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AHHOTanus

JlaHHOe ucciej0BaHYe NOCBAIIEHO 0COOeHHOCTSM NPAaKTHYeCKOro NpUMeHeHUs MeTo/a 3J1aCTHYHO-
ro 3akperieHust BecoB (Elastic Weight Consolidation, EWC) npu nociesoBaTesibHOM 06y4YeHUH Hel-
POHHBIX CeTell Ha HECKOJIbKUX 00y4alolux Habopax. B Hell Mbl Gosiee CTPOro CpaBHUM U3BECTHbIE
MeTO/,0JIOTMM pacyeTa BaXXHOCTeH BecoB, IPUMeHsIeMble B MeTO/e 3aKpellJleHUsl BeCoB. JTO MeTo-
nosorun Memory Aware Synapses (MAS), Synaptic Intelligence (SI) 1 pacyeT BaxkHOCTel BecoB Ha
OoCHOBe MH(pOpPMaLMOHHON MaTpulbl Puiiepa U3 opurvHaJbHON pa6oTsl Mo EWC. Mbl paccMoTpuM
3TH METO/0JIOTMH B IPUMEHEHUH K IVy60KUM HEMPOHHBIM CEeTSM C OJTHOCBSA3HBIMU U CBEPTOYHBIMHU
CJIOSIMM, HalJileM ONTHMaJIbHble TUIepHapaMeTpbl A KaKA0H U3 MeTOA0/I0OTUH U CPaBHUM pe3yJib-
TaTbl 10C/IE€J0BATEbHOT0 00y4YeHUsl HeHPOHHOM CeTH IPU UX UCNO/Ib30BaHU M. [lajiee, Mbl yKaXKeM Ha
npo6JieMbl, BO3HUKAIOIUe IPU IPUMEHEeHUH MeTO/a 3/JIaCTUYHOr0 3aKpelleHUsl BECOB B IVIYGOKHUX
HEHPOHHBIX CETAX CO CBEPTOYHBIMU CJIOSIMH U CJIOSIMU C CAMOBHUMAHMEM, TaKHUe KaK «B3pPbIB Ipa-
JIMEHTOB» U NOTeps 3Hayallled MHPOPMALMU B IpajieHTe NPU UCIO0Jb30BaHUU OTPaHUYEHHsS ero
HOPMBI. 3aTeM, Mbl NIPeAJIONKHUM CHOCOO CTAOMJIM3alMKU MeTOJa 3JIaCTUYHOTO 3aKpeIlJIeHUs BeCoB,
MOMOTaOLIUH PeIUTh 3TH IPO6JIeMBbl, IPOBEJIEM OLIEHKY 3TOTO CII0C06a B CPAaBHEHUU C OPUTHHAJIb-
HOW MeTOJ0JIOTHeH U oKaXKeM, YTO MpeJJIOKEHHBIN CIoco6 CTaGUIM3ALUHU CIIPaBJ/IseTCs C 3afadel
COXpaHeHUs HaBbIKOB IIPH N0C/IeJ0BaTeIbHOM 00y4eHUH He XyKe, yeM opurnHaapHeli EWC, Ho, mpu
3TOM, He 06J/1a/laeT ero HeJJOCTaTKaMU. B 3ak/loueHre npuBeieM HHTepeCcHbIH GaKT 06 UCI0JIb30Ba-
HUU Pa3/IMYHBIX TUIIOB BaKHOCTEH BeCOB B 3a/iaye NPYHUHra HEMPOHHOH ceTH.

KiiroueBble C/10Ba: HelipoHHbIe ceTH, KaTacTpodrIecKas 3a6bIBYMBOCT, INACTHIHOE 3aKpeILie-
HYe BECOB, AJITOPUTM 06PaTHOrO PacpoCcTPaHeH!s], CTPHUIKKA BeCOB, TPYHUHT HEHPOHHOM ceTH
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Abstract

This work focuses on the practical application of Elastic Weight Consolidation (EWC) for sequential
training of neural networks on several training sets. In it, we will more rigorously compare the well-
known methodologies for calculating the importance of weights used in the method of fixing weights.
These are the Memory Aware Synapses (MAS), Synaptic Intelligence (SI) methodologies and the calcu-
lation of the importance of weights based on the Fisher information matrix from the original work on
EWC. We will review these methodologies in the application to deep neural networks with fully con-
nected and matched layers, find optimal hyperparameters for each of the methodologies, and compare
the results of sequential learning of the neural network when using them. Next, we will point out the
problems that arise when applying the method of elastic weight pinning in deep neural networks with
convolutional layers and self-attention layers, such as the “explosion of gradients” and the loss of sig-
nificant information in the gradient when using its norm constraint (gradient clipping). Then, we will
propose a method for stabilizing the elastic weight fixing method that helps to solve these problems,
evaluate this method in comparison with the original methodology, and show that the proposed stabi-
lization method copes with the task of retaining skills in sequential training no worse than the original
EWC, but, at the same time, does not have its disadvantages. In conclusion, it is interesting to note the
use of different types of weights in the neural network’s pruning problem.

Keywords: neural network, catastrophic forgetting, elastic weight consolidation, back propagation,
neural network pruning
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BBegeHue

Teme KaTacTpopuueckod 3a0bIBYMBOCTH HEHPOHHBIX CeTeH Io-
CBSIIIIEHO MHOECTBO Hay4HbIX PabOT, U3 KOTOPBIX MOXKHO [04epI-
HYTb JleTa/lbHOe ONKCaHMe NPo6/IeMaTUKU U NONBITOK ee IPeosio-
senus. Haubosiee sipkue npuMepbl TaKUX paGoT OT JOCTATOYHO
JlaJIEKOT0 MPOILJIOro 10 HAIUX JHEH MOXKHO HAUTH B cTaThbsx [1]-
[4].

B 2017 rozy 6bL OTKPBIT METO/, 3JIACTUYHOI0 3aKpeIJIeHHsI BECOB
(Elastic Weight Consolidation, EWC) HelipoHHbIX ceTelt [5], KoTo-
pbIH TMOKa3a/ BbIAANOIIMECS Pe3y/abTaThbl 10 NPeoJoJIeHUI0 KaTa-
cTpoduyeckoi 3a6bIBUMBOCTH Ha HECKOJIBKUX KJIACCUYECKUX 3a-
Jlayax MaIlMHHOI0 06y4YeHUs NPU MOCJef0BaTeJbHOM 06Y4eHHH.
CyTb MeToJa 3aKJ/JI04aeTcs] B BBIUMCIEHHUU BaXXHOCTH KaXKJOro
Beca (mapaMeTpa) HEHPOHHOW CETH OTHOCHTEJBHO 3afay, KOTO-
pBIM HeHpOHHasi CeThb yKe 00y4YuIach, U 3aI0OMUHAHUY 3HAYeHUH
BECOB OCJIe 06y4YeHHs1 3TUM 33/ia4aM. [Ipy 06y4eHHH nocaeayo-
MM 3a/la4aM MEeTO/] He JiaeT Kax/0My Becy (apaMeTpy) HeHpoH-
HOU CeTH yAaNsThCs CYyLeCTBEHHO OT 3allOMHEHHBIX 3HaYeHUH C
CUJIOH, IPONOPIMOHAIBHON BaXKHOCTH Beca.

B fajpHelIeM MOSBUJIOCH HECKOJBKO pPaboOT, MPOJOJDKAIOIIUX
yTOUYHATH [6] 1 pasBuBaTh [7], [8], [9], [10] npensoxeHHyo B [5]
METO/,0JIOTHIO.

EcTb Taxxke nmpuMephl IPUMEHEHUsI MeTO/A 3/IaCTUYHOTO 3aKpe-
IJIEHUS] BECOB B NMPUKJIaAHBIX 3afa4ax [11], [12], [13] u ero cpas-
HUTEJIbHBIX OLIEHOK JIJI1 Pa3/INYHBIX aPXUTEKTYP HEHPOHHBIX ce-
Ter [12].

B aToit pabore Mbl mompobyem 6osiee JeTalbHO HCC/EL0BaTh
npuMeHeHue MeToza EWC K HEKOTOPBIM PaKTUYeCKUM 3a/la4aM
MallMHHOI0 06y4eHus, 06CyAUM BO3HUKaIOIKe Npo6JieMbl U pac-
CMOTPUM NYTH UX PELIeHHUs.

[loaGop onTUMa/JILHOTO runepnapaMeTpa
EWC /11 KOHKpeTHBIX 3a/a4

CoxpaHeHHe paHee M3Y4YeHHbIX 3HAHUU NPH MOCJeA0BATEJbHOM
06y4eHUU peajusyeTcs B MeTOZe 3JIACTHYHOIO 3aKpeleHUs
BECOB NyTeM J06aBjeHUs B QYHKLUIO NOTePb PeryaspusaTopa,
MellaKlLlero HauboJee BaXKHBIM BecaM JjaleKo OTKJIOHATBCS OT
3aKpeIJIeHHbIX 3HaYeHUH BO BpeMs 06y4eHUs NOCJAeAyIOLINM 3a-
Jlayam:

A
L=Ly+5 ) Qulwi—w)?
i

rie L, ecTb QyHKIMA MOTepb NpH 06ydeHUH 3ajaye A, w] - it
BeC (mapameTp) HeHpOHHOH ceTH mocsie 06ydeHHsl NpeAbIAYIUM
3aziauam, £); - BaXKHOCTD i-r0 Beca HElpOHHOM ceTu mocsie 06yde-
HUsT MpeJbIAYIIMM 3afa4aM. M3 GopMysibl BUAHO, UTO BKJIAA pe-
TyJsIpU3UPYIOLIEro KOMIIOHEHTa B aHTUIPAaJHUeHT GyAeT UMeTb
sua —AQ; (W;— w;"), u, Takum 06pa3oM, NpH KCTOJIL30BAHUH I
06yuyeHMs] TpaJIM€HTHBIX METOJ0B CONpPOTHBJIEHHE H3MEHEHHIO
Ka)X/I0r0 Beca Gy/ieT IPONOPIMOHAIBHO ero BAXKHOCTH U TUIlepIa-
pameTpy A.

Torza mpu MajoM A CONPOTHBJIEHHE U3MEHEHHIO BECOB B LIeJIOM
GyZieT MaJIo, ¥ IIPH I10CJIe/[0BaTeIbHOM 06yYeH!H HeHPOHHAs CeTh
GyZeT JIy4llle YYUThCsI TeKyIel 3a/a4de, HO IPH 3TOM GbICTpee 3a-
6bIBaTh HaBbIKU OT NPeAbIAYLINX Bbly4eHHbIX 3a/1a4. M HaoGopor,

Vol. 17, No. 2. 2021 ISSN 2411-1473 sitito.cs.msu.ru

eCJIM JIAMO/A CJUILKOM BeJIMKa, TO U CONPOTUBJIEHHE U3MEHEHHUIO
BeCOB OY/IeT BEJIMKO, U CETb OY/IeT XOPOLIO y/IePKUBATh NpPebIay-
IIMe HAaBbIKY, BblyYeHHbIE Ha MPOLLIbIX 33/ja4ax, HO MIPU 3TOM CKO-
pocTb 00yueHHUs TeKylel 3a/la4e MOXKeT ObITh HEeZ0OCTATOYHOH. B
KayecTBe METPUKH KadecTBa Ipollecca IMocjaef0BaTeJbHOr0 00y-
YeHUsI MOXKHO pacCMaTpPUBATh CPEJHIO TOYHOCTDb (accuracy) Ha
BCEX M3y4YEHHBIX 3a/ja4ax.

W3 aTux paccyxeHun ciefyeT, YTO AJs1 KOHKPETHON apXUTeKTYy-
pBl HeHpOCeTH U KOHKPETHOTo Habopa JaTaceToB B MOC/e/0Ba-
TeJIbHOM OOYYEeHHH CYLIECTBYET ONTHMa/bHOE 3HA4eHUue A, mpu
KOTOPOM JIOCTHTaeTCsl MaKCUMyM CpeJlHed TOYHOCTH IOCJIe TO-
c/le[10BaTeIbHOTO 00yYeHus BCeM AaTaceTaM. M 3To onTuMaabHoe
3HayeHHe A MOXKHO HalTH aMIIUpUYecKuM nyTeM. Hanpumep, npo-
CTBIM [1epe6GOPOM I10 CeTKe.

COOTBETCTBEHHO, /iJIsl IPAKTUYECKOTO NMPHUMEHEeHHUs] MeTo/ia 3Jja-
CTUYHOTO 3aKpeIlJIeHUs] BecOB 3a/aya INoAGOopa ONTHMAJIBHOTO
rumneprnapaMmeTpa A CTAaHOBUTCSI OY€Hb BAXKHOU JJis MOJIyYeHHs
MaKCHMaJIbHOH BBITO/IbI OT MCIOJIb30BaHHUsI METO/|a. B OCHOBHBIX
pa6otax no metoay EWC [5], [7], [8], [9] meTomosnorus nog6opa A
JIM60 YIIOMHUHAETCsI BCKOJIb3b, JTMO0 BOOOIe He yrnoMuHaeTcs. Co-
NPOBOAUTEJIbHBIN KO/ CTaTeH TaK Ke He COJIEPXKUT TOJTHOLIEHHOT0
MexaHHu3Ma nozo6opa A. B aToil pa6oTe Mbl XOTUM HCIPABUTH 3TO
yIylLleHWe U [ocTapaeMcs NOJONUTH K Ipoleccy nozbdopa A 6osee
TOYHO U CTPOTO.

[lasiee, Mbl pelllnJM CPAaBHUTb BCe METOJbl BBIYMCJIEHHUS BaXKHO-
cTel BECOB B O/IMHAKOBBIX YCJOBHUSAX U C ONTHUMa/IbHBIM 3HAYeHU-
eM runeprapaMeTpa A, NoA06paHHbIM [ KaxAo0ro Metoza. Hamu
3KCMEPUMEHTHI NMPOBOJUJINCH AJIsI IJyOOKOW HEHPOHHOU ceTH c
HECKOJIbKMMHU MOJIHOCBSI3HBIMU CJIOSIMU U JJ151 IJIyGOKOH CBEPTOY-
HoH ceTH. [lon60op oNTUMAJBHOTO A TPOU3BOAMIICSA NEPe6GOPOM MO
ceTKe c mpoBefieHueM 20 3KCIIepUMEHTOB B KXK/JJ0M TOYKe, BBIUHC-
JIeHWeM CpeJiHel TOYHOCTH U ee JJ0BepUTEbHOT0 HHTepBasa. EM-
KOCTb (KOJINYEeCTBO NapaMeTPOB) HEMPOHHOU CceTH OblyIa BbIGpaHa
TaK, YTOOBI BCe 33/la4M NPHU NOC/Ie/l0BaTe/IbHOM 00y4eHUH He I10-
MeILAJIMCh B CETb U IPOUCXOAMJIO XOTA 6bI YaCTUYHOE BBITECHEHUE
HaBbIKOB MpebIAYLIMX 33/ja4 Ha Noc/eyIoux 3aja4dax. [logpo6-
HOe ONHCcaHKe 3KCIepUMeHTa MOXKHO HAaUTH B IPUJIOXKEHUH A.
PesysibTaThl HAIIMX 9KCIIEPHMEHTOB NPUBe/leHbl B TabvLe 1 1 Ha
pucyHkax 1 u 2.

Ta6auual HaliieHHbIe ONTUMa/IbHbIE 3HAYE€HUSA A M JOBepUTEIbHbIE
MHTEPBaJIbl JOCTUTHYTOM CpeAHEeil TOUHOCTH NPH 3THX A
Table 1. The found optimal values of A and the confidence intervals of the

achieved average accuracy for these A

OnTuManbHOe
3Ha4YeHUe A

MeTtopg pacueta
BaXXHOCTHU BECOB

Cpe/Hsis TOYHOCTD U
JI0OBEpUTEIbHBIN HHTEPBAJ
JIJIST TOM A

Cemb € NOJIHOCBA3HLIMU CAOSIMU:

Fisher 41 0.9505 £ 0.0015
MAS 4.5 0.9553 £0.0008
SI 0.25 0.9432 £0.0014
Cemb ¢ NONHOCBA3HBIMU CAOSMU:

Fisher 675 0.5846 +0.0144
MAS 300 0.6012 £ 0.0144
SI 24 0.5068 +0.0150
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NHOOPMALIMOHHbIX TEXHOMOT NI 1 UX MPUNOXEHWIA

A. A. KyTtanes,
A. A. TannHa

Kak BuuM, A/ NOJTHOCBSI3BHOW HEMPOHHOM CeTH JJ0BEpUTeJIbHbIE
WHTepBaJbl CpeJiHEd TOUYHOCTH HA ONTHUMAJIbHBIX 3HAUYEHHSIX A
JUIsl KQKJIOTO U3 METO/I0B CTPOTO OTJEJIEHbl U He MepeceKaloTCsl.
TakuM 06pa3oM, MOXKHO yTBepXKAaTh, UTO /iJIs BbIGpAaHHON HaMu
ApXUTEKTYpPbl HEMPOHHOH CETH C MOJHOCBA3HBIMU CJIOSIMU U T0-
C/1e/10BaTeJbHOCTH 3aa4u AJisl 00y4yeHHs METOJ| pacyeTa BaXKHO-

BamHOCTs BECOB NO MaTpuue Ouwepa

BamHoCTs Becoe meTogom MAS

ctu Memory Aware Synapses (MAS) u3 pa6oThbl [8] 1o pe3yibTHpy-
ollel oLeHKe (CpeJHel TOUHOCTH) NMPEBOCXOJUT METOJ pacyeTa
Ba)KHOCTeH Ha OCHOBe AMaroHaJbHbIX 3J1leMEeHTOB HH(OpPMALHOH-
HOW MaTpuubl Puiepa U3 paboTsl [5], KOTOPLIN B CBOIO 04Yepeab
npeBocxoguT MeTo/ Synaptic Intelligence (SI) us [7].

BaxHOCTe BecoB meTogom Si
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Puc1. Fpacbmcu 3aBHUCHUMOCTH JIOCTXKUMOU cpe/:u-leﬁ TOYHOCTH 110 BCEM U3Y4YEHHBbIM 3a/la4aM OT runepriapaMmeTpa A NPpH MCI0JIb30BAHWHW METO/0B pacyeTa

Ba)KHOCTeH Ha ocHOBe MaTpulbl Puinepa, MAS u SI 1151 ceTH € IOJIHOCBSI3HBIMU CJIOSIMU

Fig. 1. Graphs of the dependence of the achievable average accuracy for all the studied problems on the hyperparameter A using methods for calculating the

importance based on the Fisher matrix, MAS and SI for a network with fully connected layers

Jl1s1 HepOHHOM CeTH cO CBepTOYHBIMU CJIOSIMHU Mbl BUJIUM, YTO,
XOTsl CpeJjHUe 3HaYeHUs TOYHOCTH Ha ONTUMaJIbHbIX 3HAYeHUAX A
06pasyIoT TakoM ke NMOPSAAOK (CpeJHsAs TOYHOCTb C BXKHOCTAMU
no MAS Gosiblile cpe/jHel TOUHOCTH C BXKHOCTSIMU MO 3J1eMeHTaM
Matpuubl Puinepa, KoTopasi, B CBOI0 o4yepesib, 60Jiblie cpeHen
TOYHOCTHU C BXXHOCTSIMH 10 SI), AOBepUTe/bHble HHTEPBAbI A5
CpeJiHUX 3Ha4eHUH TOYHOCTH /1 BOXXHOCTHU o MAS 1 1o asieMeH-
TaM MaTpuubl Puniepa nepecekaroTcs. [loaToMy yTBepxAaTh B

BaxHOCTs BECOB NO MaTpuue Duwepa

BaxHOCTs BeCOB MeTOfOM MAS

CTPOrOM CMbICJIE O IPEBOCXO/CTBE METO/]A pacyeTa BaXKHOCTEH Mo
MAS Haj MeToJloM pacyeTa BaXKHOCTEH IO 3JieMeHTaM MaTpHUIlbl
Quiepa Hesnb3sA. OJHAKO MOXXKHO YTBepPX/JaTb O IPEBOCXO/CTBE
3THUX METOJ0B HaJ MeTOoAO0M Sl, IOCKOJIbKY JI0BepUTe/IbHbIE HH-
TepBasibl CpeJiIHEH TOYHOCTHU C UCIOJb30BAaHUEM ITHUX METO/I0B
CTPOro OT/eJIeHbl OT JOBEPUTEJbHOr0 UHTepBaJa AJisl CpeJJHero
3HA4YeHHsI TOYHOCTH /ISl BXKHOCTH, PACCYMTAHHOU MeTo/0M SI.
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Puc2. Fpacbmcu 3aBHUCHUMOCTH JIOCTXKUMOU cpe/:u-leﬁ TOYHOCTH 110 BCEM U3Y4YE€HHbIM 3a/la4aM OT runepriapameTpa A NPpH MCI0JIb30BAHWHW METO/0B pacyeTa

Ba)XHOCTel Ha ocHoBe MaTpulbl Puniepa, MAS u SI /151 ceTH cO CBEPTOYHBIMU CJI0SIMU

Fig. 2. Graphs of the dependence of the achievable average accuracy for all studied problems on the hyperparameter A using methods for calculating the importance

based on the Fisher matrix, MAS and SI for a network with convolutional layers

CrenyeT 3aMeTHTh, YTO MeXAY METOJOM pacyeTa BaXKHOCTH U3
[5] (Ha ocHOBe AMAroHaJbHBIX 3JIEMEHTOB MaTpulbl Puiiepa) u
MeTtozsamu u3 [7], [8], [9] cyluecTByeT NpUHIMNIHAIbHAS pa3HULA.
MeTtop u3 [5] (opuruHanbubii EWC) ucnosib3yeT BbIXOJHBIE 3HA-
YyeHHUs1 o6yyarollero Habopa 3a/la4yy, ¥, TAKUM 06pa30M, NbITAETCS
COXpPaHUTb Ty 4YacTb 0600LIeHUH/penpe3eHTalul, 3a710KEeHHbIX
B o6y4yaroleM Habope 33/1a4M, KOTOPYO HEHpPOHHAs CeTh CMOIJIa
BbIy4UTb. MeTozb! U3 [7], [8], [9] He UCIOIB3YIOT BBIXOJHbIE 3HA-

CoBpemeHHble
nHgopMaLMOHHbIe
TexHonornu

n UT-o6pasoBaHue

4yeHUs1 06yJarollero Habopa, U, C1e10BaTe/bHO, BITAIOTCS COXpa-
HUTb Te 06061eHus/penpe3eHTallul, KOTOpble HeHpOHHAs ceTb
$aKTHYeCKH BbIy4MIa.

Meton u3 [5] Takke MOXET ObITb MCIOJIb30BAH /s COXpaHEHUs
$aKTHYeCcKH BblyYeHHBIX HaBBIKOB. [I/Isl 3TOro MpU pacyeTe Bax-
HOCTH Ha KaXKJ,0M IIpuMepe cJIeflyeT 6paTh BbIX0OJ HEHPOHHOM ceTH
C MaKCHMaJIbHbIM 3HayeHHeM, JIH60 BbIOUPATh BBIXOA NYTEM CIM-
IJINPOBAHUSA U3 BBIXOAHOTO pacnpeseieHus. Tako MoJxo ] UCIO0/Ib-
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3yeTcs B 60JIbIIMHCTBe IpuMepoB peanusanuu EWC, ocTynHbIX B
cety UHTepHeT. OjHAKO, IpU NPUMEHEHUHU MeTo/a U3 [5] Kk 6oJb-
wuM NLP-mogensm (nanpumep, BERT, GPT u T.4.), 6osiee npennoy-
TUTEJIbHO BBIMIAUT UCHO/Ib30BaHUE CII0co6a C BBIGOPOM BBIXOJOB
JIJIs1 pacyeTa BaXXHOCTEH B COOTBETCTBUHU C BBIXOJHBIMU 3Ha4eHU-
MM U3 06y4varoLlero Habopa, NOCKOJIbKY B TAKUX C/1y4yasix 06bIYHO
LjeJib — COXpaHUTb ¢ noMolbio EWC 3HaHUe ecTeCTBEHHOTIO f3bIKa,
3aKJ/II0YEHHOe B NpebsBJIAEMBIX IPH 06y4YeHUH TEKCTax, a He Te
SI3BIKOBbIE Pellpe3eHTaLMH, KOTOpble MOJieJ/b BblydMIa.

[Ipo6sieMbl MeTOAA 3/71TACTUYHOTO
3aKpenJieHus BeCOB

[IprMeHsIsT MeTO/| 3JIaCTUYHOTO 3aKpeIieHHs] BeCOB K CETSIM CO
CBEPTOYHBIMH CJIOSIMU M CETSIM C BHUMaHueM (attention), MbI 06-
HapYXWJIM, YTO, B OTJIMYMeE OT CeTel C MOJHOCBS3HBIMHU CJIOSIMY,
paccyMTaHHble BaXKHOCTH BECOB B CBEPTOYHOM CJIOE HMJIM CJIOe C
BHHUMaHHEM HMMEIOT 04eHb GOoJIblIyI0 gucnepcuio. To ecTh MOsiB-
JISIOTCA TaKue Beca (apaMeTphl) CETH, BAXKHOCTb KOTOPBIX HA He-
CKOJIBKO NMOPS/IKOB GOJIbLIE CpeiHEH BOXKHOCTH IO CJ1010. IddexT
OT TaKMX BOXXHOCTEH MOXET oKasaTh CylLlleCTBEHHOe BJIMsHHE Ha
a¢dexTUBHOCTL MeToAa. /151 mposicHeHUs 3Toro addekrTa pac-
CMOTPHM Ipoiiecc 60Jiee MoJgpo6HO.

Kak Mbl ynomsHy/nM paHee, PeryspUsdpyrOLlIMi KOMIOHEHT
byHKUUY oTepb Npu npuMeHeHuun EWC naet BksajJ B aHTHUTpa-
pnent Buga —AQ; (W;-wy), [Ipu Mcno/Ib30BaHUM B KauecTBe OIl-
THMH3aTOpa, HallpHUMep, MeTo/ja CTOXaCTUYECKOro rPaZiueHTHOrO
CIlycKa MpHpalleHHe Beca Ha luare o6y4eHus 6yAeT UMeTb BU:

A *
aw, — aAQ;(w; — wy),

Aw; = —a

I/le o — CKOpOCTh 06yyenus, L, - pyHKIHs TOTEepb /sl TeKylend
3a7auu A, A - runepnapamMeTp MeTo/la 3aKpenJeHHs BecoB, ) -
BaXKHOCTbD i-I'0 Beca HepOHHOH ceTH, W; — TeKylllee 3Ha4eHUe i-I'o
Beca, W; - 3HaueHHe i-ro Beca Noc/ie 3aBeplieHHs 06yYeH s mpe-
JbIAYIIUM 33/a4aM.
B ciydae, ecniv BaXKHOCTBD i-I'o Beca JJOCTATOYHO BeJIMKA, TO BKJIAJ
OoT QYHKLHHU NOTEPH aﬂ B IpUpalleHue 6yAeT NpeHeOpeKuMo
MaJl. wi
Torpa, ecim ); > i, TO IOCJIe l1ara ONTUMU3aLUU Bec W; 6yAeT
ald
He C/IBUTaThCsl B CTOPOHY , @ IepecKaKUBaThb ero.
B ciyyae xe, ecau (); > —, Bec W; Gy/IeT He TOJIbKO NepecKaKu-
BaTh 3HaYeHKe W, HO ¥ pacCTOsIHNE Mex Ay W; 1 W, 6yAeT yBeu-
uuBathed B (A); — 1) pas. TakuM oGpasoM, GyAeT Ha6II0AaThCH
3¢ deKT, U3BeCTHBIA KaK «B3pPbIB IpajueHTa». M ecau jaxe npu
TaKOM «B3pbIBe» Ipollecc 00yyeHus He GyAeT NpepBaH Io Iepe-
HOJIHEHUIO, TO CaMble BRXKHbIe AJ18 NPeAblAYIIHX 3334 Beca OyayT
O4YeHb OBICTPO YAAIATHCA OT 3aKpelIeHHbIX 3HaYeHUH.
KoneuHo, ucno/ib30BaHue ONTUMHU3ALUOHHBIX METOL0B C MOMEH-
TaMU WJIHM MHBIMM KOMIIEHCUPYIOUIMMH MeXaHHU3MaMHU CIOCOGHO
IpeJOTBPAaTUTh OMUChIBAeMbIH 3 PEKT, HO Aaxke B 3TOM C/Iyyae OH
MOXKeT HeraTUBHO BJIUSATH Ha CXOAUMOCTb MeTO/ja ONITUMU3ALUU U
Ha CNOCOGHOCTh METO/ja 3aKpelJeHUsI BECOB COXPaHATb Bbly4YeH-
Hble pPaHee HaBbIKH.
Takke, Ipu 06y4eHUM HEMPOHHBIX CeTell 4acTo HCHOJIb3yeTcs
orpaHuyeHue rpaauvenTa (gradient clipping). To ecTs, korga Hop-
Ma rpaiMeHTa [peBbIlIaeT HEKUH NOPOT, rpalueHT HOPMUPYeTCs
Ha BeJIMYMHY 3Toro mopora. Toraa, Ipyu HCNOIb30BaHUM MeTOAA
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3JIACTUYHOTIO 3aKpeIJIeHHs] BECOB U HAJIMUHUU BECOB CO CBEPXB0JIb-
IIMMU BaXKHOCTSIMHU 3TH Beca JalyT CTOJIb 6OJIbIION BKJIA/] B rpa-
JIUEHT, YTO, IOCJIe IEPEeHOPMUPOBAHUS IPaJIMeHTa, BKJIaJ, OCTaJlb-
HbIX BECOB B I'PaJIUEHT CTaHeT Hcyesatolle Mas. Cie/joBaTesbHO,
MCI0JIb30BAaHUE MTOJIYYEeHHOI0 TpaJiueHTa /i1 ara ONTUMHU3al iU
Oy/leT CJIYKUTb B OCHOBHOM BO3BpAllleHUI0 CBEPXBAKHBIX BECOB K
3aKpeInJieHHbIM 3HaYeHUsIM, a 3HaYuMasi Jijis 06yuyeHus nHpopma-
11s 6yZieT B 3HAUUTEJbHOU CTeNeH! TepsThCs.

Jlis1 pellieHUs] BbILIEOMHMCAHHBIX TPO6JIEM MbI UCII0JIb30BAIH Me-
XaHW3M CTaOW/IM3aL MY, TPeJOTBPAILAOLHI OsIBJIEHHE B peryJis-
pU3MpyoIeM BKJIa/le B IpUpalleHUe Beca BeJIMUMH, 60IbIINX YeM
Pa3HOCTb 3aKpPeNVIEHHOI0 U TEKYIero 3HayeHus Beca. /ljis aToro
MbI Ipeo6pas3oBasy GyHKIHIO OTEPD K BUAY:

A 0, -~
L =1L,+ EZm(WL— Wl-) .
i

Jlst Takol QYHKIMHU OTEPhb BKJIAJ, pery.sipu3UpyIOLIEro KoMIo-
HEeHTA B aHTUTPaJIUEHT 6y;ieT HMeTb BUJ| — ——— (Wi — Wi*), a
BKJIA/, B IPUPALCHHE — — ol & (w; — w."),UMQiJr1
alAQ;+1 t
HL?)I:IQMZUIOI‘;I (6/113K0# K HyJ110) BXKHOCTH i-r0 Beca {1; MHOXHUTEb
——L Bejer cebst nponopuuoHansHo AA(); a npu oveHb 60Jb-
ﬁfgﬁﬁi cTpeMuTcs K 1. TakuM 06pa3oM BKJIaJ, pery/sipu3upylole-
r'o KOMIIOHEHTAa B IpHUpallleHre Beca He 6yaeT npeBbIIIaTh Pa3HO-
CTH BECOB [axe IIPH CKOJIb yrOAHO 60JIbILOK BaX@KHOCTH Beca.

Jlsi IpoBepKHU pabOTOCIOCOGHOCTH 3TOr0 MOJX0JA Mbl POBEJH
3KCIMepUMEeHTb], aHaJIOTUYHble 9KCIIepUMeHTaM U3 pasjea 2, yTo-
Obl YOEAUTBHCS, YTO OH, KAK U OPUTHHAJIbHBIM METO/, 3JJACTUYHOT0
3aKpenJieHHs BeCOB, I03BOJISIET YCIELUIHO COXPaHATh HaBbIKU IIPH
H0C/IeI0BaTEIbHOM 00YYEHHH, @ TAKXKE M03BOJISET MOJYYUTh He
xyauyto yeM y EWC cpe/jHIOI0 TOYHOCTb Ha ONITUMAaJbHOM A.

B Ta6uuie 2 1 Ha pucyHKax 3 U 4 MpUBe/ieHbl pe3yJbTaThl IKCIIe-
PHMEHTOB U UX CpaBHEHHUeE NPU ONTHUMAJIbHBIX A C pe3y/ibTaTaMu
opuruHanbHoro EWC.

Ta6au1a2. CpaBHEHHEe ONTUMAJIbHBIX 3HAYE€HUH A U JOBEPUTEJILHBIX
HMHTEePBaJIOB pe3y/IbTUPYIOLIel cpeiHel TOYHOCTH NPU UCNI0/Ib30BaHUH
OPMIMHA/ILHOTO M CTAGUIN3UPOBAHHOTO METO/A 3/IaCTHYHOTO
3aKpenJieHus BeCoB
T able 2. Comparison of optimal values of A and confidence intervals of the
resulting average accuracy using the original and stabilized method of

elastic attachment of the balance

MeToz, Tun OntumanbHoe JloBepUTebHbIN
3aKpemJieHUs ~ BaXXHOCTEeH 3HaveHHe A WHTEpBaJ JJ1s
BECOB 3TOH A
Cemb ¢ NONHOCBA3HBIMU CAOSMU:
EwWC Fisher 41 0.9505 £ 0.0015
Stabilized EWC _ Fisher 85 0.9510 £ 0.0011
EWC MAS 4.5 0.9553 £ 0.0008
Stabilized EWC MAS 8.5 0.9554 + 0.0009
EWC SI 0.25 0.9432 £0.0014
Stabilized EWC _ SI 0.64 0.9422 +0.0017
Cemb ¢ NONHOCBA3HBIMU CAOSAMU:
EWC Fisher 675 0.5846 +0.0144
Stabilized EWC _ Fisher 1300 0.5872 +0.0161
EWC MAS 300 0.6012 £ 0.0144
Stabilized EWC MAS 450 0.5930 + 0.0149
EWC SI 24 0.5068 £ 0.0150
Stabilized EWC _SI 140 0.5106 + 0.0188
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Puc3. Fpacbmcu 3aBHUCHUMOCTH JIOCTXKUMOU cpe/:u-leﬁ TOYHOCTH 110 BCEM U3Y4YEHHBbIM 3a/la4aM OT runepriapameTpa A NPpH MCI0JIb30BAHWHW METO/0B pacyeTa

Ba)XHOCTeH Ha ocHOBe MaTpulbl Puinepa, MAS u SI 1151 ceTH € IOJIHOCBSI3HBIMU CJIOSIMU

Fig. 3. Graphs of the dependence of the achievable average accuracy for all the studied problems on the hyperparameter A using methods for calculating the

importance based on the Fisher matrix, MAS and SI for a network with fully connected layers

Kax Mbl BUAMM, U Il CeTel C MOJIHOCBSI3HBIMU CJIOSIMH U JJIsI
CBEpPTOYHBIX CeTel NPH UCNO0JIb30BaHUH METO/A 3JIaCTUYHOrO 3a-
KpeIJieHHsl BECOB C Npe/JIOKeHHbIM MeXaHW3MOM CTabUIN3aLUU
3Ha4eHUs1 Cpe/iHeil TOUHOCTH Ha ONTUMAJIbHBIX THIIeplapaMeTpax
A OYTH Bcer/ia 6oJiblile 3HAYeHUH Cpe/iHel TOYHOCTH NpU 06yye-
HUHU C UCI0JIb30BaHHEM METO/A 3JIaCTUYHOT0 3aKpeIeH sl BeCOB
6e3 crabuausanuu. OjHAKO, AOBepUTesbHblE HHTEPBAJbl AJs

BaxxHOCTL BeCoB No MaTpuue duwepa

BaxHOCTL BeCOB METOAOM MAS

CpeJJHUX 3HAUYeHUH TOYHOCTH [JIf CJIydaeB CO cTabuausanuei u
6e3 Hee BCerJa MepeceKaloTCs, TO eCTb HeJb3sl C YBEPEHHOCTBIO
rOBOPUTD O IPEBOCXO/CTBE OJHOT0 U3 NOAX0A0B. TakuM 06pasom,
npeJJIOKeHHBbIM MexaHHU3M CTaOMJIM3alluU 10 KpaiiHell Mepe He
yXyJlLIaeT MeTOJ 3JACTUYHOrO 3aKpelJIeHUs BeCcOB, U MPU ITOM
M03BOJISIET YJAYYLIUTh CXOAUMOCTb ONTHMHU3ALHUOHHBIX aJTOPUT-
MOB U COXpaHeHHe paHee BblyYeHHbIX HaBbIKOB.

BaxHOCTL BeCOB METOA0M S|
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Puc. 4. Fpacbmcu 3aBHUCHUMOCTH JIOCTXKUMOU cpe/:u-leﬁ TOYHOCTH 110 BCEM U3Y4YE€HHBbIM 3a/la4aM OT runepriapameTpa A NPpH MCI0JIb30BAHWUHW METO/0B pacyeTa

Ba)XHOCTel Ha ocHoBe MaTpulbl Puiniepa, MAS u SI is1s1 ceTH cO CBEPTOYHBIMU CJI0SIMU

Fig. 4. Graphs of the dependence of the achievable average accuracy for all studied problems on the hyperparameter A using methods for calculating the importance

based on the Fisher matrix, MAS and SI for a network with convolutional layers

MbI Tak»xe IPOBeJIU 3KCIePUMEHTHI 110 MIPUMeHEHHUI0 CTaOUIN3U-
POBAaHHOTO BapHaHTa MeTO/A 3/JJaCTUYHOr0 3aKpeIlJIeHUs BECOB K
JI000y4YeHHI0 NpeLo0yueHHOH pycckod GPT2-Mo/eu Ha Ananoro-
BOM 00yyaroleM Habope. B pe3yibTaTe BBIUTPHILI OT HCIO/Ib30Ba-
HUSl MeTO/a 3aKpeIllJIeHHs] BeCOB COCTaBUJI OKOJIO 7 eAMHMUI] Iep-
IJIEKCUH 110 CPAaBHEHUIO C OOBbIYHBIM JJ000yuyeHHeM (NeprJieKcust
MO/JIeJIM PacCUMThIBAIACh HA HAOOPE TEKCTOB U3 KHUT, HA peso6-
Y4EeHHOH MoJieIM OHa Obla 0KoJo 16 eAuHUL, 10Cae 0ObIYHOTO
JI000y4YeHHs1 OHa AOCTUIJIA 26 eIMHUL, a IpU JoobydyeHuu ¢ EWC
cocraBuia 19 egunun).

CoBpemeHHble
nHgopMaLMOHHbIe
TexHonornu

n UT-o6pasoBaHue

IIpyHUHT BeCOB € UCNI0/Ib30BAaHHEM
BAX>KHOCTEH MeTO0/a 3/IaCTUYHOTO
3aKpen/ieHus BeCOB

[TockoJIBKY Ba’KHOCTH BECOB B MeTOJe 3JJaCTUYHOIO 3aKpeILie-
HUS BeCOB MO3ULMOHUPYIOTCA KaK Mepa TOr0, HACKOJIbKO BaXKeH
KaX/Ibli OTZAEeJIbHBIH Bec AJ1s1 COXpaHeHHs BblyYeHHBIX pelpe3eH-
TalMi, TO JIOTHYHO NMONPO6OBATh UCIOJb30BATh 3HAYEHUS 3THUX
BRXKHOCTEH /i1 33/1a4M 06pe3KH (IpyHUHIa) BECOB C L[eJIbI0 CHU-
’KeHUs pa3Mepa U BbIYUCAUTENbHOMN CJI0)KHOCTU HEHPOHHOH ceTH

([16]-[21D).
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COOTBETCTBEHHO, Mbl IPOBEJIH 3KCIEPUMEHThI 110 HECTPYKTYpPH-
pPOBaHHOMY NPYHUHTY B HeMpOHHOU ceTu Ha ocHoBe EWC-BakHO-
CTell BecoB, BBIUMC/IEHHBIX PAa3/IMYHBIMU CIOCO6AMHU, U CPAaBHUIIU

pes3y/bTaThl C IPYHUHIOM Ha OCHOBEe MOJYyJsl Beca. Pe3y/bTaThl
npe/CcTaB/eHbl HA pUCYHKe 5.

[erpanaums TONHOCTY NPV NPYHWHTe CeTy

0.8 4

0.6 4

TouHOCTL

0.4

—— Obpesxa no moaynio Beca
029 ___ obpeska no BaXXHOCTAM Ha OCHOBE MaTPNLE PHLLepa

—— O6pe3ka N0 BaXHOCTSM Ha OCHOBE MeToAa MAS

—— O6pe3ka N0 BaXHOCTAM Ha OCHOBE MeTOAa Sl

—— O6pe3Ka NO BAKHOCTAM Ha OCHOBE CyMMAPHOrO NPOWEAWLEro CArHana
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MpoLienT oBpesaHHsix Becos

P u c. 5. Tpaduku ferpaganuu cpefiHeil TOUHOCTH B 3aBUCHMOCTH OT KOJIMYeCTBa 06pe3aHHbIX (0GHY/IEHHBIX) BeCOB HEHPOHHOI ceTH. YKa3aHa CpeiHsist TOUHOCTb 3a

10 MPOX0/I0B BMECTE CO CBOUM JIOBEPUTEJIbHBIM HHTEPBAJIOM

Fig. 5. Graphs of degradation of average accuracy depending on the number of trimmed (zeroed) weights of the neural network. Average accuracy over 10 runs is

given along with its confidence interval

Kak BuaHO U3 rpaduka, B 3alade NPyHUHra BaXKHOCTU BECOB, BbI-
YyyCJIeHHble Ha OCHOBE JJUaroHa/bHbIX 3/1eMeHTOB UHPOpMaIMOH-
HoU MaTpull ®uiepa (opuruHaabHbid EWC [5]), a Takke BaXKHO-
CTH BeCOB, BblyucieHHble MeTogamu Sl [7] u MAS [8], Heoxxu1aHHO
U CyL[eCTBEHHO MPOUTpPaIy BaXXHOCTAM Ha OCHOBE CyMMapHOIO
a6CoOJIIOTHOTO MPOILIE/IIero curuaa [9] u BaKHOCTSM Ha OCHOBe
CaMHUX BECOB 10 MOJAYJIIO.

B xauecTBe 00bsICHEHHUsI 3TOr0 paKTa Mbl MOXKEM MPE/INONIOKUTD,
4TO 3HAYEeHUSsI BaXKHOCTEH, BbIYMC/IeHHble MeTogaMu MAS, SI u Ha
ocHOBe MaTpulbl Puiiepa, OMKCHIBAIOT BAXKHOCTh Beca JIMLIb B He-
60./IbIION OKPECTHOCTH 3HaY€eHUs Beca. A o6pe3Ka Beca 06HyJIeHH-
eM MOXeT BbIBOAUTb 3HAUYeHHe Beca 3a 3Ty OKPEeCTHOCTh, TaK YTO
BBIYHC/IEHHOE 3HaYeHHe BaXKHOCTH TepsieT CMBIC/L.

3ak/iloueHue

[IpuBeseHHas MeTO/0JIOT M IOUCKA FUIlepapaMeTpa A A1 MeTo-
Jla 3JJaCTUYHOTO 3aKpelJeHUs BeCOB I03BOJIIeT HAUTH A, JocTa-
TOYHO GJIM3KUHM K ONTHUMa/JbHOMY JJisl KOHKPETHOH HeHpOHHOU
CeTH U 3ala4Yd MAlIKMHHOT' O 06y‘{eHI/IH.

B pe3ysibTaTe €e NPUMEHEHUA Mbl BbIACHWJ/IU, YTO [Jid BCeX UC-
[10JIb30BaHHBIX B HALIMX 3KCIEpHMeHTaX apXUTeKTypax HeHpoH-
HBbIX ceTel BbIGOp croco6a MAS s pacyeTa BaXXKHOCTEH BeCOB
ABJIAETCA OIITHMAaJIbHBIM, TaK KakK CHOCO6CTByeT Hauy4imemy
COXpaHEeHHUA HAaBbIKOB IO cpegﬂeﬁ TOYHOCTH IPHU nocjae 0BaTe b
HOM 06ydeHUHU. To ecTb MAS cTaTHUCTHYeCKH 3HAYUMO Jyule S|
JJI1 BCEX UCIIOJIb30BAHHBIX aPXUTEKTYP, U CTATUCTUYECKU 3HAYHU-
MO JIy4llle pacyeTa BaXKHOCTeH BeCOB C NOMOIIbI0 HHOPMAILOH-
HOH MaTpPHUILbI CDmuepa AJisd CeTU C TIOJTHOCBA3HBIMU CJIOAMH.
[Ipea/ioxKeHHBIH COCO6 CTAaGUIM3AlMK METO/A 3JIACTUYHOrO 3a-
KpeIl/IeHUs] BeCOB COXpaHsSEeT ero CIOCOGHOCTb INpeofoJieBaTh
KaTacTpopUyecKyo 3a0bIBUMBOCTb U INOKA3bIBA€T pPe3yJIbTaThl
He XyXe (a o cpeHel TOYHOCTH 4YacToO JIy4llle) OPUTHHAIBHOTIO
MeToAa.

B 3ajadye HeCTPYKTYpPUPOBAaHHOI'O NpPYHUHIA (06pe3KH CBs3ed
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nyTeM OOHYJIEHUS BeCOB) B HEMPOHHOHM CETH M3 IOJHOCBSI3HBIX
CJ10eB ONTUMaJ/IbHBIM SIBJISIETCS NPYHUHT 110 MOZAYJII0 Beca UM 10
CyMMapHOMY aGCOJIIOTHOMY CHTHAJIy, IpOIIeAIIeMy Yepe3 CBA3b
(ecsin BbIGMpPATH MX MepEeYHCIEHHBIX CIOCO60B BBIUYMCIEHUS BaX-
HocTelt). 06a 3THUX Croco6a CyleCTBEHHO NPeBOCXOAAT MPYHUHT
10 BO)KHOCTSIM BECOB Ha OCHOBe MeTozi0B MAS, SI 1 BaXKHOCTSM Ha
0oCHOBe MH$OpPMaLMOHHON MaTpuLbl Puiiepa.

[TocKOJIBKY GOJIBIIMHCTBO COBPEMEHHBIX SI3bIKOBBIX MOJEJIEH HC-
II0JIb3YIOT MHOTOCJIOHHbIe HEHPOHHbIE CETH Ha OCHOBE CAMOBHHU-
manus (self-attention, transformers), Mbl BUAUM NepCreKTUBHBIM
UCMO0JIb30BaHUEe CTAaOM/IM3MPOBAHHOIO METOJA 3JIaCTUYHOIO 3a-
KpenJieHHsl BeCOB NpH Aoo06y4yeHnH (fine-tuning) npeso6y4yeHHBIX
MoJieJlel Ha CreliMa/IM3UPOBAaHHBIX A3bIKOBBIX JlaTaceTax.

IIpunoxenue A

ApxuTeKTypa HeHMpOHHOM CeTH C MOJIHOCBSI3HBIMHM CJIOSIMH, MC-
[0JIb30BAaHHOM B HALIMX 3KCIIEPUMEHTAX, OTpaXkeHa Ha PUCYHKe 6,
apXUTEKTYpa CETH CO CBEPTOYHBIMHU CJIOSIMU — HA PUCYHKe 7.

Linear
Linear

Linear

Leaky
RelU

Leaky

RelU Softmax

150x10

300x150
784x300

P u c. 6. ApxuTeKTypa HeHPpOHHOM CETH C TOJIHOCBSI3HBIMH CJI0SIMU

Fig. 6. Neural network architecture with fully connected layers
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P uc. 7. ApxuTeKTypa CBepTOYHON HEHPOHHOU CceTH

Fig. 7. Convolutional neural network architecture

JlJ1s moc/ie f0BaTEeILHOT0 0GyYeH s CETH CO CBEPTOYHBIMHU CI0SIMU
ObIJIM UCII0J1b30BaHbI 00yyatomue Ha6opbel MNIST u Fasion-MNIST,
a Tak»Ke MX OBOPOTHI Ha . Bcero B moc/iejoBaTe/IbHOM 06y4eHUN
CBEPTOYHOH CeTH yyacTBOBasIO 4 o6yyarolux Habopa.

B paMkax ojHOTO 3KCIepUMeHTa HelpoHHasl ceTb 06y4yasach Me-
TogoM Adam c nmapamMeTpami, , , . /lo Hauasa 06y4YeHHUsT BAXKHOCTH
BCeX BECOB CeTH MHULMATM3UPOBAIUCH HYJIsIMH. OGydyeHHe Mpo-
BOZIMJIOCH MIOC/IE0BATEBLHO BCeM 06yvaroluM Ha6opam (10 s
CETH C MOJIHOCBSI3HBIMU CJIOSIMH, 4 /1151 CETH CO CBEPTOYHBIMHU CJI0-
aMu). TpeHUpoBKa Kax/JoMy oGyJaroleMy Habopy IPOBOAUIOCH B
TeyeHHUH 6 30X ¢ pa3MepoM MuHUGaT4a 100. [Tocie TpeHUPOBKHU
Ha o6y4aroleM HabGope NMPOU3BOAUJICS pacueT BaXKHOCTEH BECOB
Ha 3TOM Habope U 3T BaXKHOCTH CYMMHUPOBAJIUCh C OJIy4eHHBIMU
paHee.

[locsne o6y4eHust BceM HaGopaM B 3KCIIePUMEHTe NIPOBOAUJICS 3a-
Mep TOYHOCTHU (accuracy) 1mo BCeM OTJIOXeHHBIM (TeCTOBBIM) ya-
CTSIM M3YYEHHBIX CeTbI0 06y4aloIiUX Ha6opoB. [losydeHHas Tou-
HOCTB MCI0/Ib30BaJIach B Ka4eCcTBe pe3y/bTaTa 3KCIIePUMEeHTa.
[Ipy Kax[OM 3HA4YeHWM TuIeprapaMeTpa 3KCIEPUMEHT IPOBO-
JUWIIcs ABaALaTh pas’. Pe3ysbTaT ycpegHsICS U BBIYUCISICS J0-
BEPUTEJIbHBINA HHTEPBAJ [JIs CPe/JHEr0 CO CTATUCTHUYECKOH 3HaYH-
MOCTBIO .
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