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BIIJII,IB .fl Ko CTI IIotIATKoBoi norry"urqil HA IIIBIIAKI cTb rnHnrn.IHoi
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O.n. Pomwmeilu, C.[. IAmoeda O.M. Kosaqrco

Bcryn. PosrnflAalorrcs,1araronrnaiprii rexuonoriuHi npoqecz (TII), npr4 BlrKosanni flKax 3'flBrflrorbcfl,
BHJIBJItlorbct, BLInpaBJIflIorbcfl rIoMHJIKl,t pisnrx runis tU. OnrlrMisauix sa4ifiHocri $ararosgraipurx TII
tloJlrlrae y B[3Har{essi raxoi crpyrrypu TlI, npra xxifi sa6esnevyerbcr neo6xi4Hi pinHi 6esae$errHocri,
fiuonipHocreft nosnu Ha BHXoAi TII 4eQexrin pirHnx runis ra Baprocri ar4xoHaHH.q TfI l2l. Ha npaxrurli
nafidinrru roIuupeHI4MI4 3a$a'rraM:a onrurr,rigaqii saAiftnocri e: posnogin KonrponbHnx roqoK ra eu6ip
KparHocrefi roHrpolir [3]. Tpyanoui porn'xsaHrur qtrx 3?Aaq noJrrrarorb B ToMy, rrlo BoHr4 niAuocxrlcr Ao
KJIacy NP-uonuHx, ans, flKllx He icnye aJrroprarMy posn'xsaHru 3a noliHouialruuit qac. OAHau is
nepcleKrHBHI{X IraeroAis pou't:auH-a raKID( 3eAa.r e reHeTr{qHi alropurul,l. 3 [4] niAouo, UIo rnrrosi reuern.rui
anropi4TMll Bl{Maralorb 3HaTIHHX Br,rrpar qacy Ha trotrlyK orrruMyMy. Mero4u rIpI4cKopeHIUr rnrroBr4x
reHerIltIHtIX alropl4TMis HaeeAeni n po6orax [5,6]. B uifi crarri [poloHyerbcr [p]rcKoproBarrl reHerrlrrrrry
onrnuisal{irc saAa.{ poano4iny KoHTponbHI,IX Torrox ra nn6opy Kpaurocrefi rourponin 3a paxyHoK HoBHX
rpoqeAyp iniqianisauifi qxicHoi no.{arronoi norrynruii.

l. flocrauoBKa ranaqi
PogrrsAaerbct AtlcKperHI,lfi TfI, xrufi cKJraAaerbcr 3 nocJriAosHoro BrlxoHaHrur n polouwx onepauifi

At, 42,...,4r. Ilper BvKoHaHHi po6ovux onepauiri B rpeAMer npaui Moxyrb 6yru sueceHi 4eSexrlr pi:Hux

rnnin. -flricm BrKoHaHrur po6ouoi ouepaqii Ai uepeniprerbcfl KoHrponbnoro onepaqiero oi x;-paz. [tn
saAaqi po:noqiJry KorrrponbHrax roqoK x; e {0,1} , a Anr :aAa.ri nrEdopy rparHocrefi xoHrpolin

x; e {0, 1,2,...} , i -- I," Ouepauis gopodrn Ui yunpanme 4e$erru, rxi snmueHi KoHrpoJreM 0)i.
3rilno 3 l2l, onrutrai:aui.q 6anarosrar'ripHnx TII rroJrrrae B sHaxoAxeHHi raKoro BeKTopa/'.

X = (xt ,x/t...txn), txuir.ra6erneuye seo6xilHi pinHi qrocri BHKoHaHHT Til s nriniuanrrroro napricrro:

C(X) + min I
pr6)2 p* *o poj(x). q j, i =r*J

a6o uaxcuManbuy 6er4eQemnicru npu o6naexeHlrx pecypcax

pt6) -) max

C(X)<C'r ra p|,o.).qj,i-

2. fenern.rHuft aJrroplrrM
,{na pose'fl3anHfl. za a'lj onruuisaqii (1) reHerHrrHrrIMH aJrropr.rrMaMr4

KoAyB aHHfl , cxp erqyB aHHq, rvryraqii, cenexqii T a 3a1arvr Q irne c- Synrqirc.
feHerraqHe KoAyBaHHa. Bapianr TII 3aKoAyeMo xpoMocoMoro 3 n renie

_l
1'*)

(r)

(2)

neo6xi,qno obparn cnoco6u

ae C(X) - napricrr BHKoHaHHT TfI, nrcuil 3aAaHo rerropola X.

pt (X) - fi.vroripHicrr 6esleQexrHoro Br{KoHaHHx TfI, nxufi.3aAaHo nerropou X;

poj6) - ftrvronipnicm Ha.anHocri aeQeKry/-ro rrrry Ha srD(oAi TII, xxuft 3aAaHo nexropou X;

p* - uiHinrarrbHo Aorrycrr.rMa ffuonipnicrr 6es4eQeKrHoro onrouannr TII;

A 1 - MaKcIIMuuIbHo Ao[ycrlrMa firr,ronipHicrb Ha.rrBHocri AeQexry/-ro rwrry na sl,Ixoli TII;

n - xiruxicrr pirrurx runin aeQexrin;
C * - MaKcr,rMiurbHo Aorrycrrarvri pecypcu Ha nuroHaHHr TfI.
3ri.quo ao reopii onrmuisaqii naaiftnocri [7], 3a1alra (1) uoxe iHrepnperylarprcfl, flK onrr{MrurbHe

pffiepByBaHEI KoHTponis s npruifi rocraHoBrli, a ra4aua Q) -flK olrHMuIJrbHe pe3epBvBaHrur B snopomifi
uocraHosui.

X = (rt ,x2,...,x2),
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reH BiAIIoBiAae o.Unifi reponanifi srrainni saAaqi ournui:aqii (1)'

feuepaUif nOqaTKoBOI [Ony,rrqqii AJIr 3aAaqi pOruOginy KOHTpOJtbHHx TOqOK 
__.,:,^ vnnr.n^nr , .

flpoue,uypa iniuianbauii, III0 rporoHyerbc{ HIDKqe, Ao3BoJrfle 3reHepyBarH norryxsuiro xpouocoM, tKl

3HaXOArTbc, B o6Jracri,qonycTnMr'rx poar'rsrin a6o n fi oroli. 3na'IeHHt rcI{ .x; nporloHyeTbc'I feHepyBarl4 3a

raKolo Qopuyloto

f f (ri)l-
il,"*uro 6s(r) >0.5 i-r,n, e)xi=1 fu) '

[0, "n*o € ^r) < 0.5

Ae E - BLInaAKoBe qncJlo s aiana3oHy [0, 1];

T r - rpanieHT KoHTpoJrro, nlo BKa3ye Ha siAHoury e6errusuicrr B BcralroBneHi xonrp olfro a; ra 4opo6xn

(J; nicl'n ouePauii Ai [2];

I

f Oi) - noKa3Hr.rx esexrunHocri BcraHoBJIeHHt reHa x; B l, f U) e [0, i] ;

**l ll
j=t,n\y i )

v.
sv)

^u\y i)j=ln
floxaxeuo, ,oo 4rr e4egaBHrx xourpo.nin Qopvyla (3) ecranoBJlroe a-neni reHie B oAI4HI'I$0, a AJrfl

ueeQexrreunx B r{yni. !pt, iAea*soro Ko'rponrc Ti+@. Ile o3Harlae, uo lim f(y;)-o ra
Ti1@

f 0i)

lim g(y;)=oo.TarunaqLrHoM y^ {tti,=l=0.Torr,rv lim (s(r) =60 =l'
yi1@ Yi-+* g(Tr) oo Yi)Q

fipx a6comorso uee$eruaBHoro KoHrponrc yi + 0 . I{e o3Harlae, uo lim f (yi) = o ra
yi+o

f (ri)

ym g(yi)-+0. TaxnrrrquHoM lin 44=*=oo. Touy li\€s?i) -6* =A '

,,],0-"'' Yi+os(Yi) o 
'r:i2i

feuepaqif rorlaTKonoi nonylsqii,qnq saAa'Ii nn6opy *p"totteft roHrpo'rrin

llpoueAypa iniqianigauii, ulo [pofloHyerbcr Hr,DKqe Ao3Bonfle 3reHepyBarl{ 3HaqeH}uI renin x; 3a TaKoIo

Qoptuyloto

x; = qira-uu.t*u((t - il' ri + k' *,), (4)

f 0i)
A ? sU,) 

-BunaAKoBe 
qr4cro s 4ianasony [0, 1], tKe BrBHarIae fioJloxeli.rle' xi Ha BlApl3Ky

Ae 4=5t""'
lrr,*11,i -1,n;

xi * HHXHfl Mexa xparuocri iro ronrponro, i -I'n ;

i; - anpiop'o Br{3HarreHa BepxHt Mexa rparnocri i-ro rourpoJllo, i =W

3 ocranroro ni^rrynnry ri4otr,to, IUo nPw Tf-) oo tIoKa3HI'IK lt np'*ye Ao 1' & trPtr Ti + 0 nprr'rye 
'Uo

0. Torrny gnr eQerrrrBHr{x xonrponin Qopuyna (4) cnpruoB}e .r; Ao xi , a Nrfl' ue$errunslx Ao ri '

cxpeuryna'Hr i nayrauin. BnroprcroByerb cs ssil,aailHa onepauix cxpeuryBaHH'f, s o'qHiei rot{KoK)

po3rr{Hy ra o^Horeua layrauis [s]. llicnx uyrauii 3HaqeHHrt reH] )c; He noBPIHHo 6ytu MeHIua 3a xi '

iDirnec-Qyuxuin. Haun npoiloHyerbcrr raKa aAaIIrlIBHa $iruec-Qynxuir [5 ] :
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!!-

lt|--- -=, flKqo X Aorrycrl'IMufi pose'ffiox
r /-rx)r(x) - i ;'r ,-D(X)
| . lHaKIUe

L C(X)

ae D(X) e (0, 1) - iurpaS 3a ropyltreHHr xpoMocoMoro X o6rvrexenr ralavi (1).

Ilponouyerbc.r raxa rurpaQua Qyuxuix [5J:

t POp -stze.\"
pop -size'n ?t

, (5)

(6)

(6)

re a > 0 - xoesiuienr, rqo Br43Harrae earor\licrr rurpaQie 3a rlopytueHlul o6*texeHr no invronipHocrflM

4e$errie (qt,qz,...,Qr,)i \ --
Lb j(X)-maxl0, pJq(X) -qi)-Beru{qr{HarropyrueHH;lXpoMocoMoloX 7-ro o6uexeuru, i:l,m ;

Abfax = max (nn,(X)) - noKa3Hr4K srcocri noro.rHoi uorrynxqil, rrxuir BI'I3HarIa€rbcq

" P=l' PoP -size
MaKc LrMztlbHI,IM I4 nopyuleHHsu u oduexeHb'

flnx Sirnec-rfyHxuii (5) urrpaQu sa o,qni i

xpoMocoM HeoluaKoni. I-{i rurpaSu aAarrylorbc{
jiucranqiroBarl,I [oraHi p oln' rsx u si I go6pnx'

Cenercuiq. Eyaeuo Br,rKoHyBarlr ceJreKrliro sa AorroMororo KoJleca-pynerKl4 s elirHorc crpareriero [8].

3. Komn' rorepui eKcrIePlIMeHTIr

Ilopinnxenao e4exrueHicrr runonol ra 3arporosonaHoi rpolleAyp isiuianigaqifi no'{arxosoi norry;lxuii

Ha rranoxuni TecroBr4x 3aAarr A_4_1. YNrouu 3aAar{ 4ocrynui 3a aApecorc

www.ksu.vstu.vinnica.ualshtovba/benchmark. B recroBr{x 3aAatrax po3rmAarorbcq TII s 4 pisuuuu rI4rIaMI4

A.O.*ir (r4; r *in*imto poO*r.D( orepauifi n:20,40, 60, 80, 100, 120. EserrusHicrr 6y.uenao oqirnonaru

qacToTolo BI'aAyBaHHt oIITI4MzubH?tX 3HarIeHb reHis 3a TaKoIo Sopuynoro

ri caui flopylueHl{t o6trlexesl npu pi:nnx norrynxqirx

niA sricrb rlorrynfluii raxn,I qI4HoM, uo6 upu cenexqii

i^l.io'
i=l

,*/),

l^.,, i\ lr 'oPt-'i\e Lly"P' ,x/ l= 1" 
o' 

.^.- 
n' 

,, pop-size- porr'rip norrynquii;\ t/ 
lo'*l''+*l

*?p' -aJIeJIb i-ro reny orlTtlMitilbHoi xpolaocoMl4 XoP' ;

xl -areJlb r-ro reny/-oi xpouocoMl{ X/ , .ara iniUiali:yerbctl, i -1, plp -ti* 
.

florassur u/ xapaKrepr4sye cepeAgro qacrory BraAyBaHb aneris reniB xpoMocoM [oqarKoBoi uorrymqii:

irrreJrflMr.r reuin orrruM,urbuoi xpouoio*r. Benpmi 3HarreHHr qacrorrl cai4uarr, uo iniuianigosaHi xpoMocoMH

sa6ruxatorbcfl Ao onrurrl zutrsoi.
B ra6n. 2.10 nopinHroerbcr qacrora BraAyBaHb orrrnMrlrrbnprx reHis rIpI4 Bl{uaAxoeifi Ta 3anpolonoBantff

nporleAypi iniuianirauii anq 3a1a.r posnoAiriy KoHrponbHprx rorroK (PKT) ra nra6opy KparHocrefi ror-rrponir

(BKK).
Ha prac. 1 uopienrororbcr po:no,uileHHr qacy reHerr4qHoi onrranai:aqii posnoai:ry I(oHTponbHI4x roLIoK

rpr4 3anponoHonasift ra srana,uxonifi rporreAypax iniuianisaqifi norrynruii Axfl :aAaqi A-4-r (n:20)'

Mareir.rarn lui ouircyeaHHfi ULIX porno4ineHr siAnosiAHo cr.naAarcrb 7 c ra 14 c.

Ha pnc.2 nopirruororbc{ po:no4ineHHr qacy reHernrrHoi onrur'lisardi su6opy KparHocrefi xourponin

npu 3anporroHonaHifi ra BunaAroeifi nporleAypax iniuianisauifi norylruii Anfl saAaqi A-4-l (n:20)'

Mutrrut*ni ouirynaHHfl qHX po:no4ileHr siAnoeiAuo cxlaAalorb 16 cra37 c.

Crarwcrwrn ncix posno4ileHb orpuMaHi npu rpoBeAeHi 50 excnepuueHrin.
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3aAaqa n:20 n:40 n:60 n:80 n:L00 n:120 Cepe.qH.a

PKT

BI4TIAAKOBA

iHiuia"ni:auis
0.49 0.47 0.49 0.50 0.50 0.51 0,49

3arrporroHoBaHa

iniuianigaqis
0.65 0.63 0.62 0.71 0.65 0.67 0.65

BKK

BI,INAAKOBA

iniuianirauir
0.42 4.45 0.45 0.46 0.43 0.47 0.44

3anporloHoBaHa
iniuianisauig

0.51 0.52 0.54 0.59 0.55 0.55 0.55

1

0.3

Ta6lnus I

Cepe4nx qacrora BraAyBaHb w (npu 50 excnepuueHrin, KoJIIa pop_size:S0)

f
0.3

10 15 20 25
qac, c qac, c

Pprc. I flopieH-auHr 3anporoHosaHoi i runonoi rporleAyp iniuianisaqii norrynqqii ffIs sa,qaqi posno4ily
KOHTpOnbHr4X TOTTOK

t
0.3

f
0.3

102030405001020304050
qac, c qac, c

Puc.2llopinnxHHfl 3arrporoHosaHoi i runosoi rpoqeAyp iniqianisaqii norrynsqii Arx ga.qaqi nu6opy

KparHocrefi xoHrponin

Koun'rcrepHi eKcnepr4MeHrr,r cni4uaru, tqo 3arrporoHonani rpoqeAypll iuiqianisauifi norrynruii

Ao3BoJrflrorb rrpr4cKopwrr4 reHerrrrrHy onflri{igauiio 6ilrure siN n 2 pasu.
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BHcnosKr.r
B po6ori 3a[porrHoBana cxeMa renerr{rruoro alroprlTMy gnr pou'x3aHHs 3aAatl posno4iry KoHTponbHr4x

TorroK ra nra6opy KparHocreft roHrponis. Hosusgor) r'eHerlfqHoro aJIropI{TMy e re, uo naniArrainy ni4 runonoro
reHerr,rr{Horo anropr,rrMy, B rKoMy iHiuianisaqir floqarroBoi norrynrqii sAificmoerrcs Br{[aAKoBo,

3anpoflonosanufa iHiuianirye.rricny noqarKoBy norrynxqiro, qo Ao3Bonte [pucKopl,rrrl runngxicm onrrarraisaqii
y 2 pazw.Iniqianisarris sxicHoi uo.{arKonoi uorryrxqii snarocr Aoc{rrr.r 3a paxyHoK HoBrlx tuoAereli renepaqii
reHin, axi nurop[croBylorb 3HaqeH]rrr rpanienrin KoHTponro. 3anponouoBana cxeMa reHerr{tlHoro alroprrrMy
Moxe 6yru Kopr4cHoro rtprr cKJraAH[x 3aAarI ouruMisardi B npoerrynanni Haaifiniurnx anropuruin, B

po6ororexHiqi, po3crauoBxu KoHTponbHr4x rorroK B TlI, Aiarurocrurn 4e$erc'rir B cKnarHl/tx crlcrsMax,
onrraruigaqii xoun'rorepl{x Mepex, B anropnrMax cleM- Si-rrrrpardi roulo.

Cuucorc .rireparypu
- PorrureftH A.lI. BeporrHocxo-Eurropr4TMr.rqecKr4e MoAenI{ qeJIoBeKo-MaIIII4H}rbIX cl{creM ll

Asrol\4arHxa. -1 987. -Ne5. -C.8 1 -86.

- PorurrefiH O.II., IIIros6a C.[r., fiy6inenxo C.8., Kosaqro O.M. Enpncruuua onrlflr{isaqir
po3craHoBKr4 KoHTponbHax roqoK B rexnororirrulax npouecax rIpH 6ararosnlaipuouy npocropi runin
leQexrie // Bicrm Bissnqxoro nonirexniqnoro iHcrnryry . - 2004.- Ilbl.- C.54-62.

- Porrureftn A.IL, Kysneqon II.A. llpoexrupoBaHlre 6es4eQextrux r{eloBeKo-MaTILIHHbIX

rexHoirorr4fi K.: Texnuxa, 1992. - 180 c.

Porrurcftu O.lI., Lllron6a C.{. OnruNrieauir 6aratonaipHl,rx rexHorori.rHux npoqecir reHerIdtIHI4MLI

alrropr,rrMaw. ll Bnuiprora"nbHa ra o6.rracrrosanbHa rexirixa B rexHoJlori.rHl,Ix npoqecax. -1999.-Ns4.* C.6-8.

- [Iron6a C.,{., Kosaqxo O.M. feHer[.rHa rrrinirrai:aqir raprocri rcourponin B rexsolorirlHoMy
npoueci 3 ypaxyBaHHrM 4eQexrir piurrx ruris // Bicnnr BinHnqsxoro nolirexHi.IHoro iucuaryry. - 2005. -
Ne3. - C.74-79.

- L[ron6aC.A., Kosa.rxo O.M. fenerprqna onrurvlisaqig rpaurocrefi KoHTponbuo- 4opo6vrx
onepauifi B rexHoJrori,{Hux rpoqecax 3 ypaxyBaHutM ge$errin 6araruox rranie // BicHur XnroruupcbKol'o

AepxaBHoro rexHoiloriqHoro yninepcarery.- 2004. * Nl4, rou 2. - C.180-187.

- Vruaxoe H.A. Mero.uu petrreHnr npocrefiunx3a4aq HaAexHocru npu Haurvqvr4 orpaHnlesufi. - M.:

Con. Pa4uo,1969. -162 c

- Gen M., Cheng R. Genetic Algorithms and Engineering Design. John Wiley & Sons. 1997. -352p.

PorrureilH Olerccan4p llerpoBrrq, A.r,H., upoQecop xaQe4pn MeHeAXMeHry ra rlpoMl4cnoBoro

inxunipranry, epycalnucrxrfi nonirexHi.rHl,Ifi incuaryr - Maxos JIea, nyl. Xana.q Xaleui, 21, epycatwr,
91 160, lspairrr, E-Mail : r-qt@maili ct.ac. il

IIIron6a Ceprifi lnaurpoBrrq, K.r.H., AoIIeHT, AoKTopaHT rca$eapn xoMn'IorepHHX cncreM

ynpanliHH.a, BiuHuqmafi uaqioHalsuui.t rexHi.{Hufi yHinepcuTer, XuelrunubKe lrroce, 95, BiHHuur,

21021, VrcpaiHa, rerl.: (0432) 440430, E-Mail: shtovba@,ksu.vstu.vinnica.ua

Koga.rmo O.rrerccift Mnro.naftoBr{rr, acnipanr rcaSeapu xotun'toteprr}Ix cl{creM yupauiHnx, Biuunqrxnfi
Harlioualrunft rexHi.rgrafi yHinepcurer, Xuenruuurxe [roce, 95, BiHHtEtIs, 21021, YrpaiHa, ren.:

(0 432) 53 -8 4 -6 6, E-Mail : okozachko @yaho o. c gm

1t2


