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CrocoOHOCTh BBICIYLIATh U MOHSATH COOECEIHUKA SBISETCS OJHUM M3 Haubosiee IEHHBIX
JIOCTOMHCTB 4YEJIOBEYECKOro OOLIeHUs. 3ahaBas BONPOCHl MJIM IMPOCTO OOMEHUBAACH (pasamu
B [IPOIIECCE PA3roBOpa, Mbl CTPEMUMCS TMOJMy4aTh OTBETHI, aJ€KBATHbIE HAIIUM BHYTPEHHUM
norpedHOCTsIM. Hac B paBHOW cTeneHM HE yJOBJICTBOPSIIOT Kak COOOIIEHUs, HE MPUHOCSIINE
UHPOPMAIIMHU, TaK M OTBETHI, B KOTOPBIX €€ KOJMYECTBO 3HAYMTEIBHO MPEBOCXOAUT BHYTPEHHUE
Or'paHUYEHHsI, YCTAHOBJICHHBIC HAMH JIJIsI KOHKPETHOT O pa3roBopa. CMBICIIOBOE COZlep)KaHUE OTBETA
WIN aJieKBaTHas peaklus coOeceTHIKa SBIISETCS OJHUM M3 OCHOBHBIX KPUTEPHEB, ONMPEAEISIONIUM
KayecTBO pa3roBOpa U BIUSIOIIMM Ha U3MEHEHHE BHYTPEHHEr0 COCTOSHHUS YelloBEKa B Mpollecce
KOMMYHHKATHBHOT'O OOIICHUSI.

Ecnu npeanonoxuTh, 4To y CyObeKTa pa3roBopa CyIIECTBYET HEKOTOpast IeieBas (QyHKIHS,
KOTOpasi ONpefeseT OXHIAeMOe KOJIMYECTBO HWH(OpMAMK (dceraemvli  pe3yavmam ),
a KOJINYEeCTBO MH(OpMAIUH, B MOCTYNAIOIKUX K 3TOMY CYOBEKTY COOOLIEHUAX, N300pa3uTh B BUJIE
HEKOTOpPOH TPaeKTOPUH, TO B 3aBUCHUMOCTH OT XapakTepa pa3roBopa 3TH TPAaEKTOPHUH MOTYT
IPUHUMATh caMylo pa3HooOpasHyto ¢opMmy (puc. 1). MHorga HeoOXOAMMBIA pe3ysbTaT MOXKET
OBbITb JOCTUTHYT ONTHMaJbHbIM 00pa3oM (a ). B mHBIX cilyuyasx, 3ajaB TOT WJIM MHOW BOIpOC,
BMECTO IIOJIE3HOI'O OTBETa MOXET OBbIThb IOJY4eHO OO0JbIIOe KOJUYECTBO H30BITOYHON
uH(pOpMALIUK, KOTOPasi MOXKET YBECTHU JTAJIEKO OT nepBoHavanpHou memn (b ) u ().
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Puc. 1. Tpaexktopuu pa3BUTHS IPOLIECCOB B3aUMOJECHCTBUSA

[ToTok cioB, mocTymaromMX K YYaCTHHKY pas3roBopa B Ipoliecce OOMEHa COOOIIEHUSIMU,
BBI3bIBAET BO3MYLIEHHE CO3HAHUS, KOTOPOE MOXHO IPEICTaBUTh ce0€, KaK BOJHEHHE TOBEPXHOCTH
BOJBI B pe3yibTaTe MaACHUs Kamenb JOO0XKAsA. PacmpocTpaHeHne WH(OPMAIIMOHHBIX BOJH
B CO3HAHHMH, UX WHTep(epeHIs APYT C APYroM M B3aUMOJAEWUCTBUE C INIyOMHHBIMU BHYTPEHHUMU
npoleccaMy 00pa3yroT CIOKHYIO CHCTEMY, UCCIIeJOBaHUE U MOJEIMPOBAaHIE KOTOPOI MOXKET ObITh
JOCTUTHYTO C IPUMEHEHHEM METOAOB U CPEACTB, AHAJOTMYHBIX TEM, KOTOpBIE INPUMEHSIOTCS
B (M3MKE M MO3BOJSIIOT  ONWCHIBATH ~ IIOBEAEHHWE  NOJIEH M YacTULl,  OCHOBBIBAsCh
Ha KOPIYCKYJISPHO-BOJIHOBBIX CBOWCTBAaX MAaTEPHH.

Eciu cuuTate, 4TO 0OKMAAEMOE KOJIMUECTBO UHPOPMALIUU, KOTOPOE MBI CTPEMUMCS IOJIYYUTh
B IIpoliecce B3aMMOJEHCTBHS, AODKHO OBITh aJJeKBAaTHO KOJMYECTBY MH(OpMAIUH, KOTOPOE HaM
OyzeT nmepeaHo B OTBETE, Mbl MOXKeEM C(HOPMYJIUPOBATH IPUHIUI HHPOPMALIMOHHOM aeKBaTHOCTH
CIIEYIOIIUM 00pa3oM:

1(A)~1(Q)
rae
I (A) — komuuecmeo ungopmayuu 6 omeeme A
1 (Q) — oorcuoaemoe konuuecmeo ungpopmayuu 6 omeem

Ha 3a0aHubitl sonpoc Q .

B BBIUUCIUTENBHON TEXHMKE MIMPOKO IPUMEHSIOTCS WH(POPMAIMOHHBIC XapaKTEPUCTHKH



pasNMYHBIX BUJOB YCTPOMCTB: IaMATH, IPOLECCOPOB, KAHAJIOB CBS3M U T. II., a U3 TEOPUU
uH(pOpMAIMU XOPOLIO M3BECTHBI CHOCOOBI H3MEpEeHUs HH(OPMALMOHHBIX CBOWCTB IOTOKOB
cooOmeHuii. Mbl MOXXKEM HCII0JIb30BAaTh AHAJIOTMYHBIE MEPHI IS OLIEHKH KadecTBa MpPOLIECCOB
B3aUMOJICHICTBHSI M COCTOSIHHSA, YYacTBYIOIIMX B A3TOM mpouecce cucreM. OnHako eciau
OONBIIMHCTBO HMH(OPMALIMOHHBIX  XapaKTEPUCTHK B BBHIYMCIUTENBHOW TEXHUKE SBISIOTCS
CTaTUYECKUMHU, TO MPOLIECCH] YEJIOBEUECKOT0 OOIIEHUS UMEIOT SIPKO BBIPA’KEHHBIM JUHAMUYECKUN
xapakTep. MonenupoBaHie TaKUX MPOI[ECCOB, OMpeesieHre UX NH()OPMAIIMOHHBIX XapaKTEepUCTHUK,
HAXOXKJEHUE ONTHMAJIbHBIX TPACKTOPUI B3aUMOICUCTBUS M T. . OTHOCSTCS K I'pymne Haubonee
CIIOKHBIX M TPYJOEMKHUX 3a7a4 B COBPEMEHHOM IporpaMMmupoBaHuu. Cpenyu OCHOBHBIX (paKTOPOB,
ONPEAENAIOIMX UX CI0KHOCTh MOKHO BBIICJINTD, B IIEPBYIO OYEPElb, CACAYIOIINE:

— b0NbUIOE KONUYEeCMB0 OUHAMUYECKUX NApaAMempos;

— NOCMOSAHHAA A0ANMayus u pazeumue HympeHHeu cmpyKkmypul
u yukyuil;

— omcymcmeue YemKux Kpumepues Kawecmea noeeoeHus.

Pemenune 5»TUX 3a7a4 TOJNBKO JHMINb CPEACTBAMHU TPATUIIMOHHOTO IPOrPaMMHUPOBAHUS
COIIPSDKEHO C MpobIeMaMu, KOPHH KOTOPBIX JIEKAT B JJOTMYECKUX OCHOBAHUSX AJITOPUTMUYECKOTO
MoxenupoBaHus. [IporpammupoBanue anropuTMHUYECKUX MOJeJIel, OCHOBY KOTOPOT'O COCTaBIISIFOT
MOCJIEA0BATEIbHOCTH MACCUBHBIX JIOTUUYECKUX KOHCTPYKIIMHI, BO MHOTHX CIIydasx I103BOJISIET
MOJIYYUTh MNPUEMJIIEMbIH pE3yJIbTaT, HO MPU 3TOM npozpamma W pe3yibmam TMPUHIUNHAIBHO
pa3IMyalrTCid | OTACJICHBI JPYr OT Apyra. B HEHpOHHBIX MOAENSAX MCHOJIB3YIOTCS AKTHUBHbBIC
AJIEMEHTHI,  OOJIaJjalolie  BHYTPECHHHUMH  JUHAMHYECKUMH  CBOWCTBAMH M CIIOCOOHBIE
CaMOCTOSITEIIbHO TPUHUMATHh U MEepelaBaTh CHUTHANBL. [IpH 3TOM HCIOJHUTEIBHBIE SJIEMEHTHI
U pe3yJIbTaThI MPEJACTABISAIOT COO0N eIMHOE LEeNI0e — TMHAMHUYECKOE MPOCTPAHCTBO MapaIeIbHBIX
MIPOIIECCOB U UX COCTOSHUH. OTHUM M3 CIOCOOOB CO3JaHUs TAKUX MOJCIICH SBJISETCS HEHPOHHOE
MPOrpaMMHPOBAHUE, IMOJ KOTOPBIM MBI OyJIeM IOHUMATh METObl OpPraHU3alMK M YIPaBIICHUS
AKTUBHBIMM JJIEMEHTAaMHU B MHTEPIPETUPYIOLIMX cucTeMax. HellpoHHOe mporpaMMupoBaHue
o0naaeT OgHUM HEOCTIOPUMBIM JTOCTOMHCTBOM — MPHUPOJIa B MPOIECCE IBOJIOIMH YKE€ MOCTPOUIIA
OTPOMHOE KOJHYECTBO OMOJIOTHYECKHX MPOTOTHUIIOB, IMUPOKUN CHEKTP KOTOPBIX BKIIIOUAET KakK
HEPBHBIC CUCTEMBI MPOCTEUIINX MHOTOKJIETOUYHBIX, TaK W YEJIOBEYCCKUH MO3T, CaMYIO CIIOKHYIO
U3 U3BECTHBIX HA CETOAHSIIHUM JeHb OPraHU30BaHHBIX CHUCTEM, MOITOMY MPUMEHEHHE 3HAHUI
OHoJIOTHH U HEHPODU3UOIOTHH MOXKET OKa3aTh CYNMIECTBEHHYIO MOMOIIL P MPOT PAMMHUPOBAHHIH
HCKYCCTBEHHBIX HEMPOHHBIX CUCTEM.

Bonpmiolr  pa3dpoc B CIIOKHOCTH MOJSIUPYEMBIX CHCTEM TMpEAToJiaracT IPUMEHCHHE
COOTBETCTBYIOLIUX TEXHOJOT U MPOrpaMMHUPOBAHUS. B taxoii xe CTEIEHH, Kak
U B QJITOPUTMHYECKOM MPOTPAMMHUPOBAHUM METOJIBI MOCTPOCHUS OOJIBIIMX OMEPAIMOHHBIX CHCTEM
OTJIMYAIOTCA OT METOJOB HAIMKCAaHUS HEOONbIIMX HWHIUWBHAYAIbHBIX MPOrpaMM, B HEHPOHHOM
MPOrpaMMHUPOBAHUHU  TPOLIECC TMOCTPOEHUs OOJBIIMX MOJAENeH CYIIECTBEHHO OTINYaeTCs
OT CO3/1aHUs HEOOJbIINX 110 CBOEMY 00BEMY CHUCTEM.

TexHonorun TOCTpOEHUS HH(POPMAIIMOHHBIX CHUCTEM OTHOCSATCSA K 00JIACTH  OCOOBIX
WHTEPECOB B IMpOrpaMMupoBanu. Cpeau MHOTHX padoT B 3TOM HANPaBJICHHH MOXHO BBIJICIUTH
panHioro cratbto 3. [eiikcrpel «The Structure of , THE“-Multiprogramming System » [7],
B KOTOPOH OH c(OpMYJIMpOBal MPUHIMIBI TOCTPOCHHUS MPOTPAMMHBIX CHUCTEM, CYIIECTBEHHO
OTJIMYAIONIUECS OT IIUPOKO MPHUHATHIX TOTJA TEXHOJIOTUN MPOrpaMMUpPOBaHUs (CM., Hampumep, .
bpyke «Mughuueckuii yenogexo-mecay » [3]). B atoii pabore JlelikcTpa paccMaTprBaeT HE TOJIBKO
o0IIMe TEXHOJOTHYECKUE TMPHUHIIUIBI, HO TAKXKE BBOJAUT CHHXPOHU3UPYIOIIUE IPHUMHUTUBBI —
cemMaoppl, TPU TOMOIIM KOTOPBIX €My YIaeTcs pemuTh MNpoOJeMy acHHXPOHHOTO
pacnapaiieliBaHus MPOLeccoB. TeXHOJIOTHS U HOBbIE CTPYKTYPHO-(DYHKIIMOHAIBHBIC PEIICHUS
Bero paboTe B3aMMOCBS3aHBI, M 3TO B COBOKYMHOCTH IIO3BOJIIET €MY IIOJy4YUTh pEIICHHE,
3HAYUTEITHHO OMEPEKAIOIIEE U3BECTHBIC B TO BPEMSI CHCTEMBI.

[IpencraBnenust J|edKCTpbl O MPOrpaMMHUPOBAHUU, €TO DJICTAHTHBIE TEOPETUYCCKHE



Y MIPAKTUYECKUE PEIICHUS MPOAOJIKAIOT OCTaBaThbCs MPHUBJIEKATEIbHBIMU JJISI BCEX, KTO CBS3aH
COTOM JUCHUIUIMHON. B OJHOM W3 CBOMX NOCIEAHUX HHTEPBbIO, T'OJJIAHJICKOW TEJIEKOMIIAHUU
VPRO B 2001 rony, paccyx/jas o CyTd NpOrpaMMHpPOBaHUs, OH TOBOPUT CIIEAYIOIIIEE:

Cywecmsyrom co6epuleHHO pasiuunsle Cmuiu npogpammuposanusd. A moey
CpABHUMb UX € mem, Kax coduHsnu mysviky Moyapm u Bemxosen. Koecoa Moyapm
npucmynan K 3anucu — napmumypsl, KOMHO3UYUS Y He20 yice  Cyuecmeosana
6 3aseputentom aude. OH 3anUCHIBAN NAPUTYPY ¢ NEPB020 pasa Habeno. bemxoeen ovLn
CKenmuKk u bopey, KOMopwvlil HAYUHATL NUCAMb 00 MO20, KAK OH UMEI CIOICUSUYIOCS
KOMRO3UYU10... [[1s1 mo2o, ymooOvl COUUHAMb MY3bIKY, HYHCHO YMEMb 3aNUCHI8AMb HOMbL.
Ho 6vimb xomno3umopom 3mo 808ce He 03Hauaem ymMenue 3anucvléams Homul. Umoowi
ObIMb KOMNOZUMOPOM, HYHCHO YYBCTNBOBANMb MY3bIK).

http://www.cs.utexas.edu/users’EWD/videos/NoorderlichtVideo.html

JlelikcTpa  3aTparuBaeT  OCOOEHHYIO  TEMy B IPOIpaMMHUPOBAaHMM,  CBSI3aHHYIO
C UHIUBUYaJbHBIM TBOPYECTBOM M MCIOJB3YET MIPH 3TOM aHAJIOTUU ¢ My3bIkol. [Ipogomkas 3Ty
AQHAJIOTHIO, MOXKHO  CpPaBHUTb HEOOXOAMMBIE Ui IOCTPOEHUS  HEHPOHHBIX  Mojelel
UHTEPIPETUPYIOLINE CUCTEMBI C Pa3IMYHBIMU MY3bIKQJIbHBIMU MHCTpYMEHTaMHU. JlJ1s MCIOIHEHUs
OONBIINX U CIOXKHBIX MY3bIKAJIbHBIX IPOU3BEACHUN B CUM(MOHUYECKUX OPKECTPax HCIOJIb3YHOTCS
camble pa3HOOOpa3HbIE TPYNIbl MHCTPYMEHTOB. JlJIi HCHOJIHEHUS IPOU3BEIEHUN KaMepHOU
MY3bIKH, OKAa3blBa€TCA BIOJHE JOCTaTO4YHO ojHoro. Cpenu HMHCTPYMEHTAJIbHBIX CHCTEM,
IpeAHa3HAYEHHbIX I HWHIUBUAYAJIbHOIO (KaMEpHOro) MpOrpaMMHpOBaHUSA, OCOOBIM HMHTEpeC
npencrasisier cuctema HyperCard . B aToii cucteme yaaqHo COBMEIIEHBI CPEACTBA MPECTABICHHS
JAHHBIX, U CUCTEMa JAMHAMUYECKOW MHTEpPIpPETallMd CKPHUIITOB, YTO IO3BOJSET MCIOJIb30BATH €€
KaK BHEIIHIOI 000J104Ky-HHTEep(eiic K HeHpoHHBIM MoaeasiM. Apxutekrypa cuctemsl HyperCard
BO MHOTOM HOCIYXHUJa HPOTOTHUIOM JUIs BeO-CTpaHMIl, OJHAKO €ro BO3MOXKHOCTH JI0 CHUX IIOp
BO MHOTHX OTHOILIEHUSX IPEBOCXOAT CPECTBA AMHAMHUYECcKOro nporpaMmMmupoBanust DHTML .

K coxanennto, B 90-x romax cucrema HyperCard Oblia 3aMOpOXKeHa U B HACTOSIIIEE BPEMS
NPaKTUYECKH TIPEeKpaTHiia CBOE CyllecTBOBaHHWe. [lpuunHa B TOM, 4YTO pyKoBojacTBO Apple
HE CMOIJIO TOHATH U OLEHUTh €€ CTpaTernyeckoe 3HaueHue. B cBoeM HWHTEpBBIO, JaHHOM
B 2003 romy CNET News , J[»xon Ckanu, ObiBimmii B 80-x romax mpesuaeHTom kommnanuu Apple |
pacckaszaj 00 3TOM Tak:

Ecau s obpawyco nazao, ma mo, umobuvl s xomen coenamsv no-opyeomy mozod,
Koz20a 5 6w 8 Apple, s Oymaro, umo camasn 601bWIASE YRYWEHHASI 603MOICHOCTE — IO
cucmema HyperCard. Ona 6vina cozdana 6 1987 200y nepevim npospammucmom Apple —
bunom Amxunconom. Mvl Hukax ne Mo2nu NOHAMb, YMO Jice OHA U3 cebs npedcmasisem
Ha camom Oene. Mol Oymanu, umo 3mo Ovlia cucmema 01 Co30aHus npomomunos. Mol
oymanu, ymo 3mo Ovlia 6a3a OaHHvIX. Bull npumep, K020a OHA UCHOBL30BANACH KAK
unmepetic ¢ npomokonom TCP/IP ona pabomwr ¢ cynepkomnwvriomepom Cray. V nac
He X6amuio NPOHUYAMENbHOCHU, YMOObl NOHAMb, YMO 6ce, YMO ObLIO GHYMPU
HyperCard, Ovino na camom Oere mo, wmo no30Hee OyOem YCnewHo paspabomauo
Tumom Bepnec-Jlu, c npomoxonamu HTTP u HTML.

BoatoM cMmbicie MexAy cucTeMon mporpammupoBanus HyperCard 1 HEMPOHHBIMU
METOJlaMH MOJIEIMPOBAHUS €CTh MHOro obmiero. HeliponHsie Monenu B KoHIe 60-X rofoB ObLIH
orpesiesieHbl KaK OecrnepcrneKTUBHbIE, U MTOHAJ00MINCh J1Ba JECATUIIETUS JJIsl TOrO, YTOOBI MHTEpEC
K 9TOMY HaIIPaBJICHUIO BO3pOAMJICA BHOBb. OJHAKO 110 CHX IOp 3TOT HMHTEPEC HMEET CKOpee
MaTeMaTUYECKUM, YeM MPOrpaMMHUCTCKUN xapakTep. COBpEMEHHBIE HCCIENO0BAaHUS CBOMCTB
HEWPOHHBIX CHUCTEM, B IIEPBYIO OYEpE/b, CBA3AHBI C MATEMAaTHUECKUMH 33/1a4aMM KJIaCCH (DUKAIIH
¥ COOTBETCTBEHHO C HaXOXKJIEHHEM OINTHMAJIbHBIX METOA0B ()OPMUPOBAHUS BECOB MEKHEHPOHHBIX
cBA3ed. 4 mpOrpaMMMCTOB K€, B IIEPBYIO OYe€pelb, MHTEPEC IMPEACTABIAIOT AWHAMUYECKUE
CBOMCTBAa HEWPOHOB, WX YHHUKAJIbHBIE CHOCOOHOCTH K COCIMHEHHIO, PEKOH(UTYpaluu



Y Pa3MHOXKEHUIO. DTU CBOMCTBA HEHPOHHBIX MOJEJIEH YyAMBUTEIBHO COBIAJANOT CO CBOWCTBAMU
HHTEepHET, KOTOPBIA SABIAETCS CaMOPa3BUBAIOIIEHCS, NELEHTPAIN30BAHHON CUCTEMOU U B KOTOPOU
IPOMCXOIUT OTPOMHOE KOJMYECTBO MapasliebHbIX IPOLIECCOB.

B ocnoBe MHTepHeT neKuUT OOMEH COOOLICHUSIMHM, KOTOPbIE€ MOTYT OBITh IpEICTaBJICHBI
B CaMOii pa3HO00Opa3HO# opMe, YTO MO3BONISET PACCMATPUBATh €r0 KaK OOJbLIYI0 HHTEPAaKTUBHYIO
cucreMmy. IIpu 3TOM B3anMoOIENHCTBUE MOXKET MPOMCXOAUTh KaK C yYaCTUEM 4YENOBEKa, TaK W IpU
MOMOIIM PA3JIMYHBIX OOTOB — HCKYCCTBEHHBIX IIPEICTABUTENECH, CIIOCOOHBIX aBTOMATHYECKH
IIPOCMATPUBATh COAEPKUMOE BEO-CTpaHUIl, OTBEUATh Ha BOIPOCHI MOCETUTENEH, AelaTh CTaBKU
Ha ayKIIMOHaX M T.T. /{1 mocTpoeHHs Takux OOTOB MCHOJB3YIOTCS pa3IUYHbIE METOJbI
IpOrpaMMHPOBAHHUs, BKJIIOYasl HEHpPOHHOE MOJEIMpPOBaHUE, KOTOPOMY B IMOCJIEAHEE BpeMs
yaensiercs Bce 00bliee BHUMaHUE.

Pe3ynbpTaTroM mnporpaMMUpOBaHUS — HEMPOHHOI'O WIM aJIrOPUTMHUYECKOIO — B KOHEUHOM
UTOre SIBJSIETCSl MPOTpaMMHBIA  MPOJAYKT, OOJaJaOLIMil ONpeneNeHHbIME KOMMEpUYECKUMHU
coiictBamu. [1o Mepe yBenuueHus o0IIero KoJn4yecTBa moyib3oBareneid B IHTepHeT, moTpeOHOCTH
pbIHKA B BBICOKOTEXHOJIOTMUHBIX CHCTEMaX, CIIOCOOHBIX YIPOCTUTH MPOLECCH OOIEHHs YeoBeKa
C KOMITBIOTEPOM, IIOCTOSIHHO BO3pacTatoT. MOKHO MO-pa3sHOMY OTHOCHTBCSI K M3BECTHOMY IHCbMY
bunna Teiitca — «An Open Letter to Hobbyists », B koTopoM OH MpU3BIBAET K KOMMEPYECKOMY
po¢eCcCUOHAIN3MYy B IPOrPaMMHUPOBAaHUH (BCE MPOTrpaMMbl, KOTOPBIE MPUJIAraloTCs K TON KHUTE,
oTHOCsTCs K Kareropun Open Software u MoryTt ObITh HCIIOJIB30BaHbI CBOOOIHO, B COOTBETCTBHU
C OOLIETIPUHATHIMM HOPMaMHM), OHAKO TOT (akT, YTO HA PbIHKE K HEHPOHHBIM CHCTEMaM CEeroJHs
IPOSBJIAETCS TOBBILICHHBIH HHTEpPEC, MO3BOJSACT HAAEATHCSA, YTO MOMHUMO MNPO(ECCHOHATBHOIO
M00O0MBITCTBA, HEHPOHHOE NPOrpaMMHUPOBAHUE CyMEeT IIPUBJICYb KOMMEPUYECKHIl HHTepec
pa3paboTYMKOB.

Cynpba mporpaMMHOIO MpOJIYKTa 3aBHUCUT OT MHOXKECTBA Pa3HOOOpa3HbIX U 3a4acTylo
IPOTUBOPEUUBHIX (PakTOpoB. TBOpUYECKHME YCTpPEMJIEHUS M MOUCKM HMHTEPECHBIX pEIICHUM
CTAJIKUBAIOTCSI C KOMMEPYECKUMHU TPEOOBAaHUSAMM U TEXHOJIOTHYECKUMH OrpaHuueHusMU. Ecmm
IpPEeICTaBUTh IPOLECC MPOrpaMMHUPOBAHMs, KaK IOCTOSHHOE HaXOXKIEHHE YIpyroro OanaHca
MEXJy TOYKAMM B IIPOCTPAHCTBE, KOTOPbHIE 3alal0T 3TU OrPAHUYEHMS: TO HUCKYCCTBO SBIISETCS
OJTHUM U3 €r0 BaXKHBIX COCTAaBJAIOMIMX. VICKyCCTBO WrpaeT NpUHIUNHAIBHYIO pojib B OanaHce
MEXJIY MPAaKTHUYECKUM CMBICIOM U TEOPETUYECKMMH OTPaHHMYEHUSMU HMEHHO MOTOMY, YTO OHO
MIOMOTaeT HaXOAUTh KOMIIPOMUCCHI M COETMHATh MPOTHUBOPEUMBBIEC B3IJISABI B MPAKTUKE U TEOPUU
[21]. CrpemiieHue K TakKOMy COEIMHEHHUIO, IOMCK pa3JUYHbIX TOAXOAOB, METO/OB
Y TPE/ICTaBIIEHUH, KOTOPbIE IIO3BOJIAT pelIaTh Bce 00iee MMPOKUI KPYT MOCTOSHHO BO3HUKAOLINX
nepes NporpaMMHCTaMu 3ajiad, U SIBJISIETCS TJIaBHOW LENbIO0 3TOM KHUTH.

TexHonorus

BusHec
UckycecTBo



AHeprus, NHchopMaLms U 3HAHUS

B ocHoBe mporieccoB mpeoOpa3oBaHHMs KaK SHEPruM, Tak U MHGOPMALMH JIeKAT OO0IIMe
[0 CBOGH CYTH MPHUHIMIIBI, YTO IMO3BOJSET IPEANOJIOKNUTh, YTO MPAKTHUYECKHE KOHCTPYKIIMH
OHEPreTHUECKUX MAIIMH U HH()OPMAIMOHHBIX CHCTEM JIOJDKHBI 00J1a/1aTh HEKOTOPHIMU TTOJJ00HBIMH
cBoiictBamMu. OCHOBBIBASCh HA 3TUX AHAJIOTHSX, MBI ITOMBITAEMCS NPHUMCHHTh TakKue (pU3MUEeCKHe
MOHATUS KaK paboTa, MOIIHOCTh, K. . JI., MPUHIUI HEOMPEACICHHOCTH M JIPYTHE K aHAJIU3Y
WH(POPMAITMOHHBIX CHCTEM W HAJCeMCs, YTO HAKOIUICHHBIH B WHAYCTPHAILHOM MHUPE OIBIT
MPOSKTUPOBAHUS U DKCIUTyaTallMd MEXaHHW3MOB U DHEPreTHYECKUX  YCTPOHCTB  IOMOXKET
B IIPOEKTUPOBAHUU UH(POPMAITMOHHBIX MAIIIHH.

C pa3ButreM HH()OPMAIMOHHBIX TEXHOJIIOTUH BO3HUKIN TaKWe BUIBI JEATEILHOCTH Kak
BHUPTyaJIbHbIC TPEANPHUATHS, JJICKTPOHHAs TOPTOBJS, IMCTAHIIMOHHOE OOYy4YeHHE, YIaJCHHAs
JMArHOCTHKA, WH(OPMAIIMOHHO-TIOMCKOBBIC CEPBUCHI U T. M., OTKPBIBIIUE IMEPE] YCIOBEUCCTBOM
MPUHIUIIAATIBHO HOBBIE BO3MOXXHOCTH, HO OJHOBPEMEHHO C 3TUM TIOSBWJICS H PSJ  HOBBIX
MPAKTHYECKUX W TeopeTudyeckux mpobiem. Cpenu HUX — U3BJICUEHHE 3HAHUW U3 OOJBIIMX
pacrpefieieHHbIX ~ MCTOYHUKOB  JAaHHBIX, yJAJICHHE Mycopa U3 MIOTOKOB  COOOIICHHIA,
B3aMMOJICICTBHE HA €CTECTBEHHBIX S3bIKaX, MHTErPallds Pa3HOPOJHBIX KAHAJIOB CBS3H, U JIPYTHE,
KOTOpBIE B CBOIO OYepedb BBI3BAIM HEOOXOAMMOCTh IEPECMOTpa U PACIIUPEHHS] HEKOTOPBIX
U3 METOJIOB M TEXHOJIOTHI COBPEMEHHOI'0 MpOrpaMMHUpoOBaHus. Tak, HampuMep, YyBEIHYCHHUE
JOCTYIHBIX O00BEMOB, JaHHBIX BO MHOTHX CIIydasX HeE TOJIbKO HE IPUBOJUT K MOJIOKHUTEIBHOMY
pe3ysbTaTy, a HaoOOpOT, BBI3BIBACT IICPEMOJHCHUE KAaHAJIOB CBSI3W M YXY/AIICHHE KavyecTBa
npuHATUSL perreHui. [lombITKU co3laHus YHUDHUIIMPOBAHHBIX HHTEPPEHCOB W MHBAPHAHTHBIX,
110 OTHOIICHUIO K KOHKPETHOMY 4YeJIOBEKYy, (OpPM TPEICTaBICHHUS JaHHBIX, OTTOPTraroTCs
MOJIb30BATEIIIMA ~ BCJICACTBHE  €CTECTBEHHOTO  CTPEMJICHHUS  JIFOJCH K WHAWBUAYAIHU3MY.
HaBurannoHHble MEHIO W MOJCKA3KH, 3a4acTyl0 BMECTO COKPAICHHUS TPACKTOPHH MPOCMOTDA,
3HAYMTEIILHO YBEJIMYUBAIOT BpeMsi IOMCKAa HYyKHOW wuHpopMamuu. OJMH ¥ TOT XK€ 3ampoc
B TIOMCKOBBIM CEpBUC, IOCIAHHBIA U3 IBYX COCEIHUX KOMITBIOTEPOB — MOXET BEPHYTh pa3InIHbIC
pe3ynbTaThl. Ecnmu 1o mosBiieHust MHTEepHET, 3amaum 00paOOTKM JaHHBIX OBUIM B OCHOBHOM
CBSI3aHBI  C IIOMCKOM W BOCCTAHOBJICHUEM HEIOCTaloIIeH WHQPOPMAIMU M3 OrPaHUYCHHBIX
JIOKAJILHBIX O0OBEMOB JaHHBIX, TO B HACTOSIIEC BpeMs Bce Oojiee aKTyalbHBIMH CTAHOBSTCS
WHAVBUAYaTbHAsS QUIbTpalusl W MpeoOdpa3oBaHHe WHQPOPMAIMHM U3 MOCTOSIHHO BO3PaCTAIONIMX
Y TIPAaKTUYECKH HEOTPAHMYEHHBIX IOTOKOB COOOIICHWH, NpUXOomimmx wu3BHe. [lpum 3TOM,
CTaTUYECKUE, OCHOBAaHHBIC Ha OJHO3HAYHBIX JIOTUYCCKUX BBIPAKEHUSX (OPMBI MPEICTABICHHS,
UCIIOJIb3yeMbIe B TPAJUIIMOHHOM TEOPETHYECKOM MPOrPaMMHUPOBAHHUH, HE COOTBETCTBYIOT PEaTUsIM
WuTepHeT, re nporpaMMbl, CTPYKTYPBI U JJAHHBIC HAXOMIATCS B IOCTOSTHHOW JTUHAMUKE.

Cpeny MHOKECTBa NMPAKTHYECKUX 3a/1ad, KOTOPhIC PEIIAIOTCS B BBHIYMCIUTEILHOW TEXHUKE
Ha TPOTSHKEHUU BCETO MEPHOJia €€ CYIECTBOBAHMS — MOJITOTOBKA JAHHBIX OTHOCHTCS K KaTErOpuu
«BeyHBIX». Ha ee mpuMepe MOXKHO MPOCIEAUTH SBOIIOINI0 HECKOIBKIX MOKOJICHHH TEXHUYECKUX
Y TIPOTPAMMHBIX CPEJCTB OpraHU3allid JAHHBIX, KOTOpas CErOJIHs IMPHUBEIa K BO3HUKHOBEHHIO
1eHTpoB aucranimonnoro oocayxuBanus (Call Centers ). B 2005 romy B Mupe HacCUYHMTHIBAIOCH
6onee 70 000 Takux WEHTPOB, B KOTOpPHIX paborano Oosee 3,5 MUUIMOHOB dYenoBeK. OIHUM
U3 TJIABHBIX KPUTEPHEB YCIEITHOTO Pa3BUTHsI OM3HECA SIBIISICTCS MOCTOSHHOE IMOBBIIICHUE KaYeCTBA
OOCITy)KMBaHUSl TOJIb30BATENICH W CTAHOBUTCS OYEBHIHBIM, KaKO€ CTPATETHYSCKOE 3HAYCHHE
MPUOOPETAIOT 3TU IICHTPHI B COBPEMEHHOM JICJIOBOM MHPE.

C moMeHTa TosiBIeHUsT TiepdoJIeHT | repdoKapT, CTPYKTYpbl JAHHBIX W TEXHOJIIOTHH HUX
00pabOTKH IMOCTENEHHO TPaHC(HOPMHUPOBAIMCH M3 CUCTEMbI MMOATOTOBKH M HAKOIUICHUS TaHHBIX,
B CHCTEMbl pPEarupoBaHUs Ha 3alpoChl, IOCTYMAWIIKe B peasbHOM BpeMeHH. CoBpeMEHHbIE
[EHTPBI TUCTAHIIHOHHOTO O00CITY)KHUBAHUS SBISIOTCS CIOKHBIMA KOMMYTAIITHOHHO-/IU CTIETIEPCKUMU
KOMILUIEKCAMH, KOTOPBIE BO MHOTHX CIIy4asX TEPPUTOPHUAIBLHO PACIPENCIICHBI 10 BCEMY MHUPY.
OpnHa W3 KJTIOYEBBIX (DYHKIMH TakWX IICHTPOB — MPHHATH COOOIICHHE, OMPEACIIUTh €ro CMBICI
U 1Iepe-KOMMYTHPOBAaTh ~ a0OHEHTa K COOTBETCTBYIOLIEMY  CEPBHCHOMY  IOJPAa3/EICHUIO.
Ha ceromusimHMiA 1€Hb CIIOKUIIACh CHTYyalUs, KOT/Ia KOJHYECTBO JIFOJEH, WHULIHUUPYIOIUX



pas3MyHbIC 3aMPOCHl UM COOOIICHHS MO Teae(oHy, B BUAE 3JICKTPOHHON IMOYTHI UJIM B YaTe, YKe
3HAYUTENFHO IPEBOCXOAUT JOCTYITHBIA TEPCOHAN, W OYCBHJIHO, YTO IO MEpe TJI00aTH3aIiH
MEXKIYHApOJHOro coodmecTBa 3Ta mpobiema Oymer Bce Oonee ycyryonstecsa. Co3manue
BHUPTYaJIbHBIX IPEICTAaBUTEIICH, CIIOCOOHBIX B ONPENCIICHHOW Mepe MOHUMATh BXOJHBIC 3aIPOCHI
W aJICKBaTHO  pearMpoBaTh  HAa HUX, 110 BOBMOXXHOCTH  OTBeYass  WJIM  IepeKIrodas
Ha COOTBETCTBYIOIIME CEPBUCHI, ABIIAECTCS OJHHUM M3 BO3MOMKHBIX PEIICHHH 3TOH mpoOseMsl (puc.
2). Jnsa Toro, 4ToOBI 3TO pemieHUe ObUIO AP(PEKTUBHBIM, HEOOXOAUMO, YTOOBI TEXHOJIOTHH
0o0y4YeHUs1 BHPTYaJbHBIX areHTOB OBLIM MPOCTHI M JIOCTYIHBI JIJII aBTOPOB, KOTOPhIE BO MHOTHX
CITydasix He SBJISFOTCS MPOPECCHOHATBHBIMY ITPOrPAMMHUCTAMHU.

MpuHaTue peleHnin
PacnoaHaBaHue
KoHTekcThl

BupTryansHbin
npenctaBuTens

Monb3oBarenu

NAHHBIX

Puc. 2. BupTyanbHblil IpeaCcTaBUTEND

KommuectBo nupkynmupyounmx B MIHTepHeTe OMT MH(OpManMKU CONOCTaBUMO C YHCIOBBIMU
XapaKTepUCTUKaMU (pU3MYECKHX OOBEKTOB Ha MUKDPO- U MakpoypoBHAX. B ¢usuke npu nepexoxe
OT OHOTO YPOBHS IPEICTABICHHUS K APYrOMY KapIWHAJILHO MEHSETCS ammapar MCCIeIOBaHHS —
CTaTUCTUYECKas TEPMOIMHAMHKA, MEXaHHKa, MOJIEKYJsIpHAas (U3MKa, NPENCTaBIAIOT COOOM
NPUHIUIAAIBHO Pa3JIMYHbIe, HO B TO )K€ BPEMs XOPOIIO COTJIACOBAaHHBIC pa3zeiibl OJHON HAYKH.
B otimmune oT ¢pu3uKu, B BHIUMCIUTENBHOW TEXHUKE B HACTOAIIEE BpEMs €lIe He CIOKHINCh
OOILENPUHATBIE TEOPETUUECKUE OCHOBAHUS, B paMKaX KOTOPBIX KOHCTPYKTHBHO OOBEIUHSIOTCS
Ipe/ICTaBICHUS, METOJbl aHaJIN3a M MOJAEIMPOBAHMSA, MOAOOHBIE COOTBETCTBYIOIIUM pa3zeiam
¢uzuku. Kinaccuueckas teopust nHpopmanuy, 3anoxennas [llennonom B 40-x rogax u ocHOBaHHas
Ha aHaJIM3€ MOCIE0BATEIBHOCTEH CHMBOIIOB, TOCTYNAIOIINX U3 UCTOYHUKOB, IaHHBIX B IPUEMHUK,
paBHO Kak M OyneBa JIOTWKA, MMEIOMIAas J1EJ0 C JBOWYHBIMH, TOYHO 3aJaHHBIMH 3HAYCHHSIMH,
IepecTaloT padoTaTh B TEX CIydasX, Korja pedb uaeT 00 MH(DOPMAIMOHHBIX COOOIICHUSX,
Ha MHOTO TOPSAKOB MPEBOCXOMALIMX IO CBOCH MOIIHOCTH BO3MOXKHOCTU IpHEMHHKa. B ¢usuke
TPAQAULIMOHHO TPUMEHSIOTCS  (DEHOMEHOJOTMYECKHEe U AHAIUTHYECKHE METOABI, KOTOphIE
MO3BOJISIOT JIETKO TMEPEXOAMTH OT MPOQECCHOHATBHBIX TEOPETHUECKHX MOJETIe K yIMpPOUICHHBIM
NPE/ICTABICHUSAM, JTOCTYIHBIM JUIA IHPOKON myOnmku. Hampumep, Takue COOTHOMIICHHUS Kak
3aBHCHMOCTh MEXIY TeMIlepaTrypoi t, naBieHueM P u oObemoM V, B TepMOIAMHAMUKE, WU



MOHATHUSA K. T. 1., paboTa, MOIIHOCTb, YHEPreTUYECKUE MOTEPH, XOPOIIO M3BECTHHIE U3 MIKOJIHHOU
IIPOrpaMMBbl,  C JOCTaTOYHOM TOYHOCTBK) U CTENECHBIO B3aMMOIIOHMMAHMS  COIJIACOBBIBAIOT
IPEACTABJICHUs NOTpeOUTENeH, HHKEHEPOB U yUeHbIX. Takoe MaclmTaOupOBaHHE TEOPETUYECKUX
U MPAKTUYECKUX 3HAHUI SABJISETCS OJHUM U3 HEOOXOIUMBIX YCJIOBHUM JUIsl YCHEUIHOM HWHTErpanuu
Hay4HbIX MCCJIEIOBAHUNA BMECTE C IPOEKTUPOBAHUEM, IIPOU3BOACTBOM U IMPUMEHEHUEM KakK
DHEPreTUYECKUX, TaK U HHPOPMAITMOHHBIX MAIIIMH U CUCTEM.

MOXHO CYUTATh, YTO HJIeU NH()OPMAIIMOHHOTO YCUIICHHUS U HEMPOHHOT'O MPOTrPaAMMHUPOBAHHUS
BriepBble OblM  chopmynupoBansl B 1945 romy, korja mnosiBWIKMCH JiB€ pabOThl, BO MHOTOM
IIPEONPENEIIMBIINE PA3BUTHE BBIUUCIUTEIBHOM TEXHUKH HA HECKOJIBKO NECATUIIETUH BIeEpesd —
oruer ¢ou Heiimana «First Draft of a Report on the EDVAC » [20] u crathst Bouausepa byria
B kypHasie The Atlantic Monthly — «As We May Think » [4]. YaauHo B3auMOJONOJHSS APYT
opyra,  QopMaibHBIE  MOJENH  JJIEMEHTOB M CTPYKTYp  aBTOMAaTHYECKHX  IH(PPOBBIX
BBIYMCIIMTEIbHBIX YCTPOMCTB COYETAKOTCA B HUX BMECTE C 3CKU3AMM M IIEPCIEKTUBON DPA3BUTHUSA
Oynymux cucreM. OyHKnoHanbHas cxema OBM ¢on Helimana u runeprexcroBasi MOJEb 3HAHHUM
byma mnosBuiIKMCh B TOT MOMEHT, KOrja aOCTpakTHBIE PACCYXIEHHUS O MPUPOIE BBIYMCICHUH,
JIOTUKE MBIIUICHUS Y MMO3HAHUM HA4YaJld HAaXOJUTh MPAKTUUYECKOE BOILIOIIEHHE B BUJIE PEAIBHBIX
MH(POPMAIMOHHBIX  cuUcTeM. B 3To Bpems 3aBepliaeTcst JIATEHTHBIM 3Tall B UCTOpUU
BBIYMCIUTEIbHON TEXHUKH W HAYMHAETCS IMOCIEAOBATEIbHOE PpAa3BUTHE €€ apXUTEKTYpPHBIX
HaIlpaBJICHU, KOTOPbIE HA CETOMHSAIIHAN IEHb MOXKHO YCIOBHO pa3JeaUTh HA TPH IIEPUOAA:

Jlornyeckui No3HaBaTenbHbIN
BbiuvcnurenbHbin (obpaboTka cumBoNoOB (HakonneHuue u obpaboTka
(pacyeTbl U anropuTMsb) U TEeKCToB) 3HaHWN)
1940 1970 2000

MaremaTndecKkie pacdeThl ¥ BBIYMCIMTEIBHBIC aJTrOPUTMBI B TOW HIM HWHOW Qopme
JOMUHHPOBAIIM B TEOPUH U MPAKTUKE BBIUMCIUTENFHOW TEXHUKU BILIOTH 110 cepeauHbl 70-X rojoB.,
KOTJla  aKTyaJlbHbIM  CTAHOBUTCS  JIOTHYECKOE W (DYHKIMOHAJIBHOE  IPOrpaMMHUpPOBAHHE,
IpeAHa3HAaYeHHOEe Ui OO0paOOTKM CHUMBOJIBHBIX M TEKCTOBBIX JAaHHbIX. B cepennne 90-x,
¢ Bo3HHKHOBeHHeM Web , Ha mepeHuil TUtaH BBIXOAST 3aJaud oOpaOOTKHM 3HAHUM — yIpaBlICHHE
pacnpenesieHHBIME TTOTOKaMH COOOIIEHHH, JIMHTBUCTHUECKU aHajIW3 W CHHTE3, pacllo3HaBaHUE
00pa30B, HHTErpalKs Pa3IuIHbIX GOpM U Cr1ocoOOoB oOIIeHHS (Tene]OoHbI, paguo U TEIEBUICHUE)
BMECTE C KOMIIbIOTEpaMH.

CooTBEeTCTBEHHbIE U3MEHEHUS IPOM3O0IIUIN 32 3TO BpeMsl U B METOJaX MpOrpaMMHPOBAHUS —
SI3BIKH, OPUEHTHPOBAHHBIE Ha 00pabOTKY CTPYKTYPHPOBAHHBIX IIAHHBIX M IIOTOKOB COOOIIEHUI,
Hanpumep, C++ wmJava , CyIIECTBEHHO OTJIMYAIOTCS OT IEPBOTO ITOKOJICHHS SI3BIKOB ISt
YHCIIOBBIX U aJITOPUTMHUYECKUX Bhruncienuil, Takux kak FORTRAN wu ALGOL . I'maBHOE oTimume
MEXAY HHMMHU 3aK/II0YaeTcsd B CTEIIEHU MHTErpallid IMPOrPaMMHBIX 3JIE€MEHTOB U O0BbEIUHEHUU
GyHKIMIT 00paboTKM BMECTe CO CTPYKTYpPaMH IAaHHBIX, YTO INPHUBEIO K MOSBIEHHIO OOBEKTOB —
Ka4eCTBEHHO HOBOW KaTErOpUH B SI3bIKAX IPOrPAMMHPOBAHHUS.

MOXXHO TIPEAINONIOKUTh, YTO pPAa3BUTHE HAmpaBJieHUs O0OpadOTKM 3HAHWK TPUBENET
K JaJbHEUIIeH WHTETrpalliid NPOrPaMMHBIX OOBEKTOB BMECTE C APYTUMH, B IIEPBYIO O4Yepelb,
BHEIHNMH CTPYKTypaMH JaHHBIX W paclpeneileHHbIMU  (DYHKIUSAMH, | KaKk CJEICTBHE,
K TIOSIBJICHUIO HOBBIX CIIOCOOOB yNpaBJIeHUS aHCAMOJISIMU Pa3HOPOJIHBIX CHCTEM. Pe3ynbTaThl 3TOM
UHTETpallud YK€ ceiuac MOXHO HaOII0/laTh B COBPEMEHHBIX OOBEKTHBIX 0a3zax [JaHHBIX,
B cucTemax nporpammupoBanusi ArentoB (Agent Oriented Programming ) u, HakoHell, B HauOoee
IMIMPOKOM BHJE, B TMHAMHYECKHX CBOMCTBaX BEO-CTPaHMIl HOBOI'O TOKOJIeHHs. KOHIenTyaibHO
MOXKHO TPeAnoaoxuth, uro Web 2.0 Oymer o0iagarTh 3HAYMTEILHO OOJiee MIMPOKUAM CIIEKTPOM



JUHAMUYECKUX CBOWCTB, NMPOrpaMMHMPOBAHHME KOTOPBIX OyIeT OCYLIECTBIATHCA C MPUMEHEHHEM
Ajax , DHTML , XMLHTTP  wu gpyrux aHajJOrHYHBIX CPEACTB, CIOCOOHBIX OPraHHU30BaTh
B3aUMOJICCTBHE OOJIBIION0 KOJMYECTBA TE€TEPOreHHBIX OOBEKTOB, OOpPa3yIOIIMX CIOXKHBIC
ceMaHTHYecKue ceTH. bruosoruueckre CUCTEMbI B 3TOM CMBICIIE SBIISIOTCSA XOPOIIUM 00pa3LoM JIJIst
CpaBHEHMsI, IIOCKOJIBKY OHH IIPEKPACHO MPUCHOCOOJEHbI JUIs B3aUMOAEHCTBHUS € OOJIBLINM
KOJIMYECTBOM CJIOKHBIX Pa3HOPOAHBIX OOBEKTOB BO BHEIIHEM MHUpPE M B HACTOSIEE BpeMs
B JIOCTaTOYHOH CTENEHHU U3Y4EHBI, YTOOBI 3HAHUS 00 UX CBOWCTBAX MOTJIM OBITh UCIOJIb30BaHBI IPU
pa3paboTKe HOBBIX METOJI0B MPOrpaMMHUPOBAHUSI.

MoXHO cuuTaTh, YTO B TOM MJIM MHOM Mepe, Bce 3a1auyu 00paboTKu MH(OpMAIUU CBS3aHbI
c obpaborkoit 3HaHui. IlpumeHnenue »¢p(EKTUBHBIX METONOB HAKOIJIEHUS 3HAHUN SBIsEeTCA
[JIABHOW IIENBI0 BCEX COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOJIOTHI Kak B IJ100aTbHOM CMBICTE,
TaK ¥ B JIOKAJIbHBIX NPUJIIOKEHUSAX. MHIMBUAyalbHBIE 3HAHUS OTHENBHBIX COTPYAHUKOB
B COUETAHUM C KOPIOPATUBHBIMU 3HAHMSAMM U JaHHBIMH OOpPa3ylOT BECOMYIO COCTaBIISIOILYIO
CHCTEMbI LIEHHOCTEH B COBPEMEHHOM HH(pOPMAIMOHHO-MHIYCTpUaIbHOM Mupe. Tak, Hampumep,
yXOJ WM IepeMelleHHe pabOTHHKA MPEINpHUsATHS He JAO0JDKHBI CONPOBOXKIAThCA IOTEpeil ero
UH/MBUYaIbHOIO OIBITA, HAaKOIUIEHHOTO BO BpeMs paloThl Ha ompenesieHHoOM Mecte. OnHuM
U3 MyTel pemieHuss 3ToW MpolJeMbl sIBJIsieTCsl mpuMeHeHue cuctem oOyuenus (E-learning ),
CIOCOOHBIX BOCIPUHMMATh 3HAHUS dKCIIEpTa U NepeaBaTh ATH 3HAHUS 3aNHTEPECOBAHHBIM JIMLIAM.
Takue CHCTEMBI SBISIOTCS TPATUIIMOHHBIME B cpezie oopasoBanus — B 2003 rogy o0beM ux mpojaax
cocTaBuJl OoJiee 2 MUJUIMAPAOB JOJUIAPOB, OAHAKO B IIOCIEAHUE TI'OABl OHM HAXOIAT Bce Ooiiee
IIMPOKOE  IPUMEHEHHWE B MPOMBIIUIEHHOCTH U chepe  oOciyxkuBaHus.  JnmHamuueckue
U cemanTHyeckue cpoiictea Web 2.0 moryt mo3BoiMTH OpraHM30BaTh MPOLIECC HAKOIJICHUS
U Tepelayd 3HAHUN €CTECTBEHHBIM SBOJIOIMOHHBIM IIyTE€M, COXpaHsis HpPU 3TOM HPHUBBIYHYIO
«4esioBeuecKyo» (GopMy OOILIECHHUS MEXKIY SKCIEPTOM M Mojb3oBaTensiMu. OJHAKO MpeBpalieHne
JAHHBIX B 3HAHMSI B TAaKOHM K€ CTENEHH, KaK U IpeBpallleHHe OHHEPruu B MOJE3HYI0 paboTy
noTpedyeT ClieUaIbHBIX MEXaHU3MOB B Ka4eCTBE KOTOPHIX MBI U Oy/1eM UCIOJIb30BaTh HEHPOHHBIE
MOJIEIH.

Ycunutenu, HeupoHbl U UHTepHeT

B cratee «As We May Think » [4], paccyxmas o MOCIEAYIONIUX IMOKOJICHUSAX CHCTEM,
KOTOPbIC CMOTYT MOBBICUTH 3(P(HEKTUBHOCTh HCCIICAOBATEILCKOW pabOTHI YeIoBeKa, byl o4deHb
0o0pa3HO TMHIIET O NPUHIMIIHAIBHO HOBBIX (opMax SHIUKIONEIUN, KOTOpbIe Oyaydu
COEIMHEHHBIMH C IMEPCOHAIBHBIM YCTPOMCTBOM — MEMEX , CMOryT YCHJIMBATh  KOMILICKCHI
ACCOIMAaTUBHO-CBA3aHHBIX 3HAHWI M TE€X CJEIOB, KOTOPHIE B 3THX 3HAHHAX MOXKET OCTaBHTh
uccienoBateib. Ilepedpasupys Byimia, MOXHO CKa3aTh, YTO WHPOPMAIMOHHOE YCHJICHHE — JTO
U3BJICYCHHE THUIEPTEKCTOBBIX JaHHBIX M3 JUHAMUYCCKUX PACIPEICICHHBIX CETeH | MX
npeoOpa3oBaHKE B MpOLECCe HWHTEPAKTHBHOIO B3aMMOJCHCTBHS € YEJIOBEKOM. byir  Obut
[O-BUJMMOMY TEPBBIM, KTO JOCTATOYHO KOHKPETHO ONPENETHS OCHOBHBIC KOMITOHEHTBI
UHTEJUIEKTYaJbHOIO YCHIIUTEIIS: ACCOIMATHBHO-CBA3aHHbIC THHAMUYECKUE JaHHbBIC, TEPCOHATBHOE
yCTpPO CTBO-TIPe0Opa3oBaTesib, MOIb30BATEILCKHI HHTEPdEHC.



YCUneHHsblin curHan
Ha BbiXxoade

Cnabbin curHan
Ha Bxoae

NCTOYHUK 3Heprum

Puc. 3. Ycunurens 31eKTPUYECKUX CUTHAJIOB HA TPAH3UCTOPE

JUis Toro 4YToOBl JIy4Ile IOHATh MNPUHUMN pabOThl HMH(POPMAIIMOHHOTO YCHIIUTENS,
paccMOTpUM, Kak IPOMCXOIUT YCHIEHUE B MpoCTellieM TpaH3ucTope. Ecmum omyctuts
TEXHUYECKUE JIeTajH, CBS3aHHBIE C €r0 BHYTPEHHUM YCTPOHCTBOM, TpPaH3UCTOD SBISETCS
npeoOpa3oBaTesieM, MOACOEINHEHHBIM K UCTOYHHMKY SHEPruH, Ha yIpaBJSIOIIMN BXOJ KOTOPOIO
HIOCTYIIaeT caldblii CUTHAJI, @ Ha BBIXO/IE ITOJTy4aeTcsl CUTHAJI, YCUIICHHBIH 110 MOIHOCTH (pHC. 3).

B camom Hauwasie cBoell ctaTtbu, by nmoguepkuBaeT, 4To 3KOHOMHUKA — 3TO (aKTOp KOTOPBIN
npeBpamaer uaeu B peanbHocTh. Hu Tamant JleiiOnuma, xoropeiii B 1673 romy cymen co3path
BBIUHUCIUTEIbHYIO MAIIMHY, OJM3KYIO [0 CBOUM XapaKTEPUCTHKAM K COBPEMEHHOMY apudmomerpy,
HU Bce pecypchl apaoHa, 00siaiail OH IPU 3TOM BCEMH 3HAHMSAMHU O COBPEMEHHBIX TEXHOJOTHUSX,
HE B COCTOSIHUM IPEBPAaTUTh HJCH0 B MPAKTUYECKH pPaOOTAIOMMN MPOAYKT, €CIU IPU 3TOM
CTOMMOCTb pa3pa0OTKMU U 3KCIIyaTallud He OyJeT HaxXOAUThCA B MpeAerax 3KOHOMUYECKOH
esaecoodpasnoctu [4].

[TonanoOunock mecTy AECATUIIETHH CO BpeMeHU MosBieHUus paboTel byma, A Toro 4To0s
uH(popMaIus HapsAy C SHEpruel okazanacb IKOHOMMUYECKU JOCTYIHBIM pecypcoM i Oonblueit
4acTH 4enoBedecTBa. M 3TOT pecypc MOKET OBITh MPAKTHUECKH CBOOOAHO MCIIOJIB30BaH JHOOBIM
4eJI0BEKOM Ha 3emiie uepe3 VHTepHET — OrpoOMHYI0, JUHAMUYHYIO U IIOCTOSIHHO PaCIIMPSIOLLYIOCS
UHPPACTPYKTYpy JaHHBIX (pHC. 4), KOTOpas BIUTHIBAET, XPAHUT U OTpaXkaeT MPAKTUIECKU BCE, UTO
MPOMCXOAUT B €CTECTBEHHOM NPHPONE MJIM CO3JaeTCsl YelOBEKOM. bBONBIIMHCTBO JaHHBIX
B lHTepHETE MepBOro MOKOJEHUS MPEICTaBICHO B BUJE CTPAaHUI], CO3JAaHHBIX TaK, KaK €CIU Obl
OHM OBLIM TMpeIHa3HAuYeHbl MCKIIOYUTENbHO I UTEHUS 4YeNOBEKOM, XOTS (U3UYECKH OH



B COCTOSIHUHM TIPOYECTh TOJILKO OYEHb MAJyK0 YacTh TOrO, YTO MOXET OBITh IOJYyY4EHO
13 MIJIJTMOHOB Be0-CEPBEPOB.
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Puc. 4. Kapruna Untepuer na 1 suBaps 2000 rona

3a CpaBHMTEIBHO KOPOTKMI TEpuoOA, NPOWIEAIINA C MOMEHTAa IMOSABJIEHHUS IEPBBIX
cratuyeckux crpaHul] B popmate HTML , Beb cTpemuTensHO SBONIOIMOHUPOBAN B HAMIPABICHUH
HOBBINICHUS (DYHKIIMOHAJIFHOCTH CTPAaHUI] U pacIIMpeHHs: crocoboB ux mnepenauu. k. Maptun
MOAMETHJI, YTO KOI/Ia B HallleM MHpE MOSBISIOTCS NPUHLUINATILHO HOBBIE TEXHOJIOTMYECKHE
JOCTH)KEHMSI, HEKOTOpOE BpeMs OHU NPOAOJDKAIOT HCIOJIb30BAaTh CTapoe coxaepikanue [17].
Hanpumep, B TeleBUIEHHHM [OCTATOYHO JOJITO€ BpeMs, HayMHas C MOMEHTa €ro IMOSBIICHUS,
OOJBIIIYIO YaCTh HOBOCTEH 3allOJHSIM YUTAIOIINE TEKCT TUKTOPHI, a TEICBU3MOHHOE N300 paXKeHne
Obuto sk GoHOM s ayamocooOmieHuil. Tak ke W B TepBOM TOKoJieHHMH VIHTEpHer,
UCTIONIB3YIOTCSI CTPAHUIIBI, KOTOPbIE (PaKTHUECKU NyONMpyIOT Me4aTHyIo Mpoaykiuio. OmQHaKo yxe
CEero/iHd MpOU30IUIAa IMpaKTUUYecKass MHTErpalus BCeX OCHOBHBIX CIIOCOOOB TMepefauyd JaHHBIX,
Uy pa3pabOTYNKOB MOSBHIACH BO3MOKHOCTh NMPUMEHITh KaKk KOMOMHAIIMM PAa3JIMYHBIX YCTPOHCTB
(koMIBIOTEpHI, TeledOHBl, pPAaguO U TEIEBHIEHUE), TaK U HOBBIE (YHKUIHMOHAIHLHO-aKTUBHbBIE
00BEKThI, BMECTO IACCUBHBIX CTPAHUI] TEKCTA, JJI1 OpraHU3alUy OOILIEHHUS C YETOBEKOM.



A Konuuectso ctpanuu

MHTepakTUBHbLIE CTpaHWLbI,
B MIHTepHeTe

WHTErpupyiolme Bce KOMMNOHEHTbI +
BoTtbl, BupTyanbHble NOMOLLHUKMN,
aKTUBHbLIN YaT

OvHamunuyeckue cTpaHuubl
(CGl, copepxumoe
CTpaHuL, reHepupyeTcs
n3 basz [laHHbIx)

Cratuyeckue cTpaHuubl
o i O (HTML, npocTbie
arperartbl JaHHbIX)

&1 1
1 | 1
1990 1995 2005

Puc. 5. Cratuueckuii, TMHAMHYECKUN 1 MHTEPAKTUBHEII Bebd

I'unepTekCTOBbIE CCBHUIKM BHYTPH CTPAaHHIl, KOTOpbIE TEPBOHAYAIFHO OOpa30BBIBAIN
CTaTUYECKHE CETH, MHTEHCHUBHO pa3BUBAIOTCA, TpaHC(HOpPMHUpPYSICh B TMHAMHUYECKHE OOpa3OBaHUS,
B KOTOPBIX OHU MHTETPUPYIOTCS BMECTE CO CIOXKHBIMU CTPYKTypaMU XPaHUMBIX JaHHBIX (puc. 5).
CTpaHI/IIIBI HpeBpaHIaIOTCSI B aKTUBHBIC CHCTEMEI, Koropme B CBOKO oqepe)]L, 06’BCJII/IH5HOTCSI
B KJIACTEPBI, KOTOPBIE MOI'YT IIOPOXKIATh HOBBIE CTPYKTYPHI, U TaK Jajie€, YTO YAUBUTEIBHO
HATIOMHHAET MOBE/ICHNE OMOIOTMYECKUX MIM (PU3MUYECKUX TPYII B3aMMOJCHCTBYIOMNX OOBEKTOB
U BITIOJIHE COOTBGTCTByCT HpeI[CTaBJ'IeHI/IHM Byma O cJIcaax, KOTOpLIe YCIIOBCK MOXKET OCTaBJIATH
B CHCTEMaXx 3HAHUM.



Jlornyeckoe 3HavyeHue 1
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Puc. 6. BonbraMnepHas XapakTepUCTHKa TPaH3UCTOPA

B cBoem ortuere no ctpyktype DBM ¢on HeiiMan ucrons3yer HEHpoH B Ka4ecTBE MPOTOTUIIA
JUIsl 6a30BbIX BBIYMCIUTEIbHBIX 3JIEMEHTOB ABTOMAaTHUECKON U(POBON BEIYUCIUTEIBHON CUCTEMBI
U MOJieNb OMOJIOTHYECKOM HEpBHOW CHCTEMBl JISKUT B OCHOBE €ro Oojyee OOLIMX pacCyxaAeHui
O BBIYMCIUTENbHBIX CTPYKTypax. Ilockosibky mpo0GiemMa, KOTOpyro pemanu paspadorunku OBM,
B TO BpeMs HMeja MCKJIIOYMTEIbHO BBIYMCIUTENBHBIM Xapakrep, (GoH Heliman paccMarpuBaeT
B IIEPBYIO oOuepeab apu(MeTHUecKue CBOWMCTBA HEHpPOHA | MCHOJB3YET €ro Kak IuGpoBOi
JIBOMYHBIN 3JIEMEHT, KOTOPbII MOXET BBINOJIHATH 0a30Bble MATEMAaTUYECKUE (QYHKIUH.

ITosiBuBmMecs B 1948 rony TpaH3uCTOpBI, 00aagaromye AByMsl YCTOMUUBBIMU COCTOSHUSAMU
(puc. 6), okazanuch BIOJHE YJAuHbIM pELICHUEM JJIs IPEACTaBJIECHUS JBOWYHBIX JAHHBIX,
Y QHAJIOTUM MEXIy TpPaH3UCTOPOM U HEHPOHOM, KaK [BOMYHBIMM YCTPOWCTBAMH, HaJ0Jr0
3aKpENUINCh B TEOPUU U IMPAKTHKE BBIYMCIUTENbHOM TEXHMKH. B 3T0 ke Bpems B Ipyrux
HAIPaBJICHUSX IEKTPOHUKH IIMPOKO HCIOJIB3YETCsl CBOWCTBO TPaH3UCTOPOB IO MpeoOpa3oBaHUIO
CUTHQJIa B 30HE IIEPEXOJHOro Iporecca MEXJIy YCTOWYMBBIMH  COCTOSHUAMH. Takoe
npeoOpa3oBaHWE B TPAH3UCTOpPax BCErJa HOCUT NPUOJU3UTEIBHBIN XapakTep | o0JagaeT
UCKaKEHUSIMH, KOTOpPBIE MOTYT OBITh B ONPEIEICHHOM CTENEHH CKOMIIEHCHPOBAHbBI MPHU MOMOIIN
pa3IUYHBIX JOMOJHMUTEIBHBIX 3JIEMEHTOB. Jlyanusm TpaH3UCTOpa, B KOTOPOM JHUCKPETHOCTb
COYETAeTCSd C HEMPEPbIBHOCTBIO, SIBIAETCA  XOPOIIMM TMPUMEPOM  KOMOMHAIIMM  TOYHBIX
U npubmm3urensHbiX (fuzzy ) cBoiicTB B oHOM ycTpoiicTBe. HelipoH BIOJIHE COOTBETCTBYET 3TOM
aHAJOTHUH, COEAMHsS B cebe OmNpeAeNeHHYI0 YCTOMYHMBOCTH BMECT€ C MPOMEXKYTOYHBIMU



OpUOIU3UTENbHBIMU COCTOSHUSIMU, KOTOPbIE OH MOXKET COXpaHATh B 3aBUCMMOCTH OT XapakTepa
BO30YX/I€HUS U CBOETO (PYHKIIMOHAIbHOIO HA3HAUECHHUS.

Eciu nonmyctuth, yTo MHQOPMALMOHHBIA YyCHIUTENb (pUC. 7) UMEET CTPYKTYpY, B 00IIeM
BUJE TIOXOXYIO Ha CTPYKTYpY YCHJIUTENsS OJJIEKTPUYECKHMX CHTHAJOB, TOrJla B KauecTBE
YHHUBEPCAJbHOTO MCTOUYHMKA MH(POPMAIMM B TaKOH cXeMe MOXXeT ObITh MCHOJb30BaH VIHTEpHeT,
BXOJIHbI€ U BBIXOJHBIE CHTHAJIBI MOTI'YT OBITh NPEICTaBJIEHBI IOCPEICTBOM ayIHO M TEKCTOBBIX
COOOIIEHNH yCTHOM MJM MHCBMEHHOM peuH, a mpeodpa3oBaTeib MOXKET OBITh PEaM30BaH B BUE
HekoTopoil BuptyanepHoi Mmamuuabl — Neural Virtual Machine (NVM ), kotopas MoxeTr ObITh
3arpykeHa B repcoHanpHyto DBM wmimm wHOEe ycTpoiictBo, aHajormgyno Java Virtual Machine
(JVM ). Takoii WHGOPMAIIMOHHBINA YCHIUTEIh MOXET OBITh BCTPOCH B CaMbIe Pa3sHOOOpa3HbIC
cucteMbl. MOXHO TPEAINONIOKUTh, YTO YK€ B HEAAJICKOM OYyIyIeM YCIEeXH HaHO-TEXHOJIOTMU
MO3BOJIIT HMEThb CEHCOPHBIE YCTPONCTBA, BCTPOEHHBIE HEMOCPEACTBEHHO B YEJIOBEUECKUN
OpraHu3M, M B 3TOM ciy4ae Gopma oOmeHus OyieT OTanyaThCcs OT pedeBoid. IMEHHO mO3TOMY MBI
Ha/leeMcsl, YTO HEHPOHHBIE MOJEIH SIBJISIOTCA TE€M CaMbIM aJalTUBHBIM MEXaHU3MOM, CIIOCOOHBIM
K €CTeCTBEHHOM HHTerpaluy ¢ Oy ylMMy CUMOMO3HBIMH 4eJI0BEKO-MAIIMHHBIMU CUCTEMaMH.

YcuneHHaa nHpopmaums
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Puc. 7. MHbOpMAIIMOHHBIA YCHIUTEI

MporpammupoBaHue peakLuum



[Iponomxkasi MOUCK aHAJOrMi, KOTOpbIE MOI'YT IMOMOYb HaM B IIPOEKTUPOBAHUU TaKOIo
yeunuresst, obpartumcs k padore WM. M. CeuenoBa «Peghrekcol  2onosnoco mozea » [37].
Anamu3upys ero mnoseneHue, CE4eHOB pPACCMATPUBACT MO3I KaK «UYEpHBIM SIIMK», KOTOPBII
B KOHEYHOM UTOre, pearupys Ha BO3OYXIEHUS YYyBCTBYIOIIMX HEPBOB, BCE CBOM BHEIIHHE
MPOSIBJICHHUSI CBOAMT K MBIMIEYHOMY JABMKeHHIO. [lompoOyeM mpenctaBuTh HHPOPMAIIMOHHOE
YCTPOWCTBO B OKPYKEHHH IMPOTPAMMHBIX MOIYJEH, Ka)XIblii M3 KOTOPHIX MOKET OBITh BBI3BaH
K UCIIOJTHEHHUIO B pe3yJibTaTe BO30YXKACHHS CBS3aHHOTO C HUM HEPBHOIO OKOHYaHMs. Torjga Bce
BHEIIHNE MPOSBJIEHUS BHYTPEHHUX MPOIECCOB 3TOr0 YCTPOHCTBA MOTYT OBITh CBEIEHBI K BHI3OBY
Y 3aIlyCKy COOTBETCTBYIOIIMX MPOrPpaMMHBIX MOJyJeil. Takoi BBI30B MOXKET MPOU30WTH B TOT
MOMEHT, KOI/Ia YPOBEHb BO30YKICHHS, CBSI3aHHOTO C 3THM MOJAYJIEM HEHpOHa B BHIXOJHOM CJIO€
UH(POPMAIIMOHHOTO YCTPOICTBA, MPEBBICUT HEKOTOPOE IMTOPOrOBOE 3HAUCHHE.

Ecnu momycTuTh, YTO C pacmpeneleHHBIMH B MHTEPHET-CETH NPOrpaMMaMH MOXET OBITb
aCCOLMUPOBAH YHUKAJIBHBIA aJpec W CBOS MHTEPIPETHPYIOLIas cpela, TOrjJa WX BBIIOIHEHUE
CBOJIMTCS K MOCBUIKE 3ampoca (Hampumep, HTTP ) u3 ogHo# pacnpeneneHHON CHCTEMBI B IPYTYIO
(puc. 8). Batom cmyuyae pe3ynbraToM pabOThl HEUPOHHOIO ClOsl OyJeT SIBJISTHCA HCIOJHEHHE
MHOKECTBA ACHHXPOHHBIX MMapajlIeNbHBIX MPOLIECCOB, KaXKIblH M3 KOTOPBIX MOXKET BO3BpalllaTh
JlaHHbIE 00paTHO B MCXOJHYIO cucTeMy. Takoi crnoco0 BbI30Ba MPOrpaMMHBIX MOJYJIEN 11O3BOJISIET
CYLLECTBEHHO YIPOCTUTDH peasn3aluio HHTEp(ENCcOB U CBECTU 3a7jauy K OTBETY Ha BOIPOC: KaKUM
00pa3oM YyCUJICHHE U TOPMOXKEHUE CUTHAJIOB MOXKET IPUBECTU K aJ€KBATHOMY pearupOBAHHIO
B T€X CJIy4asixX, KOra ¢ 3TUMU CUTHAJIaMH aCCOLIMUPOBAHBI CJIOBA U CMBICJIOBBIEC 3HAUECHUS?

MporpaMmmHbie Moaynu

Homep HenpoHa —
Anpec nporpaMmMHOro Moayns

P — — PR A

Peaynbrar
Puc. 8. BbI30B U BBINIOJIHEHUE TPOrPAMMHBIX MOJAYJIEH B HEHPOHHOU cpese

B ¢usmonorun  pasneneHue Bcex peakuMid  Ha 0€3yCIIOBHBIE U YCJIOBHBIE  CBSI3aHO
C IPAKTUYECKOM HEBO3MOKHOCTBIO IIPOCIEAUTh BCE JIOTMYECKUE LEMOYKHU IIOCIEA0BATEIbHBIX
JICICTBUN, KOTOpPHIE B KOHEYHOM CUYETE BBI3BIBAIOT COOTBETCTBYIOLIME MYCKYJIbHBIE COKPAILECHHUS.
Takoe  pasneneHue,  Ha HEpBBIA  B3[JIA,  HE UMEET  NPUHLIMIIMAIBHOTO  3HAYEHUs



B IIPOI'PaMMHUPOBAHMH, I'/I€ BCE IOTOKH JEHCTBUI 00aJal0T ONpeieIeHHbIM 1eTePMUHI3MOM, YTO
MI03BOJIIET OBITh YBEPEHHBIMHU B PE3Yy/IbTaTaX U OLIEHKAX TOYHOCTH PEIIEHUS B KaXKJIOM OTHEIbHO
B3sTOM ciydae. CuTyauuss MEHsETCs CyIIEeCTBEHHbIM 00pa3oM, KOIrJa pedb HUIET O COTHSX
MUUIMOHOB KOMIIBIOTEPOB, pacipeleieHHbIX B ceth WHTepHer. B aToM ciywae mporpamMmuct
HOMNAJaeT B CUTYallHIO, aHAIIOTHYHYIO 11 (pu3uosiora U GU3UKa, KOraa nepexos OT OJHOI0 YPOBHS
IPEACTABICHUA K IPYroMy MpeAnojaraerT IPUMEHEHHWE MHOro  crnocoda  BOCHPHUATHS
Y MCCIIEIOBaHUS — TOYHBIE 3HAHUSA O KOJE M NPEICKAa3aHUU €ro IMOBEACHMs, HE UMEIOT CMBbICIa
B CHCTEMax, IJIe U3MEHEHHsI CAMHUX KOJOB U JIAaHHBIX MPOMCXOAAT B TAKUX MacuTabax U ¢ TAKUMU
CKOPOCTSIMH, YTO MBI HE MOKEM MOJYYUTh I€TEPMUHUPOBAHHYIO KAPTUHY BCEX X COCTOSIHHM.

Vike ymomuHaBmasics Beime cucrema HyperCard Obuta BrimoueHa kommanuenn Apple
B cOCTaB orepaunonHoi cuctembl Mac OS eme B 1987 roay, 3agonro mo nosisinenuss DHTML .
Ero aBrop— bBwin ATKMHCOH, OAMH W3 BeAymux nporpammuctoB B Apple , mocrpounn
MHTETPUPOBAHHYIO CHUCTEMY, KOTOpas B caMO€ KOPOTKOE BpeMs CyMeNa yBJIE€Yb MHIIMOHBI
MOJIb30BaTENCH K MPOIlecCy, KOTOpbIA cerogHst HaswpiBaercss Web -mporpammupoBanue. OcHOBY
HyperCard cocraBnser pabodee mone, KOTOpoe Ha3blBaeTcs Kapra. Ha MOBEpXHOCTH KapThl
MOXHO CO37aBaTh KaK BPYUHYIO, TaK U JUHAMHYECKU, MPENONpEAeTIeHHbIE O0BEKTh — KHOIKH,
TEKCTOBBIE MOJSI ¥ u300paxkeHus. C KaXkaAbIM O0OBbEKTOM MOXKET OBbITh CBSI3aH MHTEPIPETUPYEMBbII
KOJ — CKpHUNT. VICIIONHEHHs CKPUIITOB OCYLIECTBIIIOTCS 4epe3 MPOCTOM MEXaHWU3M YIpaBJIEHUS
coObiTusiMu. KapTbl 00BEAMHSIOTCS B IPYNIbBI, Tpynmbl o0beauHsoTcs B HaOopsl. HyperCard
paboTaeT B peKMME HEMOCPEICTBEHHOW MHTEpIpETallMi U UMEET OYeHb CBOEOOPA3HYIO U JIEIKYIO
cucTeMy MISHTU(UKAIMM U ajpecalud 00beKTOB. KOHIENIMs Nn-MEepHOro MpPOrpaMMHUPYEMOro
npoctpanctBa B HyperCard SBIIIETCSI BECbMa IPHUBJIEKATENILHOW IO IpUYMHE YyA00CTBa
U IIPOCTOTHI JIOCTYIa ¥ UCIOJHEHUsS CKpUNToB. Mbl OyJeM HCIIO/IB30BaTh B Ka4eCTBE MPOTOTHUIIA
UCIIOJIHUTENBHOM CPebl TEPMHUHOJIOTHIO U apXUTeKTypy, Onm3kyro k HyperCard , mockoibKy
B coBpeMeHHOM DHTML  cymiectByloT mpakTHUYeCKH BCE€ HEOOXOAMMbBbIE HMHCTPYMEHTBI IS
co3jaHus ero aHanora. [lorpy:xenue HeWpPOHHON BUPTYaJbHON MaIIMHBI B TAKYIO UCIOJHUTEIbHYIO
Cpeay MOXHO CPaBHUTb C MOAKJIOYEHHEM HEPBHOM CHCTEMBI K MYCKYJAType W OpraHaM 4yBCTB

(puc. 9).
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Puc. 9. B3aumoneiictBue Mexay ciIosMuU HeWpOHHOTro siapa, MHTepHeT u uHTEepdeicCHBIMU
KapTamu

HeiiponHoe mporpaMMHpOBaHUE 1O CYTH MPEACTABISIET COOO0W MPOIecC, KOTOPBI CBOAMTCS
K CO3/IaHMI0 OOBEKTOB, YCTAHOBJICHHIO MEXIYy HUMH CCBUIOK-OTHOIICHUI U ONpPENEIICHUIO
JMHAMHYECKUX MpPaBWI HUX T[OBEJACHUS I10 Iepegadye BO3OYXKIEHHH U MCIOJHEHHH PEaKIHi.
B cryyasix, xorma KOJMYECTBO Y3JIOB HE BEJIMKO, NMOCTPOCHHE HEHPOHHBIX MOJENel sBIISeTCs
TPUBUAIBHOW 3amavedl. 3aTpyIHEHHs HAYMHAIOTCS TOTJa, KOTJa BO3HHKAET HEOOXOTUMOCTh
CBsI3aTh OOJBIIOE KOMMYECTBO HEWPOHOB 4epe3 OOJBIIOE YUCIO CIOEB C BHEIIHUM MEXaHH3MOM,
B COCTaBE KOTOPOT'O MOXKET OBITh MHOTO MCITOJIHUTEIBHBIX (PyHKIMA. MacmiTab 3aia4un onpenenser
TEXHOJIOTHIO €€ PEIIeHMs, M B IPOrpaMMHMPOBAHMU HCIIONb3YIOTCS PA3IMYHbIE METO/bl aHAIN3a
U CUHTE3a CJOXHBIX CHCTEM, MPEALISCTBYIOIIME MPOLECCY KOIUPOBAHHUS. DTU METOIbI MOXKHO
NOApa3fAenuTh Ha TpH OOJNbIIME TPYMIbL: OJOK-CXeMbl U JUarpaMMbl IOTOKOB JAaHHBIX
U YIpaBJICHUH, TaONWIBI TNPHHATUS  PEIICHWH W CTPYKTYpHO-(YHKIIMOHATIBHBIE  CXEMBI.
[lpumMeHeHnEe TpeABapUTENBFHBIX METOAOB aHaliW3a W CeNU(UKAIMH TI03BOJISIET 3HAYHTEIBHO
MIOBBICUTH TIPOU3BOAMTEIBHOCTD BCETO TpoIlecca MPOrpaMMHUPOBAaHHUs, B IEPBYIO OYepelb, 33 CUET
CIIeIUaIN3allii 1 pacrpeneiaeHns padoT 1Mo MpOeKTHPOBAHUIO HanOoJiee ONTHMAIBHBIM 00pa3oM.



PaboTel 1O CTPYKTYpHO-(Q)YHKIIMOHAILHOMY MOJEIMPOBAaHUIO, OCHOBAaHHBIE HAa JAEKOMIIO3UIIUU
U ompesieNieHny (DYHKIIMOHANBHBIX CBOMCTB Monylnei, Takue, Hampumep, kak merox HIPO |
paspaborannbiii B 70x rogax ¢upmoii IBM [24], 3a510KHIIM OCHOBY IS TOCTPOSHUST BU3YaJIbHBIX
MoJIeNIel I0CTaTOYHO CIIOKHBIX cucTeM. Bech mporecc nporpaMMUpOBaHUS B 3TOM CIIydyae MOKHO
MPEACTaBUTH B BUJIE CIEAYIOIIEH OCIEA0BATEIbHOCTH IIATOB:

IIpoekTHpoBanue

3 > Koauposanue Bueapenue
cnenudukanmii

TexHonoruss MPOEKTUPOBAHUS JAMAJIOTOB U UX JIMHTBUCTHYECKOTO COACPKAHHUS MOXKET OBITh
CBEe/leHa K TPAJMLHMOHHBIM METOAAM IPOEKTUPOBAHHS IMPOrpaMMHOro obecrnedeHus. Ha mepsom
sTamne, (GopMUpYETCs JUHTBUCTHYECKAas MOJEb, KOTOpas 3aTeM KOAUPYETCS B BUAE HEUPOHHBIX
CTpyKTyp. HelipoHHBIE CTPYKTYphl OO0YYarOTCs U KOPPEKTUPYIOTCS B Ipoliecce OOIIeHHs
C OKCHEPTOM, OJIHAKO B OTJMYME OT TPAJUIMOHHBIX IMPOrPaMM, OHHU MPOJOJDKAIOT 00ydaThCs
Y Pa3BUBATHCS HA MPOTSHKEHUU BCETO MEPUOa KU3HU, 1aXKe MTOCIIe BHEIPEHUSI UX B DKCIUTyaTallUIo.

Cpena HEMPOHHOIro NporpaMmmMmmMpoBaHUs

Jlisg co3maHus W NOJJEpXKaHUS HEWPOHHBIX MOZENIed HaM IMOHAJAO0O0MTCS MCIOJHUTEIbHAs
cpena, B KOTOpPOHM OyayT MpPOUCXOOUTh HUHTEPHpETAlUd, CTPYKTYpHO-(PYHKIMOHAJILHBIE
MOIU(UKALMK, a TAaKXKe€ BBIIOJHEHHE CBS3aHHBIX C 3TUMU MOJEISIMU MOANPOrpaMM-peakLui.
Ha puc. 10 npuBeneH npuMep OJHON 13 BO3MOXKHBIX KOH(DUTypamuii TaKoi cpejibl, 00 beHMHSIOIICH
CHCTEMY paclio3HaBaHUs peyH, TMHAMHUYECKYI0 OMOIHMOTEKY MPOrpaMMHBIX MOy e, 6a3y JaHHBIX
¥ QYHKIIMOHATBHBIE KOMITOHEHTHI.

Tepmun cpega mnporpammupoBanusi (programming environment ) B HameMm ciydae
ONpeAeNnsieT SA3bIKM IPOrpaMMHUPOBAHMS, MPOTOKOJIBI, TEXHOJOTMM W MHCTpyMeHThL. HelipoHHas
cpena, KOTOpyIo Mbl OyJeM HCIOJb30BaTh MPU Pa3pabOTKe pazIMUHbIX MPHIOKEHUH, BKIIOYAET
B ceO0s:

— unmepdqheticol K pa3iuyHbvIM KAHAIaM 8800a/6b18004d,
1O KOMOPLIM MO2YM NOCMYNAMb peyesble U MeKCMoeble CO0OueHUs;

— HetipoHnoe s0po (Core), 8 KOMOPOM MOICHO CO30A8AMb
UCKYCCMBEHHbIE HEUPOHbI BMeCme CO C8A3AMU (Hep8amu), CHOCOOHbIMU
nepeoasams 030yHcOeHU,

— baza danuvix emecme ¢ ODBC unmepdgheticom,

— Kapmwl — 00vbeKmuvl NPeOCmMasieHusi OAHHbIX 8 8Ude
OUHAMUYECKUX CIPAHUY,

— CKpUnmul — AHANO2U BHEUWHUX PEeaKyull,

— sa3pIK06ble 0bonouku Java u JavaScript;

— XML-epammamuku (Ounamuueckue u cmamudecxue);

— UHmMe2pamop — noocucmemd, CROCOOHAsL UCNOIHAMb
ouHamuveckue Koobl.
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Puc. 10. Cpena HelipOHHOI O MPOrPaMMHUPOBAHUS

[TpakTHyeckn BCe KOMIOHEHTBI 3TOM Cpelbl CBOOOJHO TOCTYIHBI B VIHTEpHET U MOTYT OBITh
HCIIOJIb30BaHbI TP MTOCTPOCHUH TPUIOKEHUI Ha 0a3ze pasHbix miardopm — Microsoft Windows
Unix wm Mac OS . Hekoropble u3 HUX, Takue, HanpuMep, kak Microsoft Agent wim Microsoft
Speech Application SDK  mns pacrmo3HaBaHus W CHHTE3a PEUYH, 3aBHCAT OT ONMEPAaIHOHHON



CHCTEMbI, WM MX NIPUMEHEHHE BO3MOXXHO TOJbKO moxa ymnpasieHuem Microsoft Windows
Texuonorus AreHToB, paspaboranHas B MuKpOCO(dT, MO3BOJISET KCIOIL30BaTh CIIC OJHY
KOOPJMHATY B CTPYKTYpE CTPAHUIl. ATEHTHI, CYIIECTBYIONIME KaK Obl BHE IJIOCKOCTH JOKYMEHTA
(puc. 11), MOryT MPEACTABIATH ABTOpPA M BBHIMOJHATH POJb BUPTYaJbHOrO IMOMOIIHUKA IS
noceruteneit Be6-caiita.

Well, this gives me a new
perspective!
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Puc. 11. Tpexmepnwiii ouzaiin ¢ ucnoavszosanuem Microsoft Agent

B omiinune oT MHAMBUAYATbHBIX CUCTEM CBS3M, B OCHOBE KOTOPBIX JIeKAT KOMMYTAIIMHU TUTIA
«TOYKA-TOYKA», MEPCOHATBHBIC YCHUIHMTEIN CIIOCOOHBI OJHOBPEMEHHO COCIUHSTHCS CO MHOTUMU
WMCTOYHHKAMHU JIaHHBIX, BBIACNATh W3 HUX OMNPEICICHHYI0 HH(POPMAIMIO U MPEIOCTaBIsATh €€
MOJIL30BATENI0 B Haubosee ymoOHOH ¢opme. Takoe pemieHHe SBISETCS CUMMETPHYHBIM
10 OTHOIICHUIO K BUPTYaJIbHBIM MHPEACTABUTENSAM B AUCIETYEPCKUX IEHTpax (puc. 2) U MOXKET
OBITh TIOCTPOCHO C MPUMEHEHHEM BCE TeX e 0a30BBIX MPOTPAMMHBIX KOMIIOHEHT. B 3TOM citydae
BUPTYAJIbHBII areHT MOXKET BBINOJHATh POJIb HHAUBUIYAILHOTO CEKpeTaps, JUHAMUYECKU
00y4asiCh ¥ HaCTPAUBAasICh MOJI 3HAHUS KOHKPETHOTO IMOJIb30BATENS U KOHTEKCT €ro MepCOHAIbHOrO
KOMIIBIOTEPA.

B nmpukiagHoM NporpaMMHpPOBaHUM INIMPOKO MPUMEHSIOTCS JBa crmocoba pa3paboTku
MPUTIOKEHUH — MPH TIOMOIIM CIHEMUATU3HPOBAHHBIX CHUCTEM-000JI0Y4EK U MaKeTOB MOIIPOrPaMM.
BTex wim uWHBIX BapHalUsAX Ha UX OCHOBE pa3paboTaHO OOJBIIMHCTBO COBPEMEHHOTO
NPUKJIAAHOIO  TMPOTpaMMHOTO  oOecreueHus. B kauectBe  mpumepa  MHTETPHPOBAHHOU
CHCTEMbBI-000JI0YKH MOXXHO Ha3BaTh EXcel — ogHo w3 Hamboiee ymadyHbIX PENICHUH B UCTOPHU
nporpammupoBanus. B Excel CHelMalM3UpPOBAHHAsT CHCTeMa TaOJIUYHBIX BBIUMCICHHUMA
UHTETPUPYETCsl C MMAaKEeTaMU MOANPOrpaMM pa3HOrO0 YPOBHs, YTO [€JaeT €ro MpakTHYEeCKH
UIcabHOM MPUKJIATHON CPENoii, CIOCOOHOI pemaTh HeoObluaiHO MUPOKUH Kiacc 3axad. B Excel
MOXXHO BBIICIUTh HECKOJBKO TIOCJIEIOBATEIBHO YCIOXKHSIOUIMXCA YPOBHEW MPHUKIIATHOTO
MPOrPaMMH POBAHUS:

— co30aHnue pabouux maodoauy,
— dobasnenue u MooupuKayus OaHHbIX,
— dobasnenue u mooupurayus popmyu;



— dobasnenue u mooupuxayus makpokomano Visual Basic;
— unmezpayus ¢ opyeumu cucmemamu yvepe3 ODBC, XML, OLE
— unmezpayus ¢ opyeumu cucmemamu yepe3 DLL, C++ u m. n.

Ecau ncnosib30BaTh aHAJIOTMYHYK OPraHU3alUI0 YPOBHEN IIPUKIALHOIO IPOrpaMMHUPOBAHUS
B HEHPOHHOM MOJIETIMPOBAHUH, UX HEPAPXUS MOXKET BBITIISJIETh CICAYIOIUM 00pa3oM:

— co30aHue u obyuenue HelpoOHHbIX Cloes;

— npocpamMmuposanue peakyuti Ha 6030YHcOeHUs, NOCMynaruue
u3seHe;

— dobasneHue HelpoHO8 U MOOUDUKAYUS UX CBs3ell;

— dobasnenue u mooupurayus makpoxomarno Visual Basic unu
JavaScript;

— unmezpayus ¢ opyeumu cucmemamu yvepe3 ODBC u XML;

— unmezpayus ¢ opyeumu cucmemamu wepes Java, DLL, C++
um. n.

B3anmopgencteyowme cucteMbl

Paccmotpum paboTy NBYX MPUITOKEHUM — KaJIbKYJIATOPa U MIOMCKOBOM cucTeMsl (puc. 12).
U B mepBOM ¥ BO BTOPOM Cilydae, Py HAXKATHUU OJTHON M3 KHOIOK HA IMaHEeIH YIIPABICHHS
MePBOHAYANILHBIN 3aMIPOC, B BUE LIETIOYKH CHMBOJIOB, ITOCTYIAET HA BXOJ COOTBETCTBYIOIIEH
MPOTrPaMMBbI, B PE3yJIbTATE YEro MOPOKAAFOTCS MHOXKECTBA MPOLIECCOB, CBSI3aHHBIX C UCIOTHEHHEM
JETePMUHUPOBAHHBIX JIMCKPETHBIX MMOCIEe0BATEIFHOCTe KoMaHA. Haln mpakTuyeckuii oneIT JaeT
HaM OCHOBAHHE MPEINO0IaraTh, 4To A1 BCEX OJIMHAKOBBIX BXOJIHBIX IIEIOYEK, TOCTYMA0 IIUX
Ha BXOJ[ Pa3JIMYHBIX KAJbKYJISITOPOB, HE3aBUCUMO OT BPEMEHHU U MECTa, PE3YJIbTAT JIOJDKEH
MOBTOPATHCA. B Cilydae ¢ MOMCKOBBIMH CHCTEMaMH, BCE MPOUCXOUT C TOYHOCTHIO 10 HA000POT —
MBI 0)KHUJIAEM, UTO OJTHA U Ta K€ BXOJHAS I[EMOYKa CUMBOJIOB Ha BX0JIe OYJeT CKOpee BCETo
MPUHOCUTH HaM Pa3JInYHbIC PE3YJIbTAThl B PAa3IMUHBIX IOMCKOBBIX CUCTEMAaX U B Pa3HOE BPEMS.
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uc. 12. AIropuTMU4EeCKUi KaJIbKyJIATOP U HEIrOpUTMHUECKasl TIOUCKOBasl CUCTEMa

U xanbKyJsTOp, U MOMCKOBAsk CUCTEMA SBJISIOTCSA IpOrpaMMaMH U, KakK JIFoOble TPOrpaMMbl, OHU
COCTOSAT U3 TOYHO 3aJaHHBIX MHCTPYKIIMM, KOTOPbIE KaK U3BECTHO, JOJDKHBI BCET1a IPUBOAUTH

K OIMHAKOBOMY pe€3yJIbTaTy IIPH OJMHAKOBBIX UCXOJIHBIX JaHHBIX. O4E€BHUIHO, YTO B Cllydae
MOVICKOBOM CHCTEMBI HOBBIN PE3YJIbTAT MONYYAETCS KX/ bl pa3 B Pe3yJIbTaTe U3BMEHEHUN JTaHHBIX,
KOTOpbIE B IIPOLIECCE UCITOTHEHUS JJIMHHOM MOCIeA0BaTEIbHOCTH KOMAH/1 MOCTYIUIIN Ha BXOJ
OJTHOTO M3 MPOrpaMMHBIX MozyJieil. Eciii ObI MBI 3aX0TeH, UCIIOJIB3Ysl, HAIIPUMEP, METObI
CHCTEMHOT O ITPOrpaMMUPOBAHUS IIPY aHAJIN3€ JaMII0B, MBI MOTJIM ObI, POCIIETUB BCE
MOCJIEI0BATEIbHOCTH KOMaH/] U COOBITHI, TOUHO ONPENEIUTh — TJI€ POU3OIIIO 3TO U3MEHEHHUE.
OpaHako 3HaYUTENBHO OOJIbIIE O3Bl HAM MOXKET MPUHECTH OTBET Ha BOMPOC: CYIIECTBYIOT JIU
TEOPETUUECKHNE OCHOBAHUS Ui PA3IMUUM B ATUX ABYX CUCTEMAX, U €CJIM Jja, MO)KHO JI TIOCTPOUTD
6onee 3(h(peKTUBHYIO TEXHOJIOTHIO U Cpely IPOrpaMMHUPOBAHUS JIJIsl pEIICHUS 3a/1a4 00paboTKU
JIaHHBIX B IHTEpHET, yUYUTHIBAIOILYIO 3TH pa3Inyusl.

Cpepna U

MNpannua B

CobblTHe Ej
P Py - P

P :
Cucrema $1 (P4 in)

CobbiTue Ei

(P“. sz. Pjs - P

uc. 13. B3auMoaencTBue CUCTEMBI U CPEABI

[Ipenmonoxum, 4to cpena U — 3TO BCe JOCTYIHBIC JUISI BOCIIPUSATHS U aHAJIU3a OOBEKTHI,
MIPOIIECCHI 1 COOBITHS B OKPYKAIOIIIEM HaC MHUPE, a CUCTeMa S — YacCTh CPEJIbl, 3aKJIIOUCHHAS
BHYTpPU HEKOTOpOW rpanuilsl B (puc. 13). UenoBek, KOMIBIOTEP UK OpraHU3AIMS SIBIISIFOTCS
npumepamu cucteM. Jlto0ass KOMOMHALIMSI CUCTEM B CBOIO OUEPEb TAK)KE MOXKET PacCMaTPUBATHCS
KaK CHCTeMa.

B cpene U u BHYTpH cucTeMBI S, MOTYT IPOUCXOIUTH COOBITHS E, KOTOpBIC OmpeaenstoTcs
Habopamu napameTpoB P. [Tycts E — MHOXeCTBO, 2JIeMEHTBI KOTOPOT'O MBI Oy/1eM Ha3bIBaTh
coObITHSAMU. J1JIs1 KaXKI0r0 COOBITUS € U3 E MBI moCcTaBMM B COOTBETCTBUE JEHCTBUTEIILHOE
guciio P. CoObITHS — 3TO OYEHB YIPOIICHHOE IPEICTABICHUE 00 N3MEHEHHUSX, TPOUCXOIAIINX
B p€aJbHOM MHUDE.

Mpsi Oyaem npemnonarath, 4To JJF000€ N3MEHEHUE COCTOSIHUSI CPEJIbI UJIM CUCTEMBI SIBJISIETCS
Pe3yIbTaTOM KaKOTO-HUOYIb COOBITHS. BocnpusaTre STHX U3MEHEHU B CBOIO OYEPE/Ib, TOKE
SBIISIETCS PE3yIbTATOM COOBITHI. Tak, HampuMep, 3pUTEIbHOE BOCTIPUATHE €CTh BO30YKICHHE
HEHPOHOB TJIA3HOTO JHA WM (POTOUYBCTBUTEIHHBIX JIEMEHTOB IPUEMHHKA, B PE3yIbTaTe
OTpaXKE€HUs CBETA OT MPEIMETa, OCBEIIEHHOr 0 KAKUM-TM00 UCTOYHUKOM; 3BYKOBBIE BOJIHBI,
nepeAarolire peub, KOTOPYIO Mbl MOKEM CIBIIIATh, SIBJISIOTCSA PE3YJIbTaTOM COKpaICHUS



OIPEENEeHHON IPYIIIbI MBIIIL, B PE3yJIbTaTE TOM UM MHOW peaklUM YeJI0BEeKa Ha pa3/ipakeHHUE;
AJIEKTPOHHBIE COOOLIEHUSI MHULMUPYIOTCS ITPOr paMMOM, 3aIlyIlleHHOH B pe3ybTaTe cpabaTbIBaHUs
MEeXaHU3Ma MPEPHIBAHUH H T. 1.

Jlj1 IporpaMMUCTOB, 3HAKOMBIX ¢ AcceMOJIepoM U anmnapaTHbIMU apXUTEKTypaMH, CUCTEMBI
00paboTKH MpephIBAHUK MOTYT CITY>KHTh XOPOIIUM IIPHUMEPOM COOBITHHHOTO
POrpaMMHPOBAHUS — B HUX JaHHBIE MOCTYIAIOT Ha 00pabOTKY TOIBKO MOCIIE OTyYeHUs
COOTBETCTBYIOIIEro npepriBanus (Hanpumep, |RQ) 06 ux roroBHOCTH.

JIro6ast cuctema B peaJbHOM MUPE ITPOHN3aHA OE3MEPHBIM KOJIMYECTBOM BCEBO3M OJKHBIX
BOJIHOBBIX M KOPIYCKYJISIPHBIX TOTOKOB U3JTy4€HU, KOTOpbIE TOCTOSHHO MPOHUKAIOT Yepe3 ee
IPaHULbI U HECYT B ce0e OrpOMHOE KOJMYECTBO HHPopManiu. YeaoBek Croco0eH UCIob30BaTh
TOJIKO OYEHb MAJTYI0 YaCTh COOOIIEHHH, KOTOPbIE MOTYT OBbITh BBIECJIEHBI U3 ATUX MTOTOKOB.

Ecin 661 MBI MOTJIH, BBIICITUB U3 BCEX IMPOXOASINUX Yepe3 HaIlle TeJI0 MTOTOKOB CUTHAJIOB,
(U3HOJIOTHYECKU ONIYTUTh, KaK OOBIYHBIEC 3BYKOBBIE U 3pUTEIbHBIE 00pa3bl BCE TEIECBU3MOHHBIE

Y paJrio KaHajbl — Halll MO3T CKOpee BCEro MepernoIHuICS U 0TKa3ajl B TEYCHHE OUY€Hb KOPOTKOTO
BpPEMEHHU. YUUTBIBas O pPaHUYCHHBIE BO3MOXXHOCTH MO3Ta, Hallla CIOCOOHOCTH YJIaBIMBATh TOJIBKO
Y3KHI 1Mana3oH 3J€KTPOMarHUTHBIX BOJIH ABJIAETCS )KU3HEHHO BaXKHBIM OI'PaHUYEHUEM IS
YeJI0BEKa, OHAKO 3TO e OrpaHUYEHUE HE MT03BOJIIET HaM 0€3 CIelalbHbIX YCTPOHCTB

3¢ (dEKTUBHO BBIIESATH MOJIE3HYIO0 HH(OPMAIUIO U3 BCEX, OKPYKAIOIIMX HAC MTOTOKOB JJAHHBIX.
Ecnu B pe3yJibTare B3aMMOAEHCTBHS MEXKy CUCTEMOW U CPEAON MPOU3OIIO U3MEHEHUE UX
COCTOSIHMSI, MBI Oy/IeM Ha3bIBaTh Takoe B3auMmojeicTBue — coobmennem M. Ecnu n3menenue
COCTOSIHMSI CUCTEMBI S, B pe3yJIbTaTe MOoTy4eHus cooOuieHnus M, MoxkeT ObITh U3MEpPEHO, MBI Oy1eM
Ha3bIBaTh TaKoe B3auMoelicTBue nHpopmannonueM. [Tox nundopmanueii | mp1 Oyaem moHuMaThH
OIpeIeTICHHBIM CII0COOOM HOPMUPOBAHHYIO MEPY Pa3Indus A MEX1Y COCTOSSHUSIMU

CHCTEMBI S 10 MOJy4eHHs COOOLIeHUS], U TTocie S'.

I=k*A=8§—S'

B0o3MOXXHOCTB U3MEPATh HH(GOPMALIUIO SBIISETCS MPUHIUITHATBHBIM CBOHCTBOM,
MO3BOJISIIOIIMM aHAJIM3UPOBATh B3aUMOJIEUCTBUS CUCTEM, U B HEKOTOPBIX CIIydasiX TaKOe
M3MEpEHHE MOXKET OBITh ITPOBEACHO B COOTBETCTBUU C ONpeeIeHrneM NH(opMaIuy,
chopmymuposanabiM Kitoom [llennonom B pabore «4 Mathematical Theory of Communication»
[22]. lllenHOH paccMaTpuBaeT MOAEIb KOMMYHUKAIIMOHHON CUCTEMBI, COCTOSILEH U3 MATH
KOMIOHEHT: Mcmounuk ungopmayuu, [lepeoamuux, Kanan, Ilpuemnuxu I[onyuamens (puc. 14).
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Puc. 14.Cxema KOMMYHUKAIIMOHHOMN
cuctemsl 1o lllenHony
st TOro 94To0BI 3TY CXEMY MPUMEHUTH K COBPEMEHHBIM WH(POPMAIIMOHHBIM CHCTEMaM, HaM
MOHAI00UTCS BHECTH B HEE HEKOTOpPBIE JonojHeHus. [Ipeamnonoxum,
yTo AcmounukuapopMauu — 3T0 HaOOp CTpaHUII, pa3MEIIEHHbIX Ha KAaKOM-TH00
caiire, Ilepeoamuux — 310 Beb-cepsep, a [IpuemHux — mepCcOHANBHBIA KOMITbIOTED (pHC. 15).
B aT10i1 cxeme UCIoab3yI0TCs BCE T€ K€ OCHOBHBIE 3JIEMEHThl KOMMYHUKAIIMOHHON CHCTEMBI
[IleHHOHA, TOJHKO WX KOJIMUYECTBO YBEIMUYUBACTCS U, UTO SBISETCS Hanbolee CyIeCTBEHHbIM,
3HAYUTEIBHO YBEIMIMBACTCS 00bEeM MepeaaBaeMoin HH(OpMaIuy.
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Puc. 15.Cxema B3aumojaeiicTBus
B HTEepHeT
PaccmoTpum B kadecTBe mpumepa 3anpoc B cucreMy G0oogle Ha morck 10KyMEHTOB, B KOTOPBIX
BCTpeuaercsi KomOuHanus cioB — «information and energy». B pe3ysbraTe Mbl MOTy4YHM CIIHCOK
U3 CCBUJIOK Ha 6osee yeM 27 MIIIIHMOHOB cTpaHull! Eciu nmpennonoxuTs, 4To HCKoMast
uH(popMaIus, KOTopas IPEICTaBIsIET cOO00i 0TBET HA MHAMBUAYAIBHBIHN 3aIPOC, MOXKET
COZIEPIKATHCS B JTFOOO0I U3 3TUX CTPAHUI] U CIUTATh, YTO O0BEM CpelHel cTpaHuilbl B THTepHEeT
cocraBisieT nmopsaaka 20 Koéaiit, To cymmapnas nqinwaa Lecoobmenust M, KOTopoe Bce CepBephl
TOTOBHI MIEPEaTh B KaHAM JIJIs TOCJIEAYIOel 00pabOTKH B IEPCOHANBHBIN KOMIBIOTED OyIeT
5x10" baiit.



[Tpu ckopoctu mpuemuuka 100 MOuT/cek monamodurcs 600bIIe roja st TOro, YTOObI OJUH
NEePCOHAJILHBIA KOMIIBIOTEP CyMeJ MOJIyYUTh BCE CTpaHULbl. Ecin, 01HaKo yBEIMYUTh CKOPOCTh
nepeaayvy Ha MOpsIOK U UCIOJIb30BaTh NP MOJYYEHUH 3TOr0 OoToKa He o/uH, a 100 npoueccopos,
BpeMsi, HE00X0IUMOE Il TOT0, YTOOBI MOJIyYUTh 3TO COOOIIEHUE, MOKET OBITh COKPAILIEHO
JI0 BITOJIHE IIPUEMJIIEMOI0, OJTHAKO COBEPIIEHHO OYEBUAHO, UTO YEJIOBEK IIPU 3TOM OyAeT
HE B COCTOSIHUM IPOYMTATh 27 MUJUIMOHOB CTPAHHULL, C KAKOH ObI CKOPOCTBIO OHHU HE NTOCTYIAJIH
Ha €ro NUCbMEHHBIN CTOJI.

[lenHOH paccMaTpHBall KaHAJbI C IIyMaMH, B KOTOPBIX 3JIEMEHTOM JIaHHBIX SIBJISIETCSI CUMBOJI,
YTO MOXKHO CPaBHHUTbH C MOTOKAMH WHIUBUIYAJbHBIX MOJIEKYJI, IEPETEKAIOIIUX U3 OJHOI0 cocyaa
B IpyTr'OH MO/ 1€ CTBUEM HEKOTOPOU CHilbl. Takas Moziesb MO3BOJISIET COBEPIIEHHO TOYHO
OTIpENeNUTh (PU3MUECKHE XapaKTEePUCTHKH KaXKI0H OTAEIbHON MOJIEKYJIbI, HO HUYETO HE TOBOPUT
0 COCTOSIHUU BCEr0 cocy/ia B 11e0M. /{7151 Toro 4ToOsl TOBOPUTE O TEMIIEPATYPE, HEOOXOAUMO
HEeperTH OT MOJIEKYJI K 00beMaM ra3a. Takxke U CHMBOJIbHAS TEOpUs HHPOPMALIUU — MO3BOJISIET
HaM TOYHO OLIEHUTH IepeiaBacMble TOTOKHU JaHHBIX Ha JIEMEHTApHOM yYpPOBHE, HO HE J]aeT
Ka4eCTBEHHOH KapTHHBI B 1I€JIOM O COOOIIEHUAX, COCTOSIIIMX U3 MHOXKECTBA CTPAHHLL.

OnTumanbHOE COOTBETCTBUE MEXY (PU3MOJIOrHYECKUMHU OrpaHUYEHHUSIMU I'OJIOBHOI'O MO3Tra
U XapaKTepuCTUKaMU BbIXOIHBIX HHTEP(DENCcOB K NH()OPMALIMOHHBIM yCTPOICTBAM,
IIpeAHa3HAYEHHbIM JUISl MHIMBUTyalbHOW (PUIbTpALIMyU TaHHBIX, MOXET ObITh OCHOBAHO
Ha CKOPOCTH UTEHHUs, KOTOpasl y J10/iel Koiebercs OT IBYXCOT /10 MATUCOT CJIOB B MUHYTY, YTO
COOTBETCTBYET IPUMEPHO OJJHOM CTPAaHHUIIE TEKCTa CTAaHAAPTHOI O JOKYMEHTA WK IPUOIU3UTEIILHO
TPEM ThICSIYaM CUMBOJIOB B MUHYTY. MOXHO IPEANOIOXKUTh, YTO HH(HOPMATUBHOCTD JOKYMEHTOB
JIOJDKHA OBITh OCHOBAHA HAa MHBIX KPUTEPUSX, U B IIEPBYIO OUepe/ib, OHA JIOJIKHA YUYUTHIBATh
WHIWBHIyaTbHBIE 0COOEHHOCTH Mony4aTens. KonmruecTtBo nHbopmamm, conepraencs
B JJOKYMEHTE B 11€JIOM, U KOJIMYECTBO HH(OPMaLIUH, COAEPKAIIENHCs B CHMBOJIAX 3TOT0O JIOKYMEHTA,
MOTYT HE COBIaJaTh U 0o0Jiee TOro, 0053aTeIbHO OYYT OTIMYATHCA JUISl IBYX PA3IUUHBIX
nojgy4JaTresneu.

[TonnpoOyem mpeacTaBuTh cede HEKUi MH(POPMAIIMOHHBIA U3MEPUTENb, KOTOPBIA MOXKET
JlaBaTh HaM MPUOJIMKEHHBIE KaueCTBEHHBIC XapaKTEePUCTHKH COCTOSIHUMN, TOJJOOHBIX TeMIIepaType
¢uznyeckoii cuctemsl. Takol THIOTETUYECKHUI TPUOOP MOT ObI OTBETUTH Ha BOIIPOC, €CTh JIH
CMBICJI YEIOBEKY YMTaTh OYEPEIHYIO CTPaHUILY U3 CIHUCKA, IPEIOCTaBIEHHOTO MOUCKOBBIM
CepBHUCOM H, B 0oJiee 001Ieit popMme, Kakre IMEHHO M3 BCETO MHOXKECTBA CTPAHUI] UMEET CMBICIT
npountath. OTBET Ha TaKOM BOIIPOC BO3MOXKEH, €CIIU MBI CyMEEM BBECTH HEKOTOPYIO MeEpY,
KOTOpasi T03BOJIMT CPAaBHUBATH MHIMBUIyaJIbHOE YEJIOBEUECKOE U MALLIMHHOE MTPEACTABICHUS
00 mH(pOpMAIUH, COIePIKAIIEHCS B COOOTICHUSX.

CornacoBaHue pa3JIMYHBIX CIOCOOOB MPEACTAaBIECHUI B TPOrpaMMHUPOBAHUH SBJISIETCSI BECbMa
JIeIMKaTHOM 3aauell elle U 10 IPUYUHE TOT0, YTO KPYT I10JIb30BaTENEH, C KOTOPBIMU
IIPOrpaMMMCTaM IIPUXOAUTCS HEOCPEACTBEHHO COIIPUKACATHCS IIPH CO3JaHUU CHCTEM,
HEOOBIKHOBEHHO M POK. TEPMUHOJIOTHSI U OIPENEIEHUs MOTYT IPUHIIUIIHAIBHO OTINYAThCS Jaxe
B TOM ClIy4ae, eclld peub UAeT 00 oueHb (PyHAaMeHTaIbHBIX NOHATHAX. Hanpumep, eciau
B aMEpUKaHCKOM apMelCKOM TEPMUHOJIOTMYECKOM CJIOBape CKa3aHo: «HHgpopmayus ecmov ghaxkmeul,
OaHmble Ul UHCMPYKYUU, 3anUcannvle 8 1000t popme u Ha 1100bIX HOCUMENAX, —

a OOJIBIIMHCTBO MAaTEMATUKOB, B CBOIO OYEPEb, CUMTAIOT, UTO «HHpopmayus ecmv Mepa cHAMOU
HeonpeoenenHocmu 06 obvekmey, TO JJi1 IPOrPaMMHUCTa OECCMBICIEHHO CIIOPUTh U BBISICHSTD, KTO
IIpaB — apMEWCKUI yCTaB UM MaTeMaTHYeCKasl Teoprus KOMMYHHUKalui. Baxknee, cinenys
M3BECTHOMY aHEKJO0TY, COTJIACUBIIUCH U C TIEPBBIM U CO BTOPBIM ONPEENIEHUIMHU, BBIpabOTaTh
TOYKY 3pEHMsI, KOTOpasi IpuBeeT K Haubonee 3¢ hekTHBHOMY NporpaMMHOMY perienuto. [1o stoit
IIPUYMHE, B JaJbHEUIIEM Mbl OYZIEM UCI0JIb30BATh HEKOTOPBIE KOMIIPOMUCCHBIE IIPE/ICTABICHUS

O IOHATUAX U KPUTEPHSX, KOTOpPBIE HE Beerja OyAyT COBNAAaTh C TPAAULIMOHHBIMHU JJIS PAa3INYHBIX
HAyYHBIX JUCLHUIUINH.

Cpenu pabort, Jexalx B OCHOBE TEOPETHUECKUX MPEACTaBIeHNU 00 nHdopmanumy,
HE0O0X0AMMO 0c000 BBIIEIUTH TPY/b! akajgemuka A. A. Konmoroposa. B cratbe «Tpu nooxooa
K onpeoenenuto nouamus «Koauvecmeo ungopmayuu»» KoamMoropos UCIOIb3YET TEOPUIO



aJrOpUTMOB MPUMEHHUTEIILHO K ONPENCIICHUIO «Ko.Iuuecmaa ungopmayuu 6 wem-muoo (x)

0 yem-1u60 (y)» [34]. Kommoropos npeziaraet oreHuBaTh CI0KHOCTh, @ CTAJIO0 OBITh

U UTHPOPMATUBHOCTh, OObEKTOB YEPE3 MUHUMAJIBbHYIO JJIMHY IPOrpaMMbl, HEOOXOAUMOI JJIst
nojy4yeHus y u3 X. OCHOBBIBasICh Ha TOM MOJIX0/I€, MOXKHO IMOHATH IPUUUHBI TPOOIIEM,
BO3HUKIINX CErOAHs Mepel pa3paboTynKaMy MOMCKOBBIX CHCTEM, M 3aTE€M HANTH MyTH UX
peleHusl.

JIe¥CTBUTENBHO, COBPEMEHHBIE ITIOUCKOBBIE CHCTEMBI JOCTUIJIN BIEYATIIIOIIUX PE3YJIHTATOB
B kiaccu pukarnuu Web-ctpanui. OfHako, 4eM riry0ke 1 ToYHee MPOBOIUTCS KilacCH(pUKaIHs
MH(OPMAIIMOHHOTO MPOCTPAHCTBA, TEM CIIOXKHEE (a CcTaso ObITh U AJIMHHEE) JOJKEH BBITJISIIETh
3aIpoc, B pe3yJbTaTe KOTOPOr0, OJIb30BaTE b MOXKET MOJIYUUTh HHTEPECYIOIINE €ro TaHHbIE.

Tak, ecnu mouckoBasi CHCTEMA CyMEET Pa3/iesInTh CTPAaHUILBI B VIHTEpHET Ha MTOJIMHOKECTBA,
KOTOPbIC COOTBETCTBYIOT ONpPEICICHHBIM KpuTepusM kiaccudukanuu (A, B, C, D, E, ...), To nns
TOr'0 YTOOBI HATH UHTEPECYIOLIME €ET0 CTPAHUIIBI, 10JIb30BATEIb 1ODKEH 3HATh CIIUCOK ATUX
MIOJMHOKECTB M UCIIOJIb30BaTh €ro B SIBHOM MJIM HESBHOM Gopme rpu GopMyTHPOBKE MTOMCKOBOTO
3anpoca. Kak mpaBuiio, HHTEpeCyIone Hac CTPAaHUIbl HAXOIATCS Ha MEPecedeHnH HECKOJIBKUX
MOJIMHOYKECTB, M JIOTHKA 3a1poca J0/DKHA Oy1eT 370 oTpaxaTh (puc. 16).

B siBHOI1 popme 3am1poc Ha MOMCK MOKET BBIMISAETh CIEIYIOIIUM 00pa3oMm:

SELECT * FROM Pages WHERE A=x AND B=yOR C =z OR...

U B HESIBHOM BHJIE:

Mens unmepecyem mawiuna, yeem — KpacHwslil, npouzeooumens — Popo, ...

B pesynbTaTe, moucKoBas cucreMa J0JKHA OyeT BEpHYTh CIMCOK CTPAHHIL, B KOTOPBIX MOTYT
COZIepKaThCsl HHTEpPECYIOIUe NaHHble. B mpuMepe, mpuBeneHHOM Ha puc. 16, 3T0 MOT'yT OBITh
crpanuusl: 1,3,4. IIockoIbKY paKTUYECKA HUKOI 14 HE U3BECTEH CIMCOK BCEX KPUTEPUEB, KOTOPHIE
MOJKET UCII0JIb30BaTh IOMCKOBAsi CUCTEMA, I10JIb30BATEIII0 NPUXOAUTCS IPUMEHATh UHTYUTHUBHBIE
(bopMbl 3anpoca, IPUBOASIINE K pe3ysIbTaTaM, B KOTOPBIX MOT'YT COJEPKAThCSl MUJIJIMOHBI CTPaHMUII.

O4eBHIHO, YTO KOJIMYECTBO CTpaHUIl B IHTepHET OyJeT Mpo0JnKaTh HEPEPHIBHO BO3PACTATh
TaK e, KaK 1 MOUCKOBBIE CUCTEMBI OYAYT Pa3BUBATh METObI Kiaccuukanuu. Pemenue
poGiIeMbl (pOpMYIMPOBKHU MOMCKOBOTO 3aPOCa MOXKET OBITH MOJIYYEHO ITPHU TOMOIIH
KUHMEPAKMUBHO20 NOUCKA.

uc. 16. Knaccudpukanus crpanun B UntepHer



Bynem ncxoauTts U3 TOro, YTO MOMCK HYXKHOM CTPaHUILIBI MOXKET ObITh JOCTUTHYT B pe3yJbTaTe
3ampoca ¢ MUHUMAaIbHOM nimHoM L, rae L aisercs Konmoroposckoii niuHoii. Torna, B ciyyae
€CJIU 110JIb30BaTENb 3HAET BCE HEOOXOAUMbBIE KPUTEPHH, 3TOT 3aIIPOC MOKET OBITh C(HOPMYINPOBAH
U TepesiaH B TOMCKOBBIN cepBep B siBHOH ¢opme. Eciu ke mosb30BaTeNlb HE 3HAET BCEX KPUTEPUEB,
TO ITOMCKOBAsi CUCTEMA J0JDKHA 337aTh €My J10CTaTOYHOE KOJIMYECTBO YTOUHSIOIIUX BOIIPOCOB,
¥ 3TO KOJIMYECTBO OYyJeT ONnpenesThCss MUHUMAIbHON JuIMHOH L.

B npuBeneHHOM BbIIIE IPUMEPE CEPBEP AODKEH 3a7aTh TAKUE BOIIPOCHL, KAK — ygem, KaKasi
yeHa, mooenw, U T. . KoMoroposckas 1JIMHa CIy>KUT IIPU TOM OJTHUM U3 T'JIaBHBIX KPUTEPHUEB
3 PEeKTUBHOCTH JUANOra, a 3a7a4ya MPOEeKTUPOBIIMKA 3aKJII0YAETCS B IOCTPOSHUH CHCTEMBI,
CMOCOOHOM 32 MUHMMAaJIbHOE KOJIMYECTBO BOIIPOCOB MPEAOCTABUTH MTOJIb30BATENIO MTPUEMIIEMBIi
OTBeET.

NHTepnpeTauum n namepeHus

Msl Oyzem paccMaTpuBaTh U3MEpPEHHs B MHGOPMAIIMOHHBIX CHCTEMaX, BO MHOT'OM OIHPAsICh

Ha (U3UYECKHE U, B TIEPBYIO OUepe/ib, PENIITUBUCTCKUE MPECTABICHUS O TAKUX MOHATUSIX, KaK
Mepa u Habmoaarenb. IHTyuIus noacKa3biBaeT HaM, YTO MHAMBUIyaJIbHOCTb BOCIIPUSATUS — 3TO
€CTECTBEHHOE CBOMCTBO YE€JIOBEKA, KOTOPOE MOXKET OBITh MPUCYILE TAKXKE U APYTUM CHCTEMAM.

B xomnproTepax ciocoOHOCTb K Pa3IMYHbIM UHTEPIPETALUAM OJHUX U TEX K€ JaHHBIX ObliIa
M3Ha4YaJIbHO 3aJI0KeHa B CTPYKTYpe, MOJyYUBIICH Ha3BaHNEe — apXuTekTypa (pon HelimaHa.

YcTponcTeo ynpasneHus ApudmeTnko-nornyeckoe ycTpomcTeo
Central Control (CC) Central Arithmetic (CA)

MamaTte
Memory (M)

AccoumnatnBHbI HEMpPOH
/ \ Associative Neuron

BbixoaHOE yCTPOMCTBO

Recording Medium (R) Output (O)

MoTopHbIi HerNpoH
Motor Neuron

CeHCOpHbLIN HeMpoH

1
BxoaHoe ycTponcTBOo |
I

I

Sensor Neuron I

uc. 17. Apxurekrypa ¢hon Helimana

B apxurektype pon Helimana (puc. 17) apugpmemuro-nocunweckoe ycmpoucmeo, ycmpoucmea
ynpasnenus u 6600a-6b1600a OOMEHUBAIOTCS JAHHBIMU Yepe3 aMsTh, 3alIUChIBAs U CUUTHIBAS

13 Hee JBOMYHBIC TTOCIIEeI0OBATEIbHOCTH. HTEepIIpeTaIns dTHX MOCIEN0BATEIILHOCTEH MOKET
CYILIECTBEHHO OTIMYATHCS B 3aBUCUMOCTH OT YCTPONCTBA: apugdhmemuro-iocuyeckoe

yempoticmgo padoTaeT C YUCIOBBIMH UM CHMBOJIBHBIMU TIPENICTABICHUSIMU JTAHHBIX, YCMPOUCEO
ynpaenenus — ¢ KOMaHJIaMU, YCMpOoUCmea 6600a-8b1600a UHTEPIPETUPYIOT TAHHbBIE

B 3aBHCUMOCTHU OT ()OPMBI UX MPEICTABICHIS HA BHEIIHUX HOCHTENAX. OJUH U TOT )K€ OaiT MOXKeT



UHTEPIPETUPOBATHCS KaK KOJ| OIepaliiy, IBOMYHOE YUClIO0, OyKBa andaBuTa UM SPKOCTh CBETOBOH
TOYKU. MOXHO MPENIoNoKUTh, YTO 3aBUCUMOCTb HHTEPIIPETALlMK OT HabJII01aTelIs Uid, B 6oJiee
o0111eM BUJI€, OT CUCTEMbI, COXPaHAETCs PH MEPEX0Jie OT MUKPOYPOBHs — IpH padbore ¢ OaliTamu
U CUMBOJIAMH, K MAaKpPOYPOBHIO — IpU paboTe ¢ JOKYMEHTaMH U UHBIMH 00pa3aMH CIOKHBIX
00BEKTOB.
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uc. 18. PazuunHbie BEpOSITHOCTHBIE TPEACTABICHUS OJTHOTO U TOT'O K€ COOBITHS
Kak yxe oTMeuasnocs Bblille, Mbl OyZIeM paccMaTpUBaeM TOJBKO TaKHE COOOIIEHUS, KOTOPBIE
MNPUBOJAT K U3MEHEHUIO COCTOSIHUSI CUCTEMbl. BBe1eM psJl 1OMOIHUTENbHBIX OrPAHUYEHUM
Y YTOYHHUM, YTO MBI TOHUMAEM I10/1 U3MEHEHUEM COCTOSTHUS CUCTEMBI. [1ycTh ¢ KaxapiM
coObITHeM E BHYTpH cHCTEMBI S, CBSI3aHO MHOXKECTBO 3J1IeMEHTOB N, KaKIIbIH U3 KOTOPBIX MOXKET
IMPUHUMATh HEKOTOPOE YK CI0BOE 3HaUeHHE B uamnaszoHe oT —1 1o +1. B nanbHeliem Mol Oyaem
MHTEPIPETUPOBATH TO MHOKECTBO Pa3NIMYHBIM 00pa3oM, HO O/IHA U3 MHTEPIPETAII —
BEPOSTHOCTh, MOXET ObITh HCIIONTb30BaHA ISl BBEICHUS MH()OPMAITMOHHON MEPBHI.
[Ipenmoioxkum, 9To CYIIECTBYIOT HECKOJIBbKO HabmoaaTeneit O, Kaxaplii U3 KOTOPBIX MOXKET
HaXOJUTHCS KaK BHE, TAaK U BHYTPU CUCTEMBI S M IMETh CBOM MHIMBHUyaJIbHBIC IPEICTaBICHUS
0 coowTusix E (puc. 18). lomyctuMm, 94T0 OMHUM U3 TaKUX MPEACTABICHUN HaOI0AaTEIs
0 COOBITHSIX SIBIISIETCS BEPOATHOCTHAS XapaKTEPUCTHKA TTaPaMETPOB ITUX COOBITHIA, KOTOPAsi MOXKET
OBITh 3aJ1aHa B BUJE HEKOTOporo nmoagMHoxecTBa N. Mbl omyckaeM, 4To 1Ba Pa3iIuuHbIX
Ha0MI0AaTeNsi MOT'YT UMETh Pa3JInYHbIe BEPOSITHOCTHBIE IIPEICTaBIECHUSI 00 OJHOM U TOM K€
coObITHH E 1 4TO 01HO U TOXKE COOOIIEHNE MOXKET MPUBOAUTH K PA3IMYHBIM H3MEHEHUSIM 3TUX
BeposiTHOCTel. HazoBem Takoe CBOMCTBO — MH(OPMAIIMOHHBIM PEISTUBU3MOM 110 aHAJIOTUU
¢ ¢usnueckum [8].
[TycTh KaX bl U3 HAOIOAAaTENEH OMYYHT MOCIEIOBATEIbHOCTD cO00mEeHnd M, KOTophIe
M3MEHST UX BEPOSITHOCTHBIC TIPEICTABJICHUS O HEKOTOPOM coObITHU. V3MeHenune aTux
BEPOSTHOCTEH BO BPEMEHU MOXKET, HAIPHUMEDP, BBITJISICTh Kak 3TO MMOKa3aHo Ha puc. 19.
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uc. 19. 3MeHeHWe BO BPEMEHH TMPEJCTABICHUS O BEPOSTHOCTAX COOBITHH Y HE3aBUCHMBIX
HaOIo aTenei
JlommycTiM, 9TO CyIIECTBYET HEKOTOPOE ITATIOHHOE MPEICTABICHUE O BEPOSITHOCTH TaHHOTO
coObrTHs (puc. 20). Toraa Mbl MOXKEM BBECTU MOHSATHE OJIM30CTU BOCTIPUSATHUS JIJIsl HAOII01aTeen,
KOTOpOE B 00IIIEM BUJIE MOXKET OBITh MPECTABICHO B KAXK/IbIi MOMEHT BPEMEHH KaK PacCTOSHUE
Mexy dtanonHor Gynkuuei E (t) u dynkuueit nadmomaarens F; (1):

D=E(@{)—F()

B03MOXHOCTE aHATMTUYECKOTO COMOCTABIICHUS Pa3IM4HbIX I10JIb30BATEIbCKAX
MPEACTaBICHUN UTpaeT HeOObIYaiiHO BaXKHYIO POJIb B 3a7a4ax 3JIEKTPOHHOW KOMMEPIHH
B UnTepHeT. B kauecTBe mprMepa pacCMOTPUM TEXHOJIOTHIO MOKYIKH aBTOMOOUIISL B BUPTYalIbHOM
u peanpHoM auiepcerBe. B CIIIA B 2004 rony HacuuThiBasioch 60see 20 ThICSY areHTCTB
10 IPOJake aBTOMOOMIIEH, B KOTOPBIX paboTtaeT cBbie 200 ThICSY TOPrOBBIX IPEICTaBUTEIIEH.
CpenHsis 3apaboTHas IIaTa TOProBOro MpeacTaBuTeNs coctarisier npumepro $40,000 B rog.
B kadectBe HEOOIBIIOTO OTCTYIUICHUS, MOXHO 3aMETUTb, YTO ATU TPU LU PHI JIEKAT B OCHOBE
SKOHOMHUYECKOW MOTHUBAIIMU BCEX TEHJICHIIMN B 3JIEKTPOHHOM TOPIOBJIE.
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uc. 20. bim3ocTh BOCIPUATHS WHANBHYaTbHOTO HAOIIOJATENs K ATAJJOHHOMY 3HAaHUIO
BupryanpHble IpencTaBUTENN MOTYT IPUBECTU K CYLIECTBEHHON YKOHOMUH, €CJIM OHU CMOT'YT
BBITMOJIHUTD YacTh (PYHKUUH, TPaAULIMOHHO 3aKPEIJICHHBIX 3a YeJIOBEKOM. DTa TEHACHLIMS IIpUBeEIIa
K TOMY, YTO CEro/iHs OOJIBIIMHCTBO areHTCTB UMEIOT BeOcaiiThl (puc. 21), B KOTOPBIX MOKyHAaTEIH
MOT'YT IpOCMaTpUBaTh 0a3bl JaHHBIX, COJIEPAKAIINE CIUCKU aBTOMAILUH C IOJHBIMU
XapaKTepHCTUKaMU, BKIto4as Gpororpaduu, eHbl, BO3MOKHOCTU KPEAUTOBAHUS, TEXHUYECKUE

U KCIUTyaTallMOHHBIE CIeUU(DUKALIUY U T. 1.
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2011 Jeep Grand 2013 Volvo S60 T5 2007 GMC Yukon SLE 2015 Chevrolet Equinox
Cherokee Overiand 10,879 miles 163,733 miles Lz

75,481 miles 1 miles
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A collection of vehicles from our featured private sellers. See them all
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uc. 21.IIpumep crpaHuubl c 0a30i JaHHBIX OJHOTO M3 areHTCTB IIO MPOAAKE aBTOMOOMIIEH
B HTEepHETE

B 6a3e naHHBIX KOHKPETHOI'O areHTCTBA MOXKET COEPXKATHCS OT HECKOIBKUX COTEH 0 HECKOJIbKUX
TBHICSY aBTOMAIIUH. M crionb3ys TpaIuLMOHHBIE METOABI IPOCMOTPA U 3aTPA4YMBas B CPEIHEM OJHY
MHUHYTY Ha 3aIIpOC, YeJIOBEK B COCTOSIHMM OLIEHUTH He Oosee 20—-50 aBTOMAaImMH 3a OAHO
nocelleHue canra. [lpenmyiiecTBo OT BU3UTA B PEAIbHOE JUJIEPCTBO 10 CPABHEHUIO

C CaMOCTOATEIbHBIM BbIOOpOM B MIHTEpHETE 3aKit0yaeTcs B MEPBYIO OYEpelb B COKPALICHUN
TPACKTOPHUH MTOMCKA U YIPOILEHUH IPUHATHUS PELICHUs U1 NOKynaTess. PeanbHblil Ipe1cTaBUTENb
B ar€HTCTBE CTPEMUTCS KaK MOXHO ObICTpee IMOHATh KPUTEPUH TOKYTIATeNs U 3aTeM B JHajiore,
BapbUpys MapaMeTpaMu 3TUX KPUTEPHEB, TOMOTAET MO100paTh MOAXOASAIIYI0 aBTOMAIINHY.



Monens 3TOro npoiecca OCHoBaHa Ha TOM, YTO KaXKJIbI aBTOMOOMIIb 00J1a/1aeT HEKOTOPBIMHU
WHTETrpajbHBIMH XapaKTEPUCTUKAMU, U KX/l MOKyIaTeIh UMEET CBOE MHANBUTYaIbHOE
MIpe/ICTaBJICHHE O JKeaeMoM mpoaykre. [Ipoiecc BbIOOpa B TAKOM Ciydae MOXKET OBITh CBE/ICH
K CPAaBHEHUIO IMHAMUYECKON (PYHKITUU TOTPEOUTEIHCKOTO MPEICTABICHUS] C MHOXECTBOM
XapaKTepUCTUYCCKUX (DYHKITMH, ONPEACISIONMX JaHHBIA BUJT IPOYKIIAH.
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uc. 22. CpaBHeHUE NOTPEOUTEIbCKUX MTPEJICTAaBICHUN ¢ XapaKTepUCTUKAMU MPOLYKLUH
Crpaterus nuiaepa CBOAUTCS K «HaAuIyuuiemy» paclio3HaBaHUIO KPUTEPUEB IOKYNATENS U 3aTeEM
700aBIIEHHUIO K HUM COCTaBIISIOLIEH cBOero nHrepeca. MakTHuecKu B Imporecce HepopMaIbHOT O
OO0IIEHU ¢ IOKYTaTeIeM JUIIEP YIAaBIMBAECT U yCUIIMBAET €T0 NPEACTABIECHUS U 3aTEM
COMOCTABJISET UX C XapaKTePUCTHKAMH aBTOMAIIINH, KOTOPBIE OH UMEET B CBOEM BOOOpaKEHUH
(puc. 22). KauectBo nunepa, MOXKHO OLIEHUTh, KaK €r0 yMEHHE MOHATh U a/IeKBaTHO PearupoBaTh
Ha U3MEHEHHUS B MOXKEJIAHUAX MMOKYMAaTels; B €ro NPakTUUECKUX 3HAaHUAX clleluuKani
aBTOMOOMIIEH, KaK B KOHKPETHOM JMJIEPCTBE, TaK U B I1€JIOM B MHAYCTPUH; a TAK)XKE B €r0
CIIOCOOHOCTH BBIOMPATh ONTHMAJIBHBII aBTOMOOMIIbL Ha OCHOBAHUH PAa3MbITBIX IIPECTABICHUN
nokynarensd. B aTux mporeccax conepkuTcs MHOTO HEYETKUX ONPEEICHUN U KPUTEpUEB, KOTOPbIE
HE MO3BOJISIOT MOJIYYUTh CTPOTYIO (OPMATIBHYIO MOJIEINIb BCETO pelieHus B 11eiaoM. OHaKo B ATOM
JIOCTaTOYHO MPOCTOM, Ha MEPBbIN B3I, CXEME IPUMEHSIOTCS PELIEHUs, KOTOPbIE SBIISFOTCS
KJIFOUEBBIMU JJIs1 CO3JJaHUsI HUHTEP(EHCOB K TaK HAa3bIBAEMbIM «2uUOKUM npouzgoocmeamy. «l ubxue
npou3600cmeay MpeHa3HAYEHBbI JJI1 U3TOTOBJIEHUS IPOIYKIMH 0] TpeOOBaHUS KOHKPETHOIO
oTpeOuTeNs.

CoBpeMeHHbIE aBTOMaTU3MPOBAHHBIE TEXHOJIOIMH IT03BOJISIFOT CBECTH K MUHUMYMY
IIPOM3BOCTBEHHBIE 3aTPAThl B TOM CJlydae, €CJIM U3BeCTHA (opMasbHasl clieluDUKaLus IPoayKTa.
OpHaKo MoJlyyeHue TaKuX MHIUBUAYAIbHBIX CllelU(HUKALMNA OcTaeTcs cepbe3HON
U noporocrosieii mpodaemoii. [Ipu momomnm natepaktuBHbIX Web-unTepdeiicoB sta mpobdiiema
MOXeET OBITh pellleHa IyTeM CO3JJaHUs BUPTYaJIbHBIX KOHCYJIbTAaHTOB, OKa3bIBAIOIIUX TOMOIIIb
B COCTaBJICHUH [TPOU3BOJICTBEHHBIX CllelU(PUKAINI Ha U3TOTOBIEHHE MPOIYKLUHU I10J] KOHKPETHOT O
noTpeOUTENs B YCIOBUSX MacCOBOIO MH/IyCTPHAIbLHOI'O IPOU3BOCTBA.

B MonenupoBaHuu 3TOro nporecca MO>KHO BBIJICINUTh TPU OCHOBHBIX ATana — 3aJaHue
XapaKTepUCTUYECKUX (PYHKIUH, AMHAMHUYECKOE MOJIEIMPOBAHUE TOTPEOUTENIHCKOT O
IPE/ICTABJICHUS U UX CPABHUTEJBHBINA aHAIN3, MEX/TYy KOTOPBIMU UMEETCsI 0O0JIbIIOE KOINYECTBO
KaK MPSIMBIX, TaK 1 00paTHBIX cBs3eit [30]. OOpaTHast CBSI3b MEX/Y pe3yIbTaTOM aHaJH3a
U TIpEe/ICTaBJIEHUEM MOKYIATeNs SABISETCS KIIOUEBBIM 3BE€HOM JIJIsl BCEH MO B 1IETIOM,
MOCKOJIbKY YEIOBEK MOCTOSHHO MEHSIET CBOM LI€JIH B IPOIIECcCe MOKCKa.
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ObpaTtHas cBs3b aHanua

uc. 23. 3aganue NpuOIMIKEHHOTO MPEACTABICHHU S

HyxHo 31€ch OTMETUTH, OJJHAKO, YTO B HEUPOHHBIX CETIX pa3jefieHue CBs3el Ha MpsSIMbIe

1 00paTHBIE HOCUT BECbMa YCJIOBHBIN XapakTep. Peructparus n3aMeHeHuil B PeCTaBICHUSIX
MOKYTIATEJISI MOXKET OCYIIECTBIATHCS MO0 CaMUM OKYIIAaTeIeM, HallpUMep, TIPU TTOMOIIN
«cnatioeposy (puc. 23), MO3BOJISIOMIKX B YA00HOU dopMe 3aaaBaTh NPUOIMKEHHBIC 3HAUCHHUS,
00 B MPOIleCcCe AUANIOTa C BUPTYAIbHBIM areéHTOM, C UCIIOJIb30BAHUEM JIMHTBUCTHYCCKUX
MepEMEHHBIX, KOTOPBIE MOT'YT UMETh TAKHE Pa3MBIThIC 3HAUCHUS KaK «OO0bULe), «KO0podCcey,
«bvicmpee» U T. 1.

Bpems

UameHeHus
BO30YXAEHUA HelpoHa
BO BpeMeHu

Boa3byxneuns
A

Tekylme COCTOSHUA HEMPOHHOIoO KnacTepa

uc. 24. Heiiporpamma — AMHaMU4ecKOe U3MEHEHHE BO30YKIeHHI HEHpPOHOB



Hexoropsle U3 KpUuTEepUeB MOI'YT UMETh BIIOJIHE OIIpE/EIEHHbIC U TOUHbIE 3HAUECHUS, HAIIpUMep,
NPOU3BOIUTENb WM Ha3BaHUe poaykra — «Fordy, «Toyotay, «Camry XLE». Hekotopsie
IpEeICTAaBJICHUS MOTYT IMETh YUCIIEHHOE 3HaUeHHE, Harpumep, «He 6orvute, uem $10,000» umm
«He 6onee 100,000 km».

Ham npeacTout o0beMHUTD BCe pa3IMyHble BUJIbI TUX MPEACTaBICHUI B HEKOTOPOe
YHUDUIIMPOBAHHOE U KOHCTPYKTUBHOE 00pa30BaHKE, KOTOPOE MO3BOJIMT BHIIIONHATh ONEpaLiy
n00aBIIeHHsI, CPAaBHEHMS, UI3MEHEHUs U Ipyrue. [Ipenmnonoxum, 4To Bce BO3MOXKHbBIE
JMHTBUCTUYECKHE U YHCIIOBBIE 3HAUEHHUS MOT'YT ObITh OTOOpa’keHbl HA MHOXKECTBO HEHPOHOB (pHC.
24), BO30Y>KAEHHSI KOTOPBIX MOTYT U3MEHSTHCSI BO BPEMEHU KaK B pe3yJibTaTe BHEIIHUX
BO3EHCTBUI, TaK U MO 1€ CTBUEM BHYTPEHHUX MEXaHU3MOB, TAaKUX, HAIIpUMep, KaK
«3abvieanue».

Takas Mozenb 03BOJISIET UCIOIB30BAaTh MATEMAaTUUECKUE METOABI aHAIN3a U 00JIafjaeT IByMs
Ba)KHBIMU CBOWCTBAMHU: C OJTHOM CTOPOHBI, MEXaHNU3M ITIOPOrOBOr0 BO30YKI€HUS AA€ET
BO3MOKHOCTb BBITIOJIHSTh OIpe/leNICHHbIE Iei CTBUS, HAIIPUMEP, 3allyCKaTh IPOrpaMMBl, C Ipyron
CTOPOHBI, TEKyIllee BO30YXk1eHHUE HEIIPOHOB MOXET COOTBETCTBOBATH PA3MbITHIM IPHOIHNKEHHBIM
3HAYEHUSM, XapaKTEpHBIM /ISl IMHIBUCTHUECKUX IIepeMeHHbIX. OueBUIHO, YTO TaKkas MOJelb
HelpoHa MM03BOJISIET TAKXK€ XPAHUTh U TOUHBIE 3HAUEHUS, KaK JJOTMUECKUE, TaK U LU(PPOBLIE
JIBOMYHBIE U 1€ CTBUTEIIbHBIE.

BoluncnntenbHble accoumnaTUBHbIE HENPOHDI

Ob6patumcs emre pa3 k Mmoaenu GpoH Helimana n paccMOTpUM, 4TO MIPOM3OLLIO ¢ IEPBOHAYAIIBLHOM
ujeel UCIOoIb30BaHUSI HEMPOHOB B KauecTBE 0a30BbIX 3JIEMEHTOB JAJIs1 KOHCTPYUPOBaHUS
BBIYUCIUTEIBHBIX YCTPOUCTB [19, 20]. dusnonorndeckue CHCTEMBI COAEPKAT OTPOMHOE
KOJINYECTBO COEUHEHHBIX JPYT C IPYIrOM HEHPOHOB, KaXKJIbI U3 KOTOPBIX SIBJISETCS BIIOJIHE
3aKOHYEHHBIM BBIYMCIIUTEIbHBIM YCTPONCTBOM. B COBpEMEHHBIX KOMIIBIOTEPAX OIEPAaTUBHAS
aMATh COAECPKUT MHOKECTBO OJHOTUITHBIX 3JIEMEHTOB, KOJIMYECTBO KOTOPHIX CPABHUMO
C KOJIMYECTBOM KJIETOK B OMOJIOTMYECKUX CHCTEMAaX, OJHAKO BCE 3TH 3JIEMEHTHI SIBJISIOTCS
MACCUBHBIMH U B OTJIIMYUE OT OMOJIOrMYECKUX HEMPOHOB HE ABISAIOTCA (QYHKIIMOHAIBHO MOJHBIMU
ycrpoiictBamu. [lepBonavansho gpon Heiiman o0beauuun ycmpoiicmeo
ynpaenenus, apupmemuko-io2uieckoe yCmpoucmeo U namsams B ONUH OJIOK, KOTOPBIH OH
Ha3BaJl ACCOYUAMUBHBIM HEUPOHOM WIIN YeHmpanibHuim npoyeccopom (puc. 25). Ha nepselii B3risn,
€ro npoyeccop AEUCTBUTEILHO HAIIOMUHAET MOJIE€Ib HEHPOHA, OJJHAKO aCCOLMATUBHBIA HEHPOH
He Npe/IHa3HaueH I XpaHEeHUsl 00JIbIINX 00BEMOB JaHHBIX, U B OTJIMYME OT IACCUBHOT O
3aIIOMHHAIOIIET0 JIEMEHTA /ISl HErO CYIIECTBEHHBIM SIBJISIETCS CAMOCTOSTEIbHAS aKTUBHOCTD.
KomnbroTep Ha accolmaTUBHBIX HEHpOHAaX TaK HUKOTJa U He OBl peaJn30BaH — BMECTO
MHOKECTBA AKTUBHBIX 3JIEMEHTOB, U3 KOTOPBIX OH JAOJKEH ObLII ObI COCTOSITh, CIIEAYS
nepBoHavaibHOU cxeme poH Heilimana, kKi1laccuecKuii KOMIIBIOTEP MOCTPOEH U3 NTaCCUBHBIX STYEEK
MaMATH, CBA3aHHBIX C €UHCTBEHHBIM YEHMPalbHbIM NPOYECCOPOM.

B pesynbpraTe COBpeMEHHbIE KOMITBIOTEPHI OKAa3aJIMCh TaK K€ aJeKH 110 CBOEH CTPYKType
OT (U3MOJIOrMYECKUX HEHPOHOB, KaK U aBTOMOOMIIb OT ABUIaTEIbHON CHCTEMBI yenoBeka. [Ipu
3TOM U aBTOMOOMJIb U KOMITBIOTEP IMPEKPACHO PEIIAIOT CBOM 3314l — MBbI MOKEM OBICTPO
nepeMeIaTbcs o TPAHCIOPTHBIM MarucTpasiM U IPOU3BOIUTh 3(h(EeKTUBHBIE TPEoOpa3oBaHUs
JTAHHBIX U BBIUMCIICHUS [10 U3BECTHBIM aaropuT™MaM. MOXXHO TOJIBKO MPEIoIaraTh, Kak
pa3BUBasiaCh Obl BHIYMCIUTENbHAS TEXHUKA, €CIU Obl aCCOLIMATUBHBINA HEMPOH ObLI MOJI0XKEH
B ocHOBY DBM. Kak 1 BO MHOTUX JIpyrux ciy4asx, 3KOHOMHUKA 0Ka3ajach peHayM (Gakropom
B BBIOOpE HAIPaBJICHUS PA3BUTHUS, U AKTUBHbIE HEHPOHHBIE KOMIIOHEHTHI, KOTOphIe (hoH Heliman
Ipe/Ioarai uCoJib30BaTh B KauecTBe 0a30BBIX dJieMeHTOB DBM, ObliIn 3aMeHEeHbI Ha Oonee
HKOHOMHUYHOE pellleHHe, B KOTOPOM MHOKECTBO MTACCUBHBIX 3JIEMEHTOB aMATH PabOTaIOT C OAHUM
HEHTPaTbHBIM MPOIIECCOPOM, UTO B CBOIO OYepEb MPUBEIO K BOSHUKHOBEHUIO MOCIIEA0BATEIbHBIX
METO0B 00pabOTKH JAHHBIX U COOTBETCTBYIOILIMX MOCIEIOBATENbHBIX aJITOPUTMHUYECKUX S3bIKOB
IPOrpaMMHPOBAHUS.
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HC. 25. DBOMIIOLMSA HEHPOHHON apXUTEKTYPhI

[TepBoe mokoseHNEe HEWPOHHBIX MOJIENIeH, OcHOBaHHOE Ha padoTe MakKanoxa u ITuttca «A logical
calculus of the ideas immanent in nervous activity» [18], 661710 TOCTPOEHO UCXOs

U3 TIPEINOJIOKEHHS, YTO HEPBHAsI aKTHBHOCTH OMOJOIHYECKHX CHCTEM MOAUYHHSCTCS TPOCTOMY
3aKOHY — «8Ce Ul Hu4e2o» U KaK CIEACTBUE 3TOTO — «HeUpPOHHble COObIMUSL U COOMHOULEHUS
MeAHCOY HUMU MOIHCHO U3YUAMb CPedCmeamu 1o2uxu npeonodcenuti» [18]. IckycCTBEHHBIN HEHPOH
MOCTPOCHHBIN IO ATON CXEMe COJEPKHUT ABA OCHOBHBIX OJIOKA — CYMMAmop U (pyHKYUOHANbHbII
npeobpazoseamens (puc. 26), a cama ceTh, COCTOSIIAS U3 TAKUX HEHPOHOB, TIPEATIOJIATAETCS
HEW3MEHHOW BO BPEMEHH.
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uc. 26. Cxema popmanpbHOro HeiipoHa

JanbHeiiee pa3BUTHE UCKYCCTBEHHBIX HEUPOHOB MPOUCXOIUIIO0 TAPAIIETLHO

¢ GDU3HOTOTUYECKUMH MCCIICAOBAHUSMH IO MTyTH 100aBICHUS Pa3IMYHbBIX () YHKIHOHATBHBIX
npeoOpa3oBaTeneii, COBEpIICHCTBOBAHMS aJITOPUTMOB U3MEHEHUSI BECOB BXOJIHBIX CUTHAJIOB,
00paTHBIX PacpOCTPaHEHHH, MHOKECTBEHHBIX B3aUMOCBSI3aHHBIX CIO€B M JIPYTHX CBOMCTB.
Mopnenu coBpeMEHHBIX MCKYCCTBEHHBIX HEHPOHOB oTan4aroTcs oT Mak-Kanoka u [Tutrca,

B [IEPBYIO OY€peb, IMHAMUYECKUMH CBONCTBAMU.

CtpykTypa HeHpOHa, BKJIIOYasi €ro BXOJAHBIE CBS3U, CyMMATOp U (DYHKITMOHATBHBIN
npeodpazoBaTeb, MOXKET U3MEHATHCS BO BpeMeHu. HelipoHHast ceTh Takxke sBiseTcs
JTUHAMHYECKUM 00pa30BaHUEM, B KOTOPOM KOJMYECTBO HEMPOHOB M CBSI3U MEXKTY HUMHU MTOCTOSTHHO
W3MEHSIOTCS TIOJ] BO3ACHCTBHEM pa3HO00pa3HbIX pakTopoB. [Ipu MonennpoBaHuu HEUPOHOB
B [IPOrPaMMHBIX CpPeIax Mbl MOXEM HCIO0JIb30BaTh IPOU3BOJIbHBIC BaprUallMi MOZEIEeH — OT CaMbIX
MPOCTBIX IBOMYHBIX, 10 UMITYJIBCHBIX caM0 TpaHchopMupyromuxcs xuakux Heiporos (liquid
neurons) [15, 16], He umetomux cTabubHOTO cocTostHUs. [1o Mepe HEOOXOAUMOCTH MBI CMOXEM



CO3/1aBaTh pa3jIMYHbIE TUIIbI HCKYCCTBEHHBIX HEHPOHOB, IPUCOEANHSISA UCIIOJIHAEMbIE€ CKPUIITHI

K KOHKPETHBIM 3K3eMIUISIpaM HelpoHHBIX 00beKkTOB. [IporpamMmmHoe MoaenupoBanue
HCKYCCTBEHHBIX HEHPOHOB, B OTJIMYME OT MAaTEMAaTUYECKOT0, B IIEPBYIO OYEPEb 3aHUMAETCS
UCCJIEZIOBAHUSMHU UX KOHCTPYKTHUBHBIX CBOMCTB, U J1aJI€KO HE MOCIEAHIOI0 POJb IPH 3TOM UTparoT
HKOHOMUYECKAs 1Ie1eCO00pa3HOCTh U TEXHOJIOTUYECKHE OrpaHUYCHUSI.

B a0cTpakTHBIX MOZENSAX BIOJIHE IOMYCKAIOTCS COSIUHEHUS TUIA «KAXKJbII C KaXKIbIM», 4YTO
BO MHOTHX CITy4yasiX O3BOJISIET YIPOCTHTH (hopManu3anuu. B MaTeMaTHueckux paccysxIeHusIX
HE CYIIECTBEHHO Pa3IMuMe MEX/y KOJINYECTBOM 3JIEMEHTOB MHOXkecTBa. OTHAKO B IPAaKTUUECKUX
peanu3alusax BeJMYMHA N, O peeIioias KOJIMUYECTBO Y3JI0B B CETH, MOXKET KOPEHHBIM 00pa3oM
U3MEHUTh BCIO apXUTEKTYpy cucTeMbl. Eciiu pH 3TOM y4ecThb, 4TO KOJIMYECTBO CBS3EH pacTeT Kak
(n—1) X N, CTAHOBUTCS OYEBUIHBIM, K KAKUM MPOOIEMaM MOXKET IIPHBECTH MTPOCTOC YBEIUUCHUE
KOJINYECTBA Y3JIOB.

B nmpakTruueckoM mporpaMMUpOBaHUHU BEIMYMHA MACCUBA SIBISETCS OAHUM U3 OCHOBHBIX
KPUTEPUEB, BIUAIONINX Ha apXUTEKTYPY BCEro peureHus. B 3aBucuMocTu oT KoJm4yecTBa
AIIEMEHTOB U CBOICTB OTHOILIEHUI MEXAY HUMH, TAKOW MacCUB MOXET ObITh CO37aH
B ONEPATUBHOM NMaMSTH, pa3MeELIeH B MOCIE0BATEIbHOM UM HHIEKCHO-TIOCIIEI0BAaTENIbHOM (daiiie
WJIA OPraHU30BaH B BUJI€ CTPYKTYPbI OIIPENENeHHON 0a3bl JaHHbIX. OueBHIHO, 4TO BBIOOP criocoba
OpraHu3allMM JaHHBIX ABJIAETCS NPUHLIUIINAIBHO BaXXHBIM, B IIEPBYIO O4€pellb, C TOUKU 3PEHUS
peannu3yeMOCTH BCE MOJIEIH.

I'enepauus unm 3a1aHre 1eMEHTOB MHOXKECTBA HAMIPSIMYIO CBSI3aHBI CO CIIOCOOOM
OpraHu3aly JaHHBIX. BOJIbIIMHCTBO N3BECTHRIX HEWPOHHBIX MOJIEINEH SIBISIIOTCS M30MOPGHBIMH,
OCHOBaHHBIMHU Ha HEWpPOHAaX OJHOrO THUIA. BO3MOKHOCTH KOHCTPYHPOBAThH MOTUMOP(HBIE CHCTEMBI
U3 Pa3IMYHBIX QYHKIIMOHAIbHBIX HEHPOHOB 0€3yCI0OBHO pacHIMPUT UX QYHKIIMOHAJIbLHBIE
BO3MOXKHOCTHU, HO C JPYTOil CTOPOHBI, YCIOXKHUT MPOLIECC UX 3aTaHUs U MTOCJIEAYIOIEro pa3BUTHSL.
Heiiponuslit monuMop¢u3M M03BOJIUT HaM KOHCTPYHPOBATh CUCTEMBI, 001a1at0111e
MPUHIUIINAJIBHO HOBBIMU CBOMCTBAMHU 1O CPABHEHUIO C KJIACCUYECKUMU MOJEIISIMHU.

Ananornyno tomy, kak CYE/] u3MeHWIH Mporecchl 00pabOTKU U XpaHEHUS JaHHBIX,
noJauMOp(HBIE MOJIENH C Pa3BUTHIMH MEXaHU3MaMHU OpraHU3allMy U XpaHEeH!s: HeHPOHOB
OTKPBIBAIOT BO3MOYKHOCTH JJI BApUATUBHON MHTEPIPETALINN, CO3JaHUS PA3INYHBIX €HEPATOPOB
Y aHAJIM3aTOPOB COCTOSHUSA, JOCTYNA K HUM U3 ceTu VIHTepHeT U MHOTUX JPYTUX CBOMCTB.



Habnwopartens O1

Cucrema S1

Habnwpartenb O2

NameHeHne
BHYTPEHHEro
COCTOAHWUA

HC. 27. YcnoBUs BHYTPEHHET O CaMOpPa3BUTHU A
JloOaBiieHe TMHAMHUYECKUX CBOMCTB B HEMPOH, KapJAMHAIBHO U3MCHSIET BCIO KAPTUHY
Mo enupoBaHysl. BO3MOXKHOCTb BHYyTPEHHUX U3MEHEHUH, B COUETaHUU C BHELIHUMHU
BO3/ICH CTBUSIMM, SBJIIETCS TOM KOMOMHAIIMEH IBIKYIUX CUJI, KOTOPas O3BOJIET HEMPOHHBIM
MOJIENISIM CaMO Pa3BUBAThCS. J{eHCTBUTENBHO, €CIM CUCTEMA CAMOCTOSITEIIbHO U3MEHSET CBOE
COCTOSIHME (UTO KaKUM-JIIO0 00pa3oM MOXKET MPUBECTU K TEM HJIM UHBIM PEaKLUsM,
He 00YCJIOBJICHHBIM BHEIITHUMH BO3/I€H CTBUSIMH ), TO HAOII0AAaTENb 3aPETUCTPUPYET CIIOHTAHHOE,
C €ro TOYKH 3pEHHs], COOBITHE, TOSBICHHE KOTOPOTrO HAXOAUTCS BHE €r0 3HAHHUN O JIeTepMUHHU3ME
MIOBE/ICHNUS IaHHOW cHCTeMBI. B o01iem citydae, 10CTaTOYHO ABYX HE3aBUCHMBIX HaOIogaTeneH,
O0OMEHMBAOIINXCS C CUCTEMOM COOOIEHHUSIMH, JIJTIsl TOTO YTOOBI MOBEIEHUE CUCTEMBI S; C TOUKU
3peHust TF000r0 U3 HUX, MPHOOPEIIO XapaKTep HEMPEACKa3yeMoro i caMOCTOsTebHOTO (pHc. 27).
B TpagunmoHHOM porpaMMUpOBaHUH, 1€ COCTOSIHUE TEPEMEHHBIX OCHOBAHO
Ha CTaTUYECKMX METOJAaX, COIEPKUMOE IIEPEMEHHON HE MOXKET U3MEHUTHCS 10 TEX IOp, ITOKa
IporpamMma He OCYILIECTBUT 3T0 u3MeHeHue. CriocoOHOCTh HelipOHa CaMOCTOSATEIbHO U3MEHATh
CBOE COCTOSIHUE HE SIBJIAETCS IPUHLIHUIIMAIBHO HOBBIM B BBIYMCIIUTEIILHON TEXHUKE — DJIEMEHTBI
aHasnoroselx OBM Benyt cebst mogo6HbsIM 00pazoM. OJHAKO B OTIMYUE OT KECTKUX
KOMMYTallMOHHBIX CTPYKTYP B aHAJIOroBbIx OBM, n3MeHeHne KOTOphIX BO3MOKHO TOJIBKO Ha JTame
IpeIBAPUTENBHOI0 IPOrPAMMHUPOBAHUS, HEHPOHHBIE MO/ CIIOCOOHBI AMHAMUYECKU 100aBIATh
HOBBIE JIEMEHTBI, YCTaHABIMBATh HOBBIE CBA3M U U3MEHATh UX XapaKTepucTuku. HelipoH, kak
AJIEMEHT MaMATH, 00J1a1aeT ellle OJJHUM Ba)KHbIM CBOWCTBOM — OH CIIOCOOEH HECTU 3HAYUTEJILHO
OosblIee KOJIMYECTBO HHPOpMAIUH, YeM 1 OUT, XpaHUMBII B OAHOI IBOUYHOH sUelKe
orepatuBHOM namsaTH. CocTOsIHME HEellpoHa MOXKeET ObITh MPEICTABICHO KaK J1eHCTBUTEIBHOE
YHCII0, YTO CYIIECTBEHHO YBEIMYUBAET €ro HH(OPMATUBHOCTh. Ecim qomycTuTs, 4To
OnonornuecKuil HelpoH TakXkKe SABISAETCS 3aIIOMUHAIOIINM 3JIEMEHTOM ¢ 0oJiee YeM JIByMs
COCTOSIHUSIMH, TOT/1a OIEHKH 00bEMOB JAHHBIX, KOTOPBIE CIIOCOOEH XPaHUTh T'OJIOBHOM MO3T
YeNoBeKa, T0JDKHBI ObITh IEPECMOTPEHBI B CTOPOHY WX 3HAYUTEIBHOTO YBEIUYEHHUS.

KOHCTPYKTUBHbLIA HENPOH



Jnsa Hac ocoOblif HHTEpeC MpeCTaBIseT He CTONIBKO BHYTPEHHS (QyHKIIMOHAbHAS cXemMa
HEHPOHOB, CKOJIbKO MEXaHU3Mbl CO3aHMsI HEHPOHHBIX aHCaMOJIel, UX pa3BUTHE U MOJJEpKaHUE
BHYTPEHHHX IIPOL[ECCOB paclpocTpaHeHus Bo30yx1eHuil. CpaBHUTEIbHO HEAABHEE OTKPBITHE
HelporeHesa — mpolecca penpoAyKIMHY U BOCCTAHOBJIEHUS] HEPBHBIX KJIETOK, TO3BOJISET
MO-MHOMY B3IJISIHYTh HA MOJICTTM HEHPOHHBIX ceTel. 11 Toro 4ToObl HEHPOH B OIpeIeICHHBIN
MOMEHT MOT BBIIOJHUTH ONEPALUIO JEIeHHS UM IPUCOEAUHIII CBOM BBIXOJI KO BXOJaM JAPYTruxX
HEelPOHOB, HEOOXOANMO HaJIMYMe HEKOTOPOro BHeIHero (¢aktopa (urmepnpemamopa) O;. MoxHO
IPEANOI0KUTh, YTO BHEIIHUI HaOII01aTeNb MOXKET UT'PATh POJIb TAKOTro (aKTopa, OTCISKUBAS
COCTOSIHME CUCTEMBI U B3aUMOJICHCTBYS C MHAMBUAYyaIbHBIMUA HEHPOHAMH, TIOCHLIAs UM
orpeneneHHble cooOueHus. Hanpumep, a1 Toro 4To0bl COETUHUTD BBIXOJ] KOHKPETHOT O
ueiipona N; ¢ rpynmoii HeiiponoB {N,, N;, N}, HaOr01aTE)IH MOXKET TIOCTATH
ueiiporam N, N, u N,, coobmenue M, ¢ mpocs60ii mepeiiT B cocTosTHUE BBIOOpa, KOTOpOe
MIO3BOJIUT BBIJIEINUTD UX U3 MHOXKECTBA BCEX HEHPOHOB B cucTEME, K KOTOPOH OHM ITPUHAJIEkKAT.
[Tocne momydenus 3toro coobuienus, HeilpoHs! Ny, N, u N, mepelinyt B cocTosiHue BbIOOpa, 4TO
MO3BOJIUT MEXaHU3MY COeAMHEHHUs HeiipoHa N;, HalTH rOTOBBIE K COSTUHEHUIO HEHPOHBI
Y TIOCTPOUTH CBSI3b U3 CBOET0 BHIXOJA HAa BXO/ABI BEIOPAHHBIX HEHPOHOB. DTOT MEXaHU3M MOXKET
BKJIFOUHTHCS MTOCIIE MOTydeHus coobmenust M,ot Habmoxarens O;. MOXHO MPeAroNoKUTh, YTO
U B (DM3HOJIOTMUECKUX HEHPOHAX CYIIECTBYET aHAJOTUYHBIN M EXaHU3M, YITPABISIONIUN Pa3BUTHEM
AKCOHOB, a OIpeJleJICHNE HAlIPaBJIEHUS UX POCTa 3a7aeTcs IpaAueHTOM (EpMEHTHOrO UM HOHHOTO
«3anaxa», KOTOPbII BBIICISIOT 1[eJIeBbIe HEHPOHBI (pHc. 28).

HaGniopatens O,

uc. 28. CoearHeHne HelPOHOB

Ecim ucxonuTe U3 TOro, 4To HEHPOHBI MOTYT OBITH PACIIOIOKEHBI B pa3IMUHbBIX 001aCTIX
HEHPOHHOI0 IPOCTPAHCTBA, a TAK)XKE UMETh crenndruyeckrne QyHKIMOHAIbHBIE U CTPYKTYPHbIE
CBOMCTBa, Ollepanys penpoayKIUH JODKHA CO3aBaTh HOBbIE SK3EMILJISIPbl B OKPECTHOCTH TOM
00J1aCTH, KOTOPOH NPUHAJISKUT MPOTOTHUII, & TAKXKE COJLEPIKATh MEXaHU3M M3MEHEHUH, KOTOPBII
MIO3BOJIUT NPH CO3JJAHUU HOBOT'O HEHpOHa MOAM(HUIIMPOBATH HEKOTOPBIE U3 CBOMCTB €0 POAUTEIIS.
Mopnenb npopacTtaHusi CHHAIICOB B HEPBHBIX KJIETKaX OCHOBAaHA Ha MPEIIOI0XKEHNUH, YTO CHHAIIC
[IPOpacTaeT B HaMpPaBJICHUH, ONIPEAEIIEMOM HEKOTOPBIM M10JIEM, B KOTOPOM CYLIECTBYET I'paJUEHT
CHJIBI, 33JJAI0ILEH 3TO HallpaBJICHUE.

B nanpHeiiniem Mbl OyieM UCIOJIB30BATh AEMOHCTPALIMOHHbIE PUM EpPbl, KOTOPBIE TTO3BOJISAT
YUTATENIO0 CAaMOCTOATEIbHO IKCIIEPUMEHTUPOBATE ¢ KOHKPETHBIMU IPOrPAMMHBIMU peaan3alusiMu
pa3NIMYHBIX HEUPOHHBIX Mozeneil. OnucaHue npouecca ycTaHOBKU 1EMOHCTPALlMOHHON BEpCUn
Heiiponnoii sxcniepumentanbhoii cpeasl (HIC), npuseneno B [Tpunoxennn. Ha puc. 29 nokazana
rpyIna HeHPOHOB, U3 KOTOPBIX CEPHIM IIBETOM BbiieeHa rpymna HeiipoHoB (N2, Na, N,, Ng, 1 Ny;)
C KOTOPBIMH YCTaHABJIHMBAET CBA3b HEHPOH N,.
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uc. 29. KionupoBanue 1 coeiMHEHUE HEHPOHOB ¢ MPUMEHEHUEM BbIOOpa

[Tponecc penpoayKUUHU SBISETCS OJHUM U3 KIIFOUEBBIX B HEHPOHHOM MOJIETHPOBAHUU

1 OT 3G PEKTUBHOCTU €r0 PELIEeHUs 3aBUCUT HACKOJIBbKO YCHEIIHO CMOT'YT Pa3BUBATHCS
IIOCTPOEHHBIE C €ro MOMOLIBIO CUCTEMBI. B 0CHOBE Hallel HEHPOHHOW MOJEIH

JeXKUT NPOMOHelpoH NI TIepBUUHBIN 351eMeHT No, o0nanaromuit 5tuM QyHaaMeHTaIbHBIM
CBOMCTBOM M CIIOCOOHBIN MepeaTh €ro B Mporecce KIOHUPOBAHUS BCEM MOCIEAYIOIIMM HEHPOHAM.
J71st Toro 4ToOBI 3aIMyCTUTh KIIOHUPOBAHUE, HEHPOH TOJDKEH MONYyYUTh BHEITHUIA CUTHAI, KOTOPHIH
MO>KET ObITh HHULIMUPOBAH HAOI0aTeNIeEM WM JTI0OBIM IPYTUM, BO3MOXHO, BHYyTPEHHUM
o0bexToM. [Tomumo sToro, HabIIOAATENIE MOXKET MOCIATh HEHPOHY coolIIeHe 00 U3MEHEHUH
OTIpe/IeTICHHBIX XapaKTePUCTHK, BIMUSIOIINX Ha BOCIPOM3BO/ICTBO KIOHHPYEMOT0 HelipoHa.

B nameit Mozienm kaxIplii HEHpPOH 00JaJaeT ITPYIoN peenTopoB — UHTEPQENcoB,
CIIOCOOHBIX IPUHUMATDH BO30YKIeHHUS U3 BHEIIHEH cpenbl. KonmndyecTBo penentopoB U UX (GyHKIIMU
MOTYT MEHATBHCS B 3aBUCHUMOCTH OT CJIOKHOCTH MCKYCCTBEHHOIO HelipoHa. byneM cunurtaTh, 4TO
Halll HICKYCCTBEHHBIH HEMPOH MMeeT MUHUMAaJIbHBIA HA0Op TaKUX PEeLenTOPOB, KOTOPbIE OTBEUAIOT
3a BBIIIOJIHEHUE OCHOBHBIX (DYHKIUIL:

E — Bo30Oyxxnenue (Excitation),

S — BeiOop (Selection),

C — xuonuposanue (Clone),

P — coenunenue (Pipe),

R — copoc (Reset),

T — Bpemennas cunxponusanus (Timing Clock),

I — Bxox (Input), O — Beixox (Output).

JlomycTum, 4To BCe COOOLIEHUS, KOTOPBIMU MOT'YT OOMEHUBAThCS HEHPOHBI C BHEIIIHEH
cpenoi, OyayT coaepaTh aJipec Ha3HaAuYEHUs U BO30YXKIeHUE — BEJIUUYHUHY, 3HAaU€HUE KOTOPOI
JIeXKUT B 1uarnasone ot -1 1o +1. Takoit npoTokoa yHupUuuupyeT BHYTPEHHHE U BHELIHHE
uHTepdelchl 1 O3BONISIET BHYTPEHHUM HEllpOHAaM MOCHIIaTh COOOILICHHUS IPYTUM HellpoHaM
B TaKOM BH/I€, KOTOPBI HUYEM He Oy/AeT OTIAMYAThCS, OT CUTHAJIOB, TOCTYIAIONINX U3 BHEIITHEH
cpenbl. YHU(PUIUPOBAHHOE MPEICTaBICHUE BHEIIHUX U BHYTPEHHUX CUTHAJIOB, a TAKXKe
YHHMBEpPCaJIbHBII MEXaHU3M BOCIPUATHUS, AE€Ial0T BO3MOKHBIM BHYTPEHHEE pa3BUTHE HEUPOHHOMN
CHCTEMBI U B TO K€ BpeMs T03BOJISIOT pearupoBaTh Ha BHEIIHUE BO3AeHCTBUS. VIHBIMU clTOBaMH,



TakKasi MO/ieJIb COBMEIAeT CIOCOOHOCTh BHYTPEHHET0 CaMOPa3BUTHSI C BHEIIHUM O0Y4EHUEM 0]
PYKOBOZCTBOM aBTOpa.
B03MOXXHOCTb KJIOHUPOBAHMUS ABJISETCS OJHUM U3 HanOosee BaXKHbIX CBOMCTB OMOJIOrMYECKUX
OpPraHKU3MOB B NIPUPOJIE U TAKXKe SIBISIETCS OJHOM U3 OCHOBHBIX OIlepaluii
B 00BbEKTHO-OPHEHTUPOBAHHOM IpOrpaMMHUpoBaHuHU. [1omyueHHbIi B pe3ynbTaTe KIOHHPOBAHUS
HOBBI 00BEKT MOXKET JIMOO B TOYHOCTH CKOITMPOBATH, JIMOO OMPEICICHHBIM 00pa3omM
TpaHC(HOPMHUPOBATH BHYTPEHHEE COCTOSIHUE HCXOHOI0 00beKTa. J[J1si HHUIIMMPOBAHUS STON
orepaly B UCKYCCTBEHHOM HEHpOHE HaM MOHaA00UTCs crieluanbHblil perentop C, KOTOPBIi,
B Cllydae BO30YyKAEHMsI, JOJDKEH MIPUBECTH K BBINOJIHEHUIO ONepalui KJIoHupoBaHus. Tak,
HaIrpuMmep, Ha puc. 29 Bce HEHPOHBI NIOJIY4YEHBI B pe3yJIbTaTe KJIOHUPOBAHUS NCXOTHOTO
npoToHeripoHa No.
Jli MoJienMpoBaHUs TMAJI0rOBOr0 B3aUMOAEHCTBHSI HAM IIOHAJ00UTCS €11e OJTHO
crier (hpuueckoe CBOMCTBO — 3abvbiganue. B mporecce pa3roBopa wim moucka vHpopmamm,
KOHTEKCT SBJIAETCS OJJHUM M3 HEOOXOAMMBIX YCIOBUMN AJIS MOIy4€EHUs MHAUBUIYATBHOTO H OBICTPO
cxofsuierocs pe3ynbrata. KOHTEKCTHO-3aBHCHMBIE 3HAUEHHSI MOTYT 00Pa30BbIBATh CIOXKHBIE
accoLMaTUBHBIE TPYIIIBI, JUIsl KOTOPBIX Mbl OYZEM UCIOJIb30BATh NOHATUE «3A0bIGAHU» W
¢dynkuutio paspsina (discharge), mo3BoSIOLIYI0 H3MEHSITh YPOBEHb BO30 YK ICHHS
COOTBETCTBYIOIIETO HEHPOHA B 3aBUCUMOCTH OT Bpemenu (puc. 30, 31).
YpoBeHb
BO30yxXneHus

A

curent_E = Ex(discharge Time — (now —
e_When))/discharge_Time

| >
e_When now t
/| discharge_Time /|

uc. 30. /Tuarpamma paspsiia HelipoHa BO BPEMEHH
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Puc. 31.
JlmarpaMma coCcTOSIHHS HEHpPOHA C IBYMSI BXOJJaMH
Ota QyHKIHS UTpaeT BaXKHYIO POJIb JJISi MHOTHUX MOCIIENYIOIUX PEIICHUH, TO3TOMY pacCMOTPHM
ee cBoiicTBa 6omee moapoOHO. PeanpHbie Pu3ndyeckne mporeccsl OTIIMYAIOTCS OT UJ1€ATbHBIX
MaTeMaTHYECKHX B TIEPBYIO OUYEpEb HATMYUEM BCEBO3MOXKHBIX JIOMOJHUTEIBHBIX JMHAMUYCCKUX
COCTAaBJISIIOLIMX, KOTOPBIE BIUAIOT HAa WX OBeJeHne. Hanpumep, nHEPIUOHHOE ABHKEHUE JTFOO0T0
peasbHOro MaTepUAIbHOTO Tea MOABEPKEHO CHUJIaM TPEHUS, KOTOPbIE B KOHEYHOM CUETe MPUBEIYT
K €T0 OCTAaHOBKE; 3apsHKEHHBIC JIEMEHTHI pa3psKaroTCs ¢ TEUEHUEM BPEMEHU; YETIOBEKY
CBOWMCTBEHHO 3a0bIBaTh ()aKThl UJIM COOBITUS IPOLLIOrO U T. 1.



3TO CBOMCTBO peasibHOTO MU PA HAXOAUTCS B IPSIMOM IIPOTUBOPEYHH C OCHOBHBIMU
IPUHLUIIAMH, KOTOPBIE JIEKAT B OCHOBE COBPEMEHHBIX BBIUUCIUTEIbHBIX YCTPONUCTB. DJIEMEHTHAs
0a3a KOMIIBIOTEPOB U JIOTMKA IMPOrpaMMHPOBAaHUS IOCTPOEHBI, OCHOBBIBAsICh Ha IIPEIIIOI0KEHHUH,
YTO 3HaUeHHE (PU3MYECKOH STUEHKU NaMsATH, UM IEPEMEHHOM B SI3bIKaX MPOTpaMMHUPOBAHUS
OCTaeTCsl HEM3MEHHBIM JI0 TeX MOp, MOKa KaKue-IM00 BHEIIHUE IEHCTBUS HE U3MEHST HX
COCTOSIHHE. DTOT CTATUYECKHIA MPUHITUI BO MHOTOM OIpeeNsieT CoCO0bl pearn3aiun
Y METO/I0JIOTMIO IPOrPaMMUPOBAHUs, B KOTOPBIX BPEMS SIBJIIETCS] BHELITHUM CBONCTBOM,

10 OTHOIIEHHIO K 00beKTaM MOeMpoBaHus. B Hamieit Mogenu Mbl 6yJ1eM UCXOIUTh U3 TOT0, YTO
BCE COCTOSIHUS HEHPOHOB 3aBUCAT OT BPEMEHH, U 3Ta 3aBUCUMOCTH SIBJISETCS] BHYTPEHHUM
CBOMCTBOM camMoro HeiipoHa. CTaTuyeckoe COCTOSHUE HEMPOHA PACCMATPUBAETCS KAaK YaCTHBIN
ciry4ail, Korjja U3MeHEeHHsI HelipoHa TpeHeOpeKMMO MaJlbl U HE MOTYT OBITh 3apEerMCTPUPOBAHBI
Ha0MoaTeNIeM B T€Y€HHE HEKOTOPOI'o OMPeIeNIEHHOro eprojia BpeMenu. B atoit Mmoaenu Helipona
BCE CUTHAJIbl U BCE COCTOSIHUS UMEIOT IPOTSHKEHHOCTh BO BPEMEHH U UX 3HAYEHUSI MOT'YT OBbITh
HOPMHPOBAHBI OTHOCUTEJIbHO HEKOTOPHIX Oa30BBIX BEIUYHUH.

Wtak, cocTosiHME HAIIero HelpoHa MOYKHO ONPENENUTh CIEAYIOIIMM 00pa3oM: B ciydyae
JOCTHKEHHSI TIOPOTOBOTO YPOBHS, HEHPOH «BBICTPEIMBAECT) CBOM 3aps/]] BO BCE CBA3aHHbBIE C HUM
HEHUPOHBI. B HOPMAJIBHOM COCTOSIHMM HEUPOH PA3PsKACTCSA U TEPSET CBOU 3apsiji B 3aBUCUMOCTHU
OT YCTaHOBJICHHOT' O JUIs Hero kod¢uuunenta 3aryxanus — discharge_Time.

B ka)x1piii MOMEHT BpEMEHH TEKYIIIEE€ COCTOSHUE BO30YKIEHHOI 0 HEUPOHA onpezensercs
o popmyue:

curent_E = E * (discharge_Time — (now — e_When)) /discharge_Time

rae

E — 3aps0, nonyuennwlii neiiponom uzene 6 momenm spemenu €_When;

curent_E — mexywuii 3aps0 netipona 6 yciognuvix eounuyax om —1 oo +1;

e_When — spems 6 muinucekynoax 6 MOMeHm, Ko20a HetpOoH NOIYUUL 6030VHCOCHUE UBHE,

NOW — meKywee 8pems 8 MULIUCEKYHOAX,

discharge_Time — gpems 6 murnucekynoax, 6 meuenue KOmopo2o HetupoH NOIHOCHbIO
pazpAaoumcs.

Hampumep, Mbl MOXEM YCTaHOBUTb BHYTPEHHUHN KO3QPUIIMEHT COCTOSHUS
BbIOOpa S Ha 10 cekyH/, ¥ MO0 UCTEYSHUH ITOT0 BPEMEHH HEUPOH BEPHETCS B CBOE UCXOTHOE
MaCCUBHOE COCTOSIHHE.

3aTyxaHue HelipoHa MOXET BBIMOJIHATH €Ill€ OJHY Ba)KHYIO (DYHKIIMIO — I'e€HEpaIiio
BO30YKICHHUS 110 UCTEYEHUH OTPEEICHHOI0 IIeproaa BpeMeH:U. Mbl Oy1eM Ha3bIBaTh 3TO
CBOWMCTBO — MHBEPCHBIM BO30ykaeHNEeM. IHBepcHOE BO30YyK€HNE BOSHUKAET B TOT MOMEHT,
KOTJ1a HeWPOH MOJIHOCTBIO pa3psKaeTcsl, U ero mopor cpadbaTeiBaHus ycTaHoBjeH B 0. OTo
CBOWCTBO MO3BOJISIET HCIIOIb30BATh HEUPOH KaK CHHXPOHU3UPYIOIUH 3JIEMEHT B CAMOM IIHPOKOM
cmblicie. Hampumep, 1Ba mMomapHO coeIMHEHHBIX HEWPOHA C MHBEPCHBIM BO30YKAEHHEM 00pa3yroT
MYJIBTUBUOpATOp — TeHepaTop BO30YKE€HUH ¢ 3a1aHHOHN yacToToi. OAMHOYHBIA NHBEPCHBII
HEHPOH MOXKET CIYKUTh JIOTHYECKUM 3JIEMEHTOM 3a1€P’KKU WM BBICTYIIATh B POJIM T'€HEpaTopa
COOBITUH B ONpPE/IEIIEHHBI MOMEHT BPEMEHH.

Ha puc. 32 nmokaszan npumep MyJIbTUBUOpaTOpa, KOTOPBII MMO3BOJIAET T€HEPUPOBAThH
BO30YX/IeHUS Ha BbIX0Aax HeWpoHOB «0» u «1» ¢ yactoroii 1 I'n u 0,1 'y cootBeTcTBeHHO. [[7151
ATUX HEWPOHOB MOPOTrOBOE 3HAUEHUE YCTAaHOBJIEHO B —1, 7151 HelipoHa «0» ko3 pduuueHt
3atyxaHus paseH 1000 mcek, 1 HelipoHa «1» cootBercTBeHHo 10 000.
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uc. 32. MynbTHBHOPAaTOp HA MHBEPCHBIX HEHPOHAX

[TporpammHBIe MOsI€H 00J1aJaI0T CBOUMU CHEU(PUIECKUMU 0COOEHHOCTAMHU, CPEAN KOTOPBIX

HHTCPIPECTUPYCEMOCTD ABJIACTCA OJIHOM U3 HauOoee CyHI€CTBCHHDIX. Mgl MmoxeM npeaCTaBUTb cebe

MPOU3BOJIBHYIO aGCTpaKTHYIO BUPTYAJIbHYIO BBIUUCIIMTCIIbHYIO MAllIUHY, KOTOpast MOXET

HHTCPIPETUPOBATH HAllly MOACJIb, OJHAKO €€ KOHKPETHOC BOIIOIICHUEC JOJI?KHO YAOBJICTBOPATDH

OIPECACICHHBIM KPpUTEPUAM NPOU3BOAUTCIBHOCTU U SKOHOMUYHOCTH. B CUJIy TOI'O, YTO HAaIIn

HEHPOHHBIC MOJICTH TIPEIHAa3HAUYEHBI 1151 paboThl B cpene MuTepHer, BHIOOp criocoba peanu3anuu

HCKYCCTBEHHOI' O HEMpOHA OmpeensieTcss MOOMJIbHOCTBIO U TPOCTOTON MHTEPIIPETALINU €ro
BHYTPEHHHX MEXaHU3MOB, a TaKXKe ero HHTepdelicaMi ¢ BHEIIHUM IIPOrpaMMHO-TEXHUYECKUM
okpyxeHueM. Ha ceronusimHuii 1eHb OJHUM U3 HanOoJsiee MOOUIIBHBIX S3bIKOB IS

nporpamMmupoBanus MHTepHET npuioxeHui sBisieTcs Java, a IMAEpCTBO CPEAU MPOTOKOJIOB

obmena 6e3yciioBHO npuHaaaekut TCP/IP.




Ha puc. 33 nokazana Mozesb OT/IE€IbHOI0 H30IMPOBAHHOI0 HEHPOHA, HMEIOLIEro Habop
IIEPEMEHHBIX, KOTOPbIE OIPEIEISIIOT €r0 TEKYIIEE COCTOSHUE U BHYTPEHHUE METO/bI
B3aUMO/ICHCTBUSI, BKJIOUYAs IPUEM U Tiepenady JaHHbIX 1o mpotokony TCP/IP. Takoii HelipoH
MO>KHO CPaBHUTENBHO MPOCTO MOCTPOUTH B J1H000I cpesie 00bEKTHOIO MPOrpaMMUPOBAHUS.

Beixoabi
BHyTpeHHee BuibpaH
BO30yXaeHue NS CBA3K
A A v
Cb6poc CuHxpoHusartop
ID
CoeaAnHUTBLEH Knon
» L | C |t——
Bxoawl

P
uc. 33. Mojienb BX0O/10B U BBIXOJIOB MCKYCCTBEHHOT O HElipoHa
PaccmoTpum peanu3anuio 3Toro HelpoHa B si3bIke Java (MCXOAHbIE TEKCThI TPOrpaMM IpUBeICHBI
Ha caiite Www.nnod.com/np). Ero MoxHO mpeacTaBuTh, Kak 00bEKT, 001 a0l BHYTPEHHUMH
METOAAaMH, KOTOPbIE NTO3BOJIST €My OOMEHMBATHCSI C BHEIIHEH Cpefoi COOOIIEHUSIMU, UCTIONb3YsI
coenunenwus o nporokoiy TCP/IPc mpumenenuem Thread socket_Listener B kimacce Node.
Penteniropet E, S, C, P, R, T u | MoryT ObITh peain3oBaHbl KaK OTKPBITHIC JUISI BHEIITHUX
MOJKIIIOYEHHH MOPTHI, Y KOTOPHIX aJIpec MOXKET BBIYUCIATHCS 10 (hopMyIie:

Aopec nopma = Homep neiipona x 10 + nomep peyenmopa + cmeuienue.

Takas cxema 1o3BOJISI€T IOCTPOUTH BIIOJHE CAMOCTOATEIbHBIN HEHPOH, CIOCOOHBIN
BBINIOJIHATh MAKCUMAaJIbHOE KOJIMYECTBO Ollepaluii aCMHHXPOHHO ¢ OKpy»karouiei cpenoi. [Ipu Beeit
MPOCTOTE M JOCTATOUHO OJM3KOI aHAOTUU C peajibHBIM HEHPOHOM, ATOT METOA 00JagaeT
€IMHCTBEHHBIM HEIOCTATKOM — €T0 MPOorpaMMHasl peann3anus noTpedyer 3HaYuTeNbHOTO
KOJIMYECTBA PECYPCOB, BBICICHHBIX I IOPTOB, CO3/1aBAEMbIX B MOMEHT KJIOHUPOBAHUS KK OO
KOHKPETHOr 0 HelipoHa. MOXHO MPEeANnoa0KUTh, YTO B OyIyIlIeM 3Ta CXeMa OKa)KETCsl BIIOJIHE
paboueil, 0JHAKO B MOCIEAYIOLUIMX TOCTPOECHUAX MbI Oy1EM HCII0JIb30BATh 00JI€€ SKOHOMUYHOE
pelieHrne — BCE HEMPOHBI B KOHKPETHOM KOMITbIOTEpE OYyAYT B3aUMOICHCTBOBAThH C BHEIIIHEH
cpenoit uepes ceTeByr0 000104Ky (Proxy), 4To MO3BOJMT CYIIECTBEHHO YMEHBIIUTh HEOOXOAMMBIC
pecypchl Iy HE3HAYUTEIBHOM YCIOKHEHUH ITPOTOKOJIOB OOMEHa C BHEIIHEH cpemoi.

Heiiponnsrii kiacc Node u cootBeTcTByrommii kiacc Nerve B si3sike Java nMeeT CaeayoIyro
CTPYKTYpY:



class Node class Nerve

{ {
int id; int from;
double E; int to;
double O, String O_URL;
double D; double W;
double T: /
double S;
Date e_When,
Date o_When,
Date s_When;

/

BasoBsie MeTonb! s kitacca Node:

discharge Me() {... }
excite Me(double e d) {... }
fire Me(){... }

link Me(){... }

clone Me(){... }

select Me(){... }

Merton discharge_Me () — siBJisseTcst OCHOBHBIM CITIOCOOOM U3MEHEHHUSI BHYTPEHHET' O COCTOSTHUS
HelipoHa. PeanbHbI GU3MOIOTHYECKUN HEUPOH, UM HEHPOH, TOCTPOSHHBIA MPU TOMOIIN
aIrnapaTHbIX 3JIEMEHTOB, MOT'YT UMETh CBOM BHYTPEHHHE MEXaHU3Mbl CHHXPOHHU3ALUH, KOTOPbIE
MO3BOJIAT MPOU3BOAUTH U3MEHEHUSI COCTOSHUS apaMETPOB HEMPOHA, 3aBUCAIIHNX OT BPEMEHH.
B nporpamMMHBIX 3MyJISITOpax MPUXOAUTCS UCIIOIb30BATh BHEIIHUE CUHXPOHHU3AaTOPbI, KOTOPBIE
MOTYT 00€CHEYUTH BBI30B ATOTO METO/Ia C ONPEIeTICHHON TAKTOBOM YaCTOTOM, YTO MOXKET OBITh
MPAKTUYECKU SKBUBAJIEHTHO aNNapaTHON CUHXPOHU3AllUM, B TOM Cllydae, eCiiu
MHTEPIPETUPYIONMIUI KOMITbIOTEp 00€CreuuT OOHOBJICHNE BCEX HEHPOHOB B Mpe/esiaX OJHOr0
CUHXPOHU3UPYOLIEro TakTa. [Ipu 3ToM orpaHnyeHne Ha KOJIMYECTBO OJJHOBPEMEHHO aKTUBHBIX
HEHPOHOB MOXKET OBITH OINPENENICHO CIAEAYIOLIMM 00pa3oM:

Konuuecmeo neiponoe <T | At

rae

T — unmepesan cunxpounuszayuu,

At — 8pems, Heobx00UMOe Ha CUHXPOHU3AYUIO OOHO20 HEUPOHA.

[Tepenada Bo3OyKIeHHS B BBIXOIHBIE CBSI3M HEWPOHA 3aBHCUT OT 3HAYCHUS
nepemennoit 0_When. Ecin 3HaueHue 3ToM epeMEHHON He OMpeeICHO UITH BpeMs pa3psaa s
BbIxoaa O He SIBISETCS MOJTOKUTEITBHBIM IIEJTBIM YU CIIOM, MBI OyJIEM pacCMaTPUBATh COCTOSTHUE



BBIXO/1a HEM3MEHHBIM BO BpeMeHH. B 3TOM cilyyae ctanapTHBIM IOBEZeHUEM OyIeT Takoe, Koraa
B BeIxozie O, MOXKET HaXOJUTHCS TOJIBKO OJUH mokeH. Token n3piMaercs u3 Beixona O B ToM
cilydae, eClii y HeMpoHa UMeeTcs 110 KpailHel Mepe OJJHa IPUCOEINHEHHAs CBS3b C IPYTUM
HEHPOHOM WJIM HEMPOH MMEET BHYTPEHHIOIO CCBUIKY HAa BHEIIHUM ITOPT, K KOTOPOMY OH
IIPOM3BEIET BBI30B, B CiIydac JOCTUKEHHs IIOPOroBoro yposHs. He3aBucumo ot kosimdecTsa
CBsI3€, HEMPOH IepeiacT BO BCE BHEIIHUE CBA3U BO30YKIEHHUE, 3HaUEHUE KOTOPOro paBHO +1.

ITockonbKy nporecchl BO30YXI€HUS HEHPOHA U Nepeaaun BO30YyXKAECHUS BO BHELIHUE CBSI3U
ABIISIOTCA B OOLIEM cllydyae aCHHXPOHHBIMU, BO3MOKHA CUTYaI[Usl, KOTJJa HEMPOH MOKET ITOBTOPHO
BO30YAMTCS 10 TOTO, KaK mokeH OBl IepeilaH BO BHEIIHKE CBA3H. B 3TOM ciyyae npoucxoaut
nobaBiieHne mokeHa K Beixogay O, KOTOpBIN paboTaeT Kak HaKomuTeb. KaxIblii mocinenyomui
IIUKJT TIepeiady BO30YKIEHHUS BO BHEIIHIOO Cpedy OyneT yMeHbIIaTh KOJMYECTBO mokeHos Ha 1.

Heiipon moxer nepenaBath BO30yKAEHHS BO BHEIIHIOIO CPENY, €CJIM y HET'O YCTaHOBJIEHO
3HavyeHue BHyTpeHHel nepemennoir O_URL. B neMoHCTpanimoHHOM prMepe BHEIIHUN MOYJIb
npeacTaBiser coboi HebobInyo JSP-iporpammy — neural. jSp, kotopas 1oKHA OBITH
pa3MelneHa B 1OCTyITHOM qupekTopuu mox ynpasienuem Web-cepsepa Apache Tomcat. Brizos
3TOM MPOrpaMMBbl U3 HEHPOHA MPUBEIET K €€ 3aIlyCKY, U KaK pe3yJbTaT 3Ta IporpaMmma MOXKeT
MOPOAUTH CKOJIb YTOJHO CJIO’KHBINA MPOLIECC — PEAKLHIO.

IIpu obOparieHnn HEMpPOH MepenacT B BHI3bIBAEMYIO IPOrPaMMYy €AMHCTBEHHBIH apamerp —
CBO HOMep. DTa jKe IporpaMma MoXeT ObITh BbI3BaHA OOBIYHBIM CIIOCOOOM., HAIIPUMED:

http://localhost/np/neural.jsp?1D=12345

Huke IIPUBEICH HCXONHbII TEKCT TOH I1POrPAMMBI:
<%
String ID= request.getParameter(“ID”),
if (ID == null) ID = "7,
%>
OK ID = <%=ID%>

OTOT npuMep NpeAHa3Ha4yeH AJs IEMOHCTpali paboThl HElipOHa B «MOTOPHOM PEXHUMeE», KOraa
Pe3yJIbTaTOM €ro PaboTHI MOXKET OBITH BO30Y K/I€HHE BHEITHErO IPOrpaMMHOr0 MoyJis (puc. 8).

Jlis ynoGcTBa MPOEKTUPOBAHUS HEHPOHHBIX MOJIENEN, IOMUMO KJIaCCUYECKUX CBSI3EN
o0ecrneunBaroIyX nepenayy Bo30yKIeHUI MeX 1y HeHpoHaMM, BBEIEM JOIOJIHUTEIbHBIN Ki1acc
CTPYKTYPHBIX CBsA3€H. bynem Ha3pIBaTh COCIMHEHNS MEXAY HEUPOHAMHU, 110 KOTOPBIM MOT'YT
nepeaBaThCsl CUTHAIBI-BO30YXK/1eHHs akTUBHBIME cBsi3siMu P, ; (Pipes). Ctpykrypusie cBszu SL;
; (Structural Links) cimy>xaT 11 BBIACICHUS IPYII HEHPOHOB, 00JIQIAI0IINX ONPEeICHHBIMH
CBOMCTBaMH.

Hanpumep, rpymnmna HelipoOHOB, NPEACTaBIAIONIMX 3HAYEHHSI CJIOB KOHKPETHOI'O CJI0BAPSL, WU
rpynmna HelpOHOB, IPEACTABIISIOIIMX PACIO3HAOIMINM JUarHOCTUYECKUH CIIOH, U T. II.



PacnoaHasarenu CnoBapb

KoHTekcT N OTBeTHl
«MecTo»

Beb-cBazn KoHTekcT
« BpeMg »

Knactepbi

HelpoHbl P

uc. 34. CTpyKTypHBIE CBSA3U U UX NIPEACTaBICHUE B BUJIE KIACTEPOB
CTpyKTypHBIE CBSI3U IIO3BOJISAIOT JIETKO 3a1aBaTh, U COOTBETCTBEHHO BBIJEIISTh U3 BCETO MHOXKECTBA
HEHPOHOB JaHHOI MOJIEIH TOJIBKO T€, KOTOpPhIe MPHHAIJIEKAT ONPeIeIEHHOMY CJIOI0, U TEM CaMbIM
CO3/1aBaTh MHOT'OCJIOIHBIE B3aUMOCBSI3aHHbIE CTPYKTYphl. CaMu 10 ceGe CTPYKTYpHBIE CBS3H
HE OKa3bIBalOT HUKAKOI'0 BIUSHUS Ha paclpocTpaHeHue BO30YKIeHUN cpeu HeMpOHOB
Y BBITIOJHSIOT UCKJIIOUUTENHHO BCIIOMOTaTeNbHYIO POJib, 00JIeryasi MIOHUMaHUE U YIPOIIas MpoIecc
IIPOEKTUPOBAHUS.

bynem Ha3bIBaTh TpyNIy HEWPOHOB, MPHUHAUIEKAIINX TAHHOW HepapXun, — Kiactep (puc.
34). Hasmuue CTpyKTYPHBIX CBS3€H MO3BOJISIET HCIIOJB30BATh TPAJAUIITMOHHBIC METOIBI PAaOOTHI
CO CTPYKTYPHUPOBAHHBIMU TaHHBIMH. XOPOILIO U3BECTHBIE B PENIALIMOHHBIX 0a3aX JaHHBIX ONepaluu
BBIOOPKH MOT'YT OBbITh B IIOJHON Mepe MPUMEHUMBI K KJIacTepaM B HEHPOHHBIX Mozenax. bonee
TOI'0, UHTETpalysi HEHPOHHBIX MOJIENIEN U PENALIMOHHBIX 0a3 JaHHBIX TO3BOJISIET CYLLIECTBEHHO
YIPOCTUTH pellieHre 00JIbIIOro KOJIMUECTBa 3a/]a4, CBSI3aHHbBIX C OpraHu3alueil HeHpOHOB
B Pa3JIMYHbIE TPYIIIbI, B 3aBUCUMOCTH OT HHTEPECOB KOHKPETHOT' O M0JIb30BaTeNsd. CTpyKTypHbIE
CBSI3U MOTYT OBITh 3a/1aHbI B BU/I€ PEIIIIUOHHON TaOIHIIbL:



Tabnuua 1

HassaHne Tun Onucanne
ID AutoNumber YHukaneHbIi ngeHtngpukarop
Cluster Name  Text Ums knacrtepa (MoxeT ObiTb rycTo)

NneHTugukarop HenpoHa,
From Number KOTOPOMY MNPUHaANEXnT AaHHbIA
knacrtep (Moxert 6bITb MycTo)

NneHTugukarop HempoHa, KoTopbin

Neuron ID Number .
- BXOANT B faHHbIV Knactep

Heiiponsl, npuHaanexaiye onpeaeaeHHoMY KiacTepy, MOKHO BBIOMPATh MIPU TOMOIIH
crangaptHbiX SQL-3ampocoB. Hampumep, eciu cyiiecTByer kiactep «Rus_Dictionary’, MHOXeCTBO
MPUHAUISKAIINX €My HEHPOHOB MOXKET OBITh TIOJYYEHO CIESIYIOIINUM 00pa3oMm:

SELECT Neuron_ID FROM Clusters

WHERE Cluster Name = «Rus_Dictionary’

CTpyKTypHBIE CBSI3U TIO3BOJISIOT IPUMEHUTD MPH CO3JJaHUU HEHPOHHBIX MOJIEJIei BU3yalbHbIE
rpadudeckre UHTePEHChl 1 KOHIENTYalbHbIE METO/IbI MPOSKTUPOBAHUS, AHATIOTUYHBIE TEM,
KOTOpBI€ HCIOJIB3YIOTCS B TECOPUH U MPAKTHKE 06a3 TaHHBIX. B mpakTHuecKoM MpoeKTHpoBaHuU 0a3
JAHHBIX YCIIEX 3a9acCTyI0 JOCTUTACTCS 33 CUET YAAYHOTO COUCTAHUS PA3IMIHBIX METOIOB
MOJICITUPOBAHMS: MATEMATHICCKHX, KOHIICTITYIBHBIX, JIOTHYECKAX U (PU3NIECKUX CITOCOOOB
MIPECTABJICHUS JAHHBIX, UX OTHOIICHUIA U (PYHKIIMOHAILHBIX HHTEP(ErCcOB.

KonrenTyanbHbIe PEACTABICHUS B TOM PSIIy 3aHUMAIOT CBOE 0CO00€ MECTO, MOCKOJIBbKY
B OTJIMYHE OT MATEMATHUYECKUX MOJIENIEH, ITPpeJHA3HAYCHHBIX, B IEPBYIO 0YEPEIb, ISl IOTYICHHUS
YHHUBEpPCAJIbHBIX U OOIIUX PEIICHUH, B KOHIIETITYAIbHBIX MOJICTISIX YUUTHIBACTCS Pa3Hure B TOUKAX
3pEHHS W WHTEPIPETAIMIX PA3HBIX JIFOICH MPU pabOTe ¢ OJTHUMHU U TEMH K& HaOOopaMu JTaHHBIX.

B 3ayiaum npoekTHPOBINKKA TP 3TOM BXOJIUT BBISIBJICHHE dTHX PA3JIMINi U pa3paboTKa
MEXaHHU3MOB UHTEPIIPETAIIMH U TIPEICTABICHUS JAHHBIX, B 3aBUCKMOCTH OT UX KOHKPETHOT'O
norpedurens. KonnentyanbHbIe TpeaCTaBICHUS U WH()OPMAIIMOHHBIN PETSITHBU3M MOYXKHO OTHECTU
K OTHOMY U TOMY K€ ()€HOMEHY — OJIMHAKOBBIC COOOIICHUSI BOCIIPUHUMAIOTCS
Y MHTEPIPETUPYIOTCS PA3IMIHBIMU CHCTEMAMH M1O-Pa3HOMY.

CeTeBasi obonoyka n 6asoBble NPOTOKONbI

CeHcopbl HEHPOHOB 00ECIIEUNBAIOT BOCIPUATHE CUTHAJIOB, TOCTYNAIOIIUX U3 BHEIIHEH cpeasbl. J{ms
UX MOJICITUPOBAHMS MBI Oy/IEM HCIIONB30BATh J[BA TUIIA BO30YKICHU: HETTOCPEICTBEHHOE
BO30YXKJIEHHE, B TOM CIIy4ae, €CJIM UCIOIb3yeTCs Tpaduueckuii uHTepdeiic, u ceTeBoe
B030yk1eHue Ha ocHOBe npoTokona TCP/IP, B ciyuae, koraa curain mpuxoauT U3 JII000ro
yIajJeHHOro uctTouHuka. ['paguueckuit uaTepdeiic u B3auMoeiicTBIE Yepe3 HHTEPHET -IPOTOKOJIbI
00pa3yIoT CUCTEMY JOCTYIA, XOPOIIO U3BECTHYIO CIEIHAlIMCTaM 1Mo 0a3aM JaHHBIX, TJI€ C OJHOU
CTOPOHBI HCITOJIB3YIOTCS 3ampockl B rpadudeckoit popme (Query By Form), a ¢ apyroi —
MIPOrPaMMHUCTBI BCETIa MOTYT HCIOJIb30BaTh s3Ik SQL B KauecTBe yHUBEPCAIHLHOTO CPEICTBA
MIOCTPOCHUS IIPOU3BOJIBHBIX 00paIlIeHNH K JaHHBIM. Tak e, Kak U B 0a3ax JaHHBIX, BU3yaJH3allHsI
HEWPOHOB U CBSI3EH MEXy HUMU MOKET UMETh MHO)KECTBO Pa3IMYHBIX (OPM, B 3aBUCHMOCTH

OT 3aJ1a4, PEeIIaeMbIX KOHKPETHBIM MOJIb30BATEIIEM.

OOy4eHre U KOHCTPYHPOBAHUE SBIISIOTCS TAKIMH K€ BAXKHBIMU CBOWCTBAMH B HEHPOHHOM
MOJIeTUPOBAHNH, KaK M peaKius HelpoHa Ha BHEITHUE pa3apakeHus. CEeHCOPBI U PEIENTOPhI IPH
3TOM OJTHOBPEMEHHO BBITIOJHSIOT ABE CYIICCTBEHHO pa3IMYHbIe (YHKIUU — MPHHUMAIOT CUTHAJIBI,
KOTOPBIC BEAYT K H3MEHEHUIO CTPYKTYpPbI HEHPOHHOH MOJIEN M PEarnupyloT Ha BHEITHNE
BO30Y)KICHHUS, KOTOPHIC IPUBOAT K OTBETHOW PEAKIIMH, YTO BIIOJIHE MOXXHO CPaBHUTD



C MPOLECCOM IIPOrPaMMHPOBAHMS U UCIOJIHEHUs TporpammM. [IporpaMMupoBanue u3MeHseT
CTPYKTYpPHO-(DYHKIIMOHAJIbHbIE CBOMCTBA, @ UCIIOJIHEHUE IPOrpaMM 3aKII04aeTCs B peakLuu

Ha JIaHHbIE, IOCTYyNaloIIKe U3BHE. B HepOHHBIX MOJIENSX IPOrPaMMHUPOBAHKUE U UCIIOJIHEHHE
dakTHuecky 00bEMHEHBl B €AMHOM Tpoliecce oOMeHa Bo30yxaeHusiMu. [1pu aTom nousarue
porpamMma pa3MbIBaeTCs, U Mbl MOXEM T'OBOPUTH JIUIIH 00 H3MEHEHUSX B COCTOSTHUN HEHPOHHBIX
CHCTEM B IIPOIECCE UX B3aMMOJIEUCTBUS C BHEIIIHUM MUPOM. Takoe CBOMCTBO HEHPOHHBIX MOJIEJIEN
BIIOJIHE COOTBETCTBYET HallleMy ObITOBOMY IPE/ICTABICHHUIO O YETOBEYECKOM TOBEICHUH, KOT'/1a
o0yuyeHue U peakiuy B Ipolecce 00IIeHUs MPaKTUYECKU HE Pa3/iesIeHbl — I0JIy4aeM JIU Mbl HOBbIE
3HaHUS WIM OTBEYAEM Ha BOIMPOCHI, KOTOPHIE HAM XOPOIIO U3BECTHBI, 3TO MPOUCXOAUT B KOHTEKCTE
HEMpPEepbIBHOT O HEpa31eIbHOI0 B3aUMOACHCTBHSI Ha MPOTSHKEHUH BCEH YeI0BEYECKON KU3HU.

Kak MbI y’e oTMedanu Bblle, IPOUCXOJALIME B PE3YIbTATE B3aUMOACHCTBUS U3MEHEHHUS
B COCTOSTHUM HEHPOHHOM CHCTEMBI, MOTYT OBITh 1OCTATOYHO JIETKO U3MEPEHBI U CBEACHBI K BIIOJIHE
KOHEYHOMY MHOXKECTBY 3HA4€HUH, OTpaKaroIUX TEKYIlee COCTOSHUE HEUPOHOB U UX CBA3EH.
OcCHOBBIBasICh Ha TAKMX U3MEPEHUSX, MBI MOJKEM HCIIOJIb30BaTh METO/Ibl KOJMYECTBEHHOT O aHAN3a
JUISl OIIPE/IeNIEHUs XapaKTePUCTHK KaK JUHAMUKH Pa3BUTHS, TaK U B 11€JI0M CJIOXKHOCTH HEMPOHHBIX
cucteM. CpaBHUBAs IOBE/IEHNE MOJIEKYJ B PU3NUECKUX CHCTEMAaX C ITOBEEHUEM HEHPOHOB, MbI
MO’KEM 3aMETUTh, YTO HEHPOH 00J1aZjaeT NPaKTUUYECKH TaKUM K€ KOJIMYECTBEHHBIM HAOOpOM
XapaKTepUCTUK. MOMEHT KOJIMUYECTBA ABH)KEHUS MOJIEKYJI U YPOBEHb BO30Y KJICHUSI HEHPOHOB
MOTYT CIIY’KMTb OCHOBAHHMEM JIJI1 UX CPaBHEHMSI, YTO ITO3BOJIAET UCIOJIb30BaTh GU3NUECKIE
aHAJIOTUU IPUMEHUTENBHO K MH(OPMALIMOHHOMY aHaJIN3y HEHPOHHBIX CHCTEM.

B rpaduueckoii Bepcuu 1moJib30BaTelIbCKOro HHTEpdeiica, BKIroYeHHo B coctaB HOC,
B3aMMOJICHCTBHE C HEHPOHOM OCYILIECTBIISIETCS MIyTEM «IIPUKOCHOBEHUS-IIIETYKa» B 001aCTh
OIpENIETICHHOI0 PELENTOPa, YTO MPUBEIET K Iepeaade CUrHajla B HEMPOH JJIs €ro MocleAyoei
o0pabotku. Takoit cnocol ABISETCS 1OCTATOYHO HATJISIAHBIM JJIsl U3y4EHUS CBOMCTB
MCKYCCTBEHHBIX HEHPOHOB U MOXET OBbITh MCIOJIb30BaH MPU NOCTPOCHNUN 0A30BBIX HEHPOHHBIX
CTPYKTYP.

ITo Mmepe HeOOXOAMMOCTH MBI OYyJIEM MTOCIIEIOBATEIBLHO 100aBJISA Th HOBBIE BO3MOYKHOCTH
B IIPOTOKOJ OOMEHa ¢ HelpoHHOU cpenoil. [IepBriil ypoBeHB 3TOT0 MPOTOKOJA MPAKTUIECKH
COOTBETCTBYET MHTYUTUBHOM (PU3MOIOrHUECKON MOJENN — BO30YKI€HUE pelenTopa MpouCXOJUT
B Cllydae MOSIBJICHUS CUTHAJIAa HAa €r0 BXOJI€, YTO MOXET OBbITh 33JJaHO MPH MOMOIIX ABYX
IapaMeTpOB: aJIpeC PELENTOpa B HEPOHE U yPOBEHb cUrHaia. HelipoH mosy4yaeTr CUrHall Ha BXOJe
MOCTIE TOTO, KaK OH TPaHCHOPMHPOBAJICS HEPBOM (CBS3bI0) B COOTBETCTBUH C KOA(DUIIHEHTOM
nepenadn. OIHAKO €c/M Ha BXOJ, HEWPOHA MOCTYNAET CUTHAJ OT BHEIIHEr 0 HCTOYHUKA, YPOBEHb
BO30YKIEHHUS TOJDKEH OBITh SIBHO 33/1aH TIepeialolieil CTOpoHoH. B aToM ciyyae ucrnomib3yercs
cnenyrommi GopMaT CoOOIIeHHUS:

Coobwenue:=

<GET> </nHomep neiippona> = <peyenmop> |

<GET> </nHomep Hetipona> = <peyenmop> = <@eqUUUHA CUCHALA>

Tl oomena ¢ Cereoii 0600ukoit (NS) MOKHO BOCITONIB30BATHCS JIFOOOH
TEJIEKOMMYHHKAI[MOHHOM MPOrpaMMOH, KOTOpas MOIEP’KUBAET COCAMHEHU S
o mpotokosry TCP (puc. 35). CaMbIM IPOCTBIM U JOCTYIHBIM CIIOCOOOM Tepeiayu CUTHaja
Ha pelenTop KOHKpeTHOro HeiipoHa sBisercs HTTP-3ampoc.

[IpakTuecku Bo Bcex OMOIMOTEKaX COBPEMEHHBIX SI3BIKOB ITPOrPAMMHPOBAHUS UMEIOTCS
cpenctBa ais cozganust HTTP 3anpocoB, paBHO Kak U B OOJIbIIMHCTBE IPUKIIATHBIX
npunoxenuit — MS Excel, Word u . 1., ecTh BCTpOCHHBIE CPEACTBA TUIIEPCCHIIIOK, KOTOPhIE MOTYT
OBITh UCII0JI30BAHBI B KAUECTBE MHUIIMATOPA TaKoro 3arnpoca. CaMbIM IPOCTHIM CI1OCO00M
nepelayu CUrHaia Ha pelenTop KOHKPETHOr0 HEMPOHA SIBJSIETCS aKTUBU3ALIMS TUIIEPCChLIKU
B OJIHOM U3 TaKUX MPUJIOKEHUM, Haripumep, B Be6-0Opay3sepe.

Kaxxnas cereBast 00004Ka MPEICTABIAET COOO0M CaMOCTOATENBHYIO TPOrpaMMy, U MBI MOXKEM
UMETb MTPOU3BOJILHOE KOJIMYECTBO OJTHOBPEMEHHO PabO0TaIOMINX KOMUN, IPUCBOUB KaX/10M U3 HUX
cBOM coOCTBEHHBIH MOpT. [I0CKOIBbKY KaXkIblii MOPT UMEET YHUKAJIbHBIN HOMEp, B AaJIbHEIHIIIEM MbI
Oy/aeM MCMOJIb30BaTh ATOT HOMEP JJIsl UAEHTH(UKALIMU CETEBBIX 000I04YEK U, COOTBETCTBEHHO,



HEWPOHHBIX CTPYKTYP, PACIIONIOKEHHbIX BHYTpHU. OOpalieHue Kk 00010uKe, 1151 KOTOPOH,
HanpuMmep, BoiaeseH nopt 10000, Oyaer BBIMISAET CIEIYIOIUM 00pa3oM:

http://localhost:10000/0=s

[Ipu nonyuenuu takoro 3anpoca HIC Beinenut u3 trena HTTP-3anpoca komanay, onpeaeauT
THUI PELIENTOPA U BBIIOJHUT COOTBETCTBYIOILYIO OIEPALIMIO0 C KOHKPETHBIM HelipoHoM. Ha puc.

36 nmoka3zaH npumep B3auMoeiicTBUS HelpoHHOI cpensl HOC ¢ BeO-cTpaHUIIEH, KOTOPast BXOJIUT
B COCTaB J€MOHCTpallMOHHOro IpuMepa. Ha 31oif cTpanuiie co3aHbl HECKOJIBKO THIIEPCCHUIOK
K HelfpOHaM ¢ KCI0JIb30BaHUeM JauHamMudeckux cBoiictB DHTML u si3bika JavaScript.

Jliis Toro uTo0s! oOpaiienue k HIC He NPUBOANIIO K TOCTOSHHOM Iepe3arpys3ke
COZIEP)KUMOT 0, HaM MTOHAJI00UTCS TONMOIHUTENbHBIN (peiim (puc. 37), oTkyaa Oyaer
ocymectBiATbC HT TP-BBI30B U Tyna ske Oy1eT BO3BpallleH NOJyYeHHbIN pe3yabTaT. Mbl Oynem
UCIOJB30BaTh 3TOT (ppeiiM NI UCTIOTHEHUS TPOr PaMM, TUHAMUYECKH 3arPy’KaeMbIX B TaHHYIO

CTPaHUILy U3 Pa3JMYHBIX BHEITHUX HCTOYHHKOB.
Boixoa

CerteBaq
obonoyka

BoabyxaeHue
E, BuiDpaH ana ceasu
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i C,
s

Bxoawi

uc. 35. CereBast 0001104Ka HCKYCCTBEHHOI'0 HEpoHa (1 — HOMep HeifpoHa)

Takast BOBMOXXHOCTb MOSIBJISIETCS Y HAC TOTOMY, YTO CTPAHMIIA B ATOM CIlydae sIBJSICTCS BIIOJIHE
CaMOCTOSITEIILHBIM UHMEPNPEeMAamopom, i CyIECTBYET HECKOJIbKO HHTEPIPETHPYEMBIX SI3bIKOB
(JavaScript, VBScript u 1p.), KoTopbIie 00/1a/1al0T JOCTATOYHBIMHA CBOMCTBAMHU JIJISI TOIEPIKAHHUS
pacrpeieieHHbIX BHIYUCIUTEIBHBIX POLECCOB. Takue ABYXCIOMHBIC CTPAHHUIIBI COCTOST

U3 BUIMMOTO TIEPEIHEr0 MJIaHa, KOTOPbId Mbl OyaeM Ha3biBaTh kapma (Card) u BToporo CKpbIToro
cnosi — ¢hona(Background). MuorocoiiHasi CTpyKTypa JeaeT BO3MOXKHBIM 3 (HEKTUBHO
UCII0JIb30BaTh BEO-CTPAHUIy KaK aKTUBHBIN MIPOrPAMMHBIN KOMITOHEHT, MTO3BOJISFOIIHIA BITOJIHSTH
B CKPBITOM CJIO€ BCE€ HEOOXOAMMEBIE I CTBHS MO BHI30BY BHEIIHUX CHCTEM, 00paboTKe
MOJTYYCHHBIX PE3yJIbTATOB U MEpeaaue uX JUIsl OTOOPaKEHHUS B BUJAUMBIN CIIOM.
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Puc. 36. Hetiponvt mocym 60CnpuHUMams CUSHAbL U3 BHEULHEl CpeObl

Bezo HOC u3 aroro ¢peiiMa Ha si3pike JavaSCript BRINISANT CISAYIOIKUM 00pa3oMm:
Host = «localhosty;

Port = «10000y;

function call_Neural_Environment (Neuron_ID, op)

{
URL = Host + Port + “/” + Neuron_ID + “="+ op, parent.fControl.location.href=URL,

}

B kauectBe BHenHero nHTepderica Ml MOXKEM HCIOJIb30BaTh cepBep Apache Tomcat, uto
no3Bossier uepe3 ODBC/IDBC un tepdeiic moakI04YnUTh HAllly HSHPOHHYIO Cpeay K 0a3aM TaHHbBIX
W K ApYruM GYHKIIMOHATIBHBIM priioxkenusmM. Bmecto JSP/Servlets-trexunonoruu ¢ Takum xe
YCIIEXOM MOXKET OBITh UCTONIb30BaHa ASP-TexHoorust Mukpocodr.

B HOC 3arpy3ka peliMOB OCyLIECTBIISICTCS Yepe3 NPOMeXyTouHyto cTpanuity — loader.htm,
KOTOpasi COACPIKUT CIENYIOINI KO

<HTML>
<HEAD>
<TITLE>Example 1</TITLE>
</HEAD>
<FRAMESET COLS=""">
<FRAMESET ROWS="100%,0%">
<FRAME NAME="Card” TARGET="Card” SRC="neuron.htm”>
<FRAME NAME="Background” TARGET="Background” SRC="">
</FRAMESET>
</FRAMESET>
</HTML>

B nanpHeiiniemM Mbl OyieM UCIOJIB30BaTh MHOTOCIIONHBIE CTPAHUIIBI JJIs YIIPaBIEHUS HEHPOHHOM
cpemoii, ooMeHa ¢ 0a30i JaHHBIX, OPraHU3AINH JUAI0ra U UHBIX QyHKIHA. Takast opranu3aius
MO3BOJIIET C MUHUMAJILHBIMH 3aTpaTaMy IMOCTPOUTH Ha OCHOBE BeO-Opay3epa MpaKTUIEeCKH



HEOT' PAaHUYEHHBIN, OTKPBITHIA U paciupsieMblii HA00p QyHKIIMOHATBFHBIX KOMIIOHEHTOB, B KOTOPBIX
COYETAIOTCsl MOLIHbIE IpaUUeCcKUe CPEICTBA, BO3SMOXKHOCTH JUHAMHUYECKOIO IPOrpaMMHUPOBAHUS
U pa3BUTbIE HHTEP(ENCH] K IIMPOKOMY CHEKTPY CUCTEM U MPHUKJIIAJHBIX TPOrPAMM.
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uc. 37. Muorocnoiinas ctpykrypa DHTML-crpanuiist

[TporpamMMupoBaHe HEHPOHHBIX MPHIIOKEHUH Ha A3bIKaxX THIA Java, MO3BOJISIET CIIOJIb30BaTh BCE
COBpPEMEHHBIC CPE/ICTBA M TEXHOJIOTUH ISl HHTETPALlUH dTUX MOJIENICH B pa3HOOOpa3HbIe
NpUKJIaTHbIe CUCTEeMBIL. [Ipr 7TOM MBI MOXEM MOJKIIOYATh K HUM TaKUE CTPYKTYPBI TaHHBIX, KaK
CIIOBapH, T€3aypyChl, MHICKCHBIC (QaiiJIbl U T. 1.

MpbI MOXKEM pacHIMpHUTh TPOTOKOJI OOMEHa ¢ HelpoHaMHU, BBE/S, HAIIPUMED, JOMOJTHUTEIbHBIC
KOHCTpYKIMU B s13bIK SQL, KoTOpbIe oOecneuaT ynpaBiieHUE KJIOHUPOBAaHUEM, BO30YKIEHUSIMH,
CBSI3IMH H JPYTUMH OIlepaIMsIMU, TPUMEHUMBIMU B HEWPOHHBIX MOJIEIISX:

SELECT NODE/LINK ... FROM... WHERE ...

UPDATE NODE/LINK... WHERE ...

DELETE NODE/LINK/CLUSTER... WHERE ...

CLONE...

EXCITE ...

LINK...

ITo ananorun ¢ ODBC/JDBC koMaH 6l 0OMEHA ¢ HHTErPUPOBAHHONW HEHPOHHOM CpeIoi
B paMKax MPOTOKOJIA BBICOKOTO YPOBHSI MOTYT ObITh BCTPOCHBI B SI3BIK CIEIYIOIIUM 00pa3oMm:

query = «SELECT NODES “ +
«FROM * WHERE ID = 123»;

ns = neural_statement. execute (query);
more = ns.next ();

while (more)

{

ID = ns.getString (1); more = ns.next ();



}

[IpumeHeHue 3Toro NpoToKoJa MpU NPOrpaMMHUpoBaHUM MoayJeit JSP unu ceperemmnon
ynpasieHrnem Apache Tomcat mo3BossieT COXpaHUTh OOIIHIA CTHIIL OOMEHa Kak st 0a3 JaHHBIX,
TaK U JUJI1 HEUPOHHBIX MOJIENIEH.

CeHcopHBIE 1 MOTOPHBIE CBOMCTBA HEMPOHOB B HAIIIEM Cllydae CBEACHBI K 0OMEeHY
coob1eHusiMu uepe3 IHTepHeT, a acCOIMAaTUBHEIN HEWPOH, COXPAHUB BCE OCHOBHBIE CBONWCTBA
CTATHYECKUX UCKYCCTBEHHBIX HEUPOHOB, UMEET PsiJl AMHAMUYECKUX CBOWCTB, PACIIUPSIONINUX €TO
(GyHKIMOHATbHBIE BO3MOKHOCTH.

[Ipu nocTpoeHny NporpaMMHON MOZENIN HCKYCCTBEHHOIO HEMPOHA y HAC €CTh BO3MOXXKHOCTh
BOCIOJIB30BAThCS CPEJICTBAMU TPAIULMOHHBIX 00bEKTHO-OPUEHTUPOBAHHBIX S3BIKOB
POrpaMMHPOBAHUS, TaKuX Kak Java wim C++ uim, yauTeiBasi HEOOXOIUMOCTH XpaHCHUS MOJICTICH
B HE3aBHCUMOM OT KOHKPETHOT'O MHTEPIPETaTOpa BUJIE, UCIOJIb30BaTh O0BEKTHBIE 0a3bl TaHHBIX,
takue Hanpumep, kak |BM Cloudscape, uto sBisieTcst 6oiee moaxoasieit cpeoi, MoCKOIbKY
B HUX BO3MOXKHO CO3/1aBaTh aKTUBHBIE MOJIENIN, UHTEIPUPYS JaHHbIE, 0OBbEKTHI U IPOLECCHI
B paMKax oJHOM cucTemMbl. OTHAKO MOCKOJIBKY O0BEKTHBIE Oa3bl B HACTOSIINI MOMEHT BCE €I1Ie
HAXOJSATCS HA SKCIIEPUMEHTAIIbHON CTaJNK Pa3BUTHS, Mbl OyJIEM HCIIOJIb30BaTh 3JI0KEHHBIE B HUX
KOHIIENTyaJIbHbIE TTOJIOKEHUS IO MHTErPallMi METO/I0B U JIAHHBIX, HO COXPAHSTh HAIIIA MOJIENIN
B TPAIMIIMOHHBIX PENSIIMOHHBIX 0a3ax, Harpumep — MySQL.

J71s1 coxpaHeHusl ¥ BOCCTaHOBJICHUS HEHPOHHBIX MOJIENEH, a TaKXKe JJIsl pabOoThI
C CONMYTCTBYIOLIMMH JaHHBIMU, TAKUMH KaK TE€KCTBI, CIOBapy M PEAKIMH, B JEMOHCTPALIMOHHOM
npumepe Mbl Oyaem ucnosb3zoBate ODBC unTepdeiic, 4yTo MO3BONIMUT HaM CO3/1aBaTh PEIICHUS,
HE3aBUCHMBIC OT KOHKPETHOM 0a3bl MaHHBIX. Y craHoBKa U KoHpurypauuss ODBC He npencrasmisier
0COOBIX 3aTpyTHEHUI B COBPEMEHHBIX ONEPALMOHHBIX cucTeMax. B Ta0xn. 2 npuBeneH npumep
CTPYKTYpBbI 0a3bl JaHHBIX, KOTOPasi MOKET ObITh UCIIOIb30BaHa JIsl XpaHEHUsI HEHPOHHOM MOAEIH.

HasBaHue Tun Onucaxune Tabmua 2
ID AutoNumber  YHukaneHbit naeHTngukarop
Name Text ms HenpoHa (MoxeT ObiTb nycro)
3HavyeHne BHyTpeHHero Bo36 HUSA
E Number a s Ll BRICyALeM
(+1<>-1)
3HavYeHne Ha Bbixoge HenpoHa
0 Number (+1<>—1 unn nycro)
Bpewmsi, korga HerpoH noayynn ovyepegHoe
E When Date BO30YXAEHME
Bpems, korga HevWpoH, 4OCTUrHyB nopora
O_When Date cpabarbiBaHusl, U3AMEHWU1 CBOK XOA
D Number 3HavyeHne koapduumeHTa paspsaa
i B Number 3HaveHune nopora cpabarbiBaHUs

HelnpoHsbl, crioBa U CMbICIT

HauuHas ¢ npeBHHX T'pekoB [1], mpo0yieMbl s3bIKa, TOHUMAHKS H MHTEPIIPETAIIMH TPUBIIEKAIOT
BHUMAaHHME MHOTHUX ITOKOJIEHUM HCcieaoBaTesel. B mporpaMMUpoOBaHUM 3TO HANPABJICHUE
0€3yCJIOBHO SBJISIETCS OJHUM U3 MPUHIIUITHAIEHO BaKHBIX, TOCKOJIBKY BCE TEOPETHUECKHE

Y TIPAKTUYECKUE OCHOBBI ATOW JUCIUILIMHBI CBSA3aHBI C MOHATHEM si3bIka. Kimaccnueckoe
onpenenenue «I3vik L — amo noomnosxcecmseo muodicecmsa cos 3adannozo aipasuma V,



Komopoe moxcem ovims 3a0ano npu nomowu epammamuxu G», B TOW UM KHOK GopMe 3HAKOMO
OOJILIMMHCTBY TTPO(ecCHOHABHBIX ITPOrPaMMHUCTOB. M cX0/st U3 3TOr0 ompeieneHus,
bopMaM30BaH MPOLECC TPAHCISIIMN M BBIITOJHEHUS IIPOrPaMM, YTO JeaeT UX «ITOHUMaHHE»
Ha KOMITBIOTEPHOM YPOBHE BITOJIHE OIPEACIICHHBIM U OAHO3HAYHBIM. OIHAKO MPUMEH CHHE
KOHTEKCTHO-CBOOO/IHBIX I'PAMMATHK, UMCIOIINX BaXKHOE 3HAYCHUE JIJIS1 (POPMAJIbHBIX S3BIKOB
porpaMMHUpPOBaHUS, B 3a71a4aX, CBSI3aHHBIX C B3aUMOJICHCTBUEM Ha €CTECTBEHHBIX A3bIKAX, KaK
NPaBUJIO, HE TIPHHOCHT MOJIOKHUTEIbHBIX Pe3yiibTaToB. Kakue Obl TeOpeTHYECKUE MPUYUHBI

HE CTOSIIM 33 9THM, YCIHEIIHBIX MPAKTHYECKUX PEIICHNH, OCHOBAaHHBIX Ha IPUMEHEHUH
(bopMaIbHBIX TPAMMATHK B KJIACCE 3a/1a4, CBA3aHHBIX C OOIICHHEM Ha €CTECTBEHHOM SI3BIKE,
NPAKTHYECKU HE CYIIeCTBYET. [10/] yCICITHBIMH MBI HIMEEM B BHJY PEIICHHUS, TOCTYITHBIC IS
MPUKJIaTHOTO TTPOTPAMMHUCTA, UMEIOIIETO OMBIT paOOTHI CO CTAHIAPTHBIMH SI3bIKAMHU
POrpaMMHPOBAHUS U PECYPChI CPEIHEr0 MePCOHATLHOI0 KOMITBIOTEpA.

[TombITKM TOCTPOUTD YPPEKTUBHBIEC CUCTEMBI [T PEIICHHS 3a71a4, CBSI3aHHBIX C MOHUMaHHEM,
NpEANPHHUMAIOTCS Ha TIPOTSHKEHHH BCEH HCTOPHH MTPOrpaMMHUPOBaHus. J[0CTaTOUHO HA3BaTh
takue s3b1ku Kak LISP, PROLOG, Smalltalk, cucremsr Elisa, MICINu ap. bubimorpadus Ha sty
TeMy BecbMa oOImMpHa (cM., Haripumep, [31]). Hama menb cocTouT B TOM, 4TOOBI, IO BO3MOXXHOCTH
UCIIOJIB3YS 3TOT OIBIT, HAYUYUTHCS CO37aBaTh MPOCTHIC, HO B TO )K€ BPEMsI ITOJIE3HBIC CHCTEMBI,
[IOMOTAIOIIKE PEIIATh 3a/1a4H, C KOTOPBIMU OOJIBIITMHCTBO TPOrPAMMHCTOB CTAJIKUBAIOTCS
MOBCEIHEBHO. J1J1s1 3TOT0 MBI pACCMOTPHM PSIJT IPUMEPOB, KOTOPBIC TTO3BOJIAT B PE3yJIbTaTe
MOCTPOUTH 3aKOHUCHHYIO CHCTEMY, B KOTOPO# OYJyT MPHUCYTCTBOBATh BCE OCHOBHBIC aCIEKThI
NOHUMAaHHMS ¥ KOTopasi OyJIeT criocoOHa 00IIAThCs C TTOJIb30BaTEIeM Ha HEKOTOPOM TTOJMHOXKECTBE
€CTECTBEHHOTO S13bIKa, 3aBUCSIIEM OT KOHKPETHOM CUTYAI[HH.

PaccMoTpum opranuzanuio NpoCTEHIINX CBSA3€H MEXKIYy HEMPOHHOU CpeoH U CII0BaMHU.
CI0BO SABISICTCSI OCHOBOIIOJIATAIOIIMM 3JIEMEHTOM ITOCTPOCHHS MMPAKTUIECKU BCEX
JMHTBUCTHYECKUX CHCTEM. BOCITONB3yeM st TS €ro YTOYHEHHUS ONpPEACICHHEM TEPMHUH A
cioBodopma (word form) B cucreme WordNet [9]. He yray06.sisice B uicciienoBanue GopMaabHbIX
CBOMCTB 3TOI'0 MOHSATHS, OYJeM CUUTATh, YTO B HAIIIEM CJIy4ae CJIOBO — 3TO MOCJICOBATEIbHOCTh
CHMBOJIOB, OTpaHHYCHHAs TIPOOEIOM MO0 HHBIM CIICIUATBHBIM CHMBOJIOM, KOTOPasi MOKET ObITh
BBIJICJICHA U3 TEKCTA IIPU TOMOIIH ONpeIeJICHHOHN mporpaMmbl. Hac He OyieT MHTepecoBaTh
PO CXOKIEHHE TEKCTa — OH MOYKET MPEACTABIIATH COOO0M MPOrpaMMy HITH YacCTh JIUTEPATYPHOTO
MPOM3BEJICHHSI, COOOIICHHUE B YaTe MJIH MTOCIICIOBATEILHOCTD, TTOJY4EHHYIO Ha BBIXOJ[C CHCTEMBI
pacnio3HaBanus peur. J[st Hac OyeT BIOJIHE TOCTATOYHO TOTO, YTO CYIIECTBYET MPOrpaMMa,
KOTOpasi CyMEeT BBIICIATh U3 3TOr0 TeKcTa cioBa. Onepaius BbIICICHHS MOXKET ObITh
UCIIOJIb30BaHa JUIsl CAMbBIX PA3JIMYHBIX IIEJIeH, HapuMep, 1Jis co3aanus ciaoBaps D wmm s
BO30YX/ICHUS HEHPOHA, COOTBETCTBYIOIIETO 3TOMY CJIOBY.

J1J1s1 BBIICTICHUSI CJIOB M3 TEKCTa M TOCTPOSHHS ITPOCTEUIIIET0 CIIOBApPS MOYXKHO
BOCIIOJIb30BaThCs ITporpammoii (JavaScript), mpuBeaeHHON HIDKE:



var dictionary = new Array(),

function extract Words(raw _text)

{
words_array = raw_text.split(“ ),
words_array = words_array.sort(),
'l |-
dictionary[0] = words_array[0];
for (i = 0; i < words_array.length-1; i++)
{

if (words_array[i] = words_array[i+1])

{
dictionary[j] = words_array[i+1];
g

/

B HOC npuMeHeH He3HaUUTENIbHO YCOBEPIICHCTBOBAHHBIM BapUAaHT 3TOM MPOrpaMMbl, B KOTOPOM
K IIporpamMmMme 100aBJIeH METO/] yJaJIeHUsI MyCOpa U PEeAaKTUPOBAHUS CIIEIIMAIbHBIX CHMBOJIOB
(puc. 38).

Pe3ynbpTaTom paboThl porpaMMel, mocie o0paboTKH TeKCTa, ABJIsETCS ciloBaph D, cocrosmuit
U3 n yHUKanbHbIX c¢10B W;. Ha ocHOBe 3TOr0 cioBapsi Mbl MOKEM IOCTPOUTH HEMPOHHBII
cioit L, cocrosimmii u3 n HelipoHoB N;, KayKIblii U3 KOTOPBIX cooTBETCTBYET ciioBy W, B cioBape D.

Jl1st co31aHust HEHPOHHOM IPYIIIBI, COCTOSAIIEH U3 N 2JIEMEHTOB, BOCIIOIb3YEMC OIleparuen
KJIOHMPOBAHUs U IPUMEHUM ee, HarpuMep, K Heiipony No. Ha puc. 37 npusenen npumep
II0CJIEI0BATENBHOCTH JEUCTBUH JIUIs TOro penieHus. Ha nmepBom stane npoucxoauT OCTPOECHUE
CJIOBapsi U3 CJIOB IIPOM3BOJIBHOTO TEKCTA, KOTOPBIN B JaJIbHEUIIEM HCIIONB3YETCs AJIs ONpEAEIeHUs
MHJEKca, IPUHAUIeXKALIEro 3TOMY CJIOBapio ciioBa. B nanpHeiiem Bo30yk1eHHE HEHPOHOB MOXKET
HPOUCXOUTh B PeKUME nocienoBarenbHoro utenus (Excite from text) uiam Beioopouno —

B CJIy4ae BBIICIICHUs] IPOU3BOJIBHOTO CI0BA B TEKCTE.

B pamkax oaHOI HelpOHHOI MOJIeIH, MOXKET ObITh TOCTPOEHO IPOU3BOIBHOE KOJIMYECTBO
HEWPOHHBIX CI0EB U IPOU3BOJILHOE KOJIMYECTBO CETEBBIX 000s10ueK. [locTpoeHre MHOroCI0MHBIX
MOJI€J1el TPOU3BOJUTCS YTEM KOHCTPYUPOBAHHUS U BBIAEIICHUS HEPOHHBIX CJIOEB U YCTaHOBJICHMUS
CTPYKTYPHBIX CBS3€H MEXAY HEHPOHAMMU IS UX MOCIENYOLIel BU3yann3anui. B aTom npumepe
MBI OyZieM MpeArnosaraTh, YTo OAUH HEHPOHHBIN CIION B TOUHOCTH COOTBETCTBYET OJIHOM CETEBOI
000JI04KEe U, COOTBETCTBEHHO, OIHOMY 3allyLlIEHHOMY IIPOLIECCYy, U TAKUM 00pa3oM, CIIOi,
000J109Ka U IPOIIECChl MOTYT ObITh UACHTH(UIIMPOBAHBI IO HOMEPY MOPTa. 3aIycKk HeoOXOANMBIX
IIPOLIECCOB I JAHHOI'0 IPUMEPA MOXKET OBbITh BBIIIOJHEH 110 HHCTPYKLHUSAM, IPUBEAECHHBIM
B [Ipumepe 2. HOC.

Tax e, Kak 1 JIeMeHThI onepaTuBHON naMsaTu OBM, cocrosiHe HelipoHa MOXKET OBITh
MHTEPIPETUPOBAHO PA3IUYHBIM 00pa3oM. J[BOUUHBIE arperatsl JaHHBIX, TaKHe KaK CJIoBa U OaiThI,



MOXHO MHTEPIPETUPOBATh KaK OYKBBI, UMCIIA MJIM KOMAH/bI, U YK€ Ha OCHOBE UX KOMOMHALUI
KOHCTPYUPYIOTCs OoJiee CloKHbIe CTPYKTYphl. HellpoH, siBistomuiics AMHAMUYECKUM 00BEKTOM,
CIOCOOHBIM HE TOJILKO XPaHUTh OIPEEICHHbIC 3HAUEHNUSI, HO U BBIIOJIHATH CBSI3aHHBIE C HUM
JIENCTBUSA, CYIIECTBEHHO PAaCIIMPSIET BO3MOKHOCTU UHTEPIIPETALIAH.
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uc. 38. Omoobpasicenue cnoeaps Ha HeUpoOHbl
Hanpumep, Mbl MOXKEM HHTEPIPETUPOBATH COCTOSHUE IPYIITBI HEHPOHOB KaK MOJIEJIb TOHSTHITHOTO
arnmnapara roJIoBHOro M0O3ra, OTBEYAIOILIEro 3a MEPBUYHOE BOCIPUATHE CJIOB WJIM MHBIX CUTHAJIOB,
MOCTYIAIOIIUX U3 CEHCOPHBIX IpynIl. B HHOM ciydyae Mbl MOXEM paccMaTpUBaTh HEHPOHHBIE
BO30YXK/ICHUS KaK HHIUKATOPHI 3KOHOMUYECKHUX WM ITPOU3BOJCTBEHHBIX MIPOLIECCOB — COCTOSIHUE
3aracoB CKJaja, 3arpys3ka o0opynoBanus, puHaHCOBBIC PHCKHU U Tp. [Ipu 3TOM HHTErpaibHbIE
XapaKTePUCTUKH, B3AUMOBJIMSHUE U JUHAMUYECKHE CBONCTBA HEMPOHHBIX MOJIEJIEH MO3BOJISIOT
CYIIECTBEHHO YIPOCTUTH MPEJICTABICHUE JAHHbBIX, KaK JJIsl IPUHATHS PEIICHUH B PeaJbHOM
BPEMEHHM, TaK U JJIsl IPUMEHEHUSI MaTEMaTHYECKOro anmnapara, HapuMmep, Kak METOZ[0B
ONTUMU3AIINH, TIPOTHO3UPOBAHMUSI, KIIACCH(PHUKAIIH U T. II.

JlnHaMHU4YecKre CBOMCTBA HEHPOHHBIX MOJIEJIEH ITO3BOJISIOT YIIPOCTUTH PEIICHUE 3a/1a4,
CBSI3aHHBIX C JJMHTBUCTHYECKUM aHaIn30M. PaccMoTpuM mpuMep, B KOTOPOM MBI Oy1eM
WCIIOJIb30BaTh T'PYIIY B3aMMOCBS3aHHBIX HEHPOHHBIX CJIOEB JIJI PELICHUS 3aa4i TPOCTEUILIEro
IIEpPEBO/IA CIIOB U3 HECKOJIBKUX CIIOBapel, MPEACTABIISAIOIMX PAa3IMUHbIE SI3bIKH YEPE3
IIPOMEXYTOUHBIN CJION SKBUBAJICHTHBIX ITOHATUH.



CnoBapb pycCKux Cnos Cnoeapb aHrMMINCKUX CNOB
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uc. 39. OroOpaxeHue CI0B Ha CBA3aHHBIE C HUMU TTOHSTHU S

[Tpennonoxum, uro cioit 10000 MbI Oy1eM UCTIOIB30BATh JJISl XpPaHEHHUS CJI0B, TPHUHAIJIEXKALIUX
pycckomy si3bIKy (cioBapb RU), a croit 100001, cOOTBETCTBEHHO, /JIs CJIOB aHTJIMHACKOTO SI3bIKA
(cmoBaps EN). BBenewm tpetuii cioii 10002, B KOTOpOM MBI MOKEM 33]1aTh CMBICIIOBBIC 3HAUCHUS
CJI0B, Wy noHATUA (cioBapb M). JlomycTim, 4TO KakJOMY CIIOBY

u3 cinoBapeid RU u EN cooTBeTcTBYeT eAMHCTBEHHOE CIIOBO B cioBape M, Torna Mbl MoxeM
MOCTPOUTH MPOCTENUIIYI0 MHOT'OCIIONHYIO HEPOHHYIO CETh, CBSI3bIBAIOLIYIO CJI0BA U MOHATHSA (CM.
puc. 39). Ucnons30BaHMe JOMOIHUATEILHOTO CI0si MIIO3BOISET B TaIbHEHIIIEM TIepeiiTH K Oosee
YHUBEPCAILHOMY MOHATHIO — CMBICT (Meaning), B TeX ciiyuasx, Korjaa mpe/cTaBlieHne CI0Ba
HEOOXOAMMO MPEACTAaBUTh B HE3aBUCUMOM OT KOHKPETHOTO si3blka Buae. Hanmpumep,

HeiipoH N; B ci1oe M MOXeT IpeACTaBiIsATh CMBICIOBOE 3HAUEHUE

cnoBa [ EHEPHUPYET u3 cnoBapst RU n cioBa GENERATE u3 cnoBapst EN.
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uc. 40. Omobpasicenue cn06 Ha C8A3AHHbIE C HUMU NOHAMUS
Hcnonb30BaHne CMBICIOBBIX 3HAUCHH M, CHHXPOHU3UPOBAHHBIX C BXOAHBIM IIOTOKOM CJIOB B KHBOMU
peun, pacuMpsieT BO3MOXKHOCTH JIMHTBUCTUYECKUX aHAJIM3aTOPOB, B KOTOPbIE MOKHO BCTPOUTh
TaKoM MexaHu3M. B 3ToM npumepe Ucoiib3yeTcs NOTOK CIOB U3 HECKOJIbKUX MPENJIOKEHHH,
KOTOpBbIE IIPOBEPSAIOTCS HA IPUHAIICKHOCTD CJIOBAPIO, MHAEKCUPYIOTCS, U 3aTEM IIPOrpaMma
MOChUIAET CUTHAJI BO30YKIE€HUsI COOTBETCTBYIoIIero Helipona. Ha puc. 40 mokazana cxema
B3aMMOZEHCTBUS MEXAY TPEMs CIOSIMHU U IPOrpaMMOM BbIIEJIEHUS CIIOB. 31€Ch IIpeIoiaraercs,
YTO COOTBETCTBUS MEK/Y CIIOBAMH YK€ YCTAaHOBJICHBI, U BECA 3TUX COOTBETCTBUI OJMHAKOBBI JJIs1
BCEX CJIOB.

B nanpHelinem Mbl OyeM UCIOJIB30BaTh MHOYKECTBEHHBIE OTHOIICHUSI MEXK/1y CIIOBAMH,

U TIPU 9TOM BECOBBIE€ KOO(PPHUIIMEHTHI 3TUX OTHOLIEHUH OyIyT ONpeneisThCs B 3aBUCUMOCTH OT HX
3HAYUMOCTU M KOHTEKCTOB.

Ha sTom npumepe M0OXXHO NPOCIEAUTH BCE OCHOBHBIE 0COOEHHOCTH MHOTI'OCJIOMHBIX
B3aMMOCBSI3aHHBIX HEHPOHHBIX Mojienell. Bo30yxneHus, pa3BUBaoIUecs Ha OJHOM U3 HEHPOHHBIX
CJIO€B, MOT'YT IEPEXOJUTh Ha APYroi CIoi, B KOTOPOM OHU MOT'YT IOPOX/IaTh HOBbIE TOTOKHU
BO30YKIEHUI, KOTOpPBIE B CBOIO OYEpeIb MOTYT IIEPEXOANTh Ha CIIEAYIOIINE CIION U TaK Jalee.
B3anmMocBsi3aHHbIE HEHPOHHBIE CIIOM MOTYT COECIUHSATHCS B OUEHb CIIOKHbBIE
CTPYKTYpHO-(pYHKIIMOHAJIbHbIE 00pa30BaHUs, TOSTOMY MTPHUEMbI KOHLIENTYaJIbHOI'0 aHAIN3a
U IEKOMIIO3UIUH SIBJISIOTCS] BA)KHBIMU COCTABJISIOIMMU MTPOIIEcca MPOEKTHPOBAHMSI, TO3BOJISIS
MOJIyYUTh TpeOyeMblil ypOBEHb JIeTaIU3alMK U MpeICcTaBlIeHusl. B HEKOTOPBIX ciydasx



TpeOOBaHUs, NPEAbSBIIEMbIE K HATJISITHOCTH NPECTaBICHHS, MOI'YT CYLIIECTBEHHO U3MEHUTh
BHEIIHUI BUJl HEPOHHON MOJEIN.

CrnoBa BISIOTCA JIEMEHTAaPHBIMU €IMHULIAMU OOIIEHUS B YEJIOBEUECKONW peuu, U JJIs
KaKJIOT'0 CJIOBA CYIIECTBYET MHOXKECTBO U3BECTHBIX 3HAYEHUM, KaK IIPaBUIIO, IPUBEIECHHBIX
B pa3IM4HbIX cioBapsax. [locTynaromue B HEHPOHHYIO MOAEINb I10CIEA0BATEIBHOCTH CIIOB,
BO30Yy’Kast COOTBETCTBYIOIINE HEHPOHHBIE TPYIIIBI, IPUBOAST K M3MEHEHUIO TUHAMUYECKOT0
IPOCTPAaHCTBA MOHATUH OT/AEIBHBIX CJIOB U KOHTEKCTHBIX 3HaUeHUH, 00pa30BaHHBIX B MPOLIECCE
BCEH MCTOPHUH Pa3BUTHUS KOHKPETHON HEMPOHHON Mozenu. B Takoil HEMPOHHON MO eI MOHUMAHUE
MO’KHO OIPENENINTh, KaK MPOLIECC HaAXOKEeHHUs Hanboliee ONTUMAIbHON Peakui B JTUHAMHUYECKOM
IIPOCTPAHCTBE CIOB U KOHTEKCTOB. BHeEIIHee posIBICHNE IOHUMAaHMs BCEr1a MPOSIBISIETCS B BULE
pEaKIuy, MO3TOMY YPOBEHb 3HAHUN CHCTEMBI MOXKHO, C TOYKHM 3PEHUS BHEITHETO HAOI0aaTens,
CBECTHU K aJICKBATHOCTH MHOKECTBA BCEBO3MOXKHBIX PEAKIUH.
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uc. 41. Coueranue cI0BapHOTO CMbICIIa KOHKPETHOTO CJIOBA U CMBICIIA CIOBOCOYETaHU M
Tak ke, Kak JIJIs1 KK 0T0 OTAEIHHOTO CJIOBA, CYIIECTBYET MHOKECTBO CJIIOBAPHBIX 3HAUCHUH, TaK
W JJIS Pa3JIMYHBIX CIIOBOCOYETAHHMH CYIIECTBYIOT Pa3IMYHbIC METa-3HAYCHHS, a COBMECTHAS



COBOKYITHOCTb Han0oJiee BEpOSITHBIX 3HAUYCHHH OMpeeNsieT TEKyIlee COCTOSHIE CUCTEMbl —
IIOHMMaHUeE TeKyIlel Gppas3bl, KOTOpasi B CBOIO O4YEPEib, TO3BOJISIET OJIYyYUTh Haubosee
HOIXOSIIYIO JJI TOr0 HOHUMAHUS PEAKIIHIO.

Ou4eBuIHO, YTO TITYOMHA aHAJIM3a CIIOBAPHBIX 3HAYCHUM, KaK U 3HAYEHUN CII0BOCOYCTAHUH,
3aBUCUT OT MOIIHOCTH HEUPOHHOU Mojienu. Yem OoJibilie BapuaHTOB 3HAYEHUM B CJIOBAPE CUCTEMBI
¥ 4eM OOoJbllle KOJIMYECTBO PA3IMYHBIX CMBICTIOBBIX 3HAUYEHHH, CBSI3aHHBIX C PA3IMYHBIMU
CIIOBOCOYETAHUSMH, TEM I'Ty0Ke TOHUMAaHHUE M TeM 0oJiee Ka4eCTBEHHBIM OYAET PEaKIusi CHCTEMBI
(puc. 41). YcranoBieHue CBsA3el MeX1y 3HAUEHHUSIMU CJIOB U CJIOBOCOYETAaHUN CBA3aHO
C HEOOXOIMMOCTBIO UMETh OTHOBPEMEHHBIIM TOCTYI K OOJILIIOMY KOJMYECTBY Pa3IUYHBIX
MH(GOPMAIIMOHHBIX CeUeHUN HEMpOHHON Mojieny. Busyanu3anuu 1 HOCTPOCHUIO MOJIb30BATENbCKUX
rpaduuecKux HHTepQeicoB, MpegHa3HAYeHHBIX 1S PEAAKTUPOBAHUS CHCTEM MPEICTABICHHS
3HAHUM, yaenseTcst 00IbII0e BHUMaHHE 0COOCHHO B TIOCIIEAHHUE TOBI B CBSI3U C Pa3BUTHEM
MYJTBTHMEIUWHBIX METOJIOB MPEACTABICHUS IpadUIeCKiX TaHHBIX.

Ha puc. 42 noka3zan npumep Heiiponroro penakropa NN Editor (aBrop A. 3abopckwit),
paspabotannbiii B komrnanuu NeMo (http://kiberry.ru) ans MmonenupoBaHus AMaioroB
C BUPTYaJIbHBIMH areHTaMH, pa3MelleHHbIMU Ha BeO-CTpaHUIaX. B ero oCHOBY MOJI0XeH MPUHIIHI
rpaBUTAIMU TIPECTaBICHUH [26], TO3BOISIFOIINI BBIAEIATH U3 OOJBIIIOr0 KOJINYECTBA
B3aMMOCBSI3aHHBIX HEHPOHHBIX CTPYKTYp Hanboiiee OJIU3KHE TEKYIIEMY M10Jb30BaTEIbCKOMY
IIPEJICTABIICHHUIO.
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nele,eI'ITI/IBHaFI JIMHIBUCTUKA

B cepennne npouuioro Beka B pusnke U MaTeMaTUKe c(hOPMHUPOBAIICH TEOPETUUECKUE
Ipe/ICTaBICHUS O TPAaHULIAX BO3MOXKHOCTEH MOJIydeHHs TOYHBIX MM aOCOJIIOTHBIX 3HAHUH MPH
poBeAeHNN (pr3nuecKuX HaOII0AeHUN U U3MEPEHHI CBOMCTB U XapaKTEPUCTUK 00bEKTOB
peasbHOro MUpa WM B JIOTHUECKUX MOCTPOEHUSAX U JJ0Ka3aTeIbCTBAX, 000CHOBBIBAIOIINX
MCTUHHOCTbH UJIU MOJHOTY KaKUX-H00 Teopuil. [lomrmo uncTo TeopeTndeckux pe3yibTaTos,
NPEeICTABIIAIOMUX HHTEPEC B EPBYIO 04Yepeab Al GU3UKOB U MATEMAaTUKOB, B HUX COJEpKATCA
YHHMBEpPCaJIbHbIE METOAOJOIMUECKHUE MTOT0KEHHS, KOTOPbIE MOT'YT ObITh HCIIOJIb30BAHbI IPU



pELIeHUH NTPUKJIAIHBIX HHKEHEPHBIX, YIIPAaBJIEHYECKUX WM SKOHOMUYECKUX 3a1a4. bonee Toro,
3TU pe3yJIbTaThl O3BOJISAIOT I0-HOBOMY ITOHSTH ONPEEIeHHbIE ()EHOMEHBI B, Ka3aJI0Ch Obl, OUEHb
JaeKkux oT (opMajbHBIX HAYK 00JIaCTSIX UCKYCCTBA — I1033UU U KUBOIUCH.

[Tpunuun Heonpenenenuoctu ['eitzendepra [12, 13] B ¢pusuke riaacut, 4ToO HEBO3MOXKHO IS
YacTULIbl OTHOBPEMEHHO TOYHO OINPEAEIUThH MOJ0KEHHUE (| U UMITYJIbC P. YeM TouHEee Mbl
OIpeNenisieM ee MOJIOKEHU e, TEM MEHBIIIE Mbl 3HaeM 00 UMITyJibce, U HaobopoT. ['eiizendepr
pacipocTpaHseT 3T OrpaHUYEHUS HA OCHOBHBIE IMHAMHYECKHIE IEPEMEHHBIE, XapaKTePU3YIOLIIe
¢u3nyeckre cucTeMbl — BPEMEHHBIE M TPOCTPAHCTBEHHBIE KOOPAUHATHI ( U t, a TaK)Ke UMITYJIbC
u sHepruio p u E:

ApAq ~ hy AtAE ~ h

rae

h — nocmosunnas Ianka.

MOoXHO CYMTaTh, YTO METOJOJOTHYECKHI CMBICI IpUHLKIA ['eli3eH0epra 3akito4aeTcs B TOM,
YTO MPU MPOEKTUPOBAHUU CHCTEM MBI JOJIKHBI TOCTOSIHHO YYUTHIBATh 3G (HEKT B3aUMOCBI3aHHBIX
napaMeTpoB, UTOOBI MPU YBEMTUYEHUHU TOYHOCTH OINPEAEIIEHUs] OJJHOT0 [TapaMeTpa He OTepsATh
3HAYEHUE APYToro.

B marematuke B 1931 roxy Kypt I'enens [11] nokazan TeopeMsl
0 HEnPOMUEOPeYUBOCMUN HeNOIHOMe, KOTOPBIE, eCli ¢(hOPMYJINPOBATh UX HEPOPMAIIbHO, I1ACAT,
YTO J1t00bIE HETPOTUBOPEUUBBIE AKCHOMAaTHUECKHE (pOpMaIn3alii B TEOPUHU LENIbIX YHCEI
coJiep>KaT HE3aBUCHMbIE BbICKAa3bIBaHUS, KOTOPbIE HENb3s HU 10Ka3aTh, HU ONPOBEPTHYTh B paMKax
JMaHHOU (opMaIu3aluy U, eciiu (opMaIr3anys B TEOPUH IEeNbIX YK Ce HEPOTUBOPEUNBA, TO OHA
HenoJiHa. B nporpamMmmMupoBanuu TeopeMsl I efiens moATBepkKAat0TCs BIOJHE KOHKPETHBIMU
IPAKTUYECKUMU 3HAHUSMU TOTO, UTO B HACTOSAIIEE BPEMS HE CYIIECTBYET HUKAKHX CIIOCOO0B
JI0Ka3aTeJIbCTBA KOPPEKTHOCTU M PE3YJIBTATUBHOCTH PEATIBHBIX IPOrPaMM, HHAYE KaK 4epe3 UX
BBINIOJIHEHUE. ECIIM CUMTaTh, 4TO 3TH TEOPEMBI BEPHBI IPUMEHUTEIBHO K METOAAM ITIOCTPOECHHUS
(bopMaNbHBIX CUCTEM IPAMMAaTUYECKOT0 aHaJM3a €CTECTBEHHBIX S3bIKOB B MAaTEMATHYECKON
JMHTBUCTHKE, Mbl HUKOTJIa HE CMOKEM IIOCTPOUTH IMOJHYIO U HEPOTUBOPEUUBYIO
JMHTBUCTUYECKYIO CHCTEMY, CIIOCOOHYIO B TIOJJTHOM 00beMe MOHUMAaTh U HHTEPIPETUPOBATD
JKUBYIO peub Ha 06a3e TeX MPUHIHUIIOB, KOTOPbIE UCIOJIb3YIOTCA B X OCHOBAHUSX.

MOoKHO HaliTH MHO>KECTBO NMOATBEP)KICHUH CIIPAaBEJIMBOCTH 3TUX OTpaHUYEHUN
B IIPOrpaMMUpPOBaHUU. 3aKOH bpykca o TOM, 4TO TPyI0EMKOCTb IPpU pa3paboTKe IporpamMm
yBenuunBaercsa B 10 pa3 mo mepe npeBpaieHus TpocToi MporpaMMbl B CHCTEMHBIH TPOrpaMMHBIN
HPOIYKT, OTPAXKAIOT TOT (DAKT, YTO CTPEMIICHHE MOTyYUTh a0COIIOTHBINA M 3aBEPIICHHBIH MTPOIAYKT
HEOXXKMIaHHO NMPUBOJUT K CYIIECTBEHHBIM 3aTpaTaM Ha, Ka3aJloCh Obl, 3aKII0YUTEILHOM dTalle
MHTEerpanuu. bpykc, aHanusupyst U30JIMpPOBAaHHBIE IPOrPAMMHBIE CUCTEMBI HA MPUMEpe
orneparronHon cuctemsl IBMOS/360, erie B miecTuIecsaThIX rojiax Mokasall, 4YTo He CYIIECTBYET
TaKOr o MPOrPaMMHOI0 MPOAYKTA, KOTOPBIA MOKHO OBLIO OBl CUUTATh 3aBEPIIEHHBIM — IOCTOSHHO
M3MEHSIOIAsACS BHEIIHAS cpesia IPUBOJUT K HEOOXOUMOCTH IIOCTOSIHHO 100aBIISATh UIIH
MO (UIIPOBATH CBOMCTBA IPOrPAMM.

[Mpuaun veonpenenennoctu I eitzendepra u reopemsl ['enens 06pa3yr0T KOHCTPYKTHBHYIO
METOJI0JIOTHYECKYIO0 OCHOBY, UCIIOJIb3Ysl KOTOPYIO MIPOEKTUPOBIIMKY MOT'YT OIPENETUTh
ApPXUTEKTYPHbIE OIPAHUYEHHUS U CKOHLIEHTPUPOBATHCS HA HAIIPABJICHUSX, O3BOJISIFOLINX [TOTYYUTh
MIPAKTUYECKUE PE3YNIbTaThl ONTUMAJIbHBIM ITyTeM. B 3a1auax HHTEpaKTUBHOT O B3aUMOEHCTBUS
3HAYEHUE TAKUX OrPaHUYEHUN TPYAHO MEPEOLEHUTh. J(elCTBUTENBHO, C OJJHOW CTOPOHBI,
CYILIECTBYET IIOCTOSHHOE CTPEMIIEHHE K ITOBBIICHUIO TOYHOCTH OINPEAECICHUS 3HaUYECHUH CIIOB
Y TIOHSITUH B KJIACCUYECKOM JTMHTBUCTUKE (SI3bIKO3HAHKM ), @ C APYTOl — aHAJIOTHYHOE CTPEMJICHUE
K CO3JJaHUIO0 MOJHON (POopMaIbHOM TEOPUH A3BIKOB, B pAMKaX KOTOPOM MOYKHO OBLIIO ObI ONPEACIIUTD
CEMaHTUKY U MParMaTHKy Ipoliecca OOIMIEeHUsI B MaTEeMaTHUECKOM JIMHTBUCTHUKE.

[Tpu mpoeKTHPOBAHUH UHTEPAKTUBHBIX CHCTEM C IPUMEHEHUEM PA3IUYHBIX POpM
OpraHM3aliy JUanora IporpaMMHUCTY B OAMHAKOBOW Mepe MOTYT IOHa 100U ThCs 3HaHUS
(opMasIbHBIX METOJIOB IIOCTPOEHUS U MCIOJIb30BaHUS IPAMMATHK, PAaBHO KaK U (POHOJIOTHH,
JIEKCUKH M CEMAHTUKHU U3 TEOPUU A3bIKO3HAHUSA. [Ipu 3TOM 11 MporpaMMucTa, Kak v Jist



IPUKJIAJHOTO CIEHUAINCTa B TPAIULIMOHHBIX HHKEHEPHBIX 00JaCTIX, IPUHLIUIHAIBHO BaKHBIM
YCIIOBUEM YCIEIIHOIO PEIICHMS SIBISIETCS HAX0XKACHUE «3010MOll cepeounbl» CPEI MHOKECTBA
Pa3IMYHBIX, 3a4aCTYI0 IPOTUBOPEUHBBIX TEOPETUUECKUX U MPUKIIAJHBIX 3HAHUHU. SI3pIKO3HAHHE
U MaTeMaTU4ecKasl IMHIBUCTHKA B OIPE/IeIEHHON CTENEeHN HAaIOMUHAIOT (PU3UKY U MaTeMaTHUKY,
M03TOMY aHaJIOTUHM MEXy IpuHLuIoM [ eiizendepra u reopemamu I'exenss HaM HYXHBI 7151 TOTO,
4TOOBI IPU MPOEKTUPOBAHUY NPUKIIATHBIX HHTEPAKTUBHBIX CHCTEM MbI MOTJIM UCIIOJIb30BATh
pa3syMHbIE OIPaHUYECHUSI U ONTUMAJIbHBIE COUETAaHUS PE3yJIbTATOB UCCIEOBAHUI B S3bIKO3HAHUU
BMecTe ¢ (popMaJIbHBIMU METOJJaMH aHAJIM3a U CUHTE3a U3 MaTeMaTUYeCKOM JIMHIBUCTHUKH.

Tak, mpu momMoIM pa3HO0OPa3HBIX CIOBApHBIX cucTeM (Hampumep, \Wordnet [9]) Mbr Mokem
CO3/1aBaTh JOCTATOYHO IIyOOKHE AeUHUIINN U YTOUHEHMSI 3HaUeHuH ciioB. [Ipu 3TOM, clioBapHbIe
CHCTEMBI NPEACTABIAIOT JHIIb CTATUHUECKUE XapaKTEPUCTUKHU CIIOB WM CI0BO(OPM B OTPBIBE OT UX
JUHAMHUYECKUX CBSI3€H, KOTOPbIE MOT'YT 00pa30BbIBATh BECbMA CIIO)KHBIN KOHTEKCT, BIIMSIO LU
Ha KOMIIJIEKCHOE BOCIIPUSITHE U TOHUMaHHUE B IIporiecce kuBoro oduienus. [punmnun I'eitzenbepra
MPUMEHUTENBHO K JEKCHUYECKOMY aHaJIM3y MOXKET OBITh CHOPMYIMPOBaAH CIEAYIOIIUM 00pa3oM:
4eM TOYHEE MBI OIPENEIIiEM CTATUYECKOE 3HaUE€HUE KOHKPETHOIO CJIOBA B ITOTOKE )KMBOM peun,
TEM MEHBIIE MBI 3HAEM O €r0 KOHTEKCTHOM CMBbICIIe. TOUHOE CTaTUYECKOE 3HAaUEHUE CII0Ba
B JMHAMMYECKOM OKPYXXEHHS TaK K€ HEBO3MOXKHO OIPEENUTh, KAK U1 YCTAHOBUTH TOUHBIE
KOOPJAMHATHI JBUKYIEHCS YaCTHUIIBL:

AmAc ~ |

rae

| — nexomopas nunesucmuueckas nocmosauuas (Wym),

M — cmamuueckoe 3HaveHue closa,

C — KOHMEeKCMHbIL CMbICIL.

Hanuuue BollenepeyrcieHHbIX OIPaHUYEHUN TO3BOJISIET CYLIECTBEHHO YIIPOCTUTh
MOJIETMPOBAHNE UHTEPAKTUBHBIX CUCTEM, OJJHAKO IPU ATOM BBIOOp U ONpeAeieHuE KOHKPETHBIX
CIIoCcOOOB MOJICIMPOBAHUS, CTEIIEHU (pOpMaIM3aluy U TIyOHHBI IEKCHUECKUX MPEACTaBICHUI
LIEJIMKOM 3aBUCAT OT MHAMBUAYaAJIbHOIO aBTOpa. M 316Ch MOXKHO BCIIOMHUTD, YTO OJUH U3 CaMBbIX
(yHIaMEHTAJIBHBIX TPYAOB 110 POrpaMMHUpOBaHuIo Ha3biBaeTcss — «The Art of Computer
Programming». Monorpadust «Hckyccmeo npoecpammuposanus» Jlonansaa Kayra okasana
CYIIIECTBEHHOE BJIMSIHHE Ha (JOPMHUPOBAHKE MTPOrPAMMUPOBAHMS KAK HAYYHO-TEXHUYECKOI
JUCHMILTNHBL. KHYT Ha3bIBaeT NporpaMMHpOBaHUE — MCKYCCTBOM U CUHUTAET, YTO IPOrpaMMbl
MOTYT COJEP)KaTh MaTEMATUYECKUE AT OPUTMBI, ObITH ONITUMHU3UPOBAHBI IPU TOMOIIN
MaTEMaTUYECKUX METO/I0B, HO IIPU 3TOM OTHOCUTBCS K TaKUM K€ MPOU3BEACHUSIM UCKYCCTBA, KaK
103315 UM MY3bIKA.

HckyccTBo 0051a1a€T yIUBUTEIBHON CIIOCOOHOCTBIO COETUHSATH HECOBMECTUMOE U CO3/1aBaTh
00pa3bl, nepeaaroIue HH(OPMaLHIO, CAMBIM HEOXKHUIaHHBIM criocoboM. HeyuBuTenbHo, 4To
Takasi BbIpa3uTesbHas CIIOCOOHOCTh MTPHUBIIEKAIa HHTEPEC MHOIMX MaTEMaTUKOB U IIPeJCTaBUTENIEH
JIpYTUX TOYHbIX HayK. Cpelu 3TUX MCCIIeA0BaHUMN AJI HAaC 0COOBIN MHTEPEC IPEACTABIAIOT
pabotsl b. B. Paymien6axa no 3puTenbHOMY BOCIPUATHIO B )KUBONHCH [35, 36], B KOTOPBIX OH
[I0CJIEI0BATENbHO aHAIM3UPYET NEPLENTUBHBIE U 00bEKTUBHBIE MOJEIM IPOCTPAHCTBA U UX
BO3MOJKHBIE IIPE/ICTAaBICHUS B TOJIOBHOM MO3re uejaoBeka. PaccMaTpuBas 3a1ady XyL0)KECTBEHHOT O
n300paxkeHnss 00bEMHOI0 TPEXMEPHOI'O MHpa Ha MIJIOCKOCTH PUCYHKA, Paymen6ax npuxonut
K HEOKUJAHHBIM 3aKJIIOYEHHUSIM, KOTOPBIE MOTYT OKa3aThCsl BECbMa MOJIE3HBIMU IIPU
MOJIETMPOBAHUH JJMHTBUCTUYECKUX MTPOLIECCOB.

3puTeNbHOE BOCHPHUSITHE OCHOBAHO C OAHOW CTOPOHBI, HA XOPOILO W3YYEHHBIX ONTHYECKUX
npeoOpazoBaHUsX B I1a3€, a C IPYrodl — B HEM yYacCTBYIOT Ky/Jla MEHEE MMOHSATHbBIE IPOLIECChI
00pabOTKH 3pUTENBHBIX 00pPa30B B rOJIOBHOM Mo3re. B dusuonoruu, ncuxoaoruu, Gusnke
¥ MaTeMaTUKE MOXXHO HAWTH MHOXKECTBO Pa3HOOOPA3HBIX MOEINEeH, UMEIOIUX OTHOLICHNE
K 3pEHUIO0, OTHAKO X 00bEAMHEHHUE B O/IHO LIEJTOCTHOE MPEICTaBICHUE 1A CUX TOP SIBJISETCS
BECHMa CIIOKHOM 3a/1auei.

MatemaTudeckue MOJeIN 3pUTEIbHBIX 00pa30B paccMaTPUBAIOTCS B TEOMETPUH, TJIe
B 3aBHCHMOCTH OT BBIOOpa aKCHOM MOXKHO MOJYYUTh F€OMEeTpUH DBKiInaa, Jlobauesckoro,



MMHKOBCKOTr0 U IpyruX, B KOTOPBIX YUUTHIBAIOTCS Pa3IMUHbIe TEOPETUUECKHE U OObEKTUBHBIC
CBOMCTBa peasibHOCTU. M3 meuxonoruu 1 pU3noa0ruu Xopouio U3BECTHBI (PaKThl O TOM, YTO
BHYTpPEHHEE MIPE/ICTaBJICHNE U 00BEKTUBHBIN peaibHbII 00pa3 MOT'YT CYLIECTBEHHO OTJINYAThCS
IpyT OT apyra. YenoBek BOCCTaHABIMBAET TPEXMEPHOE IIPOCTPAHCTBO, HCIONB3Ys ABYXMEPHbIE
3pUTEINIbHBIE CEHCOPBI. M cKaXkeHusl, KOTOpble BHOCUT I'OJIOBHOW MO3I B 3pUTENIbHBIE
Ipe/iCTaBJICHNUs, CIyXKaT JJis Oonee 3 (GEeKTUBHOr0 MOAEIMPOBAHUS PEAbHOCTH, KOTOPOE SBJISS Ch
WHAVBUAYaAJIbHBIM, 3aBUCUT OT MHOTHUX YCJIOBHH.

Ecnu 3putenbHOE BOCIPUSATHE MOKHO Ha3BaTh MPSMOM 3a/1a4eH, TO XyJ0KHUKH PEIIA0T
o0paTHYIO 3a7a4y 0TOOpa)KEeHUs Ha ABYXMEPHOM MOBEPXHOCTH KapTUHBI HEKOTOPBIX COOBITUH MU
CBOICTB BHELIHEr0 MHpa, KOTOPbIE B O0IIIEM cilTyyae, IOMUMO TPEXMEPHBIX F'€OMETPHY ECKUX
CBOWCTB, MOT'YyT BKJIIOYATh JUHAMMKY ABM)KEHMSI, BPEMS U LI€JIbINA psii Apyrux (aKkTopoB,
COBOKYITHOCTb KOTOPBIX CO3/1a€T Xy10KECTBEHHBIN 00pa3. PaccMaTpuBas npouecc co3nanus
XyI0)KECTBEHHBIX N300 paXkeHnii, Paymen6ax anaau3upyer cBOHCTBa 00bEKTHBHOTO
Y NIEpUENTUBHOIO MPOCTPAHCTB U MPUXOAUT K NHTEPECHOMY 3aKIHOYEHUIO: TTOCKOJIBKY
reoMeTpUYEeCcKHe CBOMCTBA peabHbIX OObEKTOB U UX MEPLENTHUBHBIX 00Pa30B NPUHIUIIHAIBHO
OTJIMYAIOTCA, XYA0KHUKAM IIPUXOJUTCS IOCTOSIHHO HAXOAWTh MHAWBHUYAJIbHBIE PEILICHUS IS
CO37aHUs WUIIO3UU €IUHCTBA ABYX Pa3JIMYHBIX T€OMETPUYECKUX IIPEACTABICHUM.

Pa3pbiB

— — Meometpusa JlobayeBCKoro
-— ~

leomeTpua 3Bknnaa

uc. 43. Pa3pbIB B IBYX T€OMETPUUYECKUX IIPEACTABICHUSAX B KUBOIIUCH

AHanu3upys cBOHCTBA NEPEIHET0 U 33HET0 IJIAHOB KAPTUH, 3pUTEIBHOIO BOCIPUATHUS B LIETIOM,
Paymen0ax nmoka3plBaeT HaJaMune Pa3pbIBOB MEXAY ABYMs pa3IMUHbIMU F€OMETPHYECKUMU
Mozenamu (puc. 43), KOTOpbIe XyJ0)KHUKH, OCO3HAHHO UJIM UHTYUTUBHO, COEUHSIOT, pelias Ipu
3TOM IIPpOo0JIEMY COBMEIIECHUS IBYX reoMeTpuil — DBKimaa u JlobaueBckoro.

ITo mpencraBnenusm Paymen6axa cyIiecTByIOT 1Ba OCHOBHBIX crioco0a rnepenaqu
00BEKTUBHOI'0 IPOCTPAHCTBA — YEPTEX, NEPEAAIONINH 00BEKTUBHYIO T€OMETPUIO, U PUCYHOK,
nepeaaroui FeOMeTPUIO MEepLEeNTUBHYI0. TakuM 00pa3oM, OIUH U TOT € IPEAMET MOXKHO
n300pa3uTh IByMs CIOCOOAMM — B YEPTEXKE U B PUCYHKE, U IIPU ITOM 00a U300paxkeHus Oy1yT
BEPHBI, YTO U UCMOJB30BAJIM XyI0KHUKH, BO BCE BPEMEHA SKCIIEPUMEHTUPYS C UX Pa3IMUYHbIMU
COYETaHUSIMH.

Ha npoTskeHnn MHOTMX BEKOB XYJOKHUKH, pelllasi KpaiHe CI0XHbIE 3a7ja4l MOJIETIN POBaHU
MHOI'OMEPHBIX 00Pa30B, AEMOHCTPUPYIOT TOPAKECTBO 3/IpaBOr0 CMbICIIA HaJ OAHOCTOPOHHUMU
3HaHuAMU. [loHMMas mapaoKCcanbHOCTh OMpeAeeHHBIX (OPM U METOJIOB, XyI0KHUKH HaXOsT



Pa3HOOOpa3HbIC HCKYCCTBEHHBIC TPHUEMBI, TTO3BOJISIFOIINE YCTPAHATh Pa3pbIBbl U COCAMHSATh
HECOBMCCTUMBIC YaCTU B TApMOHHUYHOC LEJI0C. I/ICKYCCTBO mporpaMMHpOBaHNsA B 3TOM CMBICJIC
MOKHO B IIOJIHOHU MEPE CPaBHUTH C UCKYCCTBOM KHBOIIMCH. B I/IH(l)OpMaIII/IOHHI)IX CUcremMmax
MMPUXOAUTCA MPEOAO0JIEBATE PA3PBIBBI U COYCTATh METOAbI U MMOAXO0/JbI B TAaKOH K€ CTEIEHU
MPOTHBOPEUMBHIC H Ka3aJI0Ch Obl HECOBMECTUMBIE KaK TreoMeTpun JBkinaa 1 JlobaueBckoro

B skuBonucH. [Ipu 3ToM nporpamMmucTaM NPUXOJUTCS peliaTh MPAKTHYECKH SKBUBAJICHTHYIO
3a1a9y OTOOPaKEHHUS CIIOKHBIX MHOTOMEPHBIX JTUHAMHYECKHUX MPOIIECCOB B HH(POPMAITMOHHBIE
MpeIcTaBJICHUs, 00agaromume 6ojiee HU3KOM pa3MEePHOCTHIO.

Cuctema S,

Habnwopartens 01

MepuenTusHoe
NPOCTPaAHCTBO

uc. 44. [leprenTUBHOE MPOCTPAHCTBO B MHTEPAKTUBHOU CUCTEME

BBenem B coctaB Hamiel HH(GOPMAITMOHHOW CHCTEMBI IEPIIENTHBHOE MPOCTPAHCTBO (pHC. 44),

B KOTOPOM OYyJIeT OCYIIECTBIATHCS MOJCITMPOBAHUE MPECTABICHUN U 3HAHUH O BHEIIIHEM MHUPE.
Jlnd co3panust LEeI0CTHOM CUCTEMBI, CIIOCOOHOM K OCMBICIIEHHOMY pearupoBaHMIO, HaM
HE00X0AUMO Oy1eT 00 BbEAUHUTD CTPYKTYPHBIE KOMIIOHEHTHl MATEMAaTUYECKON JIMHTBUCTHKH,
CJIOBApH M T€3ayPYChl, KJIACCHI U METOBI 00BEKTHO-OPHUEHTUPOBAHHOTO MPOTPAMMHUPOBAHUS
BMECTE C HEUPOHHBIMU MOJIEIISIMH.

CoBpeMeHHbIE METO/Ibl MATEMATUYCCKOM JIMHIBUCTUKY C JOCTATOYHOU 3(P(PEKTUBHOCTHIO
MO3BOJISIIOT aHAJM3UPOBATh U CHHTE3MPOBATH CPABHUTEIBLHO KOPOTKUE PparMeHThl peu. C npyroi
CTOPOHBI, HEUPOHHBIE MOAEIN U CEMAHTUYECKHE CETH MO3BOJISIOT CO3JaBaTh U MOAAEPKUBATH
JIOCTaTOYHO ITyOOKHE KOHTEKCTHBIC TPEACTAaBICHH. MbI Oy/1eM MOHUMATh IO/ MEePIEeNTUBHON
JMHTBUCTUKON 00 bEAMHEHNE METO/I0B MATEMATHYE€CKOW JIMHTBUCTUKYA U HEUPOHHBIX MOJIEIIEH,
CIOCOOHOE CO3/1aBaTh M MOJCPKUBATh NEPIEITHBHBIC IPOCTPAHCTBA B MH(POPMAIIMOHHBIX
CHCTEMaX.

Tak ke Kak MPOeKIUU JBYXMEPHBIX 3pPUTEIbHBIX 00pPa30B MO3BOJISIIOT BOCCO3AaTh TPEXMEPHOE
M300paKeHUe, a YePTEIKHBIE 3HAKH U JTOMOJIHUTEIBHBIC IeTalu (MIEPCIeKTUBA, I[BET, U T. II.)
MO3BOJISIIOT BOCCO3/IaTh MOJIHYIO KAPTUHY PEaIbHOr0 00bEKTa, HEHMpP OHHBIC TPOCKITUHU U CB3aHHBIC
C HUMH TIapaMeTPUYeCKHe TaOIUIIbI U MPOIEAYPhl pearupOBaHUS MO3BOJISIFOT TOJIYIHTh
MPEACTABICHUE O MHOTOMEPHBIX CBOMCTBaX HH(OPMAIIMOHHBIX 00BEKTOB, COOBITHH, MMPOIIECCOB
U UX pEaKLHi.



KOHTeKkCTHble moaenu

= KoHTekcTHO-cBOBOAHbIE
=== rpaMMaTmKu

P
uc. 45. IlepuenTuBHAas JWHTBHCTUKA — OOBEIMHEHHWE KOHTEKCTa U KOHTEKCTHO-CBOJHBIX
rpaMMaTHK
[TpakTHYeckoe BOILJIOMICHHUE MEePICITTHBHON JITHTBUCTHKHU B HAIIEM CITydae MPEICTABIIAET COOO0M
BHYTPHCHCTEMHBIN HHTepQeiic, MO3BOSIONMA YHHPHUIIMPOBATH MOTOK COOOMICHU/peakinii
U 00bETUHUTH KOHTEKCTHO-HE3aBU CUMBIE TPAMMATUKU C JMHAMHYECKAM KOHTEKCTOM HEHPOHHBIX
Mojeneld. HampumMep, MbI MOKEM HCIIOJIB30BATh 'PAMMATHKH PACIIO3HABAHUS PEUU JJI aHAIN3a
MOTOKA TOJIOCOBBIX COOOIIEHHH U TIPH MTOMOIIM HEWPOHHBIX MOJICNICH TUHAMUYECKH PACIIHPSITh HX
B 3aBHCHMOCTH OT KOHKPETHOI'O KOHTEKCTa B MPOI[ecce OOIICHHUS.

KOHTEKCThI K BpeMeHHaA J1I0rnmkKa

B mpakTuke nporpaMMHpOBaHUs XOPOIIO U3BECTHEI IPUMEPHI YCIEIIHOTO TPUMEH SHUS
HEHPOHHBIX MOJICIICH MPU PEeIIeHUH 331249 KIacCH(PUKAIIUU U pacro3HaBaHus 00pa3oB. OxHAKO
UCKYCCTBEHHBIC HEHPOHBI MOT'YT OBITh HE MeHee 3((EKTHBHO MCIIOJIb30BAHBI ISl TOCTPOCHHSI
OoJiee MUPOKOro Kiacca IMHAMHYECKUX CHCTEM, BKIIIOYasi HHTEPAKTUBHBIC U JHAJIOrOBbIC
cucrembl. Kak yxe oTMedasioch Bbilie, 00MEH COOOIICHUSIMH B IPOIECCE AUAIOra IPUBOIUT

K U3MEHEHUIO BHYTPEHHEr0 COCTOSIHHSI YIaCTBYIOIIMX B 3TOM 00OMeHe cucteM. [Ipu atom
W3MEHEHUSI MOTYT IPOUCXOAHUTH HE TOJILKO B CHCTEME, TTOJTyJaIOIe COOOIICHHMSI, HO H B CHCTEME,
KOTOpasi 3T COOOIIECHUSI HHUIIMUPYET. Takue H3MEHEHUs, BO BCEH UX COBOKYITHOCTH, 00pa3yroT
KOHTEKCT KOHKPETHOT O B3aMO/Iei CTBHsL. B 00111eM ciydae B 3TOM MPOIECCe MOXKET y4aCTBOBATh
POU3BOJIBHOE KOJMUECTBO CHCTEM, OJTHAKO MbI OTPAHUYMMCSL PACCMOTPEHUEM Cliydast oOMeHa
COOOIIEHUAMHU MEKIY IBYMsI cucTeMaMu (puc. 46).
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uc. 46. IHTepakTHBHBINA 0OMEH COOOIICHUSIMU MEXKY IBYMS CHCTEMaMH

O4eBHIHO, YTO CUHTE3 U aHAJIM3 COOOILEHUN B 3TUX CUCTEMAaX J1OJKEH MPOUCXOIUTh

B 3aBHCHMOCTU OT KOHTEKCTa, KOTOPBIH, B CBOIO O4Yepelb, MOXKET OBITh ollpe/iesieH Habopom
COOTBETCTBYIOIIUX MapaMeTpoB. B peanbHBIX cucTeMax KOHTEKCT MPECTaBIsieT CO00i CIOXKHYIO
JTUHAMHYECKYIO CTPYKTYpY. B Hero Moxet BXoauTh HHPOpPMAIIUSI O pa3HOOOPa3HBIX
XapaKTEPUCTUKAX U CBOMCTBAX 00CYXKIaeMOl MpeaMeTHON 007acTH, a TakyKe 00 OTHOIIEHUH K HUM
CTOPOH, YYacCTBYIOIIMX B OOMEHE.

[Ipumepamu KOHTEKCTa MOTYT CITYXKUTb BPEMS, MECTO, MOJIEJIb, CTOMMOCTh, B TaKOM K€
CTEIeHHU, KaK U JMHTBUCTUYECKHE CBOMCTBA COOOIIEHUS, TaKHEe, HATIPUMeEp, KaK MPUHAIJICKHOCTh
K TOW MJIM UHOW JMHTBUCTUYECKOU I'PYIIIE — BOIPOC, YTBEPK/ICHUE, IPUBETCTBUE U T. II.

MonenupoBaHue KOHTEKCTOB, OTPAXKAOIIUX CMBICI TEKYLIETO Pa3roBopa, sIBISETCS OJTHUM
U3 KIIFOYEBBIX (aKTOPOB, Onpeaessitoumx 3 HeKTUBHOCTh HHTEPAKTUBHOIO Mporecca. PaccMoTpum
HEKOTOpPble 0COOEHHOCTU Pa3IMYHBIX METO0B MOJIEIMPOBAHHUS, KOTOPbIE MOT'YT OKa3aThCs
TOJICE3HBIMU TIPU TPAKTUIECKOM MOCTPOCHUU WHTEPAKTUBHBIX CHCTEM.

Jlornueckoe monenupoBanue. [Ipu norudeckoM Mo1eIMpOBAHUN KOHTEKCTOB, HATIPUMED,

B Cpelie SI3bIKOB IPOrpaMMHUPOBAHMS, 3a1a4a B KOHEYHOM UTOT'€ CBOJIUTCS K HAXO0XKJACHUIO
MHOKECTBA JIOTUYECKUX (DYHKIIMH, BKIFOYAIOIIUX TIEpEeMEHHBIC, XapaKTepU3yIOIue KOHTEKCT
B3auMoercTBusl. [Ipu n3MeHEeHNN 3HaUCHUH STUX MEPEMEHHBIX, B PE3YJIbTaTEe BHIUYMUCICHUS
JIOTUYECKUX (DYHKITUNA MOKET OBITh BHIMOJHEHA Ta WIKM WHAsI Tporeaypa P;, oTBeuaromas

3a PeaKIMI0 COOTBETCTBYIOIIErO COCTOSIHUS cucTeMbl. Eciii mpeanooxkuTh, 4TO CyIIECTBYET N
nepeMeHHBIX, ONMPEISISIFOIINX KOHTEKCT CUCTEMBI S;, TOT/1a 3a/1a4y BbI30Ba Ipomenyp P; MOxXHO
CBECTHU K HaXOXJICHUIO U MOCIEAYIOIIEMY PEIICHUIO JOTHYECKUX (DYHKIIUMN:

if (f, (X, X, ... X)) then P,
if (f, (X, X, ... X)) then P,

if & K, X, .. X)) then B

[Tpu ucnosb30BaHUN HEUETKUX U BPEMEHHBIX JIOTUK JUJISi CPABHUTEIBHOT'O HEOOJBIIIOTO

Y OIpaHUYEHHOr0 Ha0opa MEePEMEHHBIX MOKHO MOIYYHUTh BIIOJHE IpHeMiieMble pemieHus. O1Hako
IIPY YBEJINYEHUH KOJIMUYECTBA IIEPEMEHHBIX U B3aUMOCBS3EH MEX1Yy HUMH ITPOUCXOIUT
JaBUHOOOpa3HOE yBEMYEHHUE CIOKHOCTH, B PE3yJIbTaTe Yero od1iee peneHne Ha OCHOBE



JIOTUYECKOT0 MOJIEJIMPOBAHUS OKA3bIBAETCS IPAKTUUECKU HEBO3MOXHBIM. B peanbHbIX cucteMax
KOJIMYECTBO MEPEMEHHBIX, BIUSIOIIMX HA KOHTEKCT, MOXKET HACUUTHIBATh HECKOJIBKO THICSAY, TPU
TOM YTO KOJIMYECTBO CBSI3€H MEXAY HUMH MOXET OBITh TAKOTO K€ mopsiaka. Haubomee cioxHbIM
P IPOTPAMMHUPOBAHUHU TAKUX JIOTUYECKUX (DYHKIHMH SBJISETCS OTKPBITHIA XapakTep CHCTEM, UTO
MpeaIonaraeT NOCTOSSHHOE U3MEHEHU e KaK KOJIMUeCTBa BHYTPEHHUX IEPEMEHHBIX, TaK
Y B3aUMOCBSI3€1 MEXy HUMH.

AnmnapaTtHoe MoenupoBanue. [Ipu ucnosb30BaHuM anmapaTHbIX MOJEINEH, B paclOpsKECHUT
MPOCKTUPOBITUKOB UMEIOTCS Pa3IMYHbIC ()YHKIIMOHAJIBHBIE U JJOTHYECKUE, B TOM YHCIIN
Y aHAJIOTOBBIE, DJIEMEHTHl — MaMsITh, ICIH (PpaToOphl, 3aEPKKH, MPeodpa3oBaTeNd U T. 1.,
B OCHOBE pa0OTHI, KOTOPBIX JISKHUT IMOCIEAOBATEIbHAS JIOTHKA. [Ipy MpOeKTUPOBaHNY anmapaTHbIX
CHCTEM OJIHUM U3 HamboJiee KpUTHUECKUX (haKTOPOB sBJsieTCs BpeMs. PacnipocTpaHeHne CUTHAOB,
JoruKa cpabaThiBaHUsl QYHKIIMOHAIBHBIX 3J1EMEHTOB, IEPEXOIHBIE MPOIECCHI MTPU
MEPEKIIFOYEHUSX — BCE 3TO UMEET OIPEAEIECHHbIE BPEMEHHBIE XaPAKTEPUCTUKH, YUET KOTOPBIX
MIPUBOJIUT K HEOOXOIMMOCTH TPUMEHEHHSI CHHXPOHU3AIINH, CTPOOUPOBAHUS, 3aJICPKEK U JIPYTUX
Croco00B, MO3BOJISIOUIMX MOMy4aTh JIOTHYECKHE PEIICHHS B YCIOBHUSIX PEaIbHOrO BPEeMEHH.

Paznuuus Mexny anmapaTHBIM U JIOTHYE€CKUM MOJIETTMPOBAaHUEM, CBSI3aHHBIE C (DaKTOPOM
peasbHOr0 BPeMEHH, UMEIOT (PyH1aMeHTaIbHbIN XapakTep. COObITHS B allapaTHBIX CUCTEMaX
HMMEIOT €CTECTBEHHYIO ACHHXPOHHYIO IPUPOJY, B OTJIIMYHE OT JOTMUYECKOIO MOJEIUPOBAHHUS
B POr'PAMMHBIX Cpellax, I/1€ NPAKTUYECKU BCEr1a CYIECTBYET BO3MOXKHOCTD YIIOPSAIOUYUThH TOTOKH
COOBITUH MPU TOMOUIH MOACKUCTEM TUIAHUPOBAHUS U YIPABIEHUS O4epeasiMU. AHAIU3 BPEMEHHbBIX
JUarpaMM C LEJIbI0 UX CUHXPOHU3ALMHU SIBISETCS OJHUM U3 OCHOBHBIX METOJIOB POEKTUPOBAHUS
B aIrnapaTHOM MOJEIUPOBAHUU. /{7151 3TOro B nmpouecce MoAeIMpoBaHusl COBMEILIAIOT JIOTUYECKU €
CXEMBbI U BpeMeHHbIe TuarpaMMbl. Ha puc. 47 npuBeaeH npuMep TaKoro COBMEIICHHUS, T/1€
B KQ4€CTBE MOCJIEI0BATEIILHOTO JJOTHYECKOT0 JIEMEHTa BRIOpaH MPOCTEHIIINI JBOMYHBIN CUETUHK.
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(http://www.ets.ifmo.ru:8101/denisov/lec/lec4.htm )

CymiecTByer ele ofHa 00JacTh YeJI0BEYECKOM 1eATeIbHOCTH, I/1e popManbHbIe HOTAlUN

U OIpeIeTICHHBIM 00Pa30M CBS3aHHBIE TOCIIEIOBATEILHOCTH HCIIOJIHEHUI CaMbIM TECHBIM 00pa3oM
CUHXPOHHU3UPOBAHBI B PEAIbHOM BpeMeHU. Pedb uaeT o My3bIKe, Ii€ HCIOJIb3YeTCsl CBOeoOpa3Has
S3BIKOBAs (popMasM3aiust HOTHBIX 3aMUCEH, U, €CIIM TaK MOYKHO BBIPA3UThCS, TEXHOJIOTUS
MPOCKTUPOBAHMS MY3bIKaIbHBIX MTPOU3BEACHUN, B 00X YepTaX, OUCHb ITOX0KA HA TEXHOJIOTHIO
armnapaTHoO-MpOrpaMMHOI0 MPOEKTUPOBAHUS JIOTUYECKUX YCTPOMCTB. PoJIb JIOTMKH B My3bIKE
WCIIOJIHSIET TapMOHUS, B KOTOPOU ONPENENSI0TCA aKCHOMATHYECKUE OCHOBAHMS IS 3aKOHOB
00BbEMHEHUs 3BYKOB M CO3BYYHIl B IIOCJIEIOBATEILHOCTH, B paMKax TON MM MHOW MYy3bIKaJIbHOMN
Teopuu. Kak v B MaTeMaTH4E€CKOW JIOTHKE, B MY3bIKE CYIIECTBYIOT CBOM aKCMOMATHKH, SI3bIKH,
TEOPUU MOCTPOCHUS U UHTEPIPETALUH.



Ecnu paccMoTpeTs My3bIKallbHBIE HOTALUU C TOYKU 3peHUs (OpMabHBIX S3bIKOB, TO MOKHO
CUHTATh, YTO €€ aJIPaBUT COCTOUT U3 MHOKECTBA HOT OMPEICIIEHHON YaCTOTHI U ATUTEIbHOCTH.
B otnnume oT Ki1lacCM4ecKor onepanuy KOHKaTEHALNU, KOTOpasi ONPENeIIieTCsl B TEOPUU
(hopMabHBIX SA3bIKOB KaK ONEpalvs COSIUHEHUSI CHMBOJIOB B ITOCJIEI0BATEIIBHOCTH,
B MY3BIKAJIbHBIX HOTAI[USX KOHKATEHAIUS SBIISIETCSI MHOTOMEPHOM, TO €CTh HOTBI MOTYT OBITh
COEIMHEHBI B LIEMOYKH BO MHOTHUX HAIIPaBJICHUAX. B 11€70M K€ My3bIKaJIbHbIE IPOU3BEICHUS
MOXO0XKH HA MPOrpaMMBbl M X SI3bIKOBbIE KOHCTPYKIIMH MOT'YT ObITh HHTEPIIPETHPOBAHBI
NapaJyieabHO U ACHHXPOHHO.
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uc. 48. Bpemennoe nporpamMupoBanue B my3bike Copyright (c) 1999 James Ingram

Crioco0sI onvicaHus TapaUIeTbHBIX U aCHHXPOHHBIX HCIIOJTHEHUH, IIPUMEHSIEMBIC B MY3BIKE,
IPEACTABIIAIOT OCOOBIN HHTEpEC AJIs HelpoHHOro MoaenupoBanus. Ha puc. 48 nokazan npumep
MY3BIKaJILHOTO MPOU3BEACHHS U BpeMEHHas [uarpaMma Iocie0BaTeIbHOCTH HOT B popme
aMIUTATYTHO-BPEMEHHBIX XapaKTepucTUK 3 padbotsl [xeiiMmca Murpama «The Notation of Time»
[14].

HcnonHenne My3bIKalbHBIX IPOU3BEIEHUN MOKHO pacCMaTpUBaTh KaK MHOYKECTBO
Pa3BUBAIOIIMXCSI BO BPEMEHH MapaljIesIbHbIX IIPOL[ECCOB, TOPOXKIEHHBIX HA OCHOBAaHUHU MCXOIHBIX
HOTHBIX TeKCTOB. Kaxxplif U3 3TUX IPOLECCOB COCTOUT U3 MOCIEA0BATEIBLHOCTH BO30YK1€HUI
¥ TOPMOKEHHH HEKOTOPBIX MY3BbIKaJIbHBIX 00bEKTOB, KOTOPhIE 00JIAAAI0OT B LIEIOM CPAaBHUTEIBHO
HEOOIbIIUM THHAMUYECKUM Ha0OpOM XOpoIlo ¢popMaIn3yeMbIX akyCTHUEeCKHX CBOHCTB. Ecnu
CUMTATh, YTO KAKBIA TAKOU MPOIIECC MOCIEA0BATEIBHO BO30YK/IAET U 3aTEM OIMPEICICHHBIM
00pa3oM U3MEHSET aMIUIMTY 1y 3ByKa B COOTBETCTBUHU C MAPTUTYPOH, Mbl MOXKEM IPEICTABUTh
MY3bIKaJIbHOE HCIOJIHEHUE B BUJIE TPEXMEPHOI'0 IPOCTPAaHCTBA IIPOL[ECCOB, KaK 3TO 1OKa3aHO
Ha puc. 49.



UHCTpyMeHT
AmMmnnuTtyaa (yacrora)

uc. 49. AMIUIMTYTHO-4aCTOTHOE TIPEICTABICHUE UCIIOJIHEHUS MY3bIKaJIbHOT'O TIPON3BEIECHH ST
31ech OyaeT yMeCTHO IPUBECTH B KauecTBe mpumepa pucyHok M. CTpaBHHCKOTO U3 €ro KHUTH
«Conversations With Igor Stravinsky» [25], xapakTepu3yrOIIuii €ro mpeacTaBICHUE O TapMOHUN
¥ crioco0ax pa3BUTHS MY3BIKAJIBHBIX TEM KaK MPOLECCOB, Pa3BUBAIOIINXCS BO BPEMEHH

U [IPOCTPAHCTBE.

[IpencraBnenns CTpaBUHCKOTO O Pa3HOOOPA3HBIX (OPMAX MOCTPOCHHS MY3bIKAIBHBIX
IPOU3BEIEHUI MOTYT OBITh UCIIOIB30BAHBI IPU OPTaHU3ALMH THAJIOTa MEX Ty YETTOBEKOM

¥ MH(OPMAIIMOHHOM cucTeMoil. Onupasch Ha €ro MpeicTaBiIeHHs O AMHAMHUKE Pa3BUTHS
MY3bIKaJIbHBIX IPOU3BEIEHHUH, MOXKHO MOIy4YUTh MHOXKECTBO PA3JIMYHBIX APXUTEKTYPHBIX PELICHUN



OpraHMU3alMH JUAJIOT0B — MPOCThIC JIUHEUHBIE Pa3rOBOPHI, NTapaslieibHbIE JUHEHHbBIC
HEIEPECEKAIOINECS TEMBI, IMHENHO-CBSI3aHHBIE TEMBI, U T. II.

B HOTax M X My3bIKaJbHBIX HHTEPIPETALUIX COUECTAOTCSA TUCKPETHBIE,
(hopMabHO-TOTHYECKUE ONMMCAHUs, KOTOPBIC 3a7a€T aBTOP U aHAJIOTOBOE MapalieIbHOE
WCIIOJTHEHU €, UHTEPIIPETUPYIOITUMHU 3TU MAPTUTYPhI My3blkaHTaMU. Eciiu cpaBHUTH puc. 47, e
MPEACTaBIICHA aMIUTUTYAHO-4aCTOTHAS XapaKTePUCTUKA MY3bIKaJIbHOTO UCIIOJIHEHUS U pUC. 24,

Ha KOTOPOM TOKa3aHO pa3BUTHE BO30YKIEHUI B HEHPOHAX, TO MOKHO YBUJIE€Th, HACKOJIHKO 3TH JBE
Moenu moxoku. Heilponsl 00s1agatoT oueHb OJIM3KUMH K HOTaM CBOMCTBAMH

Y XapaKTepUCTUKAMH, a UX CITOCOOHOCTh K BO3OYKICHHUIO U TOPMOKEHHUIO IMO3BOJIIET TOBOPUTH

00 BO3MOXXHOCTH MTPUMEHEHHSI HEKOTOPBIX U3 (DOPMATBHBIX CBONCTB MY3bIKAJILHBIX MOJIEIICH

B HEHPOHHOM MPOTrPaMMHUPOBAHUU.

CpaBHUTENBHO MPOCTOM HOTHBIH SI3BIK MO3BOJISIIOT CO3/1aBaTh HEOOBIKHOBEHHOE pa3HooOpasue
MY3bIKaJIbHBIX KOMIIO3UIUIA — OT HE3aTEWJIMBBIX MENOAUN O YPE3BBIUANHO CIIOKHBIX
CcUM(DOHUYECKUX TTPOU3BEICHUH, TIPU STOM B HEM MOKHO BBIJICITUTh HECKOIBKO XapaKTePHBIX
OTJIMYMI OT CBOMCTB SI3bIKOB MPOrpaMMHPOBAHUSI.

— HortHblii angaBut BKItOYaeT B ce0s1 21€MEHThI, 00J1a1al01e BPEMEHHBIMU CBOICTBAMH.

— KoHnkareHanuu 371eMeHTOB an(aBUTa B LIETIOYKH MOT'YT UMETh HECKOJIbKO HaIllpaBJIEHUH.

— IIpocTpaHCcTBO, IZI€ OCYIIECTBIISIETCS HCIIOJHEHNUE HOTHBIX 3aIIUCEH, SIBIIACTCS
MHOI'OMEPHBIM.

— ®opma 3anucu (HOTHBIHM cTaH) 00s1agaeT BO3SMOXKHOCTBIO CO3/1aBaTh OOJIBIIIOE KOJMUECTBO
napajjieabHbIX IIPOLECCOB U CUHXPOHU3UPOBATH UX UCIIOIHECHHUE.

B HOTHOM s13bIKe, KaK U JIFOOOM JIPyrOM, MOXKHO CO3/IaBaTh KOHCTPYKIIUH, 00JIaJat0IIHe
OIPE/ICTICHHBIMU CBOMCTBAMH, ¥ TIPOBOIMTh WX aHAIH3, IIPUMEHSIS PA3IMIHbIC ()OpMabHBIC WIN
HedopMalibHBIe MeTO/IbI. J[J1s1 HEHPOHHBIX MOJIeJIeH JT0/DKEH CyIIeCTBOBaTh HE MEHEE
3¢ (dEeKTUBHBII CIOCOO ONMMCAaHMsI, BPEMEHHAs JIOTHKA U 3bIK, B KOTOPOM MOYKHO CO3/1aBaTh
BpPEMEHHBIE KOHCTPYKIIMH, TPAMEHSISI KOTOPbIE MOKHO TIPOBOJIUThH aHAIIN3 U CHHTE3 HEWPOHHBIX
cTpykTyp. DakTHyeckoe mogodue HEHPOHHBIX M MY3bIKAIIBHBIX MOJICIICH TO3BONISIET
BOCITOJTH30BATHCSI HEKOTOPBIMH MY3bIKaJIbHBIMU TIPUEMaMHU M METOJIaMH, IPUMEHHUTEIBLHO
K (hOpMabHBIM METOJIaM OIMCAHUS U MHTEPIIPETAIUU HEHPOHHBIX CHCTEM.

[To cpaBHEHMIO C My3bIKAIIbHBIMU CHCTEMaMHU, HEHPOHHBIE MO 00JIaIatoT emre Ooee
BBICOKHM YPOBHEM JIMHAMH3MAa — B HEHPOHHBIX MOJIEISX camMa «napmumypa» MOXKET pa3BUBATHCS
¥ MOIM(HUIIPOBATH CBOU CBOMCTBA BO BpeMeHH. CIIOCOOHOCTh HEUPOHOB K KIIOHHPOBAHUIO
Y TMHAMAYECKOMY YCTaHOBJICHHUIO CBS3CH C JPYTMMH HEHPOHAMH ITO3BOJISIET TOBOPUTH
0 IPOrpaMMHUPOBAHHUH ITPOTPAaMM B MTOJIHOM CMBICJIE ITOT'O TIOHSITHS.

PaccmoTpum B KauecTBe MpUMepa KJIOHHPOBAHUE HEKOTOPBIX OCHOBHBIX TUIIOBBIX HEHPOHHBIX
CTPYKTYp. B BhIUMCIHTEHHON TEXHUKE B KAU€CTBE MPOCTEHINEro 3aIOMHHAIONIET O YJIEMEHTA
UCTIONB3YETCS TPUTTEP — yCTPOMCTBO M3 ABYX 0A30BBIX JIOTHYECKUX JIEMEHTOB, CTIOCOOHOE
COXPAHSATH OJTHO M3 N YCTOMYHUBBIX COCTOSIHUN U TIEPEKIIIOYATHCS B 3aBUCUMOCTH OT BXOHOT'O
curHana. J[Jis mocTpoeHus Tpurrepa npuMeHsI0TCs 00paTHbBIE CBSI3U, COSAMHSIONINE MTOMAPHO
BBIXOJIbI JIOTHYECKHX IIEMEHTOB, C BXO/IaMU, OTBEUYAIOLIMMH 32 COpOC JAHHOTO AJIEMEHTA
B HyJieBoe cocrosinue. Ha puc. 50 mokasansl npocreimuii neonunsiii R-S (Set-Reset) tpurrep u ero
JIBOUYHBIA HEUPOHHBIN SKBUBAJICHT.
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uc. 50. DIeKTpOHHBIN TPUTTEP U €0 HEHPOHHBIN aHAJIOT

Jnsg noctpoeHus HepOHHOI'0 SKBUBAJIEHTA IBOMYHOI'O TPUITEpa MOHAA005TCs YeThlpe HEWPOHa,
COCIMHEHHbIE MONaPHO, MPUYEM MPSMBIE CBSA3H UMEIOT Beca: Wy, U W, 3, paBHbIE +1,

a oOpaTHbie — Wy3 U W,,, paBHbIe —1. [Ipn TakoM coenuHeHuy, B ciydae Bo30yxaeHus Heiipona 0,
YTO COOTBETCTBYET €AMHUYHOMY CUTHATY Ha Bxoze |,(mpenmnonaraercs, 4To MoporoBoe 3Ha4eHUE
HelpoHa paBHO WJIM MEHbIIE YPOBHS BXOJIHOTO BO30YXk1eHHUs ), HellpoH O pacnpocTpaHuT
BO30YX/I€HUE Yepe3 BCe CBOM BbIXObL. [Ipu 3TOM HelpoH 1 moayduT mosioKUTEIbHBINA eIMHUYHBIN
BXOJHOW CUT'HaJl, KOTOPBIH MepeBeeT ero B BO30YKAEHHOE COCTOSIHUE, @ HEHPOH 3 OTyYUT
OTPHIATETBHBIA SAMHUYHBIA CUTHAI, KOTOPBIN COPOCUT ero BO30YKAeHHE, €CIIM ATOT HEUPOH OBLIT
BO30YXJIeH nepeq ATuM. TouHo Tak ke padoraeT HelipoH 2. Takum 06pa3oM, 3Ta cXeMa MOIHOCTHIO
MOBTOPSET paboTy TpUrrepa.

B oTnmune ot aOCTpaKTHOTO JJOTMYECKOT0 3JIeMEHTa, HEHPOHHBINA TPUTTEP UMEET
JIOTIOJTHUTENBHBIN MapamMeTp — BpeMsl MePeKIIIoY HUsl, YIPaBIIAsl KOTOPbIM MOXHO TOJy4aTh
pa3nuyHbIe BpEMEHHBIE 3aJIepKKU. 3aMKHYB Mapy TPUITEPOB B KOJIBIIO, MOXKHO MOJYYUTh CETEBYIO
HETII0 — MOJIeJIb OECKOHEYHOro IUKJIa. IHTeprperanus nereib, Wil 0eCKOHEUHbIE ITUKJIBI,

B HEHPOHHBIX MOZAEIAX UMEIOT IPAKTUUECKUN cMBICIL. II0CKOIBKY B HUX IPUCYTCTBYET BpeEMs,
O€CKOHEUHBIH LIMKJI MOXKET OBITh CIOJIb30BaH KaK CHHXPOHU3ATOP pa3IMYHbIX IIPOLECCOB

U COOBITUH, TOCKOJIbKY OOJIBIINHCTBO OMEpalnii B HEHPOHHOM MPOrpaMMHUPOBAHUU 3aBUCUT

OT BPEMEHH, B OTJINYHE OT OMEepaTopa B A3BbIKAX MPOrpaMMHUPOBAHUS, TJI€ OOIBIINHCTBO ONepatnui
JOJDKHBI ObITh MHBAPHAHTHBI KO BPEMEHHU.

PaccmoTrpum monpoOHee mpoiecc co3anusi HEHPOHHBIX KOMITIOHEHT. J|BOMUHBINA HEHPOHHBII
TPUTTEP JIETKO PaCIIMPUTh U MMOTYYUTh MHOTOBXOA0BOM 3alIOMMHAIOIIUIN IEMEHT
U1t N cocrosiHnid. Ha puc. 51 nmoka3aHo pemenue 1uist HEUPOHHOT O TPUITEpa, UMEIOIIEro NIECTh
coctosinuid. Ucnonb3yst HIC, Mbl MOKEM TOCTATOYHO JIETKO TOCTPOUTH ABOUYHBIA HEUPOHHBIN
TpPUTTEP, KIOHUPYS MPOTO-HEUPOH U MOCIEA0BATENbHO COEIUHSIS Tapbl HEUPOHOB B MOJIYYEHHOM
rpyIe, 3ajaBas Beca cBsizeil coorBercTBeHHO +1 n —1. OHaKo eciiu Mbl 3aXOTHUM MTOCTPOUTH
HEWpOHHBIN Tpurrep, uMmeroui 100 cocTostHUM, pydyHOE MPOrpaMMHUPOBAHUE BPSL JIU MOKHO
CUMTATh Liesieco00pa3HbIM. Ha mepBrlii B3riisq MOXKET [10Ka3aThCs, YTO 3TY 3aJa4y JJOCTATOYHO
IPOCTO PEIIUTh TPAAUIIMOHHBIMU IPOrPaMMHBIMU MeToaMu. [|efiCTBUTENBHO, €CIU CYIIECTBYET
IporpamMma-3MyJIsiTop, B KOTOPOH MOAIEp>KUBAIOTCS HEHPOHHBIE MOJIENH, TO OYEBUAHO, YTO
BHYTpPU 3TOH MPOrpaMMbl BO3SMOXKHO CO3/1aTh IMOAIPOTrPaMMy UIIM METOJ, CIIOCOOHBIE TOCTPOUTh
TaKOW TPUITEp, HAIIPUMED, CIEAYIOIINUM 00pa3oM:



Number _of States = 100;
for (i := 1, i <= Number_of States*2; i++)
{

make_New_Neuron(i);
/
for (i := 1; i <= Number _of States; i++)
i
for (j := Number_of States+1; j <= Number_of States*2;
i++)
{
w=-1;
if (j == i+ Number_of States) w = 1,
make_New Nerve(i, j, w);

}
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Puc.
51. Cucrema u3 miecTH HEHPOHHBIX TPUTTEPOB

BrinonHeHnne Takoil mporpaMMbl BO3MOKHO JINOO HEMOCPEICTBEHHO B TeJle HEHPOHHOM 000JI0UKH,
m1bo HaM noHanoouTCs uHTepdeiic, moxoxkuit Ha SQL/ODBC. B nmobom ciydae, eciu
IpOrpaMMHPOBaHHE PETYJISIPHBIX HEHPOHHBIX CTPYKTYP MOXHO CBECTH K JIOCTATOYHO IPOCTHIM
porpaMmam, CIOKHbIE HEPETryJISIpHbIe CTPYKTYPBI IPUBEAYT K CYLIECTBEHHOMY YCIIOKHEHHIO
QITOPUTMOB U COOCTBEHHO MPOTPAMMHUPOBAHHUSL.

I/ICHOJ'IBSYSI MCXaHU3M KJIOHUPOBAHHA U BPEMEHHBIX 3aJICPIKEK, OTO KE€ PECIICHUEC MOXKET OBITh
JOCTUTHYTO MHBIM CIIOCOOOM.



Ecnu coeaHuTh BMECTE BPEMEHHYIO JIOTUKY KIIOHUPOBAHUS U TAPMOHUYECKUE 3aKOHBI
MY3BIKH, TO IPOrPAMMUCTBI CMOIJIM ObI CO3/1aBaTh MOCJIEI0BATEIbHOCTH, YIPABIIAIOIINE PA3BUTHEM
HEHPOHHBIX CUCTEM, U NPH 3TOM IIPOBEPKY KayecTBa PELICHUs, OTJAAKY U BbISBIEHHE OIINOOK
MO’KHO OBLJIO OBl OCYIIECTBJIATDH B TOH ke popMe, KaK ITO JIeJal0T KOMIIO3UTOP U Jupuxkep. MoxxHO
HPEAIOJIOKUTh, HACKOJIBKO 3CTeTUYHEE ObLII OBl TAKOH MpoLecc MporpaMMHpoBaHus!

KnoHnpoBaHue

Crioco6HOCTh HEMPOHOB K KJIOHUPOBAHUIO OTKPHIBAET BO3MOXHOCTH JJIsl CO3TaHUSI CIIOKHBIX
MHOTOCBSI3HBIX CTPYKTYP MO aHAJIOTHH C TE€M, KaK 3TO IIPOMCXOAUT C CUHTE30M OEIIKOB

B OMOJIOrMYecKUX oprannsmax. [lepen TeM, kak NepelTu K aHaIU3y MPOrpaMMHBIX METO/I0B
KJIOHUPOBAHHUS, PACCMOTPUM, KaK IIPOUCXOJUT 3TOT MPoLecC B OMOJIOrNYECKUX CUCTEMax. MOKHO
OTHECTHU K CaMbIM BBIIAIOIIMMCS B MCTOPUH YesoBedecTBa OTKpeITHE [Jx. Yorconom u @. Kpukom
[29] nBoiiHON CIUPATBLHON CTPYKTYPBI COMH T€30KCHPHOOH yKICHHOBOM KucioThl ([JHK), KoTopast
JIOKUT B OCHOBE BOCIIPOU3BE/ICHNUs OMOIOrnieckux kietok. Ha puc. 52 mokaszano crpykrypHoe (a),
MoJeKyJIsipHOe (0) 1 nHpOopManoHHOE () PeCTaBICHUS ITOH MoJeKynbl. Kakumu Ob1
CJIOKHBIMM HM OBLIIM CTPYKTYpa U opranuzanus uenu /JHK, ¢ TOUKH 3peHus: IporpaMMHUpPOBaHUS
OHa IpeJcTaBIIsieT cO00M MOCIE0BaTENIbHOCTD KO OB, KOTOPhIE MOTYT ObITh HHTEPIPETUPOBAHBI
UCIOJHUTEIbHBIM MEXaHU3MOM — IIPOLIECCOPOM, POJIb KOTOPOI'O B KJIETKE BBIIOJIHIIOT PUOOCOMBI.
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uc. 52. Tpu npeacrasnenus JJHK Copyright (c) 2003 E. JI. CeepanoB

Ecnu cuuraTh, 4T0 pubocoMa — 3TO UCIOJIHUTENBHBINA Ipoleccop, a Mosiekyna PHK —
porpamma, TO CHHTE3 OE€JIKOB SIBJIIETCS HUUYEM MHBIM, KaK IapajjiebHbIM UCIIOJIHEHUEM
IIOCJIEIOBATEIBbHOCTH KOJI0B, 3alIMCAHHBIX HA HOCUTENE — JiIeHTe PHK, NOIy4eHHOU ITyTeM
KOIIMPOBAHUS 4aCTH JPYroro HocuTenss — JieHTsl /[HK. Bcee ocTralibHbIe 1eTald, CBSI3aHHbIE

C IIPOLIECCOM HENOCPENCTBEHHOIO XMMHUYECKOTO CUHTE3a, Ul IPOrPAaMMUCTOB HE IIPECTABIISIOT
0co00ro HHTEpeca, Tak e, Kak U COOCTBEHHO MTPUPO/Ia UCIIOJHEHUSI KOMAH/ B JIIOOOM
poreccope — Oy/1b 3TO OnoJoruueckas pudbocoma nian kpemuuessiid Intel 8080.
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uc. 53. buonoruueckas cxema cuHTe3a Oejka M ee mporpammHoe mnpeacrasienue Copyright (c)
bonbias CoBeTckast DHIUKIIONEANs (TPAHCIIAIMS B OUOIOTHHN)
Ha puc. 53 nokasaH nporiecc cuHTe3a OEJIKOB U3 MOCIE0BAaTEIbHOCTEH TPOEK HYKJICOTHIO0B —
KOJIOHOB, OTBEYAIOIINX 32 MPHCOEANHEHNE COOTBETCTBYIOIMX AMHUHOKHUCIIOT, U3 KOTOPHIX B KOHIIE
KOHIIOB U (hopmupyroTcs 6enku. KoamuecTBo K0JJOHOB MOKHO CHYMTATh COU3MEPUMBIM
C KOJIMYECTBOM KOJIOB B CIIOKHBIX ITPOr'paMMax, TaKUX, HAITPUMED, KaK ONEPAIMOHHAs CHCTEMA.
EnuHCTBEHHOE OTIIMYKE MEXKTy COBPEMEHHBIM MTPOIIECCOPOM M BHYTPHKJICTOUHBIMHU
npoleccaMu — 3TO CKOPOCTh MHTEPIpPETaui. MOXXHO CUMTATh, YTO B OCHOBE JICNICHHSI KJICTOK
JIEKHUT IPOIECC UHTEPIPETALUH JIOCTATOYHO MPOCTHIX KOAOB, 00Pa3yIOIIUX OYEHb JJIHMHHBIC
nocienoBaTenbHOCTH. [Ip 5TOM B OMOOTHYECKHUX CUCTEMaX BaYKHYIO POJIb UTPAIOT BHEIIHUE
(baxTOpbl — (hepPMEHTHI, JIEKTPOMAarHUTHBIE ITOJIS U APYTHE, KOTOPBIE MOXKHO MPEACTAaBUTH KaK
JIONIOJTHUTENbHBIE TapaMeTPbl, BIMSIONINE HA HCIIOJIHEHHE.



uc. 54. Cxema pabotsl cuctembl ThropuHTra

Ecnu cpaBHUTB mporiecc CHHTE3a OeKa B KJIETKE M BRIUMCIUTEIbHYIO cucTeMy ThiopuHra [28],
MOYKHO YBHUJETh, YTO MEXK/Y HUIMHU CYIIECTBYET MHOTO OOIIUX CTPYKTYPHBIX-() YHKITMOHAIBHBIX
coiictB. Cucrema Trropunra (puc. 54) BkiitoyaeT B ce0si BHIUUCIUTENBbHYIO MAIlIUHY U JICHTY,
COCTOSIIILYIO U3 MHOYKECTBA Y€K, B KOTOPBIX MOT'YT OBITh 3alllCaHbl CHMBOJIbI. B Kaxabplii MOMEHT
BPEMEHHU BBIUMCIHTENbHAS MallliHa 00padaThIBaeT O/IHY SUEHKY JICHTBI, COJIePIKa Y0 OJIUH
cuMBOJI — S (i) ¥ XapaKTepU3yeTCs COCTOSIHUEM (]; U3 KOHEUHOTO0 MHOXECTBA COCTOSIHUH (.
[ToBeneHME MALIMHBI OMPECIsSeTCS HAOOPOM KOMaH I, KOTOPbIE ONpeaesitoTces mapoi i, S (i).

B 3aBucHMOCTH OT KOHQUTYypalluy, B KOTOPOH OHA HAXOIUTCS, MAllIMHA MOYKET CABUTATh JICHTY
BIIPaBO WJIM BJIEBO, 3aMMCHIBATh MJIM CYUTHIBATH CHMBOJIBI B STYCHKU M U3MEHSATH CBOE COCTOSTHUE
(xoH(urypanuio). OTa MalllHa SIBIISETCS AJIEMEHTAPHOM CHCTEMOM MPOrpaMMHUPOBAHHUSI, KOTOPYIO
A. ThIOpPUHT HCIIOJIF30BAJl B IEPBYIO OUEPENb JJIsl TOTO, YTOOBI YTOYHHUTH IMOHSATHE aaropuT™Ma

¥ BRIYUCIIUMOCTH. HecMOTpst Ha YUCTO TEOPETHUECKHI XapaKTep ero padoThl U MPAMHTHBHOCTh
0a30BBIX OIMepaIrii, MBI MOXKEM HCIIOIB30BATh MOJIEINb MAIMHbI ThIOPUHTA [T TOCTPOCHUS
MPAaKTUYECKOr0 MEXaHU3Ma KJIOHUPOBAHUS UCKYCCTBEHHBIX HEHPOHOB.

Oyepenb BXOAHBIX
CUrHanoB

a K ceHcopy

Gxon | ta,] t

uc. 55. Ouepenb BXOJHBIX CUTHAJIOB

Pactmipum BHYTpEeHHHMI MEXaHU3M CEHCOPHOTO pearupoBaHusl HEHPOHA, J00aBUB K KaXI0My
CEHCOpPY BXOJHYIO O4epe/ib, CIIOCOOHYIO XpaHUTh BHYTpHU ce0sl MOCIEI0BATEIbHOCTH BPEMEHHBIX
3aJIep)KeK, KOTOpbIe OyyT ONpPeneNsiTh BpeMs, 10 HCTEUeHUH KOTOPOro, TAHHBIA CEHCOp HepoHa



Oynet Bo30yxeH (puc. 55). Byaem npeacraBisaTh BXOAHbIE CUTHAJBI KaK Mapy — BPeMsl 3a1€PKKU
u amruatya (6, a;). [Ipu 3TOM, aMIUIMTy1a BXOJHOTO CHTHAJIA TOJDKHA OBITH HOPMHUPOBAHA

ot —1 o +1, a BpeMst 3aJI€P>KKH TI0JDKHO OBITH 33/1aHO B BUJIE IIEJIOT0 YUCJIa B MUJUTMCEKYH/Iax.
Hamnpumep, Mbl MOXKeM 3arpy3uTh B Mara3uH, CBS3aHHBIM C CEHCOPOM BO30YKICHUS,
nocienoBatensrocTh (10000, 0,5), (5000, 1), (2000, —1). B atoM ciay4yae HEHpPOH BO30YIUTCS
MoCJIeIOBaTEIbHO TPH pasa, uepe3 10 cexkyHa ¢ ypoBHeM Bo30ykaeHus 0,5, 3atem uepes3 5 cekyH
C YpoBHeM B030YyxkaeHus 1 1 elie uepe3 2 CEeKYHIbI ¢ ypOBHEM Bo30ykIeHus —1.

OdeBuHO, 4TO TOOABIICHNUE B MOJIENTh HEHPOHA Ouepe/iell BXOIHBIX CUTHAJIOB, 00J1a1al0IINX
BPEMEHHBIMH XapaKTePUCTUKAMHU, MPEI0IaraeT HaJudre MeXaHu3Ma BHYTPEHHE! U BHEITHEH
cuaxpoHu3anuu. CHHXpOHU3AIHS SIBIISIETCS OTHUM U3 (PyHIaMEHTAJIbHBIX CBOWCTB peabHBIX
cucteM, Oyab TO OMOJIOTHYeCKHe, COMANbHBIC MM TEXHUYECKUEe ycTpoiicTBa. Odepenn CUTHATIOB,
CBSI3aHHBIE C CEHCOpAaMU BHYTPH HEWPOHA, MIO3BOJISIOT IEPEUTH K MMOCTPOSHUIO Ooiee o0meit
MOJIET KIIOHHPOBAHUS, CIIOCOOHON K BOCITPOM3BEICHUIO CIIOKHBIX CTPYKTYP, Ha OCHOBE
CPaBHUTEJIBHO MPOCTHIX MOCIEAOBATEIHLHOCTEH KOJIOB, KOTOPHIE MOT'YT OBITh ITPEICTABIICHBI B BUIE
JICHTBI, 110 AaHAJIOTUHU C OMOJIOTMYECKUMHU U MaTeMaTHYECKUMHU JIEHTAMU, PACCMOTPEHHBIMH BBILIE.

JlomycTuM, 4TO B MOMEHT BO30YyxaeHus ceHcopa Kiton (cM. puc. 33) HelipoH, mpexae 4eMm
BBITIOJIHUTD ONEPALMIO KIIOHHPOBAHUS, TOCTAPAETCS HAWTH MOAXOSIIYIO JIJIsl HETO JICHTY,
KoTopyto MbI Oyzem HazbiBaTh Neuro_DNA u, eciu Takas JeHTa CylIEeCTBYET, BBIITIOJHUTD
KJIOHUPOBAHHE B COOTBETCTBHH C MOCIIEA0BATEILHOCTHIO KOJIOB, 3alMMCAHHBIX HAa 3TOU JeHTe. [lox
TaKOH JICHTOU ISl HEMpoHa OyIeM UCI0JIb30BaTh (aiiyl, KOTOPBIA MOXKET HAXOAUThCS
B OIIPE/ICICHHOM MECTe U UMeTh Ha3BaHue: I. dNa, rae | — Homep HelipoHa. Hike npuBeneH
(dparMeHT MeTo/1a KIIOHUPOBAHMS HEWPOHa, e MOKa3aHo, KaK MPOUCXOIUT YTeHHe daiina
C IaHHBIMU JJI51 KIOHUPOBAHUS:

try
{
String file Name = this.id + “.dna”;
FilelnputStream fstream = null;
fstream = new FilelnputStream(file Name);
BufferedReader in
= new BufferedReader(new InputStreamReader(fstream));
String thelnput = “7;
while ((thelnput = in.readLine()) != null)
{

this.cloneNode(v S DELAY, v L DELAY, v C DELAY),

/
jcatch (IOException e)

{

this.cloneNode(null, null, null);



HenpoH 1

HenpoH 2

HepoH 3

HenpoH N

CeHcop S

CeHcop L

CeHcop C

(t,,a,).(t,a,),...(t ,a,)

(t,.a,).(t,,a,),...(t.a)

(t1 va1 )'(tZ'aZ)“ ..(tn,an)

(ty,a,).(ty,a,),...(t,.a,)

(t,,a,),(t,a,),...(t,,a,)

(t,.a,).(t5a,),...(t @)

(t,.ay).(t5,a,),...(1,.a,)

(ty,2).(t5.2))....(t,8,)

(t,.a4).(ty,a,),...(t,a,)

(t;,a,),(tpay),... ()

(t,,a,).(ty,a,),...(1,,a,)

(t,.a,).(t,a,),...(t,a)

56. Ctpykrypa (aiina Neuro DNA

CrpykTypa (aitsia mpeacTaBiIsieT co00i MOCIEA0BATENILHOCTh CTPOK (ITOCTIEA0BATEILHOCTh
cUMBOJIOB, orpannueHnas CRLF 8 MS Windows), kax/asi 13 KOTOPBIX B CBOIO O4€PEb COCTOUT

U3 TpeX MoCIea0BaTeIbHOCTEH nap, pasaeneHusix LF (puc. 56).

AJITOpUTM KJIOHUPOBAHMS HEMPOHOB UPE3BBIYAMHO MTPOCT: MPOTO-HEUPOH, UHUITUUPOBAHHBIN
JUTS BBITTOJTHEHUS ATOW ONEpaIvK, HAYMHAET YUTaTh NpuHaiexkamii emy dara Neuro DNA,
10 Mepe YTEHUSI OUEPETHON CTPOKH CO3/A€T KJIOH U 3arpy’KaeT B €ro CEHCOPHbIE ouepenu

COOTBCTCTBYIOIIUE MOCIICAOBATCIbHOCTH IAp 3aJCPKEK U aMIIIMTYQ

curHasuoB. Neuro_DNA MoxHO Takke MpeCcTaBUTh KakK JUHEIHYI0 MOCIIe0BaTeIbHOCTD Map,
pa3/iesIeHHYI0 Ha MO/-MI0CJIE0BATEILHOCTH IBYMS TUIIAMU CII€LUAIbHBIX CHMBOJIOB — MapKepOB.

NN ass|t,.a,)|t,.a,)| QLS

o

(t, )| QCs |22 NN fassit, a,)

Puc.

P

uc. 57. KiionnpoBanue HEHPOHOB MPOTOHEHPOHOM B pe3yjbTaTe JIMHEHHOTO CUUTHIBAHUS JIEHTHI

Neuro_ DNA



Oxun u3 atux MapkepoB — NN (New Neuron) uauimupyeT co3aanie HOBOro Helipona. J[pyrue
mapkepsl — QSS, QLS u QCS (Que to Select/Link/Clon Sensors) onpenessitoT ceHCOp BO BHOBb
CO3/IaHHOM HEHpOHE, B 04epelb KOTOPOro Oy/IET 3alucana CIeayomas 3a STHM MapKepoM
rpymnmna nap.

uc. 58. PasmHoOXKeHue HEHPOHOB ¢ 3aJJaHHBIMU BPEMEHHBIMU [TapaMeTpaMu
Konkpetnsiii mpumep ¢daiina 1 npoTtoHeipora 0, mO3BOJSIOMUN CO3AaTh HEHPOHHBII TPUTTEP
JUTSI TIECTH COCTOSTHUM (cM. puc. 5S1), mpuBeneH B Tabm. 3.

Ecnu nmpencraButh ero B TabmuuHoM Buje B popmate Excel ator ¢aitn umeer 12 ctpok
U 3 cTOJIONA ¥ B COOTBETCTBUU C 3TUM ITPOTOHEHPOH, BBIMOJIHSAS ONEPALIIO KJIOHUPOBAHUS,
NOCTPOUT 12 HOBBIX HEHPOHOB U IOMECTUT B CEHCOPHBIE OUEPENN KaXKAO0r0 U3 HUX
COOTBETCTBYIOIIME MTOCIIEI0BATENbHOCTH Map 3aAepkek U aMIuuTy . Ilporecc ki1oHMpoBaHus,
COOTBETCTBYIOIIMM CTPYKType cBsizel Mexay 12 Heliponamu, npuseneH B [Ipumepe 4 HOC. B stom
npumepe eciau Bo30yauts cerncop C (Clone) neiipona 0, BO3HUKHET TPpyIIa, MKy dJIEMECHTAMU
KOTOPOW OYAYT YCTAaHOBJIEHBI CBSI3U B COOTBETCTBUH C BPEMEHHBIMU 33/IeP’KKaMU U BECaMH,
3amaHHbIME B ¢aitie 0.dna.

Tabnuuya 3
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KitoHupoBaHue U OJHOBPEMEHHOE CO3JJaHUE CBSI3EH MEXKy HEHPOHAMHU MOKHO CUUTATh AHAJIOT OM
IIPOrpaMMMPOBAHMS, OHAKO MEXAHU3MBI, KOTOPBIE JIEXKAT B OCHOBE HEHPOHHBIX IIPOL[ECCOB,
OJIMHAKOBBI KaK Ul CO3/1aHUs (DYHKIIMOHAIBHBIX CTPYKTYP, TaK U JJIsl X HUCIIOJHEHHUS.

B HelipoHHBIX MOZIEISX IPU Pa3BUTHH U MOIU(DUKAIIMN BHYTPEHHUX CBOWCTB UCIIOJIB3YETCS TOT XKe
MEXaHH3M BO30YKIEHUS, YTO U MIPU peaKkluy Ha BHEIIHWE CUTHAJbBI. Eciiu B BBIUMCIUTEIBHBIX
CHUCTEMax MporpaMMa U KOMIbIOTEP UMEIOT MPUHIUITHAIBHO PAa3JINYHYI0 IPUPOAY, B HEHPOHHBIX
CHCTEeMax co3JjaHue (PYHKIIMOHAJIbHBIX CTPYKTYP U X MHTEPIpPETALUs OCYIIECTBISIOTCS
OJIMHAKOBBIM 00pa3oM. [Ipu 3TOM HelpoHHas cucTeMa SIBJISIETCS] BBICOKO MapaljiebHbIM



o0pa3zoBaHKEM, ITOCIIE pa3MHOXKEHHSI KaXK/Iblii HEHPOH HaYMHAET CBOM COOCTBEHHBIH MpoIece
Pa3BUTHAL

Ha puc. 59 nokazana BpemeHHas quarpaMmma o0pa3oBaHMs COEIMHEHUN MeX 1y HeMpOHaMH,
00pa3yIOIUMH TPUTTEP JUIS MECTH COCTOSTHUI. KpacHBIM IIBETOM ITOKa3aHbI BO30YKICHHS,
B pe3yJIbTaTe KOTOPBIX OYAYT MOCTPOCHBI ITOJOKHUTEIBHBIC CBS3H, & TOIYObIM —
MIOCJICZIOBATEIbHOCTH BO30YXICHUH, KOTOPBIE IPUBEIYT K CO3JaHUI0 OTPHUIIATEIILHBIX CBS3CH.
[Tepron HaxXOXkIEHUS HEHpOHA B COCTOSIHUH «BbiOpar», B KOTOPOE HEHPOH MEPEXOAUT PH
BO30YXJI€HUU CeHcopa S, 31ech NpUHAT paBHBIM 5 cek uim 5000 mcek. B nanHoM npumepe
UCIIOJIb3YIOTCSI OTHOCHTEJIBHBIC BPEMEHHBIC MHTEPBAIIBI, M JIJIS1 COTIIACOBAHHS BO3MOXHBIX TOTEPh
B TIpolleCcCe MHTEPIPETANH (aHAJOTHYHBIE TEPEXOTHBIM MPOIECCaM B PEaIbHBIX (PH3HYECKIX
cXeMax) MbI OyJIeM UCIOJIb30BaTh KOMIIEHCHPYIOIIUE BPEMEHHBIE MTOMPaBKU, KOTOPBIE JJIsl TAaHHOT'O
npumepa paBHbl 500 Mcexk.

[Tpeamonaraercsi, YT0 BpeMsi KJIOHUPOBAHUS BCEX HEMPOHOB MPEHEOPEKUMO MaJIo,
U B HEKOTOPBI MOMEHT, BCE OHU 3aITyCKaIOT BHYTPEHHHE TPOIIECChl 00paboTKH ouepeei
COOBITHI, CO3JJTAHHBIX ITPOTOHEHPOHOM B MOMEHT uX co3zfnanus. Yepe3 1000 mcek mociie poskaeHus
HEeHpoH 7 mepeliner B cocTtosiHre «BriOpan», B KoTopoM oH Oynet HaxonuTbest 5000 mcek.
Yepes 1500 mcek, Heiipon 1 Bo30yaut cercop L (ITocTtpouTs CBSI3b) 1 B 3TOT MOMEHT OyJeT
o0pa3zoBaHa MOJIOKHUTEIbHAS CBS3b MEXy HeiipoHoM 1 u HelipoHoMm 7. Yepes 5000 mcek
B030ymsaTCcs Heliporbl 8—12 u yepe3 7000 (1500 +5500) mcek cHOBa BO30YAUTCS HEHPOH 1,
B pe3yJIbTaTe 4ero OyAyT YCTAHOBIJICHBI OTPHUIIATEIILHBIC CBSI3U MEKIY
HelipoHoM 1 u Heliponamu 8—12, u Tak nanee 10 TeX Mop, moka He OyayT 00pa3oBaHbl BCE CBS3H
3TOrO TPUTTEPA.

CeHcop S
41000 14000 10000 10000 10000 10000
HeipoH 7 8000 ‘ k L ‘ L.
HeitpoH 8 ! ‘ . | | § | L,
'
HewpoH 9 —%M‘ : h A VL,
'
HeiipoH 10 A b A | | .
HeipoH 11 k E | i | | § - ‘_,
] ] ]
Heipon 12 k ! | G N | i ‘_,_,
i E i ; E Bpems
Cencop L E i E E i (Mmcek)
hsop5%d i : |
" B e : : :
HeipoH 1 _,10500,1 L ? : ? | I
HeipoH 2 | | ' ; ; -
HeipoH 3 - l i i >
HeiipoH 4 i H E =
HewpoH 5 4 l 4 I >
HeitpoH 6 l -
1000 10500 20500 30500 40500 50500 Bpems
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uc. 59. Bpemennas nuarpaMma mocTpoeHusi HEHPOHHOIO TPUrTepa JUIS IECTH COCTOSTHU M
[Tepuon BpeMeHH, B T€UEHHE KOTOPOro HEIPOH UMeeT BO30YKIEHHOE COCTOSIHUE, MOXKET OBITh
BBIOpaH 3a OCHOBY JUIsI ONpeieeHus: 0a30BOH 4acTOThI CHHXPOHU3AIMH B MOJICIH B ICJIOM.

B nanpHeliniem Mbl OyeM HCII0JIb30BaTh MUHUMAJIBHO BO3MOYXHOE BpeMs, B TEUEHHE KOTOPOr o
HEeWpOoH 00J1a1aeT CIIOCOOHOCTHIO K COSTIMHEHHIO — T, KaK CIIEUAIBHYIO BEJIUYUHY, KOTOpas



3aBUCHUT OT KOHKPETHON BBIYMCIIUTEIBLHON CUCTEMBI U MOYKET OBITh BBIYUCIICHA SMITUPUYICCKH.
Hanpumep, B Hamrem ciaydae 7 = 10000 mcexk.

Takum 00pazom, MOBeAEHUE KaXKI0T0 HEHPOHA MOXKET OBITh MPECTABIICHO B BUJIE
MOCJIEIOBATEIBPHOCTA COOBITUH, KOTOPAsi MOXKET OBITh CHHXPOHU3HPOBAHA C APYTUMHU HEHpOHAMU
KaK TpU ITOMOIIA OTHOCHTEJIbHBIX BPEMEHHBIX 3aJICP)KCK, TAK U ITYTEM BBEICHHS II100aJIbHBIX
CTPOOHUPYIOIIUX MOCIIC0BATEIbHOCTEH. MbI Oy/ieM B JTajbHEHIIIEM HCITOJIb30BaTh
KOMOWHHPOBAHHBIE METOJIbI CHHXPOHU3AIINH, TI0O BO3MOXXHOCTHU HE YCIIOXKHSS CTPYKTYPY
HCKYCCTBEHHOT'O HEpOHa 0€3 HEOOXOIUMOCTH.

CeneKkTUBHbIN KOHTEKCT

Kakumu ObI pa3BUTBIMU He ObUTH (OPMBI OOIEHUS MEXKTy YETOBEKOM U HHTEPAKTUBHBIMU
cucreMamy, 0e3 uX MH(OPMALMOHHOT O HATIOJHEHUS PEIMETHBIMH JJAHHBIMH TAKHE CUCTEMBI
MMEIOT BEChMa OrpaHUYEHHYIO 00J1acTh MpUMeHeHus. HellpoHHble MoeH MO3BOJISIIOT CO3/1aBaTh
CHCTEMBI, CIIOCOOHBIE TIOACPKUBATH CIOKHBIE TMHAMUYeCKre KOHTEKCThI. [IpumMepom Takux
CHCTEM SIBJIIIOTCS TUAJIOTOBbIE M IIOMCKOBBIE CUCTEMBI, B KOTOPBIX (hpa3bl MJIU TOMCKOBBIE 3a1IPOCHI
B 3HAYUTEIBHON CTENEHU 3aBUCAT OT KOHTeKcTa. Hanbonbmmii npakTHuecKuil MHTepecC 1Jist
MOJIEMPOBAHMSI BUPTYaJIbHBIX IPECTaBUTENEH NpeACcTaBIsieT 00beINHEHNE IOUCKOBBIX METO0B
¢ quanorobiMu popmamu. PaccMoTpum B kauecTBe mpuMepa
pasroBop /lokynamensa v [Ipooasya B TAIIOTETUYECKOM BUPTYaJbHOM MarasuHe:

Ilokynamens.: 1 6v1 xomen npuobpecmu yugposyro kamepy.

Ilpooasey: Bom, nanpumep, HecKoIbKo Kamep, ¢ pa3iuyHublmMu kavecmseamu. Kaxkas uz nux
Bam 6onvwe npasumces?

Ilokynamens: Bom sma xamepa MeHs ycmpausaem, HoO Hem 1 Y 8ac NOOOOHOU 3d MEHbULYIO
cmoumocmas?

Ilpooaeey: Bom neckonbko Ooee deuesblx Mooeell.
Ilokynamens: A 661 xomen noxooxcyro, monvko om Sony.
Ilpooaeey: [loocanyiicma, 6om >mu Kamepwl NPoOU3Be0etsbl KOMnAaHuel Sony.

Ilokynamens: Omo mo, ymo mMeHs unmepecyem, HO MHe HYICHA Kamepa C JIYYuuUmM
yeenuueHuem.

Ilpooaegey: YV kamepor Sony MVC CD u paspewenue npekpacHoe, u 3anucb 0Cywecmeisiemcs
HenocpeocmeeHHO Ha Yu@posol OUCK.

Hoxynameﬂb.' ,ZZG, 6Ce€ XOpouto, moJjIbKo msoicerosamada. Hem nu noxoofceﬁ, HO noayduie...
um.o.

B 3TOM npuMepe MOXKHO HaiTH BCe OCHOBHBIC ITPOOJIEMBI, ¢ KOTOPHIMH CTAJIKMBAOTCS
pa3pabOTYNKN UHTEPAKTUBHBIX CIIPABOYHBIX M KOMMEPUYECKUX CUCTeM B MHTepHeTe. Uem Goiee
0o0pa3oBaH 1 HH(OPMHUPOBAH MMOKYIATENb WU ITOJIb30BATENb, UM IIUPE CIIEKTP CBOHCTB
MIPOAYKIIMU — TEM CIIOKHEE MPOIIECC BRIOOPA, TeM O0JIbIle BpeMeHU TpeOyeTcs A MPo/IaBIia Wi
CHEIMaJIMCTA IO 00CITy>)KMBAHHUIO JIJISl yIOBJIETBOPEHHMS 3aIIpOCa U COOTBETCTBEHHO, TEM JIOPOXKE
CTOUMOCTH O6CJIy)I(I/IBaHI/IH. COBpeMCHHBIC (I)OpMaJIbHBIe METOABI aHAJIN3a U CUHTE3a €CCTCCTBCHHBIX
S3BIKOB HC B COCTOSAHUHU MMPCAJIOKNUTh PCIICHU A, ITO3BOJIAIOIINE OKOHOMUYCCKH S(b(beKTI/IBHO
KOHCTPYHUPOBaTh NMOAOOHBIE AUAJIOTH, B TIEPBYIO OUepelb MOTOMY, UYTO MPAKTHUECKU Kaxaast Gppasza
B HUX SIBJISIETCS KOHTEKCTHO 3aBUCUMOM, C OJHOM CTOPOHBI, @ C APYTrOM — JaHHbIE O MPOAYKIIMHU
JTOJDKHBI OBITh MOTY4YEHBI U3 KOHKPETHOM, KaK MIPaBUJII0, PENILMOHHON 0a3bl JaHHBIX, 1JI1 KOTOPOH
3aIpoChl JOJHKHBI OBITH CPOPMYITHUPOBAHBI B KIIACCHUYECKOM Torudecko opme.



Heo6xomumMocTh COSTUHSTh JAaHHBIC U3 PEIISIIMOHHBIX 0a3 BMECTE C JINHTBHCTHY €CKUMHU
KOHCTPYKITUSIMU, 3aBUCSIIUMHU OT KOHTEKCTA, TOOYKIaeT HAC UCKATh HOBBIC CHHTCTUYCCKUE
METOIbl TOCTPOCHUS MHTEPAKTUBHBIX CHCTeM. PaCCMOTPHUM CTPYKTYpY M TIOTOKH JTAHHBIX
B THIIOTETHYECKOM CHCTEME, KOTOpasi CIIOCOOHA BECTH BHIIICTIPUBEICHHBIN JTHAJIOT.

[Ipeanonoxxum, 94To MpOCTEHINas CTpyKTypa 0a3bl JaHHBIX «Camerasy s udpoBbIX KaMmep
MOJKET OBITh 3alaHa CJICTYIOLIUMHU TaOJIMIIAMM:

Model — HasBaHune kamepsbl (LS443, EasyShare DX4330...)
Make — npounsBoaunTtesns (Sony, Canon, Fuji...)

Price — yeHa ($400, $1200,...)

Description — onucaHune

ZOOM — KoapppuumeHT ysBenndeHus (2x, 4x, 12x...)
Matrix — martpuuya (2MP, SMP, 4MP...)

SCcU — uAeHTUPUKaLUNOHHbLIN HOMep

MO>KHO TIPEIONI0KUTh, 4TO [Ipodasey, 3HakoMBbIH ¢ SQL, Mor Obl, HCIIOJIB3YS TEPMUHAI JOCTYIIA
K 0a3e JaHHBIX, B IIPOIECCE BBIMISTIPHBEIECHHOTO Pa3roBOpa MOCHLIAT 3alIPOCHI U IepelaBaTh
[Mokynarento pe3ynbTarhl. O4EBUIHO, YTO JIJISl TAKOTO THUIIA CTPYKTYp 0a3 JaHHBIX MOXKET
CYIIECTBOBATh CPAaBHUTEIHLHO HEOOIBIIOE YUCIIO BAPHAHTOB 3aIIPOCOB, KOTOPHIE MOTYT
YIIOBJICTBOPHUTH OOJBITMHCTBO MOKYIIATENICH, €CITU 3aJaHbl KOHKPETHBIC 3HAUCHHS TTEPEMCHHBIX,
XapaKTEepPU3yIOIINE TEKYIINH KOHTEKCT JAHHOTO pa3roBopa, HalpuMep:

SELECT * FROM Cameras WHERE Price < $800 AND Price > $300

SELECT * FROM Cameras WHERE Price < $800 AND Price > $300
AND MAKE = 'Sony’

SELECT * FROM Cameras WHERE Price < $500 AND Price > $200
AND MAKE = ‘Sony’ AND ZOOM > 3

Ecmu Ilpooasey OyneT mOMHUTH O TPOU3BOAMTEINE, IICHOBOM JIHAIA30HE U IPYTHX
XapaKTEPUCTUKAX, KOTOPbIE UHTEPECYIOT [lokynames, OH BCETa CMOXKET c(hopMyIupoBaTh
CIeYIOLUH 3ampoc K 6a3ze qaHHbIX. OAHAKO I TOro, YTOOBI OTBETUTH HA TaKUe, HAIIPUMED,
BOMPOCHI Kak «Hem i noxooxcetl, HO noayyuie...», HaM MPUIIETCS PACIIUPUTH CTPYKTYpY 0a3bl
JAHHBIX U 100aBUTh B Hee MMHrBHCcTHYeckue (Fuzzy) snauenwus [32].

Jlo6aBuM B CTPYKTYpY Hallei 0a3bl JaHHBIX AT KaXKI0H IepeMeHHON, KOTopasi UMeeT
YHUCJIOBOE BBIPAKEHHE, €€ HOPMUPOBAHHOE MIPEICTaBICHHE. TaK, HampuMmep, JJis
nepemennoii [Jena (Price), co3maaum HopMupoBaHHOE 3HadeHue Price_Norm, koropoe moxer
OBITh BBIYHCIIEHO CIEAYIOIUM 00pa3oM:

Price_Norm; = (Price; Min_ Price) / (Max_ Price Min_ Price)
rac

Price_Norm; — nopmuposannoe snauenue (0> Price_Norm> 1),
Price; — snauenue yenvi 01 i-020 o6vexma,

Max_ Price — makcumanvhas yena cpeou MHoxcecmsa 6cex ye,
Min_ Price — munumanvras yena cpedu muodicecmaa écex yeH.



Takue 3HaUEHUS MOTYT OBITH MOJTyY€HBI JJI Ka)KJ0W ITepeMeH HOW, IMEIOIIeH YUCIOBON THII,
BKJIFOYAs J1aTy, CTOUMOCTb, Bec U T. . [IpuMep 0a3bl JaHHBIX, B KOTOPOW BBIYUCIIEHBI
HOPMHPOBAHHbIE 3HAYECHUS JIJIs1 HECKOJIbKUX ITEPEMEHHBIX, O PEASIAIONINX CBOWCTBA LU (PPOBBIX
KamMmep, IpuBesieH B Tabil. 4.

Kaxk Bus1HO U3 3TOro npumMepa, Mbl MOKEM HCI0JIb30BATh Pa3MbIThIC 3HAUEHUS J1JIs1 TAKUX
NepeMeHHbIX, KakK [Jena, Kosghguyuenm ysenuuenus, Mampuya u T. 11.

DUNSL e WNT A0 UINGISITICE  Micr oo nder Wt

uc. 60. xapakmepucmuxu yugppoeswvix kamep

IlocnedosamenvHocms Kapm, coOepicaujux

Ha puc. 60 moka3aHa mocienoBaTeIbHOCTh HECKOJIBKUX 3anmuceit u3 06a3bl JaHHbIX «Camerasy»

B BuJe kapT. Kapra npencrasisier co0oil rpadudeckuii uatepdeiic k 6ase TaHHBIX U COAEPKUT
OIS, MO3BOJISIOIIFE OTOOpaXKaTh M MOAUPHUIIMPOBATH 3anucH B 0a3e naHHbIX. Kpome sToro, kapra
MO3BOJISIET 0TOOPA3UTh HOPMHPOBAHHYIO HHTETPATBHYIO XapaKTEPUCTHKY KA IO KOHKPETHON
kamepbl. Takum 00pazom, KapTa O3BOJISIET COCTUHUTH BMECTE TOUHBIC JIMHTBH CTHUECKUEC
XapaKTEPUCTUKH, KOTOPhIE MOTYT OBbITh 3aJIaHbl KIF0YeBbIME ciioBaMu — S0NY, CD400 u pa3MbIThie
NpUOJIKEHHBIC 3HAUCHHSI, TIO3BOJISIFOIINE BBECTH JIMHTBUCTHYECKUE IEPEMEHHBIE — OO0JIbIIIE,
cpenHee, Ty4Iie U T. M., IJIs1 KOTOPBIX MOT'YT OBbITh 3a/1aHbl 00JIAaCTH B COOTBETCTBYIOLIMX TPyMIIax
HOPMHPOBAHHBIX 3HAYCHU.

Tabnuua 4. Dparment 6a3b1 qaHHBIX «Camerasy»
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CoderaHue TOYHBIX U PA3MBITBIX XapaKTEPUCTUK B paMKaxX OOMICH MOJICIN JaHHBIX TT03BOJISIET
CYIIIECTBEHHO PAaCUIMPUTh BO3MOKHOCTH UHTEpdeiica Mex Ay MOoJIb30BaTEIeM

¥ MTHPOPMAIIMOHHBIMU CHCTEeMaMHU. PensionHbie 6a3bl JaHHBIX, TPAAULIUOHHO UCIIONb3yeMbIe s
XpaHEHUS U MOUCKa JaHHBIX O pa3HOOOPA3HBIX MPOAYKTAX, MOTYT ObITh TAK)K€ MCHOIB30BAHBI JJIsI
XpaHEHUS Pa3MBITBIX XapaKTEPUCTHK. ECIIM CUUTATh, YTO TOYHBIC XaPAKTEPUCTUKU MOTYT OBITh
3a/IaHbI TPYNION KIF04YeBbIX 3HaueHn Ky, K, ... K, ... K, a pa3MbIThIc 3HaUEHUS MOTYT OBITh
3a/1aHbI TPYNION HOPMUPOBAaHHBIX 3HaueHu# F,, F,, ... F; ... F,, To 3anpockl B 6a3y naHHBIX IS
HAXOXKJEHUS TpeOyeMOii 3aITCH MOTYT OBITh OOBEAMHEHBI BMECTE U IMIPECTaBJICHBI B 00IIEM BUIE
KaK 3ampoc:



SELECT * FROM table
WHERE KEY IS LIKE %K% ... AND ...
(FUZZY < F, + delta, AND FUZZY, > F, — delta) AND ...

rae

KEY, 6 mabauye 6azvl nazsanue nous, cooepicaue2o Kuouessle Xapakmepucmuxu,

Ki — 3nauenue xapaxmepucmuxu (moutoe),

FUZZY; — 6 mabauye 6azvl nazeanue noas, cooepaicaweco Kiouesvle XapaKmepucmuxu,

F. — sunauenue xapaxmepucmuku (pasmvimoe);

delta; — ouanaszon obnacmu 6 pazmvimuix xapaxmepucmuxax.

Takoro Bu1a yHUBEpCAIBHBIN 3aIPOC YIOBIETBOPSET HIIMPOKOMY KPYT'y OTCHIIUATBHBIX
BOIIPOCOB, ITPUMEPBI KOTOPBIX OBUIM PHUBENECHBI BhIMIE. JlManma3oH B 00JIaCTH pa3MBITBIX
xapaktepuctuk (delta) 3agaet rpaHuIb IPUMEPHOI 00JaCTH 3HAYCHU, KOTOPAs MOKET
YIIOBJIETBOPSITh KOHKPETHBIM BOMPOC MOJIb30BaTENA. JTa BeJIHMUNHA BEIOUpAETCs UCXOS
U3 MPAaKTUYECKUX cOOOpakeHui 1 B HaImx npumepax pasHa 0.1, gyto cocrasiset 10%

OT TOJIOKUTEIBLHOTO JIana3oHa pa3MbIThIX 3HaYeHuH (puc. 61).
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uc. 61. TouHble U pa3MBITHIE 3aTPOCH] K 0a3e JaHHBIX

Takum 00pa3oM, B KaXKIblii MOMEHT BPEMEHHU CYIIECTBYET MHOXKECTBO KOHKPETHBIX
XapaKTePUCTUIECKUX 3HAUYEHHH, KOTOPBIE 3aaf0T MPECTABICHUE CHCTEMBI O TOM, YTO
MOJIPa3yMeBacT MOKYIATeIh U Ha OCHOBAHUHU KOTOPBIX MOXKHO BEIOPATh U3 0a3bl JaHHBIX T'PYIITY
3ammcel, y0BICTBOPSIONINX 3TUM MPEICTaBICHUSIM. MbI Oy/1eM Ha3bIBATh TAKYIO TPYIIITY
CEJIEKTUBHBIN KOHTEKCT. B mpoiiecce B3auMoelicTBUS MEX1Y YeIOBEKOM U HH(POPMAIIHOHHON
CHCTEMOU CEJIEKTUBHBIM KOHTEKCT OyeT U3MEHSTHCS, HO MbI OyJIeM CYUTaTh, YTO BCETAa
BO3MOXKHO BBIOpaTh M3 0a3bl JAaHHBIX TPYIITY 3anuceli (KoTopast MOXKeT ObITh U ITyCTOM),
COOTBETCTBYIOIIYIO TEKYIIEMY CEJICKTHBHOMY KOHTEKCTY.

Beenewm niist kaxxnoro kmoueBoro Ky, Ky, ... K, ... K., u pasmertoro F;, F,, ... F; ...
F.3HaueHus B HEHPOHHON MOJIENIM COOTBETCTBYIOLIMI HelipoH N;, BO30yXJ1€HHE KOTOPOro,
ornpenenseT: OyleT 1 BKIIOUYEHO TaHHOE XapaKTepUCTHUECKOE 3HAUCHUE
B yHHBepcanbHbIi SQL 3anpoc. bonee Toro, 11 pa3MBITBIX XapaKTEPUCTHK YPOBEHD BO30YKIECHUS
HEHpOHAa MOXKET COOTBETCTBOBATh BEIMYNHE F; pa3MBITOro 3Ha4eHHUsI, U B TOM CIIydae:

Fi=E(N)

riae
N; — HeuipoH, coomeemcmeyrowuii pazmvimomy HopMuposanHomy 3navenuro F;,

Delta Delta



E (N;) — yposenv 6036yicoenus Helupora, cCOOmeemcmsyoue2o OaHHOU pazmulmou
xapaxmepucmuxe.

Jlis monepxKaHus 1MojIb30BaTh HEHPOHHbIE TPUTTEPBI, KOTOPBIE TO3BOJISIIOT XPAHUTD
AKTUBHbIE JUHAMHYECKHUE COCTOSHUS, OTPAKAIOIIUE TEKYILEEe COCTOSHUE ITpoLecca
B3auMozencTBUsl. C UX MOMOUIbI0 MOKHO CO3/1aBaTh KaK TPAAUIMOHHbIE CTATUYECKUE JBOMYHbIE
3aIIOMHHAIOIINE AJIEMEHTHI, TAK H JUHAMHYECKUE dJIEMEHTHI, BO30YKICHNE KOTOPBIX MOXKET
M3MEHATHCS BO BPEMEHU B COOTBETCTBUM C BHYTPEHHUM MEXaHU3MOM pa3psia.

Ha puc. 62 noka3aH npumep CTpyKTypbl HEHPOHHBIX CIIOEB, COJIEPIKAIINX 1BE ITPYNIbI —
KOHTEKCTHBIE TPUITEPHI AJIS O AepKaHUs TEKYIMX 3HaYeHUH OTHOM TaOIuIIbl 0a3bl JaHHBIX —
TOYHBIX XapaKTEPUCTHK (B TaHHOM mpumepe — [Ipoussooumens/Make) 1 e IMHUYHBIX HEHPOHOB,
XPaHSIIUX TEKYIHe 3HAYCHUs ISl pa3MbIThix Xapakrepuctuk (Price_N, Zoom_Nwu . 1.).

SELECT * FROM ...
WHERE KEY, IS LIKE %k % ... AND ...
(FUZZY, < F, + delta, AND FUZZY, > F, - delta) AND ...

e

SELECT * FROM ... WHERE SELECT * FROM ... WHERE
K, IS LIKE %k % AND FUZZY, > F,, AND FUZZY, < F, , AND
K, IS LIKE %k,% AND ... FUZZY, > F,, AND FUZZY, < F,, AND
Jopoxe...
Mogpgens... Jlyqwe...
lMponssoantens... Ana npumeHeHns B Lwkone
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KOHTEKCTHbIX TPUIrepoB HOPMMPOBAHHBIX 3HAYeHWI

uc. 62. HelipoHHbIe 104, TOAICP)KUBAIOIINE TOYHBIC U PA3MBIThIE 3aIIPOCHI K 0a3e JaHHBIX

Ob6paTHble CBSA3KN B MHTEPAKTMBHbBIX NpoLeccax

B xoneunowm utore, 3p(HheKTUBHOCTh MHTEPAKTUBHOM CHCTEMBI OnpeensieTcst HHHOPMaTHBHOCTHIO
COOOIIIeHUH, KOTOPBIE ATa CHCTEMa CIIOCOOHA TeHEePHPOBATh B Ipoliecce auanora. [Iockonbky

B JIMAJIOTE YYACTBYIOT KAK MHHUMYM JIB€ CHCTEMBI, JUIl TOTO YTOOBI JHATOT MEXIY HUMH UMET
CMBICT, Ka)KJ1asl CCTeMa JO0JDKHA OLIEHWBATh KAUYeCTBO CO371aBaeMbIX COOOILICHHUM 1 Ha OCHOBAHUH



3TOT0 OCYLIECTBJISITH COOTBETCTBYIOIINE KOPPEKTUPOBKHU CBOEro noseneHus. [Ipupoaa HelpoHHBIX
MoJielel JaeT HaM BO3MOKHOCTb CJI€J1aTh O YILEHUE, YTO XOTs Obl U B IEPBOM IPUOIIMHKEHUH,
HO JIBE€ CHCTEMBI (4€JIOBEK — KOMITBIOTED), YUACTBYIOIIHE B JHAJIOTe, BOCIPUHUMAIOT COOOIICHUS
Ha OCHOBE OJIMHAKOBBIX MPUHIUIIOB. Takoe OIMyIIeHe MO3BOJISIET pa3padoTaTh MEXaHU3M,
CIIOCOOHBIH MMOJIyYUTh B KOMIIBIOTEPE MPHOIIMKEHHYIO OL[EHKY CBS3aHHBIX C JaHHBIM pa3roBOPOM
MH(POPMAILIMOHHBIX ITPOLECCOB, MIPOUCXOASMIIMX BHYTPH YEIOBEKA.

Kak y»e oTMe4anoch BbILIE, UHGOpMAYUs eCb Mepa, Xapakmepusyoudas uUsMeHeHus,
KOMmMOopble NpOUCX005m 6HYmMPU CUCEMbL 8 pe3yIbmame noayueHus cooowenus. Takoe, Ha NepBbIHA
B3TJISI/], OYEHB O0II[ee OMpEIEICHIE, OCTaBIIsIeT HaM OOJIBITYI0 CBOOOMY B BRIOOPE METOIOB
HaXOX/ICHUS 9TUX U3MEHeHnH. Harpumep, i1st BBIYMCICHUS KOJIMYEeCTBA HH(POPMAITH MOXHO
UCTIOJIb30BATh TPAUIIMOHHBIE CITIOCOOBI, OCHOBAHHBIE Ha OINpeelIeHNH HH(POPMALIUU KaK MepbI
U3MEHEHUS HEOIPEIeICHHOCTH ccTeMbl. HelfpOHBI IPeACTaBISIIOT cOOO0M BBHIUNCIUTENbHBIE
AIIEMEHTBI, KOTOPBIE H1€aTbHO MOAXOIAT I PETUCTPAIMY M XPAaHEHUS TAKUX U3MEHEHH.
Pe3ynbTaT BHEIIHEr0 BO3/ICHCTBUS B TAKOM CITydae MOKET OBITh BEIYMCIICH KaK pa3HUIA MEXKITY
BO30Y’KICHUAMU HEHPOHOB B ONPEAEICHHON 00J1aCTH MOAEIH J10 U TIOCJI€ ITOr0 BO3AeHCTBUS.

[Ipeanosnoxum, 4To cUcTeMa S; HHUIMUPYET MPOLIECC B3aUMOIEHCTBUS ¢ CUCTEMOH S,, U IIpU
3TOM, B CHCTEME S; CymecTByeT (PyHKIHS, KOTOPas IIO3BOJIIET HEKOTOPBIM CIIOCOOOM O PEEIISATh
I'PaHUIIBI OKUAAEMOT 0 pe3yJbTaTa. 3HaYSHHUE YTOH (PYHKIIMH MOXKET OBITh ITPEICTABICHO KaK
M3MEHEHNE HEKOTOPOH BEIIMYMHBI, HMEIOIeH NH()OPMAIIMOHHBIA CMBICH, M BHIPR)KEHO B OHUTaX.
Bynem cuntath, 4TO 0XMJIAaE€MbII pe3ysbTaT paBeH 1 OuTy, eciu MpernoaaraeMblii OTBET UMEET /1Ba
BO3MOXKHBIX PABHOBEPOATHBIX 3HaUeHHsI. BO MHOTHX ciy4asx Takoil OTBET MOXKET OBITh CBEJIEH
K OZJHOMY W3 3HaueHuil napsl 1a/Her. Eciu cucreme S; ynaercs copMyaupoBaTh BOIPOC B TAKOM
dopme, 4TO cuctema S, criocodHa OTBETUTh Ha HEr'0 OJIHO3HAYHO M3 HAbOpa, COCTOSLIEr0 U3 Mapsl
IPEeAIoIaraeMbIX OTBETOB, TO (PAKTUYECKH MTPU TTOTYICHUU TAKOT'O OTBETA MPOIIECC
B3aMMOJICHCTBUSI MO)KHO CUMTATh 3aBepIIeHHBIM. CHcTeMa S; TTOJTy4aeT 0XKHUIaeMOe KOJIMUECTBO
UHGOPMAIUY, U 11eJIb B3aUMOACHCTBUS IIPH 3TOM JOCTUTHYTA 3a/laHUEM €INHCTBEHHOIO BOIIPOCA.
OpHako B pealibHOM JKU3HU TaKUE CUTYallud BCTPEUAIOTCs IOCTATOYHO peako. B GonbiumnHCTBE
CITy4yaeB, 0’)KUJAEMBIH Pe3yJIbTaT HE CBOIUTCS K IPOCTOMY TBOMYHOMY OTBETY, U C IPYTrOif
CTOPOHBI, CUCTeME S; He BCeraa yuaercst chopMyMpoBaTh BOIPOC B TaKoi popme, 4T0
cucTeMa S, MOXKET OJJHO3HAYHO Ha HErO OTBETHTH.

B niporiecce )KUBOro oOMICHUS JIFOIM MTOCTOSHHO YTOYHSIOT U KOPPEKTHPYIOT I[EJTN
¥ COOTBETCTBEHHO (hOpMY U COfiepKaHUe pa3roBopa. Takoe MoBeeHHE BIIOJHE COTIaCOBBIBACTCS
C MOBeJIeHNEM KHOEPHETHIECKIX CHUCTEM C 0OpaTHBIMHU CBsi3IMU. OOpaTHBIE CBSI3M B TOM MM WHOU
(dopMe mpUCyIIH MPAKTUYECKH BCEM CIIOKHBIM TEXHHUUYECKHM, OMOJIOTHYECKUM M COLUAIbHBIM
cucremam [30]. [IpuMeHHTENBHO K S5KOHOMUKE 1 (PHHAHCOBBIM PHIHKAM OOpATHBIC CBSI3H HOCST
UCKIIIOYUTEIbHO MH()OPMAIIMOHHBIN XapaKTep, U IPU 3TOM OHM OKa3bIBaIOT BIIMSHHUE HA MTPOLECChI
HNPUHATHS PELIEHUH, KOTOpble BO MHOIOM IOXO0XH Ha MPOLIECCHI, TPOUCXOASIIIME B UHTEPAaKTUBHBIX
MH(POPMAIIMOHHBIX CHCTEMaX MPH BEIOOPE aleKBaTHBIX peakuuid. JlobaBieHne MmexaHu3mMa
OOpaTHBIX CBS3EH B CHCTEMBI HHTEPAKTHBHOTO B3aMMOICHCTBHUS OTKPBIBAET BO3MOXKHOCTH IS
NPUMEHEHUS XOPOIIO PAa3BUTHIX KHOCPHETUIECKUX U MAaTEMATHIECKUX METO/I0B aHAJIN3a IIPU
UCCIICIOBAHNU M ONTUMHU3ALUY UX MToBeeHHs. OHAaKO MPUMEHUTENBHO K HEHPOHHBIM MOJIEIISIM
HYXHO YYHUTBIBaTh, UTO UX CJIIOKHOCTb 3HAUUTEJILHO IPEBOCXOJUT CI0KHOCTh CUCTEM, KOTOphIE
TPaAULIMOHHO PACCMAaTPUBAIOTCS B KAUeCTBE OOBEKTOB yIpaBJIECHUS.

OOpatHbIe CBSI3U B IMAJIOTrax HEMOCPEIACTBEHHO BIHMSIIOT HA €ro KOHTeKCT. HTerpanus
KOHTEKCTHBIX MOJICH, KOTOPbIE MOXKHO TOCTPOUTH UCIOJb3Ysl HEHPOHHBIE MOJIENN, BMECTE
C MEXaHU3MOM OOpaTHBIX CBSI3€H, MO3BOJISIOIINM KOPPEKTUPOBAThH Pa3BUTHE AHAJIOTa, KAYECTBEHHO
U3MEHSIET MPOLIECC B3aMMOAEH CTBUS YeJIoBeKa U MH(OPMAIIMOHHBIX CHCTEM.
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Puc. 63. M3meHnenue wHPOPMAIIMOHHOTO
COCTOSIHMSI CHCTEMBI B Ipoliecce 00MeHa COOOIEHUSIMU
Ha puc. 63 nmoka3ana xapakTeprucTHKa Iporecca oomeHus B cucreMe S;. OxugaemMblid pe3yiabTaT
MOJKET OBITh ITPE/ICTABIIEH KaK HEKOTopas LeneBas QyHKIuUsA, KOTopas 3a/1aeT NpeArnogaraeMoe
3HAYCHUE MONTydyaeMoil nH(popMaIiK. DTO 3HAYEHUE [T HEKOTOPBIX CITy4aeB MOXKET ObITh
U3BECTHO C JOCTATOYHO BBHICOKOH TOYHOCTBIO.

Hanpumep, eciau cucremy S; uHTEpecyer (akT HATMYUS KaKOro-1100 MpoAyKTa MM HaJudue
OIpEJICIEHHOT O CBOMCTBA Y 00BEKTa, TO B 3TOM CIIydae OXKHJaeMOe KOJIMYECTBO HH(OpMAIH
Oynet paBHO E = 1 6ut. Bompoc, KoTopslii cuctema S; MOXKET 3a7aTh CUCTEME S,, B TOM ClTydae
BBITJISIIUT CIIEAYIOMIUM 00pa3oMm:



Cucmema S,: Y xamepwt Nikon Coolpix 5700 ysenuuenue pasuo 8x? Cucmema S,: /[a.

Takoro Tumna BOIPOCH], B KOTOPBIX MPEAIIOJIaracMblii OTBET CBOJUTCS K BBIOOPY
U3 MHHUMAJILHOT'0 Ha00Opa BO3MOXKHBIX BAPUAHTOB, HA3bIBAOTCS 3aKPBITBIMU. BOIIPOCHI, B KOTOPBIX
IPEIoiaraéMblii OTBET MOXKET HMETh OOJIBIIYI0 BAPUATHBHOCTh, HA3bIBAKOTCS OTKPBITHIMHU.

OdeBHIHO, UTO €CJIK BOMPOC OyaeT chOopMyITUPOBAaH B HECKOIBKO HHOM BHUJE, 0KUIAEMOE
KOJINYECTBO UH(POPMAIIUY U3MEHUTCSI:

Cucmema S,: Kakoe ysenuuenue y xamepwot Nikon Coolpix 57002

Cucmema S;: 8x.

B sToM ciydae, oxxugaemMoe KOIMYeCTBO HH(OOPMAIIUU MOXKHO OIIEHUTDH MPHOIU3UTEIHHO
B 4 OuTa (€cim MpeanoioKUTh, UTO CYIIECTBYET 16 BApHAHTOB YBEIHUCHHUS, TO UCIOIB3YS
MPOCTEUIIYIO (OPMYITy BRIYHCIICHUS KOJIMUECTBA HHPOPMAITIH:

E= |ng (P 00 coobugenus 1P oere coobuenus)

Koeaa P 00 coobyenus = 1 u P nocne coooujenus = 1/16

E =4 6uma.

Eciu B oTBeT cuctema S, mOMHMO IPOCTOTO OTBETA TOOABHT €IIEe CBEACHHUS O IICHE, HATNIHE
9TOM KaMepbl Ha CKJIaJie, U T. I1., TO B 3TOM CJIy4ae MojiydeHHas nHpopMalis OyaeT 3HaYUTEIIbHO
Oounbiie oxuaaeMbix 4 out. Hanpumep, cucrema S, MOXKET OTBETUTh Ha 3TOT JK€ BOIIPOC
CIIEAYIOIIUM 00Pa3oM:

Cucmema S,: Kakoe ysenuuenue y xamepwt Nikon Coolpix 57002
Cucmema S,: 8x, u ee cmoumocms y nac $1047,99. Ho s Bam nopexomenoyio DIMAGE 7Hi
Minolta 3a $1196,99.

B nanHOM citydae, MbI MOJKEM CUHTATh, YTO 3Ta HHGOPMAIIHS MOXKET 0Ka3aThCs MOJIE3HOM IS
MOKYIATeNs, OJIHAKO KOJIMYECTBO MOIy4YeHHOM HH(OpMaLuK, 04eBUIHO, 3HAYUTETHLHO OOJIbIIE, YEM
KOJINYECTBO OxkujaemMoi nHpopMaruu. OTBET MOKET COAEPKATh TONOJHUTENbHbIC JTaHHBIE,
KOTOpbI€ C TOYKHU 3PEHUS CUCTEMBI S; MOTYT paccMaTpUBaThCs Kak HH()OPMAIIMOHHBIN IIyM.
Hamnpumep:

Cucmema S,: Dmo oueHb Xopowas kamepa, u 3mo paspeuierue 8x, n0360.Jem 0eiams yyoechvle
cHuUMKU. Y Hac celiuac pacnpooadica u ee cmoumocms 6cezo $1047,99. Ho s Bam nopexomenoyio
opyeyto kamepy. Y mens ecmo npusimenn, u o 6e3 yma om nHee — DIMAGE 7Hi Minolta ecezo

3a $1196

Co cBoeit CTOPOHBI, cucTeMa S; Tak)K€ MOXKET BHOCUTH B BOIIPOC MH(OpPMAI[MOHHBII MyCOp:
Cucmema S,: Buvl 3naeme, s civiwan, umo y eécex kamep Coolpix xopowee paspewenue. A camasn
ayuwas uz hux — smo 5700. Bvl mHe ne nodckaxceme, Kakoe y Hee paszpeuteHue?

be3ycnoBHO B3auMo1eliCTBHE UENIOBEKA C MHTEPAKTUBHBIMU WH(OPMALIMOHHBIMU CHCTEMaMU
HaKJIa/IbIBAET OMpeeNeHHbIe paMKU Ha (hopMy OOIIEeHUs, OJHAKO OOIMEe MTPHUHIIUITHI
MH(GOPMAIIMOHHBIX OIIEHOK IPOI[ecCOB 0OMeHa HH(OPMAIIUU OCTAIOTCS HEM3MEHHBIMHU.
Coo0mieHus, KOTOPIMU OOMEHUBAIOTCS CUCTEMBI, OYAYT COAepKaTh H30BITOUHY 0 HHPOPMAITHUIO,

U OHU TaKke OyayT conepkarh HHGOpManOHHbIHN 1yM. O4eBUIHO TaKXKe, YTO BO MHOTHX CIIydasx
HaM He y/acTcs MOJyYUTh TOUHbIE HHPOPMAIIMOHHBIE XapaKTEPUCTUKH 3TUX COOOLICHUM, OJJHAKO
MBI JTIOJDKHBI CTPEMHTHCSI K MUHUMH3ALUK U30BITOYHON HH(OPMAIKU TPpU TeHEpai 0 TBETOB. [Ipu
ATOM HYXKHO YUUTBHIBATh, YTO CUCTEMA S; MOXKET UMETh CBOE MPEICTABICHHUE 00 OXKH1aeM O
uH(pOpPMAIUH B CUCTEME S;, M 3TO MO3BOJISET € CTPOUTDH Pa3IMYHbIC TPACKTOPHH Pa3BUTHS
JIAJIora M B 3aBUCUMOCTH OT ATOT'0 MPENOCTABIISTH JJIsl CHCTEMBI S;TOTOTHUTEIBHYIO
uH(pOpMaIHIO.

B nepBoHayaibHOM COCTOSIHUM cUCTeMa S; 00JiafjaeT HEKOTOPOi
uHpopmarueii 1,00 naTepecyromem ee coobrTun. [locne momydeHus



coobmienust M; cucrema S;proOpeTaeT HeKOTopyro HHpopManuio |;, 1 TepexouT B HOBOE
COCTOSIHHE, B KOTOPOM OHA MOXKET MOCJIATh CUCTEME S, HOBBIM BOIIPOC, B OTBET Ha KOTOPHI OHA
MOJKET MOJYYUTh HOBYIO JIOMOJIHUTENbHYIO HHpopManuio |,. B ob6miem ciiydae monydeHHas
nH}OpMaIUs MOXKET IPUBECTH K TOMY, YTO 00II[ee TPEACTABICHUE CUCTEMBI S;00 HHTEPECYIOIIEM
COOBITUU MOXKET YMEHBIIUTHCS. B KaKblii MOMEHT BPEMEHU CYILIECTBYET PACcCTOSTHUE A; MEXKIY
TEKYIIUM UH(GOPMALIMOHHBIM MPEACTABIEHUEM CHCTEMBI S; 00 MHTEPECYIOIIEM €€ COOBITUI
U 1IeTIeBOi pyHKIIMEeH, 3a1aroliell orpaHiueHIe Ha KOJIMYECTBO OydyaeMoil HHpOpMaInu.
Takum 00pa3om, TPUHITUTT OOPATHON CBSI3M MPUMEHUTEIFHO K CHCTEMaM HHTEPAKTUBHOTO
B3aUMOJICH CTBHSI MOYKET OBITH C(POPMYJIMPOBAH KaK CTPEMIICHUE MUHUMHU3UPOBATH
paccTrosiHue A; B KaX/10i TOUKe mpoiiecca o0IeHus], Kak CUCTEMOH S;, MHUIIMUPYIOILEil BOMIPOCHI,
TaK ¥ CHCTEMOU S,, OTBEUaroIIeil Ha TH BOMPOCH H OJHOBPEMEHHO CITOCOOHOM 3a71aBaTh
JIOTIOJTHUTENBHBIE BOITPOCHI, CO CBOEH CTOPOHBI. CHMMETPUIHOCTh CUCTEM S; M S; TO3BOJISIET
paccMaTpuBaTh 3T CHCTEMBI KaK paBHOIMPaBHBIC. J|eiCTBUTENBHO, CHCTEMY S; MOXKET
WHTEPECOBATh HEUTO B CUCTEME S,, @ B CBOIO OUEpPEIb CUCTEMa S, MOXKET UMETh HHTEPEC
K nH(pOpMaIuu, KOTOpoi 001amaeT cucrema S,.
[TockonbKy cucteMa S; M cucTeMa S, MOTyT UMETh CBOU COOCTBEHHBIE Pa3JIMUHbIE [[ENH, U IPU
ATOM JIOJDKHBI MOJIETTUPOBATh U KOHTPOJIMPOBATH KaK CBOE COOCTBEHHOE MOBE/IEHUE, TaK
Y TIOBEJICHHE MMapTHEpa 1O JUAIOTY, 3a/1a4a JTOCTHKEHUS 3P ()EKTUBHOTO HHTEPAKTUBHOTO
B3aUMOJICHCTBHSI CBOJAUTCS K TOMCKY ONTUMAJILHON TPACKTOPUHU JUAJIOTA B YCIOBUSIX
CYIIIECTBOBAHHMS JBYX I€NEBbIX (PYHKUUH, 3aJaI0IIUX ONTUMAIbHbIE HH(POPMAIIMOHHBIE KOPHIOPHI
I cucteM S, u S,.

Co3HaHue 1 noaco3HaHune

[TocnenoBaTenbHOCTH COOOLICHUH, KOTOPHIMU MOT'YT OOMEHUBATHCS ABE CUCTEMbBI 00pa3yroT
TPaeKTOPHUH, KOTOPBIE MOYKHO IPEACTABUTH KaK IOCIEJ0BATEIBHOCTH IEPEXOI0B B HEKOTOPOM
IIPOCTPAHCTBE BCEX BO3MOXKHBIX COCTOSIHUI P, B KOTOPBIX MOXKET HAXOAUTHCA JaHHAsI CUCTEMA.
B kaxxaplil TEKyIIMI MOMEHT BPEMEHU COCTOsIHUE P;, B KOTOPOM HaXOAUTCS JaHHAs CUCTEMa MbI
OyzeM Ha3bIBaTh aKTUBHBIM UJIM CO3HATENbHBIM COCTOSIHHEM. J{J1 KaX10ro BO3MOXKHOIO
cocTostHUS P; MOXHO co37aTh COOTBETCTBYIOLIYIO KapTy (cTpanuiy) C;, KoTopas MOXeT
orpenensaTh peakuuio cucremsl. Kapra C; siBisieTcss KOHTEHHEPOM JaHHBIX U MPOrPaMM U MOYKET
OBITh 3arpy’KeHa B HHTEPIPETATOP TEKYILIEro COCTOSIHUS (aKkmugHoe noie).

Amnanorom npocrpaHcTBa P siBisiercs HTepHET, cCOCTOSIMN 13 MHOKECTBA CTPAHULL, KOTOPbIE
CTaHOBATCS aKTUBHBIMH TOJIBKO B TOT MOMEHT, KOT'/Ia OHM 3arpyaroTcsi B IporpaMMy IpocMoTpa
(BeO-0payzep). s monws3oBareneit THTepHET, B Ka)KIblii MOMEHT BPEMEHH B TEKYIIIEM OKHE
BeO-Opay3epa aKTHBHOM SBIISIETCS OJJHA CTPaHUIIA, U3 KOTOPOIl BO3MOKHBI TUIIEPTEKCTOBBIE
Hepexo/Ibl O pa3HbIM HaIlpaBIeHUSM. VCrIonb3ys Takyo aHaJIOTUIo, Oy/1eM CUUTATh, YTO
Ha KaXJIOM Il1are UHTEPaKTUBHOI'O 0OMEHa, BHYTPH KaXkJIOW CHCTEMBI CYILIECTBYET OOBEKT,
aHAJIOTMYHBIN IO CBOMM CBOWCTBaM TEKyIllel cTpaHule BeO-Opay3epa B IHTepHeTe u o6sanaronuii
CIOCOOHOCTBIO T€HEPUPOBATh OTBET U OCYILECTBIIATh JUHAMUYECKHUI NEpexo/] K MOCIEIYIOLIEMY
o0bekTy. HelipoHHble MOJIeN IPU 3TOM CIIy’KaT MEXaHU3MOM, 00€CIeunBaIOLIUM, C OJHON
CTOPOHBI, COXPaHEHHE KOHTEKCTA U CMBICIIOBOT'O COZIEpPKaHUs Mpolecca oOMeHa COOOIEeHUIMU,
HE0OXOIUMOr0 JiIsl FeHepalluy OTBETa, a C JPYIoil, O3BOJISAIOT OCYILIECTBUTH NEPEX0]

K CJIEIYIOIIEMY O0BEKTY, OTPa’KaloOIIEMy HOBOE COCTOSHUE CUCTEMBI.

Kaptsl cocTosiHMi B 00111€M Cilydae MOTYT IPEICTaBIISATh COOON CI0KHBIE CTPYKTYpPHBIE
00beIMHEHUS TPOrPaMM U JIaHHBIX, XpaHuMbie B hopmate DHTML/XML. 15151 penaktipoBaHust
U IPOCMOTPA COACPKUMOI0 KapT MOXKET MCIO0Ib30BaThCs BeO-0pay3ep, Ipu MOMOIIHM KOTOPOTro
aBTOP MOJKET BBINOJHSTH BCE OCHOBHBIE OIlEPALlUH PETAaKTUPOBAHMS U MOIU (PUKALIUU UX
coiep>kxuMoro. Paznunble HAOOPHI KapT MPUBEAEHBI B KAUECTBE IIPUMeEpa B pasjiese
«JlemoHCcTpamus paboThl IMHTBUCTHYECKOW HEMPOoHHOH cpens»y HOC. [Tonyuaemblie
B pe3ynbTare XML-omucanust MOTyT OBITh COXpaHEHBI B JTFO0O0M MOAXOASAIICH CUCTEME XpaHEHUs
JAHHBIX, K KOTOPOM MOKET UMETh JIOCTYI HHTEPIPETaTOP TEKYIIEro cocTosiHUA. B oTimune
oT BeO-Opay3epa, HHTEPIPETATOP TEKYIIMX COCTOSHHUIA BBIIOIHSCT JEHCTBUSI, B OCHOBHOM



CBSA3aHHBIE C U3MEHEHUEM BHYTPEHHEI 0 COCTOSIHUS Beell cucteMbl. OH B3aUMOZEHCTBYET

C HEWPOHHOM MOZEINbI0, ONPEAEIISET YCIOBUS IEPEX0/1a B HOBOE COCTOSIHUE U BBIOOpA CIIeyIOLIeH
KapThl, 3arpy’kaeT NporpaMMbl JJis AMHAMUYECKOT 0 UCIIOIHEHUS, TPUHUMAET BXOJAHbIE COOOIIEHHS
U Tepe/iaeT BbIXO/IHbIE COOOLIEHHS B COOTBETCTBYIOIIME KaHabl BBO/Ia/BbIBO/IA. B 1ienomM, ero
(GYHKIMH SBISIOTCS JOCTATOYHO OTPAaHUYEHHBIMH, YTO TIO3BOJISET pacCCMATPHUBATh €ro Kak
<OKECTKUI UJM BCTPAaUBaEMbIii KOMIIOHEHT cucTeMbl. C Ipyroi cTOpoHbI, pOpMaThHI KapT,
cofieprKalyecs B HUX IPOrpaMMbl M IaHHBIE, MOTYT OBITh KaK YTOJHO CJIOXHBIMHM, UTO JI€JIAET
CHCTEMY OTKPBITOM /1711 MOAU(UKALIUN U PACILIUPEHUS.

WnTepnpeTaTop TeKyiero coctosHus (puc. 64) MOXKHO paccMaTpUBaTh KaK aHAJIOT
YeJIOBEYECKOr0 CO3HAHMSA. B KaXk/1blil MOMEHT BPEMEHHU B aKTUBHOM I10JI€ HHTEPIPETATOPA
COZIEPXKUTCS TEKYyIIee MOJTydeHHOE COOOIIEHNE U TOTOBUTCS OTBET HA 3TO coobuieHue. B aTo moe
CXOZSTCS BXOIHBIE U BBIXOAHBIE HEUPOHHBIE CIIOM, U OHO UMEET TOCTYIl KO BCEMY MHOXECTBY
HEHPOHOB B paMKaX aKTUBHOM HEUPOHHOM MoJenu. B ¢BOIO o4epenb HEHPOHHBIE MO EIA MOXKHO
CUMTATh AHAJIOIOM IIO/ICO3HAHMS. B HUX IPOMCXOIAT MaCCUBHBIE MMApaJlIeIbHbIE POLECCHI,
KOTOpBbI€ MMPAKTUYECKHU HEBO3MOKHO CBECTHU K MPEICTABICHUSAM, KOTOPbIE MOT'YT OBITh BBIPa)KEHbI
B BU/JIE aHAJIMTUYECKUX BHIPAKEHUH B IPUBBIYHOMN (opMe.

CoennHeHne HEMPOHHBIX MOJIENIEH C aKTUBHBIM I10JIEM, B KOTOPOM BO3MOXKHBI HHTEPIIPETALIUU
Pa3IMYHBIX IPOrpaMM, OTKPBIBAET BO3MOKHOCTH JJIsl UHTErPalluy aJITOPUTMUUECKUX U HEMPOHHBIX
METO/I0B B €IMHBIN KOMIUIEKC. BbIlloIHEHNE TpOrpaMM, HHTEPIPETUPYEMBIX (CKPUIITHI) HIIU
NpeIBAPUTEIBHO OTKOMITUIIMPOBAHHBIX, U JMHAMUYECKH 3arpyaeMbIX MoayJei (Java-kimaccel
i DLL-00beKThI) MOXKHO CPaBHUTH C pe(ICKTOPHBIMU 3HAHUSMH.



o " i \
% 3 = )
e wwa e :
= 1 /
7 KapTsl, npeacrasnsowme
& / oég p, / 3HAHMA W peakunM CUCTEMbI
S = S e @
S &3 O e = =
S8/ & ‘;/ \“%';6*0"
/
HenpoHHwuin
" KOHTeRCT™

HeitpoHHas mopens

(MoacoznaHue)
Moaynu
AKTUEBHO® rone | ~. BYOMOTEKN NPOTPaMMHbIX
‘ ~
(Co3HaHue) N Moaynev
. (Pednekcnl)
~N

\Coot‘)meuuq /

\ / CamoobyuyeHune "\

“— / 5”'

Monb3oBarens

uc. 64. HOCJ’IGI[OB&TGJ'H:HOCTB IEPEXO0a0B MCKAY 00BbEeKTaMH IMpoCTpPpaHCTBA COCTOSIHM i1

KapTI:I 1 XML BeImONHSAIOT POJIb 0co00ro COCAUHUTCIIbHOIO MCXaHU3Ma B HUHTCI PaAllin
AJITOPUTMUYICCKUX U HeﬁpOHHLIX MCTOIOB. XML sBigetcs YHUBCPCAJIbHBIM U OTKPBITBIM SA3bIKOM,
AJI1 KOTOPOTO MOKHO CPaBHUTCIIBHO JICTKO CO3/1aBaTh PAa3JIMYHbIC HHTCPIPCTUPYIOIUEC CUCTCMBI,
a KapThbl o6naaa}oT HWHTYUTUBHBIM ITOJIB30BATCJIbCKUM HHT@p(i)efICOM, IIO3BOJIAIO MM BHCHIHHUM
IMOJIL30BAaTCIIAM IOAACPKHUBATE U Pa3BUBATb UHTCIPUPOBAHHYIO CUCTEMY.
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COOTBETCTBYIOLWMX MOTOKY CNOB

uc. 65. [TocnenoBaTenbHOCTD CIOB B IOTOKE PEYU U COOTBETCTBYIOIIME BO30YKIEHNS HEHPOHOB
ANropUTMUYECKHE METO/IbI 03BOJISIOT MOIKIIOYUTh K HEHPOHHBIM MOJENSAM I POKUNA HAbop
pelaTeneii-areHToB [l aHaJIu3a Peun, IPUHATHS pPEeLIeHUH, TPaJULMOHHBIX YHCIEHHBIX
U NIPOrpaMMHBIX 3a7a4 U T. 1. THTerpamus 3TuX JByX pa3JIM4HbIX CIIOCOOOB MOJIEIMPOBAHUS,
OCHOBAHHBIX Ha NIPUHIUIHMAIBHO Pa3IMYHBIX AKCHOMATHKaX, BO3MOXKHA JIMLIb IyTEM UX
UCKYCCTBEHHOT' 0 00BEIMHEHHS, 1 UMEHHO JJIs 3TUX LieJIel U CIyKUT aKTUBHOE IOJIE.

Taxas nHTErparys Mo3BoJIseT, HanpuMep, 3G (HEKTUBHO pelaTh 3a7auu, CBI3aHHbIC
C IOHUMaHUEM pa3IMuHbIX opM peun. B Bocnpusituu ycTHON U MHCbMEHHOM peun €CTh MHOTO
00111eT0, HO B TO)KE BpPEMSI OHU IIPUHLUIINATIBHO OTJIMYAIOTCS 10 AMHAMUYECKUM XapaKTepUCTUKaM,
10 BpEMEHU peaKkUy U 110 I'paMMaTHYECKUM CBOMCTBaM. B mporecce pa3roBopa y4acTHUKH
00MEHMBAIOTCS COOOIIEHUSIMH, COOTBETCTBYIOIIMMH ONpesielieHHol TeMe. B Tom ciydae, koraa
OJIMH U3 YYACTHHUKOB 3a/1a€T BOIIPOC, OT BTOPOr'0 YUYaCTHHUKA MPEIOIaraeTcs mojay4eHue OTBeTa,
U IIPH 3TOM BpPEMs, B T€UEHUE KOTOPOI'0 ATOT OTBET AOJKEH OBITh MOJIy4€eH, OrpaHHYEHO
JIOCTATOYHO XeCTKO. Peakiys Ha mojiydeHHbIe COOOIIEHUS TPOMCXOANUT B peaIbHOM BPEMEHH,
U TIOTOK CJIOB, OIPEENSIOMINN JaHHBIN pa3roBop, Kak MPaBUIIO, HE MOXKET OBITh TOBTOPEH
CHavasa.

ITo xapakTepy B3aMMOJEHCTBUS U BPEMEHH PEaKuu, OOMEH COOOLICHUSIMHU MOKHO CBECTH
K TPEM OCHOBHBIM (hopmam.



Kuesas peuv. Coobwenue He a67151emest YeaoCmubIM U He OOCIYNHO 8 MEKCMOBOM 8UOe.
Omcymcmeyiom uemkue panuybl, pazoesouue gpasvl. Bpems omeemnoii peakyuu KpumuyHo.
Konmexcm 3asucum om epemenu.

Yam. Bpems peakyuu ocpanuyeno, coobuenue oocmynto 0ns anaiuza. Konmexcm KoHkpemmuo 2o
CO0OWEeHUsL MOJICEM 3a8UCENMb OM NPedbLOYUUX coobujenull. @Ppaszvl 00CMamo4Ho pazoeneHvl,
XOmsi 6CMPedaromcst HaApYuleHUus: 0OUEenPUHAMbIX SPAMMAMULECKUX NPABUIL.

Texcmosble cooduenus, IneKmponnas nouma. Bce coobuenue npedcmagisiem 3aK0HYEeHHY 10
noCc1e008amenbHOCHb NPediodceHull. Bpems peakyuu ne KpUmuyHo.

YaTel niau 0OMEH COOOIICHUSIMUA B TEKCTOBOM BHJI€ 3aHUMAIOT ITPOMEKYTOYHOE MTOJIOKECHUE MEKTY
JUHAMUYHBIM YCTHBIM Pa3rOBOPOM M CTATHYHBIM IPOIIECCOM UTEHUS TEKCTOB. B waTtax, Tak xke, Kak
U B YCIIOBHSX YCTHOW peuH, CYIIECTBYET OIPAHMYECHHOE BPeMsI pEaKIIUU Ha COOOIIECHHSI, OJTHAKO
COOOIIEHUS B YaTe MPEACTABISAIOT COOOH, KaK IPABUIIO, BIIOJHE 3aKOHUYECHHBIC TPAMMATHIECKHE
KOHCTPYKITUH.
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HelpOoHbL! B KOHTEKCTHbLIX CNosixX

uc. 66. [TocinenoBaTenbHOCTD CIOB U OOpAaTHBIE CBSI3U U3 KOHTEKCTHBIX CIIOEB

B ycTHOI peun moToK cloB He 00pa3yeT 3aKOHUEHHBIE (pa3bl, UMEIOIINE YeTKO BhIPAKCHHBIE
rpammaTraeckue Gopmel. [Ipennoxkenuss MOryT ObITh BBIICJIEHBI B 3TOM MMOTOKE BEChbMa yCJIIOBHBIM
0o0pa3oM, B OTJIMYKE OT YaTOB MJIM OOBIYHBIX CTATUYECKUX TEKCTOB. Pa3erieHre rpaMMaTHI eCKUX
KOHCTPYKIIMI B YCTHOW pE€UYM 3HAUUTEIBHO CIOXKHEE, YeM B MUCbMEHHOU. [loMuMO Takux
(dakTOpOB, KaK MHTOHAIHS, CIICUaIbHBIE 000POTHI PEYH U TAY3bl, BPeMs SBISIOTCS BaXKHBIM



aTpuOyTOM, TO3BOJISIONIUM ONPEAEIUTh TPAHUIIBI IPEIJI0KEHUH U YCTAHOBUTH KOHTEKCT,
CBSI3bIBAIOILMI OTAENIbHBIE, HHOIAA JOCTATOYHO OTCTOALIME IPYT OT APYra, CIOBA IO CMBICIY.

Ha puc. 66 nokaszana cTpykTypa CBA3€i MEX1Yy aKTUBHBIM CIIOEM, B KOTOPOM XPaHATCA TEKYILIUE
CJIOBA, UMEIOIIME OTHOIIEHNE K KOHKPETHOMY Pa3roBOpy U KOHTEKCTHBIMM CIOSMHU, TT03BOJIAIOILAS
NOJACPKUBATh AKTHBHBIMU TE CJIOBA WJIM 3HAYCHUS, KOTOPbIe UMEIOT OTHOIIEHUE K TEKYIIEMY
MOMEHTY. B mpoliecce pa3roBopa cjioBa akTUBHOTO CIIOSI MOJTy4al0T U3HAYAIbHOE BO30YKACHUE,
KOTOPOE CO BPEMEHEM YIacaeT, €CiM U3 KOHTEKCTHBIX CJIOEB 3TO CJIOBO HE MOIYYHT
JIOTIOJIHUTENbHOE BO30YK/I€HUE, TOATBEPKAAIOIIee BaXKHOCTh ATOr'0 CIOBA Ha TEKYLIU MOMEHT.

Heiiponnsle cucTeMbl, MPEeKpacHO MPUCIIOCOOIEHHBIE 11 0TOOpaXKeHUs 00JbIIOro
KOJINYECTBA TUHAMUYECKHX IPOI[ECCOB, H1€aJIbHO MOAXOIAT 11 MOJEIMPOBAHUS TUHAMUKH
M3MEHEHUS CMbICIa yCTHON peur. [Ipr 3TOM KOHTEKCT pa3roBopa, MpeaCTaBIIsAsl MEXaHU3M
00paTHOH CBSI3M, MOXKET BJIMSTH KaK Ha CJIOBA UJIM 3HAYCHUS, XPAHUMBIE B aKTUBHOM CJIO€, TaK
U Ha CBSI3aHHBIC 3HAYCHUS BHYTPU KOHTEKCTHBIX CIIOEB.

XapakTep B3aUMO/ICHCTBUS BIUSET Ha CTPYKTYPY PEUH deloBeka BHE 3aBUCUMOCTH OT TOTO,
ABIISIETCS] €r0 COOECETHUKOM JIPYTOii YeJIOBeK WM KoMIbIoTep. B onHOIl U3 paHHUX paboT HA ATy
TeMy [6] paccMaTpUBalOTCS U3MEHEHHS B CTPYKTYpE PEUH YEIOBEKa B 3aBUCMMOCTH OT CIocoba
KOMMYHHKAIMUA. ABTOPBI pacCMaTPUBAIOT Pa3roBOPHI MEXIY ABYMS JIIOJbMHU B IPIMOM OOIICHUH,
110 Tesne(OoHy U Yepe3 KOMIBIOTEPHBINA TEPMHUHAJ (aHAJIOI COBPEMEHHOT0 YaTa). AHAIU3UPYsI
CUTYallMOHHBIE pa3roBOPBI MEXy JIIOJbMHU, B CTATHE IPUBOJUTCS HHTEPECHOE 3aKJIIOUEHUE
10 TTOBOJTY MCIOJIb30BAHUS MIPSIMBIX KOHTEKCTHBIX 000pOTOB —
cinoB OTOT, OTO, TOT u T1. 1. B yaTe Takre KOHTEKCTHBIE YKa3aTeJX UCIOJIb3yIOTCS 3HAUUTEIHHO
yaiie, 4eM B TesieOHHBIX pa3roBopax. OueBHIHO, YTO BO3MOKHOCTb BUJETh MPEABLAYIIHE
COOOIIIEHUS MTO3BOJISIET YETIOBEKY OBICTPO ONPENETUTh CMbICII KOHTEKCTHBIX CBSI3€H U TEM CaMbIM
COKpaTUTh BpeMs Ha Iepeady MOBTOPHBIX CJIOB UJIM CJIOBOCOUYETaHUI, 32 CUET UCIOIb30BaHUS
KOPOTKUX KOHTEKCTHBIX yKa3aTeseH.

Bo BpeMst yCTHOTO )KMBOTO Pa3roBOpa, y 4eIoBeKa HET BO3MOKHOCTH BEPHYThCS
K IPEIBIIYIIUM COOOIIEHUSM, OJJHAKO KOMITBIOTEP CIIOCOOEH XPaHUTh BCIO MOCTIEIOBATEIbHOCTD
MOCTYNUBIINX CJIOB, U JUJI TOT'O, YTOOBI MOJIEPKUBATh OOLIICHNE B IPUBBIYHOMN /IJIs YeIOBeKa
¢dopme, KOMIIBIOTEPHBIE CUCTEMBI TOJDKHBI 00J1aZJaTh CIIOCOOHOCTBIO «3a0b18amb MPEAbIAYIINE
COOOIIIEHUS AaHAJIOTHYHO TOMY, KakK 3TO JIeJlaeT YesloBeK. Takas CltoCOOHOCTh K «3a0bl8aAHUTON
B HEHPOHHBIX MOZEIISX MOACIUPYETCS 3a cUeT pa3psiaa HeilpoHa. [Ipumep, AeMOHCTpUpYIOIUT
BO30YKIEHHE U pa3psil HEHPOHOB B IPOMEKYTOYHOM CJIO€ B PE3yJIbTaTe BO3CHCTBUS
MIOCJIEZIOBATEIFHOCTH CJIOB, IOKa3aH Ha puc. 38.

B Tom cnydae, kora napTHEpOM 4eJIOBEKa B YCTHOM OOLIIEHMH BBICTYIIAET KOMIIBIOTED,
IpeaBapUTeIbHOE paclio3HaBaHUE OCYLIECTBISAETCS, KaK PaBUIIO, aKyCTHUECKON CHCTEMOM
pacnoznaBanus rojoca (Automatic Voice Recognition — AVR), koTopas 3aTtem mnepeaaer
MIOCJIEZIOBATEILHOCTH CJIOB B JIMHIBUCTUYECKYIO CHCTEMY paciio3HaBaHus peun (Automatic Speech
Recognition — ASR). BosbmmHcTBO cucteM AVRHUCIIONB3yeT rpaMMaTHKH, TO3BOJISTIOLINE
pacIio3HaTh CJI0BAa B KOHTEKCTE ONPENEICHHOI0 Ipeuiokenus. [IpuMenenne rpaMmmaTiK
3HAUUTENIbHO MOBBIIIAET KAa4ECTBO PAaCIlO3HABAHUS 32 cUeT 100aBJIEHHS BEPOSATHOCTHOM
XapaKTEePUCTUKU CIIOBA B MOCIEI0BATEILHOCTH. 3a]a4a PacliO3HABAHMSI PEUH 3aKII0YAETCS
B [IOMCKE TAaKOI'0 COYETAHMSI aKyCTUUYECKUX MOJIeieii BMECTE C TMHTBUCTUYECKUMHU, TPH KOTOPOM
obecneunBaercs Haubonee 3¢ (HEeKTUBHOE OINpeieNieHIE BEPOSITHOCTEN CIIOBOCOUETaHUI
B [IOCJIEIOBATENbHOCTIX aKyCTHUECKUX (POPM CIIOB M COOTBETCTBYIOILMX UM CIIOBapei.

B Tex ciywasx, Korja rpaMMaTHKU XOPOIIO 33/1aHbl, COBPEMEHHbIE aKyCTUY ECKHE
pacro3HaBaTesM MO3BOJISIIOT MOAYYUTh UCKJIFOUUTEIBHO BBICOKYIO TOYHOCTh PAacliO3HABAHUS.

O4eBHIIHO, YTO C paCIIMPEHUEM MPEAMETHON 00JIaCTH pa3roBOpa MPOUCXOAUT YBEITUUCHHE
CIIOKHOCTH I'PaMMAaTHK, 1 UMEHHO B 3TOM 3aKJII0UaeTCs MpodieMa COBPEMEHHBIX CHCTEM
pacnio3HaBaHuA peud. [IpakTHUecKn HEBO3MOXKHO CO3/1aTh YHUBEPCAIBHYIO TPAaMMATHKY,
CMOCOOHYI0 00eCneunTh paclio3HaBaHHUE TOCIEI0BATEIbHOCTEH CII0B JIsl BCEBO3MOXKHBIX
BapHAHTOB YEJIOBEYECKUX COOOLICHU, 1a’Ke 1JI1 CPABHUTEIBHO Y3KUX MPEAMETHBIX 00J1aCTei.
Cpenu pa3nuyHBIX CIOCOO0B, KOTOPbIE MOTYT OBITh HCIOIb30BaHbI IPU PEIICHUH 3TOM MPOOIEMBbI,



MOJKHO BBIZICIUTH cTaTucTHueckue moaenu (Statistical Learning Models — SLM), criocoOnbIe
caM000y4JaThCsl B IpolLiecce MPEeABAPUTEIILHON TPEHUPOBKH (CM., HArIpuMep, [5]), 1 MeTo bl
aJlalTUBHOI'O YIPAaBJICHHUS, TTO3BOJIIOIIME BBIIEISATh 3aKOHOM EPHBIE TIOCIIE10BATENbHOCTH

1 00y4aThCsl C IMOMOIIBIO0 XOPOIIO COATaHCHPOBAHHBIX AJITOPUTMOB U Kputepues [33].

OnuH 13 myTel TOPOXKIEHUS aKyCTUYECKUX IPAMMATHK JISKUT B MIPHUMEHEHUH HEHPOHHBIX
MoOJIeNel, ClTOCOOHBIX yCTaHABIMBATH B3aUMOCBSI3U B IOCJIEIOBATENLHOCTSIX CJIOB (MM DJIEMEHTOB
uX mpeacTaBisromumx). Ha puc. 67 moka3aH pe3yinbTaT 00y4eHHs CIIOBAPHOTO CII0S HEHPOHHOM
MO/JIEH Ha MOCIIeI0BAaTEIbHOCTH MPEAJIOKEHUHN, B3AThIX U3 IPOTOKOJIOB YaTOB, TAKHX,
Harpumep, KaK:

What is Longhorn?

Who are you?

Tel me about your company

Tell me about your technology

How long have you been in business?

What is your phone number?

What is his phone number? ...

OOyueHne HEHPOHHOW MOJIEIN 3aKII0YAETCS B IIOCTPOSHUH MTEPBOHAYATBHOTO CJIOBAPS
Y 3aT€M B YCTAaHOBJICHUM CBSI3€M MEKY CIOBAMH IIPEIJIOKEHUN U MOCIENYIOIIENH KOPPEKTUPOBKE
ATHX CBsI3el MO0 Mepe 00ydeHus Ha nocienyomux ¢pazax. CymecTByeT MHOKECTBO aJITOPUTMOB
0o0y4yeHust HEHPOHHBIX CEeTel, KOTOPhIE MOT'YT OBITh JIETKO MPUMEHEHBI K HAIlIeH MOEINH.
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uc. 67. 3aBUCUMOCTH MEX]Ty CIIOBAaMH IOCIIE 00ydeHU s



TunoBble KOHCTPYKTUBHbIE 3JTIEMEHTDI

[upokoe pacnpocTpaHEeHUE U, B KOHEYHOM cueTe, ycrex Bed 00yclIoBIeHbl yJauHbIM COUETaHUEM
TEXHOJIOTMYECKUX BO3MOXKHOCTEH IBYX I'PYII, HEMOCPEACTBEHHO YYaCTBYIOIIMX B CO3/IaHUU
CaliTOB — CHEUUAJINCTOB, OTBEYAIOIIMX 32 COAEPKAHUE CTPAHULl, U MPOIPAMMUCTOB, KOTOPbIE
JIENAl0T TH CTPAHUIIBI (YHKIIMOHATBHBIMUA U aKTUBHBIMU. J[Mama3oH CpeICTB peAaKTUPOBAHUS
COZIEP)KMUMOT 0 BE0-CTPAHMII MO3BOJISICT CIEUATUCTAM, HE UMEIOIIIMM HaBBIKOB
B IIPOrPAaMMUPOBAHUH, ITYOJIMKOBATH 3HAHUS B TOW opMe, KOTopasi OJM3Ka K TpagruIMOHHBIM
METOoAaM MyOJIMKaluii MaTepraIoB B OyMakHOM BHjie. TepMUHOIOTHS U CPEICTBA
peaKTUPOBAHUS OCHOBAHBI HA TAKOM JTOCTYITHOM, TPAKTUYECKU JJIs1 BCEX 00pa30BaHHBIX JIOJEH,
MOHATUY Kak crpanuia. C Jpyroil CTOPOHBI, TPOr PAMMHBIE KOMITOHEHTHI, KOTOPBIE MOT'YT OBIThH
BCTPOEHBI B CTPAHMUILY, IPEJICTABISIOT IUPOKHUI CIEKTP BO3MOKHOCTEN — OT MPOCTEHIITNX
CKPHIITOB, HanucaHHbIX Ha Visual Basic, 10 BecbMa CIIOKHBIX CHCTEM JMHAMHUYECCKOM I'eHepaium
npu nomoum CGl Monyseid, 4To Mo3BOJIET MOAKIIOUHUTD K IIPOLIECCY MIPOEKTHPOBaHUS BeOcaiiTa
MPOrpPaMMHCTOB CAMOW Pa3IUYHON KBATU(UKAIIMU U CHIEIUATTU3AIIIH.

Takue 0COOEHHOCTH OpraHU3alUK U TEXHOJIOTMYECKUX MPUEMOB BeO-/In3aiiHa, BIOJIHE MOTYT
OBITh MPUMEHEHBI B HEHPOHHOM MojienupoBaHuu. OnpeneneHHas 4acTb 3TOro mpolecca CBsi3aHa
C IPECTABIICHUEM U YIIPABICHUEM MPEIMETHBIMU 3HAHUSMU, U 3TUM 3aHUMAIOTCS, B TIEPBYIO
ouepenp, CIIeHHUaINCThl U3 Pa3IMYHBIX 001acTel, KaKk PaBHUIIO, HE SBISIONINECS
pohecCHOHATBLHBIMU MPOrPAMMUCTAMH UM MATEMATUKAMU. DTH CHELUATUCTBI (GOPMUPYIOT
CJIOBapH, OMPENEISIIOT CMBICI U B3aUMOCBS3U MEXK]Y COIEPKUMBIM, IOAT OTABIMBAKOT OTBETHI
U T. . J{J1st HUX, HEMPOHHBIE MOJIEJIM MTPEACTABIEHBI B BUIE PA3IMYHBIX KOHLENTYaJIbHBIX
penakTopoB. OJHUM U3 BUJOB KOHIENTYaJbHOI'O PEJAKTUPOBAHUS SIBJIAETCS UCIIOJIB30BAHUE KAPM,
KOTOpbI€ MOKHO paccMaTpuBaTh Kak aHaJIor cTpaHull BeOcaiita B MnTepuer. Kaptel moryt
CIIY’KUTb OCHOBOM JUUISl HAKOTIJICHHS 3HAHUM B ()OpME, IPUBBIYHOM JJIs CIICIIUATIMCTOB, B TAKOH e
Mepe, Kak ¥ 00pa3 CTpaHUI] MPUBBIUEH MPH CO3JAHUH TEKCTOBBIX U TpaUyecKiX MaTEepHUaIoB
B JIEKTPOHHOM BHJIE.

Beb6-aunsanH HenpoHHoe moaenupoBaHue
CTDaHMleI KapTbl
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uc. 68. BeO-qu3aiin 1 HePOHHOE MOACTUPOBAHUE



Jpyras 4actb HEIfpOHHOTO MO/ICIIMPOBAHUS OTHOCHTCS K 00JacTi TPOo(hecCHOHaTBHOT O
IPOrPaMMHPOBAHUS, U 3/I€Ch, TAK K€ KaK U B IpoIecce BeO-In3aifHa, TPOrPaMMHUCTBI MOTYT
HAIOJHSATH ATOT MPOLIECC TMHAMUYICCKUM COAEPKUMBIM. B mporpaMMupoBaHUU HEUPOHHBIX
MOJIEJIeld MOKHO BBIJICIUTH CICIYIONIHE OCHOBHBIC HAIPABJICHHUS:

— coz0anue unmepgeticos Kk 6a3am OAHHbIX U UHMe2PAYUsl pe3yIbmamos NOUCKa
8 2eHepupyemble Omaemul,

— NPOSPAMMUPOBAHUE PA3TUYHBIX MEMOO08 PACNO3HABANHUS U KAACCUdUKayuu,
NPUMEHUMETLHO K KOHKDEMHOMY HeUpOHHOMY A0pY;

— co30aHue (hoHOBbIX NPOSPAMM O] YNPAGIEHUS OUATIO2OM,

— co30aHue nociedosamenvrocmeti Hetipo-/[HK 015 kionuposanusi Heo6xo0uMvlx HetipOHHbBIX
CMpPYKMyp.

Taxk e Kak B allTOPUTMUYECKOM IPOTPAMMHPOBAHUH, TJI€ CYIIECTBYIOT 0a30BbIC AT OPUTMBI,
METOBI TOCTPOCHUS IPOT'PaMM, B HEHPOHHOM MTPOTPaMMHUPOBAHHUH CYIIECTBYIOT aHAIOTUIHBIE
CIOCOOBI MHTEPITPETAIIMU U COOTBETCTBYIOIIME CTPYKTYPHI. [IpakTHdeckas peanu3arus
MHTEPAKTUBHBIX CUCTEM, UCIOJB3YIOIINX HEPOHHBIE MOJIETT BO MHOI'OM 3aBUCHT OT UX
MHTErpallly ¢ TPAAUIIMOHHBIMU aJTOPUTMUYECKUMHU METOAAMHU U mporpammamiu. [Ipu stom,
MIOMHMO TTPOTOKOJIOB ¥ HHTEP (el COB, MO3BOISIFONIMX PA3JIMIHBIM KOMIIOHEHTAM CHCTEMbI
00MEHUBATKLCS TaHHBIMH, 0C00asi POJIb TPUHAICKUT TUIIOBBIM JIEMEHTAM U CTPYKTYpPaM,
UCIIOJIH30BAaHUE KOTOPBIX MOXKET CYIECTBEHHO COKPATUTH BPEeMs pa3paboTKH.

B noToke coobiieHuit, KOTOpbIMU 0OMEHUBAIOTCS MHTEPAKTUBHBIE CHCTEMBI, BCET/1a MOYKHO
BBIICTIUTD T'PYNITBI B3aUMOCBSA3aHHBIX MPEIIOKEHHIH, MEXKIY KOTOPBIMU CYIIECTBYET ONpeaeeHHas
KOHTEKCTHasl CBsI3b. B j)KMBOI peyn OTBETHAs peaKlMs 3aBUCHT KaK OT MH(OpMAIIHH,
coziep)kamiericss B IOJy4eHHOM COOOIICHUH, TaK ¥ OT IPUHAUIEKHOCTH 3TOT'0 COOOIICHHUS
K OIpPe/ICIICHHON JIMHTBUCTUYECKOH Tpyrie. HampuMep, B pyCCKOM SI3bIKE IMPEIIIOKCHUS JACIISATCS
Ha noeecmeosamenbHule, 60CKIUYamenbhvle U 60npocumebHbie, OJHAKO MOXKHO PACIIUPUTD ITY
KJIaCCU(PUKAIUIO BBE/S IONOTHUTEIbHBIE TPYIIIBI, TAKHE
KaK 11pocbObl, BONPOCHL, YMBEEPICOEHUS, OMBEMbl, BbICKA3bIBANUS U T. 1I.

[IpuHaIEKHOCTH MOJYYEHHOT0 COOOIIEHUS K TOW UJIM MHOM IpyMIe U CBA3aHHBIN ¢ 3TUM
KOHTEKCT OIPEIEISIFOT MOCICYIOIINE OTBETHBIC PEaKIUU CUCTEMBI. [[JIs1 XpaHeHUS COCTOSHUHN
Y KOHTEKCTOB, OTPAKAIOIIUX TUHAMUKY B3aUMOJICHCTBUS U CIOCOOHBIX BIIUSATH HA OTBETHBIC
peaKIiu, HaM TIOHA00ATCS Pa3JInIHbIC PACIIO3HABATEIIA U 3aIIOMUHAIOIIIE JIEMEHTHI, CPEIn
KOTOPBIX MBI OYZeM pa3iuuaTh 63aUMOUCKTIOUAIOUjUe KOHTCKCTHBIS
AIIEMEHTBI, He3a8uUCUMble U 83AUMOOONOIHAIOWUE.

Bzaumouckiroyarowjue 3IeMEHTBI OIIPEALISIOT TPYIITY COOBITHI UM COCTOSTHHM, JJIST KOTOPBIX
B HCHPOHHON MOJIENHN, B KAK/BIH MOMECHT BPEMEHH, aKTHUBHBIM 3HAYCHHUEM 00J1a/1aeT TOJIBKO OMH
COOTBETCTBYIOIIUI 3TOMY COOBITHIO HEUPOH. J{JI BceX OCTaIbHBIX HEHPOHOB TaHHOM I'PYIIIbI
COCTOSIHMSI YCTaHABJIMBAIOTCS B HEAKTUBHOE 3HaUeHHE. B3anMOoUCKITIOYaIOue 3JIEMEHTHI
MOJICITUPYIOTCS B BUJIE N-TIe4eBOro Tpurrepa (puc. 69). [lpumepoM B3aHMOUCKITIOYAOIIEH TPYIIITHI
MOJKET CITY’)KUTh THIT ITPEIIIOKEHUS, MOJIE)Ib KaMEPhI, TPOU3BOAUTEINb U T. 1. ECITM oKyTaTesb
XOUET KYIUTh ONPEACIICHHYIO KaMepy U JeNaeT CIeAyloniee yTBepKAeHNE (MM OTBeYaeT
Ha BOIPOC):

Iloxynamens.: Mens unmepecyiom kamepst SOny
TO B OJJHOM M3 CJIOEB HEMPOHHON MO/, OTBEYAIOILEM 3a XPaHEHHE KOHTEKCTa

«lIpouzeodumeinvy, NOHKEH OBITH YCTAHOBJICH SIMHCTBEHHBIA HEHPOH, COOTBETCTBYIOIIHIA
3HAYCHHUIO «SONY».
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uc. 69. CrTpyKTypHOE TMpenCTaBlIeHHE B3aMMOHMCKIIOYAIONIero Habopa 3HAaYeHH KOHTEKCTa
«IIpousBoauTenb»

Ha puc. 69 nokazaHo CTpyKTypHOE IIPECTaBIEHUE ITOr0 KOHTEKCTa U COOTBETCTBYIOIEE 3TOH
CTPYKTYp€ HEMPOHHOE BOIJIOLIEHUE, PEaTM30BaHHOE IIPU ITOMOILM IPYIIBI U3 6 TPUTTEPOB.
O4eBUAHO, A1 TOTO YTOOBI TOCTPOUTH OJUH TaKOH KOHTEKCTHBIN CIIOH MBI MOKEM
BOCII0JIb30BaThCsl KIIOHUPOBAHUEM, pACCMOTPEHHBIM BBILIE B IN1aBe «KoHmekcmol u 8pemeHHas
JIO2UKA.

Kak BUIIHO U3 IPUBEIEHHBIX IPUMEPOB, MOKHO HUCIOJIb30BATh OJHY U TY )K€ HEHPOHHYIO
CTPYKTYPY [UIsl MOJIE€IMPOBAHUS B3aMMOM CKIIIOYAIOIIEH KOHTEKCTHOM IPyIIIbI 7151 TUIIOB
IpPeSIOKEHUH], TPOU3BOAUTENS IPOAYKLUHU, MoJeNd U T. II. C MOMOIIbIO MEXaHU3Ma
KJoHupoBanus Heipo-J{HK Mb1 MmoxkeM 3a651aroBpeMeHHO «gvipacmumsvy (puc. 70) mocTaTouHOE
KOJIMYECTBO KOHTEKCTHBIX CJIOEB H IMOAKIIOYATh UX K COOTBETCTBYIOIINM
CTPYKTYPHO-(PYHKIIMOHAJIbHBIM IPYIIIaM 110 Mepe HE0OXO0IUMMOCTH, MO0 100aBIATh HOBBIN CIIOM
B TOT MOMEHT, KOT'/1a B HEM BO3HHMKAeT NOTPEOHOCTb.
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uc. 70. CTex B3aMMOMCKIIIOYAIOIINX KOHTEKCTHBIX I'PYIIIT

MO’XHO MPeanoNI0KHUTh, UTO B IEPUOJL PA3BUTHUS YETOBEUECKOT0 3apO/IbIIa IIPOUCXOIUT HEUTO
07I00HOE — OPraHM3M BhIpAIIMBACT HEOOXOIUMBIE B OyAYyILIEeM CTPYKTYpPbI U B IpOIIecce )KU3HU
3aJIelICTBYET 10 Mepe HEOOXOIMMOCTH IO/l COOTBETCTBYIOIINE KOHTEKCTHI. ECin peanonoxuTs,
YTO pPa3BUTHE FOJOBHOI'O MO3Ta MPOUCXOAUT MOAOOHBIM 00pa3oM, THIIOTE3a O TOM, YTO
YeNoBeUeCKU MO3T HCToJb3yeTcs Juib Ha 10%, moiay4yaeT BnojaHe 00beKTUBHOE 0O0CHOBAaHUE —
eciu OMOJIOrHYecKre CTPYKTYPbI IOATOTOBIIEHBI I OYAyIIMX COeAMHEHUH, TO B 3TOM Clly4yae



HM30BITOYHOCTE CHCTEMBI JOJDKHa OBITH I[OCT&TO‘IHOIZ, YTOOBI 3aI1aCOB HeI\/'IpOHHBIX rpynon OBLII0
A0CTAaTOYHO HaA IMPOTSKCHUU BCCH JKHU3HU.
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uc. 71. B3auMogononHsone KOHTEKCTHBIE 3HAUCHU S

["'oTOBbBIE KOHTEKCTHBIE CJIOU MOT'YT OBbITh IPUCOEIMHEHBI K BHIXOJ[aM PACIO3HAIOLIUX CJIOEB,
KOTOpbIE€ OTBEYAIOT 32 ONPEENIEHUE CMbIcia TeKyllel (pa3bl. BoIXxoabl KOHTEKCTOB MOTYT
HCIOJIb30BaThCs B KAUECTBE OOPATHBIX CBSI3€H /I PACIIO3HAIOIIUX CIOEB UM CIYXKUTh
OCHOBAHUEM JIJIsl TeHEpallui OTBETOB, B IIporpaMMax-uHTepdeiicax k 6azaM JaHHBIX U T. II.

Bzaumooononnaowue 3naueHNs1 KOHTEKCTHBIX CJIOEB MO3BOJISIIOT CO3/1aBATh CJIOKHbBIE
CTPYKTYpPBI HA OCHOBE Pa3JIMYHBIX XapaKTEPUCTUK U CBOWCTB MpeaMeTHON obsactu. Ha puc.

71 noka3aHO KOOPAMHATHOE MPOCTPAHCTBO B3aUMOIONOIHSIOMNX 3HAUSHUH, XapaKTEPU3YIOIINX
IpeCTaBJICHNE MTOKYIIATEeNs O KaMepe B TEKYIUIl MOMEHT BpeMeHU. T eKylue 3HaueHus
B3aMMOUCKJIFOYAIOIINX KOHTEKCTOB Ha 00Jjiee BHICOKOM YPOBHE MOT'YT 00pa30BbIBAThH

IPYIIIBI 83AUMOOONONHAIOWUX 3HAYEHUHN.

[IpoBepsist cocTOsIHME COOTBETCTBYIOLIMX KOHTEKCTHBIX CIIOEB, CHCTEMA BCEI/1a MOYKET 3HATh,
YTO KOHKPETHO B JAHHBI MOMEHT BPEMEHH MO pa3yMeBaeT cooeceAHUK. MOXKHO CUUTATH,
yto /Ipouszeooumens, Modenv u Llena SABIAIOTCS UMEHAMU MIEPEMEHHBIX, KOTOPbIE MOXKET
UCIOJIb30BaTh MPOrPaAaMMHUCT, HATIPUMED, IPU MOCTPOSHUH 00paleHuil k 0a3aM TaHHBIX.

X0Ts HEHPOHHBIE MOJIETH 00JIaAaI0T AKTUBHBIMU CBOMCTBaMH, KOTOPbIE TPUHIIUITHAIBEHO
OTJIMYAIOT UX OT TPAJUIIMOHHBIX 0a3 TaHHBIX, OAHAKO IPAKTUYECKU BCE ONEpaALlUu, IPUMEHUMbIE
K 0a3aM JaHHBIX, IPUMEHUMBI U K HEHPOHHBIM MoziensiM. Tak, Harpumep,
ornepatop SELECT mo3BossieT momyuuTh 3Ha4€HUsI KOHKPETHBIX HEHPOHOB WIIM TPYIIIBI HEHPOHOB,
MpUHAJISKAIINX K ONPEIeICHHOMY KJacTepy (Clor).

Taxk e Kak He CyIIeCTBYEeT YHHBEPCAJIbHOIO criocoda au3aiiHa BeO-CTpaHull, He CyIIeCTBYeT
YHUBEPCAIbHBIX METOJIOB IPOEKTUPOBAHUS HEMPOHHBIX MOZIEIe — HEWPOHHBIE KJIACTEPhl MOXKHO
COEIUHSTH IPOU3BOJIbHBIM 00pa3oM. PaccMOTpUM OMH U3 IPUMEPOB ITOCTPOEHUS
JMHTBUCTUYECKOI'0 aHAIU3aTOPa, KOTOPBINA HCHOJIB3YETCSl B CUCTEME ITOCTPOEHUS BUPTYaJIbHBIX
NOMOIIHUKOB. [IprMeppl TMHrBUCTUYECKUX MOJIENIEl TPUBEEHBI B pasaene «/[emoncmpayus
pabomol 1uHeBUCIUYECKOL HeupoHHOU cpedbl»y HOC, a Ha puc. 72 moka3aHa OJ0K-cxema
B3aMMOCHCTBUSA Pa3IMYHbIX (YHKIIMOHATHHBIX HEHPOHHBIX CIIOEB B Mpoliecce aHammsa Qpas,
NOCTYNAIOIINX U3 BHEIIHEW CHCTEMBI.

Ha camoM nepBoM 3Tare ci10Ba, 3 KOTOPBIX COCTOUT (hpa3a, mociae10BaTeIbHO BO30YKIAI0T
HEHPOHBI CIIOBApHOTO ciosi. Bee HelipoHbI, ypoBEeHb BO30YKAEHHS KOTOPBIX JOCTUT TOPOrOBOT0O
3Ha4YeHMsI, 0003HAYAIOTCS] HA 3TOM PUCYHKE KaK 00J1aarolie TOKEHOM, KOTOPBIH MOXKET OBITh
nepeaaH Jajiee, Ha TPYMIIbI CJI0EB, BBIMOJIHAIOLIMX POJIb IEPBUYHOIO PACIIO3HABAHUS.



PaCHOSHaBaTeJ'II/I, B 3aBHUCUMOCTHU OT KOMGI/IHaLII/II\/'I CJIOB 1 KOHTCEKCTHBIX 3Ha‘leHHI>i, q)OpMI/IpyTOT
IIPOMEKYTOUYHBIE BBIXOAHBIE 3HAUECHNUS, KOTOPBIE CIIy’aT OCHOBOM JJIs IIepepacipeesIeHus
BO30YX/I€HUI B Ipynnax KOHTEKCTHBIX clioeB. KOHTEeKCTHBIE c10u 00pa3yroT IpyHIibl HEHPOHOB,
OCYIIECTBIISIOLINE OCHOBHBIE (DYHKIIMH 110 aHAIN3Y U (POPMUPOBAHMIO TaK Ha3bIBAEMOT O
«NOHUMAHU TEKYLIEW CUTYaLlUHU.
Mokynarens:
Mers nHTepecyilotr kamepsl Sony.
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uc. 72. B3aumoselicTBue HEMPOHHBIX CIIOEB B MPOIIECCE aHAIN3A MPEAJIOKECHU M

Ha ocHoBaHUM UX COCTOSIHUS BBIPAOATHIBAIOTCS BHIXOHBIE PEAKIIHH U (POPMUPYIOTCS
BO30YX/I€HUS B OOpaTHBIX CBS3X, KOTOPbIE OyIyT ONpEesTh paco3HaBaHHe MOCIEAYOIINX
¢bpa3. Peakunn, B KOHEYHOM UTOTE, HOPMUPYIOT BO3OYKIEHHUS B BBIXOAHOM CJIO€, C KOTOPBHIM
paboTarT MpOrpaMMbl T€HEpalui OTBETOB. HelpOHBI BEIXOAHOTO CJI0sI, C OJTHOW CTOPOHHI,
OTIPENETSIOT KaKasi KOHKPETHO MporpaMMma OyeT BeI3BaHa it 00pabOTKU U TeHepaIiuy TeKYIIero
OTBETA, a C APYroM, NOArOTABIMBAIOT JJISI 3TOW MPOrpPaMMBbl OIPENEIICHHBIE JIMHTBUCTHYECKUE



3HAYCHUS, TAKKE, HAIlPUMeEp, KaK [IeHa, KAaYeCTBEHHBIC XapaKTEPUCTUKU U T. 1. [I[porpaMMbl Takxke
MOTYT MOJTy4aTh TEKYIUE 3Ha4YCHUSI KOHTEKCTHBIX CJI0€B M MCIOJIb30BATh X JJIsl TeHEPALlUU
3ampocoB B 0a3bl JaHHBIX.

Baxknoe CBONCTBO HHTEPAKTUBHBIX CUCTEM COCTOUT B HEOOXOJAMMOCTH CIEI0BATh JIOTHYECKOU
MOCJICIOBATEIbHOCTH BOIIPOCOB U OTBETOB, MHUIIMMPOBAHHBIX KaK OJHOM, TaK U IPYTrOM CTOPOHOM.
Hetiponnbie monenu 00sanaoT 3(hPEKTUBHBIM MEXaHU3MOM, TTO3BOJISIOIINM IOICP)KHUBATh
JIOTHKY OOIIIEHUS] COBEPIIICHHO OTIIMYHBIM OT KJIACCUYECKOr0 OJI0K-CXEMHOT0 MO/IX0/1a CIIOCOO0OM.

Bynem nonumaTth mon «gonpocom» Takoe coodmienne mQ;, kKoTopoe cuctema S;mochuiaeT
B CUCTEMY S, UTO MOCIIE €ro MOCBUIKA CUCTEMA S; MOPOXKIAET BHYTPH CeOSI MPOIIECC OXKUAaAHUS
W3 CUCTEMBI S, OTBETHOIO coo0menus MA;. UHbIMU ClIOBaMH, IIOCJIE MOCBLIKU
coobmieHus MQ; cuctema S; mopokaaeT BHyTpH ceds mpoiiece, coaepkamiuii onepatop WAIT (e).
B obmem ciywae nporece P (MQ;) u onepatop WAIT (e;) MoryT 3aBuceTh OT BpeMeHH,

U 110 UCTEUCHHUH ONPeIeJICHHOr0 BpeMeHu mpoiecc P (MQ;) MoXxeT mpekpaTUTh COCTOSIHUE
OXKUTaHUS.

Onna u3 cnenuduuecknx 0COOCHHOCTEH NHTEPAKTUBHBIX MPOI[ECCOB 3aKIF0YAETCS B TOM, YTO
KaXKJ1ast U3 MPUHUMAOIINX Y9aCTHE B TIpoIiecce OOLIEHUsI CTOPOH MOXKET HHUITUUPOBATh
COOOIIIEHUST CAMOCTOSATENILHO M HE 0053aTEIbHO B KOHTEKCTE MPEIbLIYIIEro oOMeHa.

CyTpb acHHXPOHHOTO 0OMEHAa COOOIIEHUSIMU 3aKIIOYAETCS B TOM, YTO BOIIPOC U OTBET MPH
o0OMeHe MEXy JIFOJIbMH HE SIBISIIOTCSI CTPOTO CBA3aHHBIMU COOBITHsIMU. Huke mpuBenex
XapaKTepHBIH ()parMEeHT pa3roBOpa, B KOTOPOM BOMPOC CUCTEMBI OCTAaeTCs O€3 OTBETa, a OTBETHOE
MPEJIOKEHUE COCTOUT U3 JABYX YaCTEH, KOTOPBIC TOJDKHBI HHTEPIIPETUPOBATHCS B 3aBUCUMOCTH
OT KOHTEKCTA:

Cucmema: 30pascmsyiime, kak noxcusaeme?

Yenosex: [Ipusem, mens unmepecyem no2ooa Ha 3aeémpa.

Wnm B cmydae, eciu Auaior MHAIIMUPYET YEIIOBEK:

Yenosex: Ilpusem, mens unmepecyem no2cooa Ha 3aempa.

Cucmema: 30pascmesytime, 3a6mpa odcuoaemcsi... [a, kemamu, Bl ne xomenu 6vi...

Penienne ¢ moMoIb10 HEUPOHHOW MOJIENTM MO3BOJISIET UCIIOIB30BATh MTOAX0/], OCHOBAHHBIN
Ha BO3MO>XHOCTH BBIOOPA MOCIIEAYIOIIET0 BOPOCAa HA OCHOBAHUY HAMOOJIe€e aKTUBHOTO COCTOSTHHSI
CBSA3M MEXY TEKYLIUM HEHPOHOM M BCEMH BO3MOKHBIMU IIponoJpKeHusMHu. Ha puc. 73 nmokazaHa
cxeMa BhIOOpa CIEAYIOIIero HanboJIee MOIXOSIIEr0 BOIPOca U3 TEKYIIEro COCTOSTHUSI.
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uc. 73. ['eHeparus mocaen0BaTEILHOCTH BOIIPOCOB H OTBETOB

AzekBaTHasi peaKius CUCTEMbI MOXET CYIIECTBEHHO YCIOKHUTHCS, €CIIM YUECTh, YTO BpPeMs,
HEOOXOAMMOE JIJIS ITOJTyYEHUS OTBETA, KaK CO CTOPOHBI YEJIOBEKA, TAK M CO CTOPOHBI
WH()OPMAITMOHHON CHCTEMBI, MOXKET COCTABJISITh MTPOAOJDKUTEIHHBIA HHTEPBAJI, BIIOJIHE
JIOCTaTOYHBIN JJIs1 TOTO, YTOOBI 332 ATO BPEMsI MOXKHO OBIIIO chOpMYIHPOBATH U BBECTH OYEPEIHOE



coobmenue. [TocnenoBarensHOE MPOrPaMMUPOBAHKUE TAKUX TUATIOTOB OTJIMYAETCS HEOMpaBIaHHBIM
YCIIOKHEHUEM JIOTUKH JIaXKe M CITy4aeB ¢ HE3HAYUTEIbHBIM KOJMYECTBOM MPE/IOIaraeMbIxX
peakiuii. [Ipo6iiema 00paboTku pacnpeneacHubix oxuganui (Wait) Mmoxet ObITh pereHa
pacmpeneneHueM COOTBETCTBYIOIIMX BO30OYXACHHUIM B HEHPOHAX MOJIECIIH.

CrpaBenIMBO CYUTAETCS, YTO HauOoIee CIIOKHBIM B HEHPOHHOM MOJIETUPOBAHUH SIBIISICTCS
CO37JaHUE€ MHOTOCJIOMHBIX PACIO3HAIOIINX U Pearupyroiux cTpykryp. OJHaKo ¢ TOMOIIbIO
KIIOHUPOBAHUS C IPUMEHEHUEM Helipo-/IHK 3TOT poIiecC MOKET OBITh CYIIECTBEHHO YIPOIIIEH,
MOCKOJIBKY CO3JIaHHBIE OJTUH Pa3 CTPYKTYPhl MOKHO pa3MHOXAaTh, IepeaaBas penpoayHpyOIe
MOCJIEI0BATEIbHOCTH U3 OJJHOM MOJIENH B IpyTHE.
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uc. 74. Moaenb OCHOBHBIX THIIOBBIX JAMANIOTOBBIX CTPYKTYp, «BBIpAIlleHHAs» IMpPU TTOMOIIH
MeXaHHU3Ma pa3MHOKeHUs Ha 0ase Helipo-/IHK

Ha puc. 74 nokasan Ilpumep 5. HOC, B KOTOPOM OiHA U Ta K€

IIOCJIENOBATENBHOCTD Hetipo-/[HK ucnonb3yercs Npu KJIOHMPOBAHUY I'PYNIION HEHPOHOB, YTO
JIeJIaeT BO3MOXKHBIM CO3/1aHUE PAKTUYECKHA HEOTPAHUUYEHHBIX 110 CJIOKHOCTH Mozene. MokHO
HPEeIONIOKUTh, 4TO 100aBIEHUE MEXaHU3Ma MyTalllii B HEPOHHbIE MOJIE€IU NIPUBEET

K IIOSIBJICHUIO COBEPILIEHHO HEMNPECKAa3yEMBIX 10 CBOUM CBOWCTBAM U MOBEICHUIO CUCTEM.

3aknoyeHune

bb110 GBI 3HAUUTENBHO MPOIIE TOBOPUTH O HEWPOHHOM MPOrPaMMUPOBAHUU, €CITH €T0 OCHOBBI
MOKHO OBLIIO CBECTH K MPUBBIYHBIM CTaHIAPTAM, IPUHSTHIM IIPU ONpPEACTECHUN TPAAULIUOHHBIX
S3BIKOB IPOrpaMMHUPOBaHUs, TakuX Kak Java uiu C++. BrionHe BO3MOXKHO, UTO TaKue
orpeneneHus OynyT MOJydeHbl yKe B HefanekoM OyaymieM. O4eBUIHO, YTO MOKHO IIOCTPOUTh
MHO>KECTBO TEOPETHYECKH IKBUBAJICHTHBIX CUCTEM IIPOrPaMMHUPOBAHMUS, B KOTOPBIX HANYTCS
CHOCOObI PELINTh UHBIM ITyTEM BCE MTPOOJIEMbI, pACCMOTpPEHHBIE B 3TN kHMre. HaBepHoe, komy-To
MOJKET IMOKa3aThCsl CTPAHHBIM M HETPUBBIYHBIM CIIOCO0 TTPOTpaMMHUPOBAHUS, KOTOPBIH
3aKJIFOYAETCs B COSMHEHUH 3JIEMEHTOB APYT C IPYTOM MJIM B MOJIO0PE ONPEICIEHHBIX COUeTaHUN
BPEMEHHBIX HHTEPBAJIOB M BECOBBIX KOA(D(DUIIMEHTOB, B PE3yJIbTATEe YETO MOSBISIETCS YHUKATbHAS
CTPYKTYpa, ETUHCTBEHHBIM CIIOCOOOM MPOBEPKU PabOTOCIIOCOOHOCTH KOTOPOH, SIBJISETCS
sKcepuMeHT. OJTHAKO MOXHO HAJESAThCS, YTO HAMAYTCS U TaKue, KTO YBUAUT B TAKOM CIIOoco0e



IPOrpaMMHPOBAHHUS BO3MOKHOCTh CO3/[aBaTh CUCTEMBI, 00Ja1aloIIre yIUBUTEIbHONH BHYTPEHHEH
rapMOHMEN U IIPU 3TOM IPUHOCSIINE PEAJIbHYIO IPAKTHUECKYIO MOJIb3Y.

Hetiponnoe nmporpaMmmMupoBaHue — 3TO CIIOCO0 MOCTPOCHUSI HEMPOHHBIX MOJIENIEH, U B TO K€
BpeMs CIIoco0 yIpaBiIeHUs HHTEPIPETUPYIOIMMH MEXaHU3MaMHU, C IIOMOILbIO KOTOPBIX 3TU
MOJIeJTM MOXKHO UCIIONHATh. Eciu cienoBath TpagulusM B sI3bIKaxX IPOrpaMMHUPOBAHMS, HAM
ObUTO0 ObI HEOOXOIUMO B MEPBYIO OUEPElb TOCTPOUTH TPAMMATHKY HEHPOHHOTO SI3bIKa U 3aTEM
IPEJIOKUTh CTPYKTYPY HHTEPIIPETaTOpa, CHOCOOHOT'0 UCTIOIHATH HEHPOHHBIE POrPAMMBI.
Opnaxo no BelpakeHuto pon HeliMana — «I3vik Mo3ea, smo ne sa3vik mamemamuxuy [19].
DNeMEeHTBbI, U3 KOTOPBIX COCTOSAT HEHPOHHBIE MO, TPUHLIUITNATIBHO OTINYAIOTCS OT TEX,

U3 KOTOPBIX COOPaHbl TPAJAULMOHHbBIE BBIYUCINTEIbHBIE CUCTEMBI U TaK K€ MPUHIUIHAIBEHO
JOJDKHBI OTIMYATHCS METOABI MX (POpMaM3aIiy.

Heiiponnsie Mmozenu 00J1a1at0T OJHIM HEOCIOPHUMBIM TOCTOWHCTBOM — OHHM HEOOBIKHOBEHHO
IPOCTHI U TOXOAUYUBBI U B 3TOM MEXAY HUMH U MY3bIKOH €CTh yIMBUTEIBHOE CXOACTBO. B oTimune
OT SI3BIKOB MPOrPaMMUPOBAHNUS, OCBOEHUE KOTOPHIX O0BIYHO MPEANoIaraeT HeoOX0AUMOCTh
M3yYEHUS CPAaBHUTEIHHO OOJIBIIOr0 00BbeMa NMpeABapUTEIbHBIX TEOPETHYECKUX 3HAHUI, 3JIeMEHTBI
HEHPOHHOTI0 MOJIETIMPOBAHUS, TaK K€ KaK MY3bIKH, MOTYT OBITH OYEHB OBICTPO OCBOEHBI
IPAKTUYECKU KaXXAbIM JKeJIarouMM. Tak ke, Kak U B My3bIKe, B HEHPOHHBIX MOJIENSIX IIPOCThIE
pe3yJIbTaThl MOT'YT OBITH IIOJyY€EHBI IPAKTHUECKH Cpa3y, a 110 MEPE YCI0KHEHUS MY3bIKaJIbHON
KOMITO3ULIMY WJIK HEHPOHHOM MOJENH, KOJTMYECTBO HOBBIX 3HAHUN U KOJIMYECTBO YCUIIMI, KOTOPbIE
HYKHO IIPU 3TOM NOTPATUTh, BO3PACTAOT POIOPLUMOHANIBHO. JINHETHAs 3aBUCUMOCTh MEXTY
CIIO’)KHOCTBIO MOJIEIH U HEOOXOAMMBIMU YCUIIUSIMHU XOPOLIO COTJIACYETCS C IPUHIIUTIOM,
M3BECTHBIM B (pustocopuu HayKu Kak je3Bue OKKaMBbl.

[Tpunuun Okkambl MOXKHO chOPMYIHPOBATH CIEAYIOIUM 00pa3oM: «He credyem 6600umo
cyuHocmeti ceepx HeoOX00UMOCMuU», U €CIIM UCXOAUThH U3 ATOr'0 MPUHIIKIIA, TO TPYAHO HAUTH
OoJiee TOIXOIAIINN IO CBOEH POCTOTE U B TO K€ BpeMsl HEOOBIKHOBEHHO KOHCTPYKTUBHBIN
(YHKIIMOHAJIBHBINA 3JIEMEHT, UeM HelpoH. HecMoTpst Ha TO, 4TO HEHPOHHBIE MOJICITH OCHOBAHBI
Ha OYeHb HEOOIBIIOM HAOOpE aKCHOMATHY €CKUX MOHSATUH, Ha KX OCHOBE MOTYT OBITh MOTYYCHBI
BECHbMa CIIO’KHbBIE U TPOJIYKTUBHBIE CUCTEMBI.

Eciu nponomkuTh cpaBHEHNE MY3bIKH U HEHPOHHOI'O MOJEIMPOBAHUS U B3STh 32 OTIIPaBHYIO
TOYKY CJIO)KHOCTb U TAPMOHUYHYIO I[€TOCTHOCTh CUM(OHUYECKUX MTPOU3BEIEHUN, TO MOXKHO
YBUJETb, KaK JAJIEKO MOTYT IPOCTUPATHCS BOZMOXHOCTH UHIMBHIyaJIbHOT'O HEHPOHHOT O
MPOrpaMMH POBAHUSI.

B HellpoHHBIX MOZEISIX UCHOJb3Ys OJHU U T€ K€ KOHCTPYKTHUBHBIE 3JIEMEHTBI, MOKHO
MOCTPOUTH KaK MPOCTOM aBTOOTBETYUK, CIOCOOHBIN pacro3HaBaTh CMBICI COOOIIEHUH,
MOJTy4aeMBIX 110 JOMaIIHeMY TeleoHy, TaK M CIOKHYI0 caM000yJaroniyrocsi CHCTEMY MOMCKa
nosne3Hoi nudopmanuu B UutepHere. PacimmpseMocTs U HHTETPUPYEMOCTh TaKUX MOJielei
OCHOBaHa Ha MPOCTOTE UHTEP(ENCOB U MPOTOKOJIOB B3aUMOJIEHCTBUS HEHPOHOB.

WuTerparnus HelpoHHBIX Moaenel B IHTepHeT npencrapisercss Haubojiee HHTEPECHON
3ajaded Ha nepcrekTuBy. Tak ke kak IHTepHeT, BBICTyNaloUi B pOJIA TUTAHTCKOTO
AKKyMYJIAITOpa 3HaHWN, HAKOIIJICHHBIX BCEM 4 €JI0BEYECTBOM, HEHPOHHBIE MOJIENH CIIOCOOHBI
OTpa)kaThb U COXPaHATh MHAMBHyalIbHbIEC 3HAHUSI KOHKPETHOI'O YesioBeka. MUKpOMOEeIb
WHANBUAYaAIbHBIX 3HaHUH, Oyly4H COeTMHEHHONW ¢ MaKpOMOJIENbIo 3HaHui, B IHTepHeTe o0pa3yeT
CHCTEMY, CIIOCOOHYIO YCHJIMBATh pabOTy MO3ra B TaKOM e CTENEeHHU, KaK COBPEMEHHbBIE
AHEPreTUYECKU e MAIINHbI CIIOCOOHBI YCUIIMBATh PA0OTY MYCKYJIbHBIX CHIL
B nauane Bceeo On, komopozo vl Hazvieanu Unioeamap, nopooun uz ceoux mvicieti Aiinypos,
U cnedys e2o 3amulciam, OHU ucnoanuau Benuxyio Myswviky. U 6 smou Mysvike 3apoounca Mup...
Ihic. P. P. Torkunen. « CunbmMapuiiuony

[NpunoxeHne

HenpoHHas SkcnepumeHTansHas Cpega



YuraTenu, UMEIoLIHe 10CcTyl K IHTepHeT, MOI'yT YCTaHOBUTh HA CBOEM IIEPCOHAIBLHOM
KOMIIBIOTEPEC HCprOHHLH)i OMYJIATOP U BOCIIOJIB30BATHCA JOIMOJTHUTCIIBHBIMA JEMOHCTPALIMOHHBIMHA
MaTepHaiaMy, KOTOPBIC PACIIOJIOKEHBI Ha caifTe aBTopa:

http://www.nnod.com/np/

Heiipounsiii amynstop wiu Hetiponnas Oxcnepumenmanvuas Cpeoa (HIC) cocTouT
u3 Aopa (Neural Core), HanmcanHoro Ha si3bike Java, u mojb3oBareabckoro Web-unrepdeiica,
NPEICTABIIAIONIEr0 cO00i HAaOOpP CTPAHUII, COACPIKALMX TUHAMHYECKUE PACIIUPEHHS U QYHKIIUH,
HanucaHHble Ha sa3bike JavaScript. J{is HopMansHo# padoTel HOC HEOOX0MUMO, YTOOBI
Ha TIEPCOHATIbHOM KOMIIBIOTEpE ObLlIa yCTaHOBJICHA BUPTYyaslbHASI MaIllHa Java.

PaboTa ¢ 4eMOHCTpaLMOHHLIMY NpMMepamMu

Bce npuMepsl, 1eMOHCTpUpYIOLE padOTy HEHPOHHOTO sipa, OPraHU30BaHbl B BUE MANIOK
C COOTBETCTBYIOIIMMU Ha3BaHUAMU. Kax1as namnka conepxkuT (aiiia neuron. jar, KOTOPbIH sBIsIETCS
UCIIOJIHUMBIM apXUBOM Java-KiaccoB, AJIs €ro 3alycka He0OX0AUMO BBIIOJHUTh KOMAaHY:

java cp neuron. jar neuron paramO0, paraml, param2, param3

[TapameTpsl MPEACTABISIOT 3HAYCHUSI BHYTPEHHUX IIEPEMEHHBIX SApa M0 YMOITYaHUIO:

param0 — gecosoti koaghgpuyuenm ceazeu — W, ;

paraml — epems paspsoa neiupona — D (Discharge_Time)

param2 — nopoe cpabamwisanus netipona — T (Threshold)

param3 — gpems paspsoa cocmosnus «evioeneny — delay S

DTa KOMaH]1a MOXeT OBbITh BBIIaHA HEMOCPEIICTBEHHO B OKHE HHTEPIIPETaTOpa KOMAH]I
(Command Prompt) wiu BeIOJIHEHA B pE3yJIbTATE 3allyCka COOTBETCTBYIOIIEro (aiiia start.bat.

[Tocne 3amycka siipa, eciii Bce YCTaHOBKH MTPOU3BENCHBI MPaBUIBHO, JODKHBI MOSBUTCS OKHO
MHTEpIpeTaTopa KOMaH M OKHO HEHPOHHOU 00O0IOYKH.

OxHo HelipoHHON 00004YKH nMeeT HazBanue Exploratorium_10000, rae 10000 — HOMEp
MOPTa, KOTOPBIN aCCOIMMPOBAH C MEPBBIM HEHPOHHBIM CIIOEM, TIPECTABICHHBIM B 3TOM OKHE.
B nmocnenyronmx npuMepax MOTyT ObITh OTKPBITHI JJOMIOJTHUTEIbHBIC OKHA -CJION, C KaXKIbIM
13 KOTOPBIX OyzaeT cBsizad cootBercTByromuid mopt 10001, 10002 u T. 1. DTH MOPTHI TOKHBI OBITH
CBOOOJIHBI U pa3pelieHsbl Isl OOMEHa ¢ TPHIIOKEHUSIMU BHYTPU JAHHOTO KOMIBIOTEPA.
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B npuBeneHHbIX MpuMepax mapaMmerpbl param0—param3 MoryT nNpuHHUMATh pa3InYHbIC 3HAY CHHUSL.
B IIpumepe 1 (Example_1) 3Tu 3Ha4eHUsT YCTAaHOBJICHBI CISTYIOLMIMM 00pa3oM:

java cp neuron. jar neuron 1 3000 1 10000

B stom ciyuae:

w=1
D = 3000
T=-1

delay_S =10000

OTH 3HAYEHUSI MOT'YT OBITh U3MEHEHBI BO BpeMs paOoTHI sijipa C MOMOIIBIO CaiiepoB,
PAcCIONOKEHHBIX B HUKHEH YacTH OKHA HEHPOHHON 000JI0UKH, [1OCJIE YEr0 OHU MOT'YT OBITh
MIPUCBOEHBI TPOU3BOJIHHO BEIOpAaHHOMY HEHPOHY.

[TockonbKy 3HaUEHHS NApaMETPOB 10 YMOIYAHUIO BIUSIOT HA BPEMEHHBIE XapaKTEPUCTUKU
IIPOLIECCOB U SBISIOTCA CHEU(PUUHBIMU JJIs1 KaK0r0 pUMeEpPa, PEKOMEHyeTcs
3aKpbIBaTh Java-npuioKeHre U nepes3amnyckaTh €ro 3aH0BO, UCIIOIb3Ys ISl 3TOro KoMaHy start.bat
u3 cootBercTByronie manku: Example_1, Example_2, Example_3 u 1. 1.

B kax10ii namnke, KpoMe 3TOro, cojepxarcs MHTepQelicHbIe
daiinsr loader(i).htmu nonomHuTensHO 3arpyxaembie — Example_(i).htm u blank.htm. Dtu daiinst
cofiepKaT aKTUBHbIE KOMIIOHEHThI — CKPHUIITHI U JIEMOHCTPUPYIOT BO3MOXKHOCTH B3aUMOJ1€H CTBUS
HEHPOHHOI ceTeBOoi 000JIOUKH ¢ BHEIIHUMU MPUIIOKEHUAMH. B 3THX cTpaHuIIaX BKIIIOYEHBI
oOpareHust K 006o0uke ¢ ucrnonabzoBanuem HTTP-ipoTokona, riae B kauecTBe cepBepa
UCIIOJNIb3YIOTCS KaHOHMYECKOE UM JIoKaJbHOro KoMnbrotepa localhostu BryTpennuii mopr 10000:

URL = Host + o_Port.value + “/1=c»;

parent.Background.location.href = URL,;



4YTO COOTBECTCTBYCT O6paH_[eHI/IIOZ

http://localhost:10000/1=c
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Pesynbrat aToro obpamienus Oyner momeriex B 0 ¢ppoaiim ¢ HaszBanuem Background, nuaamuuecku
co3nanHbii ctpanunei loader(i).htm. [Tocne 3amycka sinpa 1 HHTEPPEHCHBIX CTPAHHI HA YKpaHEe
MOHHTOpA JOJDKHO MOSBUTHCS OKHO Opay3epa psiioM ¢ OKHOM HEHPOHHOTIO sIpa, MOCJIE Yero Bce
KOMITOHEHTBI CHCTEMBI FOTOBBI K paboTe. B ciydae, ecii B IepcoHaIbBHOM KOMITBIOTEPE
ucrons3yercs 3ammrta Firewall, Heodxoaumo paspermuts paboTy aKTHBHBIX KOMITOHEHTOB
¥ COOTBETCTBYIOLIUX TOPTOB.

B HekoTOpBIX pUMepax KpoMe BBILICIEPEUH CIICHHBIX (aiiioB, HAXOASITCS
¢aiiner neuro_DNA. B [Tpumepe 4 — 0.dna, a B [Ipumepe 5 — 0-9.dna. Dtu daiinsl cogepxat
BPEMEHHBIE 33JICP)KKH U IPyrue JaHHbIe, HEOOXOAMMBIC JIJIS KIOHUPOBAHHS JIMHT BUCTUYECKUX
CTPYKTYP, COOTBETCTBYIOLIMMH HEilpOHAMHU.

[(noccapun

A)leKBaTHOC — COOTBETCTBYIOIIIEC KOMMYHHUKATUBHBIM YCTaHOBKaM CY6'LCKT8. B mmponecce
o0mieHus uiau Bocupustus. B gpuiiocoduu 3TOT TEpMUH CITyKUT AJIs ONPEAEIIEHUS BEPHOCTH UJIH,
UHBIMH CJIOBaMH, Ka4eCTBA BOCIPUATHS. B 3TOM cMbIciie HCTHHA SBJISETCS a0COIFOTOM
aJICKBATHOCTH MBIIILJICHUS OBITHIO.
bur — exununa usmepenus nHpopmaiuu. COOTBETCTBYET U3MEHEHHUIO COCTOSIHUS CHCTEMbI
B pe3yJIbTaTe MOTyYCHHS IIPOCTEUIIIET0 COOOIIEHHUS O COOBITHH, BEPOSITHOCTH KOTOporo pasHa 0,5.
I'apMonusi — cTpoiiHast ¥ copa3MepHasi CBs3b KOMIIOHEHTOB B €IUHOE 11ej10e. B My3bike
TrapMOHHs OCHOBAaHA Ha 3aKOHAX M IpaBUIax O6’Be)II/IHeHI/II/I 3BYKOB B CO3BYYMUsI. B otnnune
OT MEJIOJTUH, TAPMOHUS OTPEICIISET «BEPTHKAIBHOE» COTJIacOBaHKE 3BYKOB. [laHHOE —
COO0OIIIeHNE, 3aMicaHHoe B JIT000H opme 1 Ha JTF0OOM HOCHUTEE.



HNudopmanus — Mepa U3MEHEHUsI COCTOSHUS CUCTEMBI B Pe3yJIbTaTe MOIyYeHUs COOOIIEHUS
u3 BHelHel cpenpl. M3mepsercs B 6utax. MHopmanus 4acTo UCIIOIb3YyEeTCS KAaK CHHOHUM TaKUX
NOHATHUH, KaK JaHHbIE, 3HAHUS, (PaKTHI U Ap.

HNuTepnperaTrop — nporpamma, KOTopast MOXKET BBIIOJHATH Apyrue nporpaMmsl. B otinnuune
OT KOMIWJIATOPA, KOTOPBIA TOJIbKO MOATOTABIMBAET IPOrPaMMBbI JUIsl UX JaIbHEHIIEro UCIIOJIHEHUS
B MHOH cpejie, MHTEPIIPETAaTOp HEMEJIEHHO PUCTYNAET K BBINOJIHEHHUIO TOCIE0BATEIbHOCTH
KOMaH]I.

KionnpoBaHue — mpon3BoICTBO UJIEHTUYHOM KOMMUK HA OCHOBAaHUU MCXOJHOI0 00pasia.

Jlexkcema — CII0BO, pacCMaTpUBAaEMOE KAK €AMHHUIA CIOBAPHOIO COCTABA SI3bIKA
B COBOKYITHOCTH BCEX €0 KOHKPETHBIX IPaMMAaTHYECKUX (POpM, a TaKKe BCEX BO3MOKHBIX
3HaYeHUH (CMBICIOBBIX BApUAHTOB). B 0/1HY JIekceMy 00bEeIMHAIOTCS pa3Hble NapaJurMaTHYecKue
(GbOopMBI OJTHOTO CJI0Ba (HAPUMEP, «CIOBAapPh, CIIOBAPEM, CIIOBAPIO» U T. I1.) U Pa3HbIE€ CMBICIIOBBIE
BapHaHThI CJI0BA, 3aBUCSIINE OT KOHTEKCTa, B KOTOPOM OHO YHOTpeOseTcs (HapuMep, «CoJb»

B CMbICJIC Ha3BaHUS BEIIECTBA M B 3HAUCHUU TOT'0, YTO IPUJAET OCTPOTY MJIM UHTEpeC KaKoMy-T100
BBICKa3bIBAHUIO, MBICIIU U T. 11.).

JlekcHKO0JI0THS — pa3iell A3bIKO3HAHUS, B KOTOPOM HCCIIEY€ETCs CIIOBAPHBIN COCTaB s3bIKa,
€ro JIEKCUKa, B3aUMOEHCTBHE MEXY 3HAUEHUSIMHU CJIOB U NMOHATHAMU. [IoHATHS yale Bcero
MHTEpHALMOHAJbHbI, TOI/1a KaK 3HAYEHUs CJIOB HallMOHAJbHBI. V3ydaeT 3aKOHOMEpHOCTU
(YHKLIMOHUPOBAHHUS U PA3BUTUS CIOBApPHOI'O COCTaBa SI3bIKA.

JIMHrBMCTHKA — HaykKa O s3bIKe. OOBEKTOM JIMHTBUCTHKHU SIBJISIETCS CTPOEHUE,
(bYHKIIMOHUPOBAaHUE I HCTOPUUYECKOE Pa3BUTHE S3bIKA, SI3BIK BO BCEM 00HEME €r0 CBOICTB
U QYHKIUH.

MaremaTuyeckasi JMHTBUCTHKA — MaTeMaTH4YeCKasl JUCLUIUIMHA, pa3padaTbIBarolas
(bopMaIbHBII anmapar Jisi ONUCAHUS CTPOCHUS €CTECTBEHHBIX U HEKOTOPHIX UCKYCCTBEHHBIX
A3bIKOB. BKiTIOUaeT Teopuu 1 crocoObl ONUCaHUSI CHHTAKCUYECKUX CTPYKTYP, (popMasibHBIX
IrpaMMATHUK M AaHAIMTUYECKUX MOJEJIEH sA3bIKa.

MeJioausti — JIMHEHHAS OCIIEIOBATEILHOCTh COOBITHI. Menoaus IpeacTaBIIsIeT
TOPU30HTAJILHOE COIVIACOBAaHUE 3BYKOB. DTH MOCIIEA0BATEIbHOCTH COAEPKAT MOBTOPSIOIIUECS
00pa3bl 3BYKOBBIX 00BEKTOB (U TEILHOCTD U TOH).

Mepa — ¢yHKIHS, KOTOpask yCTaHABIMBAET COOTBETCTBHE MEX/1y KOJIMYECTBEHHOM
Y Ka4eCTBEHHOM XapaKTepuCTUKaMH SIBJICHUN, 00BEKTOB U npolieccoB. Hampumep, oHa Mo3BOJSIET
CBS3aTh TAKME XapaKTEPUCTUKH, KaK «00BEM», «BEPOSTHOCTH» «CKOPOCTbY» U UNCIOBBIE BETUYUHbI
13 HEKOTOPOI'0 MHOXKECTBA 3HAYEHUH.

Heiipon — cnienuduuHas KieTka, KOTopas OCYILIECTBIISET BOCIPUATUE, 00paOOTKY
U 1iepeiayy Bo30yKIEHUI OT PEeLenTOpoB K APYrUM HellpoHaMm.

HepB — coenuHenne Mex1y HepoHaMU, IO KOTOPOMY IepeqaroTcsi BO30YKIeHHs. AKCOH —
€IMHCTBEHHBI OTPOCTOK, IO KOTOPOMY UMITYJIbCHI IEPENAIOTCS K APYruM KileTkam. CUHaIcel —
KOHTAaKTbl, 10 KOTOPBIM UMIIYJIbCHI TOCTYIIAIOT BHYTPb HEMpoHa.

OO0parHas cBsi3b — 00paTHOE BO3/I€HCTBUE PE3YJIbTATOB IIPOLIEcca Ha €ro MPOTEKaHUE HIIH
yIpaBJsieMOro Mpolecca Ha YIpaBJIAOIIUi oprad. Pa3nuyaroT nNoloKUTEIbHYIO U OTPULIATENbHYIO
oOpaTtHble cBs3U. [looxkuTENbHAS — €CIIM pe3yJIbTaThl MIPOIEcca YCHUIIMBAIOT €TO,

OTpHIIaTeNbHAs — KOTJa pe3yibTaThl poliecca ocaabsioT ero e cTBue.

IMapapurma — cucrema GopM OTHOTO CIIOBA, OTpaXkaroliasi BUIOM3MEHEHHS CII0OBa
[0 IPUCYIIUM €MY IPaMMAaTUYECKUM KaTEropusiM, HallpuMep, 110 POy, YUCITy U NAJEeKy JJIs
CYLLECTBUTEIIbHBIX, JIUIY, BPEMEHH, BUJLy U IIpoYee JIJIs I1arojioB; CXeMa U3MEHEHHUs CI0Ba
10 IpaMMaTHYE€CKUM KaTeropusM; oOpa3el] TUIa CKIIOHEHUS UJTH CIIPSLKEHU L.

IlepemMeHHasi — OJJHO U3 OCHOBHBIX MOHATUN MaTEMaTUKHU, JJOTUKH U IPOrPaMMHUPOBAHUS.

B BrICIIE MaTeMaTHKE IO/ IEPEMEHHON TOHUMAETCS HEKOTOPAsl «BEJTMYMHA», KOTOPast MOKET
«U3MEHSATHCS», IPUHUMAs B IIPOLIECCE ITOT0 U3MEHEHUS Pa3IMUHbIE «3HAUEHUS.

B ¢opmani3oBaHHBIX sI3bIKaX MaTEMAaTHUECKOM JIOTUKH MTEPEMEHHON Ha3bIBAIOTCSI CUMBOJIBI
(UKCMPOBAHHOTO BH/1a, MOTYIIIME MPH OINpe/leIEHHBIX YCIOBUAX 3aMEHITHCS BBIPAKEHUSIMHU.



B nporpaMmmupoBaHuM 1o NepeMEHHON TOHUMAeTCs TPoiika — UAEHTU(UKATOP, 001aCTh
XpaHEHUS U CBSI3aHHOE C HUMU 3HaUCHUE.

Monumopduzm — B pu3nke, MUHEPAJIOTUH, XUMUU CIIOCOOHOCTH HEKOTOPBIX BEIIECTB
CYILIECTBOBATh B COCTOSIHUAX € PA3JMYHON aTOMHON KPUCTAJNIMYECKOM CTpyKTypou. Pasnnuune
B CTPYKTyp€ 00YCJIOBIMBAET U pa3iInyKe B CBOHCTBAX NOIMMOP(HBIX MoAU(UKALUIT TaHHOTO
BEIIIECTBA.

IMonsTne — B hopManbHOMN JOTHKE 3TO dNIEMEHTapHAs €IUHUIIA MBICTHTENbHOM
JeSITeIbHOCTH, 00J1a/1ato1asi U3BECTHOM 1[ET0CTHOCTBIO U YCTOWYMBOCTBIO U B34Tasi B OTBJICUCHUU
OT CJIOBECHOT'O BBIPa)KEHUS ITOH AesTebHOCTU. [loHATHE — 3TO TO, UTO BBIpaXkaeTcs (UJIu
o0o3HauaeTcs) 1000 caMOCTOATEIbHOM YacThIO PeUH, a €CJIM MEePEUTH OT MacIITa0OB sI3bIKA
B LIEJIOM K «MUKPOYPOBHIO», — TO WIEHOM NPEIJIOKEHHUS.

IIpensoskenne — OCHOBHAs €JMHUIIA CBSI3HOW peUH, XapaKTepu3yeMas ONpeeIeHHBIMU
CMBICJIOBBIMU M CTPYKTYPHBIMU NIpHU3HaKaMu. [10 OTHOIIEHNIO TOBOPSILErO K BBICKA3bIBAEMOIN UM
MBICIIH MTPEIJIOKEHUS ACNSATCS Ha TPU TPYIIILI: TOBECTBOBATEIbHBIE, BOCKIUIATEIbHBIC
Y BOIIPOCUTEINIbHBIE.

IIponecc — nocnenoBarenbHasi CMEHA COCTOSIHUM CHUCTEMBI B PE3yJIbTaTe KAK BHYTPEHHHUX,
TaK U BHEIIHUX OECUCTBHH.

PubocoMbl — BHYTPHUKJIETOUHbIE YACTHIIBI, OCYIIECTBISIONIME OMOCHHTE3 Oellka; pudoCOMBI
o0HapyKeHbI B KJIETKaX BCeX 0€3 HCKIIIOYEHUS KUBbIX OPraHU3MOB: OaKTepUil, pacTeHUH
U JKUBOTHBIX; Ka)Kast KJIETKa CONEPKUT ThICAYM UJIM JECATKU Thics4 pubocom. benok Bcex
Opranu3mMoB cocTouT 13 20 BU10B aMUHOKHU CIOT. Kax bl 6eok Xxapakrepu3yeTcs onpeieeHHbIM
ACCOPTUMEHTOM U KOJIMYECTBEHHBIM COOTHOIIEHUEM AMUHOKHCIIOT.

CuHXpOHM3aUs — IPOLEAYypa COrJIaCOBAHMS TPOLIECCOB 0OPaOOTKH UM Nepeaayun JaHHbIX.
CHHXpOHM3AIUS OCYIIECTBISIETCS HA (PU3NUYECKOM ypOBHE: OCPEICTBOM TaKTHPOBAHUS,
3aJJal0LIEero eJUHBIA CTAaHIAPT JUCKPETHOT O BPEMEHH IS YIIPaBJICHUSI IPOLIECCOM Nepeiavu
CUTHAJIOB.

CucremMa — COBOKYIHOCTb 00BEKTOB, KOTOPbIE MOT'YT OBITh BBIIEIECHBI U3 CPEIIbl IPU
noMou rpaHunbl. CucreMa MOXKeT SHEpreTHYeckl MM WH(OPMAIIMOHHO B3aUMO/ICHCTBOBATh
C IPYTMMH CHCTEMaMH.

Ci0B0 — 1eHTpabHas eAMHMIIA A3bIKA. B 1I000M sI3bIKE €CTh CII0BO, 03HAYAIOIIEE «CIIOBOY.
OcHOBHbIE CBOWCTBA CJIOBa: (POHETHYECKHE U CEMaHTHUYECKUE, BOCTIPOU3BOIUMOCTb,
CHUHTaKCHUYECKasl CaMOCTOSITEIbHOCTh, BaJIECHTHOCTh. CI10Ba J1EATCA HAa 3HAMEHATEbHbIE
(oO03HaUarONIEe HEKOTOPOE IMOHSATHE) M CITyKEOHBIE, KOTOPBIE CIIY>KAT JUJI CBA3H CIIOB MEXIY
co00i1.

CaoBodopma — c0BO, paccMaTpUBaeMoOe KaK MpeICTaBUTENb ONPeAeTIeHHOM JIeKCeMbl
U OnpeieNieHHol rpammatudeckoit popmbl. COBOKYITHOCTB BCEX CI0BOGOPM JaHHOM JEKCEMBI
o0pa3zyer ee napajgurmy.

Coo0menue — 00BEKT, TPH MOMOIIH KOTOPOT0 MPOUCXOIUT B3aumoerictsue. CoolmieHmne
BCerja uMeer (pu3nuecKyro Ipupoay U, B OTIIMYME OT BCEX OCTAJIBHBIX SIBJICHUM, IPUBOAUT
K U3MEHEHUIO COCTOSHUSI CUCTEMbI, KOTOPasi 3TO COOOILEHUE MOTYHIIA.

CocTtosinne — Ha0Op MapaMeTPOB U UX 3HAYEHUH, XapaKTEPU3YIOLIUX ITOBEJCHNUE CUCTEMbI
BO BPEMEHU.

Cpega — BKIIOUaET B c€0s1 BCe CUCTEMBI M BCE 00BEKThI, KOTOphIE 00/1a1at0T GU3NIECKUMU
¥ UTHPOPMALIMOHHBIMU CBOMCTBaMHU. MOXKHO paccMaTpuBaTh Cpey, Kak YHUBEPCAIbHYIO CUCTEMY,
KOTOpasi OKpy>KaeT J1t00y10, BXOSIIYIO B HEE CUCTEMY.

JHeprus — o0111ast KOJMYECTBEHHAs Mepa ABUKEHUS U B3aUMOJIEIICTBUS BCEX BUIOB
maTepuu. B knaccuueckoil pusnke sHEprus CUCTEMbl MEHSETCS HEIIPEPhIBHO U MOXKET IPUHUMATh
mo0ble 3HaUeHUs. B KBaHTOBOW T€OPUM SHEPTUSI MUKPOCUCTEMBI MOXKET IIPUHUMATH TOJIBKO
JUCKPETHBIE 3HAUEHU .
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