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HNPEANCJITOBUE

Hacrostimast kuura BO3HHKIIA U3 TOTPEOHOCTEH YIIPaBICHIIEB CPE/-
Hero u Boiciiero 3BeHa OAO «['A3IIPOM)» B oBlIaJieHUN COBPEMEH-
HBIMH MaTEeMATUYCCKUMH METOJaMU C HUCIOJIB30BAHUEM KOMITBIO-
TEPHBIX TEXHOJOTUN TPU MPUHITHH TEX WIM WHBIX YIPABICHUICCKUX
pellIeHn, Kacaroluxcsi 3KOHOMUYECKUX BoIpocoB. Kuura nomnonxe-
Ha KJIACCHYCCKUMH U HEOKJIACCUYCCKUMU METOIAaMH, BO3HUKIIUMHU
B XX BEKe U MO3BOJISIONIAMH aJICKBATHO CJIOKHOCTH 3aJIa9d TIPUME-
HSTh T€ WJIA UHBIC METOJIBI.

3amMeTHM cpasy, UTO B KHUTE HE AIOTCS METOJIbI, HCIIOIbh3yEeMbIe
P YIIPABJICHUN TEXHUYECKIUMH CHCTEMaMHU, B YaCTHOCTH a/IallTHB-
HOEe ¥ poOacTHOE yIpaBJIeHHe!, a Tak)Ke METO/IbI, TPUMEHIEMBIE TTPH
YIIPaBIICHUN BOMCKaMH. XOTS B OCHOBE Psiia METOIOB, HCTIOIB3yEMBIX
MIpU YTIPaBICHUN PUCKAMH B YKOHOMHKE, HAIPUMED JIOTHKO-BEPOSIT-
HOCTHBIX METOJIOB, JICKAT HWJCH, MEPBOHAYAIHHO HAIIEAIINE CBOE
MIPUMEHEHUE B BOCHHOM JI€JIe, B YJACTHOCTH B TIPOOJIEME TTOBHITIICHIS
JKUBYUYECTH ITOJIBOTHBIX KOPAOICH.

B xoHIle KHUTH TIPUBEICHA OCHOBHAS JIUTEPATypa, a B CHOCKAX —
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BBEJIEHHE

C mryOoKoW JPEBHOCTH YEJIOBEUCCTBO HCIIONB3YeT MaTeMarTh-
YECKHUE METOJbl MPHU MPUHITUMA TEX WM HWHBIX YIPaBICHYCCKUX
pelieHni B XOJIe PEHICHUs] pazHOOOPa3HBIX TMPAKTUYECKHX 3ajad.
[epBoHauaNBbHO 3TO OBIITM YKOHOMHUYECKHE 3a]1a4H, MT03KE K HUM TIPH-
COCMHIIIUCH 33/1a491 BOGHHOTO XapakTepa.

Vke B manupyce Axmeca' 1 B MOCKOBCKOM Manupyce? mpUCyTCT-
BYIOT 3aJIaud C DKOHOMHUYECKHM COJICpP)KaHHEM, MO3BOJISBIIHE O0Y-
YaTh ECUIETCKUX YIIPABJICHIIEB, T.C. ITHCIOB, OBIBIINX OJIHOBPEMEHHO
«HW 3aKOHOBEJAMH, U CTaTUCTUKAMH, M BBIYUCIUTEIIMU» [2, ¢. 13].
Tak, B MOCKOBCKOM Nanupyce, KOTOpbIi
crapmre Ha 200 jeT manupyca Axmeca,
B 3amaye Ne 24 TpeOyeTcsi onpeeiinTh
(maém COBpeMEHHOE H3JI0KCHIE ), CKOJIb-
KO XJICOOB M CKOJIBKO KyBIIMHOB B2
MOYKHO MOJYYHTh U3 OJIHOM MephI 3epHa,
ecnu u3 25 mep nomydeno 200 xae6oB,
10 KyBIIMHOB NHBA, MPU YCIOBUH, YTO
BbIXOJ IuBa cocrasisier 1/10 BeIxoma
xiyeba [3, c. 31-327°.

B npyroii kynerype — Kynbrype pes-
Hero JIBypedbsi — TarKke W3/1aBHA OTMe-
YaeTcsl UCIOJIb30BAaHUE MaTeMaTHKU NPy

B.C. I'onenuwes

Mamupyc nucua Axmeca, Haiinenubiii B @uBax, orHocuTes K niepuoay XII muna-
ctun Cpennero napersa Erunra, T.e. k 1985-1795 rr. no H. 5. [1], n 6bu1 nepenucan
nucuoM okojo 1650 r. 1o H. 3. bonbiuas yacTs nanupyca Haxoautcsa B bpuranckom
mysee (JIouzon), a ocTanbHas yacTh — B Hpro-Kopke. IT0CKO/IbKY HEpBbIM BIaje/h-
LeM nanupyca Obu1 OpuTaHckui oduiep Paifna, To manupyc 4acTo Ha3bIBAIOT MaIU-
pycom Paifna (Rhind Mathematical Papirus).

2 MOCKOBCKHIi MTAaNUPyC MPHHAICKUT KO BpEeMEHH TpaBiieHus XI JUHACTHH Tie-
prona Cpexnero napcrsa u 0611 coctaBiieH B 1850 r. 110 H. 3., T.€. 1160 1pu papaone
Cenyceprte 111, 1n60 npu papaone Amenemxere 111 Onmcanue sToro namupyca cjue-
JlaJl ero nepsblil Biaagenen pycckuil erunrtosnor Brnagumup Ceménosuu I'oneHues
(1856-1947). On ObUT OHUM CO3/1aTENICH MHPOBOI €TUNTOIOTHH; POAMUBIINCE B [1e-
TepOypre, on ymep B Hurue o Mecty poskaeHust cBoei jkeHbl. CBOIO 3HAMEHUTYIO
KOJUIEKLUIO IanupycoB oH nepenai Poccuu emé B 1909 r.

> Orer: 20 xs1e60B Wi 2 KyBLIMHA [THBA.

5



pEIICHNH TeX WM MHBIX SKOHOMUYECKUX 3a1a4. COXpaHUBIINECS HAU-
0oJiee paHHUE KITMHOMMCHBIC TEKCTHI OTHOCATCS K XXXV B. JI0 H. 3.

K nepuony nanucanus nanupycoB MOCKOBCKOTO U AXMeca OTHO-
CUTCS ICATEIBHOCTh CAMOT'0 U3BECTHOIO 11apsl BABMJIOHCKON TUHACTUU
— Xammypanu (1792—-1750 rr. 10 H. 3.), 0 KOTOPOH A0 HAC JOLUUIN ThI-
CSIYM KJIMHOIMHUCHBIX TEKCTOB. B HUX HAILIO OTpa)KeHHE KaK pa3BUTHE
JICHE)KHO-BECOBON CHUCTEMBI MEp, CBSI3aHHOE C Pa3BUTHEM TOPTOBIIH,
TaK U 3a4aTKU KPEIUTHOW MOJUTHKH, OMUPAIOIIEHCS Ha HUCIOIb30Ba-
HUE MPOCTOTO MPOLIEHTA, XOTS BABIJIOHCKUE POCTOBIIUYECKUE Omepa-
LMY «PACCYUTHIBAIUCH HE CO CTa, a C IIECTUICCATH MTPOICHTOB: Opau
B o7 12 mekeseii ¢ 1 muHbI, paBHO# 60 mekensim» [4, ¢. 142]"

Hanpumep, B oqHON U3 3a7a4 TpeOyeTcs «I0 JaHHOW BEIIMYHHE
YIUTAYMBAEMBIX 32 TOf MPOLEHTHBIX AeHer B pasMepe 1 muna u 40
IICKeJIeH ONpeIeNUTh BeIMYHHY KanuTaiay [3]%.

Kpome mpocToro mporieHTa BaBUJIOHCKAs MaTeMaTHKa Oblia Om3-
Ka M K MOHATHIO CIOXKHOTO MpoieHTta. [Ipu »ToM BBIYMCIEHUS OMU-
palKuch Ha HaJWYWE BBIYMCIIUTEIBHBIX TAONUIl. 3aMETHM, YTO BbI-
YUCIIUTENIbHBIC TAOIHIIBI IPUMEHSITUCH U ITPH IPUHATUU PEIICHUN Ha
CTPOUTEIILCTBO C Y4€TOM pacuera «(QyHIAMEHTOB 3/aHUM, IIOTHH,
OCaJIHBIX HackIlel u T. 1.» [4, ¢. 233].

Vxe rpeueckuii uctopuk [epomor (484 . 10 H. 3. — 425 . 10 H. 3.)
SIBHO YKA3bIBAET HA MPUHSTUE ETUIETCKUM LIAPEM YIIPABICHYECKOTO pe-
LICHUS, OIUPAIOIIETOCs Ha MaTeMaTuueckuil pacuet: «Ecnu ke oT ka-
Koro-HuOyb Hazena pexa (Hur) oTHEMana 9To-HUOY/IB, TO BIIAJEIEI,
MPUXOAs K Lapro, coodinan o npoucinenieM. Laps ske moceuian mro-
JICH, KOTOPBIE JIOJKHBI OBUTH OCMOTPETh YYacTOK 3€MJIM U U3MEPHUTh,
HACKOJIBKO OH CTaJl MEHBIIIE, YTOOBI BIIAJICNIEl] BHOCHII C OCTaBIICHCS
IUIOMIAU HAJIOT, MPOMOPIMOHAILHBIA YCTaHOBICHHOMY» [0, c. 184].

[lepenecémcs Teneps B Apyroii ouar nuBuian3anuu — /Ipesunit Ku-
Tail. [lopa3uTenbHO CXOACTBO PKOHOMUYECKHUX 3a/ad, PEIIaBIIUXCS
Matemarnueckumu metonamu B J[pesnem Kurae u B npeBHux Basu-
noue u Erunre.

HeoOxoaumocTh TOYHOTO Tpeickazanust pasivBa Huia mpusena
eTUNTSH K ujee MOCTOSHHOro KaneHmaps (12 mecsues nmo 30 nHei

! Criejtyer MOMHHTB, YTO CHCTEMa CYUCIIEHHs B J[Bypeube MMEET OCHOBAHUEM
qucio 60.
2 Orser: 8 muH 1 20 1meKeei.



IUTIOC 5 JONONHUTENBHBIX THEW B KOHIE KaXaoro roxa). [pyrum
BKJIAJIOM E€THNTSAH B IPAKTUYECKYIO >KM3Hb, KOTOPHIM MBI TOBCE-
HEBHO I0JIb3yeMCsl, IBUJIOCH pa3zelieHne cyToK Ha 24 yaca [7, c. 92].
OueBuano, yucna 12, 24, 30, 360, ucnonb3yeMble OpU UCUYUCICHUU
BPEMEHM ETHNTAHAMHU, — 3TO OTIOJIOCKH 60-pUYHOTO CUMCIIEHUS Ba-
BUJIOHSIH, XOTSI y CAMHUX BaBHJIOHSH KaJeHIaph ObLT YHCTO JIyHHBIMH.

VYnusutensHo, Ho B JlpeBHem Kurtae yxe B smoxy llans-Mub
(XVII-XII BB. 10 H.3.) COMHEYHBIH rof ObUT TaKke pa3aeicH Ha 12
Mmecstes (o 29 u 30 aneit). [IponomKUTENIBHOCT TOa COCTABIISIIA
365 nHel, HO IePUOANYECKU BCTABISUTHCH 100OABOYHBIC MECSIIbI'.

T'oBops 0 MpUHATHYN yHpaBIeHUECKHUX pEIIeHUI Ha OCHOBE MaTe-
MaTHueckux pacuéroB B [/IpeBHeM Kutae, Henb3s He cka3aTb O 3Ha-
MEHUTOM TpakTare «Maremaruka B IeBIATH KHUTax»?. Tak, B maToit
KHUTe, HOocuBIIel Ha3Banue «llan ryn» (Ouenka pabot) naH pacuér
Tpy[03aTpar MpHU CTPOUTENILCTBE KPEMOCTHBIX CTEH, BAJIOB, IJIOTHH,
KaHaJIOB, a TaKXKe JAPYTUX 3eMJISTHBIX padoT. [Ipu 5TOM BBIYHCISITUCEH
00BEMBI Pa3IUYHBIX TEJ: IPSMOYTOJIBHOTO MapauIeienuea, mpsiMo-
YTOJIBHON MPU3MBI, TUPAMUJIbI, KOHYCa U T.A., OJHOBPEMEHHO IOCTY-
JMPOBATKCH 00BEMBI BHIPAOOTKH Ha OJHOTO YENIOBEKa B JACHB, MONY-
YEHHBIC Ha OCHOBE MPAKTUKH [9].

B xnure VI u3 Toro e Tpakrara UAET pedb O PaclpeeICcHUH Ha-
JIOTOB (3€pHOBBIX U CTOMMOCTHBIX) MEXIY Ye34aMH U O MPOIOPIHO-
HaJbHBIX «MOCTaBKaX JIOACH» Ul BBIOJHEHHS TOCYAapCTBEHHBIX
IIOBUHHOCTEMN.

K IV B. H. 5. oTHOCHTCS KuTaiickuil «MaTtemaTueckuii Tpakrar
[T BEIOMCTB», B KOTOPOM CTaBWJIACh Y3KOINPAaKTHYECKas 3ajada:
HAy4YUTh OyIyLIMX YMHOBHUKOB PEIaTh C MOMOILBI0 MaTeMaTHIECKUX
METOJIOB T€ 3a[a4H, KOTOPbIe UM BCTPETATCS MPH padoTe B BEAOMO-
cosax [10, c. 507°.

! 3a ThICSUY JIET 10 HOBOU 9PbI yiKe MPU JUHACTHH YKOY KHTAUCKUMHU aCTPOHO-
MaMm# ObUIO YCTaHOBIICHO, YTO TPOJIODKHTEIBHOCTh COTHEYHOTO Tojia paBHa 365,25
CYTOK, a JIyHHBII Mecsill paBeH 29, 5 cyTok [8].

2 «Mamemamuka é 0eésimu KHUu2ax» — 310 KIACCHIECKOS MpOU3BeJIEHHUE, CO3/1a-
Basiueecst B X—II BB. 10 H. 3. [9].

3 K npakTHYecKuM 3aj1auaM, KOTOPbIE JIOJDKHBI ObUIM PeliaTh YHHOBHUKH C I10-
MOIIbE0 MaTEMATHKH, OTHOCIIIUCH: @) YMCHHE BBIYHCIISATH TUIONIAIN Pa3HON KOH(H-
rypanuu; 0) omnpeaesicHue KOJIMYEeCTBA M CTOMMOCTH CHAPSDKCHHUS M MPOBUAHTA JIJIS
TPYIII JIFOJICH, MOCHUIAEMBIX JJIsl BBIMOJHEHUS Pa3HBIX Pa0OT; B) YMEHHE OCYIIECT-
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Bepuémcs BHOBB Ha aBe Thicsiuu et Hazaq (1700-1450 rr. mo H.
3.) B CpeanzeMHOMOpbE, Ha 0cTpoB KpuT. DTO OBLITO Bpemst pacuBeTa
MUHOWMCKOM HUBUIIM3ALMH, CBSI3aHHOE C MIMEHEM JIET€HJapHOTO KPUT-
ckoro napsi Munoca. CornacHo ApeBHerpedeckomy mMudy, B OKpecT-
HocTsix KHocca, rmaBHoro ropoma Kpura, Haxomwicss naOupuHHT,
MIOCTPOEHHBIN MO MoBeleHN0 MuHoca apxutektopom /Jlegamom, B
KOTOPOM HaXOAMJIOCHh uyjoBHIe MUHOTaBp, pa3 B 9 neT noxupaniiee
7 roHo1IeH u 7 geByuiek — qanb A¢puH MuHOCY. 3aa4a HaXOKICHUS
MyTH U3 JTaOUPUHTA — 9TO, TOBOPSI COBPEMEHHBIM SI3bIKOM, TUIIMYHAS
3aa4a Teopuu rpadoB. Maremaruueckoe pelieHne AToH 3a1a4u ObLI10
npeiokeHo B 1895 1. (T.e. uepe3 3500 jer mocie mocTaHOBKY 3aja-
un) ["acronom Tappwu [11]'.

.

Puc. 1. K 3agaye unonbt

BIISTH CIIPAaBEUINBBIN OOMEH 3epHA Ha T€ WIIM MHBIE BEILH, BKIIIOYas IIeJIK; T) YMEHHUE
CIPaBEIMBO PACIPEENIATh HAIOTH KaK MEXTY CTPYKTYPHBIMH HOJAPa3AeIeHHIMH
(Ipexe Bcero yes3iaMu), Tak ¥ MEK1y KOHKPETHBIMH X035HICTBEHHBIMH SIMHULIAMH;
JI) YMEHHE BBIYHCIISTE TPYJ03aTPAThl PH CTPOUTEIHCTBE Pa3HBIX OOBEKTOB H IIPO-
BE/ICHHU 3eMJISTHBIX PaboT.

! Yro6bl BBIOpaThCs U3 JIAOMPUHTA, JOCTATOYHO COOJIIOIATH CIIEYIOIIEe TPABH-
no0: «Hukorna He MPOXOAMTH IBaXKIBI 10 OJHOMY M TOMY K€ KOPHIOpPY B OJHOM
HalpaBJICHUH; HAXOJSICh Ha IEPEeKPECTKE X, HE BHIOMPATh TOr0 KOPUAOPa, KOTOPHIH
NIPUBET HA NMEPeKPECTOK X B MEPBBIH pa3, €CIIU TOJIBKO UMEETCsl BO3MOXKHOCTD JIPY-
roro BeiOopa [12, c. 77]. B npeBrerpeueckux mudax Teceil, yousmmit Munoraspa,
BBIXOJUT M3 JAOMPHHTA C TIOMOIIBIO HUTH, ITAaHHOH eMy 3apaHee ApHaHON, J04epbio
MuHoca, 1 3aKpeIUIEHHON OJIHIM M3 KOHIIOB y BXOJa B JJAOMPHHT.
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K IX B. 10 H. 3. (TouHee k 826—814 IT. J10 H. 3.) OTHOCHUTCSI OCHOBA-
nue Kapdarena (Ha tepputopun coBpemennoro Tynuca). Kapdaren
Obu1 ocHOBaH {naoHOH, cecTpoli naps ¢puHuKuiickoro ropona Tupa.
ComnacHo nerexze, /lunona nonpocuia y MECTHOTO TUIEMEHH y4acTOK
3eMJIH, KOTOPBI MO’KHO O0XBAaTHTh IIKypoi opHoro Obika. [Tocie mo-
Jy4EeHMsI COITIacus MJIEMEHHU U MOJTydeHus Kypsl [lunoHa npeanoxu-
Jla pa3pes3aTh IKypy Ha y3KHe PEMHHU U CBsi3aTh uX. Jlajnee, momyueH-
HBIM KaHaTOM (KOHEYHOM JUIMHBI), KOHI[bI KOTOPOTO 3aKPEIUIAIOTCS Ha
MPSIMOJIMHEHHOM OOepeKbe, TpeOOBAIOCh B 3aBUCUMOCTH OT ()OPMBI
KaHaTa ¥ TOYEK 3aKpEIJICHUs] KOHIIOB OXBAaTUTh HAaUOOJBILYIO TEPPH-
Toputo'. DTa 3aa4a, MHTYUTUBHO perieHHas [{uaoHoii, Obuia uctopu-
YeCKH MepBOM 3aladell BapualmoHHOro ucuucienus [13, c. 13-14],
3aepmienHoro B X VIII B. Ditnepom (Euler Leonhard: 1707-1783) u
Jlarpanmxem (Joseph Louis Lagrange: 1736-1813).

B pamkax rpedeckoit KyneTypsl (VI B. 10 H.3. — [V B. H. 3.) B po-
Llecce CO3JaHMsl MAaTEeMAaTUKU KaK HayKd PelIaJuCh U MPHUKIaJHbIe
3aJlaud, B TOM YMCJIE C SBHO SKOHOMMUYECKHUM cojepxkanueM. K Hum
MOXXHO OTHECTH 3a/ady KBaJApUpPOBaHUs (B JaHHOM cllydae u3Mepe-
HUS TUTOIIA/IN ) Y4acTKa 3eMIu B hopMe Kpyra, 3a1ady yaBoeHus (00b-
€ma) ky0a (13 30J10Ta), 331341 110 CMEIICHUIO (B YaCTHOCTH, 30JI0Ta U
cepebpa) u ap. [14; 15].

C VII B. HaunHaeTcsi pacuBeT apaOCKOW KyJIBTYPBHI, COINPOBO-
KJaBLIMKCA pa3BUTHEM M MareMaTuku. Cpenau 3azad, peliaBLIMXCS
C NPUMEHEHHEM MaTeMaTHUKH, MO)KHO BBIJEJUTH 33/aud Ha pasjeln
HMMYIIECTBA, B TOM 4HcIie U Haciexyemoro. JKusmmid Ha pyoexe XI u
XII BB. Benukuii apadbckuii yu€nplii u mosT Omap Xaiisim (1048-1131)
MIPEATIOKIIT KaJeHAaph, 10 TOYHOCTH MPEBOCXO/AIINI HaIl TPUTOpPH-
aHckuit’. Jlpyromy Belaroniemycsi apabckoMy ydéHoMy — Myxammey
an-Xope3mu (787—-850) — MbI 00s13aHBI HE TOTBKO HHIMHCKUMH (Ha3BaH-
HbIMH B EBporie apabckumm) niudpamu, HO ¥ MOHATHEM airoputMa [16].

Kcraru 06 Unauu. [Tockonbky 1poOu ObLTH TaM OTKPBITHI elIé BO
BTOPOM THICSIYEIETUHN JI0 HOBOM 3pbl, a yuciio «0» MOSABHUIIOCH yXKE B
3 B. 10 H. 3., TO MHOTHE MPAaKTUYECKHE 3aAa4M pemaniuch B Uaann n
TouHee, u npoiue [16].

! TuoHa npeyioxuia GopMy KaHata — 0Ty OKpPYKHOCTb.
2 Kanenaaps, npeioxenblii O. Xaitsmom, Aaét ownbky B 1 cyrku 3a 5000 ser,
a rpuropuaHckuil kanengaps — 3a 3200 xer [16, c. 65-66].
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[losiBnenue B EBporie mepBbIX YHHUBEPCHTETOB (10 00pasiy Oar-
nanckoro Jloma Mynpoctu) Ha pyoexe XI u XII BB., a Takxe HOBbIE
3aJa4M B 00JIaCTU TOPTOBJHM, yuéTa, CTPaxoBOro jAeia (34ech U CTpa-
XOBaHHE UMYIIECTBA OT MOKapOB B FOPOJiaX U CTPAXOBAHUE MOPCKUX
MEPEBO30K) MPUBEIHN K MOSBICHUIO YUEHBIX, PEIIABIINX 3TH 3aa4H:
at0 U Jleonapno dubonauun (L. Fibonacci: 1180-1250)', u Jlyka
[Mavonu (L. Pacioli: 1445-1517)* u bne3 Ilackans (B. Pascal: 1623—
1662)°.

' JI. ®ubonauun, HazpiBaeMblil Takke Jleonapao IMn3aHckuil (MMEHHO Tak OH
caM HasbIBaJ ceOs), IEepBbIi 0 BPEMEHH BBITAIOIIUICS €BPOIEHCKNIT MaTeMaTHK,
B «Kuure abaka» (Liber abaci, 1202) B Tpéx rmasax (VIII-X) paccmarpuBaer npu-
Mepbl IPUHATHUS PELICHUH 110 TOProOBbIM OIEpalUsiM Ha OCHOBE KOMMEPUYECKUX BbI-
YHUCJIEHUI C MMOMOIIbIO MHIUICKON NMO3UIMOHHON cucteMsl [17]. B wactHocTH, OT-
pHLaTeNbHbIC YUCIa OH HHTEPIPETUPOBA Kak aoir. boiee 1momHo Tn Maen ObuH
IIPE/ICTABJICHBI B HE JIOIIS/AIIEM JI0 Hac ero Tpakrate «Di minor guisan(«MeHbmmii
Poa») IO KOMMEpUEeCKOH apH(pMeETHKeE.

2 JIyka ITayonu euie B geTcTBe ObUT YYCHUKOM B MAaCTEPCKOW 3HAMEHHTOIO XY-
noxauka [Tbepo genna @panuecka (Pietro della Francesca: 1415-1492) i Bocrpuss
0T MacTepa Kak JII0OOBb K JKHUBOIIMCH, Tak ¥ JITOOOBb K MaTeMartuke. B Bo3pacre 32
JIET OH CTAaHOBHTCS IPO(eccCOpoM MaTeMaTHKH B yHuBepcurere B [lepymxu. OnHako
HE KHUIY 10 MaTeMaTHKe [IPUHECIH €My U3BECTHOCTb, a ommyc «Tpakrar o cuerax
n 3armmcax» (1494 r.) [18], comepxkamuiicst B kaure «CymMma apuMeTHKH, reoMe-
TPUU, YYCHHUsS O IPONOPLUAX U OTHOWEHUAX». [lepensnannblii otaensHo B 1504 .
B Benenuu, omyc Bckope ObuT 3a0bIT, TONBKO B XIX B., C pa3BUTHEM KalHMTaIH3Ma,
BcrioMHMIH 0 Jlyke ITagonn kak o mepBoM 00OOMIMBIIEM B CBOEM OITyCe JOCTHIKE-
HUSI OyXTaJITePHH MPEABIIYIIHX JI0X, U IPEX/Ie BCEr0 BEHEIMAHCKOIl OyXrantepun.
Brpouewm, wiumocTparui ero apyra Jleonapzo na Bunun (1452—1519) K pyKomucHo-
My nogapouHomy Tpakrary JI. [Tagommn «O GoxxectBenHO# npornoprmmy (1498 r.) u
Tak ObI C/ICNaIH ero UMsi 3HaMEHUTHIM [ 19].

* Benukuit GpaHIly3cKuil MaTeMaTHK, €CTECTBOUCIIBITATENL U JUTepaTop bies
[Mackans B Bo3pacte 19 ner (r.e. B 1642 r.) Havan paboTy Hajx CO3JAaHHEM CyMMH-
pyroel MamHuHbI, HEOOXOIUMOW €ro OTIly HpH pacHpeJielIeHUH MOIUIMH U HaJlo-
roB. [lepBblil TOTOBBIN 3K3eMIUTSp ObLT penogHecéH B 1645 1. OyayiemMy KaHiuiepy
@pannuu [Ieepy Cerse (Pierre Séguer: 1588-1672), BbikazaBiieMy 3anHTEPECOBaH-
HOCTb B CO3/[aHWU MAIllMHbI, HA3BAHHOU «IMacKaauHo». Beero 10 1652 r. 0610 €03-
JnaHo okoiyo 50 «mackanun». K coxxaneHuro, U3roTOBICHUE STHX MAlUH Ul TOrO
BPEMEHU 0Ka3aJ0Ch CIMIIKOM CJIOXKHBIM, 8 I0TOMY SKOHOMHUUYECKU HEBBINOAHBIM [20].
JIro6onbitHO, uTo b. Ilackams B 1654 r. moiydyaeT HnpaBHIIBHBIH OTBET Ha BOINPOC
(paniy3ckoro micatenss AnTyana ['oM60, I3BECTHOTO IO/ IICEBIOHUMOM «IIIEBAJIbE
ne Mepe» (Antoine Gombaud:1607-1684 ), o pacrnpenesieHHH CTAaBOK MEXKIY UTPO-
KaMU IIpU IPepBaHHOM cepuu mapTuil B koctu [21]. Droii 3anadeil 3aHuMancs eweé
Jlyka ITagosu, HO NOTy4MII HENIPABUIIbHBINA OTBET].
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JI. Quoonauuu JI. Ilauonu

XoTs1, HaJl0 TPU3HATh, OCHOBHAS 3aCiy-
ra B pa3BUTHU METOJIOB TOPTOBJIH, y4yeTa
u crpaxosanus B Espone B XIII-XVI BB.
Jexkaja He Ha Y4eHBIX, a Ha TpaKTHUKaX.
Tak, pocTOBIIMKN BO PpaHIIMU, BBIXO/ILIBI
n3 JlomGapnuu (Mtanus), oprann3oBaiy B
XV B. nombapabl. He cinyuaitHo B 31O *%e
Bpems (1458 ) B UTanuu BBIXOIUT KHUTA
WTaJbsHCKOTO KYMIa, pOJOM M3 XOpBaT-
CKOro ropona-pecnyonvku JyOpoBHUK,
Benenerro Korpyneu (Benedetto Cotrugli:
1416—-1469) «O TOprosiue 1 COBEPIICHHOM
KyIIIEe»', B KOTOPOii, MPUBOJIS IPUMEp yué-
Ta ¥ ONHUPAsACh Ha OMBIT NMPEANIECTBEHHU-
KOB, OH pacriojiarajl KpeJJuT Ha JIEBOW CTOPOHE, a 1e0eT — Ha MPaBoH.
Taxoke OH MPUBOJMI (B BYX KOJIOHKAaX) MPUMEpHl yuéTa OpUTHHAIb-
HBIX JIEHEKHBIX CPEJICTB, IIEPEBEICHHBIX B MECTHYIO BatoTy. MM xe
BBICKa3aHa COBEPIICHHO 37paBas MBICIb, YTO OyXTraldTepCKHH ydeT
CIY’)KUT Kak JJis (TEXHUYECKOTr0) YIpaBiIeHUs MPeanpUsTHEM, Tak U
JUISL IPUHSITUS TEX WK UHBIX YIPABICHYECKUX PEIICHUH.

b. Iackano

! JTar. «Della Mercatura et del Mercante Perfettoy.
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YACTbH 1

KJIACCUYECKUE METOAbI

§ 1. Memoowl knaccuueckozo ananusa

1. 3agaya Kennepa. Vcropuueckn ma-
TEeMaTHYECKUH aHANU3 BEIET CBOE HAdallo OT
paboThl 3HAMEHHTOTO acTpoHoMa MoraHHa
(s1na) Kemnepa (Johannes Kepler: 1571-1630)
«CrepeomeTpust BUHHBIX Oouek» (1615)!, rie
perajcs BOIpoc 0 MaKCUMalIbHOM 00bEME Jie-
PEBSIHHOM OOYKHM TP 33/IaHHBIX OTPaHUYCHU-
SIX Ha 3aTparthl JIepeBa, pa3syMeeTcsl ¢ y4eToM
yno0cTBa U3roToBNeHU. DaKTUYECKH B ATOU
pabote OBLIO MOTYIESHO HEOOXOUMOE YCIOBHE
JKCTpeMyMa (PYHKIIUH OHOW TTEPEMEHHOM.

I'pauk Qynkumu
PaBHOMEPHOr0
pacnpeneneHus

Kpupas Jlopenua

f
;
of o T T T 17 T g 1o %

Puc. 2. Kpusas Jlopenma

! Jlatunckoe Ha3Banue kauru «Nova stereometria doliorum vinariorumy, u3aas-
Hoii B JIunue, rae padoran roraa Kermep. Mms Su nano Kemnepy B Uexuu Bo BpeMst
yueObI B cpeseit mkoe (1594-1600). B 1600 r. Kerurep ocen B [Ipare, Buauane Kak
accucrenT Tuxo bpare (Tycho Brahe: 1546-1601), a 3aTem, nocne cmeprtu T. Bpare,
KaK UMIIEPATOPCKHI MaTEMAaTHK W aCTPOJIOT.
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2. Kpusas Jlopenna. Bnipouem, u Bux
rpaduka QyHKIMH TOXE UMEET 3HAYCHHUE.
Tak, B 1905 . aMepuKaHCKHI SKOHOMHCT
Makc Otro Jlopennn (Max Otto Lorenz:
1876-1950)" BBEM B paccMOTpPEHHE KpH-
BYI0, Ha3BaHHYI0 KpuBo# JlopeHna, KoTo-
past oTpakaeT (B MPOLIEHTAX) pacmpeaese-
HUE JI0X0/1a CEMBSIMH C Pa3HBIM JI0CTaTKOM.

Kpupas JlopeHua noka3bIBaeT, Ha-
CKOJIBKO (haKTHUECKOE pacrpesiesieHne J0-
XOJIOB M@Ky Pa3HBIMU CEMbSIMH OTIIMYA-
€TCsl OT paBHOMEPHOT'O pacpeaeICHMsL.

3. Koo¢ppuument Txxunu. B 1912 1.
uTanbsHCKUN cratucTuk Koppano [xuHu
(Corrado Gini: 1884-1965)* mpemioxut
Ha OCHOBaHMM KpuBO#l JlopeHma pacuér
nuddepeHnmany TeHeKHBIX TOXO0B Ha-
cenenus [23]. IIpu 3TOM COBOKYITHOCTH MO-
Jydatesiel J0XO/0B JIeIWIach Ha 5 paBHBIX
rpynn (KBUHTHIBHBIX). Jlanee ompenens-
JIach JI0NS J0X0/1a, KOTOPOH BIIA/ICET KaXK1as
rpymma Hacenenus. Haxoner, cam ko3 ¢du-
ueHT [KUHM paccYMTHIBAETCS KaK OTHO-

: , LIeHHE MJIOIAAN MeX Ty KpuBoil JlopeHa u
Koppaoo /cunu JIUArOHANBIO K %2 (TI0IIA 1 IPSMOYTOIBHO-
T'O TPEYTOJIbHUKA T10]] THATOHAJIBIO).

' d

! Maxc JlopeHIi, MareMaTruK ¥ 9KOHOMHUCT, B 1905 r. omyGiukoBai crathio «Me-
moobl uzmeperusi KoHyenmpayuu bocamcmeay [22].

> Koppano JDxuHu cran mpodeccopoM CTATHCTHUKU B yHuBepcurere Kaibsipu B
1909 r. C 1913 r. —mpodeccop B [Manye, ¢ 1925 r. 0 BeIX0Aa Ha IEHCHIO — Ipodeccop
Pumckoro ynusepcurera. Vike B 1920 r. Jl)kuHu 0CHOBaJI MEXKyHapOAHBII CTATHCTH-
qeckuit xKypHai «MeTpon», a B 1934 r. — MexayHapoaHbBIH JeMorpaduuecKuii xKyp-
Hai «Genusy», ObUT PelaKTOPOM 00OMX JKYypPHAJIOB JI0 caMoi cMeptH B 1965 1. OxHako
HeJb3s 3a0bIBaTh, YTO IMKIINYECKast TEOPUsI POCTa HACEIICHHUS, 110 KOTOPOH «MOJIOJIbIe
HaIl{ JOJDKHBI PAaCHIMPSTHCS 3a CYET OoJIee CTaphlX HALWWY, IpeaIoKeHHas K
emé B 1927 r., OblIa HE CITy4ailHO OCHOBOMW HJICOJIOTHH HUTAJBSHCKOTO (ammusma [24;
25]. B 1938 r. JI>xunu npeaiokuia HOBOE CEMENHCTBO CPEAHUX, 3aBUCAIINX OT JBYX I1a-
pameTpoB, st Hatorooonoxenus. [1o3xke 310 cemMeiicTBO ObIIIO Ha3BaHO €ro MMEHEM.
(TTompo6uee cm.: [xunu K. Cpeonue senuuunst. M.: Cratucruka, 1970. 447 c.)
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B 2013 r. B Poccuu 1o 3aka3y oiHO#M U3 00IEPOCCUICKUX CETEBBIX
KOMIIaHUH OBbUT MPOBEJECH PENpe3eHTaTUBHbBIN onpoc. 3apaHee ObLIO
MPUHSATO (Ha OCHOBE MOKYMATeIbHON CIIOCOOHOCTH), YTO CEMBH C J1y-
LIEBBIM J10X00M MeHee 11 Thic. py0. MOXKHO Oy[eT OTHECTH K YUCITY
«OenHbIx». C AylIeBBIM J0XOA0M MeHee 34 Thic. pyOiei, Ho Oosee
nnu paBHbIM 11 ThIC. pyOrneld — K «cpeaHeMy kiaccy». M Hakonen,
C AyLIEBBIM JI0X0J0M Ooiiee (M paBHBIM) 34 ThIC. pyOneii k «Oora-
ThiM». Yncno O6eaubix coctaBmiio 50 %, «cpeanero» kimacca — 35 %, a
oorateix — 15 %. CunTas, 4To cpeaHUH 10X0 «OOraThix» He MPEeBOC-
xomut 100 ThIc. py0. Ha YenoBeKa B MecAl, MOKHO ITOCUUTATh KOA(]-
¢unment xunu. B aTom ciydae mnomans Huxe rpaduka Jlopenna
Oynet paBna 0,21475, a koadduunent xunu Ooynet (0.5 — 0.21475)/
0,5=10,5706. HamomMHuM, 4TO Ha pHC. 2 IO BEPTUKAIN OTKIAABIBACTCSA
COBOKYITHBIH JTOXOJI, & TI0 TOPHU30HTAIIM YHUCICHHOCTh HaceleHus (Bcé
B ipouieHTax). Cunraercs, uto ko3 dunuent J>KkuHu, paccuuTaHHbIH
IUIsl BCeil cTpaHsbl, He 1oibkeH npesbimarh 0,3. TakoB, Hanpumep, Ko-
s¢puument JHKMHN y CKaHOUHABCKUX cTpaH u 'y lIBeiinapuu.

4. Kpusas Ky3nena. B 1955 . amepukanckuii sxoHoMuct Caii-
MmoH Kysznen ((IInmen (A6pamosuu) Kysuen; Simon Kuznets: 1901—
1985), 3aMeTHi, 4TO HEPABEHCTBO B JI0XOJaX y IPYIIN HACENCHHS Ha
OTIPEEeNEHHOM dTare Pa3BUTHUS CBSI3aHO C POCTOM HKOHOMHYECKOTO
passutus [26]. C. Kysnen! mokaszan (Ha mpuMepe JBYXCEKTOPHOMH KO-

' Iumen Kysuen poauics B [Tuncke (Poccuiickast umrepust). OKOHYMI pealibHOEe
yumuie B Xappkose B 1917 r. U toraa e B3su1 ums Cemén. C 1918 no 1921 rr.
yumicss B XapbKOBCKOM KOMMEpPYECKOM MHCTUTYyTEe. 110 OKOHYaHUM MHCTUTYTa pa-
0oTasl B OTJIeNIe CTATUCTUKH BCepoCcCHICKOro IEHTPAIBHOr0 coBeTa HMpO(COI030B
(FOxnoe 6r0p0). B 910 XK€ Bpems Ky3nen my6imKyeT CBOIO EPBYIO HAyYHYIO paboTy
«/lenexHas 3apaboTHas IuaTa pabounx M cirykammx T. Xapbpkosa B 1920 r.» [27].
[Tomyuus BecTouky OT 0oTLA, yexasuiero eue a0 IlepBoil MUpOBO BOIHBI Ha 3apa-
6otk B Hbro-Hopk, ceMpst (MaTh i 1BO¢ OpaTheB) pelIAOTCs BhiexaTh B 1922 T. B
Ionpury (a ITunck, no CoBeTrcko-nonsckoMy 1oroopy 1921 ropa, Bowmen B cocras
Honbmm). OtTyaa yxe Llumen Kysuen Boiexan B Horo-Fopk (Math ymepia B Bap-
mage). [Iponomkus yuedy B KomymbOuiickom yHuBepcurere, oH B 1924 r. 3amumaer
MarucTepcKylo JUCCEPTALUIO, a elle uepe3 2 roja — JoKTopekyro. B 1927-1961 rr.
C. Kysnen pabotan B HanmonansHOM GrOpO CTaTHCTUYECKHX HCCIIEIOBAHUH, OJIHO-
BPEMEHHO IIpenojaBall B [IeHCUIbBAHCKOM YHUBEPCUTETE, a [I03KE B Y HUBEPCUTETE
Jxxonca XomkuHaca. C 1961 r. 1o Beixoja Ha niencuto B 1971 1. C. Ky3nen — nmpodec-
cop I'apBapackoro ynusepcurera. B Tom xe rogy C. Ky3nen nonyuu npeMuro M.
Ansdpena Hobens, yupexnéunyto llIBenckum bankoM, 3a «dmmupuaeckn 000CHO-
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HOMHMKH ), 4TO IKOHOMUYECKOE Pa3BUTHUE BEJICT NIEPBOHAYAIILHO K yBE-
JINYCHUIO HEPaBEHCTBa (OMpeesseTcss ¢ MOMOIIb0 KodhduimeHTa
JIxuHM), a 3aTeM K ero YMEHbBIIICHUIO.

B o0miem citydae kpuBast Ky3Hera noxosa Ha nepeBEpHYTYIO OyK-
By U.

»
L

Benmmunna HEpPAaBEHCTBA

Jloxon Ha gemoBeka

5
rd

Puc 3. Kpusas Kysunena

Peanbno kpuBas Ky3Hena oTueTnuBo BUAHA HA MPUMEPE TOTLINB-
HO-?KOHOMHMYECKOTO KOMILJIEKCA U CEJIBbCKOTO X03siicTBa Boponex-
CKOW 00JIACTH HA TPOTSHKCHHH TMOCIICIHUX
20 nmet, rme poCT B CEIbCKOM XO3SHUCTBE
(ycroriuuBsiii 1o 10 % B rox) HaOmOMACTCS
TOJIBKO B mocjaeauue 4 roaa.

5. ®ynkuus mnoJiesHocTH. DyHKUUs
MOJIE3HOCTH BO3HHUKJIA TEPBOHAYAIBHO B
pamMKax TEOpPHHM MOTPEOUTEIBCKOTO CIPO-
ca. [Ipu sTom mpeamonaraercs, 4To MOTpe-
OuTenh JCUCTBYET pallMOHANBHO, T.€. €ro
MOBEACHUE MOTUYUHSICTCS pAny akcuom. B
YaCTHOCTH, aKCHOMa TPAH3UTHUBHOCTH YT-

Py

Caiimon Kysney

BaHHOE TOJIKOBaHUE KOHOMHUYECKOro pocray. Bo Bpemst Bropoil MupoBoil BoiHbBI
oH ObUI 3amMecTuTeNeM aupexropa bropo minanupoBanus u craructuku Cosera 1o
BOEHHOMY IIPOU3BOACTBY [28].
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BEPIKJIAET, UTO €CJIM HEKOTOpasl TpymIa TOBapoB X MPEAIIOYUTAETCS
Ipyroil rpynne Y, a Y npeanouutaercs Z, To X npearnouuraercsa Z.
AKCHOMa TIOJTHOTBI YTBEPXKIACT, YTO MOTPEOUTEIh MMEET BO3MOXK-
HOCTb B COOTBETCTBUM CO CBOMMM MPEANOUYTCHUSIMHU MOJYUYUTH JIFO-
Oyr0 OCTYNHYI0 KOMOMHAIUIO ToBapoB. HakoHen, akcmoma orGopa
[JIACUT, YTO OTPEOUTENIb CTPEMUTCS K CBOEMY HauOosee npeanodTH-
TEJIILHOMY COCTOSIHUIO. Terneph yke MOXKHO (pOpMaIr30BaTh MOHSATHE
(YHKIMH TIOTE3HOCTH.

N
ITonezHocTH

IoTpebnaemMoe KoMHIecTBO O1ara

Puc 4. Oynxuus none3HocTH (rpaduk)

[lepBonauanbho 310 caenanu Jxon pon Heiiman (John von Neu-
mann: 1903-1957)! u Ockap Moprenmrepn (Oskar Morgenstern:
1902—-1977)* B 3namenutoit padore 1944 r. «Teopust UTP U IKOHOMH-
4YecKoe moseneHue» [29].

[lyctb A HEKOTOpOE MHOXKECTBO AJBTEPHATHB U IYCTh Ha 3TOM
MHOKECTBE OIpe/iesieHo oTHomeHue npexnoutenus P. Ilycts R —
MHOKECTBO BeIllleCTBEHHBIX uucen. Pynkuuio h: A — R Oynem Ha-
3BIBATh )yHKYUel NOAe3HOCMY, €CIU BBIIIOJIHEHO YCIOBUE

X by < h(x)>h(y), (x,y € A)

! buorpaduro J[xoHa pon Heiimana cm. nasee B § 4.

2 Buorpaduto Ockapa MopreHuirepHa cM. Janee B § 4.

* EcaM 3a1aHO HECTPOroe OTHOIICHHE MPEANOYTCHHs |, TO OyaAeM TOBOPHTH, YTO
X ~y (X 9KBHBAJICHTHO Y), €CIU X |y Uy | X; OyJeM FrOBOPUTB, YTO X CTPOTO HPEJIIIO-
gyTuTeNnpHee y (X - y), €CIH X |y, HO X HE IKBHBAJICHTHO Y.
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Heo0xoquMbIM  yCJIOBHEM  CYIIECTBO-
BaHHUs (PYHKIHMU TOJE3HOCTH SIBIISIETCS pa-
IUOHAJIILHOE MOBEICHHE MOTPeOUTEIs, T.€.
BBIMOJTHEHUE y OTHOUICHUS MPEATIOYTECHUS
| aKCHOM TPaH3UTHBHOCTH (M3 yCIOBUH X |
yHuYy |zcaenyer X | z), HOMHOTHI (J1s JIt0-
ObIX X,y € Ammbo X |y, muboy |x, mubo
X =y) u otoopal.

JlocTaTOYHBIM YCIIOBHEM CYILECTBOBA-
HUS (QYHKUUH OJIE3HOCTH SIBIISICTCS HETIpe-
pBIBHOCTH IpeanouTenuii. [lpu stom (ecnu
A Hecu€THO) MOCTpOCHHAs (QYHKIHS TTOJIe3-
HOCTH caMa sBisercss HempepbiBHOW [30,
Teopema 3.1, c. 47].

Ecnmu MHOXECTBO A sIBISIeTCS BBIIY-
KJIBbIM, TO (DyHKUHMSI TOJNe3HOCTH h Oymer
KBa3uUBOTHYTOI>. Eciu mpennouteHust ot-
BEUAIOT CBOWCTBY MOHOTOHHOCTHU (CTPOTOH
MOHOTOHHOCTH), TO ()YHKIHSI IOJIE3HOCTH h
OyZeT MOHOTOHHOM (CTPOr0 MOHOTOHHOW).

Jluaust  (MOBEpXHOCTh, TUIEPHOBEPX-
HOCTB) YpOBHS (YHKIHMH IOJIE3HOCTH Ha-
3BIBAIOT Kpu6oti (TOBEPXHOCTHIO, THIIEPIIO-
BEPXHOCTBIO) 6e3pasznuyus.

Ona 3a7aéTcst ypaBHEHHEM:

Ocap

h(x) = t.
Mopzenwimepn (x) = cons

Jns ByX HepeMeHHBIX Haubonee H3-
BECTHOU (DYHKIMEH MOJIC3HOCTH SIBISIETCS] IPOU3BOCTBEHHAsT (DyHK-
[IMS1 C TIOCTOSTHHOM 3JIaCTUYHOCTHIO 3aMerieHns (constant elasticity of
substitution) Buma:

h (x,y) = (ax"?+By"P).

'V JIx. don Heiimana u O. MopreHmrepHa akcioma 0toopa 3aMCHEHa Ha J[BE aKCH-
OMBI: HE3aBUCUMOCTH U MPOTSKEHHOCTH.

2TIyctb A € R" — Boinykiioe MHOXKecTBO. ITycTs f: A— R — HenpepbiBHAst GyHKIHSL.
Bynem HasbiBath f KBa3MBOTHYTOM, €CIH JUIsl JTII000OTO BEIIECTBEHHOI'O YKCiIa t MHO-
xecTBO {X€A: f(x) >t} Beimykio [30, c. 69].
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[Ipu p = 1 GyHKIMS MOJAE3HOCTH IPUHUMACT BHI:

h(x,y) = ax+py.
Ota QYHKIUS PU MOCTOSTHHOW AJACTHYHOCTH OMUCHIBAET COBEP-
[IEHHBIE 3aMEHUTE.
[pu p — oo nonmyyaem HYHKIIUIO

h (x,y) = min{ox, By}.

OTa (QyHKIUS HA3BIBACTCS npouzso0cmeeHHou Qynxyuetl Jleon-
mobesa’ («3aTpaThl BHITYCK»). B MaHHOM cllydae OHa OMHUCHIBAET CO-
BEpIICHHBIC JIOTIOJIHUTEIIH.

Ipu p — 0 (o> 0, B > 0) monyuaem npouze00CmeeHHyI0 (yHK-
yuro Kobba — Jyenaca’ (Cobb — Douglas production function) ot aByx
(hakTo-poB:

h(x, y) = x*yP.

[Ipu sTOM, ecm o + f =1, TO UMEeM MOCTOSIHHYIO OTJady OT pac-
LIMpEeHUs Mpou3BoAcTBa [32].

BosBpamiasich kK HOTpeOUTEIECKOMY CIIPOCY, OTMETUM OYEBUAHYIO
CBsI3b (PYHKIMHU MONIE3HOCTH U 1ieHbl. B Poccun mepsblil hynaamen-
tanpHbI TPy (1895) Ha oty Temy npunaiexuT Pomany Muxaiino-
Buuy Opxenikomy (Roman Orzecki: 1863—1923), B xoTopoii aBTOp
paszmenser MpeArnoyTeHus Ha JBa Kiacca: IMCHXOJOrO-JTMYHOCTHBIE
(B yacTHOCTH, MOZIa) M SKOHOMHYECKHE — LICHA.

OnHuMm u3 nepsbiX, KTo B 60-x rogax XIX Beka caenan NomnbITKy 1aTh
MaTeMaTH4eCcKyIo Mofiesb oTpednenus, 0bu1 Yubsim JxeBonc (William
Stanley Jevans: 1833—1882). Drta nomnbiTka cofepskaia ase paboTsr:.

'O Bacwinu Bacuibesuue JleoHTheBE peub moijiet gabiie (cMm. § 4 ).

2 Yapne3 Ko66 (Charles Wiggins Cobb: 1875-1949) — amepukaHckuii MaTema-
THK 1 9KoHOMHCT, [Tox Jyrnac (Paul Howard Douglas: 1892—-1976) — amepukaHckuit
SKOHOMHMCT M OOIIECTBEHHBIH JiesTelnb, omyonukoBaan B 1928 r. crareio «Teopus
npouzsoocmea» [33], B KOTOPOI M MOSIBIIIACH BIIEPBbIC IPOU3BOACTBEHHAS (DYHKINS,
Ha3BaHHas 1o3xke QpyHknueir Kooba — Jlyrmaca.

* Opsxenuxuit PM. Ionesnocme u yena. ITonumuko-sKOHOMUYECKUll 04epK. —
Opnecca, 1895. - 95 c.

4 Jevons W.S. Notice of a general mathematical theory of political economy //
British Assoc. for the Advancement of Science. Report of the 32 Meeting Transaction
of the Section. London: L.J.Murray, 1862. p. 158—-159; Jevons W. S. Brief of general
mathematical theory of political economy // Journal of Statistic. Society of London,
1866, XXIX, 2, pp. 282-287.
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§ 2. Memoowt ougppepenyuansuvix ypagHenuil u peKyppeHmHvix
COOMHOWEHUT

O TOM, YTO OCHOBY HEKOTOPBIX MOJIEJeH, MTO3BONIAIOMINX PUHHU-
MaTh yIpaBJIeHUYECKUE PEHICHUS, IPEACTABISIOT AuddhepeHranbHbIe
ypaBHEHUS (OOBIKHOBEHHBIE U B YACTHBIX MPOU3BOAHBIX ), CTAJIO SICHO
Ha pyoexe XVIII-XIX BB. B cBsizu ¢ pa3ButueM ¢pusuku. B cepenune
XIX B. Ha 370 YKa3sBan K. Mapkc! (Karl Heinrich Marx: 1818-1883),
HE CITy4aiflHO 4acTo MOCBAIIAs CBOW AOCYT pelieHHo nuddepeHiu-
AJIbHBIX YPABHEHUH.

Paccmotpum HekoTopbie ipuMepsl. Tak, HanpuMep, GupMa-1oHo-
noaucm, Korjaa myTéM BapbHpOBaHUs 00bEMa BBITYCKAEMOH €10 Mpo-
OYKIMA «y» OHAa HMEET BO3MOXHOCTh KOPPEKTHPOBATh LieHy pP(Y)
IIPEUIaracMoro €0 MpoAyKra.

a) B ipocTeiiieM Bujie y GUPMBI-MOHOIIOIHCTA TIOTy4aeMblil J10-
xo1 R(y) umeert Bun

R(y) = p(y)y.

IIpenensuerit noxoq MR(y) — 310 pousBoaHas oT R(y) mo y, T..

K. Mapkc poauiics B Tpupe B 1818 1. B eBpeiicKoii ceMbe, IepeLieaLiei B JToTe-
paHcTBO. Yumiics puitocoduu ¥ IuTEpaType IepBoHavaibHO B boHHCKOM yHHUBEpCH-
tete (1835), a 3atem B beprmurckom. B 1841 r. 3aiuTuir TOKTOPCKYIO JHCCEPTALUIO
B Mene, uTo 103BOMIIIO eMy XKEHHTBCS Ha 10uepy apuctokpata Xennu hpon Becrda-
nen (Jenni von Westphalen: 1814-1881). B 1844 r. B ITapuie Mapkc I103HAKOMHICS
¢ Opunpuxom durenscom (Friedrich Engels: 1821-1894), cTapumimM ero apyrom Ha
BCIO ’KU3HB. B ycnoBusix nopaxenus pesosronuu 1848 r. Mapkc nepees:xaet B JIoH-
JIOH, TIOCBSITUB BCE CBOE€ BHUMAHUE OPraHU3allud KOMMYHHCTUYECKOIO ABHKCHUS U
HAIKMCaHUIO CBOEro ri1aBHoro Tpyaa «Kanuramy. [Ipu sxuzHu Mapkca Bblles nepBbli
ToM (1867), BTOpOHi M TpeTnii ToMa, OTPeIaKTHPOBAHHBIE DHI€IHCOM, BBIIIIA COOT-
BeTcTBeHHO B 1885 1 B 1895 rr. UeTBepThIii TOM, B KOTOPOM OblIa JaHa HCTOPHS pa3-
BUTHS SKOHOMHUYECKOI MBICIIHN ¢ Ha3BaHHeM « Teopus mpnbaBOYHOI CTOMMOCTHY, OT-
penaxtuposan Kapn Kaytexuii, eumen 8 19051910 rr. ['pananosssiii Tpys Mapkca
COJIEPIKHT B ceOe, TOBOPSI COBPEMEHHBIM SI3bIKOM, 2JIEMEHTHI KaK MHKPOAKOHOMUKH,
TaK U MAaKpOIKOHOMUKHU. B uactHocTH, y Mapkca HosBiI€TCS JBYXCEKTOpPHAs MO-
e SKoHOMHKH. B 1965 r. Muuno Mopuumima (Michio Morishima: 1923-2004)
BBEN moHsTHE Mozenn Mapkca — ¢on Heiimana, nodasus B Moznens Gon Heiimana
psa ycioBuil U3 cxeMsl BocnpousBojcTsa Mapkca. He cityuaitno M. biayr B coeit
kHure «100 Benukux sxoHoMuctoB 10 Keitucay [47] numet: «Toma “Kanurana” co-
JiepKaT MHOXKECTBO 3aMedaTeNlbHBIX 00pa3IoB aHaiIM3a, U3 KOTOPBIX COBPEMEHHEIE
SKOHOMHUCTBI €111¢ MHOTOMY MOT'YT Hay4YHUThCS.
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MR(y) =p'(y)'y + p(y).

B urore nmeem nmHeitHOE AudQepeHansHoe ypaBHEHHE C T10-
CTOSTHHBIM KO2(D(PHUITUECHTOM, €CITH

p’(y)= const [34, c. 245];

0) kpenut B 80000 eBpo momkeH ObITh moraiieH B TedeHue 10 et

B PaBHBIX €XKEMECSUYHBIX B3HOCAX IPHU TOJOBOH MPOIEHTHOW CTaB-

ke, paBHoi 12 %. O003HaUMM Yepe3 a eKEeMeCSYHbI B3HOC, Yepes

X BEIIMYMHY OCTAIONIETOCA J0Jra Yepe3 n Mecsues. O4eBUIHO, X =
80000, x,,, = 0. Torna umeem:

X, =(1+0.12/12)x —a

Pemast aT0 pexyppeHTHOE ypaBHeHHE (CM., Hampumep [35, c. 41,
44]), nomy4uum:
x, =x,(1.01)" + 100a(1 - 1.01").
OTtkyna

a = 80000-0.01437095 = 1147.77 eBpo;

B) IIyCTh JIaH MapK TOBAPOB JUTUTEIHHOTO MOTH30BAHUS JAHHOTO BUJA
(manmpumep, SXTHI, KaTepa, JadHble TOMUKH, Joporas MeOens U T.1), 3a-
BUCSIINNA OT BPEeMEHH t, KOTOPHI 0003HaYMM depe3 y(t). Uepes L
0003HAaUYUM ypOBEHb HACKINICHUS TOBAPAMHU JJAHHOTO BH/A B JJAHHOM
peruone; yepe3 s 0003HAYUM HEKOTOPYIO TIOJIOKHUTEIBHYI0 KOHCTaH-
Ty, 3aBHUCAIIYIO OT BUa TOBapoB. Toraa GyHKIHs cripoca OyneT mpo-
W3BOJTHOM OT (DYHKIIMH MapKa TOBAPOB, U MIPH ITOM

dy/dt = sy(L —y).
Pemiast ato nuddepenimanbioe ypaBHeHHE (C pa3AeIsOIMMUCS
[IEPEeMEHHBIMH), TTOJTy4aeM:
y=L/(1+e ),
I7Ie C — HEKOTOPAasi KOHCTAHTA.

ITomoxxum b =Ls, a = -Lc.
Torma

y=L/(1+e™)
(ITompobnee aranmu3 3Toro perenus cM. B [36, c. 134—137].
T') K pelIeHnio cucTeMbl auddepeHnnanbHpIX ypaBHEHHH B 4acT-
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HBIX TIPOU3BOJHBIX CBOAATCS 3a/1a4l MAaKCUMH3AaLUHU IPUOBLIN B CITy-
yae JIByX pecypcoB — Kalurajia U Tpyza.

[TycTs p, — HeHa BbIyCKaeMON (pUPMON NPOIYKIUH;

p, ¥ P, — IEHBI Ha KalUTall U TPYA; X, ¥ X, — KOJHYECTBO Kalurasa
1 KOJIM4€ECTBO Tpyaa; f(X , X,) — mpou3BoacTBeHHas GyHKIMSA PUPMBIL.

O6o3naunm yepes PR(x,, X,) mpuObuib Gpupmel. Torna 3anaua mak-
CUMHM3AIUH TPUOBUIA MOXKET OBITh 3aITUCaHa KaKk

PR(xl,xz) = po'f(xl, X, )— p.X, —pX, — (max)

st permienus 3ajaun OCTa€TCsl pEIIUTh CUCTEMY JBYX YPABHEHUN
B YaCTHBIX MPOM3BOJHBIX (MIPUpaBHUBAs Npou3Boanbie oT PR (X, ,X,)
10 X, U 10 X, Hymo) (cM., Hanpumep [34, ¢. 162-163]);

1) 3a]1a4a ONTUMAJILHOTO YIPAaBJICHHs C HEMPEPHIBHBIM BPEeMEHEM
OOBIYHO 3a/1aeTCsl CUCTEMOM N OOBIKHOBEHHBIX AM(DdepeHIraIbHbIX
YPAaBHEHUI:

x, =f (t,x,...,x,u,...,u),
x =f(t X,..,X,u,...,u),
e X = (X, ..., X ) — BEKTOP COCTOSIHUHN YNPABISIEMOM CUCTEMBI (1€~

MEHT ¢pazosoeo npoctpancTsa); X(t) = (x,(1),..., X (t)) — Tpaekropus
COCTOSTHUH (Ha3bIBaeMast (ha3060il TPACKTOPHEH ), OHA OIHCHIBACT I10-
BEJICHUE YIIPABIISEMOM CUCTEMBI BO BpEMEHH; U = (U,,...,U ) — yIpaB-
JSIONIMKA TTapaMeTp, KOTOPBI MOXXET MEHSTBCS B IIpeleNnax Ipo-
HU3BOJIbHOI'O 3aMKHYTOT'O OrpaHMY€HHOT'O MHOXCCTBaA U T-MEPHOI'0

BEKTOPHOTO TIpocTpancTra (ul,..., ur).
[Tapa (x, u) = (X;5...,X ; U ,..., U ) HA3BIBAETCH NPOYECCOM YNpas-
JIeHUsL.

CraButcs 3a/1a4a: BEIOpaTh ynpasieHue u(t) B Kjlacce KyCO4HO-He-
MpepbIBHBIX (PyHKIUH TakuM oOpa3oM, YTOObI TOYKa X MPOILIA U3
3aIaHHOTO TIOJIOXKEHHUS X | (HAYaIbHOE MOJIOKEHUE TPAEKTOPHUH) B JIY-
ro€ 3aJaHHOE MOJIOKEHUE X, (KOHEUHOE MOJIOKEHUE TPACKTOPHH) 32
MUHHMMasbHOE BpeMsl. [Ipu aToM cooTBeTCTBY!IOIINE Mmpaexkmopus X(t)
u ynpagnenue u(t) Ha3bIBAIOTCS ONMUMATLHLIMU.

[Ipexne yeM mepexomuTbh K MOHATHIO ONTUMAIBHOTO IMpolecca
yIpaBJIeHUs, HATOMHUM O PELIEHUH 33J]a4ll Ha YCIOBHBIM SKCTpEMyM
(YHKIIMH MHOTHX MTEPEMEHHBIX.
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Utak, mycth TpeOyeTcss HAlTH MAKCUMYM HITH MUHUMYM (DyHKITHH:
f(X) =f(x,..., X))
IIPH YCIOBHUAX
g(x,....,x)=b, i=1,...,m;m<n.

Oynknuto F(X, L) Buna
F(X, 1) = A f(X) +4,(b, —g, (X)) +...+2_(b_—g (X))

HasbIBalOT QyHKuMel Jlarpanka, a uucna A ,..., A, — MHOKHTEISAMA
Jlarpanxa.

JIoist HaXOXKJICHUSI JIOKAIBHOTO SKCTpeMyMa GyHkuuu f uiryr cra-
1uoHapHyo Touky dyrkuun F, tuddepentmpys dpynxuuio F mo x; u
mo A, (i=1,...,n;j=1,..., m) i NPUPABHNMBAs IOy YCHHBIC BBIPAIKE-
HUs K Hymio. B Haiiiennoi Touke (x *,..., X *; A *,..., A *) nepsbie n
KOOPIMHAT M I3aJyT UCKOMBII SKCTPEMYM.

BosBparasich k 3aaue ynpaBieHus, OTMETUM, YTO B HEll KauecTBO

JI.C. ITonmpsazun A.A. Muniomun AA. /lyoosuyxui

npolecca ynpasieHHs OLICHUBACTCS yenegbiM (QYHKYUOHAIOM — aHa-
noroM ¢ynkiun Jlarpamxka. JlomycTUMBIH Iporiece yrpaBieHus Ha3bl-
BAaIOT ONMUMATbHBIM, €CIIH OH MUHUMH3UPYET LeIeBOH (yHKIIHOHAL.

Heo0xonumeble yCIOBHSI ONTHMAIBHOCTH IIpoliecca YIpaBICHUS
ObuTH cPopMyNIpoBaHbl BO BTOpoii nmonoBuHe 50-x 1. XX B. [37; 38]
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u HazBauel npunyunom maxcumyma JI.C. Tloatpsruna (1908—1988)!
[34, c. 825-826]). HekoTopble pe3ynbTaThl MO Pa3BUTUIO MPUHIIMIIA
MakcumyMa [lonTpsruna 6putn nomyuens! emé yaeHukamu J1.C. Ton-
tpsaruna — B.I. bontsackuwm (p. 1925), P.B. Namkpenunze (p. 1927) u
E.®. Mumesnko [38; 39]. Onnako Hanbonee nryOOKUM 00001IeHIEM
9TOTO TMPHUHLMIA MBI 0053aHBI B TIEpBYI0 odepens A.A. MumoTHHY
(1925-2001)?, kotopsrii BMecte ¢ A.S. JIyooBuikum (1923-2007)° B

! JleB Ceménosuu [Moutpsirud poauiicst B Mockse. B 14 et B pesynbrare B3pbiBa
npuMyca OH cTai ciensiM. OHaKo, MPOSBUB BOJIO, 3aKOHYMI 9-TE€THIOK LIKOIY U
MOCTYNWII Ha MeXaHUKO-MateMaTnieckuil ¢axynsrer MI'Y. B 1929 r. on 3akanuu-
BaeT MI'Y, emé cTy1eHTOM AOCTUTHYB SIPKUX Pe3yibTaToB. B yacTHOCTH, HA BTOpOM
kypcee (1926) on momyvaeT 10Ka3aTeIbCTBO TEOPEMBI, KOTOPYIO Yepes3 4 rojja Ha30BYT
TeopemMoii KypaToBCKOro, 0 HEBIOXKUMBIX B INIOCKOCTb Ipadax. B cnenyrommem roay
(1927) on oboOmaer 3akoH aBoWCTBeHHOCTH Auekcanzaepa. Heciywaiino B 1931 r.
JI.C. IloHTpAruHa NpuUriamaoT Uil HaydHoi pabotsl Ha rog B CILIA. 3akoH 1BOi-
CTBEHHOCTH, ONMyOIMKOBaHHBIA UM B 1932 r., Tenepb HocuT ums Ilontpsaruna. o
1952 r. oH ycnemHo 3aHuMaetcs Tornonorueil. OnnHako B koHue 1952 r. kpyTo MeHs-
€T 00J1aCTh UCCIIEJOBAHUM, 3aHSIBIINCH TPOOIEMaMH yIIPaBIEHUS AMHAMUUECKUX CH-
CTEeM U BEpPHYBILHUCH, TEM CAMBIM, K 33Jja4yaM, KOTOpbIE OH HayaJl pemaTs emé B 1934
r. coBMecTHO ¢ A.A. AnaponoBbiM (1901-1952), a mo3xe 3ansuics quddepeHmaib-
HBIMU UrpaMu. B yacTHOCTH, y)e B padote [40] um Oblia perieHa 3a1aua yrpaBieHUs]
AHTHPAKETOM.

2 Anekceit AnekceeBnd Mumotus poauics B 1925 r. B Mockse. B 1943 r. on
MOCTyMaeT Ha MeXaHWKo-maTemaruueckuil ¢axynprer MI'Y. B acmupantype cam
BBIOpan Temy aucceprauuu, otBeTuB B urore (1951) mojoxuTensHO Ha BOMPOC
C. banaxa (1892-1945) 06 n3omopdusme NpoCTpaHCTBA HEMPEPHIBHBIX (GYHKIHMI Ha
oTpe3ke 1 Ha KBajpaTe. DakTHUUECKH ke B JUCCEPTAIMU ObIIO JOKA3aHO, YTO KaxkK-
JI0€ METPHYECKOE NPOCTPAHCTBO OTHOCHUTCS K KJIACCY HENpPEPBIBHBIX 00pa3oB 0000-
LICHHBIX KAHTOPOBCKUX MHOXKECTB OTHOCHTEIIBHO 3MUMOP(U3MOB, TOMYCKAIOIIUX
JIMHEHHBII orepaTop ycpeaHeHus. DTOT KJace MPOCTPAaHCTB ObUT Ha3BaH vepe3 15
net (Anexcanapowm Ilequnnckum [41]) npoctpanctBamu Mumotuna. K coxxanenuro,
pe3yJIbTaThl JUCCEPTALUK HE ObUIM OITyOJIMKOBAHBI M MaTEMaTHYECKHH MUP y3Hal
0 pelLIeHHOH MmpobieMe ToIbKO BO BpeMs npoBeaeHus XV Martematnyeckoro Kon-
rpecca B Mockse B 1966 1. Ilocne 1954 r. Bcto cBoto sHepruto A.A. MUIIOTHH OTal
00001IeHHSIM TPUHLIUIIA MAKCUMYMa, TOOUBIIUCEH BIICUATIISIOINX PE3YIIbTATOB.

SAbpam SlkoneBuu JlyGoBuikuit poauics B 1923 r. B ropoake Jly6usr ITos-
TaBcKoil obmactu. Bo Bpemst Bennkoil OteuecTBEHHOH BOWHBI BOEBAJ B TAHKOBBIX
Boiickax. Ilocie panenus u mosyyeHuss HHBANUAHOCTH B 1945 r. mocTynuia Ha Mme-
xaHHKo-MaTteMaTnueckuil dakynprer MI'Y. Vike aumnomuas padora 1y0oBUIIKOTO
npusiekiaa BHuManue JI.C. [lontparuna. bonee Toro, HeCKoIbKO MHYIO U TOpa3ao
6onee ciabyio Teopemy Cappa oH B pabote [44] nazBan Teopemoii Jy0oBHIKOrO.
Kpome pabor (Bmecte ¢ A.A. MUITIOTHHBIM) 110 000OIICHHUIO MPUHIKIIA MAKCUMYMa
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psae padot koHna 60—70-X IT. CTPOUT TEOPHIO MPUHIIMITA MAKCHMYyMa
IUTSL 33714 C PETYISIPHBIMU U HEPETYISPHBIMU CMEIIaHHBIMU OTPaHU-
yeHusiMu [42; 43].

§ 3. Memoow sxcmpanonayuu u nocmpoenusn peKyppeHmuplx
ypasHueHuil

a) pacCMOTPUM CIIEAYIOLIYIO 3aJlauy:

[TycTe MalIMHHBINA TAPK COCTOUT M3 X MALIUH, KOTOPbIE MOCTE-
MIEHHO BBIXOJAT M3 CcTposl. IlonomaBiryrocss MaliMHy 3aMEHSIIOT HO-
BOii. IIycTh p, — BEpOATHOCTH PabOTHI MalIMHBI B TeYeHHE K €MHMIL
BpEMEHHU:

(1<k<N;p,+...+p,=1).

Hus k > N umeem p, = 0, uro o3Hagaer: yepes N jeT monb3osa-
TeNb TepecTaéT IOJIb30BaThCs MAITMHOW, paHee He JIOMaBIIEHCS.
B mepBbiii poMekKyTOK BpEMEHH HACTYIIAET P X, aBapHii, U Ha CTOJIb-
KO K€ HY)XHO TOTIOJIHUTh MAIllMHHBIN mapk. YMCIo HOBBIX MalluH,
HEOOXOAMMBIX B TIEPBHIi MPOMEKYTOK BPEMEHH:

X1 = plxo .
AHAJIOTUYHO BO BTOPOH MTPOMEKYTOK BPEMEHHU TpeOyeTcsl T0ToJI-
HUTENBHO X, MAIIKH

X2 = p2X0 + plxl’
U Tak jganee, BILIOTH 10 (N-1) mpoMexyTka:
XN-I = pN—IXO + pN-le +' : '+ pIXN-Z'

A nns HatypanbHOro n > N nmeem:

Xn = pIXn-l + pZXn—Z ot pNXn-N (l)

370 ypaBHEeHHE (IMHEHHOE PEKYPPEHTHOE ypaBHEHUE C IOCTOSH-
HBIMHU KO3 HUIIMEHTaMI) Ha3bIBACTCS ypaAsHeHUueM 00Hosnenus |35,
c. 7273].

[lycts, HanpuMep, ypaBHeHUE OOHOBJICHUSI HIMEET BUJL:

[42; 43) A.A JTy6oBurkomy npruHauIesKUT YQGEKTUBHBINA METOJ{ YUCIEHHOTO pele-
HUSI yPaBHEHUH XUMUYECKOH KHHETHKH.
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x =0.7x
n n-
Pewas ero, nomyunm:

+0.3x

1 2

x =77+23(-03)" mpun=>2;

0) paccMOTpHM Telepb IWHAMUYECKHE CHCTEMbI C TUCKPETHBIM
BpEMEHEM, KOTOPBIE ONHCHIBAIOTCS C TIOMOIIBIO UTEPALUil B BUJIE He-
JMHEHHBIX PEKypPPEHTHBIX YpaBHEHHI TIEPBOTO MOPSAKA

X, =S(x), mene {0,1,2,...},
a oToOpakeHHe S 3a71aeTCsl BHIPAKCHUEM:
S: X — X c R, (rme R — MHOXKECTBO BEIIECTBEHHBIX YHCEII),

ax, € X ABIACTCSA HAYAIbHBIM 3HAYEHUEM MOCIIEI0OBATENLHOCTH (Tpa-
EKTOPHH).
Ecnm x = ¢, TO mocnenoBarenbHOCTh (X ) Ha3bIBAETCS CMAayuo-
HAPHOIL.
Ecnu BeimonmaseTcs

limx — ¢ npu n — o, (X, # ¢),

TO MOCJIENOBATENBHOCTD (X ) HA3bIBAIOT ACUMNMOMUYECKU CIAYUO-
HapHoll.

B 3tom cirydae GyneM roBOpHUTh, YTO TOUKA «C» SBISIETCS AmMmpax-
mopom (AW HETIOABIYKHOW MPUTITUBAIONIEH Toukol). B mpoTnBHOM
cllyyae, KOrJa HM OfIHO pellieHHe, KpOMe CTAallMOHAPHOT0, HE CXOIUTCS
K «C», TOUKY C HAa30BEM penyibcopom (M1 HEMOABUKHOM OTTaIKHBa-
FOIIIEH TOYKOM).

B TepmuHax mMomysist mpoU3BOAHONW (YHKIHMH S MO X B TOUYKE «C»
CYIIECTBYET MPOCTOM KpUTEpUH OBITH TOUKE ATTPAKTOPOM HIIH pe-
IyJIECOPOM (€CJIM MOIYJb MEHbLIE 1, TO 3TO aTTPaKTop, €ciau OoJbLIe
1, To penyabcop). DT0 BO MHOTHX CIy4asx MO3BOJSIET MPOTHO3UPO-
BaTh MMOBEICHUE TPACKTOPHH B 3aBUCUMOCTH OT Ha4aJIbHOM TOUKH X,.
Onnaxo He Bcerna. Paccmorpum npumep, koraa GyHkuus S(x) umeer
BU:

S(x) = { x/(1—x) mpu xe [0, Y2]; 2x—1 npu xe(1/2, 1]}.

3aMCTI/IM, YTO IIOYTHU BCC TPACKTOPUHU B 3TOM NPUMCPE UMCIOT 10~
CTAaTOYHO OOJIBIINE nepruoabl poCTa, MPEPbIBACMbIC KOPOTKMMHU HEPC-
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TYJSIPHBIMH «SIMaM#», IOCJIE Yero CITy4aiHbIM
00pa3oM NMPUHUMAIOT HEOOJbLINE 3HAUCHUSI.
Bonee Toro, Takue TPaeKTOPHU SIBIISIOTCS HE-
MPOTHO3HPYEMBIMH, TOYHEE HEJb3s 3apaHee
CKa3aTh, B KAKOW 4YacTH MPOCTPAHCTBA OyIyT
HaXOJMTHCS OYEPEIHBIC TOUKH.

Takue Tpaekropuu (MX Ha3bIBAIOT OYJiC-
darowumu) 0OBIYHO UCCIENYIOT MPH MTOMOILU
pacmpeneneHus 4actot [35, ¢. 267];

B) B ITPE/BIAYIIEM ITYHKTE HAaMU OBLTH pac-
CMOTPEHBI OJHOMEpHBIC HEJIMHEHHBIE OTO-

&

B.H. Apronso Opaxxennsa. Ho MOXHO paccMarpuBaTh He-

JMHEHHbIE OTOOpaKEHHSI U B MPOCTPAHCTBAX
OonpIIMX pa3MepHOCTe. MBI paccMOTpUM
JIBa IIpuMepa.

[lepssiit mpumep nmpunagiexur B.M. Ap-
Honmpay (1937-2010)'. On ompenensiercs ¢
MOMOIIBI0 MTEPALIMOHHBIX YPaBHEHHH KOOp-
JIMHAT:

X, =X ty (mod 1),
{ynﬂ =x_ +2y (mod1).

3aMeTuM, 4TO O0TOOpakeHUue APHOJbAA
COXpaHseT IUIO0IAAb IpeodpazyeMol 3aMKHY-
Muwens Xenon TOM GUrypbl. MOXKHO TaKkKe CUUTATh, YTO OTO-
OpaxeHne ApHonbaa mpeodpasyet Top T(x,y)

! Biasumup Uropesuy Apaosnba pojauiicst B Opecce, HO YYUICS B MOCKOBCKOM
mkosie. OKOHYMII MeXaHUKO-MaTeMaTHaeckuid axynsrer MI'Y B 1959 1. B 1957 1.
Bmecte ¢ A.H. Konmoropossim permn 13-r0 npoonemy ['unmsoepra. (B 1956 r. Koin-
MOTOPOB I0Ka3all, YTO Jt00asi HempepbiBHAS (YHKIUS HECKOJBKUAX MEPEMEHHBIX
MOJKET OBITh IPEJICTABIICHA KaK KOMOMHAIIMS KOHCYHOTO Yuclia QYHKIHA OT TPEX
MEPEMCHHBIX. APHOIIBJI XKE IMOKA3all, YTO HEMPEePbIBHAS (PYHKIHS TPEX MEPEMEHHBIX
MOJKET OBITh IpeicTaBlicHa B BUJE 18 (DYHKIUIT IBYX IEPEMEHHBIX, YTO U 3aBEPIIHIIO0
petenue 13-ii poGiieMbl.) APHOJIBI — COABTOP TEOPEMbI O CTAOMIILHOCTH HHTEIPH-
PYEMBIX TaMHJIBTOHOBBIX CHCTeM. BHeC OObION BKJIAJ B TCOPUIO JUHAMUYCCKUX
CHUCTEM, TEOPHIO KaTacTpo(d, reOMETPHUCCKYIO M AITeOPanuecKyI0 TOIOJIOTHIO, aJl-
reOpandecKyro reOMETPHIO, TEOPUI0 CHHTYJSIPHOCTEH M KIACCHUCCKYH0 MEXaHHKY.
MHorue U3 HalMCaHHBIX UM KHUI [I€peBelIeHbl Ha MHOCTpaHHbIe s3blku. B.M. Ap-
HOJILJ:[~ — co3/arelb OOJBION HAYYHOU IIKOJIBL.
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= S'-S' B ceOs1. [Tpu 3TOM AIMHA OKPYKHOCTH S' cuuTaeTcs paBHOi 1
[35, c. 317-318].

Hpyro#i npumep npuHaiexut Mumento Xenony (1931-2013)".
Orobpaxkenue XeHoHA 3a1aETCs PEKyPPEHTHBIMH YPaBHEHHUSIMH:

{XM1 =1-a (xn)2 +y,
yn+l = bn ’ Xn’

rnrea<lmu | b | <1 sBistoTcs napameTpamu. Ero xaxkaas utepauus
yMEHbBILIAET MIoMaab peodpasyemoit oonactu [45; 35, ¢. 320-321].

§ 4. Memoowvl neompuyamenvHbvlx Mampuy

Teopust HEOTPULIATENBHBIX MaTPULL, UCIIONIb3yeMasi IPU MPUHATHN
yIpaBlIeHYECKUX PelIeHui, 0epeér cBoé Hadano B paborax PpaHcya
Kemns (Frangois Quesnay: 1694—1774)* nmo aHaau3y SKOHOMHYECKOM
Tabmuie [46, ¢. 360-369).

Muposoii kpusuc Hadana 30-x rr. XX Beka NMPHUBIEK BHUMaHHE

' Mumens Xenon (Michel Hénon) — dpaHiy3ckuii MaTeMaTHK ¥ aCTPOHOM, Po-
muiest B [Tapmxe B 1931 1. [Tociie Bropoii MupoBoii BoiHEl cran paborats B MH-
cruryTe acrpodusuxu B [Tapmke u B obcepBaTopun 3Toro uHCTUTYyTa B Humie. Oc-
HOBHBIE PAa0OTHI 110 ACTPOHOMHHU OTHOCSITCSI K IMHAMHKE 3BE3]] U IBOJIOIHN KOJICI]
Carypna. B matemMaTHke OH U3BECTECH Kak cO3/aTelb 0ToOpaxkeHns (XeHOHa) ¢ Tak
Ha3bIBaE€MbIM CTpaHHBIM arTpakTopoM. He nozauee 70-X ronos oH, MOJEpHU3UPOBAB
MeTox Mounre-Kapiio, HoCTpouI YUCIICHHBIH METO, OKa3aBIlUiicsa BeCbMa I0JIC3HBIM
IIPU UCCIIEJOBAaHUU 3BE3AHBIX KIIACTEPOB.

> @pancya Kend pomuiics B 1694 r. B ropoake Mep okosto IMapuxka. IIposiBus
0O0JIBIIIOE YIIOPCTBO, OH B 3HAYMTEIBHOW CTENEHH CAMOCTOSITENILHO OBJIAJEN HC-
KycCTBOM BpaueBaHus. B 1718 r. momy4un IOKTOPCKYO CTENEHb IO Xupypruu. B
1737 r. on nonyyaet nmpodeccopckoe 3Banue. B 1752 1. cTaHOBUTCS JIiO-MeIHUKOM
xopoist @pannuu. B canone xoposis ero 3amedaeT JJunpo u mpocut amst cBoer «JH-
LUKJIONEUN» HAlUCaTh JBE CTaTbU HAa DKOHOMHYECKHUE TeMbl. CTaTbU MOSBUINUCH
B 1756 . B 1758 r. BhInIa ero «DKOHOMHYECKAs TaOIUIIay», KOTOPAs, IO CYTH, SB-
nsieTcst TabNHIel 3aTpaT-BBINYCKA, BBIPAXKEHHAs B TEPMHUHAX JICHE)KHBIX ITOTOKOB
[46]. C nBymst cBoMMH ydeHMKaMmu, Mapku3oMm e Mupado (1715-1789) u [lrornon
ne Hemyp (1739—1817), ¢ kaabIM B OT/ACIBHOCTH, OH BBIITYCKaeT KHUTH «CelbcKas
¢dunocodus» (1763) n «duznokpatus» (1769), B KOTOPHIX pa3BUBAIOTCS (HaKTHUECKN
pedopmaTopckue naen GU3NOKpaTH3Ma: YCTPAHEHUE B CEIBCKOM XO3SIHCTBE ocTart-
KOB CPEJJHEBEKOBBIX [IOLIUINH, 3aMEHY MHOKECTBA HAJIOTOB €IMHBIM HAJIOIOM Ha PEH-
Ty, 00BEJMHEHNE MaJICHBKHX YYacTKOB B KPyIHBIC 3eMeibHble BianeHus [47]. He
CiTy4aiiHO (PU3MOKPATH3M CTAI OJJHOH M3 JyXOBHBIX MPEATEY JBHKCHHS «3SIIEHBIXY.
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HE TOJILKO 9KOHOMHUCTOB K IIpo0iieme Mojie-
JIMPOBaHUsI CTPYKTYp HALMOHAIBHBIX KO-
HOMUK, HO U OOILIECTBEHHOCTH.

Hauném ¢ mogenu B.B. JleonThena.

a) WTaK, B JKOHOMUYECKOW CHCTEeMe
MyCTh MPOU3BOISTCS, MPOAAIOTCS, MOTpe-
OmstroTcst (M MHBECTHPYIOTCS) 1N THIIOB
nponaykrtos (i = 1,..., n).

Kaxnas oTpacib mpou3BOJUT TOJNBKO
OJIMH THII MPOAYKTOB, & Pa3lUuHbIE OTpac-
! ; JIM TIPOM3BOAAT Pa3NUYHbIC THITBI TPOIYK-
®pancya Kens un. [lox mpou3BOACTBEHHBIM MPOLIECCOM

noApa3yMeBaeTcsl mpeoOpa3oBaHHe psiza
TUTIOB MTPOJYKTOB B HEKOTOPOE KOJIMYECTBO MPOTYKTOB OHOTO COOT-
BETCTBYIOILIETO THIIA.

Ecnu s mponsBonCcTBa €MMHMLBI i-TO IPOAYKTA B j-0i oTpaciu
HYXHO 3aTPaTUTb &, C/INHHIL i-ro mpoaykra (i, j = 1, 2...., n), TO 9TH
N’ BENIMYMH HA3bIBAIOTCS MEXHOLOSUYECKUMU KOdpuyuenmamu M
MPEATOAraloTCs MOCTOSHHBIMH, @ MaTpHUIIA

A=(a), (,j=1,..,n)
Ha3bIBACTCS MaAmMpuyeti mexHo102Ueckux KodQ uyuenmoa.
[TycTs X, BBIMYCK 1-I0 MPOJYKTa B €IMHMILy BPEMEHH (HAIIPUMED, B
ron). Bennuuny X, Ha3bIBaloT 6an06bim ebinyckom (1= 1,..., n). Yacts
BaJIOBOTO BBITYCKa MOTPEOIISICTCSI B BUJE 3aTpar, HEOOXOAMMBIX JUIS
MTPOU3BOICTBA.
Ota BenmnuuHa OyJeT:

n
j; ax,

COOTBETCTBYOIIHMI YUCTHIA BBIMYCK MOMYYaeTCsl BEIYUTAHUEM H3
BAJIOBOTO BBIMTYCKa MTOJTHOTO KOJIMYECTBA 3aTPaT M IPHPABHUBAHUEM K
KOHEYHOMY CIPOCY C,, YTO JAaET CUCTEMY ypaBHEHMIA:

n

— s *

X, —xax=c (i=1,..,n). *)
ji=1

~ 1

[Nepenumem nocnenHee ypaBHeHUE B MaTpuIHO# (opme.
ITycte X = (x)), C = (¢,) — Marpuupl ctodup! (i =1,..., n);
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A= (aij) — KBaJpaTHas MaTpHLa BHJA n-.
Torna

X-AX=Cum X(E-A)=C,  (*%)

rae E — kBagparHas Marpuia Bujaa n'n, y KOTo-
pOii 1O TVIABHOM JTMArOHANM CTOAT €IWHUIIBI, a
ocranpHbie Hyau. Eciu (E-A)!, oOparhast ma-
tpunia k marpunie (E-A), (ecnu oHa cymecTBy-
eT), To cucremy (**) MOXKHO mepenucars:

X=C(E-A)"
Cuctemsr (*) nnu (¥*) SBISFOTCS OCHOBHBIMU
B Mojienu JIeoHTheBa! ¥ MO3BOJISIFOT MPOBONTH

B.B. /leonmuves

! Bacunuii BacunbeBuu JIeOHTBEB poamics B cembe mpodeccopa IKOHOMH-
xu Tpyza IlerepOyprckoro ynusepcurera B 1906 r. B 16 ner nocrymun B [lerpo-
rpaackuil yHusepcutet. Ilo okoHuanun yHuBepcurera B 1925 r. nmpenopaBai sKko-
HoMHYecKylo reorpaguro. ITockonbky oternr B 9T0 Bpemsi padoran B Toprupencrse
B bepiuue, To B.B. JleonTheB nopan mpoluieHue Ha MojydyeHue Bu3bl B I'epmanuto
JUISL IPOJIOJDKEHNST 00pa3oBanus B bepiuHckom yHuBepcurere. B xonme 1925 r. on
[OJIy4MJ pa3pellieHue Ha noesaky. B I'epmanuu ero HayuHbIMM pYKOBOJUTENSIMU
cranu npodeccopa sxkonomun 3ombapT Bepuep (Sombart Werner: 1863—-1941) u BbI-
nyckHuK CaHkT-IIeTepOyprekoro yHuBepcuTeTa SJKOHOMHCT ¥ CTaTUCTUK Biiagncnas
Wocudosna boprresuu (Bortkiewicz Ladislaus von: 1868-1931). ITocne ycremnoi
3aLUThl JUCCEPTALUY, TOCBALICHHON HCCIE0BaHUI0 HAPOJHOIO X03sCTBa KaK He-
IIPEPLIBHOIO mpouecca, JleonTheB eaer Ha roj B KuTail o npuriameHuo COBeTHU-
KOM MUHHCTpa kelne3HbIx gopor. B 1931 r. B.B. JleontseB smurpupyer B CIIA u
CTaHOBUTCS COTpYIHHKOM HaloHansHOTO GF0p0 SKOHOMHUYECKHX HCCIICHOBAHUMN, a
B 1933 r. nosryyaer aMepUKaHCKOE Tpaxa1aHCTBO. Heckonbko 1o3:xe OH cTal Ipemno-
nasath B ['apBapackomM yrusepcurere. M umenHo Toraa (1936) mosiBuiiack ero cTaThs
«KonnuecTBeHHbIE OTHOIIEHUS 3aTpaT U BBIIYCKA B dKOHOMUUYeckol cucreme Co-
enuaéHHBIX IllTaroBy» [49]. Mimenuo 3a sty pabdory B 1973 r. B.B. JleonTseB moiy-
qaeT nnpemuto uM. A. Hobens ( B mpoctopeunn «Hobenesckyto nmpemuio»). OTMeTnm,
gro eme B 1925 r. y B.B. JleonTseBa Brinuia pabora: bananc HapogHOro xo3siictBa
CCCP. Merononoruueckuii pazdop padorer LICY // IlnanoBoe xoszsiictBo. 1925.
Ne 12. C. 254-258. Bo Bpems Bropoii MupoBoii Boiins! B.B. JIeoHTheB ObLT KOHCYIIB-
TaHTOM 110 3KoHOMHUueckoMmy naHuposanuio BBC CIIA. B nauane stuapst 1947 r.
B.B. JleonTbeB npHHsI yuacTHe B 3HaMeHUTOM cumrosnyme B Komopumke (CIIA),
OIpeJIeNIUBILIEM pa3BUTHE KOMIIbIOTEpHbIX Hayk B CLIIA Ha necsatunerus Bnepén [51,
¢. 37]. B 1970 r. u30paH npe3uicHTOM AMEPHKaHCKOM SKOHOMIUYECKOM aCCOIHAIIHH.
B.B. Jleontses nHeopnokpatro nocemaer CCCP. B 1990 r. nomywaer honoris causa
Jlenunrpazackoro yHuBepcutera. Ymep B espane 1999 r.
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aHaJIN3 MEKOTPACIIEBBIX CBA3EH. DTOT METOJ MOJyYHI Ha3BaHUE «3a-
TPAaTBI-BBIITYCK.

CyIIHOCTh METO/Ia «3aTPaThl-BBIITYCK» COCTOMT B ONpENEICHUH
YPOBHEH BaJOBOTO BBIITyCKa MO 33JaHHOMY BHEIIHEMY KOHEYHOMY
copocy [48, c. 124-131; 49]. IIpu >TOoM npenmnonaraercsi, 4To Ma-
Tpuusl X, C 1 A HEOTpUIATENBHEL, T.€. HE COAEePIKAT OTPULATEIILHBIX
AJIEMEHTOB. DTO 00eCIIeynuBacT pabOTOCIIOCOOHOCTD, UITH NPOOYKINUG-
Hocmb, Mosienu JleonTeeBa [50];

0) Ternepb PaCCMOTPUM MOJIEITb PACIIUPSIOMIEHCS] SKOHOMHUKH (DOH
Heiimana. IIpenBaputensHo BBeneM HEKOTOpbIe 0003HaYeHus. Uepes
A u B 0003Ha4nM 1B MaTpUIBl BUAA M N, T.€.

A= (aij), B= (bij), re (i=1,...m;j=1,...,n).

BekTopbI-CTONOLBI KaXk 101 W3 MaTpul] 0003Ha4uM depe3 Al u B,
rmej=1,...,n.

BeKTOpbI-CTpOKH Kax 101 13 MaTpuIl 0003Ha4nM yepes A, u B, tie
i=1,..,m

Yepes (A" u (B')" 0003HauMM TpaHCIIOHUPOBAHHBIC BEKTOPbI-
CTOJIOLIBI, T.€. BEKTOPHI-CTPOKH. HakoHel mojx mpou3BesieHueM BeK-
TOPa-CTPOKH Ha BEKTOP-CTONOeI Oy/ieM TTOHUMAaTh CyMMY TOTapHBIX
MPOM3BENICHUI COOTBETCTBYIOLIHMX IEMEHTOB 000HX BEKTOPOB.

Wrax, mycTh ©MeETCsl M MPOAYKTOB U N MPOU3BOACTBEHHBIX (0a-
3UCHBIX) mpoueccoB. [Ipu 3ToM j-i Ga3UCHBIN Mpolece nmpeodpasyer
Marpuiy-ctonoen Al B B, T.e. omun Habop MPOAYKTOB B APYyTOii (BO3-
MOYKHO COBIAJAMOIIKN ¢ MepBbIM). bojee Toro, B KaxjaoMm j-M Tpo-
recce B cTosoie Bl MoxkeT ObITh HEHYJICBBIX JIEMEHTOB OOJIBIIIE, YeM
onuH. (B aToM cymiecTBeHHOE oTiIMYKe 0T Mojenu JIeoHTheBa.)

Byznem Taxske mpenmonarars, 4To

aijEO,bUZO i=1,...m;j=1,...,n). (D)
CyMMa 511eMeHTOB J1I060r0 ¢T0s16I1a AJ cTpOTo GOIIBIIE HYIIS
G=1,...,n). 2)
Cymma snemeHToB Jir060# cTpoku B, ctporo Goinbiie Hyis
(i=1,...m). 3)

Yenorue (1) oueBuniHo. YenoBue (2) 03HAUALT, YTO B KAXKJOM TIPO-

30



LeCCe j UCTIONB3YEeTCs XOTs Obl OAMH THI MPOoAyKTa. Ycinosue (3) 03-
HAYaeT, YTO Kbl MPOAYKT MOXKET ObITh MPOU3BEICH B HEKOTOPOM
(M3 JaHHBIX ) TPOM3BOACTBEHHOM MPOLIECCE.

ITycts P = (p,) — BeKTOP-CTONOEIL IIEH COOTBETCTBYFOLIUX MPOIYK-
ToB (1= 1,...,m).

Jo cux mop Bpemsi 1 U3MEHEHNE HHTEHCUBHOCTH Ipoliecca ¢ Teue-
HUEM BPEMEHU HaMH HE yYUTHIBAJIOCH. ByaeM cumTarh, 4TO MMeeM
nepruoab! PyHKIMOHUPOBAHUS IPOU3BOJICTBEHHBIX MTPOIIECCOB.

[Tycts t — HOMep nepuoaa (t=0, 1, 2,...).

ITycTs onenka i-ro npogykra v(t) Oyner pasxa

v(t) = p, + HOpMa PEeHTHI 3a i-i IPOAYKT B mepuone t (i=1,..., m).

[Tycts V(t) = (v|(t)) — BEKTOP-CTONOEI] OLIEHOK MIPOIYKTOB B [IEPHO-
ze t.

IlycTh X, (t) — MHTEeHCHBHOCTH (PYHKIIMOHUPOBAHUS j-TO TIpoIIecca
B mepuone t (j = 1,..., n).

ITycte X(t) = (xj (t)) — BeKTOp-CTONOET] MHTEHCUBHOCTEH B TEPH-
ore t.

[Ipenmnonoxum, 4T0 HEOTPULIATENbHBIE BEIUYUHBL V, (1) U xj(t)
(i= 1,....,m;j=1,..., n) B mepuone t y>xe onpeneneHsl. Tormna Bemm-
YHHA 3araca i-ro MpoJyKTa, FTOTOBOTO K IPOM3BOJCTBEHHOMY yIIOTpE-
Onenuto, B iepuoe (t+1) ompeaensercs BRIpa)KCHUEM:

b(t) =BX(t), (i=1,..., m).
Yepes b(t) 0603naunm BekTOp-cTpoKy (b (1)), (1= 1,..., m).
[MonHask CTOMMOCTB BBIMTyCKa j-TO Mpoliecca Mpu eTUHUYHON HH-

TEHCUBHOCTH €ro ()yHKIHOHHPOBAHMS, pACCUMTAHHAS NPH CHCTEME
LEH P,, paBHA

¢, = B’P, (j=1....,n), a P — BekTop-cTonben e (p,)

[Tycte C = (¢,) — BEKTOP-CTPOKA TOJIHBIX CTOMMOCTEH.

PaccmoTpum Tenepp orpaHudeHus, CBSI3aHHBIE C HOMEHKJIaTypou
BBIITyCKa M OLICHKOM BCEX MOTPEOISIEMBIX MPOJYKTOB B ACHEKHOM BbI-
paxenuwu B (t+1) mepuoze:

AX(EH) <b(0), (=1,...,m), @)
X (120, (=1,....n), (5)
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AYV(®)>c, (=1,..,n), (6)

v. (=0, (i=1,...,m), 7

Jusa momydenust TpeOoBaHMS paBEHCTBa 3apabOTaHHOTO HAIHO-

HAJBHOTO JI0XO/1a MPOM3BEICHHOMY HAIIMOHATBHOMY TPOAYKTY HaM
HOHA00UTCs €€ OIHO OrpaHnyeHue Ha v (t+1) n xj(t+1)

b(t): V(t+1) = C-X(t+1). (®)
Tak kak
b(t): P = C-X(t),
TO COOTHOIIICHHE (§) MOKHO TIEpeTrcaTh B BHJIE:
b(t)(V(t+1) — P) = C-X(t+1) — C-X(t) = C- (X(t+1) — X(t)).

®on Heiiman!, uzydas cucremy (4)—(8), mokasana BO3MOXKHOCTb CY-

! okon (Snorn) ¢on Heiiman poauiicst B koHue aekabpst 1903 r. B cembe OaH-
KkoBckoro agBokarta B [lemre. B 1913 r. ero oren Makc Heliman nosryunn qBopsiH-
CKHUI TUTYJI, C TOH TOpHI 1 SIHOII 10OABISLUT K CBOEMY MMEHHU IPHUCTaBKy «don». B
1911 r. SlHow nocTynaeT B €BaHI€IMYECKYH0 TMMHA3UI0, IPOBOJUBIIYIO 3aHATUS Ha
HEMELIKOM $I3bIKe, U, KPOME TOrO, ¢ 15 JIeT 3aHUMaeTCs JOMOJIHUTEIBHO C TONBKO YTO
BepHyBIIMMCS 13 BeHbl mocite 3amuTe! auccepranun MaremaTukoM ["adopom Illero
(Gabor Szeg6: 1895-1985). B 1923 r. Obutn 0myOIMKOBAHBI NIEPBIC JIBE MaTeMa-
Trdeckue paboTsl SlHoma. B cBsi3u ¢ jxenmanueM orna SHomia cienate u3 chiHa (u-
HAHCHCTA WM XOTs ObI nkeHepa, B 1921 r. Slnom nocrynaer B bynanemre B gact-
HBII Karonudyeckuid yHuBepcuteT UM. [lerepa ITasmans (Pdzmany Péter university)
u Briciryro TexHuueckyro mkoiny B Lropuxe. B 1926 r. oH 3amumaer J0KTOPCKyro
Jquccepranuio o ¢uiaocoduu B yHHBepcurere uM. Ilerepa [lasmans (ocHOBHOM
IIpeIMET — MaTeMaTHKa, BCIIOMOTaTeIbHbIE — DKCIIEPUMEHTAIbHbIEC (PU3UKa i XUMUS)
noa pyxosozctoM Jlumora deiiepa (Lipot Fejér: 1880—-1959) u craHoBUTCS IIpH-
BaT-I0LEHTOM bepnmHckoro yHuBepcuTeTa, MyOnnKys 4yTh JIH HE €XKEMECSYHO pa-
60teI 0 Matematuke. B 1930 r. ero npurnamaer yausepcurer B [IpuHcTone (muTar
Hero-/Ixxepcn). B [Ipuncrone SIHom mensiet cBo¢ ums Ha [IxoH. (Kcratu, B bepnuae
¢ 1926 r. on HazeBancst Morann.) C 1933 r. on npuriamaercst Ha JJOJDKHOCTD 1IPO-
(eccopa UucturyTa [lepcriekTuBHBIX MccienoBanuii B IIpuHcTOHE M OCcTagrest Ha
9TOMH JOJDKHOCTH JI0 caMoii cMeptH (0T paka) B 1957 r. B 1937 r. B exeroquuke Ma-
TEMaTUYECKOI'0 KOJUIOKBHYMa, IIOIIEPEMEHHO IIpoBoauBIIerocs B Jleiinuure u Bene,
Ha HEMEIKOM s3bIKe BhIIa ctaThs [k. ¢on Helimana, coneprkaBiias MOAENb pac-
mmpsroercst 5koHoMukH [52]. [lo 1945 r. atTa cTaThs ObuIa (JaKTHUECKN HEU3BECTHA
aMEepUKaHCKUM dKoHoMHucTaM. Tosibko mepeBoj Ha aHrIuHcKud s3bIK (B Rev.Econ.
Studies, 13, 1945-1946), cnenain e€ obmenoctynuoit. O npyroii padore ¢pon Heiima-
Ha ¢ Ockapom MoprenmrepHoM [29] muta peus B § 1. Ocraéres no6aButh, 4to JIK.
¢on Heliman BHeC BKJIAJ M B CO3JaHUE SIEPHOTO OPYXKHsS, U B CO3[aHHE KOMIIbIO-
TepoB [51], ObLT OTHIM U3 CO3/IaTEINICH MATEMATHIECKUX OCHOB KBAaHTOBOH (pU3HKH.
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LIECTBOBAHUS CUTYallMU AWHAMHYECKOTO PaBHOBECHUSI B 3TOW CHCTe-
M€, T.€. CyIIECTBOBAHUS TAKUX IOCIIEN0BATENbHOCTEN {V (1)}, {xj(t)},
KOTOpPBIE YAOBJIETBOPSIIOT orpaHuyeHusM (4)—(8) u, kpome TOrO, yC-
JIOBUSIM:

v(t)=p'p, (i=1,..., m); )
x(=0ox;, (j=l.....,n), (10)

e o, B, p,, X; — HEOTPHLATEIbHBIC CIICHHATLHEIM 00pPa30M BbIOpaH-
HbIE KOHCTaHTBI. IIpu 5TOM cymMMBbI 31eMenTOB BekTopoB P = (p,) u X
= (X,) cTpOro GobIIe HyJIs.

[Ipu ananm3e cymecTBOBaHHS ANHAMHYECKOTO PAaBHOBECHS CUCTE-
™Mbl (4)—(8) k. hon Heitman npumenun o6o0menune reopemsl bpay-
epa (Brouwer)!' o HenoaBmwxkHO#t Touke [52].

B 3akmrouenue storo maparpada cKakeM HECKOJIBKO CJIOB 00 ofl-
HOW KOH(EepeHLMH, pe3ylbTaThl KOTOPOH ObUIM OIyONMKOBaHBI B
1951 r B Hb}O—fIOpKG u Jlounone (cMm. Hmxke § 7 u xuury [70]). Ha
9TOW KOH(EpPEHIMH TPH IOKJIaga’ O pa3BUTHM Mozenei JleoHTbeBa
u (o Helimana n ux cBsS3M ¢ IMHEHHBIM MPOrPaAMMHUPOBAHUEM ClIC-
J1ann sMurpupoBaBunid u3 Pymeiaun B 1948 . maremaruk, cTaTUCTUK
n skoHomuct Huxkomac Jlxopmxecky-Peren (Nicholas Georgescu-
Roegen: 1906-1994)°. 13 sTHX pabOT mo3xke BBHIPOCIA KaK €ro 3Ha-

! Jeiirsen Bpayep (Luitzen Egbertus Jan Brouwer: 1881-1966) — rommanickuii
MareMaTHK, OJMH W3 OCHOBaTeliel uHtyunuonusma [51, c. 73]. Teopema o Hemnon-
BIDKHOI TOuke, jokazanHas bpayepom B 1909 r., Bocxoaut k padore A. Ilyankape
(1886 T.)

2 1)The Aggregate Linear Production Function and its Applications to von
Neumann’s Economic Model, p. 98—115; 2) Relaxation Phenomena in Linear
Dynamic Models, p. 116—131; 3) Some properties of a Generalized Leontief Model,
p. 165-176.

* Hukonae I'eoprecky (B CIIA — Hukosac Jlxxopmkecky-Peren) poauics B byxa-
pecre, B Pymbinuu, B 1906 1. B 1926 r. on 3akaHuuBaeT byxapecTckuil yHUBEpCUTET
TI0 CIIENUATIBHOCTH «MaTeMaTHKay u yekaeT Ul IPoJoJbKeHns oOpa3oBanus B [1a-
pux. B ITapuxckoM yHUBEPCUTETE OH U3y4aeT SKOHOMUKY, a yxke B 1930 r. 3amuia-
eT JOKTOpCKylo auccepranuro. [Tocne vero exet Ha aBa ronxa B JIoH1oH, T1€ B yHU-
BEPCUTETCKOM Kojuiepke JIonona nzydaer moy pykoBoactBoM Kapia [MTupca (Karl
Pearson: 1857-1936) cratuctuky. BepHyBmmce B 1932 r. B PyMmbiHuIO, TIONTy9aeT
JIOJDKHOCTB Ipodeccopa CTaTUCTUKH B ByxapecTckoM yHUBEpCHTETE, TAe U paboTaeTt
10 1946 r. Omurpuposas B 1948 r. B CILIA, cranoBuTcst mpoeccopomM IKOHOMUKH B
yHuBepcutere Bannepounra (Hamswi), rae n padoran ¢ 1950 o 1976 rr.
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MCHUTAsA TCOPUS SHTPOINU B C-)KOHOMI/IKCI, ornuparomascda Ha BTOPOEC
HavaJIo TCPMOJAUHAMUKH, TaK U 3KOJIOTMYICCKAasA SKOHOMUKA.

-

Huxonac /»coporcecky-Pezen Kapn Mapkc

Hanomuum Taxke, 4To B 1965 I. U3BECTHBIN SIOHCKUM SKOHOMMCT
M. Mopuiinma® npeanaoKul JMHaMUYeckyro Mozaeib (o Helimana
JIOTIONTHUTH YCIIOBUSMHU U3 cXeMbl Bocripon3BoacTBa K. Mapkca. C tex
MOp ATa MOJeIb HOCUT Ha3BaHue Moaeb Mapkca — ¢pon Heiimana. 3a-
METHM TaKKe, YTO pa3/ieiecHue BCeil SKOHOMHUKH Ha N CEKTOPOB (n>2)
[T03BOJIMJIO TIEPEBECTH TPYAOBbIE LIEHHOCTH, UCTIONb30BaHHbIe Mapk-
COM, B OOBIKHOBEHHBIE LIeHBI. BriepBbie 3T0 3ameTnin U 000CHOBAI
KpYNHEHIINNA TOPEBOIIOIUOHHBIN POCCUMCKUI KOHOMHCT U CTaTH-
ctuk Bnagucnas Mocudosnu boprkesnu (Ladislaus von Bortkiewicz:
1868—-1931)3, xotopsrii ¢ 1901 . npenogasan B beparHCKOM yHUBEp-
CHUTETE.

! Georgescu-Roegen N. The Entropy Law and the Economic Process. Cambridge
(Massachusetts): Harvard University Press, 1971.

2 Mopumuma M. Pasnosecue, yemotiuusocmos, pocm | niep. ¢ auri. M.: Hayka,
1972. — 282 c.; Morishima M. Marx’s Economics: A dual theory of value and growth.
— Cambridge: Cambridge University Press, 1973; Morishima M., Catephores G.
Value, Exploitation and Growth. — New-Y ork: McGraw-Hill, 1978.

> O ponu B.JI. BopTkeBHYa B Pa3BUTHH SKOHOMHYECKOIl HayKH, a TakKe CTa-
TUCTHKH, B YaCTHOCTU Pa3BUTHH TCOPHU MAIIbIX BBIOOPOK, cM. B [47, c. 41-43], a
taoke B «Bectauke Cankr-IlerepOyprckoro yamsepcutera». Cep. 5. DKOHOMHKA,
(2010), Bbimn. 4, c. 113—124. (ITucoma M.B. ITmyxu k B.F. Fopmxkesuyy | aBT. IpeuciL.
AJL JImutpues).
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§ 5. Memoovt meopuu eeposmuocmeii U Mamemamuieckoil
cmamucmuku

IIpu npuHATHY yIPABIEHYECKUX PEILIEHUI Ba)KHOM XapaKTEpPUCTH-
KO sBiIsieTcst puck. Knaccuueckast TeOpust MUHUMHU3aLUN PUCKA OIU-
paetcst Ha ¢popmyny baiieca. Dta (GopmMysa Mo3BOJISET ONPEACIUTh
BEPOSITHOCTh OTPEIETICHHOTO COOBITHS TPU YCIOBHH, YTO yXKe TPO-
M30IILIO IPYroe CTATUCTHYSCKH B3aMMO3aBUCHMOE C HUM COOBITHE'.

Pa6ora Tomaca baiieca (Bayes Tomas: 1702—1761)* Brimia de-
pe3 IiBa roja mocje ero CMepTH Moj peaakuuei ¢punocodpa Puuapna
[paiica (Price Richard: 1723-1791) [53]. K coxanenuto, naxe Iy-
ONMKaLus He c/iernana 3Ty paboTy U3BECTHOH, 1 uepe3 nosiseka (1812)
Jlarumac (Laplas Pierre Simon: 1749-1827)° B cBoeii 3HAMEHUTOM
KHUTE « AHaJMUTUYECKasi TECOPHS BEPOSTHOCTEI) TIEPEOTKpPhIBAET (op-
myny batieca [54]. ®opmyna baifeca Hammia mimpokoe IPUMEHEHHE C

! HaroMHKM, 4TO YCIIOBHOW BEPOSITHOCTHIO COOBITHS B IpH yCI0BUH COCTOSIB-
mrerocst coositus A ¢ BeposiTHOcThIO P(A)>0 (0603nagaercst P(B | A)) Ha3bpIBaeTCs
senmunna P(B | A)=P(AB)/P(A). B dopmyre Baiieca P(AB)=P(A | B) P(B).

> Tomac baiiec poxusicst B JIOHIOHE B CEMbE MPECBUTEPUAHCKOTO CBSIICHHHKA.
Tpu rona (1719-1722) n3yvan B DauHOYPrcKOM yHUBEPCUTETE JIOTUKY M OOrocio-
pue. ITo3xke cam cTan CBAILGHHUKOM B IIpecBUTepUaHCcKoi epksu. Ilox BeposTHO-
CTBIO TIO/Ipa3yMeBall ypoBeHb JoBepHs. baliecy mpunauiexxut Takxke pabora « Ouep-
KU K peuteHuro npooemvl OOKMPUHbL WAHCOB.

* TIbep CumoH Jlaruiac pouiicsi B KPECThSIHCKOM CeMbE B HOPMaH/ICKOM Jierap-
tamente KambpBagoc. Yuwmics B mKkoje OCHEJAMKTHHIEB, a TI03KE B YHUBEPCUTETE
ropona Kau B Hmxknelt Hopmanmun. Yke B 17 ner on my6nukyer B Typune cBou
NepBbIE MEMyapbl, MOCBSIICHHbIE WHTETPAIBHOMY HCYUCICHHIO. JTa pabora 00-
parmiia Ha ce0si BHUMaHUE MapybKCKUX Y4€HbIX. Jlammaca npuriamaror B [Taprok, u
JI” Anambep momoraer eMy yCTpOHUThCS IperojaBateieM B Boennylo Akagemuro. B
1773 r. 3a paboTy MO HCCIICAOBAHUI0 yCTOWYNBOCTH COJHEYHOU CHUCTEMBI €0 U3-
oupatot axproHkToM Ilapmkckoit Akagemun Hayk. CBOMM IIaBHBIM Tpy oM Jlartac
cuMTall Hanucanue «Hebecnol mexanukuy: TIEpBbIC 1Ba TOMa BhIIUM B 1799 1., a
nocienaui (V ToM) 3a JiBa rojia Jio CMepTI/I~ B 1825 1. Yxe ¢ 1795 r. Jlanmac uuraer
B HopMmanbHOH 1IKOJIE JIEKLIUH IO TEOPUH BEpOSITHOCTEH, a B 1812 I. BBIXOAUT €ro
OoJibliiasi KHUTA «AHanrumuueckas meopus eeposmuocmetiy. B 31oit kaure Jlammac
Pa3BHII TEOPHUIO OMINOOK M CIIOCOO HAMMEHBIINX KBA/IPATOB, TO3BOJIMBIIHNX HAXOJUTh
HaUBEPOSATHEHIINE 3HAYCHUS U3MEPECHHBIX BEIMYHUH U CTEIECHb JJOCTOBEPHOCTH ITHX
nojcueToB. XKenas nomyispuzanuu Teopuu sepositTHocrell, Jlatiac B 1814 r. nznaer
«Onvim ghunocoguu meopuu seposimuocmeiiy, T Pa3bsICHICT OCHOBHBIC ITOJI0XKeE-
HUSL ¥ 3HaYeHus Toi Teopuu. (Dta KHUra ObUIa BHepBble M3naHa B Poccnu emé B
1908 1.). Ymep Jlamnac B 1827 r., Oyaydn MapKU30M U WICHOM IMAJIATHI II9POB.
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pa3BUTHEM KOMIbBIOTEPHON TEXHMKH. Tak, Hampumep, B SKCHEPTHBIX
cHCTEMax MalliHa JIOTHYECKOTO BBIBOJIA YacTO paboTaeT Ha OCHOBE
0alieCOBCKON OLIEHKH PELICHUSI.

Tomac baiiec Ilvep Jlannac

OctaJibHas 4acTh maparpada mocesiieHa H3y4eHUI0, TIIABHBIM 00-
pa3oM, TEOpUU BPEMEHHBIX PSAOB, T.€. OCIEI0BATEILHOCTH HAOMIO-
JICHHIA, YIIOPSIOYCHHBIX BO BPEMCHH.

Cpenu Ipyrux BUAOB CTaTUCTHUECKOTO aHAllM3a aHallu3 BPEMEH-
HBIX PSIJIOB BBLIEISICTCS HATMUMEM TIOPSI/IKA, B KOTOPOM IPOU3BOAUTCS
HaOmonenue. OAHON U3 BAKHEHINNX Lieel HaOIOIeHIsI BPDEMEHHBIX
PSAZOB SIBISIETCSI BOBMOXKHOCTD IPEJICKa3aTh Oyyllee Ha OCHOBAaHUU
3HAHUS TPOIILJIOrO U, KaK CJICICTBUE, BOZMOXHOCTh YIIPABIISAThH TPO-
LIECCOM, TIOPOXKIAOIITIM PSIJIL.

[Tycth MOMeHTBI BpeMeHH t iepeHyMepoBanbl: t =1, 2,..., T, u
IIyCTh MOCJICA0BATEILHOCTh HAOMOICHUI {yt}} paccMarpHuBaeTcs Kak
CyMMa OdemepMuHuposantol nocieoosamenvrocmu {f(t)}, xoropyro
IIpU aHaJIM3e¢ BPEMEHHBIX PSJIOB NPUHSATO HA3BIBATh CUCHeMamuye-
CKOTl COCTABIIAIOIIEH W CYUAlHOU NOCIe006amenbHOCmU {U, |, TIOJ-
YUHSFOIICHCS HEKOTOPOMY BEPOSTHOCTHOMY 3aKOHY.

Wrak, umeem Mo/iesib HAOIIOIAEMOTO BPEMEHHOTO Psijia;

Y Ypseeos Yy 0y = f(t) tu, rne t=1,2,...,T. @)

ITepBOHa4aIbHO aHAIN3 BPEMEHHBIX PSIOB 0a3UpOBAJICS HAa MOJIC-
JISIX, B KOTOPBIX BAMSHUE BPEMEHHOTO ITapaMeTpa MPOSABISIIOCH TOJTb-
KO B CUCTeMaTH4eCKOU cocTaristomieit {f(t)}.
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Ces3ano 310 ObUIO ¢ TeM, uto K. T'ayce (Carl Friedrich Gauss:
1777-1855), onuH U3 co3pareneil TEOPUN BPEMEHHBIX PSI0OB, MPH-
MEHsUT TEOPHIO, IIaBHBIM 00pa3oM, B aCTPOHOMHUH M TEOC3HH, TIe
Cpe/Hee 3HAauUCHHE CIy4YallHOW COCTaBIIOIIEH (T.e. MaTeMaTH4eCcKoe
oxupanue E(u,)) ToXKIE€CTBEHHO PaBHO HYIIIO, IUCIEPCUs PaBHA He-
KOTOPO¥ OCTOSHHOM, ¥ 3HAYEHHUS U, B Pa3IMIHbIE MOMEHTHI BDEMEHH
HE KOPPETUPOBaHBI, YTO MPUBOIUT K TOMY, YTO JIIOOYIO 3aBUCHMOCTD
OT BPEMEHU BKITIOYAIOT B CHCTEMATHYECKYHO COCTaBsiroInyto {f(t)}.

[locnenoBatenbHOCTh {f(t)} MOXET 3aBHCETh KaK OT HEKOTOPBIX
HEM3BECTHBIX BEJIMUUH, TAaK W OT U3BECTHBIX BEJTMUUH, MEHSIOLIIXCS
co BpemeHeM. B aTom cnyuae gpynkuuio f(t) npuHsTO Ha3bIBATH hYHK-
yueti pecpeccuul.

Bpemennsie nocnenoBarensHocty {f(t)} 4acTto Ha3BIBAIOT mpen-
oamu.

OOBIYHO pa3nUyaloT Ba TUNa TpeHa0B. OUH TUI NPEICTABISIIOT
MEJICHHO MeHsoIuecs GyHKIMH BPEMEHH, HapUMep €KeTrOHbIH
HAIMOHAJBHBIA JOXOI.

h

N

H3menenme
mapaMerpa

v

Puc. 5. I3meHeHue napaMerpa v ero TpeHJ

K Apyromy TUlly ONPUHAAJICKAT HUKINYCCKHUEC IMOCICAOBATCIbHO-
CTH, HAIpUMEP KOTUPOBKA aKIui KOMHaHHP'I, MMPOU3BOACTBO KOTOPBIX
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HOCHUT Ce30HHbIH Xapaktep. Ilycts y, = f(t) + u, rne cmyuaiinas co-
CTaBISIFOLIAS U HOPMAIbHO PACMpPE/ENICHA C HYJICBBIM CPEIHUM MU
€MHUYHON AUCIIEPCUEN.

[TocnenoparenbHble 3Ha4€HUs y, pa3dpocaHbl ClydaiHbIM 00Opa-
30M 10 00€ CTOPOHBI OT KpHBOH y = f(t).

K coxxanenuto, naxke 3Hasi BUJI KPUBOM U 3HAsl 3aKOH paclpese-
JIEHHs1 OIIMOKH, MH(OPMANKs O 3HAYCHHAX Y ,..., Y, , HE IOMOTaeT B
NPEJICKA3aHUM 3HAYCHUS Y.

OpHoli U3 Mozenel, B KOTOPOi BIMSHHE BPEMEHHOTO MapaMmerpa
MPOSIBIISETCS B CIIyYallHOM COCTaBJISIOLIEH, SIBJISIETCS CTallMOHAPHBIN
CIly4alHbI{ IpoLecc.

IIpumepoM Takoro mpouecca sBIsSeTCs NPOCTEUIINI MpoLecc aB-
TOPETPECCHHM, KOT/Ia MOCIEN0BATENBHOCTD {Y | 3a1aeTCsl CTOXacTUYe-
CKUM PEKYPPEHTHBIM YPAaBHEHUEM IIEPBOIO MOPSAKA BUAA

Y, =Py, Tu,t=2,3,... ()

(ITompobGHee o mporieccax aBToperpeccuu cM. [55, c. 16—19]).

Brnusinue BpeMeHN MOXKET OBITh MPENICTABICHO B 00EUX COCTaBIIsI-
IOLIMX: CUCTEMaTHuecKas cocrapistomas f(t) MoxeT ObITh TPEHAOM
BO BPEMEHH, a CJTy4aiHas COCTABJIAIONIAS U 00pa3yeT CTalMOHAPHbIH
CITy4YaiHbIi Tporecc.

Hanpumep, Bpemennoit psa {f(t)} MoxkeT ckianbiBaThCs U3 JOITO-
BPEMEHHOTO M CE30HHOTO U3MEHEHUI, a KoseOaTebHbIe KOMITOHECHTHI,
o0pasyromue {u,}, MOTYT ObITh OIUCAHBI TPOLECCOM ABTOPETPECCHUH.

Tpenn f(t) MokeT MMeTh BIIONHE OINPENCNEHHYIO CTPYKTYpY H
ONPEAENAThCSI KOHEUHBIM 4YHUCJIOM napaMmeTrpoB. Hampumep, npu
U3yYCHUU MOTPEONICHHUs HACEICHUEM MPOIYKTOB IIOKOJIAJHOW TPyII-
bl BAXKHEHNIIMMU NapaMeTpaMu SIBIISIOTCS: peakiMs Clpoca Ha Hpo-
JTYKTHI HIOKOJaJHOM TPYIIBI MPHU HW3MEHEHUH OOIIEero pacxoma Ha
IyLly HaceleHHs (YCJIOBHO OTPayKaloIIero M3MEHEHHUe J0Xofa), pe-
aJbHOM 1IEHBI HA IOKOJAJHbIE U3/I€NIUS U, HAKOHEL, PEaJIbHOW LIEHbI
Ha TOBap-CyOCTHTYT (3aMEHHUTEIIb C TEMH K€ CBOMNCTBAMHU, HAIIPUMED
KOH(ETHI, TIIa3MPOBAHHBIC IIOKOJIaI0M) [36, ¢. 60].

Ecmm TPEH/ HC OMMMUCBIBACTCA CTOJIb TOYHO, TO JJId €TI0 OLICHUBAHWA
MOYKHO HMCIIONIb30BaTh HeMapaMeTpHUeCKue METOIbl, TaKHe KaK CIiia-
s)kuBanue [53, ¢. 60—76]. Ilogpobuslit mpumep cM. B [36, ¢. 54—68].
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[Ipn MonmennpoBaHMH SKOHOMUYECKHX IPOLECCOB M MPUHATHH
Ha OCHOBE aHaJM3a ATUX MOJEJNIEeH yIPaBIEHYECKUX PELIEHUH KpoMe
aHaJIM3a BPEMEHHBIX PSAJOB HUCHOJIB3YETCSl PErPECCHOHHBIN U KOppe-
JIAMOHHBINA aHAIN3bI, a TAaKXKe NpoBepKa runores [56, mi. 11-13].

Bnpouewm, emé B 30-¢ rr. XX cronetust OOJBIIMHCTBO 3KOHOMHU-
CTOB OTHOCHJIUCh OTPHUIATENbHO K HCIOJIb30BAHHUIO CTATHUCTUYECKUX
METOJI0B B 000CHOBaHUH YIKOHOMUYECKHX TEOPUH, CUUTAsI, YTO IKOHO-
MHUYECKHE TEOPUH HOCAT HEOOPATUMBIH XapakTep.

B 1941 r. nopsexen Tprorese Marnyc Xosensmo (Trugve Magnus
Haavelmo: 1911-1999) B cBoeii mucceprauuu «BeposTHOCTHBIH
MO/IXO/] B SKOHOMETPUU»' MOMBITAJICS COBMECTUTH BEPOSITHOCTHBINA U
MaTEeMaTUKO-CTaTUCTUYECKUN MOAXOABI Ul SMIMPUUYECKON MPOBEp-
KM [TOCTYJIaTOB 3KOHOMHUeckoi Teopun. B 1989 r. Tproree Xosenbmo
nonyuna HobeneBckyro mpemMuio 1mo 3KoHOMHUKe (OyAeM YK Tak ro-
BOPHUTH) «3a CBOM Pa3zbsICHEHHS B OCHOBaX TEOPHUU BEPOSATHOCTEH H
aHaJIN3 OTHOBPEMEHHBIX SKOHOMUUYECKUX CTPYKTYp».

XoBenpMO MOKazaj, YTO €ClU CPOPMYIHPOBaTh TEOPETHUECKUE
MIOJIOKEHNS B TEPMHUHAX TEOPUHU BEPOSITHOCTEH, TO METOABI, MpUMe-
Hs€MbIE€ B MaTeMaTH4eCKOM CTaTHCTUKE, MOTYT HCIOJIb30BaThCs B
TECTUPOBAHUHM IKOHOMHUYECKHX TEOPUI M MPOTHO3UPOBAHUM 3KOHO-
MUYECKHUX MpolieccoB. B 0cHOBE Takoro mojaxoja J€KUT OYEBHIHBIN
MIOCTYJIaT, YTO HYKOHOMUYECKasi TEOPUSI UMEET JIeJIO HE C PELIEHUSIMU
OTAENbHBIX MHIUBUAYYMOB, a C pE3yJIbTaTOM JESATEIbHOCTH U MIPUHSI-

£

Tprozee Xosenvmo Pobepm ®@. Huzn Knaiie I'panoscep

! Ony6aukoBana auccepraunus B Iapapze B 1944 r. [57].
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THEM PELICHUH OOJNBIINM YMCIIOM JIFONEH, JeHCTBYIOIIUX B H3MEHSIIO-
LIMXCS C TEUCHUEM BPEMEHHU YCIOBHSIX [57].

Bepnémcs cHoBa k BpeMeHHBIM psaaMm. B 2003 r. amepukanen
PoGept ®@. Uurn (Robert Fry Engle: 1942) «3a pa3paborky merona
aHaJi3a HKOHOMHYECKHX BPEMEHHBIX PSIOB HAa OCHOBE agmopezpec-
CUOHHOU 2emepockedacmuyeckoll (= peanonaraunei nepeMeHHbIH
pasdpoc) moodenu» nonyums HoOenesckyro mnpemuro. Cama pabota
Obu1a UM omyOnukoBaHa emmé B 1982 1. u mpuMeHeHa K oleHKe HH -
uuu B Coenqunénnom Koponesctse [58].

B tom ke 2003 r. 6puranen Knaiis I'panmxep (Clive Granger: 1934)
3a pa3paboTKy CBOETO Memooa KouHmezpayuu Ajsl aHann3a BpeMeH-
HBIX PSZOB B 9KOHOMHKe Toke monyuus HoGeneBckyro mpemuto. M3-
BECTHO, YTO OOJNBUIMHCTBO MaKPOIKOHOMUYECKHX BPEMEHHBIX PAIOB
HE SIBJISIIOTCSl CTallMOHApHBIMU. [py0o roBOpsi, OHM KOJEOMIOTCS HE
BOKPYT MOCTOSIHHOM BEJWYHMHBI, & BOKPYT BEIHYHHBI, MEHSIOIEHCS
co BpeMeHeM. TeM He MeHee 3a4acTylo 3Ty MEePEeMEHHYIO BETUUYNHY
MOXXHO MPEICTaBUTh KaK JUHEHHYI0 KOMOWHALNIO aCUMIOTOTHYECKH
CTallMOHAPHBIX PsAAOB. M U1 5TUX PSAIOB MPUMEHHMbI METOABI, XOTS
061 TOro ke MHrma. O1oT Metox u Ha3Ban [ pIHmIKep METOJOM KOMH-
Terpauud. MeTtox NpUMEHUM sl JUHAMUYECKUX PAJIOB, B KOTOPBIX
KpPaTKOCPOYHO 3HAYEHUS UCTIBITHIBAIOT 3HAUYUTEIbHBIE KOJICOaHUs, a
JOJNTOCPOYHO — OIpaHMYEHbI SKOHOMHUYECKUM PaBHOBECHEM, HATPH-
Mep JUHaMHUKa KoileOaHWil pyOist Mo OTHOIIEHHIO K eBpo. Pabora
['panmxepa mo3BoOJSIET CTPOUTH O0Jiee AOCTOBEPHBIE TIPOTHO3BI Pa3-
BUTHS SKOHOMUKH [59].

§ 6. Memoowr meopuu uzp

Jia Hagana naguM HECKONBKO OMNpeAeNeHUH. DTH onpeneiaeHus
cnemytor kumkke D.M. Bunkaca [60]. Hepokom HazoBeM TOT 00b-
€KT, KOTOPOMY IPUIIUCHIBAIOTCS BO3MOXKHBIE JEUCTBUSI U UHTEPECHI.
MHoxecTBO UTpOKOB OynieM 0003Hauath yepe3 N. JleiicTBUS 1 UHTe-
pecsl Oyaem mpunuckiBaTh rpynnaM urpokoB KN, K # @, kotopele
OyaeM Ha3bIBaTh Koanuyusamu. Koanunus MOXeT COCTOSITh U U3 Of-
HOI'O UT'POKA.
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Kaxxnas xoanunus K pacmonaraet HEKOTOPHIM MHOXKECTBOM JCH-
CTBHUi X, KOTOpOE Oy/lieM Ha3bIBaTh MHOXKECTBOM CTPATErMi KOaM-
uuu K, a ero anemeHTsl XK e X « — cmpame2usimu Koanuuuu K.

Bynem cuuTarh, 4TO Ka)aas TOMyCTHUMAst KOAIHIINS UMEET XOTsI ObI
onHy crpareruto. (3anuck X, = () o3Ha4aeT, 4To Koanuuus K He Mo-
kKeT ObITh 0Opa3oBaHa.) BeiOop koanwuiumelt 1000W CBOEH cTpareruu
X, € X, OHOBPEMEHHO Oy/IeT O3HA4aTh, YTO KOAIMIIUs 00pa30BaIach.

Hurepece koanuuuu KX, # () 3anmaloTcs B BUAE TPAH3UTUBHOTO
MPEANOYTECHUS HA MHOXKECTBE BCEX UCXO/I0B IPUHUMAEMbBIX PEIICHUI
S. Ilpennourenue OyneM o0O3HauaTh yepes |—K. WunuBunyanbHbie
IPENOYTEHUs OyyT NPENCTABIATLC UX (PYHKIMAMH MOJE3HOCTH f;
Ha S, KOTOpbIE HA3bIBAIOT (YHKYUAMU GbIUSPBIUUA, WIHA TIPOCTO Bbl-
ucpuLIUamu.

Jns xaxoit koanuiuu K u kaxoii e€ crpareruu x* e X, # O Oy-
JIeM CUMTaTh 33JlaHHBIMU MHOXKecTBa S(xX)CS, koTopeie OyayT HaMu
HWHTEPIPETUPOBATHCS KAK MHONCECMBA BO3MONCHBIX UCXOO08 B YCIIO-
BUSX MMPUMEHEHUS CTPATETHH XX,

Ternepb MbI YK€ TOTOBBI, UTOOBI JaTh OMPEISICHUE UIPHI.

HUezpoii Oynem Ha3bpiBaTh HAOOp (KBUHTET):

L'=(N,S (X}, {S )} (b)), (M

rae N — Iporu3BOILHOE MHOXKECTBO UTPOKOB; S — MPOU3BOJIIBHOE MHO-
JKECTBO BCEX MCXOJOB UIPhI; X, — MPOM3BOJIBLHOE MHOXKECTBO CTpa-
teruii koanmuun KcN; S(xX)cS — MHOKeCTBO BO3MOKHBIX HCXO/IOB,
ecnu koanuuus K mpumeHseT crpareruio x© € X, ; |—K— TPaH3UTHBHOE
OTHOIICHHE NMPEANoYTeHUs Koanumuu KN Ha S.

Iapy (K, x*), x* € X, # @ Oynem Ha3pIBaTh YTpo30ii IPOTHB MCXO0/1A
s € 8, ecnn 8” ks (CITOBaMH: 8’ CTPOTO MPEJINOYTUTENBHEE [T KOAIH-
uu K, uem s) i Beex s~ € S(xk)L.

MMapy (O, x9), x¢ € X o 7 O OyneM HaswIBaTh KOMMPYZpO30l HA
yrposy (K, xX), ecmu QNK # @, u st Hekoroporo s’ € S (xX) u s
Beex 87 € S (x9) umeer MecTo s’ 0s’(clIOBaMH: S’ CTPOTO MPEIIO-
YTUTENbHEE JUTsI Koanunun Q, 4em s”).

Veposza nazviBaercs agpghexmusnoil, ecnv Ha He€ HET KOHTPYTPO3.

! LK — OTHOILLICHUC CTpOFOﬁ NpeANOYTUTEIIBHOCTU IJI KOaJIMIUH K (CM. CHOCKY

K §1, m. ;).
41



OnmumansHuLMy TIPUHSITO HA3BIBATh T€ UCXObl UTPHI, POTHB KO-
TOpBIX HEeT 3P PEeKTUBHBIX YIpo3. MHOKECTBO BCEX ONTHUMAJIbHBIX HC-
XOJIOB Ha3bIBAIOT V-pewienuem, Wi IPOCTO peuleHuem Uepbi.

WHbiME criOBaMU, UCXOJ| SBISICTCS ONTUMAIIBHBIM, T.€. MOTEHITH-
AIbHO PeaNusyeMEIM, e HH OfTHA KOANHIIWA HE 3aMHTEPECOBaHa,

" : 9TOOBI UCKIIFOYHUTH €T0 U3 YHCIIa BO3MOXK-
HBIX, WU, JIPYTHMH CJIOBaMU, KaxKJaas Ko-
AWM, KOTOpasi 3aMHTEPECOBaHA B 3TOM,
HE MOKET TOTO C/IeNaTh.

Ocraércs 100aBUTh, UTO IJIs1 O€CKOaIH-
LUOHHBIX WP MOHATHE V-pelieHus coBMa-
JIaeT C TIOHSATHEM PaBHOBECHS, & B YaCTHOM
cllydae aHTarOHMCTUYECKUX Mrp' (Hampu-
Mep, MaTPUYHBIX UTP C HYJICBOH CyMMOH)
— C TIOHSITHEM CEJJIOBOM TOUKH.

Ecnu Ha xoHeWHOM MHOXecTBe (TIyCTb
UX M) CTpaTerHii HEKOTOPOTO HIpoKa 3a-
JaHO HEKOTOpOE paclpeesieHHe Bepo-
ATHOCTEH ¢ , TO BekTop t = (t', ..., t™) Ha-
3BIBAIOT KOMOUHUPOBAHHOU cmpamezueit*
urpoka x. Kak moxaspiBaeT Teopema (hoH
Heiimana-Homa [12, c. 246; 61, c. 70-73],
B KOMOMHHUPOBAHHBIX CTpaTervsiX BCeraa
CYIIECTBYET TOUKA PAaBHOBECHSI.

B 2005 r. HOOeieBckuMHU J1aypeara-
MU (TI0 SKOHOMHKE) CTalld H3paujIbTs-
uuH PobGept Ayman (Yisrael Robert John
Aumann: 1930)° u amepukanernr Tomac
WMenmuar (Thomas Crombie Schelling:

Tomac Illennunz

! Iycrs X, Y — MHOMKeCTBa cTpateruii urpoxos 1 u 2. Ilycts f — GyHKuus BEI-
urpsima urpoka 1 (mpourpsima urpoka 2). IlycTe MCXOAAMU HIPBI SBISOTCS BbI-
urpsiiy urpoka 1: £ (x, y), rue x € X, y € Y. Iapa (x’, y°) HasbIBactcst cednogot
mourot, eciu f (X, y°) < f (x% y°) < f(x°,y) wis Bcex x € X,y € Y. IIpu atom umcio
f(x", y°) Ha3bIBAIOT 3HAUEHUEM AHTATOHUCTHYCCKOM UIPBL.

2 KoMOMHUpOBaHHAsI CTPATETHsl €CTh JIMHEIHAs KOMOUHALIUS TPOCTBIX CTPATEI Uit
puna (0, ..., 1,0, ..., 0), rne 1 mpoberaer mecta ot 1 10 m-ro.

3V P. Aymana Ha BOiHE Ooru0 eJIMHCTBEHHbIN ChIH.
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Hocon Xapcanovu | ‘ Paitnxapo 3envmen

1921), narpaxaéHHble «3a yIIyONeHHE Hallero MOHUMaHUs CyTH
KOH(JIMKTa ¥ COTPYIHHUYECTBA MTyTEM aHaJIu3a TEOPHH UTP». ITO Ha-
rpaxJeHue ObLIIO HECKOIBKO 3amo3faibiM (Ha 30 ¢ JIMITHUM JIeT)
MIPU3HAHUEM POJIM TEOPUU UT'P B NPUHATHUU PELICHUH B YCIOBHSIX
HEONpeaeaEHHOCTH, BaYKHBIM HE TOJIBKO JUIsl BOCHHBIX (HE CITyJaii-
HO HOOeneBcKast ekuusi P. Aymana Ha3biBanach «BoitHa u Mup»),
HO B TNIEPBYIO OYepe/ib B U3yUYCHUHW UMEHHO DKOHOMHYECKHX IPO-
meccoB [62; 63].

Pasymeercsl, «IpOHUKHOBEHHE» TECOPHUH WUIP B SKOHOMHUKY aK-
THBHO HAuajoch emie B cepeaquHe XX B. JlocTaTo4HO BCIIOMHHUTH
paboThl HOOeneBckux JjaypeatoB 1994 r. JI)xona (Snoma) Xapca-
won (John Charles Harsanyi: 1920-2000)", JI»x. Homa (John Forbes

! STnom Xapcanbu poxuiics B 1920 r. B eBpeiickoii cembe B bynanerire, npuHss-
meit emé B 1919 r. katonudyectBo. Bo Bpems Bropoil MupoBoil BOHBI OH OKOHYMII
Bynanemrckuii yHuBepcureT 1o crenuansHocty «®apmanesrukay. Karonuuecrso
poauTeneil He CIacio ChlHA OT OTIPABKM B KOHLEHTPALMOHHBIN Jarepb, HO €My
ynanock 6exartb. [locie BoiiHbI (1947) OH 3aIUINACT TUCCEPTAIMIO MO CONUOIOTUU
B bynanemrckom yHusepcurere. B 1950 r. oH BMecTe ¢ poAUTEIsIMU U HEBECTOH
OeXUT U3 CTpaHbl B ABCTPHIO, OTTYa B ABCTpainio. TaM OH MeHsleT CBOE UMs Ha
JlxoH. B ABcTpanuu He NPU3HAIOT €ro AWIUIOM, U €My NpHUXOJuTCst THEM 3apada-
THIBATh HA JKU3Hb, a BeuepoM yuutbcs B Cupneiickom yHusepcurere. Hakonew, B
1953 r. Xapcanbu noayvaeT auruioM Marucrtpa. B 1956 r. Xapcanbu ezner Ha J1Ba
roga B CIIIA B Crouopackuil yHHBEPCUTET U3y4aTh YKOHOMHKY, Hoiry4daeT Pok-
(emepoBckyto crunenanio. B 1959 r. oH 3amummaer JOKTOPCKYIO HCCEPTALHIO
10 DKOHOMHUKE, a €ro >keHa AHHA — MaruCTEpPCKyI AUCCEPTALUIO 10 IICUXOJIOIHH.
ITo Bo3BpameHnn B ABCTpaiMI0 OH HEKOTOpoe BpeMsi padoraer B HaruonaisHOM
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Nash, Jr.: 1928)! u Paiinxapzaa 3ensrena (Reinhard Selten : 1930)?
[0 aHaJIM3y U BBIOOPY PaBHOBECHUS B TEOPHUU HEKOOIIEPATUBHBIX
urp [64—66].

yHuBepcutere B Kanbeppe. Hakonern, npu nognepxkke Oymymux saypearos Hobe-
JIeBCKOW mpemun 1m0 SKoHoMHKe (1972 u 1981 r., COOTBETCTBEHHO) aMEPUKAHCKHX
sxonomucToB Kennera Dppoy (Kennet Joseph Arrow: 1921) u [lxeiimca ToOuHa
(James Tobin: 1918-2002), nepeesxaer B CIIA, rue ¢ 1964 r. nperogaér B yHu-
Bepcurere bepxin (Kammdopuus). 3neck on 3annmaercs: 6aiieCOBCKUMH UIpaMu |
Teopuell paBHOBECHUS B HEKOONEepaTUBHbIX Urpax. YMmep Xapcansu B 2000 r. B Kanu-
(OpHUH OT CepIeTHOTO IPHUCTYIIA.

! Jlixon Haw popmics B 1928 1. B cTporoii nporectanTckoil cembe. Ilocie mko-
abl noctynui B Ilonurexnuueckuit uactutyT Kapheru, rae cityman Kype XUMUH,
MEXXyHapOJHOI S)KOHOMUKH, HO OCTaHOBUIICS Ha MaTeMmaTHke. Ilo okoHUaHMM UH-
cruryTa (1947), mony4nB QUIUIOMBI OakaiaBpa W Marucrpa, IPOJODKHI ydeOy B
IIpuHCTOHCKOM yHUBEpCUTETE, Iie CTall 3aHUMaThCcs Teopueil urp. B 1949 r. Ham
3aIIUTIII JTOKTOPCKYIO JMCCEPTAIHIO 10J pykoBoacTBoM AusbOepra Takepa (Albert
William Tucker: 1905-1995). ®axruuecku 3a 3Ty AUCCEPTALMIO, a TAKXKE 32 PAOOTHI
1950-1953 IT., B KOTOPHIX OH HCCIEIyeT PABHOBECHE HEKOONEPATHBHBIX HIp, KaK
Terepb TOBOPAIT, paBHOBecHe 1o Homry [64], o u momyumi B 1994 r. HobGeneBckyro
IIPEMHIO 110 PKOHOMUKe. VIHTepecHo, 4To B CBOMX paboTax Havana 50-x rr. B Macca-
gyceTckoM TexHojormueckoM uHcTuTyTe (MTU) Hom obocHOBBIBaeT uncro mare-
MATHUECKH TEOPHIO mpubaBouHoii crommoctu K. Mapkca (Karl Marks: 1818-1873),
YTO B yCIOBUSX MAaKKapTUCTCKOM «OXOTbI Ha BeibM» He mpouuio At Hoama napom.
Ero nomemarot (1959) B ncuxuaTpu4ecKkylo KIMHUKY, TOCTaBUB JHATHO3 MU30(pe-
Hust. Bening w3 6onpHUIEL, Hom meitancs ykpeiThest B EBpore, HO o paBiieHneM
CILIA ero nenopTupoBaid Ha POAMHY, IJi¢ BHOBb IIOMECTUIU B IICUXHATPUUECKYIO
xiuHUKy. Homr o 2000 r. BEmT moctaToyHO 3aMKHYTHIH 00pa3 sku3HH. OTCTymmia
1 Gosie3sHs? Mbl He 3HaeM, oxHako B 2008 r. Bo Bpems koH(pepeHyn B Bricieit
mkoJie MeHekMeHTa Cankr-IleTepOyprckoro yHuBepcuTeTa, e OH BBICTYIIAN, HU-
KaKuXx cienoB 6one3Hu He Habmronanock. [lnpoyaiinryto n3sectaocts Homry npunéce
¢mnsMm 2011 r. Pona XoBapna «Mrpsl pasymay 1o MOTHBaM KHUTH Ipodeccopa dKo-
nomuku CunbBun Hazap, onucamiei ouorpaduro Hama.

2 Paiiuxapz 3enbred poaumicst B 1930 r. B bpecnay (HbiHe Bpoiyias) B cembe eB-
peiickoro KHUroToproBuna. MaTb, HEMKa-IIPOTECTAHTKa, Iocie cMepTH oTua (1942)
cama BocnuTbiBana Tpoux aereid. B 1957 r. P. 3enbren nomywaer numiom ®dpask-
¢dyprckoro (Ha MaiiHe) yHUBEpCHUTETa, a YEThIPE Iofia CIyCTs 3allMINAeT TaM JOK-
TOPCKYI0 muccepranuio. B 1968 r. 3amumaer XxaOWIUTAUIO (aHAIOT POCCUHCKON
JOKTOpPCKOM nmucceprammu). B 1984 r. P. 3enbrena npuriamatot B BoHHCKUHN yHE-
BEPCHTET, I/Ie OH U paboTaeT 0 BBHIXOAA Ha IeHcHIo. Teopueil urp 3enbTeH yBIeKCs
noxa BiusHueM npodeccopa Xaitnua 3ayepmanna (Heinz Sauermann: 1905-1981),
CTaBILIEro Hay4YHbIM PyKOBOAUTENEM ero aucceprauuu 1961 r. ITosxke oHu BMecTe ¢
P. 3esibTeHOM SBUIKUCH OCHOBATEISIMU 3KCIIEPUMEHTAIHOIO MCCIIEA0BaHUS DKOHO-
muku ['epmanuu.
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YACTbH 1T

HEOKJIACCHYECKHE METO/bI

§ 7. Memoowsl onmumusayuu ¢ UCHONb308AHUEM TUHEHHO20
U HETUHEIHO020 NPOZPAMMUPOBANUSL

UenoBeyecTBO ¢ JaBHUX IOpP CTOUT Mepesd MpoOIeMOoil HEXBATKH
pecypcoB. B mycTBIHSX 3TO HexXBaTKa BOJBI, B TyHIpE — HEXBaTKa
TIPOOBOILCTBHS U T.1. ONTUMHU3AIUS PACXOAOB NPHU TUIAHUPOBAHHUH
ITOCTaBKM TOBApOB, ONITUMHU3AIUS Pe3ylbTara padoThl MPH Ha3Hade-

— HUU Ha JIOJDKHOCTH C YYE€TOM ITPOM3BO-
JTUTEITFHOCTH TpyAa Ha3HAa4aeMbIX JIUIL
U T.J. — BCE 3TO TPUMEPHI ONITUMHU3AITUT
pecypcoB, KOTOpasi HACUUTHIBAET, BEPO-
ATHO, HE OAHO cronerne. dakTuyeckn
OHY W3 TEPBBIX 3a7ad ONTHMHU3AIUN
npunuceBaroT ['acapy Momxy (Monge
Gaspard: 1746—1818), kotoperii B 1781 1.
MTOCTABHJI 3aJ1ady TepeHoca 3eMIu ¢ Ofl-
HOM MOBEPXHOCTH Ha IPYTYIO TAaKUM 00-
pa3oM, 4TOObI CTOMMOCTBH TPaHCIOPTH-
pPOBKHM ObIJTa HAMMEHBITIEH [67].

3agaga Momka — 3TO NMpUMEp TPAHCIOPTHOM 3a7madd, KOTOPOU
3anuManuchk U [lons Anmens (1928)' (Paul Appel: 1855-1930), u
®ponk Xuukok (1941)* (Frank Lauren Hitchcock: 1875-1957), u
JI.B. KanropoBuu (1942)%, a Takxke Oosbliiasi rpymia aMepHKaHCKHX

Tacnap Monokc

! Appell P. Le probléme géometrique des déblais et remblais / Mém. des Sciences
Math., 27. Paris: Gauthier-Villar, éd, 1928.

% Hitchcock F.L. The distribution of a product from several sources to numerous
localities // MIT J. Math. and Phys., 20, (1941). p. 224-230. Cpenut TeX, KTO 3aIUTHI O]
PYKOBOICTBOM XHUYKOKA JIOKTOPCKYIO JIACCEPTALUIO, MOKHO BBIJICIUTD OJJHOTO U3 ITHO-
HEPOB KOMIIbIOTepHOIt Texuuki, Kiona Illennona (Claude Shannon: 1916-2001) [51].

3 Kanroposna JIB. O nepemewenuu macc // JAH CCCP. 37 Ne 78,(1942).
C. 227-230; Kanroposuu JI.B. O6 00noii npooreme Mownoca // YMH, 3. Bei. 2(24),
1948. C. 225-226; Kantoposuu JI.B., T'apypun M.K. Ilpumenenue mamemamue-
CKUX Memo0os 6 onpocax ananusa epyzonomoxog // [Ipodnemsr mossiieHus 3G dek-
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MaTEeMaTHUKOB, 3aHMMABIIAsICSl 00ECIIEUeHUEM MTOCTABOK (MEXKIy KOH-
TUHEHTaMH) TIpU OTKPBITHH B 1944 1. BTOporo ¢gponTa. B ux yncne ot-
metuM Thsmuara Kynmanca (Koopmans Tjalling: 1910-1985)' [12,
c. 250-251, 301].

A mexay TeM B CCCP yxe B 1938 . ObIIO TONyY€HO pelIeHUe
poOIeMbl ONITUMU3ALIH B YCIOBHUAX OTPaHUUEHHOCTH PECYPCOB LIS
JOCTaTOYHO IIUPOKOTro Kiacca 3anad. [Ipu 3ToM moa riaBHeIM Oorart-
CTBOM JII000#i CTpaHbl «IIOHUMAJIOCh HAJTHYHE PEHTOHECYIUX (haKTo-
POB. A PEHTOHECYIIUMH (PaKTOPAMHU SIBIISIOTCS HE TOJIBKO ypOrKaiHbIe
3eMJIM, HO M JIt000# orpaHuyeHHBId (QakTop», Oynb 3TO HEPTH WMIH
yudeHsle [68, c. 166].

Bot kak 00 uctopuun pemieHus mpodiaeMbl ONTUMHU3ALUHN B yCIIO-
BUSIX OTPaHUYEHHOCTH pecypcoB nuier aBTop pemenus JI.B. Kan-
TopoBry’: «B 1938 r. B mopsinke Hay4HOW KOHCYJBTAlMM O 3aja-

THBHOCTH PabOTHI TpaHcmopra: cbopuuk. M.: M3x. AH CCCP, 1949. C. 110-138.
Ocraércest 100aBUTh, YTO MOCIEAHsS paboTa JOKJIabIBaIach aBTOpaMU eIlE B THBape
1941 r. na maremaruueckoii cexuuu Jlenunrpaackoro Jloma yuyensix [68, c. 56].

! Koopmans T.C., Reiter S. 4 model of Transportation. 1951 [70, c. 222-259].

2 Jleonunn Buranbesuu Kanrtoposuu pommics B 1912 r. B IlerepOypre B cembe
M3BECTHOT0 Bpava-BeHeposiora Buramus MouceeBnuya Kanroposuua (1855-1922).
B 1926 r. Jleonun noctynun B JICHUHIpaACKull yHUBEPCUTET HA MaTeMaTHYECKUI
(axyspTeT, Oyaydl CaMbIM MOJIOABIM CTYyZASHTOM. Yke B 1929 r. mosBHINCH ero
HayuHble cTathi B [lonbue, Bo @panuuu u B CCCP. Ilo oxoHYaHUM yHUBEpCUTE-
ta B 1930 r. JI.B. KanTopoBuu HaumnaeT npenonaBate. B 1934 r. o npodeccop,
TOJl CITyCTS — JIOKTOp Hayk 0e3 3ammuThl auccepranud. [lo 1938 r. HaydHble TPyABI
KanropoBuya cBsI3aHBI B IEPBYIO O4Yepelb C Pa3BUTHEM (YHKIMOHAILHOTO aHAIN3A.
He ciyuaiino uepe3 20 sier B 1959 r. mosButcst 3Hamenuras MoHorpapust «PyHk-
LIMOHAJIbHBII aHAJIN3 B HOPMUPOBAHHBIX [IPOCTPAHCTBAX», HAIIMCAHHASL COBMECTHO C
yuenukoM KauToposuua, [neGom [Tapnosmuem AxunossiM (1921-1986). B 1939 r.
JI.B. KanTopoBnd cornanraercst BO3IIIaBUTH Kadeapy B BoeHHOM HHIKEHEpHO-TEXHU-
4yeckoM yumimiie. Bo Bpems Griokanst JIeHuHrpasa yqumiie OblJIo 9BaKyHpPOBAHO B
Spocnasis. [Tpu sBakyarmu noru6 9-mecstansiii ceiH Kanroposuua. B mocieBoenHoe
Bpems JI.B. KanropoBuu coBmemaer npenogasanue B JII'Y, BUTY (o 1948 r.) ¢
pa6otoit B JIOMU n yuactuem (c mronst 1948 r.) B aromuom mpoekre [S1, c. 56]. B
1960 r. mepee3n B HoBocubupck (no 1971 r.), Haydnas paboTa U npenojaBarellb-
ckast iesitesibHoCTh B HoBocnOupekom yHusepeurere U B Cubupckom otaenennn AH
CCCP. 3atem BHOBB Iiepees], Tenepb yxxe B MockBy: pabora B MHcTHTyTE yripas-
JICHUSI HapOoJHBIM X03stiicTBOM (1971-1976), IHCTUTYTE CHCTEMHBIX HCCIIeIOBAHUIT
TlNocrmana CCCP (1976-1986). Mmenno B Mockse JI.B Kantoposuua 3actaer BecTh
o npucyxaennn emy (Bmecte ¢ T. Kynvancom) B 1975 r. HoGeneBckoli ipemMus 1o
SKOHOMHUKE «32a BKJIaJ] B TEOPUIO ONTUMAIILHOIO PACIIPECICHUS PECYPCOBY.
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HUIO  (aHEepHOTO TpecTa MHOW  ObLIO
NPEANPHUHATO U3yYSHHE YHCTO MPAKTHYECKON
3aJa4d — BbIOOpa HaWIydlleld NPOU3BOI-
CTBEHHOW MPOTrpamMMbl 3arpy3KH TPYIHIIbI JIy-
HMIMJIBHBIX CTaHKOB. Torna ske cTano sicHO, 4To
9Ta 3aJa4ya He CllydaifHasi, M30JIMPOBaHHAs, a
ABJISIETCS TUITMYHBIM TPEICTaBUTENIEM HOBO-
ro, He MCCIEJOBAaHHOTO emé Kiacca 3aaad, K
KOTOPBIM MPHUBOIAT Pa3jInUHbIe BOMPOCHI Ha-
XOXKIECHHUSI HAWIyYIlero MpOU3BOACTBEHHOTO
wiana» [69, c. 8].0 pemienun 3Toit U Oonee
JI.B. Kanmopoeuu obrmreit 3amaun’ JI.B. KaHTOpOBHY MONOKHUIT

Ha OkTs10prcKoit ceccun 1938 1. [lemaroruue-
ckoro nHcTUTyTa M. A.W. I'epuena, rae oH cran paboTaTh MO COBMe-
CTUTEJBCTBY Ha Kadenpe maremaruyeckoro ananusa’. [1o cymectsy,
B 9TOM paboTe onuchIBaeTCs cumiuiekc-meros. B suBape 1939 . JI.B.
KanTopoBuuy ymaércst mocTpouTh YIOOHBIH adrOpuT™ (Tak Ha3bIBae-
MBI/ METOJI pa3pellaronX MHOKUTEJIEH), TO3BOJISBILUI periaTh 3a-
Jady Aaxe BPYYHYH®. DTO OTKPBUIO JOPOTY Ul M3JaHUs B TOM K€

! NMoxunax JI.B. KantopoBuua HasbiBajcs « O HEKOMOPbIX MAMEMAMUHECKUX Npo-
O1emax S9KOHOMUKU NPOMBIUIEHHOCU, CENbCKO20 X03Aticmea i mpancnopmay. O1y-
01MKOBaH BIEpBBIE (0€3 IBYX CTpaHUIl, HAlICHHBIX MO3HEE) B COOPHUKE HayYHBIX
TpyznoB Boponexckoro ynusepcutera, nocssueHsoM namsartu JI.B. Kantoposuua:
DKOHOMHKO-MaTeMaTHUECKHE MOJIENN 1 MeTobI. Boponesxk, 1989. C. 13-18.

2 3aBeayrommuM kadeapoit ¢ 1937 r. cran yuurens JI.B. Kanroposuua I'puropuii
MuxaitnoBuu ®@uxrerromnbir (1888—1959).

> Mexny Oktsa0pbekoii ceccueit 1938 r. u stuBapém 1939 r. GbL1 ApamMaTHyecKuii
nepuog. Mo JI.B. KantopoBuua nomum ciiyXu o ero ckopom apecre. B crpane ma-
pui «OOJIBIION TEppop», WM, KaK €ro Ha3BajIM IO3KeE, «eKOBIIMHAY. 1 Torma ero
crapiuuii 6par, Hukonait Buransesua Kanroposuu (1901-1969), B 1938 r. crapmmit
JIOLCHTOM U 3aBEAYIOLIUM ICUXHATPUUYECKUM OTAesneHHeM 3-ro JleHuHrpaiackoro
MEJIMIUHCKOT0 HHCTHTYTA, PEUIOKHI OpaTy jedb K HeMy B KIMHHUKY. CoOBITHS B
CTpaHe Pa3BUBAIHUCH CTpeMHUTENbHO: 25 Hos0pst 1938 r. H.M. ExoB Obu1 0CcBOOOXK-
IEH OT 00s3aHHOCTeH HapkoMa MUHHCTepCTBA BHYTPEHHHX JeT, a 9 nekadps Ha oTy
nospkHocTh HazHaveH JLII. Bepus. B koHie nexaOpst MOSBUIINCH IIEepBBIE OCBOOOXK-
JICHHBIC U3 Jlarepel, u Torna JI.B. KantopoBud Bbliies u3 OOJNBHUIBL. 3-i MEIUIIH-
CKHUIf HHCTUTYT BCKOpE OBbLI Mpeobpa3oBaH B BoeHHO-MOPCKYI0 MEMIIMHCKYIO aKa-
JeMuto, opar ke B 1944 r. ObUT MOCaH ISl «YKPEIUICHHS KaJpOB» B MEAMIIUHCKUN
nHCTHTYT T. PpyH3e (HbIHe buIkek), rye cTan He TOJBKO 3aBelyIoIuM Kadeapoi
TICUXHUATPHH, HO ¥ YUYCHBIM C MUPOBBIM HMeHeM. [lomomnts Opara npuroauiacs Jleo-
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1939 1. B JleHuHrpaackom yHHBEpPCHUTETE
KHHUTH «MareMaTuyecKkre MeTo/Ibl OpraHu-
3alMM M TUIAHUPOBAHMS TPOU3BOJICTBAY',
B KOTOpPOH OBLI OMHMCaH IMIUPOKUH Kpyr
3a/lau: «pa3MeleHne MPOU3BOJACTBA, pac-
npeaeneHne paboT, palMOHANBHBIA pac-
KpOMi, HEKOTOpbIE TPAHCIIOPTHBIE 33a]a4 U
T.J., TO €CTh IPaKTUUECKH BECh KPYT 3a/1a4
JMHEWHOTo NMPOrpaMMUPOBAHUS HA HU30-
BOM ypoBHe» [68, c. 59].
' B ueMm xe uaes JIMHEHHOIO Nporpam-
Tosannunz Kynmanc MHPOBaHHA, @ KOHKPCTHO, CUMILJICKC-MC-
Toma?

Urak, Bo-niepBbIX, orpanndenus. Ilycts ux Oyzer m. Bce orpa-
HUYEHUs OIMCBIBAIOTCS KakK JIMHEHHblEe ypaBHEHHUs (WIM HEpaBeH-
CTBa N MEPEMEHHBIX). [ eOMeTprUecKr — 3TO THIEPIUIOCKOCTH. (st
HaMISAHOCTH OyZeM CUMTaTh, YTO BCE M HEPaBEHCTB B TPEXMEPHOM
MIPOCTPAHCTBE OIPAaHNYMBAIOT MHOTOTPAaHHMK X, BCE KOOPAMHATHI KO-
TOPOTO MOJOKUTEIBHBI. )

Bo-Bropeix, Gynknus f, koTopas 3anana Ha X (00bryHO X Ha3bIBa-
IOT MHOKECTBOM JIOMYCTUMBIX IUIAHOB), Yel MakCUMyM U MUHHUMYM
WIIETCS B 3a/1aue, TOXe JUHEHHas1. DTy (GYHKIHUIO MPUHATO Ha3bIBaTh
yenesoll.

Paccmorpum ypasrenue f(x, X,, x,) = 0. D10 ypaBHEeHHE 3a/1a€T
THIEPIUIOCKOCTD, TPOXOJAINYIO Yepe3 Hayaslo koopauHar. byaem aBu-
rath 3Ty THIIEPIUIOCKOCTh MapajulelbHO cede A0 TeX IMOop, MoKa OHa
HE KOCHeTcs MHororpanHuka. Ilpu stom, mo kpaiiHeil mepe, omHa
U3 TOYEK KacaHus OymeT BepluMHON Y MHOrorpanHuka. Eciu mpo-
JOJDKUTD JBIDKEHHE, TO OyIeT U Jpyrasi TouKa, B KOTOPOH THIEPILIO-
CKOCTb MOKHMHET MHOTOTpaHHMK. be3 HapylieHns oOIHOCTH MOKHO
CYMTATh, YTO ITO TOKE BEpUIMHA MHOrorpaHuuka. Hasosém e€ Y .
O0Ge ToukuY ;, Y|, B KOTOPBIX LieeBast PyHKIKs JOCTUTAET MUHUMY-
Ma ¥ MaKCUMyMa, U OyAyT mouKkamy onmumyma Halen 3a1aqu, XoTsl,

Huy BuranseBuuy emé pas B Hauane 60-x rr. B HoBocnOupcke: OH BBITAIINII €T0 U3
MECTHOM «IICUXYILIKH», KyJla y4€HOI'0 OTIIPABUIIU 110 IOHOCY.

! Tlepeneuarano B cOopHuke: [IpuMeHEHHE MaTeMaTHKU B SKOHOMHUYECKHX HC-
craeoBaHuax. M.: Corpkrus,1959.
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BO3MOJKHO, U HE €IUHCTBEHHBIMHU. J{JIs1 UX HAXOXKICHHS B CUMILIEKC-
METOJIe IepEeXOAsT OT BEPIUMHBI K BEPIIMHE MHOTOIPaHHUKA (MM CO-
OTBETCTBYIOT TaK Ha3bIBa€MbIC OTMOPHBIC IUIAHBI) MO HANPaBICHHIO
TOYKH (TOYEK) onTumyma [69].

BepuéMmcsi K NpPOJOIDKEHHIO HCTOPHM JIMHEWHOTO MPOrpaMMu-
poBanus. B urone 1947 r. B Ilentarone nosBunca npoexkt SCOOP
(Scientific Computation of Optimal Programs) — pa3Butusi 1MHEHHOTO
1 MaTeMaTuuyeckoro mporpammupoBanud. C Mapta 1948 r. atum npo-
eKTOM (DaKTHUECKH PYKOBOIMIN SKoHOMHUCT Mapmain Byx (Marshall
Wood), maremaruk J[[xopmk Janmur (George Bernard Dantzig:
1914-2005) u Begyuuii cuenuairucT o BOCHHOM Jloructuke Meppeit
leiicnep (Murray Aaron Geisler: 1917—-1985), nony4uunBiine BaXHbIE
MPUIOKEHHUS K DKOHOMHKE, CTATUCTHKE, ONEPAllMOHHOMY HCUHUCIIe-
HUIO U K KOMIIBIOTEPHBIM HayKaM. MIToru ux padoTsl ObUIN MOABEICHBI
B Marepuanax KoHpepeHuuu, onmyonukoBanueix B 1951 . [70, uzna-
tenb T. Kynmanc']. (Kcratu, iMeHHO Ha 3TOl KOH(EpEeHIUH B ABYX
pabotax, coorBercTBeHHO PoGepra [lopdmana® (Robert Dorfman:
1916-2002) u Jxopmxa [danumra®, yxe BCTpedaeM Ha3BaHHE CUM-
naekc-wemoo. Ilpunaanexur 3to Hazanue J[xopmky Januury*. Ha

! Tesuutunar Yapns3 Kynmanc pommiics B 1910 r. 8 Ceseproii Nomnanguu. B
1930 r. mocTynui B yHUBEpCUTET B YTpexTe, I/ie u3ydan maremaruky. B 1933 r. exer
B AMcTepaam, 4ToObI IPOJOIDKUTE yueOy, HO Tenephb yxe SKoHoMHKH. B 1936 r. o-
JlydaeT CTeleHb JOKTOpa 0 SKOHOMUKE yHHUBepcuTera B JlelineHe 3a quccepraiuio
10 PErpecCHOHHOMY aHaM3y IKOHOMUYECKUX psiioB. B 1940 r. nepeesxaet B CLLA,
rie pabotaer Ha npaButTenbcTBo CIIA, 3aHnMasCh poOIeMol ONTUMANBHBIX IIepe-
BO30K MEXkJly KOHTHHeHTaMu. B 1946 r. noiryuaer amepukaHcKkoe rpa)JaHCTBO, a C
1948 r. Bo3rnasisier Komuccuro Cowles, HEKOMMEPUECKYO OpPraHU3aIHIo MO U3yde-
HUIO DKOHOMUKH, CBSI3aHHYIO ¢ UHMKarckuM yHUBEPCUTETOM, ¢ KOTOPOH OH COTpYyA-
HUYaJ BO BpeMs BOHEL, 110 mepeesna B 1955 r. B Men. Anamus paGor T. Kynmanca
[I0Ka3bIBACT, YTO OH HE OTHOCUTCS K YHMCILY CO3/aTelIel JIMHEHHOrO IpOrpaMMHUpOBa-
HUS1, HO OCCCIIOPHO MHOTO CJICJIAN JUIS €ro MOMyJIspr3auui 1 BHeApeHus. B 1975 r.
T. Kynmanc nomyunn HoGenesckyto npemuro 1o skonomuke (Bmecre ¢ JI.B. Kanto-
poBuuem) [74].

2 Dorfman R. Application of the Simplex Method to game Theory Problem. (Cm.
[70, p. 348-358]).

3 Dantzig G.B. dpplication of the Simplex Method to a Transportation Problem.
(Cm. [70, p. 359-373]).

4 xopmx Hanuur poawics B 1914 r. B r. ITopienzae (wrar Operod) B ceMbe
BbixosueB u3 Poccuiickoit Mmmnepun. Oren, Tobuac [aHuur, ObUT MaTeMaTHKOM,
Math, AHHa YpucoH, ¢uionorom. [Tocie nepeesna B Havane 20-x rr. B Bammnrrow,
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9TOM Ke KOH(EepEeHIIUU B ABYX JIOKJIa/axX, coorBeTcTBeHHO /1. [eiina,
I'. Kyna, A. Takkepa' u BoBb J[)k. [laHura®, Obl1a moka3aHa CBsI3b
JIMHEMHOTO MPOrpPaMMHUPOBAHUS U TEOPUH HTP.

C 1952 1. mpoexktom SCOOP cran pyrxoBoauts Con I'acc (Saul
Gass: 1926), cein Beixoaues u3 Poccuiickoil nmnepuu, Betepan Bro-
poii MupoBoii BoiHbI [51, c. 279-280]. B 1958 1. BBIXOAUT ero 3Hame-
HuTas kHWUra «JIuneitHoe mporpamMmMupoBanue» [71], nepeBenéHHas
yxke B 1961 1. Ha pycckuii si3pik. He MeHee BakHbIM OBLIO 3HAKOM-
CTBO MaTreMaTHYecKoro Mupa ¢ paboramu mkonsl JI.B. Kantoposuua
Onaronaps Oubnuorpadun Ha AaHITUHCKOM SI3bIKE, BBITYILIEHHON B TOM
xe 1958 1. Comom ['accom u Bepoit Paiin (Vera Rilay) [72]. Cpe-
I YIOMSIHYTBIX B 3TOM OnOnuorpaduu paboT OTMETUM COBMECTHYIO
(1951) pabdoty [73] JI.B. KantopoBuua ¢ Torna emé MiaimM Hayd-
HeIM coTpyanukoMm JIOMU, Beimyckuukom (1948) maremaruko-me-
xaHudeckoro ¢akynprera JII'Y B.A. 3anramiepom (p. 1920)°, nomsi-

oTel CTall IIPEeNnoJaBaTh B MIpUIEHAICKOM YHUBEPCUTETE, a MaTh CTajda JMHIBUCTOM
B bubmoreke Konrpecca. C nercrBa Jopmk ObUI OKpPYKEH KHHT'AMH U YBIICUCH
MaremaTHKoi. CrereHb 6akanaBpa MaTeMaTHKH U Gu3uKku MapHICHAICKOTO YHUBED-
cuTeTa OH monyuma B 1936 r. JIa roma CIycTs — CTENCHb MATHCTPA MATEMATHKH
Muunranckoro ynusepcurera. Pa6ora B bropo tpynoBoit craructuku B Munucrep-
CTBE TpyJa He JaBaja ynoBICTBOpeHUs, U JIxopax craHOBUTCS HoKkTOpaHTOM Ka-
mudopHuiickoro ynusepcurera B bepkim. 31eck OH H3ydyaeT CTaTUCTHUKY IO PyKO-
BojctBoM Exxn Helimana. Ho Haunnaercst BoitHa, n J[Kopk Oeper akaaeMHdecKui
ornyck. Ciayxut B CratucruyeckoM ynpasieHun BBC CILA. B 1946 r. Bo3spauia-
erca B bepkiu u B TOM ke rogy 3aluiaer JOKTOPCKYo auccepranuto. CoxpaHuB
cBs3b ¢ YnpasienueM uccuegosanuit BBC CIIA, ¢ 1948 r. Bmecte ¢ M. Bynom u M.
T'eiicnepom pykoBoaut npoekrom SCOOP, B paMkax KOTOPOro U CO31aET CUMILIEKC-
metoa. C 1952 r. lanuur nepexoaut B RAND Corporation. B 1966 r. nepexoaut B
CroHdopACKUI YHUBEPCUTET Ha JIOJDKHOCTH IIpodeccopa, 0cTaBasch Ha 3TOM JIOIIK-
HOCTH J10 yXoja Ha nencuto B 1985 r. B 1974 r. JI. Jlanuura HarpaxJaatoT nepBoit B
ncropun npemueid um. JLx. pon Helimana. B 1976 r. on nomygyaer Hanponansayro
HayuHyto Mepans CIIA [75].

! Gale D., Kuhn H.W., Tucker W. Linear Programming and the Theory of Games.
(Cm. [70, p.317-329)).

2 Dantzig G.B. 4 Proof of the Equivalence of the Programming Problem and the
Game Problem. [70, p.330-338].

* Buktop AGpamoBny 3airajuiep MOCTYNHI Ha MaTeMaTHKO-MeXaHH4eckuii da-
kynbret JII'Y emé B 1937 r. B 1941 r. nomien 100poBobLeM B HApOIHOE OMOJTYC-
nue JlennHrpasa. 3akoH4nn BoliHy Ha Dib0Oe. HarpaskieH opieHaMu U MeAasiMH
3a xpabpocth 1 orBary. OH cTaj N3BECTHBIM T'€OMETPOM, JOKTOPOM (hU3MKO-Mate-
MaTHYECKHUX HayK, MpodeccopoM, yHHUKaJIbHBIM Y4eHbIM-Tiefarorom. B 1966 r. Ha
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ToxuBIIYI0 padoTsl JI.B. KantopoBuya mo ontumManbHOMY pacKporo
MPOMBIIIICHHBIX MaTepUaoB’.

MBI paccMOTpenu Ciiy4yall HaxOxKIE€HUs ONITUMyMa JUIsl TUHEHHOU
LesieBol (PYHKLMU TP JIMHEHHBIX Jke orpaHuueHusx. Ecnu xe nubo
uesieBast GyHKUMsI, TMOO OrpaHMYECHHUS! BBIPAKAIOTCS HETHMHEHHBIMH
¢yHKIusIMH (TUOO TO U IPyroe OAHOBPEMEHHO), TO TOBOPSIT O 3ajade
HENUHEIHO20 NPO2PAMMUPOBAHUSL.

3aMeTHM, 4TO B OTJIMYME OT 3aJa4d JTMHEH-
HOTO TIPOrPaMMHUPOBaHUS IeieBast QYHKIHS
MOKET UIMETh ONTUMYM He 00513aTeIbHO B Kpai-
HUX TOYKaX MHOXKECTBA JOMYCTHMBIX IJIAHOB.
Bonee Toro, ona MOXeT UMETh [100aIbHBIE OI-
TUMYMBI BHYTPHU MHOX€ECTBA JOIYCTUMBIX IlJIa-
HOB. DTO PE3KO YCIOKHSET peleHNe 3a1a4H.

Kakoii xe Bbixoa? OOIIero pemeHus moka
HE HaliIeHO, HO CYIIECTBYIOT Pa3HbIe CIIOCOOBI
peLIeHns] B 3aBUCUMOCTH OT KOHKPETHOH 3a1a-
yn. B wactHOCTH, ecnn 001acTh JOMYCTUMBIX
TUTAaHOB BBIMYKIAsl U LeieBast (GyHKIHS BbIITY-
Kias (kak, Hanpumep, Gynkius f(x,y) = x* + y?), To pelieHne HaxousIT
C IOMOMIBIO 8bINYKI020 npocpammuposanus [31]. lokazano, 4to Mu-
HUMYM BBIITYKJIOH (PYHKIIMM Ha BBIMTYKJIOM MHOXECTBE TOUEK MOKET
OBITH TOJILKO OIMH. B 3TOM ciydae, Kak TOBOPST, JOKANbHBIA MUHU-
MYM COBMaJaeT ¢ TNI00ANbHBIM (T.€. Ha BCEM MHOMKECTBE IOy CTUMBIX
3HaueHuit). B 9ToM cirydae 3a1auy HETMHEHHOTO IPOTrPaMMHUPOBAHHS
yAa&Tcsl Kak yrofHO MPUOIM3HUTH (KaK TOBOPSIT, arlpOKCUMHUPOBATH)
3ajadell JIMHEWHOTO MPOrpaMMUPOBAHMS M B Pe3yJbTare MONy4YUThb
TOYKY ONTHMYMa.

Ha nmpaxtuke 1y HEKOTOPBIX BUAOB NMPOU3BOJCTBA, B YACTHOCTH
IKCIUTyaTallil MECTOPOKACHUH MOJIE3HBIX MCKOMAEMBbIX, €CTECTBEH-

Jicopoac anyuz

XX MexIyHapoJHOM MaTeMaTHIeCKOM KOHrpecce B MockBe ObUIM JIOJIOKEHBI HO-
BbI€ HAYYHBIC PE3yJbTaThl 12 MIKOJBHUKOB, KOTOPHIMH OH PYKOBOJMWII, paboTasi 1o
COBMECTHTEIILCTBY B (hu3uko-maremaruueckor mkone Ne 239 r. Jlenunrpana. B
1999 r. on nepeexan k gjouepu B M3pauis.

! Kanroposuu JI.B. IToo6op nocmasox, obecneuusarowuii MakCUMaibHblil Gbi-
X00 RUNONPOOYKYUU 8 3a0anHHoM accopmumenme // JlecHast mpOMBIIUIEHHOCTB. 1949,
Ne7.C.15-17; 1949. Ne 8. C. 17-19.
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HO JIOMYUICHUE O BBIMYKJIOCTH (PYHKIHH MPOU3BOJACTBEHHBIX 3aTpaT
(T.€. 3aTpaThl HA €IUHMILY IPOAYKIHH BO3PACTAIOT ¢ 00bEMOM J00bI-
YH), a TAKKE O BBITYKIOCTH MHOXKECTBA OTPaHUYEHUH.

OTnenbHBIM BUAOM HEITMHEHHOTO NMPOrpaMMHUPOBAHUS SIBIISETCS
TaK Ha3bIBAEMOE YeNoUUCTIeHHOe npocpamMmuposanue. 3Aech B Tep-
BYIO O4epeslb pedb MJET O TOM, YTO HILETCS HE MPOCTO ONTHUMYM, a
LIEJIOYHCIIEHHBIN ONTHUMYM.

Hanpumep, B 3agade 00 ONTHUMaIbHOM pPa3MELICHHU THIEPCKUX
LIEHTPOB pe4b, KOHEUHO, UAET O LIENbIX YHCIax.

g pemieHus 3a7a4M LEIOYUCIEHHO-
ro MPOrpaMMHUPOBAHUS  HCHOJB3YIOTCA
pa3nu4Hble MOAM(UKALMM  ANrOpUTMA,
npeanoxeHHoro eme B 1957/58 rr. amepu-
KaHCKUM MaTeMartukoMm Pamsdom ['omopu
(Ralph Edward Gomory: 1929) u ocHo-
BaHHOTO Ha TOIIAarOBOM PEIIEHUH 3a7a4H
JIMHEMHOTO MPOTrpaMMHPOBAHHUS C OTCeue-
HUEM Ha KaKIOM Ilare «JIWIIHEH» obna-
CTH JOITyCTUMBIX 3HAUEHHH.

Emé onnum BuUIOM 3aj1ad, MOCBSIIECH-
B.A. 3anzannep HBIX M3YyYEHHI0 MHOTOUIIArOBBIX METOJOB

\ SE® | IPUHSTUS PIICHHIT, SKOHOMHCTBI U MaTe-
; MaTHKH CTONKHYIUCh B 50-e rr. XX Beka.
[Ipouutupyem u3 kuuru [69, c. 64] 3anauay:

«TpebyeTcst 3arpy3uTh B CaMoJeT Tpy-
30M00bEMHOCTH W Tpy3 MaKCUMAaJIbHOU
' CTOMMOCTH, cOocCToAIui U3 N ImpeaIMeroB
PasIMYHBIX TUIIOB, €CiiM P, — BeC O1HOTO
IpeIMeETa i-To TUMa; V, — CTOMMOCTb HpeJ-
METa i-TO THIIA; X, — YHUCIIO NPEAMETOB i-I0
THUIIA, 3arpy’KaeMbIX B CAMOJIETY.

B at10i1 3a1a4e nosiBseTCS HOBOE OTPaHu-

Puuapo Benaman  yenye: X, =0, 1,2,... (MpeIMETHI HEJCIMMBI).

Perienne oOBIMHOM 3a1a4dl JTUHENHOIO

MIPOrpaMMHUPOBaHUs 3[1€Ch HE TOAUTCA. DTa 3aJlaya OTHOCUTCS K TaK
Ha3bIBAEMBIM 3aJla4aM OUHAMUUECKO20 NPOSPAMMUPOBAHUSL.
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Konnenuust pemenns 3Tux 3aaad Obla cO3JaHa aMEPUKAHCKUM
MaremarukoMm Pruapnom bennmanowm (Richard Ernest Bellman: 1920—
1984)" 1 ero mKomoM.

B nmocnennem naparpade 3Toit KHUTM MBI OyZeM TOBOPHUTH O ApY-
rOM MOAXOJIE K 3aJadaM YIPaBJICHUS ¢ OYeHb OOJBIIMM YHCIOM Ma-
paMeTpoB, ¢ KOTOPBIMH HE crpaBisieTcst MeTon bennmana (naxe Ha
MOITHEHIINX KOMIIbIOTEepax). MeToxn Ob11 pazpadoran B Poccun miko-
noi B.II. Macnosa.

Haxkonern, ectp emé oanH TUM 3a/1a4 ONTHMHU3ALUH, KOTOpPbIE Xa-
PaKTepH3yIOTCA CIy4YallHBIM XapaKTepOM HEKOTOPBIX IapaMeTpoB.
Hanpumep, 1oarocpouHsiii MporHo3 MOTObI MIIK TPOTHO3 YPOXKasi He-
KOTOPBIX CEIbCKOXO3SMCTBEHHBIX KYJABTYDP. DTO MPUMEPHI 33/1a4 C1o-
xacmuueckoeo npoepammuposanus. OIUH U3 MOAXOIO0B K PEIICHUI0
9THX 3a]a4 OyJeT HaMU PacCMOTPEH B KOHIIE ATOH yacTH, B § 10.

§ 8. Memoow ghynkyuonansnozo ananusa

OYHKIMOHAJIBHBIN aHAJIU3 BO3HUK B IEpBOM TpeTu XX B. B CBS-
3M C MOCTPOCHUEM TEOPHH OINEpPaTropoB B OCCKOHEYHOMEPHBIX MPO-

! Puuapy Bemmman poamcs B 1920 r. B Horo-Hopke B eBpeiickoii ceMbe BBIXOJI-
neB u3 Poccuiickoit nmnepun. lkomy 3axorumi B 1937 r. lanee 6611 BpyrximHckuii
KOJUIE/UK, TJIe OH U3yJall MaTeMaTHKy | rje B 1941 r. moixydun crerneHs Oakanaspa.
CTeneHp MarucTpa OH MOIY4MI yike B YHHBepcuTere Buckoncun-Moaucon. anee
rpymnma teoperndeckoi ¢usnku B Jloc-AnmaMoce M ydacTHe B aTOMHOM IIPOCKTE.
ITocne Boiinbl yueba B [IpuHCcTOHCKOM yHUBepcuterte, 3ammuTa (1946) moxropckoit
nuccepranuy nox pykosoactsom Conomona Jledmena. [penogasan B [IpuHcTon-
ckoM yruBepcutere (1946-1948), acconmuposannbiii mpodeccop Crandopma, a ¢
1953 1. — corpynauk RAND Corporation. 31ech u 0bUT0 pa3paboTaHO JHHAMHYECKOE
nporpammupoBanue. 1, Hakonen, npodeccop Yuusepcurera HOxnoit Kanupopraun
(1965-1984). B 1976 r. on nomyuun npemuto k. dou Heiimaua, a B 1979 r. Un-
CTHTYT MH)XEHEPOB-JICKTPUKOB U MHXKeHepoB 1o siekrponuke (IEEE) narpamun P.
Bennmana noyeTHON MeaNbiO «3a BKJIAJ B TEOPUIO MIPOLECCOB NMPUHATHS PEILICHUN
1 TEOPHIO YIPABJIECHHsS CHCTEMaMH, OCOOCHHO 3a CO3JaHUe U IIPUMEHEHHE JHHAMH-
YEeCKOro IporpaMMHpOBaHUs». MHorue Hamucanusle P. bemmanom kaurm (Mx y
HEro C COABTOPaMH 36) IepeBeeHbl Ha PYCCKHUil A3bIK. K S9KOHOMHKE, B 4aCTHOCTH,
uMeeT OTHolleHue Kuura, u3nanHas B CIIA B 1962 r. ¢ C. [peiipycom (Stuart E.
Dreyfus)«dpplied Dynamic Programming. Princeton (NJ): University Press, 1962.
363 p. Ha pycckuii s3bik € nepesenu B 1965 r. [76].
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cTpancTBax [ mnpbepra, SABISIOMMXCS 00001eHEeM KOHEYHOMEPHBIX
€BKJINJIOBBIX NPOCTPAHCTB, PA3BUTHEM TEOPHUHU JMHEHHBIX HOPMHUPO-
BaHHBIX MpOCTpaHCTB B padorax (1918-1923) Benrepckoro marema-
tuka Opunsenia Pucca (Frigyes Riesz: 1880-1956)' u ocobeHHo B
pabortax monbckoro maremaruka Credana banaxa (Stefan Banach:
1892—1945)%, 3aBepIIMBIIMXCS H3aHHEM ero KHUTH « Teopus JTuHei-
HBIX o1iepaTopoBy» Ha moiabckoM (1931) u ppaniry3ckom s3pikax (1932).

WnTepec x (GyHKIMOHATBFHOMY aHalU3y BBIPOC, KOTAA BBISICHU-
JIOCh, UTO €r0 anmnapaT MPUro/IeH He TOJIBKO I ONMCAHUS MTPOLIECCOB
KBaHTOBOW (DU3MKH, HO W AJISl ONMCAHMS U PELICHUS] KOHKPETHBIX 3a-
Jla4 3KOHOMUKH.

[lycTp mone ckansipoB — MHOXKECTBO BELECTBEHHBIX uMcen R ¢
OOBIYHBIMHU OTIEPALUSIMU CIIOKEHUS 1 yMHOXKeHus. [lycts X,Y — Bek-
TopHBIe npocTpancTBa Hag R. OtoOpaxenue U: X— Y HazbiBaeTcst
JIUHEUHBIM OmodpadicerHuem, WU JUHEHbIM ONepamopom, eCiu

U (Ax +uy) =AU (x) + nU (y)
Uit BceX A, L eR m x, yeX.

JluneitHoe otoOpakenue f BEeKTOpHOTO mpocTpaHcTBa X B mojie R
HAa3bIBAIOT JIUHEUHbIM YHKYUOHATLIOM.

B sxoHOMHUYECKHX 3aa4ax Jalie BCero MPUXOIUTCS perarh 3a/1a-
4y HAa MAKCUMYM WJIM MUHIUMYM JIMHEWHOTO (D)YHKIIMOHAJIA TIPU CaMBIX
Pa3HOOOPAa3HbIX OTPAHUYCHHUSIX.

B wmakposkoHOMUKEe (YHKIIMOHAIIb-
HBI aHAJIW3 TI03BOJIAET ONHUCATh W TIPO-
aHaJIM3UPOBATh TPOOIEMY ONTHMAIBLHOTO
9KOHOMHYECKOTO pocTa U BBIOOp 3ddek-
TUBHOW (IIpU 3aJaHHBIX OTPAHUYECHHUSX)
Tpaekropuu pocta. Jlpyroit mpooiemoii,
pelaeMon ¢ MoMOIIb (YHKIIMOHATBHOTO
aHaJm3a, sSBIseTCs Mpobnema cBs3u Oe3pa-
00TUIBI 1 MHQIISIMN B YCIOBHUSX CHUXKE-
\ Husl Pe3epBHOI cUCTEMO YUETHON CTaBKU
Pobepm Conoy (peun mepBoHayansHo muta o CIITA).

"Pabotbl @. Pucca noapiTOKeHbI B KHUre [77], HanucaHHO# coBMecTHO ¢ Bena
Cekedanseu-Haznem (Béla Szokefalvi-Nagy (1913-1998).
2 O 6uorpaduu C. banaxa u ero paborax cm. [78].
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Cpenu Tex, KTO 3aHUMAJICS 3TUMH podiIeMamH, BbiienuM Pobepra
Conoy (Robert Merton Solow: 1924)', nonyuusmero HoGeneBckyto
npemuio B 1987 1. «3a BKJIaJ] B TEOPUIO SKOHOMUYECKOTO POCTa».

[Ipocreiimas Monens Conoy uccieayeT BIUSHUE Ha SKOHOMHUYe-
CKHI pocT cOepekeHHH, pOCT HACEeNeHHS U TEXHOJIOTUYEeCKHH Mpo-
rpecc. B Moznenu paccMarpuBaroTCs 4eThIpe IEpeMEHHbIE: KanuTan K,
Tpya L, E-addextuBHOCTD Tpyaa ogHoro pabotHKa 1 BeIycK Y. [Ipu
sToM E oTpakaer cocTosiHEe 300pOBbsI, 00pa3oBaHus U KBanu(uKa-
LU0 PabOTHUKA.

B npocreliniem ciryyae npeanoaaraeTcs, 4To MHBECTULUU PABHBI
cOepexeHusIM, TOCYAapCTBO OTCYTCTBYET, SKOHOMHKA 3aKpbITast. Jlar
KaIllUTaJlbHBIX BIOXKEHUH oTCyTCTBYeT. [loHATHS «HAaceneHue» u «pa-
Oouas cuia» coBnagaror. COepekeHHs MPOMOPLUUOHAIBHBI JOXOMY.
Hopwma cOepesxenns s 3a1aéTcsi 9K30T€HHO M IIOCTOSIHHA BO BPEMEHH
(0<s<1).

CyuiecTBYOLIHIA KalMTaI U3HAIINBAECTCS C TIOCTOSHHOM HOPMOH 0.
Torya u3MeHeHMe 3anacoB KanuTana K onpenensercs pasHOCTbIO 00-
el BeMMYMHBI HHBECTUIMH sY U M3HOCca KanuTana OK:

’

K=sY-06K

JanpHelmmii aHaJIM3 MOJIEIM IIOKA3bIBAET, YTO YCTOWUYUBBIM POCT
[IPOM3BOIUTENBHOCTH TPYyJa U KallMTAIOBOOPYKEHHOCTH JIOCTHIaeT-
Csl TOJIBKO TMPHU HAJUYMHM TEXHOJIOTHMYECKOTO Tporpecca. (31ech moa
KaIlluTaJIOBOOPYKEHHOCTBIO M IMPOU3BOAUTENBHOCTHIO TPy/a MOHH-
MAaIOTCS 9TH TIOKa3aTeNy B pacuyeTe Ha €AMHHUILY TPyAa C TOCTOSHHON
a¢dexruBHOCTHIO.) [80, ¢. 185-203].

! Pobepr Conoy pomuics B 1924 r. B Bpykmune (Horo-Iopk) B eBpeiickoii cembe.
B 1940 r. moctynnn B kosute ik ["apBapickoro yrusepcureta. B 1942 r. ymen nodpo-
BoJbLIeM Ha (ponT. Boean B Appuxke, B Utanuu na Cunpuiuu. Bepryncs B ['apBapa
B 1945 r. Hayunsim pykoBoautenem BoiOpan B.B. JleontseBa. B 1949 r. otnpaBmi-
cst Ha o/ B KoimyMOMNCKMH YHUBEPCUTET JUIS JIyUIIEro H3YYeHMsT MaTeMaTHIeCKOH
CTaTHCTHKU. DTO Jal0 eMy BO3MOXXHOCTH 3aKOHYHTH pabOTy HaJ JOKTOPCKOM JHC-
cepTarueii, B KoTOpoi OH IPHMEHMII MapKOBCKHE MPOLECCHI ISl U3YUCHUS TIPOOIICMBI
3ansroctu. Cpasy nocie 3amutsl Conoy nepenten B MIT, rae n nmpopaboran nouru
40 net, 3aHUMAasICh IPOOIEMaMy ONITUMAIIBHOTO POCTA, TEOPHUEH KaluTaa, JIMHSHHBIM
IIPOrPaMMHUPOBAHNEM H U3ydeHHeM KpuBoi Ywmibsima Omummnca (William Phillips:
1914-1975), ponusierocst B Hooit 3enananu n BBeUIEro B HAy4YHBIH 000pOT KpH-
BYIO, CBSI3BIBAIOIIYI0 Oe3paboruny u m3Mmenenne mHusimmu. Kpome HobGeneckoii
npemud (1999) Conoy 6su1 Harpaskien Haronansaol Hay4yHoi Menansio CIIHA [79].
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K uncny nemocratkoB monenu Coioy, HSCOMHEHHO, OTHOCHUTCS
9K30T'€HHOE 3a/IaHUE MOCTOSIHHON BO BPEMEHU HOPMBI COEpPEKEHUI.
Conoy coznaBan cBoro mozenb eumé B 50-¢ . [ecsars neT cmycrts
HezaBucuMo Apyr ot napyra Iseua Kacc (David Cass: 1937-2008)
u Tesamuar KynMaHe co3manu MoOJeNnb, OMUPAIOIIYIOCS HA MOJENb
®psuka Pamces (Frank Plumton Ramsey: 1903-1930), B xotopoi
TpaeKTOpUs MOTPEOJICHUS, a 3HAYUT U COCPEIKCHUH, ONPEICTISACTCS B
XOJI€ PEILICHNUS 3a]]a4d ONITUMU3AINY TOBEACHUS JOMAILITHUX X03HCTB
" (pUpM, B3aUMOJICHCTBYIOIIHX JPYT C PYTOM B YCIOBHSIX COBEPIICH-
HOU KOHKYPEHITUU.

Ananu3 »Tolt Momenu (e€ HasbiBarOoT Mopenblo Pamces—Kacca—
KyrnmaHca), B 4aCTHOCTH, TIOKa3bIBaeT, YTO CHU)KCHUE HAJIOrOB 0Oe3
COOTBETCTBYIOIIETO CHI)KEHUSI TOCYAAPCTBEHHBIX PACXOJI0OB HE Me-
HSICT TPACKTOPUH MOTPEOJICHMsI, TaK KaK 00pa30BaBIIMICS WU3JTHUINCK
JIOMAIIHUE X03s1icTBa coeperatot [80, ¢. 228-245]. OTmeTnM, 4TO 32
MOCJEIHNUE TOJBEKA MOSBUIOCH MHOTO PAa3IUYHBIX AUHAMHUYECKUX
MOJIeJIeH, YYUTHIBAIOIIMX Pa3HbIe 0COOEHHOCTU OTACIBHBIX CTPaH H
SKOHOMUK.

B 3axiroduenue 3toro maparpada ocTaeTcs MoXKaaeTh, 4YTO HE JI0-
KW JI0 IIUPOKOTO BHEAPCHHSI METOJOB (DYHKIIMOHAIBLHOTO aHAJIN3a
TBOpELl IEPBOH JUHAMHUUYECKOH Mozenu B skoHoMuke J[x. ¢pon Heii-
MaH. 3aKOHYMM JKe TOT naparpad clioBamMu APYroro y4eHOro, OJHOTO
13 TBOPIIOB (PyHKIIMOHAIbHOTO aHanu3a — JI.B. KantopoBuya, cka3an-
HbIMU UM B 1968 1.: «OnTUManbHble TUHAMUYECKUE MOJCIH, YUUTHI-
BAIOIINE PeaNn3alUI0 JOCTHKEHUN TEXHUUECKOro Imporpecca u Tpy-
JIOBBIE PECYPCHI, IPEAYCMATPUBAIOT HE TONBKO (DYHKIIHOHUPOBAHHE
SKOHOMHUKH, HO ¥ ONITUMaIbHOE pa3Butue eé» [69, c. 83].

§ 9. Memoowvr meopuu zpaghos

[Ipex e yem roBopuTh 0 METOIaX Teopuu rpad)oB, JaIUM HEOOXO-
JTIUMBIE OTTPE/ICIICHUSI.

[Tycte naner nBa MuOkecTBa X 1 U : X N U = 0. MHO)ecTBO X OY-
JIeM Ha3bIBaTh MHOMHCECINEOM GepUuiliH, MHOKECTBO U — MHOXKECTBOM
Betok (edge). Ilycte M — monmuoxkecTBo B X x U x X, M # Q. Ecnu
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(X,u,y) € M, Oyzem roBOpUTb, YTO BEPLIMHBI X U Y UHYUOEHNHbL BETKE
U WJIM COEIMHEHbI BETKOU U, a BETKa UUHYUOEHNHA BEPUIMHAM X U Y.
Tpoiiky (X, U, M) Oynem Ha3bIBaTh epaghom, €Ciiv U3 ycloBui (X, u,
y) e Mu (x’,u,y’)e M cienyer, uro 160 X =X’ Uy =y’, Tubo X =y’
ny = x’. UupiMu croBamu, B rpade Kaxaast BETKa MOXKET COSIUHSITD
He OoJiee IByX BEpIIHH.

EcmuM =0, U =0, X#@, To OyaeM NpUIHCIsLTh K rpadam TaKxe
Tpoiiky (X, O, @). Takoii rpad, He conepKaMii BETOK, OyneM Ha3bl-
BaTb GEPUIUHHBIM.

Betky u € U Oyznem Ha3bIBaTh 0yeoil, UM OPUEHTHPOBAHHOH BET-
KoM, ecnu Ui JI00BIX X, Y € X, X # Yy, U3 TOro, 4To (X, U, y) € M
cienyert, uto (y, u, X) ¢ M. Bepunny x Ha3oBeM Hauanom Oyeu, a
BEPILINHY Y — KOHYOM Oyeul, APYTHUMHU CJIOBaMH, M3 BEPIIUHBI X Tyra
BBIXOJIUT, & B BEPILIUHY Y — BXOIMT.

I'pad (X, U, M) Oynem Ha3bIBaTh Oucpaghom (OpUEHTHPOBAHHBIM
rpadom), eciiu Bce ero BeTku OynyT ayramu. JloposkHast ceThb B paiio-
He, TJIe TOJIBKO OIHOCTOPOHHEE IBUKEHHE, KaK pa3 OTBe4aeT Aurpady.

[TocnenoBarenbHOCTh YT B IMrpade u,, u,, ..., U Ha30BEM nymem,
€CJIM HaYajo Iyrd U, coBHazaeT ¢ konuoM ayruu,  (k=2,3, ..., n)
[61,c. 13].

Hurpad (X, U, M) OyneMm Ha3bIBaTh cembpio, €CIIM B HEM €CTh POB-
HO JIBE BEPUIMHBI X M Z: U3 BEPIIMHBI X MyTH TOJILKO BBIXOIAT, & B
BEPIINHY Z — TOJILKO 3aXOJIAT, U IIPU 3TOM €CTh IMyTh U3 X B Z (U JIpy-
I'UX BEPIIUH C TAKUMHU CBOWCTBAMH HET).

@ynkuuio ¢ : U — R, U {0} Ha3zoBEM nponyckroii cnocobrocmbio
cemu; (R, — MHOKeCTBO BCEX MOJIOKUTEIBHBIX UUCEN).

@ynkuuio ¢ : U — R, U {0} HazoBéM nomokom na cemu, eciu

1) 0<o(u)<c(u) s arodorou € U;

2)  nmus Kaxkaoro X € X, X # Xy X # Z cymMMa II0TOKa Ha BCEX Iy-
rax, BXOISIIMX B BEPIIMHY X, paBHA CyMME IOTOKa Ha BCEX Jyrax,
BBIXOJISIIIIUX U3 BEPIIUHBI X.

OcHOBHas 3aj1a4a — MAKCUMUZUPOBANb TIOTOK Ha ceTH. IMeHHO
9Ta 3aj1a4a ObuTa moctapiieHa npaBuTelbcTBOM CIIA mepen oTkphI-
THEM BTOPOTO (PPOHTA, CUMTASI, YTO MHOXKECCTBAM BEPILIUH OTBEUAIOT
MOPTHI TI0 O0CMM CTOpPOHAM ATIAHTUKH. ISl MOCTPOCHUS CETH BBE-
JIeHbl ObUH JIBE (DMKTHBHBIE BEPIIMHBL: X COEUHSIOCH C MOPTAMU B
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Awmepuke, z — B EBpone. IIponycKHBIM cIOCOOHOCTSIM COOTBETCTBYIO-
LIKX TYT OTBEYAIH MPOITyCKHBIE CIIOCOOHOCTH MOpTOB [61, ¢. 250-260].
Jiist 3a1a41 MaKCUMU3AIMK TPAHCIIOPTHOTO MTOTOKA OBLIO Mpesio-

Puc. 6. CeTp 1 ee POIMYCKHBIE CTIOCOOHOCTH

YKEHO cpa3y HECKOJIbKO perieHni. OHO ¢ MOMOILBIO CUMIUIEKC-METO-
na npenioxui Janmur (M. ctp. 48), apyroe — Xaponba Kyn (Harold
William Kuhn: 1925-2014)!, Jlectep @opa mi. (Lester Randolf Ford,
Jr.: 1927) u Jlenbept ®ankepcon® (Delbert Ray Fulkerson: 1924—
1976), Ha3zBaHHOE BEHIEPCKUM METOJOM, a TPEThE pEIICHHE MpH-
naanexut T. Kynmancy (cm. c. 46). U Bropoi, u Tpetuii Mmetox uc-
MOJB3YIOT ceunpUKy rpad)oB ¥ HAMHOTO MPOIIE CUMILIEKC-METO/IA.
(B metoze T. Kynnmanca MEHUMH3UPYETCSI CTOUMOCTbD [IEPEBO30K.)

Ectb emié oqna 3amaya, ctaBiuas BeCbMa aKTyalbHOW B MOCIIEIHUE
80 ner.

Peub mper o mpoxiagke BCEBO3MOXKHBIX CETEH: DIEKTPUUYECKHUX,
Tene(OHHBIX, ONTUKO-BOJIOKOHHBIX M T.J. — C MHHUMAaJIbHOH CTOU-
MOCTBIO C Y4YE€TOM MapIIpyTOB IMPOKIAaJKH. DKOHOMHUSI TNPH CTPOU-
TEJNbCTBE U IKCIUTyaTalllu, Jake B MaciuTadax cpeHei eBponencKoi
CTpaHbI, MOXKET ObITh MHOTOMHJUTHAPIHOM.

Hnst GopMynupoBKM HaM TOHAMOOSTCS JABa TOYTH OYEBHIHBIX

'Kuhn H.W. The Hungarian method for the assignment problem // Naval Research
Logistics Quarterly, 2 (1955). — p. 83-97.

2 Ford L.R, Fulkerson D.R. Solving the transportation problem // Management
Sci., 3 (1956). p. 24-32.
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OIPENICIICHUS: CBSI3HOTO HEOpUEeHTHpyeMoro rpada u 1ukina. Berky
u € U B rpade (X, U, M) HazoBeM Heopuermupyemou (inu pedpom),
€CITH OHA MHITUICHTHA Pa3HbIM BEPIINHAM X M Y U HE SIBIISICTCS TyTOM.
Bertky u € U Ha3zoBéMm nem.iéii, ecim cymectByer X € X : (X, U, X) € M.

[TocnenoBarenbHOCTD X, U, X, U,, ..., X, |, U, X, HA30BEM Yenbvio,
ecim modas Tpoiika Buaa (x, , u, x) € M,1=1,2, ..., k-1. byznewm ro-
BOPHUTb, YTO LIETb Coeoursem BEPUIMHBL X U X, , €CIH X 7 X, .

Lenb HazoBEM 3amkrymou (W yuxiom), eciu X, = X, . I'pad nazo-

Xz X3
& X3
€2
(51 es3
&1 X2 (4]
X1 Xy
X1 €4 X4

(e1, €2, €3, €5) - TIeTIB (e, €2, €3) - HE LIETTh

Puc. 7. llens u HE 1L

X2 X3 Xz Xz X2 X3 Xz X3

X1 Xy X1 Xyq X3 X4 X1

a) a.1) 6.2) 0.3)

Puc. 8. T'pad (a) u ero ocroBHbIC AepeBbs (0.1), (0.2), (0.3)

BEM C6A3HbIM, €CIH JUIS JFOOBIX ABYX BepLIMH Tpada HanéTcs uenb,
UX COCAMHSIOMIAs.

Hanee mbl Oynem paccMaTpuBatrh (KOHEUHbIE) Tpadbl C KOHEYHBIM
MHO’KECTBOM BEPIIHMH U C KOHEUHBIM MHOKECTBOM BETOK. X Ha3bIBa-
10T KoHeuHviMu 2pagamu. Kpome Toro, OyneM paccMaTpHBaTh TOIBKO
HEOpPHEHTHPOBaHHbIE I'padbl, T.€. rpadsl 6e3 nyr u 6e3 nerens. Cpsi3-
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HBIU Tpad O6e3 HUKIOB Ha30BEM depegom [12].

[lycrs manwl aBa rpaga: (X°, U, M’) u (X, U, M), roe X’ < X,
UcUM cM.

Torma rpad (X, U’, M’) HazoBéM nodepaghom rpada (X, U, M).
Ecmu npu aTom X’ = X 1 noarpad sBIsIFOTCS JEPEBOM, TO €T0 HA30BEM
0CMOBHBIM IEPEBOM.

Oynknuio 1: U — R+U{0} Ha30BEM gecosou Ha CBSI3HOM KOHEY-
HOM HeopueHTHpoBaHHOM Trpade (X, U, M), a 3HaueHue 1(u) — BECOM
Ha pebpe u. [Tox Becom moarpada (1, B 4aCTHOCTH, OCTOBHOTO Jiepe-
Ba) OyZeM MOHMMAaTh CYMMY BECOB pedep 3Toro noarpada.

OcHoenas 3a0aua: Haumu MUHUMAIbLHOE (N0 ecy) ocmogHoe Oe-
Pee6o c6:3H020 KOHeuH020 Heopuenmuposannozo epaga (X, U, M) be3
nemeinv, y KOMopoz2o n eepuiun (n > 3).

Ortser ObL1 TOyueH emé B 1930 r. uenickum Marematukom Boiite-
koM Spuaukom (Vojtek Jarnik: 1897—1970), HO ObLT 3a0BIT U MEPEOT-
KpBIT 3aHOBO amepukaniieM Pooeprom [Ipumom (Robert Prim: 1921)
B 1957 r, B Ty mopy emé corpyanukom ¢upmsl Bell.

Anroputwm [Ipuma — SlpHrKa 3aKmoyaeTcsi Ha MEpBOM IIare B BbI-
0ope MPOU3BOJIBLHON BEPIIMHBI U MHIIMIEHTHOTO 3TOH BEpIINHE pe-
Opa c MUHMMaJIbHBIM BECOM. DTO MEPBBIN AIIEMEHT HCKOMOTO JIepPeBa.
[Nocnenytromnue maru CBOAITCA K IPUCOSTUHEHHIO K TOCTPOSHHOMY
Ha TpeABLAYIIEeM I1are JiepeBa HOBOTO pedpa, OIMH M3 KOHIIOB KOTO-
pOTO MPHUHAJICKHUT YK€ TIOCTPOCHHOMY JIEPEBY, a APyroi He MpH-
HAJJIC)KHT, U TIPU 3TOM HOBOE peOpo MMeeT MUHUMAIIbHBIN Bec cpe-
i Bcex pebep,
HE MIPUHA/I-
JNeKaIMX — yKe
MOCTPOCHHOMY
TIepEBY. Oue-
BHJIHO,  Oyner
caenano  (n-1)
11aroB.

3aMeTHM, 4TO
MHCIIHpUpOBaa
MOCTAHOBKY ~ H
pelieHre 3ajaqun

Boiimek Apnuk Pooepm Ilpum
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KOHKPETHasl 9KO-
HOMHYECKasi IPo-
Onema: B 19251
B Yexocnosa-
Kkuun  TpeboBa-
JOCh COCAUHUTH
ANEKTPUUYECKON
cetbto 40 Hace-
JICHHBIX TyHKTOB
C MHHHUMAJbHBI-
MH 3aTpaTamMy Ha

Omaxap Bopysxa Jlwcosedp Kpackan mo. CTPOUTENBCTBO U

IKCILTYaTaLHIo.

[lepBoe pemenune ngan uex Ortakap bopyska (Otakar Borvvka:
1899—-1995) B 1926 r. Ilo cymiecTBy, aHaIOTrHYHBII anTOpUTM (B Ipy-
IUX TepMHUHAX) npemtokui B 1956 r. amepukanen xo3zed Kpackan
(Joseph Bernard Kruskal, Jr.: 1928-2010), Taxxe xak u P. Ilpum,
paboraBmmii B pupme Bell. Otnmune anropurma Kpackana ot anro-
purMma [IpumMa B TOM, 4TO yKe ¢ MMEPBOTO IIara UuieTcsi pedbpo ¢ Mu-
HUMaJIbHBIM BECOM, a B MOCIEAYIOUINX IIarax UIeTcs pedpo ¢ Mu-
HUMaJIbHBIM BECOM CPEIH OCTAaBIIMXCS, TAKOE, KOTOpOE He 00pa3yeT
LUKJIA C y’Ke MIOCTPOCHHBIMHU pedpamu. (DTo HOBoe pedpo, eciii OHO
He (n-1)-e, He 00s13aHO OBITH CBSI3aHO C Y€ MOCTPOSHHBIMU pedpa-
Mu.) Ha mpakTike 3T0 oka3aioch He cOBceM YIoOHBIM [81].

§ 10. Memoowt meopuu cayuaiinvix npoyeccos

Cayuaiiable mponecchl (B 4aCTHOCTH, OpPOYHOBCKOE JBH)KEHHE),
KOTOpbIE MEepBOHAYAIBHO M3YyYalIUCh (PU3MKaMH U OHoJoraMu euié B
XIX B., BO Bropoii nososuHe XX B. IPUBIEKIM BHUMAHUE U HKOHO-
MHCTOB.

B 1900 1. yxxe 30-netanii matremaruk Jlyn bamense (Louis Jean-
Baptiste Alphonse Bachelier: 1870-1946) zammman B CopOoHHe
nokropcekyro nuccepramuio «Théorie de la speculationy». Komuccus
Bo miaBe ¢ Aupu Ilyankape (Poincaré Jules Henri: 1854-1912) xots
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1 He MOCTaBWJIa BhICIIEH OLEHKH, HO PEKOMEHI0BaJIa AUCCEPTALUIO
k nyonukauuu [82]. Uepes 64 roga nepesoxn padotsl bamense B u3-
nannu MIT! cnenan ero uMst IIMPOKO M3BECTHBIM, HO OH ITOTO YKe
HE JIOKIAJICs, CKUTAsICh IO MPOBUHIMAIBHBIM YHUBepcuTeTaM dpan-
un’. B cBoeil quccepranyu bamenbe BBOAUT MOHSTHE CITy4aiHOTO
OMy>KOaHus Ui IBMYKEHUSI LICH ONIIMOHOB, aHAJIOTHYHOE JIBIKECHHIO
MBUTMHOK B OpOyHOBCKOM JBM>KeHHH. PabOora Bamense gaxrnuecku
Obula MepBOi paboOTOW B HampaBlICHUH Pa3BUTHS CTOXaCTHUYECKUX
muddepennnanbHbIX ypaBHeHHi (cokpamienHo, CY). He ciyuyaiino,
[lyankape BoO BpeMsl 3aIlIUThI AUCCEPTALMU MTOCETOBA, uyTo bamense
3aHUMAJICs OOJIbLIE ONMIMOHAMH, a He pa3BuTreM C/Y.

Hauano passutust C/IY 0OBIYHO CBSI3BIBAIOT C MOSIBICHHEM 3Ha-
MEHHTOTO CTOXaCTHYECKOro au¢epeHnnanbHoro ypaBuenus Jlan-
xeBena (Paul Langevin: 1872—1946)°, onmchiBaroiiero OpoyHOBCKOE
JIBUKEHHUE C ITOCTOSTHHBIM MOTEHIIMAIOM:

ma = m(dv/dt) = @(x) —yv +n(1),

! HanomuuM, uto MIT — 570 MaccauyceTckuil TeXHONOrHUeCKUil HHCTUTYT.

2 Jyu bawense poauics B 'aspe B 1870 r. Ero orelt, yueHbli-JIF0OUTEIb, TIPUBKIT
CBIHY JIIOOOBB K HayKe, XOTsI caM ObLI JIMIIb TOProBleM BUHaMH. [lociie cMepTH po-
murteneit B Bozpacte 20 siet bamienbe B3si1 Ha ce0st ceMeiHbIN OU3HEC, Oyaydu JIUIIb
OakasaBpoM, 3a00THIICS 0 MIIaJIIKX cecTpe u OpaTe. K aToMy neproy oTHOCUTCS 1
€ro 3HaKOMCTBO C ()MHAHCOBBIMH PhIHKaMH. KcTaTH, ONIMOHBI ObLIN pa3penieHs! BO
Opannun Tonbko ¢ 1884 1. C 1892 r. — CopbonHa, B 1900 r.— 3alIUTa JUCCEepTaLUU
Ph.D. nmox pykoBozactBoM A. Ilyankape. [Ipu aToM quccepranns, Kpome 1Ty GIIMKanuy
B XXypHaje, OblIa U3/1aHa B BHUJE KHUTH B TOM e roxy m3parenscTBoM Gauthier-
Villars B [Tapmxe. B 1914 r. Bamense nocie my6ukanuu mororpaduu «Vrpel, ciy-
yaii, puck» [83] momyuni nocrosHHoe npodeccopckoe mecto B CopboHHe. 3atem
Hauanack Ilepsas MupoBas BoiiHa, Baienbe cayxuT psuossiM. [locie BoiiHbl Bpe-
MeHHas paborta B pa3HbIX yHHBepcuterax: beszancone, [{wkone, Penne. B 1927 r.,
HaKOHeI], OH CTaJI HOCTOSIHHEIM IpodeccopoM B yHHBepcuTeTe Opanm-Konre, rae u
paboTai 10 BEIXO/a Ha NEHCHIO.

* TTosnb JTamxeBeH poauiics B [Tapuxke. ITocne okonvanust Beiciieil kol mpo-
MBIIUIEHHOH (M3HKN M XUMHUH, a Takxke HopManbHOW IIKOJIBI, MPOJODKHII yuely
n pabory B KamOpumke nox pykoBoacTsoM capa xozeda Tomcona (Joseph John
Thomson: 1856-1940) B Kasenaumickoit nabopatopuu. B 1902 r. BepHyncst BO
@OpaHIUIO ¥ 3aLUTHII JOKTOPCKYIO auccepranuio (pykoBoauteis [Tsep Kropu (Pierre
Curie: 1859-1906 )). B 1934 r. n36pan wienom Axagemun Hayk @panmyn. OcHOB-
Hble pabOoTHl MO MapaMarHeTH3My M JuamarseTnsmy. Bo Bpemst Bropoit mupoBoii
BOWHBI OBUI apecToBaH HEMIlaMH, 104Yb ornpasieHa B OcBeHimM, 3a1h XKak Coio-
MoH (1908-1942), wien Kommaprun ®paniun, paccerpeisi. [locie ocBoboxaeHus
®pannny, y3uas o ruben 3:11s1, Jlamxkesen Berynaer B wieHsl Kommaptun @pannnm.
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e YCKOPEHHE «a» OpOYHOBCKOM YaCTHIIBI MACChl M BBIPAXKaeTCs ye-
pe3 CyMMY CHJIBI BSI3KOTO TPEHUS, IPONOPIHOHAIBEHYIO CKOPOCTH Ya-
CTHIIBI V, ITyMOBOTO 4WieHa 1(t) (Tak Ha3bIBAIOT CTOXaCTHYECKUH TPO-
LIECC HENPEPHIBHBIX COyAAPEHNH YaCTUIIBI C MOJIEKYIaMU SKUAKOCTH),
n D(X) — CHCTEMAaTHYECKOI CHJIbI, BOSHUKAIOIICH IPU MEKMOJIEKY-
JIAPHBIX U BHYTPUMOJIEKYJIAPHBIX B3aUMOJICHCTBHSIX.

B 1932 r. B cBoém nmoknazne Ha [X maremarnueckom Konrpecce B
ropuxe Cepreit Haranosuu bepumreiin (1880-1968), paccmarpuas
OpOYyHOBCKOE€ JIBHKEHHE, 3aMETHII: «5 OCTaHOBWIICS TOBOJBHHO TOA-
poOHO Ha aHANM3€ 3TOTO MPOCTOTO CiIydas [T.e. OPOYHOBCKOTO JIBH-
KEHUS. — aBT.], 4TOOBI MOKa3aTh C MMOJHON OYEBHUIHOCTHIO, YTO METOA
muddepeHInanbHbIX YpaBHEHHH, BBEACHHBINH pr3nkamMu DWHIITEH-
HoM', CmomnyxoBckum?, @okkepoMm u [lnankom® 1uisi McciaeqoOBaHUS
CTOXACTHUYECKUX 3aBUCUMOCTEM, ... IPEICTABISAET ITOJIE3HbIM TEXHU-
yeckuit mpuém». C.H. bepumreiin ve ynomunaer emgé JlanxeseHa.

ITosicuum ypaBaenue ®okkepa — [1nanka Ha cieayroliemM npume-
pe. PaccMoTpum craHzapTHOE CKalsipHOE ypaBHEHHE OpPOYHOBCKOIO
JBUKeHus, renepupyemoe CI1Y Buaa:

! Anp6epr Ditrireitn (Albert Einstein: 1879-1955) pomuncs B Visme (Iep-
MaHCKasi UMITepusi) B eBpelickoil cembe. Jlaypear HobGeneBckoil npemun no ¢usu-
ke (1921). BpoyHoBCckOMy IBIDKEHHIO ObLIa HocBsimieHa padora 1905 r., xorna on
xun B LlBeitapun: Einstein A. Uber die von der molekularkinetischen Theorie der
Wirme geforderte Bewegung von in ruhenden Fliissigkeiten suspendierten Teilchen /
Annalen der Physik, 322 (8), 1905. p. 549-560.

2 Mapuan Cwmonyxosckuii (Marian Ritter von Smolan-Smoluchowski: 1872—
1917) poauncst B @opuep-bprone 613 Benst (ABcTpo-Benrepckast umIiepust) B oJIb-
ckoii cembe. Yumics B Bene. Ilpenonasan B Bene, JlemGepre (JIBoB) u Kpakose.
BpoyHOoBCcKOMY IBIDKEHHUIO ObLIA TOCBSIIEHA paboTa, HanmcaHHas B Jlembepre: von
Smoluchowski M. Zur kinetischen Theorie der Brownschen Molekularbewegung und
der Suspensionen / AnnalenderPhysik, 326(14), 1906. p. 756-780.

3Anpuan @okkep (Adriaan Daniel Fokker: 1887-1972) pomuics B Beiitensopre,
octpos SIBa (Hunepnaunnckas Ocrt-Wunus, Heine Munonesns), routanackuii pusuk.
BpoyHoBckomy aBmkeHuto nocsimena pabora: Fokker A.D. Die mittlere Energie
rotierender elektrischer Dipole im Stralungsfeld / AnnalenderPhysik, 348 (4 Folge
43), (1914). S. 810-820;

Maxkc ITnank (Max Karl Ernst Ludwig Planck: 1858-1947) pomwuncs B Kune
(T'epmanckast umnepust), naypear HobeneBckoii npemuu no ¢usuxe (1918). bpoy-
HOBCKOMY JIBMKEHHMIO TIOCBAIIeHa paboTa, HarucanHas B bepnune: Plank M. Uber
ein Satz der statistischen Dynamik und seine Erweiterung in der Quantentheorie /
Sitzungberichte der Preuss. Akad. der Wissenschaft, (1917). S. 324-341.
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dX, = dB,,

rae X, € RY — ¢ynxmus cocrosnus cuctembl, RN — N-mepHoe eBk-
JUI0BO TpocTpaHcTBo, B eRY — crannapraoe N-mepHoe OGpOyHOB-
CKO€ IBWKEHUE, t —BpeMHI.

[Tycte W (X, t) — MIOTHOCTH BEPOSTHOCTH COCTOSHHUS CUCTEMBI X
[TycTh ckopoCTh CHOCA paBHA HYJTIO U K03 punmenT auddysnu paBen
1/2. Torma cootBeTcTByIOIIee ypaBHeHNEe Pokkepa — [lnanka 3anu-
eTcs B BUJE:

OW(x,t) / ot = Yo (PW(x,1)/0x?).

[onyunnu mpocreiimyio (GopMy Tak Ha3bIBAEMOIO YpaBHEHHS
muddysun (TeronepeHoca).

Bepuémcs B 1932 rox. B TedeHume mocieayromux IIECTH JIET
C.H. Beprmreiin' myonukyer Tpu paboThl Ha (GpaHIy3CKOM sI3bIKE (B
1933 r. B [Tapmxke B Compte Rendu?, 196; B 1934 . — B Jlenunrpaze

! Cepreii Hatanouu Bepuireiin (Bernstein S.N.) poauicst B Oznecce B cemMbe
JIOKTOpa MeJULUHbI, puBar-noueHTa Hosopoccuiickoro ynusepcurera. Oren Cep-
rest HatanoBuua ymep 3a Tpu Mecsna 10 po>KIeHUS cbiHa. MaTb BocnuTana ofHa
YeTBephIX JIeTeH, 1aB UM Xxopouiee oOpazoBanue. [1o okonuanuu rumHasuu B 1888 .
Bepuireitn ener yuntoes B [Mapmk. Ilapwkckuit yausepcuter (CopOoHHY) OH 3a-
kaH4mBaeT 1ocpouHo B 1891 r. B 1892 r. bepHuureiin enet B ['éTTHHTEH, YTOOBI 10T
pykoBonctBoM JI. I'mipbepra HammcaTh JOKTOPCKYIO JHccepranuio. B kauectse
TeMsblI auccepTanun ['mipdept nan 19-10 npodiemMy, HOCTAaBICHHYIO UM B JIOKJIae Ha
II Maremarnueckom korrpecce (1900) u xacarontyrocst OTBeTa Ha BOIIPOC: OyAeT JIH
peLleHHE NUIUITUYECKOT0 YPABHEHUS [IPU OIPEIeJIEHHBIX YCIOBUAX aHATUTUYECKOM
¢ynkumei? bepHiuTelH pemm 3Ty npodieMy nonoxurenasHo. Ha ocHoBe Memya-
poB (00 ToM penrenun) oH 3amuiaet B [Taprke (1904) nokropckylo uccepTamnuio.
Bepnysuucs B Poccuto B 1905 r., bepHiuTeliny npuxoauTcs 3aHOBO 3allMIIATh Ma-
THCTEPCKYIOo auccepTaiuio. B Heil on pemaer 20-ro npodinemy 'misbepra. C 1908 .
BepHIuTeitn mpod)eccop TEOPMU BEPOATHOCTEH HA BBICIIMX HKEHCKUX Kypcax B Xaph-
kxoBe. K 1912 r. oTHOCUTCSA OCTPOEHHE UM CBOUX 3HAMECHUTBIX MHOIOUIECHOB, HC-
NOJIB3yEeMBbIX B TeOpHH NpuOmmkeHuid. B 1917 r. oH mepBbIM CTPOUT aKCHOMATHKY
TEOPUH BEPOSTHOCTEH, OCHOBaHHYIO Ha OyseBbIX anredpax. B 1929 r. Beprmreiina
us6uparor akagemukom AH CCCP. B 19331941 rr. BepHIITeHH XKIBET IOCTOSHHO B
Jlenunrpaze, ¢ 1943 r. no koHYHHBI — B MOCKBe, unTas jJekuuu (10 1947 r ). BHavaie
B JleHuHrpasackoM, a 3aTeM B MOCKOBCKOM YHUBEPCUTETaX U BEZs HAyUHBIH CEMU-
Hap. C 1955 r. bepuureiin — uHocTpansslil wieH dpannysckoil Akagemuu Hayx
(mocne [etpa I u I1.JI. YeObimena) [87].

2 Bernstein S.N. O ougpgepenyuanvnom ypasnenuu @oxxepa-Ilanka [84,
c. 256-258].
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" B Tpymax ¢wusu-
| KO-MaTeMaTuue-
CKOTO  HWHCTHUTYyTa
M. B.A. Crexio-
Ba, Orng. Mar5';
nu B 1938 . — B
’Kenese B Tpymax
Confér. Internat.
Sci. Math. Univ.
Geneve. Théorie des
probabilities.V.?),
IHons Janscesen C.H. Bepnwmeiin noceaménnsre C/1Y.
OTrMeTruM,  4TO
CIY B teopernueckoit (usuke npusiekiu B 30-¢ IT. BHUMaHUE U
A.H. KonmoropoBa, UM ObLITH MOTY4EHBI CTOb TITyOOKHE PEe3yabTaThI,
yto C.H. bepumreiin k ypaBHennto ®okkepa — I[lnanka cranx go6as-
nath hammito Komvoroposa [84, ¢. 510, 522].

B CCCP naumnas ¢ 40-x rr. CIIY craHoBsITCS BOCTpeOOBaHBI HE
TOJIBKO B TEOPETHUYECKON (PU3MKE, HO U B paMKaxX Pa3BUTHUSI TCOPUHU
MPOIIECCOB yMPAaBIEHUS (CTaTUCTHUECKOW IUHAMUKH). OCHOBOIIO-
JIOKHUKOM CTATUCTHYECKOW TEOPUH YIIPABIIEMBIX CHUCTEM SBIISCT-
cs Bnamumup CemenoBuu IlyradeB (1911-1998), pabora koToporo
(1944) «Cnyuaiinpie (YHKIHH, ONpEeisieMble OOBIKHOBEHHBIMHU
T epeHITHaNbHBIMA YPaBHEHUAMIY [86] MONIOKMIIa Hadaino pas-
BuTHIO HOBoro Hanpasnenus CHY. B pasBepHyTOM BHIE pe3yabTaThl
Pa3BUTHS ATOTO HATpaBlieHHs ObUIH W3JIOKeHbI [1yraueBbiM B pabore
1957 . [87].

Hanpueiimemy pazsuruto CIY B8 CCCP cnocobcTBOBaso cosna-
mue B 50-60-x rr. XX B. croxactuyeckoro ucuncierns CTpaToHo-
BHYa’, 0COOEHHO BOCTPEOOBAHHOIO B YCIIOBHSX Pa3BUTHS PAKETHON

! Bernstein S.N. [llpunyunst meopuu cmoxacmuueckux Oup@epenyuanbulx
ypaenenuti 84, c. 291-315].

2 Bernstein S.N. Cmoxacmuueckue Oudppepenyuarvivie ypasnenus [84, c. 334—
357].

3 CrparonoBuu Pycnan JlasapeBuu poauicst B 1930 rogy B MockBe B CeMbe HH-
JKCHEpa-MEXaHUKa U MPerojaBaTelibHUIbI pr3uku. B koHie 1944 . cTano u3BecTHO,
YTO OTell, YUl ¢ onmordaeHueM B 1941 1., 0CBOOOXK/ICH U3 TUICHA H IO ICHCTBO-
BaBIIEMY TOIJ[a 3aKOHY OCYKICH TpuOyHanoM Ha 10 JieT ¢ KoHducKaued umyie-
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TEXHUKH,  aTOMHOI'O
MoJBOAHOrO Quiota M
pamuorexauku.  Kax
UTOT Pa3BUTHsI UCCIIE-
moBanuit mo CHAY B
CCCP MOXHO Ha3BaTh
kHuru WM. I'mxma-
Ha u A.B. Ckopoxona
(1982) [90] u B.C. Ily-
raueBa u W.H. Cunu-
nmHa [91].

Uro xacaercs pas-
sutus CIAY B mo-
cineanue 30 et BHe Poccuu, TO JOBOJIBHO MOJHAs XapaKTePUCTHKA
Pa3IMYHBIX HAIPABJICHUH WUCCIICAOBAHUN U TPUIIOKEHUH (BKITFOYas U
HOBBIC HAIIPABJICHHUsI: OMOJIOTHIO, TCHETUKY, HH(POPMATHKY, FCOJIOTHIO,
XuMUIo) naHa B kamure mpodeccopa X. FOneka (Heinz Junek: 1944)
[92] u B mpenuciaoBun K kuure [93].

Bepuémcs B 1944 ron. B atot ron snonckuit matemaruk Kuécu Uto (Itd
Kiyosi: 1915-2008)' BBEN B paccMOTpeHHUE CBOW CTOXAaCTHYECKUI HHTETPal.

7 ‘
i .

B.C. ITyzaues P.JI. Cmpamonosuu

crBa. CeMblo (MaTh M ABOE AETEH) OT MOJHOTO Pa3opeHUsl CHACIO TO, YTO POIUTEIH
He ObITM OHIHANTEHO pacucansl. YToObI ObICTpee BeTaTh, KaK TOTAa TOBOPHIIN, «HA
coOcTBeHHBIe HOrnMY, Pycnan nepenpeirnBaer 9-if kitace 1 3akanunBaet B 1947 r. 10-i
KJIACC DKCTEPHOM C 30JI0TOI MEAaNbIo, YTO MO3BOJISIO HOCTYIIUTh Oe3 SK3aMEHOB B
moboit By3. Pycnan BeOpan ¢usnueckuit dpaxymsrer MI'Y. K MoMeHTy oxoHUaHUS
MI'VY (1952/1953) y Hero yske ecTh Hay4YHbIE ITyOJIMKALMH; TOTy4YeHA PEKOMCHIAIIHS
B acnmpaHTypy Ha kadenpy [1.1. Ky3nenosa. 3amura KaHIUIaTCKON AUCCEPTALH
cocrosnack B Mae 1956 r. B atom xe rony B kuure «Maremaruka B CCCP 3a copox
ne™» T. 2 [94, c. 664] yxe naercs kpatkast onorpadust Crparonosuya P.JI. u nepeunc-
JISFOTCST BoceMb ero pabot. B 1961 r. Bemta kaura CrpatonoBuya [88], mepeBeeH-
Hasl Ha aHITIMHACKUIL SI3BIK U IPUHECHIAs eMy MUPOBYIO ciaBy. B 1965 r. cocrosinace
3amuTa JOKTOpcKo auccepranuu. [lyomukanus B 1966 r. B kuure [89] unTerpana
CrparoHoBuua BbI3Bana peskoe Henpusitue mpod. A.B. Ckopoxona, omy6nmkoBas-
mero (1967) pasrpoMHyr0 perieH3uio B xypHaie « Teopust BeposTHOCTEH U e mpu-
menenms». Tem He Menee ¢ 1969 r. PJI. Crparonosnd npodeccop MI'Y. B 1988 r.
narpaxen locnpemueit CCCP, a 8 1994 r. Tocnpemueii Poccuu [95].

! Kak BoisicHu0Ch B 90-¢ rr., ITO mOCTpOMII CBOi MHTErpai paHblie (Iy0nuka-
st B Slnoxun emé B 1942 r.). Ho ncropukos Hayku sxnain croprpus: B 2000 r. ciny-
YaifHO OBUTIO OOHApYKEHO 3arevaTaHHoe mucbMo 1939 r. Bo dpaHIy3ckyro akaje-
MHIO HayK, COZIepXKaliee HeolyOInKkoBaHHy0 paboty Bunnenra Jlo6auna (Vincent
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JIyu bawenve Kuécu Hmo Bunuenm Jloonun

[Tycts y(t), (toe Bpems t € T) — cayuaifHbIi poliecc ¢ HE3aBUCH-
MBIMH HOPMAJILHBIMHU MpHpaIieHussMu. Cmoxacmuyeckum unmezpa-
JI0M HA3bIBAIOT HHTETPAJ BHIA

[ft)dy (o).

Hnmeepanom Mmo Ha30BeM UHTErpaj BUAA:

{ f(t)dy(t) = linflgf(ti) (. )-y®)  (mpuN — o),

rae kak o0braHo mHTepBain [0, T] pasmenén toukamm: 0 =t , t
tN+1 =T

B 1951 1. B u3gannn AMEpHUKaHCKOTO MaTeMaTHIeCKOTo 00IIecTBa
nosiBriiack padora [96] K. Hto, B xoTopoit naTerpan Mto mcnomnb-
30BaJICSl IPU PELICHUH CTOXacTUYECKUX A (epeHInanbHbIX ypaB-
Henuit (cM. Take [97]). [loszxke unaTerpan Mrto Hamien npuMeHeHHe
MpeXJie BCero Ha (PMHAHCOBBIX PHIHKAX.

B Bermeameid B 1966 . 8 MI'Y kuwure [89] P.JI. CtpaTtoHoBHYa wc-

MoJib3yeTcs (B MHTEpecax MPexJie BCEro paanoQpu3uKu) pyroi cTo-

IERLTEEERTS

Doblin (¢ppann.); Wolfgang Déblin: 1915-1940), B KOTOpOii 110 CyIIECTBY CTPOHUTCS
uaTerpai Mro. Pabora Doblina Gbuta B ToM ke roy onyomukosana: Doblin W. «Sur
I’équation de Kolmogoroff. Pli cachet a I’Académie des Sciences» (éd.par B.Bru et
M. Yor). Paris: CRAS, (331), 2000. [{o6aBum, uto Bonbdranr uzydan cTaTUCTHKY
B uHcTuTyTe AHpHU [lyankape. 3amuTun 10KTOpcKyro B 1938 r. nmox pykoBOACTBOM
Mopuca ®peme (Moris René Fréchet: 1878-1973). Bo ®panuuio mpuexai mnocie
npuxoja B ['epMaHny K BIIacTH HAIMCTOB, TaK Kak ObUT HanoJIoBUHY eBpeil. [Tomnas B
OKpY’KE€HHE HEMEIIKHX BOICK BO BpeMst BTopoit MHpOBOI BOIHEI, TOKOHYIHII C COOOH.
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XaCTHUUECKUN HUHTErpan — unmezpanr Cmpamonoguua, T.€. UHTETpal
BUJA:

I=1lim z f((t,, +)/2) (y(t, ) - y(t))  (upu N — oo).

B 1958 r. BbIIa KHUra amMepuKaHCKOro Maremaruka (u ¢uio-
coda) HopOepra Bunepa (Norbert Wiener: 1894—1964), B koTOpOii,
uccienys OJHOMEpPHOE OPOYHOBCKOE ABHMKEHHE, OH MOCTAaBUI B CO-
OTBETCTBUE KKJIOH TpaeKTOpuu Hekotopoe uucio P. Torna sty Tpa-
EKTOPUIO MOXHO ONHCATh MOCPEACTBOM CTOXACTHUECKOH (yHKIHMU
x(t,p), a uHTErpan BuIa

Ity (4, B) dt

Ha3bIBACTCs TeNepb cmoxacmuueckum unmezpanom Bumnepa. VHTe-
rpan Bunepa Hamien npuMeHeHHe IPeXe BCEro B TEOPUHU yIpaBJie-
HUS: OT yHpasiieHHs poOoTaMH A0 ynpaBieHUs: OeCIMIOTHBIMU KOC-
MHYECKHUMH almapaTamH.

Bepuémcst tenepsr B 1953 rog. B stor rom M. k. Kenpan
(Kendall M.G)', ucrions3ys norapumMbl IECHOBBIX CEPHiA, 00HAPYKII,
YTO WX U3MEeHeHue ciny4vaitHo. B 1963 r. Kiaiis ['peiitnmkep (Granger
Clive: 1934-2009) u Ockap Moprenmrepa B padore [99] mokasa-
JIM, YTO KPAaTKOCPOUHBIE KOjeOaHUs LeH MOAYUHSIOTCS ClydyalHOMY

: \ L
Duwep bk Maiipon Illoyns Pobepm Mépmon

"' Kendall M.G. The Analysis of Economic Time-Series — Part I: Prices, Journal of
the Royal Statistical Society. SeriesA. (General), 116 (1), 1953. p. 11-25.
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Oy 1aHuIo, a ToNToCpouHbIie — HeT. Uepes rox (t.e. B 1964 ) B MIT
ObLTa mepeBe/icHa Ha aHDMlckui padota bamiense [83], 1 Hauanoch
e€ TpuymanbpHOe mecTBUe Mo (GUHAHCOBBIM PBIHKAM.

[Ipomuno emé 9 ner. 26 anpens 1973 r. B crenax Ynkarckoil Topro-
BOM MajaTel OTKphLIACh TOPTOBII (POHIOBBIMHU OMLIMOHAMH. 3aMETHUM,
yto ¢ 1936 . B CIIIA neiicTBoBanN 3aK0H, 3ampelaBIInii 1epUBaTUBEI,
T.€. IPOU3BO/IHbIC IIeHHBIX Oymar. ( [lomHas oTMeHa 3TOro 3akoHa Mpo-
m3omnwia B 1983 1)

B tom xe 1973 1. @umep bmak (Fischer Black: 1938-1995)! u
Maiipon Illoyn3 (Myron Samuel Scholes: 1941) B pa6ore [100] mo-
CTPOMJIM MOJIeNIb, OCHOBAaHHYIO Ha PELICHWH CTOXACTHUECKOTO TU(]-
(epeHIMaIbHOrO ypaBHEHUs, KOTOpasi OMpPEAEIsieT TEOPETHUECKYIO
LIEHy Ha eBporelckue’ omuuoHbl. Cpean 6 OCHOBHBIX JOMYILCHUI
TEOPHH BBIJICIIUM TOJILKO OJJHO: MOP206Is YEHHbIMU OyMA2amu 6eoem-
€5l HeNPePvIBHO, U NOBEOCHUE UX YeHbl NOOYUHSIEMCS MOOeNU 2eome-
MPUYECKO20 OPOYHOBCKO2O OBUICEHUSL C U3BECTNHBIMU NAPAMEMPAMIU.

B tom xe 1973 romy PobGepr Mépton (Robert Carhart Merton:
1944)* myOnukyeT TEOPUIO PAIMOHATBHOTO IEHOOOPAa30BaHUS MPU
onuroHHo# Toprosie [101], yTouHHBIIYIO psAJ MOJOKEHUN MOJENN
biska — Iloyn3a.

Urax, monens nenoobpasosanus bmka — Lloynsa ncnonbs3yer-

! ®uep biok poaniics B Bammurrone B 1938 r. B Tapsapze B 1959 r. nosmyuui
crerneHb OakanaBpa 1o ¢usuke, B 1964 r. — PhD no npukiagHoit MaTeMaTHKe. 3aTeM
nocsieoBatenn Yukarckuii yausepcuter (1971), rae Obia HanmucaHa 3HAMEHHTAsS
pa6otra [100] 1973 r., llIkona menemkmenra Maccadycerckoro Mucruryra. C1984
r. paboran B pupme Goldman Sachs. Ymep B 1995 r., He ycnes nomyunts Hobenes-
CKYI0 [IPEMUIO 110 YKOHOMHUKE.

2 B ciiydae egponeticko2o onyuona Tpasa BiaJielbla MOTYT ObITh HPEIbSIBICHBI
TOJIBKO B MOCIICTHUIT IeHb ero oOparmeHus Ha Oupxy. B ciyuae amepurkanckoeo on-
YuoHa TIpaBa MOTYT OBITh IIPEIBSBICHEI B JIIO00H MOMEHT ITOCIIE 3aKIIIOUEHHS CACIKN
BILIOTbH JI0 CPOKA UCTCUCHUS KOHTPAKTA.

3 PoGept Kapxapt Mépron poauiicst B8 1944 1. B cembe cormonora (Robert King
Merton: 1910-2003), poauTenu KOTOPOro GbUIH BRIXOALAMHU 13 Poccuiickoil uMIepuu
(mena 3Bamu Aapon llIkonbnukoB). P. Mépron cran 6akanaBpom B Komymouiickom
yHUBEpcuTeTe, MaructpoM — B KandopHuiickoM TEXHOIOTHYECKOM HHCTUTYTE, TI0-
nyuun PhD no sxoromuxe B MIT (MaccauyceTckoM TeXHOIOIHYECKOM HHCTHTYTE).
B pa6ore 1973 r. [101] cymecTBeHHO nomonHII Moelb binka — [loynsa. Bmecte ¢
[oymzom nomyunt Hobenesckyro npemuto (1997 r.) «3a HOBBII METO] ONIPEICICHUS
CTOMMOCTH ITPOHM3BOJIHBIX IIEHHBIX Oymar». [Ipodeccop mixonsr 6usneca B ['apBape.
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Csl ISl OLIEHKH JEPUBAaTHBOB M COOCTBEHHOTO KaluTala KOMITaHUH.
Hamomunwm, 4to (prouepcHas caenka — 3TO ceiika Ha LeHYy ToBapa,
MoCTaBKa KOTOporo cocroutcs B Oynymiem'. K nagany XX B. Ha ame-
PHUKaHCKUX TOBAapHBIX OMpIKax ye ObUIM HE TONBKO (DbIOYEpChl, HO U
OMIMOHBI’. JIOrTOBOPEHHOCTH 10 HUM OBLIH KakK y (blouepcoB, HO Oe3
00513aTeJIbCTBA OCYILECTBICHHS TIOKYTIKH.

Onmuonsl nensitest Ha call u put. OnnuoH call naér npaBo (HO He
00s13bIBAET) COBEPIIATH MOKYIKY 10 3a(UKCUPOBAHHOMY B KOHTPAKTE
kypcy. Ilpu nokynke onmmona call ero Buanenpiy KenarenbHo, YTo-
OBl aKTUB pOC B IICHE.

OnuuoH put — 3TO KOHTPAKT, NAIOIINI ero Biajemblly (HO He 00s-
3BIBAOLLHI) TPAaBO COBEPIINTH NPOAAXKY aKTUBA 110 3a(PUKCHPOBAHHO-
My B KOHTpakTe Kypcy. [Ipu nokymnke onuumona put Juist ero Biaajaesbia
JKeJaTeJIbHO, YTOOBI aKTUB CHU)KAJICS B IICHE.

[IpakTrka npoBeneHUs TaKk Ha3bIBAEMOTO €BPOIENCKOro OIMIMOHA
Ha OupKe IpearnoaraeT cleayromee:

1. Jlioboit mokymarenb HEHHOH OyMaru MOXKET MOIy4aTh CCY/bI
0 KPaTKOCPOYHOH OE3pHCKOBOM CTaBKe JJIs OTUIATHI JII0OOW YacTu eé
LICHBI.

2. OTCYTCTBYIOT TPaHCAKLIMOHHBIE 3aTparbl, CBA3aHHBIE C IO-
KYIIKOM WM IPOAAKEN aKLIMKA WU ONLUOHA.

3. Ilo Ga3ucHOMY axkTHBY ONIMOHA JUBUACH/BI HE BBIILIAYH-
BAIOTCS B TEUEHUE BCErO ACUCTBUSA OINLIMOHA.

4. KparkocpouHasi Oe3pHCKOBasi IPOLICHTHAsI CTaBKa U3BECTHA H
SIBJIIETCS TIOCTOSSHHOW B TEUEHHE BCETO CPOKa JIEHCTBUS OMIMOHA.

5. «Kopotkas» mponaxa paszpemaercsi 6e3 orpaHuueHHH, U IPH
9TOM IPOIAaBELL MOJTy4aeT HEMEJIEHHO BCIO HATMYHYIO CYyMMY 32 TIpO-
JIaHHYI0 0€3 MOKPHITHS LIHHYI0 OyMary no cerogusimHei nexe. (Ipo-

! TlepBbie (prouepcst nosiBuKch B X VII B. Ha sIMOHCKON prUCOBOI GHpKe.

2 Cuuraercs, 4To BIEPBbIE OIIMOHBI CTAIM UCIT0JIb30BaTh B ['osutanauu B X VIII B.
Ha pBIHKE [BETOB. OMIIMOHBI ISNSATCS 110 BHIY 0a3MCHBIX aKTHBOB HA: a) BAJIOTHEIC
OIIMOHBI — ONIIMOHBI, JIAIOIIME TPaBO HA MOKYIIKY WM HPOAAXy OIPEIeICHHOTO
00beMa MHOCTPAHHON BAJIOTHI IO ONPEeNEHHOH LIeHe B TEUEHHE OIpEe]ICHHOTO
Bpemenu (Currency option); 6) GpOHIOBBIC OIIIMOHBI — B OCHOBE JI)KAT OOBIKHOBCH-
HBIe aKIuK Kopriopanuii (Stock option); B) TOBapHBIE ONIOHEI — B OCHOBE OIIpeJie-
nenHoe konmdectBo ToBapa (Commodity option). EcTe emé ommuonsl Ha MHIEKC,
OIIMOHBI HAa IPOIEHTHYIO CTAaBKy, OINIMOHBI Ha (DbIOYEPCHBIH KOHTPAKT, a TaKXKe
IIPOLICHTHbIE ONIMOHBI Ha IIEHHbIe OyMaru ¢ GUKCHPOBAHHOM JOXOAHOCTEIO.
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JIaBel] ONIIMOHA 3aHMMAET KOPOTKYIO MO3UIIMIO 10 KOHTPAKTY, IOKY-
aTeNb — JUTHHHYIO. )

OTH TOIOKEHHUS €CTECTBEHHO BOILTH B MOsieh bika — [loyn3a.

O0603HaUnM Tereph Yepe3 ¢ — BOJIATHIILHOCTH (KBaJPATHBIA KO-
peHb U3 TUcHepcuu 0a3UCHOM aKIUK);

(T-t) — Bpems 1o ucTedeHus CpoKa OILUOHA;

K — 11eHa UCTIONIHEHUS OIIIUOHA;

S — Texymias neHa 6a3MCHOM aKINM;

r — Oe3pUCKOBas MIPOIICHTHAS CTaBKa;

N(X) — BEpOSITHOCTh TOTO, UTO OTKJIOHCHHE OyJIeT MEHBIIIE X B yC-
JIOBHSIX CTaHJAPTHOTO HOPMAaJIbHOTO OTKJIOHEHHs (cumulative normal
density function). ([l ompenenenns N(X) MOXKHO HCITONB30BaTh
Excel-¢pynkuuro HOPMCTPACTI(x)).

Torna Tekyias CTOMMOCTh ONIMOHA call B MOMEHT t IO HCTEUCHUS
CPOKa OII[HOHA MOXKET ObITh BBIYKMCIICHA 110 POpMYJIC:

C(S,t) = S'N(d)) - K-e™™"N(d,),
rae d, = (In (S/K) + (r + */2)(T — 1)) / (6-\(T - 1)), a

d,=d, — V(T —t) mmu d, = (In (S/K) + (r 6/2)(T-1)) / (c-N(T~ ).

Llena xe eBpOMENHCKOTO OMIMOHA put B MOMEHT t OyIeT BbIYHC-
JIATHCS 110 (hopMyJIe:

P(S,t) = K-e™™-N(-d,) - S'N(-d,).

ITepuon 1983—2000-X IT. — 3TO BpeMs UIUPOYANIIETO pacIpOCTpa-
HEHUS JIepUBAaTUBOB (TIPOM3BOIHBIX) IIEHHBIX OyMar Ha BCeX OMpiKe-
BbIX Iutonaakax. B Hayane 2000-x rr. cTajo MOHSATHO, YTO HEOrpa-
HUYEHHOE HUCIONb30BaHUE NepuBaTUBOB MoxeT mpuBectu CHIA k

TSDKEJIOMY SKOHOMHUYECKOMY KPU3HUCY.
BuHy 3a 3T0 peniiy nepeaokuTh Ha yueHnsix. B 2003 r. [loyn3za'

" Maiipon loyn3 poausicst B r. Tummune (mrar Onrapuo, Kanana). Crenenu 6a-
KaiaBpa 1 Marucrpa noxyuwni B Kanaze (l'amuiibTon) B yHHBepcuTete Mak-Macrep.
Crenens PhD — B Unkarckom yHHUBepcuTeTe. 3HaMeHUTy0 padoty [100] 1973 r. BbI-
nostau, pabotast B MIT. (Kerary, craThs npunuia B perakuuio emeé B Hosiope 1970 r.,
HO JIBaX<][bI HONpaBisiiack.) [Toxe npernogasan B Ynkarckom u CToHPOPACKOM yHU-
Bepcurerax. B 1997 r. momyunn Bmecte P. Mépronom HoGeneBckyio npemuro «3a
HOBBII METO/] OTIPEAEIICHHs] CTOMMOCTH IIEHHBIX Oymar.
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n MépToHa OOBMHWIM B YKJIOHEHHH OT YIUIaThl HAJOTOB B CO3/aH-
HoM umu xek-porae LTCM. TTocie 2008 r. B cTpanax 3amaja pe3ko
YMEHBIINIOCH YUCIIO YUEHBIX, pa3padaThlBaloLINX Aajgee Mojens bis-
ka — [lloyn3a. B Poccun ke mkona Anr0epra Hukomaesnya [lupsieBa
(p. 1934 ), npodeccopa MI'Y, akanemura PAH (2011), npomomxkaer
HCCIIeIOBAaHUS IO 9TOH TeMaTHKe, HO, IFIaBHBIM 00pa3oM, B MaTeMaTu-
geckoM acrtiekte [102].

Hanomuum B 3T0# cBsi3u, uto B 1908 . B CIIIA pa3zpa3zuics cuib-
Helmmii sxkoHomuueckuit kpusuc. llpaBurensctBo CIIIA obparu-
JIOCh K KpYyIHEHIIEMY 3KOHOMHUCTY Toro Bpemenu Mpsunry @umepy
(Irving Fisher: 1867-1947) ¢ Bonpocom: «Yrto nenars?» OH OTBETHII:
«/laliTe crmokoiiHO ymeperh OaHKam-OaHKpoTam». MexXTy MpodnM,
TOrJa pazopwiics B nepBblid pa3 0ank «Lehman Brothersy», ocHoBaH-
Hb1ii enié B 1850 1. Uepes rox o kpusuce Bce 3a0bUIH.
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YACTbD 111

COBPEMEHHBIE MATEMATHYECKHUE METO/BI,
HNCIOJIB3YEMBIE ITPU IIPUHATUU YIIPABJIEHUECKUX
PELHIEHUM

§ 11. Memoo meopuu neuemxkux MHOMCECHE

B 1920 1. mombckuit noruk Su Jlykaceswu (Jan Lukasiewicz:
1878-1956)"' ony6nukosain padoty [103], B KoTOpOit BriepBbIE MOSIBHU-
JIach HE KJacCH4YecKasi JBy3HauHas JIOTUKA, UIyIIasl €€ OT ApUCTO-
tenst (384-322 mo H. 3.), a TpEX3HAUHAs JIOTHKA, KOTOpast MOTydniIa
no3xe obosnadenue £ .

B 1929 1. B yueOnuke [ 104] mys By30B JlykaceBUY CTPOUT ¥ MHOTO-
3HAYHBIC JIOTUKH, KaK KOHCYHO3HAYHBIC JIOTUKH BHAA Ln ,(n > 3), Tak
1 OECKOHEYHO3HAYHYIO JIOTHKY £, (B KOHTHHYaJIbHOM CiTydae 6epércs
MHOXKECTBO JEHCTBUTEIBHBIX uncel B oTpeske [0,1]).

B 1965 1. amepukaHcKuii y4eHbIH, poAuBIIUiicS B A3epOaiikane,
Jlordu 3ame (Lotfi Alasker Zadeh: 1921)? ony6imxosai padoty [105],

! $Tn JlykaceBuy pouiicsi B JlemGepre B 1878 r. 'umuazuo okoxumi B 1897 r. u
B TOM JK€ TOJIy IOCTyImI B yHHBepcuTeT JlemOepra Ha punocodekuii dpaxynsret. [To
oxoHuyanuH yueos (1901) cran padorats yuntenem. B 1902 r. 3ammTrin 10KTOPCKyIO
JHccepranuio moJ pykosoactsoM Kasumupa Tapmosckoro (Kazimierz Twardowski:
(1866-1938) B obuactu storuxu. [Tocne craxuposku B bepimue u Jlysene (benbrus)
B 1904/1905 rr. 3ammTun B 1906 r. xabwmranuio B yHuBepcutere Jlembepra, a B
1911 1. ctan Tam sKkcTpaoparHapHbIM podeccopom. B 1915 r. mepeexan B Bapmiasy
u crain npenoaasats B Bapmasckom yrusepcntere (UW). B 1920 r. momyunn xade-
npy ¢unocopun B UW. JIBaxas! B 20-x 1 30-X IT. BIOMpacst pekropoM. Bo Bpems
Bropoii MupoBoii BoiiHBI paboTai B apxuBe Baprassl, a B KOHIIE BOIHBI OKa3aJICs B
I'epmannn. B 1946 1. 5. JlykaceBud nomy4ni kadeapy MareMaTHaeckoii toruku Ko-
posnesckoit Upnannckoit Akanemun B lyonune [78]. Pabotsr f. JlykaceBnua Hanum
LIMPOKOE IPUMEHEHHUE B TCOPUU MIPUHATUS PEIICHUN U IPU CO3JaHUU DKCIEPTHBIX
CHCTEM.

2 Jlorpu pommics B 1921 r. B Hoexane (Asep6aiimpxanckas CCP) B ceMbe HHO-
CTPaHHOTO XypHAIUCTa (a3epOaiukaHIa NPAHCKOTO MPONUCXOXKICHHS) U Bpava-Iie-
nuatpa (eBpeiiku u3 Oxeccsl). YUmics B pyCCKOil IIKOJIe, a Tocie BO3BPAILCHUS B
Upan B 1932 r. Jlorhu nponomkui yueOy B AMepUKaHCKOM Kojuie/pke B Terepane,
a ¢ 1940 r. — Ha anexTpourkeHepHoM (akyibrere Terepanckoro yHusepcurera. B
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B KOTOPOI BBEJI MOHATUE HEYETKOTO MHOXKECTBA.

Kax noxazan psin uccnenosateneii [106, c. 263], KOHTUHYalbHAS
noruka JlykaceBuua £ OTHOCHTCS K TEOPHU HEYETKUX MHOKECTB TOY-
HO TaK e, KaK KJIACCUYeCKast JIOTMKa K OOBIYHON TEOpUH MHOXKECTB.

B 1973 . 3age npeanoxui cOOCTBEHHYIO BEPCHIO HEUETKOM JIO-
ruku. [lepeitnem Teneps Kk onpeaeneHusM. [ HATIIIHOCTH MHOXKe-
CTBa OYIyT pacmojoKeHbl Ha EBKJIMI0BOM miockocTd R?, HO BMecTO
R? MOXHO paccMaTpuBaTh JIF000¢€ , KaKk TOBOPSIT YHUBEPCATBHOE, MHO-
)ectBo E.

HanomHMM, 4TO €CJIM MHOXKECTBO A JIEKHUT B €BKJIMIOBOH IJIOCKO-
ctu R?, 10

dynkums A, : R°— {0,1} Takas, uto A, (x) = I, ecmmx € A

0,ecmux ¢ A

HA3b16AeMCs XapaKmepucmuieckol GyHkyuet MHoxcecmea A.
[Mapy ( AL)), rie A = {(x, A,(x)):x € R}, Oynem Ha3bIBaTh vem-
KUM MHOXCECHEOM.
X2

Puc 9. YeTkoe MHOXKECTBO

Ecnu xe y Hac ecth pynkuus p,: R* — [0,1]= M, to mapy (A, N2

1944 r. nepeexan B CIIA u noctynun B MIT. B 1946 r. nonayuun auriom marucrpa-
HHKEHEpa H1eKTpoTeXHUKH. Pomurenu Jlotdu xumu B Hero-Hopke, nostomy Jlotdu
npooinkuil yueOy B acnmpantype KomymoOwuiickoro ynmsepcutera. Ilocne moiy-
yenus PhD (1949) npomomkuin paboTy acCHCTEHTOM Ha WHXKCHEPHOM OTIEICHHU.
C 1959 r. paboraer npodeccopom B bepxim.
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rae A= {(x, u (X)) : X € R?}, Ha3BIBAIOT HEuemKUM MHOICECEOM,
a QyHKUMIO W, — hyHKYUetl NPUHAOLEHCHOCTIU.

Ecmu o6pas p, (R?) = {0,1}, T.e. B TOUHOCTH [IBa 3HAYEHMUS], TO HE-
YEeTKOE€ MHOXKECTBO OyJeT YeTKUM (MJIK OOBIYHBIM MHOKECTBOM).

[Tycts A — Kak Ha puc. 9 u mycth B — 00acTb BOKpyT A, Moy4eH-
Hasi 0OKaThIBAaHUEM JTUCKA C AUAMETPOM, PABHBIM YETBEPTH HAaUOOIb-
IIETO PACCTOSIHUS MKy Toukamu u3 A (puc. 10).

X2

/N
[ //////////////E
.—I //// // st
Wlm’ 0
0 0
liﬂ 74
.-///J/ WW
[l / 77

v

0/ X

Puc.10. Hedetkoe (pa3MbITOC) MHOXKECTBO

JlJis moCTpOCHHSI HEYETKOTO MHOKECTBa BBe/IeM (DYHKIIHIO IMPH-
HAJUIEKHOCTH [ (X).

0,xg AUB,
TTonoxum wi(x)=1 Lxe4,

l,xeB.
2

Torna napa (U, 1, (x)), e U= {(x, u,(x)): x € R2} Gyner pas-
MBITBIM MHOKECTBOM. [Ipy 3TOM MHOXECTBO TeX X, I KOTOPBIX
1,(x) > 0, HaswIBaeTCs Hocumenem newemrko2o muodxcecmea. B ciydae
Harlero npumepa Hocurenb — U = A U B.

BBeznem Teneps onepanyu HajJl HEYETKUMH MHOKECTBAMHU BMECTO
mapel, paccMaTpuBasl TOJIBKO HOCHTENH, TaK KaK HOCHUTEIH BMECTE
¢ ¢QyHKIHMEW MPUHAAICKHOCTH OJHO3HAYHO OMPENCNSIOT HEYEeTKOE
MHOXeCTBO. [IpenBapuTenbHO BBEIEM TOHSITHS «COACPKUTCS» H
«paBHOY.
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Iycts A 1 Y — 11Ba HEUETKHX MHOXKe-
CTBa YHUBEPCAIbHOro MHOXecTBa E.
Ecmu s nro6oro x € E cripaBeuBo:

Hy () <1y (),
TO TOBOpAT, 4To A comepxkmutca B Y.
(O603Hauenue: ACY).
ToBopst, uto A paBHO Y (3ammch:
A=Y), ecnu 111 V x € E cnpaseauso:

() = 1y (%)

0O603naunM yepe3 A N Y — HOCUTEIb
HAUOOJIBIIIETO HEYETKOTO MOJMHOMKECTRA,
KOTOPBIN COJEPIKUTCS OJHOBPEMEHHO B A
u B Y. [Tonoxum

Hyny (X) =min {p, (x), p(x)}

. m VvV x € E.
TeMm cambIM ompeziesicHa orepalus ne-
' peceuenust 08yX HeUemKUX MHONCECMS.

0O6o3naunM 4epe3 AUY — HOCHUTEIb
HaMMEHBIIIETO HEYETKOTO IMOJMHOXKECTBA,
KOTOpOE BKITIOYaeT Kak A, Tak u Y, ¢ QyHK-
UUeN NpUHAAJIEKHOCTH :

= by 500 = max i, (0.4, ()}
ma V x € E.

by

N
Y

/omeu 3ade TeM cambIM oOIpeJeIeHa ONeparus
00veOuHe s 08YX HeUeMKUX MHOMCECE.

Iycts Terepp M = [0,1] 1 A u Y — HeueTkue MHOXKECTBA, 3a/1aH-

usle Ha E. Bynem roBoputs, uto A u Y dononusiom opye opyza, eciu

n(x)=1-p,(x) ma x € E.

Yike NOABIIEHUE ATUX ONlEpalMid HAIIIO CBOE IPUMEHEHHE B Malllu-
Hax JIOTMYECKOI0 BBIBOJIA IKCIIEPTHBIX CUCTEM K KOHITY 70-X — Havaiy
80-x rr. XX B. /lanbHeline NpuMeHEHNsT HEYETKUX MHO)KECTB: NPO-
THO3UPOBAHUE HMTOTOB BBIOOPOB, OLIEHKU 3arpsi3HEHUs] arMochepsl,
rUCTOrpaMMbl (DaKTOpa [IeHa/KauecTBO — IOKA3aIIM UX HPUTOJHOCTD K
NIPUHATHIO YIIPABICHYECKUX PEIICHUM.
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MBI paccMaTprBail KOHTHHYaJIbHBIH OTPE30K MHOXKECTBAa M, HO
MOXKHO B Ka4eCTBE 3HaYeHUH (DYHKINH NPUHAJICKHOCTH pacCMaTpH-
BaTh M KOHEYHBIE JUCKPETHBIC U CEKBEHLIMAIBHBIE (COCTOSILUE U3 T0-
CJIeZIOBaTENIbHOCTEN) TOAMHOMXKECTBA B M.

B 80-¢ rr. Bcé Oosblie cTano MOSBISATHCS 3JIEKTPOHHBIX CHCTEM,
HCIOJIB3YIOIMX HEYETKHE yIpaBisdonue anroputmsel. B 90-e rr. cra-
T TIOSIBIISITHCS MAaCCOBBIE MUKPOYHITBI, Oa3UpyIOLIMecs Ha HEUETKOM
JIOTHKE, 0COOCHHO MOJIE3HBIE TP CO3JaHHU BCEBO3MOXKHBIX POOOTOB.

Hynesbie ronsr XX B. XapaKTepHU3yIOTCsl CO3IaHHEM MTPaBIOIo100-
HBIX CLICHAPHEB PA3BUTHUS PA3INYHBIX IKOHOMUYECKHUX CUCTEM, Oa3u-
PYIOIIUXCS Ha HEUETKOM JIOTMKE M HEYETKHX MHOXKECTBAX, NMPEXKIE
Bcero Jy1st 00bIIoro Ou3Heca U BOeHHbIX. OTMETHM B 3TOM CBSI3H, UTO
yxe B 1919 . JTromsur pon Musec! hakTHueckn UCTIONL30BA TIOHS-
THE HEYETKOTO MHOXKECTBA, TOBOPsI 00 ONpPEAETICHHOW BEPOSTHOCTH,
JUTS OMIMCAHUS PAa3HBIX CLIEHAPUEB Pa3BUTHUA SKOHOMUYECKUX CUCTEM.

§ 12. Memoo sxcnepmmuix cucmem
B 1971 r. mosBuics WHTEpHpeTaTop AJs Macc-CIEKTPOrpaMM

DENDRAL, mnocmyXuBIIMH NPOTOTUIIOM BCEX 3KCIEPTHBIX CH-
crem’. B 1976 r. cucrema MYCYN (dpaktiuecku D0uepHsis BEpCHs

! Tronsur dor Musec (Ludwik von Mises: 1881—1973) — skoHOMICT, OCHOBa-
TeJb HOBOABCTPUICKON IKOHOMHUUECKOH 1mikoubl. [To okoHuanuu IlepBoit MupoBoit
BOWHBI BRIITYCTWII KHUTY: Mises L. Nation, Staat und Wirtschaft. Wien: 1919, B xoTo-
PO IPOTHO3MPOBAJI PAa3BUTHE PA3HBIX YKOHOMHYECKHX cucteM. JloGaBiro, 4To ero
6par Puxapz (1883-1953) B 3T0 ke BpeMs CTPOMT CTOXACTHUECKYI) aKCHOMATHKY
Teopun BepositHocTel. Oba Opara poxmuck B JlemGepre (¢ 1918 r. — st0 JIbBOB). C
NIPUXO0JIOM HALMCTOB K BiIAcTH 00a, Oyy4n eBpesiMH, MoKkuaaoT ABctpuro: Jlrogsur
ener B IlIBeitnapuro, a ortyzna — B CIIA (1940). Puxapn ener B Typuuro, a orTyzna
(1939) — B CIIA. B 1991 r. cObutcs nporuo3 Jlronsura Museca 0 HEBO3MOKHOCTH
JUIUTEIILHOTO CYIIECTBOBAHMSI COL[HAIN3Ma TOJIbKO Ha IJIAHOBOU OCHOBE 03 IpuBlIe-
YCHUS PBIHKA, CAEIaHHbII UM emé B 1922 .

2 Coszpatens cuctembl DENDRAL — Dpnsapn @ciirenbaym (Edward Albert
Feigenbaum;1936) — poxuiics B MHTEIUIMTEHTHOH eBpeiickoii cembe B Hbto-/Ixxepcn.
Vuuncs B Vausepcutere Kopreru-Meiton: 1956 — 6akanasp; 1960 — PhD o du-
nocodpun. B cBoeit mokropckoil auccepranuu (mox pykoBoactBoM ['epbepra Caid-
mona (Herbert A. Simon: 1916-2001)) 0H CTPOHT MEPBYIO KOMITLIOTEPHYIO MOJEIH
(EPAM), obyuaronryrocs kak 4enoBek. B 1973 r. BEIXOANT ero 3HaMEHHTas CTaThs
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DENDRAL) ansi nuarHocTuky OakTepHalbHBIX HMH(EKIUH KpOBH
yKe sBJsiIa co00ii HACTOSIIYIO SKCIIEPTHYIO CUCTEMY.

[lo ompenenenuto crnenuanbHON rpynnsl bpuTaHCKOro KoMmbro-
TEPHOTO COOOIIECTBA, «IKCIEPTHASI CHCTEMa PacCMaTpPHBAETCS Kak
pe3yibTaT CO3/aHUsl B KOMIIBIOTEPE KOMIIOHEHTHI, OCHOBAaHHOW Ha
3HaHMSIX, COOTBETCTBYIOIIECH HABBIKY DKCIIEPTa, B TakOoH (opme, Ko-
TOpasi MO3BOJISIET CUCTEME AATh Pa3yMHBIH COBET WJIU MPUHSTDH pPa3yM-
Hoe penieHue o GpyHkuuu oopadotku naHHbIX» [109, c. 15].

bBaza manaeix DKcrepT

Mogaynb ycayeumn Obyuenue
3HaHWi
MalluHbI
Basa 3HaHui Ilpexcrasnenue
3HaHUN
Snpo
9KCIEPTHOM l
CHCTEMBI
MawumHa noruyeckoro
BbIBOAA Meromt
NpaBIONoa0GHOTO
l BBIBOJIA
WHTepdeiic, cBA3aHHbIN
C 06BbACHEHUAMMU
\%/l 10JIb30BaTEJIb

Puc. 11. Cxema TUIMYHOHN 3KCIEPTHON CUCTEMBI

TunuuHast sKciepTHasi cuCTeMa BKJIIOYAET B ceOst:
1) 0asy 3HaHwMIi;

2) MalMHy JOT'MYeCKOro BbIBOJA;

3) Momynmb U3BJICUCHHS 3HAHUH;

[107], natomas omucanne DENDRAL. [lnutensnoe Bpems O. @elirendaym padorain
B HayuHoM otnenie BBC apmun CIIA, nozxe cran npodeccopom CTaHpOpICKO-
ro ynusepcutera. B 1994 r. narpaxnen npemueii Teropunra, B 2013 r. — npemueit
«Computer Pioneer» [108].
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4) cucremy oObsiCHeHHUs (T.e. MHTEp-
¢etic, puc. 11).

baza 3HaHmii comepkHUT Kak (HaKThl
(yTBEeprKIeHuUs ), TAK U IIpaBuiIa (aJropuT-
MBI IOBEJCHHUS ). DTO HaKTHUECKHU CTIOCO0
npeacraBieHust 3HaHuid. OOblyHas Oaza
JAHHBIX COJEPKUT TOJIBKO (PAKTHI.

MarmuHa JIOTHYECKOTo BbIBOJa pabo-
TaeT ¢ HEONpPEJCJCHHOCThIO B JIaHHBIX,
(game Bcero 1100 Ha OCHOBE OaiieCOBCKOM
JIOTMKHU, JU00 HEYETKOM JIOTHKH, 0O

D06apod Deiizengaym ~ MHOTOBHAYHON JIOTHKH), C «IPAMOI»
«00OpaTHOI» LIEMOYKaMH PACCYKACHHH.

Monynb yCBOCHUS 3HAHUM — 3TO MOAY/Ib OOY4EHHsI MAIIMHbI Yale
BCEro Ha OCHOBE CTPATETUH WHAYKIHH.

Haxonen, narepdeiic mo3sossieT B 10001 MOMEHT CIIPOCUTH CHC-
Temy, moyemy Oblia clenaHa Takasl JeIyKIHs WIN MoYeMy cHUcTeMa
3ajana Takol BOMPOC MOJIb30BATENI0?

B 80-e u ocobenno B 90-e rr. XX B. n 2000-e . XXI B. sKcmepT-
HBIE CHCTEMBI HAIIUIM IMpOYaiIlee MPUMEHEHHE B SKOHOMUKE, Tpe-
1€ BCETO JUId MPUHATHS yIIpaBiIeHuecKkux pemenuii [51, c. 135-149].
[Tpon3BOACTBO HKCIIEPTHBIX CUCTEM COCTABIISIET JIBUHYIO JIOMIO MPO-
IOYKLIUH IPOTPaMMHUCTOB.

§ 13. Memoo kpamnomacuimadno2o ananuza

B mocnename 20 mer anms oOpaboTkM pe3ynbTaTtoB (hOHIOBOTO
pBIHKa BCE MIMPE HCIOJIb3YeTCs KpaTHOMACIITAOHBIA (BEHBIETHBIN)
aHaIM3, OsSBUBIINICS Ha pyoexe 1988/1989 rr., koTopsIif epBoHa-
YaJIbHO CO3/aBajics Juisi 00paboTku curHaioB. [lo3ke 3TOT aHaU3
CTaJl IPUMEHSATHCS ISl apXUBUPOBAaHUS JAHHBIX B KOMITBIOTEPAX, B
CHUCTEMaX yIpaBJICHUs poOOTOB.

Wnes xparnomacmTadbuoro ananmsa (KMA) ocHoBaHa Ha pa3ioxe-
HUH CUTHAJIA, 10 OPTOrOHAILHOMY 0a3ucy, 00pa3oBaHHOMY CIIBUTAMH
¥ KpaTHOMAcCIITaOHBIMU KOTIMSIMH CIIEIIUAIbHONW (DYHKIIMHW, Ha3bIBae-
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Anveppeo Xaap Cmegan Manna He Meiiep

Moii BeriBieTHOW (pyHKIMeH. TpuroHomMeTpruecknii 6a3uc, UCTIONb3Y-
eMBIH TIPH pa3IoKeHUIX QYHKIHHA B psin Dypbe, 31ech He TOIXOINT.

[IpocTpaHCTBO CUTHAJIOB OTOKAECTBIIAIOT OOBIMHO € I'MIIbOEpTO-
BBIM TIPOCTpaHCTBOM L, (R) Hax moneM R — BEIIECTBEHHBIX YHCEIL.
(ITompoGuee cm. [110, c. 123—127; 111].)

Coznarensimu KMA 6butn VB Meiiep (Yves Meyer: 1939)! u Cre-
¢dan Mamna (Stéphan Mallat)®. TTepBoHa4aIbHO OHU TOJYYIIH CBOU
pesynbratel HezaBucuMo: C. Mamna omyOnukoBas cBou paboThl B
1989 r. [112; 113], a B Meiiep — B 1990 1. [114].

Pazymeercs, y moHATHS BCIiecKa ObUTH «IPEALICCTBEHHUKH», B
4acTHOCTH (pyHKUMS, Ha3bIBaeMast HbIHE BCILIeckoM Xaapa (puc.12).

! Y Meitep — paniysckuii MaTematuk, okonumn Ecole Normale Supérieure
B 1957 r.; samurun PhD B 1966 r. Ipodeccop B yuusepcurere Jodun B Ilapu-
xe, a nanee (1980-1986) B Ecole Politechnique, a 3atem 1o 2000 r. — npodeccop
B Conservatoir National des Arts et Métiers (BbicieM pemeciieHHOM yuwmumie). C
2000 r. npogeccop-nencuonep. B 1990 r. . Meiiep ony6ankosain paboty [114], mo-
CILy>KUBIILYI0 OCHOBOI [u1s HarpaxkaeHus ero B 2010 r. npemueii um. K. I'aycca.

2 Credpan Mata poausicst B ITapuxe. C 1986 o 1996 rr. 6611 mpodpeccopom MH-
crutyta Kypanta B Hbro-HopkckoM ropojckoM yHuBepcuTere; npenonasan 8 MIT,
B Tenb-ABHBCKOM yHHBepcuTete, B Ecole Politechnique u Ecole normale supérieure.
B 1989 r. ommy6unkoBai aBe muonepckue padotst [112; 113], nocssmennsie KMA.
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Puc. 12. T'paduxu AByX BCIIECKOB Xaapa

ITpaBnaa, cam Xaap (Alfred Haar: 1885-1933)! ctpous opTOHOPMHUPO-
BaHHYIO CUCTeMy He Juid nmpsiMoit R, a nmst orpeska [0,1] [115].

Teopus 6a3UCOB BCIUIECKOB HAIILIA B MOCIICAHUE JIBA CCATHICTUS
HIMPOKOE PUMEHEHHUE B acTpo(u3uKe, aKyCTUKE, CEHCMOJIOTHH, Te0-
JIOropasBeike, B sIIEPHOI (H3MKe, B CUCTEMax MPOTHBOBO3IYIIHOMN
0OOpOHBI H T.JI.

§ 14. Memoo uoemnomenmmnozo ananusa

IIpexie yeM TOBOPUTH O METOJIE MAEMIIOTEHTHOIO aHaJIn3a MpH-
MCHUTCJIBHO K TCOPUHN NNPUHATUSA YIPABICHYCCKUX pemeHI/Iﬁ, BBCAEM
HEKOTOPBIE OIPEACTICHUSI.

ITycTts Ha MHOXeCTBEe M BBeneHa OuHapHas oneparus ®. J1a orme-
pauus Ha3bIBaeTCsl udemnomenmuon, ecnia @ a=a i Va € M.

' A. Xaap poauicst B Bynaneure B 1885 r. ITocne 6nectsiero okonuanus (1903)
EBanrenuueckoil 1Kosbl OH NOCTynaeT B yHuBepcuteT bynanemra. B 1905 r. nepe-
xoaut B yHuBepcureT I'érrunrena. Yxe B 1909 r. oH 3amumaer JOKTOPCKYIO JHC-
cepraiuio Ha Quirocodckom dakynsrere yHuBepcurera ['érrunrena. Ilpu stom
I'mnpbepT sBISIETCS €ro0 KOHCYJIBTAHTOM. Y3Ke B JAWUCCEPTallMH OBbUIO BHIHO Hada-
JIO TIOCTPOCHUSI CIIENNAIbHOW OPTOTOHAIBHON CHCTEMBI, 3aBepIIuBIIeecs: paboToit
[116]. IIpoOeIB kakoe-TO Bpems accucTeHTOM y [mnbbepra, B 1912 r. momydaer
JIOJDKHOCTB aCCOLIMMPOBAHHOTO npodeccopa B ynusepcurere Komomsapa (Tpanc-
mieBanust). B 1917 r. cranoButcs «momHbM» npodeccopom. Ilocie [lepsoit mupo-
BOM BO¥HBI TpaHcuiIbBaHHs OTXOAUT K Pymbrany, a Xaap exet B llleren (Benrpus) u
[IperojacT TaM B yHUBEpCUTETE O CBOU cmepTu B 1933 1.
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Ecnu Ha MHOXKeCTBe M CYIIIECTBYET OTHOIIICHHE < , TO oreparus @
MOJKET OBITh BOCCTAHOBJICHA C IIOMOIIBEO (JOPMYJIBI:
a® b=inf {a,b}, mubo Gopmynsr a ® b =sup{a, b}.

B UICMIIOTCHTHOM aHAJIM3€ BAXKHYIO POJIb UI'PArOT MCTPHUYCCKUEC
MOJYTPYINIbl (MM TIONYKOJbIIA), T.€. anreOpanvyeckue CTPYKTYpBI,
cHaOXeHHbIe MeTpuKoil p : M x M — R (re R — BemiecTBenHas mpsi-
Masi), 3a/1ato11eil Ha M Takylo TOIOJIOTHIO, B KOTOPOW Ha OrpaHUYeH-
HBIX B CMBICJIC ITOPpAAKAa MHOKECTBAX PAaBHOMCPHO HEIIPEPLIBHA OIIC-
patus @ (COOTBETCTBEHHO, B CITy4ac MOIYKOJIbIa onepannu @ u &),
MIpHYEM METPHKA YJIOBIETBOPSAET JONOIHUTEIHHBIM aKCHOMaM: MUHU-
MakcHocmu

p(a @b, c ®d) =max {p(a, c), p(b, d)}
U MOHOTOHHOCTH
as b - p(aa b): ce [a’b]sup Sup{p(aa C), p(ca b)}

XapakTepHbIM M HauOoJIee PACPOCTPAHEHHBIM TIPUMEPOM TTOJTY-
KOJIBIIA TAKOTO THIIA ABJSETCS YKCIIOBAS NPsAMast ¢ OECKOHEYHO yjia-
JIEHHOU TOYKOM'

M = (R u{+mw}) c onepanusimu @ u ®,
3a/1aBaéMBIMH COOTBETCTBEHHO:
a®b=min (a,b),a®b=a+b g1 moo6sIx a, b € M.

HeiirpansapiMu aneMenTamMu onepanuii @ u ® OyayT COOTBETCT-
BEHHO:

OM=+oo u 1M=OeM.

ITopsimox Ha M coBIajlaeT ¢ €CTECTBEHHBIM MOPSAKOM. MeTpuKy
Ha M 3agaanm Gopmynoi
p(ab) = | exp(-a) —exp(-b) |

Ui Bcex a, b € M, mpu cormamenu, 4to exp (-o0) = o. (Ilompo6-
Hee cM. [117; 118, c. 223-259].)

' 910 onHoToueyHas kommnakrupukanus (I1.C. Anekcanaposa: 1896-1982).
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[lepeuncnum Temepp HEKOTOPHIE
3a/1a4M, KOTOPbIe MOKHO PeIIaTh C MO-
MOIIBIO HAEMITIOTEHTHOTO aHaJIN3a:

1. Heknaccuueckas 3ajaJa
TPAEKTOPHOI'0 TUIA: OTHICKAHUE KpaT-
yailiero myTu 4epe3 CeTh ¢ MepeMeH-
HBIM BPEMEHEM Ipo0era 1o Jyram.

2. 3amaua kiraccu(pUKauu H3-
JIeJUi M0 KOHCTPYKTUBHO-TEXHOJIOTH-
YECKHUM MPU3HAKAM.

3. O0o001eHHas 3ajaya O Ha-
B. IT. Macnoe 3HAQUCHHWU: MHOTOMTEPAI[HOHHBIN aj-
TOPUTM.

4. OOoOmeHHas 3a1a4a 0 Ha3HAYCHUH: OJHOUTEPALIMOHHBIN al-
TOPUTM.

5. MonuduurpoBanHasi 3ajada KOMMHUBOSDKEpPa B BBIUUCIH-
TEJIbHOU Cpefe.

6.  AHanu3 napajuieNbHbBIX BEIUHUCIECHUH.

WMenHo mocneasss, mecrtas, 3ajada M MOCIY)KHJa OTIPaBHBIM
MYHKTOM JUTA co3danus U pa3Butus (1984) naeMnoreHTHOro aHaausa
[119].

I'maBHYy0 posb Ipy 3TOM ChIrpaia mkoia akaaemuka B.11. Macio-
Ba (p. 1930)".

! Bukrop ITaBnosuu Macnos pomgmicst B Mockee B 1930 r. Yuuncs 8 MI'Y
nm. M.B. JlomoHocoBa Ha (u3nueckoM QakyiabreTe, KOTOpbIii okoHumI B 1953 r.
B 1957 r. 3ammtun kaHauIaTCKy0 AUCCEpTaluIo 1o pykoBoactsom Ceprest Bacu-
neeBrya Gomuna (1917-1975), a B 1966 r. — nokropcekyto auccepramuo. C 1968 o
1998 rr. 3aBegoBan kKadenpoit npukiagHoi MaTematik B MUDOM, mosxe — npodec-
cop aToit Kadeapsl. OMHOBPEMEHHO PYKOBOIUT Kadeapoil KBAHTOBOH CTaTHCTHKHU H
Teopu 1ot puzndeckoro dakyiaprera MI'Y. C 1988 r. riaBHBIH peakTop KypHaa
«Maremaruyeckue 3aMeTku». OCHOBHBIE HAalIPABICHUS €r0 Hay4YHbIX UHTCPECOB Jie-
JKaT B KBAHTOBOI TepMOAMHAMUKE U KBaHTOBOM MexaHuke. Harpaxnancsa ['ocnpemu-
et CCCP u aBax bl — Poccuiickoit denepanuu.
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3AK/IIOYEHUE

B nacrosmieii pabote mpeacTaBIeHB JAJICKO HE BCE MATEMAaTHICCKIC
METOJIbI, UCTIONb3yEMbIE TIPH IPHHSATHH YIIPABICHYSCKUX PEIICHHH.

Cama H13Hb CTaBUT HOBBIC 33/1a4H, U JIJISl UX PELICHUS TIPUXOIUT-
csl pazpabarbiBaTh HOBBIE METO/IbI. VIHOTIa 3TO aHaJIOrW W3BECTHBIX
YpaBHEHUH, Kak, Hampumep, ypaBHeHue Kinaneilpona — Kiaysny-
ca', kak nporuo3 aedoira 1998 . B Poccun miim MUpPOBO# perieccuu
2008 ., caenannsie B.II. MacnoBeiM Ha OCHOBE ypaBHEHHWH, aHa-
JIOTUYHBIX ypaBHeHHAM (azoBoro mepexoaa [120]. Muorma 310 co-
BCEM HOBBIC METOJIbI, KaK, HAIPUMeED, JIOTUKO-BEPOSTHOCTHBIM METO
ynpasieHus puckamu PsOnanna — ConokeHIieBa, BOSHUKIINN U3 3a-
JIa9H TIOBBILICHUS )KUBYYECTH ITOJIBOJHOTO KOPaOIIs, HO OKa3aBIIUICS
BOCTPEOOBAaHHBIM OaHKaMH, MPEANPHUATHIMHA OOIIENuTa, JIOOBIMU
OpraHu3anusIMu 1 QUPMaMu, Il €CTh KOPPYNIIUOHHAST COCTABIISIO-
miasi, Tie €CTh PUCK NPU NPUHATHU YIPABICHYCCKUX PEHICHUH, T7e
3a/IeBaeTCsl SKOHOMHUYECKast 0€30MacHOCTh CTpanbl [121; 122].

Haxkoner, B ycinoBusix ObICTPBIX COIMATBLHO-I)KOHOMUYECKHUX TIepe-
MEH U TPYIHOCTEH ajanTaluyi K HUIM MHJUIMOHOB JIFOJICH TPe/ICTaB-
JISIeTCSl IEPCIIEKTUBHBIM TIEPEHOC METOJIOB YIIPABICHHUS W MPHHSTHUS
peleHnid, BO3HUKIIUX TIEPBOHAYANILHO B TEXHUKE M HA3BAHHBIX ajall-
TUBHO-pOOACTHBIMU (CM., Harpumep, [123]), Ha IKOHOMHUYECKHE CH-
CTEMBI.

! Vpasuenue Kianeiipona — Kiaysuyca — TepMOJAHHAMHYECKOE YpaBHEHHE, OT-
HOCSIIIeecs] K PAaBHOBECHBIM ITpoLieccaM Mepexoja BelecTBa U3 OHOI (a3bl B Apy-
ryto (McrapeHue, IiaBjIeHue, CyOIMManus 1 T.11).
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