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3apaya KOMMHUBOSIKEDA YcaoBue

YcaoBUue

3apada KOMMUBOSIKEPA

EcTh n ropopOB M m ABYCTOPOHHUX AOPOT.

AN Ka’KpAOU AOPOTM M3BECTHA €€ AAWHA.

Mpbl HaunHaeM B (PUKCUPOBAHHOM T'OPOAE.

MBI XOTUM HOCETUTH Ka>*kABIM T'OPOA POBHO OAMH pas.

ITpu 3TOM MBI XOTMM MUHUMHU3UPOBATH CYMMAapPHYIO AAUHY
IIPOUAEHHBIX AOPOT.
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3apaya KOMMHUBOSIKEDA YcaoBue

YcaoBUue

MeTpuueckas 3apada KOMMUBOSKEPA

EcTh n ropopOB — ITYCTH 3TO TOYKU Ha ITAOCKOCTH.
Mexay Ka’kpOU Iapou roOpoOAOB €CTh AOPOra.

Eé AAMHA — paccTosgsHUe MeXAY TOPOAAMM.

Mpgbl HauuHaeM B (PUKCUPOBAHHOM T'OPOAE.

MBI XOTUM MOCETUTH Ka’>KABIM TOPOA POBHO OAMH pas.

ITpu 3TOM MBI XOTUM MUHHMHU3UPOBATH CYMMApPHYIO AAUHY
HPOUAEHHBIX AOPOT.
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3apaya KOMMHUBOSIKEDA TTpumep

[ Iprumep
[Tpumep
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n=9 B=29.1077

@ MpubI HaumHaeM B ropoae 1.

o Hawmayuymmii nyTe uMeeT AAMHY B 1 0003HaueH KPacHOU
AVHUEN.

o Haltyn HamAydmum OyTh CAOKHO — IIOIPOOyeM BMECTO 3TOT'O
HaWUTHU KaKoe-HUOYABL pellleHHue, IIPO KOTOPOEe IIOAYUHUTCS
AOKa3aTh, YTO OHO AOCTATOYHO XOpOoIllee.
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3apaya KOMMHUBOSIKEDA

TTpuOAMIKEHHBIH aATOPUTM

[ IprOAV>KEHHBINM AATOPUTM

2-IpuOAM>KEeHUEe

)
@,,...@

@......@

T=26.93129 D=37.82912

o CymMapHas AAUHA pPedep B MUHHUMAABHOM OCTOBHOM AepeBe —
ero pébpa BLIAGAEHBI 3eAEHBIM IIBETOM — paBHa 1.

@ OOOUAEM AepeBO B MOPSAKE IIOCEIIeHUs [TONCKOM B IAYyOMHY,
IIOAYYHUM CHHUU IYTh AAMHEL D.
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3apaya KOMMHUBOSIKEDA

TTpuOAMIKEHHBIH aATOPUTM

[ IprOAV>KEHHBINM AATOPUTM

2-IpuOAVIKeHVEe

O
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B=29.1077

PP T Il

D=37.82912

o OnTUMaABHBIA IIYThH B ABASETCAI OCTOBHBIM A€peBOM, HO He
00s13aTeAbHO MUHUMAALHBIM. 3HauUuT, 1 < B

o [lo HepaBeHCTBY TPeyrOABHUKA AAMHA 00X0AA AepeBa He
OOABIIIE YABOEHHOU CyMMBI ero pedep. [Toatomy D

< 2T.
@ [Moayuaercs, uto D < 2B, TO eCTh HAaUAEHHBIN IIyTh He OOoAee

UeM B ABA pPa3ad XyyKe OIITUMAABHOI'O
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3apaya KOMMHUBOSIKEDA CAORHOCTE

CAOXHOCTDL

CAOXHOCTD

e Ecau HauaAbHBIN TOpop 3a(PUKCUPOBaH, cyilecTByeT (n — 1)!
Pa3AUYHBIX ITyTEU.

W3 HUX HY>KHO BBIOpPATh KPaTYaUIINN.

n = 10: Bcero 9! = 362880 myTet.

n = 20: Bcero 19! = 121645100408 832000 nyTeii.
n = 100: Bcero 99! ~ 9.332 - 10" myreii.

VBan Cepreesnu Kasmenko (CIIGIY) TTpuOAVIKEHHBIE aATOPUTMBL 25.03.2021 7/ 43



3apaya KOMMHUBOSIKEDA CAORHOCTE

CAOXHOCTDL

CAOXHOCTD

@ Oto NP-TpyaHadg 3apada.
@ OTO 3HAYUT, UTO pelleHre 3a BpeMs Poly(n) HeusBecTHO.

@ boaee Toro, ecam YAQCTCsI PelInuTb eé 3a Takoe BpeMmd, 3TO
6Y,A,€T SHAQYUTDH, YTO MHOI'I€ 3aAd4H, CHUTAIOIINECS TPYAHBIMU,
TaK>XXe MMEIOT pellleHre 3a IIOAMHOMUAABHOE BpeMsi.

@ [TpaKTuyeCcKUI CMBICA: CKOpee BCEro, He yAACTCSI HAUTHU
OIITUMAaAbHOE pellleHUue AASL AOCTATOYHO OOABIINX I

@ 3HAYuT, 6YAeM HWCKaTh pellleHue, OAM3KOe K OIITUMAABHOMY,
HUAM IIPOCTO KAaK MOJKHO Ay4YIIIee.
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3apaga KOMMHBOSDKEDA Kakue ObIBalOT penieHus

Kakue OBIBAIOT pelleHud

VpeaAbHBIV IIAQH 3aHSTHS:

PaccmoTpuM 3apauy.
PazbepéM HECKOABKO peIleHuim.
AoKa>keM, YTO OHM pabOTalOT OBICTPO M IIPaBUABHO.

Hay‘-II/IMCH P€aAr30BLIBATE X B IIpOrpaMMe KOPOTKO U
IIOHATHO.

I'IraH 2TOTO 3aHATUML:

@ PaccMoTpuM 3apauvy.
@ Pa3bepéM HECKOABKO pelleHUM.
@ Huyero He OyaeM AOKa3BIBATE.

o JTorrpoOyeM OOBACHUTH UHTYUTHUBHO, I0YEMY OAHM PeIlleHUs
AOASKHBI paOOTATh Aydllle APYTHX.
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3apaga KOMMHBOSDKEDA Kakue ObIBalOT penieHus

Kakue OBIBAIOT pelleHud

I'IhaH BTOTO 3aHATUML:

@ PaccMmoTpum 3apauy.
@ Pa3bepéM HECKOABKO pelLIeHUU.
o Huyero He OyaeM AOKa3BIBATE.

o [TonpoOyeM OOBACHUTH UHTYUTUBHO, IIOUEMY OAHU PEIIeHUS
AOASKHBI paOOTATh Aydllle APYTHX.

[Touemy Tak:

@ AOKa3bIBaTh, YTO Yy HAC IIOAYYATCSH HAaCKOABKO-TO XOPOIIne
pelleHus, CAOXKHO.

@ Hariila koHeuHas IIeAb celuac — He TeopeTudecKkoe
00OCHOBaHMe, a MPaKTUUYeCKoe pellleHue, TToAydalollee
XOPOUINU pe3yAbTaT.
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3apaga KOMMHBOSDKEDA MeTtop MonTte-Kapao

MeTop MonuTe-Kapao

1. Metop MonTe-Kapao (Monte-Carlo Method)

@ BriOepeM CAydaWHBIA IIYTh U IIOCUUTAEM €r0 AAUHY.

4 CAeAaeM 9TO MHOI'O pa3 u BbI6epeM HaI/IAy‘-IH_II/Iﬁ OTBeET.

VBan Cepreesnu Kasmenko (CIIGIY) TTpuOAVIKEHHBIE aATOPUTMBL 25.03.2021 9/ 43



3apaya KOMMHUBOSIKEDA /\OKanrbHOE W3MEHEHHe

AOKaABHOE U3MEeHeHUe

AOKaAbHOE U3MeHeHUe

o IlpupyMaeM A0KaAbHOE U3MeHeHUe. KaK HEMHOI'O IIOMEHITh
yTh.

@ OKpecTHOCThb IIYTU p — KaKHue IIyTH MOKHO IIOAYYUTH U3 P
OAHUM AOKAABHBIM M3MEHEHUEM.

o CaMm IIyTb p AOAJKEH IIOMEHSTHCS He OYeHb CHUABHO.
LleAb — TIOMEHITh AOAJKHO OBITH OBICTPee, YeM CTPOUTH HOBBIM
yTh.

e AAuHa nyTH f(p) TOXKe AOAJKHA ITOMEHSITHCS He OYEeHb CHUABHO.
LleAb — B OKPECTHOCTH IIyTH p 3HaYeHUs [ TIOXOKH Ha f(p).
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3apaya KOMMHUBOSIKEDA /\OKanrbHOE W3MEHEHHe

AOKaABHOE U3MEeHeHUe

AOKaAbHOE U3MeHeHUe

@ Xopolilee A0KAAbHOE U3MeHeHUe: TIEPeBEepPHYTh OTPEe30K ITyTH.
e Isnmytua---b-c---d-e---f penaemniytb a---b-d---c-e---f.

o li3sMmeHeHUe AAMHEBL péOpa bc 1 de 3aMeHAIOTCA Ha pedpa bd u
ce.

o EcAM XpaHUTH IIyTh B MacCUBE, IPUAETCS TIEPEBEPHYTH
OTPE3OK.

@ YTOOBI 5TO ITOAYYAAOCH OBICTPO, MOKHO BBIOMPATH KOPOTKHE
OTPEe3KU.
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3apaya KOMMHUBOSIKEDA /\OKanrbHOE W3MEHEHHe

AOKaABHOE U3MEeHeHUe

[TpuMep AOKAABHOT'O U3MEHEHUS

o Crapwiii yTh: 1-2:-5-8-9-7-3:4-6 (CMHI9 AUHUI CAEBA).
o HoBwitt yTh: 1-2:3-7-9-8-5-4-6 (cnAOIIHAA AMHUS CIIPABA).
@ YpanéHHBIe péOpa: 25 u 3 -4 (KpacHble IIYHKTUPHEIE).

@ AoGaBaeHHBIe pébpa: 2-3 u 5 -4 (3eréHbIe).
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3apaga KOMMHBOSDKEDA CayuyaitHOe OAyKAQHHIE

CaAyuariHOe OAy KAQHUE

2. CayuanHoe OayxpaHue (Random Walk)

@ BriOepeM CAydaWHBIA IIYTh U IIOCUUTAEM €r0 AAUHY.
o CaeraeM CAyyaliHOe AOKAAbHOE M3MEHeHHe U IlepecuuTaeM
AAVHY.

o [loBTOpMM HpeABIAYIINUN IIal' MHOI'O pa3 U BbIOepeM
HAWAYy4IIUN OTBET.

@ [penmyiiecTBO: MBI yCIIeeM PACCMOTPETh OOABIIE IIyTEH.
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3apaga KOMMHBOSDKEDA CayuyaitHOe OAyKAQHHIE

CayuyariHoe OAy>KAaHUE

2. CayuanHoe OayxpaHue (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

S N
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3apaya KOMMHUBOSIKEDA TTorcKk AOKaABHOTO ONTHUMyMa

ITouck AOKAaABHOTO OIITUMYyMa

3. Ilouck aokaabHOro ontumyma (Hill Climbing)

@ BriOepeM CAydaWHBIA IIYTh U IIOCUUTAEM €r0 AAUHY.

o CaenaeM CcAydaliHOe AOKaAbHOE M3MEHEHHEe U IepecunuTaeM
AAVHY.

o Ecam pAmHaA myTU cTaaa OOAbIIle, OTMEHUM 3TO M3MeHeHUe.
o [ToBTOPUM IIpEABIAYIIIUE ABA Ifara MHOTO Pas.

@ PaHO MAUM ITIO3AHO MBI HAUAEM AOKAABHBIM OIITUMYM: TAKOU
IIyTh, B OKPECTHOCTHA KOTOPOT'O HET IIyTEeN AyUIIle.
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3apaya KOMMHUBOSIKEDA TTorcKk AOKaABHOTO ONTHUMyMa

ITouck AOKAaABHOTO OIITUMYyMa

3. Ilouck aokaabHOro ontumyma (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 := £f01ld; revert (s, c)
else if fBest > f:
fBest := f; sBest := s e
Constants example: '
steps = 1000000 i
b
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3apaya KOMMHUBOSIKEDA Kak coBmecTuTn

Kak coBMmecTUTh

CayuariHoe OAy>KAQHUE:
@ PaHo MAM MO3AHO TTIOCETUM BCE COCTOSTHUS.
@ Ho 3To 3aliMET CAMIIIKOM MHOT'O BpEMEHM.
[Tonck AOKAABHOI'O OIITUMYyMa:
@ BrICTpO HAaMAEM AOKAABHBIM OIITUMYM.
@ Ho Humkoraa 13 Hero He BBIMAEM.
Kak coBMecTUTHh IpenuMyIecTBa 3TUX ITOAXOAOB?
@ AeNCTBOBATh IPUMEPHO KAaK B CAYYAaHOM OAY KAQHUU.

e Ho ABUT'ATHCSA K XOPOIIIKMM pPEUICHUSAM.
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3apaya KOMMHUBOSIKEDA TToporosoe mpuHATHE

[Toporosoe npunagaTHe

4. Tloporosoe nipunsaTtre (Threshold Accepting)

@ BriOepeM CAydaWHBIA IIYTh U IIOCUUTAEM €r0 AAUHY.

o CaenraeM CAydYaHOE AOKAABHOE M3MEHEHHE U IIepecYuTaeM
AAVHY.

@ EcAM AAMHA IIYTH CTaAd XysKe OOAee yeM Ha IIOPOroBOe
3HaueHue t (threshold), oTMeHUM 3TO U3MeHEHUE.

@ [loBTOpUM HpeABIAYIHE ABA IIara MHOI'O Pas.

o [Tpu sTom 3HaueHUe { YMEHBIIAETC:

@ B HauaAe OHO OYeHb OOABINIOE, U MPUHUMAIOTCS MOYTU AIOObIE
N3MEeHeHUs;

@ B KOHIIE OHO OYeHb MAaA€HBbKOE, U TIPUHUMAIOTCS MTOYTU TOABKO
VAYUIIEHUS;

@ B CepepMHEe aATOPUTM B CpEeAHEM ABMIKETCS K OOAee XOPOIINM
PelIeHUsIM.
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3apaya KOMMHUBOSIKEDA TToporosoe mpuHATHE

[Toporosoe npunagaTHe

4. IToporosoe npuHartue (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 f > f0ld + t:

f := f0ld; revert (s, c)
else if fBest > f: .
fBest := f; sBest := s ’ 2|

Constants example:

tMax = 2.0 * averageScoreDelta

tMin = 0.0 * averageScoreDelta
tStep = 0.00001 * averageScoreDelta
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3apaya KOMMHUBOSIKEDA MeTop, OT>KuUTra

MeTop oT>Xura

5. Metop, oTxxura (Simulated Annealing)

@ BriOepeM CAy4YaWHBIA IIYTh U IIOCUUTAEM €0 AAHUHY.

o CaenaeM caydyaliHOe AOKAAbHOE M3MeHEeHNe U IIepecunuTaeM
AAUHY.

o Ecam AAMHA IIyTU CTaaa XysKe, C BEPOITHOCTBIO, 3aBUCAIIEHN
OT TOI'0, HACKOABKO XyJKe, U OT TeMIlepaTyphl { (temperature),
OTMEHUM BTO U3MEeHEHUe.

o [ToBTOpUM IIpeABIAYIIIUE ABa Ifara MHOTO Pas.

o [ITpu sToMm 3HaueHUe { YMEHBIIAETCH:

@ B HAa4YaAe OHO OYEeHb 60AI:U.IO€, U IIPUHUMAIOTCA IIOYTH AIOOBIE
N3MEeHEeHUd,

@ B KOHIIE€ OHO OY€Hb MAA€HBKOE€, U ITPUHHUMAIOTCA ITIOYTU TOABKO
YAYUILIeHUT;

© B CepeAVHEe aAT'OPUTM B CPeAHEM ABUXKETCS K OOAee XOPOIIUM
pelieHuAaM.
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3apaga KOMMHBOSDKEDA MeTop, OT>KuUTra

MeTop oT>Xura

5. Metop, oTxura (Simulated Annealing)

s := randomState
f := score (s)
fBest := f; sBest := s
for t := tMax; t >= tMin; t *= tMult:
¢ := randomLocalChange
fold := £
f := applyAndRescore (s, c)
if random (0, 1) >= exp ((f0ld - f) / t):
f := £f0ld; revert (s, c)
else if fBest > f: (o)
fBest := f£; sBest := s A

Constants example:

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

[ N
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3apaga KOMMHBOSDKEDA Br160p KOHCTAHT

BbIOOp KOHCTAHT

Kak BbIOpaTh KOHCTAHTHI:

B aaropuTMax ecTp KOHCTAHTHI tMax, tMin, ...

Kaxk BBIOpaTh AAST HUX «IIPAaBUABHBIE» 3HAUYEHUS?

OHU CUABHO 3aBUCST OT 3dAQ4U U penieHrd: KakK YCTpOeHa
meaeBas (pYHKHI/IFI, KaK Ha Heé BAUSET AOKaAbHOe M3MeHeHUe.

C IIepBOT'O pa3ad, CKOpee BCero, He ITIOAYYUTCS yraAdadTh.

[TpUAETCS BKCIIEPUMEHTUPOBATH:

@ HammcaTb OOIIYIO YacTh pPelleHusd,

@ HAaIKUCATb r'eHepaTop CAyYaUWHBIX TECTOB,

e 1onpoboBaTh pa3Hble 3HAUEHUST KOHCTAHT Ha OAHOM W TOM JKe
OOABIIIOM HabOpe TEeCTOB.

VBan Cepreesnu Kasmenko (CIIGIY) TTpuOAVIKEHHBIE aATOPUTMBL 25.03.2021 16 / 43



3apaga KOMMHBOSDKEDA Br160p KOHCTAHT

BbIOOp KOHCTAHT

Kak BbIOpaTh KOHCTAHTHI:

@ B nceBpokope averageScoreDelta — Ha CKOABKO B CPEAHEM
MeHdgeTcsd [eAeBad (DYHKIUSA [IPpU AOKAABHOM HU3MeHEeHUU, TO
€CThb CpeAHee 3HaueHue abs (f - £01d).

@ B HameMm pellleHUM AOKaAbHOE U3MEHEHUE yAAAsdeT ABa pebpa
U AODOaBASeT ABa APYI'MX peOpa.

o ['pybas oileHKa: averageScoreDelta — 3TO cpepHIT AAUHA
pebpa B ucxopHoM rpade.
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CoaepxaHue

e CMmeskHas 3apada
@ YcaoBue
@ Caepenue
@ Apyroe pelileHHe

TTpuOAMIKEHHBIE aATOPUTMBL

NBan CepreeBuu Ka

25.03.2021
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CMmes>kHasI 3apada YcaoBue

YcaoBUue

MeTpuyeckas 3apadya KOMMUBOSIKEPA (OBIAO)

EcTh n ropopOB — ITYCTH 3TO TOYKU Ha ITAOCKOCTH.
Mexay Ka’kpOU Iapou roOpoOAOB €CTh AOPOra.

Eé AAMHA — paccTosgsHUe MeXAY TOPOAAMM.

Mpgbl HauuHaeM B (PUKCUPOBAHHOM T'OPOAE.

MBI XOTUM MOCETUTH Ka’>KABIM TOPOA POBHO OAMH pas.

ITpu 3TOM MBI XOTUM MUHHMHU3UPOBATH CYMMApPHYIO AAUHY
HPOUAEHHBIX AOPOT.
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CMmes>kHasI 3apada YcaoBue

YcaoBUue

3ajada KOMMUBOSIKEPA, «BUA COOKY» (CTano)

EcTh n ropopOB — ITYCTH 3TO TOYKU Ha ITAOCKOCTH.
Mexay Ka’kpOU Iapou roOpoOAOB €CTh AOPOra.

Eé AAMHA — paccTosgsHUe MeXAY TOPOAAMM.

Mpgbl HauuHaeM B (PUKCUPOBAHHOM T'OPOAE.

MBI XOTUM MOCETUTH KaK MOKHO OOABIIIE TOPOAOB.

[MTpu sTOM MakcUMaAbHAs AAMHA HAIero MyTH OorpaHuYeHa
yucAoM L.
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CmerkHas 3apada CeepeHne

CBepeHUe

Penrtenne cBepeHMEM K IIPEABIAYIEN 3aAaue

@ YCTpOUM gBOUUHBIU NOUCK NO OmBemy: CKOABKO T'OPOAOB
(IyCTB I) IIOAYUYUTCS IIOCETUTh.

o KOI",A,a XenraeMoe KOAMYeCTBO I'OpPOAOB I Sa(bI/IKCI/IpOBaHO,
MUHUMU3UPYyEeM AAUHY IIYTU C TAKUM KOANMYECTBOM I'OPOAOB.

© MoOJXHO pelaTh TOYHO Tak JKe, KaK 3aAauy KOMMUBOSIKEDPA,
HO B IIepeCcTaHOBKE M3 N TOPOAOB Ba’k€H TOABKO ITOPSIAOK
IIEPBBIX I' TOPOAOB.

o U1 pAnMHA ITyTH — 9TO AAWHA IIEPBBIX I' — 1 popor.

@ B 3aBUCHMMOCTH OT TOr'O, IIOAYYUAOCH AU OOOUTH I TOPOAOB
IIyTEéM AAUHEI He O0Aee L, ABOMUHBIN ITOUCK ABUTAET IPAHUIIBI
BO3MOJKHBIX I' BIIPAaBO UAU BAEBO.
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CMmes>kHasI 3apada Apyroe pelienue

Apyroe pelieHue

Apyroe pelieHue

£=3.52333 £=4.32089

@ BrIiGepeM APYTYIO LEAEBYIO PYHKIIMIO: CKOABKO T'OPOAOB
(mycThb f) IIOAYUUTCS IIOCETUTD.

@ OTa (PyHKIUSA «CAUIIKOM AUCKPETHAas», TaK 4TO AODABUM
BellleCTBeHHOe YHUCAO OT 0 A0 1: KaKyIO 4aCThb CAEAYIOIEeTo
pebpa ypacTcs IPOUTH.

o [IpuMeHUMEI Te >Ke METOABL, UTO U B 3apa4e KOMMUBOSIKEDA.
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CoaepxaHue

e 3apaga «CTyAeHTBI»
@ Ycrosue
@ ITpumep

NBan CepreeBuu Ka

@ TouHoe pellleHUe

@ [TpubAMKEHHOE pellleHune

TTpuOAMIKEHHBIE aATOPUTMBL
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3apada «CTyAeHTBI» YcaoBue

YcaoBUue

@opMaAbHOE YCAOBHE 3aAauM

@ Ectp n < 6 Tem.
@ PaccmoTpum rpad 13 Bcex MOAMHOKECTB TeM, Bcero ux 20,

@ 113 Ka>kAOU BEpPIIMHBI-IIOAMHOXeCTBA U IIPOBEAEM AVTY
U — V Bo Bce U C V, B KOTOPEIX He XBATAe€T POBHO OAHOTO
sAeMeHTa u3 V.

o HeKOTOpBIe BepIINHBI rpaq)a OTMEeYeHBbI: 3TO CTYA€HTHI,
JKeAdroInye Y3HAaTh TaKoe ITIOAMHOJKeCTBO TeM.

("] ApYI'I/Ie BepIINHLBI HE OTMEUYEeHBI: TAKNX CTYA€HTOB HET.

@ MO’KHO 3aBeCTH TPYIIY AAS CTYA€HTOB: BHIOpATh BepIINHY A
U IIOKPBITH €€, a TaK’Ke BCe B, B KOTOPHBIE BEAET aAyra A — B.

4 Sa,A,aqa — IIOKPLITH BC€ OTMEeUYEeHHbIe BepPITNHbI MUHUMAABHBIM
KOANYEeCTBOM I'DYIIII.

@ OTO IIpUMep KOHKPETHOM 3aAauU O IOKPBLITUM MHO>KeCTBaMU.
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3apaga «CTyAeHTBI» TTpumep

[ Iprumep

1111

@ B npumepe n = 4.
@ 3enéHble BepUIWHBI — CTYACHTHI.

o OpaH}KeBLIe OAAUIICHI 1 CTPEAKHU U3 HUX — I'DYIIIIBL.
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3apada «CTyAeHTBI» TouHoOe pemieHne

TouHOe pelteHME

TouHOe penreHue

AVHaMUKa 110 IPOUAID Ha TOAMHOXECTBAX.

VpéM 1O «ypOBHAM» IIOAMHOKECTB (KOAUYECTBY IAEMEHTOB)
CBEepXy BHU3.
e Cocrognue:

e Ha YPOBHSX BBIIIe BCe OTMeUEeHHbIE BEPIUINHBI y’Ke IOKPBITHI,

e Ha TeKyIlleM YpOBHe XpaHUM OHUTOBYIO MacKy (IPOMUAb): KaKUe
BepIIUHBI yKe IOKPBITHI IPYIIIaMU C IPEABIAYIEro YPOBHS.

@ Ha YPOBHAX HU)Ke HUYEro ellfé He IOKPBITO.

]_[eAeBaﬂ q)YHKI_[I/IﬂI CKOABKO yJKe 3aBepAeHO TI'DYIIIL.

o ChoXHOe, He OypeM NOAPOOHee ero pas3ouparTh.
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3apaua «CTYAEHTBI» TTpubAMKEHHOE pelneHne

[ IprOAM>KEHHOE pellleHne

[TpubAM>KEHHOE pellleHue

n
e CocTosiHMe: KaKue IPYIIIEl 3aBeAeHEl, a Kakue HeT (Bcero 22
BO3MOJKHBIX BapHUaHTOB).

@ l3HauaABHO BCe I'PyINIIbI 3aBEAEHBI.
@ A\OKaAbHBIe M3MEHEeHUs:
e A00aBUTH CAYUaAWHYIO I'PYyIy, KOTOPOU HET;
@ YAAQAWUTBL CAYYAMHYIO TPYIITY, KOTOPYIO MOJKHO YAQAUTE (BCE
OTMEeYeHHbIE BEPIIUHBI OCTAIOTCS TTOKPBLITHIMU).
@ AobaBaeHHe IpoOyeM C BEpPOSATHOCTHIO P:
e P =1 B Hauare paboOTHI aArropuTMa, P = 0 B KOHIIE;
@ IOAOEepEéM KOHCTAHTBI TaK, YTOOBI YAOSKUTHCA B OrPAaHUYEHUS
110 BpeMeHU;
© WAU MPOCTO CAEAAEM BEPOSTHOCTL 3aBUCSINEH OT BPpeMeHH.
@ IIpocTpaHCTBO BO3MOYKHBIX PENIEHUU OUYeHb MaA€HbKOe — He
6onee 2% cocTodHMIT — 1 € GOABIION BEPOSTHOCTHIO HAHMASTCS
OIITUMAaAbHBIM OTBET.

VBan Cepreesnu Kasmenko (CIIGIY) TTpuOAVIKEHHBIE aATOPUTMBL 25.03.2021 25/ 43



CoaepxaHue

VBan Cepreesnu K

e 3ajpaua « YHUBEpPCAAbHBIN ITYTh»
@ Ycaosue
@ [Mpumep
@ Kak mpoiTu Bce AaGUPUHTEBL
@ Kak mpoTu MHOTO AaGHPUHTOB
OBICTPO

TTpuOAMIKEHHBIE aATOPUTMBL 25.03.2021
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AABHBIN TTyTh» YcaoBue

YcaoBUue

YcAaoBUE 3apadn

@ Po0OOT XOAHUT IO KAETYATOM IIAOCKOCTH.
@ Ecth mporpamma aast pobOTa — CTPOKA, COCTOAIAA U3 KOMaHA
«N», «W», «S», «E»:
@ €CAHM COCeAHdad KAETKa B 3TOM HaAIIpaBA€HUU CBO6OAH8., pO60T
ImepemMeniaeTcsa TyAq,
@ €CAHM COoCepHsdA KAETKa B 9TOM HAIIPABA€HHWU 3dHATA CTeHOﬁ,
POOOT OCTaETCa Ha MecTe.
@ EcTb caydaliHble AaOupHHTEL U3 10 X 10 KAeTOK.
@ B Ka>KAOM 3&CpI/IKCI/Ip0BaHbI Ha4YaAbHAsd WM KOHEYHAasd KAETKH,
4] p060T CTapTyeT B HavyaAbHOM KAETKE U BBIIIOAHSET BCIO
IIporpaMmy CAeBa HAIIPABO;
o Aa6I/IpI/IHT CUHUTAaeTCAa HpOfIAeHHBIM, €CAU ITPU BBITIOAHEHUU
IporpaMMbl poOOT XOTh Pa3 IIOCETUA KOHEUHYIO KAETKY;
@ AATOPUTM IIOCTPOEHUS AAOUPUHTOB AQH B YCAOBUH.

@ 3apava — HaNMCATh TAKyIO IpOrpamMMy, UTOOBI OHA B CpeAHEeM
OBICTPO IIPOXOAMAA CAYYaUHBIE AAOMPUHTHI.
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ABHBIA Ty TTpumep
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@ AAd HaAarAIAHOCTH pasMep yMeHblIeH ¢ 10 X 10 po 6 X 6.

@ Ka’kAbIM AaOUPUHT MPOMAEH OTAEABLHO.
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3apaua «YHMBEPCAABHBIM ITyTh» Kak npo#Ti Bce AaOMPUHTEL

Kak mpouTtu Bce AaOMPUHTHI

Kak 1mmponiTtu Bce AaOWPUHTHI

CHayaina IIPOMAEM BCe BO3MOXKHbIE AAOMPUHTHI XOTh KaK-TO.

KoanuecTBO BO3MOKHBIX AAOMPUHTOB KOHEYHO.
PaccMoTpuM KakKoOM-TO M3 HUX («IIE€PBBIMY»):

@ HamuIllleM IIporpammy P;, KOTOpas ero IIPOXOAHUT.
PaccMoTpuM Kakon-TO APYTOM AAOUPHUHT («BTOPOM»):

@ IIOCTaBUM POOOTa B HAYAAbHYIO KAETKY, BHIIIOAHUM BCE
KOMAaHAHBI Py;

e AOIIMIIEM K IIpOrpaMMe CTPOKY P, KOTOpasg ero mpoxOAUT;

@ HaIpuMep, eCAU BTOPOU AaOUPUHT y>Ke IIPOUAEH BO BpeMd
BBITIOAHeHUd Py, To P, —IIycTas CTpoKa.

PaccMoTpuM Kakon-TO elé AaOUPUHT («TPETUM»):

@ YYHWTHIBAs, YTO IIpOrpaMMa y’Ke HauWHAEeTCSA Ha CTPOKY PiP,
IPOUAEM U €ro.

@ TlepebepéM Tak Bce AaOMPUHTHI U IIPOUAEM UX.
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3apaua «YHUBEPCAABHBIH Iy Th» Kak npo#Ti Bce AaOMPUHTEL

Kak mpouTtu Bce AaOMPUHTHI

Kak mmponTtu Bce AaOMPUHTHI
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o [Top AabupuHTaMM HaOUCAHBI CTPOKU Pi, P, ..., Pig.
@ Ctpoka Py mmycTa, IOTOMY YTO AEBATHIM AQOMPUHT yiKe
IIPOUAEH CTPOKOU P1P; ... Pg.
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3apaya «YHUBEPCAABHBIA ITyTh» Kak mpo#Ti MHOTO AaGUPUHTOB GBICTPO

Kak mpouTy MHOrO AaOMPUHTOB OBICTPO

Kaxk 1mmport MHOTO AaOUPUHTOB OBICTPO

e Temeps mpuAyMaeM, Kak YKOPOTHUTD ITOAY9aeMYIO CTPOKY.

@ CreHepupyeM OOABIIOE KOANYECTBO AAOMPUHTOB 3apaHee
(marrpumep, P = 10000 mTyK).

o ByaeM mpoxopuTh UX B KAKOM-TO ITOPIAKE.

@ B Ka’kABI MOMEHT KaAHO BBIOMPAEM CAEAVIOIIUN AQOUPUHT
AAST TIPOXOXKAEHUS:

@ TOT, B KOTOPOM OCTAAOCH MEHbIIle BCero IaroB AO CpI/IHI/IU_Ia;
@ IIPU paBEHCTBe I/IAéM B TOM HAIIpABA€HHWH, B KOTOPOM OOABIIIE
Aa6I/IpI/IHTOB C MUHUMAABHBIM KOAMYECTBOM IIIAaroB AO (1)I/IHI/IU_[a.
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3apaua «YHUBEPCAABHBIH Iy Th» Kak mpoiiti MHOTO AaGMPHUHTOB OBICTPO

Kak mpouTy MHOrO AaOMPUHTOB OBICTPO

Kaxk 1mmport MHOTO AaOUPUHTOB OBICTPO
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@ N\aOMPUHTHI PaCCTABAEHBI B MOPSIAKE IIPOXOKAEHUS.
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3apaua «YHUBEPCAABHBIH Iy Th» Kak mpoiiti MHOTO AaGMPHUHTOB OBICTPO

Kak mpouTy MHOrO AaOMPUHTOB OBICTPO

Kaxk 1mmport MHOTO AaOUPUHTOB OBICTPO

@ VYAyullleHUe: IIOCAE IIPOXOKAEHUSI OUEePEAHOI0 AAOUPUHTA
CreHepupyeM CAEAVIOUINM, YTOOBI BCerAa MOAAEPKUBATH
P = 10000 HeTpOUAEHHBIX AaOUPHUHTOB.
o TMpupéTCs IIepereHepUPOBAThL CAECAYIOIINN AAOUPUHT 3aHOBO,
TI0OKa OKAa3bIBAeTCs, YTO CreHEePUPOBAHHEBIN Y Ke IIPOUAEH.

@ B TakoOM pelleHnMM KaXABIU XOA, KpOMe IIepBOU COTHHU,
IIPOXOAUT AECATKU UAU AAKe COTHU XPAHUMBIX AAOUPUHTOB.
@ AenaeM BCE 3TO, IIOKA He IIOAYYMM CTPOKY HY’KHOMU AAWHBI.

e UeM Ayullle Hallle pellleHUe, TeM AOAbIIIe IeHepupyeTcs
CAEAYIONIUN HEeIIPOMAEHHBIY AQOUPUHT.

o [IpeATIOACUET: ecau pellleHHe paboTaeT AOATO, MOXKHO
3aIlyCTUTh €r0 AOKAABHO, @ Ha IPOBEPKY OTIIPABUTh TOABKO
BBIBOA, IIOAYYE€HHOU CTPOKH.
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auda «Mrpa c nudpamu»

CoaepxaHue

e 3apaua «Mrpa c mudpamMm»
@ YcaoBue
@ ITpumep
@ TIpocTeie pemnieHUs
@ N\okaAabHBIE U3MEHEHUSI U BpeMs
@ AyueBOM IOUCK
@ TTpousBepeHus 1udp
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3apava «Mrpa c nudpammu» YcaoBue

YcaoBUue

YcaoBuUe 3apadund

@ EcTb KopoTKas 3almkAeHHasas AeHTa u3 K = 10 KaeToOK.
o B raxpol KAaeTKe HarmmcaHa 1udgpa ot 0 po 9.
o EcTh prmHHag nocaepoBaTeAbHOCTH M3 L = 10000 umdp.
o Ka’kABI dAE€MEeHT IIOCAEAOBATEABHOCTH Cre€HEPUPOBAH
IICEBAOCAYYAUHO, Bce NUMPHL OT 0 A0 9 paBHOBEPOATHHI.
@ XoA:
@ B3SITH ABe IM@PPHI U3 COCEAHUX KAETOK AEHTHI,
o NpuOaBUTH K ODAANAM NIPOU3BEACHUE 3TUX LUPP,
@ IIOCTaBUTh B 3THU ABe KAETKU Ha A€HTe ABe CAeAyioliue IudpbI
U3 IIOCAEAOBATEABHOCTH.
@ 3ajpavya — K MOMEHTY, KOTAA ITIOCAEAOBATEABHOCTh KOHUUTCH,
IIOAYYUTH KaK MOYXHO OOABIIIEe ODAANOB.

VBan Cepreesnu Kasmenko (CIIGIY) TTpuOAVIKEHHBIE aATOPUTMBL 25.03.2021 32/ 43



3apava «Mrpa c nudpammu» TTpumep

next=3999...

NBau Cepreesuu Kaszmenko (CII6I'Y)
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3apava «Mrpa c nudpammu» TlpocTeie pemenus

[IpocThie pelenusa

Peimtenue 1: KoHCTAaHTHOE

@ MO>KHO IIPOCTO BCerpa OpaTh MEPBYIO U BTOPYIO ITUQPHI.

o [TocrepOBaTEABHOCTh CAyYalHasA, TaK YTO PE3YALTAT OyAeT
TAKOU JKe, KaK y pellleHus, BEIOMPAIOIIero KakKAbl pa3
CAy4YaUHYIO I1apy.

@ Takoe pelleHNe y>ke HaOupaeT OOABIIE ITOAOBUHBI OAANOB!

@ Baaabwr: ~ 65 u3 100.
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3apava «Mrpa c nudpammu» TlpocTeie pemenus

[IpocThie pelenusa

Pemmenue 2: >xapHoe

@ Mo>kHO OpaTh Mapy ¢ HauOOABIINM IIPOMU3BEACHUEM.
@ Kak HU CTPAHHO, PE3yABTAT YAYUIIUACS HE CHUABHO...

@ Baaarwr: ~ 70 u3 100.
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3apaua «Mrpa ¢ nuppamum» OKaAbHbBIE U3MEHEHHUsI U BpeMs

AOKaAbHBIE U3BMEHEHUI U BpeMS

AOKaAbHBIE U3MEHEHUI U BpeMd

@ brniBaroT 3aAd49¥, B KOTOPBIX CAOJKHO ITPUAYMATH AOKAABHOE
HU3MEeHeHHne.

@ Hanpumep, Tak 4acTo OBIBaeT, KOT'AQ B pPelIeHUU y4acTByeT
BpeMs.

o li3MeHeHUe pellleHNd B OAUH MOMEHT MOJKeT BAUSATH HA MHOTO
CAEAYIOIINX MOMEHTOB.

o AAd 33apa4 CO BpeMeHeM eCThb APYT'OM MeTOA NPHUOAMKEHHOTO
pEellIeHNs: Ay4eBOU IIOUCK.
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3apaua «Mrpa ¢ nuppamum» OKaAbHbBIE U3MEHEHHUsI U BpeMs

AOKaAbHBIE U3BMEHEHUI U BpeMS

MoTuBaiiusa

@ PaccMoTpuM 3apauy, TAe pellleHne — Pe3yAbTaT HEKOI'o
BBIOOpPA@ B HECKOABKO ITOCAEAOBATEABHBIX MOMEHTOB BpEMEHH.

@ ByapeM CTpPOUTH pellleHHs B HMOPIAKE, COOTBETCTBYIOIIEM
BPEMEHU: CHaYaAad CAeAdeM BBIOOD B IIEPBBIM MOMEHT, 3aTeM B
CAEAYIOIINY, U TaK AaAee.

o EcAm B Ka>XALIM MOMEHT AEAATH OAMH AOKAABHO OITHMAAbLHBIMN
BBIOOD, TIOAYUHUTCS >KaAHOE pellleHre —a OHO MOYKET OBITh
AAAEKO OT I'AOOAABHO ONITHUMAABLHOTO.

o Ecam B Ka’RKABIY MOMEHT pacCMaTpPUBATh BCe BO3MOJKHEIE
BapUaHTHI, [IOAYUYaTCS BCe pellleHUs, B TOM YUCAe TAODAABHO
ONTUMAABHOE — HO BO3MOJKHBIX PelIeHUMN CAWUIIKOM MHOTO,
YTOOBI 3TO YCIETh.

o [TonmpoOyeM B Ka>KABIML MOMEHT PaCCMaTPUBATb HECKOABKO
AOKAABHO ONTHMMAABLHBIX BapUAaHTOB, HO He OYeHb MHOTO.
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3apava «Mrpa c nudpammu» Ay4eBoH MOUCK

Ay4eBOU IIOUCK

AyudeBou nouck (Beam Search)

o byaeM cTpouThk pellleHUS B MOPSAKE, COOTBETCTBYIOUIEM
BpeMeHM: CHayaAa CAeAaeM BBIOOP B MEPBBLIM MOMEHT, 3aTEM B
CAEAYIOLINY, U TaK AAAee.

@ l3HauyaABHO eCTh TOABKO OAHO ITYCTO€ PEIIeHUE.

@ [TycTh B IpeABIAYIIUIL MOMEHT y HAac OBIAO HECKOABKO
pelleHu (IyCTh I).

@ AAd KaXXKAOTO U3 HMX BCEMH CIIOCOOaMM (IIYCTh UX C) CAeAdeM
BBIOOD U HOAYYHUM I - C PELIEeHUN.

@ /3 3TuX pelleHuM OCTaBUM W HAUAYUILINX U IIepeUAEM K
CAEAYIOIIEMY MOMEHTY.
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3apava «Mrpa c nudpammu» Ay4eBoH MOUCK

Ay4eBOU IIOUCK

[IIupuHa nyuyka

OO0Opa3Ho: pellleHnusa — 3TO Ay4YM, U MBI pacCMaTpPUBaeM ITy4OK
(beam) 3THUX Ay4Yel.

Yucao w HasplBaeTcsa IUPUHOMU ITyuka (beam width).
7KapAHBIM BEIOOP — 3TO YACTHBIU CAy4al, B KOTOPOM W = 1.
[ToAHBIV TIepebOp — 3TO YACTHBIM CAydYal, B KOTOPOM W = oQ.

YeMm OoAbllle w, TeM OOAbIIIe BpeMeHHU 3a¥MET ITONCK — HO,
BEPOSITHO, TeM OOAee XOpolllee pelleHue YAACTCSI HAUTH.
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3apava «Mrpa c nudpammu» Ay4eBoH MOUCK

Ay4eBOU IIOUCK

[IpumeHeHne B 3apaue

@ BribepeM Takoe w, YTOOBI pellleHHEe YKAAABIBAAOCH B
OTPaHUYEHHUS II0 BpeMeHU C HEOOABIIUM 3aIlacoM.

@ Baaabl: ~ 90 u3 100.

o Kak pemmTs elié Ayuiie?
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3apava «Mrpa c nudpammu» TTpoussepenus 1udp

[IpousBepenUa TP

[ IponszBepennsa nudp

@ YacTo (paKTHI U3 IpeAMeTHON OOAACTU 3aAaYM OKAa3bIBAIOTCS
Ba’KHee, yeM BBIOOD MeTOAa AAS Tepebopa.

@ IlpeapcTaBuM, 9YTO MBI MOTAM ObI Pa30UTh BCce MUAPHI HA Haphbl
KaK yTOAHO.

@ Kak OBIAO OBI BBITOAHO 3TO CAEAATH?

@ A yeThIp€x uncea a < b < ¢ < d onnTuMaAbHOe pa3bueHue —
aTo napsl (a,b) u (c,d). IToO MOXKHO IIPOBEPUTH, PACCMOTPEB
BCE TPU BO3MOKHBLIX Pa30OMEeHUs, UAU TIOHSITH U3 OOIIUX
COOOpa>keHmn .

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

0 2:-3+5-7=6+35=141,
e 2-54+3-7=10+21=231,
0 2-74+3-5=14+415=29.
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3apava «Mrpa c nudpammu» TTpoussepenus 1udp

[IpousBepenUa TP

[TpousBepeHus nudp

@ B o0meM caydae ONTHMMAABHO COOMPATh IIAPHI M3 OAU3KUX
yrceA. To eCTb OTCOPTUPOBATH BCe YHCAA (IIUPPHI) U pa3dUTH
OTCOPTUPOBAHHYIO IIOCAEAOBATEABHOCTL Ha IIaphbl. JTO
AOKa3bIBAETCSI PacCMOTPeHUEeM AIOOOM YeTBEPKU UUCEA,
Pas3ObUTHLIX Ha Maphbl B «HEIIPABUABLHOM» ITOPSAKE.

@ 3HauuT, 4yeM OOAee paBHBIE UMCAA MBI OEpEM B IIapy, TeM
OAUJKe B UTOTe pelleHue OyAeT K OIITUMAABHOMY.

@ Xoporliag cTpaTerus AAS BCeM UTPbl, KpOMe HECKOABKUX
ITIOCAEAHUX XOAOB — U3 AECATU AOCTYIIHBIX I1ap BhIOMPATh
TaKyo, B KOTOPOU YMCAA KaK MOKHO OAUIKeE.

o [TocrepHVIE HECKOABKO XOAOB MAAO BAMGIOT Ha PE3YABTAT, AAS
IepBOM TIOILITKY UMM MO>KHO IpeHeOpeyb.

@ Baaabwl: ~ 95 u3 100.
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3apava «Mrpa c nudpammu» TTpoussepenus 1udp

[IpousBepenUa TP

CroOMOMHUPYEM pelleHus

o CROMOMHHPYEM HAECI0 O Mapax OAM3KHUX YHCEA C AYYeBBIM
IIOMICKOM.
@ BMecTo MakcuMm3anuu 6aANOB OyAeM MUHHUMU3UPOBATH
mrrpad:
@ HAIlpUMep, B Ka’KAOM Iape BbIUUCAUM KBAAPAT PA3HOCTU UUCEA;
) U_ITpa(b — CyMMa 3THUX BEAWYUH BO BCeX BI:I6paHHbIX IIapax.
@ YCTpOMM Ay4eBOM IOUCK, B KA’KABIL MOMEHT OCTaBASS W
pelleHnul C HAaUMEeHBbIIUM IITPad oM.

@ Baaarwr: =~ 99 u3 100.
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\ada «LIudpsr B TabAMI]

CoaepxaHue

e 3apaua «Ludper B TabAnuie»
@ VYchaoBue
@ [Mpumep
@ Pemenus
@ Kak pelaTh AaAblie
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3apava «LIudpsl B TabAuIE» YcaoBue

YcaoBUue

YcaoBuUe 3apadund

EcTth Tabauria u3 n X n KaeTok (5 < n < 50).
B Ka>kp0l KAaeTKe HalMcaHa CAydarHag nudpa ot 1 po 9.
Hy>xHO BBIOpATh TOAMHOKECTBO KAETOK.

Ho BrIOpaHHBIE KAETKH HE MOTYT UMETh OOIIUX TOYEK.

3apada — MaKCUMU3UPOBATh CYMMY UMD B BEIOPAHHBIX
KAETKaX.
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TTpumep

[ Ipumep

[Ipumep
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[Ipumep
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3apava «LIudpsl B TabAuIE» Pemenus

Penienus

Penttenue 1: ceTka

@ MOXHO BBIOPATh KAETKH, Y KOTOPBIX 00€ KOOPAMHATHI (CUMTas
C HYAS) YETHHL.

o HOCKOABKY YHCAQ CAY‘IaI‘/JIHBIe, MaTeMaTHU4YeCKoe OXHAAQHUNe
Pe3yAbTaTa y>Xe He MEHbIIIe IIOAOBUHBI MAaTeMAaTU4YeCKOI'o
OXUAQHUSA B UACAABHOM CAyYae (eCAI/I OBbI MBI CMOTAM BI:IGpaTI:
MAKCHMAABHO BO3MOJXHO€E KOANYECTBO AeBS{TOK).
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3apava «LIudpsl B TabAuIE» Pemenus

Penienus

Pemenue 2: ApHaMUKa IO IPOPHUAIO

@ MoxxHO 6paTb KAETKH I10 CTPOKAM.

A B Ka’KAOU CTPOKe CAeBa HAIIPaBo.

@ Koraa MBI y’Ke CMOTPHM Ha KAETKY, Ba>KHBI TOABKO CyMMa
(3HaueHNWe AMHAMUKU) U BbIOpAHHBIE KAETKU B IIPEABIAYIIIUX
ABYX CTPOKax (IpoUAb AMHAMUKH).

e HauBHas peaansanus paboTaeT 3a 227 - n?.

@ Ha camoOM Aene AOCTUXKUMBIX COCTOSIHUM B Ka>KAOU KAETKEe
ropasa0 MeHbIIe, yeM 227, HO BCé-TaKy GOABIIe, YeM,

2
Hampumep, 23".
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3apava «LIudpsl B TabAuIE» Kaxk pemaTe paablie

Kak peraTth paAblile

/AOKaABHOE U3MEeHeHUe:;

@ BriGepeM cAyyaliHYIO He BBIOPAHHYIO KAETKY.

@ OTMeHUM BBIOOp BCeX €€ cocepel (MX He OOABIIIE BOCHMHU).

Temnepb MOKHO CAEAATH!
@ cayualiHoe OGAy>KAaHUE,
@ IIOMCK AOKAaAbHOT'O MaKCHMYMa,
@ IIOPOTOBOE IIPUHSTHE,
@ METOA OTIKUTA...

Ha nmpumepe 3TOM 3apaum YAOOHO 3TO BCE MOIIPOOOBATEH, IIOTOMY
4TO OOBEKT IPOCTOM, U IIUCATh IPOrPaMMy AETKO.
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3aBepIiieHne

Bormpocsr?

Boripockeri?
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