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1. HeiipoOyM: mo33usl ¥ p0o3a HEHPOHHBIX ceTel

B crnoBax «uckyccTBEHHbIE HEMPOHHBIE CETH» CIBIIIATCS OT3BYKHM (haHTazuii 00
aHapouaax u OyHTe poOOTOB, O MalIMHAaX, 3AMEHSIOMIMX U UMUTHPYIOIIMX YeJIOBEKa.
Otn  ¢daHTa3uM  MHTEHCHUBHO  MOJAJIEPKUBAIOTCS  MHOTUMH  pa3paboTYMKaMu
HEHUPOCUCTEM: pHUCYeTCd HE OYeHb OTJaJeHHOe Oynayiiee, B KOTOPOM POOOTHI
OCBaMBAIOT PA3IMYHbIE BHUABI paboT, MPOCTO HaOMIOAas 3a 4YEIOBEKOM, a B Oolee
OTJIaJICHHOW TEepPCIEeKTUBE — YEJIOBEYECKOE CO3HAHME W JINYHOCTh MEPErpyKaroTcs B
UCKYCCTBEHHYIO HEHPOHHYIO CETh — MOSIBJISIFOTCS IIIAHCHI HA BEUHYIO KU3Hb.

[TosTuyeckass urpa BOOOpaXk€HUS BOBJEKAaeT B pabOTy MOJOJEKb, MOI3US
peKaMbl CO3/1a€T HayuyHYI0 MOJAY W BIIMAET Ha (PMHAHCOBBIE BJIOXKeHUs. Moxkere Jin
Bbl yeTko pa3nuuuTh, TI€ KOHYAeTCsl OECKOpPBICTHAs TBOpYECKas UIpa M HauMHAETCs
peknama? Y MeHs Takoe OJIHO3HAYHOE Pa3IMueHue He IMOJIy4aeTcs: 3TO Kak BOIPOC O
UCKPEHHOCTH — MOXKHO COMHEBAThCS 1a’Ke B CBOECH COOCTBEHHOM HUCKPEHHOCTH.

Wtak: urpa u MoJia Kak BakKHbI€ ABMXKYIIHNE CUJIBL.

B crnoBax «MopHOe HayyHOE HampaBlieHUE» CIBIIIUTCS HEYTO HEOJHO3HAYHOE -
TO JIM NIpeHeOpeKeHe, CMEIIaHHOE C 3aBUCTHIO, TO JIU €I 4TO-TO. A BooOIIe, MOJa B
HayKe — 3TO XOPOIIO WK 1m10ox0? Jlaaum Tpu oTBETa Ha ATOT BOMPOC.

1. Moaa — 3to xopomo! Korma B Hayke mosBIsS€TCS HOBas MOJa, THICSUU
uccleoBaTeNiel, TPYCTUBIIMX HAJl CTApbIMU TEMaMHU, MOPSAKOM HAJOEBIIUMU €Ie CO
BpPEMEHM MUCAHUS TUCCEPTALIUU, CO CBEKUM a3apToM Opocatorcs B neno. Hosas mona
MO3BOJISIET UM OCBOOOAMUTHCS OT JIMYHOU HCTOPHUHU.

MpbI Bce 3aBUCHMM OT CBOETO MPOILJIOr0, OT MPHUBBIYHBIX €1 U MPUBBIYHBIX

MbIciier. Tak paBaMTe xe IMPpUBCTCTBOBATL BCC, YTO 003060>szaeT Hac OT JToH
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3aBucuMocTr! B HOBOI MOJIHON 00JacCTH MOYTH HET HAKOIUICHHBIX MPEUMYIIECTB —
BCE PaBHBI. DTO XOPOIIIO JJISI MOJIOICKH.

2. Moaa — 310 mjioxo! OHa NMPOTUBOPEUUT TNIYOMHE M TIIATEILHOCTH HAYYHOTO
noucka. Yacto "HoBbIe" pe3yabTaThl, MOJTYyYEHHBIE B MOTOHE 32 MOJOW, CYyTh BCETO-
HABCEro XOpOIIO 3a0bIThIE CTaphie, /1a €Ile HepeaKko U mepeBpaHHbie. [loroHs 3a
MOJION pacTieBaeT, 3aCTaBIsET MEePENUChIBATh CTapbie PaObOTHI M B HOBOM CJIOBECHOM
yIaKOBKE BBIJIaBaTh UX 32 CBOU. MoJa - HICTOUYHUK CBEPXXaITyphl. [IpumMepoB Tomy —
TBICSYH.

"T'ennit — 310 Tepnenue mbicau." Tak maBaite ke Bciea 3a HproToHOM U
IpyrumMu Benumkumu KyJabTUBHpPOBaTh B cebe 3T0 TeprieHne. He Oyaem monamaBaThbest
cobJ1a3Hy MOJIBI.

3. Moaa B Hayke — 3TO 3JIeMEHT peajbHOCTH. Tak MOBEIOCh BO BTOPOil
noyioBuHe XX BeKa: HayKa CTaja MacCOBOM M B HEH MOCTOSTHHO BCIIBIXMBAIOT BOJIHBI
MOABl. MOXKHO JTU OTHOCUTHCA K PEAIbHOCTH C TO3UIIMKA JOJDKHOTO: TakK, JeCKaTh,
JIOJDKHO OBITh, a 3Tak — HeT? HaBepHoe, MOKHO, HO 3TO YK TOYHO HEIPOIYKTHUBHO.
BonHbl MOABI W pekiaMHbIE KaMIaHWUW CTajd AJIEMEHTOM OpraHU3allMi MacCOBOM
HAyKHU ¥ C 3TUM MPUXOAUTCS CUYUTATHCS, HPABUTCSA HaM 3TO WJIH HET.

Heiiponnbie ceTu HBIHUE B MOJIE€ M TMOATHYECKas peKiIama JIeJaeT CBOE JEIoO,
npuBjekaeTr BHUMaHue. Ho crout nm cnemoBarh 3a Mozoi? Pecypchl orpaHudeHbl —
0COOEHHO y Hac, 0cOOeHHO Tenepb. Bce paBHO Bcero Ha BcexX HE XBaTUT. M BO3ZHUKAIOT
BOIIPOCHI:

1) HEMPOKOMITBIOTEP — ITO MHTEIJIEKTyaJIbHAs UTPYIIKA UM HOBasl TEXHUYECKAs

peBosroLus?

2) 4TO HOBOTO M MOJIE3HOTO MOXKET CAeNaTh HEHPOKOMITbIOTEP?

3a 3TUMH BOTIPOCAMHU CKPBITHI IBa 0A30BbIX MPETOIOKEHUS

1) Ha HOBBIE UTPYIIIKH, JaKe BRICOKOMHTEIJIEKTYaIbHBIC, CPEJICTB HET;

2) HEUPOKOMITHIOTEP JIOJDKEH JO0Ka3aTh CBOU HOBBIE BO3MOXKHOCTH — CJIeaTh TO,

4Cro HC MOXKCET CACIaTh 0OBIYHAS SBM, — MHA4YC Ha HCTO HC CTOUT TPATUTHCA.



VY 3HTY3MaCTOB €CTh CBOM PEKJIIAMHBIE CIIOCOOBI OTBEYATh Ha 3aJJaHHbIE BOIIPOCHI,
puCys CBETJIble Mocje3aBTpaliHue ropu3ontel. Ho Bce 310 B Oynymiem. A ceituac?
OTtBeTbl apagoKCalbHBbI:

1) HEMPOKOMITBIOTEPHI — 3TO HOBAsk TEXHUYECKAsl PEBOJIOLMS, KOTOPAsi IPUXOIUT

K HaM B BHUJI€ MHTEJIEKTYaJIbHOM UTPYIIKK (BCIIOMHHUTE — U MEPCOHAIbHBIC
OBM 0bu1H IpUAYMaHbI )11 UTPHI! );

2) st 000N 3aayd, KOTOPYIO MOKET pPEIIUTh HEUPOKOMIBIOTEP, MOMKHO
MOCTPOUTH OOJIee CTaHAAPTHYIO Clieuanu3upoBannyto OBM, koTopas pemmur
€€ He XyXKe, a Jalle BCEero — Jaxke JIydlle.

3aueM K€ TOorja HeHpoKoMmIbloTepbl? BeTymas B TBOPUECKYHO WIPY, Mbl HE
MO>XEM 3HaTh, YeM OHA KOHYMUTCS, MHaye 310 He Urpa. [1o33us u pexnama naroT Ham
danTOM, MpU3paK pe3yabTaTa, MOrOHS 3a KOTOPBIM - BaxKHeiIas yacth Urpel. CToib
YK€ MPU3PAYHBIMU MOTYT OKa3aThCsl U MPO3aUYHbIE OTBETHI - UTPa MOXKET JAJIEKO OT
HUX yBecTd. Ho M oHM HeoOXoauMbl - TpyAHO OeraTh MO OOJIakaM U WILTIO3US
NPaKTUYHOCTH CTOJIb K€ Ba)KHA, CKOJIb W WJUIIO3US BeIMYMs. BOT HECKOJIBKO
BapUaHTOB MPO3aWYHBIX OTBETOB HA BOIMPOC «3aueM?» - MOKHO BbIOpaTh, 4uTo /it Bac
Ba)KHEE:

A. HeiipokoMnploTepsl JAlOT CTaHAAPTHBIA  CIOCOO  pPEIIEHUsT MHOTUX
HECTaHJApPTHBIX 3a7a4. M HEBaXKHO, YTO CIEUMAIU3UPOBAHHAS MAlllMHA Jy4Ile PEIIUT
OIMH Kiacc 3aj1ady. BaxHee, 4TO OAMH HEHPOKOMIBIOTEp PEIIMT W 3Ty 3aj1ady, U
JIPYTYI0, U TPEThIO — U HE HAJO0 KaXIbli pa3 MPOEKTUPOBATH CIIELUAIN3UPOBAHHYIO
DOBM — HelpOKOMIIBIOTEP CAETAET BCE CaM U MOUYTH HE XYXKE.

b. Bmecto mporpammupoBanus — o0ydeHue. HeiipokoMmproTep yUuTCS — HY)KHO
TOJILKO (hOopMHpOBaTh ydeOHbIE 3aJauHUKHU. Tpya mporpaMMHUCTa 3aMelIaeTCsl HOBBIM
TPYAOM — yuuTens (MOXKeT ObITh, HAaO CKa3aTh — TpEeHepa WJIM JIPECCUPOBIIUKA).
Jlyumie aro wiu xyxe? Hu To, Hu apyroe. IIporpaMMucT npeanucsiBaeT MallluHE BCE
neTand  paboThl, YYHMTENlb — co3laeT "oOpaszoBaTelbHYIO cpeny', K KOTOpOi
npucrnocabivBaeTca HeHpokoMibloTep. [logBIAIOTCS HOBbIE BO3MOXKHOCTH IS

paboTHI.



B. Heiipokomneiotepbl 0co0eHHO 3¢ (EKTUBHBI TaM, Tlie HYXHO IMoA00ue
YeJIOBEYECKOW WHTYULIMU — JUJIS paclio3HaBaHMsl 0Opa3oB (y3HaBaHUS JIMI[, YTCHUS
PYKOITUCHBIX TEKCTOB), MEPEBO/Ia C OJHOTO €CTECTBEHHOI'O fA3blKa Ha JIPYrod W T.I.
WMeHHO [71s1 TaKUX 3a/1a4 OOBIYHO TPYJHO COUUHUTD SIBHBIN JITOPUTM.

[. TuOKOCTH CTPYKTYpbl: MOXKHO pa3IMYHBIMU CHOCOOaAMH KOMOWHHPOBATH
MPOCTHIE COCTABJISIONINE HEHPOKOMITBIOTEPOB — HEHPOHBI U CBSA3M MEXIy HUMH. 3a
CYeT OTOr0 Ha OJHOM »dJIeMeHTHOW ©a3e W Jaxke BHYTpH 'Tena" OIHOTO
HEHPOKOMITbIOTEPA MOXKHO CO3/aBaTh COBEPILIEHHO pa3iu4Hble MamuHbl. [losBisercs
erie oJiHa HoBas npodeccust — "HEHPOKOHCTPYKTOP" (KOHCTPYKTOP MO3TOB).

J. HeiliponHble ceTu MO3BOJAIOT co3AaTh AP EKTUBHOE MPOrpaMMHOE
oOecrieyeHue AJi1 BBICOKOMApAJUIENbHBIX KOMIBIOTEPOB. [[1s1 BbICOKOMapaieabHbIX
MalIMH XOpOIIO HU3BECTHAa Mpoliema: Kak uX 3(G(EeKTHUBHO HCIOJIb30BaTh — Kak
JOOUTHCS, YTOOBI BCE DIIEMEHTHI OJHOBPEMEHHO U 0€3 JHIIHEro IyOiaupoBaHUs
BBIUUCTISUTH 4TO-HUOYb nosie3Hoe? Co3naBas MaTeMaTH4eckoe obecrieueHus: Ha Oasze
HEHUPOHHBIX CeTel, MOXKHO JUIS IUPOKOTo Kilacca 3aad PelnuTh 3Ty npodiemy.

Ecnu nepeiitu k emie 6ojiee mpo3andeckoMy YpPOBHIO MMOBCEIHEBHON pabOThI, TO
HEHPOHHBIE CETU - ATO BCETO-HABCETO CETU, COCTOSLIME U3 CBSI3aHHBIX MEXIY cOO0M
MPOCTHIX AJIIEMEHTOB - (OPMaATbHBIX HEUPOHOB. 3HAUUTEIHLHOE OOJIBIIMHCTBO PaboOT MO
HelponH(OpMaTHUKe MOCBAIIECHO MEPEHOCY PA3IMYHBIX AITOPUTMOB PEIICHUS 3a7a4 Ha
TaKHue CeTH.

SAnpoM UCHONB3YEMBIX MpPEACTABICHUN SABIAETCA HIEd O TOM, YTO HEWPOHBI
MOKHO MOJEIMPOBATH JOBOJIbHO NMPOCTHIMU aBTOMAaTaMH, a BCS CIOXHOCTb MO3Ta,
rMOKOCTh ero (yHKIIMOHMPOBAHUS U JAPYrUe BaKHEHIlMe KauecTBa OMPEIENISIOTCS
CBSA3SIMU MEXJy HeWpoHamu. Kaxknas cBsi3b NpeACTaBISE€TCS KaK COBCEM IPOCTOM
AIIEMEHT, CIY)Kalllui AJi nepefayu curHana. [lpenenbHbIM BhIpa)KEHHUEM STOM TOUKHU
3pEHUs] MOXET CIY)KHUTb JIO3YHT: "CTPYKTypa CBs3€il — BCe€, CBOMCTBA 3JIEMEHTOB —
HUYTO".

COBOKYNMHOCTh HUJEH W HAyYHO-TEXHMUYECKOE HallpaBJICHHE, OIpeesieMoe
OMKMCAHHBIM MPEJCTABICHUEM O MO3Te, Ha3bIBACTCS KOHHEKIIMOHU3MOM (TI0-aHTHICKU

connection — CBH3I>). Kak Bce 3TO COOTHOCHUTCS C PCAJIbHBIM mo3rom? Tak KEC, KakK



KapuKaTypa WU LIap>K CO CBOUM MPOTOTHUIIOM-YEIOBEKOM - BEChbMa YCJIOBHO. JTO
HOpMaJbHO: BaXHO HE OYKBaJbHOE COOTBETCTBUE IKMUBOMY IMPOTOTHIY, a
NPOAYKTUBHOCTh TEXHUYECKOMN UJIEH.

C KOHHEKIIMOHU3MOM TECHO CBSI3aH CJIEIYIOIIUNA OJIOK Uei:

1) oTHOPOAHOCTH CUCTEMBI (JEMEHTHl OJJMHAKOBBI U YPE3BBIUYAHHO MPOCTHI, BCE
OTIpeNIeTIACTCS CTPYKTYPOH CBsA3EH);

2) HaJIeX)KHbIE CUCTEMbI U3 HEHAJICKHBIX 3JIEMEHTOB M "aHaJIOroBbIA peHeccaHc' —
UCIIOJIb30BAHME MTPOCTHIX aHATIOTOBBIX 3JIEMEHTOB;

3) "ronorpaduueckue" cUCTEMbI — MPU Pa3pyIICHUH CITy4ailHO BRIOpAHHOW YacTH
CUCTEMa COXpaHsET CBOM MOJIe3HbIE CBOWCTBA.

[IpenmonaraeTcsi, 4YTO CUCTEMa CBfA3€H JOCTaTOYHO Oorata 1O CBOHMM
BO3MOYKHOCTSIM U JJOCTATOYHO U30BITOYHA, YTOOBI CKOMIIEHCHPOBATh O€THOCTH BHIOOpA
AIIEMEHTOB, UX HEHA/IE)KHOCTh, BO3MOKHBIE pa3pylICHUs YaCTH CBS3EH.

KOHHEKIIMOHU3M U CBSI3aHHBIE C HUM HJAE€H OJHOPOJHOCTH, M3OBITOYHOCTH U
rojorpauuHOCTH €Ille HUYero He TOBOPSAT HaM O TOM, KaK >K€ TaKyl0 CHCTEMY
HAY4YUTh peuiaTh peajbHble 3aaul. XOTeI0Ch Obl, YTOOBI 3TO 00y4YeHHE 00XOIMIOCH
HE CJIUIIKOM JI0POTO.

Ha mepBbIil B3risi KaeTcsl, YTO KOHHEKIIMOHUCTCKHUE CHCTEMBI HE JIOIMYCKAaIoT
OpsIMOrO0 TIPOrPaMMUPOBAHUS, TO €CTh (POPMHUPOBAHHUS CBS3EH MO SBHBIM IPAaBHUIIAM.
JT10, onHako, He coBceM Tak. CymiecTByeT OOJBIIONW Kjacc 3ajay: HEWPOHHbIE
CUCTEMBbl aCCOIMATUBHOM MaMSTH, CTATUCTUYECKON 00paboTKu, QuibTpaluu u ap.,
JUISL KOTOPBIX CBS3U (hOpMUPYIOTCS TI0 sIBHBIM (hopmynaM. Ho erie 6osbiie (o oobemy
CYLIECTBYIOIIMX TPUIIOKEHUN) 3amay TpeOyeT HesiBHOro mpouecca. [lo anamoruum c
oOyueHneM KMBOTHBIX UJTU YeJIOBEKa 3TOT MPOIIECC Mbl TAKKe Ha3bIBaeM 00yUEHHEM.

OO0ydeHre OOBIYHO CTPOMUTCS TaK: CYIIECTBYET 3aJlayHUK — HA0Op MPUMEPOB C
3a/laHHBIMH OTBETaMU. DTU MPUMEPHI NPEIbABIAIOTCA cucTeMe. HellpoHbl momyyaior
M0 BXOJHBIM CBSI3SIM CUTHAIIBI — "ycioBus mpumMepa', mpeoOpa3yroT UX, HECKOJIbKO pa3
0OMEHHUBAIOTCS MPeoOPa30BaHHBIMUA CUTHATAMH M, HAaKOHEI, BBIAAIOT OTBET — TaKkKe
Habop curHanoB. OTKJIOHEHHWE OT MpPaBUIBLHOrO OTBeTa wmTpadyercs. OOyueHue

COCTOMT B MHUHUMHU3aIMKM mTpada kak (HesBHOM) ¢(yHKuuu cBszeil. [lpumepno



YeTBepTh Hallled KHUTUM COCTOMT B ONHCAHMM TEXHUKU TAaKOM ONTUMHU3ALUU U
BO3HUKAIOMIMX P STOM JTOTIOJTHUTENIbHBIX 3a/1a4.

HesiBHOEe o00ydeHue MOPUBOIUT K TOMY, UYTO CTPYKTypa CBSi3ed CTaHOBHUTCS
"HEMOHATHOU" — HE CYIIECTBYET MHOTO CIOC00a ee MPOYUTaTh, KPOME KaK 3aIlyCTHUTh
¢dbyukironnpoBanue cetu. CTaHOBUTCS CIO0KHO OTBETUTH Ha Bompoc: "Kak HelipoHHas
CeTh MOJy4aeT pe3yiabTaTr?" — TO €CTh MOCTPOUTH MOHSATHYIO YEIOBEKY JIOTHUECKYIO
KOHCTPYKIIUIO, BOCIIPOU3BOISIIYIO JEHCTBUS CETH.

OTO SBJIEHHE MOXXHO Ha3BaTh 'JIOTMUYECKOM HEMpPO3PaYHOCTHIO" HEHPOHHBIX
ceTeil, 0OyueHHBIX MO HESBHBIM IMpaBuiaM. B paboTe ¢ JOrMYecKku HEempo3pauHbIMU
HEHPOHHBIMM  CETSIMH  MHOTJIa  OKa3bIBalOTCA  TOJE3HBIMU  MPEACTaBIICHUS,
pa3zpaboTaHHbIE B IICUXOJIOTHH U NEAAaroruke, U oopaiieHue ¢ 00ydaeMoil CEeThIO Kak ¢
JpeccUpyeMoil 3BEpYIIKON UM ¢ 00y4aeMbIM MIIAJIEHIIEM — 3TO €LIe OJUH UCTOYHHUK
uaeil. Bo3MoxHO, cO BpeMeHEM BO3HMKHET Takas o00JIacTh JAESITeNbHOCTH —
"Heliponiegaroruka’ — o0yueHne NCKYCCTBEHHBIX HEHPOHHBIX CETEH.

C npyroii CTOpPOHBI, MPH HCIHOJIb30BAHUM HEHPOHHBIX CETe B AKCIEPTHHIX
cuctemax Ha PC  BO3HHMKaeT TOTPEOHOCTh  MPOYUTATh U JIOTUYECKHU
IPOUMHTEPIPETUPOBATh HABBIKM, BbIpaboTaHHbIEe ceThio. B TnaBe 9 ommcaHbl
CIIy’)Kalllye JJIsl 3TOr0 METOAbl KOHTPACTUPOBAHUS — MOTYYECHUS HESIBHBIMU METOJaMHU
JIOTUYECKH MPO3PayHBbIX HEUPOHHBIX ceTedl. OgHAKO 3a JIOTHYECKYI0 MPO3pavyHOCTh
NPUXOAUTCA TUIATUTH CHIKEHHEM HW30BITOYHOCTH, TaK KaK MPU KOHTPACTHUPOBAHUU
YIAISIOTCS BCE CBSI3M KPOME CaMbIX BaXKHBIX, 0€3 KOTOPBIX 3a/laya HE MOXKET ObITh
perieHa.

Wtak, oueBMIHO HalIMuYMe ABYX MCTOYHHMKOB HJICOJIOTMU HEHPOUH(OPMATHUKH.
DTO MpeACTaBIIEHHS O CTPOCHHMHM MoO3ra W O mpoueccax oOydeHus. CyliecTBYIOT
IpyNnbl MCCeNoBaTeNe M HAay4HbIE WIKOJbI, JJIs KOTOPBIX STH WCTOYHUKH HIEH
UMEIOT CUMBOJIMYECKOE, a MHOTJA JIaXK€ MUCTUYECKOE MJIM TOTEMHUYECKOE 3HAuCHUE.
Ho 510 Bce mo33ms, a Mbl MoKa mepeiieM K mpo3e - K HU3y4eHHIO (HOpMalibHBIX

HEUPOHOB.

2. Dy1eMeHTbI HEHPOHHBIX ceTeil



Jlnst onucaHusi aNrOpUTMOB M YCTPOMCTB B HelipouH(oOpMaTHKe BbIpaboTaHa
CIelUalIbHAs ""CXEMOTEXHHUKA', B KOTOPOM 3J€MEHTapHbIE YCTPOMCTBA — CyMMAaTOpHI,
CUHAIICBI, HEUPOHBI U T.NI. OOBETUHSIOTCA B CETH, NMpeAHA3HAUCHHbIE JUIS PEUICHUS
3a/1au.

HHTepeceH cTaTyc 3TOM CXEMOTEXHHUKH — JUIsi MHOTMX HAQYMHAIOLIUX KaXKEeTCs
HEOXKMJAHHBIM, YTO HM B alllapaTHOM pealn3aluyd HEUPOHHBIX CETEe, HHU B
npodeccCHOHAIbBHOM MPOTPAaMMHOM O00€CTIE€YEeHUH BCE O3TU DJIEMEHTHI BOBCE HE
00s3aTeNIbHO pean3yloTCid KakK OTHeibHble 4YacTh win Onoku. Hcmonb3yemass B
HeliponH(popMaTUKe HeanbHasi CXeMOTEXHUKA MPEACTABIIAET OO0 0COOBIN A3BIK IS
MpEeACTaBICHUS HEUPOHHBIX ceTeil W ux oO0yxzaeHus. [lpu mnporpamMmHON U
arnmapaTHON peanu3aldy BBIIOJHEHHBIE Ha JTOM S3BIKE ONUCAHUS NEPEBOASATCS Ha
SI3BIKH JIPYTOr0 YPOBHS, O0Jiee MPUTOAHbBIE AJIs peallh3alliH.

Camblil 3aCiTy>KeHHBIH M, BEPOSITHO, HanOoJiee BaXKHBIN 3JIEeMEHT HEHPOCUCTEM —
3TO  aoanmuemnvlli cymmamop. AJANTUBHBIA CyMMATOp BBIYUCISIET CKaIspPHOE
IIPOM3BE/ICHHE BEKTOpa BXOJHOIO CUTHAJIa X HAa BEKTOp napamerpoB o. Ha cxemax
Oyaem 0003HauaTh €ro Tak, Kak MOKa3aHo Ha puc. 1. AJanTUBHBIM Ha3bIBAEM €TO0 U3-32
HaJM4Ms BEKTOpa HACTPAMBAEMBIX MMapaMeTpoB . [ MHOTMX 3a/1ay moJIE3HO UMETh
JMHEIHYI0 HEOJHOPOJHYIO (DYHKILHMIO BBIXOAHBIX CUTHaNOB. Ee BbIUMCIIEHUE Takke
MO>XHO MPEACTaBUTh C MOMOIIBIO aJAalTUBHOTO CyMMaropa, UMerouiero n+1 Bxoa u

noJryyaromiero Ha 0-if BXOJ MOCTOSIHHBINA €JMHUYHBIN cUrHai (puc. 2).
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Puc. 5. ®opmanbHblil HEUPOH

Henunetinoiti npeobpazoeamenv cuenana n3odpaxeH Ha puc. 3. OH moiydaer
CKaJISIpHBINA BXOJIHOM CUTHAM X U TIEPEBOJUT €T0 B ((X).

Touxa eemeéneHus CIYXUT ANl PACCBUIKM OJHOTO CHUTHAJIa IO HECKOJIBKUM
aapecaM (puc. 4). OHa moJsydaeT CKaJISpHBIM BXOJHOM CUTHAN X U MEpeIaeT ero BCeM
CBOMM BbIXoJaM. Cmanoapmusiii (OpMAaIbHblll HeUpoH COCTaBIEH W3 BXOIHOTO
CyMMaropa, HEJIMHEWHOT O TpeoOpa3oBaTessi U TOUKU BETBIEHUS Ha BhIXoe (puc. 5).

Jlunetinas césa3b - cuHanc - OTIEIBLHO OT CyMMaTOPOB HE BCTpEYAeTCs, OJIHAKO
JUISL HEKOTOPBIX PAacCYXKJIEHUH ObIBaeT yAOOHO BBIIEIUTH ATOT AeMeHT (puc. 6). OH

YMHOXAaCT BXOJIHOM CHUT'HAJI X HA «BE€C CHMHAIICa» OL.

% ox Taxoke ObIBaeT TMOJE3HO «IPUCOEAUHUTH» CBSI3U HE KO
Puc. 6. Cumanc. BXOJHOMY CyMMaTopy, a K TOUYKE BETBIeHUA. B pesynbTaTe
MOJIy4aeM DJJIEMEHT, JBOWCTBEHHBIH aJalTHBHOMY CyMMaTOpy U Ha3bIBaeMbIi
«BbIXOOHAs 36e30a». ET0O BBIXOTHBIE CBS3M MPOU3ZBOAAT YMHOKEHHUE CHUTHAIA Ha CBOU
Beca.

I/ITaK, JaHO OIIMCAHHUC OCHOBHBIX JJICMCHTOB, H3 KOTOPBIX COCTABJIANOTCA

HeﬁpOHHBIC CCTU.

3. ApxuTeKTypa HePOHHBIX ceTel

[Tepeiinem Tenepb K BONPOCY: KaK MOXKHO COCTaBIATh 3TU ceTu? CTporo roBops,
KaK YrOJIHO, JTUIIb Obl BXOJIbI MOJy4adu Kakue-HUOyb curHayibl. Ho Takoil mpou3Bom
CJIMIIIKOM HE00O03pHUM, MO3ITOMY HUCIOIB3YIOT HECKOJIBKO CTAaHAAPTHBIX apXUTEKTYp, U3
KOTOPBIX ITyTEM BBIPE3aHUSI JIMITHETO WU (peke) M00aBIeHUsI CTPOST OOIBIIUHCTBO

HCIIOJIb3YEMBIX CETEH.



CHavana ciemyer JOTOBOPUTBCS O TOM, Kak Oyner coriacoBaHa paboTa
pa3IUYHBIX HEHPOHOB BO BpeMeHH. Kak TONbKO B cUCTeMe BO3HUKAeT 0oJyiee OJHOTrO
AJIEMEHTA, BCTAET BOMPOC O CUHXPOHHOCTH (YHKIIMOHUPOBAHUS. J{J1s1 MIPUBBIYHBIX HAM
BCEM NPOrpaMMHBIX HUMUTATOPOB HEWPOHHBIX ceTell Ha uudpoBsix IBM Takoro
BOIIpOCAa HET TOJbKO H3-32 CBOWCTB OCHOBHOTI'O KOMIBIOTEPA, Ha KOTOPOM
peanus3yroTcs HeWpoHHble ceTd. g Apyrux crnocoOoB peaju3aldy TakoW BOIPOC
BecbMa BakeH. Bce ke 37ech M Jlajee paccMaTpHUBAIOTCS TOJBKO HEHPOHHBIE CETH,
CUHXPOHHO (DYHKUHMOHUPYIOIIME B TUCKPETHbIE MOMEHTHI BPEMEHH: BCE HEWPOHBI
cpalaThIBAIOT «Pa3oM».

B 300mapke HeMpOHHBIX ceTell MOXKHO BBIJICIUTH ABE 0A30BBIX apXUTEKTYpPhl —

caoucmsle U NOJIHOC6A3Hble ceniu.

— b — b — b

— b — b — b "
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—p| —p| —p|

CHUI'HaAJIbI
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>
>
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Cnown 1 Croi 2 Cnoit k
Puc. 7. Cnouncras cethb

CJoucrble ceTu: HEHPOHBI PACIIOIOKEHBI B HECKOJIBKO ci1oeB (puc. 7). HeitpoHbl
MIEPBOTO CJIOSI TOJYYArOT BXOJHBIC CUTHAIBI, MPeoOpa3yldT WX W 4Yepe3 TOYKHU
BETBJICHUS TIEpealoT HelipoHam BToporo cios. Jlamee cpabaThiBaeT BTOPOW CIOW U
T.JA. A0 k-rO CJOs, KOTOPBI BBIJAET BBIXOAHBIE CUTHAJIBI JJII MHTEPIpPETATOpa M
noJsib30Barensd. Ecam He OoroBOpeHO IPOTHBHOE, TO KaXKAbIM BBIXOAHOM CUTHAN i-TO
CJOSl TIOJAETCA HA BXOJ BCEX HEUPOHOB i+1-ro. UMCIO HEMPOHOB B KAXKIOM CJIOE
MOJKET OBITH JIFOOBIM U HUKAK 3apaHee HE CBA3aHO C KOJMYECTBOM HEHPOHOB B IPYTHX
cnosix. CTaHAapTHBINA CTIOCOO MO/IaYM BXOJHBIX CUTHAJIOB: BCE HEMPOHBI IEPBOTO CIOS

NOJMYYal0T KaXAbli BXomHOW curHain. (Oco0oe pacmnpoCTpaHEHHE —TONYyYUIH



TPEXCIIOMHBIE CETU, B KOTOPBIX KaXIbli CIOW UMEET CBOC HAaUMEHOBAHHUE: MEPBbIA —
BXOJIHOM, BTOPOU — CKPBITBIN, TPETUH — BBIXOIHOM.

IHosiHOCBSI3HBIE CeTH: KAXKAbIM HEUPOH IEPEeNacT CBOM BBIXOJHOW CHUTHAI
OCTaJIbHBIM HEWpOHaM, BKJItOYasi camMoro ce0si. BhIXOIHBIMU CUTHalTaMH CETH MOTYT
OBITh BCE WJIM HEKOTOPbIE BBIXOJHBIE CUTHAJIBI HEHPOHOB MOCJE HECKOJBKUX TaKTOB
GbyHKIMOHUpOBaHUs ceTU. Bece BXOIHbBIE CUTHAMBI TOIal0TCS. BCEM HEUPOHAM.

DNEeMEHTBI CIOUCTHIX W TMOJIHOCBS3HBIX CETEH MOTYT BBIOMPATHCS MO-Pa3HOMY.
Cy1iecTByer, BIpoueM, CTaHAapTHBIA BHIOOP — HEUPOH € aJalTUBHBIM HEOJHOPOIHBIM
JUMHEIHBIM CyMMAaTOpPOM Ha BXoze (puc. 5).

J171st TOJTHOCBSI3HOW CETH BXOJHOM cymMMaTop HeWpoHa (haKTUYECKU pacragaeTcs
HA J[Ba: MEPBbIil BEIYUCISAET JUHEHHYIO (PYHKIIMIO OT BXOJHBIX CUTHAJIOB CE€TH, BTOPOI
— JIMHEHHYI0 (PYHKIHIO OT BBIXOJHBIX CUTHAJIOB APYTUX HEHPOHOB, MOJYYEHHBIX HA
IpEeAbIIYILEM LIare.

Dyukyus aKmueayuu HeupoHo8 (Xxapakmepucmudeckas @QYHKyus) ¢ —
HEJIMHEWHBIN Mpeo0pa3oBaTelib, MPeoOpa3yoInuid BIXOIHON CUTHAT CyMMaTopa (CM.
pHuc. 5) — MOXKET OBITh OJTHOM M TOM K€ JJI1 BCeX HEUPOHOB ceTH. B 3TOM citydae ceThb
Ha3bIBAIOT 0OHOPOOHOU (2omoceHHol). Ecin e ¢ 3aBUCHUT elle OT OJHOTO WU
HECKOJIbKMX IapaMeTpOB, 3HAYEHUSI KOTOPBIX MEHSIOTCS OT HEHpOHAa K HEHpPOHY, TO
CETh HA3BIBAIOT HEOOHOPOOHOI (2eMepO2eHHOlL).

CocraBieHue ceTd M3 HEMPOHOB CTaHAAPTHOTO BUAA (puc. 5) He SBIsSETCS
oOs3atenbHbIM.  Croucras WM TOJHOCBS3HAS ~ apXUTEKTYyphl HE  Hajlaralor
CYILLIECTBEHHBIX OTPAaHWYEHUH Ha Yy4YacTBYIOIIME B HHUX 3JIEMEHThl. EIMHCTBEHHOE
KECTKOe TpeOoBaHUE, NPEIbSIBISIEMOE apXUTEKTypOll K DSJIEeMEHTaM CeTH, 3TO
COOTBETCTBHE Pa3MEPHOCTH BEKTOPa BXOJHBIX CUTHAJIOB 3JIEMEHTa (OHA OmpeesseTcs
aApPXUTEKTYPOIl) YUCITy €r0 BXO/I0B.

Ecnu monHocBsi3Hast ceTh (PYHKUMOHMPYET [0 TMOJy4eHHUsl OTBETa 3aJaHHOE
YHCJIO TAKTOB A, TO €€ MOKHO IMPEJICTaBUTh KaK YaCTHBIN cilyyail k-CJIOMHOM ceTH, Bce
CJIOM  KOTOpPOW OJMHAKOBBI M  KaXJbli W3 HHUX COOTBETCTBYET  TaKTy

(GYHKIIMOHUPOBAHUS TOTHOCBSI3HOM CETH.



CYH_ICCTBCHHOEE Pa3’IniInuC MCKIY MOJTHOCBSI3HON U CJIOUCTOM CETSMU BO3HMKAET
TOrga, Koraga 4mMcCJIO TaKTOB (bYHKHI/IOHI/IPOBaHI/IH 3apaHCC HC OIPaHUYCHO — CJIOHCTasd

CCTh TakK pa6OTaTI> HC MOXKCT.

4. CymecTBYIOT Ji QyHKIIUM MHOTHX NEPEeMEHHBbIX ?

Bomnpoc, BBIHECEHHBI B 3arojIOBOK paszeila, €CTECTBEHHO BO3HMKACT IIpU
M3yYEHHHU BO3MOYKHOCTEN HEMPOHHBIX ceTeil. M3 cxeM mpeaplaynmx pas3iaenoB BUIHO,
YTO HEMPOHHBIE CETH BBIYUCIIAIOT JTUHEHHbIE (PYHKIIUHN, HETHHEWHbBIE PYHKIIUH 00HO20
nepemeHHo20, a TaKKe BCEBO3MOXKHBIE CYNEpIO3UINH - (YHKIUH OT (QYHKIH,
IIOJIy4aeMble IIPU KAaCKaJHOM COEAUHEHUN ceTed. YTO MOXKHO MOJIy4HUTb, MCIIONb3Ys
ToNbKO Takue omepanmu? Kakwe (QyHKIUM ymacTcsi BBIYUCIUTH TOYHO, a KakHe
(GYHKIMU MOXKHO CKOJIb YTOAHO TOYHO allPOKCUMHUPOBATH C MOMOIIBI0 HEMPOHHBIX
cereir? UToObl M3ydnTh BO3MOXKHOCTH HEHPOHHBIX CETEH, HY)KHO OTBETHUTHh Ha 3TH
BOITPOCBL.

3amaHHBI BOIPOC MMEET OYEHb OOJIBIIYI0 MCTOPHUIO W 3aBEIOMO CTaplie, 4eM
UCCIIEA0BaHUS NCKYCCTBEHHBIX HEHPOHHBIX CETEH.

Kakne QyHKImm mMoxer BBHMUCIATH 4yenoBek? Ecim MbI ymeeM CKIaabIBaTh H
YMHOXaTh YMCJA, TO Mbl MOXEM TOYHO BBIUMCISATH MHOTOYJIEHBl M PAallMOHAIbHbIE
¢yHKIMK (OTHOIICHHS MHOTOWIEHOB) C PAlMOHAIBHBIMH KOI(p(GUIMEHTaMH OT
palOHAaJIbHBIX )K€ apTyMEHTOB.

MoxHo, ogHako, 3anaBaTh (DYHKIHMH C TOMOILIBIO ypaBHeHui. Ecnu cuurtath
pELIEHNs HECKOJBKHMX IPOCTHIX YPABHEHWI H3BECTHBIMHU, TO KJIACC BBIUYHCISEMBIX
(GYHKIMH pacIIMpUTCS - PEIICHHsT HEKOTOpBIX Oojiee OOMMX ypaBHEHHH yracTcs
BBIPA3UTh Yepe3 3TH, 00Jiee MPOCThIC (HYHKIIHH.

Kitaccuueckuii mpuMep: €ciii MCHOJIb30BaTh PAAUKalbl - PEIICHUS YpaBHEHUN
x"=a, To MOKHO SBHO HOJIyYUTh PEIIEHUs IPOM3BOJIBHBIX ypaBHEHHH 2-i, 3-ii u 4-if
crenenel. Tak, GpyHKuus 3-X NEPEMEHHBIX @, b, ¢ - pellleHue ypaBHEHUS ax’ +bx+c=0 -
MOKET OBITh TOYHO BBIPRKEHA C IOMOILUBIO CIIOKEHUS, YMHOXKEHHS, NEICHUS U

(YHKIMU OJJHOTO IEPEMEHHOTO - KBaIPATHOTO KOPHSL.



Bormpoc: MOXHO JTi IpeACTaBUTh pelIeHUE JTI000ro anredpandyeckoro ypaBHeHUs
C MOMOIIBIO0 PAIUKATIOB, OB OKOHYATEIBHO M OTPUIIATENIbHO penieH Abenem u ['anya
- )K€ ypaBHEHUS 5-i CTENEHU Hepa3pelIuMbl B paJuKaiax.

Bce xe MoxHO mondupaTh apyrue mnpoctbie (YHKIUMU HEOOJBIIOro uucia
NEPEMEHHBIX - CJIOKHEE, YeM paJMKaibl, HO MPOIle, YeM OOIINe pellieHns ypaBHEHUN
BBICOKMX CTEeNeHe. YJacTcst U C MOMOIIBI0 3THUX (DYHKIUN MOCTPOUTH pEILIECHUE
moboro ypaBHeHUs1? Bompoc ObuT HACTOJIBKO BaxkeH, YTo ['Mib0epT B CIHMCKE CBOMX
npoOsieM, KOTOpble, IO €ro MHEHMIO, JOJDKHBI ObUIM ONpenessTh pa3BUTHE
MaTemMaThku XX Beka, o]l HoMepoM 13 moMecTHI1 Claeayronyto 3a1aqy:

[IpencraBnsieTcst 11 KOPEHb YpaBHEHUS

x+ax’ +bx’ +ex+1=0
(xak GyHKIUS KOO DHUITMEHTOB) CyNEePIO3UITUEH KaKUX-TM00 HEMPEPhIBHBIX (HYHKIIHIMA
JIBYX TIEPEMEHHBIX?

Jlns ypaBHeHM 5-1 U 6-if CTETIEHN TaKOe MPEACTaBICHUE BO3MOKHO HE TOJIBKO C
MOMOIIbIO HEMPEPBIBHBIX, HO Ja)Ke aHATUTHUYECKUX (YHKIIH.

Oxkazasioch TOJIe3HBIM aOCTParupoBaThCS OT YPAaBHEHUW U TMOCTABUTH OOIIMIA
BOIPOC: MOKHO JIM MPOU3BOJIBHYIO HETIPEPBIBHYIO (DYHKIUIO 71 IEPEMEHHBIX MOTYYUTh
C MOMOIBI0 ONepaluil CIOXKEHHS, YMHOXXEHHSI U CYNEPIO3UIIMH U3 HEMPEPBIBHBIX
byHKIIMN ABYX mepeMeHHbIX? OTBET okaszayics mooxuTeabHbiM! B cepun pador [1-3]
A.H.Konmoropos, 3arem B.M.Apnonsng u BHOBb A.H.KonmoropoB pemmnu 3Ty
npo0sieMy: MOXHO TMOJIYUYUTh JIIOOYI0 HENpephIBHYIO (DYHKIHUIO 71 TEPEMEHHBIX C
MOMOIUIbIO OMepaluid CIOKEHUS, YMHOXKEHHMSI M CYNEpPIO3ULIHUU W3 HEMPEPHIBHBIX
GYHKIUN 00H020 TIEPEMEHHOTO.

[Tocnenuss Teopema A.H.Konmoroposa [3] U3 3To# cepuud HACTOJILKO MPOCTa U
U3SIIHA, YTO Mbl UyTh I103K€ MPUBEAEM €€ LETHUKOM. A MOKa - HECKOJIbKO 3aMEYaHHi O
YCIIOBUSIX TEOPEMBI.

OT yciioBUS HENMPEpPhIBHOCTH MOXKHO OTKa3aThCsl - TOTAA MOIYYHUTCS JOBOJBHO
TPUBUAIBHBIA pe3yNabTaT CBSA3aHHBIN, MO CYIIECTBY, C PAaBHOMOIIHOCTBIO OTpe3Ka U
Ky0Oa 11000#1 pa3MepHOCTH. YCJIOBHE HEMPEPHIBHOCTU HENb3Sl 3HAUUTEIHHO YCUIIUTH:

CYHICCTBYIOT aHAJIMTUYICCKHC q)YHKI_[I/II/I MHOT'UX IICPCMCHHBIX, KOTOPBLIC HC JOITYCKAIOT



NpPEJICTaBICHUSI C TIOMOIIBIO CYNEpPIO3UIMU AHATUTUYECKUX (YHKIHMH JIBYX
nepeMeHHbIX. boiee Toro, Bce / pa3 HenpepblBHO quddepeHupyembie GyHKIIMA TPEX
MEPEMEHHBIX HEJb3s MPECTaBUTh B BUJIE CYNEPHO3UIIUi (YHKIUI ABYX MEPEMEHHBIX,
Kaxzaas u3 KOTopbix auddepeHnupyema [2//3] pa3 U Bce YacTHbIE MPOU3BOIHBIE
KOTOpBIX Topsaka [2//3] ymomieTBopsitoT ycinoBuro Jlummmia (Belpakenue [2//3]
O3HavaeT Ieyro YyacTh uucia 2//3). 3to nokazano A.I',Butymkuasim [4].

A Tenepb - Teopema KoamMoroposa, 3aBepiiuBIas CepuI0 MCCIEIOBaHUMN s
HENPEPBhIBHBIX (YHKITHI:

Kaocoas nenpepuvisnas ¢ynkyus n nepemeHHbIX, 3a0aHHASL HA eOUHUYHOM KyOe

n-MepHO20 NPOCMPAHCMEA, NPeOCmasuMa 8 8Uoe

2n+1 n
G130, x,) = D hy| Dol (x)) ], (1)
q=1 p=1

20e ¢ynkyuu hy(u) HenpepvisHbl, a dyuryuu gof (xp), Kpome moco, ewe u
CMaHOapmusl, m.e. He 3a8Ucam om evloopa QyHxyuu f-

B uwactHOCTM, Kaxkmas HemnpepbiBHas (YHKIUS JBYX TMEPEMEHHBIX X, )

npeacraBuMa B BUJIC
5
£ = 2 g0 () + ()] )
q=1

Jloka3aTenbCTBO HACTOJIBKO MPOCTO, U3SIIIIHO U OYYUTEIBHO, YTO MBI MIPUBEIEM
€ro NPaKTHUYECKH MOJTHOCTBIO [T cilydasi n=2, ciueays uznoxenuto B.M.Apnonbna [5].
Bo3moxHOCTh npencTaBienus (2) 10Ka3bIBaeTCsl B HECKOJIBKO ATAIOB.

1. "Buyrpennue" QyHKIMH gz)q( X) un y/q( V) npexacTtaBiaeHus (2) COBEPIICHHO

HE 3aBHCST OT pasjiaraeMoil pyHkimu f(x,y) .

Jns  ompenenenus 3THX  (QYHKOMH HAM  TMOHAHOOATCS  HEKOTOpHIE
npeBapuTeNbHble ocTpoeHus. PaccmorpuM m3o0pakeHHBIH Ha puc. 8 '"ropox" —
CHUCTEMY OJIMHAKOBBIX "KBapTajoB" (HEMEpeceKarouuXcsi 3aMKHYTBIX KBaJpaToB),
pa3lieNIeHHbIX Y3KUMU "yIuiaMu' oJIHOM U TOH K€ IUPUHBI. Y MEHBIIUM FOMOTETUYHO

Ham "ropon" B N pa3; 3a HEHTP TOMOTETHH MOXKHO HMPHUHATH, HAIIPUMEp, TOUKy A —

MBI TIOJY9UM HOBBII" TOpoa", KoTopsiii OyzneM Ha3bBaTh "TopogoM panra 2". "T'opon



panra 3" TOYHO TakXke TMoJydyaeTcs U3 'ropoma paHra 2" TOMOTETUYHBIM

1

YMEHBIIIEHHEM ¢ KO3(PPHUIIMEHTOM TOMOTETUH N; "ropon panra 4" mnomydaercs

TOMOTETHYHBIM yMeHbIIeHHeM B N pa3 "ropoma panra 3" um T.1. BooOme "ropos

panra k" momydaercs u3 ucxomHoro '"ropoxa" (KOTOpBI MbI OyaeM Ha3bIBaTh

k
"TOpPOAOM TEepBOro paHra'") TOMOTETHYHBIM yMeHbIIeHHeM B N = pa3 (C IEHTpOM

IOMOTCTHHN B Al; BIIPOYCM, BI)I60p HCHTpa TI'OMOTCTHUH HC CYHICCTBCHCH JIA

JaTbHENIIIET0).

OCTPOEHH cucreMy "TopoaoB" MBI
I | | | | | L Ioctpoennyto y "ropomos"

HazoBeM l-it cucteMoit. "["'opon mepBoro panra

q-ii cucremb" (g =2,...,5) nomydaercs wu3

N n3o0paxkeHHOro Ha puc. 8 '"ropoma" Tmipu

2 IIOMOIITH IIapajICIIbHOI'O IICPCHOCA,

COBMEILAIOLIEr0 TOYKY A € TOYKOH Aq.

HerpyaHno mnonste, uyro "ymuusl" '"ropona

] | | | | [ MOXHO BBIOpPAaTh HACTOJIBKO Y3KHUMH, YTO
Puc. 8. Cucrema kBapTasios. KaXJlasg TOYKa IJIOCKOCTH OyIeT MOKPHITA IO
KpaiiHENW Mepe TpeMsl KBapTajaMH HAIIMX IIATH

"ropomoB mepBoro panra". Touno Tak e 'ropong k-ro panra" ¢-ii cHCTEMbI

(k=23,...;9=2,...,5) mnonyudaercs wu3 "ropoma k-ro paura 1-ii cucTembr"
k k k k
NapaJlIe/bHBIM [IEPEHOCOM, [EPEBOAIMM TouKy A B TOuKy A, , rae A] u Ay

TOJIy4aroTCs U3 TOUeK 4] n Aq rOMOTETHUEN, epeBOAsALIEH "Topo1 mepBOTrO paHra" 1-

it cucremsl (T.e. HaI UCXOaHbIH "ropon) B "ropoa k -ro panra" Toii %e CHCTEMBI; TIPH
3TOM Kax#cOdas Mmouka NiAoCKocmu 0yoem NPUHAONEHCAMb KEAPMAldM NO KpatiHell
mepe mpex uz nsamu "2opo0os” 106020 purcuposannoo panea k .

OyHKIHIO

DOy (x, ) =@y (x)+wy () (¢=12,...5)



MBI OMpEACIUM TeIeph TaK, 4TOOBl OHA pasiessia JoOble aBa "KBapTayia' Ka)aoro

"roposia" CHCTEMBI ¢, T.e. YTOOBI MHOXKECTBO 3HA4YCHWii, IpUHUMAeMbIX D (x,y) Ha

ompeneneHaoM "kBaprame" ''ropoga k -ro panra" (3mech k— TNPOW3BOIBHOE

($UKCUPOBAaHHOE YHCIIO) ¢ -l CHCTEMBI, HE MEPECeKaOCh ¢ MHOXKECTBOM 3HAYCHHIA,

n n n n
npuHEMaeMbIx @, (x,y) Ha 1000M apyrom "kBaprane" toro ke "ropoxa”. Ilpu sTom
HaM, pasymeercs, OyleT JOCTaTto4yHo paccMarpuBarh (yHKiuoo @y (x,y) Ha

€IMHUYHOM KBaJipaTe (a He Ha BCEM MIOCKOCTH).

Jliist TOTO, 9TOOBI (DYHKITHSI qu( xX,y) = (pq( x)+ l//q( y) pasznensuia "kBapraibl"

"ropoga TmepBOro panra', MOXXHO TOTpeOOBaTh, HAMPHUMEP, YTOOBI gz)q( X) Ha

nn

npoeknuax "KBapraioB" "ropoaa" Ha ochb x BecbMa Mallo OTJIMYAJIACh OT Pa3JIMUHBIX

LIENbIX YHCEIL, & Y, (y) Ha NPOCKIHUSX “KBAPTAIOB~ HA OCh y BEChbMa Mall0 OTIIMYAIAch

OT PAa3JIMYHBIX KPaTHBIX 2 (nbo m+n2 = m+n'\2 Ipu UENbIX m,n,m',n', JIUIIb

ectt m=m',n=n'). llpy 3TOM HaIOXXEHHBIC YCIOBHS HE OMNPEAECIAIOT MOKa elIE,
pasymeercs,  (QyHKIUH Pq(x) u we(y) (ma  "ymumax"  QyHKIUA
D, (x, ) =@u(x)+ yy(y) BOOOIlE  TMOKAa  MOXET  3aJaBaTbCsi  COBEPILECHHO

IPOU3BOJILHO); UCTIONB3Ysl 9TO, MOKHO MOA0OPATh IPAHUILIBI 3HAUCHUN ¢ (X) U W (y)

nn

Ha "KBapTanax" "Topojia BTOPOro paHra'" Tak, 4To0bl PyHKIUUS @ (x,y) = @u(x) + Wy y)

nmn ” N

pazzensiia He ToabKo "kBapTansl" "ropona 1-ro panra", Ho U “kBapTaisl’ "roponaa 2-ro
panra". Hame4deHHyIO TporpaMMy MOKHO OCYIIECTBHUTbH, €clid [N TOCTATOYHO BEIUKO
(Tak 4TO KBapTajbl MOCIEAYIOIIMX PAHTOB HE COCAUHSIOT KBapTajbl MPEABIAYIIHX).
A.H. KonmoropoB BbeiOpan N =18. IlpuBnekas mnogo0HBIM e o00pa3oM K
paccMoTpeHuto "ropona" MOCHEAYIOIUX PAHTOB U YTOUHSS KaXAbIH pa3 3HAUYCHUs
byHKIINN Pq(x) W y,(y), MBIl B TIDENIENIE NOJYYUM HEIPEPLIBHBIE byHKIIUN @ (x) K
v, (y) (MOXHO naxe mOTpeOOBaTh, YTOObI OHM OBUIM  MOHOTOHHBIMH),

YAOBJICTBOPAIOIIHC ITOCTABJICHHBIM YCJIOBHAM.

2. OyHKUUU hq( u) pasnoxenust (2), HAMPOTHB TOTO, CYIIECTBEHHO 3aBHCAT OT

UCXOHOM QyHKIMH f(X,)) .



Jis mocTpoeHuss 3TUX (QYHKUHUNA JIOKaXeM TMPEeXIe BCEro, 4YTOo J100)i0

HenpepbwisHyio Gpyukyuio f(X,y) 08yX nepemennvix X u ), 3a0aHHYI0 HA eOUHUYHOM

Keaopame, MONCHO NPedCcmasums 8 guoe

5
F )= A @, (x, p) + filx,p) (3)

g=1

20e Dy(x,y) =@u(x) +y () — Gynkyuu, nocmpoennvie sviuie, u
5 5 a
My = max|fy(x, )| < e max|f(x, )| = T M, (39

I
max{h{D(®, (x.)) <IM.q=1..5. 3%

Beibepem panr k& croab OonbinuM, uTOOBI KonebaHue (T.e. Pa3HOCThH

HauOOJIBIIIEr0 ¥ HAWMEHbIIEro 3HaueHui) Gyukmuu f(x,y) Ha Kaxmom "kBapraie"

1000r0 M3 "TOPOIOB paHra k " HE MPEBOCXOIMUIO gM ; 9TO, pa3yMeeTcsi, BO3MOXHO,

TaK KaK ¢ pOCTOM paHra k pa3mepsl

(4)

Hanee, mycts p; — omnpeneneHHbli "kBaptan" '"ropoma 1-i1 cuctemsl" (u

KBapTajoB" yMEHBIIAIOTCS HEOTPAaHUYEHHO.

BbIOpaHHOTO paHra k); B TakoM ciy4ae (HenpepbiBHas) ¢ynkumst Dy(x,y)

OpUHUMAaeT Ha OHToM "KBapTayie" 3HayeHHs, MpPUHAJICKAIINE OIpeaeIeHHOMY

CErMEHTY A(ll]) 4ucinoBO ocu (mpuyeM B cuiry ompeneneHust gynkuuu Dy 3TOT

CCrMCHT HC ICPCCCKACTCA C CCIrMCHTAMM 3Ha‘{eHHf/'I, MMPUHUMACMBIX CD] Ha BCEX

npyrux "kBaptanax"). Ilomoxxum Ttemeps (QyHKIHIO hl( Y Ha CErMEHTE A(lij)

IIOCTOSIHHOM, PaBHOU 5 3HAYCHHUS, IPHHUMAEeMOro GyHKuue f(x,y) B KakoH-1100

(

(Oe3pa3nmuyHO Kakoi) BHyTpeHHeH Touke M 1( ) KBaprama p; i) (3Ty TOYKY MOKHO

Ha3BaTh "meHTpoM KBapTana"). Takum sxe 00pa3oM MbI onpeneuM (yHKITHIO hl( Y Ha

MOOOM JIpyrOoM M3 CErMEHTOB, 3aJaBacMbIX 3HadyeHusiMH GyHkumun Dy(x,y) Ha

n n el . (l)
kBapranax" "roposia k -ro paura" 1-i cucTembl; Ipu 3TOM Bee 3HadYeHus /i~ OyayT



0 MOJYJI0 HE MPEBOCXOIAUTH EM (6o 3nauenue f(x,y) B "uenrpe" mH060TO

"kBapTanma" mo Moxaymo He mnpeBocxoaut M ). Jloompenenum Tenepb (QyHKIIHEO
1
hl( ) (1) Tpu TexX 3HAYEHWSAX apryMeHTa U, MPU KAKWX OHA €IIe He OmpejereHa,

IMPONU3BOJIbLHO, C TCM JIMIIb, yTOOBI OHa ObLIa HCIIPCPbIBHA U YTOOBI BBIOJIHAIOCH

HepaBeHCTBO (3°); COBEPLICHHO aHANOIMYHO ONPELEIHM H BCE OCTAIbHBIE (YHKIHH
1
h((])(u) (g=2,....5).

I[OKa)KeM TCIICPb, UTO PAa3HOCTb

5
fix, )= f(x,9)= 2 hD (@, (x, )

g=1

YJIOBIETBOPSET ycnoBuio (3%), T.e. uTo

ik o) <2 M

rac (xo,yo) — MPOU3BOJIbHAA TOYKAa CAWMHHUYHOI'O KBaIpara. DTa Touka (KaK n BCC

TOUYKH IJIOCKOCTH) MPHUHAJJICKUT MO KpaiiHe Mepe TpeM KBaprajiam '"TOpoJIOB paHra

k"; mosTOMy 3aBEIOMO HAMIyTCsA TakWe TPU U3 TATH (DYHKIHI hl( Y (Qy(x.)),

KOTOpBIE NPUHUMAIOT B TOUKe (X(),)()) 3HAYEHHE, PaBHOE 3 sHauenus f(x,y) B

1
"eHTpe" COOTBETCTBYIONIETO "KBapTana'", T.e. OTJIMYAIOIIeeCs OT 3 f(xp,y9) HE OOMEE

1 1
YeM Ha EM (nbo xomebanme f(x,y) Ha KOKIOM KBapTajie HE TMPEBOCXOIUT gM );

CyMMa 3THUX TpeX 3HAYCHUU hc(ll)(d)q(xo, Yo)) Oyzmer ornmyarbcs OT f(xg,yp) IO

1
Moaymto He Oonee yem Ha — M. A Tak KaK KaXJO€ W3 OCTaBIIUXCS JIBYX YHCEI
6

1
h(gl)((l)q(xo, Yo)) B cuily (3) 0 MOIYJIO HE PEBOCXOIUT 3 M TO MBI IOTyYaeM:

5
1 2 5
‘fl(xoam)‘ =f(x0,¥0) — th(ll)(Qq(xO,yO)) ngJrgM :gM’
g=1

yTO U j0Ka3biBaeT (3%).



[Tpumenum teneps To xke paznoxeHue (3) k Bxoasuei B (3) pynkuuu f(x,y);

MBI I1OJIYUUM:

5
fiey)= 2 H(@, 6, + fo(x,y)

q=1
NN
2 1 S 2
F )= 2 h@ (e, y) + XA (D, (3, 1) + o2, 9),
q=1 q=1
rIe
5 5)2
NQ=Hmﬂﬁ@JﬁSgﬂﬁ='g M
‘h(z)CD ‘<1M L3y g=12...5
1 maxin, ( q(x,y))_3 1—3'6 (q_ seires )

3areM Mbl IpUMEHHM pasiiokenue (3) k momydeHHoit GyHkuun fH(x,y) u T.1.;
1ocJie 71 -KpaTHOTO MPUMEHEHUS ATOTO Pa3I0KEHUSI Mbl OyJIeEM UMETh:

5 5
F )= 2 h(@(x, p) + 2D (2, 9) + fo(x, p)..
g=1 g=1

5
e L HT(@ (e )+ Sy (),
q=1
rac

M, = max‘fn(x,y)‘ < (%)n M

; 1 (5 s—1
max|h )(cbq(x,y))‘sg.(g) M (qg=12,...5:s=12,...n—1),

[Tocneanue oueHKH ITOKa3bIBAIOT, YTO IPHU 71 —> O MOJIy4YHM:

5 5
F )= 2 h(@(x, p) + 2D (2, 9) + fo(x, p)te.
q=1 q=1

5
n
et B (@ (3, ).
g=1
rac CTOSIHII/Iﬁ CIIpaBa 66CKOHC‘IHI>II‘/’I PAd CXOOAUTCA pAaBHOMCPHO, TAKKC U Ka)K,HBIﬁ n3

IEITH PAOOB

KD (@, (x, ) + B (@ (x,9)) + B (@ (x, p) . (¢ =12,...5)

CXOOUTCA paBHOMCPHO, 4TO ITO3BOJIACT BBCCTU 0003HaYCHMUS



hy(u) = hél) + h(gz)+...+h(g”)+... (g=12,...,5).

I/ITaK, OKOHYATCJIbHO ITOJIY4aCM:

5 5
S0 9) = 2 g (@600 = X by (¥)+ g ()]
q=1 q=1

TO €CTh TpeOyemoe pasnoxeHue (2).

J1o cux mop peyb 1uIa 0 MOYHOM npedcmasienuy GYHKIUNH MHOTHX TIepEeMEHHBIX
C MOMOIIBI0 (DYHKIMIA OJHOTO TIepeMeHHOT0. OKa3aloch, YTO B KJIACCE HEMPEPBHIBHBIX
GyHKIMH Takoe TpeAcCTaBICHHE BO3MOXKHO. Ho Kpome Bompoca O TOYHOM
NPEJCTaBICHNH CYIIECTBYET €Ile OAMH - 00 annpoxcumayuu. MOXHO Jaxe
NPE/IIOJI0XKHTh, YTO OH Ba)KHEE - BHIYUCICHHUE OOJIBITMHCTBA QYHKIIUI MTPOU3BOIAUTCS
NPUOIMKEHHO JTaXKe MPH HAJTMYUU «TOYHBIX» (POPMYIL.

[Mpubmmxenre QyHKIUH MHOTOWICHAMH W PAIlMOHATBHBIMH (QYHKIIUSIMHU UMEET
UCTOPHIO, erie 0ojiee JaBHIOK, YeM Mpo0jIeMa TOYHOTO MPEICTaBICHUS. 3HAMEHHUTAs
TeopeMa Beiiepmrpacca yTBep)KIaeT, YTO HENPEPHIBHYI (QYHKIUIO HECKOJIBKUX

NePEeMEeHHbIX [ (X],X5,...,X,) Ha 3aMKHYTOM OIpDaHMYEHHOM MHOXecTBe () MOXKHO

PaBHOMCPHO HpI/I6J'II/I3PITI> oCJICAOBATCIIbHOCTBIO IIOJIMHOMOB: JIA moboro >0

CYIIECTBYET TaKOW MHOrowieH P(xy,X,,...,x,), 4TO

Sup|f(x1’x2a'--axn)_P(xlaxza'-'axn)‘< &.
Q

Utobsl copmynupoBaTh 00001IeHHsS M YCWIEHHsS Teopembl BeiiepmTpacca,
HEOOXOUMO TMEepelTH K HECKOJbKO Oosee aOCTpakTHOMY $3bIKY. PaccmoTpum
KOMITaKTHOE TipocTpaHcTBo X m anredpy C(X) HempepbIBHbIX (GYHKIMKA Ha X C
BEILIECCTBEHHBIMU 3HAYEHUSIMHU.

CunpHbIM 000011I€HHEM TEOPEMbI O BO3MOKHOCTH PAaBHOMEPHOTO NMPUOIMKEHUS
HEMpePBIBHBIX (YHKIMI MHOTOUJIeHAMH sIBiIsieTCsl Teopema CtoyHa [6,7]:

Ilyemv EcCC(X) - 3amxmymas nooanceopa 6 C(X), 1€E u ¢ynxyuu uz E
paszoensiom mouxku ¢ X (mo ecmv 011 1100bIX pasiuuHulx X,y €X cywecmeyem maxast
¢yuxyus g eE, umo g(x)=g(y)). Toeoa E=C(X).

Teopema Croyna o0obmiaer Teopemy Beilepmitpacca mo AByM HarpaBJiCHHSIM.

BO-HepBI)IX, pacCMaTpruBarOTCA (bYHKHI/II/I Ha IIPOU3BOJIBHOM KOMIIAKTC, 4 HC TOJIBKO



GYHKIMM ~ MHOTMX  JCMCTBUTENBHBIX  IMEpeMEHHBbIX. Bo-BTOpBIX,  T0Ka3aHO
yTBEpXKACHHE, HOBOE Jaxe Mg (YHKIHUI OJHOTO NepeMeHHOro (He roBOps ykKe O
MHOTHUX): TUIOTHO HE TOJIbKO MHOYKECTBO MHOTOYJIEHOB OT KOOPJIWHATHBIX (PYHKIIUMA,
HO BOOOIIIE KOJIbIIO MHOTOWIECHOB OT JI000r0o Habopa (QpyHKUUMH, pa3IeisonuX TOYKH.
CrnenoBaTenbHO, INIOTHO MHOXKECTBO TPUTOHOMETPUYECKUX MHOTOUYJIEHOB, MHOKECTBO
JUHEHHBIX KoMOumHanmii (QyHKIUA Buga  exp[-(x-xp, O(x-xp))], tme (x,0x) -
MOJIOKUTETILHO ONpeieJieHHas KBaapaTuyHas ¢opma u Jap.

Jlan peuent KOHCTPYMpPOBAHHUS TakuX OOOOIIEHHI: JIOCTATOYHO B3SITh
NPOU3BOJBHBIN  HaOOp (QYHKUMHA, pa3IeisiouMX TOYKH, MOCTPOUTH KOJIBLIO
MHOTOYJIEHOB OT HUX - ¥ MOJXY4YUM IJI0THOE B C(X) MHOXKECTBO (DYHKITUI.

Pa3jioskeHusi Mo OPTOroHaJAbHBIM cucTeMaM (yHkuuid (psaasl Pypbe U Ux
MHOTOYMCIIEHHbIE  00OOIIeHHs]) He AT, BOOOIIE TOBOps, PaBHOMEPHOIO
npuOIMKeHHs pasziaraeMbix (PyHKIUN - Kak MPaBUIIO, MOKHO TapaHTHPOBATh JIUIIb
MOHOTOHHOE CTpEMJIEHHE K HYJI0 MHTErpaja KBaJpaTa OCTaTKa «(PYHKIHS MHHYC
NpUOIIDKEHHE» C KaKoW-TMOO TMOJOXKHUTENbHOW BecoBoi (yHkmuei. Bcee ke,
oOpamiascb K 3a7ade amnmpoKCHUMAallMH, HeNb3si 3a0bIBaTb 00 OPTOrOHAJIBHBIX
pasnoxkeHusax. Js psaa NpUKIAIHBIX 3a/lad MPOCTOTa MONYy4YEeHUS KOIPPHUIIMEHTOB
TAKOr0 Pa3JIOKEHUS MOXKET OKa3aTbCs BAXKHEE, YEM OTCYTCTBHE TapaHTUPOBAHHOMN
PaBHOMEPHOCTH MPUOIHKEHUSI.

Taxk cymiecTByIOT U (YHKIIMM MHOTHX IepeMeHHbIX? B kakoM-To cMbIciie - Aa, B
KakoM-TO - HeT. Bce HempepbiBHbIE (DYHKIMUM MHOTHX TEPEMEHHBIX MOTYT OBITh
MOJTy4eHbl U3 HETPEPHIBHBIX (YHKIMI OJTHOTO MEPEMEHHOI0 C MOMOIIbIO JTUHEHHBIX
ornepanuil U cynepno3uiuu. TpeboBaHUs TIaIKOCTH U aHATUTHYHOCTH CYIIECTBEHHO
YCIOXKHAIOT Borpoc. Ha 3ToM (hoHE COBEpIIEHHO HEOXKHAAHHO BBIMJISIAUT TOT (haKT,
YTO /11000l MHO20UNIeH OM MHO2UX NEePEeMEHHbIX Modicem Obimb NOJYYeH U3 00OHO20
NPOU3BONbHO20 HENUHEUH020 MHO20YNeHd Om O0O0HO020 NEPEMEHHO20 C HNOMOWBIO
JUHelnbIX onepayuil u cynepnozuyuu. IIpocToe 10Ka3aTeNbCTBO ATON TEOpEMbl OyIeT

JIaHO B pazzede 6.



5. YHuBepcajibHbIe aNINPOKCMMANMOHHbIE CIIOCOOHOCTH MPOU3BOJIbHOM
HeJINHeHOCTH M 00001eHHas Teopema CToyHa

B oatom pazgene s MHOXKECTB HENPEPBHIBHBIX (DYHKIUH, 3aMKHYTBIX
OTHOCHUTENIBHO JI000M HENMHEMHON omepanuu (a HE TOJIBKO JJIs KOJel), JoKa3aHa
000011eHHast anmpokcuMalonHas teopema CToyHa. DTO HMHTEPIPETUPYETCS Kak
YTBEPKJICHHE O YHUBEPCAIbHBIX alllPOKCUMALIMOHHBIX BO3MOXHOCTSIX MTPOU3BOJIBHOMN
HEJIMHEHHOCTH: C MTOMOIIBIO JIUHEHHBIX ONepaluid U KaCKaJHOTO COEAUHEHUS MOYKHO
U3 IPOU3BOJBHOIO HEIMHEHHOTO 3JIEMEHTA IOIYYUTh YCTPOWCTBO, BBIYHMCIIAIOLICE
JT100YI0 HENpephIBHYIO QYHKIIHIO C JII000# Harepe] 3aJaHHOW TOYHOCTHIO.

PaccmorpuM kommnakTHoe mpocTpaHcTBo X u anredbpy C(X) HempepbIBHBIX
¢dbyHk1Mit Ha X ¢ BelIeCTBEHHBIMU 3HAYCHUSIMHU.

Kpome anmpokcumanuu GyHKIUNA MHOTOYIEHAMH U UX 00OOILEHUSIMU U3 KOJeIl
byHKIMM, pa3fensomuXx TOYKH, B TIOCJIeIHee BpeMsi Bce Oosblliee BHUMaHUE
ynensieTcs: npuOIMKeHUI0 (YHKIIMI MHOTHMX TMEPEMEHHBIX C IMOMOIIBI0 JIMHEHHBIX
ornepanui U Cynepno3uiuii GyHKIHUM ogHOro mnepeMeHHOro. Takoe mpubIMKeHUE
OCYILIECTBIISIETCSl CHEUMATbHBIMU  (popMalbHBIMU "yCcTpoHcTBaMU" — HEWPOHHBIMU
cetamu. Kaxpgas cerb coctoutr M3 (opMaibHBIX HeWpoHOB. HelipoH mosydaer Ha
BXOJ1€ BEKTOpP CUTHAJIOB X, BBIUUCIISIET €r0 CKAISIPHOE MIPOU3BEICHUE HA BEKTOP BECOB
Ol U HEKOTOPYIO (PYHKIMIO OAHOTO MEPEMEHHOTO ¢(X, ). Pesynbrar pacchuiaercs Ha
BXOJIbl JIPYTUX HEMPOHOB WJIM MEpenaercs Ha BBIXOJ. TakuM o0pa3oM, HEWPOHHBIE
CeTH BBIYUCISIOT CYNEPHO3UIMU NPOCTHIX (YHKIUN OJHOTO MEPEMEHHOTO U HX
JIMHEWHBIX KOMOMHAIIUHA.

Jlokazan psin Teopem [8-10] 06 anmpokcumaIuy HepephIBHBIX (PYHKITMI MHOTHX
NIEPEMEHHBIX HEHPOHHBIMU CETSIMHU C HCIOJIb30BAaHUEM IMPAKTHUUECKU ITPOU3BOJIBHOMN
HENpPephIBHOW (PYHKIMK OJHOTO NMEPEeMEHHOTO. B JaHHOM pa3zesie Mbl MOKaXKeM, 4TO
3Ta (PYHKIUS JEUCTBUTEIHLHO MOXET ObITh MPOM3BOJBHONU U JIOKaXeM O0OO0OIICHHYIO
TeopeMy CTOyHa, €CTECTBEHHBIM 00pa30M OXBATBHIBAIOILIYIO U KJIACCHUYECKYIO TEOPEMY
CroyHa, W anmpoKCUManuilo (QYHKIUA MHOTMX TMEPEMEHHBIX CYNEpIO3ULUSIMH U

JUHEHHBIMUA KOMOWHAIMAMU (DYHKIIMA OJTHOTO TIEPEMEHHOTO.



Uto6bl monyyuTh TpeOyemoe 0000IIeHne, meperdieM OT PacCMOTPEHHS KOJel
(GYHKIMI K U3Y4EHUIO UX anreOp, 3aMKHYThIX OTHOCUTEIBHO HEKOTOPOW HEIMHEWHOMN
YHApHOU Ooneparuu.

[Tycts ECC(X) - nuneitnoe npoctpancTBo, C(R) - mpocTpaHCTBO HEMPEPHIBHBIX
bynkuii Ha nerictButenbHOM ocu R, fe C(R) - HenuHeiHas QyHKIMS U ISl JTIFOOOTO
geE Bemonneno f(g)eE. B srtom cmydae Oyaem TOBOpUTh, 4YTO FE 3aMKHYTO
OTHOCHUTEJIbHO HEeJIMHEHHON YHapHOU omepalvi f.

OuyeBuAHBIA TPUMEP: MHOXKECTBO (YHKIMI 7 NEPEMEHHBIX, KOTOpPbIE MOYHO
TOYHO TIPEJICTABUTh, HCIOJB3Ys 3aJaHHYI0 (YHKIUIO OJHOTO TIEPEMEHHOTO U
JVHEHbIe QYHKIUY, SIBISETCS JIMHEWHBIM MPOCTPAHCTBOM, 3aMKHYTHIM OTHOCHUTEIHHO
HEJTMHEHHON YHAapHOU omepalvi f.

3ameuanue. JluneitHoe mnpocTpanctBO EcCC(X) 3aMKHYTO OTHOCHTEIBHO

N 2
HEJIMHEWHOU oreparuu f(x)=x" TorJa 1 TOJBKO TOT/a, KorJa £ SBISIETCS KOIBIIOM.
i _1 2 2 2 y

JleiicTBUTENIBHO,  fg = 5 (f+g) —-f"—-¢ [IO3TOMY  JUIS  JIMHEWHOIO

npoctpanctBa Ec(C(X) 3aMKHYTOCTh OTHOCHUTENIBHO YHApHOM oOmepaiuu j(x)=x2
PaBHOCHIIBHA 3aMKHYTOCTH OTHOCUTEIBHO MPOU3BEACHUS (PYHKIIHIA.

CornacHo TpuUBEIEHHOMY 3aMmeudaHuto, Teopema CToyHa MOXKET OBITh
nepe@opMyIupoBaHa Tak.

[Tycts ECC(X) - 3amkHyTO€ JIMHEHOE moanpocTpancTBo B C(X), 1€E, pyHkuun
n3 E pazpensror toukn B X U E 3aMKHYTO OTHOCHUTEJIBHO HEJIMHEWHOW YHApHOMU
orepanuu j(x)=x2. Torpa E=C(X).

Hamre 0606menne Teopemsr CTOyHa COCTOUT B 3aMEHE f(x)=x2 Ha TPOU3BOJIbHYIO
HEJIMHEHHYIO HENPEPHIBHYIO (PYHKIIHUIO.

Teopema 1. Ilycts ECC(X) - 3amMKHyTO€ JMHEWHOE moanpocTpancTBo B C(X),
1 eE, bynakuun u3 E pa3aenstoT TOYkd B X U E 3aMKHYTO OTHOCHUTEJIBHO HETMHEHHOM
yHapHou oneparuu f€ C(R). Torna E=C(X).

JHoxazatenbcTBo. PaccmorpuM MHOkecTBO Beex Takux pe C(R), uro p(E)CE, 10O
ectb s moboro geE BemonHeHo: p(g)eE. O0o3HaunM 310 MHOXeCTBO Pp. OHO

00J1a1aeT CIeayoIMMUA CBOWCTBAMU:



1) Pg - mosyrpymia OTHOCUTEIHHO CYNepHO3UINH ()YHKIIHIA;

2) Pp - 3amkHytoe nuHelHoe mnoanpoctpaHctBo B C(R) (B Tomosoruu
PaBHOMEPHOM CXOAMMOCTH Ha KOMIAKTax);

3) 1ePgnidePg (id(x)=x).

4) Py BKITIOYAET XOTh OJHY HETPEPHIBHYIO HETMHEHHYIO (DYHKITHUIO.

JanpHelmee cieayeT W3 TEOpeMbl 2, KOTOpas SBISIETCSA, I0 CYIIECTBY,
MOATOTOBUTEIHHOM TEOPEMOI O MOMyrpynmnax GyHKIUH.

Teopema 2. Ilycte mHOkecTBo PCC(R) ynosnerBopsier ycioBusiMm 1-4. Torma
P=C(R).

Jloka3aTesnbCTBO ONMUPAETCS HA TPU JIEMMBI.

Jlemma 1. B ycioBusiX TEOpeMbl 2 CYIIECTBYET JABaXJbl HEIPEPHIBHO
mubdepenpyemas GyHKIUs g€ P, He ABIAIOIAACS TUHEHHOM.

Tlokazatenscrso. [Tycts v(x)e C*(R), v(x)=0 mpu |x| >1, [gy(x)dx=1. Paccmorpum

onepaTop OCpeIHEHUs
1
Jof )= [ o 2ay
R

Jis mo6oro £>0 BeimonneHo: J, f(x) € P.

JleictButensHo, fix+y)eE ans Kaxaoro (pUKCHPOBAHHOTO )V (T.K. KOHCTAHTHI
IIpUHAUIeKAT £ 1 E 3aMKHYTO OTHOCUTEJIBHO JIMHEWHBIX ONEPALMM U CYNEPIO3UIINU
¢ynkuumit). Uaterpan J,f(x). npuHamiexutr E, Tak kak E SBIsSeTcS 3aMKHYTHIM
auHeHbIM noanpoctpaicTBoM B C(R), a 3TOT MHTErpal - NpeiesioM KOHEUYHBIX CYyMM.

®ynkuus J,. f(x) npunagiexur C (R) Tak kax

1of )= 16 Dy = [reo o2
R R

(HarmOMHUM, 4TO V — (YHKIIMSI C KOMIIAKTHBIM HOCHUTEJIEM).

CymectByer Takoe &0, uro QyHKuus g=J.f He sBIsgercs JIUHEHHOM,
HOCKONBKY J,.f — f npu & -0, IpocTpaHCTBO JUHEWHBIX (PYHKIUI 3aMKHYTO, a f HE

aBiseTcsd JNuHeHHOW ¢yHkuuei. Takum o0pa3om, B MNPEANOJIONKEHUSX JEMMBbI



CcymecTByeT HenuHeiHas QyHkius ge PNC(R), KOTOPYIO MOKHO BbIOpaTh B BHUJIE
g&Jof

Jlemma 2. IlycTb B yCIOBHSIX TEOpPEMBbl 2 CYHIECTBYET IBa)Abl HENPEPHIBHO
muddepernupyemas (GyHknus geP, He sBsAomascs JuHeWHo. Torma QyHKIuS
q(x)=x2 NPUHAIEKUT P.

JHoxazarenbctBo. CylIiecTBYyeT Touka Xg, s KOTOopou g''(xp)=0. O6o3Hauum
r(x)=2(g(x+x0)-g(x0)-xg'(x0))/g" (x9). OueBumno, uro reP, r(0)=0, »'(0)=0, »"'(0)=2,
r(x)=x2+o(x2). [TosTomy

r(gx)/g2 X pu £ —> 0.
[TockomapKy P 3aMKHYTO, TIOTy4aeM: QyHKIUS q(x)=x2 MIPUHAUIEKUT P.
Jlemma 3. Ilycth B ycnoBusSX Teopembl 2 (yHKIHUS q(x)=x2 MIPUHAUICKUT P.

Torga P siBnsieTcs KOJIBIIOM — JJIs JIIOOBIX f,g € P ux mpousBenenue fgeP.
. 1
Jloka3aTenbCTBO. JIeMCTBUTENBHO, fg = 3 (f+ g)2 - f 2_ g2 U, Tak Kak P

3aMKHYTO OTHOCHUTEJIBHO CYNEPIIO3UIIMU U JIMHEWHBIX ONepalui, To fgeP.
Jloka3aTenbCTBO TEOpeMbl 2 3aKaHYMBAETCs OOpalleHHeM K KJIacCHYeCKOM
TeopeMe Beilepmtpacca o npubaumxeHur (QYHKIUNA MHOTOWIEHAMHU: U3 JiemMMm 1-3
CJIEYET, YTO B YCIIOBUSX TEOPEMBI 2 P SBISETCA KOJIBLOM M, B YACTHOCTH, COJAEPKUT
BCE MHOTOWIEHbl (KOTOphle ModydaroTcss M3 1 u id ¢ MOMOUIbI0 YMHOXEHUS U
nuHenHbIX onepanuii). [To Teopeme Beitepmrpacca otcrona cienyet, uro P=C(R).
Teopembl 1,2 MOXHO TpakTOBaTh KakK YTBEPKICHUS O YHHUBEPCAIBHBIX
anmpOKCUMAIIMOHHBIX CBOWCTBAaX JIOOOM HEIMHEWHOCTH: C TMOMOINBIO JMHEHHBIX
omepaluii ¥ KACKaJHOTO COEAVMHEHUS MOXKHO U3 TIPOU3BOJIBHBIX HEIMHEUHBIX
AJIEMEHTOB TMOJIYYUTh JII000H TpeOyemblil pe3ynbTarT C 000N Hamepes 3aJaHHON

TOYHOCTBIO.

6. TouHoe npeacraBj¢Hue MHOIOYJICHOB OT MHOIuX II€PEMECHHBIX C
MmoMoumibKX0 OJHOT0 MPOM3BOJILHOIO MHOrowi€eHa oOT OJHOro IEepPpeMEHHOrO,

JIMHEHHBIX ONEPaAlMH U CyNepno3ulMU



B sToM pazzgene ucciienyroTcs Noayrpynibl MOJIMHOMOB OT OJHOTO MEPEMEHHOTO
OTHOCHUTENbHO cyneprno3uiuu. [TokazaHo, 4To eciu Takas MoJyrpymnma COAEpPKUT BCE
MHOTOYJICHBI TIEPBOM CTENEHU W XOTsA ObI OAMH — 0oJiee BHICOKOW, TO OHA BKJIFOYACT
Bce MHOrousieHel. Ha ocHoBaHuMM 3TOro (¢akra J0Ka3aHO, YTO BCErJa BO3MOXKHO
MPEJICTaBUTh MHOTOWIEH OT MHOTHUX IMEPEMEHHBIX CYNEepHO3ULUSIMU MPOU3BOJIBHOTO
HEJTMHEHHOTO MHOT'OYJIEHA OT OJHOTO TIEPEMEHHOTO U JIMHEHHBIX (DYHKIIHIA.

Bepremcsi k KiaccMYeCKOMY BOMPOCY O TMPEACTABICHUH (PYHKIIUH MHOTHX
MEePEMEHHBIX C TTOMOIIBIO (PYHKITMH MEHBIIEro YKcia nmepeMeHHbIX. Cienyer eme pa3
3aMETHUTh, YTO KJIACCUUYECKUX BOIPOCA CYIIECTBYET HE OJMH, a JBA:

1. MOXXHO i TIOTYYUTh MOYHOe TPe/ICTaBlIeHHe (DYHKIIMM MHOTUX MEPEMEHHBIX
C TIOMOIIBIO CYNEPIO3UINH (PYHKITUN MEHBIIIETO YHCIia TEPEMEHHBIX ?

2. MOXHO JM TOJNYYHUTh CKOJIb Y200HO MOYHYIO annpokcumayuro (QyHKIIU
MHOTHX MTEPEMEHHBIX C TTOMOIILI0 HEKOTOPBIX 00JIee MPOCTHIX (DYHKIMM U orieparuii?

B pamkax mepBoro Bompoca 0COObIi MHTEpEC MPEACTABISIIOT KOHCTPYKIIMH, B
KOTOPBIX JUIsI TOYHOTO TPEICTABICHHS BCeX (YHKIMHA MHOTHUX TEPEMEHHBIX
UCIIONIB3YETCS OJIUH U TOT k€ HAOOp QYHKIIUI OJHOTO MIEPEMEHHOTO.

TpaauMOHHO CcYWTaeTcs, 4YTO OTH (YHKIMA JOJDKHBI HUMETh BechMa
CIIEUANIbHBIA M JIOBOJBHO AK30THYECKUW BHJ, HAIpPUMEpP, KaK B OOCYKIABIICHCS
Bblllle Teopeme KoamoropoBa, TrA€ HCHOJB30BAIUCH CYIIECTBEHHO HETJAJIKUE
GyHKIINHA.

HampoTus, cBob6ona B BeIOOpEe (PYHKIIMH OMHOTO MEPEMEHHOTO MJis PEIIeHUs
BTOPOT0 BOIIpOCa MPU TOM K€ CaMOOTpaHUYeHUH ( OJAMH HaOop (YHKIMA OTHOTO
MEePEMEHHOTO - I TPUOJMKEHHOTO TMPEACTaBIeHUS BceX (YHKIMH MHOTHUX
MEepEeMEHHbIX) OuYeHb BeNHKa. J[Js 3TOro, kak MOKa3aHO B MPEIbIAYIIEM pasfere,
MO>XHO HCIIOJIb30BaTh MPAKTHYECKH JIOOYIO HEIMHEHHYIO (DYHKIIUIO U JOCTAaTOYHO
BCETO OJTHOMH.

Jlanee nOKa3bIBAIOTCS TEOPEMBI, OTHOCAIIMECS K IEPBOMY BOMPOCY (TOYHOE
npejacTaBieHue). B dacTHOCTH, MOKa3aHO, YTO MOXKHO TOYHO MPEACTaBUTH JIHO00M
MHOTOWJIEH OT MHOTHX MEPEMEHHBIX C IMOMOIIBIO CYNEPIO3UIMNA MPOU3BOJIBHOTO

HEJIUMHEHMHOIO0 MHOrO4JIe€Ha OT OJIHOI0 IICPEMCHHOTO U JIMHEHWHBIX q)YHKHI/Iﬁ



CrnenoBarenbHO OCOOEHHOM MpomacTu MeXay 1-M U 2-M BOIPOCOM HE CYIIECTBYET.
HIMeHHO 3T0 00CTOATENLCTBO MOOYANIIO HAC BKJIFOYUTH B KHUTY JAHHBIN pa3/en.

[Tycte R[X] - KOJBIIO MHOTOYJIEHOB OT OAHOIO MEPEMEHHOTO Haja mojieM R,
EcR[X] - nuHelHOE MPOCTPAHCTBO MHOTOUJIEHOB Haj R.

[Tpennoxxenue 1. Ecnu E 3aMKHYTO OTHOCUTEIIBHO CYMEPIO3UIIMH MHOTOYJIEHOB,
COJIEP)KUT BCE MHOTOWIEHBI IMEPBOM CTENMEHH U XOTA Obl OAMH MHOTOWIEH p(x)
crenenu m>1, To E=R[.X].

JlokazaTenbCcTBO. 3aMETHUM, YTO CTENEeHb MHOroujeHa p'(x)=p(x+1)-p(x) paBHa
m-1, u p'(x)eE, Tak kak E COACPKUT MHOTOUJICHBI IEPBOM cTeneHu (mo3Tomy x+1€F),
3aMKHYTO OTHOCHUTEJIBHO CYNepno3uiuu (mosromy p(x+1)eFE) u nuHelHbIX onepauui
(mostomy p'(x)eE).

Ecniu m>2, TO mnoHWXkXaeM CTENeHb C TMOMOIIBI0 KOHEYHBIX pa3HOCTEH
(mepexoaum K p', p'' ¥ T.J1.), TOKa HE MOJYYHUM MHOTOYJIEH BTOPOM cTeneHu. BerunTas
U3 HETO JIMHEHHYI0 4acTb U YMHOKasi Ha KOHCTAHTY, IIOJIy4aeM: xX’eE. [TosTomy s
moboro feE umeeM f2 eE (r.x. E - monyrpynna). [lanbHeiiliee OYEBHIHO: Kak
HEOJIHOKPAaTHO OTMEYaJoCh BBIIIE, OTCIO/A CIEAYyeT, 4TO UId JI0ObIX f,geE ux
npou3BeieHne fgeE a ¢ MOMOIIbI0 YMHOXKEHHSI M CIIO)KEHHMSI MHOTOYJICHOB IEpPBOM
CTEeNeHH Mmopoxaaercs Bce koibio R[X].

[lepeiinemM Kk 3amaue MPEACTABICHHUS MHOTOYJIEHOB OT MHOTHX IEPEMEHHBIX.
O603nauuM R[X], ..., X;,] KOJIBII0O MHOTOUYJIEHOB OT 77 IEPEMEHHBIX HaJ 1ojieM R.

Jlist KakIoro MHOTro4YjieHa OT OJHOTO MEPEMEHHOIO BBEAEM MHOXECTBO TEX
MHOTOYJIEHOB, KOTOPbIE MOXKHO BBIPA3UTh C €0 MOMOIIBIO, UCTIOIb3Ysl CYNEePIO3UIIUU
v nuHelHble QyHKuuu. [ycTh p — MHOrOUIIEH OT OJHOIO MEpeMEeHHOro, Ey[X|, ..., X,]
— MHOECTBO MHOT'OWIEHOB OT 7 MEPEMEHHBIX, KOTOPOE MOKHO MOJIYUYUTh U3 p U
MHOTO4YJICHOB NEPBOI cTeneHu, npuHaiexamux R[X), ..., X,], c oMol oneparuit
CYNEpHO3UINH, CIOKEHUS U YMHOXKEHHS Ha YUCIIO.

Cnenyroume J1Ba MNpeUIOKEHHS  JAlOT  YAOOHYI0 sl JajbHeiIero

Xxapakrepusauuio kX, ..., X,] ¥ CIeayIOT HEMOCPEACTBEHHO U3 OIPEIECIEHH.



[Ipemnoxenne 2. MHOXeCTBO E,[ X, ..., X,] ABISETCSA TMHEHHBIM IPOCTPAHCTBOM
Hag R u 1 mr060ro Muorownena g(xi, ... ,x,) us E,[Xi, ..., X,] p(g(x1, ... x,))€E,[X],
s Xi.

[Ipennoxenue 3.[0ns [OaHHOTO P CEMEHCTBO JIMHEHHBIX MOJIPOCTPAHCTB
LcR[X;, .., X,], comepxammx BCE MHOTOWIEHbl IE€PBOA CTENEHU U
YAOBJIETBOPSIOIINX YCIOBUIO

eciu g(xy, ... .x,)€L, T0o p(g(xy, ... X,))EL,
3aMKHYTO OTHOCHUTEIBHO MNepeceYeHuid. MUHUMAaIbHBIM MO BKJIIOYEHHUIO 3JIEMEHTOM
3TOro cemencTBa apusercs E,[ X, ..., X,].

Jlns nmroboro smHeWHOTO moanpoctpanctBa ECR[X), .., X,] paccmorpum

MHOECTBO aJIre0OpanvecKuX YHApPHBIX OMepaIruii, KOTOPbIE TIEPEBOAIT dJEMEHTH £ B

AJIEMEHTHI £
Pr={peR[X] | p(g(xy, ... ,Xx,))€E nns mroboro g(xy, ... X,)EE}.

[Ipennoxenue 4. JIns moboro nuHeHoro mnoamnpoctpaHcTBa ECR[X|, ... X ]
MHOKECTBO IOJMHOMOB Ppg SIBIISIETCA JMHEWHBIM MPOCTPAHCTBOM HaJ R, 3aMKHYTO
OTHOCHUTEJIbHO CYIEPIO3UIUN U COJIEPKUT BCE OJHOPOJHBIE MHOTOYJIEHBI IMEPBOM
CTCIICHU.

Eciu nuneitHOe mpocTpaHcTBO E comepkut 1, a Pp BKIIIOYaeT XOTsA Obl OAWH
MHOTOYICH, CTeneHn m>1 (T.e. HeauHeHsbIi), To Pr=R[X].

JlokazaTenbcTBO. 3aMKHYTOCTh Pp OTHOCHUTENIBHO CYNEPIO3UIUU CIEAYyeT U3
ONPEAEIIEHNS, BCE OJJHOPOIHBIE TTOJTMHOMBI NIEPBOM CTENEHU BXOIAT B Pr, MOCKOIBKY
E sgBnsiercss JTMHEHWHBIM MPOCTPAHCTBOM, OTCHOJIa TAKXKE CIEAYET, 4To Pgp sBISETCA
JIMHENHBIM npocTpaHcTBoM. Hakonen, eciu 1 €£ u Pp COIEpKUT MHOTOYJIEH CTETICHU
m>1, To 1€Ppg, Torna Pr=R[X] no npeoxenuro 1.

Teopema 3. Ilycte ECR[X], ..., X,,] — TuHEIiHOE NOANPOCTPAHCTBO, Py CONEPKUT
X0Tsi Obl OWH MHOTOuJeH crenenn m>1 u 1€E, torma E sBIAeTcs KOJBIOM (C

eIUHULICH).



JHoxazarenbctBo. [lo mpennoxenuto 4 B ycnoBusix Teopembl Pp=R[X]. B
YaCTHOCTH, X~ € Pg. DTO 03HAYACT, YTO IS JTHOBOTr0 feFE Takxke u f2 eE. Iloatomy s
mo0ObIX f,g€E nonyuaem: fgeE.

Teopema 4. Jlns m060ro MHOTOUJIEHA p CTETICHH m>1

EjX, ..., X,]FR[X], ..., X,]

Hoka3zaTenscTBo. 3amMeTuMm, 4T0 E=E,[X], ..., X, ] — TMHENHHOE NOAIPOCTPAHCTBO B
R[X, ..., X,,], Pg cOnepKuT XOTs ObI OJMH MHOTOUWICH (p) crenienn m>1 u E conepxut
BCE MHOTOWICHBI TMEpPBOM cTemeHu (M mo3ToMy Takxke 1). B cumy teopembr 3, E
SBJISICTCSL KOJIBIIOM, @ TaK KaK OHO COJIEPKUT BCE MHOTOWICHBI MEPBOU CTETECHH, TO
coBmnagaet ¢ R[X, ..., X,], IOCKOJbKY, UCIOIB3YSl YMHOKEHUE U CI0KEHUE MOXKHO U3
ATUX MHOTOWICHOB MOTYYUTh JIFOOOM.

Takum 00pa3om, U3 p U MHOTOWICHOB NEPBOM CTEMEHH C MOMOIILI0 OTEparuii

CYIICPIIO3UINH, CIOKCHUA U YMHOXKCHHA HA YUCIIO MOJKHO IIOJIYYUTH BCC DJICMCHTDI

R[X), ..., X,].

7. HeMpOHHBIE CETH — YHUBEPCAJbHbIC ANIIIPOKCUMUPYIOLIHE YCTPOMCTBA U
MOTYT € JII000i TOYHOCTHI0 HMHUTHPOBATH JII000i HEeNpePbIBHbIH aBTOMAT

Knacc ¢yHknuii, BBUUCIUMBIA C TOMOIIBIO HEUPOHHBIX CETEH, 3aMKHYT
OTHOCHUTEJILHO JIMHEUHBIX onepanuil. JlelcTBUTENbHO, MYCTh €CTh HEUPOHHBIE CeTu S,
S5, ..., Sk , KOTOPBIE BRIYHCISIOT QyHKIMH F, F), ..., F; OT BEKTOpa BXOJIHBIX CUTHAJIOB
x. Jluneitnas koMOuHauus oyt+oF\+apFyt.. +opF ) Beraucisercs cyMMaTopoM (puc. 2)
C Becamul o, &, &, ...,Q, Ha BXOJ] KOTOPOIO MOJIal0TCSl BHIXO/IHBIE CUTHAIBI ceTel S,
Sy, ..., Sy. PasHuma B umcie TakTOB (PYHKIMOHUPOBAHUS STUX CETEH JO MOJy4EHUs
OTBETA JIETKO KOMIICHCUPYETCS <JIMHMSIMHU 3aJ€p’KKW», COCTAaBICHHBIMU M3 CBS3€H
(puc. 6) ¢ €eTMHUYHBIM BECOM.

Kpome Toro, kmacc (QpyHKIHI, BBIYHCIUMBIA C TOMOIIBI0O HEHPOHHBIX CETEH,
3aMKHYT OTHOCHUTEJIBHO YHApHOM OIEpalydH, OCYUIECTBISEMON HEIMHEHHBIM

npeoOpa3oBaresieM CUTHAJA, BXOSIIMM B COCTaB HelpoHa (cM. puc. 3, 5): eciu cetb S



BbIUMCIsieT (QYHKIUIO F, TO, MOAaBas BBIXOA 3TOM CETH Ha BXOJ HEJIMHEWHOTO
npeoOpasoBarens (puc. 3), MOJIyIrM Ha ero Bbixoje GyHKuw ¢(F).

Tem cambiM, 10 Teopeme 1 MHOXXeCTBO (DYHKIUH, BBIUUCIUMBIX HEHPOHHBIMU
CeTSAMHU C 3a/JIaHHOW HEMPEPHIBHOW HEIMHEHHON XapaKTEePUCTHYECKON (yHKIMEH,
IUIOTHO B MPOCTPAHCTBE HEMPEPHIBHBIX (PYHKIIMI OT BXOAHBIX CUTHAJIOB.

Tenepb - 00 UMUTAIMH TJIaJKUX aBTOMATOB C MOMOIIbIO HEMPOHHBIX ceTeil. Eciu
€CTh BO3MOXKHOCTh C JIFOOOH TOYHOCTHIO MPUOIHU3UTH JIFOOYIO HEMIPEPHIBHYIO (DYHKITHIO
U HET OrpaHWYEHHUI Ha CrOCOObI COEMHEHUS YCTPOMCTB, TO MOXKHO CKOJIb YTOJHO
TOYHO UIMUTHPOBATh pabOTy JF000r0 HEMpepbIBHOTO aBToMara. [lokaxem 3t1o.

Kaxxnpiii aBTOMaT MMeeT HECKOJIBKO BXOAOB (7), HECKOJBKO BBIXOAOB (p) U
KOHEUHBIN HaOop (s) mapaMeTpoB cocTosiHUSA. OH BBIUUCIACT S+p (QYHKIMA OT nts
NEPEMEHHBIX. APTYMEHTbl 3THX (YHKIMI - BXOJHbIE CUTHANbl (MX #7) U TEKyIIUE
napamMeTpbl COCTOSHUS (WX §). 3HaueHUs (PYHKIUHA — BBIXOJHbIE CHUTHAIBI (UX p) U
napaMeTphl COCTOSIHMS Ha clefyroieM miare (ux s). Kaxnaplii Takoil aBToMaT MOXXHO
NPEJICTaBUTh KaK CUCTeMY M3 s+p Ooyiee MpOCThIX aBTOMATOB (puc. 9). DTu mpoctobie
aBTOMATHI BBIUUCISIOT MO OJHOM (PYHKIMH OT n+s mnepeMeHHbIX. CMeHa COCTOSHUM
JIOCTUTAETCs 332 CYET TOTO, YTO YaCTh 3HAYEHUH ATHX (PYHKIUN Ha CIEAYIOIIEM Liare
CTaHOBUTCS apryMEHTaMH — TaK COeITMHEHBI aBTOMAThI (CM. puc. 9).

Takum oOpa3om, 6e3 moTepu OOIIHOCTH MOXKHO paccMaTpuUBaTh CETh aBTOMAaTOB
Kak Ha0Op YCTPOMCTB, KaXJ0€ M3 KOTOPBIX BBIYHCIAET (DYHKIUIO HECKOJIbKHUX
NePeMEeHHBIX f(X{, ... ,X,;). DTOT MPOCTOH, HO (yHIAMEHTAIBHBIN (HaKT MO3BOJISET
UCIIOJIb30BaTh MpeAbIAYIINe pe3ynbTarhl. HelipoHHbIE ceTH MO3BOJIAIOT C JII0OOH
TOYHOCTHIO BBIYUCIISITH TPOU3BOJBHYIO HEMPEPBIBHYID (QyHKIUIO f(X], ... ,Xp).
CrnenoBarenbHO, ¢ MX MOMOUIBI0O MOXKHO CKOJIb YTOJHO TOYHO amMpOKCUMHPOBATh

(GYHKIMOHUPOBaHUE JII000T0 HEMPEPHIBHOT'O aBTOMATA.
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Puc. 9. [IlpencraBnenue oOmero apTomMara ¢ IOMOIIBIO  MOMIYJICH,
BBIUMCISIONNX (YHKIUM MHOTMX MEPEMEHHBIX OT BXOJHBIX CHUTHAJIOB: Ha
BEpXHEH cxeme MpencTaBieHO (YHKIIMOHUPOBAHHME aBTOMAaTa, Ha HIDKHEW OH
pa3J0XkKeH Ha OTAeIbHbIe MOAyu. [IpuHATE 0003HaUEHUS:

In - Bxogubie curHanel, Out - BBIXOJHBIE CUTHAJIBI, S - TapaMeTpbl COCTOSTHUS,
T - nuckpernoe Bpemsi, Out(In,S) - 3aBUCHUMOCTb BBIXOJHBIX CHUTHAJOB OT
3HAQUYCHWH BXOIHBIX W mapameTpoB coctosHuA, S'(In,S) - 3aBHCHEMOCTH
COCTOSIHUS B CJICYIOLIUI MOMEHT AUCKPETHOTO BPEMEHU OT BXOJIHBIX CUTHAJIOB
U TEKYLIEro COCTOSIHUA, fi-f, - QyHKIMH nepeMeHHbIX (In,S) - KOMIIOHEHTBI
BekTopa Out(In,S), f,+1-fp+s - QyHkumm nepemennsix (In,S) - KOMIOHEHTBI
BekTopa S'(In,S), nnnekcamu 7, T+1 0603HaYEHBI COOTBETCTBYIONINE MOMEHTHI
BpPEMEHH.

['maBHBII BOMpOC 3TOHM TIaBbl: YTO MOTYT HEWpoOHHbIE ceTH. OTBET MOIYyYeH:
HEHUpOHHBIE ceTH MOryT Bce. OcTaeTcsi OTKPBITHIM JAPYroll BOMPOC - KaK MX STOMY

Hay4YUTh?

Pabota Han riaBoit Obi1a nmoanepskana KpacHosipckuM KpaeBbIM (POHIOM HAYyKH,

rpanT 6F0124.
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