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naﬁoparopm ansa n3MepeHna AKTUBHOCTHU HEﬁpOHOB ronoBHOIoO Mo3ra C UCNoJs1b30BaHWEM

MarHuTosHuedanorpaduu (M30).

M3I" MMeeT BbICOKOE, MUANNCEKYHAHOE BpeMeHHoe paspelleHue. B coyetaHum ¢ uHdopmalmel, nonyd4eHHowm
Npu CTPYKTYPHON MarHUTHO-pe3oHaHcHoW Tomorpadum (cMPT), 3TOT MeTop MO3BONSET perncTpupoBaThb
U3MEHEHUSI HEMPOHHOWN aKTUBHOCTM MOSIOBHOMO MO3ra C BbICOKMM MPOCTPaHCTBEHHbIM paspelleHneM (HeCcKOoNbKo



MarnutosHuedanorpadua (M3T):
COBPEMEHHbIN METO, HEMPOBU3YaNU3aLMmn paboTbl
rOI0BHOr0 MO3ra C BbICOKMUM BPEMEHHbLIM U
NPOCTPAaHCTBEHHbIM pa3peleHnem
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BepoaTHOCTHasA cpena

https://www.npr.org/2014/07/22/332650051/there-s-a-20-percent-chance-of-rain-so-what-does-that-mean
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Oby4yeHune ¢ nogkpeneHMeM U BEPOATHOCTHaA cpeaa
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JKCrepuMmeHTaibHaA 3a4a4a
« MHOropykuit 6aHgut»
(multiarmed bandit task)
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Ne KHonKa 1: KHonka 2: No KHonKa 1: KHonKa 2:
NONBITKM BEPOATHOCTE | BEPDOATHOCTE S BEPOATHOCTE | BEPO OCTh
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O 1 MPOUIPbILL 21 YCTEX
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16 YCTIEX 36 YCTIEX
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Bcem XuMBbIM cMCTEMAaM MMMAHEHTHO NPUCYyLWa TEHAEHUMA K
KOHCTPYNPOBAHUIO BHYTPEHHEN Moaenu cpebl, C KOTOPOMN OHMU
B3aumogenctBytoT (Parr, Friston, 2017; Smith, Badcock & Friston,

2021).
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Bcem XuMBbIM cMCTEMAaM MMMAHEHTHO NPUCYyLWa TEHAEHUMA K
KOHCTPYNPOBAHUIO BHYTPEHHEN Moaenu cpebl, C KOTOPOMN OHMU
B3aumogenctBytoT (Parr, Friston, 2017; Smith, Badcock & Friston,
2021).

Kaxkpoe pacxoxaeHmne Habntogaemoro pesynbrata C ero
CyObEeKTUBHbIM NPOrHO30M YKa3bIBAET HAa HeEONpPeaAeNeHHOCTb
cuTyaummn. HeonpeaeneHHoOCTb HeceT B cebe NoTeHUUabHYIO
Yrpo3y A/151 BbIXXKMBaHMA U COXPaHEHUA LLleNOCTHOCTU OpraHnU3ma.
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Bcem XuMBbIM cMCTEMAaM MMMAHEHTHO NPUCYyLWa TEHAEHUMA K
KOHCTPYNPOBAHUIO BHYTPEHHEN Moaenu cpebl, C KOTOPOMN OHMU
B3aumogenctBytoT (Parr, Friston, 2017; Smith, Badcock & Friston,
2021).

Kaxaoe pacxoxkaeHme Habnrogaemoro pesynbraTa C ero
CyObEeKTUBHbIM NPOrHO30M YKa3bIBAET HAa HeEONpPeaAeNeHHOCTb
cuTyaummn. HeonpeaeneHHoOCTb HeceT B cebe NoTeHUUabHYIO
Yrpo3y A/151 BbIXXKMBaHMA U COXPaHEHUA LLleNOCTHOCTU OpraHnU3ma.
AJanTUBHbIM OTBETOM Ha HeEoNnpeaeneHHOCTb ABAAETCA
PEKYPPEHTHAA KOPPEKTUPOBKA BHYTPEHHEN MOAENN CPeAbl.
JTrobon ncxon cobcTBeHHbIX AEUCTBUINA, B TOM YUC/IE N HEFATUBHASA
obpaTHaA cBA3b Ha COBepLUEHHOE AeNCTBUE, HEceT B cebe
3NUCTEMUYECKYIO LEHHOCTb ANA CYObeKTa, CHUXKAA ANA HEro
YpOBEHb BHYTPEHHEeN HeonpeaeneHHocTu (Parr, Friston, 2017).
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B BEpOATHOCTHOM cpeae BHYTPEHHAS MoAenb AO/MKHa

BK/1tOYaTb B cebA BEPOATHOCTU Pa3HbIX NCXOO408B
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K€ 0TKa3bIBaTbCA OT Hee B byayuiem.




OO6y4eHune ¢ noagkpenneHnem n BEpOATHOCTHaA cpeaa

B BEpOATHOCTHOM cpeae BHYTPEHHAS MoAenb AO/MKHa

BK/1tOYaTb B cebA BEPOATHOCTU Pa3HbIX NCXOO408B
%.3.9

("puckn"): ecnn npu Bbibope "orKnMaaemo BbirogHON"
onuuu Bbl MHOrAa NPOUTrPbIBAETE, TO 3TO HE NOBOZ, CPa3y
K€ 0TKa3bIBaTbCA OT Hee B byayuiem.
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® Yei0BEK CTPOUT CBOK BHYTPEHHIOK MOAE/Ib HAa OCHOBE HEDBONbLWIOrO
OrpPaHUYEHHOrO KOIMYECTBA OTAE/bHbIX NPO6 — NO3TOMY MOAENb MOXKET
OKa3aTbCA OWKNbOoYHOM (B CUAY CydarHbIX GAYKTYALUUN, UIU NOTOMY,
YTO YEeNOBEK HENPABUIbHO YN0BM 3aKOHOMEPHOCTb KaK TaKOBYIO).
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CTaTb HEBbITOAHbIM, @ HEBbIFOAHbIN — BbIFTOAHbIM (BONAaTUABHOCTD).
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B BepOATHOCTHOM cpee BHYTPEHHAA MOAE/Nb A0/IKHA
BKNOYATb B cebA BEpPOATHOCTU pa3HbIX MCXOA0B
@ ("puckn"): ecnn npu Bbibope "orKnMaaemo BbirogHON"
J onuuu Bbl MHOrAa NPOUTrPbIBAETE, TO 3TO HE NOBOZ, CPa3y
K€ 0TKa3bIBaTbCA OT Hee B byayuiem.

OaHako moaenb TpebyeT NOCTOAHHOIO YTOYHEHUSA, MOCKONbKY:
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OrpPaHUYEHHOrO KOIMYECTBA OTAE/bHbIX NPO6 — NO3TOMY MOAENb MOXKET
OKa3aTbCA OWKNbOoYHOM (B CUAY CydarHbIX GAYKTYALUUN, UIU NOTOMY,
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® YcnoBuA (BepoATHOCTN) MOTIN M3MEHUTLCS, N BbIFOAHbIN BbiOOp Mor
CTaTb HEBbITOAHbIM, @ HEBbIFOAHbIN — BbIFTOAHbIM (BONAaTUABHOCTD).

[podonxan pa3 3a pa3om 8bibupame 00HY U My Xce ornuuro 8
coomeemcmauu co ceoeli BHympeHHel MoO0esbio, YesnoeseK aAuwaem
cebs 803MOMCHOCMU Uccnedosame opyaue onyuu.
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B utore 4yenoBeK OKa3biBaeTCca nepesn ANIEMMON MEKAY
NcnNosib3oBaHUEM U uccnegosaHnem: N1Mb6o NPoao/IKaTb
NOJIHOCTbIO NONAraTbCA Ha NpMobpeTeHHbIN paHee
cobCcTBEHHbIN ONbIT (BHYTPEHHIOK Moaens), nmbo
NpPoBepPSATb MasI03HaKOMbIe ONUUN.
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B ntore yenoBekK oKkasblBaeTcs nepea ANIEMMON MeXay
To UCNo/Ib30BaHUEM U ucciegoBaHmem: 1160 NPoao/IXKaTb
d MONHOCTbIO NONAraTbCs Ha NPUObPETEHHbIN paHee

cobCcTBEHHbIN ONbIT (BHYTPEHHIOK Moaens), nmbo
NpPoBepPSATb MasI03HaKOMbIe ONUUN.

Bbibop Mano3HaKomMoM onumm MoXKeT BbiTb CONPAXKEH C BHYTPEHHUM
KoHpamnkTom (Cogliati Dezza et al., 2017; Daw et al., 2006): yenoBek
obpeKaeT cebAa Ha NOBbILLEHHYIO BEPOATHOCTb NPOUrpbILla (Beab OH
NoCcTynaeT NPOTUB CBOEW BHYTPEHHEN MOAENU, T.€. eMYy NPUXoanTca
NoAaBAATb 'MpeaoMUHUNPYIOLLYIO" peaKuuto Bbibopa BbIroAHOM
onuumn), — paam nony4eHns nHGopmaumnmn, KoTopas NOTEHLMANIbHO
MOXET OKa3aTbCA NoNe3HOM Koraa-Hubyap B byayLiem.



Nunemma Mexay crparermaMmm ncrnosib3oBaHnAa U UCcrieaoBaHUA

Ounemma mexay ctpaTermsmm UCNOb30BaHUA U UCCNe[0BaHUA
(exploration-exploitation dilemma).



Pa3HOBUAHOCTU cTparermm nccinenoBaHuUs

Stick with what
is known
OR
try something else

Chocolate Hibiscus Toblerone Spinach

Dubois, 2022
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Stick with what

is known
OR
try something else

Exploitation Exploration
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Chocolate Hibiscus Toblerone Spinach

Dubois, 2022



Pa3HOBUAHOCTU cTparterum nccriegoBaHus

Different strategies for exploration

» Go for novelty
» Go for what you expect to like
» Pick with ‘closed-eyes’

Exploitation Exploration
‘ I‘ o
Chocolate Hibiscus Toblerone Spinach

Dubois, 2022



Pa3HOBUAHOCTU cTparermn nccinenoBaHmA

"cnyyarHoe" nccnegoBaHue — Yesi0BEK HAUMHAET BblIOMpPATb AOCTYMHbIE eMyY

onuumn cay4amHbiM 06pasom, T.e. KaK Bbl OTKA3bIBAETCA OT Y)KE Bbly4YEHHbIX MM

npaBuAa 3a4a4m, 1 NpobyeT pa3Hble BapMaAHTHI.

- 6e3 yyeTa LeHHOCTU (YMCTO CnyYamHbIM BbIOOP «C 3aKPbITbIMM F1a3aMm», 3TO

HanMmeHee 3aTpaTHbIM MeTo4,; K Hemy ocobeHHO YacTo npuberatoT maneHbKme

netn)

- CY4YeTOM UeHHOCTU (TpebyeT HEKOTOPbIX KOTHUTMBHbIX 3aTPaT 418 Y4eTa
npeablayLWnX BbIMFPbILLEN N NPOUTPbILLEN)

"HanpaBaeHHoe" uccnegoBaHUe — NPUHATME peLLleHns, NPU KOTOPOM YeNoBeK
CO3HATe/IbHO XEePTBYET CUIOMUHYTHbBIM BbIUFPbILLEM paan obpeTeHns HOBOM
MHPOpPMaLUM — B HaZeXae, YTO 3TO NoOMOXKeT emy B byayuiem (Hanbonee
3aTPaTHbIN MeTo/, TaK Kak TpebyeT yyeTa cTeneHn HeonpeaeneHHOCTM NO KaXKaoM
onumMun, U NOCTPOEHUA rMnoTes).

Dubois, 2022



Figure 1. The four-armed
bandit task. Participants made

5. Unlike standard

the four machines nget
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lines). Participants were

vn('nnmp,(—‘(l €

repeated choices berween four

Pa3HOBUAHOCTU cTparterum nccriegoBaHus
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JKCnepMMmeHTaibHasA 3a/a4a «6ecnoKOMHbIA MHOTOPYKUU BaHaUT»
(restless multiarmed bandit).
3a4a4un, B KOTOPbIX BEPOATHOCTb BbIMIPbILLIA U3MEHAETCA, MPOBOLIMPYIOT
YYaCTHUKA 3KCMepUMeHTa TO/IbKO Ha C/ly4aiMHOe uccnegoBaHue.
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horizon 1 1 2 3 4
horizon6 [RiblE2 N3 4 2| 3| 4|56
4 2

horizon 11 1 2 3 3 4 5 6 ; 8 9 10 |1

forced-choice trials free-choice trials

JKcnepumeHTanbHasn 3aaa4a «[OPMU3OHT» JaeT BO3MOXHOCTb U3y4aTb
HanpaB/JeHHOE Uccneno0BaHue.
[Mpn KOPOTKOM rOpM30HTE YenoBeK byaeT cnenoBaTb cTpaTermu
MCMONb30BaHMA, @ NPU AJMHHOM — CTPATErMU UCCNea0BaHUA.

Warren, Wilson et al., 2017
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Figure 1. The herizan task. Participants make a series of decisions between two one-armed bandits that pay out probabilistic rewards with unknown

means, At the start of each game, forced-chaice’ trials give participants partial informatian about the mean of each option, We use the forced-choice
; e

3 plays from

trials to set up one of twe informati (A] an unequal {or [1 icipants see 1 play from ane

the other and (Bl an equal {or [22 ian in which participants both options. A model-free measure of directed =xploration is then

defined as the change in infermat king with harizon in the (A, Likewise a modal-free measure of random exploration is

defined as the change choasing the law mean aptian in the 2qual candition (B)

Zajkowski. Kossut. Wilson 2017
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Bandit task Game END: Reward is

) the sum of sample sizes
Bandits = Trees

Draw from a bandit = Apple
Reward = Apple size

Game START: 3 of
the 4 bandits are used

Select banditto draw from

Observe initial samples

First draw
3KCI‘IepVIMGHTaanaFI 3a/1d4d Short horizon trial:
«®epma Marru» (Maggie’s ! applefopick

Long horizon trial:
Farm task) — mogudukauua Sapplsaio pick

3a4a4a «[OpU3OHT» |
Dubois Hauser 2021



Kak nsy4yarb ctpareruto uccrneaoBaHusa?

THE JOURNAL OF COMPARATIVE NEUROLOGY 493:99-110 (2005)

Adaptive Gain and the Role of the Locus
Coeruleus—-Norepinephrine System in
Optimal Performance

GARY ASTON-JONES™ axp JONATHAN D. COHEN**
'Laboratory of Neuromodulation and Behavior, Department of Psychiatry, University of
Pennsylvania, Philadelphia, Pennsylvania 19104
“Department of Peychology, Center for the Study of Brain, Mind and Behavior, Princeton
. University, Princeton, New Jersey 08540
"Department of Psychiatry Western Psychiatric Institute and Clinic University of
Pittsburgh, Pittsburgh, Pennsylvania 15260

ABSTRACT

Historically, the locus coeruleus—norepinephrine (LC-NE) system has been implicated in
arousal, but recent findings suggest that this system plays a more complex and specific role
in the control of behavior than investigators previously thought. We review neurophysiolog-
ical, anatomical, and modeling studies in monkey that support a new theory of LC-NE
function. LC neurons exhibit two modes of activity, phasic and tonic. Phasic LC activation is
driven by the outcome of task-related decision processes and is propozed to facilitate ensuing
behaviors and to help optimize task performance. When utility in the task wanes, LC neurons
exhibit a tonic activity mode, associated with disengagement from the current task and a
search for alternative behaviors. Monkey LC receives prominent, direct inputs from the
anterior cingulate (ACC) and orbitofrontal cortices (OFC), both of which are thought to
monitor task-related utility. We propose that these prefrontal areas produce the above
patterns of LC activity to optimize the utility of performance on both short and long time
scales. J. Comp. Neurol. 493:99-110, 2005. ¢ 2005 Wiley-Liss, Inc

B sTo1 paboTe 6bina npeanorkeHa Teopua, COrTacHO KOTOPOM NPUYUHOM
nepexoaa K cTpaTernm nccaegoBaHMUA 3aK104aNacb B TOHUYECKOM
HOpaApeHeprnyeckom akTmMeaL MM B roTIOBHOM MO3Te.




Kak nsy4yarb ctpareruto uccrneaoBaHusa?

Figure 2. Pupil diameter on
exploration and exploitation
trials. (A) Time course of
grand-average pupil diameter
aligned to the keypress
indicating the selection of a
slot machine for exploratory
and exploitative choices.

(B) Average baseline pupil
dizmeter for exploitative
choices (black bar), and
exploratory choices with a low,
medium, and high degree of
exploration (striped bars).

Pupil Diameter Predicts Changes in the
Exploration-Exploitation Trade-off: Evidence
for the Adaptive Gain Theory

Marieke Jepma and Sander Nieuwenhuis
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MHOTOPYKuit 6aHauT»




Kak n3yyartb cTpareruto uccneaoBaHua?

B nogasnatowem 60/1blLIMHCTBE HAY4YHbIX PaboT 3a nocieaHMe NoaATopa
aecatTuneTna GoKyc BHUMAHUA y4eHbiX Obl/1 HanpasaeH NULlb Ha OAHY U3
dbopm cTpaTernm nccneaoBaHMA — Ha TaK Ha3biBaemoe ""cayyamHoe"
uccnegoBaHue. B aTux pabotax aKkcnepumeHTaTopbl NOCTYNanAM Tak, YTo
NPMBbIYHAA YEN0BEKY BbIrOAHAs ONUMA HEOXKUAAHHO CTAaHOBUIACH
HeBbIrOAHOW. B pe3ynbTaTe Ye/IoBEK HAaYMHA/l XaOTUYECKM BblOMpPATb pa3Hbie
AOCTYMHbIE €My OMNUKUN, T.€. KaK bl OTKA3bIBANCA OT YXKE BblyYEHHbIX UM
NpPaBua 3a4a4M, U HaYMHaN NpoboBaTb BCE BapMaAHTbI Hayrag,

XoTa Takaa cuTyaumsa "cnydyanHoro'" nccneaoBaHnA AENCTBUTE/IbHO HEPEAKO
BCTPEYaeTCcaA B XKU3HU, UHTEPECHEE M NOJIe3Hee NPOAHANM3NPOBATb CTPATErnto
"HanpaBneHHoOro" nccneposaHusa. Tak 0603HAYAOT NPUHATUE PELLEHUA, NMPU
KOTOPOM YeN0BEK CO3HATE/IbHO XEePTBYET CUIOMUHYTHbLIM BbIMIPbILLEM Paau
obpeTeHns HoOBOW MHPOPMALMN — B HAZEHKAE, YTO 3TO MOMOKET EMY B

byaywem.




Hawa metoauka Blank screen

Response Feedback

Blank screen

700-1200 ms

Stimuli

Fixation cross

1000 ms

Until response

150 ms



Hawa meTtoaunka

MNocne HeBbIrOAHOIO
Bblbopa (post-LP)

HeBbIroaHbI (PUCKOBAHHbIM)
Bbi6op (LP)

Mepen, HeBbIrOAHbLIM BbIBOPOM
(pre-LP)

BbirogHble BbIGOpbI
(HP)

BbirogHble BbI6GOpbI
(HP)

BbirogHble BbI6GOpbI
(HP)



Cnacubo 3a BHMMaHue!

http://megmoscow.ru/
https://vk.com/Moscow_MEG_center/

PucyHok K.CalidynuHon



