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Annomayuna. B anmapare mnpensupeHus Oymyliero pesynbrata (akLENnTop pe3yibraTa
JeMCTBUSI) MOXKHO BBIICIUTh [JBa KOMIOHEHTa. [lepBblii KOMIIOHEHT, MH()OPMAIMOHHBIH, 3TO
KJIACCUYECKHI aKUEenTop pe3yabraTa JIeHCTBHUS, HEOOXOAUMBIA JJIsl MMOCTPOCHUS TaPMOHHYECKOTO
noeefieHUss U u30eranuss omuOku. OH HaxoAMTCSs B IIOCTOSHHOM CIMYEHUHU PpE3yNbTaToB
CHIEIaHHOTO C paHee IpeAcKa3aHHBIMU ad(epeHTHBIMU HapaMeTpaMHu pPe3ylbTaToB, T.€. B 3TOM
KOMIIOHEHTE Ha OCHOBAHMUHU MHAMBUAYAJILHOTO OIBITA U T€HETHUECKON HHPOpMaALK GOPMUPYIOTCS
MH(OPMAIIMOHHBIC TTAMSTHBIE CIIEbl O OyaylIeM pesyisrare. BTopoil KOMIOHEHT — onepexaroniee
noakperuienue. OHO (GopMHUpYeTCs TakKe Ha OCHOBAaHUM TI'€HETUYECKOTO M HHAMBMIYaIbHO-
IPUOOPETEHHOIO OIBbITa O OMOJIOTMYECKON MM COLUAIbHOI 3HAUMMOCTH OyIyILIero pesyipTara, a
TaK)X€ O BEPOATHOCTH €r0 JOCTIKCHMsI B JIaHHBIX YCIOBMSX. EciM BEpOATHOCTH JOCTHIKEHUS
pesyabrara Oonee 50%, OyneT BO3HMKATh ONEPEKAIOIIEE IMOJIOKHUTEIBHOE IMOJKPEIUICHHUE, €CIIU
BEpOATHOCTb MeHblIe 50% - onepexaromee OTPHULATENIBHOE TOAKPEIIEHUE, COCTOSHUE
TPEBOXKHOCTH. B paboTe ommcaHbl OCHOBHBIE HEHPO(PHU3MOIOTUYECKHE W HEHPOXMMUYECKHUE
MeXaHU3Mbl HHPOPMALMOHHOTO KOMIIOHEHTA, OIEPEXKAIOLIET0 MOJIOKUTEIBHOIO U OTPULIATEIBHOIO
MOJKPEIUIEHNUS, a TAK)KE BO3MOYKHBIE MEXaHU3MbI OLIEHKH BEPOSATHOCTH TOCTHIKEHUS pe3yJIbTara.

Knrwouesvie cnoea: neneHanpapieHHOE IOBeJCHHUE, (DyHKIMOHAIbHAs CUCTEMA, AKLENTOp
pesyibTrara JeiicTBus, onepexKaroliee noakperuieHue, ahhepeHTHbIH CUHTES.

Annotation. In the apparatus for predicting a future result (acceptor of the result of an action),
two components can be distinguished. The first component, informational, is a classic acceptor of
the result of an action, necessary for building harmonious behavior and avoiding mistakes. He is
constantly comparing the results of what was done with the previously predicted afferent
parameters of the results, i.e. in this component, based on individual experience and genetic
information, information memory traces about the future result are formed. The second component
is anticipatory reinforcement. It is also formed on the basis of genetic and individually acquired
experience about the biological or social significance of a future result, as well as the likelihood of
its achievement under given conditions. If the probability of achieving a result is more than 50%,
anticipatory positive reinforcement will occur; if the probability is less than 50%, anticipatory
negative reinforcement will occur, a state of anxiety. The work describes the basic
neurophysiological and neurochemical mechanisms of the information component, anticipatory
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positive and negative reinforcement, as well as possible mechanisms for assessing the likelihood of
achieving a result.

Key words: goal-directed behavior, functional system, action result acceptor, anticipatory
reinforcement, afferent synthesis.
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B xuure «buomorus u Heipoduznonorus ycioBHoro peduiexca» [1] TLK.
AHOXMH BIIEpBBIE OIKCAJ Yy3JIOBbIE MEXaHU3Mbl (YHKIMOHAIHHOM CHUCTEMBI Kak
OCHOBBI (PU3HOJIOTHYECKOM apXUTEKTYphl MOBEJECHYECKOro akTa. bwio ompeseneHo,
yTo  (yHKIMOHANIbHAS  CUCTEMAa  SBJISETCA  WM30MpaATeNbHBIM  IEHTPaIbHO-
nepudepuIecKuM MaTepUaIbHbIM oOpazoBaHUEM, u OTIHMCaHbI
Helpodusnonorndeckue cyocTparsl ahPepeHTHOTO CUHTE3a, MPUHATHS PEIICHUS U
oOparnoit addepenrTanuu.

CornacHo Teopuu (PyHKIIMOHAIBHBIX CHCTEM, IMOJIE3HBIH MPUCIOCOOUTENbHBIN
pe3yapTar SBISETCA CcUCTEMOOOpasyrouMm  (QakTtopoMm, Onarogaps KOTOPOMY,
OTACNBHBIE DJEMEHTHl OOBEAUHAIOTCS B cucTeMmy. [loTpeOHOCTh B JOCTHIKEHUH
pesyabpTrara (OpMHUpPYET MOTHBAIIMIO, KOTOPask U3BJIEKAET U3 MAMSITH F€HETHYECKYIO U
WHIUBUIYAIbHO-IPUOOPETEHHYI0O  MHpOpMALMI0 O  crnocobax  JOCTHXKEHUs
pe3ysibTara B KOHKPETHBIX YCIIOBHUAX Ha OCHOBE 00CTaHOBOUHOM addepeHTannu u
IIPU MOMOIIU MyCKOBOTO ctuMyina. Oty ctaauto [1.K. AnoxuH Ha3Ban addepeHTHbIM
cuHTe3oM. B pesynbrate addepeHTtHoro cuHTe3a (GopMUpYETCS Iporpamma
NeNCTBUS, OCYLIECTBIIIETCS AEUCTBUE, U IPOUCXOIUT JTUOO JOCTUKEHHUE Pe3ylbTara,
b0 pe3ynbrar He nocturaercs. KiroueByro posib B TOM, KaK OPraHU3M OIpenesseT
CTETICHb JOCTIDKEHUS PEe3yabTara, UTPAET almapar akIenTopa pe3yibrara JCHCTBUS.
OTo amnmapar npeABUACHUS B KOTOPOM 3aJI0KEHBI TapaMeTpbl OyAyIIEro pe3ynibrara,
C KOTOpPBIMH IpU MOMOIIM 0OpaTHOW addepeHTan CpaBHUBAKOTCSA pEAIbHbIE
napamMeTpbl TOr0, 4YTO JOCTUTHYTO B pe3yJbTare IOBEJACHUYECKOro akra. Eciu
napameTpbl COOTBETCTBYIOT 3aJIOKEHHBIM B aKIENTOpE pe3ysibTara IEHCTBUSA, TO
BO3HUKAET MOJOKUTEIbHOE NOJKPEIUIEHNE U (PyHKIIMOHATIbHAS CUCTEMA MPEKPAIAET
cBoe cyuecTtBoBaHue. Ecnu mapameTpbl HE COOTBETCTBYIOT, TO (DyHKIHMOHAJIbHas
cCUCTEMa TMPOJAOJDKAET TOMBITKH JOCTHKEHHS pe3ysibTara. DTO COMPOBOXKIAETCS
OTPULATENIbHBIM  TMOAKPEIUICHHEM  (3MOIMOHANIBHBIM  COCTOSIHUEM).  Takyro
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Puc. 1. Cxema ghynkyuonanvrou cucmemul nogedenuecxkozo akma no I11L.K. Anoxury
Fig.1. Scheme of the functional system of a behavioral act according to PK. Anokhin
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I[LK. AnHoxuHpiM  OblTa  TpEWIOKEHA  TUMOTE3a O  BO3MOXKHOM
HEHPOPU3NOIOTHUECKOM CyOCTpare akienTopa pelyibTara IeHCTBHs KakK amnmapara
NpeABUJCHUS] JOCTIKEeHUsT Oymyumiero pesynsrara. B 1969 r [2] I1.K. Anoxun
BIIEPBbIE CHOPMYJIUPOBAI MPEACTaBICHUd 00 HWH()OPMAIMOHHOM 3KBHUBAJICHTE
pesynbrara. BmocnenctBuum  Teopus (QYHKIIMOHAIBHBIX CHUCTEM  IUIOJOTBOPHO
pazBuBasiach CynmakoBbiM K.B. m ero kosuieramu, mpu 3TOM OOJIbIIOE BHUMAHUE
VIETSI0OCh  BBISICHEHHUIO HEUpPO(PU3UOIOTHYECKUX MeXaHu3MOB adpepeHTHOro
CUHTE3a M OCOOCHHO ammapara MpeABUACHUS Pe3yJbTaToB, YIOBICTBOPSIOIIMX
JTOMUHHUPYIOITUE MOTPEOHOCTH KUBOTHBIX M YEJIOBEKa — aKIEenTopa pe3yibrara
neictBus. K.B. CynakoB nucan [3] «/[oMuHMpyrolias MOTUBAIIUS U TOJAKPEIIICHUE
B3aMMOJICIICTBYIOT Ha HEMPOHAX, COCTABISAIONIMX allllapar akLenTopa pe3ybTaroB
nevictBuga. C MO3WIMI pa3BUBAEMbIX HAMHU TPEJCTABICHUN O TrojorpaduyecKux
CBOMCTBaX (DyHKIIMOHAIBHBIX CHCTEM OpraHu3ma [4] akuentop pe3yibrara JeUCTBUS
BBICTYIIaeT B KadyeCTBE WH(GOPMAIMOHHOTO Trojorpaduyeckoro dKpaHa». beutn
chopmynupoBaHbl ~ TOpeacTaBieHUus 00  «MH(OPMAIMOHHOM  HDKBUBAJICHTE
MNOTPEOHOCTU» U «UH(DOPMAIIMOHHOM DKBUBAJIEHTE TMOJAKPEIUVICHUS», UYTO W
dbopMupyeT B CTPYKTypax MO3Ta armapaTrhl akIENTOPOB pPE3yJIbTaTOB JEUCTBUS
pa3IuuHbIX (QYHKIMOHAIBHBIX cucTeM [5]. Tem He MeHee, 10 HACTOAIIETO BPEMEHHU
anmapar  aklenTtopa pe3yJbTaToB JICMCTBUS ~ pacCMaTpUBAETCS TOJIBKO — Kak
OLICHUBAIOIIMN MapaMeTpbl JOCTUTHyTOro pesyiaprara. Tak, ILK. Anoxun
MIPENIOIIOKIII, YTO aKIENTOp pe3yibrara ACHCTBUS MOXKET (GOPMUPOBATHCS TOJIBKO
HAa OCHOBE B3aUMOJEHUCTBUS MeEXay d(G(EPEeHTHBIM KOMIUIEKCOM JCHCTBUS U
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addepeHTHON NpoeKIMeill pe3ynbTaToB B IEHTpalbHOW HepBHOM cucteme. OH
CUMTAJI, YTO JOCTaBKY «KOMui» 3(PepeHTHhIX BO30YKIECHUHN B 30HY (OPMUPOBAHUS
aKienTopa JEWCTBUSI OCYUIECTBISIOT AKCOHHBIE KOJIaTEpal HEHPOHOB, KOTOpbIE
BBITIONHSAIOT (DPYHKIIMIO KOHEYHBIX MYyTEW W JIeKaT B 30HE (POPMUPOBAHHS MOTOKA
s depeHTHRIX BO30OYXKIEHUNA. OTH KOJUIaTepalibHbIE OTBETBICHUS BO30YXKIAIOT
KOMIUIEKCHI CaTeJIMTHBIX KIIETOK, KOTOpbIE 00pa3yloT CBOEOOpa3HbIE 3aMKHYTHIC
o0pa3oBaHus, MHOTO pa3 OMHCAHHBIE MOJ BUAOM <JIOBYIIEK Bo30Oyxaenus» [1]. K.B.
CynakoBeIM  OblIa MOpeIOKEHAa MHOIOYPOBHEBas  OpraHU3alMs  akKUenTopa
pe3ynbraroB  aedctBus. CHauajna TOJ BIUSHUEM JOMUHUPYIONIEH MOTHBAIINH,
pacrpoCTpaHAIONIEH CBOM BIMSHUS Ha MHUPAMHUIHBIE HEHPOHBI TOJIOBHOIO MO3ra,
yepe3 KoJIaTepajd aKCOHOB MHUPAMUHOTO TPaKTa HAa PA3IMYHBIX YPOBHSAX MO3ra
BO30Y)K/IAIOTCS KOMILJIEKChl BCTAaBOYHBIX HEHPOHOB, CBS3AHHBIX ITUKIWYECKUMHU
B3aMMOOTHOIIIEHUSIMU. 3aTeM — oOparHas addepeHTanust oT pa3IMUHbIX TapaMETPOB
pe3ynbrara JACUCTBHUS MOCTyHaeT K COOTBETCTBYIOIIMM OTIEJIaM akKLEenTopa
pe3ynbraroB AehctBus. CoOCTaBiSIONIME aKUENTOP pe3yibrara JIEUCTBUS HEUPOHBI
(GUKCUPYIOT CBOWCTBA MapaMETPOB JOCTUTHYTHIX PE3yJIbTaTOB, B PE3yJIbTATE YEro
dbopMUpYIOTCS HEHpOHATBHBIE HHTPAMMbl MOAKperuieHus. [lpu mocnemyrommx
BO3HUKHOBEHUSX MOTHBAIIUU OTIEPEKAIOIIE BO3OYKIAIOTCA paHee chOPMUPOBAHHBIC
OTIIEYATKH JCHUCTBUTEIBHOCTH — HIPAMMBI aKLIEITOpa pPEe3yJibTara JCUCTBUS, paHEe
c(hopMUpOBaHHBIE TPEANICCTBYOUMMHU MOAKPEIIISIONIMMU BO3ICUCTBUSAMH [3].

CornacHO MMIIPUHTUHIOBOM rurore3e (OpMHUPOBAaHUSA AKIENTOpa pe3yJbTaToB
nercTBus [6], Ipu BO3EUCTBUU HA OPTaHU3M PE3YJbTATOB MOBECHUS UX PA3IUYHBIC
napamMeTpbl  MOCPEACTBOM  0oOpartHOMl  addepeHTannu  3aneyamisiioTCs  Ha
COOTBETCTBYIOUIMX CTPYKTypax aklenTopa pe3yaprara JeUCTBUS B  BUJE
MOJIEKYJISIPHBIX 3HTpaMM. JJOMUHHPYIOIIHE MOTUBAIIMU ONEPEKAIOIIE U3BICKAKOT U3
aKILETITOPOB PE3yJIbTaTOB JEUCTBUS HMHPOPMAIMOHHBIE MapameTpbl TpeOyeMoro
MOJKPEIUIEHUSI W CPEICTBAa €ro JIOCTHKEHHS, C KOTOPBIMHU B IPOIECCE IOUCKA
CyObEeKTaMU BEIIECTB, YAOBJIECTBOPSIOIIUX HUX HMCXOAHBIC MOTPEOHOCTH, BCE BpEMs
OCYLIECTBIISIETCS] CPABHEHHUE CBOMCTB BHEIIHUX PA3IPaAKUTEIEH.

XopoI1Io M3BECTHO, YTO JOCTI)KCHHE WHANBUAYYMOM TpeOyeMoro pesyibTara
COMPOBOXKIAETCSA MPUATHBIMU SMOLUUOHAIBHBIMU OTyIIeHUsIMUA. C JIpyroil CTOPOHBHI,
P HECOBIMAJECHUU NapaMeTpoOB JOCTUTHYTOIO pe3ylibTaTa ¢ [apaMeTpaMH,
3QJIO)KEHHBIMU B aKLENTOpE pe3yJbTara ACMCTBUS, BO3HUKAIOT OTpPHULIATEIbHBIC
AMOLIMH. DTO TOJOXKHUTENBHOE U OTPULIATENILHOE MOJAKperieHne. B nanHoi pabote
MbI paccMaTrpyBaeM MOJOKUTEILHOE U OTPHUILATEILHOE MOJAKPEIIEHNE KaK MpOoIece
BO3HUKHOBEHHUSI COCTOSHUS YJIOBOJILCTBUSI WJIM HEYIOBOJILCTBUSI MPU JIOCTHKECHUU
OMOJOTMYECKH WM COLMAJIbHO 3HAUMMOIO pe3yibTara. YIOBIETBOPEHHE Jt0OOH
NOTPEOHOCTH  BENEeT K  BO3HUKHOBEHUIO  MOJIOKUTEIBHOTO  IMOAKPEIUICHHUS,
HEY/IOBJICTBOPEHHE  TMOTPEOHOCTH — K  BO3HUKHOBEHHIO  MOJKPEIUICHUS
OTPHUILIATEIIBHOTO.

Hamu mnokazano [7, 8], 4TO CyllEeCTBYeT KaK peajbHOE MOJIKPEIUICHUE MpHU
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JOCTH)KEHUHM WJIM HEAOCTHXKEHHUU HEOOXOAMMOIO pe3ysbrara, Tak M IMOAKpPEIIeHHe
«BUPTyaJbHOE». «BHUpTyallbHOE» MOAKPEIJIEHWE HACTYMAaeT [0 3aBEpIICHUs
MOBEJCHUYECKOTO aKTa W CBA3aHO C TMPEABKYIICHHEM JIOCTHXKEeHUus (Win He
JOCTWXKEHUS pe3ynbrara). TakuM o0pa3oM, «BHPTYaJbHOE» MOAKPEIJICHHE TaKXkKe
SIBJISIETCS ONEPEKAIOIIUM OTPAXKEHUEM JEUCTBUTEIBLHOCTU U MOXKET OBITh OTHECEHO K
amnrapary akuenropa pe3yJibTaToB JEHUCTBUA.

MBI nostaraem, 4To OnepeKaroee MojJ0KUTEIBHOE OJKPEIUICHUE, CBA3aHHOE C
OKWJAHUEM IIOJIyYEHHs PE3yJbTaTa UMEET YETKUE HEUPOXHUMHYECKUE MEXAHU3MBI.
L{eHTpaJIbHYIO POJIb UTPAET B3aUMOJEUCTBHE HEMPOMEIHATOPOB C pELENTOpaMu —
10(paMUHOBBIMH, CEpOTOHUHOBBIMH, HUKOTHUHOBBIMH, OMUOUIHBIMU u
KaHHaOMHOUAHBIMU. [IpyM 3TOM ME30KOpPTHKOIMMOMYECKas JOo(paMUHOBas CHUCTEMA
UMeeT HauBaxHewiiee 3HaueHue [9]. JlobaMUH-CHHTE3UpPYIOIIME HEHPOHBI, Teia
KOTOPBIX PACIIONOKEHBI B 0071aCTH BEHTPAIbHOU MOKPHIIIKH, TOCTOSHHO HAXOASTCS
nmoag TopMo3HbIM  BiusiHueM [AMK-comepkamux  HelipoHoB. Bo  Bpewms
ecTecTBeHHOro (Qusnonorudeckoro mnoaxkperuiennss [AMK-conepskaiue HeWpoOHBI
TOPMO3STCA TpPU AEUCTBUM HA HUX ONUOMIHBIX IENTHIOB, B PE3YyJIbTaTe Yero
aKTUBUPYIOTCSA J10(paMUH-CUHTE3UPYIOIINEe HEWPOHBI U TPOUCXOAUT BBIJCICHUE
nogaMuHa U3 UX HEPBHBIX OKOHYAHUH, PACTIONIOKEHHBIX BO MHOTHX OT/I€JIaX MO3Ta, B
YACTHOCTH, B IPUJICKALLEM SAPE U KOpe. B 3TuX ke oTnenax pacronararorcs ApyTrue
HEHPOXUMUYECKHE CHCTEMbI, KOTOpPBIE CHOCOOHBI MOIYJIMPOBaTh A0()AMHUHOBYIO
HEUpPOMENNALMIO BO BpeMs MOAKPEIUIeHUs. Mpl momaraeMm, 4TO 3TH NPOLECCHI
COMPOBOXKJAIOT (POPMUPOBAHUE aKIENTOpa pe3yjbTara IEHCTBUA B IEHTPAIbHON
ApXUTEKTOHUKE (PYHKIIMOHAJIBLHOM CUCTEMBI IieJIeHallpaBieHHoro nosenaeHus. [lpu
ATOM OIICHUBAIOTCS HE TOJBKO MapaMeTphbl OyAylIero pe3ysbTara, HO U BEPOSATHOCTh
ero goctiwkeHus. Uem Oosee BakeH pe3ysIbTaT U YeM BBIIIE OIEHUBAaEMasi CyObeKTOM
BEPOATHOCTh €r0 JOCTIKEHHUSA, TeM Oosblle no(aMUHa BBIIEISETCS U TEM CUJIbHEE
IIPUATHBIE OLIYLICHUS, BOZHUKAIOLINE IIPU ITOM. TeM HE MEHee, pe3ysbTar €lle HE
JOCTUTHYT, U PEAIIbHOTO MOAKPEIUICHUS €1IE HET.

C napyroil CTOpOHBI, «BUPTYyaJIbHOE» OTPHULATEIBHOE IOAKPEIUIEHHE, KOraa
WHUBUYYM OTIACAETCs, YTO PE3YyIbTaT HE OYJET JOCTUTHYT, TAKXKE SBISICTCS YaCThIO
aKIenTopa pe3yJbTaToB AeucTBhsA. [lo-BUAMMOMY, «BUPTyaJbHOE» OTPULIATEIIBHOE
IIOIKPEIUIEHUE TECHO CBS3aHO C MEXAHM3MaMM TPEBOKHOCTH. MIMEHHO cocTosiHHE
TPEBOXKHOCTHU BO3HHUKAET pu OKUJJaHUH HEraTUBHOIO pe3ynbrara.
Helipoguzuonornueckne u HEMPOXMMHUYECKUE MEXAHU3Mbl TPEBOXKHOCTH HEIIOXO
u3ydyeHbl. Tak, CUYMTAETCS, YTO LIEHTPAJIbHOW CTPYKTypod s (HOpMHpPOBaHUS
COCTOSIHMSI TpPEBOXKHOCTH saBisiercss MuHpanuHa [10]. IlogaBnenne T['AMK-
HPTUYECKON PEryNAlMi YMEHbIIAET HHTMOUTOPHBIC BIMSIHUS HA OCHOBHBIE HEHPOHDI
0azonarepaqbHOM YacTH MHUHAAJIWHBI, YTO MPUBOAUT K WX THUIEPBO30YIUMOCTH,
KOTOpasi BbI3BIBAET cOCTOsiHME TpeBoxHOCTU [11,12]. Takoe MOXeT Npou3ouTH
BCJICICTBUE MHOXKECTBEHHBIX KOPKOBBIX U MOJIKOPKOBBIX BO3JIEWCTBUN Ha HEUPOHBI
MUHJAIUHBL. JTO  MOTYT OBITh  KaHHAOWHOWIHBIC, JO0(DaMHHEPTUYECKUE,
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CepoTOHMHEepruyeckue, xonuHepruyeckue, [AMK wu  mirooramarepruydeckue
BozzaeiicTBus Ha TAMK- uHTEpHEHpPOHBI. ITU BO3ACHCTBUS MPUBOJAT K CHHXKEHUIO
Boiienienuss [AMK B nepuneiipoHaibHOE MPOCTPAHCTBO OaszoiarepajbHbIX OTAEIOB
MUHJIATUHBI, IPOUCXOAUT TOBBIIIEHNE BBIJICIICHHS TIII0TaMaTa U TUIIEPBO30yIMMOCTh
HEWPOHOB MUHJAIMHBL. MOXHO mMojararb, MO aHAJOTMU C MOJOKUTEIbHBIM
NOJKPEIJIEHUEM, YTO YEM BAKHEE PE3YJbTaT, KOTOPOr0 MHAMBUAYYM OIACcaAETCs HE
JOCTUTHYTh, U 4YeM OOJbIlIe BEPOATHOCTh TOTO, YTO OH HE OyIeT AOCTUTHYT, TEM
OonblIe OydeT MPOMCXOAUTH TMIEPBO30YIUMOCTh MHUHAANWHBI. Takum oOpasom, B
anmapare aklenTopa pesyJibTara JEUCTBUS JOKEH ObITh MEXaHW3M, HE TOJIBKO
OLICHMBAIOUIMN TmapameTpbl Oyayliero pe3yibrara, HO W BEpPOSTHOCTb €ro
JOCTH)KEeHMsI. BriepBble Ha Ba)KHOCTb OLIEHKH BEPOSTHOCTU JIOCTHUKEHHS pe3ysibTara
(ynonerBopenus norpedbHoctu) ykazan [1.B. CumonoB. OH monarai, 4To sMouus
€CTh OTPAKEHHWE MO3TOM UYEeJOBEKAa W JKUBOTHBIX KaKOH-IHOO aKTyallbHON
MOTPEOHOCTH (€€ KauecTBa W BEJIMYMHBI) U BEPOSTHOCTH (BO3MOXKHOCTH) €&
YIAOBJIETBOPEHUS, KOTOPYKO MO3I OLIEHMBAa€T HAa OCHOBE TI'€HETUYECKOIO U pAHEE
IpUOOPETEHHOTO UHIUBUAYATIBHOTO OMBITa». JTO YTBEPKIECHUE ObLIO MPEICTABICHO
B BUJIe (hOPMYITBL:
O =-1I x (Un - Uc),

rae O — smouus (e€ cuia, KayecTBO M 3HaK); [l — cuiia U KayecTBO aKTyalbHOM
norpedHocty; (UH - Mc) — olueHka BepOsSTHOCTH (BO3MOKHOCTH) YIOBJIETBOPEHUS
JTAHHOM MOTPEeOHOCTH, HA OCHOBE BPOXKJIEHHOTO (F€HETUYECKOr0) U MPUOOPETEHHOTO
onbiTa; MH — wuHbOpManMs O cpeAcTBax, MPOTHOCTUYECKH HEOOXOIUMBIX ISt
YIOBJIETBOPEHUS CyllecTBytoleld norpednoctu; Mc — umHbopmanus o cpeacTnax,
KOTOPBIMHU pacrioiaraeT 4ejoBeK B JaHHbIM MOMEHT BpeMeHu. 13 dopmyibl Xxopoiio
BUJIHO, 4TO TIpu Mic>IH smorus mpuodpeTaeT MoJ0KUTENIbHBIN 3HaK, a npu Uc<Uu
— oTpuuarenbHbIil [13].

Kakue xe HeWpopu3NOIOTrHIeCKUe MEXaHU3MbI MOTYT OIEHHWBATh BEPOATHOCTD
JIOCTUKEHUS pe3yibrara?

B nocimegHue TOIBI  OTPOMHOE BHHMMAaHHME IIPHUBIIEKAET OIMOPHOE  SAJIPO
tepmuHanbHOTO TsKa (bed nucleus of the stria terminalis, BNST). Cuuraercs, uto
BNST sBnseTcss eHTpOM HMHTErpanuu UHGOpPMAIMN HETaTUBHOW HANpaBICHHOCTU
WJIM COCTOSTHUSI TPEBOKHOCTH B CBA3M C TEM, UTO UIMEHHO OTCIO/Ia PACIIPOCTPAHAIOTCS
MPOEKIMU B MUHAAINHY, KOTOPbIE MPUBOJAT K BHICBOOOKICHHUIO B €€ LIEHTPAJIbHON
YacTH KOPTUKOTPONUH-puim3uHr Qakropa (KP®D), koTopblil 3areM aKTUBHUPYET
rUNoTagaMo-runopu3apHo-HaANOYeYHUKOBYI0 och [14,15]. Kpome storo, Mio- u
Kallla-on1oUuJIHbIE  pelentopbl, pacnonaratomuecs Ha [AMK-epruyeckux
unrepHeiiponax BNST MoaynupyroT akTUBHOCTh CHUHanTH4Yeckoil nepeaauu B KPD
cuHancax [16, 17]. Takag Monmymsiyds MOXET OINPENEsITh, BO3HUKHET JIU Y
WHIUBUYyyMa  COCTOSHHE€  TPEBOXKHOCTU  (BUPTyaJbHOE  OTPHUIATEIILHOE
MOJKPEIJICHUE) WM OXHUIAHUE TOJIOKHUTEIBHOTO TOAKPEIUICHUS! (BUPTyaJIbHOE
MOJIOXKUTENILHOE MOAKPETIICHHUE).
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MHorue oTaensl  Mo3ra  MOTYT OBITh  BOBJIICUEHBI B IpeACKa3aHue
WH(POPMAIIMOHHOTO OyAyIIero, €ro OIEHKH M pPacdeToB BEPOATHOCTEH. MOXKHO
JTymMaTh, 9TO BO30YXJEHHE, CBSA3aHHOE C MPEJCKa3aHHEM HETaTUBHOTO pPe3yJbTaTa,
UCXOMsINee W3  JIaTepajJbHOM  MHUHIAJIMHBI  MOXET  B3aMMOJICHCTBOBATh  C
BO30OY)KJICHUSAMH TIOJIOKUTECIHPHON MOJAIBPHOCTH W3 BEHTPAJIbHON ITOKPBIIIKK Ha
YPOBHE TPHJICKAIIETO sIpa M KOPKOBBIX 00pa3oBaHMA. 3/1€Ch MOXKET MPOUCXOIUTH
OIICHKa BAXXHOCTU JOCTIDKCHUS PE3yabTara W BEPOSTHOCTH €ro JOCTIKCHHs. B
pe3yapTare BO3HHUKAET JIMOO MOJOKUTEIHHOE, MO0 OTPHUIATEIbHOE OTEepPekKaroIee
nofkperieHue. Kak TMONOKHUTENbHOE, TaK W OTPHUIATEIIBHOE OMEepPEeikKaroIiee
MOJIKPEIJICHUE O0JIaal0T CTUMYIHPYIONUM JEWCTBHEM W YCHIMBAIOT HCXOIHYIO
MoTuBanuio [18]. D10 cocoOcTByeT Oosiee ONTUMATIBHOMY JOCTHXEHHUIO MOJIE3HOTO
MPUCTIOCOOUTEIBHOTO pe3yJIbTara.

Takum oOpazoM, B armmapare MNpeaBUJCHHUS Oyayliero pesyiabrara MOXKHO
BBIJICIUTL JBa KoMroHeHTa (Puc.2). IlepBbiii KOMIIOHEHT OIIEHHMBAET IMapaMeTpPhl
JOCTUTHYTOTO pe3yJibTaTa. ITO KIACCHYECKHI aKIENToOp pe3ysibTara JAeHCTBHUS
HEOOXOIUMBIN JIJII TIOCTPOCHUSI TAPMOHUYECKOTO TOBEACHUS M M30CTaHUS ONTHOKH.
OH CcOCTOMT B TIOCTOSHHOM CIMYEHHH PE3YJIBTaTOB CACIAHHOTO, C paHee
npenckazaHHbeiMu  apPepeHTHRIMU TapaMeTpaMu pe3ynbratoB [1], T.e. B 3TOM
KOMITOHCHTE Ha OCHOBAaHHWH WHJIMBHUIYaIFHOTO OMbBITA U TEHETUYECKON MH(pOpMaIIUn
dbopMupyrOTCSt HGOOPMAIIMOHHBIE TTAMSITHBIE CIIEABI O OyayIeM pe3yibTare.

Bropoii koMrmoHeHT — onepexatomiee noakperieHrne. OHo GopMUPYeETCs TaKKe
HAa OCHOBAaHWHM TCHETHYECKOTO M WHAWBHUIYATHLHO-TIPUOOPETEHHOTO OMbITa (MaMSATH
WHJIVMBUAYyMa) O OHOJOTMYECKOM WM COLMAIBHOM 3HAUYUMOCTH OyAyIlero
pe3yibTara, a TakKe 0 BEPOSTHOCTH €T0 JOCTHIKEHUS B JJAHHBIX YCIOBHSIX.

Ha pucynke mnoxkaszanwsl addepentHbie U dpdepeHTHbIE CBS3M KOMIIOHEHTOB
aKienTopa pe3yibrara JeucTBusl ¢ ammapatoM addepeHTHoro cuHTe3a. MOXKHO
JymMaTh, YTO Ha OCHOBAHWUW HHTETPUPOBAHHON HMITYJIbCAIlUM, MMOCTYIAIOIIEH W3
adpepeHTHOTO CHHTE3a, INIe JOMUHHUPYIOIIAs MOTHBAIMSA W3BJICKAET U3 MaMSITH Ha
OCHOBE 00cTaHOBOYHOUW addepeHTanu TEHETHYECKYI0 ¥  WHJIWBHIYyaJTbHO-
NpUOOPETeHHYIO HWHGOPMAIMIO, HEOOXOMUMYIO, KaK JUIi OIEHKH BaXKHOCTH
pesyapTara, €ro mapameTpoB, TaK W IS OICHKHA BEPOSTHOCTH €r0 JIOCTHIKEHUS
(xpacubie smaEH). [lociie 3TOrO hopMHUpyeTCs OmepeKaroIee MOJ0KUTETFHOE WU
OTPHUIIATEIFHOE TTOJKPEIICHUE, a TaKke WH()OPMAIIMOHHBI KOMITIOHEHT IMapaMeTpoB
Oymymero pe3ynprara. Onepekaroliee MoAKperyieHne OKa3bIBaeT 00OpaTHOE BIMSHUE
Ha addepeHTHBI CHUHTE3, AaKTUBHUPYS JOMHUHHUPYIONIyI0 MOTHBaIuo. [lpu
JOCTYDKCHHHM pe3yJibTaTa ¥ COBIQJICHUH €r0 TapamMeTpOB C 3aJIOKCHHBIMU B
aKIlenTope, BO3HUKAET «PEalIbHOE» TOJOKUTEIIBHOE MOAKPEIJICHUE, YTO MPUBOJIUT K
MOJIABJICHUIO MEXaHW3MOB OIEPEKAONINX MOIKPEIUICHHH W TOPMOXKEHUIO pPabOTHI
adepenTHoro cuHTe3a. MoTuBaIUsl TepecTacT JOMUHHPOBATH U IOBEICHUYCCKUM
aKT MpeKpaImacTcs.

86 Teopvm cuctem, anreramquKaﬂ 6uonorus, VICKyCCTBeHHbIVI NHTENNEKT: MateMaTn4yeCckne OCHOBbI 1 NPUNOXeHUA



AKuUenTop pesynbrata AeNUCcTBuUA

«PeanbHoe»
/ noakpenneHue \
]

%nepemarou.l.ee MHpopmauma ot
nonoMXHUTENEHOE peuenTopos
nogKkpenneHue

OueHKa BaXKHOCTH n 6

apameTpbl ero
—>| pesynbTaTa M BEPOATHOLTH h pet ByAyy ‘b
pesynstata

ero JoCTUHeHMA
Onepemarom,t:n:_'V
oTpULaTenbHoe
nogKkpenneHue

v
K apdepeHTHOMY CHMHTE3Y

Ot adpdepeHTHOrO CUHTE3a
OT appepeHTHOro CMHTe3a bdep

Puc.2. Komnonenmor annapama npedsuoenust QyHKYUOHANbHOU CUCHEMbL
Fig.2. Components of the foresight apparatus of a functional system

2. LYFEIFHI TR 1L 4 B Al 7

[lo-BuauMoMy,  omepexkarolmiee  IOJIOKUTENBbHOE WM OTPULIATEIIBHOE
nojkperuieHue (GopMHUpyeTCs JHIIb TOTAA, KOTJa HWHAUBUIYYM OCO3HAET KaKOu
pe3ynbTar OyJeT JOCTUTAaThCsl U Kak OH OyzeT ATo JenaTh. Eciiu MmoBeIeHUYeCKU akT
ABIICTCS «aBTOMAaTMYECKMM», HE OCO3HABAEMBIM CYOBEKTOM, TO OIEpeKaroliee
nonkperieHue He  Qopmupyercs. OpHako, TpU  JOCTIKEHHHM  pe3yJibTara
«aBTOMATUYECKOr0» MOBEAEHYECKOTO aKTa €ro napaMeTpbl BCE paBHO CPaBHUBAKOTCS
C TapameTpamH, 3aJOKEHHbIMH B akuenrtope. Tak, B Hauaje OOydeHHMs, Korja

HAOMOANOCh  OOJBIIOE  KOJMYECTBO  OMMOOK  (HEJOCTHIKEHHE  pe3ysbTara)
HaOJI0aIach BBICOKAs aKTUBHOCTH JO()aMUHOBBIX HEHPOHOB B CTpUATyMe 00€3bsH.
Korma B pesynprare oOy4deHHS TOBEACHHE  CTAHOBWUJIOCH  IPAKTUYECKU

«aBTOMAaTHYECKUM», aKTUBHOCTh J0(aMUHOBBIX HEHPOHOB CYyIIECTBEHHO Iajaja
[19].  ABTOpHI MONAraioT, YTO AKTUBHOCTH 10(aMUHOBBIX HEHPOHOB CTpUATyMa
SBIISIETCS. CBOEOOPA3HBIM «IAETEKTOPOM OIIMOOK» - YeM OoJblie OmuOoK, TeM
CWJIbHEE aKTUBHOCThb. OJHAKO, MO HAalleMy MHEHHIO, aKTUBHOCTHb J0()aMUHOBBIX
HEHPOHOB  CBfI3aHA C  ONEPEXKAIOMIMM  TOJIOKUTEIBbHBIM  MOJKPEIUICHUEM,
BO3HUKAIOIIEM MPU BBICOKOH, HO HE 100% BEPOSITHOCTH TOCTUKEHHUS PE3YNbTATa.
PackpbiTue  HEWpPOPU3UONIOTMYECKUX W  HEUPOXMMUYECKMX MEXAaHHU3MOB
KOMITOHEHTOB aKILENToOpa pe3yabTaroB ACHCTBUS B OyIylleM JacT BO3MOXKHOCTb
(bapMaKoJIOTHYECKON PEryNAlMY MMOBEACHUS YeIOBEKa U )KUBOTHBIX. Tak, Hampumep,
HEHOPMAJIbHOE  YCHJIEHHE  IIPOLIECCOB  OIEPEXAIOUIET0  MOJIOXKUTEIBHOIO
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MOJKPEIJICHUSI TPU MATOJOTUYECKOM UTPOBOM IMOBEACHUU WU MpH (HOPMHUPOBAHUU
3aBUCUMOCTH OT TICUXOAKTHUBHBIX BEIIECTB TPEOYyeT KOPPEKIUU MYyTEeM IOJIaBICHUS
aKTUBHOCTU ME30KOPTHUKOIMMONYECKOH modaMuHOBON cuctemsbl. [Ipekparenue
TO0BIX  (OpPM  TMATOJOTUYECKOTO TIOBEACHUSI MOMIO OBl OCYHIECTBISTHCA TpU
MIOSIBJICHUH BO3MOXKHOCTH BO3/ICUCTBUS Ha HH(GOPMAIMOHHBIN IKBUBAICHT OyTyIIEro
pe3yabpTara JaHHOTO IMaTOJOTUYECKOTO MOBEeACHHs. TakuMm 00pa3oM, n3buparebHOE
MO/IABJIICHUE WJIM aKTUBALUSI MEXaHM3MOB ONEPEXKAIOIIEro MOAKPEIUICHUS, OIICHKU
BOXKHOCTH pe3yjbTara U BEPOATHOCTH €T0 JOCTHXKECHUS, a TaKKe UHPOPMAIIMOHHOTO
HKBHUBAJIEHTa OyQyIIEro pe3ysibTara MO3BOJIMJIO Obl MOJTHOCTHIO PEIIUTh MPOoOIeMy
TaKUX HapyLIEHUM, KaKk OOJIE3HU 3aBUCUMOCTH, HAPYIIEHHUS MMOJIOBOTO, MHUILEBOTO U
COLMAJIBHOTO TMOBEACHUS 4esioBeka. Kpome 3Toro, mpu momMouniyd BO3ACHCTBUNA Ha
MEXaHU3MbI aKIIeNTOpa pPe3y/bTaToB JICUCTBUS BO3MOXKHA ONTHUMM3ALUS TPYIAOBOM,
CIIOPTUBHOM U APYTOM «HOPMAJIIbHOW» NEATEIBHOCTH JIOACH. BO3MOXHO Takxke
HaITPaBJIEHHOE BO3/ICMICTBHE HA MOBEIECHUE CEIbCKO-XO3AMCTBEHHBIX )KUBOTHBIX.

B Hacrosiimee Bpemsi HE TOMJICKHT COMHEHHIO, YTO CIOCOOHOCTh K
MPEIBUICHUIO SIBISIETCS CBOMCTBOM Ouonorumdeckux cyowekroB. [L.K. Anoxun
nucan: «JIrobas apoOHas QyHKIMS OpraHu3Ma OKa3bIBaeTCs BO3MOXKHON TOJBKO B
TOM ClIly4ae, €ClIi B MOMEHT (OpPMHPOBAHUS PEIICHUS W KOMAaHIbl K JICUCTBHIO
dopmupyercst cpazy ke M anmapar npexackaszaHus. COBEpIIEHHO OYEBHUIHO, YTO
MaIllMHbI, KOTOPbIE MOIJIMA Obl Ha Ka)XJIOM 3Tarie CBOEro JEHUCTBUS «3ariisi/iblBaTh B
Oyay1iee», Moayunuiii Obl 3HAYUTEIHHOE TPEUMYIIECTBO MEPE]] COBPEMEHHBIMI.

In the book “Biology and Neurophysiology of the Conditioned Reflex” [1] P.K.
Anokhin was the first to describe the nodal mechanisms of a functional system as the
basis of the physiological architecture of a behavioral act. It was determined that the
functional system is a selective central-peripheral material formation, and the
neurophysiological substrates of afferent synthesis, decision making and reverse
afferentation were described.

According to the theory of functional systems, a useful adaptive result is a
system-forming factor due to which individual elements are combined into a system.
The need to achieve a result forms motivation, which extracts from memory genetic
and individually acquired information about ways to achieve a result in specific
conditions based on situational afferentation and with the help of a trigger stimulus.
This stage of P.K. Anokhin called it afferent synthesis. As a result of afferent
synthesis, an action program is formed, the action is carried out, and either the result
is achieved or the result is not achieved. The key role in how the body determines the
degree of achievement of the result is played by the apparatus of the acceptor of the
result of the action. This is a foresight apparatus that contains the parameters of the
future result, with which, using reverse afferentation, the real parameters of what is
achieved as a result of a behavioral act are compared. If the parameters correspond to
those inherent in the acceptor of the result of the action, then positive reinforcement
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occurs and the functional system ceases to exist. If the parameters do not match, then
the functional system continues trying to achieve the result. This is accompanied by
negative reinforcement (emotional state). Such architectonics of the behavioral act of
P.K. Anokhin described in the form of a diagram (Fig. 1.)

PC. Anokhin proposed a hypothesis about the possible neurophysiological
substrate of the acceptor of the result of an action as an apparatus for predicting the
achievement of a future result. In 1969 [2] P.K. Anokhin was the first to formulate
ideas about the information equivalent of a result. Subsequently, the theory of
functional systems was fruitfully developed by K.V. Sudakov. and his colleagues,
while much attention was paid to elucidating the neurophysiological mechanisms of
afferent synthesis and especially the apparatus for predicting results that satisfy the
dominant needs of animals and humans - the acceptor of the result of an action. K.V.
Sudakov wrote [3] “Dominant motivation and reinforcement interact on the neurons
that make up the apparatus of the acceptor of the results of action. From the
standpoint of the ideas we are developing about the holographic properties of the
functional systems of the body [4], the acceptor of the result of an action acts as an
informational holographic screen.” The ideas about the “information equivalent of
need” and the “information equivalent of reinforcement” were formulated, which
forms the apparatus of acceptors of the results of the action of various functional
systems in the brain structures [5]. However, until now, the apparatus of the acceptor
of action results is considered only as estimating the parameters of the achieved
result. So, P.K. Anokhin suggested that the acceptor of the result of an action can be
formed only on the basis of the interaction between the efferent action complex and
the afferent projection of the results in the central nervous system. He believed that
the delivery of “copies” of efferent excitations to the zone of formation of the action
acceptor is carried out by axonal collaterals of neurons, which perform the function
of final pathways and lie in the zone of formation of the flow of efferent excitations.
These collateral branches excite complexes of satellite cells, which form peculiar
closed formations, many times described as “excitation traps” [1]. K.V. Sudakov
proposed a multi-level organization of the acceptor of action results. First, under the
influence of the dominant motivation, which spreads its influence on the pyramidal
neurons of the brain, complexes of interneurons connected by cyclic relationships are
excited through the collaterals of the axons of the pyramidal tract at various levels of
the brain. Then, the reverse afferentation from various parameters of the action result
goes to the corresponding sections of the action result acceptor. The neurons that
make up the acceptor of the result of an action record the properties of the parameters
of the achieved results, as a result of which neuronal engrams of reinforcement are
formed. With subsequent occurrences of motivation, previously formed imprints of
reality are proactively excited - engrams of the acceptor of the result of the action,
previously formed by previous reinforcing influences [3].

According to the imprinting hypothesis of the formation of an acceptor of the
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results of an action [6], when the results of behavior are exposed to an organism, their
various parameters through reverse afferentation are imprinted on the corresponding
structures of the acceptor of the result of an action in the form of molecular engrams.
Dominant motivations proactively extract from the acceptors of action results the
information parameters of the required reinforcement and the means of achieving it,
with which, in the process of subjects’ search for substances that satisfy their initial
needs, the properties of external stimuli are constantly compared.

It is well known that the achievement by an individual of the required result is
accompanied by pleasant emotional sensations. On the other hand, if the parameters
of the achieved result do not coincide with the parameters inherent in the acceptor of
the result of the action, negative emotions arise. These are positive and negative
reinforcement. In this work, we consider positive and negative reinforcement as the
process of creating a state of pleasure or displeasure when achieving a biologically or
socially significant result. Satisfaction of any need leads to the emergence of positive
reinforcement, dissatisfaction of the need leads to the emergence of negative
reinforcement.

We have shown [7, 8] that there is both real reinforcement when achieving or
not achieving the required result, and “virtual” reinforcement. “Virtual”
reinforcement occurs before the completion of a behavioral act and is associated with
the anticipation of achieving (or not achieving) a result. Thus, “virtual” reinforcement
is also a leading reflection of reality and can be attributed to the apparatus of the
acceptor of action results.

We believe that anticipatory positive reinforcement associated with the
expectation of obtaining a result has clear neurochemical mechanisms. The central
role is played by the interaction of neurotransmitters with receptors - dopamine,
serotonin, nicotinic, opioid and cannabinoid. In this case, the mesocorticolimbic
dopamine system is of utmost importance [9]. Dopamine-synthesizing neurons, the
bodies of which are located in the region of the ventral tegmentum, are constantly
under the inhibitory influence of GABA-containing neurons. During natural
physiological reinforcement, GABA-containing neurons are inhibited by the action of
opioid peptides on them, resulting in the activation of dopamine-synthesizing neurons
and the release of dopamine from their nerve endings located in many parts of the
brain, in particular, in the nucleus accumbens and cortex. These same regions contain
other neurochemical systems that are capable of modulating dopamine
neurotransmission during reinforcement. We believe that these processes accompany
the formation of an acceptor of the result of an action in the central architectonics of
the functional system of goal-directed behavior. In this case, not only the parameters
of the future result are assessed, but also the likelihood of achieving it. The more
important the result and the higher the probability of its achievement assessed by the
subject, the more dopamine is released and the stronger the pleasant sensations that
arise. However, the result has not yet been achieved, and there is no real
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reinforcement yet.

On the other hand, “virtual” negative reinforcement, when the individual fears
that the result will not be achieved, is also part of the acceptor of the results of the
action. Apparently, “virtual” negative reinforcement is closely related to the
mechanisms of anxiety. It is the state of anxiety that arises when expecting a negative
result. The neurophysiological and neurochemical mechanisms of anxiety have been
well studied. Thus, it is believed that the central structure for the formation of anxiety
is the amygdala [10]. Suppression of GABAergic regulation reduces the inhibitory
effects on the main neurons of the basolateral part of the amygdala, which leads to
their hyperexcitability, which causes a state of anxiety [11,12]. This may occur due to
multiple cortical and subcortical influences on amygdala neurons. These may include
cannabinoid, dopaminergic, serotonergic, cholinergic, GABA and glutamatergic
effects on GABA interneurons. These effects lead to a decrease in the release of
GABA into the perineuronal space of the basolateral sections of the amygdala, an
increase in the release of glutamate and hyperexcitability of amygdala neurons. It can
be assumed, by analogy with positive reinforcement, that the more important the
outcome that the individual fears not achieving, and the greater the likelihood that it
will not be achieved, the more hyperexcitability of the amygdala will occur. Thus, in
the apparatus of the acceptor of the result of an action there must be a mechanism that
not only evaluates the parameters of the future result, but also the probability of its
achievement. For the first time, P.V. pointed out the importance of assessing the
probability of achieving a result (satisfying a need). Simonov. He believed that
emotion is a reflection by the brain of humans and animals of any current need (its
quality and magnitude) and the likelihood (possibility) of its satisfaction, which the
brain evaluates on the basis of genetic and previously acquired individual
experience.” This statement was presented in the form of a formula:

O =-1II x (Uu - Uc),

where 3 is emotion (its strength, quality and sign); IT - strength and quality of current
need; (Un - Hc) - assessment of the likelihood (possibility) of satisfying a given need,
based on innate (genetic) and acquired experience; u - information about the means
predicted to be necessary to satisfy the existing need; Mc - information about the
funds a person has at a given moment in time. It is clearly seen from the formula that
with Mc> Wn the emotion acquires a positive sign, and with c< UH - a negative sign
[13].

What neurophysiological mechanisms can assess the likelihood of achieving a
result?

In recent years, the bed nucleus of the stria terminalis (BNST) has attracted great
attention. It is believed that the BNST is the center for the integration of information
of a negative orientation or a state of anxiety due to the fact that it is from here that
projections spread into the amygdala, which lead to the release of corticotropin-
releasing factor (CRF) in its central part, which then activates the hypothalamic-
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pituitary-adrenal axis [14,15]. In addition, mu- and kappa-opioid receptors located on
GABAergic BNST interneurons modulate the activity of synaptic transmission at
CREF synapses [16, 17]. Such modulation may determine whether an individual will
experience a state of anxiety (virtual negative reinforcement) or an expectation of
positive reinforcement (virtual positive reinforcement).

Many parts of the brain may be involved in predicting the information future,
estimating it, and calculating probabilities. One might think that excitation associated
with the prediction of a negative outcome emanating from the lateral amygdala may
interact with excitations of positive modality from the ventral tegmentum at the level
of the nucleus accumbens and cortical formations. Here an assessment of the
importance of achieving a result and the likelihood of achieving it can occur. The
result is either positive or negative anticipatory reinforcement. Both positive and
negative anticipatory reinforcement have a stimulating effect and enhance initial
motivation [18]. This contributes to a more optimal achievement of a useful adaptive
result.

Thus, in the apparatus of predicting a future result, two components can be
distinguished (Fig. 2). The first component evaluates the parameters of the achieved
result. This is a classic acceptor of the result of an action, necessary for building
harmonious behavior and avoiding mistakes. It consists of a constant comparison of
the results of what has been done with previously predicted afferent parameters of the
results [1], i.e. in this component, based on individual experience and genetic
information, information memory traces about the future result are formed.

The second component is anticipatory reinforcement. It is also formed on the
basis of genetic and individually acquired experience (an individual’s memory) about
the biological or social significance of a future result, as well as the likelihood of
achieving it under given conditions.

The figure shows afferent and efferent connections between the components of
the action result acceptor and the afferent synthesis apparatus. One might think that
on the basis of integrated impulses coming from afferent synthesis, where the
dominant motivation extracts from memory, on the basis of situational afferentation,
genetic and individually acquired information necessary both for assessing the
importance of the result, its parameters, and for assessing the likelihood of its
achievement ( red lines). After this, anticipatory positive or negative reinforcement is
formed, as well as the information component of the parameters of the future result.
Anticipatory reinforcement has a reverse effect on afferent synthesis, activating the
dominant motivation. When a result is achieved and its parameters coincide with
those inherent in the acceptor, “real” positive reinforcement occurs, which leads to
the suppression of the mechanisms of anticipatory reinforcement and inhibition of the
work of afferent synthesis. Motivation ceases to dominate and the behavioral act
stops.

Apparently, anticipatory positive or negative reinforcement is formed only when
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the individual realizes what result will be achieved and how he will do it. If the
behavioral act i1s “automatic”, not realized by the subject, then anticipatory
reinforcement is not formed. However, when the result of an “automatic” behavioral
act is achieved, its parameters are still compared with the parameters inherent in the
acceptor. Thus, at the beginning of learning, when a large number of errors were
observed (failure to achieve a result), high activity of dopamine neurons was
observed in the striatum of monkeys. When, as a result of learning, behavior became
almost “automatic,” the activity of dopamine neurons dropped significantly [19]. The
authors believe that the activity of dopamine neurons in the striatum is a kind of
“error detector” - the more errors, the stronger the activity. However, in our opinion,
the activity of dopamine neurons is associated with anticipatory positive
reinforcement, which occurs with a high, but not 100%, probability of achieving a
result.

Disclosure of the neurophysiological and neurochemical mechanisms of the
components of the acceptor of the results of action in the future will make it possible
to pharmacologically regulate the behavior of humans and animals. For example, an
abnormal increase in the processes of anticipatory positive reinforcement in
pathological gaming behavior or in the formation of dependence on psychoactive
substances requires correction by suppressing the activity of the mesocorticolimbic
dopamine system. The cessation of any forms of pathological behavior could be
carried out when the possibility arises of influencing the information equivalent of
the future result of this pathological behavior. Thus, selective suppression or
activation of the mechanisms of anticipatory reinforcement, assessment of the
importance of the result and the likelihood of its achievement, as well as the
information equivalent of the future result, would completely solve the problem of
such disorders as addiction diseases, disorders of sexual, eating and social behavior
of a person. In addition, with the help of influences on the mechanisms of the
acceptor of action results, it is possible to optimize labor, sports and other “normal”
activities of people. It is also possible to have a targeted effect on the behavior of
farm animals.

At present, there is no doubt that the ability to foresight is a property of
biological subjects. P.K. Anokhin wrote: “Any fractional function of the body is
possible only if, at the moment of forming a decision and a command to action, a
prediction apparatus is immediately formed. It is quite obvious that machines that
could “look into the future” at every stage of their operation would gain a significant
advantage over modern ones.”

12 (iRt SO WA S A a8 A PREL ) [11— 2, Anokhin B 56 Zh HE 1R
290 B B BE AR R IR A AT R AT R AE A RO R . HEE DhRE RS M T
M-SV IR, AR NG R R B ] BN R 468 A B L RL A

WRIE TR R M, A HEENESS R RSP R, BB RS
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xR AGHR—ERG. BEHR&AROFTERR T, SRR EHRUEE
AUSAME AR AR, 18 Lo EUE 2 JE A I B N 00 7E il 55 RIS B S AESE
EGRE TERAE R k. RSB P BGE R 2 A EANE K. 1EAEN
AEAHIES R, TR TATENRRY, AT TATE), EEERGER, BEENEDER
By B8 a0 rT R e &5 S B AR BT B B SR E F 2 AT Bhah a2 2R i 4E . B —
TR SRR GG R PTHRAEE, FIGMEH R FEN, 7T BT AT A B I
PERESBOEATHER . 0 50E 2 2 BB B VR 45 3 32 3 B 1) 2 BUH H TE,
IR e A EEtl, DIRRSU A B WRSBOAILE, RIDIge RS
HEEEREHGER. BEEE A (HEREB) o PK AT RTANIE
FEZERE . Anokhin LAEFRPIEXFIA (& 1

[l 1o 172317 %092 FE1Z LA

SIEE TR T —MERER, B TAAT Bhak 5 12 52 35 1T e 0 48 AR H AR L,
VEATERIR RAE R EIRA T E. 1969 4 [2], Anokhin B XHEH T B4 K
B EY . R, SRIZRIRAIM I [E S 5 Bt S5 e T IhRE R
i, EE BRIV R IS R A A T AR R, R ) A TR R E
FNFE (BERMEZE) FEFRAOGSREE. W—HEEE. HERKRRT
TE[3] [ EEEBEAN RAAE R RS AT Bhah Rz as & LA EAER . 12
FAM IEAE B 2 1 B A B BaTh RR RS 10 4 B YE R BE A (4], BhESS BRI
EREGEEEFR. 7 BHT [FENEMNRSE] M [tk & EE ]
AR, BT KIS&E R SRS ERH & R 243 E 5. 28,
BIHAT AL, BE4AS R E B R ARG T E A R 28,
U, BssikeR A, SRS R AEsz 3 Ree A PR & K A B EE &
SELAE R EANBR N 2 MW WHEERAMER. M4, HEHEER [H
A ] BE B ENE B AR 1 T B 3852 #p 48 T Bl SR A AT 1, RS T AT
B AIBES P ThRE, N0 HA AE B R T R S . 8 S 3 A S R Ak
EANE SRS, TR E PASERS, Z2IREERIA S TSR] [1].  #FiE
BERIEH TATEh&E R B2 )8 A, . B, EFREESRMEET, =
ISR L BB R B K T SRR AR T, 1B IEE IR BRI R I R P & e
A B8 OIS B R I SERE R SR R T 2 B B . AR, REENESE
RS2 B0 R MENBIEEEA LB IR IER . FEENESS R
X B ES TCRL B AT I B &5 R S BN B M, 8T T AE A ) AR 48 T BT .
bE & Fig 1% tH B0 ENBE, Seri T B I E PIRCHE B — 1T Bhak R sz E I Ep
AU, JCHTH S HT R R EE 3]

IRIBAT Fo i RIS RS B ENRCARAR[6], AT At R 2 Ee ey, JL
5 S BOE I S BN EDRCEAS SR sz B I AH A R L. 0 BN R i Bl
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B EEEIHE T BIPEAT BN R 3323 T S T e 5R A 45 B 2 B L) L i B
SEALI B ARSI 2 AR T SR A IR RE A, AN LR A
BRI

AT R, 8 ONAE B BT R A AR N e AR R T A R . T,
IR PHERISE RN S BEUT I RNBEZHEE AW 2BA -8 sigEta
HfE#E. Lk MmEsatb. FETATAES, FAPDR AR fRoE A
A BB R A B & R S A R ALE R ARG AE . AR
LR R AR S SO R A B, R SR A AN T S S e B

A CALTEHI[7, 8], (LIERIBORER P & & R BB A R R astk, Bf
[EHE] 5atk.  [REHE] SRACIREET RAT RS AT, W HEE I (5L
REHD HRM TR Bk, TR saie 2 I E B2 sme, v
S A AT Al SR 45 52 (R B AR

AR Ay, BLREAS A5 2R (10 31 S A Bl ) TR L o B A W e 1) A A AL S A A
MEEOE Y E B2 RE (B ERL. MIGER. Fe. 45 HEMMRKRRRD I
AR R . AEEHRI T, TREEGE B ARSI EREE9].
%2 LA B AS T EREAL R PR A B 35 R 4k, FFEE R BIEH GABA HIHEETT
il g . AR RAEHEBALERET, &7 GABA MHHEETT2 26 F Ik EH
rImdl, EEE ER A RS TT IS, WAL K 2 AL A A R A R
W B, Rl AR AN B . 38 e [R] A It e, 5 Ho A e A8 AL 2 R A
BEZAE 1Y o i A% T B 2 e Bk . MR, B rkiaE RS
[A1AT A I D BEAR &I O SRR TR AT B A R R B L . AEIEFRTE DL T
AMEZFHER ARG RSB, BRI AR ATRENE. ARMEE,
S R RS R BB T REVE By, RO 2 R 2, AR N e S0 IR
oi. R, SEAGRIRAED], BIARILRNE.

FJT L, CE RS DA RMIR IR, [RSE] RSB R AT Eh A R
RN r.  BAAN,  [HEHE] ASRACDLAE RERERE DI . 82 TR
T 465 R PRy A AR RN TE o B I I e 48 A PSRRI A A8 AL SR B R C 5 7 W T
R, N APRE AT AR JE ) D& 2 2% [10]. 40 GABA fRESHET & %
A A A A% TR AR o 2 B AE T A A, I S SO g, &M
EHEEIRRE [11,12]. &) e 7S BCEURT BB R BH AAh AETe i 2 LY
BimasEn. BT RCOME AR, UK. MIERE. EmRE. GABA
% GABA F AT AIRAEMEH . 18 LSO S A AT A% TR SR 7
IR Te A B B GABA HORERGRD 45 &R RORE O I DA K A A i i 4
JUHIE FE A . Fa B SRAE L, W DU, RS O M2 B B A A SRR
EE, HSZEBNelgettsor, Mozl ao g Bl . ik, EATEAS
REZERRET, BHA EAEH, AMEFAEAR ARG RSB mH I
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BHAMHEE, PV IRIEHFEEHRA R GRETRR) B getEmEE M,
PUSEEt R, MR Ay, HEGE NEMEN N KBS EHMEMERrFH Rk CLRE MK
N R HR R R RTREE CATREM:) A Sl , RS 4 5 15 R0 5 i 28 15 B 1 A 468
Bt HIEATEMY . SRR UL ARXFTEAER

3 =-1I x (UH - Uc),

D—IHE CERBEE. WEAERE) ; OD—EiHRRAEEANE; Ma
- Vc) - RIS R GEMED FESRLER, RN WA E R RIETREM: (T RE
) s Ua- GFRAEGWMERAFRAFHNFEINEN; Uc- G — AR
ERZIHENEENEN. MAXPITLIEREL, & UcUn Ky, 1H&EIIE
5%, & Hc<Mu Wy, THEEEUADE[13].

AR Skl e 458 A LB o1 P DA ST 2 B SR T RE A 2

ITAEAE, BBURZ (BNST) Sl 7 NMBARKRIE.  AMMEE A, BNST
Je RS BT A B A IR RE RS A Ry, TR 2 3% B AE SR A I8 MR B A A4,
PSSR B R B B R IA T IR . CRF) AL FL A gy, SRR
N - R - L IRE(14,15]. DAk, ALY GABA fiE BNST H[H#& o
[¥) mu A1 kappa & 5 Sz #&FH I CRF RfGHI R EEE M [16,17]. S
A DAV RN oy &R R AR IR AR Ol it & 355 BB Mg ss i i R #tiE
g .

KIS HIRT 230 7y T Re 2 BLVRMIE AR 2k . st BRI ARG AR, AT
ReRl Ay, Bk H AMAIET A= AZ 0 & 1 &% 5% 1 TE IR AR BE 1 BLES ] e B ol E AR A% AN 2
&SRR IR Z e X B E M B AR . ST LRl & B A
BB D R E A R et 45 RS EMREE M YRS L. B A&
[ 1 FE A SR A0 BB B A RIBVE M IS sm A an B Rk [18]. B A BASEB L E T
FH B 84S R

Rlt, fETERIARRA LSS+, LA s (& 2) o 5—1F
AR T ER ARS8, BETEA RN RESZ, BNE AN
TR SR R DR . E RS O 58 &5 R B BT TR 45 R A2
BOEAT AETLLEE (1], BI fEiEMEA, R AN AEEAE, R
AR R &8 R 1 & FREC IR IR

B AR A TERAGRAL . T R IR A IE A NS (A
IRCIED TR, BB AR R & R 2ot em e, PAAKTERE
AT TR A R T et .

BCIE BN T ENVEAS R 2 A BN & B2 B 1 AR 2 PR P 42 N R B e
NPT RE & iR A, TE2R B EAA RM A S E B LM 1, FHorh = EEhmad
TBheE, EERENPEE L, EEAEANESNE SRR G4 R EE
e, H2BU LBE R EEEE S VER . s EERATEE (L4
g, HRTEAR ESRfb B Eostl, DARCR R &S R 2B G . TAIAE
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WHRENG A MR ER, ERIEEIRE .  EIERRIR HH 2R %
B REA R 28200, wie A [RIER ] B9k, 18 & S SRR S
A AMEN S R AR RS . BOREANE & B, AT R dE k.

2. LYFEAFHLR TR L 4 B A 7

BAPR, AT H RS R 5RE & U A PR &l R DL S Atk dn A i 34008 — B ke
TR IE e & 9B 4 G . WERAT /L “BEIR7 , EEIRE S,
MEF SR A TR R, EHH [ B8] 78T ARERE, K2
BRI Z A I 2 BOEIT IR, L, ESE Y, EBIgEIKE
i (RAEMGAE A Ky, BT RISUIRES B8 2] 2 Bl o i) mis
EERE AR, TAHEFEE THE)] K, ZERMETrEEEE T &
[19]. fFEHERA, AUREEHZ OEAE TR — M (SR ERes ] —5
A, TEEIAEGR. AR, RAMER A, 2 E R AL T i B B TH I A 1R 4
SEAT I, IEMERA IS AERERIR S, (EAZ 100%.

R AN & AL 5208 73 A A 2R B SR AE AL S BRI R B s, RS (i B 22
s BT NSRBIV AT R A T RE. B0, o8 B IEE ISKAT A b TRIYT I 1 s A
PR S5 8 TN BIPRS00 B R 1 T R R B I ) o B BB 4% 2 B R A
G S AR AN . B B R R AT A I AR SR A SR 1 B AN S A I A RE PRI
A DU IR R RBAT 2. BRI, SRR S B TR oR A b i), R
fli& R A N A B e, DARORAREE RIEE SR EY, SRR TR
e TRSORREI . — MR NHIPE . BE A g AT 2y batbe . tboh, (EBVEHMTEIEE R
BRI E, WM E). fE AR [1E% | w8, et
REST R EIRIAT R AT SH VR R

Hr, ZM5en, HARILEYERPETE. MAEM. MeEkEiE:
[ ARG IR ENAT B a2 AR — %1, SLEIE R (E TR E, SRR
A TIREA A I HE.  IRWIBR, REAEIEAT AR RS B “ REEER AR UBEAR s
U SACHE AR A R 1R S5, 7
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