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BBenenue

Taxue sKoHOMHUYECKHE TPOOIEMBI, KaK 3aKOHOMEPHOCTH I1e-
HOOOpa30BaHMUsl, U3YYCHHE TOJIHBIX 3aTpaT TPyAa U MaTepUaloB Ha
eIMHUILY MPOIYKIINH, UCCIIEI0OBAaHNE MEKOTPACIIEBBIX CBA3CH, Ompe-
JeTICHHe PEHTA0EeTbHOCTH KAalHUTAaJOBIOXKEHNUH, OIpeneeHue 3¢-
(EeKTHBHOTO pa3MEUIeHUs MPOM3BOIUTEIBHBIX CHII, ONTHMAaJIbHOE
TUTAHUPOBAHUE TPOM3BOJCTBEHHOTO TIporiecca, 3ddexTuBHOE HC-
M0JIb30BaHME OTPAaHMUYCHHBIX PECYPCOB, PAallMOHAIbHAS OPraHU3alus
TEXHOJIOTUYECKOT0 TMpolecca, 000CHOBaHME HOPMAaTHBOB MaTEpH-
AJIHBIX PECYpPCOB M 0OOPOTHBIX CPE/ICTB, KaJCHIAPHOE U MPOU3BOI-
CTBEHHOE TUIAHWPOBAHKE, U MHOTHE JIpyrue He MEHee BaXKHBIE MPO-
OJ1eMBI MOTYT YCHEIIHO PEIIaThCs MPH IHPOKOM NPUBJICUCHUH Ma-
TEMaTHYECKHX METO/I0B HCCIIECTOBAHMS.

B ocHOBE 5KOHOMUKO-MaTEMAaTUIECKUX UCCIIECIOBAHUH JICKUT
Mamemamuyeckoe MoOenupoganue W3y4aeMoOro 3KOHOMHYECKOTO
nporiecca, T.e. ONHUCaHWe KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEH ITOTO
mporecca ¢ MOMOIIBI0 MaTeMaTHYECKUX BBIpaXeHUH. Mamemamu-
yeckas MoOenb SIBISIETCS aOCTPAKTHBIM OTOOpPaKEHHUEM PEaTbHOTO
mporecca ¥ B Mepy CBOel aObCTPaKTHOCTH MOXET €ro XapaKTepH30-
BaTh 0OJIE€ UJIM MEHEE TOUHO.

OOBIYHO PKOHOMHYECKHE IMPOIECCH YPE3BBIYAITHO MHOT000-
pasHbl, B HUX YYacTBYIOT MHOTHE pa3IUYHbIE B3aUMOCBS3aHHBIC
daxTopsl. Yem Oombire 3TuX (akTopoB OyJeT BKIIOYEHO B MOJEIb,

TEM TOYHEE OHa OTOOPA3UT PEATbHYIO JEHCTBUTENBHOCTh. OnHAKO



HU OJIHa MOJIEJIb HE MOXET OTPa3uTh BCEr0 MHOTO00Opasus J1eHCTBU-
TenpHOTO Tpolecca. Kpome Toro, mpu cocTaBiieHUH MOJAEIU CTpe-
MSITCSI IOCTPOUTH €€ KaK MOKHO 0oJiee TOCTYIMHOM ISl JaTbHEHIITUX
ucciaenoBanuii. JIMIIb THIATENLHBIM SKOHOMUUYECKHI aHAIWU3 BIIMS-
HUS Pa3IMYHBIX (AKTOPOB U UX COMOCTABJIEHHUE, BBIJICJICHUE TJIAB-
HBIX, OTIPENIETISIONINX CBSI3eM U 0TOpachiBaHME BTOPOCTEMEHHBIX MO-
3BOJISIIOT Pa3pelinTh 3TO MPOTUBOPEUYUE U COCTABUTH MOJEIb, C OJI-
HOM CTOPOHBI, IOCTATOYHO MOJHO OTPAXKAIOIIYI0 MOJCIUPYEMOE SIB-
JIEHWE ¥, C JPYroil CTOPOHBI, BO3MOXHO 00Jiee MPOCTYIO JJIsi MaTe-
MAaTUYECKOTo M3y4deHus. B pesynbTaTe KauyeCTBEHHOIO SKOHOMHUYE-
CKOTO aHajH3a JOJDKHA OBITh TaKkXKe MpPaBUIBHO CHOPMYIHpOBaHA
LIeTTb UCCIIEIOBAHUS, ONPECIIEHBI OCHOBHBIE METOA0JOTUUECKHE 0~
3UIMU TIOCTPOEHUSI MOJENIU U ee u3ydeHus. HakoHern, pe3ynbTaThl
WCCIIEIOBaHUS TAKXKE JIOJDKHBI OBITh SKOHOMHUYECKH MPOAHATU3UPO-
BaHbI, TIOCJI€ YEr0 MOTYT OBITh CJ€JIaHbl OKOHYATEIHHBIE BHIBO/IBI.

Takum 00pazoM, MaTEeMaTHYECKHUE METOJIbI HCCIEI0BaHUS
SKOHOMUKH JIOJKHBI OBITh HEPA3pBHIBHO CBS3aHBI M MPABUIILHO COYe-
TaTbCsl C SKOHOMUYECKUM aHAJIU30M CYIIIECTBA U3y4aeMoro Mpolec-
ca.

CocraBiecHHas MaTeMaTHYecKas MOJEIbh CTAHOBUTCS CaMo-
CTOSITEIbHBIM OOBEKTOM H3YUYECHUS] MATEMATHUYECKUMH CPEJICTBAMH.
[Ipu »TOM pe3yabTaThl HCCIIEIOBAHUS HE 3aBUCIT OT KOHKPETHOTO
COJIepaHUsl MOJIETTUPYEMOTrO Tpoliecca, ONpPenesioTCs JUIIb MaTe-

MaTu4ecko (opMON MOJENM W IPUIOKUMBI KO BCEM pEabHBIM



mporeccam, KOTOPhIe MOTYT OBITh OTHMCAHBI TIOJIO0OHOH K€ MOJIENBIO.
B stoMm OJJHO U3 NMPECUMYHICCTB MAaTCMATUYCCKUX METOO0B, UX «YHHU-

BEPCAJIBHBIN XapaKTep.



I'/TABA 1

§ 1. CymnocTh npouecca MoeJTUPOBAHNS

Pa3BuTHe Hayku TECHO CBSI3aHO C IIOCTPOEHUEM U HCIIOJIB30-
BaHHEM pa3HooOpa3HbIX Mozeneil. [lox Moenbio MOHUMaEeTCsl HEKO-
TOPBII BCIIOMOTATENbHBIN 00BEKT (MaTepUaAJIbHBIN WM UIEATbHBIN),
KOTOPBIM MCHOJIBb3YETCS B MPOLECCE UCCIIEAOBaHMUsI 00BEKTa OPUrHU-
Haja.

MopenupoBanue — 3T0 U3y4yeHUE OOBEKTOB C MOMOIIBIO UX
Mozeneil. MoaenupoBaHue SBISETCS CHOCOOOM OTpa)KEHWs JEHUCT-
BUTEJIBHOCTU U CIYKUT MHCTPYMEHTOM ee Mo3HaHua. HeoOxoau-
MOCTb HCIOJIb30BaHUSI METO/Aa MOJICIIMPOBAHMS BBI3BIBAETCS TEM,
YTO HEKOTOpble OOBEKTHI WM SIBJIECHUS MCCIENI0BAaTh HENOCPEACT-
BEHHO JI00 BOBCE HEIb34, JINOO ATO MPUBOJIUT K OOJIBIIIMM 3aTpaTaM
BPEMEHU U PECYPCOB.

3ameHa 00BEKTa HCCIEAOBAHUS HEKOTOPOW MOJENBIO Cpa3y
e MPUBOJUT K MPoOsieMe aJeKBaTHOCTH OTOOpaXEeHUs H, CIeI0Ba-
TEIbHO, BO3MOYKHOCTHU HCIOJb30BAaHUS HAa NPAKTUKE HAy4YHBIX pe-
3y/lbTaTOB HAa MOJIENbHOM ypoBHE. [loaToMy mporiecc MoaennpoBa-
HUS BKJIIOYAeT B ceOs 3Tall MHOTOCTOPOHHETO aHaIn3a MOJYy4eHHbBIX
HOBBIX 3HaHMI, CBEPKY UX CO CIOKMBLIMMHUCS IpeIcTaBiIeHUsIMU. B
cllydae pacXo>KJIEHUS U TEP3aHUM CMYTHBIMM COMHEHUSIMU IPOBO-

JUTCSI YTOUHEHUE U KOPPEKTUPOBKA MOJIEIIH.



Takum o0Opa3om, MOAETUPOBAHUE SIBISETCS MHOIOLIArOBBIM
MIPOLIECCOM, B KOTOPOM 3KCIIEPUMEHTHI C MOJEIBIO U €€ MOAU(HUKa-
LUSMH MOTYT MHOTOKpPATHO MOBTOPSATHCS € LEJIBIO MOJTY4YEHUS MpHU-
€MJIEMBIX BBIBOJIOB U PE3YyJIbTaTOB, HO T.K. MOJEIM BCErja BbIOMpa-
F0TCSl 3HAYUTEIBHO TPOIIE CAMUX OOBEKTOB, TO MPOLECC MOAETUPO-
BaHUS OIPABbIBAET ceOsl.

Tak kak MOJEIMPOBAHUE — UTEPATUBHBIN IIPOLIECC, TO C KaAXK-
JBIM [IaroM aJIeKBaTHOCTh MOJIENM TOBBIIIAETCS Ojaronaps Hakar-
JMBAaEMbIM B PE3Yy/bTaTe MPOBOJAUMBIX 3KCIIEPUMEHTOB 3HAHMSM, U
BBIBOJIbI 00 0OBEKTE-OpUTMHAJIE OT LIara K 1ary yro4HsItoTCsl U cTa-
HOBSTCS 00JIe€ peaTuCTUUHBIMHU.

ITo cpexcTBamM MoENMPOBAaHUS MOJEIU MOTYT OBITH MaTepH-
QIBHBIMU U UJA€aIbHBIMU. MoJienupoBaHue Ha3bIBAE€TCS MaTepUallb-
HBIM B TOM CJIy4ae, KOT/la UCCIIEJOBAaHUE BEAETCSA Ha MOJEIIAX, CBA3b
KOTOPBIX ¢ 0OBEKTaMU MMEET MaTepUalbHYyl0 OCHOBY. PazHOBUIHO-
CTSIMM MaTEpUaIbHOTO MOJIEIMPOBAHUS SIBISIIOTCS, Hanmpumep, ¢Qu-
3MYEeCKOe M aHaJIoroBoe MojenupoBaHue. lIpumepoM ¢uzndeckoro
MOJEIUPOBAHUS MOTYT CIYXHUTh 3KCIIEPUMEHTBI C MOJAEISMU B a3-
poArHAMUYECKOH TpyOe. AHAIOTOBOE MOJIEIMPOBAHUE OCHOBAHO Ha
aHAJIOTHH TPOLIECCOB, UMEIOMINX PA3TUIHYI0 (PU3UUECKYIO TIPUPOTY,
HO OIMCBHIBAEMBIX OJMHAKOBBIMU MAaTEMaTHMUECKUMHU YpPaBHEHHSIMHU.
Hanpumep, MOXXHO M3ydaTh MEXaHHUYECKHE KOJEOAHUS C TIOMOIIBIO
AIIEKTPUYECKUX CHUCTEM, OTHCHIBAEMBIX TeMH ke auddepeHnnanb-

HBIMU YpPaBHEHUsAMU. Tak KaK dKCIEPUMEHTBI C dJIEKTPUUYECKON CHC-



TEMOM B 3TOM CJIydae MpoOIIe, TO OHA M HCIIOJIb3YEeTCs BMECTO MeXa-
HUYECKOM.

WneanbHOe MOJAETMPOBAHNE OCHOBBIBAECTCS HAa MBICIEHHBIX
CBSI3AX MEXKIYy MOJENbI0 U OOBEKTOM. B 1eiicTBUTENBHOCTH Ke
TPYAHO OTHAENUTH MaTepUaAIbHBIE M HACAIBbHBIE MOJIENU B JIIOOOM
nporecce MOJCTUPOBAHUS MIIA XOTsI OBl TIPOBECTH YETKYIO TPAHHILY
MEXJly HHUMH, €CIU TPOLECC MOJEIUPOBAHUS pacCMaTpUBaTh Kak
nporecc B3auMOJICHCTBHSA HcclenoBaTens (CyObekra) ¢ 00BEeKTOM
MOJISTTUPOBAHUS, C €r0 CIIOCOOHOCTSIMU TPOBENEHHS AKCIIEPHUMEH-

TOB, MBIIIJIEHUS U 0000IIEHUS.

§ 2.0cHOBHBIE 3TaNbl MATEMATHYECKOT'0

MOACTUPOBAHUA

2.1. CopepxaTeibHAsA MOCTAHOBKA MP00JIeMbI

['maBHOE Ha 3TOM 3Tane — 4eTko chopMyaupoBaTh CyTh MPO-
071eMbl, TPUHUMAaEMble TIPEANOCHUIKH M T€ BOTIPOCHI, KOTOPBIE HEOO-
XOJMMO OCBETHTh. JTOT ATall BKJIIOYAET OMHCAHUE 0OBEKTa WIN CH-
Tyalluy, BBIJCJICHHE CYIIECTBEHHBIX 2JIEMEHTOB U (hakTopoB, (op-
MYJIMPOBaHUE TUIIOTE3bI, LEJNEH U 3a/1a4 UCCIEI0BAaHUS. JTO JaJIEKO
HE TPUBHUAJIBHBIN 3Tall, UMEIOIHUNA MepBOCTENIEHHOE 3HayeHue. Kak
YK€ OTMEYaJIoCh, MOJEIMPOBAHNE — UTEPATUBHBIN MPOLIECC, TTOITO-
My npoOsieMa CTaBUTCS B JIOBOJIBHO pacIIbIBYaTOM BHJIE, a 3aTEM,

[0 Mepe IMOJIyYCeHHUs HOBBIX 3HaHHW 00 OOBEKTE, B TOM YWCIIC W HA



OCHOBE €ro MaTeMaTUYECKON MOJENU, YTOUHSETCS U JIeTaAIU3UpyeT-

Ci.

2.2. [locTpoenne MaTeMaTH4YeCKOH MO/1eJIU

Ha sToMm sTane 3anuceiBatoTcs B BUAE MaTeMaTH4ecKux ¢op-
MyJ ((pyHKUIMNA, HEPABEHCTB, YPaBHEHUI U T.Jl.) COOTHOLIEHUS MEX-
Iy BBIIEJICHHBIMH (JaKTOpPAaMH, BIUSIONIME HA PELICHHUE MPOOJIEMBI.
[Tpu 3TOM 3TH 3aBHCUMOCTH JIOJDKHBI YAOBJIETBOPATH CHOPMYIHPO-
BaHHBIM TUIIOTE3aM U U3BECTHBIM CBOMCTBAM HCCIIEAYEeMOT0 MpOIieC-
ca. CIOXHOCTh MOJICIIH JIOJDKHA OBITh TAKOBOM, YTOOKI OHA ITO/IaBa-
Jach aHAIM3Y M YMCIEHHOMY pacdeTy W Morjia Obl ObITH MH(pOpMa-
1IMoHHO obecrnieueHa. [ToaToMy Ha 3TOM 3Tare BO3MOXKHBI HEKOTOPHIE
yrpouieHus cutyarun. Heo0xoauMo 3a00THTBCS O TOM, YTOOBI 3¢-
(GexT OT MoMmOoNHUTENbHONW HH(pOpMAIK ObT OOJNBIIUM MO CpaBHE-
HUIO C 3aTpaTaMu Ha ee moJiydyenue. [losToMy B camom Hauase mo-
CTPOCHHUSI MOJETH CJIEIyeT MOCMOTPETh, a HENb3sl JH BOCIIOJB30-
BaTbC HEKOTOPOUM rOTOBOM (XOpOILO M3y4EeHHOM) MOAenbl0. YToObI
KOPPEKTHO MOCTPOUTH MOJIEIb, HEOOXOAMMO yJacTHe KaK CTelHaTH-
CTa, XOpOLIO 3HAMMEro OOBEKT, TaK M MaTeMaTHKa, HMEOIIETO
OMBIT (hOpMATM3AIUHN PA3INYHBIX 3aBUCHMOCTEH M CBS3EH MEXIY
AIIEMEHTAMU CIIOKHBIX CUCTEM.

2.3. MareMaTH4eCKHii aHAIU3
U YHCJIEHHBII pacyeT MoeJsiei

Ha stom sTarme ¢ MOMOIIBIO CJIOXKXHBIX MAaTCMAaTUYCCKUX pac-



CY)KJICHMH M JI0KA3aTeJIbCTB MCCIEAYIOTCS CBOMCTBA PEIIEHUH IO-
CTPOEHHON MOJENH, BOIPOCHl O CYILECTBOBAHUHM TPeOYEeMBbIX pellie-
HUW. ECiy BBISICHAETCS, 4TO BCE PELICHUs HENPUEMIIEMBI 10 KaKOM-
TO NPUYUHE, TO BHOCATCA KOPPEKTHUBBI B MOCTAHOBKY M OIHMCAaHUE
po0IeMbl, MOTYT ObITh U3MEHEHBI UCXOHBIE TIOCBUIKU C TEM, YTO-
ObI M30aBUTHCSI OT OOHAPY)KEHHOTO aHATUTUYECKHM ITyTeM HeKela-
TenpHOro A dekra.

3HaHME KayeCTBEHHBIX 3aKOHOMEPHOCTEH, BBITEKAIOIIUX W3
Mojenel, yrayOmsier Hamu 3HaHus 00 OOBEKTe, TOSICHSET CYyTh
B3aMMO/ICHCTBYIOMNX (PAKTOPOB, MPUBOAIMINX K ITHUM 3aKOHOMEp-
HocTsM. IloaTomy MccnenoBaTens HAMEPEHHO Ha CTAJUM MaTeMaTH-
YEeCKOr0 aHaJIM3a YIPOIIAET MOJEIb C IIEJIbI0 HOBBIX KaUYECTBEHHbBIX
BBIBOJIOB O TIOBEIEHUU OOBEKTa B HECKOJBKO YIPOIIEHHBIX CHUTYya-
USIX.

Jnst mpoBe/IeHHsT YMCICHHBIX PAacueTOB MOJIENN HEoOXouma
pa3paboTka anropuTMa W KOMITBIOTEPHOW MPOTPaMMBI, pealln3yro-
el 3TOT aNropuTM. 3AECh UMEIOTCS Creuu(puveckue TPYAHOCTH,
MIPEOJI0JIEHUE KOTOPBIX TpeOyeT NPUBJIEUEHUS BbICOKOKBAIU(UIIN-
POBaHHBIX MAaT€MaTUKOB U IMPOTrPaMMMCTOB. UHCIIEHHBIE pacyeThl
MPUBOJAT K pe3ysibTaTaM, KOTOpbIE HE yJIAeTCs MOJYyYUTh aHAJUTH-
YEeCKUM IIyTeM, TaK KaK OHU 00jiee KOHKPETHO (Ha YHCIOBOM YpPOB-
HE) OTPaXKAIOT uccienayembiii 00bekT. Ilocne mpoBeaeHUs YUCICH-
HBIX PacyeTOB IPOBOAUTCSA BCECTOPOHHUI MX aHAJIU3 C LEIbIO MOJTY-

YCHU KaYCCTBCHHBIX BBIBOJOB U BA’KHBIX YHUCJIOBBIX XapPaKTCPUCTHK
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0 TIOBEJICHWHU M3ydaemMoro o0bekra. Kak mpaBuiio, mpu MoaennpoBa-
HUM OCTAIOTCS HEOTPAKCHHBIMH HEKOTOPBIE ACHEKTHI MPOOJIEMBI,
YTO TMPHUBOAUT K HEOOXOIMMOCTH JOTIOJIHUTEIBHOTO aHalu3a pe-
3yJIbTaTOB, MPOBEPKH HMX Ha aJeKBATHOCTb PEAbHBIM YCIOBHSM.
[IpoBenenne HepopManbHOTO aHANM3a IMO3BOJSET OOHAPYKUTH He-

JOCTaTKH MOJIEJTH WJIN UCTIOJIb30BaHHON HH(OpPMAITHH.

§ 3. ®opmyaupoBKka 3a1a4n
JIMHEHHOr0 NPOrpaMMHPOBaAHUS
OCHOBHBIM TIPEIMETOM HU3Y4YCHHs B HACTOSIIEM maparpade
ABIISICTCS OTPEACTICHHBIM KJIacC MaTeMaTHYeCKUX 3a/ad Ha MaKCH-
MYM HJIM MUHUMYM (YHKITUI, TOMyYUBIINX Ha3BaHUE 3a0ay JUHell-

HO20 npocpamMmupoeaHusl.

3.1. 3agaua onpenejieHUs1 ONTUMAJIBLHOTO
aCCOPTHMMEHTA NPOAYKIUH
[IpeanpusiTue MOXKeT MPOU3BOIUTH /1B Buaa uzaenuit (Nel u
Ne2), pacnionaras yist ©X U3rOTOBJIEHUS OTPAaHUUEHHBIMU PECYpPCaMHU
MaTepUajIoB (YyryHa U CTalIM COOTBETCTBEHHO B KoiuuecTBax 1650
n 1200 xr) u obopynoBanus (B xonumdectse 2060 craHKO-4acoB).
Tabn.1 xapakTepusyeT 3aTpaThl KaXJIOTO BHJA PECypCOB Ha H3rO-
ToBJeHHE oHOTO M3Aenus Ne 1 u 2. B nocnenHeil crpoke Tabiniibl
yKa3zaHa HpHObLIb, KOTOPYIO MOJy4yaeT MPEANpPUSATHE OT BBITyCKa

CAVMHUIBI KaXKA0I'0 U3CTIHA.
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Tabauua 1

Bun Ob6beM 3atpatsl Ha | uzgenue
pecypcoB pecypcoB Nel No2
Uyryn 1650 kr 10 30
Cranb 1200 xr 10 20
ObopynoBanmue 2060 cr.- 23 18
q
[TpuOBLIH THIC. . 34 40

Tpebyemcsa onpedenums, ckonbko uzdenuti Nel u Ne2 donocro
npou3eo0uUms npeonpusmue, Yymoodovl 00Cmuyb Hauboabulel npudbl-
U, npu ycaosuu, umo uzoeauti Nel 0oadicHo Ovimb U320MO61EHO He
menee 20 u uzoenuti No2 — ne menee 15 eounuy.

Jlyist perieHus 3a/1a4u MPEXJie BCEr0 HEOOXOIMMO COCTaBUTh
€e MaTeMaTHUYeCKYI0 MOJIENb, T.C. BBIPA3UTh YCIOBHUS 3a7ayd B Ma-
TeMaTudeckoii opme. [t 3TOr0 BBEAEM MCKOMBIC HEU3BECTHBIC X|
U X, obo3Havaromue yucio uzaenuit Nel u Ne2, koTopsie JOJKHO
MIPOU3BOIUTH TIPEIIPUSITHE.

HewusBecTHbIE X| U X, TOJDKHBI MIPEK/IE BCETO YIOBICTBOPSTH
CJIEYIOIIAM TPEM HEPaBEHCTBAM:

10)(?1 + 30)(?2 < 1650,

10x; + 20x, < 1200, (1)

23x1 + 18x, <2060,

KaXKJ0€ M3 KOTOPHIX BBIPAXKAET YCIOBHE, YTO PacXo] JAHHOTO pe-

cypca (Hanpumep, s uyryHa 10x; + 30x;) HE MOXKET MPEBBINIATH
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oOmiero koiuuecTBa (T.e. 1650 Kr), KOTOpBIM pacroaraet npeanpu-
arue. HazoBeM mpuBeeHHbIE HEPABEHCTBA OTPAHUYUTEIHHBIMH YC-
JOBUAMH TIO pecypcam. Kpome TOro, HEM3BECTHBIE X| M X CBS3aHBI
OTPaHUYEHUSIMH 110 ACCOPTUMEHTY, KOTOPBIE, COTJIACHO YCIOBHIO 3a-
Ja4u¥, BEIPA3SITCS B BUJ/IC HEPABEHCTB

x1220ux; 215 (2)

Haxowern, u3 cymecTBa 3a1auu sICHO, YTO X| M X, MOTYT IIpH-
HUMATh JIMIIb HEOTPHUIIATEIIbHBIE 3HAYECHUS, T.€.

x120ux, 20 3)

Cucrempl HepaBeHCTB (1) — (3) BbIpaxaloT BC€ OrpaHMYU-
TEJbHBIEC YCIOBHS, HAJTaraeMble Ha X| H X».

Jrobast mapa 3HAYCHWH X U X,, YIAOBIIETBOPSIONIAS CHCTEME
HepaBeHCTB (1) — (3), Oyzmer onpenensTh OJAUH U3 JOMYCTUMBIX Ba-
PHAHTOB IJIaHA IPEIIPHUSATHS 110 BBITYCKY JAHHBIX U3JICTHI.

Takux HOMyCTHMBIX BapHAHTOB OyJIeT OECUNCIEHHOE MHOXKe-
CTBO.

Jlaxxe ecii y4ecTh yCIOBHE LENOYNCICHHOCTH 3HAYCHUN X| U
X2, TO © B 3TOM CIlly4ae pa3iIMyHBIX JIOTTYCTUMBIX BapHAHTOB IUIaHA
OyzaeT XoTs U He OECKOHEUHOE MHOXKECTBO, HO JJOCTATOYHO OOJIBIIOE
YHCIIO.

CornacHo ycIIOBHIO 3a/1a4i, HE00X0AUMO BHIOpATh TaKkoil Ba-
pHAHT IUJIaHa, JJIS KOTOPOTO CyMMapHas NpUObLIb, MOJydaeMas
MPEeNNPUITHEM, OKaXETCsl HauOOJbIIeH. DTOT BapUaHT IUIaHA HA30-

BEM OIITUMAJIbHBIM.
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[TpuObUTE TpeanpPUATHS, KOTOPYIO MBI 0003HAYUM dYepes z,
OyZIeT OTpeeNAThCS U3 CIAEIYIOUIeT0 paBEHCTBA!

zZ = 34)(?1 + 40)C2 (4)

Teneps MOXHO Cc(OpPMYTUPOBATH 3a7adyy MaTEMaTHYECKH,
T.€. OTHCATh €€ C MOMOIIBI0 MAaTEMATUYECKON MOJICIIH.

Cpeou muoocecmea pewieHuti cucmemsbl HepAGeHCms

10)(?1 + 30)(?2 < 1650,

10x; + 20x, < 1200, (1)
23x1 + 18x, <2060,

x1220;x, 2 15; (2)
x120;x20 3)

Haumu makoe peuieHue (m.e. Maxkyro napy 3HA4eHul X\ u Xx), O/
KOmMopo2o (hyHKyus

zZ = 34)(?1 + 40)C2 (4)
docmuzaem HAUbONbULE2O 3HAYCHUSL.

PemuB 3amauy (1) — (4) metogamu, 0 KOTOpBIX OyJIeT UATH
peub B JajbHEHIIeM, HaieM ONTUMaIbHbIM IutaH: x; =70 wu
x> =25. Ilpu 5TOM mpeAnpusITHe MOIYYUT HAUOOJIBIIYIO MPUOBLIH:

Zyaus = 3380 THIC. .

3.2. 3apaua o nuere
Jnst KOpMIIEHHsI KPYITHOTO pOraToro CKOTa HEOOXOIUMO CO3-
naTh UeTy (JHEBHOM pallMoH), MOJIb3YSACh HAOOpOM U3 TPEX BUIOB

KOPMOB: CE€Ha, CHJIOCa U KOHLEHTPATOB, PECYPChl KOTOPHIX OIpaHuU-
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YeHBbl COOTBETCTBEHHO umciiamu 20, 25 u 10 kr B pacuere Ha OJUH
paroH. TpeOyercs, 4TOOBI 3TOT AHEBHOW paIMOH COJepKall He0O-
XO0JIMMO€ KOJIMYECTBO KOPMOBBIX enuHull (He meHee 20), Oenka (He
MmeHee 2000 r) u xanbius (He menee 100 ) u npu 3TOM oKaszaiics Obl
Hau0o0Jee BHINOIHBIM IO CE0ECTOUMOCTH.

Tab:n.2 xapakTepusyeT coepKaHre KOPMOBBIX €AMHUI] OenKa
U KaJbIMs B OJHOM KHJIOIpaMMe€ KaXKIO0ro BHJa KOopMma M cedecTou-

MOCTH KOPMOB.

Tabnuia 2
Conepxanue B 1 xr Cebecrou-
Bug xop-
MOCTh 1 KT
MOB KOpM.ell. | Oenka, T  |[KaJIbIIHS, T|
KopMma, p
Ceno
0,5 40 5 2
Cunoc
0,2 10 4 1
Komnren-
1,0 200 3 4
Tpar

JIJIsl cOCTaBJICHMS MaTEMaTHYCCKON MoJeld 0003HAUYUM ue-
pe3 X1, X2 ¥ X3 COOTBETCTBEHHO KOJUYECTBO KWUJIOTPAMMOB CEHA, CHU-
JI0Ca U KOHUEHTPATOB, KOTOPBIE COCTABIISIIOT UCKOMBIM panuoH. To-
r7la Ha OCHOBAHWM YCJIIOBUM 3a/laydl Xi, X M X3 JIOJDKHBI yJIOBJIETBO-
PATH CICAYIOIIUM OTrpaHUYUTCIIbHBIM YCJIOBUAM:

0,5x, + 0,2x, + x; = 20,
40x, +10x, + 200x, = 2000, )
5x, +4x, +3x; 2100,
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X1 S20;XQ325;X3S 10 (6)

Kpome Toro, kKak u B IpeAbIAYIIEH 3aaa4e, X|, X2 U X3 JOJDK-
HbI OBITh HEOTPHUIATEIILHBIMH, T.C.

X1ZO;XQZO;)C3ZO (7)

Ou4eBuHO, CYIIECTBYET OECUMCIEHHOE MHOYKECTBO PEIICHUIA
cuctembl HepaBeHCTB (5) — (7), a 3TO 3HAYUT, YTO CYHIECTBYET Oec-
YHCIIEHHOE MHOKECTBO JIOIMYCTUMBIX 10 YCIOBUSM 3a]a4d PAIIHOHOB
kopmiieHus. Cpend HUX HYXHO BBIOpaTh pPAIMOH, OOJIaTaroIIHiA
HauMEHBIIIEH ce0eCTOUMOCTBIO.

O0603HauMB Yepe3 z CyMMAapHYIO CE€0eCTOMMOCTh JTHEBHOTO
panroHa, IoJIyduM

z=2x1 tx +4x3 (8)

Teneps MOXXHO cPopMyIHpPOBAThH 3a7auy CIEAYIOIMHUM o0pa-
30M: Haiimu COBOKYNHOCHb 3HAYEHUl X1, X2 U X3, KOmopbie y0oeie-
meopsnu ovl Hepagencmeam (5) — (7) u ons komopwvix gyuxkyus (8)
docmuzana Obl HAUMEHbULE20 3HAYEHUSL.

Takum 00pa3om, OIATH MOJIyYeHa JIMHEHHAs MaTeMaTH4ecKas
MO/IeJTb, 3aJaHHas BIpakeHUIMH (5) — (8).

OnTUMallbHBIM B JIAaHHOM 3a/1ade OKa3bIBACTCS PAIMOH Clie-
nytomiero coctasa: x; = 20 kr, x, = 0 u x3 = 10 xr. [Ipu sT0oM ero ce-

0ecTOUMOCTb OYIET Zyqun = 80 pyo.
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3.3. TpancnopTHas 3agauya
Heobxomumo mepeda3upoBaTh UMEIOIIUECS B MyHKTaX 4 u B
COOTBETCTBEHHO 6 U 4 MamuHbl B MyHKTHl Ha3HaueHus C (3 mammu-
Hbl) U D (7 mamuH). B Ta01.3 npuBeneHbl pacCTOSIHUS B KMIIOMETPax
MEXAY KaXJbIM U3 IIYHKTOB OTIPAaBJIEHUS U Ha3HaueHUs. Tpedyercs
CIUIaHUPOBATh MEPEBO3KU TaK, YTOOBI CyMMapHBIM nMpoOer B Mauiu-

HO-KWJIOMETpAaxX OKa3aJICd HAUMCHBIINUM.

Ta6muma 3
C D
A 80 30
B 60 90

Jns cocraBieHuss MaTeMaTHYeCKONW MOJIENIM JaHHOM 3ajaqyu
0003HaYNM YKCIIO MaIUH, ieperonseMbix u3 4 B C, yepes x;, u3 4 B
D —4epes x, 13 B B C —uepe3 x3 1 u3 B B D — uepe3 x4. 3a/1a4a CBO-
JUTCSL K OMNpPEACNICHUIO YEThIPEX HEU3BECTHBIX, KOTOPHIE, COTJIacHO
YCIIOBUIO 33J1a4M, TOJDKHBI YIAOBJIETBOPSTH CIAEAYIONIEH CUCTEME de-

TBIPEX YPABHEHMIA:

X, +x, =6,
X +x, =4, ©)
X +x, =3,
X, +x,=7

Kpowme toro, BenuuuHbI X1, X2, X3, X4 JOJDKHBI YIOBJIETBOPATH
YCHOBHSIM HEOTPULIATEIIBHOCTH, T.€.

X1ZO;XQZO;X3ZO;X4ZO, (10)
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U MPUHUMATh TOJIBKO LIEJOYHCIIeHHbIe 3HaueHus. Cpenn pa3InyHbIX
JOMYCTUMBIX IIJIAHOB IEPEBO30K, T.€. Pa3IMUHBIX COBOKYIHOCTEH
LIEJIOYUCIIEHHBIX 3HAYEHUN X1, X2, X3 U X4, YAOBJIETBOPSAIOIIUX YCIIO-
BusiM (9) u (10), Hy)kHO BBIOpaTh TakoOW IJIaH, JUII KOTOPOTO CyM-
MapHbIi IPOOET B MAIIMHO-KWIIOMETPax

z= 80)61 + 30)62 + 60)C3 + 90)C3 (1 1)
OyJeT HauMEHBIITUM.

Maremaruueckasi MOJIENb 3aJjau, COCTOAIIAs U3 BbIPaXKEHUM
(9) — (11), okazanace Takxe JuHelHHOU. [Ipu 3TOM B OTIMYME OT Npe-
JOBIIYIIMX MOJENEH B JaHHOM 3a7aye CHCTEMa OIPaHUYUTEIbHBIX
YCIIOBUH COJIEPKUT, KPOME HEPABEHCTB, YpaBHEHUs (9).

JIOTIONHUTENBHOE YCIIOBUE LENOYMCIEHHOCTH, KOTOpPOE B
o0mieM ciry4ae 3HAYUTENBHO YCIOXKHSET METOIBI pPEelIeHHs, B JaH-
HOM 3a/laye TO3BOJISIET IMPOU3BECTH HEMOCPEACTBEHHBIN Mepedop
BCEX JIONYCTUMBIX IJIAHOB M IYTEM BBIUMCICHUS JUISI KaXJI0TO U3
HUX 3HAYEHUS BEIMYMHBI Z BHIOPATh TaKUM 00pa3oM ONTUMAJIbHBIN
maH. [leficTBUTENbHO, U3 TpeThero ypaBHeHus (9) u ycinoBuii 1eno-
YHCJIEHHOCTH ¥ HEOTPULIATENILHOCTH CIIEAYET, YTO X (MJIU X3) MOTYT
IpUHUMATh TOJIbKO yeTbipe 3HaueHus: 0, 1, 2 u 3. [loxacraBusas atu
3HAYEHHUS X| BO BCE OCTajJbHBbIE ypaBHEHUS (9), ONpeneanum TakuM
00pa3oM 4YeThIpe MOMyCTHUMBIX TUIaHa MepeBo30K. Bee 3Tu 1umaHsl, a
TaK)K€ COOTBETCTBYIOIIME KaXIOMY M3 HUX 3HAUEHUS BEIUYUHBI Z

OKa3aHbl B Ta01.4.

18



Tabauua 4

IIman
X1 X2 X3 X4 z
IIEePEBO30K
1 0 6 3 1 450
11 1 5 2 2 580
111 2 4 1 3 610
1\ 3 3 0 4 690

N3 Tabn. 4 caenyer, yTo ONTUMAIBHBIM siBiisgeTcs | tuian, ams
KOTOPOTO CYMMApHBIN MPOOET Z4y, = 450 MaIMHO-KHUIIOMETPOB.

O06001m1ast pacCMOTpPEHHbIE IPUMEPBI, AauM 00IIyI0 popmy-
JUPOBKY 3aJa4 JMHEHHOTO IPOrPaMMHUPOBAHHUS.

IIycts TE€YeHHE UCCIEAYEMOIO IPOLECCa XapaKTEPU3YyeTCs 711
MEPEMEHHBIMH (PaKTOPAMHU, YUCIICHHBIE 3HAUEHUS KOTOPBIX XapakTe-
pU3YIOTCSI HAOOPOM NEPEMEHHBIX Xi, X2, ..., X,. JTH IEPEMEHHbBIE
JOJIKHBI YIOBJIETBOPATH HEKOTOPHIM OI'PAaHUYHUTENBHBIM YCIOBUSM,
BBIPDAKEHHBIM B BHJIE CHCTEMbI JIMHEHHBIX YpaBHEHMH WM Hepa-
BEHCTB.

JInist 3aMucy ATUX ypaBHEHUI MM HEPAaBEHCTB B OOIIEM BHJIE
BOCTIOJIb3yeMcsl OyKBeHHBIMU Kod(dumnmentamu. [Ipu sTom, cormac-
HO TIPUHATOW B JIMHEHHOHN anredpe cUMBOJIMKE, BCe KOAPPHUIIMEHTHI
0003Ha4YNM OJIHOI OyKBOW C JByMsl MHAEKCAMM, HAapuUMeEp a;, T1e
NepBbIA NHAEKC (7) yKa3bIBa€T HOMEP COOTBETCTBYIOIIETO YPAaBHEHHUS
WM HEPABEHCTBA B OOILIEN cucTeMe OIpaHUYEHUH, a BTOPOU MHIIEKC

(j) — HOMep mepeMeHHOH C TaHHBIM KOA(PPHUITHEHTOM.
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Ilycth cuctema OrpaHM4eHMH BKIIIOYaeT / ypaBHEHHH U
(m - [) nepaBenctB. Bce HepaBeHCTBa OyAeM Mpejnosiaratb OJIHOTO
3HaKa, T.K. MyTeM YMHOXXEHHUsi o0eux uacTted HepaBeHCTBa Ha —l
MOYHO 3HaK HEPAaBEHCTBA 3aMEHUTH IIPOTUBOIIOJIOKHBIM.

Torma cucreMmy OrpaHM4EHUN 3alUIIEM B CIECIYIOLIEM BUJE:
a, X, +a,x, +...+a,x, +...+a,x, =a,,
Ay X, + ApXy + oot Ay X, + .o+ Ay, X, = Ay,
apx, + apx, +...+agx, +...+a,x, =a,, (12)

A X +a X, +..ta x, +..ta,.,x, < 105

A, X +a,,x, +..+a,x +..+ta,x, <a,,

Kpome 3Tux 0o0mMX OrpaHUYUTENBHBIX YCIOBHUH, B 3ajadax
JUHEHHOTO TIPOTPaMMUPOBAHUST GUTYPUPYIOT €IIe YCIOBHUS HEOTPH-
1IaTEeJIbHOCTH, KOTOPbIE MOT'YT HAKJIa/IbIBATHCSI HE HA BCE 1 TIEPEMEH-
HBIX.

[Iycts TpeboBaHHS HEOTPUILIATEILHOCTH PACIPOCTPAHSIOTCS
Ha IepBbIE f IEpEMEHHBIX (Ie ¢ < n), T.€.

x120;x%2>0;..;x,2>0 (13)

OTH MPOCTEUITNE HEPABEHCTBA MOKHO OBLIO BKIIFOUUTH B CHUCTEMY
(12), ogHako yisi JaJbHEHMIIET0 MCCIAEAOBAHUS MX I1€J1eCO00pa3HO
BBIJCIUTE CAMOCTOSITEIILHO.

Jlrobasi COBOKYITHOCTh 3HAYEHUH X, X2, ..., Xy, YJIOBIETBO-

psromux cucreme (12) u ycnosuto (13), onpenensier oAuH U3 donyc-
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mumblx eapuanmos Tipoliecca. B obmem ciydae ux Oyzaer OGecuwuc-
JICHHOE€ MHO>KECTBO.

Kaxaplii U3 3THX BapHaHTOB XapaKTEPU3YETCS HEKOTOPHIM
MoKa3aTeleM z, KOTOPbIA Oy[eM Mojararh 3aBUCSIIUM JIMHEWHO OT
MEPEMEHHBIX X|, X2,..., Xy, T.C.

z=cix1 + cxp +.. . Hcuxy, (14)
rzie ci, C2,..., Cy - HOCTOSIHHBIE YHCIIA.

KoHeuHOH Lienblo uccaenoBaHus ABISIETCS ONPEIEIeHUe Ta-
KOTO JIOMYCTUMOTO BapuaHTa, JJIsi KOTOPOTro (DYHKIUS z, UMEHyeMasl
B JNaJbHEHUIIEM yenegoll (yHKyueli, MPUHUMAET ONTUMAILHOE (HAU-
OoJtblIIee WIIM HAaMEHBIIIEE) 3HAUCHHE.

Bripaxenus (12) — (14) oOpasyrot qurelnyo mamemamuye-
CKYI0 MOOelb obwell 3a0ayu TUHEUHO20 NPOcPaAMMUpOBaHusl, MarTe-
MaTHuecKasi popMyIupOBKa KOTOPOH CIeayromasi.

Haitimu cosoxynnocme 3Hauenuti n nepemMeHHbIX X1, X2, ..., Xn,
VO008IIeMBOPAIWUX CUCeEMe 02PaHUYUmenbHulx ycaosuu (12), ycno-
susam HeompuyamenvHocmu (13) u 011 Komopwix yenesas (QyHKyus
(14) npunumaem naubonvuiee (UU HauMeHbulee) 3HaueHue.

COBOKYITHOCTh 3HAU€HWH X|, X2, ..., X, YAOBIETBOPSIOMINX
cucteme orpannuenuii (12) u (13), HazbIBaeTCS donycmumuvim peute-
HueM, a OMyCTUMOE pelieHue, st kotoporo ¢Gyakuus (14) npuau-
MaeT HaumOoJblliee WM HauMEHbIEE 3HAUYCHUE, — ONMUMATbHbIM

peweHuem 3a1a4u JIMHEHHOTO IPOrpaMMHUPOBAHHUSL.
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I'TABA 2

§ 1. Paziuunbie popMbl MOIe/H 32124
JIMHEITHOT0 MPOrPaMMHPOBAHUSA

OOmast ¢opma Mojenu 3a1ad JTUHEWHOTO MPOTPaMMHUpPOBa-
HUS, KaK YKa3bIBAJIOCH BBIIIE, XapaKTEPHU3yeTCs CIeayIouM obpa-
30M.

3anaua I. Haiimu cosoxkynnocms 3nauenuii n nepemeHHsix X,
X2, .., Xn, YIOBICTBOPSIOMINUX CUCTEME OTPaHUICHHH
a,x, +..+a,x, =a,,
Ay X, + ...+ a,,X, =0y,
apx, +..+ta,x, =a,, (D)
A X+t X, S a0,

U YCILOBUAM HEOMPUYAMenibHOCMU
x120;x2205...;x,20 (roe ¢ < n), (2)
OJ1s1 KOMOPbIX TUHelHas YyHKYus (yenesas QyHKyus)
z=cx1 + cxy +...tCuxy 3)
docmueaem dKCcmpemyma (MaKkCuMyma uid MUHUMYMAQ).
Bekrop X = (x1, X, ..., X,), KOOPAMHATBHI KOTOPOTO YIOBIIE-
TBOPSIOT cucteMe (1), Ha3BIBAIOT BO3MONCHBIM peuleHuem (NIaHoOM).
Ecnmu xoopauHatel xj, X2, ..., X, YAOBIETBOPSIOT €Il yCIOBUSAM He-

OTPULIATENHLHOCTU (2), TO X Ha3bIBAIOT OONYCMUMbBIM peuleHueM,
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Wi oonycmumbim nianom 3agadd. COBOKYITHOCTh BCEBO3MOXKHBIX
JOMYCTUMBIX pelleHui (TUIaHOB) 3aJaYd Ha3bIBAlOT 001acmuvio 00-
nYCIMUMBIX peuleHuti (001acmvio onpeoenenis) 3aJaun.

Jlonyctumoe pemenne X , s KOTOPOro JTHHEHHAs QYHKIHS
(3) nmocturaer MakcuMmyma (WM MHHHMMYMA), Ha3bIBae€TCs Onmu-
MANbHLIM peutenuem (ONMuUMAaIbHbIM HIAHOM) 3a0ayl.

Ecnu ycnoBusiM HEOTpULIATENBHOCTH IMOJYMHEHBI BCE INEpe-
MEHHBIE (f =n), TO ycloBUs (2) Ha3bIBAIOTCS OJAHOPOIHBIMH, €CIU
xe (t <n), TO CMEILIaHHBIMH.

HeonHopoaHble ycioBHUs HEOTPULATENBHOCTH BCEr/la MOTYT
OBbITh TIPUBEICHBI K OJHOPOJHBIM ITyTEM BBEIEHHUS BMECTO KaXKIOH
IIPOU3BOJILHON (T.€. HE MOJUYMHEHHOM 3TUM YCIIOBUSM) NEPEMEHHOU
X JBYX HEOTpPHULATENbHBIX MEPEMEHHBIX X' U X" M3 COOTHOLICHMS
x=x" — x". AHaJOTMYHO NPUBOJIATCS YCIOBHUS OTPULIATEIBHOCTH
(oTpuLaTenbHas MEpEMEHHas X 3aMEHSETCS Ha HEOTPULATEIbHYIO
IIEPEMEHHYIO X' U3 COOTHOIIEHUS X = —X').

KonnuecTBo mepeMeHHBIX IPHU 3TOM, KOHEYHO, BO3pacTaerT,
HO MOJENb 3aJaud mpuoodpereT oaHO00O0pasHeli BuI. [losTOMy B
JanpHeleM OyneM moJsiaraTh, YTO YCJIOBUIO HEOTPULATEIBHOCTH
MO TYMHEHBI BCE MEPEMEHHBIE (T.€. f = n).

OrpannuurenbHble yciaoBus (1) MOryr cocTOSITh TOJIBKO W3
ypaBHeHu# (/ = m), ToabKO U3 HEpaBeHCTB (/ = () UM U3 ypaBHEHUN
n HepaBeHCTB (0 < / < m). B nepBbIX ABYX Clly4asiX OHM Ha3bIBAIOTCS

OOHOPOC)HblMu 1 B TPCTHEM CIIy4dac — CMeulaHHbiMU YCIIOBUSMU.
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XoTst HIKe OyleT MoKa3aHO, YTO OJIMH BHJ OTPAHUYUTEIIb-
HBIX YCJIOBHHA MOXET OBITh MpeoOpa3oBaH B APYrod, OJHAKO TpPHU
pPacCMOTpPEHHH PA3IMYHBIX BOIPOCOB IEIECO00Pa3HO HMCXOIHUTH U3
Pa3IMYHBIX THIIOB OTPAHUYUTENIbHBIX yCioBHMA. [lodTOMy Hapsay c
oOmieit popmoii Moenu 3a1ad TUHEHHOTO MPOrPaMMHUPOBAHMSI pac-
CMOTPHUM MO/IEJh, 33JJAHHYIO OJTHOPOTHBIMU OTPAaHUYUTEITHHBIMU yC-
JIOBUSIMU B BUJIE CUCTEMBI HEPABEHCTB W B BHJIE CUCTEMBI ypaBHE-
HHUI.

3anaua Il. Haiimu coeoxynnocmu 3naueHuti n nepemeHHbLX Xy,
(e0e k =1, 2, ..., n), yoosremeopaowux cucmeme r HepageHcma

anx, +..+a,x, <a,,

................................... )

a.x, +..+a,x, <a,

u ycnosusam neompuyamenvuocmu xi > 0 (20e k=1, 2,..., n), (5)
07151 KOMOPbIX Yenesdst YYHKYusl

z=c1x1 + cpxr +.. e, (6)
docmueaem dKCmpemyma.

B takoit hopme 3amaua okaszpiBaeTcs 0COOCHHO YIOOHOM st
rpadMuecKoro pemeHus (eciu 4uciao NMePEeMEHHBIX HE MPEBBIIIAeT
JBYX).

3anaua Ill. Hatimu cosokynnocmu 3HaueHuti n nepemenHulx

X (e0e k=1, 2, ..., n), yooeremeopsowux cucmeme m ypagHeHull
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................................... (7)
a, X, +..+a,,x, =a,,
u ycnosusim neompuyamenvnocmu xi > 0 (20e k=1, 2, ..., n), (8)
0J151 KOMOPIX Yenesas QyHKYus.
z=cix1 t cxy ...t Xy 9

oocmuzaem MaKkcumyma.

B nmanHO#W mMopaenu, KOTOpas MOJydWsia Ha3BaHUE KAHOHUYe-
cKoll, TeNb HCCIeNoBaHus cHopMymupoBaHa B BHIE TpeOOBaHUs
MaKCUMH3AIMH QYHKIUHU z. DTO CIENaHO st 0JqHO00pasust hopmy-
JUPOBKH 3a]]a4d Ha OCHOBAHWH CIIEAYIONINX cooOpakeHuii. Ecim B
3ajaue TpeOyeTcs MUHUMU3UPOBATh (PYHKLHUIO Z, TO, 3AMEHHUB €€ Ha
MIPOTUBOMOJIOKHYIO (2] = —Z = C1X| — C2X2 —...—CpXy), IPUJIEM K DKBHU-
BaJICHTHOM 3aj[aye MaKCUMHU3aUU (PYHKIINH Z|.

Kanonnueckast popma Monenu oxasbpiBaeTcsi yAOOHOW mpu
U3JI0’KEHUU OCHOBHOTO BBIYHMCIUTEIBHOTO METOA — CUMIUIEKCHOTO.

ITokaxem, kakuM 00pa3oM MOXHO IpeoOpa3oBaTh OJUH BUJ
OTPAaHUYUTENBHBIX YCIOBUN B IPYTOM.

IlycTh naHo auHEHOE HEPABEHCTBO C 71 IEPEMEHHBIMMU:

arx1 + axx; ttax, < ag (10)

Jlo6GaBHB K JIEBOM 4YacTH HEKOTOPYIO HEOTPHUIATEIHHYIO Be-
JTUYUHY

Xp+1 2 O, (11)
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Ha3bIBAEMYIO OAIAHCOBOU (BblpasHusaioweli) IepeMeHHOM, mpeBpa-
THM €r0 B ypaBHEHUE
aix1 + axx; t...tax, + X1 = ag (12)
Teopema. Kaoxcoomy pewenuio X = (au, @, ..., Q) HepaseH-
cmea (10) coomeememayem eduncmeennoe pewenue ¥ =(ai, o, ...,
O, Oyt1) ypasHenus (12) u nepasencmesa (11) u, naobopom, xkaxcoo-
My pewenuio Y ypasnenus (12) u nepasencmsa (11) coomsememay-

em eouncmeenHoe pewenue X nepasencmea (10).
CrnenoBaTenbHO, YKa3aHHbBIE NMPEOOpa30BaHUsl MO3BOJIIOT OT
KaHOHUYECKOW (hOpPMBI MOJIETH, 3a/laHHON BhIpaxkeHussMu (7), (8) u

(9), mepeiiTu kK SKBUBaJICHTHOM eif 3aiaue 1.

§ 2. Dj1eMeHTBI TEOPUM ABOHCTBEHHOCTH

Kaxioit 3aiaye JIMHEWHOTO MPOrpaMMHUPOBAHUS MOYKHO CO-
IIOCTAaBUTh OIIPENIEIIEHHBIM 00pa30M € HEl CBA3aHHYIO APYIYIO 3a/1a-
4y, KOTOpasi Ha3bIBAETCs IBOMCTBEHHOM I10 OTHOILCHUIO K IIEPBOM.

CoBMecTHOE pacCMOTPEHHME TAaKHUX Map JBOMCTBEHHBIX 3a/1a4
OKa3bIBAeTCsl BECbMa I(PPEKTUBHBIM CPEICTBOM TEOPETUUYECKOTO HC-
clieIoBaHUs Mpo0IeM JTMHEWHOTO MPOTPaMMHUPOBAHUS U TIOCTPOCHUS
Pa3IMYHBIX BBIYMCIUATEIBHBIX METO0B. KpoMe Toro, paccMoTpeHue
JIBOMCTBEHHBIX 3a/lad UrpaeT OOJIBIIYI0 POJb MPU SKOHOMHYECKOM

AHAJIN3C PE3YJIbTATOB pacucTa.
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PaccmoTpuM 3amady TMHEHHOTO MPOTPaMMHUPOBAHUS C Orpa-
HUYEHUSMH — HEPABEHCTBAMH, KOTOPYIO0 0003HauuM 3anayeit I:

Haiimu pewenue X =(x1, Xa, ..., Xp, ..., Xy), YOOGIEMBOPSIOUICE
cucmeme HepaeeHcms

agXx, +a,x, +...+a,x, +..+a,x, <a,,

Ay X; + ApXy + .ot Ay X+t a,,X, < ayy,

(1)

a.x, +a,x,+.+a,x, +..+a,x, <a,

u ycnosusm neompuyamenvuocmu xi > 0 (20e k=1, 2, ..., n), (2)
071 KOMOpo2o YHKYUsL

z=c1xX1 T o +. e T+t + co 3)
docmueaem MaKkcumyma.

[TocTpoum npyryro 3anauy 1"

Haiimu pewenue Y = (V1, V2, ..., Viy ..., V), YO0BI€MBOPSIO-
Wee cucmeme HepaBeHCma

apy, tayy, +..+ta.y,+...+a,y.2c,
Yyt ayny, totapy .40,y 26,

(1)

a,n ta,y,+..+a,y,+..+a,y, 2c,

u ycnosusim neompuyamenvuocmu y; > 0 (20e i=1, 2, ..., r), (2')
07151 KOMOpPo20 QYHKYUsL
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o = a1 + arp)2 +...+ aoyi +.. .+a,oy, + Co (3')
docmuzaem MUHUMYMA.

3amaua 1" Ha3bIBaeTCS 080liCMEEeHHOU (WU CONPANCEHHOU) K
3amaue I. MoxxHO mokaszaTh, 4To eciu 3agady I’ 3ammcars B gopme,
aHaJIOTUYHOM 3amaue I, To ABOMCTBEHHON K Hel OyAeT ucxoaHas 3a-
nada .

Takum oOpa3om, MOHITHE JTBOMCTBEHHOCTH SIBJISIETCSI B3aUM-
HbIM. [ToaTomy 3amaum 1 u 1" Ha3pIBaIOTCS 63aUMHO O80UICMBEHHBIMU
(MM 83AUMOCONPANCEHHBIMUL).

MHOTOYHCIICHHBIE TIPHJIOKEHUS TEOPUU JIBOUCTBEHHOCTH
OTIMPAIOTCS HA CIETYIONINE BaXKHBIEC TEOPEMBI.

Teopema 1 (ocHOBHasi TeOpeMa IBOMCTBEHHOCTH).

1. Eciu oona uz 080UCmMBeHHbIX UMeem ONMUMATbHOE peule-
Hue, Mo Opy2as makice umeem onmuMaibHoe peuieHue, npuvem Ois
066X onmumansielx pewienuiic. X u Y 6bInoIHAEMCA PAGeHCmEo
Zmax = Wmin-

2. Ecnu oona u3z o0souicmeenuvix 3a0ay Hepazpewuma u3-3d
Zmax—>% (UIU Omin —> —0), MO Opyeas 3a0daua He umeem OONYCHMU-
MbIX peueHUll.

Teopema 2 (BTOpas Teopema ABOWCTBEHHOCTH). Eciu 0as
ONMUMANTLHO20 peulenusi OOHOU U3 3a0ay KaKoe-iubo HepaseHcmeo
y0osremeopsaemcs KaKk cmpo20e HepageHcmeo (m.e. Xn+; > 0 uiu
Ym+k > 0), mo coomeemcmeyowas emy nepemeHHas 8 Kaicoom on-

MUMAIbHOM peuleHuu 08OUCMBEHHOU 3a0ayu (V; ulu Xi) 6 onmu-

28



MATLHOM peuleHul NOJIONCUMENbHA, MO COOmEemcmayuee el He-
PABEHCMB0 0B0UCMBEHHOU 3a0ayu I0ObIM ee ONMUMANbHbIM peule-

HUem 06pau;aemc;z 6 paeeHcmaeo.
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I'TABA 3

I'padguuecknii meroa

I'paduueckuii MeToa pemieHus: 3agad JUHEWHOTO TPOrpaM-
MUpOBaHUs, KaKk OyJeT BUJIHO U3 JAIbHEHIIIEro, MMEET BecbMa orpa-
HUYCHHYIO 00J1acTh pUMeHeHus (He 0oJiee IByX NMEPEMEHHBIX B 3a-
naue 11). Ognako B ciyyae OOJIBIIETO YMCIIA TIEPEMEHHBIX MOXHO C
MOMOIIBIO0 TpaUYECKOr0 METOJa HAWTH ONTUMAJIbHOE PEIICHUE
JIBOVICTBEHHOMW 3a/1a4d, a 3aT€M HAa OCHOBAHUM YCJIOBHUI BTOPOU TEO-
pEMBI JBOMCTBEHHOCTH OTBICKATh ONTUMAJIbHbBIN TUIAaH UCXOJIHOM 3a-
Jlayu.

PaccMoTpuM 3TOT METO MPUMEHUTENBHO K 3a/1a4€

X1 —2Xx3 >3,

2)C1 —X2— X3 +X4—2)C5 < 6,

)C1ZO,)C220,)C3ZO,)C4ZO,X520 (1)

z=2x1 —3x + 2x3 + x4 — 10x5 — max

B nmanHO¥ 3amaude comepKUTCA MATh MEPEMEHHBIX, TOATOMY
1enecoo0pa3Ho BHaYalie PEHINTh JIBOMCTBEHHYIO 3a/layy, a 3aTeM C
MOMOIIBIO YCIOBUU TEOPEMBI O JOMOJHSIONEH HEXKECTKOCTH (2-H
TEOPEMBI IBOMCTBEHHOCTH) HAWJIEM PEIlIeHHE UCXOTHOM 3a/1auH.

3anwuieM UCXOAHYIO 33a7a9y B CTaHIAPTHOH (hopMme:

Uy <> —X1 + 2)(?3 < —5,

Uy <> 2)C1 —X2—Xx3tXx4 —2)(?5 < 6,

)C1ZO,)C220,)C3ZO,)C4ZO,X520 (2)

z=2x1 —3x + 2x3 + x4 — 10x5 — max
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CocTtaBuM [JBOICTBEHHYIO 3ajady, COIOCTABIISIA KaXaA0My
i-My HepaBeHCTBY Tuma "<" cTaHJapTHOM 3a/1auM IBOWCTBEHHYIO I1e-
PEMEHHYIO U;, UCTIOJIb3Yys MPaBUIO, CHOPMYITMPOBAHHOE B §2 TJIaBbI
2.

Hcnonb3ys ykazaHHOE TMpaBUiIO, MOIYYUM CIEAYIOUIYIO
JIBOVICTBEHHYIO 33Ja4y:

X1 —up+2u>2,

Xy &> —uy > -3,

X3 2up—upy>2, 3)
X4 > u > 1,

X5 <> —2u, >-10,

u; >0, u; > 0. 4)
® =—5u; + 6u; - min (%)

B nBOMCTBEHHOM 3a1aye KaKIO0M HEU3BECTHOM X; UCXOJHOHN
3aJ1aud COOTBETCTBYET HEPABEHCTBO TUMa ">".

Haiinem B aBoiicTBEHHOH 3anaue (3) onTHMaIbHOE pELICHUE
rpadMuecKuM CriocoooM.

[Toctpoum mpexne Bcero B cucreMe KoopauHat u;Ou; 00-
nacte pomyctumbix pemenuit (OP) 3amauu. g 3Toro, 3aMeHUB
KaXKJi0€ 13 HEepaBeHCTB (3) paBEHCTBOM, CTPOUM COOTBETCTBYIOIIYIO
epanuyHnyto npamyio apuy + apu; = app (i = 1, 2,..., r). O1a npsamas
JEeNUT TIocKkocTh u;Ou, Ha aBe noiymmiockoctu (puc.l). s xoop-

TMHAT U], Uy TFO00U TOYKU A OJHOU TOIYIUIOCKOCTH BBITIONHSETCS
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HEPaBEHCTBO a;1U; + apus < aj, a A4 JII000M TOUKH B Ipyroi mosry-
IUIOCKOCTH — IIPOTHUBOIIOJI0KHOE HEPABEHCTBO ;11 + dply = djp.
Koopaunats! 11000#1 TOUKM I'paHUYHON MPSMON yOBJIETBO-

PSIOT YPaBHEHUIO QiU T Aply = dj.

u}_»

ainul + apuz 2 ajp

ajuy tapux<ajp

t.

Uy

apuy + apuy = aiﬁ

e oA

Puc. 1

Jlist onpenienienys, o Kakyr CTOPOHY OT TPaHUYHOM IPSIMOU
pacnojiaraercsi MOJyIUIOCKOCTh, COOTBETCTBYIOIAsl 3aJaHHOMY He-
PaBEHCTBY, JOCTATOYHO “UCHBITATh OJHY KaKyl-HUOYIb TOUKY
(mpomre Bcero Touky O(0, 0)). Eciu npu noicTaHOBKE €€ KOOpIMHAT
B JIEBYIO YacTh HEPAaBEHCTBA OHO YJOBJIETBOPSIETCS, TO IMOJYILIOC-
KOCTh OOpallleHa B CTOPOHY K "HCIBITYyeMOU" TOUKe, ecliu ke Hepa-
BEHCTBO HE Y/IOBJIETBOPSETCS, TO COOTBETCTBYIOIIAs MOJIYIUIOCKOCTh
oOpaleHa B MPOTHUBOIIOJIOKHYIO CTOpOHY. Hampasienue mosyrioc-
KOCTH ITOKa3bIBaeTCsl Ha uepTexe crpenkoid. HepaBenctBam u; > 0 u
u; = 0 TakXke COOTBETCTBYIOT IOJYIUIOCKOCTH, PAaCIOJIOKEHHBIE
crpaBa OT OCH OpJIWHAT W HaJa Ochio abciucc. Ha pucynke ctpoum
IpaHUYHbIE TPAMBIE U TOJYIJIOCKOCTH, COOTBETCTBYIOIINE BCEM He-

paBeHcTBaM. O0mas yacThb (“riepeceyeHue’) BCeX ITUX MOITYIUIOCKO-
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creil OymeT mpeacTaBiATh COOOW OONACTh OIMYCTUMBIX PEIICHHH
JAHHOM 3a7ja4H.
HNrak, umeeM IATh ypaBHEHUMW, ONPENECIAIOIIUX IATh I'pa-

HUYHBIX IIPAMBIX:

—uy +2u; =2 (1)
—up =3 (2)

2uj —up =2 3)
u =1 4)

—2up; =-10 &)

u =0 (6)
u =0 (7)

Ha puc. 2 npoBeneHbl BCce rpaHUYHBIE NTPSIMBIE CO CTPEIKAMU,
YKa3bIBAIOLIUMHU PACIOJIOKEHNE UCKOMBIX MOJYIJIOCKOCTEHN, U MOKa-
3ana O/IP ¢ ee rpanuneil. Kak BugHO U3 rpauveckux MOCTPOCHHIA,
B naHHo# 3amade OJIP mpexacraBnsieTr co0oif HEOTPAaHUUEHHYIO MHO-
TOYTOJIBHYIO TIJIOCKOCTH (B 001eM ciaydae OJIP MoxeT ObITh MyCTOH,
OJIHOW TOYKOH, BBIITYKJIBIM MHOTOYTOJIbHUKOM WM HEOIPDAHWYECHHOU
BBIITYKJION MHOTOYT'0JIbHOM 00J1acThIO).

B »sro0ii 00nact HEOOXOAMMO OTHICKATh TOYKY MHUHUMYyMa
neneBoi GyHKIuU ® = —Su; + 6u, (BOMCTBEHHOM 3amaun. Haxonaum

rpagueHT QyHKIUU ®, OH paBeH grad o =| —,— |= (-5,6). U3
Ou, Ou,

Hayajia KOOpJMHAT B HAIMPaBJICHUU K TOUKe (—5, 6) MPOBOAUM BEKTOP

MIPOU3BOJILHOM JUIMHBI — HOpPMajb K JIMHUSAM YpPOBHS JIMHEHHOU
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¢byakuuu . [lepneHIuKyaspHO 3TOMY BEKTOPY MPOBOIHUTCS KakKas-
HUOYb mpsiMasi. DTo W OyJeT oJHAa W3 JUHUW YPOBHS JIMHEHHOU
¢bynkuuu. Ee ypaBaenue Oyner —5u; + 6u, = h. Ha puc. 1 npoBenena
JIMHUS HYJEBOTO YPOBHS — IpsiMasi, MPOXOAdIas depe3 Hayauao Ko-
OpAMHAT, €e ypaBHEHUE UMeeT Bua —Su; + 6u; = 0. LleneBas QpyHk-
LM ( HAa BCEX TOYKAX dTOM MPSIMOW IPUHUMAET HYJIEBOE 3HAYCHUE.
Ecnu nBurath 3Ty npsAMyro napajuiesIbHO B HallpaBJI€HUHW HOPMAJIH,
¢bynkuus o Oyzaer Bo3pactars. bakaiimas touka uz OJIP, koTopoit
KOCHETCS JINHUS YPOBHS, U Oy/leT TOUKOW MHUHHUMYyMa U'. B Hamewm
IIpUMeEpE ATON TOUKOH SIBIISIETCS TOUKa A.

U

(1)
)

(2)

r w

Uy

Puc. 2

HalinenHasg Touka MHMHMMyMa HaxOJIUTCA HA IEPECEUCHUU
IIEPBOM U BTOPOW TPAHUYHBIX NPSMBIX, YPABHEHUS KOTOPBIX U3BECT-
Hbl. OnpenenuM KOOPAMHATBHI ATOM TOYKM AHAJIUTHYECKUM IyTEM

pemieHus cuctemsl ypaBHeHuil (1) u (2). Umeem cucremy
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—u, +u, =2,

—u, =-3,
U3 KOTOpPOH ToJIydaem U = (4, 3). 3navenue neneBoil pyHKIUU Ha
9TOM PEIICHHH PaBHO ® =—5 -4+ 6 -3 =-2.

Ternepp ¢ MOMOIIBIO YCIIOBUM TEOPEMBI O JIOTIOJHSIOIIECH HE-
KECTKOCTH M HAWJEHHOTI'O BEKTOpA JBOMCTBEHHBIX OLIEHOK OIpEie-
JIIeM ONTHMAJbHBIN TIJIaH MCXOJMHOW 3amaud. JIist Toro, 4ToOBI J0-
MMYCTUMBIN TJ1aH X UCXOHOM 3aJa4 U TIONYCTUMBIA BEKTOP JIBOMCT-
BEHHBIX OIIeHOK U TBOMCTBEHHOM 3a/1auu ObUTH ONITHUMAaIbHBIMH, He-
00X0TMMO U JJOCTATOYHO, YTOOBI BBITIOTHSUTUCEH YCIOBHSI:

1° x-v;=0, j=L..n

2° i y=0, i=1,..,m,

rae v, = z a;u, — c; — pasHOCTh MKy JICBO H MPABOW YaCTAMU

1
J-TO TBOMCTBEHHOTO HEPABEHCTBA (COOTBETCT-
BYIOILIETO IIEPEMEHHO X));

1

v, =b - Zai/.xj — Pa3sHOCTb MEXAy IIPABOM M JIEBOH 4acTs-
J

MU i-TO HEPAaBEHCTBA WCXOJHOHM 3amaun (MMEro-

IIET0 OIEHKY ;).
ns TCOPEMBbI BBITCKACT, YTO C€CJIM HU3BCCTCH BCKTOpP OIITHU-
MaJIbHBIX OLICHOK U*, TO, MOJACTABJIAA €0 KOMIIOHCHTBI B YCIIOBHA 10
u 2°, MIOJIyYHM CHUCTEMY YPaBHEHMM JUIsI HAaXOXKJEHUsS KOMIIOHEHT

*
ONITUMAJIBHOTO TuIaHa X .
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N3 ycnoswuii 1° TEOPEMBI O JIOTOJHAOUIEH HEKECTKOCTH Ha-
XOJIATCA KOMIIOHEHTHI ONTHMAJILHOTO IUJIaHA, 3HAYEHUS] KOTOPBIX

PpaBHBI HYJIIO, T.C. IACCUBHBIC KOMIIOHCHTBI, 110 MIPaBUITy: €CJIN BCJIU-

BBIYUCJICHHAA ITYTEM IOJACTaHOBKU Z[BOﬁCT-

amma v, =) au; - c;,
i

BEHHBIX OLICHOK #; HAaWJIEHHBIX JJIi HUX ONTUMAJBHBIX YHCIIOBBIX
3HAUYEHHUM OKAXKETCs MOJIOKUTEITLHOM, TO COOTBETCTBYIOIIAST KOMIIO-
HEHTa X; B ONTHMAJIbHOM IUIaHE NPUHMMAET HyJIEBOE 3HadeHue (v
>0 =x;>0).

N3 ycnoswuii 2° ONPEAEIISIOTCS aKTUBHBIE OTPAHUYCHHS HC-
XOJIHOM 3a/ayu, T.€. T€ Pecypchbl, KOTOpbIE B ONTUMAJIbLHOM IUIAHE
WCIIOJIB3YIOTCS MOJHOCTHhI0. Ecnu ontumanbHas onenka u; > 0, To
COOTBETCTBYIOIIAs BEJIUYMHA ); paBHa HyIto (v; > 0 = ); > 0). Tax
KAaK BEJIMYMHA ); SBISIETCA PA3HOCTBIO MEXK]y IIPAaBOM U JIEBOW 4Yac-
TSAMH i-TO HEPABEHCTBA MCXOIHOW 3a7a4M, TO PaBeHCTBO ¥, =0 03-
HA4yaeT, YTO 3TO HEPABEHCTBO JIOJKHO YJIOBJIETBOPATHCS KaK CTPOTOE
PaBeHCTBO (ypaBHEHUE) /1711 ONITUMAJIBHOTO IUIaHA.

[ToxcraBuM cHavana HalJIEHHOE ONTUMAJIBHOE JBOMCTBEHHOE
pELICHHE B YCIOBUS 1°, MOJTYYUM
xvi=0,vi=—u; +2up—-2=-4+2-3-2=0=x;>0,

X =0, v = —uy+3=-3+3=0 = x>0,
x3V3=0,v1=2u1—u2—2=2-4—3—222 Z>X3:0,
)C4V4:0,V4: u2—1:3—1:2 :>)C4:0,

xsvs=0,vs=  2up,+10=-2-8+10=2 =x5=0

36



JIyist BBISICHEHMSI BOTIPOCA, KaKMe HEPaBEHCTBA MCXOJHOM 3a-
JTa4d Ha ONTUMAJILHOM PEIICHUHN X oOpaiarTcs B ypaBHEHHS, HC-
MOJIb3YEeM YCIIOBHE 20
iy :0, up :4:>y1 :ON—)C1 +2)C3 :—5,
u2y2=0, u2=3 :>y2:0~2)C1 — X2 — X3 +)C4—2)C5:6

[IpuxoauM K CIIeyIOIIEeN CUCTEME YPAaBHEHHMIA:

—X1 +2x3 =-5,

2X1 — X2 — X3t X4 —2x5 =06,
OTKyJ1a X*(S, 4,0, 0, 0). 3HaueHHE 1IETEBOW PYHKIIMHA HA STOM TUIaHE
paBHO
2 =2-5-3-442-0+0-10-0=-2.

Brinuiiiem UToroBbie pe3yabTaThl PEeIICHUs 3a0a4u:

U=(4,3),X=(5,4,00,0),z =0 =2
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I'/TABA 4

Cumiiekc-MeToxa

CuMIuIeKkc-MeTo1 OTHOCUTCS K YUCIly HanboJsee pacnpocTpa-
HCHHBIX BBIYUCIIMTCIBHBIX MECTOJO0B, PCAIMIYIOIIUX UACIO MOCJICI0-
BaTCJIbHOTO YIIYUIICHUA PCIICHUA. 9T1oT MCTOA SBJIACTCA YHUBCP-
CAJIbHBIM, T.€. MOXKET OBITh IPUMEHEH IIPU PEIICHUH JIF000H 3a1aun
JIMHEMHOTO MpOorpaMMUpOBaHUs. METOJI MO3BOJSET BECTU PACUEThI
KaK BPY4YHYIO, TaK U Ha 3JICKTPOHHBIX BBIYHUCIIUTCIbHBIX MAalllMHAX.

B ocHoBe CUMIIJICKC-MCTOAA JIC)KUT aJITOPUTM CHUMIIJICKCHBIX
npeoOpa3oBaHUIl CUCTEMBI, JONOJHEHHON IpaBmiIoM, obecredu-
BAIOIIMM IE€PEXOJI HE K JIIOOOMY, a K «IydlIEMY» ONOPHOMY pelie-
HHIO.

[TpomnntocTpupyeM aJIrOpuT™M CUMILIEKC-METOJA Ha pelle-
HUH IPOCTEUIIEH 3a1a4uu:

—2)C1 + 2)C2 — 2)C3 + 2)C4 < 2,

2x1+2x +x3 >5,
X1 +x —2x3 +x4<0, (D)
X1 —x3+2x4 > -1,

X1ZO;XQZO;X3ZO;X4ZO,

z=16x, +2x, —8x; +2x, = max
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§ 1. IToaroroBka 3a1a4u K pelieHUI0

(cocTaBjieHNe HAYAJIbHON CUMILJIEKCHOW TAa0JIUIIbI)

Ilepen pemieHreM COCTaBISETCS HayalbHAas CUMIUIEKCHAS
TabIMIIa, B KOTOPOW MCXOHAs 3a/laua 3aIMChIBACTCS B DKBUBAJICHT-
HOM eif kKaHoHWYecKoH Gopme. B kak0e HepaBeHCTBO yIsl OalaHCH-
POBKHU (ypaBHUBAHUS) JIEBOM U IpaBOi yacTel BBOJUTCSI BCIIOMOTa-
TelbHasl HEeOTpULaTeIbHas nepeMeHHas. [lepemennas y; nojaraercs
PaBHON PAa3HOCTH MEXAY MPaBOW M JIEBOW YaCTSIMU ISl CTaHIApT-
HBbIX HepaBeHCTB (Tuma "<") Winm pa3HOCTH MEXIy JIEBOW M MpaBoil
4acTSAMH JUIsl HECTaHIApTHBIX HEpaBeHCTB (Tuma "<").

B T1abn.0 mpezacraBieHa HauvalbHas CHMIUIEKCHas TaOJiHIia
JUTsl UCXOTHOM 3amauu (1) mocrie mepexoja OT HEPAaBEHCTB K ypaBHe-
HUSIM C TIOMOIIIbIO BCIIOMOTATENIbHBIX NEepeMEeHHbIX V;. Bce ypaBHe-
HUS, 3alMCaHHbIE B TaOMU4HOUW (popMme, pasperieHbl OTHOCHTEIHHO
[IEPEMEHHBIX ;.

@dopmanbHO HayalbHas TAaOIUIA COCTAaBIISIETCS TakK: BCE KO-
> PHUIHUEHTH CTaHAAPTHBIX HEPABEHCTB 3aNHMCHIBAIOTCS B Haydallb-
HYI0 CUMIUIEKCHYIO TaOnuily 0e3 M3MeHEHUs 3HaKOB, KO3 UIIUCH-
THI )K€ HECTAaHIAPTHBIX HEPAaBEHCTB U MAaKCUMHU3HPYEMOU (yHKIUHU

MCHAIOT 3HAKU HA MPOTUBOIIOJIOKHBIC.
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Ta6n.0(ucx.)

Ta6:1.0 —X1 —X> —X3 —X4 1
Y = -2 2 -2 2 2
Y, = -2 -2 -1 0 -5
V3 = i 1 2 1 0
V4 = 1 0 1 2 1
z= 16 -2 8 -2 0

YMHOXkasi MOCJIEN0BATEIBHO Ha BEPXHIOI CTPOKY BCE OC-
TaJbHbIE CTPOKH Ta0. 0, MOTYYUM UCXOJHYIO CUCTEMY YPaBHEHUM:

Y, =2x, = 2x, +2x; = 2x, +2

Y, =2x, +2x, + x4 -5
V3= X Xy 20— X, (2)
Vi =X —x; +2x, +1

z=-16x, +2x, —8x; +2x,

Cucrema (2) ucnosib3yeTcsi B JaJbHEHIIEM JUIsi KOHTPOJIS
IIPaBUJIBHOCTH OIIPENEICHNAS HEU3BECTHBIX BEJIUYHH X;, J; U Z.

Ecan cocTaBUTh NBOMCTBEHHYIO 3a/1a4yy K MCXOJHOM M Iie-
peiTH 3aTeM K SKBHBAJICHTHOW KAaHOHUYECKOH (hopMe, TO €€ MOKHO

MPEJICTaBUTh B TaOMU4HOU dopme: Tab1.0(1B.)
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Ta6n. 0(1B.)

Ta6mn.0 v = vy = vy = V4= 0=
U -2 2 -2 2 2
U -2 -2 -1 0 -5
u3 -1 1 -2 1 0
Uy -1 0 1 -2 1

1 16 -2 8 -2 0

371ech u; — 3TO JBOMCTBEHHBIE NIEPEMEHHBIE, COOTBETCTBYIO-
M€ CTPOYHBIM HEU3BECTHBIM ); MCXOJHOMN 3a7ayM, V; — ABONUCTBEH-
HbIE€ [IEPEMEHHBIE, COOTBETCTBYIOLINE CTOJOLOBBIM NEPEMEHHBIM X;,
a o — 1eneBas GyHKIUS IBOMCTBEHHOM 3a1auH.

Cucrema 1BONCTBEHHBIX YPAaBHEHUH MOJy4aeTcs MMOCe10Ba-
TEJIbHBIM YMHOKEHHEM Ha JIEBBIM cTonoen Tadna.0(aB.) Bcex ocTalb-
HBIX €€ CTOJIOLOB:

v, =—2u, —2u, —u, —u, +16,

v, = 2u, —2u, +u, -2,
vy =—2u, —u, —2u; +u, +8, 3)
v, = 2u, +uy, —2u, -2,

o= 2u, —5u, +u,
Cucrema (3) ucnosp3yercs B JAajbHEHIIEM JUIsl IPOBEPKU
MPaBIWIBHOCTH 3HAYEHUH TBOWCTBEHHBIX NEPEMEHHBIX U;, V; U 3HaUe-

HUS JIBOWCTBEHHOM 1eneBoi GpyHKInu . Tak kKak Bce YHCIOBBIE KO-
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s durmenTs! Ta0.0(1B.) coBmamaroT ¢ ueMenTamu Tabn.0(ucx.), To

OHH MOTYT OBITh COBMEIICHBI B €IMHYIO TAOJIUIY CIEAYIONIErO BH/IA:

Ta6mn.0
VI=—X1 | Va=—X2 | V3= —X3 | V4 = —X4 o=1

uys = 2 2 2 2 2
usyr = -2 -2 —1 0 -5
Uusys = -1 1 -2 1 0
UgVs = -1 0 1 2 1 «—

1z= 16 -2 8 -2 0

T

Ha stoMm 3aBCpIIacTCs 3Tall NOCTPOCHUA HaYyaJIbHOM CHMILICKC-

HOM TaOJIUIIBL.

§ 2. O6uree onucanne CUMILJIEKC-METO/AA

[Tocne mpencraBneHuss NMpsMOM W JBOMCTBEHHOM 3a/1ad B
TaOMIMIHOU (hOpMeE TS UX PEIICHHS IPUMEHSIETCS CHMILIEKC-METOT.

3a KOHEUHOE YHCJIO IIaroB C ITOMOIILIO CHMILIEKC-METOAa
HAaXOJATCA ONTUMAJbHbIC PEUICHUS MCXOJHOW M JBOWCTBEHHOW 3a-
Jlay, €CJIM OHM CYIIECTBYIOT. B MPOTUBHOM Cilydae BBISCHSETCS, YTO
MCXOJHAs 3a/1a4a HECOBMECTHA WJIM YCTAaHABJIMBAETCS HEOTPAHUYEH-

HOCTb LI€JIEBOM (PyHKIMH z B 00JaCTH JOMYCTUMBIX PELLICHUH.
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Ha xaxoMm miare B mporecce penieHus 3a1ad CUMIUIEKCHBIE
Tabmuipl mpeodpaszyrores. IlocnenoBarensHO peoOpa3yroTces U Ha-
XOJIIIHecs B TaOIUIaX MPSMOE W JBOWMCTBEHHOE PEIICHUS. JTH pe-
IICHUsT HaXOJATCS W3 CHMIUIEKCHBIX TAOJHII MO CIEAYIOIEeMY Mpa-
BUILY: 6Ce HeOA3UCHbLe NepeMenHble NONA2AIOMCA PAGHBIMU HYTIO , d
6ce OazucHvle nepemeHHvie NpAMOo20 (0BOUCMBEHHO20) peuleHUs
NPUPABHUBAIOMCSL K COOMBEMCMBYIOWUM DTIeMEHMAM NOC1e0He20
cmonbya (cmpoku) mabauyul.

KOMIIOHEHTBI IPSMOro M JIBOMCTBEHHOI'O PELICHUU Xj, Vi, Uj,
Vj, IOJy4aeMble CUMILIEKC-METOI0M, YIOBIETBOPSIOT YCIOBUAM (2),
(3) ¥ ycoBUAM JTOTIOJIHSIONIEH HEXKECTKOCTH

xvi=0,uy;=0 4)

[ToaToMy Kak TOJIBKO MPSIMOE U IBOMCTBEHHOE PELIEHUS CTa-
HYT HEOTPHUIIATEIHHBIMHU, TO OHH OYIyT M JOMYCTUMBIMH PEIICHUSI-
MU, YTO BMECTE C YCIOBUIMHU (4) rapaHTUPYET UX ONTUMATBHOCTb.

Cneoosamenvho,  0OHOBpPEMEHHAS  HEOMPUYAMENbHOCHb
npAMO20 U  OBOUCMBEHHO20 peuleHuti, Noay4aemblx CUMNIEKC-
MemoOooM, A61Aemcs NPUSHAKOM UX ONMUMATbHOCTIU.

Takum 00pazom, eciv B CUMIUICKCHOW TaOJIHIIE B MOCICTHUX
ee CTOJIOIEe U CTPOKE HE OKaKETCSl OTPHUIIATENBHBIX JJIEMEHTOB, TO
3TO O3HAYaeT, YTO IOJYYCHHl ONTHMAIBHBIC PEIICHUS MPSMOU H

JBOMCTBEHHOM 3a7a4 (2J€MEHT TaOJUIbl, CTOSALIMN Ha NepeceYeHUH

* Heba3uCHBIE EPEMEHHBIE MCXOIHOM 3a/1aUM BCET/Ia PACTIONAraloTcs CBEPXY Tab-
Tl a 6a3ucHble — crieBa. Jist TIBOWCTBEHHOM 3aa4n HA000POT: HeOa3UCHbIC
nepeMeHHbIe — cIeBa, 0a3UCHBIC — CBEPXY.
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MIOCJIEHETO CTOJIOAa M TOCJHEIHEH CTPOKH, HE MPUHUMAeTcs BO
BHUMAaHHUE, T.K. OH ONPEIENISIET 3HaAUEHUE 1IeJIEBBIX (PYHKIMM, KOTO-
pbI€ Ha ONITUMAJIbHBIX PEIICHUSX MOTYT ObITh U OTPULIATEIbHBIMH).

3ajauy JUHEHHOro MPOrpaMMHUPOBAHMSI C HEU3BECTHBIMU
OTIOPHBIMU IUIAHAMU PEIAOTCs B J1Ba ATana. BHavane oThICKUBaeTCs
JOTYCTUMOE PEllIeHNEe KaKOW-HUOY/Ab Maphl IBOMCTBEHHBIX 33734, a
3aTeM IMPOU3BOIUTCS IOCIEAOBATENIbHOE €ro yiaydmeHue. [Ipsamoi
CHUMIUIEKC-METO/I HAXOJUT U TOCJIEI0BATENIbHO YIy4IIaeT OMOPHBIN
IIJIaH UCXOHOM 3a7auH.

Ha o6oux 3Tanax CHMIIJIEKC-METO/1a BBIIOJHSIOTCS CIENYIO-
L€ OCHOBHBIE €T0 MPOLIEYPHI:

1. Tlouck cpenu HeOA3UCHBIX MEPEMEHHBIX MPSIMOTO PELIEHUS
KaHAUJaTa JJis mepeBoja B Oa3ucHBIE (OMpeesieHne paspe-
IIAFOIIETO CTOJIONA).

2. Haxoxxnenue cpeau 0a3uCHBIX NEPEMEHHBIX NMPSMOIo pellie-
HUS KaHIujaara Ajs nepeBoja B HeOaszuCHBbIE (onpesesieHue
paspemiaroniei CTpoKu).

3. B3aumHbIil 00MeH pOoJsIMH HaJIEHHBIX KaHIUIAaTOB U MPeoo-
pa3oBaHUE CHUMIUIEKCHOM TaOJIMIbI OTHOCUTEIBHO pa3pe-
HIAIOLIETO 2JIEMEHTA.

Peanumzanus npoueayps! 2 u 3 Ha 000HX dTanax MPOUCXOIUT
onnHakoBo. Uto kacaetcs npouenypsl 1, To ee peanusanus Ha nep-
BOM 3Tale HECKOJIbKO OTIMYAEeTCsl OT BTOPOro itamna. Paznuuue o0y-

CJIOBJICHO TCM, 4YTO Ha NICPBOM OTallC BI)I60p KaHaugaTra B Oasuc
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JOJDKEH 00ecreunBaTh IBUKEHNE B 00J1aCTh JOMYCTHUMBIX pelIeHUi
WCXOJHOM 3a/laud, a Ha BTOPOM — JIBUXKEHHE K ONTUMyMY. DTH JIBE
pasHbIe [ENU JOCTUTAIOTCS M30aBIIEHWEM CHadajda OT OTPHUIATEIlb-
HBIX KOMIIOHEHT B TPSIMOM PEIICHUH, a 3aTeM YK€ OT OTPHIIATEIb-
HBIX KOMIIOHEHT B JJBOWCTBEHHOM PEIICHHH.

Huxe, B Tabnwie, NMpUBEICHO OIMCAHUE TPOIEIYp CHUM-
TJICKC-METO/IA.

[TomyTHO, MO BUYy CUMILIEKCHOW TaOIUIIBI, HA TIEPBOM JTare
MOKHO YCTaHOBUTb HECOBMECTHOCTh YCIIOBUW MUCXOJIHOW 3aJauu: ec-
JiU Xoms Obl 8 0OHOU CMPOKe C OMPUYAMETbHBIM 2JIeMEeHMOM 8 No-
cnedHeMm cmonoye He oKaxdcemcst 0obule OMpUYaAmenbHblX dJleMeH-
mos, mo ucxoouas 3aoaua necoemecmua, m.e. QI[P = @.

Ecnu na somane Il xoms 661 6 00nom cmonbye ¢ ompuyamero-
HbIM DJIEMEHMOM 8 Z-CIPOKe Hem NOJIOHCUMENbHLIX IJIEMEHMO8, MO
yenesasi (YyHKYUsi UCXOOHOU 3A0aYlU HEOSPAHUYEHHO 803pacmaem 8
O/[P.

B 3akiroueHme ykaxxeM HEKOTOPBIC MPAKTUYECKUE PEKOMEH-
JAIAH, KacarOIINecss TEXHUKH PacueTOB:

— €CIIi B pa3pemarolieil CTpoKe COJEpKaTCsl HYJIEBBIC dJie-
MEHTBI, TO COOTBETCTBYIOIIME UM CTOJIOIBI OCTAlOTCs 0e3 M3MeHe-
HUS,

— €CIIi B pa3peliaroieM CTOJIONE COMEPIKATCS HYJIEBBIC dJie-

MCHTBI, TO COOTBETCTBYIOIIHUEC CTPOKU OCTAIOTCA 0e3 U3MCHCHUS,
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— €CJIM Ha KaKOM-TO 3Tallc pacy€Ta BO3HUKACT HCOIMPECACIICH-

HOCTb B BEIOOpE pa3pelaroniell CTpOKH, T.€. OKa3bIBaeTCsl HECKOJIBKO

PaBHBIX MHUHUMAJIbHBIX OTHOILICHUMN @, TO CJIeNyeT BBIOMpATH Ty
a,

CTPOKY, Ul KOTOpPOM OyJeT HauMEHBIINM OTHOIIECHHUE DJIEMEHTOB

CJIEYIOIIETrO CTOJIONA K pa3pellatomiemMy.

OTMeTuM Takke, YTO JUIsl YINPOIIEHUS BBIUUCIECHUN paspe-
MIAIONIUNA DJIEMEHT CJEAyeT IO BO3MOXXHOCTH BBIOMpATh «XOpO-
UMY, T.K. HA HETO MPUXOJUTCS JENUTh B opMyliax mpeoOpa3zoBa-
HUs TaOIUI. DTOTO MHOT/AA MOKHO JIOOUTHCS, BRIOUpPAS U3 BO3MOXK-

HBIX KAaHJIUJATOB B pa3pelIaronive cTojOLbl M CTPOKM Haubojee

IO AXOOAIIHNC.

§ 3. YucieHHoOe pellieHNe MPpUMepa

BepHemcs k HayaJlbHOW CHMILJIEKCHOW Ta0nwuile. Bermumiem
13 Hee HavyaJbHOE MPSIMOE U IBOMCTBEHHOE PEIICHUs

X=(0,0,0,0), Y=(2,-5,0,1),z=0,

V=(6,-2,8,-2),U=(0,0,0,0), =0 &)

Kax Bunno u3 dopmynsl (5), pemienre napbl JTBOHCTBEHHBIX
3a]1a4 HAYMHAETCSI C HYJIEBBIX 3HAYEHUI UX OCHOBHBIX HEM3BECTHBIX.
Hynesoit Bektop X B (5) He sBISETCS AONMYCTUMBIM PELIEHUEM HC-
xo/iHOM 3amauu (1), T.K. OH HE YJIOBJIETBOPSIET BTOPOMY HEPABEHCT-

BY, O YEM CBHJIETEIBCTBYET OTPULIATEIBHOCTh BTOPOM KOMIIOHEHTBI
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BekTopa Y. TouHO Tak ke HyneBou BeKTOp U He SIBIAETCS AOIYCTH-
MBIM PEIIEHWEM B JIBOMCTBEHHOW 3aJlaye, Tak Kak BEKTop V conep-
KUT OTPULIATEIbHbIE KOMIIOHEHTHI.

CnenoBarenbHO, 337a4y HEOOX0IMMO pelIaTh B JjBa 3Tana.

Pemrenne HaunHaeTcs ¢ pea3anuu NpoLENYpsl HOUCKA pas3-
peuwiarowe2o cmoabya (CM. OTIUCaHUE TPOILEAYp CUMILIEKC-METOA).

Bropast cTpoka B mociegHEM CTOJIOLE COJEPKHUT OTpHIla-
TEIbHBIA 3JEMEHT, T.K. IIEPBbI, BTOPOM U TPETUIl CTOJOLBI COAep-
KaT OTpULIATENIbHBIE JIEMEHTHI, TO JIIOOOW M3 HUX MOXKET OBITh pa3-
pemaromuM. Bo3pMeM, HampuMep, B Ka4eCTBE pa3pellaroniero Tpe-
Tuit crosden. Ha »ToM BhITIOJIHEHHE TIEPBO MPOIIEAYPHl 3aKaHUUBA-
€TCsl.

IIpoyedypa noucka paszpewaroweri cmpoxu. Haxonum MUHH-

MaJIbHOC HCOTPULATCIbHOC OTHOMICHUE JJICMEHTOB MMOCICIHCTO

(=51
CTOJIOIA U pa3pelIaroiero (TPeThero) CTosioloB, min 1 =1.

MuHUMaIIBHOE OTHOLIEHUE COOTBETCTBYET YETBEPTOM CTPOKE, OHA U
OyzeT pasperiaronieil (pa3pemarmye CTpoka U CTOJIOeI TOKa3aHbI
Ha Tabn.0 crpenkamu). DieMeHT 1, CTOSIIUIA Ha MEepPeceYeHUH pas-
pelIaromIero CToyida U pa3penarneil CTpoOKH, CTAaHOBUTCS paspe-
I1ar0IInuM.

[lepexoauM K TpeThel MPOLENYPE — HPeoOpa308aHuUlo Cum-
NJIeKCHOU mabauybl OTHOCUTEIBHO DPa3pelaroniero sieMeHTa. Me-
HACTCA «IallKa» Ta6J'II/IIII>I — Hapbl ICPEMECHHBIX U4)4 U V3X3 MCHAIOT-

Cia pOJISIMI/I U MECTaMMU.
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B pesynbpraTte npeobpazoBanus Tadn.0 noaydum tads. 1.

Tabm. 1
VI=E=X] | m=X | s=-Vs|w=—xs| 0=1

Uy = —4 2 2 -2 4
Uy, = -3 -2 1 -2 —4 “—
Usys = -3 1 2 -3 2
Vaxs = -1 0 1 2 1

lz= 24 -2 -8 14 -8

T

Brramcienre HOBBIX JIEMEHTOB Ta6JH/IIH)I JIy4li¢ HaunuHaTh C
MOCIEIHUX CTOJIOA U CTPOKH, T.K. B CIydae HEOTPHIATEILHOCTH
IIPSIMOTO U JIBOMCTBEHHOI'O PELIECHUMN IPOLIECC OTHICKAHMS PEIICHUS
3aKaH4YMBAETCSI.

Paspemaromuii snement | 3ameneH B Tabn.l Ha oOpaTHYIO
BenuuuHy — 1. UerBepTast ctpoka Tabi.1 monydeHa aeneHUEM pas-
pemaroniell cTpoku Ha paspemiatomuii anemeHT 1. Tpetuil cronbery
Tabs.l TONMydeH MEJICHHEM pa3pelraroliero CToidila Ha AJIEMEHT,
MIPOTHBOIIOJIOKHBIN paszpenaromemy, T.e. Ha —1.

Bce ocranbHble 31eMeHTHl Ta0n.1 paccuuTaHbl 1O MPaBUIY
npsiMoyrosbHuKa. Hampumep, yToOBl BBIYMCIHUTH HOBBIM 3JIEMEHT
BTOPOM CTPOKH M UETBEPTOTO CTOJOIA, OEpeTCsi COOTBETCTBYIOIIUMA
OTOMY DJIEMEHTY MPSIMOYIOJIBHUK, OTKYAa

Ox1-(=)x(=2) _ 5
1

HOBBIU DJIEMEHT =
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[Tonydyennast tabn.1 omnpenensier CleayrolIUe HOBBIE pellie-
HHS UCXOJHOM U JIBOMCTBEHHOM 3a/1a4:

X=(0,0,1,0), Y=(4,-4,2,0), z=-8,

V=(24,-2,0,14), U=(0,0,0,-8), ®=-8 (6)

JlJiss KOHTPOJIST TIPABWJIBHOCTH HAWJIEHHBIX KOMIIOHEHT Tpsi-
MOTO W JBOWCTBEHHOTO PpEHICHHII HEOOXOIMMO IOJCTAaBUTh HX B
CUCTEMbI ypaBHEHHI UCX01HOH (2) 1 JBOMCTBEHHOM 3a1a4 (3).

[IpoBepka pemenust

IIpsimoro JIBOMICTBEHHOTO

4=2x0-2x0+2x1-2x0+2 24=-2x0-2x0-0—-(-8)+ 16

4=2x0+2x0+1-5 2=2x0-2x0+0
2=0-0+2x1-0 0=-2x0-0-2x0—(-8)+8
0=0-1+2x0+1 14=2x0+0-2x(-8)—2

L8=-16x0+2x0-8x1+2x0 8=2x0-5x0-8

Halinennble pemeHus ynOBIETBOPSIOT YPaBHEHHSM HMCXOM-
HOW M JABOMCTBEHHOM 3anady. [losiydeHHMEM HOBBIX PEICHHUN U MPO-
BEPKOW 3aKaHYMBAETCS OJIHA UTEPALMSA CUMIUIEKC-METOAA.

Tak xak BEKTOp Y mo-npexHeMy COAEPKUT OTPHULIATEIIBHYIO
KOMIIOHEHTY )7 = —4, TO BEKTOp X He SBISAETCS TONYCTUMBIM pellie-

HHUEM UCXOTHOU 3aJ[auHu.
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[Ipouenypa

Peanusanus mpoueaypst

Oran | — mocTpoeHue TOMYCTUMOrO TIaHa Oran Il — onTuMu3anys raHa

Iouck pa3zpe-
LIAFOLIETO
cronbma

PaccmarpuBarorcs CTPOKH CHMILUIEKCHOH TaOJIMIBI C OTpHIA-
TETBHBIMU DJIEMCHTAMH B TIOCTICTHEM CTONOLE (3a HCKIIoUueHN- | B kadecTBe paspemarornero crondiia BeIOMpaeTcs
€M MOCIeIHEeH CTPOKN) U BBIOMpAeTCs OfHa U3 HUX. B kauecTBe | cronber ¢ OTpHIaTEIFHBIM 3JIEMEHTOM B IIOCIEIHEH
paspermaronero crondna BeIOUpaeTcs 000 cronber, comep- | CTpoke

JKAIUH B JaHHOH CTPOKE OTPULATEIBHBIA JIEMEHT

Iouck paszpe-
LIAIOLIEH CTPOKU

HaXOZ[HTCH HCOTPULATCIIbHBIC OTHOLICHHWSA 3JICMCHTOB HOCJICAHETO CTOJ'I6Ha K 3JICMCHTAM pa3pCHIaromiecro
CTOJ'I6Ha (HyJ'ICBLIe 9JICMCHTHI IMOCIICIHECT O CTOJ'I6Ha JACITIATCA TOJIBKO Ha MOJIOXKHUTCIIbHBIC 3JICMCHTBI pa3pe-
Iaromero CTOJ'I6IIa). B xauectBe pa3pemafomeﬁ CTpPOKH BLI6I/IpaCTC$I CTpOKa, OTBCHAIOIasd MUHUMAJIbHOMY
OTHOIICHHUIO

IIpeobpazoBanue
CHMILICKCHOM
TaOJIHILIBI

— pa3peIaroNyii IIEMEHT O 3aMCHSICTCS Ha OOpaTHYIO BenuuuHy 1/0;

— paszpeluaromas CTpoka JIeIUTCS Ha pa3pellaloIdil 2JIeMEHT;

— pa3pemaronuii CTOI0 I ISTUTC Ha Pa3pelIaroIIUiA AIIEMEHT C MPOTHBOIOI0XKHBIM 3HAKOM;
— BCE OCTAJIbHBIE IEMEHTHI TAOIHUIBI TPE00Pa3yIOTCs MO MPABIITY MPSIMOYT OJIbHUKA

N N 3/IeMeHm 3/1eMeHm
cmapboiu x | Paspeuwarouuu _ paspewaiowe2o | x | paspewaiowezo
3/1eMeHm IIeMeHm cmonbya cmonbya

HOGbIIL —
3/1eMeHm .
paspeuiaiouuii

OJIeMeHRMm
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IIepexoauM K BBITIOJHEHUIO BTOPOM UTEPALINA CUMILIEKC-
METO/1a.

bepem BTOpYIO cTpoKy Taba.l ¢ OTpHUIIATEILHBIM 3JIEMEHTOM
B MOCJEAHEM CTOJ01e. B KauecTBe pasperiaroero crojadima MOxXHO
B3STh IIEPBBII, BTOPOM WM YETBEPTHIM, T.K. OHU COJEPKAT OTPUIIA-
TENbHBIE AJIEMEHTHl BO BTOPOU cTpoke. Bo3zbMmem BTOpoi#t cTomberl.

. -4 2
Haxoaum mm[a,—z,T = 2. MuHUMaIbHOE OTHOIICHHUE OTBEYAET

IIEPBOM, BTOPOM M TPETbEW CTPOKaM, MOITOMY B KayecCTBE paspe-
HIaroIie MOKHO B35ITh JI00YI0 M3 HMX. Bo3pMmem, Hampumep, BTO-
PYIO CTPOKY. DJIeMEHT —2, 00BEICHHBIN TPSIMOYTOJIbBHUKOM B Ta0. 1,
OyZeT pa3peraronium.

B pesynbrare mpeoOpazoBanus Ta01.1 OTYyIUM CIIEIYIOIIYIO

Tabun.2 onpenenseT HOBbIE PEUICHUS MPSIMON U IBOMCTBEHHOM

3aaga4.
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Ta0IHUILYy.
Tabm. 2
VIi=E=X| |[a=" |us=—Vs | vs=—xa| 0=1
umy) = -7 1 3 —4 0
VoXy = 32 —-1/2 —-1/2 1 2
usys = =372 1/2 =572 —4 0
V3X3 = -1 0 1 -2 1
lz= 27 —1 -9 16 —4
T




X=(0,2,1,0, Y=(0,0,0,0), z=-4,
V:(27’ 0’ O’ 16)’ U:(Oa _17 07 _9)3 o=—4 (7)

[IpoBepka pemenust
IIpsimoro JIBOMICTBEHHOTO
0=2x0-2x2+2x1-2x0+2 | 27=2x0-2x(-1)-0—-(9)+
16

0=2x0+2x2+1-5 0=2x0-2x(-1)+0-2
0=0-2+2x1-0 0=-2x0-(-1)-2x0+(-9)+8
0=0-1+2x0+1 16=2x0+0-2x(-9)-2

4=-16x0+2x2-8x1+2x0 4=2x0-5x(-1)+(9)

Bce xomnoneHTs! BekTopoB X U Y B (7) HEOTpHULIATEIbHBI,
CJIEIOBATENbHO, OHU OTNPEAEISAIOT JOMYCTUMOE PELIEHUE MCXOAHON
3amauu (1). Ha stom stam | 3aBepiiaercst U OCyIIeCTBIsETCS Mepe-
xox k orany Il — onTUMH3aMKU TOIY4EHHOTO JOIYCTUMOIO pellle-
HUSL.

IIpoBepsieM IU1aH Ha ONTUMAIBHOCTL. Tak Kak z-CTpOKa Co-
JEPAKUT OTPULIATEIbHbIE ABOMCTBEHHbIE OLEHKU Uy = —1 U uy = -9,
TO IOJIyYEHHOE JIOITYCTUMOE PELIEHUE HE ONTUMAIBHO U €r0 Ceny-
€T MOMBITaThCS YAYUIIUTD.

IIepexoauM K TpeTbel UTEepaLuu.

Cpenu oTpuLIaTENbHBIX OLIEHOK Z-CTPOKHU BbIOMpaeTcsl Kakasi-
HUOyab onHa. B Hamem npumepe MMEIOTCS JBE€ OTPULATEIBHBIX
OlICHKH. B kadecTBe paspemiaroniero ctojadia Bo3bMEM, HallpUMeEp,

TpeTI/Iﬁ CTOJ'I6CII. HaXOI[I/IM MHHHMAJIBHOC CUMIIJICKCHOC OTHOIICHUC
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. (01 .
mm[gq = (0. MUHMMYM COOTBETCTBYET IEPBOW CTPOKE, DIEMEHT

3 9TO# CTPOKM CTAaHOBUTCS pa3permaromum. [locie mpeoOpazoBanus

TabJ1.2 MoTydaeM CICIYIONIYIO TaOJUILy.

Tabmn. 3
VI==X] | Wa=—)2 | UI=—Y1 | V4=—X4 o=1
Usys = —7/3 1/3 1/3 —4/3 0
VaXy = 1/6 2
usys = 5/6 0
ViX3 = —1/3 1
lz= 6 2 3 4 —4

Tak kak mocnegHue cToaden U cToka Tabil.3 HEOTpULIATETb-

HBIC, CJICAOBATCIIBHO, IIPAMOC U I[BOfICTBeHHOG peuieHud OITUMalb-

HBI. Beinuiem 31y pemienus u nposepuM ux. Mmeem
X=(0,2,1,0),Y=(0,0,0,0),z=-4,
V'=1.(6,0,0,4),U=(3,2,0,0), o=—4

IIpssmoro

[IpoBepka pemenus

0=2x0-2%x24+2x1-2x0+2

0=2x0+2x2+1-5

0=0-2+2x1-0
0=0-1+2x0+1
4=-16x0+2x2-8x1+2x0
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(8)

JIBOWICTBEHHOTO

6=-"2x3-2x2-0-0+16
0=2x3-2x2+0-2
0=-2x3-2-2x0+0+8
4=2x3+0-2x0-2

4=2%x3-5%x2+0



CnenoBarenbHO, ONTHUMAJIBHOE PELICHHE HCXOJHOM 3a1auu
e
(1) 3amaercsa Bexktopom X = (0, 2, 1, 0), onTUManbHBIE OIEHKH OT-
o *
paanuennii Bekropom U = (3, 2, 0, 0), npu sTOoM 1enieBast pyHKIus

B3 B3
NpUHUMAET z = ® =4.
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I'TABA 5

TpancnoprHas 3axa4ya

OO0mue MeToabl JTMHEWHOTO MPOTrpaMMHPOBAHUS, KOTOPHIC
YKa3bIBAIMCh B MPEIBIAYIIUX TJIaBaX, B MPHUHIUIE JAIOT BO3MOXK-
HOCTb PEIIUTH JIFOOYIO 3a71a4y, OJIHAKO, KaK IMPABUIIO, 3TO PEIICHUE B
MPAKTUYECKH BAXKHBIX CIIy4asX COMPSHKEHO CO 3HAYUTEIbHBIMH U
TpynoeMKuMu pacdetamu. [losTomMy npeacTaBisieT HHTEPEC BbIaETe-
HUE OTJEJIBHBIX KJIACCOB 3aJ1a4, PEIIEHUE KOTOPBIX MOYKHO MOJTYyYUTh
C TMIOMOIIBIO MPUCTIOCOOTICHHBIX TSI HUX 00JIee TIPOCTHIX CIICIHATb-
HBIX BBIYHCIIMTEJILHBIX METOJIOB.

B Hacrosieit riiaBe paccMaTpUBaeTCs CIIELUATBHBIN METOJT —
METOJT MOTEHIINAI0B, OCHOBAHHLIM HA TOM K€ WAEH ITOCICI0BATEIb-
HOTO YJYYILIEHHUS PEHIECHUs, YTO U CUMILUIEKCHBIA METOJ, HO YUUTHI-
BAIOLINI crienu(pUUecKre CBOWCTBa MAaTEMaTHUYECKON MOJIEIH TpaHC-

IIOPTHOM 3a/1a4Mu.

§ 1. Moaesu TpaHCHOPTHBIX 33124

U MX OCHOBHBIE CBOMCTBA

TpancnopTHEIMU 3aa4aMu Ha3BIBAIOTCS 3adauu onpeoeie-
HUSL ONMUMATILHO20 NIIAHA NEePEegO30K 2py3a U3 OAHHbIX NYHKMOE OM-

npaeJjieHusl 6 300aHHbLEe NYHKNbl nompe@zeHuﬂ.
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[Ipocreiimas popmynrpoBKa TPAaHCIOPTHON 3a/1a4M, KOTOpas
MOJTy4YHJIa Ha3BaHUE 3A0ayU NO KPUMEPUIo CMOUMOCMU, CISTYIOIIasl.

B p nynkmax omnpaénenus nHaxooamcs coomeemcmeeHHo a,
a, ..., Qi..., Ay eOUHUYy OOHOPOOHO20 2py3a (pecypcwvl), KOMOpbili
dosdicen bvimb Odocmasien q nompebumensim 8 Koauvecmeax by,
by, ..., by, ..., by eounuy (nompedbrnocmu). 3adanvl cmoumocmu iy ne-
PEBO30K eOUHUYbL 2py3d U3 [-20 NYHKMA OMmnpagieHus: k-my nynkmy
nompebaenus (Koaghuyuenmol 3ampam).

Tpebyemcs cnaanupoeams nepegos3ku, m..e. YKazamv, CKOIb-
KO eOUHUY 2py3a OOAHCHO ObIMb OMNPABIIEHO U3 1100020 i-20 NYHKMA
omnpasnenus 8 atobou k-ii nynkm nompebnenus max, 4umoovl Mak-
CUMANBHO YO0B8IEemMEOPUNb NOMPEOHOCIU U YMOoObl CYMMApHble 3a-
Mpamul HA NEePe8o3KU ObLIU MUHUMATLHLIMU.

Paznuuaror 3amaum, T/I€ BBITIOJHSETCS PABEHCTBO MEXITY
CYMMapHBIMH PECYpPCaMU U CyMMapHBIMH MTOTPEOHOCTSIMHU:

P
Zaz- =

q
i=l1 k=1

b, (1)

M 33Jladydl C OTCYTCTBHEM OajlaHca MEX]y pecypcaMu U MOTpeOHO-

CTsIMMU:

P q
da, #>b, (1)
i=1 k=1

Maremaruueckass MOJENb 3a1aud pu ycioBuu (1) Ha3biBa-
eTCsl 3aKpblmotl mooenvio, a ipu ycinouu (1) — omxpuimoii mooe-

JIbI0. MPAHCNOPMHOU 3a0ayu. 3aKpbITas MOJIETb CIYXUT IS TpaHC-
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MOPTHOM 3a7auu Kak Obl KaHOHMYeCcKOW Mojenbio. Ecnu ke 3amaua
OTKpbITAa, TO BBCACHUCM (1)I/IKTI/IBHOFO IIOCTaBIIHUKa HUJIN (1)I/IKTI/IBHOFO
MOTPEOUTENS 3a7]a4y MOMKHO 3aKPbITh.

HcxonHble 1aHHBIE ONMCAHHOM 3a/lauM yAOOHO pacroJiaraThb

B CIeAyoled Talnuile, KOTOpyI0 OyIeM HasblBaTh pacnpeoenu-

MenbHOlL.
Tabm.1
by
by by |..| b |..| b,
a;
C11 C12 ... Clk |... Clq
a
X1 X12 Xik X1q
€21 C2 ... Cou |... C2gq
a
X21 X22 Xok X2g
Cil Ci2 ... Cik |... Ciq
a;
Xi1 Xi2 Xik Xig
Cnl Cn2 |... Cnk | ... Cnq
ay
Xnl Xn2 Xnk Xng

[TonoOHbIe TabUIIBI OYIYT UCMIOIH30BAHBI B JaJIbHEHUIIIEM HE
TOJIBKO JIJISl 3aIMCH MCXOJHBIX JAHHBIX, HO U JUIS BBITIOJTHEHUS T10-

CJICI0BATCIIbHBIX I/ITepaHI/If/'I METOJAa.
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JInst cocTaBiieHUs] MaTeMaTUYeCKOH MOJENH 3aJadd BBEIEM
nepemennsie x>0, (i =1, 2, ..., p; k=1, 2, ..., g), o603HaUaomME
KOJIMYECTBO €IMHUI] TPY3a, IEPEBO3UMOTO M3 i-TO CKIajaa k-My mo-
Tpebutemnto. B orianumne ot 0003HaYEHNH, TPUHATHIX B MPEIBITYIINX
rJIaBax, 37€Ch yIOOHO TepeMEHHBbIC CHAOXXaTh HE OJHUM, a JABYMS
MHJIEKCaMHU.

OueBUIHO, 3TH 1 = pg TIEPEMEHHBIX JOJDKHBI YIAOBIETBOPSThH
CIICAYIOIIAM OTPAHUYHUTEIIEHBIM YCIOBUSM:

a) 02PaHUYeHUsI NO PecypCam:
q
Xyt X+t X, Hotx, = le.k =a;, (i=12..,p) (2a)
k=1
0) oepanuuenusi no nompeoOHoOCmsM:
P
Xy F Xy Fet Xy ot X, = x, =b, (k=12 .., q); (20)
i=1

B) yCl08Ue HEOMPUYAMETbHOCU:
xxk20, (=12 ..,p k=12 .. q). 3)

VYpaBHeHus (2a) BbIpaxaroT TpeOOBaHUs, YTOObI CymMMa BCEX
IPy30B, BBIBO3UMBIX M3 JIJAHHOTO i-TO CKJIaJa, pPaBHsUIach 3amacam
rpy3a a; Ha JJaHHOM CKJIajie; ypaBHeHus (20) — 4ToObl cymMMa Bcex
IPYy30B, IOCTABJISIEMBIX JAHHOMY k-My MOTPEOUTEINI0, paBHSIIACH T1O-
TPeOHOCTH by ATOTO MOTPEOUTEIS.

CyMMapHbIe 3aTpaThl Ha IEPEBO3KU OYIyT PaBHBI

Z=0X, T Xyt opXy et e, X, 4)
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Teneps MOXHO cHOPMYTUPOBATH TPAHCIIOPTHYIO 3a/a4y Ma-
TEMAaTUYECKH.

Hatimu n = pq nepemennvix 6enudun X, y0081emMeOPpAIOUUX
cucmeme m = p + q ypaeneHutl (2) u yclosusiM HeoOmpuyamenibHo-
cmu (3), o1 Komopwix yenesas GyHkyusi (4) npunumaem MUHUMANb-
Hoe 3HayeHue.

HetpyaHo 3amMeTHTh, 4TO YKa3aHHAsE MOJICIh COBMAIACT C Ka-
HOHUYECKOM (hOpMOM 3a/layu JIMHEHMHOTO MPOTrpaMMHUPOBAHUS, yKa-
3aHHOM B riase 3.

OTHOCHUTENBHAS TPOCTOTa CUCTEMBbl ypaBHEHMU (2) ompene-
JISIET BO3MOXKHOCTh MCTIOJIb30BAHUS MPHU €€ PelieHruu 0oiee mpocTo-
T'0 BEIYHCITUTEILHOTO AITOPUTMA, YeM CUMITIICKCHBIA METO/I.

OTHU 0COOEHHOCTH MCXOJHOM CHUCTEMBI YpaBHEHUM 3aKitoua-
IOTCS B CIIC/TYIOILIEM.

1) xoapuyuenmor npu HeuzBecmubIX 80 8cex YPABHEHUAX PAG-
Hbl eOuHUYe,

2) kasicooe nepemeHHoe 8Cmpedaemcs 8 08yX U MoJbKO 8 08YX
VPABHEHUSIX,

3) cucmema ypasHeHuli CUMMEMPUYHA OMHOCUMENbHO 6CeX Ne-
DEMEHHBIX Xif.

PaccmoTpuM alirOopuT™M pelIeHrss TPAaHCIOPTHOM 3aJadyu Ha
KOHKpPETHOM Tpumepe. Mmeromcs uemvipe nocmaswuka a, = 30,
ar =50, a3 =40, as = 33, u umeromcs uemvipe nompebumensi by = 58,

by =22, b3 =18, by =22. [locmpoums 0nopHwIli NIAH HO NPABUTLY Ce-
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8ep0-3anaoH020 yead, Haumu ONMUMAIbHblU NIAH nepeso3Ku, obec-
neyusarowull. MUHUMYM CYMMAPHBIX 3ampam, eciu Kod@p@uyuenmol

MPAHCROPMHBIX PACX0008 HA O0CMABKY 2py3a Om NOCMABUWUKO8 K

5 8 6 2
. 7 5 3
nompeoumensm saoanvt mampuyei C =
1 4 3 5
6 5 5 2

B nanHO# 3aade yeThlpe MOCTaBUIMKA U YEThIpE MOTpeOuTE-
ns. IIpexxae yeM NpUCTYNUTh K PELICHHUIO TPAHCIIOPTHOM 3ajayd,
HEOOXOIMMO €€ 3aKPBITh, €CIIH OHA OTKPHITAs.

CymmapHbiii  0o0beM TIpy3a y TIOCTaBIIMKOB  paBeH

4
A= Zai =30+50+40+33=153, a cymmapHas moTpeOHOCTh CO-
i=1

4
CTaBJISIET BEIWYUHY B = ij =58+22+18+22=120. Tak kak

J=l
A > B, T0 3a7a4ya OTKpbITasi, U YTOOBI €€ 3aKpbITh, BBOJAUM (PUKTHB-
HOTO MOTpeOuTENs ¢ MOTPEOHOCThIO B I'py3€, paBHOU pa3sHOcTH 4 —

B. bynem umets b, =153 -120 = 337,

KoadduumeHTs! TpaHCHOPTHBIX PAcX00B Ha JIOCTAaBKY Ipy3a
OT TIOCTaBIIMKOB K (DUKTUBHOMY MOTPEOUTEIIO MOJIATAIOTCS PaBHBI-

MU HyTIO, ¢;s =0,i=1, 2, ..., 4.

CocTaBUM 3aKpBITYIO TPAaHCIOPTHYIO 3a/ady B TaOIMYHON

dopme.
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Tao..2

b
58 22 18 22 33
a;
5 8 6 2 0
30
X11 X12 X13 X14 Xis
2 7 5 3 0
50
X21 X22 X23 X24 Xos
1 4 3 5 0
40
X31 X32 X33 X34 X35
6 5 5 2 0
33
X41 X42 X43 X44 X45

CTpoku aHHOHM TaOIUIIBI OTBEYAIOT IMOCTABIIUKAM, a CTOJO-
bl TOTPEOUTEIISIM.
TpeOyercs HaWTHM ONTHUMajJbHBIM IUIAaH IOCTaBOK  {Xj},
i=1,...,4; j=1,...,5, T.e. Tako# MJIaH TOCTAaBOK, KOTOPBIM:
1) cOamaHcHpOBaH ¢ WMEIOIIKMMUCS 3amacaMu TPy30B y Ka-
KJIOTO MOCTABIIMKA U C 3aJJaHHBIMH NMOTPEOHOCTAMU Ka-
KJI0TO TIOTPEOUTEIS;
2) WMeeT HauMEHbBIINE TPAHCIIOPTHBIE PAcXo/ibl HA I0CTaB-
Ky BCEX I'PY30B 110 CPAaBHEHUIO C JPYrUMU IJIaHAMU T10-

CTaBOK.

* (v}
Ecmu A < B, TO B TpaHCIIOPTHYIO 3a]1a4y BBOIUTCS (PUKTUBHBIN TOCTABIIUK C 3a-
nacom rpysa B — 4.
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VYcnoBue 1 cOalaHCUPOBAHHOCTH IIJIaHA TOCTAaBOK, MpeE-
CTaBIICHHOTO B TaOnMM4yHOW (popme, mpoBepseTcss OYeHb MPOCTO, a
UMEHHO: MIAH NOJIHOCMbIO COANAHCUPOBAH, eCU CYMMA NOCMABOK
no Kax)cool cmpoke mabauysbl pagHa COOMEEMCmayouemy 3anacy

a;, a cymma nocmaeoxk no Kamcdomy cm0ﬂ6uy cosnaoaem ¢ COOm-

i
semcmeyioujell NOMpeoHOCMbIO b; .
VYcnoBue 2 npoBepseTcs ¢ MOMOIIBIO CIEAYIOIIEH TEOPEMBI.
Teopema (kpumepuii onmumanvhocmu). s moeo umooOwl
Hekomopoe peuwienue {x;;} mpanchopmuou 3aoauu (2), (3), (4) 6wino
ONMUMATLHO, He0OX00UMO U 0OCMAMOYHO, YMOoObl CYUecmeosand

cucmema p+q uucer u; u v;, Komopbvie yoosiemseopsuu vl cieoyio-

wum yciroeusim.

v, —u; =c; Ons 6cex 3anampix kiemox, m.e. x; >0,  (5)

v, —u; Sc¢; 01 6cex c60000nbLx Kiemok, m.e. x; =0 (6)

Yucna u;, v; Ha3bIBAIOTCS NOMEHYUANAMU TTOCTABIIUKOB H I10-
TpebuTenei, a MeTo] MOUCKa ONTUMAIBHOTO IJJaHA MOCTaBOK, HC-
MOJIb3YIOUUN cHOPMYIHPOBAHHBIA KPUTEPUI ONTHMAaIbHOCTH, Ha-
3BIBACTCA MEMOOOM NOMEHYUATO8.

Meroa NOTEHIMAIOB MCXOAs M3 HEKOTOPOr0 HA4aJIbHOIO
OIOPHOIO IUIaHA MOCTABOK CTPOUT KOHEYHYIO ITOCIEI0BATEIBHOCTD
IJJAHOB, CXOJAIIYIOCS K ONTUMajabHOMY ILiaHy. Ilostomy, mpexne
4YeM MPUCTYIUTh K HAXOXKICHUIO ONTHUMAJIBHOIO IIJIaHA IOCTABOK,

HEOO0X0/IMMO HMMETh KaKoW-HUOyab OMOpHBIN TuiaH. CymecTBYIOT
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pa3anyYHbIE CIOCOOBI MOCTPOEHHUSI ONOPHBIX IJIAHOB B TPAHCIIOPTHOMN

3aJjaue, Mbl OCTAHOBHMCSI HA METOJIE CEBEPO-3alaIHOrO yIJIa.
§ 2. IIpaBuJio ceBepo-3anaHOro yria

Bce wucxonHble JaHHBIE 3aKpBITOM TPAHCIOPTHOM 3a1ayu
MIPEJICTABIISIIOTCS B TaOMUYHOM opme.

bepercs ceBepo-3anmaaHbiii yrosa tabmuisl — kierka (1, 1) u
IJIAHUPYETCS TIOCTaBKa OT MEPBOTO MOCTABIIMKA K MEPBOMY MOTpe-
6utemo B o6wveMe x,, = min(a,,b, ) = min(30,50) = 30 . Ara MocTaBKA
3alMCBIBAETCS B JIEBBIM HWKHHUW YroJjl KJIETKU. BenuuuHa 3amiaHu-
POBAHHOMW MMOCTaBKM BBIYUTACTCS U3 3amaca rpy3a a, U MOTPEOHOCTH
b, . HeynosneTrBopeHHasi HOTPEOHOCTh MEPBOTO MOTPEOUTENS CTaHO-
BUTCS paBHOM 58 — 30 = 28, a 3amac rpy3a y nepBOro MocTaBIIUKa
MOJHOCThIO ucyeprad. [lepBas cTpoka 3akpbIBaeTcs, T.€. OHa 00JIb-
1€ He YYacTBYET MPU MOCTPOCHUH HAYAJIBLHOTO OMIOPHOTO TUIAHA.

B ocraBmelics wactu TaOnmibl CHOBa Oepercsi ceBepo-
3amajaHblil yron — kierka (2, 1). Iomaraercs x,, = min(50,28) =28,
MEePBbI MOTPEOUTENIb YIOBIECTBOPEH MOJHOCTBIO, CIIEIOBATEIHHO,
MIEpBBIN CTOJIOEI] 3aKPBIBAETCS.

Bepercs Kietka (2, 2), momaraetcss X,, = min(22,22)=22 wu
BBIYUTAETCS BEJTMYMHA 3TOM MOCTaBKHU U3 OCTABIIETOCs 00beMa rpy3a

Yy BTOPOTO MOCTaBIIHNKA U MOTPEOHOCTU BTOPOIO MOTPEOUTETIS.
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B pesynbrare Takoro pacnpezeneHus BeCh Ipy3 BTOPOTO IO-
CTaBIIIMKa OKAa3bIBAETCs paclpeesieHHbIM (3amac ucuepna) U yJI0B-
JIETBOPEHA TIOJTHOCTHIO MOTPEOHOCTH B IPy3€ BTOPOTO MOTPEOUTEIS.

3ameuanue. Eciu na xaxom-nubyob wiaze memooa cesepo-
3anaoH020 y21a 0OHOBPEMEHHO UCYEPNbleaemcs 3anac 2py3a y no-
cmaswuxka u y0o081emeopsemcs NOJHOCMbI0 NOmMpeoumenb, mo 3d-
Kpblmb cledyem Yymo-aiubo 00Ho — 1ubo cmpoky, aubo cmonbey.

CoOnroneHrie  IaHHOTO TMpaBHJIA TapaHTUPYET 3aHATOCTb
(p + ¢ — 1) x1I€TOK ONOPHBIM IJIAHOM IOCTABOK, A€ p U ¢ — 3TO KO-
JIMYECTBO TMOCTABIIUKOB M MOTPEOUTEIEN COOTBETCTBEHHO. DTO He-
00X0IMMO B JabHEHIIIEM [T HAXOKJICHUS IOTEHIINAJIOB.

WTak, B CIIOKUBIICHCS CUTYAIlMH MOXKHO 3aKpBITh JHOO BTO-
PYIO CTPOKY, JTOO BTOPOU cTOJIOCH. 3aKPOEeM BTOPYIO CTPOKY.

Jlanee Gepetcs Ki1eTka (3, 2), HaXomuTCA X,, = min(40,0)=0

U 3aKpbIBAETCsI BTOPO CTOJIOEL.

B ocraBmieiics yacth TaOIUIBI CEBEPO-3aMaHON KIIETKOM
Gyner kietka (3, 3). Ionaraercs x,, = min(40,18)=18. 3atem s
KaeTku (3, 4) HaXOIUTCSA BEIMYMHA ITIOCTABKU X, :(22,22):22.
[Tocnie ocyiiecTBIECHUS 3TOW MOCTAaBKM BO3HUKAET CUTYALUsl OJHO-
BPEMEHHOTO YIOBIETBOPEHUS MOTPEOHOCTH YETBEPTOTO MOTpPeOUTE-
751 ¥ TIOJTHOTO paclpesieNieHus Tpy3a TPEThEro MOCTaBIIMKA. 3aKpo-
€M TpeThl0 CTPOKYy M mepeiinem Kk kierke (4, 4), HaxoauMm
x,, =min(33,0)=0. Tlocne 3ammMcH HyJEBOH MOCTABKH B KJIETKY

(4, 4) TabuIBl YETBEPTHIN €€ CTOI0el] aBTOMATUYECKH 3aKPBIBACTCS.
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[Tocnenneit paccmarpuBaercs kietka (4, 5), Kylaa 3aHOCUTCS

oGbeM mocTaBku x,; = min(33,33)=33.

3a (p + g — 1) maroB MeTo/1a HAXOAUTCS OTIOPHBIN TIJIaH.

IIpencraBneHHbli B Tabn.3 OMNOPHBIM IJIAH  COJAEPIKUT
(4 + 5 —1) = 8 mocTaBok, IpUYeM JIB€ W3 HUX HYJEBbIE MOCTABKU
(TUTaH BBIPOKICHHBIN ).

N3 camoro crnocoba nocTpoeHUs! OMOPHOTO IJIaHA BBITEKAET
ero cOaJaHCHPOBAHHOCTH 110 MOCTaBIIUMKaM U noTpedurensm. OaHa-
KO BO M30€XaHUE JOMYIIEHHBIX OIMOOK MPH BBIYUCICHUSAX PEKO-
MEH/yeTCsl IPOBEPUTH BCE OAIaHCHI TyTEM CYMMHPOBAHHUS ITOCTaBOK

0 CTPOKaM H CTOJIOLaM.

Ta6n.3
b
58 22 18 22 33
a;
5 8 6 2 0
30
30
2 7 5 3 0
50
28 22
1 4 3 5 0
40
0 18 22
6 5 5 2 0
33
0 33
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§ 3. Meroa noreHuaJIoB

[Ipy mocTpoeHMHM OHNOPHOrO IUIAHA METOJOM CEBEpO-
3aMaJHOTO yrila HUKaK HE YYUTHIBAIACh AKOHOMHYECKAs IeNeco00-
Pa3HOCTb HAMCUYCHHBIX ITIOCTABOK, IIO3TOMY TaKOM IJIaH C TOUKH 3pc-
HUS TPAHCIOPTHBIX PACXOJI0OB HA €ro peajn3alui0 MOXKET OBITh
BE€ChbMa AJAJICK OT OIITHUMAJIBHOTIO. Kaxk IpaBujIOo, €ro MOXHO 3HA4YH-
TCJIBHO YJIY4YIIHWTD. OHTI/IMI/ISaHI/IIO Ha4YaJIbHOI'0 OIIOpHOro I1j1aHa
CIEAYET OCYLIECTBUTh METOAOM NOTEHIHAIOB. Ha kax 101 nurepaunu
9TOT0 METO/1A BBIMIOJIHAIOTCA CIEAYIOLINE POLEAYPHI:

— BBIYHUCJICHUEC IIOTCHIHMAJIOB, COI'JIaCOBAHHBIX C HaﬁHeH-

HBIM OIMMOPHBIM IIJIAHOM ITOCTAaBOK;
— IMPOBEpPKa IjiaHa Ha ONTUMAJIBHOCTH C MMOMOMIIbIO MMOTCH-
HAJIOB;

— yJIy4dllI€HHUE IJIaHa B CJIy4ae €ro HEONTUMaIbHOCTH.

3.1. Beruucjienue MOTCHIUAJIOB, COTJIACOBAHHBIX C OITOPHBIM
IVIAHOM IMOCTABOK

HOTCHHI/IEUII)I U; MOCTAaBIIUKOB 1 V/. HOTpe6HTeHCﬁ HaxXoAT-

Cs U3 YpPaBHEHUI BHUIA v, U =

Takue ypaBHEHHsI COCTABIISIOTCA JUIS BCEX 3aHATBIX MOCTaB-
KaM{ KJIETOK TaONMUIlbl, T.e. OOIlee YMCIIO YpaBHEHUH B CHUCTEMeE
paBHO (p + ¢ — 1), KOJIMYECTBO k€ HEU3BECTHBIX B CHCTEME PAaBHO

(p + q), T.e. Ha enuHULlYy OoJblIe yKMcla ypaBHeHUH. Takas cucrema
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MMEEeT MHOXKECTBO PEHICHUH, OTIMYAIONIUXCS APYT OT JApyra Ha He-
KOTOPYIO KOHCTAHTY.

JIist onTUMU3aIUU TOAUTCS Jitoboe perieHue. s toro, uyro-
Obl HAWTH KaKylO-HUOY/b CUCTEMY MOTEHIIMAIOB, COTIACOBAHHYIO C
TUTAHOM, JIOCTATOYHO 3a(pUKCHPOBATH MPOM3BOJIBHBIM 00pa3oM 3Ha-
YeHHE OJHOTO M3 MOTEHIMANoB. Bce ocTanbHble MOTEHIUAIBI TOCIIe
ATOTO OMPEEIISIOTCS OJHO3HAYHO M3 CHCTEMbI YpaBHEHUIA.

Hus ompeneneHHocty npumem, yto u, =10. Torma Bce oc-
TaJbHbIE TIOTEHIIMAJIBI MOKHO OY/IeT HATH, PEIINB CHCTEMY YpaB-
HEHHM:

vi—u, =5, v,-u,=T7, vi-u;=3, v,-u,=2,
vy—u,=2, v,-u;=4, v,-u;=5, vi—u,=0.

Umeem v, =15, u, =13, v,=20, u,=16, v, =19,
v, =21, u,=19, v, =19.

3ameTnM, YTO CHCTEMA YUCEN U; U V; ONPEIENSETCS C TOY-

HOCTBIO JI0 TIOCTOSIHHOTO ciiaraemoro. Ecnu Ob1 MBI 3a1a51uCh Apyru-

MU 3HAYEHUEM U, , TO TIOJIYYHIIU OBl IPYTYIO CUCTEMY YHCEIl U; U V; .

Taxxe MOXkHO ObUIO 3a7aTbCsl 3HAYEHUEM HE U4, a JII00Oro JPyroro

HCHU3BCCTHOTO.

Ho6aBum k Tab.3 cronber cnpasa Ui HOTEHIUAIOB U, TO-

CTaBUIMKOB U CTPOKY CHHU3Y ISl IOTEHIMAIIOB V, TIOTPEOUTENEN.
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B mocnenneit kimetke Tabn. 3 OydaeM 3amuCBIBaTH CyMMY
TPaHCIOPTHBIX pacxofoB. O003HAYMM Al HAYaJIBbHOTO IUIAHA IO-

CTaBOK CyMMapHbIE 3aTpaThl Ha nepeBo3ku dyepe3 S,. Torma
S, =5x30+2x28+7x22+3x18+5x22 =524

[Ipu mpakTHYECKOM OMpeaeNeHHH TOTEHIUAIOB HeoOs3a-
TEJIbHO BBIIUCHIBaTh HAa KaKJOW UTEpallMd COOTBETCTBYIOIIYIO CHC-
TeMy ypaBHEHMH. MOXHO HaxOJUTh MOTEHIMAIBl HEMOCPEACTBEHHO
1o TabJuIle, He BBIMKCHIBAS B SBHOM BUJIE CUCTEMY.

[IpenmonoxuM, 4YTO W3BECTEH KaKOW-HUOYIb MOTEHIIHAJ.
Bo3MoxHBI 1Ba Cirydast.

Crnyuari 1. I3BecTHBIN MOTEHIIMAT OTHOCHUTCS K CTpoKe (TIo-
CTaBIIMKY). Torjga rno JaHHOMY MOTEHIMATY U IO 3aHITHIM KJIETKaM
ATOM CTPOKH (2 B KaXJOM CTPOKE U CTOJIOIE 0053aTebHO €CTh XOTSA
Obl OJHA 3aHsiTas KJIETKAa) MOXKHO OIPENEeNUTh MOTEHIHANBl TeX
cTOJIONOB (MOTpeduTeNneit), KOTOPbIM MPUHAJUIEKAT paccMaTpuBae-
MBbI€ 3aHATHIC KJIETKH.

[MoTenmmanel moTpeOUTENEH OMpenestoTcs Mo GopMmyle
v, =u; +c;, TI€ U;— U3BECTHBIA MOTEHIHAJ MOCTABIINKA, & C; —
Tapu@, CTOSNN B 3aHATOH KIIETKE.

Cnyyaii 2. V3BecTeH moTeHIMall Kakoro-iaubo crosbdmna. To-

rga 1mo 3aHATBIM KJICTKaM 3TOI'O CTOJI6II3. OMNpCACIIAIOTCA MOTCHI A~

JBl  CTPOK, COOTBETCTBYIOIIME JTHM KIETKaMm, 10 ¢opmyle
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Hpouecc BBIYUCJICHUSA C IIOMOIIBIO 3TUX JBYX IIpaBUJI MOKHO

OpPraHW30BaTh CIEAYIONIUM 00pa3oM. BriOmpaercs kakas-HHOYIb

cTpoka (cronberr) B Tabnuiie. [loTeHnnan BeIOpaHHON CTPOKHU IMOJIa-

raeTcsi paBHBIM MPOU3BOJIBHOMY YHUCIY, U, PYKOBOJICTBYACH IpaBU-

JIOM 1, HaxoasaTCs IMOTCHIHMAaJIbl BCEX CTOJI6HOB, COOTBCTCTBYIOIIIUX

3aHATBIM KJIETKaM BBIOpPaHHON CTpPOKH. 3aTeM IpOCMaTpHUBAIOTCS

CTOJI6HI)I C HafIIleHHI)IMH INOTCHIUAJIaMHU, U I10 3aHATHBIM B HUX KIICT-

KaM OMPCACIIAOTCA 110 IIpaBUIly 2 MOTCHIHUAJIbI HOBBIX CTPOK.

Ta6n.3
b;
58 22 18 22 33 U;
a;
- 5 8 6 214+ 0
30 S O EE 10
30 ; :
+12 |- 7 5 3 : 0
50 | il ; 13
28 22 ; ;
1|+ 4 3 (- 5 P 0
40 | | ; 16
0 18 22 ;
6 5 51 +:2 1] —-:0
330 0 19
0 33
Vi 15 20 19 21 19 524

[Tpornecc mpoomkaeTcst 10 TeX Mop, Moka He OYAYyT UCTIOTb-

30BaHbl BCC 3aHATHIC KIICTKH U HaﬁHeHBI TEM CaMbIM BC€ IIOTCHIIMA-

JIBI.
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[IpuMeHsist onucaHHBIN CIOCOO K PEIICHUIO PACCMOTPEHHOM
BBIIIIE CHCTEME YpaBHEHUH, MPOLIECC BHIYMCICHUN OyAET BBITIISAICTD
CJIEIYIOLIUM 00pa3oMm.

Beibupaem mnepByro cTpoky u mosaraeM u, =10. B atoit
CTPOKE OJ[HA 3aHATasl KJIETKAa, PAcIoJI0XEHHas B TEPBOM CTOJOIE.
CnenoBarenbHO, MOXHO HaWTH MOTeHUWAl Vv, M0 Qopmyne
v, =u, +c,, =10+5=15. IlpocMaTpuBas mnepBbIi CTOJOEL, HAXO-
UM B HEM 3aHSATYIO KIETKY (2, 1), HEHMCHOJIb30BaHHYIO elle IS Ha-
X0kJeHusT moTeHiuanoB. C ee TMOMOIIBI0 HAXOJIUM IOTEHIUAI
u, =v, —c, =15-2=13. C nomompto u, =13 u xnerku (2, 2) Ha-

XOIUM V, =U, +C, =13+7=20 n 1.1,

3.2. [IpoBepka nmiiaHa HA ONTUMAJIBHOCTH
IlycTh ompeneneHsl NOTEHIMANBI, COTJIACOBAHHBIE C HEKOTO-
PBIM ONOPHBIM I1aHOM. OHM YIOBJIETBOPSIOT YCIOBHIO (5) KpUTEpHS
ONTHMAJIBHOCTH IIJIaHA [TOCTABOK B TpaHCHOPTHOMU 3anaue. CrienoBa-
TEJIbHO, JJIS1 TOTO, YTOOBI y3HaTh, ONTUMAJIEH aHAJIU3UPYEMBIN IJIaH
WIN HET, HY’)KHO IPOBEPUTH, YAOBIETBOPSAIOT JIM ATU MOTEHIUAJIbI

ycoButo (6). IT0 paBHOCUIIBHO TIPOBEPKE YCIOBU v, —u, < ¢; IJIs

CBOOOIHBIX KIIETOK.

O6osnaunm A, =v; —c, —u,;, TOTJ1a KPUTEPHA ONTHUMAIBHO-

CTH ONOPHOTO TUIaHA MOXET OBITh CPOPMYIHMPOBAH TaK: ONOPHbLI

NAAH NOCMABOK ONMUMANEH M020d U MOJIbKO m02061, Ko20a nomen-
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yuanel, CO2NACO8anHble ¢ HUM, yoosiemsopsiom ycaosuio A, <0,

2oe (i, j) — c60000HbIe KlemKu mabauybl.
W3 3TOTO KpUTEpHs BHITEKAET, YTO €CIU ISl HEKOTOPOU CBO-

0O0IHOI KIIETKU (zo, ]0) BeJIMYHMHA Al.oj0 >0, TO TUTaH MEPEBO30K HE

ONTUMAJICH U €TO0 MOYKHO YJIYYIIUTb. Ilo CBOCMY 3KOHOMHYCCKOMY

CMBICITY BEeMYMHA A, XapaKTepH3yeT TO W3MCHCHHE B CyMMapHBIX

TPaHCIIOPTHBIX PACX0JaX, KOTOPOE MPOU3OUIET M3-3a OCYLIECTBIIE-
HUS €IMHUYHOW TMOCTAaBKU I-M TOCTABIIMKOM j-MYy MOTPEOUTEINIO.
Eciu A, >0, T0 eauHMYHAs MOCTaBKa MPUBEIET K SKOHOMHHU B

TPAHCIOPTHBIX pacxoiax, eciu xe A, <0— k yBennuenuto. Creno-

BaTCJIbHO, €CJIKM CPEaAn CBO6OIIHI)IX HaHpaBJIeHI/Iﬁ ITOCTAaBOK HET 3KO-
HOMAMIUX TPAaHCHOPTHBIC PacCXOdbl HaHpaBHeHHfI, TO HOJIy‘ICHHBIfI

IJIaH ITIOCTAaBOK OIITUMAJICH.

Bo3sBpatumcs k Tab1. 3 ¥ ¢ €e MOMOIIBIO BBIYUCIUM BEITUYHU-

HBI Al./. IUIST CBOOOTHBIX KJIETOK. UMeem
A, =v,—c,—u =20-8-10=2
3 =V;—C5—u, =19-6-10=3

w=v,—c,—u =21-2-10=9

A

A

As=vi—c5—u =19-0-10=9

Ay =vy—cy—u,=19-5-13=1

A,y =v,—cy—u,=21-3-13=5 (6)
A

s =Vs —Cps —U, =19-9-13=6
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Ay =vy—cy —u, =15-1-16=-2

Ay =vi—cys —u; =19-0-16=3

Ay=v,—c, —u =15-6-19=-10
Ap=v,—cy—u,=20-5-19-4

Ay=v,—cy—u, =19-5-19=-5.

VYcnoBue ONTUMANbHOCTU HApYIIAETCs Ul MHOTHX KIIETOK,

MO3TOMY HaWJICHHBIN MJIaH HEONITUMAJICH.

3.3. YayulleHne mjiaHa nocTaBok

CpGZ[I/I IIOJIOXKHUTCIIbHBIX BCIWMYUH Ai/' BBI6I/IpaeTC$I MaKCH-

MalipHad. B Hamem ciywae BenmmunHbl A, =9 u A, =9 saBagrorcs

MaKCcUMaJbHbIMU. BbiOupaercs kakas-HUOyIb OJHA U3 HUX, HalpHU-

mep, BenmunHa A . Kiretka (1, 5) momedaercsa 3HakOM «+» B JIEBOM

BEpPXHEM YIi1y. OTa KJeTKa B ciaeayroueil Tabauie OyaeT 3aHsiTa 1no-
ctaBkoi. OTHOBPEMEHHO C 3aHATHEM HOBOU KJIETKH MPOUCXOJUT OC-
BOOOXK/IEHHE OJHOM W3 3aHATHIX IUIAHOM KIIETOK. Yjansemas u3
TUTaHA TIOCTaBKa ONPEIEISAETCS C TIOMOUIBIO UK.

Huxnom nazvieaemcsa nabop knemok maobauysl, KOmopwle
Mo2ym Oblmb COEOUHEHbl 3AMKHYMOU TOMAHOU JUHUElU, YO081emeE0-
pAowell ciedyiouum 08yM YCI08UIM.

1. Joboe 36eHO0 OMAHOU HAXOOUMCS 8 CMpOKe TUb0 6

cmonbye mabauywl;
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2. Hukakue 06a 36eHa TOMAHOU He MO2YM HAXOOUMbCS 8
O0O0HOU CMpOKe UIU 8 0OHOM CIMO0Ye mabauybl.
CMOTpHM, ¢ KaKOH 3aHATOMN KJIETKOM NEpBON CTPOKU WJIU IIs-
TOTO CTOJIOIIA MOKHO coeIuHuTh KieTky (1, 5). Iloctpoum nmx,
nBUTasACh OT KiIeTku (1, 5), Hanpumep, O YaCOBOM CTpeEIKe.
B msArom cronlue umeercs €IMHCTBEHHAsl 3aHATasl KIETKa
(4, 5), c KOTOpOI MOKHO coeAMHUTH KIeTKY (1, 5). Cnenytomiee 3Be-
HO JIOMAaHOW JOJDKHO HAXOJUTBhCS B 4ETBEPTOM cTpoke. Tak Kak B
9TOM CTPOKE TOXKE €TUHCTBEHHAs 3aHsTas KieTka (4, 4), To ee cie-
JyeT COEIMHUTD C KIeTkoH (4, 5). OuepeaHoe 3B€HO JIOMAHOM JOJIK-
HO HaxXOIHMTHCS B YETBEPTOM CTOJIONE TAOIHUIIBI — 3TO OyJeT 3BEHO,
coenuHstoniee kietku (4, 4) u (3, 4).Cnenyromiee 3B€HO JIOJKHO Ha-
XOJIUThCSA B TPEThEU CTPOKE, a B HEW JBE 3aHAThIE KIETKU. J[JIsl OThI-
CKaHMs HY)KHOW KIETKH IpUMeEHsieTcss MeTo] mpod u omuobok. Ilo-
npoOyeM coeauHUTh KieTkH (3, 4) u (3, 3). Tak kak B OJHON CTpOKe
TaONMIEI HE MOXET ObITH OojIee OJHOIO 3BEHA JIOMAaHOM, TO Cie-
JYIOIee 3BEHO JOJDKHO OBITh PAcIHOJIOKEHO IOCHIE TAKOTO COEINHE-
HUS B TpeTbeM cToiiOne Tadmauipl. OHAKO B TPETHEM CTOJIOIE HET
OO0JIbIIIE 3aHATHIX KJIETOK, MO3TOMY TaKUM IyTEM HENb3sl 3aMKHYTh
nomanyto. Knerka (3, 3), ciienoBarenbHO, sSIBJISIETCS TYMMKOBOU U €€
HE Clie[lyeT COeIuHATHh ¢ KieTkou (3, 4). Ocraercss eAMHCTBEHHAS
BO3MOXHOCTb — COEIMHUTH KIETKY (3, 4) c 3aHsTOMN KieTkoi (3, 2).
Janee mpouecc NoCTpOEHUs LIUKJIIA MOKWIET OJJHO3HAYHO.

Crnenytoriee 3B€HO JIOJDKHO HaXOJUTHCS BO BTOPOM CTOJIOLIE,
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03TOMY coequHsieM KieTku (3, 2) u (2, 2). 3ateM B LMKJI BOMIYT
kinetku (2, 1) u (1, 1). Coenunssa xnerku (1, 1) u (1, 5), nomanas
JIMHUS 3aMBIKAeTCS.

Hauunas c xkierku (1, 5) o0oiineM KIETKM LUKIA B KaKOM-
1100 OJTHOM HaIlpaBJIEHUU (HAIpUMEp, MO YacOBOM CTpEIIKE), OTMeE-
Yasi X MONEPEMEHHO 3HaKaMH IUTIOC U MUHYC. B KileTkax, moMeueH-
HBIX 3HAKOM MHUHYC, HaXOJUM MHUHHUMAJIbHYIO MOCTaBKY, KOTOPYIO
o6o3HauynM uepes 0.

B Hamewm npumepe yeTblpe MUHYCOBBIX KJIETKH B LIUKJIE — 3TO
kietku (4, 5), (3, 4), (2, 2) u (1, 1). MuHumManbHas MOCTaBKa HAXo-
AUTCA B IBYX KieTkax: (2,2) u (3, 4), .e. 0 = x,, = x;, =22.

HO6 1

[TepexouM K HOBOMY IUIAHY TIOCTABOK {x;”} IyT€M KOPPEK-

THPOBKH CTApOTO IJIaHa 10 CIEAYIOIUM (hopMyam:

x;"" +0, ecnu (i, j) — nuocosas kiemka yukia,

i =X =0, ecau (i, J) — MUHYCOB8GA KIEMKA YUK, (7)

cmap

Xx; , ecnu (I, j) — He npuHaonedcum yuxiy.

KoppekTrpoBKy IUI1aHa JIydlle Ha4MHATh C Iepepacipeacie-
HUS TIOCTaBOK B KJIETKAX LUKJIA, JOOABIISAA K TIOCTAaBKaM B TLTIOCOBBIX
KJIETKaX IMKJIA BEIMYUHY 6 ¥ BBIYUTAs €€ U3 MOCTaBOK B MUHYCOBBIX
KJIETKAaX.

IIpu 3TOM pexomMeHyeTcs 00XOAUTh KJIETKH IUKIIA MTOCIE10-
BaTEJIbHO, B OJIHOM HAIlpaBJICHWU, HAYMHas ¢ HOBOM 3aHMMaeMOU

kieTku (1, 5). B Tabn.4 npencTaBieH HOBBIM IJ1aH.
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Crnemyer OTMETHTb, YTO €CJIM MUHHMAaJIbHas MOCTaBKa HaXo-
JUTCS OJJHOBPEMEHHO B HECKOJIbKMX MHUHYCOBBIX KJIETKaX ITHKJIA, TO
Ipu Nepexojie K HOBOMY OIOPHOMY IUIaHY OCBOOOKIAeTCs TOJIBKO
OJlHA W3 HUX, @ OCTAJbHBIE OCTAIOTCS 3aHATHIMU HYJIEBBIMU MOCTaB-
kamu. Tak, npu nepexojie oT Tad;I. 3 K Tab1.4 0cBOGOIMIACH KIIETKA
(2, 2), a npyras KJeTka ¢ MUHMMAaJIbHOM MOoCcTaBKOM — kietka (3, 4) —
ocrajach 3aHATOH. B Tabmn.4 mo-mpexxHeMy ocTaercs BOCEMb 3aHs-

ThIX KJIICTOK.

Tabmn. 4
b;
58 22 18 2 33 u;
a;
- 5 8 6 21+ 0
30 | 10
8 | 22
b2 7 5 3 L0
50 i i 13
50 :
P 4 3] - 5 0
40 [ D N N E 7
22 18 0 | :
6 5 5+ 2] -0
33 11
2 11
v, 15 11 10 12 10 | 326

CyMmMapHble TPaHCIIOPTHBIE PacXo/bl Ha HOBBIM IUIaH MOCTa-
BOK MOTYT OBITh HOJIy4€HBI IyTEM KOPPEKTUPOBKH CYMMBI TpaHC-

MOPTHBIX PACXOJ0B Ha MPEXHUH I1aH 1o GopmyIie:

75



S, =S,-A;-0 8)
[Momyuum, uro S, =524 -9x 22 =326.
Ha 3TOM MOJHOCTBIO 3aKaHYMBAETCSl OJTHA MTEPALUsl METOMA
ontuMu3anuy. Jlanee mporecc mpoaoInKaeTesi aHaATOTUIHBIM 00pa3oM.
[Tepeiinem ko BTOpOU uTepauuu. IIpoBepsiem miaH Ha ONTH-
MaJbHOCTh. HaxouM MOTeHIMANbI, COTIACOBAaHHBIE C MOJIYYCHHBIM
wiaHoM Tabmn.4. Ilycte u, =10, Toraa mo 3aHATHIM KJIETKaM Haxo-
TIAM
v, =10+5=15, v, =7+4=11, v, =10+2=12,
v, =15-2=13, u, =10-0=10, vs =10+0 =10,
v, =7+3=10, u, =12-5=17.
Cunraem BENIUYHMHBI A; 1J1 CBOOOIHBIX KJIETOK.
A,=11-8-10=-7,
A, =10-6-10=-6,
A,=12-2-10=0,
A,=11-7-13=-9,
Ay =10-5-13=-8,
A, =12-3-13=-4,
Ay =10-0-13=-3,
A, =15-1-7=17,

A, =10-0-7=3,

76



A, =15-6-10=-1,
A, =11-5-10=-4,
Ay =10-5-10=-5
[Inan He omTHMAaleH, TaKk KaK CPEOW BEJIMYUH A;; UMEIOTCA

nosiokurenpHsie. Haxonum maxA; = Az =7.

Tabu. 5
b;
58 22 18 22 33 U;
a;
- 5 8 6 214+ 0
30 S O N . 15
8 ! 225
P2 7 5 3 b0
50 ; ; 18
50 !
+: 1] - 4 31 -5 0
40 S S . ; 19
0 22 18 !
6 |+15 5 21 -0
33 Y A IS A : 15
22 11
Vi 20 23 22 17 15 326

Knerky (3, 1) ormMeuaeM 3HAKOM IUIIOC M HAaXOJUM ILIMKIL.
MuHuMmanabpHas IIOCTaBKa B MHHYCOBBIX KJICTKaX I[HUKJIA paBHA
6 = min(8,0,11) = 0. Kierka (3, 1) mpu nepexoje Kk HOBOH Tab1.5 3a-
HUMAeTCsl B JaHHOM CJIy4ae HyJeBOM MOCTaBKoM, a kierka (3, 4), co-

OTBETCTBYIOIIasi MUHUMAJIBHON MOCTaBKe, 0CBOOOXmaeTcs. Tak kak
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60 =0, TO HOBBI} IIaH ITOCTABOK COBIAAAET CO CTapbIM. TpaHCIOPT-
HBIE PACXOJBl IO HOBOMY IUIAHY TAK)K€ OCTAHYTCS IPEKHUMH, T.€.
S, =326. OnHaKo MOTEHIUAIIBI U3MEHSATCS.

BBINOJIHUM TPETBIO UTEPALUIO. BRIMUCIMM NOTEHIUAIIBI, T10-

maras v, =20. Haxomum BenuuMHBIA, Jis CBOOOJHBIX KJIETOK

TabI.s.
A, =23-8-15=0,
A,=22-6-15=1,
A, =17-2-15=0,
A, =23-T7-18=-2,
Ay =22-5-18=—1,

Tak xak maxA; = Ag = 3 > 0, To mnan HeonTuManeH. OTme-
yaeM KIETKY (4, 2) 3HaKOM IUTIOC M CTPOUM IUKJI, KOTOPBIA B JaH-
HOM ciydae 00pa3yroT kietku (4, 2), (3, 2), (3, 1), (1, 1), (1, 5) u (4,
5). Haxomum Benmuuny 6 = rnin(&l 1,22) =8, HOBBIC IIOCTAaBKH U
cymmy 3arpar S, =85,-A,-0=326-3x8=302 3aHocuM B

Ta01.6.
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Ta6u. 6

b;
58 22 18 22 33 Uu;
a;
5 8 6 2 0
30 9
8 30
2 7 5 3 0
50 9
50
1 4 3 5 0
40 10
8 14 18
6 5 5 2 0
33 9
8 22 3
Vi 11 14 13 11 9 302

BeinonHuM yeTBepTyro urepanuo. HaxoamM HOBYIO cuCTEMY
MOTCHIIMAJIOB, COIVIACOBAHHYI) C IIOJIYYEHHBIM IIJIAHOM, IOJIaras

u, =10. ITpoBepseM mIaH Ha ONTUMAIBHOCTB:
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A, =11-5-9=-3,
A,=14-8-9=-3,
Ay=13-6-9=-2,
A,=11-2-9=0,

A, =14-7-9=-2,
Ay =13-5-9=—1,
Ay, =11-3-9=—1,
Ay =9-0-9=0,

Bee A; <0. CrnenosatenbHo, TOJTyYeH ONTUMATBHBIA IUIaH.

0 0 0 0 30

. |50 0 0 O O
IMpustom S* =302, X =
8 14 18 0 O

0 8 0 22 3
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I'/TABA 6

Teopus urp

§ 1. O6mme cBegeHust

[Ipexie yem neperT HENOCPEACTBEHHO K PEIIECHUIO 3a/1a4H,
JaluM HEKOTOpPbIE OCHOBHBIE CBEACHUS M NOHATUS U3 TEOPUU MaT-
PUYHBIX UTP.

Mampuunoit uzpoit nazvieaemcs Mooeib KOHGIUKMHOU CU-
myayuu, 8 Komopou y4acmeylom 08a Juyd, Hazvleaemvle UZpoKami.
Hepa eedemcs no onpeodenenHvimM npasuiam, 8 COOmeemcmeuu ¢ Ko-
MOPBLIMU KAHCOBLLL USPOK NPUHUMAenm OnpedeieHHble 0eucmeus (Xo-
Obl, cmpamezuut).

B marpuuHOl urpe 3asaHbl KOHEUHBIE MHOXKECTBA YUCIMbIX
cmpamezuti 000UX UTPOKOB {1, ..., m} u {1, ..., n}.

Kax ot uncroit crpareruu urpoka I (mepBoro urpoka) cra-
BUTCS B COOTBETCTBHE CTPOKA MATPUIIbl, @ YUCTON CTPATErMH UTPOKa
IT (BTroporo urpoka) — ee cTojoen. DIEMEHT TON MaTpPUIIbl a; Xa-
pakTepusyeT miaartexx urpoky I urpoxom Il B cutyauuu (i, j), T.€. KO-
raa urpok I BeiOpai i—t0 cBOO crparteruto, a urpok Il - j-to crpare-
THIO.

Martpunia 4 Ha3bIBaeTCs TMOSTOMY WIAMENCHOU Mampuyeu
UIPBI MM MAaTpUIEH BeIMIpbiniei urpoka I. Ecim snemenr a;; mono-

JKHUTCJICH, TO OH MOKAa3bIBACT BBIMI'PLBIII UTPOKaA I (HpOI/II‘pBIIH HUI'POKa
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IT) B cutyaumu (i, j), ecnu ke dIEMEHT a;; OTPULIATENIEH, TO 9TO O3Ha-
qaeT MpourpsIil urpoka I (Bemrpsei urpoka II).

Urpa moxer ObITb MHOTOXOJIOBOM (COCTOSIIIEN M3 MHOTHUX
naptuii). B aToM cilydae pe3ynbTarhl UIpbl OLEHUBAOTCS CPEOHUM
gvlucpbiuiemM 3a OJHY MapTHIO, T.€. CyMMAapHBIM BBIUTPBIII AETUTCS
Ha KOJIMYECTBO ChITPaHHbBIX MAPTHUH.

[enbro KaXka0ro Urpoka SIBJISETCS TaKO€ MOBEICHHUE B UIPE,
KOTOpPO€ TapaHTUPYET €My HauOOJIBIINNA OKUAAEMbIN BHIUTPBILI IIPU
J0CTaTOYHO OOJILIIOM KOJIMYECTBE MapTuil. Takoe MoBeJeHHE Urpo-
Ka Ha3bIBAIOT ONMUMATILHOU CMPAMeUel.

B MHOT0X010BOI UIrpe UrPOKH MPUMEHSIOT pa3IMyuHble CBOU
YUCThIE CTPATETHH, MPUYEM HEKOTOpPblE M3 HHUX 4aile (B OoJbLIeM
qucie naptuil), npyrue pexxe. [loBenenne urpoka, npu KOTOpOM OH
OIPENEICHHON YacCTOTOM WIM BEPOSTHOCTBIO CIy4alHO Yepeayer
BCE CBOM YMCTBIE€ CTPATEIMH, HA3BIBACTCS CMEUAHHOU CIMpamecueli.

O003HaYMM CMEIIAaHHYIO CTPATETHI0 Urpoka |

m

p=(ps-sD,)s Zpl. =1, p, 20, i=1,..., m,

i=1

a CMEIIAHHYIO cTpaTeruto urpoka Il
q=(q,>-9,) Zq_/_ =1, ¢, 20, j=1,.... n,
J=1

I71I€ p;,— BEPOSATHOCTb BbIOOpa urpokom I i-ii cBoel uncroin

CTpaTeruu;
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¢, — BEPOATHOCTH BhIOOpa Urpokom Il j-if cBOeH uncroii

CTpaTEruu.
Pe3ynbTaThl UCMOIB30BaHUs CMEIIAHHBIX CBOMX CTPATETHH p

U ¢ OLIEHUBAIOTCS C TOMOIIBIO PyHKyuu 6viuepviuia (TUIATSKHON
yHKIHH)
m_
E(pvQ):zza;‘/piqjv (1)
i=l j=1
BBIpAKAIOLIEH MaTeMaTHYeCcKOe O)KHMJAaHUE BbIMTphIIA | urpoka u
COOTBETCTBEHHO IPOUTpHIIIa Urpoka II.

Jlrobast cmemaHHas Wrpa MMEET ONTHMAalbHOE pEIleHHE B
CMEIIaHHbIX cTpaTerusax. JIuip B HEKOTOPBIX CIIy4asX ONTHUMAaJIbHOE
pEILIeHNEe UTPbl BO3MOXHO B YMCTBIX CTPATErusix, Koraa oda urpoxa
MPUMEHSIOT B KaXJ0W MapTHH OJHY U Ty XK€ CBOIO CTPATETrHIo (Tou-
Hee, IPUHUMAIOT OJIHY YMCTYIO CTPATEruio C €IMHUYHONW BEPOSTHO-
CTbIO, @ OCTaJbHBIE C HYJIEBON BEPOSTHOCTHIO). Takoe MOKET ObITh
TOJIBKO B UIPax € IUIATEXHBIMU MaTpULlaMHU, O0OJIaJaloOIIMMH CIIELH-
QITBHBIM CBOMCTBOM — UMEKOIIUM cedno8yto mouyky. CelioBoi ToY-
Kol marpuusl 4 = (a;), i=1,..., m, j=1,..., n Ha3bIBaeTCs Takas mapa
(i0, jo) HOMEPOB CTPOKM M CTOJIOIA, KOTOpas YIOBJIETBOPSET Clie-
JYIOLUM YCIOBHSIM:

a, <a,. <a, ,i=1..,mj=1..n (2)

o ioJo iy ?
ns HCPaBCHCTB al-ojo < al-oj . ] = 1, ..., N CJICAYCT, UTO BJICMCHT

a SABJIICTCA HaWMMCHBIINM B io CTPOKEC, a U3 HCPABCHCTB

ioJo

&3



a. <a

4, S ;> 1=1,..., m BBITEKACT, 9TO STOT )K€ IEMCHT «, ; SIBISCTCS
HauOOJIBIIIUM B jj CTOJOIIE.

B cnyuae cymectBoBaHusi ceasioBoM TOUukH (i, jo) y TUIATEXK-
HOM MaTpuilbl A ONTHUMAIbHOE PEIICHHE HUIPhl OYJIET COCTOSITHh B

IIPUMEHEHUH UIPOKOM [ ip-i yucToM crpareruu, a Urpokom Il jo-it

CBOCHT cTpaTernu. DNEMEHT ¢, ; B 3TOM Cilydae OyAeT paBeH ONTH-

MaJIbHOMY BBIATPBIIIY OJHOTO M IIPOUTPBINLY JPYrOTrO UIPOKa, T.€.
OIIPENEIATD YEeH) UPbl.

Tak xak OOJBIIMHCTBO MJIATEKHBIX MAaTPUIL] HE UMEET CEAJIO-
BBIX TOYEK, TO ONTUMAJIBHBIE CTPATETMH UI'POKOB B COOTBETCTBYIO-
LIIUX UM WUIpax ABJLIIOTCA CMEIIAHHBIMU. Tak Kak 4uCTas CTpaTerus

o SIBIISICTCSI YaCTHBIM CITy4aeM CMELIaHHOM crpareruu (p, =1, a oc-

TaJbHbIE KOMIIOHEHTHI p; = (), TO B CMEIIAHHBIX CTPATETUAX pas3pe-
mMmMa Jiro0asi MaTpu4Hasl Urpa.

OnTumanibHble CTpAaTEruy UIPOKOB B3aMMHO YpaBHOBELIUBA-
I0T YT Jpyra (ABIISIOTCS pasHosechHbvimu). KaxkaoMy UIpoKy okKa-
3BIBACTCS] HEBBITOJHBIM OTKJIOHATHCS OT CBOEW ONTHUMAJIBHOW CTpa-
teruu. Ecim sxe kakoil-1nbo UrpoK OTKIOHUTCS OT CBOEH ONTHMallb-
HOH CTpaTeruu, TO €ro CPEeJHUI BBIUTPBIIL, OLICHUBAEMbIN (QyHKIINEN
(1), MoxeT cTaTh MEHBIINUM (IIPOUTPBHILI OOJIBIINM).

PaccmarpuBaemble B MATpUYHOM UIpe ONTUMAIIBHBIE CTpaTe-
TUU UTPOKOB XAPAKTEPU3YIOT OCTOPOKHOE IOBEJACHHE UIPOKOB, HE
noryckaroree pucka. [lepBwlii UTpoOK crapaercs ceOsi BECTH Tak,
9YTOOBI MOJIYYUTh B MAaKCUMaJIbHOM pa3Mepe I'apaHTUPOBAHHBIN BbI-
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urpbiil. Tak Kak rapaHTUPOBaHHBIN BBHIMTPHINI Urpoka I mpu BeIOOpE

UM CTpPATCTUu p ONPECACTIACTCA BEJIMYNHON
a(p)=min E(p,q), (3)

o B3
TO Urpok | pemraer 3agauy o BeIOOpE TaKOM CTpAaTEeruu p , MpU KOTO-

poii BennurHa o(p) OyaeT HanOOIbIIeH:
a(p’)=maxa(p) = maxmin £(p,q) 4)

Crparerus p*, omnpenensieMas (popmynoil (4), Ha3bIBa€TCd MaKCH-
MHUHHOW cTpareruerd urpoka I, a BennuunHa oc(p*) — HIDKHEN LIeHOU
UTPBI.

Cnenyst mpuUHIMIY OCTOPOXKHOCTH, UIpoK Il cTpemuTcs BbI-
OpaTh TaKyr CTPATETHUIO, MMPU KOTOPOW BO3MOIKHBIN €ro MPOUTPHIII

OyzeT kak MOKHO MeHbIe. Eciar 06003HauuTh Uepe3

plg)=max E(p.q), (5)

o B3
TO 3aja4a urpoka Il cocrout B BEIOOpE TakoW CTpaTeruu ¢ , Ipu Ko-

Topoii BenmunHa S(g) OyaeT MUHUMAaTbHOM:
plg’)= min max £(p.q) (6)

* v
Crparerus g , onpezaensemas (6), Ha3pIBa€TCSI MUHUMAaKCHOM,
* i (v
a BenmuurHa f(q ) — BEpXHEW 1IEHOH UrpBHI.
o * *
JUis onTHManbHBIX CMELIAaHHBIX CTPAaTerMil p W ¢ Bcerja

MMeeT MecTo paBeHcTBo a(p’) = B(q), T..

maxm;'nE(p,q):m;'n mIE}X E(p,q):E(p*,q*), (7)

P
* % o
a BenuuuHa E(p , ¢ ) = v Ha3bIBaeTCS 1IEHOM UTPHI.
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Ecmu e makcumuH 1 MUHUMaKe GyHkuuu E(p, ¢) HaX0AUTh
HE Ha BCEX CMEIIAHHBIX CTPATETUSAX UTPOKOB, & TOJIBKO HAa UUCTBIX
UX CTPATErHsiX, TO HIDKHSS 1I€HA UTPBI @ U BEPXHSS LieHa [3 yAOoBIe-
TBOPSIOT HEPABEHCTBY @ < [3, IpUUEM PAaBEHCTBO MMEET MECTO IS
IIJIATEKHBIX MATPUIL] C CEJIOBOM TOUKOM.

[IpommmtocTprupyeM penieHue MaTpudHOM UIpbl HA KOHKPET-

HOM IIpUMeEpE, c 3aIaHHOU IJIaTEKHOU MaTpuLen
21 5 4
13 -1 4

CocraBuM CIlIeIyIONIYIO TaOIHILY .

J

) 1 2 3 4 (04
1

1 2 1 5 4 1

2 1 3 -1 4 -1

(x =
B 2 3 5 4
B =

B Hel npuBeneHsl uncna a; :rninal./. — MHUHHUMAJIBHO BO3-
i

MO>KHBIN (TapaHTUPOBAHHBIN) BHIMTPHINI Urpoka | pu BeIOOpE UM i-

i 4MCTOW CcTparerMum U f3, =maxa, — MaKCUMAIbHO BO3MOXKHBIN
: Pt

npourpsi urpoka Il mpu Be16ope UM j cTpaTerum.
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Yucno « =max ¢, = max min a ; — HIDKHSAS [CHAa WIPBI
i i it

(MakcumuH), B =min B, = min max a, — BEPXHsAsS LEHA UIPbI (MH-
J ’ J 1 ’

HHUMAKC).

Umeem o, =min(2,1,54)=1, «a, =min(1,3,~1,4)=-1,
o = max(1,-1), B, =max(2,1)=2, B, =max(1,3)=3,
B, = max(S,—l) =5, B, = max(4,4) =4, p= min(2,3,5,4) =2.

Tak kak a < [, TOATOMY CEUIOBOM TOYKH Yy JaHHOW MaTpHu-
I[bl HET, U CJIEI0BATENbHO, UTPA HE UMEET ONTUMAIBHOIO PEIICHNUS B
YUCTBIX CTPATErUsIX.

HalineM onTMManbHOE pEIIEHHE MAaTPUYHOM HUIPHI JABYMsI

criocobaMu: rpaMuecKku U MyTEM CBEACHHUS WPl K 3ajaye JIMHEH-

HOT'O IPOTrPaMMHPOBAHUSI.
§ 2. I'padmuecknii cnocod pemieHNss MATPUYHOM UTPbI

I'pacuuecku pemaroTcs 3a1auu B cIydae, KOTAa y OJHOTO U3
UTPOKOB BCETO JIMIIB JBE YMCTBIE CTpareruu. B paccMarpuBaemMoMm
npuMepe y urpoka I nse crparerum, a y urpoka Il — gersipe crpare-
TUU.

Urpoky I Hy)XHO onpenenuTh CBOIO ONTUMAIbHYIO (MakcH-

MHHHYIO) CTPaTeTHiO p’ :(pl* , p;), a urpoky Il — onTumanbHyrO
(MHUHUMaKCHYIO) CTpaTeruo ¢ = (ql ,q;,q;,qZ), HEOOXOUMO TakK-

K€ OIPENIETUTD LIEHY UTPHI V, MOKA3bIBAIOIIYIO 0KUAAEMbIN CPEIHUN
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BBIMIPBIII UrpoKa [ M, COOTBETCTBEHHO, Mpourpsil urpoka II mpu
ONTUMAJIbHOM MX ITOBEJCHUHU.

I'paduuecku pemiaercs 3a1a4a UTPOKa, UMEIOIIETO JIBE CTPa-
TEruu, T.€. B HallleM ciydae 3ajada urpoka l. OnrumanbHas crpare-
rus urpoka Il HaxoauTcs aHATUTUYECKUM MYTEM IOCIIE PEIICHUS 3a-
Jnayu urpoka L.

MakcumunHas ctpaterust urpoka I B cootBerctBuu ¢ hopmy-
701 (4) HAXOUTCS ITyTEM PEIICHUS CIIeYIoIen 3a/1aul urpoka I:

oc(p): min E(p,q)—) max
q p

Wnes  meroma  COCTOMT B TOM, 4TO  (PyHKIHSA

oc( p) =min E ( D, q) , IOKa3bIBaIOLasl MUHUMaJIbHbIE (TapaHTHPOBaH-
q

HbI€) BBIUTPBHIIIN WUrpoka | Mpu BCEBO3MOMXKHBIX €r0 CMEIIaHHBIX
CTpaTerusix p, CTpouTcs rpaduuecku. I'paduk 310 PyHKINN HA3HI-
BACTCSl HUdICHel epanuyeli BRIMTphIIEH urpoka . 3aremM Ha HUKHEH
TPaHUIE HAXOJIUTCS TOYKA, COOTBETCTBYIOIAs MAKCUMAIbHOMY BBbI-
UTpbIITY UrpoKa [.

I'padmyeckre MOCTPOSHUS OCYIISCTBISIOTCS —CJICIYIOIIAM
oOpa3om. Ha ropu3oHTaILHOH MIPsAMO OepeTCsl OTPE30K SAMHHUIHOM
JUIMHBL. KaXXJI0M TOYKE 3TOr0 OTpe3Ka COMOCTABISETCA CMEIIaHHas
cTparerus p = (pi1, p2) urpoka | mo cinegyroimemy npaBuiy: p; — 3TO
paccTosiHuEe OT TOYKH JI0 MPABOTO KOHIIA OTPE3Ka, a py — PACCTOSTHUE

OT TOYKH JIO JIEBOTO KOHIIA OTpe3Ka (CM. puc.2).
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Puc.2

JIro60#1 cMemaHHO#M cTpaTeruu Urpoka | Ha eTMHUYHOM OT-
pe3ke OyIeT oTBeyaTb HEKOTOpas €IMHCTBEHHAs TOYKA, MOCTPOEH-
Has 10 yKa3aHHOMY IpaBuily. TakuM o0pazom, MEXIy TOYKaMH OT-
pe3Ka ¥ CMEIIaHHBIMU CTpaTerusIMU UrpoKa | ycTtaHaBimBaeTcs B3a-
MMHO OJIHO3HA4YHOE COOTBETCTBHE.

Jlanee, K KOHIIaM €IMHUYHOTO OTPE3Ka MPOBOJATCA JIBE BEP-
THKaJIbHBIE IIpsiMble. Ha J1eBOM BEpTUKANBHOW MPSAMON OTKJIAJbIBA-
IOTCSl BBIMIPBIIIN UTpoKa I, cCOOTBETCTBYyIOIIME MEPBOM €ro YMCTOU
CTpaTeruy (3Hau€HUs AIIEMEHTOB MEPBON CTPOKH IUIATEKHOW MaTpu-
bl A), a Ha PaBOM BEPTUKAIBHOW MPSIMONM — BBIUTPBIIIH, COOTBET-
CTBYIOILLIME BTOPOM CTpaTeruu (3HaYEHHs SIIEMEHTOB BTOPOU CTPOKH
Matpulbl A). [lonoxxurenbHble 3HAUEHUS 3JIEMEHTOB OTKJIa/IbIBAOT-
Csl Ha IPSIMBIX BBEPX, a OTPULATENIbHbIE — BHU3. TOYKH, COOTBETCT-
BYIOIIME BJIEMEHTaM OJHOTO CTOJOLIa MaTpUIlbl (CTpaTeruu Urpoka
IT) coequustOTCS OTpE3KaMM C yKa3aHUEM UX HOMEPOB (HOMEPOB CO-
OTBETCTBYIOIIHUX CTOJIONOB) (cM.puc.3).

Ha puc.3 yeTsipe oTpe3ka, COOTBETCTBYIOUINE YETHIPEM YHC-
TBIM CcTpaTerusm urpoka II.

HaxonuMm Tenepp HMKHIOK T'PaHUIY BBIMTPHIIEH Urpoka [ B
BH/JIE€ JIOMAHOU JTMHUM, OTHOAIOIEN CHU3Y BCE 3TU OTPE3KHU. JTa rpa-

HUIIA [T0KA3aHa HA PUCYHKE JKUPHOM JIMHUEH.
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(€)
(4)

(1) M
@) >’

14
p P \

Puc.3

Paccrostnue ot m1000# TOUKM, pacnoJIOKEHHOW Ha IpaHuIIE,
0 Omkailiie Touku p = (pi, p2) €AMHUYHOTO OTPE3Ka, B3SATOE C
Y4€TOM 3HakKa (IUII0C, €CJIM 3Ta TOYKAa PACMOJIOKEHA BBIIIE €TUHUY-
HOTO OTpe3Ka M CO 3HAKOM MHHYC, €CJId OHa HAXOJUTCS HUXE eIH-
HUYHOTO OTpE3Ka), XapaKTEepPU3yeT TOT BBIUTPHIII, KOTOPBIA rapaH-
TUpOBaH Urpoky | B ciydae BbIOOpa MM CMEIIAHHOW CTpaTervuu
P =1, p2).

Jpyrumu cioBamu, 3TO pacCTOSIHUE COBIAJAET C BEJIMUYUHOU
o(p), K MAaKCUMU3aLIUU KOTOPOW CTPEMUTCS UTPOK .

Pemrenue 3agaun urpoka I cBoguTCs , TakuM 00pa3oMm, K OThI-
CKaHMIO HAa HIKHEW T'paHMIIE €ro BBIUTPHIIIEH TOYKH, COOTBETCT-
BYIOIIIeH HauOOJIbIIEMY BBIUTPHIINTY, T.€. HANOOJIEe yIaJTeHHON TOUKH
OTpEe3Ka.

Ha puc.3 sto Oyzaer Touka M, Haxosmascsa Ha MepeceyeHun

IIEPBOrO0 M BTOPOro OTpe3KoB. IlepBas M BTOpas 4MCThIE CTPAaTErnu
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urpoka Il Ha3pIBarOTCA axmuenviMu, 1 OH UX JOJDKEH MCIOJIb30BaTh
B CBOEH ONTHUMAJIBHON CTpPaTervu q* C HEHYJIEBOM BEPOSTHOCTBIO.
Tpernii 1 4eTBEPTHIM OTPE3KU HE IIPOXOAAT Yyepe3 TOUKy M, mosromy
TPEThs U YETBEpPTas CTPATEeruu, HA0OOPOT, HA3BIBAIOTCS TACCUBHBIMU
— urpok II He 1omKeH UX UCIOJIB30BAaTh B ONTUMAIBHOM CTPATETUU.
Hanee onpenenstorcs rpapMuecky 1IeHa UTPbl v KaK paccTosi-
HUE OT TOYKU M 10 €IMHUYHOTO OTpe3Ka (B35TOE C YUETOM 3HaKa) U

ONTUMallbHAasl CMellanHas crparerus p  =(p,, p,). Tak kak rpa-

(dudeckoe onpesesieHue YUCIOBBIX 3HAYCHUN 3TUX BEIMYUH SBJISCT-
Csl IOBOJILHO TPYOBIM, TO CJIEAYeT YTOYHUTH UX aHATUTHYECKUM ITy-
TEM peIleHUs CUCTEMbl TUHEHHBIX ypaBHeHUU. [Ipexae chopmynu-
pyeM TeopeMy, U3 KOTOPOM BBITEKAET 3Ta CUCTEMA.

Teopema. Ecnu oO0un u3 ucpokog npumensiem 6 uzpe ceoro
ONMUMANBHYIO CMEUWAHHYI0 Cmpamecuio, mo e20 6blucpblil paseH
yeHe uepvl v He3aeuUcumo Om mozo, ¢ KaKumMu 8eposmHOCMAMU 6MO-
ot uepok byoem npuMeHams c60U aKmMueHvle CMpameui.

N3 3TOM TEOpeMbl BBITEKAET, YTO, IMPUMEHSAS B UIPE OINTH-
MaJbHYIO CBOIO cTpareruto p° =(p,, p,), UTPOK | MONYYUT BBIUT-
PBILLL, PAaBHBIN LIEHE UTPBI V, U B 3TOM cllydae, korja urpok Il npume-
HUT MO0 IEPBYIO CBOIO YHUCTYIO CTPATErHio, 1M00 BTOPYIO cTpare-
IUI0, TaK Kak o0e CTpaTeruu SBISAIOTCA aKTUBHBIMHU. Brinuiem
¢byHkuio BeMrpeima E(p, ) 11 Halero npumepa

E(p,q) =2pq,+ P4, +5pq; +4pq, +

(¥
+ P2q +3DP,9, — Paq; + 4014,
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¥ HaliJIeM ee 3HAUEHMs B JIBYX TOUKAX:
1. p=p", g=¢,=(10,0,0);
2.p=p, qg=e,=(0100)
HNonyanm  E(p*,e,)=2p/ +p,, E(p",e,)=p; +3p,.
[IpupaBHUBas 5TU 3HAYEHUS K [IEHE UTPBI V U J00ABJIAs HOPMHUPYIO-

mee ypaBHEHHE p, + p, =1, MONyYUM CIEAYIOIIYI0 CHCTEMY JIH-

HeMHBIX ypaBHEHHH i onpesesienus Bektopa p* =(p., ps) W Be-

JIMYUHEI V!
2p; + p, =V,
pi+3p; =v, )
p+p=1

PewuB MosydeHHyIo ciucreMy, Haxomum p, =2/3, p, =1/3,
v =5/3.

Haiinem Ttenepp ontumManbeHyro crpareruro urpoka II. Kaxk
YK€ OTMEUaJIOCh, TPEThs M YETBEPTAsi CTPATETUU €ro SABJISIOTCS IMac-
CHUBHBIMH, NO3TOMY ¢, =¢, =0. OcTaJbHble KOMIIOHEHTHI BEKTOpa
¢ HAXOIATCS AaHATHTHYECKHUM ITYTEM PELICHHS CHCTEMBI YPaBHEHHIA,
COCTaBJISIEMBIX TAK)KE€ HA OCHOBE IIPUBEJICHHOMN TEOpEeMBI. Y uUrpoka I
aKTUBHBIMM SBJIAIOTCSI 00€ €ro crpaTeruu. BplumciuM 3HaueHHe
bynkuuu E(p, q), onpenensiemoit popmyinoii (8) B AByX TOUKax:

1. p=e =(10), q* :(qrﬂq;vovo);

2. p=e, =(0)), q* = (qr’q; ,0,0)
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u npupaBHseM wux v. Iomyuum E(p,q)=2q, +q,,

E(p,q)=q, +3q,.

29, +q; =V,
q; +3q; =V, (10)
g+ g5 =1

Tak Kak 3HA4YEHUE V yKE U3BECTHO, TO JUIS ONPEIEIICHHS HE-
M3BECTHBIX JOCTATOYHO B3ATh KAKHE-TUOO [Ba YPABHEHUS 3TOM CHC-
TeMbl. Bo3bMeM, HanpuMep, TIEPBOE U TPEThE YPABHEHHMS:

2q; + 4, =V,

Gt g, =1
OTKyIa HaxomuMm g, =2/3, ¢, =1/3.
B uTOre MONTydeHsI CIIEAYIOIIEE ONTHMAIBHOE PEIEHHE UTPhI

¥l €€ [IeHa:
P =(2/3,13),
q" =(2/3,1/3,0,0),
v=5/3
3ameuanue. TIpu IPaKTHYECKOM COCTAaBJIEHHH CHCTEM ypaB-

HeHu#t (9) u (10) 1 HAXOXKIEHUS ONTUMAIBHBIX CTPaTETUd UIpo-

KOB HCIIOJIb30BAaHbI JIMIIb JIBa CTOJI6IIa MaTpHIbl A, COOTBCTCTBYIO-

9 49
M€ AKTUBHBIM cTpaTerusm urpoka II, T.e. matpuua (2 1] P
1 3) p,
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[Tpu cocTaBieHUM CUCTEMbI ypaBHEHHH Il UTpoka | cTomnb-
1(bl 3TOM MaTPHULIbI YMHOXKAIOTCS CKAISIPHO HA CTOJIOEL! HEU3BECTHBIX

P

P>

, 4 MIPA COCTaBJIEHUU cuUCTeMbl Ay urpoka II crtpouku stoin

MAaTPUIIbI CKATSIPHO YMHOKAIOTCSI Ha CTPOKY HEU3BECTHBIX (1, §2).
Huxe mokazaHbl HEKOTOpPBIE M3 BO3MOXKHBIX CIy4aeB, KOTO-

pBI€ MOTYT BCTPETUTHCS MPH I'PpaUueCcKOM PEIIEHUH UTPHL.

(1) 4

(2)
(3)
(4) M,

P 3) / \
3

M (2 (€))
4

Puc.4a Puc.46 Puc.48

(1

Ha puc.4a touka M HiKe €IMHUYHOTO OTPE3Ka, MOATOMY Iie-
Ha UTpHl v Oyner orpunarenbHoi. Ha prc.40 mokasana urpa c Hyine-
BOM LIEHOM, a Ha puc.4B Urpa UMEET MHOXECTBO ONTUMANIBbHBIX pe-
meHuil. Jlro0oil Touke orpeska MM, HUKHEH TI'paHULBI OTBEYAECT

ONTUMAJIbHAA CMCHIAHHAsA CTPATCIrusd UT'POKa I
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§ 3. JInHeiiHO-NPpOrpaMMHBbIii c1IOCO0 pelleHUsI MATPUYHON UTPBI

JIMHEWHO-ITPOrpaMMHBIM METOJ| PELICHUS MAaTPUYHOM WIPBI
OCHOBBIBAE€TCS HA SKBUBAJICHTHOCTU MAaTPUYHOW UIPHI U 33J1a4H JIU-
HEWHOTO MPOTPaMMHUPOBAHUS.

Jrobast MmaTpuyHas UTpa MOXKET OBITh CBEJEHA K 3aj1a4e JIH-
HEWHOI'O IIPOrpaMMHUPOBAHUS, INPSMOE M JIBOMCTBEHHOE PELICHUS
KOTOpPO#l ONpENeNsoT ONTHUMAaJbHOE PEIIEHWE Wrpbl M, HA00OpOT,
BCSIKOM 3a7ja4e JIMHEWHOrO0 POrpaMMHUPOBAHUS MOKHO COIIOCTaBUTH
UTPY TaK, 4TO ONTUMAJIbHBIE CTPATErUU UT'POKOB aayT PEUICHUS UC-
XOJIHOM 3a7a4d U JIBOMCTBEHHOW K Hel. [lokaxkem, 4TO mMaTpuyHas
Urpa CBOJUTC K 3a7a4e JIMHEWHOTO IPOrpaMMUPOBaHUS.

Bcenomaum 3amauy wurpoka I, a(p) > max, roe op) —
P

HAaUMEHBIINNA (rapaHTUPOBAHHBIN) BBIMIPHII Urpoka I, cooTBeTcT-
BYIOLLIUNA CTPATETUH P.
ITycth urpok I BeIOMpaeT cMemaHHyl0 CTPATErHio p, a UTPOK

IT cBOIO YHCTYIO j-1O CTPATETHIO, T.€. ¢ =¢; = (0,...,1,...0), rIe eau-

HHUIIA CTOUT Ha j-M MecTe. Toraa BeIMIpeIl Urpoka I, moacunTaHHbIin

o opmyie (1), COCTaBUT BENHUUHY
E(p,ej):zai/.pi, j=l.,n (11)
i=1

Tak xak a(p) =min E(p,q), TO
q
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Zai/.pl. za(p), j=l.,n (12)
i=1

u urpok I B ycrnoBusix (12) Oymer cTpeMuThes U30paTh TaKyr CTpa-
TETHI0 TIPU KOTOPO BenurnHa o/(p) OyeT MakCHUMaTbHOM.

3amauy urpoka I MoxHO mpeoOpazoBaTh CIEAYIOMINM 00pa-
3oM. [Ipennonoxum, uro op) > 0. Pa3nenus yieByto U IpaByro 4acTu

Kak70oro HepaBeHCTBa (12) Ha o(p), mosryuynum

m
B pi > 1 . :1

;ay Oc(p)_ , j=1l..,n
BBCZICM HCOTPULIATCIBbHBIC HCU3BCECTHBIC I/ll. :L,
a(p)

\4 m p
i=1,...,m, cyMMa KOTOPBIX ® = » U, = Y ——~=——— — BEIIUYH
o 2= 2" alp)

Ha, oOparHas BenmuuHe o(p). Torma 3amaua urpoka I MOXeT OBITH
3alMcaHa B BHUJE CIENYIOUIEH 3aJaud JTUHEWHOTO MPOrpaMMHpOBa-

HUA:

! : (13)

AHaOTUYHBEIMHA PACCYKACHUAMHN MOXHO CBCCTH 3aJiavyy HI-

poxa II x cnenyromeit 3a1aye JIMHEMHOTO IPOrPaMMHUPOBAHMS:
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."' (14)

Herpyano Buzaerh, yTo 00€ 3T 3ajauu SIBJISIFOTCS JBOWCT-
BEHHBIMH JPYT K APYry, U UX ONTHMAJbHbIE PEIICHUS MOTYT OBITh
MIOJTY4E€HbI CUMIUIEKC-METOIOM OJTHOBPEMEHHO.

O6o03HaunM onTUMalbHBIE pemeHus 3a1a4 (13) u (14) gepes
* * . ] B3 .
U" = (ul) , i=L..,m, X=(x), j=1..,n a ONTUMAaJbHbIC 3HAUe-
o * *
HUS LEeNeBbIX QYHKIMN @ =z . Torga ontuManbHble CTPATErMH MUI-

B3 B3
POKOB p W ¢ W LIEHA UTPBI V OIpENIEstoTes 1o popmyne

p = .U,q: X', v= = (15)

*

CeeneHne MaTpU4HON WIpbl K 3ajade JIMHEWHOTO Iporpam-
MHPOBaHMSI IPOBEACHO B MpEANoaoxeHuu ofp) > 0, 4TO paBHOCHIIb-
HO YCJIOBHIO NOJIOKUTEIBLHOCTHU 11eHbI Urpsl (v > 0). Ecou urpa nme-
€T OTPULIATENIBHYIO LIEHY, TO ONMCAaHHBIN HEIOCPEICTBEHHBIN Iepe-
X0/l K 33J]a4€ JMHEHHOIO IIPOrpaMMUPOBAHUS C IIOMOLIBIO IJIATEXK-
HOU MaTpulbl 4 He roautcs. B 3ToM cinydyae HEOOXOUMO OT UCXOJI-
HOU UI'PHI IEPEUTH K BCIIOMOTATEIBbHOM C 3aBEIOMO IMOJIOKHUTEILHON
LIEHOW myTeM A00aBJIeHHs KO BCEM IEMEHTaM IJIaTEKHON MaTpHIIbI

HCKOTOPOIr'o MOJIOXKUTCIIbHOTO YUCJIa da. O6o03HaunmM HOBYIO IIIIATCXK-
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Hyr0 MaTpuiy A’ = (al.’/. ), i=1....,m, j=1,..,n Byuem cuurarb, 4TO
YHUCJIO BHIOPAHO TAKUM, UYTO BCE DJIEMEHTHI al.’/. =a; +a> 0. Ucxon-

Hasi Urpa ¢ MaTtpuueil 4 U BCIIOMOTraTeNIbHOM UIphl ¢ MaTpuiei A4’
MMEIOT OJIHO M TOXKE ONTHMANBHOE pemenne (p', ¢ ), OTIHYAloTCs
OHM JIMIIb LIeHOW urpsl. LleHa V' BcoMorarenbHOW Wrpbl U LI€HA V
HCXOJIHOW UTPBI YOBJIETBOPSIIOT PABEHCTBY

vVi=v+ta (16)

Nrak, BepHEMCS K HallEeMy IIPUMEpY.

Heo06xoauMo pemuTs JTHHEHHO-IIPOTPaMMHBIM CITIOCOOOM UT-

21 5 4

C IUIATEXKHOU MaTpullen A4 =
by P 1 3 -1 4

JloGaBHM KO BCEM DJ€MEHTaM MAaTpHIbl A TMOJIOKUTEIHHOE

3 2 6 5

yuciio a=1, momyunm matpuiy A'=
7 PrLY 2 4 0 5

Torma 3amaqn [ u 11 OyayT TakoBBI:

3u, +2u, 21,
2u, +4u, 21,
6u, >1,
Su, +5u, 21,
u, 20,u, 20,

®=u, +u, - min

3agaua I
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3x, +2x, +6x; +5x, <1,
2x, +4x, +5x, <1,
x,20,x,20,x; 20,x, 20,

z=Xx,+x,+x; +x, - max

3agaua 11

Tak kak 3amaua Il umeer cranmapTHy0 (GOpMY C IOJIOKHU-
TEIbHBIM BEKTOPOM OTIPAaHWYEHMH, TO JJIsl HEE M3BECTEH OIMOPHBIN
IJIaH, ¥ OHA MOJKET OBITh pelieHa 3a ouH dTan. [loatomy pexomeH-
NyeTcs pelarb CUMIUIEKC-MeToAoM 3anady II, a pemenune 3agaun [
MOJIYYUTCSl KaK JBOMCTBeHHOe pemieHue. CocraBisieM HaydalbHYIO

CUMILJICKCHYIO TaOJIHILY.

Tab6m. 0
Vi = vy = V3 = Vs = =
—X1 —X» —X3 —X4 1
umy) = 3 2 6 5 1
uyys = 2 4 0 5 1
lz= —1 —1 —1 —1 0

[Tpeo6pazyem T206:1.0 OTHOCUTENLHO BHIOPAHHOTO, IO MPABH-

JlaM CHMILIEKC-METO/1a, Pa3pellatoIIero 3JIeMeHTa, oJyduM T1ad. 1.

Tabm. 1
V= V) = V3= Vg = ®=
—X1 —X» —X3 —X4 1
uyr=1| 173 2/3 6/3 5/3 1/3
uy, = | —2/3 83 | -12/3 5/3 1/3
lz= 1/3 -1/3 1 2/3 1/3
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=(1/3,000),  ¥Y=(0,1/3), z=1/3.
v =(0,-1/3,1,2/3), U=(1/3,0), o=1/3.

Pemas 3agauy nanee, noaydum tadn.2.

Tabmn. 2
v = V) = V3= Vy = W=
—X1 —X2 —X3 —X4 1
uy = 2/8
Uyyr = 1/8
lz= 2/8 1/8 V2 7/3 3/8

ITonydyens! onTuManbHble pemreHus 3aaad [ u 11
=(2/8,1/8,0,0), ¥Y*=(0,0), z"=3/8.
v =(0,0,1/2,7/8), U"=(2/8,1/8), o* =3/8.

HaXOZII/IM HCHY UI'PBI V 1 OITUMAJIBHBIC CTPATCTU UTPOKOB

I §(2 1) (21
vi=—=8/3, pt=v'U =—|=,—|=|=,=|.
il AR 3 [8 8] [3 3]

¢ =vx =32 200)-( 2200,
3188 33

Ilena urpsl v HCXOIHOM UTPHI paBHA

, 8 5
v=v'—a=—-1=—.
3 3
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'JIABA 7
MonenupoBaHue NpoueccoB HAUJIYYILIEro
HCIMOJIb30BAHUS PecypcoB

§ 1. MaTremaTu4eckasi MOJeJIb HAMITYYIIIEro
HCIO0JIb30BAHHUSI PECYPCOB

Cpenu mHUpPOKOTro CIEKTpa MaTeMaTHYECKUX MOJIEIEeH B KO-
HOMHUKE 0C000 BBIJICISETCS KJIACC ONTUMU3AIMOHHBIX MOJEINEH, Mo~
pPOKAaeMbId ONITUMATIBHBIM TOJX0JIOM K MCCIIEyeMBbIM OOBEKTaM U
npoiieccaM. B 0CHOBE ONTUMAIBLHOTO MOAX0/1a JekKAT OOBEKTHUBHBIC
MPEANOCHUIKY, BBITEKAIOIINE M3 CYI[HOCTH MPOILECCOB MPUHATUSA
pelIeHni U yrpaBieHus. Beskas onTUMU3alMOHHAs MOJEb Oasupy-
€TCsl Ha TPEX OCHOBHBIX MPEANOIOKECHHUIX:

1) orpaHM4eHHOCTb PECYpCOB (CPEJICTB) B MPOU3BOACTBEHHOM
Y HENPOU3BOJCTBEHHOH Cepax;

2) B3aMMO3aMEHSEMOCTh PECypPCOB, OOYCIOBIMBAIOIIAS MHO-
TOBAPUAHTHOCTh PEIICHUS 3KOHOMUYECKHX TPOOIIeM;

3) HaNMM4YKUe KPUTEPHUs, TO3BOJIAIONIETO CPABHUBATH Pa3IMUHbIE
SKOHOMUYECKHUE PEIICHUSI.

[Tonartue pecypca B KOHIEMUIHUM ONTHUMAIBHOTO IOX0Ja
TpakTyeTcsi O4eHb IHpoko. [lox pecypcamu MoHUMAKOTCS TPYA,
3eMJIs, MaTepUAIbHO-TEXHUYECKUE WM (DUHAHCOBBIE CPEJCTBA, MH-
dbopmanus, popma opraHU3aIluu U yIpaBleHIeCKas JIEATETbHOCTh
BCE JIPYroe, 4yTo TpedyeTcs IpU peanu3alii pacCMaTPpUBAEMBIX KO-

HOMUYECKUX PEIICHUMN.
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[To oTHOIIEHHIO K HE BOCIPOU3BOJUMBIM pPECYpcaM MOKHO
TOBOPUTH 00 a0COIOTHOM WX OTPAaHUUYEHHOCTH, a MO BOCIPOU3BOIU-
MBIM pecypcaM — 00 OTHOCHTEIIBHOM OIPaHMYE€HHOCTH B paccMaTpu-
BAEMOM MPOMEKYTKE BPEMEHHU.

B Maremaruueckoit popme yciaoBus OTpaHUYEHHOCTH PECYpP-
COB H UX B3aUMO3aMEHSIEMOCTb MOTYT OBITh 3aIMCAHBI TAK:

g.(x,,.x,)<b, i=1,.,m, (1)

x, 20, j=1..,n, (2)

rJie Xj — NOKa3aTellb aKTUBHOCTH (MHTEHCUBHOCTH) j-TO CIIOCO0a Jesl-
TEJNBHOCTU (BBIMYCK MPOAYKIIMH, 3arpy3ka 00OpYyHOBaHUS, CTEIECHb
YIOBJIETBOPEHUS NOTPEOHOCTH, 00BEM OKa3aHHBIX YCIYT U T.1.);

g, (x1 yeo X, ) — (yHKIMY 3aTpaT i-Tro pecypca;

b; — 00BeM i-ro pecypca.

MHOroBapHaTHOCTh 3KOHOMMYECKUX PELICHHM TakKkXKe OTO-
Opaxaercs B popme ycrmosuii (1). Ona oOycnoBiIMBaeTcs B3auMoO3a-
MEHSEMOCTBIO PECYPCOB, PA3IUYHBIMHU CHOCO0AMH MX HCIIOJIb30Ba-
HUS, 4YTO B MOJIEJIM OTOOpakaeTcsi HabOpOM «CIIOCOO0B TPOU3BOCT-
Ba» U C MIOMOUIBIO BUJA PYHKIHH g;.

OnuH U TOT K€ pe3yabTaT MOXKET OBITh MOJIYYSH PA3TUYHBIM
nyreM. Hampumep, cranb MOKHO TOJYYUTh MapTEHOBCKHUM W KOH-
BEKTOPHBIM CIlIOCO0aMM (37€Ch NMPOMCXOJIUT 3aMEHa OJHOIO THIIA
00OpYyZIOBaHUS U TEXHOJOTHH Ha JIPYTroil), B KaueCTBE TOILUIUBA MO-
I'yT WUCHOJB30BAThCS JIPOBA, Yroiib, HEPTH, AIIEKTPOIHEPTUSI U APY-
roe.

102



Crnenyer OTMETHUTH, UTO 3aMEHA OJJHOIO pecypca JIPYyruM MO-
KET MPOUCXOJUTh ONOCPENOBAHHO 4Yepe3 JJIMHHYIO LIETOYKY Mps-
MbIX 3aMeH. Hanpumep, yroiab MoeT Ie-To 3aMEHUTb HE(QTh, UTO
CO3/IaeT YCIIOBUS MCIOJb30BaHUS 3TOM HE(PTH VIS MOJydeHUS CHUH-
TETUYECKUX BOJIOKOH, YTO CO3/Ia€T, B CBOIO OUYE€PE/b, BOZMOKHOCTh
CHIDKEHHSI TIOTPEOJICHHSI XJIOMKa, a CIe0BATEIbHO OCBOOOINT YacTh
MIOCEBHBIX IUIOIIA/IEH, KOTOPbIE MOTYT OBITH MCIIOJIb30BaHbI IS IpY-
TUX CEIbCKOXO35MCTBEHHBIX KylbTyp. Hannume HemocpeacTBeHHON
WM KOCBEHHOM 3aMEHSIEMOCTH PECYPCOB B SKOHOMMUYECKUX IPOLEC-
cax 00YCIIOBJIMBAeT BO3HMKHOBEHHE MHOXECTBA JIOIMYCTHUMBIX 3KO-
HOMMYECKHX PEUICHUH, YTO MPHBOJHUT K MpoOiiemMe BhIOOpa Hanbo-
Jiee MOJXOMSIIEro peleHus. ITo JocTuraercs Onaroaapsi Ipearo-
CBUIKE WJIM YCTIOBHIO 3. YcinoBue 3 ONTUMHU3AIMOHHON Mojienu (op-
MaJM3yeTcsl B BUJIE

z= f(x,,...,x,) — max 3)

Hanuuue xputepusi oleHKH KadecTBa SKOHOMMUYECKUX pellie-
HUN — HEOTHEMJIEMOE YCJIOBUE B ONTHUMAIBHOM IOJXOJE, IPUYEM
COBPEMEHHAsi KOHUEMIMs ONTUMAIBHOTO MOJX0/a J0IMYCKAeT Halu-
4ue He 0JIHOTO KpUTepus (11eJ1), a MHOTUX KpuTepueB. B nocnennem
Cly4ae TOBOPAT O MHOTOKPUTEPUAIBHOW MM MHOTOLIEIIEBOM ONTH-
MU3ALHH.

3anava (1) — (3) sBuseTcs 3amayeil HETMHEMHOrO MpOrpam-
MHPOBAHMSI, YACTHBIM CIy4aeM KOTOPOTO SIBJIIETCS! JIMHEHHOE IpOo-

IrpaMMHpPOBaHHUE.
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JUisg pa3iauyHbIX SKOHOMHYECKUX OOBEKTOB (MpEeANpUsTHH,
¢GbupM U T.J1.) B KaUeCTBE KPUTEPHEB ONTHMHU3ALNU MOTYT BBICTYIATh
pa3NuYHbIe MOKa3aTeIn: NpUuObUIb, ce0ECTOMMOCTD MPOIYKIIUHU, Ba-
JIOTHAs BBIPYYKa, CyMMa KPEAUTOB, BEJIMYMHA HAJOTOB, MOCPEIHU-
YeCKHe YCIYTH U Jip. B ycIOBHSIX phIHOYHOM SKOHOMHUKH BCE 3THU TO-
Ka3zaTeJd UTparoT PoJib MPU ONpPENeNICHHH CTPATeTHH MOBEACHUS U
Pa3BUTHS U3y4aeMOT'0 SKOHOMHUYECKOTO OOBEKTA.

Maremaruueckas mozaensb (1) — (3) mpeacrasisier coboit 3a-
Jayy MaTeMaTH4ecKoro mnporpammupoBanus. [Ipu mocratodyno pa-
3YMHBIX  JIOTIOJHHUTENBHBIX THUIOTE3aX OTHOCHUTEIBHO  (PYHK-
1ni g;(x;,...,x,) IOCTPOEHA CTPOWHAs MaTeMaTHYECKas TEOPHs, YCTa-
HABJIMBAIOIIAs OCHOBHBIE CBOMCTBA pPEIICHH, M3BECTHAs TI0]1 HAa3Ba-
HUEM TEOPUH JBOWCTBEHHOCTH.

OTH TUNOTE3bl KacaroTcs 00JacTH JIOMYCTUMBIX pEIIeHH

(OP), ompenensemoit cucremoil HepaBeHCTB (1), (2) u ueneBoit

¢bynkuuu (3).

§ 2. IlonsaTue }IBOﬁCTBeHHOCTH, JBOMCTBEHHBbIE OIEHKHM H HX

NPUMEHEHUE B IKOHOMUYECKOM aHAJ/IN3¢

Teopust TBOMCTBEHHOCTH TO3BOJISIET HE TOJIBKO CTPOUTH (-
(eKTHBHBIE AITOPUTMBI IIOMCKA ONTHUMAJIBHBIX PEIICHHH, HO U MPeJ-
CTaBJIsieT OoraTelii MHCTPYMEHTAapUil s aHaln3a BHYTPEHHEU

CTPYKTYPBI HCCIIEyeMBIX SKOHOMUYECKUX OOBEKTOB M IMPOIECCOB,
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0TOOpa)KaeMbIX C TIOMOIIBI0 MATEMAaTHUECKUX MOJIENIEH, a TakKe JIIs
MOJTyYEeHHUsI COJIePKATEIbHBIX SKOHOMUYECKUX BBIBOJOB M 000011e-
Huil. [loHsTe ABOMCTBEHHOCTH SBJsieTCs (DyHAaMEHTAIBHBIM B OTI-
THUMU3ALIMH, & JBOMCTBEHHBIE OLICHKU UTPAOT 3HAYUTEIIBHYIO POJIb B
aHaJIM3€ YKOHOMUYECKHUX MPOLIECCOB.

O0603HaUNM u; — TBOMCTBEHHYIO OIIEHKY -0 pecypca B 3aja-
ge (1) — (3), a v; — IBOMCTBEHHYIO OLICHKY j-T'0 CIIOCO0A IEATEIbHO-
cti. Torma ycioBHst HCXOTHOM M IBOMCTBEHHOM 3a7ja4 U COOTBETCT-
BHE MEX/y HUMHM IIPE/ICTABUTH CIIETYIOIUM 00pa3oM:

b, — g, (x0x, )=, 20 &> u, >0

X dg, 4
x;20 v, :zuii——fZO

' SO dx, dx,

J J
Jlid 3a7a4 BBITYKIJIOTO MPOrpaMMHPOBAHUS YCTAHOBJIEHBI HeE-
00XOMMbIE€ M JIOCTATOYHBIE YCIOBHS ONTUMAIBHOCTH TMPSMOTO U
nBoiictBeHHoro pemenuil (Teopema Kyna-Takkepa), koTopsle IpHu-
MEHHUTENBbHO K 3amade (1) — (3) B ciydae ee BBIMYKIOCTH MOXHO

copMyIupoBaTh TaK.

Heompuyamenvnoie 6exkmopbr X = (x1 yeees X, ) Y = (y1 ,...,ym),
U =(uy.st,)), V=, v,) onmumansuvr mozoa u monvko mozoa,

K020a BbINOTHAIOMCSL YCI06US. OONOTHAIOUEL HEeHCeCMKOCHU
yu,=0,i=1..,m 4)

XV, =0, j=1..,n Q)
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Ecimu dysxumn g, (x,,...,x, )

dg.(x,,....x,)

dx; ' dx;

JIMHEHWHEBIE, TO
(5) npuHnUMaroT BUJ
n
b, - Z%-xj u; =0
=1

m
Xy Zai/“i —¢; |=0
i=1

VYcinoBua HOMOJHAIOLIEH

Il
g
=

=

f(xl,...,xn): Zn:cjxj

J=1

=c, u ycnosus (4),

HCKCCTKOCTHU OMNpPCACIAIOT CJIC-

13'2:0) 1085 (3 CBOMCTBa OITHMAaJIbHBIX peHIGHI/Iﬁ B 3a1a4C HaWJIy4dliero

UCIIOJIb30BAHUS PECYPCOB:

1. Ecnu onmumanvras OYEHKa HeKomopoco pecypca noJo-

* o
acumenvra (u; >0), mo maxoiu pecypc noiHocmoio uc-

nomvzyemesi (y; =0).

2. Ecau xaxoti-mo pecypc HeOoUucnob3yemcs ¢ OnmumMaib-

Hom pewenuu (y; >0), mo eco oyemka pagna Hymo

(u'=0).

3. Ecau 6 onmumanvrom peuteHuu URMeHCUBHOCmMb KAK0o20-

mo euda oesamenbHOCmMuU (npoyecca) noLOHCUMENbHA

.
(x;>0), mo cymmapnvie 3ampamel 6 smom npoyecce,

UCHUCTIEHHblE 6 ONMUMANbHbLIX OYEHKAX, DAB6HblL pe3)lb-

mamam (v; =0).
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4. Ecmu cymma sampam no OnmumMalbHblM OYEeHKAM u; npe-
80CX00UM pesyibmanivl Ol KAKO20-MO B803MONCHO2O

* ~
npoyecca desmenvrocmu (v, >0), mo maxoi npoyecc

He ucnonb3yemcs 6 onmumanvHom pewenuu (x; =0).

OnTuMmasibHbIE OLIEHKM PECYpCOB B 3ajadyax ONTHUMM3ALMU
UMEIOT YETKYI0 AKOHOMMUYECKYI0 MHTeprnperanuio. OHU SBISIOTCS
KOJIMYECTBEHHOM Mepoi MpeAeabHOM M0JIE3HOCTH UK 3((PEKTUBHO-
CTH MCIIOJIB30BAaHUS PECYPCOB U XApAKTEPU3YIOT aOCOIIOTHBIA MpHU-
POCT ONTUMHU3UPYEMOTO MOKA3aTeNsl Z B ClIydae yBEIMUEHUs 00beMa
3TOTO pecypca Ha OJIHY EUHUILLY.

[TpenmonaoxuM, 4YTo MPOUCXOJUT ONTHMHU3ALUS MPUOBUTH OT
peain3ali HEKOTOPBIX M3AEIUM, MPOU3BOJIUMBIX MPEANPUATHEM C
HCI0JIb30BAHNEM OI'PAHUYEHHBIX PECYPCOB ChIphs U Tpyaa. [lycTs B
pe3yabTaTe MPOBEAEHHBIX PACUYETOB IOJIyY€HA IIPOrpaMMa BBITYCKa
W3JIeNNH, arolas HauOoJbIIyI0 TPUOBLUIb NPEANPUATUIO, U HAWJIEH-
HbIC ONTUMAJBHBIE OLEHKH ChIphbs u; = 50 p/kr m Tpynma u; = 100
p/4en.-u.

HaHOMHI/IM, 4TO CAUHUILBI U3SMCPCHUA I[BOfICTBGHHBIX OLICHOK

_lz]
[6]°

M3MEPEHUS] COOTBETCTBEHHO OIIEHKH i-TO pecypca, ONTUMHUZHPYEMO-

omnpenenstoTcs no Gopmyie [“1] rae [uil, [Z], [b:] — enuHUIIBI

ro rnokasarens Z u o0bema pecypca i BUJA.
Bennumnna onieHKH chIpbs #; = 50 p/Kr MOKa3bIBaET, YTO €CIU
K UMEIoIIeMYycsi 00BbEMY ChIPbsl B pacCMaTpUBaeMOM CUTyalu 100a-
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BHUTH OJIMH JIOTIOJTHUTEIHHBIA KWJIOTPAMM CBIPbS, TO 00IIast MPUObLIH
MOXKET OBITh YBEITMYCHA 3a CUET YBEIIMYCHHS BBITyCKa M3JCIUN HA
50 p. Eciu xe o0beM ChIpbsi CHU3UTCS Ha KWJIOTPAMM, TO MaKCH-

MaJIbHO BO3MO>KHAsl BEJIMYMHA NMPUOBUM cHU3UTCA Ha 50 p. AHaio-
T'UYHO WHTEPIPETHPYETCS U ONTHMAIIbHAS OLICHKA TPYIa U, .

Jpyrumu cioBaMu, ONITUMAaJIbHAS OLIEHKA pecypca KOJIMYeCT-
BEHHO M3MEpSET MOJIE3HOCTh MOTPEOJICHUS] OJTHON JOTOJHUTEIHLHON
eIMHUIIBI pecypca CBEpX MMEIOIIErocss 00beMa 3TOro pecypea, T.e.
MIPeIeTbHYIO TTOJIE3HOCTD, HITH MPEIeNIbHYIO 3P PEeKTUBHOCTS.

B maremaTudeckoit hopme 3TO MOKHO 3aMKcaTh CIEIYIOIUM
obpazom. Ob6o3HaunM uepe3 Z(b) MakcuMyM TiesieBol (PYHKIIMU B 3a-
naue (1) — (3), rne b :(bl.), i=1,...,m — BEeKTOp 00BEMOB OTrpaHU-
YEHHBIX pecypcoB. B 0003HaueHHM Z(b) NOMAUYEPKUBACTCS 3aBUCH-
MOCTh MAaKCUMyMa OT BEJIHMYMHBI pecypcoB. Torga cmpaBevBa
dbopmyna

. Z(b,,...b. + Ab.,....b, )— Z(b)

Yy A

1

(6)

Ecnu usmenuts 00beM i-ro pecypca b; Ha HEKOTOPYIO MaJyiO
BCIIMYHUHY Abl‘, TO ONTHUMAJIIBHOC 3HAYCHUC ONITUMU3HUPYEMOTO IMOKa-
3arens Z Mpu HOBOM 00BEMe pecypca MOXKHO pacCUuTaTh Mo (hopmy-
ne

Z(by,..sb, + Ab,,....b, )= Z(b) + u] - Ab,, (7)

T.€. Pa3HOCTb MEXIAY HOBBIM U CTAapbIM OINTHUMYMOM COCTaBUT BEIU-

quHy U;-Ab;.
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B cnyuae m3MeHeHHs BCeX KOMIIOHEHTOB BeKTOpa b Oynem

UMECTH
Z(b+ Ab)=Z(b) + iul_ - Ab, (8)
i=1

Xotst hopmynet (7) u (8) 3ammcaHbl B opMe CTPOTHX pa-
BEHCTB, Ha CaMOM JIelie UX CIIeyeT MOHUMAaTh KaK MPUOIKEHHBIC
paBeHcTBA. [[e0 B TOM, YTO ONTUMAIIbHBIE OI[EHKH KaK TOYHYIO KO-
JUYECTBEHHYIO Mepy TpelenbHON 3(PPEKTUBHOCTH MOKHO HCIOJb-
30BaTh JIMIIL B OOJIACTH WX JOBEpUS WIH ycTOHMUMBOCTH. Ecim ke
IPUPOCT 0OBEMOB PECYPCOB 3HAUMTENIEH, TO BO3MOXKEH BBIXOJ U3
obnacTu JOBEpHUsS ONTHMAIBHBIX OIICHOK W WX HUCIOJb30BaHUE B
dopmynax (7) u (8) gact nuIIb MPUOINKEHHYIO OIICHKY ONITUMYyMa B

HU3MCHUBIINXCA YCIIOBUAX.

U(r) A

0 7 7y 7 O0Bem pecypca
Puc.1. I'padux ¢pyHkimm npeneabHO M 3 peKTUBHOCTH
pecypca B JIMHEMHBIX MOIENSAX
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OTMmeTuM, YTO ONTHMAaJIbHAS OLIEHKA PECYypCcOB Kak Mpeaesb-
Hasi ero 3PQPEeKTUBHOCTH 00NagaeT OOIIMM CBOMCTBOM IOKa3aTene
npenenbHoi A(PQGEKTUBHOCTH U COCTOSIIMM B HMX YMEHBUICHHH C
yBeJTUYeHUEM oObeMa MoTpelieHus: pecypca. Mexay nmokasaTesnem
npenenbHOi A((EKTUBHOCTH pecypca H ero 00beMOM MOTPeOICHHUS
umeercs oOpaTHas cBsizb. C yBennmueHHEM 00beMa MOTpeOIeH s pe-
cypca BEeIMYMHA ONITUMAIIHON OLIEHKU CHHKAETCSI.

B nuHEWHBIX MOAENIX HAWIY4YlIEro HCIOJb30BaHHUS PECYp-
COB TMOKa3arelb NpeaebHON 3(PEeKTHBHOCTH pecypca MMEeT CBOH
cnenupuieckue 0cOOEHHOCTH, a UMEHHO, €CII PacCMOTPETh 3aBH-
CUMOCTh ONTHUMAJIBHOW OIEHKH I-TO pecypca OT oObema 3TOTo pe-
cypca Ipu HEM3MEHHBIX 00BbeMax MPOUYUX PECypCcOB, TO 3Ta 3aBUCH-
MOCTb OTOOpaxaercs QyHKuuen u r) (r — nepeMeHHbI nmapamerp),
uMerolIel rpaguk B BUJE CTYIIEHYaTOW JJOMaHHOM JIMHUU.

U3 rpaduka pyHkumuu ur) BUAHO, YTO B Mpeaenax HEKOTO-
pPBIX MHTEPBAJIIOB ONTHMAJbHAsl OIEHKA OCTAETCS ONTUMAIBHOMU, a
IpU TIepexoJie K JAPYroMy MHTEPBATYy MPOUCXOJUT CKaYKOoOOpaszHOe
MOHWKEHNE OLIEHKU. Takue MHTEepBasbl HA3bIBAIOTCS MHTEPBAIAMU
YCTOMYMBOCTHU OIIEHOK HJIM MHTEpBAJIaMH UX TOBepusi. Takux UHTEp-
BaJOB KOHeuHoe umcio. C HeKOoTOporo 3Ha4YeHHss oOBeMa pecypca
MIPOMCXOIUT HACBIIIEHUE ITHM PECYpCOM, U ero mpezaenbHas dddex-
THUBHOCTb CTAaHOBUTCA paBHOW Hymro. Ha puc. 1 310 nmpoucxomur B
MOMEHT 7 = r3. C 3TOT0 MOMEHTa JOTOJHHUTEIBHOE HCIOJIb30BaHNE

pecypca HEBBITOHO. OOBICHSIOIMMNX IPUYUH 3TOMY SIBJICHUIO MOKET
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OBITh HECKOJIbKO, U OHHM TECHO CBSI3aHBI C PacCMaTpUBAEMON KOH-
KPETHOHM cHTyarueil. 9T0 MOTyT OBITb MOIIHOCTH TPEANPHUATHHA U
HCTIOJIb3yeMble TEXHOJIOTHH, HOPMBI pacxojia pecypcoB, OTpaHUYCH-
HOCTB JIPYTUX BUAOB pecypcoB u Ap. Touku paspbiBa GyHKIHUU u,(7)
COOTBETCTBYIOT IEPEX0JaM OT OJHOTO ONTUMAIILHOTO Oa3uca K Jipy-
roMy.

Brauaie, mpu maneix o0bemMax pecypcea, npeaeiabHas dhdex-
TUBHOCTBH €0 MOTPEOICHUs SIBIISETCS BBICOKOH, TaK Kak IMpHUBJIEKa-
I0TCSL BBICOKOA((EKTUBHBIE CLIOCOOBI €ro Hcnoib3oBaHus. [lockomb-
Ky 9TH CIIOCOOBI XapaKTEPHU3YyIOTCS OINpeNeIeHHBIMA HOPMaMy TO-
TpeOJIeHUsT BCEX pacCMaTPUBAEMBIX PECYPCOB, TO HMHTEHCHBHOCTb
MPUMEHEHHSI ITHX CIIOCO00B He Oe3rpaHUyYHAa B CHUIY OTPaHUYEHHO-
CTH Bcex pecypcoB. C HEKOTOPOTO MOMEHTA MOTYT TIOSIBUTHCS Y3KHE
MeCTa MPHU UCTIOIB30BAHUU JIPYTuX pecypcoB. C 1eTbI0 MOBBIIEHUS
BEJIMYUHBl ONTUMU3UPYEMOTO TIIOKa3aTelNsi MPOU3BOAUTCS 3aMeHa
BBICOKO3(D(pEeKTHBHOTO crmocoba JpyruM, HO MOTPEOIISIONIETO IPYTHE
pecypchl B MEHbIIIEM 00beMe, U MOITOMY IMOSBIISIETCSI BO3MOKHOCTD
YBEIMYUTH TOTpEONIeHHE i-T0 pecypca, XOTS M ¢ MeHbIIel 3ddek-
TUBHOCTBIO.

[Tepexon Ha Gosee HU3KYIO d(H(PEKTHBHOCTH HCIIOIH30BAHUS
i-T0 pecypca KOMIIEHCHPYETCsl YBeIMUeHHEM o0bemMa ero norpedie-
HUS, B pe3yJbTaTe 4ero 3HaYyeHue onTuMyma Bo3pacrtaet. [locne To-
ro, Kak BCe BHYTPEHHHE pe3epBbl 0O0OBEKTa MCUEPIAaHbI, CTAHOBUTCS

HEBBITOJTHBIM JIONOJHHUTEIBHOE TOTpeOsIeHHe TaHHOTO pecypca Mpu
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HEU3MEHHBIX IPOYUX YCIOBHUIX MOJEIH.
B cnyuae Beimykiioit mozenu (1) — (3) ¢ rmaakumMu QyHKIHs-
MU g; U f Tpaduk QyHKIMH u,(r) OyaeT MpeaAcTaBIsITh COOON BBITYK-

nyro pyHKIHO (CM. prc.2).

>
O6beMm pecypca
Puc. 2. I'paduk ¢pyHkumu npenenbHOM 3hHEeKTHBHOCTH
B HEJIMHEHHBIX MOZEIISX

ulr)
A

: >
0 b; b; +Ab; O6beM pecypca

Puc. 3. I'paduyeckoe onpenesieHUe IPUPOCTa ONITUMYMa
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YTounum teneps Gopmyny (7) s pacuera 3HaUYCHUS (YHK-
uuu Z (bl. + Abl.). B sroii popmyse npupocT onTUMymMa , BBIpaKEH-

HBII IPUOJIM3UTENIBHO B BUJE u,Ab,, ClIeyeT 3aMEHUTh HHTErPAJIOM

rae u(r) — QyHKuus npenenbHoi d3p(EKTUBHOCTH, T.€. MPUPOCT Xa-
paKkTepu3yeTcs IJIONMaaAbl0 (UTYPHI, PACMOJIOKEHHON MOJ JUHUEH
u(r) B UHTEpBAJIe U3MEHEHUS i-TO pecypcea oT b; 1o b; + A b;. B nu-
HEWHOM ClTy4dae, yIUThIBas CTYIICHUATBIA XapaKTep JTMHHUH, HHTETpa
MOXET OBITh 3aMEHEH CyMMOH (cM. puc. 3):

z uf" Ui

(k)

rjae u; ' — NIpeAeNbHas I0JIE3HOCTh, OTBEYAIOIasi k-My MHTEPBaILy
yeroitanBocTH, a [ — jiuHa nHTEpBana (IS MOCIEIHEro HHTEpBaa
3TO MOKET OBITh KaKas-TO €ro YacTh).

B wactHOoCTH, ecnM B 3ajauy€ MMEIOTCS OIPaHUYEHUs TUIA
“>”, cBsI3aHHBIE, HAIIPUMEp, C 0053aTENbHBIM BBIITYCKOM ITPOIYKIIUH,
00yCIIOBJICHHBIM JIOTOBOPHBIMH YCJIOBHSMHU. B 3TOM ciyyae Ha BBI-
MyCK ATOM MPOAYKIMU MOTpedyeTcss KaKoH-To 00beM i-To pecypca

b’ , MeHbIIE KOTOPOTO JIOTOBOPHBIE YCIIOBHUSI HE MOTYT OBITh BBIMOJI-

HEHBI U, CJIEI0BATENIbHO, 337a4a OyAeT He pa3pelirma B UHTEpBaje

(0,°).
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§ 3. IlocTpoenne pyHKIUM NpeaebHON

3¢ dexTUBHOCTH pecypcoB

PaccmoTpenHas Bbime (QYHKIUS TMpeneibHON 3PPEeKTUBHO-
CTH UI'PAeT CYIIECTBEHHYIO POJIb B 33/1a4ax HAWJIYYILErO MCIOJIb30-
BAaHMS pecypcoB. MaremaTudecKuil anmnapar, NpUBJIECKAEMBbIA U €€
IIOCTPOEHHUSI, COCTOUT B NAPAMETPUUECKOM aHAIU3€ ONTHUMM3ALUOH-
HBIX Mozeneil. MeToauKy NmoCTpOEHUs MPOUJUTIOCTPUPYEM Ha KOH-
KPETHOM DKOHOMHUYECKOMN CUTYallUH.

IIycts mMeeTcs npeanpusitue, KOTOpOE€ B CBOEH JIEATEIbHO-
CTH MCIOJB3YET JBa Crloco0a MpOM3BOJCTBA: OJIMH CHOCOO s BbI-
IycKa IOpOAyKUMH A, Apyroll — ans nponykuuu B. Ilpu Bwinmycke
ATHUX MPOJYKTOB PACXOAYIOTCA BpeMsi Ha 000pyJOBaHUE M AJIEKTPO-
sHeprus. M3BecTHBI HOPMBI pacxoja 3THX JBYX PECYpCOB Ha €1u-
HUYHBIN BBINYCK MpoayKuu 4 u B. B pe3ynpTate peanuszanuu npo-
NYKTOB NMPEANpUATHE MoJIydaeT npuOblib. TpedyeTcs U3yuynuTh BIus-
Hue 00beMa NoTpelIsieMON 3JIEKTPOIHEPTUN Ha BEIMYMHY NTPUOBUIH
U ToBelleHUe (PYHKIUU TpeaeibHON 3(PPEKTUBHOCTH IJIEKTPOIHEP-

MU B PaCCMaTPUBAEMOM CUTyalUH.
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VicxonHbie JaHHBIE 339U 3aIMCAaHbI B CIICAYIOIEH TabmuIe.

Hopma pacxoma pe-
Pecypchr CypcoB O0BEM pecypcoB
4 B
O6opynoBaHue,
1 6
CT.-q
JIIEKTPOIHEPT U,
4 r
KBT1-u
[TpuGbLIB, p 3 2

CocraBUM MAaTE€MaTHYECKYI0 MOJENb IPOU3BOJICTBEHHOIO
npouecca. O003HaYMM X| — 00BEM BBIITYCKa IPOAYKIMU A, X — 00b-
€M BBIITyCKa MPOAYKUUU B, r — 00bEM 3JI€KTPOIHEPIur, KOTOPBIH
OyleM cuuTaTh NEPEMEHHBIM IapaMeTpoM. Beimuiiem pecypcHbie
OTpaHUYEHUS U IeNIEBYIO (DYHKIUIO MOJEIH.

3arpy3ka obopyngoBaHus — 2x, +x, <6 — 3((heKTUBHBIN
¢dboHI BpeMeHH.

[Torpebnenune an/3Heprun — S5x, + 4x, < r— 00beM NIEKTPO-
SHEPTUH.

x 20, x,20
O6mas npuOsLIb —  Z =3x, +2x, > max
Ilycte Z(7), ux(r) — MakcuManpHasi OpUOBLIL U MpeAeIbHas

3G PEKTUBHOCTH JJICKTPOIHEPTUHU, COOTBETCTBYIOIIHNE O00BEMY DJICK-
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TposHepruu 7. Mccnenyem 3TH 3aBUCUMOCTH OT MapaMeTpa » METO-
JIOM IapaMeTPUYECKOT0 aHAIIN3a IOCTPOCHHOM JTUHENHOM MOJIEIH.

HavanbHas cumiiekcHas Tabnuna npezacrasieHa B Tadd. 0.

Tab6m. 0
Vi = V) = Q)
—X1 o) 1
1)1 2 1 6
12)2 S 4 r «—
1z -3 -2 0

Haiinem cHavana ontumanbHOe penieHue B Touke » = 0 u ee
OKPECTHOCTH.

HeobOxomumo HaiiTu pazpemaronuii cronberr. Beibop ero
c/enaeM TakuM oOpa3oMm, 4yTOOBI 3a OJIHY UTEPALMIO MEPENTH K Ol-
TUMAJIBHOW CHUMIUIEKCHOW Tabnwuile. [ 3TOro mpuBjieueM Cieayro-
1Me YKOHOMHUYECKHe cooOpakeHus. Be1Oop paspelaroiiero cToiaoa
— 9TO MpOoLEAypa MOUCKa MEPEMEHHOI cper HeOa3UCHBIX TIepEMEH-
HBIX X| M X; KaHJIUAaTa IS IEPeBOa B UMCIIO OA3MCHBIX, YTO B pac-
CMaTpPUBAEMOM CHUTyalluWl O3HAYaeT, MPOHM3BOJICTBO KAKOTO M3 JIBYX
BUJIOB MIPOAYKTOB A U B ciiefyeT HauaTh B MIEPBYIO OYEpe/Ib B CIydae
MaJioro oobeMa 7 NEKTPOIHEPTUU. SICHO, YTO TIPU MAJIOM 3HAYCHHUU
7 IUMUTUPYIOIIUM PECYPCOM OYyIIET 3JIEKTPOIHEPTHUS, a HE 000pyI0-
BaHUE, U MOTOMY MOXHO CUUTaTh, YTO MBI UMEEM JIEJIO MOHAYaIly

Kak OBI JIMIIE C OJITHUM OT'PpaHUYCHUCM.
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[TosToMy ciienyeT BeIOpaTh TakOW MPOIYKT, NMPU MPOU3BO-
CTBE KOTOpOro mnotpebdnsemsbiii 1 kBT-4 obecnieuuT mnoixydeHue Hau-
Oonpmeit mpuOpm. Tak Kak €JUHUYHBINA BBITYCK MPOAYKTa A CO-
npsikeH ¢ noTpedieHuemM 5 kBT-u u noixydeHueM npubwsuiv 3 p., TO
spdext norpednenuss 1 kBr-u pasen 3 p/5 kBtu = 0,6 p/kBt4, a
IIPU IPOU3BOJICTBE MPOAYyKTa B 10T 3ddekt Oyner 2 p/4 kBr-u = 0,5
p/xBt-u.

[TpousBoacTBO mpoaykTa A, cienoBaTenbHO, 3(heKkTuBHEE
IIpU MaJIoM 00BEME JIEKTPOIHEPTUH, U B KAUECTBE Pa3pelIalOIIero
BBIOMpaeM MepBbIid cToJsiOer Tabnuibl. Bropas crpoka BbIOMpaeTcs

paspemaroneidl B COOTBETCTBUU C CHUMIUIEKCHOM NPOLEIypOM Kak

min[g,gjzo
2°5

B cummiekcHo#t Tabnuiie aNeMEHT S5 sBIAETCS pasperiaro-

muM. B pesynbprare npeodpasoBanus Tadiu. 0 mpuxoanm K tadu. 1.

Tabm. 1
Uy = V) = ©
=2 X2 1
11V =2/5  F3/5 6—2r «—

ViX1 1/5 4/5 r/5
1z 3/5 2/5 3r/5
T

[TonyuenHas Tabnuia onpenesieT caeayole ONTUMalbHbIE

mpsMoO€ U IIBOﬁCTBGHHOC PCIICHUA:
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X =(r/5,0), Y =(6-2r/50),

v =(0,2/5), U=(0,3/5),

Z:3r/5, re(O,lS)

Bmecte ¢ pemeHMsAMH NOKa3aH M UHTEPBAl yYCTOWYHMBOCTHU
ONTUMAJILHOTO 0a3uca (MHTEpBaJ JOBEpPUS IOJYYEHHBIM pELIEHU-
SIM), KOTOPBIA HAXOIUTCS ITyTE€M PEIICHUsI CUCTEMBI HepaBeHCTB. Tak
KaK OT MapaMmeTpa 7 3aBHCHUT TOJBKO NpsIMOE peuieHue, To Tadm. 1
OyZeT ONTUMAaTbHON MPH TEX 3HAYCHUSX 7, TIPU KOTOPBIX IIEMEHTHI
MOCJIETHETO CTOJI01Ia Ta0IUIBI OYIyT HEOTPUIIATETLHBIMHU.

Pemraem cucremy HEepaBeHCTB

6-2r/5>0,
r/5>0,

noinydaeM 0<r <15.

[Toxa3zatens npenenbHON 3(peKTUBHOCTH pecypca B MHTEp-
Base (0, 15) mpuHUMaeT MOCTOSTHHOE 3HAYCHUE Ux(7) = 3/5, a Makcu-

MaJbHOE 3HA4Y€HUE NMPUObLIM Z(¥) B 3TOM HHTEpBaJIE MOACUYUTHIBACT-

3r
Cs 4epE3 ITOT MOKA3aTENb 110 popmyie Z(r)= <5

Ilycte Tenepb » > 15. Torga mepBbIil 3JEMEHT MOCIETHETO
CTO0JIOIIA CTAHOBUTCS OTPUIIATENIbHBIM. Tak Kak ONTUMalbHOE JBOM-
CTBEHHOE pEIICHHE HE 3aBUCUT OT 7, TO OHO OyIEeT JOMYCTHUMBIM U
rpu » > 15. [TosTOMYy 1/Is1 ONITUMHU3AIUE BOCIIOIB3YEMCS IBOMCTBEH-

HBIM CUMIIIICKC-MECTO/J0M.
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IlepBast cTpoka B 3TOM Clly4ae CTAHOBUTCS pa3peliarome, a
IUISL OTIPE/ICIICHHUS Pa3pPEIIAIONIETO CTOIONA HAX0AUM CPEIH YaCTHBIX
OT JIENIEHUs DJIEMEHTOB TOCIEIHENH CTPOKM Ha OTpULIATENBHBIC dIie-

MEHTBI pa3pelaroieil CTPOKM MaKCUMaJIbHOE OTHOILIEHUE:!

-6

IIpeobpasyem Tabn. 1 OTHOCHTENBHO pa3pelIaroIiero siie-

MEHTA, B pe3yJIbTaTe MOJy4rM Talm.2.

Tabm. 2
U = Uy = ()
V2 P4 1
Voxo 2/3 —5/3 —10+27/3
VX —1/3 4/3 8 —r/5 «—
1z 1/3 2/3 4+ 7/3
)
X =(8-r/3,-10+2r/3), Y=(00),
v =(0,0), U =(2/3,1/3),
Z=w=4+r/3, re(15,24)

NHTepBan ycTONYMBOCTH HAUJECH U3 CUCTEMBI HEPABEHCTB

2
—10+§I"20 {I"le
=

1 <
8—51"20 r<24
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[Tokazatens mpenenbHON 3(PPEKTUBHOCTH BIIEKTPOIHEPTUN
3 1
CHU3MUJICS C 3 p/xBt-4 1o 3 p/xBT-u.

Orto o3HauvaeT, yto norpedbimenue 1 kBt-u B wuHTEpBaie
(15, 24) naer momodHUTENBHYIO MPUOBLTH 1/3 p, K cymMe mpuObLIH,
MOJIyYEHHOH TPY MCTIOJIB30BAHNY MEPBBIX 15 eIUMHUII SHEPTHH C -
¢dexTuBHOCTHIO 3/4 p/KBT-4. UT0OBI MOTY4UTHh OOIIYIO TPUOBLIL IPU

KAKOM-TO 3HAYEHUU 7 € (l 5,24) HY)KHO CJIOKHTH JIB€ BEJIUYMHBI, T.C.

3Ha4YeHHUe Z (r) , e (l 5,24) MO>KHO paccuMTath Mo popmyie
Z(r)—ljs.gdr+ j.ldr —9+l(r—15)—4+lr
'5 13 3 3

Ecmm, nanpumep, r =18, 10 Z(18)=9 +§(18 ~15)=9+1=10 p.

Bropoe cnaraemoe B 3T0i# cymme 1 p. — 3TO ¥ €CTh JIOMIOJIHU-
TebHasi MPUObLIb, MOTYYEHHAs 3a CYET NOTPEOICHUS TOTIOJTHUTENb-
HbIX 3 kBT'u cBepx 15 kBt1-u.

3aMeTHM, 4TO B Ta0JI. 2 3JIEMEHTHI IOCIEAHEro CTojidna co-
CTOSIT U3 JIBYyX CJIaraéMbIX: CBOOOJHBIX WICHOB U WICHOB, 3aBUCSIINX
ot 7. Koa¢dumuentsl npu 7 paBHBI 3JIEMEHTaM CTOJIOIA, OTBEYAl0-
IEro MePEMEHHOH )2, @ CBOOOIHBIE WIECHBI TIOJY4€Hbl CUMILUIEKCHBIM
peoOpa30BaHUEM IOCTOSIHHBIX WIEHOB IOCJEIHEro CTOJOLa Impe-
JIBITYIIEH TaOJHIIBI.

IIpu r > 24 KOMIIOHEHTA X| CTAHOBUTCS OTPULIATENILHOM (BTO-

pO¥i AIIEMEHT TOCIIEIHET0 CTOJIONA), CIeT0BATENBHO, BTOpast CTpOKa
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CTAaHOBUTCS pa3pellarollel, a TaK KaK B HEW JIMIIb OJUH OTpHIIa-
TEJIBHBIM JIEMEHT, TO OH M OINpeJeNseT pa3pellarolluil CTOJIOEL.

[Tepexoaum k Tab:1.3.

Tabmn. 3
V) = U = )
—X1 V1 1
V2X2 2 1 6
1) -3 —4 24 +r
1z 1 2 12

X =(06), Y=(0,—24+r),

V=010), U=(20),

Z=w=12, re(24,+oo)

B pesynbraTe aHanuza 3a/auu MOJydeHb! QYHKIUS IPEIeIb-
HOW 3(Q(PEKTUBHOCTH NOTPEOJICHUS 3JIEKTPO’HEPrHH B HHTEpBaie
(O,+oo) u QyHKIUSA Z(r), XapaKkTepu3yromas 3aBUCHMOCTh MaKCH-
MaJIbHOM NpUOBLIN Ha MPEIIPUSTUN OT BEJIHMYMHBI 00BEMa JIEKTPO-

SHEpPruMu.

[IpencraBuM uX B BUJIE CIEAYIONIEH CBOJHON TaOIUIBL.

R 0<r<i15 15<r<24 |24<r<+w
u(r) 3/5 1/3 0
Z(r) 3r/5 4+ 7/3 12
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[TocTpoum rpaguku 3TUX QYHKLINH.
A

| 12

| |
>
! ! O6neM
15 24 JNEKTPO3HEPTUU

Puc. 4. Tpaduk pynximn £ (” )
I'padux pyaKIIH uz(r) MIpeCTaBIsieT co00i CTyleHYaTylo

JUHUIO, a PyHKUIUU Z (r) — KYCOYHO-IIPSIMYIO JIMHUIO.

Ulr

3

— _4—

5

1

3 1T 4
! | >

O6Bem

15 24 JJIEKTPOIHEPIUU

Puc. 5. I'paduk pyHkimu npenenbHOM 3hPEKTUBHOCTH 3JICKTPOIHEPTUU
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§ 4. MoaeaupoBaHue MeXaHHU3MOB ONTHMAJIHLHOTO
pacnpeeieHusi pecypcoB. LlenTpanu3zoBanHoe

pacnpeaeicnue u pblHO‘leIﬁ MEXaHU3M

YacTo B JKOHOMHKE NPUXOJUTCH peliaTh 3aJa4y O HAM-
Jiy4yllleM pacnpefejleHHH KAKMX-JAH00 OrpaHMYEHHBIX pPecypcoB
cpead 00bEKTOB HEKOTOPOIl CJIOXKHOH CHCTEMbl, COJdepKallei
3TH 00bekThl. Hanpumep, o pacnpenejieHMu KanbJIOXKeHU, Je-
(puuMTHOrO 000PY/I0BAHUS WM ChHIPbSl M1y NpeANpPHATHAMH
o0beauHeHus1 (orpaciau). OCHOBHBIM KpHTepHeM IPH 3TOM $IB-
JsieTcsl 10CTHKeHHe HauOoubuiero odmero 3¢gdexra, nmonyyae-
MOI'0 OT HCHOJb30BAHHSA PACCMATPHBAaEMbIX PECypCoOB B CHCTe-
Me.

IToxaskeM, KaK MOKHO OCYLIECTBUTH TaKoOe pacipenese-
HHMe LHEeHTPAJU30BAHHBIM IIyTeM M € MOMOLIbI0 PHIHOYHOIO (11e-

HOBOI'0 MeXaHU3Ma).

4.1. MexaHM3M LEHTPAJIU30BAHHOIO pacnpee/ieHust
PeCcypCoB 1o NPpUHUIMITY HAauOoJb1Iel Y PekTUBHOCTH

HCIOJIb30BaAHUSA

ConepxaTenpHyl0 MOCTAaHOBKY 3a/1adyll YTOUHHMM Ha CIIEIYIo-
nieM npumMepe. PaccMoTpuM 00beMHEHUE, COCTOSIIEE U3 HECKOJIb-

KUX npennpusatuid. Kaxaoe npeanpusTie Mpou3BOIUT HEKOTOPBIE
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MIPOJIYKTHI HA UMEIOIIMXCS MOIIHOCTSIX, MUCIIOJb3Ys MPH 3TOM OIpe-
JIETIEHHBIE PECYPCHI.

Hcnonb3yemble pecypchbl MOKHO pa3JeliuTh Ha JBE YacTH.
Yacte pecypcoB Ha MNPEANPUATAM HMMEIOT JIOKAJIBHBIA XapakTep
(oGopynoBaHue, TPYAOBBIE PECYpPCHI, ChIpbE, MaTepuaabl U T.JI.), a
9acTh PECYPCOB PACHPECISETCS OPTraHOM YIIPABJICHUS 00bETMHEHUS
LEHTpaIn30BaHHO. TpedyeTcs Tak pacupeieuTh ITH PECYPCH MEXK-
Iy IPeaNpUITHIMH, 4TOOBI OblJIa OJydeHa MaKCUMasbHasi IPUObLIb
B LI€JIOM 10 OOBEUHEHMUIO.

JInst perieHus 3ToH 3a1a4u MPUMEHUM TPHHIIAT HanOOJIbIIei
3P PEKTUBHOCTH UCTIOIB30BaHMSI pacipeaessieMbIX pecypcoB. B mep-
BYIO OuU€pe/lb IIPU TaKOM METOJIE paclpe/ieieHHus pecypc HarpasJis-
eTcs TOMY IPEANPUATHIO, TAE MpenenbHas d3PPeKTUBHOCTh €ro I1o-
TpeOaeHusI HanOoJIbIIasl.

[IpousttocTpupyem 3TOT MEXaHU3M paclpesesieHus] Ha KOH-
KkpeTHOM npumepe. IlycTh 0ObequHEHHE COCTOUT TOJBKO U3 JABYX
npennpusaThil. MicxoaHple JaHHBIE MO 3TUM IPEINPUSTHSIM JAaHbBI B

CIIETYIOIINX TAOJIHIIAX.

VcxoHple JaHHBIE IO IEPBOMY MPEANPHUSTHIO.

Hopma pacxoma pe-

Pecypchr CYpcoB O0BEM pecypcoB
1 2

O6opynoBaHue, b 1 5

CT.-4

DIIEKTPOIHEPT U, B 4 )

kBT-u

[TpuObLIb, p. 3 2
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W13 310t TabIMIBI BUIHO, YTO MPEINPUATUE TIPOU3BOIUT IBA
BHUJIA TIPOAYKIMH, O KOTOPBIM 3a7aHbl HOPMBI pacXo/a 10 UCIOJb-
3yeMBIM pecypcaM U OKHJaeMasi MpUOBLIb OT PeaH3aluu IPOJIyK-
IIUU B pacyeTe Ha eAUHUILY MPOAYKIMH. OTMETHM, YTO IO ITUM JaH-
HBIM B IIpEABIAYIIEM ITaparpade MUCCIeOBaH MOKa3aTelb MPeaeib-
HOH 3(()eKTUBHOCTH UCIIONB30BaHUS NIEKTPOIHEPTHU B MHTEpBAJIC
[0,+oo).

Hcxonnbie gaHHbIE TT0 BTOPOMY NPEIITPUATHIO.
Hopma pacxoma pe-

Pecypcsl CypCOB OonEM
1 > 3 pecypcoB
Oopynosanme, |5, 20 |40 |100
CT.-4
ChIpbé 2 2 2 3
JIIEKTPOIHEPT U, 10 15 40 b
KBT-u
[TpuGbLIb, p. 8 10 12

IIycTh B7EKTpO3HEpPrus SABISIETCS TEM PECYPCOM, KOTOPBIN
pacnpenensercs MeKy IpealpUsITUsIMU OPTaHOM YIIpaBJIeHUs 00b-
€IMHEHUEM, a JIPYTHe Pecypchbl UMEIOTCS Y NPEAIpUITHI B onpese-
JICHHBIX 00bEMax.

[Ipeanonoxkum, 4ro TpedyeTcss pacmpeaeauTb 36 eauHUIL
AJIEKTPOIHEPTUH MEXAY 3TUMH NPEANPUATUAMU. SICHO, UYTO B 3aBHU-
CHMOCTH OT 00BEMOB BBIJIENIIEMOTO pecypca MpHObLIb HAa TPEANpH-
ATHAX OyZAET Pa3IMYHOMN U 0 0OBETUHEHUIO B LIEJIOM.

OO0o3HaunM uyepe3 X;; BBIIYCK j-H MPOIYKIUHM HA i-M Ipea-

MNpUATUH, TOTJa 3aJa4u HpGI[HpI/ISITI/Iﬁ IIpH BBIACICHUN UM J3JICKTPO-
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SHEPTUU B 00BEMax 7| U 1, OYAYT COCTOATH B HAWITYUIIIEM HCIIOJIb30-

BaHHMU BCEX PECYPCOB C LEJIBIO MOJIydEHUS] HANOOIBIIEH PUOBLIH.

3aoaua npeonpusmus 1 3aoaua npeonpusmus 2
2x, + x, <6, 50x,, + 20x,, +40x,, <100,
5x,, +4x, <n, 2%, + 2x,, + 2x,, <3,
x,20,x,20, 10x,, +15x,, +40x,, <r,,

Z, =3x,, + 2x,, = max Xy, 20, x,, 20, xp, 20,

Z, =8x, +10x,, +12x,; - max

O6o3naunM Zi(r1) U Zx(r2) — MakCUMaJIbHYIO TPHOBLIL TEPBOTO U
BTOPOTO TPEANPHUATHIA TPU BBIACICHUN UM 7| U F2 €IHHHUL] SJIEKTPO-
SHEPTUU COOTBETCTBEHHO.

I'maBHast menp opraHa yHpaBieHUs OObEAMHEHUS IPH pac-
npeneneHnu 36 eQUHMI] 3JIEKTPOIHEPTUHU COCTOUT B IOJYYEHHUH
HanOoJpIIe cymMmapHOW mpuObTM 1O oObenuHeHuto. CremoBa-
TEJIbHO, MAaTeMaTUYECKyI0 MOJIENIb PACHPEAEIEHHs MOKHO 3aIUCaTh
TaK:

rn+r =36
nz20,r 20, (*)

Z:Zl(rl)+ Zz(rz)—>max

SIcHO, 4TO TIaBHas 3ajayda 37eCh — 3a/lada pacIpeiesIeHHs
(*), a mpeanpuATH, pemas CBOU JIOKAIbHbIE 3a/1a4d, JOJDKHBI CIO-

coOCTBOBATH PEIICHUIO 3TOU II00ATLHOM 3a1a4u.
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Jlnst Toro, 94TOOBI PEUINTh 3aauy pactupeaenenus (*), oprany
yIIpaBJIEHUS HY)KHO HMMETh KaKyIO-TO HH(OpMAIHI0 O (QYHKIHIX
Z{(r:), KOTOpO#l OH MOT OBl PYKOBOJICTBOBATHCS TIPU PACIIPECIICHUN
pecypca. Briiie roBopuiioch, 4To 1Mo TaKUM MOKAa3aTeNIsIM MOKHO MO-
CTPOUTbH, B CiIydae HEOOXOJIUMOCTH, UHTErpajbHble QyHKIUU Z1(71)
u Z»(r;), ¥ 3HAYUT OPTaH yIpaBIeHUs, 3Has Mmokaszarenu dPdeKTus-
HOCTH TPENNpPUATHH, MOXKET NOJCYUTATh M OOIIYI0 O0XKHIAEMYIO
MPUOBLIb.

[Tokazatens npenenbHON 3(PPEKTUBHOCTH BIIEKTPOIHEPTUN
JUIS TIEPBOTO MPEINPUITHS YK€ HCCIIEI0BaH, IO3TOMY BOCIIOJIb3YEM-

Csl CBOJIHOM TaOnuuen 11 3Tol QyHKIHH.

O0BéM pecypea | 0 <r<15 15<r<24 |24<r<+w

[IpenenvHas
3/5 1/3 0
3¢ dEeKTUBHOCTH

AHAIIOTUYHBIN aHaN3 MOXET IPOBECTH BTOPOE MPEAIPH-
ATHE, B Pe3yJbTaTe KOTOPOTO MOJIyYHUTCS Cileayromas Tabiuia 3Ha-
4yeHu GYHKIUU npeaenbHol 3 dekTuBHOCTH U(72).

O0BéM pecypea | [0; 15]  [[15;22,5] | [22,5;60] [60; +o0)

[IpenenvHas
4/5 2/5 2/25 0

3¢ dEeKTUBHOCTH

Nudopmanmio o nokaszarensx 3)(HEeKTHBHOCTH HCIIOIb30Ba-
HUS JIEKTPOIHEPTHH, MIPEICTABICHHYIO OpraHy YIpaBJieHUs, CIeqy-
€T paccMaTpuBaTh Kak 0OOCHOBaHHS pa3Mepa MOJaBaeMbIX 3asBOK

Ha pacrpeessieMblii pecypc, B MOJYy4YEHUHU KOTOPOTO MPEANPUSATUS
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3aMHTEPECOBAHBI (YeM OOJIbIIE MPEANPUITHE TOIYYUT ITOT Pecype,
TeM OOoJIbIIIe OyeT ero MPUObLIB).

BwMmecte ¢ TeM 1o 3To# MH(pOpMAIIUK OpraH yIpaBJIeHUS MO-
’KET OCYLIECTBISATh KOHTPOJIb 32 BEIMYMHON MPUOBLIH, TTOITYIaeMON
Ha MPEANPHUATHH TIPH BBIACTICHUN €MY TOTO HII HHOTO pecypca.

[Ipenmnonoxum, 4ro 006€ 3TH TaOIUIBI MOIYYEHBI OPraHOM
yIIpaBJICHUs, XOTA 3Ta UHGOPMAIUS SBIISETCS M30BITOYHOM IS OTI-
TUMaJbHOTO pacipeneneHus 36 eIUHMI] AJIEKTPOIHEPTUU, U HUKE
Oyner mpuBeaeHa MOJU(UKAINS aNTOPUTMA paclpeIeiCHHs], Tpe-
OyroIero MeHpIIero oobeMa HH(HOpMAaIIHH.

CpaBHMBas TMOKa3aTeIH MpenenbHON 3(deKTHBHOCTH ABYX
NPENPUSTHA, OpraH yIpaBIeHHUs BUIUT, YTO NiepBbie 15 equHuUI pe-
cypca cieayeT BBIICIUTh BTOPOMY MPEANPHITHIO, TaK KaK OHO Oy-
JIeT MCIIOJIh30BaTh ATOT pecypc ¢ Ooubieit otnaveid. [IpuOsLIh 3/1ECh

OT HCHOJB30BaHHSA ATHUX 15 CANHUIL] DHCPIrUHU COCTABUT BCIIMYUHY

4
g -15=12, B TO Bpems, Kak eciau Obl oTnanu 3Ty 15 eaunuIl nep-

3
BOMY IIPEANPUATHIO, TPUOBLIL COCTaBUIA ObI r 15=9.

[MToce Takoro Ha4ajIbHOTO pacIpeeiICHUs] OCTAIOTCS Hepac-
npeaeneHHbMu enle 36 — 15 =21 equnun pecypcea.

Kaxnass momoiHUTENbHAS IMHUIIA pecypca Ternepb yxXe Ha
BTOPOM TIPEANPUATHH JACT MPUPOCT MPHUOBLTH 2/5, B TO BpeMs Kak
Ha TIEPBOM MPEANPUATHH 15 eTuHHIl pecypca MOTYT OBITh HCHIOJIB30-
BaHBI ¢ A3PPeKTUBHOCTHIO 3/5. [ToaTOMY 1Enecoo0pa3Ho CIeAYIOIIHIe
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15 enuHuIl 3HEpPrUM HANpPaBUTH MEpPBOMY NpeAnpuatrvuio. OcTaTok
Oyzner paBeH 21 — 15 = 6 equHwMIIL.

Ecnu oTnaTh OCTaBIIYIOCS SHEPTHIO TIEPBOMY MPEIIPUSATHIO,
TO AOIIOJIHUTCIIbHAs HpI/I6I>IJII) OT HCIIOJIB30BaHUA Ka)KIIOﬁ CANHUIIBI
tam Oyner paBHa 1/3, a Ha BTopoM — 2/5. CriegoBaTelbHO, OCTaB-
muecst 6 eIMHUL 3JIEKTPOIHEPIUU BBITOJJHEE OT/AATh BTOPOMY NpeI-
MIPUATHIO.

B urore nosrygaercs ciemyroniee ONTUMAIBHOE pacHpenee-
Hue: 1 =15, 1, =15+ 6=21. Oxunaemas npuObUIb Ha MEPBOM
IPENPUATHH [IPH 3TOM COCTABUT BEIUYHMHY Z| (15) = (3/ 5)- 15=9,a
Ha BTOpoM Z,(21)=(4/5)-15+(2/5)- 6 =14,4.

CymMmapHas mpuOBLIb Ha JABYX TNPEANPHUATHUSAX TPU TaAKOM
pacIpeneneHy COCTaBUT

Z(36)=27,(15)+ Z,(21)=9 + 14,4 = 23,4

[Tocne caemaHHOTO IHEHTPAIM30BAHHBIM CIOCOOOM pacrpe-
JETEHUs] IEKTPO’HEPIHH KaXJI0€ NPEeANpUsSTHE pelIaeT CBOIO JIO-
KaJbHYIO 3a7a4y MPU BBIICICHHBIX UM JUMHUTAX Ha DHEPTUIO, B pe-
3yJIbTaTe€ 4ero OMPEACISIOTCS MPOU3BOACTBEHHBIE MPOrPaMMbl BbI-

MyCKa MPOAYKIUHU C LIETBIO €€ peaTnu3aliy U MOoJyuyeHus MPUObLIH.
4.2. PoiHOYHBII (LIEHOBOI) MeXaHU3M pacinpee/ieHUusi pecypcoB
Teopm{ U MPAKTHUKa MOKa3bIBAIOT, YTO IMOJIHOI'O U SACHOI'O OT-

B€Ta Ha BOIIPOCHI q)YHKIII/IOHI/IPOBaHI/ISI PBIHOYHOT'O MEXAaHH3MOB B
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oOmieM ciryyae moka HeT. B 0COOEHHOCTH 3TO OTHOCHUTCSI K COOTHO-
LIEHUIO €T0 C METOJJaMHU I'OCYIapCTBEHHOTO PEryJIUPOBAHUS.

[leHbl B ppIHOYHOK 3KOHOMUKE 3aBUCST OT BEIUYUHBI CIIpOCa.
Eciau crpoc mpeBbIIIaeT NpEeAIoKEHUE — I€HA IOBBIIIACTCS, €CIIH
CIIPOC HUXKE IIPEIOKEHUS — TOHMXKAETC. B KOHEeYHOM CY€Te, LIeHBI
CTaHOBATCS PAaBHOBECHBIMU, T.€. TAKMMH, KOTJa CIIPOC U IIPEIJIOKeE-
HHUE COBIIAJIAIOT.

[{eHoBOM MEXaHU3M MPH PACIPEIAECIEHUH PECYPCOB MO CYIIle-
CTBY U 110 (opMe OTIMYaeTCcsl OT JTUMHUTHOro. 1 Tem He MeHee, Kak
9TO OyNEeT BUIHO Jajibllie, OHU UMEIOT MHOro obmiero. [Ipu ompene-
JIEHUU CIIPOCa Ha PeCypC NPEANPUITHE CPAaBHUBAET IUIATy 3a pecypc
¢ 3 PeKTUBHOCTBIO ero ucnoib3oBanusd. Eciu 3¢dexTuBHOCTH HC-
II0JIb30BAaHUs pecypca BbILIE LIEHbl Ha HETO, TO IPEINPUSATHIO BBI-
TOJIHO MOKYIaTh pecypc, €ClIM HET — IOKYIIKa €ro HeBhIroJaHa. Tak
KaK TOKa3aTelb MpenesibHOM 3(PPEKTHBHOCTH 3aBUCHT OT oObema
OTPeOIIIEMOr0 pecypca, TO U LIeHa Ha pecypc JOJDKHA 3aBUCETh OT
o0beMa peann3yemMoro pecypca.

bynem n3ydyarh pbIHOYHBIM MEXaHU3M YIIPABICHUS pecypca-
MU OISIThb-TaKU Ha IPUMEpE NPEANPUATUI, MOJEIUPYEMBIX C IIOMO-
b0 JIMHEWHBIX ONTUMM3ALMOHHBIX MoOJenel. B mureparype pwi-
HOYHBIA MEXAaHW3M IPUMEHUTEIBHO K 3a/Jade ONTHUMAJIBHOIO pac-
MIPEACIICHNs] PECYPCOB HAa MOJEIBHOM YPOBHE JOCTATOYHO IIOJHO
MCCIIEIOBAH JIIS «XOPOIINX» (PYHKIUH CIpOca — BBITYKJIBIX TJIAQJKHX

¢bynkuuit. Ecim ke cripoc omnpezensieTcs Ha OCHOBE JTMHEWHBIX MO-
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Jene ONTUMH3AINY, TO STUM CBOMCTBOM (YHKIIMH Crpoca He o0a-
JAI0T, ¥ 3[1eCh BO3HUKAIOT TPYAHOCTH IIPU UCCIEIOBAHUU LIEHOBOTO
MEXaHu3Ma.

ITockobKy BCE M3JI05KEHHE LIEHOBOIO MEXaHW3Ma IIPOBOIUT-
Cs1 HA MOJICJIBHOM YPOBHE, TO IIPEIBAPUTEIBHO PACCMOTPHUM JCTAIb-
HO BOIIPOC MaTEeMaTHYEeCKOTO MOJEIUPOBaHMs (DYHKITUH CIIpoca, KO-

TOpasi UTPaeT KIOUYEBYIO POJIb B PHIHOYHBIX MEXaHU3MAaX.

4.3. MaTeMaTH4YeCKO€ MOAECTUPOBaAHUE CIIpOCa

ITox cnpocoMm moHMMaeTcs KOJIMYECTBO TOBapa (MPOIYKIHH
WIH pecypca), KOTOpoe MOTPeOUTENh MOXKET KyMuThb. SICHO, YTO
cipoc S(¢) 3aBUCUT OT IIEHBI /, yCTAHOBJICHHOH MPOJIaBIIOM Ha TOBap.
Xenanue norpedutenst KynuTh Ha PbIHKE KaKOW-TO TOBAap JOJHKHO
MOAKPEIUIATECS €ro IUIaTeKECIIOCOOHOCThIO M IOJIE3HOCTBIO IPU
MPOU3BOJICTBEHHON WJIM KaKOW-TO JAPYrod NesiTeIbHOCTH MOTpeOu-
tenst. yHkuus crpoca 00aaeT onpeaeIeHHbIMUA OOIIUMU CBOMCT-
BaMHu. M3BecTHO, HarIpuMep, U3 IPAKTUKHU U JOKa3aHO TEOPETUUECKH,
IIpU JI0BOJIbHO OOLIMX pa3yMHBIX THIIOTE3aX, YTO CIPOC Ha TOBAp
IIPU NPOYMX HEU3MEHHBIX YCIOBUAX YBEIMUUBAETCS C MOHUKEHUEM
LIEHBI, T.€. MEXIy BEJIMYMHOM CIIpoca U LIEHOHM MMEET MeCTO 00pat-
Hasi 3aBUCHUMOCTb.

Kak Ob110 mMoka3aHo BhIIIE, PU MOTPEOICHUH pecypca Jiei-

CTBYET 3aKOH MOHMKAIOUIEHCs ero npenenbHol 3(p(HEeKTUBHOCTH WU
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nosiesHocTH. HacTynaer Ttakoil MOMEHT, korja npeaenabHas 3¢ dex-
TUBHOCTb PECypca MOXET OKa3aTbCsi HUXKE €ro LIEHbI, BCIIEJICTBUE
Yero OKa3bIBAETCSl HEBBITOJHBIM ero noTpediienue. CymiecTByer mo-
3TOMY TECHAasl CBSI3b MEX]y CIIPOCOM, LIEHOW Ha pecypc U €ro Impe-
nenbHON 3(pPEeKTHBHOCTHIO.

Hccnenyem 3Ty cBsi3b Ha IpUMEpPE TOTO MPEANPHUATHS, IS
KOTOPOTO HMCCJIEI0BaH MOKa3aTesb MpenebHON d3PPEKTUBHOCTH TO-
TpeOJIEHUS DIEKTPOIHEPTUH.

Wrak, npeanpustie NpoU3BOIUT JIBAa MPOIYKTA MIPU OrPaHU-
4yeHHOM (POHJIe BpEMEHU Ha 000pYyI0BaHUE, KOTOPHIE peaTu3yloTCs
paznu MoJy4eHus: MaKCUMaIbHON puObuH. ByneM n3ydats cripoc Ha
AJIEKTPO3HEPTHIO B 3aBUCHUMOCTH OT LieHbl Ha Hee. CyllecTBEHHOE
OTJIMYHME PACCMATPUBAEMOI0 MOJIX0Ja COCTOUT B TOM, YTO B JIaHHOM
cllydae 3TOT pecypc He MPEeJOCTaBIIAETCA NPEeINpUITHIO OECIUIaTHO,
a MPO/IAaeTCs MO ONPEACIICHHBIM LIEHaM.

Hamomuum HUCXOOHBIC NAaHHBIC.

Hopwma pacxona
Pecypchr [pecypcoB O0BEM pecypcoB
1 2
O6opynoBanue 2 1 6
DNEeKTPOIHEPTHUS |5 4 ?
[TpuGHLIH 3 2

Ctpoky «1puOBLIbY» B JAaHHOW CUTYaIlMU CJIEAYeT MOHUMATh

ycioBHO. B 3TOM moka3zarene, 04eBHAHO, CIEAYET y4ecTh ILIaTy 3a
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HCIOJIB3YEMYIO JIEKTPOIHEPIHIO, T.€. 3a/1ady MNPEANPUITHS MOKHO
Tenepb MaTeMaTUYECKH 3alucaTh Tak:
2x, +x, <6,
x20,x,20,

P=Z7—1S=(3-5¢t)x +(2—4t)x, > max,
rae Z =3x,+2x,, t — L€Ha 3a 2JEeKTpo3Hepruw, S =5x, + 4x,
00BEM TOTPEOSICHHSI AIIEKTPOIHEPTUHU TIPH BBIMTYCKE MPENIPHUITHEM
npoaykToB A u B B oObemax x, u x,. Bennuuna £S5 — mara 3a no-
TPEOIAEMYIO IJCKTPOIHEPTHIO.

I'maBHOE BHHMaHue oOpaTHM Ha BEJIMYUHY CIIPOCa AJIEKTPO-
SHEpPruu S, KoTopas OMpelensieTcs NMPOU3BOJCTBEHHON MOTpeOHO-
CTbIO U 3aBUCHUT OT LICHHI {.

HccnenoBanve B 1TaHHOW KOHKPETHOW CUTYAIlMU MOKHO IPO-
BeCTU JMOO rpaduuecku, JMOO cUMILIEKc-MeTo oM. Mcnonszyem
MOCJIETHU, T.K. OH YHUBEPCAJIEH U MIPUMEHUM B ClIydae MHOTHX He-

u3BeCcTHBIX X, .IlepBoHavanbHas Tabiuia, 3aBUCSIIAs OT HapameTpa

t, OyaeT Taxkoii:

V= V2 = @]
Ta61.0

—X1 —X2 1
U1V1 2 1 6
1P —3+5t F2+4r 0

T
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Ora Tabnuua ompenenseT ONTUMalbHOE pPEUICHHE Uil TeX
3HAa4eHUH mapameTpa f, Ipu KOTOPBIX dJIEMEHTHI P — CTPOKH HEOTPH-
[ATEJIbHBI, T.€. YIOBIETBOPSIOT HEPABEHCTBAM

-3+5t>20,2+4t>0=1¢ € [3/5, to)

Ecmu niena 3a pecype ¢ € [3/5, +), To X = (0, 0), S =0, T1.c.
NPENPUSTHIO HEBBITOJHA €r0 MOKYNKA, T.K. HAUOOJbIIas peIeib-
Hast 9P PEKTUBHOCTH €T0 MCIIOJIF30BaHMs, KaK ObLJIO TIOKAa3aHO BHIIIE,
HE MOXeT ObITh OoJbiIe 3/5.

[Tycth nena ¢ Oynetr Huxe 3/5. Torna nBoicTBEHHAs! OI[CHKA
V| TIEPEMEHHOM X| CTaHET OTPHULATENHLHON W MEePEeMEHHYIO X| He00-
XOJUMO cnenath 0a3uCcHON BMecTo mepeMeHHou yi. Ilepexomum k

HOBOU Tabiuie

U = V) = ()
Tao6m.1

V1X1 1/2 1/2 3

3-5¢t —1+3¢

1P — 0 —15¢

£
xoTopas ompemenser X =(3,0), P=9-15t B wuHTepBane
t€[1/3,3/5] (umtepBanm momyueH pelicHHEM CHCTEMBI ABYX Hepa-
BEHCTB: 3—-5¢>0,1+3t>0).
ITockomeky P=Z7 —tS, 10 Z=9,acnpoc S =15.
Otmerum, 4TO TpH 1IeHe ¢ = 3/5 3a/1aua UMeeT He eMHCTBEH-

HOE ONTUMalIbHOE penieHue. JIrobas BblyKIas JUHEIHas KOMOUHA-
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WS pelIeHuH, onpenensieMbix Ta0n.0 u Tadi. 1, OyaeT onTUMaIbHBIM
pELIEeHUE UCXOAHOM 3a1a4u.

[Toaromy mipu 1ieHe ¢ = 3/5 y npeanpustus OyneT HE OJHO-
3HAYHBIA CTIPOC Ha JIEKTPOIHEPTHUIO. DTOT CIPOC OyIeT KoJiedaThes
B untepBase [0, 15]. HeomHo3HauHoCTh cripoca OOBSCHSETCS TEM,
4TO npezenbHas 3p(peKTUBHOCTh NOTPEOIEHNs B JaHHOM HMHTEpBaje
paBHa 3/5, T.e. COBIA/AeT ¢ IEHOM.

DddexT HeoqHO3ZHAUHOCTH CITpoca OyIeT UMETh MECTO KakK-
IBIH pa3, Koraa npeaenbHast 3QGEeKTHBHOCTh CTAHOBUTCSI PaBHOM
LICHE.

[Iponomkas mapaMeTpUUECKUIA aHAIN3 UCXOHOM 3a/1a4d MPH

¢t < 1/3, mony4nM CIeayIONIyI0 CUMITICKCHYIO TaOJIHILy:

uy = Vi = ()
Tabi.2
V1 —X1 1
V2
1 2 6
X2
1
p 2—4¢ | 1 -3¢ |12-24¢

Ota Tabinuua ompeneisieT HOBYIO MPOU3BOJCTBEHHYIO MPO-
rpammy X = (0, 6), P = 12 — 24¢ B unrepBaie ¢ € [0, 1/3]. 3nech Z =
12, a cripoc S = 24, npuyem npu ¢ = 1/3 cnpoc HEOAHO3HAYEH U KO-
nebnercs B uHTepBate [15, 24]. Hanomuuwm, uto npeaenbHast 3¢ dex-

THUBHOCTH HOTp€6JI€HI/I$I OJICKTPOOHCPIUU B 3TOM HMHTCPBAJIC paBHA

1/3.
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ITocTpoum rpadux ¢pynkuuu S(¢) npu ¢ € [0, +00).
S, (f ) A

24

15

| >
1/3 3/5 t

(S1(f) — cipoc Ha ATEKTPOIHEPIHIO; ¢ — IICHA HA AIEKTPOIHEPIHUIO)

W3 rpaduka BUIHO, YTO HEOJHO3HAUHBIA CIPOC Yy TPEANPH-
ATUSL BOSHUKAET Tpu pasza npu ¢ = 0, 1/3, 3/5. C yBenndyeHnem 1eHsl
CIIPOC CHIKAETCS, U OH CTAHOBUTCS PaBHBIM HYIIO 1ipH ¢ > 3/5. Ilpu
1eHe ¢ > 3/5 miara 3a 3IEKTPOIHEPTHIO MPEBBIIIAET MAKCHMAIBLHO
BO3MOXKHYIO 3(()EKTUBHOCTh €€ HCIOJb30BaHUS HA MPEANPUSTHH,
T.€. MOTpeOJIeHNE €€ CTAHOBUTCS YOBITOUHBIM.

OTMeTuM, YTO JaHHBIA rpaduK JETKO MOCTPOUTH Ha OCHOBE
rpaduKa Mmokaszarens npeaenbHoi d¢dexTuBHOCTH. Ecnm m3BecTHa
bynkuus U(r), To HETpYAHO HaTH QyHKIHIO S(f), 1 HA0OOPOT.

Bepnemcs Tenepp kK Bompocy 00 MCIOJIb30BAHUHU IIEHOBOT'O
MeXaHU3Ma MpPU paclpeiesICHUU IEKTPOIHEPTHH B 00beme 36 enu-
HUI[ MEXJY PacCMOTPEHHBIMHU JBYMsI IpeanpusTusMu. s sToro
HaM MOHaN00sTCAd (PYHKLIUU CIpOca Ha AJIEKTPO3HEPTUIO MEPBOTO U
BTOpOTO NpeanpusaTuil. [nst nmepBoro npeanpustis oHa Obljia HAMU
MIOCTPOEHA, /ISl BTOPOTO MOCTPOUM €€ Ha OCHOBE IOKa3aTels Ipe-
nensHOM 3 PeKTHBHOCTH.

O6e dyaKIIMK TpEBEIEM B TaOIUYHOUN dopMme.
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@OyHKIHS CIIpoca Ha 3JIEKTPOIHEPTHUIO I IEPBOTO MPEATPUITHS
Lena (1) | (0,131 13 | [1/3,3/5] | 3/5 | [3/5,+o0)
Crpoc Si(7) | 24 | [15,24] 15 [0, 15] 0

@yHKIHUS CIIpoca Ha 3JIEKTPOIHEPTHUIO U1 BTOPOTO NPEAIPUITHS

Lena () [ (0,2/25]| 225 [[2/25,2/5]] 2/5  |[2/5,4/5]] 4/5 [[4/5,+0)

Cnpoc

60 |[22.5,60)] 225 |[15225]| 15 [0,15] ©
Sx(5)

[Toctpoum rpadux ¢pynkuuu Sx(¢) npu ¢ € [0, +oo):
Sz(l)A

60

225

15

I I >

2/25 2/5 4/5 t
(S2(¢) — cripoc Ha ANEKTPOIHEPTHIO; ¢ — IIEHA HA HIICKTPOIHEPTHIO )

OnpenenuM Tenepp CyMMapHBIM CIOpoc JBYX MPEANpUATUR
HAa 3JIEKTPOIHEPTHIO B 3aBUCUMOCTH OT IIEHBI 7.
O603HaunM QyHKIHIO cymMapHoro crpoca S(¢) = Si(f) + Sa(?)

U TIPEJICTAaBUM €€ TparIecKu.

137




S(0)
84

46.5+

37.5

36

307

157
| | | | >
2/25 13 25 35 45 ¢

(S(#) — cymmapHBIii cripoc Ha AIIEKTPOIHEPTHIO; ¢ — [[EHA HA JICKTPOIHEPTHIO)

Nwmes rpadux Gynkuun S(f) mim ee TabIUUHOE TMPECTaBIe-
HUE, MOXKHO OIPEICIIUTh ONTUMAIBHYIO (PABHOBECHYIO) LIEHY {, co-
OTBETCTBYIOIIYIO TPEIOKEHUIO 10 00bEMY AIIEKTPOIHEPTHH, PaB-
HOMY 36 eMHULL.

W3 rpaduka ¢yHknuu cymmapHoro crpoca S(f) BUAHO, YTO
BenuuuHa cipoca S(f) = 36 eauHwul], paBHas MPEJIOKEHUIO, COOT-
BETCTBYeT IeHe ¢ = 2/5. ClleJ0BaTEeNbHO, TA [IeHa U SBISETCS PaB-
HOBeCHOM. [Ipu Takol 1eHe y nepBoro MpeanpusiaTs Cupoc onpeae-
JIsieTCs OJHO3HA4YHO W OH paBeH Si(f) = 15 eaunwuil, a y BTOPOTO
MPEaNpUATHS crIpoc S>(f) HEOIHO3HAYEH U OH KoJjeOJeTcs B UHTep-

Baie [15; 22,5].
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§ 5. Moue.lmpona}me MPpOoHECCOB HANJIYYIIECT0 paciipeaeJIeHust

PECypCoB METOAOM NUHAMHUYECKOI'O IIPOrpaMMHUPOBaAHUA

OcHOBHbIE UJIEH, IPUBEIINE K METOY JUHAMHYECKOTO MpO-
IrPaMMHPOBAHMSI, PA3BUThl aMEPUKAHCKUM y4yeHbIM bemnmanoMm B
Hadaie 50-x ronoB. [lMuHamMu4eckoe mnporpammupoBanue 3PpQeKTuB-
HO MpHUMEHSETCS JUIsl ONTUMM3AIMK MIPOLIECCOB, KOTOPhIE pacrmaja-
I0TCS Ha PAJl TOCIIE0OBATEIbHBIX 1IaroB (3TAroB), Ha KaXJI0M U3 KO-
TOPBIX BO3MO’KHO OCYILECTBUTH yrnpasieHue. [Ipu 3tom ynpasieHnue
Ha Ka)KJIOM IOCJIEIYIOLIEM LIare He OKa3bIBAeT BIUSHUS HA BEJINYU-
HYy TOKa3aTess KadecTBa YINPaBJIEHMsI, MOJYyYEHHOTO Ha Ipenablay-
IIUX IIarax.

[IpeacraBum ceGe HEKOTOpHBINM Mpoliece, pacnagarouuiics Ha
HECKOJIbKO 3TanoB. Hampumep, mpou3BOACTBO Ha MPEANPHUSATHH B
TedeHue psaa jaer. Ilycts mokazarens 3pPpeKTHBHOCTH AEeATETBHOCTH
MPENNPUATHST XapaKTepU3yeTcss HEKOTOPBIM IOKa3aTesieM, HalpH-
Mep, mosrydyaeMoi npuObuTbio. s (yHKIMOHUpPOBAHUS TPEANIPH-
SITUSI B KaXJIBIA U3 TOJIOB ¢ = [,..., n UCTOJB3YETCSl HE KOTOPBIA pe-
cypc (HampuMmep KanmHuTalIOBJIOKEHHUS), IPHUYEM CyMMa MOTpeOIeHus
3a 1 JIET 3TOTO pecypca He JOJDKHA B 00beMe MPEeB30MTH 33aJaHHYIO
BEJIMYUHY S.

W3BecTHO, UTO NpH BBIAEIEHUH B I'OJl pecypca B KOJIHMYECTBE

X, TIPEINpPHATHE NOJIydaeT IpUObLIL B pasmepe @x;). Huxe noka-

3aHbl BO3MOKHBIE PACIIPE/IEICHMs pecypca U MoJslydyaeMasi NpuObLIb
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10 ToJaM.

Xy X, X X

I |
| 1 2
Puc. 1. [lunamuka pactipeieneHist pecypea

(Pl(xl) (Pz(xz) (Pt(xt) (Pn(xn)

K 2 1] nl
Puc. 2. J/IluHamuKa nosy4eHus npud butn

OT pa3MuHBIX paclpeesieHHil pecypca 0 BPEMEHH CYIIle-
CTBEHHO 3aBUCUT M JHMHAMHUKa MoJydaemMou mpuoObuin. TpeOyercs
TaK paclpeleNnTh 3aJJaHHbIil pecypc S Mo roJaM paccMaTpHUBaeMOro
nepuo/a, 9To0bl CyMMapHas MpHOBLTH ObLTa MAaKCUMAIBHOM, T.€. He-
00X0TMMO HaWTH TaKOW HEOTPHUIIATEIBHBIH BEKTOp X = (X1,..., X,),
IIpU KOTOPOM (YHKIIMSI Z IPUHUMAET HanOOoJIbIlIee 3HAUCHUE.

MaremaTuueckyro MoJieIb Ipolecca pacupeeIeHUs] MOXKHO
3anMcarh CIeIyIIUM 00pa3oMm:

X +..+x, =5,
x20,...,x,20,
Z(x1 yeees X, ) =@, (xl) +..+0, (xn) — max
W3 monmenu BUAHO, YTO CyMMa MPHUOBUIM CKIIAJIBIBACTCS W3
MpUOBLIEH, TIOTy9aeMbIX TI0 TOJaM, IPHYeM MPUOBUTH B TOMY £, paB-
Hasg @[X;), 3aBUCUT TOJHKO OT pECypca, UCIOIb3YEMOTO MPEaNpHu-
STHEM B 3TOM TOJY, M HE 3aBHUCUT OT TOTO, CKOJILKO ATOTO pecypca

OBUTO MOTPEOIICHO B MpeabplaynuX rogax. OyHkmus Z = Z(xi,..., Xy)
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aBigercs agauTuBHOM. Ilponecc pacnpenenenust pecypca, 0 KOTO-
POM HJET pedb, SABISETCS YIPABISEMBIM, T.€. MBI MOXEM BBHIOMPATH
napaMeTpsl X;, KOTOPBIE BIHSIOT KaK Ha IMOJTy4eHUEe IPUOBUIH B KaXK-
JIOM rOJly, TaK ¥ Ha OOIYI0 BEJIMYUHY TPUOBUIH.

IIpouecc pacnpeneneHus, HanpuMep, KanUTAJIOBIOKEHUN B
JUHAMMKE, €CTECTBEHHbIM 00Opa3oM pacrajaercs Ha n I11aros, TIe
KQKIBIA #-1f 1IAr — 3TO BBIJICJICHUE NMPEINPUITHIO KalBJIOXKEHUH B
rojy . Mbl oJIyduM TaKylo jk€ MaTEMaTHUECKY MOJIENb, €CIIU pe-
cypc OyAeT pacnpenenaTbcs He M0 TojaM, a MEXKIY 7 Pa3IMYHbIMU
MpEeNNPUITHIMHI B 0JHOM nepuoje (roay). Eciu u3sBectHa QyHKIUSA
Ox(xr) TPOU3BOJMMON MNPOAYKIMH (WM TPUOBLIL OT pealnu3aluu
MPOJIYKIIUK) HAa k NPEANpHUSITHH, B 3aBUCUMOCTU OT BBIJEJIEHHOTO
eMy pecypca Xk, TO 3a7a4da Oy/leT COCTOSITh B TAKOM paclpeleIeHun
o0IIero KoJIM4YecTBa pecypca S Mexay HpeanpUsSTHIMH, 9ToObI 00-
M BBITYCK MPOIYKIUU ObLT MaKCUMAaJIbHBIM.

AHaJIOTMYHYI0 MOJIETb MIOJIYyYUM, €CJIM PACCMOTPUM 33Jady O
pacrnpeiefieHuy 3aJJaHHOTO 00beMa padoT MO pa3HbIM BUIAM 000pY-
noBaHus. B 3aBucuMocTH OoT 00beMa BBINOIHAEMONH pabOThl MOTYT
CYLIECTBEHHO OTJIMYaThCS SKCIUTyaTal[MOHHBIE pPACXOJbpl. 3ajaua
MOJKET COCTOATh B TAKOM pacIpe/ie]ieHnu padoT 1Mo BUaaM 000pyIo-
BaHHUA, YTOOBI CyMMapHbIE 3KCILTyaTallMOHHbIE pacxXojbl ObUIN MU-
HUMAaJIbHBIMU.

PaccmoTpuM emie Takyro 3amady: agmomMauiuHa SKCHIYyamu-

pyemcs 6 meuenue n aem . B nauane xasxcoozo 2ooa nHeob6xooumo
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NPUHSAMb 0OHO U3 MPEX PeULeHUlL:

— npooamv cmapyo MAuwuHy u 3amMeHuUms ee HOBOoll,

— coenamv peMOHm U NPOOOANCAMb IKCHAYAMAYUIO,

— oboumucwy 6e3 pemonma.

3/1ech MOIIAaroBOe YIpaBJeHHE — BBIOOpP B KaXJIOM TOIY U3
ATHX TPEX BO3MOXHBIX BapUaHTOB OJHOTO. MOXHO MPOHYMEPOBAThH
9TH BapHaHThI unciamu 1, 2 u 3. 3agava OyJeT cOCTOSATh B TOM, UTO-
ObI ONPEETUTh TAaKOE YepeJOBaHNe ITHX TPEX YHCEN MO rojaMm Ie-
pHoaa U3 n JET, KOTOPOe MPHUBOJUT K MHHUMAIBHBIM CYMMAapHBIM
3arparaM Ha HKCIUTyaTalHio, PEMOHT U TIOKYIKY HOBOM MalIuHbI.

Ecan 0003HauUTh 3aTpathl B {-u TOXY 4epe3 QA x;), TIe X; —

MPUHATOE pEIIeHUE B /- TOAY, TO OOIIME 3aTpaThl COCTABAT BEJIU-
n

YuHy Z = Z(ot (xt), KOTOPYIO HY’)KHO MUHUMH3UPOBATb.
t=1

VYrpapiieHue WU CTpaTerusi SKCIUTyaTallid MAITUHBI 371eCh
OyZeT onpenensiThcsi BEKTOPOM X = (X1,..., X,), KOMIIOHEHTBI KOTOPO-
ro X, MOTYT MpUHUMATh 3HaueHnus 1, 2, 3. Hanpumep, ynpapieHue
3amaBaemoe BektopoM X = (3, 3, 1, 3, 2) o3Havaer, 4TO NEPBBIEC JBA
rojia cieayer oOXoauThCsl 0€3 peMOHTa, Ha TPETbEM IOy MAILIUHY
CIIeyeT MpOJIaTh U KYIIUTh HOBYIO, 3aTEM €3UTh Ha Hei roJ 6e3 pe-
MOHTA, a Ha CJIEIYIOLIU TOJT C/IeNaTh PEMOHT.

JIroOyro MHOTOIIIArOBYIO 33/1a4y MOKHO pelIaTh MO-pa3HoOMY:
WJIM BCE MapaMeTphbl HAaXOJWTh Cpa3y 3a OJMH IIIar, Uil CTPOUTH OTI-

TUMAJIBHOE yIpaBlieHHe miar 3a maroM. OOBIYHO BTOpPOH croco®
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OKa3bIBACTCSI 3HAYUTEIBHO TPOIIEe, 0COOEHHO TMPH OOJBIIOM YHCIIE
maroB. Myest mocnenoBaTenbHOW ONTUMHU3AIMKA M COCTABISIET CYTh
MeTO/a IMHAMHYECKOTo TporpaMMupoBanus. He cienyer moHMMarTh
0JT IIArOBOM WJIM TMOCJIEA0BATEIbHON ONTUMHU3ALMEN TPOLEAYPY, B
pe3yibTaTe KOTOpOH BCs 3amaya pa3OMBaeTcss Ha psiA MajbIX, KOTO-
pBle pemaroTcsi OTASIFHO M HE3aBUCHMO JpYyr OT japyra. Pemienwue,
MPUHUMAEMOE Ha OJHOM IIare, J0JDKHO OBITh JaJbHOBUIHBIM M OIIe-
HUBATh BCE MOCIIEACTBHS, K KOTOPHIM OHO MOYKET MPUBECTH.
Hexotopele pemeHus sBisitorcsi Hanbomee 3(hGEKTHBHBIMU
IUI. KAKOTO-TO MOMEHTa BPEMEHH, HO TPHUHITHE TaKOTO DPELICHHUS
MOJKET JIMIITUTH HAC TOJTYYCHUS JOMOJHATEIBHOTO 3¢ deKTa B OyIy-
meM. Pemenne Hao BEIOMPATh HA KaXKJOM IIare ¢ y4eTOM BCEX €ro
MOCIIEICTBUI Ha MPENCTOANINX elle Imarax. Perenue Ha f-w mare
BbIOMpaeTcsl He Tak, 4TOObI A(PEKT UMEHHO Ha f-M Iare ObLT MaK-
CUMAaJbHBIM, a TaK, 4TOObI OblJIa MaKCUMaJIbHOM cyMMa 3(ddekra Ha
JaHHOM m1are u 3¢ ¢ekra, 0XKUAAEMOT0 Ha MOCIEAYIOIUX IIarax.
Tonpko Ha MOCIEAHEM IIare pemeHre MOXKeT OBITh MPHHSTO 0e3
orieHku Oymymero. [Ipenmnonaraercs, uto 310 Oyaymiee 3adUKCUpO-
BaHO KAaKMM-TO 00pa3oM, W MBI €r0 HE BIpaBe M3MEHUTH. Ha mo-
CIIEJIHEM MIare MeToJa JTWHAMHYECKOTO NMPOrPaMMHUPOBAHHUS OMTH-
MU3aIUS UCXOJUT U3 MaKCUMalbHON 3()(h)eKTUBHOCTH OJJHOTO TOJIb-
Ko mara. Tak kak 3QeKT OT NPUHATHS PEHICHUS Ha {-M IIare 3aBU-
CHUT TOJIBKO OT BEJIMYHHBI X;, TO HE UTPAET POJH, YTO CYMTATh Ha4a-

JIOM M KOHIOM pacCMaTpuBacMOro mnepuoja. HOBTOMy 3aMCHHUTDH
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OTIMCAHHBIN BBIIIE MPUHLIUT TPUHATHS PEIICHUs Ha {-M [1are MOXHO
CIIEAYIOIIMM TPHHIMIIOM: BBIOOp pEIIeHHs] Ha f-yM IIare JOJHKEH
OBITh CIENIaH TaKUM 00pa3oM, 4TOObI OO APPEKT OT BCeX Mpe-
JBLIYIIUX PelIeHUH TTIoc 3G GEKT Ha ¢~y mare ObUT HAanOOBIINM.

Hcnonb3oBaHne 000MX 3THUX MPHUHIMIIOB BBIOOpa YaCTHBIX
pelIeH MPUBOIUT K OTHOMY M TOMY € ONTUMAILHOMY pacrpejie-
JICHUIO U OJJMHAKOBOM CII0)KHOCTH JITOPUTMaM, HO BEIYHCIIUTEIILHBIC
CXEMBI TIPY ATOM HEMHOT'O Pa3JINYal0TCs.

[TpommmtocTpupyeM HCI0 METOJa JUHAMUYECKOTO MOJIENIH-
pOBaHUS Ha MPHUMEpPE 3a7aYl ONTUMAIBHOTO PACIpENIeICHUs] pecyp-
COB.

Bo MHOrux 3amauax njiaHUPOBAHUS U YIIPABJICHUS TpeOyeTCs
MPaBUJIBHO PEIINTH BOTPOC O PACIPEAEICHUH TOTO WM MHOTO pe-
cypca Mexay 0ObeKTaMU CHCTEMBI, UCX0/s U3 3()(HEKTUBHOCTH €ro
UCTOJb30BaHus. DYHKIMH, ONpEeNsiomue Tako ekt Ha Kax-
JIOM 00BEKTE, UMEIOT HEJTMHEHHBIN XapaKkTep U CYIIECTBEHHO pa3iiu-
YaloTCs Ui pasHbIX 00bEeKTOB. JlJist ciydasi OJTHOTO pecypca WM He-
MHOTHX BHJIOB PECYpPCOB Takas 3a7ada MOKET ObITh pEIlIeHa METO-
JIOM JMHAaMHYECKOTO MPOTPaMMHUPOBAHUSI.

Paccmotpum cnenyromyto cutyanuio. Oowvedunenue pacno-
nazaem cpeocmeamu 8 ooveme 500 moic. p., KOmopwvle OHO HAMEPEHO
UCNOIb308amb 015l PEKOHCMPYKYUU U MOOEPHUIAYUU YemblPeX CEOUX

npec)npuﬂmuﬁ B 3asucumocmu om eenuuunvi UCNOJIb3Yyemblx Kanu-
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MANOBLONACEHUU NPeOnpusimue exce200H0 Noyuaem Npupocm npu-

ObLIU 8 pazmepax, 3a0aHHbIX 8 clledyroujel madauye.

Kanuranosnosxe- [Tpupoct npudkLIH, THIC. P.
HUS, THIC. P. Q1(x1) 02(x2) ®3(x3) @4(x4)

0 0 0 0 0
100 28 25 15 20
200 45 41 25 33
300 65 55 40 42
400 78 65 50 48
500 90 75 62 53

Tpebyemcsa max pacnpedenums Kanumano8i0#CeHUs Mexcoy
npeonpusmuaMu, Ymoowsl ygeaudeHue npudbLIU ObLLO0 HAUOOILULUM.
3nech Qi(xy) — TPUPOCT MPHUOBUIN, TMOJYYCHHBIM Ha k-om
MIPEMPHUATHH, TIPU BEIIMIMHE KAMMTAJIOBIOKCHUN X;. DT (YHKIIHH
3aJjaHbl B TAOMUYHOM (opme.
Torna maremaTHyeckast MOAEIb 3a/1a4 3aITUIIETCS TaK:
X, +x, +x; +x, =500,

x20,x,20,x2=0,x,20,

Z('xl’x2’x3’x4): ¢1(x1)+ ¢2(x2)+ qo3(x3)+ q04(x4)—> max

IeneBas hyHKIUSA Z(X1, X2, X3, X4) BEIpAXKACT OOIIMIA €XKErO/I-
HBIM MpUpocT NpUOBIIM 00BEINHEHUS, COOTBETCTBYIOLIUN pacipe-
nenennto X = (X1, X2, X3, X4) KalUTAJIOBJIOKEHUN MEXKIY YETHIPHMS

NPEANPUITUAMH.
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OO6o3HaunM f (S ) =max @, (xl) — MaKCHUMAaJIbHBIA TMPHPOCT
npubbuy ipu 0 < x; < §', KOTOPBIHA MOXKET ObITh IIOJIyYEeH Ha IIEPBOM
MPEANPUATHH B CIIydae BbIICICHUS €My S €IMHUIl KallUTaJI0BIIOXKE-
Huil. Tak kak Bce QYHKIHH @(Xx) MOHOTOHHO BO3pACTAIOLINE, TO
SICHO, YTO TPUPOCT MPHOBIIM OyZeT HaumOOJBIINM, €CIH MPEearpH-
ATHE OCBOUT BCE BBIJICJICHHBIE €My KallUTaloBJoKeHus. [lorTomy
MO>KHO 3aIlUCaTh, YTO

£(S)=max g (x,), 0<x, <8 (9)

ITycth Teneps S ThIC. P. KAlIUTAIOBIOXKEHUN PaCIpEaeIIIIOTCS
MEXAy NEPBBIM U BTOPHIM NPEANPUATUAMH, T.€. KATUTAIOBIOKEHHS
JOJDKHBI OBITH pa3/iefieHbl Ha JBe 4acTH (x2, S — X2), T/ie X, — KanuTa-
JIOBJIOKEHMUSI, BBIJEIISIEMbIE BTOPOMY MpEANpuUsTHIO, a (S — Xx2) — oc-
TAIOLIASCS YaCTh ISl IEPBOTO MPEANIPUATHS.

B pesynbprare Takoro pacmpeneneHusi MpUpoCT MPUOBLIH Ha
MEPBOM TPEINPUATHH COCTABUT BeNMW4HMHY f1(S — X2), HA BTOPOM —
@2(x7), 0Ot mpupocT OyneT paBeH f1(S — x2) + @a(x2).

Bynem BbIOMpaTh BENWYHHY X; TaKUM 00pa3oMm, 4TOOBI 00-
LU IpUPOCT NpUOBUIN Ha 1-M U 2-M OpeanpuaTusx Obl1 HauboJb-
LIMM.

[TomyuaeMblil Ipu TakOM BBIOOPE X2 MAKCUMAaJIbHBIM IIPUPOCT

npUOBLIH HA 000UX MPEANPUATHIX 0003HaYNM depes f(.S), T.e.
£:(8)= max {p,(x,)+ £,(S - x, ) (10)

OtMmerumM, uto 3anaya (10) sBasieTcss oqHOMapaMeTPUIECKOMN
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(3aaueld MaKCUMM3AIINH, 3aBUCSIICH TOJHLKO OT OJTHOM MCKOMOM T1e-
pPEMEHHOM).

Ecnu 00o3Hauuth yepes3 x»(S) BENMUMHY KAaUTAJIbHBIX BIJIO-
KEHUI BBLACISEMBIX BTOPOMY HpPEINPUITHIO, OOECIEUUBAIOIIYIO
CYMMapHBI MakCHUMaJIbHBIN MPUPOCT MPUOBLTH (T.€. X2(S) — 3TO pe-
menue 3aaa4u (10)), To MOXKHO 3anucarthb

1:(8)=0,(x,)+ /(S - x,(5)).

VYmupasnenue (pemienue) x»(S) Ha3pBaeTCs  YCIOBHO-
ONTHUMAJIbHBIM, TaK KaK OHO SIBJIIETCS ONTHUMAJIbHBIM NPHU YCIOBHH,
€CJIM NIEPBBIM JIBYM MPEANPUATUSAM BBIIEIAIOTCA KalUTAIOBIOKEHUS
B 00beMe S eMHMUII.

Jlanee, B COOTBETCTBMM C METOJOM JAWHAMUYECKOTO IpO-
IrpaMMHUPOBaHUs, CleAyeT MocTpouTh GpyHKImH f3(S) u f4(S). DyHK-
mus f3(S) BbIpakaeT MaKCHUMAaJbHBIM HPUPOCT MPUOBUIH, KOTOPBIN
MOJKET OBbITh IOJY4EH Ha TPEX MPEANpHUATHIX B CIydae pacipenaesie-
HUS MEXKIY HUMU S THIC. P. KallUTAJIOBIOKEHUN. ITa QYHKIIHS CTPO-

UTCS TI0 TAKOMY K€ IPUHIIMITY, KaK U GYHKIHS f>(S), a UMEHHO
£:(8)= max {o,(x,)+ £,(S - x,) (1)

3anava (11) — 310 33a7aua NPUHATHS pelIeHMs] Ha 3-M LIare,
T.€. 3a/a4a ONIpPEJEJICHNs KallUTaJOBJIOKEHUN TpPETbeMYy IpeAIpHU-
ATHI0. JTa 3ajada pemaercs Uil Kaxaoro 3HaueHus S = /,..., 5. B
pe3ynbTaTe PEIICHUs ONPEICIISIIOTCS ABE BEJIMUMHBL: BeIHUUnHA X3(S)
— YCIIOBHO-ONITUMAJIbHBIN 00BEM KallUTAOBIOKEHUM, BBIICTISEMbIN
TpPEeTheMY MPENNpPUATHIO, U f3(S) — MPUPOCT NMPUOBLIN HA TPEX Mpe-
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HNPUATHSAX B CIIydae HAWIYYIIEro paclpelesieHus] MEeXJIy HUMHU S
TBIC. P. KAITUTAJIOBIIOKECHUM.

[Tocnenneit 3amayeit B Hamem npuMepe OyzieT 3ajavya MoucKa
YCIIOBHO-ONTUMAJIBHBIX peleHuil x4(S) Uid 4eTBepTOro npeanpu-

ATUA, T.C. CHeIIyIOIHa’I 3aa4ya MaKCUMHU3aAIluN:
ﬂ(S)Zoga§5{¢4(x4)+ﬂ(S _x4)} (12)

VYpasuenus (9) — (12) Ha3bIBalOTCSA pEKYpPPEHTHBIMU ypaBHE-
Husmu bennmana. 3amaun (9) — (12) pemarorcst mociaea0BaTeNbHO,
pe3yNbTaThI UX pemeHus (X, fi(S)), k= 1,..., 4 MOKHO TIPEJICTABUTH B

BUJIE CIIETyIOIel HTOTOBOM TaOIUIBL.

Kan- k=1 k=2 k=3 k=4
BJIOKC-
| RS A | 2AS) | SAS) | xa(S) 1A(S) | 1alS) | SAS)
0 o[ o0 |0 | 0| 0] 0] 0 0
100 [ 100 | 28 | O | 28 [ O [ 28 | O | 28
200 (200 | 45 | 100 | 53 | 0 | 53 | 0 | 53
300 | 300 | 65 [ 100 | 70 | O [ 70 | O | 73
400 | 400 | 78 | 100 | 90 | O | 90 [0,100| 90

500 | 500 | 90 | 200 | 106 0 106 | 100 | 110

B cronbue £ = I npeacraBieHsl pe3yabTaThl PEIICHUS 3a1a41
(9). 3mech f1(S) = @1(S) u x1(S) = S, Tak 4T0 (HPaKTUIECKH KAKUX-JINOO
pacyeToB Mpu pelnieHuu 3aaaun (9) nenaTh HE HYKHO.

[IpuBeneM BBIYUCIUTENBHYIO CXEMY Uil peIIeHHUs 3agadu
(10). OTa cxema npeacTaBieHa B CIEAYIONIEH TaOIHIIE.
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S X2 | @) | AilS—x2) | @ax2) /(S —x2) | foAS)
0 0 0 0 0 0
100 0 0 28 28 28
100 25 0 25 —
0 0 45 45 —

200 | 100 25 28 53 53
200 41 0 41 —
0 0 65 65 —

300 100 25 45 70 70
200 41 28 69 —
300 55 0 55 —
0 0 78 78 —

100 25 65 90 90
400 | 200 41 45 86 —
300 55 28 83 —
400 65 0 65 —

0 0 90 90 —

100 25 78 103 —

500 200 41 65 106 106
300 55 45 100 —

400 65 28 93 —

500 75 0 75 —

149




IIpu pemenun 3amaun (10) mouck yCIOBHO-ONTHMAJIbHBIN

pemeHnui x»(S) Mpou3BOIUTCS TOJBKO CPEIU LEIbIX YHCEN, T.€. pe-

maercs ceyiomas 3anada: f,(S)= 0<x221§5{(02 (x,)+ £,(S—x, ).

DTO 03HAYAET, YTO ONTHUMAIBHOE pacIpeieieHue HaXO0IUTCS
cpenu 1enbix yucen (¢ TouHoctbio 10 100 Teic. p.). Ecau takas tou-
HOCTh HE YCTpAMBaeT, TO CIEAyeT PACIIMPUTH 00IACTh JOIMYCTUMBIX
3HaueHui IS x»(S), ykazaB B uHTepBase [0, S| Bce HEOOXOaUMBbIE
3HaueHus x; (¢ marom 10 TeIC. p., HaNIpUMep).

B cronbue x, Tabnuibl MoOKa3aHbl BO3MOXKHbBIE 3HAUCHUS X).
Hanpumep, ipu k£ = 3 Bo3M0OkHBI 4eTblpe 3HaueHus x; = 0, 100, 200,
300, T.e. npu pacnpeneneHuu 300 ThIC. p. MEX1y NEPBBIM U BTOPBIM
NPEINPUATHSIMA BO3MOXHBI CIIEIYIONINE BapUaHTHl paclpeieeHus
(XQ, S— XQ)Z

1. (0,300) — BrOpOoMy MpEINpUsATHUIO HE JTaBaTh HUYETO, a OT/aTh
BCE TIEPBOMY.

2.(100,200) — BTOopomy aatb 100 TbIC. p., HIepBomy 200 ThIC. p.
3.(200,100) — BTropomy aatb 200 ThIC. p., mepBomy 100 ThIC. p.

4. (300,0) — oraats Bce 300 ThIC. p. BTOPOMY MPEATPUATHIO.

B cronbue @(x2) 3amuceIBarOTCS 3HAYCHUS QYHKITHH Q2(X2),
B3STHIE M3 HAYaJIbHOW TaONMIbI, a B crondue f1(S — x2) — 3Ha4eHus
BBIUMCIIEHHOW Ha MpeplaymeM mare GyHKuud f1(S). OTu 3HaYeHus
OepyTcs U3 UTOTOBOM TaOIHIIBI, B KOTOPOU JOJDKEH OBITH 3allOJTHEH

cronberr k = 1 kK MoMeHTy BbrauciaeHust QyHkuuu fo(S).
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Jlasee MPOMCXOIUT CIOKEHHUE CTONOMOB Pa(X2) | f1(S — x2), 1
BBIOOP MAaKCUMAIBHOTO DJIEMEHTA B CTOJNOIE Q2(x2) + f1(S — x2) mnst
KaK7oro 3HaueHus S. B mocinenHem cronlue HaxoIATCs 3HAYCHUS
bynkuuu f>(S), oHu BMecTe ¢ X»(S) 3aUCHIBAIOTCS B HTOTOBYIO Ta0-
JUIy B cToJioer k = 2.

[Tocne pemenus 3anauun (10) u 3anonHeHus croidua k = 2 B
UTOroBOM Tabnuue pemaercs 3aaada (11) mo aHanoruyHoi cxeme.

CocraBum TalaMILy.

A X3 | @a(xs) | SAS—x3) | @3(x3) +fo(S—x3) | S3(S)
0 0 0 0 0 0
100 0 0 28 28 28
100 15 0 15 —
0 0 53 53 53
200 | 100 15 28 43 —
200 25 0 25 —
0 0 70 70 70
300 100 15 53 68 —
200 25 28 53 —
300 40 0 40 —
0 0 90 90 90
100 15 70 85 —
400 | 200 25 53 78 —
300 40 28 68 —
400 50 0 50 —

151



0 0 106 106 106
100 15 90 105 —
200 25 70 95 —
500
300 40 53 93 —
400 50 28 78 —
500 62 0 62 —

Pe3ynbrarhl pacueToB TpeThel 3aauu 3alKicaHbl B CTOJIONE &k
= 3 UTOroBOM TaOJIHUIIBI.

ITocnenHtoro, 4eTBEPTYIO, 33/1a4y JOCTATOYHO PELIUTH JIMIIb
ripu ogHOM 3HadeHuH S = 500 THIC. p., YTOOBI OTBETHTH HA BOTIPOC 00
onTUManbHOM pactnpenenennu S00 ThIC. p. MEXKIY YEThIPbMS Mpe/I-
TPUATHSMH.

[IpuBeneM He0OOXOAMMBIE pacyeThl IpU pelieHnu 3aaauu (12)

ripu S = 500 ThIC. p. B cnenyromieit Tadbauie.

S | xa | @a(xs) | S5(S—x1) | Qalxs) +f5(S—xs) | Sf2(S)
0 0 0 0 0 0
0 0 28 28 28

100

100 20 0 20 —
0 0 53 53 53
200 | 100 20 28 48 —
200 33 0 33 —
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S| xa | @alxa) | S5(S—xa) | Qa(xa) +f3(S—xa) | Sa(S)
0 0 70 70 —
300 100 20 53 73 73
200 33 28 61 —
300 42 0 42 —
0 0 90 90 90
100 20 70 90 90
400 | 200 33 53 88 —
300 42 28 70 —
400 48 0 48 —
0 0 106 106 —
100 20 90 110 110
500 200 33 70 103 —
300 42 53 98 —
400 48 28 96 —
500 53 0 53 —

Pesynbrar pemenus 3Toi 3agadn 3anucaH B cTojoue k = 4
WUTOTOBOM TAOJIUIIBI.

Ilocne  3amonHeHHss  UTOTOBOM  TaONMIBI  YCIOBHO-
ONTUMAIBHBIX PEIICHUM HaXOJAUM O0€3yCIOBHOE (OKOHYATEIHHOE)
pacripesieieHie KamUTaJOBIOKEHUN MEXIY YETBIPbMS TpPEINpH-
ATUSMU C TIOMOIIBIO UTOTOBOM TaOIHIIBI 0OPATHBIM XOJIOM.

BHrauane ompenenseM ONTHMAaJIbHYIO BEIHYMHY KaIMTAJIO-

BJIOKCHUH, BBIICISIEMYIO YETBEPTOMY IIpeaAnpuaTnio. E€ HaxoauMm u3
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nocieanei crpoku Tabmauibl. OHa paBHa x4(500) = 100 ThIC. p. BBI-
gutas u3 500 Teic. p. BemuuuHy x4(500) = 100 TBIC. P., TOIY4UM OC-
tatok 400 THIC. p. — BEIMYMHY BJIOKEHUU I TIEPBBIX TpeX Mpel-
npusituii. B cronbue £ = 3 Haxomum x3(4) = 0, ciemoBarenabHO,
TPETbEMY IPENNPUITHIO HEBBITOJHO JaBaTh KallBJIOKEHHUS, a BCE OC-
taBmuecs 400 ThIC. p. cIeAyeT pa3AeauTh MEXAY IEPBBIM U BTOPBIM
TIPE TP THSIMHU.

[Tepexomum k cTonOIy K = 2 U HaXOAUM B HEM BEJIHYUHY
x2(400) = 100 TbIC. p. OnpenenseM octaTok, Beruntas us 400 TbIC. p.
BenuuuHy x2(400) = 100 ThIC. p. OcTtatox pasen 300 Ttvic. p. B
cronbue k = 1 uroroBoit Tabmuiel HaxoauM BenuauHy x1(300) = 300
THIC. P.

B pesynbrate HaliIeHO ONTHUMAJIBHOE PAaCHpEIEICHUE Kallu-
TANOBIOXCHUH X = (3, 1, 0, 1), kxoTOpOMY COOTBETCTBYET HAMOOJb-
WA ©KETOTHBIA TPUPOCT MPHUOBLIM MO0 OOBEAWHEHHIO, pPaBHBIN

f4(500) = 110 THIC. P.
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I'/TABA 8

CeTteBble MOJCJIH IVIAHUPOBAHUSA U YIIPABJICHUA

§ 1. OcHOBHBIC IOHATHS CETEBOI0 rpapuka

U €ro ynopaaodeHue

B cereBoM MiaHMpOBaHUM PacCMaTPUBAIOTCS MPOIIECCHI, CO-
CTOSIIIME U3 MHOKECTBA B3aMMOCBSI3aHHBIX pab0oT. OCHOBHBIM MOHSI-
THEM B CETEBOM IIJIAHUPOBAHUU SIBJISIFOTCS] COOBITUSL 1 pAOOTHI.

CoObITHE — 5TO MOMEHT JOCTIKEHHSI HEKOTOPOTO PEe3yJbTa-
ta. CoObITHE HE UMEET NPOTSHKEHHOCTH BO BPEMEHHU.

TepMuH paboTa B ceTeBOM IUIAHWPOBAHMM HCIIOJIb3YETCS B
LIUPOKOM CMBICJIE U MOXET UMETh HECKOJIbKO 3HaYEHUI: HEKOTOPBII
TPYIOBOM TpolIecC, TPEOYIOUNA 3aTpaT BPEMEHHU U PECYPCOB; OXKHU-
JaHue, He TpeOyrollee 3arpaT TpyJda U PECypcoB, HO 3aHUMAIOLIee
BpeMs (HarpuMep, Mpolecc 3aTBepaeBanus 0eToHa); GUKTHBHAS pa-
00Ta, KOTOpasi BBOJUTCS JJIsI OTOOPAKEHUS JIOTUIECKOMN CBSA3H MEX-
1y COOBITUSIMHU U HE TpeOyeT 3aTpaT KaKUX-TM0O PECypCoB, a TaKKe
HE UMEET MPOJI0JDKUTEIBHOCTH BO BPEMEHHU.

Jlig kaxa0i paboThl TOJKHBI OBITH ONPENIENIEHbI T€ padOThHI,
Ha pe3yJbTaThl KOTOPBIX OHA HEMOCPEJICTBEHHO OMUPAETCS U KOTO-
pble JTOJDKHBI OBITH 3aKOHUYEHBbl K MOMEHTY Hadajla paccMaTpuBae-

MOM.
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Hawano paGoTel U ee OKOHYAHHE SIBISIFOTCS COOBITUSIMH, Ha-
3BIBAEMBIMH COOTBETCTBEHHO HauaJIbHBIM M KOHEYHBIM. Ecim i — Ha-
YyaJibHOE COOBITHE, a j — KOHEUHOE ISl pacCMaTpuBaeMoi paboThl, TO
cama »Ta paboTa 0003HaYaETCs YIOPSATOUSHHOU napoi (i, j).

[IpencraBnenue coObITHI U pabOT B BUJIE WIUIIOCTPALIUMA TO-
CJIEZIOBATENILHOCTH X BBITIOJIHEHUS MMOPOXKIAET CETEBOM rpaduk, Ha
KOTOPOM CTpEJIKaMU (HaNpaBiIEHHBIMHU JyramMH) M300paxaroTcsl pa-
00THI, a Kpy)KKaMu — coObITHs. DparMeHT Takoro rpaduka mpen-

CTaBJIEH Ha puc. l.

ITocranoBka
arperara Ha
TO

PemoHTHBIE pabOTHI

Puc. 1. TIpencrasiienue paboThI Ha CETEBOM rpaduke

Kpyxkkamu Ha ceTeBOM TpaduKe OTPaXaroTcs COOBITUS —
MIPOMEKYTOUHBIE PE3YNbTaThl, a CTpelkaMu — padoThl. Kpyxkw,
MPECTABISIONINE Ha CETEBOM TpaduKe COOBITHS, B COOTBETCTBHH C
TEPMUHOJIOTHEH TpadoB YacTO HA3BIBAIOT BEPUIMHAMHU CETH, a
CTPEIIKU — TyTaMHu.

B uncne pabot, Harpumep, HEOOXOIUMBIX B IPOIIECCE CO3/a-
HUS HOBOTO H3EJHs, MOTYT OBITh pa3paboTKa JTOKyMEHTAllUH, pa3-

pa60TKa TEXHOJIOTHUYCCKOI'0 Iponecca, MpOCKTUPOBAHUC OCHACTKH,
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M3TOTOBJICHUE Y3JIOB U JIeTalleH, MOTy4eHuEe KOMIUIEKTYIOUINX U37e-
J1i, cOOpKa OMBITHOTO 00paslia U €ro UCIbITaHUE U T. 1.

YcnoBHBIN IpUMep ceTeBoro rpaduka MpuBeieH Ha puc. 2.

@”%C V ;

Puc. 2. TIpumep cereBoro rpaduka

IIpu mocTpoeHHn ceTeBbIX TpadUKOB HEOOXOIMMO COOIIO-
JaTh HECKOJIBKO OCHOBHBIX MTPABHUIL.

1. B cereBoM rpaguke 10JKHO OBITH OJTHO Ha4YalIbHOE U OJIHO
KOHEYHOE COOBITHE (HaYaJIbHOE COOBITHE HE UMEET BXOJIINX CTpe-
JIOK, KOHEYHOe — BBIXOJIuNX). Ecnu ykazaHHbIe YCIOBUS €IWHCT-
BEHHOCTH HAYaJbHOTO MM KOHEYHOTO COOBITHI HE BBITIOIHSIOTCS,
TO €r0 MOXHO JOOWTHCS MyTeM BBEACHUS (PMKTUBHBIX pabOT U CO-
obrtuii. Ha puc. 3a n3o0paxen cereBoii rpaduk ¢ JByMs HAYaJIbHBI-
MU U IBYMSI KOHEYHBIMH COOBITHSIMU rpaduka, a Ha puc. 30 mokasa-
HO, KaK 3TOT Ipa)uk MOKET OBITh MPeoOpa3oBaH ¢ TEM, YTOOBI OBLIO
BBITIOJTHEHO ycioBue /. BBeneHHbIE (PMKTUBHBIE COOBITHS U PAOOTHI

I/I306pa)KCHI)I MYHKTUPHBIMU JIMHUSMU.
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a 0
Puc 3. Tlpumep npeoOpa3oBanus ceTeBOro rpaduka

2. B ceTeBoM Trpaduke HE TOJDKHO OBITh «3aIlMKIHBAHUS, TO
€CTh 3aMKHYTBIX KOHTYPOB, KOTOPBIE 1O CYIIECTBY O3HAYAIOT, YTO
YCIIOBHEM Havaja KakJou paboThl 3aMKHYTOT'O KOHTYpa SIBIISIETCS €€

okoH4anue (cm. puc. 4: padots! (11,13), (13,12), (12,11) oGpa3ytoT

ORI

Puc. 4. IIpumep ommOKy B COCTaBIEHUH CETEBOTO
rpaduka

LIMKII).

3. JlroOble 1Ba COOBITHS HAa CETEBOM TpaduKe HE JOJDKHBI
OBITh HETOCPEACTBEHHO CBs3aHBI Oojiee yeM oaHOW ayroud. Takas
omunOKa BCTpeyaeTcs MpU HU300pakeHHWU NapajuieNbHO BBINOJHsE-
MBIX paboT (cM. puc. 5a). [ns npaBuiIBHOTO MPEICTAaBICHUS HA CEeTe-
BOM rpaduke pabdoT, KOTOpPbI€ MOTYT BBINOJIHATHCS MapalIeNIbHO,
BBOJATCS (PUKTUBHBIE COOBITHS U pabOThI, M300pakaeMble MyHKTHP-

HBIMU JIUHUSAMU (CM. puc. 50).
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=

a
Puc. 5. TIpumep npencraBieHus: Ha cETEBOM rpaduke
napajuieNIbHO BBITIOTHAEMBIX PadoT

AnHanmu3 cereBoro rpaduka Ha puC. 2 TOKa3bIBAeT, YTO OH
YIIOBJIETBOPSET BCeM C(POPMYIHMPOBAHHBIM YCIOBHSM, OJHAKO 3TOT
rpaduK HE TOJTHOCTHIO YMOPSAIOYEH. YTOPSAIOUYEHUE CETeBOTO Ipa-
¢duKa 3aKITI0YaeTCS B TAKOM PACIOJI0KEHUN COOBITHI U PadOT M UX
HyMEpAaLUH, IPU KOTOPOM BCE CTPENIKU OBUIH OBl PACIIOJIOKEHBI Clle-
Ba HAMpaBo, a s padoT (i, j) BRIMOIHSIOCH ObI YCIOBUE i < J.

Takoe ynopsijoueHue MOXKHO MOJIYYUTh C IIOMOIIBIO METOA
BBIYEPKUBAHMSI YT, WIUTFOCTPALUsl KOTOPOTO MPUBEAECHA Ha pUC. 6.

Haunem ocMOTp ceTu ¢ Ha4aJIbHOM BEPIIUHBI 1, KOTOPYIO OT-
HOCHM K HYJIEBOMY paHry. BoruepkuBaem (0HO 4epToil) Bce IyrH,
BbIXOJsIIKMe U3 BepuinHbl 1. Torma 6e3 BXOASAIIMX AYr OKaXyTcs
BepiIMHbI 2, 4. BysemM Ha3bIBaTh UX BEPIIMHAMHU IIEPBOTO PaHra, T.K.
OHM COEJUHEHBl C HayaJIbHOM BepIIMHON | onHOM myroi. Beruepk-
HYB (ByMS 4yepTaMu) BC€ IYI'M, BBIXOJSILIME M3 BEPIIUH IEPBOTO
paHra, OIsiTh MMOJYYHM BEPIIMHBI 0€3 BXOAANIMX B HUX IYyT (BepIu-
HbI 3, 7) 1 T.1. MakcuManbHOE YUCIIO AYT, COCAMHSIONIUX BEPUIUHBI

r-20 paHra ¢ Ha4aJibHbIM CO6I>ITI/I€M, PpaBHO 7.
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Puc. 6. PamwxupoBaHue BepIIMH ceTeBOro rpaduka,
IIPEJICTaBJIEHHOTO HA PUC. 2, METOJIOM BbIUEPKUBAHUS YT
B pe3ynbraTe ykazaHHBIX AEWCTBUH MTOIYYUM PACIPEICICHUE
BepIIMH (paccioeHue) no panram. Ilepenymepyem BepUIMHBI B I10-
psake Bo3pacTaHus paHros. IIpu 3ToM BHYTpH cilos, T.€. MHOYKECTBA

BEPILIMH C OJUHAKOBBIM PAHIOM, HyMepalus YCTaHABJIMBACTCS IPO-

M3BOJILHO. Pe3ynbTarsl mepeHyMepaliy BEpIIH IPUBEICHBI B Ta0M. 1.

Tabm. 1
Panr 0 1 2 3 4 5
Crapsle HO-
Mepa Bep- 1 2.4 3,7 5,6 9 8
IITVH
HoBssie HO-
Mepa Bep- 1 2,3 4,5 6,7 8 9
IITVH

Ilocne BBeneHUs yNOPSAJOYEHHOW IO paHraM HyMepauuud MU
PAacIIOIOKEHHUS] BEPIIMH B OJTHOM «CJIOE» TOIYYUM CeTeBOU rpaduk,

IIPEACTABJICHHBIA HA puc. 7.
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JON

0%
On

1

2

I[lepeiinem Tenepr K MOCTPOCHUIO CETEBOTO IpaduKa, yKazaH-

HOTO B TabJ. 2, UMEHAMU KOMILIEKCca paboT IpHU KalpeMOHTE arpera-

e
=2

3

4

Puc. 7. YnopsimoueHHbI ceTeBOi rpaduk

Ta.
Tabmn. 2
WNwms | Onupa- Hop- Hpe- Hopmais- Hpe-
MaJb- JeIb- JieNbHas
ba- ered HBIN HBIN Hast cron- CTOU-
00- Ha MOCTb,
CpOK, CPOK, MOCTb,
TEI paboty . . TBIC. P. TBIC
. p-
1 2 3 4 5 6
A E,B 6 4 9 12
B G, Q 5 2 9 18
C 24 20 36 44
D F, H 6 5 9 11
E 12 12 18 18
F E,B 6 4 9 13
G 15 14 18 20
H G, Q 12 11 18 19
Q \Y 11 9 9 13
\ 6 6 9 9
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HaumHaate mocTpoeHUEe HYXKHO C OTOOpPaKCHHSI CTPEIKAMHU
TeX paboT, KOTOpPBIC HE SBIIIOTCS HAYAJLHBIMH B CETEBOM rpaduke.
B nameii 3amaue takoBbiMuU sBISIIOTCS paboTel C, G u V. OHu He
ONUPAIOTCS HU Ha Kakue padboThl. X MOXKHO OTMEYaTh raJIouYKaMH
WJTU BBIYEPKUBATH U3 CIIMCKA U MEPENTH K Tpaduueckomy oToOpaxe-
HUIO pabOT, KOTOPbIE HEMOCPEJACTBEHHO CIIEAYIOT 3a HUMU. Bbruep-
KHBasi OTOOPaKEHHbBIE CTPEJIKaMU padOThl, HAXOJAUM B CIIUCKE JIPY-
rue paboThl, KOTOpPbIE ONMMPAIOTCS Ha MOKa3aHHbIE CTpeIKaMu pabo-
ThI, ¥ 0TOOpaXkaeM ux rpadudecku. Tak mocrymaeMm J0 TeX MOp, MO-

Ka He OyJIeT ucuepIaH BeCh CIMCOK 3aJaHHBIX paloT.

6 o) 2 4 6
Vv 6 6 E 22 23 A
y Q *11 B|5 F “
© ] E» 3 T, 5 e 6
Gl |1 T} 29 | 29 ? 35 | 35
24 |
C

Puc. 8. CereBoii rpaduk padbot

§ 2. Anaian3 cereBoro rpaguka u pacuer

€ro BpEMCHHBIX XapPaKTEPUCTUK

CereBoll rpad@uK OTpaXkaeT TEXHOJIOTMYECKYIO IOCIEeN0Ba-

TEJILHOCTD BBHIMOJIHEHUS paboT. JItobas mocinenoBaTenbHOCTh padoT,
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B KOTOPOH KOHEYHOE COOBITHE KaXI0W pabOThl COBIIAJAET C HAa4yajb-
HBIM COOBITHEM CJIEIYIONICH 3a Hell paboThI, HA3BIBACTCS MNymeM.
Tak, mocnenoBarenbHOCTh pador L = {(3,4)(4,5)(5,6)} oOpaszyer
MyTh, COSMHAIONINI TPEThe U mectoe coobITus. [1yTh 0T HavaIbHO-
ro COOBITHSI O KOHEYHOTO HAa3bIBAETCS Mo.HbiM nymem. Tak, myTb
L={(1,3)(3,5)(5,6)} sBnsercs omHuM wu3 noiHbIx nyred. Ilytu
MO>KHO IPEICTAaBUTh U B BUJIE NOCIIEI0BATEIBHOCTH COOBITHM, Uuepe3
KOTOpbIE OHU IPOXOJAT, WIN K€ MEPEeYHEM HMEH padoT, Jiexallux
Ha nytu. Tak, nepBbli MyTh MOXKHO YKa3aTh TakKUM oOpazoM: L = {3
=>4=5=6}um L={B,F, D}.

Ecnu u3BecTHBI IPOJODKUTENBHOCTH PadoT ¢, TO JuIs JH000-
ro myTd L MOXKeT OBbITh OmpeJieieHa ero MpoJaoKUTENBHOCTD #(L)
Kak CyMMa NpOAOJDKUTENbHOCTEH ero pabor. Tak, myTh
L={V, Q, B} umeer npoAouKuTenbHocts H(L)=6 + 11 + 5 = 22
(mn.).

[TonmubIif MyTh, HMMEIOUIMA HAHOOJBIIYIO MPOIOTIKUTENb-
HOCTb, Ha3bIBAECTCSA KpUMUYECKUM, A TIPOJIOJDKUTENIBHOCTh KPUTHYE-
CKOTO IYTH Ha3bIBAETCS KPUMUYECKUM 8peMeHeM CETEBOro rpaduka
— T, Kputuueckoe BpeMsi — 3TO HAMMEHBIIEE BPEMS BBITIOJIHCHHUS
IIPOEKTA.

B cereBoM rpaduke peaqbHOTO MPOEKTa MOXKET OBITH MHOTO
pabot u mosHbIX myteil. [loaTomy mepebop Bcex MONHBIX MyTeH U
MIOUCK CPEAN HUX KPUTUYECKUX (KPUTHUECKUX IYTEH MOXKeET OBITh

HECKOJIBKO) MPAKTHUYECKH OCYHIECTBUTh HEBO3MOXKHO. Ompenenum
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KPUTHYECKOE BpeMsi ceTeBOro rpadpuka 7 (1 KPUTHUECKHUIN MyTh) C
MTOMOIIBIO PAHHUX BPEMEH HACTYIUIEHUS COOBITUI.

Pannee epems T” HacTyluleHHS i-e0 COOBITHS — 9TO BpeMs,
paHbIIe KOTOPOTO i-e COOBITHE HACTYNHUTh HEe MOKeT. Kaxknoe coObI-
THE HACTyNaeT TOJBKO TOTJa, KOorJa OyAyT BHITIOJHEHBI BCe pabOTHI
Ha BCEX IMYTSX, BEAYIIUX OT HAYAJIBHOTO cOOBITHS rpaduka K gaH-
HOMY coObITut0. [loaTOMY panHee BpeMs HACTYIUICHUS i-20 COOBITHS
paBHO HamOOJbIIEH NPOAOIKUTEIBHOCTH IYTEH, BEAYIIUX K i-My

COOBITHIO.
Paccunraem 7" mna xaxzaoro cooOwsitusa. Cpok HacTyIUICHUS
HAYaJIbHOTO COOBITHS rpaduka OyaeM YCIOBHO CUMTATh HYJIEBBIM, T.C.

T\”= 0 (panHee BpeMs COOBITHI MOXKHO OTMEYaTh KaJeHIApHOH aa-

Toit). Jlanee MoxHO onpenenuts 71, , Tak Kak BTOPOe COOBITHE HACTY-

naet nociie padotsl (1, 2), koTOpasi BBHIMNOJIHSETCS Cpazy MOCe Ha-
YJaJbHOTO cOOBITUS TpaduKa, paHHEE BpeMs Ul KOTOPOrO U3BECTHO.
(Bo BTOpO#l MPsIMOYTOJILHUK BXOJUT TOJBKO OJIHA CTPENKA, BBIXOIS-

11asi U3 MepBOro NpsMOYroJIbHUKA, B KOTOPOM Y)K€ HAallCaHO pPaHHEe
Bpemsl HacTyruleHus coObrtus 1). Urax, 7)) =T,"+ ¢, =0 + 6 = 6.
Tenepp MoxkHO ompenenuts 73, T.K. K HEMY IPUBOJAT ABE PaOOTHI
(1Be BXOJSIIME CTPEJIKU B TPETUH MPSAMOYTOJIbHUK), BBIIOIHIEMBIE
nocisie coobiTuit 1 1 2, paHHHE BpeMeHa KOTOPBIX yXK€ OMpPEIEICHBI.
T)Y paccyutbiBaeTcs o hopmyiie
yZ— p P — —
TP = max [T\ +t,,T) +t,;] = max[0+15,6+11] =17
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AHAJOTHYHO MPOJIOJDKASL, TIOTYIHM:

T) =max [T} +t,,, T, +t,,] = max[6+12,17+5]=22,

TP =max [Ty +ty,, T, +1,,] = max[17+12,22+6] =29,

TS =max [T} +t,,TS +t]=max[22+6,29+6] =35

Wrtak, paHHee BpeMsi KOHEYHOTO COOBITHs rpaduka paBHO
T} =35 nueit = = T, 1.e. panpie 35 qHEW arperat OTPEeMOHTHPO-
BaH OBITh HE MOXKET.

Haiinem Temepsr kputuyeckuit myts L oOpaTHBIM X010M,

JBUTAsICh OT KOHEYHOTO COOBITHS rpaduka k HadanbHOMY. Cpok 35

JTHEN nonydyeH Omnarojapsi padore D, UMEHHO €€ JUTUTEIbHOCTh OTl-
perenuna MakcuMyM B Qopmyne mis Beluucienus 1. Crnemosa-
TeNbHO, paboTa D sBISETCS KPUTHUYECKOW, OTMETHM €€ YKUPHOU
crpenkoil. Ilpu onpenenenun 7, MakCUMyM HOCTUTHYT Oiaronaps

JUIMTENILHOCTU paboThl H, mosToMy 3Ta paboTa AOJHKHA MPUHAJIE-
KaTb KpUTHYECKOMY ITyTH. OTMETUM €€ TakKe >KMPHOM CTpEesKOM.
Paccyxnas aHanoru4HbIM 00pa3oM, HaXOAUM CIEAYIOIINN KpUTHYE-
ckuit myte: LY = {V, O, H, D}.

DTOT MyTh UMEET MPOIOLKUTENBHOCTE H(LY) =6+ 11 + 12 +
+ 6 = 35 aneil. OnpenenumM CTOUMOCTh PEMOHTA arperara mpu HOp-
MaJbHOM PEXHUME BBIMOTHEHHs pabot: S =9 +9 +36 +9 + 18 +
+9+ 18+ 18+9+9 =144 1HIC. D.

PaccunTaem eme oHy XapaKTepUCTHKY CETEBOTO rpaduka —

MO3/IHEE BpeMs COOBITHA.
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Ilo30nee epems T," HacCTyIIEeHHs i-20 COOBITHS — 3TO IIpe-
JEBHBIA CPOK, IO KOTOPOTO MOKET OBITh OTJIOKEHO HACTYIUICHHE
coObITHs O€3 3azepkku Beero npoekra. [lo3nHee Bpems 7" ompene-
JIACTCA KaK Pa3HOCTb MCKAY KPUTHUYCCKUM BPECMCHEM U IPOJOJIKHU-

TCJIBHOCTBIO CaMOI'0 AJIUTCIIBHOIO MMYTH, BEAYIICIO OT JAaHHOTO CO-

ObITHs K KoHeyHOMY. [lo3qHHME BpemeHa COOBITHI BBIYMCISIOTCS,
HayMHas ¢ KOHEYHoro coObitus rpaduka. Ilomaraem 7,' =T =35.
Jlanee HaxXoIUM COOBITHE, OT KOTOPOTO MPUXOUM K KOHEUHOMY T10-
CJie BBITIOJIHEHUS TOJILKO OJTHOW paboTHI, T.€. HAXOIUM MPSMOYTOJIb-
HUK C OJTHOW BBIXOJISAIIEH M3 HErO CTPENIKOW K KOHEUHOMY COOBITHIO.
Orto cobuitue 5. Umeem 7' =T, —t,, =35-6=29. Ot cobGwiTHa 4
BEIYT JIBE CTPEIKU K COOBITHSM 5 M 6, IO3IHUE BpEeMEHa JJIsl KOTO-
pbIX paccuntansl. Bpemst 7' paccuutsiBaeM 1o opmyie

T =min (7, —t,,T, —t,,] = min[29-6,35-6] =23

OcranpHbIe Bce COOBITHSA JIe)KaT HA KPUTUIECKOM MyTH U SIB-

JIAIOTCA KPUTUYCCKUMMU. I[J'ISI HUX paHHUC MU MO3AHUC BPCMCHA COB-

MajaoT, U MOTOMY UX MOXHO HE CUHMTATh (ISl COOBITUS 5 MOXHO

Obl10 He cuutaTh I3 ). JlJI1 HEKPUTUUYECKUX K€ COOBITHH MO31HEE

BpEMSsI PACCUUTHIBACTCS TI0 aHAJIOTHH C COOBITHEM 4.

1. Haxogum coObiTHE, I KOTOPOTO MOKHO BBIYUCIHUTH
mo3aHee BpeMs. TakuM COOBITHEM SIBIISIETCS COOBITHE C BBIXOISIIH-
MU CTpEJIKaMH, BEIYHUIMMU K COOBITHSM C HAWJACHHBIMU IMO3JIHUMHU
BpEMEHAMM.
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2. VI3 mo3gHUX BpeMEH CIEAYIOLUX 32 JaHHBIM COOBITUEM
COCCIHUX COOBITUH BBIYUTAIOTCS JIIUTEIIBbHOCTU pa60T, MMPUBOAAIINX
K 3THUM COCCAHHUM COOBITHUSIM.

3. Mckomoe no3aHee BpeMs IoJiaraeTcs paBHbIM MHUHUMYMY
13 BCEX TAKUX PA3HOCTEM.

Taxum oOpasom, numeem
I =min (7, —t,;,T, —t,,]=min [29-12,22-5]=17,
) =min(7, -t,,, T, —t,,]=min[17-11,22-12]=6,

T" =min (7, —t,,T; —t;,T, —t,,]=min [35-24,17-15,6-6]=0

16 >
3HaueHUs1 BPEMEHHBIX XapaKTEPUCTUK COOBITUS 3alIUCHIBAIOT
B IPSIMOYI'OJIbHUK, KOTOpBIA pa3OuUT Ha Tpu dactu. HaBepxy crosiT
HOMepa COOBITHI, B JIEBOM YaCTH paHHEEe BPEMsI MX HACTYIUICHHUS, a B
IIPaBOM — MO3/IHEE BpEMs.
C BpeMEHHBIMU XapaKTEPUCTHUKAMU COOBITUN CETEBOIO Ipa-

(uKa CBsA3aHBI CICIYIONINE BPEMEHHBIE XapaKTEPUCTUKH padoT.
Pannuii cpox )" nauana pabomei (i, j) — BpeMs, paHbIIIE KO-

Toporo paborta (i, j) He MoxeT ObIThb Hadyara. OHO ompeaenseTcs

paHHUM BpeMEHEM HACTYIUICHUS COOBITHS i
PH __ P
ti' =T,
Pannuii cpox t[° oxonuanus pabome (i, j) — BPEMSs, paHbIIE

KOTOpOTO padoTta (7, j) He MOXKET ObITh OKOHUYEHA!

po _mp
i’ =T," +1,
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no

Tlosonuii cpox  t;° okonuanus pabomet (i, j) — camblii MO31-

HUH CPOK, B KOTOPBIH HY)XKHO YJIOKHTHCS C BHITIOJIHEHHEM paboThI (i,
J), 9TOOBI HE YBEIHMYMIOCH KPUTHIECKOE BPEMsI CETEBOTO TpaduKa:

ti =T}

Ilozonuii cpox  t;" nauana pabomet (i, j) — camblii MO3HUNA
CpOK Hauana padoTsl (7, j), He BIUAIOIINNA Ha KPUTHUECKOE BpeMs ce-
TEBOTO Tpaduka:

ti' =T/ ~t,

Tax, Hanpumep, a1 padoTsl (2,4) umeem:

— paHHMH CpoK Hauana ¢, =1, =6,

— paHHMH CpOK OKOHuaHus t;, =1 +1t,, =6+12=18,

— NO3JHUH CPOK OKOHYaHusd t,, =1, =23,

— MO3/IHUM CpoK Havana ¢, =71," —t,, =23 —12=11.

WHTepec mpencTaBisieT aHAINW3 Pe3epBOB BPEMEHU JUISI BBI-
MOJTHEHHUS TeX WJIM WHBIX paboT. Pa3muyaioT HECKOJBKO BHIOB pe-

3€pBOB BPEMEHH, M3 KOTOPHIX OCHOBHBIMU SIBJISTFOTCSI:
— noanvlil pezeps BpeMenu pabotet (i, /) R =T - (Tl.” +1, ),
—  c80000HbII pe3eps BpeMeHU paboThl (I, f)
R; =T/ _(Tip +i )
[lonuerii pe3eps BpeMeHU R MOKA3bIBAET, HACKOJLKO MOK-

HO YBEJIMYUTH BPEMsI BBITIOJIHEHUS PAOOTHI (i, /) ¢ TeM, 4TOOBI CPOK
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T? HacTyruleHHs KOHEYHOTO COOBITHSI HE U3MEHHJICH, T.€. YTOOBI He

YBEJIMYUIIOCHh KPUTHYECKOE BpeMs T,

CBOOO/HBIN PE3€PB BPEMEHH R TMOKa3bIBAET HACKOJIBKO

MO>KHO YBEJIMUUTH BPEMsl BHIIIOJHEHHSI paboThI (i, /) ¢ TeM, YTOObI HE
HapyIIAJUCh Ja)ke PaHHHUE CPOKM Hayalla BBIIIOJIHEHUS padoT, HETMO-
CPEACTBEHHO CJIEIYIOIINX 33 PACCMAaTPUBAEMOIL.

Hanpumep, ans pabotsl (2,4) NOMHBIA pe3epB BpPEMEHU CO-
CTaBIISIET

Ri, =T - (17 +1,,)=23-(6+12)=>5,

a cBOOOHBIN —

R =T/ —(17 +1,,)=22-(6+12)=4.

[TonHbIl U cBOOOJHBINA pE3EPBBI BPEMEHU MOTYT HCIOJIb30-
BaThCs JUIA NEPEHECEHUs Ha Oosiee MO3JHUM CPOK Hayalla BBIIOJHE-
HUs pa0bOThI, HA YBEJIMYEHUE MPOJOJLKUTEIBHOCTH fj, Ha MpephbIBa-
HUE BBINIOJIHEHUS, €CIIM 3TO TEXHOJIOTMYECKH BO3MOXHO, U Ha pas-
JIMYHBIE IPYTHE LIETH.

OueBUIHO, YTO COIIACHO ONPEAEICHUIO KPUTUYECKOTO ITyTH,
KpUTHYECKHE pabOThl HE MMEIOT PE3€pBOB BPEMEHH, M, Ha00OPOT,
OTCYTCTBHE IIOJIHOTO Pe3€pBa BPEMEHH Yy PaOOTHI CIYKUT IPU3HAKOM

MPUHAIICIKHOCTHU €€ K KPUTUUICCKOMY ITYTH.
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§ 3. YckopeHue kanuTaabHOr0 peMOHTA arperara

Ilepen peMOHTHBIM NPEANPUATHEM IOCTaBIEHA 3ajaya 3a-
BEpIICHUS] PEMOHTA Ha TPHU JHS paHbllE PACCUYUTAHHOTO NPU HOP-
MaJIbHOM PEKHME BBIIIOJHEHHS PA0OT KPUTHUECKOTO BpeMeHu 1, =
35 nHeil, mpuyeM caenarb 3TO HY)KHO C HAaWMMEHBUIMMH JOTOJIHU-
TEIbHBIMU 3aTpaTaMu. SICHO, YTO YMEHBIIUTh CPOKH PEMOHTA MOX-
HO JIMIIb MYTEM YCKOPEHHUs KPUTHUYECKHX paboT ceTeBoro rpaduka.
Ilo ycnoBuio 3a7auu, HEKOTOPbIE padOThl MOKHO BBINOJIHSTH B yC-
KOpeHHOM pexume. Jlns takux paboT B Tabn. 2 3amaHbl JBE JUTH-
TEIbHOCTH, OJIHA U3 KOTOPBIX COOTBETCTBYET HOPMAIBLHOMY PEXUMY
€€ BBINIOJHEHUSI, a JIpyras — NPeJeIbHOMY UM CPOYHOMY PEKUMY.
Bo03MOXHBI ¥ TPOMEXKYTOUHBIE (YCKOPEHHBIE) PEXKUMBI, ITpUUeM Oy-
JIEM CYMTaTh, YTO JIEHEKHBIE 3aTPAThl Ha YCKOPEHHE BO3PACTArOT
IPsIMO MPONOPLIMOHAIBHO BPEMEHHM YCKOPEHUS, T.€. JOTOJHUTEIb-

HbIE 3aTpaThl HA OJIMH JIEHb YCKOPEHUs A paccUMThIBatOTCA MO (op-
c H
Y =

ity

, THE 1, Ci, 1, C; — MIATENBHOCTH U CTOMMOCTH

[/’

paboTsI (i, j) MPU HOPMAITLHOM U CPOYHOM PEKUMAX €€ BHITIOTHEHHSL.
PaccuuTannbie 10 3TOi (opMyIie 3aTpaThl Ha YCKOPEHHE T10-

Ka3aHbl B Ta0I. 3.
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TaoJa. 3

PaboTa A|B|C|D|E|F|G|H|Q|V
BosmoxHoe
YMEHBbIIIe-
HUE IJIN- 213 1| 4 1 -1 2 1 1 2 | -
TEIBLHOCTH,
JTHU
3arpaThl Ha 1
YCKOpEHHE, 5’ 312 (2 -2 |2 ||1]2]-
THIC. P.

Hanpumep, A, :ﬂzl,S, A, :M:& PaGotw! E, V

6-4 5-2

HCJIB3s BBIIIOJHHUTHL B YCKOPCHHOM PEIKUME, IIOITOMY B COOTBCTCT-
BYIOIIUX UM CTOJI6IIaX IMMOCTAaBJICHBI ITPOYCPKHU.

Tak Kak KpUTHYECKOE BpEMs CETeBOTO rpaduka orpesenser-
CA MIUTCIBbHOCTAMU KPUTUYCCKUX pa60T, TO YMCHBUICHHUE 3TOTO
BPEMEHU MOXET OBITh OCYIIECTBIEHO TOJBKO 3a CUET YCKOPEHUs
KpuTH4eckux padbot. Kpurnueckuit cpok Oynem cokpamiarh mnocie-
JOBATEIBHO 10 OJHOMY IHIO, IIPUYEM IIOCIE KaXKIOr0 TAKOro CO-
KpalCHUA 6yIICM CMOTPCTh, HC NTOABUJIIUCH JIM HOBBIC KPUTHYCCKUC
nyTd B ceTeBoM rpaduke. [losiBIeHHE HOBBIX KPUTHUECKUX MyTEH
NOTpeOYyeT COKpAIleHHUs] U UX INPOAODKUTEIBHOCTEH, YTOOBI Yio-
KUTHCS B 3a/laHHOE JUPEKTUBHOE Bpems. s cokpalleHus cpoka
3aBCPUICHUA CTPOUTCIBCTBA HAa OJUH JACHb MOXCT HOTpC6OBaTI)CSI,
CJIEZIOBATENIbHO, YCKOPEHUE HE OJHOI paldoThl, a Cpa3y HECKOJIBbKHX.
Bynem HaxoauTh B 3TOM ciydae Takue paboThbl, 4TOOBI OOImue 10-

MOJIHUTEJIbHBIE 3aTPaThl HA YCKOPEHHE BCEX PadOT, MPHUBOIAIIUX K
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YMEHBIICHUIO KPUTUYECKOTO BPEMEHHM Ha OJIUH JIeHb, OBLIM MUHU-
MaJIbHBIMH.

3a0KEeHHBIN B TaKOM MOJXOJ€ MPUHIMIT ONTHMHU3ALUU OJ1-
HOTO Imara (CoOKpamieHne Ha OJWH JIeHb) MPUBOJIUT K 3BPUCTHYECKO-
MY aJTOpUTMY, KOTOPBIH HE BCEr/a rapaHTHPYeT MOJydeHHE ONTH-
MaJIbHOM cTpaTeruu yckopeHwus. MIHOTIa 3Ta cTparerus MOXeT ObITh
PUOIINKEHHO-ONITUMATbHOM.

Ha xputnueckom nytu L'? = {V, O, H, D} HaumeHbIue 3a-
TpaTbl Ha YCKOpEHUE UMeeT KpuThueckas pabora H, T.K.

Ay =min{A,, A, AL} = = min{2,1,2} = 1 TeIC. p. YCKOpHUM pa-

6oty H Ha omuH neHb. [locine ee yCKOpPEeHHs HOBOE KPUTHYCCKOE

BpEMs CTAaHET PaBHBIM 34 JHAM MU IIOSABUTCS CIIC OOUH KpI/ITI/I‘ICCKI/Iﬁ

nyts {V, O, B, F, D},

6 2 12 4 6
ﬁ >
\% 6 E | * A
4 Q *11 B A5 F Y6 v
0 13 3 . 5 6
G 11 6
17 p—| 5 = 34
H D
24 A
C
Puc. 9. CereBoii rpaduk npu ycKOpeHHOM Ha 1 IeHb pexuMe
pabot
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Pe3ynbrarhl yckopeHus peMoHTa Ha | 1eHb IpeJCTaBUM TakK:
yckopsiemasi pabota — H, HOBasl JUIMTENbHOCTh — 11 JHEH, 3aTparbl
Ha yCKOpeHue — 1 ThIC. P.

Kputnueckue myrtu ¢ BpeMeHEM 3aBeplieHus — 34 1HEll;
CyMMapHasi CTOUMOCTb — 145 TeIC. p.

w. V O H D

' 1=2=325=6

w. V @ B F D

P 1222324526

6 2 12 4 6

E 22

4 Q*ll B A5 F Y6 v
0 1 3 5 6
yea

11 5

17 — g = 33

H D
24

C
Puc. 10. CereBoii rpaduk nocie ycKkopeHus Ha 2 aHs

PaGoty H nambliie yCKOPSITh HENb3s, T.K. BO3MOKHOE YMCHbB-
IIEHUE €€ JUTUTEIIBHOCTU PAaBHO OJTHOMY JHIO (CM. Tab. 2), KOTOPHIi
YK€ HCIOoNb30BaH. M3 Opyrux KpUTHYECKUX paldoT, JOMYCKAIOMIMX
YCKOpEHHUE, HaUMEHBIINE 3aTpaThl HA YCKOPEHUE, paBHbIE 2 ThIC. P.,
uMeroT paboTel D, F u Q. V3 3THX paboT cienyeT UCKIIUUTh pabo-

Ty F, TaK KaK OHa NPUHAMJIC)KUT JIMIIb OJHOMY H3 IBYX KPHUTHYC-
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CKUX IyTE€H M €€ YCKOpPEHHE HE YMEHBIIUT BpEeMs 3aBEepIICHUS pe-
MoHTa arperata. [loaToMy 1enecoodpazHee yCKOpUThH JIMOO paboTy
D, mu6o paboty Q, KOTOpbIe IPUHAIIEKAT 000UM KPUTHUECKUM ITY-
TAM.

Bribepem, Hanpumep, padoty D. Ilomyuynm HOBBIN ceTEBOI
rpaduK ¢ MPEKHUMHU KPUTHYECKHUMH TYTSIMH, TJ€ JTUTEIHOCTh pa-
60TBl D Oyzner Terneps paHa 5 THSIM.

Pesynbrarel yckopeHus: yckopsiemast pabota — D, HOBas M-
TEIbHOCTb — SAHEHN, 3aTpaThl HA YCKOPEHUe — 2 ThIC. P.

Kputnueckue nyru ¢ BpeMeHeM 3aBepuieHust — 33 1Hs, CyM-
MapHasi CTOUMOCTb — 147 ThIC. P.

w. V O H D
122232526

l;p. Vv Q9 B F D
1=22=3=24=5=6

VYckopum Teneps padoty Q Ha 1 nensb (paboty D nainblie yc-
KOPSITH HEJb35), MOJyIHM CIETYIOUINI rpaduxk.
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\% 6 E |2 A
4 Q * 10 B fs F ¥6 v
0 1 3 " 5 6
_G; 11 5
17 (7 = 32
H D
24 \
C

Puc. 11. CereBoii rpaduk pu CpOYHOM peKUME paOOTHI

VYckopsiemast pabota — (), HOBasi ANIUTENLHOCTh — 10 qHEH, 3a-
TpaThl Ha YCKOPEHHUE — 2 ThIC. P.

Kputnueckue nyru ¢ BpeMeHeM 3aBepuieHust — 32 Hs, CyM-
MapHasi CTOUMOCTb — 149 TbIC. p.

v VO H D

122232526

v Vv Q9 B F D

P 122232456

Nrak, npu HOpMAJIBHOM PEXUME:
Kputnueckoe Bpems — 35 nHe,
Kputnueckuii nyts — {V, O, H, D},
Croumocts — 144 ThIC. D.

IIpu ycKOpEeHHOM pexume:

JIpeKkTUBHBIN CpoK — 32 1HS,

Kpurnueckue nyru — {V, O, H, D}, {V, O, B, F, D},

Croumocts — 149 ThIC. P.
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NuauBuayajabHble 3a1aHUs

3anaua Nel.
PemmB rpadunyeckn ABOICTBEHHYIO 3a[1a4y, HAWTH pelleHNe UCXOMHOM 3aaa-
4m.

1. -2x; —2x, —2x3 —2x,<-16,
=2X; —X, —X3 <-10,
20, x,20, 320, x, 20,

-16x; —17x, —17x; — 6x, — max.

2. 2x—x, +x4-—2x5+2x, <12,
=2x = 2xy —2x3 —2x4 —x5<-9,
20, x,20, 320, x, =20, x5=20, x,=0,

—13x, —7x, —10x; —8x, — 5x5 — max.

3. x —2x; *+x; —2x4<-9,
X t2x, tx3 —x5 txg4,
20, x,20, 320, x, 20, x50, x40,

—2x-16x,— 20 x;—x,+ 9 x5— 13 xc — max.

4. -2x, +x, —x5+2xs<11,
2x+2x+2x+2x,+2x5+2x,2 14,
20, x,20, 320, x, 20, x50, x40,

4x—-22x,—16 x;— 8 x,— 19 x5— 6 x;— max.

S.—x; X+ 2x3+x,+x5< 12,
-x—-2x, —2x52 -8,
20, x,20, x320, x, =20, x5=0,

2x+x,+4x; +4x;— max.

6.2x +x3-2x, +x;<1,
2x+x, —x;+2x5<7,
20, x,20, x320, x, =20, x5 =0,

—x;+5x,+2x;—23 x,+ 15 x; — max.
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T.—x; +x3—x,+2x;< 4,
—X|—X, +x,—2x52 -8,
20, x,20, x320, x, =20, x5=0,

-x+2x+x;—-8x,+4X; > max.

8 x +tx, -2x, +x,=<2,
—x=2x—-x;  +2x5—x4 20,
20, x,20, 320, x, 20, x320, x40,

2x+3x,—13x,—4 x5+ 6 xc—> max.

9.2x+2x,+2x;+2x,+x;< 14,
X =X+ 2x —x;—x551,
20, x,20, x320, x, =20, x5=0,

7 x, +4x; — X5 —> max.
10. 2x,+x—x4< 2,
x+2x, -x, <6,

20, x,20, x3<0, x, 20,

Sx+20x,+ 8x;—16 x, — max.

11. 2 x5 -2x,— x5 2 -6,

2x -2x,<0,
X, 20, x320, x, 20,
—10 x, + 8 x, — min.

12, 26— xy)— x5 +x,—2x5+x,<-13,
2x,  —x3+2x, —x5—xg2—4,
20, x,20, x320, x, 20, x320, x,=0,

—19x-3x,— x3—5x4—3 x5+ 2x,—> max.

13.2x-2x,—-2x; —x4 —Xx5 +x,210,
2x —2x,+ x5+ 2x,< 14,
20, x,20, %320, x,20, x520, x40,

-6x,+3x,+3x; +2x5—2x,—> max.
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14.

15.

16.

17.

18.

19.

20.

2x-2x-x3-x, +2x,50,
- —2x, Fx;—x5—2x,<-12,
20, x,20, %320, x, =20, x320, x,=0,

—20x,—16 x,— 8x;— 4 x,— 5 x5+ 4 x;— max.

—X T X —2x3+2x,—2x5—2x5< 5,
2x —X, —X3 +2x; <7,
20, x,20, x320, x, =20, x320, x,=0,

—12 % —x,— 12 x5+ 3 x, — x5 — 13 xc — max.

2x-2x—-2x;—2x4—2x5<-12,
2x —-x, +2x, —x52-8,
20, x,20, x320, x,20, x5 20,

4x+11x,+ 16 x;+25x,+ 7 x;—> min.

X —x—-2x3 20,
2xy, tx;+x,21,
x 20, x, 20,

-3 x—5x,+9x;+x,— max.

2x, —x3+2x, —x5<10,
2x—X—X3 Tx,—2x551,
20, x,20, x320, x,20, x5 20,

3x,+ 11 x;— 11 x4+ 16 x; —> min.

X—2x, tx3+2x, +x52-5,
X+ 2x;—-2x,+2x;<5,
20, x,20, x320, x,20, x5 20,

—Tx;+3x,+6x;—28x,+ 2 xs—> max.

2x; —Xy—Xx3 +2x520,
-x-2x, +x,—2x3<-15,
20, x,20, x320, x, =20, x5 =0,

3x-10x,+x;+ 2 x,— 18 xs — max.
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21.

22,

23.

24,

25.

26.

27.

X, =2x3+x,<2,
X=X +2x; —x,<1,
20, x,20, x>0,

2x+2xy,—7x; — max.

X=X+ 2x3—x,—2x5< -1,
X t2x —x5<4,
20, x,20, x320, x, =20, x5=0,

—2x;— Xy + 6 x;— 2 x,— T x; — max.

X+ 2x—x;-2x,2-8,
-X +x;-2x,<-10,
» 20, 320, x, 20,

X+ 2 x,—> min.

X Fx=2x;+x,+xs <6,
2x+x, +x5 —x5+x,<8,
20, x,20, x320, x,20, x5 20,

—19 x, + 3 x, + x; — S x5+ xs —> max.

- +2 xy—x3 —x4 +x550,
2x txytx;—x,—2x52-3,
20, x,20, x320, x,20, x5 20,

3x—4x,—Sx3+x,+9x5—> max.

X =X +2x-2x,+2x559,
2x-2x, —X3 —X4 <-12,
20, x,20, x320, x, =20, x5=0,

—6 x,— 16 x,— 13 x, + xs — max.

X =X, —2x;3 —x4 —x5<-5,
X —=2x+2x-2x,+2x5215,
20, x,20, x320, x,20, x5 20,

—x+2x,— 14 x;+ 2 x,— 17 x5 — max.
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28.—x tx,+2x; —x5<2,
x+2x) +x3+x,—x5<5,
20, x,20, x320, x, =20, x5=0,

13x,+Sx;+2x,— 8x; — max.

29. —x—2xy—x; +2x5 —x42-2,
2x; —xy +x;—2x5+2x,<2,
20, x,20, %320, x,20, x520, x40,

—4x; +2x; —13 x5+ 6 xs— max.

30. Xy—x3+2xy —2x5—2x5< 4,
—X;  txy —2x3+2x5—-2x5<5,
20, x,20, %320, x,20, x520, x40,

-2 x; + x,—x4—Xx5— 7 X; — max.

3agaua No2.
Peume CHUMINUICEKCHBIM METO10M, KOHTpOJIl/Ipyﬂ BBIYHUCJ/JICHUSA.
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2. X, —x3<8,
-2x-x, <-15,
2x—x,—2x;<8,

-2x;,<5,
20, x,20, x3=0,
-8x; —13x;— max.

3. 2x+2x-2x<-6,
2x —2x,-2x;2-14,
-X —X, tx3<5,
2x +x, +x;<11,
20, x,20, x3=0,

—x; + 8 x, = max.

4. 2x-2x, —-x;<-3,
- X +x;21,
2x+2x,+2x;28,
2x+2x, +x57,
x 20, x,20, x3>0,

6x,+8x, —x;—> max.

5. 2x —x-2xy2-1,
-2x;55,
x+2x, 217,
-2x, > -0,

20, x,20, x3=0,
3x +x; — min.

6. x+tx,-x;3<9,
2x —x,—2x329,
-x  +2x;5-5,
- +X3S—1,
20, x,20, x3=0,
—5x,— 4 x,+ 6 x; > max.

7. —xl—zxz S_29
-2x, +2x;,56,
2x tx, +x;<8,
-x, +x23,
20, x,20, x3=0,
—18 x, + 10 x; — max.

8. —x +x, +2x;214,
X — X325,
2x-2x, +2x;22,
2x+2x, +2x,527,
20, x,20, x3=0,
—7x; + 4 x,—10 x; — max.

9. X—-2x, tx;<-1,
2x <8,
2x, —x, —x3<85,
X —2x tx;=-2,
20, x,20, x3=0,
14 x; - 2 x, — 4 x; —> max.
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10.

11.

12.

13.

14.

2x+x,+x;28,

-x —2x53,
2x, —x;<-2,

-x +2x52,

20, x,20, x3=0,

4x,  +5x;— min.

-x+2x, —2x<0,
2x+2x,+2x;24,
X —-x; <1,
2x —2x,+2x<0,
20, x,20, x3=0,

—2x; +4x, —5x;—> max.

X —x+2x;< -1,
—X|—X, <8,
X=Xt 2x<-2,
—-x—2x, —x32-13,
20, x,20, x>0,

—6x, +2x;—> max.

-x—-2x, =>-10,
X —x+2x<1,
2x-2x —2x;=5-8,
—X =X, =5,
20, x,20, x3=0,

X, +5x,+ 2 x; — max.

2x;< 4,

—X— X, <4,
x-x, +2x< 0,
—X— X, <-2,
20, x,20, x>0,

-2 x; —x,+ 10 x; & max.

2 X, +x3 <-4,

2x+x, <5,
2x+x,+2x27,
- +x32—4,

20, x,20, x3=0,

8 x; +x,— 8 x; —» max.

2x+x, 25,
2x+x,+2x,<-3,
x+x, >3,

—2X1+X2 +)C3S—1,
20, x,20, x3=0,
—11 x; + x, + 3 x; > max.

X —x+2x<0,
2x-2x, —x3=-10,
X, —x3<3,
2x-2xy —2x35-1,
20, x,20, x3=0,

—8x—7x, —8x;—> max.

- X, +X3S—1,
2x +x, <5,
- +2x,-2x<3,
2x+2x,+2x,218,
20, x,20, x3=0,

3x +x,+3x;—> max.

X+ 2 x,+ x; <6,

X -2x;53,

x 2 x, <4,
-x+2x, —x350,
20, x,20, x>0,
2 x,+12 x,— 4 x; —> max.



20. —-x—-2x, =-10,
2x, —x329,
—x +x,+2x,<7,
X -x;<0,
20, x,20, x3=0,
—x;+ 15 x, + 10 x; — max.

21, —x+2x,—-x<5,
- X +x;<1,
—x; —2x,—x3; <5,
2x,—x323,
20, x,20, x3=0,

11 x; + 8 x, + x; — min.

22. X —x,+2x;53,
2x-2xy, —2x;5-6,
- X +)C322,

2x +x, tx323,
20, x,20, x3=0,

—4 x,— 6 x, > max.

23. —x+2x51,

X —2x, -2,

—2x2 +x32—1,

X —x+2x21,
20, x,20, x3=0,

X, +6x;— max.

24, x -x;21,
x+2x, <3,
- F2x,-2x321,
2x-2x, -2x;350,
20, x,20, x3=0,

Sx+2x, +x;—> max.
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25. 2x—x, —x359,

2x,—x;2 4,
—2x1 +X3S—4,
-x—-2x, <-§,

20, x,20, x3=0,
-2 x;— 14 x, + 2 x; — max.

26. x; —x,+2x;50,
-x5—2x, —x3<-12,
2x, =8,
—-x tx, —2x;20,
20, x,20, x3=0,
2x,+10 x,+ 4 x; — min.

27. x+2x, +x;215,
—Xy,+2x;5-2,
2x+2x,-2x;20,
2x+2x,+2x, 220,
20, x,20, x3=0,
-2 x;— 14 x,— 4 x; > max.
28. 2x+x, +x329,

—xy +x323,
2x+x+2x50,
X -2x;<-1,

20, x,20, x3=0,
-8 x,+2x,+7x;—> max.

29, 2x-2x,—-2x;5-5,

—X +x;<3,

- +2x,-2x<-9,
2x —-x, —x32-6,
20, x,20, x3=0,
—9x,+3x,— 3 x; > max.



30. x —-2x, +x3;<-3, x +x, =6,

X =Xt 2x32-2, 20, x,20, x3=0,
2x+2x+2x5<6, Sx+3x,+4x;— min
3agaga Ne3.

PemmnTh TPAHCHIOPTHYIO 3a/1a4y, HAYMHASI METOJIOM CeBePO-3aNaJIHOrO yrJjia.

1. a, =20, a, =18, a; =22, a, =22, 4. a, =30, a2 =34, a3 =17, a, =8,
b, =15, b, =36, by, =3. b, =25, b, =26, by =6.

6 4 9 4 4 6
Co 4 3 6 . Co 75 4 .

566 7 6 6

4 7 8 4 75

5. a,=13, a, =4, a; =28,
b =21, b,=2,b,=6, b, =34.
4 7 5 7
2. a,=5,a,=34, a; =5, cC=|7 75 8].
b, =6, b, =34, b, =15, b, =17. 4 8 4 5
3 6. a,=18, a, =34, a; =18,
71. b, =30, b, =13, b; =11, b, =37.
8 4 3
C=|6
9

C=

A O =
N BN
~N W N

4 5
3 3 3.
7 6 5
7. a,=4, a, =23, a; =13,

b =14, b, =27, b; =4, b, =13.
3. 4,=20, a, =18, a; =22, a, =22,

23 4 4
b =15, b, =36, by =3. cola 3 2 s
333 356 7
431
c=|* 31
35 4
7 45
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8. a,=19, a, =15, a; =35, a, =21,
b, =24, b, =15, by =217.
2 45

W W W
NSRS
=N AW

9. al :7, az :9, a3 :7,
b =8, b, =19, by =11, b, =19.

3567
C=|7 8 4 7|.
2523

10. @, =17, a, =12, a; =7, a, =23,
b =12, by =17, b, =2.
8 6 7
o758
77 6
6 7 8

11. a, =17, a, =26, a, =14, a, =6,
b =1, b,=22, b;=14.
2

C=

(%, IRV, BN NN e N

1
52
6 3
23

12. a, =12, a, =3, a; =24, a, =30,
b =17, by =12, by =117.
3 5

C=

N D0 N

3
4 4
4 5
6 2

13. a, =29, a, =18, a; =19,
b =31, b, =25, b; =2, b, =23.
4 3 6 5
C=|5 3 3 3|.
4 4 2 1
14. ¢, =17, a, =16, ay =23, a, =20,
b =32, by =14, by =32.
4 3

AN W W
NSRS
R

15. ¢, =12, a, =19, a; = 45,
b =30, by =5, by =33, b, =26.
2 4 45

c=|6

5

o0

5
6

wm W

16. a, =9, a, =25, a; =12,
b, =20, b, =4, b; =18, b, =16.
3 2 44
C=|4
7

~N N
[©) N \]
B~

17. a, =34, a, =7, a; =29,
b, =12, b, =26, b; =16, b, =39.
31 4 2
C=|6 2 5 5
56 3 4



18. a, =12, a, =44, a; =1,
b, =12, b, =22, by; =16, b, =10.
54 75
C=|3
7

19. a, =4, a, =8, a; =14,
b, =6, b, =14, b; =14, b, =10.
59 78
C=|5 4 2 4.
2 4 23
20. 0, =28, a, =43, a; =9,
b, =11, b, =31, by =16, b, =17.
21 43
cC=|5 2 2 2|.
6 3 3 2

21. a;, =6, a, =11, a; =33, a, =23,
b =17, b, =13, by =18.
6 5 8
3 8
C= .
4 6
3 9

~N N B

22. a, =17, a, =24, a; =8,
b, =10, b, =22, b; =14, b, = 12.

C=

~N 0N

1 3 2
2 2 2.
5 43

23. a,=20, a, =8, a; =6,
b =8, b,=34,b;=6, b, =4.
56 717
C=|53 2 6
1 4 2 4
24.a, =12, a, =12, a, =25, a, =21,
b, =16, b, =18, b; =30.
g8 8

1

2 5
C= 8 .
2 8 6
4 6 7

25. a; =21, a, =20, a; =2,
b =5,b,=37,b,=18, b, =1.
2 3 46
C=|4 4 3
5 8 8

N D

26. a, =23, a, =53, a; =9, a, =3,
b, =15, b, =30, b; =18.
5 5

4
C= .
6
6

) N b~ W

8
7
5

27. a,=8, a, =6, a; =25, a, =7,
b =2, b,=8, b;=13.



W N W W
O O W O\
AN LW L

28.4,=19, a, =19, a; =20, a, =13,
b =9, b, =36, by =15.
3 63

4
5"
5

N N W
O O W

29. 4, =9, a, =20, a; =3, a, =6,
b, =14, b, =3, by =5.
3

~ o0 o0 b
AN 0O W N
W »n W

30. a, =29, a, =36, a; =2, a, =32,
b =19, b, =49, b; =17.
2 4

2

3 23
C= .
53 4
2 35

185



3anaua Ne4.
Haijitn pemenue MaTpu4yHOii uWrpel rpaduyeckMM W JIMHEHHO-
NMPOrpaMMHBIM CIIOCOOAMM.

-1 0
1 4 4 2 4 0
1. A= . 2. A= .
-5 55 J —4 -2
0 4
9 3 9 10 4 0 3 -3
3. A= . 4. A= .
79 =39 5 -3 1 3
5 1
4 —4 4 7 -3 -1
5. 4= . 6. A= .
-6 6 3 9 -4 -3
1 5
-7 -4
-7 -4 -2 3 65
7. A= . 8. 4= .
-6 -2 4 -13 2
6 -6
-4 0
5 4 9 4 6 -3
9. A= . 10. A= .
3 0 6 3 -6 3
-7 =2
-10 -5
12 8 7 1 4 1
11. 4= . 12. 4= .
9 7 -15 5 =5
-7 -3
-5 -6 -7 -4
-6 6 -3 2
13. 4= . 14. 4= .
-2 -6 6 -4
-8 -9 -9 —4
-7 -9
-8 —12 5 -6 2 9
15. 4= . 16. A= .
-1 -9 3 9 -39
-5 3
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305
-2 -2

-6

3
-1

-7

-9

-9
-4
-10
-7

-11
3
-5

-8
-3

2

3 4
-7 1 3

-9
3

-9
-7

3

-9

-10

-5

-8
7

-11

1
-6
-5
-6

18. 4

-4\
-4
-5

|5
-3

17. 4

A=

20.

3
-2

5
-1

3

-12
0

19. A:(

22. 4

A

24,

-3
-1

0
9

~4

-4 2
—4
-7
0

-3

-4\
-2

A=

26.

0
-8
4}'
-4

A=

28.

4 4
0 0 -5 0)

-6 3

A=

30.

-9
-7
-9

3
-9
-9

-10

A=

21.

23. 4

25. 4

27. 4

A=

29.
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MATEMATHUYECKOE MOJIEJINPOBAHHUE

VYuebHoe mocoOue u MHIUBUAYaIbHBIE 331aHUS

2-e u3JaHue, CTEPEOTUITHOE

Peoaxmop H.K. KPYIIMHA
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