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IMPOI'HO3UPOBAHUE BPEMEHHBIX PSIJIOB
C UCITIOJIBb30BAHUEM HEMPOHHBIX CETEN

IMean padoThI:

- HW3yYEHHE METOJa IIPOTHO3UPOBAHUS BPEMEHHBIX psAma C
MOMOIIIbIO0 HEMPOHHBIX ceTer B cucteMe MATLAB;

- MPUOOpPETEHHE HABBIKOB M YMEHUN IOCTPOCHHUSI MPOTHO3HBIX
peteHuit 1151 GOpMUPOBAHUS BPEMEHHBIX Psifia C TOMOIIBIO HEHPOHHBIX
cetei B cucreme MATLAB c¢ wucnons3oBaHuemM rpaduueckoro
uHctpymenta noib3oBateit NNTOOL w3 makera Neural Network
Toolbox.

OCHOBHBIE TEOPETUYECKHUE ITOJOKXEHUS. IIOHATHUE
IHPOI'HO3UPOBAHUA BPEMEHHBIX PSA10B

Psin naOmonenuit x(t1), X(t2),..., X(tn) aHATH3UPYEMOW BEIIMYMHBI
X(t), MpOM3BEACHHBIX B pa3jMYHbIC MOMCHTBHI BpeMeHu ti, f2,..., In,
Ha3bIBacTCI 6pemeHHbim paoom (BP). B oOmeM Buae MOMEHTHI
HAOJIOAEHUN MOTYT OBITh NPOU3BOJIBHBIMHM, HO IMPHUHATO CUHUTATh, YTO
BO BPEMEHHBIX pANlAX NPOU3BOOAMCA PAGHOOMCMOAWUE MOMEHMbL
Haba00eHUlI.

Ilocmanoeka 3a0auu 00HOWAZ06020 NPOZHOZUPOBCAHUA . UMEECTCS
BpeMeHHOU psia Y, MpEeACTaBICHHbIA CBOMMH 3HAUYCHUSIMU, Jaramu
(JIAT ot anrn. lag - 3ama3gpiBaHue, BPEMEHHOM Jiar — TIOKa3aTelb,
OTPaXKAKIINK OTCTABAaHWE WM OIEPEKEHUE BO BPEMEHH OJIHOTO
SBJICHUSI 110 CPAaBHEHUIO C JIPYTMMH) B MPEIUICCTBYIOIIME MOMEHTHI
BpeMeHHU Yik ,Ytk+1,Yt, TJA€ t-TEKyIIM MOMEHT BpeMEHH, K-TiyOuHa
BBIOOPKH.

Heo06xoauMo HallTH BEIMYMHY MU3MEHEHHS €€ 3HAauYCHHs, KOTOPOe
IPOU30MAET B CIEIYIOIIMA MOMEHT BpPEMEHHM, Ha OCHOBE aHalu3a
NPOLUIBIX 3HAYEHUH, a TAKXKE UCTOPUM MU3MEHEHHS APYruX (PakTOpOB,
BIUSIONIMX HA IMHAMUKY IPOTHO3UPYEMOM BEJIMYMHBI.

[Ipu 3TOM BaXHBIM MOKET SBJISATHCA KaK MAaKCUMAaJIbHO HU3Kas
BEJIMYMHA OIIMOKM MPOTHO3UPOBAHUA, TaK U MPABUIBHOE ONPEACICHUE
XapakTepa NAIbHEWIIETO0 W3MEHEHUs 3HAYEHUs IPOTHO3UPYEMOMU
BEJINYMHBI (YBEIIMYECHUE U YMEHBIIECHHUE).

[Ipu pemenun 3agayd  MPOTHO3UPOBAHUSL TpeOyeTCSs HAUTH
3HaueHue Y (MM HECKOJbKO BEIWYUH, BEKTOpP) B OyJyIIUA MOMEHT



BPEMCHH Ha OCHOBE M3BECTHBIX IIPEABIAYIINX 3HaUeHUH Y,V,C:
Y1 =9(Y.V.C)
Yt+l = g(Yt—k ,...,Yt,Vlt_k,...,Vnt,Cl[_k,...,Cl[,...,Cmt_k ,...,Cmt) (1)

Beipaxxenue (1)  sBISIETCA  OCHOBHBIM  COOTHOIICHHEM,
ONPEAEIISIIOIIAM TPOTHO3.

OnpeaeneHue CTPYKTYPbl HEPOHHOM ceTH

Onpenenenre CTPYKTYpbl HEHPOHHOM CETH MPEAIIoaracT 3aJaHue
€€ apXUTEKTYPBL. YUCIO COEB, YUCIO HEUPOHO8 HA KANCOOM Croe, a
makaice U0 PYHKYuUU aKkmueayuu HetpoHos.

[Ipy KCnONB30BaHUKM MHOT'OCJIOWHOTO MEPLENTPOHA ISl PEIICHUS
3a/1a4 anmnpoKcuManuu QyHKIUN (B T.4. U 33J1a4 IPOTHO3UPOBAHMS) HET
HEOOXOJUMOCTH B HCIOJIL30BAaHUU YHCJIA CKPBITHIX CJIOEB OOJbIIE
OJIHOTO.

Takum o0Opa3zom, mpejyaraeTcss HTOCTPOUThH HEHUPOHHYIO CETh,
UMEIOLIYI0 B CBOEM COCTaBE BXOJHOW, OOUH CKpbIMblU U BbIXOOHOU
crou. Yncno HelpoHOB nepBoro (To ecth BXoaHoro) cios N sapucut
OT KOJIMYECTBA BXOJHBIX (DaKTOPOB M TIIYOWHBI PETPOCHEKTUBHOU
BBIOOPKH 10 KaxkA0MYy (pakTopy u ompeaesnsieTcs mo ¢popmysie:

n®=>P-rk, 2)
p

rae P - 9uCIIO0 BXOAHBIX (haKTOPOB, K, - IIyOHHA PETPOCIEKTUBHOM

BBIOOPKHU 110 P hakTOpYy.

Takum 00pa3oM, uuci0 HeupoHo8 6X0OHO20 ClOsl PABHO HUCTY
971eMeHMO8 BXOOHbIX OAHHDIX.

Bwvixoonoti cnoit cooepocum 00uH HeupoH, BBIXOJ KOTOPOTO
NpeACTaBiIsieT coOOM MOJTYy4YeHHOE B pe3yibTare padOThl HEUPOHHOU
CETH 3HAYEHUE MPOTHO3A.

IIpy HEOOXOAUMOCTH TOJYYEHHS OJHOBPEMEHHO HECKOJBbKHX
BBIXOJIHBIX 3HAYCHWH (HampuMep, KOTHPOBOK IPOJAXU M TMOKYIKHU
IIEHHOW OyMaru) mpearnoyYTUTeNIbHeE HE YBEIUYUBATH YUCIIO BBIXOIHBIX
HEUPOHOB, a 00y4aTh HECKOJIBLKO OTACIbHBIX HEMPOHHBIX CETEH, Kaxaas
U3 KOTOPBIX UMEET OJMH BBIXO/I.

B monp3y npeaaraemMoro mnojaxojaa CBUIETEIbCTBYIOT PE3yIbTaThl



uccinenoBanuii. Tak, B 9aCTHOCTH, B pe3yabTaTe IKCIEPUMEHTOB OBLIO
YCTAHOBJICHO, YTO MOYHOCHIL NPOSHO3A HEUPOHHOU cemu ¢ 08YMsl
8HIX00AMU XYoHce, YemM UCNOJIb308AHUE NPOSHO3HBIX PEUleHUll HA OCHOBE
08YX HEUPOHHBIX cemell ¢ eOUHCMBEHHBLIM BbIXOOOM Npu 00YUeHUuU Ha
OOHUX U meX e OAHHbBIX.

Yucno uetiponos emopo2o (ckpbitoro) yposss N nepsonavanbHo
npejyiaracTcs MNPUHUMATh PABHbIM  HOJYCYMME UYUCIAA HEUPOHOB
8X0OHO20 U 8bIXOOHO20 CI0€B.

D Pk, +1
n¥=+*___ (3)
2

B mpouecce omnpeneneHus 1 HACTPOWKHA MapaMEeTPOB HEMPOHHOU
CETM YMCJIO CKPBITBIX HEWPOHOB MOXKET BAPbUPOBATHCS C IIEJIBIO
YBEJIUYCHUSI TOYHOCTH MPOrHo3a. IIpu 3TOM MOPSAIOK HUX KOJIUYECTBA
MOXHO OIIEHUTh C MOMOIIbIO Teopembl KoaMoropoBa u CieACTBUS U3
HEe.

B cooTBeTcTBMM C OTUMH TEOPETUUYECKUMHU pPE3ybTaTamMu
HENnpepvieHyl0  (DYHKYUI0  MOJNCHO  aNNPOKCUMUPOBAMb € JIH0OO0U
MOYHOCMbBIO NPU NOMOWU MPEXCIOUHOU HEUPOHHOU Ccemu, KOmopast
umeem N 6xo0nwix, 2*N+1 cKkpbimvix u 00UH 8bIXOOHOIU HEUPOH.

Takum o6pazom, uucio 2*N+1 TeopeTudecku MOXKHO CUHUTAThH
BEpXHEW IpaHULICH JIs YKClia HEMPOHOB Ha CKPBITHIX ypoBHAX. OqHAKO
JTAaHHAs OIIEHKa CIpaBEJIMBa JJIsI HAWIYUIIEH CETH, COOTBETCTBYIOIICH
ro0alTbHOMY  MHUHUMYMY  QJalNTUBHOTO  peibeda  OMMOKH B
MIPOCTPAHCTBE BECOB.

Ha npaktuke noctuup TJI00aTLHOTO MHUHMMyMa OOBIYHO HE
ynaetcsi. Kpome Toro, umest 2*N+1 cKpbITBIX HEHPOHOB, CETh CIIOCOOHA
B TOYHOCTH 3allOMHUTH oOOyduaromue mnpuMepbl. B To ke Bpems B
pealbHOCTH OT Hee Tpeldyercs UuX O00O0OIIUTh, BBIIBUB CKPBITHIC
3aKOHOMEPHOCTH.

Takum oOpa3zom, oineHka KoamoropoBa 1o CyTH clejlaHa IS
JPYroM 3a/lauu U B JJAHHOM CJTy4ae CIIY>KHUT JIMIIb OPUEHTUPOM. B xoxe
AKCIEPUMEHTOB AIMIIUPUUYECKUM ITYTEM OBLIO YCHIAHOB1EHO, YO YUCTO
CKPBIMbBIX HEUPOHO8 Moycem cocmaesiams om N/2 0o 3N.

B kauectBe (yHKIMM aKTUBAllMM HEHPOHOB IMpeaJiaraercs
WCIIOJIB30BaTh OUNOAAPHYIO CUSMOUOANbHYIO (hyHKyuto. CUTrMOouIalIbHas
GYHKIIMSA  YacTO  HUCIOJB3YETCS B HEUPOHHBIX  CETAX  THIIA
«MHOTOCJIOMHBIM TEPUENTPOH», TaK Kak OHa SBISIETCS TJIAIKOW,



muddepeHIpyeMoii, a ee MPOM3BOAHAS BBIPAKAETCA YEPE3 camy
(GYHKIHIO, YTO BXKHO JJ1s1 00yYEHHUS CETH.

OHAKO PAUUOHATILHASL CUSMOUOATIbHASL (DYHKYUSL ¢ 001ACmbio
onpedenenuss D(f)e€[0,1] wumeem neoocmamok, cBs3aHHBIM C €€

HECUMMETPUYHOCTHIO  OTHOCUTEIBHO  OCH  aOCIucC,  KOTOPBIM
CIIOCOOCTBYET YMEHBIIICHUIO CKOPOCTH 00yUYEHU HEMPOHHOM CETH.

ITostTomy B gaHHOM JsabopaTopHON paboTe MpeaiaracTcs
MPUMEHSTh OUTOJISIPHYI0 CUTMOUJIAIBHYIO (PYHKIMIO. DKCIEPUMEHTHI
MOKa3alau, 4YTO OO0JacTh OMNpeAesieHUs OUMOIApHON (GYHKIHH HE
OKa3bIBAET CYILECTBEHHOTO BIIUSHUS HA MPOIleCC 0OyUYECHUS HEMPOHHOM
cetu. JlJisi ompeneneHHOCTH B JajibHEHIeM OyJeT HCMHOJb30BaThCS
byHK1usa ¢ odaacteio onpenencuaus D(f) e[-1,1].

dopmupoBaHe 00y4arOIIMX BLIOOPOK

Jlns oOydeHuss HeWpOHHOUW CETH HEO0OXOaWMo C(HOpMHpPOBATH H3
MaccuBa MH(POPMATUBHBIX MPU3HAKOB 00YyUalOIINe BEIOOPKH, KaXKaas U3
KOTOPBIX COJICPKHUT BXOJ W TpeOyeMbIl BBIXOJ HEHPOCETH, KOTOPBIM
CETh JOJIKHA HAYYUTHCS BBIJIABaTh B OTBET Ha JAHHBIN BXO/I.

[Ipu 5TOM BXOJHBIE JAHHBIC COJEPKAT HUCTOPUIO MPEIBIIYITUX
3HaUYCHHM 1O (akTopaM, KOTOpBIC MNPUMEHSIOTCS TMPH IMOCTPOCHUH
IIPOTHO3a, @ B KauecTBe TPeOYeMOro BBIXOJa HUCIOJIB3yeTCs Oymayliee
3HAUCHHE TMPOTHO3UPYEMOW BEIWYMHBI (HA OJTane oOydeHUs OHO
W3BECTHO).

B kauecTBe WILTIOCTpaIlMy HWXKE MPUBEACH (parMeHT peabHbIX
JAHHBIX, U HA UX OCHOBE C(hOPMHUPOBAH OOYYAIOIINI TPUMED.

Tadonuma 1 - IcxoaHble naHHbBIE

Haspanne 3Ha4eHNE HOPMUPOBAHHON KOTUPOBKM Ha ATy TpeOyembid
dakTopa BBIXOJ] CETH
04.06.97 | 05.06.97 | 06.06.97 | 09.06.97 |10.06.97

US Treas-5 0 -1.552 0.789 -0.052 0.29

DowJones -1.304 -0.393 | -.058

OI'BB3-5 -0.124 -0.124 -0.358 -0.245 0 0.462
Tabnuma 2- Bun cdopmMupoBaHHOTO TTpUMeEpa
0]-1.552|0.789|-0.052(0.29|-1.304|-0.393(-0.058-0.124|-0.124|-0.358(-0.245|0]0.462

Kak BugHo, B oOyyaromiem TMpUMEpPEe MCXOJHBIE JIaHHBIC
BBICTPAUBAIOTCS B CTPOKY BUJIa <6X00 HeUpocemu><eulx00 Heupocemu>




B nanHOM ciydae B 3ToM Ta0iuile TEpBbIC MATh 3HAYCHUUN
cootBeTcTBYI0T— US Treasuries 5, 3aTeM MOCIEAYIONIME TPU 3HAUCHUS —
DowlJones, morom mnsate 3HaueHnit OI'BB3 5 u 3aBepmaer cTpoky
3HauYe€HHE TpeOyeMoro BbIXoJa ceTH (TO ecTh Oyayimias KOTUpPOBKa
OI'BB3)5).

KonnuecTBO HEHPOHOB BXOAHOTO CJIOSI CETH COOTBETCTBYET YUCITY
9JIEMEHTOB BXOJHBIX JAHHBIX, COJEPKAIIMXCS B 00yUarolieM mpumepe,
a YUCIO HEUPOHOB BBIXOAHOTO CJIOA — COOTBETCTBEHHO YHCIY
STAJIOHHBIX BBIXOJIOB (B IAHHOM CJIy4ac — OJIMH).

CoOBOKYMHOCTh OOy4Yaroluux MNPUMEPOB CO3JACTCS W3 MacCUBa
JAHHBIX Ha OCHOBE HH(OpMalMM O 3HAYCHUSIX, IOJTYYCHHBIX B
NPEAIIECCTBYIONME MOMEHTBI BPEMEHM C  TIOMOIIbIO  METoja
«CKOJB3SIIIETO OKHA.

st popmupoBaHusi 00yUarommero mpuMepa Ha MacCUB MCXOJIHBIX
JAHHBIX HAaKJIaJIbIBA€TCSI BPEMEHHOE «OKHO». IIpum 3TOM JnaHHBIE O
3HAUYCHHUSIX BXOJHBIX (DAKTOPOB, TMOMAaBIIKME B HETO, (OPMUPYIOT
oOydJarouui mpumep.

Cnenyromuii npumep (GopMupyeTcsi MyTeM CIBUTa «OKHa» Ha
OJIMH BPEMEHHOW MHTEpBaJ BIiepen. B kauecTBe MIMPHUHBI «OKHa» MO
KOKIOMY (akTopy UCIOJIB3YETCS paHee OlpejesieHHas TIIyOuHa
PETPOCIIEKTUBHOMN BHIOOPKHU.

CdopmupoBaHHbIE TPUMEPHI PA3JAEITSAIOTCA HA JIBA MOJIMHOKECTBA:
odyuaiouiee u KOHmMpOJIbHOe.

Obyuarowas 6vlO0OpKa WCTONB3YETCS JJIsI HEMOCPEJICTBEHHOTO
00y4YEeHUs CETH.

Konmponvnas evibopxa — pisi OOydeHUS HE HCIMOJB3YyeTCS U
CIY>KUT JUIsl OIEHKH CIOCOOHOCTHM HEUPOHHOW ceTu padboTaTh C
HEU3BECTHBIMU JIJI51 HEE€ TaHHBIMU.

OOBIYHO YHCTIO MPUMEPOB O0YHAIOIIETO MHOXKECTBA OTHOCUTCS K
YUCITy NPUMEPOB KOHTPOJBHOTO MHOXKeCTBa Kak 2:1 unu 3:1.

IIpuMep BBINOJHEHHUS MPOTHO3MPOBAHUS BPEMEHHOI0 pPsijia ¢
ucnojb3oBanuem cpeast MATLAB

1. B oxkue “CommandWindow” cpenst MATLAB BBeauTe KOMaHIy
nntool. OTkpoeTcss OKHO TpadUIecKOro WHCTPYMEHTA IT0JIb30BATEIIs
nntool.

2. Haxwmure xkHonky “New”. OTkpoeTcst OKHO CO3[1aHUsI HEHPOHHOU



CETH.
3. B TtexkcroBom mose BBoxa ‘“‘Name” BBeauTe HaMMEHOBAHUE
HEHPOHHOH ceTH, HarpuMmep, nhntpredict.

4. B pemmagaromem crucke “NetworkType” BwiOepuTe MNO3HUIMIO
“Feed-forward backprop”.

5. B TexcroBom noite BBoga “Numbersoflayers” BBennure KoaIu4ecTBO
CJIOEB HEWPOHHOM CETH PaBHOE JBYM (CKPBITBIM CIOH M BBIXOJHOU
CJIOH).

6. Tak, Kkak B KadecTBE BXOJHBIX JaHHBIN I OOydeHHS OyaeMm
WCIIOJIb30BaTh JaHHBIC, MPEJACTaBICHHBIE B TaOiuile 2, KOJIMYECTBO
HEHPOHOB CKPBITOM clioe (TekcToBoe moje BBoaa “Numbersofneurons’)
3adaauM paBHBIM 39 (MOIIHOCTh MHOXKECTBA BXOJHBIX JIaHHBIX,
YMHOXEHHOE Ha 3).

7. Ortkpotite Bkaaaky “Data” u 3amaiite Bxomubsie ganubie P = [0; -
1.552; 0.789;-0.052;0.29;-1.304; -0.393;-0.058;-0.124;-0.124;-0.358;-
0.245;0].

8.  3apnaiite pe3yabTar nporuoza T = [0.462].

9. Ortkpoiite Brimanky “Network”. B BbeImamaromeM CIHCKE
“Inputdata” BeIOepuTe TO3WIMIO “P”.B  BBIIAgaromieM  CIHCKE
“Targetdata” BeiOepute mosuiuio “P”.

10. Haxmure kHOnKy “View”. OTKpOeTCs OKHO, COACpIKaIee MOCIIb
CTPYKTYpPBI HEHPOHHOH ceTH (puc. 1).

4\ Custom Meural Network (view) =NREN X
Hidden Layer Output Layer
Input Output
W W e,
@l T E@ oo
39 1]

Pucynok 1- Moaenb CTpyKTypbl HEHPOHHOU CETH

11. 3akpoiTe OKHO, COJIepKAIIEE MOJICNIb CTPYKTYPbl HEHPOHHOU
ceTu. B okHe co3naHust HEHPOHHOM ceTH HaxMuTe KHomky “Create”.
3aKpoUTE OKHO CO3/1aHUSI HEUPOHHOM CETH.

12. B oxHe rpaduveckoro MHCTpyMEHTA Moyib3oBarelist NNtool mBaxibr
KJIMKHUTE MBIIIKOW 10 HAUMEHOBAHUIO HEMPOHHOMU CETH.

13. OtkpoeTcs OKHO 00yUYeHHUS U TECTUPOBAHUS HEHPOHHOU CETH.
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14. Ortkporite BkiIaaky “Train”. B BeimagaromeM crucke “Inputs”
BbIOEpUTE no3uluio “P”. B Beimanaromem crivcke “Targets” Beioepute
no3unuio “T”. Haxxmute knonky “TrainNetwork™. OTkpoeTcs OKHO

oOyueHns1 HeUpOHHOU ceTH. JJ0KIUTeCh OKOHUYAaHUS O0yUCHUS 1
3aKpPOUTE OKHO O0yUEeHHSI HEHPOHHOM CETH.

15. Orkpoiite Bkaanaky «Simulate». B Bemmagaromem ciucke “Inputs”

BeIOepHTE Mo3uiuio “P”. Haxxmure kHonky “SimulateNetwork”™.
JloxauTecr OKOHYaHHS CUMYJISIIUU HEUPOHHOM CETH.
16. 3akpoiite OKHO OOyUYEHHS U TECTUPOBAHUS HEHPOHHOU CETH.

17. TlpocMoTpuTe pe3ynbTaT CUMYJISIIUU CETH.

18. CnemnaiiTe BHIBOIBI.

Tabnuia 3- Bua BpeMeHHOTO psifia M AMana3oH ero N3MEHECHUS

Bapuant Bun dynkmum Hlfg ?wl\i?ecg;?
1 (1.85-t)*cos(3.5t-0.5) t=[0,10]

2 cos(exp(t)) te[2,4]

3 sin(t)*t t €[3.1,20]

4 sin(2t)*t t € [3.1,20]

5 cos(2t)*t t € [2.3,20]

6 (t-1)cos(3t-15) t € [0,10]

7 cos(3t-15) t € [1,10]

8 cos(3t-15)/abs(t)=0 t €[0,0.3),(0.3,10]
9 cos(3t-15)*t t €09.1]

10 (exp(t)-exp(-t))cos(t) / (exp(t)+exp(-t)) t € [0,5]

11 (exp(-t)-exp(t))cos(t) / (exp(t)+exp(-t)) t € [0,5]

14 cos(t-0.5)*abs(t) t € (0,10]

15 cos(2t)*abs(t-2) t € (2,10]

KoHTpoJbHbIE BONIPOCHI

1. Yto Takoe BpeMeHHOM psij?

2. C mOMOIIBI0 KaKOW HEMPOHHOW CETH BBIMOJIHSAETCS
IPOTHO3WPOBAHUE BPEMEHHOTO psAia?

3. Kak popmupyercs apXxuTekTypa HEHpOHHOM ceTh?

4. Kak ornpenensieTcs Yucjo CJI0eB CKPBITHIX HEHPOHOB?

5. ChopmynupyiiTe npuHIUIIEI GOPMUPOBaHUS 00yUarOIIe

BBIOOPKHU.
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6. Kakue ocobeHHOCTH coaiepKaT MPUHITUIIB (HOPMUPOBAHUS
MIPOBEPOYHOM BEIOOPKU?

/. Kakue 0cOOEHHOCTHU coAiepkKaT MPUHIUIIBI HOPMUPOBAHUS
o0Oy4Jaromux BEIOOPOK?

8. B ueM 3akitouaercs uaes MeToAa «CKOJIb3AIIEr0 OKHA?

9. ChopmynupyiiTe MOCTAHOBKY 3aJla4yM OJJHOIIIArOBOIO
MPOTHO3UPOBAHUSL.

10. Yto xapakTepusyeT QyHKIMs aKTUBALIMM HEMPOHOB, KaK OHA
BbIOMpaeTcs?

11. Ilepeuncnute BUabI PYHKIMM aKTUBAIIUH, B YEM 3aKITIOYAIOTCS
UX 0COOCHHOCTH?

Copep:xkanue oruera

1. TuTynbHBIN JUCT.

2. llenwb paGoOTHI.

3. OcCHOBHBIE TEOPETHYECKHE CBEIECHHS 00 HCCIeayeMOM
npoiiecce.

4. BpeMeHHOW psill, MNOCTPOCHHBIM ¢ TOMOIILIO (DYHKIINH,
COOTBETCTBYIOIIIEH BApUAHTY 3aJaHUs.

5. OOyuaroniasi BHIOOpKa.

6. TecToBbie BEIOOPKH.

/. Pe3ynbTaThl 00y4YE€HUS U TECTUPOBAHUSI HEHPOHHOM CETH.

8. BrIBOBI.



