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OIITUMU3NPYIOIINE BCTABKHN B 3A/TAYAX MAPIIPYTUSAIINN 1N NX
PEAJIN3AIINSA HA OCHOBE IMHAMMNYECKOTO TPOTPAMMUPOBAHU !

Paccmarpupaercst 3a1a4Ma MapmipyTH3aIUU C YCJIOBUSIMUA MPEIIIIECTBOBAHUSA W (DYHKIIUSIMU CTOUMOCTH, 3a-
BUCSIIIAMHI OT CIIUACKA 33JaHUI, ITO OTBEUAET TOTPEOHOCTSIM WHYKEHEPHBIX TMPUJIOKeHuit. B wacraoctu, ymo-
MSIHYTbIE OCOOEHHOCTH MMEIOTCS B IMOCTAHOBKAX HEKOTOPBIX 3a7ad, BOSHUKAIOIINX B ATOMHON SHEPreTHKE
u MarmmHOCTpoeHun. Vccnemyorcst BOIPOCHI, CBI3aHHBIE C MMOCIEI0BATEIbHBIM 0OX0I0M MEramoJIrCOB U Bbi-
[OJIHEHWEeM, DU UX [OCENIEHWH, HEKOTOPbIX (BHyTpeHHuX) pabor. Ilpemiaraercs mporeaypa JOKaJIbHOrO
VAYUITeHUs IBPUCTUYIECKUX PEIeHnil A1 3a7a9 Oy TUMOM pa3MepHOCTH, UCIOJIL3YIONIAs BCTABKNW Ha OCHO-
Be IMHAMUYECKOTo porpamvupoBanusd. [locmennee peannsyercs B BUIe BapruaHTa, He MPEIYCMATPUBAIOIIETO
(pu HAUYMU YCIIOBHI IPEIIIECTBOBAHNUS) IOCTPOEHHUE «IIOJIHOrO» MaccuBa 3Hadenuil dbyuxipu Besnivana.
Ha srame moucka slokamu3anuy BCTABKY MIPE/IMTOIATAETCS OFPAHUYUBATHCS BAPUAHTOM OEITIMAHOBCKOM MpPO-
eIy Pbl, JOCTABJSIONIEll SKCTPpeMyM (JIOKAJIbHOrO) KpuTeprs 6e3 MOCTPOeHKsi COOTBETCTBYIOIIErO PElIeHus B
BHUJE Maphbl «MapIIPyT—TPaccas. bojee mojaHas u 00OJee 3aTpaTHAS B CMBICJIE PECYPCOB MaMSTH MPOIEAYPa,
BKJIIOYAIONIAS HAXOKIEHUE YIOMSHYTOrO (JIOKAJHHO ONTUMAJIBHOTO) PEIIeHHUs, TIAHAPYETCS TOCe BhIoopa
JIOKAJIN3aINN BCTABKH.

Karouesvie caosa: BCTaBKa, TMHAMIYIECKOE TPOTPAMMUPOBAHIE, MAPIIPYT.

DOT: 10.20537/vm160410

BBenenue

[Tpejmerom mccieoBanmsi, HEMOCPEJCTBEHHO MPOooIzKaoero [1], sisiasercs 3agada Mapipy-
TU3AINN TTEPEMEITEHN, OCTOKHEHHAST BO3MOYKHON 3aBUCUMOCTBIO (DYHKITHI CTOMMOCTH OT CITHCKA
3a/aHWil, MHOTOBAPUAHTHOCTHIO CAMWUX IMEPEMEIeHUil U yCJIOBUIMU IIPEIIIeCTBOBAHUS. Y IIOMSTHY-
THIE OCJOXKHSAIONINE 0OCTOATENHCTBA TUIHIHBI JIJIsT MHOTUX MPUKIATHBIX 33jJad. B 9acTHOCTH, 9TO
KaCaeTcs 3aJ1a4, CBSI3aHHBIX CO CHIKeHneM objydaeMocTtu mnepcorasa ADC mpu BBIMTOJTHEHUN KOM-
IJIEKCa, oTmepanmii B yCaoBusax upessbryaiinbix curyanmii (Yeprnobeuis, Pykycnma), a Takxke 3aad,
BOBHUKAIOIIMX B MAIMHOCTPOSHNN W CBI3AHHBIX C YIIPABIEGHUEM TEpEMENIeHNeM WHCTPYMEHTa TPH
JINCTOBOM pe3Ke meraseit Ha marmmaax ¢ UITY.

B cuny ynoMmsHyTBIX TpUYWH BO3HUKAIONIAS 330398 MAPIIPYTU3AIMH CYIIECTBEHHO OTINIaETCS
OT CBOEro MPOTOTHUIA — U3BECTHOIN TpyAHOpermaeMoil 3amaun KommuBosizkepa (3K) — B cropony
KAQJeCTBEHHOTO YCJIOYKHEHWS TIOCTAHOBKU. B TO ke Bpemsi TpymHocTH, CBs3anubie ¢ NP-mosHOTOMN
3K, coxpaHsIIOTCsS B pacCMaTpUBaeMoil gajee 3aaaqde u, bosee Toro, ycyrybsastorces. Bee sTo Tpebyer
pa3paboTKU CHEMUATN3UPOBAHHBIX METO0B, COYETAOIINX UCCIEIOBAHNE TOUYHBIX U IBPUCTUIECKUX
pelennii.

B wacTHOCTH, MOXKHO MMEThH B BUIY MPUMEHEHNE ONTUMU3UPYIONINX BCTABOK B PEIIEHUS, MTOJIY-
YEeHHbIe Ha, OCHOBE 3BPHCTHYECKUX aJIFOPUTMOB. DTOT MOJIXOJ MCIOJIL30BAJICS, B YacTHOCTH, B [1-3],
TJIe PACCMATPHUBAJIUCH MAPIIPYTHBIE 33/1a4H BBIMIEYTOMIHYTOrO TUIA (OCTIeI0BaATeILHBIN 06X0T Me-
FaIoJINCOB C YCJIOBUSIMU TIPEIIeCTBOBaHMsI). [IIs MOCTpoeHns TOUHBIX (ONTUMATBHBIX) JTOKATBHBIX
periennii B [1-3] npumeHsiIcs anmapar MmUpPOKO MOHUMAEMOT0 JMHAMUIECKOTO MTPOrPAMMUPOBAHMUST
(OIT) B ayxe [4] (B cBsazu ¢ 11 ormermm paboTst [5,6], rae pacemarpusasiocs pererne 3K). IIpu sTom
MPEJIMTOJIAraI0Ch, YTO UCXOAHAS 33aUa UMEET JJOCTATOYHO DOIBIMYI0 PA3MEPHOCTh, UYTO HE MO3BOJIs-
eT HANpPIMYIO UCIoab30BaTh JIII 11 moncka OMTUMAIBLHBIX perteruii. [IpuxoInTes UCrnoabn30BaTh

! PaBora BemomHena mpu durancoBoil moggepxkre PO®I (mpoextsr 15-01-07909, 16-01-00505, 16-01-00649).
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9BPUCTUKY, TPOUTPHIBAA B KadecTBe. JJaHHBIN TPOUTPHINT MPEIIoIaraeTcs IYacTUIHO CKOMIIEHCHPO-
BaTh, MPUMEHss ONTUMHU3UPYIOMAE BCTaBKU. [Ipn 3ToM bparMenT UCXOTHOTO PEIIeHs 3aMeHIeTC s
JIOKQJIBHO OIITUMAJIBHBIM. yHOMHHyTyIO 3aMEeHy yIaaeTCd OCyIIeCTBUTH TakK, LITO6EI Ipu 3TOM HE Ha-
pymraanchb <<FI[O6a.T[BHbIe>) yCjioBud TPEAIMTECTBOBAHUA, & CTOUMOCTH, COOTBETCTBYIOIIINE BHEITHENA 110
OTHOIEHUIO K (DPArMeHTy «UaCTH» MCXOJHOTO PEIIeHUs, He YBEeIMINBAINCH. JTaHHas BO3ZMOXKHOCTH
ykazaHna B [1] (B menee obmeit nocranoeke cm. [2,3]).

Ormernm (cMm. [2,3]), 9T0 peanu3aIuio ONTUMAZUPYIONIAX BCTABOK MMEET CMBIC OCYIIECTB/IATh
B UTEPAIMOHHOM PEXUME. DTO MO3BOJISIET B P CIYUYaeB JOOMBATHCS OIMYTHMOTO YIIYUIIEeHUsT 10~
cruraeMoro pesynbrarta. OpHAKO B HACTOsIEN pabore MBI cocpemorodmmcs (momobHo [1]) HA BO-
TpOoCaX, CBA3aHHBIX C OJHOKPATHBIM TIPUMEHEHUEM OHTI/IMI/ISI/IpyIOLL[efI BCTaBKHN. HpI/I 93TOM 6yﬂ;yT
UCCIIeIOBAHBI BADUAHTHI JIOKATM3AIMN BCTaBKU, He paccmarpuBaembie B [1]. Kpome Toro, ormernm
HEKOTOPBIE BO3MOYKHOCTH, CBst3anHblie ¢ mpuMmenernueM 11 mys onpemerenns skcTpemMyMa, JOKAIBHOI
3aa9n 6€3 OCTPOEHNS JTOCTABJISIIONIETO STOT SKCTPEMYM PEIeHUs B BUJE MAaphbl «MapIIpyT—TPaccas
(nmeeTcss B BULy MPUMEHEHME TIPU MOCTPOEHUM BCTABKM). /IaHHbBIH MpUeM CBsI3aH C BOTIPOCOM 3KO-
HOMUU PECYPCOB MAMATH KOMITLIOTEPA, 9TO, B 9aCTHOCTH, TO3BOJISIET WCIIOJIb30BATH (PPATMEHTHI Pe-
IIeHni, UMeroIe GOIBITYI0 PA3MEePHOCTE (CM. B 310l cBsasu [7]). OHAKO MPUMEHATH 3TOT TpPHEeM
MOZKHO TOJIBKO B OIIEHOYHBIX IEJIAX, UMEHHO: KaKO€ yJIydIIeHue PEe3y/IbTaTa BO3MOXKHO TIPpU 'Z[aHHOI‘/’I
JIOKATU3AIUU «OOJIBINOY BCTABKU! DTO 0OCTOSATEIHCTBO MOXKHO YUUTHIBATH U MpU BHIOOPE caMoit
JTOKAJTA3AIA.

Wccnenoannio 3K un 3agau tuma 3K mocBsieHo 60/bIm0e 9ncaIo pabor Kak B Poccun, Tak u 3a
pybexkom (cMm., B wacrHocTH, [5,6,8-14]). Ciexyer ormerntsh meros Berseii n rpanui [14], mupo-
KO HCIOJB3YEMbIil B Pa3JUYHBIX 33Ja9aX JUCKPETHON ONTUMHU3AIAN W UTPAIOINIHH BaXKHYIO POJIb
B ucciaemosannn 3K. Bompocsl, cBsizamHbIe ¢ MapIipyTH3alneil B 33JadaX aTOMHOW IHEPreTUKH,
paccMaTpuBaInch B MoHorpadun [15], KoTopoil mpe/ecTBoBaia cepus KypHATBHBIX CTaTeii aBTO-
pos. B cBsa3u ¢ 3amaqeit Mapuipy TH3an, BO3HUKAOIIEH MPU JUCTOBON pe3ke Ha marmmHax ¢ 1TV,
ormerum paborer [16-23].

§ 1. O6o3HaueHUs 1 ompeeseHns: ODIIero xapakrepa

Ncnonms3yercss crangapTHas TEOPETUKO-MHOKECTBEHHAST CUMBOJIMKA (KBAHTOPHI, MTPOMO3UIIO-

HAJIBHBIE CBA3KU M JIP.); 2 PABEHCTBO TIO OTPEIETeHN0, & — mycToe MHOXKecTBO, def 3amers-
eT BBIpaXKeHUe <«Io ompefenennios. CeMelicTBOM HA3bIBAEM MHOXKECTBO, BCE 3JIEMEHTHI KOTOPOTO —
MHO>KeCTBa.

Ecmn x — kakoii-mn60 06bekT, T0 yepe3 {z} o6o3HaUaeM CHHTIETOH, copep:Kaimii x. [[asa Kax-

noro MuoxkectBa T' uepes P(T') obosnauaem cemeiictso Beex nogmuoxkects (11/m) T (urak, P(T) —

oynean T') u P'(T) 2 P(T)\{2}; Fin(T) — cemeiictBo BCex KoHewnbix muokects n3 P'(T), T e.

CeMeiCTBO BCex HemycThiX KoneuHblX /M T. Ecan A m B — HemycTble MHOXKECTBA, , TO B4 ectn
def mmHoecTBO BCex oToGpaskenmii w3 A B B (kak obwrano, mpn £ € BAwa € A f(a) € B ects

smauenne f B Touke a); ecmn xe ¢ € BA u C € P(A), To B Buze ¢! (C) 2 {p(z) : 2 € C} € P(B)
nveen o6paz C mpu aeiictim @, ¢ (C) € P'(B) mpn C € P'(A). st T06HIX HEMYCTHIX MHOKECTB
P u Q gepe3 (Bi)[P; Q] obo3mataem MHO)KecTBO Beex Omekrmii [24, ¢.87] P wa Q. Ecm S uw T —
HermycThie MHOXKecTBa, a 1 € (Bi)[S;T], To onpenenena 6uexmms ¢! € (Bi)[T; S], a1st koTopoit

(W @) =t VteT) & (v '(¢¥(s) =s VseSI);

Y~ — 6uekrna, obparHag x . [lepectanoBka memycToro MuoxecTsa A ectn [24, c. 87| 6uexkmusa A
Ha cebs; (Bi)[A; A] — MHOXKeCTBO BCex nepecTaHoBoK A.

Ecmu p m ¢ — obbekTel, TO {p;q} ectb def equHCTBEHHOE MHOMKECTBO, COIEPIKAINEE P, ¢ U HE
cojlepKalee HUKAKUX JPYTUX 9JIEMEHTOR; UTAK, BBEIEHA HEYTIOPSIOUYEHHAS Mapa 06beKTOB p, q. dAc-
Ho, uro {x} = {z;x} nus Besikoro obbekra x. Coemyst [25, c.67], momaraem st IPOM3BOIBHBIX

obberToB (v 1 3, uto (e, f3) 2 {{a};{a; B}}, monyuas ynopsimouennyto mapy (YII) ¢ mepBbiM 31e-
MEHTOM « u BTOPbIM syieMenToMm 3. Eciam ke z ecrh kakasi-mi6o YII, mo wepes pri(z) m pry(z)
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obo3HaYaeM COOTBETCTBEHHO MEPBbIil 1 BTOpOit ssementst YII z. [jis 06b1x Tpex 00bEeKTOB &,y 1 2
A
ompezenen tpurier (z,y,z) = ((x,y),z) B Buge YII cnerumanbuoro suga. CregyeM CTaHIAPTHOMY

A
cornammennio [26, c. 17]: ecim A, B u C' — nenycrbie MHOXKecTBa, T0 A X B X C' = (A X B) x C, uro
COTTACYeTCS C OIpeseIeHneM TPHUILIeTa; eciu mpu 5ToM ¢ € DAXBXC rre D — memycroe mmoxe-
crBo, x € AX Buy € C, 1o onpejeneno 3uadenne o(x,y) € D orobpaxkenust ¢ B ToUKe (T,Y), s

AN VAN
KOTOPOro nmeeM Takxke o(z,y) = ¢(x1,x2,y) npu x1 = pry(z) u 9 = pry(x), rue yInTHIBAETCS, ITO

(iE,y) = ($1,$2,y)-
Ecin P,Q w R — wenycreie muoxectsa, g € QF u h € R?, 10, kak 06bIumO,

hog= (hg(x))eep € R

ecTh Kommo3uiws g u h; pu g € (Bi)[P; Q] u h € (Bi)[Q; R] umeem hog € (Bi)[P; R]. Kak o6bras0,
R — BemecTBenHag npsvasd, R 2 {£eR|0< & =10,00] (HEOTPHIIATETBHAS TIOTYOCE); R4 [S] 2
2 (R+)S €CTh MHOXKECTBO BCEX HEOTPUIIATEIHHBIX BEIECTBEHHO3HAYHBIX (DYHKITNI , OTPeIeIeHHbIX

HAa HEMYCTOM MHOXKECTBe S.

TMomaraem, aro N 2 {1;2;...} ectb HarypaabHbIi psi, Ny 2NU {0} ={0;1;2;...} u

yAN
Pg={keNy|(p<k)& (k<q)} VpeNy VgeNg

(samernm, uro 1,0 = &). Hemycromy koHeUHOMY MHOKECTBY K COMOCTABISIETCS €r0 MOIIHOCTH
|K| € N, nmpraem

2

(b)[K] = (BY)[L, [K]; K] # 2.

Kak o6brano, |J| 2 0. Ecmm € N, o [1,m| = m, a (bi)[1,m] = (Bi)[1,m;1,m| ecTb MHOXKECTBO
BCEX IMepecTaHOBOK MHOXKecTBa 1, m. HiKe MCIONB3YIOTCS XOPOIIO M3BECTHBIE CBOIMCTBa 06pa30B
7 TPooOPaA30B MHOYKECTB M, B YACTHOCTH, TO, 9TO 00pa3 oObeauHeHnsT JBYX MHOYKECTB PaBeH 00b-
eINHEHNI0 0OPA30B.

§ 2. OcHoBHag 3a/a4a: IMOCTAHOBKA 1 ODCY2KJIeHIe

Bceroay B ganbmeiiem hukcupyem HEyCcToe MHOXKECTBO X, X, € X B KaduecTBe Ha3bl mMpoIriecca,
n € N co cBoiictBoMm n > 3 (peasbHO B KAUECTBE N UCIOIB3YETCS TOCTATOYHO GOJIBINOE YHUCIIO), a
TaK’Ke MHOYKECTBA,

L, € Fin(X) ,..., Ly € Fin(X) (2.1)

(ear. [1, §2]); muokecTBa (2.1) mmenyem meranomcavu. [Tycrs L;NL; = @npni € I,nnj € 1,n\{i};
KpoMe TOro, mycTh X, ¢ Ly Vt € 1,n. Crexys [1, (2.2)], momaraeM Tak:Ke 3aaHHBIMA OTHOITEHUST

Ly € P'(Ly xLy) ..., Ln€7P (LnxLy); (2.2)

uTak, (PUKCHPOBAHBI N HEMYCTHIX /M JI€KApPTOBBIX «KBagpaToB». Ilpum j € 1,n u z € L; paccumar-
puBaeM pri(z) Kak MyHKT mpubbITHs B Meramnoimc Lj, a pry(z) — Kak OTBEJAIOMMii €My MyHKT
ormpapyierns. /IBa yIOMSHYTHIX TYHKTa CBA3AHBI MeKIy coboit (cum. 1, c¢.125]), uro orBewaer mo-
TpebHOCTIM MpUKIAIHBIX 3a1a4 (cMm. [1, (2.4), (2.5)]).

IMycrs P 2 (bi)[1,n]; snemenTsr P (a 3T0 — mepecTaHOBKM 1,1) HazbIBaeM MapIIPyTaM# B HC-
xoziHO# 3azade. PaccmarpuBaevble fgasiee niporecchl umeror Bug [1, (2.4), (2.5)] u cocrosit B caenry-
omem. Mcerenosarens seioupaer mapmpyt S € P u mocpeacreom ero mymepyer meranomchr (2.1)
u ornomtenns (2.2). 113 6a3el X, 00BLEKT IepeMelaeTcss B IMyHKT 211 € Lg(1), Bemonnger paGory
B meraroyice Lg(py, 3akanumpas ee B mynkre 219 € Lgq) (mpm stom (211,212) € Lg(), mocre
9ero nepeMenaerca B 22,1 € Lig(p); 3aTeM BoimosHszeTca pabora, ceazannas ¢ Lgoy, u . 1. IIpm sTom
peanmsyercst KOpTesK (zt)teL—n, sieMenTaMu KoToporo siysrorea VIt 21 = (211, 212) € Lgay, - -+,
Zn = (2n,1,Zn,2) € Lg(n); AL KOPTEXK PACCMATPUBAETCS KaK TPACCA WM TPAEKTOPUS MPOIIeC-
ca [1, (2.4), (2.5)]. Oka3biBaercst yao6HBIM, OJHAKO, JAOMOIHATH JAHHBIA KOPTEXK «CTapToBoiiy YII
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20 = (X0,X,) ¥ PACCMATPUBATL B KadeCTBE TPACCHI MOMOJHEHHBIH KOPTEXK (2¢)tepm. BHIOOP Mapii-
pyTa M TPacChl HAXOIUTCS B PACIHOPSKEHUH MCCJIEIOBATENSA; STOT BLIOOP JIOJKEH YIOBIETBOPITH
chucremMe OrpaHMYeHmit, 4acTh U3 KOTOPhIX (ycjaoBusi Ha BHIOOD Tpacchl) ykazana B [1, (2.4), (2.5)].
Orpannyenust Ha BLIOOP COOCTBEHHO MaPIIPYTa 3a1al0TCA TIOCPEICTBOM TIPUBOJIUMBIX HUKE YCJIOBUI
IIPE/IIIeCTBOBAHMS.

®ukcupyem muokectso & € P(1,n x 1,n); snementamu & spastorcs YII ungekcos nz 1,n,
UMeHyeMble aJIpECHBIME TTapaMu. MapIipyT moaraeTcs J0myCTUMbBIM (ToUHee, K- TOMyCTUMBIM ), €CJTH
npu z € K MerarnoJmc ¢ WHIEKCOM pri(z) MOCemaercsi paHbliie, €M MEramno/nc ¢ WHIEKCOM Pry(z).

Torma [1, (2.6)]

A2 {aeP|Vze R Vi el,n Via € I,n ((pri(z) = a(t1)) & (pra(z) = a(tz))) =
= (t1<ty)}={z€P|at(pr(z) < a (pry(z)) Vze R}
€CThb MHOXKECTBO BCEX MAaPIIPYTOB, R-IAOMyCTUMBIX IO MPEINTECTBOBAHUIO, BCIOMy B majbHeem
mosiaraeM, 9To BemomHeHo yeosne [1, (2.7)], r.e. ¥V Ry € P (R) 3z € Ko : pry(20) # pra(z) Vz € Ko.

Torpa [4, 4.2] A # &, re. A € PI(P). Nrak, A — Hemycroe KOHEIHOE MHOXKECTBO. PacCMOTpUM
BOIIPOC 0O JIOIYCTHMOCTH Tpacc, momaras (cM. |1, (2.8)]), aro

xé{m}uﬂjLQ.

i=1

Torga X € Fin(X). Crenys [1, c. 125], BBeeM MHOKECTBO 3 BCeX KOpTezKeil (2i)icom : 0,n — XxX;

UTaK, 3= (X x X)>", Torma npu 3 € P mydok Tpacc, cormacoBanaeix ¢ 3, mveer sus [1, (2.10)],
T. €.
A > .
3p = {(2i)icomn € 3[(20 = (X0,%0)) & (21 € Lgyy Vt € 1,n)},

35 € Fin(3). Ms1 pacemarpusaem Y11 (5, (2i)icom), B € A, (%i)icom € 33, KaK JOMYCTAMbIE DeITEHNsT

(IP) ocuosHoit 3amaun; D 2 {(,2) € AX 3| 2€3q} €Fin(A X 3) ecTh MHOKECTBO BCEX TAKHX
JP (mompobree cm. B [1, c. 125-126]).

A /
B uactu ompenenenns dyuknuii cronmocrtu caegayem [1, (2.12)], momaras mpu N = P (1,n)

3aJJaHHBIMU
FERLEXEXN], ¢l eRLXXXXN], ..., & € Ro[X x X x NI, f1e R[]

(kak u B [1], mosaraemM GyHKIUKM CTOMMOCTH «MaKCHMAIBHO MPOIOJIKEHHBIMU», 9TO OOBIYHO HE CO-
CTaBJISIET TPY/IA, HO MO3BOJISIET YIIPOCTUTH 0003Hauenus ). Hamomunm 3amedanns 2.1, 2.2 paborsr [1].
Ecm 8 € P u (2t)tesm € 35, To Kavectro VI (B, (2t),c55) OmennBaem BemmanHoOf

€s((zt)teom]

1>

> et (pra(ze-1), pri(z), 8 (F;m)) + Chg(t)(Zt,ﬂl(t,—n))] + fA(pra(zn))- (2.3)

t=1

[MocpencTeom (2.3) ompemenen aJIUTUBHBIN KPUTEPHUiT KAYECTBA, B KOTOPOM YUUTBHIBAIOTCS CTOW-
MOCTH BHEITHUX TIEPEMEIIeHNil, BHYTPEHHNX PabOT W TepMUHAILHOTO cocTostHust. OCHOBHAS 3a/a4a
nMeeT BU/J

Colz] > min, a€ A, z€3,. (2.4)

Pazymeercst, 3amaua (2.4) xapakTepu3yercs 3HATEHUEM

A ~
V = mi i 0
min min Eafz] € [0, 0]

n O6J‘[aﬂ;a.eT ONITUMAJIBHBIM DEIIeHueM, JIJId HaXOXKIEHWA KOTOPOTO MOXKHO, B IIPpUHIUIIE, MCITOJIbh-
soBarb BapuanT JIII paborsr [27] (cm. Takxke [7,28,29]). Ognako B ciydae JOCTATOUHO OOJIBIION
pasmepHoOCTH 33aun (2.4) n Mpex/ie BCero 3HaYeHWsi N MPAKTHYECKasT Peaan3alns «rI00aaIbHOros
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JTIT xpaitre 3aTpyiHEHA B CBSA3M CO CJIOKHOCTBIO Bhrancaennii. Peanbno B «Gobmoity 3amaqe (2.4)
MOXKHO PACUUTBHIBATH HA TMOUCK YIAYHBIX IBPUCTHUK; JIOKAJIbHAS KOPPEKIUsS MOCTETHUX 0 Pe3y/ib-
TaTy ABAsleTCsa Hameil ocHOBHON menbio. Mrtak, momaraem, uto B 3amade (2.4) HalleHO HEKOTOpOe
AP (A, (ht)ycgm) € D. Torma A € A, (hy), g7 € 3x n onpeseneno snasenne €)[(he), 53] € Ry,
KOTOPOE HAM XOTeJIOCh OBl YIyUIIUTh, TPUMEHSS ONTHMU3UPYIONY0 BCTaBKy Ha ocHoBe /LI B Ba-
puante [7,28,29].

§ 3. OnTuMU3UPYOIAss BCTABKA: 00IE€ MOCTPOEHUS

Paccmorpum Borpoc o soxassroM yiyumerun JIP (X, (hy),cgq), i koToporo

EA[(he)regml = D[ (pra(hy—1), pry(he), AN (E 1)) + & ) (he, A (F,1))] + f5(pry (hn)).
t=1

Qurcupyem N € 2n—1unv € 0,n — N. Uucno N xapakTepusyer «pa3Mep» BCTABKHU, & UV — €€
noKasm3anmio. B arnx Tepmunax onpegessiem [1, c. 127] orobpakenne

VAN
A = ()\(V + S))sEL_Na

A :1,N — 1,n, n mroxecTBO-06pas I' = Al( N) € P'(1,n); sicro, uro |T| = N n A € (bi)[T]. TTpu
sToM [' — «OKHO» Ha MapIIpyTe A, KOTOpoe OyIaeT mpeobpas3oBuIBaThca mocpencTtBoM Berasku. C I
CBsI3aHBI «OKHO» ycsioBuii npemmectsosanns (cu. [1, (3.5)]):

Q 2 {z € (pry(2) € T) & (pry(z) € T)} (3.1)

1 CaMH JIOKaJIbHBIE YCJIOBHUA IIPDEAIMECTBOBaHUA, OIIpeae/rdeMble MHO2KECTBOM

K £ {(A " (pry(2), A" (pry(2))) : 2 € Q} € P(T,N x T, V), (3.2)

st koroporo [1, ¢.127] VKo € P'(K) 3z € Ko : pry(z0) # pro(z) Vz € Ko. Urak, K — 1/m
1,N x 1, N, T.e. MHOXKeCTBO, cocTaBiaertoe n3 YII MHIEKCOB; OHO MOYKET PACCMATPHBATHCS KAK

«IACTH» ﬁ( . (3.1), (3.2)).

B repvunax K GopMymmpyroTess TOKATBHBIE YCIOBUS MPEIINTECTBOBAHNS: TTPH p 2 (bi)[1, N]
B BUJIE

AL {acP|at(pry(2) < a " (pry(2) Vze K} e P (P)

nmeeM MHOXKeCTBO K-710mycTnMbIx MapiipyToB BeraBku. Jlerko sugers, uto Aoa € (bi)[['] Va € P.
Cnenys [1, onpenenernne 3.1], npu o € P BBogmm (v — sew)[A; v] € P o npasusawm [1, (3.9)], T.e.

(o —sew)[\;]() 2

& ((a —sew)[ N v](t) £ (Aoa)(t —v) Yiev +1,v+ N).

At) Viel,n\v+1L,v+N)&
(1 B\ Ly N) 53

[MocpencTBom (3.3) JTOKATBHBII MApIIPYT o «BKJaenBaercs» B A. Hamomumm |1, mpegioxenne 3.3:
(o —sew)[\;v] € A Yae A (3.4)

(mpouemypa cknenBanus (3.3) He pa3pymaeT AOMyCTUMOCTH MapmpyTa). depe3 € 0603HauaeM TOXK-

JecTBeHHy10 mepectanoBky 1, N : e € P u e(s) 25 Vse 1, N. Torma [1, (3.10)] (e —sew)[A;v] = A.
ITpu sTom e € A.

A\ JE—
[IpHCTYIIM K TOCTPOEHHIO JTOKAIBHOI MApIIPYTHO#H 3ajaun, notarad 1 = pry(h,) n Vs € 1, N

A A
(Ms = Lp(s)) & (M = L)) (3.5)
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Torpa 2 € X, a muoxecta M, (3.5) conepxarcsa B X; My C M; x M; npn t € 1, N. Tlycrs, Kpome
YAN _
toro, My = {pry(z) : z € M} Vs el N. Toraa

M, € P (M), ..., My e P (My). (3.6)
B repmunax (3.5), (3.6) onpenensiem, nogobuo [1], koneunsie MuoxkecTBa X u X, mosarast
A N A N
X 2 (2%} U (U Ms) € Fin(%), X 2 {z}u (U M) € Fin(X).
s=1 s=1

MuoxkectBo X urpaer poJib (a30BOro MPOCTPAHCTBA BCTABKU. BBemeM B pacCMOTpeHUE JIOKATHHBIE

TPacCh (TPAeKTOPUHN BCTABKM), TOJaras, 9To Z — MHOYKECTBO Beex KopTewei (2¢),.gn @ 0, N —
b

— X x X. Urak, mycrs ipu o € P

AN R
Zo = {(Zi)z‘eo,_N €EZ| (20 = (mo,xo)) & (24 € My Vte1,N)}; (3.7)

sicHO, uTo Z, € Fin(Z). B (3.7) BBeIeHO MHOKECTBO JIOKAJTBHBIX TPACC, CONTACOBAHHBIX C MapIIPY-
ToM «v. B BUIIE

D2 {(a,z) €AxZ|ze 2.} € Fin(A x Z)

“MeeM MHOXKeCTBO Bcex JokaabHbX JIP. B cBa3u ¢ koukpernzammeit pyHKIINT CTOMMOCTH JIOKAIBHOIT
3aJiaun OyeM BBIIEJATH CAeAYIONINe IBe BO3IMOXKHOCTH:

v+N+1<n, v=n-N. (3.8)

B 3aBucuMocTH OT TOrO, KaKOMY U3 ycaoBuii B (3.8) 6ymer yaoBieTBOPATH v, (DYHKIUA CTOMMOCTH
YTOMSTHYTOIT 33124 Gy/IyT ONpeeasThest no-paznomy. [Tosromy chauamna Mbl, ciemys [27,28], BBegem

mpu N 2 'Pl(l, N) npousBosibHbIE DYHKINN
CERLXXX XN, ¢ ERLX XX XN, ..., exn € Ry[Xx X x N, feRLX], (3.9)

xapakTrepusyromme (110 CMBICTY ) 3aTPATHI HA EPEMEIIEHNS, BBITIOJIHEHNE BHYTPEHHNX PaboT u OleH-
Ky TepMHUHATHLHOTO COCTOSIHUS B JIOKAJIbHON 3a1ade. Torma mpu « € P u (z;) ico.N € Za mOJATAEM
)

N
Bal(2);cw] = D _[e(0ra(zs 1), pr1(25), 01 (5, M) + Cae) (0, 0 (5, )] + F(pra(en)). (3.10)

s=1

Pazymeercst, arst mac (3.10) cymecrsenno npn o € A. Torma MOKaIbHYIO 3a/1a9y ONPEIETEM Ce-
IVIOIIIM O0DPa30M:
Ba[z) = min, ac€A, ze€2Z,. (3.11)

Urak, paccMarpuBaerca 3ajada MuHnMu3anun 3uadennii (3.10) ma muoxecrse Dj

A
V = min min By[2] = min_B,[2] € R 3.12
min min Bo|z] Sin [2] € Ry (3.12)

ecth 3Hadenme 3amaum (3.11), T.e. ee sKcTpemyM; onmTuMaabHOCTL [P ompesensercs B Tepmu-
Hax (3.12) nousitabiM obpasom. st onpegenennst (3.12) n onruvansubix P ucnosnssyem 1T B Bep-
cun [27,28], KOTOpYIO cefiuac HAIIOMHUM B TIPEJIETHHO KPATKOM aJTOPUTMUYECKOM BapUAHTe.

Ecmm K € M, 1o nmomaraem, aro =Z[K] 2 {h € K| (pri(h) € K) & (pry(h) € K)}. B stux
TepMuHax onpenensem [4, u. 2] orobpaskenne I € M™ caepyromunm npasuiowm:

I(K) 2 K\{pry(h) : h € E[K]} VK €N,
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Hasesaem I oneparopom BhraepkuBanns (3aganwii n3 cnmcka). JJaHEbI OmepaTop MCImoIb30BAIC
B [4,27-29] mpu mocTpoernn pacurmpenns 3amaan (3.11). Omyckas gaHHBIN STam, mepeiigeM cpasy
K mocTpoennio cioes pynkunn Beanvana (cum. [29, §6]).

A
IMomarass G ={K € N |Vze€ K (pr;(z) € K) = (pry(z) € K)} (31ementsr G — CyniecTBeHHbBIE
CITVICKM 3aJIaHWii), BBEJIEM B PACCMOTDEHWe

Qsé{KeQ!s:yK\} Vsel,N.
Torma Gy = {{t} : t € 1, N\ K }, rne K, 2 {pr;(2) : z € K}. Kpowme roro, ormerum (cum. [29, (6.2)]),

9To

Go1 ={K\{t}: K€ G, t € I(K)} Vs€2,N.

dcuo rmakxke, uro Gy = {1,N}. Beegem cmom mnpocrpancrea X x (M U {@}), smementsr Ko-
TOPOTO UMEHYeM TO3UIUIMU. YIIOMSIHYThIe cjiou obozuauaem uepe3s Do, Dy, ..., Dy. Ilomaraem
A — A
Dy ={(z°1,N)} u Dy = {(z,0) : = €M}, t71e
A
m= J M.
ieﬁ\Kl

I[pu s € 1, N — 1 u K € G; noaraem, 9To
A — A A
T(K) 2t e TN\K [ {t}UK € Gon}y MJKIE () My, DyIK] 2 {(0,K) s @ € M,[K]}.
JETs(K)
B stux Tepmunrax onpemesnsem mpomexyrtodnbie ciiou Dy, ..., Dy_1. Urak, mosmaraem, 9To
D, 2 | Dy[K] ¥se LN - L
Kegs
Tem campim ompenenenst Bee ciaon Do, Dy, ..., Dy. Ormernm BazkHOe cBOiicTBO [29, (6.9)]:
(y, K\{k}) € Ds_y Vsel,N VKegG, VkeI(K) Vye M.

Kak crencrsue,

(pro(z), K\{k}) € Ds—1 Vs€1,N V(z,K)€ Dy VkeI(K) Vze M. (3.13)

Bamernm, aro [29, c.69] Dy # &, D1 # &, ..., DN # &. C yuerom 31010 peKyppeHTHO OIpe/ie/siem

A
byurm vy € R4[Do], vi € R4[D1], ...,on € Ri[Dy]. IIpn stom vo(z, @) = f(zr) Vo € M
(bynxmmst vy onpenenena); nanee npu s € 1, N mpeobpa3oBanmne vs_1 B Ug OMPEIEISIETCs CIELY FOIIM
BhIpazkerneM [29, mpemmoxkenue 6.11], ucmoas3yronmm (3.13):

vs(w, K) = min, min(e(z, pry(2), K) + ¢;(2, K) + 051 (pra(2), K\GH)] V (2, K) € D5 (3.14)

Nrak, mogyanan Caeayonyo peKyPPeHTHYIO TPOIeaypPy:
V9 —> V1 — ... — UN

(vp moHOCTHIO Oompenensierca dbyHKIMeEH f; peryJaspHbIi mar mporeaypsl coorsercreyer (3.14)).
OyHKIHS vy Ompeendercd eauHcTBeHHbM 3uadenueM vy (20, 1, N) € R, mpmuenm (cm. (3.12); [29,
c.69])

V = un(z°, 1, N). (3.15)

B crszu ¢ (3.14), (3.15) ecrecTBeHHBIM 06pPa30M BO3ZHUKAET
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Asroputm 1° onpesenenus: 3HaYeHNS JIOKAJIBHOI 3aa49M
1. B repmunax f ompesensem byHKIHO vy (yauTbiBaeM mpejactasierue D).
2. TTpu s € 1, N npeobpazoBanune vs_1 B U5 OCyIIECTBAsIEM mocpeacTBom (3.14).

3. ITocste mpeobpazoBanus vs_1 B Vs, Taie s € 1, N, MaccuB 3HavMeHUl DYHKINN Vg YHAITOKACTCS
U 3aMEHSIeTCS MaCCUBOM 3HAYEHUN (DYHKIUN Vs.
4. OnpegensieM 3Ha4eHre JOKAJILHON 33,1491 BbIParKeHUEM

V= min min [c(wo, pri(z),1,N) +¢j(z,1,N) +vy_1(pra(2), 1, N\{j})]. (3.16)
JEI(T,N) 2€EM;

[Tpn JaHHOM TTOCTPOEHNN B MAMATH KOMIBIOTEPa HAXOANTCA MACCUB 3HAYEHUI TOIHKO OJHOTO CJIOS
dbyukmun Bemmvana. OrvernM 37ech xKe, 9To paBeHCTBO (3.15), obecreunBatoree bUHATHHBIH STAT
nporeyphl, T.e. coorrorenne (3.16), Borrekaer us [29, ciaencreue 5.1]. Toguepkuem, 4ro ganHbIi
(ecrecrBennblii qyist Teopun JII1) aaropuT™ He TMO3BOJISIET HAWTH ONTUMATHHOE PEIIEeHUe, TOCTAB/Is-
omee V (3.15); wrak, Mbl HAXOAUM TOJIBKO KCTpeMyM 3ajadn (3.11), T.e. 3navenne (3.12). Onru-
MAJIbHOE PeIIeHne JTOCTABISET CJIE YOI

Anropurm 2° onpeneneHns ONTUMAIBLHBIX MAPHIPYTA U TPACCHI

CHagajia TPOW3BOLUTCS MOCTPOEHUE MaCCUBOB 3HAUYEHWH BCexX (DYHKIWIA Vg, U1, ..., UN, 9TO Pe-
aIM3yeTcd TaK Ke, KaK W B MPENBIAYIIeM aJrOpUTMe, ¢ OJHUM OTJIUYNEM: B MaMITH KOMIBIOTepa
COXPAHSIOTCS BCE (DYHKITUU Vg, U1, - . . , UN -

1. Honaraex 2 £ (2°,2°) u ¢ yuaerom (3.16) ompemersem k; € I(1,N) u z() € My, mrs

KOTOPBIX

V = c(20, pry(zM), 1, N) + i, (2,1, N) 4+ oy_1(pry(z™1), T, N\ {k1 }). (3.17)
Orwmernv, aro cormacro (3.13) (pry(z(M), T, N\{ki}) € Dy_1 u B cumy (3.14)
,1(pr2(z(1)),1,—N\{k1}) = _ min min [C(Prz(z(l))aPrl(z)al,—N\{kl}) +
JEI(T,N\{ki }) #€M; (3.18)

+j(2, L N\{ki}) + on—a(pra(2), 1, N\{ki: j})],

?ﬂe ((IDYQ(»Z)))7L—N\{k1;j}) = (pra(2), L N\{ki)\{j}) € Dy—2 mpu j € IL, N\{ki}) m z € Mj
cM. (3.13)).
2. C yuerom (3.18) seiGupaem ko € I(T, N\ {k;}) n 2(®) € My, mnst koTophix

un-1(pry(z), TN \ {k;}) = C(prz( W), pr; (z), TN\ {ki}) +
+ck2(z(2)717—N\{k1}) (pr2( @ )717N\{k1;k2})7

rIe (prg(z(2 ), 1, N\ {ky; ko}) € Dy_o.
JTasee mporeyphl BBIGOpa, mogobuse 1 u 2, caeqyer MPOZIOJIKATE BIIOTE 110 HCUEPIIBIBARIS

!

crmcka 1, N; npur 9toM B ciiyuae 2 < N peayu3yioTcs: STarmb! 3 , N .
Bameuganne 3.1. B ceasu ¢ (3.17), (3.19) ormernM, aTo

V = c(pry(2?), pri (M), T,N) + c(pra(z)), pry (zP), TN\ {ki}) +
+ 0 (2D, TN) + g (2, TN\ {k1}) + on-a(pra(z®), TN \ {ki; ko }).

U3 mocnemmero pasenctsa jerxo ciemyer, uto mpu N = 2 VT ((k;),;c1 s (z(i))ieo—N) SIBJTSIETCST

ONTUMAJIbHBIM DEeNTeHneM JIOKaJIbHO 3a/1a9u. O

(3.19)

Bosepamasics k¥ obmemy ciayaaio N > 2, orMernm, 9T0 TOc/Ie BoImoaHeHnst N 9TamnoB, mog00HbIX
/ ! A :
1 m 2, 6yayT HOCTPOEHBI MAPIIPYT (ry = (kj)jeﬁ € A u Tpacca (Z(]))jeow € Z,,, I KOTOPBIX
) R N\ e T .
B, [(z ))jeo,N] = V; nrax, (o, (2 ))jGO,N) € D ecrb onrumvasbhoe JIP okanbHON 3a1a4n. O
Bamernm, uto B [7] mposeero cpasmerne airoputmon 19 w 20 ¢ Towkm 3pemms BO3MONKHOI
Pa3MEpPHOCTH MaPIIPYTHOM 3a/1a41; TaK, P UCIoIb30BaHwN 19 (B cxeme ma ocuose JIIT) GbLt Haligen
skcrpemyMm V mpu N = 37, a ¢ npumenennem 20 ontumasnsaoe JIP 6bu10 moctpoeno mpu N = 34
(paccMaTpUBaIOCh PENenne MOJEILHBIX 33/1a9 B CIyvae, KOraa (hyHKIMN CTOMMOCTH He 3aBUCAT OT
CITUCKA, 3a/IaHuii).
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§ 4. ITocTpoeHne ONTUMUBUPYIOIIEH BCTaBKU, 1

B macrosmem maparpade Mbl UCITOIB3yeM ONTUMHU3UPYIONLYI0 BCTABKY B CJIydae, KOT/Ia, BBITO/I-
HEHO TepBoe HepaBeHCTBO B (3.8). Mrak, Bciogy B HacTosimeM maparpade moaaraem, uro v < n— N.
B stom ciywae ompesenerno memycroe MaoxkectBo A (v + N + 1,1n). C yueTom 3T0r0 KOHKpeTH3mpy-
em dbyuknuu (3.9) caemyromum obpazom: mipn z € X X X u K € 0N nomaraem, 9ro

(c(z, K) 2 cH(z, A{K)UN @+ N + L) & (¢;(z, K) £

A ) ) (4.1)
= cA(j)(z,A (K)UNM@+N+1,n)) Vjel,N);
Kpome Toro, npu z € X mosiaraem, 4ro
YAN -
f(x) = & (a,pry(hysns1), A+ N +1m)). (4.2)

Urax, mocpeacreom (4.1), (4.2) onpezenen Bapuant dbyuknuii (3.9), cCBA3BIBAEMBIl ¢ MEPBBIM HEpa-
BeHCTBOM B (3.8).

[Tpu ycnosusix (4.1), (4.2) peanmsyercs jokaabHag 3agada (3.11), oTBedaroias cCOOTBETCTBYO-
mieit konkpernsanun kpurepns (3.10). JTannas 3a1a9a 06/1aa6T, KaK yKe 0TMEYaI0Ch, 3HadeHrneM V
(3.12) m memycThIM MHOXKECTBOM onTuManbubix [P, comepskammmvcs B D. Bribepem n 3acdurcupyem
mpomsBosbHOE onrEMambHoe [P (al, (Zo)ieﬁ) € D; nrak,

Bool(21)seon] = V (4.3)

(Taxoe JIP MOKeT GBITH TPH «yMepeHHOM» 3HaueHUH N MOCTPOEHO MOCPECTBOM airoputMa 20,
OJIHAKO ceifuac JijIst HaC BasKeH TOJILKO (akT cyuiecTBoBanus yrnomsinyroro JIP co ceoitcrBom (4.3)).
Pacromaras o, mer momywsaem (cu. (3.4)), uTo

12 (@ —sew)[\; 1] € A. (4.4)

Hanee, neiictBys B nyxe [1, §4|, BBesem B paccmorpenme KopTexk (hy),cgqm € 3 HO ciemyiomemy
TTPaBUIIY:

(b 220, VievTi Lot N& (b Sh VieOn\v 1L+ N). (4.5)

—V
Nssecrro [1, npemnoxkenne 4.1, aro ckiaensanne (4.5) gocrapsisier Tpaccy, coryiacoBanuyio ¢ 1) (4.4):
(ht),com € 34 Crenosarennsho,

(1, (B )ycs) € D (16)
BaMeTnm, KpoMe TOTO, UTO MO UCXOTHOM Tpacce MOYKHO BBECTH €€ CYKEHHe
(ht)te(),w € Ze (47)

(em. [1, mpemmoxkenne 3.4|) Mo OYEBUIHOMY TPABUITY

~ A\ ~ A JR—

(hg = (2°,2°) & (hy = h,; YVt €1, N). (4.8)
s (4.7), (4.8) cmemyer, uTo (10 HCXOTHOMY DeNTEHWIO «BOJIBITION» 3a/1atH) OTIPe/IeTeH0 3HaTeHwe
Be[(ht), 7] € Ry, a Takxke

A ~
R = SBe[(ht)tEO,_N] —-Ve R+. (49)

[MoguepkHeM, 4T0 It onpeseaernst V MOKHO HCIOIH30BATH MeHee 3aTparHbrii agroputm 1Y,

IIpepnoxenne 4.1. Cnpasedauso pasencmeo

Eol(hy),cm) = EAl(hy), ) — A (4.10)

Hokazarenbcrso npejyioxennsi npuseaeno B [1, §§ 4, 5]. Tloquepkuem, ogHako, 9To0 B HACTOSIIIEM
BapHAHTE MBI OPHEHTHpYyeMca Ha ompeserenue k (4.9) mocpemcrsom amropurma 19, 13 mpemtoke-
uus 4.1 BeITEKAET, ITO

V < €5[(hy),epm) — A (4.11)
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§ 5. ITocTpoeHne ONITUMUBUPYIOIIEH BCTABKMU, 2

B nacrogmem naparpade moaraeM BBIMTOTHEHHBIM paBeHCTBO ¥ = n— N (Janublil cayvaii B 1] e
pPaCCMATPUBAJICS ); MCCJIeTyeTcst (DUHATBHAS ONTHMU3UPYIONIAs BCTaBKa. B 9TOM CIydae HECKOJIBKO
unave onpenensiiores dynaknun (3.9). Mrak, momaraem B nacrosmem maparpade, aro npu z € X x X
nKeN

(c(z, K) £ ¢ (2, AY(K)) & (¢, K) 2 &, ) (2. A (K)) VjeTN). (5.1)

Kpowme Toro, mosiaraeMm B JaHHOM maparpadpe, aTo
2
f(z) = fiz) VzeX (5.2)

Cootsercrenno, 3uadenus (3.10) onpenensrorces B repmunax (5.1), (5.2); MBI mOTydaeM HOBYIO JIO-
KaTbHYIo0 3aady. Kak yxe ormewamocs, D # @ u ana mexoropeix o € A u (2)),.gw € Zao

) 0 (.0 ~
peasnzyercs pasenctso (4.3); napivu cnosamu, (o, (2),c5 ) € D ecrb onrumanbioe [P ymowst-

HyToro Bapmwanta 3amaun (3.11). B repmunax mamaoro /IP ompenmensiem 1 € A, ucmons3ys (3.4)
u (4.4); B TaHHOM CIydae

(nt) =At) Yte,n—N)&(n(t)=(Aod)(t—-n+N) Yten— N +1,n).

A~

Kpowme Toro, momaraem, 9To (ht)teo,_n € 3 B JaHHOM CJIydae UMeeT CJIeYIOIIWii BUI;

(h2hy YteOdn-—M&m 22 .,y Vten—N+Ln)

TIPI 3TOM, KaK JIerKo BUACTD, (ht),com € 39y @ (1, (ht),com) € D. Urax, n B manmoM caydae mveeMm

(4.6). Bmecre ¢ Tem no npasuy (4.8) onpegensiem tpaccy (hy) rco v (4.7), st KOTOPOI peamsyercst
snadenne K (4.9).

IIpennoxkenue 5.1. [Ipu v =n — N cnpagedauso pasencmeo (4.10).

JTokazaTeabCTBO B MIETHOM OTHOIIEHWH OCYIIecTBJsiercst 110 cxeme [1, §5], Ho siBaistercst Gosree
MPOCTBHIM ¥ TI0 9TOI IPUIKMHE B JIAHHOM U3JI0XKEHUH ommyIeHo. Kak cieacreue, Mbl otyaeM (1 B CIIy-
qae v =n — N) onenky (4.11).

§ 6. AHA/TM3 UCXOJHOTO IOITyCTUMOTO peHieHust «DoJIbIIoiiy 3amavun

W3 moctpoennit AByX MpeabIaIymux maparpadoB CIeAyeT, 9TO BO BCEX BO3MOMKHBIX CIYUasX MBI
pacrosaraem HepaseHCTBOM (4.11), MO3BOMSIIONM OIEHUBATEL 3HAYEHWE «OOIBINOIY 33891 B TEp-
MWHAX CTOUMOCTH ee ucxoauoro /AP u Besmuunet £ (4.9), KOTOpas, B CBOIO 0Y€pe/Ib, OTPEIeIAeTCs
CTOMMOCTBIO (bparMenTa ymoMmsayToro /P u sxcrpemymom JokaabHON 3agaun. Ha mammom stame
3HaHUe onTUMaILHOTO JIP mokambHOl 3amaun He Tpebyerca: omeHky (4.11) MOXKHO TOJYyYNTE, MPH-
MeHSST aJITOPUTM 10; Bappupyda v B npenenax 0,n — N, MOXKHO ONTUMHU3UPOBATH JAHHYIO OIEHKY.
B camom gene, k B (4.9) 3aBucut (mpu dukcammn N) ot v € 0,n — N, t.e. k = k(v). Makcnvmzn-
pya £(V) TOCPEICTBOM BBIOOpA v/, MBI yTouHseM OmeHKy (4.11). DTo coobparkeHne MOKHO MOJTOKUTH
B OCHOBY TTOCTPOEHHUs TP BBIDOpE mapaMerpa V. A WMEHHO: KOHKPETHBII BHIOOD MapaMerpa vV u3
BBINIEYTIOMSIHY TBIX COOOPaYKeHMi MaKCUMU3AIMNA 3HAUEHUs K(V) MpeIaraeTcs OCYIIeCTBUTD, WC-
MOJIB3ys TOJBKO aJITOPUTM 19, Tlocne mocruskennst Tpebyemoro (uam TpremsieMoro) 3uadenusi k(1)
U HAXOXKJIEHUsI COOTBETCTBYIOIIEr0 €My 3HAYeHUs! V = 1 cjaejayer (Ipu JaHHOM V) 3a/eiiCTBOBATH
JUIS PEIenst JIOKAIbHOM 3a1aun aiaroput 2V, T.e. peaan3oBaTh «OKOHYATEILHYIO» (/IS TAHHOTO
9Tana) ONTUMHU3UPYIOIIYI0 BCTABKY, B Pe3yJbTaTe KOTOPOil GyIeT yiKe CKOPPEKTUPOBAHO HCXOIHOE
perenne (A, (hy),cg577): nmeercs B By ero 3amena nosyunsieiicss mpu v = v sepcneii (1), (ﬁt)teo,_n)
(mveercst B BUTY TIocTpoenne okasbroro permenwst (o, (z)) teO,_N)7 B IIPOTIECCe KOTOPOTO OJHOKPATHO

(ra srane koppekmin (X, (hy),cgg)) crenyer ucrompsosath amroputy 2°). Vtax, Meree saTpaTHEbI
k)
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(B cmbicae pecypcos mamaTn IBM) anropury 10 menoms3yercs mpn moMCKe JOKAIM3AIAN BCTABKH,
a caMa «OKOHYATEIbHAS» BCTABKA KOHCTpyupyercs ¢ mpuMenenmeM 20,

3ameuanne 6.1. BrumeynmoMmsamayTas cxeMa MOXKET OBITH peaJn30BAHA B PEXKMME UTepaIuii, Ko-
raa ckoppektuposannoe 1P (7, (ﬁt)te(),_n) samensier (\, (ht)teo,_n) W WCMOIB3YETCA B KAYECTRE HOBOM
SBPUCTHUKHY, IIOJICKAIIEH YIyUIIeHUIO MOCPEACTBOM BCTABKH, JIOKAJIM3AINAS KOTOPOH OIpemesser-
cst ¢ ucrnosb3oBannem aiaropurma 19 mocie wero st KOPPEKIMY JAHHON IBPUCTUKN HCIIOIB3YETCS
anroputy 20 (MMeeTca B BUY pellenue JOKATBHOMN 3aa4n). Jlajee mpomeaypa HOBTOPSETCA.

§ 7. SakJyounTe/IbHbIE 3aMEYAHUSA

B pabore ykazaHa oaHa M3 BO3MOXKHOCTEH HEMOCPeACTBeHHOro mpuMenenus JII1 ajisa perrenus
3a7ad MapIIpyTu3anuu OOJIBIION pa3MepHOoCcTH. Pednh maer 0 JIOKAJIbHBIX YIIYUIIEHWTX, Peaan3ye-
MBIX TIOCPEJICTBOM ONTHUMU3UPYIOMIAX BCTABOK YMEPEHHON Pa3sMepHOCTH; KaK yKe OTMeYasoCh, Ta-
K1e BCTaBKU MOTYyT d)OpMI/IpOBaTbCH MHOTOKPATHO TIPW MCIOJJIB30BaHUN HUTEPAIIVMOHHBIX PEKMMOB
(em. [2,3]). Tem cambiM peaqusyercs mosTamHOe yiaydiieHne pesyabrarta. CyIecTBeHHO TO 06CTO-
ATEIBCTBO, YTO MPU MMOCTPOCHUN YJIYUIIAIOIMNX BCTABOK OKA3BIBAECTCA BO3MO2KHBIM Saﬂ;ef/iCTBOBaTB
OIEHKM TJI00ATBLHOTO 3KCTPEMyMa OCHOBHOI 3a/1a4m, Onpe/iensieMble 6e3 MOCTPOEHNs JIOKATBHBIX OTl-
TUMHU3UPYIONUX PENIeHnii: yaaeTcs NpUMeHsTh JoKaabHble Bepcur /I, B KOTOPBIX OMpemesioTcs
JIVIITH CAMP SKCTPEMYMBI (JIOKAIBHBIX 33144 ), 9TO TO3BOJISIET HA ITANAaX MONCKA, JOKAJIU3AINA BCTa-
BOK JIOCTHTaTh HEKOTOPOH SKOHOMHUK PECYPCOB MAMSITH BBIYHCIUTES.
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The route problem with precedence conditions and cost functions depending on the jobs list is considered;
these singularities correspond to engineering applications. In particular, the above-mentioned singularities
exist in statements of some problems arising in nuclear energetics and in machines with numerical control.
Problems involved in sequentially circuiting megalopolises and in carrying out some (interior) work during
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these circuits are investigated. A procedure for local improvement of heuristic solutions for problems of
perceptible dimension is proposed; this procedure exploits insertions on the dynamic programming base.
Dynamic programming is realized in the form of a variant that does not provide for construction of a “full”
array of values of the Bellman function. The search for localization of an insertion involves restricting to
the variant of the Bellman procedure that realizes the extremum of the (local) criterion without constructing
a corresponding solution in the form of a route-track pair. A more complete and more cost-intensive (in
the sense of memory resources) procedure including determination of the above-mentioned (local optimal)
solution is planned after the choice of the insertion localization.
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