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CBAJTAHCUPOBAHHASA 3BPUCTHUKA
JJIA PEHIEHUSA 3AJAYN MAPIIPYTU3ALIMU TPAHCITIOPTA
C YYETOM I'PY30IIOABEMHOCTHA

[Ipennaraercs SBPUCTUYECKUI aNTOPUTM MNPHOMIKEHHOTO pEIICHHS 3aJadu
MapIIPyTH3ALHKA TPAHCIOPTA C YIETOM IPy30HOABEMHOCTH dKHUIaXKel U moTped-
HOCTSIMH B TOBape BEPIIMH-KJIMEHTOB ISl CIyYasi METPHIECKHX PacCTOSHUMA. Al-
TOPUTM COCTOMT W3 JBYX (ha3: KilacTepH3alMy BEepIIHH Ha TPYIbl U (a3bl BbI-
YUCIICHHS MapIIPYyTOB OTAECNIBHO IO rpymmam. IOpsmaoK TpyJOeMKOCTH IepBOit
dassr okono O(n?), a BTopoii $hassl pH HCHONB30BaHMK anroputma Jlunna — Kep-
HHrana — He Bbie O(n°). IIpoBenieHHBII BBIYUCINUTEIBHBIN SKCIEPUMEHT MOKa-
3all, YTO MPEAJIOKEHHBIN alrOpUTM TOUYTH He ycTymaeT anroputmy OcMaHa 1o
Ka4eCcTBY MOJIy4aeMOr0 PEIICHHUsI PU YMEHBIICHUH BPEMEHHU PabOThI B JAECATKH
pa3. Eule nydiee mo Ka4decTBy pelIeHHE MONydYaeTcsi IpH KOMOHHHUPOBAHHOM
MIPUMEHEHHH 3THX JBYX alTOPUTMOB.

KiroueBble cji0Ba: Ouckpemuas onmumusayus, npubIUNCEHHbIE ANOPUMMBL,
3a0aua xommusosxcepa (TSP), 3adaua mapwpymusayuu mpaucnopma (VRP),
Knacmepuzayus.

3agaua mapmpyruzanun tpaHcropta (3MT) (Vehicle Routing Problem, VRP) — ox-
HO M3 0000menuii 3amaun kommuBosDképa (3K) (Traveling Salesman Problem, TSP).
Omna npegycMaTpuBaeT NOCTPOSHUE HECKOJIBKUX 3aMKHYTBIX MapHIPyTOB, TIPOXOASIINX
yepe3 O0IIyI0 BEPIINHY-ACIO, MPH MUHUMHU3ALUA CyMMapHOH CTOMMOCTH MapIIpyTOB.
[Ipu onrHAKOBOI pa3MEpPHOCTH 3Ta 3a7ada ropaszio cioxHee, 9eM 3K, koTopas, B CBOIO
ouepenb, apisgercs NP-tpynHoi. [103ToMy B NpakTHUECKUX NPUIIOKEHUSX, TAE YUCIO
BepmuH gocturaer 100 u Oonee, BO3SMOXHO NMPUMEHEHHE UL NPHOIMKEHHBIX alro-
PUTMOB.

W3BecTHO HeckoibKO BapuaHToB 3MT, paznuuaromuxcs JONOJHUTEIBHBIMU Mapa-
MeTpaMH BXOJHBIX IJaHHBIX U OTPaHUYEHUSMH Ha MoJydaeMoe pemeHue. B camom mpo-
CTOM ClIy4ae KpOMe€ MaTpHIbl PacCTOSHHM MEXIy BCEMH MapaMU BEPIINH 3a4aeTcs
TaKKe 100 KOJMYECTBO MapUIPyTOB, JIMOO MaKCHMaJIbHOE KOJINYECTBO BEpIINH, KOTO-
pBle MOTYT BXOAWTH B JII0O00H M3 MapipyToB. ABTOpamu B padote [1] mpeanoxkeH psn
ITOPUTMOB PEIICHUS 3TOr0 MpocToro BapuaHTa 3MT rd ciydast METPUYECKHX pac-
crosiHUI. B HacTosei craTthe paccMaTpuBaeTcs Oolee cnoxHbIii Bapuant 3MT, korna
JUTSL KQKI0H 13 BEPIINH-KIMEHTOB 3a/JacTCs BEJIMIHHA MOTPEOHOCTH B TOBAPE U 3aacT-
Cs MaKCHMaJIbHasl TPY30MOABEMHOCTD IKHUIIaXa — TPAHCIOPTHOTO CPEACTBA, Pa3BO3si-
IIETO TOBap M3 BEPIUIMHBI-JEIO M0 BepIINHAM-KIHEHTaM Mapuipyta. KommuectBo map-
HIPYTOB (33JeHCTBOBAHHBIX 3KHUITAXKEN) ONpeessieTcs B IPOLEeCCe BEIYNCICHHUI.

B nmocnenHue rojpl Npy CO3JaHUM AITOPUTMOB PEIICHUS 3a/1a4 JUCKPETHON ONTH-
Mu3alyy, B ToM uucie u 3MT, UCHoNb3yI0TCsl TaKue METadBPUCTUYECKHE CTpaTeruH,
KaK JeTepMHHUPOBAHHBIN U MOJCIUPYEMBIN OTXKUT, MOUCK C MCKIIIOYEHUSIMH, TCHETH-
YECKHE aNrOPUTMBI, aITOPUTMBI MypPaBbUHBIX KOJIOHUM, HEHPOHHBIE ceTH U ap. ITomy-
YEHHBIE C MOMOILBIO ITUX CTPATErHi aJrOPUTMBI B HEKOTOPBIX CIydasX AAIOT XOPOIINE
pe3ynbTaThl, HO 0OBIYHO TPEOYIOT 1O100pa OOJBIIOr0 KOJIMYECTBA YNPABISIONINX I1a-
paMeTpoB, 3aBUCSIIMX Kak OT BHJA 33Ja4d, TaK M OT KOHKPETHOTO Habopa BXOIHBIX
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JTAaHHBIX, YTO CYIIECTBEHHO YCIOXKHACT M OTPAHUYMBAET MX MPAKTUUECKOE IPUMEHEHHUE.
OauH U3 ITy4dIIuX M0 Ka4eCcTBY alropuTMOB pemeHus 3MT, ocHOBaHHBIN Ha TIOHUCKE C
HCKITIoueHusIMH, anroput™M Ocmana [2], Takke UMEeT YIPaBISIOMUN mapaMeTp — JJTH-
HY CIIMCKa HCKJIIOYEHHWH, HO IUana3oH M3MEHEHWH 3TOT0 IapaMeTpa M ero Haubojee
BEPOSITHAsI BEIMYMHA BBIYKMCIISIETCS HA OCHOBE BXOJHBIX AAaHHBIX, YTO SIBISIETCS CYIIe-
CTBEHHBIM INpeumylnecTBoM. OHAKO TPYA0EMKOCTh aJIrOPHTMa PACTET O4Ye€Hb OBICTPO
IIPY YBEJIWYEHUN Pa3MEPHOCTH 337a4d, Ha OOBIYHOM IEPCOHAIBLHOM KOMIIBIOTEpPE €Tro
MOJKHO (P (PEKTHBHO MPUMEHSTH, €CIIH YHACIIO BepnH He mpebimaet 200 — 300.

B craree paccmarpuBaeTcsi pa3BHUTHE JY4IIEro M3 ajJrOPUTMOB, PACCMOTPEHHBIX B
[1], — cbamaHCHPOBAHHOTO MOCIIEIOBATEIHFHOTO TUXOTOMHUYECKOTO Pa3IeIICHUS BEPIINH
Ha MapHIPyTHI IO KPUTEPHUIO pa3HOCTH paccTossHuA — 11t 3SMT ¢ yuetom rpyzonomgbem-
HOCTH 3KHIaXel ¥ notpedHocTH B ToBape. CpaBHeHue ¢ anroputMoM OcMaHa IpoBO-
JUTCA C TIOMOMIBIO BEIYUCIUTEIIBHOTO OKCIIEPUMCHTA.

1. Coa1aHCHPOBAHHBIN AJITOPUTM KJIACTePH3AL UM

[Ipennaraemblii arOpUTM COINEPXKUT JBE (ha3bl: BHAYAIE peIIaeTcs 3aqada Kiacre-
pu3anuu (pasjeiaeHue oOLIIero MHOXKECTBA BEPIIMH Ha IPYIIIBI ISl KAXKIO0TO IKUITaxKa),
3aTeM BBIMOJHSETCS MMOCTPOCHUE KOHEYHBIX MapIIpyTOB IyTEM pELICHHUS TPaIUIAOH-
Ho#t 3K. Hke nmpuBeneno nmoxpoOHoe onncanue cOaTaHCHPOBAaHHOW MPOIETypHI Kila-
cTepH3aluy; nocieaytomuil cnocod pemreHust 3K MokeT OBITH BBIOpaH MPOM3BOIBEHO
Cpear M3BECTHBIX METOJOB. AJNTOpUTM paboTaeT Oe3 3aaHHOro 3apaHee yucia SKHIla-
JKEeH, BBIYUCIISISL €T0 B XOJI€ PabOTHI.

ANTOPUTM COAEPKUT IOTOIHHUTEIBHBIE YCIOBHS, ONpPEEISIoNne TpeOboBaHne coa-
JAHCHPOBAHHOCTH. TakoW MOIXO. MO3BOJSIET YMEHBIINTh 0OBEM BHIYHCICHUH, HO HE-
00XOTMMO PEIIUTh BOTIPOC O €ro BIMSHHUU HAa KauecTBO MOJy4YaeMbIX pe3ysbTaTtoB. Oc-
HOBHasl CJIOKHOCTh B PEalIM3allii alrOPUTMa CBsI3aHa C TEM, YTO B €ro padoTe MOCTO-
SIHHO YYMTBIBAIOTCS JIBE BEJIMYMHBI: CTOUMOCTh MapIIpyTa U CyMMapHas HOTPEOHOCTb B
TOBape BEPLIMH-KIMEHTOB, BKJIIOYEHHBIX B MapuipyT. CTpeMiieHHe K HaWIydlieMy pac-
NIPE/ICIICHUIO 3arpy3KH JKHUITaKeH MOXKET HEraTHMBHO CKa3bIBaThCs Ha CTOMMOCTH Map-
HmIpyTa, U Hao0opoT. Jpyras ClOXKHOCTh 3aKJII0YAaeTCsl B TOM, YTO MOTPEOHOCTh B TOBa-
pe Y KIMEHTOB MOXXET OBITh I0CTaTOYHO HEPAaBHOMEPHOM, M CYIIECTBYET PUCK, YTO JO-
0aBiieHHE BEPIIMH HAa OCHOBE OIICHKH CTOMMOCTH DEIICHHS B CaMblil MOCIEIHUHA MO-
MEHT HapyIIUT OTPaHWIEHHE TPY30M0IbEMHOCTH.

PaccmoTpum onmcanue anroputMa. JlaHO MHOXKECTBO W3 71 BEPIIUH V= {v ..., V,}.
JIns kaxmoit BepIInHEI v;, IPUHAUISKAIICH V, 3a1aHa BeTMYWHA TIOTPEOHOCTH B TOBape
O(v;) > 0. Bee axunaxku UMEIOT 3aJIaHHYIO 3apaHee OJMHAKOBYIO TPY30MOABEMHOCTD .
Taxoke 3amaércs 0codast BEpIIMHA — JIETIO Vo, MPEACTABISIONAs TOUYKY Havajla U KOHIA
BCEX MOCTPOCHHBIX MapmipyToB. Jist oburHOCTH mojyaraem, uto Q(vy) = 0. s moboit
napsl BEpUIMH i U j U3 {Vo, Vi,..., V,} OIpEIENIeHbl PACCTOSHUS (CTOMMOCTh Iepees/ia)
D(i, j) n3 i Bj. Bynem cuurtaTh, 4TO pacCTOSIHUS METPHUYECKHUE, T.€. OHH CHMMETPUYHBI U
JUISl HUX BBITIOJHSACTCS YCIOBHE TPEYTOJIbHUKA.

AJNTOPHUTM CTPOHUT MHOXECTBO R = {ry,..., ;} U3 k 3aMKHYTBHIX MapupyToB (k He 3a-
JIaHO), TAKHX, YTO:

1) BepImmHa vy IPUHAUIEKHUT KaKAOMY 13 k MapIIpyTOB;

2) Kaxzaasi U3 BEPIUIMH V;, IPUHAIEKAIIAS MHOKECTBY V, IPUHAMICKHUT OJHOMY H
TOJIBKO OZHOMY U3 k MapIIpyTOB;

3) mns Kaxnoro w3 k MapmipyToB 7;, KOTOPOMY MpHHAmnIexaT m(i) BepIInH

{vo,v[l ViV }, IOJDKHO BBIMOJTHSTHCS CIEAYIOIIEE YCIOBHE:
m(i
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m(i)
2.001)<q. (M
j=1

Emte pa3 3ametum, uTo mepBas (aza alropuTMa SBISICTCS BCETO JIUIIb alTOPUTMOM
KJIACTEPH3AlMU, U JUIS TIOJTYYCHUS OKOHYATEIBHBIX MAapIIPYTOB HEOOXOIUMO PEIIUTH
3K mist kaxxmoro u3 k MHOXKECTB 7.

B upeane anroput™ JOKEH MOTydaTh TAKOE MHOKECTBO MApIIPYTOB R, YTOOBI MX
CyMMapHas JiuHa OblIa MUHUMaIBHOH. OOBIMHO Takoe TpeOOBaHME HEIOCTHKIMO, TT0-
STOMY QJITOPHUTM JIOJDKEH XOTs ObI MpHONMKAThCS K mieany. Tak, damie BCETro, eCIi
yaaeTcs pa3eNuTh BCe MHOXXECTBO BEpIIIMH Ha MEHBIIIEE YHCIO MAapHIPYTOB, TO U UX
cyMMapHas JuiiHa OyzeT MeHsbine. Kiacrepuzamuio OyIeM MpOW3BOAMTE CIETYIOIIM
obOpa3zom: BHavalle pa3/ie]MM BCE BEPIIMHBI MHOXKECTBA } Ha JIBE TPYIIIbI, 3aTeM KaXK-
JIyI0 U3 TPYIIN CHOBA Ha JBE TPYIIBI U T.J., 10 TEX TOP, MOKa KaKIasi U3 Tpynm He Oy-
JIET YIOBJICTBOPSTH ycioBuo (1).

2. PekypcuBHAasi Mpoueaypa IMX0TOMHYECKOro cOaIaHCHPOBAHHOTO
pazziejieHus1 BepLIHH

B xoze Beraucnenuii ucnomnb3yercst pekypcuBHas npouenypa divide (V',k’), BbImon-
HSIOIIast pa3zeieHue BepuiuH. i1 coOmoeHus] 0JHO3HAYHOCTH TapaMeTphl MPOLeay-
pBI 0003HauaeM OykBamu ¢ aroctpodamu. [Iponeaypa 10mKHA BBITOIHUTE pa3JieicHUE
MHOKeCTBa BepimiuH V' Ha k’ rpymm. Ilpu Mcmons30BaHUN MIPOIELYPEl MHOKECTBO V'
OyzmeT HEeKOTOPHIM MOAMHOXKECTBOM M3 V. Ha KakmoM 3Tare MpOM3BOAMTCS ACICHHE
TOJIKO Ha JBE TPYIIIBL, a 3aTEM BBINOJIHACTCS PEKYpPCHBHBIN BBI30B C LENBIO TPOAOII-
KUTh pasznenenue. lpouenypy divide(V',k’) MOXXHO TIpEJICTaBUTH B CIEAYIONIEM BHUJIC.

1. Maunmanu3anus HEeKOTOphIX mapameTpoB. [lepemeHHast ¢, AODKHA CONEPKaTh
BEJIMYMHY 001el NoTpeOHOCTH B ToBape Juisi Bcex BepuiuH u3 V. [lepemennbie k') u
k', XpaHST 3HAUEHHsI, BEPILUHBI JUIsl KAKOTO KOJIMYECTBA SKHUIaKEH JOJKHBI OBITH OT-
HECEHBI K IepBO 1 BTOPOoii rpynmnamM. OHHU BBIYHUCISIOTCS IO GopMyJIaM:

kr=Lk21, k' =k"— k",

[lepemennrie A; u §; 0003HAYAIOT BEPXHIO M HIKHIOIO TPAHUIIEI CyMMBI KOJIHYE-
CTBa TOBapa TE€X BEPIINH, KOTOPbIE MOTYT OBITh OTHECEHBI K TIEPBO TPy TIPH pas/e-
JICHUH, aHAJIOTUYHO 3TO CHPaBEUIMBO U Uil Ay U 8, s BTOpOM rpynmbl. VX 3HadeHus
BBIYHCIISIOTCS CIIETYIOIIMM 00pazoMm:

Ar=k'v q, Ma=k’y-q, 81=q,— Dy, 8= q,— Ay

OO0patuM BHUMaHHE, YTO 3HAYEHUS O WIIM O, MOTYT OKa3aThCsl OTpUIATEILHBIMH. B
3TOM CITydae BEIMYNHA kK yMEHBIIACTCS HA | ¥ BBIYHCIICHHS TTOBTOPSIOTCH.

2. Jlanee uiryTcs IBE BEPIIMHBI §1 U S, ¢ MAKCUMAJIBHON CTOMMOCTBIO TIEpee3/ia Me-
KTy HUMH. BepmHsl s, U s, SBISIOTCS HAYaJIbHBIM HANOJHEHHWEM OYAyNIMX TPYIIIL.
Ecmm k') He paBHO k7, TO MIPUBOAMMOE HUXKE ONMHCAHUE ANTOPUTMA HEOOXOTUMO BBI-
MIOJIHUTH JIBa pa3a ¢ 0OMEHOM 3HAYCHHI S| U S, M BRLIOOPOM HAWIIYy4ILEro BapuaHTa. Bo-
IIpOC, KaK CPaBHUTH KAaYCCTBO JIBYX BApHUAHTOB, O6Cy)KﬂaeTC$[ HHXC.

3. CHavana pacCMOTpUM pa3dueHue B oOIieM ciydae, UCKiodas k' =2 u k' = 3,
pasOueHune Juis MOCIEIHUX ONMHMCAHO OTIENbHO. MTak, BEpUIMHBI S| U §; SBISIFOTCS Ha-
YaJbpHBIM HaIOJIHEHWeM Oynymux rpymnn. Jlajgee Ha OCHOBE pa3lIMuHbIX KPUTEPHEB MBI
OyzeM OTHOCHTH OCTaBIIMECS BEPIIMHBI 3 V' B IEpBYI0 WM BTOPYIO Tpymiry. BaxHyio
pOJb UrpaeT MOHATHE OJIM30CTH BEpIIMHBI K rpymme. Mcnonb3yercss oreHka, paBHas
Pa3sHOCTH PacCTOSHUI MEXKITy HEKOTOPOH BEpIINHOM M BEPIIMHOH, Oivpkaiime n3 nep-
BOI TPYNTIBI, 1 BEPIIMHON, ONvkalmiel n3 BTOpoil rpynmsl. [Ipu npakTudeckoi peanu-
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3al[MM BHIYUCIICHUS TAKOW OLEHKH JJIs1 KaXX/10M BEpPIUINHBI, €111€ HE OTHECEHHON K KaKOu-
1100 rpymme, AOJDKHBI XpaHUThCSA CCBUIKM Ha ONMIKailyie BEpUIMHBI U3 00euX rpyI,
U TI0CJIe IEPEMEIEHUN BEPIIMHBI B TPYIITY 3TU CCHIIKH JOJIKHBI OOHOBIISATHCS.

4.Eciu k' # k’5, TO BBIIONHsIEM JT0OABICHUE K IEPBOM Tpynme OivKalmmx K Hel
BEpUIMH JI0 TeX NOp, IOKa He Oy/AeT NOCTUTHYTa BEJIMUMHA CPEAHEH 3arpy3KH dKUIaxa,
KOTOpast BEIYHCIsIeTCS Kak ¢,/ k.

5. B nmanpHeWMX BBIYUCICHUSIX HOTPEOYIOTCS 3HAYCHUS JKEIAEMOr0 KOJIMYECTBA
TOBapa JJISI KXK0H rpymisl. [10JIy4nTh 9TH 3HAUCHNST MOXKHO ITyTEM YMHOXKCHHUS YUCETT
k’y n k", Ha BennuuHy cpenHel 3arpy3ku skunaxa. J[o Tex rmop moka KOJIM4ecTBO TOBa-
pa y BEpIINH, OTHECEHHBIX K IIEPBOI IPyTIIE, MEHBIIIE )KEJIAEMOT0 KOJIMYECTBA IS Mep-
BOW TPyMNIBI, M KOJIWIECTBO TOBapa BEPIINH, OTHECEHHBIX K BTOPOW TpyIINe, MEHbIIIE
KeJIaeMOT0 YPOBHS JUIsI BTOPOH TPYIIIBI, IPOU3BOIAUM CIEAYIONINE ACUCTBHS:

() ecnm 3amac aJ1s IEpBOM TPYMIBI, paBHBIN pa3HUIIE JKEIAEMOTO YPOBHS €€ 3arpy3-
KM U CYMMBI TEKYyII[eT0 HANOJHEHHs, OOJbIIe 3amaca JUis BTOPOM I'PYMIIbI, BEIYHCIICH-
HOTO aHAJOTHUYHBIM CIIOCOOOM, M J00aBieHHE K NMEpBOW Tpynme OirpKaiined K Hel
BEPIIUHBI HE MPUBEAET K INPEBBIIICHUIO XKETaeMOT0 YPOBHS, TO OTHOCHM K HEpBOil
rpyIie OJamKalIyro K Hel BepIInHY;

(b) ecntn mobaBeHNEe KO BTOPOi Tpymre Oivkainield K Hel BepIIMHBI HEe PUBEAET
K TIPEBBIIICHUIO JKEJIAEMOT'0 YPOBHS HAIIOJIHEHHUS, TO OTHOCHM KO BTOpPOW rpyrmiie Ou-
JKaMIITyI0 K HEl BEPILUHY;

(c) BBIUMCIMM JjBa 3HAYEHHS JUIS KaXJIOW TPYIIIbI, PABHBIX OCTABIIEMYCSI PE3EPBY B
K10l U3 HUX Tocie T00aBIeHUS K Hell Tekymied Omkaiimeii BepmuHbl. Heooxomu-
MO 00OpaTHUTh BHUMAaHHE, YTO B OOIIEM CiTydae KaX[J0€ M3 3HAUCHHWH MOJKET OKa3aThCA
OTPHUIIATENBHBIM, MOTOMY O0s3aTeNFHO HCHOJB3yeM uX Moxynu. Ecnu momydeHHoe
3Ha4Y€HUE Ul IEPBOl TPYIIIBI MEHbILIE, YEM JJIs1 BTOPOM, TO OTHOCUM K IIEPBO IpymIie
Ompkaifiryio K Hel BEpIINHY, B IPOTUBHOM CiIydae — KO BTOPOH.

6. IToka ocraroTcst HepacnpeeNEHHbIE BEPIUIMHBI, OTHOCUM UX K TOH TpyImIe, Iie He
MIPOU30IIUIO NMPEBBIIIEHUS JKEIAeMOT0 YPOBHS 3arpy3KH.

7. Ilomy4yeHHblEe YPOBHU 3arpy3KH TPYHIT JAOJDKHBI OBITH 00S3aTENIbHO HE MEHBIIE
4yeM O u He Oosblire 4eM A, KOTOpble OBUTH BBIYMCIICHBI BBIE (A, 1 AT IepBOi IpyTI-
Bl ¥ Ay, 6, — 1t BTOpoit). Ecin xakas nmu6o rpynma HapyIiaeT 3To yCJIOBHE, TO HE00-
XOAMMO TIPOU3BECTH MPOIEAYPY OaTaHCHPOBKH:

(a) mpocMaTpuBaeM BEPIIMHEI TOW TPYMIIBI, TAe Mpom3onuio npessimieane A. O6pa-
TUM BHHUMAaHHE, YTO MPEBBIIICHUE 3TOTO 3HAYCHUS y O0EHMX IpyI OZHOBPEMEHHO He-
B03MOXXHO. ITopsimok mpocMoTpa Jo/bKeH ObITh OOpaTHBIM TOMY, KakK MPOUCXOJHIIO
MPUIHCHIBAHKUE BEPILUH TPYIIIIE;

(b) ecntit mepeHOC HEKOTOPO BEPIIMHBI B MPOTUBOMOIOKHYIO IPYIIIY HE NPUBOIMT
K IPEBBIIICHUIO 3Ha4eHUs: A B Hell, To Takoi mepeHoc BbINONHseM. Ecnu nocne nepe-
HOCa HapylIeHNe TPpaHuLl OBUIO YCTPaHEHO, TO OTEpaIHIo OaJaHCHPOBKH 3aBepluaeM. B
MPOTHBHOM CIIy4ae NepexoauM K CIeAYIOIeH BepIINHE;

(c) ecnm mocie MPOCMOTpPa BCeX BEPIIMH yCTPAHWTh HApyIIEHHE HE yNalloCh, 3a-
BepiIaeM padoTy npouenypst divide (V' k") aBapuitHo.

8. Korma Bce BepIIMHBI pacnpeeseHsl 1Mo rpynmnam 0e3 HapynieHust rpanui A u 9,
TO HEOOXOANMO TOCIIEIOBATETBHO MPOU3BECTH PEKYPCHBHBIC BBI30BBI MPOLIEAYPHI AT
Ka)XXJJOW W3 MONyYeHHBIX TPYII, yKa3bIBas COOTBETCTBYIOME 3HaueHus V' u k’. Ecin
KaKOH-HUOYIb U3 HUX 3aBEPIINTHCS aBapUITHO, TO TAKXKe 3aBepiiacM paboTy aBapHiHO.

HeobxonuMo omwmcath Ba 9acTHBIX ciaydas pu k =2 u k' = 3. [IpuBeném cHavana
ciyyait ms k"= 2.

1. Iloka ecTp HepacnpenenEHHbIC BEPIIMHBI M YPOBHH 3arpy3KH KaXKI0il TPYIIIBI HE
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JOCTHUIJIA COOTBETCTBYIOLIETr0 3TOH IpyIIe 3HaYeHHs O, OTHOCHM OJIKaiIIyIo BepLIt-
Hy K TOH IpyIIie, ypoBeHb HAIIOJIHEHHS KOTOPOH Jajblie OTCTOUT OT 3HAYEHHUS O.

2. ITocne BBINONHEHMS MPEABIAYIIETo IIara BO3MOXHO NPEBBILICHUE TpaHul A U J.
Ecnu 310 nmpownzonuio, To HEOOXOIMMO BBINOJHHUTE ONEPaIMi0 OalaHCHPOBKH, KaK OHA
Obuta ormcana BeiIe. Eciy oHa 3aBepuIniack HEYCIIEIIHO, TO 3aBepiaeM padoTy Mpo-
Leypbl aBapuitHO.

3. OcraBmmecsi BEpIIMHBI pacIpeneiseM N0 NPUHIOUIY OJIM30CTH K HEKOTOPOH
TpyTIE B CIEAYIONIEM HOpSIKE: ecli Oypkaiiias K MepBOd TpyIIe BepIINHA IPUBO-
JIIT K MEHBIIIEMY POCTY KOJMYECTBa TOBApa, Y€M aHAJIOTMYHAS BEpIIMHA JJIsI BTOPOH,
TO 0OaBIIsIEM BEPIIMHY K MIEPBOIi rpymIe, © HA00OPOT.

Cryyait uist k= 3 MOXeT OBITh MPENCTaBICH CICITYIOIAM 00pa3oM.

1. Iloka ecTp HepacnpeenEHHbIC BEPIIMHBI M YPOBHU 3arpy3KH KaXKI0i TPyl HE
JIOCTUTJIM COOTBETCTBYIOIIETO 3TOW IPYIIIE 3HAYCHUS O, OTHOCHM OJIMIKAMIITYIO BEPIIIH-
HY K TO¥i TpyIiie, ypoBeHb KOTOPOU JaNbIlIe OTCTOUT OT 3HAYCHUS 0.

2. Iocne BBIMOJIHEHHS MPEIBIAYIIETO 1Iara BO3MOXKHO MPEBBILIEHHE TpaHull A U d.
Ecnu 310 nmpownzonuio, To HEOOXOIMMO BBINOJHHUTH ONEPaIfio OalaHCHPOBKH, KaK OHA
Obuta ormucana Beiie. Eciy oHa 3aBepuiniack HEYCIIEIIHO, TO 3aBepIIaeM padoTy Mpo-
Lelyphl aBapuitHO.

3. Bce ocTaBmmecs BEpIIMHBI OTHOCUM KO BTOPOH TpyTIIE.

Heobxoanmo pemmnTs BOMPOC, KaK OIECHUBATH KauyecTBO MOIYYaeMBIX TPYII IPH
BEIOOpE HAWITYHIIETo MOpsiaka s; U 5. CyIecTByeT HeCKOIbKO crmocoboB. MoXHO, Ha-
nmpumep, pemats 1t 3Toro 3K 1 Beel rpymmbl BEPIIMH KaKUM-THO0 alrOpUTMOM, HE
TpeOyIoImuM OONBIIOr0 BpeMEHU A paboThl. B BEMMCINTETLHOM JKCIIEPUMEHTE HC-
IMOJIb30BAJIaCh OLCHKA CHHU3Y MJIMHBI BO3MOYKHOI'O IIYTH KOMMI/IBOH)Képa, TMOJIy4YCHHasd
MyTéM CYMMHPOBaHHUA UIMH pEOep MHUHUMAJIBHOTO OCTOBA, IIOCTPOEHHOTO Ha TOJHOM
rpade BepIIUH IPYIIbI, ¢ J00aBJICHUEM JJIMHBI CAMOT0 JUIMHHOTO pedpa.

B nienom paboty anropurma MOKHO MPEICTaBUTh B CIEAYIOIIEM BUJIE.

n
1. BrrumcnsgeM HavalbHOE 3HAYCHHE KOJNUYECTBA OSKHMaXed k = ZQ(V,») /q.
i=1

Ecmu k=1, To 3amaua sBisercs 3K B e€ 0ObIYHOI IMOCTAaHOBKE M HET HEOOXOIMMOCTHU
MIPOBO/UTH KIACTEPH3ALIHUIO.

2. IIpousBeném BrI30B mporienypsl divide(V, k), mepenas eif B KaueCTBE apaMeTPOB
BCE MHOXXECTBO BEpIIMH V W BBIUMCICHHOE TeKyllee 3HaueHue k > 1. [Ipouemypa mo-
JKeT BO3BPATHTh B BHJE PE3yIbTaTa MHOXECTBO IPYIII, MEHbIIEe, YeM Kk, 3TO JOIyCTH-
Moe noBenenne. Eciu nponenypa 3aBepiumiia cBoro paboTy aBapHifHO, TO YBEINYHNBACM
3HAaYCHHE k Ha €AWHUILY M MOBTOPSEM IOMBITKY J0 TeX MOp, TIOKa pe3ynbTaT He OyneT
MOy YeH.

3. BeraucnseM COBOKYITHOCTh MapIipyToB, pemas 3K 1 BepmmH Kaxmoil u3 mo-
JIYUYCHHBIX T'PYIIIIL. B BBIUMCINTENEHOM OKCIICPUMEHTEC HCIIOJB30BaH OJUH M3 JIYyUIIHUX
MPUOJIMKEHHBIX aJITOPUTMOB — asiroput™ JIuna — Kepaurana [3].

OrneHuM Tpya0eMKocTh anroputma. [Ipu padote nponenypsl divide Kaxaplid U3 11a-
roB 2, 3, ..., 7 HMeeT Mops0K TPyHA0eMKocTH He Bhime O(n”). C yu4eToM peKypCHBHBIX
BHI30BOB Ha IIare 8 MOJy4aeM pEKYpPPEHTHOE COOTHOIICHHE Uil TPYJOEMKOCTH
T(n) = T(n/2) + ¢:n®. Pemue ero, moiydaeM BennduHy obmieil Tpymoemxoctn O(n’).
I[Tpu BBIBOJIE HE OBUIO YYTEHO, YTO BBHIMOJIHEHNE TPOLEAYPHI divide MOXKET 3aKOHUYNTHCS
aBapHIHO, N TOT/Ia BCE BHIYMCIICHUS IOBTOPSIOTCS C caMoro Hadamna. Eciu konmdecTBo
TaKUX CHUTyallMd HE NMPEBBICUT KOHCTAHTHI, TO TPYAOEMKOCTh OyIEeT UMETh TOT XK€ IO-
psimox O(n”). TpyaoemkocTs anropurt™a JInna — Kepuurana 6mmska k O(n°), HO Tak Kak
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3TOT ITOPUTM IIPUMEHSETCS IO OTAEIBHOCTH K KaXI0M M3 k IPYII BEPILIKH, TO 00IIas
TPYIOEMKOCTB Ha 3T0ii hase anroputma — O(kn’/k’) = O(n’/k*). Eciu ¢ poctoM 1 Komn-
4eCTBO IPYII k pacTeT MPOMOPIIMOHAIBHO 71, TO TPYIOSMKOCTh 2-if (as3sl Oyaer O(n), a
eCIM MPH POCTE n KOIMYECTBO TPYII Kk OCTaeTCs KOHCTAHTOM, TO TPYAOEMKOCTh —
O(n). Takum 06pa3oM, TTOPATOK OOIIEH TPYAOEMKOCTH BCErO anropuT™Ma OyIeT MExX Iy
On*) u O(n).

3. BoluucauTeIbHBIH IKCIIEPUMEHT

KauecTBo npeayokeHHOT0 aJrOpUTMa OLEHUBAIOCH ITyTEM MOCTAHOBKH BBIYMCIIH-
TEJIFHOTO 9KcTiepuMenTa. OHU 1 Te ke Ha0OPbl BXOAHBIX JaHHBIX MOAABAINCH HA BXOJ]
anroputmMa OcMaHa, OMUCAaHHOTO B paboTe cOaTaHCHPOBAHHOTO aNTOPUTMa, U KOMOH-
HUPOBAaHHOTO AJITOPHTMA, KOT/Ia Ha TEPBOM 3Tare HcnoiHseTcs anroputM OcmaHa, a
Ha BTOPOM — cOaTaHCHPOBaHHBINH adroputM. B anropurme Ocmana mapamerpy, onpene-
JISIOMIEMY KOJMYECTBO OOMEHHBAEMBIX MEXIy MapIIpyTaMH BEPILIUH, 3a1aHO 3HAUCHUE
1. Kak ormeueno B [3], XxoTst Oouiblliee 3HAUSHHE HTOTO MapaMeTpa U MO3BOJISET He-
CKOJIBKO TOBBICUTh KadeCTBO PEIICHUS, OJHAKO MpPHU STOM CYLIECTBEHHO BO3pacTaeT
BpeMs BBINOJHEHU anroputMa. B anropurme OcmaHa uMeeTcst Apyroi BaskKHBIN 1Lieno-
YHCIICHHBIN TapaMeTp: JUTMHA CITUCKa MCKioueHni. Ero Hanbonee npeanodyTuTeasHoe
3HAYCHHE BBIYMCIISIETCS 10 AIMITUpUUIECcKoi (opmyre [3]

t,=max{7; 9,6:In (n-k) — 40}, 2)
/I f; — 3HAUCHHUE MapaMeTpa, 77 — 00IIee KOINIECTBO BEPIIHH, kK — TEKyIlee KOJINIECTBO
MapIIpyToB.

B mepBoii 9acTH BBIYMCIUTENHEHOTO JKCIIEPHMEHTA AITOPUTMBI HCIIBITHIBAIICH HA
3amadax (Habopax MaHHBIX), MpemIokeHHBIX Kpuctoduaecom, Munro3su u Toccom
[4], Ha KOTOpPBHIX HCHBITHIBAINCH TaKXK€ MHOTHE ApYyrHe anropuTmsl pemens 3MT.
Bceex 3amau 14, n3 HuUX BBIOpaHbI T€, KOTOPBIE COOTBETCTBYIOT ocTaHoBKe 3MT ¢ yue-
TOM Tpy30MOABeMHOCTH. i moiy4deHus 0ojiee BBICOKOTO KayecTBa MOIYYaeMBIX pe-
nreHuit anroput™ OcMaHa BBIMOTHSUICS MHOTOKPAaTHO ¢ M3MEHEHHEM MapaMeTpa JUIMHEI
CIIMCKA UCKJTFOUCHU B WANa30HEe OT 7 70 2'f; U BBIOUPAJICS CaMBIi JTyYIIHiA U3 MOY-
YEHHBIX PE3yJIbTaToB. Pe3ynbTaThl BeIMMCIEHHH, NpUBEICHHBIE B Tabxn. 1, comepikar
CyMMapHbI€ JUIMHBI BBIYMCICHHBIX aJITOPUTMAMH MapIIPyTOB, KOJIMYECTBA IOJTyYHB-
MIAXCs TIPH ATOM MapIpyToB (3KHIaXKei), a TakxkKe o0IIee 3aTpadyeHHOE BpeMsI.

Taonuma 1

KauecTBo 1 Bpems pemienus 3aga4y Kpucropugeca, Munrossu u Tocca

Ne 3anaum, KauecTBo pemenust, oMy IHBIIEecs YUCIO SKUIaKeH,
YHCIIO0 BpeMst paboThI B CEKyHIaX
BEpIIHH Anroputm OcmaHa CoaaHCHpOBaHHBII KomOuHHpOBaHHKIH
1 (50) 537,6 (53k.), 9 c. 559,7 (5 3x.), 0,07 c. 558,2 (53k.), 6 c.
2(75) 885,1 (11 3k.), 35 c. 937,9 (11 3k.), 0,11 c. 881,6 (11 3k.), 26 c.
3 (100) 867,2 (8 9k.), 161 c. 1088,5 (8 9x.), 0,16 c. 863,2 (8 9k.), 201 c.
4 (150) 1122,5 (12 5x.), 993 c. 1171,9 (12 3x.), 0,41 c. 1078,9 (12 3x.), 682 c.
5(199) 1419,6 (17 3x.), 2749 c. 1462,7 (17 3x.), 1,8 c. 1379,4 (17 3x.), 3715 ¢
11 (120) 1223,7 (7 ox.), 227 c. 1170,2 (7 3k.), 1,2 c. 1059,2 (7 5k.), 203 c.
12 (100) 905,2 (10 3k.), 220 c. 1066,2 (10 3k.), 0,6 c. 841,4 (10 3k.), 167 c.

U3 1abn. 1 BUIHO, 4TO COANAaHCHPOBAHHBINA ANTOPUTM yCcTynaeT anroputmy OcmaHa
M0 Ka4eCTBY PEILICHUS Ha IIECTH MpUMEepax U3 CEMHU, HO 3aTPayHBAET Ha BHIYMCICHUS B
COTHHM pa3 MEHbIIE BpeMeHU. B To ke BpeMsi, eciM pelieHue, oJlydeHHoe cOalaHCupo-
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BaHHBIM AJITOPUTMOM, HCHONB30BaTh Kak HadajgbHOe Al aidroputma OcMaHa, TO BO
BCEX CIIy4asX JOCTUTacTCsl HAaMIydIlee KauecTBO.

Bo BTOpOIt yacTH BBIYMCIUTEIBHOTO SKCIIEPUMEHTA aJITOPUTMBI HCIBITHIBAINCH Ha
CIy4aiiHO CTeHEPUPOBAHHBIX HAO0Opax JaHHBIX. BepIIMHBI B BUE TOUYEK HA IJIOCKOCTH
pa3sMeIIaluCh COITaCHO PABHOMEPHOMY PACHpPEAEICHHI0 BHYTPU €IMHUYHOIO KBaJpa-
Ta, JeTOo MOMELIaIoch B IeHTpe. MaTpuua pacCTOSIHUN BBIYHMCISUIACH B BUAE €BKIUIO-
BBIX PACCTOSIHUH MEXIy TOUKaMu. Beca BepmmnH (IOTpeOHOCTH B TOBape) TeHEPHPOBa-
JIUCH COIIACHO JUCKPETHOMY PAaBHOMEPHOMY paclpelesIeHU0 B auamnasoHe ot 1 go 10.
Jns HabopoB nmaHHBIX M3 50 BepmIMH anropurtMmbl 3amyckanmch no 100 pas, mist 100
BepmuH — 50 pas, mist 150 Bepuma — 25 pa3 u aisa 200 sepmmH — 10 pas. Pesymprate
BBIYMCIICHUH, IPUBEACHHbBIE B Ta0J. 2, COAEPKAT OTHOIICHNS CYMMAapHBIX IUTHH IOIY-
YEHHBIX MAPIIPYTOB K UX OLIEHKE CHU3Y — CYMMe JUIHH p&€0ep MUHUMAIIFHOTO OCTOBA Ha
BCEX BEpIIMHAX U JJIMHBI CAMOTO JJIMHHOTO pedpa octoBa. B Tabm. 2 nmpuBeneHbl MU-
HUMAJbHBIE, CPEIHUE M MAaKCHMAaJIbHBIE BEJIMYUHBI ATHX OTHOIICHHH MO BCEM BBIOOp-
KaM, a TakKe cpelHee BpeMs paboThl alrOPUTMOB Ha OJHOM HaOope AaHHBIX. [Ipu
3TOM, B OTJIMYHE OT Tabu. 1, anroputm OcMaHa BBIMOIHSIICS TOJBKO IIPH OHOM 3Haue-
HHUHM TIapaMeTpa JUTUHBI CIIMCKA UCKITIOYESHUH, BBIYHUCIIIEMOM 110 opmyie (2).

Tab6nuuma 2
KauecTBO M Bpems1 penieHusi Ha CJIy4ailHbIX BbIOOPKax

UYncno BepmuH, KavecTBo anroputma: MUHUMYM, CPEJIHEE 3HAYEHHE, MAKCHMYM;
Ipy30101b- cpeaHee BpeMs paboThl B CEKyHIAX

E€MHOCTb Anroputm OcMaHa CbanancupoBaHHBIH KomOuHnpOoBaHHEII

50 (50) 1,60/1,83/2,17; 0,5 c. 1,58/1,84/2,14; 0,04 c. 1,46/1,73/2,10; 0,5 c.
100 (50) 1,97/2,19/2,52; 3,6 c. 1,96/2,23/2,56; 0,2 c. 1,87/2,10/2,33; 2,7 c.
150 (50) 2,16/2,43/2,68; 23 c. 2,34/2,52/2,69; 0,5 c. 2,17/2,37/2,53; 17 c.
200 (50) 2,53/2,73/2,86; 87 c. 2,60/2,83/2,99; 0,9 c. 2,48/2,66/2,79; 58 c.
100 (100) 1,53/1,73/1,99; 5,5 c. 1,49/1,60/1,73; 0,3 c. 1,40/1,51/1,67; 4,1 ¢
150 (150) 1,53/1,66/1,82; 33 c. 1,42/1,52/1,63; 0,8 c. 1,36/1,43/1,50; 19 c.
200 (200) 1,51/1,62/1,79; 144 c. 1,37/1,45/1,52; 2,1 c. 1,33/1,38/1,43; 59 c.

U3 Tabn. 2 BUAHO, 4TO Ha MEPBBIX YETHIPEX BBIOOPKAX, KOTIa KOJINYECTBO BEPILIHH B
Ka)XJIOM M3 ITOJy4YEHHBIX MaplIpyTOB ObLIO B cpeqHeM meHee 10, cOanaHCHpOBaHHBIN
ANrOpUTM OKazaics Xyke anropurMa OcMmaHa 1o KadecTBY perieHus B cpenHeM ot 0,5
10 3 %, ipu BpeMeHH padOTHI B IECATKH pa3 MeHbIIeM. Ha nociennnx tpex BeIOOpKax,
KOrJa KOJMYECTBO BEPIIMH B KaXKIAOM M3 IMOJIyYEHHBIX MapHIPyTOB POCIO C POCTOM
o01ero yucia BepIINH, KapTHHA 00paTHAs, IIPH 5TOM NPEHMYIIECTBO cOaaHCHPOBaH-
Horo ainroputMa focturaer 6onee 10 % mpu n =200. IIpu 3TOM cOanaHCHPOBaHHBIN
ITOPUTM 3aTPavyrBacT HA BBIYHUCICHHS B JICCATKH pa3 MEHbIIe BpeMeHH. [IpumeHeHne
K€ KOMOWHAIIMU 3THX ABYX aJTOPUTMOB BCETJIa JAET BBIMTPHIMI (B CPEIHEM) IO CpPaB-
HeHuio ¢ anroputMoM OcMana, koTopslit ipu 17 = 200 u rpy3onogsemHoctd 200 1oxo-
Ut 10 15 % npu 3aMeTHOM YMEHBIICHUH BPEMEHH BBIUNCIICHUH.

Jl1s1 BbIHECEHUS pELEeHUs] O TOM, KaKOW U3 aJlrOPUTMOB OKA3aJICs JIy4ILIUM Ha TOH
WIN WHOW ciydaiiHOW BBIOOpKe, B TaOl. 3 NMpHBEIEHBI pe3yJbTaThl CPABHEHHUS ajro-
PUTMOB MEXY COOOM 10 KayecTBY MOJIy4YaeMbIX PEHICHHH B TAKOM BUJE, YTOOBI OBLIO
MO>KHO IPUMEHUTH 3HAKOBBII CTaTUCTUUECKUIT KpUTepuil.

[Tpumenenne kpuTepusi 3HaKOB K Ta0i. 3 MOATBEP)KAAET NPEHMYIIECTBO cOalaHCH-
POBAHHOTO AITrOpUTMa Haj anroputMoM OcMaHa ISt OCIIEIHUX TPeX BBIOOPOK U mpe-
MMYIIECTBO KOMOMHMPOBAHHOTO aJTOpPUTMa Haj ainroputMoM OcMaHa JJIsl BCeX CeMH
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BBIOOpOK. COrjlacHO CTaTHCTUYECKUM TabmuuaM [5, c. 354], 310 yTBepKIeHHEe HMEeT
BeposITHOCTH omnOku menee 0,005.

Tabnunma 3
CpaBHeHHeE aJITOPHTMOB 10 Ka4eCTBY IOJIy4aeMbIX pelieHuii
Yucno BepmuH, | KonmuectBo npourpsimieii anroputma OcMaHa U3 00111ero KOJu4ecTBa BEIOOPOK
Tpy30H01b- IIpourpseimn IIpourpeiu
€MHOCTb cOaNaHCHPOBAaHHOMY AITOPUTMY KOMOWHHPOBAHHOMY aJITOPUTMY
50 (50) 45 n3 100 89 u3 100
100 (50) 17 n3 50 45 u3 50
150 (50) 4 u3 25 23 u3 25
200 (50) 2u3 10 10 w3 10
100 (100) 45 u3 50 50 m3 50
150 (150) 24 u3 25 25 u3 25
200 (200) 10 u3 10 10 u3 10
3aki0ueHue

[IpeanoxeHHbI B cTaThe COAJTaHCHPOBAHHBIA ANTOPUTM KIIACTEPU3AUU IyTEM
MHOTOKPATHOTO JAWXOTOMHYECKOTO Pa3eieHUs] BEPIIMH B COYETAHUH C AITOPUTMOM
Jluna — KepHurana mnoiydaer NpHONMKEHHOE pEIICHHE 3afadd MaplIpyTH3aluu
TPAHCIIOPTA C YYETOM I'PY30HOABEMHOCTH IKHIAXKEH W MOTPeOHOCTSIMHU B TOBape Bep-
IIMH-KIHEeHTOB. Kak moka3ayl BEIYHUCIUTENbHBIN SKCIEPHIMEHT, KaYeCTBO €ro PEIICHNs B
HEKOTOPBIX CUTYalMsAX HE3HAUNTEIHHO YCTYNACT OJHOMY M3 JTy4IINX alrOPUTMOB — ajl-
roputmy OcMaHa, OTHAKO MPH yBEIHMUEHUH KonndecTBa BepmuH A0 150 u Oomee mpu
MIPOTIOPIIMOHAIIEHOM YBEJIMYEHUN BEPIIMH B OTJACIBHBIX MAapIIpyTax MpPeAIoKeHHBIA
AJITOPUTM HAYMHACT NPEBOCXOJUTH AJITOPUTM Ocmana Ipru OAHOBPEMEHHOM YMCHBIIIC-
HUU BPEMCHH BBIUHMCIIEHUH B JECATKHN pas. Bnarozlapﬂ OTHOCUTECJIIBHO HEBBICOKOMY I10-
psAKy TpymoemkocTH (Menee O(n')) aIrOpPHTM MOXHO HMPHMEHSTH JUIS 33734 pasMep-
HoctH 1o 1000 BeprmH U 6ojee, 4To HeTOCTYHO anroputMy OcMaHa.

OcobeHHO 3¢ (HEKTUBHO NPHMEHEHHE MPEUIOKESHHOTO alropuTMa, JAIOIIero Ha-
YajpHOE MpuOIKeHue, 1 anropurma Ocmana. MHTepecHO, 4To P 5TOM BpeMs pa-
60Tb1 anroputMa OcMaHa Ha BTOPOHM CTaaWM 3aMETHO yMeHbIaercs. Ha mpakTtuke
NIPUMEHEHNE KOMOMHMPOBAHHOTO aJITOPUTMa YIOOHO TEM, YTO €CII BpeMsi paboThl Ha
BTOPOIl CTaanM OKAa3bIBACTCS UPE3MEPHBIM, MPOIECC BEIYUCICHUH MOKHO NpPEpBaTh H
WCTIONIB30BATh MOTYYEHHBIH K 3TOMY MOMEHTY BapHaHT PELICHUS 3aadH.
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