3abyabTe 3TO Ha3BaHME

Anekcen Co3nHOB
NHcTnTyT ncuxonormn PAH



Hyxoun sanurpad

The existence of forgetting has never been proved: we only know that some

things do not come to our mind when we want them to.
(Friedrich Nietzsche, 1844-1900)

Forgetting

Preliminary considerations

Henry L. Roediger II1,
Yana Weinstein, and Pooja K. Agarwal

https://www.taylorfrancis.com/books/e/9780203851647/chapters/10.4324/9780203851647-6

Roediger Il H.L., Weinstein Y., Agarwal P.K. Forgetting: Preliminary considerations // Forgetting / Ed. S. Della Sala — Psychology Press, 2010. P. 1-22.



«Msdrkoe» n «>kectkoe» onpegeneHue

‘IHTepdepeHuns
Pacnan

* TopmoxkeHune (RIF, HamepeHHOoeE)
*AMHE3NA

MogpobHee: 0630p B 2-x YacTAX

Hypkosa B.B., lTopmaH A.A.

http://npsyj.ru/articles/detail.php?article=6708
https://my.mail.ru/community/ranbow./1280B028CA99B8C 2. html



[locne 3abbiBaHUSA

o0y4yeHMe 3aHOBO NPOXoAUT
NHaye

« OBy4yeHne yCcnoBHOMY CTpaxy y
KPbIC B MIlafieH4ecTBe TpebyeT
NMDA-peLenTopos

« JTO noBefgeHne 3abbiBaeTca Yepes
14 oHen

* VI paxke BO B3poCnom Bo3pacTe
NnoBTOPHOE 00y4YyeHne NMDA-
PeLEenTopoB He TpebyeT

™

Neurotransmitter ——@ @

» LiS., Callaghan B.L., Richardson R. Infantile amnesia: forgotten but not gone // Learning & Memory. 2014. V.21. No.3. P. 135-139.

e LiS., Richardson R. Traces of memory: reacquisition of fear following forgetting is NMDAr-independent // Learning & Memory. 2013. V.20. No.4.
P.174-182.



NamMATb KakK acnekT

NamMmAaTb KakK yepaak
PA onbiTa

namMmsaTb Vs.
3a0biBaHue namMmaTb = 3a0biBaHue



PeopraHnsaumnga namaTtu
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* AnekcaHgpos tO.M. Hay4yeHune n namsaTb: TpagULUOHHbBIA U CUCTEMHBIN Noaxoabl // XKypHan BbiCLIEN HepBHOW AeaTenbHOCTM M. .
M. MaBnoBa. 2005. T.55. Ne6. C. 842-860.

»  Bnoxckui IN.I1. Mamate 1 mbiwnenmve. — CI16.: Nutep, 2001. 288 C.
*  Nayanc B.A. MamsaTb B npouecce pa3sutus. — M.: MINCU; BopoHex: MO3K, 2011. 288 C.

* Alexandrov Yu. ., Grinchenko Yu. V., Shevchenko D. G., Averkin R. G., Matz V. N., Laukka S., Korpusova A. V. A subset of cingulate cortical neurons
is specifically activated during alcohol-acquisition behaviour // Acta Physiol. Scand. 2001. V. 171. P. 87-97.

* Alexandrov Yu.l., Sozinov A.A., Svarnik O.E., Gorkin A.G., Kuzina E.A., Gavrilov V.V. Neuronal bases of systemic organization of behavior //
Advances in Neurobiology. Systems Neuroscience / Ed. A. Yu. - Springer, 2018. P. 1-33.

* Bartlett F.C. Remembering: A Study in Experimental and Social Psychology. — N.Y.: Cambridge University Press, 1995.

*  Furman O., Mendelsohn A., Dudai Y. The episodic engram transformed: Time reduces retrieval-related brain activity but correlates it with
memory accuracy // Learning & Memory. 2012. V.19. P. 575-587.

*  McKenzie S., Eichenbaum H. Consolidation and reconsolidation: Two lives of memories? // Neuron. 2011. V.71. No.2. P. 224-233.



3anoMuuHaHue 3HauYUT 3abbiBaHue

n nHorga HaO60p0T

L)
) Tatbe MNPOBOANTCA dHAJTU3 330bIBaHMA Kak 6a30B0Oro I MPENMYyLLECTBEHHO NMPOAYKTUBHOTO MHEMIYECKOTO NpoLecca.

3abbIBaHKVe: nMpobsieMa Hanu4mnga cnega namsTtu,
ero AOCTYMHOCTK 1 HAMEPEHHOI0 KOHTPOJIS
B.B. HypkoBa, A.A. lobmaH

HanuoHaIpHBIN IICHXOJIOTHYECKHH KYPHAI Ne 3(23) 2016
http://npsyj.ru/articles/detail.php?article=6708

We propose forgetting
complements sleep-dependent consolidation and facilitates
gist abstraction especially at high memory loads

Sculpting memory during sleep: concurrent
consolidation and forgetting
Gordon B Feld"? and Jan Born®*

Current Opinion in Neurobiology 2017, 44:20-27
http://dx.doi.org/10.1016/j.conb.2017.02.012

As a critical component of a healthy memory management
system, forgetting has received increasing attention.

Genetic dissection of active forgetting in labile and
consolidated memories in Drosophila

ang Gao™', Yichun Shuai®’, Xuchen Zhang™'?, Yuwei Peng™’, Lianzhang Wang®, Jing He?, Yi Zhong*?, and Qian Li*?

www.pnas.org/cgi/doi/10.1073/pnas.1903763116



Uem 3abbiBaHme
NOXOXXe Ha NaMdATb?

aKTUBHOCTb, CTAAUNHOCTb, HEUPOXNMUS,
3aBUCUMOCTb OT CHa, MaTepuana, 3agayvu
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Berry J.A., Davis R.L. Active forgetting of olfactory memories in Drosophila // Progress in Brain Research. 2014. V.208. P. 39-62.

Berry J.A., Cervantes-Sandoval I., Chakraborty M., Davis R.L. Sleep facilitates memory by blocking dopamine neuron-mediated forgetting // Cell.
2015. V.161. P. 1656-1667.

Hardt O., Nader K., Nadel L. Decay happens: the role of active forgetting in memory // Trends in Cognitive Science. 2013. V.17. No.3. P. 111-120.

Langille J.J. Remembering to forget: A dual role for sleep oscillations in memory consolidation and forgetting // Frontiers in Cellular Neuroscience.
2019. V.13. Article 71.

Liu Y. Du S.,Lv L., Lei B., Shi W., Tang Y., Wang L., Zhong Y. Hippocampal activation of Racl regulates the forgetting of object recognition memory //
Current Biology. 2016. V.26. No.17. P. 2351-2357.

Parvez K., Rosenegger D., Orr M., Martens, K., Lukowiak K. Learning at a snail’s pace // Canadian Journal of Neurological Sciences. 2006. V.33.
P. 347-356.

Sangha S., Scheibenstock A., Martens K., Varshney N., Cooke R., Lukowiak K. Impairing forgetting by preventing new learning and memory //
Behavioral Neuroscience. 2005. V.119. No.3. P. 787-796.

Sangha S., McComb C., Lukowiak K. Forgetting and the extension of memory in Lymnaea // The Journal of Experimental Biology. 2003. V.206.
P. 71-77.



Right Pedal Dorsal 1 (RPeD1)
CHUXXEeHMe 4YaCTOoTbl AbIXaHUA
AblXanbuem
*IHTepHenpoH, A, «reHepaTtop putma»
ObIXaHus
*Bo3MOXXHO yaaneHune combl 6e3
HapyLeHns cuHTe3a bernka B OTPOCTKax
_ﬁ *be3 combl 3TOrO HEMpoHa
Mpyaoeuk obbikHosernpii  HE PPOPMUPYETCA AONTOBPEMEHHas
namMaThb, yrawleHue, HeT addeKkTa
[NpaBbi NnegarnbHbIN FraHMTNK pekoHconuaawmm
“ ‘ *YNWUTKY, Y KOTOPbIX BblNa yaaneHa coma
9TOro HEMPOHA, He MO OBY4UTbLCA
HOBOMY NOBEAEHUIO AaXe MPu CMeHe
KOHTEKCTa, HO HE MOINU TaKXe 3a0bITb
noBeaeHne, KoTopoe ObINo
COPMNPOBAHO A0 NOBPEXOEHNS 3TOrO

AR S B B o




[po3odmna

[pnboBnaHbIE TENA

Calyx

Rutabaga protein in mushroom bodies
n3beraHne aBepCMBHOrO 3anaxa

*HenpoHbl KaHbOHa: 6enok,
NOABNAKOLLNNCS NP coBNageHnm
HOBOrO 3anaxa 1 3Ha4MMoro coobITUSA
(3NEeKTPUYECKUN LLIOK)

*brioknpoBaHne akTUBHOCTHU
00daMUHOBbLIX HEMPOHOB B Nepuoa
Mexay obyyeHmnem v
BOCMNpOM3BEOEHNEM aBEPCUBHOIO
noBeaeHnsa NpUBOAUT HE K HAPYLLEHUIO
NoBeaEeHUS, a K OTCPOYKe 3abbiBaHUSA

) KMBOTHbIE, HE nMetoLwme DAMB-
PELENTOPOB, NMNLLIEHBI 0ObIYHOW
BO3MOXHOCTW 3a0bITb HOBOE MNoBeAEHNE
N HE NepeyvnBatloTCH




GluA2-peuenTtopbl, NMDA-N2B-
peLienTopbl

npeanoyYTeHMe HOBOro 00bLEeKTa

*GluA2-AMPAR HapywiaeTt
cdopMmnpoBaHHOE NOBEOEHME.
GluN2B-NMDA y4acTBYylOT B

Kpbica OoNroBpeMeHHOW genpeccun

*bnoknpoBaHue aHOoOUUTO3a
GluA2-AMPAR npepgotBpatLlaet
3abbiBaHue. [1pu aToM 00y4eHNe eLle
OOHOMY HOBOMY OOBLEKTY yry4LlaeTcs,
HO cOnpoBOXOaeTCcA 3PIPEKTOM
PETPOAKTUBHOU NHTEPpdepeHLnNn

briokaga GIuN2B-NMDA CHUXaeT
3abbIBaHne

*AkTnBaUnA GluN2B-NMDA ycunmsaet
3abbIBaHne

[lop3anbHbIN rmnrnokamn




Mbiwb

['Mnnokamnmn

»

>y

PeuenTtopbl Rac-1
HEeCKOJIbKO rmnnoKamMmmn-3aBUCUMbIX
TEeCTOB
*AKTUBaLUSA Rac-1 CHMXKaeT
ONUTENbLHOCTbL CpOKa BOCMNpou3BeaeHNS
npeanovYTeEHNS HOBOIo OObEKTa
[logaBneHue Rac-1 yBennymeaet
ONUTENbLHOCTL CpOKa BOCMNpou3BeaeHNS
npeanovYTeEHNS HOBOIo OObeEKTa
*AKTMBaLUA Rac-1 cBA3aHa ¢ adodpeKkToM
NHTepdepeHUNn, ecnun BTopad 3agada
npeabsiBrieHa Ha No34HMX CPoKax
KOHconuaauum nepsou
*[logaBneHne Rac-1 CHMXaeT apdekT
NHTepdepeHUnn, ecnun BTopad 3agada
npeabsiBreHa Ha NO34HMX CPoKax
KOHconuaauum nepsou




3abbiBaHue BO CHe

Wakefulness Sleep Wakefulness

Encoding of large Active systems Synaptic Increased gist retrieval &
amounts of items consolidation homeostasis decreased item memory

Long-term
store
(Neocortex)

Initial store

Global synaptic
renormalisation

Current Opinion in Neurobiology

* Feld G.B., Born J. Sculpting memory during sleep: Concurrent consolidation and forgetting // Current Opinion in
Neurobiology. 2017. V.44. P. 20-27.

* GaoY, ShuaiV, Zhang X., Peng Y., Wang L., He J., Zhong Y., Li Q. Genetic dissection of active forgetting in labile and
consolidated memories in Drosophila // Proceedings of the National Academy of Sciences. 2019. V.116. No.42. P.
21191-21197.

* Langille J.J. Remembering to forget: A dual role for sleep oscillations in memory consolidation and forgetting // Frontiers
in Cellular Neuroscience. 2019. V.13. Article 71.



» 3abbiBaHMe TpebyeT cneundnyeckmx
MOJTEKYIIAPHBIX NBMEHEHNN B HEMPOHAX
(aKTUBHOE)

* Hay4yeHune, namaTb 1 3abbiBaHME
obecne4ymBatoTcs peuenTopamm OOHOro Krnacca
(Henpoxmmuns)

« 3abbiBaHWeE NPOSABISETCS NO-PaA3HOMY Ha
Pa3HbIX CTAAUSX HAY4YEHUS

» 3a0bIBaHME 3aBUCUT OT 3a4a4u

« 3a0bIBaHNE geTanen conpoBoXaaeT
KOHconuaaumio NaMmaTn BO BpeMsl CHa

Y o Y Y Y e
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Pe3ynkrartbl 9KCnepuMeHTa

3aperncTpupoBaHHbIe
HEeUPOHbI:

e HenaeHTUhUUNpPOoBaHHbIE
e C-HENpPOHbLI — «CTapble»

-

KopoTkun nHteppan ONVHHBIN MHTEPBAN




Pe3ynkrartbl 9KCnepuMeHTa

v/ Pa3NNYHO aKTUBUPYIOLLIMECS
v/ CXOOHO aKTuBUpyrLmecsd

KopoTkuit MHTepBan JNVHHBbIN MHTEepBan

9,6% 3,5%
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23,7% 28,7%



HeudeHmugpuyuposaHHble HeUpPOHbI
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CNanKoB B CEKYHAY
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n

CpenHsas yactoTa
cnankoB

[TapameTpbl pacnpeneneHuns
nokasaresnis Hano)XeHbl Ha OCb
opAnHaT ¢ abCcontoTHbLIMM

(a He Hopmann3oBaHHbIMMW)
3Ha4YEeHUSAMU YacToT

nuK 3LK
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HeudeHmugpuyuposaHHble HeUpPOHbI

MUK 3UK

KoaudecTBO akTOB
C aKTUBAILIUAMU



Hayuenue — popMupoBaHUE€ HOBOIO
3JEMEHTA WHAMBHUYAJIbHOIO ONBITA,
HOBOUW CUCTEMBI TOBEJICHUYECKOI0 aKTa

IIpo1tecchl MoarMUKAINU HEUPOHOB: i

CuctemMHag cneumanmnsaumns:

BKJIFOUEHUE HECIICIIMATIU3UPOBAHHOIO HEUPOHA B HOBYIO CUCTEMY,

HEOOpaTHUMOE BOBJICUCHHUE B 00CCIICUCHUE TOBEACHUSI

AKKOMOOaUMoHHasa (npucrnocobutensHas)
peKkoHconungauyua:

COITIACOBAHME CYIIECTBYIOIMX CUCTEM C HOBOU
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Pa3Hasa opraHnsauus
aKTUBHOCTU MO3ra
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CucreMHas MCUXO(PU3UOJIOTHUA

LLIBbipkoB Bsivecnas bopucosuy
(1939—1994)
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CCTeMHBIA MOAXOA B

OyHKIIMOHAJIbHAA CUCTEMA

O6parHan appepeHraums
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AHoxuH lNMeTp Kysbmuny (1898—1974)
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Bo3spacranHe 0OTHOCHTE/IBHOI 0 YHCTIA HEHPOHOB “HOBBIX
CIeI(H A3 ALHH IPH YBeIHYeHHH YHCIA YTAIOB

00yUeHHA
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IIaTTEepH CIeIlHAAH3AIIHH

HEHPOHOB
onucaHme Habopa pesynberar

9JIEMEHTOB OnbITa 0bpaboTKkM gaHHbIX

CucremMHad CIieIfaAru3aliis HEHPOHOB
OTHOCUTEJIbHO aKTa noBegeHumd

EanHuua
MHAVBUAYANbHOIO OMbITa
— cucTeMa —
MoZesb B3auMoaencTBus
CO cpeaow

PyHKLUNOHANbLHaA CUCTEMA NOBeAEeHYEeCKOro akTa

CunctemMHo-aBontoLUnoHHbIN noaxon (B.b. LLBbipkoB)
Teopusa yHKuMoHarnbHbIX cnctem (IN.K. AHOXMH)



«HTerpauus HEMPOHOB NPU JOCTMKEHUN pe3yrbraTa
noBeaeHNs OCYLLIECTBNAETCHA CUHXPOHU3aLNEN
aKTMBHOCTWN HEMPOHOB Pa3nUYHbIX MO3roBbIX

CTPYKTYpP».

‘ 600 msec :
4 - Light flash  Electric shock
3 4
Somatosensory 2 _
cortex
O D1
1 1 | 1 1 1 1
3 - T
Visual
cortex 2 1
- 1T
1 1 | 1 1 1 I 1
NaTeHummn akTMBaL i 20 40 60 80 MUIMUCEKYHN

NMocrie BCIbIWLKU CBETA






HaxkaTtmne Ha neganb Ans NoJiydeHn4d rnuLliin
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Pesynerate Cneyuasiu3upo8aHHble HeUpOHbI




CTeKknsiHHbIE AJ1eKTpoabl
2,0 -4,0 MOhm; 3M KCl1/ NaCl

é{@‘

duneTpayms curHana
300 Hz — 6 kHz

ObpaboTka
offline: D-main, Neuru



