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1. IEPEYEHb IIJIAHUPYEMbIX PE3YJIBTATOB OBYYEHMUSA IIO JUCHUIIIMHE,
COOTHECEHHBIX C IIUVIAHUPYEMBIMU  PE3YJIIBTATAMHU OCBOEHUA
OBPA30BATEJIbHOI ITPOI'PAMMBI

Buj nesiTeJIbHOCTH BBINTYCKHUKA

JlucuurimHa OXBaThIBa€T KPYT BOIIPOCOB, OTHOCSIIHMXCS K HAyYHO-HCCIICIOBATEIBCKOW H
HpOI/I3BOI[CTBCHHO-TCXHOHOFHHCCKOﬁ JACATCIIBHOCTH B COOTBETCTBHU C KOMIICTCHLHUAMHW U BHJaMU
JeSATeILHOCTH, YKa3aHHBIMHU B y4eOHOM IUIaHE.

Meab AMCIUATIMHBI

[ToaroToBka OOyYarOMIMXCSI K CaMOCTOSTEIBHOMY PEHICHUI0 Hay4YHO-HCCIIEI0BATEIbCKUX
3a/1a4 JIECO3arOTOBHUTEIBHBIX U JICEPEBOMEPEPa0ATHIBAOIINX TPOU3BOACTB C HCIOJIb30BAHUEM
COBPEMEHHOTO KOMITBIOTEPHOT'O U MMPOTPAMMHOTO 00€CTICUCHHUS.

3agauu QM CHUIIAHBI

Hayunth oOydarommxcs HCIONb30BaTh MAaTEMAaTHYECKHE METOJbl B  TEXHHYECKHX
MMPUIIOKCHUAX,; HCIIOJB30BAThH BO3MOXKHOCTHU BBIYUCIHUTEILHON TEXHUKH U ImporpaMmMHOIO
o0ecrneveHus; caMOCTOATENbHO (POPMYIUPOBATh 33/1a4y HAYYHOTO HCCIIEOBaHMSI, HAMETUTh MMYTU
€¢ peIICHHsI, OpraHN30BaTh MPOBEICHNE HAYYHBIX HCCIICIOBAHUN, IeTIaTh BBIBOABI U O0OOIICHHUS.

Kon Conepxanue IIepeyeHb NIAHUPYEMBIX Pe3yJIbTATOB
KOMIIeTEeHIIUH KOMIIeTeHIHii 00yuyeHusi 0 TUCHUILINHE
1 2 3

OIIK-1 CIOCOOHOCTH [IOHUMATh | 3HATh:
Hay4HbIE OCHOBBI TE€XHOJIO- | - METOJbI IMOJYyYECHUS MATEeMATHUYECKUX MOJeei
THYECKHUX TPOILIECCOB B 00- | TEXHOJOTHYECKHX MPOIECCOB;
JAaCTH  JIECO3aroTOBUTENb- | - MAaTeMaTUYECKUE METOAbl M IporpamMmMmsl OBM
HBIX IPOU3BO/ICTB JUISL pEeLLIEHUs MOJIEIIEH.

yMeTh:

-  HWCIIOJIB30BaTh MaTreMaTUYeCKHe METOAbl B
TCXHUYCCKHUX HpI/IJ'IO)KeHI/IﬂX;

- caMmocCTosTeNnbHO  (opMynHpoBaTh  3agady
HaquOl"O HUCCJIe10BaHUA, HaAMCTUTH nyTH ce
pelIeHusl, OpraHu30BaTh IPOBEACHUE HAYYHBIX
HCCJIENOBaHUM, AeIaTh BEIBOALI M 0000IIEHUS.
BJIAJETh:

- MaAarTeMaTU4YCCKMMHU MCECTOdAMU HJ'IaHI/II)OBaHI/ISI
AKCIIEPUMEHTA JJis TOJYyYEHUsS MaTEeMaTUYECKUX
MoO/IeJIel ONTMCAHUS TEXHOJIOTHUYECKUX MPOIECCOB;

- METOJIaMH CTaTHCTHYCSCKOM 00paboTku
pe3yIbTaTOB IKCTIEPUMEHTA 51 MIPOBEPKHU
aJIEKBaTHOCTH MaTeMaTHYECKOH MOJEIIH.




[1K-2

CIIOCOOHOCTD MCIIOJIb30BaTh
ITAKCThI HpI/IKJIaIIHBIX
mporpaMM  JUIsL  pacdera
TCXHOJIOTHNYCCKUX
apaMEeTPOB IMPOIECCOB U
o0opymoBaHUsI.

3HATh:

- METOJbl IOJIYYEHHsS MaTEMaTHUECKUX MOJeNel
TEXHOJIOTHYECKHUX IIPOLECCOB;

- MaTeMaTHuYecKue MeTojpl M mnporpammsl OBM
JUUISL pEIIECHUS] MOJICIICH.

yMeTh:

- caMmocCTosTelbHO  (opMynHpoBaTh  3ajady
HAay4yHOTO HCCIIEJOBaHMs, HAMETUTb IIyTU €€
pellleHusl, OpraHu30BaThb MPOBEACHHE HAYYHBIX

HCCIIENOBAHUMN, NeJIaTh BEIBOALI 1 0000IIEHH.
BJIAJIETh:

-  MaTeMaTHYeCKMMH METOJIaMH TUIAHUPOBAHUS
SKCIICPUMEHTA JUIS TOJIYYCHHS MaTeMaTHYCCKUX
MOJIeJIe OMTUCAHUS TEXHOJOTUIECKUX MPOIECCOB;

- METOIaMH CTaTHCTHYECKOM 00paboTKH
pe3yJIbTaTOB IKCIIEPUMEHTA 51 MIPOBEPKHU
aJIeKBATHOCTH MaTEMAaTHYECKOM MOJIEIH.

[1K-12 CIIOCOOHOCTh BBIOMPATH U | 3HATh:
MIPUMEHSTh -OCHOBHBIC TOHSATHS ¥ METOIbl MaTEMaTH4YEeCKOTO
COOTBETCTBYIOIIME METOMBI | aHAJIH3a
MOJIETTUPOBAHUS yMeTh:
MEXaHHYECKUX W (HU3MKO- | - HCIIOJIB30BAaTh MATEMAaTHYCCKUE METOIBI B
XUMHAYECKHX  IPOIECCOB | TEXHUYECKUX MPHIIOKCHHUSX;
JIECO3arOTOBUTEIBHBIX W | BJAJAETh:
JepeBorepepadaThIBAIONINX | -CAMOCTOSITEIBHO bopmynHupoBaTh 3ajauy
MIPOU3BOJICTB. HAyYHOTO HCCJICJIOBaHMS, HAMETHTh WIyTH €€
peLieHus
-OpraHu30BaTh MIPOBEJICHHE HayYHBIX
WCCJICTOBaHHM, JIeNaTh BBIBOJBI U 0000IIEHUS
2. MECTO JUCHUIUIMHBI B CTPYKTYPE OBPA3OBATEJBHOM

ITPOI'PAMMBI

Hucuunnuna b1.6.11 MonenupoBanue U ONTHUMH3AIMS MPOLIECCOB OTHOCHUTCS K 0a30BOM

HacCTH.

Z[I/ICL[I/IHJ'II/IHEI MOI[GJ'II/IpOBaHI/Ie U OolTuMuilanus IpoueccoB 6a31/1pyeTc;1 Ha 3HAaHUAX,
MOJIYYCHHBIX IIPU HM3YUYCHHUH TaKHUX yqe6H},1x JUCHUIIIMH, KaK: MaTréMaTuka, (1)1/131/11(3, METOAbI U
CpeaCTBa HAYUHBIX HCCHCﬂOBaHHﬁ.

OCHOBEIBasICH Ha HU3YUCHUU TMEPCUNUCICHHBIX AWCHUILUINH, MOACIUPOBAHUEC W OIITHMU3ALUA
mponeccoB I[epCBOO6p3.60TKI/I NPEACTABISICT OCHOBY JJIsI HU3YUYCHUS JHUCHMILIAH Texuugeckoe

o0cy)XKruBaHue

U PEMOHT  JIECHOTO

JI€COBOCCTAHOBUTCIBHBIX pa60T..

Takoe

CUCTEMHOC

MCXKIUCHUITIIMHAPHOC

o0opynoBaHus, TexHonoruss ©W  MallUHbI

HU3YUCHUC  HAIpPaBJICHO Ha AOOCTHXXCHHUC

tpedyemoro ®I'OC ypoBHs MOATOTOBKH MO KBaTU(pUKALIMK OaKaiaBp.




3. PACIIPEJEJIEHUE OB BEMA TN CHUIIJIMHBI

3.1. Pacnipeesienue o60beMa TUCHMILIMHBI 10 GopMaM 00yUeHUst

Tpyooemkocms oucyuniunvl ¢ uacax
Kypcosas
E § § padooma n fj:::m
s $ ® v S (npoexm), P Y
dopma 3 3 2 S mounou
g = < s KOHmpoavhas
odyuenus g g S $ S ammec-
Y 3 =y g 2= S paboma, mauyuu
5 S g T |3 g3 S s pedepam, %
o | 8| 5| 5| § /5§ £§ | g8 PI'P
513 32| 88§ &% | &8¢
0O | 8 < N 83 RS O ]
1 2 3 4 5 6 7 8 9 10 11
Ounas - - - - - - -
3aouHnas 4 - | 180 | 14 6 4 4 157 JK3aMeH
3aouHas - - - - - - - - -
(ycxopenHoe
00ydeHue)
OuHo-3204Has - - - - - - - - -
3.2. Pacupenesenue 00beMa TUCHUILINHBI 10 BUIAM V4E€OHBIX 3aHATHH U TPYAO0EMKOCTD
p y Py
6 m.u. ¢
Tovo UHMEPAKMUBHOI, Pacnpedenenue
N pyco- AKMUGHOU, UHHO- no Kype, 1ac
Buo yueonwvix sanamuii emKocmbp >
(wac.) 6ayuUUOHHOU
dopmax, 4
(uac.)
1 2 3 4
|. KonTakTHasi paboTa 00y4aronuxcs ¢ 14 4 14
npenoaaBaTeyeM (BCero)
Jlexmmm (JIk) 6 _ 6
IpaxTtrueckue 3ausatus (I13) 4 2 4
Jlaboparopnbie pabotsl (JIP) 4 2 4
I'pynmoBbie (MHAWBHUIyaIbHBIE) KOHCYJIBTAIH + R +
Il1.CamocTosiTesibHas paGoTa 00y4YaroLuXcst 157 ) 157
(CP)
IMToaroroBka K 1a60paTopHBIM paboTam 61 - 61
IToAroTOBKA K MPAKTHYECKUM 3aHATHAM 60 - 60
IToAroToBKa K 9K3aMEHY B TCUCHHE CEMECTpa 36 - 36
I11. IpomexkyTouHast aTTecTalust  dK3aMEH 9 - 9
OO01mas Tpy10EMKOCTh AMCIUTUTAHbL Jac. 180 - 180
3ad. el 5 - 5




4. COAEP)KAHUE JUCIUIIJIMHBI
4.1. PacnipeesieHue pa3iesioB JMCUMILUIMHBI 10 BUAaM Y4eOHBIX 3aHATHI
- IS 3204HOM (POPMBI O0OYUEHHUS

Ne
pas-
oena

memol

Haumenosanue
pazoena u
mema OuCyUNIUHDBL

Tpyooem-
Kocmy,

(uac.)

Buowt yueonwvix 3anamuil, éKknrouan
CamocmoamenvHyio pabomy ooyuaowuxca u

mpyooemkocmu; (uac.)

yueOHbvle 3aHAMUA

nabopa-
npakmuuecKkue
JneKyuu P mopHule

3anamun paﬁombl

camocmoameins-
Hasa paboma
oodyuarowuxca

[EEN

2

7

BBenenne B MaTeMaTHuec-
KOe  MOJeJHMpPOBaHUE H
OCHOBHBIE NOHATHSA. 3aJa4n
ONTHMM3AINH.

56

52

1.1

BBenenne. OTanbl onTHMH3a-
LIMOHHOI'0 HCCIICIOBaHMS.
OnpeneneHue  MaTeMaTHue-
ckux mozeneil. TpeboBaHus K
MaTEMaTUYECKUM  MOJIEIISIM.
Knaccudukanus marematu-
yeckux Mogeie.  OOmias
IIOCTAHOBKA 3aJayd HCCIIEeNO-
BaHus omnepauuid. Kpurepmuii
ONTUMANBHOCTH. MHOTOKPH-
TepUaJbHBIC 33/1a4l UCCIIEIO-
BaHusA onepauuil. MeTroabl
CBEPTKH KPUTEPHEB.

56

52

OcHOBHBIE MOHATHSA JHHEH-
HOT0 MPOrpaMMHPOBAHMS.
CuMILIeKC-MeTOI. JIBoii-
CTBEeHHAsl 3ajJauya JHHeH-
HOT0 NPOrpaMMHPOBAHMS.

59

53

2.1.

BBenenue B JIMHETHOE TIpoO-
rpaMMHUpPOBaHUE. 3aJaud JiH-
HEWHOI'O NMPOrpaMMHUPOBAHUSL.
OcHoBHas 3aja4a JIMHEHHOIO
nporpamMmmupoBanus. I'eomer-
pUYecKas MUHTEpPOpETalus oc-
HOBHOM 3aJadydl JHUHEHHOTO
nporpamMmmupoBanus. [ 'padu-
YECKOE pEeIICHUEe OCHOBHOM
3ala4yd JIMHEHHOrO Mporpam-
MHPOBAHUS METOJOM IIepec-
TaHOBOK. AJITOPUTM IIpeodpa-
30BaHUsl CTaHJAPTHOUW TaOIu-
el B cuMmIiniekc-merone. Ha-
XOXKJICHHE OTIOPHOTO W ONTH-
MaJIbHOTO pEIIeHUs 3a7auu
JIMHEHHOT O pOrpaMMHpO-
Banus. DopmynupoBka ABOWA-
CTBEHHOM 3aJaydl JIMHCHHOI'O
MPOrpaMMUpPOBAHUS. IDKOHO-
MUYecKas HWHTEpIIpeTaus
NpAMOM U JIBOWCTBEHHOM 3a-
a4 JUHEHHOro MpOorpaMMHu-
pOBaHUSL.

59

53

(o]




3. TpancnoprHas 3amauya. He- 56 2 1 1 52
JINHeilHOe TPOrpaMMHpOBa-
Hue. MeToAbl MMHUTANMOH-
HOT'0 MO/IeJIMPOBAHMSI.

3.1 ®opMyIMpOBKa  TPAHCIOPT- 56 2 1 1 52
HOM 3ajmaun. HaxoxneHue
OMNOPHOrO IJIaHA. YIIydllICHUE
IJlaHa TIEPeBO30K. PereHue
TPAHCIIOPTHON 3aJa4d METO-
JIOM TOTeHIHayioB. TpaHc-
MOPTHBIE 3aJa4d C Hempa-
BuwIbHBIM Oamancom. [locta-
HOBKa 331a4yd HEIMHEWHOTro
IIPOrpaMMUpPOBaHUs. MeToabl
OTBHICKUBAHU 3KCTpeMyMa
s QYyHKIMU OJHOHM mepe-
MEHHOU. MeTonpl OTBICKH-
BaHUs IKCTpeMyMa Al QyHK-
U HECKOJbKHUX TIICPEMCH-
HBIX. MeToapl UMUTALMOHHO-
ro mogenupoBanus. Mccneno-
BaHUA Ha I/IMI/ITaHI/IOHHOI‘/'I
MOJIENH.

HUTOI'O 171 6 4 4 157

4.2. ConepxaHue IMCUMILVIMHBI, CTPYKTYPUPOBAaHHOE N0 Pa3jejiaM U TeMaM.

Pa3nen 1. Bexenue. Dtanbl ONTHMHU3ANMMOHHOIO HcciaeaoBaHus. OnpeaejeHne MaTeMAaTHYECKHX
MoJieJ1ei.

MaremaTH4eckoii  MoAeabl0  00beKTa  HA3bIBAa€TCS  COBOKYNHOCTh  MaTEeMaTHYECKHX
3aBHCHUMOCTEH, OTMMCHIBAIONINX €T0 (PYHKIIMOHUPOBAHHE.
HanOonee THNIMYHBIMU O0BEKTAMU UCCIIEOBAHUM B 1epeBOOOPAOOTKE SABIAIOTCS TEXHOJIOTHUECKUE
MPOIIECCHl MEXaHMYECKOW 00pabOTKH, CYIIKH, MPONMUTKH, CKICHBAaHUS, PECCOBAHUS PEBECUHBI,
HaHECEHHe 3allUTHO-ACKOPATUBHOIO TMOKPHITHA. Bce OHM JOCTaTOYHO CIOXKHBI, MOITOMY INpHU
MaTeMaTHYECKOM OIMCAaHUM WX HEW30eKHO MPHUXOIUTCS YIPOIIaTh, OrpyossaTh, mpeHeOperas
BTOPOCTENEHHBIMU (akTOpaMH U oOpallas BHHUMaHUE Ha CYIIECTBEHHbIE. YCIEX WM Heyaaua
UCCJIEIOBaHMsI BO MHOI'OM IIpelomnpenensercs BbIOOpoM croco0a omucaHus Oo0beKkTa, BHA
MaTeMaTHYecKol Mojenu. MaTemaTudyeckue MOJENTH IOJIy4yaroT IBYMsS OCHOBHBIMH METOJAMH:
TEOPETUYECKHUM M OIKCIIEPUMEHTATbHBIM. COOTBETCTBEHHO DPAa3IMYalOT AHAIUTHYECKHE MOJIEIH,
MOCTPOCHHbIE TEOPETUYECKUMU METOAAMH, U SMIIMPUUECKUE MOJEIH, ITOJyYSHHBIE 110 pe3ybTaTaM
00pabOTKH IKCTIEPUMEHTAIBHBIX TaHHBIX. [[0SICHUM MPHpOTy aHATUTHYECKUX MOJIEIIEH.
JIro60i1 TEeXHOJOTMYeCKUil mpolecc JIepeBOOOPaOOTKM BKIIOYAET HEKOTOpble (U3NYEecKHue
NPOIIECCHI: TIEpEeMEeIIeHHe BEIIeCTBA, TEIUIA- W MAacCOIEPEHOC, XHMHYECKHE IPEBPAIICHHUS.
[Tepemenienne BemecTBa MOXeET OBITh CBSI3aHO C HApYIIEHHUEM BHYTPEHHMX CBsI3€il, YTO TUITUYHO
JUTS. TIPOIIECCOB MEXaHHYECKOW 00paOOTKH IPEBECHHBI - PEe3aHHsl, PACKAJIBIBAHUS, W3METbUCHIUS,
00paboTku naBiaeHreM. OU3NUecKue Mporecchl TemIol | 1 MacconepeHoca jekaT B OCHOBE CYMIKH
U TIPOTTUTKH JPEBECHHBI. TEeXHOJOTHUECKUE MPOIECChl CKICUBAHUS W OTACIKH COMPOBOXKIAIOTCS
XUMHUYECKHUMHU MPEBPALICHUSIMU
Teopernueckoe omucanue (U3MUECKUX MPOLEcCOB Oazupyercs Ha OOUIMX 3aKOHaX MPHUPOJIBI:
3aKOHAX COXPAHEHUS MaTepUM M DSHEPruM, HEKOTOPHIX (PHU3MUECKUX MPHHIMIAX M 3aKOHAX,
YCTQHOBJICHHBIX OIBITHBIM ITyTeM. 3aKOH COXpaHEHHsS MaTepud MOXHO 3alucaTh B BHJE
yYpaBHEHMI MaTepHabHBIX OaJlaHCOB:
IUISL TUHAMUKH TIpoIiecca
NpUX0J] = yObLIb +.MpHUpAICHUE;
ISl CTaTHKH TIporiecca
NPUXO0J = YOBUIb.




[Ipu noctpoeHMM Mojenedl 3T YpPaBHEHUS 3alMCHIBAIOT C HCIOJIb30BAHUEM IOHSTUS IOTOK
BenlecTBa. IloTok BemiecTBa - 3TO KOJIMYECTBO IMOCTYNHBIIErO WIM YIIEIIETO BELIECTBA 3a
(UKCUPOBAHHBIN OTPE30K BPEMEHU YEpe3 €IMHUILY IOBEPXHOCTH.

3aKOH COXpAaHEHHUS MaTepuu 3alUChIBAaeTCs B BUJAE BblpakeHud (1.2) B ToM ciywae, Korja
paccMaTpuBaeTCs MOTOK BEIECTBAa, IMPOXOAALIMI yepe3 olpelesieHHoe ceueHue. s MOoTOKoB
BEIIIECTBA, MOCTYMAIOIIUX B HEKOTOPYIO €MKOCTh M BBIXOJSIIUX U3 Hee, npuMensieTcs ¢opma (1.1).
3aK0oH coxpaHEHHUs SHepruw 3amuchkiBaeTcs aHajgoruyHo (1.1) m (1.2 ) mo mpuxonmy, yObUM U
IPUPALICHUIO SHEPTUU.

PaccMmoTpuM npumepsl HOCTPOEHUS MOJIeNIeH Ha OCHOBE 3aKOHA COXPAHEHUsI MaTEPUH.

OnpenesieHne MaTeMaTHYeCKUX Mo/leJ1ei

O6o3HauuM 4epe3 V1 BXOIANUN TOTOK KPYTJOTO CHIPBS, BBIXOASIIME IMOTOKH: V2 - TOTOK
nUjaoMaTepuanoB; V3- MOTOK TEXHOJIOTMYECKOU miensl; V4 - MOTOK OMWIOK; V5 - MOTOK MOTEPh Ha
YCYUIKY U pachbul. Y paBHEHHE MaTEpUAIbLHOTO OanaHca 3aluiieM B CISAYIOLIEM BUJIE:
V1 =V2+V3+V4+V5.
B3sB mpou3BogHBIE MO BpPEeMEHHM OT €ro o0eux wyacteid, monyuuMm auddepennumanbayo hopmy
ypaBHEHUS
dVv1/dt =dVv2 /dt + dV3/dt + dV4 /dt + dV5 /dt.
VYpaBuenue (1.4) 3agaet cBsI3b MEXKIY CKOPOCTSIMU U3MEHEHMSI BXOJTHBIX M BBIXOJHBIX IMOTOKOB, T.
€. MeXIYy NPOU3BOAUTEIHHOCTBIO JUMHUM IO MPOMmycKy cbipbs dV1 /dt, mpou3BOAUTENBHOCTHIO
JIMHUAYU TI0 BeIpaboTke nuiiomarepuanoB dV2/dt, mo BeipaboTke TexHomornyeckoi mens dV3/dt u T.
1.
MarteMmaTuyeckasi MojieJib MOJy4eHHs MPOKJIEeHHOH Macchl B MPOU3BO/ICTBE JIBII

B sammke HenmpeppIBHOW NPOKIECWKH, CHA0)KEHHOM MEIIAJIKOW, TPOUCXOAUT CMEIIMBAHHE
JIPECBECHOBOJIOKHUCTOM Macchl (motok Q1) ¢ mpomuThiBaromielt ao0aBkoil  (moTtoxk Q2),
ruapodobHoit nobaBkoit (motok Q3) u ocamurtenem (mo- Tok Q4). B pesynbrare cMenmmBaHUS
HOJIy4aeTcs MPOKJIEEHHAs Macca, MOTOK KOTopoi 06o3HaunM yepe3 Q5. Mogens gaHHOTro mpoliecca
MO>KHO 3amucaTh Ha OCHOBe cooTHomeHus (1.1):
Q1+ Q2+ Q3+ Q4- Q5= AQ5.

[Tpupamenne AQS,paccmaTpuBaeMoe 3a OECKOHEYHO Malblii MIPOMEXYTOK BpemeHu dt,
npezcTasisier coboit mpousBoHyto dQS /dt. Mozens mpuHUMAET CleayoUi BU:

Q1+ Q2 + Q3 + Q4- Q5t.
MareMaTnueckKkas MOd€Jb ABUKCHUSA YaCcTUIIbI Cpr)Ke‘{HOﬁ MacCcChbl

Mogenb ctpoutcss Ha ocHOBe ¢u3ndeckux 3akoHOB. (I'omoBau B. M. IloBbimenue kauecTBa
(dbopMUPOBaHUS JPEBECHOCTPYKEYHOTO KOBpA.

ABTopedepaT auccepTanny Ha COMCKaHUE YICHOW CTETICHH KaHJ. TEXH. HayK. — M).

st KoHTpoJis KadecTBa (POPMUPOBAHUS JAPEBECHOCTPYKEUHOTO KoBpa mpu mpousBojcTee JCTII
HEOOXOJUMO HW3YYHTh JIBIDKEHHUE YAaCTHI[ CTPY)KCYHOW MAaCChl TPH HACBITKE OCMOJIECHHBIX
JIPEBECHBIX YaCcTHIl Ha JBIDKYIIMKCS TOJJIOH WIM JICHTOYHBIH KOHBeiep. PaccmoTpum Mopaens
JBUKEHHS] OJJUHOYHOW OCMOJIEHHOM ApeBecHoM yacTuiibl. Ha cBOOOHO Majaroniyro yactuily OyayT
JENCTBOBATh CUJa TSDKECTH Mg W CHJIa CONMPOTHUBICHUS Bo3ayxa F, mpomopiimoHansHas KBaapaTy
CKOPOCTH:

F=cx S p v2/2

IJIe M - Macca YacTHIIBI;

g - ycKopeHHe cBOOOIHOTO Ma/ICHUS;

cX - Kod(hpurmeHT 1000BOTO COMPOTUBIICHUS,

S - Tak Ha3zpIBaeMO€ MUJAENEBO CEYCHHWE - IUIOMIA[b MPOCKIMH YaCTUIBI Ha TIUIOCKOCTH,
NEPIEeHIUKYIAPHYIO K HAPABJICHUIO CKOPOCTH €€ Ta/ICHNUs;

p - TUIOTHOCTH BO3/TyXa;

V - CKOPOCTb YaCTHIII.



Bropoii 3akon HproToHa 11 ABMIKEHUS] YaCTHIBI TIPH €e CBOOOTHOM IaJICHUH MOXKHO 3aIHCaTh B
BUJIC
m (dv/dt)=mg- c,Spv*/2.
ITocne pa3neneHus NEPEMEHHBIX MTOIYYUM
dv/(g-av®)=dt
rzae a = cxSp/2m. [Tocne unrerpupoBanus auddepenunansuoro ypasuenus (1.5) noxyunm
1 n ..U'E + E?'-,‘."E

2.[as

—| =t +C.
4 ag w.’E—?.?\."rl

3HaveHHE MOCTOSTHHOW MHTerpupoBanust C HalileM U3 Ha4aJIbHBIX YCJIOBUU. [Ipumem, uto mipu / =
0, TO ecTb B MOMEHT OTpbIBa OT KOHBEHEpa MUTATENs, APEBECHAs YacTUlla UMEET CKOpocTh Vv = 0.
[ToncraBus 3HaueHus t = 0 u v = 0 B popmyiny (1.6), monyuum C = 0. C ydeTom 3TOT0 Haiinem u3
(1.6) BeIpakeHue U1 CKOPOCTU YaCTHUIIBI:
[ge™eEf—1 [g 2
v= [-F——————= [— |1 ———
*qaez,f-rzgt+1 Na e!,{-&gt+1
W3 nonmyuennoit mozaenu (1.7) ABUKEHUsT IPEBECHOM YaCTHUIIBI CIIEIYET, YTO CKOPOCTh €€ C MOMEHTA

OTpbIBa MOHOTOHHO BO3paCTAaCT, CTPCMSIACH K IPCACIIBHOMY 3HAYCHUIO VIIP, pABHOMY

=
. (g
Ve = limv = /-

t—+oa Na

TpedoBanus k MaTemMaTuueckuMm moaeasam. Kiaccupukanusa mareMmaTuyeckux Mmojaeseii. Oomas
NMOCTAHOBKA 32/1a4H HCCJIeJOBAHNUSA OTEPAIHIii.

[locTpoeHne Mopenu OCHOBAaHO Ha HCIOJIb30BAHMM KAaK 3aKOHA COXPAHEHUs SHEPruu, TaKk U
¢u3nveckux 3akoHOB. JlaHHBIH Mporiecc MOXKET ObITh onucad AudQepeHInanbHbBIM ypaBHEHUEM B
YaCTHBIX NPOU3BOJHBIX BTOPOTO MOPSAIKA - YpaBHEHHUE TEIIonpoBoAHOCcTH Dypre. DTO ypaBHEHUE
IIMPOKO  MCMONB3yeTCs JUIsl ONUCaHWs TPOIECCOB  TEIUIONEpEeHoca MpU  PECCOBAHUU
JPEBECHOCTPY’KEUHBIX U JIPEBECHOBOJIOKHHUCTHIX IUIUT. PaccMOTpUM €ro BBIBOJ AJIsl IPOCTEUILIEro
cilydas, KOTJa TemJI0  pacHpoCTpaHsercs MO  JJMHE  OJHOPOJAHOIO  HM30TPOIHOIO
TEMJIOU30JIMPOBAHHOTO CTEP’KHS BIIOJb KOOpPAMHATHI X. Bo3bMeM /Ba ceueHUs CTEpKHS Ha
paccrosiHuu A X apyr ot apyra. CoOOTBETCTBYIOLIME UM 3HAUYEHHUSI KOOPAMHATBHI 0003HAUUM Yepes3 X
u (X + A x). ObozHaunm yepe3 AQ mpupalieHrne KOJMYeCcTBa TeIja B MOJTYYSHHOM dSJIEMEHTE 3a
HEKOTOPBIA TpPOMEXKyToK BpeMeHu A t. Bemumumna AQ paBHa cmAT, rae ¢ - yjaenbHas
TEIUIOEMKOCTh; T - Macca 3jemMeHTa crepkHs; AT - u3meHeHue ero temmeparypsl 3a Bpems A ft.
Ecin Tenepp BMECTO MpPOMEXYyTKa BpeMeHU A t B35Th €IMHUYHBIA MPOMEXKYTOK BPEMEHH, TO
COOTBETCTBYIOIIlEE TMpHpalleHue KoaudecTBa Temina Aq Oyner paBHO Aq=AQ/At=cmAT/At.
[Tepexons 3neck k npeaeny npuAt—0, monyunm dq = cmdT/dt. TIpencraBum maccy aieMeHTa Kak
IIPOU3BENICHUE €T0 INIOTHOCTH P, MUIOIIAJH ITOIIEPEYHOro ceueHus 6 U JuinHbI A X. Torga
dg = ¢ p o Ax(dT/dt).
CornacHo 3aKOHY COXpaHEHHs PHEpPruu npupaiienue dq paBHO anredpanyeckoil cyMMe KOJIHUYECTB
TeIUla, MOCTYNHMBIIMX B pacCMaTpUBAaeMbld JJIEMEHT 3a €AMHMIY BPEMEHU 4Yepe3 CEeYeHMs X
u(x+Ax). O603HaUMM ATH KOJTUYeCTBa Teruia yepes ql u q2:
dg=0; - 0.

Breipaxenus nns ql U g2 nmonyyuMm M3 3aKOHAa BHYTPEHHEW TEIUIONPOBOJHOCTH B TBEPABIX Tejax
(3akona ®dypoe). B ogHOMepHOM ciyyae q = -0, Ie q - KOJIMYECTBO TeIia, MpoTeKaroliee yepes
IUIOMIAJIKY a, MEePHEHAUKYISIPHYIO K OCH X; X- KOd(DQHUIMEHT TemIonpoBOIHOCTH. BripakeHue

(1.9) nosTomMy MOXKHO mepenucarh B BUJIE:

dg — }‘BT
4= “ gx

- dx

[Tonenu 06e yactu Ha AX u yuTs (1.8), momydum
Ilepexons k npeneny npu Ax — 0, IpuaeM K HCKOMOMY YPaBHEHHIO
TEIJIONPOBOJHOCTH:



rae a - KodhPUIMeHT TeMnepaTypornpoBOHOCTH, a=a/cp.
AHaJIOTUYHBIN BUJ UMCCT YPABHCHHUC BJIArOImpoOBOAHOCTHU, OIIMCHIBAKO
1Iee pacnpeeiiCHHe BIaKHOCTH B TEJIE U HCIIOJIb3YEMOE B TEOPHH CYIIKH JIPEBECHUHBI.

Knaccupukanus MareMaTu4ecKux Mojiejei.

B HekoTOpbIX cilydasx 3aKOHOMEPHOCTH NPOTEKAaHUs Pa3JIMYHBIX IMPOLIECCOB MOKHO OIHCATH,
UCcronb3yss obmue coobOpaxkenus. Ilycte y - Beln4MHA, XapaKTepHU3yIOUIas KOJIMYECTBO
OIpENIeIEHHOW MNPOAYKUHMU (B ILIMPOKOM CMBICIE), CO3AAHHOM YEIOBEKOM WM MPUPOJIOH K
HACTOSIIIEMY MOMEHTY BpeMeHH t. ITO MOXKET ObITh, HApUMEpP, KOJIUYECTBO TOBApoOB, OMomacca
pacTyliero Aepena, YuciIo N300peTeHnH, KOJIMYECTBO MyOJUKalMil B HEKOTOPOH Hay4HOH o0jacTu
u T. A. lHOrna MOKHO IIPEAIIONOKUTh, YTO INpUpalleHue Ay 3TOM BEJIHMYUHBI 3@ IPOMEXKYTOK
BpeMEHH At IPONOPIIMOHAIBHO CaMO BEIMYMHE y U JJIMHE IPOMEXYTKa, T. €. Ay=ay At,raea -
koo duuuent. Ilepexonss k OECKOHEYHO MallbIM MpPHUPAIICHHUSAM, MOIYyYHM Tu(epeHInaIbHOe
ypaBHeHnue dy/ dt-ay.
[TpunsB 3a Hayano orcuéra t = to = 0, MOJIy4UM pEellIeHUE 3TOr0 ypaBHEHUS
B BUJIE Y = Y, eat. I'padpuk 3Toil 3aBMCHUMOCTH NpeACTaBiIsieT cO00N SKCIOHEHIMAIBHYIO KPUBYIO
(puc. 1.1, a). 3nech - 310 3HaueHue y mpu t = 0.
Takolf  SKCIOHEHLMANbHBIH  POCT  ACHCTBUTENBHO  CBOWMCTBEH HpoleccaM, HMEIOIIUM
JAaBHHOOOPA3HBIM XapakTep, KOTAa IMPHPOCT MPOMOPLUUOHAICH IOCTHTHYTOMY YPOBHIO M HET
OrpaHUYeHUl pocTa. JTa K€ 3aBUCUMOCTb CIPABEAJIUBA U JUIsl ONUCaHUs 00IIel 3aKOHOMEPHOCTH
pa3BUTHUS HAyKU U TEXHUKHU B d11oxy HTP.
Jlomyctum  Temepb, 4YTO NPOLECC PACHIMPEHHOIO BOCIPOMU3BOJACTBA INPOTEKAET B YCIOBHIX
OTPaHUYEHHOCTH pecypcoB. Torma ero MHOTIa MOKHO ONHCATh CIEIYIOMUM Tu(depeHIHaTEHBIM
yYpaBHEHHMEM, CIIPABEUIMBBIM B TPEANOJIOKEHUH, 4TO CKOpocTh mpupocra dy/dt Bo3pacraer
IPONOPLUUOHAIBHO KOJIMYECTBY IIOJYYEHHOTO IPOAYKTa W CHMXKAeTCsl [0 Mepe HcUepHaHus
pecypcoB:
dy/dt=a[l-(y/x]ly,
r7ie K - KOOQUIUEHT.
B pesynbrare unTerprpoBaHus 3Toro ypasHenus (mpu to = 0) nomyyaem
y=k/(1 +be™)rae b = (klyo)-1.
DTO ypaBHEHHE OMHUCHIBACT TaK HA3bIBAEMYIO JIOTUCTHYECKYIO KpuByto (puc. 1.1,6). [Ipu t—oo
OpAMHATa 3TOM KPUBOM CTpEMMTCA K acuMnTore y = K. Ha HagambHOM ywacTke, T. €. IpU MaJon
CTENEeHM HCIIOJIb30BAHMSI PECYPCOB, OHA CXOJIHA C AKCHOHEHTOH. Jloructuueckue KpuBbIE XOpPOIIO
ONMCHIBAIOT PA3JIMYHBIE ITPOLIECCHl «C HACHIIIEHHEM», B TOM YHCJIE M Pa3BUTHE BO BPEMEHU
(YHKIIMOHAIBHBIX XapaKTEPUCTUK PA3IUYHBIX TEXHUUECKUX YCTPOUCTB.

¥ ¥

0 ]

Puc. 1.1. IIpocrelimume Monenu pa3BUTHS:

a - DKCIIOHEHIIMAJIbHAsl KpUBast; O - JTIOTUCTHYECKas KpUBast

3aKOHBI pa3BUTHUSI CHUCTEM B JICHCTBUTEIBHOCTH Ooyiee CIOXKHBI. Tak, TEXHHYECKHUE CHUCTEMBI,
UCUEpIIaB PECYpPChl CBOETO pPAa3BUTHs, NEPEXOAAT Ha CIEAYIOIIUMH YPOBEHb YXKE BKauecTBe
MIOJICKICTEM T10 OTHOIICHHUIO K HOBBIM, 00JI€€ CIIOKHBIM CHCTEMaM.

JlocToBepHOe  MareMaTH4Yeckoe  ONHCaHWe  JI000ro  TEXHOJOIMYecKoro  mporecca B
JepeBooOpabOTKE M B JAPYrMX OTpacisaX - JOCTaTOYHO TpyAHas 3ajada. [lomumo onucaHus
BXOJSIIIMX B €ro COCTaB (PU3MUECKUX MPOIECCOB B 3TUX Ciydasx TpeOyeTcs, Kak MpaBuio,
pPAcCMOTPEHHE CIIOKHBIX B3aUMOCBSA3EH BBITYCKA MPOAYKIHMU C HAIMYUEM 3aI1aCcOB, OCTYIIJICHUEM
CBIpbsi, ToONy(habpukaToB, paboroii oOopyrnoBanus u T.A. Kpome TOro, mareMaTHUECKOMY
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OINHCAHMIO MOAJIEXKAT, KaK IMPaBUIIO, MHOTOUNCIIEHHBIE TPAHCIIOPTHO-IIEPEMECTUTENbHBIE ONepaluu
Opu TOTpy3Ke, pasrpy3ke U COPTHpPOBaHWMM MarepuaioB. I[lostomMy s mocTtpoeHus
MaTeMaTHYECKUX MOJIENeN TEXHOIO-THYECKHUX MPOLIECCOB AEPEBOOOPA0OTKY  Hapsdy co
c(OpMyYITMPOBAHHBIMU BbINIE (U3NYECKUMU 3aKOHAMH M TPUHIMIAMH IIUPOKO HCIIOJIB3YIOTCS
caMmble DPa3HOOOPAa3HbIE MAaTEMAaTHUECKHUE METOIbl - Kak TPaJULHOHHbIE, TaK U CIELHAIbHO
pa3paboTaHHbIE B UCCIICAOBAHUH OTIEPAIIHA.
AHaJIUTUYECKUE METOJbl IOCTPOCHMsI MOJENeH, Kak IPaBUJIO, NPUMEHAIOT B COYETaHUU C
OKCIEPUMEHTAIBHBIMHA, TOCKOJBbKY  MaTeMaTH4ecKoe ONMUCaHue OO0BEeKTa,  IMOJyYCHHOE
AQHAJTUTUYECKUMH METO/IaMH, OOBIYHO COJEP’KUT KOHCTAHTBI, 3HAYEHUSI KOTOPBIX OINPENEIISAIOT I10
pesyjibTataM SKcrepuMeHTa. Hampumep, mpu MPOEKTUPOBAHMM CHUCTEM ITHEBMOTPAHCIOPTA
TEXHOJIOTUYECKOM IIenbl OT pyOUTEeNbHOW MalMHbl K OyHKEepy HCHOJIb3YIOT B KadyecTBe
MaTeMaTHYECKOW MO/IeH ypaBHeHHe Jlapcu, CBsA3bIBaOIIee OTEPH AaBICHHS BO3IYIIHOTO MOTOKA
H ¢ niunoii TpyOsl /, ee auameTpoM d U CKOPOCTBIO BO3AYXa V:
H=A(/dp(v*/2),

IZie p - IJIOTHOCTh BO3/yXa;

A- KOB(hOUIMEHT THIPABIUYECKOTO COMPOTHBIICHUS, 3aBUCIIIMN OT mapameTpoB v, d u
IIEPOXOBATOCTH TPYOBI A.
3aBucumocth X = /(v, d, A) ycTaHaBIUBAIOT YKCIEPUMEHTATHHBIMA METOJAMH. DTHMH METOJIaMHU
YTOUHSIOT TAK)KE BUJI MAaTEMaTHUECKOM MOJIENIN U MPOBEPSIOT €€ JOCTOBEPHOCTb.
OKCIepUMEHTAIbHBIE METOJbl TOJYYEHHS MaTEeMaTHYeCKHX MOJeIed OOBEKTOB HIPAIOT
JOMUHUPYIOLYIO POJb B TEX CIIydasiX, KOrJa UCCIIENyeMblil MPOLECC CIUILIKOM CIOXEH I TOro,
YTOOBI MOKHO OBUIO MOJYYUTh €r0 TEOPETUYECKOE OMHMCAHUE, HAPUMED, IPU OMUCAHUH CHIIOBBIX
U KQUECTBEHHBIX XapaKTEPUCTUK MIPOLIECCOB MEXaHUYECKON 00pabOTKHU IPEBECUHBI.
CraTrcTHYecKy0 00pabOTKy pe3ysIbTaTOB HKCIEPUMEHTA MIPH MOTYYSHHH SMIUPUIECKUX MOZEICH
4acTO MPOBOJAT METOJIOM PErPECCHOHHOIO aHajau3a. Takue SMIUPUYECKHE MOJETU Ha3bIBAIOT
perpeccnoHHbBIMH. PeKOMEHIAIMsIMH, S3aHHBIMUA C COCTABJICHHEM SKCIEPUMEHTAIBHBIX TUIAHOB U
HOJy4eHHEM MaTeMaTHYeCKUX MOJIeNIeH 10 pe3ylbTaTaM UX peajau3aliy, 3aHUMAaeTCsl clielaabHast
JCIIATUTHHA - TUTAHUPOBaHHE YKCTIEPUMEHTA.
B 3aBucumoctu ot cnocoba mpeicTaBieHHs HWH(GOPMAIMM Pa3IMyalOT JeTePMUHHPOBAHHBIE U
BEPOSITHOCTHBIE (MM CTOXAaCTHYECKHE) MaTeMaTHYeCKhe MOJIEN. BeposTHOCTHBIE MOIeNTH
coJiepkar ciydailHble MapaMeTphl, MOATOMY pe3yJbTaT pacyeTra MO TaKOH MOJAEIH - 3TO JIH0O
BEPOATHOCTh HACTYIUJICHUS] ONPEJEICHHOIO COOBITUS, JTUOO CTATUCTUYECKas OLEHKAa HEKOTOpOM
ciyyaiiHOM BenuuuHbL. [IpuMep BepOSTHOCTHONW MOJENIM - MOJENb PACXOJOBAaHUS 3aracoB s
cOOpOYHOro 1exa MeOeNTbHOT0 KOMOMHATA, C MOMOIIBI0O KOTOPOM MOKHO paccunuTaTh BEPOSITHOCTh
HaJIM4YMs TOTO WJIM HHOTO 00beMa 3amacoB JieTanel Ha ckiazie. Bee perpeccnoHHble MOAETH TaKkKe
SIBIISTIOTCSI BEPOSITHOCTHBIMH, TTOCKOJIBKY JIUISl HUX BBIXOJHOM BEJIMYMHON SBIISIETCS CTATUCTHYECKAS
OLIEHKAa YCIIOBHOTO MaTeMaTHYECKOT0 0XKUaHHUs HEKOTOPOTro MapaMmeTpa.
B otnmume ot BEpOSTHOCTHOM, A€TEPMUHUPOBAHHAS MOJIENTb OJJHO3HAYHO MPE/ICKA3bIBACT 3HAYCHHE
BBIXOJJHOM  BEIMYMHBI TNPH  33JaHHBIX  3HAYEHMSX  BXOAHBIX  mapamerpoB. IIpumep
JNETePMUHUPOBAHHON MOJENIM - paccMOTpeHHas Bblme 3aBucuUMocTh (1.11). OOGnactb OCHOBHOTO
NPUMEHEHHS BEpOATHOCTHBIX MOJIeNeil ccaeIoBaHus Onepaluii - ONMCcaHue 0OBEKTOB B YCIOBHIX
HEOIPEeNIEHHOCTH, T. €. TMpPH OTCYTCTBUM HEKOTOPBIX CBEICHUH 00 YCIOBUSIX €ro
(bYHKIIMOHUPOBAHUS.
B 3aBucumocTH 0T (hakTopa BpeMEeHH MaTeMaTHIECKUE MOJICITH TIPUHSATO JETUTh Ha CTATHUECKUE U
JUHaMU4eckue. B JUMHAMHUYEeCKMX MOJENsAX paccMaTpU-BAIOTCS XapaKTEPUCTUKH OOBEKTa,
MEHSIFOIIIMECS] BO BPEMEHH; B CTATHYECKHX JTH MapaMeTphl MPEANONararoTcs He 3aBUCSIIAMHU OT
BpEMEHH.
KubepHernka BHeclia B COBPEMEHHYIO HAayKy IMOHATHE O MOJCIHPOBAHUNA KaK O HOBOM
3G PEeKTUBHOM METOJe MO3HAHMS OKpyXkKaromeil neiictBurensHocTu. [1o 3TOMYy MeTtony u3ydeHue
camMoro oObBEeKTa - OPUTHHANIA — BENETCS MOCPEIC-TBOM H3YYCHHS JAPYroro OObEeKTa - MOJEINH, -
UMEIOIET0 CXOJACTBO C opuruHaioMm. [lox cXoACTBOM HMEIOT B BHAY IM0100Ue CBOWCTB,
COOTHOILEHUI WIN OOLIHOCTh OCHOBHBIX 3aKOHOB (DYHKIIMOHHUPOBAHMUS OpHUIHMHAJIA M MOJEIH.
MonenupoBaHie O3HA4aeT MOCTPOCHHE MOJENHU OOBEKTa M HMCCIEJOBAHHUE €ro Ha IOCTPOCHHOU
Mozaenu. Takoil MeEToJ TO3HAHUS OKpYKalolel JeHCTBUTEILHOCTH WrpaeT Bce Ooliee
3HAYUTEIBHYIO POJIb B COBPEMEHHON HayKe M TEXHHUKE.

11



Kpome maremarmueckux Mojenei, B HayKe M TEXHHKE HCIIOJIB3YIOT MOJENIN JPYTHX BHJIOB,
Harpumep, IpeAMETHbIE MOJIENH, T.€. MOJEIH, MPeICTaBIAoNe cO00i MaTepuaibHble OOBEKTHI.
Pa3znnuaior ¢u3uueckue W aHAJOTOBBIC NpEAMETHbIE Mojenu. Ecnm mpeaMerHas Monens M
MOJIEIUPYEMBIIl 00BEKT UMEIOT OJIHY U Ty K€ (PU3MYECKYIO MPHUPOIY, TO TOBOPAT O (PU3NIECKOM
MOZIETTMPOBAHUHU M, COOTBETCTBEHHO, O (PU3UUECKUX MOJIEIISX.

C noMompio GU3NIECKUX MOJEIEH M3y4aroT, HalpuMep, SBJICHHs, BO3HUKAIOIINE MPH OO0TEKaHUH
TBEPABIX TEJ JKUIKOCTBIO M Ta30M Ha MX YMEHBIICHHBIX KOMHAX. TakK, CONPOTHBIICHHE BOJBI
JBIDKEHUIO OpeBEH B PEKEe MOKHO MCCIIEI0BATh HA HEOONBIIMX IIMIMHAPAX, TOTPYKEHHBIX B JIOTOK
¢ kuakocTeio. llpu ¢u3nyeckoM MOIEIMPOBAHUHM XapaKTEPHCTUKAM MOJCITHPYEMOro OOBbeKTa
COOTBETCTBYIOT OJIHOMMEHHBIC XapaKTEPUCTUKH MOJICIH: CKOPOCTH - CKOPOCTbh; BPEMEHH - BpeMsl U
T.1. HeoOXoanmbIMHu yCIOBUAME JUIS (PU3NYECKOTO MOJECITUPOBAHUS SIBISIOTCS T€OMETPHYECKOE
(mogobue dopmbl) u pusndeckoe mogodue. [locinennee o3HaYaeT MPOMOPIUOHATLHOCTh 3HAUCHUI
UCCIEyeMbIX MapaMeTpOB OPUTHHAJIA M MOJICIM B COOTBETCTBYIOIIME MOMEHTHI BPEMEHH U B
COOTBETCTBYIOIIIMX TOYKaxX MpOCTpaHCTBAa. braromaps ¢usuueckoMy NOJO0MIO 3HAYCHHE
UCCIIEYyeMOTro IapamMmeTpa Uil OpUrHHAIA MOXKHO MOJIYYNTh, YMHOXKHB 3Ha4€HHUE ITOTO MapaMeTpa,
MOJy4YeHHOE B OJKCIIEPUMEHTE Ha MOJENM, Ha HEKOTOPbIH KOd(pUIHEHT. DTOT K03 UIMEHT,
NOCTOSTHHBIA JUIS BCEX BEJIMYMH JaHHOW pPa3MEpPHOCTH, HasbiBaeTcsi KoddduimeHToM momodus.
Hanpumep, koadpduument mogodbus mmmu Kl paBeH OTHOMIEHUIO AJTUH CXOJCTBEHHBIX JJIEMEHTOB
OpHUTHHAIA ¥ MOJIEIIH:

IJie MHIEKC | COOTBETCTBYET MCCIIEyEeMOMY OOBEKTY, & HHICKC 2 -MOICIIH.

du3nyecKkue BEIIMYNHBI, KaK U3BECTHO, CBS3aHBI MEXKIY COOOM ONpPEISIICHHBIMU COOTHOIIICHUSMH.
Ecnu HexoTopble M3 HUX BBIOpaTh B KA4YECTBE OCHOBHBIX, TO KO3(HUIIMEHTHI MOM00US i BCEX
JIPYTHX BEIUYHH MOXHO BBIPa3UTh 4Yepe3 Kod((HUIMEHTHI MOJ00US OCHOBHBIX BEIWYHMH. TakK,
MOCKOJIBKY CKOpOCTh paBHa V = l/t, To koapdunuent nogobus ckopocreir Kv=v1/v2 mMoxHO
BBIpa3HTh uepe3 koddunuents mogoous e Kl n Bpemenn Kt:

Kv=vi2=(11/t1)/(12/t2) =(11/12)/(t2/t1)=K1/K2

AHanornuyHo kodpounueHt mnoxodus s yckopeHuil paen Ka =Kv/Kt. CornmacHo teopun
noao0ust  Ans  JaHHOTO (DU3MYECKOIo SBJIEHUS CYIIECTBYET OINpPEAEICHHOE  KOJIUYECTBO
Oe3pa3MEepHbIX KOMOWHAIMN BEIWYMH, XapaKTEpU3YIOIIMX 3TO sBJIEeHHE. OJTU Oe3pa3MepHbIe
KOMOWHAIMM BEJIMYUH, HAa3bIBA€Mble KPUTEPUSAMH MOJ00MS, JOIDKHBI HUMETh OJHO U TO XKe
3HauEHUE JIJIs1 UCCIEAYEMOro 00bEKTa U €ro MOJIEIH.
PaccmoTpum, Hanpumep, Kpurepuid ogo6ust HeloToHa, KOTOPHBIN SIBIISETCSI OCHOBHBIM KPUTEPUEM
npu GU3NYECKOM MOJEIIMPOBAHUM MPOLIECCOB JUHAMHMKHU TBEPAbIX Tel U kujakocteil. O003HaunB
ko3 duureHT nonodus macc uepes Km=m1/m2 naiinem u3 BToporo 3akoHa HeroToHa CBSI3b MEXKAY
kod¢ppunmenTom noxodus s cui KF u ocranbHpiMu ko3¢ puiinenTaMmu nogoousi:
K F=F IF 2=(m la I/{(m 2a 2)=K mK a=) (K mK v)K t=K mK I/K t"2)
PaccmoTrpum Temepb Oe3pasmMepHOEe BbIpaXEHHE U BbIPa3UM B HEM 3HAYCHHS yepes
COOTBETCTBYIOIIME MapaMeTpbl MOJeNH U K03 UIIMEeHTHl nmoaoous coriacHo dopmynam (1.12) -
(1.15):
(m_1v_ 172)/(F_11_1)=
Takum obpazom, 6e3pasmepHoe Boipaxkenrne mv2/(F 1) 1okHO UMETh OIHY U Ty )K€ BEIUYUHY JUIS
OpUTMHAJIa M MOJEJIN. 3HAa4€HHE OTOr0 BBIPAKEHUs HasbiBaeTcsl uuciaoM Herorona. Ilpu
MOJIETTUPOBAHUH THAPABIMYECKUX SABICHUN UCTIONB3YIOT U IPyTHe KpuTepuu - Pelinonbaca, Opyna.
HeoGxoaumMbeiM ycroBueM (DU3MUYECKOTO MOJICIMPOBAHUS SIBISETCS PAaBEHCTBO BCEX KpPUTEPUEB
nonobust g opuruHaiga U Monenau. [1ockoibKy MOCTPOUTH MOJEINb, YIOBIETBOPSIOIIYIO BCEM
KPUTEPHSIM, KaK MNpaBWIO, HE YAAaeTcs, MpUOEraroT K MPHOIMKEHHOMY MOJEIMPOBAHUIO, MPU
KOTOPOM HCCJEIYIOTCS TOJIbKO BaKHEHUIINE XapaKTEePUCTUKU O0BEKTA.
[Tpu aHaIOrOBOM MOJEIHUPOBAHUH, B OTJIMYHME OT (PU3HUUECKOTO, IPUPOJIA UCCIETyeMOro 00beKTa U
€ro MOJEIM pa3IuyHbl, HO (YHKIMOHUPOBAHHE OOOMX OIUCBHIBACTCS OJHUMH M TEMH IXKe
MaTeMaTHYECKUMH COOTHOLICHHUAMH. PaccmMoTpum, Hampumep, MeXaHHYeCcKue KoJeOaHus
HPYKUHHOI'O MasiTHUKA, TO €CTh I'Py3a MaccChl T, [TOJIBELIEHHOIO HA MPYXHUHE, U U3MEHEHHs TOKa B
KoJIeOaTeIbHOM KOHTYpE, COAep)KalleM mocienoBarenbHoe coequHenne mnoctossHHod JOJIC E,
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emkoctu C w wmHayktuBHocth L. OO6a 3TH mporecca ONHUCHIBAIOTCS OJAHUM W TEM IKe
nuddepeHIaIbHbBIM ypaBHeHHEM. J[efiCTBUTENbHO, HAa TPY3 MAcChl T , CMELICHHBIM M3 TOJI0KECHUS
paBHOBECHsSI Ha BEJIMYUHY X, ACHCTBYIOT CHJIa TSDKECTH Mg U cujia yrnpyroctu npyxkunsl kx. Torna,
1o BTopoMy 3akony Hrrorona,md”2
Jlns konebaTenbHOro KOHTYpa corjlacHO BTopomy 3akoHy Kupxroda nmeem
IJie 1 - TOK B KOHTYpE;

g - 3apsj Ha [UIACTUHAX KOHIEHCcATopa.
[ToncraBus B popmyny (1.18) i =dq /d t, momyunm
L
N3 conocraBnenus ypasuenuit (1.17) u (1.19) cnenyer, uro KoneGaHUs IEKTPHUUECKUX 3apsI0B B
paccMaTpuBaeMOM KOHTYpE MPOUCXOJAT MO TOMY K€ 3aKOHy, 4TO U KoieOaHus TIpy3a B
NPY>KHHHOM MasiTHHUKE.
BcenencrtBue 31Ol M MOAOOHBIX aHANOTUH HA AJIEKTPUYECKUX MOJAENAX, Oojee yHAOOHBIX IS
UCCJIEOBAaHUM, MOXKHO HM3Yy4aTh MEXaHUYECKHME, a TaKXKE T'MAPABIMYECKUE U JPYrHe SBIICHUS.
[IpumepoM aHaANIOroBOro MOJEIMPOBAHUS MOXET CIIYKUTh MOJECIMPOBAHME HA aHAJOTOBBIX
BBIUMCIUTENBHBIX MamuHax (ABM). Cnegyer OTMETHUTh, YTO BO3pacTalOIM€ BO3MOXKHOCTH
Uu(pPOBON BBIYUCIUTEIBHON TEXHUKH OOYCIOBMIM MOCTENEHHOE YMEHBIICHHE HCIOJIb30BAHUS
METOJIOB aHAJOrOBOIO MOJIEIMPOBAHUS M YBEJIMYEHUE [PUMEHEHHs MOJCIMPOBAHUSA Ha
ANIEKTPOHHBIX IU(PPOBBIX BBYUCIUTENbHBIX MamuHax (OBM). B srom cinysae Ha DBM
OCYILECTBIISICTCS MCCIIEIOBAaHUE BBEJICHHON B HEE€ MaTEMaTUYECKON MOJIETTH 00bEKTa.

[lpuBenenny0 kinaccuukamuio MoJeNeil MOXKHO HECKOIBKO paCIIUPUTh, YYUTHIBAs, YTO
MaTeMaTHYeCKUue MOJEIM OOBIYHO BKIIHOYAIOT B paspsijl TaK Ha3bIBa€MbIX 3HAKOBBIX Mojenei. K
HUM OTHOCSITCSI IOMHMO MaTeMaTHYeCKHUX MOJIeNed ONUCaHUs OOBEKTOB C IOMOILBIO CXEM,
JIOTMYECKUX CXEM alIrOpUTMOB, IpadoB, dyepTexked, HomorpamMm u T. 1. Kpome TOro, oraensHo
paccMaTpuBalOT UIMHTAIIOHHBIE MOZIETTH 0OBEKTOB, peann3yembie Ha JBM.

Kpurepunii ontumMajbHocTH. MHOrOKpUTepUAaJIbHbIE 3aa4d HMCCIeA0BaHMs omnepauuil. MeTtoabl
CBEPTKH KpUTEpPHEB.

HMmeercss HEKOTOPOE YMCIIO MMYHKTOB HA MECTHOCTH, CBSI3aHHBIX CeThIO J0por (puc. 5.2). TpeGyercs
HalTH KpaTyalluid MyTh MO 3TUM JOpPOraM M3 HadyajJbHOro MyHKTa A B KOHeuHbIH myHKT M. Ha
puc. 5.2 umeromuecs: J0poru 0003HaYeHbl OTPE3KaMH NPSMBIX, YUCIA HAJL HUMH - 9TO PacCTOSIHUS
MEX1y ITyHKTaMHU.

B coorBeTcTBHM €O cXeMOW OUHAMHYECKOIO MPOrpaMMMPOBAHUS CleAyeT pa3OuTh Ipolecc Ha
dTambl, WIM IIard, W BbLAECIUTh COOTBETCTBYIOIIME COCTOSIHMS cuctemsl. [lociennee, n-e,
COCTOSIHUE, €CTECTBEHHO, IOJDKHO COOTBETCTBOBaTh IONAaJaHWi0 B Touky M. Paccmorpum B
KavecTBe mpeamnociensero, (N - 1)-ro, cOCTOSIHUS MOMaJaHKe B OJWH M3 TE€X IYHKTOB, OTKY/a
MOKHO TPUHTH B IMYHKT M TOJNBKO 3a OAMH NEPEXOJ, NPUYEM OTCYTCTBYIOT MapIIPYTHI,
MO3BOJIAIOIIME CcleJaTh d3TO 3a JABa uiau Oonee mnepexofoB. OYeBHAHO, TaKUM YCIOBHIM
ynosiaerBopstoT nyHKTH! JI K, Ho He myHKT U, Tak kak [y Hero, kpome mapuipyra M — M, ectb
eme nytb U - K - M, cocrosaumii u3 nByx mnepexonoB. C cocrosHueM (N - 2) mOCTaBUM B
COOTBETCTBHUE MYHKTBHI, JI1 KOTOPhIX HaWOOJbIIEe YUCIIO MEPEX0I0B 10 MyHKTa M paBHO JBYM, C
coctosiHueM ( N - 3) — MyHKThI ¢ HAaUOOJBIIUM YUCIOM MEPEXOJI0B, PAaBHBIM TpeM U T. 1. Toraa
cocTosiHHIO (N - 2) COOTBETCTBYET TOJNBKO oauH MyHKT U; cocrosHuto (m - 3) - myHKTHl I 1 3;
coctosiauto (N - 4) - myuktel B u E; cocrostuio (N - 5) - nynktel b u JI. Cocrostauio (n - 6)
COOTBETCTBYET TOJIbKO HaYaJbHBIA MyHKT A. HayaibHOE COCTOSIHHE OOBIYHO CUMTACTCS HYJIEBBIM,
MIOATOMY YHCIIO COCTOSIHUHM B TaHHOH 3a/1a4e paBHO N = 6.

Takum o00pa3oM, MYHKTHl MaplipyTa IpHBEIEHbl B COOTBETCTBHE COCTOSHUSIM CHUCTEMBbI
CJIETYIOIIUM 00pa3oM:

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

TTYHKTBL...coeeiiiiieeiiiiiee e A B,J BEILI3U JIKM

CHavasia pemaem 3azady Uil IOCJIEIHETO, IIECTOro, mara. 34eCh OTBICKMBAIOTCS ONTHUMAaJIbHbBIE
Y4acTKH MapuipyTa OT IIyHKTOB, COOTBETCTBYIOLUX MSATOMY COCTOSAHHUIO, T. €. JI u K, no myHnkra M.
OnrTuManbHOE YIIpaBiIeHHUE COCTOUT B BhIOOpE Kparuaiiiero mapmpyta. Ha qanHOM mare BeiOopa
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HeT: Kaxabld u3 nmyHKToB JI u K coenrHeH ¢ myHKTOM M TOJBKO OJHHUM IMEPEXOA0M, KOTOPBIM U
OyZeT YCIOBHBIM ONTHUMalbHBIM YyrpaBieHHeM. Ha puc. 5.2 mapuipyT, COOTBETCTBYIOIIUI
YCJIOBHOMY ONTHUMAaJbHOMY YIPABJICHUIO, BBIACICH IBOWHON nuHHME. KpuTepuil onTUMaaibHOCTH
BCEH 3aJaud - 3TO MUHUMYM CYMMAapHOW JJMHBI MapuipyTa. 3HAUYeHUs LeJIeBOH (PYHKIUU Ha
JAHHOM IIOCJIEIHEM IIare 3TO MpOcTO paccrossHus oT MyHKTOoB JI m K no mynkra M Otu yucna
3allMCaHbl B paMKax psAJIOM C COOTBETCTBYIOIMMHU ITyHKTaMH.

Ilepelinem K ONTUMU3ALUU IPEANIOCIEIHETO, IIATOrO, HI1ara. 31eCh PpaCCMATPUBAETCS TOJIBKO ITyHKT
N. Kparyalimui U3 AByX MapuipyToB OT HEro 10 ImyHKTa M - 310 myTts B oauH nepexony U — M,
JUTMHA KOToporo paBHa 4 en. Ha yeTBepToM 11are aHaau3upyeMm MapuipyTsl U3 nyHKToB ' u 3. Jlid
nyHkra I' ecTb aBa BapuaHTa OKOHYAaHMs MapILIpyTa: IEpBbIA - 4yepe3 IyHKT [l BTOpoH - depes
nyHkT WM. Jlns OThICKaHUS JIydllero BapUaHTa HAJAO0 CPaBHUTb JUIMHBI 3TUX (DparMeHTos,
npeanojaras, 4yro npu nonagaHud B NyHKT JI wiam M panbHeilnee ABUKEHUE NMPOUCXOIUT I10
ONTUMAJILHOMY MapLIPyTY (I10JIb3yeMCs IPUHLUIIOM ONTUMAIBHOCTH).

OTO OKOHUAHUE MapIIpyTa HaM YK€ M3BECTHO IO pe3y/ibTaTaM ONTUMH3ALMU IOCIECIHETO 1Iara.
[ToaTomy [ui onpenencHus AIUHBI KaKI0r0 y4acTKa MaplpyTa U3 IIyHKTa [' J0CTaTOYHO CII0KUTh
JUIMHY TIEPBOIO MEPEeX0/ia U3 3TOT0 IyHKTA C YUCIIOM, CTOSLIUM HaJ ITYHKTOM, KOTOPBIM JaHHBIN
nepexo okaHuuBaercs. Tak, nnuHa yyacTka Mapuipyra oT myHkra ' 1o M uepes nyHkr JI paBHa 6
+ 5 =11, agepe3 nynkr U pana 5 + 4 = 9. KpaTuaiimmm, cienoBareinbHo, OyJIeT MyTh Yepe3 MyHKT
H. Ilostomy yuactok I - U BeiensieM 1BOMHOW JMHUEH, a HaJ yHKTOM [ mpocraBisgem uucio 9 -
ONTUMAJILHOE PACCTOSIHUE OT Hero A0 nmyHkTa M. Teneppb yxke, KakuM Obl IIyTEM Mbl HU IONAIU B
IYHKT [, onTHManabHOE OKOHYAaHUE MaplIpyTa HaMH MOJIy4eHo: 3T0 myTh I' - 1 - M. AHasiornuseiM
o0pa3oM M3 JABYX BapUaHTOB MapUIPyTOB W3 TOYKM 3 ONTUMaJeH NyTh 4epe3 NyHKT U.
CooTBeTcTBYIOIIEE paccTOsIHME 10 TOYKH M paBHO 6. TakuMm ke crocoboM ONTUMHU3UPYHOTCS
TpeTUN U BTOpOM wmaru. HalileHHble ONTUMaIbHbIE MAapLIPYThl U COOTBETCTBYIOLIUE PACCTOSHUSA
IIPUBENIEHBI Ha puc.5.2.

OTmeTruMm, 9TO MPH BBIOOPE MapuIpyTa u3 MyHKTa /| MOKHO MPHUHSTH JI000E pelIeHne: JJIMHA TyTH
yepe3 NyHKT E u uyepe3 nyHkT W okazanace oamHakoBod u paBHou 11 : 2 + 9 =7 + 4. [Ina
OTIPENIETICHHOCTH Ha puc. 5.2 n300pakeH NMEePBhI BapuaHT. To e MOXHO CKa3aTh O MyHKTe b, r11e
U3 TpeX BO3MOKHBIX IyTel JBa OKa3bIBalOTCs OJUMHAKOBO 3(dexkTuBHbIMU. Octaercs 1-i mar, Ha
KOTOPOM TPEACTOUT BBIOPATh OJHO U3 YETHIPEX BO3MOKHBIX HAIIPABJICHUH JABM)KEHUS U3 IYHKTa A.
[l aToro cpaBHMBaeM AauHBEI MapuipyToB U3 A vepe3 b, B ,Jl u E . OHu paBHBI, COOTBETCTBEHHO,
4+13=17,6+11=17,6 + 11 =17; 7+ 9 =1 6 . JlnuHa nmocaeaHero Mapuipyra oka3ajiach
MuUHUMaIbHOH. [ToaTOMy 13 myHKTa A cnenyer nepeiitu B myHKT E u nanee, BeIOupast Kaxkablil pas
HaIEeHHBI paHee ONTUMAIBHBIA MyTh. TakuM 00pa3oM, KpaTyalmuii Mapmpyt umHOW 16
€UHUL TPOXOAUT uepe3 NyHKTHl A, E,3, 1, M.

Ha sToM e nmpumepe J1erko noka3arb, 4TO MOMBITKA ONTHMHU3UPOBATh KAXK/BIN 1Al B OTAEIBHOCTH
HE NPUBOJIUT K IOJIYYEHHUIO ONTUMAJIBHOIO pelIeHUs 3agadyu. B camom nene, ACHCTBYS TakuM
o0pa3oM, b €. OTBHICKMBasl Ha Ka)KJIOM IIare Mepexoj]] MUHUMAaJIbHOM JUIMHBI, Mbl Ha 1-M mare
npuzaeM u3 nyHkra A B b, Ha 2-m - u3 b B B u nanee no mapmpyry I' - U - M. Jlnuna Bcero nytu
cocTaBuT 18 eauHUI - XyKe, 4EM B ONTUMAIBHOM PELICHUU.

MHorokpuTepuajbHble 321a4H UCCJIeI0BAHUS ONepaui

B kauecTBe npuMepa 3aauu paclpeAesIeHus] pecypcoB pacCCMOTPUM OJIMH W3 BapUAHTOB 3a/1a4d O
pekoHCTpyKIMH. llpeanonoxkum, 4YTO B COCTaBE€ NPOU3BOJCTBEHHOTO OOBEIMHEHHS HMEETCS
YeTbIpe MPEeNNpHUsITHs, MOJUIeKalie peKoHCTpYKIMK. OOmuil 00beM CpeacTB, BBIACIEHHBIX Ha
PEKOHCTPYKIMIO BCEX MNpeanpusatuii, cocrasiser 100 ycnoBHbIx eaunuu. KommdecTBo cpencts,
BJIO’KEHHBIX B JIF000€ MpeAnpusaTre, J0HKHO ObITh kpaTtHO 20. B Tabn. 5.1 npuBeneHa BenuuuHa
exerogHoi npubsum Fi, KoTopylo momydmino Obl Kaxaoe MpeAnpHsITHE IMOCie PEeKOHCTPYKIIUH,
3aBHCHUMOCTH OT 00beMa X BIOXKEHHBIX CPE/CTB.
Kak BunHO U3 Tab:a. 5.1, 3aBUCUMOCTh MPUOBLIM OT KOJIMYECTBA BIOKEHHBIX CPEJCTB JJIS KaXI0T0
NPEANPUITHS SBISCTCSA BO3PACTAIONICH, HO HE JIMHEWHOW (YyHKIMEH, TpUYeM IJis pPa3HbBIX
OpeanpusTHii OHa pa3nu4dHa. Tpedyercs BBIACHUTH, KaK paclpeesuTh UMEIOIIUECsS CPeACcTBa IO
OpEeNnpHUsATHsIM 4YTOOBI CyMMapHass NpuObBUIb B pe3ysbTaTe PEKOHCTPYKLIHUU OKa3ajlach
MaKCHMAaJIbHOM.
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Boinenenue [TpuOsLIs pennpuaTus

CPEICTB X F1(x) Fa(X) Fs(x) Fa(x)
1 2 3 4 5

0 0 0 0 0

20 6 5 9 3

40 9 6 11 5

60 10 8 13 6

80 13 9 14 9
100 15 10 15 11

Jns ynoOcTBa JeneHust Ha STambl OyleM YCIOBHO IpeanojiaraTh, YTO MPOIECC PEKOHCTPYKIUU
IPOMCXOJUT IOCJE0BATENbHO: Ha IIEPBOM JTalleé BBLACISAIOTCS CPEICTBA HA PEKOHCTPYKIIHIO
NIEPBOTO MPEANPUATHS; HA BTOPOM FTarle - Ha PEKOHCTPYKIIMIO BTOPOro U T. 1. Homep stana, Takum
o0pa3oM, COOTBETCTBYET HOMEpY MNpEeNINpUATHs, M KOTOPOIO BBIIENAIOTCA CPENICTBa.
VYnpaieHreM Ha KaXIOM IIare siBisieTcst 00beM Uj.CPEACTB, BBIIEICHHBIX HAa PEKOHCTPYKIIHUIO i-TO
npexnpustus, | = 1,2, 3, 4.

B cootBercTBHMM C wuaeell MeToAa JAWHAMHYECKOTO TPOTPAMMHUPOBAHMS PpEIICHUE 3a/laud
HAUMHAETCs C IOCJEAHEro Iara. Pa3iauuyHble COCTOSHUS IMpolecca K Hayajay 3TOro mara OyayT
COOTBETCTBOBATh pPAa3HOMY KOJHMYECTBY CpPEACTB X, OCTaBIIMXCS K JTaHHOMY MOMEHTY.
OnTtuManbHOE pPEIICHHE HA TOCICAHEM IIare M uj MPUHUMAECTCS IPOCTO: B PEKOHCTPYKIHUIO
MIOCJIETHETO TPEATIPHUSITHS BKIIAJBIBAIOTCS BCE OCTABILIUECS CPEICTBA, TO €CTh u: = x (BTOpas rpada
Tabi). BeanuuHa ycliOBHOIO ONTHMAJIBHOTO BBIMTPBIIIA HA 3TOM 3Tale, KOTOPYIO Mbl 0003HAYUM
W, (x), OymeT paBHa COOTBETCTBYIONIEMY 3HAUEHHUIO TMPHOBUTM YETBEPTOTO TPEIAIPHUSTHS:
Wy (x) = F,(x). Tenepb MOXHO 3allOJHUTH TPEThIO Tpady Tadia. 5.2. B Heil nepenycaHbl 3HAUCHUS
npUOBLIH YETBEPTOTO NMPEINPUATHS U3 5-i rpadsr Tadd. 5.1.

[Tepeiinem Kk onTuMHU3aLMK NpEeAbLAYILETo, TpeThero, mara. [lycte kK Hadamy ero oobeM CpeicTB
paBeH X. DTO CpEICTBa, BBIJCICHHBIE HA PEKOHCTPYKIMIO TPETHETO M YETBEPTOTO MPEIIPHUSTHA.
Ecnu ans TpeTbero npeanpusTis peleHo BhACIUTh Uz €IUHUIL, TO JJIS YeTBEPTOro ocTaHeTcs (X -
Uz). [TosTOMY BBIMIPBIII Ha BYX MOCIEAHUX IIarax OyJeT paBeH

Folug) + Wolx —uy)

X i=4 i=3 i=2 i=1
uy (x) Wy () uz (x) Wy () uz (x) Wy () uy (x) Wy ()
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

[Tocnennee cimaraemMoe - STO BBIMIPHIII Ha YETBEPTOM JdTane. PyKOBOACTBYACH HPHUHIIMIIOM
ONTUMAJILHOCTH, CJeIyeT HCKaThb TaKOoe YIpaBJeHHWE Ha TPEeTheM Ilare, KOTOpoe oOpaTUT B
MaKCHMYyM BBIMTPBIII HA TPEThEM IlIare B CyMME C MAaKCHUMaJIbHbIM BBIUTPBHIIIEM Ha YETBEPTOM
niare, T. €. BEJINYUHY

Folug) + W' (x —ug)

B pesynbrate Oymer moiydeH MaKCHUMAJIbHBIN YCIOBHBIM BBIUTPHINI HAa JBYX MOCIEAHHUX IlIarax.
Oty BenmnuuHy 0003HaunM yepe3 Wy (x)} Takum odpazom, Wy (x).

Yro0s! HaiiTi Wy (x) mpuxoanTcs nepedpars Bce BO3MOKHbBIC 3HAUCHUS YIIPABICHUS Uz Ha TPEThEM
niare MNpyU Pas3IMYHBIX KOJMYECTBAX CPEACTB X, BJIOKEHHBIX K Hayaly JaHHOIO Mmara. OTH
BEJIMYMHBI IPUBE/ICHBI B TIEPBOi U BTOpO# rpadax tadin. 5.3. Tak, ans x = 20 ynpasieHue Uz MOXKET
MPUHUMATh OJTHO U3 IBYX 3HaueHuil: 0 unum 20; ms x = 40 - ogHo U3 Tpex 3Havyenui: 0, 20, 40 u T.
1. (tabm. 5.3, rpada 2). COOTBETCTBYIOIIME 3HAUCHHSI BHIUTPHIIIA HA TpeTheM mare Fs(Us) B3sATHI U3
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yeTBepTOM rpadsl Tad. 5.1 u nmepenucansl B 4eTBepToi rpade Tadi. 5.3. ApryMeHTOM BEITUYUHBI
W, B (5.2) siBnsiercs Bbipaxkenue ( X - Uz). Ero 3Hauenus ass pa3inuuHbIX U3 PUBEIECHBI B TPEThEH
rpade taba. 5.3. CoorBeTcTByOIMME 3HAYCHUS W, (X - U3) B3ATHI M3 TpeThel rpadbl Tabn. 5.2 u
BIIMCaHBI B 1ATOH Tpade tadi. 5.3. Hanpuwmep, mist x = 20 u Uz =0, x - Uz - 20; F3(0)=0 (cm. Tadm.
5.1); W' (20) = 3 (cm. rpady 3, Tabma. 5.2). Cymma Bemuuun F3(Us) u W' ( X - Uz), T. €. B 4eTBEPTOH U
nsaToi rpadax tabn. 5.3, mpuBeneHa B mecToi rpade 3Toil TabauMubl. JTO HE YTO HMHOE, Kak
BBIpaKeHHEe B (DUTypHBIX cKOOKax (opmynbl (5.2). Tenmepp mius onpenenenus Wy ( X) mo 3To
dbopmyIe 10cTaTOYHO HAUTH MaKCHUMaJIbHOE U3 YHCEN B IIECTOM rpade Iy Kaxaoro X. DTH yucia
3/1eCh 0OBEJICHBI M BIIMCAHBI B MATOM rpade tadi. 5.2.
B gerBepryto rpady BmmcaHbl COOTBETCTBYIOUIME ONTUMANIbHBIE ynpasiueHus. Hanpumep, mis x =
20 yCIIOBHBIM OINTHMMAJIbHBIM YIpaBIEHHEM Ha TpeTbeM mare Oyner Uz = 20, TOCKOJBbKY eMy
COOTBETCTBYET HaUOOJIbINAs BEIMYMHA BRIMTPHIIA, Wy = 9.
Ecnu MakcUMallbHBIMHM OKa3ajlHCh Cpa3y HECKOJIbKO CyMMApHBIX BBIUTPBILIECH Ui TaHHOTO X, TO
BBIOMpPAETCSl YNpaBJICHUE, COOTBETCTBYIOIIEE JitoOoMy M3 HuX. Tak, g X = 60 Makcumym
CYMMAapHOTO BBIMTPHIIIA HA TPETHEM U YETBEPTOM IIarax JOCTUraeTcs Kak mpu Us = 20, Tak U npu
M3z =40. B 00oux ciaydasx oH paBeH 14. B kauecTBe oNTHMaIbHOTO 3/1€Ch BBIOpaHO Uz = 20.
3aBepIInB MOJICYETHI IO TPEThEMY LIATy U 3anoiHuB rpadsl 4 - 6 Tabn. 5.3 u rpadsl 4, 5 Taba. 5.2,
nepexoArM K ONTHMH3AalMK BTOpOro mara. J[ims Hero cocraBisieM ypaBHEHHE, AHAIOTHYHOE
ypaBHEHHUIO (5.2), 1 pyKOBOJCTBYEMCS IIPU ITOM TEMH K€ MPUHIMIIAMU: ONTHUMAJIbHOE YIIPaBICHUE
Ha BTOPOM IIIare JIOJHKHO MaKCHMH3HPOBATH CYMMY BBIUTPBHIIIA HA 3TOM IIare ¥ MaKCHMAaJIbHOTO
BBIMTPBIIIA HA BCEX OCTAJBHBIX LIarax: TPEThEM U YETBEPTOM, T. €.
Wy (x) = max{F (ug) + Wy (x — ug)h
3mech uepe3 X TMO-TIPEeKHEMY OOO3HAUYEHO KOJUYECTBO CPEACTB, HUMEIOMIMXCA K Hadaly
paccmaTpuBaeMoro mara (B JaHHOM cllydae K Hadajly BTOporo mara). Toraa K Hadainy TPEThEro
mara octanercs (x —upJenuuui. OT 3TOW BETUYMHBI 3aBUCHT BBIUTPHIII HA TPETHEM M YETBEPTOM
marax, W; (x —u,). PacueTs! st BTOpOro 1iara aHaJoru4Hbl pacyetaM Ha TpeTbeM are. [Ipu sTom
MOJIb3yeMCsl YK€ 3amofHeHHbIMH Tpadamu 1 - 3 Ttabmn. 5.3, momaras Temeppb, YTO u; - ITO
yhpasjeHue Ha BTOpoM miare. I'pagpl 7 1 8 3TON TaOnMIbI 3aMOIHSIIOTCS JaHHBIMU U3 rpadsl 3
tabn. 5.1 u rpader 5 Tabn. 5.2. HalinenHble 3HaUe€HUS YCIOBHBIX ONTHMAJbHBIX YIpaBIEHUH U
BBIUTPHINICH 3anuchIBatoTCs B rpadax 6 u 7 Tabdm. 5.2.
Jlns mepBoro mara UMeeM ypaBHEHHE

W, (x) = max{F (u,)+ W'l —u, )}

Tperuii war Bropoii mar [IepBeiit mar
X
=321 x—u; | Bl |0 —uy W, Cx,ug) Flug) Bl —aufV, Ceous Folug) B —ull) Ceouy

1 2 3 4 5 6 7 8 9 10 11 12
20 0 20 0 3 0+3=3 0 0 (2]

20 0 9 0 9+0=[2] 5 9 5
40 0 40 0 5 0+5=5 0 12 12

20 20 9 3 9+312] 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
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80 0 14 0 14 9 0 9

100 0 100 |0 11 11 0 18 18 0 21 21
20 80 9 9 S 16 21 6 19 25
40 60 11 6 17 6 14 20 9 17 26
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

O0beM pacyeToB 3/1€Ch YMEHBILAETCS, TaK KaK K Hayaly IEpBOro LIara HaM U3BECTHO KOJUYECTBO
BBIJIETICHHBIX CpeAcTB X: oHO paBHO 100. CnemoBarenbHO, BBIYUCICHUS JOCTATOYHO BBIMOJIHUTH
ToNbko s dtoro X. [lo 3aBeprieHuu pacueToB okazanoch (rpadgel 8 m 9 Tadm. 5.2), yto
ONTHUMAJIFHOE YIIpaBJCHHE Ha MEepBOM IIare paBHO u:; = 40. HaiineHHoe 3HaueHue SIBISETCSA yKe
0e3yCJI0BHBIM ONTHMAJBLHBIM YNPaBJIeHUEM, IIOCKOJIbKY OHO O0ECleYnBaeT MaKCUMyM
CyMMapHO# MpUObUIM Ha BceX miarax. BenmuunHa 3Toro MakcuMyma okaszanach paBHoOM Wy = 26.
[Tocnennsiss cTanus pacyeToB - IPOXOXKJAECHUE IIPOLEecca, HAUMHAS C MEPBOrO M JI0 IOCIEIHETO,
YEeTBEpPTOro, IIara C LEeJIbI0 OTHICKAHUS HAa KAXKIOM M3 HUX YK€ HE YCIOBHOro, a 0€3yCIOBHOTO
ONTUMAJIBHOTO YymopasiieHus. Ha mepBoM miare, kak yxe BbIACHEHO, u: =40, 1. e. 40 eauHun
JIEHEXKHBIX CPEJICTB CIEAYET BBIACIUTD IEPBOMY MPEANPHUATHIO. Y HAC OCTAJOCh, CIEI0BATENbHO, X
= 100 - 40 = 60 en. x Havaxy BTOpOroO Imara, T. €. JUIsl (PMHAHCUPOBAHUS PEKOHCTPYKIIMH BCEX
ocTanbHBIX HpeanpusaTuid. Yuciny x = 60 Ha BTOPOM Iare COOTBETCTBYeT u: = 20. (rpada 6 Tad.
5.2). Tenepp yxe 5T0 0Oe3ycliOBHOE oONTHUMalbHOE YympasieHue. OcTaBIIMecs CpeacTBa B
konuyectBe 60 -20 = 40 eauHUI] IpeAHA3HAYEHBI TPETHEMY U YETBEPTOMY HPEINpUATUAM. Js X =
40 u3 rpadsl 4 Tabn. 5.2 momydnm u; = 20.- CTOJIIBKO CPEJCTB BBIACISETCS TPETHEMY, & OCTATOK, X:
=40 - 20 = 20, - yeTBepTOMY IPEIIPHUITHIO.

Takum 00pazom, ONITUMATIBLHOE pacIpe/ieieHue CPEACTB Ha PEKOHCTPYKIUIO CIIEAYIoMIee: TIEPBOMY
npeanpusThio Boiaensercs 40 en., BTopoMy, TpeTbeMy U uerBepromy - mno 20 en. CymmapHas
IpUOBbLIb IPU 3TOM COCTABUT 26 €.

MeTtoabl CBCPKH KPUTEPHUEB.

B neconunenuun OpeBHaA mepen pacKpoeM COPTHPYIOT MO BEJIMYMHAM WX TUAMETPOB B BEPIIMHHOM
topue. Kaxnas pazmepHas rpynmna coaepKUT OpeBHa OJHOTO WM HECKOIbKUX OMMKaUIINX YETHBIX
nuaMeTpoB. bpeBHa, BXOgsiue B OJIHY pasMEPHYIO TPYMIY, PAaCHIIMBAIOT MO OJHOMY IOCTaBy,
KOTOPBI PACCUMUTHIBAIOT, KaK MpPaBUIIO, HAa CpelAHUN (TOUHEEe, CpPEJHEB3BELICHHBIN) IHAMETP
OpeBeH JTaHHOW pa3MEepHOU Tpymmbl. YeM MEeHbIIE YUCIIO YETHBIX TUaMETPOB OpeBEH, BXOAIINX B
JAHHYIO Pa3MEPHYIO TPYIIy, TEM JIydllle NPUMEHSEMbI IOCTaB COOTBETCTBYET DPa3MEpPHBIM
XapaKTePUCTUKAM CBIPhsi. DTO CIOCOOCTBYET YBENTUYEHUIO OOBEMHOTO BBIXO/Ia THIIOMATEPUATIOB U,
CJIEIOBATENLHO, POCTY MOJTy4yaeMOi IPUOBLITH.

C npyroii CTOpOHBI, YMEHBIIICHHE YMCIIa IUaMeTPOB OpeBeH B OAHON pa3MepHOU TpyImIe BieUeT 3a
co0ol yBemMYEHHE YHUCJIa ITHX TPYII, YTO MPUBOAUT K YBEIWYEHHUIO 3aTpaT Ha COPTHPOBAHHE
MUIOBOYHOTO CBIPhS. TakuMm 00pa3oM, BO3HUKAET ONTHMH3AIMOHHAs 3ajadya: KakK pa3feluTh
MMEIOIIHMIACS 3armac ChIpbs Ha pa3MEpHBIC TPYMIBI, YTOOBI BETMYWHA MPUBEICHHOTO J10X0/a Obliia
MaKCUMaJdbHOU. DTOT KPHUTEpPUH, KaK BHUAHO W3 €ro CTPYKTYpHl, cM. (GOpMyny, ydTeT Kak
BO3pacTaHue 00beMa BBIMYCKAa MUJIOMPOAYKIIMHA B PE3YNIbTaTe YBETWYEHUS OOBEMHOTO BBIXOJIA
MUJIOMaTEePUAIIOB, TaK U 3aTPaThl HA COPTUPOBAHUE MTUIIOBOYHOTO CHIPbSI.

Bocrnonp3yemcss METO0M JUHAMHAYECKOTO TPOTPAMMHPOBAHUS JUIsl PEIICHHS] TOCTaBICHHOU
3amayn. VIcXoqHbIe JaHHBIE: BENTUYHHBI O0HEMOB OpEBEH IS KaXJAOro MX YETHOTO JhaMeTpa.
[TycTs nmeromuiics 3anac MUJIOBOYHOTO

CBIPBS COIEP)KUT OPEBHA T YETHBIX TUaMeTpoB: OpeBHa auamerpa d 19 cm, B kommuectse V (d, ), M
nuamerpa d, — Vid;), 9 M3,...111/IaMeTpa =V (dy), M°. B COOTBETCTBUHU C MTOPSITKOM JICWCTBHUH,
U3NIOKEHHBIM B T. 5.2, pa3fgenuM TpoIEecC COPTUPOBAHUS HAa JTambl, BbIOEpeM (ha3oBbIE
KOOpAMHATBl M ympaBieHus. C KaXIbIM 3TallOM IIOCTaBUM B COOTBETCTBHE OIPEIEICHHYIO
pa3sMEepHYIO IPYIIY MHJIOBOYHOTO CHIPhS: MYCTh I-My 3TaIy COOTBETCTBYET PACIIMINBAHHUE CBHIPHS I-
i pasmepHoil rpymnmbl. OOIIee KOJMYECTBO ATAloOB I HaM 3apaHee Heus3BecTHO. CocTosHue S
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CHUCTEMBl Ha KaXJOM JTare OyJaeM XapaKTepu30BaTh €IUHCTBEHHOW (ha30BOM KOOPAMHATOW -
HAMOOJIBIIIUM YETHBIM TUAMETPOM i max OpPEBEH, BXOIAIIMX B I-10 Pa3MEPHYIO TPYyIy: Xi= Uimax -

B kadectBe ympaBieHHs U; Ha KaXJOM IIare Takke OyaeM paccMaTpuBaTh €IUHCTBEHHBIN
napaMmeTp - YHCJIO YETHBIX JMaMeTpOB OpeBeH B I-i pa3mepHoii rpymie. [lycts, Hanpumep, OpeBHa
C BEPUIMHHBIM AUAMETPOM O3 BXOST B TPETHIO Pa3MEpPHYIO TPYIIIy, OpeBHa ¢ nuamerpamu 0 u ds -
B YETBEPTYIO, a ¢ ntuamerpamu Ug, d7 u dg - B msTyro pasmepnyto rpymmy. Toraa Xz = d 3, 1 U= 1; X4
=ds, u Ug = 2; X5 = dg, 1 Us = 3. OueBUIHO, YTO 3HAYCHUE (HA30BO KOOPIUHATHI BMECTE C
yIpaBJICHUEM Ha JAHHOM LIare Mpu TaKOM MX BBIOOPE MOJIHOCTHIO OMPENEISAIOT COOTBETCTBYIOIIYIO
pa3MepHYIO Ipyniy OpeBeH.

PaccMorpum Ha ocHOBe Qopmynbsl (2.2) BbIpaKEHHE IS TIEPEMEHHOW COCTaBIISIOIISH
MIPUBEICHHOTO J0X0/1a, MOJyYEHHOT0 B Pe3yJibTaTe PAcIUIMBAHUS MMEIOILErocs 3amaca ChIpbs U
peann3aluy NpOU3BEACHHON NMUWIONPOAYKIMU. BenmnunHy eIMHOBPEMEHHBIX KallUTAIbHBIX 3aTpar
B 2TOH (opmyse MOJIOKUM PaBHOM HYyNO. BMecTo BETMYMHBI CyMMAapHBIX JKCIUTyaTallMOHHBIX
3aTpaT 3 BO3BMEM €€ NIEPEMEHHYIO COCTaBISAIONIYIO 3., CBA3aHHYIO C 3aTpaTaMy Ha COPTUPOBAHUE
ceIpbsi. Torna asns Hamiei 3a1auu 1esaeBast cbyHKr{m;I PUMET BUJ

W = Z €:0;— 3,
i=1

rae Qj - 00beM MUIIOMATEPUAIIOB, MOJYYSHHBIX W3 MUJIOBOYHOTO CBHIPbS i-i pa3MEpHOW TPYIIbI, a
Ci, - ux cpenHsia OTIyCKHas lieHa. BenumuwmHa 3. 3aBUCUT MpEXAE BCEro OT 00bEMa CHIPbS,
MOJIJIeXKAIIET0 COPTUPOBAHUIO, M OT YKciia N pa3MepHbIX rpymil. [IpeacrtaBuM ee ycaoBHO B BHJIE

n
3._- :ZEE

i=1
rae 3i - BeJIM4MHA 3aTpaT Ha COPTUPOBAHUE, IPUBEJCHHAs K OJHOM pa3MepHOn
rpynmne MWIOBOYHOTO ChIphs. Torga ecTecTBEHHO CuUMTaTh, YTO 3arpaTrhl 3 MPSMO
IPOMOPIMOHATBHEI 00beMY ChIpbst Vj B I-ii pa3MepHOW rpymie W oOpaTHO MPOMOPIHUOHATBHBI
YHCITy YETHBIX TMaMETPOB OpEBEH B HEM, T. €. yIpaBIeHUIO Uj Ha COOTBETCTBYIOIIIEM IIIare:
3; =V + 7/
rne f u r - momoxurenshbie Kod(duHMenTrl. IIpeacraBieHne BTOPOro cjaraeMoro B (opme

AITUTHBHON (PYHKITHH

r/u;00BACHIETCS TEM, YTO YBEIMUYCHHE Ui BJICUET 3a COOOH COKpallleHHe YKCiIa N Pa3MEPHBIX TPYIIIT
W, CIIeJIOBAaTEIbHO, YMEHBIIEHHE CYMMAapHBIX 3aTpaT Ha COPTHpOBaHME. Temeph KpUTEpUid
ONTHMAJIBHOCTH 3aJauyll MOKHO 3aIlicaTh B BUJE aJAMTHBHOW (yHkimm W =X, w; , rme co. -
renieBast QYHKIMS Ha i-M 11are, T. €., B JaHHOM CJIydae, COCTABIIAIONIAs IPUBEACHHOTO JI0X0/1a IS
I-if pa3MepHOii TPy

w; = CiQ; — fV —r/u;
Koadduuuentsr f u r B 310it (hopMyse MOXKHO ONpPEACTUTH O pPe3yabTaTaM SKOHOMHUYECKOTO
aHanM3a ce0eCTOMMOCTH MUJIOMAaTepUaIoB Ha JIECOMIIBHBIX MpennpusaTusx. Jlagee HyXHO
BBIPa3uTh (PYHKIIUIO CO, B YpaBHEHUH, 4depe3 (a3oByr NepeMeHHY Ha npensiaymiem (I - 1)-m
miare X1 W yIpaBJIeHHE Uj, TO €CTh IOJYyYHUTh B SIBHOM BHJIe BhIpaxkeHuWe . Benwmumna Q; B
ypaBHeHHMH , o4eBHaHO, paBHa Qi = K; Vi , rame Ki- cpennuii ko3dduimeHT 00beMHOTO BBIXO/a
MIJIOMATEPHUANIOB, IOJTY4aeMbIX 13 OpeBeH i-if pa3MepHOW TPYIIIHL.
CrnenoBaTeabHO,

w; = (0:0; — FIV — iy
VYuuTeiBas, 4To yepes X;
0003HauYCH HAaUOOJIBIIHI JUaMeTp OPEBEH B I-i rpyIine, MOXKHO 3aIHCaTh:

Vi = Vidimin) + Vidimin +2) + Vidipn + 4) + Vix)

e diymge - HAUMCHBIIMM YETHBIM auaMeTp OpeBeH B I-ii pa3sMepHOW Tpymme, a uepes

V{d i J0OOO3HAUEH 00BEM OPEBECH, MMEIOIMX ATOT BEPIIHHHBINA IUaMeTp. 3HaYCHUS AruaMeTpoB di,
dy,... 00pa3yroT apruPpMETHIECKYIO IIPOTPECCHUIO C Pa3HOCTHIO, paBHOM 2 cM. [TosToMy
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X = dimin + 2(u; — 1)
JnaMeTpy dmi NPEALUIECTBYET YETHBIA AUAMETP, SABISIOIIMICT MAKCUMAIbHBIM JUIS IPEABIYIICH,
(i- 1)-i, rpynmer. CrietoBaTesbHO,
Aimin = ¥i-g + 2
[ToacTaBUB 3TO BBIPAKEHUE JUIS Gy B YPABHEHUH, TTOTYIUM
¥ = iy + 2y
CooTHollIeHHE TTOKa3bIBAET, KAKUM 00pa3oM CUCTEMa NEPEeXOAUT U3 COCTOSHUS B Sj.q MOCIEayIoIIee
COCTOSIHUE Sj, T. €. CIY)KUT SBHBIM BHJIOM BbIpakeHus. [lonctaBuB B (OpMyILy BBIpaXKEHUS IS
& imin » AMEEM
Vi=Vi, + 2+ V0, + 49 + -+ Ve, + 2u;)
Bemnuuna K; B popmysie Taxoke siBisiercss pyHKIMEH (pa30Boi KOOpAMHATHI U yrpasieHus Uj. Kak
U3BECTHO, C POCTOM BepIIMHHOro auamerpa Og KOIDGHUIMEHT K OOBEMHOrO BBIXOIA
NWJIOMAaTEPUAIOB BO3PACTae€T MPUOTU3UTENHFHO MO 3aKOHY BBIMYKJION KBaJpaTUYHON (QYHKITUH:
k =6+ adg + fdi rae KoopPHUIUEHTHI § # & MOJOKUTEIbHBI, @ f oTpuIiareieH. [10 OTHOIIEHHIO K
JTAHHOW pa3MepHOH rpyrme BMecTo dg OyaeM paccMaTpuBaTh HAMMEHBIIHN JUaMeTp OpPEBEH B HEM,
paBHbIii (X1 + 2). Bennuuna k; mpomopruoHanmbHa TakkKe M YOPABICHUIO H,, MPUYEM 3Ta
3aBHCUMOCTh BBIp@KEHa cialee, 4eM Mpeaplaymas. Takum o0pa3oM, MpHOIMKEHHO MOYXKHO
noJjaraThb )
k=0+a(m., +2) + B(xy +2)7 +yy
rae y > 0 u y 3HauuTeNIbHO MEHbILIE &.
Bemnuuny Cj, B ypaBHEHMH MOKHO OINpPEECIUTh IO MPEHCKypaHTy W cHenu(uKanuyd Ha
WJIOMaTepuabl, BbIpabaThIBaeMble U3 OpeBEH TaHHON pa3MEepHO IrpyIIIbI.
BripakeHue 115 1eneBoi PYHKIUH @; C YIETOM TEeperHIIeTCs TaK:
wi(xi_gou)) ={Cl+ale;_y + 20+ Blxi_y + 2P + yuylx

W
xz 'Ir’{.r[_l + 2_;':] - *.r'.-"rui
i=t

Tenepb MOKHO 3anucaTh /Ui JAHHOM 3aJjauil OCHOBHOE (DYHKIIMOHAJILHOE YPaBHEHHUE B BUJIE

Wi iy ) = maxle; Copgougd + Wil Gesy — 20k
rae GyHkius w;lx;_y,u;) ompemesnsiercss BhIpaXeHHeM. AprymMeHT ¢(yHkumu Wi, B TONXyuYeH
MOJICTAHOBKOM BMECTO Xj €r0 BBIPAKECHHUS.
Jlanee pemiaercst MociieJ0BaTeIbHOCTh 3KCTPEMANbHBIX 3a7au. BHauane OThICKMBAETCSl YCIOBHBIN
ONTHUMAJIbHBIM BBIMIPBILI W} HA ITOCIEAHEM LIare:

W = max{ow, (x,_.u, )}

ITpu 3TOM 3amaroTCs pPa3INYHBIMU 3HAYEHUSMHM Xp.i M PACCMATPUBAIOT KAXKIBIA pa3 TOJIBKO
JIOTYCTUMBIE YIpPaBJIEHUS, KOTOPbIE MEPEBOJAT CUCTEMY B cocTOosiHUE Xp. CocTosiHUE X, 3aJaHo:
9TO HaWOOIBIIHI YSTHBII AuamMeTp Um OpeBeH B MHIOBOYHOM ChIPbE, MOJICKAIIEM PACITHIMBAHHUIO.
3alaHHBIM SBJIIETCS M UCXOIHOE COCTOSIHME CHUCTEMBI Xg. OJTO, OYEBHMJHO, BEJIUYMHA YETHOIO
JMaMeTpa, IPE/IIIECTBYIOIEr0 MUHUMAIBHOMY THaMeTpy OpeBeH B UMeroIIeMcs 3anace: Xo = di- 2.
[Tpu BBIOOpE MONMYCTUMBIX YNPaBICHUH MOXXHO PYKOBOJCTBOBAaTHCS PEKOMEHIAIMEH: 00bEeINHATh
B OJIHYy pa3MepHyI0 Trpynmy He Oojiee yeM S 4YeTHBIX AMaMeTpoB OpeBeH. Torma B KayecTBe
JOTTYCTUMBIX YIIPaBJICHUH Kak Ha MOCJIEIHEM, TaK U Ha MPEeAbIAYIINX 1Iarax BeIOMparoTcs yucia U
=1,2,...,s. [locne ompenenenust W, ypaBHEHHE TMEPENHUCHIBAIOT Uit | = N - 1 ¥ ¢ €ro MmoMoIso
pelIaloT 33/1a4y YCIOBHOM ONTUMH3ANNY TS pepLayiiero, (N - 1)-ro, mara. /lagee TOYHO Tak ke
nocrymnatot g (N - 2)-ro,(N - 3)-To U T. 1. MIaroB, 10 Te€X MOp, IOKa He OyIyT pacCMOTPEHBI BCe
JOTYCTHUMBIE COCTOSIHUS M YIpaBJi€HUs. 3aTe€M OTBHICKMBAIOT ONTUMAJIbHOE YHCJIO 3TaloB U
JENCTBUTENbHOE ONTHUMAJIbHOE YIpaBlieHHe Ha mepBoM miare u;.C 3TOM Lenbl0 cpeau Bcex
YCIOBHBIX ONTUMAbHBIX yhpaBieHUd u;(i =n; (n—1);(n—2);..), BBIBOAAIIMX CHCTEMY W3
cocrossHust ar0, BeIOMpaeTcs TO, HpU KOTOpoM meneBas GyHKuus W< (x,) MakcHMaibHa.
CooTBeTCTBYIOLIEMY 3Taly INPUCBAUBAaeTCS HOMeEp |, B pe3yabTaTe 4ero cpaszy OTHICKHUBAETCS
ONTUMAJIBHOE YHUCJIO 3TanoB N. Jlns HalJAEHHOro ONTUMAJbHOIO YIPAaBICHHs u:IOo (opmylne
HaXOJAT COOTBETCTBYIOIIEE 3HaU€HUE X1. Iy 3TOM BENMUMHBI CPEU HAJACHHBIX paHEe YCIOBHBIX
ONTUMAJIBHBIX YIPABICHUN Ha CICAYIOIIEM IIare OTBICKUBAIOT ACUCTBUTEIBHOE ONTHMAIbHOE
yrnpasienue u3. [1o ¢popmyie npu | = 2 HaXOAAT X2 U T. 1., BIUIOTH JI0 Xp-1.
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Pasnes 2. OcHOBHBIC NOHATHSA JIMHEHHOT0 MPpOrpaMMHupoBaHus. CHMILIeKC-MeTOA.
JIBoiicTBeHHAasl 3aa4a JMHEHHOT0 MPOrPaAaMMHUPOBaHMSI.

Tema 2.1 Bpenenue B JHHeiiHOE MPOrpaMMHupoBaHue. 321249 JHHEHHOT0 MPOrpaMMHPOBAHMS.
OcHoBHas 3a71aua JMHEHHOTr0 NporpaMMupoBanus. I'eomeTpuyeckasi MHTepNpeTaAlUs OCHOBHOM
3a/1a4M JIUHEHHOro MporpaMMHPOBaHUSI.

Jlexius mpoBoaUTCS B hopMe aucKyccuu (3 vaca)
Vmeetcst chipbe 1-T0 1 2-ro copTa B KOIHYecTBe COOTBeTcTBeHHO D1 1 by, M°. Tpu npeanpustust mo
ero TmepepabOTKe, BBIMYCKAOIINE OJHOPOJAHYIO MPOAYKIHUIO, pPACHOJaraloT CBOOOTHBIMHU
MOILHOCTSAMH, MO3BOJISIOLIAMU IIepepaboTaTh COOTBETCTBEHHO C1, C; M C3, M°, CHIPbi. JTH
OpeAnpusTHs padOTalOT B Pa3HBIX YCIOBUSAX M UMEIOT COOTBETCTBEHHO Pa3IMYHbIe HOPMBI BBIX01A
MIPOYKLIUH.
ITycts @ j - 00BbEM NPOAYKIINH, BRIpabaThIBaEMOil 13 1 M° CBIPBS I-TO COPTA Ha j -M MPETPHSTHH, i
=1,2;j=1, 2, 3. TpeOyetcs onpeaecinTb, B KAKOM KOJHUYECTBE HEOOXOAUMO MOCTABIISITH ChIPHE
KQKJO0r0 copTa Ha Kaxaoe u3 npennpustaid. [Ipu 3ToM momkeH ObITh 0O0ecrieueH MaKCUMaTbHBIN
0o0BeM BBINTYCKAa MPOAYKIIMU, M YYTE€Hbl OTPaHUYEHHUS IO 3amacaM ChIpbsi U 00bEMaM €ero
nepepaboTKU Ha NPENUpUATHAX. OJIEMEHThl pEllieHus B JaHHOM 3a7ade ynoOHO 00O03HAuYUTh
MIEPEMEHHBIMU C IByMsI HHIEKCAaMU: MIEPBbII UHJEKC - COPT ChIPbs; BTOPOH - HOMEP NPEANPUATHS.
Takum oOpasoM, uepe3 Xj 00O3HaueH 0O0BEM CHIPbS I-TO COPTA, IIOCTaBIAEMOrO Ha J-€
npeanpusTHe. 3ajada MO3TOMY COJAEPKUT LIECTh JIEMEHTOB PELICHUS: X11, X12, X13, X21, X22,X23.
OO0mmit 06BeM ChIphs 1-TO copTa, MOCTABIAEMOr0 Ha BCE TP MPEANIPHITHS, paBEeH cyMMe (X11 + X12
+ X13) M He JOJDKEH NPEBBIIATH MMEOLIErocs 3amaca by M°. CiefoBaTenbHO, HMeeM rpyniy us3
JIBYX OTpaHMUYEHUH 110 3a11acaM ChIpbs KaXJI0T0 COpTa:
Xy T Xyg t Xy 5511}
ptrptrn=h

OOBeM mocTaBoOK CBIPbsA 1-ro M 2-ro copra Ha IepBoe NPEANPUATHE, PaBHBIHA (X111 X22), HE JOJKEH
IpEeBBIIATh MOILIHOCTh €1 ATOr0 MpEeAnpusiTus 1o ero mnepepadborke. Mcxoas u3 storo,
COCTaBJISIIOTCS OrPAaHUYEHMS] O MOIIHOCTH NEepepabOoTKU ChIpbs JJIs MEPBOrO M OCTaJIbHBIX
MPEANPUATHIA:

Xy + Xy =6y

Xygt Xgp = '5'::}

¥zt ¥y =0

OO6muii 00beM BeIpaOOTKU MPOAYKIIMU Ha BCEX MPEANPHUATHSIX PaBEH CyMMe

2 3
Ay Xyy 835Xy + 83X 8 X1 8y Xy, +Ay3K55 = Zzaij Xj;
i=j j=1

JUIsL KOTOPOM HaJl0 HAWTH MakCUMyM. DTO BBIpAXKEHUE CITYKUT LieJeBor QyHKLMEN 3a1aun
2 3
W=>>a,x; - max.
i=j j=1
Kpome Toro, Hafio yuecTs TpeboBaHHE HE OTPULIATEIHLHOCTH MEPEMEHHBIX
x; 20,i=12j=123.

[Toctpoennas maremaruueckast Mojeib (3.10) - (3.13) - ato eme ogun nmpumep 3JII1.
3agaun JMHEHHOr0 MPOrpaMMHPOBAHMS

ChopmynupyeM 3a1aqy JHHEHHOTO MPOTPpaMMHUPOBaHUSI B 001IEM BH/IE.
HmeeTcst N mepeMeHHBIX X1, X2,...,Xn. TpedyeTcs HaAliTH Takhe UX 3HAYCHHUS, PU KOTOPHIX IIeJeBas
byHKIIUS

W =c X, +C,X, +...4+C,X,
oOpartaercss B MakcuMyM (MUHUMYM). [Ipu 9TOM mepeMeHHbIe X1, X2,...,Xn JOJDKHBI YAOBIETBOPSTH
Py OTpaHUYEHHH, KaK0€ U3 KOTOPBIX JOHKHO OTHOCUTHCA K OHOMY U3 CIEAYIOUINX TUIIOB!

d;x, +d,x, +...+d x, =d,;
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e, X, +6,X, +...+€,X, =€;
£ + %, +.. 4+ f x, = fy;
Kpome Toro, umeroTcst orpaHudeHus BUaa

KOTOPBIC HA3BIBAIOT OOBIYHO MPOCTHIMH MJIH TPUBHAJBHBIMU OrpaHuYeHusIMU. OYEBHIHO, YTO
orpannueHus Buaa (3.17) nerko cBomarcs k Buay (3.16) yMHOKEHHEM O0EUX YacTell MCXOJIHOTO
HepaBeHCTBa Ha (-1) u oOpatHo - Buj (3.16) k Buay (3.17). OT orpaHHuEHHIT-PABEHCTB TOXKE BCEr1a
MOXXHO TEpPEHTH K SKBHBAJICHTHOMY HEpaBEHCTBY BHA (3.16) mocpencTBOM HMCKIIFOYCHHS KaKoH -
00 MepeMEeHHOM.
ITyctb, Hanpumep, B 3JII1 umeercs orpanndenue 2x; + 3Xp - 5X3 = 4, ri€ NEPEMEHHbBIE X1, X2, X3
HEOTpUIATENIbHBI. BBIpa3uM U3 3TOTO paBEHCTBA X3!
X3 = Q/s}l + 6/53(2 _4/5
Torma paBenctBo (3.19) B coueranuu ¢ orpaHuueHUEM X3 > 0 IKBUBAJICHTHO HEPABEHCTBY (2/5)x1 +
(3/5)x2 - 4 / 5>0 . OT™MeTHM, HaKOHEII, YTO 3a/1a4a, B KOTOPOH TpeOyeTcst HAUTH MaKCHUMYM I€JIEBOH
¢dbyukun W, S5KBUBaJeHTHA 33aJjaue MUHUMU3alUHU 1esneBoi pyHkun W' = - W.
3anumieM 33134y JMHEHHOTO IPOrpaMMHUpPOBaHMs 00IIEero BUa B cieAyronei hopme:
W =Cp +CyX) +CoXy +...4CpyXpy —> Min;
By +byyxy + bygxg + by 2 0
by + by xy + bygxs + bypxy 2 0;

by + by Xy + B Xy + B xn = 0,
x1 >0; x2;...;0; xn >0.
e M - YUCiIo HETPUBUAJIbHBIX OFp&HH‘lCHHfI.
COBOKYIIHOCTh 3HAUYEHUMN IMEPEMEHHBIX *i¥; ¥, yIOBIETBOpstomias BceM orpannueHusm 3JIII,
Ha3bIBACTCA €€ NONYCTUMbBIM PCIHICHUEM. OnTuMaAJIbHBIM peuicHuEM 3.HH HA3bIBACTCA TAKOC €€
A0IMYCTHUMOC PCHICHUC, TIPU KOTOPOM ILICJICBas (I)YHKLII/IH AOCTUTACT 3KCTpEMYyMa, T. €. MAKCUMYyMa
NnIn MI/IHI/IMYMa, B 3aBUCHUMOCTH OT yCJ'IOBI/Iﬁ 3ada4u.

OcHoBHasi 3a1a4a JUHEHHOT0 NPOrpaMMHIPOBaHUS

J151s BBISICHEHUSI OCHOBHBIX CBOMCTB PELICHUS 3a7aud JMHEHHOTI 0 MPOrpaMMHUPOBaHUS IIPOBENIEM €€
TEOMETPUUYECKYIO0 HHTEPIIPETALIMIO.
Tpebyercs HallTH MaKCUMYM (YHKIIUU
W =3x, +4x,
IIPU OTPaHUYEHHUSAX:

Bxy + Sx, = 30;

dx, 4+ Tx, < 28;

= O, =0,
PaccMoTpuM KOOpAMHATHYIO IJIOCKOCTh HA PUC, MO OCH abcuucc KOTOpOil OyaeM OTKIaabIBaTh
3HAYEHUs MEPEMEHHOW ¥;, a MO OCH OpAMHAT - 3HA4YeHUsd x;. KaXmol TOYKe IIJIOCKOCTH
COOTBETCTBYET HEKOTOpas mapa 3HA4eHWH x; ux;. MHOXECTBO TOYEK, JJIsi KOTOPBIX BBITIOJIHAETCS
orpaHuyeHue x, = 0 mpencTaBiseT co0Oi MPaBy MOJYIIOCKOCTh, T. €. YaCTh IUIOCKOCTH TpaBee
ocu 0X2, a Bce TOUKH, JIsl KOTOPBIX x; = 0, pacnoyiaratorcsi B BEpXHE# MOJYIIOCKOCTH - BBIIIE OCH
0Xx. Toukm, Isi KOTOPBIX YIOBJIETBOPSIOTCS 00a 3TH HEpaBEHCTBa, x;= 0mx, =0, Jjexar,
OUEBUJHO, B TMEPBOM KBaapaHTe. J[00aBUM K STUM OrpaHHUYEHUSIM HEPaBEHCTBO. PaccmoTpum
CHauajia COOTBETCTBYIOIEE PABEHCTBO:

Bx, + 3x, = 30;
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Oro ypaBHeHHE MpsAMOii |, oTcekaroreii oTpe3ok B 5 eaunuil Ha ocu 0X; U B 6 eauHuIl Ha ocu 0X2.
YuuThiBasi 3HaK HEPABEHCTBA, MOYKHO CJI€JIaTh BBIBOJ O TOM, YTO TOYKH, yJIOBJIETBOPSIOLIUE EMY,
JaekaT Hroke npsMoit | mam Ha Heii camoii. IITpuxoBKO BO3ie MPsIMOM OTMEYeHa 00JacTh, B
KOTOPOM COOTBETCTBYIOIIEE HEPABEHCTBO HE BBIITOJIHAETCS.

OnHOBpEMEHHO TPEM OTPaHMUYEHUSIM, x; = 0ux; =0, yIOBIETBOPSIIOT TOYKHU, JIEKAl[UE BHYTPH U
Ha rpaHune TpeyronbHuka OCB. AHaJOrMYHO Y4MTHIBAaeTCsl orpaHuueHue. Bce Touku, i
KOTOPBIX OHO BBINOJHAETCS, JISKAT HIKE IPSAMOM N WM Ha HEW. YpaBHEHHE 3TOU MPSIMOI

iy + Tx, = 28

[ToaTOMY TOYKH, YAOBJIETBOPSIOIIME BCEM YETBIPEM OTPAHUYEHUSM 3a/1aud, JIeKAT BHYTPU M HaA
rpaHuLax BbIIyKsIOro yerbipexyroipHuka OMKB (Ha puc. 3.2 3amtpuxoBal). 3neck K - Touka
nepeceveHust mpsMbix | um.

['eomeTpuueckuii 00pa3 MHOMXKECTBA JOMYCTUMBIX PEIICHUI HA3bIBACTCA 00JIACTBHI0 JOIYCTHMBbIX
pemennii (OJIP) 3amaum nuHEWHOro mporpaMmupoBanus. Mpl nokazanu, 4dro OJIP B
paccMaTpuBaeMoOM 3a/1a4e - 3TO BbIMYKJIbIM yeTbipexyroibHuk OMKB.

Cpenn MHOXeECTBa JONYCTUMBIX PELICHUM CIENyeT HAaWTH onTuMaibHoe. Jljisi 3TOro BBEIEM B
paccMmoTpenue 1eneByro ¢yHkuuio (3.27). byaem mnpumaBath el pa3iuYHbIE 3HAYCHUS H
HCCJEeI0BATh, I€ HAaxXoaaTcs cooTBercTByromure UM Touku B O/IP. [lonoxkum cHauyana 3HaueHue
neneBoi pyHkmuu paBHEIM Hymo: W = 3x31+ 4x, = 0. D10 ypaBHeHue nipsiMoii N.. Ha Hell mmeercs
eAuHCTBeHHAas Touka {X1= 0; x, = 0}, npunamexamas O/IP. [Tycts Teneppr W = 3x1+ 4xp = 6. D10
ypaBHEHUE MPSIMOM P, MapajuIeTbHON MNPEIbIAYIICH U PACMOJ0KEHHOW BbIime Hee. CTpenkoit
YKa3aHO HalpaBJeHHE CMEUICHHs MPSMOil, COOTBETCTBYIOIIEE BO3PACTAHUIO 1IENIEBOM Py

HKuU. Cpean BceX TOYEK ATOH MpsSIMOW OONACTH OIMYCTUMBIX PEHICHUH MPUHAIIEkKAT TOJBKO
TOUKM oTpe3ka AD, mis xaxaod u3 kotoppix W = 6. Eme npeanoyTuTesnbHee ¢ TOYKU 3PEHUs
npUOIIKEHNs K MakCUMyMYy IiesieBoM (yHKIMHU moJjiokeHue orpeska EF mpsimoil q, ypaBHeHue
KoTopoit  3X;+4X;=12. OueBUIHO Temepb, YTO MAKCUMAIbHOE 3HAUEHHUE LeJeBOW (YHKIIMH Ha
MHOECTBE JIOMYCTUMBIX PEHICHU JIOCTUTACTCS MPH CaMOM BEPXHEM TMOJIOKEHUH mpsimonr W,
KOI'Jla OHa BCE ellle MPOXOAUT XOTs Obl uepe3 OJHy TOUKy, npuHaanexairyto O/IP. Oto npsimas T,
MPOXOJsIIast qepes touky K. Ee KoopauHATHl OompenesnstoTcss U3 pPerieHus CUCTEMbl ypaBHEHHM
X, = EE, X =2 3Ta rapa 4uces U €cTh onTtuManbHoe perieHue nannoi 3JII1. 3nauenue mneneBon

GyHKIMM 1S Hero paBHO
2 2 3
W=3- 3H+4- H=18H

B npusenennom npumepe 3JIII umena eauHcTBeHHOEe pemieHue. [lokakeM, 4TO BO3MOXKHBI U

JpyTUe CIyvau.
Pacecmorpum 3JIIT
W = 5x; + 3x, — max;
4y + Bx, = 32
5%y 4+ 3x, = 15;

= O, =0,

3nech 00sacTh qOomMycTUMBIX pereHui - MHOroyrodbHUK OABC. Otpe3ok BC sBisiercst yacTbio
npsiMoit |, ypaBHEeHHE KOTOpPOY MOTydeHO M3 HEpaBEHCTBA M UMeeT BuA 5x1+3X,=15. Bce npsimele,
Ha KOTOPBIX IeneBast QyHKIHs MpUHIMaeT GUKCUpOoBaHHOE 3HaueHrne W = 5x1+ 3Xo= const, OyayT
napauiensHbl 3Toi npsmoi. IlosTomy MakcumyMm ee jocturaercst B mo0oil Touke orpeska BC.
Takum oOpazom, sta 3JII1 umeer OecurcieHHOE MHOKECTBO PELICHHIA.
Bo3moxHBI ciydan, Korja 3ajada JMHEMHOIO NPOTPpaMMHUPOBAaHUS HE HMEET PEIICHUH. ITO
BO3MOYKHO, KOTJIa MHO>KECTBO JIOIIYCTUMBIX pemeHni mycto. Hanmpumep, B 3JII1
9X1 - S5Xo—min;

x1+2X; <2;

2x1+ 3x0 > 6;

x1=>0; x2 >0.
cuctema HepaBeHCTB (3.38) - (3.40) He umeeT pelIeHni, T03TOMY T0IyCTUMBIX
penieHuit 3aga4un He cymiecTByeT (cM. puc. 3.3, 6). Kpome toro, Takoi ciayuai
BO3MO>KEH, ecnin OJIP cymecTByeT, HO HE orpaHudeHa, HanpuMmep, B 3J1I1:
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W =x; + x; - max;
o+ 1x,=1;
—2x;, +x, < 2;
= O, =0,

B sToM citydae nesneBas GyHKIHS MOXET MPUHUMATh CKOJIb YTOAHO OOJbIlINE 3HAaYeHHs (CM. pHC.
3.3, B).

I'eomeTpuyeckasi MHTepHpeTalUs OCHOBHOM 3a1a4¥ JIMUHEHHOT0 MPOrpaMMHUPOBAHMSI.

PaccmMoTpuM Tak Ha3bIBa€Myl0 OCHOBHYK 3ajJady JMHelHHOro nporpammuposanusi (O3JIII),
OTJIMYAIONIYIOCS OT 3aJaydl JIMHEHHOTO NporpaMMHUpoOBaHMs oOmero Buaa . B Heil TpeOyercs
MUHUMU3UPOBATh II€JIeBYI0 (DYHKIHMIO BHJA, @ BCE HETPUBUAIbHBIC OTPaHUYEHUS HMEIOT BUJ
paBencTB. OOt Bua 03JII1 cnenyronuii:
W = +CpX) +CoXy +...4 CXp — min;
by + byyxy +bygxg + bypan = by
by + byyxy + Bagxg + Byp iy = by

b + by xy + Boxy + by = by,

X >0; x2;...;0; X > 0.
HekoTopsie TeopeMbl JTHHEHHON anreOpbl Cpas3y MO3BOJSIOT PEIIUTh BOIPOC O CYIIECTBOBAHUU
nonyctumoro pemenust O3JII. [Ipeanonoxum, 4To U3 M ypaBHEHUM CUCTEMBI TOJBKO I THHEWHO
HE3aBHCHUMBI. JTO 3HAUUT, YTO KaXKJI0€ U3 OCTalIbHBIX (M - ) ypaBHEHHH MOXXHO TOJYYHUTb,
npeoOpa3yst pacCCMOTpPEHHBIE I' ypaBHEHUN. YN CITO T HAa3bIBAETCS PAHTOM CHUCTEMBI YpaBHEHUH.

Hampumep, B cucreme
2xy +3x,+ x5 =
J.'j_ - 2.1’: - ‘]:'J.'! =
dx, —x,— Tx,

|
Ll

TOJIBKO IIEPBBIE JBA YPABHEHUs JINHEWHO HE3aBUCHMBI. TPEThE ypaBHEHUE MOXKHO IOJIY4YHUTb, €CIIH
CJIIOKUTH TIEPBOE YPAaBHEHME C YABOCHHBIM BTOPBHIM. [109TOMY paHr TaHHON CHCTEMBI YpaBHEHUMU
paBeH 2.

BenuunHa I He peBBIIaeT yucia NepeMeHHbIX N @ r < N . Cioyyail, koraa I = N MaJo UHTEPECEH.
[Tpu 3TOM cucTemMa ypaBHEHHI HMeeT eMHCTBEHHOE pelIeHue {xi, %3 ,..., %, }. ECIIN Bce % MpH 3TOM
HeoTpuuarensHbl (I = 1, 2, .., N), TO HaiJICHHOE pEIICHUE CUCTEMbl YPaBHEHHUE SIBIISICTCS
OJTHOBPEMEHHO JOMYyCTUMBIM W onTuMaidbHbiM pemenueMm O3JIII. Ecnmm xe xoTs Obl ogHa W3
BenMYMH ¥ orpunarensHa, To O3JIII He uMeer nmonmycTuMbIX pemeHuil. [1o3ToMy B manpHeWeM
OyaeMm cuuTarh, 4To I crporo Meneuie N. Torma, ecnm cucremMa COBMECTHAa, TO OHa HMMEET
OecuucieHHoe MHOKecTBO pemeHud. Ilpu 3ToM (N - I) HepeMEeHHbIM MOKHO IpPHIaBaTh
IIPOU3BOJIbHBIE 3HAYEHUS. DT IEPEMEHHBIE HA3bIBAIOTCS ¢BOOOAHBIMHU. OCTaJIbHBIE I TEPEMEHHBIX
BbIpaXaroTcs yepe3 cBoOoHble. OHM Ha3bIBalOTCA 0A3UCHBIMU. {711 CylIecTBOBaHUS JOMYCTHUMBIX
pemennii  O3JIII HeoOXomumo, 4YTOOBI CpeIud MHOMKECTBA PELICHWH CHUCTEMbl HAIUIHCh
HEOTPULIATEIIBHBIE, T. €. YIOBIETBOPSIIONIUE OTPAHUIECHUSM.

K ocHoBHOW 3amaue JMHEHHOro IporpaMMHpoBaHusi MoxkHO cBecTu 3JIII obmero Buna
cienyromuM odpa3oM. Beenem nononHUTENbHbIE IEPEMEHHBIE Y1, V2,...Ym, PABHbIE JEBBIM YaCTIM
OTpaHUYECHUMN:
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Yo =by + byyxy + biaxy + By Xy
¥2 = by 4 boyxy + boaxy + Bap Xy

Vm = b+ By g+ B xg + B
W3 HEepaBEHCTB CIEAYeT, YTO BCE IOTIOTHUTENBHBIC TIEPEMEHHBIC JOKHBI OBITh HEOTPUIIATEIIBHBI:
yi> 0; j= 1,2,...,m. Takum oOpa3om, 3a1a4a JMHEHHOTO MPOrPaMMHPOBAHHUS OOIIETO BHIA CBEICHA
K CIIEYIOLLEH 3a1aye:

W=re +cyx + 0, +0xy = minn

Y1 = by + bygxy + bygxg + by
¥z = by + byyxy 4 bagxy + by xy;

Vm = B+ by Xy 4 B X + By X,
= 0i=1,...m
y=0 j=1l..m J

B KOTOPOH BC€ HETPUBUAJIbHBIE OIPAaHUYEHHS HMMEIOT BHUJ paBeHCTB, To ecTh K O3JIII, HO ¢
OO0JIBILIMM YHCIIOM IEPEMEHHBIX, YeM B UCXOAHOI 3a1aue.
Cucrema ¢ (N + M) HEU3BECTHBIMH, BXOJIIAsl B 3Ty 3aJady, UMEET OYeHb yI0OHbIM BuA. bynem
CUMTATh, YTO BCE €€ yPAaBHEHHUs JIMHEHHO HE3aBUCUMBL. Torjga oHa MMEET paHr I, paBHBIM YUCITY
ypaBHeHUd M. [lpu 3TOM M 0a3uUCHBIX NEPEMEHHBIX Y1, Y2,...Ym YK€ BBIpaXKEHbl yepe3 N
CBOOOJHBIX NMEPEMEHHBIX X1,X2,...Xn.
OcHOBHOM  3a7aue JIMHEHHOrO0 MPOrPaMMHUPOBAaHUS Pa3yMHO JaBaTb TI'€OMETPUUYECKYIO
MHTEPIPETaLHI0O B IPOCTPAHCTBE CBOOOJHBIX MEPEMEHHBIX X1, X2,...Xn. IIp N = 2 paccmoTpum
IUIOCKOCTh C KOOPJMHATaMH X1, Xo. BenencTerue TpeboBaHMA HEOTPULIATEIBHOCTH NIEPEMEHHBIX Y
> 0 , o0nacTe NOMYCTHMBIX pEIIEHUH B 3TOM Cilydae OrpaHMuY€Ha HPSIMbBIMH, OMUCBHIBAEMBIMU
YpaBHEHUSAMU:

Ve = byt byyxy + by, =0

¥z =by + byyxy 4 bypxy =0

Vm = B+ by Xy + by, =10
;=0 x,=0.

O/IP, ecam oOHa CYIIECTBYET, TMPEIACTABIsAE€T COOOM  BBIMYKJIbIA MHOTO-YTOJIBHUK, T,
COOTBETCTBYIOIIUHU ciiydaro M = 3). OH Ha3bIBaeTCSI MHOTOYIrOJIbHUKOM JONMYCTHMbIX PelIeHuId.
OntuManbHOE PEIICHHE JOCTUIaeTcs OJHOM M3 BEPIIMH 3TOr0 MHOroyrojpHuka. [Iockosbky Ha
Ka)XJJ0M U3 OTpaHMYMBAIOIINX MPSIMBIX OJJHA U3 NEPEMEHHBIX Yj WIH X; 00paliaeTcs B HyJb, MOKHO
yTBEpXkAaTh, YTO B JIOOOW BEpIIMHE MHOTOYIOJbHUKA JOMYCTUMBIX PEIICHUH, a 3HAUMUT, U B
BEpILMHE, COOTBETCTBYIOIIEH ONTHUMAJIBHOMY pELIEHUIO, IO KpalHEl Mepe [BE IEpPEMEHHbIE
oOpararoTcs B HOJIb.

[Ipu n = 3 cnexyer yxe paccMaTpUBaTh TPEXMEPHOE MPOCTPAHCTBO CBOOOJHBIX MEPEMEHHBIX
X1,X2,X3. OJIP B HeM orpaHH4eHa INIOCKOCTAMU yj =D + +bj1 X1 + bjpXo + bjsX3=0,j=1,2,..,m, a
Tak)Ke KOOPAMHATHBIMH TIOCKOCTsIMU X1 = 05 Xo= 0; X3 = 0. OHa npeacraBusieT co00H BBITYKIIBIHA
MHOTOTPaHHHUK, B OJHOW M3 BEpIIMH KOTOPOIO HAXOJIUTCS ONTHUMallbHOE pelieHue. BepimHa
MHOTOTpaHHHMKa 0Opa3yeTcsl MepeceueHHeM He MeHee 4YeM TpeX IUIOCKOCTeH, Ha KaXIoW H3
KOTOPBIX OJIHA U3 MEPEMEHHBIX OoOpalaeTcst B Hylb. [l03TOMy B Kax10i U3 BEpIIMH, B TOM YHCIIE
U B TOYKE ONTUMYyMa, oOpalaercsi B HyJb HE MEHEe TPeX MepEeMEHHBIX.

[Ipu n>3 aHajgOrM4HBIM OOpPa30M paccMaTPUBAETCS MPOCTPAHCTBO CBOOOJHBIX MEPEMEHHBIX
Oonbueit pazmepHoctu. IloBepxHocTH, orpanmumBatonire OJIP, Ha3pIBalOTCS B 3TOM cllydyae
THNEPIIOCKOCTAMM.
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Tenepr MOXHO cHOPMYIUPOBATH HEKOTOPHIE CBOWCTBA PEIICHWH OCHOBHOWM 3a/layé JIMHEWHOTO
MIpOrpaMMHUPOBAHUS.

1. O6nactp momyctumbix pemeHuit O3JIII, ecnmu onHa cymecTByeT, Bceraa oOpasyeT BBIMYKIOE
MHOXECTBO. BBIMYKIIBIM Ha3bIBACTCS MHOKECTBO, OOJaJaroliee CIEAYIOUIMM CBOWCTBOM: €CIIH
Mt00bIe ABE TOYKU MPHUHAJIEKAT 3TOMY MHOXKECTBY, TO €MY K€ IIPUHAJUIeKAT U BCE TOUKH OTPE3Ka,
COEJIMHSIOLET0 UCXOAHBIE TOUKH.

2. OnTuManbHOE pelIeHHe, €CIM OHO CYIIECTBYET, Bcerjaa jgocturaerca Ha rpanune O/IP, a
MMEHHO, B OJIHOM M3 BEpIIMH MHOTOTpaHHUKA JIOMYCTUMBIX pemieHuil. Jomycrtumoe peiieHue,
HaxoJdIleecs B OJHOM M3 BEPLIMH ATOTO MHOTOTPAaHHHKA, HA3bIBAETCS ONOPHBIM PEIICHHUEM , a
caMa BepLIMHA - OIIOPHON TOYKOM.

3. B onopHo#i Touke HEe MeHee YeM N IepeMEHHbIX 00palllalTcs B HYJIb.

3nech N - uncino cBoboaubIx nepemenHsix O3JII1.

4. JInst OThICKaHMSI ONTUMAJIBHOTO PEUICHHS] MOKHO Iepedparh BCce OMOPHBIEC PEHICHHUS], OTHICKUBAs
CpeaH HUX TO, B KOTOPOM ILiesieBasi PyHKIHUS JOCTUTAET IKCTPEMyMa.

I'padguyeckoe penieHue OCHOBHOM 321244 JIMHEITHOr0 NPOrpaMMHUPOBAHUS METOI0M I1€PEeCTAHOBOK.
AJIropuT™ npeodpa3oBaHusl CTAHAAPTHON Ta0JMUBbI B CUMILIEKC-MeTo/e.

OcHoBHbIM MeTosioM perienust 3JIIT sBnsercs Tak Ha3plBaeMblid cuMIUIeKc-MeTol. OH COCTOUT B
otbickanuu onopHoro pemenus 3JII1 u B mocneayromem nepedope OMOpHBIX TOYEK 10 JOCTHKEHUS
ontumasibHOTrO pemenus. [Ipu 3ToM Ha Kax0M mare nepedopa OopHOe peLIeHHue yaydIiaeTcs 110
CPaBHEHHIO C MPEBLAYIINM IIIaroM.

PaccmoTpum mponenypy CUMILIEKC-METoJa Ui 3aJaud  JIMHEHMHOTrO IporpaMMHUpPO-BaHMS,
ceegeHHor k O3JIII u umeromeit Bua. [lpu aToMm M ypaBHenuil cucrems! (3.46), Bxonsuieil B ee
cocTaB, OyJieM CUMTaTh JIUHEHHO HE3aBUCUMBIMHU.

BBenem o0Oo3HaueHus: a;; = - D115 a1p= - Dio,...; @nn= - Dmn, C ydeTom KoTOpBIX crctema (3.46)
IPUMET TaK Ha3bIBAEMYIO CTaHIAPTHYIO hopMy

Yo =b—(ap it agnx, tagx,l
Y2 =by — (G2 + QX0 + Gy Xa)

¥m = by — (B X1+ Gz X3 + G X )
CocTaBUM CTaHIAPTHYIO TaOIUILy KOO()(PUIIMEHTOB STON CHCTEMBL.

B  amroputm = cuMIiekc-MeToZa  BXOAWT — MHOTOKPAaTHO  TMOBTOPSIONIASCS  MpoIeaypa
nepepaspeinieHus cuctembl (3.48) OTHOCHTENBHO HOBBIX 0a3WCHBIX MepeMeHHBIX. B xome aToit

TpoLeypsl TpeOyeTCs BRIBECTH KaKyl0-IH60 IepeMennyo X;, j =12,..,N, u3 4nciaa cBo6OIHBIX 1

nepeBecTd €€ B 0a3uWcCHbIe, a B3aMEH BBECTH B YHCJIO CBOOOJHBIX KaKyl-THOO Oa3uCHYIO
nepemennyroo Yi, i =1, 2,..., m. Takyio 3ameHy obOosHauuM X; <> Y;. Ilo pesymbraram sToOi

MPOLEAYPHI OCYIIECTBIIAECTCS MEPEXO] K HOBOM OMOPHOM TOUKE.

[Tycte TpeOyeTcss MpOM3BECTH 3aMeHy X; <> Y;. DJEMEHT ay CTaHAapTHOH TalJl. Ha3bIBAETCH
paspemaromuM. Ctpoka M rpada, Ha MEPEeceYeHUH KOTOPHIX CTOUT pa3pellarolluil 3JIEMEHT,
TaK>Ke HAa3bIBAIOTCS pa3pelIatOMH.

W310kUM anropuT™M 3aMeHbl NepeMeHHbIX. OH COCTOUT B cienylolleM mpeoOpa3oBaHUU
CTaHJapTHOMU TabII.:

1) B Tabnuue BBHIACIAIOT (OOBOAAT) paspelIaloNIUil 3JIeMEHT ay. Bbluucisior ero oOparHyro
BEMUMHY A =]7/ @;; W 3alMCHIBAIOT €€ B HIKHEW YaCTH TOM K€ SUCHKH, B KOTOPOM HaXOIHUTCA

pa3pelIaroni 2JIEMEHT;
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BasicHas CB00OOIHBIC IEPEMEHHBIC

CBoOOIHBIIH
nepeMeHHast
(BIT) yiieH (CY) T, %, x, x,
¥ by Byq By ... Oy By
M b, gz G137 Bazj Bzn
¥ b; 21 8z e &y Bin
Y by By 7 S Bl Brn

2) Bce DIIEMEHTBl pa3pellarouleil CTPOKH, KPOME CaMoro ajj, yMHOXaloT Ha A. PesynbraTsl
3aMMChIBAIOT B HUKHUX YaCTAX COOTBETCTBYIOIIMX SUEEK;

3) Bce 21eMeHThl paspemiarouieil rpadbl, KpoMe €aMoro aj, yMHOXarT Ha ( - A). PesynbraTsl
3aMMChIBAIOT B HUKHUX YaCTSAX COOTBETCTBYIOILIMX SYEEK;

4) noauepkuBarOT B pa3pellarolleld CTpPOKE BCE BEPXHUE UHUCIA — MPEKHHUE DJIEMEHTHl, a B
paszpemaromieii rpade - Bce HIKHUE YHCTa - HOBBIE DJIEMEHTHI, - 32 HCKIIIOYEHUEM A,

5) nmas Kaxaoro U3 HJIEMEHTOB, HE NPUHAMISKAIIMX HHM K paspelaoueil crpoke, HU K
paspematomiei rpade, 3amuChIBalOT B HUKHEH YacTH COOTBETCTBYIOUIEH SYEHKH MPOU3BEICHHS
MOTYEPKHYTHIX YUCEN, CTOSIIUX B TOM K€ CTPOKE U TOH ke rpade, 4To U TaHHBIN 2JIEMEHT;

6 ) mepenuchHIBAlOT TAOJMIly, 3aMEHHMB Xj Ha Y; U OOpaTHO, 2JIEMEHTHI Pa3pellarole CTPOKH U
pasperniaronieit rpadpl Ha yucna, CTOSAIMINE B HUKHUX YacCTSAX COOTBETCTBYIOIIMX SUEEK; KaXKAbIN U3
OCTAJIBHBIX 3JIEMEHTOB - HA CYMMY YHMCEJI, CTOSIIIUX B BEPXHEHU U HUKHEH 4aCTIX TOM Ke STYCHUKHU.
Hampumep, naHa cucreMa ypaBHEHUN

Y = 2x1+_r: +x:+ 1;
Vg = Xy — X3 — 2xg; }
vy = x; + 33, + 4.

Tpebyercsa npousBecTu 3aMeHy NEPEMEHHBIX X; <> Y,, TO €CTh BBIBECTH IIEPEMEHHYIO X3 U3 YHCIIA

CBOOOJHBIX W TIEPEBECTH €€ B 0a3WCHBIC, a B3aMEH BHECTH B YHCJIO CBOOOIHBIX MEPEMEHHYIO Ys.
HepCHI/II_HeM HCXOJHYIO CUCTCMY B CTaH,Z[apTHOﬁ (bopMe:
¥ =1—-(2x; —x;— x3)i
¥p = 00— (x + x5 + 2xg);
¥y =4 — (—x; — 3x;).

CocTaBuM CTaHAAPTHYIO TAOJIUILY

EIT cy CB0OO/1HbIE TTEPEMEHHbBIE
Xy Xq X
» 1 -2 -1 -1
3 0 1 1 2 ()
Ty 4 -1 -3 0
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Pa3peniaromum 351eMEeHTOM SIBJISICTCS AJIEMEHT Ha MepeceyeHu CTPOKH Yo U rpadsbl X3. ITO YUCIO

2. BennuuHa, oOpaTHast pa3peluaomeMy JIeMeHTy, paBHa A =1/2.

EII cy CBOOOIHBIC TIEPEMEHHBIE

xy Xy X
¥ 1 -5/2 -1/2 1/2
¥y 0 -1/2 1/2 1/2
Yo 4 -1 -3 0

Bce snemenThl Tabi. mepenuilneM B BEPXHHE YaCTH COOTBETCTBYIOIIMX KJIETOK BCIOMOTAaTEIbHON
Tabn. B 310l xe Tabmuie OyaeM 3amuchiBaTh U Pe3yIbTaThl IPOMEKYTOUHBIX BRIYHCICHUH. Yucio
A 3amMIIeM B HWDKHEHW YacTH TOM K€ SYCHKU, B KOTOPOH HAXOAMTCS pa3pelIarolIdid JIEMEHT.
HwxHue yacTu OCTanbHBIX siueeK TabJ. 3amoJHSAIOTCS COTVIACHO MPUBEACHHOTO BHIIIE aJlTOPUTMA.
[Tepenumem TabJ1., 3aMEHHUB X3 Ha Y2 U 00paTHO (Ta01.), BEIYUCINB €€ 3JIEMEHTHI B COOTBETCTBHH.
TakuM oOpa3oM, UCXOAHAS CUCTEMa YPaBHCHHI pa3pelieHa OTHOCUTEIbH MEPEMECHHBIX Y1,X3, Y3 U
npuodpena cueayouuil BUa:

¥ =1-(-2.5x;— 0.5x; + 0.5y, ) = 1+ 2.5x,0.5x, + 0.5y
¥y = 0- {—UJEII — U;SI: + [];5}-‘::] = U,EII_U,SJ:: — []JS}.':
o =4 —(—x; - 3x;) =4+ x, + 3x,.

CB0OOIHBIE IEPEMEHHBIE
BIT cy P

x, X X
¥ by By & Bin
¥a b, Oz Gzz Gan
¥ by, Cmi Bmaz Cmn
w Ty M ¥z ¥n

[Tomumo ypaBHenuii-orpannuenuit B O3JII1 umeercs emie nenesas Gpynkuus (3.41). [locne 3ameHbl
X; €> Y; €€ TaKKe HAJ0 BBIPA3UTh YEPE3 HOBBIE CBOOOJHBIE MEPEMEHHBIE X1,X2, ..., Xj-1,Yi,Xj+1, -, Xn.

OT0 AenaeTcsi TOYHO TaK K€, KaK W MpH IpeoOpa3oBaHUU IMPOU3BOJIBHOW CTPOKH CTaHIAPTHOMN
tabmuipbl. Oynkuus W npuBoanTCs K cTaHAApPTHON (opMe:

W =cq— (’1X1+72X2+---+7nxn,
rae 7, =—C;; ¥V, =—Cy5...;¥, =—C,. Uncna Cy, y;,%,,..,7, 3aIUCHIBAIOTCS B Ka4ECTBE 3JIEMECHTOB
NO00ABOYHON CTPOKM CTaHHApTHOW TaOimuipl (Tabn. 3.6) W MOABEPralTCs TeM  JKe

peoOpa3oBaHusAM, YTO U OCTajbHbIE CTPOKU. OTINUME ITOM CTPOKU COCTOUT B TOM, UYTO B HEH
HUKOT/Ia HE BHIOMPAETCS pa3peIlaroni AIeMeHT.

AJITOPUTM NpeodpPa30BaHUA CTAHAAPTHOM Ta0JMIbI B CHMILIEKC-MeTo/1e.

ITepsoiit 3Tan pemenus O3JIII cummiaekc-MeTOa0OM COCTOMT B TMOJYYEHUH OMOPHOTO PEIICHUS
3ajaud. Ha BTOpoM 3Tamne OTHICKMBAETCS €€ ONTHUMAJIbHOE PEIICHHE.
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N3noxum anroputM otbickanus onopHoro pemenuss O3JII1 B npeanoioxeHnu, 4To OrpaHuYeHUs
3aJaun 3alMcaHbl B CTaHAApTHOU (hopMme , a KOI((UIIMEHTHI 3TOW CUCTEMBI U LIEIEeBOI (yHKIUU
CBEJICHbI B CTAHJIAPTHYIO TaOIUILy.

1. Ecniu B cucteMe Bce cBOOOAHBIC WiCHBI D1,0,...,0m HeoTpHaTeibHbI, TO OMOPHOE perIeHue yiKe
MOJYyYEHO M MMEET BHI X1 = X2 - ... = Xp = 0;y1 = b1;yo= bo...,ym =bm. UHbIMU crioBamm, s
MOJIyYCHHUsI OTOPHOTO PELICHHUs, B ciaydae, eciau Bce b> 0, cieayer B cucteme (3.48) npuHsaTh BCe
CBOOOJHbBIC TMEPEMEHHBIE X1,X2,...Xn PABHBIMU HYIIO U MOJYYUTh U3 Hee 3Ha4YCHHs O0a3uCHBIX
MEPEMECHHBIX Y1,Y2,...Ym, KOTOPBIEC CTAHYT PaBHBI COOTBETCTBYIOIIUM CBOOOAHBIM wieHaM D1,0,,...0n.
2. ITycTh B OOHOM M3 YpaBHEHUI CHCTEMbI CBOOOIHBIN 4JIeH OTpHLATeNaeH. Ecau Bce 2IeMEHTHI a;
COOTBETCTBYIOIICH CTPOKM HEOTPULIATENBHBI, TO CHUCTEMAa HECOBMECTHA C  YCJIOBHUSMH
HEOTPHULIATEIIBHOCTH BapbUPYEMBIX TIEPEMEHHBIX U, ciaegoBaTenbHo, O3JII1 He umeeT pereHui.

3. IlycTb B ypaBHEHUHU C OTPULATEIbHBIM CBOOOJHBIM YJIEHOM €CTh OTPULATENIBHBIA DJIEMEHT ajj.
Torma rpada cranmapTHOW TaOnMIBI, B KOTOPOM OH HAaxOJIUTCS, BbIOMpaeTcs B KauyecTBE
paspemaromieid. Ecnu B paccMarpuBaeMoOll CTPOKE OTPULIATENBHBIX 3JIEMEHTOB HECKOJIBKO, TO
MO>KHO B3ATh JIFO00H U3 HUX.

4. PaccMOTpuM BCE JIEMEHTHI JaHHOW rpadbl, He cunTtas cTpokd W, HMeoImne OUHAKOBBIA 3HAK
CO CBOMM CBOOOJIHBIM YJIEHOM. DJIEMEHT, JJIsi KOTOPOro OTHOIICHHWE K HEMY CBOOOTHOTO 4iieHa
MUHUMAaJIbHO, BBIOMpaeTcss B KauecTBe paspemawomero. OOpaTuMcs K alrOpUuTMy 3aMEHbI
MEePEMEHHBIX.

5. B CcOOTBETCTBHMU C M3JI0)KCHHBIMH BBIIIE MPABHIAMH OCYIIECTBISETCS OOMEH MEePEMEHHBIMU,
KOTOPBIM COOTBETCTBYET BHIOPAHHBIN pa3pelaoninil SJIEMEHT.

6. [lonmyyeHHoe pemieHue uccieayercs: coryacHo ni. 1 u 2. Eciiu 0HO He SIBISETCS OMOPHBIM U HE
JI0OKa3aHa HECOBMECTHOCTh CHCTEMbl OTpaHHYEHUH, TO TMpoueaypa OOMEHa TIepeMEeHHBIX
MOBTOPSIETCST 10 TEX TMOp, NMOKa He OyIeT HaWIeHO OIOpPHOE pelIeHWE WM He J0Ka3aHa
HECOBMECTHOCTH CHCTEMBI.

Haxo:xneHue ONOPHOI0 M ONTUMAJIBHOIO PpelleHWsl 3aJ4a4d JIMHEHHOr0 NPOrpaMMHUPOBAHMS.
(I)opMmepOBRa I[BOﬁCTBeHHOfl 3aJavdu JMHEHHOTr 0 nporpammMmmpoBaHusi. IKoHOMHYECKAS
HHTEpHNpeETAaud NPAMOU U IBOUCTBCHHOU 3a/1a41 JIMHECUHOTI'0 ITPOrpaMMHupoOBaHus.

ITocne Toro kak onopHoe pemwenue O3JIII HaiineHO, NIPUCTYNAIOT K OTBICKAHUIO €€ ONTUMAJIBHOTO
pelIeHUs B CIeNYIOIIeH MoCcIe10BaTeIbHOCTH:
1) paccMmarpuBaeTcsl CTaHIApTHAs CHUMIUIEKCHAs TaOiuIla, COOTBETCTBYIOLIas HailleHHOMY
ornopHoMYy pernieHnto Eciui Bce cBOOOHBIC UIeHBI B HEl, He cuuTas cTpoku W, HeoTpUIIaTeNbHbI, a
B ctpoke W, He cumrTas CBOOOJHOTO 4JI€HA, HET HU OJHOIO IOJIOKUTEIBHOTO 3JEMEHTa, TO
ONTUMAJILHOE PEIICHNE TOCTUTHYTO U UMEET BUI X1 = X2 - ... = X = 0;y1 = D1;yo= D2...,ym =D

2) ecnu B ctpoke W ecTh OIMH WIM HECKOJIBKO IOJIOKUTEIbHBIX 3JIEMEHTOB, HE CUMTas
CBOOOJHOIO WIEHA, @ B KAXKJOW M3 COOTBETCTBYIOUIMX UM rpad HET HU OJHOTO IOJIOKUTEIBHOIO
3JIEMEHTa, TO ONTHUMAJIBHOIO pelleHus He cyuiecTByeT. lleneBas ¢QyHKLHsS B 3TOM ciydae He
OrpaHHuY€Ha CHU3Y;
3) ecnu xoTs Obl B OJJHOM M3 TaKUX rpad ecTh MOJ0KHUTEIbHbIE HIEMEHTHI, TO Ha/I0 OCYIIECTBUThH
oOMeH cBOOOAHOM M 0Oa3zucHOI mepeMeHHbIMU. [Ipy 3TOM B KayecTBe pa3pelaroliero 3JeMeHTa
CJIEZIyeT B3SITh TOT MOJIOXKHUTEIbHBIN AJIEMEHT aHATU3UPYEeMOM Tpadbl, i1 KOTOPOTrO OTHOILIEHHUE K
HEMY COOTBETCTBYIOIIETO CBOOOTHOTO uieHa MUHHMaIbHO. B ctpoke W Moryr ObITh 1Ba WiH
OOJIbIIIE TIOJIOKUTENIBHBIX  KOA(M(UIIMEHTOB, COOTBETCTBYIOIIUME Tpadbl KOTOPHIX COAEpIKAT
MOJIOKUTENbHBIE 3JIEMEHTHI. B 3TOM ciydae MOKHO B3STh JIF0OYI0 U3 TakuX rpad 1 BeiOopa B Heil
pa3pelaroLIero JIEMEHTA;
4) BHOBb 00paiarTes B 1. 1, U Ipyu HE0OXOJMMOCTH IPOLEAYpa MOBTOPSETCS.

®opMy/IMPOBKA ABOMCTBEHHOM 32/1a4M JHHEHHOI0 NPOrpaMMHUPOBAHHUSA
B neconunennu MeTOAb! JIMHEUHOTO POIPaMMHUPOBAHUS IIUPOKO UCIIOIb3YIOTCSA

JUId pelIeHUs 3aJauyd IJJAaHUPOBAHUS pACKpOsl MWJIOBOYHOIO ChIpbs Ha MHUJIOMaTepHAaIbL.
PaccMoTpuM coneprkaTenbHy0 IOCTAaHOBKY M MATEMAaTUYECKYIO MOJIENb 3TOU 3a/1a4H.
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B necomunbnbiii miex JIJIIT mocTtymaroT OpeBHA, pacCOpPTHPOBAHHBIE HA 7 Pa3MEPHBIX TPYIIIIL.
W3BecTHa crienuuKanys MAJIOMAaTEPHAIOB, KOTOPBIE TpeOyeTcs MONYYUTh B Pe3yIbTaTe PacKpos
JTAHHOTO 00BhEMa MUJIOBOYHOTO CHIPhA. 3aJlaH TakyKe HaOOp MOCTABOB VISl paCKpOsi OpEBEH KaXKI0i
pasMepHoil Tpymmbel. TpeOyercs omnpenaenuTh, Kakol o0beM OpeBeH CcIeayeT pacHiuTh IO
KKIOMY M3 pacCMaTpUBAEMBIX IOCTABOB, YTOOBI BBIMOJHUTH CHEHU(UKALNIO MUIOMATEPHAIOB
[P MUHUMAJILHOM PACX0/1€ MUIIOBOYHOTO CHIPbSI.
BBenem o0o3HaueHus:
Vi - mmerommuiics 00beM OpeBeH k-il pasMepHoii rpynnsl, k = 1, 2,..., n
Qi - MUHMMAJIBHO JOYCTUMbIH 00bEM BBIPAOOTKH MUIOMATEPHAIIOB I-r0 CCUCHHS,

1=1,2,.., m (m- o0liee 41CI0 CCUCHHIA BEIPAOATHIBAEMBIX MHJIOMATEPHAIIOB);
Xkj = ICKOMBII 061>eM OpeBeH k-ii pa3MEepPHO IPYIIIbI, PACITHINBACMBIXIIO J-MY

noctaBy, | = 1, 2,..., Nk (NK - konnyecTBO nipeiHa3HauCHHBIX K UCIIOJIb30BAHUIO

MIOCTABOB I Packposi OpeBeH K-i pa3MepHOU rPyIIIbl);
i - K03 pHIEEeHT 00BEMHOTO BBIXO/Ja IIMIOMATEPHAIIOB I-10 CEYEHMs, HOIyIEeHHBIX

[pU packpoe OpeBeH K-ii pa3MEepPHOI IPYIIIBI 1O j-My MOCTaBy. ITH K03hdurme-

HTBI SIBIISTIOTCS U3BECTHBIMU XaPAKTEPUCTUKAMU ITPUMEHSIEMBIX ITOCTABOB.
C y4eToM BBEICHHBIX O0003HAYCHHH OOBEM MHJIOMATEPHATIOB I-T0 CCUYCHHUsS, MOJTYYCHHBIX B
pe3yibTaTe PacHIIMBAHUS Xij KyOOMETpOB OpeBEH K-ii pa3sMEpHOH TPYNIBI IO j-My IOCTaBy,

COCTAaBJIACT ak,-ixk,-. O6H_II/II71 00BEM TaKUX MMUJIOMATCPUAJIOB MMOJYYAOT B PE3yJIbTaTC CYMMHUPOBAHUSA
n Nk

3TOr0 BBIP@KEHHUS IO BCEM IOCTaBaM W pPa3MEpHBIM TIpymnmam, T. €. zzakjixkj [TosTomy
k=1 j=1

TpeOoBaHKE BHIPAOOTKH MUJIOMATEPHAIIOB I-r0 ceueHUs: B 00beMe, He MeHbleM Qi,M3, peanu3yercs

B BUJIE CJICAYIOLIETO OTPAHUYEHUS:

y Nka X .>Q.,1=12,...m
& i i = Gt =t2em

Ecin, xpome ToOro, 3aJaH MaKCHMAaJbHO JOMYCTHUMBIH 00BeM Q* BBIpaOOTKHM ITHX
MUJIOMAaTEPUaIoB, TO HEOOXOIUMO TOTIOJHUTENHHO YUeCTh COOTBETCTBYIOIIEE OTPaHUYCHHE:

n Nka Q 10
kéljél kji*kj =

OO6muii 00beM OpeBeH K-H pa3MEepHOW I'PYIIIbI, PACIIMIMBAEMBIX 110 BCEM PACCUUTAHHBIM JJISI HUX
Nk

II0CTaBaM, PaBeH, OYEBHTHO, Z X
j=1

Torna orpanuueHue Mo pecypcam MUIOBOYHOTO ChIPbsl MOKET OBITh 3aITUCAHO B BUJE

N

> Xk k’ k=12,..
HepCMCHHBIe Xkj AOJI’KHBI OBITh HCOTPULATCIILHBI:
X420,k =12,.n;j=12,.,N,
B KaueCTBC KpPUTEPHA  ONTHUMAJIBHOCTH MOXHO IIPUHATH MHHHUMYM pacxoJa  ChIpbA.
COOTBCTCTBYIOIJ_IaSI OccBas (byHKI_II/ISI 3alIMIICTCA B BUAC

n Nk

> > xg > min.

k=1 j=1
Bwmecto »TOro KpuUTepHsi MOXKHO PacCMOTPETh KPUTEPUH MHUHUMYMa OTXOJOB CHIPbSI MIPH €Tr0
packpoe. OOo03HauMM dyepe3 Cxj KOdPQUIMEHT OO0BEMHOr0 BBIXOJA MHIOMAaTEPHUa-JIOB IIPH
pactuiIMBaHUU OPEBEH K- pa3MepHOI IPyIII 10 J-My MocTaBy. Ero BennynHa paBHa

mj
CkﬁiZ i

rac mj- YHCJIO CEUCHU N MUJIOMAaTCpUalos, BBIpaGaTBIBaCMBIX C UCHOJB30BaHMEM 7-TO TIOCTaBA.
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Torna korduueHT 00BEMHOTO BBIX0a OTXOI0B ISl 3TOTO YK€ TTOCTaBa paBeH
m-

j
G =1 2 A

LleneBast pyHKIMS, peanu3yroniasi KpUTEpHUil MUHUMYMa OTXOJIOB ChIPbs, IPUMET BU/]

l1-¢

l—ckj )ij —min.

CoBokynHOCTh cooTHotmeHu# (3.52) - (3.56) umm (3.52) - (3.55), (3.57) - 310 33amaua JMHEHHOTO
POrPaMMHPOBAHMS, SBJIAIOMIASACS MAaTEMAaTHUECKON MOJENBI0 3aJaud IJIAHHW-POBAHUS PACKpOs
IMUJIOBOYHOTI'O ChIPbA.

[IpeanoaouM Tereph, YTo IIAHUPYETCS PACKPOU IMMIOBOYHOIO CHIPhS C YYETOM €0 KayecTBa, a B
CHeL[I/I(l)I/IKaI_[I/II/I Ha BpraGOTKy MUJIoMaTcpuaioB Hapdaay C€ HX CCUCHUSAMU YKa3bIBACTCA U
TpedyeMasi COPTHOCTb. B 3TOM ciydae OpeBHA COPTHUPYIOT Ha pa3sMEPHO-KAYECTBEHHBIE TPYIIIbI,
KOTOPBIC PpaClMWIMBAIOTCA IO PA3JIMYHBIM IMOCTaBaM. HI/IJIOMaTC'pI/IaJIBI TAKXKC pPa3JIMdaroTCsa HE
TOJBKO IO CEUEHMSM, HO M II0 pPa3sMEPHO-KAUECTBEHHBIM XapakTEPUCTHKaM. MaremarhuuecKast
MOJIEJb 3TOM 3a7a4un (GOpMaIBLHO HE OTIHYACTCSA OT MOJEIH Mpeasiayieii. MHmeke x Terneps Oyaer
HOMEPOM DPa3MEPHO-KAYeCTBEHHOW TPYIIIBI CHIPbs, O0IEe YMCIO KOTOPHIX paBHO N. Jljus ymca
pa3sMepPHO-Ka4eCTBEHHBIX TPYIII [THIO-MATEPHUAIOB COXpaHsAeTCs 0003HaYeHHe M, a HHEKC | OymeT
€€ HOMEPOM.

JKOHOMMYECKAs] HHTepHperanusi MNPsAMOA HW  JABOMCTBEHHOM 3aJa4  JIMHEWHOIrO
NMPOrpaMMHUPOBAHUS

Kaxnoli 3amaue NMHEWHOTO MPOrpaMMHUPOBAHUS MOXHO OIPENEICHHBIM 00pa3oM IpPHUBECTH B
COOTBETCTBUE HEKOTOPYHO IPYIyl0, Ha3bIBAEMYH0 JIBOMCTBEHHOW IIO OTHOIIECHHUIO K HCXOAHON
3anaue. [loHsaTHE NBOMCTBEHHOCTH BaKHO HE TOJBKO JJII TEOPUH JIMHEHHOIO IMPOrpaMMHUPOBAHMUSL.
C ero nomoipo MoJIyyaroT MH(GOpMAaIHIo 0 CBOMCTBaxX onTuMaibHoro pemtenus 3JII1. Paccmotpum
3JII1 ¢ orpaHuYeHUsIMU B BHJI€ HEPABEHCTB:

- 3
W = €;5X;; — Max;
=1
z ¥
Z a;;x; = b, i=1.2,..,m;
=1
x;20,j=1,..,n J

Hcxoanytro 3JII1 yacto Ha3pIBatoT NPSIMOii 3a1a4ei.
3JII1, nBoiictennas k 3JII1 , popmynupyercs cieayromum oopazom:
n

\
F= Z by, = min;
i=1

HYCTL, HalpuMep, HCXO0JHad 3aga4a UMCCT BULL
W=ux, —2x, + x5 — xy = max;
2xy — x4+ 2y, —3x, =S
x4 2%, —x,—x, =00
x, =20 ..x, 20,

JIBolicTBeHHOM K Hei Oyaer cinenyromast 3JIIT:
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F =5y, + 3y, —= min;
2y vz L
—¥ + 2_‘}-‘: = =2
2y =3
=3y Tz -l
yz0y 20

OTMeTUM TMpexAe BCero, 4YTO KaXKJIOMY OIPAHMYECHHUIO-HEPABEHCTBY MCXOJHOM 3aJauu
COOTBETCTBYET HEOTpHUIIaTeNIbHAS TIEpEeMEHHas IBOWCTBEHHOH. TpeOoBaHWME MaKCUMHU3aIMUd B
UCXOJHOM 3a/1aue 3aMEHEHO B JBOWMCTBEHHOH 3agaue TpeOoBaHMeM MHUHHMH3anuu. HampasneHue
3HAKOB HEPABEHCTB B JIBOMCTBEHHOM 3ajjaue MPOTHUBOIIOIO0KHO HAMIPABICHUIO 3HAKOB HEPABEHCTB B
UCXOJIHOHU 3aJaue.

B HekoTtopoMm cMbIciie ABOMCTBEHHas 3ajaada - 3TO MCXOAHas 3ajada, noBepHyTas Ha 90°.
Paccmotpum nepByto rpady xodpPHUIMEHTOB, BXOASIIMX B OTPaHUYEHUS JBONCTBEHHOW 3aJayu.
Omna coBmajaer ¢ MepBOM CTPOKOH, COCTaBIECHHON M3 KOA(P(PHUIMEHTOB B OTPAHUYECHUSX UCXOIHOU
3amaun. To ke OTHOCHTCS K JIt000# npyroit mape u3 rpadsl u crpoku. Korddunuenramu mneneBoi
(GyHKIIMM JBOMCTBEHHOM 3aJayd CiyXaT CBOOOJHBIE WIEHbl OrpaHMYEHUN MNpsAMOM 3anadu, a
CBOOOJHBIMU YJIEHAMHU OTPaHMYEHUN JABOWCTBEHHOU 3a7aun — KOA(PGUIIUEHTHI 1[eNeBOd (PYyHKIHUU
ucxonuou 3JII1.

C ucnonp30BaHMEM OTMEYEHHBIX B3aMMOCBS3EH JIETKO COCTaBUThH JIBOMCTBEHHYIO 3a/1ady K JIF000i
ucxongnoit 3JIII. B »Toli mape 3amau JIMHEHHOrO NPOrpaMMHUpPOBaHUS JIOOYI0 U3 HHMX MOXKHO
BbIOpaTh B KadecTBe ucxonHou. Torma apyras 3JIII okaxkercs nBoiictBeHHOMN K Hell. Tak, B3sB B
Ka4yeCTBE UCXOJHOM 3a7aqy Mepeiisi MO OMMCAHHBIM BBIIIE MPABUJIaM K JBOWCTBEHHOW, BEPHEMCA K
3JIIL.

Pacemotpum 3JII1 ¢ orpaHnyeHUSIMU-pPaBEHCTBAMU:

iy
W = E €;X; = Max;
=1
]

3anava, JBOMCTBEHHAs K HEW, GOPMYIUPYETCs CIETYIOMUM 00pa3oMm:
T
F= Z by, = min
i=1
T

§ ag;v; = ¢;, i =12,..,m

i=1

B nanHom ciydae He TpeOyeTcsi HEOTPUIIATETLHOCTH TIEPEMEHHBIX JBONCTBEHHOM 3a1a4H.
[IpuBeneM Teneps npsiMyro M jABoicTBeHHYI0 3anauun k O3JIII BBeneHHeM TOMOJHUTEIBHBIX

IIEPEMEHHBIX.  3alMIleM  IepBoe W3  orpaHuueHnid  ucxomnon  3JIII B BuAe
by — @y %y — B2y — 0 — By ¥y 2 0.

BBenem [IONOJIIHUTENBHYI0 HEOTPHUILATENIBHYI0 IEPEMEHHYIO Xp+1, PABHYIO JIEBOM YacTH 3TOrO
orpanuyeHus. Torga ero MOKHO 3alMCaTh B BUJE PABEHCTBA by — gy ¥y — —@y3%; — = — Qyp ¥ = Xpoq

AHaJOTrMYHBIM 00pa30M BBOJUM JIONOJHUTENbHYIO HEOTPUIATEIbHYIO MEPEMEHHYIO JUISl KaXI0TO
U3 OCTAJIBHBIX OTPAaHUYEHHMM 3aladd, BCEro, CIEIOBATEIBHO, T JONOJHUTENIBHBIX NEPEMEHHBIX.
Lenesyto ¢yukuuio B O3JIII crengyer MUHUMHU3UPOBATh, TO3TOMY 3HAKU KO3(PPHUIIMEHTOB B Hel
M3MEHSEM Ha IPOTUBOIONIOXKHBIE. Teneps HcXo1Has 3a7ja4a IPUMET CIIETYIOIINMN B

n

W= Z(—cj]x}. — min;
=1
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Tper = By — (B %y + 807 + 0 By Xn )i
Xpez =By — (O xy + @ a0 F Qo X

Hpem = By — (Ogy X0 + Gz X2+ 0 F Gy X0 )
x; = 0,j=12,..,mn; }
Xpsj = 0,i=1.2,..,m.

Cucrtema paBeHCTB HallMCcaHa 3/IeCh B CTaHIAPTHOU GopMe 1o 00pas3ily CUCTEMBI.

OOparumMcst k nBoiicTBeHHOW 3amade (3.65). IlepBoe U3 ee oOrpaHMYeHUiiN UMeeT BUI
Gy3¥y —Gg ¥y — " — Gy Xy — ¢ = 0. BBeIGHHMEM JIOTOJHUTENBHOM HEOTPHULIATEIBHOW TEePEMEHHOM
VYm+1 OHO TIPEOOPa3yeTCs B PABEHCTBO @y; ¥y — g ¥y — '™ — Gy Xy — €3 = 0

Jns momoOHBIX TpeoOpa3oBaHMi BCeX N HEPaBEHCTB 3aJaud  IMOTpPeOyeTcs BBEACHHE I

JIOTIOTHUTEITFHBIX HEOTPULIATEITHHBIX
nepeMeHHbIX Ym+j (j =1, 2,..., N). ITocite aToro aBoiicTBEHHAs 3a1a4a

npumet By cnenyromei O3JII:
i
F= Z b;y; — min;
i=1

Vs = —Cp— (=85 ¥ — @y — = Gy V)i
Vnez = —Cz—(—@u¥ — 83V — = Gma V)i

¥Ya+m = —Cn — {_Q'Lr!}"l + gy o0 amﬂ)’m]'

+i
}T:—n+_:l' = D!j = 1r2r"'rﬂ

3amayn UMEIOT OJIMHAKOBOE YHCIIO TIEpEMEHHBIX, paBHOoe (M + Nn). IIpu 3ToM 6a3ucHBIMU B TIPSIMOM
3a7a4€e SBIIAIOTCA MIEPEMEHHBIC ¥y 1,. .., % msn,@ B IBOMCTBEHHOMN

v. = 0,i=1,2,..,1m }

Mmoo sBman
3anuiieM CTaHIapTHYI0 CUMILIEKCHYIO TaOIHILy, COOTBETCTBYIONIYIO mpsimoit 3JIIT (Tabm.).

CBoOoaHbBIE TTIEpEMEHHBIE
BIT CYH

Xy X, ... X,
T+t by Gy Gg1 Bip
Xn+ by Qg1 G717 Cn
Ln+m b Cmy Cmz On
w Cp cy £q Cn
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CranmapTHas Tabnuia s ABOMCTBEHHOM 3ajau UMEET IpYyroi Bu (Tadi.).

EII cy CBOOOIHBIC TIEPEMEHHBIE

x, Xq e Xq
¥na+1 —Cy iy —gy Oy
¥n+z —C3 —Oy3 —iy3 &y
Y +n —Cm —Cin —On —Cmn
F 0 —b, —bh, —b,.

MOo’HO 3aMeTUTh, 4TO MaTpuia Kod3dpduureHtoB B Tadm. 3.19 ¢ TOUHOCTHIO 70 3HAKA COBIAJACT C
matpuiei B Ta0xa. 3.18, moBepuyroii Ha 90°. OTcrona cienyert, uro, pemus npsamyro 3JII1, Mel yxe
(akTUYECKU pEeUIId 3a]1a4y, IBONCTBEHHYIO K HEH.

JeiicTBuTenpHo, MycTh npu pemeHuu npsmoi 3JII1 Ha mocnenHel uTepanuy CUMIUIEKC-METOAA
MOJTydeHa CUMITJICKCHAs Ta0nuia Bua.. ITO O3HAYaeT, 4To B AToM Tabmuie Bce b >0, Bce ¢; <0, u
ONTUMAJILHOE PELICHUE NPAMON 3a7aull UMEEeT BUJ

x;j=x;=m=x,=10

Tner = by xp 0 = bhenxqm = by

Ha Toli xe uTepauun cuMIUIeKCHas Tabiauua JBONCTBEHHOW 3adauu Oyzaer umeTh Buja Tabdna. Ho
TOTa €€ CTONOEN CBOOOIHBIX YWIEHOB COCTOMT U3 3JIEMEHTOB (—c;), U BCE OHU HEOTPULIATENLHEI, &
ayeMeHTHhl cTpoku F - 9T0 3HaueHus (—b;), U Bce OHU HEMOJIOKUTEIbHBI. 3HAYUT, Ha ITOU Ke
WTEpaLMH MOJIYYEHO U ONTUMAIIBHOE PELICHHE IBOMCTBEHHOM 3a/1a4r, KOTOPOE UMEET BU/T

=y ==y =0

VYmsr = —C¥maz = —Cziws ¥nam = —Cp

TakuMm oOpa3om, ISl MOTYYSHHs pEHIeHHs TBOMCTBEHHOW 3aJlayM OCTATOYHO PEUINTh MPSIMYIO
3JITI, a B KayecTBE 3HAUYCHMM Oa3UCHBIX TMEPEMEHHBIX JIBOWCTBEHHOW 3aJaud B3ATh C
MIPOTHUBOIOJIOKHBIM 3HAKOM 3JIeMeHThl cTpoku W mpsimoit 3JII1 u3 ee mocnenHel CUMILIEKCHOU
TaOnuIel. 3HA4YeHUs >K€ CBOOOJHBIX TIEPEMEHHBIX JBOMCTBEHHOM 3alayu CJeAyeT TMPUHATH
paBHBIMH  HYNmIO0  (CM.IB€ TPHUBEACHHBIE  BBIINIE CUCTEMBI  paBeHCTB). OTMmeueHHas
MIPOTUBOIIOJIOKHOCTh 3HAKOB ISl AJIEMEHTOB CTpOokM W B Tabi. M cT0011a CBOOOJHBIX YJICHOB B
TabJl. OOBSICHSIETCA JIMIIL TEM, YTO pEIIeHHe KakK MPsIMOW, TaKk U JBOWCTBEHHOW 3amauu OBLIO
ceegeno k O3JII1 ¢ muanMH3UpyemMoii 1ieneBor GyHKIuEH.

Kak BbIsicHUIIOCH, 06a3uCHBIM nepeMeHHBIM TpsiMoit 3JII1 cooTBETCTBYIOT CBOOOIHBIE MTEPEMEHHBIE
JIBOMCTBEHHOW, a CBOOOJHBIM TIEPEMEHHBIM HCXOAHOW 3a7adyd - Oa3WCHBIC TEepEMEHHBIE
npovictBeHHoM 3JIII. Jlns Toro 4roObl cpa3y MosiyyaTh pelleHHe JBOMCTBEHHOW 3afaudl IO
pesynbTatam pemenus npsamoi 3JIII, cienyer ycTaHOBHTH COOTBETCTBHE MEXAY IEPEMEHHBIMA
TOU U Apyroii 3agauu. OHO BBITEKAET U3 CPaBHEHUS TaOJ. M MIPEICTABISIETCS B CIEAYIONIEM BUIE: C
MIEPEMEHHBIMU X4 1. pog0e0s Xy OPAMON 3JII1 MpUBOAAT B COOTBETCTBUE MEPEMEHHBIE ¥y, ¥is--: ¥im
JBOMCTBEHHOH 3a71auu (B COOTBETCTBYIOIIEM MOPSAKE), C TEPEMEHHBIMUX 1. % 1..., ¥ IPIMON 3a/1a4H
MPUBOJIST B COOTBETCTBUE IEPEMEHHBIC ¥y 41- ¥ 42+ -+ ¥ +m JABOMCTBEHHOM 3JII1.

B Teopuu nuHEHHOTO TpOrpaMMUPOBAHUS JOKA3aH PsJi TEOPEM, YCTAHABIUBAIONIUX B3aMMOCBSI3h U
HEOOXOMUMBbIE W JOCTATOYHBIE YCJIOBUS ONTHUMAIBHOCTH JONMYCTUMBIX pEIICHUN MpsIMOH U
JIBOMCTBEHHOM 3a/1a4. Jloka3aHo, B YaCTHOCTH, YTO ONTHMAJIbHBIC 3HAUCHHSI TIEICBBIX (DYHKITUH 1J1s
IIPSIMOM M IBOMCTBEHHOM 3a7a4 COBIIAJAIOT.
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[TycT x1.x%....xy; onTumanbHoe pemeHue ucxomHor 3JIIT (3.64), a ¥ ¥i....¥m ONTUMAJIHLHOE
pemieHue ABocTBeHHOH 3amaun (3.65). KonnyecTBOo N nmepeMEHHBIX B HEW pPaBHO YHUCIY BUAOB
pecypcoB B nipsimoit 3JIT1.

st skoHOMMUecKoro aHanu3a aBoicTBeHHo 3JII1 BaXkHbI creAyromue MoI0KEHUs, ABISIOMIHECs
OCHOBHBIMHU CIIEICTBUSMH TEOPEM, TOKA3aHHBIX B TEOPUU ABONCTBEHHOCTH:

1) ecn B ONTUMAJIBHOM PEIICHUU HCXOJHOM 3alaud HEKOTOPBIH -l pecypc HCMOJb3yeTCs He
IIOJIHOCTBIO, T. €. UMEET MECTO CTPOTO€ HEPABEHCTBO

* *
z’j"_la--x-E <bi , TO COOTBETCTBYIOIIAs IepeMeHHas Y j B ONTHUMAJIbHOM pELICHUU

")

*
JBOVCTBEHHOU 3aJayd paBHA HYIIO: .= (. Eciu e ma"HHBIA pecypc COTIACHO ONTHMAILHOM
J

PEHICHUIO PACXOAYETCA IMOJTHOCTBIO (COOTBCTCTBYIOH_IGC OI'paHUYCHUE BBIIIOJHACTCA KaK CTPOroc

*
paBEHCTBO), TO 3HaUeHUE Y j [10JIO’KUTEIBHO;

2) kak OBLIO OTMEYEHO BHIIIE, ONTHUMAIbHBIE 3HAUYCHUS LENEBbIX (DYHKUUNA IS OpSIMON U
JBOVCTBEHHOMU 3aJ1a4 COBIIAIA0T. Torma
m

*
Orcrona crienyer, 4To JBONCTBEHHAs MEpeMEHHas y J , SBISAACH KoddduimentoMm mpu b,

XapaKTCPU3yCT 3aBUCUMOCTb MAKCHUMAJIBHOI'O0 3HAYCHUA IIGJICBOI71 prHKIII/II/I I/ICXOI[HOI71 3agadyu OT
U3MEHEHHUs pecypcoB (peub HIET 00 OTHOCHUTEIbHO MAaJbIX HW3MEHEHHUSAX HX OOBEMOB).
JlecTBUTENBHO, U3 TIOCJIEIHETO PABEHCTBA CIIEIYET, YTO

Yj =W, /obj,i=12,.m,
Otkyna

*
AWmaX ~Y; Abj

CrnenoBarenbHO, BEJIMYMHA JABOMCTBEHHON INEPEMEHHOM B ONTHMMAJIBHOM PEIIEHUHU IOKA3bIBAET,
HACKOJIBKO BO3pOCIO Obl MaKCHMMaJIbHOE 3Hau€HUE 11eJIeBOM (YHKIIMM MCXOJIHOM 3a1auu, eciau Obl
KOJINYECTBO JJAHHOTO pecypca YBEIUYMUIIOCh Ha euHUILY. ([IBONCTBEHHBIE IEPEMEHHBIE ¥y, ¥z, - .s ¥
4YacTO HAa3bIBAIOT YCIOBHBIMM WM JBOMCTBEHHBIMH OLIEHKAMHM COOTBETCTBYIOIIMX BHJIOB
pecypcos.) IloaToMy HanGOJIBIIYI0O BETMUMHY JBOWCTBEHHOH OLIEHKH B ONTHUMAIbHOM DPELICHUU
Oyner umerh Hambonee nepuuUTHBIN pecype. Pecypcy, umeromemycsi B U30bITKE, COOTBETCTBYET
YCIIOBHAs! OLIEHKA, PaBHAsI HYJIIO.

Pa3znen 3. TpancnopTHasi 3a1a4ya. HesimHeiiHoe nporpaMMupoBaHue. MeToabl MMUTAIIMOHHOTO
MO/JeTUPOBAHUS.
Paspnen 3.1 ®opmyaupoBka TpancnopTHoii 3axaun. Haxoxkaenune onopHoro miana. YiydiieHne
IUIAHA NIepeBO30K. PeleHne TpaHCIIOPTHOM 32124 MeTOI0M OTEHIUAI0B. TpaHCIIOPTHLIE 3a1a4H C
HeNnmpaBHJIBHBIM 0aJ1aHCOM.

Jlexuus mpoBouTCs B (hopme Tuckyccuu (3 yaca)

B necnoit u nepeBooOpabaThiBaroIiel TPOMBIIIIEHHOCTH, KaK U B APYTUX OTPACIIX, 4aCTO
IIPUXOJNUTCS CTAIKUBATBCS C 3aJa4aMM ONTUMU3ALIMU NIEPEBO30K PA3HOTO pO/ia rPy30B. ITO MOKET
OBITH CYXOITyTHasi TPAHCIIOPTUPOBKA MHUJIOBOYHOIO CBHIPBSl OT JIECIIPOMXO30B K JIECO3aBOJaM WIIU
CIUIaB KPYTJIOro Jieca OT PEHZOB OTHpAaBJICHUS K JIECONEPEBAIOYHBIM KOMOWHATaM; MEpPEeBO3KU
NUJIOMAaTEPUajIoB OT JIECO3aBOAOB K MOTPEOUTENSAM; MOCTaBKa MeOeNbHbIX H3lenuil ¢ hadpuk B
MarasuHel U T. 1. Bo Bcex 3amavyax mogoOHOT0 poja UMEEeTCs HECKOJIbKO IMyHKTOB OTHPABICHUS -
IIOCTABIIMKOB, - TJE€ COCPENOTOYEHBI 3alachl Ipy3a, M HECKOJBKO ITyHKTOB HAa3HAYCHUS -
norpeduteneii rpysa. HeoOXoauMo coOCTaBUTh S3KOHOMUYHBIM IIaH MEPEBO30K TPY30B OT
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MOCTaBIIMKOB K MOTpebuTensM. B uccrnenoBanum omnepauuii 1mogoOHbIE 3aauyd U3BECTHBI IO
Ha3BaHMEM TpaHcHOPTHBIX 3a1a4 (T3).
PaccMoTpuM Ha 4MCIOBOM MPUMEPE MATEMAaTUUYECKYIO MOJIENb TPAHCIOPTHOM 3amaun. Ee ycnoBus,
a MHOTJIa ¥ Pe3yJIbTaThl pellieHus Oy/IeM 3alUChIBaTh B TPAHCHOPTHOI Tadauie.
Paccmotpum Temepb 3Ty Mojaenb B obmem Buie. MimMeemM M mocTaBIIMKOB U N mOTpeOUTENEH.
3amacel rpy3a y TIOCTaBIIMKOB pPAaBHBI COOTBETCTBEHHO &y, g....6,. 3aABKH HOTpeOHTENCH
COCTaBIISIIOT by.bs....b,. I3BecTHA CTOUMOCTH £;; IEPEBO3KU CIMHUIIBI IPy3a OT i-TO MmocTaBIIMKA K
J-My notpeburenmo, i = 1, 2,..., m j =1, 2,..., n. [Ipeamnonaraercsi, 4T0 CyMMapHbIe 3amachl rpys3a
paBHBI CyMMAapHBIM MOTPEOHOCTSIM B HEM:

n

Z a; = Z b,
i=1 i=1

MIOCTABIIUK OTPEOUTEITH
3anac
0003HayeHnE B, B, . B; . B,
rpy3a
Ay oy iy €12 ceee C1j ... Cin
A, 0, Cay Cyq £z Can
A, a; ciy Cin Cif Cin
A B, Comi Coma Cynj Comn
[ToTrpeOHOCTH B Ipy3e by by b; by

VckoMbIll IIaH TEPEBO30K, T. €. COBOKYIHOCTh 3HAYEHUH TNEPEMEHHBIX Xy, JOJDKEH
YIOBIIETBOPATD TEM K€ YCIOBUSAM, YTO U B PACCMOTPEHHOM BBIIIE YHCIOBOM IIPUMEDPE.
3anuiueM OrpaHUYEHHs 3a7ayd, CBSI3aHHbIE C TPEOOBAaHUEM YJOBIETBOPUTH 3asBKY KaXKJIOTO

noTpeduTens:
xyy + X + Xy = by
*y3 + X33 + Xmg = by

‘rli"! + ‘r:i’! +‘ri‘7’.i’! = 'EJ?'!'

TpeGoBaHue BHIBE3TH BECH I'Py3 U3 KAXKIOTO MMyHKTA OTIPABIIEHUS peaTnu3yeTcs
CICAYIOIUMU OTPaHUYCHUAMMU:

Ky F Xy F Xy =gy

Ky Xy + Xgp = Ayl

-rm1.+-rm: +‘ri‘7’.i’! = ai"”.'

LleneBas pyHKUMSA 337291

m n
W= ZZ £ X — min

i=i_i'=1.
IlepeMeHHBIE x;; NOIKHBI OBITh HEOTPULIATENLHBIMU:
xpzli=1...mj=1..n
Buano, 4ro npuBeneHHas MOJENb SBISIETCS 3a7adyeil JUHEHHOTO MNPOrPaMMHUPOBAHUSI B CUITY
JUHEWHOCTH 1esieBoi (yHKIMH U orpaHuyeHui. [losTomMy TpaHCHOpPTHBIE 3a7ayvl B TPUHITUTIC
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MOYKHO pelIaTh JIOOBIMH METOAAMH, NPUTroAHbIMU i pemieHus 3JIII, B Tom yucne U cumIiekc-
metonoM. OnHako Onarojapsi XapakTepHOW CTPYKTYpe MOJEIHM TPAHCIOPTHOM 3a7aydl PEIIuTh ee
MOYHO 00Jiee MPOCTBIMU METO/IaMHU.

PaccmoTpeHHas Bblllle MOJENb TPAHCIIOPTHOW 3a/a4H, MPEAIOJIAralas PaBeHCTBO CyMMapHOTrO
CIpoca CyMMapHbIM 3amacaM, T. €. HaJM4Yue OrPAaHUYEHUs, Ha3bIBACTCS 3aKPBITOH MOJeJIbI0
TPAaHCIOPTHOM 3a1a4n. MOKHO JOKa3aTh, 4TO ITA 3aJa4a BCEr1a UMEET ONITUMAIIBHOE PELICHUE.
Pemienue TpancriopTHOM 3a7jau 4acTO Ha3bIBAIOT MJIAHOM IepeB0O30K. BMecTo ciioB «aomycTumoe
pellleHne TPAaHCIIOPTHOM 3ajaun» TOBOPAT «AONYCTUMBIM IUIaH», BMECTO CIIOB «OIIOPHOE
pEeLICHUE»-«OIIOPHBIHN IIaH MEPEBO30KY.

YayuuieHue mjiaHa nepeBo3oK

[Iponecc pemeHus] TPaHCHOPTHOM 3a7aud COCTOMT M3 JBYX ITAIllOB, KaK M Uil OOBIYHOM 3amauu
JMHEHHOTr0 MPOrPaMMHUPOBAHUS:

1) oTbICKaHUs ONIOPHOIO PELIEHUS;

2) mocneA0BaTeNbHOIO €ro YAYyUIIeHHs C LEIbI0 OTHICKaHHUS ONTUMAIBHOTO PELICHUS 3a1a4u.
CampIii IPOCTO METOJ] OTBHICKAHHS OTIOPHOTO pEIICHHs] TPAHCIOPTHOH 3a/a4d - METOJI CeBEepO-
3aMagHoOro yria - COCTOUT B IOCJIENOBATENbHOM 3allOMHEHUU KJIETOK TPAHCIOPTHOM TaOIUIIBL,
HauMHas C JEBOW BEpXHEU KIIETKU - ceBepo-3amaaHblil yron. O603HauuM KIIETKY Ha IEepeceueHUun
cTpoku A; . u cronbua Bj uepes 1, j. Ilpu pemenun TpaHCIIOPTHOM 3ajayM, yCIOBUSL KOTOPOM
IIPUBE/IEHBI B Ta0/UIIE, B JIEBYIO BEpXHIOIO KiIETKy (1,1) TpaHcnopTHOM TaOaMIbl MUHUMAJIbHOE U3
ypcen a; U bi. B nmanHOM ciiydae — 3t0 umcno b; = 30. DTo o3Hauyaer, 4TO 3asBKa HEPBOTO
MOTpEeOUTENST TOJHOCTBIO YJIOBJIETBOPEHA M3 3alacoB Tpy3a IMEPBOro MOCTaBIIMKA: X1 =30, #
cTonbenr B; MOKHO MCKIIIOUUTH U3 AAlbHEHIIIETO PACCMOTPEHMS, IPUHSIB OCTAIbHBIE IIEpEMEHHbBIE
3TOTO CTOJIOIA X1 U X31 PABHBIMH HYIIIO.

Howmep | IlocraBumk [loTpeburens
n/m 1 2 3 4

O6o3Hauenne | 3amac B, B, Bs B4
1 Aq a1=35 5 13 6 11

30 5
2 Ay ay=45 4 7 12 8
5 40
3 As az=50 9 2 3 10
25 25
4 [ToTpebHOC
OTPCOHOLTR B IPY3¢ b, = 30 b, =10 |by =35 b, =25

[Tepexonum k kietke (1, 2), Haxopsimiedcs MpaBee PAcCMOTPEHHOH. Y TEpBOTrO IMOCTABIIHUKA
OCTJIOCh €IIe 5 eIUHUIl TPy3a, KOTOPhIE MOXKHO OTHPaBUTH BTOpOMY ToTpedutento. [loaromy
YHUCJIO 5 BOUCBHIBAEM B JAHHYIO KJIETKY: X12 =5. Tak Kak mepBbIi MOCTABIIMK M3PAcX00Ball CBOU
rpy3, MEPEXOANM K 3aMOJTHEHUIO BTOPOM CTPOKH TaOJIUIIBI, HAYMHAs ¢ KIeTKHU (2,2). Crofa BIHIieM
5 eauwHMI] Tpy3a U3 MyHKTa Aj, KOTOPBIX HEIOCTAaeT BTOPOMY MOTPEOUTENI0, YIOBICTBOPHUB
MOJIHOCTBIO €ro 3asBKy. OcraBmiiecs y BTOporo moctaBmmka 40 enuHWIl Tpy3a NepenaauM
TpeTbeMy mnoTpedurento: Xp; = 40. Ocranock paccMOTpeTh TpeThio CcTpoky. B kietky (3, 3)
noMeniaeM 25 eIuHull, YAOBJIETBOPUB 3asiBKY MyHKTa B3, a octaBmmecs B myHKTe A3z 25 eAUHUIL
nepegaauM B B Takum oOpa3om, rpy3 BceX TNOCTaBIIMKOB IIOJHOCTBIO paclpeieneH, u
YIIOBJIETBOPEHBI 3asBKU BCEX MOTPEOUTENEH, T. €. HAalJICHO TOMYCTUMOE PELIEHUE JTaHHOW 3aJauu.
Jlyist Toro 4ToOBI 3TO pelieHue ObLIO OMOPHBIM, HEOOXOAUMO BBIMIOJHEHHE CIEIYIOMIETO YCIOBHUS:
YUCJIO 3aHATHIX KJIETOK B TPAHCMOPTHOW TaOmuIe AOHKHO ObITh paBHO N = m + n- 1. B nanHom
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ClIydae 3TO YCJIOBHE BBITIOJHEHO: 3aMOJIHEHO miecTh KiIeTok, U N = 3 + 4 - 1 = 6 . [loacuuraem
3HAUEHUE 1eJIeBOM (PYHKIIMH, COOTBETCTBYIOIIEE HAJICHHOMY OMIOPHOMY PEUICHHIO:

W= 5x30 + 13x3 4+ 7=x5 + 12x40 + 3x25 4+ 10x25 = 1035,

Kak mpaBuio, ornopHoe pelieHue, MOoJTydeHHOE METOJOM CEBEpO-3alaJHOTO yIia, 3HAYUTEIHHO
OTJIMYACTCS OT ONTUMAIBHOTO IOTOMY, YTO MpPH €ro OTHICKAHWU Mbl HHTAEC HE YYHUTHIBAIH
CTOMMOCTH TI€PEBO3OK.

PaccmoTpum Gosee 3¢ (EeKTUBHBINA METOJ OTHICKAHHUS OMOPHOTO PEHICHHS - MeTO] HAUMEHbIIEro
3J1eMeHTa. 3/1eCh PEKOMEHIYeTCSl APYroi MOPSIOK 3allOJHEHUS KJIETOK TPAHCIIOPTHOW TaOIUIIBI.
CHavasa 3amoiHsAeTcsl KIeTKa, COOTBETCTBYIOMIAs MHHUMAIBHOW CTOMMOCTH TIEPEBO30K €IUHUIIBI
rpy3a. 3aTeMOTBICKMBACTCS KIETKAa C TEM JKE€ CBOWCTBOM CpPEIU OCTABIIMXCS HE3aIOJTHEHHBIX
kietok. OHa 3aMoJHIETCsl BO BTOPYIO OUepe/ib, U T. 1.

Howmep | [TocraBmuk [TorpeOutenn
n/m 1 2 3 4
O0Oo3Hauenne | 3amac B: B, B3 B4
1 5 13 | 25 6 ) 11
A a1=35 (+) 1
2 30 4 7 12 8
A, a,=45 ) 15
(+)
3 9 2 3 10
A3 33:50 10 40
4 [ToTpeGHOCTH B rpy3e b, = 30 b, =10 b, =35 b, =25

[TponemoHcTpHUpyeM MPUMEHEHHE 3TOTr0 MeTo1a. HanmeHbIas CTOUMOCTh

NEPEBO3KU E€UHUIIBI TPy3a B TPAHCIIOPTHOM Tabi. COOTBETCTBYET KieTke (3, 2): c32 = 2. B Hee
3alUIlleM HauMEeHbIIee U3 yuceln az u by, 7. e. 10 (Tabi.). Cpean ocTaBIINXCS KICTOK HAMMEHbIIAs
CTOMMOCTh TE€PEBO30K COOTBETCTBYET kietke (3, 3): csz = 3. B Hee 3ammmem uucino 40. Ito
KOJIMUECTB Tpy3a, ocTaBieecs B myHkTe Asz. Jlamee mepexoaum k kietke (2, 1), 3amucaB B Hee
ymcio 30. Crnenyrouieit 10mkHa ObITh KieTKa (1, 1), HO MOCKONIbKY 3asiBKa

MepBOro MoTpeduTeNs yXe yIOBIETBOPEHa, ee MpoiyckaeM u nepexonuM k kietke (1,3). Croma
3alMChIBa€M 4HUCIIO 25, paBHOE OCTaBILIEHCS MOTPEOHOCTH Tpy3e Uil myHKTa B 3, m 1. 1. B
pe3ynbTaTe TMOJYyYEeHO OIMOPHOE peIIeHHe, OTIWYarolneecs OT MPEAbIAYIIEro pelieHus B TalJl.
3HaveHue 1eneBor (YHKIMMU JUIsl HETO, KaK JIETKO BBIYMCIWTH, paBHO 640, T. €. 3HAYUTEIHHO
JTy4lIe, 4eM ISl OTIOPHOTO PEIEHHUs, TOJIYYEHHOTO 10 METOY CEBEpO-3aIaIHOrO yria.

Huxkia nepecyera

[TonydeHHOe TeM WM UHBIM CIIOCOOOM OINOPHOE pelIeHHe, KaK TMpaBHJIO, HE SBISAETCS
onTUMaIbHBIM. Tak, mpu aHanuze Tabi. 3.23 MOXKHO MPEANON0XKHUTh, YTO CHAOKEHHE YETBEPTOTO
noTpeOUTENS IPY30M U3 3aI1aCOB MEPBOT0 MOCTABIIMKA HEPAIIMOHAILHO U3-32 BBICOKOW CTOMMOCTHU
nepeBo3ok: ¢ 1= 11. Hy)xHO momnbITaThCsl Tak M3MEHUTH IJIaH NIEPEBO30K, YTOOBI YacTh Ipy3a U3 3a-
[acoB IMEPBOT0 MOCTABIIMKA J0CTaJIach HE YETBEPTOMY, a MEPBOMY MOTPEOHUTENIO, JsI KOTOPOTO
CTOUMOCTH MIEPEBO30K 3HAUUTENBHO HUXKeE: €11 = 5. [IpakTHuecku 3To 03Ha4yaeT, 4yTo yacTh rpysa u3
kietku (1,4) mepenocutcs B kietky (1, 1). B atom crnydae, oqHako, myHKT Bj MOMyYuT M3nHIIEK
rpy3a, a nmyHkTy By ero Oynmer HemoctaBarb. UTOOBI BOCCTAaHOBHUTH OallaHC, MOXXHO 3TO K€
KOJIMYECTBO Ipy3a MepeHecTH U3 KieTku (2,1) B kietky (2, 4). Mnes nogo6Horo
nepepacrnpesiefieHdss pecypcoB TOJOXKE€HAa B OCHOBY HECKOJbKHX METOJOB
ONTUMAJILHOTO PELIECHUS TPAHCIIOPTHOM 3a/1auH.

PaccMoTpuM OJIMH W3 HMX, Ha3bIBAEMbIH METOAOM MOTEeHUHAJOB. HarmomMHuM, 4TO mMMeercs
OTIOPHBIH TUIaH peliaeMol TPaHCIOPTHOM 3amaun. Ero TpaHcmopTHas Tabmuia comepkut (Mxn)
KJICTOK, U3 KOTOPBIX (M+N-1) 3aHsThI, a octanbHbie (MN-(M+N-1)) cBoOoaHBL. /)i HiUTIOCTpaluU B

OTBICKAaHUA
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TPAHCIIOPTHOM 3aHATHIC KJIETKA O0003HAUCHBI TOYKAMH. 3HAUCHHsSI CTOMMOCTH TII€PEBO30K U
BEIMYMHBI IEPEMEHHBIX Xjj 00pa3yIOIINe OMOPHBIH IIaH, B TaOJIMIE OITYIICHBI.
MeToa MOTEHIMAIOB MPEIOoIaraeT BEITOJHEHHUE CICAYIONINX 3TAIOB.
1. Kaxxomy mocrtaBIiuKy Aj CTaBUTCS B COOTBETCTBHE HEKOTOpasl Me-peMeHHas U; , Ha3bIBaeMast
NOTeHIHAJIOM [AaHHOTO mocraBuMka. KaxkaoMmy morpebutento Bj craBuUTCS B COOTBETCTBHUE
IepeMEeHHas Vj - MOTEHINAI 3TOr0 HOTPEOUTES.
2. JInst OTBICKAaHUS 3HAYCHUH 3TUX MEPEMEHHBIX, T. €. TOTCHIIMAIOB TOCTABIINKOB U MIOTPEOUTENCH,
COCTABJIACTCSI W peIIaeTcsi cucreMa ypaBHeHHi. [lpu sTtoM kakmou 3aHsToit kimetke (I, J)
COOTBETCTBYET CBOE YPaBHEHHUE, UMEIOIIEE BU/T
Ui +Vj = Gj
e Cjj - CTOUMOCTb IEPEBO3KH €ANHMIIBI IPy3a JUIs JaHHOW KIICTKH;

Ui ¥ Vj - COOTBETCTBEHHO ITIOTEHIIMAJIBI TOCTABIINKA U MTOTPEOUTEIIS.

Homep | ITocraBuiuk [Torpeburens IMorenmman
/11 1 (2 |3 |4 |5 6 7 8 MTOCTaBIIIMKA

O06o3Hauenue 3amnac B]_ Bz Bg B4 B5 Be B7 Bg
1 A1 al + - Uz
2 Ay a + |- + us
3 A3 as us

+ -
4 Ay a4 - Ua
- |+
5 A5 as Us
- +
6 Ae ag Us
- +

7 [TorpeOHOCTH by [ by | by | bs | bs | bg b; | bg
8 [Torenmman morpedutenss | Vi | Vo | V3 |va | Vs | Ve V7 | Vg

Bcero cocrasisiercst (M+n-1)ypaBHEHHUH 110 YUCITY 3aHATHIX KIETOK. UHCIIO MEPEMEHHBIX B CHCTEME
paBHO (M+N), T. €. Ha exUHMIY OOJIBIIE YUCITA ypaBHEHHUH. [103TOMY cHCTEMa JIETKO PElIaeTCs:
O,I[HOI\/JI nu3 HepeMeHHLIX HpI/I)]aIOT HpOI/I3BOJ'H)HOG 3HAa4YCHUC, 06I)IqHO HYJIb, U TOoraa OAJHO3HAYHO
ONpCACIIAOTCA 3HAYCHUS OCTAJIBHBIX IEPCMCHHBIX.

3]s Kaxaod CBOOOMHON KIETKH BBIYUCISIFOT CyMMY ITOTCHI[HAJIOB COOTBETCTBYIOIIUX €W
ImocraBIIKa 1 HOTpGﬁI/ITeJ'ISI. O603Ha"H/IM €€ Zys A1 k'ro IIocraBIIuKa 1 S-10 HOTpe6I/ITeJ'I$I:
Zys=UktVs

DTy CyMMYy Ha3bIBAIOT MCEBAOCTOMMOCTBIO. [lanee /yist 3TOM JKe KJIETKH BBIYUCIISIOT PA3HOCTh

Ope = Cpe — Zpe = Cpe — Up — 15

Ecnmu nns Bcex cBOOOMHBIX KIIETOK TMOJYYSHHBIE PAa3HOCTH HEOTPHUIATENbHBI, 3HAYUT HCXOIHBIN
OTIOPHBIH IIaH YK€ ONTUMAJIEH.

NHbIMU  crioBamMH, OINOPHBIM TUIAH ONTHUMAJCH, €CJIM JJIs KaXJIOH CBOOOJHOW KIIETKH
MICEBJIOCTOMMOCTD HE MPEBBIIIAET COOTBETCTBYIOLIEH CTOMMOCTH IEPEBO30K.

4. Hanmmuwme xoTst ObI OJTHOW CBOOOIHOM KJIETKHU C OTPUIIATEIHFHOM pa3HO-

CTBIO CBHUJIETENILCTBYET O TOM, YTO ONTHUMAJIbHOE PEIICHHUE €llle He JOCTUTHYTO. B 3TOM ciyuae
OTBICKMBAIOT Ty KJIETKY C OTPHUIATEIBHOW BEIMYMHOW &y, TJE€ 3Ta Pa3sHOCTh HAMOOJBINAS IO
a0COIOTHOM BETTMYHHE.

5. B HalimeHHyl0 CBOOOJHYIO KIETKY CJEAyeT 3amucaTh HEKOTOPOE KOJMYECTBO Tpy3a,
nepepacnpeeNiuB NepeBo3Ku. st 3TOro CTpOUTCS Tak Ha3bIBAEMBbIN UK. DTO MHOTOYTOJIbHUK C
IOpsIMBIMU yTJIAMH, OJIHA U3 BEPIIMH KOTOPOTO HAXOJIWUTCS B HallJIEHHOH CBOOOIHOM KIIETKE, a BCE
OCTaJIbHBIE - B 3aHATHIX KJIETKax. Takoil MHOTOYrOJIbHUK, U MPU TOM €IMHCTBEHHBIH, BCET1a MOXXHO
HaiTu. Tak, nuKI 1711 cBOOOHOM KieTku (2, 1) (cm. Tabn. 3.24) comepXuT, KpoMe Hee, elie TpH
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3aHATHIX KJIETKH: (2, 2), (4, 2) u (4, 1). B 3T0ii Tabnuiie npuBeIeHbl B KAYECTBE MMPUMEPOB €IIIe JBa
[UKJIA 17151 CBOOOAHBIX KieTok (1,5 ) u (4,3).

B nmoctpoeHHOM IMKJIE MMOCIEN0BATENbHO, M0 YaCOBOW CTPEJIKE WIM MPOTHB HEe, TOMEYAIOT ero
BEPIIMHBI YEePEAYIONIUMUCS 3HAKaAMH «+ » U «-». HauMHAOT mpu 3TOM CcO CBOOOIAHOW KIICTKH,
KOTOPOM MPHUIKCHIBAIOT 3HAK « + ».

6. Cpenu KJIETOK, IOMEUYEHHBIX 3HAKOM «-», OTBICKUBAIOT Ty, B KOTOPOH

3alKiCaHO0 MUHUMAIbHOE KOJIMYECTBO Ipy3a. DTO 3HAUCHUE MPUOABIISIOT K 3HAUEHUSAM KOJIMYECTBA
rpy3a B T€X KJIETKax LMKJIA, KOTOPbIE IOMEUYEHBI 3HAKOM

« + », BKIItoYasi CBOOOJHYIO KJIETKY, U BBIYUTAIOT M3 3HAUYEHUN B KJIETKaX I[MKJIa, TOMEUYEHHBIX
3HAKOM «-». JTa Mpolielypa Ha3bIBAETCsl IEPEHOC IO LIUKITY.

7. B pe3ynbTare Takoro nepepacrpeseieHus Tpy3a MoJydaeTcsl HOBBIM ILIaH, 3aBEJOMO JTYYIIUH,
4yeM npeapaymui. i Hero npoueaypy HoBTOPSIFOT, HAYMHAs C [IEPBOrO dTana.

MeTon TOTEHIUANOB BCerja NPUBOJUT K OTHICKAHUIO ONTHMAJIbHOIO pEIIeHUs Mocie
OIPEEIEHHOr0 4YKcia MOBTOPEHUN BCEW MpOLENypbl WIM, KaK TIOBOPAT, 32 KOHEYHOE YHUCIIO
WTepaLuii.

Beolmie oTmeuanock, 4To TpaHCIOPTHas TabiauIa, COAEpKallasi OMOPHOE PEIIEHUE TPAaHCIOPTHOU
3aJa4u, JIOJDKHA CoJepKaTh poBHO (M + N - 1) 3aHaThIX KieTok. Ciydaii, Korja 4ucio 3aHSATHIX
KJIETOK MEHBIIE YKAa3aHHOIO, Ha3bIBAE€TCS BBIPOAKIEHHBIM. /[l OTBICKAHHS OINTUMAIBHOIO
pellleHUs TPU BBIPOXKACHHOM OINOPHOM IUJIaHE JOCTATOYHO 3alucaTh HYyIb B KaKylo-JIH0O
CBOOOJHYIO KJIETKY U B JAIIbHEHUIIIEM ONEPUPOBATh C HEN KaK C 3aHATOM.

Pemenue TpaHCHOPTHOﬁ 3aJa4Ym ME€TOAOM IMOTCHIIUMAJIOB

Bo MHOrMX 3amagax o mepeBo3Kax HE HY)XHO TpeOOBaTh, YTOOBI BECh 3aIlac rpys3a y MOCTaBIIMKOB
Obul BbIBE3€H moTpeOuTensM. MHbIMH cioBamu, umeercss M30bITOK Tpy3a. [lostomy ycioBue
3aMEHsSIETCS HEPABEHCTBOM

(]

E Xyj Za;,i=12,..,m;

i=1

BwMmecTto orpannuenuii-paBeHcTs (3.76) Taxke Oy1yT HepaBEHCTBA:

[ToryueHHass Mofenb, coAepxaiias LeJeByl0 (QYHKIHMIO U OIpaHUYEHMs, Ha3bIBACTCS OTKPHITOU
MOJIENIBI0  TPAaHCHOPTHOW 3amauu. Jlpyroil BapuaHT OTKphITOM TpaHcmopTHOW 3amaun (T3)
BO3HHMKAET, KOT/Ia CYMMapHBIN 00BhEM 3asiBOK MIPEBBIIIAET OOITU 00beM Ipy3a:

B srom citydae OrpaHu4YeHHs COXPAHSIOTCA, a 3asABKHU BBIIIOJIHSIOTCA HE IOJHOCTBIO, IOITOMY
PaBEHCTBA 3aMEHSIOTCSA HEPAaBEHCTBAMU

™

th-}- =b,j=12,...,n

i=1

OTkpplTass TpaHCHOPTHAs 3ajada JErKO CBOJUTCS K PAacCMOTPEHHOW BBILIE 3aKPBITON
TpaHCIIOPTHOH 3amade. s 3amaun ¢ W30BITKOM Tpy3a BBOAMTCS (UKTUBHBIA (N+ 1)-if
notpedutesb. O0beM Dy+1 €ro 3asiBKM MPHUHUMAIOT PABHBIM Pa3HOCTH MEXIY CYMMAapHBIM 3ariacoM
rpy3a MOCTaBUIMKOB U CyMMapHbIM O00BEMOM 3asBOK MOTpEOUTENEH: a CTOMMOCTH MEPEBO30K OT
JT000T0 MOCTABIINKA K 3TOMY (PUKTHUBHOMY IMOTPEOUTEINIO CUMTAIOT PAaBHBIMHU HYIIIO:

e ., = 0 i=12,...m

TeMm cambIM OTKpbITas TPAHCHOPTHAs 3ajaya MpeoOpa3oBaHa B 3aKPHITYIO C TEM K€ 3HAUCHUEM
1eneBor (QyHKIUY.

Jlns OTKpBITOW TPAHCHIOPTHOW 3a/aud C H30BITKOM 3asBOK BBoguTcs (M+ 1)-if QUKTUBHBIHI
ITOCTaBUIUK C 3aI1aCOM I'Py3d, PaBHBIM

n m
At :ij _zai
-1 i1

CTonMOCTb IEPEBO30K OT 3TOI'0 MOCTABIIUKA K JIIOOOMY IMOTPEOUTEIIO0 TPUHUMAIOT PABHOM HYITIO.

B03MOXXHBI M Apyrue MOCTAaHOBKM 3THX 3a7ad. B 3amaue ¢ M30BITKOM Tpy3a MOXHO, HalpHuMep,
y4eCTb pa3JMYHbIE BEIWYMHBI MTpagoB 3a EOUHHILY HEBBIBE3CHHOTO Tpy3a OT Pa3HBIX
IOCTAaBIIMKOB. 3a7ady ¢ H30BITKOM 3asBOK MOXHO PacCMOTPETh C YYETOM CpaBHHUTEIIBHOMN
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BRXHOCTH YJIOBJIETBOPEHMsI 3asBOK Pa3HbIX NOTpeOuTeNneil. DTH MOCTAaHOBKHM TAKKE CBOIATCS K
3aKpBITOM TPAaHCIIOPTHOM 3ajaye.

[TocTaBmuk IToTpeburens

O0o3HaueHue 3amac B: B, B3
A 50 35 2 17
Ao 100 4 34 18
A 20 29 5} 8
ITorpeburens 40 70 50

TpaHcnOpTHBIE 321a4M ¢ HENPABWJIbHBIM 0aJIaHCOM

PaccmoTpuMm emje HECKOJIbKO MOAM(UKAIMI TPaHCIOPTHOM 3anauu, A PEIHICHUS KOTOPBIX
pa3paboTanbl 3PHEKTUBHBIE AITOPUTMEI.

1. TpaHcnopTHas 3a/7a4a ¢ OrPAHMYEHHBIMU NMPONYCKHBIMU CIIOCOOHOCTAMU. 3]1€Ch BBOJATCS
JIOTIOJIHUTEIbHBIE OrPAHUYEHUS] Ha NPONYCKHYIO CIOCOOHOCTh KoMMyHuKauuid. Iloaromy
TpeboBaHue Xjj >0 3ameHsieTcss ABYCTOpOHHMM HepaBeHCTBOM:0 < x; < dj , rme dj- 3amaHHOe
Hpe/IeIbHOE KOJIMYECTBO IPy3a, KOTOPOE MOXKET ObITh MEPEBE3CHO OT I-r0 MOCTaBIIMKA K | -MYy
NOTPEOUTENIO 3a BpPEMs, OrOBOPEHHOE B YCIOBHUSX 3adauu. Ee peleHne MOXHO IONYyYUTh,
paciIupuB BO3MOKHOCTH METO/1a TOTEHIIUAJIOB.

2. TpaucnopTHas 3ajauya ¢ 3amperamu. B He mpenmonaraercs, 4TO MEXIYy HEKOTOPBHIMU
IYHKTaMHM IPOU3BOJICTBA M MOTPEOJIEHUS OTCYTCTBYIOT KOMMYHUKALIUM U, CJIEI0BATENbHO,
3aIpelieHbl COOTBETCTBYIOIIUE TEPeBO3KH. Takas 3a1a4ya MOXKET ObITh CBEJeHA K MOJIEIH OOBIYHON
TPAHCIIOPTHOM 3a/1a4u.

3. MHoOro npoaykroBasi TpPAaHCIOPTHAs 3a/a4a. 3/1eCh IUIAHUPYETCS MepeBO3Ka HE OJIHOTO, KaK
OOBIYHO, a HECKOJIbKMX BHJIOB Ipy30B. EciM 3TH rpy3bl He B3auMoO3aMEHseMbl (HampuMep,
MPOMBINUICHHBIE U3JENUA U MUIIEBBIE MPOIYKTHI), TO TaKas 3ajJaya pacragacTcsi Ha HECKOJIbKO
OJIHOIPOAYKTOBBIX TPAHCHOPTHBIX 3a/lad, PEIIaeMbIX HU30JIMPOBAHHO APYr OT JApyra. B apyrux
CIy4assX MEXIy MEepeBO3UMBIMA MPOAYKTAMH BO3MOXKHA B3aMMO3aMEHAEMOCTb, TO €CTh
NOTPEOHOCTh B OHOM M3 HUX MOXKET ObITh YaCTUYHO MJIM MOJHOCTBHIO YAOBIETBOPEHA ITOCTaBKaMU
Japyroro mnpoaykra. Tak, Hampumep, MOXeT OOCTOATh JeNo € IMOCTaBKaMU MHJIOMaTepuanoB
pa3UUYHBIX ceueHUud U copTHOCTH. CyIiecTByeT MpueM, MO3BOJISIONIMNA CBECTH ATy 3adady K T3 ¢
3anperaMu. CyIHOCTh €ro B TOM, YTO KaKJblii MyHKT OTHpPABJICHUS 3aMEHSAETCs IPYMIOi Takux
ITYHKTOB [0 YHCITY UMEIOIINXCS B HEM BUAOB MPOIYKIIMH.

AHaJIOTUYHBIM 00Pa30M PACHICTIISIOTCS MYHKTHI MOTPEOJICHUS: KaX /bl U3 HOBBIX ITYHKTOB UMEET
3asiBKM TOJBKO Ha MPOAYKTBI, MEXJY KOTOPHIMH CYIIECTBYET IOJHAas B3auMo3aMmeHsieMocTb. C
HOMOIIBI0  KO3((UIIMEHTOB B3aMMO3aMEHSIEMOCTH, KOTOpbIE MpPEANoaraloTcs 3aaHHBIMU,
MEPECYNTHIBAIOTCS 3asBKH HOBBIX NOTpEOUTENEH B €AMHMIIAX SKBUBAJIEHTHOTO NpoaykTa. Hannuue
KOMMYHHUKAIIUM MEXIy JIOOBIMH JBYMSI BHOBb IIOJYYEHHBIMH TIYHKTaMHU OTIpPABICHUS U
noTpebIeHus MPeIoiaraeTcs JUIIb B TOM CIydae, €Clid B 3asBKE MMOCJIETHEr0 UMEIOTCS TPOYKThI
JAHHOTO MoOcCTaBIIMKa. [IpH 3TOM ycloBHM C MOMOIIBIO KO3()(PUIMEHTOB B3aMMO3aMEHSIEMOCTH
BBIUHCIISIETCS] COOTBETCTBYIOLINHM KO3(DPUIIMEHT MaTpUILlbl TPAHCIIOPTHBIX 3aTpart.

MOoXHO paccMOTpETh TaKKe€ MHOTONPOJYKTOBYIO TPAaHCIOPTHYIO 3ajady C II€pEBO3KaMU Ha
pPa3HOPOJHOM TpPAHCIOPTE, HANpUMEp, Ha aBTOMAIMHAX pa3JIMYHbIX MapoK, O0JIaJaronIuX
pa3IMYHON CKOPOCTBIO M IPY30MIOABEMHOCTBIO Ha TEX WJIM MHBIX MaplIpyTax. JTa 3a7ada MOKET
OBITh CBEJiEHa K TPAHCIOPTHOM JIMOO K paclpeneiauTeNbHOM 3ajaue B 3aBHCHUMOCTH OT TOTO,
YUUTBIBACTCS JIM Pa3InYHAs TPY30I0IbEMHOCTh MAIlIUH Pa3HbIX MapOK.

4.3ana4a 0 nmepeBO3Kax ¢ MPOMEKYTOUHOH 00padoTKoii. [Ipennonoxum, 4To B KaXJ0M ITyHKTE
OTIIpaBJIEHUs POU3BOJUTCA HEKOTOPHIN Mony(adpukar, KOTOPBIH CHayana MOCTYHaeT B MYHKTHI
nepepaboTKH, TMOcjie 4Yero JocTaBisiercs norpedutensiM. M3BecTHbI 00bEMbl MPOU3BOJCTBA
noiy($aObpuKaToB, MPeAEIbHO TOMYCTUMBIE 00BEMBI €ro NnepepaboTKH B KaX/IOM MYHKTE M 3asBKH
norpedureneil. 3ajaHbl TakKe CTOMMOCTH TMEPEBO30K OT IMYHKTOB IMPOM3BOACTBA K IYyHKTaM
nepepadoTKU U OT MOCNIEAHMX - K moTpedutensaM. TpebyeTrcs cOCTaBUTH IUIAH IMEPEBO30K, MPHU
KOTOPOM BeCch moiygaOpukaT BBIBO3UTCSI U TepepadaThiBaeTCs, 3asABKH TMOTPEOUTENEH
YIIOBJIETBOPSIIOTCS, @ CyMMapHbIe TPAHCHOPTHBIE 3aTpaThl JOCTUTAIOT MUHUMYMa. Monenb 3Ton
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3a7]auu, KaK MOYKHO TTI0Ka3aTh, CBOJUTCS K MOJIENIM TPAHCIIOPTHOMW 3a/Ia4yM C 3allpeTaMu, KOTopas B
CBOIO OYepe/Ib, KaK YK€ 0TMEYaJIOCh, IPUBOJUTCSA K OOBIYHON TPAHCIIOPTHOM 3a7aye.

K wmaremarndeckoid MoOJeau TPaHCIIOPTHOM 3aJayd CBOJATCS HE TOJIBKO 3aJadd o
HepeBO3Kax rpy30B, HO U LIEJBIN s 3a/1a4 HHOTO coAep)kaHusi. PaccMOTprM HEKOTOpbIE U3 HUX.
Hmeercss T MyHKTOB, TJI€ BO3MOXKHO CTPOMTEIBCTBO MPEINPHUATHH, MPOU3BOSAIINX HEKOTOPYIO
HPOJYKIUIO. 3aTparhl HA IMPOU3BOJCTBO CIUHMIBI MPOAYKIMU B I-M IyHKTE paBHBI aj , a
MaKCHMaJIbHO BO3MOXKHBI 00BbEM €€ BBIIYCKa COCTaBiseT bj emuHuil B rom, | = 1, 2,....m.
M3roraBnuBaemasi MpOAYKIHUS JTOJKHA OBITH pacrpeneneHa Mexay N morpedutensmu. [loctaBka
SIMHUILBI IPOAYKLHH OT i-TO ITyHKTa MPOU3BOJCTBA K j-My NMOTpeOHTEN0 00X0omuTes B Cij pyo. (i=
1,2,...,m,j=12,.., n). [lorpe6GHOCTb B NPOAYKIUH IJIs J-TO MOTPEOUTENS COCTaBIsAET dj SIUHUIL B
rog. TpeOyeTcs cOCTaBUTH IUIaH BBITYCKA MPOAYKIUH M CXEMY HEPEBO30K TaK, YTOOBI TOJIOBBIC
3aTpaThbl HAa MPOU3BOJICTBO M MEPEBO3KY MPOIYKINN ObUIN MUHUMAIIbHBI.

OG6o3HaYnM 4Yepe3 yij UCKOMBIII 00beM BBITyCKa NMPOAYKLIUH B i-M IIyHKTE, a 4epe3 Xj - 00beM
NIEPEBO30K OT I-I0 IMMyHKTa MPOU3BOJICTBA K J-My HOTPEOUTEITIO.
OrpannyeHus Ha 00bEMBI IPOU3BOJICTBA MTPOAYKIIUU
v, =b,i=12,..,m.
Bcest mpou3BeieHHas POAYKIUS J0JDKHA OBbITh BHIBE3CHA!
(]

Z.’x!} E bi _;I.- = 1_!2J "'.Fm:

=1
3asBKa Ka)KJ10ro NOTpeOUTeIIs I0KHA OBITh yJI0BJIETBOPEHA!
™m

OOBembl IPOU3BOJICTBA U HepeBOSOK:HéOTpI/IHaTeJ'IBHBIZ

v = D,;xi}- =0,i=12,...,m; =12, ..,
TpeboBaHre MHHMMyMa CYMMapHBIX 3arparT Ha MPOHM3BOJICTBO M MEPEBO3KY MNPOAYKIUH
peanu3yercs cienyromei neaeBoi GyHKuuei:

11} 11} T
W = E a_z_ _l_}:rz_ —|— E E ci_;l'xi'_;l' —* I
i=1

i=1 ;=1

Eciiit B OrpaHUYCHUSIX U IEIeBOi QYHKIIMH 3TOH MOJIENH 3aMEHHTh Yj Ha Li; x;; COTJIACHO, TO OHA

CBOJUTCS K CIEAYIOIIEH MOJEIN OTKPBITON TPAHCIIOPTHON 3a1a4M JJUHEHHOTO IPOrPAMMHUPOBAHMS:
(4

=1

™

X = 0i=12.,m =12 .., 1
!

W= Z [ai-l-cij)xi}. — min.

i=1 j=1
PacnpenenurenbHas 3aga4a

Matematuueckass MOJENb paclpeneauTeNbHON 3amaun  sABseTcss 0000IIeHneM TpaHCIOPTHON
3a/la4 ¥ CBOJUTCS K HEW JIMIIb B HEKOTOPBIX YaCTHBIX cillydasx. PaccMoTpuM ee copepkaTeIbHy0
(GOopMyIUPOBKY NPUMEHUTENBHO K 3a/lade paclpeneseHus] pa3iudyHOM MNPOAYKIHU MEXITY
HECKOJIbKUMHU MPEATPUATUAMHU.
[TycTh N npeAnpuATH JOTKHBI BBITYCKaTh B COBOKYITHOCTH M BUA0B MPOJIYKIMH. DTO MOTYT OBITh
MeOenbHble (aOpUKH, MPOU3BOMALIME pa3lWYHbIE BHJIBI W3JEIHUN; JECO3aBOJbI, BBITYCKAIOIINE
IMMIIOMaTePHANIbl Pa3IMYHBIX CEYEHHH, U T. 1. 3a/laHbl BEJIMYUHEI 3aTPaT Cjj B pyOIsIX Ha €IUHULY i-
IO BUJIA M3JENHs IPU U3TOTOBJICHHH €r0 Ha j -M NMPEANPUATHH, a TaKkxke BpeMs 4;; HeobXoammoe
JUIsl TIPOM3BOJICTBA SIMHUIIBI |-TO U3JICINS Ha j-M NPEIIPHIATHH; IUIAHOBOE 3aaHKe aj 10 KaXIOMY
BUJY U3ZENHUS M YUCIO bj 4acoB pabOTHI J-rO HMpPENNPHATHSA, KOTOPOE MOXKET OBITH BBLICICHO B
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TEUCHHWE IUIAHOBOTO IIEPHOJA Ha IPOM3BOJACTBO BCEX paccMaTpuBaeMbIX wm3nenuii. TpeOyercs
pacnpeacinTb Npou3BOoACTBO I/I3I[CJII/1ﬁ 0 pa3HbIM HNPCANPUATUAM Tak, YTOOBI MHUHUMU3UPOBATH
CYMMapHbI€ 3aTpaThl IPU BBINOJIHEHUH IUIAHOBOTO 33JaHUS C YUYETOM OTPAaHHYEHHOCTH PECypCOB
pabodero BpeMeHHU.

OG6o3HaunM Yepe3 Xjj MCKOMBIH 00BbEM BBINyCKa H3JEIMH i-ro BUIa HA j -M NPEANPHUATHH.

Tp€60BaHI/Ie BBITIOJTHCHUA IIJIAaHOBOI'O 3aaHusd HMCCT BHU
n

E Xy = a LE=1,2, ..., m.

=1
YciaoBus, YYUTBHIBAIONIME OTPAaHUYCHHOCTh (POHIA pabovero BpPEMEHH, 3aIMCHIBAIOTCS B BHJIC
HEpaBECHCTB

Zli}-xi}- = b}-,j =12, ..,1n
i=1

[TepeMeHHBIE Xjj HEOTPULIATENBHEI:
x=20i=12..mj=12..n

CyMmMmapHbIe 3aTpaThl Ha U3TOTOBJIEHHUE BCEX U3EIUIN BhIpAXKAIOTCS (PyHKLINEN

™M T

>y e

i=1j=1
TakuMm o0Opa3oM, B MaTeMaTHYECKON (POPMYITUPOBKE MOCTABIICHHAS 33/la4a CBEJCHA K OTHICKAHHIO
TaKUX 3HaYECHUI NEPEMEHHBIX Xij, IPU KOTOPBIX YAOBIETBOPAIOTCS orpanuuenus (3.91) - (3.93), a
ueneBas (ynkuusa (3.94) oOpamaercs B MunumyM. l[locTpoeHHass maTeMaTH4ecKas MOJIEb
OTHOCHUTCSI K 3a/ladyaM JIMHEWHOTO MPOrPaMMHUPOBAHUSA U OTJIMYAETCS OT MOJEIU TPAHCHOPTHOU
3a[a4d HAIM4YMEM MHOXMTENeH  1; B orpanmueHusx (3.92). Ee HaspiBaloT MoOJeJIbI0
pacnpeaeMTeNbHOI 3a1a4n. [IpuHATE M Apyrue Ha3BaHuUs, HAIPUMED, A;; - 3a1a4a, 0000IEeHHas
TpaHCHOpTHast 3amada. Jlisi pemieHus pacupenenuTeIbHON 3aladyd MOXKET OBITh HMCIOJIb30BaH
0001 MeToA JTUHEHHOro MPOrpaMMHPOBAHHS, HAMPUMEpP, CUMILIEKC-MeTon. MmeroTcs u Gomee
MPOCTHIE, CIEIUATBHO pa3padOTaHHBIE METO/IbI.
Ecmu Bce 1;; paBHBI €IMHUIIE, MBI IIOJy4aeM OOBIMHYIO TPaHCHOPTHYIO 3amady. Kpome Toro, kak
JIETKO TIOKa3aTh, paclpenenuTeNbHas 3ajJada CBOJUTCS K TPAHCIOPTHOM, eClH M Kaxaoro i
KOO(p(GUIMEHTB 1; HPOMOPLUMOHANBHBI, TO €CThbA;/dyy = Agflyp == A/l =« TAe ;-
HEKOTOPbIE KOHCTAHTHI.

IlocTanoBka 3aa4n HeJJMHEHHOr0 MPOrpaMMupoBanusa. MeToabl OTHICKUBAHUS IKCTPeMyMa AJs
¢yHkuum ogHoii nepeMeHHOH. MeTOAbI OTHICKMBAHUS IKCTPeMyMa Il (PYHKIMHU HECKOJIbKHUX
nepeMeHHbIX.

[TocTpoenne Moaenel TMHEMHOro MPOrpaMMHUPOBaHU OCHOBAHO HA MPEIOI0KEHUN O JIMHEHHON
3aBUCHUMOCTH MEXKy XapaKTePUCTUKAMH O0BEKTa M DJIEMEHTAMH pEelIeHUs. Takoe MPearnoioKeHne
B TEXHOJOTHYECKUX HCCIEOBAHUAX JAJC€KO HE BCET/la OKa3bIBAETCSA OIMPaBIaHHBIM. MOXHO
yKa3aTb MHOTO OOBEKTOB ONTHMH3AIMK, B TOM YHCIIE U B JEPEBOOOPaOOTKeE, /UIsi KOTOPHIX OHO
HerpaBoMepHO. HenmHelHbIMEU, Kak TMPaBUiIo, SBISIOTCS 3aBUCHMOCTH TE€XHHKO-IKOHOMUYECKHUX,
CWJIOBBIX U KAaUeCTBEHHBIX XapPaKTEPHUCTHUK IMPOIECCOB MEXAaHMUYECKON 0O0paOOTKH APEBECUHBI OT
pexxuMHBIX pakTopoB. Moaens (3.86) -(3.90) 3anaun 00 onTUMaIbHOM pa3MeNIeHUH MPOU3BOICTBA
Tak)Ke OKa3blBaeTCsd IMpPH BHUMATEIHLHOM PACCMOTPEHUU TPyOOil, MOCKONBKY TpeAroaaraet
JUHEHWHYIO 3aBUCUMOCTH MEXKIY 3aTpaTaMy Ha MTPOU3BOJICTBO M €r0 00EMOM [CM. TIEPBYIO CYMMY B
neneBoit ¢pynkuu (3.90)]. Ha camom ke fene 3Ta 3aBUCMMOCTh UMEET 0oJiee CIOKHBIN XapakTep
(puc. 4.1.). Ha nauansHoM ydactke | oHa BBITTyKJa BBEpX. DTO OOBSICHSIETCS TEM, YTO BHAYAJe C
pPOCTOM BBIyCKa 3aTpaTbl Ha MPOU3BOJCTBO E€IWHUIIBI TMPOAYKIIMH CHUXKAIOTCS. 3aTeM, Npu
JIOCTMDKCHUH HEKOTOPOro O0BheMa BBINYCKA, JalbHEHINEe €ro yBEeTWYeHHE TOCTHTaeTCs ICHOU
Heperpy3Ku MPOU3BOCTBA, UTO MPUBOIUT K YBEITMUCHHUIO Ce0ECTOUMMOCTH MpoayKiuu (yuaactok Il).
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MeToabl OTHICKMBAHUSA IKCTPeMyMAa It YHKIUM OJHOM NepeMeHHOi.

33,[[3‘11/1 ONTHUMHU3AalNH, B KOTOPBIX Tpe6yeTCH OTBICKATh 3HAYCHUA N IEPEMEHHBIX
X1,X2,...,Xn, OOpAMIAIONINX B MUHUMYM WM MAKCUMYM IEJIEeBYI0 (DYHKIIUIO
~ . ~

W =f €,X%,,....X, — min €ax _

N YAOBJICTBOPAKOIINUX T OrpaHUYCHUAM B BUJC PABCHCTB WJIM HCPABCHCTB
~ _ j .
0 €, X,y X, =204, j=12,..,m

Ha3bIBAIOTCA 3aJavaMH MaATEeMAaTH4YECCKOro IporpaMMHupoOBaHUA. 3,Z[CCI) mnmpearojgaracrcsa, 4rTo

ynxuun f u @; u3BecTHBI, a KoHCTaHThl D; 3anmanmbl. Ha Bce min Ha 4acTh HepEeMEHHBIX

X; {=1..,n Moryr OBITb HAJIOKEHbI JONOJHUTEIbHBIE YCIOBHSA HEOTPHIATEILHOCTH —WIIH
JMCKpETHOCTH. B wacTHOM citydae, korya Bee Gynkuuu f u ¢ nunelnbl, 3a1a4a MaTeMaTH4eCcKoro

pOrpaMMUpPOBAHUsl CBOJUTCA K 3ajadye JIMHEHHOro MpOrpaMMHUPOBAHUS, PACCMOTPEHHON B
npenbiaymei rnase. Ecnu ke xotsa Obl oqna u3 Gynkuuit f umm ¢, nenmuueiina, o 3anaya (4.1),

(4.2) Ha3piBaeTcs 3a4a4eli HeJIMHEITHOT0 NPOrPAMMHUPOBAHUS.
3amaun HEMUHEHHOTO MPOrPaMMUPOBAHMS OYEHb PAa3HOOOpa3HBI M rOpas/io CIOKHEe, YeM 3aJauu
JTUHEHHOTO nporpamMmmupoBanus. B otinuune ot 3JII1, onTumansHOe pelieHre 3a1aui HETMHEHHOTO
MPOrPaMMHUPOBAHUS MOXKET HAaXOJUTHCS KAaK BHYTPHU, TaK U Ha TPaHHUIAX OOJACTU JOMYCTHMBIX
pemenuit (OZP). Hanpumep, pemienuem 3agauu

«-22+¢€ -3 > min;

0<x, <50<x,<5

SBJISIETCSI, KaK JIETKO yOeIuThCA, TOUKa X1=2, Xp=3, nexaias BHyTpu OJIP. A s 3agaun ¢ TemMu
e OrPaHHMYEHMAMH, HO APYroil lejieBoil (yHKuUHMEH, X, + X, —> MAX , perieHHeM OyaeT Touka
& =X, =5 narpanune O/JIP.
[Ipy wW3yyeHMH METOJOB JHHEHHOrO0 MPOrpaMMUPOBAHMUS HaMU ObUI TOJIPOOHO paccCMOTpeH
CUMIUIEKC-METO/1. D10 anropuT™ peuienus 3JII1, KoTopblil rapaHTHpYeT AOCTUKEHHUE €€ PELIeHUS
(ecm OHO CyYIIECTBYET) 3a KOHEUHOE YHWCJIO IMIaroB. B 3ToM ciiydae roBOpSIT, YTO aJITOPUTM
CXOJIUTCSA 32 KOHEUHOE YHCJIO UTepanuid. Takum e CBOWCTBOM 00JaJaeT METO]l MOTEHIIUAJIOB,
MpeAHA3HAYEHHbI Il  pelleHuss TPAaHCHOpPTHOM  3amauu. Jlg  3amay  HEIMHEWHOro
MIPOrpaMMHUPOBAHUS TI0JIOOHOTO YHUBEPCAIHHOTO alTOPUTMA HE CYIIECTBYET. B 3aBUCHMOCTH OT
THUTIA 3TUX 3a7[a4 pa3padaThIBAIOTCS CIICIUATbHBIC aJITOPUTMBI UX PEIIECHUs, TPUIeM OOJBITUHCTBO
W3 HUX HE 00ECTeUYMBACT CXOJUMOCTH 332 KOHEYHOE YHCIIO UTEPALMid U, CIEAOBATEIbHO, SBISETCA
NPUOIMKEHHBIMH.

MeTtoabl OTBICKHBAHHUS IKCTPeMyMa VI (PYHKIIMH HECKOJIbKHX IePeMEeHHBIX

B kauecTBe mpumepa 3aJaud HEIMHEHHOTO MPOrpaMMHUPOBAHUSI PaCCMOTPUM MOCTAHOBKY 3aJa4M
ONTUMHU3AIMKN PEKUMOB PAMHOTO THJICHUS JPEBECHHBI. JJEMEHTAMH PEIICHHs 3/eCh CIyKar
cllelyrolye NATh apaMeTPOB: M0Aa4ya Ha OAWH 3y0 MUkl U, MM, IIar 3yObeB Mui t, MM; TOJIIIHHA
uX S, MM, JKeCTKOCTh it K , H/MM, a Takke BeauunHa IMyTH pe3aHus 3yObeB MU B JApeBecuHE L,
KM, 32 BpeMs |, paBHOE MEePHOy paboThl JECOMUIBHOTO MOTOKa. C y4eTOM TOT0, YTO JIECOMUIIbHAs
pama SIBJISIETCSI TOJIOBHBIM JIECOMUIIBHBIM 00OPY/IOBAaHUEM, B KA4ECTBE KPUTEPHSI ONTUMATHHOCTH
Pa3yMHO IPUHATH MAKCUMYM €€ CMEHHOW MTPOU3BOIUTEIBHOCTH.

[TpuBeneM BbIBOA IieneBod QyHkuuu 3amadd. [lpenBapuTenbHO oOmMpeAenTuM BpeMs 7, MHH,
3aTpayeHHOE HEMOCPEACTBEHHO Ha MuieHue 3a cMeHy. O0o3HauumMm dyepe3 t, Bpems NpocTos

JECONMWILHOM paMbl NpPU CMEHe I, MUH. Torga KOJIM4ecTBO IEPECTAaHOBOK IUJI B TEYCHHE
paGoueii cmenst paBHo T, /& +t, , Te, - IPOIOIKATENBHOCTS pabodeii cMeHbl, MuH. [To3TOMY

Tt
T= KT Kl Tc,w -
T+t,
rae K- ko3 dunment ncnonp3zoBanus paboyero BpeMeH! CMEHbI;
K3 - ko3 pummeHT uenoap30BaHus JIECOMUITBHOTO MOTOKA.
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[lITyyHas mpou3BOIUTENHHOCTD JICCOMUIBLHON paMbl, U3MEpsieMasi B KOJIMYeCTBE OpeBeH (OpycheB),
pacliIeHHBIX 32 CMEHY, paBHa
IT =/l
rzae U - CKOpOCTh MOJauu, M/MUH;
|- cpennsist anmuHa OpeBeH, M.
[Tocne moacTaHOBKY BhIpaskeHus it 7 u3 (4.4) ata popMyiia IpUMET CICTYIOIIUNA BU;

t
H: KoﬁmTCM <l/| 1_-|- +t

n

rae K;, = K; K, - 06muii Ko3pGuuuent nenonb30sanus paboyero BpeMeHH.

3aBHCHMOCTh CKOPOCTH IOJA4U U OT MOJA4U Ha 3y0 U,, MM, BEIMUMHBI X0/a MHIbHOH pamku H,
MM, IIara 3yObeB I t, MM H YaCTOTHI BPALICHHS KOJICHYATOrO Bajla JICCOIMILHON paMbl N, MHH
3a/1aeTcs CAeAyroIer GopMyInoun:

u =u, Hn/ €000t _

Benmnunna nytu pesanuss L BelpakaeTcs depe3 mepuoj | pabOThI JIECOMUIBHOTO IOTOKA:
L= Lp nT / 10° | rme L, - myTh pe3aHus OfHOro 3y0a MUIIBI 32 OJMH XOJ MUJIBHOM paMku, MM. Jlis
ciy4asi, KOTJia BeIMYMHA XOJa MUJIBHOW PaMKH MPEBBIMIACT CPEAHIOI BBICOTY mpomuia h, mw,
MOHO cuntath Ly = h. [Tostomy L =hnT /10° , otkyna

T =16°L/hn

[ToncraBuB Boipaxenus A Uu T (4.6) u (4.7) B popmyiny (4.5), noayuum

u z K06u;Tc,w Hn 1
~ 11000l 10°L
hnt,

YMHOXHB 3TO BhIpaKE€HHE Ha CpeHHUI 00beM OpeBHa (Opyca), BBIpa3UM BMECTO 3TOIO BhIpAXKEHUE
(4.8) yMHOXUTH Ha cpeaHuil o0beM V| MUIOMaTepuanoB, BhIpa0aThIBAEMBIX M3 OJHOTO OpeBHA
(Opyca), To neneBas ¢GyHKUMS OyaeT H3MEpSAThCS B M BbIpabaThIBAEMBIX MHJIOMATEPUATIOB.
[Tockonpky BenuumHa V; BBIYHCISETCS Kak pa3sHOCTh MEXay oObeMoM OpeBHa (Opyca) u
CyMMapHbIM 0OBEMOM BCEX MPONMUIIOB, TO B ILEJEBYIO (DYHKIHIO BOWIET elle OJUH 3JIEMEHT
pEIIeHHMs - TOIIIHA THIL.

MHokecTBO OrpaHUYeHUI paccCMaTpUBAEMOM MOJIeNH yI00HO pa3OUTh Ha TP TPYIIIHI.

B nepeyro epynny BXOIAT TEXHOJOTWYECKHE OTPAHUYEHUS 110 MOIIHOCTH TPUBOJIA JICCOMMILHOU
paMbl, pabOTOCIIOCOOHOCTH BHAAWH 3yObEB MWJ, YCTOWYMBOCTH Muwi. OHM COCTaBISAIOTCSA IO
pe3yiapTaTaM TEXHOJIOTHYECKOTO aHalM3a Tpolecca NWICHUS, HW3YYeHHUs ero CHIOBBIX U
HHEPreTUUECKUX XapakrepucTuk. [IpuBenemM HauMeHee TpoMo3/Koe 1Mo cBoel (hopMe orpaHuyeHne
10 pabOTOCIIOCOOHOCTH BIAIWH 3yOhEB HJT:

u, <t?/€n,,
rac hrmx - MaKCUMaJIbHasA BbICOTA MPOITHJIIA;

o- K03 puumeHT, 3aBucAmUN oT GopMbI 3y0a, COOTHOIICHUS X0/1a MHUJIBHONW pPaMKU U
BENMYMHEL N, , @ TaKKe OT TpeOOBAHMH K MIEPOXOBATOCTH TIOBEPXHOCTH

MTUJIOMAaTEPHUATIOB.

Bmopyto epynny cOCTaBIAIOT OTpaHUYEHHs, BbI3BAaHHBIC TPEOOBAHHMSIMH K KadyecTBY 00pabOTKH
MWIONPOAYKIIMA. ODTHMH TPEOOBAaHUSAMHU JIMMHTHPYIOTCS, B YacTHOCTH, IIEPOXOBATOCTh
MOBEPXHOCTH W  PA3HOTONIIUHHOCTh muioMarepuanoB. OIIEHOYHBIM TIOKa3aTeleM IpHu
OTIpE/ICIICHUU IEPOXOBATOCTH TOBEPXHOCTH IMHIIOMATEPUATIOB CIIYXKHT CpeaHeaprudMeTndecKas
BeIMYMHA Ry max MaKCHUMAalbHBIX BBICOT HEPOBHOCTEH. B KadecTBe OLIEHOYHOTO MOKa3aTens Mpu
OTIpe/ICICHUH TOYHOCTH Pa3MepoOO0pa30BaHMs Y4acTO OCPYT BEIMYMHY CPEIHEr0 KBaJIpPaTHUCCKOTO
OTKJIOHEHUS d TOJIIMHBI MIJIOMATEPUAIIOB.

st popMHpoOBaHUS COOTBETCTBYIONIUX OTPAHUYCHUM CJICIYET MOJYYHTh 3aBUCHMOCTDH BEITMYUHBI
Rmmax 1 d OT 2JIEMEHTOB peleHUs, T. €. BBIpOKEHUS A1 HYHKITUH:
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Romx = f1€,,S, 0K L
d="f,q,,stkL.

ENVMHCTBEHHBIM peaibHBIM CIOCOOOM MOJIYYEHHUS TUX 3aBUCUMOCTEH SIBISETCS MHOTO(MAKTOPHBIN
JKCIIEPUMEHT.
TakuMm oOpa3om, OrpaHUYEHUs] BTOPOM IPYyIIIbl KMEIOT BUJ:

Rmrmx = fl <IZ’S’t' k’ LJS Pmmax ’_
d=f,@,stkL<},
rac me Hu Ii T 3a1aHHBIC T'PAHUYHBIC 3HAYCHHA COOTBETCTBYIOIIUX ITIapaMETPOB.

OrpaHuyeHus TpeTbed TIPYMINbl CBA3aHbl C KOHEUHBIM [IUAla30HOM BapbUPOBaHMs 3JIEMEHTOB
pelleHus U ¢ JUCKPETHOCTBIO MX 3aJaHMs, €Cli 3TO umeeT Mmecro. IlocimenHee oTHocUTCS K
TOJIIIMHE S THJI, Iary t uX 3yObeB, ISl KOTOPBIX YCTAHOBJIEHBI CTAaHAAPTHBIE 3HAUEHUS, a TAKXKe K
nyTd pe3anus L. 3HaueHus myTu pe3aHus ONpelesloTCs B 3aBUCUMOCTU OT YHCIIA IEPECTAHOBOK
W1 32 CMEHY U, CJIe10BaTEIbHO, TAK)KE IUCKPETHBI. MIMeeM nosTomy

U, SU, <u

zmax !

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

Kak nerko 3amerutb, neneBas ¢yHkuus (4.8) u orpanmyenue (4.9) sSBISAIOTCS HETMHEHHBIMHU
(YHKIMAMU 3JIEMEHTOB peuieHus U,, t, L DToro mocraTodHo Ui CIEYIOIIEro YTBEpP KICHMUS:

3a/laya ONTHUMU3ALMKM PEXUMOB IIpOLlECCa PaMHOrO MWIICHUS JIPEBECHUHBI SBISCTCA 3adade
HEJIMHEWHOro mporpammupoBaHus. Ha camoMm gene HENMHEWHBIMM SIBISIFOTCSL M IOJTYYEHHbIE
SKCHEPUMEHTAIIBHO OIPAaHUYEHHUsI BTOPOM TPYIIIbI, MOCKOJBKY OKa3ajoCh, 4YTO JUIsl aJ€KBAaTHOTO
OIMCaHUs pe3ybTaTOB 3KcrepuMenTa QyHkimu f; N fo, Bxomsmue B BoipakeHus (4.10), TODKHBI
OBbITH MHOTOWIEHAMH BTOPOT'O WM 00JI€e BEICOKOTO MOpPSIKA.

PaccMoTpenHast curyanms, 0OpU KOTOPOW I TOCTPOCHUS ONTHUMHU3ALUMOHHOW  MOJEINH
noTpe0OoBaJIOCh COYETaHHE AaHATUTHMYECKUX M HKCHEPUMEHTANbHBIX METOJIOB, THUIHMYHA IS
TEXHOJIOTHYECKUX MCCIIEIOBAHUHN B IEPEeBOOOPAOOTKE.

MeToabI OTBICKAHMSA IKCTPEMYMa I (PYHKIMH OHOM NepeMeHHOoM

[Ipexxne yem u3ydaTh METOJbl PELIeHMs 3aJad HEJIWHEHHOTOo MPOrpaMMHUPOBAHHUS, PACCMOTPUM
METO/bI OTBICKaHUS 3KcTpeMyMa (QyHKIMI Oe3 yuyera orpaHudeHuil. TouHee, OrpaHUYEeHUsT MOTYT
OBITh, HO TIPEIIOIATaeTCsl, YTO OHU HE OKA3bIBAIOT BIIMSHUS Ha MPOILIECC OTHICKAHUS IKCTpEMyMa U
Ha €ro pe3yjabTaT. JTH METOJbI Ha3bIBAlOT MeTOAaMH 0e3yCJI0BHOM MHHMMM3ALMH, UMES B BULY
OTBICKaHWE MUHUMYyMa ¢yHKIMH. VX u3ydenuwe yno0HO HauaTh ¢ Hauboyiee MPOCTOM 3ajgaun
NOMCKa dKcTpeMyMa (DyHKIUHU 0JHO# nepemeHHOit f(X1). DTo Tak Ha3bpIBaeMasi OTHOMEpHasl 3a/1a4a
ontuMuzauu. OyHKIUIO, UIsI KOTOPOU OTBICKMUBAETCS SKCTPEMYM, OyZeM MOo-NpexHEMY Ha3bIBaTh
1eneBoi (hyHKIMEH.

OtMetuM mpexnae Bcero, uto (yHkmus f(X3)MOKeT WMeTh KaK OJMH, TaK W HECKOJBKO
sKcTpeMyMoB. Hampumep, ¢yHkuusa, nsobpaxeHHas Ha puc. 4.2, UMeeT YeThlpe MaKkCUMyMa B
toukax 1, 3, 5, 7 u Tpu mMuHUMyMa B Toukax 2, 4, 6. [Ipu 3ToM 3HaueHne QyHKIHHU B TOUKE 3
IIPEBOCXOJUT €€ BETUUHUHY

JUIS. BCEX OCTAJIbHBIX 3HaueHHWH aprymeHta X\. Takas TOYKa Ha3bIBaeTCs TOYKOHW TII00AJIBHOTO
MakCHMyMa, a BC€ OCTajbHble MaKCHUMyMbl (DYHKLIMU Ha3bIBAIOTCS JIOKAJIbHBIMU. AHAJIOTUYHO,
Touka 6 OyneT TOUKOH r100aNbHOr0 MUHUMYMa (DYHKIIMU, H300pa>keHHOH Ha puc. 4.2, a TOUKH 2 U
4 - 3TO TOUYKU €€ JOKaJIbHOI0 MUHUMYyMa.

U3 nuddepeHnranbHOro NCYUCICHHST XOPOIIO H3BECTHBI HEOOXOAMUMBIC M JOCTATOYHBIC YCIOBUS
skcTpemyMa pynkimn f(X1). Heooxoaumoe ycinoBue skcTpeMyma: eclii CYIIeCTBYeT mpou3BoHas f
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'(X1)pyukiun f(X1)B Touke x1=a U 3Ta QPYHKIUSA WMEET B TOYKE a MAKCHMYM HJIK MHHHUMYyM, TO f
'(a)=0. JocraTtoyHoe ycioBHE 3KCTpeMyMa: €Clii CYIIECTBYET BTOpasi nmpou3BoaHas Gpynkuuu f"(a)
to ¢yukuus f(X;). umeer B Touke a: makcumym mpu f'(a)=0 u f'(2)<0; munumym mpu f '(2)=0 u
f'(a)>0

PaccMOTpUM HECKOJIBKO MPUMEPOB, B KOTOPBIX O3TH YCIIOBHSI HCIOJB3YIOTCS ISl PEIICHUS
IPOCTEHINNX 3324 ONTHMHU3AIUH.

33}13‘13 OonTUMM3alUHU pa3MepoB OKOHHOT'0 0JI0Ka

1. TIlpenmonmoXuMm, YTO OKOHHBIH OJIOK OJHOCTBOPYATOW KOHCTPYKIMH HUMeeT (popmy
npsiMoyrosibHuKa. KakuM J0KHO ObITh COOTHOIIEHHUE €0 CTOPOH, YTOOBI IPH 33JaHHON IUIOIIAAN
OCTEKJICHUSI Ha N3TOTOBJICHHE OJI0OKa MONLIO OBl HAMMEHbBIIee KomuyecTBO Marepuaia? O003HauUM
yepe3 X U Y UCKOMbIE CTOPOHBI IPSIMOYTOJIbHUKA, a 4epe3 S - U3BECTHYIO BEJIMYMHY €ro IIOIIAIH.
Torna
Xy=S
[Tpenmonoxum, 4To Bce OPYCKH KOPOOKH U BCE CTBOPKH MMEIOT OJJMHAKOBYIO ILIOIAAb CeYeHus. B
9TOM Ccjy4yae KOJIMYECTBO MaTepuana, HeoOXOoIWMoe [Jisi M3TOTOBJICHHS OKOHHOIrO OJioKa,
NPOTIOPIMOHATBHO €ro nepumerpy P=2x+2y, KOTOpBIH TOATOMY JKEIaTeNIbHO OOpaTuTh B
MHHAMYM. IMeeM, ciieioBaTebHO, SKCTPEMATIBHYIO 33a4y: MUHUMH3UPOBATh QYHKIHIO (2X+2Yy)
NIPU yCIIOBUH.
Pesynbrar pemieHuss He H3MEHHUTCS, €CIM B KauyeCTBE MUHUMHU3UPYEMOHl (YHKIHMH B3STh
nonyniepumeTp W = P/2 = x + y — min. [ToacTaBum B 3TO BRIpaKEHUE 3HAUCHHE
y = S/x. Torma W=x+ S/x. Bocrnonb30BaBIINCh HEOOXOAUMBIM YCIOBHEM 3KCTPEMyMa, BO3bMEM
npousBoHyl0 of W 1o X u mpupaBHseM ee Hymo: W’ = 1 - (S/x?) = 0. U3 aByx KOpHeH
IOIYYEHHOTO  YpaBHEHHS HMMEET CMBICH  TOJNBKO  IIOJNOKMTENbHBIM  x=+5. Torma
y = 8§/x =5/4/5 =+/5.
JIOKa)KeM, 4YTO IIOJYYEHHOE PpElIEHHE x =y =+'5 JeHCTBUTENBHO COOTBETCTBYET MHHHMYMY
neneBoi (QyHkuuu. [lng 3Toro BoOCHOJB3yeMCsl JAOCTATOYHBIM YCIOBHUEM SKCTpEMyMa, HaWas
BTOPYIO MPOU3BOJHYIO OT pyHKinu W: W" = 2S/x*. Ao BBIpaXXEHHE TMOJOXKUTEIBHO MPU JTFOO0M X
> (0, 9TO U CIYXHUT TpeOyeMbIM JI0Ka3aTeILCTBOM. TakuM 00pa3oM, ONTUMAILHBIM COOTHOIIICHUEM
pasMepoB NPSIMOYTOJIbHOIO OKOHHOTO OJIOKa SIBISIETCS PABEHCTBO €ro CTOPOH, T.e. ONTHMAJEeH
OKOHHBIHN OJIOK KBaJpaTHOU (HOPMBI.
2. IlpenmnonoxuM Temepb, YTO OKOHHBIM OJIOK HMMEeT JBYCTBOPUYATYIO KOHCTPYKIHUIO U 33/JaHO
gucio K, mpenacrassioniee coO0H OTHOIICHUE IUIOMIAACH CeueHH OPYCKOB KOPOOKH M CTBOPOK.
D1 wionaau 0003HaYUM COOTBETCTBEHHO 4epe3 s1 U s2. Tora k = s/ S; . Haiiiem ontumanbHbie
pasMepsl X M Yy PaMOYHOH KOHCTPYKIIMH B OTOM cCiydae, CUHMTas, KaKk M TpPEXJae, 4TO JOJDKHO
BBIMOJIHATHCSL COOTHOLIeHUe. [l ympolieHus pacueT IMpoBeAeM HpUOJIMKEHHO, HpeHeOperas
pa3nuyueM MpOOIbHBIX Pa3MEepPOB KOPOOKH M CTBOPOK. MUHHUMHM3HPYEMOW BETHUYUHON OyIeT MX
cyMMapHblii 00beM. KopoOka OKOHHOTO OJI0Ka COAEPKUT B JAHHOM CIIydae BHYTPEHHIOIO CTOMKY.
[ToaTomy 00beM KOpoOkHu paBeH s1(2x + 3y) B MPEANOJOKEHHH, YTO CEUEHHUS BCEX €€ OpYCKOB
onuHakoBbl. Jysi OJOKa JaHHOW KOHCTPYKIMHM C JBOMHBIM OCTEKJIEHHEM OOBEM BCEX CTBOPOK
paBeH sp(4x + 8y).
CymMa 3TUX 00bE€MOB, BBICTYTIAIONIAS B POJIM 11€JIeBOM (DyHKIMH, paBHA
W=s5,(2x + 3y)+s,04x + 8y =x(2s5, + 35,0 +v (35, + 8s;)
C yuerom (4.13) ueneBast pyHKIUS IPUMET BUA
W=x=x(2s + 3s,) +(S§J (3=, + 8s;)
[TpupaBHSB HYJIIO TPOU3BOIHYIO OT ATOTO BBIPAXKEHHS, IOTYIUM YpaBHEHHE
x(2s, + 3s,) +x5—:{35,_ + 85,0 =0

Ero momoxuTensHOe pelieHue, T. €. ONTUMAIbHOE 3HAYEHHE X = Xopr PABHO
P —
'5{3 51_ + BS::]
Xy = | 2

o _J\|' 2z, + 45,

N3 ¢GopMyInbl MOIyduM 3HAUCHHUE Yoy
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—
I5(25, + 4s,)
Vomr =_5'l_.-‘x_r'_ - |;

o J\|' 3s; + 8s,

[ToenuB = ;; HA ¥ 5ry, HAMJIEM ONTHMAIBHOE COOTHOIIICHUE MEXKITY Pa3MepaMy OKOHHOTO OJIOKa:
Hgm L35y + 8s,)
Yo B (25, + 4s;)
C wucnoip3oBanueM Kodpduumenta k= s;fs; X €ro MOXKHO Iepenucarb B  BHJE
¥om/Vore = (3 4+ 8K)/(2 + 4k). Ecnu, nanpumep, K = 2, T0 %, /¥%==1,9. AHaJOrHuHBIM 00pa3oM
MOXKHO PAacCMOTPETh M OINTHMH3HPOBATh pPa3Mephbl JPYTrUX BAaPHAHTOB KOHCTPYKIHMH OKOHHBIX

OJIOKOB.

3agaya onTuMu3anuu pazmMepos GpurypHoro opyca

B neconunennu Xopomo M3BeCTHa 3ajada 00 OMpenesieHMH pa3MepoB YETHIPEXKaHTHOTO Opyca,
BBHIMAJIMBAEMOT0 U3 OpeBHA, NMPU KOTOPBIX 00BbeM Opyca MakCHUMajeH. JTa 3ajada CBOJUTCA K
OTBICKAaHUIO MPSAMOYTOJIbHUKAa MAaKCHMaJIbHOW IUIOLIA/IM, BIMCAHHOIO B KPYI' JAAHHOTO JAMaMETpa.
OntumManbHBIM OyzeT Opyc KBapaTHOTO CEYEHHs, CTOPOHA KOTOPOTO MEHbIIE JruaMeTpa OpeBHA B
V2.
Ha neconmmbHOM 000pyIOBaHMM arperaTHOTO THIIA BBIMWIMBAIOT (GUTYpHBIH Opyc, omHa U3
BO3MOXHBIX KOH(UIypaiuii kotoporo nzo0paxkeHa Ha puc. 4.3. CeueHue BIHUCAHO B OKPY>KHOCTb
JIaHHOTO paauyca r. bpyc cumraem cummerpuunbiM: OD=0C=a;AD=BC=b. Pemmm mis Hero
QHAJIOTHYHYIO 3aJa4y: KaKHM JIOJDKHO OBITh COOTHOLICHHE MEXIy pa3MepaMd a u D, 4To0bI
IIo1Iaib ceueHus Opyca Obl1a MaKCUMaIbHON?
Yacte ceueHus Opyca B mepBOM KBajpaHTe npejacraBisieT codoil mectuyroasauk ODAKBC. Ero
IUIOIIAAbh COCTaBJISIET YETBEPTYKD 4YacTb BCEr0 CEYCHHS M paBHA CyMMeE IUIomIanei
npsimoyroibaukoB ODAE u EKBC. Ilnomane mepBoro mpsiMOyrojibHHKa paBHa ab, miomans
Broporo b(a-b). CymmapHsast rioriaas paBHa
S=ab+bhila—h)=2ab-hbi
U3 tpeyronpauka ODA nomyuum
o =4r?— b
[ToncraBuB hopMymy [Uist @ B BEIpaKESHUE JIJIS TUIOMIAU S, TOTyYHM
5= 2by/r? — B — B
Bo3sMeM mpon3BoiHYIO 10 b OT 3TOTrO BBIpaKEHHS U IPUPABHSIEM €€ HYJIIO:
S =2 Bt - 287 [T — B2 —2b = 0.
[Tocrie sneMeHTapHBIX MPeoOpa3oBaHUN MONyduM r- — 2b% — byr? — b = 0. YeIuHUB paguKal W
BO3Be/Is 00€ YaCTH ypaBHEHHsI B KBapaT, MPUBEIEM €ro K BUAyr™ — 3b* — 3b%r® +r* = 0
PaccMOTpuUM TONBKO MOJOXKHUTENbHBIE PEIIEHHs 3TOro OMKBAaJAPATHOTO YpPAaBHEHMs, HMEIOIINE
bu3nyecKuil CMbICH:

—— —
b = |'5—1-'5 _ |'5—1-'5
R T R  IET

[To popmyse (4.15) momydrM COOTBETCTBYIOIINE 3HAYSHUS TapaMeTpa a:

[
| T_J (5++/3)/10;

|42 _ |2
¥ by

.\‘I
[ [
= |2 := | — ."_ .
ay = [r? - b *r_\l{E V5)/10;

oy =

Bugno, uro ai;=b, wu ax=b;, T. e. o00a pemieHus OAOT OJHM W TE€ JK€ pa3sMepsl
Opyca:

[ [
2b, =2a, = 2:54'{5 —+/5)/10 ~ 0,52574; 2b, = 2a, = 21'"1']'{5 —+/5)/10 ~ 0,8506d,

G
rae d=2r. OTHOIIIEHHE STUX Pa3MEPOB PABHO

«=b,/a, =a,/b, =_d'|{5 —E)(5+v5 =(5-1)/2 = 0,618.

HetpynHo yOeauthesi, 4TO BTOpas MPOU3BOAHAS OT (PYHKIMH OTpHUIATENbHA, W, CIIEAOBATEIbHO,
HaiileHHbIe pa3Mepbl Opyca AeHCTBUTENBHO COOTBETCTBYIOT MAKCUMAJIBbHOM IUIOLIAIN €r0 CEYEHUs.
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HNHTepecHO CpaBHUTH IUIOMIAAM CEYCHHH (UTypHOTOo Opyca ONTHUMAaIbHBIX pa3MEpoB U Opyca

KBaJ[PaTHOTO CeueHHs. [MoncTaBuB B opmyay 3HaYeHUs
r r
b=b,=r -ql (s—+3)/10na=a =r -ql (5 ++/3)/10, momyunm nocie npeoOpa3oBaHMs
V5-1 . .
§=5m= ¥ = @re,

2
DT1o0 ueTBepTh ceueHus Opyca. Bes jke ero miomianp paBHa

5, = 45, = 4ar’

Jis kBagpaTHOTO Opyca IIomaab CeueHus paBHa

5, = {2?3’*\5}‘ = 2rt

Hckomoe oTHOIIEHHE TUIOIANEH CEUEHUN COCTAaBUT

5./5;, =4ar?/(2¢Y) = 2 = 1,236,

CnepnoBarenbHO, 00bEM MUJIOMATEpPHAIOB MIpHU BbIpabOTKE (QUrypHOTO Opyca ONTUMAIbHBIX
pa3MepoB puMepHO Ha 24 % BbIIIE, YeM IIPH BBHITWIMBAHUH Opyca KBaAPAaTHOTO CEUCHHSI.
[TonydyeHHOE OTHOLIEHHE & = {x-"ﬁ — 1)/2 u3BeCTHO CO BpeMeH EBKiHMAAa U Ha3bIBacTCs 30JI0ThIM
ceyenneM. K Hemy mpuBOAUT NeleHHE OTpe3Ka Ha JIBe HEpaBHbIC YACTH TaK, YTOOBI OTHOILIECHUE
BCETO0 OTpe3Ka K OOJIbIIEH €ro 4acTH PaBHSJIOCH OTHOUICHUIO OOJIbIIEH YacTH K MEHbBIIEH. DTO
OTHOLLIEHUE TIOJIy4aeTCs INpPU PEUICHUM CaMbIX Pa3JIMYHBbIX 33Ja4, B TOM 4YHUCJIE B 3aJayax o
HAWJTY4YIIUX MPONOPLHUSIX aPXUTEKTYPHBIX COOPYKECHUMH.

Hwuxe mpuBeneHbl yCIOBHS €lll€ HECKOJbKHX IMPOCTEUIINX ONTHUMH3AaUMOHHBIX 3a/1ad, KOTOpHIE
MOTYT OBITh PEIICHBI CAMOCTOSITEIHHO.

1. byHkep /uis miensl KPYyrioro cedeHuss u (opmbl, U300pakeHHBIN Ha puc. 4.4, U3rOTOBJIECH U3
OJIHOPOJAHOI'0 MaTepuasa MOCTOSTHHON TOMIKHbBI. COCTaBUTh CUCTEMY aJIreOpandecKuX ypaBHEHUH,
10 pe3ysibTaTaM PElIeHUs] KOTOPO MpH 3aJaHHbIX 3HaUYeHusX B, r, h u oObeme V OyHKEepa MOXKHO
omnpenenuTh BelMuuuHbl R u H, 11 KOTOpBIX MUHMMAJIEH pacxo] MaTepualia Ha M3rOTOBJICHUE
OyHKepa.

2. Ilpu ckiewBaHWU 3arOTOBOK M0 JJIMHE HA 3y0YaThlid IIMI KCIONB3YIOT IIMIBI C 3aTYIJICHUEM
(puc. 4.5, a) u 6e3 3arymuenus (puc. 4.5, 6). [Ipo4HOCTb KJI€€BOT0 COEAMHEHUS MPONOPLHOHATIbHA
IUIOLIA/IM CKJIEMBAeMbIX MOBepxHOcTel. OmnpenenuTh, Kakas M3 KOHPUrypaluid IIKNOB Oyner
HAWJIy4IIed, HCXOsl M3 3TOr0 KPUTEPHUs TP 3a7aHHoM Iare t u BeicoTe h mmmnos. B ciyuae, eciu
OKa)KeTCs MPEANOYTUTENbHEE NI ¢ 3aTYIUICHUEM, HAUTH ONTUMAJIbHOE COOTHOILIEHUE pa3MepoB t
ud.

3. M3BecTHO, YTO MOMEHT COMPOTHUBIICHHUS YETHIPEXOUTHOTO Opyca paBeH BenuumHe bh* /6, Tae b -
mmpuHa; h - Beicota Opyca. Kakumu 1ommKHBI OBITH pa3Mepsl Opyca, BHIMMINBAEMOT0 U3 OpeBHA C
3a/ITaHHBIM BEPUIUHHBIM IUaMeTpoM d, 4TOOBI €r0 MOMEHT CONPOTHUBIICHUS OBLIT MAKCUMAIbHBIM?

YucaeHHbIEe METOAbI OThICKAHHS IKCTpEMyMa.

HecMmotps Ha TO, 4TO HEOOXOAUMBIE U IOCTATOYHBIE YCIOBUS SKCTPEMYyMa MOJy4eHbl, BOIIPOC O €ro
OTBICKaHUHU' Ja)Ke AJI1 PacCMAaTPUBAEMOrO0 OJHOMEPHOIO Ciy4asl HENb3sl CUMTaThb MCUEPIIAHHBIM.
YacTo ObIBaeT, BO-TIEPBBIX, YTO ypaBHEHHE f' = (x,) = 0HE MOAMACTCS aHATUTHYCCKOMY PEIICHHIO.
Bo-BTopsbiX, GyHKIHMs flx;) MOkeT ObITh HE 3aJaHa aHATUTHYeCKH. Hampumep, ee 3HaucHUE B
KOKIOM ClIydae MOXKET ONpENeNATbCS IO pe3ylibTaraM pabdoThl HEKOTOPOH KOMIIBIOTEPHOI
HOANpPOrpaMMbl.  AHaJOrMYHBIM 00pa3oM OOCTOMT Jiel10 B 33Jadax dSKCIEPUMEHTATbHOU
onTUMM3alMM. B 3TOM ciydae  HcCrIenoBaTENb-3KCIIEPUMEHTATOp — PACIOjaraeT  JIMIIb
BO3MOKHOCTBIO IIOCTAHOBKH OIIBITOB IIPU Pa3iIMYHBIX 3HAYCHUAX aprymeHra Xi. Ilo pesyinbraram
K&XJIOr0 M3 HHX OINpPEIeNseTCs COOTBETCTBYIOlNee 3HadeHune ¢yHkiuu flx,), HO He ee
aHAJTUTHUYECKOE TPEICTaBICHUE. 3aBepIIaeTCs CEPHsI OMBITOB ONBITOM BOJIM3HM TOUKU SKCTPEMyMa.

B nmono0HbIX ciaydasx OmpenensioT dKCTpeMyM (DyHKUMN YMCIEHHBIMUA WJIM aHAJIOTH-YHBIMH UM
DKCIEPUMEHTAJIbHBIMA METOJAaMH. OJTO, B YAaCTHOCTH, pPAcCMaTpUBAcMbleé HUXKE METOJbI
JUXOTOMHH, 30JIOTOTO CEYEHHs] W TPaJUEHTHBIM MeToh. B KaxmoM ciydae pemaercss 3agada
OTBICKaHHMs MakcuMyMma (DYHKIIMH OXHOM mepeMeHHou fix.), 3amantoil Ha oTpe3ke (Xmin ... Xmax)-
[Ipeanonaraercsi, Kpome TOro, yTo 3Ta (YHKLUUS HMMEET Ha JIaHHOM OTpE3Ke €IUHCTBEHHBIN
MakcuMyM. Takue (QYHKIMH Ha3bIBAlOT YHMMOJAJAbHBIMHU. J[pyrux CBeIEeHHH OTHOCHUTEIHHO
LeJIEBOM (DYHKIIMHU, B TOM YHCJIE U 3HAHUS €€ aHAJIUTUYECKOIrO IPEJCTABICHMS, HE MOTpedyercs.

48



Heo6x011uMo TOJIBKO MMETh BO3MOXKHOCTb ONPENENATh 3HaUeHNnEe (PYHKLUU B JIFOOOH TOUKE OTpe3Ka
(X1 min -+« XI max)-
[Touck »sKCTpeMyMa UHCIEHHBIMH METOJAaMH MOXXHO paccMaTpuBaTh Kak CBOEro poja
BBIUMCIIUTENBHBIN 3KcriepuMeHT. [loaToMy B smMTeparype INpU ONHWCAHUU COOTBETCTBYIOLIUX
METO/0B YacTO UCIOJIb3YIOT 3KCIIEPUMEHTAIBHYIO TEPMUHOJIOIHIO. Tak, BMECTO CJIOB «BBIYMCIUM
3HaYeHHEe (PYHKIUHU B TOUKE X1» TOBOPAT: «IIOCTABUM OIBIT B TOUKE X1 » U T. II.
PaccmarpuBaeMble MeTO/bI IPEANOIATalOT MOCIEAO0BATENbHYIO MPOLEAYPY MOUCKA IKCTpEMyMa,
IpU KOTOPOM OYEpPENHOM JTal MCCIEAO0BaHUS IJIAHUPYETCS B 3aBHCHUMOCTH OT pE3YJIbTaTOB
OpeabIAyIIX 3TanoB. MeHee 3 QekTHBHA NacCUBHAs CTpAaTErus, KOrAa BCE OMbITHI MNIAHUPYIOTCS
3apaHee, T. €. 10 HaJyajla caMOi IIpOLEAYpPbI IIOUCKA.
MeTtox AMXOTOMHMH, WJIH MeTOJ IOJOBHMHHOrO jAejdeHusi. Ha mepBoM sTame BBIYMCISIOTCA
3HAYCHUs 1ENEeBOM (YHKIMM B JBYX TOYKaX X113 M X12, PACHOJOKEHHBIX CHMMETPHYHO
OTHOCHUTEJIBHO CEpEeIMHbI JUara3oHa BapbUPOBAHUS MEPEMEHHOM X1 M BO3MOXKHO OJnXke ApYyr K
JIpYry. 371€Ch X111 X12— 3HAYEHMs IEPEMEHHON X1 B MEPBOM M BTOPOW TOYKAX COOTBETCTBEHHO, U
X12>X11
O0603HayuM 4epe3 S pa3sHOCTh MEXKAY 3HAUCHHUSIMHU MEPEMEHHON X1 B OTUX TOUKAX: £ = X5 — Xi .
3Ha4yeHue MePEeMEHHOM X1 B KaX/I0M U3 [TOCTABJIEHHBIX OIBITOB, OUYEBUIHO, PABHO
Xy =X =82 x, =20 + 22,
rae x.”’- abcuucca CepelMHbl JMAaNa30oHa BapPbUPOBAHHMs IEPEMEHHON X; ONpenesemMas IIo
dbopmyie _
x;.-li' = (X1 min +-rim::x:]-"lr2'
Benuuuna = BbIOMpaeTcsi BO3MOXKHO MEHBIIEH, HO JIOCTaTOYHOM JJIsl TOro, 4TOObI MOKHO OBLIO
3aMKCHUPOBATH PA3JINYUE PE3YJIHTATOB OIBITOB.
O0603Ha4uM Yepe3 y1 U y2 pe3yJIbTaThl COOTBETCTBEHHO IIEPBOTO U BTOPOTO OIBITOB, T. €. 3HAUECHUS
1eneBoi (PYHKIMM B TOYKAX X11 U M Xp2. IlycTh OKkazanock, Hampumep, 4to Y1>y (puc. 4.6). Ilpu
HPENOI0KEHUH 00 YHUMOJAIBHOCTH (DYHKIIMU OTKJIMKA MaKCUMYM HE MOXKET HaXOJUThCS IpaBee
To4kH X\2. [T03TOMY TOUKY ONTUMYMA Xjony CIICAYET UCKATh B TUANAZ0HE X jmin = Xipmr = X1z
Ha cnenyromeM srane, aHaJOTMYHO NPEIBIAYLIEMY, IJIAHUPYETCS IOCTAHOBKA OYEPEIHBIX ABYX
ONBITOB BOJM3H LIEHTPA HOBOTO JMANa30Ha. Y CJIOBHS OTHX OIBITOB!
Xyg = xilj — &2 xy, = .r;'_ﬂ +&/2, rae .r;'_ﬂ = (xpmin + x420/2.
[Tycth y3<ys. 3HAUUT, U3 JAIbHEHUILIErO PACCMOTPEHUS MOXKHO UCKIIIOUUTh UHTEPBAI OT X jmin A0 Xy3.
[ToaToMy cieayrole [Ba OMbITA CTABATCS BOJHM3U CEpelUHBI MHTEepBana (xis, x;,)u T. a. Takum
o0pa3oM, B METOJe JUXOTOMHUU MO pe3yjibTaTaM Ka)KJOW Hapbl ONBITOB MHTEPBAJI, B KOTOPOM
MOKET HaxXOJUThCS HMCKOMas TOYKA ONTUMYMa, COKpAIlaeTcs IOYTH BJBOE. JTOT HHTEpPBAJ
Ha3bIBAETCSI UHTEPBAJIIOM HEOIPEIEICHHOCTH.
CpaBHUM 3¢ (EKTUBHOCTh PACCMOTPEHHOTO MeToJa C 3((EeKTUBHOCTHIO MACCUBHOW MPOLETypHI,
IIpU KOTOPOM YCJIOBHSI MPOBEACHUS BCEX OMBITOB JOJKHBI ObITH 3a/1aHbl 3apaHee. [Ipeanonoxum,
4TO 3aIVIaHMpPOBaHAa MOCTaHOBKAa BOCbMM ombITOB: N=8. [lo mMerony ITUXOTOMHUHM B 3TOM ciydae
OyJeT MOCTaBJIEHO YEThIPE CEPHH IO 1B OINbITA B KAXKJOW, B pE3yJIbTaTe Yero UCXOIHbII MHTEpBal
HEOIPEAEIEHHOCTH YMEHBIIUTCS OYTH B 24 = 16 pas.
bynem cuuTaTh, 4TO MpU MACCUBHOM TOWUCKE TOYKH PACIOJIOKEHbI B JTUANa30HE BapbHUpPOBAHUS
paBHOMepHO (ToukH 1, 2, ..., 8 Ha puc. 4.7). Torna npu noctanoBke N ONBITOB MCXOIHBIN AHANa30H
oyner moxeneH Ha (N - 1) unrepBanoB. Ilo pe3ympraTam Bcero SKCIEpUMEHTa WHTEpBal
HEOIPeeIEHHOCTH OyJeT paBeH IBYM IOJyYEHHBIM MHTEpBajaM (MHTEpBaJ MEXIY TOUKaMH 4 U
6), T. €. yMeHbIIUTCS N0 cpaBHEHUIO ¢ UcxoaHbIM B (N - 1)/2 pa3. Jlng BOCbMU TOYEK MHTEpPBaJ
HEOIPEeIEHHOCTH YMEHBIIUTCS, CII€JOBATENIbHO, TOJIBKO B 3,5 pa3a. Takum o0pa3om, pu MOUCKE
[0 METOJly TUXOTOMHMH BEJIMYMHA MHTEpBaja HEONpeJeTeHHOCTH yObiBaeT ¢ poctoM N obpaTHO
MPONOPLMOHANEHO BenuumHe 2" | a IPH MacCHBHOM MOHCKe 0OPATHO MPOMOPIHOHATBHO drcty N.
[ToaTomy, uem Gombine N, Tem 3ddexkTrnBHEE METOJ IUXOTOMHH IO CPAaBHEHHIO C TMAaCCUBHBIM
MTOMCKOM.
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MeTtoa 30J10TOr0 ceuyeHus

Orot Mmerox Oonee 3 dekTrBeH, yeM MeTo] AUXOToMuHu. Kak u mo mpeapiaynieMy MeToay, Ha
MEepBOMl UTEpaluu CTaBATCS JBa onbiTa. OJHAKO HA KaXJOM TMOCIEAYIOIIeM 3Tamne TpeOyercs
IIOCTaHOBKA TOJIBKO OJJTHOT'O OIBITA.

[Io MeToay 30JI0TOTO CeueHUsl 3HAUYCHUSI MEPEMEHHOU ;B MEPBBIX JBYX OIbBITaX COOTBETCTBEHHO
PaBHBI %3 = Xmin + 0,382 (x gy — X imin s Xy = Xpmin + 061800 oy — Ximin).  VIHBIMM - CITOBaMH,
PacCTOsIHUE OT TOYKH X171 1 O

JIEBOM TpaHMIIBl JIMANa30HA BapbUPOBAHUS IEpeMEHHOM x; cocraBisger 0,382 ero anuHbL, a
paccTossHuE OT TOYKH Xj2 1O 3TOH ke rpanHunsl - 0,618 ero mmuabl. [Ipum sToM 00e TOUKH
pacroJiararoTcst Ha OTpe3Ke CHMMETPHUYHO, Mockoiibky 0,618=1 -0,382.

[To pe3ynbTaTraM MOCTaHOBKH MEPBBIX JBYX OMBITOB BO3MOXHBI CIEAYIOIINE BAPHUAHTHI:

1) y1>Y»; B 3TOM ciiy4ae, U3 AajbHEHINEro pacCMOTPEHHUS HCKITFOUASTCS

OTPE30K (2 o Xjmzx). (IPU YCIIOBUH MOMCKA MAKCUMyMa (DYHKIIHH ),

2) Y1>Y2 (puc. 4.8) UCKITIOYACTCS OTPE3OK (i x4 ).

OcTraBmmiicss OTPE30K B JTFOOOM CIIy4ae BHOBB JCIUTCS JBYMsSI TOYKaMH Ha TPU OTPE3Ka B TOM Ke
otHomenuu 0,382 u 0,618. JIoCTOMHCTBO JaHHOI'O METOAAa 3aKIIOYAcTCs B TOM, YTO, HAUMHAS CO
BTOPOW WTEpaIuy, MPU JEICHUH KaXI0T0 0YEPETHOTO OTPE3Ka B YKA3aHHOM OTHOIICHHH OJHA U3
HOBBIX TOYEK JENEHUsI 0053aTelbHO COBMAJET CO CTApON TOYKOIl, B KOTOPOIl yxke OblI MOCTaBlIeH
onbiT. Tak, s Cilydass WJUTIOCTPHPYEMOTO puc. 4.8, TpU JEIEHUU OTPE3Ka (xy; v X ) IOTYIHM
CTapyro TOYKY XII U HOBYIO TOUKY ;3. [I03TOMY Ha BTOpO#l UTepanuu Ha/l0 OCTAaBUTh TOJIBKO OJIMH
OTIBIT B TOYKE X 3. AHAJIOTUYHBIM 00pa30M CTABUTCS IO OJJHOMY OIBITY Ha KaXKJIO0W MOCIEAYIOIIEeH
uTepaluu.

Otmerum, yto umcno 0,618, ¢urypupyromee B ONUCAHUM METO/A, TPEACTABISACT COOOH
HpI/I6J'II/I)KeHH06 3HAYCHUE BCIUYUHBI & = D,S{x-"ﬁ — 1) = 0618033, KBaI[paT quciia a JacT Apyryro
TOYKY ACICHUS SAUHUYHOI'O OTpE3Ka B JAHHOM METOHEL: & T =0,382, I/IHTepBaJI HEOIIPEACICHHOCTH
10CJIE KaKI0H UTepaluy yMEHbIACTCs 3/1eCh B 1/a pas.

[TocTaHOBKY ONBITOB MO METOAY 30JIOTOTO CEUEHHUs YIO0OHO BBIMOJHATH C HCIOJIH30BAHUEM
CJIEIYIOIEro anroputMa [6].

I ar 1. TIpuMeM A; = xppin: A7 = Xpmeei H =43 — A %0 = Ay + 0’ Hy 2y = A + oH. B TOYKA %45 U
% g CTABSIT OIBITEL. OGO3HAYMM X Pe3yIbTaThl ¥(x ) ¥ y(x )

1T ar 2. CpaBHUM ¥ (x 1s) 1 ¥(x ). Ecom y(xs0) > y(ix Jrepeiizem x

wary 3. Eciny y(x ) < y(x, Juepeiinem k mary 4.

II a r 3. [lpumem A; = x, u H = xy, — A;. [Ipexparum skenepumenr, ecian H gocrarouno mano. B
IPOTUBHOM CJIy4ae B Ka4€CTBE HOBOTO Xp BBIOEPEM MPEIBIAYILEE Xyep, & B KAYECTBE HOBOTO Xep -
TOYKY (A; + a*H). [TocTaBUM OMBIT B TOYKE Xyep M BEPHEMCS K BBITIOIHEHHUIO I11ara 2.

III ar 4. [IpumeM A; = x4 1t H = A;— x4, [Ipekpatum skcnepument, ecnu H gocrarouno mano. B
IPOTHBHOM CIIy4a€ B Ka4eCTBE HOBOTO ¥ BBIOEPEM NPEIBIAYLIEE x.,, a B KAUE€CTBE HOBOIO X,
TOYKY (4; + «H). [TocTaBUM OIBIT B TOUKE X, © BEPHEMCS K BBIIIOJIHEHHIO 111ara 2.

I'panneHTHBIN MeTO]

OTOT MeToa Mg peuieHUs OJHOMEPHBIX 3a/ad ONTHUMH3aluu MeHee dS(PQeKTuBeH, ueM
PAacCMOTPEHHBIC BBIIIE METOABl JUXOTOMHUH M 30JI0TOTO cedeHus. OpHako Omaromaps CBOeH
MPOCTOTE OH IIMPOKO MPUMEHSETCS JIJs ONTUMHU3AIUU OOBEKTOB aBTOMATUYECKOTO YIPABICHUS.
Kpome ToOrO, TpagueHTHBI METON, B OTJIMYHME OT PACCMOTPEHHBIX BBINIE METOJOB, YyIAeTCS
00001IUTF HA MHOTOMEPHBIH CITy4aii, T. €. MOJAEPHU3UPOBATH €0 JUIS PEUICHHSI 3aJa9l OTHICKaHHS
sKcTpeMyMa QYHKIIMA HECKOJIbKUX MIEPEMEHHBIX.

[Tycts M - abcuucca UCKOMOW TOYKHM ONTHUMYyMa (AJIsl ONpeNeNIeHHOCTH - MakcumyMma) (puc. 4.9).
BHuauvaie 1ieneBast GyHKIUSI BRIYUCISAETCS B HEKOTOPOH MPOU3BOJIBHOM TOUKE 7 BHYTpPH JHalia3oHa
BAPbUPOBAHUS NEPEMEHHOW x;. IlycTh pe3ynbTar BBIUMCIEHHH paBeH y;. M3 3TOH TOYkH
JKeNaTeIbHO CABUHYTHCS B HANpPABJICHWH TOYKKA M, B JTaHHOM cirydae - BIeBO. Ho TOCKOJBKY
MOJIOKEHNE TOUYKK M 3apaHee HE M3BECTHO, CHAdaja JejaeTcs MPOOHBIA Iar B OJHOM M3 ABYX
BO3MOJKHBIX HAIIPABJIEHUH, T. €. BIIEBO MUJIU BIIPABO OT TOYKH .

[TycTh, HannpuMep, MPOOHBIN IIAT CeNaH BIPaBo (TOUKa 2) ¥ pe3yabTar ero y:

50



N3 Toro, 4To ¥; < ¥:. MOKHO Cpa3y 3aKIIOUYWTh, UTO TOYKa M Haxomurtcs jeBee Touku 1. [Toatomy
clenyromuid pabounii mar nenaercs BIeBO OT TOYkH 1 B Touky 3. Tak kak y; = y; TO o4epeaHOU
pabouunii mar aenaercs B TOM JK€ HaNpaBJICHUH, TO €CTh B TOUky 4, u T. 4. [Ipuns, HakoHel, B
TOUKY 6, yOeKmaemcs, 9TO ¥ < ¥=. * 3HAYUT, TOUYKa M HaXOJUTCs Mexay Toukamu 5 u 6. Ecnm
TOYHOCTb, C KOTOpOW HalijieHa abcuucca TOYKH M, HEJOCTaTOYHA, JBMXKCHHE MPOAOIKACTCS OT
TOYKH 6 C YMEHBIIIEHHOH JJIMHOMN 11ara.

Metoabl noncka 3kcTpeMyMa QyHKIMH HECKOJIBKUX IepeMeHHbIX

PaccMoTpuM 3amaqy OoThICKaHUS SKCTpeMyMa (DYHKIIHIA HECKOIBKUX MTEPEMEHHBIX

y =f(X1, X2,..., Xn) B IPEAMOIOKESHUH, YTO KaxIasi U3 N MEPEMEHHBIX MOXXET MPUHUMATh JIH000C
JIEUCTBUTENIPHOE 3HAYCHHUE - TMOJOXKHUTEIbHOE WM OTpUIaTelbHOe. B 3amadyax ¢ mpakTUYeCKUM
coJlep’KaHueM, T'Jie IEPEMEHHBIC X1, X2,..,Xn UMEIOT (PU3NYECKUIl CMBICI, UX AMANa30HbI U3MEHEHUS
BCErJa OrpPaHUYEHbl; TEM HE MEHEee, PACCMOTPEHUE MAHHOW 3aJaud OKAa3bIBACTCS TMOJIC3HBIM,
MOCKOJIBKY T€ WJEH, KOTOpble OyAyT MpPEIJIOkKEHBI IJIsl €€ PEIICHUs, OKaKYTCS MPUMEHUMBIMH U
JUIsL 3a7a4 ONTHMH3alMM C OTPAHMYCHUSIMH, T. €. 3aJa4 HEIUHEHHOTro MNPOrpaMMHPOBAHMUS,
UMEIOIINX OOJBIIOE MPAKTUYECKOE 3HAUCHHUE.

Heo0xonnMble U 10CTATOYHBbIE YCI0BHS IKCTPEMyMa

[peanonoxum, urto GyHkims y =f(X1, Xo,..., Xn) UMeET HelpepbIBHbIE NPOU3BOAHBIE 1O CBOMM
aprymentaM. Ecim oTa gyHkuus umeer skcTpemyM B Touke i © = (x1”, 21", %) To Bce ee uacTHbIE
TIPOM3BOJIHBIE B 3TON TOUKe 0OpalIaloTCs B Hylb: 8f /dx; mpu i = 1, 2, ..., N. IHBIMU CI0BaMH, €CIIU
NPUPABHATH HYII0 BCE YACTHBIE NPOU3BOJAHBIE OT y 10 Xj M PELIUTh MOIYYEHHYIO CHCTEMY

YpaBHEHUU

affax, =0
of/ox, =0
ﬂ'.ffé‘xﬂ = EI

TO CpPeIM HANJCHHBIX DPEIICHUM OKaXeTCs W TO4YKa JKCTpeMyma. TOYKM, YIOBIIETBOPSIOIIME
cucreme (4.18), Ha3pIBAIOTCS KPUTUUECKUMHU.
JlocraTouHble yCIIOBUSL AKCTpeMyMa COPMYJIHUPYEM TOJIBKO JUIsl (PYHKIMHM ABYX HEPEMEHHBIX Yy
=f(X1, x2). IIpeaAmnonoxum, 4To TOYKA M{xlmxm} SIBJSIETCSL KPUTUYECKOW Toukoi ¢yHkimu f(Xj,
X2)TO €CTh

of (x3”) _ 9 (iixt)

B, ' Ax,
[TycTh, KpoMe TOTO, B HEKOTOPO# 00J1aCTH, coeprkalield Touky M,
bynkms  f(X3, Xz). WMeeT HempephIBHBIE 4YacTHbIE MPOM3BOAHBIC [0 TPETHEro MOPSIKA
BKJIFOUUTEIBHO. BRIYHCINM B 9TOI TOuKe BTOpBIE MPOU3BOAHbIe hyHKIUH (X1, X2):
o' f (x%sxy”) L @f(xia) @ f i)
8x; =T gy g, == 8x3 '

OGo3uaunm gepes D Beipaxenne A C —B2. Torma yskmus f(Xy, X). mMeer B Touke M:
1) muaumym, eciu D >0 u A > 0;
2) makcumym, eciu D> 0u A <0;
3) orcyrcTBHe 3KCTpeMyMa, eciau D < 0.
Ecmm xe D =0, To 3kcTpeMyM B Touke M MOXeT ObITh WM HE OBITH (B 3TOM ciiydae TpeOyercs
JIOTIOJTHUTEIIbHOE UCCIIEJOBAHMUE).
3agaya onTMMH3aUMU Pa3MepoB TapHOro sAMKa. [Ipeanonoxum, yto SAUMK UMeEET (Gopmy
IPSIMOYTOJIBHOTO NTapaJuIEIENUIE1a, BCE €70 CTEHKH UMEIOT OJMHAKOBYIO TOJIIINUHY U U3TOTOBJIEHBI
W3 OJHOTO U TOTO XK€ MaTepuaya. TpeOyeTcss HalTH ONTUMAaIbHBIE pa3Mephl sAIuKa (0e3 KPBIIIKH)
IIPU 3a/1aHHOM €ro BMECTUMOCTH V.
O0603HauuM JUIMHY, IIUPUHY U BBICOTY SIIHKA Yepe3 X9 y U Z COOTBETCTBEHHO. Torma

r —

= xyz.

=0

A=
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C y4yeToM HPUHSTHIX MPEANOJIOKEHUN KOJIMYECTBO MaTepuana, HeoOXOAMMOe JJisi U3TOTOBIICHUS
SIIUKA, IPONOPLHOHAJILHO IIOIAAN BCEX €TI0 CTCHOK, paBHoﬁ W = xy+ 2yz + 2xz. OTO BBIpaKCHUE
CITY)KUT TEIeBOM (QyHKIIUEH, TTOAJIeKAICH MUHUMHU3AITHH.
[ToncraBuB B Hero cooTHomienue Z = V/(XZ) nonydeHHoe u3 (HOpMyJbl, MEPEHUIIEM IIEICBYIO
GbyHKIMIO B BUe PYHKINUU ABYX EPEMEHHBIX:

W=xy+2V/x+2V/y.
Bocnonpzyemcsi HEOOXOAMMBIMU  YCIOBUSIMH JKCTpemyMma. J[is 3Toro 3amumieM cHCTeMy
YpaBHEHUH BHJIA TAK:

aw fax = n:}
aw fay = 0.
Bbruucium  mpousBoanbie: 8W /8x =y — 2V /x?;8W /8y =x— 2V/y* | Torma 3amucaHHas BBIIIE

CHUCTEMa ypaBHEHUH IIPUMET TAKOU BUJ:
y—2V/x? =0 xliy = 2V;
x—2V/yE = n}m“ xy? =27,
PemenueM ee OyIyT BRIPQKEHUS: Xopr = ¥ gpr = =32V Hanee nonyyaem 3HaueHUE
B
Zom = VG Vo) = V/YEVIZ = :3'
4

[Tonenus %,» HA ¥ 5, HAMJAEM COOTHOILIEHUE MEK]Y CTOPOHOU M BBICOTOU
SAUIAKA: ¥y /¥ gpr = 2. TaKM 00pa30oM, HaliIGHHOE PEIICHHE COOTBETCTBYET
SITUKY, IMEIONIEMY OJMHAKOBYIO JJIMHY W IIUPUHY, & BEICOTY - BIBOS MECHBIIYIO,
4eM JIHHY.
Yo6enumMcs, 9TO TOJMyYEHHOE PEHICHUE ICHCTBUTEILHO JOCTABISICT MUHUMYM IIeJIeBON (DyHKIIHU.
Jns sToro Bocmosib3yeMcsi C(HOPMYJIUPOBAHHBIMU B JOCTATOYHBIMU YCIOBHSIMH. Bbrumcium
BTOPBIC MPOU3BOIHEIC IeieBoi GyHKIUU W:
W/ axt =4V /5" 8 W/ axdy = LW /Ay = 4V /vy’
[ToacraBuB B 3T QOpMYIIbl HAMICHHBIC 3HAYCHUS [UISXynr: ¥ prrH Zopr, TOTYyUnM: A=2; B= 1; 0=2.
Bouucium D=AC - B?>=3. Umeem D >0 u A>0. CrnenoBatenbHO, HallZIeH-HbIE pa3Mepbl SIIHUKA
COOTBETCTBYIOT MUHUMAJIHLHOW TUIOMIA/IA €TI0 TTIOBEPXHOCTH.
AHaJOTUYHBIM 00pa3oM MOXHO ONTHMHU3MPOBATH pa3Mephbl SIIUKA, Y KOTOPOro, HampuMmep,
TOPIIEBBIC CTCHKH MMCIOT JIBOWHYIO TOJIIWHY TI0 CPABHEHHIO C MPOJOIHHBIMUA CTEHKAMH, JHOM U
KpBIIIKOKH. B 3TOM ciiydae B KadyecTBe KpUTEpuUs ClEAyeT paccMaTpUBaTb MUHUMYM oObema
pacxolyeMoro MaTepuala, a moJiydeHHOE PEIICHUE MPOBEPUTH MO MPOYHOCTHBIM MTOKA3aTEesIM.
JleficTBUTENBEHO jK€ KOpPPEeKTHOW Obla OBl 3a/lada ONTUMAIBHOTO TMPOCKTHPOBAHUS W3EIHS,
UCXOJSl M3 HEKOTOPOT'0 SKOHOMHUYECKOTO KPHUTEPHS, C YIETOM IMPOYHOCTHBIX, (DYHKIIMOHATBHBIX U
JIPYTUX XapaKTEePUCTHUK.
ChopmynrpoBaHHBIC BEIIIE HEOOXOIUMBIC U JOCTATOYHBIC YCIIOBHUS IKCTpeMyMa (DYHKIIUN JIHIIb B
PENKUX CIIydasx yHaeTcsl MCIOJb30BaTh NSl PEHICHHUS MPAKTHUYECKHUX 3a/ay MPEeXJe BCEro M3-3a
CJIO’)KHOCTH PELICHHS] CHCTEMBI, KOTOpas, KaK MpPaBUJIO, OKa3bIBaeTCs HeMuHenHou. Yamie 3aech
UCIIOJIB3YIOT YUCIICHHBIE METO/IbI, KOTOPbIE Onucanbl Hioke (. 4.3.2 - 4.3.6).
Bynem mo-nipexxHeMy OTBICKMBATh MakCHUMyM (DYHKIIMM M TPEAIojiaraTh €ro eIWHCT-BEHHOCTb,
XOTS B MHOTOMEPHOM CIIy4ae JTO TPEINOJOKEHHE 3HAYUTEIHbHO MEHEeE BEpOsAT-HO, YeM B
OJTHOMEPHOM.

MeTOI[ MOKOOPAUMHATHOI'O MMOUCKA

Nuorpa stor Meron Ha3piBaroT Merogom [aycca - 3eipend. CorjacHO MaHHOMY METONY
nepeMeHHme BapBI/IpyIOTC}I B XOJI€ UCCIEA0BaHUs MoouepeHo. BHauane 3aaercsa UCX0qHask TOYKa
¥, ...x7) B KOTOpO#l CTABUTCS MEpBBIH OMBIT. 3aTEM IOCIENOBATEIBHO H3MEHSIOTCS
3HA4YC€HUs TOJIBKO OJIHOI/I HepeMeHHOI/I Hampumep Xi, a OCTaJILHBIe NEPEMEHHBIC X2, X3, ...,Xp
(DHKCHPYIOTCS HA CBOMX HAYATBHBIX YPOBHSIX X5 oXg sows Xy

W3 mocTaBiIeHHBIX OMBITOB OTHICKUBAETCS HAWIYUYIIMM, T. €. TOT, IJII KOTOPOTO 3HAU€HUE Yy
MakcuMainbHO. COOTBETCTBYIOIIEE 3HAUCHHE MEPEMEHHOM X; (uKcHpyeTcs. B 3THX ycroBHsX
MOCJIEI0BATEIbHO U3MEHSIOT 3HAUEHUS MepeMeHHON Xp, JIJis OMBITOB 3TOM CepUM OTHICKMBAETCS U
duKkcupyercs ee HawiIydllee 3HaUeHue. B crnenytomielt cepun BapbupyeTcs TONBKO X3, €CIIH YHUCIIO

x {xl g
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IEPEMEHHBIX O0JblIE ABYX, U T. 1. IO Xp. 3aT€M LMKJI OOYEPEIHOI0 BApbUPOBAHUS IIEPEMEHHBIX
IPOBOJIAT 3aHOBO, HAYMHAA C X1. DTa MPOLEAypa MOBTOPSETCS A0 TEX MOp, MOKa He OyAeT HaiijeHa
TOYKa, CMEIIEHNE OTHOCUTEILHO KOTOPOH BapbUpPOBaHHUEM JI0O0Oro (hakTopa MPUBOAUT TOJIBKO K
YXYALIEHUIO pe3yabTaTa. OHA IPUHUMAETCS 33 TOUKY ONTUMYMa.

Hns nBymepHoro cinydas (nN=2) Ha puc. 4.10 nmana reoMeTrpuyeckas WHTEpPIpETAHs METOJa.
VYCII0BHS ONBITOB 3/1€Ch M300paK€HBl TOYKAMU HA IJIOCKOCTH, 1O KOOPAWHATHBIM OCSM KOTOPOH
OTKJIA/IbIBAIOTCS. 3HAUCHMsI MEPEMEHHBIX X1 M Xp. Ha 3TOM pucyHKe HaHECEeHbl TaKkkKe JHHHHU
YPOBHSI, WIX JIMHUKA PaBHOTO BbIXOoaa. J[yis Bcex TOYEK, JIeXKAIIMX HA JaHHOH I-U JIMHUM ypPOBHS,
3HA4YEeHUE OTKJIMKA OJMHAKOBO U PABHO HEKOTOPOMY 3HAYEHHMIO Yj,. Y CIOBUS OIBITOB IIEPBOM cepun
n300paxkeHsl Toukamu 1 - 5 . JlydmuMm cpeau HUX OKasaycs 4eTBEpThId onbIT. COOTBETCTBYIOLIEE
€My 3HaueHUue NePEeMEHHON X1 COXpaHseTcs

JUISL BCEX OIIBITOB CIIEAYIOIIEH cepuu, rIe Bapbupyercs Xo (Touku 6 -1 1 ). 3aech ay4imii onsIT -
JecaThlii. 3aTeM BHOBb BapbHUpyeTCsl NepeMeHHas X1 W T. 1. Bcero mns noctmxenus obiactu
ontumyMma (Touka 19) B JaHHOM citydae OHa00UIIOCh MATh CEPUIA OTIBITOB.

OCHOBHOE JIOCTOMHCTBO METOZA 3aKJIK4YaeTcsl B MPOCTOTE €ro pean3aluu. AJIFOPUTM METoJa
IpeyCMaTpuBaceT TOJBKO BBIYMCICHHS 3HAUCHWH IeiNeBOM (yHKIMK 0Oe3 HCIONb30BaHUS ee
Opou3BOJHBIX. Takue MeToAbl Ha3blBalOT NMPSAMBIMH, WIM MeTOJAMH HyJeBoro mnopsiaka. C
JIpYroll CTOPOHBI, UMEHHO M3-3a TOrO, YTO IpPH IOUCKE SKCTpEMyMa IO JTAHHOMY METOJYy He
UCHONb3yeTcsl UH(OpMaIs O 3HAYEHUAX MPOU3BOAHOMN LeneBod (YHKLIMH, OH HE OTHOCUTCS K
yrcay 3QPEeKTUBHBIX. B 9acTHOCTH, METO/] TOKOOPAWHATHOTO TIOMCKA paboTaeT TI0X0, €CIIA UMEET
MECTO B3aUMOJEHCTBUE MEXIY KaKUMU-INOO MEPEMEHHBIMU X; U Xj, TO €CTb B BBIPAXKCHUE VIS
1eneBod QyHKIMU BXOJUT IPOU3BEACHUE Xi X;.

I'pannenTHBIN MeTO

['pagueHTHBII METOJ U €ro Pa3HOBUJIHOCTH OTHOCSTCS K CaMbIM PacHpOCTPAHEHHBIM METOJIaM
[IOMCKA DJKCTpeMyMa (YHKIMM HECKOJbKUX IepeMeHHBIX. WMaes rpaJueHTHOro Meroja
3aKJIF0YAeTCsl B TOM, 4TOOBI B INpoOLIECCE MOUCKA IKCTpeMyMa (Il ONpPEeAEICHHOCTH MAaKCUMyMa)
JIBUTAThCS KK/l pa3 B HaMpaBJICHUH HauOOJBIIET0 BO3pAaCTaHUs 11€JIeBON (PYHKIINH.
['paarieHTHBIN MeTOA MpeArnoaraeT BEIUYMUCICHUE MEPBBIX MPOU3BOIHBIX II€NIeBOM (YHKIIMH 1O €€
aprymenTaM. OH, Kak ¥ IpeJblaylliue, OTHOCUTCS K MPUOIMKEHHBIM METOJIaM U TO3BOJISET, KaK
MPaBUIIO, HE JOCTUTHYTH, & TOIBKO MPUOIM3UTHCS K TOUKE ONTUMYyMa 32 KOHEYHOE YHCIIO [IaroB.
BHaualne BEIOHPAIOT HAYambHYyI0 Touky # © = (x.”,x(", .. x."). Ecu B omHOMepHOM cydae n3 Hee
MOKHO OBLIO CIBUHYTBHCS TOJIBKO BJIEBO HJIM BIPaBO (cM. puc. 4.9), TO B MHOTOMEPHOM Clly4yae
YUCIO BO3MOXXHBIX HallpaBJIeHUW TmepemMenieHus OeckoHeuyHo Benuko. Ha puc. 4.11,
WJUTIOCTPUPYIOLIEM ClIy4ail IByX NMEPEMEHHBIX, CTPEIKAMU, BBIXOIAIIMMHU U3 HAaYaJIbHOW TOUKH A,
MOKa3aHbl pa3InYHble BO3MOXKHbBIE HanpaBiieHus. [Ipu 3ToM ABMKEHHE 110 HEKOTOPBIM U3 HUX J1aeT
yBEJIMUEHUE 3HAYCHUS 1IEeeBON (DYHKIIMH MO OTHOIIEHUIO K TOuke A (Hampumep, HampaBieHus 1 -
3 ), a mo ApyruM HaAmpaBlIEHUSM MPUBOIUT K €r0 YMEHBIICHHUIO (HampaBieHus 5 - 8). YuuTsiBas,
YTO IMOJIO)KEHHE TOUYKH ONTUMYMa HEM3BECTHO, CUNTACTCS] HAMTYYIIUM TO HamlpaBieHUE, B KOTOPOM
neneBas (QyHKUUS Bo3pacTaeT ObIcTpee BCEro. OJTO HampaBieHHE HAa3bIBACTCS TIPaAMEeHTOM
¢byHkuu. OTMETHM, YTO B KaXJOH TOYKE KOOPAWHATHOW IUIOCKOCTH HampaBlieHUE TIpagueHTa
NEPIEHUKYIIIPHO KacaTeIbHOU K IMHUM YPOBHS, IIPOBEACHHON YEpe3 Ty KE TOUKY.
B MaremaTHuecKoM aHalM3e JI0Ka3aHO, YTO COCTABIISIONIME BEKTOpa rpaaueHTa GpyHkimn y =f(Xq,
X2,..., Xn) ABJISIFOTCS €€ YaCTHBIMU IIPOM3BOIHBIMU 110 apryMeHTawm, T. €.

grad flx %, 0 x,) = {8x/8x,,8x/8x,...,0x/8x, L

TakuMm 00pa3oM, Npu MOMCKE MaKCUMyMa 110 METOAY IpaJIu€HTa Ha MEepBO UTEpalluy BBIYUCISIOT
o =@ o
COCTAaBJIAOIIUEC T'paauCHTaA I10 (pOpMy.HaM JJIA HadaJlbHOM TOYKH % u ACIAar0T pa60‘-II/II/I miar B

) — {13
HAWJICHHOM HAaIPaBJICHUH, T. €. OCYHIECTBIIAETCS TIEPEX0/] B HOBYIO TOUKY X 'C KOOpPIUHATAMH:
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Puc. 4.12. 'eomeTpudeckast MHTEpIpeTaLUs
I'PaAMEHTHOI0 METO/1a (IByMEPHBIH ciydaii)
WM B BEKTOpHOU (hopme
£@ = 7O 4 3 grad f(z@),
r7ie A - TOCTOSIHHBINA MJIM MEPEMEHHBIN MapaMeTp, ONpEaeIIOUINi JITHHY pa60qer0 mrara,A>0. Ha
BTOPOH UTEpAaLM CHOBA BBIYUCIIAIOT BEKTOD IPajueHT yiKe I HOBOI ToukH i, mocye 4ero 1o
aHAJIOTHYHOM (hOpMyIle MepexoaaT TOuKy % ~u T. A. (puc. 4.12). Jlns HpOI/ISBOHLHOI/I k-it ureparyu
uMeeM
.r"—.f.'l-l—.?l— 1.2, ...1n
gl
Ecnu oThicKHMBaeTcss HE MAaKCHUMyM, a MUHUMYM LeleBOM (DyHKIMM, TO Ha KaXKAOH HUTepaluu
JIeJIaeTCcsl 1ar B HaIlpaBJICHWH, MPOTHBOIIOJIOXHOM HampaBieHUIO rpaaveHTa. OHO Ha3bIBaeTCs
HalpaBJIeHUEM aHTUrpagueHTa. Bmecto GopMyiiel B 3TOM ciydae Oyaer

F=gt 22| =120

CymiecTByeT MHOTO Pa3HOBUIHOCTEH MeETOJa TpaJHeHTa, pa3iIHyaroluxcs BBIOOpOM paboyero
mara. MOXXHO, Hampumep, MEePeXOJUTh B KAXKAYIO IMOCICAYIOMIYI0 TOYKY TMPU TOCTOSHHOU
BenMurHe S, ¥ Toraa AjuHa paboyero miara - pacCTOSIHUE MEKy COCCTHUMHU TOYKaMU i ¥ p i (F+1-
OKQXETCS TPOTIOPIIMOHATBHOW MOMIYIII0 BEKTOpa TpaaweHTa. MOKHO, HA00OpOT, HA KaxIOh
UTepaIuy BEIOUPATh A TAKUM, YTOOBI JIJTHHA pab0yvero 1mara ocTaBanach MOCTOSHHOM.

MeToa HaucCKopelero noabemMa

B ciayuae nmoncka MMHMMyMa €r0 Ha3bIBalOT METOJOM HancKopeuero crnycka. OH MpencTaBiseT
co00i1 pa3HOBUJIHOCTb IpaiueHTHOro Meroa. [lo aToMy MeToy BelMUMHA A Ha KaXJA0W UTEpalun
BBIOMpAETCs TaKOM, YTOOBI MpUpaleHne 11eJeBoN (YHKINU IPU ABUKEHUU B JaHHOM HAIpPaBICHUU
Obu10 HamOonpmMM. Jlerko mokaszarh, YTO MpPH 3TOH NpPOLEAYpE HalpaBlI€HHE TpagueHTa B
odyepenHOW Touke %% MEPHEHAMKYISIPHO K HANPABICHUIO €ro B MPEAbIAyIIeH Touke i,
JIeHCTBUTENBHO, MyCTh TPAMCHT B HAYAIBbHOW TOUKe 7 (“Hampasiex mo ay4dy | (puc. 4.14). U3 stoit
TOYKU BBIMOJIHAETCS Mepexoa B TOUKY # ‘M, /uig KOTOpOW 3HAaYeHHE LeNeBOH (YHKLMH, paBHOE
HEKOTOPOMY YHCIy y1,007bIlIe, YeM B JIF000# npyrod Touke, Haxojsuiedcs Ha nyde |. Orcroma
CIIeTyeT, YTO JIMHUSI YPOBHS, COOTBETCTBYIOIAsl 3HAUCHHUIO y=Yy1 HiepeceyeT Jiyd | B eAnHCTBEHHON
Touke #3cM, To ecThb Oynmer kacarbcsi 3Toro Jjyda. Ilockoiabky’ TrpagueHT B Touke i %
NEePIECHANKYISIPEH K KacaTelbHON K JIMHUU YPOBHS y=Yy\, TO OH OyIeT NEepHEeHAMKYISPEH U K
TPaIUEHTY B TOUKE x ¥

IIpumeHeHne MeTONOB ONTHUMHU3AIMH B CHCTEeMax aBTOMATH3HMPOBAHHOIO YNPABJEHUS
TeXHOJIOrH4eCKHMH NMPOLeccaMu 1epeBoodpadoTku

YupasieHue packpoeM MUJIOBOYHOIO ChIPbSi B ABTOMATH3MPOBAHHOM JIeCONUJIBLHOM Iexe
MeToapl  ONTHUMM3AlMM  IIUPOKO  HMCHOJB3YIOTCS  JJIsi  ONEpPaTHUBHOTO  YIpPaBICHUS
TEXHOJIOTHYECKUMH TpolieccaMi B ycioBusiXx ¢yHkuunonuposanuss ACY. Ilpu stom ¢yHKuuu
yIpaBiIeHUs] MPOLECCOM BBINOJIHSAET BBIUMCIMTENbHAS TEXHUKA. B 3aBUCMMOCTH OT KOHKPETHOMN
CUTyallud BO3MOJKHBI pa3IUYHbIE IPUHLUIBl €€ MHCIONb30BaHUA. B oOgHMX ciydasx BceMu
CTaAUsAMU TEXHOJIOTMYECKOTO IpoIecca YNpaBisieT eAuHCTBeHHas OBM. B npyrux cimydasx
CUCTEMA yNpAaBIEHUS COAECPKUT Heckoiabko [IOBM, kaxpgas M3 KOTOPBIX  YHpaBiseT
OTIPENICTICHHBIM YY9aCTKOM TeXHOJIOrH4eckoro mnporecca. OcHoBHas (yHkius DBM 3akmrodaercs B
nepepadoTKe BXOJHBIX JAHHBIX - O XapaKTEPUCTUKAX CHIPbs, TPEOOBAaHUIX K TOTOBOM MPOIYKIUU U
T. . - ¥ BblJaue UH(OpMALMHU O HEOOXOIMMOM YPOBHE YNPABIISIOMUX BO3AECHCTBUI, B YaCTHOCTU
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00 onTUMaJIBHBIX PEKHUMAX TEXHOJOru4yeckoro mpomecca. s storo OBM  cHabGxkaroT
IIpOrpaMMaMu PELIEHHUs] COOTBETCTBYIOLIUX 3a/1a4, B TOM UMCIIE ONTUMHU3AL[MOHHBIX.

Hampumep, oIMH W3 BO3MOXHBIX BapHaHTOB ITOCTPOEHHS TEXHOJOTMYECKOM CXEMBl Y4acTKa
packposi OpeBeH B aBTOMaTU3MPOBAHHOM JIECONUIIBHOM II€XE COCTOUT M3 ABYX TEXHOJIOTMYECKHX
nuHui. Ha mnepBoil packpamBaeTcs TOHKOMEpPHOE, a Ha BTOPOM - KPYIIHOMEPHOE ChIPhE.
OcrtanoBumMcs noapodHee Ha Bropoi juHuU (puc. 4.23). Cucrema comepxutr 9BM, B koTopyio
3apaHee BBeAeHa HHopMalMs o crneudpuKanuu  BbIpabaThIBAEMbIX — MHIJIOMATEPUANIOB.
[TepBoHayanbHO OPEBHO MPOXOIUT YEpe3 CHUCTEMY JATUUKOB, C MOMOUIBIO KOTOPBIX 3aMEpSIOTCS
€ro OCHOBHBIC IapaMeTpPbl W XapaKTEPUCTUKU (OPMBI: JIMHA, JUAMETPHI B OIpeIeICHHBIX
CEYEHUAX, KPUBHU3HA.

Ot nanHble mocTtynaloT B OBM, kotopas BbelpabarbiBaeT HH(MOPMALHIO O HEOOXOAMMOM
MOJIOKEHUN PEXYIIUX HHCTPYMEHTOB, a TaKKe 00 ONTUMAJIBHOM TOJOXEHWU W OpPUEHTALUHU
OpeBHa OTHOCHUTEINIbHO MOCTaBa MUJI, C TeM, YTOObI 00eCTIeYuTh MaKCUMAJIbHBIN OObEMHBII BBIXO]
NWIOMATEepUAIOB TpU 3aJaHHOW crenudukanuu. JIs pemeHus 3TOM JOBOJBHO CIOXKHOM
ONTUMM3AILMOHHON 3a/1a4Ml pa3paboTaHbl ClielUalbHbIe aITOPUTMBI U IPOrpaMMbl. B cooTBeTCTBUN
¢ unpopmanumel, nmomydeHHoii or OBM, cnenuanbHas cHCTEMa PblUYaroB OPUEHTHPYET OpPEBHO U
HaIIpaBJIseT €ro B JUHUIO PACKPOSI.

[lepBoHayabHO OpEBHO MPOXOIUT yepe3 (pe3epHbIe CTAHKH U MPHUIAHHS IIOCKOH (OpPMBI
OCHOBAHUIO U IBYM CTOPOHAM OpeBHa, 3aT€M — 4epe3 CIABOCHHBIN OpYyCYIOUINI JTEHTOYHOMUIbHBIN
CTaHOK. BOKOBbIE OCKM € HEro MOCTYIMAIT Ha OAMH U3 JBYX OOpE3HbIX CTAaHKOB. [loiydeHHbIN
Opyc nmopaercs Ha cleAyrImul (pe3epHbIi CTAaHOK, KOTOPBIA 00padaThIBAET €ro 4YeTBEPTYIO
CTOPOHY, a 3aTeM Opyc TMOCTymaeT Ha MNATUINWIbHBIA JIGHTOYHONMJIBHBIM CTaHOK, IJie
pacniunuBaeTcss Ha Aocku. Hapsiay ¢ opueHrtanuein Opesen DBM ympaBiseT M cHCTEMOM
LEHTPUPOBaHUs OpPYChEB, NMOCTYMAIOIMIUX HA JICHTOUHONWIbHBIE CTAaHKH, a TaKXKe MEPUOJUYECKU
JlaeT KOMaHJy Ha MEPECTAHOBKY IUJ 3TUX CTAaHKOB, KOPPEKTUPYS CXEMBbI PACKpOs MHJIOBOYHOTO
CBIPBsI, C YIETOM YK€ BBIITOJTHEHHOH YacTh Crienn (KA.

Eme Gonee coBepiieHHOM SBJISETCS CHCTEMa, B KOTOPOU TaTYMKU nepenaoT B 9BM undopmario
HE TOJIbKO 0 opMe OpeBHA, HO M O €r0 MOPOKaxX, MPEXKJe BCero o cyukax. B stom cnyuae OBM
yIpaBisgeT OpUEHTaluell W packpoeM OpeBHa yxKe € MO3UIHUI MakCMMyMa €ro IeHHOCTHOTO
BBIXO/IA.

OO0mas mocTaHoOBKA 3a/1a4M HCCJIeT0BAHUS onepauuﬁ

JluHamuueckoe MporpaMMHpPOBAaHHE - 3TO OJUH M3 METOAOB pELIEHUS CIOXKHBIX 3aj1ad
ontumuzaiu. Ero cymiecTBeHHass 0COOEHHOCTh COCTOMT B pa3fielieHHMH HCCIIelyeMOoro mpoiecca
Ha J3Tanbl (Warv). OTanbl MOTYT COOTBETCTBOBATh, HAIPUMEp, Pa3jIMYHBIM IMEpHOJaM BpPEMEHHU
(YHKLIIMOHUPOBAHUS CHUCTEMBI, OTJENbHBIM Yy3JlaM WM YYacTKaM paccMaTpUBAaEMOro OOBEKTa,
Pa3IUYHBIM CTaAMsAM TEXHOJOIMYECKOTO Ipouecca U T. 4. I KakIoro jrama pelaercs 3anada
ontumuzau. TakuMm o0pa3omM, peleHre CI0KHOM HCXOAHOM 3aJaun CBOAMTCS K PELICHUIO psja
0oJsiee MPOCTHIX ONTUMU3ALMOHHBIX 33a4, B3aMMOCBSI3aHHBIX JPYT C IPYTOM.
O¢ddexkTuBHOCTH pemeHust 3a4aydl ONTHUMH3AIMM HAa HEKOTOPOM 1-M JTale XapaKTepusyercs
BEIMYMHON  KpuTepus ontuManbHocTH (i). JlocTikeHHe 9SKcTpeMymMa 3TOTO  KpUTEpHUs
o0ecrieynBaeTcsi OTHICKAHMEM 3HAYEHUIl YIpaBISIOUINX MEPEMEHHBIX - JJIEMEHTOB perieHus. B
3aJa4ax JIMHAMUYECKOro MPOrpaMMHUPOBAHUS HX HA3bIBAIOT YNPaBJIeHMSAMH. YIIpaBlieHUE Ha
KQ)XXJIOM 1I1are i#; - 570 BEKTOp, COCTOSAILIUN U3 COBOKYITHOCTU HEKOTOPOI'O YHCIIA T YIPABIIIOLINX
MEePEMEHHBIX: . - -

u£={u£ dU e, Uy }
B Gonee cioxHBIX cayyasx KOMIIOHEHTaMU BEKTOpa YIPaBJICHHUS MOTYT ObITh (YHKIMH U JaxKe
KayeCTBEHHbIE II0KAa3aTeNM, HalpUMep: pa3d4yHble CHOCOOBbl TMOATOTOBKU CHIPhS, MNPOpUIn
PEXYIIUX MTHCTPYMEHTOB, UCIIOIb30BaHUE TOM MM MHON TEXHOJIOTUYECKON CXEMBI U T. II.
[Tpeamonoxum, uro meneBas QGyHkuus W Bcell 3agaud OIpenensercss Kak CyMMa YacTHBIX
KPUTEPHUEB 10 BCEM JTamam Ipouecca, T. €.
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rae N - 4ucio 3tanoB. Takol KpUTEpU ONTUMAIBHOCTH Ha3bIBAECTCS al/IUTUBHBIM.

[Tycth, Hampumep, TMPEACTOUT OCYIIECTBUTH PEKOHCTPYKIHUIO JIePEBOOO-pabaTHIBAIOIIETO
OpeNnpusaTHs B TeueHHWe N JieT. B Hauane KaxIoro roja IMpeanoyiaraetcss BKJIaAbIBaTh B
PEKOHCTPYKIIUIO OMpeJieJieHHbIe cpeacTBa. Exeronnas npuObUIb NpeanpusiTUs 3aBUCUT OT 00bema
CPEIICTB, BJIO)KEHHBIX B €r0 PEKOHCTPYKIMIO B Hayalle JaHHOTO roja. TpeOyercs OmpeneiuTsh,
CKOJIBKO CPEJICTB CIEAYET BBIIEIATh HA PEKOHCTPYKIIMIO B HaUaje KaK0T0 rojia Mpu 3aJaHHOM HX
obmeM oO0beme, YTOOBI CyMmMMapHas NPHOBLIbL MPEANPHUATHS 3a N JeT Oblla MaKCUMaJIbHOM.
ChopmynupoBanHas 3amaya sBISETCS NPOCTEHIIEH 3amadyeld pacmnpeneneHus pecypcon. I[lpu
pellIeHnH €€ METOJIOM JTUHAMHUYECKOr0 MPOrpaMMHUPOBAHUS E€CTECTBEHHO BBIJCISIOTCS OSTaIlbl,
COOTBETCTBYIOIIIME TIEPBOMY TOAy (YHKIIMOHHPOBAHHS cucTeMbl. LleneBas (QyHKIUS Ha KaKIOM

JTarec - HpI/I6BIJ'IB, IIOJIy4YC€HHasA NpCAlpUATHEM B JaHHOM TOOY. Bemmuuna KPpUTECpUA
OINTUMAJBHOCTH IS BCEH 3amauu OIIPCACIIUTCA KaK CyMMa BCIIMYMUH HpI/I6BIJII/I 3a BCe N JeT.
ynpaBHeHI/ICM Ha KaXJIOoM IIare 6yz[eT CAWHCTBCHHAA IICPpEMECHHAA - 00BeM CpCACTB,

BKJIA/IBIBAEMBIX B PEKOHCTPYKLIHMIO B HA4aJle KaK10Tr0 roJa.

[TosranmHoe pemieHue 3amadyd METOAOM JIMHAMUYECKOrO IIPOrPaMMHUPOBAHMS IIPENIOJIaracT He
000c00JIeHHOE, a B3aMMOCBSI3aHHOE PACCMOTPEHHE JTAnoB. PelieHne, MpuHATOE Ha KaKIOM IIare,
JIOJDKHO 00s13aTeIbHO YYUTHIBATh MOCIEAYyIOIIee poTekaHue npouecca. Ecinu 3Toro He nenats, a
pemaTs 3a1a4y ONTUMHU3ALMK Ha KaKJIOM dTale N30JMPOBAHHO, UCXO U3 MOJYYECHHUs] MaKCUMyMa
KpUTEPHUs ONTHUMAIBHOCTHU TOJBKO Ha 3TaIe, TO PELICHUE BCEH 3ajaul ONTHUMAJIbHBIM, KaK IIPaBUIIO,
He Oyner. Takas “Onm3opykas” crparerus, B MPUMEHEHUHM K HpPEIbIAYIIEMYy IpUMepy, O3HaJaia
Obl, YTO BCE CPEJICTBA BKJIABIBAIOTCS B PEKOHCTPYKIIMIO B IIEPBBIH K€ TOJI.

IIpome Bcero HayaTh peIIEHME 334a4d C ONTUMU3ALMM IIOCJIEIHEro, N-ro, 3rama, MOCKOJIBKY
HOCJEIYIOIE 3Tallbl, KOTOPbIE CIE0BaJIO Obl YYUTHIBATh MPU €0 ONTHUMU3ALUU, OTCYTCTBYIOT.
BcenenctBue 3Toro B kauecTBe KpUTEpUsl 371€Ch MOXHO B3ATh MAaKCUMYM Li€l€BON (DyHKLUU, WIH,
KaK TOBOPAT, BBIUIPHIIIA, HA AaHHOM miare. OaHaKo IS pelleHus STOW 3aJadu HaJo 3HaTh, YEM
3aKOHYMIICS MpeabL Ayt (N - 1)-i mar. [Ipuxoaurcs nenath 00 3TOM pa3IuvHbIC TPEANTOI0KCHUSI
U U1 K&KJIOTO U3 HUX pelaTs 3aaady. Kaxaoe u3 noinydeHHbIX PEIIEHU Ha3bIBAECTCS YCIOBHBIM
ONTUMAJIBHBIM YIPABJIEHUEM Ha N-M IIare, a COOTBETCTBYIOIEE 3HAUEHHUE 1eNeBOH (QyHKUMU -
YCIOBHBIM ONTHUMAJIbHBIM BBIUTPBILLIEM.

33}13‘13 ONITUMHU3AIUHU PECKUMOB paﬁoTbl JJIAA TPpyHIIbl MAllIMH, BXOAAIIUX B COCTaB CTAHOYHOH
JIMHHUHU

Pexxumbl pabOTBl HECKOJIBKHUX CTAHKOB, BBIIOJHSIOIIUX pPsJ MOCIENI0BaTEeNbHBIX OIepanuil B
COCTaBE€ CTAHOYHOM JIMHUM, 4acTO OKa3bIBAIOTCS B3aMMOCBSI3aHHBIMH. B 3TOM ciywae 3amada
ONTUMM3ALMHM PEKUMOB paboThl 000pPYAOBAHHMS HAMHOTO CJOXKHEe, 4YeM Ta K€ 3ajaya,
paccmaTpuBaemast Uil OTIENbHO B3STOM paGoueil mMammubl. M3710kMM Ha KOHKPETHOM IpUMeEpe
MIOCTAaHOBKY 3TOH 3aJauyu M TNPUHIMUI €€ pPELIeHUS C NPUMEHEHHEM MeTo/a JAMHAMHUYECKOTO
IIPOrPaMMHUPOBAHUS.

PaccmaTpurBaercss TEXHONIOTMUECKUN MPOLECC U3TOTOBICHUS KPYIIibIX nmajnok. CTaHOYHAs! TUHUS B
3TOM IPOLECCE COCTOUT U3 T OJUHAKOBBIX KpyrjionagoyHblXx W N HUIM(OBaIbHBIX CTaHKOB. Bce
KpYTJIONaloOYHble CTAaHKH paboTaroT B OIMHAKOBBIX peknMax. Kaxkias 3arotroBka oopadaTbiBaeTCst
CHayaja Ha OJHOM M3 KpYIVIONAJIOYHBIX CTAHKOB, a 3aT€M IIOCTYNaeT MOCIEA0BATEIbHO Ha
nundoBanbHble cTaHKH. OOpaOOTKOM Ha KPYIJIONaJOYHOM CTaHKE 33JaroTcsl HEoOXOAMMBbIE
pasmepel U Qopma pgeramu. OOpaboTka Ha NUTUGOBATBHBIX CTAHKAX MPOUZBOAMTCSA JUIS
MOCJIEZIOBATEIbHOIO TOBBIIIEHNS KadyecTBa IOBEPXHOCTH JAETai, T. €. Uil yMEHbIICHUS ee
IIEPOXOBATOCTH,  XapaKTEPU3YEMOW  MaKCHMaJbHOW  BBICOTOW  MHKPOHEPOBHOCTEH R, _ Ha
MOBEPXHOCTHU JETAJH.
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Kaxnprii nocnemyrommii num@oBabHBIA CTAaHOK HMEET HUTM(OBATIBHYIO IIKYPKY C MEHbIIEH
3€pHUCTOCTHIO, TO3TOMY KauecTBO JIeTalH, 00pabOTaHHOM Ha HEM, MOBBICUTCA. 3a/laHHOE Ka4eCTBO
00paboTKM JOoCTHraercs Ha mocienHeM numdoBanbHOM cTaHke. Ilomumo 3eprucroctd d
nuiM(oBaIbHOM MIKYPKU MPOLIECC JIGHTOYHOTO ULIU(GOBAHUS OIpeNessieTcsl ele  pPsioM
HE3aBUCHMBIX (akTopoB. Cpeau HUX CIEOYIOUIMe yIpaBisieMble (aKkTOpbl: CKOPOCTh V, M/C,
IpeseNbHas N3HOCOCTOMKOCTh 1 CM” MIKYPKHU Ppp, €M, (IIyTh, IPOHAEHHBIN IIKYPKOW 3a BCE BpeM
ee paboThl), yICIbHOE JIaBlieHUE MIKYPKH Ha oOpabaThiBaeMyro JeTallb B 30HE KOHTAKTa (, H/em?;
BEJIMYMHA CHUMaeMoro npunycka h, cm. TIporecc 00pabOTKK AeTank Ha KPYIJOMaJIOYHOM CTaHKE
OTIpeNieNsAeTCsl JIMIIb TPeMs YIpaBisgeMbIMU (aKTopamu: Iojaadeid Ha pesery Uz, MM, YacTOTOU
BPAIICHUS [IMTAHACIS Ny, Musa~" ¥ OPEACTbHON H3HOCOCTOMKOCTBIO PEXYIIEro HHCTpyMeHTa Lcr,
KM.
Tpebyercss omnpeAenuTs HEOOXOAMMOE YUCIO KPYIIIOMATOYHBIX M HUIM(OBAIbHBIX CTAHKOB U
paccuuTaTh ONTUMAJIbHBIC 3HAYCHHUS NIEPEUHCICHHBIX BBIIIE YIIPABIAEMBIX MTApaMETPOB, HCXOS U3
BBIOpAaHHOTO KpUTEPHsI MUHUMYMa CyMMapHoi cebectoumoctu 06padbotku. [Ipu sTrom HEeobxoaumo
o0ecrieynTh  3aJaHHOE  KayecTBO  0OpaOOTKM  TMOBEPXHOCTH  JETaliel M 3aJaHHYIO
MPOU3BOIUTENILHOCTh CTAHOUHOM JTUHUH.
Hcxonsa u3 moaxoja K 3ajade B paMKax METOJa JMHAMHUYECKOTO MPOrpaMMHUpPOBaHUs, 00pabOTKy
JeTalnell Ha CTaHKax JIMHUW PAacCMaTpHUBAIOT KaK MHOTrOIIAroBbli mporecc. COCTOSHUE CUCTEMBbI
1ocjie MepBOro Iiara CBS3bIBAETCS ¢ 0OpadOTKON Ha KPYIVIONAJIOYHOM CTaHKE, COCTOSIHUE I0CIIe
BTOPOTO, TPETHErO U T. JI. IIar0B XapaKTepu3yeT 00pabOTKy JeTali COOTBETCTBEHHO Ha MEPBOM,
BTOPOM | T. JI. ITH(OBAITBHBIX CTAHKAX.
BBOJUTCS IBYXKOMIIOHEHTHBIA BEKTOp (ha30BOTO COCTOSHMS %; =[x, ) JUIS KaXI0ro miara i.
[lepBast KOMIIOHEHTA xi_:ﬂxapaKTepnsyeT Ka4ecTBO 00pabOTKH Tocie i-ro mara, T. e. mocie (i-1)-ro
nuM(oBaIbHOIO CTaHKa, eciau | > 2, uiu mocie KpyrionaaoyHoro craHka, ecnu i = 1. [Ipumem B
Ka4yecTBe ;- BeIMuuHy %= 1/ Ry . .371€ch R, _ MaKCHMMaJbHas BHICOTA MUKPOHEPOBHOCTEH Ha
MOBEPXHOCTH JIETAJIM TIOCJIE I-T0 mIara.
O603naunM uepes 11, (neTaneit 3a cMeHy) NPOU3BOJUTEIBHOCT KPYTJIONATOYHOTO CTaHKa, a Yepes3
1y, Is,..., I, - TPOM3BOUTETHLHOCTH COOTBETCTBYIOIIUX NIIA(OBATBHBIX CTaHKOB. 37ech N = N +
1. D10 YnciIo ATANOB Hpolecca, T. €. YACIO CTAHKOB, HA KOTOPBIX NMPOXOAUT 00pabOTKy Kaxaas U3
netaneit. TpeboBaHue OTCYTCTBUS TPOCTOEB 00OPYI0BaHUS 00ECIIEUNBAETCS OTPAHUYEHUEM
Iy z0; z- =1l
B kadecTBe BTOPOHl KOMIIOHEHTBI x; BEKTOpPa ()a30BOrO COCTOSIHHSE; DACCMOTPHM BpEM,
HE0GX0QMMOe Ul 00paGOTKU OJHOI [IeTalH Ha MepBBIX | craHkax. OueBuaHo x,- = T/M. , e T -
MPOIOJDKUTEITHFHOCTh CMEHBI, MUH.
C yderoM ypaBHeHHsST ;- = T/T, + T/T, + -+ T,-’H Crie10BaTeNbHO,

P = x %+ T/
[TomHOE BpeMst 00pabOTKK OHON JETAIM Ha BCEX N CTAaHKAaX PaBHO

(]

w=1) 1/m
i=1

HYCTL CMCHHOC 3aJaHUC COCTOUT B 06pa6OTKC IIT I[eTaneﬁ. Haﬁ;[eM BpeMA t ero BBIIOJIHEHUS;
(e ]
t=T/M, + T/ + - +T/M,_; + ., T/M,_; = x, + &, — 1T/,

CmenHoe 3a1anue OyIeT BHIOJIHEHO, e t < T, T. €.
i e — 1T
X, + T =T

I[J'IH HCpBOI/I KOMIIOHCHTBI BCKTOpPa -1' - Ha MOCJICAHCM Iarce MAOJIKHO BBIIIOJHATHCA YCJIOBHC

x” = xS, e xih. COOTBETCTBYeT TpeGyeMoMy KIaccy KadyecTBa oOpaGOTKH IOBEPXHOCTH
JCTaJIn. HOCHeHHHMI/I ABYMA HCEPABCHCTBAMHM 3a4ac€TCA MHOXCECTBO KOHCYHBIX COCTOSIHUN
CUCTEMBI 7 5o

BBourcst BekTop yrpasieHus i; ,i = 1, 2,..., N. Ha mepBoM 1mare oH COCTOHUT M3 TPeX KOMIIOHEHT,
OTHOCSIIINXCS K PEKUMHBIM MTapaMeTpaM KPYTJIOMAIOYHOTO CTaHKa i ; = (uy, ny, Lo ).

Ha BTOpOM U IOCIEAYIONIMX IIarax BEKTOP i; COCTOMT U3 MATH KOMIIOHEHT - PEKMMHBIX (paKTOPOB

nUIMQOBaNBHBIX CTaHKOB: #; = ((,d,h,v,pyp) mpu | >2. LleneBas GyHKUUS 3a7audl OpEICTaBIAET
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c000¥ MepeMEeHHYI0 JIOJIF0 Ce0ECTOMMOCTH 00pabOTKH, PaBHYIO CYMME BEJIMUMH CE0ECTOMMOCTH TIO
BCEM dTaraM Ipolecca, 1 IBiseTcs aaIuTUBHON ¢yHKuuell. Boipaxenue s 1eneBoi GyHKIUK Ha
KaXJIOM 11are, T. €. JUIsl KPYTJIONaJIOYHOrO U KaXKAO0Tr0o M3 IIIM(OBAIBHBIX CTAHKOB, MOJYYEHO U3
obmield ¢Gopmynbl. AHAJIOTHYHBIM 00pa3oM, HMCXOAs W3 (HOpMyJbl, HAWICHBI BBIPAKEHUS IS
IPOM3BOIUTENBHOCTH KaXKA0T0 B1J1a 000PYAOBaHUSL.

O06o0011eHNe pe3yabTATOB TEXHOJOTHYECKUX HCCICIOBAHUN MO3BOJIMIO TAK)KE HAWUTH BBIPAKEHHS
Ui napamerpa R XapaKTepU3YIOLIEro KauecTBO 0OpabOTKU B 3aBUCHUMOCTU OT KOMIIOHEHT

BEKTOPOB (ha30BOTO COCTOSIHUS M YIPABICHUS Ha KaXJOM IIare. JTH BBIPAKEHUS BMECTE C
dbopMyIoil  ompeAensoT Mepexoi CHCTEMbl M3 OYEpPEAHOro COCTOsiHUs B mocienyromee. C
WCIIOJIb30BAHUEM TIOJYUYEHHBIX COOTHOIICHUH JJis JIaHHOW 3aJlaud COCTaBJIEHO OCHOBHOE
(GyHKIIMOHAIBHOE ypaBHEHUE NWHAMUYECKOro MporpaMMUpoBaHus. B pe3ynbrare yaanoch CBECTH
€€ PpElIeHWE K PEIICHUI0 I0CAEA0BAaTENbHOCTH 3a/lad HEIMHEWHOro IMpOorpaMMHpPOBAHUS
HEeOO0JIBIION pa3MEPHOCTH.

Mmax i°

3amaya o 3aMeHe 000py10BAHMS

[Tpouecc skcmiiyatanuu 0OOOPYAOBAHUS COMPOBOXKIACTCS €0 CTApeHHEM, B XOAE€ KOTOPOro
CHU)KAETCS MPOU3BOAUTENBHOCTD, YBEJIUUUBAIOTCS 3aTpaThl HA PEMOHT U 00ciyKuBaHue. B kakoii-
TO MOMEHT OKa3bIBaeTcsi 0ojiee BBHITOAHBIM MPOJAATH yCTapeBilee 00OpPYyIOBaHUE U 3aMEHHUTH €ro
HOBBIM. Takum 00pa3oM, BO3HHMKAeT 3ajaya ONpPEEICHHUsS ONTUMAJIbHOIO CPOKa AIKCILIyaTaluu
000py/I0BaHus, IO UCTEYEHUU KOTOPOTO €ro CIeNyeT 3aMEHUTb.
[Ipeamonoxxkum, 9TO AJIsi JAHHOTO BUAA OOOPYAOBAaHHS HM3BECTHBI 3aBHCUMOCTH CIICAYIOMIMX
XapaKTEPUCTHK OT BPEMEHH t €ro IKCIUTyaTallii: CTOMMOCTH IPOU3BOAMMON 3a roj npoaykimu f (
/t); exeroaHpIX 3aTpaT Ha OSKCIUTyaTallMio, BKJIOYas PEMOHTHI r(l) JIMKBHIHOH CTOMMOCTH
00opy/oBaHus, T. €. CTOUMOCTH, MOJYYECHHOH B pe3yibTate ero mpomaaxu, (t). M3BectHa Takke
HayajpHasi CTOMMOCTh oOopynoBanHusi p. Ormnpenenum panuoHaidbHbId cpok T ciykObl
000pyI0BaHusl, IPU KOTOPOM CPEAHSISI BEIMYUHA €KETOJHOM MPUOBUIH OT €ro dKCIUTyaTaluu OyaeT
MakcuMasibHa. Pemenue 3Toi 3a1aun He cocTaBisieT TpyaHocten. Bennunna npubsutu 11 3a ,T ner
SKCIUTyaTallii 000pyI0BaHMs paBHA, OYEBUIHO,

M=Ff0+FQ@) +-+ FT + (T —p - Q) +r(2) + - + #(T)]
rme f (1), f(2),.. - 3T0 cTOMMOCTh TPOAYKIIHUH, MPOU3BEACHHON B 1-if, 2-#,..., N-ii o1 €ro
skcruryaTauu; y (T) - TUKBUAHAS CTOMMOCTD MPH Mpojake o0opynoBaHus Mo UcTeyeHuu T ner
sKkcruTyaTaruu. CpeqHss BeIUYruHA €KeroJHoN MpuObLIN paBHA
Mg, = 0/T )
rae 11 onpenensercsa no ¢opmyne . Mckomyro Bennunny T momyuuM, B3sB Ipou3BoHYyt0 1o T ot
BeIpaxkeHus Ui I, U MpUpaBHAB ee HyIIO.
PaccmoTtpum cHavana Hanbosiee mpocToi ciaydau. [Tycts xapaktepuctuku f () u y(t) He 3aBucaT ot
t,r.e. f(t)=1f; wt)=vy, a byaxuus r () seiastercs aunerinoi: r(t) = a + bt, rae a u b - HekoTOpBIE
KOHCTaHTHL. Torna BelpaxkeHue Julsl cpefiHell exxeroqHoi npubsum I, ¢ yaeTom npuMeT BU

My =[Tf+9p—p—al —b(1+ 2+ +T)] /T

Bocnonb3oBaBuincek GopMyInoit 15 CyMMBI YWICHOB apu(PMETHUECKOIN MPOTPECCHH, TOTYUUM

M. = w—p 51+T
g =f-ar T —b

B3sB mpousBogHyto mo T oT 3Toro BbIpakeHUsT M TPHPABHSAB €€ HYMI0, IOCIE MPOCTHIX
npeobpazoBaHuil HailneM

= [T -9
[Ipu pemeHun 3agad O 3aMeHe OOOPYNOBaHUS YaCTO MPUXOAMUTCS YUUTHIBATh T€ WM HHbBIE
NPOSIBJICHUST TEXHUYIECKOro mporpecca. Tak, cO BpeMEHEM CHCTEMa TEXHHYECKOTO OOCITyKHBaHHUS
MOXET YyJIydlIaTbCsa, 4YTO HNPUBEACT K CHHKXCHHIO YPOBHA pPacXoJOB Ha OKCIITyaTallWIo,
000py/I0OBaHHE MOXKET 3aMEHSITHCS HE WACHTHYHBIM, a 00jIee COBEPIICHHBIM M T. IT. 3aJa4a B 3TOM
Ccllydae OKa3bIBaeTCst 00sIee CII0KHOM U (HOPMYITHPYETCS HECKOIBKO TO-HHOMY.

PaccMoTprM  1OCTaTOYHO OOJBIION MPOMEXYTOK BpPEMEHH W3 I JIET, B TCYCHHE KOTOPOTO
000pyI0BaHME 3aBEAOMO OyIeT HEOMHOKPATHO 3aMEHSATHCSA. ByleM CuuTaTh, 4TO pEIICHHE O
3aMeHe MITH O TPOJIOJKEHUH SKCIUTyaTalud 000pYA0BaHUS MOXKET OBITh MIPUHATO B Ha4aje J000ro
i-ro roaa, /i= 1,2,...,n. Xapaktepuctuku obopyaoBanus, f,y, I, 3aBuCAT Teneps yKe HE TOIBKO OT
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MPOJOJDKUTEIBHOCTH | €ro SKCIUTyaTallMd, HO M OT rofa i, B KOTOPOM 3Ta JKCIUTyaTalus
npousBoautcs, T. e. = fi (t); r= ri(t). Croumocts p 000OpyIOBaHUS TaKKE 3aBUCHT OT roja /, B
Hayvajie KOTOPOTO OHO BBEJICHO B JKCILTyaTaIuio: p = pj. TpeOyeTcs onpene/inTh, B Kakue HMEHHO
roJbl BHYTPH paccMaTpMBAaeMOTO NPOMEXKYTKa B I JIET CIEAyeT 3aMEHATh O0OpYyIOBaHHE,
PYKOBOJCTBYSICb KPUTEPHEM MaKCHMyMa CYMMAapHOH NMpUOBLIM, IMOJTYYCHHOH 3a BCE ITO BpEMS.
Od4eBHUIHO, YTO TETEeph HE CIEAYET OKHUAATh OJUHAKOBBIX MPOMEKYTKOB BPEMEHH JKCILTyaTalluu
000py/I0BaHUs M3-32 U3MEHEHUS €ro XapakTepucTHK. OaHuM U3 3)PEKTUBHBIX METOIOB PEIICHUS
ATOM 3aJ]a4d SBIISIETCS METOJ] TMHAMUYECKOTO MPOTrPAMMHUPOBAHHSI.
[TycTh jmeneHWe mpoliecca Ha 3Tallbl COBMANACT C CCTECTBEHHBIM JCIICHHEM paccMaTpHUBAaeMOIo
MPOMEXKYTKa BpEMEHHU Ha Trojel. Beero, cnempoBarenbHO, nMeeM N 3TamoB. COCTOSIHHE CHCTEMBI B
KOHIIE KaXIO0ro i-ro srama (rojga) ompenensieTcs e€IUHCTBEHHOW (a30BOi KOOpAuHATOW Xi. B
KauecTBe Xj; BO3bMEeM Bpems {, mpomienmiee OT Hadama OJKCIUTyaTallik 00OpYHAOBaHUSA,
(GYHKIMOHUPYIOIIETO B JaHHBI MOMEHT, 0 MOMEHTa OKOHYaHuUs I-ro roma: Xj = t . Ilycts,
HanpUMep, Ha IIeCTOM ToAy (YHKIMOHUPOBAaHUS CHCTeMBI pabortaer o00opymoBaHue,
YCTAaHOBJICHHOE B Hadvajie 4eTrBepToro roja. Torma Xe = 3 . YmpaBieHue Uj Ha KaKIOM Iare B
JAHHOW 3a7ave TMPEJCTaBIsSeT COOOH HE KOJWYCCTBCHHBIN, a KAYeCTBCHHBIM TapaMerp u
3aKIII0YaeTCsl B NMPUHATUU OJHOTO W3 JIBYX BO3MOMKHBIX PEUICHUMN: MPOIOIDKATH IKCIUTYyaTaIHEO
UMeroIerocst obopymoBaHust OO0 3aMEHUTH €ro HOBBIM. llosTomMy Oyaem cuuTaTh, 4TO
NepeMeHHass U; MOKET NPUHUMATh Ha KaXIOM IIare OJHO M3 JBYX 3HA4eHWi: Ui =U, , 4YTO
COOTBETCTBYET PEIIECHUIO IPOJIOJIKATh JKCILTyaTalluio 00OpydOBaHUA, WIH Ui =Uyp, O3HAYaIoIIee
pelleHHe POIaTh UMEIoIeecss 000PYI0BaHUE U KYIIUTh B3aMEH HOBOE.
BriBenieM Tenepb COOTHOIICHUS BHJIA, ONPECSISIFOIINE TIEPEX0]] CUCTEMBI B KaXKI0€ MOCIEAYIOMIEe
cocrosiaue. OYEBUIHO, YTO MPH YIPABICHHUH U;j = U, BPEMsI IKCIUTyaTallii 000PYJOBaHUS K KOHILY
I-r0 rojia yBEJIUYUTCS 10 CPABHECHHIO C MOMEHTOM OKOHYAHHS HPEIBIAYIIEro roja Ha OJUH ro/, T.
e. x;= x5 + 1. Jlpyroit ciywai, Ui = Uy, O3HAYACT, YTO K HAYaly i-ro rojga OyAeT yCTaHOBIICHO
HOBOE 00OPYJOBaHME, KOTOPOE K KOHIIy 3TOTrO rojia mpopaboTaeT poOBHO roj, Mo3TomMy X; = 1.
Takum oOpaszom,
X OpH U; = Uy,
xp =l )= {1 anrfu; = u,:_:
Haiinem BoIpaskeHUe TS 11eJIeBON (GYHKITUH HA i-M Iare o; (x;_;, u;), BXO/AAIIEee B COCTaB OCHOBHOT'O
dynkimonanpHoro ypasuenus (5.10). [Ipu u; = u,npuObLIb, MOTyYeHHAs 3a I-if TOM, ONpeaenseTcs
KaK pa3HOCTh MEXKIy CTOMMOCTBIO TMPOIYKIIMH, BBIPAOOTAHHOW 3a 3TOT TOA, U TOJOBBIMHU
OKCILTyaTaI[AOHHBIMH 3aTpaTaMH, T. €. OyJIeT paBHO
flxd =n(x)
WIH, C YI4ETOM BBIPAXKCHUS,
wi(xig,ui) = filri g + 1) —n(xiy + 1)
Ecmu ke uj = Uy, TO B BBIp@KEHHME UIA «; BOMIYT CO 3HAKOM IITIOC, BEJIMUMHA CTOMMOCTH
NPOAYKIIMH 3a TIEPBBIi roJ1 paboThl HOBOTO 000pyIOBaHus, TO ecTh fi ( 1), U TUKBUIAHAS CTOUMOCTh
CTaporo o0OpyIOBaHMS K MOMEHTY €ro 3aMeHbl ¥;_,(x;_ ;) CO 3HAKOM MHHYC - CTOMMOCTbH HOBOTO
000pyIOBaHuUs g; SKCIUTyaTaIllMOHHBIE 3aTPAThI 3a MIEPBbIH IO/ AKCILTyaTauu 7 (1):
flags+ 1) —nley + 1) mpru; = uy;
o1 i) = 1) G D) =
Teneps omnpenencHbl BCE 3aBUCHUMOCTH, BXOMSAIINE B OCHOBHOE (DYHKIIMOHAILHOE YpaBHEHUE,
KOTOPOE TSI TAHHOW 33JIJaui UMEET BUT
W Gy ) = max{e; Grp_goug) + Wi, 000013
Beipakenune mns GyHKumu w; (x;_,.u;) 370ech onpeaensieTcss GopMmynoi, a it GyHKIud ;lx;_;)
bopmynoit.
OcTaJioch PacCMOTPETH MPOIIEYPy ONTUMHU3AIMHA ITOCIIEIHETO, N-T0, mara. [IpeanoaoxuM, 9To 1mo
OKOHYAHUU TIEpUoa B N JeT 000pydoBaHKe, KOTOpOe pabdoTano Ha MOCIEAHEH cTaauu mpoliecca,

MPOJIAETCs, a €0 JIMKBHUIHASI CTOUMOCTh J00aBIsAeTCs K BernuanHe o01eit npuosum. Torma
folrns + 1) = Gy + 10 30, Gy + 1)
OpH Uy = Ug
FQ) =y () — gy — 5 (0 + 9, (1)

OpH U; = Uy

Wy (epy) = max

[TpencraBisier MpakTUYECKH HHTEpeC U MOTU(PUKAIMS PACCMOTPEHHOH 3a/1a4M, B KOTOPOIl HapsiLy
C ONTUMAJBHBIMU CPOKaMM 3KCILTyaTallud OOOpYJOBAaHUS ONpPENENSIEeTCs U ONTUMAIBHOE BpEMs
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MIPOBEJICHUS] €T0 PEMOHTOB. B 3TOM citydae mpearnonararoTcss H3BECTHBIMU 3aTpaThl HA PEMOHT, a
TaK)Ke XapaKTEPUCTUKH OOOpYAOBaHUsS TOCIE €ro MPOBEASHUS. YIIpaBJICHHE Ha KaXKIOM IIare
TENeph COCTOMT B TMPHHATHU OJHOTO W3 TPeX pelieHui: 1) NpoaoypKaTh AKCIUTyaTaluio
000pyI0BaHus; 2) OTPEMOHTUPOBATH €r0, MOCIE Yero MPOJOJIKUTh SKCIUTyaTaluio; 3) 3aMEHUTD
JTAHHOE 000PYI0OBaHNE HOBBIM.

3aia4yu ONTUMAJBLHOIO YIIPABJIEHUSA B 1epeB000pPadOTKe
OO0uue cBefeHNsI U MPUMeEPHI 33124 ONTHMAJIBLHOTO YIIPaBJIeHUS

[TocTaHoBKa 3a7aun ONTUMAJIBHOTO YIpaBieHHs Oblja JaHa B M. MPUMEHUTEIHHO K JUCKPETHBIM
3aJa4aM: MpeJIoiarajoch, YTo MepeMEHHbIEC YIPaBIEHUS MPUHUMAIOT JIMIIb TUCKPETHBIN HaObop
3HaueHud. Hwmxe paccMaTpuBarOTCs HENpEpPBIBHBIE 33Jaud  ONTUMAJIbHOIO  YIPAaBJICHUS
JTUHAMHYECKHUMH IpPOIEcCCaMH, T. €. Iporeccamu (QYHKIMOHHUPOBAHHE KOTOPBIX pacCcMaTpUBAETCS
BO BpeMeHu. [Ipu 3ToM 00BEKT McCle0BaHMs OMUCHIBACTCS MU(PepeHIINaTIbHBIMI YPaBHEHUSAMU,
a TIepeMEeHHbIEC yIpaBlieHus SABISAIOTCA QYHKIUAMU BpeMeHU. B nepeBooOpaboTke 3TO OTHOCUTCH,
Hanpumep, K ONTUMAJIbHOMY YIPaBICHUIO WCIIOJTHUTENIbHBIMU MeXaHU3MaMHu
nepeBooOpabaThIBAIONIMX  CTAHKOB, YIPABICHUIO MPOLECCAMH CYIIKH  HHJIOMAaTepuasosB,
npeccoBanus JCtIl u JABII. [l pemienns HenpepbIBHBIX 3aJja4 ONTUMAJIBLHOTO YIIPABIICHUS TaKKe
MOKHO HCIIOJBh30BaTh HJIEM AMHAMHYECKOTO HporpammupoBanus. Opnako Oonee 3QpeKTUBHO B
JAHHOM cJlydyae NPUMEHEHHUE JPYroro MaTeMaTH4yecKoro ammapara - NPUHIUNA MaKCHMYyMa
ITonTpsArnHa.

[IpenBapuTeNbHO MOSCHUM Ha IMPOCTEHIIEM IPUMEpPE CMBICH MOHATHS ‘‘ynpaBieHue” Ui
HenpepbIBHBIX cucTeM. [lycTh ympaBisemblii 00beKT - aBTOMOOMIIb. PaccMoTpum ciywail ero
IpsIMOJIMHENHOTO ABMKEeHUA. COCTOSIHHE aBTOMOOWIISL KaK JBHKYIIETOCs Tejla XapakTepUus3yercs: B
KKl MOMEHT BPEMEHH ABYMS YMCIAMH: IPOUJCHHBIM PACCTOSIHUEM S U cKopocThio V. Kaxias
U3 OTHX BEJIMYMH MCHIETCS BO BPEMEHH, T. €. S U V - QyHkiuu aprymenrta t: S = S (1); v = v(t).
H3meHeHne mapaMeTpoB V U S HE MPOU3BOJILHO, a 3aBUCUT OT 3aJ[aHHOW BOAMUTEIEM CHIIbI TATU
nsuratens F. Takum oOpazoMm, iMeeM TpHU MmapaMeTpa, XapaKTepU3yIole TaHHbIA 00BeKT. J[Ba u3
HUX, S U V, ONpeNeNsoT COCTOssHUE 00BEeKTa M Ha3bIBalOTCA (a30oBBIMH KOOpAMHATaMHU. TpeTuit
napamertp, F, - mapamerp ynpasnenusi. Eciu paccMaTpuBarh IBUKEHUE aBTOMOOUIISL HE MO MPSIMOH,
a 10 MJIOCKOCTH, TO (Pa30BbIX KOOPAUHAT Oy/AET YK€ 4YeThIpe: JIBe KOMIIOHEHTHI MOJOXKEHUS U JIBE
cocTapisitonue ckopoctu. [lapameTpoB ympasieHust OyJeT nBa; HampuMmep, cuia Taru F u yron
IIOBOPOTA PYJIL.

PaccMoTpuM HECKOJIBKO MPUMEPOB MTOCTAHOBKH HETIPEPHIBHBIX 3a]1a4 ONTHMAaIbHOIO YIPABIEHUS B
nepeBoobpaboTke.

MarteMaTH4yecKasi IOCTAHOBKA 3a1a4d ONITHMAJIBLHOIO yYupaBJieHMs.
HpHHHHH MaKCUMyMa

OOBeKT ynpaBlieHUs! ONUCHIBAETCS CUCTEMOM 1T UG depeHIIaTBbHBIX YpaBHEHUI

d.h'i
E = ﬁ{xin:Jllll.l-rﬂ:uj_.llll.lur:].l:- = 1.! n._.ﬂ
TAC X3.%7....%y - (DA30BBIC TIEPEMEHHBIC; Uy, ..., U, - YIpaBJSIOMUE Bo3AcicTBUA. W Te u apyrue

ABTIAIOTCA (DYHKIMAMU BPEMEHHU: x; = x;(t),u; = u;(t). BBeneM BekTop KoopauHaT i = (ry....x,) n
BEKTOP YHPABJISIONIMX BO3AEHCTBUN % = (u,,...u,) HA3BIBACMBIM yNpaBJeHHeM. YIIPaBJISIONIHE
BO3JICHCTBUS TPHHAMICKAT OrpaHMYeHHOW obmactu :ult) € 1. Byaem cuuTarth, 4TO BEKTOP
% = (ug,uq, . uy) MOKET HAXOAWUTHCS HE TOJBKO BHYTPH 00JacTd ), HO W Ha ee rpanuile. Taxas
00J1aCTh HA3bIBACTCS 3AMKHYTOIA.

[Mpeamonoxum gajee, 4TO UMECTCS TEXHHUYECKAsh BO3MOKHOCTh MIHOBCHHO M3MEHSTH MOJIOKEHHUS
opraHoB ymnpasieHus. ClemoBaTelbHO, 3HAYCHHUS YHpaBIAIONMX Bo3xeicTBuit Uj(t) Moryt
MEHSTBCS CKAa4kOM. B COOTBETCTBMM ¢ 3THM OyaeM pacCMaTpHBaTh HE TOJBKO HEMPEPHIBHBIE
yrpagsyenus i (), Ho 1 yrpaBJieHuUs, COCTOSIIUE U3 KOHEYHOTO YKCIIa HEPEPBIBHBIX KYCKOB.

Takue ynpasJieHHsI HA3bIBAIOTCS KYCOYHO-HeNPePbIBHBIMH.
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®dazoBple KOOPAMHATHI MPHHAIICKAT OTPAaHUUYEHHON M OTKpPBITOM obymactu S. JlaHbl HayanbHOE
(mpu t = 0) u xoneunoe (mpu t =T) 3HaueHus BekTopa (a30BBIX KoOpauHAT: iirme T - Bpems
npouecca. Kpureprem onTUManbHOCTH SBISETCS TOCTHKEHUE

IKCTpeMyMa (yHKIIMOHAIA

I= ff,,(f,ﬁ]dr
1]

Tpebyerca u3 Kiacca KyCOUHO-HENPEPBHIBHBIX YINpaBlIeHUH BbIOpaTh Takue u(t}fl , 4TOObI IpU
nepexo/ie U3 Ha4aIbHOM TOUKH ¥ B KOHEUHYIO i (YHKIMOHAT J TOCTUTAI SKCTpeMyMa (BO3MOKHBI
pasInYHbIe BapUaHThI IOCTAHOBKHU 3TOM 3a/lauyM, KOrJa HaydajlbHass M KOHEYHass TOYKH, a TaKXe
BpeMs T He GUKCUPOBAHBI).

Pemenue nocraBieHHOM 3ajaun OCHOBaHO Ha mpuHUMIIE MakcuMmyma IloHTpsiruna. Paccmorpum
€ro Al BaXHOIO YaCTHOIO Ciydas, KOTAa pEIaeTcs 3ajada O IPEeleNbHOM OBICTPOACHCTBHM.
3nech TpeOyeTcsl HAWTH Takoe YIpaBJIeHUE, TP KOTOPOM BpeMs IIepexo/ia CUCTEMBI U3 HA4aIbHOTO
COCTOSIHUSI B KOHEUHOE [JOJDKHO ObITh MHUHMMalbHO. COOTBETCTBYIOIIMH 3TOMY Cilydaro

T
dyHKIMOHAN J MOKHO 3amucath B Buje | = [y f(%,@)dt , npuuem Bpems T He GUKCHPOBAHO.

CymHOCTh NMPUHIUNA MAKCUMYMA Ui pEHIeHHs] ITOM 3a/ladd COCTOMT B crieayromem. Jlis
YIIPaBISIEMOT0 00BEKTA, ONMUCHIBAEMOTO CUCTEMOI ypaBHEHUH, BBOIATCS JOIIOJTHUTEIHHO (DYHKITUU
BPEMEHH 3 (1), ¥ (t),..., ¥, (t), U cocTaBnseTcs HoBas pynkuus H Buga

H=yp, ) zu)+ 9,0 ED + -+ g0 AHED
C nomompto ¢pyukiuu H 3anuceiBaercs crneayromas cuctemMa audQepeHnanbHbIX ypaBHEHHH A7
BCIIOMOTATEIbHBIX DYHKIMH () . 3, (), .., (2):

dy,/dt = -8H/8x;.i=12....n

Jns  OTBICKaHMS ONTHMAJIBHOIO YIPABJICHMUA () W COOTBETCTBYIOIIEW TPACKTOpUU ()
HEe00XO0aUMO:
1) HaliTH HEHYJICBYIO COBOKYITHOCTDh (DYHKITHH i, (£) . .... ¢, (£} yIOBICTBOPSIOIINUX CUCTEME;
2) uro0Onl Gpyukuus H = X, v; (t)f; (. W gocturana MakcuMyMa 110 i Ipy KaxaoM 3Hadenuu 0 < t <

T

3) uto0sI tipu t = T BEIMOTHSITOCH YeoBUe max H(w(T), Z(T) = () .
Oka3pIBacTCsi, YTO MpPU BBHIMOJHCHUHM YCIOBUH | m 2 QyHKuMs max H(t), MOCTOSHHA, TaK YTO
JIOCTaTOYHO MPOBEPUTH CIPABEATUBOCTh YCIOBHS 3 11711 1t060ro MoMeHTa BpemeHu 0 <t<T .

IIpumep pelieHust 321a41 ONTHUMAJILHOIO YIIPABJICHHA

OOpaTtuMcs K peleHuto 3ajaui ONTUMAIFHOTO YIIpaBlieHus: Gpe3epHO0OpPEe3HBIM
CTaHKOM,. PacCCMOTPHM CHCTEMY OIMUCHIBAIONIYIO JaHHBIA OOBEKT, MPHU CIACITYIONIMX YITPOIIAFOIIHX
MPeNnoNoKeHusax: macca M paBHa 1; kosdduuueHT Bs3koro TpeHus H, u cuna TpeHus B
HaNpaB/SIOIIMX pPaBHbl HYMI0. YIpasisitomiee Bo3aeictBue F o0o3Haumm uyepe3 U, a ero
MaKCHMaJbHOE 3HAUYCHUE 4Yepe3 Umax. 1OT/Ia ypaBHEHUS IBUKEHHUS OOBEKTa MPUMYT CIEAYHOIIUN
BT
difdt = x50 dan/dt = u;
—Uppay = u(t) = U,
TpeOyercss pemuTh 3aady O MPEACTbHOM OBICTPOJICHCTBUU: TEPEXOJe CUCTEMbI U3 HAa4allbHOTO
cocTostHAs (x,(0) = xy.: (x,(0) = x,., = 0) B KOHEYHOE COCTOSIHUE (x;(T) = x; (x,(T) = x;). D10
03HAYaeT, YTO CHCTEMA U3 33/IaHHOTO HAa4YaJIbHOTO MOJIOKEHHUS X 1,.C HYJIEBOM HaUYaTbHONU CKOPOCTHIO
(*2)
JOJKHA 32 MUHUMAlbHOE BpEeMsl MEpPEHTH B 3aJlaHHOE TMOJIOKEHUE X3x M OCTAHOBUTHCSA TaM
(x2x =0).
Oyuknus H B tTaHHOM cilydae uMeeT BUT
H = ¢yx; +¢Pqu
B COOTBETCTBUU C ypaBHEHUsMU. COTJIaCHO YPaBHEHHIO UMEEM CIEAYIOIIYI0 CHCTEMY ypaBHEHUN
JUTSE BCIOMOTATEIbHBIX (DYHKITHH 1fry 1 15!
dy, /dt = —8H/dx, = 0:
dy,/dt = —8H/dx, = —,.
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Orcrona  w; =¢y: Wy =c; — ¢y, TNI€ C1 U Cp - MOCTOSIHHBbIE MHTerpupoBanus. @ynkuus H paBHa
H =cx+(c; —c, £)u . C ydeTOM OTpaHMUYCHHS HAWUJCM, TPH KAKUX YIPABIISIO-IIUX BO3IEHCTBUAX
u( t) mocruraercst makcumym pyukiuu H. 13 BeipaskeHust BUIHO, YTO cieayeT NpHHATH U(t) = Umax
npu ¥, () = 0n ult) = —upg, npu ¢, (E) < 0, TO €CTh

ult) = —UmaxSEN Y (£ = —UmgySEN{EL — £48)
MakcumanbHoe 3HaueHue Gpyakuuu H paBHO

max H (£) = ¢;x; + upgx(c; — c3t)sgn(e; — c4t)

[TpoBepuM BBINOJIHEHHE YCIOBUA 3-TO IMPUHLIMIA MakcuMmyMa. Kak orMeyasioch, ClpaBeUINBOCTh
€ro J0CTaTOYHO MPOBEPUTH s 1000ro MmoMeHTa BpeMeHn 0 <t < T . Yno0OHee 3710 caenarh amus t
=0:

max H (0) = e;%,(0) + w0580 €3 = Upgy|cz] = 0
VYcnosue 3, cie0BaTeNbHO, BITOIHAETCS.
Takum 00pa3om, Kak BHJHO U3 BBIPAKECHHS, ONTHUMAIBHOE YIPABISAIONIEEe BO3JCHCTBHE B JIIO00M
MOMEHT BPEMECHHM DPaBHO OJHOMY M3 JABYX CBOUX IPEACIHBHBIX 3HAUYCHUN: +imgy WM —Upmgs.
[Tockonbky (yHKIUS (c; —cyt) MEHSET 3HAK He 0ojiee OJHOTO pa3a, ONTUMAIbHOE YIpaBIICHUE
COCTOUT He 0oJjiee 4eM U3 IBYX HHTEPBAJIOB, HA KAXKJIOM U3 KOTOPBIX OHO ITOCTOSIHHO.
MeToabl MMUTALMOHHOI0 MoJeaupoBanus. UcciieqoBaHust HA UMUTAMOHHON Mo eJIH.
OO01mue cBeIeHNA
B npeapiaynmx riaBax KHMIMM OCHOBHOE BHHMAHME YAEISUIOCH ONTHUMM3ALMOHHBIM 33JadaM
nepeBooOpaboTku. TeM caMbIM Ipeanojarajoch, YTo MNpU MaTeMaTHMYECKOW MOCTAaHOBKE 3aJlauu
MOYKHO PacCMOTPETh HEKOTOPBII KOJIMYECTBEHHBIN MOKa3aTellb U C(hOPMYIHPOBATH IIEh 3a/1a4U B
BUJE OTBICKAHUS €r0 MakCMMyma WiIM MUHUMyMa. OJHAaKO BO MHOIMX IPAaKTUYECKUX CIIydasx
U3ydaeMmble OOBEKTHI HACTOJIBKO CJIOXHBI, YTO C(OPMYTUpOBaTH E€IMHCTBEHHBIH KpUTEPHil
ONTUMAJIBHOCTH, BCECTOPOHHE XapaKTEPU3YIOIUMKW CUCTEMY U IIO3BOJSIOIIMN OLIEHUBAaTh U
CpPaBHMBATh C €r0 NOMOUIbIO pa3jIMyYHblE BapUaHThl PELICHUM, OKa3bIBA€TCS HEBO3MOXKHBIM. Eciu
K€ ITO BCE-TAaKU yAAeTcs CleiaTh, TO CYyIECTBYIOLIME METOABI PEIICHUS ONITUMU3ALMOHHBIX 3a7a4
10 TOM K€ MPUYMHE CTAaHOBATCS HE3(PPeKTUBHBIMU. B moJ00HBIX citydasx oOpalaioTcs K METoaam
MMUTALMOHHOTO MOJEJINPOBAHHUS.
NmuTannoHHoe MojieIMpOBaHue - 3TO U3y4YE€HHE OOBEKTOB IyTEM IPOBEAEHHUS SKCIIEPUMEHTOB
Ha MX MaTEMaTHUYECKUX MOJEISAX, pealu30BaHHbIX Ha OBM.
Ecnu anHanuthyeckuil BUJ MOJENIM H3BECTEH HCCIIENOBATENI0 (CMIO, Ha - MPHUMEp, pa3InyHbIe
MoJieNid 00BEKTOB M ONTUMHU3ALMOHHBIX 33]1a4, PACCMOTPEHHBIE B I11. 1, 3 1 4), To MoJenupoBaHue
Ha OBM cBoauTCs K MHOTOKpaTHOMY MPOCUETY 3aJaud MpH Pa3IMYHbIX MCXOAHBIX JaHHBIX. [lo-
Jpyromy oOCTOUT JeJI0, €CIM MOJETIh 0O0BEKTa 3a/laHa B BHUJIE AITOPUTMA €ro (PyHKIIMOHUPOBAHMSL.
B TexHONOrnueckux McciaenoBaHUAX, I/I€ YaCTO MMEIOT JeJI0 ¢ MHOTOCTaJUHHBIMU MPOIECCAMU,
CJIO)KHBIMH M TPOMO3JIKUMHU OOBEKTaMH, TaKOW CIOCOO Mpe/CTaBIEHUS OYEHb PACHpPOCTPAaHEH.
Anroput™M (QYHKIMOHMpPOBAHUS OOBEKTa MOXKET OBITh 3alporpaMMHUpOBaH, U B 3TOM Ccllydae
HCCIIEJOBAaHNE IIpolecca BbINONHAETCS Ha OBM myrem npourpbeiBaHus Ha HEH pa3iIM4YHBIX
BapuaHToB. MojaenupoBanue Ha OBM mno3Bonser npu HEOOXOIUMOCTH HUMUTHPOBATH U
BO3/ICUCTBHUE CIy4alHBIX (PAKTOPOB HA CUCTEMY C MOMOILBIO BETMYHMH, 00JIAI0NIUX OJIMHAKOBBIMU
C HUMH XapaKTepUCTUKAMHU.
DKCIepUMEHTHPOBAHUE C MOJIENbI0 00BEKTa, peann3oBaHHOH Ha DBM, BO MHOTHMX OTHOILEHHSX
IpeOYTUTENbHEE, YeM HCCIIEOBaHUs, IPOBOAUMbIE Ha peadbHOM oObekTe. [Ipexne Bcero, Ha
pearbHBIX O0BEKTaX 3auacTyl0 Helb3sl oOecrneyuTbh TpeOyeMble YCIOBUS — IPOBEACHUS
HKCIIEPUMEHTA H3-3a HAPYLIEHUS YCTAHOBJIEHHOTO NOpSAIKAa WM PEXUMOB pabOThl CHCTEMBI.
WHBIMU clIOBaMHU, B pEaIbHbIX OOBEKTaX HCClIeAyeMble (PAKTOpbl 4acTo HeyrpaBiisieMbl. B
HKCIIEPUMEHTaxX JK€ Ha MOJeNH Takue (PakTopbl MOTyT OBITH BKJIIOUYEHBI B HCCIEIOBAaHUE U
BapbUPOBATHCS KaK yNpaBJisieMble IepeMeHHbIe. DTO OTHOCUTCS, HAIPUMEP, K PA3IMYHBIM BUAAM
HCIIOJIb3YEMOr0 000pyI0BaHMs, clIoco0aM MOCTPOCHUS TEXHOJIOTHYECKOIrO Mpoliecca, pPa3sMEPHbIM
U KaueCTBEHHBIM TIlapaMeTpaM ChIpbsl; (pakTopaMm, XapaKTEepU3YIOIIMM YCIOBUS paboTHhl,
HAJCKHOCT M OKCIUIyaTallMOHHBIC XAPAKTEPUCTHKH CYIIECTBYIOILETO M IIPOEKTHPYEMOrO
o0opynoBanusi. OTMEUEHHOE CBOWCTBO IIO3BOJISET IIMPOKO HCIOJIB30BATH B HMMHUTAIIMOHHOM
MOJECNUPOBAaHUM S(PPEKTUBHBIE METOJbl IUIAHUPOBAHMSA HKCIEPUMEHTA. 3aTpaTbl BPEMEHU U
CPEICTB HAa MAalIMHHOE MOJEIMPOBAHUE, KaK MPAaBUJIO, 3HAUUTEIBHO MEHBIIE, YEM Ha
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ucclieloBaHue peasbHOro oObekTa. Ilo 3TOil mpuuMHe, a Takke BCIEACTBUE BO3MOKHOCTH
paccMaTpuBaTh UMUTAIIMOHHOE MCCIEIOBAaHUE KaK IJIAHUPYEMBIH KCIIEPUMEHT C YIPaBIIsieMbIMU
NEPEMEHHBIMH, B HETO MOXHO BKJIIOUUTH JECATKU U JJaXkKe COTHHU (PAKTOpoB, a 0OpaboTKa ero
pE3yJIbTATOB BBIMOIHIETCS OOBIYHBIMM METOJAMHM MAaTEeMAaTU4YEeCKOH CTaTUCTUKU. MmuTarmoHHOe
MOJICJINPOBAHUE BO3MOXKHO TaM, IJ€ MO COOOpa)KeHHsIM O€30MaCHOCTH, 3TUKU WM KaKUM-ITH0O
JPYTUM  HEAONMYCTUMO ydYacTue JroAed. B HWMUTaMOHHBIX HCCIEIOBAHUSAX  BO3MOKHBI
9KCHEPUMEHTHI C MPOUUIBIM, NPUHIUIINAIBHO HE BOCIPOM3BOAMMBIE B HAType, UX MOXKHO JIETKO
npepBatb U BO300HOBHTH B JI000H ymoOHbBI MoMeHT. C Opyroil CTOpOHBI, pa3yMeercs, IMpH
UMHUTALMOHHOM MOJEIMPOBAaHUM HEM30€XKHO BO3HUKAET BOIIPOC O COOTBETCTBUU MEXIY MOJENbIO
U pealbHbIM OOBEKTOM. Ha Hero Hago NONYYHUTh TNOJOKHUTEIBbHBIA OTBET NpPEXae, 4YeM
UCIOJIb30BaTh Pe3yJbTaThl MOAEIUPOBAHUN.

CoBepIICHCTBOBAHNE BBIUUCIUTEIFHOW TEXHUKHM CYIIECTBEHHO PACIIMPHUIO  BO3MOKHOCTH
UMHTALMOHHOTO MOJeNUpoBaHus. [ aHain3a pa3inyHbIX yCIOBUN (YHKIIMOHMPOBAHUS CHCTEM
OKa3zajcs yao0eH IuajaoroBblil pexxum pabotel ¢ DBM. VccnenoBanusi HA UMUTAITMOHHON MOJICIN B
9TOM pEKUMME MOXHO paccMaTpuBaTh Kak HIpy, Ojarozaps 4eMy MOJENb cTaja K TOMY JKe
3 PEKTUBHBIM CPEICTBOM OOyUCHHS.

K HacTosmeMy BpeMEHHM METOAbl MMHUTALMOHHOTO MOJAEIMPOBAHUS IIMPOKO HCIOJB3YIOT IS
U3y4eHHs] OOBEKTOB JKOHOMHUKH, (U3UKH, TEXHUKM U KyJAbTypbl. C HX HOMOIIBIO H3Yy4alOT
UCTOpUYECKHE U reorpaduyeckue mpouecchl, XoJ 00eBbIX ASHCTBUI M BO3JeCTBHUE JEKapCTB Ha
OpraHu3M uesioBeKa. MI3BeCTHbI MMUTAMOHHBIE MOJETH TaKUX CIOXHBIX TEXHHYECKHX YCTPOUCTB,
KaK [IPOKaTHBIN CTaH, XUMUYECKHI PEaKkTop, a Takke MOAEIH Gpupm, oTpacieil MpoOMBIIUIEHHOCTH U
Jla’ke TII00aIbHBIX TPOIIECCOB, MPOUCXOAANINX B Onocdepe. B nepeBooOpaboTKe MprUMEHEHHE 3THX
METO0B 3((EKTUBHO JUIsI MCCIEIOBAHUS IPAKTHUYECKH BCEX CJIOXKHBIX TEXHOJIOTHYECKUX
IPOIIECCOB U PEUICHHUS 3a7ad OpraHU3alMK U YIPABICHUS TPOU3BOICTBOM.

[TpuBOAMMBIN HMKE MPOCTON MNPUMEpP WIUIIOCTPUPYET HACH HMMHUTALUOHHOTO MOJIEINPOBAHUS
00BEKTOB, IMEIOIINX BEPOSITHOCTHBIA XapakTep (PyHKIIMOHUPOBAHHUSL.

IHonyyenne cayyailHbIX YMceJ HA IBM

B nmpakTudecku uCronb3yeMbIX UIMUTAMOHHBIX MOAENSX CIIyYalHbIC YMCIIA MOTYYaIOT C TOMOIIBIO
OBM. B matematuueckoM obecriedyeHUH COBpeMEHHbIX DBM i 3TOro MMeroTcs crienuaibHbIe
MPOrpaMMbl TE€HEPUPOBAHUS CIIYYaHHBIX YHCEJI C Pa3JIMYHBIMU 3aKOHAMHU PACHPEICIICHUS.
PaccMoTpuM uIer0 MOCTPOEHHUS TaKUX MPOTPaMM, C TeM, YTOObI UMU MOKHO OBLIO OCMBICIEHHO
MOJI30BaTHCSA, & TPU HEOOXOJIMMOCTH U COCTaBUTH TaKYIO IPOTPaMMy CaMOCTOSATEIHHO.

HanomHuM mpexie Bcero, 4to ciaydaiiHas BednunHa X 3a7aeTcs cBoel (yHKIMeH pacrpeneaeHus
F(x), koTopast uMeeT CMBICII BEPOATHOCTH TOTO, YTO JIaHHAsI BETMYMHA NMPUHUMAET 3HAUCHUE, HE
IIPEBOCXOALIEE X, TO ECTh

PaccMoTpuM cHadasia OJWH W3 aNTOPUTMOB TOJYYEHHUS CIIyYalHBIX 4YHUCEN, PaBHOMEPHO
pactpeneneHHeix Ha otpeske [0,1]. DTo o3Hawaer, yTo (YHKUMSA paclpeaeneHus sl TaKon
CIIy4ailHON BETMYMHBI UMEET BU/T

OnuchIBaeMbIil aJITOPUTM K3BECTEH MO HA3BAaHUEM MYJIbTHILUIMKATUBHO-KOHTPYEHTHBIM METOJ U
HCTIONIB3YET CIEAYIOUIYI0 UTEPATUBHYIO Mpouenypy. IIycTs X, - HEKOTOpOE UCXOAHOE YUCIIO0, a U M
- TIOJIO’KUTENBHBIE LIEJIbIE KOHCTAHTBL. YHCIIO Xg YMHOKAETCS HA A, PE3yJIbTaT YMHOKEHUS JIECIIUTCS
Ha M. OCTaToOK OT JieJIeHus IpUHUMaeTcs 3a 1-e ciaydaiiHoe umncio. Jlanee nporeaypa noBTOPSETCSA:
quist iostydeHust (1 + 1)-ro ciy4yaifHOTO YMcIia MpenbIayIiee caydaiiHOe YUCIIo X, YMHOXKAETCS Ha a,
MOJTYYEHHOE MTPOU3BEJAEHUE JACIUTCS HAa M, OCTATOK OT JIEJICHHS IPUHUMAETCA 32 HOBOE CIIy4alHOE
YHCIIO Xj+1. I TOrO 9TOOBI U3 YKCTA Xj+1 TOTYIUTH CIIy4aifHOE YMCIIO Ti+1 B MANAa30HE OT HYIS 10
CIMHUIIBI, YUCIIO Xj+1 JCIAT Ha M: rix1=Xj+1 /M. Hmwke npuBeneHa mporpam-ma Ha doprpane,
peanu3yronias 3Tot aaroputM. OHa npuroana s IBM ¢ 32-pa3psaHbiMu CTOBaMHU.
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
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M=N

RETURN

END

B kauectBe Xj, Xj+1 U [j,- 31€Ch COOTBETCTBEHHO NMPHUHATH KOHCTaHTBI M, N 1 R. B kauectBe a u m
B3sTHI uMcia a = 5 = 1220703125; m= 2% - 1 = 2147483647. bnaronapss Takomy BBIOODY
KOHCTaHT IIPU BBIIOJHEHUM oOIepaTopa | IpOMCXOAUT NEpPENOoJIHEHUE paspsaHoi ceTku OBM.
Crapiue pa3psabl B IOJTYy4€HHOM MIPOU3BEICHUN OTOpachIBalOTCA, a MIIaine OepyTcsi B KauecTBe
OYEPEHOTO YJICHA IMOCIEN0BATEIbHOCTH Xi. OmepaTtopsl 2 U 3 00ecrneuynBaoT MOJOKUTEIbHBIN
3HaK yuciua N.

OO6patenue k 3Toit nognporpamme ocyuectsisiercs ornepatopom CALLRAND (M, N, R). Ilepen
9TUM HEOOXOJMMO 3aJaTh HadajdbHOE 3HaueHue A M B Buje J000ro HEUETHOrO LIEJIOr0 YHUCIa,
COJIEpKalllero HE MEHee JEBATU JECATHUYHBIX 3HAKOB. JlJI MOIy4eHHsI Ka)XJ0ro CieyOLIEro
CIIy4alHOTO YKCJIa HaJI0 CHOBAa 00paTHThCS K noamnporpamme RAND.

Ha ocHoBe TOJNBKO YTO ONMCAaHHOW WM aHAJIOTUYHBIX NPOTrpaMM TI'€HEPUPOBAaHUS PABHOMEPHO
pacnpeieIeHHbIX YUCEeIl MOJIYy4YaroT Wi, KaKk TOBOPAT, Pa3bIrPhIBAIOT CIIy4aiHbIE YHCIA C IPYTUMU
3aKoHaMHU pactnpezeneHusi. OCHOBHBIM HCIIOJIb3YEMBIM 3/1€Ch METOJIOM SIBJISIETCS METOJ OOPATHBIX
byHKIHIA.

[Tpenmonioxxum, yTo ciydyaiiHas BeIM4YMHA X HENpPEpbIBHA U MMEET 33JaHHYI0 HEIPEPHIBHYIO U
CTPOro MOHOTOHHO BO3pacTawiyto pyHkuuto pacnpenenenus F(x) (puc. 8.1). CormacHo metony
00paTHBIX QYHKIMHA JIJIS TIOTYyYSHUS 3HAYCHHMS 3TOM CIIy9aliHON BEJIMYUHBI HEOOXOIUMO Pa3bIrpaTh
cinydaitHoe uuciao R, paBHomepHo pacmpenenennoe Ha otpeske (0,1), u B kayecTBe HCKOMOM
BenuumEbl X B3tk X = FY(R), rae F' - dyukims, obparnas k ¢ynkumn F. Ha puc. 8.1 sra
orepanus WITIOCTPUPYETCS C TOMOIIBIO CTPEIIOK.

OnucanHbli MeTOJ yAOOHEe NPUMEHATh, €CIU JIETKO IOCTPOUTh OOpaTHYIO (YHKIIHMIO F*.
Hanpumep, 17151 moka3aTelIbHOTO pacipeeIeHUs

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

Ecnmun ke mnonyyeHMe aHAJUTUYECKOTO BBIPAXKEHMS I OOpaTHOMH (YHKUIMU BbI3bIBAET
3aTpyJHEHUS, TO MOXKHO alNpOKCUMHUPOBaTh (QyHKUMIO F(X) OT- pe3skaMu npsMbIX C 3aJaHHON
CTETEHbI0 TOYHOCTHU. [lociie 3TOro Jerko BBIYMCIUTh 00paTHYIO (PYHKIUIO JUTS KaXKA0TO JIMHEHHOTO
OTpe3Ka.

Jlnis monmydeHus ciiydaifHbIX 4HCceN, MOAUYMHEHHBIX HOPMAJIbHOMY 3aKOHY pacIipe/ieleHus, 00bIYHO
UCIIOJIB3YETCSl JIPYrOM METOJ, OCHOBAHHBIM Ha WEHTPAJbHON IpeleIbHOH TeopeMe TeOpHH
BeposiTHocTeli. CornacHo 3Toi TeopeMe cilydaiiHasi BeIMunHa X UMEeT pacipe/iesieHue, 0JIn3Kkoe K
HOPMaJIbHOMY, €CIIM OHa MpPEJCTaBiIsIeT COOOW CyMMy JOCTaTOYHO OOJIBLIOTO YHCIa B3aUMHO
HE3aBHCHUMBIX CIIy4alHbIX BEJIMYHMH, CPABHUMBIX [0 CBOUM AMCIIEPCHUSIM.

[TpakTHyecku cilydailHyl0 BEJIMYMHY C pacrlpeeleHHeM, ONM3KUM K HOpPMalibHOMY, IOJYyYaloT,
IPOCYMMHPOBAB HEKOTOPOE KOJIUYEeCTBO (0ObIUHO OT 6 10 12) cimywaifHbIX yucen R; paBHOMepHO
pactpeneneHHbix Ha oTpeske (0,1).

N
[lycts ckmanpiBatloT N Takux BenuuuH: V = ZRi Torga, kKak HETPYAHO MOKa3aTh, MOJy4YEHHAas
i=1
ciiyyaiiHas BenmuumHa V OyJeT MMETh MareMaThdyeckoe okuaanue My, paBHoe N/2, u cpeaHee
KBaJpPaTUYECKOE OTKIOHEHUE &, = .\.-'W
3aTeM TepexoasIT K HOPMHUPOBAHHOM CIIydalHOW BeNWYMHE 7, HMMEIOIIEH MaTeMaTh4ecKoe
OXKHJaHWE, PaBHOE HYIIO, U Cpe/IHee KBaJpaTHIecKoe OTKIOHEHHE, paBHOe eaunuie: M; = 0; o, =
1. DToT mepexoa nmpouzBoaAUTCs 1o hopmyne Z = (V. — M )/a,
Ecnu teneps HEOOXOAUMO pasbIrpaTh HOPMAaJIbHO PACHpPEEICHHYIO CIy4dailHylo BennuuHy X C
HEKOTOPBIM 33JJaHHBIM 3HAYCHHEM MATEeMaTH4€ CKOTO OXKUJAHUS My M CpeIHUM KBAaJIpaTHUYECKUM
OTKJIOHEHUEM g, TO €€ 3HAUCHUS BBIYUCISIOT 10 popmyne X = oI + My
ITo cymecTBy, yncna, mojydaeMple ¢ ITOMOIILI0 OMMMCAHHBIX MPOLIEYP, CAyYallHBIMU HE SIBJISIOTCS,
TaK KaK WX BBIYHCISIOT MO OJAHO3HAYHBIM apupMeTHdeckuM (opMmynaMm. DTH 4YHclIa Ha3bIBAIOT
MOATOMY TMCeBAOCAYYAHHBIMHU. OJHAKO CTaTUCTUYECKHUE CBOMCTBA IICEBAOCITYYaWHBIX YHCEI
COBMAJIAIOT CO CBOWCTBAMHU HACTOSIIUX CIYYalHBIX YHCEN, OJiarogaps 4eMy W BO3MOXHO HX
MPUMEHEHUE B 3TOM Ka4€CTBE MPH UMUTALIMOHHOM MOJCIHMPOBAHUU.
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N3 omucanus croco0a MONy4eHHS CIy9alHBIX uncel Ha DBM cTaHOBUTCS TakyKe MOHSATHO, YTO
pe3yabTaThl UMHUTAIIMOHHOTO IKCIEPUMEHTa MOTYT OBITH BOCIIPOHM3BEICHBI JIF0O00E YHCIO pa3 B
OJIMHAKOBBIX WM PA3JIMYHBIX YCIOBUSX M JaXKe MPU OJAHMX M TEX K€ 3HAUEHHUAX CIy4dailHBIX
dakTopoB. st 3TOro JOCTATOYHO MOBTOPUTH IKCIIEPUMEHT, 33/1aB MPEKHUE HAYALHBIC 3HAYCHHUS
BO BCEX HMCMOJb3YEMbIX MOANPOrpaMMax reHepUpoBaHUs ciaydailHbix yuceln. [lociennee cBoiicTBO
MPAKTUYECKH HCIIOIH30BAHO, HAIIPUMEP, TIPU UCCICIOBAHUSX HA pa3paOOTaHHOW CTATUCTHUYECKON
Mozaenu (OPMHUPOBAHUS M PACKPOS] MUIOBOYHOTO ChIpbs (1. 11.4). Packpoit omHOTO M TOTO XK€
OpeBHA C MPUCYIIUMH UMEHHO €My pa3MepaMH U MOPOKAMH - KPUBU3HOM, KOJIMYECTBOM CYYKOB U
pacroIoKEeHNUEM KaXKIOro U3 HUX - UMHTHPOBAJICS HECKOJBKO pa3 MO pa3IUYHBIM MOCTaBaM U C
pa3IMYHON OpueHTaIuel OpeBHa OTHOCUTEIBHO OCH TIOCTABa.

OTMeTHM, 4YTO HWMEHHO IIeHTpalbHasg MpeJesibHasg TeopeMa OBACHSAET HCKIIOUYUTENbHYIO,
JOMUHUPYIOIIYIO  POJIb  HOPMAJIbHOTO  PACHPENEICHUS CpPeAd  JIPYTUX  CTATUCTUUYECKUX
pacrpefieieHUii B caMbIX pa3HOOOpa3HBIX IMpolleccax, MPOUCXOASIIMX B  OKpYyXKarolen
neicTBUTeNbHOCTH. Kak M3BECTHO, CTAaHIApTHAas CXeMa IIOCTAHOBKH CEpHH TyOITMpOBAaHHBIX
OTBITOB MpEIoJiaraeT CTa0WIM3alMI0, T. €. UCKIIOYEHHE BIMSHHS, MO BO3MOXKHOCTH, BCEX
BHEIIIHUX BO3JICHCTBUU HA pE3yJbTaT SKCIEPUMEHTA. ITO O3HAYAET, YTO (PAKTUYECKH BIIUSTH Ha
Hero OyAyT JIUIIb MHOTOYUCIICHHBIE TPYIHO YCTPaHUMBIE ciy4aitHbie ¢pakTopbl. OHU, Kak MPaBuio,
COM3MEPHUMBI TI0 CTETICHH CBOETO BO3/IEHCTBUS HAa OOBEKT U JIEUCTBYIOT HE3aBUCUMO JPYT OT ApyTa.
Mp1 HaxoauMCs, TAKUM 00pa3oM, MPUOIMKEHHO B YCIOBUSX JIEHCTBUS IIEHTPAIbHON MpeaeIbHON
TEOPEMBbI, YTO U TIO3BOJISIET BBIIBUHYTH THIIOTE3y O HOPMAJILHOM PACHpPEEICHUU BBIXOHOU
BEJIMYMHBI.

Ora ke TeopeMa MOXKET WHOTJA CIY)KUTh KIFOUOM K OOBSICHCHHIO OOHApPYKEHHBIX OTKIOHCHHN
(aKkTUYECKOro pachpe/esieHns BBHIXOAHOW BEIMUYMHBI OT HOpPMalbHOro. B Takoi cutyaiuu HaIo
MPEKIC BCETO MPOAHATM3UPOBATH YCIOBHS MOCTAHOBKH CEPUH JTYOJIMPOBAHHBIX OMBITOB C IEIHIO
oOHapyxeHHs (pakTopa, KOTOPBIA OKa3ajicsd HE YCTPAaHEHHBIM, HO OKa3bIBAeT JOMHUHHUPYIOIIEE
BIIMSHUE HA BBIXOJHYIO BEJIMYMHY [0 CPAaBHEHHUIO CO BCEMH OCTaJbHBIMHU CIy4alHBIMU
BO3JICHCTBUSIMU.

Cka3zaHHO€ BBIIIIE HE CHUKACT BAKHOCTHU JPYTUX CTATHCTHUYECKUX paCIpe/IesieHU, MPUMEHEHNE
KOTOPBIX MOXET ObITh Hanboyiee 0OOCHOBAHHO B T€X WMJM MHBIX Ciydasx. Tak, mpu oOCyXIeHUU
METOJIOB TEOPUU MAcCCOBOI0 OOCITYXHBaHUS B IlaBe 6 OTMEYaoC UCIOJIb30BAHUE PACIIPEIETICHUS
[Tyaccona pansi omuMcaHHWs TIOTOKa 3asBOK, OOJIaJaloONIero CBOMCTBAMHM CTallMOHAPHOCTH,
OPJIMHAPHOCTH M OTCYTCTBHSI TIOCIEACHCTBUSA, a TaK)Ke MCIOJb30BAaHUE TIOKA3aTeIbHOTO
pacrpefienieHuss il ONUCaHUs BPEeMEHU OOCTYKMBAaHUS OJHOW 3asBKH, €CIH [UIsl HEro
CIIpaBeUIMBBI TPU TIEPEUMCIICHHBIE CBOMCTBA. DTOT K€ TOKA3aTENbHBIM 3aKOH pachpeneieHus
HIMPOKO MPUMEHSETCS B TEOPUU HAJECKHOCTH.

ITocaenoBaTeIbHOCTH NPOBEACHNUS U IPHUMep
NMuTaumoHHOro uccjie0BaHus

OcHOBHBIE 3Tanbl UMHTALMOHHOIO HCCIEAOBAaHUS IO CYIIECTBY T€ K€, YTO W TMPH PElICHUN
ONTUMM3AIMOHHBIX 3a1a4d (cMm. BBeneHue u m. 2.1). Ha mepBom atame dopmynupyercs eib
uccienoBanus. Kak  mpaBuiio, 9TO  OIEHKa BIUSHUS  HEKOTOPBIX  IApaMeTpoB  Ha
(YHKIIMOHUPOBAHUE CHCTEMBI. 37€Ch CIIEAYeT CPOPMHUPOBATH CIHHCOK BOMPOCOB, Ha KOTOpHIE B
X0JIe UCCIIEIOBaHMs JOJKHBI ObITh MOJy4YeHbl OTBETHI. Ha 3TOM U ciemyroiem 3Tanax 0COOEHHO
BaXHO TMpUBJIEYh K pPadOTe CHEHUANNCTOB IO UccleayeMoMy o0bekTy. Ecnmu wusyuaercs
TEXHOJIOTHYECKHM MpOIlecc, TO 3TO MPEXkAE BCEro TEXHOJOTH, a TaK-Ke CHEeIHaTUCThl B 00JaCTH
bu3MKYN SBJICHMIA, XapaKTepHBIX JJIs1 JAHHOTO Mpoliecca. B xone maHHOro 3Tama JOJKHBI OBITh
YTOYHEHBl T'PaHUIbl HCCIEAYeMOro OOBEKTa; HalpHUMep, CTaJUM TEXHOJOTHYECKOro IMpoliecca,
NOJJIEKAIINE MOAEIUPOBAHUIO; IMPOJOJDKUTEIBHOCTh MOJAEIUPYEMOrO OTpE3Ka BPEMEHH, €CIIU
MOJIEJMPYEMBIH TMPOLIECC Pa3BOPAYMBAECTCS BO BPEMEHHU; YpPOBEHb JETalu3allid O00beKTa INpHU
MO/ICJIMPOBAHUMU.
Ha BTOpOM 3Tamne onpeaensioT napaMmerpbl, KOTOpble JOHKHBI BOMTH B UMUTAlMOHHYIO MOJIETb B
KAaueCTBE BXOJHBIX U BBIXOJHBIX MEPEMEHHBIX, JA€TCSI KaY€CTBEHHOE OMHUCAHHME UX B3aUMOCBSI3H,
BBISIBJISIETCS  XapaKTep HCCIeNyeMbIX IapaMeTpoB: ClydyallHble WJIH JeTePMUHUPOBAHHBIE,
yOpaBisieMble WJIA ~ HEYIpaBisieMble; pEIIaeTcs BOMPOC O JMAala30HaX BapbUpPOBAHUSA
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KOJIMYECTBEHHBIX (DAKTOPOB M O 3HAUEHUSAX KAueCTBEHHBIX IapamMeTpoB, JUIsl KOTOPHIX Oyner
BBITNIOJIHEHO UCCIIEI0BAaHUE. B yaCTHOCTH, P UMUTALMOHHOM MOJIEIUPOBAHUYU TEXHOJIOIMUECKOTO
mpolecca OnpeaessioT, Kakue MMEHHO BapUaHThl TEXHOJIOTHUECKUX CXeM OyIyT aHaJM3UpOBaThCS;
Kakue OyAayT pacCMOTPEHBI THUIIBI B3aMMO3aMEHIEMOT0 000PYA0BaHUS, BUJIbI CHIPbS U CIIOCOOBI €T0
MOATOTOBKH.

Crnenyer ycTaHOBHUTb, Kakas WH(pOpMaIMs He0OXoauMa JJIsl POBEJCHUS HCCIEI0BAHNUs, 00CYTUTh
BO3MOXKHOCTH €€ mojiydeHuss u ¢opMy TmpeacraBieHus. Hampumep, npou3BOAUTEIHHOCTh
000pyI0BaHUSI OOBIYHO MOXKHO ONPEACTUTHh U3 COOTBETCTBYIOIIMX HOPMATHBOB WIIM PACUYETHBIM
nyreM. PakTUYECKH K€ HaOJIONal0TCS OTKJIOHEHHUS OT 3THUX JAHHBIX B Ty WJIH HHYIO CTOPOHY.
[ToaToMy B HMMHUTAllMOHHOM D3KCIIEPUMEHTE IPOU3BOJUTEIBHOCTh YAaCTO CUYMTAIOT CIIy4ailHOM
BEJIMYMHOM, IOJTUMHEHHOM, HallpuMep, HOPMAJIbHOMY 3aKOHY pacrpezaeieHus. Ee Matemarnueckoe
OKU/IaHUE B 3TOM CIIy4ae MOKET ObITh OMpE/IEICHO 10 Pe3ysIbTaTaM pacuyeToB WM U3 HOPMATHBOB,
a BEJIMYMHA JUCIEPCUU BBIYUCIISETCS MO JAHHBIM CTATUCTUYECKOHM OTYETHOCTHU MHPEINPUSATUSA O
(akTHUECKOI MTPONU3BOIUTEIHLHOCTH 000PYIOBAaHUS WIIH TIO PE3YJIbTaTaM XPOHOMETPaXKa.

JUIs MMHTAIMOHHOIO 3KCIIEPUMEHTa MOXKET ObIThb HCIOJb30BaHAa W BBeleHa B namiate DBM
uHpopMmanus B 000 M3 ¢GopM ee THpeAcTaBiIeHHsA: B BHIE (GYHKUIWH, TaOmuL, rpadukos.
I'paduueckas nHpopMalys MpU HAJIUYUU COOT- BETCTBYIOLIEr0 00OpynOBaHMA - rpaduyecKuit
JCTIIeH, CHaOKEHHBI CBETOBBIM IIEPOM, - MOKET OBITh BBeZeHa B DBM HenocpenctBenHo. [Ipu
OTCYTCTBUM 3TOH TexHUKM HH(popmanuio B rpadudeckoil ¢dopme cieayer npeodbpazoBaTh B
AQHAJTUTHYECKYIO. 371€Ch MOKHO BOCIIOJIB30BATHCS MPHUOIMKEHHON anmpoKCUMAIMeld ¢ ITOMOIIBIO
METOAa HAMMEHBIIMX KBaJApaTOB WM HCIOJb30BaTh OJHY U3 HMHTEPIOJISLUOHHBIX (HopMyl;
Hanpumep, Qopmynsl Jlarpamka, Hpioroma. B mepBoMm ciydae oTbICKHBaeTcs (DyHKIHSA,
oOecrieunBaromas HauOOJbIIYI0 OIM30CTh, HO HE COBMAJEHHME BBIOPAHHBIX TOYEK HCXOAHOTO
rpaduka K COOTBETCTBYIOIINUM To4YKaM rpaduka Gynkmuu (puc. 8.2, a). Touku 7, 2,3, 4 u 5 - Toukn
ucxoaaoro rpaduka f(X) - pyHkIMs BeIOpaHHOTO BUAa. Bu ool GyHKIMK (HApUMEp, MHOTOYICH
HEKOTOPOW CTENEHU) HCCIeAOBaTeNlb BBHIOMpAaeT 3apaHee. J[aHHBIA CHOCOO MpEeanOYTUTENIbHEE,
KOrJa HCXOoAHas Tpaduueckas HHGOpMAIMs IMOJlyueHa Ha OCHOBE JKCIEPUMEHTAIbHBIX
UCCJIEIOBAaHUM U TOTOMY sBJIE€TCS MPUOIMKeHHOU. Vcronb30Banre HHTEPIONIALMOHHON (OPMYJIIbI
MO3BOJISIET TMONYYUTh (YHKIMIO HM3BECTHOTO Kiacca, 3HAYEHHUs KOTOPOW ISl OIpesleleHHBIX
3HAYEHHUI apryMeHTa B TOYHOCTH COBIIQJAIOT C HEKOTOPBIMH 3aJlaHHBIMU 4uciamu (puc. 8.2, 0).
JUis 3TOM Ke LenM MOXKHO NMPUMEHUTH amnmnpoKcuMaluio crulaitHamu. CrutaiH - 310 QyHKIus,
«CKJIEEHHAas» M3 DPA3IMYHBIX KYCKOB MHOTOYJIEHOB M MPOXOAAIIAs 4epe3 BbIOpAHHBIE TOUKHU
rpaguka.

Tpetuit aTan UMUTAIIMOHHOTO MCCIIEI0BAaHUS - IOCTPOEHUE MATEMAaTUYECKOW MOJIETN 00bEKTa.
[Tpeamnonoxum, yTo 0OBEKTOM UMHUTALMOHHOTO MCCIIE0BaHMS SABJSETCA YaCTh TEXHOJIOTHYECKOTO
npolecca U3roToBieHus fetanei Medenn. OHu BbIpadaThIBalOTCA U3 APEBECHOCTPYKEUHBIX IUIUT U
OOJIMIIOBBIBAIOTCSL CTPOTAaHbIM IINOHOM. [ccienoBaHuIO TMOABEPralTCs CIEAYIOIIUe CTaauu
mpoliecca: COpTUPOBAHUE U pacKpoil mimoHa, pedpockienBanue, packpoit ACtIl, obnuiioBriBanme
iactei 1 KpoMok (puc. 8.3). Llenb UMUTAIIMOHHOTO SKCIIEPUMEHTA - UCCIIEJOBAHUE BIMAHUSA psiia
(dbakTOpOB HaA 3arpy3Ky HCIOJIB3YyeMOTro  00OpymOBaHHS, Ce0ECTOMMOCTh  TPOMYKIIHH,
IIPOU3BOJUTENBHOCTD TMpOIECCa U JIPYTHME €ro TEXHUKO-3KOHOMHMYECKHE IoKas3arenu. B uucio
uccienyeMbix (akTOpoB BOLIUIM KauecTBO MIMOHA; BUA OOOpPYIOBaHUS, HCIOJIB3YEMOro MpPH €ro
packpoe - ruiib-oTuHHbIe HOXKHUIBI HI'-18, HI'-30 nnm O6ymaropesatenbHble MamuHbl bPIT-4M,
2BbP-136; pa3nuuHble TEXHOJIOTUHM pPEOpPOCKIEMBAaHUS - KJIEEBOM HHUTHIO, KIIEEBOM JIEHTOM,
HENPEPHIBHBIM WJIM TOYEUHBIM KJIEEBBIM ILIIBOM; pa3jMyHbIe BUABI 000pPYIOBAaHUsS, IPUMEHIEMOTO
IpU packpoe IUIUT; GopMmar IUIUT, crieur@ukaims 3aroTOBOK U NMPUMEHSEMble IUIaHBI PacKpost
JCtIl, pexxumbl paboTel 000pyAOBaHUsS OOIMIIOBBIBAHUS - aBTOMAaTHUYECKUN WM PYYHOU pPEXUM
pa6ots! iuaNN [IJIM®-1.

PaccMoTpuM 4acTh COOTHOLIEHMH, BXOASIIMX B MAaTEMAaTHUYECKYH0 MOJENIb U CBS3bIBAIOILIMX
MPOU3BOJUTENIBHOCTH TPEX CMEXHBIX OMepanuil: peOpOCKIeUBaHUs, pPacKpos IUIMT U
OOJUIIOBBIBAHUS.

[IpennonoxuM, 4To 3a €UHULLY BPEMEHH IIPH MOJEIUPOBaHUH NPHHAT 1 4. O603HaunM uepes I,
TPOM3BOUTEIBHOCTE  PEOPOCKICHBAIONIET0 OGOPYIOBAHHS, H3MEPIAEMYI0 B M° OOJIHIIOBOK,
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U3TOTOBJICHHBIX B TedeHHe 1 4. [Ipu BbIOpaHHON TEXHOJOTUM PeOPOCKIEHBAHMS OHA 3aBUCUT
IPEeXJIe BCEro OT CXeMbl HAaOOpa OOIUIIOBOK U Pa3MEPOB COCTABJISIONINX UX 3arOTOBOK IIIOHA.
Kpome »3TuX neTepMHHUPOBAHHBIX (DaKTOPOB, HA MPOU3BOAMTEIHLHOCTH PEOPOCKICUBAIOLIETO
000pyOBaHUSI OKA3bIBAIOT BIUSHHE M JPYrde MHOTOYHUCICHHBIE (DAKTOPBI PAa3IUUYHON MPUPOIH,
KOTOpBIE MOXXHO paccMaTpuBaThb Kak ciydaiiHele BoznedcTBus. I[lo sTuM  mpuunHam
NPOU3BOJUTENFHOCT  PEOPOCKICHBAIOIIETO  O0OPYIOBaHHMS  CIIEAyeT CUYUTAaTh CIy4yailHOH
BEJIMYMHOM. XapakTep ee CTaTUCTUYECKOrO PACHpENeNIeHHs U TapamMeTpbl MOCIEIHEro MOXHO
HOJYYHUTh U3 XpoHOMeTpaka. [Ipeanonoxum, 4To B TeUEHUE KaXI0TO U3 1T 4acOB (PUKCUPOBAIUCH
YHUCIIO U CyMMapHas IUIONIa/lb U3TOTOBJICHHBIX OOJMIIOBOK OJHOTO M TOro e tumna. O0o3HauuM
IIOJIyYEHHBIE 3HAUEHHUS IUIOIIAIU YEPE3 Y1,Y2,...,Yn. 110 3TUM TaHHBIM, €CIM N JOCTATOYHO BEIHKO,
MOKHO BHayalile IPOBEPHUTh TMIOTE3y O TOM, UYTO BEJIMYMHA Y pacipelielieHa M0 HOPMaJbHOMY
3aKOHY, UCIIOJb3Ysl, HAIPUMEDP, KPUTEPUIA x? [Tnupcona. Ecnu oka3anoch BO3MOKHBIM IPUHSAThH ITY
TUIOTE3Y, TO IO W3BECTHBIM (hOpMyJiaM BBIUUCISIOT OLEHKM MaTEeMaTHYeCKOTO OXHUAAHUS U
JUCIIEPCUN BEIMUYUHBI Y, COOTBETCTBEHHO:

F=m+wmttw)im s =7+l -9 ++

+l -7/ (n - 1)

Ecnu rumoresy o0 HOpPMambHOCTU paclpeiesieHuss MPUIUIOCh OTBEPrHYTh, TO MOJBICKUBACTCS
JPYroe CTaTUCTUYECKOE paclpesiesieHUE, COOTBETCTBYIOIIEE JaHHBIM XPOHOMETPAXKA.
[TpaBnono00HO TPEANONOXKUTh, YTO BHUJ pacmpeneneHus OyneT OJHUM U TeM K€ MpHu
W3TOTOBJICHUM PA3JIMYHBIX BHUJIOB OOJIHUIIOBOK M, MOXXET OBITh, JaK€ U1 pa3IUYHbIX BHJIOB
pebpockiienBaroiiero obopyaoBanus. B sTom ciiydae 1 OIEHKH MPOU3BOIUTEIBHOCTH JaHHON
oTIepalyy MpH JPYroil cxeme Habopa OOIHUIIOBOK WIIH APYrOM IPUMEHSIEMOM 000PYAOBaHIH 00BEM
XpPOHOMETpaka MOXET OBITh Yy)Xe HeBenuk (N mopsaka, Hampumep, 30 4), a 1edb ero - TOJBKO
BBIYMCIICHUE OLEHOK JUIi cpeaHed mnpoussomurensHoctH Il = # m ee mucnepcuu s* 1o
MpUBEICHHBIM BhIlIe dopmynam. MHpopMmaiuio, momydeHHYIO A KaXI0ro Buaa 000pyaoBaHuUs,
y100HO MPEICTaBUTH B BUJIE OTACIHHOM TaOuIlbl (TadI. 8.2).
B niepBoii rpade npoHyMepoBaHbI BUIbI OOJUIIOBOK, PA3THYAIOIINXCS pa3MepaMu BXOSIINX B HUX
3arOTOBOK U (W) cxemMoil Habopa.
Janee cienyer Nog0OHBIM e 00pa3oM OLIEHUTh MPOU3BOAUTEIBHOCTD
000py0BaHus ISl pacKposi IUIUT. 3/1€Ch, KaK yXKe€ 0OTMEYaJIOCh, HOTPEOYETCS y4eCcTh TUIIOPa3MeEpPhl
3aroTOBOK, IPUMEHsSIEMbIE KapThl PaCKposi, peKUMBI pabOThl 000pYI0BaHUS U CIydaiiHble (PaKTOPHI.
AHaJOTMYHBIM IIyTEM IMOJIY4aloT HH(opmanuio o npousBoautenbHocTH [lg obopynoBanust s
00JIMIIOBBIBaHUS MJIACTEH 3aTOTOBOK.
Hauynem nmoctpoenne maTeMaTuyecKoil MOJENHU C 3alUCH COOTHOIIEHHUH, CBS3bIBAIOLINX BEIHMUMHBI
IPOM3BOIUTENLHOCTH OOOPYJOBAaHUS HA CMEXHBIX onepanusx. OCHOBOWM JUIsl 3TOTO CIIyXKaT
OamancoBble cootHomeHuss Buma (1.1) wu (1.2).HamomHuM, 4YTO 9TH K€ COOTHOIICHUS
UCIIOJIb30BAIMCH JJIsl IOCTPOCHUSI MAaTEMaTHYECKUX MOJIeNIel TEXHOJIOIMYECKHX 0ObEKTOB.
Paccmotpum noacroitHoe mecto IIM1 (cMm. puc. 8.3), T. e. cTennax, Ha KOTOPOM XpaHST FOTOBBIE
OoOJNMIIOBKM, TOJy4e€HHble Ha  peOpockieuBawomeM obopynoBanun. CyMmMmapHas IUIOIIAIb
OOJIMIIOBOK, IMOCTYNAOIIUX Ha HEro B TedeHHe | 4, - 3TO M €CThb NPOU3BOAUTEIBHOCTH Ilpc
pebpockiienBatomiero obopyznoanus. B nanpHeiimem mnepemenHas Il,. Oyzer o3Hauath
CyMMAapHyI0 IUIOIIaAb OOJUIIOBOK, H3TOTOBJIEHHBIX B TeYeHHE | Y, CKOPPEKTUPOBAHHYIO B
MEHBIIIYIO CTOPOHY Ha BEJINYMHY CYMMApHOM IUIONIA/IM IPUITYCKOB - IPUITYCK HA CBECHI.

ITpousBoauTEIBLHOCTE OOOPYIOBAHUS
Bun o0nunoBku P A PYA

CpenHee 3HaYCHHUE OrneHKa TUCTIEPCUH
2 3
¥i 5 E

2 ¥y 53
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OGo3naunm yepes I, CyMMapHyO IUIOIa1b OOIMIIOBOK, KOTOPBIE B TEYECHHE 4Yaca CHUMAKOT CO
CTellIaka U TPAHCTIIOPTHPYIOT HEMOCPEICTBEHHO K pabodynM MecTaM Ipecca Ajisi OOJUIIOBBIBAHUS
mnacreid. Ilycte Il - mpou3BOAMTENBHOCTH Mpecca, U3MepseMas B €AWHUIAX TUIOIIAJIH, M2,
OOJIMIIOBAHHBIX 3aroToBOK B TeueHue | 4. Ilpu 1ByXCiIOHHOM OOJMIIOBBIBAHUM ILUIOIIA/b
TpeOyromuxcs 1Uig HUX O0IHMIIOBOK OyIeT BABoe Ooblie, T. €. coctaniser 2 I1,. Ecau cunrtaTs, uto
OOJIMIIOBKY IIE€PE]] IPECCOM HE HAKAIUTMBAIOTCSA, TO 3Ta BEIMYMHA COBIIAJAET C BEJMYMHOM My,
My, =2 11,
O603HauuM yepe3 S; CyMMapHYIO IUIOHIA/lb OO0JIMIIOBOK, XPaHALIMXCA HAa MOACTONHOM Mecte [IMy,
a uepe3 AS;- nmpupaiieHue 3Toi BeMnduHbI 32 1 4. B COOTBETCTBUM ¢ 0ATAHCOBBIM COOTHOIICHUEM (
1.1) Benmuunnaa AS; paBHa
AS, = M, — M, = I, — 211,
Jlis moCTpOeHUsI UMUTALIMOHHOM MOJIENIM 3T COOTHOUICHHS CIIEAYeT MPEICTaBUTh B TUCKPETHON
dopme. [TycThb 1 - HOMEp MOAETUPYEMOTO IPOMEXKYTKA BpeMeHH - B HamieM ciydae 1 4. Torma mist
I-To yaca paBeHCTBO (8.1) mpUMeT BH
as? =n@ ¢ 2n”

Coornourenue (8.1) Ima npeapiayiero (i - 1)-ro yaca BRITJIAAUT CICAYIONIMM 00pa3oM:
asf ¥ =ni® 4 on”
VClIoBUMCS, 4TO NMEpeMeHHas 5.°03HauaeT BeIMYMHY S; B3ATYI0 K Hauany i-ro gaca. Torxa,
OYEBMJIHO, BETMUMHA 5.~ OT/IMYACTCS OT AT e BEIMUMHBI K Haualy Mpeblayliero aca 5.~ Ha
BEJIMUMHY MPUPALICHUS TIOIIATT 06J'II/II_IOBOK 3a (i - 1)-i qac TO €CTh

50 = 569 4 a5l
rie 457 onpenensercs U3 BEIpaKEHUS (8.3).
Jlnst Toro 4toObl B TeUEHHE I-r0 Yaca He ObLIO MPOCTOEB OOJIMIIOBOYHOTO Mpecca M3-3a OTCYTCTBHSI
00JMIIOBOK Ha mojicTonmHOM Mecte [IM1, ,Z[OJ'DKHO OBITh BBIIIOJIHEHO YCIOBUE

sz anf™

[Tpu packpoe IMJIUT HA 3arOTOBKH IUIMTHI, MOJUIEKAIIME PACKPOIO, JOCTABISIOT HA MOJCTOIHOE
Mecto [IM1, ¢ KOTOpOro OHM MOAOTCA HAa CTOJI-KApPETKY CTAHKA.
[Tycth I1sx- cymmapHast miom@aab IIHT, MOCTYNUBIINX B TEYEHHUE Yaca Ha 3TO MOJICTOITHOE MECTO;
Il - IPOM3BOAUTEIBHOCTD JIMHUH PACKPOs, M2,
TUTUT, PACKPOCHHBIX B TeueHue 1 4; Sy - cyMMapHas miomaib MiIuT, XPaHSIIUXCS Ha MOJICTOITHOM
mecte [IM2; AS; - mpuparienue 3Toi BennuuHbl. Beipaxkenus s AS; u Sy aHanornyHsl GopmynaMm
(8.3) u (8.4). Ouu nmonamobsaTCs pupacuete a7st (i - 2)-ro yaca u OyayT UMETh BUJI

AsH = mi-®  pl?

SED = 50D 4 5D
a ycjoBue Toro, uro B TedeHue (i - 1)-ro vaca He OymeT mMpocTOeB 00OpPYIOBaHHS IO MPUYMHE
OTCYTCTBHUSI TUTUT, MOKHO 3aITUCaTh TaK:

Séi—lj = l-IEI—:_‘I

O6o3naunM uyepe3 II3 nNpou3BOAUTENBHOCTH 3TOr0 ke OOOpyHOBaHUS, M2, BBIPAOOTAHHBIX
3aroToBoK. B cooTBercTBHM ¢ OamaHcoBbIM cooTHomieHueM (1.2) Ilz = Il - Iy, wim, B
JIucKpeTHOU Gopme 3anucu s (i-1 )-ro yaca paboThl,

niY = ol —nl?
rae [ox - cymMapHast mioniaib BCeX BUJIOB OTXOJIOB, MOTYYEHHBIX TIPH PACKPOE IUIAT B TeUeHuE 1
q,
BripaGoTanHble W3 IUIMT 3aroTOBKM MOCTYMarT Ha mnojacronHoe Mecro [IM3. Otcroga ux
JIOCTABJISIIOT HEMOCPEJACTBEHHO Ha TOJCTOIHOE MECTO TIepe]] KIECHAHOCSIIMMH BallbllaMU
o0nuioBoyHOro obopynoanus. CienoBaTeNbHO, MPOU3BOAUTEIHLHOCTh 3TOTO MOTOKA 3aroTOBOK
paBHa npousBoauTenbHOCTH npecca [lp. IlycTs S3 - cymmapHas 1Tiomnaas 3aroTOBOK, XPAHSIIUXCS
Ha nojicronHom Mecte [IM3, a AS; - ee npupammenue. Torna ans (i- 1)-ro yaca umeem:

35' e
5.- _5”ﬂ+a5“ﬂ
OO6HMITOBOYHBIN Mpecc He OyIeT MPOCTanBaTh o anqHHe OTCYTCTBHSI 3aTOTOBOK, eciu (8. 12)
.5' = 1'[..

AHaJOrM4HBIM 00pa3oM MoOJeNHUpyeTcs 3arpy3ka oOOpydOBaHHMS Ha OCTaJbHBIX CTaAMSIX
TEXHOJIOTMYECKOI0 IIpolLecca.
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BaxxapiM mokazareneM 3(PQPEKTHBHOCTH TEXHOJOTHYECKOTO TIpOoIlecca CIYKHT CeOECTOMMOCTh
npoaykuuu. Ee pacder npu MMHUTAllMOHHOM MOJEIMPOBAHMM MHOTOCTAIUNHBIX IPOLIECCOB
OMHpaeTCsl Ha AJAUTHUBHOCTH JTOTO IMOKa3aTels: ce0eCTOMMOCTh MPOAYKLHU OIpenesseTcss Kak
CyMMa ce0eCTOMMOCTH CBIPbSI U COCTABIISIOUIMX CEO0ECTOMMOCTH OOpPaOOTKHM MO BCEM CTaIusiM
npouecca. Ecnum ke NOpU  UMUTAIIOHHOM MOJICIMPOBAHUM TEXHOJOTMUYECKUX OOBEKTOB
HEOOXO/IMMO OMHCAaHUE MPOUCXOAAIINX B HEM (PU3MUECKUX MPOIECCOB, TO JUIS IMOCTPOCHUS
MaTeMaTHUYeCKO MOJIeNId MOTPeOyeTC sl IPUMEHUTH COOTBETCTBYIONINE (PU3NUYECKHIE 3aKOHBI .
Cnenyrommii 3Tall MMHUTAllMOHHOI'O MCCIEAOBAHUS - COCTAaBJIEHHWE alllOpUTMa MOJEIUPOBAHUS
mpolecca Ha OCHOBE MOCTPOEHHOM MmaTemartuuyeckoil monenu. CoctaBuUM ()parMeHT ajaropurMa,
COOTBETCTBYIOIIIM TOW YaCTH TEXHOJOTHYECKOro Ipolecca OOJHMIIOBBIBAHUS, KOTOpas
onuceiBaeTcs ypaBuenusmu (8.3)-(8.12).

B nanpneiimem Oynem pa3nuyarh pacdeTHble M (PAaKTHUYECKHE 3HAYECHUS M MPOU3BOJUTEIBHOCTU
paccMmarpuBaeMoro ob6opynoBaHusi. DaxkTHdeckas MPOU3BOAUTEIBLHOCT, OyJIeT COBMagaTh C
pacyeTHOM, TOJIBKO eciiu 000pyI0BaHKHE 00ECTIEYeHO HEOOXOIMMBIM YHCIIOM 3aroTOBOK, T.€. €CIIU
BBITIOJIHSIOTCSL COOTHOIIEHUSI. B mpoTuBHOM ciyyae 3HaueHHe (paKTHUECKOM MPOU3BOJUTEILHOCTU
3a JQHHBIM Yac IMOJIATAl0T PABHBIM HYIIO M (GMKCHPYIOT IPOCTOM 000pynoBanus. [lus pacueTHoM

] i 0
MIPOU3BOJIUTEIILHOCTH COXPaHUM IIpeKHHe o0o3HayeHws, 1.0, M5, 1. M., a (PaKTUUECKYIO oyaeMm
pc I 2 o Y.

o0o3Hayath OykBO#l {1 ¢ TeMu ke MHAEKCAMM; HalpuMmep, H;E'- pacueTHas, a l'f:' - (pakTHyeckas
POM3BOAUTEILHOCTh PEOPOCKIICHBAIOIIETO CTaHKa 3 I-i yac.

3amuch «chopmuposath IIL conepxkamasncs B O6oke 1, TpeamonaraeT BHIMOJHEHHE CIETyOIIIX
oneparuii. CHauana onpeaessitoTCsl MaTeMaTHYECKOe OKUAaHUE U TUCTICPCUST BETUYUHbI H]::j:‘ﬂ, T. €.
pacyeTHON MPOM3BOAUTEILHOCTH pedpockienBaromero obopymnoBanus ua (I - 1)-m mare. s
3TOTO MCHOJB3YIOT MHPOPMAITHIO, COJEPIKAIIYIOCS B OMHON M3 TabmuIl Buaa 8.2 , Iie MPUBEIACHBI
3HAYeHHUs Ha3BaHHBIX IOKa3arenel. BeiOOp TON wiM WHOM TaOMUIBI OMpeAenseTcs BUIOM
o0opynoBaHusi, paboTa Ha KOTOPOM MOJIEIMPYETCS] B JaHHOM HMMHUTAllMOHHOM J3KcrepuMeHTe. B
3aBHCHMOCTH OT CXE€MbI Ha0opa U pa3MepoB OOJIMIIOBOK B TabnuIle BRIOMpaeTcs HyKHas cTpoka. Ha
caMOM Jiee, pa3yMeeTcsi, NPOUCXOAMT OOpalleHue He K TabiuiaM, a K COOTBETCTBYOILEH
uH(pOpMalny, 3anucaHHol B namsati DBM.

Jlanee BBI3BIBAIOT TOANPOTPAMMY TEHEPUPOBAHUS CIIy9allHBIX YHCEN, pacHpeAeTCHHBIX I10
HOPMaJIbHOMY 3aKOHY, €CJIM UMEHHO 3TO CTaTUCTHUYECKOE PACHpPEIe/IeHHEe COOTBETCTBYET OIBITHBIM
naHHeIM.  OOpamieHre K JaHHOW NOJAIpOrpaMMe COINpPOBOXAAETCA yKa3aHWEM 3HAaYeHHH
MaTeMaTHYECKOro OKUAAHUSA M JUCIIEPCUU ISl MPOU3BOAMUTENBHOCTH OOOPYAOBaHMS, KOTOpPbIE
OBUIH TTOJTYYEeHBI ONMCAHHBIM BBIIIE crtocoboM. [1o pesymnbraTam paboThl IOAIPOTPaMMBI BBIIAETCS
CITy4aifHOe YKCII0, HHTEPIPETHPYEMOE KaK 3HaueHue 1.5

3areM ImpoBepseTcsl HAJIMYKE 3araca 3aroTOBOK Ha MOJICTOITHOM MECTe Mepesl peOpOCKICHBAIOIIUM
CTaHKOM (9Ta orepalus HaxXOAUTCs 3a IpeaesiaMu pazoupaemMoro 31ech (pparmeHTa cxemsl). Eciu
3TOT 3amac A0CTaTOYEH Ul paboThl 000PYIOBaHUS B TEUYEHUE JAHHOTO Yaca, TO MOJIararT

[i-13 _ D

| it =nif
B nporuBHOM ciydae BeJ‘II/IHI/IHyTI]:';.":_lj cunTaroT paBHOM Hymo. 3anuck (8.13), ucnonb3yromas
CUMBOJI IIPpUCBAMBAHUA: =, O3HAYACT CIICAYIOUICC: BCINYHUHY (I)&KTI/I‘ICCKOIZ MPOU3BOAUTCIIbHOCTU

M5’ MOI0XKUTH paBHOM pacueTHOI MPOM3BOAUTENLHOCTH g: .

B 6i10Ke 2 BhIUUCIAETCS MPHUpAIICHUE 3amaca 00JIMIOBOK Ha mojactenHoM mecte [IM1 ms (i - 1)-ro
mara cormacHo Qopmyne (8.3), mpuueM 3HaueHHe [l “HONY4EHO 1O pe3yibTaTaM paGoOTHI
npebIAYIIeH YacTH aJlropuT™Ma. Belm4yrHa 3TOro 3amaca K Hayally i-ro mara BbIUMCIIeHa B OJIOKe 3
cormacHo ¢opmyne (8.4). Jlamee (6mox 4) dopmupyercs BeIHUYUHA g pacdyeTHOU
MIPOU3BOUTENLHOCTH OOJIMIIOBOYHOTO Tpecca Ha z-M IIare. BhIMONHSIEMble MPU 3TOM ONepaluu
AQHAJIOTMYHBI OMTMCAHHBIM BBIIIE IEHCTBUSM MIPH MOJTYICHUN BETHUYUHBI H;"':"-".

Puc. 8.4. Cxema anroputmMa MOJEIMPOBAHUS MTPOLIECCa OOIUIIOBBIBAHHS

B 6moke 5 mposepsiercs ycnoBue (8.5). HeBbimonnenue HepaBeHcTBa (8.5) o3HayaeT, Kak yke
0TMEUaJIoCh, MPOCTOH OOIHUIIOBOYHOTO 00OPYIOBAaHUS Ha I-M IIare u3-3a OTCYTCTBHsI OOJIUIIOBOK. B
9TOM ciydae (aKTHYECKYI0 TMPOU3BOJUTEILHOCTh OOJMIIOBOYHOTO OOOpYIOBAaHMS IOJararmT
PaBHOM HYIIIO.
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Kpome Toro, ¢ momompio 610ka 7 (UKCHUPYETCS YUCIO YacoB, KOTOPOE JaHHOE 00OpYyIOBaHUE
NpOCTaWBalO IO YyKa3aHHOW mpuuuHe. [lepemenHas K B 3ToM OJIOKE MOXET NpPUHUMATH
uenourciaeHubie 3Hadenus 0, 1, 2, 3,..., KOTOpbI€ UCTOJIKOBBIBAIOTCS KaK CyMMapHOE YHCJIO YacoB,
KOTOpBIE TIPOCTOSIIO OOJMIIOBOYHOE OOOPYAOBAHHME H3-3a OTCYTCTBHUS OOJHMIIOBOK 3a BpeMs,
npoiesiee ot Havana 1o (i - 1)-ro yaca pabotel. Kak BuaHO 13 00Ka 6, 3HAUCHHE MTEPEMEHHOMN K
YBEIMYMBACTCS HA €IMHUILY KQXK/IBIHA pa3, KOTJa TaKoi MpocToi 3aMKCHPOBaH.

BrimonHenue ycioBus, 3amMcaHHOTO B OJloKe 5, emie He o3HavyaeT Oecriepe0oiHON padoThI
00JIMIIOBOYHOTO 00OpY/IOBaHUS B TEUCHHUE I-TO Yaca, TaK KakK €ro MPOCTOH MOXKET ObITh BbI3BaH
orcyrcrBueM 3arotoBok JICTII. IlosTomy nanee ananusupyercst MpoLecc packposi IJIUT, HAYUHAs C
dbopMUpOBaHUS TPHUpAIICHHUS WX 3amaca Ha moictomHoM wecre [IM2 - Omoku 8, 9 wu
COOTBETCTBYHOIIHE UM GopMysl (8 .6.) u (8.7).

dakTHueckue 3HaueHus npousBomutensrocty (1o 2 u ML s 6noka 8 Gepyres u3 pacquOB Ha
npeaplaymuX marax anroputma. CornacHo 610Ky 10 dopmupyercs BemuumHa I5 “'pacuerHoit
IPOM3BOAUTEILHOCTH 00OPYAIOBaHUS Ha ydacTke packpos miut st (I - 1)-ro gaca. Kak u s
pebpockiienBaoIIero 000pyJIOBaHUS, O3TO TOXe ciydaiiHas BeiauunHa. O BBIYHUCICHUHM €€
MaTEMATHYECKOTO OXKHUIAHMS YK€ TOBOPHIIOCH BBIIIIC.

B Groke 11 mpoBepsieTcsi, 1OCTaTOYEH JIU 3arac IIUT AJisg paboThl 3TOr0 000pyAOBaHUsS B TEUCHUE
(i - 1) -ro gaca. Eciu na, T0 (akTHYECKYIO BEIMYMHY €ro MPOU3BOIUTEIBHOCTH 32 3TOT MEPUOJ
TOJIAral0T PAaBHOM pacueTHON mpomsBoauTenbHocTH M5 (610K 15). B mpormBHOM ciydae
dbukcupyercs npocroit obopynoBanus (60k 12). Huciio yacoB mpocTosi MOACUUTHIBACTCA B OJIOKe
13. IIpon3BOAMTENBHOCTh JHMHUU PACKpOsi MO BHIPAOOTKE 3aroTOBOK OIpenenseTcss JHO0 1o
bopmyie (8.9), ecimu 0b6opymoBanue padorano B Teuenue (i - 1)-ro vaca, MO0 CUUTAETCS PABHOMN
HYJI0 B ClIydae €ro mpocros. JTo oTrpaxkeHo Omokamu 14 m 16. Jlanee B Osokax 17 m 18
OTIpeIeIIAI0TCS MONyueHHOe Mpupanienue 3amaca 3arotopok JICtIl u BenwumHa 3TOro 3amaca K
Havany I-ro Jaca pabotsl corinacuo dopmynam (8.10) u (8.11). B 6moke 19 mpoepsiercst ycioBue
(8.12). IIpocroit oOopynoBaHusi, CBA3aHHBIN C €ro HapylieHueMm, Gukcupyetcs o6mokamu 20 u 21.
Brimonnenue ycnoBus (8.12) emie He oO3Ha4YaeT OTCYTCTBHSL TpocTosi obopynoBanusa. Hamo
JOTIOTHUTENIFHO YOeTUThCS B TOCTATOYHOCTH 3amaca o0nuioBoK. OIHAKO COTIacHO npem,mymen
YaCTH aJITOpPUTMA - OJIOKU 5 U 6 - pU HEAOCTAaTKEe OOJIMIIOBOK 3HAYCHUE HpOI/I3BOI[I/ITeJ'II>HOCTI/IH
MoJIaraloT paBHBIM Hym0. [lodTomMy Temepp AOCTATOYHO JHIIb TPOBEPHUTH, MOMydWIa JIU
nepeMeHHas H};Q'HyneBoe 3HaueHue (6ymok 22). Ecom jga, TO OHO coxpaHsieTcs; €ClIM HeT, TO
(baKTUYECKYI0 TTPOU3BOIUTENIBHOCTh OOJUIIOBOYHOTO O0OPYIOBAaHUS IMOJIAral0T PaBHOW BEIUYUHE
pacyeTHO MPON3BOAUTEILHOCTH f1”. BBIYHCIICHHOM panee - 6110k 4. DTo0 mociegHee NprUcBauBaHNe
BBITIOJTHEHO B O1I0Ke 23.

MpsI paccMaTpUBAIH IO CHX TIOP JIMITH OJMH BHJI IPOCTOEB 000PYIOBAHUS W3-3a OTCYTCTBUS CHIPhS
win  nonypabpukaroB, moanexammx o0paboTke. 3HAYUTENBHBIM HMHTEpEC MPEACTaBIsSET
MOJICIIMPOBAaHNE HAJIEKHOCTH M pPEeMOHTa obOopymoBaHus. [[ns 3TOro Hamo 3HATH (QYHKIHUIO
pacmpefieieHusi WHTepBasia 0e30TKa3HOW paboTel oOopymoBanus. C ee MOMOIIBIO MOTYYarOT
3HA4YCHUs] MOMEHTOB BPEMEHH BBIXOJA €ro M3 cTposi. Jlajmee MOAeIHpyrTCs MPOAOIKUTEFHOCTD
pEeMOHTa W, TpPH HEOOXOAMMOCTH, 3aTpaThl Ha HETO WM OIEpallH, CBS3aHHBIE C 3aMEHOU
o0opyoBaHus. AHAJIOTHYHBIM 00pa3oM MOXKHO MOJICIIHPOBATh KAadeCTBO MPOIYKIIMH 3Has
GYHKIMIO paclpeneieHus] 4Yucia OpaKOBaHHBIX W3JETUH, WM HCCIenoBaTh 3(PQGEKTUBHOCTD
(YHKITHOHUPOBAHHS 00BEKTA C TTIOMOIIIBIO TIOIXOISIIET0 KOJMISCTBEHHOTO ITOKa3aTells; HalpuMep,
[IEHHOCTHOTO BBIX0/1a POAYKIIUH JJIsi TPOU3BOJICTBA MHJIOMATEPHAIIOB.

ITocne mocTpoeHus aropuT™Ma MOJAEITMPOBAHNS IPUCTYNAKOT K COCTABJICHHUIO Tporpammsel Ha OBM,
peanusyromieil pa3paboTaHHBINA anropuT™. [ ITOrO0 MOTYT HCIOJIB30BAThCS KaK YHHUBEPCAIbHbBIE
S3bIKH TIporpammupoBanus - Cu, Ilackanb, belicuk u T. 1., - TaK U CHENHATU3UPOBAHHBIE A3BIKU
uMUTaMoHHoro moaenuposanus tuna JIMHAMO, CUMY A, GPSS u np.

Mogenb, peaqu3oBaHHAs B BHJIE KOMITBIOTEPHOW MPOrpaMMBbI, TIOJBEPracTcs IPOBEpKEe Ha
COOTBETCTBHUE €€ peallbHOMY 00beKTy. Eciu 37ech Mony4YeH yIOBIETBOPUTENBHBIN pe3yiabTar, TO
MPUCTYNAIOT K IMPOBEIEHUIO HCcleAoBaHUNA Ha Monenu. Kak yxe oTMeyanoch, Ha 3TOM 3Tame
[IMPOKO HCIIONB3YIOTCS METOMABI TUIAHUPOBAHUS MHOTO(AKTOPHBIX AKCIEPUMEHTOB, MOITOMY
pemaeMblid  37€Ch Kpyr 3aJad M TMOCJEeA0BATEIbHOCTh JEWCTBUM BO MHOIOM CXOJHBI C
IUTAHUPOBAHUEM HATYPHBIX JKCIEPUMEHTOB. DJTO, B YaCTHOCTH, BBIOOpP BHJAa PETPECCUOHHBIX
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3aBUCUMOCTEH U DKCMEPUMEHTAIBHOTO TIJIaHa, ONpeelieHue o0bemMa BIOOPKH U T.1. Bo3HUKAIOT 1
cneunduyeckre mpodIeMbl, CBA3aHHBIE UMEHHO C 3KCIepUMEHTHpoBaHWeM Ha DBM, Hampumep
WCIIOJIb30BAaHUE METOJIOB YMEHBIICHUS JUCIIEPCHUU, KOTOPBIE IMO3BOJSIOT YBEIMYHTh TOYHOCTH
OIICHOK TPU 33JIaHHOM O0BEME BBIOOPKH WJIH, HA00OPOT, MpPHU 3aJaHHOH TOYHOCTU OIIEHOK
YMEHBIIUTh HEOOXOUMBIN ee 00beM. Bompock! miiaHupoBaHus SKCIEPUMEHTA IPH UMUTAITMOHHOM
MO/ICJIMPOBAHUU OCBEIICHBI B [16].

HcciaenoBanue 3arpy3Kku HaAKOIUTEsA 6pycLeB METOAOM UMUTAIIMOHHOI'0O MOAECTUPOBAHUA

[IpuMep HMMUTAIIMOHHOTO HCCIENOBaHMS, pa3oOpaHHBId B 1.8.3, mpeamosarajl pacCMOTPEHHUE
COCTOSIHUI 00BEKTa - Mpoliecca OOJUIIOBBIBAHUSA - Yepe3 OIpe/ieJICHHbIE MPOMEXKYTKH BPEMEHU
OJIMHAKOBOHM TMPOJODKUTENILHOCTH. BenuunmHa 3TOro mpomekyTka Obuta BblOpaHa paBHOW 1 4.
[TpuBOIMMBIIA HUXE IPUMEP WILTIOCTPUPYET UHOM cr1oco0 3ajaHus BpEMEHHU IIPU MOJIETTUPOBAHUH.
[Tycts TpeOyeTcst uccnenoBaTh BIMSHUE pa3dopoca JUIMH OpeBeH, COOTHOUICHUsI CKOPOCTEH Mogauu
JIECONMUJIBHBIX paM IEpBOTO U BTOPOrO psiAa, a TakKKe BPEMEHHM MEXTOPIIOBOTO pa3pbiBa Ha
MPOM3BOIUTENFHOCTD JIECOMMIIBHOTO MTOTOKA U 3arpy3Ky HAKOMUTEINS OPYChEB.

Eciu k MOMEHTY OKOHUYAHUSI PacKpos odepeAHOro OpeBHa Ha JIECONMMJIBHONW pame MEepBOro psaa
pama BTOpOTO psifia ycresia 0CBOOOJUTHCS, PACIIIUB MPEABIAYIINN Opyc, TO BHOBb HOJTYYECHHBIN
Opyc yepe3 OpycorepekiaayuKk MocTymaeT Ha Hee Oe3 3ajmepkku. Ecnu ke 3Ta pama 3aHATa, TO
ouepeHON  Opyc, TMOMJISKAIIMKA  PAaCcHWIMBAHUIO,  3aJep)KMBACTCS  HA  HAKOIUTEIEe
Opyconepeknanyuka. OueBUIAHO, YTO HaWMeHee ONarompusTHas CHUTyalus, C TOYKH 3pEHUs
3aJepKKU Opyca B HAKONHTENE, BOSHUKAET, KOT/Ia BCIEA 3a JIMHHBIM OPEBHOM Ha pacIHMIMBaHHE
MOCTYMAaeT 3HAYUTENIbHO 0oJiee KOpOoTKoe. B 3TOM ciyyae neconuiibHas paMa BTOPOro psiaa OyneT
HAJIOJITO 3aHATa PACIMJIMBAHHWEM JUTMHHOTO Opyca, IMOJy4eHHOrO M3 MEepBOro OpeBHA, a BTOPOH
Opyc, kKak Oonee KOpPOTKHH, OyaeT OBICTpPO MOMY4YeH Ha pame MepBoro psaa. Takum oOpaszom,
CpelHee YnciIo OpEeBEH B HAKONUTEIE, a CIEI0BaTENbHO, U MPOU3BOJIUTENBHOCTh IIOTOKA B IIEJIOM
3aBHCST OT COOTHOILEHHUS CKOPOCTEH IMOJauu JIECOMUWIBHBIX paM MEPBOTO W BTOPOrO psaa M, Io-
BUJUMOMY, OT pa30poca JAJIuH OpeBeH.

AHaJINTUYECKOE UCCIIEIOBaHUE 3THUX 3aBUCUMOCTEH JOCTaTOYHO CIOXKHO. B nanHOM ciywae miis
JOCTHKEHHUSI II€JIM  HCCIIEOBaHUsS 1€1eco00pa3HO  3aJaTbCcs HEKOTOPhIM  HaOOpoM  JUIMH
ofpeieNieHHOro koiaruecTBa N OpeBeH U MOCe10BaTeIbHO MPOCIEAUTh BO BPEMEHH MPOXO0KIACHUE
KaXJIOTO W3 HHUX Yepe3 JIECONMJIbHBIE pamMbl TEPBOTO W BTOporo psga. Ha ocHoBe aHamm3za
NOJYYEHHBIX JIaHHBIX MOXKHO YCTaHOBUTh MHTEpECYIOILMe Hac 3aBHCcHMOCTH. [lnnHa OpeBeH,
MOCTYMAIONIMX Ha paclWiINBaHWE, - CiIydaiiHas BenwywHA. [[JIs TOro 4ToOBI BOCIIPOW3BECTH €€
3HaueHus Ha OBM, crnenyer BbICKa3aTh NPEINONOKEHHS O XapakTepe CTaTUCTUYECKOTro
pacrpeneneHus 3TOi BeTMYUHBI M €r0 TTapamMeTpax.

Bynem cuutarhb, 4TO 3HAUEHUS JAJIMH OpPEBEH MOJUYHUHAIOTCS HOPMATIBLHOMY 3aKOHY paclpeaeeHus ¢
3aJJaHHBIM MaTEMAaTHYECKUM OKUaaHueM M u qucrepcueii a”.

Ha puc. 8.5 mnpuBeaeHa cxema anropurMa MOAETUpOBaHMA. BBexneM o00o03HaueHHs s
XapaKTEPHBIX MOMEHTOB BPEMEHIH (YHKIIMOHUPOBAHUS CHCTEMBI.

[Tycts £, i t. MOMEHTEI Hauasia W OKOHMAHHs PacTHIHBAHNS I-ro OpeBHA Ha JIECONMMIBHON pame
nepBoro psga. Ans 1-ro 6peBHa MoNI0XUM t" PaBHBIM HYJIO - OJIOK 2. 3HaYeHUe nepeMeHHon K B
Osioke 3 - »TO ObIIee YKciIo OpyCheB, 3a7ep>KaHHBIX B HAKOMHUTENE, KOTOPOE TMOJararoT paBHBIM
HYTI0 K MOMEHTY Hauana paboTsl cucTeMmsl. ITycth ! - mqmuHa i-ro GpeBHa, MOCTYMAIOIIETo Ha
pacnunuBanue, ¢ = 1.2,....N. Jlng ¢opmupoBanusi ee 3HaueHus Ha OBM B kaxaom ciydae
oOpamtatores k noanporpamme III11 - 6ok 4. DTo moamporpaMmma reHepUpOBaHHS CIydalHBIX
HHCEN, PACTIPE/ICNCHHBIX MO HOPMAILHOMY 3aKOHY C MaTeMaTHUECKHM  OXHIaHHEM M u
nucniepcueil «?. BenuuuHa t;” 04€BUIHO, GOJBILE, YEM t Ha BpeMS pacHWJIMBAaHUS JIaHHOTO

1

6peBHa, KOTOPOC paBHO — , [AC ¥4 - CKOPOCTH IMOJa4n JICCOMMJILHOM paMEbl IEPBOTO psAaa. HOBTOMy,
Vi

010K 5,

- o il o
prC u3 I-ro 6peBHa, BBIIIMJICHHBIM B MOMCHT t::-, qepe3 HeKOTOprI/I HpOMe)KyTOK BpeMeHI/I A]_
momagact B HAKOIIUTCIIb 6pyCOHepeKJIaI[‘II/IKa. STOT MOMCHT 0603Han/IM I‘Iepe?)
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t;:ﬂ: téﬂ = tj + 4,60k 7. BenuuuHa 4, sBiAeTCS CIy4alHOM H3-32 BO3MOXKHBIX 33J€p)KEK IpU
IPOJIOJILHOM U TIONIEPEYHOM JBMKeHUH Opyca. OHa hopmupyercs noanporpammoii I1I12 - 610k 6.

Ecnu paccmarpuBaeMslii i-if Opyc sSIBIISICTCS IEPBBIM, TO OH 0€3 3aep)KKH MOKUAAET HAKOIHUTENb U
nepeMeIaeTcs K JISCOMWIbHOM paMme BTOporo psiaa. Jliist mpoBepKu, ABJSETCS JIM JaHHBIH I-i Opyc
HEPBbIM, CIY)XUT OJIOK 8 mHpoBepkH ycinoBus. B naHHOM ciyyae NpoBepsieTCs BBINOJIHEHUE

paBeHnctBa | = 1. Eciii 0HO BBIMONHSIETCS, TO OCYIIECTBIACTCA NEPEXOLL O CTPEIIKe Ha , 1. e x
010Ky 9, TIIe BBINOJIHSAETCS MpPUCBaWBaHUE t" = t" 31ech - MOMEHT Hayajia JBI)KEeHHUs Opyca u3
HAKOIUTEJIS.

UYepes cimyqaifHbIit MPOME3KYTOK BPEMEHH A; B MOMEHT t" HAYMHACTCS PacHHUIMBaHuUE i-r0 Opyca Ha
paMe BTOPOTO psija: t'j = t" + 4,, 0ok 11. Benmuuuna 4; popmupyercst nmoanporpammont 1113,
ook 10. MomeHT tEﬁOKOanHI/m pacnwiuBaHus  I-r0 Opyca ONpPEAessieTCsl BBIPAKECHHEM,
aHajoruyHeiM Gopmyiie (8.14) - 6110k 12, - rae vz - CKOPOCTh TIOIaYX PaMbl BTOPOTO PsJIa.
Hanee newaraercss HeoOXomumas uH@opmanus - Omox 13: cymmapHoe uucio K Opyches,
3a/lep’)KaHHbIX B HAKOMNMTENE, U 3HAUEHUS XapaKTEPHBIX MOMEHTOB BPEMEHMU tjf"';um KaXK0ro
OpeBHa u Opyca, j = 1, 2,...,6.
brnokom 14 ocymectBusieTcss mepexol K ciedyroimeMy OpeBHy. B Omoke 15 mpoepsercs, He
IPEBOCXOIUT JIM HOMEp OuYepeqHOro OpeBHa 3amaHHOro uyucia N OpeBeH, NOJUIeKAIINX
paCIHIHBAHUIO. Eciu i1 > N, To paborta mojenu 3asepiiaercs. [Ipu i< N paccunThIBacTCs MOMEHT
BPEMEHU ¢, " nomaun ouepeaHoro OpeBHA B JIECOMWIBHYIO paMy NEpBOro psiaa - 6ioku 16 u 17.
bpeBHa B Hee MOCTYIAIOT ¢ HEKOTOPBIM MEKTOPIIOBBIM pa3pbiBoM. CiyyaliHbIi MHTEPBAJI BpEeMEHU
MEXIy OKOH4YaHHeM packpos (I- 1)-ro u HavasoMm packpos i-ro OpeBHa Ha 3TON pame 0003HAYMM
yepe3 Az. Tornja MOMEHT Hayana packposi KaKI0ro u3 OpeBeH, HauuHasi CO BTOPOTO, ONPEAeIseTCs
o opmyre
t'1 —t."ﬂ+,ﬂ!, omok 17. 3nauenue Az dopmupyercs noamporpammoii I1I14 - 6mok 16. 3atem
MIPOMCXOIUT BO3BpAT K OJIOKY 4, B KOTOPOM (hOpMUPYETCsl 3HAYCHHE JUITMHBI 09E€PETHOTO OpeBHA, U
T. 1.
OOpaTumcst BHOBb K 0JIOKY 8 U paccMOTpUM, Kak pabOTaeT MOJEJb, €CIIM UMUTHPYETCS PACKpoil
BTOPOTrO WM OJHOTO M3 CIeAyroumx OpeBeH. B aTom ciyuae i #1, moatomy Benen 3a GiokoM 8
BI)IHOJ'IHSIGTCSI omepanus 1o crpenke Hem , T. e. mepexoa K 6510ky 18. 1o 610K MPOBEPKHU yCITOBUS
+ ‘l:'. = t [i—1)
B NpaBOM €ro 4acTH CTOUT MOMEHT OKOHYaHHs packpos mpensiayinero,(i - 1)-ro Opyca Ha
JeconuibHON pame BTOoporo psga. CymMma B JIeBOW 4acTH - 3TO MOMEHT BPEMEHH, B KOTOPBIH
ouepeaHoM, I-i, Opyc MOAOWIET K 3TOW pame, €CIU OH 0e3 3aJepKKH MOKHHET HAKOIUTEIb.
Beinonnenune HepaBeHcTBa (8.15)03HauaeT mo3ToMy, 4TO K JAHHOMY MOMEHTY JICCONMIIbHAS pama
yCcreeT 0CBOOOIUTHCS TIOCIIe pacUIMBaHus Ipeablayiero opyca. B atom ciiydae ouepenaHoii 6pyc
ZIOJDKEH Cpasy NMOKHHYTh HAKOMHTEINb - o6moku 9, 10 u 1. 1. HeBwimonnenue HepaBeHcTna (8.15)
O3HAYaeT, YTO B MOMEHT £, + 4, pama ellle 3aHsITa. _
CIe/loBaTebHO, OUEPEHOH Opyc JO/KEH OBITh 3ajepkKaH B HAKONUTEIE JO MOMEHTA f, -
OCBOOOXKJICHHSI C Y4YE€TOM BpPEMEHHU .ﬂn Ha TpoJBMXKEHHE Opyca K pame. MOMEHT Hayajia ero
MEpPEMEINIECHUS K HAKOTIUTEO PABEH t" =t s 4,.6m0k 19. ®DakT 3agepKKu Opyca B HAKOTIUTEIE
(uKCcHpyeTcsl yBeTHUSHHEM Ha €AMHUILY 3Ha4YeHUs nepeMeHHou K - 6mok 20. Jlanee BbIMOMHSIETCS
Nepexo/l K y’Ke pacCMOTPEHHOM yacTH cxemsl - 6moku 11, 12 u 1. 1.
WmuranmonHas Monenb, MpakTUuecku peanuzoBaHHas Ha EC DBM, HecKoONbKO cloXHee, ueM
onucaHHas Bellie. OHA MO3BOJSET JOMOJHUTENBHO PACCUMTaTh MaKCHMAaJIbHOE YHUCIO OpYCheB,
OJTHOBPEMEHHO HaXOMBIINXCS B HAKOMUTEJE, a TAKXKE OOIIYIO JUIMTEIbHOCTh MPEObIBAaHUS UX TaM.
PaccmoTtpum pe3ynbTathl MoJenupoBaHus packpost 10 OpeBeH, rmociieoBaTeIbHO MOCTYNAOIINX Ha
pacnimnuBanue. Ilpeamnonaranock, 4To JyiMHa OpeBEH - HOPMAJbHO pacHpeieNieHHas clydaiHas
BEJIMYMHA C MATEMATHYECKIM OXuanueM M = 5.5 M u mucniepcueii o = 1; MPOMEKYTKH BPEMEHH
Ay, A; uA; cmyvaiiHbIe BEJIMYMHBI, PaBHOMEPHO pacripeiesieHHbIe Ha OTpe3Kax
6.5= A;=17.5: 95 = A;= 105 0 =4; = 1. [loatomy oOpamienue k noanporpammam I1I12 | TII3 u
[1I14 npencraBnsier coOoif (akTuuecku oOpameHHMe K OJHOW W TOH K€ TMOANpOorpaMme
TeHEpUPOBAHUS PAaBHOMEPHO pAaCMpeAeSCHHBIX CIY4alHBIX YHCEN, HO MPH Pa3HBIX 3HAYEHMSIX
napameTpoB pacmnpezeneHus. CKOpOCTH IMOAa4YM JIECONUIIBHBIX paM MEPBOTO W BTOPOTO psiza
COOTBETCTBEHHO paBHbI 13 1 14 M/MuH.
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DKcrepuMeHTaIbHbIC JaHHBIC CBeACHBI B Ta01.8.3. B neBsToil rpade mpuBeaeHO BpeMs T, MPOCTOS
JIECONMILHOH paMbl BTOPOrO psja IIEpe] PacKpOEM OYEpemHoro Opyca, paBHOE Pa3HOCTH
t;ﬁ - tgi'ﬂ. I'paca 10 comepxuT qaHHBIE O BpEMEHHU TH MPEOBIBAHMS KaXKI0To Opyca B HaKOMHTEIIE:
Kak BHIIHO, 3TO BpeMs OKa3ajioch HEHYJIEBBIM s OpycbeB 2 U 6 BCIEICTBUE TOrO, YTO JJIS
KaXXI0ro U3 HUX HepaBeHCTBO (8.15) He BhimonHsercs. OOmias IIMTENLHOCTh MPEOBIBAHUS BCEX
OpycheB B HakomuTele paBHa 2,19 ¢, mpuyemM OJHOBPEMEHHO B HAKOIUTENE HAXOIUIOCH HE Ooee
oaHoro O6pyca. CymmapHas JUIMTEIBHOCTh PAcKposi Bcex OpeBeH u OpycheB cocraBmia 309,44 c.
Ona paBHa MOMEHTY OKOHYAHUS PaCIMJIMBAHUSI [TOCIIEIHETO, IECATOr0, Opyca.

Ha umuTaninoHHONW Mozenu ObLI MOCTaBJI€H MHOTO(GAKTOPHBIM SKCIEPUMEHT COTJIACHO MOJIHOMY
daxropromy ruiany 2°, conepxkamemy 16 ombitos. BapbupoBamucek crexyioume 4 (axropa: Xi-
cpelHee KBaJpaTHUECKOe OTKIOHEHHE IJIMH OpeBeH; Xy - CKOPOCTh MOJAauu JIECOMUIBLHOM pambl
NEepBOTO psifa, M/MUH; X3 - CKOPOCTb IOJIa4H JIECONMMJIBHONW paMbl BTOPOTO psna, %, K BeTUYHUHE
Xy; X4 - cpegHee 3HaUCHUE BPEMEHHM MEXTOPLIOBOrO pa3phiBa X4 = Az. JIMana3oHbl BapbUpOBaHUs
dakropoB: 083 =X,.m = 1,15 10 = X, m/MuH,= 16; 100 = X;,%. < 120; 0 < X,,c. = 3. OcranbpHbe
YCIIOBUS SKCIIEPUMEHTA T€ e, UTO U B PACCMOTPEHHOM BBIIIE OTAEIHHON cepuu ONbITOB. Kaxabiit
OTIBIT COCTOSUT B UMHUTAIUHU packposi 20 OpeBeH u OpycheB. B kauecTBe OTKJIMKAa (UKCHPOBAIIACH

06]].[8.}1 AJIUTEIIBHOCTD paClIUJIMBAHUA OTUX 20 6peBeH u 6py0E>eB, C.
Howme t'J:' t:l;_zj t;z} t;z} t;ij t';:' t:} T, T, E"E ﬂ'i ﬁ:
p
OpeBH
a
1 6,4 |00 29,92 | 46,69 | 46,69 |56,69 | 8100 |00 |00 |05 |16,7 |10,0
2 8 30,27 | 53,08 | 70,50 |70,89 |81,00 99,54 |00 |03 |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 | 1250 | 1250 |1 6 6,0/ 0,0 |5 3 2
3) 108,7 |7 153,7 | 153,7 | 134,8 | 157,1 |6,78 |00 |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 {493 |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 | 2034 | 10,7 |00 |07 |16,9 |7
10 6,0 |6 181,2 |2 2 2 9 0 00 |4 8 9,66
8 182,0 |3 220,2 | 220,2 |208,4 |226,7 6,60 |00 |03 174 |104
44 17 203,0 |6 6 2 6 00 (9 5 1
7 2036 |1 2478 | 247,8 |230,1 | 2472 0,8 |16,7 |9,93
48 |7 2306 |0 0 9 1 7 9 10,1
9 231,1 |3 276,1 | 276,1 |257,9 | 279,8 08 (172 |1
45 |0 259,5 |7 7 1 2 4 5 10,2
4 5 286,4 | 309,5 06 (171 |5
5,8 2 4 6 7
4 04 |16,6
6,1 7 2
6

I[To pe3ynbTaTaM CTaTUCTUYECKOW 00pabOTKH IKCIEPUMEHTAIbHBIX JAHHBIX OKa3alach aJIeKBaTHON
JUHEWHasl perpecCuoOHHasl 3aBUCUMOCTh OTKJIMKA y OT HOPMAaJIM30BaHHBIX (DAKTOPOB X1, X2, X3, X4,
KOTOpBIE CBA3aHbI C HATYpaJbHBIMU (hakTopamu X1, Xo, X3, X4 clieAy0IUMU GopMyIaMu:
x, = (X -1)/0.15 x,=(X —-13)/3;
Xy = {X! —100): Xy = {Xi —1,5)/1.5;

OTa 3aBUCUMOCTh uMeeT Bua y = 607,8 - 129,9x; - 3,16x3 + 2195x4. Kak u cnenoBano oxuaars, ¢
POCTOM CKOPOCTH TMOJAuu JIECOMMIBLHON paMbl MEPBOro psija - GaxTop Xz - MPOJOIIKUTEIHHOCTD
pacnmiMBaHus yMeHbIIaeTcs, by < 0, mpryeM 3TOT GakTop OKa3bIBaeT JOMHUHHPYIOLIEE BIUSHUE HA
OTKJIMK TI0 CPaBHEHHIO CO BCEMH OCTAIBHBIMH: KOd(pQuuueHT D, 1m0 aOCONMIOTHOW BETHMYMHE
3HAYUTEIBHO OOJBIIE BCEX OCTANBHBIX JMHEHHBIX KOA(QUIMEeHTOB perpeccuu. Beien 3a HUM 1o
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CTENEeHH BIUSHUS UIET (pakTop X4 - CpefHee BpeMsl MEeXTOPIIOBOro pa3pbiBa. C ero yBeandeHueM
OTKJIMK BO3PACTAET, YTO TAKXKE JIETKO OOBSICHUMO.

Yewm Oosbirie 3HaueHue ¢akropa X3, TeEM OBICTpPEe PaCHUIUBAIOTCS OPyChs Ha JIECOMMIBHOW pame
BTOpOro psina. Ho obiiee Bpemsi packposi Bcex OpeBeH U OpYyCheB YMEHBIIUTCS O] BIUSHUEM
pocta X3 TOJIBKO BCIIEJCTBHE YMEHBIIECHUS BPEMEHH pACIUIMBAHUS TeX OpychbeB, KOTOpPbHIE
OCTaJNCh B HAKOIMUTEIE K MOMEHTY 3aBEepIICHHS PaOOTHl JIECOMUIBHOW pambl MEPBOTO psija.
Juanazonsl BapbUpoBaHUS (GakTopoB X3 U X; BbIOpaHbl TaKUMH, 4YTO B JIIOOOH MOMEHT B
HaKOIIUTEJIe OKa3bIBaeTcsa He Oojiee JBYX, a yallle OJUH WK HU oaHoro Opyca. [loatomy BiusiHue
(dakTopa X3 HEBEIUKO IO CPABHEHHUIO C BIHMSHUEM MepeMeHHBIX X M Xz. C pocTOM 3HAYCHHIA
daxTopa X3 cpenHee 4nciao OpycheB B HaKomuTene yBenuunBaeTcs. OJTHaKO, MOCKOJIBKY B JAHHOM
ClIly4ae 3TO yBEJIMUYEHUE HEBEIIMKO, €T0 BIMSHUE 0Ka3aJ10Ch HE3HAYHMbIM.

3aanue BpeMeHU B HMHTAIMOHHBIX MOIeJIsIX

s 3ajaHus BpeMeHU B MMHUTALMOHHBIX MOJIETSX MCHOJB3YIOT JIBa OCHOBHBIX criocoba: 1) meron
(UKCUPOBAHHOTO Iara; 2) MeToj nepeMeHHoro mara. CorjacHo MeToAy (UKCHPOBAHHOTO IIIara
COCTOSTHUE BCEX 3JIEMEHTOB CHCTEMbl AHAJU3UPYETCS uepe3 IMOCTOSHHBIE, JOCTATOYHO MaJble
IpPOMEXYTKH BpeMeHU At MHbIMM cioBaMM, ¢ MHTEpPBAIOM At, BEIUYMHA KOTOPOTO BBIOMpAETCS
3apaHee, MEPECUYUTHIBAIOTCS 3HAUEHUSI BCEX IMOKazareneil Moxaenupyemoro oowekra. B m.8.3, rae
3TOT METO/] UCIOIb30BAJICA, BEIMUMHA At COCTABIIsAIA OJJUH Yac.

[Ipy MonmenwpoBaHUM IO METONYy TNEPEeMEHHOTOo Iara MpeArnojaraercs, 4YTo Uit
(YHKIIMOHUPOBAHUSI CUCTEMBI CYIIECTBEHHBI HEKOTOPbIE IPOMCXOASAIIUE B HEH COOBITHUS.
CocrosiHHE CHUCTEMBI COIVIACHO JAaHHOMY METOJAY aHaJU3HpPYETCs TOJbKO IpPU HACTYIJICHUU
o4ucpeaHoro COOBITHS HE3aBUCHUMO OT HHTCPBAJIOB MCKAY HHUMU. 9T1oT METOL OBLII MCIIOJIL30BAaH B
npumepe 1.8.4, I/ie CYHIECTBEHHBIMU COOBITUSIMU OBLTM HA4YaJo U OKOHYAHUE PACIHIMBAHUS
Kax1oro OpeBHa u Opyca, a TaKk)keé MOMEHTHI TOCTYIUICHUSI OpyCheB B HAKOIUTENb U BBIXO/A W3
HETO.

BOHpOC O MIPUMCHCHHWH TOr0 HWJIM HWHOIO METOAAa PpCIIACTCA HWHAUBUAYAJIBHO I KaXAO0T'O
KOHKPETHOT'O HCCJIEIOBAHMS, B 3aBHCUMOCTH OT €ro IeJM M Ha3HA4eHUs MOJENHd, Xapakrepa
00bekTa, TpeOyemMoW TOYHOCTH pE3yJIbTaTOB M psga Apyrux ¢daxktopoB. [lms Mopenei ¢
(UKCUPOBAHHBIM IIIarOM HET BO3MOXXHOCTH TOYHO BOCHPOU3BECTH MOMEHT HACTYIUICHHUS
0YepEeHOTO COOBITHS, MMOATOMY Ba)K€H BBIOOp Imiara At. DTOT MeETOJ MpEeANouTUTENbHEeEe, €ClId B
CHUCTEME TMPOHMCXOAUT OOJNBIIOE YHCIO COOBITHHA pa3NTUYHON MPHUPOMBI, UYTO XapakTEpHO, B
YaCTHOCTH, IJIA MHOFOCTaI[HfIHBIX TEXHOJIOTHUYCCKUX IMPOLCCCOB, €CIN 3TH COOBITHS MOSBJIAIOTCS
Oonee unu MeHee peryispHo. Monaenun ¢ (UKCHPOBAaHHBIM IIIarOM YacTO HCHOJB3YIOT TS
OMmruCaHusg CHCTEM, MPECACTABIISICMBIX HCIIPCPBIBHBIMHU MATCpUAIbHBIMU IMOTOKAaMHU, 00 IOTOKaMH
uHpopmanuu. [Ipu ucmonbp3oBaHUM METOAA MEPEMEHHOrO Iara, B OTJIMYME OT MPEIBIIYIIEro
METO/Ia, OTCYTCTBYET TMOTPEIIHOCTh B OINPEJACICHHH MOMEHTa HACTYIUICHHUSI CYIIECTBEHHOTO
COOBITHSI. DTOT METO/ YaCTO IPUMEHSIOT IPU HEPABHOMEPHOM TOSBICHUH COOBITHII BO BPEMEHH.

4.3. JlabopaTopHble padoThI

Buo
3aHaAmuA 6
Ao Homep Haumenosanue mem ) Obven unmepakmuavnoﬁ,
wn paszdena RpaKmuuecKux 3aHamuil (wac.) akmusnot,
oucyunIunbl UHHOBAUUOHHOIL
opmax,
(uac.)
1 1. MojenupoBaHUe TEXHOJIOTUYECKUX MPOIECCOB 0,5 -
JIECHOTO IPOU3BOJCTRA.
2 1. UccnenoBanne 3¢ ¢peKTHBHOCTH  CHOCOOOB 0,5 -
packposi HEOOPE3HBIX OCOK Ha 3arOTOBKH.
3 2. UccnegoBanre  BIMSHUS —~ TEXHOJOTUYECKUX 1 -
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(dakTopoB Ha KOI(PPHUIMEHT HCIOIH30BAHUS
MalIMHHOTO BPEMEHU 00PE3HOr0 CTaHKa.

4 2. MopenupoBanue mponecca pocTa JIECHOTO 1 Huckyccus
MaccCHBa. (1 gac)
5 3. MopenupoBanue MIPOU3BOICTBEHHBIX 1 Hduckyccus
MTPOIIECCOB. (1 gac)
HUTOI'o 4 2
4.4, TlpakTHyecKHe 3aHITUHSA
Buo
3aHAMUA 6
Ao Homep Haumenosanue mem ) Obvem unmepaxmueynoﬁ,
i paszoena HpaAKmMuuecKux 3aHAmuil (wac.) akmueHot,
oucyunIuHbl UHHOBAUUOHHOIL
dopmax,
(uac.)
1 1. Meton cHHTE3a OJHOMEPHBIX CHCTEM YIIpaB- 1 -
JICHUS
2 1. Uccnenosanue MHOTOMEPHBIX 00BEKTOB 1 -
yIpaBIeHU
3 2. OnTuMu3anysg — OPOU3BOACTBEHHOrO  IUIaHA 1 Huckyccus
METOA0M JIMHEHHOT0 POrpaMMUPOBAHMS (1 gac)
4 3. MojenupoBaHHe CHUCTEM MacCOBOTO OOCITYKH- 1 Huckyccus
BaHUSL. (1 gac)
HUTOro 4 4

pabora, PI'P, pedepar.

VY4eOHBIM MJIAaHOM HE IIPETYCMOTPEHO.

4.5. KoHTpo/IbHbIe MEPONIPUSITHS . KYPCOBOii NPOEKT (KypcoBasi padboTa), KOHTPOJIbHasI
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIIVIMHbI

Komnemenyuu Komnemenyuu Buo
Ne, naumenosanue Kon-éo | OIIK | IIK | IIK 2 Ouenka
Paszoenoe OuUCUUNIUHbBL uacoe 1 2 12 Komn. TCP’ wac Y qeénwf pe3yibmamos
3aHAMUIL

1 2 3 4 5 6 7 8
1. BBeneHue B MaTeMaTHYECKOE MOJICITUPOBAHIE U OCHOBHEIC 56 + + + 3 18,6 JIk, I13, JIP, CP JK3aMeH
MOHSITHSA. 3a]]a4X ONITUMU3AIUH.
2. OCHOBHBIE TOHATHS JHUHEHHOTO TPOTPAMMHPOBAHUS. 59 + + + 3 19,6 JIxk, I13, JIP, CP 3K3aMeH
Cummnekc-meron.  JIBoHCTBeHHass  3amada  JIMHEHHOTO
MPOrpaMMHUPOBAHUS.
3. TpancnioptHas 3amava. HenmHeitHOoe mporpamMMmupoBaHHe. 56 + + + 3 18,6 JIk, I13, JIP, CP 3K3aMeH
MeTopI UMUTAIIMOHHOTO MOZCITHPOBAHUS.

6cez0 4acoe 171 56,8 | 56,8 | 56,8 3 57
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6. HNEPEYEHb VYYEBHO-METOIMYECKOI'O OBECHEYEHHUS  JJIA
CAMOCTOATEJBHOU PABOTHI OBYYAIOIIIUXCA 11O AUCHUIIJIMHE

1. IImxypun A. A., Ilmwkypun A.A., MojaenupoBaHue | ONTUMHU3AIMSA TPOIECCOB
nepeBoobpabdoTku: YueOuuk. — M.: MI'VJI, 2004. — 375 c.: u.

2. Eropor B. A., I'mymkoBckuii A.A., OCHOBbI MOJCIMPOBAHUS W ONTUMH3AIUN TIPOLIECCOB
JnepeBooOpadboTku. Metoapl MoaenupoBanus: YueOHoe nocooue. JI. JITA, 1988, - 80 c.

3. MoaenupoBaHue IpoOLECcCOB M cUcTeM yrpaBieHus : yueOnuk / FO. H. Anmaros. — bparck :
bpl'Y, 2015.-140c.—b. 11

7. TIEPEYEHb OCHOBHOH " JOHNOJHHUTEJBHON JHUTEPATYPBHI,
HEOBXOJINMOMU J1JIs1 OCBOEHUA JUCHUITJINHBI

Buo Konuuecmeo
u akszemnaapos | Obecneuen-
Ne Haumenosanue uzoanun 3ana-

i it 8 Hocmy,
mex )
Uli, 173) | OuOnUOMEKe, (3x3./ ye.)

IT.
1 2 3 4 5
OcHoOBHas1 JIUTepaTypa
L Anmnaros, FO.H. MoaenupoBaHue mpoieccoB U CUCTEM JIk 24 1,0

yrnpasnenus : yaeonuk / FO. H. AnmaroB. — bparck :
bpl'Y, 2015. — 140 c.

2. Anmaro, FO.H. Maremarnueckoe MoaeIMpOBaHUE 113 23 1,0
IIPOM3BOJICTBEHHBIX MPOIIECCOB Y4eOHOE IMOcoOue JiIs
By30B / }O. H. AnmartoB. — Bbparck : bpl'Y, 2015. — 148
C.

JlonoJIHNTeIbHAS JIUTEpaTypa

3. Eropos, B. A. OcHOBBI MOzeIHpOBaHus U onTumm3a- | I3 50 1,0
IIMU TIPOIIECCOB JIePeBOOOPabOTKH. MeToabl MOJeNnu-
poBanus: YueOHoe nocobue / Eropos B. A., I'mym-
koBckmit A A.,. JI. JITA, 1988, - 80 c.

4. [Mmxypun, A. A. MoaenmupoBaHue W ONTHMH3AIUS 13 108 1,0
mporeccoB JepeBoodpadboTku: YueOnuk / [uxypun
A. A, ITnxypun A.A. - M.: MI'VJI, 2004. — 375 c.

3. Anmaros, 0. H. Martemaruueckoe mojnenupoBanue | JIP, 113 110 1,0
MIPOU3BOJICTBEHHBIX MpoleccoB: YueOHoe mocobue /
Anmaros, 0. H. — 2-e u3n., nepad u gomn — bparck:
bpI'TY, 2004. — 96 c.

8. IHEPEYEHb PECYPCOB HH®OPMAINIMOHHO - TEJIEKOMMYHHUKAIIH-
OHHOU CETH «UAHTEPHET» HEOBXOJMMBIX  IJIA OCBOEHUsA
JUCHUITJINHBI

1.OnexTpoHHbIi Katanor 6ubnuorexku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21C
NR=&7211D=

2. DnextpoHHas 6ubnuoreka bpl'yY

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

3. DIeKTpOHHO-OMOIMOTEeUHas crucTeMa «Y HUBepcuTeTckas oubmunoreka onliney http://biblioclub.ru .
4. DnekTpoHHO-OuOMHOTeUHas cucrema «M3garenbcTBo «JIaHb»

http://e.lanbook.com .

5. HWudopmaunonnas cucrema "ExauHoe OKHO [ocTyma K o0pa3oBaTelbHBIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubmmuoreka eLIBRARY.RU http://elibrary.ru .
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http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID=
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/

7. Yuusepcurerckas uapopmarmonHas cuctema POCCUSA (YUC POCCHUSA) https://uisrussia.msu.ru/
8. HartmonanbHas snextpoHHas 6ubiorexka HOb
http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAUMYECKHUE YKA3AHUSA JJIs1 OBYYAIOILIUXCA 1O OCBOEHMIO
JUCIHUIIVIMHBI

Nzyuenne oOydarommmucs ydeOHOM IuCHUIUIMHBI «MOJeNUpoBaHUE H  ONTHMHU3ALHUS
IIPOLIECCOBY PACCYUTAHO HA OJUH CEMECTP.

3auamus 1eKYUoHHO20 muna

B xome neknuii mpemopaBaTenb U3JIaraeT M PasbACHIET OCHOBHbIE, HAuOOJEe CIIOXKHbIE
MOHATHUS TEMbI, @ TaKXe CBA3aHHbIE C HEH TEOPETHUECKHE U MPAKTUYECKHUE NPOOJIEMBI, TaeT
PEKOMEH/IallMM Ha BBIIIOJHEHHE CaMOCTOSTENbHOW paboTel. B xome neknuilt oOyuarommmcs
PEKOMEHYETCSL:

- BECTH KOHCTIEKTHPOBAaHUE YUeOHOTO MaTepuana;

- oOpamaTh BHUMaHHE Ha KaTerOpHH, (POPMYTUPOBKH, PACKPHIBAIOIINE COJEPIKAHUE TEX HIIH
WHBIX SIBJICHMM UM TIIPOLIECCOB, HAYYHbIC BBIBOJABI M IIPAKTHUYECKHE PEKOMEHIALMM 10 HX
IIPUMEHEHUIO;

- 3a1aBaTh IPENOJABATEIII0 YTOYHSIONIME BOIPOCHI C LENbI YACHEHHA TEOPETHYECKHUX
IIOJIOKEHUH, Pa3pELICHHs CIIOPHBIX CUTYyaLUH.

B paGounx KOHCHEKTax j>KeJaaTelbHO OCTaBJIAThH MOJIS, HA KOTOPBIX BO BHEAYAMTOPHOE BpEMs
MOYKHO CJIelaTh TIOMETKH U3 Y4eOHO-METOINYECKOro o0ecredyeHus sl cCaMOCTOSITEeNbHON paboThl
o0y4aroIuxcs, JOMOJHAIOLIEr0 MaTrepuanl MpPOCIyIIaHHOM JIeKIMH, a Takke IIOMETKH,
MOTYEPKUBAIOIINE 0COOYI0 BaXKHOCTh T€X WJIM MHBIX TEOPETHUECKUX IMOJIOKEeHUH. J[s ycnemHoro
OBJIQJICHUSI KYpCOM HEOO0XOAMMO MOCEIIaTh BCE JIEKIUH, TaK KaK TeMaTHYECKU OT/AEIbHbIE TeMbI
Kypca B3aMOCBSI3aHbl MEXy co00i. B ciydasx mpomycka 3aHATUS o0ydaromemMycs HeoOX0IuMo
CaMOCTOSTENIBHO U3yYNUTh MaTEPHAl U OTBETUTh HAa KOHTPOJIBHBIE BOIIPOCHI 110 MPOINYIIEHHONW TEME
BO BPEMS MHJUBHIYAIbHBIX KOHCYJIbTAIIUMN.

lpakxmuueckue 3anamus .

IIpu MOAroTOBKE K MPAKTUYECKUM 3aHATUSAM 00yUaromeMycss HeOOXOAMMO U3yYUTh OCHOBHYIO
JUTEPATypy, O3HAKOMMTBCS C JIONOJHHUTEIBHOM JIMTEPAaTypoOd, MOATOTOBUTh KOHCHEKT IIO
METOJAMYECKON JINTepaType C y4eTOM peKOMEeHJauui npenogasaTens. Ha nmpakTuueckoM 3aHATHH
[JIABHOE — YACHUTBH CBA3b PELIAEMBIX 3a7a4 C TEOPETHUYECKUMH IOJOXKEeHUsAMU. lIpu pemenHun
[IPEMIOKEHHOM 3a/1a4 HY)KHO CTPEMUTBLCS HE TOJIBKO IOJY4YHUTh IIPABUIIBHBIN OTBET, HO U YCBOUTH
o0t MeTon pelieHus: MoAoOHBIX 3a7ad. PekoMeHyeTcss MCIONIb30BaTh CIEAYIOUIUI MOPSI0K
3allACH PEIIEHUS 3a0a4u:

- ICXOJHBIC JAaHHBIC U1 PELICHUS 3a1a4H;

- 4yTO TpeOyeTcsi NOJIYUUTh B PE3yJIbTaTe PELICHHUS;

- KAKHMEC 3aKOHBI U ITOJIOXKCHHUA JOJIKHBI OBITE IMPUMCHCHBI,
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- 00mIMii TUTaH (MOCIe10BaTeIbHOCTD) PELICHNUS;

- pacueTsl;

- IIOJIy4E€HHBIN PE3yNbTaT U €r0 aHAJIU3.

Jlornyeckast CBsI3b JICKIMH M MPAKTUYECKUX 3aHATUN 3aKJIIOYAeTCs B TOM, 4TO MH(opMarus,
NOJydeHHAs: Ha JICKIMHM, B IPOIECCE CaMOCTOATEIBHOW pabOThl Ha TMPAKTUYECKOM 3aHATHU
OCMBICIIMBAETCS M IepepabdaTbiBacTcsa, IMpPU I[OMOLIM IIPENojaBaTeNs aHaIU3UPYyeTcs 10
MeJIbYalIINX MOAPOOHOCTEH, MMoce Yero MpoYHO ycBauBaeTcs. MIHTEpakTUB MPOBOAMTCS B BUJE
JIACKYCCHUU.

Camocmosmenvnas paboma. 110020moeka K 3aHAMUAM NeKYUOHHO20 U CEMUHAPCKO20 MUNA

BaxxHOI 4acThiO CaMOCTOATENIBHOM PabOThI ABISAETCS YMEHHUE BBIIEIUTh OCHOBOIOJAraroliue,
OTIIpaBHbIE TOYKU B MOHMMaHUU Marepuana. Ocobo BaKHYIO pOJib B 3TOM IpoLiecce He0OXO0AUMO
YIEIUTh KOHCIIEKTY JIEKIMH, B KOTOPOM TIpemnoiaBarelb CHOPMHPOBAN «CKEJIET», CTPYKTYPY
paszena AMCHUIUIMHBL UTeHHeM y4eOHOH M Hay4YHOH JHMTepaTypbl OOydarouuiics yriayOuseT u
pacumpsieT 3HaHMs O npeamere usydeHus. OcHOBHasg (DyHKIUS y4eOHHUKOB — OPHEHTHPOBAThb
CTYACHTa B CUCTEME€ 3HaHWMH, YMEHMH U HaBBIKOB, KOTOpbIE JOJKHBI ObITh YCBOEHBI OyIyLIUMH
CleHUaIucTaMd 10 JaHHOW jucuuiuimHe. [loaroroBka K 3aHATHAM  JIGKIMOHHOIO —THIIA
nojipa3ymMeBaeT mpuoOpeTeHHe OOydaroluMCsl IEPBUYHBIX 3HAHUNW 10 TeMe JIEKUUU JUIs
HOJArOTOBKM K CTPYKTypHU3allMM OOBEKTa H3y4eHHs, KOTOPYIO IpenojaBareib BBIIOJIHIET Ha
nexuuu. M3ydyenue martepuana 1mo Teme JIEKUUU MMEET LENNb YTOYHEHHUS OTACIBHBIX MOMEHTOB.
Ilepen nDpakTUYECKUM 3aHATHEM CIEAYeT HM3YyYUTh KOHCIEKT JIEKIMM U PEKOMEHJIOBAHHYIO
npenojaBaTesieM JUTepaTypy, oOpailas BHUMaHHE Ha MPAKTUYECKOE NMPUMEHEHUE TEOpUH U Ha
METOAMKY pELIEHUs TUIIOBBIX 3aa4.

Camocmosmenvuas paboma. [loocomoeka xk sx3ameny.

IToaroroska K 3K3aMeHy MPEAIIOIAracT:

- U3y4YE€HHE OCHOBHOM U JIOIIOJIHUTEIIBHOM JIUTEPATYPHI;

- U3y4YEHNE KOHCIIEKTOB JIEKIIUH;

- U3y4YECHHUE KOHCIIEKTOB IIPAKTUYECKUX 3aHATUI U OTYETOB 110 HUM,;

Ilepeuenp BONMpPOCOB K HK3aMEHY MNPEACTABIECH B NpuiokeHuu 2 m. 2. bamisl 3a 3ager

BBICTABJIAKOTCA IO KPUTEPUAM, ITIPCACTABJICHHBIM B IIPUJIIOKCHUN 21 3.
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9.1. MeTtoanyecKue yKa3aHHs JAJs 00yYalOIIHUXCHA M0 BHINMOJHEHHIO JIA00paTOPHBIX padoTt/
NpaKkTHYecKue padoTbl

JladbopaTopuast padora Ne 1.

MO)IeJII/IPOBaHI/Ie TEXHOJOTHYECCKHUX MPOUECCOB JIECHOI'0 MPOU3BOACTBA.

LIEJIb: m3y4nTh BO3MOXKHOCTH BBIPAOOTKM OOpE3HBIX MUIOMATEPHAJIOB 33aJaHHOTO CEYEHUS W3
IIMJIOBOYHOI'O CBHIPBS PA3JINYHBIX TUAMETPOB.

[Munomarepuanbl, TOJNy4aeMble B JICCOMWIBHOM  II€Xe, SBIAIOTCS  TosydabpukaTamu,
npeHa3HAYEHHBIMU TSl BBIPAOOTKH PA3JIMYHOTO THIA JETaleil M 3aroToBOK. IIpu BhIpaOOTKE 3aroTOBOK
NPEIbSBISIOTCA pa3indyHble TPeOOBAHUS K MHJIOMATEpHalaM 3arOoTOBKH OpPyCOBOTO THIA, HWMEHOIIUM
3aJ[aHHBIC Pa3Mepbl B CCUCHUH | 110 JJTHHE.

HI/IHOMaTCpI/IaJ'IaMI/I, OTB€HAKOIMMH 3THUM TpC6OBaHI/IHM, SABJISIFOTCS O6pe3HI)Ie JOCKHU 3aJJaHHBbIX
pa3MepoB, NoJy4aeMble TI0 OPYCOBO-pa3BaIbHOMY CITOCOOY pacKkposi OpeBeH M3 30HBI MPOIMIOYHOW YacTH
opyca.

Bpyc, koTopslii obecnieunBaeT MaKCUMAIIbHBIN BBIXOJT OOPE3HBIX MUIOMATEPUAIOB 33aHHOTO

. 1
CeueHHs], MPE/ICTABIACT COOOH B IIONEPETHOM CCUCHMN KBaJpaT, CTOPOHA KOTOPOTO COCTaBseT — % 0,707
W
oT BepTHKanbHOro nuamerpa d 6pesna: A=0,707d.
I[Tpy U3BECTHBIX CHIENU(DUKAIMIX THIIOMATEPUAIIOB U CHIPhSI PEICTABIISIOTCA BO3MOXKHBIM ISt
KaKJIOTO 33IaHHOT0 CEYEeHHsI 0OPE3HBIX MUJIOMATEPHAIOB MTOA00paTh TOT JUAMETP OpeBHA, KOTOPHIH

OTBC€YACT BBIHICHpHBC[ICHHOﬁ 3aBUCHMOCTH.

3ajaHue:

1. B 3ajganHOM AmMana3oHe TMaMeTpoB BEIOpATh 5 OpEBEH pa3IMyHOTO TUaMETpa U C YIeTOM
MOCTPOECHHBIX 3aBUCUMOCTEN ONPEIETUTh Pa3Mepbl Opyca, 00eCIeunBaIOILIEro ONTUMAIIBHYIO BBIPAOOTKY
NHJIOMaTepuaoB. Pe3ynbpTaTsl pacueToB CBECTH B TaOIHLL.

2. U3 nonydenHoro Opyca HE0OX0UMO BBIPa0OTaTh OOPE3HBIE MIOMATEPUAIIBI, CEYSHHE KOTOPBIX B
cootBercTBuM ¢ ['OCT 9463-72 npecTaBieHHBIX B Ta0IHIIE.

3. OmnpenenuTs NPOLEHT BBIX0Aa MUJIOMATEPHAJIOB AJIsl 3aJaHHBIX TUaMETPOB OpeBEH.

4. [Moctpoutk Tpaduk 3aBUCUMOCTH TPOLIEHTHOTO BHIXO/Ia MUJIOMATEPHATIOB OT AHaMeTpa OpeBeH.

[TopsIOK BBITOJHEHHUS :

1. [TocTpouts rpaduk 3aBUCUMOCTH Sy, OT T.

2. [To manHBIM TpaduKa HAWTH AUATIA30H TAPAMETPOB CTOPOH Opyca (B AOJISIX AUAMETpa), BHYTPHU
KOTOPOTO TUIOMIA/h €T0 IMONEPEYHOTO CEUeHHs YMEeHbIIaeTcs He Ooee yeM Ha 4% 0T MaKCUMaJIBHOTO
3HadYeHus1. YOeauThes, uTo aquana3on cocrasiseT 0,6<f<0,8, torma A=(0,6...0,8) d.

OcHoBHas IuTEpaTypa

1. MopenupoBaHue MPOIECcCOB U cUcTeM ynpasieHus : yueonuk / 0. H. Anmartos. — Bpatck : bpl'Y,
2015. - 140 c.—b. 1.
2. MaremaTHyeckoe MOJICIMPOBaHHE POU3BOACTBEHHBIX MPOLIECCOB yueOHOe mocodue ams By30B / O.

H. Anmatos. — bpatck : bpl'Y, 2015. — 148 c. — b. .

JononauTensHas IuTepaTypa

1. Eropos B. A., I'mymkoBckmii A.A., OCHOBBI MOJAECITUPOBAHMS M ONITUMHU3AIINN TTPOIIECCOB
nepeBoobOpaboTku. MeTop! MoienupoBanust: YueoHoe nocodue. JI. JITA, 1988, - 80 c.
2. [Mwxypun A. A., [Txypun A.A., MoznenupoBaHue 1 ONITUMH3ALIUS IPOLIECCOB 1€PEeBOOOPaOOTKH:

Yueonuk. — M.: MI'VJI, 2004. — 375 c.: w1
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3. Ammnaros 0. H. MaTematndeckoe MOJISITUPOBaHNE TIPOU3BOJICTBEHHBIX MTPOIIECCOB: Y4eOHOE
nocobwue. — 2-e u3., nepad u gom — bparck: bpl'TY, 2001. — 96 c.

KoHTpoaBHEIE BOIIPOCHI JUISL CAMOIIPOBEPKH.

1. Kak mogo6pats nuameTp 6peBHA, U3 KOTOPOTO MOKHO BBIPa0OTaTh OpyC MaKCHMAIIBHOTO 00beMa.
2. Ha ckonbko pacmupsieTcs iuana3oH JuaMeTpoB OpeBeH Ut BRIpaOOTKH 00PE3HBIX MAIOMATEPUATOB
OJTHOTO CEYCHHSI.

JlabopaTopHas padora Ne 2.
HccaenoBanue 3(pPeKTUHBHOCTH CIIOCOO0B PACKPOSI HEOOPE3HBIX TOCOK HA 3ar0TOBKH.

IIEJIb: ncciaemoBaHne BBIXOAA 3arO0TOBOK M3 HEOOPE3HBIX MAJIOMATEPHATIOB IIPH MOTEPEYHO-TIPOIOTHHOM U
MPOJOJILHO-TIONIEPEYHOM  CIIOCO0aX pacKkpos B 3aBUCUMOCTH OT KaudecTBa M Koadduuumenra cOera
MAJIOMATEepUAIOB; ONpeIeiIcHNe OOJacTH TPUMEHEHHS MaHHBIX CIIOCOOOB packposi HEOOpEe3HBIX
MAIOMATEPUAIOB Ha 3aTOTOBKH.

Haunbonee pacnpocTpaHEeHHBIMU SIBISIOTCSI ABa CIIOCO0a PacKposi MUAIIOMAaTepUalioOB Ha 3arOTOBKH:
MONEPEYHO-TIPOIONILHBI M TPOJAONBHO-TIONepeuHbii. Ha3zBaHue 3THX  crOCOOOB  COOTBETCTBYET
MOCIIEIOBATENIEHOCTY BBHITIOJIHEHUST OINEpanuidi 0 Packpor mocok. Ilpu momepedHo-ipoaoiapHOM criocobe
packpos BHaudaine (GOpMHpYeTCs AJMHA 3arOTOBKH, B 3aTeM ee MHMpHHA. [Ipy MpoaonbHO-TIONEpEedHOM,
Hao00pOT, CHauana (GOPMHUPYETCsI ITUPUHA, a 3aTEM JIJIMHA 3aTOTOBKH.

Ecnmm kadecTBO 3aroTOBOK COOTBETCTBYET KAadeCTBY IHJIOMATEPHAlOB, a CJIEOBAaTENbHO, HE
TpeOyeTcs TPOM3BOMUTH BBIPE3KY HENOMYCTHUMBIX B 3aroTOBKax IOPOKOB, TO TPU PacKpoe OOpEe3HBIX
nUJIoMaTepuanoB 00a crocoba AT OAWHAKOBBIM BBIXOJ 3arOTOBOK. B 3TOM cilyyae BelMUYMHA BBIXOJA
3arOTOBOK OIMPEAEISIETCS TOIBKO KPaTHOCTBIO Pa3MepoB MIJIOMAaTEPHATIOB U 3aTOTOBOK IO UIMPHHE U JUTHHE.
Ecnu xadecTBO muioMaTepralioB HE COOTBETCTBYET KaueCTBY 3aTrOTOBOK, TO MPH PACKPOE MAIOMATEpHAIIOB
TpeOyeTcs BbIpe3aTh HENOMyCTUMBbIE MOPOKH. B 3TOM ciydae mpu packpoe OOpe3HBIX MUIOMAaTEpUANIOB
UMEeT MECTO MPOJIOJILHO-TIONEPEYHBIH Croco0 pacKkposi. ITO OOBACHSETCS TEM, YTO NMPH TAKOM CHOco0e
PacKposi B OTXOBI UIET 3HAUNTEIIEHO MEHbIIIEE KOJIMIECTBO JIPEBECHUHBI, UM TIPU MTONIEPEYHO-TIPOIOIEHOM,
T.K. OTIEpaTOp MMEET BO3MOXKHOCTh (JOPMHUPOBATH [UIMHY 3aTrOTOBOK C YYE€TOM PACITOJIOKEHHUSI TTOPOKOB Ha
rutacTy Jocku. [Ipu monepedHo-Tpo10IbHOM ctoco0e Takasi BO3MOKHOCTh OTCYTCTBYET.

Takum 0OpazoM, mpu BEIPaOOTKE 3arOTOBKH M3 OOPE3HBIX MIJIOMATEPHATIOB, KAYECTBO KOTOPHIX HE
COOTBETCTBYET KAa4eCTBY 3aroTOBOK, CIIElyeT BCETJa WCIIOIb30BaTh MPOIOIBHO-TIONEPEYHBIH CII0Co0
packpos. [To-apyromy oOCTOUT /€710, KOT/Ia 3arOTOBKH BBIPA0ATHIBAIOTCSI U3 HEOOPE3HBIX MTHIIOMATEPHAJIOB.
Ecnu kauecTBO HEOOPE3HBIX MUJIOMATEPHATIOB COOTBETCTBYET KAueCTBY 3aroTOBOK, TO MpH OolbleM cOere
JUTSL TY4IIIeT0 UCTIOIh30BaHUsI COETOBOM 30HBI 1IEJIeCO00Pa3HO MPUMEHSTh IMONIEPEYHO-TIPOIONBHBIN CIIOCO0
packposi.

3amanume: 1. Haiit 3HaueHWs] BBIXO/JA 3arOTOBOK OT cOera S Ipu pa3iHyHBIX 3HAYEHHSIX HACHIIIEHHOCTH
TUIACTA JIOCKU Cy4YKaMH Y JUIsS TIOMEPEYHO- MPOJIOIBHOTO U MPOJIOTBHO-TIONEPEYHOr0 CIIOCOO0B PACKPOs IO
JIAaHHBIM TAOJIUIEL.
ITocTpouth rpaduky 3aBUCUMOCTH BBIXOJIa 3aTOTOBOK OT cOera S M HaCHIIIEHHOCTH CyYKaMH, aHATIOTHYHbIE
rpadukam, npuBeneHHBIM Ha puc.3.7 CIUIOMIHON JUHHUEH MOKa3aTh 3aBHCHMOCTH BBIXOJla 3arOTOBOK MPHU
MIPOI0ILHO-TIONIEPEYHOM CIIOCO0E, MYHKTUPHOM — MPH MONEPEIHOM-TIPOIOJIEHOM.
Onpenenuts 00JaCTH NPUMEHEHHUS IOTNEPEYHO- MPOJIOJBHOTO M  IPOJI0JIBHO-TIONEPEUYHOr0 CHOCO00B
packposi.
OTMETHTh W TIPOHYMEPOBaTh TOYKH IEPECEUCHHS MPAMBIX, XapaKTCPU3YIOIIUX BBIXOJ 3aroTOBOK B
3aBUCHMOCTH OT S IPH PA3JIMYHBIX CIIOCO0aX PacKpos JJIs OJMHAKOBBIX 3HAYCHHMH Yy TakK, KakK IMOKa3aHO Ha
puc. 3.7.
[Tepenectn mony4YeHHBIE TOYKH Ha KOOPIUHATHYIO TUIOCKOCTD, B KOTOPOU IO a0CIMCCe OTMETUM COET JOCKU
S, a 110 OCH OpJIMHAT — HACKIIIEHHOCTh IJIACTA JOCKHM CyYKaMH y TaK, KaK 3TO CejIaHO Ha puc. 3.8 v OIMCcaHo
B METOJIUKE. Bhlllie MOMy4YeHHOM NpsiMO OYeT HaXOAUThCs 00J1aCTh IPUMEHEHHS TIONEPEYHO-TIPOA0IBHOIO
crocoba packpos, HWKe — 00J1aCTh MPUMEHEHUS TPOJI0JILHO-TTOTIEPEYHOTO.
[IpoBepuTh pe3ysbTaThl OMPEACICHHs 00JaCTH MPUMEHEHUS Pa3IMYHBIX CIIOCO00B packpos. [[ist atoro Ha
MOJyYCHHBIH PHCYHOK HAHECTH TOYKH C KOOPAMHATAMM, COOTBETCTBYIOIIMMH 3HAYCHUAMH Y H S,
MPHUBEJICHHBIM B 1-M 1 3-M cTonbrax Tabnuiel. PsgoM ¢ ToukamMu MpOCTaBUTh BEIMYHHY BBIXOJ1a 3aTOTOBOK
TIPH packpoe NaHHOU Mocku y1 u y2 . Ecnu Touka JIeKUT BhIIE TPAHUIIBI 00JIACTH, TO TIPU PaCKpPOe JaHHOH
JTIOCKH TOIEPEYHO-TIPOI0JILHBIM CII0COOOM BBIXO/[ JOJDKEH ObITh Oojiblie: y2 > y1. Eciu TouKa JISKHUT HUXKE,
To yl >y2.
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HOI)}II[OK BBITTOJTHCHM A |

1. U3yunTs yKa3aHUs 110 METOAMKE BBHITIOTHEHHS JabopaTopHOU paboThl. [lonroToBUTE HaHHbIe 1Tl TAOIHUII.
2. Tlo ucxoaHbIM IaHHBIM Tabmuipl, o Gopmynam (3.17) u (3.18) paccunrats cOer S u mIoMAgL AOCKH
Sa(m2 ), maiitn o Qopmyne (3.8) HachmeHHOCTs Y %, TIACTH JOCKH CydKaMmH. Pe3ymbTaThl pacdeToB
3aHECTH B TAOJIHILY.
3. CpaBHUTHb 3HAYEHUS HACHIIIEHHOCTH IUIACTUH Cy4YKaMH Ui Pa3iH4yHBIX JIOCOK, 3allMCaHHble B 8-0M
cToO1e TabIHILIBL.

OcHoBHas IUTEpaTypa

MopenupoBaHue MPOLECCOB U cucTeM ynpasieHus : yueOHuk / FO. H. Annaros. — Bpatck : bpl'Y, 2015. —
140 c.—b. 1.

MaremaTtndeckoe MOJENUPOBaHUE MPOU3BOJCTBEHHBIX MPOIECCOB yueOHoe mocodue mnst By30B / HO.
H. AnnatoB. — bpatck : bpl'Y, 2015. - 148 c. — b. ..

JononauTensHas IuTepaTypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOICTTHPOBAHHS U ONTUMHU3AINHU TIPOLIECCOB
nepeBoodpabdotku. MeToap! MofenupoBanus: YaeoHoe nocobue. JI. JITA, 19888, - 80 c.

2. Iwxypun A. A., [Tixypun A.A., MonenupoBaHye 1 ONITUMH3ALIUS IPOLIECCOB IepPEeBO0OPaOOTKH:
VYuebnuk. — M.: MI'VJI, 2004. — 375 c.: ni.

3. Ammaros lO. H. MaTemarndeckoe MoJIeTMpOBaHNE TPOU3BOJICTBEHHBIX ITPOIIECCOB: YdyeOHOe
nocobwue. — 2-e 3., nepad u gom — bparck: bpl'TVY, 2001. — 96 c.

KOHTDOJII)HI)IG BOITPOCHI I CaAaMOTIPOBCPKHA !

1. KaxuMm ciocoOoM ciieyeT Bocmonb3oBarbes mpu S=3% y=1,5%
2. Kakum cioco6oM u3MeHHTCS TpaduK Uil ONpeneNeHus] crocoda packposi MpU YBEIMYCHUH KPUBHU3HBI
JIOCOK Ha KpoMKe?

JlabopaTtopHas padora Ne 3.

HccaenoBanue BJAMSHUS TEXHOJIOrH4ecKuX GakTopoB Ha KO3 PULUUEHT UCIO0Ib30BAHUS MAIIMHHOTO
BpeMeHHU 00Pe3HOr0 CTaHKAa.

IIEJIb: HccnenoBanue 3aBUCHUMOCTH KOA(G(UIMEHTa HWCIOJB30BAaHHUS MAIIHHHOTO BPEMEHH OOPE3HOTO
CTaHKa OT JJIMHBI HEOOpPE3HBIX JIOCOK, CKOPOCTH IIOJIa4d CTaHKa M BpPEMEHH, 3aTpayrBaeMoro Ha
BCIIOMOT'aTCJIBHBIC OIICpaIvu. OnpeaeneHHe CTCIICHU BJIMAHHA YKAa3aHHBIX TEXHOJIOTMYCCKUX q)aKTOpOB Ha
MPOU3BOIUTEIBHOCTL OOPE3HOr0 CTAaHKA U HAMPABJICHUH €€ TIOBBIIICHUH.

PacueTHast npou3BOAMTEILHOCTH OOPE3HOTO CTAHKA B TIOTOHHBIX METPAaX OOPE3HBIX JIOCOK B MUHYTY
onpexaensetcs o Gopmyne: A=U-Kwm (3.21)91 rae U — ckopocTh 1o1auu, IPUHUMAETCS 110 CPEIHEH
TOJIIIMHE 00pe3HBIX T0CcOK; KM — koa(hhUmeHT nenoib30BaHUs MAITUHHOTO BPEMEHH 00PE3HOr0 CTaHKa.

U3 hopmynel cnemyer, 4To BenndrHa KOAPPUIHEHTA UCIIOIB30BAHNS MAIIMHHOTO BPEMEHH MOYKET
OKa3aTb 3HAYUTCIIbHOC BJIMAHUC HA IIPOU3BOANUTCIILHOCTD 06pe3Horo CTaHKa. O,ZIHaKO B TEXHUYECKOM
JIMTEPATypEC JaHHBIC O 3HAUYCHUN KO:)(i)q)I/IHI/IeHTa ABJIAIOTCA YCPCAHCHHBIMUA U ITO3TOMY B YCIIOBUAX
KOHKPETHOTO TIPOU3BOJICTBA HE MOTYT 00€CIIEYUTh HEOOXOIUMOM TOYHOCTH PacYETOB.

Koaddunment necnoap30BaHus MAaIIMHHOTO BpeMeHU KM ydHThIBa€T CKPBITHIE TOTEPH BPEMEHH
pabothl 0Ope3Horo crtanka. Ha oOpe3HoM cTaHke 4acTh BpeMEHH, 3aTPaunBaeMOro Ha IpHeM, OCMOTP,
HampaBJIieHUE JJOCOK B BAJIBIIbI CTAHKA TIEPEKPHIBACTCS BpEMEHEM, 32 KOTOPOE 00pe3aeTCst Mpe b Iyas
nmocka. Ho yacTh BpeMeHH, 3aTpaylBaeMOro Ha 3Ty OIEpaIlfio U, TIIABHBIM 00pa3oM, Ha IepeMenIeHre
IMAJIBI, OCTACTCA HE ICPEKPBITHIM. OHO BBI3BIBAET MECXKTOPILEBBIC Pa3pbIBbI U OIIPEACIIACT Kwm.

Takum ob6pazom, , (3.22) rae tp — Bpemst 00pe3ku JoCKH (C); t — MOJHBIN UK 00pabOTKH O HON
JTOCKH, BKIIt0Yasi BpeMs Ha IepeMeleHe MHI (C); tB — HelepeKpbhIBaeMOe BCIIOMOTaTebHOe BpeMs (C); -
JutnHa ocku (M); U —cKopocTh mojadu (M/MUH).

U3 popmyel (3.22) cienyet, uto KM MeHsIeTCS ¢ H3MEHEHHEM JJIMHBI JJOCKH, CKOPOCTH T0Jauu U
HENEPEKPHIBAEMOTO BCIIOMOTATEIILHOTO BPEMEHH. JKCIIEPUMEHTATBHBIC TAHHBIC TIOKA3bIBAIOT, YTO
HETNEPEKPBHIBAEMOE BPEMs Y COBPEMEHHBIX OOPE3HBIX CTAHKOB cocTaBisieT 1...2 c. CpeaHsist JyIMHA TOCOK
MOXET OBITh MPUHATA PaBHOU JTHHE OpeBHA MUHYC OAuH MeTp .CKOpPOCTh IMoJaun sl 0Ope3HOT0 CTaHKa
12-15A U = 80+120 m/mun wiu 100+150 m/muH.
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[Monk3ysick popmynotii (3.22), MOKHO MMOCTPOUTH KPUBBIE 3aBUCUMOCTH OT CKOPOCTH MOAAYH U
JUTHHEI JTOCOK TIPH OTIPEICICHHOM 3HAUYCHUH HETIEPEKPhIBAEMOT'0 BPEMEHU tB.

AHaIM3 KPUBBIX ITO3BOIUT C/IEIAThH BHIBOJIBI O BO3MOXKHBIX HAIPABJICHUSIX MPOU3BOAUTEIEHOCTH
00pEe3HBIX CTAHKOB.

3ajmanue:

1. . Beruncauts 3aBucuMocts KM mo ¢opmyne (3.22) ot t, , U 1 ipr KaXKOM t 3aIIOTHUT TaOIUIBI
2, 3, 4 mpm tp=1,0; 1,5; 2,0 4.

2. C ucnonbp30BaHUEM IMOTyUYEHHBIX JAHHBIX TIOCTPOUTH: -ceMelcTBO 3aBucuMocteid Km ot U m 1,
paBHBIM TToo4epenHo 4; 4,5; 5,0; 5,5 M i tp= 1 cek; -7Ba aHaJOTMYHBIX ceMelicTBa pu tp=1,5¢
u tp=2c.

Ilopsaa0K BBHITOJHEHUS:

1. M3yunts pazaen «MeTonuka BHITOTHEHHS paOOThD».
2. TlomroroButh Tpu TaOIUIIBHI IO OOPA3ILY TaOIHIIHI.

OcHoOBHas auTEpaTypa

MopenupoBaHue MPOLECCOB U cucTeM yrpasieHus : yueOHuk / FO. H. Anmnaros. — Bpatck : bpI'Y, 2015. —
140 c.—b. 1.

MaremaTtndeckoe MOJEIUPOBaHUE MPOU3BOJCTBEHHBIX MPOIECCOB yueOHOoe mocobdue mnst By30B / HO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

JononauTensHas IuTepaTypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOICTTHPOBAHHS ¥ ONTUMHU3AINHU TIPOLIECCOB
JepeBooOpaboTku. MeTo bl MojienpoBanus: YueoHoe nocobue. JI. JITA, 19888, - 80 c.

2. Imxypur A. A., Ilxypun A.A., MoaenupoBaHUe U OIITUMHU3AINS TIPOIIECCOB IEPEBOOOPAOOTKH:
Yuebnuk. — M.: MI'VJI, 2004. — 375 c.: w1

3. Aumaros 0. H. MaTematudyeckoe MOIeIMPOBaHNE IPOU3BOICTBEHHBIX MPOIIECCOB: YUeOHOE
nocoOue. — 2-e u3f., nepad u gomn — bparck: bpI'TY, 2001. — 96 c.

KOHTDOJII)HBIG BOITPOCHI I CaAaMOTIPOBEPKHA .

1. TIpomnopruOHAIEHO JIM NOBBIIICHHIO CKOPOCTH MOAAYH YBEIUUNBACTCS pacyeTHas
MIPOM3BOAUTEIHHOCTH OOPE3HOTO CTaHKa?

2. Kak BiusieT coBepIIeHCTBOBAHUE CUCTEMBI YITPABIICHUSI OOPE3HBIMU CTAHKAMH M OPTaHU3aIHS
paboyero Mecra Ha MMOBBIIIEHHE IPON3BOIUTEIILHOCTH CTaHKA?

3. Bimser nmu crienuyainsanys MOTOKOB IO IIMPUHE O6pe3HBIX J0COK Ha MpPOU3BOAUTECIILHOCTD
00pe3Horo cranka?

4. Bnwuser nu yMHA JOCKK HAa IPOU3BOAMTEILHOCTH OOPE3HOTO CTaHKa?

JladopaTtopHas padora Ne 4.
MopenupoBaHne mpoIecca pocTa JeCHOro MacCuBa.

LEJIb: M3y4nTh METOIMKY HCCIIEAOBAaHUA MHOTOCBSI3HOT'O OOBEKTA € LETbI0 HACHTU(PHUKAIINN CIOKHBIX
00BEKTOB B CTAIIHOHAPHOM PEKUME.

B paiione bpaTckoro npoMBIIUIEHHOTO y3/1a HAXOASTCS B TOW WM MHOW CTEIIEHH MTOBPEXKICHUS JIECHBIE
MacCHUBBI, YTO SIBJISIETCA CIIEJCTBHEM IPOMBIIUIEHHBIX BBHIOPOCOB. AJEKBaTHAs MaTeMaTH4YecKash MOZENb
JIeCHOr0 00BEKTa MO3BOJIMT pa3padoTaTh KOHKPETHBIE MEPHI 10 BOCCTAHOBIICHHIO MOBPEXICHHBIX JIECOB U
CHIDKEHHUIO KOJIMYECTBA BPEIHBIX BEIOPOCOB.

YHuBepcanbHbIM, IPUMEHHMBIM JUII MHOTMX THIIOB CHCTEM YIPAaBICHHS, SABISAETCA METOJ
CTPYKTYpHBIX TpadoB. IlpumeHeHHe 53TOro MeTOAa TMO3BOJSET peaqu30BaTh CTPYKTYPHBIA MOAXOI K
pa3paboTKe CHCTEMBI: MPOLECC CHHTE3a COCTOMT M3 HECKOJBKHX (YHKIMOHAIBHBIX ITOANPOLECCOB,
KOTOpBIEe, B CBOIO O4Yepeqb, MOKHO Pa3OMTh Ha OTAeNbHBIC (yHKIMH. KaXkaplii OTHEIBbHBIN 3Tal CHHTE3a
NPUBOIUT K KOHKPETHBIM pe3yibTaTaM. MeToJ CTPYKTYpHBIX rpad)0B H3HAYAIbHO OPUEHTHUPOBAH Ha
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ucnonb3oBanne DBM B npouecce cuHTE3a, JIETKO MOAAAETCS aNTOPUTMHU3ALHH.

O0o0uieHHass cxeMa METOIMKM MOZETHPOBAaHUS MHOTOCBS3HOTO OOBEKTa YIPABICHUS METOIOM
CTPYKTYPHBIX TpadoB n3o0pakena Ha puc 3.9 Mcxonnaple qanasie Tabnmia B3auMoaecTBrs mapameTpoB C-
rpa¢ MatpuuHoe ypaBHeHHe cucTeMbl [IoHMKeHue nopsiika MaTpUYHOTO ypaBHEHUS CUCTEMbl Y paBHEHUE
cuctembl Perpeccuonnsbiii ananu3 @DynknuoHandbHas cxema CtpykTypHas cxema Puc. 3.9. OOoOmieHHas
cXeéMa METOJMKH MOJEIMPOBAHUSI MHOTOCBA3HOIO0 00BEKTA YIIPABICHUS METOJOM CTPYKTYPHBIX IpadoB.

B TteyeHne anurenbHOro BpeMeHHM B palioHe bparcka IpOBOOMINCH IIOJIEBBIE HCCIEIOBAHUS, B
pe3yibTaTe KOTOPBIX OCYIIECTBISICS COOp SKCIEPUMEHTANBHBIX JAHHBIX, XapaKTEPHU3YIOLIUX COCTOSHHE
JIECOB B Pa3lIMUHBIX TEXHOT'CHHBIX 30HaX. Ha OCHOBaHHMH 3KCIIEPHUMEHTAIBHBIX WU JINTEPATYPHBIX JaHHBIX
ObUIH BBIAETICHBI (DAKTOPBI, OKA3bIBAOIINE BIMSHIE HA COCTOSHUE JIECHBIX SKOCHUCTEM:

G — HCTOYHUK 3arpsA3HEHHS:

F — ypoBeHnsb 3arpsizHeHns1 GTOPUCTHIM BOAOPOIOM;

S — ypoBeHb 3arps3HeHUs OKcHIoM cepbl SO2;

B — ypoBeHb 3arpsi3sHeHHs] OEH3aTUPEHOM;

L — paccTrosiHue 10 UCTOYHHUKA!

L1 — paccrosane 10 ucrounuka ot 0 1o 10 KHiIoMeTpoB;

L2 — paccrostaue no ucrounuka ot 11 mo 10 kumomeTpos;

L3 — paccrosinue 1o ucrounuka ot 21 10 30 kujIoMeTpos;

L4 — paccrositaue 0 ucrounrka ot 31 10 40 KHIOMETPOB;

N — HampaBiieHHE OT UCTOYHHKA 3arPS3HEHUS;

A — BO3pacTHas rpynmna (MOJIOJHIKH, CPEAHEBO3PACTHBIC, PHCIICBAIOIINUE);

GC — Oann kaTeropuu COCTOSHUS,

CP — xuMHyeckuii cocTaB XBOH;

H — cpennsist BbIcOTA;

dH — mpupocr;

D — cpeanuii quamerp.

Cxema BnmsHUS OMOTEHHBIX (DakTOpoB Ha Jyiec mpuBeneHa Ha puc 3.10. HcToynmk 3arps3HeHUs
®Topuctsiil Bogopoa Oxcun cepol benzanupen Paccrosiaue 10 nctounuka 3arpssHenus Hamnpasnenue BeTpa
Bospactasie rpynmsl [Tapamerpsr maccuBa bann xareropun coctosHus 0-10 kM 11-20 km 21-30 kM 31-40
kM CeBepo- BoctouHoe CeBepo- 3amagHoe IOro- Bocrounoe FOro- 3amagHoe MonoaHsku
CpenneBospacteie IIpucneBarone CpenHuit nuamerp XuUMHYECKMH cocTaB XBou CpenHss BbICOTA
[Mpupoct96 Puc 3.10 Cxema BnusiHUsI OMOTEHHBIX (PaKTOPOB Ha Jiec.

Jis OLleHKH KauecTBa JIECCHOTO MacCuBa MPEAJiaracTcsl UCIOIb30BaTh 0l KATErOpUU COCTOSIHUS Jieca
(GC), xoropslii oTpakaeT cpeaHuil nuamerp aepeBbeB (D), cpeantoro Beicoty aepeBwbeB (H), cpennmii
BO3pPAacT JAepeBbeB (A), KOJIMYECTBO HAKOIUICEHHBIX JIEPEBbSIMH XHMHUYECKHX 3JIEMEHTOB aHTPOIIOTEHHOTO
npoucxoxaenus (CP).

CornacHo caHuTapHbIM IpaBwiiaM B Jiecax P® Gamn xareropun cocrostHusi (GC) MOXeT NMPUHUMATH
ClIeTyoIre 3HAaYeHHUs:

1 — 6e3 mpu3HAKOB OCIAOJICHNUS;

2 — ocJ1a0JIEHHEBIE;

3 — CHUJIBHO OcJIaOJIEHHBIE;

4 — yChIXaloIue;

5 — cyxocToli TeKy1ero roga (CBexui);

6 — CyXOCTOH MPONLIBIX JIET (CTapbIii).

Berposaii, OypenoM, CHEroJIoOM YYUTHIBAIOT OTAEIBHO C YKa3aHUEM BPEMEHU UX 00pa30BaHHS.

Jis TMCTBEHHBIX M XBOWHBIX IOPOJI MPUMEHSETCS €JMHAs IIKaJla KaTeTOPUU COCTOSHHUS, Pa3udus
3aKJIIOYAlOTCSl B METOJaX OLEHKH Oajla KaTeropuu COCTOSHUS, OOYCIIOBJICHHBIX OWOJIOTMYECKHMHU
0COOEHHOCTSIMHU JIaHHBIX T0poJ. MuHMManbHOe 3HaueHue Oanna kateropuu coctosiaus (GC) pasHo 1, mpu
HAJIMYUH TOJIBKO 37I0POBBIX AEPEBbEB, 8 MAKCUMAJIHHOE PABHO O, IPH MOJIHOM YCBIXaHUW APEBOCTOSI.

3ajaHue:

1. Wccnemoarh BeNMUYMHY OTHOCHTEIBHON OIMIMOKK MOJEIH TPH TOCIIENI0BATEILHOM HCKITIOUCHUH
KOHTPOJIMPYEMBIX NapaMeTpoB. B ypaBHenuu (3.29) Oyzem yOupare moodepeqHO MO OJHOMY
napameTpy Xi (i=x2, x5, x7,x16, x48), Ha xaxjom nrare ypasaenue (3.29) Oyaer umeth BUI: € Xi
3aIUCHIBACTCS B CKOOKaX CO CBOMM 3HaKOM B ypaBHeHuu (3.29). Hanpumep, x2=0, Toraa.

2. WccrnenoBarth MH(GOPMAMOHHYO 3HAYMMOCTH TAPAMETPOB. BOCIOIB3yeMCsl IECTOM KOHTPOIbHOM
CTpOKO#M TaOmuiel 26 u Haiinem 3HadeHue X3 mpu x2=0 Ha mepBoM Iare IOKHO OBITh
Boseparraemces xk gopmysie (3.28), cocraBisiem MaTpuily X M3 YeThIpeX CTOJIOILOB TaOMUIBI 25 U

HaxoIuM KodpduuueHTs perpeccun i ypaBHeHus1106 (otcyrcTByeT napamerp x2) B ypaBHenue
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(3.32) moncraBnsieM mapaMeTphl LIECTOW CTPOKH TaOMUIBI 2 M HAaXOIWM pacueTHOE 3HaueHHE
OTHOCHTENBHYIO0 OIIMOKY MOJENN MPH UCKIIOYEHNH X2 HaxoguMm 1o ¢opmyie Pacdyerst mpoBogum
JUIS TIATH TapaMeTpaM Xi U, TI0 BeTMYMHAM OLIIMOOK 1aeM KaueCTBEHHYIO OLICHKY HH(POPMaTHBHOCTH
apamMeTpoB.

Tlopsimok BBINOJIHEHUS:

1. Tlo dopmyne (3.28) ¢ wCHoNb30BaHUEM JAHHBIX TAOJIHUIBI paccuyuTaTh KO3 OUIMEHTHI U
IIOJIyYUTh YpaBHEHHE cTanuoHapHoro pexuma (3.29). Ilpu pacdere BOCIIOIB30BATHCS
JaHHBIMU TOJBKO TISATH BEPXHHUX CTPOK. JlaHHBIE CTPOKM IIECTOM HCHOJB30BaTh B
JaJbHEUIIEM ISl ONPEACIICHUS OTHOCUTEIBHON IMOTPEMIHOCTH MOJEIH.

OcHoBHas IuTEpaTypa

MopenupoBaHue MPOLECCOB U cucTeM ynpasieHus : yueOHuk / FO. H. Annaros. — Bpatck : bpl'Y, 2015. —
140 c.—b. 1.

MaremaTtnyeckoe MOJEIUPOBaHUE MPOU3BOJCTBEHHBIX MPOIECCOB yueOHOoe mocobdue mnst By30B / HO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

JononauTensHas IuTepaTypa

1. Eropos B. A., I'mymkoBckuit A.A., OCHOBBI MOICTHPOBAHHS M ONTUMHU3AINHU TIPOLIECCOB
nepeBooopaboTku. MeTopl MoaenupoBanus: YueoHoe nocobue. JI. JITA, 19888, - 80 c.

2. Imxypur A. A., Ilixypun A.A., MoaenupoBaHUe W ONITUMU3AIHS TIPOIIECCOB IepeBO0OPabOTKY:
VYuebnuk. — M.: MI'VJI, 2004. — 375 c.: ni.

3. Aumaros 0. H. MaTematudeckoe MOISTMPOBaHNUE IPOU3BOICTBEHHBIX MPOIIECCOB: YUeOHOE
nocobwue. — 2-e u3A., nepad u gom — bparck: bpl'TVY, 2001. — 96 c.

KOHTDOJII)HI)IG BOITPOCHI I CaAaMOTIPOBEPKHA !

1. Kakwue nmapaMeTpsl MOJIENH SIBISAIOTCS Hanbosee WHHOPMATHBHBIMU?
2. C nomouipio Kakux napameTpoB MOXKHO OCYIIECTBIISITH TPOTHO3 COCTOSIHUS JIECHOTO MaccuBa?
3. Kakumu nmapaMeTpamMu MOXKHO YIPaBIIATH MPOLIECCOM COCTOSIHUS Jieca?

JlaGopaTopHasi padora Ne 5.
MopeaupoBanne Npou3BOICTBEHHBIX MPOLECCOB.

[HEJIb: O3HaKOMHUTb CTYIEHTOB C METOJMKON ONTHUMAJIBHOIO KaJ€HJApPHOIO IUIAHWPOBAHMS,
IIPOBECTH MCCIEAOBAHNE U PEUINTD 3a/1a4y 0 ONTUMH3ALMH MpoIiecca.

Cpeau pasnMuUHBIX OPraHU3allMOHHO-)KOHOMHMYECKHX, MATEMAaTHYECKUX M TEXHHYECKUX
BOIIPOCOB, KOTOPBIE MPUXOJUTCS pelIaTh Ha dTale MPOECKTHUPOBAHUS, CO3JaHUE MaTeMaTH4YEeCKON
MOJIENIN  ONTHUMAJIBHOTO KaJEHAAPHOTO IUIAHUPOBAHHS CEPUIHOrO MpPOM3BOJICTBA U BBHIOOP
IIPUEMJIIEMOTO CIIoco0a ee MalIMHHON peaan3alui 3aHUMA0T BaXKHOE MECTO.

Ot kaneHmapHoro IulaHa-rpaduka pabOTBl CEpUIHOrO 1exa WIM YYacTKa 3aBUCST
PUTMHYHOCTH BBIITyCKa MPOIYKIUH, JUIUTEILHOCTh IMPOCTOEB 000pPY/NOBaHUSA, YPOBEHb 3aTpaT Ha
nepeHanaaky  oOopynoBaHus, OOBEM  HE3aBEPLICHHOTO  MPOM3BOJCTBA,  JJIUTEIBHOCTh
MIPOU3BOJICTBEHHOIO IMKJIA, C€0ECTOMMOCTb U3TOTOBIICHUS U3/ETHUI U, CIIeJOBAaTEIbHO, SKOHOMHKA
JaHHOTO noAapasaeneHnsa. O4eHb Ba)KHO YMETh HaXOAUTh [TapaMeTphbl ONTUMAIBHOTO KaJIeHIapHOIO
IUIaHa, KOTOPBIN, C YUETOM CIIOKUBIIEICS MPOU3BOJICTBEHHON 0OCTaHOBKH, OIpesesseT Haubosee
3¢ GEKTUBHBIHN MyTh BHIMOJIHEHUS 3alaHHON POU3BOJCTBEHHON POTrPaMMBI.

HccnenoBaHusiIMU YCTaHOBIIEHO, YTO YBEJIMYEHHE pa3Mepa MmapTuu oOpadaThIBaeMbIX JAeTajei
BEl€T K TMOBBIIICHUIO IPOU3BOAMTEIBHOCTH  TpyJda, Onarogaps  COKpPALICHUIO  JOJH
HOJArOTOBUTENIbHO-3aKIIIOYUTEIBHOTO ~ BPEMEHH, MPUXOASIIErocs Ha  OOHY  JAeTanb, U
COBEPILICHCTBOBAHHIO MPOU3BOACTBEHHBIX HAaBBIKOB Pab0OYero.

C ofpyroii CTOpOHBI, YyBEIMYEHHE pa3Mepa MapTUM [PUBOJUT K  YBEIMUYCHHIO
MEKOTEPAlMOHHBIX 00OPOTHBIX 33/€JI0B U, KaK CIEACTBHUE, K POCTY M3AEPIKEK OT MPOJICKUBAHUS
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JIeTalield MeXy ONepalusIMu.

[Ipu pacuere mapTuu 3amycka jaeTajieil HEOOXOAMMO YYMTBHIBATH pa3Mepbl CBOOOIHBIX
miom@aAaen il  XpaHEHWs W3ICIUH, CTOMKOCTh MHCTPYMEHTA, YCTAHOBJICHHBIN MOPSIOK
obecreueHust CEpuHHOrO y4acTka METaJJIOM U T.I.

B ycnoBusix neicTBUS MEpeUncIeHHbIX (PaKTOPOB U MPOU3BOJCTBEHHBIX OIPAHHMYCHHUIA BHIOOD
ONTHMAJFHOTO pa3Mepa MapTUU WIM KOJUYECTBA 3aIlyCKOB B 00pabOTKY MO KaXKIOH Jerand 3a
OTIpEeICTICHHBIN KaJeHIapHbIN TIEPHO]T BpEMEHH NIPEICTABIIACT BEChMa CIIOKHYIO 3a/1a4y.

Haubonee mnpocteie MeTOAbI pacueTra pa3Mepa IMapTUUM OCHOBAaHbI, KakK MpPaBWIO, Ha
WCITOJIb30BAaHUM KaKOTO-JIMOO OHOTO HOPMATHUBHOTO IIOKAa3aTelis, HAIpHUMEp JOMYCTUMOM 0JIH
IIOATOTOBUTCIIBHO-3aKJIHOUYUTCIIBHOI'O BpeMeHI/I II0 OTHOIICHHUK K IJ_ITy‘-IHOMy Ha BCHO Hameo
JeTaneu, oo rmoka3arens Creluann3anud pabouux MecCT.

Jpyroii moaxo/ 3aKiar04acTcsi B TOM, YTO ONTUMAJIBHBIN pa3Mep MapTUU HAXOAUTCS U3 YCIOBUS
MUHHUMH3AIMNA BEJIMYUHBI 3aBUCAIIMX OT HErO MPOM3BOJICTBEHHBIX 3aTPaT. 3HAYUTEIBHYIO YacTh
OOBIYHO COCTAaBIISIIOT 3aTPaThl Ha MEpeHANAAKy OOOpYHOBaHUS W U3JCPKKH OT CBSI3bIBAHUS
00OpOTHBIX CPEICTB B HE3aBEPIICHHOM MPOU3BOACTBE. [l03TOMY OrpaHMYMMCS JIMIIb STUMH
COCTAaBJISIOIINMHU.

3amanue:
Ha cranke W3roTaBiaMBarOTCs JCTalld YEThIpeX BHAOB. MIMeeTcs O4YeHb MabIi 3ajiei JAeTaan

N3. Jlerameii apyrux BUAOB HMMEETCS JOCTATOYHOE KOJIUYECTBO, YTOOBI MPHHSATH JIIOOYIO
OUYepEeIHOCTh MPOU3BOJICTBA. TpedyeTcsl MOCTPOUTh CXeMy MPOM3BOACTBA JeTaleil B BUjae rpada c
HECKOJIBKUMH CTOKAMH W HAaWTH KPUTHYCCKHUU ITYTh, IPH KOTOPOM JTIOCTUTACTCS MUHUMYM BPEMEHU
nepeHanaiok.

3ajaHa MaTpulia rnepeHaiaiok.

4. Crpourtcs rpaduk o4epeJHOCTH MPOU3BOACTBA JeTalCH.

3HavYeHHE SIBISICTCS MUHUMAJIBHBIM, CIIEIOBATEIBHO, ITyTh 3 4 2 1 SBIsSETCA KPUTUUECKHUM.

5. Paccmotpum 86yHkIun

ODyYHKIUS «C» COCTOHT M3 JIBYX CIIaraeMbIX «a» u «B». [lepBoe craraemoe mpeacTaBisieT co0oi
IpsIMYI0, TPOXOJSIIYI0 Yepe3 Hadajlo KOOpAMHAT, a BTOpoe ciaraemoe — rumnepOomny. I[lpu
CIIOKCHHH UX TTOJTYIHM KPHUBYIO, UMEIOIIYIO SIBHO BBIPAXCHHBIH MUHUMYM

OYHKIHS UMEET HKCTPEMYM, €CIIM CYIIECTBYET ee IepBasi Mmpous3BojaHas. [l HaxoXaeHUS
KOOPJMHATHI IKCTPEMyMa MEePBYIO MPOU3BOIHYIO (DYHKIIUU HEOOXOJIMMO MPHUPABHATH K HYJIIO.

[Tpuarmaem numb negouyrcieHHbie 3HaueHus: «K». lng ompeneneHus MUHUMyMa (QYHKIIMH
HAXOJMM €€ BTOPYIO MPOU3BOJHYIO W TIOKAa3bIBACM, YTO €¢ 3HAYCHHUE TOJOXKHUTEIBHO, T.€. TOTIa
C(K) umeer MUHUMYM.

6. Pemenme ¢ynkmmu C (K) mpoBoauTcs mpu clemylOmux MapaMeTpax MpearpHsTus.

TexHUYECKHE XapaKTEPUCTUKH MTPOU3BOJICTBEHHOTO MPOIIecca MPEITPHUSITHS.

[To dopmyne mpu 3aJaHHBIX XapaKTEPUCTHKAX MMPOW3BOJICTBA HAXOoauM BenuumHy Kk, mpu
KOTOPOM I0JIy4aeM MUHUMYM MPOU3BOICTBEHHBIX 3aTparT.

OTHOCHTEIBPHO TOYKH 3KCTpeMyma Kk BBIOMpaeM IO TpW TOYKH BIPABO M BIIEBO OT Kk
ctpouM rpaduk pyakiuu C=f(k) mo Tpem cocTaBIsrOMNUM KOMIIOHEHTaM.

Pe3ynbTarhl mpecTaBUTh B BHJIE TAOIHUIIHI U Tpaduka

[Tops 10K BBITIOJHEHNUS:

N3BecTHO, YTO Ha Ka)KJIOM CTaHKE BBIITYCKAIOTCS JETAIN YETHIPEX BUIOB.

[Jlana MaTpuIa nepeHanaokK.

1. OnpenensieM HHTEHCUBHOCTb TIOTPEOJICHNUS 1 —TOH JIeTaIH.

2. CormacHO W3JIOKEHHOH  BBIIIE METOJAWKE KPUTUYECKHH TyTh  HAaXOJHWTCS B  TaKoW
nocneaoBaTeNbHOCTH: Kax bl CTaHOK BBITYCKAeT JAETaau 4deTelpex BHIOB. IIpumeM, dro 3anmen
nmeraneit N2 odeHb Mai, a 3amen Aetaneid N1 Bemuk. Jleraneit Ipyrux BUOB UMEETCS TOCTATOUHOE
KOJINYECTBO, YTOOBI JOIYCTUTH JIIOOYIO OUEPENHOCTh HUX IHPOM3BOACTBA. TpedyeTcs IOCTPOUTh
CXEeMy OYepeIHOCTH MPOHM3BOACTBA BCEX YETHIPEX AeTaneld B BuAe rpada M HAUTH KPUTHUYCCKHUN
MyThb, P KOTOPOM JOCTUTAeTCsl MUHUMYM CyMMBI BpeMEHH IepeHananok. Ilycte maHa marpura
MEPEeHANaI0K.

ITockonbeky 3anmen geramu N2 oueHb Mal, TO NMPOU3BOJICTBO €€ CIEAYeT HAayaTh KaK MOXHO paHbIIE,
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MO3TOMY y3€ll, OTPaKAIOIINi MPOU3BOJACTBO AeTanu N2, 6epeM 3a uctok rpada. Ecnu 3anen neramm N1
BEJIWK, TO TMPOU3BOJACTBO €€ IeIeCO00pa3sHO BECTH B TIOCICAHIO OYepelb, IMOATOMY y3ed,
OTpaXKaIOIINK MTPOU3BOJICTBO ITOM AeTaln, O6epeM 3a CTOK Tpada.

W3 momydeHHBIX  pe3yiNbTaToOB  BBHIOMpaeM MHHUMANBHYI0O CcymMMy. B maHHOM  cimydae
nocienoBaTenbHocT! 2,4,3,1 — neranb, ciaeIoBaTeIbHO, OPraHu3ys ouepeaHocTh 2,4,3,1, MBI J00beMCS
MHUHHUMYyMa CyMMBbI BpeMEHH TepeHaNa oK ISl TAaHHOW CUTYaIllH HaJIM4dus 3a7esioB. Ecin ke BenmnmunHa
3a/1eJI0B OJHON W3 JeTanell HEe3HAYNTEIhHO OTIMYAETCS OT 3aJelIOB APYTUX JAeTajiei, TO MOPSIoK MX
WU3TOTOBJICHUST HE CTOJb BaXCH W JIUKTYETCS JIAIIh TPeOOBAaHMEM MHHHMYyMa CYMMBI BpPEMCHH
nepeHanaiok. B 3ToM ciyyae cxema O4epelHOCTH MPOU3BOJICTBA JeTanel OyneT uMeTh BUA rpada
HECKOJILKAMH CTPOKaMH.

OcHoBHas IuTEpaTypa

MonenupoBaHne IpoIieccoB U cucTeM ynpapieHus : yaeoHuk / FO. H. Anmartos. — bpatck : bpl'V, 2015. —
140 c. - b. 1.

Marematndeckoe MOJEIUPOBaHUE MPOU3BOJCTBEHHBIX MPOIECCOB yueOHoe mocodme mnst By30B / HO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononaurenbHas auTepaTypa

1. Eropos B. A., I'nymkoBckuii A.A., OCHOBBI MOJICIIMPOBAHUS M ONTHUMHU3ALINHU TPOIIECCOB
nepeBooopaboTku. MeTopl MoienupoBanus: YueoHoe nocobue. JI. JITA, 19888, - 80 c.

2. Imxypur A. A., Ilixypua A.A., MoaenupoBaHUe W ONITUMU3AIHS TIPOIIECCOB IepeBO0OPaOOTKY:
Yuyeonuk. — M.: MI'VJI, 2004. — 375 c.: ni.

3. Aumaros 0. H. MaTematudyeckoe MOISTMPOBaHNUE IPOU3BOICTBEHHBIX MPOIIECCOB: YUeOHOE
nocoowue. — 2-e u3j., nepad u jgomn — bparck: bp['TY, 2001. — 96 c.

KOHTDOJII)HI)IG BOITPOCHI I CaAaMOTIPOBEPKHA .

1. BbIICHUTB 3aBHCUMOCTB SKCTpeMyMa (DyHKIIMH 3aTpaT OT THIIA IPOM3BOICTBA (MAaCcCOBOTO,
MEJIKOCEPHITHOTO U CMEIIaHHOTO).

2. Pa3zpaboTtaTh KOMIIJIEKC MEPOTIPUATHI

— CHIDKCHHE 3aTpaTt OT COCTABIISIONICH a;

— CHIDKCHHE 3aTpat OT COCTaBIIsronIei b;

— obecneuuTs c=const.

IIpakTnueckas padora Nel
MeTOI[ CHUHTE3a OAHOMEPHLBIX CUCTEM YIIPDABJICHUSA

eab: U3y4nTh METOAUKY CTPYKTYPHOTO CUHTE3a OJITHOMEPHBIX CUCTEM YIIPABIICHUA.

[TpoexkTpoBaHHE CHUCTEMbI YIIPaBIECHHS pPACCMATPUBAIOT KaK CTPYKTYpPHO-TIApaMeTpHUYECKUI
CHHTE3, TIpU KOTOPOM HEOOXOJWMO ONpEACIHTh CTPYKTYpYy U IIapaMeTpbl 3BEHBEB CHCTEMBI.
CreroBaTeNbHO, 3a1a9y CHHTE3a CHCTEMBI MOXKHO C(DOPMYITHUPOBATH CIEAYIOIMINM 00pa3oM.

Heo0xouMo cIpoeKTHpOBaTh CHCTEMY, YIOBJIeTBOpstouryto mnepenatouHoit ¢ynkimumn Wr (S).
Teopernuecku nepenarouHast GyHKIHS CUCTEMbI MOXKET OBITH OIpeJielieHa M0 Pa3InYHbIM Kputepusm. U3
YCIIOBUH CTaTUYECKOTO pacdera WM TEXHUYECKOW MPeNIoNpPEeIEHHOCTH YacTh CTPYKTYPHBIX 3BEHBEB
CHCTEMBI anpruopHO onpeneneHa. CnegoBaTeabHO, HEOOXOANMO IyTEM BBEJCHHUS JOMOJHUTEIBHBIX 3BEHBEB
B CTPYKTYpY CHCTEMBI IOJYYUTH orepaTtop, yaosierBopstommid ycnoButo W, (S)= Wt (S), rme W(S) —
nepenarouHasi QyHKIUS CHHTE3UpyeMoii ciucteMbl. Heooxoaumo onpeaenuts W,(S).

3ajaHue:
1. Onpenenuts HapaMeTpsl EpeIaTOYHBIX (YHKIUH Hen3BecTHRIX KomroHeHT: N, B, D, M.
2. IlpowusBecty geKOMITO3UIHIO MepenaTouHbix PyHknuii D u M Ha 3BeHbs 1-ro opska.
3. TIpom3BecTH KOPPEKIUIO JMHAMUYECKIX CBOWCTB NepeAaTovHbIX GyHKiwid D u M.
4., MeTomoM HWMHUTAITMOHHOTO MOJCIHPOBAHUS HCCIEAOBATh YCTOWYMBOCTH CKOPPEKTHPOBAHHBIX

3BeHbeB D u M.
Uccnenoanus no myHkTam 2, 3, 4 mpoBeCTU IO METOJUKE, U3TI0KEHHOH B rnase 1, m.1.4.

87



HOI)}II[OK BBITTIOJTHCHU S Da6OTLIZ

B obmem Bume CTpyKTypHas cxema peryisiTopa CHCTEMBI IpeacTaBieHa Ha puc.l.13. AmpuopHo
M3BECTHBI KOMIIOHEHTHI cucTeMmbl perynupoBanus A, C, L, K, P, a Taxxe TpeOoBaHUS K peETyasTOpY,
KOTOPBIX IOJDKEH yAOBIETBOPATH yenoBuio Wt Heo6xoanmo Haiiti mapameTpsl kommoneHT: N, B, D, M.

Ilo crpykrypHO#i cxeme cuctembl (puc.l.13) ctpomm C-tpad, mpencraBmeHHbI Ha puc. 1.14.
MOCKOJIBKY HEOOXOAMMO ONpENeNUTh YeThIpe KOMIIOHEHTHI, a rpad) MMeeT TOJIbKO TpH y3ha 1-ro poaa, To
NPOM3BENIeM CTPYKTYPHOE IpeoOpa3oBaHKe HaJl U3BECTHON KOMIOHEHToH D 1 mpeacTaBiM ee Kak

D,=D,=D/2.
Ha ocnoBe C-rpada crpoum matpuiry KoMrmoHeHTOB (1.22) u matpuiy cTpyktypsI (1.23).
OcHoBHast IUTEpaTypa
1. MopgenupoBaHue MPOIECCOB U cucTeM yrpasineHus : yueOonuk / FO. H. Anmaros. — bparck : bpl'Y,
2015. - 140 c.—b. 1.
2. MaremaTHyeckoe MOJICIMPOBaHHE TIPOU3BOACTBEHHBIX MPOLIECCOB YueOHOe mocodue ams By30B / HO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononaurenbHas auTepaTtypa

1. Eropos B. A., I'mymxoBckuii A.A., OCHOBBI MOJEIIMPOBAHUS H ONTHMHU3AINHN TPOIIECCOB
nepeBooopabdoTku. MeToapl MosienupoBanust: YueoHoe nocodue. JI. JITA, 1988, - 80 c.

2. [Mmwxypun A. A., [Twxypun A.A., MozxenupoBaHue 1 ONITUMH3ALIUS TIPOLIECCOB 1ePEBOOOPAOOTKH:
Yuyeonuk. — M.: MI'VJI, 2004. — 375 c.: ni.
3. Anmnaros }0. H. Marematudeckoe MOJICTMPOBaHUE MPOU3BOICTBEHHBIX MPOIECCOB: YueOHOe

nocoowue. — 2-e u3j., nepad u gomn — bparck: bp['TY, 2001. — 96 c.

KOHTDOJ'ILHI)IG BOITPOCHKHI:

1. [laiiTe XapaKTepUCTHKY KPUTEPUEB UCCIICAOBAHNS YCTOHYUBOCTH CUCTEM.
2. Onummre criocoObl KOPPEKIHUH TMHAMUYECKUX CBOWCTB CUCTEM YIIPABJICHUS.

IIpakTnueckas padora Ne2
HccnenoBanue MHOrOMEpPHBIX 00bEKTOB YIIPABJICHHA

eJsb: U3y4UTh METOAUKY MCCIEIOBAHUS 63AUMHO20 BIUSIHUSL OTJEIIBHBIX KOOPJMHAT 00bEKTa Ha
Ka4yeCcTBO YNPaBJICHUS U HAWTU JOIYCTUMBIN JUana3oH MapaMeTpoB OTAEIbHbBIX KOOPAUHAT
yIIpaBJICHUSL.

B Teopuu yrpaBieHus IIUPOKHUI KJIACC 0XBATHIBAIOT MHOTOMEPHbIE OOBEKTHI, CHHTE3
KOTOPBIX MPECTABIIAET 3HAYUTENbHbIE TPYIHOCTH.

MHOroMepHOCTh 00BbEKTa XapaKTepU3yeTCsl TOHKOW U ITyOO0KOH (hyHKIIMOHATBHON
3aBHCHUMOCTBIO MEX]y OTAEIbHBIMH (pa30BbIMU KOOpAUHATAMU. [IpoeKTUpOBaHUE TAKUX CUCTEM HE
MOYET OBITh IOCTUTHYTO MPOCTOM KOMOMHAIMENH UCXOIHBIX CTPYKTYPHBIX 2JIEMEHTOB. Mx
B3alMHOE 00bEeIMHEHNE TIPEoNIpeAesieT HE0OX0AUMOCTh MPOBEACHUSI MEPOTIPUSATHI, KOTOpbIE
00ecreynBaroT CO3/1aHUE CIOKHON CHUCTEMBI.

3ajaHue:

[To pe3ynbTaTam SKCIEPUMEHTA OCTPOUTH I'paMKU B COOTBETCTBHHU C NaHHBIMU Tabu. 1.5 u 1.6.
1. Jlns nByMepHO# CHCTEMBI MOCTPOUTh rpadukn u3menenus Gynkmuii K, M, Xio B
MHTEpBAJIE OT HYJIS 10 YCTaHOBUBILIETOcs pexxuma (puc. 1.18).
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2. Omnpenenuth napametpsl GyHkimid K 1 M B ycTaHOBUBIIEMCS peKUME (CTAIIMOHAPHBII
Mpo1IECC).

3. Ompenenuts 3HaueHUE PYHKIMH B PEKUME MHOTOMEPHBIX OJTHOTHITHBIX CUCTEM
ympaeienus (MOCAY) (B Touke tp).

4. Jlng TpeXMEpHON CUCTEMBI B COOTBETCTBHMHU C AaHHBIMU Ta01. 1.6 mocTpouts rpaduku

bynkuit W, W, X3, (puc. 1.19).

Omnpenenuts napametpsl pyukuuit W, u W, B craimmonapHom pexume (Touka iy ).

6. Omnpenenuts napameTpsl TpeThell KoopauHatel W, 1 cpaBuuTh co 3Havenuem K, M nBymepHO
cucreMsbl B Toukax to(cm. puc. 1.18 u 1.19).

7. Onpenenuts 3Hauenue W, npu t= to (cm. puc. 1.18).

o

[TopsIOK BEITOJHEHUS paOOThL:

[TpoBectu uccnenoBanue 00IaCTEH CYIIECTBOBAHUS PEIICHUS ISl IBYMEPHOH U TpeXMEPHOM
CUCTEM YIPABJICHUS IIPU 3aJaHHBIX BXOJHBIX U BBIXOAHBIX ITapaMeTpax ylpaBICHUS.

WuTepBai uccnenoBanus BEIOUpAETCs UL ABYMEPHOH cucteMbl paBHbIM {3 =3T1o, Ut TpexmMepHOi
- t1=3T12, B 3aBUCUMOCTH OT BapHaHTa 3aJaHus. Pe3yabTaTsl MCCIIEIOBAHUI BBIITOJIHUTD IS
IBYMEpHOI1 cuctemsl 1o popmyiie (1.35), s tpexmepHoii — o (1.39) u cBectu B Tadi. 1.5 u 1.6.

OcHoBHas IuTEpaTypa

1. MopgenupoBaHue MPOIECCOB U cucTeM yrpasineHus : yueOonuk / FO. H. Anmaros. — bparck : bpl'Y,
2015.- 140 c. - b. 1.
2. MaremaTHueckoe MOeIUPOBaHUE IIPOU3BOACTBECHHBIX POLIECCOB yueOHOE ocodue 1ist By30B / FO.
H. Annatos. — bpatck : bpl'Y, 2015. — 148 ¢. — b. 1.

HononaurenbHas auTepaTtypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOIECITMPOBAHMS U ONTHMHU3ALNN IPOLIECCOB
nepeBooOpadoTku. MeTo bl MojienupoBanus: YueoHoe nocodue. JI. JITA, 1988, - 80 c.

2. [Mmwxypun A. A., [Twxypun A.A., MoznenupoBaHue ¥ ONITUMH3AIINS TIPOLIECCOB 1ePEeBOOOPAOOTKH:
Vuebnuk. — M.: MI'VJI, 2004. — 375 c.: ni.
3. Anmnaros }0. H. Marematudeckoe MOJICIMPOBAaHUE POU3BOJICTBEHHBIX MIPOIECCOB: YueOHOe

nocoowue. — 2-e u3j., nepad u jgomn — bparck: bp['TY, 2001. — 96 c.

KoHTpoJILHBIE BOOPOCKI:

1. Kakum crmoco6oM MOXKHO YMEHBIITUTH BETUYMHBI OTKIIOHEHUH TapameTpoB K u M ot
BenuyuHBI Kj?

2. KaxoBa mpuuMHa 3HAYUTEIBHON pa3HHIBI apaMeTpoB W, 1 D B 1ByMepHOU U TpeXMEpHOM

cucremax?

B yem npuunHa cBSI3HOCTH 00BEKTA?

Kakue napameTpsl MOXKHO MEHATh B MHOTOMEPHOM 00BEKTE?

5. Omnpenenurte rpaHUILBl CYIIECTBOBAHUS ONTUMAIBHBIX 00J1aCTeH pelIeHusl.

Hw

IIpakTHyeckas padbora Ne3
OnTuMu3anus NPOM3BOJACTBEHHOIO IJIAHA METO0M JIMHEHHOTI0 NPOrPAMMHUPOBAHHS

[lenb: U3yunTh U UCCIEN0BATH METO JIMHENHOTO TPOrPaMMUPOBAHUSI U UCCIIE0BATh
IIPOU3BOJCTBEHHBIN IIPOLECC.

MHorouuciaeHHsle 3a1a41 ONTUMAIbHOTO TUIAHUPOBAHUS U YIPABIICHHS CBOJISTCS K
MOJEJIAM JIMHEWHOTO IPOrpaMMUPOBaHus. Jlunelinoe npoepammuposanue N3y4aeT 3a1a4u
HAXO0/JICHUS ONTUMAJIBHOTO (MaKCUMAIbHOTO UM MUHUMAJIBLHOIO) 3HAYEHUS TUHEHHOM 11eJIeBOM
(GyHKIMY MPpU JIMHEHHBIX OFpaHUYEHUIX Ha MapaMeTphl yipasiieHus. B oOmiem Bune zadauy
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Jaunetinoeo npoepammuposanus (3JII1) MmoxxHO chopmMyIupoBaTh CIEIYIOMUM 00pa30M: HANTH
MUHUMAJIBHOE 3HAYCHHE 1[EeBON (DYHKITUH.

3amanue:

1. O3HaKOMUTHCS C HACTOSIIEH MHCTPYKITUEH U COIepKaHUEM 3aaHusl.

2. IloaroTtoBUTH UCXOMHBIE JaHHBIE AJIs PELICHUS MOJIYy4YEeHHOrO BapHaHTa 3a/1aHus 00
ONTHMAaJILHOM HCIOJIb30BaHUU 000pynoBanus (1admn.4.5). ChopmynupoBarh
MaTeMaTHYECKYIO IIOCTAHOBKY CBOETO BapHaHTa 3aaauu B Buje (4.23)-(4.25). BBecTH
UCXOJIHBIC JIaHHBIC M CUMILIEKC-MeTo10M B cucteme Math Card pemuts 3aauy.

3. 3ammcath peleHus 3a1auu.

Ilops10K BEITTOJHSHUS Da6OTBIZ

[TosicHUM KOPOTKO CUMILIEKC-METO/I Ha IPUMEPE PEIICHHS 3a/1a9M ONTUMAIBHOTO
UCTIOJIB30BaHUS 000PYIOBAHMS.
CTOJSIPHBIH 11eX JIECOMPOMBIIIUIEHHOTO KOMILIEKCA BBIITYCKAST TPH BHUJA MIPOAYKIIUHU: CTOJIBI Pq.
mkadsl P, 1 cTynbs P3, KOTOpBIE TPOU3BOIATCS C HCIIOJIB30BAHUEM YETHIPEX BUIOB 00OPYIOBAHUS:
S1, Sy, Sz, Sy Llex umeet obopynoBanue Sp B Komuyecte 15 mT., Sy - 10 mT., S3— 20 mrt. u S4— 15

IIT.
Bun Hopwmei 3aTpat o6opynoBanus Ha 1000 mT. mpoTyKIIUU B MECSIIT
o0opynoBaHus P: P, P3
S1 3 1 1
S, 1 2 1
S3 2 0 2
S, 0 5 1

Kaxxnas Teicsida mTyk npoaykuuu Pi maet mpuosuis 2000 py6.; Po— 3000 py6.; Ps - 1000
py6. TpebyeTcs onpenenuTb, Kakoe KOJIMYECTBO MPOAYKIUU KaXI0T0 BUAA JOKEH MPOU3BOAUTH
1[eX Ha UMEeIoIIeMcsi 000pYJJOBaHHUHU B IJIAHUPYEMbIN Tepro (MecCsI]), YTOObI OTYyUYUTh
MaKCUMaJIbHYIO IpuObUIb. KpuTepreM onTUMaIbHOCTH MPU PELLICHUH 3TOMH 3a/1aun OyneT
MaKCHMYyM NPUOBLIN PU OIPaHUYEHUSX 110 000PYI0BaHHUIO.

OcHoBHast TuTepaTypa
1. MonenupoBaHue NpoLECCOB U cUcTeM yrpasieHus : yueOnuk / 0. H. Annaros. — bpatck :
bpI'Y, 2015. - 140 c. - b. 1.
2. MaremaTHueckoe MOJEIMPOBAHNE MPOU3BOJICTBEHHBIX IMPOLECCOB yuyeOHOE MocoOue Uis
By30B / 0. H. AnmaroB. — bparck : bpl'Y, 2015. — 148 c. — b. 11.

JlononHuTenbHAS IUTEpATYypa

1. Eropos B. A., I'mymkoBckuii A.A., OCHOBbI MOAECTUPOBAHUS U ONITUMU3ALIUN MTPOLIECCOB
nepeBooOpaboTku. Metoasl MonenupoBanus: YueoHoe mocooue. JI. JITA, 1988, - 80 c.

2. [Mmxypun A. A., ITwxypun A.A., MonenrpoBaHue U ONTUMH3ALMS IPOLIECCOB
nepeBoobpadoTku: YueOHuk. — M.: MI'VJI, 2004. — 375 c.: ui.
3. AunmaroB FO. H. MaTtematndeckoe MOAETMPOBaHUE MPOU3BOJCTBEHHBIX MPOIIECCOB:

YyebHoe mocobue. — 2-e u3f., nepad u gomn — bparck: bpI'TY, 2001. — 96 c.

KoHTpOJbHBIE BOIPOCHL:

1. Cdopmynupyiite B o0mem Buzae 3JII1.
2. B uewm 3akimrouaercs CyTh CUMIIIEKCHOTO MeToAa?
3. Kakum merogom moxHo permuth 3JIT1?
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IIpakTnyeckas padora Ned
Monennpona}me CHCTEM MACCOBOI0O oﬁcnymnsaﬂnﬂ

Heb: U3y4uTh METO/IbI OPraHU3ALNH IJIAHUPOBAHUSL CUCTEM MAaCCOBOTO OOCTYKUBaHUS U
yIpaBiICHUS UMH.

CymecTByeT 00JIbIIOE YHCIIO MPOLIECCOB, 111 KOTOPBIX XapaKTepHa clieAyromas oorast
cTpykTypa (puc. 4.4). B COBOKYITHOCTh IIYHKTOB, HA3bIBAEMYIO CHCTEMOM 00CTy:KUBAHMS,
MOCTYMAIOT Yepe3 HEKOTOPbIE MPOMEXYTKHA BPEMEHH 00BEKTHI (BXOASIIIUI MOTOK), KOTOphIE
HOJIBEPraloTCs TaM COOTBETCTBYIOIIMM OIepanusiM (00CTyKHBAHMIO), M 3aTEM TIOKUAAIOT CUCTEMY
(BBIXOASIIIHMIA OTOK), OCBOOOXKIast MECTO IS CIICAYIOIINX O0BEKTOB.

[TpomexxyTKH BpeMEHH, Yyepe3 KOTOPHIE MOCTYMA0T 00BEKTHI, U BpeMsi 00CITy>KUBAHUS, KaK
MIPaBUIIO, HOCAT cly4yaiiHbli Xapaktep. [Ipu MaccoBoM MOCTYIIEHHUH OOBEKTOB B CUCTEME
00CIyKMBaHUS MOT'YT BOZHUKHYTh O4epe/IH.

[Ipoueccyl MaccoBoro 06CIy>KUBaHUS TUITUYHBI 1711 CBsi3U (TenedoH), TpaHCIopTa
(BO311yIIHbIE, HA3EMHBIE U MOPCKHUE IIEPEBO3KH ), KYJIbTYPHO-OBITOBBIX (T€ATphl, Mara3uHsl,
rOpOJICKOE COOOIIEHNE, TOJUKIMHUKN) U IPOU3BOICTBEHHBIX MTPOLIECCOB (PEMOHT U
oOciyXuBaHUE 000pyI0OBaHUS, COOPOYHBIC JTUHUN ).

HezaBrcuMo 0T KOHKpETHON MPUPOJIBI U XapaKTepa 00bEKTOB, MOCTYMAIOIIUX B CUCTEMY
00CITy>)KMBaHUs1, UX HA3bIBAIOT TPeOOBAHUAMM (WM 3asiBKAMM).

[Iporeccel MaccoBOro 00CTyKMBAHUS U3YYAIOTCS C LIENbI0 UX PAllMOHAIBHON OpraHu3aluu
(oOecrieueHre HAMOOIIBIICH MPOITYCKHOM CITOCOOHOCTH TIPH BO3MOYKHO MEHBIIIHX 3aTpaTax
BPEMEHH U MaTEpUaJIbHBIX PECYPCOB) U BBISABIICHUS 3aKOHOMEPHOCTEH TeX SABJICHUIN MPUPOIBL,
JUISL KOTOPBIX XapaKTepHbI I0J0OHBIE POLIECCHI.

3amaHue:

1.Yucmasn cucmema c odsrcudanuem, B KOTOpoil TpeOOBAHUS HE OCTABIIAIOT OYEPEAU, UTO
COOTBETCTBYET HEOTPAHUYCHHOMY BPEMEHH OXKHJaHHS.

2. Cucmema ¢ omkazamu IPUHUMAET TpeOOBaHUS Ha 00CTY)KMBaHUE TOJIBKO MPU HATTMUUHU
CBOOOIHBIX KAHAJIOB.

3. Cucmema ¢ oepanuiennol OIUHOU ouepeou XapaKTepU3yeTcsi TEM, UTO MOCTYIUBIIEE
TpeOOBaHME CTAHOBUTCS B OYEPE/Ih TOJIBKO TOT/Ia, €CITH YHCIIO TPEOOBAHH B HEW HE TPEBBIIIACT
3aJJaHHOT' 0 3HaueHus r=V.

[Tops 10K BBEIIOJHEHUS Da6OTBIZ

B CTAllUOHAPHOM PCIKUME CUCTCMA MCHACT CBOU COCTOSHU A CJ'Iy‘IB.fIHLIM 06pa30M. Ho
BEPOATHOCTHU UX YIKC HE 3aBUCAT OT BPEMCHU. Kancnaﬂ 3 HUX, ABJIIACH IMOCTOSTHHOM BGJ'II/I‘—II/IHOﬁ,
XapaKTCPpU3yCT OTHOCUTCIIBHOC BPEMI HpC6LIBaHI/I${ CUCTCMBI B JaHHOM COCTOSHHH.

HpI/ICOGHI/IHI/IB K CUCTEMC HOPMHUPOBOYHBIC YCIIOBUS, MOKHO OIIPEACTIUTE 3HAUYCHUEC
BepOHTHOCTCﬁ B YCTAHOBUBIICMCSA PCIKUME U MOJIYUUTH PAL O6IJ_II/IX XapaKTCPUCTHK IIpOIIECCa.

OcHoBHas nuTepaTypa

1. MogenupoBaHue MPOIECCOB U cucTeM ympasneHus : yuebnuk / FO. H. Anmaros. — bparck :
bpl'V, 2015. - 140 c. — b. 1.
2. MaremaTtuueckoe MOJICTUPOBAHUE MPOU3BOJCTBEHHBIX MPOIECCOB yuyeOHOE MocoOue s
By30B / 0. H. Anmaros. — bparck : bpl'Y, 2015. — 148 c. — b. 11.

JlomonHuTeNbHAS TUTEpATypa
1. Eropos B. A., I'mymkoBckuii A.A., OCHOBBI MOJETHUPOBAHUS 1 ONITUMHU3AITUHU TTPOIIECCOB

nepeBoobpaboTku. Metoasl MonenupoBanus: YueoHoe mocoowue. JI. JITA, 1988, - 80 c.
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2. [Tmxypun A. A., Ilmxypun A.A., MoaenupoBaHue U ONITUMHU3ALMS TTPOIIECCOB
nepeBoobpabdoTku: Yueouuk. — M.: MI'VJI, 2004. — 375 c.: u.

3. AunmaroB FO. H. Marematndeckoe MOAEIMPOBAHUE MPOXU3BOICTBEHHBIX MPOIIECCOB:
YuyebHoe mocobue. — 2-e u3f., nepad u gon — bparck: bpI'TY, 2001. — 96 c.

KoHTpoJILHBIE BOOPOCKI:

1. CpaBHuTE NOIy4YEHHBIE PE3YJIbTATHI UCCIIEIOBAHUH C TapaMeTpaMH CTallHOHAPHOTO
pexuma.

2. Tlo kaxmoii 3a1a4e MPOBEIUTE AaHATIU3 PE3YIbTATOB.

3. Pa3paboraiiTe KOMIIEKC MEPONIPUITHIA 110 0OECTIEUEHUIO PEKUMA padOThI CUCTEMBI,
0JIN3KOMY K CTallMOHAPHOMY.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCIOJIb3YEMBIX ITPH
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O TPOLECCA 11O JUCHUIIVIMHE

HudopmannonHo-kommynukatuBHbie Texnosnoruu (MKT) npenonaBatens UCoNb3yeT AMS:
- TOJIy9eHUS MH()OPMAIIUY TIPH MTOATOTOBKE K 3aHATHUSIM;

- CO3JIaHMsI MPE3EHTAIMOHHOTO COITPOBOXKICHHUS JEKIIMOHHBIX 3aHATUH;

- pabOTHI B AJIIEKTPOHHOU MH(POPMAIITMOHHOM CpeJIE;

- OC Windows 7 Professional,

- Microsoft Office 2007 Russian Academic OPEN No Level,

- AatuBupycHoe nporpamMmHoe obecrieuenue Kaspersky Security.

11. OMUCAHUE MATEPUAJIbHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOM
JJIS1 OCYIMECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Ham;enosanue Ilepeuensy ocrnognozo
J;Z’fl};g”éﬁ) ayouniops’ obopyooeanusn M I, 113
1 2 3 4
JIk MexaHn4eckoe UCTIBITaHUE - JIxk Ne 1-8
JPEBECUHBI U IPEBECHBIX
MaTepUajoB
JlucnuieiHelii Kinacce. N3mepurenbHbie I13 Ne1-3
I13 Kadenpa BocriponsBoacTa MHCTPYMEHTBI
1 TIepepabOTKU JIECHBIX
pECYpPCOB. 113 Ne4
JIP JlucnuneitHeplil Kinacce. N3mepurenbHble JIP Nel-4
Kadenpa BocriponsBoacTa WHCTPYMEHTBI
1 TIepepabOTKU JIECHBIX
pECYpCOB.
CP q31 O6Gopynosanue 10- 113 Nel-4
K i5-2500/H67/4Gb
(monutop TFT19 Samsung);
MIpUHTEP HP LaserJet
P2055D
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OOHJA ONEHOYHBIX CPEACTB AJId ITPOBEJAEHU A

IIpunoxenne 1

MPOMEXYTOUYHOM ATTECTAIIMUA OBYYAIOIUXCA IO JUCIHUILJINHE

1. Onucanue ¢GpoHJa OLIEHOYHBIX CPEACTB (IACHOPT)

Ne

KOMIIEeTe JneMeHT Paznen Tema DdPOC
KOMIIETEeHIIMH
HIMH
OIlK-1 CIIOCOOHOCTh  IIO- 1.1.  Beenmenme.  Oransl | DKk3aMeHanu
HUMATH Hay4HbIC 1. Brenenue B ONTUMH3AIUOHHOI'O OHHBIN
OCHOBBI TEXHOJO- | MaTEMaTHYECKOE HCCIEIOBaHMS. OIUIeT
I'MYeCKHX  TIPOLEC- MOJICIIUPOBAHUE U Onpenenexnue §
COB B OGNACTH Je- | OCHOBHBIC OHATHS. | MATEMaTHYECKUX MOJICTICH.
3agaun 1.2 TpeboBanus K
CO3arOTOBUTECIIb-
OINTHMU3ALIHH. MaTEMaTUYECKUM MOJEISIM.
HBIX U JIepeBoOIIepe- Kraccnburanms
pabaThIBAIOMINX MaTeMaTHYeCKUX MOJeIeH.
IpOU3BOACTB OOmias IOCTaHOBKA 3amadu
UCCIIEI0BAHUS ONIEPALIMH.
1.3 Kputepuit
OIITUMAaJIbHOCTH.
MHoOrokpurepuaibHble
3aJ]a4n HCCICIOBAHUS
onepauuii. MeTonpl CBEpPTKU
KpUTEPHEB.
2. OcHoBuble | 2.1 BBenenue B nmHEWHOE | DK3aMeHAA
MOHATHUS JTUHEHHOTO | MporpaMMHUpOBaHUe. 3alaud | OHHBII
MPOTPaMMHUPOBAHUS. | JTUHEHHOTO GIIeT
CHUMILIIEKC-METOI. MIPOrPaMMHUPOBAHUSI.
JIBoticTBeHHas 2.2 T'padudeckoe penicHue
3ajJaya  JIMHEHHOTIO | OCHOBHOM 3aJa4yl JIMHEHHOTO
MPOrPaMMHUPOBAHUS. | MPOTPAMMHUPOBAHUS
METOJ/IOM TIEPECTAHOBOK.
2.3 Haxoxx/ieHue OrmopHOro U
OIITUMAaJIbLHOTO penreHus
3a1a4u JIMHEHHOTO
MIPOTPaMMHUPOBAHHUS.
DopMynHpOBKa
JIBOMCTBEHHOM 3a71a4n
JIMHEHMHOTO
IPOrPaMMHUPOBAHUSI.
3. TpancnopthHas | 3.1 DopMynHupoBKa | DK3aMeHaIH
3agava. HenmuHeitHoe | TpaHCTIOPTHOM 3a7a4M. | QHHBIH
nporpammupoBanue. | HaxoxmeHnwue OIOPHOTO | GrteT
MeTtonpl IJlaHa. YIIydllleHWe IUIaHa
AMUTAITOHHOI'O MEePEBO30K.
MOJIEJTMPOBAHMS. 3.2 IlocraHoBka 3agauu
HEJIMHEHHOTO
MIPOrpaMMHUPOBaHUS.
MeToan! OTHLICKHBAHUS

KkcTpemyma uid  (YHKIUH
OJIHOM mepeMeHHONU. MeTo b
OTBICKMBAaHUS  3KCTpEeMyMa
IUiT  (QYHKIUH  HECKOJBKHX
MIEPEMEHHBIX.

3.3 MeToasl IMATAIIMOHHOTO
MOJICTTUPOBAHWISL.
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1.1. Bsenenue. Oramnbl | DK3aMeHalu
1. Beenenue B ONTUMHU3AIMOHHOT O OHHBIH
MaTeMaTHIECKOe HCCIICOBAHWSL. OIUIeT
MOJCITHPOBAHUE Ompenenenne
OCHOBHBIC TTOHATHS. | MaTEeMaTHUYECKUX MOJICIICH.
3anaun 1.2 TpeboBanus K
ONTHUMU3AIINH. MaTeMAaTHYECKHUM MOJICTISIM.
Knaccuduxarus
MaTEMaTHYECKUX  MOJICIICH.
OOmrast mMoCTaHOBKA 3aJadu
HCCIIeIOBaHUS OTepaIui.
1.3 Kputepuit
OTNITHMAJIBHOCTH.
MHorokputepuaibHbie
3a/1auu WCCIICIOBaHUS
omeparuii. MeToabl CBEpTKU
KpUTEPHEB.
2. OcHoBHBIC | 2.1 BBenmenme B JNHMHEHHOE | DK3aMeHAU
MOHATUS JIMHEWHOTO | MPOrpaMMHUpPOBaHue. 3allav¥ | oHHBIH
MPOTPaMMHUPOBAHUS. | TUHEHHOTO OIUIeT
CHUMILTIEKC-METOI. IPOTPaMMHUPOBAHUSI.
JIBoticTBeHHas 2.2 T'padudeckoe penicHue
3a7a4a  JIMHEWHOTO | OCHOBHOM 3a7a4yu JUHEHHOIO
MPOTPaMMHUPOBAHUS. | MPOTPAMMHUPOBAHUS
METOJ/IOM TIEPECTAHOBOK.
2.3 Haxoxx/ieHue ormopHoOro u
OTNITUMAJIBHOTO pemreHus
3a7a4u JIMHEHOTO
IPOrpaMMHUPOBAHMSL.
DopMynHpOBKa
JIBOMCTBEHHOM 3a71a4n
JIMHEHHOTO
IPOrpaMMHUPOBAHMSI.
3. TpancnoptHas | 3.1 PopmynnpoBKa | DK3aMeHaIn
3anava. HenuHeliHOE | TpaHCTIOPTHOM 3a7a4M. | QHHBIH
nporpammupoBanue. | HaxoxueHnue OIOPHOTO | GrteT
Mertobt IJjaHa. YIIy4llIeHUE IUIaHa
MMHTAIIHOHHOTO TIEPEBO30K.
MOJIETTHPOBAHMS. 3.2 IloctaHoBka 3amauu
HEJIMHEUHOTO
MIPOrPaMMHUPOBAHUSI.
Mertomap! OTBICKMBAHUS
KcTpemyMma g (YHKIUN
OJIHOM mepeMeHHOU. MeTo bl
OTBICKMBaHUS  3KCTpeMyMa
Uit QYHKIUK  HECKOJIBKHX
[IEPEMEHHBIX.
3.3 MeToapl UMUTAIIMOHHOT'O
MOJICTHPOBAHUSI.

I1K-12 CIIOCOOHOCTH 1. Bseemenue B |1l Onpenenenne | Dx3amMeHaIu
BBHIOUPATH W | MareMaTudeckoe MaTeMaTHYECKUX MOJICIICH. OHHBIH
IPHMEHSATh MOJEIIUPOBAHUE u|l2 OOmas INOCTaHOBKA | GueT
COOTBETCTBYtoNMe | OCHOBHBIC MOHATHA. | 3ajawn HCCIIEA0OBAHMS
METOIbL 3agaun OTIepAaITHA.

ONTUMU3ALIUAH. 1.3 MHorokpurepHaibHble
MOJEITUPOBAHUSL
3a/1a9n HCCIICAOBAHMS

MCEXaHHUYCCKUX )41
¢dbusuko-

onepanuid. MeToapl CBEpTKU
KPUTEPUEB.
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XUMHYECKHX
IIPOLIECCOB
JIECO3arOTOBUTENbH
BIX u
nepeBonepepadaTsl
BAaIOIIIUX
IIPOU3BO/JICTB.

2. OcHoBHbIe | 2.1 OcHoBHas 3a7a4a | DK3aMeHalu
MOHATHS JIMHEWHOTO | JTMHEHHOTO OHHBIH
MIPOTrpaMMUPOBAHMS. | HPOrPaMMHPOBAHUSI. OUIIeT
CHUMITIIEKC-METO/I. I'eometpuyeckas
JIBolicTBEeHHas HHTEpIpETAalyss  OCHOBHOM
3ajaya  JTUHEHHOTO | 3a7a4u JIMHEHHOTO
MPOrpaMMUPOBAHMS. | OPOrPaMMHPOBAHUSL.
2.2 Anropurm
peodpa3oBaHus
CTAaHAAPTHOH  TaOMUIBI B
CUMILIEKC-METO/IE.
2.3 DKOHOMUYECKAs
HHTEpIpeTanus NOpsaIMod U
JIBOMCTBEHHOMU 3aja4
JIMHEWUHOTO
MpOrpaMMHUPOBAHHUSL.
3. TpancnoptHas | 3.1 Pemienue TpaHcHmopTHOH | DK3aMeHAIH
3agada. HenuneitHoe | 3amauu METOJOM | QHHBIHI
MPOTPaMMHUPOBAHKE. | TIOTEHIIUAIOB. OIIeT
Mertonbt TpancnopTHele 3amayud  C
MMUTalHOHHOTO HEMPaBIIFHBIM OAIaHCOM.
MO/JIETTUPOBAHUS. 3.2 Metoasl OTBHLICKUBAHUA
KcTpemyMa it (YHKIUH
HECKOJIBKUX MEPEMEHHBIX.
33 UccnenoBanus Ha
UMUTAIMOHHON MOJEIIH.

2. DK3aMeHAIlHOHHbIE BOMPOCHI

KomnereHnuuu IK3AMEHAIIMOHHBIE
Ne BOIPOCKI Ne HammMeHoBaHHe
n/n asjena
Kon Omnpenesnenne pasi
1 2 3 4 5
1.1.BBeneHue B MaTeMaTHUECKOE 1. Beenenue B
MOJICJTUPOBAHUE M OCHOBHBIC MIOHSATHS. | MaTEMaTHYECKOE
1.2.TpeboBanuss K MaTeMaTHYECKUM | MOJCINPOBAHHC 1
MOJCIIAM OCHOBHBIC IIOHSTHUA.
3agayn ONTUMH3ALUH.
2.1.0cHoBHas 3a1a4a JIMHEHHOTO | 2. OCHOBHBIE MOHATHS
IPOrPaMMHUPOBAHUS. JIMHEIHOTO
2.2 Jlomyctumoe  pemieHue  3amay | UPOTPAMMHPOBAHMSL.
1. CIIOCOOHOCTH JIMHENRHOTO TPOrPAMMUPOBAHHUSI. E{HMPHGKC'MGTOI['
BOUCTBCHHAaA 3ajaayda
2.3.0nTuManpHOE pelreHue 3a1a4a N A
o JIMHEUHOT'O
JTUHEHHOTO MPOrPaMMHUPOBAHHUS. HpOrpaMMUPOBaHH
3.1.3amgaga o 3amMeHe 000pYIOBaAHUS. 3.TpancnoprHas
3.2.3a1aua 0 COPTUPOBKE MMUIOBOYHOrO | 3371a4a. Hemmnelinoe
CBIPBAL. IpOrpaMMHUPOBaHUE.
3.3.3aganne BpeMeHH B UMUTAIIMOHHBIX Merozt
HUMUTAlIMOHHOI'O
MOJICTISIX.
MOJICITHPOBAHUSI.
CIIOCOBHOCTD 1.3.0mnpeneneHue Moaemnu. 1. Beenenue B
HOHUMATh MaTEMATHYCCKOC
2. TK-2 HAyYHBIC 1.4.0cHoBHBIE sTanel | MOACTUPOBAHUE n
OCHOBEI OITHUMH3AIIMOHHOTO MCCIICIOBAHMSI. OCHOBHBIC  MOHATHA.
33[[3‘{1/1 OIITHUMU3AIIUH.
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TEXHOJIOTHYECKH | 2.4. DTanbl HaX0KIeHU JIF000M 3agaun | 2. OCHOBHBIE OHATHSA
X IPOLIECCOB B | JUHEHHOI'O IPOrPaMMUPOBAHMUSL. JTMHEHHOTO
06.]'IaCTI/I IIporpaMMHupOBaHMs.
JIECO3arOTOBUTE Cumnnexe-meToz.
TBHBIX - I[BOI/IVCTBCHHaﬂ 3aJa4a
epesomepepabda | 25 T JIHCHHAOTO
AEp pPep 5. T'eomeTpuyeckas MHTEPHPETALMS | 1yorpavivposanus
ThIBAIOIINX JIMTHEUHOT'O MPOTrPaMMHUPOBAHHSL.
[IPOU3BOJACTB. 3.4.MeTo/1 30JI0TOTO CEUCHHUSI. 3. TpancnoptHas
3.5.'pamueHTHBINA METO/. 3ajgada.  Henmueitnoe
POTrpaMMHPOBaHUE.
Mertonbl
HUMUTAIMOHHOI'O
MOICIIMPOBAHMS.
CIIOCOOHOCTh 1.5. Kputepun onTUMaabHOCTH. 1. Beenenue B
BBIOMPATH u MaTeMaTHYeCKOe
[IPUMEHSATH 1.6. MeTopI CBEpKH KPUTEPHEB. MOZICIINpOBaHHE u
COOTBETCTBYIOWI | 1.7.ViyumieHnue IUlaHa  nepeBo3ok | OCHOBHBIC  ITOHSTH.
e METOJIBI | IIHKIIAMH [TEpEcHeTa. 3ajauu ONTUMU3ALMH.
MOJIETTUPOBAHUS
MEXAHUIECKIX 2.6. OTbICKaHWe OMNOPHOrO pemeHus | 2. OSHOBHBIG MOHATHS
% JIMHEUHOTI'O
- bu3mKo- | OCHOBEI 3a1au JUHEHHOTO O s
T — IIPOrpaMMUPOBAHUS. CII’4 MIE)HGKC-I\I;)IGTO :
IPOLIECCOB 2.6. OcHOBHBIE CBOWCTBa pelICHUN . A
o BOHMCTBCHHAs 3aJa4a
OCHOBBI 3ama4 nuHeiHoro | 2
JIECO3aroTOBUTE N JTHHEHHOro
JIBHBIX u | IPOrp P : MPOTPaMMHUPOBAHUS.
2. | [K-12 | nepeBomepepaba 2.8. Cumuexc-meron. Pemenus 3agaun
THIBAIOIITNX JMHEHHOT0 MPOrpPaMMHUPOBAHUS.
TIPOU3BOCTB. 2.9. HaxoxaeHuwe OIOPHOTO TUTaHA
TPAHCIIOPTHOM 3aJauu.
2.10. Tlpsimast v IBOWCTBEHHAS 3aJIaUH.
3.7. Metox nokoopauHatHoro noucka. | 3.Tpancnoprhas
3.8.Metox Hauckopeiiero noabema. 3agada.  HenmueitHoe
3.9. MeToa AMXOTOMUH. HpOrpaMMHpPOBaHHE.
Meronbl
3.10. Metoabl OTBICKaHUS IKCTpEMyMa A
o o HUMHUTAIIMOHHOI'O
JUTsl QYHKIIMH OJTHOM TIEpEMEHHOM.
MOZACIIMPOBAaHMUA.
3.11. [TocnenoBaTenbHOCTh MPOBEICHUS
u puMep MMUTAIUOHHOTO
UCCIICIOBaHMSI.
3 Onmucanue noka3zarejeii 1 KpUTepHeB OLEHUBAHUS KOMIETEHIIHIA.
Iloka3zaTenn Ouenka Kpurepun
3HaTB OO6yuaromuiics JEMOHCTPUPYET
(OI1K-1): rIyOOKOoe ¥ TPOYHOE YCBOCHHUE
-METO/Ibl TOJYYCHHUS] MaTEeMATHYECKUX MPOrpaMMHOTO Marepuana. 3HaeT
MOJIeNIel TEXHOJIOTHYECKHX TTPOIIECCOB; METOIBI TTOJTY9ICHUS
-MaTeMaTUYECKHE METOBI M TPOTPAMMBI MaTeMaTHYeCKHX Mojienel;
OBM 75 pemeHust Moenei. MaTeMaTHYECKHUE METOJIbI "
OTJIMYHO
(TIK-2) MpPOrpaMMbI. YMEET HCIOIb30BaTh
-METOJBI TOJIYYCHHS MaTEeMAaTHUSCKHUX MaTeMaTHIeCKHE METO/IbI,
Mo/IeNIel TEXHOJIOTHYECKHX MPOIIECCOB; CaMOCTOSITENILHO (D OPMYIIUPOBATH
-MaTeMaTU4YEeCKHe METOIbI U MIPOrPaMMBI 3amavy. Brnaneer MeTOoJIaMHU
OBM pu1s perienus Moaenei. CTaTUCTUYECKOU 00paboTKH
pe3yNbTaToB JKCIIEPUMEHTA;
opraHu3anuein [IPOBEAECHUS
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(11IK-12)

-OCHOBHBIE TOHATHS U METOJbl MaTema-
TUYECKOT0 aHaIHn3a

Ymers
(OI1K-1):

-ACIIOJIb30BaTh MaTEMaTHYECKHE METO/IbI
B TEXHUYECKUX MPUIOKECHUSIX;
-CaMOCTOSATENbHO (POPMYTUPOBATH 3a1a-
4y HAY4YHOT'O HCCIEOBAaHUS, HAMETUTh
IyTH €€ PeleHHs], OPraHu30BaTh MPOBE-
JIEHUEe Hay4HBbIX HCCIIEIOBaHUM, JenaTh
BBIBOZIBI 1 0000IICHHUS.

(TIK-2)

-ACIIOJIb30BaTh MAaTEMaTUYECKHE METOIbI
B TEXHUYECKUX MPUIOKECHUSIX;
-CaMOCTOSTENbHO (POPMYyTUPOBATH 33/a-
4y HAay4YHOTO HCCIEJOBAaHUS, HAMETUTh
NyTH €€ PEIICHHs], OPraHN30BaTh MPOBE-
JIEHUEe Hay4HBbIX HCCIIEIOBaHHM, JenaTh
BBIBOZIBI 1 0000IICHHUS.

(ITK-12)

- HCIIOJIb30BaTh MAaTEMaTHUECKUE METO-
JIbl B TEXHUYECKUX MPUITOKCHHSIX;
Baagern
(OIIK-1):

-MaTeMaTHYECKUMU METOIAMHU TUTAHUPO-
BaHUs OKCIEPUMEHTa MJisi MOJIy4yeHUs
MaTeMaTHYECKUX MOJEJIeH  ONMHCaHUs
TEXHOJIOTHYECKUX MPOIIECCOB;
-METO/IaMU CTATUCTUYECKOW 00paboTKU
pe3ybTaTOB HKCIEPUMEHTA U MPOBEPKU
a/ICKBaTHOCTH MaTeMaTHYECKOW MOJIEITH.
(TTIK-2)

-MaTeMaTHYECKUMH METOJAMH TUTAHUPO-
BaHUS OKCIEPUMEHTa JJIs TOJy4eHUs
MaTeMaTHYECKUX MOJEJeH  ONMHCaHUs
TEXHOJIOTHYECKUX MPOIIECCOB;

METOJIaMU CTaTHUCTUYECKON 00paboTKu
pe3yJbTaTOB HKCIEPUMEHTA U MPOBEPKU
aJICKBaTHOCTH MaTeMaTHYECKOW MOJIEITH.
(TIK-12)

-CaMOCTOSITEbHO (POPMYyTUPOBATH 3aja-
4y HAy4YHOTO HCCIIEJIOBAHUS, HAMETUTh
IyTH €€ PeIICHNUs

-OPraHU30BaTh MPOBEACHUE HAYYHBIX
HCCICNOBAaHNM, JielaTh BHIBOALI H
000011IeHNT

HayYHBbIX HCCHCHOBaHHﬁ.

XOpo1I0

OOGyuarommiics JIEMOHCTPUPYET
TBEPJ0€ 3HaHHE MaTepuaia.
W3naraer marepuail rpaMOTHO U IO
CYLIECTBY.

YIOBJIETBOP
UTEJIBHO

OO6yuarommiics JEMOHCTPUPYET
3HAHUS TOJIBKO OCHOBHOTO
matepuana. [lpm  u3nOXKEHUH

MarepHaia J0IyCcKaeT HeTOYHOCTH.

HeY/I0BJIETB
OPUTETHHO

OO6yuaronimiics JIeMOHCTPHUPYET
OTCYTCTBUE 3HAaHUS 3HAYNUTEIIHHOM
YacTH INPOrPAMMHOIO MaTepHala.
Ilpy  w3nmOXEeHWM  Marepuana
JOIyCKaeT CYIIECTBCHHBIC
OLIMOKH.
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4. MeToan4yeckue MaTepHaJibl, ONpeAesionie NMPoUeAYPhl OLCHUBAHUS 3HAHWI,
YMeHHIi, HABBIKOB U OIbITA JeATeJbHOCTH

Jucuunnuna «MoaenupoBaHue U ONTUMU3AIIMS MPOIIECCOB) HaMpaBiieHa Ha MpUOOpeTeHHe
y 00ydaronmxcsi TEOPETUYSCKUX 3HAHUHI B 00JaCTH MAaTeMaTUYEeCKOW MOJENH, MOJICITHPOBAHUH H
ONTUMU3ALMH B JIECHON IPOMBIIICHHOCTH U OXBaThIBAET KPYT BOIPOCOB, OTHOCAILLIUXCS K HAYYHO-
HCCJICIOBATEILCKOM MPON3BOACTBEHHO-TEXHOJIIOTUYECKOM NEATEIILHOCTH OaKaIaBpa.

N3yuenne qucuuninusel «MoaenupoBaHue U ONITUMH3ALUS IPOLIECCOBY MPEAyCMAaTPUBAET:

— JIEKLIUH,

— MPAKTUYECKUE 3aHATUS;

— DK3aMeEH.

C uenplo oOmpejiesieHUs YpPOBHS OBJAJCHUST KOMIIETCHLIMSIMHU, 3aKpEIUICHHBIMH 32
JUCLUHUIJIMHOM, B 3aJaHHBIC IIPENOJABATENIEM CPOKM IPOBOJUTCSA TEKYIIMI KOHTPOJb 3HAHUM,
YMEHUN U HaBBIKOB KaXJOTO OOYYaOIIETroCsi, aTTECTalus [0 WUTOTaM OCBOEHUS JUCLUILIAHBI.
Texkymuil KOHTPOJb NPOBOJUTCS HA ayJUTOPHBIX 3aHATHSAX C LEJIbI0 ONpPENENCHUs KadecTBa
YCBOCHHS MaTepuaja 10 OKOHYAHWH U3YYCHHUS OYEPEIHON Yy4eOHOW TEMBI B CICAYIOMUX GopMax:
MUCbMEHHBIA OMNPOC, TECTUPOBaHUE. ATTECTalusi IO HWTOraM OCBOEHUS JUCUUIUIMHBL. [l
KOHTPOJIS YCBOEHUS JIaHHOW TUCHUILTUHBI y4eOHBIM TUIAHOM MPEyCMOTpEeH dk3aMeH. Ha sx3amene
00y4aromuMcs TOAr0TaBIMBAETCS OTBET Ha 3 BOMPOCA, CIIMCOK KOTOPBIX MPHUBEAEH B MPUIOKECHUN
1 tabs.2. Ha moArotoBky k OTBEeTY cTyneHTaMm Boiaesercs oT 30 mo 40 munyTt. Ha Bce Bompoch
CTYyIEHT TOTOBUT MHCbMEHHBIM KOHCIIEKTUBHBIA OTBET, KOTOPBIM 3aTeM JOKJIa/bIBAaeT
IIPENOIABATEIIO.

B 1npouecce mnpoBeneHHs NPAKTUYECKUX 3aHATUM IMPOUCXOJUT 3aKPEIUICHHE 3HAHUM,
dbopMHUpOBaHKE YMEHUN U HaBBIKOB peaM3alliy MPEICTABICHUS O MOICIUPOBAHNE U ONITUMHU3AIINU
MIPOIIECCOB B JIEPEBOOOPAOOTKH.

CaMocCTOsATeIbHYI0O paboTy HEO0OXOIMMO HAYMHATH C MPOPAOOTKH TEOPETUIECKOTO
MaTrepuaa 1o IpouIeHHON TeME.

PaGora c nuTepaTypoil SBISETCS BaXXHEHIIUM DJJIEMEHTOM B TMOJIYYEHHWU 3HAHHUM 110
mucrurinae. [Ipexae Bcero, HEOOXOAMMO BOCIIONB30BAThCA CIIHCKOM PEKOMEHIYyeMOi Mo JaHHOH
JTUCIUIUIMHE JIATEPATYypoil. [[OMOJHUTENbHBIE CBEACHUS MO HM3YYaeMbIM T€MaM MOKHO HAWTH B
nepuoanyeckoi neyatu u Marepuere.
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Ipunoxenne 2

AHHOTAIUSA
padoyeil mporpaMMbl JUCHMILTHHbBI
MojaenupoBaHue 1 ONTUMU3AIMS NPOIECCOB

1. Heab u 3aaa4n TUCHUILIHHBI

[enbto U3ydeHus JUCHUILIUHBI SBJsETCS (OpMHUpPOBAHHUE y CTYJEHTOB OCO3HAHHOTO MHTEpeca
kK Oynymel mnpodeccun, opraHu3zanus W yIOpaBICHUE TMPOU3BOACTBOM C HCIOJIB30BaHUEM
COBPEMEHHBIX MAaTEMATUYECKUX METOJOB U KOMIIBIOTEPHON TEXHUKHU.

3amaya JUCHMIUIMHBI SIBJISCTCS HAYYHTh OOYYAIOIIMXCS HCIIOJIB30BaTh MaTeMaTHYECKUE
METOJIbI B TEXHUYECKHUX MPUIIOKEHHIX; UCIIOJIb30BATh BO3ZMOKHOCTH BBIYMCIUTEIBPHON TEXHUKUA U
IPOrPaMMHOT0 00ECIICUCHHS; CAMOCTOSITEIILHO (POPMYJIUPOBATH 3a/1a4y HAYYHOI'O MCCIICIOBAHUSA,
HAMETHThH ITyTH €€ PEIICHHS, OPTaHU30BaTh MIPOBEJCHUE HAYYHBIX MCCICAOBAHUMN, JIeTIaTh BHIBOJIBI
1 00001IeHNS.

2. CTpyKTypa IMCHUILIUHBI

2.1 PacmpeneneHue TPYAOSMKOCTH 10 OTACIBHBIM BHJAM Yy4eOHOW pPa0OThI, BKJIIOYAs
CaMOCTOSITSIILHYIO PabOTy: JIESKIIUHU - 8 4acoB, JJabopaToOpHbIC padOTHI — 6 YaCOB, MPAKTUICCKHEC
3aHATUS - 6 9acoB, caMocTosTeNbHAs padoTa - 151 vac.

OO61mas TpyA0eMKOCTh AUCHUILUIHHBL cocTaBisieT 180 yacoB, 5 3a4eTHBIX eTUHUIL

2.2 OcHOBHBIE pa3/ieibl JUCIUILIUHBL:

1. BBenenue B MaTeMaTHYECKOE MOACIHUPOBAHUEC W OCHOBHBLIC TIOHATHA. 38.)18.‘-11/1

ONTHMU3ALINH.
2. OcHOBHBIE OHATHA JMHEUHOTO IIporpammupoBanus. CuMiiekc-meTo. /[BoiicTBeHHast
3aJ1a4ya JMHEHHOro MpOrpaMMUpPOBaHUS.

3. TpancnoptHas 3agaya. HenuueitHoe mporpamMmupoBaHue. MeTo/ibl UMUTALMOHHOTO
MO/JIEJINPOBAHMUSL.

3. [lnanupyemMsble pe3yJbTaThl 00yueHHs (MepeyeHb KOMMETEeHIHI)

[Tpouecc u3yueHus: AMCUUILIIMHBI HANpaBJieH Ha (pOpMHUPOBAHHE CIAEAYIOUINX KOMIETEHIIHIA:
OIIK-1 - crmocoOHOCTh MOHUMATh HAayYHbIE OCHOBBI TEXHOJOIMUECKHX IPOLIECCOB B 00JacTH
JIECO3aroTOBUTENBHBIX U JiepeBonepepadaThIBalONINX TPOU3BO/ICTB,;

[1K-2-ciocoOGHOCTh TOHHMMAaTh Hay4HbIE OCHOBBI TEXHOJOTHMYECKHMX IPOLECCOB B 00IaCTH
JIECO3aroTOBUTENBHBIX U JiepeBonepepadaThIBalONINX TPOU3BO/ICTB,;

[1K-12- cnocoOGHOCTh BBIOMpPAaTh W TMPHUMEHATH COOTBETCTBYIOIIME METOJbl MOJAEIHPOBAHHUS
MEXaHUYECKUX u (U3UKO-XUMHYECKHUX MIPOLIECCOB JIECO3arOTOBUTEIIBHBIX "
JepeBorepepadaThIBAIONINX MPOU3BOJCTB.

4. BuJa NpoMe:KyTOYHOI aTTeCcTallMU: SK3aMeH
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Ipunoxenue 3

IIpomoxon 0 0ononnenusX u usMeHeHuAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpsl Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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Ipunoxenne 4

®OHJA ONEHOYHbBIX CPEACTB AJId TEKYIIEI'O
KOHTPOJIA YCIEBAEMOCTH 11O JUCHUIIJIMHE

1. Onucanue poHaa OLIEHOYHBIX CPEACTB (MACHOPT)

Ne
KOMIIEeTe JneMeHT Paznen Tema DdPOC
KOMIIeTeHU MU
HI{UU
OIlK-1 CIIOCOOHOCTD 1. Beenenwne B 1.1.  Bsemenme. OJrtansl | omuem JIP
IIOHUMATh HaquI)Ie MaTEMATHYCCKOC OIITUMU3AITUOHHOI'O H3
OCHOBBI MOJIEJTMPOBAHHE U HCCIICTIOBAHMS. Juckyccus
TexXHOJIOrMYeckux | OCHOBHBIC MOHATHS. | OmnpeneneHue §
HPOLIECCOB B 3agauu MAaTeMaTHUYECKUX MOJIETCH.
ONTUMM3ALINH. 1.2 TpeboBanus K
obyactu
MaTEeMaTHIECKUM  MOJIEIISIM.
JIECO3arOTOBUTEIILH Kraccnburanms
bIX U MaTeMaTHYeCKUX  MOJENei.
JiepeBoriepepadbarsl OOmiasi TOCTaHOBKA 3a1a4u
Baromux HCCIIEAOBAHMS ONEpaluil.
MIPOU3BOJICTB 1.3 Kputepuit
ONTAMATBHOCTH.
MHoOrokpurepuaibHble
3a/1auu HCCIIEAOBAHMS
onepanuidi. MeTonbl CBEPTKU
KPUTEPHEB.
2. OcHoBHble | 2.1 BBenenue B nuHeiHoe | JIk-
MOHATHSA JIMHEWHOTO ImporpaMMuUupOBaHUC. 33}13‘-11/1 ﬂuc}(yccuﬂ
MPOTPaMMHUPOBAHUS. | JTUHEHHOTO omuem JIP
CHUMITIIEKC-METO/I. MIPOrPaMMHUPOBAHUSI. 113
JIBoiicTBeHHas 2.2 Tpadudeckoe peuieHne Jluckyceus
3aJlaya  JTUHEHHOTO | OCHOBHOM 3aJja4y¥l JIMHEWHOTO
MPOrPaMMHUPOBAHUS. | MMPOTPAMMHUPOBAHUS
METOJIOM TTePECTaHOBOK.
2.3 Haxoxx/ieHue OrmopHOro U
ONTUMAIBHOTO penreHus
3a/1aun JIUHEHHOTO
MIPOTPaMMHUPOBAHHUS.
DOopMyIHPOBKA
JIBOMCTBEHHOM 3a/1a4n
JIMHEUHOTO
TIPOTPaMMHUPOBAHHUS.
3. Tpancnopraas | 3.1 ®opmynuposka | JIk-
3anaya. HenmuHelHoe | TpaHCIIOPTHOM 3ajavu. | Jluckyccus
nporpammupoBanue. | HaxoxmeHnwue OIOPHOTO | omuyem JIP
Mertoibt IiaHa. YIydlleHHe IUTaHa | r73
UMUTAIIMOHHOTO MEePEBO30K. Tuckyccusi
MOJIETTHPOBAHMS. 3.2 IlocraHoBka 3amgauu
HEJIMHENHOTO
MIPOrpaMMHUPOBaHUSI.
Mertoabt OTBICKUBAHUS

KcTpemyMma g (YHKIUN
OJIHOM mepeMeHHONU. MeTo bl
OTBICKMBAaHUS  3KCTpEeMyMa
IUiT  (QYHKIUH  HECKOJBKHX
[IePEeMEHHBIX.

3.3 MeToasl IMATAIIMOHHOTO
MOJICTTUPOBAHWISL.
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[1K-2 CIIOCOOHOCTD 1. Beenenue B 1.1. Bsenmenue. Dransl | omuem JIP
HUCIIONIBb30BATH MaTeMaTHYECKOe ONTUMHU3AIMOHHOTO 113
HAKETHI MOJCIIUPOBAHHUE H HCCIICOBAHWSL. Juckyccus
IPUKIIA THBIX oCHOBHBIC TTOHATHA. | OmpenencHue §

NPOrPAMM IS 3agauu MaTeMaTHUYECKUX MOJIETICH.
ONITUMHU3AIUU. 1.2 TpebGoBanus K
pacuera
MaTeMAaTHYECKHUM MOJICTISIM.
TEXHOJIOTUYECKHUX Kraccnburanms
11apaMeTpoB MaTeMaTHYeCKUX  MOJeeH.
IIPOLECCOB U OO0mas mocTaHOBKA 3adadu
000pynOBaHuS. HCCIIeIOBaHUS OTepaIui.
1.3 Kputepuit
OTNITHMAJIBHOCTH.
MHorokputepuaibHbie
3a/1auu HCCIICIOBAHUS
onepanuii. MeTonbl CBEpPTKH
KpUTEpPHUEB.
2. OcuoBabie | 2.1 BBenmenune B nuHEHHOE | JlKk-
MOHATHSA JIMHEHHOTO ImporpaMMuUupOBaHUC. 33}:[3‘-11/1 ﬂuc}(yccuﬂ
MPOTPAaMMUPOBAHUS. | JTUHEHHOTO omuem JIP
CHUMILTIEKC-METOI. IPOTPaMMHUPOBAHUSI. 113
JBolicTBeHHas 2.2 T'padudeckoe perieHne Tuckyccus
3alaya  JTUHEHHOTO | OCHOBHOM 3aa4ul JIMHEHHOTO
MPOTPaMMHUPOBAHUS. | MPOTPAMMHUPOBAHUS
METOJIOM TTePECTaHOBOK.
2.3 Haxoxx/ieHue ormopHoro u
ONTUMAJILHOTO perieHus
3a7auu1 JIMHEHHOTO
MIPOTrPaMMHUPOBAHHUS.
DopMyIHPOBKA
JIBOMCTBEHHOMI 3a71a4n
JIMHEUHOTO
MIPOTPAMMHUPOBAHHUS.
3. Tpancnoptras | 3.1 ®dopmynupoBka | JIk-
3anava. HenuHeliHOE | TpaHCTIOPTHOM 3amaun. | Jluckyccus
nporpammupoBanne. | Haxoxnenue OIOPHOTO | omyem JIP
Mertobt mnaHa. YiydileHue IUIaHa | r73
MMHTAIIHOHHOTO TIEPEBO30K. Juckyccus
MOJEIIUPOBAHUS. 3.2 TIlocra"HoBka 3amayud
HEJIMHEWHOTO
MIPOrPaMMHUPOBAHUSI.
Mertomap! OTBICKMBAHUS
IKcTpemMyMma g (YHKIUN
0JHOU nepemMeHHOoN. MeToabl
OTBICKMBaHUSI  JKCTpEMyMa
Uit QYHKIUH  HECKOJIBKHX
TIepeMEHHBIX.
3.3 MeToapl UMUTAIIMOHHOTO
MOJICTUPOBAHUSL.

I1K-12 CIIOCOOHOCTH 1. Bsenemne B |1.1 Onpenenenue | omuem JIP
BBI6I/IpaTL u | MaTeMaTu4eckoe MaTeMaTUYEeCKUX MOJICIICH. 113
IPHMEHSATh MOJEIIUPOBAHUE n|l2 OOm@as MnoCTaHOBKA Juckyccus
COOTBETCTBYyIOIMe | OCHOBHBIE MOHATHA. | 3ajauu HCCIICIOBAHUS
METOIbL 3agaun OTIepAaITHA.

ONTUMU3ALIUAH. 1.3 MHorokpurepHaibHble
MOJEITUPOBAHUSL
3a7a4u HUCCIICIOBAHUS

MCEXaHHUYCCKUX )41
¢dbusuko-

onepanuid. MeToapl CBEpTKU
KpUTEPHEB.
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XUMHUYECKUX 2. OcHosasple | 2.1 OcHoBHas 3amava | Jlk-
HPOIECCOB MOHATUSL JTUHEHHOTO | TUHEHHOTO Juckyccust
1eCO3arOTOBUTENLH | TPOTPAMMHUPOBAHUS. | IPOrPAMMUPOBAHHS. omuem JIP
BIX u | Cumiuieke-mero. I'eomeTpudeckas 113
JlepeBoTepepabaTh JIBolicTBEHHAs 5 HHTEpIIpETALUA OCH(?'BHOI\;I Juckyceus
BAIOLINX 3ajjaya  JMHEHHOTO | 3aJauu JTUHEHHOTO
MPOTPaMMHUPOBAHUS. | IPOTPaMMHUPOBAHUS.
MPOU3BOJICTB. 27 AsropaT™
peoOpa3oBaHus
CTAaHAAPTHOH  TaOMUIBI B
CUMILIEKC-METOJIE.
2.3 DKOHOMUYECKAs
HHTEpIpeTaus NOpsMod U
JIBOMCTBEHHOI 3ama4
JIMHEWUHOTO
MIPOTpaMMHUPOBAHHS.
3. TpancnopthHas | 3.1 Pemenue TpancnopTHoi | JIk-
3agada. HenuneitHoe | 3amauu METOZIOM | JTuckyccust
MPOrpaMMHUPOBAHHUE. | MOTEHIIMAIOB. omuem JIP
Mertonbt Tpancnopthbie  3amauu € | 173
UMUTAIIMOHHOTO HEMPaBIIFHBIM OAIaHCOM. Jluckyeeus
MO/JIETTUPOBAHUS. 3.2 Metoasl OTBHLICKUBAHUA
KcTpemyMa it (YHKIUH
HECKOJIbKUX TIepEMEHHBIX.
33 Uccnenosanus Ha
UMUTAIMOHHON MOJEIIH.
2. OnucaHue Mmokaszareliei 1 KpUTEPUEB OIECHUBAHUS KOMIICTCHIIUN
Iloka3zaTenun Ouenka Kpurepun
3namo OO6yyvaromwmiics JIEMOHCTPUPYET
(OI1K-1): 3249TeHO rIyookoe W TPOYHOE  YCBOCHHUE
-METObl MOJIy4eHUs Ma- IIPOTPaMMHOI0 Marepuana. Yetrko u
TEMaTUYECKUX MOJIeNen MOCJIEA0BATEIBLHO U3JIaraeT MaTepuanl.
TEXHOJIOTUYECKUX  IIPO- O6yuatomuiics JIEMOHCTPHpYET
fieccos, OTCYTCTBU€  3HAHUA  3HAYUTEIIBHOU
“MaTCMaTH4CCKUe  MCTO- YacTU MNporpamMmHoro marepuana. [Ipu
ABL M TIPOTPAMMBL 313M U3T0KEHHUH  MaTepuana  JOMycKaeT
AL pCHICHUST MOZICIICH. CyILIECTBEHHBIE OLIUOKH.
(TIK-2)
-METObl MOJIy4eHUs Ma-
TEMAaTHYECKUX MoJeiel
TEXHOJIOTUYECKUX  IIPO-
LIECCOB;
-MaTeMaTU4ECKue METO-
HE 324YTEHO

Ibl U mporpamMMmsl OBM
JUISL pELLIEHUs] MOJEIIEH.

(TIK-12)

-OCHOBHBIC IIOHATHS U
MeTOoAsl ~ MaTeMaTudec-
KOTO aHajIu3a

Ymerhb

(OI1K-1):

-UCIIONIb30BaTh Marema-
THUYCCKUE MCTOABI B TCX-
HUYECKHUX MPUIOKCHUSIX;
-CaMOCTOSTENbHO  (op-
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MyJIUPOBaTh 3a1ady Ha-
YYHOTO  HCCIIEJOBAHUS,
HaMETHUTh ITYTH €€ pelle-
HUS, OPraHu30BaTh IPO-
BEJICHUE HAYYHBIX HCCIIC-
JOBaHWM, JelIaTh BBIBO-
Il 1 0000IIEHHS.

(TIK-2)

-HCIIOJIb30BaTh MaTeMa-
THYCCKUE METOJBI B TEX-
HUYECKHUX TTPHIIOKEHUSX;
-CaMOCTOATENbHO  op-
MYJIIPOBaTh 3a7ady Ha-
YYHOTO  HCCIIEJIOBAHUS,
HaMETHUTh ITYTH €€ pelle-
HUS, OPraHU30BaTh IPO-
BeJICHHE HAYYHBIX HCCIIe-
JIOBaHWH, 1eJIaTh BBIBO-
I 1 0000IIECHUS.
(T1K-12)

- HCII0JB30BaTh MaTeMa-
THUYCCKUE METOJBI B TEX-
HUYECKHUX TPHIIOKEHUSX;
Baagern

(OIIK-1):
-MaTeMaTUYCCKUMH Me-
TOAAMH  TUIAHUPOBAHUS
AKCIIEPUMEHTA JUISl TIOJTY-
YeHUsI MaTeMaTHYECKHX
MOJCJICH ONHCAHHSI TeX-
HOJIOTMYECKUX  Tpoliec-
COB;

-METOJJaMH CTaTUCTHUYEC-
KO 00paboTKH pe3yiib-
TaTOB JKCIEpPHUMEHTa |
MPOBEPKU aJICKBATHOCTHU
MaTEMaTHYeCKOM MoJIe-
JIH.

(TIK-2)
-MaTeMaTHYSeCKUMH Me-
TOJaMU  TUIAHUPOBAHUS
SKCTIEPUMEHTA IS TIOJTy-
YEeHUsI MaTeMaTHYECKHX
MOJCJICH ONHCAHHSI TeX-
HOJIOTMYECKUX  Tpoliec-
COB;

METOAAMH CTAaTHUCTHYEC-
KO 00paboTKH pe3yiib-
TAaTOB OJKCIEPUMEHTa U
MIPOBEPKU  aJICKBATHOCTH
MaTEMaTHYeCKOH MoJIe-
JIH.

(T1K-12)
-CaMOCTOsATeTLHO  (op-
MYyJIUPOBaTh 3a/ady Ha-
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YYHOTO  HCCIIEIOBaHUSA,
HAMETHThH IYTH €€ pelle-
HHS

-OpraHU30BaTh IPOBEJIC-
HUE HAYYHBIX HCCJICI0BA-
HMIi, [O€IaTh BBIBOALI U
000011IeHN A
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[IporpaMmma cocTaBieHa B  COOTBETCTBHM C  (peiepaIbHBIM  TOCYAapCTBEHHBIM

00pa3oBaTeNbHBIM CTAaHJAPTOM BBICIIEr0 OOpa30BaHUS IO HANpaBJICHUIO MOAroTOBKH 35.03

.02

TexHonorus J1eco3aroTOBUTENBHBIX U JIepeBoIepepadaThIBaAlONINX MPOU3BOACTB OT «20» OKTIOps

2015 1. Ne 1164

s Haoopa 2014 roaa: u yue6usM ianoM @I'BOY BO «bpl'Y» s 3a04H0it popmbl 00ydeHus

ot «03» mromnsa 2018r. Ne 413

IIporpammy cocraBui:
ITnorankoB Hukomait I1aBmoBudy, IOIEHT, K.T.H.

Pabouas mporpamma paccMOTpeHa U yTBepikJieHa Ha 3acenanuu kadenpsr BullJIP
oT « 25 » nekabps 2018 r., mporokos Ne 8.

3aBenytromuii kadeapoit BullJIP Hsanos B.A.
COT'JIACOBAHO:

3aBeyromuil BeIMycKaroen kapeapon NBanos B.A.
JupexTop OnOIMOTEKH Cotnuk T.D.

Pabouas nporpamMmMa 07100peHa METOTUIECKON KOMUCCHEH JIECOTPOMBIIIIICHHOTO (haKyIbTeTa
ot « 27 » nmexabpst 2018 r., mporokoi Ne 4.

[Ipencenarens METOANYECKONH KOMUCCUH (PaKyIbTETa Ceipomaxa C.M.
Hauvanbauk
yu4e0HO-METOINYECKOTO YIIPABICHUS Hexesen I'.I1.

Peructpanmonssiit Ne

(memoouueckuti omoen)
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