HEPEUTH K IKBHUBAJIEHTHOMY HepaBeHCTBY BHJa (3.16) mocpeIcTBOM MCKIIOUEHUS KaKOW -
00 TIEPEeMEHHO.
[Tycts, nanpumep, B 3JII1 umeercs orpanudenue 2x; + 3Xp - 5x3 = 4, r1e  EpeMEHHBIE X1, X2, X3
HEOTpULATENbHbI. BhIpasuM U3 3T0ro paBeHcTBa Xa:
X3 = (’—/5}1 + 6/52(2 _4/5
Torna paBenctBo (3.19) B coueTannu ¢ orpaHuueHHEM X3 > () SKBHBaJICHTHO HEpaBeHCTBY (2/5)x1 +
(3/5)x2 - 4/ 520 . OTmeTuM, HaKOHeEI, YTO 3aJa4a, B KOTOpOW TpeOyeTcss HaUTH MaKCUMYyM Lie€JeBOH
¢byakuu W, sKBUBaJIeHTHA 3a/lau€ MUHUMU3aluy 1eneBoi pynkuuu W'= - W.
3anuieM 3ajady JUHEHHOro MporpaMMHUpPOBaHMs 001Ero BUua B cieaytomiei gpopme:
W =Cg+C X +CoXy +...4CpXp — Min;
by + by1xy + byyx, + bypx, = 0;
b, + by x, + byyx, + bypx, = 0;

b, + b, x, + bx, + bypx, =0,
xl >0; x2;...;0; xn >0.
e M - 9ucio HeTpI/IBI/IaJ'II)HI)IX OFpaHquHHﬁ.
COBOKVIIHOCTE 3HAQUEHUN IIEPEMEHHBIX X, X, X TOBIETBOPSIOMass BceM orpannueHusm 3JII1,
1,%2,.,7'n,»

HAa3bIBACTCS €€ NOMYyCTUMbIM pemeHueM. OnTumajbHbIM pemienneM 3JII1 Ha3zpiBaeTca Takoe ee
JOTIYCTUMOE PEIICHUE, TIPU KOTOPOM IiesieBasi (QYHKIHS JOCTHTaeT SKCTpEMyMa, T. €. MaKCUMyMa
WM MUHUMYMa, B 3aBUCUMOCTH OT YCJIOBUH 3a/1a4U.

OcHoBHas1 321242 JJUHEHOT0 MPOrPAMMMPOBAHUSA

J114 BBISICHEHUSI OCHOBHBIX CBOMCTB pEILICHUS 33aJjaui JTMHEHHOT0 MPOrpaMMUPOBAHUS ITPOBENIEM €€
reOMETPUUYECKYI0 HHTEPIIPETALUIO.
TpeOyeTcs HaliTH MakCUMyM (PYHKITUH
W = 3x; + 4x,
MIPU OTPaHUYCHUSIX:

6x, + 5x, < 30;

4x, +7x, £ 28;

x, = 0;x, =2 0.
PaCCMOTpI/IM KOOPAUHATHYHO IINIOCKOCTb HAa PUC, IIO OCHU a6CI_[I/ICC KOTOpOI71 6y):[eM OTKJIaadbIBaTb
3HAa4YCHUA HCpCMCHHOﬁ X1, a4 II0 OCH OpJUHAT - 3HAYCHUA X,. Ka>1<)10171 TOYKEC IINIIOCKOCTH
COOTBETCTBYCT HCKOTOpas Iiapa 3HAUCHUH X1 U X,. MHoxecTBO TOYCK, IJII KOTOPLIX BBIIIOJHACTCA
OIrpaHU4YCHUC X, = 0 MMpeaACTaBJIACT co0Ooii MMpaByHO IOJIYIINIOCKOCTb, T. €. 4aCThb INIOCKOCTHU IIpABCC
oCcH 0X2, a BCC TOYKH, JJIsI KOTOPBIX X, = 0, paciiojiararoTcda B BerHefI MOJIYIIIOCKOCTH - BbIIIC OCHU
0Xx. TO‘-IKI/I, AJI1 KOTOPBIX YIAOBJICTBOPAIOTCA oba JTH HCpaABCHCTBA, Xx; = Oux, >0, nexar,
OYCBUJIHO, B IICPBOM KBAaJApPaAHTC. I[O6aBI/IM K 3THUM OI'PAHUYCHUAM HCPABCHCTBO. PaCCMOTpI/IM
CHa4daJla COOTBECTCTBYIOLICC PABCHCTBO:

6x, + 5x, = 30;

OT0 ypaBHeHHE MpsaMoi |, oTcekaroreit orpe3ok B 5 eaunuil Ha ocu 0X; U B 6 eaunuIl Ha ocu 0X2.
VYuuThiBas 3HaK HEPABEHCTBA, MOXHO CJI€JaTh BBIBOJ O TOM, YTO TOYKH, YJOBJIETBOPSIOIIUE EMY,
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nexar Hwke npsmod | mim Ha Helr camoii. IllTpuxoBKkod Bo3ie HMpsSMON OTME4YeHa 00IacTh, B
KOTOPOM COOTBETCTBYIOILIEE HEPABEHCTBO HE BBIIOIHACTCS.
OnHOBpEMEHHO TPEM OTpPaHUYEHUsIM, x; = 0 U x, = 0, YIOBJIECTBOPSIIOT TOUKHU, JIEKALIUE BHYTPU U
Ha rpanuie TpeyroiabHuka OCB. AnanoruyHo y4yuThIBaeTcs orpaHudeHue. Bce Touku, miis
KOTOPBIX OHO BBINIOJIHAETCS, JIEXKAT HUKE IIPSAMOM N WK HA HEW. Y paBHEHUE ITOU NPSIMOU

4x; + 7x, = 28;
[ToaTOMY TOYKM, YAOBJIETBOPSIOIIME BCEM YETHIPEM OIPAHMYCHHMSM 3aJaud, JIEKAT BHYTPHU U Ha
rpaHuLax BbINTYKJIOTro 4erbipexyrojpHuka OMKB (Ha puc. 3.2 3amrpuxoBan). 3neck K - Touka
nepecedeHust npsimMbix | u m.
I'eomerpuueckuil 06pa3 MHOKECTBA JIOMYCTUMBIX PELICHUM Ha3bIBaeTCAd 00J1aCThI0 JOMYCTHMBbIX
pemennii (OJIP) 3amaum snuHeWHOro mporpamMmupoBaHus. Mer nokazamu, uro OJIP B
paccMaTrpuBaeMoil 3a7aue - 3TO BBINYKJIBIN yeThipexyroibHuk OMKB.
Cpenn MHOKECTBa JIONYCTUMBIX PEIICHUN clleyeT HalWTu ontuMmanbHoe. [[is 3Toro BBEOEM B
paccmoTpenue 1eneByro (Qynkiuio (3.27). byaem mnpumaBaTe €W pa3nuyHble 3HAYCHUS U
UCCIIEeI0BaTh, i€ HAXOAATCS cooTBeTcTByIomuKe UM Touku B OJIP. [lonoxumM cHayaia 3HaueHue
neneBoi GpyHKIMU paBHBIM HYyTI0: W = 3x1+ 4xp = 0. D10 ypaBHeHue npsimoit N.. Ha et umeetcs
eAMHCTBEeHHas Touka {X;= 0; xo = 0}, npunamnexaimas OJIP. [Iycte Teneppr W = 3x1+ 4x, = 6. D10
ypaBHEHUE TPsMOM P, MapauIeIbHOM MPEIbIAYIIeH M pacrnojiokeHHOW Bbime Hee. CTpenkoit
YKa3aHO HalpaBJIeHUE CMEILEHUS NPSAMOIl, COOTBETCTBYIOIIIEE BO3PACTAHUIO 11€NIEBOH Py
HKkuuu. Cpeam BceX TOUYEK ITOM MpsAMOM 00JacTH JOMYCTUMBIX PELIEHUN MPUHAAIEKAT TOJIBKO
TOUkM oTpe3ka AD, mis kaxaon u3 kotopbix W = 6. Elle npeamnoyTutesbHee C TOUYKU 3PEHUS
NpUOMIKEHUST K MakCUMyMy IiesieBoi (yHKIMM moJiokeHue orpeska EF mpsimoil q, ypaBHeHue
KoTopoil 3X;+4Xp=12. OueBUIHO Temepb, YTO MaKCUMalbHOE 3HAu€HHUE LejeBol (yHKIUU Ha
MHOXECTBE JOMYCTUMBIX PEIICHHM TOCTUIaeTCs IPU CaMOM BEPXHEM IIOJOKEHHH MNpsiMord W,
KOI'/Ia OHA BCE €Ille IPOXOJUT XOTs Obl uepe3 OJHYy TOuKy, npuHaanexauryo OP. OT1o npsmas T,
npoxoasmas yepe3 Touky K. Ee koopAauHaThl onpenenstoTcs U3 PENIeHUs CUCTEMbl YpaBHEHUH

2 2 v o
X; =3 X =2 E.BTa rapa 4ucel U €CcTh onTUMalibHOE penieHue nanHou 3JII1. 3nauenue ueneBoi

(GbyHKIIMH IS HETO PaBHO

W =3 32+4 22—183
- 11 11~ 711

B mpuseaennom mnpumepe 3JIII umena enuHcTBeHHOE pemieHue. [lokaxem, 4TO BO3MOXKHBI U
JOpYrue cirydaw.
Paccmotpum 3JI11
W = 5x, + 3x, » max;
4x; +8x, < 32;
5x; +3x, £ 15;
x, = 0;x, 2 0.

3nech o0sacTh AOmMycTUMBIX pernieHui - MHOoroyrodbHUK OABC. Otpeszok BC sBisercs 4acThbio
npsiMoii |, ypaBHEHHE KOTOPO# TIOJIydeHO W3 HEpaBEHCTBA W MMeeT B 5X1+3X,=15. Bce mpsimble,
Ha KOTOPBIX LeneBas QyHKIUS MpUHUMAaeT PUKCUpoBaHHOE 3HaueHne W = 5x1+ 3Xo= const, OyayT
napajuienbHbl 370l npsamoil. [loaToMy MakcumyMm ee gocturaercs B JtoOoil Touke orpe3ka BC.
Takum oOpazom, sta 3JII1 nuMeeT 6ecyrCIIEHHOE MHOKECTBO PELICHUIA.
Bo3MoxkHBI ciaydyaw, Korja 3ajaya JIMHEMHOrO MPOTrpaMMHUPOBAHUS HE HMMEET pEeleHUud. ITo
BO3MOKHO, KOT'/1a MHOKECTBO JIONYCTUMBIX petieHuid mycto. Hanpumep, B 3JII1
9X1 - SXo—min;

x1+2X, <2;

2x1+ 3x2 > 6,

x1 >0, x2>0.
cuctema HepaBeHCTB (3.38) - (3.40) He uMeeT pelIeHui, TOATOMY TOTTyCTUMBIX
pelIeHnii 3a1aun He cymiecTByeT (cM. puc. 3.3, 0). Kpome Toro, Takoii ciaydait
BO3MOXeH, ecnii O/IP cymecTByeT, HO HE orpaHuydeHa, Hanpumep, B 3JII1:

W = x; + x, » max;
x +1x, <1,
—2x; +x, £ 2;
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x, = 0;x, =2 0.

B sTom cnydae neneBast GyHKIHSI MOXET MPUHUMATH CKOJIb YTOAHO OOJIbIINE 3HAYCHHS (CM. PHC.
3.3, B).

FCOMeTpH‘leCKaH HHTEpIIpeETalnus OCHOBHOM 331241 JHUHEHHOI0 NnporpamMmupoBaHus.

PaccmMoTpuM Tak Ha3blBaéMyl0 OCHOBHYIO 3aJauy JuHeiiHoro mporpammmuposanus (O3JIII),
OTIMYAIONIYIOCS OT 3aJa4yl JIMHEWHOTO MpOorpaMMHUpoBaHMs oOmiero Buaa . B Hell TpebOyercs
MUHUMH3HPOBATH IEIEBYI0 (YHKIHIO BHJA, & BCE HETPUBHAIBHBIC OTPAHMUYCHHS HMMEIOT BH
pasenctB. OOmmii Bua 03JII1 cnexyrommuid:
W =Cn+C X +CoXo +...+CpXp — MIN;
01+ %% n%n ’

by + by1x, + byyxy + bypx, = by;
b, + by x; + byyxy + bypx, = by;

by + b1 Xy + biaXxy + b X, = by,

X >0; x2;...;0; Xy 20.
Hexotopsie TeopeMbl nuHEHHON anreOphl cpa3y MO3BOJSIOT PEIIUTh BOTPOC O CYIIECTBOBAHUU
nonyctumoro pemenust O3JII. IIpennosnoxum, 4To U3 M ypaBHEHUH CUCTEMBI TOJBKO I TUHEHHO
HE3aBHCHMBI. JTO 3HAUUT, YTO KaXKJ0€ W3 OCTAIbHBIX (M - ) ypaBHEHHH MOXXHO IMOJYYUTh,
npeoOpasyst pacCCMOTPEHHBIE I ypaBHEHU. YHCIIO T Ha3bIBAETCSl PAHTOM CUCTEMBI YpaBHEHUH.

Hamnpuwmep, B cucreme
2x1+3x, +x3=1;
X, — 2x, — 4x3 = 2;
4x, — X, — 7x5 = 5.

TOJIBKO TIEpBbIE /IBa YPaBHEHHUsI JINHEWHO HE3aBUCUMBL. TpeThe ypaBHEHHE MOKHO MOJYYHUTb, €CIIU
CIIOXHTh MEPBOE ypaBHEHHUE C YABOCHHBIM BTOpBIM. [103TOMY paHr JaHHOW cUCTEMbl ypaBHEHHI
paBeH 2.

BenuunHa I He mpeBbIIIaeT Yynciaa nepeMeHHbix N : r < n . Cioyyall, korga I = N MajJo UHTEPECEH.
[Ipu 3TOM cucTemMa ypaBHEHUIN UMEET €IUHCTBEHHOE pellieHue {x;, x3,..., X5 }. Eciiu Bce x; mpu sToM
HeotpurarenpHbl (i = 1, 2, .., N), TO HalJCHHOC PEIICHHUEC CHUCTEMbl YPaBHEHHUE SIBISCTCS
OJIHOBPEMEHHO JOMYCTUMBIM M onTuMmaiabHbiM pemenuem O3JIII. Ecim ke xoTs Obl ogHa U3
BeJIMYMH x; oTpuuareinbHa, T0 O3JIII He umeer nonmyctumbix pemieHuid. [loaTomy B manbHeieM
Oyzgem cuuTath, 4Tto I cTporo MeHbuie N. Torma, ecnum cucremMa COBMECTHa, TO OHAa HMeEET
OecunciieHHOe MHOXKecTBO pemieHud. I[lpum 3ToM (N - ) mepeMeHHBIM MOXHO THpUIABATh
[IPOU3BOJIbHBIE 3HAYEHUS. DTU NIEPEMEHHBIE HAa3bIBAIOTCS ¢BOOOAHBIMHU. OCTaJIbHbIE [ IEPEMEHHBIX
BBIpaXKaroTcs uyepe3 cBoOoaHble. OHU Ha3bIBaIOTCA 0Aa3UCHBIMU. J[JIs1 CyIIECTBOBAHUS JIOTYCTHMBIX
pemenuii  O3JIII HeoOxoaumo, 4YTOOBI CpeIud MHOXKECTBA PEUICHHH CHUCTEMBbl HAILIHChH
HEOTPHUIATENIbHBIE, T. €. YOBJIECTBOPSIONINE OTPAaHHYCHUSIM.

K ocHoBHOW 3amgaue nuHEWHOro mnporpaMmupoBaHusi MoxkHo cBectu 3JII1 oOmero Buaa
clenyomuM oopasoM. BBenem 1omonHUTENbHBIE TIEPEMEHHBIE V1, Y2,...Ym, PABHBIC JIEBBIM YaCTIM

OTPaHUYECHUU:
Y1 = by + by1X + bioxy + biyxy;
Y2 = by 4 bayxy + byyxy + byy Xy

Vm = bm + bmlxl + bmzxz + bmnxn'
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W3 HEepaBEeHCTB ClIeyeT, YTO BCE JIOMOJHUTEILHBIC IIEPEMEHHBIC JOJKHBI OBITh HEOTPUIATEIILHBI:
y1> 0; j= 1,2,...,m. Takum oOpa3om, 3ajaua JMHEHHOTO MPOrPaMMHUPOBAHHUS OOIIETO BHUIA CBEICHA
K CIIEIYIOIIEH 3a/1aue:
W =¢ +cx; + x5 + ¢ x, & min;
Y1 = by + byyx; + bipxy + bipXy;
Y2 = by + bayxy + bapXxy + bopXy;

Vm = bm + bmlxl + bm2x2 + bmnxn'
x=0i=1,..,n;
;=0 j=1,..,m

B KOTOPOM BCE HETPUBHMAJIbHBIE OIPAaHMYEHUS HMMEIOT BHUJ paBeHCTB, TOo ecTh K O3JIII, HO ¢
OOJIBIIMM YHCIIOM NTEPEMEHHBIX, YEM B HCXOJIHOM 3a/1aye.

Cucrema c (N + M) HEU3BECTHBIMU, BXOJIIas B 3Ty 3ajJlauy, UMEEeT OYeHb yIoOHbIN Buj. bynem
CUMTAaTh, YTO BCE €€ ypaBHEHUS JMHEMHO He3aBUCUMBI. Torja OHa MMEET paHr I, paBHBIA YUCITY
ypaBHeHUd M. Ilpu 3TOM M O0a3uUCHBIX NEPEMEHHBIX Y1, Y2,...Ym YK€ BBIpaXeHbl uepe3 N
CBOOOJHBIX MEPEMEHHBIX X1,X2,...Xn.

OcHOBHOM  3ajaye JMHEMHOrO0 NPOrpaMMHUPOBAaHUS pa3yMHO JaBaTb TI'€OMETPUUYECKYIO
MHTEPIIPETANI0 B IMPOCTPAHCTBE CBOOOJHBIX MEPEMEHHBIX Xi, Xo,...Xn. IIpm N = 2 paccMoTpum
IUIOCKOCTh C KOOpAMHATaMHU Xi, Xo. Benencreue TpeOoBaHMsI HEOTPULATENBHOCTH IEPEMEHHBIX Y
> 0 , o0macTth JOMYCTUMBIX PEUIEHUH B 3TOM cllydyae OrpaHHuY€Ha MPSMBIMH, OMHCHIBAEMBIMU

YpaBHEHUSIMH:
Y1 ="by+by1x; + bipx, = 0;
Y2 = by + by Xy + byyx, = 0;

Ym = bm + bmlxl + bm2x2 =0

x, =0; x, =0.
OJIP, ecnm oOHa CyIIECTBYET, NPEACTABISET COOOW BBIMYKIBI MHOTO-YrOJBHUK, T,
COOTBETCTBYIOIIHH ciydaro M = 3). OH Ha3bIBACTCSI MHOTOYT0JIbHUKOM JIONMYCTUMBIX peleHui.
OnTrManbHOE pELICHHE TOCTUraeTcs OJHOM M3 BEPIIMH 3TOr0 MHOTOyrojibHuKa. [Iockonpky Ha
KaX/101 13 OrpaHNYMBAIOLINX IPSAMBIX OJIHA U3 IEPEMEHHBIX Yj WK Xi 00OpallaeTcsl B HyJIb, MOXHO
YTBEPKIaTh, YTO B JIIOOOHM BepIIMHE MHOTOYrOJbHUKA JOMYCTUMBIX PEIICHWN, a 3HA4YUT, U B
BEpPLIMHE, COOTBETCTBYIOIIEH ONTHUMAJIbHOMY PEIICHHUIO, 0 KpalHEeW Mepe J[IB€ NEepPEMEHHbIE
oOpailarwTcs B HOJIb.
IIpu n = 3 cnenyer yxe paccMaTpuBaThb TPEXMEPHOE MPOCTPAHCTBO CBOOOJHBIX MEPEMEHHBIX
X1,X2,X3. OJIP B HeM orpaHuueHa IIOCKOCTAME yj =D + +hj1 X1 + bp X2 + bjsXs=0,j=1,2,...,m, a
TaKk)Ke KOOPAMHATHBIMH IJIOCKOCTAMU X1 = 0; Xo= 0; X3 = 0. OHa npezactaBisieT co00H BBITYKIIbIN
MHOTOTPaHHUK, B OJHOM W3 BEpPUIMH KOTOPOrO HAXOJIUTCA ONTHUMAalbHOE pelieHue. BepuimnHa
MHOTOTpaHHUKa OOpa3yeTcsi MepeceyeHneM HE MeHee 4eM TpeX IUIOCKOCTEH, Ha Kaxaou u3
KOTOPBIX OJTHA U3 MEepEMEHHBIX oOpaiaercs B Hyjb. [l03TOMy B Kaxa0i U3 BEpIIMH, B TOM YHCIE
U B TOYKE ONTHUMYyMa, 00paIiaeTcs B HyJb HE MEHEE TPeX MepEeMEHHBIX.
IIpu n>3 ananmoruyHbIM 0Opa30M paccMaTPUBACTCS MPOCTPAHCTBO CBOOOJHBIX MEPEMEHHBIX
Oonbiieir pazmepHoctH. [loBepxHocTH, orpanuuuBaromue OJIP, Ha3piBaloTCsS B 3TOM ciydae
THIEePIJIOCKOCTAMHU.
Teneps MOXHO CHOpPMYIHPOBATH HEKOTOPHIE CBOMCTBA pEUICHUII OCHOBHOW 3a/Jaydl JHMHEHMHOTO
MIPOrpaMMHUPOBAHUSL.
1. Obnacte gomyctumbix pemieHuit O3JIII, ecnu oHa cyiiecTByeT, Bcerja 00pa3zyeT BBIMYKIOE
MHOKE€CTBO. BBIMYKIIBIM Ha3bIBa€TCS MHOXECTBO, 00Ia/Jarolee CIEeIyIOIIUM CBOMCTBOM: €CIU
mo0bIe BE TOYKU MPUHAJUIEKAT ITOMY MHOYKECTBY, TO €My e MPUHAJUIeKAT U BCE TOUKU OTpe3Ka,
COEIMHSIIOLIEr0 UCXO/IHBIE TOUKH.
2. OntuMalibHOE peEIlIeHuE, €Clid OHO CYIIECTBYET, Bcerga aocTturaercs Ha rpanuue OJIP, a
MMEHHO, B OJIHOM W3 BEpPUIMH MHOTOTpAaHHMKA JIOMYyCTUMBIX pemeHuld. [lomyctumoe pelienue,

24



HaxoJsleecs B OJHOM M3 BEPIIMH 3TOIO0 MHOTOTPAaHHMKA, HA3bIBAETCA ONOPHBIM PELIEHUEM , a
caMma BeplIMHA - OIIOPHON TOYKOM.

3. B onopHo#i TOUuKe HE MEHEe YeM N NepeMeHHbIX 00palarTcs B HyIb.

3meck N - yrcno cBoOoMHBIX mepeMeHHbIx O3JII1.

4. JInst OTBICKaHUSI ONTUMAJIBHOTO PEHICHUsI MOYKHO Tepedparh Bce ONOPHBIE PEIICHHs, OThICKABAs
Cpeau HUX TO, B KOTOPOM IiesieBasi QyHKIUS TOCTUTAET SKCTPEMyMa.

I'paduueckoe penienre 0OCHOBHOI 3324y JUHEHHOT0 MPOrPaMMHPOBAHUS METOAOM MEPEeCTAHOBOK.
AJITOPUTM Npeodpa3oBaHusl CTAHAAPTHOM Ta0JIMIBI B CHMILIEKC-MeTOo/1e.

OcHoBHbIM MeTonOM perierus 3JIIT siBisieTcss Tak Ha3bIBaeMblid cUMILIEKC-MeTo. OH COCTOWT B
oTbIcKaHuu onoprHoro pemenus 3JII1 u B mocienyromem mepedope OMOPHBIX TOUEK O TOCTHKEHHS
ONTUMAIBLHOTO penieHus. [Ipu TOM Ha KaKIOM Imare rmepedopa OrmopHOE PEHICHUE YITyqIaeTcsl 10
CPaBHECHHIO C MPEABLIYIAM IaroM.

PaccMoTpuM mporienypy CHUMIUIEKC-METOJa JUIsl 3aJa4d  JIMHCWHOTO TIPOTrpaMMHpO-BaHUS,
ceenennoi k O3JIII u umeromedt Bua. [lpu 3ToMm M ypaBHeHuit cucremsl (3.46), BXoasie B ee
cocTaB, OyZIeM CUMTATh JIMHEHHO HE3aBUCUMBIMH.

BBenem oOo3naueHus: a;; = - bi1; a1p= - bio,...; @mn= - Dmn, C yueToM KOTOPBIX cuctema (3.46)
MIPUMET TaK HA3BIBAEMYIO CTAaHIAPTHYIO PopMy

V1= by — (a1 + %, + a1, %)
V2 = by — (A% + ayx; + a3, X,);

Vm = bm - (amlxl + Apa X, + amnxn)'

CocraBuM CTaHIapTHYIO TAOIUIY KOA(DOUIIMEHTOB 3TON CUCTEMBI.
B amgroputM = cuMIUIeKC-MeTOJa  BXOAMT  MHOTOKpPAaTHO  MOBTOpSIOHIasicsl — Mpolexypa
nepepazpemeHnss cucTemMbl (3.48) OTHOCHTENIBPHO HOBBIX Oa3MCHBIX NMEPEMEHHBIX. B Xome 3Toi

Tporeaypsl TpeOyeTcs BHIBECTH KaKyl0-IIMO0 MepeMenHyto X;, j =1,2,...,N, u3 uncna cBo6OHBIX U

nepeBecTH ee B Oa3uCHbIC, a B3aMEH BBECTH B YHCJIO CBOOOJHBIX KaKylO-THOO O0a3MCHYIO
nepemennyto Yi, i =1, 2,..., m. Takyro 3ameHy oGo3Hauum X; <> Y;. Ilo pesyabratam >TOH

MPOLIEYPHI OCYIIECTBISETCS MEPEX0/] K HOBOW OTIOPHON TOUKE.

ITycte TpebGyercst MpOU3BECTH 3aMeHy X; <> Y;. DJEMEHT ay CTaHJapTHON Tali. Ha3bIBaeTCs
paspemarwmum. Ctpoka u rpada, Ha MEPECEUCHUU KOTOPHIX CTOUT pa3pelIarolliuid AJIEMEHT,
TaK)Ke Ha3bIBAIOTCS pa3pelIatolINMU.

W3noxkum anropuT™M 3aMeHbl MepeMeHHbIX. OH COCTOMT B CJEAyIOIeM MpeoOpa3oBaHUU

CTaHJapTHOM TaOII.:
1) B Tabnuie BBLAETSAIOT (OOBOIAT) pa3pellalonuil 3JIEMEHT ay. BBIUHCISIOT ero oOpaTHYIo

BCIIMYHUHY A Z:I/aij W 3aIlMCHIBAIOT €€ B HMKHEH YacTH TOM K€ H‘IeﬁKH, B KOTOpOﬁ HaxoauTcCsa

pa3perauii AIeMEeHT;

BasucHas _ | CBobOozHBIC MEpEMEHHBIE
HepeMeHHast CroboamrIii

uiien (CU x x X X
(BIN) (€ : 2 ) )
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y by aqq ayq ) Qin
Y2 b, az1 Ay e Azj e Azn
Vi b; ap a; . a;j . app
Ym bm A1 A2 Apmj Amn

2) Bce DJIEMEHTHl pa3peularonieldl CTPOKH, KpPOME CaMoro ajj, YMHOXAroT Ha A. Pe3ynabpraTsl
3aMKCHIBAIOT B HIDKHUX YaCTSIX COOTBETCTBYIOIIUX SYEEK;

3) Bce IEeMEHTHI pa3pelraromiei rpadpl, KpoMe camoro ajj, yMHOXarT Ha ( - A). Pesynprarsl
3aMKCHIBAIOT B HIDKHUX YaCTSIX COOTBETCTBYIOIIUX SYEEK;

4) moAuyepKUBAIOT B pa3pellarolleldl CTPOKE BCE BEPXHME 4YMCIa — IPEKHHE AIEMEHThI, a B
paspemaromieid rpade - BCe HIKHHUE YHCIIa - HOBBIE DJIEMEHTHI, - 32 UCKIIFOUCHHUEM A;

5) ang Kaxaoro M3 JJIEMEHTOB, HE MNPUHAMAISKAIIUX HU K paspeliarolleid CTpokKe, HU K
paspemaromieid rpade, 3amuchbiBalOT B HIDKHEW YacTH COOTBETCTBYIONICH SYEHKH TPOU3BEICHUS
MOAYEPKHYTHIX YHUCEN, CTOSIIMNX B TOM K€ CTPOKE U TOM ke rpade, YTo U JaHHBIN IIEMEHT;

6 ) mepenuchIBalOT TAaONUIy, 3aMEHHMB Xj Ha Y; U O0OpaTHO, BJIEMEHTHl pa3pelIaloleil CTpOKU U
paszpemaroneii rpadbl Ha YKcia, CTOSIIME B HIKHUX YacTSIX COOTBETCTBYIOIIMX SYEEK; KayKIbli U3
OCTAJIBHBIX 3JIEMEHTOB - HA CyMMY YHCEIJl, CTOSAIIMX B BEPXHEN N HWKHEH 4acTsIX TOM K€ TYEHKH.

Hanpumep, nana cucrema ypaBHEHUI
Vi =2x; +x, +x3+1;
V2 =X — Xy — 2X3;
Y3 =x, +3x, + 4

Tpebyercs mpousBecTu 3aMeHy IIEPEMEHHBIX X; <> Y,, TO €CTh BBIBECTH MIEPEMEHHYIO X3 U3 4HCIa

CBO6OI[HI)IX H NEPEBECTU €€ B 6331/ICHBIe, d B3aMCH BHCECTH B YHCJIIO CBO6OI[HBIX ICPEMCHHYIO Y3.
[Nepenuiem UCXOTHYIO CHCTEMY B CTaHAAPTHOM (opme:
y1=1=(2x; = x; = X3);
Y2 = 0= (x; +x; + 2x3);
Y3 =4 = (=x; = 3x3).

CocTaBuM CTaHJAPTHYIO TAOIHILY

BIT CYy CBO6OI[HLI€ IICPEMCHHBIC
X1 X2 X2
V1 1 -2 -1 -1
Y2 0 -1 1 2 @
V3 4 -1 -3 0

Pazpemarommm >71€MEHTOM SIBJISIETCS SJIEMEHT Ha NMEepeceueHrH CTPOKH Y U Ipadbl X3. DTO YUCIO
2. BennuuHa, oOpaTHas paspeniarnemMy dJeMeHTy, papHa 1 =1/2.

BII cu CB00OOHBIE TEPEMEHHBIE

X1 X2 X2

Y1 1 -5/2 -1/2 1/2
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Y2 0 -1/2 1/2 1/2

Y3 4 -1 -3 0

Bce snemeHThI Talu. mepenuiieM B BEPXHHUE YaCTH COOTBETCTBYIOUIMX KIETOK BCIIOMOTATEIbHOM
Tabi. B 2T0i1 sxe Tabnuue OyaeM 3anuchiBaTh M Pe3yabTaThl IPOMEXYTOUHBIX BBIYHCICHUN. YnCIIo
A 3amuieM B HW)KHEW YacTU TOW K€ sI9eHKH, B KOTOPOW HAXOIUTCS Pa3pelIarolIvii AJIEMEHT.
HuxHue yacTu ocTanbHBIX sueeK Tall. 3alOJIHAIOTCS COIVIACHO NPUBEACHHOIO BBILIE aJTOPUTMA.
[epenumiem Tabi., 3aMEHUB X3 Ha Y2 U 00paTHO (TabJ1.), BBIYMCIUB €€ DJIEMEHTHI B COOTBETCTBUH.
Takum o0Opa3oM, UCXOAHAs CUCTEMA YPAaBHEHUN pa3pelleHa OTHOCUTENIbH NEPEMEHHBIX Y1,X3, Y3 U
nproOpera CIeayonuil BUI:

v, =1—(-2,5x; — 0,5x, + 0,5y,) =1 + 2,5x,0,5x, + 0,5y,;
y, = 0—(-0,5x; — 0,5x, + 0,5y,) = 0,5x,_0,5x, — 0,5y,
Y3 =4 — (—x; — 3x,) = 4+ x; + 3x,.

CB00OOIHBIE TIEPEMEHHDBIE
BIT Cy A p
X1 X2 X2
Y1 b, ai, az, Ain
Y2 b, az1 az; azn
ym bm aml amZ amn
W Co Y1 Yz Yn

[Tomumo ypaBHeHuii-orpannuenuit B O3JII1 nmeercs eme neneas Gynakmaus (3.41). [locne 3ameHs
X; <> Y; €€ TaKKe Hajo BHIPA3UTh YEPE3 HOBBIE CBOOOHBIE MEPEMEHHBIE X1,X2, ..., Xj-1,YisXj+1, -+, Xn.

DTO nenaeTcss TOYHO TaK e, KaK W MPU MPeoOpa3oBaHUU MPOU3BOJIBHON CTPOKH CTaHIAPTHOU
tabnuupl. @ynkuus W npuBoIuTCs K CTaHIApTHOM Gopme:

W =Co — X + VoXoy ..ot n¥n
rae y, =—Cy; ¥, =—C,5.3 ¥y =—C,. Uucna Cy, 7;, 75, ¥, 3AIUCHIBAIOTCS B KAYECTBE JIEMEHTOB

n00aBOYHOM CTPOKHM CTaHIApPTHOM TaOmumbl (Tabn. 3.6) M TOJABEpPrarOTCS TEM  IKe
peoOpa3oBaHUsIM, YTO U OCTANIbHBIC CTPOKH. OTIMYME ITOH CTPOKU COCTOUT B TOM, YTO B HEW
HUKOT/Ia HE BBIOMPACTCS Pa3peIIAIONINA AIEMEHT.

AJITOPUTM Npeodpa3oBaHus CTAHJAAPTHON TA0JMIbI B CUMILJIEKC-METO/IE.

IMepoiii stan pemenus O3JIIT cUMIIEKC-METOOM COCTOMT B MOJYYCHHH OIMOPHOTO PEIICHHS
3agaun. Ha BTOpOM 3Tarie OTHICKMBAETCS €€ ONTUMAIILHOE PEICHHE.

N3105kuM aaroput™ oThickanusi onoproro perenust O3JII1 B mpeanosioKeHun, 4T0 OrpaHuICHHsI
3aj[a4M 3aMucaHbl B CTAaHIAPTHOW (hopme , a KOIPPUIUEHTHI STON CHCTEMBI U IIEJCBOM (QYHKIIHH
CBEJICHBI B CTAHIAPTHYIO TaOJIHILY.

1. Eciu B cucteme Bce cBOOOAHBIE WieHbI D1,D,...,0m HeoTpuIaTensHbl, TO OMopHOE pereHue yxe
MOJIYYEHO W MMEET BUA X1 = X2 - ... = Xp = 0;y1 = by;yo= bo...,ym =bm. UubiMuU croBamu, mist
MOJIyUEHHsI OTIOPHOTO pelieHus, B ciydae, eciii Bce b> 0, cineayer B cucteme (3.48) npuHsTH BCE
CBOOOIHBIE TMEPEMEHHBIC X1,X2,...Xn PABHBIMH HYJIIO M TOJYYUTh M3 Hee 3HAYCHHs Oa3MCHBIX
MEPEMEHHBIX Y1,Y2,...Ym, KOTOPBIC CTAHYT paBHBI COOTBETCTBYIONIHUM CBOOOIHBIM WieHaM Dy,by,...0y.
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2. IlycTb B OJTHOM U3 YpaBHEHUH CHCTEMbl CBOOOAHBIN WiCH OTpHLaTeNncH. ECii Bce 2IeMEHTHI aijj
COOTBETCTBYIOIIEW CTPOKM HEOTPULATEIbHBI, TO CHUCTEMa HECOBMECTHA C YCIOBUSMH
HEOTPULATEILHOCTH BApbUPYEMBIX IIEPEMEHHBIX U, caenoBaTesnbHo, O3JII1 He nmeeT pernieHui.

3. Ilyctb B ypaBHEHUH C OTPHLATEIbHBIM CBOOOIHBIM WIEHOM €CTh OTPUIATENIBHBIN IEMEHT aij.
Torga rpada cranmapTHOW TaONWIBI, B KOTOPOM OH HAaXOJUTCS, BBIOMPAETCS B KadeCcTBE
paspewmatomieii. Ecin B paccMaTpyUBAaeMOMl CTPOKE OTPHULIATENBHBIX 3JIEMEHTOB HECKOJBKO, TO
MOKHO B3SITh JTIOOOW U3 HUX.

4. PaccMOTpUM Bce 2JI€MEHTHI TaHHOH rpadbl, He cunTas cTpoku W, MMeromnie o IMHaKOBbIN 3HAK
CO CBOMM CBOOOJIHBIM 4JIEHOM. DJIEMEHT, [UIsl KOTOPOTO OTHOILIEHHWE K HEMY CBOOOJHOTO WieHa
MUHUMAaJIbHO, BBIOMpaeTcsi B KadecTBe paspematoniero. OOpaTuMcsi K aIrOpuUTMy 3aMEHBI
IIEPEMEHHBIX.

5. B cOOTBETCTBUUM C W3JIOKEHHBIMU BBIIIE MPaBUIAMH OCYLIECTBIISIETCS OOMEH NEPEMEHHBIMHU,
KOTOPBIM COOTBETCTBYET BHIOPAHHBIN pa3pellaronIfil 3JIEMEHT.

6. ITonyuenHoe peurenue uccaenyercsa corjgacHo nm. 1 u 2. Ecau oHO He SBiSeTCsS ONOPHBIM U HE
JI0Ka3aHa HECOBMECTHOCTb CHUCTEMbl OTpaHUYEHUH, TO TMpoueAypa oOOMeHa IepeMEHHBIX
MOBTOPSIETCS 710 TE€X MOp, MOKa He OyAeT HaWJeHO ONOpPHOE pEeLIeHHWE WM He Jl0Ka3aHa
HECOBMECTHOCTb CHCTEMBI.

Haxomzlelme OMOPHOI0 W ONTHMAJIBHOI0 PpPEIICHUSA 3aJdavu JHMHEINHOro nporpamMmupoBaHusi.
(I)OpMyJ'II/IPOBKa HBOﬁCTBeHHOﬁ 3aJaumn JHUHEHHOTO0 nporpamMmMupoBaHusi. IKxoHOMHYECKAS
HHTEpHNpeTalnud NpsiMOUd U IBOUCTBCHHOM 3aaY JIMHEUHOT0 MPpOrpaMMupoBaHus.

[Tocne toro xak onopHoe pemenne O3JIII HaliieHO, MPUCTYNAIOT K OTHICKAHHUIO €€ ONTHUMAJIBHOIO
peleHus B CIeIYIONIeH MOCIeI0BAaTEIbHOCTH

1) paccmarpuBaercsi CTaHAapTHas CHMIUICKCHAsh TaOlWIla, COOTBETCTBYIOIIAs HAaHICHHOMY
oropHOMY perreHuto Eciu Bce cBOOOIHBIE WiIeHBI B HEel, He cuuTast cTpoku W, HEOTpHIIaTeNbHEL, a
B crtpoke W, He cumrTas CBOOOJHOTO UIEHA, HET HU OJHOTO TIOJIOKUTEIBHOTO 3JEMEHTa, TO
ONTUMAJILHOE PEIICHNE TOCTUTHYTO M UMEET BU X1 = X7 - ... = X = 0;y1 = by;¥2= bo...,ym =bm;

2) ecnu B ctpoke W ecTh OJMH WM HECKOJIKO TMOJIOXKHUTENbHBIX 3JIEMEHTOB, HE CUUTAas
CBOOOJHOTO 4JIEHA, @ B KaXJOW M3 COOTBETCTBYIOIIMX UM Ipad HET HU OJHOTO TMOJOKHUTEIHLHOTO
3JIEMEHTa, TO ONTHMAJILHOTO pelleHHsl He cyulecTByeT. lleneBas (QyHKuMA B 3TOM cilydyae He
OTrpaHHY€Ha CHU3Y;

3) ecnu XOTs Obl B OJJHOW U3 TakuX rpad ecTh MOJOKHUTENIbHBIE FIEMEHTHI, TO HaJ0 OCYLIECTBUTh
oO0MeH CBOOOJHOW M 0a3MCHOW MepeMeHHbIMU. [Ipr 3TOM B KadecTBE pa3peliaroiiero 3JeMeHTa
CIIEIyeT B3STh TOT MOJIOXKHUTEIbHBIM JIEMEHT aHATU3UPYeMOl Tpadbl, Al KOTOPOTO OTHOLIEHUE K
HEMY COOTBETCTBYIOILIEIO CBOOOJHOrO wieHa MUHUMaibHO. B ctpoke W Moryr ObITh N1Ba WiIn
0OJIbIIE TOJIOKHUTEIBHBIX KOI(PPUIIMEHTOB, COOTBETCTBYIOLINE Tpadbl KOTOPBIX COAepxKaT
MOJIOKUTEIIbHBIE AJIEMEHTHL. B 3TOM ciiydae MOXHO B35Th J1I00YI0 U3 TakuX rpad s BeiOopa B Hel
pa3pelaroIero IeMeHTa;

4) BHOBb OoOpaiarTcs B 1. 1, 1 Ipu HEOOXOAUMOCTH MPOLIeTypa MOBTOPSIETCSI.

®opMyJIMPOBKA ABOCTBEHHOM 32/1a4H JIMHEHHOT 0 POrPAMMHUPOBAHNS

B neconunenny MeTob! JIMHEHHOTO IPOrPAMMUPOBAHUS IIUPOKO UCIIOJIb3YIOTCS

JUId  pELIEHUs 3aJayd IUIaHUPOBAaHUSA PpAacKposk IUIOBOYHOIO ChIPbS Ha IHJIOMAaTEpUabl.
PaccmoTpuM conepkaTenbHy0 IOCTAaHOBKY U MAaTEMATUYECKYIO MOJIENb 3TOM 3a1a4H.

B necomunbnbiii nex JIJIII moctymaroT OpeBHa, paccOpTUPOBAHHbIE HAa # Pa3MEPHBIX TPYIIIL.
M3BecTHa crienuduKanys NuioMaTepraioB, KOTOpble TpeOyeTcsl MOJyYUTh B pe3yibTaTe pacKpos
JAHHOTO 00bEeMa MUJIOBOYHOIO ChIpbs. 3a/laH Takke Habop MOCTaBOB ISl PacKposi OpEeBEH KaxJI0H
pasmepHoil Tpynmbl. TpeOyeTcst ompenenutb, Kakod o0beM OpeBeH clenyeT pacluiuTh IO
Ka)X/IOMy U3 pacCMaTpUBAEMbIX ITOCTABOB, YTOOBI BBIMOJHUTH CIEUU(PHUKALMIO MHIOMaTepHaoB
IIPY MUHUMAJIbHOM Pacxo/ie MUJIOBOYHOTO CBIPbSI.

Beenem 0603HaueHus:

Vi - uMmeromuiics 06beM OpeBeH k- pa3MepHoii rpymmsl, k = 1, 2,..., n;

Qi - MUHUMAJIBHO JJOITYCTUMBIN 00beM BBIPAOOTKH MUJIOMATEPUATIOB I-I0 CCUSHHS,
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1=1,2,...,m(m- o0liee YUCI0 CCUCHHIT BEIPAOATHIBAEMBIX MAJIOMATEPHAIIOB);
Xkj -~ HICKOMBII 061)eM OpeBeH k-1 pa3MEepHOIl IPyIIIbl, PACTUINBACMBIXIIO |-MY
noctaBy, | = 1, 2,..., Nk (Nk - xonuuecTBO nipeiHa3sHa4eHHBIX K UCTIOJIB30BAHHUIO
MIOCTABOB IS PacKposi OpeBeH K- pa3MepHOM TPYIIIbI);
Aji - K0P PUITEHT 00BEMHOT0 BBIX0/a ITMIOMATEPHAJIOB I-10 CEYEHHs, TOTYYSHHBIX
IpU packpoe OpEeBeH K-i pa3MEepHOI IPYNIIBI 10 J-MYy IMOCTaBy. DT K03 duime-
HTBI SIBIISIFOTCSL M3BECTHBIMH XapaKTEePUCTUKAMHK ITPUMEHSIEMbBIX TIOCTABOB.
C yueroM BBe/IEHHBIX O0O3HAYCHUII O0BEM NHIOMATEPUAIOB I-r0 CCUCHHUsS, MOJYYCHHBIX B
pe3ynbTaTe pacHUIMBaHUS Xkj KyOOMETpOB OpeBeH K- pa3MEepHOH TpyIIBI 10 j-My IIOCTaBy,
COCTaBIISICT 8jiXkj. OOIMNIT 00bEeM TaKUX MIJIOMATEPHAIOB IOJIy4alOT B PE3y/IbTaTe CyMMHUPOBAHUS
n_ Nk
ATOTO BBIPAKEHHS IO BCEM IIOCTaBaM W pa3MEpPHBIM TpyImaM, T. €. Zzakjixkj [TosTomy
k=1 j=1
TpeboBaHKE BHIPAOOTKH MUIIOMATEPUAIIOB I-r0 ceueHHs B 00beMe, He MeHbleM Qi M3, peanusyercs
B BUJIC CJICYIOIIETO OTPaHUICHHSI:

y Nka 2Q;, i=12,....m
kzljz Kii kj =12,...,m.

Ecmu, kpome TOro, 3aJaH MaKCHMalbHO JOMyCTHUMBIH o00beM Q* BBIpaObOTKHM 3THX
MUWJIOMATEPHUAJIOB, TO HEOOXOUMO JOMOJIHUTENBHO Y4ECTh COOTBETCTBYIOIIEE OIPaHIUEHHE:
n Nk SO i=12..
a
Z Z Kji kj ||’

OO6uuit 06bem OpeBeH K- pasMepHon TPYIIbI, PACHMIMBAEMBIX IO BCEM PACCUMTAHHBIM JUISI HUX
Ny

[I0CTaBaM, PaBeH, OUYEBHU/IHO, Z Xy
-1

Torna orpannueHnue 1o pecypcam MUIOBOYHOIO ChIPbsI MOKET OBITh 3aIIMCAHO B BHUJIE

N
Zx i K=12...

IlepeMeHHBIE Xkj JOTDKHBI OBITH HeOTpI/IHaTeJ'IBHBI
X4=0,k=12,.n;j=12,..,N,.

B xadectBe KpUuTCpust ONTUMAJIBHOCTH  MOKHO IIPUHATbD MHHHMYM  pacxoJa  CbIpbA.

COOTBGTCTBYIOIHa}I aecjacBas (byHKHI/IH 3allNIICTCA B BUAC
n Nk

> > % > min .
k=1 j=1
BMecTo 3TOro KpurTepus MOMHO PAaCCMOTPETh KPUTEPHH MHHHMYMa OTXOIOB CHIPbS IIPH €rO0
packpoe. OO6o03HaunM depe3 Cxj KOIPGHUIMEHT OOBEMHOr0 BBIXOJA MHIOMATEPUA-JIOB IIPU
pacnmIMBaHUU OpeBEH K-i pa3MepHOM IPYII 110 j-My rmocTtaBy. Ero BejqndnHa paBHa
mj
ckJ :Izlakjl ,

rac mj- YHCIIO CEUCHU N MMUJIOMATCPHAJIOB, BBIpa6aTBIBa€MLIX C MCIOJb30BaHMEM 7-TO MOCTaBa.
Torma KOB(I)CI)I/II_[I/ICHT 00BEMHOT0 BbIXOJda OTXOJO0B IJIA 3TOI'0 K€ IIOCTaBa PaBCH

mj
1—ckj =1- iélakji )

IeneBas GpyHKIMS, pealn3yromas KpUTepuii MUHUMyMa OTXO/IOB CBIPbsl, TPUMET BH/T

n Nk 1- X min
21121( Ckl) K~
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CoBokymHOCTh cooTHoteHui (3.52) - (3.56) mum (3.52) - (3.55), (3.57) - 310 33amaua JIMHEHHOTO
nporpaMMHUpOBaHus, SABJIAOMIAACA MaTeMaTHYECKOU MOJCIIbIO 3aJa4yu IIAaHW-POBAHUA PACKPOA
IMUJIOBOYHOI'O ChIPbA.

[Tpearnoa0XuM Tereph, YT TUIAHUPYETCS PACKPOM MHUJIOBOYHOTO CHIPHS C YY4ETOM €r0 KauecTBa, a B
CHeHH(bHKaI_[I/II/I Ha BBIpa6OTKy MUJIOMAaTCpualoB Hapiaay C HUX CCUCHUAMU YKA3bIBACTCA H
Tpebyemasi COPTHOCTh. B 3TOM ciiydae OpeBHA COPTHUPYIOT Ha pa3MEPHO-KAa4eCTBEHHBIC TPYIIIHI,
KOTOPLBIC PACIUIMBAIOTCA II0 PA3JIMYHBIM IIOCTaBaM. HI/IJIOMaTe'pI/IaJIBI TAKXKXC pa3jinyaroTCda HC
TOJIBKO II0 CCYCHHUAM, HO M II0 PAaSMCPHO-KAYCCTBCHHBLIM XapaKTCPUCTHUKAM. Marematuueckas
MOJIEITb 3TOM 3a71a4r (POPMAIILHO HE OTIIMYACTCSA OT MOJEIH Mpeasiaymei. MHmekc x Ternepb Oyaer
HOMEPOM Pa3MEpPHO-Kaue€CTBEHHOM TPYIIIBI ChIPbs, OOIIEe YKUCIO KOTOPHIX paBHO N. Jlig uucia
pa3MepHO-KaYeCTBEHHBIX TPYIII IMHJIO-MATEPHAIOB COXpaHsIeTCss 0003HAUYEHHE M, a UHJIEKC | OyaeT
€e HOMEPOM.

JKOHOMHYECKAasi HMHTepHperanMs NPsIMOM M [BOWCTBEHHOW 3aJa4  JIMHEHOro
NPOrpaMMHPOBAHUSA

Kaxnoil 3agaue JNMHEMHOTO MPOrpaMMUPOBAHUS MOKHO OINpEAENeHHbIM 00pa3oM MPHUBECTH B
COOTBETCTBUE HEKOTOPYK) IPYryl0, HA3bIBAEMYIO0 JBOMCTBEHHOW IO OTHOUIIEHUIO K HCXOJHOM
3anaue. [IoHsATHE NBOWCTBEHHOCTH BAKHO HE TOJBKO JJISl TEOPUH JIMHEHMHOTO MPOrPaMMHUPOBAHHUSL.
C ero moMmoIisko MoJayvyaroT HH(GOpMaIKo 0 CBOMCTBax onTuMaiabHoro pemenus 3JII1. Paccmorpum
3JII1 ¢ orpaHMYEHUSIMU B BUJIE HEPABEHCTB:

W = CijXij = max;

n
j=1
n
Z aijx]' < bi,i = 1,2, e, m,
j=1

xl-jZO,j=1,...,n. J
Ucxoanyro 3JII1 yacTo Ha3pIBAIOT MPSAMOM 3a1a4e.
3JII1, nBotictBerHas k 3JII1 , popmynupyercs cieayronmm o0pa3om:
n

W
F= Z b;y; = min;
j=1

Z a;yj < ¢, i =12,..,m;

j=1

yUZO,]:l,,m J

HYCTB, HaImpuMeEp, UCXOJHasd 3agada UMECT BU
W = x; — 2x, + x5 — x4, & max;
2x1 — Xy + 2x3 —3x, <55
Xy +2x, —x3 — x4 = 0.
x,=20,..,x, = 0.

JIBoiicTBeHHOM K Heil Oynet cnemytomras 3JII1:

F =5y, + 3y, » min;
2y, +y2 1
-y, +2y, = —2.
2y, +y; =23
=3yt ys=-1
¥y, =0y, =0.

OrMmeTuM nmpexKac BCCro, UYTO KaAXKIAOMY OI'PaHUUYCHUIO-HCPABCHCTBY HCXOJHOM 3aJaydu
COOTBCTCTBYCT HCOTpULATCIIbHAsA TICPEMCHHAA JIBOMCTBEHHOM. Tpe60BaHI/IC MaKCHMMHU3allM1l B
HCXOJHOM 3aJaue 3aMEHEHO B ABOMCTBEHHOM 3aaade TpCGOBaHI/IeM MHHHMU3AIUH. HaHpaB.HeHI/IC

30



3HAKOB HEPABEHCTB B JIBOMCTBEHHOW 3a/1a4€ IPOTUBOIIOJIOKHO HAIIPaBJICHNIO 3HAKOB HEPABEHCTB B
UCXOJHOU 3aJaue.

B HekoTtopoM cMbIciie ABOMCTBEHHas 3ajqadya - 3TO MCXOJHAsl 3ajaya, MoBepHyras Ha 90°.
Paccmorpum mepByto rpady Ko3hGHUIMEHTOB, BXOAAIINX B OTPaHUYEHUS JBOWCTBEHHOH 3aqauu.
Omna coBmagaer ¢ NepBOil CTPOKO, COCTaBIEHHON U3 KO3(P(PUIIMEHTOB B OrpaHUUYCHHUIX UCXOIHOM
3agauu. To ’ke OTHOCUTCA K JII00OH Jipyroit mape u3 rpadsl U ctpoku. Koaddunuenramu neneBoit
(GyHKIMU JBOMCTBEHHOW 3aJaud CIY)KaT CBOOOJHBIC YJICHBI OTPAHWYCHUN NpPSIMOM 3amayu, a
cBOOOTHBIMHU YJICHAMHU OTPAHUYCHUH BOMCTBEHHOW 33a7auu — KOI()(MUIIMEHTH 1EIeBON (HYHKIUH
ucxoanoi 3JII1.

C ucnosp30BaHMEM OTMEUYEHHBIX B3aUMOCBS3EH JIETKO COCTaBUTh JIBOMCTBEHHYIO 3ajjauy K JH000 i
ucxonnout 3JIII. B sT0oil mape 3amau JIMHEHHOTO HPOrPaMMHUpPOBAHUS JIIOOYIO M3 HUX MOKHO
BbIOpaTh B KadecTBe McxoaHoW. Torma apyras 3JII1 okaxkercss ABOWCTBEHHOU K Hell. Tak, B3sB B
Ka4eCcTBE UCXOAHOM 3a7a4y Iepen i 110 OIMCAHHBIM BBIIIE IPABUJIAM K JIBOMCTBEHHOU, BEPHEMCS K
3JIIT.

PaccmoTpum 3JII1 ¢ orpanndyeHUsIMU-paBEHCTBAMMU:

n
W = CjX; = max;
Jj=1
n
Z aijx]' = bl‘,i = 1, e, m,
Jj=1

xij > O,] = 1, ey, N

3amaya, JBONCTBEHHAS K HEH, POPMYTUPYETCsI CIEIYIONTUM 00pa3oM:
m
F = Z b;y; = min
i=1
m

i=1

B nannoM ciydae He TpeOyeTcs HEOTPUIIATEILHOCTH TIEPEMEHHBIX JIBOMCTBEHHOM 3a1a4H.
[IpuBeneM Tenepp mpsiMyto U ABOMCTBeHHYHO 3amaun k O3JJIII BBeaeHMEM [OMOJHUTEIBHBIX
MEepEeMEHHbIX. 3anuuieM nepBoe u3 orpanndeHuil ucxoanout 3JIII B Buae b, —a; x; —ajx, — - —
A x, = 0.

BBenem MOMOHUTENBHYIO HEOTPHUIATEIBHYIO TMEPEMEHHYIO X+, PaBHYIO JIEBOM YacTH ATOTO
orpaHnyeHusi. Toraa ero MO>KHO 3alKCaTh B BUAE PABEHCTBA by — ay1X; — —QqpXy — =+ — Ay pXp = Xpiq-
AHaJIOTMYHBIM 00pa30M BBOJUM JIONOJHUTENIbHYIO HEOTPULATEIBHYIO MEPEMEHHYIO Ul KaKJI0TO
W3 OCTaJbHBIX OIPAaHUYEHUN 3a/layd, BCEro, CJIENOBATENIbHO, T JIONOJIHUTEIBHBIX IMEPEMEHHBIX.
Henesyto ¢pyakuuio B O3JIII cieqyer MUHUMH3UPOBATh, MMOATOMY 3HaKd KOA((HUIIMEHTOB B Hel
M3MEHSEM Ha MPOTUBONOJIOKHbIE. Tenepb ncxonHas 3aada NPpUMET CIASAYIOIUNA BU:

n
W = 2(—cj)xj - min;
Jj=1
Xpe1 = by — (1% + % + o+ a1, X,,);
Xpiz = by = (21X + agpx; + - + Ay,%,);

Xn+m = bm - (amlxl T QpaXy + o F amnxn)'

Xj = 0,j=12,..,n;
Xnyj = 0,i =1,2, ...,m.}

CucreMa paBeHCTB HaIlMCaHa 3/1eCh B CTaHIApTHON (opMe 1o 00pasIly CUCTEMBI.
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OO6paTtumcs k nBoicTBeHHOU 3amaue (3.65). [lepBoe U3 ee OrpaHUUEHUIN UMEET BU a,,Y; — Gy, Y, —
= QX — ¢, = 0. BBeIeHUMEM JONOJIHUTEIBHOM HEOTPULATEIBHON NEPEMEHHOU Ym+1 OHO

PeoOpa3yeTcs B PABEHCTBO a1, Y; — Ay Yy — =+ — Gypy Xy — €1 = 0

Jiis momoOHBIX TIpeoOpa3oBaHMid BCeX N HEPABEHCTB 3agadyd  MOTpeOyeTcss BBEACHUE I

AOIMOJIHUTCIIBHBIX HCOTPULATCIIbHBIX
nepeMeHHbIX Ym+] (J = 1, 2,..., n). [Tocne 3Toro nBoWicTBeHHAs 3a1a4a

npumet BuJ cienyromeit O3JIII:

m
F = Z bjyj - min;
i=1

Yn+1 = =6 — (a1 Y1 — @12V — = G Vm)s
Yniz = —C — (—21Y1 — QY2 = — QY )

Ynem = —Cn — (_alnyl tay,y, + 0+ amnym)'

Vi >0,i=1.2,..,m;
ym+j 2 O,] = 1,2, ...,Tl}

3azauu UMEIOT OJMHAKOBOE YHMCIIO MEPEMEHHBIX, paBHOe (M + N). IIpu 3ToM OazucHBIMU B MpsIMOH

3a7a4e SIBJIIOTCSA MEPEMEHHBIC X, 1,. .., X n,d B JBOMCTBEHHOU

ym+15"'5xm+n

3anuiieM CTaHAAPTHYIO CUMITIEKCHYIO TaOIHITy, COOTBETCTBYIONIYIO mpsimoit 3JIIT (Taba.).

CB00OOIHBIC TIEPEMEHHBIC
BII CH
X1 X2 X2
Xn+1 b, a, az, Ain
Xn+2 b, azy az; Arn
xn+m bm aml amz amn
W Co C Cy... Cn
CrangaptHas Tabnuia 1jisi TBOMCTBEHHON 3a/1auy UMEET APYyroi Bus (Tadu.).
CBo0oiHbIE TTEpEMEHHbIE
BI1 CH
X2 X2

X1
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Yn+1 -G —aqq —ayq .. —Qm1
Yn+2 —C —a; —ay —Am2
Ym+n —Cm —Qqin —azp —Qmn
F 0 —b, —b, ~bpm,

MO’HO 3aMETUTh, YTO MaTpuna KO3(GUIHEHTOB B Ta0d. 3.19 ¢ TOYHOCTHIO 10 3HAKa COBMAMAET C
Matpuuei B Tabia. 3.18, noBepHyTroil Ha 90°. OTcrona cienyer, uTo, pemus npsmyto 3JIII, Mbl yxe
(haKTHYECKH pEIINIIN 3a/1a9y, JBOWCTBEHHYIO K HEH.

JleiicTBuTenpHO, MycTh NpHu pemieHuu npsmoil 3JIII Ha mocnenHeil utepanuu CUMILIEKC-METOAa
MoJTy4eHa CUMIUICKCHasi Tabiuiia Buaa.. TO 03HAYaeT, yTO B AToM Tabmuie Bce b; >0, Bce ¢ <0, u
ONITUMAIILHOE PEUICHHE TIPSMOI 3a7]a9l IMEET BH/T

xXx;=x3=-=x,=0
* —_— . * —_— * —_—
xn+1 - blﬂ xn+2 - b2""'xn+m - bm'

Ha Toit >xe urepanuu cCUMIUIEKCHAs TaOiMIa TBOWCTBEHHOM 3ajaud OyneT uMmeTh BuJ Tabna. Ho
TOrJIa €€ CTO0E CBOOOJHBIX YWICHOB COCTOUT M3 DIEMEHTOB (—¢;), M BCE OHM HEOTPHIIATEIbHEL, a
aneMeHThl CTpoku F - 310 3HaueHus (—b;), U BCE OHU HEIMOJOKUTEIbHBI. 3HAUWT, HA ITOU K€
WTEpaIyy MOJIYIeHO U ONITUMAIBHOE pelIeHUe JBOMCTBEHHOM 3a71a41, KOTOPOE UMEET BH/T
) Yi=y;==yYn=0

VYm+1 = “CuVm+2 = —C20 s Ynim = —Cn-
Takum oOpa3om, ISl MOTYYEHUS PEIICHUs JBOMCTBEHHOM 3aJjaud JOCTATOYHO PEIIMTH MPSIMYIO
3JITI, a B KkauecTBe 3HAYCHHWH Oa3UCHBIX TIEPEMEHHBIX JIBOMCTBEHHOW 3aJadd B3ATh C
MPOTUBOMOJIOKHBIM 3HAKOM 3JeMeHThl cTpoku W mipsimoit 3JIIT u3 ee mocnenHel CUMILIEKCHOM
Tabnuupl. 3HA4YeHHUsI K€ CBOOOTHBIX TMEPEMEHHBIX JBOMCTBEHHON 3aqaud CjenyeT MNPUHATh
paBHBIMM  HyJaI0  (CM.IB€  TpPHUBEACHHBIE  BBIIIE  CHUCTEMBl  paBeHCTB). OTMedeHHas
MIPOTUBOMOJIOKHOCTh 3HAKOB ISl 3JIEMEHTOB CTpokd W B Talia. M cT00La CBOOOHBIX YICHOB B
Tabs. OOBSCHSETCS JMIIb TeM, YTO pElIeHHe Kak NpsSMOM, TaK W JBOWCTBEHHOW 3agadd ObLIO
ceenieHo k O3JII1 ¢ MuHUMU3HpYEeMOi 11es1eBor (PyHKIHEH.
Kak BbiscHUIIOCH, 6a3ucHBIM niepeMeHHbIM TpsiMoit 3JII1 cooTBeTCTBYIOT CBOOOAHBIE TEpEMEHHbBIE
JBOMCTBEHHOM, a CBOOOJHBIM TIEPEMEHHBIM HCXOJHOM 3amaud - Oa3uCHbIE IE€PEMEHHBIE
neorictBenHor 3JII1. Jyns Toro 4roObl cpasy moJiydaTh pelieHHWE JIBOWCTBEHHOW 3a7add IO
pe3ynbTaTam pemeHus npsmoir 3JIII, cienyer ycTaHOBUTH COOTBETCTBHE MEXKIY NEPEMEHHBIMU
TOM U Apyroi 3agauu. OHO BBITEKAET U3 CPABHEHUS Ta0Jl. U MPEACTaBISETCS B CIEIYIOIIEM BHUE: C
MIEPEMEHHBIMU X, 1, Xp42,- - Xpymm OPAMON 3JII1 IpUBOAAT B COOTBETCTBUE MEPEMEHHBIE Y1, Ys,.., Y
JIBOMCTBEHHOM 3a7jau (B COOTBETCTBYIOIIEM IMOPSJIKE), C MEPEMEHHBIMUX,, X5, .., X,, IPSIMON 3a7aun
MIPUBOJAT B COOTBETCTBUE EPEMEHHBIC Vy\ 1, Vrs2,- - » Vnrm ABOMCTBEHHOU 3JII1.

B teopuun nuHelHOro mporpaMMupoBaHus JOKa3aH Pl TEOPEM, YCTaHABIMBAIOIIMX B3aUMOCBA3b U
HEOOXOMMBbIE M JIOCTaTOYHBIE YCJIOBHSI ONTHUMAIBbHOCTH JIOMYCTHUMBIX pEUICHUH NpsAMON u
JBOMCTBEHHOM 3a71a4. Jloka3aHO, B YaCTHOCTH, YTO ONTUMAJIbHBIE 3HAYCHUS LIETIEBBIX (DYHKIIMMA TS
MPSAMOU U ABOMCTBEHHOM 3a/1a4 COBIAJAOT.

Ilyer x},x3,..,x;, ontumanbHoe pemenue ucxomnout 3JII (3.64), a yi,y3,..,y; ONTHUMAIbHOE
peuieHue aBoiicTBeHHOM 3amaun (3.65). KonmnuecTBo N mepeMeHHBIX B HEW PaBHO UYUCITY BHUIOB
pecypcoB B npsimoii 3JII1.

Jlnst skoHOMHUecKoro aHanu3a aBoicTBeHHOM 3JII1 BaxkHBI cieayrolue NoJI0KEeHUs, SIBISIOIINUECS
OCHOBHBIMHM CJIEJICTBUSIMH TEOPEM, JI0KA3aHHBIX B TEOPUH JIBOWCTBEHHOCTHU:

1) ecnmu B ONTUMAJILHOM PEIICHUM WCXOJHOW 3aJaud HEKOTOPBIH I-ii pecypc UCHOb3yeTcs He

MOJIHOCTBIO, T. €. UMCECT MECTO CTPOTOC HEPABCHCTBO
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* *
ZT_la--x-B <bi , TO COOTBETICTBYIOIIasg mepeMeHHas Y J B ONTHMAaJIbHOM pEIICHUU

")
*
JIBOMICTBEHHOM 3a/auM paBHa HyIio: Y j = 0. Ecnu e maHHbIA pecypc COTJIACHO ONTUMAILHOMY

PELICHHIO PAaCcXOyeTCsl MOJHOCThIO (COOTBETCTBYIOIIEE OIPAaHUYEHUE BBINIOJIHAETCS KaK CTPOroe

*
PaBEHCTBO), TO 3HaUeHUe Y j I10JIO’KUTETIBHO;

2) kak OBLIO OTMEUYEHO BBINIE, ONTHMAJbHBIC 3HAYCHHS LEIECBBIX (YHKIUN I TPAMON |
JIBOMCTBEHHOMU 3aJ1ay COBIIAIAI0T. Torma
m
w =Zbi Vi
i=1
*

Ortcroa cremyer, 4To JABOMCTBEHHAs TEepeMEHHas y J , SBJSISICH KO3 dHUIMeHTOM mpu b,

XapaKTepU3yeT 3aBUCHUMOCTh MaKCUMAJIbHOTO 3HAY€HHUS 1eNeBONW (DYHKIMHM HMCXOJHOM 3aiadu OT
U3MEHEHUsI pecypcoB (peub uAeT 00 OTHOCHUTENbHO MalbIX H3MEHEHHUSX HX O0O0bEMOB).
JlelicTBUTENBHO, U3 TIOCJIEIHETO PABEHCTBA CIIEYET, YTO

* .
Yi :anax /5bi,l =12,..,m,
Otkyna
AW A

max ~ Yj ADi

CrnenoBaTenbHO, BEIWYMHA JIBOWCTBEHHOW NEPEMEHHOM B ONTHUMAJIbHOM PEUIEHUH IMOKa3bIBAET,
HACKOJIBKO BO3pOCIIO Obl MakCHMMaJlbHOE 3HAUYEHHUE 11eJIeBOM (DYHKIIMHM MCXOJHOM 3a1a4yu, eciau Obl
KOJIMYECTBO JIAHHOTO pecypca yBEIWYHIIOCh HAa eAuHHULlY. ([{BOWCTBEHHBIE IEPEMEHHBIE V1,Vy, .., Vi
4aCTO HAa3bIBAKOT YCIOBHBIMHA WJIM JIBOWCTBEHHBIMH OILIEHKAMH COOTBETCTBYIOIIUX BHJIOB
pecypcoB.) [loaToMy HauGobIIYI0 BEIMYMHY ABOMCTBEHHOM OLIEHKM B ONTHUMAIbHOM DPELICHUU

OyneT uMeTh HamOosiee neunuTHBIA pecypc. Pecypey, nMeromemycs B M30bITKE, COOTBETCTBYET
YCIIOBHAS OIICHKA, paBHAs HYJTIO.

Pa3znen 3. TpaucnoprHas 3anaua. HenneiiHoe nporpammupoBanue. MeTobl HMHTAIIMOHHOTO
MO/1eJIHPOBAHMS.
Pa3znen 3.1 ®opmynupoBka TpaHcnopTHOii 3ana4u. HaxoxkaeHne onopHoro nijiana. YydiieHue
NJIaHA MepeBo30K. Pelienne TPaHCMOPTHOI 3a1a41 METO0M NMOTEHIHAI0OB. TpaHCcOpPTHBIE 321241 ¢
HENMPABUWJIbHBIM 0AJTAHCOM.

Jlexuwmst mpoBoauTCs B hopme nuckyccuu (3 daca)

B necHoli u nepeBooOpabdaThIBatONICH POMBIIICHHOCTH, KaK U B APYIUX OTPACIISAX, 4aCTO
MIPUXOAUTCS CTATKUBATHCS C 33J]adaMU ONTUMU3AIMU MIEPEBO30K PAa3HOTO POJia TPY30B. ITO MOKET
OBITh CYXOITyTHasl TPAHCHOPTHPOBKA MUJIOBOYHOTO CHIPbS OT JICCIIPOMXO030B K JIECO3aBOJIaM HJIH
CIUIaB KPYIJIOTO Jieca OT PEHZOB OTHPABJICHUS K JICCONEPEBAIOYHBIM KOMOWHATAM; IEPEBO3KHU
MWJIOMATEPHAIOB OT JIECO3aBOJIOB K MOTPEOUTENSIM; TMOCTaBKa MEOCIbHBIX H3/eiuil ¢ (adpuk B
MarasuHbl U T. 1. Bo Bcex 3amavax mogo0HOTO pojia UMEETCS HECKOJBKO IMyHKTOB OTIPABICHHUS -
MOCTaBIIMKOB, - TJE COCPEIOTOYEHBI 3amachl TPy3a, U HECKOJBKO ITyHKTOB Ha3HAYCHHS -
norpebuteneit rpysa. HeoOxoauMo cOCTaBUTh 53KOHOMMYHBIN IJIaH MEPEBO30K TIPY30B OT
MOCTaBIIMKOB K MoTpeOuTensiM. B wuccnenoBanum omeparuii mojoOHbIe 3aaydl M3BECTHBI O]
Ha3BaHMEM TpaHCHOPTHBIX 3axa4 (T3).

PaccMoTpuM Ha 4KMCIOBOM NMpHUMEpPEe MaTeMaTHUYECKyl0 MOJIeNb TpaHCIIOPTHOH 3a1aun. Ee ycnoBus,
a MHOTJIa U Pe3yJbTaThl pelieHus OyJieM 3al1chiBaTh B TPAHCIIOPTHOM TadJmie.

PaccmoTpuMm Temepb 3Ty Mojenb B oOmeM Buae. MimeeM M MOCTaBUIMKOB M N MOTpeOUTENEH.
3amacel Tpy3a Yy TIOCTaBIIMKOB paBHBI COOTBETCTBEHHO a,,d,,..,4,,. 3aiABKH THOTpeOHUTenen
COCTABIISIIOT by, b,,..,b,. MI3BeCTHA CTOMMOCTB ¢;; MEPEBO3KH €IMHHIIBI TPy3a OT I-T0 MOCTaBLIMKA K
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J-My notpeburemo, 1 = 1, 2,..., m j =1, 2,..., n. [Ipeanonaraercsi, 4T0 CyMMapHbIC 3amachl rpys3a
paBHBI CyMMapHBIM MOTPEOHOCTSIM B HEM:

m n
i=1 j=1
ITOCTABIIUK noTpeOuTeNh
3amnac
00o03HayeHuE B, B, ... B; ... B,
rpy3a
A1 a, Ci11 Cio e Clj e Cin
A, a, €y [ Cyj Con
Al a; Cil Cio Cij Cin
Apm Am Cmi1 Cm2 ‘e Cmj e Cmn
[ToTpebHOCTH B Tpy3e b, b, b; b,

HckomBlil IIaH NEpeBO30K, T. €. COBOKYIIHOCTh 3HAYEHUM NEPEMEHHBIX XYy, [TOJDKEH
YAOBIJIETBOPATH TEM XK€ YCIOBUSAM, YTO U B PACCMOTPEHHOM BBIIIE YACIOBOM IIPUMEPE.
3anuiieM OrpaHMYEHUs] 3aJaud, CBA3aHHbIE C TpPeOOBaHMEM YIOBIETBOPUTH 3aBKY Ka)KIOTO

MOTpeOUTENS:
X1 F Xp1 + Xy = by;
Xip + Xop + Xy = by;

X1 + Xop + Xy = by

TpeGoBaHue BBIBE3TH BECh I'Py3 U3 KaXIOr0 MYHKTA OTIPABIEHUS peain3yeTcs

CJICAYIOIUMHU OIrpaHUYCHUSAMM:
X11 T Xpp + Xy = Qg5
X1p F Xgp + Xpp = Qy;

X1+ Xz + X = A

LeneBas ¢pyHkuus 3a1a49H

m n
W= zz%-xij - min

i=1 j=1

HepeMeHHHC X;; MOJIKHBI OBITE HCOTpULIATCIIbHBIMU:
x;=20i=1..,mj=1..,n

BI/I,[[HO, 4TO IIpUBCACHHAsA MOJCIIb SBJISACTCA 3az[aqel71 JIMHENHOT O nporpaMMupoBaHud B CHUITY
JMHEWHOCTH LeneBod (QyHKkuMM u orpaHudeHuil. [losToMy TpaHCmOpTHBIE 3a7a4u B NPUHIUIE
MOKHO pClIaThb JIFOOBIMH METOAaMU, NPUT'OAHBIMHA UIA PCIICHUA 3.HH, B TOM YHCJIC 1 CHUMIIJICKC-
MeTooM. OniHako Onarojiapsi XapakTepHOW CTPYKTYpe MOJAEIH TPAHCIOPTHOM 3a7ayM pEeIInTh ee
MOJKHO OoJiee MMpOCTBIMH MCTOJJaAMU.
PaCCMOTpeHHaﬂ BBIIIC MOJICIIb TpaHCHOpTHOﬁ 3aavuy, npeamnojiararomias paBCHCTBO CyMMApHOTO
CIipoCa CYMMApHbIM 3aracaMm, T. €. HAJIUYHUC OrpaHUYCHUA, HA3BIBACTCA 3aKprTOI7I MOA€JIbI0
TpaHCHOpTHOﬁ 3aJa4du. Mo:xHO A0Ka3aThb, 4YTO 3Ta 3a/la4a BCCrJa UMECT ONITUMAJIbHOC PCIICHUC.
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Pemenue TpaHcnopTHOM 3a/1a4M 4acTO Ha3bIBAIOT IJIAHOM MepPeBO30K. BMmecTo ciioB «1onmycTumoe
pelleHHe TPaHCIOPTHOM 3aJaun» TOBOPST «IOMYCTUMBIM IUIaH», BMECTO CJOB «OIOPHOE
pELIEHUE»-«OTIOPHBIN TUIaH NEPEBO30K.

YiyudleHue NJaHa MepeBo3oK

[Iponecc pemieHus: TPaHCTIOPTHOM 3a7audl COCTOMT M3 JBYX ATAIOB, KaK M JJIsi OOBIYHOM 3a1auu
JMHEWHOTO MPOTPaMMHUPOBAHUS:

1) oTBICKaHUS OTIOPHOT'O PELICHMUS;

2) mOCIeI0BATENBHOTO €r0 YIIYUIICHHUS C IIeTbI0 OTHICKAaHUS ONTHMAJIBHOTO PEIICHUS 3a/1a4uu.
Camplii IPOCTOM METOJ| OTHICKAHHsI OTIOPHOTO PEIISHHs] TPAHCIOPTHOM 3a/aud - METOJ CEeBEpo-
3aMagHoro yrjia - COCTOMT B IOCJEI0BATEIIbHOM 3allOJHEHUH KJIETOK TPAHCIOPTHOM TaOIuIIbL,
HAYMHAs C JICBOM BEPXHEH KIIETKU - ceBepo-3amaaHblid yroj. O003HAYMM KIETKY Ha MepecedeHuH
cTpoku A; . u cronbma B;j uepes i, j. Ilpu pemeHun TpaHCIOPTHOM 3aJaud, yCIOBHUS KOTOPOH
MIpUBEACHBI B TaOJMIIe, B JIEBYIO BEpXHIO KIeTKY (1,1) TpaHcmopTHO# TabauIbl MUHUMAIIBHOE U3
gyucen a; U b;. B manHOM cimydae — 310 umcno by = 30. DTo o3Hauaer, 4TO 3asBKa IMEPBOTO
MOTPeOUTENSI TMOJHOCTHIO YIOBIETBOPEHA W3 3alacoB TIpy3a IMEpBOro MocTaBHIMKa: Xi1 =30, u
crosnber; B1 MOXXHO UCKITIOUUTH U3 AATBHEHUIET0 PACCMOTPEHHUS, TIPUHSB OCTAJIBHBIE ITEPEMEHHbBIE
3TOTO CTOJIONA X21 U X31 PABHBIMH HYIIIO.

Howmep | IlocraBuiuk [ToTpebuTtenp
n/m 1 2 3 4

O06o3nauenne | 3amac B, B, Bs B4
1 Aq a;=35 5 13 6 11

30 5)
2 A2 32:45 4 7 12 8
5) 40
3 A3 a3z=50 9 2 3 10
25 25

4 [ToTpeOHOCTD B Irpy3e b, = 30 b, = 10 by = 35 b, = 25

[Tepexomqum k kietrke (1, 2), HaxomsmIelcs MpaBee PACCMOTPEHHOW. Y MEpBOro MOCTaBIIUKA
OCTaJIOCh €Ille 5 eIUHUI] I'py3a, KOTOPbIE MOXXHO OTHPaBUTh BTOpoMy mnotpedburento. [lostomy
YUCI0 5 BIMCHIBAEM B JIaHHYIO KJIIETKY: X12 =5. Tak Kak mepBbli MOCTaBIIMK M3PACXOJ0BaJ CBOU
rpy3, IEPEX0IUM K 3aM0JIHEHUIO BTOPOM CTPOKH TaOJIUILIbI, HaunHas ¢ KieTku (2,2). Croza Bruiem
5 eauHMIl Tpy3a U3 MyHKTa Ay, KOTOPBIX HEIOCTaeT BTOPOMY MOTPEOUTENIO, YIOBIETBOPUB
MOJHOCThIO ero 3asBKy. OcraBumivecs y BToporo mnocraBmuka 40 eauHull rpyza nepenagum
TpeTbeMy mnoTpebutento: X1 = 40. Ocrtajmoch paccMOTpeTh TpeThio cTpoky. B kmerky (3, 3)
rnomerniaeM 25 eIuHHII, YAOBIETBOPUB 3asBKY MyHKTa B3, a ocraBimmecs B myHKTe Az 25 equHMUII
nepenaaum B Bas. Takum o6pa3zom, Tpy3 BcCeX MNOCTaBIIMKOB IOJHOCTBIO paclpeneneH, u
yIIOBJIETBOPEHBI 3a8BKU BCEX MOTPEOUTENEH, T. €. HAllIGHO OMYCTUMOE PEllIeHUE TaHHOW 3aJauu.
J51s Toro 4ToOBI 3TO pelieHre ObIJI0 OMOPHBIM, HEOOXOAMMO BBHIMOJTHEHHE CIEIYIOIIETO YCIOBHUS:
YHCIIO 3aHATBHIX KJIETOK B TPAHCIOPTHOM Tabmuile NokHO ObiTh paBHO N = m + n- 1. B nmanHom
cllydae 9TO YCJIOBHE BBITIOJHEHO: 3amojHeHo mecTh KineTok, © N = 3 + 4 - 1 = 6 . [logcuuraem
3HAaYEHUE 11eNIeBO PYHKIINU, COOTBETCTBYIOIIEE HAIGHHOMY OTIOPHOMY PEIICHHUIO:
W = 5x30 + 13x5+ 7x5 + 12x40 + 3x25 + 10x25 = 1055.

Kak mnpaBuio, onopHoe pelieHue, MOJTy4eHHOE METOJOM CEBEpPO-3aMaJHOTO YIJIa, 3HAUYUTEIBHO
OTJIMYAETCA OT ONTHUMAJbHOTO TOTOMY, UYTO MpPH €ro OTHICKAHUM Mbl HUTJE HE YUYUTHIBAIU
CTOMMOCTH NEPEBO30K.
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PaccmoTpum Gonee 3¢ (eKTUBHBIN METOJ OTHICKAHUS OTIOPHOTO PEIICHUSI - METO] HAMMEHbIIIETro
3JieMeHTa. 37eCb PEKOMEHJIyeTCs APYrou MOPsAOK 3aloIHEHUs] KIETOK TPAHCHOPTHOW TaOIHUIIBIL.
CHauana 3arojHseTcs KJIETKa, COOTBETCTBYIOIIAsi MUHUMAIbHOW CTOMMOCTH MEPEBO30K €AMHUIIBI
rpy3a. 3aT€MOTBICKUBAECTCS KIJIETKAa C TEM € CBOMCTBOM CpEAM OCTAaBIIMXCS HE3aMOJHEHHBIX
kieTok. OHa 3anoHseTcs BO BTOPYIO O4epenb, U T. 1.

Howmep | IlocraBuiuk [ToTpeburens
/11 1 2 3 4
O0Oo3Hauenne | 3amac B1 B, Bs B4
1 5 13 | 25 6 ) 11
Aq a;=35 (+) 1
2 30 4 7 12 8
A a,=45 () +
(+)
3 9 2 3 10
A3 33:50 10 40
4 ToTpe6HOCTS B rpyse b,=30 | b,=10 | by =35 b, = 25

[IponemoHcTpUpyeM npuMeHeHue 3Toro MeroAa. Haumensinas cTouMoCTh

MEPEBO3KU €UHUIIBI TPy3a B TPAHCIIOPTHOM TabJI. COOTBETCTBYeT KieTke (3, 2): c32 = 2. B Hee
3amuIleM HauMEHbIIee U3 Yuceln az u by, T. e. 10 (Tadn.). Cpean ocTaBIIMXCS KJIETOK HAMMEHBIIAsI
CTOMMOCTH TEPEBO30K COOTBETCTBYeT KieTke (3, 3): cs3 = 3. B nee 3ammmem uucio 40. Oto
KOJIMYECTB Tpy3a, ocTaBiieecs B myHkTe Agz. Jlamee mepexomum k kieTke (2, 1), 3amucaB B Hee
gucio 30. Crnenyromieil nomkHa ObITh KiieTka (1, 1), HO MOCKOJIbKY 3asiBKa

MIEpBOro MOTpeOUTENS YK€ yIOBJIETBOpPEHA, ee MmporyckaeM u nepexoaum k kietke (1,3). Crioma
3aMUChIBAEM YHCIIO 25, paBHOE OCTaBIICHCS TMOTPEOHOCTH Tpy3e aiusi nyHkTta B 3, m T. 1. B
pe3ynbTaTe MOJYY4EeHO OIMOPHOE pEeHIeHHEe, OTJIMYAoIIeecs OT MPEAbIAYIIero peleHus B Talll.
3HavyeHWE IeneBod (DYHKIMH JUIsl HETO, KaK JIETKO BBIYUCIHTH, paBHO 640, T. €. 3HaYUTEIHHO
Jy4llie, YeM JUIsl OMIOPHOTO PEICHHUs], TOJyYEHHOTO 110 METOAY CEeBEpO-3aralHOTO yria.

uka nepecyera

[lomydyeHHOE TEM WJIM HWHBIM CHOCOOOM OIOPHOE pEeIlleHHe, KaK IPaBHIIO, HE SBISCTCS
ontuMalbHbIM. Tak, pu aHanm3e Tabm. 3.23 MOXKHO MPEIIOI0KHUTh, YTO CHAOKEHHE YETBEPTOTO
MOTPEOUTEIIS TPY30M M3 3alacoB MEPBOTO MOCTABIIMKA HEPAIIMOHAIBHO M3-3a BHICOKOW CTOMMOCTHU
nepeBo3ok: ¢ 1= 11. Hy)kHO mombITaThCsl TAK M3MEHUTH TUIAH NIEPEBO30K, YTOOBI YacTh TPy3a U3 3a-
MaCOB TEPBOTO MOCTABIIUKA JOCTAIACh HE YETBEPTOMY, a IMEPBOMY MOTPEOUTENIO, ISl KOTOPOTO
CTOMMOCTh TIEPEBO30K 3HAYUTEIBHO HIDKE: C11 = 5. [IpaKTHUECKH 3TO O3HAYAET, YTO YacTh rpy3a U3
kietku (1,4) nepenocurcst B kietky (1, 1). B atom cinydae, omHako, MyHKT B1 MOJNy4uT M3muiek
rpy3a, a nmyHKTy By ero Oyaer HemocraBaTh. UTOOBI BOCCTAHOBUTH OajlaHC, MOXKHO O3TO JKE
KOJIMYECTBO Ipy3a MepeHecTu u3 kietku (2,1) B knetky (2, 4). Uaes nogo6HOTO
nepepachpeiefieHisl PecypcoB  TMMOJIOKEHA B OCHOBY HECKOJIBKMX — METOJIOB
ONTUMAIILHOTO PEUICHUS TPAHCIIOPTHOM 3a1auu.

PaccMoTpuM OJMH W3 HHMX, Ha3blBa€Mbli MeTOAOM MOTeHHHMAJOB. HanoMHuMm, 4to umeercs
OTIOPHBIH TJIaH pelraeMoil TpaHCIOPTHOM 3amaun. Ero TpaHcmopTHast Tabiauia CoAep:kuT (Mxn)
KJIETOK, M3 KOTOPBIX (M+N-1) 3aHATHI, a ocTaimbHbie (MN-(M+N-1)) cBoOOAHBL 11 WILTIOCTPAIMH B
TPAHCIIOPTHOM 3aHAThIE KIETKM O0O003HAYEHBI TOYKAMH. 3HAYEHHUS CTOMMOCTU TEPEBO30K U
BEJINYMHBI IEPEMEHHBIX Xjj 00pa3yIoIue ONOPHBIN IJIaH, B TAOIHULE OMYLIECHBI.

MeTo1 TOTEHIIMANIOB MPE/IOoJIaraeT BEINOTHEHUE CIEIYIOIIHUX ITAMOB.

1. Kaxknomy MoCTaBIIMKY Aj CTaBUTCS B COOTBETCTBHE HEKOTOpas IMe-peMeHHas Ui , Ha3bIBaeMas
NOTEeHIMAJIOM JaHHOro mnocraBmuka. Kaxiaomy norpeburento Bj cTaBUTCS B COOTBETCTBHE
HepeMEHHasl Vj - MOTEHLUAll 3TOr0 NOTPEOUTEI.

OTBICKaHUA
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2. 151 OTBICKaHUSI 3HAYCHUH 3TUX MIEPEMEHHBIX, T. €. IOTCHIIMAJIOB MOCTABIIMKOB U OTPEOUTEIICH,
COCTABIISICTCS. M peIIaeTcss cucremMa ypaBHeHHi. [lpu 3ToM Kakmou 3aHsTod kietke (I, J)
COOTBETCTBYET CBOC ypaBHEHHE, HMEIOIIEE BUJI
Ui +Vj = Gj
rJe Cij - CTOMMOCTb [IEPEBO3KH €ANHHMIIBI IPy3a JUIS JaHHON KIICTKH;

Ui ¥ Vj - COOTBETCTBEHHO NTOTEHIINAJIbI OCTABIUKA U IOTPEOUTEIS.

Homep | IlocraBmuk [ToTpebuTens ITorennman
/i 1 12 |3 |4 |5 6 7 8 MOCTaBIIUKA

O0o3Hauenue 3amnac Bl Bz Bg B4 B5 Be B7 Bg
1 Aq a1 + - Ui
2 A2 ar + - + Uy
3 A3 as Us

+ -
4 Ay as - Ug
- |+
5 A5 as Us
- +
6 As ag Us
- +

7 [TorpebHOCTH bi by |bs [bs |bs | bsg | D7 | Dbg
8 [MoTenmman norpedurenst | Vi |Vo | V3 |wa | Vs | Ve V7 | Vg

Bcero cocraBnsiercst (M+Nn-1)ypaBHeHHI IO YKCTY 3aHATHIX KJIETOK. YHCIIO TIEPEMEHHBIX B CUCTEME
paBHO (M+N), T. €. HA eAUHHMITY OOJbIIE Ynciaa ypaBHEeHUU. [103TOMy cHcTeMa JIErKO pemiaercs:
OJIHOM W3 TIEPEMEHHBIX MPHUAAIOT MPOU3BOJILHOE 3HAYCHHUE, OOBIYHO HYJb, M TOTJA OJHO3HAYHO
OTIPENICTISIOTCS 3HAYCHUS OCTAIbHBIX TIEPEMECHHBIX.

3.JIns Kaxmoi CBOOOMHOW KIETKH BBIUYMCISAIOT CYMMY MOTCHIMAIOB COOTBETCTBYIOIIMX €U
MOCTaBIIKKa U TIoTpeduTesst. O003HAUNM €€ Zks U K-To MOCTaBIIMKA U S-TO MOTPEOUTEIIS:
Zys=Uk+Vs

DTy cyMMYy Ha3bIBAIOT MCEBAOCTOMMOCTBIO. Jlanee Aiis ATOM ke KIETKUA BBIYUCISIOT Pa3HOCTh

6!{5 = Cgs — Zgs = Cps — U — Vs
Ecnu st Bcex cBOOOIHBIX KIIETOK MOJIyY€HHBbIE Pa3HOCTH HEOTPULATENIbHBI, 3HAUUT MCXOJHBII
OTIOPHBIH TIaH YK€ ONTUMAJCH.
WupiMu  crnoBamH, ONOPHBIA IUIAaH ONTHUMAJEH, €CIU JUIS KaXIOW CBOOOAHON KJIIETKU
[ICEBJJOCTOMMOCTD HE MPEBBIIIAET COOTBETCTBYIOIIEH CTOMMOCTH MEPEBO30K.
4. Hanuuue x0Ts ObI OJTHOM CBOOOHOM KIIETKU C OTPULIATEIbHON pa3HO-
CThIO CBHJIETEIBCTBYET O TOM, UYTO ONTHMAJLHOE PEIIEHUE eIle He AOCTUTHYTO. B sTom ciydae
OTBICKMBAIOT Ty KIETKY C OTPULIATEIBHON BEIMYUHOU &, TJ€ 3Ta Pa3HOCTb HAMOOJbIIAs IO
abCOIOTHON BETMYKHE.
5. B HaiileHHYI0 CBOOOJHYIO KJIETKY CJelyeT 3amucarb HEKOTOpOoe KOJHUYECTBO TIpy3a,
nepepacnpeesiuB MepeBo3Ku. st 3TOro CTpoOUTCs Tak Ha3bIBAEMBIN UK. DTO MHOTOYT'OJIbHUK C
MPSMBIMU YTJIaMH, OJIHA U3 BEPIIMH KOTOPOTO HAXOJUTCS B HaiIeHHO CBOOOJHON KIIETKE, a BCe
OCTaJbHBIC - B 3aHATHIX KJIeTKaX. Takol MHOTOYTOJIbHUK, U TIPH TOM €IMHCTBEHHBIH, BCET/1a MOKHO
HaiTu. Tak, nukn ans cBo6oaHON KieTku (2, 1) (M. Tabn. 3.24) coaepKuT, KpoMe Hee, elIe TPH
3aHSATHIX KIETKU: (2, 2), (4, 2) u (4, 1). B oT0i1 Tabnuie npuBeneHbl B Ka4eCTBE MPUMEPOB eIle ABa
1uKIa ams cBoboaubIx kinetok (1,5 ) u (4,3).
B mocTpoeHHOM IUKIIE MOCIEeI0BATENBHO, [0 YaCOBOW CTPENKe WM TMPOTHB HEe, MOMEUYaoT ero
BEPIIMHBI YePEAYIOUIUMUCS 3HAKaMH «+ » U «-». HauMHAOT mpu 3TOM cO CBOOOTHON KIIETKH,
KOTOPO# MPUTIHCHIBAIOT 3HAK « + ».
6. Cpeau KJIETOK, TOMEUYEHHBIX 3HAKOM «-», OTBICKHBAIOT Ty, B KOTOPOU
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3alMCaHO0 MUHUMAaJIbHOE KOJIMUYECTBO Ipy3a. DTO 3HAUEHHE NPUOABIISAIOT K 3HAUEHUSIM KOJIMYECTBA
rpy3a B T€X KJIeTKaxX LUKJIA, KOTOPblE IOMEUEHbI 3HAKOM

« + », BKIItoyasi cBOOOJHYIO KJIETKY, M BBIYMTAIOT U3 3HAUEHUUN B KJIETKaX LUKJA, IOMEYEHHBIX
3HAKOM «-». JTa Mpolielypa Ha3bIBaeTCs EPEHOC 110 LUKITY.

7. B pe3ynbTaTe TAaKOro mepepacrpenciieHus I'py3a I0Jy4aeTcsl HOBBIM IUIAH, 3aBEJOMO JIy4YIIUN,
4yeM npeabiaymuil. st Hero npoueaypy NOBTOPSIIOT, HAYMHASL € IEPBOTO 3Tara.

MeTolT DOTEHLHUANOB BCErAa IPUBOJUT K OTHICKAHUIO ONTHUMAJIBHOTO pEIIEHUs IOCIe
OTPEJIEIEHHOr0 4YKCiia MOBTOPEHUI BCceW MpoLEnyphl WIHM, KaK TOBOPAT, 3a KOHEYHOE YHCIIO
nTepanui.

Belmie oTMeuanock, 4To TpaHCIOpPTHAas TabiauIa, COJAEpIKallas OMOPHOE PEIIEHUE TPAHCHOPTHOMN
3a/1auu, JOJDKHA cojepkaTh poBHO (M + N - 1) 3auareix kietok. Ciydail, KOrja 4UCIIO 3aHATHIX
KJIETOK MEHBIIE YKAa3aHHOTO, HAa3bIBAETCA BBIPOKIAEHHBIM. [l OTBICKaHMSI ONTHMAlIbHOIO
pelieHHs TNpU BBIPOXKIEHHOM OINOPHOM IUIAHE JOCTATOYHO 3alllcaTh HYJIb B KakKyko-JIn0o
CBOOOJHYIO KJIETKY U B JaJIbHEUIIIEM ONIEPUPOBATh C HEW KaK C 3aHSTOM.

Pemenue TpaHCHOpTHOﬁ 3aJa4Y ME€TOAOM IMOTCHIIMAJIOB

Bo MHoOrHX 3amayax o nepeBo3kax HE HY)KHO TpeOOBaTh, YTOOBI BECh 3amac rpys3a y MOCTaBIINKOB
OblT BBIBE3eH moTpeduTensMm. MHbIMU cioBamu, uMeeTcss U30bITOK Tpy3a. [loatomy ycroBue
3aMEHSETCS HEPABEHCTBOM

n
inj < ai,i = 1,2,...,m,’
j=1

BwmecTo orpannuenuii-paBeHcTB (3.76) Takxke OyAyT HEpaBEHCTBA:

[TonyueHnHnas Mojenb, cojepxaiias IeleByl0 (DYHKIHMIO U OrpaHHYEHHUs, Ha3bIBAETCS OTKPBITOM
MOJENBI0 TPAaHCMOPTHOM 3amaun. [lpyrodl BapuaHT OTKpbITON TpaHcnopTHoW 3amaun (T3)
BO3HHUKAET, KOT/Ia CYMMapHBIA 00BEM 3asiBOK IIPEBBINIACT OO 00beM Ipy3a:

B sTOM ciydyae orpaHMYEHHsS COXPAHSIIOTCS, a 3asBKH BBIMOJHSIOTCS HE TOJHOCTHIO, MO3TOMY

PaBCHCTBA 3aMCHAIOTCA HEPABCHCTBaAMU
m

le'j < b],] = 1,2, R

i=1
OTkpbITas TpaHCHOPTHAs 3aJada JErko CBOJUTCA K PACCMOTPEHHOW BBIINIE  3aKPBITOM
TpaHCIOpTHO#M 3amaue. Jlns 3amaum ¢ W30BITKOM Tpy3a BBOAWTCS (UKTUBHBIH (N+ 1)-if
notpedutesib. O0beM byi1 €ro 3asBKH MPUHAMAIOT PABHBIM PA3HOCTH MEXKIY CYMMAapHBIM 3aracom
rpy3a MOCTaBUIMKOB U CyMMapHbIM O0BEMOM 3asBOK MOTpEOHUTENel: a CTOUMOCTH MEPEBO30K OT
J000T0 MOCTABIIHMKA K 3TOMY (PMKTUBHOMY MTOTPEOUTEIIO CUUTAIOT PABHBIMU HYJIIO:

Cinyr =0, i=12,...m
Tem cambIM OTKpBITas TPAHCIOPTHAs 3ajada MpeoOpa3oBaHa B 3aKPHITYIO C TEM K€ 3HAYCHUEM
1eneBoi GpyHKIuH.
JInst OTKpBITOW TPAHCHOPTHOW 3a7a4yd ¢ W30BITKOM 3asBOK BBomuTcs (M+ 1)-it QUKTHBHBIH
MOCTAaBIIMK C 3al1aCOM I'py3a, paBHBIM

n m
Apg = ij _Zai
=t i-1

CToMMOCTb EPEBO30K OT 3TOr0 MNOCTABIIMKA K JIIOOOMY OTPEOUTEINI0 IPUHUMAIOT PAaBHOM HYIIIO.
Bo3MOXHBI M Jpyrue MOCTaHOBKHM 3THX 3a/ad. B 3amade ¢ M30BITKOM rpy3a MOXKHO, Hampumep,
y4ecTb pa3JIMYHble BEJIWYMHBI MTpagoB 3a E€IUHUIYY HEBBIBE3EHHOTO Tpy3a OT pa3HBIX
MOCTABIIMKOB. 3ajadyy ¢ M30BITKOM 3asBOK MOYKHO PAacCMOTPETh C YYETOM CpaBHUTEIbHOU
BAXHOCTH Y/IOBJETBOPEHUS 3asiBOK Pa3HbIX MOTpeOUTeNe. DTH MOCTAaHOBKH TaKXKe€ CBOJATCS K
3aKpBITON TPAHCIIOPTHOM 3a7aue.

ITocTaBmuk [TorpeOutens

O0603HaueHne 3amnac B; B, B3
Aq 50 35 2 17
A 100 4 34 18
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A | 20 29 5 8

[TorpeOuTens 40 70 50

TpaHCHOPTHLIe 3ala4i ¢ HEIIPAaBUJIbHBIM 0ajTaHcoOM

PaccmoTpuM eimmie HECKOTbKO MOAM(HKAIMN TPAaHCIOPTHOM 3amadd, I PEHICHHS KOTOPBIX
pa3paboTaHbl YPGEKTUBHBIE ATOPUTMBI.

1. TpancnopTHasi 3a1a4a ¢ OrPAaHMYEHHBIMHU MPONYCKHBIMHM CIIOCOOHOCTSIMHU. 371€Ch BBOJSTCS
JOTIOJTHATEIBHBIC OTPAaHWYCHHUS Ha MPOMYCKHYIO CIOCOOHOCTh KOMMYyHHKamwid. [loatomy
TpeboBanue Xjj >0 3amensiercss AByCTOpoHHMM HepaBeHCTBOM:0 < x; < dj , rae dj- 3amaHHOE
Npe/IebHOE KOJIMYECTBO I'Py3a, KOTOPOE MOXKET ObITh MEPEBE3CHO OT I-r0 MOCTABIIMKA K j -MY
MOTPEOUTENI0 32 BpPEeMs, OTOBOPEHHOE B YCIOBHSX 3ahauyd. Ee pemeHne MOXKHO MOJYYHTh,
paciivpuB BO3MOKHOCTH METO/1a TOTEHLIUAJIOB.

2. TpancnoptHas 3anaya c¢ 3amnperamm. B He mnpenmosaraercs, u4TO MEXIYy HEKOTOPBIMU
MYHKTaMH TPOU3BOJICTBA U TOTPEOJCHUS OTCYTCTBYIOT KOMMYHUKAIIMM W, CIEJOBATEIbHO,
3amnpeleHbl COOTBETCTBYIONINE MEPEBO3KU. Takas 3aj1ada MOKET ObITh CBEJIeHA K MOJIETH OOBIYHOM
TPAHCIIOPTHOM 3a/1a4u.

3. MHoro npoaykroBasi TPAaHCHOPTHAs 3a/a4ya. 3/1eCh IUIAHUPYETCS MEPEeBO3Ka HE OJHOTO, Kak
0OBIYHO, a HECKOJBKHX BHUIOB Tpy30B. Eciam 3TH Tpy3bl HE B3aUMO3aMEHSIEMBbI (HaAmpUMep,
MIPOMBIIIJICHHBIE M3/EHUS W TMUIIEBBIE MPOIYKTHI), TO Takas 3ajJada pacnagaeTcsi Ha HECKOJBKO
OJTHOTIPOJIYKTOBBIX TPAHCHOPTHBIX 3a/lad, periaeMbIX H30JUPOBAHHO APYr OT npyra. B mpyrux
CIydasiX MEXJy TEepeBO3WMBIMUA TMPOJYKTAMH BO3MOXKHA B3aMMO3aMEHSEMOCTb, TO €CTh
MOTPEOHOCTH B OJTHOM M3 HUX MOXKET OBITh YaCTUYHO WJIM MOJTHOCTHIO YIOBJIETBOPEHA MTOCTABKAMH
JIpyroro mpoaykra. Tak, Hampumep, MOXKET OOCTOSTh AEN0 C IMOCTaBKaMM IMHJIOMAaTepHalioB
Pa3IMYHBIX CEYEHU M COPTHOCTH. CyIleCTBYET MpPUEM, TTO3BOJIAIONIMN CBECTH ATy 3am1ady Kk T3 ¢
3anperamu. CyIIHOCTh €0 B TOM, YTO KaXXIbIM MyHKT OTIIPABICHUS 3aMEHSIETCS] TPYMION TaKhX
ITYHKTOB 10 YUCTYy UMEIOIINXCS B HEM BUOB MPOTYKIIUH.

AHAIOTMYHBIM 00pa30M PaCIIEIUISIIOTCS MyHKTHI MOTPEOICHUS: KaXKIbl U3 HOBBIX NYHKTOB UMEET
3asiBKM TOJBKO Ha MPOAYKTHI, MEXIYy KOTOPHIMH CYIIECTBYET MOJHAas B3auMo3aMeHsieMOoCTh. C
MOMOIIBI0  KOA(QQUIIMEHTOB B3aMMO3aMEHSEMOCTH, KOTOpbIE MPEANOIaraloTcs 3aJaHHbIMHU,
MIEPECYUTHIBAIOTCS 3aBKH HOBBIX MOTpEOUTENCH B €AMHUIIAX SKBUBAJIEHTHOrO MpoaykTa. Hamnuue
KOMMYHHKAIIMM MEXJIy JIOObIMH JIByMS BHOBb [OJIyYEHHBIMH ITYHKTAMHU OTHPABICHUS U
noTpeOIeHns MPEANoIaracTcs JIMIIb B TOM ClIy4dae, €Clid B 3asiBKE MOCJIETHEr0 UMEIOTCS PO TYKThI
JaHHOTO TocTaBlKa. [Ipu 3TOM ycioBUM ¢ HOMOIIbIO KOA(M(UIMEHTOB B3aUMO3aMEHIEMOCTH
BBIYHCIISICTCS] COOTBETCTBYIONINI KO3(h(PUIIMEHT MaTpULIbl TPAHCTIOPTHBIX 3aTpaT.

MOoXHO paccMOTpeTh TaKKe MHOTONPOAYKTOBYIO TpPAaHCIOPTHYIO 3ajady C IIEpeBO3KaMu Ha
Pa3HOPOJHOM TpPAHCIIOPTE, HANpuUMep, Ha aBTOMAIMHAX pa3JIMYHbIX MapokK, OO0JIaJaroIINX
Pa3IMYHON CKOPOCTBIO U TPY30MOJbEMHOCTHIO Ha T€X WJIM MHBIX MaplIpyTax. JTa 3aJada MOXKET
ObITh CBEJCHa K TPAHCHOPTHOM JMOO K pachpelneluTeNbHON 3ajadye B 3aBUCHMOCTH OT TOTO,
YUUTBIBACTCA JIM Pa3InyHas FPy30T0IbEMHOCTh MAIlIMH Pa3HBIX MAPOK.

4.3a1a4a 0 mepeBO3KAaX ¢ MPOMEKYTOYHOH 00padoTkoii. [Ipeanonoxum, 4To B KaKJIOM IMYHKTE
OTIMPaBJICHUS MTPOU3BOIUTCS HEKOTOPBINA Moiyhadpukar, KOTOPBIA CHayana MOCTYMAeT B IMYHKTHI
nepepaboTKH, TOCIE 4Yero JIOCTaBiseTcs NoTpeOuTensM. M3BecTHbI 00BEMBI IMPOU3BOJICTBA
noygabpuKaToB, MPeAETbHO JOMYCTUMbIE OOBEMBI €ro MepepadOTKH B KaXKIOM MYHKTE U 3asBKHU
noTpebuTeneil. 3agaHbl TaKKe CTOMMOCTH IEPEeBO30K OT IYHKTOB IMPOM3BOJCTBA K IyHKTaM
nepepaboTKu M OT MOCHEIHUX - K moTpedutensMm. TpeOyercs cOCTaBUTH IUIAH MEPEBO3OK, MPU
KOTOpOM Bech ToiypaOpukaT BBIBO3UTCS U IepepadaThiBaeTCs, 3asBKU MOTpedHuTeneit
yIIOBJETBOPSIOTCSA, & CyMMapHble TPAHCIOPTHBIE 3aTPaThl JHOCTUTAalOT MUHUMYyMa. Mojaenb 3Toi
3a/1a4uM, Kak MO>KHO TI0Ka3aTh, CBOJUTCS K MOJIENU TPAaHCIOPTHOM 3a/auu C 3ampeTaMu, KoTopas B
CBOIO OUepe/lb, KaK YK€ 0TMEUYaAIOCh, MPUBOAUTCS K OOBIYHOM TpaHCIOPTHOU 3a1aue.

K wmartematnueckodt Mojenu TpPaHCHOPTHOM 3aJadyd CBOJATCS HE TOJNBKO 3agadd O
MepeBO3Kax rpy30B, HO U LEJbIA P/l 33J1a4 HHOTO COJIepKaHusl. PacCMOTpUM HEKOTOpPBIE U3 HUX.
Nmeercst T MyHKTOB, T'ZIE BO3MOKHO CTPOUTEIBCTBO MNPEANPHUATHH, MPOU3BOJAALIUX HEKOTOPYIO
MPOIYKIMIO. 3aTpaThl Ha MPOW3BOJCTBO CIUHMIIBI TPOAYKIMH B I-M IYHKTE paBHBI a; , a

MaKCHUMaJIbHO BO3MOXHBIH 00bEM ee BBIMycka cocTaBiseT b; eaunuil B roa, | = 1, 2,....m.
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W3zroraBiauBaemasi MpOayKIUs TOJDKHA OBITH pacrpenesieHa Mexay N moTpedurensmu. JloctaBka
eIMHUIIBI TPOAYKIUH OT I-T0 IyHKTa IPOU3BOJICTBA K |-MYy IOTpebHuTento o0xoaures B Cij pyo. (i=
1,2,..., m, j=12,.., n). [JorpeOHOCTb B MPOIYKIMU IS J-TO NOTpeOuTeNs cocTaBisieT dj eUHUIL B
rog. TpeOyercss cOCTaBUTH IUIAH BBITYCKA MPOAYKIIMH U CXEMY IEPEBO30K TaK, YTOObI I'OJOBHIC
3aTparhl HA MMPOU3BOICTBO M MEPEBO3KY MPOIYKIIUHN ObLIIH MUHUMAIbHBI.
OG6o3HaunM dYepe3 yi HCKOMBIH 00BEeM BBITYCKAa HNPOAYKIUH B i-M IIyHKTE, a 4epe3 Xjj - 00beM
MEPEBO30K OT I-T0 IyHKTa MPOU3BOJICTBA K J-My HOTPEOUTEIIIO.
OrpanuueHnus Ha 00bEMbI IPOU3BOICTBA MPOTYKIIUI

Vi = bi,i = 1,2, e, m

Bces npousBeneHHas MpoIyKIKs JOJIXKHA ObITh BHIBE3EHA:
n

Zx <b,i=12.

j=1
3asiBKa KaXKJJ0ro MOTpeOUTeNs JOKHA ObITh YIOBJIETBOPEHA:
m

inj = d],_] = 1,2,...,n

i=1
OO6beMbl MPOU3BOICTBA U IEPEBO30K HEOTPULIATEIILHBI:
Yi=0,5x;=20,i=12,...m j=12,..,n
TpeboBaHne MHUHHUMyMa CyYMMapHBIX 3aTpaT Ha IPOMU3BOJCTBO M MEPEBO3KY MPOAYKIUU
peanu3yercs Claeayronen eJIeBOn (byHKuneﬁ'

W = Z a; +yl+ZZc iXij = min

i=1 j=1
Ecmn B OrpaHUYCHUAX U ueneBon (bYHKHI/II/I STOH MOJCJIN 3aMCHHUTD Yi Ha Z] 1%Xj; COI'TaCHO, TO OHa

CBOJUTCS K CIEAYIOLENH MOJEIH OTKPBITOW TPAHCIIOPTHOM 3a1a4M JINHEWHOTO MPOTPAMMHUPOBAHUS:

qu <b,i=12,..m

X 2 0,i=12,00,m; j = 1,2, 0,15

PacnpenenuresbHas 3aqa4a

Maremaruyeckass MOJENb PACHPEICIUTEILHON 3a1auu SBISETCS 000OIICHHEM TPaHCHOPTHOM
3a/1a4d M CBOJUTCS K HEH JIMIIb B HEKOTOPBIX YACTHBIX CIyYasx. PacCCMOTPHM ee CoepKaTeIbHYI0
(GOPMYIIMPOBKY NPHUMEHUTENBHO K 3aJade pPACHPEICICHUS Pa3IMYHON MPOIYKIHH MEXIY
HECKOJIbKMMHU MPEANPHUSITUSIMU.

[TycTb N mpeAnpuATHil JOKHBI BBITYCKAaTh B COBOKYMTHOCTH M BUAOB MPOIYKIIHH. ITO MOTYT OBITh
MeOerbHbIe (paOpUKH, MPOHM3BOISINNE PA3IUYHBbIC BUJBI W3JCIHIA; JICCO3aBOMBI, BBITYCKAIOIIHE
HMHJIOMATEPHAIIbl PA3JIMYHBIX CEYSHHH, U T. 1. 3a/laHbl BEJIMYMHBI 3aTPaT Cjj B pyOJIsiX Ha eUHHILLY i-
ro BHJA M3JIENMS IPH M3TOTOBJICHUM €r0 HA j -M HPENPUATUH, a TaKkke BpeMms A;; HeoOXoauMoe
IJIsl TIPOM3BOJICTBA SMHUIIBI -TO U3CNHUS Ha J-M MPEANPHUATHH; IJIAHOBOE 33/IaHKE aj 10 KaXKIOMY
BUJLYy M3/IENHS M YUCIO bj yacoB pabOTHI j-rO MpPENNpHATHS, KOTOPOE MOXKET OBITH BBIIEICHO B
TEUeHHEe IUTAHOBOTO TIEPHOJAa Ha TPOM3BOJICTBO BCEX pacCcMaTpHUBaeMbIX wu3nenuidl. Tpedyercs
pacnpenenuTh MPOU3BOJICTBO M3JCIHIA MO pa3HBIM MPEANPHATUSAM TakK, YTOOb MHHUMH3UPOBAThH
CYMMapHBI€ 3aTpaThl IPU BBHINIOJIHEHUH TUIAHOBOTO 3aJaHUSl C YUETOM OTPaHHYCHHOCTH PECYpPCOB
pabouero BpeMeHH.

OO6o3HaunM uepe3 Xjj MCKOMBIH 00bEeM BBIMYCKAa HM3JENMH I-TO BUAA Ha j -M HPEINPHATHH.
TpeOGoBaHue BHIOTHEHUS ITAHOBOTO 3aaHUsI UMEET BH/
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j=1
YcioBHs, YYHTHIBAIONIME OTPAaHUYCHHOCTh (OHIA pabodyero BPEMEHH, 3alHCHIBAIOTCS B BHJIC
HEPABEHCTB

m
Z/lijxij <b,j=12..,n
i=1

IlepeMeHHBIE Xjj HEOTPULIATEIIbHBI:
%;=20,i=12,...mj=12,..,n
CymMapHbIe 3aTpaThl Ha U3TOTOBJIEHHUE BCEX U3/AETUI BhIpaXXatoTcsl PyHKIMEH

m n

>

i=1 j=1
Takum 00pa3oM, B MaTeMaTu4eckoi GopMyTHUpOBKE TTOCTABJICHHAs 33[ada CBEJICHAa K OTHICKAHHIO
TaKUX 3HAYEHUH MEPEMEHHBIX Xjj, TP KOTOPBIX YIAOBIETBOPstOTCA orpanudenus (3.91) - (3.93), a
ueneBas ¢ynkmus (3.94) oOpamiaercss B MuHHMYM. l[locTpoeHHass MareMaruuyeckas MOJEIb
OTHOCHTCSI K 3ajJjadyaM JIMHEHHOTO MPOTPaMMHUPOBAHMS M OTJIMYAETCS OT MOJENU TPaHCIIOPTHOM
3aJaud  HAIM4YMEM MHOXUTENeH  1; B orpanmdeHuax (3.92). Ee Ha3plBaloT MoOJeJIbIO
pacnpeeIMTeIbHOM 3a1a4n. [IpuHATE M Apyrue Ha3BaHUs, HAPUMED, 1;; - 3a/1a4a, 0000LIIeHHAs
TpaHCTIOpTHas 3amada. [l pemieHust pacrhpeieiuTeNbHON 3amadd MOXET OBITh HCIOJIh30BaH
000 MeToa JTMHEWHOTO MPOTPaMMHPOBAHUS, HAIPUMEp, CUMIUIEKC-MeTon. MMerorcst u Oonee
MIPOCTHIE, CHEIHATbHO pa3padOTaHHBIE METO/IBI.
Ecnu Bce A;; paBHBI €JMHMIIE, MBI MOJy4aeM OOBIYHYIO TPaHCHOPTHYIO 3aj1ady. Kpome Toro, kxak
JIETKO TIOKa3aTh, paclpeieiuTeNbHas 3aJada CBOIHWTCS K TPAHCIOPTHOM, €CIU ISl KaKIOTo i
KOO(Q(QUIMEHTHl 4;; NPONOPUUOHANBHBI, TO €CTb Ay /Ay = Aip/Ay == Apn/h, =@, THE Q-
HEKOTOPbIE KOHCTAHTHI.

IMocTanoBKa 32124y HeJIMHEHHOT0 MPOrpaMMupoBaHusa. MeTobl OTBICKUBAHHUS IKCTPEMYMAa JIIs
(yHKIMYU 01HON MepeMeHHOIi. MeToIbl OTHICKMBAHHUSI IKCTPeMyMa i PYHKIHH HECKOJIbKHX
nepeMeHHbIX.

[TocTpoenne Moaenel TMHEMHOTrO TPOrpaMMHUPOBAaHUS OCHOBAHO HA MPEAMNOJIOKEHUN O JTUHEUHOMN
3aBHCUMOCTH MEXK]IY XapaKTepHUCTUKaMU 00BEKTA U AJIEMEHTaMU pelieHus. Takoe mpernonokeHue
B TEXHOJIOTUYECKUX HCCIICJIOBAHUAX JAJIEKO HE BCErJa OKAa3bIBACTCsS OTNpaBIAaHHBIM. MOXHO
yKa3aTh MHOTO OOBEKTOB ONTHMU3AIMK, B TOM YHCIE H B JAEPeBOOOPaOOTKE, Ui KOTOPHIX OHO
HernpaBoMepHO. HennHeHHbIMU, Kak MPaBUIIO, SBISIOTCS 3aBUCHMOCTH TEXHHKO-IKOHOMHYECKUX,
CHJIOBBIX M KaYECTBEHHBIX XapaKTEPUCTHK MPOIIECCOB MEXaHWYECKOH OOpaOOTKU IPEBECHHBI OT
pexuMHBIX (pakTopoB. Mogens (3.86) -(3.90) 3agaun 06 ONTUMAIBPHOM pa3MENICHUH ITPOU3BOACTBA
TaKXKE OKa3bIBACTCS IPH BHUMATEIHHOM PACCMOTPEHHHM TPYOOH, MOCKOJIBKY IpEaIoJiaraet
JMHEWHYI0 3aBUCUMOCTb MEXK/Iy 3aTpaTaMu Ha IMPOU3BOJCTBO U €r0 00bEMOM [CM. TIEPBYIO CYMMY B
neneBoit pynknuu (3.90)]. Ha camom ke nene 3Ta 3aBUCUMOCTh MMeEET 0oJiee CI0KHBINA XapakTep
(puc. 4.1.). Ha nayansHOM y4acTke | oHa BbINykia BBEpX. DTO OOBSICHSIETCS TEM, UTO BHAYaje C
pOCTOM BBINYCKa 3aTpaThl HAa TMPOMU3BOACTBO EAMHHIIBI MPOIYKIIMH CHIDKAIOTCA. 3aTeM, IMpu
JOCTHDKEHHUH HEKOTOPOro O0beMa BBINMYCKA, JalbHEHINEe €ro YBEIUYCHUE ITOCTUTACTCS LEHOU
Meperpy3Ku MPOU3BOJICTBA, YTO MPUBOINT K YBEIIMYCHHUIO CEOECTOMMOCTH PO IyKiuu (yuactok II).

MeToabl OTBICKMBAHUSA JKCTpeMyMa JJis PyHKIHY OJHOM NepeMeHHOM.

3aiayn ONTUMU3ALINH, B KOTOPBIX TpeOyeTcs: OThICKATh 3HAYEHUS N MepEMEHHBIX
X1,X2,...,Xn, OOpAIIAIONUX B MUHUMYM WM MAaKCUMYM LIEJIEeBYIO (PYHKIIHIO

Aty 2
W= f&,X,,..X, — min ax
" YAOBJICTBOPAIOMUX T O'paHUYCHUAM B BUJC PABCHCTB WUJIKM HCPABCHCTB
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™~ _ j F
0, €, %, X, =20, j=12,...,m
HAa3bIBAKOTCA 3aJaYaMHUd MaATEMAaTHYECKOro InporpaMmMmHupoOBaHUM. 3I[eCB nmpeamnojaracrcsa, 4To

ynxumu f m @, wm3BecTHBL, a KoHCTaHThl b; 3anmambl. Ha Bce Wi Ha 4acThb MEPEMEHHBIX

X;€{=1...,n_MOryr ObITb HaJOKEHbI JONOJHHUTEIbHBIE YCIOBHS HEOTPUIATEIBHOCTH HJIH
JICKPETHOCTH. B wacTHOM Citydae, korja Bee Gynkuuu f u ¢, nuneiinel, 3a1a4ya MareMaTHueckoro

[IPOrpaMMUPOBAaHMsI CBOJUTCS K 3ajaue JIMHEHMHOro MporpaMMHUpPOBaHHUS, PAacCMOTPEHHOM B
npenpymei rase. Ecnn ke xoTa Obl oHa M3 Qynkumii f wim ¢ nenuueiina, to 3anaqa (4.1),

(4.2) HazbIBaeTcs 3aa4eil HeJIMHEHOr0 MPOrPaAMMHMPOBAHMS.
3azauy HEITMHEHHOro MpOorpaMMHUpPOBaHUS OYEHb Pa3HOOOpA3HbI M rOpas/io CIOKHEE, YEM 3a/1a4u
JnuHeHoro nporpammupoBanus. B otimuue ot 3JII1, onTumanbHoe pelieHne 3a1auu HeITMHEHHOTo
[IPOrpaMMHUPOBAHMSI MOXKET HAaXOJIUThCS KaK BHYTPH, TaK M Ha TpaHUIAX 00JaCTU JOMYCTUMBIX
pewenunii (OP). Hanpumep, pemienuem 3agaun

«-2°+¢& -3> > min

0<x <50<x,<5

SBIJIETCS, KaK JIETKO yOeIUThCs, TOUKa X1=2, Xp=3, jexauias BHyrpu OJIP. A s 3amauu ¢ teMu
e OTpaHHMYEHMSMH, HO JpYroil uesneBolt (yHkuuei, X + X, — MaX , pelieHHeM OyjaeT Touka
& =X, =5 na rpanuue OJIP.
[Ipy wW3y4eHMH METONOB JIMHEHHOrO0 MNPOrpaMMHUPOBAHMS HaMU ObUT MOJIPOOHO PaccMOTpPEH
CUMILIEKC-METOA. JT0 anroputMm pemieHus 3JI1I, KOTOpeIi rapaHTUPYET AJOCTHKEHHE €€ PEIEHUs
(ecnmu OHO CyIIECTBYET) 3a KOHEYHOE 4YMCIO IaroB. B 3Tom ciiydyae roBOpST, YTO aJIrOPUTM
CXOJUTCS 3a KOHEUYHOE YHCJIO UTepanuid. TakuMm ke CBOHWCTBOM 00JIaJaeT METOJ| MOTEHIIMAJIOB,
NpeIHAa3HAYEHHbIA [JI1  peumieHdus TpaHCHOpTHOW  3amauu. s 3amay HEJTMHEWMHOTro
MIPOrpaMMHUPOBaHMS MOJI0OHOTO YHHBEPCAIbHOTO AITOpPUTMA HE CYLIECTBYeT. B 3aBucumoctu ot
TUIA ATUX 33/1a4 pa3padaThIBAIOTCS CHEMATIbHBIC AITOPUTMbI UX PEILEHUs, IpU4YeM OOJIBIINHCTBO
U3 HUX HEe 00eCIeunBacT CXOAUMOCTH 32 KOHEUYHOE YUCIIO UTEpaluil U, CIe0BATENbHO, SIBJISAETCS
MPUOJIMKEHHBIMU.

Metoabl OTHICKHBaHUS IKCTPeMyMa i QYHKIIUM HeCKOJIbKHX NepeMeHHbIX

B kauecTBe mpumepa 3amaun HETMHEHHOTO MPOTPAMMHUPOBAHUS PACCMOTPUM ITOCTAHOBKY 3a/1auu
ONTHUMU3AIMK PEKUMOB PAMHOTO IHWJICHUS JPEBECHHBI. DJIEMEHTaMHU PEUICHUs 37eCh CIIy)KaT
ClIelyloLIMe IATh IapaMeTPoB: I0Aa4ya Ha OAMH 3y0 MUIIBL U, MM, LIar 3yObeB MU t, MM; TOJILIMHA
UX S, MM, JKeCTKOCTh i K , H/MM, a Takke BeauunHa MyTH pe3aHust 3yObeB I B apeBecuHe L,
KM, 3a BpeMs T, paBHOE Mepuoy paboThI JECOMMILHOTO MoToKa. C y4eTOM TOTO, YTO JICCOMMIIbHAS
pama SBIISI€TCS TOJOBHBIM JICCONMMJIBHBIM O0OpPY/IOBaHHEM, B Ka4eCTBE KPUTEPHS ONTUMAIBLHOCTH
Pa3yMHO MPUHATH MAKCUMYM €€ CMEHHOW ITPOM3BOIUTEIHHOCTH.

[IpuBenem BbIBON weneBoil ¢yHkuuu 3amaud. [IpeaBapuTenbHO ompenenuM Bpems 7, MUH,
3aTpayeHHOEe HEMOCPEACTBEHHO Ha MNuwieHue 3a cMmeHy. OO6o3Hauum uepe3 t,  Bpems mpocTos

JIECOITMJIbHOM paMbl IIpyu CMCHC IIHWJI, MHH. TOFI[a KOJIMYCCTBO IMEPECTAHOBOK IIHJII B TCUYCHHC
paboueli CMEHBI PaBHO TW / <+ t, :, Ty - IPOIOIKUTENBHOCTH paboueii cMeHbl, MuH. [losTomy
7=K;K,|T,, _Tals
T+t,
rac KT- KOB(I)(I)I/IL[I/ICHT HUCITIOJIB30BaHUA pa60qer0 BPEMCHH CMCHBI;
K]_ - KOB(I)(I)I/IL[I/ICHT HUCIIOJIB30BaHUsA JICCOIIMIIBHOTI'O ITIOTOKA.
HITy4Has MpOU3BOAUTENBHOCTD JIECOMMIBHON paMbl, U3MepsieMas B KoJuuecTBe OpeBeH (OpycheB),
PAaCIIUJICHHBIX 3a CMCHY, PaBHA
7 =/l
rae u - CKOPOCTh Ioaavu, M/MI/IH;
|- cpenusist TMHA OpeBeH, M.
[Tocne nmoacTaHOBKM BhIpaskeHUs Ui 7 U3 (4.4) aTa popmylia IpuMeT CiaeIyIoNi BU:
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t
IH=K _T 1-—
obwy " cm (I/ T +tn

rne K, = K; K, - o0muit ko3dduimenT ucnonp3oBanus pabouero BpeMeHH.

0w
3aBHCHMOCTb CKOPOCTH IIOJAa4X U OT MOJA4u Ha 3y0 U,, MM, BEIMYMHBI X0Ja MIIbHOH pamku H,
MM, I1ara 3yObeB M1 {, MM 1 4acTOTHI BPAILIEHUs KOJICHYATOTO BaJla IECOMMUIBHOM paMbl N, MUH '1,
3a/1aeTcsl CIeAyIone PopMyIoii:

u =u, Hn/ €000t

Bennuuna nyrtu pesanust L Beipakaercs depe3 mepuoa | pabOThI JIECOMUIBHOTO IMOTOKA:
L=L,nT / 10°, rze Ly - myTh pe3aHus 0JHOTO 3y0a MBI 32 OMH XOJ MHIBHON paMKH, MM. J{is

Cilydas, KOTJa BEIMYMHA XOJa INMHJILHOW PAMKH IMPEBBINIAET CPEIHIOI BHICOTY npommiua h, mwm,
MoxHO cunratk Ly = h. TTosromy L = hnT/10°, otkyna

T =10°L/hn
[ToncraBus BoipaskeHus 4 U u T (4.6) u (4.7) B popmyiny (4.5), nomyaum

uZKoﬁmeHn 1 1
~ t1000I 10°L
=41

hnt,

YMHOXUB 3TO BRIpaXEHHE Ha cpeaHHi 00beM OpeBHa (Opyca), BBIpa3uM BMECTO ITOTO BBIPAKECHUE
(4.8) yMHOXUTH Ha cpeaHHii oObeM V|, TUIOMaTrepuanoB, BbIPaOATHIBAEMBIX W3 OJHOTO OpeBHA
(6bpyca), To meneBas (QyHKIHUS OymeT HM3MEPSATHCA B M BbIpa0aThIBAEMBIX THUIIOMATEPUATIOB.
[Tockompky BenumumHa V; BBIYUCISETCS KaK Pa3sHOCTh MexaAy oObeMoM OpeBHa (Opyca) u
CyMMapHbIM OOBEMOM BCEX MPOIMUJIOB, TO B IENEBYIO (YHKIHUIO BOWIET €IIe OIUH DJIEMEHT
pelIeHUs - TOJIIUHA UL

MHO0XeCTBO OrpaHMYCHHI paccCMaTPUBAEMON MOJEIH yI0OHO pa3OUTh HAa TPH TPYIIIIHI.

B nepsyio epynny BXOAAT TEXHOJOTMYECKHWE OTPAHUYEHHUS MO MOIIHOCTH MPHUBOJIA JIECOMMIILHOM
pambl, pabOTOCMOCOOHOCTH BHAJAWH 3yObeB MUJ, YCTOWYMBOCTH MW OHU COCTaBJISIOTCS IO
pe3yibTaTaM TEXHOJOTHYECKOTo aHaju3a Mpollecca NWICHHS, H3y4eHHUs €ro CHUJIOBBIX U
SHEpPreTUUECKUX XapakTepucTuk. [IpuBeaeM HanmMeHee rpoMO3JIKOE M0 CBOeH (hopMe orpaHUYeHUe
1o paboOTOCTIOCOOHOCTH BMAIUH 3yObEB TTHJI:

U, <t/ €y,

rac hnax - MaKCHUMaJIbHas BbICOTA IIPOIINJIA,

o- K03 GUIMEHT, 3aBUCAIINIA OT POopMbI 3y0a, COOTHOLIEHHS X0/1a MUJIBHON paMKH U
BEJIMUUHBL N , @ TaKKe OT TpeOOBAHMH K [IEPOXOBATOCTH HOBEPXHOCTH

MUJIOMaTepUasoB.

Bmopyto epynny cocCTaBISIIOT OrpaHUYeHHs], BbI3BaHHbIE TPEOOBAHUSIMHU K KauecTBY 00pabOTKH
NWIONPOAYKIMHA. ODTHUMH TpPeOOBAHUSMU JHMHUTHUPYIOTCS, B YAaCTHOCTH, UIEPOXOBATOCTb
MOBEPXHOCTH U  PA3HOTONIIMHHOCTh mnujaoMaTepuanoB. OIIEHOYHBIM TIOKa3aTelleM IpHU
OTIpeIeNIEHUU HIEPOXOBATOCTU TMOBEPXHOCTH MHUIOMATEPUAJIOB CIYKUT CpeaHeaprupMeTHuecKas
BETUYMHA Ry max MAKCHMallbHBIX BBICOT HEPOBHOCTEH. B KauecTBe OLIEHOYHOTO MOKaszaTelns Mpu
OTpeieNIeHUU TOYHOCTH pa3MepooO0pa3oBaHUs 4YacTo OepyT BEIMUUHY CPEAHETO KBAIPATUYECKOTO
OTKJIOHEHUS d TOJIIHMHBI MUJIOMaTEePHAIIOB.

s hopMHUpOBaHUS COOTBETCTBYIOIINX OTPAHHUYEHUHN ClIeyeT MOTYyYUTh 3aBUCUMOCTh BETMYHHBI
Rm max ¥ d OT 27IEMEHTOB pelieHus, T. €. BBIpaKEHUs i QyHKIUI:

Rmmax = flqzsslt1leI
d=f,q, stkL]

EnMHCTBEHHBIM peajbHBIM CIIOCOOOM MOJYYEHHUs 3TUX 3aBUCUMOCTEH sBISEeTCS MHOTO(AKTOPHBIN
9KCHEPUMEHT.
Taxum 06pa3oM, orpaHHYEHHsI BTOPOH I'PYNIIBI UMEIOT BUJT:

44



- _
Rmmax = .'::I.‘IZ’S’t’k’L)é Rmmix 2
d=f,q,stkL<},

rae Rmmﬁx _I/I li T 3a1aHHbIC T'PAHUYHBIC 3HAUYCHUA COOTBCTCTBYIOIIUX MMapaMETPOB.

OrpanudeHusi TpeTbel TIpYNIbl CBA3aHbl C KOHEUHBIM JUAala30HOM BapbHpPOBAaHMS JIEMEHTOB
peleHuss U ¢ AUCKPETHOCTBIO MX 3aJaHUs, €CIU 3TO MMeeT Mecro. Ilocimennee oTHocuTCs K
TOJIIIMHE S THJI, Iary t ux 3yObeB, UIsl KOTOPBIX YCTaHOBJICHBI CTAHAAPTHHIC 3HAYEHUS, a TAKXKE K
nyTy pe3anus L. 3HaueHus MyTu pe3aHus ONpPenessatoTcs B 3aBUCMMOCTH OT 4HCIa NEPECTAHOBOK
IIWJI 32 CMEHY U, CIIEJI0BATEIIbHO, TAKXKe TUCKPETHBI. MIMeeM nosTomy

U,n SU, <U

zmax !

zmin —
S=5,,5,,...5;
t=t,t,,...t
L=L,L,,.,L;
Ko <k <k,

Kak nerxko 3ameruts, uenesas ¢yHkuus (4.8) m orpanuueHue (4.9) SBISIIOTCS HEIMHEHHBIMU
(GYHKIMAMHU DIEMEHTOB pemeHus U,, t, L DToro mocraTodHo Ui CIEAYIOIErO0 YTBEP:KICHUS:

3a7a4a ONTUMHM3ALHMM PEXKUMOB IMPOLECCA PAMHOTO MWIEHUS JIPEBECUHBI SIBJISIETCA 3aayei
HEJTMHEWHOTO mporpamMmMmupoBanus. Ha camom nene HEIMHEHHBIMHU SIBJISIFOTCS W TOJTYYCHHBIC
AKCIIEPUMEHTAIILHO OTPAaHUYEHUS] BTOPOUW TPYIMIBI, MOCKOJIBKY OKa3aJ0Ch, YTO I aJ€KBATHOTO
OMHCaHMsI PE3yIbTaTOB dKcrepuMenTa Gyakiuu f; n fp, Bxomsmme B Boipakenus (4.10), M0DKHBI
OBITH MHOTOUYJIEHAMHU BTOPOTO WUJI 00JIee BEICOKOTO TIOPSJIKA.

PaccmoTpennas curyanus, TpuU  KOTOPOW MJIsi TMOCTPOCHUS ONTUMHU3ALMOHHOM  MOJEIU
MOTPeOOBAJIOCH COUYETAHWE AHATUTHYECKUX W OKCIEPUMEHTAIBHBIX METOJOB, THUIWYHA IS
TEXHOJIOTHYECKUX MCCIICIOBAHUN B IEPEeBOOOpaOOTKE.

MeToabl OTHICKAHUSA IKCTPeMyMa JJis1 GYHKIUI OTHOM NepeMeHHOM

[Ipexxne yem u3ydaTh METOIbl PEUICHHUS 3a/ad HEJIMHEWHOTO MPOrpPaMMUPOBAHMS, PacCCMOTPUM
METO/Ibl OThICKaHHs 3KcTpeMyMa (pyHKUUN 6e3 yueTa orpaHnyeHuil. TouHee, OorpaHUYeHHs] MOTYT
OBbITh, HO MPEANOJAraeTcs, YTO OHU HE OKA3bIBAIOT BIMSHUS HA MPOIECC OTHICKAHUS IKCTpEMyMa 1
Ha ero pe3yjabTaT. ITU METObl Ha3bIBAIOT MeTOJAAMM 0e3yCJI0BHOI MUHUMU3AINHU, UMES B BUITY
OTbICKaHUE MUHUMYMa (yHkuuid. VX u3ydeHue ymnoOHO HayaThb ¢ Hambojee MPOCTON 3amadu
MOMCKa KCTpeMyMa (QYHKIUH OIHOM mepemenHoit f(X1). DTo Tak Ha3piBaeMas OJHOMEpHAs 3ajava
ontuMuzanuu. OyHKIUIO, Ui KOTOPOU OTBICKMBAETCA dKCTpEeMyM, OyaeM Mo-IpexHeMy Ha3bIBaTh
1eseBol (hyHKITUEH.

OtMetuM mpexae Bcero, uto (yHkius f(X1)MokeT HMMETh Kak OJUH, TaK U HECKOJIBKO
skcTpemymoB. Hampumep, ¢pynkuus, mzobpaxeHHass Ha puc. 4.2, UMeeT YeTblpe MakCUMyMa B
Toukax 1, 3, 5, 7 u Tpu MuHUMyMa B Toukax 2, 4, 6. IIpu 3TOM 3HaueHHe QYHKIHH B TOYKE 3
MIPEBOCXOIUT €€ BEINYNHY

IJIsl BCEX OCTaJbHBIX 3Ha4YeHH aprymeHTa X\. Takas TOouka Ha3bIBACTCS TOYKOW III0OAIBHOTO
MakCUMyMa, a BCE OCTaJbHbIE MAKCHUMYyMbl (DYHKIIMM Ha3bIBAIOTCS JIOKAIBHBIMU. AHAJIOTMYHO,
TOYKa 6 OyIeT TOUKOH ro6ansHOro MUHUMYMa (YHKIINH, 1300pakeHHOH Ha puc. 4.2, a TOUkU 2 u
4 - 3TO TOUKHU €€ JIOKAJIbHOI'O MUHUMYMa.

N3 muddepeHnnanibHOTO HCYUCICHUST XOPOIIIO U3BECTHBI HEOOXOMMBIC U JIOCTATOYHBIC YCIOBHSI
skcTpemyMma ¢yukiuu f(X;). Heo6xommumoe ycioBre 3KCTpeMyMa: eClii CYIIEeCTBYeT Mpou3BoaHas f
"(X1)byukiun f(X1)B Touke X;=a U 3Ta QYHKIUS UMEET B TOUKE a MAKCUMYM WJIH MHHUMYM, TO f
'(2)=0. docTatouHoe yCIIOBHE IKCTpEMyMa: €CIIH CYIIECTBYET BTOpast mpousBoaHas ¢yHkimu f(a)
to ¢ynkuus f(X;). umeer B Touke a: makcumyMm nipu f '(2)=0 u f"(a)<0; munumym npu f '(2)=0 u
f"(@)>0

PaccMOTpUM HECKOJIBKO TPUMEPOB, B KOTOPHIX O3TH YCIOBHS HCIOJB3YIOTCS JUISL PELICHHS
MPOCTEHIINX 3a/1a4 ONTHMHU3AIINH.
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33)13‘{3 onTuMM3anuu pasmMepoB OKOHHOI'O 0JI0Ka

1. Ilpenamoyio)xum, 4dYTO OKOHHBIH OJIOK OJHOCTBOPYATOM KOHCTPYKIMH HMeeT (opmy
NpSIMOYToJIbHHUKA. KakuM OHKHO OBITH COOTHOIIEHUE €T0 CTOPOH, YTOOBI IPU 33aJJaHHOM IIIOIIA 1
OCTEKJICHUSI Ha U3TOTOBJICHHE OJIOKA MOLLIO Obl HAMMEHBIIIEe KoMYecTBO Marepraia? O6o3HaunM
4yepe3 X U 'y UCKOMBIE CTOPOHBI IPSIMOYI'OJIBHUKA, @ UEPE3 S - U3BECTHYIO BEIMUUHY €T0 IUIOIAH.
Torma
Xy=S
[Ipenmnonoxum, yTo Bce OPYCKHU KOPOOKH M BCE CTBOPKU MMEIOT OJAMHAKOBYIO IUIOLIAAb ceueHus. B
TOM Cllydae KOJIMYECTBO Marepuaja, HeoOXOIMMOe ISl H3TOTOBJICHHS OKOHHOTO OJloKa,
MPOTMOPIMOHAIBHO €ro mnepuMeTrpy P=2x+2y, KOTOpBIA MOATOMY JKEJIAaTebHO OOpaTUTh B
MuUHUMYM. ViMeeMm, cieoBaTellbHO, IKCTPEMAIBHYIO 33/1a4y: MHHUMU3UPOBATh QYHKIHIO (2X+2Y)
P YCIOBUHU.
Pesynbrar pemieHus He HM3MEHUTCS, €CIM B KauyecTBE MUHUMHU3MpYyeMON (YyHKIUH B3SThH
nonynepumerp W = P/2 = x + y — min. [logcTaBum B 3TO BhIpaKeHUE 3HAYCHUE
y = S/x. Torma W=x+ S/x. Bocnonb30BaBimuch HEOOXOAUMBIM YCIOBUEM 3KCTPEMYyMa, BO3bMEM
nponsBoHyl0 of W 1o X u mpupaBHseM ee Hymo: W’ = 1 - (S/X?) = 0. U3 aByx KOpHei
MOJIY4EHHOTO YPaBHEHMSI MMEET CMBICI TOJBKO MOJOKHUTENbHBIH x =+/S. Torma y = S/x =S/VS =
VS,
JlokaxkeM, 4YTO TMOJY4CHHOE pelIeHne x =y =+/S JeHCTBUTEIBHO COOTBETCTBYET MHHHUMYMY
ueneBod (QyHKuuu. Jljis 3TOTO BOCHOJB3YeMCsl JOCTAaTOYHBIM YCJIOBHEM 3KCTpeMyMma, Hauns
BTOPYIO TPOU3BOJIHYIO OT PpyHKIMU W: W" = 2S/x*. 1o BBIPAKEHHUE TIOJIOKUTEIBHO IIPU JIFOOOM X
> (), 9TO M CIYXHUT TpeOyeMbIM JOKA3aTeIbCTBOM. TakuM 0OpazoM, ONTUMAILHBIM COOTHOIIIEHUEM
pa3MepoB MPSMOYTOJbHOIO OKOHHOTO OJOKa SIBISIETCSl PAaBEHCTBO €ro CTOPOH, T.€. ONTHMaJieH
OKOHHBIHN OJIOK KBaJpaTHOU (POPMBI.
2. TlpenmosioxuM Tenepb, YTO OKOHHBIM OJOK MMEET JBYCTBOPYATYIO KOHCTPYKIIMIO U 3aJIaHO
yrcao K, mpenacrapistomiee co00il OTHONICHHE IUIOMIAACH CEUCHHI OPYCKOB KOPOOKH M CTBOPOK.
DtH wiomaa 0003HaYMM COOTBETCTBEHHO depe3 S1 | Sp. Torma Kk = sy/ S . Halinem ontumainbsHbie
pa3Mepsl X U y paMOYHON KOHCTPYKLUMH B 3TOM cllyyae, CUMTas, KaKk M MIpPexIe, 4TO JOJHKHO
BBITIOJIHATBCS COOTHOIIeHHE. i ympoleHusi pacdeT MHpoBedeM NpUOIMKEHHO, IpeHedperas
pasauyueM MpOJOJbHBIX Pa3MEpPOB KOPOOKU M CTBOPOK. MUHMMHU3UPYEMOU BEIUYUHON OyIeT ux
cymmapHbii 00beM. KopoOka OKOHHOTO 0JIOKa COACPKUT B JAHHOM CITydae BHYTPEHHIOIO CTOMKY.
[TosTomy 00beM kKOpoOKH paBeH $1(2X + 3y) B MPEANOJIONKEHUHU, YTO CEUYCHHsI BCEX €€ OpYCKOB
olMHAKOBbIL. [lns Oioka JaHHOW KOHCTPYKLMU C JIBOMHBIM OCTEKIIEHHMEM O0BEM BCEX CTBOPOK
paBeH s(4X + 8y).
CymMma 3Tux 00beMOB, BBICTYIIAIOIIAS B POJIU 11eJIeBOM (YHKIIMU, paBHA

W =s,2x + 3y)+s,(4x + 8y =x(2s; + 3s,) +y (3s; + 8s,)
C yuerom (4.13) neneBast GyHKIUS IPUMET BUT

S
W =x(2s; + 3s,) + (;) (3s; + 8s,)
HpI/IpaBHHB HYJIIO MMIPOU3BOJHYIO OT 3TOI'O BBIPAKCHUS, IIOJTYIUM YPABHCHUC
S
x (2s; + 3s,) +;(3s1 + 8s,)=0

Ero nonoxxurensHoe peuieHue, T. €. OIITUMAJIBHOC 3HAYCHUE X = Xonr PABHO

Xomr =

W3 ¢dopMynbl MOTYYUM 3HAUEHUE Yonr:

Yonr = S/XOI'IT =

[Tonenus x ,; HA Y oy, HAWJEM ONTHUMAIEHOE COOTHOIIICHUE MEXTy pPa3MepaMH OKOHHOTO OJIOKa:
X onr _ (351 + 852)

Your B (251 + 452)
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C wucnonp3oBaHueM Kodpdummenta k = s,/s; X €ro MOXHO TEPENUucaTb B BUAC X gur/Yomr =
(3 + 8k)/(2 + 4k). Ecim, manpumep, K = 2, T0 X o /Vorr=1,9. AHAJIOTUYHBIM 00pa30M MOKHO
pPaccMOTPETh U ONTHMHU3UPOBATH Pa3MEPhI IPYTUX BAPHAHTOB KOHCTPYKIIHA OKOHHBIX OJIOKOB.

3agaya onTuMu3anuu pasmMepos ¢purypHoro opyca

B neconmieHnn XOopomo M3BeCTHA 3a/adya 00 ONMpENeNIeHHH Pa3MepOB YETHIPEXKaHTHOTO Opyca,
BBIIWJIMBAEMOI0 M3 OpeBHA, MPU KOTOPHIX 00BbEM Opyca MakcMMaleH. JTa 3ajadya CBOJAUTCA K
OTBHICKAHHUIO TPSMOYTOJIbHUKAa MaKCHMAJIBHOW IUIOIIA/IM, BIIMCAHHOTO B KPYT JaHHOTO JHMaMeTpa.
OnTtumanbHbIM OyZieT Opyc KBaJpaTHOIO CEUEHUs, CTOPOHA KOTOPOTO MEHbIIIE AUaMeTpa OpeBHaA B
V2.
Ha neconmmnbpHOM 000pYyIOBaHMM arperaTHOTO THIIA BBIMWIMBAIOT (GHUTYypHBIH Opyc, oaHa H3
BO3MOJKHBIX KOH(UTypanuii KoToporo uzo0paxena Ha puc. 4.3. CedeHrne BIUCAHO B OKPY)KHOCTb
JTaHHOTO paauyca T. bpyc cuumtaem cummerpuunsiM: OD=0C=a;AD=BC=Db. Pemum g1 Hero
AHAJIOTUYHYI0 33Jauy: KaKUM JIOJDKHO OBITh COOTHOIICHHE MEKIy pasMepamMud a u D, 4ToOb
IJI0LIa/1b cedeHust Opyca Oblia MaKCHUMaJIbHOM?
Yacte ceueHus Opyca B TIepBOM KBajpaHTe mpenacraBisieT coboit mectuyrobank ODAKBC. Ero
IUIOUIa/b  COCTABJIIET YETBEPTYIO YacTh BCEro CEYEHHWS U paBHA CyMMe IUIOIIajei
npsimoyroiabaukoB ODAE u EKBC. Ilnomaae mepBoro mpsiMOyrosibHHKa paBHa ab, miomianm
BToporo b(a-b). Cymmapnast miormiaas paBHa

S=ab+b(a—-b)=2ab— b2
N3 tpeyronsauka ODA nomyaum

a=+r?—->b2

[ToacraBuB popMyITy IS & B BRIpOKEHUE JIIS IUIOMAIH S, TOJTyIUM

S = 2by/1%2 — b?% — b2,

Bo3sMeM 1mpon3BoiHYIO 10 b OT 3TOr0 BBIpa)KeHHsI U IPUPABHSIEM €€ HYJIIO:

S' = 2y/72 — b2 —2b2/\Jr2 — b2 — 2b = 0.
[Tocne anmeMeHTapHBIX MpeoOpa3oBaHUN TOJYUYUM 12 — 2b% — bVr? — b2 = 0. YEIUHUB paIuKal H
BO3Be/Is1 00€ YaCTH ypaBHEHHUSI B KBaApaT, MPUBEIEM €T0 K BUAYrZ — 5b* — 5b%r2 +1r* =0
PaccMOTpUM TOJIBKO TOJIOKUTENbHBIE PEUIEHUS 3TOTO OMKBAJpaTHOTO YPaBHEHMsSI, HUMEIOIINE

(bMBUYECKUN CMBICIT:
5-45 5-+5
=71 |——;b, =71 .
10 10

ITo dopmyse (4.15) mosryduM COOTBETCTBYIONINE 3HAYCHHSI TTapaMeTpa a:

a, =\/r2—bf=r\/(5+\/§)/10;
a, =\/r2—b§=r\/(5—\/§)/10;

Buano, uro a;=b, u a,=b;, 1. ¢. 0b6a pemrenus maroT ogHM W Te XKe pasMmepsl Opyca:2b, = 2a, =

2r\/(5 —+/5)/10 =~ 0,5257d; 2b, = 2a, = 27‘\](5 —+5)/10 ~ 0,8506d, rTaoe d=2r.
OTHOILIIEHUE ATUX Pa3MEPOB PABHO
a=b,/a, = a,/b, :\/(5 -V5)/(G+V5) =(V5-1)/2 ~ 0,618.

HerpynHo ybGeauThbesi, yTO BTOpasl MPOU3BOJHAs OT (yHKIMM OTpHUIATENbHA, U, CIEJI0BATENBHO,
HailieHHbIe pa3Mepbl Opyca JeHCTBUTENFHO COOTBETCTBYIOT MAaKCUMAJIbHOM IUIOLIA/IU €r0 CeYEHUs.
WHTepecHO CpaBHUTH IUIOLIAAM CEYEHUH (HUrypHOro 6pyca ONTHUMAIbHBIX Pa3MepoB M Opyca

KBaJpaTHOTO CeueHHUs. [Moacrasus bopmyny 3HAYECHUS
b=b =r / -V5)/10ua=a, =7 / 5+ \/_)/10 TMOJTYYUM TIOCTIE TPe0Opa30BaHms
= Somr = 5 r? = qr?,

DT0 yeTBepTh cedueHus Opyca. Best jke ero mioriaas paBHa
S, = 48, = 4ar?
I[HH KBaApaTHOI'O 6pyC3. rjiomajb CCUCHUS paBHA
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s, =(2r/V2) = 2r?

Hckomoe OTHOLIEHHE MIIIOIIAEH CEYEHUN COCTaBUT

S,/S, = 4ar?/(2r?) = 2a ~ 1,236.
CnenoBarenbHO, O00bEM MWIOMATEPUATIOB IpPH BBIPaOOTKE (uUrypHOoro Opyca ONTUMATIbHBIX
pa3mMepoB nmpuMepHO Ha 24 % BBIIIE, YeM IPH BBHIIIMBAHUH Opyca KBapaTHOTO CEUCHHS.
[MonyuenHoe oTHOlIeHHE @ = (V5 — 1)/2 M3BECTHO CO BpeMeH EBKIMIA U HA3bIBAETCSA 30JI0THIM
ceyeHneM. K HeMy MpUBOAUT JAeJCHUE OTpPE3Ka Ha JBE HEPABHBIC YACTH TaK, YTOOBI OTHOIIECHHE
BCEro OTpe3Ka K OOJbIIEeH €ro 4acTh PaBHSIIOCH OTHOIICHUIO OOJBIIEH YacTH K MEHBIICH. ITO
OTHOIIIEHHUE IOJY4aeTcs MpPU PEUICHUM CaMblX PA3JIMYHBIX 3a/ady, B TOM 4YHUCIIE B 3aJadax o
HaWIYYIIUX IPONOPLUIX aPXUTEKTYPHBIX COOPYKEHUH.
Huxe npuBeneHbl YCIOBUS €I1€ HECKOJBKUX MPOCTEHIINX ONTHUMM3ALMOHHBIX 33/a4, KOTOpPbIE
MOTYT OBITh PEIIEHB CAMOCTOSTEIHHO.
1. ByHkep i mensl Kpyrioro ceueHus U Gopmbl, W300pakeHHBIH Ha puc. 4.4, U3TOTOBJICH U3
OJIHOPOJHOTO MaTepuaa MOCTOSIHHOM TouHbl. COCTaBUTh CUCTEMY alNreOpanyecKux ypaBHEHHH,
MO pe3yybTaTaM PELICHUs] KOTOPOil MpH 3alaHHbIX 3HaueHHusX B, r, h u o0beme V OyHKepa MOKHO
onpeaenuTh BenuuuHbl R u H, 118 KoTOphIX MHUHHMAajeH pacxoj] MaTepuana Ha U3TOTOBJICHHE
OyHKepa.
2. Ilpu ckjenBaHUM 3aroTOBOK MO JJIMHE Ha 3yOuaThlil MIMI MCHOJIb3YIOT HIMIBI C 3aTYIJIEHHEM
(puc. 4.5, a) u 6e3 3arymienus (puc. 4.5, 6). [I[pouyHOCTH KIEEBOTO COSTUHEHHUS POMOPIIHOHATIEHA
IUIOUIAM CKJIEMBAEMBbIX IMOBepXHOCTeW. OmnpenenuTh, Kakas W3 KOH(Urypauuil mumnos OyneT
HAWJTy4IIed, UCXOIsl M3 ATOTO KPUTEPHUs MPH 33JaHHOM Iiare t u Beicote h mumoB. B ciydae, ecnu
OKa)kKeTcs MPEANOUYTHTENbHEEe UM C 3aTYIUIEHHEM, HAUTH ONTUMAIbHOE COOTHOILIEHUE pa3MepoB t
ud.
3. M3BecTHO, YTO MOMEHT CONPOTUBJICHHUS YETHIPEXOMTHOrO Opyca paBeH BenuduHe bh?/6, Tae b -
mupuHa; h - Beicota O6pyca. Kakumu 1oikHbBI ObITH pa3Mepsl Opyca, BBIMHIMBAEMOTO U3 OpeBHA C
3aJJaHHBIM BEPIIMHHBIM IUaMeTpoM d, 4TOObI €ro MOMEHT COITPOTUBIICHHSI ObLIT MaKCUMaIbHBIM ?

YucjaeHHbIEe METObI OTHICKAHHS IKCTpeMyMa.

HecMoTpst Ha TO, 4TO HEOOXOIUMBIE M TOCTATOYHBIC YCIOBHSI DKCTPEMYMa MOIyYEHBI, BOTIPOC O €r0
OTBICKaHHUH' JaXE 1 pacCMaTpuBacMoOro OJHOMEPHOIO Ciiy4das HCEJIb3A CUUTATb HCUYCPIIAHHBIM.
YacTo ObIBaeT, BO-TIEPBHIX, YTO ypaBHEHHUE f' = (x;) = OHE MOITACTCS AaHATUTHYECKOMY PEIICHHUIO.
Bo-Bropeix, ¢yHkmus f(x;) MoXeT ObITh HE 3aJaHa aHaIUTHYECKW. Hampumep, ee 3HaueHUE B
KOKJIOM CJy4ae MOMKET OIpeNeNAThCs IO pe3yiabTaTaM paboThl HEKOTOPOW KOMITbIOTEPHOU
moAIporpaMmaI. AHaJIOTHYHBEIM 06p330M o0OcTouT JAC€JIO0 B 3aJadax 3KCHepI/IMeHTaHBHOﬁ
OIITUMH3aAlINHU. B 3TOM ci1ydac HCCIICO0BATEIIb-3KCIICPUMECHTATOP pacnoJjiaract JINIIb
BO3MOXHOCTBIO ITOCTAHOBKH OIIBITOB ITPH Pa3JIMYHBIX 3HAUYCHUAX aprymEeHTa Xj. ITo pe3yiabTaTam
KOKJIOTO W3 HHX OIpPEACNAeTCS COOTBETCTBYIOIIEEC 3HAaueHWe QYHKIUU f(x;), HO HE ee
AHAIIUTUYCCKOC IMPEACTABIICHHUE. 3aBepmaeTc5{ CCpuUs OIILITOB OIIBITOM BOJIM3U TOYKHA SKCTpEMYyMaA.
B HOI[O6HBIX ClIydadax OmpeACIIsIIOT S3KCTPEMYM (I)YHKI_H/Iﬁ YUCJIICHHBIMU HWJIN aHAJIOTH-YHBIMHU UM
OKCIICPUMCHTAJIIbHBIMHA ~ MCTOJIaMU. 9TO, B YaCTHOCTH, paCCMATPHUBACMBIC HHMIKC MCTO/bI
JUXOTOMHH, 30JIOTOIO CCUCHHA U rpa,[[I/IeHTHHﬁ METO. B KaXXI0M cCiIydac€ pCeHIacTCda 3a/ada
OTBICKaHUsI MakcuMyMa (GYHKIIUH OJHOM MEpeMeHHOM f(x;), 3aJaHHONH Ha OTpe3Ke (Xmin .. Xmax)-
HpennonaraeTc;I, KpoM€ TOro, 4ro O9Ta (I)YHKI_[I/ISI HMCCT Ha [JaHHOM OTpPE3KE e,Z[I/IHCTBeHHHﬁ
MaKCUMYM. Takue q)YHKI_II/II/I Ha3bIBalOT YHUMOJAJbHBIMMU. I[pyTI/IX CBG,Z[GHI/IfI OTHOCHUTCIIBHO
ueneBoﬁ (bYHKI_II/II/I, B TOM YHUCJIC U 3HAHHUA €C AHAJIUTHYCCKOI'O IIPCACTABIICHUA, HC HOTpe6yeTC}I.
HCO6XO,Z[I/IMO TOJIBKO UMETH BO3MOKHOCTD OIIPCACIIATh 3HAUCHUEC (bYHKLII/II/I B TI000H TOYKeE OTpPE3Ka
(XI min «» X| max)-

ITouck OKCTpEMYyMa YHUCJICHHBIMH MCTOAAMHU MOKHO pacCcCMaTpuBaTb KakK CBOCro poJa
BBIYHCIIUTEIBHBIN SKCIICPUMCHT. HOBTOMy B JIUTCpATypC INpHU OINHCAHHU COOTBCTCTBYIOIIUX
MCTOZOB YaCTO HUCHOJIB3YIOT 3KCIICPUMCHTAJIbHYIO TCPMHUHOJIOTUIO. TaK, BMECTO CJIOB «BBIYHUCIIUM
3HAYCHUC (byHKI_II/II/I B TOYKE X1» TOBOPAT: KIIOCTABUM OIIBIT B TOYKEC X1 »HAT. II.

PaCCManI/IBaeMBIC MCTOABI NPCANOJIAraroT MOCICAOBATCIbHYIO MPOUCAYPY MNOUCKA IKCTpEMYyMa,
npu KOTOpOf/'I oqepeJ:[Hoﬁ oTall HUCCIICAOBAHUSA IUJIAHUPYCTCA B 3aBUCUMOCTH OT PE3YJIbTATOB
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peabaymux dTanoB. MeHee 3(h(eKTHBHA MaCCUBHAS CTPATETHsI, KOT/Ia BCE OMBITHI ITIAHUPYIOTCS
3apaHee, T. €. JI0 Hayajla CaMOM MpOLIeIyphl MOKUCKA.
MeToa AUXOTOMHMH, WJIM MeTOJ NOJOBHHHOrO jejeHusi. Ha mepBoM 3rare BBIUUCISAIOTCS
3HAUeHUs IeNeBOM (YHKIIMU B JBYX TOYKAX Xi1 M Xi2, PACHOJIOKEHHBIX CUMMETPHYHO
OTHOCHUTEIILHO CEpEeIMHBI Juana3oHa BapbUPOBAHUS MEPEMEHHON X1 M BO3MOXHO OJIMXKE JIPYyr K
Ipyry. 31ech X11M X12— 3HAYEHUsSI MEPEMEHHON X1 B MEPBOM M BTOPOM TOYKAX COOTBETCTBEHHO, U
X12>X11
O0603HayuM yepe3 S Pa3HOCTh MEXKAY 3HAUCHUSIMH MEPEMEHHOM X1 B ATUX TOUKAX: € = X1, — Xq; -
3HavYeHNE IEPEMEHHOM X1 B KaXKJIOM M3 MTOCTaBJICHHBIX OTBITOB, OUEBHU/IHO, PABHO
X1y = xfo) —&/2; x5, = xio) +¢e/2,
rie x”- abcrmcca cepefMHBI MANAa30HA BapLUPOBAHHMS MEPEMEHHON X; ONpenenseMas Iio
dbopmyie
2 = min + Ximax) /2.
Benuunna e BbIOMpaeTcs BO3MOXKHO MEHBIIEH, HO JOCTATOYHOMW JUISI TOTO, YTOOBI MOXKHO OBILIO
3aUKCUPOBATH PA3INYUE PE3yIbTATOB OTBITOB.
O0603HayuM yepe3 y1 M Y2 pe3yJbTaThl COOTBETCTBEHHO MEPBOTO M BTOPOTO OIBITOB, T. €. 3HAUYCHUS
neneBor (QyHKIMMU B TOUKAaX X117 M U Xp2. IlycTh okazanmock, Hampumep, uTo Y1>y2 (puc. 4.6). [1pu
MPEANOJIONKEHIUH 00 YHUMOJAIBHOCTU (PYHKITUU OTKIIMKA MAaKCUMYM HE MOKET HaXOJUTHCS MpaBee
touku x\2. [T03TOMyY TOUKY ONITUMYMA Xjonr CIEIAYET UCKATh B JUAMA30HE Xipmin < Xiomr < X2
Ha cnepyromem stame, aHAJIOTUYHO TMPEIBIIYIIEMY, TJIAHUPYETCS MOCTAaHOBKA OYEPETHBIX IBYX
OTIBITOB BOJIM3H IIEHTPA HOBOTO JAHMAarna3oHa. Y CIIOBUS STUX OTBITOB:
Xi3 = xfl) —&/2; x4 = xfl) +¢&/2, tae xil) = (Xpnin + X12)/2.
[lycTh y3<ys. 3HAYUT, U3 AATBLHEUIIETO PACCMOTPEHHUS MOXKHO MCKITIOUYUTH HHTEPBAT OT Xjpin AO X13-
[TosToMy crnenmyromue aBa OMBITa CTABATCS BOJIM3M CEPEIUHBI MHTEpBANA (x5, %;,)U T. A. Takum
o0pazoM, B METOJie JUXOTOMHUHU TO pe3yjabTaTaM KaKJIOW Tapbl OMBITOB HMHTEPBAJ, B KOTOPOM
MOXET HaXOJHUTHhCS HCKOMas TOYKAa ONTUMYyMa, COKpAIaeTCs MMOYTH BIBOE. OTOT HHTEpPBAI
Ha3bIBAETCSl HHTEPBAJIOM HEOTIPEAEICHHOCTH.
CpaBHEM 3 (HEKTHBHOCTH PACCMOTPEHHOTO MeToaa ¢ 3((PEKTUBHOCTHIO MACCUBHOW IMPOIIEAYPHI,
MIpU KOTOPOM YCJIOBHS MPOBEICHMS BCEX OMBITOB JIOJKHBI OBITH 3a/aHbl 3apaHee. [Ipenmnonoxum,
YTO 3allJlaHUpOBaHa MocTaHOBKa BochMH ombITOB: N=8. [lo meTomy muxoTromMuu B 3TOM cllydae
OyZeT MOoCTaBJICHO YEThIpEe CEpUH IO JIBA ONbITA B KAXKOM, B pe3yJIbTaTe YETO0 UCXOAHBIN MHTEpBaJ
HEOMPEIECICHHOCTH YMEHBIIUTCA NOYTH B 24 = 16 pas.
bynem cuutaTh, 4TO MpHU MACCHUBHOM IMOMCKE TOYKU PACIOJIOXKEHBI B JMaria30HE BapbHPOBAHUS
paBHOMepHO (Touku 1, 2, ..., 8 Ha puc. 4.7). Torma npu nmoctanoBke N ONBITOB UCXOHBIN JHANa30H
oyner mnoxenen Ha (N - 1) unrepBanoB. Ilo pe3yiapTaram Bcero HKCHEPUMEHTa HHTEPBAJ
HEONPEeeIEHHOCTU OyJeT paBeH JIBYM IOJYYEHHBIM HMHTEpBajiaM (MHTEpBal MEXIY TOUKaMu 4 u
6), T. €. YMEHBIIHUTCS 10 cpaBHEHUIO ¢ McxoaHbIM B (N - 1)/2 pa3. /[ BocbMH TOUYEK MHTEPBAI
HEONPEEIEHHOCTH YMEHBILIUTCS, CIeI0BATENIbHO, TOJIBKO B 3,5 pas3a. Takum oOpa3om, npu mouicke
[0 METOAY TUXOTOMHH BeJMYMHA MHTEpBajla HEONPEIEJICHHOCTH yObIBaeT ¢ poctoM N oOpaTHO
TIPOIOPIHOHANBHO BETHIMHE 2" | a [IPH MACCHBHOM IOMCKE 0GPATHO MPOMOPLHOHAIBHO gucny N.
[Toatomy, yem Oosbmie N, Tem 3dexkTuBHEE METOJ] AMXOTOMHUHU IO CPABHEHHUIO C MACCUBHBIM
TTOUCKOM.

MeTto1 30J10TOr0 ceueHu s

OrtoT Meton Oonee dh(deKTUBEH, YeM MEeTOJ AMXOTOMHUH. Kak M mo mpenplayiemMy MeToidy, Ha
MEepBOM WTepaluu cTaBsTca aBa ombiTa. OJHAKO Ha KaXKIOM TMOCIEIYIOIIEM JTare TpedyeTcs
IIOCTAaHOBKA TOJIBKO OJHOTO OTIBITA.

[To Merony 30710TOr0 CeyeHUs: 3HAUYCHUS NEPEMEHHOM Xx;B NEPBBIX ABYX OIIBITaX COOTBETCTBEHHO
PAaBHBL  X11 = Xpnin + 0,382 (Xpnax — Ximin); X12 = Xpmin + 0,618(Xpmax — Ximin)- VIHBIMHA  CIIOBaMHU,
paccTosAHUE OT TOUYKH X11 1 O
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JIEBOM TpaHMIlBl JMarna3oHa BapbUpOBaHUsI TMepeMeHHOM x; cocrtaBiser 0,382 ero anuHbL, a
paccTosiHHe OT TOYKH Xi2 1O 3TOH ke rpanuisl - 0,618 ero mmunsl. [Ipu 3TOM 00e TOUKH
pacmojiararoTcst Ha OTpe3ke CHMMETPHYHO, TTockobKy 0,618= 1 -0,382.

[To pe3ynbTaraM MOCTaHOBKH MEPBBIX JIBYX OMBITOB BO3MOKHBI CJIECIYIOIINE BAPUAHTHI:

1) y1>Y7; B 3TOM cilyyae, U3 JabHEHIIEro paCCMOTPEHHSI UCKITFOUASTCS

OTPE30K (X1 - Xjay)- (TIPH YCIOBUHM TIOUCKA MaKCUMyMa (DYHKITHH ),

2) Y1>Y2 (puc. 4.8) UCKITIOYACTCSA OTPE30K (Xpmin - X11)-

OcraBuuiicst OTPE30K B JIOOOM CiIydae BHOBB JCIUTCSA JBYMSI TOUKAMU Ha TPU OTPE3Ka B TOM XKe
otHomeHnu 0,382 u 0,618. JIOCTOMHCTBO JaHHOTO METOJIa 3aKJIFOYAeTCS B TOM, 4YTO, HAUMHAS CO
BTOPOM MTEpaALMU, TIPH JICJICHUU KaXJOTO0 OYEPEIHOr0 OTPE3Ka B YKa3aHHOM OTHOIICHUH OJIHA U3
HOBBIX TOYEK JICJICHUS 0053aTeIhbHO COBMAJET CO CTApOd TOYKOM, B KOTOPOH yke ObLI MOCTaBIICH
onbIT. Tak, s ciydas WUTIOCTPUPYEMOTO puc. 4.8, IPU JIEICHUU OTPE3KA (X;; ... Xjmay )IOTYIUM
CTapyro TOUKY XIT M1 HOBYIO TOUKY X;5. [l03TOMYy Ha BTOpO# UTEpallK HAI0 MOCTABUTH TOJIBKO OJIUH
OTIBIT B TOYKE X;5. AHAJOTUYHBIM 00pa30M CTABHUTCS IO OJHOMY OTBITY Ha KaXIOW MOCIEIYIOIei
WTEpaIuu.

Otmerum, uto uyucino 0,618, ¢urypupyroniee B ONUCAHMM METOJAA, MPEJCTaBIsIET COOOM
MPUOJIMKEHHOE 3HAYCHHE BEITUYUHBI a = 0,55 — 1) = 0,618033. KBampar uncna a maer apyryro
TOYKY JIEJICHUS €JUHUYHOTO OTpPEe3Ka B JAHHOM METOJE: a ? ~ 0,382. MIHTEepBan HeonpeneaeHHOCTH
MOCJIe KaXJ0W UTepallii yMEHbIIIAeTCs 371eCh B 1/a pas.

[TocTaHOBKY OMNBITOB MO METOJY 30JIOTOTO CEUYEHHUs YJOOHO BBIMOJHATH C HCIOJIb30BAaHUEM
CJIEIYIONIEro ajropuTMa [6].

I ar 1. [lpumeM A; = X105 Ay = Xpmas H = Ay — Ay; Xy = Ay + @?H; X = A; + aH. B TOYKaA x,, ¥
Xyp CTABST ONBITEL. OOO3HAYNM HX PE3YIBTATHL Y (X ) U ¥ ().

[T ar 2. CpaBHUM y(x,e;) U y(xy). Ecir y(x,es) > y(x,)IIEpEiinem x

mary 3. Ecimy y(x,;) < y(x,,)Hepeiinem k mary 4.

II a r 3. Ilpumem A, = x,, u H = x,, — A;. IIpexpatum skcnepumenr, ecimu H nocratouno mano. B
IPOTUBHOM CJIy4ae B Ka4eCTBE HOBOI'O Xpp BBIOEPEM IPEABIIYINEE Xyep, @ B KAUYECTBE HOBOIO Xjep -
TOUKY (A, + a?H). [locTaBUM OIBIT B TOUKE Xyes U BEPHEMCS K BBITIOJIHEHUIO I11ara 2.

[T ar 4. [IpumeM A, = x,zs U H = Ay— x,5. [IpekpaTum sxcniepument, ecau H gocratouno mamno. B
NPOTHBHOM CJIy4ac B KadeCTBE HOBOTO X,., BHIOEPEM MNPEIBIAYIIEE X,,, @ B KAYECTBE HOBOTO X
TOUKY (A, + aH). IlocTaBUM OIIBIT B TOUYKE X, U BEDHEMCS K BBINOJHEHUIO 11ara 2.

I'panmeHTHBIH MeTO]

OTOT MeToA sl pelleHHs OJHOMEPHBIX 3ajady ONTUMH3alIMU MeHee S EeKTUBEeH, 4YeM
paccMOTpEHHbIE BBIIIE METOJAbI JUXOTOMHHM M 30J0TOro ceueHus. OpHako Onaronapsi cBoei
MIPOCTOTE OH HIMPOKO MPHUMEHSIETCS Uil ONTUMHU3aLUU OOBEKTOB aBTOMATHUYECKOTO YIPABICHUS.
Kpome Toro, rpaaiueHTHbII METOJ, B OTIMYME OT PACCMOTPEHHBIX BBIIIE METOJOB, YIAE€TCs
00001IUTF HA MHOTOMEPHBIH Cilydai, T. €. MOJEPHU3UPOBATh €0 IS PEeLICHHS 3aJa4l OThICKaHHS
AKCTpeMyMa (PYHKIIMH HECKOJIbKUX MEPEMEHHBIX.

IIyctes M - abcupcca MCKOMOM TOYKH ONTHMYyMa (JJIsl ONPEACICHHOCTH - MakcumyMma) (puc. 4.9).
Buauane nieneBas (pyHKIUSI BRIYUCISIETCS B HEKOTOPOM MPOU3BOJILHOM TOUKE 7 BHYTpU AMANa30HA
BApbUPOBAaHUS MEpeMEHHON x;. I[lycThb pe3ynpTaT BbBIYMCIECHHNH paBeH y,. M3 3TOM TOUYKH
JKeNaTelIbHO CABUHYTHCS B HAIpPaBJICHUM TOYKM M, B JJaHHOM ciydae - BiIeBO. Ho mockoibky
MOJIOKEHHE TOYKM M 3apaHee He M3BECTHO, CHayaja Jeiaercs MPOOHBIM mIar B OJHOM U3 ABYX
BO3MO>KHBIX HAIPABJICHUM, T. €. BJIEBO UJIM BIIPABO OT TOUKH 1.

[Tycth, HanmpuMep, MPOOHBII IIar cenaH BIpaBo (ToOYKa 2) ¥ pe3yabTaT ero y,

N3 Toro, uto y, < y;, MO)KHO Cpa3y 3aKJIIOUHTh, YTO TOYKa M Haxoautcs JieBee Touku 1. [Toaromy
crenyomui pabounii mar nemnaercs BIeBO OoT Toukd 1 B Touky 3. Tak kak y; >y, TO oyepeqHoOn
paboumii mar genaercs B TOM JK€ HampaBIEHHUH, TO €cTh B TOUKy 4, u T. 1. [lpuns, HakoHel, B
TOYKY 6, yOexmaemcsl, 4TO y, <ys, ® 3HAUMUT, TOYKa M HaxOoJHUTCS MexAy Toukamu 5 u 6. Ecim
TOYHOCTh, C KOTOpOW HaifeHa abcuucca TOYkd M, HeJOCTaTOYHA, NBUXKEHUE MPOJIOIDKAETCS OT
TOYKH 6 C YMEHBIIIEHHON JJIMHOM 111ara.

Meroasl noucka 3KCTpeMyMa (pyHKIUI HECKOJIbKHUX ePeMEHHbIX
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PaccmoTpuM 3amady oThICKaHUS 3KCTpeMyMa (DYHKIIUN HECKOJIBKIX IEPEMEHHBIX

y =f(X1, X2,..., Xn) B MPEANOJOKECHUH, UYTO KaKaasi U3 N MEPEMEHHBIX MOXKET MPUHUMATh JII000e
JIEMCTBUTEILHOE 3HAUYECHUE - MOJOXKUTENBHOE WM OTpPULATENIbHOE. B 3amavax ¢ MpakKTUYECKUM
COJIep’KaHUEM, TJ/Ie TIEPEMEHHBIC X1, X2,..,Xn UMEIOT (PU3UYECKUI CMBICH, UX JTUANIA30HbI H3MEHEHUS
BCEr/Ja OrPAaHMYEHBl; TEM HE MEHEE, PAaCCMOTPEHUE HAaHHOW 3aJaud OKa3bIBACTCS TOJIE3HBIM,
MMOCKOJIBKY T€ HJICH, KOTOpPhIE OYAyT MPEIIOKEHBI JJIsi €€ PEHICHHs], OKAKYTCsS MPUMEHUMBIMH U
JUIS 3a]a4 ONTUMH3ALMM C OrPAHUYEHUSAMH, T. €. 3aJa4 HEJIMHEWHOrO0 MNpPOrpaMMHpPOBAHUSA,
HMMEIOIINX OOJIBIIOE MPAKTHIECKOE 3HAUCHUE.

H606XOIll/lele U JOCTATOYHBIC YCJIOBUA IKCTPEMYyMa

[Mpenmonoxum, uro ¢yHkimsa y =f(X1, X2,..., Xn) UMEET HENPEPHIBHBIC MPOM3BOIHBIC 0 CBOUM
aprymentam. Eciu ota gynkuus umeer skcrpemyM B Touke @ = (x(”,x{”,x”) 0 Bce ee uacThbIe
IIPOU3BOJHBIC B STOU TOYKE 06pama}0Tc;1 B HYJIb: 0f /0x; IpA i=1, 2, .., n UaeiMu CJIIOBaMH, €CJIIN
IIPUPABHATE HYIIO BCE€ YaCTHBIE NPOU3BOAHBIE OT y IO Xj U PEUIUTH IIOJYYEHHYHO CHUCTEMY

YpaBHEHUU

af /dx, = 0;
af /dx, = 0;
af /dx, = 0,

TO CpeAM HANJCHHBIX PEIICHWH OKaXeTCs M TO4YKa JKCTpeMyMa. TOYKH, YIOBIIETBOPSIOIINE
cucteme (4.18), Ha3BIBAIOTCS KPUTUUECKUMH.
JloctaTouHble yCIOBHUSL AKCTpeMyMa CPOPMYIUPYEM TOJIBKO JUIsl (YHKIHMU JBYX MEPEMEHHBIX Y
=f(X1, x7). Ipeamnonosxkum, urto Touka M(x\”,x{”) sBnserca kpurnueckoit Touxoit gymkuun f(xy,
X2)TO €CTh

of (”s”) _ of (%))

ox, =0 dx,
[TycTh, KpoMe TOTo, B HEKOTOPOU 00J1acTH, coAepKaIieii Touky M,
obynkims  f(X1, X2). HMMeeT HemNpepbIBHbIE YacTHbIE MPOM3BOJHBIC [0 TPETHEro MOpPSIKa
BKIIIOYHMTEIBHO. BBIYncimM B 3T0# Touke BTOpbIE Mpou3BoAHbIe GyHKIMU f(X1, X2):
2rE0) | 0a”) o)
ox? T oxex, ax3 '
O603naunM uepes D Bepaxenne A C —B% Toraa dyukuus f(X1, X2). uMeer B Touke M:
1) muaumymMm, ecmu D> 0wu A > 0;
2) makcumyM, eciii D >0 u A <0;
3) oTcyrcTBHE 3KCTpemyMa, eciau D < 0.
Ecmu e D =0, To skcTpemyMm B Touke M MOXeT ObITh WM HE OBITh (B 3TOM cilydae Tpedyercs
JOTIOTHUTEIHHOE UCCIIEIOBAHHE).
3agaya onTUMH3ALMU Pa3MepoOB TAapHOro suKa. [IpeAmnonoxum, 4yTo AUMK UMeeT (popmy
MPSIMOYTOJIBHOTO TMapalijieNienuieia, BCe €ro CTeHKH UMEIOT OJUHAKOBYIO TOJIIIUHY U U3TOTOBJICHBI
U3 OJIHOTO U TOTO e Marepuana. TpeOyeTcs HAWTH ONTUMAaNbHBIE pa3Mephl AluKa (6€3 KPBIIIKH)
MIpH 33/1aHHO ero BMecTuMocTH V.
O603HauuM AMUHY, IIUPUHY U BBICOTY SIIUKA Yepe3 X9 y U Z cooTBeTCTBEeHHO. Torma
V = xyz.
C ydeTroM MpPUHATHIX MPEINOJI0KEHUH KOJIMYECTBO MaTepualia, HE0OXOIUMOE JUIsl M3TOTOBICHUS
AIUKA, POMOPIUOHANBHO TUIOIIATN BCEX €T0 CTEHOK, PaBHON W = xy + 2yz + 2xz. DTO BbIpaKEeHHE
CIIY’KUT LIeNeBOU (PyHKIIMEH, moanexanieil MUHIMH3AIIH.
[ToactaBuB B Hero cooTHoleHue Z = V/(XZ) momydeHHOe U3 (OPMYIbI, HEPEHUIIEM LEICBYIO
(GYHKIHIO B BUJE PYHKIIUU JBYX MEPEMEHHBIX:
W=xy+2V/x+2V/y.

Bocnonb3yemcst HEOOXOAMMBIMHM ~ YCIOBHSMU 3KcTpeMyMma. /[l 3TOro 3amMiieM CUCTEMY
ypaBHEHUH BUJA TaK:

=0.

A=

oW /ox = O;}
ow /oy = 0.
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Bprunciiim  npousBosHbIE: OW /ox =y — 2V /x?*;0W /oy =x—2V/y? . Toraa 3amnucaHHas BbIIIE
CUCTEMA yPaBHEHUHN IIPUMET TaKOU BUJ:

y—2V/x?=0; x%y = 2V;

x—2V/y?= ,}Wm xy? =2V.
PererreM ee OyayT BRIPAKEHUS: Xorr = Y ome = V2 V. Jlaice osyuaeM 3HauCHHE

Zontr = V/(Xon'r y om‘) = V/3\/ (2 V)Z = i/g

[Tonenus x,,; Ha ¥ oyp, HAWJIEM COOTHOIIEHHUE MEXAY CTOPOHOUN M BBICOTOM
SIIUKA: Xopy /Y ome = 2. TaKHUM 00pa30M, HaliJICHHOE PEIICHUE COOTBETCTBYET
SIIIUKY, UMEIOIIEMY OJMHAKOBYIO JUIMHY U ITUPHUHY, & BRICOTY - BIBOE MEHBIIYIO,
YeM JUIUHY.
Yb6emumcsi, 94TO TOJMYIECHHOE PElIeHUE NCHCTBUTEIHHO JOCTABIISICT MUHUMYM IIEJICBOUM (DYHKITUH.
Jist aToro BocmoJib3yeMcs CHOPMYIMPOBAHHBIMU B JIOCTATOYHBIMHU YCIOBUSIMU. Brruucianum
BTOpbIE MPOU3BOAHBIE 1ieNeBo QpyHKIuU W:

2W /9x% = 4V /X" ; 92W /axdy = 1;0°W /dy? = 4V /y°.
[TonctaBuB B 3T (OpMYIBl HAUACHHBIE 3HAYEHUS AXoyr, Y omeH Zomr, TOTYyUUM: A=2; B= 1; 0=2.
Boruncium D=AC - B?=3. Umeem D >0 u A>0. ClieoBaTelbHO, HaliCH-HbIC pa3Mepsl SImMKa
COOTBETCTBYIOT MUHUMAJILHOM TUIOIIAJN €0 TIOBEPXHOCTH.
AHaJOTUYHBIM 00pa3oM MOKHO ONTUMH3UPOBATh pa3MeEphl SIIMKA, Yy KOTOPOTO, HAIpHUMED,
TOPIEBbIE CTEHKU MMEIOT JBOWHYIO TOJIIMHY MO CPAaBHEHUIO C MPOJOJIBHBIMU CTEHKaMU, JTHOM H
KpBIIKOM. B 3TOM ciiydae B KadecTBe KpHUTEpHs CIEAyeT paccMaTpHBaTh MUHUMYM oOBbeMa
pacxoryeMoro MaTepHaa, a moJIydeHHOE PEIICHUE MPOBEPUTH 0 MPOYHOCTHBIM TTOKA3aTEIIsIM.
JIeHiCTBUTENFHO K€ KOPPEKTHOW Oblia Obl 3a/lada ONMTUMAIBLHOTO MPOCKTUPOBAHUS W3ICIHUS,
HCXOJI U3 HEKOTOPOTO SKOHOMUUYECKOTO KPUTEPUS, C YIETOM MPOYHOCTHBIX, (DYHKIIMOHAIBHBIX U
JIPYTUX XapaKTEPUCTHK.
CdopmynupoBaHHBIE BBIIIIE HEOOXOUMBIE U JOCTATOYHBIC YCIOBHS IKCTpEeMyMa (PYyHKITUN JTUIIH B
PEAKHX CIIydasX yJaeTcs MCIOJIb30BaTh Ui PEUICHHs MPAKTUYECKUX 3a7ad Mpexae BCEro m3-3a
CJI0KHOCTH PEUICHHS] CUCTEMBI, KOTOpas, KakK IMPaBWIO, OKa3bIBACTCS HEIWHEWHOW. Yaie 31ech
HCIIOJIB3YIOT YHCIIEHHBIE METO/IbI, KOTOPBIE Omucanbl Hike (. 4.3.2 - 4.3.6).
bynem mo-mpexHeMy OTBICKMBaTh MAaKCUMyM (YHKUMU M MpeAnojaraTb €ro eIUHCT-BEHHOCTD,
XOTS B MHOTOMEpPHOM CiIydae 3TO MPEANOJOKEHUE 3HAUMTEIbHO MEHEE BEpOAT-HO, YEM B
OJIHOMEPHOM.

MeToa NOKOOPAHMHATHOTO MOUCKA

HNuorpa »toT MeTon HasbiBaloT MeTtojgoM ['aycca - 3eipens. CorjiacHO JaHHOMY METOAY
IIepEMEHHbIE BapbUPYIOTCA B XOJ€ MCCIENOBAaHUS IooUepe1Ho. BHavase 3a1aeTcst nCXoaHas TOUkKa
@ = (!, %7, ...,x”) B KOTOpO# CTAaBUTCA TepBbI OMBIT. 3aTeM MOCIEI0BATENFHO U3MEHSIOTCS
3HA4YEeHUs TOJIbKO OJHOM IEpEeMEHHOH, HalpuMep Xi, a OCTaJbHbIE MEPEMEHHbIE X2, X3, ...,Xn
(uKcHpyIOTCS HAa CBOMX HAYaIbHBIX ypoBHAX x ), x{”, .., x(.

W3 mocTaBieHHBIX ONBITOB OTHICKMBAETCS HAWIYYIIWH, T. €. TOT, JAJIS KOTOPOrO 3HAYEHHUE Y
MakcumanbHO. COOTBETCTBYIOIIEE 3HAUEHHE MEPeMEHHOM X; (ukcupyercs. B 3tux ycnosusx
MIOCJIEI0BATEIbHO U3MEHSIOT 3HAUEHUs IEPEMEHHON Xp, J{71s1 OTIBITOB 3TOM cepuM OTBICKUBAETCS U
¢bukcupyercs ee Hauiydlee 3HadeHue. B cienyrouieil cepun BapbUpyeTcst TOJIbKO X3, €CJIU YUCIIO
NepEeMEHHbIX O0JIbLIE ABYX, U T. 1. A0 Xp. 3aT€M LIMKJI IOOYEPEJHOI0 BapbUPOBAHUS IEPEMEHHBIX
MIPOBOJIAT 3aHOBO, HAUMHas C X1. DTa MpoLeAypa MOBTOPSIETCS A0 TeX MOp, OKa He OyAeT HaileHa
TOYKA, CMELIEHHE OTHOCUTEJIBHO KOTOPOH BapbUpOBAaHMEM JIOOOTO (pakTopa MPUBOIUT TOJIBKO K
yXyIUIEHHUIO pe3ynbrata. OHa IPUHUMAETCS 3@ TOUKY ONTUMYMa.

Jns nBymepHoro ciydas (N=2) Ha puc. 4.10 maHa reoMmeTrpuyeckas HMHTEpIpeTalusi METOAA.
VYcnoBus ONMBITOB 3/1€Ch M300pa’keHbl TOUKAMM HA IJIOCKOCTH, MO KOOPIUHATHBIM OCSIM KOTOPOM
OTKJIAJBIBAIOTCSI 3HAYEHMs NEPEMEHHBIX Xi M Xp. Ha 3TOM pHCYHKE HAaHECEHBI TaKXe JHHHHM
YPOBHSI, WJIHM JUHUHM PaBHOTO BBIXOJa. J{JIsl BceX TOYEK, JIeXKAIIMX HAa JAHHOW I-H JIMHUM ypOBHS,
3HAUEHHUE OTKJIMKA OJMHAKOBO U PABHO HEKOTOPOMY 3HAYEHHMIO Yi,. Y CIIOBHS ONIBITOB NIEPBOM CEpUU
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n300pakeHsl Toukamu 1 - 5 . Jlydmum cpenn HUX okazaics 4eTBepThliil onbIT. COOTBETCTBYIOIIEE
€My 3HauEHHUE NEPEMEHHON X1 COXpaHsEeTCs

JUIsl BCEX OIBITOB CIIEAYIONIEH cepuu, I/ie Bapbupyercs Xz (Touku 6 -1 1 ). 3aech Jydmuid onsIT -
JeCAThIA. 3aTeM BHOBb BapbHpyeTCS NEpEeMEHHas X1 W T. J. Bcero ans NOCTWXEHUs 00IacTu
ontumyma (Touka 19) B JaHHOM citydae MoHa100MI0Ch MATH CEPH OTBITOB.

OCHOBHOE JIOCTOMHCTBO METOJ/ia 3aKJIIYAaeTCs B MPOCTOTE €ro peaju3auuu. AJITOpUTM METoja
MPEeIyCMaTPUBACT TOJIBKO BBIUMCIICHUS 3HAUYEHWH IeneBord (yHKUMHM Oe3 HCIOJIb30BaHUS €€
MIPOU3BOJHBIX. Takue MeTo/bl Ha3blBAlOT NPSAMBIMH, WM MeTOJaMHM HyJeBoro mopsigzka. C
JpYroil CTOPOHBI, MMEHHO M3-3a TOTO, YTO IpPH IOUCKE SKCTPEMyMa IO JJTAHHOMY METOJYy He
UCIOJIb3YeTCs. MHPOpMaIUs O 3HAYEHMSIX MPOU3BOJHOM 11€JeBOM (YHKLIMH, OH HE OTHOCHUTCA K
qrcay 3QPEeKTUBHBIX. B 4acTHOCTH, METO/T TOKOOPIMHATHOTO MOKCKa paboTaeT IMI0X0, €CIIM HMEET
MECTO B3aUMOJECHCTBUE MEXKAY KAaKMMH-IUOO IEPEMEHHBIMU Xj U Xj, TO €CTh B BBIPaKECHHE IS
1eNIeBOM (DYHKLIUU BXOJUT IPOU3BEACHUE Xi X;.

I'panneHTHBIH MeTOA

I'pagvieHTHBI METOJ M €ro Pa3sHOBHIHOCTH OTHOCATCS K CaMbIM PacCHpOCTPaHEHHBIM METOJaM
MOWCKAa DJKCTpeMyMma (YHKIUH HECKOJNBKHX TIEPEMEHHBIX. Mpes TpagueHTHOro MeTona
3aKITI0YaeTCsl B TOM, 4TOOBI B IMpOIEcce TMOMCKA IKCTpeMyMa (sl OTPEAEICHHOCTH MaKCHMyMa)
JIBUTATHCS KOKIBIN pa3 B HAIIPAaBJICHHNH HANOOJIBIIIEr0 BO3PACTAHMUS IIENIEBON (DYHKITUH.
I'pasmmeHTHBII METON TpeIoiaraeT BEIYUCICHHE TIEPBBIX MPOU3BOIHBIX IETIeBON (DYHKIIUH TI0 ee
aprymerTaM. OH, KaKk ¥ TPEABIAYIINE, OTHOCUTCS K MPUOIMKCHHBIM METOJIaM U TO3BOJISIET, KaK
MIPABHJIO, HE IOCTUTHYTh, & TOJIBKO MPUOIM3UTHCS K TOYKE ONITUMYMa 32 KOHEYHOE YHCIIO IIaroB.
Brauase BbiOuparoT HauanbHyio Touky ¥©@ = (x@,x”, ..., x?). Eciu B ogHOMepHOM ciyuae u3 Hee
MOXHO OBUIO CIIBHHYTHCS TOJIBKO BJIEBO WJIM BIpaBo (cM. puc. 4.9), To B MHOTOMEPHOM Cllydae
YUCJIO BO3MOXKHBIX HANpaBJCHUN TiepeMenieHus OeckoHeyHo Benmwko. Ha puc. 4.11,
WUTIOCTPUPYIOIIEM CIIy4ail ABYX MEPEMEHHBIX, CTPEIKAMU, BBIXOASIIUMHU U3 Ha4allbHON TOUKH A,
MOKa3aHbl pa3IMyHble BO3MOXHbBIE HanpaBieHus. [Ipu 3Tom ABHKEHHE IO HEKOTOPHIM U3 HUX J1aeT
yBEJIMUYEHUE 3HAYEHUS L1eJeBOM (DyHKIIMH IO OTHOIICHHUIO K TOUKe A (Hampumep, HampaBieHus 1 -
3 ), a mo IpyruM HampaBJICHUSM MPUBOJUT K €r0 YMEHBIICHHUIO (HampaBieHus 5 - 8). YuuTsiBas,
YTO M0JIO)KEHHE TOUYKH ONTHMYyMa HEM3BECTHO, CUUTAETCS] HAUITYYIIMM TO HalpaBlieHUE, B KOTOPOM
ueneBas (QyHKIMsS BO3pacTaeT ObICTpee BCEro. OJTO HaNpaBlIEHWE Ha3bIBaeTCd IpPaJHeHTOM
¢byHkuu. OTMETHM, YTO B KaXKJI0M TOYKE KOOPAMHATHOW IUIOCKOCTH HAaNpaBleHUE IpagueHTa
MEPIEeHIUKYISAPHO KacaTeIbHOU K IMHUM YPOBHS, IPOBEJICHHON Yepe3 Ty K€ TOUKY.

B maremaruueckoM aHain3e J0Ka3aHO, YTO COCTaBJISAIONIME BeKTOopa rpaaueHTa Gpynkuuu y =f(X,

X2yeens Xn) SABJISIFOTCA €€ YaCTHBIMU ITPOU3BOAHBIMU I10 apryMmEeHTaM, T. €.
grad f(x;,X,, ..., X,) = {0x/0x,,0x/0x,,...,0x/0x,}.

Takum 00pa3om, IpH MOMCKE MaKCUMyMa I10 METOJIy TPaJueHTa Ha IMePBOM UTEPAIMH BBIYUCIISIIOT
COCTaBJISIFOIIME TpajdeHTa mo (GopmynaMm Ui HadaabHOH TOYkH X W genaroT paboywii Imar B
HAWJICHHOM HAlpaBJICHUH, T. €. OCYIIECTBIIACTCS MEPEX0] B HOBYIO TOUKY ¥ C KOOpIUHATAMHU:

d
7O = 70 4122

axlo’

o
7O =70 222

0xpl )

Puc. 4.12. 'eomeTpryeckas HHTEpIIpeTaLUs
I'PaJAMEHTHOTO METO/1a (JIByMEPHBIH ciyyail)
WJIM B BEKTOPHOM popme

¥ = O 4 A grad f()?(())),
r7ie A - IOCTOSIHHBIA WM MEepeMEHHBIN MmapaMeTp, Onpeensonnil yimHy padoyero mara,A>0. Ha
BTOPOIi MTEpalii CHOBA BBIYUCIISIIOT BEKTOP TPAIAMCHT YXKe I HOBOW TOYKM ¥V, mocje 4yero 1o
AHAJIOTHYHOM (hOpMyIie epexoaaT TouKy x¥Pu T. 1. (puc. 4.12). Inst npou3BoiabHOMN K-ii uTepannu
HMEEM
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xk = g1 +,16—y i=12,..,n
0%l k-1
Ecnu oTpicKHMBaeTCs HE MakCUMyM, a MUHUMYM LEJNEBOH (PyHKIMM, TO Ha KaXJOH HTEpaluu
JieTaeTcsl ar B HAaIMpaBJICHUH, MPOTHUBOTIOIOKHOM HANpaBJICHUIO rpagueHta. OHO Ha3bIBAETCS
HaIpaBJICHUEM aHTUrpagueHTa. BMecTo popmyIiel B 3TOM ciiydae Oyaer
Xk =xk1 YA i=12,..,n
0x; k-1
CymecTByeT MHOTO Pa3HOBHJHOCTEH METOJa IpajJfeHTa, Pa3IHYaroluXcsl BHIOOpOM pabodero
mara. MOXHO, Hampumep, MEpPeXOJUTh B KXY TOCIEAYIOIIYI0 TOYKY TPH IOCTOSHHON
BennuuHe S, u Toraa anmuHa paboyero mara - pacCTosHIE MEXTy COCETHUMH ToukaMu x ) i xk+1)-
OKQXETCS MPONOPIHUOHATBHOW MOJIYII0 BEKTOpa rpaaneHTa. MOKHO, HaoOOpOT, Ha KaKIOH

UTepaIy BEIOUPATh A TaKUM, 4TOOBI JTHHA paboyero mara 0CTaBajiach MOCTOSTHHOM.

MeTtoa HaucKopeiero noabeMa

B cnyyae nmoucka MUHMMYMa €ro Ha3bIBalOT METOJIOM Hauckopeimiero crnycka. OH npeacTaBiser
co00¥ Pa3sHOBHUIHOCTH IPATUEHTHOTO MeTo1a. [1o 3ToMy MEeTOy BeNWYrHA A HA KaXI0H UTepanun
BBIOMpAETCs TaKOM, YTOOBI pUpPAIICHNE TIeTIeBON (DYHKIIUH TP IBWKCHUH B JAHHOM HATPaBICHUU
Obuto HamOonbmUM. JIeTko TOKa3aTh, YTO MPH 3TOW MPOIEAype HANpaBIIEHHE T'paaUeHTa B
ouepeHON Touke ¥ TEPNEHAMKYISIPHO K HANpABJICHUIO €ro B Mpenslaymied Touke x*—b,
JleWiCTBUTENBHO, IIYCTh TPAIHMEHT B HAaUYaIbHOM Touke ¥ (©HamnpasieH mo ayay | (puc. 4.14). U3 stoi
TOYKH BBITIOJHSETCS TIEPEeX0oa B TOUKy ¥, Ui KOTOpPOW 3HAYCHHE IENIEBOW (YHKIMH, paBHOE
HEKOTOPOMY YHCITY Y1,00JIbIlIe, YeM B JIFOOOH Ipyroi Touke, Haxojsmieics Ha jyde |. Orcroma
CIIEJTyEeT, YTO JIMHUS YPOBHS, COOTBETCTBYIOIAS 3HAYCHHUIO Y=y TiepeceyeT 1y | B eTMHCTBEHHOM
touke ¥M3cM, To ecth Oymer kacarbcsi 3Toro Jjyya. [lockonbky’ rpaaueHT B Touke X
NEePICHIUKYIISAPEH K KacaTeNbHOW K JIMHUM YPOBHSA y=y\, TO OH OyIeT MepHeHAUKYISIpEeH U K
rpajiieHTy B Touke X .

IIlpumeHeHne MeTOIOB ONTHMHU3AIMM B CHCTEeMax ABTOMATH3HPOBAHHOIO YNpaBJIeHHSA
TEeXHOJIOTHYECKMMH MPOLEeCCaMHu 1epeBo00padoTKu

YnpasieHue packpoeM NMUJI0BOYHOI0 ChIPbSi B ABTOMATH3HPOBAHHOM J1€CONNJIbHOM Iiexe
MeTonpl  ONTUMH3ALUU  IIUPOKO  HUCHOJB3YIOTCS s ONEPaTHUBHOTO  YIpPaBICHUS
TEXHOJIOTHYECKUMHU TIporieccaMu B ycloBusxX ¢yHkuuonupoBanus ACY. Ilpu srom dyHKIIMH
yIpaBIEHUS MPOLIECCOM BBIMNOJIHSIET BBIYUCIUTENIbHAS TEXHHKA. B 3aBUCHUMOCTH OT KOHKpPETHOM
CUTYyalldd BO3MOJKHBI pa3jMYHble MPUHIMIBI €€ HCIOJIb30BaHMUS. B oJHHMX chydyasx BceMu
CTaMsIMU TEXHOJOTHYECKOro TMpoliecca ympaBisieT eauHcTBeHHas OBM. B npyrux ciywasx
cUCTeMa yIpaBJeHHUs COACpPXKUT Heckoiabko [IDBM, kaxkmas #3 KOTOPBIX  YIpaBisieT
OTpeJIeNIeHHBIM Y4aCTKOM TeXHoJIornueckoro mponecca. OcHoBHas ¢pynkuus IBM 3akitouaercs B
nepepaboTKe BXOJHBIX JAHHBIX - O XapaKTEPUCTUKAX ChIPbs, TPEOOBAHUSAX K TOTOBON MPOIYKIIMU U
T. . - ¥ BbIJaue HHGOPMAILIMU O HEOOXOJMMOM YPOBHE YIPABISIOUINX BO3JCHCTBHI, B YaCTHOCTH
00 ONTUMANbHBIX pEXKUMax TeXHoJoruueckoro rmpouecca. [ns storo 3BM chHabGxkaroT
MPOrpaMMaMH PEIIeHUs] COOTBETCTBYIOIINX 3a/1a4, B TOM YHCJIE ONTHMU3AIIMOHHBIX.

Hampumep, oaMH M3 BO3MOXXHBIX BapHAHTOB MOCTPOCHUS TEXHOJOTUYECKOHW CXEMBbI YdacTKa
packpost OpeBeH B aBTOMATU3MPOBAHHOM JIECOMMIBHOM I[€X€ COCTOUT M3 JBYX TE€XHOJIOTHYECKHX
nuHuil. Ha mepBoil packpauBaeTcsi TOHKOMEpPHOE, a Ha BTOPOM - KPYMHOMEpPHOE ChIphE.
OctanoBumcs noapoOHee Ha BTopoiu juHuu (puc. 4.23). Cucrema comepxut 9BM, B KOTOpyIO
3apaHee BBelAeHa HHopMmalus o crneudduKanud — BbIPAOATHIBAEMBIX  MMHIOMATEPUAIIOB.
[lepBoHauanbHO OPEBHO MPOXOIHUT Yepe3 CHCTEMY JAaTUYMKOB, C MOMOIIBI0 KOTOPHIX 3aMEepsIFOTCS
€ro OCHOBHBIE MapaMeTPbl W XapaKTePUCTUKU (OPMBI: JUIMHA, TUAMETPHI B OIPEACICHHBIX
CEUYEHMSIX, KPUBU3HA.

Oty faHHble mocTynailoT B OBM, kortopas BeipabarbiBaeT WHGOpPMAIMIO O HEOOXOIUMOM
MOJIOKEHUH PEXKYIINX HHCTPYMEHTOB, a Takke 00 ONTUMAaIbHOM TMOJOXKEHHH W OPHEHTAIlUU
OpeBHa OTHOCHUTENLHO MOCTaBa MUJI, C TeM, YTOObI 00ECTIeYNTh MaKCUMAIbHBIH 00BEMHBIN BBIXO]]
MUJIOMAaTepHaIoB MpU 3aJaHHON crhenudukamuu. J[as pemeHus >TOH JOBOJBHO CIIOXKHON
OTNTUMM3AIIMOHHOMN 33/1a4¥ pa3paboTaHbl CIICIUATbHBIEC AITOPUTMBI U IPOTPaMMEI. B COOTBETCTBUU
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¢ uHpopmanuel, noiaydeHHoi or OBM, cnenuanbHas cCUCTeMa phIYaroB OPUEHTHUPYET OpPEBHO M
HaIpPaBJIFET €r0 B JIMHUIO PaCKpPOSL.

[lepBoHauanbHO OpPEeBHO HPOXOIUT uepe3 (pe3epHbIe CTaHKH UIA MPHUIAHHUS IIOCKOH (POpPMBI
OCHOBAHHMIO M JBYM CTOpOHaM OpeBHa, 3aTe€M — 4Yepe3 CABOCHHBIN OpYCYIOIIHIA JIGHTOYHOMMIIBHBIN
CTaHOK. BOKOBBIE OCKM € HEro MOCTYNarT Ha OAMH U3 JABYX OOpe3HbIX cTaHKOB. [lomydeHHBII
Opyc mojiaeTcst Ha cieIyrouInii ppe3epHblil CTAHOK, KOTOPBIA 00pabaThIBaeT €ro YeTBEPTYIO
CTOPOHY, a 3areM OpyCc MOCTylnaeT Ha NATUINWIbHBIA JIGHTOYHONMJIbHBIM CTAHOK, TJ€
pacnmiiBaeTcss Ha JOckH. Hapsimy ¢ opuerranuedr OpeBen DOBM ympaBiser ¥ CUCTEMOU
LIEHTPUPOBaHUS OpYChEB, MOCTYMAIOIINX Ha JICHTOYHONMWIbHBIE CTaHKH, & TaKXKe MEPUOJAUYECKU
JaeT KOMaHAYy Ha MEepeCTaHOBKY IWJ ATHX CTaHKOB, KOPPEKTHUPYS CXEMBbI PacKposi MHJIOBOYHOTO
CBIPBSI, C YUETOM YK€ BBIIIOJHEHHOHW YaCTH CIICIUPHUKAIINH.

Eme Gosiee coBepIICHHOM SABIISCTCS CHCTEMA, B KOTOPOH AaT4nku nepeaarotT B IBM uHpopmanmio
HE TOJBKO O ¢opMe OpeBHA, HO U O €ro MOPOKaX, MPEXKJIe BCEro o cydykax. B stom ciaydae 9BM
yIOpaBisieT OpUEHTAalUMeld M packpoeM OpeBHa YK€ C IMO3UIMHA MaKCUMyMa €ro IEHHOCTHOTO
BBIXOJIA.

O0mas mocTaHOBKA 33724 HCCJIAEeA0BAHUSA onepaunﬁ

JluHamMuueckoe MporpaMMHpOBAaHHE - 53TO OJMH W3 METOJOB pEUICHHUs CJIOXKHBIX 3a/1ay
ontuMM3anuu. Ero cymiecTBeHHass 0COOEHHOCTh COCTOUT B pa3JelIeHUU HUCCIEeTyeMOro Ipouecca
Ha 3Tanbl (mark). Jtanbl MOTYT COOTBETCTBOBATH, HANPHUMEP, PA3IUYHBIM IEPHOJIaM BpPEMEHU
(GYHKIIMOHUPOBAHUSI CUCTEMBI, OTACIBHBIM y3JIaM HWJIM Yy4acTKaM paccMaTpUBAaEeMOTO OOBEKTa,
Pa3IMYHBIM CTaJMsIM TEXHOJIOTMYECKOTO Ipolecca U T. A. Jis Kakaoro sTama pemaercs 3ajgada
onTUMHU3alKK. TakuM 00pa3oM, pelIeHne CIOKHON MCXOTHOM 3a7aud CBOJIUTCS K PEIISHUIO psiaa
0oJiee MPOCTHIX ONTUMU3ALMOHHBIX 3a7a4, B3AUMOCBS3aHHBIX JPYT C APYTOM.
O¢ddexTUBHOCT, pelieHUs 3aJaud ONTHMHU3ALMU Ha HEKOTOPOM 1-M JTale XapaKTepU3yeTcs
BEJIMYMHOW KpuTepust ontuMmanbHocTH (). JlOCTHXKEHHE DJKCTpeMyMmMa 3TOrO  KpUTEpus
o0ecrieynBaeTcss OTHICKAHMEM 3HAUYEHUI YNPaBIAIOIIMX MEPEMEHHBIX - IEMEHTOB pelieHus. B
3aa4axX IUHAMUYECKOTO IPOrPAMMHUPOBAHMS MX HA3bIBAlOT YNPABJICHHAMM. YIIPABJICHUE HA
KQKIOM IIare Z; - 3TO BEKTOP, COCTOALIMN U3 COBOKYITHOCTH HEKOTOPOTO YHUCIIA T YHMPABIISIOIIUX
IIEPEMEHHBIX:
g = (W™ u®, ..., u™).
B Gonee cnoxHBIX CllydasX KOMIIOHEHTaMU BEKTOPA YIPABJICHUS MOTYT ObITh (DYHKIMM U Jaxe
KayeCTBEHHbIEC I10KA3aTellM, HalpuUMep: pas3jIMyHble CIOCOOBbl IMOATOTOBKU CBIPbS, HPOQPUIN
PEXYIIMX MTHCTPYMEHTOB, UCIIOIb30BAaHUE TON WJIM MHOW TEXHOJIOTHYECKOM CXEMBI U T. II.
[IpennonoxumM, 4ro neneBas ¢GyHKkuus W Bcell 3afaud oNpesersercss Kak CyMMa YacTHBIX
KPUTEPHUEB I10 BCEM dTanaMm Ipolecca, T. €.
n
W = Za)i
i=1

rze N - yucio 3T1anoB. Takol KpUTEpHA ONTUMAIBHOCTH Ha3bIBACTCS AJIHTHBHBIM.

Ilycth, Hampumep, MNPEACTOUT OCYLIECTBUTh PEKOHCTPYKIMIO J1€peBO0O-pabaThIBAIOIIETO
OpEeanpusTHs B TEYeHUE I JieT. B Hayanme KakIoro roja NpeanosiaraeTcsi BKIAJbIBaTh B
PEKOHCTPYKIMIO ONpesieTeHHble cpeacTBa. Exxeroanas npuObUib NpeANnpUATUS 3aBUCUT OT 00beMa
CPEZCTB, BJIOKEHHBIX B €r0 PEKOHCTPYKLHUIO B Haydaje JaHHOro roja. Tpebyercs ONpenesuTh,
CKOJIBKO CPEJICTB CJI€JlyeT BBIICIATh HAa PEKOHCTPYKIMIO B Havasie KaXKJA0ro roja npy 3aaHHOM UX
oOmeM oObeme, 4ToObl CyMMapHas NpHOBUIL MPEANPHUATHS 3a N JeT Obula MaKCUMAallbHOM.
CdopmynupoBaHHas 3afaya sBISeTCA NpocTeIiled 3anadel pacrnpesaeneHus pecypcoB. Ilpu
pELIEHNH €€ METOJOM JMHAMUYECKOTO IPOrPaMMHUPOBAHUS €CTECTBEHHO BBIIEISIFOTCS OTallbl,
COOTBETCTBYIOILINE MEPBOMY IOy (YHKIMOHHPOBAaHUS cHcTeMbl. lleneBas QyHKIMSA Ha KaKIOM

oTamne - HpI/I6LIJ'IL, MOJIydCeHHasaA MpCAlIpUuATHEM B JTaHHOM TOMY. Benuuuna KpUTCpUA
ONTUMAJIbHOCTH MJI BCEH 3agayu OIIPCACIIUTCA KaK CyMMa BCIIMYUH HpI/I6BIJ'II/I 3a BCE N JeT.
ynpaBHeHI/ICM Ha KaXJaoM 1are 6y;[eT CAUHCTBCHHAsA TICPpCMCHHAA - 00BeM CpeaAcCTB,

BKJIaZAbIBACMBIX B PCKOHCTPYKIIUIO B HAYAJIC KAXKI0TO roja.
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[losTranHoe pemieHue 3aauyud METOJOM JAMHAMUYECKOTO IPOrPaMMHUPOBAHMS IpeENIoJiaracT He
000co0JIeHHOE, a B3aMMOCBSI3aHHOE PacCMOTPEHHE ITAIoB. PelieHne, NpUHATOE Ha KaXI0M Iare,
JOJKHO 00sI3aTeNIbHO yYUTBIBAaTh MOCIENyIOIIee IpoTekaHue npoiecca. Eciu atoro He aenars, a
pelarh 3a1a4y ONTUMHU3ALUU Ha KaXXJOM 3Tale U30JIMPOBAHHO, UCXOAs U3 MOJIy4YEHUS] MAaKCUMyMa
KpUTEPUs ONTUMAJIBHOCTH TOJIBKO Ha 3Tale, TO PelleHUe BCEeW 3ajaul ONTUMAaJIbHBIM, KaK IIpaBuio,
He Oyner. Takas “Onm3opykas” cTparerus, B NMPUMEHEHUU K MPEIbIAYIIEMYy IpUMEpy, O3Haudaia
ObI, YTO BCE CPEJICTBA BKJIAJBIBAIOTCS B PEKOHCTPYKIIMIO B TIEPBHIH XKe TO/I.

[Ipome Bcero HayaTh peELIEHHME 3aJauyd C ONTHMM3ALMU IOCIETHEro, N-ro, 3Tamna, MHOCKOIbKY
MOCJIEYIOLIUE ATalbl, KOTOPbIE CJIENI0BaN0 Obl YYUTHIBATh IPU €r0 ONTUMHU3ALMU, OTCYTCTBYIOT.
BcnenctBue 3TOro B KauecTBe KPUTEPHUS 37€Ch MOYKHO B3ATh MaKCHMYM LIEI€BOW (DYHKIWH, WIIH,
KaK TOBOPST, BBIMIPHINIA, HA JaHHOM miare. OHaKo AJs pellieHus 3TOW 3aJayd HaJO 3HaTb, YeEM
3aKOHYMIICS MpeapLayuid (N - 1)-it mar. [Ipuxoaurcs nenatb 00 3TOM pa3udHbIC TPEANOI0KCHHSI
U ISl K&KJI0TO U3 HUX pelaTh 3aaauy. Kaxoe U3 noiaydeHHbIX pelIeHUI Ha3bIBAETCS YCIIOBHBIM
ONTHUMAJIBHBIM YIPABJICHUEM Ha N-M IlIare, a COOTBETCTBYIOLIEE 3HAUYEHHE IIeJIeBOM (DYHKIUHU -
YCIIOBHBIM ONTUMAaJIbHBIM BBIUTPBILLIEM.

38218‘18 ONTUMM3aAIUHU PEKUMOB paﬁoTbI IJIA I'pynnbl MAalIMH, BXOAAIIIHUX B COCTaB CTAaHOYHOM
JJUHHUH

PexxuMbl paboOTBl HECKOJIBKMX CTAHKOB, BBITIOJNHSIOMINX DSl TOCIEIOBATEIbHBIX OINEpanuii B
COCTaBe CTAaHOYHOW JIMHUM, YacTO OKa3bIBAalOTCA B3aUMOCBA3aHHBIMU. B 3TOM ciywae 3amaua
ONTUMM3ALMM PEKUMOB paboThl 00OpyIOBaHMS HAMHOIO CJIOKHEe, 4YeM Ta K€ 3ajaua,
paccmarpuBaeMasi JJisl OTJENBbHO B3sTOM paboueil mamuHbl. M3710%KMM Ha KOHKPETHOM IpUMeEpe
MIOCTAaHOBKY 3TOM 3aJauyd M MPUHIMUI €€ pPEeleHUs C MPUMEHEHHEM MeTo/la JWHAMUYECKOTO
MIPOTPaMMHPOBAHUSI.

PaccmaTpuBaeTcs TeXHOJIOTHYECKHM MPOLIeCC U3TOTOBICHUS KPYIJbIX nanok. CTaHOYHAs JHHUS B
3TOM MPOIECCE COCTOMT M3 T OJUHAKOBBIX KPyriomnaaoyHblXx U N nuiMdoBambHBIX cTaHKOB. Bce
KpYIJIONajoyHble CTAaHKH paboTaloT B OJMHAKOBBIX pexumax. Kaxaas 3arotoBka oOpabaTbiBaeTCs
CHauajga Ha OJHOM M3 KpYIJIOMAJIOYHBIX CTAHKOB, a 3aTeM IOCTYyMaeT MOCIeA0BaTeIbHO Ha
nutrdoBaibHbie cTaHKH. OOpabOTKONW Ha KpYyrjomajoyHOM CTaHKE 3aJaloTcsi HEoOXOAMMBbIC
pasmepel u (opma neramu. OOpaboTka Ha MIIU(OBATBHBIX CTaHKaX MPOUBOJUTCS IS
MIOCJIEIOBATEILHOTO TIOBBIIICHUS KadecTBa IOBEPXHOCTH JAETalH, T. €. s yMEHbLIECHUS ee
IEPOXOBATOCTH, XAPAKTEPU3YEMOW  MAKCUMAJIbHOW  BBICOTOM  MHMKPOHEPOBHOCTEM R Ha
MMOBEPXHOCTHU JETAIH.

Mmax

Kaxnplii nocnenyromuid nuiM@oBabHBIM CTAaHOK MMeEeT HUIM(OBAIBHYIO HIKYPKY C MEHbIIEH
3€pHHUCTOCTBIO, IO3TOMY KayecTBO JeTanu, 00paboTaHHON Ha HEM, IOBBICUTCA. 3aJJaHHOE KaueCTBO
0o0paboTKM JocTUraercs Ha ImocienHeM unuiMoBaabHOM craHke. Ilomumo 3epHuctoctn d
nuM(GOBaIbHON IIKYpKHM IPOIECC JIGHTOYHOrO HUIM(OBAHMS OINpENeNsercs eue psijaoM
He3aBUCUMBIX (akTopoB. Cpeau HHUX CleyIollre yrpaBiseMble (akTOpbl: CKOPOCTh V, M/C,
npeenbHas H3HOCOCTORKOCTD 1 M IIKYpPKH Pup> €M, (IIyTb, IPOIIEHHBIN IIKYpPKOH 3a BCE BpeMs
ee paboTEI), YAENBHOE JaBICHHE MIKYPKH Ha 06pabaThIBAEMYIO JeTalh B 30HE KOHTaKTa q, H/cm?;
BEJIMYMHA cHUMaeMoro npuiycka h, cm. TIporiecc 00pabOTKH AeTaan Ha KPYriIoNaJouHOM CTaHKe
olpenieNnsercsl JIMIIb TpeMs YIpaBiseMbIMU (akTopamu: Mojadeil Ha peser Uz, MM, YacTOTOH
BpalleHUs] IMUHACTS Ny, MUH ' U TIPEIEIbHOM M3HOCOCTOMKOCTBIO PEXYIIEro MHCTpyMeHTa Lcr,
KM.
Tpebyercst omnpenenuTs HEOOXOAMMOE YHCIO KPYTJIOMAJIOYHBIX M IITU(OBATIBHBIX CTAaHKOB H
paccuuTaTh ONTHUMANbHBIE 3HAYCHHS NTEPEUUCICHHBIX BBIIIE YIIPABIIEMbIX ApaMETPOB, UCXOI U3
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BBIOPAHHOTO KPUTEPUS MUHUMYMa CyMMapHOi# cebectonmoctu 00padotku. IIpu 3Tom HE0OX0AMMO
ofOecrieynTh  33aJaHHOE  KayecTBO  0OpabOTKM  IMOBEPXHOCTH  JETalied M 3aJaHHYIO
MIPOU3BOUTEIILHOCTH CTAHOYHOM JIMHUM.

Hcxons u3 moaxoja K 3ajadye B paMKax METO0Ja AWUHAMHYECKOTO MPOrpaMMHUpPOBaHHs, 00paboTKY
JeTanell Ha CTaHKaX JIMHUM PacCMaTPUBAIOT KaK MHOTOIIAroBbI mporiecc. COCTOSIHUE CHCTEMBbI
MOCJIe TIEPBOTO IIIara CBS3bIBAETCS ¢ 00pabOTKOW Ha KPYIJIONAJOYHOM CTAaHKE, COCTOSHHE TOCIe
BTOPOTO, TPETHETrO M T. JI. IIaroB XapakTepu3yeT oOpabOTKy AETalnu COOTBETCTBEHHO Ha IEPBOM,
BTOPOM U T. . NITH(OBATBHBIX CTAHKaX.

BBoauTCsA IBYXKOMIIOHEHTHBIH BEKTOp (hasoBoro cocrosuus x; = (xV,x?) mns kaxjaoro mara i,
TepBast KOMIOHEHTa X'~ XapaKTepH3yeT KauecTBO 0OpabOTKH Tocie i-ro miara, T. e. nocie (i-)-ro
UM OBaIBFHOTO CTaHKa, ecau | > 2, wim mocie Kpyrionajlo4Horo craHka, eciu i = 1. [lpumem B
Kauecte X VBenuuuny x V= 1/R,, . 3/€Ch R,,  MaKCUMalbHAas BHICOTA MUKDOHEPOBHOCTEH Ha
MOBEPXHOCTH AETAJIN NOCIE I-ro mara.

O603nauum yepes I1;, (reraneit 3a cMeHy) IPOU3BOAUTEIHHOCTD KPYTJIONAJIOYHOTO CTaHKa, a yepe3
1y, Is,..., I1; - MPOU3BOAUTENIEHOCTH COOTBETCTBYIONIMX NITU(OBAIBHBIX CTAaHKOB. 31ech N = N +
1. Do YmcIo 3TANoOB MpoIecca, T. €. YUCIO CTAHKOB, HA KOTOPHIX MPOXOAUT 00pabOTKy KasKIast 3

neraneil. TpeboBaHue OTCYTCTBUS ITPOCTOEB 000PYAOBaHMS 00ECTIEUNBAETCS OTPAHUYECHUEM
m>Mmn>-->1,
B xadectBe BTOpOl KOMIIOHEHTBI xfz)BeKTopa (a30BOTO COCTOSIHUSAX; PACCMOTPHUM BpEMS,
Heo0XoauMoe JTst 00paObOTKH OJTHOW JIeTalu Ha MEepBBIX | cTaHKaX. OYeBUIHO xfz) =T/I, ,tne T -
HpO)IOJ'DKI/ITeJ'II)HOCTB CMCHBI, MHH.
C yuetom ypaBHenuss x> = T/I, + T/Il, + -+ T/I,. ClleloBaTebHO,
xl.(z) = xl(f)l + T/Hi
[TomHOE Bpemst 00pabOTKM OJHOM JIETaIM Ha BCEX N CTAaHKAaX PaBHO

n
xP = TZ 1/ni
i=1

[TycTs cMeHHOE 3aaHne COCTOUT B 00paboTke NT Aetaneid. Halimem BpeMst t ero BBITIOJTHEHHUS:
t=T/I, + T/, + -+ T/, + 0, T/M,_; = x@ + (n,—1)T/M,
CwmenHoe 3aganue OyaeT BoImoaHeHo, ecnmut < T, T. e.

n.,— 1T
x,(f)+—( Tn ) <T

n
Jlnsi iepBOM KOMITOHEHTHI BEKTOpa xfl) Ha TOCJEAHEM Iare JO0HKHO BBITIOJHATHCS YCIOBHE
xP> xWrne x cooTBeTcTBYeT TpebyeMoMy KIIacCy KauecTBa OOPAGOTKH IOBEPXHOCTH
netanm. IlocaenHuMHM  1ByMsST HEpPaBEHCTBAMHM 3aJa€TCS MHOXKECTBO KOHEUHBIX COCTOSTHHM
CUCTEMBI Xy
BBoautcs BekTop ympasieHus u; ,i = 1, 2,..., N. Ha mepBoMm Immare oH COCTOUT M3 TPEX KOMIIOHEHT,
OTHOCSIIIIUXCS K PEKUMHBIM TTapaMeTpaM KPYriIoTaJOYHOTO CTAaHKA U; = (Uy, My Ley)-
Ha BTOpOM M mocieayromux marax BEKTOp #; COCTOUT U3 MSATH KOMIIOHEHT - PeKUMHBIX (haKTOPOB
nuUMQoBaNBHBIX cTaHKoB: #; = (0,d,h,V,prp) mpu i >2. IleneBast (yHKIMS 3a7auul MPECTaBISIET
co00i1 mepeMeHHYI0 OJIF0 ce0eCTOMMOCTH 00pabOTKH, paBHYIO CyMME BEJIHYHH C€0ECTOMMOCTH 10
BCEM JTaram IMpoIiiecca, U ABJIsSeTCs alquTUBHON (pyHKIMEl. Bripaxkenue i neneBoit pyHKIMN Ha
KKJOM IIare, T. €. IS KPYrJIONaJIOYHOTO U KaKIOro M3 IUTU(OBAIBHBIX CTAHKOB, MOJIYYEHO M3
obuieit Gopmynbl. AHaNOTUYHBIM 00pa3oM, HCXOAsd M3 (OPMyIbI, HaWICHBI BBIPAXKEHHS IS
MIPOU3BOIUTEIBHOCTH KaXKJIOTO BHIa 000pYAOBaHUS.
O06001eHne pe3ynbTaTOB TEXHOJOTHYECKUX HCCIEIOBAHUHN MO3BOJIMIIO TaKKEe HANTH BBIPAKECHHS
I TIapaMeTpa R, . XapaKTEPHU3YIOIIEro Ka4eCTBO 0OpPaOOTKM B 3aBHCHMOCTH OT KOMIIOHEHT
BEKTOPOB ()a30BOTO COCTOSIHUS W YIPaBICHHS Ha KaXJOM IIare. JTH BBIPAKEHHUS BMECTE C
dbopMynoil  OMpENeNAOT Mepexoi] CHCTeMbl U3 OYEepeIHOTO COCTOsHUsA B mocienyromee. C
WCIIOJb30BAHUEM TIOJIYYEHHBIX COOTHOIIEHUH JUIg JaHHOW 3aJadyd COCTaBJICHO OCHOBHOE
(YHKIIMOHATBFHOE YpaBHEHUE AUHAMUYECKOTO MpOTpaMMUpOBaHus. B pesynbrare ynanock cBECTH
€€ pelIeHWe K PEIICHHIO MOCIeA0BAaTEIbHOCTH 33Jlad HEIMHEWHOIO MpOorpaMMHUpOBAHUS
HEOOJBIIION Pa3MEPHOCTH.

1
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3agaya o 3ameHe 000py10BaHUS

[Ipouecc »skcruryarauuu 0OOpYIOBaHMSI COIPOBOXKIAETCS €r0 CTapeHHEM, B XOJE KOTOPOIO
CHIDKAETCS MMPOU3BOAUTEIBHOCTD, YBEIMUMBAIOTCS 3aTPaThl HA PEMOHT U 00CHyXuBaHHe. B kakoii-
TO MOMEHT OKa3bIBaeTCsi 0ojiee BBHITOJHBIM MPOJATh yCTapeBlIee 00OpPYAOBaHUE U 3aMEHUTH €ro0
HOBBIM. TakuMm 00pa3oM, BO3HHMKAeT 3ajJaya OIPECIICHUS ONTHUMAJIbHOIO CpOKa SKCILIyaTaluu
000pyZI0BaHUs, 110 UCTEUEHUH KOTOPOT'O €T CIEAYeT 3aMEHUTh.
[Ipennonoxum, 4to JUis JAHHOTO BHJA OOOPYAOBAHMSI W3BECTHBI 3aBUCHMOCTH CIIEHAYIOLIUX
XapaKTEePUCTUK OT BPEMEHH t €ro IKCILTyaTal[ii: CTOMMOCTH MPOU3BOIUMOM 3a roJ1 mpoaykiun T (
/t); exeromHbIX 3aTpaT Ha OSKCIUIyaTallMio, BKJIOYas PEMOHTHI r(t) JUKBUIHOH CTOMMOCTH
o0opyoBaHus, T. €. CTOMMOCTH, TIOJYYCHHOH B pe3ynbraTe ero mponaxu, y(t). W3pectHa TakKe
HayajlbHasi CTOMMOCTb oOopynoBaHusi p. OmpenenuMm pauvoHalNbHbBIM cpok T ciayxObl
000pyIOBaHUs, TIPH KOTOPOM CPEIHSISI BETMYMHA €KETOHOM MPUOBLTH OT €ro AKCIUTyaTaliu OyaeT
MakcuMaibHa. Perenue 3Toi 3agaun He cocTaBisieT TpyaHocTe. Bennunna npuosuin I1 3a ,T ner
AKCIUTyaTalli 000pyJ0BaHUs paBHA, OUYEBUIHO,
M=fW+f@Q+-+fM+PM -p—-[r@) +7r@) +-+7(D)]
rne T (1), f(2),.. - 32T0 CTOMMOCTh MPOAYKIUH, MPOU3BEACHHON B 1-if, 2-H,..., N-ii TOJ ero
skcrutyataiuy; ¥ (T) - AMKBUIHAS CTOMMOCTH MpU MpoJake 000pPYAOBaHMS MO UcTedueHuu T jer
sKkcruryaTauu. CpeaHss BeJIMUrHa €XKEeroIHOM NprObUIN paBHA
Mg =1/T
rae I1 onpenensiercst mo ¢opmyse . Uckomyro BenmmunHy T 1moydum, B3sB MPOU3BOHYIO 1O T OT
BeIpaskeHus s 11, 1 mpupaBHAB ee HYIIO.
PaccmoTtpuMm cHavana Hanbosee mpoctoit ciaydau. [Tycts xapakrepuctuku f (t) u y(t) He 3aBucAT OT
t,r.e f(t)=1; wt)=vy, a pyakuus r (t) seasercsa auneiinoii: r(t) = a + bt, rae a u b - HexkoTopsIe
KOHCTaHThL. Torzaa BeIpaXkeHUe I cpeiHel exxeroaHoi npuosu I, ¢ yuerom npumer Buj
I, = [Tf+y—p—aT —b(A+2+--+T)]/T
Bocnonb3oBaBmmce GopMysioil sl CyMMbI WIEHOB apU(PMETUYECKON MPOrpeccuu, MOIyIuM

Yy—p 1+T

My =f—a+-rm—b—

B3sB mpousBomnyto mo T oOT 3Toro BbIpa)keHUS U TPUPABHSIB €€ HYJIO, IOCIE MPOCTHIX

npeoOpazoBaHU HaieM

T" = J2(p —¥) /b
Ilpu pemeHnu 3a7ad O 3aMeHe OOOPYMOBAaHHS YACTO MPUXOTMTCS YYUTHIBATH T€ WA HHBIC
NPOSIBJIEHHS TEXHUYECKOTO Mporpecca. Tak, Co BpeMEHEM CHCTEMa TEXHHYECKOTO 00CTy)KHBAHUS
MOKET YIy4lIaThCs, YTO MPUBEICT K CHIDKEHHIO YPOBHSA pAacXOJ0B Ha OKCIUIyaTalluio;
000pyI0BaHUE MOKET 3aMEHSATHCS HE WICHTHYHBIM, a 00Jice COBEPIIEHHBIM U T. II. 3a1a4a B 3TOM
cllydae OKas3bIBaeTCs 6oJiee CI0KHON U GOPMYIMPYETCS HECKOJIBKO T10-HHOMY.
PaccMOTpUM JTOCTATOYHO OGOJIBIION MPOMEKYTOK BPEMEHH W3 I JIET, B TEYEHHE KOTOPOTO
00opyI0BaHHE 3aBEAOMO OyleT HEOMHOKPATHO 3aMEHATHCA. BymeM cyMTarh, YTO pEIICHHE O
3aMeHE WM O TPOJIODKEHUH KCILTyaTal[ii 000PYI0BaHUS MOXKET OBITh IIPHHATO B HaYasIe JIFOOOTO
i-ro roxa, /i= 1,2,...,n. Xapakrepuctuku obopynoBanus, f,y, I, 3aBUCAT Teneps yXkKe HE TOJIBKO OT
HPOJIOJDKATEIBHOCTH t €ro sKCIuTyaTallid, HO M OT Toja i, B KOTOPOM 3Ta 3KCILUTyaTal[ust
npousBoautcs, T. €. f= fi (t); r= ri(t). Croumocts p 00OpYIOBaHMs TAK)Ke 3aBHCUT OT Toja /, B
Hayajge KOTOPOro OHO BBEJICHO B OKCILIyaTaluio: p = pi. TpeOyeTcs onpenelnTh, B KAKHE UMEHHO
rojibl BHYTPH pacCMaTPHBAEMOTO IPOMEXKYTKa B I JIET CJIEAyeT 3aMEHATh O00OpyIOBaHHE,
PYKOBOJICTBYSICH KPUTEPHEM MaKCHMyMa CYMMapHOW MpPUOBLIM, MOJYYCHHOU 3a BCE 3TO BPEMSL.
OueBHIHO, YTO TEMEPh HE CIEAYET OXKHIATh OJUHAKOBBIX MPOMEXYTKOB BPEMEHH SKCILTyaTaI[UH
000pyIOBaHUs M3-32 U3MEHECHHUS €r0 XapakTepucTuk. OaHuM 13 3)HEKTUBHBIX METOJOB PEIICHHUS
3TO# 337a4M ABJSIETCS METO/I AMHAMUYIECKOTO TIPOrPaMMUPOBAHUS.
[TycTth nmeneHue mpollecca Ha 3Talbl COBMAJACT C €CTECTBEHHBIM JIEJICHHEM paccMaTpHBaeMOro
MPOMEXYTKa BpeMeHH Ha rojbl. Beero, ciemoBatenbHo, umeeM N atarnoB. COCTOSHUE CHCTEMbI B
KOHIIE KaXJI0ro I-ro sTama (roja) OmMpeaeNseTcs €AWHCTBEHHON (a30BOM KOOpAMHATOH Xi. B
KauecTBe X; BO3bMEM BpeMms t, mpormenimiee OT Hayajga OSKCIUTyaTalldk 00OpPYIOBaHUS,
(GYHKIIMOHHMPYIOIIETO B JaHHBIH MOMEHT, O MOMEHTa OKOHuYaHus i-ro roma: Xj = t . Ilycrs,
HampuMep, Ha [MECTOM ToAy (YHKIMOHMPOBAHMSA CHCTEMBI paboTaeT 000pyJI0BaHME,
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YCTaHOBJIEHHOE B Hadaje yerBepToro roja. Torma Xxe = 3 . YmpaBieHue U; Ha KaXJ0M LIare B
JAHHOM 3amaue TMpenCTaBisieT cOo00M He KOJMYECTBEHHBIM, a KAuyeCTBEHHBIH mapamMeTp H
3aKJIIOYAETCSl B NPHUHSATHUM OJHOTO M3 JIBYX BO3MOXKHBIX PELICHHUI: MPOJOJDKAaTh IKCIUTyaTallUIo
uMeromerocss ooopyznoBaHust 00 3aMeHUTh ero HoBbIM. IlosToMy OymeM cuuTarh, YTO
IepeMeHHas U; MOYKET IPUHMMATh HAa Ka)XJOM IIare OJHO M3 JBYX 3HaueHui: Ui =U, , 4TO
COOTBETCTBYET PELICHUIO MPOAOJDKATh IKCILTyaTalui0 000pyaoBaHMs, UM Ui =Uy,, O3HAJaroliee
pelIeHre nIpoJaTh NMeroleecss 000pyI0BaHUE U KyIIUTh B3aMEH HOBOE.
BeiBenem Tenepb COOTHOLLIEHUS BUJIA, ONPENEISIIOIINE IEPEX0]] CUCTEMBI B KaX/10€ MOCIIEIYIOIEe
cocrostHre. O4eBHUIHO, YTO MPH YIPABICHUU Uj = U, BpeMsl IKCIUTyaTalluid 000PYAOBaHUS K KOHILY
I-T0 TOJa YBEIMYHUTCS [0 CPABHEHUIO C MOMEHTOM OKOHYAHUSI TPEBIIYIIEro roja Ha OJIUH IO, T.
e. x; = x;_, + 1. [Ipyroit cimyuaid, Ui = Uy, O3HAYAET, YTO K Hadaly I-ro rojga OyaeT yCTaHOBJICHO
HOBOE 00OpyZOBaHME, KOTOPOE K KOHILy 3TOrO rojia mpopaboTaeT poBHO roj, modromy Xi = 1.
Takum oOpazom,
X;_; TpUUY; =U,;
X = @) = { 1 mpuuy =uy,
Haiinem Beipaxkenue s 1ieneBoil GyHKIUK Ha 1-M mare w;(x;_;,u;), BXOJAIIEee B COCTaB OCHOBHOTO
bynkimonanbHoro ypaBHenus (5.10). [lpu u; = u,nprObLIb, MOTYYEHHAS 3a I-il TOJI, OTPEaCIIeTCS
KaK pa3HOCTh MEXJy CTOMMOCTBIO MPOJIYKIMH, BBIpAOOTAaHHOM 3a 3TOT TOJA, U TOJOBBIMU
AKCIUTYaTal[MOHHBIMU 3aTpaTaMu, T. €. OyJIeT paBHO
filx) — 7 (x;)
WM, C y4ETOM BbIpa)KEHUS,
w (i w) = il + 1) —nle_ + 1)
Ecmn xe uj = Uy, TO B BBIpa)KEHHE A w; BOMIYT CO 3HAKOM ILIIOC, BEIMYMHA CTOUMOCTH
MPOJIYKIIUH 32 MEPBbIil roJ1 paboThl HOBOrO 000pya0oBaHus, TO ecTh fi ( 1), M TUKBUAHAS CTOUMOCTb
CTaporo 000pynOBaHUS K MOMEHTY €ro 3aMeHbl ¥;_,;(x;_;) CO 3HaKOM MUHYC - CTOUMOCTb HOBOTO
000pynOBaHUs p; KCILTyaTallMOHHBIE 3aTPaThl 3a MEPBbIN IO/ AKCILTyaTauu r;(1):
fileioi+ 1) — (g + D mpuy; =uy;
[i@) =i (xiq) — p =1 (D) mpu u; = uy,
Teneps omnpeneneHsl BCe 3aBUCHUMOCTH, BXOJAIINE B OCHOBHOE (DYHKIIMOHAJIHHOE YypaBHEHHE,
KOTOpO€ JUTsl TaHHOM 3a/1aui UMEeT BUJT
Wi (1) = max{w; Oy, ug) + Wi, 001}
Breipaxenue mus QyHKOuM w;(x;_,,u;) 31ech ompenensercs Gopmynoi, a aia GyHKIAA ¢;(x;_;)
hopmyroii.
OcTanock paccMOTpPETh MPOLEypy ONTUMHU3ALMHU MTOCIEHET0, N-To, mara. [Ipennonoxum, 4To mo
OKOHYAHUU Tepuoja B N JieT 000pyldoBaHHe, KOTOpoe pabdoTano Ha MOCIeAHeN CTaJuu IMpoliecca,

npoaacTeCAa, a €ro JMKBUAHAsA CTOUMMOCTD ,Z[O6aBJ'I${eTC${ K BCIIMYUHC O6I.Heﬁ HpI/I6BIHI/I. Torz[a
fultp ¥ D) =1, + D+, (i +1)

w (g, u) = {

W ) npy u; = U,;

X = max

nAmeL fn(l) - lpn—l(xn—l) “Pn T (1) + lpn(l)
MPH U; = Uy,

[IpencraBiseT npakTudeckuii HHTEpeC U MOIUUKALMs PACCMOTPEHHOH 3a7]auu, B KOTOPOM Hapsay
C ONTHMAJBHBIMU CPOKAMHU HKCIUTyaTallud OOOpPYIOBaHUS OMPENENeTCS W ONTHMAlbHOE BpeMs
MIPOBEJICHUSI €r0 PEMOHTOB. B 3TOM cilyyae mpenmnosiararoTcsi H3BeCTHBIMH 3aTpaThl HA PEMOHT, a
TaK)Ke XapaKTepUCTUKU OOOpPYAOBaHUSA TOCIE €ro MPOBEACHHS. YIpaBJIeHHE Ha KaXIOM Iare
TENepb COCTOMT B MPUHATHH OJHOTO M3 TpeX pelieHui: 1) MpoaomKaTh AKCIUTyaTaluio
o0opynoBaHus; 2) OTPEMOHTUPOBATH €r0, MOCIE Yero MPOJOJDKUTEH SKCILTyaTaluio; 3) 3aMEHHUTD
JaHHOE 000pyI0BaHUE HOBBIM.

3aga4n ONTHMAJILHOIO YIIPaBJICHUS B 1epeBo0o0padoTke
OO0uue cBeieHNs ¥ IPUMePHI 32124 ONTUMAJIBHOI0 YIIPaBJICHUS

IloctaHoBKa 3a1a4u ONTUMAIBLHOTO YIIpaBJICHUA ObLIa AaHa B II. MPUMCHHUTCIIBHO K JUCKPCTHBIM
3aiadyaM: IMpEAmnoJarajioCb, 4To MNEPEMCHHLIC YIIPABJICHUA IIPUHUMAIOT JIMIIb )IPICKpGTHLIfI Ha6op
3HadeHun. Hmxe paccMaTpuBaOTCA  HCIPCPBIBHBIC 3alda4Yd  ONTHMAJIBHOTO  YIIPABJICHUA
AAMHAMHUYCCKUMU IpoueccaMu, T. €. IMpoueccaMu (I)yHKI_II/IOHI/IpOBaHI/IG KOTOPBIX paCcCMaTpuBaCTCsA
BO BPCMCHH. HpI/I 3TOM OOBEKT HCCICA0BAaHUA OIIMCBIBACTCA ,[[I/I(I)(I)CPCHI_II/IaJIBHBIMI/I YPpaBHCHUAMU,
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a TIEpEeMEHHBIC YIIPABICHUS SIBISAIOTCS (QYHKIUSAMHU BpeMeHH. B nepeBooOpaboTKe 3TO OTHOCHTCH,
HanpuMmep, K ONTUMAIILHOMY YIPaBICHUIO HCIIOJIHUTEIbHBIMU MEXaHU3MaMHu
NIepeBo0OpadaTHIBAIONINX  CTAaHKOB, YIPABJICHUIO MPOLECCAaMU  CYHIKH  IHJIOMAaTepHaloB,
npeccoBanud [CtII u JIBII. [{ns pemienust HenpepbIBHBIX 3aJja4 ONTUMAJILHOTO YIPABJIEHUS TaKkKe
MOJKHO HCHOJB30BaTh WJAEU JAWHAMHYECKOTO IMmporpammupoBanus. OpHako 6ornee 3PpQPeKTuBHO B
JAHHOM CJlyyae IMPUMEHEHHE APYroro MaTeMaTHYeCKOro ammapara - NPUHIUNA MAaKCHMYyMa
IHonTpsiruua.

[IpenBapuTenbHO NOACHUM Ha MPOCTEHIIEM MPUMEPE CMBICA MOHATUSA ‘‘yOpaBiieHue” JUis
HEeTpepbIBHBIX cucTeM. [lycTh ympaBiseMblii 0OBEKT - aBTOMOOWIB. PaccmoTpuMm ciydail ero
NPSIMOJIMHEHHOTO BKEHUSA. COCTOSIHUE aBTOMOOWIISI KaK JIBUKYIIETOCS Tella XapaKTepu3yeTcs: B
KaX/IbIii MOMEHT BPEMEHH JABYMsI YHCIAMU: MPOUACHHBIM PACCTOSHHEM S U CKOPOCThIO V. Kaxkmas
U3 OTHX BEJIIMYMH MEHSCTCS BO BPEMEHH, T. €. S U V - ¢pyHkuuu aprymenrta t: S = S (t); v = v(t).
W3meneHne mapamMeTpoB V U S He MPOU3BOJIBHO, a 3aBUCUT OT 33JaHHOW BOJUTENEM CHIIBI TATH
nsurarens F. Takum oOpazom, umeeM Tpu HapaMeTpa, XapaKTepU3yIoIIie JaHHbI 00beKT. [[Ba u3
HUX, S U V, ONPENEeNSIOT COCTOSTHNE OOBEKTa W Ha3BIBAIOTCS (Ha30BBIMU KOOpJMHATAMH. TpeTuid
napamerp, F, - mapamerp ynpasnenus. Eciu paccMarpuBaTh ABMKEHUE aBTOMOOMIISL HE TIO MPSIMOH,
a Mo IUIOCKOCTH, TO (ha30BBIX KOOPAUHAT OYyIET YK€ YeThIpe: JIB€ KOMIIOHEHTHI MOJIOKEHUS U JBE
cocTapJsitonue ckopoctu. [lapameTpoB ympaBiienus OyaeT 1Ba; HalpuMmep, cuiia TAru F u yron
MIOBOPOTA PYIIL.

PaccMOTpyM HECKOJIBKO MPUMEPOB MMOCTAHOBKH HEMIPEPHIBHBIX 33/1a4 ONTUMAJIBHOTO YIIPaBJICHUS B
nepeBooOpaboTKe.

(13

MarteMaTu4ecKasi IOCTAHOBKA 3a1a4M ONTUMAJIBLHOT0 YIIPABJICHUS.
[MpuHuun Mmakcumyma

OOBbeKT yrnpaBiaeHHUs ONMUCHIBAETCS CUCTEMOM I JudpepeHuanbHbIX YpaBHEHUN
X .
P fiCe, %0, o X3 Uy, o, ), i =1, 0,1

TA€ X;,Xy,....,%, - ()a30BbI€ MEPEMEHHBIC; Uy, ..., U, - YIpaBisiomue Bo3aehcTBua. U Te m apyrue
SIBISIIOTCA (DYHKIMSIMU BpPEMEHU: x; = x;(t),u; = u; (6). BBenem BeKkTOp KOOpAWHAT X = (xi,..,%,) U
BEKTOp YINPABJISAIOMMNX BO3ACUCTBUM & = (Ui, ..., U,) HA3bIBAEMBII yNpPaBJeHUEM. Y TIPABISAIONINE
BO3JICUCTBUSl TPUHAJICKAT OTPAaHUYCHHOW oOmactu Q:u(t) € Q. bymem cuwTarh, 4TO BEKTOP
u = (uy, Uy, ..., u,) MOXKET HAXOJUTHCA HE TOJBKO BHYTpU oOjacTu (), HO W Ha ee rpaHuue. Takas
00J1aCTh Ha3bIBACTCSA 3AMKHYTOM.

[Ipeanonoxum panee, 4TO UMEETCA TEXHUYECKAash BO3MOKHOCTh MIHOBEHHO M3MEHSTH IOJIOKEHUS
opraHoB ympapieHus. ClieoBaTeJIbHO, 3HAYEHHs YNPaBISIOMIMX Bo3neucTBuil  Uj(t) moryr
MEHATHCA CKaykoM. B cOOTBeTCTBUM C 3TUM OyaeM paccMaTpuBaTh HE TOJBKO HEMpPEpbIBHBIE
ynpasienus u (t), HO U yrpaBieHHUs, COCTOSIINE U3 KOHEYHOTO YKCIIa HEMPEPhIBHBIX KYCKOB.

Takue ynpaBjeHHsI Ha3bIBAIOTCS KYyCOYHO-HeNPepPbIBHBIMU.

@da30Bble KOOPAMWHATHI MPUHAIIEKAT OTPAHUYEHHOW M OTKPHITOM obOnactu S. JlaHel HauaidbHOE
(mpu t = 0) u koneunoe (npu t =T) 3HaueHuUss BekTOopa (Ha30BBHIX KOOpAMHAT: urnae T - BpeMms
npouecca. Kpurepuem onTuMaabHOCTH SIBISETCSA JOCTHKEHUE

sKcTpeMyMa (yHKIIOHATA

] =ff0(x,a)dt

Tpebyercss U3 Kiacca KyCOYHO-HENPEPBHIBHBIX YIpaBlIeHUH BbIOpaTh Takue u(t)Q , 4ToObl Mpu
nepexo/ie U3 HayaJbHOM TOUKH ¥, B KOHEUHYIO ¥, (DYHKIIMOHAJ J JOCTUTAl SKCTpeMyMa (BO3MOKHBI
pa3nuyHbe BapUaHThl MOCTAHOBKM ATOH 3a/1aud, KOTJa HayalbHas M KOHEYHas TOYKH, a TaKxKe
Bpemst T He (PUKCUPOBaHbI).

Pemienne mocTaBieHHOH 3ajlaud OCHOBAHO Ha NpuHIMIE MakcuMmyma [loHTpsiruna. PaccmoTpum
€ro JUis Ba)XHOTO YAaCTHOTO Cllyyas, KOIJa pelaercs 3ajadya O IMpelesIbHOM ObICTPOJEeHCTBUU.
3nech TpeOyeTcsl HAWTH Takoe yIpaBJeHHe, IPU KOTOPOM BpeMsl ITepexoia CUCTEMbI U3 HaYaJIbHOTO
COCTOSIHUSL B KOHEYHOE JOJDKHO ObITh MHUHMMaibHO. COOTBETCTBYIOIIMN 3TOMY CIIy4aro

T _
dbynkumonan J moxkHo 3anucats B Bune J = [, fo(X, @)dt , npuuem Bpems T He HUKCHPOBAHO.
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CylIHOCT, NPUHIHMIIA MAKCHMYMa Ui pEIICHHs] 3TOM 3aJadd COCTOMT B cieayromem. Jlis
YIIPaBIIIEMOT0 00BEKTA, ONMCHIBAEMOTO CHCTEMON YpaBHEHUH, BBOJAATCS JOTOJHUTEIHHO (DYHKIIUU
BpEMEHHU ¥, (t), ¥, (b),..., ¥, (t), 1 cocTaBnseTcss HoBas GpyHkius H Buga

H= ¢, Ofix 0+, O)LG D) + -+ ¥, (Of, (%, 1)
C nomompto Gpynkuu H 3anuceiBaercs cnemyromas cuctemMa qudQepeHInalbHbIX YpaBHEHUH 1S
BCIIOMOTATENBHBIX QYHKIUH P, (£), ¥, (1), ..., 1, (0):

diy,/dt=—0H/ox;,i=1.2,..,n

JInst  OTBICKaHMS ONTHMAJIBHOIO YIPABICHHUAU(t) M COOTBETCTBYIOUIEH TPAcKTOpPHUH  X(t)
HE00X0UMO:
1) HaliTH HEHYNEBYIO COBOKYITHOCTh PYHKIHHA ¥, (t), ..., P, (¢) YIOBIECTBOPSIOMIUX CUCTEME;
2) uto0bl PyHKIUSA H = Y7, ; () f; (X, @)aocTuraia MakCUMyMa I10 # Ipy Kax oM 3HadeHuu 0 <t <

T

3) uto0b! ipu t = T BRIMONHSIIOCH yclioBUE max H((T), x(T) = 0) .
Oxa3pIBaeTcsi, YTO TMPHU BBITIOJHEHUN yciaoBuil 1 w 2 (yHKIUsS max H(t), TOCTOSTHHA, TaK dYTO
JOCTAaTOYHO MPOBEPUTH CIIPABEIUBOCTH YCIOBUS 3 Jyist JiFo6oro MoMeHTa BpeMenu 0 <t<T .

HpuMep peuieHus 3aiavuM OIITUMAJTBLHOI0 YIIPpaBJCHUS

OO0patumMcs K pelIeHUIo 3314l ONTUMAIBHOTO YIIPaBiIeHUs (Hpe3epHOOOPE3HBIM
CTaHKOM,. PaccMOTpUM cHCTEMY OMUCHIBAIOIIYIO JAHHBIM OOBEKT, MPU CIEAYIONTUX YIPOIIAIOIINX
npennoyiokeHusx: macca M paBHa 1; koadduument Bszkoro TpeHus H, u cuia TpeHus B
HampaBJIIOIIUX pPaBHBl HYMI0. YIpaBisioliee Bo3zaelicTBue F o00603HauuMm yepe3 U, a ero
MaKCUMaJbHOE 3HAYCHHE 4Yepe3 Umax. 10T/Ia YPAaBHEHHS JBIDKEHUS OOBEKTa MPUMYT CJIETYIOIINAN
BUI:
dx,/dt = x,; dx,/dt = u;
U S UE) < Uy
TpeOyeTcst pemuTh 3aaady O MPEACTbHOM OBICTPOACHCTBUU: TIEPEXOJEC CUCTEMBbI W3 HAYaJIbHOTO
coctostHUS (x;(0) = x1,; (x,(0) = x,, = 0) B KOHEUHOE cOCTOSHUE (x;(T) = x1); (x5 (T) = xy;). OTO
O3HAYaeT, YTO CUCTEMA U3 3aIAHHOTO HAYAJILHOTO MOJIOKEHUS X;,,C HYJI€BOM HaYaJIbHONU CKOPOCTHIO
(xZH)
JOJKHA 32 MUHUMAIIbHOE BPEMs TIEPEHTH B 3a1aHHOE TOJIOXKCHHE X,,, © OCTAHOBUTHCS TaM (x,, = 0).
Oyukuus H B jaHHOM ciydae BMeeT BUL
H = y1x; + pu
B COOTBETCTBUU C ypaBHEHUsAMH. COrJIaCHO YpaBHEHHUIO UMEEM CJICAYIOIIYIO CUCTEMY ypaBHEHHM
JUTSI BCTIOMOTATENbHBIX (DYHKIHUH 1, U P, !
d,/dt = —8H /dx, = 0;
dy,/dt = —0H/dx, = —,.
Orcrioga ¥, =c¢;; Y, =¢c, — ¢y, T C1 U C2 - NMOCTOsIHHBbIE UHTerpupoBanusi. Oyukuus H paBHa
H =cx,+(c, — ¢, ) u . C yueToM orpaHuuCHHs HaleM, IIPH KaKUX YIIPABIIAIO-IUX BO3ICHCTBHIX
u( t) mocruraercs makcumyMm Gyukin H. V3 BeipaskeHust BUIHO, YTO CAeayeT NPpUHATH U(L) = Umax
pu P, (£) > 0 u(t) = —Up,, npu P, () < 0, TO ECTH
U(L) = —UpgaSENY, (£) = —UpgrsgN(c; — €1 t)
MaxkcumanbHoe 3HaueHue QpyHkuuu H paBHO
max H (t) = ¢, %, + Upax (€, — cyt)sgn(c, — i)
[IpoBepum BbINIONHEHUE YCIOBUA 3-r0 IMpHHIMIA MakcumyMa. Kak oTmedanoch, cpaBeyIMBOCTb
€ro J0CTAaTOYHO MPOBEPHUTH s JIroboro MmomeHTa Bpemenu 0 <t < T . YaoOHnee 3to caenars s t
=0:
max H (0) = ¢;2;(0) + Uy €280 € = Uppgy|cz| >0
VYcnoBue 3, ciieioBaTebHO, BBITIOJIHSIETCS.
Takum 00pa3oM, Kak BUJHO M3 BBIPOKEHUS, ONTUMAIBHOE YIPABIAOIIEE BO3ACHCTBHE B OO0
MOMEHT BPEMEHHU DPABHO OJHOMY M3 JBYX CBOUX IMPEICIbHBIX 3HAYCHUU: +Upg, WA —U,g,.
[Tockonbky (yHKIUSA (c, — c;t) MEHSET 3HAaK He OoJiee OJHOTO pa3a, ONMTUMAILHOE YIpPaBIICHUE
COCTOUT He 0oJiee ueM U3 JIBYX MHTEPBAJIOB, Ha KAXKJIOM M3 KOTOPBIX OHO TTOCTOSTHHO.
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MeTOI{BI HMUTALIUOHHOT0 MOJICITUPOBAHNS. I/ICCJICIIOBEIHHSI Ha HMHTaIIHOHHOﬁ MOI€eJIH.

OO0mme cBeneHus

B mpeapiaymux riiaBax KHUTM OCHOBHOE BHHMMAHME YIEISUIOCH ONTHUMM3ALMOHHBIM 3ajadam
nepeBooOpaboTku. TeM caMbIM Mpearnosarajoch, 4TO MPH MAaTEMAaTUYECKOH MOCTAaHOBKE 3a/1a4H
MOJKHO PAacCMOTPETh HEKOTOPBIN KOJIMUYECTBEHHBIN MOKa3aTesb U COPMYINPOBATH LIEIb 33a4H B
BUJIE OTBICKAHMSI €r0 MakCHUMyMma WM MUHMUMYyMa. OJHAaKO BO MHOTHMX IPAKTHUYECKHUX CIydasx
u3ydyaemble OOBEKThl HACTOJNBKO CIIOKHBI, YTO C(OPMYIMPOBATH EIWHCTBEHHBIH KpUTEpUN
ONTUMAJIBHOCTH, BCECTOPOHHE XapaKTEpU3YIOLIUNH CHUCTEMY M IIO3BOJISAIOUIMI OLEHUBAaTh U
CpPaBHMBATh C €r0 NOMOUIbIO Pa3IMUHbIE BapUAHThl PEIICHUN, OKA3bIBAETCSI HEBO3MOXKHBIM. Eciu
K€ ITO BCE-TAaKU YIAETCs ClIeNaTh, TO CYLIECTBYIOIINE METO/Ibl PEIICHNS ONTUMU3ALMOHHBIX 3a/1a4
10 TO¥ K€ MpUYKHE CTaHOBATCA Hed(pekTnBHBIMU. B mo100HBIX ciydasx oOpamarTes K METo1am
MMUTALMOHHOTO MOJICIUPOBAHMUSL.

HNmutannonHoe MoeIMPpOBaHHE - 5TO M3Y4eHHE OOBEKTOB ITyTEM MPOBEACHUS IKCIEPUMEHTOB
Ha UX MaTeMaTHUYECKUX MOJIENSIX, pealn30BaHHbIX HAa OBM.

Ecnu ananutuuyeckuit BUJ MOJENIM H3BECTEH HCCIEAOBATENI0 (CMIO, Ha - MPUMEp, pa3IUdHbIe
MoJenu 00BEKTOB U ONTHUMM3ALMOHHBIX 33aJ1a4, pACCMOTPEHHbIE B T11. 1, 3 u 4), To MoieIMpoBaHuE
Ha OBM cBoauTCS K MHOTOKpAaTHOMY IPOCYETY 3aJaud MpH Pa3IMYHBIX UCXOJHBIX JaHHBIX. [lo-
Ipyromy oOCTOMT JI€J10, €CIH MOJieib OOBEKTa 3a/laHa B BUJIE AJITOPUTMA €ro (PYHKIMOHUPOBAHUS.
B TexHONOrMuecKux MCCIEeNOBaHUAX, I 4acTO MMEIOT JEJN0 ¢ MHOIOCTaJUIHBIMU IMpOIeccaMH,
CIIOHBIMU M TPOMO3JKUMHU OOBEKTaMH, TaKOW CHOCOO MpeACTaBICHUS OYEHb PACHpPOCTPAHEH.
Anroput™m (YHKIIMOHMpPOBaHHUS OOBEKTa MOKET ObITh 3alporpaMMHUpPOBAaH, M B 3TOM ciydae
HCCIEA0BaHUE Mpolecca BBINONHAECTCS Ha OBM myreM npourpeiBaHus Ha HEH Pa3IMYHBIX
BapuaHToB. MoaenupoBanue Ha OBM mo3Bosiser npu HEOOXOAMMOCTH HMHUTHUPOBATh W
BO3JICUCTBHUE CITyIaHBIX ()aKTOPOB HA CUCTEMY C TIOMOIILIO BEIMUMH, 00JIaJaf0NINX OJMHAKOBBIMA
C HUMH XapaKTepUCTHKaMHU.

DKCIEepUMEHTUPOBAHUE C MOJEIBbI0 00BhEeKTa, peaan3oBaHHOW Ha DBM, BO MHOTHMX OTHOIICHHSIX
IPENOYTUTENbHEE, YeM HCCIIe0BaHMs, MPOBOJUMbIE Ha pealibHOM oObekTe. IIpexne Bcero, Ha
peanpHBIX OOBEKTaX 3a4acTyl0 HeENb3sd 00ecleunTh TpeOyemMble YCIOBUS  IPOBEACHHS
SKCIIEPUMEHTA M3-32 HAPYIICHUS YCTAaHOBJICHHOTO IMOPSJIKA MM PEXKUMOB pPaOOThl CHCTEMBI.
WHpIMH croBaMH, B pealbHbIX OOBEKTax HccleAyeMble (PakTopbl 4yacTo HeymnpasiseMbl. B
SKCIEPUMEHTAX K€ Ha MOJENU Takue (akTOpbl MOTYT ObITh BKJIIOUEHBI B HCCIEIOBaHHE U
BAPBUPOBATHCA KAK YNPaBJsieMble IepeMEeHHbIe. DTO OTHOCUTCS, HAIPUMED, K PA3IIMYHBIM BUIaM
UCIOJb3yeMOro 000py10BaHMsl, Crloco0aM MOCTPOEHUSI TEXHOJOIMUYECKOTrO Mpolecca, pa3sMepHbIM
U KaueCTBEHHBIM IapaMeTpaM CbIpbsl; (AKTOpaM, XapaKTEepU3YIOIIMM YCJIOBUS paboThl,
HAJCKHOCTh M OKCIUIyaTallMOHHBIE XAPAKTEPUCTHKM CYHIECTBYIOIIEIO M IPOEKTUPYEMOTO
oOopynoBanus. OTMEUEHHOE CBOMCTBO IO3BOJIAET ILIMPOKO HCHOJIb30BaTh B HMMHUTALUOHHOM
MOJIeTUPOBaHUM 3(G(GEKTUBHBIE METO/bl IUIAHUPOBAHMS HKCIEPUMEHTA. 3aTpaTbl BPEMEHH U
CPEOCTB HAa MAalIMHHOE MOJACIUPOBAaHUE, Kak IPaBUJIO, 3HAYUTEIBHO MEHbIIE, 4YE€M Ha
UCClieIoBaHNE peasbHOro ooOwvekTa. Ilo 3TOM npuumMHe, a TaKkKe BCIEACTBUE BO3MOKHOCTH
paccMaTpuBaTh HMUTALMOHHOE MCCIEIOBAHNE KaK IUIAHUPYEMBIN DKCIIEPUMEHT C yNPaBIsAEMbIMU
IIEPEMEHHBIMH, B HEr0 MOJKHO BKJIIOUUThH JECATKH M Jaxe COTHH (haKTOpoB, a 00paboTKa ero
pe3yabTaTOB BBINOJIHAETCA OOBIYHBIMU METOJIAaMM MaTeMaTU4EeCKOM CTaTUCTUKU. MmuTanuoHHOE
MOJIEIUPOBAHUE BO3MOXKHO TaM, IJie MO COOOpaKeHUsM Oe30IacHOCTH, 3TUKU WM KaKUM-JIHOO
JpPYTUM HEAONYCTHMO Yyd4acThe JIoAed. B HMMHUTaMOHHBIX HCCIENOBaHUAX BO3MOXKHBI
9KCHEPUMEHTHI C IIPOIUIBIM, IPUHLMIINAIBHO HE BOCIPOU3BOAMMBIE B HATYpPE, UX MOXHO JIETKO
npepBaTb M BO30OHOBHUTH B JII00OH ynoOHbII MoMeHT. C [pyroil CTOpOHBI, pazymeercs, Ipu
MMUTALMOHHOM MO/JICIMPOBAaHUM HEN30€kKHO BO3HUKAET BOIPOC O COOTBETCTBUU MEXIY MOJIENbBIO
U pealbHbIM O0O0BeKTOM. Ha Hero Hago NOJYYHUTh MOJOXKHUTEIBHBIM OTBET Mpexae, YeM
HCII0JIb30BATh PE3YIbTATH MOJIEIMPOBAHUI.

COBEpIIEHCTBOBAHUE  BBIYUCIUTEIBHOM TEXHUKH CYIIECTBEHHO PpAaCUIMPUIIO  BO3MOXHOCTH
MMUTALMOHHOTO MOJIENMPOBaHus. [l aHanu3a pa3inyHbIX yCIOBUN (YHKIMOHUPOBAHUS CHCTEM
oKaszaJicsl y00eH JUaIoroBblil pesxuM padbotsl ¢ OBM. MccnenoBanust Ha MUMUTAIIMOHHON MOJIEH B
TOM pEKUME MOXKHO paccMaTpuBaTh KakK WUrpy, Ojaromaps 4eMy MOJeNb cTala K TOMY JKe
3pPEeKTUBHBIM CPEICTBOM O0yUYCHHUS.
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K Hacrosmemy BpeMEHH METOAbl MMHUTALMOHHOIO MOJCIHMPOBAHUS IIMPOKO HCIIOIB3YIOT IS
U3yueHHUs] OOBEKTOB HKOHOMHKH, (DU3MKHM, TEXHHKH H KylIbTypbl. C WX MOMOUIbIO H3y4aroT
HCTOPHYECKHE M Treorpaduieckrue Mpouecchl, X0 O0eBhIX NEHCTBUN M BO3ACHCTBHUE JIEKAPCTB Ha
OpraHu3M 4enoBeKa. MI3BeCTHbl MMUTALMOHHBIE MOJIEIN TaKUX CIIOKHBIX TEXHUYECKUX YCTPOUCTB,
KaK MPOKATHBINA CTaH, XAMHUYECKUI PEaKTop, a TakxKe MOAETH (pupm, oTpacieil MpoOMBIIIEHHOCTH U
Jaxke TII00aIbHBIX MPOIIECCOB, MPOUCXOIAMINX B Ouocdepe. B nepeBoobpaboTke MpUMEHEHHE STHX
MEeTOJI0B 3()(EKTUBHO i HUCCIENOBAHMUA TPAKTHYECKH BCEX CIIOXKHBIX TEXHOJOTHYECKUX
IIPOLIECCOB U PEUIEHUS 33/1a4 OpraHU3allly U YIIPABJICHUS IPOU3BOICTBOM.

[IpuBOIMMBIN HMKE INPOCTOM INPUMEP WLIIOCTPUPYET HMACKD HMHUTALHOHHOIO MOJAEIUPOBAHUSA
00BEKTOB, IMEIOIIMX BEPOSTHOCTHBINA XapakTep (PyHKIIMOHUPOBAHHS.

IMonydyenue ciayyaiHbIX YnceJ HA IBM

B npakTudecku HCNoab3yeMbIX HMUTAIIMOHHBIX MOJEISAX CIy4yailHble YKciia OJy4yaloT C OMOIIIbIO
OBM. B maremaruueckom obecriedeHUH coBpeMeHHBIX DBM nis 3Toro MMeroTcs crenuaibHble
MPOrpaMMbl T€HEPUPOBAHUS CIYYalHBIX YHCEJ] C pa3IU4YHBIMU 3aKOHAMHU paclpeieseHusl.
PaccmMoTpuM Hzier0 MOCTPOEHUsI TaKUX MPOrpaMM, C TEM, YTOObl UMHU MOXHO OBLIO OCMBICIEHHO
10JIb30BaThCs, a MPU HEOOXOAUMOCTH M COCTABUTH TAKyI0 IIPOrPaMMy CaMOCTOSITEIBHO.

Hanomuum npexxe Bcero, 4To ciiyyaiiHas BenuunHa X 3aJaeTcs cBoei (yHKIMel pacrpeneiaeHus
F(x), koTopas uMeeT cMbICI BEPOATHOCTH TOTO, YTO JAaHHAs BEJIMYMHA NPUHUMAET 3Hau€HUE, He
MIPEBOCXOAIIEE X, TO €CTh

PaccmMoTpuM cHauanma OJMH M3 aJrOPUTMOB TOJY4YEHMs] CIy4YallHBIX 4YHCeN, pPaBHOMEPHO
pacnpeneneHHblx Ha oTpe3ke [0,1]. D10 o3Hauwaer, 4To (QYHKUMSA paclpeaeseHus Uisl TaKon
CllydaifHOH BeJIMYMHBI UMEET BU]L

OnuceiBaeMbIil aNrOpUTM U3BECTEH O] Ha3BaHHEM MYJIbTHUIUIMKATUBHO-KOHIPYEHTHBIH METOJ U
HCIIOJIb3YET CIEAYIONIYI0 UTEPATUBHYIO Ipouenypy. IIycTh X, - HEKOTOpO€ HCXOJHOE YUCIIO, @ 1 M
- MIOJIOYKUTENBbHBIE 1ENIble KOHCTaHThI. YNCII0 Xo YMHOXKAETCS HA a, Pe3yJbTaT YMHOKEHUS JACIIUTCS
Ha M. OcTaToK OT JIeJICHUs] TPUHUMAETCS 3a 1-e cirydyailiHoe uuciio. Jlanee mpoueaypa moBTOPSIETCS:
aust mostyuenust (I + 1)-ro ciaydaifHOTO Yucia MpeapIAyIee CaydaifHoe YUCIIo Xj, YMHOXKACTCS Ha a,
MIOJIy4EHHOE IIPOU3BECHUE JEIUTCS HAa M, OCTATOK OT JIEJIEHUS IPUHUMAETCS 32 HOBOE CIIy4aillHOE
YUCIO Xi+1. 1 TOro 4TOOBI U3 YUCIA Xj+1 MOJYIUTh CIy4alHOE YUCIIO Ti+1 B AMANIA30HE OT HYJIS J10
CIUHMIIBI, YUCIO Xj+1 JCTSAT Ha M: lis1=Xi+1 /M. Hwke mpuBenena mporpam-ma Ha Doprpane,
peanusyronas 3ToT anroputM. OHa npuroana aig OBM ¢ 32-pa3psaHbiMu cliOBaMu.
SUBROUTINE RAND (M, N, R)

1 N =1220703125*M

21F(N) 3,4 4

3N =N+ 2147483647+1

4R=N

R=R*0,4656613E-9

M=N

RETURN

END

B kauecTtBe X;, Xj+1 ¥ lj,- 3/1eCh COOTBETCTBEHHO NpUHATHI KOHCTaHTHI M, N u R. B xauectBe a u m
B3ATHI uMcaa a = 5° = 1220703125; m= 231~ 1 = 2147483647. brnaronmapst Takomy BbIOODPY
KOHCTAHT IpPHU BBINOJHEHUU omeparopa | MpoUCXOIUT NHEpenojHeHue paspsaHor cetku DBM.
Crapuive pa3psabl B IOJIy4€HHOM IPOU3BEIECHUN 0TOpAChIBAIOTCA, a MIIaIInue OepyTcsl B KaUecTBe
OUEpPEHOT0 4YJIeHa IMOCieA0BaTeNbHOCTH Xi. OmepaTopsl 2 u 3 o0ecrneynBaroT MOJIOKUTEIbHBINA
3HaK yucia N.

Oopamenue k 3Toil noanporpamMme ocymectsiusercss onepatopom CALLRAND (M, N, R). Ilepen
3TUM HE00XOJMMO 3a/laTh HadajlbHOE 3HaueHue Juis M B Buje J1000r0 HEYETHOTO 1LIEJ0r0 Yucia,
COJZIEPKAIlIET0 HE MEHEE JEBATU JECATHUYHBIX 3HAKOB. JlJI1 MOJIY4EHHs KaXkIOTO CIEAYIOLIEro
CIIy4alfHOTO YKCIIa HaJl0 CHOBa 0OpaTuThes K noanporpamme RAND.

Ha ocHOBe TONBKO YTO ONUCAaHHOW WM aHAJOTUYHBIX IPOTrpaMM TI'€HEPUPOBAHUS PAaBHOMEPHO
pacnpeeeHHbIX YUCEIl MOJIy4YaroT WK, KaK TOBOPST, pa3bIIPhIBAIOT CIy4YaliHbIE Yyncia ¢ APYTUMHU
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3akoHaMH pactipeneneHust. OCHOBHBIM HCIIOJIb3YeMbIM 37€Ch METOJIOM SBIISICTCS METOJA OOpaTHBIX
GbyHKIUH.

IIpeanosoxkum, 4TO CilydaiiHas BeanduHa X HENPEpbIBHA M MMEET 3aJaHHYIO HEIPEPBIBHYIO U
CTpOTO MOHOTOHHO BO3pacTaromyto (yHkiuto pacnpenenenus F(x) (puc. 8.1). CornacHo meromy
0oOpaTHBIX PYHKIUN TS TIOTYYCHHS 3HAYCHHSI 3TOW CITy4aifHOW BEIMYMHBI HEOOXO0MMO pasbIrpaTh
cinydaitHoe umciio R, paBHoMepHo pacrpeznenenHoe Ha otpe3ke (0,1), U B kauecTBe HMCKOMOM
BenMunHbl X B3aTh X = FY(R), rme F' - dynkims, obparnas x ¢ynkuun F. Ha puc. 8.1 sta
orepanus WIIIOCTPUPYETCS C IIOMOILBIO CTPEIIOK.

OnwucanHbpld MeTOA yHOOHEEe NPUMEHSTh, €CIU JIETKO IOCTPOUTh OOpaTHYO (QYHKIUIO F™.
Hanpumep, a5 noka3aTelIbHOTO pacipeieleHUs

y=F(X)=1-e* . Torma F*(y) = —iln(l— y)
Y7

Ecimm ke mosyuyeHWe aHAJUTHYECKOTO BBIPAKEHUS Uil OOpaTHOW (YHKIMH BBI3BIBACT
3aTpyJHEHMs, TO MOXKHO amIpoKCUMHUpPOBaTh (QyHKIMIO F(X) OT- pe3kaMu NpsMBIX € 3aJaHHOMN
CTeNneHbto TOYHOCTH. [locie 3Toro erko BEIYMCIUTh 00paTHYIO (PYHKIHIO JUTSl KQXKI0TO JTMHEWHOTO
oTpe3Ka.

Jljig moJtyyeHus ciydyalHbIX YUCell, OJYMHEHHBIX HOPMAJIIbHOMY 3aKOHY pacIpeieeHus, 0ObIYHO
HCIIOJIB3YETCSl JAPYrod METOJ, OCHOBAaHHBIM HAa WEHTPAJbLHON INpele/IbHOH TeopeMe TeOopHH
BeposiTHOCTeli. CoryiacHO 3TOM Teopeme CiTydaitHasi BeMMYMHa X UMEET pacipeneneHue, 0Jm3Koe K
HOPMaJIbHOMY, €CJIM OHa IMpeAcTaBisieT co00il CyMMy AOCTATOYHO OOJBIIOTO YHCIa B3aUMHO
HE3aBHCHMBIX CITYYalHbIX BEJTUYUH, CPABHUMBIX 110 CBOUM JUCIIEPCHUSIM.

[IpakTiyecku ciydailHyr0 BEMYHMHY C pacrlpelesieHneM, ONM3KUM K HOPMajbHOMY, MOJY4aroT,
MIPOCYMMHPOBAB HEKOTOPOE KOJNWYECTBO (0OBIUHO OT 6 10 12) ciydaifHbix uucen R; paBHOMepHO
pacmpenenennbix Ha otpeske (0,1).

N
ITycte crmanpiBatoT N TakuxX BenmwduH: V = ZRi Torma, kak HETPYAHO TOKa3aTh, MOJyYCHHAS
i=1
cyJaiiHas BenmunHa V OyneT MMETh MaTeMaTHuecKoe okujuanue My, paBHOe N/2, U cpeaHee
KBaJpaTUYECKOE OTKIIOHEHHUE o, = /N /12
3aTeM MepexoJsIT K HOPMHUPOBAHHOM CIIydyalHOW BEJIWYMHE 7, HMMEIOIIEH MaTeMaTHYeCKOe
O’KHJaHKe, paBHOE HYJIIIO, M Cpe/lHee KBaJpaTHUYeCKoe OTKIOHEHHe, paBHOe equnuie: M; = 0; o, =
1. OtoT mepexon mpousBoAUTCs Mo popmyne Z = (V — M)/o,
Ecnu temeppr HEOOXOOUMO pa3pIrpaTh HOPMAJIBHO PACHpPENCICHHYIO CIy4alHYI0 BEIUYHHY X C
HEKOTOPBIM 33JaHHBIM 3HAYEHUEM MAaTeMaTH4e CKOTO OKUJAHUA My U CPEJHUM KBAJPATUUYECKUM
OTKJIOHEHHUEM 0y, TO €€ 3HAUCHUs BRIUUCIISIIOT 10 hopMmyne X = oyZ + My
[To cymectBy, uncna, nojiydaeMble ¢ IOMOIIBIO ONMMCAHHBIX NPOLENYP, CI1yYalHBIMU HE SIBJISIFOTCS,
TaK KaKk MX BBIYUCIAIOT MO OJHO3HAUHBIM apudmernyeckuMm (opmynaM. DTH YHClIa Ha3bIBAIOT
[I03TOMY HCEeBAOCAYYAHHBbIMH. OIHAKO CTaTUCTUYECKHME CBOMCTBA IICEBIOCIYYalHBIX YHCEI
COBIAJAIOT CO CBOWCTBAMHU HACTOSILIMX CIy4alHBIX 4ucel, Onarojaps 4emMy M BO3MOXKHO HX
MIPUMEHEHHE B 3TOM KayeCTBE MIPU UMUTAIUOHHOM MOJIEITUPOBAHUH.
W3 onmcanust cnoco6a moiydyeHusl caydailHbIX yucen Ha DBM cTaHOBUTCS TakKe MOHATHO, YTO
pe3ynbTaThl UMUTAIIMOHHOTO SKCIEPUMEHTa MOTYT OBITh BOCIPOU3BENIEHBI JIIOOOE YHUCIO pa3 B
OJIMHAKOBBIX WJIM PA3JIMYHBIX YCIOBHMSX W JaXe MPU OAHUX M TEX K€ 3HAUCHHUAX CIIydalHBIX
¢dakTopoB. /[ 3TOro JOCTATOYHO MOBTOPHUTH IKCIIEPUMEHT, 3a/1aB MPEKHUE HAYallbHbIE 3HAYCHUS
BO BCEX HCIIOJB3YEMBIX MOANPOrpaMMax reHEpUpOBaHUs ciaydalHbIX yucen. [locnenHee cBoCcTBO
MIPAKTUYECKHU HCIOJIb30BAHO, HAIIPUMEp, IIPU HUCCIEIOBAHUSAX HA pa3pabOTaHHOW CTAaTUCTHUECKOM
Mozenu (OPMHUPOBAHUSI M PACKPOsI MUIOBOYHOTO Chipbsi (m. 11.4). Packpoil ogHOrO M TOTO *Ke
OpeBHa C MPHUCYIIMMH UMEHHO €My pa3MepaMU U MOPOKAMH - KPUBU3HOM, KOJIMYECTBOM CY4KOB U
pacroyIOKEHUEM KaKJIOTO0 W3 HMX - UMUTHUPOBAJICS HECKOJIBKO pa3 MO PAa3lIMYHBIM MOCTaBaM U C
pa3nMYHOMN OpueHTalel OpeBHA OTHOCUTEIHLHO OCH MOCTaBa.
OTMmeTHM, 4YTO WMEHHO IIeHTpalbHas TpefeNbHas TeopeMa OBSCHSAET UCKIIOYUTEIbHYIO,
JOMUHUPYIOIYIO  POJIb HOPMAJIbHOTO  pPACIpEAENICHUs Cpeaud JAPYIMX  CTaTUCTUYECKUX
pacmpeneneHuii B caMbIX pa3HOOOpa3HBIX IMpolieccax, MPOUCXOASIIUX B  OKpYKaromei
neiicTBuTensHOCTH. Kak M3BECTHO, CTaHAapTHAas CXeMa MOCTAHOBKH CEpUH TyOIMpPOBAHHBIX
OTIBITOB TPENINoJiaraeT CTa0WIM3aIHio, T. €. HUCKIIOYCHHE BIMSHHS, MO BO3MOXHOCTH, BCEX
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BHEIIHUX BO3ACHCTBUI Ha Pe3ylbTaT AKCHEPUMEHTA. DTO 03HAYACT, 4TO (PaKTHUECKH BIHATH Ha
Hero OyayT JIMIIb> MHOTOYMCIIEHHBIE TPYAHO YCTpAaHUMBIE cilydaiiHbie (hakTopbl. OHH, KaK MPaBUIIO,
COM3MEPUMBI 110 CTEIIEHH CBOEr0 BO3JEHCTBUS HAa OOBEKT U ACHCTBYIOT HE3aBUCUMO JIPYT OT ApYyra.
Mpbl HaXOIUMCSI, TAKUM 00pa3oM, IPUOIMKEHHO B YCIOBUAX JCHCTBUS IEHTPATIHHON MpeAeIbHON
TEOPEMBI, YTO M IO3BOJIAET BBIABUHYTH T'MIIOTE€3Y O HOPMAaJbHOM paCHpENeICHUH BBIXOIHOMN
BEJIMYMHBI.

Ota Xe TeopeMa MOXKET MHOT/IA CIYXKHTh KIIOYOM K OOBSCHEHHIO OOHApYKEHHBIX OTKIOHEHUH
(aKTHUECKOTO pacrpesiesieHUs] BBIXOJHON BETMYMHBI OT HOPMaJbHOTO. B Takoil cuTyauuu Hamo
IIPEKJIE BCEro MPOAaHAIU3UPOBATh YCIOBUS MIOCTAHOBKU CEPUM NYyOJIMPOBAHHBIX ONBITOB C IEJIBIO
oOHapyxeHHs (PaKTopa, KOTOPHIA OKa3zajcs HE YCTPAaHCHHBIM, HO OKa3bIBa€T JOMUHHUPYIOIIEE
BJIMSHUE Ha BBIXOJHYIO BEIMYMHY II0 CPAaBHEHHMIO CO BCEMU OCTAJIbHBIMHU CIy4alHBIMU
BO3/ICUCTBUSAMH.

Cka3aHHOE BBIIIE HE CHI)KAET BAXHOCTU JIPYIMX CTaTHCTUYECKUX paclpelesieHui, NpUMEHEHUe
KOTOPBIX MOXET ObITh Hanbosiee 000CHOBAaHHO B T€X MJIM UHBIX ciaydasx. Tak, mpu oOCyxaeHuu
METOJIOB TEOPUU MACCOBOTr0 OOCIYKMBAaHHS B IJIaBe 6 OTMEYAIOC UCIOJIb30BAaHUE PACIPEICICHUS
Ilyaccona g omnucaHus IOTOKAa 3asBOK, OOJAQJAIOIIEr0 CBOMCTBAMHU  CTallMOHAPHOCTH,
OpPAVMHAPHOCTH U OTCYTCTBHMSI IOCJENCHCTBUS, a TaKkKe MCIOJIb30BaHUE MOKAa3aTeIbHOIO
pacrnpeneneHuss A ONHUCAaHUS BPEMEHM OOCHTYKMBAaHUS OJHOW 3asBKH, €CIM JUId HEro
CIpaBe/UIMBBl TPU MEPEUUCIIEHHbIE CBOMCTBA. DJTOT K€ IOKa3aTeNbHBIM 3aKOH pacrpeaeieHus
LIUPOKO MPUMEHSETCS B TEOPUU HAJEKHOCTH.

IMocsienoBaTe/IbHOCTH MPOBEACHUS U IPUMeEP
NMUTALIHOHHOI0 UCCJICA0BAHUSA

OCHOBHBIE 3Tanbl UMHTAMOHHOTO HUCCIEAOBAHMS IO CYIIECTBY T€ XK€, UYTO W MPH PEIICHUH
ONTHUMHU3AIMOHHBIX 3ama4d (cM. BBemeHue W 1. 2.1). Ha mepBoM stame dopmynupyercs 1eib
nccnenoBanus. Kak  mOpaBuiio, 3TO  OLEHKAa  BIUSHHUS  HEKOTOPBIX  IApaMEeTpPOB  Ha
(YHKIIMOHUPOBAHUE CHCTEMBI. 37IeCh ClelyeT c(pOpMUPOBATH CIIHCOK BOIPOCOB, HAa KOTOpHIE B
X0JIe MCCIeOBaHMsl TOJDKHBI ObITh MOJMY4YeHbI OTBETHl. Ha 3TOM U cienyromieM 3tanax 0COOEHHO
BAKHO TpUBIEYh K padoTe CHEUMATUCTOB MO uccienyeMoMy o0bekTy. Ecim  wuzyuaercs
TEXHOJIOTHYECKHI MPOIECcC, TO 3TO MPEXkIE BCEro TEXHOJOIH, a TaK-)Ke CHEeIHaTUCThl B 00JacTH
(bu3MKKM SBICHUM, XapaKTepHBIX JJIs JaHHOTO mpoliecca. B Xoae maHHOTro sTama JOKHBI OBITh
YTOYHEHBI TPAHUIIBI UCCIEAYyeMOTO OOBEKTa; HampuMep, CTAaIUH TEXHOJOTUYECKOro Mpoliecca,
MOJUIEKAIUE MOJEIMPOBAHUIO; MPOAOJLKUTEIBHOCTh MOJECIUPYEMOTO OTpE3Ka BPEMEHH, €CIIH
MOJENUPYEMbIH MpPOLIECC Pa3BOpPAYMBAETCS BO BPEMEHHU; YPOBEHb JETalu3aldd O00beKTa IMpHu
MO/JIETMPOBAHUH.

Ha BTOpOM 3Tane onpenensroT napaMmeTpbl, KOTOPbIE T0HKHBI BOWTH B UMUTALIMOHHYIO MOJENb B
KAaueCTBE BXOJIHBIX M BBIXOJIHBIX NEPEMEHHBIX, JAETCs KAaYECTBEHHOE ONMCAHWE MX B3aUMOCBS3H,
BBIABJISIETCSL  XapakTep MCCIEAYyEMbIX @apaMeTpoOB: CIydallHble WIH JI€TE€PMUHUPOBAHHbIE,
yIOpaBIISIEMblE WJIM  HEYHPABISIEMBbIE, pELIAETCs BOMNPOC O JMala3oHaX BapbUPOBAHUSA
KOJIMYECTBEHHBIX (DAKTOPOB U O 3HAYCHMSIX KA4YE€CTBEHHBIX MMApaMETPOB, Uil KOTOPBIX Oyner
BBINIOJIHEHO MCClieIoBaHre. B yacTHOCTH, IpU UIMUTALIMIOHHOM MOJEIMPOBAHUM TEXHOJIOTUYECKOTO
rpolecca onpeAessioT, KaKue MMEHHO BapUaHThl TEXHOJIOTMYECKUX CXeM OyIIyT aHAM3UpPOBAThCS;
Kakue OyayT pacCMOTPEHBI THIIBI B3aUMO3aMEHSIEMOro 000pYI0BaHMs, BUABI CHIPBS U CIIOCOOBI €ro
MOJATOTOBKH.

Crnenyet ycTaHOBUTD, Kakasi HHpOpMAIUs He0OXoauma Uil TPOBEICHUST UCCIIeI0BaHusl, 0OCYAUTh
BO3MOXHOCTH €€ TonydeHuss u ¢GopMmy TmpeacTaBieHus. Hampumep, Npou3BOAUTEIHHOCTH
o0opynoBaHUs OOBIYHO MOXHO OTPEIEIUTh U3 COOTBETCTBYIOIIUX HOPMATHBOB UM PaCUETHHIM
nyreM. DakTUYECKU ke HAOMIOAAI0TCAd OTKIOHEHHS OT ATHX JAHHBIX B Ty WIH MHYIO CTOpPOHY.
[ToaTOMy B HMMHUTAlMOHHOM DJKCIIEPUMEHTE IPOU3BOAUTEIBHOCTh YacTO CUMUTAKOT CIy4YalHOMN
BEJIMYMHOM, NMOJYMHEHHOW, HAIIpUMEP, HOPMAJIbHOMY 3aKOHY pacripeneneHus. Ee marematuyeckoe
OKUJIAHHE B 3TOM CIIydae MOXKET OBITh OMPEIENICHO TI0 Pe3yabTaTaM pacyeToOB UM U3 HOPMATUBOB,
a BEJIMYMHA JHUCIEPCUU BBIYUCISAETCA MO JAHHBIM CTaTUCTUYECKOW OTUYETHOCTH MPEIIPUATUS O
(haKkTUYECKOU MPOU3BOIUTEIHHOCTH 000PYIOBAHUS WIH MO PE3yabTaTaM XPOHOMETPaxKa.
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JUisi MMHUTAIMOHHOTO SKCHEPUMEHTa MOXET OBbITh HCIOJIb30BaHA W BBeAeHAa B mamsate OBM
uHpopmanus B J000H M3 ¢GopM ee MpeacTaBiIeHHs: B BHIE (GYHKIUH, Tabmun, rpadukos.
I'paduueckas uHpoOpMays MPU HAIMYUK COOT- BETCTBYIOIIETO0 O0OpyHOBaHHS - rpaduyeckuii
JMCIUIeH, CHa0KEHHBI CBETOBBIM IIEpOM, - MOKET ObITh BBeZeHa B DBM nenocpencrsenHo. [Ipu
OTCYTCTBHHM 3TOH TexHMKH HH(popManuio B rpaduueckoil ¢opme cieayer mnpeodpa3oBaTth B
AQHAJTMTHYECKYI0. 371eCb MOKHO BOCIIOJIB30BATHCS MPHUOMIKEHHON ammpoKCUMAIMeld ¢ MOMOIIBIO
METOJa HAMMEHBIIMX KBAaJPAaTOB WJIM HCIOJIB30BaTh OJHY W3 WHTEPHOJSIUOHHBIX (OpMYI;
Hanpumep, ¢opmyisl Jlarpamka, Hpioroma. B mepBoM ciiydae OTBICKMBaeTCs (YHKIIHS,
oOecrieunBaromasi HanOOJIBIIYIO OJM30CTh, HO HE COBMAJCHHE BBIOPAHHBIX TOYEK HCXOJIHOTO
rpaduKka K COOTBETCTBYIOIIUM TOYKaM Tpaduka Gyakuuu (puc. 8.2, a). Touku 7, 2,3, 4 u 5 - Toukn
ucxoaHoro rpaduka f(X) - dyHkims BeiOpaHHOTO BUaa. Bu 3o GyHKIMU (HapUMep, MHOTOWICH
HEKOTOPOU CTENEeHM) HCCIEeA0BaTeIh BBIOMpaeT 3apanee. JlaHHBIM CHocoO TPEaNnoYTHUTEIBHEE,
Korja WCXoAHas rpaduueckas wuHG(OpManus TMONIydeHa Ha OCHOBE OKCIEPUMEHTAIbHBIX
HCCIIEIOBAaHUIN U IOTOMY SBJIAE€TCS MPUOIMKEHHOM. Mcronb30BaHNe HHTEPIIOISILIMOHHON (hOPMYIIbI
MO3BOJISIET TOJYYUTh (PYHKIUIO HM3BECTHOTO Kiacca, 3HAYEHUS KOTOpPOMl [UIsl ONpeaereHHBIX
3HAQYEHWI apryMeHTa B TOYHOCTH COBIIQJAIOT C HEKOTOPBIMH 3a/JlaHHBIMU 4Hcliamu (puc. 8.2, 0).
Jliga 3To#l K€ 1enu MOKHO HMPUMEHUTH annpoKcuManuioo cruiaiiHamu. CrulailH - 370 (QyHKIHA,
«CKJIEEHHAs» M3 DPA3IMYHBIX KYCKOB MHOTOYJIEHOB M MPOXOAAIIAs dYepe3 BbIOpaHHbIE TOYKHU
rpaduxka.
Tpetuit aTan UMUTAITMOHHOTO MCCIEA0BAHUSA - IOCTPOEHUE MaTEMAaTUYECKOW MOIETN 00BEKTA.
[Ipenmnonoxum, 94To0 0OBEKTOM UMHUTAIIMOHHOTO HCCIIEOBAHUS SBIISETCSA YaCTh TEXHOJIOTHMYECKOTO
rpolecca U3roToBieHus aeraneid medenu. OHU BbIpadaThIBAIOTCS U3 APEBECHOCTPYKEUHBIX IITUT U
OOJMIIOBBIBAIOTCA CTPOTaHbIM IMIMOHOM. MccienoBaHUIO MOJBEPraloTCs CIEAYIOIUe CTaauu
mporiecca: COpTUPOBAaHUE U PacKpoil mimoHa, pedpockienBanue, packpou JCtIl, o6numoBriBanme
macTed U kpoMok (puc. 8.3). Llens UMUTAIIMOHHOTO YKCIIEPUMEHTA - UCCIICIOBAHNE BIIMSHUS Psia
(akTOpOoB Ha 3arpy3Ky HCIOJIb3yeMOro  OOOpyJOBaHHs, CEOECTOMMOCTh  MPOIYKIIUH,
MIPOU3BOIUTENBHOCTh IpOLIECCA M APYIME €ro TEXHUKO-DKOHOMMYECKHE IoKazaTenu. B uwmcio
uccienyeMbix (akTOpoB BOLLIM KAadyecTBO IITMOHA; BUJ 00OpYIOBaHUS, HCIOJIB3YEMOTO MPH €ro
packpoe - runb-oTuHHBIE HOXKHHIBI HI'-18, HI'-30 unu OymaropesatensHbie MamuHbl bPII-4M,
2bP-136; pa3nmuuHble TEXHOJOTHH pPEOpPOCKICHBAHUS - KJIEEBOWM HHUTBHIO, KIIEEBOW JICHTOM,
HENPEepPBHIBHBIM MJIM TOUYEYHBIM KIJIEEBBIM IIBOM; Pa3IHU4HbIE BUJbBI 000PYIOBaHUS, MPUMEHIEMOTO
MpU packpoe IUIUT; GopMmaT IUIUT, crienu(UKaIys 3aTOTOBOK M NMPUMEHSEMbIE IUIaHbl PAcKpos
JCrtIl, pexxumbl paboTel 000pyI0BaHUS OOTUITOBBIBAHUS - aBTOMATHYECKUN WM PYYHOU PEKUM
pabotsl muHUU [IJIM®D-1.
PaccmoTpuM 4acTh COOTHOLIEHWM, BXOJAIIMX B MAaTeMaTHYECKYH) MOJIEIb M CBS3BIBAOIIMX
MIPOU3BOJIUTEIBHOCTH TPEX CMEXKHBIX OIepauuil: peOpoCKIeHBaHMs, pPAcKpos IUIUT U
0OJIMIIOBBIBAHUSI.
[TpeanonoxkuM, 4To 3a €IUHUILY BPEMEHH IIPH MOAEIUPOBaHUU NpuHAT 1 4. O003HauuM depes 11
IIPOM3BOUTEIBHOCTE  PEOPOCKICHBAIONIET0 OOOPYIOBAHMS, H3MEPSEMYl0 B M° OOIHIIOBOK,
W3rOTOBICHHBIX B TeueHue | 4. Ilpu BbIOpaHHOI TEXHOJOTHMU PeOpPOCKICHBAHHS OHA 3aBUCUT
MIPEK/IE BCErO OT CXeMbI HA0Opa OOIHUIIOBOK U Pa3MEPOB COCTABISIONINX UX 3arOTOBOK IIMOHA.
Kpome sTux nerepMuHUPOBAHHBIX (DAKTOPOB, HA MPOU3BOAUTEIHLHOCTh PEOPOCKICHBAIOIIETO
000py/nOBaHUs OKa3bIBAIOT BIUSHUE U JIPYTHME€ MHOTOYUCICHHBbIE (PAKTOPBHI Pa3IMUYHON MPHUPOJIBI,
KOTOpbIE MOKHO paccMaTpuBaTh Kak ciydaidHble Bo3jeictBus. Ilo 3tum  npuumHam
MIPOU3BOJIUTENBHOCTh  PEOPOCKICHBAIONIETO  OOOPYIOBaHMS  CIEAYeT CUUTaTh CIydaiHOM
BEJIMYMHOM. XapakTep €€ CTAaTUCTUYECKOIO pacCIpeAesieHUs M HapameTpbl MOCIEAHEr0 MOXKHO
MOJIyYUTh U3 XpoHOMeTpaxka. [IpennonaokumM, 4To B TEUEHUE KaXJI0TO U3 11 4acOB (PMKCHPOBAIMCH
YHUCIO M CyMMapHasl IUIOIIA b M3TOTOBJIEHHBIX OOJIMIIOBOK OJHOTO M TOro ke Tumna. O0o3HauuM
IIOJIyYE€HHBIE 3HAYECHUs TUIOIIAN YEPE3 Y1,Y2,...,Yn. 110 3TUM naHHBIM, €CIIM N JOCTATOYHO BEIUKO,
MO>KHO BHAauaje MPOBEPUTh TMIIOTE3Y O TOM, YTO BEJIMYMHA Y PaCIpEIesIeHa M0 HOPMaJbHOMY
3aKOHY, UCIOJIb3Ysl, HAIPUMED, KPUTEPUI X2 [Tupcona. Ecnu oxa3anoch BO3MOKHBIM IPUHSATH 3TY
TUIOTE3Yy, TO MO H3BECTHBIM (hOpMysnaM BBIUMCISAIOT OLEHKHM MaTeMaTU4eCKOTO OXHUJAHUS U
JUCIIEPCUU BEIMUYUHBI Y, COOTBETCTBEHHO:
V=01 +y,+ -+ y)/n st = =9*+ @, =P+ +
+0,—9?1/(n - 1)
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Ecnmu rumote3y 0 HOPMAaJIbHOCTH pacIlpelesieHus] MPHUIIOCh OTBEPrHYTh, TO MOJBICKMBAETCS
JPYroe CTaTUCTHYECKOE pacIipeielieHie, COOTBETCTBYIOIIEE JAHHBIM XPOHOMETpaxKa.
[IpaBromog0OHO MPENnoNOKUTh, YTO BHJ pacHpeAeieHus OyAeT OJHUM M TeM Xe IpH
W3TOTOBJICHUH PA3JIMYHBIX BUAOB OOJMIIOBOK M, MOXKET OBbITh, Ja)K€ IS Pa3IUYHBIX BHJIOB
pebpockienBaronero o0opyaoBanusi. B 3ToM ciaydae A OLEHKH IPOM3BOIUTEIBHOCTH JaHHOU
oTiepalnuy Mpu JApyroi cxeme Habopa OOIUIIOBOK WIIHM JPYTrOM IIPUMEHSEMOM 000PYA0BaHUH 00BEM
XpOHOMETpa)ka MOKET OBbITh yk€ HeBenuK (N mopsaka, Hanpumep, 30 4), a Ledb €ro - TOJbKO
BBIUHMCIICHUE OLEHOK Ui cpenHed mpousBomurensHoctH Il = y m ee nucnepcuu s* 1o
MPUBEJCHHBIM BbIlIe (hopmynaM. MHpopmanmio, MOIydeHHYIO Ul KaXI0TO BUAa 000pyIdOBaHUs,
YIOOHO MPEICTAaBUTh B BUC OTACIbHOM TabIuIe! (Tabm. 8.2).

B niepBoii rpade mpoHyMepoBaHbI BUbI OOIHIIOBOK, PA3IMYAIONIUXCS Pa3MEepaMH BXOSIIINX B HUX
3aroTOBOK U (UJIM) cxeMoi Habopa.

Jlanee cieqyeT moJ00HBIM K€ 00pa30M OIIEHUTh MPOU3BOAUTEIBHOCTD

000pYyIOBaHUS ISl PACKPOS IUIHAT. 3/1€Ch, KaK YK€ OTMEUAIOCh, MOTPEOYETCs] y4ecTh TUIIOpa3MeEphI
3aroTOBOK, IPUMEHSIEMbIE KapThl PacKposi, peKUMBI pabOThI 000PYIOBaHUS U CITy4aiiHbIe (PaKTOPHI.
AHAOTUYHBIM TyTEM IMOJy4aroT WHGPOpPMAIHio O mpousBoauTensHocTH [l o0opymoBaHus s
OOJIMIIOBBIBAHUS IJIACTEN 3arOTOBOK.

Haunem moctpoeHne MaTeMaTHIeCKOW MOJIENH C 3aIMCH COOTHOIICHUH, CBS3BIBAIOIINX BEIMYHHEI
MIPOU3BOIUTEIILHOCTH O0OpPYIOBaHUS Ha CMEXHBIX omepanusx. OCHOBOW Ui 3TOTO CITyXKaT
OanmaHcoBbsle cooTHomieHuss Buga (1.1) wu (1.2).HamomMHuMm, 4YTO 3TH K€ COOTHOLIEHUS
WCTIOJIH30BAITUCH TSI IOCTPOCHUS MAaTEMaTHUECKIX MOJIENICH TEXHOIOTHIECKUX OOBEKTOB.
Paccmotpum noncroitHoe mecto [IM1 (cm. puc. 8.3), T. €. cTemiaxk, Ha KOTOPOM XPaHAT TOTOBBIC
OONMIIOBKM, TOJy4eHHble Ha  peOpockienBamomeM obopynoBaHuu. CymmapHas IJI01aIb
OOJIMIIOBOK, TOCTYNAMONIMX HAa HEro B TeUeHWe | 4, - 3TO W €CThb NPOU3BOJUTENBHOCTH Ilyc
pebpockienBaroiero  obopynosanus. B naneHeidimem nepemenHas Il Oyzmer o3HaudaTh
CyMMapHyI IUIOIIaJ s OOJHMIIOBOK, HM3TOTOBJICHHBIX B TE€YeHHE | U, CKOPPEKTHPOBAHHYIO B
MEHBIIYIO CTOPOHY Ha BEJIMYMHY CYMMapHOHM IJIOIIA M NPHUITYCKOB - IPUITYCK HA CBECHI.

I[Tpou3BOAUTENBHOCTE 000PYIOBAHUS
Bun o0nmumoBxu p A Py

CpenHee 3HaUCHHE Ol1ieHKa TUCIEPCUH
1 2 3
1 Vi s?
2 BZt 3

O6o3nauum uepes I, CyMMapHYIO ILUIOMIAAb OOJNMLOBOK, KOTOPBIE B TEYEHHME Yaca CHUMAIOT CO
cTeIaka M TPAHCIIOPTHPYIOT HEMOCPEACTBEHHO K pabo4YMM MecTaM Ipecca Ui 0OIUIIOBBIBAHUS
nnacteit. Ilycts Iy - NPOM3BOAMTENHHOCTH IpPECCa, M3MepsieMas B EIMHHIAX ILIOUIATH, M,
OOJIMIIOBAaHHBIX 3aroToBOK B TedeHue 1 4. Ilpm AByXCiOMHOM OOJIMIIOBBIBAHWHU IUIOLIA[b
TpeOYIOIUXCs U1 HUX OOJIUIIOBOK OyAeT BABoe OoJbiie, T. €. cocraniseT 2 [1,. Eciu cuntars, uTo
00JIMIIOBKH Iepe]] IPECCOM He HAKAIIMBAIOTCS, TO 3Ta BEIMYKMHA COBIAJAET C BEIMYHHOI T,
My, =2 I,
O0603HaunM yepe3 S; CyMMapHYIO IUIOIIA b OOIHUIIOBOK, XpaHAIIUXCA Ha nmoacTonHoM mecte [TMy,
a uepe3 AS;- npupaieHre 3Toi Beln4ynHbl 3a 1 4. B cooTBeTCTBUM ¢ 0aaHCOBBIM COOTHOLIEHUEM (
1.1) BenuumnHa AS; paBHa

AS, = M, — M, = I, — 211,
JUis HOCTpOeHHsI UMUTAIIMOHHON MOJENU 3T COOTHOILEHUS CIIeAyeT MPEJICTaBUTh B JUCKPETHON
¢dopme. IlycTb 1 - HOMEp MOAETHPYEMOro MPOMEXyTKa BpeMeHH - B HameM ciydae 1 4. Torna s
I-TO "aca paBeHCTBO (8.1) mpumeT Bua

as® =nf +2nf’

Cootrnomenue (8.1) mis npeapiaymero (i - 1)-ro yaca BBITTISANT CISAYIOIMM 00pa3oM:
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AsEV =n&? +2n{
VcnoBuMes, uTo TlepeMeHHas S.’03HauaeT BeIMUMHY S B3ATYI0 K Hayaly i-ro yaca. Torsa,
OuEBMJIHO, BeMurHA S OTINYaeTCa OT 3TOH e BeIMUUHbI K Havyaly Ipeabryero yaca SO Ha
BEJIMUUHY MPHUPAIICHHUS U0 00IuIoBokK 3a (1 - 1)-i yac, To ecTh
SO = sE 4 AstY
e ASVonpenensercs u3 Buipaskenns (8.3).
Jnst Toro 4toObl B TeUEHHE I-10 Yaca He ObLIO MPOCTOEB OOJIMIIOBOYHOIO MPECcca U3-3a OTCYTCTBHS
00m110BOK Ha mojacTtomHoM Mecte [IM1, momkHO OBITH BHITIOJIHEHO YCIOBHE
s® > 20§
[Ipu packpoe IUIMT HA 3arOTOBKH IUIMTHI, IMOJJIEKAIINAE PACKPOIO, JOCTABISIOT HAa MOJCTOMHOE
Mecto [IM1, ¢ KOTOpOro OHM NOJAKOTCA HA CTOJI-KApPETKY CTaHKa.
[Tycts [k~ cymMmmapHast TUIOIIA b TUIHT, MTOCTYNHUBIIUX B TEYCHUE Yaca Ha ATO MOJCTOITHOE MECTO;
Il - MPOM3BOMUTEIBHOCTE JIMHHH PACKPOS, M°,
TUTAT, PACKPOCHHBIX B TeueHue | 1; Sy - cymMmmapHast TUIomaas IINT, XpaHAIUXCs Ha TOJICTOITHOM
mecte [IM2; AS; - npuparienne 3Toif BenuauHbl. Beipaxenus it AS; u Sy aHanorugHsl Gopmynam
(8.3) u (8.4). Onu nonamoo6sTcs mpupacuere st (i - 2)-ro yaca v OyIyT UMETh BH]L
3570 = N
52(i—1) _ Sz(i—z) _I_Asz(i—z)
a ycJloBHE TOro, 4to B TeueHue (i - 1)-ro vaca He OymeT MpPOCTOECB 00OPYIOBaHMS MO MPHYUHE
OTCYTCTBHUSI ITUT, MOXHO 3aIIMCaTh TaK:
52(5—1) > ngﬂ—l)
O603naunM uyepe3 I13 npou3BOAUTENHHOCTH 3TOr0 e 00OpyaOBaHUS, M2, BBIPAOOTaHHBIX
3arotoBok. B cooTBerctBUM ¢ OamaHcoBbIM cooTHomeHueM (1.2) Ilz = Iy, - Ilow, wiam, B
JMCKpeTHOH popme 3anucu s (i-1 )-ro yaca paboThI,
e
rie [k - cyMMapHas miomans BceX BUOB OTXO/I0B, MOJYYEHHBIX MPH PacKpoe IUTHT B TeYeHUE |
q.
BripaboTanHble M3 TUIMT 3aroTOBKH MOCTYMAalOT Ha mojctomHoe Mecrto [IM3. Ortcrioga wux
JOCTaBIISIIOT HEMOCPEICTBEHHO Ha TMOJCTOMHOE MECTO Iepell KIEEHAHOCSIIMMHU BallbllaMU
00uIIO0BOYHOTO 0060pyAoBaHus. CienoBaTeabHO, MPOU3BOJUTEIBHOCTh ATOTO MOTOKA 3ar0TOBOK
paBHa npousBoauTenabHocTH npecca [lg. IlycTh S; - cymmapHas miiomiap 3aroTOBOK, XpaHSIINXCS
Ha noacrornHoMm Mecte [IM3, a AS3 - ee mpupamenne. Toraa wis (i- 1)-ro yaca umeem:
Aséi—l) — n;i—l) _ n(()i—l)
Séi) — Séi—l) + Aséi—l)
OO06MIIOBOYHBIH TIpecc He OyaeT MPOCTanBaTh MO MPUIMHE OTCYTCTBHUS 3arOTOBOK, eciH (8. 12)
s® > @
AHanoruuyHelM 00pa3oM MOJIENUPYETCs 3arpy3ka O0O0OpYyAOBaHMS Ha OCTalIbHBIX CTaIUsAX
TEXHOJIOTHYECKOI0 Mpolecca.
BaxxubiM mokazateneM 3()()EeKTMBHOCTH TEXHOJOTHYECKOIO Mpoliecca CIYXKHUT ce0eCTOMMOCTh
nponykuuu. Ee pacyeT mpu UMUTAIMOHHOM MOJEIMPOBAHMM MHOTOCTAIUHHBIX IPOILIECCOB
OTHpaeTcsl Ha aJJAUTUBHOCTh STOTO IMOKa3zaTens: ce0ecTOMMOCTh MPOAYKIUU OIpelesieTcs Kak
CyMMa ce0EeCTOMMOCTU CBIPbSl M COCTAaBJISIOUIMX CEO0ECTOMMOCTH OOpabOTKH IO BCEM CTaIHsIM
mpouecca. Eciu ke mNOpu HMUTAIIMOHHOM MOJEIMPOBAHUHM TEXHOJOTMYECKUX OOBEKTOB
HEO0OXOIMMO OIHMCaHUE MPOUCXOAAIIUX B HEM (PHU3NYECKUX MPOLECCOB, TO [UISl TMOCTPOCHHS
MaTeMaTH4eCKON MOJIEH MOTPEOYEeTCsl MPUMEHUTH COOTBETCTBYIOIINE (PU3UUYECKUE 3aKOHBI .
Crnenyromuii STan MMHUTAlMOHHOTO HCCIEAOBAHUS - COCTABJICHHWE AalfOPUTMa MOJEIHPOBAHUS
mporecca Ha OCHOBE IMOCTPOEHHOH Mmarematnueckoil mozenu. CocTaBUM (parMeHT alropuTMa,
COOTBETCTBYIOLIMI TOW YacTHM TEXHOJOTHMYECKOro Tpoliecca OOJUIIOBBIBaHUSA, KOTOpas
omnuckiBaeTcs ypapuenusimMu (8.3)-(8.12).
B nmanbHeiimem OyneM pa3nuuaTh pacyeTHble M (aKTHUECKHE 3HAYEHHUS M MPOM3BOAUTEIHHOCTH
paccMaTpuBaeMoro obopynoBaHusa. dakTuyeckas NPOU3BOAUTENBHOCTh OyAeT COBMagaTh ¢
pacyeTHOM, TOJIBKO eciu 000pyaoBaHKHE 00ECTIEYeHO HEOOXOMMBIM YHCIOM 3aroTOBOK, T.€. €CIIU
BBITMOJIHAIOTCS COOTHOILIEHUS. B mpoTHBHOM ciiydyae 3HaueHHe (PaKTHUEeCKON MPOU3BOIUTEILHOCTH
3a JIaHHBIM Yac MOJIaraloT paBHBIM HYMIO U (PUKCUPYIOT MPOCTOi obopymoBanus. Jlyis pacueTHOM
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MPOU3BOIUTEIILHOCTH COXPAHUM TPEKHUE 0003HAUYCHUS, HI(,?,HI(Q,HS)HE)"), a (Qakrtuyeckyro Oynem

0003Hauyath OyKBOUW Il ¢ TeMH XK€ MHACKCaMH; HArpumep, H;(fc) pacueTHas, a HI(;C) baxTHueckas
MPOM3BOIMTEILHOCTh PEOPOCKIICHBAIOIETO CTaHKa 3a I-i yac.

3anuce «chopMUpOBATH Hf,?conepmamas{csi B Onoke 1, mpeamosyaraeT BBIOJHEHHE CIETYIOLIUX
onepanuil. CHauana onpeaesisioTcss MaTeMaTHYeCKOE 0’KUIaHUE U JUCTIEPCUs BETUUUHBI Hffc‘”, T. €.
pacyeTHON MPOU3BOJUTEILHOCTH pedpockienBaromero odopymoBanus Ha (I - 1)-m mare. s
3TOTO UCIOJIb3YIOT UH(POPMAIINIO, COACPKAIIYIOCS B OJHOW M3 TaOnull Buaa 8.2 , T1ie TPUBEICHBI
3HAUEHUs HA3BaHHBIX IMOKa3arened. BpiOop ToMl wiM WMHOM TaOMULBl OmpenenseTcs BHUIOM
o0OopynoBanusi, paboTa Ha KOTOPOM MOJEIUPYETCS B JAHHOM MMHUTAMOHHOM SKCIepUMeHTe. B
3aBHCHMOCTH OT CXeMbI Habopa 1 pa3MepoB OOJIHMIIOBOK B TaOJIHUIIE BEIOMpAeTCs HyXKHas cTpoka. Ha
caMoOM Jiefie, pa3yMeeTcs, IMPOUCXOJUT oOpalieHne He K Tabnumam, a K COOTBETCTBYIOLICH
nHbOpMaINK, 3aUCaHHOH B mamsiTH DBM.

Jlanee BBI3BIBAIOT MOANPOTpaMMY TI'€HEPUPOBAHMS CIy4allHBIX 4YHCEJN, PpacHpElelCHHbIX II0
HOPMaJIbHOMY 3aKOHY, €CJIM UMEHHO 3TO CTaTUCTUYECKOE paclpeesieHUe COOTBETCTBYET ONBITHBIM
naHHbIM. OOpallieHue K JaHHOM MOJIpoTrpaMMe COIPOBOXKAAETCS YKa3aHMEM 3HAaueHUi
MaTeMaTHYECKOr0 OKHUJAHWS M JUCHEPCUU JJs MPOU3BOAUTEIHLHOCTU O0OpYIOBaHMS, KOTOpbIE
ObUIHM MOJTYYEeHbl ONIMCAHHBIM BblIlIe criocoboM. [1o pesynbraraM paboThl MOAPOrPAMMBI BbIIAETCS
CllydaifHO€ YMCII0, MHTEPIPETUPYEMOE KaK 3HAUYEHHE “.(fc) :

3areM NpoBepsieTCs] HAIMYUE 3araca 3ar0TOBOK Ha MOJICTOITHOM MECTe Mepesi peOpoCKIeHBaIOIINM
CTAaHKOM (9Ta omepanus HaxoJAUTCs 3a TpenesaMu pa3oupaeMoro 37ech ¢pparmMerTa cxemsl). Ecinu
3TOT 3arac A0CTaTO4YeH JUIsl paboThl 000PYAOBaHUS B TE€UEHHE JAHHOTO Yaca, TO MOJIaratoT

=(-1) _ g®

) Mpe 7 =M
B mpotuBHOM Cciyuae BeanHHyﬁé‘{” CUMTAIOT paBHOW Hym0. 3amuch (8.13), mcmosb3yromias
CUMBOJI TIPUCBAaWBAHUS: =, O3HAYACT CIICAYIOIIEE: BETUYMHY (DAaKTHUIECKON MPOU3BOIUTEIHLHOCTH

fi{,”” monoxwrs paBHOIt pacyeTHOMN Mpon3BoAUTENBHOCTH T1{,. .

B 611oke 2 BBIUUCIIAETCS MPHUpAIeHUE 3amaca 00IUI[0BOK Ha moactennHoM mecte [IM1 ms (i - 1)-ro
mara coryacHo (opmyne (8.3), mpuyem 3HaueHUE ﬁff[”nonyquo Mo pe3yiabTaTaM paboThI
npeabIIyIIel 4acTu anroputMa. BenndunHa 3Toro 3amaca K Hayainy I-ro Iiara BbIYUCICHA B OJoke 3
cormacio Qopmyne (8.4). Jamee (61ox 4) Qopmupyercs Benumumna M’  pacueTHoi
MIPOU3BOIUTEIBHOCTH OOJUIIOBOYHOIO Mpecca Ha z-M Iiare. BhINMoHseMble pU 3TOM OIepaluu
aHAJIOTMYHBI OTIMCAHHBIM BBILIE IEHCTBUSAM MPU NOJTYyYECHUH BETUYMHBI l'll(,‘;'l).

Puc. 8.4. Cxema anroputma MoAEIMPOBAHUS ITpoIiecca 0OJIUIIOBBIBAHUS

B Gmoke 5 mposepsiercst ycnoBue (8.5). HeBbimosHeHne HepaBeHCTBa (8.5) o3HauUaeT, Kak yxe
0TMEUaJIOCh, MPOCTO# OOIUIIOBOYHOTO 000PYI0BaHKS Ha I-M IlIare 3-3a OTCYTCTBUsS OOJIHUIIOBOK. B
3TOM cllydyae (PaKTHUECKyI0 MNPOU3BOAUTEILHOCTh OOJMIIOBOYHOTO OOOpPYIOBaHUS I0JaraloT
paBHO HYJIIO.

Kpome Toro, ¢ momomipto 650ka 7 ¢GUKCHPYETCS YHCIO YacoB, KOTOpPOE JaHHOE 000OpyloBaHUE
NpOCTaMBajIO IO YyKa3aHHOW mnpuunHe. [lepemenHas K B 3ToM OJlOKe MOXKET MPUHUMATh
uenoyuciennsle 3nayeHus 0, 1, 2, 3,..., KOTOpble UCTOJKOBBIBAIOTCA KaK CyMMapHO€ YHCIIO 4acoB,
KOTOpbIE MPOCTOSIIO OOJUIIOBOYHOE OOOPYAOBAaHME H3-3a OTCYTCTBUS OOJHMIIOBOK 3a BpeMs,
npormiesiiee ot Havana 10 (i - 1)-ro yaca pabotsl. Kak BuaHO U3 0J0Ka 6, 3HAUYEHHE MEPEMEHHON K
YBEJIIMYMBACTCS HAa AUHUITY KX bl pa3, KOrjaa Takoi mpocToi 3auKcUpoBaH.

BrinosineHue ycioBwHsl, 3alucaHHOrO B OJoke 5, emie He o3HadaeT Oecriepe0oiHON paboThI
OOJIMIIOBOYHOTO 00OpYIOBaHKsI B T€UYEHHE I-TO Yaca, TaK KaK €ro MpPOCTOM MOKET OBbITh BBI3BAH
otcyrctBueM 3arotoBok J[CtIl. TlosTomy manee aHanu3upyeTcs MpoIecc pacKposl TUIUT, HAYHHAS C
dbopMHpOBaHMs TpUpALIEHUS UX 3amaca Ha mnojactonHoM wmecte [IM2 - OGmoku 8, 9 wu
COOTBETCTBYIOLINE UM opMyIsl (8 .6.) u (8.7).

dakTuyeckue 3HadeHus npoussoautensHoctu {10 2 u 1% Y na 6noka 8 Gepyrcs U3 pacyeTos Ha
npeapAymux marax anropurma. CormacHo 6rmoky 10 ¢opmupyercs Benmumna NCpacuernoit
MPOM3BOAUTEILHOCTH 000pYIOBaHUS HA ydacTKe packpos miutT mist (i - 1)-ro gaca. Kak u mis
pedpockienBarIIero 0o0OpyJIOBaHMs, 3TO TOXKe chydaiiHas BenuunHa. O BBIUKCICHUU €€
MaTeMaTHYECKOTO OKUAHUS YK€ TOBOPUIIOCH BBIIIIE.
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B Gmoke 11 npoBepsiercsi, JOCTaTOUEH JIM 3amac AT st pabOThl 3TOr0 000pPYJOBAaHHUS B TEUCHUE
(i - 1) -ro yaca. Eciu na, T0 (akTHUECKYI0 BEJIUYMHY €r0 MPOU3BOAMTEIBHOCTH 32 3TOT MEPHO]
NoJIaraloT paBHOH pacdeTHoi mpomsBomuTensHoctd NG Y (6rmox 15). B mpoTMBHOM ciyuae
¢bukcupyercs npoctoir o6opynoBanus (60k 12). Urcao yacoB MpoCTOs MOACYUTHIBACTCS B OJIOKE
13. TIpou3BOAMTENBHOCTh JHHUU PACKPOs MO BBIPAOOTKE 3aroTOBOK OIpenenseTcss Jubo 1o
dopmye (8.9), eciiu o6opynoBanue padotasio B TedeHue (i - 1)-ro waca, 1100 cuuTaeTCs paBHOU
HYJIIO B Cly4ae €ro mpocrosi. JTo oTpaxeHo Omokamu 14 u 16. [lamee B Omokax 17 m 18
OTIPENIENAIOTCS TIOJTydYeHHOe Tpupamienue 3amaca 3arotroBok J(CtIl u BenmumHa 3TOTO 3amaca K
Havany I-ro yaca pabotsl cormacHo dopmynam (8.10) u (8.11). B 6moke 19 mpoBepsieTcs ycinoBue
(8.12). Ipocroit 06opymoBaHUs, CBA3aHHBIA C €ro HapylmeHueMm, pukcupyercs omoxamu 20 u 21.
Brimonnenue ycioBus (8.12) emie He o03Ha4aeT OTCYTCTBUSA MpocTosi obopymoBanus. Hamo
JOTIOJTHUTEIBHO YOeTUThCA B JOCTATOYHOCTHU 3amaca oOMMIoBOK. OHAKO COTJIACHO MPEAbIIyIIeH
YacTH AIrOPHTMA - OJIOKM 5 U 6 - IPH HEJ0CTaTKe OOIMIOBOK 3HAYEHHE MPOM3BOAUTENLHOCTHIT
MoJIaraloT paBHBIM Hymo. [loaToMy Temepp JOCTaTOYHO JIMIIH MPOBEPUTH, MOIYYWiIa JIH
nepemenHas {1"HyneBoe 3HaueHme (6mok 22). Ecmm 1a, TO OHO cOXpaHseTCs; €CIH HET, TO
(aKTHUECKYI0 TPOU3BOAUTEILHOCTE OOIHIIOBOYHOTO 00OPYIOBAHUS TIOJIaral0T PAaBHOW BETUYMHE
pacyeTHO IPou3BOAUTENHLHOCTH {107, BRIMUCIIEHHOH paHee - 6710k 4. DTo MocyIeHee IPHCBANBAHNE
BBITIOJIHEHO B Osioke 23.

MBI paccMaTpuBalv JI0 CHX TOP JIWIIb OJIWH BHJI POCTOEB 000PYIOBAHUS U3-32 OTCYTCTBHS CHIPbS
Wi nosiypaOpuKaToB, MNoAJeKamuX o00paboTke. 3HAUUTEIbHBIM HHTEpPEC MPEACTaBISAET
MOJICTUPOBAaHUE HANE)KHOCTH M pPEMOHTa oOopymoBaHus. J[ims 3Toro Hamo 3HaTh (QYHKIHIO
pacrmpeeneHrss WHTEpBajga 0e30TKa3zHOW paboThl oOopymoBanus. C ee MOMOIIBIO TMOTyYaroT
3HA4YCHUsI MOMEHTOB BPEMEHH BBIXOJa €ro M3 CTpos. Jlajmee MOIETHPYIOTCS MPOAOKATENFHOCTh
peMOHTa W, TpH HEOOXOJWMOCTH, 3aTpaThl Ha HETO WJIM OMNEpaIfH, CBS3aHHBIE C 3aMEHOU
000pyIOBaHUs. AHAJIOTUYHBIM 00pa30M MOKHO MOJICIMPOBATh KAueCTBO TPOIYKIUU 3HAS
GYHKIMIO pacnpefenieHusl Yuciia OpaKOBaHHBIX W3JCNUH, WIM HUCCIeNoBaTh APPEKTHBHOCTD
(YHKIIMOHUPOBAHUS 00BEKTA C MOMOUIBIO MOIXOSAIIET0 KOJUYECTBEHHOTO TIOKa3aTells; HalpuMep,
LIEHHOCTHOTO BBIX0J1a IPOAYKIUHU AJIsi TPOU3BOJICTBA MHJIOMATEPHAIIOB.

[Tocne mocTpoeHus anropuTMa MOICIMPOBAHUS MTPUCTYIAIOT K COCTABICHUIO MTporpamMmbl Ha DBM,
peanu3yromiei pa3paboTaHHBIA anTOpuTM. JJIT 3TOTO MOTYT MCHOJIB30BAaTHCA KaK YHHUBEPCAIbHBIC
SI3bIKM TporpamMmupoBanus - Cu, [lackans, belicuk u T. 1., - Tak ¥ CIEIUAIU3UPOBAHHBIE SI3BIKK
uMuTannoHHoro moaenuposanus tuna JMHAMO, CUMY 1A, GPSS u ap.

Mopnenb, peanuzoBaHHasi B BHJIE KOMIIBIOTEPHOM MpOrpaMMbl, MOJBEpraeTcsi IMpPOBEpKEe Ha
COOTBETCTBHUE €€ peabHOMY 00bekTy. Eciu 3/1ech mojgydeH yJOBJIETBOPUTEIbHBIA pe3yabTaT, TO
MPUCTYNAIOT K IMPOBEAEHUIO HcclefoBaHuii Ha Mozaenu. Kak yxke oTmeuanoch, Ha 3TOM 3Tamne
IIMPOKO HCHOJb3YIOTCSA METOJAbl IUIAHUPOBAHHMA MHOTO(AKTOPHBIX AKCIEPUMEHTOB, MO3TOMY
peliaeMblii  31ech Kpyr 3aJad M MOCIENOBAaTeIbHOCTh JEUCTBUH BO MHOIOM CXOJHBI C
IUTAHUPOBAHUEM HATYPHBIX SKCIIEPUMEHTOB. DJTO, B YACTHOCTH, BBIOOp BHUIA PErPeCCHOHHBIX
3aBUCHMOCTEH U SKCIIEPUMEHTAIILHOTO TUIaHa, ONpeiesieHne o0beMa BBIOOpPKU U T.J1. Bo3HUKAIOT U
crenuduueckue MmpoOieMbl, CBS3aHHbIE UMEHHO C JKCIepUMEHTHpoBaHueM Ha OBM, nampumep
WCI0JIb30BAHME METOJOB YMEHBIICHHS IUCIIEPCUH, KOTOPBIE MO3BOJISIOT YBEIHUYUTH TOYHOCTh
OIICHOK MpHU 3aJlaHHOM OO0BbeMe BBIOOPKM WM, HA00OPOT, MPHU 3aJaHHOW TOUYHOCTH OIIEHOK
YMEHBIIUTh HEOOXOIUMBIH ee 00beM. Bonpock! miaHnpoBaHus 3KCIEPUMEHTA TPU UMUTAIUOHHOM
MO/JIEJIMPOBAHUH OCBEIICHBI B [16].

HccnenoBanue 3arpy3KM HAKOIMUTEJIs1 6pyc1,eB METOAOM MMHUTALMOHHOT0 MOJAC/ITUPOBAHUSA

HpI/IMep HUMHUTAIIUOHHOI'O HMCCJIICOOBAHMAA, p3306paHH]':>II71 B H.8.3, npeamnojarajl pacCMOTPCHHUC
COCTOSIHMHM OOBEKTa - mmponecca O6J'II/H_[OBI>IBaHI/I$I - 4Cpe3 ONPCHACIICHHLIC IMPOMCIKYTKH BPCMCHU
OJIMHAKOBOM MpOAOJIKUTCIIBHOCTH. Bennunna 3TOrO IMPOMCEIKYTKa ObLIa BBI6paHa paBHOI>'I 1 4
HpI/IBOI[I/IMHﬁ HHWKC TPUMEP WITFHOCTPUPYET WHOM c11oco0 3alaHuA BpEMCHHU IIPpU MOACTIUPOBAHNUHU.
HYCTL Tpe6yeTc;1 HCCJICA0BaTh BIMAHUC p336pOCEl JJINH 6peBeH, COOTHOIICHUA CKOpOCTeﬁ noaadu
JICCOIMWIIBHBIX paM IEpBOrO U BTOPOro psjd, a TaKKEC BPEMCHU MCKTOPIOBOI'O pa3pbiBa Ha
MPOU3BOJUTCIIbHOCTD JICCOIMUJIBHOT'O IMTOTOKA U 3arpy3Ky HAKOIIUTCIIA GPYCBGB.
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Ecim Kk MOMEHTY OKOHYaHUSI PacKposi o4eperHoro OpeBHA Ha JIECOMMJIBHONH paMe MepBOro psjaa
pama BTOpPOTO psijia ycrenaa OCBOOOJUTHCS, PACIIMINB MPEABLAYIIUNA OpyC, TO BHOBb MOJTYYCHHBII
Opyc uepe3 OpycomepeKkiIaguuK MocTynaeT Ha Hee Oe3 3aaepkku. Ecnum ke sta pama 3aHsTa, TO
ouepeHON  Opyc, TOJUIeXKAIIUMH  PACHWIMBAHHUIO,  33/CPKMBAaCTCI  HA  HAKOIHUTEJE
Opycomnepexnamqunka. OYEeBUIHO, YTO HaWMEHEE OJIArOTPUATHAS CHUTYalusl, C TOYKUA 3PCHHS
3aJiepKKH Opyca B HaKOMMTENE, BOSHUKAET, KOTa BCJe] 3a [UIMHHBIM OpEBHOM Ha pacIMIMBaHUE
MOCTYIAET 3HAYUTENBHO OoJiee KOPOTKOe. B 3TOM ciydae neconuibHas paMma BTOPOro psija Oyaer
HAQJIOJITO 3aHATA PACHIIMBAHHEM TMHHOTO Opyca, MOJyYeHHOTO M3 MEpBOr0 OpeBHA, a BTOPOM
Opyc, kKak Oojiee KOPOTKH, Oymer OBICTpO IMOJyYeH Ha pame IMepBOro psjga. Takum oOpasom,
cpelHee Yuciio OpeBeH B HAKOIUTENE, a CIEI0BaTENIbHO, U IIPOU3BOAUTEIBHOCTh MIOTOKA B LIEJIOM
3aBUCAT OT COOTHOIICHUS CKOPOCTEH IMOJadud JICCOMMIBHBIX paM TEPBOTO W BTOPOTO psija M, TO-
BUJIUMOMY, OT pa3dpoca JJIMH OpeBEH.

AHaIUTHYECKOE HCCIIEI0OBAaHUE 3TUX 3aBHUCHUMOCTEM JOCTAaTOYHO CJOXKHO. B maHHOM citywae 1uist
JNOCTHKEHHSI II€JIM  HCCIEeNOBAaHUS 1€IecoO00pa3sHO 3a/4aThCsi HEKOTOPbIM HabOpoM  JUIMH
oTIpesieNIeHHOTo KotrmdecTBa N OpeBeH M MOCIeI0BATENBHO MPOCIIEIUTh BO BPEMEHH IPOX0KICHHUE
KaX/JIOTO M3 HUX Yepe3 JIECONMIbHBIE paMbl NEPBOTO W BTOpPOro psgaa. Ha ocHoBe aHanmza
MOJIYYEHHBIX JIAHHBIX MOYKHO YCTaHOBUTH HMHTEPECYIONIME HAC 3aBHCHMOCTH. JlyimHa OpemeH,
MOCTYMAIOMINX HAa PaclWIMBAaHWE, - CIydaiiHas BenuuuHa. J[1s1 TOro 4TOOBI BOCHPOM3BECTH €€
3HaueHnss Ha OBM, cremgyer BbICKa3aTh TPEINOJIOXKEHHS O XapakTepe CTaTUCTHYECKOTO
pacripenieieHus 3T BEJITMYUHBI M €r0 TTapaMeTpax.

Bynem cuutaTh, 9TO 3HAYCHHMSI JUTHH OPEBEH IO TUHHSIOTCS HOPMAITBHOMY 3aKOHY paclpeaeeHus ¢
3aJJaHHBIM MAaTeMaTUYECKUM OXKUJaHueM M u nucnepcuen a?.

Ha puc. 8.5 mnpuBeneHa cxema anropuTMa MOJETUpOBaHHS. BBemem 0003HAYCHUS IS
XapaKTePHBIX MOMEHTOB BpeMeHH! ()yHKIIHOHUPOBAHUS CHCTEMBI.

Mycrs tPut” MOMeHTH Hauana M OKOHYAHMS PACHIMIMBAHMSA i-TO OPEBHA HA JECOMMIBLHON pame
nepBoro psga. Jlas 1-ro GpeBHa mookuM t° paBHBIM HyIIO - 670K 2. 3HaueHHe mepeMeHHoH K B
o5oke 3 - 310 oOmiee unucio OpycheB, 3a/Jep)KAHHBIX B HAKOIMMTENE, KOTOPOE IMOJIararoT paBHBIM
HYJII0 K MOMEHTY Hauajga pabotel cucteMbl. Ilycts (@ - mmumHa i-ro OpeBHA, MOCTYMMAIOMIETO HA
pacniunuBanme, i = 1,2,...,N. Jns dopmupoBanusi ee 3HaueHmss Ha OBM B kaxaoMm ciydae
obpamatorcsa k nmoamnporpamme III11 - 610k 4. DT0 MoOANpOrpaMMa TeHEPUPOBAHHS CIydalHBIX
Ylcell, PAcHpelesIeHHbIX MO0 HOPMalbHOMY 3aKOHY C MaTeMaTU4YecKuM OXuganuem M u

mucriepcuelt «?. Bemuumna P oueBnano, Gonbiue, ueM t” Ha BpeMms pacHHIMBAaHHS JAHHOTO
OpeBHa, KOTOPOE PABHO % , T1e v, - CKOPOCTb I10JIauy JIECONMIBHOM pambl nepBoro psija. Ilosromy,
010K 5,

10)
+ JR—

Vi

Bpyc u3 i-ro GpeBHA, BHITHICHHBIA B MOMEHT t.°, uepe3s HEKOTOPhI MPOMEKYTOK BpeMeHH Aj
TNoNajaeT B HAKONHUTENb Opyconepeknaaduka. DTOT MOMEHT o6o3Haunmm uepes t:¢l) = ¢l +
A, 650Kk 7. BennunHa A, sBIseTCA CllydailHOM HM3-3a BO3MOXHBIX 33J€P)KEK IPU MPOJOIBHOM U
[oTepeyHoOM JABIKeHUH Opyca. OHa Gpopmupyercs noanporpammoit 11112 - 6ok 6.
Ecnu paccMaTpuBaeMblil i-if Opyc sIBIISICTCS IEPBBIM, TO OH 0€3 3aJCPXKKH MOKHUIACT HAKOUTEIb U
nepeMeniaeTcs K JICCOMMIbHON pame BTOporo psija. Jist mpoBepKu, sSBISCTCS JIM AaHHBIH I-it Opyc
IIEPBBIM, CIY)KUT OJOK 8 MpoBepkH YCIoBUS. B naHHOM ciyuae mpoBepseTcsl BBIIOJHEHHE
paBerctBa | = 1. Eciu OHO BBIMOJHSETCS, TO OCYILECTBIISCTCS MEPEX0] 1Mo crpenke Ja , T. e. K
610Ky 9, rie BBITIONHAETCA MpHCBauBaHUE t.° = t\. 37ech - MOMEHT Hauala JBMKEHHs Opyca U3
HaKOIUTEJIS.
Uepes ciydaitHbIi TPOMEKYTOK BPEMEHH A, B MOMEHT t\” HauMHAaeTCs paciuIuBaHue i-ro 6pyca Ha
pame Broporo psma: ti’ =¢{’ +A,, 610k 11. Benuuuna A, hopmupyercs moamporpammoit I1I13,
610k 10. Moment t\’OkoHUaHHS pacCIMIMBaHMA  i-TO Opyca ONpejenseTcs BHIPAKEHHEM,
aHaJoru4HbIM (popmyse (8.14) - 610k 12, - rie vz - CKOpOCTh MOJaYl paMbl BTOPOTO psfa.
Jlanee mewaraercsi HeoOxoammas wuHpopmamus - Omok 13: cymmapHoe umcno K Opyches,
3aJIep’KaHHBIX B HAKONIMTENE, U 3HAUEHUS XapaKTEPHBIX MOMEHTOB BPEMEHM tj(i)mm KaKJI0r0

OpeBHa u Opyca, j= 1,2,...,6.

@ _ @
L' =4
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brnokom 14 ocymiecTBisieTcs mepexon K ciuenyomemy OpeBHy. B Oxoke 15 mpoBepsiercs, He
MPEBOCXOJUT JIM HOMEp OuYepenHoro OpeBHa 3amaHHOro uymciaa N OpeBeH, MOMISKAIINX
pactuuBanuto. Eciu 1 > N, To pabora monenu 3aBepuraercs. [Ipu i< N paccunThiBaeTCsi MOMEHT
BpPEMeHH ¢ ’IoJaul 04epeHOTo GpeBHA B JIECONMMIBHYIO paMy IEpBOTO psia - 6moku 16 u 17.
bpeBHa B Hee MOCTyIaOT ¢ HEKOTOPBIM MEXTOPLOBBIM pa3pbiBoM. CilydaiiHbIN MHTEpBaJl BpEMEHU
MEXIy OKOHYaHueM packposi (I- 1)-ro m Hayanom packpos i-ro OpeBHa Ha 3TOi pame 0003HAYMM
gyepe3 Az. Torma MOMEHT Hauaa packposi KaXJI0ro 13 OpeBEeH, HAYMHAsE CO BTOPOTO, ONpEAeTseTCs
o gopmyie
tO ="V 4 A, 6mox 17. 3nauenme A3 dopmumpyercs mommporpammoii IIT14 - Gmox 16. 3atem
MIPOUCXOIUT BO3BPAT K OJIOKY 4, B KOTOPOM (hOpPMHUPYETCs 3HAUCHUE JITMHBI 0UYePEJHOTO OpeBHa, U
T. 1.
OOpaTumcst BHOBb K OJIOKYy 8 U paccMOTpHUM, Kak padoTaeT MOJENb, €CIM UMUTHUPYETCS pacKkpoi
BTOPOTO WJIM OJHOTO M3 CIeAyomux OpeBeH. B aTom cityuae i #1, mostoMy Bcies 3a OokoM 8
BBITIOJTHSIETCS OTIepalusi 1o crpeske Hem , T. €. mepexoa K 610ky 18. 310 610K TPOBEPKHU yCIOBUS
t a2 e
B mpaBoit ero yactd CTOUT MOMEHT OKOHYAHHWs PAcKposi mpensiaymiero,(i - 1)-ro Opyca Ha
JIeCONMUIBHOW paMe BTOporo psana. Cymma B JIEBOM 4acTH - 3TO MOMEHT BpPEMEHH, B KOTOPBIH
ouepeaHo#, I-if, Opyc moaoiaeT K 3TOH pame, €ciaM OH 0Oe3 3aJepXKKH TMOKHHET HAaKOMUTEIb.
Brinmonnenue HepaBenctsa (8.15)o3Havaer mosToMy, 4TO K JAHHOMY MOMEHTY JIECOMMIIbHAST paMa
yCreeT 0CBOOOUTHCS TIOCIIEe pacIUIMBaHUsI IpeabIayiiero opyca. B atom cinydae ouepentoi opyc
JIOJDKEH Cpa3y MOKUHYTh Hakomutenb - Onoku 9, 10 u 1. 1. HeBbimonnenne HepaBeHcTBa (8.15)
03HAYAET, YTO B MOMEHT t.’ + A, pama elle 3aHATa.
CrenoBaTenbHO, OYepeNHOH Opyc JOMKeH OBITh 3afep)kaH B HAKONHTENe 0 MOMEHTa ti V)
OCBOOOKJIEHUSI C y4ETOM BPEMEHU A, Ha MpOJBUXKEHHE Opyca K pame. MOMEHT Hauana ero
TIepeMeIenns K HaKOMUTeNo paseH t.° = t0™ — A,,6m0k 19. dakr 3anepxKu 6pyca B HAKOTTHTENE
bUKCcHpyeTCsl YBeTMUSCHUEM Ha CMHUILY 3Ha4eHus nepeMenHon K - Omok 20. [lanee BBINONHSACTCS
MepPeXoI K Y’K€ paCCMOTPEHHOM YacTu cXeMbl - Ostoku 11, 12 u T. 7.
NmutauronHass Mojenb, nNpakTuuecku peanu3zoBaHHas Ha EC DBM, HeCKOIBKO CIIOXKHEE, 4YeM
onucanHas Beie. OHA MO3BOJSET JOMOJHUTEIBHO PACCUUTATh MAKCUMAJIbHOE YHCIIO OpYChEB,
OJIHOBPEMEHHO HAaXOJWBIIUXCS B HAKOIUTEIIE, a TaKXKe OOIIYIO JUINTEIbHOCTh IPEOBIBAHUS UX TaM.
PaccmoTpumM pesynbTaThl MoenrpoBaHus packpost 10 OpeBeH, mociieJoBaTeIbHO MOCTYMAOIUX Ha
pacnmiuBanue. [Ipeamnonaranock, 4yTo AMMHA OpeBEH - HOPMAJbHO paclpejaesieHHas CilydaiHas
BEJIMYMHA C MaTEMATUYECKUM OxkugaHueM M = 5,5 M u aucnepcueit ¢? = 1; IpOMEXKYTKA BPEMEHU
A, A, v A, ciTydaliHbIe BEJIMYMHBI, PABHOMEPHO pacIpeeieHHbIe Ha OTpe3Kax 6,5 < A;<17,5; 9,5 <
A,<10,5; 0 < A; < 1. [Tostomy oOpamenne k noanporpammam I1I12 , T3 u I1I14 npencraBiser
co0oil (pakTruecku oOpallleHHe K OJHON M TOH ke MOANpoTrpaMMe IeHEpUPOBAHUS PABHOMEPHO
pacrpeieNieHHbIX CIYyYalHbIX YHCEN, HO MPH Pa3HbIX 3HAUEHUSAX MapaMeTPOB pacHpeesICHUs.
CkopocTy moJauu JIECONMIBHBIX paM MEPBOrO U BTOPOIO psiia COOTBETCTBEHHO paBHbI 13 u 14
M/MUH.
DKcrepuMeHTalIbHBIE JaHHbIe CBeieHbl B Ta01.8.3. B geBsaToli rpade mpuBeaeHo BpeMs 7, IPOCTOs
JIECONUIBHON paMbl BTOPOTO PsAfia Mepejl PackpoeM OuepesHoro 6pyca, paBHOE pasHOCTH tl) —
t&™V . T'padha 10 comepsKUT JaHHbIE O BPeMEHH TH NPeObIBAHMS KakI0To Opyca B HakomuTene: Kak
BHJIHO, 3TO BpPEeMsI 0Ka3aJIoCh HEHYIIEBBIM Ui OpycheB 2 U 6 BCIEACTBUE TOTO, YTO I KaXKJIOTO U3
HUX HepaBeHCTBO (8.15) He BeimonHserca. OOmIast ATUTENBHOCTh NMPeObIBaHUS BCeX OpycheB B
HakomuTene paBHa 2,19 ¢, mpuyeM OJHOBPEMEHHO B HAKOIMMUTEJIE HAXOIWIOCh HE 0OJiee OJHOTO
opyca. CymmapHas JIUTEIbHOCTh packpos Bcex OpeBeH u OpycbeB coctaBuia 309,44 c. Ona paBHa
MOMEHTY OKOHYaHHUs PaCHWIMBAHU MTOCIIEIHEr0, JecAToro, opyca.
Ha nMuTannoHHoit Mozenu ObUT MOCTaBJIEH MHOTO(AKTOPHBIM AKCIEPUMEHT COTJIACHO IMOJIHOMY
daxTopromy riany 2*, conepxamemy 16 omsrtos. Bapsupoamuck crexyiomue 4 daxropa: Xi-
CpelHee KBaJpaTU4YeCKOe OTKIOHEHHE JUIMH OpeBeH; X, - CKOPOCTb MOJAa4yM JECOMMIBHON pambl
NEPBOTO psAsia, M/MUH; X3 - CKOPOCTb 0JIa4M JIECONMMIBHONW paMbl BTOPOTO psna, %, K BETHMUUHE
X2; X4 - cpellHee 3HaU€HUE BPEMEHU MEKTOPIIOBOrO pa3pbiBa X4 = Az. JlManazoHbl BApbHUPOBAHUS
dakTopoB: 0,85 < X;,m, < 1,15; 10 < X,, M/MUH,< 16; 100 < X3,%,< 120; 0 < X,,c., < 3. OcTanbHbIe

P =

YCJIOBUS OKCIICPUMCHTA TC KC, UTO U B paCCMOTpCHHOﬁ BBIIIE OTJCIIHbHOM CCPUU OIIBITOB. Ka)K,[[BII\/'I
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OTIBIT COCTOSUT B UMHUTAIUU packposi 20 OpeBeH U OpycheB. B kadecTBe oTKIMKa (PUKCHpPOBAIACh

oOm1ast ATUTENFHOCTh paciiiuBanus dTux 20 OpeBeH u OpPYCheB, C.
Home | ¢@ | (@ 1 0|0 @ @O @O o | Ay | A | A
p
OpeBH
a
1 6,4 |00 29,92 | 46,69 | 46,69 | 56,69 |81,00 {00 |00 |05 |16,7 |10,0
2 8 30,27 | 53,08 | 70,50 | 70,89 | 81,00 [ 99,54 |[0,0 (0,3 |3 7 0
3 49 | 54,04 |80,32 97,38 |97,39 |107,4 | 128,7 | 7,87 |8 03 |174 | 10,1
4 4 80,51 | 107,9 | 125,0 | 1250 |1 6 6,07 | 0,0 |5 3 2
5 108,7 | 7 153,7 | 153,7 | 134,8 | 157,1 | 6,78 |0,0 |09 | 17,0 | 10,0
6 56 |0 136,7 | 5 5 3 4 0,00 0,0 |6 7 2
7 9 137,1 |7 175,2 | 177,0 | 163,9 | 186,7 [ 4,93 |18 | 0,2 | 17,0 | 9,83
8 59 |6 157,7 | 5 6 2 2 343 |1 0 3 10,1
9 5 158,6 |9 198,0 | 198,0 | 186,7 | 203,4 | 10,7 |0,0 | 0,7 | 16,9 |7
10 6,0 |6 181,2 | 2 2 2 9 0 0,0 (4 8 9,66
8 182,0 | 3 220,2 | 220,2 | 208,4 | 226,7 | 6,60 |00 |0,3 |17,4 | 10,4
44 |7 203,0 | 6 6 2 6 0,0 |9 5 1
7 2036 |1 247,8 | 247,8 | 230,1 | 247,2 0,8 |16,7 | 9,93
48 |7 230,6 |0 0 9 1 7 9 10,1
9 2311 |3 276,1 | 276,1 | 257,9 | 279,8 08 [17,2 |1
45 10 259,5 |7 7 1 2 4 5 10,2
4 5 286,4 | 309,5 06 [171 |5
5,8 2 4 6 7
4 0,4 |16,6
6,1 7 2
6

[To pe3ynabTaraMm cTaTUCTUYECKOM 0OPaOOTKH IKCIEPUMEHTANIbHBIX TaHHBIX OKa3ajlach aJeKBaTHOM
JUHEIHas perpecCHoHHas 3aBUCUMOCTh OTKJIMKA Y OT HOPMaJIM30BaHHBIX (DAKTOPOB X1, X2, X3, X4,

KOTOPBIE CBSI3aHbI C HATYpAJIbHBIMU (PpakTopamu X1, Xz, X3, X4 CACAYIOMUMH GOPMYIIAMH:
x =X, —1)/015 x,=X,—-13)/3;
X3 = (X3 - 100); X4 = (X4 - 1,5)/1,5;

DTta 3aBUCUMOCTb UMeeT Bua y = 607,8 - 129,9x, - 3,16x3 + 2195x4. Kak u cnenoBaiio oxkuaarh, ¢
POCTOM CKOPOCTH IOJa4M JIECOMUIBLHON paMbl MEPBOTro psjua - GakTop Xz - MPOIOKUTEILHOCTh
pacnuinBaHus yMeHbInaeTcs, by < 0, mpudem 3TOT (pakTop OKa3bIBaeT JOMUHHPYIOIIEE BIUSHHUE Ha
OTKIMK IO CPaBHEHHUIO CO BCEMH OCTaJbHBIMH: KOd(hduiment b, mo abcomoTHOH BelndYMHE
3HAYMUTENILHO OOJIBIIIE BCEX OCTAJBHBIX JIMHEHHBIX KOA(DOUIIMEHTOB perpeccuu. Bemen 3a HUM 1Mo
CTEeNeHH BIUSHUS UIeT paktop X4 - cpeHee BpeMsi MEKTOPIIOBOTO paspbiBa. C ero yBennueHUEM
OTKJIMK BO3PACTAET, YTO TAKIKE JIETKO 0OBSICHUMO.

UYewm OGompiie 3HaueHue ¢akropa Xs, TeM ObICTpEe PaCIUIUBAIOTCSA OpYyChs Ha JIECOMMUIBLHON pame
BTOporo psaa. Ho oOmiee Bpemsi packpost Bcex OpeBeH U OpYyCheB YMEHBIIUTCS MOJ BIUSHUEM
pocra X3 TONBKO BCJEICTBHE YMEHbBILEHHS BpPEMEHU pACHWIMBAHUA TeX OpYCheB, KOTOpHIE
OCTaJUCh B HAKOIUTEIE K MOMEHTY 3aBEpIICHHsS PabOTHI JECOMIIBHON paMbl IMEpPBOTO pAla.
JlnanazoHnsl BapbupoBaHUs (pakTopoB X3 M X3 BBIOpaHbl TaKUMH, YTO B JIFOOOW MOMEHT B
HAKOIUTEJIe OKa3bIBaeTcs He Oojee IBYX, a yallle OJWH WIH HU ofHoro Opyca. [loaromy BiusHUE
(dakTopa X3 HEBEIHMKO IO CPAaBHEHHIO C BIUSHUEM mepeMeHHBbIX X U X4. C pocToM 3HaueHUN
(dakropa X3 cpeqHee unciao OpycheB B HaKomuTene yBeianuruBaercs. OIHAKO, MOCKOJIBKY B TaHHOM
Clly4ae 3TO YBEJIMYEHHE HEBEIUKO, €r0 BIMSHUE OKa3aJ0Ch HE3HAYNMBIM.

3az[aﬂne BPEMEHH B MUMHTANHOHHBIX MOAEIAX

Jlnst 3a1aHusl BpEMEHH B MMUTAIIMOHHBIX MOJETISX MCIOJIB3YIOT JBa OCHOBHBIX criocofa: 1) meron
(bUKCUPOBAHHOTO I1ara; 2) MeToJ nepeMeHHoro mara. CoriacHo MeToay (PMKCHPOBAHHOTO IIara
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COCTOSIHHE BCEX DJIEMEHTOB CUCTEMbl AHAIU3UPYETCS YEpe3 IOCTOSHHBIE, JOCTATOYHO MAJIbIe
IIPOMEXYTKH BpeMeHU At WHbIMM cioBamM, ¢ MHTEpPBAIOM At, BEIUYMHA KOTOPOTO BBIOMpAETCS
3apaHee, MEPECUUTHIBAIOTCS 3HAUEHUsl BCEX IOKasarened mopaenupyemoro oowekra. B m.8.3, rae
3TOT METOJI UCIIOJIb30BAICA, BEJIMYMHA At COCTaBIIAIa OJMH Yac.

IIpy MopaenupoBaHMM IO METOJAYy IHEPEMEHHOr0 Iara Mpearnojaraercs, 4To s
(YHKIMOHUPOBAHUSL CHUCTEMbI CYIIECTBEHHBI HEKOTOpPHIE TMPOMCXOISIINE B HEH COOBITHS.
CocTOsIHME CHCTEMBI COIVIACHO JAaHHOMY METOJly AHAIM3UPYETCS TOJIBKO IIPU HACTYIUIEHUH
OUYEpEIHOT0 COOBITUS HE3aBUCUMO OT MHTEPBAIOB MEXAYy HUMHU. DTOT METOJ ObLI MCIIOJIb30BaH B
npumMepe 1.8.4, TOe CYIIECTBEHHBIMH COOBITHUSIMH OBUIM HAdaJl0 M OKOHYAHWE PACIIMIMBAHUS
KaX10r0 OpeBHa M Opyca, a TaK)kKe MOMEHTHI TIOCTYIUICHUSI OpyCheB B HAKOIMTENb M BBIXOJA W3
HEro.

Bompoc o0 mpuMeHEHHH TOro WJIM HHOTO METOJa pellaeTcs HHAMBUAYAIBHO JUISl KaKJIOTO
KOHKpPETHOTO HCCIIEZIOBAHUS, B 3aBHCHUMOCTH OT €ro LeJM M Ha3HaueHUs MOJEIH, XapakTepa
oObekTa, TpeOdyeMOill TOYHOCTH pe3ylIbTaTOB U psAaa Jpyrux ¢akropoB. [lns wmonenei c
(UKCHPOBaHHBIM IIarOM HET BO3MOKHOCTM TOYHO BOCIPOU3BECTH MOMEHT HACTYIUICHHUS
OUYEpEeIHOTO COOBITHUS, NMOATOMY Ba)K€H BBIOOp miara At. DTOT METOJ NPEANOUYTUTENIbHEE, €CIU B
CHUCTEME MPOUCXOAUT OOJBIIOE YHCIO COOBITUN pa3IMYHOM NPUPOIBI, YTO XapaKTepHO, B
YaCTHOCTH, JJII MHOTOCTaJAUMHBIX TEXHOJOTUYECKHX MPOIIECCOB, €CIU 3TU COOBITHS MOSIBISIIOTCS
Oonee winm MeHee peryiaspHo. Monenn ¢ (UKCHPOBAaHHBIM IIaroM 4YacTO HCHOJB3YKOT JUIS
OTMCAHUS CHUCTEM, IIPEJICTABIISIEMBbIX HEIPEPHIBHBIMU MaTepUaIbHBIMU MOTOKAMH, JTUOO MOTOKaMHU
unpopmauuu. I[lpu ucnonp30BaHMM METOJa MEPEMEHHOro Iara, B OTIMYHME OT MPEIbIIyLIero
METO0/1a, OTCYTCTBYET IOIPEUIHOCTh B ONPEJEIEHUM MOMEHTa HACTYIUIEHHS CYILECTBEHHOTO
COOBITHSL. DTOT METOJ] YaCTO IPUMEHSIOT IIPH HEPABHOMEPHOM IOSIBJICHUH COOBITHI BO BPEMEHH.

4.3. JlabopaTopHbie padoThl

Buo
3anaAmus 8
» Homep Haumenoeanue mem Obven uumepakmueftoﬂ,
wn paszoena APAKMUYECKUX 3aHAmuil (wac.) akmuenoi,
oucyunIunbl UHHOBAUUOHHOIL
popmax,
(uac.)
1 1 MopenupoBaHue TEXHOIOTMYECKUX IPOLIECCOB 1 -
JIECHOT O TIPOU3BOJICTBA.
2 1 UccnenoBanne  3pdexTuBHOCTH  COCOOOB 1 -
packposi HeOOPE3HBIX OCOK Ha 3aTOTOBKH.
3 2. HccnenoBanne  BAMSHUS ~ TEXHOIOTHYECKUX 1 Juckycens
(hakTopoB Ha KOI(PPUIMEHT WCIONH30BAHUS (1 gac)
MAaIIFHHOTO BpEMEHH 0OpPE3HOr0 CTaHKa.
4 2. MognennpoBanue mpouecca pocTa JIECHOTO 1 Huckyccus
MaccHBa. (1 gac)
5 3. MonennpoBanue MIPOM3BOACTBEHHBIX 2 Huckyccus
IIPOIIECCOB. (2 gaca)
HUTOI'O 6 4
4.4. llpakTH4yeckue 3aHATHS
Ao Homep Haumenoeanue mem ) Obven Buo
win paszoena NPAKMU4ecKux 3aHAmuil (wac.) 3aHAMUA 6
oucyunIunbl UHMEPAKMUBEHOI,
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aKmueHoi,
UHHOBAUUOHHOUL
¢opmax,
(uac.)
1. Meroa cuHTE3a OAHOMEPHBIX CHCTEM YIIPaB- 1 -
JICHUS
1. Uccnenosanue MHOTOMEPHBIX 00BEKTOB 1 -
YIIpaBJIEHHS
2. OntuMuzaiyss  TPOU3BOJACTBEHHOTO  IUTaHA 2 Huckyccus
METOJIOM JIMHEWHOIO IPOrPaMMHUPOBAHUSI (2 gaca)
3. MogenupoBaHrue CUCTEM MacCOBOTO OOCTYXKH- 2 Huckyccus
BaHMUSL. (2 gaca)
HUTOI'O 6 4

4.5. KoHTpOJIbHBbIE MEPONIPUATHS . KyPCOBOIi NPOeKT (KypcoBasi padora), KOHTPOJbHAas
pabora, PI'P, pedepar.
VY4eOHBIM MJIAHOM HE IIPEyCMOTPEHO.

75




5. MATPUIIA COOTHECEHUS PA3JIEJIOB YUEBHOM JUCIUILINHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHIHUAM U OHEHKE PE3YJIBbBTATOB OCBOEHUSA JUCHUIIJIMHBI

Komnemenyuu Komnemenyuu Buo
Ne, naumenoeanue Kon-éo | OIIK | IIK IIK A Ouenka
Paszoenos OUCyUnIUHbL uacos 1 5 12 | Komn. Tep uac yueonbix pe3ynbmamos
3aHaAmuIl

1 2 3 4 5 6 7 8
1. Beenenne B MaTeMaTHYECKOE MOJICTTUPOBAHIE U OCHOBHEIE 56 + + + 3 18,6 JIx, I13, JIP, CP JK3aMeEH
MOHATHS. 3a1a4i OIITUMH3AINH.
2. OCHOBHBIC TMOHATHS JHUHEWHOrO MPOrPaMMHUPOBAHUS. 59 + + + 3 19,6 JIx, I13, JIP, CP SK3aMeH
Cumriiekc-meron.  JIBoiicTBeHHas — 3ajaya  JIMHEHHOTO
IIPOrPaMMUPOBAHUS.
3. TpancnopTHas 3amaya. HenuHeliHOe mporpaMMUpPOBaHUE. 56 + + + 3 18,6 JIx, I13, JIP, CP JK3aMeEH
MeTobl UMUTALIMOHHOTO MOJIETUPOBAHMUSL.

6cezo uacoe 171 56,8 | 56,8 | 56,8 3 57
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6. TIEPEYEHb VYYEBHO-METOAMYECKOI'O OBECIHEYEHUA JOJA
CAMOCTOSTEJABHOM PABOTHI OB YUYAIOIIUXCS MO JUCIHUILINHE

1. Ilmwxypun A. A., Ilwxypun A.A., MojenupoBaHue U ONTHUMM3ALMUS IPOLIECCOB
nepeBoobpabdoTku: Yueonuk. — M.: MI'VJI, 2004. — 375 c.: un.

2. EropoB B. A., I'mymxoBckuii A.A., OCHOBbI MOJECTHUPOBAHUS M ONTUMH3AIMU TPOLIECCOB
nepeBooOpaboTku. Meroapl MoenupoBanus: Yueoroe nmocoodwue. JI. JITA, 1988, - 80 c.

3. MonenupoBaHue IpoLeccoB M cucTeM ynpasienus : ydeOnuk / 0. H. Anmartos. — Bpartck :
bpl'Y, 2015. - 140 c.-b. 1

7. TEPEYEHb OCHOBHOM MW [JONOJHUTEJIBHONH JINTEPATYPHI,
HEOBXOJIUMOI JIJIsI OCBOEHUSA TUCIHUTLJIAHBI

Buo Konuuecmeo
u Ikzemnaapoe | Qbecneuen-
Ne Haumenosanue uzoanus 3ans-
wn i 6 HOCMb,
K
Ulk, 113) Oubnuomexe, | (3K3./ 4yeJ.)
LT,
1 2 3 4 5
OcHoBHas1 JuTEeparypa
1 Amnmaros, K0.H. MoaenupoBaHue mporeccoB U CHCTEM JIk 24 1,0

ynpasnenus : yueOnuk / FO. H. Anmaros. — bpatck :
bpl'V, 2015. — 140 c.

2. Anmaro, FO.H. MaremaTtndeckoe MOJCITUPOBAHUE 113 23 1,0
MMPOM3BOJCTBEHHBIX MTPOIECCOB YUeOHOE mocodue s
By30B / HO. H. AnmmatoB. — bparck : bpI'V, 2015. — 148
C.

JlonosHuTeILHAS JTUTEpPaTypa

3. Eropos, B. A. OcHOBBI MOJEIMPOBaHKs U oNTHMH3a- | 113 50 1,0
UM TIPOIIECCOB JepeBo0OpaboTKH. MeToapl Moenu-
poBanus: Yue6Hoe mocobue / Eropos B. A., I'mym-
koBckuit A A.,. JI. JITA, 1988, - 80 c.

4. IMwxypun, A. A. MoaenupoBaHHe W ONTHMHU3AIMS 113 108 1,0
MPOIIECCOB JAepeBo0oOpaboTku: YueOnuk / Ilmwxypun
A. A., ITmwxypun A.A. - M.: MI'VJI, 2004. — 375 c.

S. Aummaro, FO. H. Maremaruyeckoe MmomenupoBanue | JIP, I13 110 1,0
MIPOM3BOJICTBEHHBIX IMPOIECCOB: YueOHOE mocodue /
Anmnatos, 0. H. — 2-e u3n., nepab u monm — bparck:
bpI'TY, 2004. — 96 c.

8. HEPEYEHb PECYPCOB UH®OPMALIMOHHO - TEJEKOMMYHHKALY-
OHHONl CETH «MHTEPHET» HEOBXOJAMUMBIX JJ51 OCBOEHHUS
JTUCHUTLIAHBI

1.DnexkTponHsbIi kaTtanor 6ubanorexku bpl'y
http://irbis.brstu.ru/CGl/irbisé4r_15/cgiirbis 64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21C
NR=&Z7211D=

2. DnexTpoHHas 6ubnuoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DneKTpoHHO-0MONHOTeYHas cucTeMa « Y HUBepcuTeTckas oubnuoreka onlinex http://biblioclub.ru .
4. DnexTpoHHO-0MOAMOTeuHas cuctema «M3natenscTBo «JlaHb»

http://e.lanbook.com .

5. Wundopmanmonnas cucremMa "EguHoe okHO jocTyma K oOpa3oBarelbHBIM —pecypcam"
http://window.edu.ru .

6. Hayunas snextponnas 6ubmmoreka eLIBRARY.RU http:/elibrary.ru .
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http://window.edu.ru/
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7. Yausepcurerckas napopmanunonnas cucrema POCCUSA (YUC POCCHU ) https://uisrussia.msu.ru/
8. HarmonanwHast anexktponHas oubnmorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAMYECKHUE YKA3AHUSA JIsA OBYYAIOLIUXCA IO OCBOEHHIO
JUCIHHUIIVIMHBI

Wzyuenne oOydaromumucs Yy4eOHON JUCHUIUTUHBI «MoAenupoBaHWe ¥ ONTHMH3ALHUs
IIPOLIECCOBY PACCUUTAHO HA OJJUH CEMECTP.

3anamus 1eKyuoHHo20 muna

B xone nexkuuii npenojaBarelb H3IaracT M Pa3bsACHACT OCHOBHBbIE, HAUOOJEE CIO0XKHBIC
MOHATHUSL TEMbl, a TAKXe€ CBA3aHHbIE C HEH TEOpeTHYeCKHue W MpaKTHYecKue MpoOiIeMbl, JaeT
pPEeKOMEHJALMKM Ha BBINOJHEHWE CaMOCTOSTeNbHON paboTel. B xone nekuuit oOywaromumcs
PEKOMEHAYETCS:

- BECTHU KOHCIIEKTUPOBaHUE y4eOHOT0 MaTepuania;

- oOpaiaTe BHUIMaHuE Ha KaTeropuu, GOpMyIHpPOBKH, PACKPHIBAIOLINE COJAEPKAHNUE TEX WIIU
VWHBIX SBJICHUH MW TPOLECCOB, HAydHbIE BBIBOABI N IPAKTUYECKHE PEKOMEHJIAUHUHU 10 UX
IIPUMEHEHHIO;

- 3aaBaTh IMPENOJABATENI0 YTOYHSIONIUE BONPOCHI C LEIbI0 YACHEHUS TEOPETHYECKHUX
MTOJIOKEHNH, Pa3pEIICHHs] CIIOPHBIX CUTYallH.

B paGounx KOHCHEKTax KeNaTeJbHO OCTaBJIATh HOJ, HA KOTOPBIX BO BHEAYAUTOPHOE BpeMs
MOJKHO CZ€aTh NOMETKU M3 Y4eOHO-METOJUUECKOro 00eCeueH s Il CaMOCTOSATENIbHON paboThI
oOyyaromuxcs, JOMOJIHAIOUIET0 MaTepuaid NpPOCIYHIAHHOM JIeKIMH, a TakXke IIOMETKH,
[OIYEPKUBAIOIINE 0COOYI0 BaXKHOCTh T€X WJIM MHBIX TEOPETHUECKUX MOJI0KEHUH. JIJ1s ycremHoro
OBJIAZICHUSI KypCOM HEOOXOJMMO IOCEIIaTh BCe JEKIHMH, TaK KaK TEMaTHYECKH OTJIEJIbHBIE TEMBI
Kypca B3aUMOCBS3aHbl MEXy co00i. B ciydasx mporycka 3aHATHs oOydaromemMycss Heo0XoIumMo
CaMOCTOSITEJIBHO U3yYUTh MaTEpHal U OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI 10 IPOIYLICHHONW TeMe
BO BpPEMs MHIMBUyalIbHBIX KOHCYJIbTALUH.

IIpaxmuueckue 3anamus .

IIpu moAroTOBKE K NPAKTUYECKUM 3aHATUAM 00ydaromeMycsi He00X0AMMO HU3yYUTh OCHOBHYIO
JUTEPaTypy, O3HAKOMUTBCS C JIONOJHUTEIBHOM JMTEPaTypod, IOArOTOBUTH KOHCIEKT II0
METOJUYECKON JIMTEPATYpE C y4E€TOM PEKOMEHJaluil npenonasareis. Ha npakruyeckom 3aHATUU
IJIABHOE — YSCHUTBH CBSI3b PEIIAEMBIX 337a4 C TEOPETHUECKUMHU MojoxeHusmu. IIpu pemennn
MIPEAJIOKEHHOM 3a/1a4i HY’)KHO CTPEMUTHCS HE TOJIBKO IOJIyYUTh PABWIBHBIM OTBET, HO U YCBOUTH
oOmuit MeToJ perieHus: MmoJoOHBIX 3a1ad. PekoMeHayeTcss MCHOJb30BaTh CIEIYIOUIUI MOPsIoK
3aIUCH PEILLICHU 3aa4H:

- UICXOJHBIC TaHHBIC JJIS PELICHUS 3a1a4H;

- YTO TpeOyeTcs MOJYUUTh B PE3YJIbTATe PELICHMUS;

- KaKHE€ 3aKOHBI U ITOJIOXKCHUA JOJIXKHBI OBITH IPHUMCHCHBI;
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- 001Mii TU1aH (MOCIeA0BATENFHOCTD) PELICHHUS;

- pacuersl;

- TIOJIy4EHHBIN Pe3yJIbTaT U €ro aHaln3.

Jlornueckast CBsI3b JICKIMIA M MPAKTHUYECKUX 3aHATUN 3aKIIFOYAETCS B TOM, 4YTO MH(OpMAIHs,
MOJIlydeHHAsi Ha JIeKIIMHM, B TIPOIIECCE CaMOCTOSATENbHOM paboThl Ha MPAKTUYECKOM 3aHATUU
OCMBICIIUBAeTCd U IepepadaThIBaeTCs, IMpU IMOMOIIM I[pernojaBaTelis aHaIU3UpyeTcs [0
MeIbYalInX MOJAPOOHOCTEH, MOCIe Yero MpoyHo ycBaumBaercs. MHTepakTuB mpoBoAMTCS B BHJE
JIMCKYCCHH.

Camocmosmenvhasn paboma. Iloocomoexa k 3aHAMUAM TEKYUOHHO20 U CEMUHAPCKO20 MUNa

BaxxHOo# 4acThIO CaMOCTOSITENIbHOM pabOThI SBJISETCS YMEHHUE BBIJICIUTH OCHOBOIIOJIATratoIIue,
OTIpaBHbIE TOUYKH B MOHMMaHUM Marepuana. Ocobo BaXHYIO pojb B 3TOM Mpoliecce HeoOX0IuMO
YAETUTh KOHCHEKTY JIEKIIMH, B KOTOPOM MpenojaBaTesb cHOpMHpPOBAIl «CKEIET», CTPYKTYpPY
pasnena ITUCHUIUIMHBL. UTeHueM ydyeOHOW M HayyHOM JuTeparypbl oOydaroluiics yriayOnsieT u
paciiupsieT 3HaHud O mnpenMere u3ydeHus. OcHOBHas (PyHKIUS Y4eOHUKOB — OpPHUEHTHPOBATh
CTYJCHTa B CHUCTEME 3HaHWH, YMEHUH U HABBIKOB, KOTOPBIE JOJKHBI ObITh YCBOEHBI OyAyIIUMU
CHenuaaucTaMd Mo JaHHOW juciuiimHe. [loaroroBka K 3aHATHSAM  JIEKIMOHHOTO — THIIA
nojipa3yMeBaeT NpuoOpeTeHre oOydarolmuMcsl TEePBUYHBIX 3HAHUW 1O TeMe JIeKUUU JUIs
MOATOTOBKH K CTPYKTYpH3allUu OOBEKTa M3Y4YEeHMs, KOTOPYIO NpEernojaBaTellb BBIMOJHSAET Ha
nexuuu. M3ydenume martepuana Mo TeMe JICKUUU HUMEET LEJIb YTOYHEHUS OTIENbHBIX MOMEHTOB.
Ilepen nDpakTUYECKUM 3aHATHEM CIEQYET H3YYUTh KOHCHEKT JEKIUHM M PEKOMEHIOBaHHYIO
IIpEeroiaBaTesieM JINTepaTypy, oOpallas BHUMaHHE Ha IMPAKTUYECKOE NPUMEHEHHE TEOPUM U Ha
METOJMKY PEUICHHS TUIIOBBIX 3aJad.

Camocmosmenvnas paboma. [loocomogka k sk3ameny.

IToaroTtoBka K 3K3aMeHy IIPEAIIONIATAET:

- U3y4CHHE OCHOBHOM U JOTIOJHUTEIBLHOM JIUTEPATYPBI;

- U3y4CHHUE KOHCIIEKTOB JICKIIN;

- U3y4EHHE KOHCIIEKTOB IIPAKTUYECKUX 3aHATHI U OTYETOB 110 HUM;

IlepeueHp BONPOCOB K D5K3aMEHY NPEICTABJIECH B IPWIOKEHMHM 2 1. 2. bamiel 3a 3ader

BBICTABJIAIOTCA I1I0 KPUTCPUAM, ITPCACTABJICHHBIM B ITPHJIOKCHHUHN 21m. 3.
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9.1. MeToanyeckne yKa3aHus JIJIs 00y4aKIIHUXCS MO0 BHINOJHEHHIO J1a00paTOPHBIX padot/
NpaKTHYecKue padoTbl

JladopaTopuas padora Ne 1.

Mone.m/lpona}me TEXHOJOI'NIECKUX ITPOLHECCOB JJECHOI'0O MMPOU3BOACTBA.

HEJIb: u3yuyuTh BO3MOKHOCTH BBIPAOOTKM OOpE3HBIX MUIOMATEPHAJIOB 33/JaHHOTO CEUEHUs U3
ITAJIOBOYHOT'O CHIPbS PA3JIIMYHBIX JUAMETPOB.

HI/IJIOMaTCpI/IaHLI, MMoJIy4acMbIC B JICCOIMUJIBbHOM nexe, SABJIAKOTCA HOIIy(ba6pI/IKaTaMI/I,
MpeAHa3HaYeHHBIMHU Ul BHIPAOOTKH Pa3IMYHOIO THMA JeTaneld W 3aroToBoK. [Ipu BeIpabOTKE 3aroTOBOK
NpEABABIAIOTCA PA3JIMYHBIC Tpe6OBaHI/IH K IMWiIoMarcepuajiaM 3aroToBKU 6pyc0BOFO THUIIa, HWMCIOUIUM
3aJlaHHbIe pa3MepPbl B CEUCHUH U TT0 JJTHHE.

HI/UIOMaTepI/Ia.HaMI/I, OTBCUAKOIIIMMHU DTUM Tpe6OBaHI/I$IM, SABIISAKOTCA O6p63HBIe JOCKH 3aJaHHBbIX
pa3MepoB, TOJydaeMblie 10 OPYCOBO-Pa3BajbHOMY CIIOCOOY packposi OpeBeH M3 30HBI MPOIMHUIOYHON YacTH
Opyca.

Bpyc, koTopblii obecrieunBaeT MaKCUMAaIBHBIN BBIX0]] OOPE3HBIX HIIOMATEPHANIOB 32IaHHOTO

o 1
CeueHUs, MPEICTaBIsIeET COOON B MOIIEPEYHOM CEUEHUH KBApaT, CTOPOHA KOTOPOT O COCTABIISET N 0,707

OT BepTHKaIbHOro auamerpa d 6pesna: A=0,707d.

HpI/I HN3BCCTHBIX CHCHI/I@JI/IK&HH?IX IMAJIOMATEPHAJTIOB U CBIPbA MPEACTABIAIOTCA BO3MOXHBIM I
Ka)JI0r0 3aJ1aHHOr0 CeYeHus OOPE3HBIX MMIOMATEPHUAIOB TI0100paTh TOT AHaMeTp OpeBHA, KOTOPBIN
OTBCYACT BBIIHCHpHBeZIeHHOfI 3aBUCUMOCTH.

3amanue:

1. B 3amanHOM muamnazoHe THaMeTpPOB BRIOpPATh 5 OpPEBEH pa3IMYHOrO THAMETPA U C yIETOM
MOCTPOCHHBIX 3aBHCUMOCTEH OMPEIENIUTh pa3Mepsl Opyca, o0ecrieunBaroniero ONTHMAaIbHYIO BEIPA0OTKY
MUJIOMATEPHAIOB. Pe3ylIbTaThl pacueToB CBECTH B TAOIHILY.

2. W3 nonyuenHoro 6pyca HEOOXOAUMO BEIPabOTAaTh 0OpE3HBIC THIIOMATEPHAIIBI, CEUEHUE KOTOPHIX B
cootBercTBHH ¢ ['OCT 9463-72 npencraBieHHBIX B TaOJIHIIE.

3. OmnpenenuTh MPOISHT BBIXO/Ia MHJIOMATSPHUAIIOB JIJIsl 33JJaHHBIX THAMETPOB OpEBEH.

4. IMocTpouTs Tpaduk 3aBUCUMOCTH TPOIEHTHOI'O BBIX0/Ia MUJIOMATEPHUANIOB OT JHaMeTpa OpeBeH.

ITopsinok BEITOTHEHUS] :

1. IMocTponTs Tpaduk 3aBUCHMOCTH Sy, OT f.

2. [To manHBIM Tpaduka HAWTH AUATIA30H NMAPAMETPOB CTOPOH Opyca (B IONSAX quaMeTpa), BHYTPH
KOTOPOT'0 TUIOMIAh €r0 MOMEePEYHOr0 CEYeHNsT yMeHbIaeTcss He Oonee ueM Ha 4% 0T MaKCHMaIbHOTO
3HayeHus. YOeIuThCs, 9TO Auamna3on cocrasiser 0,6<f<0,8, torma A=(0,6...0,8) d.

OcHoBHas IUTEpaTypa

1. MonenvpoBaH#e POIECCOB U cucTeM yrpasineHus : yaeonuk / 0. H. Anmaros. — bpatck : bpl'Y,
2015.-140c. - b. .
2. MatemaTtnyeckoe MOJICTUPOBaHNE POU3BOJICTBEHHBIX MIPOLeccOB yueOHoe mocobue aist By30B / 1O.

H. Annatos. — bpatck : bpI'Y, 2015. — 148 ¢. — b. 1.

JononHuTenbHast auTepaTypa

1. Eropos B. A., I'mymkxoBckuii A.A., OCHOBBI MOJETHUPOBAaHUS M ONTUMH3ALIMN IIPOLIECCOB
nepeBooOpaboTku. Meronsl MofenupoBanus: YueoHoe mocoodue. JI. JITA, 1988, - 80 c.
2. [Mmwxypun A. A., Ilmxypun A.A., MogenupoBaHre U ONITUMH3ALIUS IPOLIECCOB AEPEBOOOPAOOTKH:

VYuebnuk. — M.: MI'VJI, 2004. — 375 c.: un.
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3. Anmaros FO. H. MaTemaTuieckoe MOJICTHPOBaHUE ITPOU3BOACTBEHHBIX MPOIIECCOB: YueOHOe
nocobue. — 2-¢ u3., nepad u non — bparck: bpI'TY, 2001. — 96 c.

KOHTDOJ'II)HI)IG BOIIPOCHI JI1 CaMOIIPOBEPKU.

1. Kaxk mogoOpath nuamerp OpeBHa, U3 KOTOPOI'O MOXHO BBIPa0OTaTh OPyC MaKCUMAJIBHOTO 00beMa.
2. Ha ckonbko pacmmpsiercst 1Mana3oH JHaMeTpoB OpeBeH [T BHIPAOOTKH 0OpE3HBIX MHIIOMATEPHATIOB
OJIHOT'O CEYCHHS.

JlaGopaTopuas padota Ne 2.
HccaenoBanue 3¢)peKTHBHOCTH CIIOCOO0B PACKPOsI HEOOPE3HBIX I0COK HA 3aTOTOBKH.

HEJIb: nccnenoBanue BbIXOJ]a 3aTOTOBOK U3 HEOOPE3HBIX MUJIOMATEPHANIOB NP MOMEPEYHO-TPOJAOIEHOM H
MPOIOJIBHO-TIONEPEYHOM ~ crioco0ax packposs B 3aBUCHMOCTH OT KadecTBa M Kodd¢uimeHta coera
MUJIOMATEpHANIOB; ONpelelieHue 00JacTh TpPUMEHEHHs JaHHBIX CIOCOOOB packpos HeoOpe3HBIX
MUJIOMaTEpHAlIOB Ha 3arOTOBKH.

Haubonee pacnpocTpaHeHHBIMHU SBISIIOTCS JiBa crioco0a pacKkposi MHUIOMATEPUAIOB HA 3arOTOBKH:
TIOTIEPEYHO-TIPOAOIBHBI U TPOAOJbHO-TIONEepeuHblii. Ha3BaHme 3STHX CMOCOOOB  COOTBETCTBYET
MOCIIE0BATENILHOCTH BBIMTOJHEHUS OMEpalnii 1Mo packporo J0coK. [Ipu monepedHo-npooIbHOM crocobe
packposi BHadaje (QOpMUpyeTcsi JJIMHA 3arOTOBKH, B 3aTeM ee¢ IMpHHA. [IpH TpONONBHO-TIONEpEeuHOM,
Ha000poT, CHaYana (HOpMUPYETCS HIMPUHA, & 3aTEM JUTMHA 3aIOTOBKH.

Ecmu kadecTBO 3aroToBOK COOTBETCTBYET KayeCcTBY MUJIOMATEPUANIOB, a CIIENOBATENbHO, HE
TpeOyeTcsi TPOU3BOIUTH BBIPE3KY HEAOMYCTUMBIX B 3arOTOBKAaxX IIOPOKOB, TO MPH packpoe OOpe3HBIX
muIoMaTepranoB oba crocoda JarT OJUHAKOBBIM BBIXOJ 3aroTOBOK. B 3TOM ciiydae BeNWYMHA BBIXO/A
3aroTOBOK OMPEIENSIeTCs TOIBKO KPATHOCTBIO Pa3MepOB MIJIOMATEPHAIOB M 3arOTOBOK IO IIUPUHE U JUTHHE.
Ecnu kayecTBO MUIIOMAaTEpUAIOB HE COOTBETCTBYET KA4ECTBY 3arOTOBOK, TO IIPH PACKpOe MUIIOMATEPHAIOB
TpeOyeTcss BhIpe3aTh HENONyCTUMbIE TIOPOKU. B 3TOM ciydae mpu packpoe oOpe3HBIX MUIOMAaTEpHAIIOB
UMEET MECTO TPOJIOIBHO-TIONEPEUYHBIH crtoco0 packpos. ITO OOBSCHSETCS TeM, YTO MPH TAKOM CIIOCO0e
packpos B OTXO/bl UJET 3HAYUTEIFHO MEHbIIEE KOJTMYECTBO JIPEBECUHBI, YEM IIPH IOIEPEUHO-IIPOAOILHOM,
T.K. OIIEpaTop MMEeT BO3MOXKHOCTH ()OPMHUPOBATH UIMHY 3arOTOBOK C YYETOM PAaCIOIOKEHHs MOPOKOB Ha
U1acTu 1OcKH. I1pH monepedHo-npoaoIEHOM CIIOC00e Takask BO3MOXKHOCTb OTCYTCTBYET.

Taxum 006pa3zoM, Ipu BbIPAOOTKE 3arOTOBKU U3 OOPE3HBIX IMUJIOMATEPHUAJIOB, KAUECTBO KOTOPBIX HE
COOTBETCTBYET KAadecTBY 3arOTOBOK, CIEAYeT BCErJa HCIOJIb30BaTh IPOIOIbHO-TIONEPEUHBIN CI10c00
packpos. [lo-apyromy o6CTOUT A€N0, KOI/a 3ar0TOBKU BBIPA0ATHIBAIOTCS U3 HEOOPE3HBIX MUIIOMATEPUATIOB.
Ecnn xauecTBO HEOOPE3HBIX MUIIOMATEPUAIOB COOTBETCTBYET KaueCcTBY 3arOTOBOK, TO IIpH OosiblieM cOere
IUIS JTYYILEero UCIONb30BaHMs COEroBOM 30HBI 11€71eCO000pa3HO MPUMEHITh MONEPEUHO-TIPOJOIBHBIN ClI0CO0
Packpos.

3apmanue: 1. Haiftu 3HaueHHs BBIXOZA 3arOTOBOK OT cOera S mpH pas3iMyYHBIX 3HAYEHHSIX HACHIIIEHHOCTU
IU1acTa JOCKH Cy4YKaMH Y Ul IOIEPEeYHO- MPOJOIbHOTO U NMPOAOIBHO-IIONEPEYHOr0 CIIOCOOOB PacKposl Mo
JTAHHBIM TAOJIUIIEL.
[TocTponTs rpaduKy 3aBUCHMOCTH BBIXOZA 3aIOTOBOK OT cOera S v HaChILIEHHOCTH CyYKaMH, aHAJOTUYHbIE
rpadukam, npuBeneHHbIM Ha puc.3.7 CIUIONIHON TUHUEH MOoKa3aTh 3aBUCHMOCTH BBIXONA 3arOTOBOK MU
MIPOOJIBHO-TIONEPEYHOM CIIOCO0E, MyHKTUPHON — IIPH HOIEPEUYHOM-TIPOJOIBHOM.
Omnpenenuth 00JaCTH HPUMEHEHHUS IONEPEYHO- MPONOJIBHOTO M IPOAOJIBHO-IIONEPEYHOro CHOCcOo0O0B
PackKpos.
OTMeTHTP M TNPOHYMEPOBAaTh TOUYKM IIEPECEUEHMS MPSIMBIX, XapPaKTEPU3YIOIIMX BBIXOJ 3aroTOBOK B
3aBHCHUMOCTH OT S MPH Pa3lIUYHBIX CII0co0axX pacKpos Uil OAMHAKOBBIX 3HAUYEHHWH Yy TakK, KaK IOKa3aHO Ha
puc. 3.7.
[lepenecty nomy4yeHHbIE TOYKH HA KOOPAMHATHYIO IUIOCKOCTbh, B KOTOPOM 10 abciucce 0TMETHM cOer TOCKU
S, a Mo OCH OpAMHAT — HACKIIEHHOCTH IJIaCTa JOCKU CyYKaMH Yy Tak, KaK 3TO CIEIaHO Ha pHC. 3.8 U ONMHCaHO
B MeTOJMKE. Bpllle monyuyeHHoH npsiMoil OyaeT HaXonUThCS 00JIACTb IPUMEHEHUS TIOIEePEYHO-TIPOI0TILHOTO
crocoba packposi, HUxe — 001acTh MPUMEHEHUS! IPOAOJIbHO-TIONEPEYHOrO.
[IpoBepuTh pe3ynbTaThl ONpeaeneHus: 00JacTH NPUMEHEHHS Pa3IMYHBIX CIIOcO00B packpos. s atoro Ha
MTOJly4YEHHBI PHCYHOK HAaHECTH TOYKH C KOOPAWHATAMH, COOTBETCTBYIOIIMMH 3HAYEHHUAMH Y U S,
MPUBEACHHBIM B 1-M U 3-M cronbuax Tabmuubl. PAaoM ¢ ToukamMyu MpOCTaBUTH BEIWYMHY BBIXOJA 3aTOTOBOK
IIpH packpoe JaHHOW nocku y1 u y2 . Ecnu Touka NeKUT BhILIE MPpaHULIBl 00JacTH, TO IPU PacKpoe AaHHON
JOCKH TIONEPEYHO-TIPOJONBHBIM CIIOCOOOM BBIXOJ AOJIKEH ObITH Oonbiie: y2 > yl. Ecnu Touka JIeXuT HUXKE,
Toyl >y2.
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Ilopsa0K BBIOIHEHMUS:

1. M3yunTthb yKka3aHus 10 METOAMKE BBHITIOJTHEHU T1abopaTopHOi paboThl. [1oAroToOBUTH JaHHBIE A1l TAOJIHII.
2. Ilo ncxomHbIM JaHHBIM TaOmumbsl, 0 Gopmynam (3.17) u (3.18) paccuurars cber S u miIOMAIL AOCKU
Sa(m2 ), maitn no dopmyine (3.8) HACBIICHHOCTh Y %, TIIACTH JOCKM CyYKaMH. Pe3ynbTaThl pacderoB
3aHECTH B TAOIUILY.
3. CpaBHUTb 3HAYEHHS HACHILEHHOCTH IUIACTUH CYYKaMH JAJISl Pa3lUYHBIX JOCOK, 3alMCaHHBIE B §-OM
cTono1e TAONHUIIBI.

OcHoBHas nuTEpaTypa

MopaenupoBaHue MPOIIECCOB U cucTeM yrpasnenus : yueobnuk / FO. H. Anmaros. — Bpatck : bpl'Y, 2015. —
140 c. - b. 1.

MaremaTuyeckoe MOJIEIHPOBAHUE IPOU3BOACTBEHHBIX INPOLECCOB ydeOHOe mocodue it By30B / O.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononHuTenbHasa quTepaTypa

1. Eropos B. A., I'mymikoBckuii A.A., OCHOBbI MOAENTHPOBAHUS U ONTUMHU3AIIMH ITPOLIECCOB
nepeBooOpaboTku. Meroasl MoaenupoBanus: Yueonoe mocodue. JI. JITA, 19888, - 80 c.

2. TImxypun A. A., IlTmxypun A.A., MoaenupoBaHue U ONTHMHU3AIHS TPOIIECCOB J1epeBO0OPadOTKH:
Vuebuuk. — M.: MI'VJI, 2004. — 375 c.: ni.

3. Aumaros 0. H. MaremaTrdeckoe MoaenupoBaHue MPOM3BOACTBEHHBIX IPOLIECCOB: Y ueOHOE
mocobue. — 2-e usa., nepad u non — bparck: bpI'TY, 2001. — 96 c.

KoHTpoIbHBIC BOIIPOCHI JIJISI CAMOIIPOBEPKH:

1. Kakum criocoOoM ciieryeT Bocronb3oBathes npu S=3% v=1,5%
2. Kakum cnoco6oM m3MeHUTCS Tpaduk s onpeaeNieHus] crnocoda packpos MpU YBETHUYEHUH KPUBU3HBI
JIOCOK Ha KpoMKe?

JlaGopaTopHasn padota Ne 3.

HUcciaenoBanue BIMSHUSA TEXHOJOTHUECKHX (l)aKTOpOB Ha K03q)(l)l/llll/leHT HCII0JIb30BaHUA MAIIUHHOI'O
BpPEMEHHU oﬁpesﬂoro CTaHKa.

HEJIb: HccnenoBanume 3aBHCHMOCTH KO3(PGHUIIMEHTA HCIOIB30BAHHUS MAIIMHHOTO BpEeMEHH OOpe3HOro
CTaHKa OT JUIMHBI HEOOPE3HBIX JIOCOK, CKOPOCTH IMOJaYd CTaHKA M BPEMEHH, 3aTPayMBacMOro Ha
BCIIOMOTaTeNnbHbIe onepanui. OnpeneneHie CTeleH! BIUSHAS yKa3aHHBIX TEXHOJIOTHYECKHX (aKTOPOB Ha
MPOU3BOJUTEIILHOCTh OOPE3HOT0 CTAHKA U HAIIPABJICHUH €€ MOBBIIIICHHI.

PacuerHast mpon3BOAUTENHFHOCTh OOPE3HOTO CTAHKA B TIOTOHHBIX METPax 0OpE3HBIX IOCOK B MUHYTY
ompenensercs o hopmyne: A=U-Kwm (3.21)91 rne U — ckopocTs ofauu, MpUHAMAETCS TI0 CpEeAHeN
TONIIHHE 00PE3HBIX TOCOK; KM — K03 hUITMEHT MCTIOIB30BaHNS MAITMHHOTO BPEMEHN 00pE3HOr0 CTaHKa.

U3 dhopmyItsl crieayer, 4To BeMIHHA KO3 PHUIIMEHTa UCTIOIh30BAHUS MAIIIMHHOTO BPEMEHH MOYKET
0Ka3aTh 3HAYUTEIHLHOE BIHSIHUE HA TIPOU3BOTUTEIBHOCTE 00pe3Horo cranka. OJJHaAKO B TEXHHUYECKON
JTUTEpaType JaHHbIC O 3HAUCHUU KO3(D(DUIHCHTA SABISIOTCS YCPESIHEHHBIMU H TIOATOMY B YCIIOBHSX
KOHKPETHOTO MPOU3BOJICTBA HE MOTYT 00ECIEYNTh HEOOXOANMON TOYHOCTH PACUCTOB.

KoaddunmeHT ncmnons30BaHns MAIIMHHOTO BpeMeHH KM yUUTBIBAET CKPHITHIC TIOTEPH BPEMEHH
paboThl 00pe3Horo cranka. Ha oOpe3HoM cTaHKe 4acTh BPEMEHH, 3aTPauyuBAEMOro Ha MPHEM, OCMOTD,
HaTpaBJICHHE JJOCOK B BAJIbI[BI CTAHKA MEPEKPHIBACTCS BPEMEHEM, 32 KOTOpOe 00pe3aeTcs mpeablIymast
nocka. Ho yacts BpeMeHH, 3aTpauyrBaeMoro Ha 3Ty OMEpalyio 1, TIAaBHBIM 00pa30M, Ha MepeMelieHne
MIUJIBI, OCTAETCS He MepeKPHITHIM. OHO BBI3BIBAET MEKTOPIIEBBIE PA3PHIBHI U orpesenseT Ku.

Takum o0pazom, , (3.22) rae tp — BpeMst 00pe3KH T0CKH (C); t — TOTHBIN UK 00pabOTKH OTHOM
JIOCKH, BKJTIOYAsi BpeMsl Ha TiepeMellieHue IThI (C); tB — HelmepeKphIBaeMOe BCIIOMOraTelnbHOE BpeMs (C); -
JurHa 1ocku (M); U —cKopocTh mogaun (M/MUH).

U3 dpopmynsr (3.22) cnenyer, uro KM MeHsieTCs ¢ I3MEHEHUEM JUTUHBI JIOCKH, CKOPOCTH TIOa4YH U
HENepeKphIBAEMOr0 BCIIOMOTaTEIbHOT'0 BPEMEHN. JKCIIEPUMEHTAIBHBIE TAHHBIE IIOKA3BIBAIOT, YTO
HerepeKpbIBaeMOe BpEMsl Y COBPEMEHHBIX 0OpE3HBIX CTAHKOB cocTaBiisierT 1...2 c. CpeaHsist JyinHa JOCOK
MOXeT OBbITh IPUHSATA PaBHOU ANMHE OpeBHAa MUHYC OAMH MeTp .CKOpOCTh Mmojiauu Ajisi 0Ope3HOro CTaHKa
2-15A U = 80+120 M/mMuH niau 100+150 M/MuH.
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[Momp3ysacek Gopmyioii (3.22), MOKHO TTOCTPOUTH KPUBBIE 3aBUCUMOCTH OT CKOPOCTH TIOAAYH U
JUTHHBI JTOCOK MPH OMPEISTICHHOM 3HaYCHHUH HEMepPEeKPhIBAEMOT0 BPEMEHHU tB.

AHau3 KPUBBIX MO3BOIMT CAEIATh BHIBOJIBI O BOBMOXHBIX HAPABICHUSIX MPOU3BOTUTEILHOCTH
OOpPE3HBIX CTAHKOB.

3agaHue:

1. . Beruucnuts 3aBucuMocTb KM mo dopmyne (3.22) ot t, , U 1 ipy KaXKI0M t 3aITOTHATH TaOJIUIIBI
2, 3, 4 mpu tp=1,0; 1,5; 2,0 4.

2. C ucnonbp30BaHUEM TONYYEHHBIX JaHHBIX IOCTPOUTH: -ceMelcTBO 3aBucuMocteid Km ot U n |,
paBHBIM ToouepenHo 4; 4,5; 5,0; 5,5 m juis tp= 1 cek; -aBa aHAJIOTMYHBIX ceMeicTBa mpu tp=1,5¢
u tp=2c.

Ilopsi1oK BBINOJIHEHUS:

1. Wyuutsb paznen «MeToauKa BHITOTHEHUS! pa0OTEHI».
2. TloaroToBUTH TpH TAOJUIIBI IO OOPA3IY TAOIHIIBL.

OcHoBHag nuTEpaTypa

MogaenupoBaHue MPOIIECCOB U cucTeM yrpaBnenus : yueobnuk / FO. H. Anmaros. — Bpatck : bpl'Y, 2015. —
140 c.—b. 1.

MaremaTH4yeckoe MOIETHPOBAHNE IPOU3BOACTBEHHBIX INPOIECCOB ydeOHOe mocodmue it By3oB / HO.
H. Anmatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononHutenbHasa quTepaTypa

1. Eropos B. A., I'mymxoBckuit A.A., OCHOBBI MOJICTUPOBAHUS U ONTUMH3AIIAN TIPOIIECCOB
nepeBooOpadoTk. Meroapl MoaenupoBanus: YueoHoe mocooue. JI. JITA, 19888, - 80 c.

2. IMmwxypun A. A., ITiwkypun A.A., MonenupoBaHue U ONTHMH3AIIHS IIPOIIECCOB AEPEBOOOPAOOTKH:
Vuebnuk. — M.: MI'VJI, 2004. — 375 c.: ui.

3. Aumaros 0. H. MaremaTrdeckoe MoaeIupoBaHue MIPOM3BOACTBEHHBIX IPOLIECCOB: YueOHOE
mocobue. — 2-¢ usa., nepad u gon — bparck: bpI'TY, 2001. — 96 c.

KoHTponbsHbBIE BOMPOCHI JIJISI CAMOIIPOBEPKH:

1. TIponopiuoHANBEHO JIH MOBBIMIEHUIO CKOPOCTH TIOJaYH YBETHYUBACTCS pacueTHAS
MIPOU3BOAUTEIHLHOCTE OOPE3HOT0 CTaHKA?

2. Kak BimsieT COBEpIICHCTBOBAHUE CHCTEMBI YIIPaBJICHHS OOPE3HBIMUA CTAHKAMU M OpPTraHHU3aIlUs
pabouero Mecta Ha IOBBIIMICHUE TPOU3BOIUTEIBHOCTH CTaHKA?

3. Buuser nu cnienuanuzanys NOTOKOB IO ITHPHHE 00PE3HBIX JOCOK Ha MPOU3BOAUTEIHHOCTD
o0pe3Horo cranka?

4. Bnuser iy JyIMHA JOCKH Ha TPOU3BOJUTENHHOCTh 00OPE3HOro CTaHKa?

JlabopaTopHas padora Ne 4.
MozaenupoBaHue npouecca pocTa JieCHOro MaccuBa.

HEJIb: MU3y4nTh METOIUKY UCCIIEIOBAHHUS MHOTOCBSI3HOT'0 00BEKTA C MENBI0 HISHTH(DUKAINH CI0KHBIX
00BEKTOB B CTALIMOHAPHOM PEXUME.

B paiione bpaTckoro npoMbIIIUIEHHOT O Y3712 HAXOIATCS B TOW WJIM MHOH CTENIEHH MOBPEXKAECHUS JIECHBIE
MAcCCHBBI, YTO SBISIETCS CIEACTBHEM IPOMBIIIICHHBIX BHIOPOCOB. AJEKBaTHasi MaTeMaTH4YecKas MOJENb
JIeCHOr0 00BbEeKTa MO3BOJIUT pa3paboTaTh KOHKPETHBIE MEPHI 110 BOCCTAHOBJIEHUIO MOBPEXIECHHBIX JIECOB M
CHIMIKCHHUIO KOJIMUECTBA BPEAHBIX BBIOPOCOB.

YHuBepcanbHbBIM, NPUMEHHMBIM JUII MHOTMX THIIOB CHUCTEM YIPABICHHS, SBISETCS METOJ
CTPYKTYpHBIX rpado. llpumeHeHne 3TOro Meroga IO3BOJNSET pPEANU30BaTh CTPYKTYPHBIH MOAXOA K
pa3paboTKe CHUCTEMBI: MPOLECC CHHTE3a COCTOMT M3 HECKONbKMX (DYHKIMOHAIBHBIX ITOANPOLECCOB,
KOTOpBIE, B CBOIO OY€peb, MOXKHO Pa3OUTh Ha OTAeibHbIE (YHKUUH. Kakaplii OTIAENbHBIH 3Tal CHHTE3a
MPUBOAUT K KOHKPETHBIM pe3ysbTaTaM. MeToa CTPYKTYpHBIX rpadoB H3HAYAIbHO OPHEHTHPOBAH Ha
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ucnonb3oBanre IBM B mpouecce CHHTE3a, JIETKO MOJAAETCsl arOPUTMHU3ALIH.

O6o00mmeHHast cxema METOJMKH MOJENIMPOBAHMS MHOTOCBSI3HOTO OOBEKTa YMpPaBICHUS METOJ0M
CTPYKTYPHBIX TpadoB nzodpaxeHa Ha puc 3.9 Mcxoansie nannsie Tabnuma B3anMoericTBusl napamerpon C-
rpad MaTpuuHoe ypaBHeHHE cucTeMbl [[OHIDKEHHE MOpsAAKa MATPUUIHOTO yPaBHEHUS! CUCTEMBI Y paBHEHUE
cucrembl Perpeccruonnbii aHann3 @yHkuuoHanbHas cxema CtpykrypHas cxema Puc. 3.9. O6oOmeHHast
cXeMa METOIMKH MOJEITHPOBAHUSI MHOI'OCBSI3HOT'O OOBEKTa YIpaBIeHUsI METOAOM CTPYKTYPHBIX TpadoB.

B TeueHuwe mnmuTenbHOrOo BpeMeHH B pailoHe bpaTcka mpoBoaMiKCh IOJEBBIE HCCIENOBaHUS, B
pe3ynbTaTe KOTOPBIX OCYIIECTBISUICS COOp SKCHEPUMEHTAIBHBIX JaHHBIX, XapaKTEPU3YIOIINX COCTOSHUE
JIECOB B PA3JIMYHBIX TEXHOTCHHBIX 30HaX. Ha OCHOBaHWMH 3KCIIEPUMEHTANBHBIX WM JIMTEPATYPHBIX JaHHBIX
ObLTH BBIAENEHBI (PAaKTOPHI, OKa3bIBAIOIINE BIUSHUE HA COCTOSTHUE JIECHBIX SKOCHUCTEM:

G — HCTOYHUK 3arps3HEHUS:

F — ypoBeHb 3arpsizHeHUsT PTOPUCTHIM BOIOPOAOM;

S — ypOBeHB 3arpsa3HeHus OKCUIOM cepbl SO2;

B — ypoBeHb 3arpsi3HeHUs1 OCH3AMUPEHOM;

L — paccrosiHHE 10 NCTOYHUKA!

L1 — paccrosinue no ucrounuka ot 0 10 10 KuIoMeTpoB;

L2 — paccrositaue 1o ucrounrka ot 11 g0 10 kuomeTpos;

L3 — paccrosinue 10 ucrounuka ot 21 10 30 KUIOMETPOB;

L4 — paccrosuue no ucrounuka ot 31 g0 40 KUIOMETPOB;

N — HampaBJieHHE OT UCTOYHUKA 3arps3HEHUS;

A — Bo3pacTHas Tpynma (MOJIOJHSKH, CPEHEBO3PACTHEIE, IIPUCIIEBAIONINE);

GC — Gan KaTeropum COCTOSTHUS;

CP — XMMHYECKHI COCTaB XBOH;

H — cpennss BeicoTa;

dH — mpupocr;

D — cpennuii quamerp.

Cxema BnusiHHS OMOTreHHBIX (DakTOpoB Ha Jiec mpuBeneHa Ha puc 3.10. HcrouHuK 3arpsi3HEHUs
®dropucteiii Bomopoxa Oxkcup cepsl benzanupen Paccrossaue 1o ncrounnka 3arpsisHeHns Hanpasnenne BeTpa
Bospacrabie rpymmer [Tapamerpsr MaccuBa bamn kateropuu cocrostaust 0-10 kv 11-20 xm 21-30 km 31-40
kM CeBepo- BocrouHoe CeBepo- 3amamHoe IOro- Bocrounoe HOro- 3amagHoe MonomHAKH
CpenneBo3pactasie [lpucreBarormme CpemHuii auamMeTp XWMHUYCCKHH cocTaB XBoum CpemHss BBICOTa
[Ipupoct96 Puc 3.10 Cxema BiausSHUS OHMOTCHHBIX (haKTOPOB Ha JIEC.

J1sl OLleHKHM KadecTBa JIECHOI'O MAacCHUBa IpeylaraeTcsi UCIOb30BaTh 0aJljl KATETOPUU COCTOSHUS Jieca
(GC), xotopselii oTpaxkaeT cpemHuil auamerp AepeBbeB (D), cpemHrioro BeIicOTy aepeBbeB (H), cpemumii
BO3pPAacT AepeBbeB (A), KOIMYECTBO HAKOIUIEHHBIX JEPEBBSIMM XUMHUYECKHX 3JIEMEHTOB aHTPOIIOI'€HHOI'O
npoucxoxaeHus (CP).

CoriracHO caHWTapHBIM IpaBuiaaM B Jiecax P® Gamn kareropuu coctosaus (GC) MOXKeT IPUHUMATH
CIJICAYIOLE 3HAYCHUSL:

1 — 6e3 mpHU3HAKOB OCTA0JICHNS;

2 — ocia0JIeHHBIE;

3 — CWIBHO 0OCIIa0JIEHHBIE;

4 — yCBHIXaIOIIHeE;

5 — CyXocCTOil TeKyIIero roga (CBeXHi);

6 — CyXocCTOi mpONUIBIX JeT (CTapblii).

Berposan, Oypenom, CHET0JI0M YUUTHIBAIOT OTACIBHO C YKa3aHHEM BPEMEHU UX 00pa30BaHUsI.

Jlnsl IMCTBEHHBIX M XBOMHBIX IOPOA NPHMEHSETCS €AMHAs IKaja KaTerOpHH COCTOSHUS, Pa3IddHs
3aKJIIOYAIOTCSl B METOJAaxX OLEHKW Oanja KaTeropuM COCTOSIHHA, OOYCIOBJICHHBIX OHOJIOTHMYECKHUMHU
0COOEHHOCTSAMH JTaHHBIX MOpoA. MUHUMaNbHOE 3HaYeHne Oaa kateropuu cocrosHus (GC) paBHo 1, mpu
HAJIWYHMHU TOJIBKO 30POBBIX JIEPEBHEB, @ MAKCUMAJIBHOE PABHO 6, IIPH MOJTHOM YChIXaHUH APEBOCTOSL.

3agaHue:

1. HccnenoBaTh BeIMYHHY OTHOCHTEIBHOW OMIMOKH MOJENH TIPU MOCIEIOBATENBHOM HCKIFOUCHHU
KOHTPOJIMpPYEMbIX mapameTpoB. B ypaBHenuu (3.29) Oymem yOupaTh HOOYEPEAHO IO OJHOMY
mapametpy xi (i=x2, x5, x7,x16, x48), Ha xaxxqom mare ypaBuenue (3.29) Oyner uMers BUA: rae Xi
3aMrChIBaeTCs B CKOOKax CO CBOMM 3HAKOM B ypaBHeHuu (3.29). Hanpumep, x2=0, Torna.

2. Wccnenoath WHG)OPMAIMOHHYIO 3HAYMMOCTH [APAMETPOB. BOCIIONB3yeMCs MIeCTOl KOHTPOIbHON
cTpokoil Tabnuubl 26 W Haijgem 3HaueHune x3 mpu x2=0 Ha mnepBoM mare n0mKHO OBITH
Bospamaemcst k popmyie (3.28), cocraBisem marpuily X U3 YeThIpeX CTOJOIOB TaOnwibl 25 U

HaxonuM KodpuuueHTsl perpeccuu i ypaBHeHus1106 (orcyrcTByer mapamerp x2) B ypaBHeHue
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(3.32) moncraBisieM mapaMeTphl IIECTOM CTPOKM TaOMMIBl 2 W HAaXOAWM pacdeTHOE 3HaueHHE
OTHOCUTENBHYIO OMIMOKY MOJETH MPH UCKIIOYEHUH X2 HaxoauM 1o ¢opmysie Pacdersl mpoBoaum
IUISL TISITY TIapaMeTpam Xi H, 10 BeIMYMHAM OMIMOOK 1aeM KaueCTBEHHYIO OLIEHKY MHPOPMaTHBHOCTH
[1apaMeTpOB.

Ilopsa0K BBIIOIHCHMS:

1. Tlo dopmyne (3.28) ¢ UCIOTB30BAaHUEM JAHHBIX TAOMUIBI paccUUTaTh KOIPPUIMEHTH U
MOJIyYUTh YpaBHEHHE cTauunoHapHoro pexuma (3.29). I[lpu pacuere BOCHOIB30BATHCS
JAaHHBIMH TOJIBKO TIIATH BEPXHHUX CTPOK. JlaHHBIE CTPOKHM IIECTOM WCIONb30BaTh B
TambHEHIEM JUTS OTIPEICTICHUsI OTHOCUTENILHON MOTPEIIHOCTHA MOJIEITH.

OcHoBHas nuTEpaTypa

MogaenupoBaHue IMPOIECCOB U cUcTeM yrpaBnenus : yueobuuk / FO. H. Anmaros. — Bpatck : bpl'Y, 2015. —
140 c.—b. 1.

MaremaTH4yeckoe MOJIEIHPOBAHKUE IPOU3BOACTBEHHBIX IPOLECCOB ydeOHOe mocodue [yl By30B / FO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononHuTenbHasa quTepaTypa

1. FEropos B. A., I'mymkoBckuii A.A., OCHOBbI MOAETHPOBAHUS U ONITHMHU3AIINH TTPOILIECCOB
nepeBoobpaboTku. Meronsl MoaenrpoBaHus: YuedHoe mocodue. JI. JITA, 19888, - 80 c.

2. TImxypun A. A., ITwxypun A.A., MogenupoBaHue U ONTHMHU3AIHS IPOIIECCOB JIepeBO0OPadOTKH:
Vuebnuk. — M.: MI'VJI, 2004. — 375 c.: ui.

3. Aumaros 0. H. MaremaTiueckoe MOICIMPOBAHKE ITPOM3BOICTBEHHBIX IPOIIECCOB: YueOHOe
rocobue. — 2-e usa., nepad u non — bparck: bpI'TY, 2001. — 96 c.

KoHTponbsHbBIE BOPOCHI JIJISI CAMOIIPOBEPKH

1. Kakwue napaMeTpbl MOJEIH SIBJISIOTCS HanOoiee HHPOPMaTHBHBIME ?
2. C TOMOIIIBIO KaKUX MapaMeTPOB MOXKHO OCYIIECTBIISITh TPOTHO3 COCTOSIHUS JIECHOTO MaccuBa’?
3. Kakumu napamerpaMu MOXKHO YIPaBISITh IPOIIECCOM COCTOSTHUS Jieca?

JlaGopaTopHasn padora Ne 5.
MonenupoBaHue NPOU3BOJACTBEHHBIX MPOLECCOB.

LEJIb: O3HakKOMUTH CTYAEHTOB C METOAMKOW ONTHUMAJIBHOTO KaJCHIAPHOTO IIJIAHUPOBAHUS,
MIPOBECTHU MCCIICAOBAHKE U PEIINTH 3a]a9y 110 ONTUMHU3AIIMY TTpoliecca.

Cpenn pa3IMYHBIX OPraHU3aAlMOHHO-DKOHOMHYECKHX, MAaTEMaTHYECKUX M TEXHUYECKHUX
BOIIPOCOB, KOTOPBIC MPHUXOAUTCS pellaTh Ha 3Tare MPOCKTUPOBAHUS, CO3JaHHE MATEMAaTHYCCKOM
MOJIETM ONTUMAJIBHOTO KAJICHIAPHOTO TUIAHMPOBAHMS CEPUHHOTO TIPOM3BOJCTBA U BBIOOP
MPUEMJIEMOTO CIIOCO0a €€ MaIMHHOW peaTn3aliyd 3aHUMal0T BAXKHOE MECTO.

Ot kanengapHoro IutaHa-rpadguka pabOThl CEpUHHOTO IieXa WM YyYacTKa 3aBUCHT
PUTMHUYHOCTH BBIMTyCKAa MPOIYKINH, [UIMTEIHLHOCTh MPOCTOEB 00OpPYIOBaHUS, YPOBEHb 3aTpaT Ha
nepeHanaaky  obopymoBaHusi, O0OBEM  HE3aBEPIICHHOTO  IMPOU3BOJICTBA,  JJIUTEIBHOCTH
MIPOM3BOJICTBEHHOTO IMKJIa, CEOECTOMMOCTD M3TOTOBIICHUS U3/CIIUNA |, CIEIOBATEILHO, JKOHOMHKA
JAHHOTO nojipasneneHus. OueHb BAXKHO YMETh HAXOJUTh NTapaMeTpbl ONTUMAIBHOTO KaJ€HAAPHOIO
TJIaHa, KOTOPBINA, C YU€TOM CIIOKMBIIEHCS MPOU3BOJICTBEHHON 00CTaHOBKH, OIpeessieT Hanboee
3¢ GeKTUBHBIN MYTh BHIMOIHEHHS 3aIaHHOM MPOU3BOICTBEHHOM MPOTPAMMBI.

HccnenoBanusiMu yCTaHOBIIGHO, UTO YBENIMYEHHE pa3Mepa mapTuu oOpabaThiBaeMbIX JIeTayen
BEIET K TMOBBIIICHUIO MPOU3BOJUTENBHOCTH  Tpylda, Oiarojapss COKpAIEHUIO  JOJIU
MOJArOTOBUTEIBHO-3aKIIIOUNTEILHOTO  BPEMEHHM, NPUXOJAIIErocs Ha  OAHY  JeTalb, U
COBEPIIICHCTBOBAHUIO MPOU3BOJICTBEHHBIX HABBIKOB paboyero.

C Jnpyroil CTOpOHBI, YBEIMYEHHE pa3Mepa MapTUU NPUBOAUT K  YBEJIMUYEHUIO
MEXOTIePAITMOHHBIX 0O0POTHBIX 3aJIeNIOB U, KaK CIEACTBUE, K POCTY H3ACPKEK OT MPOICKUBAHUS
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JieTajeni MeXay OlepalusIiMu.

[Ipu pacuere mapTuM 3amycka JAeTalieli HEOoOXOAWMO YYHTHIBAaTh pa3Mepbl CBOOOHBIX
IUIOIIAMEH JUIsl XpaHEHUs W3ICIIHKM, CTOMKOCTh MHCTPYMEHTA, YCTAHOBJIEHHBIM IOPSAIOK
o0ecrieyeHns: CepUHHOTO y4acTKa METAJIIOM U T.JI.

B ycnoBusix neiicTBHS MEpEeUHUCICHHBIX (PAKTOPOB M MPOU3BOACTBEHHBIX OTPAHUYCHUN BBIOOD
ONTUMAJIBHOIO pa3Mepa HapTUU WIM KOJMYECTBA 3aIlyCKOB B 00pabOTKy MO KaKJIOW JIeTanu 3a
OIIPENEICHHBIN KaJICHIAPHBIN IIEPUOJ BPEMEHU IIPEJICTABIIAECT BECbMA CIOKHYIO 3a/1a4y.

Haubosiee mpocTble MeTOABI pacueTa pa3Mepa MNapTUH OCHOBAaHBI, KaK TWpaBWiIO, Ha
HCI0JIb30BAHUU KaKOTO-JIMOO0 OJHOTO HOPMAaTHUBHOIO IOKa3aTelis, HalmpuMep AOMYCTUMOM 0JIU
IIOArOTOBUTEIBHO-3aKIIFOUNTEIIBHOTO BPEMEHU II0 OTHOIICHMI0 K IITYyYHOMY Ha BCK HapTHIO
JeTainei, MO0 ToKa3aTes CeluaIn3anui padodnx MecCT.

Jpyroi noaxo/1 3aKJIr04aeTcst B TOM, 4TO ONTUMAJIbHBIN pa3Mep MapTUX HAXOUTCA U3 YCIOBUS
MUHUMU3ALNUN BEIMYUHBI 3aBUCSIIUX OT HETO NMPOU3BOJCTBEHHBIX 3aTpaT. 3HAUUTEIbHYIO 4acTb
OOBIYHO COCTaBJISAIOT 3aTPaThl Ha IMEpeHaNaJKy oOOpYIOBaHUS M U3JEPKKU OT CBS3bIBAaHUS
00OpOTHBIX CpEACTB B HE3aBEPIIEHHOM Mpou3BOJCTBE. [loaTOMY oOrpaHuumMMcs JHIb STUMU
COCTAaBJISIOIIIMH.

3ajaHue:
Ha cranke u3roraBiamBaroTCs A€Tald YeThIpeX BUIOB. MIMeeTcss o4eHb Majblil 3a/ie JeTallu

N3. Jleraneld Apyrux BHUJIOB HMMEETCS JOCTATOYHOE KOJMYECTBO, YTOOBI MPUHATH JIIOOYIO
OuYepeIHOCTh MPOU3BOJICTBA. TpedyeTcs NOCTPOUTh CXeMY NMPOU3BOJCTBA JeTaliell B BUe rpada c
HECKOJIbKUMHU CTOKaMH M HAaUTH KPUTUYECKUM ITYTh, IPH KOTOPOM JOCTHUTAECTCSI MUHUMYM BPEMEHU
MepeHanaiokK.

3ajaHa MaTpuIla NepeHanaIokK.

4. Crpourcs rpaduk 04epeTHOCTH MPOU3BOJICTBA JE€TaICH.

3HayeHHe SABIACTCS MUHUMAJIbHBIM, CIEA0BATENBHO, TyTh 3 4 2 1 ABIAETCS KPUTHUYECKUM.

5. Paccmotpum 86yHkiinn

OYHKIHS «C» COCTOUT U3 IBYX CJaraeMbixX «a» U «B». IlepBoe ciaraemoe npeacraBisieT co0oit
MpsMYI0, TPOXOJAIIYI0 Yepe3 Hadajlo KOOpJMHAT, a BTOpoe claraemoe — rumnepOousy. Ilpu
CIIOEHHUH UX MOJIYYUM KPUBYIO, UMEIOIIYIO SBHO BBIPAKEHHBI MUHUMYM

OyHKIMS UMEET IKCTPEMYM, €CIIM CYIIECTBYET €€ IepBas Mpous3BojaHasA. [ HaxokaeHus
KOOPJUHATHI IKCTPEMyMa MEPBYIO MPOU3BOAHYIO QYHKIIMU HEO0OXOIUMO MPUPABHSTH K HYIIIO.

[Ipuaumaem numb nenouyucieHHele 3HaueHus «K». s ompenenenuss MUHUMyMa (GYHKIHH
HaXOJMM €€ BTOPYIO NMPOU3BOJHYIO U MOKa3bIBaeM, YTO €€ 3HaUCHUE MOJIOXKHUTENIbHO, T.€. TOTJa
C(K) umeeT MUHUMYM.

6. Pemenune o¢yukuuu C (K) mpoBoauTcs mnpu cleayromuX MapaMerpax MpearnpHsITHs.

Texuuueckue xapakKTepUCTHUKU TPOU3BOCTBEHHOTO MPOLIECcca MPEIPUITHS.

[To dopmyne mpu 3amaHHBIX XapaKTepPUCTUKaX MPOM3BOJACTBA HaxoauM BennuuHy Kk, npu
KOTOpPOM I0JTy4aeM MUHHUMYM IIPOU3BOJICTBEHHBIX 3aTpart.

OtHOocuTeNnbHO TOYKH IKCTpeMyma Kk BbIOMpaeM MO TpuU TOYKH BIpaBO U BieBO OT Kk u
ctpouM rpaduk ¢pyukiun C=f(k) mo Tpem cocTaBisOIUM KOMIOHEHTAM.

Pe3ynbTarhel npeacTaBuTh B BUAE TaOMUIBI U Tpaduka

ITops 10K BRINOJHEHUS:

W3BecTHO, YTO HAa KaXKJIOM CTaHKE BBITYCKAIOTCS J€TAIH YEThIPEX BHUJIOB.

Jlana mMaTpuIiia nepeHanaox.

1. OmnpenensieM HHTEHCHBHOCTH IMOTPEOJICHUS 1 —TOW JieTaH.

2. CornacHO WM3JIOKEHHOW BBINIE METOJUKE KPUTHUSCKHI TYTh HAXOIUTCI B  TakKou
rocnenoBaTenbHOCTH: KaKplii CTaHOK BBITyCKAET AeTald 4YeThipex BUAOB. lIpumem, dto 3ajmen
neraneit N2 ouens Man, a 3azaen aeraneil N1 Benuk. Jleraneil qpyrux BUIAOB UMEETCS JOCTATOUHOE
KOJIMYECTBO, YTOOBI JOMYCTHUTH JIFOOYIO OYEpPENHOCTh WX IPOHU3BOACTBA. 1pedyercsl MOCTPOUTH
CXEMYy O4YepeIHOCTH MPOU3BOJICTBA BCEX YETHIpEX JeTayell B BHIe Tpada W HAWTH KPUTUIECKUH
MyTh, IPU KOTOPOM JOCTUTACTCSI MUHUMYM CYMMBI BpEeMEHH IepeHananok. Ilycts gana martpuia
MepeHanaioK.

[Tockonbky 3amen neranu N2 odueHb Maj, TO IPOU3BOJACTBO €€ CIEAYET HauyaTh KaK MOXKHO paHbIIIE,
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MO3TOMY y3€ll, OTPaKarIIUI TPOU3BOICTBO feranu N2, Oepem 3a uctok rpada. Ecnu 3amen meramm N1
BEIMK, TO TMPOU3BOJACTBO €¢ IIeIeco00pa3HO BECTH B TMOCICIHIOW O4Yepe/b, IO3TOMY Y3ell,
OTpaXaroIIUi MPOU3BOJCTBO 3TOM JieTanu, OepeM 3a CToK rpada.

W3 momydeHHBIX  pE3yNBTaTOB  BBHIOMpaeM MUHUMAIBHYKD CyMMy. B JgaHHOM  ciydae
nocnenoBaTensHocTy 2,4,3,1 — neranb, CleIOBATEIBLHO, OPraHUu3yst o4epeaHocTh 2,4,3,1, MBI qoObeMcs
MHUHHMYMa CYMMBI BPEMEHU MepeHaNa oK i JAaHHON CUTYallud HaU4us 3a]1eNoB. Ecnu ke BenmuynHa
3a/IeJI0B OJTHOM W3 JeTalied HEe3HAYUTEIbHO OTIWYAETCS OT 3aJIeJOB APYTUX JETajnel, TO MOPSAOK UX
W3TOTOBJICHUST HE CTOJNIb BaXXCH W JUKTYETCS JIMIIL TpeOOBaHMEM MHHHMyMa CyMMBI BpPEMCHH
nepeHansasok. B aToM ciydyae cxema OuepeIHOCTH MPOM3BOJACTBA JieTaliel Oyner uMmerh Bua rpada ¢
HECKOJIBKUMHU CTPOKAMHU.

OcHoBHas nuTEpaTypa

MopaenupoBaHue MPOIECCOB U cucTeM yrpasnenus : yueobnuk / FO. H. Anmaros. — Bpatck : bpl'Y, 2015. —
140 c. - b. 1.

MaremaTH4yeckoe MOJIEIHPOBAHKUE IPOU3BOACTBEHHBIX INPOLECCOB ydeOHOe mocodue uisi By30B / FO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononHutenbHasa quTepaTypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBbI MOJETMPOBAHHUS M ONTUMU3AIINN TIPOIIECCOB
nepeBooOpaboTku. Meroasl MoenupoBanus: Yueonoe mocoodue. JI. JITA, 19888, - 80 c.

2. TImxypun A. A., ITwxypun A.A., MozaenupoBaHue U ONTHMHU3AIHS IPOIIECCOB JIepeBO0OPabOTKH:
Vuebnuk. — M.: MI'VJI, 2004. — 375 c.: ui.

3. Aumaros 0. H. MaremaTudeckoe MoeMpoOBaHKE TPOM3BOACTBEHHBIX IPOILIECCOB: YueOHOe
rocobue. — 2-e usa., nepad u non — bparck: bpI'TY, 2001. — 96 c.

KoHTpOoIbHBIC BOIIPOCHI JIJISI CAMOIIPOBEPKH

1. BbISCHUTH 3aBHCUMOCTD DKCTpeMyMa (DYHKIIMY 3aTpaT OT TUTIA MPOU3BOJICTBA (MacCOBOTrO,
MEJTKOCEPHITHOTO U CMEIIAaHHOTO).

2. PazpaboTaTh KOMIUIEKC MEPOIIPUITHHA

— CHIDKEHFIE 3aTpaT OT COCTaBJISIONIEH a;

— CHIDKEHHE 3aTpaT OT COCTaBIISIIONIEH b;

— obecrieunTh c=const.

IIpakTuyeckas padora Nel
MeTOIl CHHTE3a OAHOMEPHBIX CUCTEM YIIPABJICHUSA

Heﬂb: HU3YYUTb METOAUKY CTPYKTYPHOI'O CUHTE3a OJHOMEPHBIX CUCTEM YIIPABJICHUA.

[IpoexTrpoBaHWE CHCTEMBI YIPAaBICHHS pAacCMAaTPUBAIOT KaK CTPYKTYPHO-TIApaMETPHUYECKHUM
CHHTE3, TIIPH KOTOPOM HEOOXOOMMO OINpPEAEIUTh CTPYKTYpY W TIapaMerpbl 3BEHHEB CHCTEMBI.
CrenoBaTenbHO, 331a4y CHHTE3a CHCTEMBI MOXKHO C(OPMYIHPOBATH CIEIYIOIINM 00pa3oM.

Heo0xomMMo CIpoeKTHpOBaTh CHCTEMY, YIOBJICTBOpsOIIy0 mnepenarodnoi ¢yukmun Wi (S).
Teopernueckn mepenaTodHasi pyHKIUS CUCTEMbI MOXET OBITH ONpEAeNeHa MO Pa3IMYHbIM Kputepusm. 13
YCIIOBHH CTaTHYECKOTO pacdera WM TEXHHYECKOW IPEIONpPeeIeHHOCTH YacTh CTPYKTYPHBIX 3BEHBEB
CHCTEMBI alpUOpHO ompeaeneHa. CrneoBaTelbHO, HEOOXOANMO ITyTeM BBEACHHS TOTIOHUTEIBHBIX 3BEHbEB
B CTPYKTYpYy CHCTEMBI MOJYYUTh OrepaTop, yaosiaerBopstonmii yemoBuio W, (S)= Wr (S), rme W,(S) —
nepeaaroyHas GyHKIUs CHHTE3upyeMoii cuctemMbl. Heobxomumo onpenenuts W, (S).

3apjaHue:
1. Omnpenenuts mapameTpsl NeperaTOYHbIX (HYHKIUH Hen3BecTHbIX KoMnoHeHT: N, B, D, M.
2. llpom3sBecTH AEKOMIIO3ULMIO MepenaTouHblx ¢yHKui D u M Ha 3BeHbs 1-ro mopsaxa.
3. IIpom3BecTr KOPPEKIUIO TMHAMUYECKUX CBOMCTB NepeaaToyHbix ¢pyHkuuii D u M.
4. MerogoM HMHUTALMOHHOIO MOJAENHMPOBAHUS HCCIIEN0BATh YCTOMYMBOCTH CKOPPEKTUPOBAHHBIX

3BeHbeB D u M.
HccnenoBanus no myHkTam 2, 3, 4 OpoBECTH O METOUKE, U3I0KEHHOH B riase 1, m.1.4.
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ITopsinoK BBIIOTHEHNS paOOTHIL:

B of0mem Buae CTpyKTypHas cxeMa peryiasTopa CHCTeMbl mpeicTaBieHa Ha puc.l.13. AmpuopHo
W3BECTHBI KOMIIOHEHTHI cucTeMbl peryimpoBanusi A, C, L, K, P, a takxke TpeOGoBaHHsS K pEryisTopy,
KOTOPBIH J0JKEH yIoBiIeTBOpATh yenoprio W HeobxonuMo Haiitn mapamerpsl kommnoHneHT: N, B, D, M.

Ilo crpykrypHoii cxeme cuctembl (puc.l.13) crpoum C-rpad, npeactaBnensblii Ha puc. 1.14.
MOCKOJIBKY HEOOXOIMMO OMpENeNuTh YeThpe KOMIIOHEHTHI, a rpad) UMeeT TOJIBKO TpH y3i1a 1-ro poxa, To
MPOHU3BENEM CTPYKTYpHOE IIpeoOpa3oBaHKe HaJl U3BECTHOW KOMIIOHEHTOH D u mpencraBuM ee kak

Dl = Dz =D/2.
Ha ocnoBe C-rpaga ctpoum matpuily KoMrnoHeHToB (1.22) u MaTpuiy ctpykrypsr (1.23).
OcHoBHas nuTEpaTypa
1. MoaenupoBaHue MPOIECCOB U CUCTeM yrpaBienus : yueonuk / 0. H. Anmaros. — Bparck : bpl'VY,
2015. - 140 c. - Bb. 1.
2. MatemaTtHyeckoe MOJIETUPOBaHHE MPOU3BOJICTBEHHBIX MPOIECCOB yueOHoe mocodue ais By30B / FO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononHuTenbHasa quTepaTypa

1. Eropos B. A., I'mymxoBckuit A.A., OCHOBBI MOJICIUPOBAHUS U ONTUMH3AIIAN TIPOIIECCOB
nepeBooOpadoTku. MeToapl MoaenupoBanus: YueoHoe mocoodue. JI. JITA, 1988, - 80 c.

2. Mmxypur A. A., ITwxypun A.A., MoxennpoBaH#e U ONITUMHU3AIS TPOLIECCOB AePEeBO0OPaAOOTKH:
Vuebuuk. — M.: MI'VJI, 2004. — 375 c.: nin.
3. Ammatos FO. H. MaremaTtnueckoe MOJETUPOBAHNE TTPOU3BOICTBEHHBIX MPOIIECCOB: Y UeOHOE

mocobue. — 2-e usa., nepad u qon — bparck: bpI'TY, 2001. — 96 c.

KoHTpoJIbHEIE BOIIPOCHI:

1. aiiTe XapakTepUCTUKY KPUTEPHUEB UCCIICIOBAHNS YCTONIMBOCTH CHCTEM.
2. Onumute crnoco0bl KOPPEKITNH TUHAMHYECKUX CBOWCTB CHCTEM YITPABIICHHUS.

IIpakTuyeckasi pa6ora Ne2
HccaenoBanue MHOTOMEpPHbIX 00bEKTOB YIIPABJIECHUS

He.]]b: HU3YYUTb METOJUKY UCCIICAO0OBAHUA 63AUMHO20 BIIMAHUA OTACIIBHBIX KOOpAXUHAT 00BbeKTa Ha
Ka4u€CTBO YIIPABJIICHUA U HaUTH ,Z[OHYCTI/IMHﬁ AWanas3soH mapaMeTpoB OTACIIBHBIX KOOPAWHAT
YIIpaBJICHU.

B teopuu yrpaBieHHs UPOKUA KIIACC OXBATHIBAIOT MHOTOMEPHBIE 0OBEKThI, CHHTE3
KOTOPBIX MPEJCTABISIET 3HAYUTENbHbIE TPYIHOCTH.

MHOTroMepHOCTh 00BEKTA XapaKTEPU3yeTCsl TOHKOM U TITyOOKO# (PyHKIIMOHAIBHOMN
3aBUCHUMOCTBIO MEXIY OTACTbHBIMH (Pa30BbIMU KOOpAHMHATAMU. [IpoeKTHpOBaHHE TAKUX CHCTEM HE
MOKET OBITh JOCTUTHYTO MPOCTON KOMOHMHAIIMENH UCXOAHBIX CTPYKTYPHBIX dJIEMEHTOB. VX
B3aMMHOE 00BbEIMHEHNE TIPeoNpeAeTsieT HE0OX0AUMOCTh MMPOBEACHUS MEPOIIPHUSITHIA, KOTOPHIE
o0ecnevunBaroT CO3/IaHUE CIIOKHOM CHCTEMBI.

3agaHue:

o pe3ynbTaTam 3KCrepUMEHTa MOCTPOUTH IPaUKU B COOTBETCTBUM € AaHHBIMU Tabu. 1.5 u 1.6.
1. Jlns niByMepHO# cUcTeMBbl MOCTPOUTH Ipaduku u3menenus pynkuii K, M, Xio B
MHTEpBasie OT HyJIS J0 yCTaHOBUBIIErocs pexuma (puc. 1.18).
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2. Omnpenenuts napamerpbl pyaknmii K 1 M B ycraHoBUBIIEMCS pexkrMe (CTallMOHAPHBIN
MPOIIECC).

3. Ompenenuts 3HaUeHHE (PYHKLIUHU B PEKUME MHOTOMEPHBIX OJHOTUITHBIX CUCTEM
ympasienus (MOCAY) (B Touke to).

4. Jlng TpexMepHON CHCTEMBI B COOTBETCTBHHU C TAaHHBIMH Tabi. 1.6 mocTpouts rpaduxu

byaxuit W, Wy, Xg, (puc. 1.19).

Omnpenenuth napamerpbl pyakiuit W, u W, B craimonapaom pexume (Touka t ).

OrmpenenuTh napaMerpsl Tperbeil koopauHatel W, 1 cpaBHUTH co 3HauenneM K, M nBymepHoit

cucteMbl B Toukax to(cm. puc. 1.18 u 1.19).

7. Omnpenenutsb 3HaueHue W, nipu t= to (cm. puc. 1.18).

o o

ITopsmox BEINOJTHEHUS Da6OTI)II

[IpoBectu uccnenoBanue 06JacTei CyleCTBOBaHUS PELIEHUS 7Sl IBYMEPHOM U TpeXMEpPHOM
CUCTEM YIIPABIICHHUS MPU 3aJAHHBIX BXOJHBIX U BBIXOJHBIX IAPAMETPAX YIPABICHHUS.

WuTepBan nccieaoBaHus BRIOUpAETCs sl IByMEPHOH cucTeMbl paBHBIM t1 =3T1o 17151 TpexmMepHOU
- 11 =3T12, B 3aBUCUMOCTH OT BapHaHTa 3aJaHus. Pe3ynbTaThl HCCIEAOBAHUIN BBITIOJHUTD IS
IBYMEpHOU cucteMsl o gpopmyse (1.35), ans TpexmepHoit — o (1.39) u cBectu B Tabn. 1.5 u 1.6.

OcHoBHas nuTEpaTypa

1. MoaenupoBaHue MPOILECCOB U CUCTeM yripaBieHus : yueonuk / 0. H. Anmaros. — Bparck : bpI'VY,
2015. - 140 c. - B. 1.
2. MaTemaTryeckoe MOISIMPOBaHUE IIPOU3BOICTBEHHBIX MTPOIIECCOB yueOHOe mocodue /st By30B / O.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

JonomauTensHas uTepaTypa

1. Eropos B. A., I'mymxoBckuit A.A., OCHOBB MOIEIMPOBAHUS M ONTHMHU3AINH ITPOIIECCOB
niepeBooOpadoTK. MeToapl MoaenupoBanus: YaeoHoe mocoodue. JI. JITA, 1988, - 80 c.

2. ITmwxypun A. A., [Iwxypur A.A., MoaenupoBaHue ¥ ONITUMH3AITHS TIPOIIECCOB IEPEBOOOPaOOTKY:
Vuebuuk. — M.: MI'VJI, 2004. — 375 c.: ui.
3. Ammatos F0. H. MaremaTtndeckoe MOJIeTMpPOBAaHKE ITPOU3BOICTBEHHBIX TPOIIECCOB: YueOHOe

mocobue. — 2-e u3a., nepad u gon — bparck: bpI'TY, 2001. — 96 c.

KoHTpoJBHEIE BOIIPOCHI:

1. Kakum cnocoOoM MOKHO YMEHBIIIMTH BEJIMYUHBI OTKJIIOHCHHI mapameTpoB K u M ot
BemmunHbl Ko?

2. KakoBa nmpu4rHa 3HaYMTEIbHON pa3Hullbl mapameTpoB W, u D B 1ByMEpHOH U TpeXMEpHOM

cucremax?

B geM npuuuHa CBA3HOCTH 0OBEKTA?

Kaxkue mapameTpsl MOXXHO MEHATh B MHOTOMEPHOM O0BeKTE?

Omnpenenure rpaHUllbl CyIIECTBOBAHUS ONTUMAIBHBIX 00JIaCTeH peIIeHuUS.

ok w

IIpakTnyeckas pabora Ne3
OnTumMu3anms NPOM3BOACTBEHHOI0 IVIAHA METOA0M JIMHEHHOI0 MPOrpaMMHUPOBAHUS

HeJ’ILZ HU3YUYUTBh U UCCIICA0BATb MCTO/ JINHEMHOTrO nporpaMMUpOBaHUA U UCCIICAOBATH
HpOI/I3BO,[[CTBeHHBII\/’I mnmpomnecc.

MHOro4HcIeHHbIE 33JJa4yil ONTUMAJIBHOTO MJIAHUPOBAHUS U YIIPABJICHUS CBOJATCA K
MOJEIISAM JIMHEWHOTO MPOTrpaMMUPOBaHUs. JIunetlinoe npoepammuposanue u3ydaeT 3a1a4u
HAXO0XJCHUS ONITUMAIIBHOTO (MaKCUMaIbHOTO WM MUHUMAJIBHOTO) 3HaYCHHUs JINHEIHOI 11e71eBoi
(GYHKIMY NP IMHEHHBIX OIpaHUYEHHSIX Ha TapaMeTpsl yrpasieHus. B oOmem Buae 3adauy
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nunetno2o npoepammuposanusi (3JIIT) moxkHO chopMymHpOBaTEH CIEAYIONIMM 00pa30M: HAUTH
MUHUMAaJIbHOE 3HAYCHHE [IeTICBOU (PyHKIUY.

3aganue:

1. O3HaKOMHTHCS ¢ HACTOAIIEH HHCTPYKIIUEH U COJIepIKAaHUEM 3aTaHHUS.

2. TloaroToBWTH UCXOTHBIC JAHHBIC VIS PEIICHUS TTOJIYY€HHOTO BapHaHTa 3aaHus 00
OTNITUMAJILHOM HCITIOJIb30BaHNU 00opynoBanus (Tadm.4.5). ChopmynupoBarthb
MaTEeMaTHYECKYIO MIOCTAHOBKY CBOETO BapuaHTa 3a7auu B Buje (4.23)-(4.25). BBecTn
HCXOJIHBIC JaHHBIC U CUMILIEKC-MeTo1oM B cucteme Math Card pemmwmts 3a1agy.

3. 3amucaTh penieHus 3a1a4u.

ITopsimok BEINOJTHEHUS Da6OTI)II

HO?ICHI/IM KOpOTKO CUMIIJICKC-MCTO/I Ha HpI/IMCpe pCHIeHI/Iﬂ 3a1a4u OIITUMAJIBbHOTO
MCI0JIb30BaHUsI 000PYI0BaHUS.
CronsipHBIi 11eX JECONPOMBIIIIEHHOTO KOMIUIEKCa BBITyCKaeT TPU BUAA MPOIYKIIMU: CTOJIBI Py,
mkagsl P2 1 cTynbs Pz, KoTopble MPOU3BOIATCS € UCIIOIb30BAaHUEM YETHIPEX BUJOB 000pYIOBaHMUS:
S1, Sy, S3, Sy Llex umeeT obopynoBanue S; B KonmdecTBe 15 mT., Sy- 10 mT., S3— 20 mT. u S4 — 15
IIT.

Bun Hopwms! 3aTpar o6opynoBanus Ha 1000 mT. mpoayKIuu B MecCsI]
000pynoBaHUs Py P, Ps3
Si 3 1 1
Sz 1 2 1
S3 2 0 2
Sy 0 5 1

Kaxxnas teicsiua mtyk npoaykuuu P; maetr mpu6suis 2000 py6.; P, — 3000 py0.; P; - 1000
py0. TpebyeTcst onpeaenuTh, Kakoe KOJTHYECTBO MPOIYKIIUU KaXKI0TO BUA TOJDKEH TPOU3BOIUTH
1IeX Ha UMEIOEMCS 000PYI0BAaHHUH B TUTAHUPYEMBIH MIEpUO/] (MECSIIT), YTOOBI MOJTyIUTh
MaKCUMAaIIbHYIO TPHOBLITH. KpuTeprieM onTUMaIbHOCTH MPH PEIISHUH TOH 3a/1a4u OyieT
MaKCUMYM TPUOBUIN TIPU OTPaHUYEHHSX TI0 000PYA0BaHUIO.

OcHoBHas nuTeparypa
1. MoaenupoBaHHe MPOIIECCOB U cUCTeM yrpaBieHus : yueOnuk / FO. H. Anmaros. — bpatck :
bpl'Y, 2015. — 140 c. — b. 1.
2. Maremaruueckoe MOJAEIMPOBAHUE IMPOU3BOJICTBEHHBIX IPOIECCOB ydueOHOE mocodue ams
By30B / }O. H. Anmaros. — bparck : bpI'VY, 2015. — 148 ¢. — b. 1.

I[OHOJ'IHI/ITCJ'ILHEISI JaTeparypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOJICTUPOBAHUS ¥ ONTHMH3AINH IIPOLIECCOB
nepeBooOpaboTku. Meto il MoienupoBanus: YueoHoe nocodue. JI. JITA, 1988, - 80 c.

2. [Mmwxypun A. A., [Imxypun A.A., MoaenupoBaHue U ONTUMHU3ALUS [IPOLIECCOB
nepeBoobOpaboTku: YueOHuk. — M.: MI'VJI, 2004. — 375 c.: un.
3. Annaros lO. H. MaTemaTtnueckoe MoAeIMpPOBAHUE IPOU3BOACTBEHHBIX IPOLIECCOB:

YuebHoe nocobue. — 2-e u3a., nepad u non — bparck: bpI'TY, 2001. — 96 c.

KoHTpOJIbHBIEC BOIPOCHI:

1. Cdopmynupyiite B o6mem Buzae 3J1I1.
2. B yem 3axitoyaercsi CyTb CUMIUIEKCHOTO MeTo1a?
3. Kakum meronom moxHO pemuts 3JII1?
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IIpakTnueckas padora Ned
MogaeaupoBanue CHCTEM MACCOBOI0 00CTYKUBAHUS

Henb: u3yunTh METOABI OPraHU3ALMHY [TITAHUPOBAHUS CUCTEM MAcCOBOI'0 OOCITYKUBaHUS U
YIPABJICHUS UMHU.

CymiecTByeT 00JIBIIIOE YUCIIO MPOIIECCOB, ISl KOTOPBIX XapaKTepHa cleayrolas oomas
cTpykrypa (puc. 4.4). B COBOKYIMHOCTb ITYHKTOB, Ha3bIBAEMYIO CHCTEMOM 00CIy:KMBAHUS,
MOCTYMAIOT Yepe3 HEKOTOPHIE MPOMEKYTKH BpEMEHH 00BEKTHI ( BXOAALIHUIA MOTOK), KOTOPHIE
MOJIBEPraroTCs TaM COOTBETCTBYIOIINM OIEpaIsiM (00CTy:KHBAHHIO), M 3aTEM MOKHU/IAIOT CUCTEMY
(BBIXOASIIIHUIA MOTOK), 0CBOOOXKIasi MECTO JJIS CICAYIOIUX 0OBEKTOB.

[IpoMexxyTKH BpEMEHH, Yepe3 KOTOPbIE MOCTYMA0T 00BEKTHI, U BpeMs 00CITy)KUBaHUS, KaK
MPaBUJIO, HOCAT CIy4YaiiHbIN Xapakrep. [Ipu MaccoBOM MOCTYMIeHUH 0OBEKTOB B CUCTEME
00CIyKMBaHUSI MOTYT BOZHUKHYThH OYepe/IH.

[Ipouiecchl MaccoBOro 006CIyKMBaHUS TUITUYHBI UTsI CBSI3U (TenedoH), TpaHCIopTa
(BO3ayILIHBIE, HA3EMHbBIE U MOPCKHUE TIEPEBO3KH ), KyJIbTYPHO-OBITOBBIX (T€aTpPbl, Mara3uHsl,
rOpOJICKOE COOOIIEHNE, MOJUKINHUKN) U TPOU3BOJCTBEHHBIX MPOLIECCOB (PEMOHT U
obcnmy>)kxuBaHue 000Py0BaHNUs, COOPOUHBIC JTMHUH).

HezaBucumo oT KOHKpETHON IPUPOJIBI U XapaKkTepa 0ObEKTOB, MOCTYNAIOIIUX B CHCTEMY
00CIyKMBaHUS, UX Ha3bIBAIOT TPeOOBAHUAMM (UM 3aiBKAMM).

[Ipouecchl MaccoBOro 0OCTYKMBAaHUS U3Y4alOTCA C LEIbI0 UX PAllMOHAIBHON OpraHu3anuu
(obecrieuenre HanOOJIBIIIEH TTPOITYCKHON CIIOCOOHOCTH TIPH BO3MOYKHO MEHBIIIUX 3aTpaTax
BpEMEHHU U MaTE€PHAIIbHBIX PECYPCOB) UJIU BBISIBIIEHUS 3aKOHOMEPHOCTEH TeX SBJIECHUMN MPUPO/IBI,
JUISL KOTOPBIX XapaKTEpHbI OJ0OHBIE TPOLIECCHI.

3agaHue:

1.Yucmas cucmema c oxcuoanuem, B KOTOPOH TpeOOBAHMS HE OCTABJISIOT OUEPE]IH, YTO
COOTBETCTBYET HEOTPAHHUCHHOMY BPEMEHHU OXKHIAHHMSI.

2. Cucmema ¢ omkazamu NPUHAMAET TPEOOBAHUS HA OOCITY>)KHBAHHUE TOJIBKO TTPH HATTHYUHN
CBOOOIHBIX KaHAJIOB.

3. Cucmema ¢ oepanudenHol ONUHOU ouepedu XapaKTePU3yeTcss TEM, UTO IMOCTYIHUBIICE
TpeOOBaHUE CTAHOBUTCS B OYEPE/Ib TOJIBKO TOTJIA, €CIM YHCII0 TPeOOBaHHUM B HEl HE MPEBbIMIACT
3aJaHHOI0 3HaYeHus =V,

Ilopsa0K BBIIOJIHECHUS Da6OTBIZ

B CTalMOHApHOM PEXKUME CUCTEMA MEHACT CBOU COCTOSIHUA CﬂyqaﬁHBIM o6pa30M. Ho
BEPOATHOCTHU UX YIKC HC 3aBUCAT OT BPECMCHHU. Ka)KI[aSI U3 HUX, SABJIISACH IMOCTOSIHHOM BGHHHHHOﬁ,
XapaKTCpU3yeT OTHOCUTECIIBHOC BPEMSL Hpe6LIBaHI/I$I CHUCTCMBbI B JaHHOM COCTOSHHH.

HpI/ICOGI[I/IHI/IB K CUCTEMC HOPMHUPOBOYHLBIC YCIOBUSA, MOKHO OIIPEACIIUTD 3HAYCHHUC
BepOHTHOCTCﬁ B YCTAHOBHUBIICMCA PCIKUMC U NTOJIYUUTDb PAJ O6I_HI/IX XapaKTCPpUCTHUK IIpoLecca.

OcHoBHas nuTeparypa

1. MopaenupoBaHue MPOLECCOB U cUCTEM yrpanieHus : yueOHuk / 0. H. Annatos. — bpatck :
bpl'Y, 2015. — 140 c. — b. 1.
2. MaremaTHueckoe MOJAEIMPOBAHHE MPOU3BOJICTBEHHBIX IMPOLECCOB ydeOHOE MOocoOHe Uls
By30B / 0. H. Annaros. — bpatck : bpI'Y, 2015. — 148 c. — b. 1.

JlonoTHUTENbHAS TUTEPATYpPA

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOJICTHUPOBAHUS M ONTUMH3AIUHU TIPOIIECCOB
nepeBooOpaboTku. Metoasl MoenupoBanus: Yuebnoe nocoodue. JI. JITA, 1988, - 80 c.
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2. [Mmxypun A. A., IIxypun A.A., MoenupoBaHue U ONTUMU3ALMS IPOLIECCOB
nepeBoobpabdoTku: Yueonuk. — M.: MI'VJI, 2004. — 375 c.: un.

3. Ammnaros 1O. H. MatemaTtiueckoe MO/ICIIMPOBAHUE TPOU3BOICTBEHHBIX MTPOIIECCOB:
YueOHoe mocobue. — 2-e u3f., nepad u gomn — bparck: bpI'TY, 2001. — 96 c.

KoHTpoJibHBIE BOOPOCHI:

1. CpaBHHTE NOTYYEHHBIE PE3YJIBTATHl UCCIEIOBAHHUMN C ITAPAMETPAMHU CTAllMOHAPHOTO
pexuMa.

2. Tlo kaxnoii 3aa4e MPOBEIUTE aHATN3 PE3YJIBTATOB.

3. PaszpaboTaiiTe KOMIUIEKC MEPOTIPUATHH 110 00ECTICUCHUIO PeKrMa PabOThI CUCTEMEI,
OJIM3KOMY K CTallUOHAPHOMY.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCTIOJIb3YEMBIX ITPH
OCYHWECTBJIEHUHU OBPA30OBATEJIBHOI'O ITPOLECCA 110 JUCHUIIJIMHE

NudopmannonHo-koMmyHukatuBHble TexHostoruu (MKT) npenogaBaTenb HCHOAB3YET IS
- MIOJIy4€HUs HH(OpPMAIMU ITPU MOATOTOBKE K 3aHATHSIM;

- CO3JIaHUS MPE3EHTALMOHHOTO COMPOBOXKACHUS JIEKIIMOHHBIX 3aHITHIA;

- paboTHI B 31EKTPOHHON MH(OPMALIMOHHOH CpEJIE;

- OC Windows 7 Professional;

- Microsoft Office 2007 Russian Academic OPEN No Level;

- AuTHBHpYyCHOE TiporpamMmHoe obecriedenue Kaspersky Security.

11. ONMCAHUE MATEPHUAJILHO-TEXHUYECKOM BA3BI, HEOBXOIUMOM
IS OCYHECTBJIEHUSA OBPA30OBATEJIBHOI'O ITPOLIECCA IO JUCHUIIVIMHE

Buo Hawgenoeanue HGPGQEHb OCHOBHOZ20
(j;},:,l;;g’uég) ayoumopuu oGopydosanu No JIx, I13
1 2 3 4
JIk MexaHn4eckoe UCIIBITAHUE - JIk Ne 1-8
JPEBECUHBI U IPEBECHBIX
MaTepHuajoB
JucruieiHsiil Kiacc. N3meputenbHbie I13 Nel-3
113 Kadenpa BociponsBoicTBa WHCTPYMEHTBI
U niepepabOTKH JIECHBIX
peCypCoB. 113 Ne4
JIP JlucnnerHsIn Kiacc. N3zmeputenbHbIe JIP Nel-4
Kadenpa BocnipousBoacTsa WHCTPYMEHTHI
U 1iepepabOTKH JIECHBIX
pECYpCOB.
CP 431 OGopynosanue 10- I13 Nel-4
IK i5-2500/H67/4Gb
(moumrop TFT19 Samsung);
MPUHTEP HP LaserJet
P2055D
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®OHJA OHEHOYHBIX CPEACTB AJs NIPOBEJAEHUSA

IIpuioxenue 1

IMNPOMEXYTOUYHOM ATTECTAIIUM OBYYAIOIUXCA MO JTUCIHUIIIAHE

1. Onucanue ¢GpoHAa OLIEHOYHBIX CPEACTB (ACHOPT)

Ne 3
KOMIIETE JIeMenrT Pazngen Tema DOC
KOMIIeTeHIIMH
HIUH
OIIK-1 CIIOCOOHOCTH  TIO- 1.1.  Bsenmenue.  Ortansl | DK3aMeHALH
HUMAaTh HaquI)Ie 1. BBC]ICHI/IC B OIITUMU3AITMOHHOI'O OHHBIf/i
OCHOBBI TEXHOJIO- | MATEMAaTHYECKOE HCCIIEIOBAHUSL. OuIeT
IHYECKHX  TIPOLEC- MOJIETUPOBAHUE U Ompenenenne §
COB B O6J'IaCTI/I Te- OCHOBHBIC ITOHATHUS. MATEMATUYCCKUX MOJCIICHU.
3amauu 1.2 TpeboBanus K
C03aroTOBUTECIIb-
OIITUMU3AITNHU. MAaTEMATUYCCKUM MOACIIAM.
HBIX U JIepeBoIIepe- Kaccuduxars
pabaThIBAIOMIIX MaTeMaTHYeCKUX  MOJEIEH.
IpOU3BOACTB OO6mas IOCTaHOBKA 3aJa4M
HCCIIEI0BAHHUS OIIEpaLIH.
1.3 Kpurepuit
OIITUMAJIBHOCTH.
MHOroxkpuTepuaibHbIE
3aJ1a4u HCCJIEIOBAHMS
onepaunii. Meroasl cBepTKH
KPUTEPUEB.
2. OcHoBHble | 2.1 BBenenme B IWHEHHOE | DK3aMeHAIU
MOHATHS JIMHEHHOTO | MpOorpaMMUpOBaHUE. 3alaud | oHHBIH
MPOrPaMMHUPOBAHUS. | JIMHEHHOTO OuIeT
CuUMILIEKC-METO/I. MPOrPaMMHUPOBAHUSL.
JIBoiicTBeHHAS 2.2 T'paduueckoe perieHne
3aJaya  JIMHEWMHOI'O | OCHOBHOM 3aJa4d JIMHEHHOTO
MIPOrPaMMHUPOBAHUS. | TIPOTPAMMHUPOBAHUS
METOJIOM TIEPECTAHOBOK.
2.3 HaxoxmeHnue ormopHOro u
ONTHMAaJILHOTO pereHus
3aJa4n JIMHEHHOTO
MPOrPaMMHUPOBAHHSL.
DopMyIHpOBKa
JIBOMCTBEHHOM 3aJ1a4n
JIMHEHHOTrO
MIPOrpPaMMHUPOBAHUSL.
3. TpancnoptHas | 3.1 DopMynupoBKa | DK3aMeHAaIH
3agada. HemuHeliHOE | TpaHCIOPTHOM 3aJa44. | QHHBIN
nporpaMMupoBanue. | Haxoxxnenue OIIOPHOTO | GreT
Meronbl jaHa. YIydllleHHue IUlaHa
MMHUTAILMOHHOIO MEPEBO30K.
MOJETUPOBAHUSL. 3.2 IlocranoBka 3ajxauyu
HEJIMHEHHOT O
MPOrpaMMUPOBAHUSL.
Metonpl OTBICKHBaHHUS

KCTpeMyMa s (pyHKIUH
OJIHOU nepeMeHHOU. MeTo bl
OTBICKMBAHUSL ~ JKCTpEMyMa
UiT  QYHKIIUU  HECKOJIBKHIX
MEPEMEHHBIX.

3.3 Meroapl IMATAIIMOHHOTO
MOJIEJTUPOBAHMUSL.
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1. Beenenue B
MaTeEMaTHYECKOE
MO/ICTMPOBAHUE U
OCHOBHBIE ITOHATHA.
3amaun
ONTHMU3ALIHAH.

1.1. Bsenenue. OTansl
ONTUMH3aLUOHHOTO
UCCTIeIOBAHUSI.
Onpenenenue
MaTeMaTHYeCKUX MOJEIEH.
1.2 TpeboBanus K
MaTEMaTHYeCKUM  MOZEIISIM.
Knaccudukanms
MaTEMAaTHYECKUX  MOJICIIEH.
OOmas mocTaHOBKa 3a/a4H
HCCIIEI0BAHHUS OIIEpALIH.

1.3 Kpurepuii
ONTUMAaJILHOCTH.
MHoOroxpurepuaibHbIe
3aJ1a4un UCCTIeIOBAHUS
onepauuii. Meroasl cBEpTKU
KPHUTEPHEB.

DK3aMeHaIn
OHHBIN
omier

2. OcHOBHBIE
MOHATHSA JIMHEHHOIO
MPOrPaMMHUPOBAHUSL.
CuMILIEKC-METO/I.
JBolicTBeHHast
3aJaya  JIMHEHHOIO
MPOrPaMMHUPOBAHUSL.

2.1 Bsemenue B nMHEHHOE
MpOrpaMMHUpPOBaHUE. 3aladuu
JIMHEHHOT O
MPOrPaMMHUPOBAHUSL.

2.2 T'paduueckoe pelieHue
OCHOBHOM 3aJa4l JIMHEHHOTO
MPOrPaMMHUPOBAHUS
METOJIOM TIEPECTAHOBOK.

2.3 Haxoxenne ormopHoro u
ONTHMAaJILHOTO pereHus
3a7a4u JIMHEHHOTrO
MPOrPaMMHUPOBAHUSL.
DopMyIHUpOBKa
JIBOMCTBEHHOMN
JIMHEHHOTO
MIPOrPaMMHUPOBAHUSL.

3aJa4u

DK3aMeHaIn
OHHBIN
omier

3. TpancmnopTHas
3amava. HemmHeliHOC
MIPOrpaMMHUPOBAHHE.
Meronpl
MMHUTAILMOHHOIO
MOICTUPOBAHUS.

3.1 DopMyITHpPOBKa
TPaHCIOPTHOMN 3aJauu.
Haxoxnenue OIOPHOI0
IjaHa. YIIydllleHHE IUlaHa
MIEPEBO30K.

3.2 IlocraHoBka
HEIUHEWHOT O
MPOrpaMMHUPOBAHUSL.
Merompt OTHICKUBAHUS
JKcTpeMyma s (QPyHKIUH
OZIHOU nepeMeHHOM. MeTobl
OTHICKMBAHUSI  JKCTpEMyMa
T (QYHKIIUU  HECKOJIBKHX
TepeMEeHHBIX.

3.3 Meroabl UMUTALIUOHHOTO
MO/ POBAHHSL.

3aJa4u

DK3aMeHanu
OHHEIN
owier

I1K-12

CIIOCOOHOCTh
BBIOMPATH u
MIPUMEHSTh
COOTBETCTBYIOLIHE
METO/IbI
MO/IeTTUPOBAHUS
MEXaHUUYECKUX |
¢buzuko-

1. Bsenenue B
MaTeMaTHYECKOE
MOJICTUPOBAHUE  H
OCHOBHEIE ITOHSTHS.
3amaun
ONTHUMH3AIHH.

1.1 OmnpeneneHue
MaTEMaTHYECKUX MOJIEIEH.
1.2 OOmas 1nocTaHOBKa
3a1a41 HCCIIENOBAHUS
orepanui.

1.3 MHorokputepuaabHbie
3a1a9 HCCIIEIOBAHMS
onepauuii. Meroasl cBepTKU
KpUTEPUEB.

DK3aMeHaIu
OHHBIN
omier
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XUMHUYCCKUX
MPOIIECCOB
J1eCO3ar0TOBUTEIBH
BbIX u
JepeBornepepadaTs
Baromnux
MIPOU3BO/ICTB.

2. OcHoBHbIe | 2.1 OcHoBHas 3a7a4a | DK3aMeHanu
MOHATHUS JIMHEWHOTO | JUHEHHOIO OHHBIHI
MPOrpaMMHUPOBAHHUS. | IPOrPAMMUPOBAHUSL. OMIeT
CumIuiekc-MeToI. T'eomerpuueckas
JIBoiCcTBEHHAs UHTEpIpeTanuss  OCHOBHOU
3a7aya  JUHEHHOTrO | 3aJa4u JUHEHHOTO
MPOrpaMMHUPOBAHHUS. | IPOrPAMMUPOBAHUSL.
2.2 Anroputm
npeoOpa3oBaHus
CTaHJApPTHOM  TaONUIBI B
CHUMILIEKC-METO/E.
2.3 DKOHOMUYECKAs
UHTEpHpeTauus OpsSMOd U
JIBOMCTBEHHOMN 3a71a4
JIMHEWHOrO
MPOrPaMMHUPOBAHUSL.
3. TpancnoptHas | 3.1 Pemenune TpaHcmopTHOU | Dk3aMeHaALA
3agaya. HenuneliHoe | 3amadu METOJIOM | OHHBIHI
MPOrpaMMHUPOBAHUE. | TIOTEHITUATIOB. OwIeT
Meronan! TpaHcrOpTHBIE  3aaud C
UMUTAIMOHHOT'O HEMpPaBUJILHBIM 0aJTaHCOM.
MOJEIUPOBAHUA. 3.2 Meronsl OTBICKUBAHUSA
JKCTpeMyMa Uil QYHKIIUU
HECKOJIBKUX TTepEMEHHBIX.
33 HccnenoBanms Ha
HUMUTAIMOHHON MOJEIIN.

2. DK3aMeHANlMOHHbIE BOMPOCHI

No KomnereHnuuu IK3AMEHAIIMOHHBIE No HAMMCHOBAHIE
3 BOIIPOCHI B
n/n pa3nena
Kon Onpenesienune
1 2 3 4 5
1.1.BBengenne B MaTEMaTHYECKOE 1. Beenenune B
MOJIETUPOBAHUE M OCHOBHBIC MOHSTHUSL. | MaTeMaTHIECKOE
1.2.TpeboBanus K MareMaTH4ecKuMm | MOACINPOBAHHE u
MOJIEJISIM OCHOBHBIC IIOHSTHUS.
3amaun ONTHMHU3ALNN.
2.1.0OcHoBHas 3a1a4a JIUHENHOTO | 2. OCHOBHBIE TIOHATHS
IIpOrpaMMHUPOBAHUSL. JTUHEHHOTO
2.2.JlomyctiMoe  pelneHue  3amay | POTPaMMHPOBaHUA.
1. CIIOCOOHOCTE JIMHEUHOTO IIpOorpaMMHpPOBAHUA. SHMPHQKC_MHOH'
BOMCTBEHHAsI 3a/1a4a
2.3.0nTuManbpHOE peleHre 3a1a4a " A
= JIMHEWHOT' O
JMHEHHOTO MPOrpaMMHUPOBAHUS. IPOrPAMMHPORAHHS
3.1.3aga4a o 3aMeHe 000PyIOBaHUSL. 3.TpancnoprHas
3.2.3a7a9a 0 COPTUPOBKE MUIOBOYHOro | 3a4ada. Henmnneiinoe
CBIPBS POrPaMMUPOBAHHE.
Mertob
3.3.3amanne BpeMeHH B UMUTAIIMOHHBIX A
HUMHUTAIUOHHOI'O
MOJIETISIX.
MOJCINPOBAHUS.
CIIOCOGHOCTS 1.3.0npenenenue Moaeny. 1. Beenenue B
MOHUMATh MaTEMAaTHYCCKOC
2. TK-2 HAy4HbIC 1.4.0OcHoBHBIE sTansl | MOACTHPOBAHNC n
OCHOBEI ONTUMU3ALMOHHOTO UCCIET0BAHUS. OCHOBHBIC  ITOHATHA.
3az[aqH OIITUMU3AIIUH.
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TEXHOJIOTMYECKH | 2.4. Dralbl Hax0XIeHUs 000 3agaun | 2. OCHOBHBIE TIOHATHS
X TIPOLIECCOB B | JMHEHHOTO IIPOrPAMMHUPOBAHUS. JTMHEHHOTrO
06HaCTI/I mporpaMMupOBaHUs.
JIECO3arOTOBUTE CHMvnneKc-MeTo;l,
TBHBIX - I[BOI/IEJTBCHHaﬂ 3aJ1a4a
epeBoniepepada | 2 HHHCHHOTO
ACp pPep 5. UFCOMeTpI/I‘-IeCKaSI MHTEPIPETANUS | 11n0rpaMMupoBaHHs
ThIBAFOIINX JIMHCHUHOI'O IIPOrpaMMHUPOBAHUS.
HPOU3BOACTB. 3.4.MeTo/1 30JI0TOrO CEUCHHS. 3.TpancnoprHas
3.5.I'paiueHTHBINA METO/I. 3aja4a.  Henuueitnoe
IIPOrpaMMHUPOBAHUE.
Mertonasl
UMUTALIMOHHOI'O
MOJIETTUPOBAHMUSL.
CIOCOOHOCTh 1.5. Kputepuu onTuManbHOCTH. 1. Beenenue B
BBIOMpATh " MaTeMaTHYecKoe
MIPUMEHSTH 1.6. MeTo/1bI CBEPKH KPUTEPHEB. MOACTTMPOBAHUE u
COOTBETCTBYIOII | 1.7.Vnyunienne  miaHa  nepeBosok | OCHOBHBIC  MOHATHL.
He METO/IBI | IIHKIIAMH TIEpECHeTa. 3alauu ONTUMU3ALMH.
MOJEIUPOBAHUS 5
MEXAHMUECKHX 2.6. OTbICKaHWE OTOPHOTO pEeIIeHUs | 2. OSHOBHBIG HOHSTHS
% JIMHEUHOI'O
- du3mKo- | OCHOBEI 3a/1a4 JMHENHOTO O i
L — IPOrpaMMUPOBAHMSL. CII)/IMEneKc-I\I/)IeTo :
2.6. OcHOBHBIE CBOICTBAa peIICHUI A
HpoTeccoB JlBolicTBeHHas 3ajaya
OCHOBBI 3a7a4 JIMHEWHOTO N g
JIECO3arOTOBUTE JTHHEHHOro
TIBHBIX 1 | TPOrpaMMHUPOBaHHMS. HPOrPaMMHPOBAHHU
2. | TIK-12 | nepesormepepaba 2.8. Cumutekc-meton. Pemenns 3amaun
THIBATOIIINX JMHEHHOT0 MPOrpaMMHUPOBAHUSL.
IIPOU3BOICTB. 2.9. HaxoxaeHue OMOPHOTO IUIaHA
TPAHCIOPTHOM 3a7a4H.
2.10. Tlpsimast m nBOMCTBEHHAS 3a/1a4H.
3.7. MeTo MOKOOPAMHATHOTO ToncKa. | 3.TpaHcnoprHas
3.8.MeTo 1 HaUCKOPEHIIIEro Mo IbeMa. 3agada.  HemmneitHoe
3.9. MeToa TMXOTOMUH. [pOrpaMMHPOBAHHC.
Meronet
3.10. MeToabl OTBICKaHHS IKCTpPEMyMa A
7151 QYHKIMK OJTHOM TIEpEeMEHHOM HMHTALHOMHOTO
A YHKI A p . MOZEIUPOBAHUS.
3.11. TlocnenoBaTeIbHOCTH IPOBEACHUS
u npumep UMUTALIMOHHOTO
MCCJICIOBAHMSL.
3 Onmucanue noka3areJeii 4 KpuTepreB OLEeHUBAHUS KOMIIETEHIIUIA.
IMoka3zaresnu Ouenka Kpurtepun
3HaTh OO6yuaromumiics JE€MOHCTPUPYET
(OIK-1): rIy0oKoe W TPOYHOE YCBOCHHUE
-METOJbl TOJMYYEHHUS] MaTeMaTHYEeCKHUX POrpaMMHOTO MaTtepuaya. 3HaeT
MoJenel TEXHOJIOTUYECKHX IPOIECCOB; METO/IbI MOJTy4eHUS
-MaTEMaTUYECKUE METOAbl U TPOTrPaMMBI MaTeMaTHUYECKHX MOJIEJIEH;
OBM pns perieHust MOAeNen. MaTeMaTUYECKHe METO/IbI u
OTJINYHO
(TIK-2) IIPOrpaMMbl. YMEET MCIOIb30BaTh
-METO/Ibl TOJyYEHUsI MaTeMaTHYECKHX MaTeMaTUYeCKHe METObI,
MOJeEN TEXHOJIOTHYECKUX IIPOLIECCOB; CaMOCTOATENBHO  (POPMYIUPOBATH
-MaTEMaTUYECKUE METOAbl M TIPOrPAMMBI 3a/1au4y. Bnaneer METOJaMu
OBM i pemienns Moaenei. CTaTUCTUYECKOU 00paboTkH
pE3yIbTaTOB JKCIIEPUMEHTA;
opraHuzanuen IIPOBEJCHMS
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(IIK-12)
-OCHOBHEBIE IMOHSITHS U METOAL MaTeMa-
THYCCKOTO aHaIu3a
Ymerhb
(OI1K-1):

-HACIIOJIb30BAaTh MaTEMAaTHYSCKAE METOIbI
B TEXHUUYECKUX MPUIOKCHHSIX;
-CaMOCTOSITeNIbHO (OPMYJIMPOBATH 3aja-
4y HAy4YHOTO HCCJIEAOBAHHS, HAMETHTHh
MyTH €€ PEIICHUs], OPraHNU30BaTh MPOBE-
JICHUE HAy4YHBIX HCCIEIOBAHUM, IeNaTh
BBIBOJBI M 000011IeHHS.

(I1IK-2)

-HACIIOJIL30BATh MaTEMATHYECKUE METOIbI
B TEXHHUYECKUX MPIIIOKCHHSIX;
-CaMOCTOSITENIbHO (hOPMYJIMPOBATH 3aja-
4y HAy4YHOTO HCCJIEAOBAHHS, HAMETHTH
MyTH €€ PEIICHUs], OPraHNU30BaTh MPOBE-
JICHUE HAy4YHBIX HCCIETOBAHUM, eNaTh
BBIBOJBI M 000011IEHHS.

(I1K-12)

- MCHOJb30BaTh MaTEMaTHYECKHE METO-
JIbI B TEXHUYCCKUX MPUITOKCHHSIX;
Baagern
(OI1K-1):

-MaTEeMaTUYECKUMH METOJIaMH TUTAaHUPO-
BaHHUS OKCIIEPUMEHTA IS TIOJy4EHUS
MaTEeMaTUYECKUX MOJeIeH  ONMHMCAaHMS
TEXHOJIOTMYECKHUX IIPOLIECCOB;
-METOJIaMH CTaTUCTUYECKON 00pabOTKH
Pe3yJIbTaTOB IKCIIEPHUMEHTA U IPOBEPKHU
aJIeKBaTHOCTH MaTEMaTUYECKOM MOJEIIH.
(TTIK-2)

-MaTEeMaTUYECKUMH METOJIaMH TUTAHUPO-
BaHHUS OKCIIEPUMEHTA JUIS TOJy4EHUS
MaTeMaTUYECKUX MoJeleld  ONMCaHMs
TEXHOJIOTHYECKUX MPOIECCOB;

METOJIJaMU CTaTUCTUYECKOH 00paboTKH
pe3ynbTaTOB SKCIEPUMEHTA M MPOBEPKHU
aJIeKBaTHOCTH MaTEMAaTHYECKONH MOJEIH.
(IIK-12)

-CaMOCTOSITeNIbHO (HOPMYIHUPOBATh 3aj1a-
4y Hay4YHOTO HCCIEJOBaHUSA, HAMETUTh
MyTH €e pelIeHus

-OpraHM30BaTh MPOBEICHHE HAYYHBIX
UCCHAEAOBAaHUM, JenaTh  BBIBOABI U
00001IeHns

HAay4HBIX UCCIICJOBAHUM.

X0po1110

OO0yyaromuiics JEMOHCTPUPYET
TBEPJOE  3HAHUE  Marepuaa.
W3naraer marepuan rpaMOTHO U 110

CYILIECTBY.

YI0BJIETBOP
UTEJILHO

OO6yyaromuiics JEMOHCTPUPYET
3HAHUS TOJIBKO OCHOBHOTO
MaTepuaa. [Ipu H3JI0KEHU U

MaTepHala J0IycKaeT HETOYHOCTH.

Hey/I0BJIeTB
OpUTEIbHO

OObyyaromuiics JEMOHCTPUPYET
OTCYTCTBUE 3HAHHS 3HAYUTEIHHOUN
YacTH MPOTPaMMHOTO MaTepHaia.
IIpn U3JI0)KEHUU Marepuaia
JIOIyCKaeT CYIIECTBEHHBIC
OLLINOKHU.
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4. MeToanuyeckue MaTepualibl, onpeaecjadrmue nmpouecaypbl Ou€cHUBaAaHUA 3HaHI/Iﬁ,
yMeHI/Iﬁ, HABbIKOB H OIIBITA J€ATCJIBHOCTHA

HucuummmHa «MoaenupoBaHue U ONTUMH3AIHS TPOIIECCOBY HaMpaBlieHa Ha TIPUOOpPETEHUE
y 00y4arommuxcsi TeOPeTUISCKUX 3HAHWN B 00JIACTH MATEMaTHYECKOW MOJETH, MOJICTHPOBAHUH H
ONTUMU3ALMH B JIECHOM ITPOMBIIIUICHHOCTH U OXBAThIBAET KPYr BOIIPOCOB, OTHOCAIIMXCS K HAYYHO-
HCCIIEA0BATEIBCKON TPOU3BOICTBEHHO-TEXHOJIOTHUECKOM JIeATeTLHOCTH OaKaiaBpa.

N3yuenune quctumianael «MoJeIUpOoBaHUE U ONITUMH3ALIMS MPOIECCOBY MPEyCMaTPUBACT:

— JIeKUUH,

— TMPAKTUYECKUE 3aAHITHS;

— DK3aMeH.

C uenpio oOmpeneneHUs YPOBHS OBJIAJICHUS KOMIICTCHIUSMH, 3aKpPEIUICHHBIMH 3a
JTUCIUIIMHOM, B 3a/laHHBIE TPENOJIaBaTeNieM CPOKH IMPOBOAMTCS TEKYHUIMHA KOHTPOJb 3HAHUM,
YMEHUW W HaBBIKOB KaXKJOTO OOYdYaroIIerocs, aTTeCTalus MO HTOraM OCBOCHHS JAHCITUIUIHHBL
Texymuii KOHTPOJIb TPOBOIUTCS HA AyAUTOPHBIX 3aHATHUSIX C IIEJIBIO OMPENEICHUs KauecTBa
YCBOGHHUS Marepuasa 1o OKOHYaHUH U3yYEHUs] OUepeqHON ydeOHON TeMBI B CIeAYyIOMUX Ghopmax:
MUCbMEHHBIM OTMPOC, TECTUPOBAHME. ATTECTAIlMs IO WTOraM OCBOCHHS JUCHMIUTAHBL. J[7st
KOHTPOJIsSI YCBOCHHUSI TAHHOW TMCHUILTMHBI y4eOHBIM TIJIAHOM TPEyCMOTPEH k3aMeH. Ha sk3amene
00yJaroIIMMCs MOTOTABIIMBACTCS OTBET HAa 3 BOIPOCA, CIUCOK KOTOPBIX MPUBEIEH B MPUITIOKECHUH
1 Tab6n.2. Ha moarotoBky kK oTBeTy cryaeHTam Bbiaensercs ot 30 go 40 munyt. Ha Bce Bompocs
CTyIGCHT TOTOBUT THCHbMEHHBI KOHCIIEKTHUBHBI OTBET, KOTOPBIM 3aTeM JOKJIaJbIBAET
MIPernoaBaTeo.

B mnpouecce mnpoBeneHns NpPaKTUYECKUX 3aHATHM MPOUCXOIAUT 3AKPEIUICHHE 3HAHWM,
(dhopMupoBaHUEe YMEHUN U HABBIKOB PeaIU3aIliH NPECTABICHUS O MOACIMPOBAHNE U ONITUMHU3AIIUN
MIPOIIECCOB B JIEPEBOOOPAOOTKH.

CamocTosATeTbHYI0 paboTy HEOOXOJWMO HAYMHATH C TPOPAOOTKH TEOPETHYECKOTO
Marepuaia o npouIeHHON TEME.

Pabota ¢ nuTeparypoil SBISETCS BaXXHEHITUM 3JIEMEHTOM B TMOJYYCHHH 3HAHUW TI0
mucuumuHe. [Ipexae Bcero, HE00X0AMMO BOCIIONB30BATHCS CIIMCKOM PEKOMEHIYEMOM 1o JaHHOMN
JUCUUILIMHE JUTEpaTypou. JlONMOJHUTENbHBIE CBECHUS MO M3y4aeMbIM TEMaM MOXHO HAalTH B
nepuonueckoit neuatu u MHTepHere.
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Ipuaoxenue 2

AHHOTALIUA
padoueii mporpaMmbl JUCHMUILIMHBI
MopnennpoBaHue U ONTUMHU3ALMS MIPOLECCOB

1. Ieab u 33124 TUCUHUILJIMHBI

Lenbto u3yyeHus! JUCHUILIMHBI SBISETCS (OPMUPOBAHUE Y CTYJEHTOB OCO3HAHHOTO MHTEpeca
K Oynymed mnpodeccun, OpraHu3amyisi W YIpaBJIEHHE IPOU3BOJACTBOM C HCIOJIB30BAHUEM
COBPEMEHHBIX MATEMATHYECKUX METOJ0B ¥ KOMIIBIOTEPHON TEXHUKHU.

3a)1aqa OUCHUIIINHBI ABJISACTCA HayLII/ITL 06yqa}0m1/1xca HCIIOJIB30BAaTh MATEMATHUUYCCKUEC
METOAblI B TEXHUYCCKUX HpI/IJ'IO)KeHI/IfIX; HCIIOJIB30BAaTh BO3MOXHOCTHU BI)I‘II/ICJ'H/ITGJ'II)HOﬁ TCXHUKU U
MIPOrPAMMHOTO 00ECIIEUCHHSI; CAMOCTOSTEIILHO (OPMYITUPOBATH 3a/1a4y HAYYHOTO HWCCIICIOBAHMUS,
HaAMCTUTH nyTH cc pemeHlxm, OpFaHI/I3OBaTB HpOBCI[CHI/Ie Hay‘IHI)IX I/ICCJ'IGI[OBaHI/II\/II, JeJIaTb BBIBObI
H1 00001IEHNS.

2. CTpykKTypa IMCUHHNJIHHbI

2.1 PacnpeneneHue TPYIOEMKOCTH TIO OTACIBHBIM BHUIaM y4eOHOW pabOThI, BKIIOUYAS
CaMOCTOSITEIIEHYIO Pa0OTy: JICKIIUH - 8 4acoB, 1a00paTOpHBIE padOTHI — 6 YacOB, MPAKTHICCKHE
3aHATHS - 6 9acoB, camocTosTenbHas padoTta - 151 vac.

OO0mas TpyI0eMKOCTh JUCIUILTHHBL cocTaBisieT 180 yacoB, 5 3a4eTHBIX eTUHUI]

2.2 OCHOBHBIE pa3/eiibl JUCUUILIUHBI:

1. Bsemenue B MaTreMaTH4YEeCKOE MOJCIUPOBAHWE W OCHOBHBIC TIOHATHS. 3aaaduu

ONTUMHU3ALINH.
2. OcHOBHbIE MOHATHUSA JJUHEWUHOTO TTporpaMmupoBanus. CuMmruiekc-meto . J{BoiicTBeHHas

3aJ1a4ya JMHEHHOro MpOrpaMMHUpPOBAHUS.
3. Tpancnoprthas 3anada. Henunelinoe nporpamMmupoBaHue. MeTo1bl UMUTAITMOHHOTO

MOJEIUPOBAHUSI.
3. Ilmanupyemble pe3yJbTaThbl 00yueHusi (MepevyeHb KOMIeTeHIIUI)

Hpouecc HU3YUYCHU NMCHUIIIIMHBI HAITPABJICH Ha (bOpMI/IpOBaHI/Ie CICOYIOIIUX KOMHeTeHHHﬁI
OIIK-1 - cnocoOHOCTH HOHHUMATH HAay4YHBIC OCHOBBI TCXHOJIOTHMYCCKHUX IIPOLECCOB B obnactu

JICCO3aroOTOBUTCIIBHBIX U z[epeBonepepa6aTHBa10LuHX IIPOU3BOJACTB,

[IK-2-cnocoOHOCTh ITOHMMATh HAaY4YHBIC OCHOBBI TCXHOJIOTUYCCKUX IIPOLCCCOB B obnactu
JICCO3aroTOBUTCIIBHBIX U z[epeBonepepa6aTHBa10LuHX IIpOMU3BOJACTB,

[IK-12- cnocoOHOCTH BBI6I/Ip8.TB U TIPUMCHATH COOTBCTCTBYHOHIIME METOAblI MOICIUPOBAHUSA
MCXaHUYCCKHUX u (1)I/I3I/IKO'XI/IMI/I‘IGCKI/IX IMpoLecCcCoB JICCO3aroTOBUTCIIbHBIX u
L[epeBonepepa6aTblBanu1Hx IIPpOU3BOJCTB.

4. Bua npoMeKyTOYHOM aTTeCTAlMU . SK3aMEH
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Ipuao:xenue 3

IIpomokon 0 0ononHeHUAX U U3MEHEHUAX 6 paboyell nPozpamme
na 20__ -20 YueoHwlit 200

1. B pabouyro mporpaMMy o JUCHUIUTMHE BHOCSATCS CIIEAYIOUINE JOTIOJIHEHHS:

2. B pabouyto mporpamMMy Mo JTUCIHMIUTMHE BHOCSATCS CIETYIOUINE N3MEHEHHS:

[Iporokon 3acenanust kapenpsl Ne OT« __ » 20 T.,

(paspabomuux)

3aBenyromuit kadenpoit

(noonucw) (®.1.0.)
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IIpuioxenue 4

®OHJ OHEHOYHBIX CPEACTB AJdA TEKYIIEI'O
KOHTPOJIA YCIIEBAEMOCTH 110 JUCHUIIJIMHE

1. Onucanme ¢GoHAa OLIEHOYHBIX CPEACTB (ACHOPT)

Ne 3
KOMIIETE JIeMenrT Pazngen Tema DOC
KOMIIeTeHIIMH
HIUH
OIIK-1 CIIOCOOHOCTBH 1. Beenenue B 1.1. Beenenue. Oransl | omuem JIP
IIOHUMATh HaquI)Ie MaTEMATUYCCKOC OIITUMU3AITMOHHOI'O H3
OCHOBBI MOJETUPOBAHUE U HCCIIEIOBAHUSL. Juckyccus
TEXHOIOrMIECKIX OCHOBHBIE TTOHSITHS. Ompenenenne }
MPOIIECCOB B 3amaun MaTEMATHYECKUX MOJIEIIEH.
OIITUMU3ALNH. 1.2 TpeboBanus K
obnactu
MaTEMaTHYECKUM MOJIEIISIM.
JI€CO3aroTOBUTEIILH Knaccnduranms
bIX M MaTeMaTHYECKUX  MOJIENel.
niepeBorepepadaTsl OO6mas IOCTaHOBKA 3aJa4M
BaroIIX HCCIIEIOBaHUS Olepaliuii.
IIPOU3BOJICTB 1.3 Kpurepuit
OIITUMAJIBHOCTH.
MHoOroxkpuTepuaibHbIe
3a1a4M HCCIIEOBAHUS
onepaunii. Meroasl cBepTKH
KPUTEPUEB.
2. OcuoBuble | 2.1 Bsenenne B nmueinoe | Jlk-
MOHATHS JIMHEWHOTO | IMporpaMMHpOBaHHUE. 3amaaduun Huckyccus
MPOrPaMMHUPOBAHUS. | JIMHEHHOTO omuem JIP
CuUMILIEKC-METO/I. MPOrPaMMHUPOBAHUSL. 113
JIBoiicTBeHHAS 2.2 T'paduueckoe perieHue Jluckyecus
3ajJadya  JUHEHHOro | OCHOBHOM 3aJa4H JUHEHHOIO
MPOrPaMMHUPOBAHUS. | TIPOTPAMMHUPOBAHUS
METOJIOM TIEPECTAHOBOK.
2.3 HaxoxmeHue oImopHOro U
ONTHMAaJILHOTO peTeHus
3aJa4n JIMHEHHOTO
MPOrPaMMHUPOBAHHSL.
DopMyIHpOBKa
JIBOMCTBEHHOM 3aJ1a4n
JIMHEHHOTrO
MIPOrpPaMMHUPOBAHUSL.
3. TpancnoptHas | 3.1 ®opmynupoBka | JIk-
3agada. HenmuHeliHOE | TpaHCIOPTHOM 3aaun. | Jluckyccus
nporpaMMmupoBanue. | Haxoxxnenue OIOPHOTO | omyem JIP
Meronbl IIaHa. VYilydlleHue IUIaHa | 173
MMHUTAILMOHHOIO MEPEBO30K. Jluckyccus
MOJETUPOBAHUSL. 3.2 IlocranoBka 3axauyu
HEJIMHEHHOT O
MIPOrpaMMUPOBAHUSL.
Metonpl OTBICKHBAHHUS

SKCTpeMyMa s (pyHKIUH
OJIHOH nepeMeHHON. MeTobl
OTBICKMBAHUSL ~ JKCTpEMyMa
UiT  (QYHKIIUU  HECKOJIBKHIX
MEPEMEHHBIX.

3.3 Meroapl IMATAIIMOHHOTO
MOJIETUPOBAHMUSL.
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[1K-2

CIIOCOOHOCTH
HCII0JIb30BaTh
ITaKCThI
HpHKHaHHBD(
[Iporpamm Juist
pacuera
TEXHOJIOTMYECKHX
napamMeTpoB
MIPOIICCCOB U
000pyIOBaHUSI.

1. Beenenue B
MaTeEMaTHYECKOE
MO/ICTUPOBAHUE U
OCHOBHBIE ITOHATHA.
3amaun
ONTHMU3ALIHH.

1.1. Bsenenue. OTansl
ONTUMH3aLUOHHOTO
UCCTIeIOBAHUSI.
Onpenenenue
MaTeMaTHYeCKUX MOJEIEH.
1.2 TpeboBanus K
MaTEMaTHYeCKUM  MOZEIISIM.
Knaccudukanms
MaTEMAaTHYECKUX  MOJICIIEH.
OOmas mocTaHOBKa 3a/a4H
HCCIIEI0BAHHUS OIIEpALIH.

1.3 Kpurepuii
ONTUMAaJILHOCTH.
MHoOroxpurepuaibHbIe
3aJ1a4un UCCTIeIOBAHUS
onepauuii. Meroasl cBEpTKU
KPHUTEPHEB.

omuem JIP
113
Juckyccus

2. OcHOBHBIE
MOHATHUSA JIMHEHHOTO
MPOrPaMMHUPOBAHUSL.
CuMILIEKC-METO/I.
JBolicTBeHHast
3aJaya  JIMHEHWHOIO
MPOrPaMMHUPOBAHUSL.

2.1 Bsenmenue B nMHEHHOE
MpOrpaMMHUpPOBAaHUE. 3alayuu
JIMHEHHOT O
MPOrPaMMHUPOBAHUSL.

2.2 T'paduueckoe pelieHue
OCHOBHOM 3aJa4l JIMHEHHOTO
MPOrPaMMHUPOBAHUS
METOJIOM TIEPECTAHOBOK.

2.3 Haxoxenne ormopHoro u
ONTHMAaJILHOTO pereHus
3a7a4u JIMHEHHOTO
MPOrPaMMHUPOBAHUSL.
DopMyIUpoOBKa
JIBOMCTBEHHOM
JIMHEHHOTO
MIPOrPaMMHUPOBAHUSL.

3aJa4u

JIk-
Juckyccus
omuem JIP
113
Juckyccus

3. TpancrnopTHas
3amava. HemuHeliHOC
MPOrpaMMHUPOBAHHE.
Meronpl
MMHUTAIIOHHOI'O
MOJICTUPOBAHUS.

3.1 DopMyITHpPOBKa
TPaHCIOPTHOMN 3aJaui.
Haxoxnenue OIOPHOI'0
jaHa. YIIydllleHHE IUlaHa
MEPEBO30K.

3.2 IlocraHoBka
HEINUHEWHOT O
MPOrpaMMHUPOBAHUSL.
Merompt OTBICKUBAHUS
JKCcTpeMyMma s (QyHKIUH
OZIHOU nepeMeHHON. MeToabl
OTBICKMBAHUSI  JKCTpEMyMa
T (QYHKIIUHM  HECKOJIBKHX
TepeMEeHHBIX.

3.3 Meroabl UMUTALIUOHHOTO
MO/IEITMPOBAHHSL.

3aJa4u

JIx-
Juckyccus
omuem JIP
113
Juckyccus

I1K-12

CIOCOOHOCTh
BBIOMPATH u
IPUMEHSATh
COOTBETCTBYIOLIHE
METOIbI
MOJICTUPOBAHHS
MEXaHUYECKUX U
¢buzuko-

1. Bsenenue B
MaTeMaTHYECKOE
MOJICTUPOBAHUE  H
OCHOBHEIE ITOHSTHS.
3amaun
ONTHUMH3AIHH.

1.1 OmnpeneneHue
MaTEMaTHYECKUX MOJIEIEH.
1.2 OOmas 1nocTaHOBKa
3a1a9 HCCIIEIOBAHMS
orepanui.

1.3  MHorokputepuagbHbIe
3a1a4 HCCIIEIOBAHMS
onepauuii. Meroasl cBEpTKU
KpUTEPUEB.

omuem JIP
113
Luckyccus
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XUMHUYECKUX 2. OcHoBHble | 2.1 OcHoBHas 3agava | JIx-
HPOLIECCOB MOHATUS JIMHEWHOIO | JIMHEHHOrO Huckyccust
1eco3aroToBUTENEH | TPOTPAMMHUPOBAHHUS. | IPOrPAMMUPOBAHMUS. omuem JIP
BIX u | CHMIUIeKC-MeTo. T'eomerpuueckas 113
JIepeBoTepepabaThi JBoiicTBeHHas § HHTEPNIPETALS  OCHOBHOH Juckyecus
3ajaya  JUHEWHOTro | 3ajadu JUHEHHOTO
BAIOTITHX MPOrpaMMHUPOBAHHUS. | IPOrPAMMUPOBAHUSL.
IIPOU3BOJCTB. 29 AsropaT™
npeoOpa3oBaHus
CTaHJApPTHOM  TaONUIBI B
CUMILIEKC-METO/IE.
2.3 DKOHOMUYECKAs
UHTEpHpeTauus OpsSMOd U
JIBOMCTBEHHOM 3a7a4
JIMHEWHOrO
MPOrPaMMHUPOBAHUSL.
3. TpancnoptHas | 3.1 Pemenue TpaHcropTHOH | JIk-
3ajiaya. HenuneliHoe | 3amaun METOAOM | Jluckyccus
MPOrpaMMHUPOBAHUE. | TIOTEHITUATIOB. omuem JIP
Meronan! TpaHcrOpTHBIE  3aaud C 113
UMUTAIMOHHOT'O HEMPaBUILHBIM OaJlaHCOM. Juckyecus
MOJEIUPOBAHUA. 3.2 Meronsl OTBICKUBAHUSA
JKCTpeMyMa Ui (YHKIUH
HECKOJIBKUX TTepEMEHHBIX.
33 UccnenoBanuss  Ha
HUMUTAIMOHHON MOJEIIN.
2. Ornmcanue Tokas3aTeliell 1 KpUTePUEB OIICHUBAHUS KOMITCTSHITHIA
IToka3zaresu Ouenka Kpurepun
3namo OOyuarommuiics JEMOHCTPUPYET
(OIIK-1): 32YTEeHO rybokoe W MPOYHOE  YCBOEHHE
-METObI TOJyYEHUs Ma- MPOrPaMMHOTO MaTepuana. YeTrko u
TEeMaTUYECKUX MOJIeJel [OCJIEIOBATENBHO U3J1aracT MaTepuall.
TEXHOJIOTUYECKUX  IIPO- O6yuarommics JIEMOHCTPHPYET
11eccos, OTCYTCTBUE  3HAHUA  3HAYUTEIBHOUN
"MaTCMaTHICCKUC  METO= 4acTU MporpamMMHoro marepuana. Ilpu
Abl 1 TIPOTPAMMBI S?M HU3JIO)KEHUM  MarTepualia  JOITYCKaeT
UL PELICHUS MOZICIICH. CYILIECTBEHHBIC OITUOKH.
(TIK-2)
-METObI TOJIyYEHUs Ma-
TEeMaTUYECKUX MOJIeJeH
TEXHOJIOTUYECKUX  IIPO-
LIECCOB;
-MaTEMAaTUYECKUE METO-
He 324YTEHO

bl U nporpamMmmsl OBM
JUISL pELIEHUS MOJIEIIEH.

(TIK-12)

-OCHOBHBIC TIOHATHS U
METOJBl ~ MaTeMaTH4ec-
KOTO aHalln3a

YMmethb

(OIIK-1):

-MCIOJb30BaTh MaTeMa-
TUYECKHE METOJBI B TEX-
HUYECKUX MPUIIOKEHUSX;
-CaMOCTOSITeNIbHO  (hop-

103




MYJIMPOBaTh 3agady Ha-
YYHOTO  HCCIIEIOBAHUS,
HaMETUTh IYTH €€ pelie-
HUS, OPraHU30BaTh MpPO-
BEJICHUE HAyYHBIX UCCIIe-
JIOBaHWM, 1elIaTh BBIBO-
II6I U 0000IIEHNUS.

(T1K-2)

-HCHOJIb30BAaTh MaTeMa-
THYECKUE METOAbI B TEX-
HUYCCKUX TIPHIIOKCHUSX;
-CaMOCTOSITeNIbHO  (op-
MYJIMPOBATh 3aady Ha-
YYHOTO  HCCJICIOBAHUS,
HaMETUTh MYTH €€ pelie-
HUSI, OPraHU30BaTh MPO-
BEJICHUE HAyIHBIX UCCIIEe-
JIOBaHWH, 1eJIaTh BBIBO-
eI 1 0000IIEHHS.
(TIK-12)

- HUCIOJB30BaTh MaTeMa-
THYECKUE METOAbI B TEX-
HUYCCKUX TIPHIIOKCHUSX;
Baagern

(OI1K-1):
-MaTEeMaTUYECKUMU Me-
TOJaMU  TUTAHHPOBAHUS
AKCIIEPUMEHTA IS TIOJTy-
YEeHUs MaTEeMaTHYECKUX
MOJEJIEH OIMCAaHUA TEX-
HOJIOTHYECKUX  TIpOIIec-
COB;

-METOJAaMH CTAaTHCTHYEC-
KO 00paboTKH pe3ysib-
TaTOB JKCIEPUMEHTA U
MMPOBEPKH aJICKBAaTHOCTHU
MaTeMaTUYECKOH Moze-
JIH.

(T1K-2)
-MaTeEMaTUYECKUMU Me-
TOJAaMU  TUTAHHPOBAHUS
SKCIEPUMEHTA JJIs MOTy-
YEeHHS MaTEMaTHYECKUX
Mojenel ONMCaHUSI TeX-
HOJIOTHYECKUX  TIpOIIec-
COB;

METOJaMH CTaTHUCTHUYEC-
KoM 00paboTKu pe3yib-
TaTOB JKCIEPUMEHTa U
MPOBEPKU aJIEKBATHOCTHU
MaTeMaTUYeCKOM Moe-
JIH.

(I1K-12)
-CaMOCTOSITENNFHO  (hop-
MyJIUpOBaTh 3aJady Ha-
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YYHOTO  HMCCJICIOBaHHUSA,
HAMCTUTH nyTn cec peLHe-
HHUS

-OpraH130BaTh MpPOBEJE-
HHEC HAYYHBIX UCCIICA0BA-
HUM, 7elIaTh BBIBOJBI H
00001IeHn
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[Iporpamma cocTaBieHa B  COOTBETCTBUM ¢  (pelepalibHBIM — TOCYIApCTBEHHBIM

00pa3oBaTeNbHBIM CTAHJAPTOM BBICIIETO OOpa30BaHUs [0 HAMPABJICHUIO MOATOTOBKHU 35.03

.02

TexHOJOTHs JIeCO3ar0TOBUTENBHBIX U JIepeBOnepepadaThIBAIONINX MPOU3BOACTB OT «20» OKTAOps

2015 . Ne 1164

s Hadopa 2015 roaa: u yue6usM ianom @I'BOY BO «bpl'Y» misa 3a04nHo# popMbl 00ydeHus

ot «04» nexabps 2015r. Ne 770

s Hadopa 2016 roaa: u yue6usm ianom GI'BOY BO «bpl'Y» st 3a04HO# GopMbl 00ydeHus

oT « 06» urousa 2016 . Ne 429 ¢ usmenenusamu ot 06.03.2017 r.Ne 126

s Hadopa 2017 roaa: u yue6usM ianom GI'BOY BO «bpl'Y» mist 3a04HO# opMBbI 00ydeHus

ot «06» mapra 2017 r. Ne 125

s Hatopa 2018 roaa: u yue6HsiM mmanHom ®I'BOY BO «bpl'Y» mniga 3a04Hoi popmbl 0OyueHus

oT «12» mapta 2018 1. Ne 130

IIporpammy cocraBui:
ITmoTamkoB Hukoaii I1aBnoBud, MOIEHT, K.T.H.

Pabouyas mporpamma paccMoTpeHa U yTBepkAeHa Ha 3aceqannu kadenpsr BullJIP
oT « 25 » nekabps 2018 r., mporokoxn Ne 8.

3aenyromuit kadenpoit BullJIP NBanos B.A.
COI'NTACOBAHO:

3aBeayromuil BeIMycKaromiel kadeapoi NBanoB B.A.
JlupexTop OMOIMOTEKH Cotnuk T.D.

Paboyas mporpamma 0100peHa METOANIECKONH KOMUCCHEH JIECOTTPOMBIIIUICHHOTO (haKybTeTa
oT « 27 » nexabps 2018 r., mpoTokos Ne 4.

[Ipencenarens MeToauYECKON KOMUCCHH (PaKyIbTeTa Ceipomaxa C.M.
Havansauk
y4eOHO-METOAUYECKOTO YIPaBICHUS Hexesen I'.I1.

Peructpanmonnsiin Ne

(memoouueckuil omoen)
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