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BBenenue

Hacrosimast pabota mocBsieHa pacCMOTPEHHIO MaTeMaTHUYECKHX
Mojieniel Tapu(pHO-PEeMHATBHBIX CHUCTEM CTHMYJIHpPOBaHUS (OIJIATHI
TpyZa), B paMKax KOTOPBIX BO3HATPaXKACHHE KaKJIOr0 areHTa CKIajibl-
BaeTcs M3 JBYX COCTaBJISIIOIMX — Tapu(dHOH M npemuanbHol. Tapud-
Hasl COCTaBIISIONIAs ONpeAessieTcsl KBadu(uKaluel areHTa U He 3aBU-
CUT OT pe3yJbTaTOB €ro AesTenbHOCTU. IIpeMuanbHas cocraBistomas,
HA00OPOT, B OCHOBHOM, ONPENESIETCS UMEHHO Pe3yabTaTaMH JeATelb-
HOCTH areHTa (W, ObITh MOXKET, ero KBanuduKanuel M pe3ylbTaTaMu
JPYTHX areHToB).

CTpyKTypa HM3IOXKEHHUS MaTepualia HacTosiiedl paboThl Clemyro-
mas. B mepBoii yactu nmpuBoauTCs 0030p M3BECTHBIX MOJIENEH MaTepu-
aJbHOTO CTHMYJIMpPOBaHMS. BTOpas dacTh COAEpKUT OpPUTMHAIBHBIC
pe3yabTaThl MOCTAHOBKM M pELIEHHs 3aJaydl CHHTE3a ONTHMaJIbHOW
Tapu(HO-TIPEeMHUAIBHON CHCTEMBI OIJIATHl TPy, B TOM YHCIE — MOJe-
T KOMTIEHCAaTOPHBIX, JITHEWHBIX, aKKOPJHBIX W OpUTaAHBIX Taph(pHO-
MpeMHUaJIbHBIX CUCTEM CTUMYJIUpPOBaHUA. B Tperbell uacTu paccMmaTpu-
BAETCs pAJl MO/ieNeld KOJUIEKTUBHOIO CTUMYIHPOBAHUS, YIUTHIBAIOLINX
WHIUBHUIyaJbHbIE PA3INYMsl areHTOB.

ABTOpPBI IpU3HATENBHBI 32 IIeHHbIE 3aMevanus K.T.H. M.B. I'y0Oko,
K.T.H. A.O. KanamHukoBy, IpUHSBIIEMY Yy4acTHE B HallMCAHUH BTOPOM
yactd, U K.T.H. H.A. Kopruny, npuHsBimIeMy yd4acThe B HalHCaHUU
paznena 3.5.

1. CucreMBbl oNJIATHI TPYAA

Hwxe npuBonutcs 0030p M3BECTHBIX MOAXOAOB K OMUCAHUIO Oa-
30BBIX CHCTEM CTHMYJHpoBanus (pazzen 1.1), hopMm u cuctem omaTsl
Tpyaa (paznen 1.2), mocTaHOBKE U pElISHHIO 33/1a4 CTHMYJIHPOBaHUS B
paMKax TeopeTHKO-HTPOBBIX Mojeneil (pa3gen 1.3), a Takke K Hccie-
JOBaHHUIO TAKUX PACHPOCTPAHEHHBIX Ha MPAKTUKE CUCTEM CTUMYJIHPO-
BaHUs, KaK: JUHEHHBIC CUCTEMBI CTUMYIHpoBaHus (pasaen 1.4), cucre-
MBI «OpHTafHOW» OIuIaTel Tpyaa (pa3zmen 1.5), paHrOBbIE CHUCTEMBI
cTUMyJHpoBaHus (pa3zaen 1.6) 1 KOHKYpPCHBIE CHCTEMBI CTUMYJIMPOBA-
Hus (pazzmen 1.7).



1.1. Ba3oBble cucTeMBbI CTUMYJINPOBAHUS

[epeuncium, cnenys [17], 6azosvie cucmemvl cmumyaupoganust B
opeanuzayuonnwvix cucmemax (OC), COCTOSAIMUX U3 OJHOTO YIIPABJISIO-
LIEro OpraHa — yeumpa — W OJHOTO YIPaBIIIEMOro CyObeKTa — aeenma.

CkaukooOpa3Hble CHCTeMbl CTHMyJIHpoBaHus (C-THma) XapakTte-
PHU3YIOTCSI TE€M, YTO areHT MONydaeT IOCTOSHHOE BO3HATpa)<ICHHE
C 2> 0 (kxak mpaBWJIO, paBHOE MaKCHMaJbHO BO3MOKHOMY WM 3apaHee
YCTaHOBJICHHOMY 3Ha4E€HUIO), TIPH YCIOBUH, YTO BEIOPaHHOE MM JIeHCT-
BHE y > () He MeHblIe 3aJaHHOTO, W HYJIEBOE BO3HATpPaXKICHUE, TPH
BBIOOpE MEHbBINNX JieiicTBHiA (cM. Puc. 1):

C,y>x
(1) oc(x.y) = :
0,y<x

[Tapamerp x > () Ha3bIBAaeTCSl NIAHOM — SKEIATEIBHBIM C TOYKH
3pEHUs IIEHTPa COCTOSIHUEM (IEHCTBHUEM, PE3YIBTATOM JIEATEIHHOCTU U
T.J1.) arcHTa.

Cucrems! ctumyinpoBaHus C-THIa coepKaTenbHO MOTYT UHTEp-
NPETUPOBATBCS KaK aKKOPOHble, COOTBETCTBYIONIHE (PUKCUPOBAHHOMY
BO3HATrPaXKICHUIO TIPH TOCTHIKCHHH 33J]aHHOTO pe3yJibTara (Hampumep,
o0bemMe padoT He HUKE OrOBOPEHHOI'0 3apaHee, BpeMeHH U T.4.). Jpy-
ras cojep)KaTeibHash MHTEPIPETAlUsl COOTBETCTBYET CIIy4aro, KOrjia
Z[eﬁCTBHeM areira sABJISICTCA KOJIHNYECTBO 0Tpa60TaHHI)IX qacoB, TO
€CTh, BO3HArpPaXK/ICHUE COOTBETCTBYET, HApUMeEp, (PUKCUPOBAHHOMY
TapupHOMYy OKJIaTy 0e3 Kakux JIM00 HaJ0aBOK M OICHKH KadecTBa
JeATEITbHOCTH.

T oc(x.y)

v
<

S
\

Puc. 1. Cxauxoobpasnas cucmema cmumyauposanus



BennunHbl, COOTBETCTBYIOLIME CHUCTEMaM CTUMylaupoBaHus C-
THMa, OyleM HHICKCUPOBaTh «C».

Komnencaropnas cucrema crumynupoBanus (K-tuma) xapakrepu-
3yercst TeM, YTO areHTy KOMIIEHCUPYIOT €ro 3aTpaThl IpU YCIOBUH, UTO
ero neiicTBus JexaT B ONpPENSNICHHOM JAUAaIa30HE, 3a/J1aBacMbIM, Ha-
MpHUMeEp, OrPAaHUYCHUSIMHA Ha a0CONIOTHYIO BETHYHHY WHIUBHIYaIbHO-
r0 BO3HATPaKJICHUS:

2) o) = g(y =X
., y>Xx

TO €CTh LIEHTP MOXKET KOMIICHCHUPOBATh arcHTy 3aTpaThl IIPH ) <X U HE
OIUTAYMBATh BBIOOpP OOJIBIINX JIEUCTBHM.

IIponopumonanbHble cucreMsl ctumynuposanus (L-tuma). Ha
MPaKTUKE IIHUPOKO PACIpPOCTPAHEHbI CHCTEMBI OIIATBHl TPYAa, OCHO-
BaHHBIC HA WCIIONB30BaHUH MOCTOSHHBIX CTABOK OIJIATHI: MOBPEMEHHAs
olutata TOApa3yMeBaeT CYIIECTBOBAHUE CHIABKU ONIAMbl EIAHUIIBI
pabodero BpeMeHHu (Kak MpaBUJIO, Yaca WM JIHS), CHelbHAs OIUIaTa -
CYIIECTBOBAHUE CTaBKM OIUIATHI 338 €IWHUILY MPOAYKUWH U T.4. OObe-
JWHSET 3TH CHCTEMBI OIUIATHI TO, YTO BO3HArPaXKJICHWE areHTa MpsMO
MPOMOPIUOHANBEHO €r0 JeHCTBUIO (KOJMYECTBY OTPaOOTaHHBIX YacCOB,
00beMy BBINYIICHHON MPOAYKIMA M T.JI.), @ CTaBKa OIUIaThl Q > ()
SABIISIETCS KOO GUIIMEHTOM MPONOPLHUOHATBHOCTH (cM. Puc. 2):

() o) = ay.

or(y)

v

0

Puc. 2. Ilponopyuonanvnas cucmema cmumyaupo8anus



B Gonee of0meM cirydae BO3MOXKHO, YTO YacTh BO3HATPaXKICHUS
arcHTa BBIIUIAYUBACTCA €MY HE3aBUCHUMO OT €ro HeﬁCTBHﬁ, TO €CTb

IPOHOPLHOHAIBHAS CUCTEMa MOXET UMeTh BUA: O, ()) = oy + ay.

CucreMbl CTUMYJIHPOBaHUs, OCHOBaHHBIE Ha TepepaclpeieneHny
noxona (D-tuna) ncnons3yoT cieayronyo uaeto [22]. Tak kak 1neHTp
BBIPAYKAeT MHTEPECH CUCTEMBI B II€0M, TO MOYKHO YCJIOBHO HJEHTH-
¢uMpoBaTH €ro I0XO0J W JOXOA OT JeATElbHOCTH BCEH OpraHu3alu-
OHHOM cucTteMbl. [103TOMy BO3MOXHO OCHOBBIBATH CTHMYJIHMPOBaHHE
areHTa Ha BEeIMYHMHE J10X0Ja eHTpa H()) — MOJIOKUTh BO3HATpaKICHHUE
areHTa paBHBIM ONpeNelIeHHON (HampuMep, IOCTOSIHHOM) 1€ J0X0/a
LeHTpa!

(4) on(y) = EH(),
rae & € [0; 1].

[lepeuncnenHple CUCTEMBI CTUMYJIMPOBAHUS SBISIOTCS IPOCTEN-
muMU  (CM. MoJenu Oonee CIOXKHBIX CHCTEM CTHMYJIUPOBaHHS B
[19, 23]), nmpencraBisisi coO0i dIEMEHTBI «KOHCTPYKTOPA», UCTIONB3Ys
KOTOpBbIE MOXXHO TIOCTPOUTH ApYrue Oosiee CIOXKHBIE CHCTEMbI CTUMY-
nupoBaHus. J{Is BO3MOXKHOCTH TaKOTO «KOHCTPYHPOBaHHUS» HE00XO-
JMMO ONPEEeNUTh Orepanuy HaJ 0a30BBIMH CHCTEMaMH CTUMYJIHPOBa-
Huda. /g ofgHO3JIEeMEHTHBIX JAeTepMHUHHpoBaHHBIX OC 1OCTaTO4HO
OIPaHUYHUTHCS ONEpaLMsIMU CIeTYIOMUX Tpex TUIoB [17].

IlepBBlil THI ONEpALUU — NEPEXO] K COOTBETCTBYIOLIEH «KBa3U»-
CHCTeME€ CTHUMYJIMPOBaHUS — BO3HATPAKIECHHWE CUHUTAETCS pPaBHBIM
HYJIIO BCIOJTY, 32 UCKJIIOYEHUEM JIEHCTBHSI, COBMAIAONIETO C TUITAHOM.

Bropoii Tin onepanuu — pa30MeHHE MHOXKECTBA BO3MOXKHBIX JICH-
CTBUII Ha HECKOJIBKO ITOJMHOXKECTB M HCIONb30BAHHE PA3IUYHBIX
0a30BBIX CHCTEM CTHMYJIHPOBAaHHWS HA Pa3IWYHBIX MOJMHOKECTBAX.
[Tonmyuaromuecs B pe3ynbTaTre MPUMEHEHHUS Olepalii BTOPOro THUIIA
CHCTEMBbI CTHMYIHPOBAHUs Oy/eM Ha3bIBATh COCMAGHLIMU U 00O3HA-
YaTh MOCJIEIOBATEILHON 3aMKUChi0 0003HAUYEHU e¢ KoMIoHeHT [17].

Hanpumep, neHTp MOXET QUKCHPOBATH MJIAHBI X; U X, (X; <X2) U
WCIIOIb30BaTh CUCTEMY CTUMYIHpoBaHHUs C-THUIA CO CKauKOM B TOYKE
X; TIpH IEMCTBUAX areHTa, MEHBIINX X, ¥ IPOMOPILIMOHATIBHYIO CUCTEMY
CTUMYJIUPOBAaHMS TPH JEHCTBUSAX areHTa, MPEBBIAIONIMX IUIaH X

1
B numepamype unozoa 0na 0b603Hauenus 3mo20 KIAcCca Cucmem CMmuMyaupo8aHus
ucnonwv3yemcs mepmut «Ougghepenyuanvrvle cucmemsvl CUMYIUPOBAHUSY.
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(conmepxatenbHbIe UHTEPIIPETALIMK OYEBHIHBI). DCKHU3 MONyYaromencs
TP 3TOM cUcTeMbl cTuMmyiupoBanus CL-tuna npuseneH Ha Puc. 3.

“CTCL(xl, X2, y)

0 Xy X2
Puc. 3. Cucmema cmumyauposanus CL-muna (cocmasras)

K onHoit 1 ToM ke cuctemMe CTUMYJIMPOBAHUS MOXHO IMPUMEHSTh
OIlEpalliI0 BTOPOr0 THIIA HECKOJIBKO pa3. Bo3MOXHO Takke IpUMeEHe-
HHE Ollepallud BTOPOrO TUIA K pe3yjbTaTaM €€ MNPEALIECTBYIOLIErO
npuMeHeHus u T.7. Hampumep, nmpuMeHss omnepaiyio BTOPOro THUIA K
cucreme ctumynupoBanus CL-tura, nzodpaxenHoii Ha Puc. 3, To ectb
N00aBIsisl YCIOBHE, YTO CHCTEMa CTUMYJIHPOBAHUS SIBIACTCS CKavKO-
o0pasHoOl TpH Y = X3 > X, TOXY4YUM cucteMy ctumynupoBanus CLC-
THTIA U T. 1.

Tpernii Tun onepanmu — anredpanyeckoe CyMMHPOBAaHUE IBYX
CHCTEM CTHMYJIMPOBaHMS. Pe3ynbTaT NMpuUMEHEHUs olepalny TPEThEero
THna OyleM Ha3blBaTh CYMMAPHOU CUCHEMOU CIMUMYIUPOSAHUS W
0003HAYATh «CYMMOI» HCXOAHBIX CHCTEM CTHMYJIHUPOBAHHS. DCKU3
cuctembl ctumynupoBanusi C+L-tumna, momydaromelics B pe3yibTare
MPUMEHEHHs ONepaly TPEThEro TUMA K CHCTeMaM CTUMYJIUPOBaHUS
C-tuna u L-tuna, nzobpaxen Ha Puc. 4.

Omnepanuio TpeTbero TUIa TaKKe MOYKHO IMPUMEHSTh MOCcieoBa-
TENBHO K PE3yJIbTaTaM IPEALIECTBYIOIUX €€ IPUMEHEHUN, oJIydasi,
Hampumep, cucteMbl ctumynupoBanus C+L+K-tuma u 1.1. BoaMoxxHO
TaKXKe ee KOMOMHHPOBAaHHOE MPHMEHEHHE C OMepalysiMA MepBOro U
BTOPOI'O THUIIA.

ITonygaronecst B pe3yibTaTe IOCIEAOBATEIBHOIO IPUMEHEHHS
olepanuii mepBoro, BTOPOro WM TpeThero Tuma Kk cucremaMm C-turma,
nm K-tuna, win L-tuna nmm D-tuna (koTopble Ha3bIBAIOTCS OCHOG-




HbIMU), @ TAKXKE K pe3ylbTaTaM MPEAIIECTBYIOIINX HX MPUMEHEHUH,
Ha3bIBAIOT NPOU3EOOHBIMU OT UCXOTHBIX.

1 ocu(x »)

g¢

< y
0 X

Puc. 4. Cucmema cmumynuposanus C+L-muna (cymmapHas)

Htak, 6azoevimu cucmemamu cmumyIuposanus Ha3bIBalOT CHCTeE-
MbI ctuMynupoBanus C-tumna, K-tuna, L-tuna u D-tuna, a Takxe Bce
MPOU3BOJHBIE OT HUX (B OFOBOPEHHOM BBILIE CMBICJIE) CUCTEMBI CTH-
MYJUPOBaHUS.

Takum oOpazoM, ommcaB CKaykooOpas3HBIE, KOMIIEHCATOPHEIE,
IIPONOPLUUOHAIBHBIE U OCHOBAaHHBIE HA IEPEPACHpPEAEICHUU A0X01a
CHCTEMbI CTUMYJIMPOBAHUS U ONPEAEIUB TPU ONEepally HaJ HUMH, MbI
MOJTyYMJIM BO3MOYKHOCTh T€HEPHPOBATh 3HAYUTEIHHOE YUCIO pa3iiuy-
HBIX CHCTEM CTHMYJHpOBaHHs. PaccMOTpuM, Kak OMMCAaHHbBIE MOJETU
CBSI3aHBl C HMCIOJNB3YeMbIMH Ha TMpakTHKe (OpMaMHd U CHCTEMaMH
OIUIaThl TPYy.a.

1.2. ®opMBI U cHCTEMBI ONJIATHI TPYAA

Cucmemoui onaamel mpyoa Ha3bIBaeTCS CIIOCO0 OMpEIeTCHHs
pa3MepoB BO3HATPaKACHHS B 3aBHCUMOCTH OT 3aTpaT, pPe3yJbTaToB
Tpyada U T.A. Te nnu unble KOHKPETHBIC CUCTEMbBI OIIAThI TPpyAa BbIAC-
JIIIOTCSL B paMKax Ooliee o01mux ¢opm onaamul mpyoa. IlosTomy pac-
CMOTpUM cHauaja, cienys [17], ¢dopMbl 3apaboTHON IIaThl, a 3aTeM
JUTS KOKIOU U3 (hOPM MEPEUUCIUM OCHOBHBIC CHCTEMBI OTLIATHI.

Pazmmyaror cneayromme (GopMbI MHIMBUAYAIBHOW 3apabOTHOM
IJ1aThI:




- mapugras, TPU UCIOJIL30BAHIH KOTOPOH WHANBHIYAIbHOE BO3-
HarpakJeHNE areHTa He CBS3aHO SBHBIM 00Pa30M C KOJIMYECTBEHHBIMH
MOKAa3aTellsIMI €r0 JIESITEIbHOCTH, a ONPEACNICTCS €€ COACPKAHHEM,
KBaJIM(UKAIMOHHBIMU TPEOOBAHUSIMH U TIPOYMMH HOPMATHBAMH;

- nospemenHasi, TPU HCIOIb30BAHUM KOTOPOH HHIWUBUAyabHOE
BO3HArpaXk/IeHUe 3aBHCUT OT OTPaOOTAaHHOIO BPEMEHHU C y4ETOM KBa-
TUQUKAINY U KA4eCTBa TPY/Ia;

- cOeNbHast, PU HCIOJIb30BAHHH KOTOPOW WHIMBHIyallbHOE BO3-
HarpaxJeHNe 3aBUCUT OT KOJIMYECTBA MPOU3BECHHOI MPOITYKIIUH;

- yuacmue 6 0oxooe (yuacmue 6 npudbLISIX, 8blNAAMbL DOHYCA), Ha-
MpUMep — NpUoOpeTeHNe aKIUH KOMIaHUHU (OnYyuomsl);

- npemuu — AOTIOTHUTEIBHOE 110 CPAaBHEHHUIO € 3apabOTHOM MIIaToi
BO3HArpaXK/ICHNE, BHITUIAYMBAEMOE B ONPE/ICIICHHBIX CITy4asiX.

OtnenbHOl (popMoit 3apabOTHOM IUIATBI, HE paccMaTPUBAEMOM
MOJIPOOHO B HACTOsIIEH paboTe, SABISIFOTCS Komuccuonuvie [17].

[oBpemenHas opma 3apabOTHON TIATHI MOXKET PEATN30BBIBATHCS
B BUJIE CIIENYIOLINX CUCHEM ONIAMbL:

- IPOCMAsl NOBPEeMEHHASL,

- NOBPEMEHHO-NPEMUATLHAS.

CrnenbHas dopma 3apaboTHOH TUIaThl (MHOTZA €€ Ha3bIBAalOT IO-
IITYYHOH) MOXET PealM30BBIBATHCS B BHJE CIEAYIOUIMX CUCTHEM ON-
aamol:

- npAMasl COeNbHAs,;

- COeNbHO-NPEeMUATLHAS,

- COeNbHO-NPOSPECCUBHAS;

- KOCBEHHO-COeNbHAS;

- aKKOPOHAsi.

PaccMOTprM HEKOTOpBIE MEPEUNCICHHBIC BBIIIE CHCTEMbI OILIATHI
OoJiee TOPOOHO.

Ilpocmas nospemennas cucmema oniamsl COOTBETCTBYET HCIONb-
30BaHUIO (DMKCHPOBAHHBIX (IIOCTOSHHBIX, TO €CTh HE 3aBUCSIIUX OT
KaKuX-JIM00 MoKa3aTeneil JeITEeNIbHOCTH areHTa) CTaBOK OIUIATHI 3a
eIMHUIYYy BpeMeHH. Eciu 1moj [eliCTBUeM areHTa MOHUMaTh OTpadoTaH-
HOE BpeMs, TO JaHHOH CHCTEME OIUIaThl COOTBETCTBYET JIMHEHHAs
cHCTeMa CTUMYJIMpOBaHus L-tura.

[Ipr HMCHONB30BAaHUH NOBPEMEHHO-NPEMUATLHOU CUCTIEeMbl ONIA-
mbl K cymMMe 3apaboTka 1o Tapudy (IpH yCIOBHH BBITIONHEHHUS W/WIN
MEPEBBINOHEHUS HOPMATUBOB, HAlpuUMep — IJIaHa X) J00aBiseTcs
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npemus (0003HAYMM ee CTaBKy Acy), U3MEpeHHas, Hampumep, B Ipo-
LEHTaX K Tapu(HoN cTaBke — cM. Puc. 5. [/laHHO# cucTeme oriaThl
COOTBETCTBYET CHUCTEMA CTUMYynupoBanus LL-Tuna.

A

o()

Y
0 x -

Puc. 5. IloBpeMeHHO-ITpeMUalIbHas CUCTEMA OILJIAThI
(Hopmamus — x; o; = (I+AQ) a; unu o, = oy +An)

lIpamas coenvhas cucmema oOniamsbl XapaKTEPU3YyeTCs IMPSIMO
MPOMOPIUOHANEHON 3aBHCUMOCTBIO BEITMUMHBI BO3HATPAXACHHUS OT
o0bemMa BBIITycKa (KONMYECTBAa MPOW3BEACHHOW MPOAYKIHMH) MO €IH-
HBIM TBEPAbIM CACTBHBIM paclieHKaM (CTaBKaM), HE 3aBHCAIIUM OT
o0bema BbIIycKa ® T.A. Eciin mox gelicTBueM areHTa MOHMMATh KOIH-
YEeCTBO NMPOM3BEACHHON MPOAYKIMH, TO JAHHOH CHCTEME OIJIaThl COOT-
BETCTBYET JINHEWHAsl CHCTEMa CTUMYJIMPOBaHHUSL.

IIpn HCHONB30BAHUM COENLHO-NPEMUANLHOU CUCHEMbl ONJAMbl,
noMuMo 0a3zoBoro Ttapuda, BBIJIAYMBAETCS MpeMUs, HampuMep, 3a
MepeBBINOTHEHNE HOPMATUBOB U T.A. (cM. Puc. 6). Cienyer oTMeTuTh,
4TO B JIUTEpaType CAeIbHO-MPEMUANbHAs M CIEIbHO-NPOrPecCcuBHAs
CHCTEMBI OIJIAThl HE BCErJa PaseistoTcs JOCTATOYHO YETKO, TI03TOMY
MOXHO B 0O0IIIEM ClTy4ae CYMTaTh, YTO IPU MEPEBBINIOTHEHUN HOPMATH-
BOB HCIIOJIb3YETCS TIOBBIIICHHBIM Tapu( WM cTaBKa OrmaThl. JlaHHOI
CHCTEME OIUIaThl COOTBETCTBYET cucTemMa cTuMyiupoBanus L+C-tuna
win B Oonee oblieM cirydae, mpuBeneHHoM Ha Puc. 6 (o < o), cucre-
Ma ctumynuposanusa LL+C-tuma.

CoenvHo-npoepeccusnas cucmema Oniamol, B paMKax KOTOpPOIi
BBIpA0OTKa CBEPX YCTAHOBJIEHHOW HOPMBI OMJIAYMBAETCS MO MOBBIIICH-
HBIM pacCIeHKaM, C TOYKH 3peHHst (HOpMaTbHOrO aHalM3a MOIHOCTHIO
aHaJIOTHYHa TIOBPEMEHHO-TTPEMHALHON CUCTEME OIIaThl, U el COOT-
BETCTBYET CUCTEMA CTUMYyIUpoBanus LL-Tuna.
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o)

O£1X+C

ox

L A

Puc. 6. Coenvno-npemuanvras cucmema oniamol (HOPMAMUE — X)

Kocsenno-coenvras cucmema onnamuvl MCTIONB3yeTCs, HATPUMED,
JUISl OTUTATHI TPYZa BCIOMOTATeNbHBIX padounx. [Ipu sToM pasmep ux
3apaboTka MOXET COCTaBISTH ONMpeNeleHHBIH MPOLEHT OT 3apaboTKa
OCHOBHBIX (0OCITYyXMBaeMbIX UMHU) pabounx. JJaHHOW CHCTeMe OIIaThl
COOTBETCTBYET CHCTEMa CTUMYJIHMPOBaHMs, OCHOBaHHAas Ha Iepepac-
MpEeAeTIeHNH 0X0/la — CM. HIDKE U ydacTHhe B J0Xojae (MpUObLIN) Kak
(hopMy WHIMBUAYAILHOM 3apaO0THOM TIATHI

[Ipu ucnoNB30BAaHUH AKKOPOHOU CUCHIEMbl ONAAMbL COBOKYITHBIN
WHJUBUIYaJIbHbIA  3apab0TOK BBITUIAUMBACTCA 32 (DUKCHPOBAHHBIC
CcTaguu pabOThl WM 3a BBINIOJHEHHE IOJHOIO KOMILIEKca paboT (3a
BBITIOJIHEHUE TUTaHa). JlaHHOW CUCTeMe OIUIaThl COOTBETCTBYET CHCTEMA
ctumynupoBanuss C-tumna. Pa3HOBHJIHOCTBIO aKKOPJHOW CHCTEMBI
OTUTATHI SBIISIETCS TaK HA3BIBAEMBIE AKKOPOHO-NPEMUATbHbIE CUCHIEMbl
onnamsl, B KOTOPBIX [OMOJHHUTENbHAS MpPEMHs BBIILIAUMBAETCA 3a
Ka4yecTBO PadOT, COKpaIleHHe CPOKOB | T.J.

OOcyuM KpaTko Takyr (GopMy HWHAMBHIYaJbHOW 3apabOTHOM
MIaThl Kak npemus. byaeM pasiauuaTh NpPEeMHH, MPETyCMOTPEHHBIE
CHCTEMOM OIUIaThl TpyJa B OpraHu3alvu (M OTHOCHMBIE Ha ceOecTou-
MOCTB), TO €CTh «PETYJISPHBIC», H MPEMUU IMOOIIPUTEIBHOTO XapaKTepa
— ©IMHOBPEMCHHBIC (BBIIJIAUMBAaEMbIe OpraHU3AIlMEeH 3a CYET COOCT-
BEHHBIX CPEJICTB), KOTOPBIC HE SIBJISIOTCS 00s3aTeIbHBIMU (HATIPUMED,
MpeMUU K IOOWICHHBIM jJaTtaM H T.1.). [loompuTelbHbIE TPEMUU HE
3aBHCAT SBHBIM 00pa3oM OT WHAWBUIYaJIbHBIX TOKa3aTeNel AesTelNb-
HOCTH 32 YYETHBIM TEpPHOA M TI03TOMY PacCMaTpHBATHCS HAMU HE
OyayT.

PaznuuatoT perynsipHble MPEMUN CIIEAYIOIUX JBYX BHJIOB (OTIIH-
YaroIrecs MoKa3aTesIMA U YCIIOBUAMH TPEMUPOBAHMUS).
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B nepBom ciydae aGcomoTHas BeIMYUHA IPEMUH, HAIIpUMEp, TIPH
BBITMIOJIHEHUN W/WIM TIEPEBBITIONHEHNH TUIAHOBBIX 3aJaHHI, OrOBOpEeHa
3apaHee, 4eMy COOTBETCTBYET CHCTeMa CcTUMynupoBanus A+C-tuma,
rame A — Hekoropas 0a3oBasi CCTeMa CTUMYJIHMpoBaHHA. B Tom uucne
BEIMYMHA TIPEMUU MOXKET OBITH MPOIOPIMOHANFHA 0a30BOMY OKJamy
(6e3 ydera mpeMUaANTBHBIX, TPOrPECCUBHBIX M JPYTUX HaJ0aBOK).

Bo BTOpOM ciiyuae abCONOTHAS BEIWYHHA MPEMUAN ONPEACISIETCS
KaK 3apaHee yCTaHOBJICHHBIH MPOLEHT OT 3apa0doTKa 3a yYETHBIN Mepu-
o.

Takum o0pa3om, KpaTKuii 0030p OCHOBHBIX HCIOJB3YeMBIX Ha
MpaKkTHUKE CHCTEM OIUIaThl TPyAa IMO3BOJSAET CJHieNaTh BBIBOJ, YTO IO-
JaBisitoniee OONBIIMHCTBO M3 HHUX OXBaThIBACTCS MHOXKECTBOM 0a3o0-
BBIX CHCTEM CTUMYyNupoBaHusA. IIpy 3TOM MOXKHO YTBEpXAaTh, YTO
Takue GOpMbl HHIUBHIYAIbHOW 3apabOTHOM TIAThl KaK: IOBpEMEHHAs,
clenbHasl, ydacTHe B J0XOAe, NMpeMHualibHas (M COOTBETCTBYIOLINE UM
CHCTEMBI OIUIaThl: MpOcTas MOBPEMEHHas!, TOBPEMEHHO-TIpeMHalIbHa,
npsiMasi  cliefibHasA, CAENbHO-TIpEMHUaNbHasd, CAETbHO-IPOrpecCUBHAd,
KOCBEHHO-CJIEIbHASI M aKKOpAHAs M Ap.) MOTYT OBITh OTHOCHTEIBHO
aJIeKBaTHO OIMCAHBI CIETYIOIIUM MHOXKECTBOM CHUCTEM CTHMYJIHPOBa-
Hus (cM. ux onpeaenenus seime): L, LL, L+C wm LL+C, D, C.

YcraHOBHB B IEpBOM MPHOIMKEHHH KaYECTBEHHYIO B3aUMOCBSI3b
TEOPETUUECKUX MOJIENEH CHCTEM CTHMYJIHpPOBaHHS ¢ (popmMamu MHIH-
BUIyaJIbHOW 3apab0THON MiaThl, MepeideM K OMHMCAHHIO M3BECTHBIX
PE3YIBTATOB TEOPETUUYECKOTO MCCIENIOBaHUS 0a30BBIX CHCTEM CTUMY-
JIUPOBAHUS.

1.3. TeopeTUKO-UTPOBbIE MOAEJIN CTUMYJINPOBAHUS

OCHOBHBIM ammapaToM MOAETHPOBAHUS 3a7ad CTUMYJIUPOBAHUS B
TEOPHUHU YIPABJICHUS SBISIETCS TEOPHS TP — pa3ziell MPHUKIAJAHONW MaTe-
MaTHKH, UCCICAYIOMNH MOJIENHA NPUHATHS PEIICHUH B YCIOBHSX He-
COBMNAJICHUSI HWHTEPECOB CTOPOH (Uepokog), KOTJa Kakaas CTOpPOHA
CTPEMUTCSI BO3JEWCTBOBATH HA Pa3BUTHE CHUTYyallHd B COOCTBEHHBIX
unrepecax [10]. [Ipocreiimieit uTpoBOM MOJENBIO SBISAETCS B3aUMOJICH-
CTBHE JBYX UTPOKOB — yermpa (principal) 1 mOJYNHEHHOTO eMy areHTa
(agent). Takas opranusanuonHas cucrtema (OC) mMMeeT CIeAYIONIYIO
CTPYKTYpY: Ha BEpXHEM YPOBHE MEpapXUHM HaXOIUTCS LEHTP, Ha HIXK-
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HeM — OAYMHEHHBIH eMy areHT. B kauecTBe IIeHTpa MOXET BBICTYIATh
paboronaTenb, HEMOCPEACTBEHHBIH PYKOBOAMTEIb areHTa Wi OPTraHH-
3alusl, 3aKIIOYMBIIAs TPYAOBOH (MM KaKoW-TMOO MHOM — CTPaxoBOM,
MNOAPSAAHBIA M T.A.) AOTOBOp C areHTOM. B KadecTBe areHTa MOXKET
BBICTYIaTh HAaeMHBIH PAaO0OTHUK, MOJYMHEHHBIH, WJIM OpraHU3amus,
SIBIISTIOIIASICSL BTOPOH CTOPOHOM MO COOTBETCTBYIOIIEMY JAOTOBODY.

Paccmorpum nByxXypoBHEBYr0 opranusaimonnyr cucremy (OC),
COCTOSIIYIO M3 OJJHOTO YIPABJISIONIEr0 OpraHa — eHTpa — Ha BEpXHEM
YPOBHE HEpapXHU U 1 yIPaBIsieMbIX CyOBEKTOB — areHTOB — Ha HUX-
HEM.

Crpaterueii i-ro areHTa sBISETCS BBIOOpP Oeticmeus y; € A; C ‘Rﬁ ,
ieN={l 2 ..,n} — MHOKECTBY arcHTOB, CTpaTerued IICHTpa —
BBIOOD CHCTEMBI CTUMYJINPOBAaHHUS {0i(2)}iens rae
z;=0(y) € B;c R, m <k — HaGmomaeMslil LEHTPOM pe3yibman
OdessmenvHocmu  i-ro areHTa, y = (V, V2, ..., Vo) — BEKTOp JCHCTBUHI
areHToB, z = (zy, Z3, ..., Z,) — BEKTOpP Pe3yJbTAaTOB ACATEILHOCTH areH-
toB, Qir A — Bi — onepamop acpecuposanus, o B—> R ', ieN,
A=]]4.8=]]B.

ieN ieN

[IpeamnouTenus eHTpa OTpa)XXeHbI ero 1eneBol QyHKIneH
(D) @z o(z)) = Hz) - D 0,(2),

ieN
rae H(): B — R ' — byHKums 10X0/1a IIEHTpa.

[IpeanouTenus i-ro areHTa OTPa)KEHBI €ro LeleBol (yHKIHEH:
2) Sy, oi(2)) = 0i(z) - cly),
rae ci(): A — R ' — byHkuus 3aTpat i-ro arenra, i € N.

[NocnenosatensrocTh GyHKMoHUpoBanuss OC TakoBa: LEHTpP BbI-
OupaeT 1 cooOIaeT areHTaM CHCTEMY CTHMYJIHUPOBAaHHUS (3aBHCUMOCTD
BO3HArPaXX/ICHHS, BHIMJIAYUBAEMOr'0 KaKAOMY M3 areHTOB, OT BEKTOpa
PE3YIBTAaTOB UX JEATEILHOCTH), 3aTEM areHThl OJJHOKPATHO, OTHOBpE-
MEHHO M HE3aBHCHMO BBIOMPAIOT CBOM ACHCTBHUS, KOTOPBIE MPUBOAAT K
COOTBETCTBYIOIIUM pe3ylibTaTaM JesTensHocTH. Llenesbie pyHKINM 1
JONYCTHMbIE MHOXKECTBA, a TaKKe ONepaTopbl arperHpoBaHMUsI, SBIIs-
1oTcst oOmmM 3HanueM [28] cpeam Bcex ydactHukoB OC (ueHTpa M
areHTOB); areHThl HA MOMEHT NPHUHSTHS PEUICHUI 3HAIOT BBHIOPAHHYIO
LHEHTPOM CHCTEMY CTUMYJIHMPOBAHUS; IIEHTP HaOIIOIaeT pe3ysbTaThl
JIeATEIbHOCTH areHTOB, HO MOXKET HE 3HATh UX JACUCTBUU.
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O6o3naunm: P(o(-)) € A — MHOXKECTBO ACHCTBHI, BBIOMpPAEMBIX
areHTaMu IMpH CUCTEME CTHMYJIHPOBAHHA O(-): OOBIYHO CUHUTAETCS, UYTO
areHThl BBIOWMPAIOT NIEWCTBUS, SBISIIOIIMECS PABHOBECHEM HX HIPHI
[105: 0(P) = (J Qi) Qa92). ... ©u(y))} — MosecTrO pesynera-

yeP
TOB JIEATENLHOCTH areHTOB, KOTOPbIe MOTYT PEaIn30BaThC MPU BBIOO-
pe UMU ACUCTBUI U3 MHOXECTBA P.

D¢ dexTHBHOCTH cTUMYIIMpoBaHus K(0) onpeaensiercsl Kak rapaH-

TUPOBAHHOE 3HAUEHHE 1[eJIeBON (QYHKIMH [IEHTpa:

(3)K(o)= min [Hz) - D 0,(2)].

zeQ(P(o)) N
B obmem Buae 3amada CTUMyIUpOBaHUs (HOpMyIUpyercs ciie-
IOyIOMIAM 00pa3oM — HaWTH JOMYCTUMYIO CHUCTEMY CTHMYJIUpPOBAaHHA,
00JIaIatoNIYI0 MaKCUMaJIbHOM 3(p(EeKTHBHOCTHIO:
(4) K(0) > max .
[e2

Beime paccMotpen oOmmii ciiy4aid, B KOTOpOM B MHOTOAreHTHOM
cHcTeMe JeWCTBHEM areHTa siBjsieTcsl BekTop. OOBIYHO (IIpH paccMOT-
PEHUU TIPHUKIAAHBIX 3a]ad) aHaNU3HPYIOTca OoJiee YacTHBIE Ciydad,
MOATOMY IOKa Oy/JeM CUMTaTh, YTO MMEETCS €IUHCTBEHHBIH areHT co
CKaJIIPHBIM JICMCTBUEM, M arperupoBaHUE OTCYTCTBYET, TO €CTh z =y

(O(-) — ToxknecTBeHHOE OTOOpakeHue, m = k=1, B =4 = ‘RL ). Omnpe-

AOCIUM Yrcyqy = arg mln C(y) - HeﬁCTBHC arciTta, MUHUMU3UPYIOIIEC €ro
yed

3aTpaThl.
BBenem crienyronpe MpeanoiioKeHus, KOTOPbIX OyaeM Mpuiep-
KHUBATHCS, €CJIM HE OTOBOPEHO 0C000, B XOJ€ NAIbHEHIIEero U3JI0Ke-
Husl. OTHOCHTENBHO (YHKIMHU 3aTpaT MPEANON0okKHM, YTO OHA Hempe-
pBIBHA, a 3aTpaThl OT BBIOOpa IEWUCTBHS )Vics PaBHBI HYmO. Tarke
JIOITYCTUM, YTO 3HAUEHUE BO3HATPAXKICHUS, BBIILIAYMBAEMOr0 LIEHTPOM
areHTy, HeOTPHUIATENIbHO, U YTO (QYHKIHS 10X0Ja IIEHTpa HenpephiBHA
U JJOCTUTaeT MaKCUMyMa IIPU JICHCTBUU areHTa, OTIIMYHOM OT V4.
Ilepelinem Kk pelieHUro 3aa4u CcTUMyaupoBaHus. [Ipeanonoxum,
YTO HCIMOJIb30BAJIACH CHUCTEMa CTHUMYJIUpPOBaHUS O(-), MpU KOTOPOIi
areHT BbIOHpan aeiictBue x € P(o(+)). Jlerko Bumers [23], uto ecnu

B3ATH JPYTYIO CHCTEMY CTHMYJIMpPOBaHHs O (+), KOTopas OyJeT paBHa
HYJIIO BCIOZY, KPOME TOYKH X , i OyJIeT paBHa CTapoil CHCTEME CTHMY-
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~ o(x), y=x y
JAMpOBaHHA B TOuke X: O ()) = , TO U TIpU HOBOII CHC-
0, y#EX
TeMe CTHUMYJIUPOBAHHs 3TO XK€ JAeiicTBUE areHTa OyAeT IOCTaBIATh
MaKCHUMYM €ro 1eneBoi QyHKuuu.

Tak kak LEHTP CTPEMHTCS MHHHMHU3WPOBATH BBHIJIATHI areHTY,
MpH YCIOBHUHU, YTO TOCIEOHHWH BBIOMpaeT Tpedyemoe ACHCTBHE, TO
BO3HArpaX/ICHHE B CIIydae BBHIMONHEHHS IUIaHA JOJDKHO PaBHITHCS
3aTparaM arenra (To4Hee — MPEBOCXOIUTh X HA CKOJb YTOAHO Malyro
MOJOKUTENBHYIO BEIMYMHY & — AJS TOTO, 4TOOBI 1eneBast (yHKIUSI
areHTa MMelNa eJMHCTBEHHBIH MaKCUMy — TOUKY IUIaHa). TOT BaXKHBIH
BBIBOJ U CKAJSIPHBIX CHCTEM CTUMYJIMPOBAaHUS TMOJIYYWII Ha3BaHHE
«npunyun Komnencayuu zampamy [24].

CrenoBaTenbHO, TapaMETPUIECKUM (C TTapaMeTpoM x € A) perie-
HUEM 3a71auu (4) SBISCTCS CICIYIOIAs CUCTEMa CTUMYJTMPOBAHHUS

c(x)+0,y=x
(5) ol ) = :
0, V#EX
KoTopas Ha3bIBaeTcsi komnerncamopnou (K-muna).

Bennunna 6, ¢purypupyrommas B ONTUMAaJIbHON CUCTEME CTHMYJIH-
POBaHMsI, TOJTyYUIIa Ha3BAaHUE MOMUBAYUOHHOU Haobasku [23], Tak Kak
WMEHHO ee BeTMYMHA ONpe/ersieT 3HaueHue 1eleBol (YHKIUH areHTa.

OntuManbHOE peanu3yeMoe JeHcTBUE MOXKET ObITh HalJeHO U3
peLIeHus CIIEAYIOIIEH CTaHJapTHOM ONTUMU3aLlMOHHON 3a/1a4u
(6) x =arg max [H(x) — c(x)].

Xe

UzsectHo [23, 24], uro cucrema crtumyiuposaHus (5)-(6) o-
OITUMAJIbHA.

OTMeTuM, 4TO KOMIIGHCATOPHASI CHCTEMa CTUMYJIHpOBaHUs (5) HE
SIBJIIETCA €IMHCTBEHHOW OINTUMAaJIbHOM CHUCTEMON CTUMYJIMPOBAaHUS —
JIETKO TMOKa3aTh, YTO B paMKaX TMIIOTE3bl OJaroKenaTeIbHOCTH pelie-
HueM 3ajaun (4) sBisiercst o0asi cucTeMa CTUMYJIUpPOBaHus O (-),
VIOBIETBOPSIONIAs CIEAYIOmeMy ycaoBmio: & (v)=c(y), Vy#y

G (») <c().
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1.4. J/InHeliHbIe CHCTEMBI CTUMYJIMPOBAHHA

Paccmotrpum, cinenyst [23], cnyuatin = 1, k=1, A = ‘RL , Vica = 0,
B OTCYTCTBHH arperupoBaHus HH(OPMALIUH.

[lpr wcnonbp30BaHUHM MPONOPLUHUOHATBHBIX (JIMHEHHBIX) CHCTEM
CTUMYJIMPOBaHUSI M HemnpepbsiBHO AuddepeHnupyeMoil MOHOTOHHOM
BBIMMYKJIOW (YHKIIMHM 3aTpaT areHTa, BHIOMpaeMoe UM JeHCTBHE Ompe-

JIETACTCA  CIICAYIOUIMM BBIPAKEHHEM: ) = ¢! (o), Tme c’_l(-) -
¢dyHKIuMs, oOpaTHas MPOM3BOJHON (PYHKIIMH 3aTpaT areHTa.

UzBectHo [23, 26], uTo 3¢pPEeKTHBHOCTD MPOMOPIUOHAIBEHBIX CHUC-
TeM CTHUMYJIUpPOBaHUs Or(y) = @y HE BHIIIE, YeM KOMIIEHCATOPHBIX.
HeBricokast 3¢)(eKTUBHOCTh TaKWX MPOMOPIHOHATBHBIX CHCTEM CTH-
MYJIUPOBaHUS 00yCIOBJIeHAa TPeOOBAHUEM HEOTPULATENBHOCTH BO3HA-
rpaxneHuii. Eciu JOmycTUTh BO3SMOXKHOCTH HCIIONB30BAHHS CHUCTEM

crumynupoBanust 0,(y) = oy + ay, rae op <0, TO HPHU BBITYKIBIX
¢yHKUMAX 3aTpaT areHTa 3(PQEeKTUBHOCTH 3TOH MOXKET OBITH paBHA
3¢ (EKTUBHOCTH ONTHMAaJIbHOW (KOMITEHCATOPHOM) CHCTEMBI CTUMYJIH-
poBaums. JUis  OTOrO  JOCTATOYHO  BIOpaTh: ¥ (&) =c¢ (),

G,(y") =c(), 10 ecth oy(@) = c(c (@) — ac (). OnrumanbHOe
3HAYCHUEC CTaBKMU OIlJIaThI (X* Ipru 3TOM BI)I6I/IpaeTCﬁ n3 yCJIOBUA Mak-
cUMyMa TIeJIeBON (DYHKITUU IIEHTpA:

o =arg max [H'(a) - 5,(y" ()]

1.5. CucremMbl «OpHUraHOI» ONJIATHI TPYAA

Hacrosmmii pasnen NOCBAIIEH ONMCAHUIO TAKOM Pa3sHOBHIHOCTH
KOJUIGKTUBHOT'O CTUMYJIMPOBAHUS Kak «OpHUrajHbie» (OpMBI OIIIATHI
TpyZa, B paMKax KOTOPBIX BO3HATPaKJCHUE areHTa — WwieHa «OpHuraab»
(KOMaH[IBI, TPYIIIBI, KOJJIEKTHBA, OPraHU3alllK | T.I1.) — ONpeaeNnsiercs
Koappuyuenmom ezo mpyoosozo exaada (KTB) m 3aBucuT OT ero
JICHCTBUS. B CPaBHCHUU C JICHCTBHSIMH JPYTUX areHTOB (B YacCTHOM
ciyuae — npu (PMKCUPOBAHHOM TpeMHUaNbHOM (hOHJIe, B 00IEeM ciydae
— KOrJla IPEeMHAIIbHBIN (OH/ OMpeneNnsieTcs arpernpoBaHHBIM Pe3yIib-
TaTOM JICITEIBLHOCTH BCe Opuraiabl B enom) [11, 31].
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[Ipenmnonaraercs, 4To Mo pe3yJbTaTaM CBOEH EATEIbHOCTH KOJ-
JIEKTUB TIONy4YaeT NpeMHualbHbIH (QOHI R, KOTOpPBIA pachpeaeisiercs
MEXK]ly areHTaMM MOJHOCTbIO0. byJem cuutaTh, 4TO i-bIi areHT Xapak-
TEPU3YyeTCs TOKa3aTeleM 7;, OTpa)kaloluM ero kpamduxamnuioo (3¢-
(hEKTUBHOCTh JIEATEIBHOCTH), TO €CTh WHIMBUAYAJIbHBIC 3aTPAThI i-T'O
areHTa ¢; = ¢{(y;, ¥;) MOHOTOHHO YOBIBAIOT C POCTOM KBaJIU(UKAIIUY 7;,
i € N. [lelictBue areHTa ); TOKa OyJeM CYHMTATh MPHHAIICKAIIAM
MHOXKECTBY HEOTPHIIATEIBHBIX JICHCTBUTEIBHBIX YUCEN (MHOTOKPHTE-
pHANIBHBIN CiTydall paccMaTpUBAETCS B HACTOSIIIIEM Pa3Jielie HIKE).

Komnektus, B KOTOpOM KBaju(HKAIUs BCEX areHTOB OJWHAKOBad,
Oy/ieM Ha3bIBaTh 0OHOPOOHBIM, B TIPOTUBHOM CIIY4ae — HEOOHOPOOHBIM.
O PEeKTUBHOCTh CHCTEMBI CTUMYJIUPOBAHUS T = (0}, Oy, ..., 0,) OylneMm
OLIGHUBATh CYMMOM JIeWCTBHI areHToB: K(0) = z Y.

ieN
LleneBbie PyHKIIMM areHTOB UMEIOT BUJIL:
(D) fiy) = oi—ci(yi, 1), i € N.

EcrectBennsIii n mpocreiimmii ciocod onpenenenust KTB 6; aren-

Ta — MPOMOPIIMOHATIBHO JIEHCTBHIO MOCIEAHETO, TO €CTh

Q)8 =<2 ieN.

2V

jeN

[Mycts pyHKIMM 3aTpaT areHTOB JTUHEUHBI: ¢V, ¥;) = y;/ r. Torna
u3 (1) u (2) nony4yaem cliieayroliee BhIpaXXeHHUE JUIs 1eIeBON (PyHKIIUU
i-T'O areHTa, 3aBUCSIICH YK€ OT IEUCTBUMA BCEX ar€HTOB:

3V fi) =R 2 —y/rui €N,

2V

JjeN
CrnenoBaTenbHO, UCCIIEAYEMYIO CUTYallI0O MOKHO paccMaTpuBaTh
KakK Urpy # Jui ¢ (GyHKIUSMH BeIMTphima Buaa (3).
Paccmorpum cHavanma ciiydail OZHOPOJHOTO KOJUIEKTHUBA (7; =7,
i € N). PaBHoBecHble 1o Hamry geficTBHs areHTOB MMEIOT BHI:

« Rr(n-1
4 y, :#, i eN,
n
YTO MPUBOAUT K CIEAYIONIEMY 3HaYeHUI0 () (DEeKTHBHOCTH:
Rr(n-1)

S)Ki(R, 7, n) =
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B psane cinydaeB BO3MOMKHO IIOBBICUTH CYMMAapHBIN IIOKa3aTelb
3¢ ()EKTUBHOCTH OJHOPOJHOIO KOJJICKTUBA, HE yBenu4mBas (HOHJ
npeMupoBanus R, 3a cuer uHOro cnocoda gopmupopanus KTB aren-
TOB — BO3BOJIS B (2) NEWCTBUS B OIMHAKOBYIO JUIS BCEX areHTOB CTe-
MeHb, OOJBIIYIO SAMHHUIIBL.

1.6. PanroBele cucTeMbl CTUMYJTHPOBAHUS

B paccMOTpeHHBIX BBIIIE MOJENSIX CTUMYIHPOBAHUS BO3ZHATPAXK-
JICHWE areHTOB 3aBHCENO OT aOCONIOTHBIX 3HAUEHWH MX Pe3ylbTaToB
neaTenbHOCTH. B TO ke BpeMs, Ha MpaKTUKE JOCTaTOYHO PacmpocTpa-
HEHBI paneogvie cucmemvl cmumynuposanuss (PCC), B KOTOpBIX Benu-
YMHA BO3HArPaXKJICHUS areHTa ONpeAensercs 1100 MPHHAAIEKHOCTHIO
pe3ynbTaTa ero IesTeIbHOCTH HEKOTOPOMY Hallepes 3aJaHHOMY MHO-
KECTBY — TaK HasbIBaeMble Hopmamugusvie PCC, nmubo mecToM, 3aHU-
MaeMbIM areHTOM B YIOPSJOYEHWH PE3yJbTaTOB AESTETLHOCTH BCEX
areHTOB — TaK Ha3bIBaeMble copesrosamenvhbie PCC.

Hopmamueuvie PCC (HPCC) xapakTepu3yrOTCsl HaJHMYUEM IPO-
Henyp IPUCBOCHHSI PAaHTOB areHTaM B 3aBHCUMOCTH OT Pe3yJbTaTOB HX
nesTenbHOCTH. JIJia uX omMcaHus, coriacHo [27], BBeaeM cleayromue
MpeAnonoxenns. Bo-mepBbiX, OyaeM CUUTaTh, YTO MHOXKECTBA BO3-
MOXHBIX JISHCTBUI areHTOB OJMHAKOBHI M COCTaBJISIFOT MHOMKECTBO
HEOTPUIATENbHBIX ACHCTBUTENBHBIX YHCel. Bo-BTOpPBIX, Mpenmnoio-
XKHUM, 4TO (YHKIMH 3aTpaT areéHTOB MOHOTOHHBI U 3aTpaThl OT BEIOOpa
HYJIEBOTO JISHCTBUS paBHBI HYIIO.

ITycts {g;} — COBOKYIHOCTb W HEOTPHULATEIBHBIX YHUCEN, COOTBET-
CTBYIOIIMX BO3ZHATPAXKICHUSAM 3a «IOMAJaHUEe» B pa3IWYHBIC PaHTH.
[Tpu ucnons3zoBanun YHPCC arenTsl, BEIOpaBIIME OAMHAKOBBIC JCH-
CTBHS, TONYYalOT OJMHAKOBBIE BO3HArpa)<JeHHs. BpemeMm BeKTOp
Y=, Y,..,Y,), takoir, uro 0<Y,<Y,<.. <Y, < +oo, KOTOpBIH

omnpezenser pa3OueHne MHOXKECTBa ‘RL Yuauduuupoannas HPCC
3agaercs koprexeMm {w, {¥;}, {¢;}}, mpuueM BO3HarpaxjaeHue i-ro

areHra o; ompeiensercs ClIeAyroIuM oOpasoM: o(y;) = max g,
{.i:l’w‘yizyj} )

rae Yp= 0, gp= 0. Yauduuuposannas HPCC nHazpiBaeTcs npozpeccus-
HOU, €CIId BO3HATPAXACHUS BO3PACTAIOT C POCTOM JEHCTBHUMA:
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Tak xak YHPCC kyco4HO-mOCTOSIHHA, TO B CHJTy MOHOTOHHOCTH
(GyHKUIME 3aTpaT OYEBUAHO, YTO areHTHl OyAyT BHIOMPATh NEHCTBUS C
MUHUMaJIbHBIMUA 3aTpaTaMHd Ha COOTBETCTBYIOMIMX OTpe3kax. MHaue
TOBOPSI, YCIIOBHO MOXKHO CUHTaTh, YTO MPH (PUKCHPOBAHHON CHUCTEME
CTUMYJHMPOBAaHUSI  MHOKECTBO  JOMYCTUMBIX  JIGHCTBHH  PaBHO
Y={Y, Y, .., Y,}, npuuem, Tak kak c(0) =0, to gy= 0. [eiicrBue

* . v
Y, , BBIOUpaeMoe i-bIM areHTOM, OIIPEJIeNAeTcs napoi BeKTopos (Y, g),
*
T0 ecTh umeet mecto Y, (¥, g) = Y, , rae

(1) k; = arg inafx {qr—c(Yp}, i e N.
=0,w

O6osnaunm y'(Y, 9) = (¥, (Y, @), y,(%, @), ... ¥,(¥, ¢)). 3anaua
cunTeza ontuManbHolt YHPCC 3akitouaercs B BEIOOpE pa3MEpPHOCTH
YHPCC w, Bekropa q = (g, 42 ..., g,) ¥ MHOXKeCTBa Y, YIOBJIETBO-
pAromrXx 3aJaHHBIM OrpaHUYCHUAM, KOTOPBIC MAKCHMU3HUPOBAJIU 6I)I
neneByto (GyHKuuio nentpa d(-):

(2) P (Y, ) > max.
w,1,q
dukcupyeM BEKTOp IEHCTBHIA y* € R’ , KOTOPBI MBI XOTENH ObI

peanuzoBaTh ¢ nomouisio YHPCC. U3 Toro, yTo mpu MCHonb30BaHUU
YHPCC areHTbl BHIOMPAIOT IEHCTBUS TOJIBKO M3 MHOXECTBA Y, ciemy-
€T, YTO MUHHMAaJIbHAs! pa3MEPHOCTh CHCTEMBI CTUMYJIMPOBAHUS TOIDKHA
OBITH paBHA YUCITy TIONAPHO PAa3IMYHBIX KOMIIOHEHT BEKTOpa JeHCTBUH,
KoTophlid TpeOyercst peanu3oBaTh. ClemoBaTeNbHO, HCIOJIB30BaHHE
YHPCC pa3smeproctu, 6ombliieii, uem n, HeneaecoodpasHo. bes nmorepu
o0IHOCTH OyaeM cuuTaTh, 4TO W =n (e€Clii B pe3yJbTaTe peIlCHHS
3amaun cuHTe3a ontumanbHol YHPCC oxaxercs, 4ToO HEKOTOpbIE
ONTHMAJIbHbIE HOPMATUBBI MOMAPHO COBMAJAIOT, TO MOXKET OKa3aThCsl,
410 W < n).

o o * *
Jns (GUKCHPOBAaHHOrO BEKTOpa JEHCTBMH ) TonokuM Y;= y,,

i € N, u obo3naunm c; = c(Y)), i € N, j = 0,w. U3 onpenenenns pea-
nmusyemoro neiicteus (cM. (5.1)) cnenyer, uto s Toro, urodst YHPCC
peannu30BBIBaTA BEKTOp ¥ (TO €cTh, MOOYXKHala arcHTOB BHIOMPAThH
COOTBETCTBYIOIIME JICHCTBHS) HEOOXOMMO U JIOCTATOYHO BBITTOJIHECHUS
CIIEIYIOIIEH CHCTEMbI HEPABECHCTB!

B)gi—cdy))2q—c(y,)ieNj=0,w.
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O603HauNM cyMMapHBbIe 3aTpaThl IIEHTPa Ha CTUMYJIHUPOBAaHHUE T10
peanu3auuu JeiCTBUS y* YHPCC
@ 909 = 2.0,

ieN

rie g(v*) ynosaersopser (3).

3amava cuHTe3a onTHManbHON (MuHEManbHOW) YHPCC 3akmroua-
ercss B MmuHumu3anuu (4) npu ycnosun (3). [Ipu 3amaHHbIX pazMepax
BosHarpaxaeHuit uccienoanue YHPCC cBomuTcst K HEOOXOJMMOCTH
OTBETa Ha CIEAYIOUIMH BOMNPOC — KaKHE BEKTOPHI JIEHCTBHUII ar€éHTOB
MOT'YT OBITh pEalu30BaHbl B ATOM KJIacCe€ CUCTEM CTHMYJIHPOBaHUS
(vHaue roBOps, IS KaKuX JCHCTBUI cucTeMa HepaBEeHCTB (3) MMeeT
pelieHue).

O0603HaUMM al_-,-(y*) =c(Y)—c{Y), i e N, j = 0,w. Benem B pac-
CMOTpEHHE n-BepUIMHHBINA rpad Go(y'), Beca Iyr B KOTOPOM OMpese-
nsores ||oy(y)||. B [27] nokasaHo, 4To uist TOro uroGbl BEKTOP y* ObLI
peanusyem B kitacce Y HPCC, HeoOXoauMo U JoCTaTOYHO, YTOOKI Tpad
Go(y") He UMen KOHTYPOB OTPHUATENHHON [UTHHBL B ymomsHyToOit
pa60Te MPUBCACH TAKKC aJITOPHUTM ITOMCKa MUHHMAJIbHBIX BO3Harpamx-
JIeHWH (3a «IomajaHrue» B COOTBETCTBYIOUIME AUANIA30HBI), peaIn3ylo-
IIMX 3aJIaHHBIN BEKTOp JEHCTBUN areHToB. BBeneM cienyroiiee npe-
MOJIO)KEHHE, B paMKax KOTOPOro 3aJada MOXKeT OBITh pelieHa
AQHATUTUYECKH: ATEHTOB MOXXHO YIOPSIOYHUTH B MOPSAKE yOBIBAHUS

3aTpat ¥ MpeAeibHbIX 3aTpat: vy >0 ci )2 c'2 »=z=...2 c;l ).

v * v
dukcupyeM HEKOTOpblii Bektop y € R, ymoBierBopsoruii
CIIEAYIOILEMY YCIIOBUIO:

x x x
Oy =y, <5y,

TO €CTh, YeM BBIIIIE 3aTPaThl areHTa, TeM MEHbIINE IEHCTBHUS OH BBIOH-
paer.

B [27] noka3aHo, 4TO B paMKaX BBEICHHBIX MPEATOT0KEHUMN:

1) yHUpHUIMPOBAaHHBIMA HOPMATHBHBIMH PaHTOBBIMH CHCTEMaMH
CTUMYJINPOBAaHUS peajn3yeMbl TaKue U TOJIbKO TaKHe JeHCTBUS, KOTO-
pBI€ YIOBIETBOPSIOT (5.5);

2) ontumanbias Y HPCC sBiisieTcst mporpeccuBHOI;

3) MUHUMalTbHBIE MHIOUBHAYyaNbHbIe Bo3Harpaxaenus B YHPCC,
peanu3yoleil BEKTOp ), YAOBICTBOPSIOT:
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©) qr=ci a:= Y (V) -y, ieN {1},

Bripaxkenue (6) mosBonsier uccienosats crovictea YHPCC — BbI-
YHUCISITh ONTUMANbHBIE Pa3Mepbl BO3ZHATPAXKACHHWH, CTPOUTH OITH-
MaJbHBIE MPOLENypHl KiIacCHPHUKAaNUK, CpaBHUBaTh 3PPEKTUBHOCTD
YHPCC ¢ 3¢ (hexTHBHOCTBIO KOMIIEHCATOPHBIX CHCTEM CTUMYJIHPOBa-
HHSA U T [27].

PaccMoTpuM KpaTKo CBOMCTBA copegHo8amenbHbiX paHeo8blX CUC-
mem cmumyauposanuss (CPCC), B KOTOPBIX IIEHTP 3aJaeT YUCIIO KJIac-
COB M YHCJIO MECT B Ka)KIOM M3 KJIACCOB, a TAK)KE BEIIMYMHBI TOOLIpe-
HHUM areHTOB, IIONABIIMX B TOT WIM MHOHM kmacc. To ecTb B
yaupupposanHod CPCC uHAWBUAYalbHOE TOOMIPEHUE i-T0 areHTa
¢{z") He 3aBHCHT HEMOCPEICTBEHHO OT AOCONIOTHON BEITMUHHBI BEI-
OpaHHOTO WM JEHCTBHUS, a OMpenensercs TeM MECTOM, KOTOpOe OH
3aHsU1 B YIOPSIIOYEHNUHN TIOKa3aTeNel esTeNbHOCTH BCEX areHTOB.

B [27] noka3zaHo, uTo

1) HEOOXOMMBIM U JIOCTATOYHBIM YCIOBHEM PEaTU3yeMOCTU BEK-

Topa jeiictBuii arentoB y € A B k1acce CPCC sBseTcst BBIION-

Henue (5);

2) naHHBIA BEKTOP peajn3yeM CIEAYIOIIeH CHCTEeMONH CTUMYIIHPO-

BaHUs, o0ecleunBalonieii MUHUMAalbHOCTh 3aTpaT LEHTpa Ha CTH-

MYJIMpPOBaHUE:

1
N a0 =D, ey~ Gy )b i=1Ln.
Jj=2
Bripaxkenue (7) nmo3omsier uccienoBath cBorictBa CPCC — BbI-
YUCIIATh ONTHUMAJIBHBIC Pa3Mephbl BO3HATPAXICHUN M CTPOHUTH ONTH-
MaJIbHbIE MPOLEAYPhI KIacCH(UKAIIHIA.
bnuzkumu xk CPCC sBASIOTCS KOHKYPCHBIE CUCTEMBI CTUMYJIHPO-
BaHUSL.

1.7. KonkypcHble cucTeMbl CTUMYJIUPOBAHUS

IIycTh MMEIOTCS HECKOJIBKO areHTOB, KaXKIbId U3 KOTOPBIX HpU-
HUMaeT (OHOBPEMEHHO C JPYI'MMH arceHTaMH U HE3aBUCHMO OT HHX)
pelieHuss 0 COOCTBEHHBIX JIEHCTBHUAX. TOT areHT, KOTOPBIH JIOCTUT
HAMITY4IINX PE3yJbTaTOB (HA30BEM €ro «mo0emuTelNby), MOodydaeT
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¢ukcupoBaHHOe Bo3HarpaxaeHue. OcTajbHbIE areHThl HE MOMYYaroT

Huuero. TpeOyercst HaliTH paBHOBecHe UTphl areHToB. ConeprkaTelnb-

Hasg MHTEPHPCTAlluA — KOHKYpPCHAasd CUCTEMAa CTUMYJIMPOBAHUS, B KOTO-

PO BO3HArpakJeHue MoayvyaeT TOIbKO modeanTens KoHKypcea [12].
O6o3naunm yepes N = {1, 2,..., n} MHOXECTBO areHTOB. ATEHT

HOMEp i BbIOMpaer cBoe jeiictBue ); > 0. JlelicTBUTEIbHO3HAYHBIC

¢$yHKUIMY 3aTpat areHToB {c/();)};cy N3BECTHBI BCEM areHTaM.
O6o03HauNM:

(1) x(y) = max i,

rae y = (¥;, V2 ..., Yu) — BeKTOp HeiicTBuii arentoB. ConxepxkarenbHo (1)
XapakTepu3yeT HAMIYUIIUN pe3ybTat, TOCTUTHYTHIA areHTaMu. ATEHT

c HOMepoM k(y) = arg max {y,} , KOTOpbIl JOCTUT 3TOrO pe3yJbTara,
ieN

ecTb moOenutens. Ecny MakcHManbHBIA pe3yabTaT JOCTHTHYT OIHO-
BPEMEHHO HECKOJIBKUMH areHTamu, TO OyJeM CUuTaTh, YTO arpuopU
M3BECTHA MPOIEAYpPa, B COOTBETCTBUHU C KOTOPON W3 HHUX BHIOMpAeTCs
CIMHCTBEHHBIN mobeautensb. Hanpumep, yciioBUMCS, 4TO MOOSKIAET
areHT ¢ 6oIpIIMM HOMEpOoM. MOXHO Takke mojararh, 4To, eciid moode-
JUTEICH HECKOJBbKO, TO OHU JENAT MEXAy Cco0Oi BO3HATrpPaKICHUC
nopoBHy. OpHako B TOCJIETHEM Ccllydyae yCTOMUMBOTO pPaBHOBECHS
B3aMMOJICHCTBUS ar€HTOB HE CYIIECTBYET.

[Myctes 3amana nerictBuTenbHO3HauHas GyHkuus H(x). Ee comep-
KaTelbHash WHTEPIpETanusl TakoBa — MOOEAWUTENb IMONYYaeT TOXOH
(BozHarpaxaenue) H(x), 3aBucsmmii ot pesynbrata (1). [Ipourpasiive
areHThl HE TIOTy4YaloT HUYETO.

Takum 00pa3oM, BBIMTPHIII TOOSTUTENsS paBeH H(x) — ci(x), a BbI-
WTPHILIN IPOUTPABIINX PAaBHBI KX 3aTpaTaM, B3ATHIM CO 3HAKOM MHUHYC!

() fily) = H(x)—c,(x),ecmu i=k(y)

, 1 eN.
—c,(¥,), ecu i #k(y)

BBeznem cremyromue npeamonoKeHus.

A.1. ®yHKIMHM 3aTpaT areHTOB HEMpEpHIBHBI U CTPOro BO3pacTa-
I0T.

A.2. 3aTpaThsl OT BEIOOpa HYJIEBOTO JIEHCTBUS paBHBI HYIIO.

A.3. CymiecTByeT yIOpsIIOUEHUE ar€HTOB TAKOE, YTO
B)Vy>0 c;(y) > c2(p) > ... > cu(y).

B.1. H(-) — HenpepbiBHAs HEyOBbIBAIOIIAsl MOJIOKHUTEILHO3HAYHAS
GyHKIMSL.
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B.2.3y >0,y <+o0: Vz2>y H(z)< min c(2).
ieN

B.3. Vx>0 H(x) = h.

HNmeem urpy arentoB B HOopMmanbHOW ¢(opme [10]: MHOXKECTBO
areHToB NV, ux 1eneBble GyHKIUU (2) © MHOXKECTBA JONMYCTHUMBIX JI€H-
CTBHH 3a/IaHBl; CYMTAEM, YTO arcHTHI MPOU3BOIAT CBOW BBHIOOpP OAHO-
KpaTHO, OJHOBPEMEHHO W HE3aBHCHUMO, a OINHCAHHE WIPHI SIBISETCS
o0mmM 3HaHueM [28] cpenu areHTOB. 3a/1aya 3aKI04aeTCs B HaX 0K Ie-
HUU pelieHus (PaBHOBECHS) UTPBI areHTOB.

[Ipexxae yem mpucTynmaTh K peLICHUIO JAHHOH 3ajayd, cAenaeM
PS1 KaYeCTBEHHBIX 3aMEYaHHH.

PaccmartpuBaemas Mojenb OJr3Ka K 3aaue CHHTE3a ONTUMAIIbHON
COpEBHOBATEIILHONH CHUCTEMBI CTUMYIUpOBaHHs (cM. Bbie). Cremyer
OTMETHUTbH, YTO TEOPETUKO-UTPOBOI aHAJIN3 COPEBHOBATEIBHBIX CUCTEM
CTUMYJIMPOBaHUsS Topa3fo Oojiee CIOKEH M TPYAOEMOK, YeM «OOBbIY-
HBIX» WU HOPMATUBHBIX CHUCTEM CTHMYJIUpoBaHUs. OCHOBHAs CIOXK-
HOCTH 3aKJIIOYAaeTCsl B TOM, YTO MPH HCIONB30BAHUM MPHHIUIA «KOH-
Kypca» y areHTOB He CYIIECTBYET paBHOBECHBIX mo Hbamry crparerui,
CIIeIOBATEIbHO, BO3HUKAET HEOOXOIUMOCTh BBEICHHSI TUIIOTE3 O TOBE-
JICHUW DJIEMEHTOB M HCKYCCTBEHHOTO MOCTPOSHHS MHOXECTBa pellle-
HUll urpel. OMHUM K3 BO3MOXKHBIX BapUaHTOB SIBIISICTCS CIIEIYIOLIHH
(ucmonb3yeMblii B HacToslIeH padoTe): ClIeayeT MPOBEPATh YCIOBHE
«yrpo3» [27], T.e. MPOM3BOJIBLHBII areHT He MOXKET OBITh CHOKOEH 0
TeX I0p, IIOKAa JPYrod areHT MOXKET YyrpoXkaTb €My M3MEHEHUEM CBOEH
CTpaTeruu.

Veposoii arentTy Ha3bIBaeTcsl Takas UTPOBasi CUTYaIUsl, IPU KOTO-
POH Kakoi-m100 M3 ero MapTHEPOB MOXKET U3MEHUTH CBOIO CTPATETHIO,
YBEJIMYUB TIPH 3TOM CBOH BBIUTPHIII M OJHOBPEMEHHO YMEHBIIHB
BBIMTPHIII TOTO, KOMY OH Yrpoxaer. PasHogecuem 6 0e30nacHuIX
cmpameeusix (PBC) B Takom ciydae Oyner Takoi HaOOp CTpaTerwuid,
MPH OTKJIOHEHHH OT KOTOPOTO B OJMHOYKY JIIOOOH WIPOK WIIH YMEHB-
[1aeT 3Ha4eHUe CBOETO BHIMTPHIIIA, MM MONAAaeT B YIpoxKalee eMy
cocrosiHue [14]. B Hacrosiem pasnene 1moa TEPMUHOM «pPaBHOBECHE»
nonpasymeBas uMeHHo PBC.

Paccmorpum cHavana ciaydaid, KOT/ia BBITIOJIHEHBI TIPEMOI0KEHUS
A.1-A.3 u B.1-B.3. Toraa nobemurenieM SIBJIIETCS arcHT C HOMEPOM .
dukcupyem s > () 1 0003HAUNM:

@) x(h) = ¢ (h), i €N,
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rae clfl(-) — ¢yHknusa, obpatHas QyHKOMM 3aTpar i-ro areHTta (9Ta

¢$yHKIMS cymiecTByeT B cuiy npeamonoxkenust A.1). U3 npeamonoxe-
Hus A.3 crenyer, 4To
Vh>0 x;(h) <x)(h) <..<x,(h).
O603Haunm PBC wepes y*. B paccMaTpuBaeMoM Cllydae paBHOBE-
cMe  3aBUCHUT  OT  pa3Mepa  BO3HArpaxKaeHus A, T.€.

Y =y'(h) =( yl* (), y; (h), ..., y: (h)). W3 ompenenenuss PBC (cwm.

yCJIOBHE OTCYTCTBHS YTPO3 M ONMCAHHE PAHTOBBIX CHCTEM CTUMYIIHPO-
BaHUS BhIIIE) U TeopeMbl 5.2.1 [27] noiy4aem, 4To CIpaBeIMBO Clie-
Jyloliee yTBepKIeHHUE.

[Tycte BeImonHeHs! npeanonoxenus A.1-A.3 u B.1-B.3. Torna:

a) cymectsyer PBC takoe, 4To:

Vizn y;(h)=0; y,(h) =x.(h) + &

Trae ¢ € (07 xn(h) - xn-l(h));

6) 3aBHCHMOCTb COOTBETCTBYIOIIErO PABHOBECHIO PE3y/IbTATA X OT
BOBHATpaXICHUs A umeet BUL: X (k) = x,.;(h) + & [12].

Eciau BBeCcTH rumoresy, 4To areHT, MOJYYaloIlUi B pe3yJbTaTe
1o0e/Ibl HYJIEBYIO TOJIE3HOCTh, MPEANIOYTET BHIOMPATh HYJIEBOE JCHCT-
BHE, TO MOXKHO TOJIOKHTh KOHCTAHTY € PAaBHOH HYIO. DTy THUIOTE3Y
OyleM CUMTATh BBITIONIHEHHOH B JajbHEHIIEM (B MPOTUBHOM Cilydae
MOKHO CUMTATh € CKOJb YIOJHO OJU3KOM K HYIIIO).

Conep:kaTenbHO MPUBEACHHBIN pe3yiabTaT O3HAYaeT, YTO modenu-
TereM Oy/IeT areHT ¢ MHHUMAJIbHBIMH 3aTpaTaMH — KOTOPbIi 3a Gukcu-
pPOBaHHOE BO3HATPaXkKICHUE MOXKET JOOUTHCS MaKCHMAJIBHOTO PE3YIb-
taTa (MpU YCIOBUHM HEOTPHLATEIBHOCTH €ro 1elNeBor (QYHKIHH, T.C. — B
paMKax MpemroNokKeHust A.2 — P yCIOBHHU, YTO 3aTPAThl HE MPEBbI-
maroT Bo3HarpaxkaeHus). OH BeIOepeT Takoe JAeiicTBHe, YTOOBI eMy He
MOI' YrpoKaTh HH OJIMH JPYrod areHT. A yrpokaTb €My MOXeET, B
NEPBYIO OYepe/lb, NPEIbIAYIINA B yIopsjgodeHHH 3arpaT areHt. [lo-
ATOMY MOOEIUTENb, CTPEMSICh MUHHMHU3UPOBATh CBOM 3aTpaThl, BhIOE-
per aevictBue x,_;(/), Ha KOTOpPOM 00paIaeTcs B HOJNb BBIMTPHIII YTIPO-
KAIOUIEr0 €My areHTa. JTOT KaueCTBEHHBIH MPHUHIMI OMPEICTCHHs
PBC cnpaBeayus u npu Oosiee ciadbIX MPEIIoaokKeHUIX (CM. HUXKeE).

Otkaxkemcst Terepb oT npeanonoxeHus A.3. Ouxcupyem h > 0.
[lepenymepyeM areHTOB TakuM 00pa3oM, 4YTOOBI OOJIBIIME HOMEp
COOTBETCTBOBAII OonbIeMy 3HAYCHUIO BEJINYUHBI (1):
i(h) <iy(h) <..<i,(h). Ecnu oka3piBaeTcs, 4TO Y HECKOJIBKUX areHTOB

25



BennunHa (1) oMMHAKOBA, TO YNOPSAOYMM 3TUX areHTOB IO BO3pacTta-
HUIO UX HOMEPA B UCXOJHOM YIopsijodueHnH. B pesynbTare noayunm

5) Vh>0 x4 (1) S X, ) () S S X, ) ().

[Tycte BeImoOnHeHs! npeanonoxenus A.1-A.2 u B.1-B.3. Torna:
a) cymectsyer PBC takoe, 4To:

6) Vizih) v, (h)=0; y, 4y ()= x, ()

6) 3aBHCHMOCTb COOTBETCTBYIOIIErO PABHOBECHIO PE3y/IbTATA X OT
BO3HATPaXJICHUS /I UMEET BUJI;

(7) x'(h) = X (1)

B) 3aBHCUMOCTH (7) pe3ynbTarta OT pa3mepa BO3HArpaKACHUS SB-
JIsieTcst MOHOTOHHOM HenpepbIBHOH QyHKImeH [12].

JlanHOoe yTBEp)KIEHHME CIpPaBEUIMBO B paMKax MPenroIoxKeHHH
A.1-A.2 u B.1-B.3. OtkaxeMmcs Tenepsb oT npeanonoxenus B.3 (oTka3
oT mpeanonoxeHndd A.l w/mimm B.1 cylecTBEHHO YCIIOXHHUT aHAH3,
TaK KaK YHCJIO BO3MOXHBIX BaPHAaHTOB CTaHET HEBOOOPA3MMO BENHKO;
npennonoxenue B.2 sBisercs goctaTtodHbIM Ut cymectBoBanus PBC,
€CIIM BBITIOJIHEHBI npeanonokenus A.1 u B.1).

O6o03HaumNM:

®) »™ =max {y 20| Hy) 2c¢(»)}, i €N,
k"= arg max y;".

ax

B cuny npennonoxenus B.2 BemmonHeno: ;" <y <+, i eN.

Ecnu BrIonHEHO npennonokeHue A.3, To BETHYUHBI (5) YIOPSI0YEeHBI
B COOTBETCTBUH C HCXOIHOI HyMeparueil areHToB u k' = n.

[lepenymepyeM areHTOB TaKUM 00pa3oM, 4TOOBI OONBIINN HOMEp
COOTBETCTBOBAJI OOJIBIIIEMY 3HAYEHUIO BeNMWYUHBI (5): j,;<j, <..<J,.
Ecnu okaspiBaercs, 4TO y HECKOIBKUX areHTOB BeTHUUHa (5) OIMHaKO-
Ba, TO YIOPSJJIOYMM 3THX arcHTOB I10 BO3PACTAHHIO UX HOMEpa B HC-
XOIHOM yTiopsiiodueHnu. B pesynbrare nomyynm

yitsyit <<y
[Tycts BemmonHeHs! npennonoxenus A.1, A.2, B.1 u B.2. Torna:
a) cymectByer PBC, takoe, uro: Vi #j, y: =0,

©) ), =arg _max [H)-c, ()]

max , _ max
n13Y jn
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6) PaBHOBECHIO COOTBETCTBYET Pe3yIbTaT X = yj [12].

Utak, B mepBoii riaBe MpoBeIeH KpaTKuii 0030p MOJelNell CHCTeM
cruMmyiupoBaHus. [IpuBeneHHBIE pe3ynbTaThl OyOyT HCIOIB30BAHBI
HWKe TIpH aHaJn3e Tapu(pHO-TIpeMUaIbHBIX CHCTEM OIUIATHI TPY/a.

2. 3aga4a cuHTe3a ONTUMAJIBLHON TAPH(HO-TPEeMHAIBHOM CHCTEMBI
OILIATBI TPYAA

NMes pe3ynbTaThl UCCIENOBAHNS MOJEIEH CUCTEM OILIATHI TPY/A,
MOXHO JCTAIM3UPOBAThH CHIENaHHBIC BBIBOJIBI HA MPHMEpPE paccMOTpe-
HUSl TaKOW LIMPOKO PaclpoCTPaHEHHON Ha MPAaKTUKE CHCTEMbI CTHMY-
JUPOBaHUS KaK Tapu(HO-IpeMHUalibHAasl CUCTeMa OIUIaThl Tpyna. B ee
paMKax BO3Harpa)<JieHHe areHTOB CKJaJbIBaeTcs W3 JABYX 4YacTeil:
TapuHON (KOMIIEHCAIIMOHHASI COCTAaBIIAIONIAst), KOTOpas 3aBUCHT OT
Tapu(HOrO paspsia areHTa, U NpeMUuaIbHON (MOTHBAI[MOHHAS COCTAB-
JISIOILAs ), 3aBUCSILAS OT Pe3yJIbTaTOB JAEATEIbHOCTH areHTa B COOTHO-
HIEHUU C pe3yiabTaTaMH JEeATeIbHOCTH ero Koiier. B mocienHem ciy-
Yae, KaKk MNpaBWio, (UKCHPOBAHHBIM  MpeMHanbHBIE  (QOHT
pacmpenensiercss MeKIy areHTaMH B 3aBHCHMOCTH OT pe3yJIbTaTOB HX
JeATeIbHOCTH.

[IpaBmia pacnpeneneHus] MPeMUATBHOTO (OHA MOTYT OBITH pas-
JUYHBIMH — B UX OCHOBY MOTYT OBITh ITOJIOXEHBI OMHCAHHBIC BBIIIE
MPOMOPIUOHANBHBIC, WM OpUrajJHble, WM PAHTOBBIE CHCTEMBI CTHMY-
nupoBaHusl. TakWe CHCTEMbI OIJIATBhl TPyJda 4YacTO BCTpEHaroTcs Ha
MPaKTUKE MPH ONpeeIeHNH MpeMuil (Haa0aBoK, J0IIaT U T.J.) KaK B
MPOU3BOJCTBEHHBIX KOJUIEKTHBAaX, TaK M B HAaYYHBIX WJIH 00pa3oBa-
TENbHBIX oOpraHu3anusax. llepeiinieM K OIMMCAaHUIO COOTBETCTBYIOLIEH
obrieli (hopMaIbHON MOJICIH.

2.1. O01xag moCTAaHOBKA 331244

Paccmorpum mopens n-arentHoit OC, B KOTOpPOH AESITENbHOCTS i-
TO areHTa, XapakTepu3yeMoro THIIOM 7; > (), OIUCBIBACTCS €ro CKaJsip-
HBIM JelicTBUeM y; >0, i e N={I, 2, ..., n} — MHOXECTBY arcHTOB.
O0603HayrM Tapu(HYIO COCTaBJISIONIYIO 3apa00THOM IaThl #(r;), Tpe-
MUIBHBIN QoHA — R 2> (0.
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A.4. OtHOCUTENBHO (YHKIUU 3aTpaT i-ro areHTa cAy; r;) MPeIno-
JIOKMM, YTO OHA 3aBUCHUT TOJIBKO OT €ro COOCTBEHHOTO NEHCTBUS W
SIBJISICTCSI TJIAJIKOM, BBIMYKJIOW M HEYOBIBAIOIIECH 10 delicmeuio y;, He-
BO3pacTaromieil no muny r; yHkuen, To ectb ¢, > 0, ¢, 20, ¢, <0 n
¢y < 0.

A.5. OTHOCUTENBHO THIIOB areHToB (3G QEKTHBHOCTEH WX [es-
TENBHOCTH) OYAEM CUMTATh, YTO arcHTHI YIOPSIOUYCHBI 10 X BO3pac-
TAaHUIO: 7' <717 Z... <7,

A.6. OTHOCUTENBLHO TapU(HOM COCTABJIAIONICH 3apa0OTHON TIATHI
MPEATIONOKHIM, YTO OHA SBIISIETCSI KYCOYHO-ITOCTOSTHHOW HEYObIBaIOIIeH
(mporpeccuBHOM), HEMPEPHIBHOH cripaBa (QyHKIHEH.

B pamkax npeamonoxkenus A.6 nporpeccuBHas TapudHas cucrema
OIUTATHI TPY/Ia ONHCHIBACTCS KOPTEKEM

P=W0=v<v<. v, 1< <. <qu),
re w — 4ucio TapuHbIX pa3psaoB (cM. takke mMoaenun HPCC Beime),
a pa3Mep BO3HArpakJeHUs B 3aBUCUMOCTH OT THIIa areHTa (ero KBau-
(ukanumn) onpeaenseTcs ciaeayromumM oopasom (cm. Puc. 7):

Hr)= max gq,i€eN.

{j=Lwlrzv;}

A
qW -------------------------------------------------- l._
i
I —
1 1
. ;
] :
1 :
1 )
i i
) ]
Lol ! i i
| i |
qz [ > : :
P i |
1 ) ! 1
91— ; ; :
i : : LT
vi=0 v, V3 Vi1 Vi

Puc. 7. Tapughnas cucmema onnamor mpyoa
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[IpemMuanbHyI0 COCTABISIONIYIO 3apaOOTHOM IUIATBHl i-rO areHTa
o6o3HaunM 7(y), i € N, rae y = (1, V2, ..., ya) € R’ — BekTOp AeicT-
BUH areHTOB.

Takum 06pa3oM, BO3HarpakJeHue i-ro areHTa, CKJaJlbIBaroneecst
13 TapupHON U IPEMUATBHON COCTABISIONINX, UMEET BH/I;

oy, ri) = i(r;)) + m(y), i €N.

BBenem orpaHuueHre pe3epBHOM MOJE3HOCTH (<), KOTOPOE OIpe-
JIeNieT MUHUMAJIbHOE 3HAUeHHE IIeJIeBOW (PYHKIMU areHTa (B 3aBHCH-
MOCTH OT €ro THIa), KOTOpOe JOKHO ObITh eMy oOecredeHo, TO eCTh
u(r;) — pesepenas none3HoCmy i-ro areuta, i € N.

O6o3naunm 7 = (7, ¥, ..., ¥,) — BEKTOp THIIOB arcHTOB,
) = (m(y), @), ..., m(y)) — BEKTOP-QYHKIUIO MPEMHUAIILHOTO CTH-
MYJIMPOBAHUS.

LleneBas GpyHKIUS i-TO areHTa UMEET BUJL;
(D) fily, 7). €(), ri) = 1(r)) + m(y) — ey 1), 1 € N.

LeneBas pyHKIUS IIEHTPA UMEET BHI:
@) D, 7). 1), 1) = HO) = D 7, (y) = 2 1(r).

ieN ieN

Iycrs P(r, 7()) — MHOXECTBO paBHOBecwii HaIia wurpel areHTOB
OpH  33JaHHOM  TapUPHO-IPEMHUATLHOH CUCTEME CTHMYJIHPOBAaHUS
(OTMETHM, YTO OHO HE 3aBHCHUT OT Tapu(HON COCTABJSIONICH — CM.
separerme (1)); ¢, R) = {() | Vy € P(r, a0) | Y m,(y) <R} -

ieN

MHOXCCTBO NPEMHUATIBHBIX CUCTEM CTUMYJIMPOBAHUSA, TAKUX YTO IJIA
JIFO0Or0 COOTBETCTBYIOIIEIO PABHOBECHOI'O BEKTOPA JCHCTBUIN areHTOB
CyMMAapHO€ NPpEMHUAJIbHOC CTUMYJIMPOBAHUC HE IMPCBLIIACT IMMPEMHAJIb-
HOTro (hOHJIA;

Ur, n(), () = {y € RL | (r) + m(y) — ciyi, 17) 2 u(ry), i € N}
— MHOXECTBO BEKTOPOB ACHCTBHI areHTOB, MPH KOTOPBIX 3HAUCHHS MX
HeNeBbIX (PYHKIUH YIOBIETBOPSIOT OIpAaHUYEHHSM PE3epBHON MOJE3-
HOCTH.

D¢ deKTHBHOCTh TapUPHO-TIPEMHUATEHON CUCTEMBI CTUMYJIHPOBa-
HUSl OMpeNeuM KaK TapaHTHPOBAHHOE 3HAYCHHE LENEeBOW (YHKIUH
LEHTPa Ha MHOYKECTBE PEIICHUH UTPHI areHTOB!

(3) K(«(), n("), r) = min [HO) — Y m,(y) = D)1,

yeP(r,(NAU (r,m(-),t(-)) ieN ieN
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OOmass TOCTaHOBKAa 3a/Ja4d CHHTE3a ONTHMAaJbHOW Tapu(HO-

MpeMHabHON CHCTEMBI CTUMYJIHUPOBAHUS IMEET BU:
(4) K(«(), (), r) = max ,

m(-)eS(r,R),1(-), R20
TO €CTb, TpeOyeTcsi HalTH ONTHMANbHBIC (C TOYKHA 3PEHHS KPHUTEPHUs
s dexrrBHOCTH (3)) TapuHBIE BHITUIATHI #(-), IPEMHATBHBIA QOHI R 1
npaBujia €ro pacnpeaencHusi (MpeMHUANbHYI0 CUCTEMY CTUMYJIHpOBa-
HUs 7(-)), KoTopble oOecrieunBaay Obl BCEM areHTaM B PaBHOBECHH
3aJJaHHYIO PE3E€PBHYIO MOJIE3HOCTb.

B kadecTBe OTCTYIUIEHUSI OTMETHM, YTO, yMes pelats 3aaauy (4)
WIH ee YIpOIleHHbIe MOAN(HUKAIINH, MOXXHO CTAaBUTh M pelaTh 3a0ayu
CUHMe3a ONMUMANbLHO20 COCMASA OPTAaHU3ALMOHHON CHCTeMBbI (Ompe-
JeTieHrs] Habopa BKIIIOYAEMBIX B HEe areHTOB) IO aHAJIOTHH C TeM, KaK
3T0 aenaerca B [15,22]. Pan yacTHBIX NPUMEpPOB pelIeHus 3ajJadu
ontuMmuzaiuu cocraBa OC NpuBesieH HIDKE.

3amauy (4) Bpsa ¥ MOXHO pemmTh B 00IeM Bujae. OObIUHO Ha
MPaKTUKE ee pelleHre pa3ouBaercss Ha HECKOJIBKO 3TAaIoB.

[epBBIM 3Tanom sBIsieTCs 3a/1a4a CHHTE3a Tapu(HON COCTABIISIO-
1iell CUCTeMbI CTUMYIUPOBaHUs. HeoOX0mMMMOCTh ee peleHns MOXKET H
OTCYTCTBOBaTh, TaK KaK BO MHOTHX T'OCYAapCTBEHHBIX OpraHU3aIHIX
WCTIONB3YIOTCS yCTAaHOBJIEHHBIE 3aKOHOM YHU(MWIMPOBAHHBIE Tapu(-
HBIE CUCTEMBbI OIUIATHI (IPUMEpPHI — eMHas TapudHas ceTka, oTpacie-
BbIE CHCTEMBI OIUIaThl Tpyda W Ap.). Eciu Bce ke BHIOOp TapudHOIL
COCTAaBIISIIONICH SIBIISIETCSl TPEpOTaTHBOM OpraHM3allud, TO IJISl pelle-
HUsS 3TOU 3a71auu (OTAEIBHO OT 33aJlaydl BHIOOpA MPEMHUAIBHOW COCTaB-
JISIIOILIEH ) MOTYT OBITh MCIIOJIb30BaHbI OMMCAHHBIE BBIIIE METOJIBI TOHC-
Ka ONTHMAJbHBIX CUCTEM CTUMYIUpoBaHUs C-THIIA WM HOPMATHBHBIX
PaHrOBBIX CHCTEM CTUMYJIHPOBaHUSI.

BropeiM aTamom siBisieTcsi BEIOOp NMpEeMHAbHON COCTaBIISIONICH
OILJIaThl TPyJa NMPU (PUKCHUPOBAHHOMN Tapu(HON COCTaBISIONICH U (UK-
CHpPOBaHHOM pa3Mepe MpeMHaNbHOro QoHaa. DTa 3agada MoapoOHO
paccMaTpUBaeTCsl HHXKE.

U, nakoHen, TpeTbUM JTaloM SBISIETCS BHIOOP ONTHMAIBHOTO
pasmepa npemuanbHOro Gonga. Jta 3aaa4a (IpU U3BECTHBIX pe3yiibTa-
Tax MEPBBIX JIBYX JTAOB) OOBIYHO PEIIAETCs TOCTATOUHO JIETKO.

Wnorna pasmep npemuanabHOro (GoHIa GUKCHPOBAH allpHOpH, TO-
Ia TpeTuH 3ran npomyckarT. MIHorna BTOpOM M TpETUH ATal COBMeE-
[IAI0T, HEe aKIEHTUPYsd BHUMaHUS Ha pa3Mepe CyMMapHOTo MpeMHuab-
HOro )OH/Ia, a MOJyYas ero «aBTOMaTHYECKH» B MPOIECCE PElICHHS.
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A.7. OTHOCHTENBHO (QYHKIMW J0XOJa LEHTpa Jjsl HPOCTOTHI

MPEANoNoxKuM, uto H(y) = z Vi
ieN

Ecmu tapudnas cocraBmsromas (UKCHpoBaHAa W (UKCHPOBAH
npeMuanbHbelii QoHI R, TO B paMKax MpeArnoioxkeHus A.7 meneBas
(GyHKUUS LIEHTPa UMEeT BU:
(5) D0, 7(), 1), 1) = 2y, ~ R

ieN

D¢ deKTHBHOCTh MPEMUATBHON CHCTEMBI CTUMYIHPOBAHUS MOXKET

OBITh OIpeelieHa Kak

6) K.(n(), R, r) = min . —R],
(6) Kx(n(-), R, ) yep(r,n(-))mU(r,ﬂ('D[iezjv:yl :

a 3aj7a4a (4) mpuMer BUJI

(7) K;(n(-), R, ¥) > max
n(-)eS(r,R)

O6o3HaunM 7 (-, r, R) — pemenne 3amaun (7). Toraa onTHMAmb-
HBII pa3Mep MpeMHUanbHOro GpoHIa paBeH
(8) R'(r) = arg max min >y —Rl.

R20  yeP(r,R, o' (.r,R)NU(r R (.r R) i
Paccmotpum psii KitaccoB TapuQHO-IPEMHUATEHBIX CHCTEM CTUMY-
JUPOBaHUS, Uil KOTOpBIX pemnM 3aaady (4) w/mmm (7). Tak kak B
OOJIIIMHCTBE CJIydyaeB TapuQHas COCTABJSAIOMAs OYyJeT CUUTAThCS
(DUKCHPOBAaHHOW, TO OCHOBHOWM aKIIEHT HHWXKE JAENaeTcss Ha TeX HIIH
WHBIX TIPEeMUAJIBHBIX CHCTEMax CTUMYnHpoBaHus. Ho cHayana monbiTa-
eMcsl PelInTh 3a/1a4y (4) B MAKCUMaIJIbHO 00IIeM BUIE.

2.2. KomMneHcaTopHas npeMHAJIBHAsA CHCTEeMa CTHMYJIUPOBAHUS

Bynem uckath IpeMHUAIBHYIO COCTABJISIOLIYIO OILIATHI TPyHAa i-TO
areHTa B BHJE «KOMIIEHCATOPHOW» CHCTEMbl CTHUMYJHPOBAaHHA (CM.

Takxke pazzen 1.3):

a, Y; 2 X;
(1) mxiyi) = )
0, y, <x

rze x; 2 () — naH i-ro areHTa, 3a BbIIOJIHEHHE KOTOPOro eMy BbIIIa4H-
BaeTcs mpemus a;, I € N. OTMeTHM, 4TO cucTeMa ctuMynupoBaHus (1)
MOXKET TaK)Ke HHTEePIPETUPOBATHCS U KaK CKaukooOpa3Has (CM. pa3zien
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1.1), ogHako ee mapamerpbl OyayT HCKaThCs HCXOAs M3 TPUHIIMIA
KOMITeHcanuu 3aTpart [23].

s Toro 4roObl 3aaTh cucteMy ctumysipoBanus (1), HeoOXo-
JUMO JUTS. KaXJIOTO M3 arcHTOB ONPEICIUTh 3HAUYCHHS JIBYX IapaMer-
POB — IUIaHA M BO3HATPAXICHUS 32 €r0 BHITIOJHEHUE.,

O603HaYUM  V.; = (V1, V2, oo, Viil, Vitls s Yu) — OOCMAHOBKY Ucpbl
JUIS I-TO areHTa. 3aruileM yCIOBHE TOr0, YTO BHIOOP JCHCTBUH, COBIA-
JAIONIUX C IJIaHaMu, OyJIeT BBITOACH JUIsS areHTOB (SBJISICTCS PaBHOBE-
CHEM B IOMUHAHTHBIX cTpaTertsix [10] ux urpsi):

QVieN Vy;e ‘RTI, Vyi20 fixi yi) 2fiyi y)-

Pacnmmewm c yuerom (1) Beipaskenue (2) AJs i-ro areHra:

Vy,e ‘Rfl, VY 20 tr) + a;—cix;, ;) 2 () —cyi, 17).

B cuny cenapabenbHOCTH 3aTpaT arcHTOB W MpeArnonoxenus A.4
MOTy4aem:

(3) a; 2cix;, r)—ci(0, 1), i € N.

Taxk kak Bo3HarpaxJIeHre, BHIIUIAYMBAEMOE areHTaM, BXOJHT B IIe-
JeByI0 (QYHKIHUIO IIEHTpa CO 3HAKOM «MHHYC», TO, IMOIy4daeM, dHTo,
HE3aBUCHMO OT OOCTaHOBKH MTPBI U HE3aBHCHUMO OT TapH(HOH cOCTaB-
JISIONIEH pa3Mep MPEeMUU J0JKeH oOpaiath (3) B paBEHCTBO, TO €CTh:
d) a;=clx;, r)—cd0, 1;), i €N.

OTMeTuM, 4TO CAENaHHBIA BBIBOJA OCTAHETCS B CHJIE JIaXke MPH OT-
Ka3e OT cemapabenbHOCTH 3aTpaT — B COOTBETCTBHH C Pe3yJIbTaTaMH,
nojTy4yeHHbIMU B [23, 27], ecnu mpennonoxenne A.4 BBIMOJIHEHO s
o001 00CTaHOBKH WIPHI, TO JUIS TOTO, YTOOBI UMENO MecTo (2), Joc-
TATOYHO KOMIIEHCHPOBATh areHTy (axkThdeckue 3aTpaThl B cClydae
BBITIOJIHEHHS TUTAHA:

T(y) = c(x, vy ,1)—¢(0,y,1), ¥ =X, ieN.
0, Vi #FX;

BBenem cremytonee mpeamnonoKeHne:

A.8. u(-) — HeyObIBatomas (GyHKIIHSL.

ConepkaTenbHO JaHHOE TMPEANOIOKEHHWE O3HayaeT, 4ro Oolee
KBaJTM(PHUIIMPOBaHHbIE PaOOTHUKH XapaKTEepU3YIOTCs Oosiee BBICOKOH
PE3EPBHOI MOJIE3HOCTHIO.

3anuiieM ycioBusi 00eCTeUeHUsl areHTaM Pe3epBHOI MOJIE3HOCTH
B CJIy4yae BBIMOIHEHUS] UMH TUIAHOB!

(5) try) + ai—cix;, i) 2u(ry), i € N.
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Moncrarmnss (4) B (5), momyyaem:
(6) t(r;) 2 cA0, r;) + u(r;), i € N.

Cucrema HepaBeHCTB (6) HE 3aBHCHT OT IUTAaHOB (TIpEMHAJIBHOM
COCTABJISIONICH CTUMYJIMPOBAHUS), 4, TAK KaK LEHTP 3aMHTEPECOBAH B
MUHUMU3AIUN BBIILJIAT areHTaM, MojiydaeM, 4TO ONTHUMaibHas Tapud-
Hasl COCTABJISIOINIAS UMEET BUJI;

(7) t(ri) = 0, 1)) + u(r:), i € N.

OtmeruM, 4TO ONTUMAajbHOE pemieHue (7) B HEKOTOPOM CMBICIE
BBIPOXKJIEHHOE — WEHTP BBIHYKIEH YCTAHABJMBATL TapuQHYIO
COCTABJISIIONIYIO OIJIATHI TPy KAXKI0T0 areHTa B 3aBHCHMOCTH OT
€ro pe3epBHOW MOJE3HOCTH W MHUHUMAJBLHBIX 3aTpaT. MHTepecHO
OTMETHTb, YTO B Cllydae, KOrjja MUHUMAJIbHbIC 3aTPaThl arCHTOB PaBHbI
HYJIIO, TapuQHas COCTABJSIOIAS OIUIATHI TPyJa KaXJIOro arceHTa B
TOYHOCTH PaBHA €ro Pe3epPBHOM MOJIE3HOCTH.

Ocranoce HalTH ONITUMAJIbHEIE TLJIAHBI. O0603HaUMM
X = (X1, X2, ..., X,) — BeKTOp IU1aHOB, x € R .

Lenesas yHkius nentpa ¢ yuerom (4) u (7) umeer BU:
®) D) = Hx) — Y ¢;(x,1;) = D u(r;).

ieN ieN

OnTuMalbHBIM OYJIeT IJIaH, MAKCUMHU3UPYIOIIUHN TEIeBYI0 (yHK-
nuto 1enTpa (8). Takum 00pa3oM, Mbl O0OOCHOBAIU CIPABEIIMBOCTH
CIICIYIOLIETO YTBEPKICHUSI.

Yrepxkaenue 1. [Tycte BeImonHeHb! mpeAnonoxeHus A.4-A.6 u
A.8. Tornma ontumainbsHas TapuHO-IPpEeMHUaIbHasi CUCTEMa CTUMYJIHPO-
BaHUS UMEET BUJI;

Dw=n,vi=r,q =cf0, r) +u@)ieN.

c.(x,r)—c(0,7), v >x

(10) mxi(y:) = l( ! 1) l( l) i l*,iEN,
0, V, <X

rae

(11)x" =arg max [H(x) - D ¢, (x,7;)]
xeR’}

ieN
BBeZ{eM CJIICOAYIOIICC MMPEAIIOI0XKCHUC.

1
A9.c(v,r)=— (») (r)7, y>1ieN.
14
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Yr1eepskaenue 2. [Iyctes BbImomHeHBI mpeamonoxenus A.4-A.9.
Toraa onTumainbsHas TapuHO-TIPpEMUaATbHAS CUCTEMa CTUMYJIUPOBAHUS
umeer By (10),

(12)w=mn,vi=r, g =u(r), i €N.
* .
(13) x;, =r,i €N,

a ee 9 (HeKTUBHOCTH (MaKCHMAIBHBIN BHIUTPHILI IIEHTPa) paBHA

&=L i S,
y

ieN
roe H = ZI; .

U3 (14) caenyer, uto 3¢p¢eKTUBHOCTL Tapu(HO-TIPEeMHATBLHOI
CHCTeMbI CTUMYJIHPOBAHUS MPONOPIHOHAIBHA CyMMe THIIOB areH-
TOB (BenuunHa H yCIOBHO MOXET MHTEPIPETHPOBATHCS KaK cymmap-
Hast 3PEKTUBHOCTH ACATEILHOCTH KOJIEKTHBA arcHTOB) M yOBIBAET €
yBeJIMYeHUEeM pe3epBHON MOJIe3HOCTH. DTOT OOIINI BBIBOA OCTAETCs
B CHJIC U TIPU HCIIOJB30BAaHWUH LIEHTPOM JIPYTUX MPEMHUATBHBIX CHCTEM
CTUMYJHPOBaHUS — CM. HHXKE.

[MoguepkHeMm, 4TO Bce pe3yabTaThl MOXYYEHBI ISl CIyqas GUKCH-
POBaHHOTO HA0Opa areHTOB C BEKTOPOM THUIIOB 7 M M3BECTHBIMH (YHK-
LUSMH 3aTparT.

Bo-mepBbIX, MpH 10CTaTOYHO OOJBIINX 3HAYEHHUAX PE3EPBHOMN IO-
JIE3HOCTU MOXET OKa3aThCsl, YTO BBIMTPHILI LeHTpa (14) oTpuuaTeneH,
TO €CTh €My HEBBITOJHO HaHWMaTh Ha Pa0OTy AaHHBIA KOJUICKTHB
areHToB (OOBIYHO CUMTAETCS, YTO B CIydae OTKa3a OT B3aUMOJCHCTBHS
LEHTP MOJy4aeT HYJIEBOH BBIMTPHIII). Y CIOBUE BBITOJHOCTH B3aUMO-
nericTBUs neHTpa ¢ areHTamMu (Kx > () MOXKHO 3aImicaTth B BHIIE:
AS)(y=1 Yo 2y Du(r).

ieN ieN

Hanpumep, 11 ogHOPOIHBIX (OAWHAKOBBIX) areéHTOB C THIIOM 7

ycinosue (15) mpumer Bua:

(16) u(ry) < }/_—l
e

PaccmoTrpum 3a7ady CHHTE3a ONTHMAJILHOTO COCTaBa OpraHHU3aIlk-
OHHOI CHCTEMBI — BEIOOpA areHTOB, KOTOPBIX cienyer BkitoyaTh B OC.

[Mycrs 3amano muoxectBo Ny = {I, 2, ..., ny} areHTOB — MpPETECH-
nenToB Ha ydactue B OC — ¢ tunamu r; <r, <... <r,) COOTBETCTBEHHO.
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B o6miem ciyuae 3ajaya CHHTE3a ONTUMAIBHOIO COCTaBa OpPraHu-
3allMOHHON CHCTEMbI UMEET BUJ: HAWTH MOJAMHOXKECTBO N MHOXKECTBA
Ny, MAKCUMU3UPYIOIIEE MEICBYI0 (PYHKIIUIO IIEHTPA, PEACTABISIONIYIO
co0ol pa3HOCTh MEXAY J0XoaoM /(N) oT BekTopa xy = {X;}; cy Hesl-
TEJIBHOCTH areHTOB U3 MHOKeCTBa N U 3aTpaTaMH Ha MX CTUMYJIMPOBA-
HUE:

@y(N) = h(N) - zci(xNari) - zu(’i) - max -,
ieN ieN xyeR. . NeN,

MIPY BBITIOJIHEHUH YCJIOBUN OTPaHUYCHHOCTH MTPEMHUaIbHOr0 GoHaa R:

D le(x, )= (0,)]<R,

ieN
Y, OBITh MOXET, YCJIOBHI OOCCIICUCHHS areHTaMm, HE BKIIOYaCMbIM B
OC, HekoTOpoW pe3epBHOHM MOJE3HOCTH Uy(-) MPH OrPAHUUYCHHOM
pe3epBHOM ¢oHIe Ry:

2 ty(1) <R,
ieNy\N

OTMeTuM, 4TO OrpaHUYCHHOCTh MPEeMHUaIbHOrO (DOHJIA U 3aTpaThl
Ha BBIIUIATBI HE BKJIHO4YaeMbiM B coctaB OC areHTaM, MOTYT OBITh
YUYTEHBI B IIEJICBOM (DYHKIIMM IIEHTpa MO aHAJIOTHH C TE€M, KaK 3TO Jieia-
JIOCh BHIIIIE.

B pamkax npeamonoxenuii A.4-A.9 u3 (14) cienyer, uTo 3amaya
cuHTe3a onTtuMmaibHOoro cocraBa OC 3akiouaeTcss B HaXOXKICHUU
HOZ[MHO)KGCTBa MHOXecTBa N, Makcumusupytomiero (14), To ecTs:

a7 = Zr Dou(r) - max .
ieN ieN

O603HaqHM N’ — peurenne 3amaun (17), kotopas B 00IIeM clyuae
SIBIISIETCA 3a7a4ell JUCKPETHOM ONTHMH3aLUU. B psjie 4acTHBIX ciyda-
€B, OMHCHIBAEMBIX CICAYIONIUM YTBEPXKICHHEM, YIAeTCsl TMONYyYUTh
AHATUTUYECKOE €€ PellcHNE.

Yrepxkaenue 3. [Tycte BbINONHEHB! mpeAnonokeHns A.4-A.9.
Torna

a) B ClIy4ae OJHOPOJHBIX areHTOB, eciau umeeT mecto (16), To
N =N, B MPOTHUBHOM CITy4yae N = <,

0) eciu pe3epBHAas MOJIE3HOCTh Uy OJIMHAKOBA JIJISl BCEX areHTOB, TO
B OC crnenyer BKJIIOYaTh BCEX areHTOB, KPOME TE€X, THUIN KOTOPBIX

MeHbIIIe, 4eM ¥ uy / (y— 1).
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[TyHKT a) yTBEep>KACHUS 3 MOXXHO YCHIIUTh: MaKCUMAaJIbHBIN cOCTaB
u(r) _y-1
T 4

Hrak, B HacTosIIeM pa3jiele MOIy4eHO pelleHue 3aaul CUHTe3a
ONTHUMAJBLHOM Tapu(PHO-NPEMHATBHON CHCTEMBI CTHMYJIHPOBaHUS,
KOTOpas. oOKasajach IpHUHAUIeKAIel KiIaccy KOMIIEHCAaTOpHbIX. B
HOCIIeYIOMNX pa3Jielax BTOPOH IJIaBbl pacCMaTPHBACTCS PSAA APYTUX
KJIacCOB TapU(HO-NPEMHUAITBHBIX CHCTEM CTUMYIHPOBaHUS, dPPEKTUB-
HOCTb KOTOPBIX CpaBHUBAETCS ¢ 3P PEKTUBHOCTHIO ONTUMATEHOH.

Oyzer onTuMaeH (N* =Ny), ecu Vi € N

2.3. JInHeiiHasi MpeMUATbHAsl CHCTEMAa CTUMYJIUPOBAHUS

[Mycre Tapuduas cocrammsitomas #(-) GUKCUpOBaHA, U IICHTP HC-
MOJB3YeT YHUPUuyuposanuyio (OMMHAKOBYIO AJISl BCEX arcHTOB) JIMHEH-
Hyto (L-THma) cucteMy CTUMYJTUPOBAHHS
(1) mi(y)) =y, i € N.

Torma areHTHl BBIOEPYT cieqyrouue AeHCTBHs, MAaKCUMH3UPYIO-
HIMe UX LeNeBbie QYHKIMH, PABHBIE PA3HOCTH MEXKIY CTUMYJINPOBAHH-
€M U 3aTpaTaMu:

@ y/(a, 1) =&a r) i €N,
riae (-, ;) — byHKwmsl, oOpaTHAas MPOU3BOIHOMN 110 y; GYHKIUU c(V;, 77),
i eN

B pamkax mpeamonoxkenus A.7 u 0e3 ydera 3aTpaT IIGHTpa Ha
CTUMyJHpoBaHue, 3(P(PEKTHUBHOCTh CHCTEMBl cTUMyiupoBaHus (1)
paBHa
B Kl r) = 3 v/ (ar,

ieN

[TycTh Ha cucTeMy CTUMYJIHMPOBAHMS HAJOKEHO OrpaHUYEHHE, YTO
OHAa JIOJDKHA OOCCIICUHTH i-My areHTy PE3ePBHYIO MOJE3HOCTh u(r;),
i € N, KoTOpasi MOXKET HHTEPIPETUPOBATHCS KaK MOJIE3HOCTh, KOTOPYIO
areHT Mor ObI MOJTYYHUTH B IPYTOM MecTe (Harmpumep, pabortasi B Apyrou
OpraHU3alMy WM MoJy4Yas ocodue mo 6e3paboTHulle) WM Kak Mojes-
HOCTb, COOTBETCTBYIOIIAS TPOKUTOUHOMY MUHHUMYMY.

Pewas 3anauy
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2 & (1) —> max
ieN @20

# ya &, n)—c(E(a, ), ) 2u(r) —1(r),ieN,
D RACHARY

ieN
MOJIy4uM OLCHKY K,L 3(1)(1)6KTI/IBHOCTI/I JACATCIIBHOCTH KOJIJICKTHBaA

areHTOB, XapaKTEPU3YEMOr0 BEKTOPOM THIIOB 7* = (Fy, I3, ..., Iy).
1
. pou
Ecnn BemonneHo mpemmonoxenne A9, To y,(a,r) =ria’,
1

ieN Ky, r)=a’" HraeH= ZI; , a 3a7a4a (4) npuMeT BHI:

ieN
1
a’'H — max
a0 171
(5) da > max| - u(r)—t@) | "
ieN |y -1 r
L
a< [ﬁ} ’
H

Yrepxkaenue 4. Ecnu BbinonHeHsl npeanonoxenus A.4, A7 u
A.9, To 3ay1aua (5) UMEeT pelleHue, eCiu

©6) H—L—max| Y= | p.
'}/—l ieN ]/;
HPH 3TOM

1
-— =

(7) K,L = H }’R}’ .

Ycnorue (6) UMEET NPO3PAYHYIO COACPIKATEIBHYIO HHTEpPIIPETa-
U0 — TpeMuaibHoro (QoHma R, cCOBMECTHO ¢ Tapu]HOH OIuaToi
TpyZa, B PaBHOBECHH JOJDKHO XBaTaTh Ha oOecleueHHe pe3epBHON
TOJIE3HOCTH areHTOB.

[Moguepkuem, uto addexruBHOCTH Kk (cM. BhIpaxenue (14) pas-
nena 2.2) u K’; HeCpaBHUMBI, TaK Kak TepBas OMpenessuiach Kak pas-
HOCTb MEXIY CYMMOM JAEHCTBUI areHTOB U CTUMYJIMPOBAaHHEM, a
BTOpasi — MPOCTO KaK CymMMa JeHCTBHM areHToB. M3 Beipaxkenus (13)
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pazzmena 2.2 ciemyeT, 4To MpH MCIOIB30BAHUM IEHTPOM ONTHUMAILHOMN
KOMIIEHCATOPHOH Tapu(pHO-NPEMUATBHON CHUCTEMBl CTHMYJIHPOBAaHUS
cymMMma JelicTBUil areHToB paBHa BenuumHe H. Ecim BbiOop TapudHOi
COCTaBJISIIONIEH OMJIaThl TPyAa SIBJIAETCS MPEpOraTMBON LIEHTpPa, TO B
COOTBETCTBHH C BhIpakeHueM (7) pasznmena 2.2 moiydaem, 4To, KOrja
TapudHas COCTAaBIISIONIas B TOYHOCTH pPaBHa PE3EPBHOM IMOJIE3HOCTH,
TO (6) BBITIONHEHO BCET/Ia.

ONTHMANbHBIA pasMep NMpPeMHAnbHOrO (oHga R MOXKET ObITH
HalileH M3 MaKCUMH3alUU pa3HOCTH MexAy BbipaxkeHuem (7) u R.

ITonywaem:

1 1
Lt z

(8)R =argmax [H "R" —R|=Hy"".
R>0

Torna 3pQekTUBHOCTD JITMHEIHON MPEeMUATBHOW CHCTEMBI CTUMY-

JIMpOBaHUA paBHA
1

O K =Hy" - u).
ieN
YTBepxACHHE 5. [lycte BBIMONHEHB! npeamnonoxeHus A.4-A.9.
Torna

1
Ke—K =—C— H{I-y"7)>0.
y—1

To ecth, 3PQPEKTUBHOCTH ONTHMAIBHOW JIMHEHHOW TapupHO-
MpeMHalbHON CHCTEMBI CTUMYJIMPOBaHMs HE BbIIIE 3((EKTHBHOCTH
ONTHUMAJbHOM KOMIEHCATOPHOW Tapu(HO-TPEeMHUAIbHOW CHCTEMBI
CTUMYJIHPOBaHUSI.

Opumep 1. lycts ¥y =2, ¢ =0, ufr;) = u (unu u(-) — yobIBaromas
(¢yHKIMSA) U BBIIONHEHO npeanoyniokenue A.5. Torma (6) umeer Buj

R>22Hu/r,unK’y = VRH . HpI/IC-)TOMR =H/4,aKx—K; = H.
BuaHo, 4To B paccMaTpHBaeMOM IPHMEPE C POCTOM PE3EpPBHOI
MOJIE3HOCTH M YMEHbIIeHHEeM 3P QEKTHUBHOCTH HaWMEHee MpPOU3BOIH-
TENFHOIO COTPYAHHMKA IMpeMHalbHBIA (QOHI HomkeH pactu. Kpome
TOr0, KaK U B ciIydae KOMIIEHCATOPHOH Tapu(pHO-IPEMUATBHON CHUCTE-
MBI CTUMYNUpOBaHUS, d¢pdexTuBHOCT, K; JWHEHHOW TapudHO-
MpeMHaTbHON CHUCTEMBl CTUMYJIHPOBAHHS MPONOPLUHOHAIEHA CyMMe
THIIOB aTEHTOB U YOBIBACT C YBEINUYEHHEM PE3EPBHOI MOIE3HOCTH. o'

1
Cumson «ey 30echb u danee 0603HaAUAem OKOHUAHUE NPUMePA UIU OOKA3AMETbCMEA.
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2.4. AKKopaHas (COpeBHOBATe/ILHAs) IPEMHATBHAS CUCTEMA CTH-
MYJIMPOBAHUSA

HyCTI) CUCTCMAa CTUMYJIMPOBAHUA TAaKOBA, YTO LCHTP yCTaHABJIN-
BaeT MUHUMAJILHBIN «HOPMATHBY» — IJIaH X = () — 3HAYCHUE pe3yJbTaTa
NESITEILHOCTH, 32 JIOCTH)KEHUE (M MPEBBIIICHUE) KOTOPOro areHT Moiy-
yaer (UKCUpPOBaHHOE Bo3HarpaxiaeHue g(R, g(x)) =R/q(x), rtne

g(x) € 1,n — gwca0 areHTOB, BHIMOIHUBIINX TUIAH X, R — MPeMHATbHBII
¢doH.

W3 mpennonoxenus A.4 cienyer, 9To MEePEBbINONHATh IJIaH arcH-
TaM HE BBITOJHO, MMOXTOMY KaXKJIbIM areHT JOKEH MPUHSATH PEIICHIUE,
BBITOJTHO JIU €MY BBITMIOJTHEHHE MJIaHA TIPU 3aJIaHHOM aKKOpIHOM ITpeMu-
aJbHOI cHcTeMe CTUMYJIMPOBAaHUS (€C/IH BBHIITOJHEHHUE TJIaHA HEBBITOI-
HO, TO areHT BbIOMpaer HyJeBoe JAeHCTBHE, MHHHUMH3UPYIOILIEE ero
3aTpaThl).

Beenewm cnemyroliye npeanoaoKeHusl.

A10. VieN c(0 r)=0.

Al Vi=1,n—-1, Vy>0 c(y, r) > ciri(y, Fir1).

Al2.r <r,<..<r,

Otmerum, uto u3 A.12 cnenyer A.5, u3 A.11 cnenyer A.3, u3z A.9
n A.12 cnenyer A.10 m A.11.

O0603HaYnM m(x) — YUCIIO areHTOB BBHITIONHSIOIINX B PABHOBECHU
Homia ux urpser man x, M(x) £ N — MHOXKECTBO TaKUX areHTOB.

Yrepxkaenue 6. Ecniu BeimonHens! npeanonoxenus A.4, A.8 u
A.10-A.12, a TapudHas cocTarisiroias onpenensiercs BpipakereM (9)
pasnena 2.2, To oHO U3 paBHOBecui Hoima ecTs:
MHMx)=4{n,n-1,.,n—mkx) + 1},
rjie m(x) TaKOBO, YTO
() Crme+1(x) SR/ m(x),

(3) Conf®) > R/ (m(x) + 1).

JlokaxkeMm cHayana, 4TO OAHO U3 paBHOBecHM HpIia urpel areHToB
TaKOBO, YTO TIAH X BBIMOJHSIOT MEpBbIe m(X) areHTOB B MX YIOPSI0-
YeHUH TI0 BO3PACTaHUIO 3aTpar (YOBIBAHHMIO THUIIOB) — CM. BBIpa)KEHHE
(1). JIroOoti arenT u3 MHOKecTBa M(x) B cmity (2) u A.10-A.12 monmyya-
€T HeOTpULATeNbHbIN BRIMTPHINIL. [Ipy 0HOCTOPOHHEM OTKIOHEHUHU OT
paBHOBecHs (HEBBIMOIHEHNH IIJ1aHa) OH MONy4YHT B cuity A.10 HymneBoit
BBIMTPHINI. 3HAYUT OTKIIOHEHHE €My He BBITOAHO. JIroOoW areHT u3
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MHOxecTBa N | M(x) nomyuaer B cuiny A.10 myneBoii Beiurpsim. [Tpu
BbIMOJIHEHNN TiaHa B cuity (3) u A.11-A.12 ero BBIMIPHII CTaHET
CTPOrO OTPUIATENBbHBIM. 3HAUYUT U €My OTKIIOHEHHE HE BBITOJTHO.

Hccnenyem, cymectBytor au Apyrue pasHoBecus Hama. [{ns mro-
0oro paBHOBecHs (XapakTepU3yeMOro MHOXECTBOM M(x) areHToB,
BBITTOJTHSIOIINX TUIAH) JJOJDKHO BBITONMHSATHCS

(4) max ci(x) <R/|M(x)|,
ieM(x)

(5) Vj e NIMQE) ¢fx)>R/(IMX)| + 1).

I/ITaK, PpaBHOBECUEM Hbhma saBisiercs BBITTOIHEHUE MJIaHa areHTaMu
u3 rodoro MHOXkecTBa M(x), ynosnerBopsitoiero (4) u (5). Muoxect-
BO (1) mpu 5TOM SIBJISIETCS YACTHBIM CITyYaeM.

Uccnenyem teneps muoxkectBo PBC. Arent j € N | M(x) yrpoxka-
er areHty i € M(x), eciu
(6) R/(IM(x)| + 1) < c(x) SR/ |M(x)|
u
(7) ¢i(x) <R/ (IM(x)| + ).

Bripakenue (6) BBIIOTHEHO Bcerna, koraa umeer mecto (4). Ort-
punanueM (7) saBusiercs (5), MOITOMY B paccMaTpHBacMOM Cilydae
MHOXKeCTBO paBHoBecuil Homa coBmagaer co mHoxkectBoM PBC (Ha-
MmoMHMM, 4TO B [14] moka3aHo, uTo Jito0o€ cTporoe paBHOBecue Hama
spiisiercst PBC). o

Yrepxkaenue 7. Ecnu BeimonHeHs! npeanonoxenus A.9 u A.12,

TO paBHOBECUEC UMECT BU!
1

- n
(8) = =< [m(x)]

A(x,r)
) 2 () 1
A(x,7) ’
1
rme A(x, r)=(y Rx7)"™", a >pQpexTHBHOCTs yHH(HIHPOBAHHOM

aKKOpAHOU Tapu(HO-IPEMUAILHON CHCTEMbI CTUMYJIUPOBAHHS PaBHA
(10) Kys = max [m (x, R)x—R]- D u(r).
x20, R>0 «
ieN
CyIiecTBEHHBIM HEIOCTATKOM aKKOPIHOH Tapu(HO-PEeMHATBHOMI
CUCTEMBI CTUMYJIMPOBAHHUSI, PACCMOTPEHHON BBIIIE, SIBISAETCS. TO, 4TO
IIpU €€ UCIOJIB30BAaHUU LEHTPOM CYLIECTBYET MHOXECTBO PABHOBECUM
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Homa urper arenros (cm. (4) u (5)). To ecTh, anpuopu mpeackaszathb
WCXOJ WTPHl areHToB 3aTpyaHHuTenbHO. PaBHOBecwe (1) sBisiercs B
HEKOTOPOM CMbICIIE «(hoKanbHBIMY [10, 44] — B HEM ILJIaHBI BBITIOHS-
10T, B TEPBYIO O4Yepe/lb, areHThI, XapaKTepH3yeMble MHUHHMATbHBIMU
3aTpaTtamMu; ¥ MOXKHO MPEANON0KUTh, YTO IMEHHO B 3TOM PaBHOBECHH
YHCJIO areHTOB, BBHIMOMHSIONINX TJIaH, MakcuManbHo. ComepKaTenbHO,
MHOXECTBEHHOCTh paBHOBecuil Homa oOycioBieHa TeMm, 4TO cucTema
CTUMYJIUPOBAHHUS SBJISCTCS VHUpuyuposannoi [23] — mmaH OIUHAKOB
JUISL BCEX areHTOB, M NPEMHAaJbHBIA (OHJ pacmpenensercs MOpOBHY
MEKAY BCEMHU areHTaMH, BHIMOJTHUBIIMMH TUIAH.

[TosTOMy paccMoTpuUM TEpCOHU(PHUIUPOBAHHYIO CHUCTEMY CTUMY-
JUPOBAaHUS, B KOTOPOU i-My areHTy Ha3zHayaercs IUiaH X; > (), 3a BBI-
MOJJHEHHE KOTOPOrO OH IOJy4aeT BO3HArpakAeHWE, pPaBHOE YacTH
(ommHAKOBOM A7 BCEX MPEMUPYEMBIX areHTOB) MpeMuanbHOro (oH/a,
OIpeesieMOil YMCIIOM areHTOB, BBINIOJIHMBIIMX CBOW IUIaHBL Takas
CHCTEMa CTUMYJIHPOBAHUS SIBIISIETCS YaCTHBIM CIIy4aeM CHUCTEMBI CTH-
myiupoBanusi C-tuma (cM. pasgen 1.3), oTiamuasich OT HEe TeM, YTO
pasMep BO3HArpa)IeHHWs 3a BBITIOJHEHHE TUTaHA OJMHAKOB JISI BCEX
areHtoB. [loaTomy oHa B oOmieM ciydae umeeT PQPEKTUBHOCTh, HE
MPEBBIIIAIONTYI0 3P PEKTUBHOCTH CUCTEMBI CTUMYJIHpoBanus C-Tura.

[Ipeamnonokum, YTO LEHTP XOYET, YTOOBI MHOXKECTBO arcHTOB,
BBITIOJHSIONIMX IUIaH, cocraBiusuio M ={n,n—1,..,.n—m+ 1}, tnue
m € N ¢ukcupoBano. [l 3TOro BEKTOP IUIAHOB X = (X7, X2, ..., X,)
JIOJKEH yJOBJIETBOPATH CIAEAYIONIUM YCIOBHSIM:

(D cix, ) <R/m, i e M,
(12) ¢fx; ) > R/ (m + 1),j en | M.

s BeimonHenus (12) B paMkax mpenmonokeHust A.4 U CTporoit
MOHOTOHHOCTH (YHKIMI 3aTpaT MO JIEHCTBUSM areHTOB JOCTATOYHO
BBIOpATh IUIAHBI CIICAYIOIIMM 00pa3oM:

* _] .
(13)x;=¢ R/ (m+1)+ej=Ln-—m,
rae & — Npom3BOJIbHAA CKOJIb YIrOAHO Majiasd CTPOTrO IOJOXUTEIbHAA
KOHCTaHTa.

MaxkcuMalbHbIN IUIAH, KOTOPBII BBIIIOJIHUT i-bIi areHT U3 MHOXE-
cTBa M, paBeH

A4 x=c¢'(R/m),i= n—m+1,n.
[Mony4aeM, 4TO CIPaBEUTHBO CIICAYIONICE YTBEPKICHHUE.
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Yreepxkaenue 8. a) Ecniu BoinonHeHb! nipeAnonoxkenus A4, A.7,
A.10 u A.12, To 3ddeKTUBHOCTh aKKOPAHOH TapU(pHO-IPEeMHUATbHON
CHUCTEMbI CTUMYJIUPOBAHUS paBHA

(15)K,= max | ic{l(R/m) ~R1- Y u(r,).

m=1,n, R0

i=n—m+1 ieN
0) Ecniu BeimosnHeHb! nipeanonoxenns A9 u A.12, To onTUMalib-
HBIN pa3Mep mpeMuaibHOro poHaa paBeH
.
n 1,1 y-1
Y
I’;.
i=n—-m+1

[V;‘]Z a7
v m

*
a OIITUMAJIBHOC YHCJIO ar€HTOB /71 , BBIMMOJIHAIONIUX I1JIaH, paBHO

(16) R'(m) =

(17) m" = arg max

m=l,n

Hpumep 2. [ycts ¥y =2, t =0, ufr;) = u (wmm u(-) — yObIBaromas
¢yHKuuMs) U BeIMoNHeHO npenonokenne A.5. Torga (16) u (17) ume-
2 2

S S
i=n—m+1 i=n—m+l

«
% . um =arg fnnf% - .®

Jlerxko BHAETH, YTO MMEIOT MECTO CIEMYIOIIME OLEHKH CpaBHH-
TeNnbHBIX 3 PEeKTUBHOCTEH Pa3TUYHBIX TAPHUPHO-TPEMHUATBEHBIX CHCTEM
ctumynupoBanus: Kx = Ky, Ky = Kya.

B 3akiroueHne HacTOSIIEro pas3jena OTMETHUM, YTO Ha MPaKTHUKe
WHOTJIa BCTpEYaeTcsl IpeMHualibHasi CUCTEMa OIJIaThl Tpyla, B KOTOPOH
3aJaHbl pa3Mepbl BO3HATPaXACHUH (HUKCHPOBAHHOTO YHCiIa MoOeauTe-
Jield B COPEBHOBAHUH areHTOB MO JOCTH)KEHHIO MaKCUMAaIIbHBIX PE3YJib-
TATOB JIEATEIBHOCTH. Takasi cucTeMa CTHMYJIHPOBAHUS SBISIETCS 4acT-
HBIM ClIy4aeM COpPEBHOBATEIILHOU PaHroBOI CUCTEMBI
CTUMYJIMPOBaHUs, PAaCCMOTPEHHOW BbIIIE B pasaene 1.5, modtomy
KCCIICZIOBATH €€ MOAPOOHO MBI HE OyieM.

10T BU: R (m) =
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2.5. bpuragnas npeMuajJbHas cucTeMa CTHMYJIMPOBaHHUS

[Tycts BeIMoOmHEHBI Tpeanonokenus A.4 u A.6-A.9. Paccmorpum
clly4aid, Korja TapugHas COCTABISIOIIAS ONPEAETIETCs] BBIpaKEHUEM
(9) paznmena 2.2, ¥ LEHTP UCIHOIB3yeT OPHUTaJHYIO MPEMHUATBHYIO CHC-
TEeMY CTUMYJIUPOBAHUs, B paMKaX KOTOPOH MpeMUaIbHBINA (HOHT IeTUT-
Cs IPOMOPLIMOHANIBHO JIeHCTBUAM arenTos [13]:

Y
(1) o) = R Z(i) e
jeN
Lenesas yHKIUs 1IEHTpa paBHA

2) ®s(R)= Yy, —R— D u(r,).

ieN ieN
Haiinem paBHoBecue Haiia UIpbl areHTOB ¢ 11€IEBBIME (DYHKITUSIMU
Y
GV, 7) = 103) + R <2 — oy "/ i € .
2
JeN
[Tonyuum:

2
P T [Q_lQa_bi]l/}’, i €N,
14

R(n—-1)y 1
B ) i }’*1 ’
2.b, ()
ieN
Yreepxkaenue 9. Ecnu BeimonHeHs! npeanonoxenus A4 u A.6-
A.9, To onTUMaNBHBIN pa3Mep NpeMUaNbHOrO (GOHAa PaBeH

ieN.

rae QO =

* w (m=1y (n— l)b
(5) R* = arg max [R" (—=—2)"" 1- —R],
S, ZN (8
ieN keN

a o dexTrBHOCTD (2) OpUragHON MPEMUANBHYIO CHCTEMBI CTHMYJIHPO-
Banus (1) paBHa

Kz = R(n - Rn=ly ~R' - Zu(r)

zb ieN

ieN
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2.6. CpaBHuTeIbHAA 3¢ (PeKTUBHOCTH NPEeMUATBHBIX CHCTEM CTH-
MYJIHPOBAaHUS

Urtak, BbIIIE OBUTH paCCMOTPEHBI KOMITEHCATOPHAS, IMHEHHAS, aK-
KopaHas u OpuragHas TapuQHO-TIpeMHaIbHBIE CUCTEMBI CTUMYIHPOBa-
Hus. TapugHble cocTaBigonre B HUX ObUTH OAMHAKOBBI, OTIMYAINCH
T TPEMHUATBHBIE COCTaBIIAIONINE CHCTEM OIUIAaThI Tpyaa. Pesynbra-
Thl TIPOBEICHHOI'0 aHaju3a MO3BOJISIOT CPaBHHMBATH 3(()EKTUBHOCTH
Pa3IMYHBIX CUCTEM CTHUMYIUPOBaHHS MeXay coboit — cm. Tabxd. 1, B
KOTOpOH Ha IMepeceueHHH CTPOKH M CTOJOIA yKa3aHO COOTHOLIEHHE
MeKAY 9)()EKTUBHOCTSIMU COOTBETCTBYIOLIMX CHUCTEM CTUMYJIHPOBa-
HUS U TpUBEIECHBl HOMEpa OOOCHOBBIBAIOMIMX JAHHOE COOTHOIIEHHE
yrBepxkaeHui. CUMBON «>» («<») B s4elike o3Hayaer, 4To 3PQeKTuB-
HOCTb CHUCTEMBI CTHUMYJIUPOBAHHs, COOTBETCTBYIOIIEH CTPOKe, BCeraa
He HWXke (He BbIe) 3(P(PEKTHUBHOCTH CUCTEMBI CTHMYJIUPOBAaHHA,
COOTBETCTBYIOIICH CcTOI0Iy. CUMBON «?7» O3HA4yaeT, 4TO B KaKIOM
KOHKPETHOM Cliy4ae CpaBHUTENbHAS 3(PQPEKTUBHOCTH MOXET OBITh
OlICHEHA Ha OCHOBAHWH TEPEUNCIICHHBIX YTBEPKICHHH.

Tabn. 1. Cpasnumenvras 3¢pghexmuenocmo
MAPUGDHO-NPEMUATLHBIX CUCTHEM CHUMYIUPOBAHUSL

Kowmnen- JIunetinas | Axxopauas | bpuramnas
caTtopHas P2 pHaran
Kommencaropnas - > 2 2
P y1B. 1,2 yiB. 1,2, 5 yiB. 1,2, 8 yiB. 1,2,9
1 o < = ? ?
HHeHast
yTB. 5 yTB. 4,5 yTB. 5, 8 yTB. 5,9
A < ? = ?
KKOpAHAs
P yiB. 1,2, 8 y1B. 5, 8 yTB. 8 y1B. 8,9
B < ? ? =
WrajaHas
pHra yiB. 1,2,9 y1B. 5,9 ytB. 8,9 yTB. 9

Craenyer oTMeTHTh, UYTO CpaBHHUTENbHAs 3()(PEKTHBHOCTD YeThIpex
onucaHHelX B Tabn. 1 TapudHO-TpeMHaTBHBIX CUCTEM CTUMYJIHPOBA-
HUS Takas e, YTO U y COOTBETCTBYIOIINX 0a30BBIX CHCTEM CTHMYIH-
poBanus — cm. [17, 23].

B 3akiroueHue HACTOAIIEro pasfiena UCCIEeAyeM pOlib Pe3epBHOMN
HOJIE3HOCTH.
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Yreepxknenue 10. CpaBHutenbHass  dhdeKTHBHOCTE  TapupHO-
MpeMUaIbHON CHCTEMBl CTHUMYJIMPOBAHHS HE BO3pPAaCTaeT C POCTOM
PE3EPBHOI MOJIE3HOCTH.

LeneBas ¢pyHKIMsI IIeHTPa B 00IEM Cilydae paBHA Pa3HOCTH MEK-
ny ero 10xoaoM H(y) oT IesITenbHOCTH areHTOB M, BO-TIEPBBIX, 3aTpa-
TaMH Ha MPEMHPOBAaHUE areHTOB oO()), a, BO-BTOPBIX — 3aTpaTaMu Ha
Tapu(HbIC BBIIIATH, KOTOPHIE, KAaK YCTAHOBJICHO BBIIIC, JOJDKHBI
obecrieunBaTh areHTaM pE3EePBHYIO MOJE3HOCTh # (I TPOCTOTHI
Oy/ieM CUMTaTh, YTO areHTHl OAHOPOIHBI):

(1) @y, u) = H() - o(y) — u.

Ecnmu cpaBHuTenbHas 3QQeKTUBHOCTh A MPEMHUAIBHON CHCTEMBI
CTUMYJIMPOBaHUS O(-) BBIUUCISAETCS KaK OTHOIICHHE BBIUTPHIIIA IICH-
Tpa K €ro BBIMIPBHINLY HpPH HCIOIb30BaHUM ONTHMAJIbHOW KOMIIEHCa-
TOPHOH MpEeMUANTBHON CHCTEMbI CTUMYIIUPOBAHHS Ok(-), TO

)4 - H(y)—o(y)—u
H(y)—oyx(y)—u
Brerauciaum
oA ox(y)-o(y)

ou [H(y)—o(y)—ul’
W3 pe3ynbraToB UCCenOBaHUS 0a30BBIX CUCTEM CTUMYJIMPOBAHUS
[17, 23] u3BeCcTHO, YTO MUHUMAJLHBIE 3aTPAThl IIEHTPA M0 peann3aIuu
JIIO00ro JIEHCTBUS areHTa JIOCTUTAIOTCS MPU HMCIIOIb30BAHUU KOMIICH-
CaTOpHOM CHCTEMBbl CTUMYIHpPOBaHUs. 3HAYHT Ox(y) < o(y), TO ecTh

OA

o <0, uTo M TpebOBAIOCH OKA3aTh. ®
u

3. I/IHI[I/IBI/II[yaJIbeIe pas3jinyus ar¢cHToB

Bbime mpu mocTaHOBKE M pEUICHWH 33/a4d CHHTE3a TapH(pHO-
[IpEMHUAIbHON CUCTEMBI OILIATHI TPyJa WHAWBHIYAIBHOM XapaKTepu-
CTHKOM areHTa SIBJISUICS €r0 TUIl — [apaMeTp, OTpa)karoluil BCE Cyllle-
CTBEHHBIE CBoOicTBa areHTa. Copep)KaTelbHBIMH WHTEPIpPETALUIMU
TUNA SIBISUTACH: 3(PPEKTUBHOCTD JEATENbHOCTH, MPOLYKTUBHOCTD,
MIPOU3BOANTENBHOCTh TpyAa U T.J. CUUTANOCh, YTO areHThl YIOPAI0-
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YeHBI TI0 BO3pPAacTaHUIO THIIOB, a UX 3aTPaThl YOBIBAIOT C POCTOM THIIA,
MO3TOMY YIOPSI0UEHHE COOTBETCTBOBAJIO U YOBIBAHHIO 3aTpaT.

Pemenue 3agaun CTUMYJIMPOBaHUS BO BTOPOW 4acCTH HACTOSALIEH
paboThl OBLTO MOMYUYEHO IS TPOHU3BONBHBIX BEKTOPOB THIIOB ar¢HTOB.
OnHako, ¢ OJHOH CTOPOHBI, Ha MPAKTHKE YacTO BCTPEYAIOTCSl CHUTYya-
MU, KOTJa areHThl pachpefeNieHbl Mo THIaM (B CTaTUCTHYECKOM
CMBICII€) BIIOJIHE ONpEAeIEHHBIM 00pa3oM, 3aBUCSIIIM OT KOHKpPETHOH
MPHUKIaIHON 3324 (OTpaciy HAPOIHOTO XO35HCTBA, BUA ACITEIBHO-
CTH U T.J.). YUer 3TOH crenupuKd MOXKET TOBBICUTH 3()()EKTHBHOCTH
CTUMYJIHPOBaHUSI.

C nmpyroii cTOpoHBI, WHOT/IA TpeOyeTcs UCIONb30BaTh YHUPHIIN-
POBaHHYIO CHCTEMY CTHMYJIHUPOBaHUs (OAMHAKOBYIO JIJIsl BCEX arcHTOB
3aBHCUMOCTh MEXKAY pe3yJIbTaToOM JEATEIbHOCTH U pa3MepoM BO3HA-
rpaxieHus). DHdeKTHBHOCTh YHU(PHUIMPOBAHHOTO CTHMYJIHPOBAHUS
(KaK 4acTHOro ciydasi CTHMYJIUPOBAaHHS BOOOIIE) HE BBIIIE, YEM Iep-
COHH(HIIMPOBAHHOTO, B PAMKax KOTOPOT'O JUIS KaXJIOTO areHTa MOXeT
OBITH yCTaHOBJIEHA COOCTBEHHAS 3aBHCUMOCTb MEXY €ro pe3yabTaToM
W pa3MepoM BO3HarpaxkjaeHusi. To ecThb, yueT pacrpenelieHusl areHTOB
no tunam (y4eT WX HHIUBHIYalbHBIX pa3lW4nii) CTAHOBUTCS elle
Oornee akTyaJbHBIM.

[ToaTOMY TpeThsi yacTh HACTOSINEH PaOOTHI MOCBSIIEHA YUETy HH-
JIWBHIyalTbHBIX Pa3MUUuil areHToB. s ommcaHus MHIUBUAYaJIbHBIX
pasnuuMii mpemaraeTcsl MCMoib30BaTh pacnpeneneHue [lapero (cm.
pasnen 3.1). Mccnenyercss cBsi3b (pOPMalIbHOW MOJEIU WHIWBUIyallb-
HBIX pa3lIMuMii ¢ 3ajadyeil cTuMmynupoBanus (paszzuen 3.3), cTaBsaTcsS U
pelaroTes 3a/laud CTUMYJIMPOBAHHS Pa3HOPOAHOT'O KOJIEKTHBA areH-
TOB B YCJIOBHSIX IOJIHOM MH(GOPMHUPOBAHHOCTH (pa3zien 3.4), a Takke B
yCIIOBUSIX BHelIHeH (pasznen 3.2) u BHyTpeHHeH (pa3zaen 3.5) BeposSTHO-
CTHOM HEONpENe/ICHHOCTH. 3aKIOYUTEIbHBIA pasnen (pazmen 3.6)
COACPKUT IMOCTAHOBKY M pEIIEHHE 3aJauyd ONTUMH3AlHUU COCTaBa
OpPraHU3allMOHHOW CHCTEMBI, BKIIIOYAIOIIEH pa3HOPOJHBIX ar€HTOB.

3.1. Pacnpenenenne Ilapeto
W3BecTeH Tak Ha3bIBaeMbIil 3axon [lapemo (MHOT/Ia €rO Ha3bIBAIOT
«3akoH 80 /20», Ha >KaproHe — «IMBHOM 3aKOH», B COOTBETCTBUU C

koTopbiM 20 % moneit BeimuBaoT 80 % mHBa), OTPAXKAIONIMIA HEpaB-
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HOMEPHOCTh PaCHpEACICHUS XapaKTEPUCTUK IKOHOMHUUECKUX U COIIM-
aJTBHBIX SIBTICHUH U mporieccos [18]:

-20 % mnacenenus BnaneoT 80 % kanuTtanoB (mepBOHaYaJIbHAs
¢dhopmynuporka camoro B. [Tapero [45], cMm. Takke 0030p COBpeMeH-
HBIX Mojeneit B [40]);

- 80 % croumocTH 3amacoB Ha ckiaze coctaBiugeT 20 % HOMEHK-
JIATYPBhI ATHX 3aI1acoB;

- 80 % mpudkLTH OT npojax npuHocsaT 20 % moKynaTelei;

- 20 % ycunuit npunocst 80 % pe3ynbrara;

- 80 % mpobsiem oOyciioriensl 20 % npuynH;

- 3a 20 % pabouero BpeMeHH paOOTHUKHU BhITONHSAOT 80 % pado-
ThBI;

- 80 % pabotsl BemonHs0T 20 % paboTHUKOB U T.].

«Dopmanmzanueit» 3akona [lapero sBnsiercst pacnpedenenue Ila-
pemo ClydallHOW BENMYUHBI z =z > (), XapakTepu3yeMoe IByMs mapa-
MCTpaMu — MHUHUMAJIBHO BO3MOXHBIM 3HA4YCHUEM Z) U I1OKA3aTCIEM
cTenenu a > 0:

I+a
Z

a
(W) p(e, 2, 2) = —| =+
Zy\ zZ
[TnorHocTn pacnpeneneHuss (1) COOTBETCTBYET WHTErpajibHas
(GyHKLUS pacpeneneHust

a

Q) Flo, 20 2) = 1| 20
z

OCKHU3 TUIOTHOCTH U MHTErpaJIbHON (YHKIUH paclpeleneHus st
ciyyas zp = I, a = 2 npuseseH Ha Puc. 8.

251" )
p .

2 A
15 I\

[ R | —

F()
0.5
\‘ - e — e — f
0 ns 1 15 2 &8 3 35 4 45 &

Puc. 8. Pacnpeoenenue Ilapemo
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Pacripenenenue [lapero obnamaer CBOWCTBOM CaMOMOI00MS: pac-
o 0
npeaciicHne 3HAa4YCHUHN, MTPEBLIIIAIONUX BEIIMUYUHY Z) ZZ(), TaKXKE ABJIA-

ercs pactipenenenuem [apero:

I+a
0
ol z

)V 2z p(a, 2, 2) = p(a, 2o, 2) | (I — F(oy, 2y, %)) = — | —
z

MOXKHO BBIYUCIHUTH BEPOSTHOCTH TOT'O, UYTO ClIydaiiHas BeTHMYMHA
MPUHAUICKUT 3aJJaHHOMY IUANA30HY [Z;, Z,], TIE Z; = Zo:
(4) Prob {z € [z;; z2]} = Fa, zp, z1) — F(0, 2y, 22) =

= [z; p(a, zy, z1) — z2 p(Q, 2y, 22)] / .

Hns pacnpenenenus Ilapero cymecTByrOT TOJIBKO MOMEHTHI, MO-
psAIKa, MEHBIIIETO, YeM CTeneHb o Hampumep, MaTeMaTHUYECKOE OXKH-
JlaHWE CITy4aiiHOW BETMYWHBI z ¢ pacnperneneHueM (1) cymecTByer npu
o > I ¥ paBHO

S)Ez=

Zy,

Trac «E» — CHUMBOJI MaTeMaTHYECKOTro OXKHJaHus. OTMGTI/IM, 910 C
POCTOM ¢ PacCIpEAEIEHUE «BBIPOKIAACTCI» U MAaTEMaTHUECKOE OXKUJA-
Hue (5) cTpeMuTces K zy. ITO cBOICTBO pacnpenenenus [lapero ucmnons-
3yercs B CIeAYIOIMX pa3Aenax s WUICTPALUU IIPUHIMIIA COOTBET-
CTBUSL — TIpU TIPENENbHOM Iepexoje OT Ciydas BEepOSTHOCTHOM
HEOIPEAEIEHHOCTH K IETepPMUHIPOBAHHOMY CIIydaro.

Kpome Toro, B pamkax npennoaoKeHus: 0 TOM, 4TO ciiydaifHas Be-
IM4uHa pacupeaeneHa no Ilapero, 3Has MaTeMaTHUeCKOE OXKUAAHUE £z
U MHUHHUMAJIBHOC 3HA4Y€HUC ZzZ), MOKXHO JICTKO BBIYUCIUTL ITapaMeTp

Ez

zZ—Z

pacnpenenenus o (cm. (5)): o =

[MpuBenem QopmanbHyro nHTeprperanuio «3akona 80 /20». Omn-
pelenuM BEPOATHOCTb TOr0, YTO 3HAYEHUE CIIyYaWHOW BEIUYHUHBI,
pacnpeneneHHoil no Ilapero, MeHblIE MATEMATUYECKOTO OKUJAHHUS:

a
a-—1
(6) Prob {z<Fz} =| —— | .
a

Jis Toro uToOBI 3Ta BeposTHOCTH paBHsuiack 0,8 (80 %) mokasza-
TEJIb CTENEHH O JOKEH ObITh paBeH [,545556. Ecnim a =2, To
Prob {z <Ez} = (,25, 94T0 COOTBETCTBYET «3aKOHY 75 / 25».
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3.2. 3agaya cTHMYJIHPOBAHNS B YCJIOBUSAX BHEIIHell Heompe/ieJIeH-
HOCTH

O030p m o0masg MocTaHOBKa 3aaavu. Brle paccmaTpuBauch
JeTepMUHUPOBAaHHBIC 3a]]a4l CTUMYJIMPOBAHHSA, B KOTOPBIX U LIEHTP, U
areHThl NPUHUMAJIA PElIeHUs] B YCIOBUSAX TOJHOW MH(POPMHUPOBAHHO-
cTi 000 BCEX CYIIECTBEHHBIX MapameTpax. CrenmaeM OTCTYIUIGHHE H
pemmM 3a1av4y CTUMYJIMPOBAHHs, B KOTOPOH MPHUCYTCTBYET GHeUlHss
6EPOATNHOCIMHASL HEONPeOeNeHHOCMb — PE3yIbTaT AESTENbHOCTH areHTa
SIBJISIETCS CIy4alHON BEIMYMHOM, pacipeeneHe KOTOPOl 3aBUCUT OT
ero JelcTBHUs (TEPMHH «BHEIIHSS HEOMPENeNIeHHOCTh» HCIONb3YeTCs
MOTOMY, YTO OOBIYHO CUMTAIOT, YTO PE3yJbTaT ACATENbHOCTH areHTa
ompezessieTcsl ero ACHCTBHEM U BHEIIHUMH HEONpeeIeHHBIMHA (aKTo-
pamn).

[MonoGHbIe 3a1aun SBISAIOTCS IPEAMETOM HCCIEOBAHUS B meopuul
xoumpakmos [32,42] — paznene TEOpUH YIpPaBIEHUS B COIUAIBHO-
HSKOHOMHYECKUX CHUCTeMaX, U3ydarolleM MEXaHU3Mbl CTHMYJIHPOBAaHUS
B OpraHU3alMOHHBIX CHUCTEMax, (YHKIMOHUPYIOIIUX B YCIOBHAX
BHEIIIHEH BEPOSITHOCTHON HEOINPENEICHHOCTH (CM. MOHorpaduio [24],
MOCBSIICHHYIO 3a7]auaM CTUMYJIHPOBAHUS B YCIIOBHAX HEOMpeelleHHO-
CTH).

bazoBoii MOzIENbIO TEOPUN KOHTPAKTOB SIBJISIETCS OJHOJJIEMEHTHAS
cTaTU4YecKas 3ajladya CTUMYJIMPOBAaHHUS B OPTraHU3alMOHHON CHCTEME C
BHEIIHEH BEPOSTHOCTHOM HEONPEIECIEHHOCTBIO M CHMMETPUYHOU
WH(POPMHUPOBAHHOCTHIO YYaCTHHKOB. ByliemM cuuTtaTh, 4TO areHT BBIOU-
paer xeiictBue y > (), KOTOpO€ MOA BIMSIHHEM BHEIIHEH cpelbl IPUBO-
IUT K peanu3aliu pesyivmama oOesmenvrocmu z 2> (). Ilycts 3amaHa
TUIOTHOCTh pacrpeesieH sl BEpOsITHOCTH p(z, ) — BEPOSITHOCTh peau-
3allMy pe3ynbTaTa AeITelbHOCTH Z IPH BBIOOpE areHToM JCHCTBHS ).

[Ipeamnonoxum, 4TO HA MOMEHT MPHUHSATHS PEIICHHH yYaCTHUKH
(LeHTp M areHT) He 3HAIOT pe3yibTaTa ACITEIBHOCTH, @ UMEIOT JIUIIb
nHpopMaIuIo 0 pachpeesieHuu p(z, ¥) U HCHOIB3YIOT OXKHUIAEMYIO
MOJIE3HOCTh ISl yCTPaHEHHS HEONpPEACIICHHOCTH, TO €CTh IIeJIeBBIMH
(GYHKIMSAME YYaCTHHKOB SIBJISIOTCS MaTEMaTUYECKUE OXKHIIAHUS COOT-
BETCTBYIOIIMX (DYHKIUH MMOJIE3HOCTU: (PYHKIIUH MOJIE3HOCTH LEHTpPa

(2 ) = HO) - & (2)

1 QYHKIMH MOJIE3HOCTH areHTa

fEy=386@-cy.
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[Mopsinok (yHKIMOHHPOBAHUS ¥ WH(OPMHPOBAHHOCTH YYACTHHU-
koB OC cneayromue: HEHTp cOOOIIaeT areHTy CHCTEMY CTUMYJIHUPOBa-
HUS O (z), TO €CTh 3aBUCHMOCTD BO3HATPAX/ICHHS areHTa OT Pe3yibTa-
Ta €ro AEATEIbHOCTH, IIOCJIE UYero areHT BLIOMpaeT CBOE JeHCTBHE,
HeHabo1aeMoe i eHTpa . [IpHHIMITHATFHO BaKHO, 9TO B pPaccMat-
puBaeMOll MOJENM HH IEHTP, HU areHT Ha MOMEHT BBIOOpa CBOMX
CTpaTeruil He 3HAIOT OyAyIEro 3HAUCHUS pe3ylbTaTa eI TeIbHOCTH.

AreHT BBIOEpET [elicTBHE U3 MHOXecTBA P( G () meiicTBUi, 10C-
TaBJSIFOIIMX MaKCHMYM MaTeMaTHYeCKOMY OXHAAHHIO ero (yHKIUH
HOJIE3HOCTH, TO €CTh:

(1) P(& () = Arg max [[6(2)p(z.9)dz ~c())

ITycts BbINONIHEHA eunomesa 6nazoxcenamenvrocmu (IpU IPOUNX
PaBHBIX areHT BbIOMpPaeT HamOOoJIee BHITOJIHBIC IS IICHTPA JCHCTBUSA).
Torma 3amada CTUMYJIMPOBAHHS 3aKIIOYAETCS B BBIOOpE CHUCTEMBI
CTUMYJIUPOBaHHS G (-), MAKCUMU3HUPYIOLIEH 2¢hpexmuenocms cmumy-
JUPOBAHUS — MaTEMaTUIECKOE OXKHIaHHE (PYHKIIUH MOJIE3HOCTH LIEHTPa
Ha MHOXecTBe (1):

@) max [HO) - [6(2)p(z,)dz] - max

OO11ero aHaJIMTUYECKOTO pelleHHus 3aaadyu (2) Ha CeromHsIIHU
JIeHb HE M3BECTHO (CM. JOCTATOUHBIE YCIOBHUS ONTHMAIBHOCTH Pa3iny-
HBIX CUCTEM CTUMYJIHPOBaHUs B [24]).

IIpocToii aKTHBHBIN 3J1eMeHT. XPECTOMAaTUIHON MOJIENBIO BEPO-
stHocTHOW OC, B KOTOPOH ynaercst HOAy4UTh IPOCTOE aHAIUTUYECKOE
pellieHre 3a/laud CTUMYJIHUPOBAHHUS, SBIISETCS MOJIEIb HPOCHO20 AK-
mueHozo 2nemenma [4]. Ilycts uaTerpanbuas ¢pynkuus F(z, y) pacmpe-
neneHus p(z, y) MOXKeT OBITh MIPeACTaBJIcHa B BHIE:

F(2),
() F(z9)= I(ZZl;q

rae F(z) — HekoTopast uHTErpanbHas GYHKIUS PACIPEICICHNUs, 3aBH-

! Henabniodaemocms onst yenmpa deiicmauti azenma 00bACHAEM MO, YMO 803HAZPAIIC-
Oenule NOCAeOHe20 3asucum om Habdaemo2o pesynomama desmervHocmu. Eciu vl
Oeticmeust aeeHma OblIU HAOIOOAeMbl, MO YeHMP Moe Obl OCHOBbIBANb CIMUMYIUPOBA-
HUe Ha 8bIOUPaeMbIX OelicBUAX U «3a0blMby O HeonpeoeleHHOCHU, MO ecilb 3a0ayd
ceenacy Obl K OemepMUHUPOBAHHOU 3a0aue CMUMYIUPOSAHUS, KOMOpas HOOPOOHO
onucawna svlute.
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csm@as TONBKO OT pe3ynbraTa AesTenbHOCTH. OUYeBHIIHO, YTO BEPOST-
HOCTb TOTO, YTO PE3YJIbTAT JAESITEIBHOCTH OKa)XKeTcsi CTpOro Oonblie
JeWCTBHS, paBHa HYIIO. TO ecTh, HaJMYNEe HEONPEAETCHHOCTH MPUBO-
JIUT K TOMY, YTO pPe3yJIbTaT JEeATENbHOCTH areHTa OKa3bIBaeTcsi He
Oonpiie ero neiictusi. OpraHu3allMOHHAs CHCTEMa, B KOTOPOW HHTe-
rpanbHas QyHKIOUS paclpeeieHus MpeacTaBuMa B TAKOM BHUJIE, Ha3bl-
BAaeTCsl CUCTEMOM C MPOCTHIM aKTHBHBIM SJIEMEHTOM.

B [24] noka3aHo, 4TO B CUCTEME C MPOCTHIM AKTUBHBIM 3JIEMEHTOM
B paMKax T'MIIOTe3bl OJIarOKeNnaTelbHOCTH ONTHMalbHA KOMIIEHCATOp-
Hasl cUCTeMa CTHUMYJupoBaHus. boiee Toro, KommneHcaropHas cucTema
CTUMYJIMPOBaHUS ONTHMAaJIbHA U B CIIydae, €ClI 3aTpaThl areHTa TaKkKe
3aBHCAT OT pe3yJibTara, a He OT jeiicTBus. J[ust 3atpar arenra ¢ (z),

3aBUCSIIMX OT AEHCTBHS, B [8] mOKa3aHO, 4TO cHCTEMa CTUMYJIHPOBA-

1-F(x)

CIIEAYIOIINX MPEAMONOKEHUAX: QYHKIHS CTUMYJIMPOBAHMS HEOTpHUIIa-
TelbHa, pe3epBHas MOJIC3HOCTh PaBHA HYJIIO, ar€HT HE CKJIOHEH K PHCKY
(ero ¢yHKums mosae3HOCTH u(-) — BorHyTtasi). To ecTb W (z) — «KOMITEH-
caTopHasl B CMbICJIE MaTEMaTHYECKOr0 OKUIaHHUSD» (QYHKLIUS CTUMYIIH-
pOBaHUsI.

IMaperto-arent. bynem HaszeBaTh [lapemo-acenmom TaKoro areH-
Ta, y Kotoporo p(z, y) = p(a, y, z), TO €CTh, paclpeeiieHue pe3yibTa-
TOB KOTOPOT'O OMHUCBIBAaETCS paciperencHueM [lapero ¢ MUHUMaTbHBIM
3HAaYCHUEM, PaBHBIM JIEWCTBHIO areHTa: zp =y (cM. BbeIpakenue (1)
npenasiaynero pasaena). ConaepxkaTebHO, areHT BBIOUPAET CBOM ypo-
BEHb yCWIHMH (TapaHTHPOBAHHOE 3HAUYEHHE pe3ylibTara AesTeIbHOCTH),
W pe3yabTaT Oy/eT 3aBelOMO He MEHBIIIE JeHCTBHS, 8 MOXKET OKa3aThCs
u OoIblle, IPUYEM BEPOSTHOCTH OOJBIIMX 3HAYEHUH pe3ynbTaTa JI0c-
TATOYHO BbICOKa (pactpenenenue [lapero mpuHaIOKHUT KiIacCy «pac-
MPEACIeHUH C TSHKEIBIMH XBOCTAMM))

Pemum 3agauy (2) ans [lapero-arenta ¢ a > 1, GyHKUuUs 3aTpat
KOTOPOTO YAOBJIETBOPSIET MPEANONIOKeHHI0 A.4, a pe3epBHas 1OJe3-
HOCTb paBHa HYJIIO.

OOmyM MPUHLMIIOM, UCIOJIB3YEMBbIM HHIKE, SIBJISIETCS BBIOOp Ta-
KOW CHCTEMBI CTHMYJIHPOBAaHHS, 3aBUCSILEH OT pe3yibTaTa AesTeIbHO-
CTH areHTa, 4YTO ¢ MaTeMaTHUECKOe OKUJAaHUE PAaBHO 3aTpaTaM areHTa
B TOUKE TUTaHa (WJIM PaBHO 3HAYEHHIO ONTHMAJIbHOW JIETEPMUHUPOBAH-
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HOW CHCTEMBI CTHMYJIMPOBAHHMS), a TOYKA IUIAHA MPU 3TOM SBISICTCS
TOYKOM MaKCHUMyMa OKHUJIAeMOW MOJIE3HOCTH areHTa. M3 nerepMuHu-
POBaHHOH TEOPUHM CTUMYIHMPOBaHHS (CM. 0030p B MEpBOH 4YacTH Ha-
cTositeld pabotbl u [23]) M3BECTHO, BO-TIEPBBIX, YTO MHHHMAJILHBIC
3aTpaThl Ha peaju3alrio JII00OTro JecTBUS areHTa (IpH HYJIEBOH
pE3epBHOM TOJE3HOCTH) pPaBHBI 3aTpaTaM areHTa MO BBIOOPY 3TOrO
neiicTBus. Bo-BTOpBIX, U3BECTHO [24], 4TO OKHMIaeMbIe 3aTpaThl IEHTPa
Ha CTUMYJMPOBAaHUE B CIIy4ya€ HaJW4us HEONPENEIEHHOCTH HE HUXKE,
YeM B JCTEPMUHHUPOBAHHOM citydae. CrieaoBaTeabHO, €CIM B YCIOBHIX
BEPOSATHOCTHOM HEOIPEAEIEHHOCTH YAAETCS PEa30BaTh HEKOTOPOE
JICUCTBUE TaK, YTO MAaTEMAaTHYECKOE OXUJAHHME 3aTparT IEHTpa Ha
CTHUMYJINPOBAHHME PAaBHO 3aTpaTaM arcHTa 0 BBIOOPY 3TOr0 JEHCTBUS,
TO Takasg CHUCTEMa CTUMYJIMPOBaHHUS onThuMaibHa. [IpuMeHuM 3TOT
OOIIIMIA TTOIXOJ JUIS Pa3IMUHBIX KIIACCOB CUCTEM CTUMYJIUPOBAHUSI.

JIluHeiiHasi cHUcTeMa CTHUMYJHPOBAHHUSA. MaTeMaTHUYECKOE OXKH-
naHue QyHKIUY MOJIG3HOCTH areHTa PaBHO:

A Ef(zy)=EG (2)—c(y).

QuxcupyeM Iuial x = 0. 13 pe3ynpTaToB pemeHus 1eTepMUHHPO-
BaHHOM 3aJa4d CTHUMYJIUPOBAaHHS (CM. BBILIE) HM3BECTHO, YTO OINTH-
MaJIbHOW JIMNHEWHOW CHCTEMOW CTUMYJIMPOBAHUS, PEANM3YIOLIEH IJIaH
X, SIBIISIETCS CIEAYIOIIAs:

() owly, y) = c'(x) (v = x) + ().

Haiizem nuHEHHYIO CHCTEMYy CTHMYIUPOBaHUS G (X, z)=az + b,
rjae a U b — KOHCTaHThI, Takywo, uto0 E O (¥, z) = oy(x, y). Jlerko BbI-
YUCIUTh, YTO KOHCTAHTBI a W b JOIKHBI OBITh CIEAYIOLIUMHU:

a= c’(x), b=c(x)—c’(x)x. Urak, nonyuaem, 4To JHMHEHHas

cucTemMa CTUMYJIUPOBAHMS
a —

6) 0 (x, 2) = ! c’xX)z+cx)—c'(x)x

peanusyer miaH x (MoOyKJaer areHTa BbIOpaTh JCHCTBUE, COBIAJIA0-
ee ¢ IIAHOM), U €¢ MaTeMaTHYeCKOe OKUAaHUE B TOYHOCTH PaBHO
(s moboro y > () onTUMAaIbHOW JETEPMUHUPOBAHHOW CHCTEME
crumyaupoBanus (5).

OnTUMabHBIA TUTAH MOXET OBITh HaiJeH M3 PEIICHUS CIEIYI0-
1Ieit 3a1aun ONTHMAIIBHOTO COTJIACOBAaHHOTO IJIAHUPOBAHMS:
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(7) x" = arg max [H(x) - c(x)].

OTMeruM, YTO ONTHMAJbHBIA TUIAH B paccMaTpHBaeMON BEpOsT-
HOCTHOM MOJIENIM TaKOH K€, UTO U B COOTBETCTBYIOIIEM JETEPMUHUPO-
BaHHOM ciydae. Kpome TOro, ¢ yMeHbIICHHEM HEONpPEACIeHHOCTH
(pocte o) mpaBas yacTh BeIpaKeHHUs (6) CTPEMHTCS K MpPaBOW YacTH
BhIpakeHUs (5).

Takum oOpa3oMm, 000CHOBaHa CHPaBEUIMBOCTh CIEAYIOIIETO yT-
BEPKICHUSL.

YrBepxkaenue 11. Ecnu BeimonHeHo mnpeanonoxenne A.4, To B
Mmozenu [lapero-arenta onTrMalibHa JHHEHHAS cUCTEMa CTUMYJIHPOBa-
Hus (6), (7).

OtMeruM, uTo JUId ciydast KOJUIEKTHBHOTO CTUMYJIMPOBaHUS B yc-
JIOBUSIX BHYTpPEHHEW BEPOSTHOCTHOM HEOMPENeNeHHOCTH JOCTHXKH-
MOCTh MaKCUMaJIbHOH 3(p(HEeKTHBHOCTH CTUMYIHPOBAHUS (TOH JKe, YTO
W TP TIOTHOW MH()OPMUPOBAHHOCTH) JTMHEHHBIME (QYHKIUSMH CTUMY-
JUpoBaHUs ObLa IMOKa3aHa B JOCTaTO4HO oOmmeM ciydae B [43]. B
YIIOMSIHYTOW pa0oTe CYIIECTBEHHBIMU MPEANOJIOKEHISIMA SIBIISUIUCH
HEHTPabHOCTh areHTa K PUCKY U OTCYTCTBHE OTpaHWYEHHS HEOTpHIa-
TENFHOCTH CTUMYJIHpOBaHus. O0a STHX MPEATONOKEHHS CIIPABEATHBBI
U JJI1 pAaCCMOTPEHHOW BBILIE MOJEIN BHEIIHEW BEPOSTHOCTHOM HEOI-
peleneHHOCTH.

Komnencaropnasi cucrema cTHMYJMpPOBaHHsA. 3a7ada CHUHTE3a
ONTHUMAaJIbHOM KOMIEHCATOPHOW CHUCTEMBI CTHMYJIUPOBAHUS B OpraHU-
3aMOHHOM cucrteme ¢ Ilapero-areHToM 3aKiIIOUaercsi B HaXOXKACHUU
TaKOW CHCTEMbI CTUMYJIHUPOBAHHS O k(z), MATEMATHIECKOES OXKHIAHHE
KOTOpO# paBHO 3aTpaTaM areHTa, TO €CTh
B)YEG k(z) =c(y), y 20.

Pacriumiem ycnosue (8) Gomnee moapoOHO:

o TN’(( 2

dz =c(y), y > 0.

PGHIaTI) ypaBHeHHe (9) OTHOCHUTENBHO G k(z) B oOlieM Buje —
JOCTaTOYHO CIIOXHas 3ajmada. Mcciemyem ee Juis ciydasi, KOT/ia BbI-
MOJIHEHO TMpenarnoyiokenue A.9, To ecTh BO3bMeM (YHKIHIO 3aTpat

1
c, r)=— () (r)"7, y>1, u GyaeM ucKaTh pelieHHME B Kiacce

CTETEHHBIX (PYHKIUI:
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1
(10) 6 k(z) = — z" r'P=.
TP

0

Ioacrasnsast (10) B (9), momyuaem, 4to pemieHue fy= . ,
-y
B: =7, B> =¥, CylIecTByeT IpH yCIOBUH
(AHiI<y<o.

Takum o0pa3oMm, 000CHOBaHa CHPaBEUIMBOCTH CIEAYIOIIETO yT-
BEPXKICHHUS.

Yrepxkaenue 12. Eciu BoimonHeHsl npeanonoxenus A4, A9 u
ycnosue (11), To B Monenu [lapero-arenta B pamkax THUIIOTE3bI 0Jiaro-
KEJIAaTCIIbHOCTU OITHUMaAJIbHA «KOMIICHCATOPHAM» CUCTEMA CTUMYJIHNPO-
BaHUA

(12) & x(z) =

a ONTHMAJBHBIN TIJIaH ONpezenseTcs: BipakenueM (7).

OTMernM, ¢ yMEHBIICHHEM HEONPENEIIEHHOCTH (POCTE Q) «KOM-
MeHcaTOpHasD) cucTeMa cTuMynupoBaHus (12) crpemurcss K QyHKIUH
3aTpar areHTa, TO €CTh K KOMIIEHCATOPHOW CHCTEeME CTHUMYJIUPOBAaHHA,
ONTHUMAJILHOHM B JETEpPMHUHUPOBAHHOM CIIy4ae.

Tapudnasa (ckaukoodpa3Hasg cucreMa) CTUMyJMpoBaHus. M3-
BECTHO (CM. BBIIIE), YTO B JCTEPMHUHHPOBAHHOM Clydae ONTHMajbHa
CKa4yKooOpa3Hasi CHCTeMa CTUMYJINPOBAHHS

(13) o, y) = 4 LI Y=Y

oy 27l

r ’

0, y<ux
B KOTOpOﬁ ONTUMAJIBHOC 3HAYCHUC TJIaHA ONPCACIACTCA BbIPpAXKCHHUEM
().

PaccmoTpum crienyronyro cKkaukooOpa3Hyl0 CHCTEMY CTUMYIIHPO-
BaHud B Mozenu [lapero-arenra:

- c(x),z>x
(14) 0 ox, 2) = .
0, y<x
Beruncianm matematuueckoe oxumganue (14):
1, yzx
(15) EG dx, z) = c(x) ¥y y<x
by
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YcnoBue peann3yeMocTy OeHCTBUS X > () UMeeT BU/I:

C(y) c(x)
(16) Vy € [0; x] —.
x
Taxum 06pa30M, 000CHOBaHa CHPaBEeUIMBOCTh CIEAYIOMIETO yT-
BEPXKICHHUS.

YrBepxkaenue 13. Ecnu BoimonHeHo npennoiaoxenue A.4 u
<), )

ANC
TO B Mojenu [lapero-arenTa B paMKax THIIOTE3bI OaroenaTellbHOCTH
ONTUMAJIbHA CKa‘IKOO6p33Ha$I cucrema crumyimpoBanus (14), rae
ONTUMAJIBHBIN TJIaH X ompenensercs Boipaxkenuem (7). Eciau nomon-
HUTEIILHO BBIMOJIHEHO mpennonoxkenue A.9, to ycmosue (17) nepexo-
T B ycnosue (11).

OTMeruM, ¢ yMEHBIIEHHEM HEOIpeIeIeHHOCTH (POcTe o) CKavKo-
oOpasHasi cuctema ctumynupoBaHus (14) cTpeMutcst K ckaukooOpas-
HOH cucTeMe ctuMmynupoBanus (13), KoTopasi onTUMaibHA B JIETEPMHU-
HUPOBAaHHOM CITydae.

Takum o0pa3zoM, B HacrosmleM paszene ans monenu Ilapero-
areHTa IMOJYy4eHO pelIeHHe 3aJadyd CHUHTe3a ONTHMAJIbHON CHCTEMBI
CTUMyJIHpoBaHus. JloKa3aHO, 4YTO ONTHMMAalbHAa JMHEHas cucrema
CTUMYJIMPOBaHUs, TIONyUEH ee sSBHBIH BUA. [IpHBeIeHbI JOCTATOYHBIE
YCIOBUSl ONTHMAaJbHOCTH CKauykoOOpa3sHOH H «KOMIIEHCATOPHON»
CHCTEM CTUMYJIHPOBAHMUS.

OtnensHOro 00CYXKAEHUS 3aCIyKUBAET BIMSHUE HEONpeIeIeHHO-
cti Ha 3((EeKTHBHOCTh CTUMYIHPOBAaHUS. Bo-mepBhIX, Bce MONTydeH-
HbI€ B HACTOSIEM pa3zene pe3yiabTaTbl pelleHns 3aauyd CTUMYIHPO-
BaHHA B YCJIOBMSIX HEONPENEICHHOCTH YJOBIETBOPSIOT NPUHYUNY
coomeemcmeus: TIpU TPeAeIbHOM Tepexoae («CTpeMIIEHU» Heompe-
JIETICHHOCTH K «HYJII0») BEPOSTHOCTHAS MO MEPEXOANUT B JETCPMHU-
HUPOBAaHHYIO, a OINTUMAaJbHbIE pElIeHHs 3ajad CTUMYJIUPOBaHUA B
YCIIOBUSIX HEONPEAEIECHHOCTH — B ONTHMAaJIbHBIE PELIEHHs] COOTBETCT-
BYIOIIIMX JIETEPMUHUPOBAHHBIX 3a/lad CTHMYJIHUpPOBaHUS. Bo-BTOpHIX,
s dekTrBHOCTE cTUMYIHpoBaHus [lapero-arenTa (QyHKIHOHHpPYIOLIE-
IO B YCJIOBHSIX HEONPENEIEHHOCTH) TOXKECTBEHHO paBHa 3P (eKTHBHO-
CTH CTUMYJIHMPOBAHMS B COOTBETCTBYIOIIEH J1€TEpPMUHUPOBAHHON Opra-
HU3alMOHHON cucteme. JlaHHBIN (aKT TNPencTaBiseTcss JOBOJBHO
HETPUBHAJBHBIM, TaK Kak B [24] noka3aHo, 4To 3pPEeKTUBHOCTh CTUMY-
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JUPOBAHUS B YCIOBHUSIX BEPOSITHOCTHOW HEOMPEIEICHHOCTH HE BBIIIE,
9YeM B YCJIOBHSX IMOTHON MH()OPMHUPOBAHHOCTH.

Kpome Toro, oTMeTuM, 4TO BHINIE, TOMHMO MPEINOJIOKEHUS O
KOHKPETHOM IapaMeTpHuecKOM BHJIE paclpeieeHus, BBEACHO IMpe.-
MOJIOKEHUE O HEUTPaJIbHOCTH areHTa K PUCKy (ero (yHKIHUs MoJe3HO-
CTH JIMHEHHa MO BO3HATPa)IeHHI0). B Momensx ¢ HeWTpambHBIM K
PHUCKY LIEHTPOM M areHTOM BCerja CyLIeCTBYeT MHOTO ONTHMaJbHbIX
CUCTEeM CTUMYyIupoBanus [23, 24, 32, 42].

JluHeliHble CUCTEMBI CTHMYJIMPOBAaHUS BUAA a z + b BCer/a ONTH-
MaNbHBI Uil (YHKIHMHA 3aTpaT, yIOBJIETBOPSIOMINX IPEAMOIOKEHHIO
A.4. Ho Takue cHUCTEMBl CTUMYJIMPOBAaHHUS OOJANAIOT «HEMPUSTHBIMY
CBOMCTBOM — OHM OTpHLATENbHBI s HekoTopbix z. s Ilapero-
areHTa MOXXHO TOKa3aTbh, YTO MPH ONpeeleHHBIX yCIoBUsIX Trmna (17)
HeoTpuaTenbHas (GYHKIUS CTUMYJIUpoBaHus Buaa max [0; a z + b]
Takxe OyZIeT ONTUMATBHOM.

B obmiem xe ciryuae s 6e3paznudHoro k pucky [lapero-arenra
MOXHO HCIIONIb30BaTh MPUOIMKEHHE KBa3HKOMIIEHCATOPHOH (YHKIIUH
CTUMYJHMPOBaHUSI — (QYHKIMS CTUMYJIHPOBAHHUS paBHA HYNIO Be3JE,
KpOMe HEKOTOpPOi Majioii OKPEeCTHOCTH IUIaHOBOTO pe3ynbrata. DyHK-
1K TOJA0UpaeTCs TakK, YTOOBI € MaTeMaTH4YeCKOe OXHJAHUE IPHU
BBIOOpE MIAHOBOTO ACHCTBHSI KOMIIEHCHPOBAJIO 3aTpaThl. JTa (yHKIHUS
CTUMYJIMPOBaHUs 00€CIIeUnBaET BEIOOD areHTOM JIeCTBHUs, OJIM3KOTO K
M1aHy, Ipu HanOolee CnadblX OrpaHUYEHHsIX Ha (YHKIUIO 3aTpat, HO
Oy/eT HEeONTHMAIBHON Ul HECKIIOHHOTO K pUCKy areHTta. [logoOHbie
3aJIa4¥ ¥ MOJXOJbI K UX PEIICHUIO TOJPOOHO OMKCaHbI B [24] U BBIXO-
JSIT 32 PaMKH HACTOSIIIEr0 HCCIIEIOBaHMSL.

3.3. Moaenb HHAMBUAYAJIBHBIX PA3JINYN aT€HTOB

B 3aa4yax CTUMYJIUPOBAHUA CYIICCTBCHHBIMU ABJIAIOTCA XapaKTe-
PUCTUKH arc¢HTOB, OTpaAXKAIME KX HWHAWBUAYAJIBHBIC pPa3Indyud —
MPOU3BOAUTEILHOCTh TPy, APQPEKTUBHOCTh ACATEIBHOCTH M T.1I.
OKa3I)IBaeTC§I, YTO BO MHOI'uX cCilydasaX, KaK MHOAWMBUAYAJbHBIC XapakK-
TEPUCTUKN ArCHTOB, TaK W PC3yJbTaTbl UX JACATCIBHOCTH, XOPOLIO
anmpoKCUMHpPYIOTCs pacnipenenenueM llapero.

Pacnpenenenune cmoco0HocTeil. Monmenu pacnpeneiaeHuss Cro-
COOHOCTEH 00CYXJIaliCh B JIMTEpAType HEOMHOKpaTHO. Vcnonbs3oBaTh
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CTENIEHHOE paclpeAcieHrue Uil ONMUCAHUS pa3IHyuii CrocoOHOCTEH
TMoJlel TpennoKua nepBoHadansHo cam B. Ilapero [46], u ero uaen
pa3BuUBaIM MHOTHE Apyrue uccnenosarenu [47, 49]. Hanpumep, npen-
MOJIaraixoch, YTO BEPOSATHOCTH JOMOJTHUTENFHON «EIUHUIIBI CIIOCOOHO-
CTel» He 3aBUCHT OT TEKYIIEro YpOBHS crocoOHocTel [36] — Takas
MOJIeTIb IPUBOJUT K TOMY, YTO CIOCOOHOCTH MOTYUHSIOTCS HOpMallb-
HoMy pacnpenenenuto. K pacnpenenenuto [lapero npuBomaT mopenu
MapKOBCKHX Lieriel [35], moTokoBbie Monenu [47] Wi MOAENIH Mpoiiec-
coB rubenu u pasMHoxeHus [48]. OObeAMHSET UX TO, YTO BCE OHHU
paccMaTpUBaIOT CTOXaCTUYECKHE MYJIBTUIUIMKATUBHBIE MPOLIECCHI, B
KOTOPBIX Ha Ka)/IOM Illare TeKyliee 3HaueHne YMHO)KAaeTcsl Ha Ciydaii-
HYIO BETMYMHY, C MPOU3BOJBHON HETPHBHAIBHOW (DyHKIMEH pacrpe-
neneHust (KOppeKTHO TroBops, pacmnpeneneHue [lapero saBnsercs mpe-
JeNbHBIM pacrnpeneneHieM TaKoro MYJIbTHILTAKATHBHOTO
CTOXacTUYeCKOro mpoiecca). Kpome Toro, orMmernm, 4to pacrpezene-
Hue [lapero XOpOIIO OMHUCHIBAET CTATUCTHYECKHE XapaKTEPHCTUKU
KaTtacTpod M CTUXUHHBIX OCACTBHI, HACEICHUS TOPOAOB, TOTOKOB
WH(POPMAIIUK B TEIEKOMMYHHKAIIMOHHBIX CETAX, YIIOTPEOMMOCTH CIIOB
u ap. [18, 29, 38, 39, 49].

ConepkaTenbHbIM OOBSICHEHHEM, SBISIETCS, HABEPHOE, CIICAYIO-
miee. M3BecTHO, UTO Mpoliecchl HAYy4EeHUsT XOPOIIO OMUCHIBAIOTCS 3KC-
MOHEHIIMATbHBIMU KpUBBIMU [20], TO €cTh 3aBUCUMOCTb YPOBHS Hay4e-
HUSl (TPOM3BOAMTEILHOCTH TPYAa, 00beMa BBITIONTHAEMBIX paboT WM
nepepadbaTeiBaeMoil HHPOPMAIUK | T.J.) OT BPEMEHH HOCUT 3aMe]lJIeH-
HO-aCHUMIITOTHYECKHH XapakTep. KauecTBEHHO, HKCIIOHEHTa «IOpOXK-
JaeTcs» TPEANOI0KEHNEM, YTO CKOPOCTh HaydeHus (TpoW3BOIHAs
YPOBHSI Hay4eHUs) MPONOPLUOHAIBHA YK€ MOCTHTHYTOMY YPOBHIO
HaydeHus. Eciu 1omycTuTh, 9YTO BEPOSTHOCTh MpPEKpallleHus AesTeNb-
HOCTH B TEUEHHE SIMHHIIBI BpEMEHH MOCTOSHHA (TIPOAOKUATENFHOCTD
JeATelIbHOCTH OMKChIBaeTCsl pacnpenenennem [lyaccona), To moixydum,
YTO CpeAHUH pe3ynbTat pacnpenene no [lapero [33].

Cas3b ¢ 3agaveii crumyanpoBanus. [lycth uMeercss areHT, THI
KOTOPOTO 7 SIBJISIETCA CIy4ailHOW BEJIMUMHOU ¢ pacnpenenenuem [lape-
10 pAa, 1y 7), o> I. TlonpoOyeM OTBETUTh Ha BOMPOC — MPH KAKHX
YCIOBUSIX JEUCTBUS (MM PE3yJabTaThl JEATEILHOCTH areHra) OyayT
pacnpenenensl 1o Ilapero (oTMeTHM, YTO HAOMIOAAEMBIMU SIBJISFOTCS
WMEHHO JEHCTBUS WM PE3yJAbTaThl ACITENBHOCTH). BO3MOXHBI, Kak
MUHUMYM, B2 OOBSICHEHUSI.
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1. [Ipeanonoxum, 4To omiaTa Tpy/la areHTa MOoCTOSHHA U He 3aBU-
CHT OT THNA WU JCHCTBHS, a MPOJOIDKHTEIBHOCTh pabodero BpeMeHH
¢ukcupoBana u paBHa T yacam. Toraa, ecnd MHTEPIPETHPOBATH THUI
areHTa Kak MpPOW3BOIUTENBHOCTh €ro TpyAa (IPOIYKTHBHOCT H T.1.),
n3MepsieMylo B 00beMe pe3yibTaToB, MOMyYaeMbIX B €JHHHUILY BpeMe-
HU, TO JISCTBUE arenTa y OyleT cly4aiiHOW BETMYMHOM, BEIYUCIIEMON
Kak y = r T u onuceIBaeMol pacrpeneneHueM p,(a, vy, ¥), tae vy = ro 1.

2. IIpennomnokuM, 4TO UCIONb3yETCs MPONOPIMOHAIbHAS cCTEMa
OIUTATHI PE3yJBTATOB JEATEILHOCTH (ICHCTBHIA V) areHTa:

(1) o) = Ay + Ao,
rze A > (), ¥ BBITIONHEHO cleayloliee IpeaArnoaoxKeHure.

A.13. OyHKIIMY 3aTpaT areHTOB UMEIOT BU/T
@) e, ) =cotroy/r),
rrae ¢(-) — Taaakas HeyObIBaIoIIash BBITYKIIas QyHKIHS.

YactHbiM ciaydaem QyHKOuH 3aTpaT (2) sBISiOTCS (QYHKIUHM 3a-
tpat Tra Ko66a-/{yrinaca — cm. npennonoxkenue A.9. Torna neiicrue
y'(r, A), BEIOHpaeMOe areHToM (IOCTABIISIONIEE MAKCHMYM €0 Ie/IeBOM
(YHKUWY PpH 3aJJaHHON CHCTEME CTUMYJIHPOBAHUS ), pAaBHO
By’ ) =re (),

TO ecTh OyaeT NpOMOpUHOHAIBLHO THITy areHTa M, CIeloBaTelbHO,
Gy/IeT OMICHIBATHCA PACTIpeieTeHHeM py(a, Vo, V), TAE Yo = Fo @ ' (A).

IIpumep: NPOAYKTHUBHOCTL B HaykKe. XpEeCTOMAaTUWHBIM IpUMeE-
pOM TOKa3aTtens, OmuchIBaeMoro pacripenenenuem Ilapero, sBisercs
a¢pexruBHOCT, HayuHOU AesrenabHocTH [33]. IlepBBIM, KTO mbITANICS
eme B koHIe XIX Beka M3y4uTh CBsI3b YMcia TyOnukanuid ¢ d¢dek-
TUBHOCTBIO Hay4YHOH neaTensHocTH, Obul anrmmyanuH Ppsncuc [on-
ToH [1].

CraTucTrueckre MOIX0Abl OJHUM W3 TEPBBIX B JaHHOW 00IacTH
cTaj ucnoib3oBaTh Anbdpen JIoTke, KoTopsiii B 1926 romy npemioxkut
CIIEAYIONIYI0 OOpaTHYIO KBaJApaTHYHYIO 3aBUCHMOCTb, HW3BECTHYIO
Tenepb Kak 3axou Jlomxu:

pl@) =6/ (7 ),
rze p(g) — IoJs aBTOPOB, OMYOJIMKOBABIIMX ¢ HAYYHBIX paboT (B HEKO-
TOPOU (PUKCHUPOBAHHON MPEIMETHON 00J1acTH).

bonee oOmum siBisieTcss TunepOONUYecKHil 3aKOH
a

_ 1+
p@)=pilq "%
IIe O — XapaKTEepUCTUUYECKUN ITOKa3aTenb pacupenaeneHus. s 3akona
Jlotku oH paBeH enuHuile. HenpepblBHBIM aHanorom 3akoHa JIOTku
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sBsieTcsa pacrnpenenenue [lapero, onuceiBaromiee MIOTHOCTh pacipe-
JIEJIEHUS YUCIIa YUYEHBIX C Z = Z) CTaTbsIMU NPU MUHUMAIbHON MPOIYK-
TUBHOCTH Z.

34. IleTepMI/IHI/II)OBaHHaH 3ajavya CTUMYJIMPOBAHUSA KOJJICKTHBA
areHToB

[lycte mMeeT MecTo ciydyall MOJHOW HH(MOPMHPOBAHHOCTH, TO
€CTh LIEHTPY H3BECTHbI 3HAYEHHUS HHAWBHIYaJIbHBIX THUIIOB areHTOB,
MIpUYEeM THIIBI pacnpenenensl no [apero.

LeneBast GpyHKIMS i-TO areHTa UMEET B
(D) filyi, 1) = oyi) = cdyi, 1), i € N.

Bynem cunrtaTth, 4TO (GYHKIMHU 3aTpaT arcHTOB OJMHAKOBBI, H
areHThl pa3iMyaloTCs TONBKO CBOMMH THUIIAMH, TO €CTh BBIIIOIHEHO
ClIeyIolIee MPeanooKeHue:

A4, c(y, ) =cly, 1), i €N, tne pyHkuus 3atpat c(-) ylIoBie-
TBOpSAET NPEANONOKEeHNI0 A 4.

[lycte BbIMONHeHb! npennonoxenus A.14, A.7 u pesepBHas mo-
JIE3HOCTh Ka)KJIOT'0 M3 areHTOB paBHa Hym0. Torjaa B CUTy MPUHIMIA
KOMITEHCAIIMHU 3aTpat (CM. BBIIIE), MOJTy4aeM, YTO MPHU MCIOIb30BaAHUN
LIEHTPOM KOMITEHCATOPHOM CHUCTEMbI CTUMYJINPOBAHUS ONTHUMAJIBHBIN C
TOUYKH 3pEHUS IIeHTpa MJIaH i-Io areHTa paBeH

(2) x"(r;) =arg max [y;—c(y; r7)].

BbIMTpBIIT [IEHTPa MPH 3TOM paBeH (KUPHBIH mpHdT HadyepTaHUS
nepeMeHHoN 0003HAYaET BEKTOP)
(3) @) = D [x" (1) —e(x"(n).1)].

ieN

Eciu THTIBI areHTOB SBIISIOTCS HE3aBUCHMBIMH M OJHHAKOBO pac-
MPEeIeeHbl, TO OKUIAEMBIN BBIUTPBIII IEHTPA PaBEH
(4) ED(r) = n [Ex'(r) — Ec(x"(r), P)],
raen = |N].

[Momyuaem, 4TO CHpaBEUIMBO CIICAYIONIEE YTBEPIKICHHE.

YtBepkaenue 14. Ecnu BoIMoNHEHB TpeAmnonoxkenus A.7, A.9,
A.14 wu TUOBl areHTOB OMNHMCHIBAIOTCA pacupenenenueMm Ilapero
p(o, 7o, ¥),THE O > 1, TO

) Edw) =nr & Y7L
y a-1
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OTMerHM, 4TO pe3ynbTar yTBepkAeHus1 14 MoxKer OBbITh JIerKo Ie-
peHeceH Ha OoJiee oOIIMiA ciiydai (pyHKIUN 3aTpat, yI0BICTBOPSIOIINX
npexanonoxenuo A.13.

B mpaBoit wactu BeipaxkeHus (5) Gurypupyer, B TOM YHCIE, pa3-
Mep OpraHM3allMOHHON CHUCTEMEI #, YTO JaeT BO3MOXXHOCTh B JAajibHEH-
[IeM CTaBHTh M pellaTh 3aJlaud ONTHMHU3AIMH ee cocTaBa (CM. paszen
3.6).

Beime paccMOTpeHbI cienyone BApuaHThl TOCTAHOBKU M pelie-
HUS 3a/1a4 CTUMYJIMPOBaHUS: 1€TEPMUHUPOBAHHAS MOJIENb (HACTOSIIHH
paszen), MOJeNb C BHEIIHEH BEPOSITHOCTHOH HEOMPEesEHHOCThIO
(pa3men 2.2, B KOTOPOM MPEATNONAraercsi, 4YT0 UMEETCS HEOINpEee/ICH-
HOCTb OTHOCHTENBHO pE3yJbTaTOB JAEATENBHOCTH areHTta, HpU4eM
LEHTP W areHT alpuopy WHPOPMUPOBAHBI CUMMETPUYHO). st momHo-
ThI KAPTHHBI OCTAETCS PACCMOTPETH Cllydail BHyTpEeHHEH HeolpeeneH-
HOCTH — HEMNOJHOW WH(GOPMHUPOBAHHOCTH IIEHTPa O THIAax arcHTOB.
WmenHo Takasi MOzeNlb UCCIEAyeTCs B CIEAYIOIIEM pa3zere.

3.5. 3agaya cTHMYJIHPOBaHNSA B YCJIOBUSAX BHYTPeHHell Heompee-
JICHHOCTH

[Tycth mMeeT MecTo ciydail acCHMMETPUYHONW WH(POPMHUPOBAHHO-
CTH — BHYTPEHHSIS HEOIPENEeICHHOCTh [24], TO eCTh, IICHTPY HE U3BECT-
HbI THIIBI areHTOB, HO M3BECTHO, YTO OHM OIMCBIBAIOTCS paclpenerne-
HueMm [lapero. 3agaya eHTpa 3aKIIOYACTCS B TOM, YTOOBI TIPEJIOKUTh
areHTaM MEHIO KOHTPAKTOB — CBOIO 3aBHCHMOCTb pa3Mepa BO3HArpax-
JIeHHsI OT JAENUCTBUS areHTa JUIsd KaKJOoro U3 TUIMoB areHToB. [Ipu sTom
KeJaTenbHO, YTOObI areHThl Pa3IUYHBIX THIIOB BHIOMpAIN pa3indHbIC
«ITYHKTBI MEHIO» U BBITOIHSIIOCH YCIIOBHE COTJIACOBAaHHOCTH — areHTy
JM000T0 THUTIA HE JTOJKHO OBITh BBITOJJHO BHIOMPATH CHCTEMBI CTUMYJIH-
pPOBaHMs, COOTBETCTBYIOLIME IpyrUM TumaM. JlaHHas 3ajadya sABIsSETCS
THUIIOBOM 3aJadyell TEOpUU KOHTPAKTOB U €M IOCBAILIEHO MHOXECTBO
uccienoBanwmii [15, 16, 42]. Tlomyuum ee pemieHue s paccMaTpUBae-
MOIi B HACTOSIICH pab0Te MOJICIIH.
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PaccMoTpyM IBYXYPOBHEBYIO OPTaHU3AIlMOHHYIO CHUCTEMY C OfI-
HUM I[IEHTPOM HA BEPXHEM YPOBHE M OJHHM ar¢HTOM  Ha HHJKHEM.

Oynakumsa nonesHoctu 1entpa: (o, y) = H(y) — o, byHKuus mo-
ne3Hoctu arenra: f(o, y, r) = a—c(y, r), tae c(y, ¥) — GyHKIus 3aTpat
areHTa, 3aBUCAIIasi OT BBIOMpaeMOoro UM AelcTBust y > 0 u THma 7.

BBenem cienyromee npennonokeHue OTHOCUTENBHO (DYHKINU 3a-
Tpat arenta: Vr e Q, Vy > 0:

1) c(y, r) HeTIpepbIBHA 110 7 U ),

oc(y,r
2) M < () — 3aTpaThl YOBIBAIOT C POCTOM THIIa areHTa;

or
oc(y,r
3) % > (0 — 3aTpaThl YBEIMUYUBAIOTCSA C YBEIHMYEHUEM Jei-
Y
CTBHSI;
o’c(y,r
4) & <0 — ycnoBHE «OAHOKPATHOIO MEpecedeHus» WU
oyor
ycnoBue Crnenca-Mupuca [42];
oc’(y,r
5) % > () ycioBUE BBIMYKIOCTH (PYHKIMH 3aTpat MO Aci-
Y
CTBHIO.

ITpumMepoM (HYHKIIMK 3aTpaT, YIOBJICTBOPSIOIIEH BCEM Iepeurc-
JICHHBIM  TpeOoBaHusM, sBisiercs  QyHkius — KoO6a-/[yrmaca:

1
cy, r)=— () ()7, y> I (cm. npennonoxenne A.9).
4

3a1aya CTUMYJIMPOBAHUS B YCIOBUSX BHYTPEHHEH BEPOSTHOCTHON
HEONpPEeAETeHHOCTH (HEMOMHOH WH(POPMUPOBAHHOCTH LIEHTpPa O THUIIE
areHta) (OpMyJIHpYeTCs CISAYIONMM 00pa3oM: HaWTH MeXaHU3M
CTUMYJIHpPOBaHus ¢ coobuierreM uadopmanuu 7(s) = (1(s), o(s)), Bo-
MEePBBIX, MAKCHMHU3UPYIOIINI 0KUIAEMYIO TTOJIE3HOCTh IIEHTPA:
Ed(ots)) — max,
(s

" Cucmemy ¢ oOnum acenmom, mun KomMopozo OnUCHIGAEMCS 6EPOAMHOCHIHLIM PAC-
npeoenenuem, YCI08HO MOJICHO CHUMAMb «MHO20INEMEHMHOUY — NPU BbIYUCTEHUU
MAMEeMaAmu4ecko20 0ACUOAHUS, C MOYHOCHIBIO 00 MYTbMUNIUKAMUBHO2O MHOICUMENS
(uucna acenmog), nonyuaemcs mom ice pe3yibman.
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rzie s — cooOIleHre areHTa eHTPY O CBOEM THIIE, U, BO-BTOPBIX, obec-
HG‘II/IBaIOHII/Iﬁ COO6HI€HI/I€ arcHTOM CBOCIo HCTUHHOI'O TUIIA: § = 7.

[Ipenamonoxum, 94To TUI areHTa pachpeneneH no [lapero — neHTpy
He M3BECTEH TOYHBIA THUII arcHTra, Ho U3BCCTHa 06HaCTI) €I'0 BO3MOXKHbIX
3HaueHui Q) = [ry, +oo) u napamerpsl [lapero pacnpenesieHus

1+a
p(r) = g(&] o> 1.

n\r
Hcnonw3ys npuBeneHHbid B [16] Merox peleHus MOJA00HBIX 3a-
Jad, TOJXYYHM, YTO TPHU BBHIMOTHEHHH CIEAYIOIIMX TPEX YCIOBHIA,
00ECIIeUNBAIONINX HEMAHUITYIMPYEMOCTh MEeXaHu3Ma (BBITOJHOCTh IS
areHTa COOOIICHUS JOCTOBEPHOI MH(pOpMAIIH):

do g o dy
1) Z=— N o S =0,
(D 0 (r-y"o 0 (r)
@ -y e Y (<0,
dr

3 vrea, “Cuy=0Y 0.
dr dr

MEXaHU3M, SIBJISIOIIMACS PEIICHHEM paccMaTpUBaEeMoOM 3ajadu, Oyaer
OIIpeNeNAThCs U3 CIAETYIOINX COOTHOUIECHUMN:

[LH N~y 7 = [ L9y e lp(rydr > max.
4 14 y(r)

Ty Ty

o(r) = %(y(r))y P %(y(r))y rde.

Jins H(y) =y pewenue 7(r) =(3(r), 6(r)) Gyner umers cie-

IyOLund BUI: Vr € Q
1

N 1 ™
4 =1+ ——]"7,
@ 30 =rlt+ o]

(5) 6() = ()[4 ———37 (r=ry ™).
a(y 1)
Yteepskaenue 15. Ecnu BoimonHeHb! npeAnonoxkenus A.7 u A.9,
TO peIlICHUE 3aJa4i CTHUMYJIUPOBAHUS B YCJIOBUSAX HEMOTHONH HHQOP-
MUPOBAHHOCTH IIEHTPA O THUIIC areHTa, OMUCHIBAEMOM pacIpenaesiecHueM
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[Mapero, naercs BbipakeHusiMH (4) U (5), IpuveM AaHHBIH MEXaHWU3M
CTUMYJIMPOBaHUS SBIISICTCS HEMAHHITYTUPYEMBIM.
B wactHoctu, ans y = 2 u3 (4) u (5) nonydaem:

©6) p(r)=r @ , VreQ;
a+1
(7) 6(”'):2(T+1)2(2r—r0), YVreQ.

st y =2 HeTpyaHO MOIYYUTh B SIBHOM BUJIE BHIpAKEHUE IS

0XXUOAa€MOro BBIMTPBINIA HCHTPA IMPU HCIIOJIL30BAaHHUU OINTUMAJIBHOI'O

2
a

mexanusma: E @ (7(r)) = Tl) Ty.
a p—

3.6. 3agaua onTUMHU3AIUYU COCTABA OPTraHU3AIMOHHON CHCTEMBI

Nmes perrenue 3agaun CTUMYJIMPOBaHus (cM. pazaensl 3.4 u 3.5),
MOXKHO CTaBUTb M pellaTh 3aJadyy CHHTE3a ONTHMAaJbHOTO COCTaBa
opranmzanuonHol cuctembl (OC) M 3aa4y ONTUMH3ALUHU CYIIECT-
BYIOIIIET'O COCTaBa.

3agaua cuHTe3 ONTHMAJIBHOIO cocrama. [Ipenmonoxum, dYTO
MMEETCSI MHOXECTBO N, areHToB, |Ny| = ny, TUIIBI KOTOPHIX OIUCHIBA-
1oTcst pacnpenenenneM llapero pJa, 7y, ¥) — CM. coepkaTelbHbIE
WHTepIperanuu B pazznene 3.3. bynem cuutaTh, YTO MHAUBHUIYaJIbHBIC
TUITBI aT€HTOB JJOCTOBEPHO U3BECTHHI IIEHTPY.

3amaya 3aKiIro4aeTcs B HAXOXKIASHUM MHOXKECTBA areHToB N C N,
KOTOPBIX CleAyeT BKJIIOYaTh B COCTaB YYaCTHHUKOB OpraHU3aIl[MOHHON
cucreMsl. Perienne OyneM uckath B Buje n = |N|, rae
() n=nmwm) =4{i € No| ¥ 2¥pin},

TO €CTh, HalJleM MHUHUMAJIbHOE 3HAUYECHWE THIA areHTOB, KOTOPBIX
cienyer Bkitodath B cocraB OC. [IpeneOperas 31ech U najee QUCKper-

HOCTBIO, U3 CBOMCTB pacnpezenenus [lapero nomygaem, 4ro
a

7
(2) n(rmin) =Ny —

Moncrarnss (2) B Beipakenue (5) paszaena 3.4, ¢ yueToM BhIpaxe-
Hus (2) pazaena 3.1 momyvaem:
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a
(3) ED(rpin) =19 |~ | Foin
min
Yr1Bepskaenue 16. Ecnu BoimonHeHb! npeAmnonoxkenus A.7, A.9,
A.14 m TUNIBI areHTOB — MPETEeHIEHTOB Ha BKIo4YeHue B coctaB OC —
onuchIBaIOTCA pacnpenencaueM I[lapero pJ(a, 7y, ), Toe o> 1, TO
MaKCUMYM OKH/Ia€MOT'0 BBIMTPHIIA [IEHTPa JOCTUTAETCS MPU MaKCH-
MajbHOM cocTtaBe OC:
(4) n* =N, Vmin = Vo,
oa y-1
UpaBCH npro — —.
a-—1
CopepxaTenbHO yTBEpXKACHHUE 16 03HAYAET, YTO I[EHTPY BBHITOJICH
MaKCHUMaJIbHBIH COCTaB — €ro BBIUTPBIII PacTeT NPH BKIIOYEHUH B
coctaB OC Jr00BIX areHToB, JAXKE C OYEHb MAJIECHbKHUMH THIIAMHU. DTOT
¢akT 00yCIIOBJIEH TEM, YTO B CHIJIy BBEACHHBIX MPEITOIOKEHUH Tpe-
JeTIbHBIE 3aTpaThl areHTa B HyJie paBHBI HYNIIO (CM. TpennojoKeHue
A.9), a npenenbHas MPOU3BOAUTENBHOCT — EAWHUIE (CM. TPEAINOIo-
xenue A.9). Ananoruunsie 3QpQeKTsl UMETH MECTO paHee U B APYTHX
MoJIeNsiX (OPMUPOBAHHS COCTaBA — CM. BTOPYIO 4acTh HACTOSIIECH
paboter u [22]. [Ing Toro 4yToOBl YHTH OT «TPUBHUAIBHOTOY» PEIICHUS,
MpeJUIaraeMoro yreepxkieHueM 16, HeoOXoauMo 00 U3MEHUTh KPH-
Tepuii dddexkTHBHOCTH (HampuUMep, OTKAa3aBIIUCH OT MPEAIIONOXKEHUS
A.7 ¥ I0TyCTUB HENWHEHHOCTh JOXOJa IIEHTpa), TNO0 BBECTH HEHYIe-
BYIO PE3€pBHYIO MOJIE3HOCTh areHTOB, KaK BKIIOYAEMBIX, TaK M He
BKJITOUaeMbIX, B coctaB OC. [locnennuit cinydail onucaH B 3aBepIIEHUN
HACTOSIIIETO pa3ena.
3agaua onTumm3auuu cocraBa. Eciu B 3amade cuHTE3a ONTH-
MaJbHOTO COCTaBa Mpou3Boawiics mouck cocrtaBa OC «c HyIs», TO
3ajada ONTUMH3AIMK COCTaBa B OOLIEM cilydae 3aKiIroyaercs B HanOo-
nee 3QPEeKTHBHOM M3MEHEHUH CYLIECTBYIOIIETO COCTaBa — HAXOXKIE-
HUU HOBBIX areHTOB, KOTOPBIX ClIeayeT BKIOUUTh B cocTaB OC (3aaaua
o Haiime), n ydactHUKOB OC, KOTOPBIX CIIeIyeT HCKIIOYHTh U3 ee
cocTaBa (3a/1a4a O COKpalIeHUH WIH 3a7adya O TOBBIIEHUH () (HEKTHB-
HOCTH HCIIONB30BaHMs MpeMuanbHoro Qonnpa). PaccMorpum mocien-
HIOIO 3ajlady AJsl ciydas, KOrjla WHAWBUAYaJbHBIE XapaKTEePHUCTUKU
areHToB pacupenenenst 1o I[lapero.
[Tycts HabnromaeMoe pacnpesencHue pe3ysbTaToB JesTEbHOCTH
areHToB (BbIOpAaHHBIX MMM JeHCTBUil) ecTb p(a, Vo, V). DPpgexmus-
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nocmb K(Ny) oesmenvrhocmu konnekmuea azenmos Ny ONPENenuM Kak
OTHOILIEHHE OXXKHUJAeMOIo pe3ylibTaTa MX JEATENbHOCTH (OKHIaeMoi
CYMMBI IEHCTBHI) K 3aTpaTaM [IEHTpa Ha CTUMYJIHUPOBaHUE.

Cayuaii 1. [Tycte mpeMHanbHBIN (OHA AETUTCS TMOPOBHY MEXKIY
arentamu. Torna K(ng) = ny Ey / R. [lony4yaem, 4to

(5) K(no) = ny yo

¢ /R
-1

[Tycts Teneps ucnonb3yercst npuHoun (1), To ecthb, B coctaB OC
BKITIOYAIOTCSl TOJBKO AareHThl, JACHCTBUS KOTOPBIX HE MEHBIIC V.
Tornaa ¢ yuerom (2) umeem:

a
(6) K(ymin) = N9 Vmin —1 /R

U3 (6) cnenyer, uTo 3(D(PEKTHBHOCTH MPOMOPIIMOHANIBHA (TOYKE
OTCEUCHUS» Vyin. DTOT BBIBOJ BIIOJIHE OYEBHJICH — ueM Oosiee 3ddek-
TUBHBIE paboTHUKHU ocTatoTcs B coctaBe OC, TeM MpH «ypaBHUTEIb-
HOW» cucteme oruiathl Bbime 3¢ dexTuBHOCTh. Ho, okuaaeMblii nHTE-
TpaNbHBIA Pe3yNabTaT ACATEILHOCTH BCEX areHTOB Y, BKIIOYEHHBIX B
coctaB OC, pu o > [ yOBIBa€T ¢ POCTOM «TOYKH OTCEUCHHUSD», TPHUEM

B 00IIIEM CITy4ae HEJIUHEHHO:
a
() Y0m) = o | 22|y~
min

Jnst JocTHKeHUsT palliOHAIBHOTO Oananca Mexay pocToM 3¢ ¢ ex-
THBHOCTH U YMEHBIIIEHHEM CyMMapHOI'O pe3ynbTaTta (IIpH YBETUYEHUU
Vmin) HEOOXOAMMO MIPHBIICUEHHUE AONOIHUTENBHBIX KpuTepreB. OHaxo,
CllelyeT OTMETHUTb, YTO MPEINOI0KEHHE O TOM, YTO BCE areHThI TOJTY-
YaroT OJMHAKOBYIO OIUIATy M JIEMOHCTPHPYIOT CYIIECTBEHHO pPa3iind-
HBIC PE3YJIbTAThl NPCACTABIIACTCA HC OUCHb PCAJIMCTUYHBIM (I/ICHOHI)30-
BaTh «IKOHOMHIO» TIPEMHAIBHOrO (OHIA, TONYYEHHYIO 3a CueT
cokparnieHuss Hed()(DEKTUBHBIX areHTOB, HE MPEACTABISCTCS BO3MOXK-
HbIM). [ToaTOMy paccMOTpUM ciiy4ail JIMHEHHOW MpeMUaNbHON CHCTe-
MBI OILIATHI TPY/A.

Ciryudaii 2. [TycTs, Kak onucaHo B paszzene 3.3, UCHOIb3yeTcs Mpo-
MOPIMOHANIbHAS CUCTeMa OIIaThl: or(y) = Ay + Ay, Te A > 0, u BbI-
MOJTHEHO Tpearnonaoxenne A.13. Beie OblI0 TTOKa3aHO, YTO MIPH ATOM
arent BeiOeper neiicteue y'(r, A) =r ¢ (1). Tak kak neficTBus pac-
npeaenensl no Ilapero, To W Tumbl pacnpenenexHsl no [lapero (cm.
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paszzaen 3.3), U «TOYKH OTCEYCHHUS» CBSI3aHBI MEXTy COOOW CIEAYIONNM
. _ T-1
00PA30M: Yyin = Fmin @ ~ (A).
Oxunaemasi cymma JIeMCTBHI areHTOB paBHA
a -1
1 ® (2)-

(8) Yo =mngry

CyMMapHI)Ie OXXHUIOAa€MbIC 3aTpaThbl ar€HTOB JOJIPKHBI OBITH KOM-
NMEHCUPOBAHbI, TO €CTb CYMMAPHLIC OXHUAACMBIC 3aTpaThbl LIEHTPAa Ha
CTUMYJIMPOBAHNUEC PABHLI

2 oo W)
o—1

[MpupaBauBas S(ny, A) = R u noacrasnas pe3yastar B (8) u (9),
HOJTY9UM:

(9) S(l’l(), }u) =Ny [C() +ry

a 4, (R—nyc,)(a—1)

o - )]
o-1 o nyr,
Henst (10) Ha R, monmy4aeM oneHKy 3¢ dexkTuBHOCTH

4 (R=—nyc))(a—-1)

o7 - )]

o— o nyr,
[Tpu ucnonb3oBanny npuHimna (1) oxugaemas cymma JeHCTBUI

areHToB paBHa

(10) Yy =mng[co+ 1y

anmwm=%kwm

a

(12) Y(rman) = 1o (:—0] oo % 0.
min

CyMMapHLIe 0K gacMbIC 3anaTI)I AIrCHTOB JOJI’)KHBI 6I)ITI) KOM-

HeHCI/IpOBaHLI, TO €CTh CyMMapHLIe 0K gacMbIC 3anaTI)I HeHTpa Ha

CTUMYJIMPOBAHHNEC paBHBI:

¥ o _
(13) S min, A) =1y (—0] [co + Fumin a_1 (e '()].
[MpupaBauBast S(7ym A) =R u moacrasiss pesyiapraT B (12) u
(13), momyumm:
To

[R —noco(] (o —1)
r

min

(14) Y(rmin) =Ny (F_O] Vmin “ (P-I( )
o
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Henst (14) Ha R, monmyvaeM oneHKy 3¢ dexkTuBHOCTH:

. [R=nuc,| 2 | W(a-1)
7.
(15) K(rmin) = Do | fo Vimin ¢ (P_l( - o )-
R \r.. a-1 r
a nO — rmin
rmin
O0o3HauYnM
(16) r.. =arg max Y(rum).

Tinin 270

CpasuuBas (14) u (15), momyyaem, 4TO CIPaBEUIMBO CIICAYIOIICE
yTBEpKJIEHHE.

Yrepxkaenue 17. [Iycts BeimosnHeHO mnpeanonoxenne A.13 u
npeMHuanbHblil GoHa pukcupoBaH. Torna Npu UCMOIb30BAaHUH HEHTPOM
YHU(UIMPOBAHHON JIMHEHHOW MpeMHalbHOH CHCTEMBI CTUMYJIHPOBA-
HUSl 3HaYCHUE «TOYKM OTCEUYEHHUs», MaKkcuMusupymomee 3¢dQexTus-

HOCTh CTUMYJUpPOBaHUS K(7,), COBHAZAET CO 3HAYCHUEM «TOYKH

OTCEUCHHS» ”.:m ,
3yIbTaT JAEATENbHOCTH areHTOB.

OTMmeTuM, dTO, €CIM BBINOJIHEHO TIpenmonoxkenne A.9, rae
I <y<a, u ¢y =0, T0o nony4aeM pe3yiabTaT, aHATOTUIHBIN yTBEpHkKIe-

HUIO 16, TO ecTh ONTHUMalbHBIM OyJeT MaKCHMalbHBI cocTaB
*
(r

min

MAaKCUMU3HUPYIOLIUM CYMMAapHBI OXUJAEMBbINA pe-

= 79). YCIOBHO MOXHO CYMTATh, YTO B PACCMATPUBAEMON MOJICIIH

KOHCTaHTa ¢y MTPAET POJIb PE3EPBHOM MOJIE3HOCTH.
Hpumep 3. Iyers o(f) =t°, =3, ry=1, ¢y = 1. Torna

.
Beraucianm MakcumyM Y(#in) 10O Vi 2 12 7, = 3

%
2R

Haiinem s paccMaTpuBaeMoro nmpuMepa oNTUMAaNbHBIN (C TOUKH
3peHusl 3HAYCHUs 1eNeBOi (YHKIUHU IICHTpa) pa3Mep MpeMHalbHOTO
¢onna. B pamkax mpenmonoxeHuss A.7 meneBas (QyHKIHS LEHTpa

o 3k
npeJcTaBiser coboi pasHOCTh Mexay Y(r . ) M NMpeMuaabHbIM (OH-

in

JIOM, TO €CTh:
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n, U6 - pS/6 .
5 .

HaiiieM MAaKCHMyM 5TOro BhIpaxeHHs 110 R >0: R = 5ny/ 128,
TO €CTh ONTHUMAJILHBIA pa3Mep NPEeMHAIBLHOTO (OH/Ia MPOMOPIHOHATIEH
YHCITy areHTOB, BXOIAIIMX B IIepBOHauUaIbHbIN coctaB OC. e

Hpumep 4. Iyets () =t°, a=23, ¢, =004, n,=100, R =4.
I'padux 3aBucuMoctu 3¢ dekTuBHOCTH (15) OT BENMUYUHBI 7y, TIPHUBE-
neH Ha Puc. 9.

D(R) =3

AAK{r_min)
3..
2..
‘I..
r_rin
of 1 2 3 4 5 6 7 8 9 10

Puc. 9. 3asucumocmo s¢ppexmusnocmu (15) om 8enutuHbL 'y

Buano, uTo 3¢ $eKTHBHOCTH PE3KO PACTET MPH YBOJIBHEHUH Mallo-
*
3} deKTUBHBIX areHToB, JOCTHras MakCMMyma npu r. =1,36r) a

3aTeM HAYMHAET yObIBATh. ®

Poan pesepBHOWl mone3HOCTH. OOIIMI KAa4YeCTBEHHBIN BBIBOJI,
CIIEAYIOIINI W3 pe3yabTaTOB pPACCMOTpEHHs 3aaad (HOPMHPOBAHUS
COCTaBa, 3aKJIIOYaeTcsl B TOM, YTO MPH CTEMEHHBIX (QYHKLIHUSAX 3aTpaT
arcHTOB W JIMHEHHON (PyHKIIMU TOX0Ja IEHTPa, €CIIH IEHTP HCIIOJIb3Y-
€T JMHEHHYI CHCTEMY CTHMYJIMPOBAHHS, TO MaKCUMAJIBHBIA COCTaB
ONTHMAJIeH MPH YCIOBWH, YTO 3aTPaThl areHTOB OT BHIOOpa HYJIEBBIX
JEeUCTBUH (MTOCTOSHHBIE HM3/IEPXKKH) paBHBbI HYNIO M paBHA HYJIO pe-
3epBHas MOJIE3HOCTh. Ecim X0Ts ObI OIMH U3 3TUX JBYX MAapaMEeTPOB HE
paBeH HYJI0, TO MOJydaeTcs HETPUBHAIBHOE pelieHue. Bpine Obul
NPOUJUIIOCTPUPOBAH CIIy4ail ydeTa IIOCTOSIHHBIX M3JEpikKeK cy. Hccne-
JyEM pOJIb PE3EPBHOM MOJIE3HOCTH.
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[penmnonoxum, 4To HEHTP JOJHKEH 00CSCIICUHUTD JUIsl BCEX areHTOB,
BKJIFOYAEMBIX B COCTAB OPTaHU3AIMOHHOW CHUCTEMBI (TO €CTh, areHTOB,
THIT KOTOPBIX MPEBBIMIACT #,,), PE3CPBHYIO MOJIE3HOCTh u. Torjaa Bbi-
paxxenue (3) mpuUMeT BHI;

o
(A7) ED(rmin) =10 | 2| o — L= .
min y a— l

Hatinem makcumym Boipaxenus (17) 1o 7,,, >ry. OH gocTuraercs

npu

«
(18) r, (w)y=u y}:l .

Buano, uyTo YeM BhbIlIE pe3epBHAs MOJE3HOCTD, TEM KecTde Tpeho-
BaHUS K KBaIM(UKAIMK areHToB, BKIouaeMbix B coctaB OC. Unre-
pPECHO, YTO 3HAYEHHE «TOYKH oTcedeHus» (18) He 3aBUCHT OT a —
HoKaszaTels crerneHu pacnpenenenus [apero.

Bo3mokHa u Apyras mOCTaHOBKA 3aJaddl — IPEANOJOXKHM, YTO
LEHTP JOMOIHUTEIBHO 00513aH 00€CHeunTh PEe3epBHYIO MOJIE3HOCTD Uy
TEM areHTam, KOTOpbIe He BOIIUIA B COCTaB OPTraHU3alMOHHON CHCTEMBI
(HampuMep, OTIIPaBIICHBI B JOJTOBPEMEHHBIN OTIYCK). Torma Beipaxe-
nue (17) npumer BUA:

a a
(19) EQ(ri) =1y | 2 | [y — 2—41 ] =gy (1— | 22|,
min min
Ecmu uy = 0, To (19) nepexomut B (17). Ecmm u = 0, a up > 0, 10
ONITUMAJIEH MAaKCHUMAaJbHBIM cOCTaB. PaccMOTpHM IIPOMEXYTOYHBIN
ciyvaii: u > 0, uyp > 0. Haiinem maxcumym BbipaxkeHus (19) 10 7, = 7.

OH nocturaercs npu

(20) 7,y (110 1) = (u = u1p)

4
y-1
U3 (18) u (20) cnenyer, 4To, ONTUMH3ALIUS COCTABA HMEET CMBICII,
eciu
-1

CHu—uy> Y

ro.

prI‘I/IMI/I CJIOBaMH, Pa3sHOCTL MEKAY PC3CPBHBIMU IMOJIC3HOCTAMU
arcHTOB, BKIIOYA€MbIX B COCTaB OC, Hn aréHToB, HE€ BKJIIIOYA€MBIX B
coctaB OC, mo/mkHa OBITH IOCTATOYHO BBICOKA — CM. BbIpaxxeHue (21).

69



Kpome Toro, mpu g0cTaToyHO OONBIIMX 3HAYEHUSIX PE3EPBHBIX
MOJIE3HOCTEH 1erneBast PyHKIMS [IEHTPa MOXKET CTaTh OTPULATEIBHON —
OH CTaHeT HEe B CHJIaX YJOBJIETBOPUTH MOTPEOHOCTH areHToB (OTpa-
KaeMble X PEe3EpPBHOI MOJIE3HOCTHIO). ITO OyJeT o3HadaTh, YTO JaH-
HBI KOJUIEKTHB areHToB (MpH JI00OH cHcTeMe CTHUMYIUPOBAHHUA W
o000 ONTUMHU3AINK €T0 COCTaBa), B MPUHLHUIE, HE MOXKET dPPEKTUB-
HO (YHKIMOHHPOBATH MPH HMMEIOIIEHCS pe3ydbTaTUBHOCTH €ro Jes-
TEIBHOCTH (OTpaXkaeMoi (pyHKIMeH 1oxo/a IISHTpa).

[Moacrasnsst (20) B (19), monydnm, 4To MaTeMaTHUECKOE OXKUAA-
HUE 1IeJeBOH (YHKIMU LIEHTpa TMPH ONTHUMAaJbHOM COCTaBEe U OMNTH-
MaJbHOW CHCTEME CTUMYJIMPOBAHUSI arceHTOB OyIeT HEeOTpPHILATENbHO,
€cIH BBIONHEHO (21) u:

a

~1
2) | L > (o= 1) g (1t — )™’
¥

Hpyrumu ciioBamu, yciioBue (22) siBIsSieTcss KPUTEPUEM <(OKH3HE-
CIOCOOHOCTH» OPTaHHM3AIMOHHON CHUCTEMBI, yJIOBJICTBOPSIONICH TPEI-
nojoxxeHusM A.7, A9 u A.14.

OObeAMHUM MONYYECHHBIC PE3YIbTaThl, CHOPMYIUPOBAB UX B BHJIC
CJIEAYIOUIETO YTBEPKACHNUS.

Yteepsxaenue 18. Ecinu BoimonHeHbl npeanonaoxkenus A.7, A9 u
A.14, TO ONTUMAJIBHBIM OYIET COCTaB, BKJIFOYAIOIIUIN TOJIILKO areHTOB,

THII KOTOPBIX HE MEHBbIIIE, YeM 7 . (uy, u).

PaccmotpenHas Mojienb MOXKeT ObITh 0000IIeHa Ha ciry4ail, Koraa
Ka)K/1asi U3 pe3epBHBIX TOJIE3HOCTEN 3aBUCUT OT Tuma arenta. Comep-
KaTelbHbIe HHTEPNPETALUN STOTO MPO3pPavuHbl — HAITPUMED, YEM BbIIIE
KBaM()UKAIMS areHTa, TEM BBIIIC €r0 Pe3epPBHAs IOJIC3HOCTH (CM.
Takxke oOCyxaeHue mpeamosiokeHust A.8 Bbime). TexHuka aHanmza
OCTaHETCS MPEeXHEH — MPH HM3BECTHOH (QYHKUUH U(7;) HEOOXOIUMO
Oyzer HaliTH MakCUMyM BbIpaskeHHst (19) O 7, 2 7.

[MoguepkHem, 4TO B OONBIIMHCTBE MOJENEH, PACCMOTPEHHBIX B
HACTOAIIEM pasJielie, CUUTAIOCh, YTO NPEMUANbHBIA (OHJI (HUKCHPO-
BaH. Ecnu ipn ¢pukcupoBaHHOM MpeMHUalbHOM (OHIE HaleHO aHaJH-
TUYECKOE pelIeHHe 3aJadd CTUMYJIHUPOBAHHS U 3aJlaud ONTHMHU3AINH
COCTaBa, TO 3ajJaya ITOMCKAa ONTHMAIBHOTO pa3Mepa MpPEMHaIbHOTO
(doHIIa ABISCTCSA CTAHIAPTHOW 3ajayell onTHMH3AUU (MaKCUMHU3AIUK
BBIUTPBIIIA HEHTPa WK APPEKTUBHOCTH CTUMYJIUPOBaHUSA 10 R > (),
pelieHre KOTOpOoH OOBIYHO HE BHI3BIBACT 3aTPY/IHCHH.
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B 3akmoueHue HacTOSIIEro pasjena OTMETHUM, YTO, GOpPMYIUpPYS
W pemiast 3ajady ONTHUMH3AIMH COCTaBa OPraHM3AallMOHHOM CHCTEMBI
3aJady O COKpAalleHWH), Mbl OPHEHTHPOBAJIMCh Ha IKOHOMHYECKHE
MOKa3aTelld ¥ HEIBHO TO/Ipa3yMeBalli, YTO TUIBI areHToB (3 PEeKTHUB-
HOCTb WX JIEATEIbHOCTH) HE 3aBUCAT OT pa3Mepa U cOCTaBa KOJUIEKTH-
Ba, B KOTOPOM OHM TpyAATCcA. B pszje ciydaeB 3To JAOMyIIEHHE ONpaB-
nanHo. OJlHaKo, MHOT/Ia 3TO HE TaK — U3 HCCIIEOBAHUN TICXOJIOTOB U
COIIMOJIOTOB HM3BECTHO, 4YTO pPE3YyJIbTaTUBHOCTh M MPOAYKTHBHOCTH
NeATeIbHOCTH WHAMBUIYyMa MOXET 3aBHUCETh OT HaONOAaeMbIX WM
u/mnn  QaKTHYeCKH JOCTHTHYTBIX Ppe3yJbTaTOB ACATEIBHOCTH €ro
koyier. To ecTh, CyIIECTBEHHBIM CTaHOBUTCSI M COCTaB, M pa3Mmep
KOJIJIEKTUBA — JIOCTUKEHHE MM HEKOTOPOM «KPHUTHUYECKOW Macchl,
0COOCHHO B TBOPYECKHUX M BHICOKOKBAJIM(PUIIMPOBAHHBIX BUAAX Jesi-
tenpHOCTH. Hauboree sipkuM NpUMEPOM MOTYT CIYXHTh HaydHbIC
KOJIJIEKTUBBI — Kak otMeTus1 H. Bunep: «Brnonue BepostHO, uTo 95 %
OpPHUTHHAJILHBIX HaYYHBIX paboT MPUHAUICKUT MEHbIIE, yeM 5 % mpo-
(heccHOHANBHBIX YYEHBIX, HO OOJbIas YacTb U3 HUX BOOOIIEe HE ObLia
Obl HamucaHa, eciii Obl ocTaybHBIe 95 % y4YeHBIX HE COJeHCTBOBAIH
CO3JJaHHIO OOILEro, AOCTATOYHO BBICOKOTO YpOBHS Hayku» [5, C. 344].

Kpome Toro, HeoOX0oauMo MPUHUMATh BO BHHUMAaHHUE, YTO BBILIE
paccMaTpUBaINCh CTATHYECKHE MOJIENH, B KOTOPBIX HE HalllIa OTpa)e-
HUS JUHAMHKa TUIIOB areHTOB — HallpUMep, UX POCT B Mpoliecce Hay-
YeHUsl. 3aBUCHMOCTh MPOMYKTUBHOCTH (9()(EKTHBHOCTH, TPOU3BOIH-
TENTPHOCTH M T.N.) OT cTa)ka paboThl areHTa AOKHA YUUTBIBATHCS
JAJTbHOBUIHOW OpraHu3aluel, Tak Kak, JCHCTBYS JIOKAJIbHO OITH-
MaJbHO, MOXXHO VYBOJUTH cerogHs Hed((EeKTHBHBIX (Hampumep,
HUMEIOLINX MaJo OIbITA) COTPYJHHUKOB, & B HEAAJICKOM OyAyIIeM MOiy-
YUTh «BO3PACTHOM MPOBAD CPEIU COTPYAHUKOB CpPETHErO BO3pacTa.

[MocTpoenue popManbHBIX MOENeH, ONMUCHIBAIONINX OTMEUCHHBIC
3G QeKThl, SBISETCS TEPCIEKTUBHBIM HAIlPaBICHUEM JalbHEHIINX
WCCIIeIOBaHUH M BBIXOJMT 33 paMKH HACTOSIIEH PabOTHI.
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3akjaouenne

Takum o6pa3om, B HacTosllel paboTe pacCMOTPEH KOMIUIEKC TeO-
PETUKO-UTPOBBIX u OIITUMU3ALIMOHHBIX MO[LCHeﬁ TapI/I(bHO-
MpeMHUalbHBIX CHCTEM CTHUMYIUpoBaHUs (omiaTel Tpyna). Ha ocHoBa-
HUU 0030pa M3BECTHBIX MOJENed MaTepUalbHOIO CTHUMYIUPOBAHHA,
MPUBEICHHOTO B MEPBOM YacTH pabOThI, BO BTOPOW 4YacTu chopmyiin-
poBaHa B 00IeM BHJE 3ajada CHHTe3a TapH(pHO-pEeMHUALHON CHCTe-
MBI omiaTel Tpyna (pasmen 2.1). Ee pelnenue, momydeHHOE B pasjene
2.2, OCHOBBIBaeTCS Ha MPHUHLMIE KOMIIEHCAIIMW 3aTpaT W oOmajgaer
CIIEIYIOIIMMH CBOMCTBaMHU. Bo-IiepBhIX, onTHMaNbHBIN pazmep Tapud-
HOH COCTaBJISIOLIEH OILIATHl TPYAA JOJDKEH PABHATHCS CyMME MHHMU-
MaJIbHBIX 3aTPaT M PE3CPBHOM MOJE3HOCTH arcHTa 3aJJaHHON KBaIu(u-
Kauuu.  Bo-BTOpBIX,  NpeMuanbHash  COCTABISIOMIAs  JIOJDKHA
KOMITEHCHPOBATh 3aTPaThl areHTa Mo JOCTHXKEHUIO TPeOyeMOoro IeHTpy
pe3yibTarta. I/L HAKOHCII, B TPCTbUX, OINTHMAJIBHBIC IJIaHbI, HA3Ha4Yac-
MBI€ arcHTaM CO CTOPOHBI LCHTpA, AOJIKHBI MAaKCUMU3UPOBATHL pas-
HOCTb MEXKY €I0 JOXO0OAO0M U 3aTpaTaMi Ha CTUMYJIMPOBAHUC arCHTOB.
OKa3I;IBaeTC§I, UMEd pE3YJIbTaThl PCHICHUA 3a/la4i CUHTC3a ONTHMAJIb-
HOW TapU(HO-TPEeMHATFHON CHCTEMBI OIUIATHI TPyJa 3aJlaHHOTO KOJI-
JICKTUBA aréHToB, MOXHO CTaBHUTb W pPCUIAThH 3aJadun BI)I60pa OIITU-
MaJbHOTO cocTaBa areHToB (cM. paszzaen 2.2). [lepeuuncieHHbie o0mue
MOJXO/BI TIO3BOJIMJIM Pa3paboTaTh MOJEIH KOMITEHCATOPHBIX, JIMHEH-
HBIX, aKKOPJHBIX W OpUTaJHbIX TapHU(PHO-MPEMHATBHBIX CHCTEM CTH-
MYJIMPOBaHUS (CM. COOTBETCTBEHHO pazziensbl 2.3-2.6).

Tperbst yacTh HacToslIed PaOOTHI MOCBSIIEHA YUETy HHIMBHILY-
AJIbHBIX pa3anH171 arcHTOB. HHH OonurcaHngd MHANBUAYAJIbHBIX pa3n1/1t11/1171
MPEUIOKEHO UCHOIb30BaTh pachpenenenue [lapero (pasmen 3.1).
YcraHoBneHa CBs3b (popMabHON MOJIENN MHIMBHIYANbHBIX Pa3Indnii
c 3a1aueii ctumynupoBaHus (paszzen 3.3), chopMyIUpOBaHbl U PELICHBI
3a1aun  Tapu(QHO-PEMHATBHOTO CTHMYJIHPOBAHHS Pa3HOPOIAHOTO
KOJUIGKTHBA areHTOB B YCIOBHX TOJHOW MH(POpMHUpPOBaHHOCTH (pa3-
nen 3.4), a TakKe B YCIOBHAX BHeWHeEH (pasgen 3.2) U BHYTpEHHeEH
(pasnen 3.5) BepOATHOCTHOM HeomnpenenenHoctu. Pasnen 3.6 conepx ut
pelleHrne 3aJadll ONTHMHU3AIlMH COCTaBa OPraHU3alMOHHBIX CHCTEM,
BKITIOYAIOLINX Pa3HOPOIHBIX areHTOB.
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