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3apaga KOMMHUBOSIKEPA Ycaosue

YcaoBue

3apada KOMMUBOSIKEPA
EcTb n ropopoB 1 m ABYCTOPOHHUX AOPOL.
AAST KaXKAOU AOPOTI'M M3BECTHA €€ AAWHA.
Meb1 HaurHaeM B PUKCUPOBAHHOM I'OPOAE.

MBI XOTUM [OCETUTb Ka’KAbIM I'OPOA POBHO OAMH pas.

[Tpu aTOM MBI XOTUM MUHWMHU3WPOBATH CYMMapHYIO AAVHY
IPOUAEHHBIX AOPOT.
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3apaga KOMMHUBOSIKEPA Ycaosue

YcaoBue

MeTpuueckasa 3apada KOMMUBOSAKEPA
EcTb n ropopoB — IIyCTh 3TO TOYKW HA [IAOCKOCTH.
Me>kpy Ka’KAOH IapoM T'OPOAOB €CTh AOPOTa.

Eé pArnHa — paccTosinue MesKAYy I'OPOAaMU.
Meb1 HaurHaeM B PUKCUPOBAHHOM I'OPOAE.

MBI XOTUM MOCETUTH Ka’KABIM TOPOA POBHO OAWH pas.

[Tpn aTOM MBI XOTMM MUHWMHU3WPOBATHL CYMMapHYIO AAVUHY
IPOUAEHHBIX AOPOT.
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3apaga KOMMHUBOSIKEPA TTpumep

[ Ipumep
[ Tpumep
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n=9 B=29.1077
@ Mbl HaurMHaeM B ropoae 1.
o Hawayummii nyTe uMeeT AAMHY B 1 0003HaUeH KPacHOU
AMHUEN.

o HalTh HAaMAYUIINHK IIYTh CAOKHO — MOIPOOyeM BMECTO 3TOTO
HAaUTU KaKOe-HUOYAb PeIlleHne, IIPO KOTOPOe IOAYYUTCS
AOKa3aTh, UTO OHO AOCTATOYHO XOpOlIee.
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3apaga KOMMHUBOSIKEPA

TTpuOAMIKEHHBIH aATOPUTM

[ IprnOAVM>KEHHBIM AATOPUTM

2-npubOAVIKeHnEe

® po;
a .
.

T=26.93129 D=37.82912
o CymMmMapHas AAMHA pébep B MUHHMAABHOM OCTOBHOM A€peBe —
ero pébpa BLIAGAEHBI 3eAEHBIM ITBETOM — paBHa T.

o OOOMAEM AepeBO B TIOPSIAKE TIOCEIEeHUsT TONCKOM B TAYOUHY,
IIOAYYUM CUHWUUW IIYTHh AAWHEL D.

MBau Kasmenko et al.
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3apaga KOMMHUBOSIKEPA

TTpuOAMIKEHHBIH aATOPUTM

[ IprnOAVM>KEHHBIM AATOPUTM

2-npubOAVIKeHnEe

\
td

]
@~\@\ @'

B=29.1077

D=37.82912
@ OnTuMaAbHBIUA IIYTh B ABASIETCS OCTOBHBIM AEPEBOM, HO He
00s3aTCALHO MUHUMAALULIM. 3HauuT, 1 < B

@ Tlo HepaBeHCTBY TPEYTOABHUKA AAMHA O00XOAa AepeBa He

OOABIIIe YABOEHHOU CyMMEI ero pédep. [Tosromy D < 2T.

@ [Toayuwaercs, uto D < 2B, TO eCTb HAUACHHEIN IIyTh He OoAee
JyeM B ABa pasa XyykKe ONTUMAABHOTO.

MBaun Kasmenko et al. (CII6IY)

OBPUCTHYECKHIE METOABI 20.03.2025 6/43



3apaua KOMMUBOSIKEDA CAORHOCTE

CAOXHOCTDL

CAOXHOCTD

e Ecau HauaabHBIN IOpop 3adUKCUPOBaH, cyilecrsyer (n — 1)!
Pa3sAMYHBIX TTyTeH.

W3 HUxX HY>XHO BBEIOpPATh KPAaT4aMUIINN.

n = 10: Bcero 9! = 362880 myTeti.

n = 20: Bcero 19! = 121645 100 408 832000 myTeri.
n = 100: Bcero 99! ~ 9.332 - 10"7 myTeti.
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3apaua KOMMUBOSIKEDA CAORHOCTE

CAOXHOCTDL

CAOXHOCTB
@ O1o NP-TpyaHas 3apada.
@ OTo 3HAuuUT, YTO pelleHue 3a Bpems Poly(n) HeuspecTHO.

e Boaee Toro, ecam ypacTcs pelinTh €€ 3a TaKoe BpeMsi, 3TO
OYAeT 3HaUMTh, UYTO MHOTHE 3aAaUM, CYUTAIOIINECS TPYAHBIMH,
TAK)XE MUMEIOT PelleHre 3a [IOAMHOMHUAABHOE BPEMSI.

o HpaKTI/I‘IeCKI/Iﬁ CMBICA: CKOpee BCero, He YAACTCI HalTHu
OIITMMAABHOE pelleHue AAA AOCTATOYHO OOABIINX 1.

@ 3HauuT, OyAEM UCKATh pelleHne, OAN3KOe K OIITUMAaABHOMY,
WAH TIPOCTO KaK MOKHO AyUIIIEe.
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3apaga KOMMHUBOSIKEPA Kakne GBIBAIOT pemeHus

Kakwne OBIBAIOT pelieHud

M aeanbHBIV IIAQH 3aHSTHS:
PaccMmoTpuM 3apauy.
PazbepéM HECKOABKO pellleHui.

AoKkaykeM, 4YTO OHM paboTaroT OBICTPO M IIPaBUABHO.

HayuumMcss peaan3oBbIBaTH UX B IIpOrpaMMe KOPOTKO U
TTOHSITHO.

[IraH 3TOro 3aHATHUA:
PaccMmoTpuMm 3apauy.
PazbepéM HECKOABKO pelleHHH.

Hudero e 6yaeM AOKa3bIBATh.
21211

[TonnpoGyeM OOBACHUTL UHTYUTHUBHO, IOYEMY OAHHU DelIeHUsS
AOAJKHEBI pabOTaTh Aydllle APYTHX.
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3apaga KOMMHUBOSIKEPA Kakne GBIBAIOT pemeHus

Kakwne OBIBAIOT pelieHud

[IraH 3TOTO 3aHATHA:
PaccMmoTpuM 3apauy.
PazbepéM HECKOABKO pellleHui.

Huygero e 6ypeM AOKA3bIBATh.
21211

[Tonnpo6yeM OOBACHUTHL UHTYUTHUBHO, IOYEMY OAHHU pPeEIIeHUsS
AOASKHEBI pabOTATh Aydllle APYTHX.

[Touemy Taxk:
@ AOKa3bIBaTh, YTO Yy HAC TTOAYYATCS HACKOABKO-TO XOPOIINeE
pelieHus, CAOKHO.
@ Haiita koHeuHas IleAb celyac — He TeopeTudyeckoe
00OOCHOBaHMe, a MPAaKTUUYECKOe pellleHne, TToAydarolee
XOPOIINY PEe3yAbTAT.
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3apaga KOMMHUBOSIKEPA MeTop MonTe-Kapao

MeTop MonuTe-Kapao

1. Metoa MonTe-Kapao (Monte-Carlo Method)
@ BriGepeM cAydalHBIN IIYTH U IIOCYUTAEM €I'0 AAUHY.

o CaenaeM 39TO MHOI'O pa3 M BbIOEpeM HAWMAYUIIUU OTBET.
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3apaga KOMMHUBOSIKEPA AOKarbHOE M3MEHEHHe

/AOKaAABHOE U3MEeHeHUe

AOKAABHOE W3MEHEHUE

o IpuayMaeM AOKAABHOE U3MEHEHUE: KAK HEMHOT'O IIOMEHSTh
Ty Th.

@ OKpPECTHOCTDL TTYTHU p — KaKWe MYTH MOKHO TIOAYYUTH U3 P
OAHMM AOKaAbHBIM M3MEHEHUEeM.

o CaM IyTb P AOAKEH IIOMEHSIThCSI He OYEHb CHUABLHO.
LleAb — TTOMEHSTh AOAJKHO OBITH ObICTpee, YeM CTPOUTH HOBBLIU
Ty Th.

o AAuHa myTH f(p) TOXKe AOAYKHA TIOMEHSITHLCS He OUeHb CUABHO.
Lleab — B OKPECTHOCTH IIyTU p 3HaueHud [ moxoxxu Ha f(p).
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3apaga KOMMHUBOSIKEPA AOKarbHOE M3MEHEHHe

/AOKaAABHOE U3MEeHeHUe

AOKaAbHOE U3MEHEeHUe
e Xopolllee A0KAAbHOE U3MEHEHUE: [IePEBEPHYTh OTPE30K IIyTH.
e Ianyrma---b-c---d-e---f penaemnnyte a---b-d---c-e---1I.

@ l3MmeHeHuNe aAUHBL péOpa bc u de 3aMeHsOTCS Ha pedbpa bd u
ce.

o Ecam XpaHUTh OyTh B MaccuBe, IIPUAETCS IIEPEBEPHYTh
OTPEe3oK.

@ YTOOBI 3TO MOAYYAAOCH OBICTPO, MOKHO BLIOMPATH KOPOTKUE
OTPE3KH.
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3apaga KOMMHUBOSIKEPA AOKarbHOE M3MEHEHHe

/AOKaAABHOE U3MEeHeHUe

[TprMep AOKAABHOI'O M3MEHEHUS
(©)

..

o Crapweii yTh: 1-2-5-8-9-7-3-4-6 (cUHIg AMHUSI CAEBA).
o HoBwit myTh: 1-2-3-7-9-8-5-4-6 (CIAOIIHASA AMHUS COPAaBa).
® YpanéHHBIe péOpa: 2-5 U 3 - 4 (KpacHble MYHKTUPHEIE).

@ AoGaBaeHHBIE pébpa: 2-3 U 5- 4 (3eAéHbIe).
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3apaga KOMMHUBOSIKEPA CayuaitHOe GAyKAAHIE

CaAyuariHOe OAy KAQHUE

2. Cayuaunoe Onyxpanve (Random Walk)
@ BriGepeM cAydalHBIN IIYTH U IIOCYUTAEM €I'0 AAUHY.

o CaenaeM CAy4YalMHOE AOKAABHOE M3MEHEHME U IIePEeCUYnuTaeM
AAVHY.

o [ToBTOPMM IIpeABIAYIIIMU IIIaT MHOTO pa3 M BhlOepeM
HAWuAy4IINW OTBET.

o [TpenMyIIecTBO: MBI yCIIeeM pPacCMOTpeTh OOABIIe Ty TeM.
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3apaga KOMMHUBOSIKEPA CayuaitHOe GAyKAAHIE

CaAyuariHOe OAy KAQHUE

2. Cayuaunoe Onyxpanve (Random Walk)

s := randomState
f score (s)
fBest := f; sBest := s
for step = 0; step < steps; step++:
c := randomLocalChange
f := applyAndRescore (s, c)
if fBest > f:
fBest := f; sBest := s

Constants example:
steps = 1000000 )

ECJ MU
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3apaga KOMMHUBOSIKEPA TToncK AOKaABHOTO OITHUMyMa

[Tonck AOKAABHOTO OIITUMyMa

3. Ilouck aokaabHOro onrumyma (Hill Climbing)
@ BriGepeM cAydalHBIN IIYTH U IIOCYUTAEM €I'0 AAUHY.

o CaenaeM CAy4YalMHOE AOKAABHOE M3MEHEHME U IIePEeCUYnuTaeM
AAVHY.

Ecam AAWHA IIYTHU CTAaAd GOABH_[e, OTMEHUM OTO M3MEHEHHE.

[MToBTOPMM IPEABLIAYIIIHE ABA IIara MHOT'O Pas.

Pano mAM no3pHO MBI HAaVAEM AOKAABHBIY OIITUMYM: TAKOU
MyTh, B OKPECTHOCTH KOTOPOTO HET MyTeH AydIIIe.
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3apaga KOMMHUBOSIKEPA TToncK AOKaABHOTO OITHUMyMa

[Tonck AOKAABHOTO OIITUMyMa

3. Ilouck aokaabHOro onrumyma (Hill Climbing)

s := randomState
f := score (s)
fBest := f; sBest := s
for step = 0; step < steps; step++:
c := randomLocalChange
fold := £
f := applyAndRescore (s, c)
if £ > fold:

f := £01ld; revert (s, c)
else if fBest > f:
fBest := f; sBest := s )

Constants example:
steps = 1000000
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3apaga KOMMHUBOSIKEPA Kak coBmecTnTn

Kak coBmecTUTh

CayualiHOe OAy>KAQHUE:!
o PaHo mAM mO3AHO TTOCETUM BCE COCTOSIHUS.
@ Ho 3T0 3aliMET CAMIIIKOM MHOI'O BPEMEHMU.
[Tonck AOKAABHOIO OIITUMYyMaA:
@ BhICTpO HAWAEM AOKAABHBIM OIITUMYM.
@ Ho nmkoraa 13 Hero He BBIMAEM.

Kak coBMeCTUTh TpemMyIecTBa 3TUX TTOAXOAOB?

@ AelCTBOBATH TPUMEPHO KaK B CAYUYAMHOM OAYRAQHUH.

e Ho ABUTATLCA K XOPOIITMM PEINCHUSAM.
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3apaga KOMMHUBOSIKEPA Tlopororoe mpuHsATHE

IToporosoe npuHaTHE

4. Tloporosoe nipunsaTue (Threshold Accepting)

@ BriGepeM cAydalHBIN IIYTH U IIOCYUTAEM €I'0 AAUHY.

o CaenaeM CAy4YalMHOE AOKAABHOE M3MEHEHME U IIePEeCUYnuTaeM
AAVHY.

o Ecam pAmMHA IIyTH cTaaa XysKe OOAee 4eM Ha MOPOTOBOE
3HaueHue ¢ (threshold), orMeHrM 3TO U3MeHeHUe.

o [TorTOpMM TIpEABIAYIIIME ABa ITara MHOTO pas.

o [Ipu 3ToM 3HaueHue ! YyMeHbIIAETCS:

© B HaYaAe OHO OYEHL OOABIIIOE, M MPUHUMAIOTCS MOUYTU AIOObIE
W3MEeHEeHHUs;

@ B KOHIIE OHO O4YeHb MaA€HBKOe, U IIPUHUMAIOTCS MTOYTU TOABKO
YAy UILIEHUS;

@ B CepepdHEe aATOPUTM B CPeAHEM ABMIKETCs K 0OAee XOPOIIMM
pelIeHUsIM.
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3apaga KOMMHUBOSIKEPA Tloporosoe mpuHATHE

IToporosoe npuHaTHE

4. Tloporosoe nipunsaTue (Threshold Accepting)

s := randomState
f score (s)
fBest := f; sBest := s
for t := tMax; t > tMin; t -= tStep:
c := randomLocalChange
fold := £
f := applyAndRescore (s, c)
if £ > f0old + t:

f := £01ld; revert (s, c)
else if fBest > f:
fBest := f; sBest := s )

A
Constants example:

tMax = 2.0 * averageScoreDelta

tMin = 0.0 * averageScoreDelta
tStep = 0.00001 * averageScoreDelta

ECJ MU
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3apaga KOMMHUBOSIKEPA MeTop, oTRUTa

MeTop oT>Xura

d. Metop, orxxura (Simulated Annealing)
@ BriGepeM cAydalHBIN IIYTH U IIOCYUTAEM €I'0 AAUHY.

o CaenaeM CAy4YalMHOE AOKAABHOE M3MEHEHME U IIePEeCUYnuTaeM
AAVHY.

o EcAm AAMHA IIyTU CcTaAa Xy’Ke, C BEPOITHOCTHIO, 3aBUCAINEHN
OT TOr'0, HACKOABKO XyJ’Ke, U OT TeMIeparypsl ¢ (temperature),
OTMEHMUM 3TO M3MEHEeHUe.

o [ToBTOpHM HpeAbIAYIIME ABa IIara MHOI'O Pas.

o [Ipu aTom 3HaYeHUe { YMEHBINAETCS:

o B HadaAe OHO OYeHb OOABIIOEe, ¥ IPUHUMAIOTCS MOUTU AIOOBIE
U3MEHEHUST;

@ B KOHIIE OHO OYeHb MAaAeHBKOE, U IIPUHUMAIOTCS TTOYTHU TOABKO
YAYUILIEHUS;

@ B CepeprHE aATOPUTM B CPEAHEM ABHJKETCS K OOAee XOPOIINM
pelIeHusIM.
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3apaga KOMMHUBOSIKEPA MeTop, oTRUTa

MeTop oT>Xura

d. Metop, orxxura (Simulated Annealing)

s := randomState

f := score (s)

fBest := f; sBest := s

for t := tMax; t >= tMin; t *= tMult:
c := randomLocalChange
fold := £

f := applyAndRescore (s, c)
if random (0, 1) >= exp ((f0ld - f) / t):

f := £01ld; revert (s, c)
else if fBest > f:
fBest := f; sBest := s )

Constants example:

tMax = 1.0 * averageScoreDelta
tMin = 0.1 * averageScoreDelta
tMult = 0.9999

ECJ MU
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3apaua KOMMUBOSIKEDA BEIGOP KOHCTaHT

BeIOOp KOHCTAHT

Kak BbIOpaTh KOHCTAHTHI:
B aaropurMax ecTb KOHCTaHThI tMax, tMin, ...

Kaxk BBIOpaThb AAST HUIX «IIPAaBUABHBIE» 3HAUEHNS?

OHU CUABHO 3aBUCAT OT 3dA4d49U U pellleHNsd: KaK YyCTpOoeHa
meaeBasd (pYHKU;I/Iﬂ, KaK Ha He€ BAUSET AOKAaAbBHOE U3MeHEeHUeE.

C mepBoOTO pasa, CKOpee BCero, He MOAYUYUTCS YTaAaTh.

ITpuaETCS 9KCIIEpUMEHTUPOBATS:!
e HANMCATh OOIIYIO YaCTh PeIleHus,
@ HAIIKMCATh r'eHepaTop CAY‘-IafIHI:IX TeCTOB,
] HOHpO6OBaTb Pa3HbIie 3HAYEHHWS KOHCTAHT HAa OAHOM W TOM JKe
OoAabIlIIOM HabOpe TeCTOB.
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3apaga KOMMHUBOSIKEPA BEIGOP KOHCTaHT

BeIOOp KOHCTAHT

Kak BbIOpaTh KOHCTAHTHI:

@ B mceBpokope averageScoreDelta — Ha CKOABKO B CDEAHEM
MeHseTcs TeAeBas (PYHKIUS TPU AOKAABHOM M3MeHeHWH, TO
eCTh CpeAHee 3HaueHue abs (f - £01d).

@ B HameMm pelneHUM AOKAaABHOE M3MEHEHHE yAAAseT ABa peOpa
1 A0OABASET ABa APYTHX pebpa.

o ['pybas omenka: averageScoreDelta — 3TO CpepHssT AAMHA
pebpa B NCXOAHOM Tpade.
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CopepxaHue

e CMerkHad 3apada
@ YcaoBue
@ Caepenue
@ Apyroe pellleHHe

(CII8IY) OBPUCTHYECKHIE METOABI

et a

20.03.2025
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CmerkHAs 3apada Ycaosue

YcaoBue

MeTpuueckasa 3apauya KOMMUBOSIKEPA (OBINO)
EcTb n ropopoB — IIyCTh 3TO TOYKW HA [IAOCKOCTH.

Me>kpy Ka’KAOH IapoM T'OPOAOB €CTh AOPOTa.

Eé pArnHa — paccTosinue MesKAYy I'OPOAaMU.

Meb1 HaurHaeM B PUKCUPOBAHHOM I'OPOAE.

MBI XOTUM MOCETUTH Ka’KABIM TOPOA POBHO OAWH pas.

[Tpn aTOM MBI XOTMM MUHWMHU3WPOBATHL CYMMapHYIO AAVUHY
IPOUAEHHBIX AOPOT.
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CmerkHAs 3apada Ycaosue

YcaoBue

3apavya KOMMUBOSIKEPA, «BUA COOKY» (CTAAO)
EcTb n ropopoB — IIyCTh 3TO TOYKW HA [IAOCKOCTH.

Me>kpy Ka’KAOH IapoM T'OPOAOB €CTh AOPOTa.

Eé pArnHa — paccTosinue MesKAYy I'OPOAaMU.

Meb1 HaurHaeM B PUKCUPOBAHHOM I'OPOAE.

MBI XOTHUM TIOCETUThH KaK MOKHO OOABINIE TOPOAOB.

[Tpn aToM MakCcUMaAbHAsd AAMHA HAIIEro MyTH OorpaHudeHa
quCAOM L.
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CmerkHAs 3apada CaepeHne

CBepeHue

Pemmenvie cBepeHMEM K IIPEABIAYIIEN 3apadye

@ YCTpPOMM ¢gBOUYHBLU NOUCK NO OMBEMYy: CKOABKO I'OPOAOB
(TyCTh I) TTOAYYUTCS TOCETUTh.

o Koraa >keraeMoe KOAMYECTBO TOPOAOB I' 3a(pUKCHUPOBAHO,
MUHUMU3UPYEM AAWHY IIYTH C TaKUM KOAMYECTBOM I'OPOAOB.

@ MOJXHO pellaTh TOYHO TaK ’kKe, KaK 3aAauy KOMMUBOSIKEDPA,
HO B IEPECTaHOBKE M3 N TOPOAOB Ba’*keH TOABKO ITOPSAOK
MEePBBIX I' TOPOAOB.

o 1 AAMHa MyTH — 3TO AAWHA TEpPBREIX I' — 1 Aopor.

@ B 3aBUCHMMOCTH OT TOTO, TIOAYYUAOCH AU OOOUTH I TOPOAOB

IIyTEM AAWHEI He OOAee L, ABOUYHBIN IIOMCK ABUTAET I'DAHULIBI
BO3MOJKHBIX I' BIIPABO UAU BAEBO.
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CmeskHast 3apada Apyroe perierue

Apyroe pelieHne

Apyroe pelmeHnue

f=3.52333 f=4.32089

@ BribepeM APYTYIO LIEAEBYIO (DYHKIMIO: CKOABKO I'OPOAOB
(ycThb f) IOAYYUTCS IOCETUTD.

@ OTa (PYHKITUS «CAUIITKOM AWCKpETHag», TaK 4To A0ODaBUM
BeIlleCTBEHHOE YUCAO OT 0 A0 1: KAKYyIO 4acCThb CAEAYIOIIETO
pebpa yaacTcsd IPOUTH.

4 HpI/IMeHI/IMBI Te K€ METOABI, YTO M B 3apqye KOMMI/IBOFDKépa.
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CopepxaHue

@ TouHOe pelieHUne
@ [TpubAMKEHHOE pelIeHne

e 3apaua «CTypeHTRD»
@ YcaoBue

@ ITpumMep
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3apaga «Cryae Ycaosue

YcaoBue

DopmMarbHOE YCAOBHE 3aAauu
@ Ectb n < 6 TeMm.
@ PaccMmoTpum rpad 13 BceX MOAMHOMKECTB TeM, Bcero ux 27,

@ /13 Ka>kpAOM BEPIIMHBI-IIOAMHOXECTBA U IIPOBEAEM AYTY
U — V Bo Bce U C V, B KOTOPBIX HE XBATAE€T POBHO OAHOTO
aaeMeHTa u3 V.

o HeKOTOpBIe BepIITHBL rpa(ba OTMEeUYeHBbI: 3TO CTYAEHTHI,
JKeAaroliye Y3HATh TakKoe IIOAMHOXXeCTBO TeM.

4 APYI'I/IQ BepHivHbl He OTMe4YeHbl! TAKUX CTYAEHTOB HeT.

@ MOoJKHO 3aBecTu I'PYIIIY AASL CTYAEHTOB: BbIOpaTh BeplIuHY A
U TIOKPBITH €€, a Tak’kKe BCe B, B KOTOpHBIe BEAET Ayra A — B.

4 SaAaqa — IIOKPLITEL BCe OTMEYEHHbIEe BePIMTWHbI MUHUMAABHBIM
KOAHNYEeCTBOM I'DYIIII.

@ OTo TIpuMep KOHKPETHOM 3aAauU O TTOKPHITUM MHOKECTBAMM.
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3apava «CTyAEHTHI» TTpumep

[ Ipumep

@ B npumepe n = 4.
@ 3enéHble BEpLIUHBI — CTYASHTHL.

(] OpaHX(eBbIe SAAUIICHEL U CTPEAKU U3 HUX — I'PYILIBL.
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3apaga «Cryae TouHoe pemreHue

TouHOe penreHne

TouHOe pemieHune
AyHaMuKa 110 IpoUAIO Ha IOAMHOXXeCTBaX.

VpéM IO «ypPOBHSAM» IIOAMHOJKECTB (KOANYECTBY 3AEMEHTOB)
CBepXy BHU3.

o CocTosiaue:
@ HA YPOBHSIX BBbINIE€ BC€ OTME€4YEHHbIEC BEPLINHDBI y>X€ IIOKPLITHI,
@ Ha TeKylleM YpPOBHe XpaHUM OUTOBYIO MacKy (IPO(UAB): KaKue
BEPIINHBI YK€ IIOKPBITHI I'PYIIIIAMU C IIPEABIAYINETO YPOBH:A.
@ HA YPOBHSIX HU)Xe HHU4Yero eI_u'é He IIOKPBITO.
o lleaeBast (DyHKIUA: CKOABKO YK€ 3aBEACHO I'DYIIIL.
° .
o ChaoxHOe, He OypeM OAPOOHee ero pa3buparTs.
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3apaga «Cryae TIpubAMKEHHOE pelIeHue

[ IpnOAM>RKEHHOE pelnieHne

[ TpnbAM>KEHHOE pelnleHne
@ CocTosHHMe: KaKue I'PYIIIbl 3aBEACHB], a KaKue HeT (BCero 2%
BO3MOKHBIX BApPUAHTOR).

@ lM3HauaABHO BCe I'DYNIBL 3aBEAEHEL.
@ AOKAABHBEIE U3MEHEHUA:
o AODOABUTH CAyYAWHYIO I'PYHITY, KOTOPOM HET;
® YAQAUTDH CAYYAHHYIO I'PYIILY, KOTOPYIO MOXKHO YAQAUTH (BCe
OTMeUeHHBIE BEPIINHBI OCTAIOTCSI TOKPBLITHIMH).
@ AobGaBaeHre 1poOyeM € BEPOATHOCTBLIO P:
e P =1 B Hauaae paboThl aArroputma, P = 0 B KOHIIE;
o 1IOAOEpPEM KOHCTAHTHI TaK, YTOOBI YAOIKUTHCS B OTPAHUUYEHUS
110 BpeMeHY;
@ HWAM IIPOCTO CAEAAEeM BEPOSTHOCTH 3aBUCSILEH OT BPEMEHH.
@ TTpocTpaHCTBO BO3MOKHBIX PENIEHUU OUYeHb MaAeHbKOe — He
6onee 2% cocTodHMIT — 1 © GOABIIOH BEPOSITHOCTHIO HAHMASTCS
ONTUMAABHBIU OTBET.
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3€PCAABHBIN Ty Th)»

CopepxaHue

g 3apaua « YHUBEPCAABHBIN ITYTh»
@ YcaoBue
@ ITpumep
@ Kak mpoiTu Bce AaGUPUHTHL
@ Kak Opo¥Tu MHOTO AaOHMPHHTOB
OBICTPO
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Ycaosue

YcaoBue

YcaoBue 3apauu
@ PoGoT X0AUT IO KAETYATOM IIAOCKOCTH.
@ EcThb nporpamMmma AAsL poboTa — CTPOKa, COCTOSINAsA U3 KOMaHA
«N», «W», «S», «E»:
@ eCAM COCeAHsS KAeTKa B 3TOM HallpaBAeHUU CBOOOAHA, poOOT
TIepEeMEIaeTCs TYAQ;
@ €CAHM COCEAHSISI KAETKA B 3TOM HAIIPaBA€HUH 3aHSTA CTEHOH,
poboT ocTaéTcst Ha MecTe.
o EcTh caydaiiHble A@OUPUHTEI U3 10 X 10 KAeTOK.
@ B Ka)XAOM 3a(DUKCUPOBAHBI HaYaAbHAs U KOHEYHAs KAETKY;
@ poOOT CTApTyeT B HAYAaABHOM KAETKE U BBIIIOAHSET BCIO
IIPOrpaMMy CAeBa HAIIPaBo;
© NaOWPUHT CYNTAETCS ITPOUAEHHBIM, €CAM IIPU BBHIITOAHEHUN
IpOrpaMMEl pOOOT XOTh Pa3 MOCETUA KOHEUHYIO KAETKY;
@ AATOPUTM IIOCTPOEHUS AaOMPUHTOB AQH B YCAOBHUU.

@ 3apava — HAIIMCATh TAKYIO IIPOrpaMMy, YTOOBI OHA B CPEAHEM
OBICTPO IIPOXOAMAA CAYYAMHBIE AAOMPUHTHI.

Mpan Kasmenko et al. (CII6N OBPUCTHYECKHIE METOABI 20.03.2025 27/43



YHUBEPCAABHEIN Ty THY Tlpumep
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@ AAS HAaTASIAHOCTM pasMep yMeHbIlleH ¢ 10 X 10 po 6 X 6.

@ KakAbIYi AaOUPUHT TIPOMAEH OTAEABLHO.
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3aaaua « YHUBEPCAABHEIH My Th» Kak mpoitt Bce AaGUPUHTEL

Kak nmponTu BCe AnaOMPUHTHI

Kak npouTtu BCe AaOMPUHTHI
CHauana IIPOUAEM BCe BO3MOXKHbIE A@OMPUHTHI XOTh KaK-TO.

KoanuecTBO BOBMOXXHBIX AQOUPUHTOB KOHEUYHO.

PaccMoTpuM KakoM-TO U3 HUX («IIEPBBIU»):
e HAMUIIEeM IIporpaMmy P, KOTopas ero IpOXOAHUT.

PaccMoTpuM KakoW-TO APYTOM AaOUPHUHT («BTOPOM»):
@ TIOCTaBUM POOOTa B HAYAALHYIO KAETKY, BEIIIOAHUM BCe
KOMAaHAHBI Py;
e AOIHIIEM K IIporpaMMe CTPOKy P;, KOTOpas ero MpOXOAWT;
e HaIpuMep, eCAH BTOPOU AAOHPHUHT y>Ke IIPOUAEH BO BpeMsd
BBIIIOAHeHUs Pj, To P, — mycTas CTpoKa.

PaccmoTpuM Kakot-TO emié AaOUPHHT («TPETHN»):
© YUMTBIBas, YTO IIPOrpaMMa y’Ke HauUMHAEeTCs Ha CTPOKY P;Ps,
TIPOUAEM U €ro.

@ IlepebepémM Tak Bce AAOMPUHTHI M IIPOUAEM HX.
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Kak mpoitt Bce AaGUPUHTEL

Kak nmponTu BCe AnaOMPUHTHI
Kak npouTtu BCe AaOMPUHTHI
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o [lop AabupuHTaMM HATTUCAHBI CTPOKU Pi, Po, ..
o Ctpoka Py m1ycTa, IOTOMY YTO AEBATHIM AQOMPUHT yiKe
IPOMAEH CTPOKOU P1P; ... Pg.
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3aaaua « YHUBEPCAABHEIH My Th» Kak mpo#Ti MHOTO AaGUPUHTOR GBICTPO

Kak mponTy MHOroO AaOMPUHTOB OBICTPO

Kak nponty MHOro AadMpPUHTOB OBICTPO
o Tereps IIpuAyMaeM, KaK YKOPOTUTH IIOAYUAeMY0 CTPOKY.
o CrenepupyeM OOABIIOE KOANMYECTBO AAOMPHUHTOB 3apaHee
(manpuMmep, P = 10000 mTyK).
@ ByaeM IIPOXOAWUTH UX B KAKOM-TO TIOPSIAKE.

@ B Ka’kKABIMT MOMEHT KaAHO BBIOMPAEM CAEAYIONTAN AaOUPUHT
AAST TIPOXOXKACHMUS:
@ TOT, B KOTOPOM OCTaAOCh MEHBIIIE BCETO IIAaroB A0 (DUHUING;
o IIPU PaBEHCTBe MAEM B TOM HAIIPABAEHHHU, B KOTOPOM OOABIIIE
AaGI/IpI/IHTOB C MUHUMAABHBIM KOAHMYECTBOM IIIAroB AO (bI/IHI/ILHa.
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«YHUBEPCAABHBIN ITyTh» Kak mpoiti MHOrO AaGUPHUHTOB GBICTPO

Kak mponTy MHOroO AaOMPUHTOB OBICTPO

Kak nponty MHOro AadMpPUHTOB OBICTPO
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4 /\a6I/IpI/IHTI)I PAaCCTAaBACHEBI B IMMOPAdAKE ITPOXOXACHUA.
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3aaaua « YHUBEPCAABHEIH My Th» Kak mpo#Ti MHOTO AaGUPUHTOR GBICTPO

Kak mponTy MHOroO AaOMPUHTOB OBICTPO

Kak nponty MHOro AadMpPUHTOB OBICTPO
@ YAyUIIIEHHE: TTOCAE TIPOXORAEHHUS OUEPEAHOTO AAOMPUHTA
CreHEPHUPYEM CAEAVIOUINY, YTOOBI BCETAA MOAAEPIKUBATH
P = 10000 HennpoMAeHHbIX AaOMPUHTOB.
o ITpupéTrcsa mepereHepUpPOBaTh CAEAYIOIINM AaOUPUHT 3aHOBO,
IIOKAa OKAa3bIBAETCs, YTO Cr€HEPUPOBAHHBIN y>Ke MPOUAEH.

@ B TakoM pellleHnM Ka’KAbIM XOA, KpOMe [IE€PBOM COTHH,
ITPOXOAUT AECSITKM MAU A@Ke COTHU XPAHUMBIX AaOMPHUHTOB.
@ AenaeM BCE 3TO, IIOKA HE MOAYYMM CTPOKY HY KHOM AAWHEIL
e Uem Aydlie Hallle pelleHue, TeM AOABIIIe TeHepUupyeTCs
CAEAYIOUINY HEeNIPOMAEHHBIN AAOUPUHT.
4] HpeAHOAC‘{éTZ €CAU pelieHue pa60TaeT AOATO, MO>XHO

3aIIyCTUTHL €ro AOKAABHO, d HA IIPOBEPKY OTIIPABUTH TOABKO
BBIBOA HOqueHHOfI CTPOKH.
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ga «Mrpa ¢ nudpammy»

CopepxaHue

e 3apaua «Mrpa c nudpaMu»
@ Ycaosue
@ [Ipumep
@ [TpocThle penleHus
@ AoKanbHBIE H3MEHeHHS U BpeMsa
@ AydeBoil MOWCK
@ TIpomsBepeHUsT 1TUDP
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3aapaua «Urpa ¢ nudpanvmy Ycaosue

YcaoBue

YcaoBuE 3apaun
EcTh KOpoTKas zaliukAaeHHas AeHTa n3 K = 10 KAeTOK.
o B raxxpol kAaeTKe HammcaHa nudgpa ot 0 po 9.
@ EcTb AAMHHAs 11ocAaepoBaTeAbHOCTb U3 L = 10000 uudp.
o Ka’kabIi 3A€MEHT MOCAEAOBATEABHOCTH CreHEPUPOBaH
TICeBAOCAYUYaMHO, Bce IUMPHI OT 0 A0 9 paBHOBEPOSATHHI.
@ XoA:
@ B3SITh ABE IU@PPHI U3 COCEAHUX KAETOK AEHTHI,
o 1puOaBUTH K 0aAAaM IIPOM3BEAEHHUE 3TUX ITUPP,

@ TIOCTABUTH B 3TU ABE€ KAETKU HA AEHTE ABE CACAYIOIINe HI/I(prI
N3 IMOCAEAOBATEABHOCTH.

3apada — K MOMEHTY, KOTAA TTOCACAOBATEALHOCTE KOHUMUTCH,
IIOAYYHUTH KaK MOKHO OOABIIE OAANOB.
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3aapaua «Urpa ¢ nudpanvmy TMpocTeie pemerns

[IpocThie perenusa

Pemenwe 1. KOHCTaHTHOE
@ MO>XHO IIPOCTO BCerpa OpaTh IIEPBYIO U BTOPYIO LIUQPHI.

@ [TocaepOBATEABHOCTH CAy4alHasl, TaK UTO PE3YAbTAT OyAeT
TaKOH! ke, KaK y pellleHUs, BEIONPAIOLIero KakKABIM pa3
CAy4YaUHYIO Iapy.

@ Takoe pemlenre y>ke HabupaeT OOABIIE ITIOAOBUHBI OAANOB!

@ BaaAawl: ~ 65 u3 100.
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3aapaua «Urpa ¢ nudpanvmy TMpocTeie pemerns

[IpocThie perenusa

Pemnenue 2: >xapHoOe
@ Mo>kHO OpaTk Iapy ¢ HauOOABIINM IIPOMU3BEACHUEM.
o Kak HU CTPaHHO, Pe3yAbTAT YAYUILIUACS HE CHUABHO...

@ Baaawr: ~ 70 m3 100.
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3aapaua «Urpa ¢ nudpanvmy AOKaAbHBIE U3MEHEHUS U BpeMs

AOKaAbHBIE U3BMEHEHUS U BpeMs

AOKaAbHBIE U3MEHEHUs U BpeMs
@ briBaror 3dA44U, B KOTOPBIX CAOXKHO IIPDUAYMATH AOKAABHOE
M3MEHEeHUeEe.
o Hanpumep, Tak 4acTo OBIBA€T, KOTAQ B PEIIeHUU YYaCTByeT
BpEMH.

o li3MeHeHMe pelleHus B OAUH MOMEHT MO’KeT BAUSATE Ha MHOTO
CAEAYIOIINX MOMEHTOB.

@ AAd 33Aa4 CO BpPEMEHEM eCThb APYI'OM MEeTOA NMPHUOAMKEHHOTO
pelIeHns: AYyIYeBOM MOMUCK.
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3aapaua «Urpa ¢ nudpanvmy AOKanbHEIE U3MEHEHHS U BPeMs

/AOKaAbHBIE U3MEHEHUSA U BpeM4

MoTtuBanuga
@ PaccMoTpuM 3apavy, rae pelleHne — pe3yAbTaT HEKOr'o
BBI60pa B HECKOABLKO TTOCACAOBATCALHLIX MOMCHTOB BpEeMCHMN.

o byaeM cTpouTh pelieHUs B MMOPSIAKE, COOTBETCTBYIONIEM
BpeMeHM: CHayaAa CAeAaeM BbIOOpP B IIEPBbLIM MOMEHT, 3aTEM B
CAEAYIOIINY, U TaK AdAee.

@ EcAm B Ka)KABLIE MOMEHT AEAATHL OAMH AOKAABHO OTITUMAABHBLIN
BBLIOOD, IIOAYYUTCS JKAAHOE pelleHne —a OHO MOJKET OBITh
AAAEKO OT T'AOOAABHO OITHMAABHOTO.

@ Ecam B Ka>RABIY MOMEHT PacCMaTpHBaTh BCEe BO3MOJKHEIE
BapUAHTHI, [IOAYYATCS BCE PeLleHUs], B TOM YUCAE I'AOOAABHO
OITMMAABHOE — HO BO3MOJKHBIX PEeIIeHUM CAMIIKOM MHOTO,
YTOOBI 3TO YCIIETh.

o [TormpoOyeM B Ka>KABIMT MOMEHT pacCMaTPUBATh HECKOABKO
AOKAABHO OIITHUMAABHBIX BAPUAHTOB, HO HE OYEHb MHOIO.
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3aapaua «Urpa ¢ nudpanvmy AyueBoit MOUCK

/Ay4eBOU IOUCK

AyueBou nouck (Beam Search)

@ ByaeM cTpouTh pellieHus B IIOPSAKE, COOTBETCTBYIOLEM
BpeMeHM:. cCHauaAa CAeAdeM BLIOOP B MEePBLINE MOMEHT, 3aTeM B
CAEAYIOIINY, U TaK AAAee.

@ N3HavaAbHO €CTh TOABKO OAHO IIyCTOe pellleHue.

@ [TycTh B IpeABIAYINMIT MOMEHT Y HAC OBIAO HECKOABKO
pelleHu (IIycTh I).

@ AAd KaXAOI'O M3 HUX BCEMU CIIOCOOAMM ({IIYCTh UX C) CAEAAEM
BBIOOP M MOAYYUM I - C PEIIeHUN.

@ 3 3TuUX pellleHUN OCTaBUM W HAUAYUIIMX U IePeHAEM K
CAEAYIOLIEMY MOMEHTY.
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3aapaua «Urpa ¢ nudpanvmy AyueBoit MOUCK

Ay4eBOU IOUCK

IIIvpuHa mmy4yka

OO0Opa3Ho: pelIeHns — 3TO Ay4YM, U Mbl PaCCMaTPUBAEM ITYYOK
(beam) aTuX AyUeH.

Yucao w Ha3bIBaeTCs IMMPHUHOU TydkKa (beam width).
2KapHBIN BBIOOP — 3TO YaCTHBIU CAyYal, B KOTOpOM w = 1.
[ToAHBIV TTEPe6GOP — 3TO YACTHBIM CAydYal, B KOTOPOM W = OQ.

Uem OoAbIlIe w, TeM OOAbIIIE BpeMeHU 3aMET IMOUCK — HO,
BEPOSITHO, TeM OOoAee XOpolllee pelleHne YAACTCS HauTH.
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3aapaua «Urpa ¢ nudpanvmy AyueBoit MOUCK

Ay4eBOU IOUCK

[IpumeHeHne B 3apaue

@ BriGepeM Takoe w, 4TOOBI pelleHre YKAGABIBAAOCH B
OTpaHUYEHUS TI0 BpeMeHU C HeOOALIIUM 3aracoM.

@ Baaawl ~ 90 uz 100.

o Kak pemmuTs emé aAyudie?

Weau Kasmernko et al. (CIIorY) OBpPUCTHYECKHE METOABI 20.03.2025
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3aapaua «Urpa ¢ nudpanvmy Tpousseperus mudp

[ IpousBepenna udp

[IpousBepenua udp

@ YacTto dakThl 13 HPeAMETHOM 00AaCTH 3aAaull OKa3bIBAIOTCS
BaskHee, YeM BLIOOP MeTOoAa AASI Tiepebopa.

o [IpeacTaBUM, UTO MBI MOTAM OBl pa3oWThL BCe ITU(PHI Ha Maphl
KaK YI'OAHO.

@ Kak ObIAO OBI BBITOAHO 3TO CAEAATH?

@ AAd YeThIpEX unceA d < b < ¢ < d onmTuMaAbHOE pazbueHmre —
aro napsl (a,b) u (¢,d). OT0 MOXKHO IIPOBEPUTH, PACCMOTPEB
BCe TPW BO3MOJKHBIX pa30OMeHUs], UAM MOHITHL M3 OOITUX
cooOpa>keHuH.

o Hampumep, ppaa=2, b=3, c=5ud="%

e 2.-3+5-7=06+35=41,
e 2:-5+3-7=10+4121 =31,
2. 74+3-5=14+15=29.
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3aapaua «Urpa ¢ nudpanvmy Tpousseperus mudp

[ IpousBepenna udp

[IpousBepenua udp
@ B 00meM cayuae onTMMAaAbHO COOMPATH ITAapbl U3 OAM3KUX
uynceA. To eCTh OTCOPTUPOBATH BCe YHUCAA (ITUQPHI) U pas3duTh
OTCOPTUPOBAHHYIO IIOCAEAOBATEABHOCTE Ha Ilapbl. JTO
AOKa3bIBAeTCSl pACCMOTPEHNEM AIOOOM YEeTBEPKM UNCEA,
pas3duTHIX Ha Haphbl B «HEIIPABUABHOM» TIOPSIAKE.

@ 3HauuT, yeM OOAee PABHBIE UMCAA MBI O€pEM B IIapy, TEM
OAVDKe B UTOTe pelleHre OYAET K OIITUMAaAbHOMY.

o Xopoiiias cTpaTerusi AAS BCcell Urpbl, KpOMe HECKOABKUX
TMTOCAEAHWX XOAOB — M3 AECITH AOCTYIIHBIX TIap BHIOMPATh
TaKyI0, B KOTOPOM UMCAA KaK MOKHO OAMIKE.

o [TocrepHMEe HECKOABKO XOAOB MAAO BAMSIOT Ha PEe3yAbTaT, AASL
MePBOU TIOTLITKU UMU MOJKHO TTpeHeOpeyb.

@ Baaawl ~ 95 u3z 100.
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3aapaua «Urpa ¢ nudpanvmy Tpousseperus mudp

[ IpousBepenna udp

CroMOMHUPYEM pelleHus
o CKOMOMHHPYEM HAEIK0 O Iapax OAM3KUX YHUCEA C AYYEBBIM
TTOVCKOM.
@ BmecTo MakcuMm3anuy GaanoB OyAeM MHUHHUMU3WPOBATH
mrpad:
@ HallpuMmep, B Ka}KAOI‘/'I T1ape BBIYUCAUM KBAAPAT PA3HOCTU YUCEA,
o mTpa(b — CyMMd 3THUX BEAWYHUH BO BCEX BI)I6paHHI:IX Imapax.
@ YCTpPOUM AY4YeBOM MOUCK, B Ka>KABIT MOMEHT OCTaBASS W
pellleHu ¢ HauMeHbIIUM IITPadoM.

@ Baaabpr ~ 99 m3 100.
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\ava «Lludper B Tabanme»

CopepxaHue

e 3apaua «Ludprl B Tabanuie»
@ Ycaosme
@ [Ipumep
@ Pemenus
@ Kak pemaTth AaAbIIe
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3aapaua «Lludpsr B TabAHIE Ycaosue

YcaoBue

YcaoBuE 3apaun
EcTe Tabauna us n x n kaeTok (5 < n < 50).
B ka>xp0lM KaeTKe HamnmcaHa caydarnasg nudpa or 1 a0 9.
Hy>xH0 BBIOpATh IIOAMHOXECTBO KAETOK.

Ho BriOpaHHBIE KAETKH HE MOT'YT MMETh OOIUX TOYEK.

3apada — MaKCUMU3UPOBATh CYMMY ITM(P B BEIOPaHHBIX
KAETKaX.
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3aapaua «Lludpsr B TabAHIE Pemenus

Penienus

Pentenne 1: ceTka

@ MO>KHO BBIOpATh KAETKH, Y KOTOPBIX 00€ KOOPAWHATHL {CUMTas
C HYyAsI) 4ETHBL

o [ToCcKOABKY YHCAA CAYUaNHBIE, MaTeMaTHUYECKOe OKMAQHNE
pe3yAbTara y>Ke He MeHblle IIOAOBUHbBL MaTeMaTHueCKOI'0
OKUAQHUS B MAEAABHOM CAydYae (eCAM OBl Mbl CMOTAW BBIOPATh
MaKCHUMAaAbHO BO3MOJKHOE KOAMYECTBO AEBSITOK).
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3aapaua «Lludpsr B TabAHIE Pemenus

Penienus

Pemenne 2. pApHaMuKa 110 IIPOMUAIO
@ MoskKHO O6paTb KAETKM 110 CTPOKAaM.
@ A B KaXXKAOl CTPOKE CAeBa Hallpaso.
o Korpa Mbl y>Ke CMOTPHM Ha KAETKY, BaKHbI TOABKO CyMMa
(3HaueHNEe AMHAMUKM) 1 BLIOpAHHBIE KACTKHM B ITPEABIAYIITNX
ABYX CTPOKax (Ipopurb AWMHAMUKH).

@ HawBHas pearm3salius paboTaeT 3a 22n . n2

@ Ha camoM AeAe AOCTURMMBIX COCTOSHUM B Ka’KAOHM KAETKE
ropaspa0 MeHbllle, 4yeM 220 110 BCE-TaKM OOABIIE, YeM,

2
Hampumep, 237,
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3aapaua «Lludpsr B TabAHIE Kak pemartk paabIne

Kak pematk paabline

AOKaAbHOE U3MEHEeHUe:
@ BriGepeM cAyuallHYIO He BEIOPDAHHYIO KAETKY.
@ OTMeHHUM BHIOOp BCeX e€ cocepel (MX He OOAbIIE BOCEMU).
Tenepb MOKHO CAEAATh:
@ CAy4dalHOe OAy KAQHUE,
@ IIOMCK AOKAABHOI'O MAaKCHUMYMa,
@ IIOpPOroBOe IIPUHATHE,
@ MEeTOA OTJKUTA...

Ha mpumMepe 3ToM 3apaum YAOOHO 3TO BCE MONMPOOOBATH, TTIOTOMY
4TO OOBEKT IIPOCTOM, W NMCATh IIPOIPAMMY AETKO.
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3aBepiienne

Bomipocsr?

Bormipocsr?
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