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Sapienti sat

1 OOMaHYMBOCTH MPOCTHIX MOHATUIA

Bo mMHOrmx Haykax MPUHSITO CTPOUTH MOJEIN. XOTs CYIIECTBYIOT TaKwue
HayKK, TJ1e¢ OOJIBIMMHCTBO 3HAHUN M3BJIEKAETCS 38, CYET HEIOCPEICTBEHHO-
ro HabJoieHnst (a paHee TaKue HAYKU U TPeobJIaIalin), HO IPUHITUTHA b-
HO HOBOI'O yPOBHSI MOXKHO JIOCTUYb JIMIIb 38 CUYET IOCTPOCHHS MOJIEJIEH,
KOTOPBIE MPOSICHSIIOT CYIIHOCTh UCCJIEYEMbIX MPOIECCOB W SIBJICHUIA.

[ToCKOIbKY OIBIT aBTOPa OIPAHMIUBACTCS MaTeMATHIECKUMU MOJIEJIsI-
MH, TO pedb IHOIJET IIPexKJe BCero o HuX. Posib 3TUX Mojeseil B Jpyrux
HayKax, Jia U B Ipyrux cdepax AesTehHOCTH, BechMa 3HadnuTenbia. Ha-
npumep, 1o Muennio Jleonapsio ja Bunaun, «HuKakoe 4ej0BedecKoe necsie-
JIOBaHUE HEe MOXKET MOUYMTAThCS UCTUHHON HAYKOM, €I OHO HEe M3JI0XKEHO
MaTeMaTHIeCKIME CIIOcOOaMU BhIpaxkKeHusi». Tem He MeHee, CyIIecTBYIOT 1
TPOTUBOTIOIOYKHBIE MHEHWST O HETATUBHOM BJIMSTHUM WMEHHO MaTeMaTHIe-
CKUX Mojiesielt Ha jipyrue Hayku (M., nanp. [1]). JanHbie 3aMeTku MOKHO
PaCIEHUBATD KaK IOINBITKY MPOSICHUTH HEKOTOPBIE BasKHBIE CTOPOHBI 3TOI0
BOTTPOCA.

Y10, cOOCTBEHHO I'OBOPsi, IIPEACTABIISACT OO0 MaTeMaTuIecKas MOJIE/Ib
HEKOTOPOil peaibHOI UK BooOpaskaemoii cucrembl! Habop cooTHOIEHUI],
CBSABBIBAIOIINX PAa3JIMUHbIE IIAPpAMETPBI U [IePEMEHHbIE U OTPaKaoIINX BCEe
CYIIECTBEHHBIE B3aMMOCBSI3W DJIEMEHTOB ITON CHCTEMBI MEXIy CODOif, a
TaK>Ke B3aMMOCBSI3M C OKpyKafoiei cpejoii. O4ueBuiHO, 9TO MPU OCTPO-
eHUU MOJIEJIN BCErJla CTPEMSITCSI K MaKCHMAaJbHOMY ee VIIPOIIEHUIO, II0-
CKOJIbKY TTOTOM Ha, €e OCHOBE TIPUIETCS PermarTh MHOTHE 3a/1a91 10 OIeHKe
MOBEJICHNsT CUCTEMBbI, BJIWSIHUSI HAa HEE TeX WJIM MHBIX [MapaMerpoB U T.I.



XotreJioch Obl elre MOoJYepPKHYTh, YTO peIIeHusl BCeX TaKHUX 3aJ1ad Ha Ca-
MOM JIeJIe TOBOPSAT O CBOMCTBAX MOJIEJIHN, XOTsi OHU OOBIYHO MEPEHOCSTCs Ha
peaJibHYIO CUCTEMY, 110 KOTOPOIl CTPOMJIaCh MOJIE/Ib, U 9TO Pa3J/iMiue OUeHb
BayKHO JIJIsl TTOHMMAHUSI CAMOI'0 IIPOIECCa MAaTeMaTHIeCKOTO MOJIEJIMPOBa-
HUS.

OcobeHHOCTHIO MaTeMaTHIEeCKUX MOJIEJIeH SIBJISIeTCSA TO, UTO OHU OTTH-
paroTCs IpexK e BCero Ha 3aJaHHyio (pOpMaJIbHYIO CTPYKTYPY, T.e. Ha J0-
CTATOYHO YETKO OIpEJIeJIEHHbIEC 9JIEMEHTBI ¥ YaCTH HCCJIEyeMOil CHCTeMbI
1 BCe BO3MOXKHBIE B3aMMOJIEHCTBUSI MEXKYy HUMM, TaK 9TOObI OHU MOTJIN
ObITH 3AlMCAHDbI B BUJIE MATEMATUICCKUX COOTHOIICHMIA.

Hanpumep, onaum u3 pyH1aMeHTAIbHBIX TOHATHNE B MATEMATUKE SBJIsI-
ercs yucao. Vcnonb3oBanne qucest (CI€T) WM COOTBETCTBYIOMIECH CKaJIsIp-
HOI TIepeMEeHHO UK rapamMeTpa, 1o CyIIecTBy 03HA4YaeT, YTO BCE CBOMCTBA,
ePEUNCIsIEMbIX 00bEKTOB He BayKHBI, KPOME UX KOJUUIECTBa, TO €CTh OHI
B JIAHHON MOJIEJIM OTHOCATCS K OfHOMY Tuiy (Kjaccy). Pasymeercsi, Bme-
CTO YMCEJl MOTYT BBICTYTATh U JIpyrue, boJiee obimme odbekThl. Ho pake
ecJIu JIJIst TaKX 00'bEKTOB BBOJIUTCS HEKOTOPOE OTHOIIEHUE TTPEIIOUTEHHUS,
TO TEM CAMBIM IIOCTYJIUPYETCS HESBHBIM 00pPa30M MX IPUHAIJIEKHOCTD K
OJIHOMY KJIACCY, IIOCKOJIbKY OHHU JIOIYCKAIOT CPaBHEHUE 10 BBEJICHHOMY OT-
HOIIIEHUTO.

Ucxoist u3 9roro, BIIOJIHE TTOHATHO, 4TO (hOpMaJibHas CTPYKTYPa BBO-
JINTCSL aBTOMATHUUECKN SIBHBIM MJIM HESIBHBIM OOPa30M y:Ke IMPH MOCTPOe-
HUWM JII000# MaTemarTndeckoit mojiesin. Koneuno, Takast MOJIeb MOXKET WC-
CJIJIOBATHCS CAMOCTOSTE/IbHO KaK MaTeMaruieckas 3ajiada, B 4aCTHOCTH,
BBISICHATBHCSI BOIIPOCHI CYIIECTBOBAHUS PEIIeHU, UX BUJA, 3aBUCUMOCTH OT
apaMeTpoB, BOBMOXKHOCTH BbIUUCIeHUs U T.11. Ho mpu 9TOM Beerjia Bo3HU-
KaeT BOIPOC 00 00/1aCTsIX MPUMEHEHUs] MOJIeJIM, MHAaYe TOBOPs, TpedyeTcst
OIIPEJICJIUTH, KAKUE peaJsibHble CUCTEMbl UMEIOT CTPYKTYPY, KOTOPas aJleK-
BATHO OTPaXkKaeTcsa CTPYKTYpPOil mocTpoerHoi moaenu. Ilpumepnsr Moneneit,
UMEIOIINX [PUJIOKEHHSI B COBEPIICHHO Pa3JIMUHbIX 00/IaCTsAX, JOCTATOUYHO
XOPOIIIO U3BECTHBI, HO OCTAETCsl OTKPBITHIM BOIPOC O Cliocobax MPOBEPKU
aJICKBATHOCTU MOJIEJICH.

JeiicTBuTesIbHO, HeBepHast CTPYKTypusanus (hopMaju3arus) ucxo/-
HOW CHCTEMBI TTPW TTOCTPOEHNUN MATEMATHIECKOW MOJIEIN MOXKET MPUBECTH



K OecIio/ie3Hoi MHOro3aTpaTHoil pabore u, 6ojee TOro, K JIOXKHBIM BbIBO-
nam. [lpm arom ycmemnoe mpuMeHeHWe MOJEIW B OJHON 00JaCTH BOBCE
He rapaHTHUPYyeT ee aJieKBATHOCTh B JIPYyro# objactu, Jinbo B ciydae u3-
MEHEHUsI MCXOJHON peajbHON cucTeMbl. B 910l ¢BsA3m jocraTrouno OJia-
IONPUATHON sSBJIETCA CUTYyalldd C IPUMEHEHHEeM Mojeseil B (pusuke, rje
UX TIOCTPOEHHE TTPOBOUTCS YK€ CTOJIETUSIMU, U B PE3yJibTaTe BO MHOI'MX
CIAydasix YIAJOCh He IIPOCTO TOCTPOUTD MOAXOIAIINE MO POIECCOB 1
SIBJICHUI, HO U YKa3aTh YCJIOBHUS (JIMAMA30HBI) UX YCIEITHOTO TPUMEHEHHSI
(em., manp. 2, 3]). B apyrux Haykax cuTyanusi He CTOJIb OJIArONPUSATHA
BO MHOIOM WM3-3a HaJu4ust 1710X0 dopmasusyembix cucreM (em. [4]). K
TOMY CJejyeT JoOaBUTh, UTO HEBEpHasl CTPYKTYPHU3allUd MOJIEIN He MO-
»KeT OBbITh KCIIPaBJIeHa 3a CUeT MCIOJIb30BaHUA B Heil 00beKTOB ¢ OoJiee
obIMMu cBoficTBamMu, JinOO 3a cUYeT MPUMEHEHUsSI METOJO0B ¢ 0oJiee BbICO-
KOl TEXHUIECKON CIOXKHOCTBIO. JlocTaTOIHO M3BECTHBIN TPUMeEp HEBEPHO
CTPYKTYPHU3allUK — MeolleHTpuiecKas cucrema [ITosemest, npu npuMeHeHun
KOTOPO# K OMNMpeJIeJIeHNIO TIOJIOXKEHUsT 3Be3/] 1 TIJIaHeT BCe BPeMst ODHapy-
YKUBAJIUCh OTKJIOHEHHUsI, UTO 3aCTABJISIIIO NCIOJIH30BATH BCE HOBBIE U HOBBIE
nonpaBKu B ¢gopmyrnax. IIpuMmedaresbno, 9To 1 Ipu HAYAJIHLHOM HCIOJb-
30BaHUH T'€JIMOIEHTPUIECKON cucTeMbl KolepHuka Tak:kKe 0OHapYKUJIHCh
OTKJIOHEHHUSI OT PEAJHHBIX TOJIOXKEHUI, HO OHW ObILJIN BBI3BAHBI HETOTHO
bopMOit, IPUHATON Jiuist OpOUT (OKPYKHOCTEH BMECTO SJUIUIICOB).

OTMeTHM, UTO B TEOPUHU CUCTEM OT/AEIHHO UCCTIEYIOTCS pa3andHble 00~
e CTPYKTYPHI M UX CBOWCTBA, TPUIEM JIJIsT 3TOTO NCITOIh3YIOTCS PA3Ind-
Hble 110/1X0bl (eM., Hanp. [5, 6]). OHaKO BOIPOCHI COOTBETCTBUST CTPYKTY-
PbI MOJIEJIN ¥ UCCTIEyeMOil peaibHOi CUCTeMbI, KaK MpPaBUJIO, TPeOyeTcs
peliaTb CaMOCTOSTEIbHO.

2 BuiugHue HeolpeaeJeHHOCTH

TakuMm 0Opa3oM, MOJyUIaeTCss, YTO HAKOOJbIINE TPOOJeMbl IIPU TOCTPOE-
HUU aJIEKBATHBIX MOJIeJiell BOBHUKAIOT M3-3a OOJIBIION CJI0KHOCTH HCXO/I-
HBIX CHCTEM U HAJUUUsT PA3HOOOPA3HBIX HEOMPEJIEICHHBIX (DAKTOPOB, UTO
eCTECTBEHHBIM 00pPa30M CO3J/IaeT TPYHOCTH IIPHU ONPEIEJTEHUN 10/IX0/sI-
Ui CTPYKTypbl Mojeau. Hamnpumep, n3-3a TpUHIMAIKAILHON HEBO3MOXK-



HOCTH OIIMCAHMsSI [OBEJIEHHUs OTJEJIbHBIX MOJIEKYJ ra3a B CTATUCTHUIECKO
busHMKe yians0ch NOCTPOUTH aJIeKBATHYIO MOJIETh TOJHLKO Ha MaKPOYPOBHE,
T.€. OIKCATH [OBEJIEHUE, CKaXKEM, HEKOTOPOI'o 00'beMa I'a3a B 1EJIOM.
[IpowLIrocTpupyeM BJIMSIHEE HEONPEIeJeHHOCTH Ha IIPUMEpPE MOoJeAl
cnpoca nompebumens B HEOKJIACCUIECKOH TEOPUH PLIHOYHOI'O PABHOBECHSI
(em., nanp. [7]). B aroii Mmojiesin cipoc norpebuTesisi Ha TOBaphl OIPeIeJisi-
eTCsl KaK MHOXKECTBO PEIICHUI 3a/1a9i MAKCUMU3AIUK [OJE3HOCTH TTOTPe-
ouTesisi Ha OIOJPKETHOM MHOYKECTBE, Jijisi KOTOPOro IIeHbl Ha TOBaphl 3a/1a-
I0TCS B BHJE BHENHMUX napamerpoB. OCHOBHBIM 3JIEMEHTOM 3TOH MOJE/IN
SBJISCTC UMEHHO (DYHKIMs 1oJie3HocTr (imbo, ecsin HeODXOMMO, OTHO-
IMeHUEe MPEIOYTEeHNsI) TTOTPEOUTEIsI, CYIIeCTBOBAHIE KOTOPOil BBIBOUTCSI
13 BO3MOXKHOCTH MOTPEOUTEIIsI TOYHO COMOCTAB/ISATH IEHHOCTH BCEX TOBa-
pon. Takast noJHast IETEPMUHUPOBAHHOCTH BKYCOB BIIOJHE COOTBETCTBYET
peaIbHOMY TIOBEJICHUIO MOKYNATENsI, KOTOPDIA OTIPABJISAICT HA MECTHDI
JIOKaJIbHBIH phIHOK B CpejHie BeKa WK Ha ApMapKy, IPOBOJAUMYIO, CKa-
KEM, KarKylo HeJesio. [Ipu 3moM JIst TPOJarkKu TaM BBICTABJSIICA OJNH
¥ TOT K€ JOCTATOYHO OrPaHMYEHHBIH HabOP NMPUMEPHO OJMHAKOBLIX 110
CBOICTBAM TOBAPOB JIOMAIITHErO IPOU3BOJICTBA, a JIJIs OKYIIOK UCIIOIb30-
BaJICsl IPUMEPHO OJIMH U TOT ke obbeM cpencts (cm. [8]). fcno, 1arto B
TAKNX YCJOBUSIX CEPhE3HOE M3MEHEHME LEeH MOIJIO TPOU30UTH JIMIID TO/
BJAMSIHUEM KaKux-jinbo BHemHuX Bozjeiicruit. Ojuako ykazannas «Mmap-
rUHAJIbHASY> MOJIE/b CIIPOCa UCHOJIb3YeTCsl B HEOKJIACCUUECKOH TeOpUr JIJIst
ONMCAHMST TOBEACHNST PHIHKA B IIEJIOM Ha JIOCTATOTHO OOJIBITIOM BPEMEHHOM
MHTEPBaJIE, ¢ DOJLIIMM KOJIMIECTBOM yIaCTHUKOB U PA3HOOOPa3HBIMHU TO-
BapaMu, IpUIeM OJMH W TOT K€ TOBap, IPOU3BEJEHHLIA B JIpyroe Bpe-
Msl WJIM B JIPYIOM MECT€, CUUTAETCs YKe JAPYTUM TOBAapoM. Takoil moaxos
BeJIeT K OECKOHETHOMEPHBIM MOJIEJSIM PHIHOYHOIO PABHOBECHS, KOTOPHIE
BECbMa CJIOXKHbI JIaxKe JIjisi OlpeJIeieHusl YCJIOBUI CyIIeCTBOBaHUSI pellie-
ang (cm., wHamp. [9]). OdgeBumHO, UTO B ITUX YCJOBUAX TOTPEOUTETD HE
B CHJIaX TOYHO OIEHUTDH OJE3HOCTh Beex Toapos. CosHaBasi 3TOT HeJ0-
CTATOK, HO CTapasiCh yjep:KaTh JAHHYI0 MOJIEJh OTPEOUTELCKOTO CIIPoca,
IIOCKOJILKY OCHOBHBIE CBOMCTBA MOJIEJIA COBEPIIEHHON KOHKYPEHIH O Pa-
FOTCsSI UMEHHO Ha Hee, CTOPOHHUKK HEOKJIACCUIECKON TEOPUH MPE IO UK
0000IINTH KOHIENINI (PYHKIUK TTOJIE3HOCTH Ha OCHOBE <«PallMOHAJIbHBIX



OYKUJIAHWIT», KOTOpas TMO3BOJIUIa 663 U3MEHEHU I COXPAHUTD CTPYKTYPY MO-
jenn. Mex iy Tem ocHOBHOE pazjinure ¢ 0ObIYHOIN (DyHKIMEH 110JIe3HOCTH
COCTOUT B TOM, 4TO HOBas JOJKHA COJIEPXKATh HeollpejiesieHHble (haKTO-
pbI, IPUYEM YPOBEHBb 3TO HEOMPEJEJEHHOCTH MOXKET OBITH CKOJIb yTOJI-
HO BbICOKUM. [loaTOMy mpe/iosioyKenre 0 COXpaHeHud «MapruHAJLHOTO
HOBEJICHUSI TIOTPEOUTEIIST IPU HEJIOCTOBEPHBIX JIAHHBIX SIBJISIETCST aDCOJIIOT-
HO HepeaJbHbIM, CJIEJIOBATEILHO, JIJIsT ONTUCAHUS MTOBEJIEHUS MTOTpedbuTeIei
P JIOCTATOYHO OOIIUX YCJIOBUAX TpeOyeTcss TPUHITUITUAJIBHO JPYTO# THTT
MOJIEJIN.

HocTaTodHo HOIYJISIPHbIM T10JIX0JIOM K UCCJIEJOBAHUIO U PEIIeHUIO 3a-
JIad ¢ HEOIPEJIEJIEHHOCTBIO SIBJIETCS UCTIOJIb30BAHUE CIYUANHBIX BEJIMUNH,
TaK YTO BO MHOTHX pabOTaxX HEONPEJIeIEHHOCTH ITPOCTO OTOXKIECTBIISIETCS
co ciydaiinocTblo. Hamomuum, 4aro Jjirobast ciydaiiHas BeJIMUYUHA 3aJ1aeT-
Csl HA MHOXKECTBE (MIPOCTPAHCTBE) HJIEMEHTAPHBIX COOBITHH COBMECTHO C
3aJIaHUeM PACIIPEICTICHNs BEPOATHOCTEH (HOPMUPOBAHHBIN MEpbhI) Ha HEM,
HEeTpephIBHOTO niin Iuckpernoro turna. O1Hako 3aJanne Takoil Mephbl 1 CO-
OTBETCTBYIOIIEro HabOpa 3HAUEHU BOBCE HE O3HAYAET, 4TO 3a/jaHa UMEHHO
claydaitHas BEJMUNHA, TaK »Ke KaK U JI0O0i BEKTOP ¢ HEOTPUIIATETbHBIMA
KOOp/IMHATAMHU, CYMMa, KOTOPBIX PaBHA €JIUHUIE, ABTOMATHIECKN He SBJIS-
eTcst pacipejieJieHueM BEPOsiTHOCTEH, JIJist 9TOTO TPEOYIOTCsS JIOMOJTHUTE b-
HbIE YCJIOBUSL, KOTOPbIE KaK Pa3 1 OlPEe/ISIOT BO3MOMKHOCTh IPUMEHEHU s
BEPOATHOCTHON MOJICJIN.

A wmenHO, 3a1aHe pacipeie/IeHnst BEPOSITHOCTEH TpedyeT cmamucmu-
yeckol Yycmolduusocmu, T.e. MOJTBEPXKJIEHUS Ha OCHOBE MHOI'OKPATHBIX
HAOJTIOICHNT B OJIHUX W TeX e YCaoBUAX. OUeBUIHO, CTATHCTUUYCCKAS
YCTOMYINUBOCTD JIOCTUTAETCS JIUIIH P HAOTIOIEHUAX 38 JOCTATOTHO OJTHO-
POJIHBIM ¥ HE3aBUCHMBIM TpoeccoM uin sijaerreMm. C Ipyroit cTOpOHBI,
HaJinuue o0IIell Mepbl B BUJIe paciipejie/ieHust BEPOATHOCTEN JIJisi DJIeMeH-
TApHBIX COOBITHI TaKXKe YKa3blBae€T Ha TO, YTO ITH COOBITHS SABJISIOTCS
OJTHOTUITHBIMU, KaK OTMEYaJOCh BBIIIE O HEesdBHBIX CBOWCTBAaX MpUMeEHe-
HUsl duces (CKaJIsIpHBIX MepeMeHHbIX). TakuM obpasoM, HpsiMosinHeiiHoe
pUMEHEHUE BEPOATHOCTHBIX MOJeNel K CyIeCTBEHHO PAa3HOPOTHBIM MHO-
rooOpa3HbIM SABJIEHUSIM HEKOPPEKTHO, JIJIsI 9TOTO TpedyeTcs, MOMUMO yKa-
BaHHBIX YCJOBU, ONIPEJIEINTH (POPMAJILHYIO CTPYKTYPY, KOTOpast ObLia Obl



aJleKBaTHA CTPYKTYPE MCXOJHOI pealbHoil cucreMbl. Bosee Toro, pacipe-
JleJIeHIE BEPOSATHOCTEH, TP COOJIIONEHUI YKA3AHHBIX YCJIOBUMA, MOXKHO 3a-
JlaBaTh MMEHHO Jijisi 00pa30B COOBITHIl B paMKax BIIOJIHE OlPEIeJeHHOI
(bOpMaANILHOI CTPYKTYPBI MOJIEIH, & He JJjIsd KOHKPETHBIX PeaJbHBIX COObI-
tuii. OTcoa MOXKHO CJIeIaTh BLIBOJ, UTO JIAJIEKO HE KazK/1asl HEeOLPe Ie/IeH-
HOCTH MOKET ObITh 3aMEHEHa, Ha, CJYUAHHYIO BeJIMYUHY, U 9TO 3TH ITOHATUS
HE SBJIAIOTCS SKBUBAJCHTHBIM.

Jocrarouno crangapTHLIM IPUEMOM B TEOPUU UT'D, OIKUCLIBAIOIICH MO-
JeJin KOH(DIMKTHBIX CUTYAINil, T.e. MOJIEIN ¢ HEOPEACIeHHBIMA (DaKTOpa-
MM, SIBJISICTCS HPUMEHEHUE CMELIAHHBIX CTPATEIM, KOTOPbIE IPEICTABIIsA-
10T cODOIl pacipeie/ieHnsl BepOATHOCTEH Ha MHOXKECTBE OOLIYHBIX YUCTHIX
CTpaTeruil, SBJIAIONIMXCS TOr/IA JeMEeHTapHLIMUA cOObITUsIMK. TaKoil 1moj-
XOJI NPUBOJUT K CYILIECTBEHHOMY YCJIOKHEHUIO MCXOAHOM MOJEJU, HO 3a-
TO OCTADJISIET YCIOBUSI CYIECTBOBAHUSI CUTYAITMN PABHOBECHUsT (CM., HATID.
|10]). Hastwe curyarmit paBHOBECHS JIeJIaeT TTOBEICHIE OTUCHIBAEMOIT CH-
CTEMBI TTPOTHO3UPYEMBIM. Peann3alnus CMeImanHbIX CTPATEruil nTpOKaMy
COCTOUT B IIPOBEJICHUM CJIYUYARHOIO SKCIIEPUMEHTa B COOTBETCTBUU C MME-
IOIUMCsI pacipejeseHneM U BhIOOpe JJIsi JeHCTBUN MOJyUeHHON YnuCTOoi
crpaTeruu. Takoil MoJxoJ BBIMIAJUT JOCTATOYHO UCKYCCTBEHHBLIM, OoJiee
TOrO, OH MMEET CMBICJ TOJILKO B YCJIOBUSIX MHOIOKPATHOI'O HOBTOPEHMUSI
pasbIIPblBaHKUA OJIHON M TOI K€ UIPbl, TOI/IA BLIMIPBIILNA UI'POKOB Oy LyT
CTPEMUTLCS K CPEJIHEMY, T.€. K 3HAUCHUIO UI'PBl B CMEINAHHLIX CTPATEIUAX.
Eciin »xe paszbirpbiBanye NpoBOANTCS OZHOKPATHO, WK HECKOJILKO pas, TO
MCIIOJIb30BAHKE CMEINAHHbIX CTPaTeruii urpoKaMu CTaHOBUTCs HPoDJeMa-
TUYHBLIM. B HEeKOTOPBIX cilydasx BO3MOXKHA, Peasn3aliis TaK Ha3bIBAeMOIl
«busuveckoit cmecu» crpareruit (em. [11]). Hanpumep, ecin aucrast crpa-
TErusi COCTOUT B BBHIOOPE KYJIbTYPbI JJIs 3aceBaHus I0Jisl, TO HeT HeobXo-
JIUMOCTH IIPOM3BOJUTH CJIyYaHbIH 9KCIEPUMEHT JIJIst €€ BbIOOpa, a MOXKHO
IIPOCTO 3aCeATh I[0JI€ B MPONOPIUSX, YKA3AHHBIX PACIPEIEICHUEM Bepo-
srHocTeii. B obuiem ciydae urpoku ckopee OyjayT OCHOBBIBATL CBOU J1€¥i-
CTBUS Ha MOJIYYEHHBIX JIONOJHATEILHBIX CBEJICHUAX O JIDYTUX YYACTHUKAX,
T.€. pa3bIIpLIBAHNE [IEePeiIeT B HEKOTOPYI0 MHOIO3TAIIHYIO TIporeaypy. I1o-
JIpobHOe 00CYXK IeHIe IPUMEHEHHS CMEIIaHHbIX CTPATErnii JIJIst IIOKCKA, pe-
IEeHUi Urpbl MOXKHO HaiiTu B kKuurax [12, §14,16], [13, §11].



3 HMNuadopmalnmoHHbIE TIOTOKNI

[Ipu nocTpoeHun Mojiesieil pa3jniHbIX COMUAJIbHO-9KOHOMUIECKHIX CUCTEM,
a TAK»Ke MPOMBITIIJIEHHBIX, TPAHCIIOPTHBIX CHCTEM 1 CHCTEM CBSI3M ¥ BOOOIIIE
CUCTEM, CBSI3AHHBIX C JeSTEJbHOCTBIO JIO/IeH, CTPYKTYPU3aIisl UCCTIeye-
MO¥ CHCTeMBbI JIOJIXKHA, BKJIIOUATh U CXeMbl 0OMeHa uHQOpMalueid Mex, 1y
sseMenTamu 1 6iokamu (ojicucremamn). B arom coctonT 0jiHO M3 OCHOB-
HBIX OTJIUYKIA OT CTPYKTYPBI MOJEJeil BO MHOI'MX €CTECTBEHHBIX HAyKaX,
Hanpumep, B pusuke. [lon ungopmavued 3nech n gajiee OyaeT MIOHIMATHCS
UCKJIIOUUTEBHO ee cojiepXKare/ibHasl 4acTh, & He 00beM, 3alliCaHHbId Ha
KaKOM-J1n00 HocuTesie. To ecTh ONKUCAHKsT CAMUX SJIEMEHTOB U TOJICUCTEM |
UX B3aUMOCBsI3eil 0e3 olucanus cxeMbl OOMeHa nHdopmalueit Mex,1y HUMu
OyeT HeJOCTATOUHO JJIs aJIeKBATHOTO OIpejiesieHnsT TpedbyeMoil CTPyKTY-
PbI CHCTEMBI.

Hanpumep, kitaccuueckue Moje/in COBEPIIEHHONR 1 HECOBEPIIEHHON KOH-
KYPEHIUN OIUCHIBAIOT JBa PA3JIMTHBIX TUIA JACIEeHTPAIN30BAHHBIX CUCTEM
B 9KOHOMUKE. B MOJIe/IsIX COBEpPIIEeHHON KOHKYPEHIIMN BaJIbpaCcOBCKOI'O TH-
112 9KOHOMUYIECKHE Ar€HTHI (3JIEMEHTHI CUCTEMBbI) TI0 OTJIEJILHOCTH HE MOTYT
CBOMMHU JICHCTBUSIMU TOBJIUSTH HA COCTOSIHUE CUCTEMBbI B IEJIOM, TOJIBKO
copmecTHO. [loaTOMYy B pamMKax Takoil MOJEIN KaXXJIOMY U3 HUX B IPUH-
nure He HyKHa wHMOPMaIys o jeficTBusX (MeHax, acCOpTUMEHTe, 00be-
Max) WJIM HHTEpecax JIPyroro areHra. BMecTo 9Toro areHThl HCHOJIb3YIOT
HMOPMAIHIIO 00 HHTErPabHBIX MOKA3ATENSAX BCeil cUCTeMbI (1IeHaX Ha TO-
Bapbl ), KOTOPbIE MOTYT OBITH UM JOCTYITHBI, XOTSI MEXAHU3M OMPE/ICJCHsI
OOIIMX PHIHOYHBIX TIEH B UMEIOIIUXCS MOJIEJIsIX He MPOIMUCAH JIOCTATOYHO
aerko (cm., Hanp. [14]). C apyroit cropoHbl, B MOJEJIsIX HECOBEPIICHHO
KOHKYPEHIIMHM KarKJIblii OT/JeJbHBIA YIaCTHUK CBOMMU JIEHCTBUSIMU MOYKET
U3MEHUTH COCTOSIHUE BCEil CUCTeMBbl M, B YaCTHOCTHU, IOBJUATH Ha JII00OO-
ro JIPYyroro y4acTHUKa, MTOITOMY YUACTHUKHU HCIIOJIb3YIOT WHMOPMAINIO O
JefCTBUSIX U MHTepecaxX JPyrux MpU BbIOOpe cBoumx neiicTBuit. B mTore
HOJIYYaeTCsl IPUHIMUIIHAJIBHO JIPYras, TeOPETUKO-UIPOBast MOJIEb, C UHOM
cxeMoit nH(MOPMAaIIMOHHOIO 0OMeHa.

MoxKHO yKasaTh Tak»Ke JOCTaATOYHO MHOTO NPUMEPOB B HCTOPHUH, KO-
IJ1a, TOCYJAPCTBA, ¢ OJUHAKOBLIMU MHCTUTYTAMU BJIACTH YIIPABJISIIUCH CO-



BEPIIEHHO IO-PA3HOMY, T.€. C APYroil cxemoil uudopMaluoHHoro obmMena
MEXK/JLy WHCTHTYTAMHA.

[Tomumo npuBejieHHOrO Bbile (OOBIYHOIO) ONpEJIeJeHNsl, BECbMa Pac-
IIPOCTPAHEHHBLIM SABJIAETCs OlpejieaeHne nHhOpMAIM Ha OCHOBE BEPOT-
HOCTHBIX IIPEJCTABICHUN, KOTOPOE IS Pa3JIMdusl Mbl Oy/IeM 3aliChIBATD
KakK ungopmayus (6). Hanpumep, mycrs jiist yrnporennst Habop Bcex BO3-
MOYKHBIX COOBITHIT JIJTsT HCCIAEyeMOli cucTeMbl (00beKTa) KOHedeH (1), Bee
MHOYKECTBO OIIPEJICJIACTCA KaK OObEeJIMHEHNEe 3TUX 1 3JIeMEHTAPHBIX COObI-
tuit. CocTosinne cucTeMbl S TOTJA 3aJIaeTCsI ¢ TOMOIIBIO PaCIpe/IeIeHnst
BepositHOCTe# p = (P1,...,Pp) HA ITOM MHOXKECTBE, YTO HO3BOJISIET Bbi-
YUCJIUTH €r0 SHTPOIIHIO

H(S) = — Zpi log pi,
i—1

KOTOpasi CIMTACTCs MEpPOil HEeOIPEJIeJIEHHOCTH 9TOI0 COCTOAHMS. TakumM 00-
pa3om, HAUOOJIbINAS IHTPOIUST COOTBETCTBYET HAMOOJIbINEN HEOIpeIeIeH-
HOCTH, T.€. COCTOSHHIO, B KOTOPOM BCE 3JIeMeHTapHble COOLITHSI paBHOBE-
posITHLL Tipu p; = 1/n, i = 1,...,n. BeposTHocTr coObITHI, KaK OOBITHO,
MOTYT OBITH YCJIOBHBIMU U OE€3yCJIOBHBIMW, W PA3HWUILA, B SHTPOIUHU TIPH TIe-
pexo/jie OT OJIHOIO COCTOSTHUS K JIPYTOMY M ONPEJIEISIeTCsl KaK HH(MOPMAIIHsT
(B); T.e. yMEHbBIIIEHIE SHTPONUH JIAeT MOJOKUTEILHOE 3HAUeHNE HH(MOpMa-
nuu (B) mpu mepexosie (eM., nanp. [15]). OpmHako mpu 9TOM BO3HUKAET ecTe-
CTBEHHBIN BOMPOC 00 OOIHOCTH TAKOTO MOJIX0/Ia, MOCKOJBKY Pedh WET 110
CYIIECTBY O BO3MOXKHOCTH OJIHOMEPHOI'O MPEJICTABICHUS JIIOOBIX MHOT000-
Pa3HbIX MIPOIECCOB U siBjieHnii. HanpumMep, mosydenne HOBBIX CBEJICHUN O
CUCTeMe JIOJIXKHO OBITH CBSI3aHO € MEPEXOJOM B HOBOE COCTOSTHWE, HO ITH
CBEJICHUST MOT'YT OBbITh B UE€M-TO HEBEPHBIMH, KaK TOIJIa OIEHUTH N3MEHE-
Hue saTponun’ MoxKHO i1 BOOOIIE U3MEPUTH KOJUIECTBO NHMOPMAIUT B
KaKOM-JI00 peajibHOM 00beKTe Hjiu coObiTun? fICHO, 94TO TaKue u3MepeHust
CTAHOBSITCST BO3MOXKHBIMI TOJHKO B PaMKaX KaKOH-100 MOIXOISIIeid MO-
JIeJIU € 33JIaHHOM CTPYKTYPOit, Tak »Ke KaK U 3ajaHne COOCTBEHHO BEPOsIT-
HOCTel COOBITHUIl, KOTOpPOe TpebyeT erne JOMOJTHUTETbHBIX YCIOBUN YCTOM-
yuBocTH. B obIiem e cirydae, Kak caMu 00beKThI, TAK U COOBITUS ¢ HUMU
cojiep:KaT 6ECKOHETHOE KOJIMIECTBO NH(MOPMAIMH, TIO9TOMY TaKne U3Mepe-
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HUs TepsioT cMbics. CKaxkeM, NPy 3aMeHe OJIHOIO aBTOMOOWJISI Ha JAPYTOoit
TO# Ke caMoil Mapku 3TO Oyjer, KOHEYHO, HEe TOT K€ aBTOMOOWJIb, HO B
paMKax MCIOJIb3YyeMO# HAMU MOJIE/IN OH OYJIeT BBINOJHSATH T€ YKe He0OXO0-
JIMble (DYHKITUHU, a BCE PA3JIMIUS MEXKJy HUMHU, XOTs Obl 1 OECKOHEUHBIE,
JlUIsl HaC HECYIECTBEHHbI, ¥ UMU MOXKHO IIPOCTO IIpeHeOpedb U CUHUTATh
aBTOMOOM/IN OJinHAKOBBbIMU. [oaTOMY M KOJImdecTBO HEOOX01MMOi nHMOP-
MAIIMU O HEM MOXKHO CUMTATh KOHEUHBIM. TakuMm oOpazoM, MHMOPMAITUS
(B) omKHA OBITH CBsI3aHA CO BIIOJIHE ONPEJIEJICHHON CTPYKTYPOR UCTIOJh-
3yeMoit Mojiesin. 3aMeTuM, 9TO PasHble CTPYKTYPHI MOT'YT WCIOJIH30BAThH B
HPUHIKIIE OJIHO U TOXKE MHOXKECTBO MHMOpMalnu 00 0jJHOM 00beKTe.

C 9TuM TOHATHEM TaKKe CBsI3aHa OTpakeHHast nHpOpMaIus (JlaHHbIe),
T.e. 3allMCaHHas Ha OIIPEJEeJCHHBIX HOCUTEJAX, KOTOPYIO MOXKHO 0003HA-
GUTHh KakK un@opmarus (0). 31ech BOSHUKAIOT MHOTHE 3a/[a9H, CBSA3aHHbIE
¢ apdekTuBHOI 06pabOTKOI, XpaneHneMm u mepejgadeil wadopmau (1)
Ha Pa3JIMYHBIX YCTPOMCTBAX, KOTOPbIE HAIPSIMYIO HE OTHOCATCS K IIOCTPO-
eHnio Mojiesieil. MoxkHO TOJIbKO OTMeTHTh, 40 HMOpMaIus (J1) MostBJIsIeT-
Csl Ha yCTPONCTBAX M3HAYAJIBHO TAKXKEe B paMKax KaKOH-TO ONpejie/IeHHOM
MOJIEJIA, U BOIIPOCHI 0OPAOOTKU B KAKOW-TO Mepe CBSI3aHbl ¢ TEMU MOJIEJIs-
MU ¥ UX CTPYKTYpaMU, B KOTOPBIX OHU OYIYT HMCIIOJIb30BaHbl. Pasymaus
MEXK/Iy STUMU TIOHATUSIMU JIOCTATOUHO SICHO YKa3aHbl, Haupumep, B [16, c.
111]: «ITonsirue undoOpMaluK BOSHUKJIO HEIOCPEJCTBEHHO U3 384 TeO-
PHUU CBSI3HM U CIEIUAJIBHO OBLIO IOA00pPaHO, 9TOOBI OTBEYATH 3aauaM STOM
teopun. [lockoMbKY Tepegada Mo JIMHUNA CBSI3U COODITEHWS OTTPEIe/IeHHOM
JUIMHBL TpeOyeT B ciiydae HEeCyIeCTBEHHOTO MJIM JIayKe JIXKUBOI'O COODIIe-
HUsI ¥ B CJIydae COODINEeHMS O BeJudaiiiieM OTKPLITHU IIPUMEPHO OJIMHA-
KOBOI'O BPEMEHHU U OJIMHAKOBBLIX 3aTpPaT, TO C TOUKH 3PEHUS TEOPUU CBA3U
MPUXOAUTCS CINTATH, 9TO W KOJUIECTBO MH(MOPMAIH B ITHX COODIIEHUSIX
SIBJISIETCST OJIMHAKOBBIM ».

4 JlomoaHUTeJIbHbIe MPUMeEPhI

st GoJibIleil siCHOCTH JIaJIUM ellle WJLJIIOCTPATUBHBIE PUMEPHI MOJIe/Ieit
JIOCTATOIHO CJIOXKHBIX CUCTEM.



4.1 Wrpsl cpenuero nosg (mean field games)

[aHHasg Monenb NpeHa3HAuYeHa, I ONMUCAHUS TMOBEJICHUS KOJJICKTUBA,
JIOCTATOTHO OOJIBIIOTO KOJIMYECTBA JIMHAMUYIECKIX aKTUBHBIX 3JIEMEHTOB,
T.e. KakJIblii U3 HUX, KaK B OObIYHOI JnddepeHinajibHoil urpe, nmeer
CBOIO (PYHKIIMIO BBIMI'PHINIA U YPABHEHUE COCTOSIHUSI, KOTOPOE OIPEJIEJIsi-
eT CBs3b TPACKTOPUU U YIpaBadiomux HyHKIUi. B ocHOBY Momenn mo-
JIOZKEHO TPEJIOI0KEHNe, UTO UTPOKU OTJIUYAIOTCS JIUITh 1O CJIyYaiiHbIM
ciaraeMbIM. Tora mpejaraeTcs mepeiTn K CPpeHIM 3HAUEHUIM U, TTOCTIe
B3ATH TIPeJiesia 10 KOJTUIECTBY UTPOKOB, MOXKHO TTOJIYIUTh 3aJ1a9y ONTH-
MaJIbHOT'O yIpaBJEHUS, KOTOpas OYJeT COCTOATH B MaKCHUMHU3AIUU COOT-
BETCTBYIOIIErO yCpeIHEeHHOTO (DYHKIMOHAJIA HA YCPEIHEHHOM yPaBHEHWUN
cocrositnsi. Q4UeBUIHO, YTO JIAHHBINA TTOXOJL SBJISIETCS TPSIMBIM TIEPEHO-
COM TIPWHITUIIOB MOJIEJIMPOBaHUs B cTaTUCTHUYecKoil ¢dhusmke. Ho B nan-
HOM cJiydae pedb HJIeT B IEepBYIO OvYepeb O COMHAIbHO-IKOHOMUYIECKUX
NPUIIOXKEHUSAX ONMcanHoi Mogesnn (M., Hanp. [17]). Tlosromy BosHMKaer
BIIOJTHE €CTECTBEHHBIN BOIPOC O MPABOMEPHOCTH OTOXKICCTBJICHUST 1TOBE/IE-
HUS, CKaXKeM, MOJIEKYJ Ta3a B 3aJIAHHOM 00beMe U KOJIJIEKTHBOB aK THBHBIX
3JIEMEHTOB (MHJMBUJIOB) CO CBOMMU MHTEepecaMy 1 Habopamu jeiicteuii. B
MOJIEJTM UTPBI CPEJIHErO MOJIs 10 CYINECTBY MPEJNOoIaraeTcs BO3MOKHOCTh
3aMEeHbI KOJIJIEKTUBA Ha ero 0DOOIIEHHOTO MPEJICTABUTENS, B TO BpeMs KaK
B COIUAJILHO-9KOHOMMIECKUX HAyKaX BCETJa MOUePKUBAJIOCH pa3Indne B
MOBEJICHUN OTEJIHLHOM JIMYHOCTU ¥ KOJJIEKTUBA JIMdHOCcTeil. B qacTHOCTH,
uzBecTHast reopeMa K. Dppoy o gukrarope (cm., Hanp. |7, 18]) yrBepxaer,
YTO TPHU JOCTATOYHO OOIIUX MPEJIOJOMKEHUIX TTOCTPOCHUE KOJJTEKTUBHO-
ro, T.€. COIVIACOBAHHOTO JIJIs BCEX YJIEHOB KOJIJIEKTHBA, OTHOIIEHUS ITPEJII0-
YTEHUsI IO OTJEJTbHBIM OTHONIEHUSIM BO3MOYKHO TOJIBKO TIPU €0 COBITA, e~
HUU C OJTHUM U3 TAKUX OTACJTbHBIX OTHOMEeHui. CrieloBaTeIbHO, TOBEJICHIE
KOJIJIEKTHBA OyieT DoJiee CIIOKHBIM B OOIIEM CIydae, M ero He OXBATUTDH 3a-
JIAHWEM KOJIJIEKTHBHOTO OTHOIIIEHUsT TPEIITOYTEHHST, T.€. TPeOyeTcst npyras
MO/IEJTb BMECTO ONITUMU3AINHN 10 KAKOMY-JTM00 OTHOIIEHUIO TTPEIIOUTEHMS.
DTO yTBepKJIeHNE MOXKHO TTPOUJITIOCTPUPOBATH ITPOCTHIMUA TTPUMEPAMH.
[Tyctsb npoBO/IATCST BHIOOPHI PYKOBOJUTEN S KOJIJIEKTUBA, COCTOSIIEr0 13
n rpymn (n > 2), Kax/Jas i-si TPYIIa BbIIBUIAET CBOEIO KaHJMJIATA d;
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U TPUCBLIAET HA BBIOOPHI CBOETO MPEJCTABUTENS CO CBOMM OTHOIIEHWEM
npegnourenns ;. Camblii TPOCTON BapWaHT TPEIITOUTEHNsT — CBON KaH-
JIAJIAT JIydIle Beex, T.e.
a; =i aj, V) # 1.

Torma BeIOpaTh PYKOBOJHUTENS HEBO3MOXKHO, KPOME KaK B3STh OJHOTO W3
KaH/UJIaTOB, T.€. B3ATh OTJ/IEJLHOE OTHOIIEHUE TPEJNOUTEeHNsT KaK KOJI-
naektusHoe. [Ipu aroM joJist ero mojyepku Oyier pasua 1/n — 0 npu
n — 00, T.e. pelleHre adCOJIOTHO «HEJETHTUMHOY.

Tak>ke o4deHb XOpOIO M3BECTHBIN (aKT — KOJJIEKTUBHOE OTHOIICHUE
HPEJIIIOYTEHUST MOYXKET ObITh HETPAH3UTUBHBIM, XK€ €CJIU BCE OTJIeJIbHbIE
OTHOINCHUST TPEJANOUTeHUsT TPAH3UTUBHBI, OH OBl 3ameden ere M. Kon-
nopce (eum., mamp. [18|). Bosbmem 06061ieHHBII BAPUAHT ITOTO MTAPAIOKCA.
[TycTb B mipejibljyIeM mpuMepe MpejICTaBUTe/ M CPABHUBAIOT BCEX KaH/ M-
JIATOB TIOMAPHO:

7n_17
k=2 k,....n—1, ua, = a,
1

)
Y

a; =1 @11, t=1,...
a; >k Gia1, 1 =1,...
npu k=2,...,n—

a; >n iy, 2 =1, n—2, ua, >, a.

Ecin B34Th KO/JIEKTUBHOE OTHOIIIEHUE npejanodrenunsd 110 6OJIbH_II/IHCTBy ro-
JIOCOB, TO IIOJYYUM IMWKJI

a; > ajr1, t=1,...,n—1, nwa, > a.

[Ipy 3TOM J10J11 TOJIEPKKM JIIOOOTO KOJUIEKTUBHOTO TIOAPHOTO MPEIITO-
arenust Oyjer pasua (n — 1)/n — 1 upu n — oo.

Camu o cebe Mojieu ¢ OOTBITUM KOJUIECTBOM aKTUBHBIX 3JIEMEHTOB,
B TOM YHCJIE IIOJIyYEeHHBIX KaK IIpejieJbHble U3 UIPOBBIX MOJIEJIEi, J10cTa-
TOYHO x0porto u3sectHbl (eM. [19, 9, 20, 21]). Ho Bee Takue mojesn paBHo-
BECHOTO THIIA HE CBOJATCA K 3aJadaM ONTUMU3AIUK, a TPEOYIOT JIPYroro
MaTEMATUICCKOTIO AIIIapaTa.
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4.2 Moaenb J0JTOCPOYHOrO yIIpaBJeHNd BO300OHOBJISIEMBIMU IIPU-
POAHBIMU pecypcamu

[Tocko/bKy ypaBjeHnue IpUpOJAHLIMUA PECYPCAMU, B TOM YHUCJIE€ BO3ZOOHOB-
JISIEMBIMHU, TIPUHIAUAILHO BAXKHO JIJIsl YCTONYMBOTrO Pa3BUTHUS ILJIAHETHI,
TO COOTBETCTBYIOIIME 3a/1a4U HAXOAATCA B IEHTPE BHUMAHUS MHOI'MX MC-
caeposaresieil. OTMeTUM, 9TO IPU HOCTPOSHUK MOJIeJiell 3/1ech Tpedyercs
YVUUTBIBATHE MHOIHE PA3HOPOJIHBIE, HO B3aUMOCBSI3aHHbIE (DAKTOPDI, B 4aCT-
HOCTH, 9KOHOMUYECKHE, IKOJOIMUECKIE, COIMAJILHBIE U NX JACHCTBUs HAa, JI0-
BOJILHO JITATEJLHOM MEprojie BpeMern. I103ToMy 4acTo BOZHUKAIOT OYEHD
CJIOXKHBIE ¢ MATEMATHIECKOI TOUKU 3pEHMUsI IOCTAHOBKY 3a/1a4 ¢ HEOIIPe/ie-
JennpiMu pakTopaMu. B KagecTse mpuMepa BO3LMEM MOJAECIhL YIPABICHAs
JIECHBIMU PECYPCAMHM.

[Ipexjie Bcero, Jiec UCHONL3YeTCss B pasHbIX Hejsx. C TOUKM 3peHus
9KOHOMUKHU — 9TO UCTOUYHUK JIDEBECHHBI ¥ TOILINBA, ¢ TOYKH 3PEHUS IKOJIO-
UK — 9TO CPEJIa OUMCTKY BO3/YXa, ITOTJIONEHUs YIJIEPO/Ia, ¢ TOUKNA 3PEHMUsT
OMOJIOrnU — 3TO Cpejla OONTAHUS XKMBOTHBIX, IITUL, DACTEHUI, ¢ TOUKK 3Pe-
HEs ODIIECTBA — MECTO OTJIbIXa. KCIM HOMBITaThCsl CBECTH BCe 9TH (PaKTO-
phI B ey 10 DYHKIMIO 1eJH (MOJIE3HOCTH) U yKa3aTh BCE 3aBUCHMOCTH 1
OIPAHMYCHUST, BKJIIOUAS BJAMAHUE OIOJIbI, 3arPI3HEHNsT OKPYZKAIOIIEi ¢pe-
JIbl, HAIIECTBUS BPEJIHLIX HACEKOMBIX U T. II., TO IOJIYYUTCsS (haKTHUECKH
HepeniaeMas 3aja4a. [loaToMy HE0OXOIUMO POBECTH JEKOMIIOZUIIUIO MO-
JIeJIM Ha JIOCTATOMHO caMocTosite/ibible O6jioku. Hanpumep, B pabore [22]
ObLJI IPUMEHEH METO/I, OCJIEI0BATEHLHOIO JIOCTUKEHUS 1IeIeil ¢ JeKOMIIO-
3UIKEN 110 MepuojaM IJIaHupoBaHusl. VICXoaHOl sBJIsiIach MOJeJb J0JIr0-
CPOYHOIO yIpaBJeHus JIeCHBIMU pecypcamu. OTMETHM, 9TO M3BECTHO J0-
CTATOYHO MHOI'O MOjiesieil B 9To# 0bs1acT, KOTOpbie (DOPMYJIMPYIOTCS Kak
3a/1a4d ONTUMAJILHOTO YIIPABJIEHUsI, T. €. KAK 3a/aud MAKCUMU3AIUN KPU-
TepUst KAUeCTBa BJIOJIb TPACKTOPHIl IBUKEHMsI, OIIUCHIBAEMBIX YPABHEHUEM
cocrostiusi (cM., Hamp. [23]).

BosbMem MOJIeIb ¢ JMCKPETHBIM BPEMEHEM, Pa3/IeJeHHbIM Ha OJMHAKO-
Bble uHTEepBaJibl (roj) t = 1,2, ..., 7. Beibepem ot U3 POCTEHIINX CIT0-
cODOB MOJIEJIMPOBAHUS JJUHAMUKI U3MEHEHUsI COCTOSHUS JIeca, MOCKOJbKY
9TO HE BJMAET Ha CYIIHOCTH TOJXO0Ja. A MMEHHO, BO3BMEM TOJLKO OJIMH
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BHJI JIepeBbeB (CoCHA) W OyJieM CUUTaTh, 9TO BCA TEPPUTOPUS JIECa IJI0-
1610 S pas30duTa Ha YIaCTKH, TaK 9TO Ha OJHOM yUIaCTKEe HAXOISITCS Jie-
PEBbsl TOJIBKO OJHOI'0 BO3MOXKHOI'O Bo3pacta ? = 1,..., L. IIycrb BekTOp

ot = (vi,...,v}) samaer pacnpenesnenne mIOMAEH JIEPEBBEB IO BO3PAC-

TaM B KOHIIe IlepHuojia t, HauajbHoe pacipeseienne v) cauTaercs H3BeCT-
HbIM. [Ipu oTCyTCTBUM BHEITHUX BO3/IEHCTBUI JUHAMUKA, JIECHBIX PECYPCOB

3aJ1aeTCA PA3HOCTHBIM ypaBHEHUEM
41 _ t _ .
v =AW, t=0,1,...,T —1;

rje oneparop A B mpocreiiliieM ciydae 3ajaercs marpuieil nopsijaka L.
[Ipr HEOOXOUMOCTH OH MOXKET COJIep:KATh M HeolpejieJIeHHbIe (DAKTOPHI,
HO 9TO HE CKaXkeTcsl Ha CYIIHOCTU MOJie/n. BiinsiHue Ha cOCTOsIHUE Jie-
ca OKa3bIBAIOT BbIPYOKa, a TakrKe BbICAJIKa MOJOJIbIX jiepeBbeB. IlycTb
ut = (ul,.. . uh) mw' = (w,. .. wh) — momann BLIpyOku m BBICAT-
KW JIepeBbeB B mepuoft ¢, npu atom uf = O mpu i = 1,...,0 — 1, wl = 0
npu ¢ = lp+ 1,...,L, Te. [ — MUHUMAIBHBII BO3pACT JJIsi HadaJa BbI-
pyOku, [y — MakcuMasbHbBIA BO3pacT caxkennes. Ilpu srom L cumraercs
MaKCHMaJIbHBIM TOBapHBIM BO3pacToM. Torma JauHaMuKa, Jeca Oy1er OIu-

CbIBATbCA COOTHOIIIEHUAMMN:
o't =AW — )+, t=0,1,...,T -1,
L
§ i< S, v >0, u >0 w >0, t=0,1,...,T.
=1
B KOoHI€ IIJIaHOBOT'O II€pHuO/a 3a/laeTCsdA HEKOTOPasd 2KeJlaeMagd BO3PaCTHaAsI

CTPYKTYPa Jieca, HalpuMep,
vl eV,

rie V' — mekoropoe Muoxkecrso B RY. Kpome 3Toro, Moryr 3ajaBarbcs
pas3JIndIHbIe JIOIOJHUTE/bHbIEC OI'PaHUYCHMS, HAIIpuMep, Ha 00bEeM IIOIJIO-
menust yraepoga (I'y):

L
Zvivszt, t=1,2,...,T,
i=1
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rjie ; — 00beM IOIVIONIEHUs YIJIepOoa 3a OJMH MHTEPBAJ BPEMEHU OJIHUM
TeKTaPOM JIECa BO3PACTA, 1.

Muozkecrso Tpaekropuit {v'}, {u'}, {w'}, yunosiersopstiomux npuse-
JIEHHBIM OI'PAHUYEHUSIM, MOXKET ObITh JIOCTATOTHO ITUPOKUM, ITIOITOMY BO3-
HUKaeT IPUHIMIKAJLHBIA BOIIPOC O BbIOOpE KPUTEpHs KadecTBa yIIpaB-
jenns. TpajuIMOHHBIM BapUaHTOM sIBJISIeTCsS (DYHKIWS MPUOBLIA BJIOJIb
TPpaeKTOPUN ABMXKeHusA. Eciin M3BeCTHBI IEeHbI Ha KyOOMETp JIPeBeCHUHbI
KayKJIO'0 TOBApHOI'O BO3pAacTa, yJeJbHbIE 3aTpaThl Ha BBIPYOKY I'eKTapa,
JIeca KaykJI0ro TOBApPHOI'O BO3PACTa, a TAKXKE yJIeJbHbIE 3aTpaThl HA BbI-
CaJIKy CarkKeHIEB KayKJIOI'0 BO3pacTa, He DOJIbIIEro [y, Ha TeKTap ILIOIIaIH,
TO, 3Hasl BBIXOJ| JIPEBECUHBI B KyOOMeTpax ¢ TeKTapa ILIOMIAIU KarK0TO
TOBapPHOI'O BO3PACTa, MOXKHO BBIUMCJHUTH 3HAUCHUE 3TOH (PYHKIUU BJIOJIH
3a1aHHOi TpaekTopuu. OCHOBHOW HEJOCTATOK JAHHOI'O TOJXOJA B TOM,
4TO BeJUUnHbl [ 1 L jgocTarouno Oojbline, s COCHOBOrO Jjeca [ ~ 60
ger, L ~ 120 ser. Torma mnaHoBblil epuoJ JOJKEH OBITHL elrne DOJIbIIIE,
9TO0BI yuecTh mojHoe obparienne Bozpacton, 1 = 200. ITosTomy sr00bIe
[[EHOBBIE 3HAUEHUsT HA, TAKOW JIIMTEJIbHBII 1epUOJ], BPEMEHH HEPeaJbHbI,
1 HEOOXOIMMO KCIIOJIb30BaTh APYyroi Kpurepuit. Hampumep, MOXKHO B3sTh
KpuTepuii conocrasienus 3arpar. [Iycrs p; 0603HauaeT 06beM JpPeBEeCUHbI
B KyDOMeTpax ¢ OJHOTO TeKTapa Jieca BO3PacTa i, 1); — 00beM JIPEBECHHBI
¢ OJIHOI'O MeKTapa IPU BBICAJIKE BO3PACTA 1 110 JOCTUKEHUU UM BO3pacTra |
(mubo Apyroro sTagoHHOrO Bo3pacta). Torma MOXKHO ONpe/IeUTh IEeJIeBY 0

pyHKIMIO
T L

lo

> pig — Y miw}
t=1 i=l =1

1 BBIOUPATH JIOMYCTUMYIO TPAGKTOPUIO, KOTOPAasl JOCTABJIsAeT HanbOIbIIee

sHadenue 3Toil pyukmun. Ilpu HeobXoMMOCTH MOXKHO NPUMEHATHL PABHO-

MepHble Kpurepun. [loydeHnbie B pesyabrare 3aadu ONTHMU3AINNA Pe-

MaTCAd N3BECTHBIMU YUCJICHHBIMU METO/JaMU.
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