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AHHOTAIUA JTUCHUIIINHBI

Ananumuueckue cemu

JucuuninHa « AHaTUTHYECKUE CETH» MpeJHa3HadeHa JIJIsl CTYJIEHTOB HaIlpaBiIeHUs
noaroroBku  01.04.04 «IlpukinanHas MaremaTHKa», Marucrepckas Mporpamma
«AHaTUTUYECKHE, COLIMATBHBIE U IKOHOMUYECKUE CETH.

OO6m1ast TPyA0EMKOCTh OCBOCHHS JUCHIUIUIMHBI COCTABIISIET 6 3a4eTHBIX eauHuIl (216
gacoB). uctumnmmHa peanusyercs Ha 1 Kypce Bo 2-M cemecTpe. JlUCIMIUIMHA BXOAUT B
4acTh, (GOPMHUpPYEMYI0  YYaCTHHKAaMU  OOpa30BaTENIbHBIX  OTHOLIEHUH,  OJIOKa
«Jluctumauael (Moaysin)». JlucuuminHa OCHOBaHA HA 3HAHUSIX, TOJIYYEHHBIX CTYJACHTOM
B Kypcax JIUCKPETHOM MaTEMAaTUKHU U TEOpHH rpadoB U CETEM.

Oco0OeHHOCTH MOCTpOCHMS Kypca: Jekiuu (36 yacoB), JabopaTopHbie paboThl (36
4acoB), caMocTosiTenbHas padota (108 yacoB), moAroToBka Kk 3xk3aMeny (36 yacos).

ConepxaHvue  JUCHUIUIMHBI ~ OXBAThIBAET  CIEOYIOMIMA  KPyr  BOIPOCOB:
AKCTpeMasbHbIC 3a7auu JIs Tpad)oB U CeTei.
SA3bIK peaqu3anuu: PyCCKUM.
Heap — 1ath npencTaBieHUuE 0 MOAEISIX U NOIX0AaX, IPUMEHSEMbIX TTPU PEILICHUU
3a/1a4y B MpaKTHUKE OM3HECA U DKOHOMUKH, OCHOBaHHBIX Ha T€OpUU rpad)oB U CETEH.
3agaum:
pa3BUTHE CIIOCOOHOCTH 3HATH CHEIUATBHBIC MOJICIN U METOJIbI PEIICHUS 3a7]a4 B TEOPHUH
rpadoB;
pa3BUTHE TOTOBHOCTH HCIIOJb30BaTh TEOPETUUYECKUE PE3YJIbTAaThl MO TEMATHKE
JTVCHUIUIMHBI JIJIs1 aHaJu3a KOHKPETHBIX TPUMEPOB U3 DIKOHOMUKH U OM3HECA;
pa3BUTHE TOTOBHOCTH BIIQJIETh CTaHJAPTHBIMH HWHCTPYMEHTAJIbHBIMU CpPEICTBAMU
PEIICHUS TUTOBBIX YKCTPEMABHBIX 33]]a4 Ha CETAX U rpadax.

J{nst yCTeHOTO U3YyYEeHUS! TUCIUIUIMHBI « AHAIMTUYECKUE CETH» Yy O0ydaroluxcs

JKEJATEIbHbI CIEAYIOIINE TIPEABAPUTEIbHBIE KOMIIETCHIUU:
TOTOBHOCTh K CAMOCTOSITEJIbHON paboTe.
KomneTreHuuu cTyIeHTOB, HMHAUKATOPBI UX JTOCTHXKECHUS U PE3yJIbTaThl 00yUEHHUS 110

TUCHUIUINHE.



[Tpodeccuonanbapie KOMIIETE
KOMIICTCHIIHH (3JIEMEHTBI KOMIIET

HIIWW BBIITYCKHHUKOB U HHAWKATOPBLI UX JOCTHIKCHUAA:

CHIIMIN).

Koa Kon IIC (mpu Kon NHaukaTopbl 10CTHKEHH ST
HauMeHoBaHue |(Hajauuuu [IC) mam| Tpynosoii KOMIIeTEHIIM U
npodeccHoOHAILHOM| CChIIKA HA MHBbIE |((PyHKUMHU (TIPpH
KOMIIEeTEHIIMH OCHOBAaHHUSA Haguquu [1C)
Tun 3ama4 npodeccuoHaIbHOM NEeITEIBHOCTH: HAYYHO-HCCJIeA0BaATeIbCKUI

[TK-5.1. ®opmynupyeT Moaenu

ITK-5 Criocoben k PMYITHPY .
MPUMCHACT MCTOAbI aHAJIM3a O6’I)€KTOB,

paspaboTKe u M
CUCTEM, IIPOUECCOB U TCXHOJIOTHHU Ha

MCCIICIOBAHUIO o
OCHOBC MaTEMAaTHYCCKUX MOJACIICHU N

MAaTEMATUYCCKUX Ananus o

\, o MCETOJOB IMPUKIAAHON MATCMATHKH
METOI0B U MOAECJIEH TpeOOBaHMH,
JIsI IIPOBEACHUSL IIPEABABIISIEMBIX -

pVU TIPOBEAL bex [1K 5.2 IIpoBOoAUT cLEHApHBIE

MHOTI'OBApUAaHTHBIX K BBIITYCKHHUKaM
AHATUTHYCCKUEC paCdYCThI IJId

AHAIIUTHYCCKUX o
000CHOBaHUS MPUHUMACMBIX PEIICHHUN

PacueToB u
MO BapruaHTaM B TOM YHCJIC Ha OCHOBE

MMOATOTOBKH

o MMPOrPaMMHBIX CPEICTB
MPUHATHS PELICHUI

KO,I[ W HAMMCHOBAHUEC MHUKATOpa
JOCTHIKCHHU A KOMIICTCHII NN

HanmeHoBaHMe TIOKa3aTes OIICHUBaHUS
(pe3ynbTaTa 00y4eHus Mo TUCIUILINHE)

[IK-5.1. ®opmynupyeT MOIEIH,
MIPUMEHSIET METOBI aHAJTN3a
00BEKTOB, CUCTEM, TIPOIIECCOB H
TEXHOJIOTHII Ha OCHOBE

3HaeT paBHOBECHBIC M OKCTPEMalIbHBIC 33]aUl Ha CETAX U
rpadax B 5KOHOMHYECKHX, (PUHAHCOBBIX, COLUATIBHBIX U
MH(OPMAITMOHHBIX CETAX, METOJIBI 0OOCHOBAaHUS
AZICKBATHOCTHU MCIHOJIB3YyCMBIX MOILeHeﬁ

MaTeMaTHYECKNX MOJEJIEH U
METOJOB MPUKIATHON MaTeMaTUKU

YMmeer 00HapyKUBaTh SIBJIICHMSI, MOJEIIUPYEMBIE
JKCTpEMaJIbHBIMM IIOCTAHOBKAaMH 3ajlady Ha ceTsax U rpadax B
9KOHOMHYECKHX, (UHAHCOBBIX, COLMATTBHBIX u
WHPOPMALMOHHBIX ~ CETSX, OOOCHOBBIBATH aJIEKBATHOCTD
HCHOJIb3YEMBIX MOJETIeH

Brageer MmeTogamu pemieHusi paBHOBECHBIX U
IKCTpEMAaITbHBIX 33/I1a4H Ha CETsIX U rpadax B
9KOHOMHYECKHX, ((MHAHCOBBIX, COIIMATBHBIX U
WH(POPMALMOHHBIX CETAX, METOIaMU 000CHOBAHUS
aJIcKBaTHOCTH HCIIOJIb3YEMBIX MOJETIEH

IIK 5.2 IIpoBoauT clieHapHBIE
AHATUTHYECKHUE PACUETHI IS
000CHOBaHUS MPUHUMAEMBIX

3Haer AJITOPUTMBI PCIICHUA PAaBHOBCCHBIX U OKCTPEMAJIbHBIX
3aj1a4 Ha CeTsAX U rpadax, METO/Ibl OLIEHKH
paborocniocobHOCTH U 3P PEKTUBHOCTH AINTOPUTMOB

peuIeHuil 0 BapuaHTaM B TOM YHCJIE
Ha OCHOBE IPOrPaMMHBIX CPEJICTB

YmMeeT pa3pabaThiBaTh U PEAN30BLIBATH AJITOPUTMBI
pEIICHUs PABHOBECHBIX U AKCTPEMANIbHBIX 3a]a4 Ha CETAX U
rpadax» B 9KOHOMUYECKHX, (DMHAHCOBBIX, COIIMAITBHBIX U
MH(OPMAITMOHHBIX CETSIX C MMOMOIIBI0 COBPEMEHHBIX
MIPOTPaAMMHBIX CHCTEM, OIIEHUBATH Pa00TOCTIOCOOHOCTH U
3(HEKTUBHOCTH aJITOPUTMOB

Bnageer MeTogamu mpoeKTUPOBaHUS U pa3pabOTKH
ITOPUTMOB PEIICHNS PABHOBECHBIX M SKCTPEMAIIbHBIX 3a/1a4
Ha CeTsX ¥ rpadax METOAaMH OIEHKH pabOTOCIIOCOOHOCTH 1
3(h(HEeKTUBHOCTH aITOPUTMOB




1. TpynoémkocTh IMCHUNIMHBI M BU/IbI Y4EOHBIX 3aHATHH 1O
TUCIHHUILINHE

CtpyKTypa JUCHUILIUHBI

dopMel
C | KonuuecTBO 4acoB IO BUAAM y4eOHBIX p .
N MTPOMEKYTOUHOM
e 3aHATHHA U pabOThI 00yUaroIerocs
arTecTalun
M
HawnmenoBanwue pasmena Camoc
Ne € KouTt
IUCLMUIIIINHBI ¢ | Jexu Jla6opa | [Ipaktu | TosiTe p
T | TOPHBIC | HECKHE | JIbHast 0J1b
paboTHI | 3aHATHSA | pabOT
p a
Paznen |. Anroputmsl
1 | onTHMU3aLMA HA CETAX U 2 18 18
rpadax
Paznen Il. 3agaun 108 36 Ok3ameH
OIITUMHU3ALMU U
2 MMH3ALl 2 | 18 | 18
JIBOMCTBEHHOCTH Ha
rpadax
Hroro: 36 36 108 36

I11. CTPYKTYPA U COJEP KAHUE TEOPETUYECKOH YACTH
KYPCA

Paznen |. AaropurmMsbl ONTUMH3AIMA HA ceTAX U rpadax

Tema 1. KpaTuaiimue nmytu

[Touck kpaTuaiiiiero myTH MEXAy 3aJaHHBIMU BepIIMHaMU B rpade.
Anroput™m JleWKcTpbl mnoucka Kkpardaidmero mnytd. llpumep. OOGocHOBaHue
anroput™a JleiikcTpbl. DKOHOMHUYECKUE acleKThl MpUMeHeHus 3anauu. [louck k
Kpatyailmmx myted B rpade. Aaroputm ABoitHoro mnoucka. Ilpumep.
DKOHOMHUYECKHUE aCNEKThI IPUMEHEHUS 3a4a4H.

Tema 2. OcToBHBIE JepeBbsi B rpade

[Touck Bcex OCTOBHBIX J€peBbEB B Tpade. AJNTOPUTM MOCTPOEHUS BCEX
OCTOBHBIX JiepeBbeB B rpade. [Ipumep. O6oHOBaHME anropuT™Ma MOCTPOCHUS BCEX
OCTOBHBIX JI€pPEeBbEB B Tpade. DKOHOMUYECKHE ACHEKThl NMPUMEHEHHUs 3a/Jayu.
HaukpaTtuaitmee octoBHoe nepeBo. Anroput™m Kpackama. IIpumep. Anroputm

[Tpuma. [Tpumep. DkOHOMHUYECKUE ACTIEKTHI MPUMEHEHUS 3a]a4H.



Tema 3. 'aMHJILTOHOBBI HUKJIbI

[Touck Bcex raMUIBTOHOBBIX IMKIOB. Alre0Opandeckuil MeToJl. AJTrOpUTM
anreOpanyeckoro wmetoaa. Ilpumep. DKOHOMUYECKHE ACHEKTHl MPUMEHEHHS
3agauu. HamkpaTyailmii raMuIbTOHOB UK. MeTo/1 BETBEH U TpaHUIl. AJITOPUTM
MeToja BeTBed u Tpanuil. [lpumep. DKOHOMUYECKHE aCMEKThl MPUMEHEHUS
3a/1a4H.

Tema 4. [TapocoyeTanunsi 1 MOKPHITUSA

OCHOBHBIE MOHATHUS U ONPEACIICHUS 110 TEME “‘TIapOCOYETAHUS U MOKPBITHS .
[TapocoueTanue  MakCHMalIbHOMN MOIIHOCTH. AJroputm MIOCTPOCHHUS
yepeaywomierocs Jaepera. Ilpumep. ANTOpUTM MOCTPOEHUA MMAPOCOYETAHUS
MakcUMalbHOW MomHOCTH. [Ipumep. OOOCHOBaHHME anropuT™Ma MOCTPOEHUS
MapOCOYETAHUS MAKCUMAIBHON MOIIHOCTH. [TapocoueTanne MakCMMalIbHOTO Beca.
Asnroputm OnmoHaca — [[xoncona. Ilpumep. Iloctpoenne oT mapocodeTaHus K
NOKpbITHIO. [loCTpoeHME OT MOKPBHITHUA K TMAPOCOYETAHUI0. DKOHOMHUYECKHE
aCIEeKThI IPUMEHEHUS 3a7a4.

Tema 5. LlenTpsbl rpados u cetei

['maBHbI 1EHTpP. AOCONIOTHBIM IEeHTp. [aBHBIM aOCOTIOTHBIN TEHT).
Meton XakuMu (HaxOXIeHHE a0COJIFOTHOTO L[EHTpA). [Tpumep.
MoaudunpoBaHHblii MeTOl XakuMu (HaXOXJEHHE aOCOIIOTHOIO LIEHTPA).
[Tpumep. Utepanmonnsiii Metos (HaxoxaeHHe a0OCoMtoTHOTO I1eHTpa). [Ipumep.
DKOHOMHUYECKHE AaCMEKThl MPUMEHEHUS 3a7adyu. [ JIaBHBIM aOCOJIIOTHBINA LIEHTP.
Meton Xakumu (HaxOXXJICHHE TJIaBHOTO aOCONIOTHOrO IieHTpa). IIpumep.
MonuduiupoBaHHbplii  MeTOl XakuMU (HAXOXJICHHE TJIABHOTO a0COIIOTHOTO
nentpa). [Ipumep. DxoHOMUYECKHE aCTIEKThI IPUMEHEHUS 3aa4H.

Tema 6. P-mequanni rpadgoB u cereit

[Touck P-Menuanbl sSBISIETCS OJHUM U3 HanboJjiee MIMPOKUX KJIAacCOB 3ajad,
M3BECTHOTO KaK MMUHUCYMMHBIE 3aJ]Ja4M PacMoJIOKeHUsI-paclpeiesieHrs. 3ajaada o
HaxXO0XXJICHUU p-MEAHaHbl - 3TO 3ajJa4a O Pa3MEUICHUU 3aJaHHOTO YKCiia MYHKTOB
0OCITy’KUBaHUS, IPU KOTOPBIX CyMMa KpaTyaWlllUX pPACCTOSHUU 10 OJMKallImx

IMYHKTOB IMPUHUMACT MHUHUMAJIBHO BO3MOKHOC 3HAUCHMUC. AHFOpI/ITMBI pCUICHUA



3a/layd MOMCKAa p—MeIuaHbl (METOJ BETBEM W TpaHMI], METOJ 3aMEHbl BEPILUH,
OBPUCTUYECKUE METOJbl, TEHETUYECKUE AJITOPUTMBI, MIOUCK C 3aIlpeTamMu, METOJ
MMUTAIIUU OTXKUra, METoJl MHOXUTenei Jlarpamxka). Anroputm Taiitia u bapra.
[Ipumep. DKOHOMUYECKHUE aCIIEKThI IPUMEHEHHUS 3aJa4H.

Tema 7. [loToku B ceTsix

OCHOBHBIE TOHATUS WU oONpeaeneHus. MakcUMalbHbId MOTOK. AJITOPUTM
MoMCKa yBelnuuBaromen unenu. I[Ipumep. AATOpuT™M mOMCKAa MaKCHMalbHOTO
notoka. Ilpumep. DOKOHOMHYECKHE aCNEKThl NpUMEHEHus 3agauu. IloTok
MUHHAMAJIBHOM CTOMMOCTH. AJITOPUTM MOKCKA NOTOKA MUHUMAJIbHOM CTOMMOCTH.
[Tpumep. OGocHOBaHME alropuT™Ma IMOHUCKA MOTOKA MHUHHUMAIbHOW CTOMMOCTH.
DKOHOMHMYECKHE aCMEKThl MPUMEHEHUS 3aJadyd. MakCUMaJIbHO JWHAMUYECKUU
NOTOK. AJITOPUTM IOHUCKA MAKCHUMAJIBHO JHHaAMU4eckoro nortoka. OO0CHOBaHUE
QIrOPUTMA TIOMCKA MAKCUMAJIBHO JWUHAMUYECKOTO TIOTOKA. JKOHOMUYECKHE
acneKkTbl MpuUMeHeHus 3aaadd. [loTOK HauCKOpeWIero MnpuoBITHS. AJNTOpUTM
noucka MOTOKa Hauckopeumero npuObitus. [lpumep. OO6ocHOBaHUE aiaropurMa
NOMCKAa TIOTOKA HAUCKOpEHIIero mnpuoObITUA. ODKOHOMHUYECKHE  aCHEKThI
IIPUMEHEHUSA 3a1a4H.
Pazpnea Il. 3agaun onTuMu3anMu U ABOHCTBEHHOCTH Ha rpadax

Tema 1. OcHOBHBIE TeOpeTHYECCKUE CBEICHHUS

Beenenue. 3anaun ontumuzanuu. OkpecTHOCTH. JIokanbHbIE U TI100alIbHbIE
ONTUMYMBI. DJIEMEHTBI JIMHEHHOUN anreOpbl. OCHOBHBIC MOHATUS Teopuu rpados.
JIBOoMCTBEHHAass  3ajJada  JIMHEWHOTO  IpOorpamMMHpoBaHus.  JlonomHsromas
HexkecTKoCTh. Jlemma @apkaiia. 3agaya 0 KpaTyailllieM MyTH U JIBONCTBEHHAs e
3a7a4a. /[BOMCTBEHHBIN CUMIIJIEKC-AITOPUTM.

Tema 2. IIpsiMo-1BOMCTBEHHBIH AJITOPUTM

IIpssmo-nBONCTBEHHBIM  alropuTM.  [IpsMO-IBOWCTBEHHBIM  METOX B
IIPUMEHEHUM K 3ajJade O Kparyaumiem nyTd. [Ipsmo-IBOWCTBEHHBI METOI B
IIPUMEHEHUN K 3a7a4e O MAaKCUMAJIIBHOM IIOTOKe. TeopeMa O MaKCMMaJbHOM

MIOTOKE M MHUHHUMAJbHOM paszpese. Anroputm nomerok Dopaa-dPankepcona.



AunroputMm ®@noiina - Yopmemna. [IpssMo-a1BOMCTBEHHBINM METOJ B NMPUMEHECHUHU K
3a/1a4€ O MOTOKE MUHUMAJIbHONH CTOMMOCTH.

Tema 3. [IpumeHeHue K 3a7a4aM 0 MAPOCOYETAHUU

AJNTOPUTM MOCTPOEHUS MapocoyeTaHusi B JBYJ0JbHOM Tpade. [lapocouenue
B JIBY/I0JIbHOM Tpade u motok B ceTu. [lapocoueTanne B mpou3BOIbHOM rpade -
uBetku. Ilapocoueranne B Npou3BOJBHOM TIpade — anroputMm. BispemieHHoe
napocoueranve. BeHrepckuil MeTon Uil 3aJayd O Ha3HAYCHMSAX. 3ajada o
B3BEIICHHOM MapoOCOYETaHUH B MPOU3BOJLHOM Tpade. OCTOBHBIE NEPEBBS U
MaTtpoupl. 3ajadya U MHUHUMAJIBHOM OCTOBHOM JepeBe. JKaIHbI anropuTM.
Matpounnel. [lepecedenne nByx MaTponJ0B. AJITOPUTM OTCEKAOIIEH INIOCKOCTH
JUISL 3a]1a4 LEJIOYMCIEHHOTO JTMHEUHOTO ITporpaMmupoBanus. Orceuenne ['omopn.
Jlexcukorpagpuyeckoe ymnopsaoueHusi. KoHEYHOCTh JpOOHOro JBONCTBEHHOIO
aNropuTM™MA.

Tema 4. IlpudamkeHHsle agropurmbl, NP-mosHble 3aga4m U TPYAHO
peuiaeMbie NMPodJieMbl

OBpUCTUKHU IS 33Ja4d BEPIIMHHOM NOKpbITUU. [Ipumep. [lpubnuxeHHbie
QNrOPUTMBI JUIsl  3aJlaud  KOMMHUBOsDKepa. HazaexxHble CeTH MHUHUMAaJIbHON
CTOMMOCTU. Tomoyiorusi MpPUOPEHKHOM CUCTEMBI Ta30MpOBOAOB. PaBHOMepHOE
pazouenus rpados. Jlepesns lllTelinepa. BpeMeHHas CI0KHOCTh pEIIeHUs 3a7ad
auckperHoi onruMu3anuu. OcHoBHble Kiacchl cioxHoctd (P, NP, NPC). NP—
TPYJHBIE 33Ja4M (3a7a4ya O prOK3akKe, 3ajaya KOMMUBOsDKepa). [lonmuHoMuanbHbie
ceenenusa. Teopema Kyka. [lpyrue NP-momsble 3amaum: KiIMka W 3ajaya

KOMMHUBOSIKCPA, COUCTAHUC, IIOKPBITHC, p336I/IeHI/Ie.

I. CTPYKTYPA U COAEPXKAHUE MPAKTUYECKOMN YACTU KYPCA

JlaGoparopHbie padoThbI

JlaGopaTopnas padora Nel. [lonck kpaT4ailiiero myTu MEXAY 3aJaHHBIMU

BepIIMHAMU B Tpade



JlabopaTopnass padora Ne2. Anroput™m JIeHMKCTphl MOMCKAa KpaTyauIlero
My TH.

JlaGopatopnasi padora Ne3. Ilouck K kparwaiimmx myteit B rpade.
AJITOPUTM IBOMHOTO NTOUCKA.

JlabopaTopnasi paGora Ne4. [Tonck Bcex OCTOBHBIX JIEPEBLEB B Ipade.

JlabopaTopnass paGora Ne 5. Haukparuaiiiee OCTOBHOE J€pEBO.
Aunroput™m Kpackana. Anroputm [Ipuma.

JlaGopaTopHnasi padora Ne6. [Touck Bcex raMUIIbTOHOBBIX ITUKJIOB.

JlaGopaTopHnasi padora Ne7. Hankparualllunii raMAJIbTOHOB LIMKJI.

JlabopaTopHas padora Ne8. [TapocodyeTranne MakCUMaIbHOW MOIIIHOCTH.

JlabopaTopHas padora Ne9. [TapocouyeTaHnne MakCUMaIbHOTO BECA.

JlaGopaTopHasi padora Nel(. AGconroTHbIHN 1IeHTp. MeToa Xakumu.

JlaGopaTtopnass  paGora Nell. ['naBHbIi  aOCOJIIOTHBIM  IEHTP.
MopaudunpoBaHHbIi MeTOa XaKUMHU

JlaGopaTtopnasi paGora Nel2. AnNropuT™Mbl pemieHus 3aJayd IOUCKa P—
MeIaHbl

JlaGopaTopHasi padora Nel3. MakcuMalibHbIN MOTOK.

JlabopaTopHas padora Nel4. [ToToxk MUHUMaNTbHONW CTOUMOCTH.

JlabopaTopHas padora NelS. 3agaun onTUMHU3ALMU, TPAMO-IBONCTBEHHBIN
aJITOPUTM U €r0 NPUMEHEHHUE.

JlaboparopHnasi padora Nel6. [Ipumenenue K 3aa4am 0 MapoCOYCTaHUH.

JlaGopaTopnasi padora Nel7. OcToBHBIC JIepeBbs M MAaTPOUIbI. 3ajadya H
MUHHMaJILHOM OCTOBHOM JIEPERBE.

JlaGopaTtopnasi pabdora Nel8. IlpuGmikeHHble anroputMbl, NP-moiHbIe

3aJlayu ¥ TPYAHO PEIIaeMbie MPOOIEMBI.

V. KOHTPOJIb JOCTUXXEHMS IEJEA KYPCA

Ne KonTponupyemsie Kon Pesynbrars! Onenounsle cpeacTsa *
n/m pa3aemnsl/TeMbl u o0yueHus Texy it TIpoMesxy-
JUCHTUITIINHBI HaAMMCHOBaHHC KOHTPOIIb TOYHAS
MH/IMKaTOpa aTrTecTanus
JOCTHKCHUS




1 | Paspen I. IK 5.1 3HAEeT VO-1 _
ANTropUTMBI IK 5.2 yMeer I1P-9
OITUMU3AILIMU Ha BIIAJIEET
ceTsix u rpadax HABBIKAMH

2 Paznen Il. 3amaun IIK 5.1 3HAET VO-1 _
OIITUMHU3ALMHU U IIK 5.2 yMeeT I1P-9
JIBOMCTBEHHOCTH Ha BJIAJCET
rpadax HaBBIKAMH

3 DK3amMeH 3HAeT VO-1

yMeeT
BIIAJIEET
HAaBBIKAMHU

q)OpMBI OICHOYHBIX CPCIACTB.

VYcrHblit onpoc:

1) cobecemoBanue (YO-1), komtokBuym (YO-2); noknan, coodmienue (YO-3); Kpyribiid
CTOJI, TUCKYCCHUs, MTOJIEMHKA, TUCITYT, nebaThl (YO-4).
[Tucemennas padora:

2) tectel (IIP-1); koutpombhbie padorel (ITP-2), scce (ITP-3), pedepatsr (ITP-4),
KypcoBbie padboTbI(I1P-5), HayuHO-y4eOHbIe oT4yeThl 1o npaktukam (I1P-6); mabopaTophas
pa6ora (ITP-7); moprdoauno(ITP-8); mpoekt (ITP-9); nenoBas u/unu ponesas urpa (ITP-10);
keiic-3amaya (I1P-11); pabGouas Terpanp (I1P-12), pasHOypoBHEBbIC 3aJaHUsl U 3aJa4yM

(TTP-13).

3) tpenaxep (TC-1)

V1. YYHEBHO-METOANYECKOE OBECIIEYHEHUE
CAMOCTOSTEJBHON PABOThI OBYYAIOIIUXCSI

Ilinan-rpadguk BHINOJHEHHS] CAMOCTOSITE/IbHON PadoThl 10 AUCHUILINHE

Ne | lata/cpoxm | Bua camocrosiTeibHOM PadoThI IIpumepHbie | Popma
BBINOJIHEHUS HOPMBI KOHTPOJIA
n/n BpeMeHH Ha
BBINOJIHEHH e
1 B Teuenne IToBTOpPEHHNE TEOPETUYECKOTO U 108 uvacoB CobecenoBanue
cemecTpa MPAKTUYECKOr0 MaTepuaia (YO-1)

JUCLUIIIIMHBIL, 3aCIIyIMBAEMOTO U
KOHCIIEKTUPYEMOTI'O B XO/1€
ayJIMTOPHBIX 3aHATHUH; U3yUeHUE
OCHOBHOH M JTOMOJTHUTETbHOHN
JUTEPATYypHl, YKa3aHHOM B paboueit
yueOHOI1 mporpamme JUCHUTUIMHBL,
CaMOKOHTPOJIb OTBETOB HA
OCHOBHBIE ITPOOJIEMHBIE BOIIPOCHI 110
TeEMaM JIEKITHI.

CamocTosTenbHbIN pa30op 3a1aHui
W 3a/1a4, peIaeMbIX Ha

[Mpoekt (TTP-9)




MPAKTUYCCKUX 3aHATUAX.

2 Ceccusa DK3aMeH 36 gacoB Co0OecenoBanue
(YO-1)

XapakTepucTHKA 3aJaHUI JJI CAMOCTOATEIbHOM Pa0d0ThHI 00y4AKOIIUXCH U
MeTOAUYECKHE PEKOMEH/IAIUN 110 UX BHINIOJIHECHUIO

Pa3znen 1. AiropuT™Mbl ONTHMHU3ALMHA HA ceTHAX U rpadax
Kparyaiimuue nyru. Ilonck kpaTyaiero nyru Mexay AByMs
3a/IaHHBIMH BepiumHamMu B rpade. Kaxoii xyre (x,y) ucxomsoro rpada G
IOCTaBUM B COOTBETCTBUE uncio a(x,y). Eciu B rpade G orcyrcTByer ayra
(x,y), To a(x,y)=0. Hazosem uucino a(x,y) mmmnoit xyru (x,y). Onpenenum
JUIMHY ITyTH KaK CYMMY JJIMH OTAEJbHBIX IyT, COCTABJISIIOIIMX 3TOT MyTh (LEMb).
Jlnst moObIX OBYX BeplIMH S W t rpaga G MOTYT CyIIECTBOBaTh HECKOJBKO
NyTe, COENUHSIONIMX BEPIIMHY S C BepIIMHOW t. B maHHOM myHKTe Oyner
PacCMOTPEH aJIrOPUTM, KOTOPBIN ONPENEIIAET TAKON IIyTh, BEAYLIUN U3 BEPILIMHBI
S B BEPIIMHY t, KOTOPBIM MMEET MUHHMAJIBHO BO3MOXHYIO JUIMHY. ODTOT IyTh
Ha3bIBACTCS KPaTYAUIIUM ITyTEM MEXYy BEPIIMHAMU S U t.
[IycTh maH CBsI3HBI HEOPUEHTUPOBAHHBIA B3BELIEHHBIM rpad G. 3amaua o
MOWCKE HaWKpaT4auiliel Iend COCTOMT B TOM, 4yTOObl Haith moarpad G,

BKJIFOYAIONINN HAMKpaTYaIIMe LEeny OT 3aJaHHOM BEPIIMHBI V, 10 V,, IPU 3TOM

CymMMa BecOB pebOep MuHUMAabHA. JlaHHAs IMOCTAaHOBKA 3agadyv (OpPMaJIbHO
OTMCBIBACTCS CJICTYIOINM 00pa3oMm:

9p:G=(V,A) > |G, =V, A)IV..V, =V, D¢ - min

leV,
1e{f2,...m}

1)
[IycTh naH CBA3HBIM HEOPUEHTHPOBAHHBIN B3BEIICHHbIM Oe3 metenb rpad G.
3ajavya o MOMCKe HauKpaT4auIlen Henu COCTOUT B TOM, YTOObI HailTh noarpad G, ,

SABJIAIOIIMKACS IEPEBOM KpPATHAKIIMX LIEMEH, T.€. BKIIFOYAIOIIETO KpaTyaniue 1enu
u3 V., BOo Bce BepmmHbl rpada. JlaHHas mocTaHOBKa 3amadu  (HOpPMaIbHO

OTHMCHIBACTCS CJICTYIOIINM 00pa3oMm:

9:G=(V,A)—=[G, =(V,A)|G, —0epeso xpamuativux yeneii)
(2)

Jlnst pelieHus 3TUX 3a7a4 B cy4ae, eCiu Beca YT HeOTPULIATENbHBI, U B Tpade
OTCYTCTBYIOT LHMKIJIbI OTPHUIATENBHOIO Beca, pa3padboTaH mpocToil 3PheKTUBHBIM
AJITOPUTM, KOTOPBI HOCUT Ha3BaHUE aNTOpUTM JIEHKCTPHI.

Ionck k kpatyaiimux nyreil B rpage. Bo MHOrux ciyuasx tpedyercs
3HATh HE TOJIBKO KpaT4aWllre IMyTH MEXIY ABYMS 3aJaHHBIMHU BEPIIMHAMH, HO U



BTOPBIE, TPETHU U T.[. MO JJIMHE MYTH MEXAY 3THUMH K€ BEpIIMHAMU. B 1aHHOM
paszJiesie ONUCHIBACTCS al20pUmm OB0UHO20 NOUCKA, KOTOPbIA HAXOAUT Kk IEpBbIX
KpaT4allInx MmyTel U3 HEeKOTOPO (PUKCUPOBAHHOM BEPUIMHBI KO BCEM OCTAIBHBIM
BEpIIMHAM HCXOAHOTO rpada.

OcToBHbIe 1epeBbsi B rpage. Ilonck Bcex 0cTOBHBIX AepeBbeB B rpage. B
HEKOTOPBIX CUTYalHSIX BO3HUKAET HEOOXOAMMOCTh B TOCTPOEHUH MOJIHOTO CIHCKA
OCTOBHBIX JiepeBbeB rpada G. Hampumep, B TOM ciaydae, Koraa Hajgo OTOOpaTh
“Hawtyyriee” JepeBO, a KPUTEPH, MO3BOJSIONIMA OCYIIECTBUTh TaKOoW OTOOD,
ABJISIETCA OYEHb CJOXHBIM, TaK YTO HEMOCPEICTBEHHOE PEIICHUE 3a/1auu
ONTUMM3AIMU (HE UCIOJIB3YIOUIEH TNEpeuncIeHue BCEX OCTOBHBIX JEPEBBEB)
OKa3bIBA€TCS HEBBITIOJIHUMBIM.

[Iycth nan rpad G. Hy»HO HaliTh B HEM BCE OCTOBHBIE JI€PEBbSI:

9:G=(V,A)—> G (V Ap)lAp = A G, —depeso, p= f, B |}, rae B, - Marpuua
WHIUJIEHIUN UCXOAHOTo Tpada G ¢ OAHOW yAAJIEHHON CTPOKOM.

Hauxparyaiiiiee oCToBHOE AepeBO. JTa MOCTAHOBKA 3aJa4d 3BYYHT TakK:
HalTU B CBSI3HOM B3BEIICHHOM rpadge G (0e3 meTenb) HauKpaTdyaulliee OCTOBHOE
nepeBo. Takast 3aaua MOKET OBITh pellIeHa ¢ MoMoIIbIo anroputma Kpackana viu
anroputMa [Ipuma.

I'amuibTOHOBBI HUKJBL. [lomck BceX TraMHJIbTOHOBBIX IHKJIOB.
Anredpanveckuii MeToxq

OTOT METOJ BKJIIOYAECT B c€0sl MOCTPOCHUE BCEX MPOCTHIX LIEMEH C MOMOIIBIO
IIOCJIE0BATEIBLHOIO IIEPEMHOKEHNS MaTpULl. BBEe1eM HEKOTOpBIE ONPEIEIICHMUS.

Brympennee npou3eedenue eepuwun e V,,\V,,..V, )V, olpenenseTrcsa Kak
BbIpakeHue Buaa V,*V,*..*V, . Moouguyuposannas mampuya cmenrcHoCmu

. Vj,eCﬂu 3 oyea (Vi ,VJ-)
B =14, | - 910 (Nxn) MaTpuua, B KOTOPOH f; :{0’6 wpomueon e

[Ipeanonoxum, uro cymectByer marpuna P ={p,(,j)}, rme p,(,j) - cymma
BHYTPEHHHX TNIPOM3BEICHUM BCEX TMPOCThIX uener uuHel I(1>1) wmexay
BepumHamMu V, u V, 1 V, #V,. ITycts p,(i, j)=0,Vi.

AJaropurMm ajred0pam4eckoro MeToJa IOCTPOEHUS BCEX TaMHJIbTOHOBBIX
IUKJIOB B rpade BKIIOYACT OCHOBHOM IIar ajire0pamdeckoro Meroja COCTOUT B

nponeaype YMHOKCHUS MaTpul B*P = PM, = {pm' (s, t)}, rue
Pt (5.1) =2 A6k pk)
(1)

!/
T.€. P, (s,t) sBISETCA CyMMON BHYTPEHHHMX NPOM3BEICHUI BCeX Iemei us3
BEPIUMHBI V, B BEPIIUHY V, IIAHSEI | +1.

Hauxkparyaiiuuii raMuiibTOHOB HMKJ. MeToa BeTBeil u rpanuu. [lycts nan
MIOJIHBIN CBS3HBIM B3BEIICHHBIN Tpad G, HEOOXOAUMO BBIJICTUTH B HEM moArpad,
coJiep Kallnii raMUJILTOHOB IUKJI, CyMMa BECOB pedep B KOTOPOM MUHHUMAJIbHA.



G, =
9:G=(V,A)> ZC(Vl,Vz)—> min ,2de A; — pebpa, 6xodauue 6(Vy, V.V AV, =V,
J
OnuH U3 METOJIOB PEIICHUS 33J]a4l MOCTPOEHUS HauKpaTYalIIero raMuiIbTOHOBA
[IUKJIa — METOJT BETBEU U TPAHUIL.

ITapocoyeranusi U NMOKPbITUA. [lapocouemanue — MHOXKECTBO pedep Takoe,
YTO KaXJOW BepiiumHe rpada WHIMJICHTHO He Oojiee, 4yeM OJIHO pedpo ATOTo
MHOkecTBa. CyIecTByeT MHOXKECTBO ITapoCcoUeTaHui /i ro0oro rpada, B CBI3U
C ATUM (GOPMYJHPYIOTCS 3aJlaud [OHUCKa MMapoCOYETaHUs MaKCHUMaIbHON
MOIITHOCTH ¥ MaKCUMaJILHOT'O Beca JjIsl B3BEIICHHOTO Tpada.

Ilokpvimue — HEKOTOPOE MHOXKECTBO pebep B rpade Takoe, UTO Kaxkjaas
BeplrMHa rpada WHIUJICHTHA 10 KpalHeH Mepe oJHOMY peOpy 3TOro MHOXKECTBA.
CyniecTByeT MHOKECTBO MOKPBITHI 11 fanHoro rpada. Eciau rpad B3BelIeHHbIH,
TO 11 Hero GOopMyJIHpyeTcs ONTUMU3ALMOHHAS 3a7ada IOMCKAa MOKPBITUS
MHHHUMAaJIBHOT'O Beca.

IMoToxku. OcHOBHBIE MOJIOKEHUA MO TeMe “moToku”. [loTok ompenensier
crioco0 TEPEChUIKM HEKOTOPHIX OOBEKTOB M3 OJHOrO MyHKTa B JAPYrou, T.e. U3
ONHOW BepmMHBI Tpada B APYryro Mo ero ayram (mepeMelleHue Io ayre
OCYILIECTBIISIETCS B 3aJaHHOM Ha HeW HampaBiieHuu). BepiimHa, u3 KOTOpoit
HayMHAETCS TepeMelIeHre OOBEKTOB, HA3BIBACTCS UCMOYHUKOM W 0003HAYACTCS
yepe3 S. BepmmnHa, B KOTOpOW 3aKaHYMBAETCS IIEPEMEIICHHE OOBEKTOB,
Ha3bIBAETCA cmokom U 00o3HavaeTcs yepe3 t. OObEKThI, KOTOPhIE TTEPEMEIIAOTCS
13 UCTOYHUKA B CTOK, HA3BIBAIOTCS eOUHUYAMU NOMOKA WU TIPOCTO eOUHUYAMU.
Eciu xoiM4ecTBO €QUMHUII MOTOKA, KOTOPOE MOXKET MPOXOJIWTH MO ayre (X,Y),

(\/,A¢)|(V0,Vl,... V..): VYV, eV nosersemes 6(\V,,V,,..\V,.,) 0oun paz n

U n+l

OTPaHUYCHO, TO TOBOPAT, YTO 1yra (X,y) HMEET OTPAaHUUYCHHYIO ANPONYCKHYIO
cnocobnocms. MaKCUMabHYIO BEJIMYUHY MPOIMYCKHOW CIIOCOOHOCTH Oyaem
o6o3Hauats uyepes c(x,y). (B manbHeiimem Bemuumba c(x,y) OyIeT Ha3bIBaThCS
MIPOCTO MPOMYCKHON COCOOHOCTHIO.). CeTh — 3TO rpad), B KOTOPOM KaXIAOW ayTre
MIPUITICAaHA HEKOTOPasl MPOITYCKHAsI CTOCOOHOCTb.

[Tycth a(x,y) 00O3HAYaeT CTOMMOCTH MPOXOXKICHUS CAMHHIIBI MOTOKA IO
ayre (x,y),a f(x,y) - KOOM4eCTBO €QUHUI] TOTOKA, IPOXOIAALINX IO AYyre (X,Y). v
- 3TO KOJIMYECTBO CIUHUI] TOTOKA, KOTOPOE HY)KHO IMEPEMECTHTh W3 UCTOYHHUKA B
CTOK.

OGo3HauuM uepe3 i(X,y) MaKCHMAIbHYIO BEJIMYMHY, HA KOTOPYIO MOXKET OBbITh
YBEJMYEH TOTOK B ayre (X,y), a 4epe3 r(x,y) MakCHUMaIbHYH BEJIMYUHY, Ha
KOTOPYKO MOXET OBITh YMEHBIIEH TOTOK B ayre (x,y). OudeBuaHo, 4TO
i(x,y)=c(x y)-f(xy) u r(x,y)=f(xy).

[Tpenmosio)kuM, 9TO MBI XOTHM TIepeciaTh JJOIMOJIHUTEIBHOE KOJHMYECTBO
eIMHUIl TTOTOKAa U3 MCTOYHHUKA S B CTOK t. CyIeCTBYeT TP OCHOBHBIX croco0a
3TO CAETNATh!

1) DTOT cnoco® MOKHO UCIOJIB30BATh, €CIIM HAWCH MyTh P W3 BEPUIMHBI S B
BEPIIMHY t, IEJIMKOM COCTOSIIMNA W3 YBEIWYHMBAIOMIMX JYr, W BeEJIMYMHA
JOTIOJTHUTEIPHOTO TIOTOKAa W3 S B t IO MyTH P COCTaBUT camoe OoJbIlee



min 1i(X, y);.
min (),
2) DTOT crocoO MOKHO UCTIONB30BaTh, €CIIM HAWIEH MyTh P W3 BEPIIMHKI t B

BEPILKHY S, [IEIMKOM COCTOSIINIA U3 yMEHbIIAoUMX AyT. [Ipr 3ToM MOXKHO OBLIO
Obl YMEHBIIUTH MOTOK B KaXAOM ayre (X,y), 4TO HPUBENO Obl YMEHBIIEHHIO
MOTOKA U3 BEPLIMHBI t B BEPUIMHY S W, CIEIOBATENLHO, K YBEIMYECHUIO YUCTOTO
IOTOKA M3 BEPUIMHBI t B BEPUIMHY S. MaKCUMAaIbHOE yMEHbIIEHHUE TOTOKA BIOJb
IyTH P ONpPENENSeTCs BETUUMHOM (Lnyi)rgp{r(x, y)}.

(

3) OtoT crocob sBIseTCS KOMOWHAIMEH MpeAb Ay X aByX. s peanuzanuu
JAHHOTO Croco0a HY)XHO HAWTH I€Mb, COCAUHAIONIYI0 BEPIIMHBI S U t, AYTH
KOTOPOH YAOBJIETBOPSIOT CIEAYIOIIMM YCIOBHSIM: a) BCE npsmble AYTU LEIH,
MMEIOIINE HAapaBJIEHUE OT S K t, MPUHAJJIEKAT MHOXKECTBY | ; 0) Bce oopamuvie
JIyTH LENH, UMEIOIIME HAIIPABICHHUE OT t K S, MPUHAJIEKAT MHOXKECTBY R. Ecin
3TH YCJIOBUS BBIIOJHAIOTCS, TO BJOJIb PACCMaTPUBAEMOM LIEMU MOYKHO I€pecIaTh
JOTIOJIHUTENBHBIA TOTOK M3 S B t. OTO OCYLIECTBISETCS ITyTEM YBEJIWYEHUS
NOTOKAa B MpPSAMBIX Ayrax, SIBISIOUMMUCS YBEIUYMBAIOIIMMU, W YMEHbIICHUS
NOTOKa B OOpaTHBIX Ayrax, SIBJSIOLIMMUCS YMEHbLIAIOMMMHU. MakcumaabHas
BEJIMYMHA JIONOJIHUTEIBHOTO IIOTOKA, KOTOPBIM MOXHO II€peciarh BJIOJb
COOTBETCTBYIOIIEH LENU U3 S B t, ONpENeNsieTcs KaKk MUHUMYM M3 CIEAYOIINX
JIBYX BEJINYUH:

min {i(x, y): (X, y)—npsavas oyea}

min {r(x, y): (X, y)—06pamHa;z Oyza}.

MuHuManeHass W3 3TUX JBYX BEIUYUH HA3bIBACTCS  MAKCUMATbHLIM
yeenuyeHuemM nomoka 1o COOTBETCTBYIomIeH 1enu. Kaxxaas uens u3 s B t J11000ro
U3 TPEX PACCMOTPEHHBIX BBIIIE€ THUIIOB, MO KOTOPOM MOTYT OBITh IOMOJHUTEIBHO
MIOCJIAHBI €IMHUIIBI TIOTOKA, HA3BIBAETCS YEEaUUUBAIOU U YENbIO.

MakcuMaJabHbIH MOTOK. JIJ1s1 11000r0 MOTOKA M3 S B t KOJIWYSCTBO COUHHMII,
BBIXOJISIIIMX W3 JII0OOOM BEpIIMHBI X (TIPU 3TOM X #S,X #t), TOJDKHO OBITH PABHO

KOJIMYCCTBY CAMHUII, BXOIJAIIHUX B 3Ty BCPIIMUHY, T.C.

S E(xy) =D F(y,x)=0,(x#s,x %),

yeX yeX
(1a)

(X - 2TO MHOXECTBO BCEX BEPIIUH paccMaTpuBaemoro rpada). Kpome toro,
KOJIMYECTBO EMHUIL TIOTOKA, MPOXOAANIUX MO KakIOH ayre (X,y), HE JIOJKHO
MPEBBIIIATH MPOITYCKHOW CITOCOOHOCTH 3TOM IyTH, T.€.

0< f(xy)<c(xy)(xy)eA
(2a)

(A - MHOXeCTBO Bcex Ayr paccMarpuBaemoro rpada). CymMmapHOE YHCIIO
eIMHUIl TTOTOKA, BBIXOMASIINX M3 MCTOYHHWKA, IOJDKHO OBITH PaBHO CYMMapHOMY
YHUCIy €IWHUI TOTOKA, BXOMAAIIMX B CTOK. Eciu ykazaHHOE 4uCIO 00O3HAYUTH
qyepe3 v, TO 3TO YCIOBHE MOXKHO MPEACTABUTH CICAYIOUTIM 00pa3oM:

2 fxy)-2 f(y.s)=0,

yeX yeX

(3a)



Z f(y,t)— Z f(t, y)= .

yeX yeX
(42)

JIr000i1 MOTOK U3 S B t JOJDKEH YJIOBJIETBOPATHh BCEM UETHIPEM ycioBusaM (1a)-
(4a). 1 Ha06OPOT, €Ciu MOKET ObITh HalieH Habop BenuuuH f(x,y) mpu (X,y)e A,
JUTSI KOTOPOTO BBITIOJTHSFOTCS 3TH YETHIPE YCIOBHS, TO TAKOW HAOOp MPEICTABIISCT
co0O0M MOTOK U3 UCTOYHUKA S B CTOK t.

3ajaya 0 MAaKCMMAaJIbHOM TIOTOKE COCTOMT B TIOMCKE TIOTOKa,
yaoBieTBopsitomiero  yciopusim  (la)-(4a), myis  KOTOpOro BEJIWYMHA U
MaKCHUMaJlbHa. AJITCOPUTM HaXOXIEHUS MAaKCUMAJIBHOTO MOTOKa ObUT pa3padoTaH
@oprom u DankepcoHOM, U HJEd STOTO AJITOPUTMA COCTOUT B CICAYIOIIEM:
BBIOMPAETCSI HEKOTOPBIM HayaJdbHBIM MOTOK U3 S B t W C MOMOIIBIO AJITOPUTMA
MOKMCKAa yBEJIMYMBAIOIICH 1IETH BBITIOJIHSIETCS MOUCK yBenuuuBarome nenu. Ecinu
OH OKa3bIBAETCSl YCHEIIHBIM, TO MOTOK BAOJIb HAMICHHON 1ENH yBEIMYUBACTCS 10
MaKCUMaJIbHO BO3MOXXHOTO 3HA4YEeHHsS. 3aTeM BBINOJHSICTCS TOUCK HOBOM
yBeIUYMBAIOMed menu W T.Ja. Ecam Ha KakoM-TO JTane 3TOH MpOIEAypHI
YBEIUYMBAIOIIYI0 TOTOK IIeNb HAWUTH He YJIaéTcs, BBIMOJHEHUE aJrOpUTMA
3aKaHYMBACTCS: TEKYIUH TIOTOK U3 S B t SBIISICTCS MAaKCUMAJIbHBIM.

IIoTok MHUHUMAJIBHOH CTOMMOCTHM. 3ajJada O I[OTOKE MHWHHUMAJbHOU
CTOMMOCTH MOXET OBITh MPEJICTABJICHA CIEAYIOIIUM 00pa3oMm:

min {(Xzy:)a(x, y)f(x, y)}
(1) |

[Ipu orpaHnyeHusX:

Y[t(sy)-f(y.s)=0

y

(2)
S[F(xy)-f(y,x))=0 (x=s,x=t)
3)
2lHEy)-fly.)]=-v
(4)
0< f(x,y)<c(xy)vxy
()

Cymma, Bxopmsmiass B cooTHomieHue (1) mpencraBiser co0oil 001IyIO
CTOMMOCTh MOTOKa. YpaBHEHUE (2) MOKa3bIBAET, YTO YUCTHI CyMMapHbIA MOTOK
U3 UCTOYHUKA S JIOJDKEH OBITh paBeH v. YpaBHEHHUE (3) MOKa3bIBAET, YTO YUCTHIN
MOTOK W3 JII0OOW BEpIIMHBI X, HE COBMAJAIONIE HU C MCTOYHUKOM S, HH CO
CTOKOM t, 1oJikeH ObITh paBeH (. YpaBHeHue (4) MOKa3bIBAET, UTO YUCTHIA MOTOK
U3 CTOKa t paBeH (—v). YcioBue (5) onuchiBaeT TpeGOBAHKE, COTIIACHO KOTOPOMY
MOTOK B KaXKJIOM Ayre JIOHKEH UMETh BETUYUHY, HAXOASAUIY0Ccad B MHTepBasie oT 0
710 3HAYCHUS TPOIMYCKHOM CIIOCOOHOCTU JAHHOM JTyTH.

CooTtHomenue (1) MOKHO 3aMEHHUTH CIIETYIOITIM 00pa3oM:



e p- 3 a(1)1 1)
(xy)
(6)

r€ p - JOCTATOYHO OOJBIIOE YUCIO (Hampumep, p MOXKET OBITh JHOOBIM
YUCJIOM, OOJIBIIIMM MaKCUMaJbHONW CTOMMOCTH MPOXOKACHUS €IUHUIIBI TTOTOKA U3
UCTOYHHUKA S B CTOK t).

AJTOpUTM TIOMCKAa TI0TOKAa MHHUMAJbHOM CTOMMOCTH peEIIaeT 3ajauvy,
COCTOSIIIIYIO0 B OpraHM3alliy MEPEChUIKM ¢ MUHUMAJIBHBIMHU 3aTpaTaMu 3aJaHHOTO
KOJIMYECTBA v €IWHMUI] NMOTOKA W3 MCTOYHMKA B CTOK B Tpad)e ¢ 3aJaHHBIMU Ha
Jyrax TPOIMYCKHBIMUA CIIOCOOHOCTSMH ¥ CTOMMOCTSMH TIPOXOXKICHUS OJHOU
CIUHUIIBI TTOTOKA.

OG630p Mojeneit Teopuu pasmenleHus (LEHTpPsl U p-Meauanbl). Huke
MPECTaBICHBl OCHOBHBIE KJIACCHUECKHUE 3a7a4M JIOKAIHLHOTO TTOUCKA.

1. B mpocreiimieir 3amaye pasmemienust (I13P) tpeOyercs pa3MecTUTh
HEKOTOpBhIE OOBEKTHI, OKA3bIBAIOIIUE YCIAYTH KIMEHTaM (Hampumep, pupMbl) Ha
MHO’>KE€CTBC BO3MOXHBIX ITYHKTOB | ={1,...,m}.

IMycts  J={L..,n} - MHOXECTBO KIHEHTOB, C;>0 - H3AEPKKH

yIIOBJICTBOPEHHS CIIPOCA |-TO MOTPEOUTEIIST YCIYTOl, IPEI0CTaBIIeMO 00bEKTOM
I. CroumocTth oTKpbITUsA pupmbl f, >0, Viel. [{ns pemeHus 3agaun He0OX0IUMO

HaliTH Takoe moaMHOXKecTBO | < |, 4roObl cHaOxeHue moOTpeOUTENCH
OCYILECTBIISIOCH U3 (PUPM, 0OECIIEUNBAIOITUX MUHUMAJIbHBIE U3JEPIKKHU.

Hannas 3amaua sBisiercst NP-tpynnoit. Ecniu npencraButh ee B BU€ 3a7a4u
LEJIOYHUCIEHHOTO JUHEHHOTO MPOrpaMMHUPOBaHUs, TO BO3MOKHO HATH pelieHue
C TIOMOILIBIO 3BPUCTHUECKUX METOOB.

[TocTanoBka paccMaTpuBaeMOM 3a/ladyd MOKET YCIOXKHSTHCS, HarpuMmep,
Y4E€TOM MPEANOYTEHUS KIIMEHTOB, YUETOM YHCIIa IPEANPUATHIA, HEOOXOAUMBIX JJIs
MIPEIOCTABIICHUS OJTHOU yCIIyTH (MHOTOCTaINITHAS 3a/1a4a pa3MEICHUs).

2. KBagpatnuHas 3amaya Ha3zHauyeHWs Obuta mpemiokeHa Koopmans and
Beckman B 1957 r. Ona npenHa3HaueHa Jjisl pacnoJioKeHHUs 0OBEKTOB, KOrja
CTOMMOCTh pPa3MEIIEHUsI 3aBUCHT OT PACCTOSHHUS W B3aUMOCBSI3U C JIPYTUMU
oobexramu. Hammpumep, nmycts J ={1,...,N} — MHOKECTBO pa3MeNaeMbIX 00BEKTOB,

| ={1,...,m} — MHOXECTBO BO3MOXHBIX pa3MelIeHu OOBEKTOB, PACCTOSHUE
MEKIy MECTaMH BO3MOJKHBIX pasmerinenuit - 0y, 20e k,le€l. OG6bem Onara,

TIepeMeIaeMoro u3 o0beKTa | B 00BEKT | - b, 20e i, j € J .

1j?

HeoOxomumo HaiiTu Takoe pacrpeneieHie OOBEKTOB IO BO3MOXKHBIM
MecTaM pa3MelleHuil, YToObl CyMMapHbli 00BEM TNEpeBO30K Ojara ObLI
MUHUMAJTbHBIM.

MaremaTudeckast MOJE/Ib:



min > > > > dyb XX,

ieJ jed lel kel
HpI/I OIrpaHUYCHUAX

D % =1 Vkel;
iel
D> % =1 Viel;
jed
1, ecnu 0bwvexkm i pazmewaemcs 6 mecme k,
Xy =
0 unave.
OCHOBHBIM  METOJIOM pelleHns 3aJad  JIaHHOTO THUNA  SBIIETCS

HBPUCTUYCCKUI METOJI BETBEH M TpaHUIL.

3. 3agayM  MOKPBITHS OPEANOJaralT, 4YTO CYIIECTBYET HEKOTOpPOe
KPUTHYECKOE PACCTOSHUE WM BpeMs TOKPBITHSA, B TEUYECHHE KOTOPOTO
(bUKCHpPOBaHHBIC OOBEKTHI JOKHBI OBITH OOCTY)XKEHBI, TOTJa TaKHE OOBEKTHI
OyayT cuutaThcs "MOKPHITBIMU". BriepBbie gaHHy0 Momaenb mpemioxum Church
u Revelle B 1974 r. Mozenu MOKPBITHS AEIATCSA HA JBa OCHOBHBIX THIIA: 3a7a4d
pa3MelieHrs Ha ACPEeBbIX U 3a7a4M pa3MelleHus Ha ceTH. OCHOBHBIMU 00JIaCTIMU
MIPUMEHEHUS SBIISIOTCS KOMMYTAIIMOHHBIC IICTH, MOWCK JTaHHBIX, O0OeCIeueHUe
PUTMUYHOCTH COOPOYHOTO TMpOIlecca, CIYKEOHBIM MEePCOHAN BO3AYIIHBIX JIMHUM,
pa3MeleHrue OOOpPOHHBIX CETei, TOBapHBIX ckiaagoB. Ilycte |={,..m} -

MHOKECTBO BCEX BO3MOXXHBIX MYHKTOB JUIsl pa3MelleHUus] 00beKTOB, J ={l,..,n} -

MHOJKCCTBO pasMCIIaCMbIX 00BEKTOB.
a {1, eciiu 8 NYHKmMe i MOJCHO pazmecmums8 j,
j

0 wunaue.

IlepemenHsie:

{1, eciu 6 nyHKme i pasmeujeH 00vekm,
X =

1
0, unaue.

MaremaTtudeckas MOJIEIb:
min X
MPU OrPAHUYECHUSX:
> ax =1 jel;
iel
X; e{O,l} el
4. TIpoGnemMa moucka p-MeIuaHbl ABJISETCS OAHUM M3 HaubOojee MIHUPOKUX
KJIACCOB 3a/lay, M3BECTHOIO Kak MHMHHCYMMHbIE  3aJladyd  PaCIOIO0KEHUs-
pacrnpenenieHus. 3ajadya O HaxOXKJIEHUU p-MEIUaHbl - ATO 3ajadya O pa3MElICHUH
3aJIaHHOTO YHWCJa MyHKTOB OOCITY>XMBaHHUS, MPHU KOTOPHIX CyMMa KpaTdaliimx

paccTosiTHUM 10 OMMKaMIIUX MYHKTOB MNPUHUMAET MHUHUMAJIbHO BO3MOXHOE
3HaueHue. Ilyctb | ={1,..,nN} - MHOXECTBO BCEX BO3MOXHBIX ITYHKTOB JUJIs

pasmenieHuss 00bEKTOB, J ={L,..,n} - MHOECTBO Pa3MEILAEMbIX OOBEKTOB, d; -
paccrosiHue Mexay iel u jel, P — unucno pazMmemaeMbix 0OOBEKTOB, h, - Bec

iel.



1, ecnu nyHKm i nOKpbIsaemcs u3 mouKky pazmewenus obvexma j,
i_ =
" 10 unaue.

Ilepemenneie:
1, ecnu 6 nynkmei pazmewjer oo6vexm,
Yi =

0, unaue.

MaremaTrnueckast MOEIb:
min> > hd;x,
i

IIpHU OI'PAaHUYICHUAX!

> % =1, Vi,
j

2Y=h

J

X <Y, Vi j,
X, Y; €{0,1} Vi, .

B nauane 20 Beka, Anbdpen BebGep mpenctaBun mnpobiemy pasMmerieHus
MPEANPUATHAS MEKIY TPEMs TOUYKaMH ¢ J00aBICHUEM Beca I KaKI0W U3 TOYCK,
yTOOBl CMOJENUPOBAaTh NOTpeOUTENbCKUU crpoc. Ilouck cpenHel ToOYKH
COOTBETCTBYET HAXOXACHHIO JIYUIIIET0 MECTa JIsl 00BEKTa, YTOOBI YAOBIECTBOPUTH
CIpoC B TOYKax. DTy 3ajgady oOOOIMMIN 10 MPOOJIEMbl HAXOXKJICHUS METUAHBI
(cpenHeit Touku) U1 N > 3 TOYeK Ha IUIOCKOCTH, a Takke J0 mpobiaembl Bebepa—
HAXOXKJIEHUE HECKOJIbKUX O0BEKTOB—CIyuyal moucka p> 1 mMeauaH cpeiu TOYeK
Ha TJIOCKOCTH.

Bebep pasmeman menunansl (0OOBEKTHI) B €BKIMIOBOM IPOCTpaHCTBE. B
Havayie 60-X TroJI0B MPOILIOro Beka XaKuMU pa3padoTall aHaJOTUYHBIC 3a7a4u JIJIs
HaXOXKJEHUS MeIWaH B CeTH WM Ha rpade, €ro 3amada O HaXOXKICHUU
aOCOJIOTHOM MeJuaHbl MOXO0’Ka Ha B3BEIICHHYI0 3adady BeOepa. Xakumu
ompenenuyl a0COJMIIOTHYIO MeAMaHy, Kak TOuYKy Ha rpade, KoTopas HaeT
MHUHMMAJbHYI0 CyMMYy B3BEHIEHHBIX PACCTOSHHM MEKIYy OTOM TOYKOM H
BepmIMHamMu rpada. XakuMHu MO3BOJIAI 3TOW TOYKE HAXOAMUTHCS B JIHOOOW TOUKE
rpada, HO J0Ka3aj, 4TO ONTHUMaJIbHAsl a0CONIOTHAs MEIuaHa BCerja HaXOAUTCS B
BepiIMHEe Tpada, TakuM 00pa3oM oOecrneumsl AUCKPETHOE MPEICTaBICHUE
HEMPEPHIBHOM 3a7aun. XaKuMU 0000IIMI a0CONIOTHYI0 MEIMaHy N0 p-MEeAuaH B
IEJSAX CBEJACHUS K MUHIMYMY CyMMBI B3BEIIICHHBIX PACCTOSHUNA. DTU TOYKHA MOTYT
HAXOJIUTHCA B JTIOOOM MecTe BIOJb pedep rpada. XoTsS HE BCE ONTUMAIIbHBIC ITyTH
pEIIeHus] ATOW MPOOJIEMbl HAXOATCA B BEpIIMHAX, XaKUMU MOKa3all, YTO BCET/a
€CTh HAOOp P BEpIIMH, KOTOPHIA CBOAUT K MHUHHMYMY 3Hau€HUE IIEJICBOM
bynkuun. Takum o0pa3om, XakUMH TOBTOPHO JOKa3al BO3MOXHOCTH
JUCKPETHOTO TIPEACTABIICHHUS HETPEPHIBHOW 3a7a4M, OTPaHUYUB IOWCK BEPIIHVH.
Pemenue, cocrosiuiee U3 p BepiiuH rpada, OH Ha3Ball p-MeAraHou rpada.

XakuMu pazpaboTall MOHATHE a0COJIFOTHOM MEIWaHbl U P-MEIUaHbl, YTOOBI
HalTH ONTUMAJbHOE PACIOJIOKEHUE PACHIPEEIUTENILHOIO LeHTpa (LEHTPOB) B
KOMMYHUKaIIMOHHOM ceTu. C 3Tol paboThI 3a7ja4a 0 p-MeuaHe cTajia HeOTAeIuMa



OT TEOPHH PACIIONIOKEHHUS, CTaB OJJHOM M3 HauOoJiee pacIpOCTPaHEHHBIX MOJIeNeH
pa3MenieHus 00bEKTOB.

Jlns  pemieHuss ONTUMU3ALMOHHOM 3aJaud O P-MeIuaHe HauboJliee
(G ()EKTUBHBIMU SIBISIFOTCS 3BPUCTUYECKHE METOJBI, HAXOJAIINE MPUOIMKEHHOE
pEIIeHHE 3a1a4H.

5. B wmomensx P-IIEHTPOB TpeOyeTcss HAWTH TaKoe HAaUMEHbIIEE
MOKPBIBAIOIIEE PACCTOSHUE, YTO Kakmas BepmimHa rpacda Obuta Obl MOKPHITA.
3amayn mowWicKa aOCOMIOTHBIX IIEHTPOB Tpada OTIMYAIOTCS OT 3aJadd IOHMCKa
IIEHTPOB TEM, UYTO pa3MeliaeMble 00bEKTHl MOTYT PaclojiaratbCs B BEpIIMHAX U Ha
pé6pax rpacda, a He TOJIBKO B BEPIIIMHAX.

[lepBoe permieHne 3amaun MOMCKa aOCOMIOTHOTO LEHTpa mpemnoxua S. L.
Hakimi B 1964 romy. B cBoeli cratbe OH TIIOKa3aj, 4YTO ONTHMAJILHOC
pacroJioKeHue IEHTPOB BCErJa pacrosaraercs B BepiuuHe rpada (ys3ie cetu), a
HaWJIydInas IMO3WIKS a0COJIFOTHOTO IIEHTpa HE BCET/Ia COBIAJACT C BEPIIMHOM.
Takke, OH MPEMJIOKUI AITOPUTM, MO3BOJISIOMINN HAWTH aOCOTIOTHBIE LIEHTPHI
rpada.

B 1965 r. S. L. Hakimi 0000muiI KOHIEHIUIO MEAWAaH BO B3BEIICHHOM
rpade K MyJbTUMEAMAHHOW. 3aTeM OH K€ I[0Ka3al, YTO ONTUMaJIbHOE
pacnpeneneHue P-1ieHTpoB B CeTH HaXOIUTCS B P-
MeHaHe COOTBETCTBYIOIIETO B3BEIICHHOTO rpada. MeTon moucka adCONMFOTHBIX
IICHTPOB, mnpematokeHHbpin S. L. Hakimi sBasercs rpaduueckuMm, Tak Kak
OTIpEeJICIICHNE HAWIYYIIUX TOYEK-TPETEHIEHTOB MPOUCXOAUT 32 CUYET CPABHEHHS
Ha rpaduKax pacCTOSHHUM TOYKa-BEpIIMHA ISl pa3IMYHbIX BepiiuH rpada. Kpome
TOTO, METOJ] XaKUMHU TpeIHAa3HAYCH JIsl PEIICHHS 3a/1a4d C OJTHUM a0COJFOTHBIM
HEeHTpOM rpada U He MOXKET OBbITh 000OIIEH Ha ciydail aOCOJIIOTHBIX P-IIEHTPOB.
Jlns mowucka P-LeHTPOB Singer S. Mpeayiokui NPUMEHEHHE 3BPHUCTUYCCKUX
METOJIOB JIJIs TTOMCKa MpuOmKeHHoro pemrenus, a Minieka E. nns  HaxoxmeHus
P-IIEHTPOB MPUMEHUJT PEIICHUS 3a/1a9l O HANMEHBIIIEM TIOKPBITHH.

Nicos C. u Peter V. npemmoxunu HerpadhudecKuil METOJI HAXOXKIACHHS ]-
IIEHTPOB: UTEPAIMOHHBIN aNTOPUTM pPEIISHUs 3a71aun 00 aOCOMIOTHBIX P-IIEHTPaxX
rpada. OHM TIOKa3ady, YTO JAHHBIH METOJ SBISETCS OBICTPO CXOIAITUMCH,
MTOCKOJIBKY TTOMCK a0COIOTHBIX IIEHTPOB MOYKHO 3aKOHYHTH CPa3y ke, KaK TOIBKO
JOCTHTHYTa HEOOXOJAMMasi TOYHOCTh B PACIIONIOKEHUW IEHTPOB W JAHHBIA METO]
MO>KHO BHJIOU3MEHHUTHh TAKUM 00pa3oM, YTOObI MOKHO OBLJIO HAXOAUTh PEIICHUS,
OJIM3KKE K ONTUMAJIBHOMY, H, CIEJOBATENIbHO, MPOBOJAUThH aHAIU3 YCTOMYHMBOCTH
pEIICHMS.

Hakimi S. L., Schmeichel E. F., Pierce J. G. mnpeacTaBuin HEKOTOPBIC
yIy4lIieHus: u 0000IIeHHs CYIIECTBYIOIIMX METOJOB JUIsl pacdyeTa HaxOXKICHUS
aOCOIOTHBIX IIEHTPOB CETH U P-IIEHTPOB epeBhEB. bbliia yiydileHa cX0IUMOCTh
O(mn?logn) O(mnlog)

aIropuT™Ma XaKuMHu: JUISLB3BEIIECHHBIX CIYy4aeB H
JUTsl HEB3BEIICHHBIX CIIVYaeB, I1ie M-uncio pedep rpada, a N - YUCI0 BEPIIHH.

Drezner mnpencraBun B 1984 roay nBa 3BpPUCTUYECKUX alrOpuTMa MJist
3a/laud MoucKa p-mieHTpa. OHM MOTYT HMCHOJIB30BAThCS MPH PEUICHUH JPYTUX
3aJlay pa3MelIeHU-Ha3HAYEHUSI.




Dyer and Frieze npemnoxunu B 1985 roay XKagHbll aaropuT™, B KOTOPOM
NEPBBIN IIEHTP BbIOUpalics ciaydaitasiM oOpazom. Hochbaum and Shmoys B Tom ke
roJly NpeACTaBUI ABOMHOW NPUOIM>KEHHBIA 3BPUCTUYECKUI MOAXO0A I pEeIIEHUs
3aJlayu IOMCKA p-LIEHTpA.

Hochbaum u Pathria npennoxumm B 1998 rony 3amady pasmerieHus p-
IICHTPOB Ha OCHOBHBIX K-CeTsX, COOTBETCTBYMOIIMX K-mepuomam. Kaxgomy
NEPUOAY COOTBETCTBYET CBOSI CE€Th, 4YTO HEOOXOOUMO JJsi PaCHOJIOKEHUS
MOCTOSIHHBIX pa3MelaemMbix oOBeKTOB. Llenbio 3amaun sBIsIETCS MUHUMU3AIUS
MaKCUMAaJIbHBIX PacCTOSHHIA 10 BceM K-Tieprogam.

Anderson u apyrue npeactaBwid B 1998 rogy mpuONIMKeHHBIN alrOpUTM,
OCHOBaHHBIH Ha METOAE CO CIPOCOM B MHOXecTBe Touek (demand point
aggregation method).

Panigrahy and Vishwanathan npeacraBmwiu B TOM ke TOAy pelieHUE IS
ACUMMETPHUYHBIX P-TIEHTPOB, HEOAHOKPATHO IPUMEHSS aJITOPUTMBI TTOKPBITHSI.

Khuller and Sussmann npemmoxxumu B 2000 roxy mpuOIMKEHHBIH alrTOPUTM
JIJIsl TIOUCKA P-LIEHTPa ¢ OTPaHUYCHHOM MPOITYCKHOM CIIOCOOHOCTHIO.

Bespamyatnikh u apyrue npencrasunu anroputm B 2002 roy, HaXoasun
3a TIOJMHOMHAJIBHOE BpEMsI pEIICHHE 3aJadd TMOHCKa p-IeHTpa B rpade
IIEPECEUEHUN Iy OKPY/KHOCTEM.

Pallottino u papyrme B 3TOM K€ TOAQy OMYOJIMKOBadM JIOKAJIbHBIN
HBPUCTUYECKUN TOAXOA JUIsl TOMCKAa p-IIEHpa C OTPaHUYEHHOW MPOITYyCKHOU
CIIOCOOHOCTBIO BEPIIIHH.

P’erez-Brito  paccmotpen P-Facility 4-Centdian 3amauy. Cyth 3amauun
3aKJII0YAEeTCsl B TMOUCKE TAKUX P TOYEK, Onarogaps KOTOPHIM MUHHUMU3UPYETCS
BBITTyKJIasi KOMOMHAIIMS 1IeNIeBOM (PYHKIIMU P-MenuaH U P-nieHTpoB. Hampumep,
pa3MeIleHne MECTHOTO OTJEJNCHHS OaHKa MOXET MOTpeOoBaTh MHUHMMH3AIUU
CPEIHETO PACCTOSHUSA, KOTOPOE HEOOXOANMO MPEOA0IETh BCEM MOTCHIMATHHBIMU
KJIIMEHTaMU TpPU YCIOBUM, 4YTO JMJIA JIIOOOro KIMEHTa OTAeJleHHe OaHka
pPacnoJIOKEHO HE CIUILIKOM J1aJieKo.

3amaga k-Centrum Multi-Facility o6o06rmiaer u oObequHsIET P-LIIEHTPHI U P-
Menuanbl. llens naHHOW OOBEOUHSIOMICH MOACTM — MHHHMH3ALUS CyMMBbI K
HauOONBIINX PACCTOSHUI 1O MYHKTOB OOCIY)XMBaHHs. 3agadyd P-IIEHTPOB U -
MeJInaH COOTBETCTBYIOT CITydaro, koraa K=1 u N, COOTBETCTBEHHO.

Burkard u Dollani BBenm Mozenb P-ICHTPOB C IMOJOKHUTEILHBIMH HIIH
OTPHUIIATEILHBIMU BECAMH. DTO MOJIENb P-IIEHTPOB, B KOTOPOI BEPIIUHBI MOTYT
MMETh KAK TOJIOKUTEIbHBIN, TaK U OTPHUIIATEIIBHBIA BEC, KOTOPBIA OMPEIEsieT -
OnaronpuaTeH OOBEKT WU HET.

Caruso u gpyrue B 2003 roay npeAcTaBUIA YEThIPE AITOPUTMA, IBA UX HUX
TOYEeUHbIE W JBa dBpuctudeckre. OHU HAXOMAT peEUIeHUE 3aJadd TOUCKa p-
IIEHTPa, OCHOBBIBASICh HA PEIICHHUH MOCIICA0BATEILHOCTH 3a7a4 O MOKPHITUH. [IBa
DBPUCTUYECKUX AJITOPUTMA MOTyT pemarbh 3afgady ¢ 900 BepmmHamMu  3a
HECKOJIbKO CEKYH]I.

3amavya antH - P-rieHTpoB (oT anria. Anti P-Center Problem) 6b11a BriepBbie
npeacrasiena  Klein u Kincaid. Bwmecto MMHMMH3AaIMM MaKCHMAJIbHOTO



B3BEIICHHOTO PACCTOSTHHUS MEXAY TpeOyeMol BEpIIMHOW M ONMvKalmmM 10 Heé
o0BbeKkTa OOCTY)KHMBaHMS, B 33/Ja4d aHTHU-P-TIEHTpA TpeOyeTcs MaKCUMHU3UPOBATH
MUHUMAJIBHOE B3BEIICHHOE pPACCTOSHUE  MEXAy TpeOyeMol BEpIIMHOW U
00BEKTOM OOCITY)KHMBaHUA. J[pyruMU CIIOBaMH, HIIETCS [ «HEXEIAaTeIbHBIX)»
00BekToB. Bee Beca BepIIMH B 3TOM MOJICTH SIBISIOTCS OTPHUIIATEILHBIMHU.

OcHOBHBIE METOABI pEIIEHUS 3a7a4 Teopud pasMmenieHus. Hike
IIPEJICTABJICHBI OJTHUA M3 CaMBIX M3BECTHBIX MeTOA0B pernieHuss NP-TpyaHbIX 3a1ad:
meTo BerBer um rpanun (Branch-and-bound, BBM); mnocienoBatenbHas
auneapusanus (SLP) u SQP; meron muoxuteneir Jlarpamxka (Lagrangian
relaxation); meron wumurtanuu omxkura (Simulated annealing); renermyeckwuii
anroput™m (Genetic algorithm); apyrue MeToapl: AMCKPETHBIE METOJbI, METOJ
OTCEKAIIel IJIOCKOCTH, pa3IndHbIe SBPUCTHKH; CMEIIaHHbIE (THOpPUIHBIC)
METO/TBI.

1. Meton BeTBe M rpaHuil ObUT BOEpBbIe TpeuioxkeH B 1960 rony Jlena u
JloWir nnis pemieHust 3ajad LEeJIOYUCICHHOIo MporpaMMupoBanus. OOmias uaes
METOJIa MOXET OBITH ONHCaHa Ha MpUMepe TMOoMcka MUHUMyMa (GyHKIUHU f(x) Ha
MHOYECTBE JTOIIyCTUMBIX 3HAYeHUU nepeMeHHon X. OyHkuua f m nepeMeHHas X

MOTYT OBITh TPOU3BOJIBHOW MPUPOIbl. JJist MeTo/1a BETBEW U TpaHUll HEOOXOIUMBbI
JBE  MNpOLEAYpbl:  BETBIECHWE U  HAXOXKJICHHE  OLUEHOK  (IpaHML).
[Ipotienypa BETBICHUS COCTOUMT B pa30MEHUN MHOKECTBA JOMYCTUMBIX 3HAYCHUUN
NEPEMEHHON X Ha nmojo6iactu (MOJAMHOKECTBA) MEHBIINUX pa3mepoB. [Ipouenypy
MOXHO PEKYpCHUBHO MpPUMEHATh K moaoOnactsaMm. IlomydeHHble noao0iaactu
o0pa3yloT 1epeBo,  Ha3bIBa€MOE JAEPEBOM  IOWCKA WM JIEPEBOM  BETBEH U
IpaHull. Y3JlaMH 3TOTO  JIepeBa  SIBISIIOTCS  MOCTPOECHHbIE  T0J100JIacTh
(mMoaMHOXKECTBA MHOKECTBa 3HaueHMI nepeMeHHoH X ). IIpouenypa HaxoxaeHus
OLICHOK 3aKJIFOYAETCS B IMIOUCKE BEPXHUX M HWKHUX TPAHUL IS PELIECHUS 3a0a4u
Ha 110/100J1aCTH JOIMYCTUMBIX 3HAYEHHI IEPEMEHHOMN X .

B ocHOBe MeTOna BETBEW M IPAHULL JIEKUT CIEAYIOLIAS UAES: €CIU HUKHSISA
rpaHUlla 3HAYCHHM (QYHKIIMKM Ha TOA00NacTH A JepeBa TOHCKa OOJbINe, 4YeM
BEPXHSS TpaHUIlA Ha Kakou-IMOO paHee TMPOCMOTPEHHON moao00IacT B,
TO A MOXET OBITh MCKIIIOYCHA M3 JaIbHEHIIEro pacCMOTpeHHs (TIPaBUIIO OTCEBA).
OOBIYHO, MHUHHMMAJIBHYIO W3 TIOJYYEHHBIX BEPXHUX OIICHOK 3allUCHIBAIOT B
riobabHy0 TepeMeHHyto m. JIro0oi y3en nepeBa TOWCKA, HIDKHSS TpaHUIA
KOTOpOro OoJibllie 3HA4YEHUs M, MOXKET ObITh MCKIIOYEH U3 JajbHEeHIIero
paccMOTpEHHS.

Ecnu HymoxHsIA TpaHuia Ui y3ia IepeBa COBIANAET C BEPXHEUW TPAaHUILIEH, TO
9TO 3HAYEHHUE SBISETCS MHUHUMYMOM (YHKIMM W  JOCTUTAeTCs  Ha
COOTBETCTBYIOIIEH M01001aCTH.

2. llocaenoBarenbHas JuHeapuzanus. [TpubnmxenHas 3aMmeHa HeTUHEHHBIX
COOTHOIICHWN Ha JIMHEWHBIC, HEJIMHCHHBIX MOJECJICH Ha JHWHEMHBIC, T. €.
JIMHEeapu3auus COOTHOLICHUM, MOJEIEH U T. . BECbMa PaclIpoCTpaHeHa. Takas
JuHeapu3alys OOBIYHO TPOBOJUTCS B JBYX CIy4asix: JIUOO €CIM DKCIEPUMEHT
MOKa3bIBACT , UTO OTKJIIOHEHUE OT JIMHEMHOCTU B PACCMATPHUBAEMBIX JWaNa30HaX
U3MEHEHHUS TEPEMEHHBIX HEBEJIMKO M HECYyIIEeCTBEHHO, JHOO K€, €ClIM 3TU




JUAana3oHbl MaJbl M MBI 3aMEHSAEM IIPUPAILICHHsS IEPEMEHHBIX Ha MX
muddepeHnnansl, 0TOpackIBasi WICHBI BBICIIETO MOPSIKA MaJIOCTH.

3. Meton wmHoxwutenedt Jlarpamka. B Hadanme ceMHIECATBHIX TOJIOB
IPOLJIOrO CTOJIETUsI ObUIAa BBIIBUHYTA OJIHA, KaK OKa3aJ0Ch, OYEHb NMPOAYKTHBHAS
unes s pemenus NP-TpyaHeix 3amad. MHorue W3 HUX TO3BOJISIIOT Pa30UTh
CUCTEMY OIPaHMYEHUN 3aJa4d HA JBE IPYNIBI TaK, YTO YJAJE€HUE OJHOM U3 HHUX
npeBpalaeT 3ajadyy B IOJIMHOMHAIBHO pa3peliuMy0. OTH OTrpaHUYEHUS
3aHOCSITCS B LIETIEBYIO (YHKIHUIO C HEKOTOPBIMHU KOA(PPUIIMEHTAMH, MHOXKHUTEIIMU
Jlarpanka. PenakcupoBaHHas TakuM CIOCOOOM 3ajaya J1aeT OLEHKY CHHM3Yy Ha
ONTUMYM MCXOJHOM 3aJaud, €CIM pelaeTcs 3ajada Ha MHUHHMYM, M OLICHKY
CBEpXY AJIA 3aa4 HA MAKCUMYM.

4. Meroa ¥MHWTallMK OTXKHra - OOLIUI alIrOPUTMUYECKUI METOJ PEIICHUs
3aJaud TJ100aJIbHOM ONTUMH3alUU, OCOOEHHO JUCKPETHOW M KOMOMHATOPHOMN
ontummszauuu. OamH w3 npumepoB MeTonoB  MonTe-Kapio. AJroput™
OCHOBBIBAETCS Ha UMHUTAIMU (U3HYECKOTO  MpoLEecca, KOTOPBIA MPOUCXOIUT
IIPU KPUCTAJIM3alMM  BEIIECTBA, B TOM  YHCIE  IIPU OTXKUIE€ METAJUIOB.
[Ipenmonaraercs, YT0 aTOMBI YK€ BBICTPOMWJIMCH B KPUCTALINYECKYIO PEIIETKY, HO
emeé JONMyCTUMBI IMEPEXOAbl OTIEIBbHBIX aTOMOB M3 OJHOW SYEHWKH B APYIYIO.
[lepexon aroma W3 OAHOM  SYEMKHM B JAPYIYKO  IIPOMCXOIUAT €
HEKOTOPOM BEPOSTHOCTHIO, IMPUYEM BEPOSITHOCTH YMEHBIIAETCA C IOHHKEHUEM
TEMIIEPATYPBI. YcronuuBas KpUCTaJUINYECKas peméTka
COOTBETCTBYET MUHUMYMY HEPIMH aTOMOB, IO3TOMY aTOM JIMOO MEpEeXOoAuT B
COCTOSIHME C MEHBIINM YPOBHEM SHEPIHH, JTUOO0 OCTAETCS HA MECTE.

ANTOpUTM «HMMHUTALMM OTXKUIa» OTHOCUTCA K KJacCy MOPOTOBBIX
QITOPUTMOB JIOKQJIBHOTO MOWCKAa. Ha KkaxmoMm 1mare 3TOro ajropurma JJis
TEKYIETO PEIICHUsI B €r0 OKPECTHOCTU BBIOMPAETCS HEKOTOPOE PELICHUE U, €CIH
pPa3HOCTh MO I1eJeBOM (YHKIUMH MEXIy HOBBIM M TEKYUIUM pEIICHUEM He
IIPEBOCXOJUT 3aJaHHOTO TOpOra, TO HOBOE pEIICHHE 3aMEHseT Tekyliee. B
IPOTUBHOM CITyyae BEIOMPAETCSI HOBOE COCE/IHEE PEIICHHE.

5. l'eHeTWYecKMil airopuT™M - 3TO 3BPUCTUYECKHM aJrOpPUTM MOHUCKA,
WCIIOJB3YEMBIM JUIsl PElIEHUs 3a4ad ONTUMHU3aUMUA M MOJEIUPOBAHUS ITyTEM
ciy4yailHoro noadopa, KOMOMHUPOBAHMS W BapHallMM HCKOMBIX MapamMeTpOB C
MCITOJIb30BAaHUEM MEXaHU3MOB, HAITOMUHAIOIIUX OMOJOTUYECKYIO SBOIIOLHUIO.

Ha nepBoM 3Tane HeoOXOAUMO MOCTPOUTH HAdalbHYIO Homyssuuio u3z K
pemennii. OnpeAenuTh PEeKOpA X , Kak Jydllee pemeHue B nomymsanuu. [loka He
BBIIIOJIHEHUH KPUTEPUI OCTAaHOBKH, BBIIIOJHSIOT CIEAYIOIINN IIar: BBIYMCINATH L
NOTOMKOB - BBIOpaTh JBa pPOIAUTEIbCKUX pEIIEHUS, NPUMEHUTh aJITOPUTM
CKpEILMBaHUs, K ITOJy4YEHHOMY PELICHHUIO C HEKOTOPOU BEPOSATHOCTHIO IIPUMEHHUTH
ITOPUTM MYTallUM, J00aBUTh HOBOE pELICHUE TMOMYJSIIMA UM U3BATH U3
nomyJysiiuu L Hanxyamumx pemennii, mepecuuTarb peKopa X .

6. OCHOBHOU HJIe€l METO/A OTCEKAIOIIEH IJIOCKOCTU SIBIIACTCS PEIICHUE
HEIPEPBIBHBIX 3a]1a4, TIOCTENIEHHO J100aBJIsisi OrpaHUYEHUs, KOTOPble MPUBOIAT K
LEJIOYNCICHHBIM PEIICHUSIM [0 COOTBETCTBYIOIIMM IE€pEeMEHHBIM. Takxke
CYIIECTBYET MHOKECTBO aJTOPUTMOB, OCHOBOM KOTOPBIX SABISETCA  JCJICHUE




MCXOJTHOM 3a/layu Ha JiBe OoJjiee MpoCThie 3aJaud, MOCTABIEHHBIE B T€X Kiaccax,
JUIS. KOTOPBIX MMEIOTCA anroputmbl. OJIHA HU3 TaKUX MOJ3aJad JAET BEPXHIOIO
OILICHKY, BTOpas HIKHIOW. [IpoBepsieTcsi COBMECTHOCTh 3ajlad U YCIOBUE, UTO
HIDKHSISL OLICHKA MEHBIIIE BEPXHEH.

Pasnen 2. 3agaum onTMMHU3alUM ¥ IBOIICTBEHHOCTH Ha rpagax

3agaum onTUMHM3aluu Ha rpadax U TeOpHUs JBOMCTBEHHOCTH. MHOrue
3aJ]auM KakK MPaKTUYECKOro, TaK U TEOPETHUECKOIO XapaKTepa KacaroTcs BelOOpa
«HaWIy4llel» KOHQUTYypallMd WM MHOXKECTBAa IApaMeTpPoOB JJs JOCTUKECHMS
HEKOTOPOW LEeNU. 3a IMOCIEIHUE HECKOJIBKO JIECATUIIETUN CIIOKUIIACh UEpapXus
TaKHX 3a/1a4 BMECTE C COOTBETCTBYIOIIMM HaOOpOM MeTOJI0B pemieHus. Ha oqHoM
KOHIIE  JTOM  HWepapXWW  HaxoguTcss  olmias  3ajadya  HEJIMHEWHOTO
IPOrPaMMHUPOBAHUS:

Haiitu takoe X, uroObl MuHUMU3MpoBaTh f(X) mpu ycmoum gi(X)>0 mns
i=1,2,....,m; hj(x)=0 mna j=1,2,....p, tae f(X), gi(X), hj(X) — npou3sBoIBHbIC
byHKIIMN mapaMmeTpa X. MeToabl pelieHus TAaKUX 3a/1a4 TTOYTH BCETIa UTEPATUBHBI
0 CBOEH MPUPOJE, M HUX CXOAUMOCTh H3y4daeTcsl NpPU TIOMOIIM aHajIn3a
JICUCTBUTEIBLHOTO IEPEMEHHOTO.

Korna ¢ynkmus f Bemmyxia, ¢yHkmuu @i BOTHYTBI W hj JIMHEHHBI,
HOJTy4aeTcst 3ajaya, KOTOpast Ha3bIBAETCS 3agade BBIITYKJIOTO
IpOrpaMMHUpPOBaHUsA, OOJafaronias TEM CBOMCTBOM, UTO U3 JIOKAJIbHOM
ONTUMAJIBHOCTU €€ PEUIeHMsI CeIyeT ONTUMAaJIbHOCTh riobanbHas. Kpome Toro,
JUISL Hee UMEIOTCS YCIIOBHSI ONTUMalIbHOCTH — ycoBus Kyna — Takkepa.

CnenaB cneayroumii OosiplIOW IIar, a MMEHHO, mpeanonaras, yto f u
¢byHkumu  gi, hj Bcerma JMHCHHBI, TNPUXOAMM K 3aJade JIMHEHHOTO
nporpaMMupoBaHusa. J[ms  3TOro  kjmacca 3aJad  XapakTepPHO — HECKOJIBKO
CyIIeCTBeHHBIX oTnuumid. [Ipesxe Bcero mrobast 3a7ja4a U3 9TOro Kjacca CBOJAUTCS
K BBIOOpY pelleHHs MX KOHEYHOIO0 MHOXKECTBAa BO3MOXKHBIX pelieHuid. Taxum
o0Opa3omM, 3Ty 3aJadyy MOXKHO Ha3BaTh KOMOWHATOPHOW. YKa3aHHOE€ KOHEYHOE
MHO’KECTBO KaHAMJATOB B PEIICHHs TMPEACTaBIsAET COOOM MHOXKECTBO BEPIIUH
BBIMYKJIOTO MHOTOTPaHHUKA, OTIPEAEIIIEMOT0 JINHEHHBIMUA OTPAaHHYCHUSIMHU.

[IpumeHeHns M3BECTHOTO CHMILIEKC-METO/a MPUBOAUT K ONTHMAIBLHOMY
pEIIEHUI0 33/1aydl JIMHEWHOTO MPOrpaMMHUPOBAHUSA 3a KOHEYHOE YHCJIO ILIAaroB.
OTOT aJrOPUTM OCHOBBIBAE€TCS Ha HJEE YIYyUILEHUS CTOMMOCTH IyTeM Mepexoja
OT BEpIIMHBl K BepIIMHE B MHOrorpaHHuke. Heckonbko aecsTuieTui
COBEpPIIICHCTBOBAHUS MPUBEIH K (POpMaM CHUMILIEKC-aITOpPUTMa, KOTOPBIE B LIEIOM
cunutaroTcs 3QHEKTUBHBIMU — JIJIS1 HUX PEIICHUE 33J]aul C COTHSIMH MEPEMEHHBIX U
ThICSITYaMU OIPAaHUYECHUN HE BbI3bIBACT 3aTpyaHEHHUH. OHAKO CIpaBeUIMBO TAKXKE
TO, YTO WMEIOTCS CIEIUANTbHO TMPUAYMaHHBIC 3aJa4d, TPU YBEIUYCHHUU
pa3MEepHOCTH  KOTOPBIX  YHCJIO  IAaroB  CHMJICKC-AITOPUTMA  pPacTeT
HKCITOHEHIIUAJIBHO.

CpaBHUTENIBHO HENABHO OBbUT TPEUIOKEH aJTOPUTM DIITUIICOUIOB IS
auHenHoro mporpammupoBanus (JIII), koTopwlid rapaHTUpyeT HaxO0XJIEHUE



ONTUMAJIbHOTO PELICHUS 3a YUCIO IIAroB, PacTylllee KaK IMOJMHOM OT pa3Mmepa
3a/1a4H.

Hexotopeie 3amaun JIII, a uMEHHO 3a7a4u O NMOTOKax M MapOCOYETAHUSAX,
pematorcs HamHOro 3QdextuBHer o6mux 3anau JIII. C npyroil CTOpOHBI, 3TH
3a1a4d TECHO CBSA3aHbI C 3aJadaMM, KOTOpbIE TpyaHOpaspemmmel. Hampumep,
3aJa4a O KpaTyailllieM MyTH U3 BEPIIMHBI B BEPIIMHY B Tpade JIeKHUT B Kilacce
3a1a4 O MOTOKAX M IApOCOYETAHUAX, U Ui €€ PEIICHHUs HMEETCA aIrOpPUTM
JIeWKCTphl C TOJMHOMHUAIBHOM CJIO0KHOCTBIO. B MPOTHUBOIONOKHOCTh 3TOMY
3aJlaya MOMCKa HaMKpaTyallllero raMuibTOHOBA IIMKIIA (3a/1aya KOMMHBOSDKEpa), B
KOTOPOM HILETCS KpaTdyallliuid 3aBKHYTHI MYTh, MPOXOIAIIANA 4YEpe3 KaxXIyIo
BEPUIMHBI POBHO OJIUH pa3, MpUHAICKUT Kiaccy NP-monHbIx 3a1a4, KOTopble Bce
HE pa3pelIMMbl C TOMOMIBIO MOJTMHOMUAIIBHBIX aITOPUTMOB.

3ajmayn O TOTOKAX M IMAapOCOYETAHUAX MOXKHO paccMaTpuBaTh M Kak
YaCTHBIM CIly4ad 3aJlad LEIOYMCICHHOTO JIMHEMHOIO MPOrPAMMHPOBAHUS. ITO
takue 3agauv JIII, B KOTOpPBIX HIMYTCA PEIICHHS] HAWITy4lIeW CTOMMOCTH IpHU
YCIIOBHM LEJIIOYUCIEHHOCTH €ro koopauHar. Kak uB cimydae 3amau JIII, nmd
pelIeHns TaKuX 3a7a4 UMEETCS KOHEUHbIM anroputM. OJIHAKO HA 3TOM CXOJCTBO
KOHYaeTcs: o0mias 3a/ada LeJIOYMCIEHHOTO JIMHEWHOTro nporpammupoBanus NP-
nosHa. B wnameill nporpamme «KoMOMHATOpHOW ONTHMMH3allMKW» Mbl CHaudaja
U3yuyuM (yHIAMEHTAJIBHBIX M JOCTYIHBIX (DAaKTOB O 3ajJaydax BBIITYKJIOTO
nporpammupoBanus. 3arem u3yuuMm JIII, wWccienys CcHMIEKC-METOZ, €ro
IE€OMETPUI0O M AITOPUTMHUYECKHE CIIECACTBHUS ABOWCTBEHHOCTH. CrenmaeM 0coObId
aKIIEHT Ha TEOPETUKO-TPa(OBBIX MHTEPHPETALUAX AITOPUTMOB, UYTO MPUBOIUT K
3aJjayaM O IMOTOKax M mnapocoueraHusx. OTcioga HEoOXOOUMO NEpedTH K
PAaCCMOTPEHHUIO BOIPOCOB CIO0KHOCTH WM AJITOPUTMA DJUIMIICOMIOB, a TAKKE K
u3ydeHuto NP-monHbIx 3a7a4, KOTOpBIE MOJDKHBI 1aTh MPEACTABICHUS O TPYIHBIX
KOMOMHATOPHBIX 33/1a4ax ONTUMH3ALUY.

3agayu onTMMHU3AUMU HA rpadax U NPsIMO-ABOMCTBEHHBIN AJTOPUTM.
Jns  pemienuss MOAOOHBIX 3a4ay MPUMEHSAETCS YHUBEPCAJIbHBIM aJITOPUTM
OamopacoHa u J[PKOHCOHa.

B amropurme mnocTpoeHHs MapocoYeTaHUsT C MAKCUMAaJbHBIM BECOM,
MPEVIOKEHHBIM ~ DIAMOACOHOM M J[DKOHCOHOM, HCIOJB3YETCS  alrOpPUTM
ITOCTPOECHUS YEPEIYIOIIETrocs AepeBa. ANTOPUTM MHOCTPOCHHSI MApOCOYETAHHUS C
MaKCUMaJIbHbIM BECOM Ha3bIBA€TCS TAK)KE HA3bIBACTCA AJITOPUTMOM ODJIMOHJCA -
JI>xOHCOHA.

Beegem  HeckoJbKO — ompenesieHuWd.  B3BEmIEHHOW — yBEIWYMBAIOIICHCS
yepeAyroIIehcs IEMbI0 Ha3bIBACTCS YepeAYIOIIascs Ielb, B KOTOPOH OOMIUN Bec
pebep, He BXOMSIINX B TAPOCOYETaHHE, MTPEBLINIACT 00U BeC pedep, BXOIAIINX
B 3TO mapocoderanue. [lepBas BepmiMHa B 3TOW LENU SBISIETCA OTKPBITOW, €CIIH
nepBoe pedpo B ATOM I1enu He MNPUHAJIKUT MapocoyeTaHuto. Ilocnensss
BEpIIIMHA B ATOW e SBJISETCS OTKPHITOH, €CJIU TOocieHee PeOpo B 3TOM 1IeNH He
NpUHAIIEKUT mnapocoyertanntro. Ha puc. memm C;, €, u (3 SABIAKOTCA
YepenyLIMMHUCS.

[lers C; Ha3bIBaeTCA CIa00M yBETMUMBAIOIIEH Yepe Ty ONIEHCs eI, ECITH



B HEW uuciio pedep, mpuHaJISKAIIUNX MapOCOYETaHUIO, MPEBBIIIAECT YHCIO pedep,
HE IPUHAIJICKAIIUX EMY.

[lenp C, Ha3pIBaETCd HEUTPAIBHOM YBEIMYMBAIOIICH YEPEAYIOLICUCS
IIETbI0, €CJIM B HEW YKCIIO pedep, MPUHAIISKAIINX MapOCOYETAaHNUIO, PABHO YHCITY
pebep, He IPUHAIICKAIINX EMY.

Ilens C3; Ha3bIBAeTCS CUIBHOW YBEJIUYMBAIONIEH YEPEAYIOLICUCS IIEMbIO,
€CJIM B Hel unciio pedep, mpuHaISKAIINX MapOCOYeTaHNIO0, MECHBIIIE Yucia pedep,
HE IPUHAIJICKAIIUX EMY.

Teopema: Ilapocoyeranue M ToOrgza ™M TOJBKO TOrAa SIBJIACTCH
NapocoYeTAaHHEM € MAKCMMAJbHBIM BECOM, KOIJAa JJs1 HEro He CylecTBYyeT
B3BEIICHHBIX YBEJINYUBAKIINX HENei.

JlokazaTenbCTBO:
1) Ecnu uist mapocoueranus M nmeercs B3BeleHHas yBeIMUNBAIONIAs 1ETh
C, to M He Moxer OBITH IAPOCOYETAHHEM C MAKCHMAJIBHBEIM BECOM.

4
[Tapocoueranue M , TIOJlydeHHOE TIpu 3ameHe pedep menu C, BXOJAUBIIUX B
M , HE BXOJMBIIMMU B HEro pedOpamu 3TOH Iienu, uMeeT OOJbIIMKA BeC, YeM

MapOCOYETAHUE M.

1)  Jas toro, 4ToObI I0Ka3aTh BTOPYIO YaCTh TEOPEMBI, IPEIOI0KHUM, YTO
M” - IpOM3BOJILHOE MAPOCOYETAHNE C BECOM OOJBIIUM, Y€M BEC MMAPOCOYETAHMS
M . Jlnst 3TOro paccMOTpHM MHOKECTBO BCEX pedep, BXOAAIIMX TOJIBKO B OHO
u3 napocoyerannii M wm M.

— o+ 4 Hens G,

Puc. B3BeleHHbIE YBEIIMUMBAIOIIMECS YEPEAYIOIIHUECS LIETTH

Kaxnaplii CBSI3HBIH KOMIIOHEHT, COCTOSIIHMN W3 pedep 3TOr0 MHOXKECTBA,
JOJDKEH ObIThb Ju00 UuKiIoM, Jaubo 1uenbto. T.K. BCe LHMKIbI MOTYT
paccMaTpuBaTbCd Kak Ienu, TO OylIeM paccMaTpuBaTh KaXKAbId CBSA3HBIN
KOMITOHEHT, KaK HEKOTOPYIO 1LIeMb.

T.x. mapocoueranne M~ uMeeT Bec, MPEBBIMAONIMNA BEC MAPOCOYETAHUS
M , 1o B oiHO# U3 9THX 1enel pedpa, BXOAAIINE B MapocodeTanne M, TOJKHBI
UMeTh OOJIBIIMI CyMMAapHBI Bec, yeM pelpa, MpUHAIeKAIUE TapOCOYETAHUIO
M . CnenoBarenbHo, 3Ta Iienb IO/DKHA OBITH B3BEIICHHON YBEIMUYHBAIOIICH
1ernbio 11t mapocodetanuss M | 4To mpOTHBOPEUUT yCIIOBHUSIM TeopeMbl. Teopema
J0Ka3aHa.

[Mycte V={V1 Va,...,.V;} — 3T0 MHOXECTBO BCeX MOIAMHOXECTB rpada,



BKJIIOYAIOIIMX HEYETHOE KoiuuecTBO BepiiuH. [Iycth Ty - 3T0 MHOXECTBO pedep,
00e BepIIMHBI KOTOPHIX MPHHAICKAT oaMHOKeCTBY Vi 1 T={T1, T2, ....., T;}.
O003HaYMM KOJIMYECTBO JJIEMEHTOB B MHOXecTBe Vi Kak 2Ny+1. Torma mmeer
MECTO CIeAyoas TeopeMa.

Teopema: Hu ogHo mapocodyeTaHue He MOXKET COJAepkaTh 0ojiee 4eM N,
pedep, NpUHAAJIEKAMMUX MHOKECTBY Th.

Jloka3aTenbCTBO TaHHOM T€OPEMbI MOKHO HaWTH B [44].

®opmagbHas mnocraHoBka 3agaum IIC MB. Ilycte gaH  CBSI3HBIN

HCOPUCHTHPOBAHHBIN B3BelIeHHbIH rpad G=(V,A), HeOOX0IUMO BBIACIHTH B HEM
noarpad, coepKaiuii mapocoyeTaHue MaKCUMaIbHOTO Beca, T.¢. moArpad cymma
BECOB pedep B KOTOPOM MaKCUMaJlbHa:

[Gp = (V. Ag)|Ag S ANVALA; € Apni % j, AiNA; = B A]
| |
G =(V,A4) -
¢ ( ) z C(Aj) S max }
AjEA

Anroputm damMmoHAca - [X)KOHCOHa

Ilar 1. (Bei6op HauanpHBIX 3HaueHui). [lycts cHauana [IC M, - sTo mycroe
MHOXECTBO pedep, a BCE JIBOWCTBEHHBIE TEPEMEHHBIC Z,, PaBHBI Hymo (m =
1,2,...,z). BeiOpaTh Takue Ha4aJIbHbIC 3HAUCHUS JIJIs1 IBOMCTBEHHBIX MTEPEMEHHBIX
y;, ie X, uto y;+y;2a(i,j) nns Beex pebep (i,j) (Hampumep, MOKHO BHIOGPATH
pebpo, MMeroIee MakKCUMaIbHOE 3HAYEHUE BECa, U KaXKI0€ Y; NMPHUHATH PABHBIM
MOJIOBUHE 3HaueHusi dToro Beca.). [lomoxuth k: =0 u 0003HAYUTH HCXOIAHBIN
rpad uepes G, =(X,,E,).

Ilar 2. (ITouck oTkpwITO# BepmuHbl). BeiOpath B rpade G, molOyio He
(UKTUBHYIO OTKPBITYIO BEPIIMHY V CO 3HayeHueM repemeHHoil Yy, > 0. Ecmu
TaKol BEpUIMHBI HE CYLIECTBYET, TO NepelTu K mary 6. B mpoTtuBHOM ciyuae,
BbIIeHTh B G, MHOKecTBO E pebep (i, j), IUIsl KOTOPBIX BBIMIOJIHSIETCS yCIOBHE:

yi +yj + sz =a‘(i’ J)
(i,j)eTm
(1)

C momomipl0 aIropuT™Ma MOCTPOCHUSA YEPEAYIOMIErocsl AEPEBA MOCTPOUTH
JIEPEBO C KOPHEM B BEPILUHE V, COIEprKallee TOILKO pedpa M3 MHOXKecTBa E .
Ecnmu mpu 3TOM HaWAETCs yBEIMYMBAKOIIAS YEPEAYIOIIAsICA LENb, TO NMEPEUTH K
mary 3. Eciau OyzeT mocTpoeH HeueTHBIN MUK, TO IepeiTH K mary 4. W, HakoHerr,
ecim OyJIeT MMOCTPOSHO BEHTEPCKOE ACPEBO, TO MEPEUTH K ImIary 5.

Ilar 3. (IIpeoOpa3oBanue nmapocoyeTanusi). DTOT MIATr BBHIOIHSICTCS TOJIBKO
TOrJa, KOrJga C IIOMOIIBIO AJrOPUTMA IOCTPOCHUS YEPEAYIOLIErocs JepeBa
OTBICKMBAETCsl YBEIUYHMBAIONIAs IeMb. Bxoasmme B mapocodetanwe M, pebpa

ey 3aMEHUTh HE BXOMSIIMMHU B HEro pedpamu 3ToM ke 1enu. BepmmnHa v



nepecTaeT ObITh OTKPBITON. BepHyThes K mary 2.

Ilar 4. (IloctpoeHne HEYETHOTO IHMKIA). DTOT ILIAr BBINOJHIETCS TOJIBKO
IIPU 3aBEPLICHUH aJTOPUTMa MOCTPOCHHUS YepEeAyIOIIerocs AepeBa, Korjaa HaiieH
HedeTHbIH UK. [Tomoxuts k:= k + 1. O003HaYUTh 3TOT HEYETHBIA UK Yepe3
Ci. Craaytp C, B (puUKTHBHYIO BepmMHY a). OOO3HAYHUTH TOTYYCHHBIH HOBBIN
rpad gepes G, :(Xk, Ek). ITycte M, — mapocodeTanue, BKIrOYaromiee Bce peopa,
KOTOPBIE OJIHOBPEMEHHO MpHHAIekKAT mapocodetannto M, ., u rpady G,. B

JanbHEHIIeM MpU PacCTaHOBKE IMOMETOK BCE BEPIIMHBI, KOTOPHIE 3aMEHEHBI
(GUKTUBHOUM BEpIIMHON @, , TOMEYaTh OJUHAKOBO C @, . BepHyTbhcs K miary 2 u

IPOJOJDKATE TIOCTPOEHUE YEPENYIOIIErocss JepeBa C KOPHEM B BEPILIUHE,
SIBIISTIONICICS. 0TOOpayKeHHeM BepIIuHBL v B G, (Iake eciii 3Ta BEpIINHA SIBIISETCS

¢dbukTHBHOM). OTMETHM, YTO pa3MeTKa BEPIIMH U pacKpacka pedep, MOTydeHHbIX
Ha MOCIEIHEN UTEPALMHU aITOPUTMA MOCTPOEHUS YEPEIYIOLIErocs JIepeBa, MOTYT
OKa3aThCA MOJIE3HBIMU Ha MOCJIEAYIONIEH UTEPALUH.

Ilar 5. (Benrepckoe nepeBo). DTOT IIar BHIMOJHAETCS TOJIBKO TOTJa, KOrjaa
pe3yabTaTOM paboThl AITOpPUTMa MOCTPOCHUS YEPEIYyIOIIErocs JepeBa SBISETCA
BEHIE€PCKOE JIEPEBO.

[TpuHsTH

d, =min {y, +y, —a(i, j)}, (2)

rie MUHAMyM Oepercs 1o BceM (i, j), TakuMm, 4To |€ X, sBIsSETCS BHEUIHEH
BEPIINHO# JiepeBa v BepiinHa | € X, ¥ HE MOMEUCHA.

[Tonoxuth

d, = minfy, +y, -ai, )}, (3)

rie MUHUMyM Oepercst mo BceM (i, j), TakuM, uto i€ X, u e X, sABIstOTCS

BHEUIHHUMH BEpIIMHAMHU JI€peBa, HO HE CTSAHYThl B OJHY U Ty k€ (PUKTHUBHYIO
BEPILIUHY.
[TpuHATH

d, :%min {z.}, (4)

r1¢ MUHUMYM 6€p€TC$I II0 BCEM MHOXCCTBaM Vm BCpHINMH, MOIIMHOCTHL KOTOPBIX

paBHa HEYETHOMY 4YHUCIY M KOTOpPbIE CTSHYTHI B (DUKTUBHYIO BEpIIUHY &, ,

ABJISIFOILYIOCSI BHYTPEHHEW BEPUIMHON JI€peBa.
[Ho10XuUTH

d, =min{y,, 6)
e MUHMMYM OepeTcs 110 BCEM BHELIHUM BepIIUHaM | € X, BEPILUH JepeBa.
U, nakoHern, onpeaeanTb

d=min{d,,d,,d,d,}. (6)
N3MeHUTh TBOMCTBEHHBIC TIEPEMEHHBIC Ji, Z,, CIAEAYIOUIUM 00pa3oM:

(a) Ilepemennnie J, COOTBETCTBYIOIIME BHEIIHHM BEpIIMHAM JI€PEBA,



YMEHBUIUTh Ha BEJIUYUHY (.

(0) Ilepemennnie ), COOTBETCTBYIOUIME BHYTPEHHHM BEpIIMHAM JIEpPEBa,
YBEJIUYHUTH HA BEJIMUUHY (.

(B) VYBemumuuth Ha 2d KaXAyl JBONCTBEHHYIO TIEPEMEHHYIO [,
COOTBETCTBYIOIIYIO BHEIIHEH (PUKTUBHOM BepiuHe nepea B rpade Gy.

(r) VYmenpmuTh Ha 2d KaXIyl0 JBOHCTBEHHYIO IE€PEMEHHYIO [,

COOTBETCTBYIOILYIO BHYTPeHHEH (PUKTUBHOM BepimHe aepea B rpade G, .

IIpu stom ecim d = dy, To B E* BKIIOYUTE PedpO (i, j), A1 KOTOPOIO
JOCTUTaeTcs MHUHUMYM B (2). OTo peOpo Temeph MOXET OBbITh OKpAaIlIeHO B
MPOIIECCE pean3alii alropuTMa MOCTPOSHUs uepeayromierocs aepesa. [lostomy
CJIEIyEeT BEPHYTHCS K Mary 2 M MPOJIOJDKATHh TOCTPOSHUE YEPEAYIOMIErocs AepeBa
C KOPHEM B BEPIINHE .

Ecmu d = d,, T0 B E" Bkimouuth pedpo (i,j), A1 KOTOPOro AOCTHracTCs
MuHUMYM B (3). D10 peOpo Temepb MOXKET OBITh OKpAalleHO B pe3yJbTaTe
peanu3alyy ajaropuTMa IMOCTPOCHUSI YepeayIolIerocsl JIepeBa, 4TO MPUBOJIUT K
OoOHapy>KeHHIO HedeTHOro unukia. [loaTomy criemyeT BepHYThCs K Imary 2
MPOJIOJKUTH MOCTPOEHUE YEPETYIOIIErOCs IepeBa C KOPHEM B BEPILIUHE .

Eciu d = d3, To xakas-nm1u00 M3 JBONCTBEHHBIX NMEPEMEHHBIX Z; CTAHOBUTCS
paBHO#l Hymo. IIpeoOpa3oBaTh B MCXOJHBIM HEYETHBIM IIUKI (DUKTUBHYIO
BEPIIMHY, COOTBETCTBYIONIYIO 3TOM IBONCTBEHHOU mepemMeHHOU. [lomoxuts k: =
k + 1. Iony4yennslii mociae oOpaTHOro mMpeoOpa3zoBaHUs (PUKTUBHONW BEPUIUHBI

rpaga noarpad o6osmaunts uepes G, =(X,,E,). Tonoxurs napocoueranne M,

COCTOSAINMM H3 Bcex pebep mapocoueranus M, ., m n; peGep muoxectsa Tj,
MHLOWJICHTHBIX 27N; BepmMHaM MHoxectBa V;. OcraBmasica onHa BeplIMHA
MHOXECTBa V| MHIMIEHTHA pebpy mapocoueTanus M, Tak Kak BCe BHYTPEHHHE

BepIIMHBI JiepeBa B rpade Gj_; HMHIOMIAEHTHBI peOpam mapocoueranus M, .

[Tocne Takoro mpeoOpa3zoBaHUs YEPEAYIOLIEroCs JAepeBa CIEAyeT BEPHYTHCS K
mary 2 M NpOoJOJIKATh IMTOCTPOEHUE YEPEAYIOLIETOCs IepeBa C KOPHEM B BEpPLIMHE
V.

Eciu d = d,, TO ABOIWCTBEHHas MEpeMEHHAs Y;, COOTBETCTBYIOIIAs KaKOM-
7100 M3 BHEITHUX BEPIIWH [, CTAHOBUTCS paBHOM Hyit0. Torma B yepemyromemMcs
JIEpeBE LEeNb, COCAUHSIONIAS KOPEHb , C BEPIIMHOMN [, SBJSIETCS HEUTPAIBHOMN

yBEJIMYUBAIOIIEH Lenbio. B mapocoyeranun M, npoussectr 3ameHy BXOASmux B

Hero pedep 1enu He BXOASIIMMEU pedpaMu 3ToH ke uenu. BepiivHa , cTaHOBUTCSA
WHIUJEHTHON pedpy mapocoyeTaHus, a BEPIIMHA [ CTAHOBUTCA OTKPBITOH, YTO
JOITyCTUMO M3-3a PABEHCTBA HYJIIO ;. BepHyThCs K miary 2.

Ilar 6. (OOpatHOoe mnpeoOpasoBaHue (GUKTHUBHBIX BEPIIMH B HEYETHHIC
LUKJIbI). DTOT LIAT BBIMOJHSAETCS TOJIBKO MOCIIE TOTO, KaK Ha I1are 2 MpoCMOTPEHbI
BCE BEPILUUHBI, I KOTOPBIX HE BBINIOJIHAECTCS YCIOBUE:

Y, >0= [0, j)+x(j,i) =LVie X.

jeX



PaccmoTpeTs Bce ocTaBiiudecs (DUKTHBHBIE BEPUIMHBI B IOJYYEHHOM K
sToMy MoMmeHTy Tpade. Ilpomspectn mpeoOpa3oBaHne (PUKTHBHBIX BEPIIMH B
HEUYETHBIC IUKJIBI B MOPSAIKE, 0OpaTHOM MX OTBICKaHHIO (TIOJyUYeHHas MOCIETHEH
(UKTHUBHAS BEpIIMHA IPEoOpa30BBIBACTCS B HEUCTHBIA ITUKI IIEPBOM M T. 1I.) U
o0pa3oBaTh IApOCOYECTAaHHE MAKCHMAIBHOM MOIMHOCTH Ha KaXJIOM H3 OTHX
HeueTHbIX 1UKIOB [32]. [lomydyeHHOe B pe3yibTaTe MapOCOYETAaHUE SIBIISIETCS
MapocovYeTaHNueM C MaKCHUMAaJIbHBIM BecoM Juisi HadanmbHOTO Tpada Go. Ha stom
paboTa anropuT™Ma 3aKaH4YUBAETCHI.

Aaroput™m  JaMoHaca - J:KoHcoHa A 3aJa4M 0 MHUHHUMAJILHOM
nokpbiTuu. PopmasibHasi MocTaHOBKa 3agaun. [lycts mmeer mecto rpadp G =
(X,E) u mycts V={V1, V2, ..., V;} — MHOKECTBO BCEX MOJMHOKECTB MHOXCCTBA

X, COCTOSIIMX W3 HEUETHOIro YHcia 3aeMeHTOB. [1ycTh yepe3 2Nym+1 00603HaYECHO
YHCII0 BEPUIMH B MOAMHOXeCTBE Vi, a uepe3 Uy — MHOXKECTBO Takux pedep, 4ro
XOTs1 ObI OJTHA M3 MHIUJACHTHBIX UM BEPIIUH TPHHAIIICKHAT Xpm.

CrnpaBeyIiBO  CICIYyIOIIEe YTBEPXKICHUE: KAXKAOE MMOKPBITHE JIOJDKHO
conepxkatb B Uy o kpaitneit mepe (Nm+1) pedep.

ITycts a(i,j) — Bec pedpa (i,j). ITycts X(i,j)=1, ecau pedpo (i,j) IpUHATTISIKUAT
MOKPBITHIO; B IPOTUBHOM ciy4vae X(i,J) = 0.

PaccmoTpuM crieayromiyto 3a1aqy JUHEHHOTO MPOrPaMMHUPOBAHHUS:

Y all, x(,j) - min )
HpI/I OrpaHI/I‘—IeHI/IﬂX:

%ilx(@,j) + x(, )] = 1 pnsa Beex ieX 2)
Yijpev, XG N Znp+1m=12, ..,z @)
x(i,j) = 0 gnst Beex (i, f) 4)

B cootBercTBUM ¢ orpaHudyeHueM (2) Tpedyercs, 4ToObl 10 KpailHel mepe
OJHO pedpo, MpUHAIeKAIICE MOKPBITUIO, ObLIO OBl WHIMACHTHO BEpIIMHE I.
Orpanuuenue (3) o3HayaeT, 4To Mo KpaitHen mepe (Nm+1) pedep, mpuHaAIeKaIIIX
MHOXeCTBY U, TODKHO BXOJUTH B TIOKPHITHE.
[leneBas Qynkmus (1) mpencraBnser coboi oOmui Bec MOKphITHS. Jr06oe
HOKPBITHE YIOBICTBOPSIET orpaHudeHusm (2)-(4).
3amaua, aBoiictBeHHas 3anaye (1)-(4), popMupyeTtcs clieayronmm o0pa3om:

ZieX Vi + an=1(nm + 1)Zm — max (5)
IpY OrPaHUYEHUSIX

Vi + Vi + Xmi(ijev,, Zm = a(i, j)ana seex (i, ) (6)
y; = 0 s Bcex ieX (7)
Zm=0m=1.2,..,z (8)

VYcioBusl JOMOMHAOIIEH HEXECTKOCTH Ui 3TOW IMapbl 3a7ad JIMHEWHOTO
MIPOrPaAaMMHPOBAHUS UMEIOT CIIEAYIOLINN BU/I:
x(L,j) > 0>y +y; + Xmijyev,, Zm = a(i, j)ana scex (i, j), 9)
Yy, > 0= >"[x(i, j)+x(j,i)] =L Vie X (10)

jeX
T.C. BEpIIMHA | TOKPBIBACTCS TOJIBKO OJHUM PEOPOM.
Zm >0 = Yijpev, x(Lj) =np+1m=12, ..,z (11)
Takum o6pazom, 2Ny+1 BepiuH B Xy MOKPBIBAETCS Ny TAKUMHU pedpamu,



4YTO 00€ UHIIMJIEHTHBIE KaXXAOMY M3 HUX BEPIIMHbBI TPUHAAJIEKAT Xm, U OTHUM
TaKUM peOpoM, YTO OJHA MHIIMICHTHAS €My BEpIITMHA MPUHAIICKHAT Xm.

W3 orpannuenwuii (6)-(8) cieayert, uro y; < min {a(i,j),a(j,i)}. Bepmmuna i
HA3bIBACTCSI HACBHIINICHHOW, €clM Y TPUHUMAET HauOOJIbIIee JIOMYCTHUMOE
3HA4YCHHE. B MPOTHBHOM Cilydae BepIIMHA | Ha3bIBaeTCs HEHACHINICHHON. Ecim
yi=0, TO BepIIMHA | Ha3BIBACTCS MyCTOH.

OtMmeruM, 4Tto cootHouieHue (10) HE OTHOCUTCS K MYCThIM BEpIIMHAM U,
3HAYUT, YTO TOJBKO ITYCThIE BEPIIMHBI MOTYT OBbITh MHIMACHTHBI OOJiee uyeM
OJIHOMY peOpy, NMpUHaAJIekKaneMy MNOKpbITHIO. Kaxkias HacellieHHas BepIIMHA
JIOJIKHA OBITh COEIMHEHA pEOPOM € ITyCTOW BEPIIMHOM.

AJITOPUTM MOCTPOEHUS MOKPHITHE ¢ MUHUMAJIbHBIM BECOM

Jrtan 1. (Bb160p napocoyeranusi)

Ilar 1. (BoiGop 0003HaYeHN W HaYaIbHBIX yciaoBuii). [Tomoxutes K:=0.
Oo6o3naunth uepes Gk = (Xk, Ek) paccmarpuBaemsbiii rpad. IlogoxuTh
napocodetanue My mycTeiM (He cojepkaimuM pedep). g cokpallleHus 3amucu
dbopMyI1 BBOAUTCS IEpEMEHHAs

Wi = Y + Ximiiev,, Zm A5 Beex €X
(12)

[TpunsTH BOMCTBEHHBIE TIEpeMeHHbIe Zn=0, m=1,2,...,Z.

JIJis TBOMCTBEHHBIX MEPEMEHHBIX Yi BBIOPATH JII000E 3HAYEHHE, P KOTOPOM
BBITIOJIHSJTUCH OBl YCIIOBUS

w; +w; < a(i,j)ana scex (i, ))€E, (13)

w; = 0 1u1q Bcex ieX| (14)

Hampumep, yi=0 OyneT ya0BIETBOPSITH BCEM TPEOOBAHUSIM.

Ilar 2. (IIpocMOTp OTKPBLITOM HeHACHILIEHHOW BepmuHbl). Ilycth
E’={(i,j): w; + wj = a(i, ), i € X,,j € X,}. BeiOpars 1moGyto, He SBIAIOLLYOCS
(UKTUBHOM, OTKPBITYIO HEHACHIIIICHHYIO BEPIIUHY U € X}, €CJIM TaKUX BEPIIUH HET,
TO MEPEUTH K FTary 2.

B npoTHBHOM ciy4ae, MCHOJIB3YSl QITOPUTM IOCTPOEHUS YEpPEAyIOLIErocs
nepeBa, Ha MHOKecTBe pebep E* st rpada Gy mocTpouTs Yepeayromeecs IepeBo ¢
KOpPHEM B BEPIIIUHE V.

Ecnu  BbIlOJIHEHWE  aJTOPUTMA TOCTPOEHMSI  YEpenyloUIerocs JepeBa
3aKaHYMBACTCS OTHICKAHUEM YBEIIMUUBAIOLIEHCA LIETIH, TO IEPEUTH K 1Iary 3.

Ecnu pabota 3TOro anroputMa 3aKkaH4MBAETCSl OTHICKAHHMEM HEYETHOTO 1IMKIIA,
TO MEPEUTH K 1mary 4.

Ecnu anroput™ nNpuBOAUT K MOCTPOCHUIO BEHT'€PCKOrO JepeBa, TO MEPENUTH K
mary JS.

IIlar 3. (IlocTpoenne yBeqUYUBAKIIEH WeNu). JTOT IIAr BBIOJHAETCS
TOJIBKO TOCJIE TOr0, Kak C IOMOIIBI0 AJITOPUTMA IMOCTPOCHUS YEPENyIOLIErocs
JepeBa OOHApY>KMUBAeTCs yBEJIMYMBAIONIAs 1enb. B mapocodyeranuu My 3aMeHUTH
pebpa yBeIMUMBaIOIIEH ey Ha HEe MPUHAJISKAIIEe eMy peOpaMu 3TOH Ke IeTH.
OTkpbITasi KOpHEBas BEPIIMHA V CTAHOBUTCS WHITUACHTHOW pedpy MapOoCOYETaHUS.
BepHyTbcss K mary 2 i HCCIENOBaHMS JPYTrOd OTKPBITOM HEHACBHIILIEHHOW
BEPIIHHBI.



IIar 4. (IlocTpoeHHe HEYETHOr0 IUKJIA). ITOT IIAr BBIMOJHAETCS TOJIBKO
MOCJIe TOr0, Kak C MOMOUIBIO ajIrOpUTMa IMOCTPOEHUSI YEpEeayIOIIerocs: JepeBa
Haiiercss HEKOTOpbIM HedeTHbIM HukiI. [Tomoxwts K:=k+1. CTsaHyTh HalaeHHBINA
HEYCTHBIM MUK B (DUKTHBHYIO BEpIIUHY a. [ 'pad, MONydeHHBIA B pe3yJbTare
CTSITUBAHUS 3TOTO IWKJIA B BEpIIHMHY, 0003Ha4nTh yepe3 Gx. O603HaunTh yepe3 My
napocoderanue, Bkirouaromiee Bce peopa I1C My.1, octaBiuecs B rpade Gy.

Bepimnel, BXOAAIME B CTAHYTHIM HEYETHBIA LUK MPU BCEX IMOCIETYOIIUX
pa3MeTKax MO ajlroOpuTMy IMOCTPOEHUS YEPEAYIOMIETOCs ACPEBa, MOIYyYarOT TE KeE
METKH, 4TO U (PUKTHBHAs BepUIMHA &a. BepHyTbca K mary 2 U MPOJOIDKHUTH
MOCTPOEHUSI YEPENYIOLIErocs JepeBa C KOPHEM B BEpUIMHE, SIBIIIOIICHCS
oToOpakeHneM BepiiMHbI V B rpade Gy. B aToM ciayuae METKH U OKpacka pedep
MOCJIEAHEN UTEPALMA MOTYT MCIIOJIb30BAThCS Ha CICAYIOMIEH UTEepaluy alropuTMa
MOCTPOEHUS YEPEAYIOIIETOCS JIEPEBA.

Iar 5. (BeHrepckoe aepeBo). DTOT LIAr BBITOJIHAETCA TOJIBKO IMOCIE TOTO,
KaKk paboTa ajroput™Ma TOCTPOCHUSI YEPEIYIOUIErocs JepeBa 3aKaHUMBACTCS
MOCTPOEHUEM BEHT'€PCKOTO JIEpeBa.

Onpenenutb
d, = min{a(i,j) — w; — w;}, (15)
rie MUHHUMyM Oepercss MO0 BCEM BHENIHMM BepIIMHAM jepeBa [€X, U BceM
HEIIOMEUYEHHBIM BepIIHaM jeX .

[Tonoxutsb

1. ..
d, = Emm{a(l,]) —w; — Wj}, (16)
rJie MUHUMYM OepeTcs 1Mo BCeM TaKUM BHEITHUM BepiliMHaMm jiepeBa [ € Xou j € X,

uro (i,j) € E~
Onpenenuthb

d, =%min {z,.}

(17)
rie MUHMMyM Oepercs MO BCEM M, TaKUM, YTO BEPIIMHBI MOJAMHOXeCTBa Vn
NPEACTaBISIIOT BHYTPEHHIO (PMKTUBHYIO BEPIIMHY JIEPEBa.
[Tonoxurs
dy = min{a(i,j) — wi},
(18)
r7ie MUHUMYM OepeTcs Mo BCEM TAKMM HE(UKTHBHBIM BHEIIHUM BEpPLIMHAM JEpEBa
i € X} ¥ BceM TakuM BHYTPEHHUM BepIIMHAM JepeBa j € X, uto (i,j) € E~
OnpenenuThb
ds = min {w; — Zm:iEVm Zm}
(19)
r7iec MUHUMYM OepeTcsi 1Mo BepiirHaM [ € X, KOTOpbIE BXOJIAT B HEYECTHBIM ITUKII,
CTSIHYThI BO BHEILIHIOIO (DUKTUBHYIO BEPILMHY JEPEBA.
Onpenenuthb
d = min{d,, d,, d3,d,, ds}. (20)
N3MeHUTh ABONCTBEHHBIE IEPEMEHHBIE CIEAYIOUM 00pa3oM:
1. IlepeMeHHBIE Wi, COOTBETCTBYIOUIME BHEIIHUM BEPIIMHAM JIEPEBA,



yBEIUYUTH Ha d.

2. [lepemeHHBIE Wi, COOTBETCTBYIOUIME BHYTPEHHHUM BEpIIMHAM JEPEBA,
YMEHBIIUTH Ha d.

3. VBemuuuth Ha 20 MEpPEeMEHHYIO Zm, COOTBETCTBYIOIIYIO KaXIIOW
BHYTpEHHEH (PUKTHUBHOM BepirHe aepesa B rpade Gy.

4, YMeHbImTh Ha 20 TBOWCTBEHHYIO IEPEMEHHYIO Zn, COOTBETCTBYIOIIYIO
KaXJI0¥1 BHyTpeHHEH (PUKTUBHOM BepiuHe fepena B rpade Gy.

IIpu sToM ecam d=d;, To x E” moGasnstercss peGpo M MpOLECC MOCTPOESHHS
YyepeAyIolerocss JepeBa MOXKET ObITh MpONOJDKEH. BepHyThcs k mary 2 ais
MIPOJIOJKEHUS TOCTPOCHUS YEPEAYIOIIETOCS IEPEBA C KOPHEM B BEPIIMHE V.

Ecmu d=d,, To k E* no6aBnsiercs pedpo, koropoe (hopMHUPYET HEUCTHBIHA ITHKIT.
BepHyThCcsl K mary 2 i IpOJOJDKEHUS TOCTPOCHMSI YEPENYIOLIErocs IEpeBa C
KOPHEM B BEpILUHE V.

Ecmn d=d;, To 3HaueHwWe MBOWCTBEHHOW IEPEMEHHOW JJIsI HEKOTOPOM
BHYTPEHHE (PUKTHUBHOM BEpIIMHBI JEpEBAa CHOBA CTAHOBUTCS PABHBIM HYIIIO.
[Monoxuts K:=k+1. [IpeobpazoBars 00paTHO ATy PUKTUBHYIO BEPIIHHY B UCXOTHBIH
He4eTHbIM KK OHa MHUMACHTHA OTHOMY U3 pedep MapocoveTaHusl, Tak KaKk uMea
METKYy BHYTPEHHEW BEpIIMHBI JepeBa. BKiIounTe B mapocodyeraHue pedpa
HEYETHOr0 UMKJIa TakuM oOpa3oM, 4YTOoObl BCE BEPIIMHBI 3TOr0 LHMKIA ObUIN
WHIIMICHTHBI pedpaM napocoueranus. [IpHHATH MoydeHHBIH HOBBIN rpad 3a GK u
HOBOe mapocoderanue 3a MK. BepHyTbest k miary 2 Juist poOIOIDKEHHUS TOCTPOCHUS
YepEeAyIOLLIErocs IepeBa ¢ KOPHEM B BEPILIMHE V.

Eciu d=ds, TO HekoTopas BHENIHss BEpIIMHA | JepeBa CTaHOBHUTCS
HachIIIeHHOM. Torzna yepenyromascs Lelb B YepeIyroIeMcs IEPEBE, COSAUHSIOAs
KOPEHb V C BEPIIMHOW |, SIBISICTCS HEHTPaIbHOW YBEIMYHMBAIOIICH IICTIBIO.
[TpousBectn 3ameHy pebep STOM LEeNM, BXOAMBUIMX B [apOCOYETAHUE, HE
BXOJSIIMMHU B HEro pedpamu 3TOH e IIend. BeprimHa | mpu 3TOM CTaHOBHTCS
OTKPBITOM M HACBIILIEHHOM, a BEpIIIMHA V — UHIIUJICHTHON pedpy, MpUHAJICKAIIEMY
napocoyeTaHuto. BepHyTbcs K mary 2 W TOCMOTPETh JPYIyl0 OTKPBITYIO
HEHACBHIIICHHYIO BEPIIUHY.

Ecmu d=ds, TO Vi craHOBUTCS paBHOM HYJIO JUIS HEKOTOPOH BEpIIMHBEI |,
coJieprKalieiics BO BHEIIHEW (PMKTUBHOM BEpILMHE JepeBa am. Uepeayromascs Lemnb
OT KOpHA V 10 BEpIIMHBI am SBIAETCS HEUTPAIbHOW YBEIMYMBAIOLIEH LIEMBIO.
[TpousBectu 3ameHy pebep 1enu OT V 10 8m, BXOASIIMX B MapocovyeTaHue, He
BXOJISIIIIMMU B HETO pedpamu 3TOM ke 1ernu. BepimHa V CTaHOBUTCS WHITUICHTHON
pelpy, MpUHAAJIEKAIIEMY TapOCOUYETaHHIO, @ (PUKTUBHAS BEPIIMHA 8y — OTKPBITOM.
BepHyTbes K m1ary 2 v npoCMOTPETh APYTYIO OTKPBITYIO HEHACHIIIEHHYIO BEPILIUHY.

Jrtamn 2. (IlpeodpazoBanue nmapocoyeTaHusi B IOKPbITHE).

[ar 6. (OTKpbITEIE HE(UKTUBHBIE BEPIIIMHBI.) DTOT IIar BHIMOIHIETCS TOIBKO
nocne ynaneHuss Ha Imare 2 u3 rpada Gk BceX OTKPBITBIX HEHACHIIICHHBIX
HE(UKTUBHBIX BepIIMH. J{JIs1 ero BBINOJHEHHsS] HEOOX0IMMO BKIIOUUTH B My pedpa,
coequusitonvie B Gy KaKIyl0 OTKPBHITYIO HACBIIIEHHYIO HE(UKTUBHYIO BEPIIMHY C
MyCTOM BepIIMHON (MycTasi BEepIIMHA HE COAEPKUTCS HU B OAHOM U3 (DUKTUBHBIX
BEPILIVH, MHIUJIEHTHBIX peOpy napocoderanusi). Tenepb OTKpbITHIMUA B Gy ABIISIOTCS



TOJIbKO (pUKTUBHBIE BepinHbl. [lepeiTu k mary 7.

[lar 7. (ObpatHOEe mpeoOpa3oBaHUE (DUKTUBHBIX BEPIIMH B HEUYETHHIC
mukibl). Ecu B rpade Gy OoTCyTCTBYIOT (DMKTUBHBIC BepLIUHBI, TO My sBisieTcs
MOKPHITHEM C MHHHUMAaJIbHBIM BecoM misi rpada Go. B mpotuBHOM citydae
MOCJIETHIOI0 M3 OCTaBIIMXCS (DMKTUBHBIX BEPLIUH 8y HEOOXOIUMO MpeoOpazoBaTh
oOpaTHO B UCXOAHBIA HeueTHbIH UK. [lTomoxute K:=k+1. I'pad, momyueHHsiii B
pe3yJbTate mpeodpa3zoBaHusi PUKTUBHOM BEPIINHBI, CUUTATh rpadom G.

3/1eCh BO3MOKHBI JIBA CITyYasi:

a) B pe3yJbTaTe BBINOJHEHUS MEPBOT0 dTara ajiropuTMa BEpIIMHA dm ObLia
MIOKphITa peObpom rpada;

0) B pe3ysbTaTe BBINOJHEHUS TEPBOrO JTala ajaropuTMa BepIIMHA am
oKa3anach OTKPHITOM.

B cnyuae (a) ogHa M3 BeplIMH B LIMKJIE, COOTBETCTBYIOIIEM (DPUKTHBHOU
BEpILMHE ay, MHUUAEHTHA peOpy, MPUHAJICKANIEMY TapOCOYETAHUIO, & OCTAJIbHBIC
BEPILMHBI B 3TOM LIUKIIE SIBISAIOTCS OTKpbITHIMU. B My Bkimrouarorcs Bce pedpa,
npuHajuiexamme My, COBMECTHO ¢ peOpaMy HEYETHOrO ILMKIA, CTAHYTOrO B am,
KOTOPBIE€ UHIUJIEHTHBI BXOJSIIMM B HETO OTKPBITHIM BepiirHaM. [loBToputs mar 7.

B cmywae (06) ang  HEKOTOpOW  BEpIIMHBI | HEYETHOTO  IUKIIA,
COOTBETCTBYIOILIErO (DUKTUBHOW BepiIuHE am, Yi=0. ITonoxuts My conmepkamum
pebpa, npuHaiexkanme My.q, coBMeCTHO ¢ 000MMHU pedpaMH HEYETHOTO IUKJIA,
WHIIUJICHTHBIMU BEpIIMHE |, ¥ OCTAJIBHBIMH peOpaMH 3TOr0 HEYETHOTO IIMKIIA,
IPUHAUIEKAIINM TapocoyeTanuro. [loBTopurs mar 7.

VII. CHUCOK YYEBHOM JIUTEPATYPbI © HUHOOPMAIMOHHO-
METOANYECKOE OBECIIEYHEHHUE JUCIHUIIVIMHbI

OcHoBHas JuTEpaTypa

1. Tnanckwmii, H. 1. OcHOBBI Teopuu M aJrOpuTMbl Ha Trpadax : yueOHOe
nocobue / H. U. I'nanckuit. — Mocksa : UHOPA-M, 2020. — 206 c. — (Briciiee
oOpazoBanue: bakanaBpuar). - ISBN 978-5-16-014386-6. - TekcT : 37€KTpOHHBIN.
- URL: https://znanium.com/catalog/product/978686.

2. CokosioB, I'. A. JluneWHbIe IEJIOYHMCICHHBIE 3aJa4l ONTHMH3AIIHU
yueonoe nocooue / I'. A. CokonoB. — Mocksa : UHOPA-M, 2020. — 132 c. —
(Beiciee oOpazoBanme: bakamaBpuar). - ISBN 978-5-16-011144-5. - Tekcr :
anekrponnbii. - URL: https://znanium.com/catalog/product/1106387.

3. CnmwxkoB, O. A. [lpakTukym Mo MeToJaM ONTUMH3AIUHU : y4eOHOE


https://znanium.com/catalog/product/978686
https://znanium.com/catalog/product/1106387

nocobue / O. A. CaBuxkkoB. - Mocksa : By3oBckuit yuebnuk : UTHOPA-M, 2020. -
231 c¢. - ISBN 978-5-9558-0372-2. - Tekct : oanektpoHHsii. - URL:
https://znanium.com/catalog/product/1036460.

JlonoiHUTE IbHAS JIUTEepaTypa

1. AcanoB, M. O. JluckpeTHas MaTeMaTHka: rpadbl, MaTPOUIbI,
aNropuTMBI : yuebHoe mocobue / M. O. Acanos, B. A. bapanckuii, B. B. Pacun. —
3-e uzn., crep. — Cankr-IlerepOypr : Jlanb, 2020. — 364 c. — ISBN 978-5-8114-
4998-9. — TekcT : >neKTpoHHBIH // JlaHb : 3MEeKTPOHHO-OMOIMOTEYHAs! CHCTEMA.

— URL.: https://e.lanbook.com/book/130477.

2. KocrokoBa, H. . I'padsl u ux npumenenue : yuebHoe nocodue / H. U.
KoctiokoBa. — 3-e¢ u3n. — MockBa, CapatoB : VHTepHET-YHUBEPCUTET
Nudopmarmonnsix Texnonoruit (MHTYUT), At Ilu Ap Meaua, 2020. — 147 c.
— ISBN 978-5-4497-0367-5. — TeKkcT : »dJIEKTPOHHBIH // DJIEKTPOHHO-
OubIMoTEeUHast cucrema IPR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/89435.html.

Ilepeuenn pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOM CeTH
«HHTEepHET»
1. DnexTpoHHblii pecypc «EnnHoe OkHO nocTyma K oOpa3oBaTelbHBIM

pecypcam». @opma noctyna: http://window.edu.ru

IlepedyeHb 10MOTHUTEIBLHBIX HHPOPMAITMOHHO-METOIMYECKHUX
MaTepHaJioB
1. Bumenkun H. ., Bunenkun A. H., Bunenkun II. A. KomOunaTopuka.
M: @uma: H3x-B0 MockoBckoro LleHTpa HENpeEpPbIBHOTO MAaTEMATUYECKOTO
obpazoBanus , 2010. — 400 c.
2. Xapapu @. Teopus rpacdos. M: URSS: JIub6pokom, 2009. — 300 c.
3. Makapo U.M., CokonoB B.b., Abpamor A.JI. [leneBbie KOMILIEKCHBIC

nporpammbl / AGpamoB A.JI. — M.: 3nanwue, 1980. — 136 c.


https://znanium.com/catalog/product/1036460
https://e.lanbook.com/book/130477
https://www.iprbookshop.ru/89435.html

4. Dixit, A. and Stiglits, J. Monopolistic competition and optimum product
diversity// American Economic Review 67, 1977. - 297-308 p.

5. AobpamoB A.Jl., Hazapoa MN.H. MogenmupoBanne 3SKOHOMHUYECKOTO
MPOCTPAHCTBA U PKOHOMHYECKUHN aHanmu3 // DKOHOMUYECKUN aHalu3 Ha JajdbHEM
BocToke Poccun, M.: MockoBckuit O6miectBenHbiii Hayunsiii @onn, 2005. — 111
C.

6. IlessxoBa E.IO., PerukoB O.A. HoBas sxoHOMHueckasi reorpadus» u
BOIPOCHI AKOHOMIUeckoi monmutuku. — M.: EERC, 2005. — 260 c.

7. Ao6pamoB A.JI., [ocroBamoB B.H., Bemuuko A.C., [laBwimoB JI.B.
MopnenupoBaHue SKOHOMHYECKOTO IPOCTPAHCTBA M CTPATETUYECKOE Pa3BUTHE
teppuropuii // Crparerndeckoe mianupoBanue Ha JlanbHem BocToke: oTBET Ha
rJ1I00aJIbHBIE U JIOKAJIbHBIE BBI3OBBL. - M.: MockoBckuii OOiecTBeHHbI Hayunbii
®ounpu, 2006. - 195c¢.

8. Krugman P. Increasing Returns and Economic Geography, Journal of
Political Economics 99(3), 1991, p. 483-499

9. Fujita M., Krugman P. and Venables A.J. The Spatial Economy.
London: MIT Press, 1999. — 680 p.

10. Kpucrodpunec H. Teopus rpacdoB. AnropuTMuueckuii moaxon. - M.:
Mup, 1978. - 360 c.

11. Maiinuka D. AITOPUTMBI ONTUMHU3AIMK Ha ceTsIX U rpadax. - M.: Mup,
1981. - 320 c.

12. ®umunc /., lapcua-/luac A. Metoasl ananuza ceteit. - M.: Mup, 1984.
—496 c.

NupopmanuoHHO cipaBoYHbIe CUCTEMbI U IPpodeccuoHaIbHbIE 0a3bl
JAHHBIX:

1. DBC JIB®Y - https://www.dvfu.ru/library/electronic-resources/

2. DnextpoHHas 6ubaroTeuHas cuctema «Jlauby: https://e.lanbook.com/
3. OmnextpoHHas OubnuoreyHas cucrtema «KOHCYJIbTaHT CTyACHTa»:

http://www.studentlibrary.ru



https://e.lanbook.com/
http://www.studentlibrary.ru/

4. DnexTpoHHas OoubMoTeuHas cucrema «eLIBRARY.RU»:

http://www.elibrary.ru/

OnekrpoHHas Oubimorednas cucrema «lOpaitm»: http://www.urait.ru/ebs

5
6. DnekTpoHHas OMOIMOTEUHas cucTeMa «Znaniumy: http://znanium.com/
7

DnekTponHas oubmoTeunas cuctema IPRbooks: http://iprbookshop.ru/

8. DnexTpoHHas OubnuoTeka auccepranuii Poccuiickoil rocynapcTBeHHOM

oubmmorexu http://diss.rsl.ru/

9. baza manubix Scopus_http://www.scopus.com/home.urOl

10. ba3za nannbeix Web of Science_http://apps.webofknowledge.com/
11. Undopmanmionnas  cuctema "EJMHOE OKHO  pocryma k

oOpa3oBarenbHBIM pecypcam" - http://window.edu.ru/

12. Jloctynm K DJIEKTPOHHOMY 3akazy KHUr B OuoOmuoreke J[BOY -

http://lib.dvfu.ru:8080/search/query?theme=FEFU

VIIl. METOJAWYECKHUE YKA3AHMS IO OCBOEHUIO
JTUCHUATIIMHBI

PexomeHnaanum 1o nNJIAHUPOBAHUIO M OPTraHU3AlUM BPEeMEeHH, OTBEACHHOI0 HA
HU3y4YeHHUEe IMCUUIIMHBI, ONMCAHUE MOCIeA0BATEIbHOCTH AeiiCTBUI
00yJaromuxcs

OcBoeHue AMCHUILUIMHBI CIEIYyeT HAaUYMHATHh C U3y4deHUs pabodeil yueOHOMU
IpOrpaMMbl, KOTOpasi COJEPKUT OCHOBHBIE TPeOOBaHUS K 3HAHUAM, YMEHUSIM U
HaBblkaM. OO0s3aTeNbHO CJIEAyeT YUYWUTHIBaTh PEKOMEHJAIMKM IpernojaBaTels,
JAHHBIE B XOJ€ YCTAHOBOYHBIX 3aHATHH. 3aT€M — IMPUCTYyNaTh K H3YUYEHUIO
OTZEJIBHBIX Pa3JeJI0B U TEM B MOPAJKE, IPELYCMOTPEHHOM IIPOTPAMMOM.

[TonyuuB mpeacraBieHre 00 OCHOBHOM COJAEp>KaHWU paszfena, TEMBI,
HEOOXOJAMMO U3Y4YUTh MaTepual C T[OMOIIbI0 PEKOMEHAYEMON OCHOBHOM
autepaTypsl. LlerecooOpa3Ho cOCTaBUTh KpaTKUM KOHCHEKT WJIH CXEMY,

OTOOpaXarollyld CMBICJI U CBSI3M OCHOBHBIX IMOHATHM JaHHOTO paszjena |


http://www.elibrary.ru/
http://www.urait.ru/ebs
http://znanium.com/
http://iprbookshop.ru/
http://diss.rsl.ru/
http://www.scopus.com/home.ur0l
http://apps.webofknowledge.com/

BKJIIOYEHHBIX B Hero TeM. OO0s3aTeNbHO CIEIyeT 3aluChiBaTh BO3HUKIINE
BOIIPOCHI, HA KOTOPBIEC HE YAAJIOCh OTBETUTh CAMOCTOSITEIBHO.

[ToaroToBKy K Hadaixy OOy4YeHHS BKJIIOYACT HECKOJIBKO HEOOXOIUMBIX
MYHKTOB:

1) HeoOxommmo co3maTh IS ceOs palMOHAIBHBIA W 3MOIMOHAILHO
JOCTAaTOYHBIA YPOBEHh MOTHBAIIMK K IIOCJIEIOBATEILHOMY M IUIAHOMEPHOMY
U3YUYEHUIO JUCIUTUIHHBI.

2) HeoOxomuMo W3y4YUTh CIHUCOK PEKOMCHJOBAHHOW OCHOBHOW M
JOTIOJTHUTEJILHON JIUTEpaTyphl U yOEIUThbCs B €€ HaIMuuu y ceOs JoMa Wid B
OubnuoTeKe B 0yMakHOM WJIH DJIEKTPOHHOM BHJIE.

3) HeoOXxoauMo HMMeETh «IOJ PYKOW» CICIHMalbHbIE M YHHUBEpCaIbHBIC
CJIOBApH, CIPABOYHUKU U DHIMKIONEIUN JJIi TOTO, YTOOBI MOCTOSIHHO YTOYHSITh
3HAUCHUS HCIOJb3YyeMbIX TEPMHUHOB W TMOHATHHA. [loimb30BaHHME CIOBapsIMH U
CIIPaBOYHHUKAMHU HEOOXOIUMO cJejaTh MPUBBIYKON. OMBIT MOKa3bIBAaeT, YTO
HEY/IOBJIETBOPUTEIILHOE YCBOEHHUE IMPEIMETa 3a4acTyl0 KOPEHUTCS B HETOYHOM,
CMYTHOM WJIM HENPaBWIBHOM TOHHMAHWM W YIOTPEOJICHUH TOHITHITHOTO
anmapara y4eOHOW AUCITUTUIUHBI.

4) XemareapHO B caMOM Hayajie IiepHoia OOYYCHHS BO3MOXKHO
TIIATEbHEE CIUTAHUPOBATH BpEMs, OTBOAMMOE Ha pabOTy C HCTOYHHKAMU U
JUTEPATYpPON MO JTUCHUIUIMHE, TPEACTaBUTh JTOT IJIaH B HArJISIHOW (opme
(rpadpuk paboThI C HaTamMu) U B JaJbHEUIIIEM €ro MpUJIEPKUBATHCS, HE JIOMyCcKas
CpPBIBOB TpaduKka WHIMBUIYAIbHONW paOOThl W «aBpajiay B TMPEICECCUOHHBIN
nepuo. [IpeHeOpexeHre ’TUM IMyHKTOM IPUBOJUT K TIEPEYTOMIICHUIO U PE3KOMY

CHMIKCHHIO Ka4CCTBA YCBOCHUA y‘lC6HOFO Marcpuala.

PexoMenaanuu mo padore ¢ JuTepaTypou
1) Bcroo yueOHyr auTeparypy KelaTelbHO H3y4aTh «IOJ KOHCIIEKTY.
UteHue NIHUTEpaTyphbl, HE COMPOBOKIAEMOE KOHCIEKTUPOBAHUEM, Ha)Xe IyCTh
caMbIM KpaTKuM — Oecrosie3Has pabota. llenb HamucaHus KOHCIIEKTa I10

JTUCIUTUIMHE — CGOPMHUPOBATH HABBIKM 110 TOUCKY, OTOOpY, aHamu3zy u



(GopMyJIMPOBaHUIO YYEOHOr0 MaTepuana. JTH HaBBIKM 00sA3aTeabHBI ISl JIFOOOTO
CHElMATUCTa C  BBICIIMM  O0pa30BaHUEM  HE3aBUCHMO OT  BBIOPAHHOM
CIIEHHAIBHOCTH.

2) Hamucanue KOHCIEKTa [OJDKHO OBITh TBOPYECKHMM — HYXHO HE
NEepPENUChIBaTh TEKCT W3 HCTOYHHMKOB, HO IBITATBCA KPATKO H3J1araTb CBOMMU
CIIOBAMH COJIEPKAHUE OTBETA, MPU 3TOM MAKCHUMAJIBHO CTPYKTYpHUPYsS KOHCIIEKT,
UCIIOJIb3YSl CUMBOJIBI U YCJIOBHbIE 0003HaueHus. KonupoBaHHe M «3aydMBAHUE»
HEOCMBICIICHHOTO TEKCTa TPYIOEMKO U MO OOJIBIIOMY CUYETY HE UMEET OOJBIION
II03HABATEJILHON U MPAKTUYECKOM [ICHHOCTH.

3) Ilpu HammcaHWW KOHCIIEKTA HMCHOJB3YETCS TETPajb, MOJS B KOTOPOWM
oOs3aTenbHbl. CTpaHULIBI HYMEPYIOTCS, Ka)Iblii HOBBIA BOIPOC HAYMHAETCS C
HOBOI'O JIMCTA, JUIsl KaXJIOro HK3aMEHALlMOHHOTO Bompoca oTBoguTcs 1-2
CTpaHHMIIbI KOHCIIEKTa. Ha momsix pazmenaercs Besi BcnomoraTteiabHas HHpopManus
— CCBUIKH, BOIIPOCHI, YCIIOBHbIE 0003HAYEHUS U T.[.

4) B uTore naHHO# pabOTHI «UICATEHBIMY SBISICTCS MOJIHBIN KOHCIIEKT IO
nporpaMme  AUCHUIUIMHBI, C  BBIJCJICHHBIMUA  OIPEACIICHUAMH, Y3JIOBBIMU
IyHKTaM{, OPUMEPAMH, HESICHBIMM MOMEHTaMH, IPOCTABICHHBIMH Ha IIOJIAX
BOITPOCAMH.

5) Ilpu paGoTe Hajg KOHCIIEKTOM 00s3aTElIbHO BBIABISIOTCS U OTMEYAIOTCS
TPYJIHBIE JUJIl CAMOCTOSITEJIBHOTO H3Y4Y€HHs BOIIPOCHI, C KOTOPBIMH YMECTHO
oOpaTUThCS K TMPENoJaBaTeslio NpH TOCEIIEHUH YCTaHOBOYHBIX JEKUUWA H
KOHCYJIbTAINH, 1100 B MHIMBUYyaJIbHOM MOPSJIKE.

6) Ilpu uTeHMM yd4eOHONH M HAyYHOH JIMTEpaTyphl BCerjaa CICAWTH 3a
TOYHBIM U TIOJHBIM TMOHMMAHHUEM 3HAYEHUS! TEPMUHOB U COJCPKAHUS TMOHSATHUH,
UCIIOJIB3YEMBIX B TEKCTe. Bcerna cienyer yTOYHATh 3HAYEHUS 110 CIOBapsM WIIU
SHIUKIIONEAMSIM, IPYU HEOOXOAUMOCTHU 3aKUCHIBATD.

7) Tlpu HamucaHuu y4eOHOTO KOHCIIEKTa O053aTEIbHO YKa3bIBaTh BCE
npopalaThiBaéMble HCTOUYHHUKH, aBTOp, Ha3BaHHWE, JaTa M MECTO H3JaHUs, C

YKa3aHUEM HCIIOJIb30BAHHBIX CTPAHHUII.



IToaroroBka K NPOMeKYTOYHOM ATTECTALMHU MO AMCUMILJINHE

[IpomexxyTo4uHOM aTTecTanued Mo IUCUUILIMHE BO 2 CEMECTpPE SIBISIETCS
HK3aMEH.

CTyneHT cuuTaeTcsd AaTTeCTOBAaHHBIM MO JUCHUIUIMHE IIPU  YCIIOBHUH
BBIIIOJIHEHHUST BCEX BHJIOB TEKYLIErO0 KOHTPOJS M CaMOCTOSATEIbHOM padoTHI,
PETYCMOTPEHHBIX YUEOHON TPOTrpaMMOi.

[IIxana ouneHuBaHusi cCPOPMUPOBAHHOCTH OOPA30BATEIBHBIX PE3YJIbTATOB IO
TUCITUTUINHE TpeicTaBiaeHa B (oHae oreHOUHbIX cpencts (POC).

K arrecrtanum JOMyCKarOTCs CTYIEHTHI, KOTOpPHIE CHCTEMATHYECKH B
TEYEHHE BCEro CEMEeCTpa MOocelald W padoTalu Ha 3aHATHSAX W IOKa3alu
YBEPEHHBIE 3HAHUS B XO/I€ BBINIOJHEHHUS TAOOPATOPHBIX PadoT.

HemnocpencrBeHHass NOArOTOBKAa K  aTTECTAMU  OCYILECTBISETCA 10
BOIIPOCAaM, NPEJICTAaBICHHbBIM B pabouyed yuyeOHOW mnporpamme. TiaTeabHO
u3yuuTe (hOPMYJIMPOBKY KaXKJI0IO BOIPOCA, BHUKHUTE B €r0 CyTh, COCTABHTE IJIaH
orBeTa. OOBIYHO MJIaH BKIIOYAET B CEOS:

— OINpEIEICHUE CYIIHOCTH pPacCMaTpUBAEMOIO  BOIIPOCA, OCHOBHBIX
MOJIOKEHUH, YTBEPAKACHUI, OnpeiesieHne He0OOX0AUMOCTH UX JI0Ka3aTeNIbCTBA;

— 3anuch 0003HaUYCHUM, POpMYJI, HEOOXOIUMBIX IJIsI TIOJIHOTO PACKPBITHS
BOIIPOCA;

— rpadudeckuit Matepuan (TaOnUIbl, pUCYHKH, TpaduKu), HEOOXOAUMbIE
JUISL PaCKPBITUS CYIIIHOCTH BOIPOCA;

— pOJib M 3HAYEHWE paCcCMaTPUBAEMOro Marepuana s MPaKTHYECKOM

ACATCIIbHOCTH, ITPUMCEPHLI UCITOJIB30BAHUS B HpaKTquCKOﬁ ACATCIIBHOCTH.

IX. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE
TUCTUTLIAHBI

VyeOHbIe 3aHATHS 11O JAUCIHUIITIMHE ITPOBOAATCA B IOMCHICHUAX, OCHAIIICHHBIX

COOTBETCTBYIOIIUM 00OPYJIOBAHUEM U MPOTPAMMHBIM 00ECIICYECHUEM.



HCpC‘I@HB MAaTCPUAIBbHO-TCXHUYCCKOI'O MW IIPOrpaMMHOIO oOecrneueHus

JTVCHUIUIMHBI PYUBEICH B TAOJIHIIE.

HanmenoBanue crieniuanbHBIX OcHaleHHOCTh [lepeveHb TUIIEH3NOHHOTO
MIOMEIEHNH U MTOMEIIECHUH CHEUHANbHBIX TOMEIICHUIH MPOrPaMMHOTO
JUTSL CAMOCTOSITEIBHOM pabOTHI MTOMEIEHU I obecrieueHus. PeKBU3HUTHI
JUISL CAMOCTOSITEIIBHOM PabOTHI HOATBEPKJAIOLIET0
JOKYMEHTa

690922, IIpuMopckuit Kpaid, T.
BrnaauBocTok, ocTpoB
Pycckuii, nosyoctpos
CanepHnslii, mocenok Asikc, 10.
YyeOHast ayquTopus i
MIPOBEJICHUSI JIEKITUOHHBIX,
MIPaKTHYECKUX 3aHITHH,
CPYIIIOBBIX U
VHJUBUYaIbHBIX
KOHCYJIbTAI[UM, TEKYILErO
KOHTPOJIS U IPOMEKYTOUHOU
aTTeCTaluu.

[Tomemnienne yKOMIUIEKTOBAHO
CTIEINATN3UPOBAHHON yIeOHOM
Mebenbio. Jlocka ayauTopHasi.

690922, IIpumopckuit Kpa, T.
BrnaauBocTok, ocTpoB
Pycckuii, nonyoctpon
CanepHbslii, nocenok Asikce, 10.
Y4eOHas ayAuTopus JJist
MpoBeIeHsI Ta00PaTOPHBIX
paboT, TPYNIOBBIX U
WHJIUBUTY ATbHBIX
KOHCYJIbTAI[UM, TEKYILErO
KOHTPOJIS U IPOMEXKYTOUHOU
aTTeCTaIUH.

[TomenieHne YKOMIIEKTOBAHO
CHeMANTN3UPOBAHHON yueOHOU
MeOenbio. Jlocka ayauTopHasi.
KoMnbroTepHbIii Ki1acc.

IBM SPSS Statistics Premium
Campus Edition. ITocrasmuk 3A0
[IporHocTudeckue pemieHms..
Horosop

DA-442-15 ot 18.01.2016T.
Jlumensust - 6eccpodHoO.
MathCad Education Universety
Edition. [TocraBmuk Codt Jlaitn
Tpein.

Horosop 15-03-49 ot 02.12.2015
TI.

Jlutiensust - 6eccpovHo.
Windows 10 Education.
[TocraBuuk Microsoft. Jloro-sop
Ne DA-261-18 ot 30.06.2018 T.
Cpox neicTBuS JOTOBOPA C
30.06.2018 r.

Office Professional Plus 2019.
IMocrasmuk Microsoft. Jlorosop
Ne DA-261-18 ot 30.06.2018 T.
JlnneHswust -6eccpoyHo.

690922, IIpumopckuit Kpai, T.
BiranuBocTOK, OCTpPOB
Pycckuii, nonyoctpos

Camnepnsrii, mocenok Asike, 10,
koprmyc A, aya. — 1042,

Aypuropus ans
CaMOCTOSITETILHOM padoThI
CTYJIEHTOB.

Momno6mnok Lenovo C360G-
134164G500UDK —

115 w.; MHTErppOBaHHBIN
ceHcopHbIi auciuier Polymedia
FlipBox; Konup-nipunTep-niBeTHOM
ckaHep B e-mail ¢ 4 noTkamu Xerox
WorkCentre 5330 (WC5330C;
ITosHOIIBETHEIIT
KOIMP-TIPUHTEP-CKaHEp Xerox
WorkCentre

7530 (WC7530CPS O6opynoBanue
JUTSI MTHBAJIMJIOB U JIUI] C
OrpaHUYEHHBIMH BO3MOKHOCTSIMHU
3nopoBbs: Jucrueit bpaiinsa Focus-
40

Microsoft Windows 7 Pro MAGic
12.0 Pro, Jaws for Windows 15.0
Pro, Open book 9.0, Duxbury
BrailleTranslator, Dolphin Guide
(xoHTpakT Ne A238-14/2);
HewucknrounrtenbHbIe IpaBa Ha
ucnonszoBanue 110 Microsoft
pabourx CTAHIIMA ITOJTH30BATEIICH
(xonTpakT DA-261-18 ot
02.08.2018): - nuueH3ust Ha
KITUEHTCKYIO OIEePaMOHHYIO
CHCTEMY; - JINIICH3HS Ha MaKeT
0(HCHBIX TPOAYKTOB /751 pabOTHI
C JIOKyMEHTaMH BKJIFOYast
¢dopmar.docx , xlIsx , .vsd, .ptt.; -




Blue — 3 mwr.; Anucnneii Bpaiins
Focus-80 Blue;

Pabouas cranius Lenovo
ThinkCentre E73z — 3

mt.; Buneo ysenmnunrens ONY X
Swing-Arm

PC edition; Mapkep-aukrodhon
Touch Memo

G poBoit; YCTPOHCTBO
MOPTATUBHOE [ YTCHUS
IJI0CKONeuaTHbIX TekcToB PEarl;
CxaHupyromas ¥ YuTaroIas
MallliHa IS He3psA4uX U
CNa0OBUASIINX TOJIb30BaTENeH
SARA; Ilpunrep bpaitnst Emprint
SpotDot - 2 wr.; [TpunTep
Bpaitng Everest - D V4; Buneo
YBEIMYUTEND

ONY X Swing-Arm PC edition;
Buneo ysennuurens Topaz 24” XL
CTallMOHAPHBIN JIEKTPOHHBIN;
OO0yuarorias cuctema i AeTen
TaKTUJIbHO-peueBasi, 1100 1Jist
JIIOJIEH C OTPAaHUYECHHBIMU
BO3MOXXHOCTSIMH 3/10POBbS;
YBenuuuTenb py4HoOr BUIEO
RUBY mnopraTtuBHbIi — 2

mrt.; Okpan Samsung S23C200B;
Mapxkep-nukrodon Touch Memo
UG POBOIA.

JIMLIEH3Hs Ha TIPaBO MOAKIIIOYESHUS
10JIb30BATEJIS K CEPBEPHBIM
OTepaIiOHHBIM CHCTEMaM ,
ucnonb3yemelM B /[BOY :
Microsoft Windows Server
2008/2012; - nuieH3us Ha IPaBoO
MIOJIKJIFOUEHHSI K CEpPBEPY
Microsoft

Exchange Server Enterprise; -
JIMLIEH3US 112 TIPaBO MOAKIIIOYESHUS
K BHyTpeHHEH WHPOPMALMOHHON
CUCTEeME JOKyMeHTo000poTa U
MIOPTAJLy C BO3MOXHOCTBIO IIOUCKA
WHGPOPMALIMU BO MHOKECTBE
yIAIEHHBIX U JIOKAJIbHBIX
XpaHWIMILIAX, pecypcax,
oubnmorexax uHGoOpMaIyy,
BKJIIO4as nNopTajbHbIC
XPpaHWINILA, UCTIOJIb3YEMOM B
JAB®Y: Microsoft SharePoint; -
JIMIIEH3Us Ha TIPaBO MOAKIIOUEHUS
K CUCTEME LIEHTPAIN30BAHHOTO
yrpaBieHus pabounMu
CTaHIIUAMH, HCHOHLSyeMOﬁ B
JAB®YVY: Microsoft System Center.




