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§1. AAzopuiiM dAJJ peweHUJJ fleAO'IUCAeHHou 

3ada'IU C 61>1nYKAOU fleAeeou ~YHKfiUeU 
U AUHeUHI>IMU OZpaHU'IeHUJIMU 

PaccMoTpHM 3aAaqy ~enoqacneHHoro MaTeMaTHqecKoro 
nporpaMMHPOBaHHJI B cneAYIOI.I~eii, AOBOnbHO 0611.\eii 4lopNe: 

F(x) _. min /1/ 

g.(x)=O 
I ' 

=1 ,2, ... , m /2/ 

x > 0 - ~enble, /3/ 

rAe x- n -MepHblii BeKTop; F(x) H gi(x), i =1, ... , m -
BblfiyKnble lilYHK~HH /B qaCTHOCTH, nHHeHHble/. 

llnaHOM /AOfiYCTHMbiM peWeHHeM/ Ha3biBaeTCJI mo6oii 
seKTop x , YAOBneTBOPJIIOII.\HH orpaHaqeHHJIM /2/, /3/, a 
OfiTHManbHOe peweHHe - AOfiYCTHMOe peweHHe, KOTOpoe 
MHHHMH3HpyeT ~eneByiO lilYHK~HIO f (X). 

llepeA H3nmKeHHeM anropHTMa BeTBeii H rpaHH~ AnJI 
3TOH 3aAaqH, ~enb KOTOpoii - HaXO~AeHHe OfiTHMaJibHOrO 
peweHHJI, AOKa~eM cneAYIOII.\YIO TeopeMy. 

TeopeMa. llycTb X 0 =(x~, ... , x:) JIBnJieTCJI nnaHoM 
3aAaqa I 1/, /2/, H AnJI x. = x ~ > x ~ oHa He HMeeT AOnyc-

I I I 

THMoro peweHHJI. B TaKoM cnyqae AnJI Ka~Aoro 3HaqeHHJI 
Xi >X l 3aAaqa He . 6yAeT HMeTb AOfiYCTHMOrO peweHHJI. 

~oKa3aTenbCTBO. ~onycTHM, qyo x 2 = (xi, ... ,x!) JIBnJI
eTCJI nnaHoM 3aAaqa /1/, /2/ H x~>xj . TorAa cyll\eCTBYJOT 

I 
qacna 

a~O,f3~0, a+f3 =1 H 0 f3 2 a X. + X. 
I I 

= x: 
I 
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HO B eany BblllyKnOeTH /2/ a X 0 + f3 x2 JIBIDieTeJI nnaHOM 
Ja,D;alfa I 1/, /2/, B ICOTopoi xi = xj . 3To npoTaBopeqae 
,D;OKa3biBaeT TeopeMy. ,ll;oKaJaTenLeTBo H,D;eT aHanorH'IHO 
a B enyqae, eena x .' < x?. 

~ I I 

B ,D;anLHeHWeM H3nO)I(eHHH npe,D;nonaraeM, 'ITO MO)I(HO 
pewaTL Ja,D;alfy /1/, /2/ ,D;nJI KoHelfHoro qaena waroB/6e3 
orpaHHlfeHHJI Ha ~enoqaeneHHOeTL/. Ee peweHae 6y,D;eM Ha-
3biBaTL HenpepbiBHbiM. 

AnropHTM MeTo,D;a BeTBei a rpaua~ /TalC Ha3biBaeMbli 
enyqai O,IJ;HOeTOpOHHero BeTBneHHJI/ eoeTOHT B ene,D;yroweM/l< 

1. PewaeM Ja,D;aqy /1/, /2/, T.e. nonyqaeM HenpepbiBHoe 
peweHae Ja,D;aqa (xf ,x2 , ... ,x~ ). Eena B HeM Bee x~ ,i=l,2, .. ,n 
JIBnJiroTeJI ~enbiMH qaenaMa, TO Ja,D;aqa peweHa, eena HeT, -
nepexo,D;HM K nyHKTy 2. 

2. Bb16apaeM O,D;HY H3 nepeMeHHbiX a Ja,D;aeM ei ~enoe 
3HalfeHae. llepeMeHHaJI xi nonyqaeT 3HalfeHae [x ~] ana 
(x?] + 1. llepeXO,IJ;HM IC 3. 

I ~ 
3. PewaeM HenpepbiBHyro Ja,D;alfy y)l(e npa <iJaKeapoBaHHOH 

oqepe,D;Hoi nepeMeHHoi /HanpaMep, xi/. Eena Ja,D;alfaHMeeT 
peweHae, nepexo,D;HM K 5. Eena HeT, TO MHO)I(eeTBO,D;onyeTa
MbiX ~enLIX 3Ha\feHHH nepeMeHHOH Xi eoiCpawaeTeJI B eany 
,IJ;OKa3aHHOH TeopeMbl. llepeXO,IJ;HM IC 4. 

4. <l»aKeapyeM JaHoBo xi , eena 3TO B03MO)I(HO. Eena HeT, 
T.e. B03MO)I(HOeTH <iJaKea~HH Xi y)l(e HeqepnanaeL, B03Bpa
waeMeJI IC nepeMeHHOH, <iJHKeHpOBaHHOH ,11;0 Xi , H <iJaKeHpyeM 
ee 3aHOBO. llpa 3TOM llOnHOeTLIO BOeeTaHaBnHBaeTeJI MHO
)I(eeTBO ~enbiX ,IJ;OnyeTHMLIX 3Ha\feHBH ,IJ;nJI Xi .llepeXO,IJ;HM IC 3. 

Eena npa B03BpaweHaa ,D;onyeTHMble ~enble 3Halfef{HJI 
,D;nJI nepBOH H3 <iJaKeHpOBaHHbiX nepeMeHHbiX aeqepnanaeL, 
TO nepexo,D;HM K 7. 

5. Eena Bee nepeMeHHble y)l(e <IJaKeapoBaHbl, T .e. Hawna 
,D;onyeTHMoe ~enoqaeneHHoe peweHae, nepexo,D;HM K 6, eena 
HeT - <IJaKeapyeM ene,D;yrowyronepeMeHHYJO. llpa 3TOMaenonL
JyeM HH<iJopMa~aro H3 noene,D;Hero peweHHJI Ja,D;alfa /1/, /2/. 
llepexo,D;HM K 3. 

6. Hawna ,D;onyeTHMoe ~enoqaeneHHoe peweHae. 3HalfeHae 
~eneBoi <IJYHK~HH F * ,D;nR Hero aenonLJyeTeR B ,D;anLHeiweM 
KaK orpaHHlfeHae 3a,D;a'IH, T .e. K /2/ ,D;o6aBnReTeJI orpaHaqe
HHe F(x);:;; F*, ana, HHbiMH enoBaMa, npo,D;OH)I(aeM aeiCaTL 
TOnLKO TaiCHe ,D;onyeTHMble ~enoqaeneHHble peweHHR, ICOTOpble 
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no 3Ha\feHHIO ~eneBOH <iJYHIC~HH He Xy)l(e Hai,D;eHHOrO. llepe
XO,IJ;HM IC 4. 

7. KoHe~ peweHaR Ja,D;a'IH. OnTHManLHbiM peweHaeM RB
nReTeR noene,D;Hee H3 Hai,D;eHHLIX ,D;onyeTHMbiX HenoqaeneH
HbiX peweHHH. Eena TaiCOBOrO He eyweeTByeT, TO ,IJ;OICa3aHo, 
'ITO Ja,D;alfa He HMeeT peweHHR. 

H3 onaeaHHR anropHTMa BH,D;Ho, 'ITO npo~eee peweHHR 
3a,D;a'IH llOXO)I( Ha ,IJ;BH)I(eHHe no ,D;epeBy, ICOHe\fHble Y3Hb11COTO
poro npe,D;eTaBnRroT Bee B03MO)I(HLie ~enoqaeneHHble KOM6a
Ha~HH ,D;nR BeiCTOpa X. llpH 3TOM ,IJ;BH)I(eHHH anropHTM MO)I(HO 
paeeMaTpHBaTL KaK 6LI eoeTORWHM H3 ,D;BYX 3TanoB: Ha 
nepBOM ,D;OeTaraeTeJI OllTHMYM, Ha BTOpOM H,D;eT ,IJ;OICaJa· 
TenLeTBo, 'ITO 3TO aMeHHo onTHMyM. B npo~eeee nepBoro 
3Tana MoryT 6biTL Hai,D;eHbl a HeiCoTopble ,11;pyrae ~enoqaeneu
Hble peWeHHR, ,D;nR ICOTOpbiX 3Ha\feHHe ~eneBOH <IJyHK~HH MOHO
TOHHO y6biBaeT. 3To yeiCopReT npo~eee JaBepweHHR nepBoro 
3Tana, TalC ICaiC o6naeTL HeiCOMbiX peweHHH noeTORHHO ey)l(a
eTeR. 

XoTR Mbl a ,11;ana onaeaHae anropHTMa BeTBei a rpaua~ 
,D;nR BLmyKnoi Ja,D;a'IH ~enoqaeneHHoro nporpaMMHpoBaHHR, 
ero peana3a~HR npa eTonL o6weM Knaeee Ja,D;alf ,D;OBOnLHo 
Mano34J<IleKTHBHa. ,ll;eno B TOM, 'ITO Ha Ka)I(,D;OM wary pewa
eTeR uenpepbiBHaR Ja,D;alfa, npa'leM, TaK KaiC npoaexo,D;HT <IJaK
ea~HR HnH pe<iJHKea~HR HeKOTOpOH H3 nepeMeHHbiX, Ka)I(,IJ;biH 
pal npHXO,IJ;HTeR HeKaTL HalfanLHbiH nnaH Ja,D;a'IH, 'ITO '1pe3-
Bbllfaiuo JaMe,D;nReT npo~eee peweHHR. 

B npe,D;naraeMoM HH)I(e anropHTMe npa ero peanaJa~aa 
aenonLJyeTeR MO.IJ.H<iJaKa~HR MeTona BeTBei H: rpaHH~ nnR 

peweHHR qaeTH'IHo-~enoqaeneHHoi Ja,IJ,a'IH e BblnyKnoi ~e
neBoi <iJYHK~HeH H nHHeHHbiMH orpaHH\feHHRMH. )l;nR peweHHR 
HenpepbiBHOH Ja,IJ,a'IH npHMeHReTeR MeTO,!J. nHHeHHOH annpo
ICeHMa~HH ~eneBOH <IJyHK~HH, onaeaHHbiH B 12

/ 

HTaK, pewaeTeR Ja,D;alfa: 

F( x; y) --. mtn /4/ 

Ax+By=d, x~O, y~O /5/ 

x - ~enble. /6/ 
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MHmKecTao /5/ npe,AnonaraeTcJI orpaHB'IeHHWM, TaK KaK 
B npOTBBHOM cnyqae Mo:>KeT .OKa3aTLCJI, 'ITO Mbl He B CO· 
CTOJIHBB peWBTL KaKOH·HB6y,AL 83 npow:e~yTO'IHblX Henpe· 
PWBHWX 3a,Aa'l. 

MeTOA nuHeHHOH annpoKcuw:auuu Ami peweHB.II 3a,Aa'IB 
/4/, /5/ COCTOBT B cne,AyiOII.{eM: HaXO,ABTC.II Ha'lanLHLIH 
onopHWH nnaH MHO~eCTBa /5/. llyCTL 3TO (X I ; y I). BW'IBC • 
n.lleTC.II BeKTOp 

<I> _ a F JF aF 
I-( ax, ax, ... , Jy)(xl;yl) 

I 2 n 

B npB orpaHB'IeHBB /5/ MBHBMB3BpyeTC.II nBHeHHa.ll ~YHKI.{B.II 

(<1>1 '(x;y)). 

llyCTL MBHBMYM ,AOCTBraeTC.II B TO'IKe ( x2 ; y 2 ). llocne 
3Toro ~YHKUB.II F MBHBMB3BpyeTC.II Ha oTpe3Ke ( x1; y 1),(x ~y2) 
B nyCTL TO'IKOH MBHBMyNa .IIBn.lleTC.II (x;y}J .llpouecc npo· 
,AOn~aeTC.II TaKBM ~e o6pa30M nocne BLI'IBTaHB.II aHTBrpa· 
ABeHTa ~YHKUBB Fa ( x; y) 1.PeweHHe 3a,Aa'IB 3aKaH'IHBaeTcJI, 
ecnu 

(<l>k, (x;y\ -(x;y)k-l )~ 0. /7/ 

,lJ,OKa3a TenLCTBO CXO,AHMOCTH MeTO,Aa ,AaHO B / 2;; 

H3 onucaHH.II w:eTo,Aa peweHH.II HenpepLIBHOH 3a,Aa'IH BHA· 
HO, 'ITO ecnH OnTHMYM He HaXO,AHTC.II B yrnOBOH TO'IKe o6naCTH 
/2/, TO B o611.{eM cnyqae uw:eeM: 

lim (X; Y) k = (X 'y) OflT. ' 
.k->oo 

HO CXO,ABMOCTL MO~eT 6LITL O'leHL Me,AneHHOH. HcnonL30Ba • 
Hue ycnoau.11 /7 I B Ka'lecTae KpHTepuJI o6 OKOH'IaHHH pewe • 
HH.II HenpepLIBHOH 3a,Aa'IH He .IIBn.lleTC.II O'leHL YA06HLIM B 
paw:Kax MeTo,Aa aeTaei u rpauuu. B npouecce aeTaneuuJI 
no ,Aepeay B HeKOTOpLIX cnyqaJIX HeT He06XO,AHMOCTH pewaTL 
3a,Aaqy ,AO KOHI.{a. B CB.II3H C 3THM B nporpaMMe npe)l.yCMOT· 
peHLI cne,AyiOII.{He B03MO~HOCTH: 

a/ ueneaa.11 ~YHKUH.II orpauuqeua F(x;y);;; y . Ecnu 

F(x;y)k -F(x;y)k+l~ ~ (F(x;y)k+1-Y), 

To C'IHTaew:, 'ITO ,An.ll onTuw:yw:a orpauuqeuue F;;;; y uapywa· 
eTC .II; 
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~ 

6/ nepew:eHHaJI, KOTopyro ~BKcupoaanu, ue JIBnJieTCJI 
nocne,AHeH uenoqucneHHOH nepew:eHHoi.PeweHue HenpepLia· 
HOB 3a,Aa'IB 3aKaH'IBBaeTcJI, ecnu 

F(x;y)k-F(x;y\+l~; (y-F(x;y\+l ); 

a/ ace nepew:eHHLie ~BKcupoaaHLI u F(x;y\ < y. Pewe· 
HBe 3a,Aa'IB 3aKaH'IBBaeTC.II /a 3TOM cnyqae nonyqaew: Ho· 
BLIH ,AonycTHMLIH uenoqucneHHLIH nnaH 3a,Aa'IB/, ecnu 

F(x;y)k -F(x;y\+1 ~10-3 . 

llpH BLinOnHeHHH 'IHCneHHLIX 3KCnepHMeHTOB OKa3anOCL, 
'ITO 6LICTpO,AeHCTBHe anropHTMa CHnLHO 3aBHCHT OT BLI6opa 
KoHcTaHTLI p. qeM 6onLwe p, TeN w:e,AneuHee ycTaHaanHBa • 
eTC.II 6ecnepcneKTHBHOCTL ,AaHHOH BeTBH. C ,ApyrOH CTOpo· 
HW, ecnu p HMeeT He6onLwoe 3Ha'leHue, TO 3To w:o~eT npu· 
BeCTH K OWH6Ke /o6'L.IIBHTL 6ecnepcneKTHBHOH BeTBL, KOTOpaJI 
co,Aep~HT nyqwee ueno'IHcneHHoe peweHue, 'leN HaH,AeHHoe/. 
,lJ,oKa3aTL, 'ITO Cyll.{eCTByeT TaKoe 3Ha1.feHBe p, npH KOTOpOM 
yTaep~,AeHue a/ JIBn.lleTc.ll AOKa3aHHLIM, HaM a o6IUeM cnyqae 
He y,AanocL. B nporpaMMe, npH noMOIUH KoTopoi ,AenanucL 
3KCnepHMeHTLI, p =5. 

B npouecce 3KcnepHMeHTBpoaaHH.II 6Lina c,AenaHa no· 
nLITKa ucnonL30BaTL a Ka'leCTBe MeTo,Aa peweHH.II Henpe· 
pLIBHLIX 3a,Aa'l ,ABH~eHHe no aHTHrpa,AHeHTY ueneBOH ~YHKUBH . 
llony'leHHLie pe3ynLTaTLI .IIBnJIIOTC.II Hey,AOBneTBOpHTenLHLIMH 
B OTHOIIIeHHH BpeMeHH peweHH.II 3a,Aa'IB. Bo· nepBLIX, ,Aa~e 
ecnu HenpepLIBHoe peweHue Haxo,AHTC.II BHYTPH ,AonycTHMOH 
o6nacTB, nocne ~HKcauuu peweHHe cne,AYJOIUeH HenpepLIBHOH 
3a,Aa'IH O'leHL 'faCTO BLIXO,AHT Ha rpaHHUY ,AOnyCTHMOH 06· 
nacTH. Bo·aTopLix, nocne Ka~oro mara no HanpaaneHHIO 
aHTHrpa,AHeHTa MLI ,AO~HLI npoaep.IITL, He nOKHHynH nH 
,AonycTHMYIO o6nacTI>, B Ka~a.ll TaKaJI npoaepKa no o6'Lew:y 
BLI'IHCneHHH no'ITH COBna,AaeT C O,AHOH CHMnneKCHOH HTepa • 
uuei. QqeHL TPYAHLIM JIBnJieTC.II u onpe,AeneHue aenH'IHHLI 
war a. 

B ma6A. 1 npuae,AeHLI xapaKTepucTHKH peweHHJI HecKonL· 
KHX npHMepOB npH O,AHOM H TOM ~e opraHH'IeHHH, HO C pa3 • 

7 



Ta6nHua 1 

Ng 1 2 

AI 11 15 

A2 83 93 

A3 244 385 

A4 75 75 

A5 5 15 

-
B 1IHH. Bh!II. Bhm. Bhin. 1IHH. Bhin. Bhin. Bhin. 

Cl 620 418 954 841 535 317 945 614 

C2 815 418 1114 1254 914 342 1072 

C3 1341 530 1322 1417 3512 463 1178 1025 

3873 .Ul 754 1364 5719 4275 1240 1319 5518 

.U2 793 1364 6090 4908 1363 1456 6740 

.U3 1075 1507 6231 5364 4248 1615 7052 7233 

El 

E2 

ES 
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2 1 3 2 4 2 3 

106 100 109 110 115 110 116 

16 26 92 87 74 36 176 238 

A 1 - ':IHC1IO cTpoK, 

A2 - ':IHC110 CT0116UOB, 

A3 - :F 0 aneMeHThi MaTpHUhi, 

A4 - 6yneBhie nepeMeHHbie, 

A5 - ue1Ihie nepeMeHHhie, 

B - THn ueneBOH ~YHKUHH 1 
C 1 - ':IHC110 HCCneaoBaHHb!X Y3110B ao 1-f'O pellieHHSI, 

C2 - ':IHCno HCcneaoBaHHhlX yanoB ao onTHMyMa, 

C3 - ':IHC1Io HCcneaoBaHHhiX yanoB ao KoHua Bhi':IHC1IeHHSI, 

,U1 - ':IHC1IO CHMn11. HTepaUHH ao 1-f'O perneHH£1, 

.U2 - ':IHC110 CHMn11. HTepaUHH ao OnTHMyMa, 

,U3 - ':IHC110 CHMn11. HTepaUHH ao KOHUa Bhi':IHC118HH£1, 

E 1 - ':IHCno nony':leHHhiX peweHHH, 

E2 - OTKnoaeaHe (B %) 1-ro peweHH£1 oT onTHMyMa, 

E3 - BpeM£1 B ceKyHaax. 

J 

' 

' ~ 

HLIMH ueJieBLIMH c}lyHKUH.HMH. Ta6JIHUa CO,D;ep)KHT CJie,D;yJOIUHe 

,D;aHHLie: pa3MepHOCTb MaTpHULI orpaHH':IeHHB 3a,D;a':IH /':IHCJIO 

CTpOK H ':IHCJIO CTOJI6UOB/ H OTJIH':IHLie OT HYJI.H 3JieMeHTLI 

B HeB; KOJIH':IeCTBO nepeMeHHLIX H HX THIT; HCCJie,D;OBaHHble 

y3Jihl /HJIH KOJIH':IecTBO peweHHhiX npoMe)KyTO':IHhiX -.:Ja,D;a':l 

npH ,D;BH)KeHHH no ,D;epesy seTBJieHH.H/ ,D;O Haxo)K,D;eHH.H nepsoro 

,D;OITYCTHMOI'O ueJIO':IHCJieHHOf'O peweHH.H, ,D;O HaXO)K,ZI;eHH.H on

THMyMa H ,D;O ,D;OKa3aTeJibCTBa OITTHMaJibHOCTH; COOTBeTCT

BYIOIUee ':IHCJIO CHMITJieKCHhiX HTepauHB; ':IHCJIO ITOJiy':leHHhiX 

,D;OITyCTHMhiX ueJIO':IHCJieHHLIX peweHHB /BKJIIO':Ia.H OITTHMYM/ 

H OTKJIOHeHHe /B npoueHTax/ nepsoro nonyqeHHoro peweHH.H 

OT OITTHMaJihHOf'O. 

Ka)K,D;hiB npHMep pewanc.H O,D;HH pa3 - c JIHHeBHOB ueneso:H 

c}JyHKUHeB /c HCITOJih30BaHHeM nporpaMMhl ,D;JI.H peweHH.H 

qaCTH':IHo-ueJIO':IHCJieHHhiX JIHHeBHLIX 3a,D;aqj H TPH pa3a -

C BLIITYKJIOH ueneBOH c}lyHKuHeH. 

113 ITpOBe,D;eHHhiX 3KCITepHMeHTOB BH,D;HO, ':ITO ,D;JI.H HCCJie

,D;OBaHH.H O,D;HOI'O y3Jia ,D;epeBa BeTBJieHH.H npH BhiiTYKJIOH ue

JieBOH c}JyHKUHH He06XO,D;HMO C,D;eJiaTb B cpe,D;HeM B ,D;Ba pa3a 

6oJILWe CHMnJieKCHhiX HTepauHH, ':leM ITpH JIHHeHHOH ueJieBoH 

c}JyHKUHH. B TO )Ke BpeM.H BH,D;Ha H ,ZJ;pyra.H, O':leHh Ba)I<Ha.H 

3aKOHOMepHOCTh, a HMeHHO: ITOCJie HaXO)K,D;eHH.H ,ZI;OITYCTHMOI'O 

ueJIO':IHCJieHHOf'O peweHH.H /HJIH OITTHMaJihHOf'O/ cpaBHHTeJibHO 

6hiCTpo 3aKaH':IHBaeTC.H BTOpOH 3Tan peWeHH.H 3a,D;a':IH j,D;OKa-

3aTeJibCTBO OITTHMaJibHOCTH/. 3TO MO)KHO 06~.HCHHTh TeM, 

':ITO ITpH CTporo BhiiTYKJIOH ueJieBOH c}JyHKUHH H.ITPHHaJIH':IHH 

,D;OITYCTHMhiX ueJIO':IHCJieHHbiX TO':IeK B OKpeCTHOCTH Henpe

pbiBHOf'O peweHH.H Cpe,D;H HHX ,D;OJI)KeH HaXO,D;HTbC.H H OITTHMyM. 

IIOCJie HaXO)K,D;eHH.H ,D;OITYCTHMOI'O peWeHH.H H BKJIIO':IeHH.H B 

orpaHH':IeHHe 3a,D;a':IH ycJIOBH.H THna F ~ y, ,D;a)Ke npH He6onL

WOM OTKJIOHeHHH HeKOTOpOH nepeMeHHOH 3Ha':leHHe ueJieBOH 

c}JyHKUHH CHJihHO B03pacTaeT, H, TaKHM o6pa30M, 6biCTpO 

ycTaHaBJIHBaeTC.H 6ecnepcneKTHBHOCTb ,D;aHHOH BeTBH. IlpH 

JIHHeHHLIX 3a,D;aqax, KaK H3BeCTHO, ,D;eJio 06CTOHT He TaK. )J;a)Ke 

npH HaJIH':IHH ueJIO':IHCJieHHLIX TO':IeK B6JIH3H HenpephiBHOf'O 

peweHH.H ueJIO':IHCJieHHhiH OITTHMYM MO)KeT 6L1Th paCITOJIO)KeH 

,D;OBOJibHO ,D;aJieKO OT Hero. rpy6o f'OBOp.H, MO)KHO CKa3aTb, 

':ITO 3a,D;aqH C BhiiTYKJIOH ueneBOH c}JyHKUHeH .HBJI.HIOTC.H 3Ha':IH

TeJibHO 6onee YCTOH':IHBhiMH, ':leM JIHHeHHLie, ITpH ITOHCKe 

ueno':IHcJieHHoro peweHH.H. 
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§2. AAzopwiiM OAJI ooHozo KAocco HeAUHeilHbiX 

3000'1 C 6yAe6biMU nepeMeHHbiMU • 

PaccMoTpHM ,npyroii Knacc 3a,na'l MaTeMaTH'IecKoro 

nporpaMMHpOBaHHJI - C HeJIHHeHHOH ueneaoii 4JYHKUHeii cne

UHaJibHOrO BH,na, JIHHeHHbiMH orpaHH'IeHHJIMH H 6yneBbiMH 

nepeMeHHbiMH /0 HJIH 1/. 3a,na'IH 3TOrO THna nerKO CBO,nJIT

CJI K JIHHeHHbiM nyTeM BBe,neHHJI HOBbiX nepeMeHHbiX H orpa

HH'IeHHH. lloJiy'leHHaJI JIHHeiiHaJI UeJIO'IHCJieHHaJI 3a,naqa C 

6yneBbiMH nepeMeHHbiMH HMeeT cneuuanhHYJO cTpyKTYPY, 

'ITO ll03BOJIJieT npHMeHJITb K Heii cpaBHHTeJihHO 34MlleKTHBHO 

MO,nH4JHKaUHIO MeTo,na BeTBeii H rpaHHU. llyCTb ,naHa 3a,naqa 

A: 

p 
F ( x) = I f . ( x) _. mtn 

j= 1 J 

/8/ 

f.(X)=C.X. X .... X. 
J J ]1 12 J t j 

Ax=b, xt;{0,11. /9/ 

cl>yHKUHIO BH,na /8/ '!aCTO Ha3biBaiOT n03HHOMOM /3TO Ha3Ba

HHe ucnoJib3yeTcJI a 3a,naqax reoMeTpH'IecKoro nporpaMMH

poaaHHJI/. 

llpaKTH'IeCKHe npo6JieMbl, KOTOpble MOryT 6biTb OnHCaHbl 

MaTeMaTH'IeCKOH MO,neJibiO THlla 3a,na'IH A, B03HHKalOT, Ha

npHMep, llpH nJiaHHpOBaHHH KOMllJieKca B3aHMOCBJI3aHHbiX 

3KCllepHMeHTOB, r,ne O,nHH H3 HHX MO)I(eT 6b1Tb npoae,neH 

JIHWh nocne OKOH'IaHHJI HeKoTopblx ·npe,nbl,nyJUHX. OnTHMH-

3aUHOHHble 3a,na'IH TaKOrO THlla BCTpe'laiOTCJI npH llJiaHHpo

BaHHH pa60T DO ceJieKUHH pacTeHHH, r,ne 3KCnepHMeHTbl 

B3aHMOCBJI3aHbl, ,noporOCTOJIJUH H 3aHHMalOT ,nOBOJibHO ,nJIH

TeJibHble nepuo,nbl apeMeHH. 

Hcxo,n11 H3 3a,na'IH A, c4JopMynupyeM Hoayro 3a,naqy 

cne,nyiOIUHM o6pa3oM /3a,naqa B/: 

F(y) 

Ax=b 

10 

p 

I c i Yj 
j=1 

_. mtn /10/ 

/11/ 

t 
l 

1 . 
-(x. +X. + ... +X )=y +Z 
t j J 1 12 j t j j j 

/12/ 

O<z. <1--L, i=1,2, ... ,p 
J = t j 

x,y t;{O, 11. 

Pa3MepHOCTh 3a,na'IH B yaeJIH'IHBaeTcJI no cpaaHeHHIO 

c 3a,na'leii A Ha p 6yneBbiX nepeMeHHbiX, p HenpepbiBHblx 

nepeMeHHbiX H 2p JIHHeHHbiX orpaHH'IeHHH, r,ne p - 'IHCJIO 

rpynn a ueneaoii lilYHKUHH. Ha caM oM .nene 'IHCJIO orpaHH'Ie

HHH yaeJIH'IHBaeTCJI TOJibKO Ha p , TaK KaK HCllOJib3yeMaJI 

MO,nH4JHKaUHJI ,nBOHCTBeHHOrO CHMnJieKC-MeTo,na ll03BOJIJieT 

He BKJIIO'IaTb B CHMllJieKCHYIO Ta6JIHUY orpaHH'IeHHJI CBepxy 
Ha nepeMeHHble. 

lloKa)l(eM, 'ITO 3a,naqu A H B 3KBHBaneHTHbl. 

To, 'ITO Ka)l(,nblii .nonycTHMblii nnaH 3a,na'IH A JIBJIJieTcJI 

.nonycTHMbiM H ,nnJI 3a,na'IH B, O'leBH,nHo, TaK KaK orpaHH'IeHHJI 

/12/ ,nonycKaiOT JII06oii Ha6op Hyneii H e,nHHHU no OTHOWeHHIO 

K nepeMeHHbiM x. ITo 3Toii npH'IHHe JII06oii nnaH 3a,na'IH B 
JIBJIJieTcJI nnaHoM 3a,na'IH A /TOJihKO nepeMeHHble x /. EcnH 

HMeeM Xi}=Xj
2

= ... =Xjtj=1, TO flx) = Cj , HO H3 j -Toro 

orpaHH'IeHHJI /12/ cne,nyeT, 'ITO y. = 1, cne,noaaTeJibHO, 

c i yqacTayeT a ueneaoii lilYHKUHH F iy). C ,npyroii CTopoHbl, 

eCJIH XOTJI 6bi O,nHO X "k = 0 , TO f. (x) = 0 H 
J • J 

1 
-(X. +X. + ... +X.

1 t. J 1 12 J j 
J 

< 1 , cne,noaa TeJibHO, y i = 0 . 

TaKHM o6pa3oM, 3KBHBaneHTHOCTh 3a,naq A H B ,noKa3aHa. 

llpu 'IHCJieHHblx 3KcnepuMeHTax ,nnJI peweHHJI 3a,na'IH B 
6biJia HCllOJib30BaHa nporpaMMa peweHHJI 'laCTH'IHO- UeJIO'IHC

JieHHOH JIHHeHHOH 3a,na'IH C HeKOTOpbiMH H3MeHeHHJIMH: 

1. Bee uenoqucneHHbie nepeMeHHble ,nOJI)I(HbJ 6biTh 6yne
BbiMH. 

2. B npouecce aeTaneHHJI nepBbiMH ll!HKCHPYJOTCJI nepe
MeHHble y. 

3. llocne ll!uKcauuu acex uenoqucneHHbiX nepeMeHHhiX 

/no .nocTH)I(eHHH .nonycTHMoro ueno'IHCJieHHoro nnaHa/ BeT

BJieHHe Ha'IHHaeTCJI C nocne,nHeii 4JHKCHpOBaHHOH nepeMeH-
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Ta6nHua 2 

N9 1 2 3 4 

A1 11 15 11 15 
A2 80 80 100 100 
A3 244 385 410 532 
A4 80 80 100 100 

"I M H M H M H M H 

C1 325 283 552 315 604 632 551 287 
C2 714 283 1043 368 - 703 815 
C3 970 347 3034 492 2350 1055 2040 3436 

Lll 492 317 927 446 933 982 905 398 
ll2 1025 317 1614 504 - 1016 1203 
1l3 1173 351 4192 815 3419 1220 2942 4416 

E1 3 1 4 2 2 2 3 
E2 130 100 114 107 - 118 112 
E3 17 5 49 14 70 21 64 113 

"/ M - KaK o6hlqHaH nHHeAHaH uenoqHcneHHaH aaaaqa, 
H - c nporpaMMoA, B KOTopoA npeaycMoTpeHhl 

oco6eHHOCTH aaaaqH, 

HOB y. 3To MO)I(HO c.nenaTL, TaK KaK nocne <lluKcauuu acex 

nepeMeHHhiX y UeJieBaJI <ilYHKUHJI 60JILWe He H3MeHJieT CBoero 

3Ha'leHHJI /T .e. He JaBHCHT OT <ilHKCaUHH nepeMeHHbiX X /. 

TaKHM o6paJOM, Mhl Mo:>KeM noTepJITL HeKOTOphle H3 .nonyc

THMhiX UeJIO'IHCJieHHhiX peweHHH C TaKHM )l(e 3Ha'leHHeM 

UeJieBOH <ilYHKUHH, HO C .D;pyroif CTOpOHhl, BpeMJI peweHHJI 

3a.ZJ;aqu 3Ha'IHTeJibHO COKpai.QaeTCJI. 

3KcnepuMeHTaJILHhle peJyJILTaTbl .naHhl B ma6A. 2. CTpyK

Typa Ta6nuuhl aHanoruqHa CTPYKType ma6A. 1. B nepaoM 

CTOJI6Ue .ZJ;aHbl peJyJILTaTbl peWeHHJI Ja.ZJ;a'IH KaK 06hi'IHOH 

C 6yneBbiMH nepeMeHHhiMH. Bo BTOpOM CTOJI6Ue - C HCllOJIL-

30BaHHeM oco6eHHOCTH Ja.ZJ;a'IH B /nyHKThl 3 u 4/. 

12 

I 

I 

I 

Jlumepamypa 

1. M.,lf.HeaHt~ee, H.F.Mu•ee, H.H . .RHee. C6. "III npoAemHa 
KOH~epeHf4U.11 no MameMaJIUKa u MexaHUKa - Eypzac, 
1974", Co~u.11, 1975. 

2. Y.H.3aHzeuAAb. HeAuHer1Hoe npozpaMMupoeaHue - eOUHbiU 
nooxoo. MocKea, "CoeeiiCKOe paouo", 1973. 

PyKonucL nocTynuna a HJ.ZJ;aTeJILCKHii oT.nen 
24 <lleapanJI 1976 ro.na. 

13 


