3agmaua KOMMHUBOSKEpa
HaHa MaTpuna (c;;) DOnapHBIX PacCTOSHUM MKy ropojamu, 1 <i,j < n.

Hath KoHTYyp MUHUMANBHOH JJIMHEI, TO €CTh IIUKII, IPOXOASAIIUN Yepe3 KaKIyIo

BEPILIUHY POBHO OJIMH Pa3 U UMEIOIUI MUHUMAJIbHBIN BEC.

http://www.ing.unlp.edu.ar/cetad/mos/TSPBIB _home.html

! Nekuus 10. 3aaaua kommumsosxkepa. YacTs 1



TpyanoeMKoCTH MOJHOIO Nepedopa

®aHTACTUYECKUM KOMNbHOTEP: 1 kM
Ky0 co croponoini 1 km. T
OHCpaTI/IBHaSI [naMiaTb — KOJHYCCTBO  AYCCK

pa3MEpPOM B aTOM BOJIOPO/IA.

Bce onepanun oOMeHa MpoxosT CO CKOPOCTHIO CBETA. %

IIpor3BOAUTENBLHOCTD — 10°2 oIepanui B CEKyH/IY.

Bcero BapuanTtoB (n-1)! TpynoemMkocTs n!.
st n=100 mony4daem 10"? OIIEpaLUH.
Bpemst cuera 10" CEKYH]I.

Bonpoc. MoHO i1 mputyMaTh TOYHBIN alTOPUTM AJIS1 PELICHUS 33]1a4l KOMMHU-

BOSDKEpA C TPYLOEMKOCTBIO O(n°2")?
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3agaun MapumIpyTu3sanuu oo ==
a— \

J — MHOKECTBO KJIMEHTOB

K — MHOXECTBO IPy30BUKOB

O — Tpy30II0JbEMHOCTb I'py30BUKA k€K ﬁ -« @
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CocraBjieHMe pacnucaHuid HA OTHOM CTaHKe

HGHO n I[CTEU’ICIZ n OAWH CTAaHOK, C; — JIMTCIBHOCTh IICPCHAJTAAKH CTAaHKa JJIsd

00palbOTKH j-1 A€TaJU MOCIE -1 IETaNH, p; — IIUTEIBHOCTh 0OPAOOTKY j-ii IeTalu.

Hatu  nocienoBarenbHOCT, 00paOOTKM JeTajici, HMMCIONIYI0 MHUHHMAIbHYIO

CYMMAapPHYIO JUIMTEILHOCTb.

in in—l con il

ACTaJIN CTaHOK
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Packpou pyJIOHHOT0 MaTepuaja ¢ pUCYHKOM

LaHo GeckoHEUHBIN PYJIOH ¢ PUCYHKOM B 1M M pa3Mephl # KyCKOB

0<s;<1 —mnavano Kyckaj, 0<f; <1 — xonen kyckaj. Hauano pyysoHa u Kkonen
packpos — fj.

Hautu mnocrnenoBarebHOCTh OTPE3aHUs KYCKOB ¢ MUHUMAJIbHOM JIJIHHON MCIOJIb-
30BAHHOTO MaTepHaa

—fi, ecmn s; < f;

3amaya KoMMMBOSKEpa 11 (n + 1)-ro ropoja.

si= T ecnu s ; 2 f;,
/A I+s;
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AJITOpUTMHUYECKAA CJIA0KHOCTh

3aAaaum pacnosHaBaHUA — 3aJa4 C OTBETOM «da» WIH «Hemy. IIpumep: ecTh nn

B rpad)e raMuIbTOHOB LIUKJI?
Knacc NP — xiracc 3amau pacrio3HaBaHHs, B KOTOPHIX MOJKHO IPOBEPHTH OTBET
«1a» 3a MOJIMHOMUAIIBHOE BPEMSI.

NP-nonHbie 3aaauv — camble TpyaHbIe 3agaud B NP, To ecTh ecnu CyIecTByeT

TOYHBIN MMOJUHOMUAIIBHBIA AJTOPUTM JUISL PEUICHUA OJHOM U3 HUX, TO CYIIECTBYET

TOYHBIN MOJUHOMHUAIBHBIN AJITOPUTM JUJIS PEIIEHUS BCEX 3a/1a4 u3 kiaacca NP.

NP -TpyaHbIe 3aaa4u — 3amaul KOTOPBIE MOTYT He JekaTh B NP, HO KOTopbie He

nipoie NP-1oaHbIX.

Knacc P — xiracc 3agau pacrosHaBaHHsS, KOTOPBIC MOXKHO PEIIUTH IOJHMHOMUATIb-

HBIM aJITOPHUTMOM.

TTpobnema P = NP? crout $1 mim. http://www.claymath.org/millennium/
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Kakue u3 cjieaylomux yrBepKJIeHUH sIBJISIOTCSH BEPHbIMHU ?

1. Ecnu 3apada gBisierca NP-mOaHOM, TO HE CYHIECTBYET TOYHOTO ITOJMHOMHUAIb-
HOTO aJITOPUTMA JIJISI €€ PEIICHUS.

2. Ecnu 3agava saBisgercss NP-1iosHOM, TO MOKa HUKOMY HE YAAJIOCh HAWTU TOYHBIM

OJIMHOMHAJIbHBIN AJITOPUTM IJIsA €C PCIICHMS.

3. Eciiu 3amaua siBiasietcs NP-monHOM, TO MaJIOBEpOSITHO, YTO KTO-HUOYAb KOTja-

HUOY b HAWJIET TOYHBIN ITOJUHOMUAJIBHBIA aITOPUTM IS €€ PEIICHUS.

4. Eciim HEKoTOpas 3anada sABJsieTcss NP-IoJTHOM, M yJacTCsl HAUTH TOYHBIA MOJIH-
HOMMAJIbHBIN aJrOpPUTM JUJIS €€ PEIICHMs, TO MPOBEpPKa rpada Ha raMUJIbTOHO-

BOCTb OyJIET IIPOCTOH (pa3peinmmMoii 3a MOJMHOMHUAIIBHOE BpEeMS )

5. Eciin nyist Hekotopoit NP-1ojiHON 3a7aumn OyAeT IOoJydeHa SKCIOHEHIHaIbHAas

HWXKHSA OLIEHKA TPYJO0EMKOCTH TOYHOIO petieHus, To P # NP.
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Kakmue u3 ciieayomux jmarpaMmmM BepHbI?

a) 0)

NP-nonHble

OC)

NP-nonHble

NP
@

NP

NP-nonHble
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Teopema 1. 3amaya xkomMmMuBoOsDKepa siBisgercs NP-TpynHoii naxke B ciaydae, Korna
(C;j) — EBKIMIOBBLI PACCTOSHUA HA IUIOCKOCTH, TO €CTh MaTpHlla CHMMETpHYHA W

YAOBJICTBOPACT HCPABCHCTBY TPCYI'OJIbHHUKA

ci<ciptey ,1<i,j,k<n.

Teopema 2. Eciu CylECTBYET NMPUOJIMKEHHBIM MOJIMHOMUAIBHBIA alNroput™M A U

KOHCTaHTa 7, 1 < 7 < oo Takue, 4TO I JIoOOro npumepa / 3aj1auu KOMMHUBOSHKEpa
BepHO A(]) <r OPT(I), To P = NP.

Bonpoc. OcraHeTcs M BEPHBIM 3TO YTBEPKICHHE MPH 3aMEHE KOHCTAHTBHI 7 Ha
dyukunn 2", €', e”™, rae p(n) NPOU3BOIBHBINA OIUHOM OT /17
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Hoka3atenbcteo. PaccMorpum NP—monHyio 3agady B raMHUIbTOHOBOM IIHKJIC: JTaH
rpadp G = (V, E), npaBaa Ji, 4TO OH COJICP>KUT TaMUJIBTOHOB IUKJI? Ecin ycioBus
TEOPEMBI BEPHBI U TaKUE€ A W ¥ CYIIECCTBYIOT, TO MbI IIOJYYHUM TOYHBIM MOJIUHOMH-
albHBIN aJITOPUTM PEIICHHUS 3aJa4d O raMUJILTOHOBOM 1Hukie. I1o 3amanHomy rpady
G = (V, E) noctpoum mpumep 3aj1a4d KOMMHUBOSHKEPA, MOJ0KHUB
Cij:{l’ eclu (?]:)EE, _—

nr, ecau (ij)¢ E,
[IppuMeHUM anroput™ A ¥ MOCMOTPUM Ha OTBET. EC/IM MOayYyniIv MUK JJIUHBI /7, TO
rpad G, O4EBUAHO, COACPKUT TaMUIBTOHOB ITHKIIL.

Ecnu nyivHa mukia 0ojbliie 7, TO OHAa HE MEHbIIE yeM n-r + (n — 1), Tak KaK BKJIFOYa-
€T BEC XOTsI OBl OJHOIO M3 «TsKeNIbIX» pedep. Ho B aToM ciiydae rpad G HE MOXKET
MMETh FaMUJIbTOHOB ITMKJ, TaK KaK alropuT™M A ommbaeTcs He Oojiee ueM B » pa3 U
OTBET B 3aJlau€ KOMMHBOSDKEpA HE JOJKEH HNPEBOCXOAUTH -7, €CIM IaMUJIBTOHOB
UK €CTh. MTak, anroputM A Bcerjaa aaeT NpaBUIbHBIM OTBET JJisi NP—moiaHOu

3aJ1a4¥ U UMEET MOJIUHOMHUAIIBHYIO TPYJIOEMKOCTD, TO €CTh P = NP. W
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AJITOPUTMBI JIOKAJBLHOI'0 CIIyCKA

IIyctb C — ramMmuinbTOHOB UK. N(C) — OKpPECTHOCTbH ITOJMHOMHAIBHON MOIIHOCTH,
T. €. YUCJIO BJIEMEHTOB OKPECTHOCTU MOJUHOMHUAIBHO OTPAHUYEHO.

a b

1 d
BrioupaeM B C 1Ba HECMEXKHBIX peOpa M 3aMEHSIEM UX JPYyTUMHU Tak, 4TOObl CHOBA
MOJIYYMJICS TaMUJIbTOHOB IUKJI. Beero takux coceneit n(n —3) / 2.

TTpumepbr okpecTHOCTeMW:

OKpeCTHOCTh 2—3aMEHa

a b

C d

AHAJIIOTMYHO NOJy4aeM OKPECTHOCTH 3— 3aMeHa, 4—3aMeHa U T.J.
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CTaHJapTHBIM AJITOPUTM JIOKAJBHOI'0 CMYCKA

1. Beiopats Cy) — HavanbHBIN MUK U BBIYUCIUTH ero aauny F(Cy), 1 := 0.
2. Hawtn Hamnydmero coceaa Ciyq misa nukna C; .
F(Cip) = min {F(C) | Ce MC)) .
3. Ecou F(Ci1) < F(C;), TO IONOXUTH [ ;=1 + | 1 BEpHYThCA HaA 2,
nHaue STOP, C; — JIOKaJIbHBI MUHUMYM.

JIokabHBIN CITyCK MOET MOTPEOOBATH AKCIIOHEHIIMAIBHOTO YK CJIa 11aroB..

TTorpewHoCTb NOKANbHLIX ONTUMYMOB

Teopema 3. Ilyctb 4 — aiaropuT™m JIOKaJIBHOTO CITyCKa U OKpecTHOCTh N(C) umeeT

MTOJIMHOMHUAJIbHY0 MOIITHOCTB. Ecin cymiecTByeTr KOHCTaHTa », 1 < 7 < o0 Takas, 4To

U151 IF0OOro nmpuMepa / 3a1aum KOMMHUBOSDKEpaA CIIPABEJIMBO HEPABEHCTBO

A() <r-OPI(), To P=NP.
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[oka3atenbctBo. (AHamOruyHO MpeaplaymeMy) PaccMoTpuM 3amady B raMHIbTO-
HOBOM IIMKJIE U TIOJIYYMM TOYHBIN MTOJUHOMUAIIBHBIA AITOPUTM €€ pemeHus. CHOBA
no rpady G = (V, E) ctpoum MaTpuiy

{1, eciu (ij) € E, n=lV|

C..: .
’ nr, ecmu (ij)gE,

J

BriOupaeM mnpousBoibHbIM 1Huka Cy. Ero moimHa B XyJmieM ciiydae paBHA
F(Co)=(nr)n.

Ha xaxgoMm 1miare JOKaJIbHOIO CIyCKa YacTh «TSHKEJBIX PeOep» 3aMEHSETCS Ha JIET-
kue. [Ipu caMmoM JJIMHHOM CITYyCKE OJHO «TSIXKEJI0e» peOpo 3aMEHSETCsl HA OJHO JIET-
KO€. 3HAYUT YMCJIO MIaroB (BO3BpAaIlCHUWN Ha M.2) HE MPeBOCXOAUT 7. Kaxkapii mar
UMEET MOJMHOMUAIBHYIO TPYJIOEMKOCTh, TaK KaK OKpecTHOCTh N(C) UMEET MOJIUHO-
MHAJBbHYI MOIIHOCTh. CIIeNOBATENBHO, ANTOPUTM A SBJIAECTCS MOJUHOMHUAIBHBIM
1A JTAHHOTO KJjlacca NMPUMEPOB M, KaK CIEAYET U3 JI0KA3aTEJIbCTBA IMPEABIAYIIECH

T€OPEMBI, A — TOYHBIN aNrOpuT™M. 3Ha4uT P = NP. B
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IBPUCTHYECKHE AJITOPUTMBbI

Anroputm A «Mau B 6nmxavlimiA U3 HenpouaeHHLIX ropoAoB>»

1. BriOupaem npou3BOJILHBINA FOPO .
2. Haxoaum Onmxaiiiiuii ropof K i1, 0003Ha4aeM ero i, u moMevaeM ropoJi ij:

= ming; ;

C. [ ]
l
J#i, 1/

L,

3. Ha /k-M mare Haxoaum OJv>KaWIIuid ropojl K iy, 0003Ha4YaeM €ro ixy| U momeya-
€M TOPOJT I :

= min c¢; ;

C. .
Ul . . L]
JEL sy,

Teopema 4. Jlns moOoro » > 1 Haiiaercsa npumep / 3a1a4 KOMMHUBOSDKEpa TaKOH,
4TO
Ag(l) = r OPT(I)
Jaxe MPU YCIIOBUH, UYTO C;; < Cjx + Cpj, IS BCEX 1<i,j, k<n.
(CnenctBue Teopemsl 27?)
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Tpyaublii npumMep aja aaropurmMa Ag

Nmeerca 15 ropoaoB, pacIioIOKEHHBIX HA OKPYXHOCTH JUIMHOM 15 enuHwuI,
OPIT(I) =15.
AnropuTt™ Ag noaydaer 27 e1uHUILIL:
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BeposATHOCTHBIM aHAJIOI aJIropurMa Ay

Anroput™m Ag(a), a> 1.
Ha k-M miare ¢oopMupyeM CiMCOK KaHAUJaTOB
[ (a) :{j Z 1]yl |Cikj <a min cl-k]}
J#L el
Clieayromui ropos ij+; BbIOMpAETCs U3 CIIUCKA KaHAUJATOB CIIy4alHbIM 00pa3oM.

IIpn o= 1 nonydaeM anroputm «Mam B OJIMKANIINAN U3 HEPONICHHBIX TOPOIOBY.
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NrTepaniMOHHBIN AJITOPUTM

Anroput™ Ag( o) IPUMEHSETCS HECKOJIBKO Pa3 M JJId KaKJI0r0 PELICHUS UCIOIb3Y-
€TCs CTaHAApTHas MPOLEaYypa JOKAJIbHOr0O cnycka. JIydnnii u3 HahuJAECHHBIX JIOKAJIb-

HBIX ONITUMYMOB MPEABSBISCTCS B KAUECTBE OTBETA.
1. Tlonaraem F = oo
2.For t:=1,....,T do
2.1. Ilpumensiem anroput™m Ag( ) nu nonydaeM muki Cy.
2.2. IIpuMeHsieM aliTOPUTM JIOKAJIBHOT'O CITyCKa C HaYaJIbHBIM pereHuem Cy.

2.3. Eciii mosty4yeHHBIN JTOKaIbHBI MUHUMYM C; MEHbIIIE pEeKopaa, T.€.

F(@) <F", 1o MenseM pexopn F~ = F(@).

YeeauuuBas T u o, OyaeM moaydaTh Bce Oojiee U 00jIee TOUHBIC PEIICHUS.
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OnTtumansHoe pelleHue 3aaaum ana n = 532
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PacctogHue oT nokanbHbLIX onTuUMymoe A0 rnobanbHoOro

900
800
700
600
500
400
300
200
100

0

200

300

400 500
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IHouck ¢ yepeaywmmumucs okpectTHocTsaMu (VNS)

1. BreiOpath HauanbpHOE pemieHue C, nonoxuts F* = F(C), onpeaeauTb CUCTEMY

OKpecTHOCTEN N, ..., Nk.
2. Tloka HE BBITIOJIHEH KPUTEPHUM OCTAHOBKH, JIEJIATh CICAYIOIIEE:

2.1. Ilonoxwuts k ;= 1.
2.2. IloBTopsTh noka k < K:
2.2.1. Beiopats pemienue C’B okpecTHOCTH Ni(C) ciaydailHBIM 00pa3oM;

2.2.2. IlpuMeHUTH JIOKAIBHBIA CIIYCK C OKPECTHOCThO Ni, B3AB C’ B
Ka4eCTBE CTAPTOBOU TOYKH, U TOJNYYUTH JIOKAIBHBIN MUHUMYM.

Oo6o03HaunM ero C”;
2.2.3. Ecmu F(C") < F(C), To nonoxwuth C := C" 1 BepHYyThCA Ha 2.1,

UHAaYe MOJOXUTh k .=k + 1.

20
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Pe3ynbTaThl YMCNEHHBIX 3KCMepUMeHTOB

Jlydiiee HaWIECHHOE PEIICHUE

Bpewms cuera

" 2-opt VNS 2-opt VNS
100 825,69 811,95 0,25 0,17
200 1156,98 1132,63 3,88 2,82
300 1409,24 1376,76 12,12 9,35
400 1623,60 1577,42 46,13 34,37
500 1812,08 1756,26 110,64 91,00
600 1991,56 1925,51 204,60 173,07
700 2134,86 2089,33 347,77 259,06
800 2279,18 2190,83 539,94 462,23
900 2547,43 2342,01 699,33 624,74
1000 2918,10 2483,95 891,61 792,88
Cpenuee 1887,87 1768,67 285,63 244 97

21
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AJITOPUTMBI ¢ TAPAHTHUPOBAHHOM TOYHOCTHIO

OctosHoe paepeso. [lan cBsasHbl rpad G = (V, E), kaxxaoMmy pedpy e€ E npunvcas

BeC W, > (. Haiitu B G OCTOBHOE JIEPEBO C MUHUMAJILHBIM CYMMapHBIM BECOM pedep.

Anroputm Kpyckana Ax AaeT TOYHOE PEIICHUE 3aJa4yd W HWDKHIOK OIECHKY s

3aa91 KOMMHUBOSKEPA.

Ax(I) < OPT(]).

(D10 mpocto ?!)
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JIBoiiHOM 00X0 OCTOBHOI'0 JiepeBa

OO0x0auM OCTOBHOE ASPEBO MO IpaBuiry ajaropurma «llouck B rmyouny». Ilomydaem
MapIIpyT, OPOXOAAIINNA YEPE3 BCE BEPIIMHBI. JIMCThA MOCEUIAKOTCI OAWH Pa3, HO
BHYTPEHHUE BEPIIMHBI OCEUIAKOTCI HECKOJIBKO Pas.
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IlepecTpouKa 0OCTOBHOIO JiepeBa

0 )
\\JZ——

D —> ,

I[BI/I}I(CMC}I BAOJIb CTPCJIIOK H IIOMCYHACM BCPIIHNHLI. Ecnn oucpcaHasa BCPIINHA YKC

Q

N

O

ITIOMCYCHA, TO IIPOITYyCKACM €€ U IBHUI'aCMCA JAJIBIIC, IIOKA HC HaﬁHCM HCIIOMCYCHHY1O
BCPIIMHY HNJIN HC BCPHCMCI B IICPBYIO BCPIIMHY. HCHO‘IK}’ Ayr AJpl IIOMCYCHHBIX

BEPIIMH 3aMEHIEM NPSIMON AYTrOU B HEMIOMEUYEHHYIO WJIHU TIEPBYIO BEPIIUHY.
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O1eHKa TOYHOCTH aJITOPUTMA

Teopema 5. Eciau martpuna (c;) yIOBIETBOPSIET HEPABEHCTBY TPEYTOJNBHUKA, TO

ANITOPUTM TIEPECTPONKHU ABOMHOTO 00X0Ja OCTOBHOIO jepeBa Agy moaydaet I'aMuiib-
TOHOB LIMKJ He 0oJiee 4eM B 2 pasza XyKe€ ONTHUMAJILHOTO JJIs J1000ro mpumepa [/

3aa491 KOMMHUBOKEPA, TO CCTh

Agr (I) <2 OPT(]).
[oka3atenbcTBo. /I 1inHBI IBOHHOr0 00X01a KMEEM

2 Ag (I) < 2 OPT().

[Iycts HOBOE peOpo e, HE coieprkalleecs B JBOMHOM O0XO0JI€, 3aMEHSIET ILENOYKY

pedep {ej, ea,..., e;}. I3 HepaBeHCTBA TPEYTOJIbHUKA CIEAYET, UTO

k
We < D W , To ecth Asr () <2 Ak () <2 OPT(I). ®
i=1
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Teopema 6. [lonyueHHas olleHKa TOYHOCTH
Agsr (1) <2 OPT()
ABJISIETCS HEYITYUYIIaeMOM.

Hoka3atenbcteo. IlpuBenem mnpumep ceMeMCTBA HCXOAHBIX JAHHBIX 3aJa9M

KOMMUMBOAKECPA, HA KOTOPOM OILICHKA 2 HOCTHUTACTCA ACUMIITOTHYCCKH.

PaccMoTpuM cienyronyi npuMep Ha INIOCKOCTH ¢ 3(n +1) BeplmHaMu:

E{® ®1 ¢
{o ° ° ° ° 0}

3 1 1 rl—¢
\ @ o0 N ) o0 o O o /

| 1Y J\_Y_IH—J \_Y_IHI_J

e l-¢ g ¢
\\g J
n
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J1J1s1 3TOTO IIpUMEpPa MUHUMAJIBHOE OCTOBHOE JE€PEBO UMEET BU:

JlnnHa octoBHOrO nepeBa Ax=n+(n+ 1)(1 — &) +2¢

AJITOPUTM NEPECTPOMKH ABOMHOIO 00X0/1a MOJTYYUT PEIICHUE

B

Jlnuna storo I'amunbToHOBa MKNa Agr~ 2n+2n (1 — &)
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OnTtumansHoe pemenue 3agaud OPT(]) = 2n +2.

Takum obopazom, mpun — © U &—> 0 nonydaeM Asr (/) / OPT(I) > 2. N
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