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AHHOTaHHH. CYHIGCTBYGT JA0CTAaTOYHO 0O0JIBIIIOE KOJHMYECTBO OaJIaHCOBBIX
MOI[GJIGﬁ, KOTOPBIC C ITIOMOIIbIO MAaTCMATHYCCKHUX BBIpaH(GHI/IfI OIIMCBIBAIOT IIPOICCC
O0OMEHOB W OMPEENSIIOT YCIOBUS BBITTOJIHCHHs OajaHca TIOTOKOB B cucteMe. OmaHon
W3 HauOoJiee W3BECTHBIX MAaTEMaTHUUYECKUX Moz(eneﬁ TAKOIro THUIa SABJIACTCA
OaslaHcoBasg Monenb JleoHTheBa (MOJENb «3aTpaThbl-BBITYCK»). OAHAKO BCE 3TH
MOJACIN HMCIOT OIPCACICHHBIC OI'PaHUYCHUA: MOACIIb JIeoHTHREBA OIMCHIBAET
3aKpBITYI0 CHCTEMY, KpPOME TOTO, HEBO3MOXXHO MH3YyYHUTh MpoIEecC OOMEHOB B
JUHAMHUKC, a4 3HAYUT BBIpa60TaTB PCKOMCHAAIMHU T10 €ro yJIYUYIICHUIO. I[J'ISI PpEUICHUA
3TOM MpoOsIEMBbl OBUIO CO3[JaHO CEMENCTBO areHT-OPUEHTUPOBAHHBIX MPOTPAMMHBIX
Moz[eneﬁ. B stux MOACIAX I[CflCTBYIOT 9KOHOMHYCCKHC aI'CHTBI, KOTOPLIC BCTYIIAIOT B
KOMMYHHUKAIIMM C IIeJIbl0 OOMEHa TOBapaMu JPYyr C JAPYroM. XapaKTePUCTHUKU
AIrCHTOB paCcCUHUTaHbl HAa OCHOBC ypaBHCHI/Iﬁ cTaTUYecKoro OajaHca HGOHTBeBa,
JOIIOJIHUTEIIBHO B MOJCJIM BBCIACHBI JCHBI'U. AreHTaM MOKET OBITh Ha3HaueHa OoJHa
13 6 BO3MOXKHBIX CTpaTeI‘I/Iﬁ IHOBCACHMUA. B HaHHOﬁ CTAaThC ITOKA3aHO, KaK ITOBECACHUC
OTACIIBHOI'O arc¢HTa M BCCX AI'CHTOB KaK TI'PVIIIIBI BJIMACT Ha IIPOTCKAHHUC BCCTO
KOMMYHUKAIIMOHHOTO Mpoliecca B 1eJioM. bbuta paspaboTaHa emie ojHa Bepcus
MOJENIW, B  KOTOPOM  BBEAECHBI  BHYTPEHHHE  (BUPTyasJbHblE  JE€HBIH).
q)yHKLII/IOHI/IPOBaHI/Ie DTOU MOJCIN MOO0Ka3bIBACT, YTO OTH ACHBIM BpPaAIIAlOTCA B
3aKPBITBIX HUKINYCCKHX KOHTYpax, KOTOPBIC MOXHO CUHUTATh aYTOIIO3THYCCKHUMMU,
T.K. IIpA BBCACHHUMU TAKHX JACHET OaaHc COXpaHsCTCA, a KOMMYHI/IKaLII/IOHHblf/'I
MPOLECC YCKOPSETCH.

KitoueBbie cioBa: KOMMYHHUKAIIUU, MOJCIMPOBAHHUE, MEXKOTpPACICBOM OanaHC
HGOHTBeBa, AI'CHT-OPUCHTHUPOBAHHAA TCXHOJIOI'HA, BUPTYAJIbHBIC ICHBI'

Abstract. There are many equilibrium models which with the help of some
mathematical equations describe the process of exchanges and determine the
conditions under which the balance of product and money flows in the systemis
established. One of the most famous is the model of Leontieff’s intersectoral
equilibrium (input-output model). But all of these models have certain constraints. As
to Leontieff’s model it describes a closed system and that is why it is impossible to
analyze exchange process in dynamics and, as a result, it is impossible to work out
recommendations how this process can be improved. As this problem solution a set
of agent-based software models was engineered. Economic agents act in these
models, they communicate in order to exchange products with each other. Agent’s
attributes are calculated in accordance with Leotieff’s static equilibrium equations.
Money is introduced into the models. Simulations show that equilibrium exists in
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conditions of any small money volume but if there is a money lack a crisis arises that
means exchange volumes great decrease, moreover, the less money volume - the
deeper and earlier crisis emerges. The question is “Can agents influence the process
characteristics (system macroparameters) by means of their different ways of
behavior?” It has appeared that they could really do it.

Communication process is divided into separate exchange cycles. In an exchange
cycle every agent receives a chance to communicate and it makes a choice of
contractor and exchange volume in accordance with its predetermined strategy of
behavior. There are 5 predetermined strategies (models) of behavior:

 The first “list” strategy - all agents act in accordance to the list they are ordered
in the system and the exchange volume is the maximum possible;

* The second “maximum” strategy - every agent first tries to supply its
maximum requirements, the exchange volume is the maximum possible;

* The third “uniform” strategy - every agent in the exchange cycle tries to
communicate with all system agents whose products he is willing to consume; the
agent tries to buy their products in equal volumes;

» The fourth “succeeding” strategy — every agent tries to communicate with the
succeeding according to list agent: if the exchange act with this contractor is
impossible the agent try to choose the contractor further in the list, the exchange
volume is the maximum possible;

» The fifth “neighborhood” strategy — agent tries to communicate with his
neighbor agents, in case of impossible exchanges with them it widens this
neighborhood; the exchange volume is the maximum possible.

The optimal strategy in the view of communication process speed and crisis
effects reduction appears to be the fourth one. The very interesting additional effect
of “egoism” has been revealed. It arises when an agent chooses less optimal strategy.
It results in its own benefit but this act spoils the overall situation in the system and
the final characteristics of agent’s neighbors as well.

The second model simulates the work of an open communication system because
single system agent is determined to be “the environment”. There are two types of
money in the model: the first one is common real money and the second one is
internal, or virtual, money. The first type money is used in all exchanges and the
second supports the exchanges between internal agents (non-environmental
exchanges). Money volumes are restricted and they are in proportion with the product
volumes in the system. During the exchanges agents first try to spend internal money
and if there is not enough volumes of this kind money than real money are used for
exchanges.

Experiments show that if the agent attributes are in accordance with Leotieff’s
equilibrium than communication process is a success. And if the environmental agent
becomes the first agent in the list than virtual money works as the real one
accelerating the communication process. We argue that in the system there are closed
contours in which internal money flows and we have a possibility to discuss
autopoietic patterns which exist in the system.

Model was verified on the real economic data collected for a small municipality.
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Agent-based technology gives a chance to animate static mathematical model and
to receive the results that can be used for recommendations working out. These
recommendations can be used by economic agents in conditions of crisis. Agent-
based technology is known as “the right mathematics for economic and social
systems”.

Keywords: Communications, Simulation, Leontieff’s intersectoral equilibrium,
Agent-based technology, Money

BBenenue

CymiecTByeT 10CTaTOYHO OOJBIIOE KOJUYECTBO OalaHCOBBIX MOJIENEH, KOTOpbIe
C TMOMOINbI0 MAaTeMAaTHUYECKUX BBIPAXKEHUN OMUCHIBAIOT TIpollecC OOMEHOB U
OTPENIEIISIOT YCIOBUS BBIMOJHEHUS OalaHCa TOBAPHO-ICHEKHBIX IIOTOKOB B CUCTEME.
Hawnbonee n3BecTHONM MaKpOIKOHOMUYECKOM 0alaHCOBOW MOJIETIBIO SIBIIIETCS MOJEIb
MexoTpacieBoro Oananca JleoHTheBa (MOJEIb «3aTPaThI-BBITYCK»), 32 KOTOPYIO
aBTop B 1973 roay nonyunin HoGeneBckyro mpemMuro 1o s3KkoHoMuke [1].

Kaxk u mob6as mozenb, Mojienb JIeoHTheBa UMEET ONPEICIICHHBIC OTPAaHUYCHUS:

® OIMCHIBACT 3aKPBITYI0 CHUCTEMY — BCE areHThl, MPOU3BOJCTBEHHBIE CEKTOPA,
0OMEHMBAIOTCA TOBapaMH BHYTPU CHUCTEMBI, HUYETO HE BBIBOJIS 3 €€ TPAHUIIbI U HE
Moy4as U3BHE;

® BCE arcHThI IPOU3BOIAT Pa3HbIC TOBAPHI (HEBO3MOKHA CUTYalUs, IPU KOTOPOI
HECKOJIbKO areéHTOB MPOU3BOJAT OJIMH U TOT K€ TOBAp), YTO TAKXKE JIeJIaeT MOJCIb
JaJIEKOM OT pealbHOM KU3HU;

® HEBO3MOXXHO TNPOCIEIUTH TMpolecc O0OMEHOB (YyCJIOBHO  Ha3BaHHBIN
«KOMMYHUKAIIUOHHBIMY» TTPOIIECCOM) B JUHAMHUKE.

[lepBoe u TpeThe orpaHryueHUEe OBLIO CHATO B ar€HT-OPUEHTUPOBAHHBIX MOJIETISX,
MOCTPOEHHBIX HA OCHOBE ypaBHEHUM Oananca JIeoHTheBa.

JIist vccnenoBaHUsl CUCTEM, COCTOSIIUX W3 OOJIBIIOTO KOJIMYECTBA JJIEMEHTOB
(areHToOB) C YHUKQJIbHBIMUA CBOMCTBAMH, HETWHEHWHO B3aMMOJICUCTBYIOIIUX JIPYT C
IpyroM, OOBIYHO W  TPUMEHSIOT  areHT-OPUEHTUPOBAHHYIO  TEXHOJIOTHIO
MojienupoBanus [2]. Mopjenb, OCHOBaHHasi Ha ATOM TEXHOJIOTUM, MPEIACTABISET
coOOl JMHAMUYECKYI0 CHCTEMY C HE3aBUCHMBIMHM CYIIHOCTSIMU (areHTamm),
BCTYIAIOIIMMHA BO B3aUMOJICHCTBUE JPYT C JIPYrOM uepe3 HEKOTOPYIO cpeny. 3aaaB
MpaBUJia MOBEACHUS OTJEIbHBIX areHTOB, MOXHO HCCIEI0BAaTh XapaKTECPUCTUKU
CHUCTEMBI B 1I€JIOM, M3y4YaTh TUHAMUKY U3MEHEHHS €€ MUKPO- U MaKpomapamMeTphl.

ATEHT-OPUEHTUPOBAHHAS TEXHOJIOTHSI MOJICIUPOBAHUS TMOJyYHJia IIUPOKOE
pacripoctpaHeHrueB mocieanue rojapl. C ee MCHOoJb30BAaHUEM pEIIaloT 3ajayu U3
caMbIX pa3HbIX obnacrteit: ¢usuku [3], Ouonoruu [4], SKOHOMUKH [5], cOIMATBHBIX
Hayk [6], reoundopmaTuku [7] u ap.

ATeHT-OpUEHTUPOBAHHAS TEXHOJOTUS MOJEITHUPOBAHUS OCOOCHHO MOIXOIUT JJIs
CO3/IaHUSI MOJENEl AKOHOMHYECKUX W COLMAIbHBIX CHUCTEM (Pl HHTEPECHBIX
MIPUMEPOB MCIOJIB30BAHUS TAKOW TEXHOJIOTHH UMEHHO B 3TOH c(hepe MOKHO HAWTH B
[8, 9]). O6 areHT-OpHEHTHUPOBAHHOM MOJICTUPOBAHUH TOBOPSAT KaK O «IIPaBUIILHOM»
MaTeMaTuKe JIJIsl COMAIbHBIX HayK [10], Tak Kak cOCTOSTHUSI OOIIECTBA, 3aKOHBI €T0
pa3BUTHUSI, KaK TMPaBUJIO, HEBO3MOXHO OIKCATh C TIOMOIIbIO MaTeMAaTHYECKUX
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¢dopmyi. [ToaTromy B SKOHOMHYECKOI HayKe MOSIBUIIOCH II€JI0€ HampaBjieHne Agent-
based computational Economics (AreHT-OpUEHTUPOBAHHAS BBIYUCIUTEIbHAS
skoHOoMHKa)[ 11, 12].

Tumbl areHTOB B MOJIENSIX MOTYT OBITh pa3HbIMH. AT€HTBHI MOTYT J€HCTBOBATH 11O
OTpe/CNEHHBIM TPaBHJIaM, KOTOPHIE IOCTOSIHHBI BO BPEMEHH, WM 00ydaTbes,
HaKaIUIMBaTh 3HAHUS U MEHSTh CBOE IOBEACHUE B COOTBETCTBUM C 3TUMHU 3HAHUSIMU
(uHTeIIEeKTYaNnbHbIE areHThl) [13]; HO Jake B MOJENAX C areHTaMH, JIEHCTBYIOIIUMHU
II0 3apaHee OIPEIECICHHBIM AJITOPUTMAaM (CTPATETHsIM) MOXKHO NOJy4YaTh UHTEPECHBIE
pE3yJIbTaTHI.

IlepBasi areHT-OpUEHTHPOBAHHASI MO/EJb € 5 CTPaTerusiMu 00MeHAa

CoznaHHast ~ areHT-OPUEHTUPOBAHHAs  MOJIEJAb  HUMUTUPYET  IMPOTEKAHHE
KOMMYHHKAIIMOHHOTO TPOIlecca, COCTOSIIEro W3 omepanuii oOMeHa TOBapoOB Ha
neHsru. MexotpacneBoit Oamanc (MOB) JleoHTbeBa ompenenseT yCIOBUS ITOTO
oOMeHa, 3ajaBasi JUIsl KaXJ0ro areHTa (OTpaciu) OrpaHHYCHHS Ha TOTpeOJieHHE
CBIpbs (TPOIYKLIUHU JPYTUX OTpaciieil) U 3aaBast 00beM €€ COOCTBEHHOTO BHHyCKa

Arents (i=1..n) OPOM3BOAAT MPOIYKIMIO B o0BbeMax X , rme X (X = (x)¥,) —
BEKTOP BBIMMYCKa IKOHOMUYECKOU cucTeMbl. J1jia obecrieueHus: CBOEro MpOM3BOICTBA
areHThl MOTPEOIISIIOT NPOAYKLHIO IPYTUX areHTOB 3TOM KOHOMHYECKON CHUCTEMBI B
o0beMax Wy, TJe Wy — IOTPEOHOCTh 1-0ro areHra B MpoayKuuu K-oro areHra. I[Jm
KaXJIOTO 1-0r0 areHTa CHUCTEMBI MOYKHO TOBOPUTE O CYIIECTBOBAHWH BEKTOpA W
noTpeGHOCTEll B IIPOAYKIUHU APYTHX areHToB (W, = (wy )i,

[TotpeOHOCT i-0rO0 areHTa B mpoAyKiuu K-oro areHta (W) TpsMO
IPONOPIIMOHANIEHA 00BEMY BBITyCKa 1-0r0 areHTa (Xj) U ONpeelIsseTcs] TEXHOJIOTUEH
MPOM3BOJCTBA 3TOro arenta. KoadduimeHT mponopuroHaIbHOCTH ay; = “I—"L" SBIISICTCS

0e3pa3mepHbiM. COBOKYITHOCTh TakuX Kod(pGuImeHToB ay; (k=1..n, i=1..n, npu
YCIOBUM N areHTOB B SKOHOMHUYECKOM cHCTeMe) oOpa3yeT TEeXHOJOIMYECKYIO
maTpuiry (A). DIEMEHT 8y, MOKa3bIBACT, KAKOE KOJMYECTBO MPOAYKIUK K-TrO areHTa
TpeOyeTcs sl MPOU3BOICTBA SAUHUIIBI TIPOTYKIIHH I-TO arcHTa.
Bektop norpeGHOCTE# 1-0r0 areHTa MMeeT BUI:
TI’T:' = [ag; - g @047 X, s @ - %], (1)
B o6miem citydyae nmocie oOMeHa mpou3BeACHHON MPOAYKIIMEH MEX Ty areHTaMu y
Ka)XIOro areHTa OCTaeTCsl HEKOTOpas 4acThb CBOEHM MPOIYKIMH, pacxojyemMas Ha
HEPOM3BOACTBeHHOE moTpebierne (V;). Bextop ¥ (¥ = (v,)Y,) — BEKTOp CBOGOIHBIX
OCTaTKOB YKOHOMUYECKOUN CHCTEMBI.
Crarnueckuii BapuanT MODB JleoHTheBa onpenensiercs CleIyomUM BEKTOPHBIM
ypaBHEHUEM:
X— AX=7, (2)
BekTopa X # ¥ 0OBIYHO 33af0TCS B CTOMMOCTHOM BBIPAXKCHHIL
B mo0bIx nporieccax oOMeHa ToBapaMM BCEr/la Y4acTBYIOT J€HbIH, TO3TOMY OHU
BBEJICHBI B MOJICTT.
JIns  ocymiecTBieHHss OOMEHOB KaXIblii areHT HWCHOJb3yeT JeHbru (M),
HaXOAIINUECs Ha €T0 cueTy. B Mojenu mpuHATO, 4TO 3HaAUECHHE M; IPOMOPIIMOHATEHO
00bEeMY MPOIYKIIMH, KOTOPBIA OH MPOU3BOAUT (X;):
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m; =K - x; (3),
rae K — koapdurment odbecrneueHHOCTH TeHbraMi SKOHOMUYECKON CUCTEMBI, OH
OJIMHAKOB JIJI1 BCEX areHTOB.

XapaKkTepHCTUKAMH I-TO areHTa SBIIIOTCS: 00beM MPOU3BOJICTBA (X;), CBOOOTHBIN
ocTaTok (Y;), CHIUCOK MOTPeOHOCTEH B MPOIYKTaX APYTHX areHToB (W.), CyMMa JeHer
Ha cueTy areHta (M;). HexoTopble XapaKkTepUCTUKH HE U3MEHSIOTCS B IPOLECCE
MOJICIMPOBaHUs  (HampuMep, CBOOOJIHBIM  OCTAaTOK, Vi), JpyrHe SBISAIOTCA
JTUHAMUYECKUMH.

CucTeMa B LIEJIOM XapakTepHU3yeTcs BEKTOPOM BBLIMyCKa areHToB (X = (x)N,),
BEKTOPOM CBOOOIHBIX ocTaTkoB (¥ = (y;)Y,), TexHonorudeckoil marpuueit (A) , u
ko3 durmeHToM odecriedeHHOCTH JieHbramu (K).

Monens pyHKIHOHHPYET COTJIACHO alNTOPUTMY, CXeMa KOTOpPOTO Mpe/ICTaBJIeHA
Ha puc.l. AJNTOpUTM COCTOUT U3 TPEX OCHOBHBIX 3TamnoB. I[lepBbrii stam —
MHULMAJIU3AIUOHHBIN: CO3Jal0TCA areHThl, Ha4yaJbHbIE 3HAUEHUS UX XapaKTEPUCTHUK
CUUTBIBAIOTCS U3 3apaHee MOATrOTOBIECHHOTO (haiisia; ycTaHaBIUBaeTCA KOd(PPUIIUEHT
oOecnieueHHOCTH JeHbramu (K) ¢ MOMOIIBIO YOpPaBISIOIIEIO 3JIEMEHTa B OKHE
IIPOTPaAaMMHOM MOJIENIN; PACCUMTBIBAIOTCS JICHEKHBIE CYMMBI, 3a4MCIISIEMBIE HA CYET
areHToB. BTopoil 3Tam - KOMMYHUKALIMUOHHBIA: MOJAEIUPYIOTCA OOMEHBI MEXIY
areHTaMmu B cucteme. TpeTuii 3Tar — MoJydeHne pe3yabTaToOB: MPOU3BOAUTCS pacdeT
PE3YNBTUPYIOIIUX 3HAYCHUH MaKpOnapaMeTpOB CHCTEMBI U 3aIIMCh MX B BBIXOJHOU
(aii.

KoMMyHMKaIIMOHHBIH 3Tall COCTOUT U3 LIMKIJIOB oOMeHa. Bo Bpems 1ukia oomeHa
KKl W3 areHTOB CHUCTEMbI, BBIOMpAEMBbId CIy4alHbIM O00pa30M, NBITAETCA
COBEPIIUTH OOMEH B COOTBETCTBHH C ONPEIEIEHHOM JIJIsl HErO cTparerueil oOMeHa.

Crpareruss oOMeHa — 3TO XapaKTEpPHUCTHKA IIOBEJEHUS areHTa, KoTopas
onpenensieT 00beM 0OMEHMBAeMOM MNPOAYKIMU U AITOPUTM IMOUCKA OJHOIO (WK
HECKOJIbKHMX) KOHTPAreHTOB.

B monenn nperycMOTpEHO 5 BO3MOKHBIX CTPATEruil OBEICHHUS :

® B IIEPBOU «CIIMCKOBON» CTPATErMU BCE areHTHI AEHUCTBYIOT B COOTBETCTBUU CO
CIHMCKOM, IO KOTOPOMY OHH YHOPSZAOYEHBI B CUCTEME, MPU 3TOM 00BEM OUYEPETHOTO
oOMeHa MaKCUMaIbHO BO3MO>KHBIH;

® BO BTOPOM «MaKCHUMaJIbHOM» KaKJIbIi U3 ar€HTOB IBITAETCS B TIEPBYIO OYEPEb
o0ecreynTh CBOM MAaKCUMallbHble MOTPEOHOCTH, OOBEM OUYEpPEAHOr0 OOMEHa
MaKCHMMaJIbHO BO3MOXKHBIN;

® B TPEThEl «PaBHOMEPHOW» CTPATErMM areHT NbITAETCS OAHOBPEMEHHO
BCTYNHUTH B KOHTAKT CO BCEMU areHTaMu, B TOBapaxX KOTOPBIX HYXAAaeTCs, 00BEMBI
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Hauvano -
IepBbIii 3Tan

¥ (MHMIMATH3ANHOHHBII )

3ananne ko3pPunmenta K

v @aiin €
BBon qaHHBIX 00 areHrax:
) XapaKkTepucTuKa
cTparerus 0OMeHa; CIUCOK

. MU areHTOB
noTpeOHOCTEH; 00bEM TPOU3BO/ICTBA; <
CBOOO/IHBIN OCTATOK

v

[enepanus areHToB C 3aJaHHBIMH
XapaKTEepPUCTUKAMU

v

B kaxmom 1ukiie oOMeHa
> (mOKa BO3MOXKEH XOTS OBl
OJINH 0OMEH)

Br16op areHTa-uHHOMATOPA
o0MeHa ciyJaifHBIM 00pa3oM

Bropoii 3Tan

(KOMMYHHMKAIMOHHBIIA)
Crparerus?
12 3 4 5
OOmeH B OOMeH B OOMeH B OO6MeH B OO0MeH B
COOTBETCTB COOTBETCTB COOTBETCTB COOTBETCTB COOTBETCTB
uH co 1A co WM CO W CO 1A CO
cTpareruei cTpareruen cTpareruent cTpaTeruen cTparernen
1 2 3 4 5

Pacuyer u BEIBOJ B paifll pe3ynbTUPYIONINX XapaKTEPUCTHUK:
KonedHbIe COCTOSHNS aTeHTOB;

CyMMapHBIi IeHEKHBIH 000pOT;

Cxopoctb 000poTa JICHeT;

JleHexHbIi 000pOT B IUKIaX 00MCHa;

OO0I1ee KOJIMYECTBO IIMKIOB 00MEHA B KOMMYHHMKAIIMOHHOM JTaIlE. Tpernii oTan

®daiin
pe3yJIbTaToB

(mostyyenue

7pe3y.]1])TaT0B)

Pucynok 1. Cxema anropurma paéorsl Moae/

e oOMeHa ¢ KaXXIAbIM K3 KOHTPAr¢HTOB OAWMHAKOBBIC MW  OIPCACIIAIOTCA
KOJIMYCCTBOM JICHET, KOTOPLIC €CTh Yy arcHTa, MHUIIUUPOBABIIICTO O6’[>CM;
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® B YETBEPTOM «IOCIEAOBATEILHON» CTPATETMHU areHT MbITAETCS BCTYHUTh B
KOHTaKT CO CIICAYIOIINM 32 HUM TI0 CIHUCKY areHTOM, €ClIi OOMEH HEBO3MOXEH, TO
JBUKETCS JJIbIIIE MO CIHUCKY, 00beM 00OMEHAa MaKCUMaIbHO BO3MOKHBIN;

® B TIINTOM CTpaTeruu, CTPATETMUd  «OKPECTHOCTWU», areHT  MbITaeTCs
B3aMMOJIEWCTBOBATh C COCEIHUMHU MO CIHCKY areHTamH, B Cly4ae HEBO3MOXHOCTU
00OMEHOB, pacIIUpss 3Ty OKPECTHOCTh, 00beM 0OMEHA MaKCUMaIbHO BO3MOKHBIH.

KoMMyHUKaIIMOHHBIN 3Tan JJIATCA A0 TeX MOp, MMOKa BO3MOXEH XOTs Obl OJIUH
oOMeEH B CHCTEME, T.€. CYIIECTBYET XOTs Obl OJJuH areHT (i-bIif), Y KOTOPOTO B CITUCKE
HOTpeOHOCTEl ecTh XOTsA OBl OJHA HE HyJeBas TeKyllas MOTpeOHOCTH (Wi, j-asd Imo
CIIMCKY), HCHYJICBOE KOJIMYECTBO JCHET Ha c4eTy (M;), a Y COOTBETCTBYIOMIETO J-OT0
areHTa, Ha3bIBA€MOIO Jajiee KOHTPAr€HTOM, €CTh B HaIW4YUM NPOLyKUHs (X;), T.€.
[MOKAa UCTUHHO CJIEAYIONIEE BHICKA3bIBAHUE:

[34,3): (wj; = 0) A(m; = OA(x; = 0) ], 4)
PesyabTaThl MOJEIMPOBAHMS ¢ IOMOIUbIO IEPBOM MOAEIH

Ha s1oit Monenu Oblnia mpoBefieHa cepusi SKCIEPUMEHTOB I pa3HbIX HaOOpOB
JaHHBIX. OTU HAOOPHl JAaHHBIX OBUIM PAaCCYUTAHBl C TIOMOIIBIO BEKTOPHOTO
ypaBHeHwUsI (2) B TabnmaHOM miporieccope Excel.

Bbutn noyuyeHsl crneayronme pe3yabTaThl.

1. Jlns Bcex cTpareruid MOBEJAEHUSI KOJIUYECTBO IUKJIOB OOMEHA, HEOOXOIUMBIX
JUISL  yIOBJIETBOPEHUS TOTPEOHOCTEM BCEX areHTOB B MPOAYKUMHM JAPYT Jpyra,
MOHOTOHHO CHHUXAETCA C YBEJIUYECHHEM OOIIEero KOJIMYECTBAa JEHEKHOW MAcChl B
cucteMe. bbulo BBISIBICHO TpU TUIA MOBEACHUS CUCTEMBI: JJIUTEIIBHBIM U 10CTAaTOYHO
pPaBHOMEpHBI OOMEH (KOJMYECTBO JEHEXKHBIX cpenctB MmeHbine 30% croumMocTH
TOBAapHOW MaccChl), HECTaOWIbHBIN 0O0MeH (00eclne4eHHOCTh JICHbI'aMH 10
OTHOIIEHUIO K ToBapHOU Macce 40-80%), ObICTpbI cTaOMIBHBIA 0OMEH (KOJIMYECTBO
neHer B cucreme Oonee 80% crommoctu TOBapoB). HecTaOuiabHOCTH CHUCTEMBI
MPOSIBJISIETCS B 3HAYMTEIBLHOM pa3dpoce 3HaueHuM oObeMa JEHEKHBIX CPEJICTB,
HCIIONB3YEeMBIX B IHMKJIE oOMeHa (pa3dopoc a0 50%). CrmeacTtBueM 3TOTO SIBISETCS
(akTHYEeCKOE€  HEIOUCIIOJIb30BAaHUE  JCHEXKHBIX  CPEICTB, KOTOPBHIX H  TaK
HEJIOCTaTOYHO B cucteMe. boiiee moapoOHO O pe3ynbTaTax 3THUX JKCIEPUMEHTOB
MOKHO y3HaTbh, 00OpaTUBIIKCH K [14].

2. [Ipm HemocTaTKe JEHEKHBIX CPEICTB W HCIIOIB30BAHWM areHTaMH TEPBOW U
BTOpPOl cTpaTern OOME€Ha B CHCTEME BO3HUKAIOT «KPHU3HUCHBIC» SIBJIICHHUS,
3aKJIFOYAIOIIMECS B TOM, YTO B OINpeE/EICHHbIE MOMEHTHI BpEMEHU 00BheMbI OOMEHOB
najiatoT. 3aTeM MPOUCXOJAUT BOCCTAHOBJICHHE 00hEMOB OOMEHA M BBIXOJ U3 KpU3HCa.
[Ipuyem, yeM MeHbIIE JACHET B CHCTEME, TeM KPU3UC HAcTymaeT ObICTpee, TeM OH
rIIy0’ke W BBIXOJ M3 Hero Oosiee 3aTsHKHOM. Pe3ynbTaThl OJHOTO M3 SKCIIEPUMEHTOB
MPEJCTABIICHBI HA PUC.2, HA KOTOPOM XOPOIIO BUHO HACTYIUICHUE TAKOTO KPU3HCA.
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PucyHnok 2. PesynbraTrhl 3kcniepuMenTa B cucteme u3 20 arenToB npu ko3 guiuenre
ob0ecrieueHHocTH AeHbramu 0,2 1 BTOPOI (MaKCMMAJILHOM) cCTpaTernu 00MEeHOB Yy Bcex
areHToB

[Ipu 3 u 4 cTparerusix oOMeHa KPHU3UCHBIX SBICHUU MpakThdecku HeT. [lpm 5
cTparerni 0OMEHOB HEOOJIbIINE KPU3HCHBIE SBJICHUS BO3HUKAIOT B YCIOBHIX OUYCHB
Mauioit odecrieuenHoct neHbramu (K<0,1).

3. Tperps crpaTteruss oOMeHa SBISIETCS ONTUMAJbHOM B TOM Ciyyae, €Cld
HEO0OXOJUMO HayaTh MPOU3BOJACTBO, KAaK MOXXHO paHblIE, HE OXHJas MOMEHTa
MIOJIHOTO 00ECTIEUEHHs areHTa pecypcamu.

4. B xo1€ 3KCIIepruMEHTOB ObLIT BBIABIIEH 3(P(PEKT «3rom3May, 3aKI0YaOLIUIiCs B
TOM 4YTO, €CJIM areHT MEHSET CBOK CTPAaTErui0 Ha MEHEE ONTHMAJIBHYIO, TO OH
BBIMIPBIBAET JIMYHO, HO YXYJIIIAET XapaKTEPUCTUKH COCEAHMX areHTOB U BCEro
MIPOLIECCA B LIEJIOM.

5. Ecnim  cpaBHuBaThb BIUSIHME ~CTpareruii oOMeHa Ha  JJIMTEIBbHOCTH
KOMMYHHUKAIIMOHHOTO J3Tamna, TO ONTUMAJIbHOW SBIIAETCS YETBEPTasl CTpaTErusl.
[IprMepHO OAMHAKOBBIE PE3YNbTAThl AAKOT 2 U 5 CTpaTerus, U XyAIIHE PE3yJbTaThl
MOKa3bIBACT CUCTEMA, €CJIM JCUCTBYIOIIME B HEM areHThl UCIOJB3YIOT | cTpareruto
oOMeHa. DTO XOpOIIo BUAHO HaA puc. 3.
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Pucynok 3. 3aBUCMMOCTD VIUTEIBLHOCTH KOMMYHUKALIMOHHOTO MPoIecca OT
k03 uneHTa 06ecne4eHHOCTH IeHbIraMi B CHCTeMe NPH Pa3HbIX CTPaTerusix ooMeHa,
NpUMeHsIEMbIX aT€HTAMHU CHCTEMbI

Bropasi Mmoxenb, HCIIOJIB3YIOIAA BHYTPEHHHE JeHbIH

OnHuM U3 HETOCTATKOB KJIaCCUYECKOW Mojenn JIEOHTheBa SABISETCS TO, YTO OHA
ONMCBHIBAECT 3aMKHYTYIO CUCTEMY. bbu1a co3iaHa BTopast mporpaMMHasi MOZENb (pHC.
4), B KOTOpPYIO BBEJIEH areHT €lIe OJHOTO TUIla — BHEIHAA cpena. B monenu
WCIIONB3YETCSl  JONOJHUTENBHBIM  BHUJ ~ JEHEKHBIX CpPEICTB — BHYTPEHHUE
(BupTyanbpHbie) 1eHbrH. O BO3MOKXHOCTH (DYHKIITMOHHPOBAHUS TaKUX €IUHULL pacyeTa
nucan bepnap A. Jlnerap [15].

PeanbHble JeHBIM MOTYT OBITH UCIIOJIB30BaHbI BO BCEX 0OMEHaX, a BHYTPEHHHUE —
TOJIbKO B OOMEHax MEXJy BHYTPEHHUMHU areHTamu. KoJlM4yecTBO JIEHEr B CHCTEME
(peanbHbIX M BHYTPEHHUX) OTPAaHUYEHO U MPOMOPLHMOHAIBHO O0BEMY MPOJYKTa B
cucteme. [Ipu oOMeHax areHThl CTapalrTCs CHayaja MCIOJb30BaTh BHYTPEHHUE
J€HBbIU, a €CIM 3TO HEBO3MOXKHO (OJMH U3 areHTOB, YYacTBYIOIIUX B OOMEHE —
BHEUIHSS Cpela, WJIM BHYTPEHHUX JIEHEI Ha CYETy areHTa HET), TO - peaJibHbIe
JEHBIU.

OKCIEpUMEHTHI IMOKa3aJd, YTO U B TAKUX YCIOBUAX, €CIHM XapaKTEPUCTHKU
areHTOB, YJOBJETBOPSIOT YCIOBUAM OanaHca JIeoHTbeBa, KOMMYHHKAIIMOHHBIN
IpoLecc 3aBepiiaercs ycrnemno. [Ipu atom, ecnu BHEWIHss cpella — NEPBbIA arcHT B
CUCTEME, TO BO BCEX CIIy4asX BHYTPEHHUE JECHBI'M CpadaThIBAlOT KAK pPEAJIbHBIE,
3HAYUTEIBHO YCKOpSS KOMMYHUKAIIMOHHBIN IIpo1IECC. 3aBUCUMOCTb,
MIPEACTABIICHHAs Ha pPHUC.5, CO3JaHa ISl CHUCTEMBI, B KOTOPOW BCE arcHTHI
MPUACPKUBAIOTCS CaMOM HEONTUMAJIBHOM — MEpBOMl cTpaTeruu OOMEHOB, U JIaKe B
ATUX YCJIOBUSIX KOMMYHUKAIIMOHHBIN MPOLIECC MPOTEKAET 3HAUUTEIBHO ObICTpEE.

B cucreme 00pa3yioTcsi 3aMKHYTbIE€ KOHTYpBI, IO KOTOPBIM JBHXYTCS
BHYTPEHHHE JIEHBIH, T.€. MOXKHO TOBOPUTH O HAJIUYHMHU ayTOMOAITUYECKUX MMATTEPHOB
B CHCTEME.
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Pucynok 4. OKHO BTOPOii MPOrpaMMHO#i MO/IeJIH ¢ BBEIEHHBIMH BHYTPEHHHUMH JIeHbraMH
(cozmana B cpexe NetlLogo [16])
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PucyHok 5. 3aBucuMoCTb AJIMTEIbHOCTH NPOTEKAHUSA KOMMYHHKAMOHHOIO NpoLecca oT
K03 unueHTa odecne4eHHOCTH BHYTPEHHUMH JAeHbraMu (npu ko3p¢uunenrte
o0ecreyeHHOCTH peajibHbIMU JeHbramu 0,3 U nepBoM areHTe — BHellIHel cpeje)

BoiBOALI

AFeHT-OpI/IeHTI/IpOBaHHBIe MOACIIN, CO3AaHHBIC Ha OCHOBC CTaTHUYCCKOI'O OanaHce

JleoHThEBa, TO3BOJIMJIM CHSTHh OTPAHUYECHUSA, MNPUCYIIUE 3TOM MATEMAaTHUYECKOU
Mojienu. [Ipouecc KOMMYHUKAIM C MOMONIBIO 3TUX MOJEIEH MOXHO H3ydaTh B
JTMHAMHKE, ToJly4asi BPEMEHHbIE XapaKTEPUCTUKHU, U H3yyas JACHEXKHBbI 000pOT B
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cucteMe. bbputr oTnpeieNie bl yCIIOBUS, TPH KOTOPHIX BO3HUKAIOT KPU3UCHBIE SIBJICHUS
Y BBIpaOOTaHBI PEKOMEHAITUH TI0 UX YMEHBIIICHHIO.

B onHoit w3 momenedl ObLTM BBEIECHBI BHYTPEHHHUE MEHBIH, W JKCIECPHUMEHTHI
MOKa3aJIM, YTO TaKOW BHUJ JCHEKHBIX CPEACTB MOXKET 3HAYUTEIIBHO YIIYUIIHUThH
XapaKTEPUCTHKU CUCTEMBI.

JlanHass pabora  BBINOJHEHA Mpu  mojAepkke Poccuiickoro  donHma
dbyHIaMeHTIBHBIX HccieaoBanuid, rpanT Ne 15-06-04863 «Marematndyeckue MOACTH
YKA3HEHHOT'0 I[UKJIA TOKAJIBHBIX IIATEHBIX CHCTEM).
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Annortamusi. C wucnons3oBaHueM s3bika Java/Javascript Obuta paspaboraHa
nporpamma i OBM, mo3Bossiromias NporHo3UpoOBaTh JBHKEHUE MUIPALMOHHBIX
notokoB Mexay crtpaHamu CHI' m pernonamu Poccuiickoit @enepannu U OLEHUTH
UX BIMSHUE HA PBIHKM TpyAa NPUHHUMAIOIINX PETMOHOB. B OCHOBY mporpamMmesl
3QJI0KEHBl JMHAMUYECKHE MOJEIN MPOTHO3UPOBAHUS TPYIOBOM MUIPALUH.
[Iporpamma XapakTepu3zyeTcsi BBICOKOM CKOPOCTbIO OOMEHa JaHHBIMH CO
CTaTUCTUYECKMMHU 0a3zaMH, yHOOCTBOM HMMIOpPTa JaHHBIX, HACHTU(PUKALUN
MapamMeTpoB, HIUPOKUM BBIOOPOM CEpPBHUCOB [IJIsi TIPEICTABICHUS TOTYyYEHHBIX
pe3yJILTATOB.

KiroueBbie cnmoBa: mporpamma aisgs OBM, mporHo3, MUTPAallMOHHOE JBUKEHUE,
AKOHOMUYECKUH AP DHEKT

Abstract. With use of the Java/Javascript language the computer program
allowing to predict the movement of migratory streams between the CIS countries
and regions of the Russian Federation and to estimate their influence on labor
markets of the accepting regions was developed. The basis of this program is a
dynamic models of labor migration forecasting. The program is characterized by the
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