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BBe.l{eHHe · 

3a.uaqa KOMMIIB05DKepa - KJiaeeuqeeKnii: npnMep Tpy.uno- pernaeMoii: Ja.uaqn 

H3 o6naeTII KOM6IIHaTOpHOii: OllTliMII3aUIHI, IIMeiOrueii: .ll,eJIO eoj<PtPeK~II~~biMII 
MeTo.uaMn MaKenMnJauun nrrr~ 'M:H:iinMIIJaunH q)ynKunii: MHor~x nepeM:ennhrx. 
B ynporuennoM BH.Ue oH..;_ · 3BJ'IHT TaK: · · · · · ·' · · 

' - ; . 

Jla'llbl. noJtoJ!CeuuJI N zopoaoB, ueo6xoau.uo 1iaumu · -x:pamvaumuu 

3a.m;;uymbli1. ~rtapmpym, npoxoaJiw,uii. "lepe3 'IWJ/Cablu zopoa, ·npu"l~.k 
ffiOJlb'/1:0 oauu pa3. 

AnropHTMhi naxo2K.uemur peruennH. M02KHO yenosno pa3.uenUTh Ha .use rpyn
nbr: T~'IHhle,II' rrpHtim~:lKeHHble. B;TO'IHhiX MeTo.uax Ha Ka2K.UOM 3Tane noneKa 

llYTb npOXO.UIIT TO'IHO 'Iepe3 ropo.ua, B TOBpeMH KaK B llpH6JIII2KeHHbiX MeTO.ll,aX 
3BOJIIOUHH pa3BUBaeTeH BO Beeii: llJIOeKOeTII ropo,UOB1. 

Bee II3BeeTHhie TO'IHbie MeTO.Uhi onpe.ueneHUH onTUMaJibHoro nyTn Tpe6yiOT 

JaTpaT KoMrrhiOTepnoro. BpeMenn, · 3Kerronenuuanl,no · Bo3paeTaiOmero · e poeToM 

ropO.li,OB, TaK 'ITO Ha npaKTUKe QllTUMaJibHOe perueHUe M02KHO ITbiTaTbe51 HaHTU 

TOJibKO .UJIH3a,Uaq e He 6onee '!eM HeeKOJihKO eoTeH ropO.UOB. 3a~aq~'Ko:M~UIB051-
2Kepa npuna.une2KHT K 6oJiblliOMY KJiaeey TaK Ha3hiBaeMbJ:X NP-nonnhrx2 3a.Ua'l, 

T.e. He MO)KeT 6biTh peruena 3a nonnH~Mn'anhnoe.BpeMH, UK lreii: eBO.UHTeH·JII0-
6aa .upyraH 3a.uaqa 113 KJia~e~ NP [1). , . . -_ 
· . · CymecTBYIOruue'To'lnhrea~~~PIIT~~~ ~-BO.UHTeH, B eyrunoeiu, K opraninauun 

llOlfHO~q rrepe6opa ~apnaHTO-~. HeeMoTpa Ha TO, l 'ITO MHOrue. II3 HIIX HaXO.UHT 
peruem~e -.lloeT~TO'IHO 6hreTp'O, . ~n; KaM.uoro Ta~oro c&rropiiTMa: eyrueeTByeT 

Ja.uaqa, na KoTopoii: rrpHX?.UIITea rrepe6npaTb Bee NfBo3M02KHhiX rryTeii:. Cpe.un 

anropnTMOB 3Toro Tnrra nan6onee pacnpoeTpanen MeTO,a BeTneii u rpaHuu B 
pa3JIH'IHbiX MO.UII<l>IIKaUHHX. . . . 

Bo Mnornx rrpaKTII'leeKnx npniro2KenuHx ne ipe6yeTeH HaxoiB:Jiekue nMeH

Ho orrTHMaJibHoro perneHnH. Heo6xo.uuM0 imny'IIITh 6onee HJIII. MeHee xoporuuii: " 

pe3yJihTaT.3a KopoTKOe BpeMH. KpoMe.Toro, HHor,aa Ba2Ken;o6ruHii::nu.u rryTu, 

a He ~ro, .UJIHH~'.' llnH 3THX uenef; rrpH~eHHIQTe~ 6bieTpbie TO'IHhre anropiiTMhi. 

lh 6br<;Tphrx anropirrMoB Hau6onee II3B~eTeH amopnTM- n.aJI. K 6nmKai!meJ\<Iy. 
. I . - . , , 

CyTh,ero TaKoBa: Ha'IHHaeM o6xo.u II3IIpOII3BOJibHoro ropo.ua n -na·•Ka)KJlOM 
mare' Bhr6up~e~ 6~n2Kafr~uii Henpoii:.ueHHhrii ropon. lin~ 3a.n;aqu c nepaBeH

CTBOJ\I rpeyronhHHKa p~3YJ!bTaT npeBbrruaeT TO'!Hoe perneHIIe ne 6oi1ee '!eM B 

Hflog2 Nl,+ 1) pa3aji], npnq~M _3Ta oueHKa il~~Tli)KIIMa.npii JII060M qnene 
ToqeK.' ·llnH reoMeTpiiqeeKoii Janaqu . anr!3piiTM II.UU ·. K. 6nmn:aii:rneMy .mm.aei-cH 

acUMllTOTII'leeKII eXO.UHIUUMeH, T.e. OH eXO.UIITeH K OllTIIMaJibHOMY perueHIIIO ITO 

Be'po~Tno~nr e p'c;cT'OM .;uena TO'le~. H3B~cTHhi ;TO'IHhie anropnTMhi e ny'IIDIIM' ' ' - ; ~ • ' ' ' >' • ~ . " ' " ' _, ' . - - . 

·I 3aMeTnM, 'iTo pe3yin,TaTOl'.t TO'IJIOro Me'To.n:~ 6y.zi~; ~~ o6a3a~em.no n~{,,y'IIIlee;~rneline. 
B .n:aJihHeiiineM Hannyqrnee pemerme 6y.n:eM Ha3biBaTh onTnMaJibHbiM. -'' 

2Nondeterministic polynomial ti!ne coliiplete. 

- . 
l E~~~tll~i!:t:.l!<il &l.s-:rniJT f 
r :"!ttl!,~!:-3:!! m:cne~~~su~ i 
' 6V1SilMOT~::.KA · .--



Ka'leCTBOM perneHHll .ZJ:Jlll o6meil 3a.uaqn, HanpuMep, .zwoiiHoii o6xo.u MIIHIIr.ranb

Horo OCTOBOro ,aepeBa (1]. Ero peiiieHHe oTnnqaeTCll OT, OIITHMaJibHOrO I~e 6o.nee 

qeM B .UBa pa3a~ . 
· Hcc.ne.uoBaHiill B 3Toii o6.nacT1I 6bmn H~npaB.neHbi Ta~)l(e·H-~ noncK. perne

HHM, '6im3KUXK OllTHMa.TibHOMY, 3a BpeM.II1 pac·hmee KaK 'no~IIHOM Ma.noii CTe
neHII. B noc.ne.uHll:e' ro:nbl- 6binc)' npe.u.n62KeH:o HeCKO.TibKO HOBbix ~teTonoB .U1Ill 

perneHIIll 3a.uaqu KOMMHBOJI)Kepa (n OIITU11:n13aQHOHHbiX 3a.llaq B uenoM), TaKne 

KaK JIMHTaiJ;HOHHbiH OT2KIIr [2], reHeTJI'leCKife anropl-ITMbi (3; 4] · H HeiipOHHbie 

ceTH[5, 6, 7, ?, 9]. .,: · 
KpoMe yHimepca.nbHbiX a.nropnTMOB perneHHll, pa3pa6oTaHo TaK)Ke MHO

)KeCTBO TOqHbiX R llpH61IH)KeHHbiX a.nropHTMOB, paCC'lHTaHHbiX Ha KOIIKpeT
Hbie TIUibl npaKTnqecKIIX 3a.uaq. HanpnMep; 6biJIH npe.uiio)l(eHH. ~to.un<PnKaUIIH 
MeTo.ua 3.nacTIIqnoii ceTII ·.u.nll o6pa6oTKii hauubix '13 ¢1i3IiKe BbicoKiix 3Hep

riiii [10, 11 1 12, 13]. 

1~. ,AJ!ropHTM C rapaHTHpOBaHHOH rJia,llKOCTbiO 

>pemeHH.H. 

. IlycTb .uanbi N-To<ieKn.nocKocTJI·(xc;,yc;),i ~ 1,N. Tpe6yeTc5J:- uaiiTn 3a

MKHYThii'I nyTb MIIHIIMa.nbHOli .UniiHbi; npOXO.U5£W:HM qepe3 3TII TO'lKI!. 
IlycTb (i1, ... , iN) - nyTh, noc.ne.uoB~Te.nb"Iio npo.X:o.U5£W:IIM .qep~3 To'lini 

it,: .. , iN, Ero MO)KHO npe.uCTaBIITb 13' B·u.ue: noc.ne.uo:BaTe.nbHOCTJ1 Koop.UIIHaT 

( 
c c . c c ) - . - - . --

3TIIXTO'leK (x ;.,y it), ... ,(x iN,y iN) .TaKIIM06pa30M,Ka)K.l{OMYB03MO)I(~ 
HOMY nyTII cooTBeTCTByeT BeKTop B R 2N< • ' _ • -

.IJ:.nnua npOII3B01IbHOrO nyTH B ITJIOCKOCTII ropO.UOB paBiia .c-

N 

~ ((xl, y!), ... , (xN, YN)) = L v(x,---: Xt-d2 +(Yt----:·Yt-d~: . (1) 
.1=1 

51cHO, 'lTO Bbi6op IIYTH MO)KHO npe.UCTaBllTbKaK Bbi6op O.UHOro ll3 N!BeKr6poB, 
COOTBeTCTBYIOW:IIX B03MO~Hb1M nirllM; na'KOTOpO!vl cpyHKUIIOHan£ .UOCTlir~eT 
MIIHl!Ma.TibHOrO 3Ha'-!eHl!ll:· 

' • ,• • -'. < ' • - ' ~ 

. KaKHM o6pa30M.3TO c.ue.naTb; 'lT06bi II36e)KaTb no.n-~oro nepe6opa? M~)K~O 
Bbl.l{e.nnTb ne6o.nbiiiYIO o6.nacTb B; R2N ,' co.uep)KaiuyiO nyTH, na KOTOpbiX L :no:: 
CTIIraeT 6m13KOe K MIIHIIMYMY 3Ha'leiine. 3aTeM uaiiTll TO'lKY MIIHIIMYM~.'L 1n 
3TOM o6.nacTII, peiiia5I nenpepbiBHyio3a.uaqy-~1IIHII!.fli3~UlfH, H B3HT~ 6m!)Kcl~~::: 
IIII!i'I K HeM nyTh, npOXO.UllW:HM qepe3 ropo.ua. 

. .Un.11 3Toro ueo6xomm KpnTepiifi, no::mo.nJIIOIIlnii nhi.ue.niiTh 6nii3:K'IIe i 6n;ii~ 
MYMY ny-Tn.: O.unH n3 B03MO)KHbiX no.uxo.uoB - ll'aiiTI1' cBoi'tcTsa; 'IIpilcym:lr~; 
60JibiiiHHCTBY OIITIIMa.TibHbiX pe~~IIUM,, n IICKaTb IIYTII, .Ha.ue.neHiihie 3TII~~~~ 
CBoiic'rBaMn. · '-

'.._/'~ 

·, <- '~-' ,,, 

~ 

_l 

' 
1 

·4 

IIpoii3Bo.unbie L no i 1, y/ B TO'lKe 3KcTpeMyMa.uo.n)KHbl 6biTh 6nli3KH K o:' 
f)£ _ _ _ Xt+l -X! _ _ _ X!.- Xt-1. - · - (2) 

8x1 J(xl+l - x1)2 + (Yt+l - y,)2 J(xt - Xt-d2 + (yr- Yt-1)2 • 

IlpoBe.UeM qepe3 (x1, Yl{'., (xN, YN ), (xi. y!) KpHBYIO (X:(t), Y(~)), ~~paMe- . 
Tpii30Banuyro .ummoil .uyrn. Tor.ua Bblpa)KeHIIe (2) Mo2KuopaccMaTpHBaTb.KaK 

aunpoKcnMaunro BTopoii npon3BO.UHoh <}:lyHKUIIH X(t) not B TOqKe (xt, Yt). 
TaKUM o6pa30M, HaM ueo6XO.Ulll\IO .MHH~IM~31IpOBa~~BTOpble n'pon3Bo.UHbie 

¢YHKUIIli X(t) uY(t)s'h.nax liep~BHO~epHoft ceTKII, o~pe.ue.nJieMCJM TO~KaMII 
(x1, y!), .. , (xN, YN ). T.K . .u.nll Harneil 3a.uaqn anropnTM H.UII K 6.nu)KailrneMy 
aCIIMITTOTU'leCKH CXO.U~TCll, TO C poc~MqJic.na TO'leK OllTHMa.TibHbiM-IIYTb 6y
.ueT npoxo.unTh qepe3. 6mt3KIIe .upyr K .upyry ToqKn, c.ne.uoBaTenbHO,- npe.ucTa

B.Tillll .IICKOMbiM nyTb B BII.Ue uenpepbiBHOM- 3aMKHYTOM KpiiBOM, Mbl no.nyqaeM 

Tpe6oBanue ee r.na.UKOCTH. 
A.nropnTM c rapaHTnpoBanuoii r.na.uKocTbiO perneHnll' Henocpe.ucTBenuo_ pe

amt3yeT no.ny'leHHbiM pe3y.nbTaT. Erou.uell cocTOIIT B c.ne.uyrom:eM: 

CmpouM 3a6eao~to uaa"teyw "t>puByw, "tea'tC Mo:m:no 6o.ir.'ee 'npu6J1U
J/Ce'lt'H.Y10 "tC ·ucxoanbiM mo'll"teaM. 3ameM ·cmpouM ·Mapwpym- Bao.t1b 

::Jmoil "t>puaoil, Bbl6upaJI .t1o"tea.t1b'lto 1tau11yV.muil nym-b . 

KpnBall 6y.ueT 3a.UaBaTbCll <}:lyHKUIIllMII X(t), Y(t), npe.ucTaB.nJieMbiMII B BH.Ue 

qacTII'lHbiX CYMM COOTBeTCTBYIOW:HX pll.UOB <l>yphe~ 
IlycTb --

m m 

X(t) = L (at cos(kt) + bt sin(kt)).. Y(t):::: L (akcos(kt) +br sin(kt)), 
k=O k=O_ .; ' 

(3) 
r.ue t E [0, 211']. Tor.ua 

~X m . . .. . 

ot2 = - L (~2 at cos(kt) ~ k2bt sin(kt)). 
k=O- -

(4) 

Mbi paccMaipnBaeMX(t) II Y(t) B ¢YHKUMOHa.nbHOM np?cTpaucTBe c 6a3nco~ 
sin(kt) n cos(kt). Hopl\fa BTopoii npou:mo.zinoil .· . . ·. ' 

II a;t~ 112 = ~k2(at2+ bt2). (5) 

Bbrpa)Keune .u.n~ Y(t) auanorii'lHO. 
Ilo.nyqaeM · 

II 
()2 X 112 . II ~2y" 112 m ·. v · - 2 x2 2 · 2 · 2 
m2 + at2 = l:k (ak +bt +ar +br ): 

k=l 

(6) 
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,IImr MIIHIIMII3aUIIII (6) He06XOL{llM0 1 qT06hi K03rprpiiUIIeHThl KaK MO)!(HO 6hiCTpee 
y6hlnMII c poCTOM k. . . . . 

By.n;eM cTpoiiTh KpnnyiO cne.n;yiOIUIIM o6pa3oM: 

1. Ha rrepnoM mare rronaraeM nee K03rprpuuneHThi uynenhiMII. 

2. B KaqecTBe a~, a6 B03hMeM Koop.n;uuaThi ueHTpa Mace cncTeMhi ToqeK. 

3. PaccqnThinaeMaf I bf, ar I. br TaK, qTo6~I cpe.n;HeKna.n;paTIIquoe pac

CTO.HHIIe_oT TO<i:eK L{O KpiiBOH 6hiJIO_.MIIHIIMaJihHhiM 1 3aTeM nepeXOLlliM K 

~Jie,n;yiOIUeMy K03rprpiiUIIeHTY. 

3aMeTIIM 1 qTo Ha Ka)!(L{OM mare MeHHIOTC.H JIIImh. qeThipe Ko3rpqJI!UliCHTa 

C COOTneTCTBYIOIUIIM llHL{eKCOM, a nee npe.UhiLlYIUHe OCTaiOTC.H HCH3MCHHhUAII. 

llpn TaKOM nocrpoeHIIH B p.H.n;ax <f>yphe 6y.n;yT npeo6Jia,n;aTh HII3KIIe 'IaCTOTbl 1 

qTo II Tpe6onaJIOCh. 

AnropnTM ocTaHaBJ:iiinaeTc.H, Kor.n;a· npu .n;o6anneunu cne.n;yiOmero Ko3rp

rpiiuneHTa L{JIIIHa BOJIHhl CTaHOniiTC.H MeHhnie nOJIOniiHhl cpe.n;uero paCCTO.HHU.H 

Me)!(,n;y coce.n;HIIMII_ToqKaMn. 8To ycnoBIIe cne.n;yeT H3 npe.n;ena HaiiKBIICTa [14], 
B npOTIInHOM CJiyqae ,6onee nhiCOKIIe qacTOThl 6y.n;yT HCOTJIIIqiiMhl OT HII3KIIX. 

.IlJI.H JIOKa.JihHOH OnTIIMII3aUIIII IICnOJih3yeTC.H anropiiTM 1 ·, HanOMIIHaiOmiiii 

copTIIpOBKY rry3hiphKOM: 

Eepe.M doe coceauue mov:x:u u nepecmaBJIJle.M ux,: eCJIU 31Tt0 npu

oodum X: YllteUbWeUUIO a~U1tbl nymu. 3ame.M nepexodu.M X: CJiedyw-. 

1/{U.M, do mex nap, nox:a 37nU nepecmaUOBX:U da10m pe3y.tbmam. 

Eme pa3 3aMeTIIM, qTo 3TOT anropiiTM .HBJI.HeTc.H noKaJihHhiM II o6mnii BIILl 

pe~euua onpe.n;enaeTc.H nMenuo nocTpoeuuoii rna.n;Koii Kpnnoii. 

2. MeTo.n: 3JiaCTIPIHoii ceT::u 

B MeTo.n;e 3JiacTnquoii ceTn [7] nyTh npe.n;cTannaeTc.H n BII.n;e ua6opa "y3non" c 

3JiaCTllqHhiM COeL{UHeHUeM Me)!(L{y HIIMII, o6pa30BhiBa.H 3aMKHYTbiH MapmpyT. 

TaKa5r 3rr~CTll'IHa.H eeTh OL{H~BpeMeHHO II. rrpiiT.HriiBaeTC.H K ropo.n;aM, II .C)!(li

M:aeTC.H no.n; .n;eiiCTBHeM CIIJI ynpyrocTII. TeM caMhiM anropiiTMnqecKn p~aJIII-
3yeTC.H CaMa rpopMyJIIIpOBKa 3a,n;aqn. ilpiiBJieKaTeJibHOCThiO 3JiaCTII'IHOH CeTII 

.HBJI.HeTcH rnaBHhiM o6pa3oM ee npocToTa n yurinepcaJihHOCTh. rnaBHbiM ee 

HeL{OCTaTKOM 6hiJia HH3Ka.H CKOpOCTh, KOTOpa.H B OCHOBHOM o6ycJiaBJIUBaJiaCh 

6onhmuM qncnoM Y3JIOB ceTII (uanpuMep, B opurnHaJihHOii pa6oTe ·rrpe.n;nara

JIOCh IICnOJih30BaTh Y3JIOB B 2.5 pa3a 60Jihme, qeM ropo,n;oB). 

B uacToameii pa6oTe, rronuocThiO coxpaH.HH n.n;e10 MeTo.n;a, npe.n;naraeTC.H 

ero ~m.n;urpnKauna, KOTopaa npnnoLll~! K 3HaqnTeJihHOMy (rrpnMepno ua 2 no-

4 

• 

p.HJtKa) ynemi•IeHJIIO cKopocTn npn coxpauemm KaqecT8a peiiieuna. 3To .n;ena

eT MeTOLl 'JJiaCTli'IHOii CeTU KOHKypeHTOCnoco6Hbll\l no OTHOIIIeHnio K XOpOIIIO 

pa3pa6oTaHHhiM KJiaCCII'IeCKUM MeTOL{aM rJI06aJibHOfi onTIIMU3aUJIJI. 

Jf.wee~tt ua6op N i!opodoo {motte'~>) ua 7MOC'!>ocmu. Ka~aou mott~<e 
npucoauoaemc1l ueJo.·omopa1l ".uacca" {oec). B no.zytte'uuo.u ~i!pa

BU71W1(Uouuo.u uo.te '' pa31ttfU(aemc1l uenpepb!B'Ila1l ~<puoa1l, cocmo-

1lU(a1l U3 i\J y3.;106, 1<07n0pble 111.a'!>~e U.Ue!Om "'.~laCCbl··, U 'JlattUI/aem 

d6'U2a7nbC1l 710d deltC1116Ue.~t c·u,z np1t7n1l~e'llU1l '/>a'!> 20JIOd06, IIlah: 1t 
Y3•toB. 

MTaK, Kpnna.H rrpe.n;cTaBJI.HeTC.H n nu.n;e 3JiacTnquoii ceTn 113 }vf Y3JIOB c Koop

LlliiHlTa~m ( xf, yf), i = 1, A1 II nepnona•raJihHo 3a.n;aeTc.H B nn.n;e oKpy~HOCTII. 
Beca TO'IeK rrponopunonaJibHhi IIX y.n;aneunocTn oT coce.umix. 8To o6ecrre

'IIIBaeT paCCI\10Tpeune y.n;aJieHHbiX TO'lt:'K uapaBHe C B03MOJKHhiMJI CKOIIJICHII.Hl\1113, 
'ITO, O'lenJIL{HO, COOTBCTCTnyeT 3aJta'H' 

"'N ll·,c xc Yc Yc II C L...k=J "'j - k I j - k 

w; = . ·"'N ll··c .. c c . ell. m~tx L...k=I xi - x k , Yj - Yk 
) . 

(7) 

Bo3.n;eiicTnJie ropo.n;a ua ceTh 6y.n;eM orrpe.n;eJI.HTh B KaJKL{hiii MOMenT npeMeun 

TaKUM o6pa30M 1 qTo6bi ITO B03MOJKHOCTII npJIT.HrUBaTh TOJibKO 6JIIIJKHIOIO 'laCTb 

CCTH. Bee ropo.n;a i ITO OTHOmeHIIIO K CeTU XapaKTepn3yeTC.H neJIII'IIIHOii 

-vf= nl~n { ((;~:f- xf)2 + (yf- yff!) 4
} 1 

a ,n;eiiCTBHe TOqKJI i ua y3eJI j BeJIII'IIIIIOJi 

C C ( C E 2 C E '')-4 Cjj = W; . V; . (J:; - ;I:j ) + (Y; - Yj )- .. 

J1 1 II<tKOIIel{ 1 IIOJIHOC CMeiUeHUe y3Jia j ITO OCH X 

N 
"' c· · · (x9 - xfJ) L.., ·•; ' ) 

A E i=l ' f3 ( E 2· E E ) uxi =a. N + . xi+l - xi + xi-1 ' 
L: Cjj 
i=l 

o · = 0.5 n f] = 0.1 - KOHcTaHThi, a Bb!pameuue npn f] o6ecne'mnat>T 

CTI.PIIIOCTh" KpiiBOfl 1 MIUIIIMII3Hpy.H nepnyiO llp0113no.n;nyiO B.UOJib Hee. 

AnropnTM ycrpoeuc~Ie.n;yiOIUUM o6pa3oM: 

(8) 

(9) 

(10) 

~"3Jta-

3
3To ananorn•Ino npou<'.nype KJiacTepn3aunn3KcncpuMeHTaJJbHhlx To•IcK npn o6pa6oTKe 

)laliHbiX B fjH1311KC DhlCOKiiX'3}u!priiii~ 
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1. EepeTCli Manoe 'IIICJI? Y3JIOB, HanpnMep, paBHoe 4. 

2. IIpmnBO.llHTCli IiecKOJihKo nT-epaunii, .uo Tex nop, noKa JI3MeHeHHli Kpnsoii 
He CTaHyT .llOCTaTO'IHO MaJihl. 

3. fopo.ua npoeunpyiOTCli Ha KpnByiO,n nposeplieTcli npocTeiimnii KpnTepnii: 
BhiXO,lla: paCCTOliHIIe Me)K,lly TO'!KaMH KpHBOH MeHhiDe paCCTOliHIIli Me)K.llY 
ropo.uaMn B.llOJib MapmpyTa. 

4. YsemrqnsaeTcli 'IIICJIO Y3JIOB Kpxmoii. IIpoc'!nTaHHhre y3Jihi coe.unHliiOTCli 
OTpe3KaMH, Ha KOTOphiX Jf pacnonaraiOTCli HOBbie Y3Jihl. 

5. IIpon3BO.llHTCll cne.uyiOIDali nTepaunli c nyHKTa 2. 

3aMeTIIM, 'ITO anropHTM CTapTyeT c rna.ilKoii Kpn:Boii, a TO'IKH rmi.z:ii<o so3-
.ue1ICTBYIOT :Ha nee. KpoMe Toro, nocTenennoe ysenu'lenue 'lncna y3JIOB anano
rn'IHO nornarosoMy_.uo6asnenniO '!aCTOT. T.e. MO)KHO yTsep)K.tiaTh, 'ITO peme
nue nonyqaeTcli .uocTaTO'IHO rna.UKIIM. IIocKOJihKY pe3yJihTHPYIOrnali KpnBall 
l\fO)KeT He npOXO,llHTh Henocpe,llCTBeHHO 'Iepe3·TO'IKH, To·neo6XO,llHMa JIOKaJih
Hall onTnMn3aUnli, nanpuMep npu noMomn anropnTMa, onucannoro B MeTo.ue 
"rapanTnposanHoii rna~K~CTII". 

3. Pe3yJihTaThi TecTnpoBaHIUI 

Onncannhre Bhrme anropnTl\-Ihi 6hmli npoTecTnposanhl npu pa3JIH'!Hhix KOJIH'le
CTBax ropo.uos (To'!eK). To'IKH pasnoMepiro pacnpe.ueminnch:B KBa.up-ai-e, )(ml: 
Ka)K.uoro qucna TO'leK npon3so.unnoch lOOO.onhrToii: Pa'c'leThi sen~ch· Ha KOM~ 
nhiO,Tepe PC 386. Pe3yJihTaThi anamna'npnBe,lleHh~ B Ta6nuue. . . 

r.ue 

Ilo.u OTHOCIITeJihHOII pa3HOCThiCl HOpM K03<}l<}JIIUMeH!os nOHIIMaeT~li · 

IC1k- C 2kl 
C 1

k + C 2
k ' 

C l _ l x2 bx2 y2 by2 
k = V ak + k + ak + k ' 

(11) 

(12) 

a u b - Ko3<}l<}lnunenThi Kpnsoii anropnTMa c rapanTnposannoii rna.uKocThiO, 
a C 2 k - anaJioruqnoe Bhrpa)KeHne JlJili Kpnsoii c TaKHM )Ke 'IIICJIOM K03<}l
<PnuneHTOB <l>yphe, nposenennoii qepe3 MapmpyT, nony'!eHHhiii B 3JiacTn'lnoii 
ceTU B nepBOM CJiyqae, II B H,llli K 6JIH)KaiimeMy BO BTOpOM. Bhrpa)KeHIIe (11) 
xapaKTepn3yeT CTeneHh rJia}lKOCTli BTOpoii KpliBOM no OTHOIDeHliiO K rrepBOH. 

T.K. anropHTM nnn K 6mr)KafrmeMy cxo.unTcll K pemenniO no sepOliTHOCTII, 
Ha KOHKpeTHhiX 3a,lla'!aX OH MO)KeT ,llaBaTh nnoxoft pe3yJihTaT. Hamn )Ke aJI

ropHTMhi naiOT CTa6UJihHO Jiyqmee pemenne. 8TO _ OTpa)KeHO B CTaTUCTIIKe B 
cTpoKax "nyqmniifxynmuii pe3yJihTaT". 
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limma rryrrr, % or Jf.liH K 6mtJic. 
" 

50 100 

·. 6e3 JJOKaJJhHOH Tap. rrra,l{KOCTh 90 94 
orrTHMH3au;rrrr :JJiaCT. CCT.b 89 90 

C JJOKaJibHOll · Tap. rJia.l{IWCT.b 88 90 
OilTHMH3aD;He.ii. :JJiaCT. CCT.b 88 88 

ny'llliHll Tap. rJia.l{IWCT.b 68 . 73 
.Pe3yJJhTaT :JJiaCT. CCT.b 70 72 

XY.llllfHH Tap. rJia.l{KOCT.b 112 107 
pe3yJJhTaT :JJiaCT. CCT.b 118 111 

BpeM.l! pa6oThl lf.l{H K 6JIHJI(. .1 .1 
(MnH. ceK ) Tap. r Jia.l{KOCT.b .1. .1 

:JJiaCT. CCT.b .1 .1 

Orrroc. 1Ko3<!J<!J. 0.01 0.01 

. pa3HOCTb HOpM 2.K03<lJ<tJ. 0.28 0.45 
,l{JJ.l! 3JiaCT. 3 K03<lJ<lJ ... 0.18 0.27 

I> 
CCTH . 4 K03<lJ<tJ .. 0.31 .. 0.50 

5 K03<lJ<tJ .. 0.29 0.42 

0THOC. 1 K03qJ<!J: 0.26 0.46 
pa3HOCTb HOpM 2 K03<lJ<lJ. 1.01 1.63 

.IIJJll H,l{H K 3 K03<lJ<lJ. 0.42 0.70 
6mtJic ai!llfeMy 4 K03<lJ<!J. 0.46 0.79 

_ 5_Ko3<tJ<P_._ 0.39 0.57 
-- - - - -

8 

. Y:rrcrro To'leK 
200 400 

100 113 
90 92 

94 101 
88 90 
so· · 92 
77 85 

110 113 
106 97 

.1 .1 

.7 .. 37 

.4 .17 

0.01 0.21 

0.65, 7.61 
0.34 3.88 
0.73 8.41 

; 

0.53 6.09 

0.70 8.0 
2.31 26.4 
0.96 10.9 
1.24 14.3 
0.75 8.4 

- -

600 1000 

121 142 
92 90 

105 118 
90 89 

95 114 
81 86 I 

.115 125 
96 92 I 

.1 .2 I 

2.12 6.53 
.50 2.35 

-------- --"---

Mbi cpasmmn anropiiTJ\Ibi ua Ja.rta'!e co 10fr6pono~I4 ,IlJili;Ko;opofiiiJsec-T
Ho To•moe pernenne. Pe3JJibTaTbi·B, npoueiiTa~oT oriTnl\IaJibiiOro: 

JI.nn K 6JiuJKaiirneMy 
rapaHTllpOBaHH<iH rJia.rtKOCTb 

3Jia.CTII'IHall CCTb 

'",<' 

3aKJIIO"IJ:eHHe 

128.4% 
114.7% 
110.2% 

l1ll'repec. K IICCJIC.llOB<lHIUO 3a.naqn KOl\11\IIIBOliJKCpa C 1101\IOlllbiO MCTO.llOB rapa.H

TIIpOBa.IIHOll rJia.rtKOCTII II 3Jia.CTII'IHOii CCTII o6'h5!CHliCTCll a.KTIIBHbl~l IICIIOJib

JOBaHIICl\1, B '!a.CTIIOCTI~,. MCTO.rta 3Jia.CTII'IHOiL CCTU .llJ,fll o6pa.6oTKII .rtaHHbiX B 
llliiJIIKC rlb!COKIIX 3Heprnii. 

II punJieKa.~·eJibHOCTbiO 3nacTII'IHOJI ceTn liBJiliCTCll r JiaBHbiM o6pa3oM ee 

IIpOCTOTa II YHIIBCpCaJibHOCTh. rna.BHbiM ee 'HC.llOCTa.TKOM 6biJia HIIJKall CKO
pOCTb, KOTOpall B OCHOBIIOM. o6ycnaBJIHBaJiaCb' 60Jibllii!l\l: 'IIICJIOJ\1 }'3JIOB CCTII 

( H<l.Ilpi!Mep, B Opllri!Ha.JibHOII pa6oTe npe.rtJiaraJIOCb IICIIOJib30BaTb y·moB B 2.5 
pa.3a 6oJILrnc, '!eM ropo.nos). . 

B Ha.CTOlllUCll pa.6oTe HCCJie.rt013alllle CBOllCTB rnanKOCTII nyTel\1 cpa.BHCHI!ll c 

MCTO.llOl'vi ra.paHTnposaimoii' rJia.rtKOCTII IIOJBOJIIIJIO npe.rtJIO~..:IITb ~tO.llllqJIIKa.UIIIO 
MCTO.lla 3Jia.CTII'IHOII CCTII, KOTOpall llpiiBO.llliT K 3Ha'II!;rCJibHOMY (llplllvlepHO Ha 

2 nopH.nKa) ysemi'ICHIIIO .cKopocTu npn coxpanenun KaqecTBa. pemP,HIIll. •3To .. 
.nenaeT ·M~TO.ll ::~nacTI~'IIIOiieeTn i..:oliKypenToCIIoco6Hbll\t no oTHoiiiemno K· xopo
mb 'pa3pa6oTa.HHbiM KJia.CCII'ICCKIIM MCTOJl~iM rJio6a.JibHOll OIITIIMII~aUUII.ITa.K, 
Haiipi!Mep, CKOpOCTb MCTO.lla 3Jia.CTII'IHOii CCTU .llJl5! 3a.rta'lll C 1000. ropo.na.MI! 

nosbiiii~na .no 2 1\UIH. 35 c . na PC-386 n .no 30 c .. na. l..:oMiihiOTepe Tnna~ Sl.m. 

Crr.ncoK JIHTepaTyphi 

[1] M.R. Garey and D.S. Johnson, Computers and Intractability. Freeman, 
San Francisco, 1987. • · · 

[2] P.J.M. van La.arhoven and E.II.L. Aarts, Simulated Annealing: Theory 
and Applications. D. Reidel, Dordrecht, 1987. 

[3] R.M. Brady, Optimization strategies gleaned fmm biological e1•olution. Na
ture 317 (1985) 804: 

•. .i 

[4] H. Mi.ihlenbein, m. Gorges-Schleuter and 0. Kramer, Evolulionalgorilhms 
in combinatorial optimization. Parallel Comput. 7, 65 (1988) 85. 

4 llpnMep cillOl II3 TSP 6n6nnoTeKnymrnepcnTeTa r. f'aiu~eJih6Cpi'· 

D 



[5] .J .J. Hopfiel~ and D.W. Tank, "Neural" computation of decisions in opti
mi=ation probltms. Biol~ Cybern. 52 (1985) 141. 

[6] G.V. Wilson and G.S. Pawley, On the stability of the travelling salesman 
problem algorithm of Hopfieldand Tank . . Bioi. Cybern. 58 ( 1988) 63. 

[7] R. Durbin and D. Willshaw, An analogue .appr~ach to the aravelling sales
man problem using an elastic net method. Nature 326 ( 1987) G89. 

[8] B. Angeniol, G. de Ia Croix Vaubois and J-Y. I~ Texie~, 'self~~rgani=ing 
··'feature maps and the travelling salesman problem. Neural. Networks 1 

( 1988) 289. 

[9] C. Peterson and B. Soderberg, A new method for mapping optimization 
problems onto neural networks. Int. J. Neural Syst. 1 (1989) 3. 

[10] I. Kisel, V. Neskoromnyiand G. Ososkov, Applications of Neural Networks 
in Experim_ental Physics. Phys. Part. Nucl. 24 (6), November-December 
1993, p. 657. 

[11] M. Gyulassy and M.Harlander, Elastic. Tracking and Neural Network Al
gorithms for Complex Pattern Recognition. Comp. Phys. Commuu. 66 
( 1991) 31. 

[12] M. Ohlsson, C. Peterson and A.L. Yuille, Track Finding with Deformable 
Templates- the Elastic~Arms Approach. C~mp~t. Phys. Co~nmun .. 71 
(1992) 77. ' 

[13] I. Kisel and V. Kovalenko, Elastic net for broken multiple scattered tracks. 
Comp. Phys. Commun. 98 (1996) 45. 

[14] J .S. Bendat and A.G. Piersol, Random Data: Analysis and Measure
ment Procedures. John, Wiley & Sons, 1986. 

PyKonucb noc-rynuna B n:maTenbCKHif OT,D.en 
22 aBiyCTa 1997 ro,D.a~ 

10 

"' ;', ~ ~ •' 

H3A3TenbCKMM 
06beAMHeHHOrO MHCTMTYT3 SIA' 

npeAnaraeT BaM npMo6pecTM nep• 

liiH,IIeKC KHHill Ha: 

· 94~55 · · .• Eoranio608cKJte '!TeHwi. Marepilam. 
1?93 r~.21~ .C. (HapyCC~OM li aHrJJ 

Iumra B.C.EaparneHKosa «Ce'!eHH 
CJI):(paMH»~ 1993 r.)46 C. 

E7-94-270 Tp)'llhl Me:lJC!IYHapollHoro pa6oqero 
.. H nepBLJe pe3yJJLTaThLHa HaKOnHTe 
. CMC!JieJ;I~Ue,: 1992 •. 3~4 c. (~a !ffinl 

E2-94-347 · Tp)'llhl Me:lJC!IYHapollHOH.KOHcpepeHJ 
.Ily6Ha, 1993. 602 C. (2 TOMa, Ha lU 

E4-94-370 Tp)'llhl IV Me:lK.!I)'HapO.!IHOH.KOHcpe 
··· · · cTpYK'I)'Phl $r.npa: .U).6Ha, 1994. 412 

E17c94~386, ,TpyixhJ 6-ro repMaHCKO-pOCCHHCKO
TeMneparyp~OH csepxn~oso,!IHMOCT 

.U2-94-390 . ,!lMJrrpHii HsauOBH'I_EnoxnHUeB .. TpJ 
. CO llH.II pO)I(JleHllil ,ll.M.EJJOXHHUeB3 

E3-94-419 

.U13-94~491 

li aHrJJ • .R3.) . . . 

Tp~i:J II M~~ap~.!IHOro ceMHm 
C Jl):(paMH . .Ily6Ha, 1994, 363 c: (Ha 

Tp)'lli,1 XVI .MeJJOJ).Hapo.!IHOro ~eMI 
.. li VI Me)I(Jl)'liapO,!IHOH WKOJJhl no : 

.• . · B X,nepHOH cpH3HKe 1i acrpocpH3HKe. 

94-531 

.Ul3,14-95-49 

.U3-95-169 

.Ul~95-305 . 

E3-95-307 

,ll3,14-95-323 

EIO,ll-95-387 

H aHrJJ . .R3.) . . 

E.H.3aliapLeB. YpoKII KBaHTOBOH ~ 
(Ha pycCKOM ll3.) ; · ' 

'",, ' 

Tp)'.!lbl m Me)I(JlyHapollHOro cH.\ffi031 
MIOOHOB li nHOHOB C BeWecrBOM • .II,y(: 

Tp)'llb! Me)I(JlyuapollHoro ceMmiap·a 
• HCTO'IHHKJI HeHYpOHOB»: .Ily6Ha, 19' 

Tp)'llhi XVII pafioqero cosewaHIDJ 1 
QlUilf . .Ily6Ha, 1995, 178 C. (Hap)' 

Tp)'llhl III Me)I(JlJHapOllHOro cosew 
c Jl):(paMH . .Ily6na, 1995, 356 c. (Ha 

Tp)'llhl VII lliKOJJhJ no HeHYpOHHOH 
(Ha pyCCKOM H aHrJJ . .R3.) 

Tp)'llbl Me:lJC!IYHapO.!IHOH KOHcpepeHJ 
1994, 358 c. (Ha aHrn. n) 

.U15-96-18 Tp)'llhl pa6o'lero coseWaHHll «3apl!J 
qecKnx Jl):(ep». ITo3HaHL, 1995, 172 


