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Hccnenyercs Mopens SBONIONUM TIONMYJSIOUM CaMOOOYYalOIINXCA areHTOB M aHAIU3HPYETCs
B3aNMOJICHCTBHE MeXIy oOydeHHeM M sBomonueidl. CucreMa ynpaBlIeHHS areHTa OCHOBaHA Ha
HEWPOCETEeBBIX ANANTHUBHBIX KPUTHKAX, OOyJaeMBIX METOJOM OOYdYeHHUS C IIOJKPEIUICHHEM.
Mogene wuccneayercs Ha IpUMEpe HPOCTOrO areHra-Opokepa, KOTOPBIH IpelcKa3bIBacT
W3MEHEHUs: OMPXKEBOro Kypca M HCIONb3yeT OSTH IpeACKa3aHus Julsl BbIOOpa JAeiicTBHM.
IIpoBeneHO cpaBHEHHWE TpeX BapHaHTOB MOJEIH, B KOTOPBHIX BKIIOYEHBI 1) ymbo oOydeHue U
SBOJIIOIMA OJHOBPEMEHHO, 2) 1M0O0 OTHENBHO 3BOJIONMA, 3) 100 OTAENBHO O0OydeHwHe.
IMoka3zano, 4To B JaHHOH Mojenn MoxeT Habmogatees dpdext Bonayuna, T.e. mepBoHavYaIbHO
nproOpeTaeMble HAaBBIKH ar€HTOB B MIPOIECCE SBOIONMH CTAaHOBSTCS HaciaexyeMbiMu. [IpoBeneHo
CpaBHEHHE MTOBEICHUS MOJIETBHBIX areHTOB C MOUCKOBBIM MOBEJCHUEM NPOCTEHIINX KHBOTHBIX.
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A model of evolving populations of self-learning agents is studied and the interaction between
learning and evolution is analyzed. Each agent is equipped with a neural network adaptive critic
design for behavioral adaptation. The model is investigated for the case of a simple agent-broker
that predicts stock price changes and uses its predictions for selecting actions. Three cases are
analyzed in which either evolution or learning, or both, are active in this model. It is shown that
the Baldwin effect can be observed in this model, viz., originally acquired adaptive policy of
agents becomes inherited over the course of the evolution. Also the behavioral tactics of our
agents is compared to the searching behavior of simple animals.

1. BBEAEHUE

OmHO W3 aKTyalbHBIX HAIPaBICHWH, KOTOPOE AaKTUBHO DPa3BHBAETCS B IIOCIEIHUE TONBI B
BBIYUCIIUTEIFHOM MHTEJUIEKTE — UCCIICIOBAHNUE U IPUMEHEHNE aBTOHOMHBIX aJallTHBHBIX areHToB [1].
Takme areHTel, NOJOOHO JKWBBIM OpraHW3MaM, MOTYT 00JaJaTh COOCTBEHHBIMH MEJISIMH,
COOCTBEHHBIMH 3HAHUAMH, (OPMHPOBATH COOCTBEHHYIO IMOJUTHKY ITOBEICHUS, BBIIOIHATH T€ WU
HUHBbIC IleﬁCTBHH, a TaKXXe B3aHMO}1€I7[CTBOBaTI: C IpYyIruMu arcHTaMu.

B HaCTOﬂH_leI‘/II pa60Te HCCIIEAYETCAA MOJCJIb 3BOJIIOIUHN TOMYJIAIMU aBTOHOMHBIX aJdallTUBHBIX
areHToB. PaccMarpuBaemble areHThl 00y4YaroTCsi METOJIOM OOYUEeHHUs C MOJKpEeIuIeHHeM [2], B KOTOpOM
o0ydYeHHe TPOUCXOINUT 0e3 yJUTeNs, TyTeM HEMOCPEICTBCHHOTO B3aUMOJICHCTBHS areHTa ¢ BHEITHEH
cpenoi. B 3aBUCUMOCTH OT BBIMOJTHIEMEBIX JICHCTBUI arcHT MOJTyYaeT MOAKPEIUICHHS 7: TIOOIpeHus (7
> (0) wm HakazaHus (r < 0). [Ipu 5TOM areHT CTpEeMHUTCS MaKCHMHU3UPOBATh CyMMapHYyIo Harpaxy U
(cymMmy 3HaUeHUI! 7'), KOTOPYIO OH MOKET IOITyYUTh B OYAyIIEM.

Cucrema ympaBleHHS areHTa COCTOMT U3 [JIByX HEHPOCETeBBIX OJOKOB, KOTOpEIC
npenHa3HaueHs! 1) A mporHosa OyIymux cuTyanuii S BO BHEMTHEH cpele U 2) IS OIICHKH KadecTBa
V(S) Tex winm uHBIX cuTyaruil. OOy4eHue MPOUCXOIUT B pe3ybTaTe MOAM(HUKALINN BECOB CHHAIICOB
HEHpPOHHBIX ceTe areHTa. YacTb HEWUCTBHI areHT BHIOMpAeT CIy4ailHO, TEM CaMbIM OH HMEET
BO3MOXHOCTD IPOTCCTUPOBATH HOBBIC CUTYallUU.

ITomumo 06yqu1/1;1 IpoOUCXoauT 3BOJIFOIITMOHHAas aganranus ArcHTOB. A HUMCHHO,
npeanojiara€rcsa, 4ro UMECTCd MOoMmyJisilusaA ar€HTOB, HadaJlbHBIC BE€Ca CHUHAIICOB HeﬂpOHHbIX ceTeﬁ,
MOJTyYaeMbIe areHTAMH MIPH POXKICHUH, TICPEAAIOTCS OT POJUTENCH K IIOTOMKAM, UCIIBITHIBAS TIPH 3TOM

" PaGoTa BBIMONHEHA [IPH YaCTHYHOM moIepiKKe mporpammsl Ipesuanyma PAH "uTenexTyanbHbie
komnbloTepHbie cucteMbl" 1 POOU (mpoekt Ne 04-01-00179).
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Manble MyTarud. [Ipudem, wem Ooibllle cymMMapHasi Harpanga areara U, MoiydeHHas UM B TEUCHHE
JKU3HU TTOKOJICHUSI, TeM OOJIBIIIE IIIAHCOB UMEET areHT JaTh MOTOMKOB B CIIEAYIOIIEeE TTOKOJICHHE.

Takum oOpa3zom, HeHpoceTeBas CHCTEMa YNpPaBJICHUS areHTOB aJalTHPYeTCs KaK 3a CYeT
00ydeHHs, MPOUCXOIIIIECTO B TEUCHHE XKU3HM KaKIOTO IMOKOJEHHUS, TaK W B IPOIECCE IBOJIOIHH,
IIPOUCXOJAIIEH B TeUEHHE psAa MokosieHud. Ilpu 3ToM KpuTepuid, 10 KOTOpPOMY IPOBOIUTCS Ta U
JIpyrasi ajanTalusi, OJ1H U TOT ke — CyMMapHasi Harpajia arenra U.

HccnenoBanue paccMaTpuBaeMOi MOAENM IPOBOJUTCS Ha MpPUMEpPE areHTOB-OpOKEpOB,
KOTOpBIE ITPOJIAIOT U MOKYIAIOT aKLUU, CTPEMACh MAKCUMU3UPOBATh CBOM CYMMAapHbIN KalluTal.

2. OIIMCAHUE MOJEJIN

2.1. O0y4eHnne ¢ NoAKpeIIeHHeM

CxeMa 0Oy4yeHHUsI HCCIIElyeMbIX areHTOB OCHOBaHa Ha TEOPHM OOy4YeHMs C MOIKpEIICHUEM
(Reinforcement Learning), koTtopas Obuta pasButa B paborax P. Carroma u 3. bapro
(Maccauycerckuit yausepcutet). O0mas cxema o0yueHusl ¢ OJIKpericHueM [2] moka3ana Ha puc. 1.
PaccmarpuBaercss areHT, B3aMMOACHCTBYIOUIMM C BHEIIHEH cpenod. Bpems mnpennonaraercs
JUCKpeTHBIM: ¢ = 1,2,... B Tekymed curyanum areHT S(f) BBINONHSCT JeWCTBHE a(f), Toirydaer
HOJKperUIeHue #(f) ¥ MoMNaiaeT B cleIyIonyro curyanuio S(+1).

Ilens areHTa — MaKCHMH3HMPOBAaTh CyMMapHyI0 Harpamy U, KOTOPYIO MOXHO ITOJIYYHTHh B

OyaymieM B TEUCHHE JUITMTEIBHOTO INepuoaa BpeMeHH. OneHka BennunHbl U BBITONIHIETCS C yYeTOM
ko3 dunmeHTa 3a0bIBaHAS:

U= yr+)). =12 (1)

rae U(f) — olleHKa CyMMapHOW Harpabl, O’KHIaeMOW IMOcIie MOMEHTa BPeMEHH f; y — Koddduiment
3a0bBanms (0 <y < 1), c MOMOIIBIO KOTOPOTO YYUTBIBACTCS, YTO YeM AANBIIE areHT «3arisiJbIBacT» B
Oynylee, TeM MEHbIIE Y HEr0 YBEpEeHHOCTh B OLICHKE Harpajbl.

2.2. Cxema areHra-0pokepa

Crnenys [3], paccmaTpuBaeM areHTa-Opokepa, KOTOPBI UMEET pecypchl JBYX THIIOB: JICHBIU H
aKIMK; CyMMa 3THX PECYPCOB COCTaBisieT kamutan arenta C(f); MoJis aKkiuidi B KamuTajie paBHa u(?).
BremHss cpena onpenensercss BpeMeHHbIM pagoM X(¢), t=0,1,2,..., X(¥) — xypc akuuii Ha Oupxe B
MOMEHT BPEMEHH f. ATEHT CTPEMUTCS YBeNWuuTh cBoi Kamutan C(f), u3MeHss 3HadeHue u(t).
JluHaMuKa KanmTaia onpeelsieTcs BepaxeHueM [3]:

C(t+1) = C(f) {1 +u(t+1) AX(E+1) / X0} [1 - J u(t+1) - u(@)], ©)

roe AX(++1) = X(t++1) - X(¢¥), J — mapameTp, YIUTHIBAOIINA PAacXOIbl areHTa Ha IOKYTKY/TIPOJaXy
akuuid. Criepyst [4], ucnosibp3yeM jorapudMHUYECKyr0 IIKaly [uisi pecypca areHra, R(f) = In C(2).
Texymiee nogkperienue arenra »(f) = R(+1) - R(¢) paBHo:

r() = In{l + u(t+1) AX(t+1) / X()} + In[1 - J [u(+1) - u(?)[]. 3)

[Tonaraem, 4To MepeMeHHas ¥ MOXET NMPUHUMATh TOJNBKO ABa 3Ha4deHus u = 0 (BeChb Kamural B
JgeHbrax) win u = 1 (Bech kamutan B akiusx). COOTBETCTBEHHO, BBIOOP JICUCTBHS MPOU3BOIUTCS
CIIEIYIONMM 00pa30M: B CIIEAYIOIIHI TAKT BPEMEHH BECh KaIllMTall MEePEeBOIUTCS B akuuu: u(t+1) =1,
6o B neHeru: u(t+1) = 0.

2.3. Anroputm o0y4eHHs

Cucrema yrnpaBlieHHs areHTa MPEICTABISIET COO0W aJlalTUBHBIA KPUTHK (3JalTHBHbIC KPUTHKH
— KOHCTPYKIHHU, 00y4aeMble METOIOM O0YYEHHUsI C TTOAKPEIUIEHHEM, ogpoOHel cM. [5,6]), cocTosiuii
n3 nByx HedpoHHbIX cereil (HC): Mopmens m Kputuk (puc. 2). Ilenp amanTHBHOTO KpPUTHKA —
MaKCUMH3HpOBaTh Benuununy U(f), onpenensemMyto BepaxkeHueM (1).
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Hemast pasymHoe mnpexamonoxkeHne AX(f) << X(¢f), momaraem, uro curyamus S(?),
XapaKTepU3yIoIasi COCTOSHHE areHTa, 3aBHCHUT TONBKO OT OByX BenmuumH, AX(Y) u u(?):
S(1) = {AX(1), u(®)}.

Mopenp npenHa3HaueHa AJsl IPOTHO3UPOBAaHKs U3MEHEHHUsI Kypca BpeMeHHOro psiaa. Ha Bxon
Monenu momaeTcst m MpeasIAyIIUX 3HAYCHUH n3MeHeHHus Kypca AX(t-m+1), ... , AX(f), Ha BBIXOZE
(dbopMupyeTcst TPOrHO3 HM3MEHEHHs Kypca B chedyrommid Takt BpemeHd AX'(t++1). Monenb
npeacTasisier coboit aByxcoitnyo HC, pabota koTopoit onuckiBaeTcs hopMyiamu:

M= {AX(t-m+1), ..., AX(%)},

yju = th ZW;‘/[XIM ’

AXpr(t+1) = Zijij ’
J

o . M M
rac XM — BXOAHOU BEKTOD, yM — BEKTOP BBIXOAOB HCHUPOHOB CKPBLITOI'O CJI0A, Wij n v, — BE€Ca

cunancos HC.

Kpuruk npenHasHaueH Juis OLEHKM KadecTBa cuTyauui V(S), a MMEHHO, OLEHKH (DyHKLUH
nosnesnocty U(?) (cMm. ¢opmyny (1)) mist areHra, HaXOISIIETocss B pacCMaTpUBAaeMOM CHTyaruu S.
Kputuk npencrasnseT codoit nyxcnorinyro HC, paboTta KOTOpoii onmuckBaeTcs GopMyIaMu:

x© = 8(f) = {AX(5), u(?)},
yjc = th Zwllcx,c ,

V() =V Sm)= 0 .

. o c C
rie x¢ — BxomHo# BEKTOD, yC — BEKTOp BBIXOJIOB HEHPOHOB CKPBITOTO CjOs, W, H y; — Beca

cunancos HC.
Kaxp1it MOMEHT BPEMEHHU ¢ BBITIOJHSIOTCS CIISIYIOLIHE ONIePALIUHI:
1) Mopmeins mpecKasbiBaeT cleyromee n3MEHEHHe BpeMEHHOTO psiaa AX” (#+1).
2) Kputuk orenuBaeT Benn4uHy V i Tekymei curyanuu V(f) = V(S(f)) u 11 npenckazbiBaeMbIX

curyaumit g oboux  Bosmoxkmeix  gmeiicreuit V' (t+1)=V (S (t+1)), e
S”A+1)={AX"(t+1),u},u=0mbou=1.

3) [pumensiercs e-xamHoe MpaBUiIO [2]: AEHCTBHE, COOTBETCTBYIOIIEE MAKCHMAIBHOMY 3HAYCHUIO
VI (t+1), sbiGnpaercs c BepoATHOCTBIO | - &, aIbTepPHATHBHOE JeicTBHE BHIOMpaeTCs ¢

BeposTHOCTHIO ¢ (0 < ¢ << 1). BpiOop neiicTBus ects BbIOOp BenmuuuHEL u(#+1): u(t+1) = 1, mmbo u(t+1)
=0.

4) BeiOpanHoe neiictBue u(t+1) BeImomHseTcs. lIpowcXoaWT mepexo] K MOMEHTY BpeMeHH f+1.
[oncunteiBaercs noakperuienue #(¢) cormacHo (3). Habmromaemoe 3nadenne AX(+1) cpaBHUBaeTCs ¢
npenckazannem AX”'(¢+1). Beca HC Mogenu moacTpanBarTCs Tak, 9T00bI MUHUMH3HPOBATE OIIHOKY
npeacka3aHus METOA0M 0OpaTHOTO PAcIIPOCTPAHEHUS OIIUOKH [7]:

A (4 1) ==, (AX 7 (1 +1) = AX (1 +1)) yY
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A (t+1) = —a,, (AX7 (t+1) = AX @+ D)V (1= ()2 )

rae oy — CKopocTh 0O0yueHus Monenu (ay, > 0).
5) Kpuruk noacuuteiBaet V(t+1) = V(S(¢#+1)); S(¢+1) = {AX(¢#+1), u(z#+1)}. PaccuntpiBaercst ommnoKa
BpeMeHHOMU pa3HocTH [2]:

o(n) =r(@) +y Vt+1) - @) . “)

Bennunna J(f) xapakrepusyer ommOKy B onenke V(f) = V(S(f)) — cymMapHOH Harpaisl, KOTOPYIO
MOXKHO TOJYYHTh, UCXOAS U3 cocTosHUS S(f). Ommbka J(f) pacCUUTHIBACTCA C YYETOM TEKyIIeH
Harpaabl 7(f) W OLUEHKH cyMMapHOW Harpaabl V(S(¢+1)), KOTOpYyI0 MOKHO IIOJNyYHTb, UCXOIS W3
clenyromero coctosHus S(¢+1).

6) Beca HC Kpurtuka moacrpamBaroTcs Tak, YTOOBI MHHAMHU3UPOBATh BEMUYMHY J(f), 3TO O00ydeHHE
OCYIIIECTBIIETCS TPAJMEHTHBIM METOJIOM, aHAJIOTHYHO METOy OOpPaTHOTO PaclpOCTPAHEHHS OIIMOKH:

Avi (t+1) = ac8()y5

A (14 1) = a2 50 (1= (r5)?)xC

ac — ckopocTb o0yuenus Kpurtuka (ac> 0).

CwMbicnt 00ydyeHns Mopenn — yTOYHEHHe NPOTHO30B Oyaymmx cutyanuii. CMbICI 00y4eHHs
Kputnka cocromt B TOM, YTOOBI HWTEpaTHBHO YTOUYHSATH OICHKY KadecTBa curyammid V(S(f)) B
COOTBETCTBHH C IIOCTYNAIOIIMMH MOJIKPETUICHUSIMU.

2.4. Cxema 3BOJTIOLIMHT

OBOMIONMOHUPYIONIAs MOMYJSIIKS COCTONT M3 1 areHTOoB. Kakaplii areHT nmeer pecypc R(f),
KOTOPBII M3MEHSCTCS B COOTBETCTBHH C MOJAKPEIUICHIsIMU areHTa: R(t+1) = R(¢) + r(¢).

OBojonMs MPOUCXOAUT B TEUYEHHE DANA NOKOJEHMH, n,~ 1,2,..., N, IIpogomkuTensHOCTh
Ka)XJIOTO TIOKONEHHUs 7, paBHa I TakToB BpeMeHH (7 — JNUTENbHOCTh JKM3HM areHTa). B Hauane
Ka’KJIOT0 TIOKOJIEHUs Ha4aJIbHBIA PECYPC KaK/IOr0 areHTa paBeH HyJio, T.e., R(T(ng-1)+1) = 0.

Hauansueie Beca cunancoB oboumx HC (Momenmm m Kputnka) ¢opMupyroT IeHOM areHTa
G={Wp\0,Wco}. 'eHom G 3amaercss B MOMEHT POKICHHUS arcHTa M HE MCHSETCS B TCUCHHE €0 KH3HU.
B nporuBononoxxHOCTE 3TOMY Tekymue Beca cuHaricoB HC Wy u W¢ moacTpauBaroTcst B TeUEHHE
JKU3HH areHTa IyTeM 00y4YeHHsI, ONMCAHHOTO B 1. 2.3.

B KoHIe Ka)/JI0r0o MOKOJIEH)s ONPEENAETCS areHT, UMEIOIUHA MaKCUMAaTbHbIA Pecype R,q. (1)
(Jry4IIMi areHT MOKOJEHUS Ng). DTOT JIyUIUMH areHT MOPOXKIAAET 7 IOTOMKOB, KOTOPHIE COCTaBJIAIOT
HOBOE (1,+1)-0e nokonenue. I'eHoMbl TOTOMKOB G OTJIMHAKOTCA OT I'€HOMA POIMTENS HEOOJBIIUMU
MYTaIISIMH.

bonee KOHKpETHO, B Hayaje KaXJIOro HOBOrO (7,+1)-ro mokoneHust Ui KaxJI0ro areHra
nonaraercsa G(ngt1) = Gy, ; (ng) + rand;, Wo(ngt1) = G(ngt1), rie Gpest(7g) — TEHOM JTydIlIEro areHra
NPENBIIYLIEr0 7,-TO MOKONEeHHus, rand; — HOPMalbHO paclpeieNieHHas ciydaiiHas BenWYuHA C
HYJCBBIM CpPEIHMM U CTAHIAPTHBIM OTKJIOHCHHEM P,,, (MHTEHCHBHOCTh MYyTalluii), KOTOpas
JI00ABIISETCS K KOKIOMY BECy.

Takum o0pazom, reHoM G (HayalbHBICE Beca CHHAIICOB, ITONyYacMbIC MPH POXKICHUU)
WU3MEHSETCS TONBKO IIOCPEACTBOM SBOJIOLMH, B TO BpeMs KaK TEKyIllHe Beca CHHANcoB W
JIOTIONTHUTENHHO K STOMY ITOACTPAUBAIOTCS TOCPEACTBOM O0ydeHus. [Ipr 3TOM B MOMEHT POXKICHHS
areata W = W, = G.

3. PE3YJIBTATHBI MOJAEJINPOBAHUA

3.1. O01He 0CO0EHHOCTH AJANTHBHOIO MOUCKA
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W3noxeHHass MOJENb HWCCIENOBAJach IIyTEM  KOMIBIOTEPHOIO  MOJCIHPOBaHHA. B
BBIYUCIIUTEIBHBIX SKCIIEPHMEHTAX UCIIOJIB30BAIUCH [[BA BAPUAHTA MOJIEIBLHOr0 BpeMeHHOTo psijia X(¢):
1) curycounna:

X(®) = 0,5(1 + sin(2nt/20)) + 1, &)
2) CTOXaCTUYECKUH BPEMEHHOM Psiji, MCIIOIL30BaHHEIN B [3]:

X(1) = exp(p(1)/1200), p() =pt-)+ fL-1) +k A), A0 = afft-1) + (), (6)

rne A(f) u p(t) — 1Ba HOPMAJIBHBIX TIPOLEcca ¢ HYJIEBBIM CPEAHUM M €MHUYHON nucniepcuei, @ = 0,9,
k=0,3.

Hexotopeie mapaMeTpsl MOIENH WMENH OTHO M TO K€ 3HAYEHHE NI BCEX DKCIIEPHMEHTOB:
¢axrop 3abwBanus y = 0,9; xommyectBo BxogoB HC Mogenn m = 10; xoau4ecTBO HEHpPOHOB B
ckpbIThiX cnosix HC Mogenu u Kpurtuka Ny, = Ny = 10; ckopocts 00yduenus Moaenu u Kputuka o
= 0,01, ac = 0,01; mapamerp e-xkannoro npaswia ¢ = 0,05; uHTEeHCUBHOCTH MyTauu P, = 0,1;
pacxonsl areHTa Ha MOKYIKy/mponaxy akuuit J = 0. OcranbHbele mapameTpsl (IIPOAOKUTEIHHOCTD
MOKOJICHUs T ¥ YUCIICHHOCTh MOMYJISIHUY /1) IPUHAMAIH pa3HbIe 3HAYCHUS B PAa3HBIX IKCIIEPUMEHTAX,
CM. HUXKE.

AHaNM3UPOBAINCH CIIEAYIOIINE BAPUAHTHI pacCMaTPUBAEMOI MOICIH:

- Cmyuait L (uncroe oOydeHme); B ITOM Cllydae pacCMaTpUBAJICS OTHCIBHBIA areHT, KOTOPBIN
o0yJaJicsi METOIOM, U3JI0KEHHBIM B 1I. 2.3;

- Cnyuait E (umcrast »BOJIOIMS), T.C. PacCMaTpPHBAJIach HBOJIOIMOHHUPYIOMIAS MOMyJSAIUsS 0e3
00yueHHS;

- Cityuaii LE (oOyueHue + 3BOIONHSA), T.C. aHATU3UPOBATIACH MTOJHASI MOJICIb, H3JI0KCHHAS BBIIIIE.

Beio npoBeznieHo cpaBHeHME pecypca, npuodperaeMoro areHTaMu 3a 200 BpeMEHHBIX TaKTOB
JULsl 3TUX Tpex criocobos anantanuu. st ciaydaes E u LE 6panocs 7= 200 (7 — npoaonKATEIBHOCT
HIOKOJIEHHs]) U PETMCTPUPOBATIOCh MAKCUMAJIbHOE 3HAYEHHWE PECYPCA B HONYJIALUMH R, (7g) B KOHLE
KaX1oro nokoneHus. B cmydae L (duncToe oOydeHme) paccMaTpHBajCs TONBKO OIWH areHT, pecypc
KOTOporo s ymobctBa cpaBHeHusi co cinydasmMu E m LE obHymsncs xaxagsle 7 = 200 TakToB
BpeMenn: R(1(n,-1)+1) = 0. B 5TOM cilydyae MHIEKC 7, YBEJIHYUBAJICA HA €AUHUILY IOCHIE KaxAbIX T’
BPEMEHHBIX TAKTOB, U MONAranoch R,,q.(ng) = R(T ny).

I'paduku R,q(ng) Ans cuHycouas! (5) mokasaHsl Ha pHc. 3. UTOOB MCKITIOUMTH yMEHBIICHHE
3Ha4YeHUs R,.(n,) M3-3a ciyuyaifHOro BbIOOpa MEHCTBUI NMpPU NPUMEHEHHH €-)KaJHOTO IpaBUia s
ciydaes LE u L, monaranocs ¢ = 0 mocine n, = 100 qis cirydas LE u nocne n, = 2000 nis ciryvas L (na
puc. 3 BUJHO PE3KOE YBEIMYEHHE R, (ng) nocne n, = 100 u n, = 2000 11 COOTBETCTBYIOLIMX
ciryyaeB). Pesynbrarel ycpeanenst mo 1000 skcniepumentam; n = 10, 7= 200.

Puc. 3 mokaseiBaer, uto oOydeHHe, oObenuMHEHHOE ¢ 3Bomonued (ciydaid LE), u uucras
sBomonus (ciydait E) maroT omHO M TO e 3HAa4eHHUEe KOHEYHOoro pecypca R, (500)=6,5. OmHako
oOydeHre W IBOIIONHS BMECTe O0ECIeUMBAIOT HAXOXKACHHE OONBINMUX 3HaYeHHU R, OBICTpee, deM
SBOINIIOIUS OTHENBHO — CYIIECTBYeT CHMOHMOTHYECKOE B3aMMOJCHCTBHE MEXITy OOydCHHEM H
3BOJIIOIUEHN.

U3 (2) caemyer, 4TO CyIIecTBYeT ONTHMAajibHAas CTPATErHs MOBEICHHS areHTa (B HACTOSIIECH
paborte mpeHeOperaeMm 3arpaTaMd Ha MOKYIIKY/TIPOJaXy aKUui, T.e. Bciogy mnomnaraem J = 0):
BKJIAIBIBaTh Bech KamuTanl B akium (u(t+1) = 1) mpum pocte kypca (AX(#+1) > 0), BKIansBaTh BeCh
KanuTan B 1eHsru (u(t+1) = 0) npu magenuu xkypca (AX(++1) <0).

AHanu3 53KCIEePUMEHTOB, MNpPEICTaBICHHBIX Ha pHUC. 3, MOKa3blBaeT, 4yTro B ciy4asx LE
(oOyuenne + sBomroumsi), 1 E (uncras 5BoIONMs) Takas ONTHMalbHasi CTpATerusi HaXOmUTCsA. JTO
COOTBETCTBYET aCHMITOTHYECKOMY 3HaueHHIO pecypcea R, (500) = 6,5.

B cnyuyae L (umcroe oOydeHme) acMMITOTHYECKOe 3HaueHHe pecypca (R,,(2500) = 54)
CYIIECTBEHHO MEHbIIe. AHaIN3 SKCIEPUMEHTOB IS STOTO CIydas MOKa3hIBaeT, YTO OJHO OOydYeHHE
obecrieuynBaeT HAXOXKACHUE TOJBKO CIIEAYIOMIeH «CyOONTHMAIbHOI CTPaTerWMy TOBEACHUS: arcHT
JEPKUT KauTal B aKIFsIX MPH POCTE U MPH CIaboM MaJeHUH Kypca B MEepeBOIUT KalUTal B ACHBIH
IpHU CHIBHOM majgeHun Kypca (puc.4). Ta ke TeHOEHIMS K SBHOMY IPEINOYTEHHIO BKJIAIBIBATH
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KaluTall B aKIWU MPH YUCTOM OOydeHWH HaONromaeTcs M ISl SKCICPUMEHTOB Ha CTOXACTHYECKOM
psze (6).

Urak, pe3ynbTaThl, NMpeACTaBICHHbIE HA PHC. 3, IEMOHCTPUPYIOT, YTO XOTS OOydeHHEe B
HACTOSIIEH MOJENM W HECOBEPIIEHHO, OHO CIOCOOCTByeT ©Oosiee OBICTPOMY HaXOXKACHHUIO
ONTUMAJIFHOW CTPAaTErny MOBEAEHHS IO CPAaBHEHHUIO CO CIIy4aeM YHCTOH 3Bomonnu (cM. rpaduxu LE
u E Ha puc. 3).

3.2. B3anmogeiicTBue Mexay o0yuenueM u 3Boaonueii. I ekt Boaxyuna

Kak mokazano Ha puc. 3 Uil CHHYCOMIQJIBHOTO BPEMEHHOTo psja B ciydyae E onrTumanbHas
CTpaTerusi HaxOIMTCS BO BCEX OKCIIEPUMEHTax. B ciydae CTOXacTMYECKOro BPEMEHHOIO psja
ONTHMAJIbHAsT CTPATETHsI TAKXKE MOXKET OBITh HalJeHa NpPU MOMOLIM TOJBKO 3BOJIOUWH, HO JIMIIb B
HEKOTOPBIX dKcrepumenTax. Hanpumep, npu N, = 300 u 7'= 200 B ciryyae E onTumanbpHas cTpaTerus
Oputa HatineHa B 8 u3 10 skcrmepuMeHTOB. THINWYHBIA pUMep ONTHMATBHOW CTPATETHH ITOBEACHUS
MpEICTaBJIEH Ha pUC. 5.

Puc. 3 Takke nemoHcTpupyer, uto mpu I = 200 Hammume OOYYEHHS YCKOpPSET IOWCK
ONTHMAJIBHON CTpaTeTMHM II0 CPABHEHHMIO CO CIy4aeM OJHOW 3Boironuu. Ecim ImuTensHOCTH
nokonienust T Oblia gocrarouHo Gombioi (1000 u Oonee TakTOB BpeMeHH), To Aus ciydas LE gacro
HaOmonanoch u Oojiee dYeTkoe BIHMAHUE OOydYeHHs Ha DBOJIOIMOHHBIN TIpolecc. B mepBbIx
MOKOJICHUSIX 3BOJIIOLMOHHOTO MpOoIecca CYIIECTBEHHBIH POCT pecypca areHTOB HaOnofajics He C
camoro Havasna nokojenus, a ciuycts 200-300 TakToB, T.e. areHTHI SIBHO O0YYaINCh B TEYEHHE CBOECH
JKM3HU HaXOAWTH Oojiee WM MEHee MPUEMIIEMYIO CTPATEruio OBEICHHs, M TOJBKO TOCIIE CMEHBI psizia
MTOKOJIEHUH POCT pecypca HayMHAICS C CaMOro Hadaja ITOKOJEHHUsS. DTO MOXXHO MHTEpPIPETUPOBATH
KaK TIpOosiBIIeHHE M3BecTHOTO 3(ddekra bonmynHa: ncxonHo mpnoOpeTaeMblii HaBBIK B TEUECHHE psizia
TTOKOJICHUH CTAaHOBHIICS HacliemyeMbIM [8,9]. Dtot s ekt HabIrOaNCA B psAe SKCIICPUMEHTOB, OHH
13 KOTOPBIX MPEJICTaBIEH Ha pHC. 6.

3.3. Oco6ennoctu npeackazanus Moaeaun

Cucrema ynpaBJeHUs areHTa BKIIOYAeT B ce0s1 HeHpoHHYyI0 ceTh Mozenu, npeqHa3HaueHHY0
JUISl TIpEJICKa3aHusl M3MEHEHUs 3HaYeHust AX (#+1) BpeMEHHOro psijia B CJEIYIOUIMH TakT BpeMeHH #+1.
beita npoananusupoBaHa padora Mopenn u 0OHapyke€HO, YTO HEHpOHHas ceTb Monelu MOXeT
JaBaTb HCBCPHBLIC TNIPEACKasaHusd, OJHAKO areHr, TEM HE MCHEC, MOXKCT HUCIOJIb30BaTh OJTU
MpeacKa3aHus Ui MPHUHATHS BEpHBIX perneHuid. Hanpumep, puc. 7 mokasbIBaeT INpeicKa3blBaeMble
usmenenust AX”(++1) u peansubie usMenenus AX(f+1) cTOXaCTHYECKOr0 BPEMEHHOIO Psijia B ClIydae
yuctoil sBomonmu (ciaydait E). Ilpeackazanmst HelipoHHOW cetn Mopenn A0CTaTOYHO XOPOLIO
COBIIAIAIOT 1o (GopMe ¢ kpuBoit AX(¢#+1). Ongnako, npencka3anubie 3HadeHus AX (#+1) oTinyarorcs
MPUMEPHO B 25 pa3 oT 3HaueHuH AX(#+1).

Ha puc. 8 mpuBenen apyroit mpuMep ocoOCHHOCTEH TpeacKa3aHus HeHpoHHOH cetn Moenu B
ciydae LE (oOy4ueHune, oObeAMHEHHOE C BOIIOLHKEH). DTOT MpUMep MOKA3BIBACT, YTO MPEACKA3AHUSA
HelipoHHo# cetn Mogenn AX”(#+1) MOTYT OTIMYATBCS OT peasbHBIX MaHHBIX AX(+1) He TOIBKO
MacIiITaboM, HO U 3HAKOM.

Xors MpeacCKa3zaHus MOZ[eIll/I MOryT 6])IT]) HEBCPHBIMU KOJIMYCCTBCHHO, €CTCCTBCHHO I10JIaraThb,
YTO NPaBWIBHOCTh MpefckazaHuid AX’(t++1) mocine nuHEeWHBIX mpeoOpa3oBaHuil (Hampumep,
M3MEHEHHMs 3HaKa) MPUBOJUT K TOMY, YTO Moiesb SIBISETCS MOJIE3HOW JUIsl aJarnTHBHOTO ITOBEJICHUS.
Ot npenckasanusi 3(QGEKTHBHO HCHOIB3YIOTCS CHCTEMOM YIPaBJICHUS areHTOB JUI HaXOXKACHHS
ONTHUMAJIEHOM TTOBEJCHUS: CTPATET s MOBEACHHS areHTOB JUIsi 000MX NPUBEJCHHBIX IPUMEPOB PaOOTHI
Monenu 6b11a MOKOOHA CTpaTEruy, MPEACTaBICHHON Ha pHC. 5.

EcrecTBeHHO CUMTaTh, YTO HAOJIOaeMOE YBEIWYEHHE 3HAaYeHHH AX” HEHpOHHOW CEThIO
Mopnenn mone3Ho ans paboTel HelipoHHOH cetw KpurTmka, Tak Kak peanbHble 3HaueHHs AX(#+1)
ciumkoM Maibl (mopsaka 0,001). Takum oOpa3om, HelipoHHas ceTh MoJaenu MOXKET HEe TOJBKO
npenckaspiBath 3HaueHuss AX(++1), HO TakKe OCYIIECTBIATH TOJE3HBIC MPEOOPa3sOBaHUSA ITHX
3HAYEHHH.

3.4. CpaBHeHHe ¢ OBeIeHHEM MPOCTEHIINX KHBOTHBIX
Hccnenyemple areHThl UIMEIOT JBE MOBEIEHYECKHE TAKTHKU (IIPOJABATh WJIM TOKYIATh aKIWH)
Y BBIOMPAIOT JEHUCTBHUS, EPEKITIOYAsCh MEXIY STHMHU TaKTUKaMH. MOXKHO COITOCTaBUTh OCOOCHHOCTH
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9TOTO TIOBEACHHUS C TIIEPEKIIOYCHHEM MEXIy OBYMS TaKTHKaMH IIPH TIOMCKOBOM ITOBEICHHUH
MPOCTEUIINX JKUBOTHBIX. Hampumep, HEKOTOpbIE BHABI JIMYHHOK PYYCHHUKOB HCHOIB3YIOT
aHanmornuHble TakTUky [10,11]. JIM9uHKN )XKUBYT Ha pEYHOM IHE M HOCAT Ha cebe «IOMHUK» — TPYOKy
13 TIECKa M IPYTUX YaCTHUIl, KOTOPBIE OHU COOHMPAIOT HA JHE BOJOEMOB. JINUMHKN CTPOST CBOM JOMHUKHU
W3 TBEPABIX YaCTUYEK PAa3HOM BENWYHMHBEL. bompimme wacTHIBl pacrpeneneHsl CIyYaiHO, HO OOBIYHO
BCTPECYAIOTCA rpynramu. I/ICHOﬂbSyﬂ 60.]'1])1111/[6 4acTHUlbI, JJUYMHKA MOXKET MOCTPOUTH JOMHUK Iopasio
obicTpee u 3 dekTuBHEE, YeM HCIOJB3YsI MAJCHbKHE, U, €CTECTBEHHO, MPEIMOYUTACT UCIIOIh30BATh
Oousplive wacTHipl. JIMUMHKA UCIONB3YEeT JABE TAaKTHKH: 1) TECTHPOBAaHME YaCTHLl BOKPYr ceds u
WCTIOJIB30BaHUE BBHIOPAHHBIX YACTHIl, 2) MOWCK HOBOTO Mecra s cOopa dactmi. MccnemoBanue
MOBEJICHHUS JIMYMHOK OOHAPYKWBACT WHEPIMIO B TICPCKIIOYCHHU C TICPBOW TAKTHKA Ha BTOPYIO
[10,11]. Ecnnt mumHKa HaXoUT OOJIBIIYIO YaCTHILy, OHA IPOJIOJDKAET TECTUPOBATh YaCTHIIBI, II0Ka HE
HAMIET HECKOJIBKO MAJIEHBKUX, W TOJBKO ITIOCIIE HECKOJNBKHX HEYJAYHBIX IIONBITOK HAWTH HOBYIO
OOJBIIYIO0 YaCTHILY, IEPEXOAUT KO BTOPOH TakThUKe. Bo Bpems momcka HOBOTO MECTa JITYMHKA BPEMs
OT BPEMEHHU TECTUPYET YaCTHUIIBI, KOTOpPHIC MOMAAaloTcs Ha ee myTH. OHa MOXET MEePeKIFOYUTHCS CO
BTOPO#l TAaKTHKU HA NEPBYIO, €CIIM HalAET OOJIBIIYIO YACTHUILY; IIPH STOM MEPEKITIOYCHUH TAKKE MOXKET
MPOSIBIATHCS HMHEpHUsA. TakuM o00pa3oM, INEpPEeKITIOUeHHEe MEXAYy TAaKTHKaMH WMEeT XapakTep
CllydyaiHOro moucka ¢ siBHbIM Odddexkrom wuneprmu. [Ipolecc HHEPUUOHHOTO MEPEKIIOYCHHS
MO3BOJISICT )KUBOTHOMY HCITIOJIB30BATh TOJIBKO OOIIHE KPYITHOMACIITAOHBIC CBOHCTBA OKPYIKAIOIICTO
MHUpPa U ITHOPUPOBAThH MEJIKHE CITy4aiHbIe TCTalH.

B mpoBeneHHBIX KOMIIBIOTEPHBIX SKCICPUMEHTaX IIOBEICHHE areHTa-Opokepa, MOJA00HOE
MOBEJICHHUIO XKUBOTHBIX C WHEPIMOHHBIM IMEPEKIIOYCHUEM MEXKIY JBYMS TaKTHKaMH, HaOII0JalloCh,
KOTJ]a CHCTEeMa YIIPaBICHHS arcHTa ONTHMHU3UPOBAIIACH C IIOMOIIBI0 YHCTOW SBOJIIONUU TpU
JIOCTATOYHO OOJBIION YHUCIEHHOCTH IMOMYIHIIUN. TO eCTh (PaKTHYECKH MPOWCXOIMIA ONTHMHU3AIHS
METOAOM CIy4aifHOTO TIIOMCKAa B JOCTAaTOYHO OOJNBIION 00JacTH BO3MOXKHBEIX perneHuil. Puc. 9
MOKa3bIBaeT (parMeHT CTpATEeTHH IIOBEICHUS arcHTa, HAHJEHHOW Ha paHHEH CTaIWH SBOJIOLUU B
6ompmor momymsimuu, 7 = 100. Dta cTpaTterws areHra mojoOHA OMMCAHHOMY BBIIIE IOBEICHUIO
JKUBOTHBIX C MHEPIHOHHBIM NEPEKII0YeHHEM MEXIY ABYMs TakTUKamu. CTparervs MepeKiTioueHHs
Mexay u = 0 u u = 1 mpencraBuser cob0il peakIiio TONBKO Ha O0IIue M3MEHEHUS B OKpY’Kalomen
cpene (areHT HWTHOPUPYET Menkue (QUIYKTyallid B HW3MEHEHHMH Kypca akiuit). Kpome Toro,
MEPEKIIIOUCHHUE SIBHO 00J1a1aeT CBOMCTBOM MHEPIIUOHHOCTH.

4. 3AKJIIOYEHUE

Hrak, mocTpoeHa MOJETh JBOJIOIMHA aBTOHOMHBIX arcHTOB, CHCTEMa YIPABJICHUS KOTOPHIX
OCHOBaHAa Ha HEWPOCETEBHIX AJANTUBHBIX KPUTHKAX. [IpOBENEHO HCCIIEOBAaHUEC B3aWMOJICHCTBUS
MeXOy OOydeHHeM ¥ DSBONIONUEH B MOMyMAIUSIX CaMOOOYYArOIIUXCS —areHTOB-OpOKEpOB.
IIpoananu3upoBaHO TpU BapUaHTa MOJENH, B KOTOPBIX BECA CHHAICOB HEHPOHHBIX CeETeH
HacTpamBaiuch 1) o0ydeHnem, 2) SBOIIONIEH WK 3) KOMOWHAINEH 00yUeHHS 1 SBOIOLINH.

[TokazaHo, 4YTO oONTUMalbHasi cTparerusi oOEeCleYMBACTCS B CIydYasX OJBOJIOLUH HIIH
KoMOnHammu obydeHus U 3Bomonuu. OnHO 00ydueHue He oOeclieurBaeT HaXOXKACHUS ONTUMAIbHON
CTpaTeruy, TeM HEe MEHee, OHO CIIOCOOCTBYET 0osiee OBICTPOMY HAXOXIECHHIO ONTHMAIBHOMN CTpaTerun
MOoBE€ACHUA JId Ciydas KOM6I/IHaLlI/ll/I 06y’{eHl/Iﬂ 1 DBBOJIIOIIMK 1O CpaBHCHUIO CO CllydaeM YHUCTOH
IBOJIFOLIUH.

[Ipu moctaToYHO OOJBINOW MIWTEITBHOCTH >XU3HH areHTOB HAONIOANIacCh ABOJIOIHMOHHAS
ACCHMIJISIIIUS PHOOPETEHHBIX HABBIKOB, YTO MOYKHO MHTEPIIPETUPOBATH KaK MPOSBICHUE U3BECTHOTO
a¢dexra bonnynna.

[IpoBeneHo cpaBHEHHWE NOBEICHHWE areHTa-Opokepa C IMOWCKOBBIM TIOBEACHHUEM IPOCTHIX
JKUBOTHBIX. VccnemoBaHusl MOMCKOBOTO MOBENCHUS JKUBOTHBIX ITOKA3bIBAIOT, YTO YAcTO B IPOIIECCE
MIOVCKA TPOSBISIOTCS MHEPIIMOHHEIE Y()()EKTHI MPH MEPEKITFOUCHU MEXKTy pa3HBIMU TOBEICHICCKIMU
TakTHMKamMHu. Takas HWHEpLHUs [OMOraeT >HWBOTHOMY aJalTHBHO pPEardpoBaTh TOJIBKO Ha o0OIIne
W3MEHEeHHsI B OKpyaromel cpene. B mcciemoBaHHONW MOJenu MOAOOHOE WHEPIIMOHHOE TOBEICHUE
(hopmMupyeTcss B MpoIlecce BONIONMOHHOTO MOWCKAa HAa PAaHHUX CTAIUsIX SBONIOLWU IPH yCIOBHUU
JIOCTaTOYHOTO OOJIBILIOrO pa3Mepa HOMYJISLHH.
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r(t-1)
5 r(t)
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S(¢+1)
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A

Puc. 1. Cxema 00y4eHUS C MTOJKPEIUICHUCM.

{AX(0), u(®)} "o
> Kputux >
(AX(t-m+1),...,AX(1)} AXP(t+1)
> Mopgenb ' >
L AXT (), u) (1)
)4 > Kputux —>
{AX(t+1), u(t+1)} Mt+1)

Puc. 2. Cxema cucrems! ympasienus arenrta. HC Kputuka nokazaHa s
IBYX TOCIEIOBATENbHBIX TAKTOB BpeMEHH. Mojenb MNpenHasHadeHa It
IIPOTHO3MPOBAHMS M3MEHEHUS Kypca BpeMEHHOro psma. KpuTuk mnpernHasHadeH st
OLICHKH KauecTBa curtyarmii V(S) misa Tekymeit cutyammu S(f) = {AX(9), u(?)}, nns
CUTYyallUu B CJIEAYIOIUI TakT BpeMeHU S(#+1) U U1 npecKa3bIBaeMbIX CUTYalMH [uis
0601Xx BO3MOXKHBIX aeictuit ST (t+1) = {AX” (t+1), u}, u=0wm u = 1.
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n 4 (cnysan LE and E)

Puc. 3. 3aBucumoctn R, (n,). Kpusas LE cooTsercTByeT —cirydaro

oOy4eHnsi, OOBEIMHEHHOTO C JBOJIIONWEH, KpuBas E — ciydaio 4mcTod sBOMIONMH,
kpuBas L — ciywato umcroro oOyuenus. Bpemennas mkanma st ciydaeB LE u E
(HOMEp TIOKOJIEHHs 71g) MpEACTaBlIeHA CHM3Yy, Ul ciiydas L (uHpekc ng) — cBepxy.
MogenupoBaHue INPOBEAECHO A CHUHYCOUIBl, KpuBble ycpenHeHsl 1o 1000

skcnepuMenTam; n = 10, 7= 200.
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072 I S R S R I N B B B
ISRICRITRITEIY
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t

Puc. 4. Jlunamuka moBeneHHs OOY4YarOIIErocsi areHra Juist cuHycoumasl (5).
JleiicTBUSI areHTa XapaKTEePU3YIOTCs BENMYMHON u(f) (CrutomHas iuHus): npu u = 0
BECh KalMTaJl MEpeBeleH B AEHBIH, NMPH ¥ = | Bech KamuTal MEPEeBEACH B aKIHH.

Bpemennoii psin X(f) nokaszan myHKTUpHOU nuHUeH. Cnyvaii L.

max
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Puc. 5. Crparerns moBeneHusi areHTa. J{eiicTBUS areHTa XapaKTepHU3YIOTCS
BeJIMUMHOHN u(f) (crutomHast TuHUS): Ipu u = 0 Bech KamuTall MepeBe/ieH B IeHBIH, IIPU
u =1 Bech KamuTaJ HepeBelieH B akuuu. Bpemennoil psy X(f) mokazaH IMyHKTHPHOI
muHueil. Cnydait E. n=10, 7=200. Crparerus NOBeIeHHMsS areHTa INPaKTUYECKU
ONTHMAJIbHA: areHT ITOKYIAeT/IPOAaeT aKIIMK PU POCTe/TIalCHUH Kypca aKIHi.

30
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Puc. 6. 3aBucuMocTh pecypca JIydllero B MOMYJSIIMUM areHra R, OT
BpeMeHH ¢ Juis nepBbix natu nokojeHuid. Cinyuait LE. n =10, T=1000. MomeHTbl
CMEHBI ITOKOJIEHUH TOKa3aHbl BEPTUKAIbHBIMU JTMHUSAMH. J{J1s1 HEpBBIX ABYX MTOKOJIEHUN
ecTh sABHas 3anepxka B 100-300 TakToB BpeMeHH B pocTe pecypca areHra. K matomy
MTOKOJICHHIO areHT 00JIalaeT XOpOIIeH CTpaTerneil MoBeIeHNs C CaMOT0 POXKICHUS, T.C.
CTpaTerus, W3HAYAIBHO TpHOOpeTaeMas TIOCPEICTBOM OOYYCHHUS, CTaHOBUTCA

HacJeyeMOi.
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Puc. 7. TlpenckassiBaembie AX”'(¢+1) (MyHKTHpHAs JIMHHS) W peajbHbIC
n3MeHeHuss AX(¢#+1) (cruomHas JUHHSA) CTOXAaCTHYECKOTO BPEMEHHOTO  pPsfa.
Cayuaii E. n =10, T=200. Xots 006e KpUBEIE HMEIOT CXOJHYIO (opMy, IO BEIHMUHHE
AX" (t+1) u AX (#+1) CHIIbHO pa3inyaroTes.
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Puc. 8. TlpenckassiBaembie AX”'(¢+1) (MyHKTHpHAs JIMHHS) W peajbHbIC
n3MeHeHust AX(#+1) (cruomHas JUHHSA) CTOXAaCTMYECKOTO BPEMEHHOIO  psfa.
Cnywaii LE. n=10, T=200. Kpussie AX”" (t+1) u AX(#+1) pasmuyarorcs Kak
BEJIMYMHOM, TaK M 3HAKOM.
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Puc. 9. Crparerust noBeneHust areHTa B mnomyJsiuuu. JleldcTBust areHta
XapaKTepU3yIOTCs BenHMunHOW u(f) (crutomiHas nuHUsS): npu u =0 BeCh KamurTal
NepeBe/ieH B ICHbIY, IPH # = | BeCh KanuTaj nepeBeieH B akuun. Bpemennoii psaa X(¢)
MOKa3aH MyHKTHpHOW usmHMeH. n =100, 7=200. CrpaTterus areHtra MnoxoOHa
MTOBEJICHUIO KUBOTHBIX C HHEPIIMOHHBIM TIEPEKIIOUCHIEM MEXTy ABYMS TaKTHKAMH.



