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NMPEAUCITIOBUE

Hacrosimast 6pourtopa mogBOAUT UTOTH BBIMOJIHEHUS MEPBOrO 3Tana Hayy-
HOro mnpoekra “IIpuMeHeHne 3BOJIOLMOHHBIX METOJOB MAaTEMaTHYECKOTO MO-
JEUPOBAHUSA B YIPABICHUH OOBEKTAMU SHEPreTUKH , BBINOIHIEMOrO COBME-
CTHO XapbKOBCKHM T'OCYAAPCTBEHHBIM IOJIUTEXHUYECKUM YHHBEPCUTETOM H
XappkoBckor TOL—S5 npu momnepxkke Poccuiicko—Amepukanckoro Komn-
copuuyma 1o I'enernueckum AnroputMmaM. [IpoekT HallelleH Ha MOUCK HOBBIX
KOHLENTYaJIbHBIX PEIIEHUN WHTEIEKTYalbHOW CHCTEMBbl YNpPAaBIECHUS COBpE-
MEHHBIM HEPTrOT€HEPUPYIOLIUM TPEANPUATHEM, MEPBBII K€ ero 3Tamn Obul Ha-
MpaBjieH Ha pa3paboTKy Ha 0a3e TeHETUYECKHX aJITOPUTMOB MPOrPAMMHOIO
o0ecriedyeHus sl CHHTE3a HEUPOCETEBbIX KOMIIOHEHT OyAyIIel CUCTEMBI.

[IpunsiB pemieHue OMyONMKOBATH IOJTYYEHHbIE Ha NPOTSKEHUU 1995—
96 rr. pe3ynpTaThl, Mbl TIOCTABWJIM TEpe] COOOH IeNib TOHECTH 0 IIMPOKOTO
YUTaTeNsl KIFOUEBbIE UAEH U 3BPUCTHUUECKHE MPUEMBI, HCIIOJIb3YEMBIE B IBOJIIO-
IMOHHOM MO/JIEIUPOBAHUHM, MPOJIEMOHCTPUPOBATh 3(P(HEKTUBHOCTH HOBBIX BbI-
YUCIIUTEIbHBIX TEXHOJOTUHU IS PEIICHMs 3a/lady MCKYCCTBEHHOI'O MHTEJIEKTA.
CtpemiieHre K MpeneiabHOM MPOCTOTE M JIAKOHMUYHOCTU H3JI0KEHUS MOOYAUIIOo
HAC CTPYKTYpPHpPOBaTh OpPOIIIOPY HA JIBE YaCTU — OCHOBHOM pasjies, U3jararo-
IIMHA METOAUYECKHE OCHOBBI IOAXONOB, M lIpuiokeHus, umerommue ckopee
CIpPaBOYHBIN XapakTep. UTOObI YNPOCTUTHh YMTATENIO MEpPBbIE IIard B cCamo-
CTOSITEJIBHOM MOJIEIMPOBAaHUM MCKYCCTBEHHBIX HEHPOHHBIX CETEW, Mbl CHaOu-
71 OpolIopy pe3yibTaTaMu CUHTE3a HEHPOIMYISITOPOB U HEMPOKOHTPOILIEPOB
JUI TECTOBOTO JMHAMHUYECKOTO 00BEKTa, omucaB NoJpoOHO B [IpunokeHusx
CTPYKTYPY ¥ ITapaMETpPhl CETEH.

[Tonb3ysch ciydaeM, Mbl XOTeNU Obl BBIPA3UTh O1arogapHOCTh mpodeccopy
Opuky ['ynmany, nupekropy Poccuiicko—Awmepukanckoro Koncopuuyma no
['eneTnueckum AJIrOpUTMaM, 3a €ro IMOCTOSIHHOE BHUMAHUE K HAIUM MCCIIEN0-
BaHUSAM B 00JIACTU T€HETUYECKUX AITOPUTMOB M BCEMEPHYIO HHPOPMALIMOHHYIO
Y KOHCYJIFTaTUBHYIO TIOMOLIb B OCYIIECTBICHUH MTPOEKTA.

Asmopul



COOEPXAHUE

Crnucok yciaoBHBIX 0003HAYEHUI M COKPALLIEHUIN

BB@I[GHI/IG. O Pa3JIMYHBIX TOJKOBAHHAX TCPMHUHA «MHTCIIUICKTYAJIbHOCTD »

B yIpaBJEHUU
1. 'eneTnueckue alropuTMbI
1.1. IlpencraBneHue reHeTUYECKON MH(DOpMaUu
1.2. 'eneTnueckue onepaTopbl
1.3. IlpeuMyniecTBEHHOE MPABO PA3MHOKEHUS CHUIIbHEUIIINX
2. ckyccTBeHHBIE HEUPOHHBIE CETH
2.1. DBomrouus B3MJISIIOB HA BHICIIYIO HEPBHYIO ACSTEILHOCTh
2.2. Cranosnenue u pazsutue MHC
3. 'A+1HC = HoBas napaaurma B ynpasJjeHUN
4. TA+MHC = HoBas napagurma B MOJIEJIMPOBAHUU
5. CHOBa O T€HETUYECKUX ANTOPUTMAX
6. BupTyanbHasi peaibHOCTh U UCKYCCTBEHHbBI MHTEJUICKT
3aKIIIOUYCHHE
TepMHHOJIIOTUYECKU CIIOBAph
NmeHHOM criucok
Cnucok nuTepaTypbl

[Ipunoxxenue 1. Pe3ynpTaThl CHHTE3a U aHAJIA3 NTAPAMETPUUYECKON
YyBCTBUTEJIILHOCTH HEMPOKOHTPOJLIEPA

[Ipunoxenue 2. IMynarop KonedaTeabHOro 3BeHa 0€3 3aTyXaHHUs
[Tpunoxxenue 3. Pe3ynpTaThl CHHTE3a U aHAJIA3 TAPAMETPUUYECKOM
YYBCTBUTEJIBHOCTU 3MYJISATOPA KOJIEOATETLHOTO 3BE€HA C
3aTyXaHHEM

[Tpunoxenue 4. IMynaTop K0JI€OATENHHOTO 3B€HA C CHIIbHBIM
3aTyXaHHEM

[Ipunoxenue 5. BupTyanbHblil TPakT yrpaBieHUs Ha Oaze
HEUPOIMYJIIATOPA

[Ipunoxxenue 6. I'eHETHUECKHE aNTOPUTMBI U HCKYCCTBEHHBIE
HEWpOHHBIE ceTh B MIHTEpHETE

82

88

90

95

97

99



CMNMUCOK YCNOBHbIX OBO3HAYEHUU U COKPALLEHUIA

&, bj— neBas m mpaBas TpaHUIBl 00JACTH JOMYCTUMBIX 3HAYCHUI |-TOM Iie-
PEMEHHOW IPOEKTUPOBAHUS ;

A=(A1A; Az A) — xpomocoma;

JBt)=(A11),....cAm(t)) — Texymas nomysys FTeHOTUIIOB;
C — KOOpJMHATHI IIEHTPA aKTUBAIIMOHHON (DYHKIINH;

D — >xenaembie BBIXO/bI CETH (BBIXOHOM 11a0JIOH);

e — omnOKa Ha BBIXOE CETH;

E — cpena, npoTuBOCTOAIIAS aIaITUBHON CUCTEME;

H — pa3smep ckpbITOrO €104 CeTH;

| — peaxius cpesbl, MPOTUBOCTOSIIEH aaliTUBHON CUCTEME;
J — byHKIMOHAT KayecTBa CUCTEMBI yIIPaBICHUS;

K — k03 GHUIMEHT yCHIIeHNs OCIUILIATOPA;

K — K0IM4ecTBO CKPBITHIX CIIOEB CETH;

L — KOJIM4eCTBO T€HOB B XPOMOCOME;

M — pa3mep nonyJsuy;

N — pa3mMepHOCTh MPOCTPAHCTBA MEPEMEHHBIX MPOEKTUPOBAHUS, MPECTAB-
JIEHHBIX B BEIIECTBEHHOM BUJIE;

piLJP — BeposITHOCTh MPUMEHEHUSI TEHETUUECKUX OIEepPaTOPOB;
Q — pa3mep TpeHupoBOUHOTO Habopa M1abJIO0HOB;

N — OHCKOBOE MPOCTPAHCTBO BEIIECTBEHHBIX HHCET;
S— B3BelIeHHas CyMMa BXOJIHBIX CUTHAJIOB HEHpOHA;

S— omneparop Jlamnaca;

t — nmokasarenb BpeMeHH (HeNpPephIBHBIA WM TUCKPETHBIN );
T — nepuon koyie0aHuil OCIUIUISITOPA;

U, — CUTHAJI 3a/1aHHUS;

U — cUTHaJ yIpaBJICHHUS;

V — pa3Mep BXOJIHOTO CJIOS CETH;

W; — CMHANTUYECKU BEC HEMPOHA;

Wp — CMENICHUE HEWPOHA;

W — nepenatounas pyHKIUs 0OBEKTA;

X=(X1,X2,...XN) — BEKTOp IEPEMEHHBIX ITPOCKTHPOBAHMS;

X=(X1,X;) — TepeMeHHBbIC COCTOSHHUS B YPABHCHUU TUHAMUYECKOTO OOBEKTA
yIPaBJICHUSA;



~

X — MepeMeHHasi COCTOSIHUS HEUPOAIMYJISITOpa AMHAMUYECKOTO O0BEKTa;

X=(Xy, X3, ..., Xy) — BEKTOp BXOIHBIX CUTHAJIOB CCTH,

X = ()Zl, )ZZ,..., XV) — BXOJHOH MIa0/I0H;

Y — BBIXOJHOM CUT'HAJ HEUPOHA;

Y = (Y Yo, Yy )— BEKTOp (aKTHYECKHUX 3HAYEHHUW BBIXOJHBIX CHUTHAJIOB
CeTH;

Z — pa3Mep BBIXOJIHOTO CJIOSI CETH;

0 — THMIEpKyO, Ha KOTOPOM OCYIIECTBIISACTCS pPEIICHHE 3ajauyd KOMOMHATOP-
HOM ONTUMHU3ALINH;

A — oneparop 3aJepKKH;

® — MHTEPNOJIAIMOHHAS MATPHIIA;

H(AA(t)) — mpucnocodiaeHHOCTh 0c0o0H;

A(t) — cpennss mo TEKyIIEMy MOKOJIEHHIO HOMYJISIUN HPUCIIOCOOIEHHOCTD
ocoOeli;

0} — IIMPUHA OKHA aKTUBALMOHHOM (YHKIUH |-TOTO HEHpOHa;

T — pEenpOAYKTUBHBIN IUIaH XOJUIaHAA;

O()=(M1(),...,im(t)) — BekTOp PHUCITOCOOICHHOCTEH 0COOCH MOMYJIAIUY;

wWQ — renernyeckue onepaTopsl;

= — TPEHHPOBOYHBIA HAOOP IIa0JOHOB;

( — mapameTp OCIUILIATOPA;

AOP — anroput™m 00paTHOTO pacrpocTpaHeHus (OIUOKN);

['A — reHeTnyecKuil alrOpuTM™;

NHC — uckyccTBeHHasi HEMPOHHAs CETh;

HK (NC) — neiipokontposutep (neurocontroller);

HD3 (NE) — neitposmynstop (neuroemulator);

OY — o0BeKT ympaBieHus;

CAY — cucrema aBTOMAaTHYECKOTO YIIPABIICHHUS

RBF-cetb — TpexcroiiHas HeMpOHHasi CETh C paluaIbHO-CUMMETPUYHON aK-
TUBALIMOHHOMN (DyHKIIMEN HEMPOHOB CKPBITOrO CIOS;
XOR — noruueckas ¢pyHkuus «uckmrogarorniee NITN».



BBEOEHUE. O PA3JINYHbLIX TOJNIKOBAHUAX TEPMUHA
«MHTENNEKTYAJIbHOCTb» B YINPABJIEHUU

B mocneanue ronapl cpean CHEUAIMCTOB B O0JIACTH TEOPHH aBTOMAaTHYE-
CKOT'O YTIpaBJICHUsS HAMETHWJICS OYEBUIHBIN MOABEM MHTEpEeca K HOBBIM HETpa-
JTUIUOHHBIM (TO €CTh C(POPMUPOBABIIMMCS BHE PAMOK KJIACCUYECKOUN mapajur-
MbI, Oa3upyroIIeicss Ha anmapare UHTErpo-auddepeHnaIbHOr0 UCYUCICHHUS )
noaXoaaM, OOBEIWHEHHBIM OOIIEH IENbl0 WHTEIUICKTYaln3alud CUCTEM
ynpasienus. HaBepHoe, TpyHO Jake NEPEYUCINUTh BCe T€ KiacCU(UKALMOH-
HbI€ TMPU3HAKH, TI0 KOTOPBIM 3TH MOJIXOBI PA3HITCS MEXIY CO0Oi, HO OJIHOM
U3 OCHOBHBIX I'pPaHEN pa3inuyus SBJISETCS TO, YTO UMEHHO IOJIOKEHO B OCHOBY
KOHLEMUIHUHA UHTEJUIEKTyanu3auud — (HopMann30BaHHbIE KaKUM-IHM00 00pa3om
3Hanus yenoBeka 00 oobekTe ynpasneHus (OY), 1100 CBONCTBEHHBIE YETIOBEKY
npuembl MbluleHUs, TTOCPEACTBOM KOTOPBIX OH M3y4aeT OKPYXKArOIIUA MUDP U
HOJTYMHSIET €r0 CBOUM HHTEPECAM.

K mepBoii rpyrie noaxo10B MOXHO OTHECTH, HAIIPUMeEp, JKECTKO JETePMHU-
HUPOBaHHBIE 3KCIEPTHBIE CUCTEMBI, a TaKkke Oosiee THOKHE CUCTEMBI yIpaBiie-
HUs Ha 0a3e HeweTkoi (¢azsm) noruku (fuzzy logic). Bropoii moaxosn peanmsy-
eTcsl B paMKax 3BOJIIOLIMOHHBIX METOJ0B MOJEIUPOBAHUS, 1OJ KOTOPHIMH MBI
No/ipa3yMeBaeM reHernyeckue aroputMsl (I'”A) U UCKYyCCTBEHHbIE HEUPOHHBIE
cetu (MHC).

HNHC ceroguss — 3TO HE CTONBKO COBOKYIHOCTh 3aMMCTBOBAHHBIX M3 HEM-
podusnonorun Mojenel napajieabHbIX BBIYMCIUTENIBHBIX CTPYKTYP, CKOJBKO
apeHa OOpbOBI UIEH O mpupoje UHTEeIeKkTa. Eciu nepBhiil 3Tan cTaHOBJICHUS
NHC Mo)HO oxapakTepu30BaTh Kak MOMBITKY CHHTE3UPOBATh U3 Habopa cpas-
HUTEIHHO MPOCTO (QYHKIIMOHUPYIOUIMX HEMPOHOB HEKOTOPYIO YHOPSIOUYECHHYIO
CTPYKTYpPY, CIIOCOOHYIO BBINOJHSTH CIIOKHBIE HEIMHEWHbIE MpeoOpa3oBaHus
«BXOJI-BBIXO/», TO Ceiuac, Mo Mepe AOCTHKCHUS yCIieXa B PEIICHUH 3a1a4 mep-
BOT'0 3Tara, NepeaHuil GpoHT HCCIe0BaHUMN MepeMeniaeTcss B 001acTh ICUX0-
JIOTHH, KOTHUTUBHBIX HayK. 3a/lada HACTOSIIIEr0 MOMEHTa COCTOUT B TOM, UTO-
ObI MTOHSATH, KAKHE CBEPXCTPYKTYpPhl HEUPOHOB U KaK MOTYT MOJEJIMPOBATH HJie-
MEHTApHBIE aKThl MBICIIUTEIHHON AESITETbHOCTH, a 3aT€M BOILJIOTUThH 3TH MPHUH-
LUIBI B pabOTy CUCTEM YIIPaBJICHHUS.

MpInuieHre uenoBeka HEBO3MOXKHO BHE s3bIKa. Bcee siBIeHUST BHEITHETO MH-
pa HalUM OTpakeHUE B sI3bIKEe B BUJe Kareropuil. CioBa MpeacTaBisiOT OO0
HE TPOCTO HAOOPHI 3BYKOB, 3a KAKIABIM M3 HUX CTOSIT KaKHe-TO KOHKPETHBIE, HO
JI0OCTaTOYHO oOmuMe npeacrapieHus. M3yuas mMup, Mo3r HakamiuBaeT UHGPOP-
MaIio, YIOPSA0OYMBAET €€ U Jlaiee MPOUCXOIUT TO, YTO TMICUXOJIOTH HAa3bIBAIOT
KOCHUMUBHBIM Cocamuem. DMIUPUUYECKUE 3HaHUs MpeoO0pa3yloTcs B KOMIAKT-
HYI0 a0CTpakTHYI (opMy, YIOOHYIO AJIsi ONEPUPOBAHUS, KOTOpasi, TEM HE Me-



Hee, HeceT B ceOe Haubosee TUIMYECKUE M BaXKHbIE B PaKypce peniaeMoil uH-
JUBUAOM MPAKTUYECKON 3a/1a4il 4epThl OOBEKTA.

[TockonbKy $ICHO, YTO KpOME HEHPOHOB HUKAKUX APYIMX OINEpalMOHHBIX
CIMHMI], YYaCTBYIOIIUX B 00paboTke WHGOpMAIMK, B MO3T€ HET, JOTUYHO
MPEANOJIOKUTh, YTO 32 KAKIBIM MpPEICTaBICHUEM, 00pa3oM MHpa CTOUT KOH-
KpeTHBIH (PparMeHT HeWpoHHOUW cetm Mo3ra. Co3math oOpa3 oObekTa (WM
CKOPPEKTHPOBaTh YK€ HMEIOIIMICSI) O3HadyaeT TOorja HaTPEHUPOBATh ATOT
dbparMeHT Tak, yToObI €ro peakiuu Ha BO30Y>KJIEHUE HE OTIUYAIMCh OT peak-
Ui 00BEKTa, U3BECTHBIX U3 KU3HU. [Ipn 3TOM ceThb AOHKHA HAYUYHMThCS Xpa-
HUTH OIBIT OOLIEHUSI C OOBEKTOM HE B BHUJIE€ XPOHOJOTHYECKH WM MO KAKOMY-
TO JIPYroMy HPHUHLMIY YNOPSAOYEHHBIX SIHU30[I0B, @ B BUAE COOCTBEHHOM
CTPYKTYpPBI, TO €CTh HEIOCPEACTBEHHO MOCIOMHOW apXUTEKTYpbl U CUJI CHHAI-
TUYECKHUX CBA3€U MEXK]y HEMPOHAMU.

MoeT ObITb, IMEHHO TaKUM IyTeM y UHAMBHA CKJIAJbIBACTCSI BHYTPEH-
Hssl, CBOMCTBEHHAs TOJBKO €My, KapTUHA MHpa, o0pas3bl KOTOPOM MOMOTaroT
OCO3HATh CBOE IOJIO)KEHUE B MUpPE, & TAKKE MPOrHO3UPOBATH NAIbHEHIINI X0/
coObITUI. YenoBeK peTpOCHEKTUBHO “TIPOUTPHIBAET B TOJOBE MPOILJIOE U MPO-
elUpyeT HacTosllee Ha Oyayllee He TOJIBKO TOTJa, KOIJla UIpaeT B IIAaXMAaThI.
3HaHUS O MHpE, a MOMPOCTY TOBOPS, MPEKHUN OMBIT COCTABISET OCHOBY GUD-
MYanbHOU peanbHOCmuU, CYIIECTBYIOIEH B HAIIEM CO3HAHUU KaK OTPAKECHUE
BHEIIHEro Mupa. IMEHHO yMEHHE MBICIEHHO 3MYJIUPOBAaTh MHUP, ONEPUPOBATH
ero oOpa3aMu U JaeT HaM BO3MOXXHOCTh IJIAHUPOBATh CBOE IOBEJEHUE, IPEI-
BUJIETh COOBITUSL U OPUEHTHPOBATHCA B MPOCTPAHCTBE MOTEHUUAJIbHBIX BO3-
MOYHOCTEH.

To, 4TO MBI OMBITATKUCH CAENATHh B HACTOSALIEH padboTe, 3TO MPOAEMOHCTPHU-
pOBaTh MCKIIFOUMTEIBHO BBICOKMH IMOTEHIMA] COYETAHUS JIBYX BBIYHCIUTEIb-
HbiXx TexHosnornd — MHC u ['A — s pemeHuns 3aa4 CHHTE3a MHTEIUIEKTY-
aJIbHBIX cucTeM ympasiieHusi. C 0HON CTOpOHBI, Haml uHTEepec K ['A o0ycnos-
JIeH UX BBICOKOM 3()(hEKTUBHOCTHIO MPHU PEIIEHUH 3aAad riao0aabHON ONTHUMU-
3allMM BOOOIIE U KaK K MOTEHIMAIBHOM MpOIeNype TPEHUPOBKU HEHPOHHOU
CETH, B YaCTHOCTHU. [[eHiCTBUTEIBHO, HUKTO CErOJHS HE OTPHIIAET, YTO MHOTHUE
IIMPOKO M3BECTHBIC TeXHUKU TpeHUpoBKu (Backpropagation, RBF-cetn) siBs-
I0TCA CYHIECTBEHHO JIOKAJIbHBIMH CO BCEMH BBITEKAIOLIMMHU OTCIO/IA TOCIECT-
BUSIMM, IIO3TOMY B 3TOM OTHOIIEHHH ['A He 3HaeT KOHKypeHTOB. C Apyroi cro-
pPOHBI, UHTpUTYIOIIMM TpenactaBisiercs camo coueranne I'A u MHC. O0a nHa-
IPaBJIEHUS] OTHOCATCS K HBOJIFOLIMOHHOMY MOJIEIMPOBAHHUIO U Kak Obl OpocaroT
BbI30B METO/IaM TEOPUU aBTOMATHYECKOrO YIMpaBlieHUs, 0Oellas peluTh Tpa-
JUIIMOHHBIE 3aJa4u, HEe MpUBJEKas Takue 0a30Bble MOHITHUS KJIAaCCUYECKOW Ma-
paaurMbl Kak uHTErpai, iupdepeHiman, TMHAMUYECKOe 3BEHO U T. II.

bazupysch Ha NpUBEIEHHBIX BBILIE OOIIMX PACCYXACHUAX, HAM YJAlI0Ch
CUHTE3UpPOBaTh HEHPOCETEBYI0 MOJENb CHCTEMbl YIPABIEHUS, KOTOpas He
TOJIBKO YMEET CTPOUTh BHYTPEHHHUE MPEICTABICHUS O BHEIIHEM MUPE, IIPOTHO-
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3UpOBATh MOBEJEHNE O00BEKTA YIIPaBICHUsI, HO Takke 00JialaeT ClIoCOOHOCThIO
T€HEPUPOBATh ONTUMAJILHOE YIIPABICHHE B COOTBETCTBUM C TPEOOBAHHUSAMHU dTa-
JIOHHOM MOJEIIH.



1. 'TEHETUYECKUE AJITOPUTMbI

Ilo ceoeii cymu npoyeccol adanmauuu AGIAIOMCA onmumu-
3AUUOHRHbIMU npoyeccamu ...

Jx. Xonnana, HpeauciaoBue k nepsomy (1975) us-

nanmuto Adaptation in natural and artificial systems.

Ilamuaoyams nem 0012CcHbL ObLIU OBl paccmagums 6ce no
ceoum mecmam u oxaaoums nvii. OOHaxo eonpexu unu Oiaco-
oaps smomy, 5 éce ewe Haxodcy Ilpeducnosue k uzoanuro 1975
200a yousumenvbHo ymecmuuim. Eouncmeennoe usmenenue, Ko-
mopoe 5 6vl 8Hec, Smo coerams boabulee yoapeHue Ha cosep-
WeHCmB08anUuY U MeHbuee Ha onmumusayuu. Paboma nao 6o-
Jlee CLOJNCHLIMU A0ANMUBHBIMU CUCTEMAMU, HANpUMED, IKOJIO0-
eudecKumu, yoeouna MeHs, Ymo ux nogeoeHue He ONUCbIBAemCs
MAK Yoic XOpoulo mpaeKkmopusiMu 60Kpye 2100a1bHbIX ONMUMY-
mos. Haobopom, copeerosanue mexcoy KOMROHEHMAMU CUCTe-
Mbl, HANpasieHHoe Ha noodasienue OIUNCAUUUX KOHKYPEHMOS,
onpeodensem obuee nogeoeHue.

Jx. Xoanana. lpennciaoBue ko BTopomy (1992) u3-
nanmuto Adaptation in natural and artificial systems.

CoBpemenHas OuOmMorpadusi Mo reHETUYECKUM alrOpUTMaM JIaBHO Tepe-
Bamia 3a 9000 HaMMEHOBaHUN W MPOJOJKAET HENPEPBIBHO YBEIMYMBATHCS.
OpnHako, HECMOTPS Ha TaKo€ OOWINE JUTEPATyphbl, JOBOJIHHO TPYIHO TOYHO
chopMyIUpOBaTh, Y€M MMEHHO OHHM SIBJSIIOTCS — KBHHTAICCEHIIMEU HBOJIOIIH-
OHHBIX MEPECTPOEK B MPHUPOJHBIX MOMYJALMUSAX OPraHU3MOB, YHHUBEPCAIbHBIM
CPEICTBOM OIMCAHUS alanTalluii B MOMYJISALMIX UCKYCCTBEHHBIX 00BEKTOB, HIIH
MOIIIHOW MOMCKOBOW MPOIEAYPOM C MPETEH3USIMU Ha PEIICHHE 3a7a4 rio0aib-
HOU OIITUMHU3AIINHN.

MBI HaMEpEeHHO Hauyalu 3TOT pa3/iell C COINOCTAaBJIEHUS [BYX 3aMEYaHUU
JIx. Xonnanaa mo MoBOAY afamnTallid W ONTHUMU3AIMU, CICJIIAaHHBIX UM B IIpe-
JUCIIOBUAX K IEPBOMY M BTOPOMY M3JIaHHSIM €ro 3HAMEHUTOM KHUTH [1], moo-
JKUBILIEW HAYaJIO MPOIECCY PACIPOCTPAHECHUS] T€HETUUECKUX aJrOpPUTMOB B Ha-
yUHBIX coobmiecTBax. [IpaBna, reHEeTHYECKUMU OHU CTalU HA3bIBATHCS TO3/HEE,
a B 1975 roxy XoJsuman Ha3bIBaJl MX PENPOTYKTUBHBIMU TutaHamu (reproductive
plan) u paccMaTpuBai MpeXae BCEro Kak aaropuTMbl amanrtaiuu. Ho To cme-
IICHUE aKIIEHTOB B TPAKTOBKE MOHATHUS adanmayusi, O KOTOPOM OH Kak Obl
BCKOJIb3b TOBOPUT B TpeauciioBuu 1992 roma, oyeHb TOYHO, HA HAIl B3I,
nepeaeT TO COCTOSIHUE 3aMelIaTebCTBA, KOTOPOE Mbl OIIYIIAeM M CEroJiHS,
MBITAsICh, C OJTHOM CTOPOHBI, AaTh JOCTATOYHO 0OIee U HEMPOTUBOPEUUBOE OIl-
peeneHue ajganTtaliuu, a ¢ APYrol CTOPOHBI, pa3rpaHUYUTh MOHSATUS ajanTa-
[IUU ¥ ONTHUMU3ALIMU, aJIalITAlliX U SBOJIOIMH, aJaNTalliy U 00y4YEHUSI.

10



[Ipn nanbHeilIeM M3JI0)KEHUH OCHOBHBIX uae ['’A mMbl He OyneM mpuuep-
JKUBATbCA CTWIS KHUT'M XOJUIAHJA, a TNOJOMAEM K HMM KaK K IPOLENype 210-
oanbHoU onmumuzayuy. ITa, XOTs U HECKOJIBKO YIPOIIEHHAs M0 CPAaBHEHUIO C
XOJIJIaHJOBCKOM, TpakTOBKa I'A BbI3Bajla CUJIBHBIA PE30HAHC B JIUTEpAType, U
KaK MOKa3ajo BpeMs, BIOJIHE 000CHOBaHHO. [lo OonblIOMYy cueTy, MOYTH JBa
JECATUIIETHS HccaenoBaHu ['A Ha TECTOBBIX MHOTO3KCTPEMAaJIbHBIX (PYHKLIUAX
VIIUIA HA JI0Ka3aTeJIbCTBO MMEHHO 3TOM rpaHu Morymectsa ['A, ocraBuB B He-
KOTOPOH TEHH X BBIIAIONINECS aAITHBHBIEC CIOCOOHOCTH.

Urtak, 'A 0a3upyroTcs Ha TEOPETHUYECKUX JOCTHKEHHUSX CHUHTETHUECKOU
TEOPUU 3BOJIIOLIMU, YUYUTHIBAIOIIEH MUKPOOMOJIIOTHMYECKUE MEXAaHU3MbI Hacle-
JIOBaHUS MPU3HAKOB B MPUPOJHBIX U UCKYCCTBEHHBIX MOIYJISIUSAX OPraHU3MOB,
a TaKKe Ha HAKOIUICHHOM YEJIOBEYECTBOM OIIBITE B CEJIEKIHMHM >KUBOTHBIX H
pacTeHuil.

Merononorudeckass ocHOBa I'A 3mXaeTcs Ha TMIOTE3€ CEJIEKLUU, KOTOPas
B CaMOM OOILIEM BHJE€ MOXKET OBbITh CPOPMYJIMPOBAHA TAK: YEM BBIIIE MPHUCIIO-
COOJIECHHOCTh 0COOH, T€M BBILIE BEPOSITHOCTh TOTO, YTO B IOTOMCTBE, MOJTyUYEH-
HOM C €€ Y4YacTHeM, MpHU3HAKW, ONPEIENSIOUMe NPUCIOCOO0IEHHOCTh, OYyIyT
BBIpaKEHBI enle cuibHee. [lockonpky ['A uMeErOT feno ¢ nomyiasuus My MOCTO-
SHHOM YHMCIEHHOCTH, 0COOYIO aKTyaJIbHOCTh 3/1€Ch HapaBHE ¢ OTOOPOM B pOJU-
TeNnu npuodperaer orOOp Ha MUMHHHMpoBaHHe. CTpaTerus >IMMHUHUPOBAHUS,
IPU3BAHHASI OTBETUTH HA BONPOC «OT KakuX 0coOeil Mbl MOKEM 0€300JIE3HEHHO
OTKa3aTbCA?» COCTABISET HE MEHEE BA)XHYIO KOMIIOHEHTY COBpEeMEHHBIX ['A,
4yeM cTpaTerus orbopa B poauTeNbcKyro Tpynmy. Yame Bcero ocobu, oOna-
JlatoIIMe HU3KOM MPUCIOCOOIEHHOCThIO, HE TOJIBKO HE YYacTBYIOT B F€HEpaliu
HOBOT'O MOKOJICHUS, & SMMUHUPYIOTCS U3 MOMYJIALHUHA Ha TEKYIIEM TUCKPETHOM
miare (31Moxe) SBOIIOLHH.

Bnpouem, ckazaHHoOe crnpaBennuBO He Tosbko aist ['A, a qist mo0oro yuc-
JIEHHOr0 MeToa ontumu3anuu. Cama uies ONTUMaIbHOCTH, KAK BEPHO MOAME-
4yeHo B [3], mpuiia B HayKy u3 Ouojoruu. OJHaKO Jajaeko HE BCEria Mbl OT/a-
eM cebe OT4eT B TOM, CKOJIb MHOTME METOAMYECKHE MPUEMbI ONTHUMAaJIbHOIO
POEKTUPOBAHUSI UMEIOT KOPHU B CEJIEKIIMOHHOW MPAKTUKE U SABISIOTCS MTPUMeE-
pPOM HalIEro He BCerja OCO3HaHHOro noxpaxanus Ilpupone.

" HeBe3bIHTEPECHO MO TOMY MOBOAY MHEHHME JPYroro HbiHE 3IPABCTBYIOLIErO (KIACCHKAY
I'A, Kennera [lu SHra, BHecuiero orpoMHelid TuuHbIN BKad B pa3BuThe 'A kak caMOCTOSTENLHOTO
HayuHOro HarpasieHus. B [2] on mumer: «...jerko Bmacts B 3abmykaeHue, BocnipuanumMas camu I'A
KaK aJIrOPUTMbI ONTUMHU3ALNMH, a 3aTeM YIUBISATHCS W/WIM UCTIBITHIBATH pa3ouapoBaHHe, KOTra OHU
TEPIISAT HeyJauy B MOUCKE ‘OUEBUAHOrO’ ONTUMYyMa B ONpeAeSIeHHOM MOUCKOBOM NpocTpaHcTee. Moe
MpeIoKeHne TI0 TIOBOAY TOTO, Kak M30eaTh TaKOro caMoOOMaHa, 3aKJIo4aeTcs B TOM, UYTOObI Ty-
MaTh 0 I'A kak o (B BhICIIEH CTeNeHN) WASaTN3MPOBAHHOM MOJISIIMPOBAHWN TTPHUPOIHOTO TMpoLecca U
Kak O mpoLeaype, BOIUIOLIAoNIeH enn 1 3a1aun (ecly TaKoBble BOOOIIE CYIIECTBYIOT) STOTO MpH-
poaHoro npouecca. S He yBepeH, HaiieTcs 1M KTO-HUOYb, TOTOBBIII OTBETUTH HA BOIMPOC, KAKOBBI
LETTN U 3aJa4M 3BOJIIOLIMOHHBIX CUCTEM; OHAKO, IO MPaBie roBOPsl, TAKUE CUCTEMBbI BOOOLIE He BOC-
MPUHUMAIOTCS KaK ONTUMHU3AaTOPBI PYHKLHIA. .. ».
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Puc.1. JIBOMICTBEHHOCTD 3a/1au CEJIEKINH, 00YCIOBICHHAs! OTPAHUYEHHOCTHIO YHCIICH-
HOCTHU MOJICIUPYEMOM MOMYJISAIIIU

Y0enutbcst B CHpaBeUIMBOCTA CKA3aHHOTO HE TPYAHO, €CJIHM MOMBITAThCS
B3[VIAHYTh Ha MPOLELYPY YMCICHHOW ONTHMM3ALUM 4Yepe3 IPU3MY THIIOTE3BI
cenekiuu (cMm. Puc.2).

Wtak, 0ObIKHOBEHHO MPOEKTHUPOBAHNE HAYMHAIOT C ()OPMUPOBAHUS B TIOUC-
KOBOM MPOCTPAHCTBE 00JACTH AOMYCTUMBIX 3HAUEHUI MEPEMEHHBIX U BbIOOpA B
HEl HEKOTOPBIX MPOOHBIX TOUEK.

Jlanee WTEpaTMBHO BBINOJHAIOT ciaenyronue naevictsusa. CHadama mpu mo-
MOIIIM MAaTEMaTH4YECKONW MOJIEIN yCTPOMCTBAa MPOU3BOIAT OTOOPA)KEHUE TOUEK
13 MOMCKOBOI'O MPOCTPAHCTBA HA MPOCTPAHCTBO KPUTEPUEB, UTO MO3BOJISET CO-
CTaBUTb IPEJCTaBICHUE O penbede MOBEPXHOCTH KpUTEpHUEB. 3aTeM Ha OCHO-
BaHWU TOJyYEHHON MH(POpPMALIMU U B COOTBETCTBUU C BHIOPAHHOM MOMCKOBOM
CTPATETUEN OCYILECTBIISAIOT HEKOTOPBIE MAHUITYJIALIMU C KOOPAMHATAMU TOYEK B
IIPOCTPAHCTBE NEPEMEHHBIX, 3aBEPLIAOIINECS T€HEPAlME KOOPAWHAT HOBBIX
MPOOHBIX TOYEK.

OuepuunBasg B OOIIMX CIOBAaX 3Ty 3HAKOMYIO BCEM LEMOYKY, OTMETUM SBHO
BBIPQKCHHBIN NapaUIeIM3M MEXAY 3aJI0)KEHHOM B HEW HMICOJIOTHEN IOHMCKA
IKCTPEMYMA M TE€M, KaK peuaroTcsi nmoAoOHbIE MO coAepKaHuio 3anayu B [lpu-
poJe, pyu ajanTauy MOMyJIsAUUNA OpraHUu3MOB K (paKTopaM OKpY>Karollel cpe-
b,
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3BpI/ICTI/I'-ICCKa$I CTpaTCrus nmoruckKa

[lepemeHHbBIE IDOEKTA Kputepun sddextuHOCTH
£(X1,X,)1

7z

f(x,,%,)

Marematnueckas MOACIIb

Puc. 2. [luknuueckas CTpyKTypa npoLeAaypbl YUCICHHON
ONTHUMU3AIMU XapAKTEPUCTUK MIPOCKTA

Bonvuwuncmeo sepucmuyeckux nouckogvlx cmpameuil npeocmasisiom
€000l 0080ILHO 0YeBUOHbLE l02UteCKUe peualoujue npasuid, blee0eHHble
nymem 0000WjeHUsl PeanbHO20 UNU YMO3PUMENbHO20 ONbIMA OOUMAHUSA 8
mpexmepHom npocmpancmee. Hanpumep, npedcmasum cebe, umo Houb 3a-
CMana Hac 8pacniiox u Ham npeocmoum b6e3 oHapuka 08uUcamvcs no nepe-
CeYeHHOU MeCmHOCU, Hanpumep, 6300pamvpcs HaA 8ePUIUHY HOL02020 XOJl-
ma. Acno, umo 6346 6 pyKu nanky u owynvigas ero oaudicavuiee OKpylcetue,
Mbl NOYYUM mpebdyemyto UHGOpMayuro o JOKAIbHOM penveghe u 6yoem
08UAMBCSL 8 MOM HANPABIEHUU, 8 KOMOPOM MECMHOCHb NOBLIUAEMCSl, HO
He Haobopom. I[lpasunvuviii 6blOOp HANPABIEHUSA OBUINCEHUS U GEIUYUHDBI
waza eapanmupyem Ham Oblcmpulll YCHex, eciu, KOHEYHO, NOGEPXHOCHb
Xoama 2naokas, a He yXaoucmasi.

JIefiCTBUTENBHO, MPAKTUKYEMBIA CIIOCOO OMUCAHUSI TEXHUYECKUX OOBEKTOB
IIPU IIOMOLIM BEKTOPOB IIEPEMEHHBIX IPOEKTUPOBAHUA IOAPA3YMEBAET CHUM-
BOJIbHOE KOAMpoBaHUE MHpopManuu 00 00bekTe. BekTop mepeMeHHbIX — Ja-
K€ HE 4EPTEXK, TO €CTh IIAS HA HEro U HE 3Has IPaBWJI KOJIUPOBAHMS, HEBO3-
MO>KHO COCTaBHUTb INpEJCTaBIeHUE 00 00beKkTe. B onpeneneHHOM CMBbICIE MOXK-
HO YTBEPKJATh, YTO KATErOpHUsl “BEKTOP MEPEMEHHBIX MPOECKTUPOBAHUS UTPAET
B TEXHUKE Ty K€ POJb, YTO W KaTeropus ‘“reHotun’” B Ouosioruu. ['pynnupys
KJIIOYEBBIE MTapaMeTpbl 00bEKTa B BEKTOP NEPEMEHHBIX, Mbl, 10 CYILECTBY, MPU-
A€M UM CTaTyC reHeTudyeckoil nHpopmanuu. MIMEHHO reHeTuuecKon, NoToMy
4TO, C OJHON CTOPOHBI, €€ JOCTATOYHO, /IS TOTO, YTOOBI MOCTPOUTH CaM OOBEKT
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(TUTIOTETUYECKU — BBIPACTUTH €r0), @ BO-BTOPBIX, OHA CIY)KHT HCXOIHBIM Ma-
TEpPHUAJIOM TPU TE€HEPAIUHU TEHOTUTIOB 0OBEKTOB CJICIYIOIIETO MOKOJICHUSI.

A BeIlb IMEHHO TaKOW CMBICI — T'€HOTHIIOB TTOTOMKOB — WUMEIOT KOOPIH-
HAThl YIIOMUHABIIIUXCSI HOBBIX MPOOHBIX To4eK. [logo0HO TOMy, Kak B [Ipupone
CKpEILIMBaHUE OPTraHU3MOB OCYILECTBIISIETCS HA T€HETUYECKOM YpPOBHE, B IPO-
Heaype ONTUMHU3AIMN KOOPJIUHATHI HOBBIX MPOOHBIX TOYEK IMOITYYarOTCS Kak
pE3yNIbTaT MaHUITYJIMPOBAHUS KOOPAMHATAMH CTaphiX. [Ipuuem, u 3mech HE3pH-
MO MPHUCYTCTBYET THIOTE3a CENEKIIMU — B KaUueCTBE POJIUTEIHCKUX BCET/Ia BbI-
CTYMAIOT Jy4uire B (PEHOTUMUYECKOM OTHOIIEHHUH, a HE MPOU3BOJIbHBIC TOUYKHU
(ocobu) W3 MOMyNANHMH TOTEHIMAIBHBIX PEUIeHUN, HEyJayHbIe K€ pEelIeHUs
O0TOpachIBAIOT HA TEKYIIEM Iare (MOKHO CYMTATh, YTO OHH BHIMHUPAIOT).

31ech MbI TOAXOAMM, HAKOHEI], K TOMY, 4TO UMEHHO oTin4daeT ['A Ha doHne
JIPYTUX YUCICHHBIX METOJOB ONITHUMH3AITUH.

['A 3auMcTBYIOT U3 OMOJIOTHN:

* NOHATUMHBIM amnIapar;

* UJCI0 KOJIeKMU8HO20 TIOWCKA SKCTpEMyMa MpPH TOMOIIM TOMYJISIUU

oco0ei;
* CIocoOBI MIPEACTABICHUS TEHETHIECKOW MH(GOPMAITIH;
* crocoObl Mepefadyd TeHETHUYeCKOM HHGPOpMAalMK B Yepele MOKOJEHUMN
(reHeTUYecKre ornepaTopshl);

* HUJEI0 O MIPEUMYIIIECTBEHHOM Pa3MHOKEHUH HauboJee MpUcrnocoOIeHHBIX
ocoOeil (peyb UAET HE O TOM, JIacT JIU JaHHasi 0COOb MOTOMKOB, a O TOM,
CKOJIbKO OYJIET Y HEee TOTOMKOB).

1.1. NpeacrtaBneHune reHeTM4YecKon MHcpopmaummn

[logo6HO TOMy, Kak MPUPOJHBIA XPOMOCOMHBIA MaTepuas MPeACTaBIIAET
co0Ool JTMHEHHYIO TTOCIIEIOBATEIBHOCTh PA3IMYHBIX KOMOWHAIIMI YeThIpeX HYK-
neotuaoB (A — anenuH, I — nurto3un, T — TumMuH u I' — ryaHuH), BeKTOpa
nepeMeHHbIX B ['A Takke 3alMChIBAIOT B BUJIEC IIETIOYEK CHUMBOJIOB, MCIOIb3YS
JBYX-, TpE€X- WJIH YEeThIPEXOYKBEHHBIM andaBuT. [ MPOCTOTHI H3JIOKEHUS
pPaccCMOTpPUM clTydail OMHApPHOTO KOIUPOBAHHUS, UCIIOJIb3yEMbIM TIPH MOJICIHUPO-
BAHUU 3BOJIFOLINM TaIUIOWIHBIX MOMYJISIIHAM.

Hrak, OyzmeM cuutath, 9TO Kakaas MEepeMEHHas X; KOJAUPYETCs ONpejelieH-
HbIM (PparMeHTOM XPOMOCOMBI, COCTOSIIIUM U3 (PUKCUPOBAHHOTO KOJIUYECTBA
reHoB (cM. puc. 3). Bce JOKyChl XpOMOCOM NHAILIEIBLHBI — TO €CTh B JIFOOOM
no3ulu (parMeHTa MOXKET CTOSATh KaK HOJb, TaK W eAuHULA. PsaoM crosinue
(dbparMeHThl He OTIEISIOT APYT OT JApyra KakKuMHU-IM00 MapKepamu, TeM HE Me-
HEe, IPU JIEKOJMPOBAHUN XPOMOCOMBI B BEKTOP MEPEMEHHBIX HA MPOTIKEHUU
BCEr0 MOJICJIMPYEMOTO TEPHOAA SBOIIONMH HCIOJIB3YETCS OJHA M Ta K€ MacKa
KapTUPOBAHUA.
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Puc. 3. IIpocreiimas Macka KapTUPOBAHUSI XPOMOCOMBI,
olpezensonias aH paclpeaeIcHus HaclIeICTBEHHON
MH(}OpMAIIH 110 AJTMHE XPOMOCOMBI

XOTsI MBI IOCTOSTHHO TOBOPUM O JE€KOJAUPOBAHHMM, HA CAMOM JIeJie, psMast
omnepanus, TOHUMaeMasi Kak ornepanusi KOAUPOBAHUS BEKTOpPA MEPEMEHHBIX X B
xpoMocoMy A, B ['A He npumeHnsiercs. XpoMOCOMbI T€HEPUPYIOTCS CIIydail-

HBIM 00pa3oM, MTyTeM MOCIEA0BATEILHOTO 3all0THEHUS pa3psaa0B (T€HOB), cpa3y
B OMHApPHOM BHJE, U BCSIKHE TMOCIIEIYIONINE U3MEHEHHS B TIOMYJISAIIUN 3aTparu-
BAIOT CHayaja reHeTUYECKUN YPOBEHbB, a TOJHKO MOTOM aHAIH3UPYIOTCS (eHO-
TUTTMYECKHAE TIOCTEACTBUS dTUX M3MEHEHH, HO HUKOTa He HAa000pOoT.

B npunnune, ans aekoaupoBaHus TeHETUYECKOW uH(opManuu u3 OuHap-
HOU (hOPMBI K IECATUIHOMY BHUIY MOIXOIUT JIFO0O0H JTBOMYHO-IECATUIHBIA KO,
HO OOBIYHO MCXOMST W3 TOr0, UTO OHa mpenacraBieHa B koae ['pes. Tabnuma 1
BOCIIPOMU3BOJMUT B IOJHOM OOBEME MPOIEAYPY MACKOAMPOBAaHUS (parMeHTa
XPOMOCOMBI B MPOEKIIUIO BEKTOPA MEPEMEHHBIX X;.

Tabmuma 1
JlekonupoBanre (pparMeHTOB XpOMOCOM B IIPOEKIIUHA BEKTOpA MEPEMEHHBIX
Kon JIBonuHO- JlecsaTnuHoe 3Ha- | BemecTtBeHHOE 3HAYeE-
I'pes JICCATUYHBIA KOJI YEHHE CABUTA HUE KOOPJIVHATHI

0000 0000 0 a;

0001 0001 1 a+1(b-a)/15
0011 0010 2 ait2(bi-a)/15
0010 0011 3 a+3(b-a)/15
0110 0100 4 a+4(b-a)/15
0111 0101 5 a+5(bi-a)/15
0101 0110 6 a,+6(b-a)/15
0100 0111 7 ait7(bi-a)/15
1100 1000 8 a+8(b-a)/15
1101 1001 9 a+9(bi-a;)/15
1111 1010 10 a+10(bi-a)/15
1110 1011 11 a+11(bi-a)/15
1010 1100 12 a+12(bi-a)/15
1011 1101 13 a+13(bi-a)/15
1001 1110 14 a+14(bi-a)/15
1000 1111 15 b
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Ot xoma I'pes mepexoaum K ABOUYHO-ACCATUYHOMY KOAY, a OT HEro — K
HaTypaJIbHBIM LEIbIM 4yKciaM. OTHOIIEHUE MOJYYEHHOTO Yucia K MaKCHUMallb-
HOMY YHUCITy, IOCTYIMHOMY JIJIi KOJUPOBAHUS JAHHBIM KOJIMYECTBOM pPa3psjiOB
dbparmenra (1o tabnune 1 — uucio 15) U gaeT MCKoMoe 3HaYeHUE CIBUTA Tie-
PEMEHHOW OTHOCUTEIBHO JIEBOM T'PaHMIILI & JOMYCTUMOIO JHana3oHa ee u3Me-
HCHHSI, HOpPMHUPOBAHHOTO Ha MIUPUHY D—8; Truamna3oHa.

N3 taGauibl XOpoIio BUIHO, ToYeMy KoJl I'pest UMeeT SIBHbIE MPEUMYIIECT-
Ba MO CPAaBHEHHUIO C JIBOMYHO-JECATHUYHBIM KOJIOM, KOTOPBI MPU HEKOTOPOM
CTE€YEHUU OOCTOSITEILCTB MOPOKIAET CBOCOOpA3HbIC TYMHUKHU JIJISi TOMCKOBOTO
nmpoiiecca. B kadecTBe mpumepa pacCMOTPHUM JIIOObIE TPU PSIIOM CTOSIIIHE
CTPOKH U3 Tabnuubl 1, HanpuMmep, KOAUpYyIoLMe cABUT B 4, 5 u 6 enquHuL.

[Ipennonoxum, GpparMeHTBI XPOMOCOM, CTOSIIUE B ISITOM CTPOKE M KOJIH-
pYyIOIIUE YUCIO S5, MPUHAIJIEKAT ONTUMAIBLHOMY BEKTOPY, SIBISIOMIEMYCS pe-
[IEHHEM HEKOTOPOM 3ajauu, a Jydinas ocoOb U3 TEKyIIeW MOMYJISIUU COoJep-
KUT (parMeHT XpOMOCOMBI U3 cTpoku 4. Takas cuTyanusi OJaronmpusTHa IS
o0oux Ko/0B. J[OCTaTOUYHO BBHITIOJHUTH BCETO OJHY ONEPAIMIO — 3aMEHHUTH B
yeTBepToM paspsae ¢pparmenta 0 Ha 1 — u pemeHue Oyner HaiineHo. boree
WHTEPECHBIN CITydal MOJIy4YaeTcs, €CIH JIydias 0coOb COJAEPKUT (PparMeHT u3
ctpoku 6. Jlnsa xoga I'pest aTa cuTyarusi HU4yTh HE CIIOXKHEE MPEeaAbIIyIIe —
3ameHa 0 Ha 1 B TpeTheM pa3psifie ONATh MPUBEAET K ycnexy. B To ke Bpems
JIBOUYHO-JIECATUYHBIA KOJI CTaBUT HAC B HEOOXOJIMMOCTb BBIMOJHUTH MOCIE0-
BaTeJIbHO JBE ornepannu — 3aMeHuTh 1 Ha O B TpeTbeM paspsanae u 0 Ha 1 B yer-
BepToM. C Kakoi Obl M3 HUX Mbl HU Hayajiau, pe3yJbTaT HE MPUOJU3UT HAC K
penieHno (MepBbId BapuUaHT 3aMEHBbI NMEPEMECTUT HAC B YETBEPTYIO CTPOKY, a
BTOPOM — BOOOILE B CEAbMYI0). A BeIb 3TO HE CaMblil XyAIIWN TpUMEp — pa-
ooratrh ¢ coueranusiMu 3-4, /-8, 11-12 u T. 1. CTPOK B JBOMYHO-ACCATUUYHOM
KOJIE elle ciaoxkHee. MHade roBopsi, €Ciiv NpUBJIEYb T€OMETPUUECKUE UHTEPIIpe-
Tauuu, Koj ['pes rapaHTUpyeT, YTO ABE COCEIHUE, MPUHAJJIEKAIINE OJHOMY
pe6py, BEpIIMHEI THIEPKyOa O, Ha KOTOPOM OCYIIECTBISIETCS MOKCK, BCErZa
JEKOJIUPYIOTCS B JBE OJIM KaWIlIMe TOYKM MPOCTPAHCTBA BEUIECTBEHHBIX YHUCEN
O, orcrosuie mpyr or Apyra Ha OIHY AMCKPETy TOYHOCTH. JIBOMYHO-
NECATUYHBINA KOJ ITOJJOOHBIM CBOMCTBOM HE 00JIaJacT.

1.2. leHeTN4YeckKkmne onepaTopbl

Te MexaHu3Mbl TIepeaadn HACIEICTBEHHOCTH, KOTOphIe nelcTByIOT B Ilpu-
poJie, ¥ yNpoIneHHast popMa KOTOPBIX MOJI0KEHA B OCHOBY TOTO, YTO MBI Ha3bl-
BaeéM T€HETHYECKHMH OIepaTopaMH, Ha CaMOM JIele, CIEeAyeT paccMaTphBaTh
KaK moOeauTene, oJepKaBIuX BEPX B HANPsHKEHHOW MHOTOBEKOBOM OOphOe
HaJ KOHKYPEHTaMH M OTHUIM(OBAHHBIX €CTECTBEHHBIM OTOOPOM B TAaKOM XKe
Mepe, KaK U BCe, 4TO Hac okpyxaeT. CeroaHs MmoHsATHO, YTO TEHETUYECKHUE OTe-
paTophl MOTJIM OBITH 3aMMCTBOBAHBI HE TOJBKO W3 MHKPOOHOJIOTHYECKHX HC-
CJIEIOBAaHUM, HO M U3 aHAJIM3a S3bIKOBBIX SBJICHUM (JIOCTATOYHO MPOAHAIU3UPO-
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BaTh KOMOWHATOPHBIC JBPUCTUKHU, MPUMEHSEMbIC YEIOBEKOM MPHU PEIICHUU
KPOCCBOPJIOB) WJIM M300peTarenbckoi aestenbHoctu [4]. Ho 310 ceromns; a
JBaUATh JIET Ha3aJ HYXHO ObUI0 00sajaTh reHuanbHocThio JIk. Xomnmanza,
YTOOBI JOTAJAThCS, KaK MHTEPIIPETUPOBATH MPUHIUIIBI JEHCTBUA “‘OMoorHye-
CKMX MEXAaHU3MOB IS PEIICHUs 3aJa4 aJanTallid B MCKYCCTBEHHBIX CHCTE-
Max.

EnBa nu He rmaBHBIM UTOTOM MOYTH YE€TBEPTHBEKOBOTO IMEPHUOJIA MCCIIENO-
BaHMS camuX ['A cTallo MOHMMAaHUE MPEKPACHON B3aMMHOW KOMILTUMEHTApPHO-
CTH TpHUaJbl TEHETUYECKUX OINEPATOPOB «KPOCCOBEP — MyTalMsi —HUHBEPCHUSY.
Bo3znelicTBysi ¢ HEKOTOPOW BEPOSITHOCTHIO HAa T€HOTHUIIBI POJIUTEITBLCKUX 0COOEiH,
KOKJbIA U3 HUX, C OJJHOM CTOPOHBI, 0OECIIEYnBAET Iepeaadyy MOTOMCTBY KU3-
HEHHO BA)KHBIX IIPU3HAKOB, a C APYroil — MOAJEPKUBAET HA NPOTKEHUU HBO-
JIOIMOHHO 3HAYUMOTO MEPUOAA JOCTATOYHO BBICOKHMU YPOBEHb €r0 M3MEHYH-
BOCTH. Bhiliernienue B MOTOMCTBE HOBBIX, OTIUYHBIX OT POJUTEIBCKUX, (HhEHO-
TUMUYECKUX MPU3HAKOB OTKPBIBAET ISl MOMYJIAIUN JOMOJHUTEIIBHBIE BO3MOXK-
HOCTH JUTsI aJjanTallii, TO €CTh CIIOCOOCTBYET COXPAHEHHUIO €10 TTIOMCKOBOM CITO-
COOHOCTH.

Urak, onepatop mytamuu (cMm. puc. 4), mogo0OHO TOUEYHBIM MYTAaIlUsIM B
[Ipupone, MHTEPNPETUPYETCA KaK 3aMEHa CYIIECTBYIOLIETO AJUIEIBHOTO CO-
CTOSIHUSA OTZIEJIbHOTO T€HA B XpOMOCOME Ha MIPOTUBOMOJIONKHOE (€TMHUIBI — Ha
HOJIb U HA000pOoT). OUEeBUIAHO, YTO B 3aBUCUMOCTH OT TOTO, B KAKOM paspsijie
dbparMenTa, KOJUPYIOIIEro MePEMEHHYI0, TPOU30UIET MyTallHsl, 3aBUCUT BEJIH-
YUHA PACCTOSHUSI, OTJICIISAIONIETO MOTOMKA OT POJIUTENA (PeUb UJIET HE O XOM-

MyTauus
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Puc. 4. Tpuana reHeTHYECKHUX ONIEPATOPOB

Y ecex mpex onepamopoé mecmo npunodxcerus, nOMeYeHHoe 3HAYKOM V,
8b10Upaemcs CLyYauHo
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MHHIOBOM MPOCTPAHCTBE O, IJIe 9TO PACCTOSHHE PaBHO 1, @ O MPOCTPAHCTBE
BemecTBeHHbIX urcen [1"). MHBepCcHs MPHBOLUT K HAPYIICHMIO MOPSKA Clle-
JIOBaHUsl (PparMEHTOB XPOMOCOM Y MOTOMKa IO CPABHEHUIO C POAUTENIHLCKOU
xpomocomoi. HakoHel, KpoccoBep, ONMUCHIBAIOIINN MEXaHW3M I'AMETOI€HE3a B
JTUTUIOUIHBIX TOMYJSIUSAX OPraHW3MOB M MPUBHECEHHbIN XOJUIaHIOM B MOJe-
JUPOBAHUE HBOIOLUN TaIIONIHBIX MOMYJISALNMI, IPUBOJIUT K TOMY, UTO XPOMO-
COMa MOTOMKa BKJIKOYAET JBa ()parMeHTa, OAWH M3 KOTOPBIX MPUHAJJIEKAT pa-
HEE, YCIOBHO TIOBOps, OTLOBCKOM XPOMOCOME, a JIPYyrO — MaTEpUHCKOW.
NmenHo Onarojgapsi HAJIMYMIO KPOCCOBEPHBIX OOMEHOB OCOOM MOIYJISILIUU 00-
MEHHUBAIOTCS MEXIy cOOOM reHeTHYecKoi MHQopMaluel, TO eCTh TMOUCK TMPH-
oOpeTaeT AeMCTBUTENIBHO KOJIJIEKTUBHBIN XapakTep.

WNHorna, roBopsi 0 TpHaae reHeTUYECKUX ONEPATOPOB, NOJAUYEPKUBAKOT CIIO-
COOHOCTBh KPOCCOBEpa M MHBEPCUU K II100aJIbHOMY MOMCKY, B TO BpeMs KaK My-
TalUI0 OTOKIECTBISIOT CO CPEACTBAMU JIOKAJIBHOM HACTPOMKH pPELICHUS, OTBO-
I eit poHOBYIO poJib. Takoe pacnpeneneHue posieil NpecTaBiIsieTcss CIOPHBIM,
TaK Kak MyTalus MOXKET MOPOAUTh MOTOMKA JAJIEKO 3a Mpe/ielaMU JTOKaJIbHOIO
IKCTPEMYMA, B KOTOPOW HAXOAUTCS POAMTENb, C IPYrOll CTOPOHBI, KPOCCOBED,
IPOBEJCHHBIN HaJ raMeTaMu POAUTENEH, PACIIONOKEHHBIX B OOIIEM SKCTPEMY-
M€, HaBEepHsKa MOPOJUT MOTOMKOB B 3TOM k€ AKCTpeMyMme. BaxkHo apyroe —
HU KPOCCOBEP, HU MyTalysl HE ONIUPAIOTCS B IPOLIECCE TEHEPUPOBAHUS IOTOMKA
Ha 3HAHUE JOKAJIBHOTO peibeda MOBEPXHOCTU IiesieBoM (QyHKuuu. B 3TOM
CMBICIIE UX MOKHO CUUTATh TJI00abHBIMHU.

1.3. MpenmyuwiecTBeHHOE NpPaBoO Pa3MHOXEHUA CUSNTbHEeNLLNX

Ctuiib MBIIIUICHUS, TPUHATHIA B OUOJOTHUH, CUIBLHO OTJIUYAETCA OT TEXHU-
YeCKOro MBIIIJICHUs. B Onojiornn mepuaiiiied equHUIIEH, 3HAYUNMOM B SBOJIIO-
IIMOHHOM CMBICJI€ U 3aCTY>KUBAIOIE BHUMAHMUSI, BHICTYNAET MOMYJISALMS, a HE
ornenbHass 0co0b. O TOM, HACKOJIBKO TOMYJISALMS agalTHpPOBaHA K Cpeje, Ha-
CKOJIbKO 0JIaromoJIyqYHO OHA Pa3BUBACTCS, CYST MO JTUHAMUKE €€ YUCIEHHOCTH.
He cronws mHTEpecHO, cTaau Ju pora y ojieHed BETBHCTEE, BaXKHO, YTOOBI IIPH-
POCT YHCJICHHOCTH CTaaa ObUT MOJOXKUTENbHBIM. Koagguyuenm pazmHoscenus,
YCPEIHEHHBIN IO MOMYJISAINU, PACCMAaTPUBACTCS KaK €IUHCTBEHHBIA U YHUBEP-
CaJIbHBIM KPUTEPUM MPHUCIOCOOJCHHOCTH MOMYJISIUA K YCIOBUSIM OOWTaHUS
[5].

C apyroit cTOpoHbl, UHAUBHUIyaIbHAS MPUCTIOCOOIEHHOCTh 0COOU OKa3bIBa-
€T MpsSMOEe BIUSHHE Ha Oyayiiee monyiasnuu. Yem Oosble MOTOMKOB JaHHOM
0COOU JIOKHUBET JI0 PEMPOAYKTHBHOIO BO3pacTa, T€M OOJIbIIIEEe YMCIO YJICHOB
MoNyJIAUU OyayIiero mokojieHus OyaeT Hectw ee aymienu. «IIpucrmocobien-
HOCTh, paccMaTpvBaeMasi KaKk Mepa BJIMSHUS T€HOTUIA Ha Oyayliee, — MUIIET
Xommaaa B [1], — mpencraBisieT Waeo, MOJE3HYIO BO BCEM CIIEKTpe MpodieM
ajganTanuu. Xopouui crnocod paccMOTPETh 3Ty UJIC0 B 0ojiee MIMPOKOM KOH-
TEKCTE, 9TO pacCMaTpuBaTh TECTUPOBAHWE T'€HOTHIIOB KaK MpOIEaypy (opmu-
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poBaHHs BBIOOPOK (0[] 6b100pKou — Sample — XomnaHg moapa3yMeBaeT Te-
Kymyto nomyisiuuio — Ilpum.asT.). [IpocTpancTBo BBIOOPOK B 3TOM ciyyae
npejcTaBisieT co0oil Habop BCEX T'€HOTHUIOB O, a pe3ysbTaTOM OIICHUBAHMS
KaXJ0H CTPYKTYpbl CTAHOBHUTCSI IMPHUCIOCOOJIEHHOCTh g COOTBETCTBYIOIIETO
¢denotuna. OOWMK BONMPOC, CBSI3aHHBIN C MPUCIIOCOOJEHHOCThIO, 3BYUUT TakK:
«B xakoii crenenn oneHka Pe(SA) Kakoit-mubo cTpykTypbl AL oka3biBaeT

BIIUSIHUE WJIM U3MEHAET TulaH T GopMHUpOBaHUS HOBOM BBIOOpKH?» OTisiabiBa-
ACh Ha3aJ CKOpee YEM BIEPE, Mbl CTAIKUBAEMCS C APYTMM B3aUMOCBSI3aHHBIM
BonpocoM: «Kak ucTOpusi pe3yabTaTOB TECTHUPOBAHUS MPEIBIAYIIMX BBIOOPOK
OKa3bIBAET BJIMSHUE HA TEKYIIUH IJIaH GOopMUpPOBaHUs HOBBIX ?» OTBETHI HA 3TU
BOIIPOCHI YXOJIST JAJIEKO K ONMPECICHUIO TOTO, YTO COCTABIISIET OCHOBY JIFOOOTO
aJanTUBHOTO IMPOLECCA.)

«MpI yxe BUAEIU, — NMpoAO0JDKAeT XOJUIaHJ, — YTO OTBET HA NEPBBIA BO-
MPOC, UTO KACAETCs TEHETUYECKUX CUCTEM, COCTOUT B TOM, UTO OY/yIllee BIIHS-
HUE Kaxaou ocobu AL npsiMo mponoOpIHMOHATIBLHO OIEHKE MPUCIOCO0JICH-

HocTH He(g). BooOiiie, 310 oTHOIIEHHE HE 00sI3aTeIbHO — CYIIIECTBYET MHOT'O

MPU3HAHHBIX TPOLEAYp NIl ONTHUMH3AIMK, MATEMAaTUYE€CKOTr0 OOy4eHHs U JIp.,
I7Ie OTHOLIEHUE MEXAY OLIEHKON KayecTBa M OyAYUIMMHU CTPYKTYpamH JOBOJb-
HO Jipyroe. TeM HE MEHee, 80CHPOU3B0OCMBO 8 NPONOPYUU K OOCMUSHYIMOM)
Kayecmey SIBIISIETCA BaXXHOW HJeed, KOTopas MOXKET ObITh 0000IlIeHa C TeM,
4YTOOBI CIeNaTh MJIaHbl POPMUPOBAHUS BBIOOPOK — penpooyKmugHble NiaHbl —
NPUMEHUMBIMH K JIF0O00H 3a/1aye aganTaiuu. ..»

Takum 00pa3om, Kak Mbl BUTUM, OTIUYUTEIILHON YEPTON PENpOayKTUBHBIX
m1aHoB XOJUTaHAa SIBISIETCS MpaBo Oojiee MPUCIOCOOJEHHBIX JaTh OoJiblliee
KOJIMYECTBO MIOTOMKOB.

Jliobonvimno, HO npu ycroeuu HeU3MeHHOU YUCTEHHOCMU NONyaayuu (a 6
KOMNbIOMEPHOM MOOEIUPOBAHUU IEONIOYUU IO VCILOBUE HEBOIMONCHO USHOPU-
poeams) npuMeHeHue NPUHYUNA HPeUMYUeCMBEHHO20 PA3ZMHONCEeHUs bolee
NPUCNOCOONEHHBIX NPUBOOUN K HECKOJIbKO HEONCUOAHHOM) pe3yibmamy — 8
RONYAYUU PASMHONCAIOMCA KAK Obl He camu ocobu, a cenvl. I1o cywecmay, amo
9KBUBANICHIMHO NOHUNCEHUIO YPOBHS DACCMOMPEHUS CUCMEMbL. Mbl ONepupyem
He ocobamu, a ceHamu. I'envl bopromces Opye ¢ Opy2om 3a BbIHCUBAHUE, CUTbHbBLE
BbIMECHSIOM U3 2eHOPOHOA NONYIAYUU CIADBIX.

[IpocToil penpoayKTUBHBIN IUIaH BKJIFOYAET JBE MMOBTOPSIOIIMECS MPOLEAY-
pbl. B TeueHnue nepBoi M3 HUX JOTOJHUTEIbHBIE KOMUU HEKOTOPBIX 0COOEi,
00JaJa0MX MPUCIIOCOOIEHHOCTHIO BBIIIE CPEIHEr0 MO MOIMYJSIUUU YPOBHS,
no0aBistoTes K Tekymeit momymsuuu (J3(t), B TO BpeMs Kak HEKOTOpBIE 0COOH C

HU3KOW MPUCTIOCOOIEHHOCTHIO IIIMMUHUPYIOTCS. bojee TouHO, Kaxkaas ocoOb
MOJYy4YaeT BO3MOXKHOCTh CTaTh POJUTENIEM C BEPOSITHOCTHIO, MPOMOPIIMOHAI b-
HOU ee mpucnocoOJeHHOCTU. B TeueHue BTOpOH mMporeaypbl T'€HETUYECKUE
OmepaTopbl BO3JIEUCTBYIOT HA T€HOTUIIBI IOTOMKOB, MOJIUPUIIUPYST HAOOPHI a-
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Jeneld Tak, 4ToObl MCKIIOYUTh UACHTUYHOCTh NMOTOMKOB M poauteneil. B pe-
3yabTaTe MmojydaeTcs Hoas momymsius J3(t+1). [Ipornecc urepatuBHO MOBTO-
psieTcs, TeHEpUPYS TOCIEeI0BATEIIBHOCTD MTOKOJICHUI T€HOTHUIIOB.

3aMeTHM, YTO B KOHTEKCTE BBIIIECKA3aHHOTO MOIYJISAIUS UMEET TaKoe XKe
OTHOIIICHHUE K TPOIIECCy aJanTalyy, KaK MOHITHE COCTOSIHUS K 3aKoHaM (hu3u-
KA WIA TIepeaTOYHON (DYHKIIMU K TEOPHHM aBTOMATOB. 3HAHWE COCTaBa TEKY-
el TOMYJISIIIMKA MO3BOJISIET ONPEACITUTh CTPYKTYPY CIEAYIONIETO MOKOJICHUS,
He oOpamasce K npeapiaymeMy. OO000IIEeHHBIM OIepaTopoM, BBITIOTHSIIOIIUM
npeobpaszoBanue J3(t) B JB(t+1) u sBusercs penpoxykTuBHbIA miaH T. Monu-

buupys TeHOTHUIBI TEHETUYECKUMU orepaTopamu W[ B paMkax BO3MOKHO-
CTEN, OTPAaHUYEHHBIX CTPYKTYPOU O, pENPOAYKTUBHBIN IUIAH T€HEPUPYET HOBBIE
ocobu, Oosiee mpucnocodennbie k cpene E. O6o3naumB uepes | ()= Uz(41)
PEaKIHI0 Cpelbl, MPOTUBOCTOSIIEH AJAllTUBHOW CUCTEME, XOJUIaH[ JAeT Clie-

JIYIOIIlEe CUMBOJIMYECKOE ONPEIEIIEHUE PENPOAYKTUBHOMY ILJIaHY
Tl xa- Q (1)

I'eneTnueckue OILICpPAaTOpPkI,

3aMMCTBOBAaHHLIC U3 MHKPOOHOJIOTHH

[omynsius DeHOTHUIIBI
T€HOTHUITIOB oco0Oei
/ V4
BA 11011 Oi B
xl eee xn A
OtobpakeHue

Puc. 5. IIpeoGpazoBanue HacneacTBeHHOM nHMopmaryu B ['A
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PenpoayKTuBHbIH IJIaH X0JJIaHAA

e [Iar 1. Uaunuanu3anusi Ha4yaabHOW MOMYJISAIUN
Brectu Touky orcuera snox t=0 HMuHummanmzupoBath ciaydyailHbIM 00-
pazoM M reHOTHIIOB OcoOell U cPopMUpPOBaTh U3 HUX HAYAIBHYIO

MTOTYJISTIATO JB(0)=(A1(0),...,cAMm(0)). Brerauciuthb
npucnocobiennocts  ocobeit  momyssiuu - V(0)=(U1(0),...,um(0)), a
3aTeM—  CPEIHIOI0 PUCTIOCOOTICHHOCTD 1o MOMYJISLIHA

Ifl(0)=hZHh(0)/M-

 [llar 2. Beibop poauteneii st CKpeuuBaHus
YBennunth HOMED 3M0XU Ha enuHuLy t=t+1. Onpenenuts cirydaiiHyro
nepemeHHyto Rand, va mHoxectBe (y={1,..., M}, Ha3HAYUB BEPOSAT-
HOCTh BbImaaeHus yodoro h [0y mpomopruonansHoi My, (1) /[A(t) .
Cnenate onHO ucnbelTanue Rand; u BBIYMCIUTB pe3ynbTaT i(t), KOTO-
pBIi ompenenuT HoMep nepBoro poxutens A (t). [loBTopHEIM ncmbI-

TaHUEM ONPEAEIUTH HOMEP BTOPOTO POIUTEIIS i'(t).

» [Ilar 3. ®opMupoBaHHE T€HOTUIIA IOTOMKA
C BepostHOCTBIO P pon3BecTH Haj reHOTUIIAMU BBIOPAHHBIX POJIH-
Tesnel kpoccoBep. BeiopaTh ¢ BeposiTHOCTBIO 0,5 OHOTO U3 pe3yibTaH-
TOB U COXPaHUTH €ro Kak l(72\('[). [TocnmenoBaTenbHO NMPUMEHUTH K
1¢7Z\(t) oreparop UHBEpcUU (C BEPOATHOCTHIO P), a 3aTeM — myTtanuu

(c BeposiTHOCTBIO Ppy). [lonmydeHHBIN T€eHOTHI MOTOMKA COXPAHUTh Kak

AW).

* [llar 4. Ot60op 0coOM HA HITMMUHUPOBAHUE U 3aMEHA €€ TTOTOMKOM
C paBHo#t BepositHOCThIO 1/M  mms Bcex h [ {y onpenenuTs cityyaii-
HBIM 00pa3om Homep j(t) ocoOu B MOIMyJSINK, KOTOPYIO 3aMECTUT TI0-
ToMoK. OGHOBHTH Tekymryto nomyssinuio JB(t) myrem 3ameHsl A (1)

a A'(1).

* [Ilar 5. Onpenenenue TPUCIOCOOJIEHHOCTH MOTOMKA
Beruncauth npucnocooeHHocTh oToMka Ue( A’ (t)). O0HOBUTE 3HA-
yeHue cpeaHel npucnocodnennoctd [A(t) ¥ BeKTOp MPUCIIOCOOIEHHO-
creit V(t).

e [Ilar 6. IlepeiTu k mary 2.
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[IpuBeneHHbIE HA MOCAEAHMX JIBYX CTPAaHULAX COOOPaKEHHs SIBISIOTCA
JIOCTaTOYHO OOIIMMHU, YTOOBI HE OTPAHUYMBATH HAIly MHUIIMATUBY C OMPOOOBa-
HUEM PA3IMYHBIX CTpaTEruii 0TOOpa Ha CKPEIIMBAHUE U IIMMUHUPOBAHUE, BbI-
O0OpoM MopsiIKa U MHTEHCUBHOCTH BO3ACMCTBUS I€HETHMUECKUX ONEpaTopoB. 3a
nocyiegHue 10 et Bo BceM Mupe ObLIT BBIMOJIHEH OTPOMHBIN 00BEM HCCIEA0Ba-
HUW B 3TOM HaIpaBJICHUH, U3yUYEHbI pa3IMuHbIle KOMOMHAIIUU HYBPUCTHK, a TaK-
K€ HOBBIE MOJXO/Ibl, YCOBEPILIEHCTBYIOIIME MOUCKOBYIO CIOCOOHOCTH ['A.

IToCcKONBbKY aHAJIUTUYECKHE METOJbI MCCIECJOBAaHUS YCIOBHA M CKOPOCTH
CXOJIUMOCTH HATaJIKUBAIOTCA B 3TOM OOJIACTH Ha CEPhE3HbIC MPOOJIEMbI, ObliIa
pa3paboTaHa Ienas cucTeMa TecToBbiX 3amau (benchmark), nmpenHasHaueHHBIX
BBISIBUTh OTHOCHUTENBHYIO 3(()EKTUBHOCTh Pa3iIMYHbIX Bepcuil anroputMma. Ha
HUX e ObLTO OCYIIECTBJICHO cpaBHEHHUE ['A ¢ IpyruMH TEXHUKAMU U JOKa3aHa
YHUKaJIbHOCTh €0 CIOCOOHOCTEW JUIsl pellieHUs 3aad III00aIbHOM ONTHMHU3a-
nuy. OJTHAKO MHOTME MCCIIEOBATENId MOAYEPKUBAIOT, YTO IIPHU BCEH BHEIIHEH
npocroTe 3ambicia ['A TpeOyloT 3HAYMTENbHBIX YCWJIMA NpPH HACTPOWKE MOJ
KOHKPETHYIO 3a/1auy, JJa)ke 10 CPaBHEHUIO C OJM3KUMU UM IO AYyXY 3BOJIOLHU-
OHHBIMU METOJaMHM (TaK Ha3bIBAEMBbIMU SBOJIOLMOHHBIMH CTparerusiMu). B Ha-
CTPOMKE HYXKIAIOTCS, MPEXKIE BCEr0, BEPOATHOCTH NMPUMEHEHUSI T€HETHYECKHUX
OIEepaTOPOB, OKA3bIBAIOUIUE CYIIECTBEHHOE BIMSHUE Ha COAJIAaHCHUPOBAHHOCTD
IPOLECCOB 0TOOpa M M3MEHUMBOCTH. HekoTopble pyKOBOJACTBA PEKOMEHIYIOT
anpHOPHO BBHIOMPATh BEIMYMHBI 3TUX CTPATETMYECKUX MapaMeTpOB Ha YpOBHE
P.=0,9; P, =0,01; P,=0,1.

[To-Buaumomy, cieaoBajio Obl TOBOPUTH HE O CIIOKHOCTU NpuMeHeHus: ['A
BOOOIIIE, a 00 aIeKBaTHOCTH YPOBHEH CIOXKHOCTH ajJrOpUTMa U peliaeMou 3a-
naur. Yem mpoie 3amada, TeM OECCMBICIEHHEE CTAaHOBATCS PA3NHMYHBIE YXHUIL-
PEHHS C KOJAMPOBKOW N'€HOTHUIIOB, HACTPOMKOMN BEPOSATHOCTEM U T. II. B mpexene,
eciu 1eneBas PYHKIUS UMEET €IMHCTBEHHBIN 3KCTPEMyM B UCCIEIyeMOU 00-
nacTH, npumMeHenue ['A TepsieT BCSKMIA CMBICI, TaK KakK JI000 JOKaJIbHBINA Me-
TOJ HaijeT pernieHue ObicTpee U mpoile s Hac. C Apyrol CTOPOHBI, HEIb3S
CKa3aTh, YTO HET TAKOM 3a/Jauu, KOTOPYIO HeJb3sl ObLIO Obl HE PELIUTh C IOMO-
npio 'A. K coxaneHuto, Takux 3aiad JOCTATOYHO, U BPAJ JU KTO-HUOYIb
BO3bMET Ha ce0sl CMEJIOCTh NPECKa3aTh, KOI/1a OHU UCUEpHatoTCs.

I'ne ke mpoXOaHUT CEeroAHs rpaHuila pa3yMHOM CI0KHOCTH 3anauu? Hasep-
HOE, BCE ONPENENAETCS TEM, KAKUMHM PECypcaMy MbI pacroJyiaraéM — Iepco-
HaneHOM PC386 unu tpancnsiorepom T64000. Yacto Ha3bIBalOT Oosiee ompee-
JICHHBIM KpUTEPUW — 3a/Jadya JOJDKHA OBITh peIlleHa 3a OJHY HOYb PabOTHhI
KoMmmbioTepa ypoBHsa Pentium-100.

Kax 6b1 HU ObUTO, HA ceroAHSIIHUN JIeHb ['A peanbHO MPOJBUHYIHN BIEPE
I'PaHULIbl HAIIUX BBIYMCIUTENBHBIX BO3MOXKHOCTEHN. [IponieaypHo paboTy ogHOM
U3 €ro OBICTPO CXOIALIMXCS BEPCUN MOKHO IMPOMILTIOCTPUPOBATh OJIOK-CXEMOH,
NPECTaBICHHON Ha puc. 6.
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Kpoccosep NuBepcud
]

Beibpats BTOpYIO 0c00B U3 JR(t)
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BriOpaTh TOUKy KpoccoBepa
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Het 3
3aKaHUNBATh?

Puc. 6. PenmponyktuBHsIi I1aH Xosutanaa
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Ha nepBom a3tamne ciayyallHbIM 00pa3oM reHeprupyeM UCXOHYIO TOMYJISIINIO
OMHApHBIX XpoMocoM. JlekoaupyemM 3HA4YeHHS TEPEMEHHBIX M3 ABOMYHOTO K
BEILIECTBEHHOMY BH]Y.

[Ipn momomu MaTeMaTHYeCKON MOJENH OMpeIesseM HHJCKC MPHCIIOCO0-
JIEHHOCTH KaXKJIOTO PEIICHUS U B 3aBUCUMOCTH OT €ro BEJIUYUHBI YIIOPSI0YHBa-
€M TOMYJSIUI0. BbIYucisieM CpenHIo MO MOMYJSIUN MPUCTIOCOOJICHHOCTD.
Onupasch Ha Hee, Ha3HAUYaeM BEPOSATHOCTh, C KaKoM Kaxkaas ocoOb, oOagaro-
1asi TPUCIIOCOOJIEHHOCTHIO BBIIIE CPEIHETO YPOBHS, MOXKET CTaTh POJIUTEIIEM.
[Ipu 3TOM JJ1s1 KaXKJI0r0 POAUTENSI €CTh JBE BO3MOXKHOCTHU - JIMOO TIPOCTO OBITH
CKOITUPOBAHHBIM B CJIEYIOIIEE MOKOJIEHUE, TMOO0 MOABEPTHYTHCS BO3JACHCTBUIO
T€HETUYECKUX OMEPATOPOB B MPOIIECCE TEHEPUPOBAHUSI XPOMOCOMBI IIOTOMKA.

Jlanee olieHMBaeM MPUCIIOCOOIEHHOCTh TOTOMKA, W, JACHCTBYS aHaJOTHY-
HbIM 00pa30M, MOCTENEHHO 3aIOJIHIEM MOMYJISIUI0 CIEAYIOIIET0 MOKOJEHUS.
Uepe3 M miaroB HOBO€ TIOKOJIEHHE OKa3bIBaeTCsl CHOPMHUPOBAHHBIM. SICHO, 4UTO
MOCKOJIbKY OHO MOJIY4€HO OT JIYYIlIUX POAUTENEH, TO €ro MpucrocoOJeHHOCTh
JIOJDKHA OBITH TaKXe BBICOKOW. He BbI3BIBaeT COMHEHUM, UTO, OJIOKHPYS cl1abo
MPUCIIOCOOJICHHBIM 0COOSIM BO3MOKHOCTh CTaTh POJUTEIEM U JaTh MOTOMCTRBO,
MBI YBEJIMYMBAEM WJIM, 110 KpalHEH Mepe, HE YMEHbIIIaeM CPEHIO0 0 MOMYJIs-
[IUU MIPUCTIOCOOJIEHHOCTb.

PabGory anroputMma mpekpariaeM MpH JOCTHKCHHH TOIMYISAIUEH COCTOSHUS
ajanTanyu, UICHTU(GUIMPYEMOMY IO CTATHBAHUIO siApa MOMYJISLUKM CHavalla B
IJIOTHOE 00JIauKo, a 3aTeM - B TOUKy. KpoccoBep Kak MeXaHW3M M3MEHYMBOCTU
TepsieT B TAaKUX YCJIOBUSIX CBOIO CHIY - MPHU CKPEIIMBAHUM WJCHTUYHBIX POIU-
TeJel TOTOMOK HUYEM He OyJeT OTIIMYaThCs HU OT OJHOr0 U3 HUX. MyTtamus u
MHBEpcHsl OyAyT MO-TIPEKHEMY MOAUGUIIMPOBATH MOTOMCTBO, TECTUPYS BCE
HOBBIE M HOBBIE TOYKHM IMOMCKOBOTO MPOCTPAHCTBA, HO OE3yCIHEINIHO - Jy4YIlle
HaWJICHHOTO PEelIEHUs HET, U MOTOMKH HE CMOTYT JaXKe BTUCHYTHCS B BBIPOXK-
JIEHHOE SI/IPO.

K coxanenuro, Mbl TOYTH HUKOTAA (32 UCKIIOYEHUEM aHAJTUTUYECKH CKOH-
CTPYHMPOBAHHBIX TECTOBBIX 33/1a4) HE MOYKEM C YBEPEHHOCTBIO YTBEPKIATh, YTO
HalJIEHHOE pEIlEeHUE MPECTaBIseT co00i riaolaibHbId 3KCTpeMyM. DeHOTH-
MMAYECKOEe M TEHOTHIHUYECKOE BBIPOXKJCHHE IOMYJSIUU SBISICTCS HEOOXOIH-
MBIM, HO HE€ JIOCTaTOYHBIM MPU3HAKOM YCHEIIHOCTH Moucka. OHO TOJBKO CBU-
JI€TEIbCTBYET, YTO KAKOM—TO 3KCTPEMYM HAlJEH, HO HUYETO HE TOBOPUT O
TOM, KaKOB €ro xapaktep. TeM He MeHee, HaM He OCTaeTCs HUYEro JAPyroro, Kak
JIOBOJIbCTBOBATHCA JIOCTUTHYTBHIM PE3YJIbTaTOM. B MPOTHBHOM ciydae JIydile
MOBTOPHO 3allyCTUTh 3aJauy B HaJEeX 1€ Ha Oojee OJaronpusiTHOE pa3BUTHE CO-
OBITHI, YEM KJIaTh YyJia OT UCTOIICHHOM IMOIYJISAIIMN. DBOJIOMUS HEMOBTOPHMA
Y TIPY HOBOM COYETAaHUU CIyYalHBIX (DAKTOPOB PEIICHHE MOXKET OKa3aThcs 00-
Jiee MPUBJIEKATEIbHBIM.
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2. AICKYCCTBEHHbIE HEUPOHHBIE CETU

Cetb HEWpOHOB, 00Opa3ylolllas 4YeJIOBEUECKUU MO3r, MPEACTaBiIsieT coOoM
BbICOKOA(()EKTUBHYI0 KOMIUIEKCHYIO, CYLIECTBEHHO MapalIeNbHYI0 CHCTEMY
o0paboTtku undpopmainuu. OHa crocoOHAa OpraHU30BaTh CBOM HEUPOHBI TAKUM
o0pa3oM, 4TOOBI peaan30BaTh BOCIPHUSATHE 00pa3a, ero pacro3HaHHEe BO MHOTO
pa3 ObIcTpee, 4eM 3THU 3aJayd OyAyT pelleHbl CAMBIMU COBPEMEHHBIMU KOMIIb-
oTepaMu. Tak pacro3HaHUE 3HAKOMOTO JIMI[A MPOUCXOAUT B MO3Ie YEJIOBEKA 3a
100—120 mc, B TO BpeMsl KaKk KOMITBIOTEPY UIS ATOTO HEOOXOIUMBI MUHYTHI U
JIaXe Yachl.

Ceroansi, kak u 40 5etT Ha3aja, HECOMHEHHO TO, YTO MO3r paboTaeT Oojee
3G (HEKTUBHO U MPUHIUIUAIILHO JIPYTUM 00pa3oM, 4eM Jr00asi BHIYUCIUTENbHAS
MallnuHa, CO3[jaHHasl 4eJIOBEKOM. MIMEHHO 3TOT ()akT B T€YEHUH CTOJBKUX JIET
noOyX/IaeT ¥ HampaBisieT pabOThl YYCHBIX MO CO3/aHUIO U UCCIIEIOBAHUIO HUC-
KYCCTBEHHBIX HEMPOHHBIX CETEH.

2.1. OBonwuua B3rNA40B Ha BbICLWWYHO HEPBHYIO AeATEeJNIbHOCTb

Bomnpoc, saBiseTcs au KMBOM OpPraHu3M 4Y€M-TO BpPOJE MAalIWHBI, BIIEPBbIC
Ob1 mOAHAT (paniry3ckum Quinocopom u maremarnkom Pene Jlekaptom
(1596—1650). JlekapT >xua B epuo moabeMa MexaHuku, koraa Kertep u INa-
JUJIeH OpUCTYNWIN K pa3paboTKe ujed o IBUKEHUU HEOECHBIX Tell. Pamukanb-
HO HOBBIE B3IJIAbl HA YEJIOBEKA U BCEIEHHYIO MOTyYanu TOrAa TOJIbKO IEPBBIN
TOMYOK. J[0 3TOTO Hapuiav NMpeacTaBlIeHUs, YTO 3aKOHBI [Ipupoasl, HauMHaAsA OT
MaJICHUs] KAMHEW U 3aKaHYMBasl IBH>)KCHUEM IUIAHET, SIBJIIFOTCS HEU3MEHHBIMU U
He3blI0IeMbIMU. BceenenHas mpecTaBiisyiachk Kak MOpaXkarouuil BOOOpa)keHHe
CBOMMH MacIlTabaMH 4acOBOM MEXaHW3M, CO3JIaHHBIM W MPUBEACHHBIN B JBH-
xenue Bennkum TBopuom. Ha ObITOBOM ypOBHE 3TH MpE/ICTABIECHUS HAXOIUIH
BOIUIOILIEHWE B MEXaHMYECKHUX Oe3ZeNyllIKax, CO3/1aBaeMbIX ISl oOHuTaresneit
3aKUTOYHBIX JOMOB EBpombl. Yackl ¢ KyKylmkoW, (pOHTaHbl B aijiesix, oOJu-
BAIOIIUE ITOCETUTENIEN, CIIyYaliHO HACTYIMBIIMX HA CKPBITYIO IIPYKUHY — pas-
B€ HEJb3d ObUIO OOBSICHUTH MBICIU U JEHCTBUS YEJIOBEKA B MOXOKUX MEXaHU-
CTUYECKHX TepMHUHAX?

ITo Jlexapty, Bce NEUCTBHUS, KaK y YEJIOBEKA, TaK U y KUBOTHBIX, SIBIIIFOTCS
OTBETOM Ha COOBITUSl BHELIHEro Mupa. BHemHuil pasapaxurens Bo30yKaaer
OJIMH U3 OpPraHoB 4yBCTB. Bo30yxaeHHe nepenaercs B MO3T, KOTOPBIM Hampas-
JSIET €ro Ha COOTBETCTBYIOLIME MYCKYJbl. TakuM 00pa3oM, Bo30yKJIeHUE opra-
HOB YyBCTB IIPUBOJUT K COKPAILEHUIO MYCKYJ, TO €CTh K Pa3BUTHIO PEAKIUU HA
BHEIIHUN pa3Apa)xuTesb. DHEPrUsl pa3apakuTeis Kak Obl OTpakaeTcsi 00paTHO
HEPBHOM CHCTEMOM 4epe3 MYCKYJIbl )KMBOTHOTO. TepmuH pedrekc (0T aHrd. re-
flex — otpaxenue, oTcBeT, 0TOJIECK) OEpeT HAYal0 MMEHHO B 3THUX pacCykie-
Husx Jlekapra.
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[Iporpecc B MOHMMaHUM MEXAHU3MOB TaKMX pPEaKIUi ObUI JOCTUTHYT HE-
CKOJIbKO TIO3/IHE€ Ha OMbITaX C YXUBOTHBIMH, Y KOTOPBIX OBLT yAaJleH MO3T.
Okoisio 1750 roga moTHaHACKHN y4eHbId BUTT mokasan, 4To Takue JABUKECHUS
KOHTPOJUPYIOTCS CIIUHHBIM MO3roM. OH 0OHapyXuil, 4TO O0Oe3rIaBiICHHAs Jisi-
rylika OTAEPrUBacT HOTU OT OyJaBKH, HO €CIU YAAJIUTh Y HEee OJHOBPEMEHHO
rOJIOBHOM U CHMHHOM MO3T, OHA IIEPECTAET PEarupoBaTh Ha YKOJIBI.

JlanpHeHui TOTYOK B M3Yy4eHUU O€3yCIIOBHBIX pedIIEKCOB ObLT MOJYYEH
B0 BpeMms Dpanirysckoii Pepomoruu. [Ibep Kabanu, apyr u Bpad HEKOTOPHIX €€
JUEPOB, UCCIENOBAN, COXPAHSETCS JIM CO3HAHUE TMOCHEe TMIAbOTUHUPOBAHMS.
OH npuien K BbIBOJY, YTO HET, U YTO CYJAOPOTHU OOE3TJIaBICHHOTO Teja SIBJIs-
I0TCSI CKOopee pePIIeKTOPHBIMU JAEUCTBUSAMHU. DTH MpPayHbIE UCCIIEOBAHUS ObLIH
MPOJIOJDKEHBI HEMEIIKUM HcclieoBaTesnieM TeomopoM buiodom, KOTOpHI BbI-
MOJIHWJI CEPUI0 PKCIIEPUMEHTOB HAaJl TOJI0BaAaMU Ka3HEHHBIX MPECTymHUKOB. Jla-
e JIOCTATOYHO CUJIbHBIE BO3OYAMTENH HE MPOU3BOAMIA HUKAKOTO d(dekra B
TE€UEHHE MEPBOM MUHYTHI TTOCJIE 00E3TJIaBIMBAHMUS.

Krnaccuueckue ycinoBHbie peduieKChl MEpBbIM omucal B Hadane XX Beka
N. I1. TTaBnoB, cpa3dy ke yCMOTPEBIIMI B HUX MPOCTEHUITyI0 GHOpMy 00yueHus,
Omarosiapsi KOTOPOH acCOMUPYIOTCS JBa coObIiThA. [Ipy KilaccuyeckoM YCJoB-
HOM pediekce UCXOTHO HEe3(D(PEKTUBHBIN pa3ApaKUTENb, Ha3bIBAEMbIN YCIOB-
HBIM, TOBTOPHO COYETAETCS C BHICOKOI(P(PEKTUBHBIM pa3ApaKUTEIEM, Ha3bl-
BaeMbIM 0€3yCJIOBHbIM. BHayayie yCIOBHBIM pa3Apa’kuTelb BBI3BIBAET JIMIIb
ci1a0blil OTBET WM BOOOIIE HUKAKOTO; OE€3yCIOBHBIN pa3/ipakUTeNlb MPOBOIIH-
pyeT OypHYIO peakiuio 06e3 Kakoro Obl TO HU OBLIO MPEABAPUTEILHOTO 00y4Ye-
Hus. B pesynbraTe BIpaOOTKM YCIOBHOTO pediiekca YCIOBHBINA pa3ipakKuTellb
MpUOOpPETaeT CIIOCOOHOCTh BBI3BIBATH JUOO CUIIBHBIN, TMO0 HOBBIM OTBET. JlJis
TOTO, 4TOOBI 00pa3oBaIach YCIOBHAs CBS3b, TO €CTh MPOU3OILIO O0yUeHHUE, yc-
JIOBHBIN pa3fipaxxuTesb JOJDKEH KOPPEIUpoBaTh C 0€3yCIOBHBIM, MPEAIIECTBYS
€My Ha HEKOTOPBIM KPUTHUUYECKUMN IPOMEKYTOK BPEMEHHU.

Jlo Hauana TEKyIIero CTOJETUs OOJIBIIMHCTBO HEUPO(PHU3HOJIOTrOB BEPUIIO,
YTO MapuipyT peduiekca MposieraeT Yepe3 CYIIeCTBEHHO HENMPEpPHIBHBIE HUTH
HepBHOM TKaHU. [loHSATHE cuHamca, eI MEXKIYy HEUpOHaMu, MOCPEACTBOM
KOTOPOM OHM JIOJ>KHBI B3aWMOJICHCTBOBATh, SABIISIETCS CPABHUTEIBHO HOBBIM.
HccnenoBanusi, ycTaHABIMBAIOIIME HAJMYWE CUHAICA U €ro POJib B HEPBHOM
aKTUBHOCTH, OBLIM BBIMIOJHEHBI Ha pyOeke BEKOB aHMVIMHCKUM (DU3HUOJIOTOM
capom Yapinb3om Illeppunrronom (1857—1952). Pabora Illeppunrrona 3arpa-
rBajia TIOBEJICHUECKUI YPOBEHb, a HE AekTpodusuonorunueckuii. Tem He me-
Hee, U3 aHaliu3a peIeKTOPHBIX JACHUCTBUM COOaK, KOIIEK M 00€3bSH OH CyMel
pasrajiaThb OCHOBHBIE MIPUHITUIIBI PAOOTHI CHHATICA.

K mnepBbIM MOMBITKAM PACKPBITH CEKPETHl aHATOMUYECKOW OpraHu3aluu
Mo3ra MOXHO oTHecTH uccienoBanus Cantesaro Pamon-u-Kaxans (1911). [pu-
MEHHUB METOJI OKpPACKH HEHPOHOB COIsIMU cepedpa, paspaborannbiii paHee Ka-
musuio [Nonbmxu (cepedbpo n3dupaTeabHO MPOHUKAET B HEHPOHBI, HO HE MPOTMH-
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ThIBA€T JApPYrHe KIEeTKu Mo3ra), Kaxanb yBuIeda, 4YTO MO3I UMEET KJIETOUYHYIO
apxuTekTypy. Kpome HEHpOHOB B cOCTaB MO3ra BXOJAT Pa3HOOOpa3HbIE TIIH-
aJbHBIE KJIETKU, BBITIOIHSIONINE OMOPHbIE (DYHKIIMU U YYacCTBYIOIIHUE B penapa-
LIMOHHBIX TNpoleccax. Kaxanp onucan HEHPOHBI KaK MOJSPU30BAHHBIE KIIETKH,
KOTOPBI€ MOJIy4alOT CUTHAJIBI CUJILHO Pa3BETBIECHHBIMU OTPOCTKaMU, MOJTYYHB-
IMMH Ha3BaHHWE JIEHIPHUTOB, a TMOCHUIAIOT WH(GOPMAIIMIO HEPA3BETBICHHBIMU
OTPOCTKAMH, Ha3BaHHBIMU aKCOHAMH (CM. pHC. 7).

Puc. 7. AncaMO1b HEPBHBIX KJIETOK I'0OJIOBHOTO MO3Tra YeJI0BEKa

OxkpammBanue 1no ['oapku MO3BOJUIIO BBISIBUTH OTPOMHOE pasHOOOpas3ue
HEHPOHOB 10 (hopMe Temna, pa3BETBICHHOCTH JACHAPUTHOMN YacTH U JJIMHE aKCO-
Ha. Kaxanp BBIABUI pazinuus MEXAY KJIETKAMU ¢ KOPOTKUMH aKCOHaMH, B3au-
MOJICUCTBYIOIIMMU C COCEIHUMHU HEUPOHAMHU, U KIIETKAMHU C JJIMHHBIMU aKCO-
HaMH, IPOCUUPYIOINIMMHUCS B JIPYTHE YYACTKU MO3Ta.

HecMoTpst Ha paznuuusi B CTPOCHHUH, BCE HEUPOHBI MPOBOJAT MH(OPMAIIUIO
onuHakoBo. MHbopmanus nepegaercs mo akCoHaM B BHUJIE KOPOTKUX DJIEKTPHU-
YECKMX UMITYJIbCOB, TaK HA3bIBAEMbBIX MOTEHIMAIOB ACHCTBUS, aMILUIUTYyJa KO-
TOpbIX cocTtaBisieT okosno 100 mMB, a mmmrensHoCTh 1 MC. BO3HUKHOBEHHE MM-
MyJIbCOB CBSA3BIBAIOT C ABUYKEHHEM IOJIOKUTEIBHO 3aPSKEHHBIX MOHOB HATPUS
yepe3 IMOBEPXHOCTHYIO KJIETOYHYHO MeMOpaHy W3 BHEKJIETOYHON KUJKOCTH
BHYTpPb KIIETKH, B €€ LIUTOILIa3My.

Konuentpanus HaTpusi B MEXKIETOUHOM MPOCTpaHCTBE mpuMepHO B 10 pa3
0O0JIbIIIE €r0 BHYTPUKIETOUYHON KOHIIEHTpaluu. B cOCTOSTHUYU MOKOS MOIIEPKH-
BaeTCsl TpaHCMEMOpaHHasi Pa3HOCTh MOTeHIUaNoB okoio —7/0 mB. Ilpu stom
MOHBI HATpUs MPOHUKAIOT B KIETKY MEUIEHHO, TaK Kak JOCTYI TyJa IJisi HUX
OrpaHUYeH cBoMcTBaMH MeMOpaHbl. Du3nyeckas WM XUMHYECKas CTUMYJIS-
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s, IETOSPU3YIONIasi MEMOpaHy, YBEIMUYUBAECT €€ MPOHUIIAEMOCTD JJIsi HOHOB
HaTpus. [IoTOK HaTpus BHYTpb KIIETKH €Ille CHJIbHEE IEMOJIApU3yeT MeMOpaHy,
nenasi ee Bce 00J1ee IPOHUIIAEMON.

Korpa mocturaercsi HEKOTOPOE€ KPUTHUECKOE 3HAYEHUE MOTEHIMasa, Ha3bl-
BaeMO€ IOPOTOBBIM, MOJIOKHUTENbHAsI 00paTHas CBA3b MPUBOIAUT K pereHepa-
TUBHBIM CJIBUT'aM, B PE3YJIbTaT€ KOTOPBIX 3HAK PA3HOCTH MMOTEHIMAIOB U3MEHS-
€TCS Ha MPOTUBOIIOJIOKHBINA, TO €CTh BHYTPEHHEE CONEPKUMOE KIIETKH CTAHO-
BUTCS 3apsDKEHHBIM IOJIOXKUTENIBHO 10 OTHOLIEHHIO K BHeEIHeW cpene. [lpu-
OMM3uTeNbHO Yepe3 1 MC MpOHMIAeMOCTh MeMOpaHbl ISl HATpus MagaeT H
TPaHCMEMOpPAHHBII MOTEHIIMAJ BO3BPAILA€TCsl K CBOEMY 3HAUEHHUIO B COCTOS-
Huu nokos —/0 mB. Ilocne kaxaoro takoro “B3pbiBa”’ HEUPOH OCTAETCA HA HeE-
CKOJIbKO MUJIJTUCEKYH]I pepaKTHBIM, TO €CTh HaTpUeBasi MPOHUIIAEMOCTh MEM-
OpaHbl B 3TOT MEPUOJ, HE MOXKET U3MEHSITHCSI. DTO KIAAET MpeJed 4acToTe re-
Hepaluu uMIyJbcoB — He 0osee 200 pa3 B CEKyHIy.

XOTs aKCOHBI M MOXO0KHU HA MPOBOJA, UMITYJIbChl OHU MPOBOJAT MHaue. Ux
KaOeJbHbIE XapaKTEPUCTHUKU HEBAXKHbIE: COMPOTUBICHUE BJIOJIb OCHU CIUIIKOM
BEJIMKO, 2 MEMOPAHHOE CONPOTUBIEHUE CIMIIKOM Majo. [lonoxurenbHblil 3a-
psia paccenBaetcs yxe depe3 1—2 mMMm. UToObl npeoiosieBaTh paccTOSHUS, CO-
CTaBJISIFOIIME MHOTAA HECKOJBKO CAaHTUMETPOB, UMITYJIbCHI JIOJKHBI pereHepu-
poBatbcsi. HeoOX0onMMOCTh MOBTOPHO YCHJIMBATh TOK OIPAaHUYMBAET MaKCH-
MaJIbHYI0 CKOpPOCTb PacHpOCTPAaHEHUS HEPBHOTO MMITyJIbca IO akcoHy no 100
Mm/c.

CBsi3u MeXy HEMpOHAMHU OMOCPENYIOTCA XUMHUUYECKUMU MepeaaTunKaMu —
HEUPOMEANATOPAMHU — BBIACISIOMIMMUCS U3 OKOHYAHUKA OTPOCTKOB HEWPOHOB
B cuHarcax. Korjga nmoreHuuan IeMcTBUs JOCTUTAeT OKOHYAHUSI aKCOHA, MOJIe-
KyJbl MEAMATOPA BBIXOJAT U3 BHYTPUKJIETOUHBIX MAJICHBKHUX IMY3BIPHKOB, /€
OHM XPAHATCS, B CHHANTUYECKYIO IIE€JIb — MPOCTPAHCTBO MMPHUHON 20 HM Me-
KAy MEMOpaHaMH MPECUHANTUYECKOW M TMOCTCHHANTHYecKol kietok. Korma
BO30Y)KJIEHUE JOCTHraeT IWKa, HAYMHAETCS KOOPJIWHHUPOBAHHOE BBIACIICHUE
MOJIEKYJI HEHPOMEIUATOPA.

BricBoOOIMBIIIMECS MOJIEKYJBl HEHPOMENIUATOPA CBA3BIBAIOTCS C PELENTO-
paMH B MOCTCUHANTUYECKON MeMOpaHe, YTO U3MEHSET €€ MPOHULAeMOCTh. D(-
ekt OyaeT BO30YXIalOIIKUM, €CIIM U3MEHEHHE 3apsja MpuoiImxaer MeMOpaH-
HBIJ MOTEHLIMAJ K IOpOory reHepupoBaHusi ummyibca. Ecnu xe memOpana cra-
OWJIM3UPYETCS Ha ypOBHE MOTEHIMaNa NOKOs, 3PdeKT OyAeT TOPMO3HBIM.

Kaxxaplii cMHAIIC JaeT JUITh He3HAUYNTEIbHBIN A()(PEeKT Ha aKTUBHOCTH aKCO-
Ha HeipoHa. UToObl yCTaHOBUJIACH MHTEHCUBHOCThH BBIXOJA, KaXJbli HEHPOH
JIOJKEH HenpepbIBHO MHTErpupoBaTh 10 1000 cuHanTU4eCKUX BXOJIOB.

Eme B Hauane Beka Helipodu3nonoraM crajia siCHa UCKIIOYUTENHHO BakKHAs
poJIb cUHANCcoB B 00ydyeHuu. CUrHaibl MO3ra, MpoXoAsl Yepe3 HUX, MOTYT B pa3-
HOI CTENneHW YCUJIMBAThCA WM ociadnsaThes. OOpamiaer Ha ce0s BHUMAHUE U
Takoil (akT. Mo3r HOBOPOXKIEHHOTO M MO3I B3pOCIOr0 YeJIOBEKa COAEpKaT
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IIPUMEPHO OJMHAKOBOE KOJIMYECTBO HEMPOHOB. HO TOIBKO MO3r B3poOCioro ye-
JIOBEKA OTJIMYACTCS YNOPSAOUYEHHOCTHI) MEXHEUPOHHBIX CUHANTUYECKUX CBSI-
3eil. [lo-BuanmMomy, o0ydeHre Mo3ra U €CTh MPOIECC U3MEHEHHS apXUTEKTYpPbl
HEUPOHHOM CETH, COITPOBOXKIAEMbIN HACTPOMKON CHHAIICOB.

2.2. CtaHoBneHue n passutue MHC

Hanbonee emxum mpeacrasisiercst chenytomiee omnpenenenne MHC kak
aJalTUBHOM MaIlIMHEI, JaHHOE B [6]:

Hckyccmeennasa HeUpoHHAA cemb — 3MO CYWECMBEEHHO napai-
JIEIbHO paCnpeoeieHHbIll npoyeccop, KOmopblil obaadaem cnocoOHO-
CMbI0 K COXPAHEeHUIo U penpezenmayuu onvimuo2o 3Hanus. Ona cxooHa
C M0O320M 8 08YX ACNEKMAXx:

1. 3nanue npuobpemaemcs cemwio 8 npoyecce 00y4eHus,
2. Jlna coxpanenusi 3HAHUS UCNOIL3VIOMCA CUTbL MENCHEUPOHHBIX CO-
eOUuHeHUll, Ha3blaeMble MAaKHCe CUHANMUYECKUMU BECAMU.

Uctopus UHC naunnaercs B 1943, korna Makkamnok u I[Iutre npenmoxu-
JU MOJIEIb «IOPOTOBOTO JIOTHYECKOTO HEMpOHa» M TOKa3aliM, 4YTO JrobOas
GbyHKIMSA, KOTOpask MOXKET ObITh BBIUYMCIIEHA HA 3JEKTPOHHO-BBIYUCIUTEIHHOMN
MaIlliHEe, MOKET OBITh TaK)Ke BBHIYMCIICHA CEThI0 HEHpPOHOB [7]. CurHamsl X;, mo-
CTyMNarolllie Ha BXOJ HEHPOHA, YMHOXXAIOTCS Ha BECOBblE KOA(DPUIMEHTHI W,
(cuHanThueckue Beca). Jlanee oHU CyMMUPYIOTCS, U PE3YJIbTHPYIOMIUA CUTHA,

CI[BI/IHYTBIﬁ Ha BCIIMYHMHY CMCUICHUA Wo
n

=1
MOJAETCsl Ha BXOJ1 0JI0KA, pEaIu3yIolero akTUBAIIMOHHYIO (DYHKIIMIO HEUPOHA.

X, @ @ s f L
x—w)

Puc. 8. Mouenb HeilpoHa

TpaauuroOHHO aKTHUBAaUMOHHAs (PYHKIUS MMEET CTYNEHYaThlid BUI, TO €CThb
CUI'HQJ Ha BBIXOJE HEHPOHA Y MOSBIAETCA JUUIb TOIAA, KOrga CyMMapHOE
BXOJHOE BO3JICHCTBUE MPEBBIIIAET HEKOTOPOE KPUTHUECKOE 3HAUEHUE.
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JMHCHHAsA a CUMMETpUYHAs
a, eCIM 5> a | )
N
(s) = ~a<s< = o
J()=1 s, ecmt —a<s<a  f(s) o f(s):e°

—a, eCIIN §<—a

Puc. 9. Tunel akTUBalIMOHHBIX (PYHKUINN HEHPOHOB

Xe00 [8], n3ydas KJIETOUYHbIE MEXAHU3MBI IESITEIbHOCTH MO3ra, ChOpMyIu-
poBajl MpaBWJIO OOYYEHHs, KOTOPOE YBEJIWYMBACT CUILy CBSA3M MEXIy Npe- U
NOCTCUHANTUYECKUM HEWPOHAMH, €CIIM aKTUBHOCTh OOOMX COBIIQJaeT BO Bpe-
MEHHU.

Hpyras koHuenuus oO0y4eHus B paMKax Oojiee pa3BUTON apXUTEKTYphl ce-
TH, Ha3BaHHOW MEpLENTPOHOM, ObljIa MPEUI0KEHA U YCIIEIIHO NMPUMEHEHa IS
MOJIETMPOBaHUs pabOThI 3pUTENBbHOTO TpakTa PozenOnaTToM [9].

B cBoeii camoii mpocTOi BEpCHH MHOTOCIIONHBIN mepuentpon (cm. puc. 10)
IIPECTaBIIACT COOOW CETh C OAHUM BXOJHBIM, OAHUM BBIXOJHBIM U OJHUM WJIH
0osiee BHYTPEHHUMU WJIM, KaK TOBOPST, CKPBITHIMU CJIOSMU HelpoHOoB. OOmieit
4YepTol ISl BCEX MHOTOCIOMHBIX MEPLENTPOHOB SBISIETCS MPSMOHAIPABICH-
HOCTb CETH, XapakTepusylollascs nepegadyeid MHPOpMalUud OT BXOJHOTO CIIOS
yepe3 K CKpBITBIX CII0EB K BBIXOAHOMY CJIOK0. B cTaHIapTHOM TOMOJIOTHH, y3€l

| B cioe K, (k=1,...,K+1) coemunsercss mocpeiacTBOM BECOB Wig ) co Bcemn ] y3-
ngamu nipensiayiiero cinost k—1. 3aeck k=0 u k=K+1 0603Hauar0T, COOTBETCTBEH-
HO, BXOJIHOM U BBIXOJHOM CJIOM.

Y,

@
BXOTHOM —_— BBIXOJHOU

CJION CKPBITHIC CIION cJIomn

Puc. 10. Cxema npsimonanpasieHHo# cinoiiHoit UHC
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MoauduiimpoBaHHble BEPCUU MOTYT UMETh MPSIMbBIE CBSI3U MEXITY HECMEXK-
HBIMH CJIOSIMH, CBSA3U B IIPEJEax OJHOTO CJIO0S, XaOTUYHBIE CBA3U MEKY CIOS-
MH BMECTO PETYJISPHBIX.

BxonHoU cno# mnepuenTpoHa CIYXKHWT JIMIIb UL IPUEMA U PETPAHCIALMA
BXOJIHBIX CUTHAJIOB HAa HEHPOHBI CKPBITOTO CJOSl. B CKPBITBIX CIOSX MPOUCXO-
JUT OCHOBHOE HEJIMHEWHOe TpeoOpa3zoBaHue WH(OOPMAIIUHU, a BBIXOJHOM CIOM
OCYILIECTBIISIET CYNEPHO3ULIMIO B3BEUICHHBIX CUTHAJIIOB MOCJIEIHETO U3 CKPBITHIX
cioeB. B kauecTBe HEMMHEHHOCTH Y3JIbl CKPBITOTO CIOSI UCHONB3YIOT audde-
PEHLUPYEMBIE CUTMOUIATILHBIE (PYHKIIUU

f(s)=— T €)
l+e

[Tox oOyueHuem meprienTpoHa MOHUMAIOT 1IeJICHAIIPABICHHBIN MPOIECC U3-
MEHEHHUSI 3HAYCHUN BECOB MEXKCJIOMHBIX CUHANTUYECKUX CBSI3€H, UTEPATUBHO
MOBTOPSAEMBIN JI0 T€X TMOp, MOKa CeTh HE MPUOOpETET HEOOXOAMMbIE CBOWMCTBA.
B ocHOBe 00y4eHUs JISKUT MCIOJIb30BAHUE TPEHUPOBOUHBIX JTAHHBIX, 0OHEIU-
HCHHBIX B I1a0JIOHBI (cM. puc. 11).

IR

=

OmmoKa

CETH

Q

=3

g=1

¥

Meton
o0yueHus

”

Y,-D,

Puc. 11. Korrponupyemoe o6ydernne MHC
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Kaxnprii mabnoH <X,D> BKJIFOYAET B Ce0Sl BEKTOpP H3BECTHBIX BXOJHBIX

curHaioB cetn X = (X, X,,...,X,) ¥ COOTBETCTBYIOUIMH €My BEKTOp JKeyae-

MBIX BBIXOAHBIX curHasioB D=(Di,D,,...,Dz). B mporecce oOydeHus Ha BXOJ
NHC mocnenoBaTenbHO TMOAAIOTCS JAaHHBIE M3 TPEHUPOBOYHOTO Habopa miald-

JIOHOB E:i<X , D> g = ZI_,Q}, MOCJI€ YEero BBIYMCIISIETCS OmnOKa Mexay pakTuue-
q
ckum Y = (Y,,Y,,..., Y ) ¥ 5KemaeMBIM BEIXOJAMH CETH
2
e=”Yq B Dq” ' (4)
31ech o HOpMOH ||[]I 0OBIYHO TTOHUMAIOT E€BKJIMIOBO PACCTOSIHUE MEXKY BEK-

topamu Y u D.

Jlasee, ¢ TOMOIIBIO OTMPEIECICHHOTO TPAaBWJIa WJIH aJITOPUTMA TTPOUCXOIUT
Takas MOAM(UKAIMS HACTPOCUHBIX IMapaMETPOB CETH, 4YTOOBI 3Ta OIMOKa
yMeHbIanack. [Iporecc moBTOpsSeTCs 10 TOCTHKEHHS CEThIO CIIOCOOHOCTH BHI-
MOJIHATH JKENMAeMBbIM THUI TIpeoOpa3oBaHUs «BXOA-BBIXO/A», 33JIaHHOTO B HESIB-
HOM BHJIE€ TPEHUPOBOYHBIM HAOOPOM I1A0JIOHOB =.

bnarogapst o0yueHuto cetb mpuOOpeTaeT CIOCOOHOCTh MPABHIIBHO pearu-
pOBaTh HE TOJBKO Ha IIAOJIOHBI, IPEABIBICHHBIE B MPOIIECCE TPEHUPOBKH, HO
TaK)K€ XOPOIIO CHPABIATHCS C APYTUMH HA0OpaMH JAaHHBIX W3 JIOMYyCTHMOTO
MIPOCTPAHCTBA BXOJIOB, KOTOpPHIE OHA HUKOIJA HE «BHUAENa» paHee. B »ToMm
cMbiciie roBopsT, uro MHC oGmamaeT cBoiicTBoM 00001meHus (generalization).

Ommbka B 0000IIIEeHNN, BCErda MMEIOIIAasl MECTO Ha BBIXOJE CETH, MMEET
nBe cocraBistonye. [lepBas n3 HUX 00yCIIOBIEHA HEIOCTATOYHBIM KAa4eCTBOM
anmpOKCUMAIMHU, BBHITIOJHAEMON CEThI0 KOHEUHBIX pa3MmepoB. Bropas — BbI-
3BaHa HEMOJHOTOW MH(GOpPMAIMH, PEABIBICHHON CETH B Mporiecce o0y4eHHS,
M3-32 OFPAHUYEHHOTO 00BbeMa 00yJaroIIe BEIOOPKH.

VY Posen6narTa cuiia MEXKCIOWHBIX CHUHANTHUYECKUX CBSA3EH HM3MEHSJIach B
3aBUCUMOCTH OT TOT'O, HACKOJIKO TOYHO BBIXOJ MEPIENTPOHA COBIAJal C BbI-
XOJIHBIM 1120JIOHOM, B COOTBETCTBHM CO CIEAYIOIIUM IpaBUiioM oOydeHus. Be-
ca cesAzell y8enruyusaomcs, eciu 8bIX0OHOU CUSHA, CQHOPMUPOBAHHBIN NPUHU-
MAoWum HetpoOHOM, CIULUKOM C1A0, U YMEHbUAIOMCSl, eCli OH CIUUUKOM 8blCO-
kuti. OTHAKO, ATO MPOCTOE MPABUIO0 MUHUMH3AIUUA OITMOKHA MTPUMEHUMO TOJb-
KO K MPSIMOHAIIPABICHHBIM CETSAM 0€3 CKPBITHIX CIIOCB.

Heckonbko nmozxe Munckuii u Ileiinept BbITOJIHUIN TITyOOKHI aHAU3 BbI-
YUCIIUTEILHON MOIITHOCTH OJHOCIOWHOTO TEPIETTPOHA.

Dddexr ux coBmectHoM KHuMru «Ilepcentponsr» [10], mpeaHa3zHaYeHHOM
BHECTH KOHCTPYKTUBHBINA BKJIAJ]] B TEOPUIO HEMPOHHBIX CETEW, OBLI i1 MHOTHX
00eCKypakKMBAIOITUM U TIPHUBEN K yTpaTe MHTEpeca K HeHpOoHHBIM ceTsiM. Kaza-
JIOCh, YTO €CJIM CETH HEe MOTYT peanu3oBarh gaxe XOR-(yHKkIm0 (Jlorndeckast
bynkiusa «ucknovaroniee MJINy», momyuuBmias ¢ jgerkoit pyku aBTopoB [10]
CTaTyC TeCTa IPH MCCIIEJOBAHUU CPABHUTEIBHOUN 3()(PEKTUBHOCTH TPEHUPOBOY-
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AJITOPUTM 00PATHOT0 PACIIPOCTPAHEHUS OIIUOKH

e [Ilar 1. Maunuanu3anusa BECOB U CMEILIEHUMN.

(k)

Beca Wigk) U CMeIlleHus: W)’ BO BCEX CJOSX 3aJal0TCs CaydyailHbIM 00pa-

30M KaK MaJ€HbKHE BEJIIMYMHbI, HAPUMED, B UHTEepBaJie OT —1 1o +1.

e [Ilar 2. IlpencraBieHwWe HOBOTO  BXOAHOTO Bekropa X U
COOTBETCTBYIOIIIETO JKEITAEMOTO BBIXOJIHOTO BekTopa D.

e [IMar 3. Ilpamoii mpoxoA: pacyeT PaKTUYECKOTO BBIXO/A.

(k)

Beruncnenune Beixona Y\’ mis i-ro y3ia B k-m ckpeitom cioe, k=1,...,K,

1 Y, B BBIXOJHOM CJIOE:

ADEE: %o + Z vvigwj(k'l) BkzL...,K), rJe Yj<0> =X,

Hg
Y, = fy o + Wf-K”)Y'(K)E
%/0 ,Zzl ] ]

3nech Hy — xomn4ecTBO y3710B B K-M CKpBITOM CJIo€.

 [llar 4. OOpaTHBIi TPOXO/I: aanTalys BECOB U TTOPOTOB.
Hcnons3oBaHue peKypCMBHOTO ajirOpuTMa, HAUMHAIOIIETOCS HA BBIXO/I-
HBIX y3JIaX U BO3BPAUIAIOLIErocsl K IEPBOMY CKPBITOMY CJIOIO:

Wt +1)=wh )+ nafN Dk =1, K +2)
s k=K+1 unen Bi(k), OMHCHIBAIOIINKA OITMOKY, U3BECTEH

6i(K ) = (Di -Y, )YI (1—Yi) U €r0 MOKHO PEKYPCUBHO IIOCYMTATh UL BCEX
APYTUX CIIy4aes:

5i(k)_ ( )Zékﬂ (k+1) k 1. K)
]

OTmeTHM, 4TO 4iIeH Yi(k)(l—Yi(k)) ABJIAETCS NIPOU3BOJHOM CUTMOUAAIb-

HOW (YHKIIMM OTHOCUTENBHO ee apryMmeHTa. Ecnu ucnonb3yercs apyras
noporoBasi (PyHKIIUSI, STOT WIEH HEOOXOAMMO H3MEHUTh. OOydaromuii
napameTp N 00bIYHO BbIOUpaeTcs B uHTepBasie oT 0 10 +1.

e [Ilar 5. [ToBTOpEHue ot miara 2.
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HBIX MPOLEAYP), UX BBIYUCIHUTEIbHBIE CIIOCOOHOCTH CIMIIKOM OTPaHUYEHBI.
Bbixoa u3 3T0oro mosokeHusi — J100aBJIE€HUE CKPBITHIX CIIOEB C HEJIWHEHHBIMU
HEHpOHAMH — OBUT U3BECTEH W TOTJA, OJHAKO HE OBLIO SICHOCTH, KaK HACTPO-
UTh BECA Y TAKOM CETH.

Hacrosmmii mporpecc ObLI JOCTUTHYT JIMIIb TOCIIE TOTO, Kak Pymenbxapr,
XuntoH u BunbesiMc B 1986 nocnegoBaTenbHO niepeoTkpbuin Anroputm O0pat-
Horo Pacmpoctpanenus ommbOku (AOP) [11, 12], BnepBbie onucannbiii BepOo-
coMm B 1974 rony [13].

YMecTHO Takke BCIIOMHUThH pabOThl HOBOCUOMPCKUX YueHbIX [14,15], Hesa-
BUCUMO U OJHOBPEMEHHO C PymenbxapToM NpeIoXKHUBIIMX OYEHb ONM3KUN K
AOP Anroputm /[BoiicTBeHHOro OYHKIMOHUPOBAHMS AJi1 OOy4YEeHUsS] HEUPOH-
Hoil ceru.Xotss AOP paccesnm meccuMu3M O BO3MOXHOCTH OOydeHUs
MHOT'OCJIOMHBIX CETEH, OH, TEM HE MEHEEe, HE CTaJl MHCTPYMEHTOM, KOTOPBIU
MO3BOJIMJI  Obl PEUIUTh KOPEHHOM BOMPOC CHHTE3a HEUPOHHBIX CeTed —
IJI00AJIBHYI0 ONTHMHU3AIMIO CTPYKTYpPhl WM MapameTpoB ceTh. MHunmanuzanus
HayaJbHBIX MApaMeTPOB CETU OCYIIECTBISETCS 3[eCh CllydyallHbIM 00pa3oM, a
caM AOP, u3BECTHBIN B CTaTUCTUKE KAaK METOJ CTOXAaCTUYECKOW anmpoKCcUMa-
IIUH, SIBJIETCS MO CBOEH CyTH He Oojiee YeM JIOKAIbHBIM METOJOM U B CHILY
ATOr0 HE rapaHTUPYeT OKOHYAHMS Mpoliecca O0ydyeHUs B TOUYKE INI0OAIBHOIO
sKcTpemyMa. BmecTe ¢ Tem, HE BBI3BIBACT COMHEHHMH, 4TO ommoOka (4),
ucnosib3yeMast st oneHku kadectBa MHC, sBnsieTcss MHOTO3KCTpeMalbHOU
GyHKIMEH mapaMeTpoB CETH, MO3TOMY JUIs MOMCKAa €6 MMHMMyMa Tpedyertcs,
COOTBETCTBEHHO, TITO0AIBHEINA METOI.

Tem He menee, ¢ nossienneM AOP uHTepec K HEMPOHHBIM CETSIM CHOBA
Bo3poauics. Henb3s urHopupoBaTh U TOT GakT, 4To K KoHIy 80-X rogoB oOiast
CUTyallls B MHpPE HAyKHM CYLIECTBEHHO M3MEHMJIACh II0 CPaBHEHHIO C
60-TeIMu — TIporpecc B pa3pabOTKe MEPCOHATBHBIX KOMIBIOTEPOB CYIIECTBEH-
HO pa3JBHHYJ TIpaHULbl YUCIEHHOIO 3KCIEPUMEHTUPOBAHMS, Hadajlach 3pa
YUCJIIEHHBIX METOJOB MOJEINpPOBaHMs. VICKyCCTBEHHbIE HEMPOHHBIE CETH CTa-
HOBSITCS. MAacCOBBIM YBJICUEHHMEM M 4€pe3 CBOMX IOKJIOHHUKOB NMPOHUKAIOT B
camble pa3Hble Hay4YHbIE JUCUUILINHBI.

[Tocnennue 10 neT 03HAMEHOBAJIUCH ABYMSI COOBITUSMU, UMEIOIIMMH OTHO-
HIEHWE K TEMe Hamero wuccienoBanusa. llepBoe W3 HUX — TNOSBIEHUE
RBF-cereii, mognaromuxcs oueHb MPOCTOW, HE COJAEpIKAIIeH peKypcuu, Ha-
ctpolike [16]. Bropoe — npumenenune ['A g TpEHUPOBKU CETH IPOU3BOJIBHON
aApXUTEKTYpPbI, COJEpXKaIlel JI0Oble KOMOMHAIIMM aKTUBAIMOHHBIX (YHKIUN
HEHWPOHOB CKpBITOTO cios [17].

bonbiioe BHHMaHME yAENSAIOCHh TAaKXKE JOKA3aTeIbCTBY YHUBEPCAIbHOCTH
HEHPOHHBIX CETeW Jisl peuieHus 3a7ad annpoKCHUMAalMi MpPOU3BOJbHON (PYyHK-
AU C 000K cTeneHbio TouHoCTH. B [18—19] 310 cnenano miis ceTeit mepien-
TPOHHOTO THUIA C CUTMOUJIAJIbHBIMUA aKTUBAIIMOHHBIMU (yHKIUAMH, B [20] —
g RBF-cereit.

34



Paccmotpum npouenypy tpenupoBku RBF-cetu (cm. Puc.12), ocymects-
JISIONIEN anmpokcuManuio GyHKIWU, 33JJaHHON B HESIBHOM BHUJE HAOOpOM I1a0-
JIOHOB, KaK OHa onucaHa B [16].

ITyctp V — KkonmmuecTBO BXOJ0B ceTH, H — KOJIUYeCcTBO HEHPOHOB CKPBITO-
O CJ105, Z — KOJIMYECTBO BHIXOJIOB CETH.

[Ipenmonoxxkum, uto pasmep Q HabOpa TPEHHUPOBOUHBIX MIAOJIOHOB = HE
CJIMIIIKOM BEJIUK U YTO IMIa0JIOHBI pa3MENIeHbl JOCTATOYHO Pa3peKEHHO B IMPO-
CTPAHCTBE BXOIHBIX CUTHAIOB ceTr X=(Xg, Xo, ..., Xv).

<

Puc. 12. Kimaccuueckas RBF-cetn

Cemv xapaxmepuszyemcsi mpemsi ocobeHHocmamu: 1) eouncmeenmwiil
CKpbIMblLl CNIOU, 2) MONbKO HEUPOHbL CKPbIMO20 CI0sL UMEIOM HeUHEUHYIO
AKMUBAYUOHHYIO YYHKYUIO, 3) cuHanmuyecKue eca 8cex HeupoHo8 CKpbl-
Mo20 C105 pasHbL eOUHUYeE.

Beenem crenyromue 0003Ha4€eHNA:
c= (cl,cz,...,c\,) — BEKTOp KOOpAMHAT LIEHTPa aKTUBALlMOHHON (YHKUUM HEH-

POHA CKPBITOTO CIIOS;

O, — WIMPUHA OKHA aKTMBAIIMOHHON (DYHKIMU |-TO HEUPOHA CKPBITOTO CIIOS;

\

i — 2/2 _Z(Xj_cj)z/oz

f x = H CH o = j=1 - - _
,C)=e e pagvalbHO-CUMMETPUYHAs aKTUBALU

OHHasl (PYHKITHS HEHPOHA CKPBITOTO CIIOS;

W — BEC CBSI3M MEXIY I-M HEHPOHOM BBIXOIHOTO CJOS M |-M HEUPOHOM CKpBI-

TOTO CIIOSI.
Cunre3 u 00y4eHHUE CETH BKJIIOYAET B ce0s TpH dTama, 00ObeIUHEHHbIE Clle-
JTYFOIIAM aJITOPUTMOM.
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Aaroputm cunre3a RBF-ceTrun

1. BeibepeM pasmep CKpbITOro ciosg H paBHBIM KOJIMYECTBY TPEHUPOBOU-
HbIX 11a06noHoB Q. CuHanTHYecKkue Beca HEHPOHOB CKPBITOTO CIIOS MpU-
MEM paBHBIMHU 1.

2. Pa3mecTrM 1EHTPBI aKTUBAIMOHHBIX (DYHKIIMI HEWPOHOB CPBITOTO CIIOA
B TOYKax MPOCTPAHCTBA BXOJHBIX CUTHAJIOB CETH, KOMOpblE 6X00m 8

Habop mpenuposounvix wadionos =: ¢; =X, ] =1L H.

3. Beibepem mupuHBI OKOH aKTUBAIMOHHBIX (YHKIHUNA HEHPOHOB CPBITOTO
ciost O, ] =L H odocmamouno GonbUIMME, HO TaK, 4TOOBI OHHM HE HaKJIa-
JIBIBAJIMCH APYT HA JIpyra B MPOCTPAHCTBE BXOJIHBIX CUTHAJIOB CETH.

4. OnpenenuM Beca HEHPOHOB BBIXOJHOTO CIIOS CETH W, I=1,Zj=1H.
JI71st 3TOTO TIPEABSIBUM CETH BECh HA0OP TPEHUPOBOYHBIX MA0JIOHOB. BhI-
X0/ 1-T0 HeMpOHa BBIXOIHOTO CJIOS JUIs P-T0 I1a0JioHa OyIeT paBeH:

Y =w f (X0 )+ w, f (X6 )+ o+, (X e )=

=w, F(X 0, X0 )+ w, £ (R, X, )+ +w, £(X X, )=D.
PacriicaB 310 ypaBHEHUE AJI BCEX BBIXOJIOB CETH M BCEX MIAOJIOHOB, TTO-
Jy4UM CJenylolee ypaBHEHHE B MaTpUIHON popme:

(5)

ow' =D, (6)
:fll . . . le :
_ofa - . T
IS P = 0 — HHTEPIOIAIMOHHAS MaTpuIa,
Ele S (1 E
fij = f(Xi,Xj),
E[Wn o Wiz E
w=p]. . . [ — MaTpwuIla BEIXOJHBIX CHHANITHYECKUX BECOB;
3"’H1 e Whz E
HDll T Dlz E
D=0 . ) . [ — MaTpHIla BEIXOJHBIX A0JIOHOB.
Ele .. Dy E
Pemenne

w' =D (7)
JaCT HaM HMCKOMBIC 3HAUYCHHA BBIXOJHBIX CHHAIITHYCCKHNX BECOB, O6€CH€-
YUBAIOIINUC IMPOXOKACHUC HHTepHOJIHL[I/IOHHOﬁ IMOBCPXHOCTH YCPEC3 TpC-
HHUPOBOYHLIC Hla6J'IOHbI B ITPOCTPAHCTBC BBIXOJIHBIX CUI'HAJIOB CCTH.

36




OmmbKa anmpoKCUMalMd B TOYKaX BXOJHOTO IMPOCTPAHCTBA, HE COBIIA-
JAIONUX C LIEHTPAaMU aKTUBAIIMOHHBIX (DYHKIIHI, 3aBUCUT OT TOTO, HACKOJBKO
yIaqyHO BBHIOpPAHBI IIMPUHBI OKOH, M aJICKBATHO JIM KOJIMYECTBO TPEHUPOBOYHBIX
1abJI0HOB CJIOKHOCTH (PYHKITMOHAIBHOTO TTPeoOpa3oBaHMUs.

K coxanenuto, mporemaypa HaCTPOWKH CHHANTHYECKUX BECOB SBJISETCS Ja-
JIEKO HE €TMHCTBEHHOM M HE MocieaHel mpobieMoii, BcTpevaromencs mpu o0y-
yeHuu cetd. Kyaa kak 0oJiee CIOXXKHBIM BOIPOCOM OCTaeTcsi (pOpMUPOBAHUE
HaOopa TPEHUPOBOYHBIX MIAOJIOHOB, AJEKBATHO OIMCHIBAIOIIETO pPacCMaTpH-
Baemoe (hyHKIIMOHaAIBHOE npeoOpazoBaHue. K 3Toi npobiaeme Ml erie BepHEM-
Csl B CJICIYIONINX pa3jeliax.

37



3. T"A+UHC = HOBAA NAPAOUIMA B YNPABJIEHUU

Krnaccuueckue mMeToqpl CMHTE3a CUCTEM yIMpaBiieHHs] 0a3UpyIOTCS HA XOPO-
IO Pa3BUTOM ammapare MHTErpo-auddepeHunasbHoro UCYUCISHUs, CO3aH-
HOM HBIOTOHOM OKOJIO TpexCOT JieT Ha3alx. HelpoHHBIE CETH NPEACTaBIISIOT
co00ll anbTEepHATUBHOE, CYIIECTBYIOIIEE BCErO HECKOJBKO JIET, HAMPABIECHUE B
TEOpUM ABTOMATHYECKOTO YMPAaBIICHHUS, MPEAJiararoniee HHOM Crocod oTpaxe-
HUS U NpeoOpa3oBaHUs JACHCTBUTEIBHOCTU, B KOTOPOM MOXHO OOHApYXKHUTh U
CXOJIHBIE, Y PA3JIMYHBIE YEPTHI C KIACCUUYECKON MapagurMou.

[IponukHoBeHue auddepeHnanbHbBIX YpaBHEHUNH B TEOPUI0 aBTOMAaTHUYe-
CKOTO peryaupoBaHus cBs3biBaioT ¢ uMmeHamu J[. K. Makcsemna (1831—1879)
u W. A. Beimmnerpaackoro (1831—1895) [21]. Jeno B TOM, 4TO ¢ MOMEHTA T1O-
ctpoenus J[. YarToM mapoBoil MamIuHBI C IIEHTPOOCKHBIM PETYIITOPOM CKOPO-
cti BpauleHus (1784) u g0 cepenrHbl BTOPOIl MOJOBHHBI MPOLUIOTO BEeKa Ka-
Kasi-mubo Teopus PEryIMpoBaHUS MPOCTO OTCyTCTBOBasa. OIHAKO, C POCTOM
MOIIIHOCTH MAPOBBIX MAIIUH YYaCTUJIMCh aBapUU, BHI3BAHHBIC TNIOXUM KaudyeCT-
BOM perynupoBaHus. M BoTr Makcsein u BelmiHerpaJackuid noutv OJJHOBPEMEH-
HO W HE3aBHCHMO APYT OT JIpyra B3sUIUCh 32 TEOPETUUYECKHUM aHAIM3 ITOU CHUC-
TeMbl. O0a HMCTHOJB30BAIA TEOPUIO MAJIbIX KOJeOaHWil, Oepyllyr Hadajao OT
KL HarpaHma*. 3anucaB ypaBHeHUd Jlarpanka sl mapoOBOM MAaIllMHBI U BbI-
pa3uB B HUX (a30BbIe TIEPEMEHHBIC Yepe3 BO3MYIIECHUSI OTHOCUTEIBHO HEKOTO-
pPBIX PAaBHOBECHBIX 3HAaueHWM, MakcBeml W BrllIHErpaackuil JTHMHEAPU30BAIN
YPaBHEHHUSI OTHOCUTEIBHO BO3MYILIECHUN Y UCCIENOBAIIN YCIOBUS YCTOMYMBOCTH
COCTOSIHUSI PAaBHOBECHS.

Tak Havasics NEpBbIN ATAll B pa3BUTUH TEOPUH aBTOMATUYECKOTO YIpaBiie-
HUs, dTall pacuBeTa KIACCHYECKUX METONOB aHaimu3a. lIpomomkancsa oH 1o-
BOJIbHO 10410 — 710 40-X TOJI0B HAaIllEro BEKa, HO B COJIEPKATEILHOM OTHOIIIE-
HUU HE OTJIMYaJCs OOJIbIIUM pasHOoOOpazueM MmoaxooB. MccnenoBanue ycTou-
YUBOCTH, & TAKXKE KAayeCTBA MEPEXOAHBIX MPOLECCOB MPOAOJIKAIU OCTaBaThCs
OCHOBHBIMH 33Jja4aMH BCETO 3TOT0 MEPHOJIA.

Tepmun «HeipoynpaBieHrey BIepBbie MOSBUIICS B paboTax Bepboca yxe B
1976 rony, onHako pematoiryto poiab Bo BHeapenun MHC B cdepy ymnpapieH-

* Xots konebaHus masTHUKA usydan eie [anuneii (1564—1642), umenno Jlarpanxk (1736—
1813) nan obiue cnocobbl cocTapneHus TUdGepeHIMaIbHBIX YPaBHEHUH Malbix kojeOaHHii BOIHN3N
paBHOBEeCHs M MpPOBEJ UX UCcleaoBaHMe. [IpyruM BelAAIOLMMCS HAyuHBIM JOCTHXKeHHeM JlarpaHxa,
MMEIOIIMM OTHOIIEHHE K Hallel Teme, cTaino GpopMyIHpoBaHUe MOHATHS COCTOSIHUSI CUCTEMBI M pa3-
paboTka amst M000# CHCTeMbl MaTepPHUANIBHBIX TOYEK METO/IOB MOCTPOCHUS OMepaTopoOB, CBS3bIBAIO-
LIUX COCTOSIHMS CUCTeMbl B MOMEHTSHI t 1 t+At. [o cyiiecTBy, OH BBEJl B HAyUHOE MbILIJICHHE TIOHITHE
JUHAMHUYECKOH CUCTEMBI, TO €CTh CUCTEMBI, 1 KOTOPOH CYLIECTBYET MOJHOE OMUCAHNE, HA3bIBAEMOE
COCTOSIHUEM, U3MEHEHHE KOTOPOTO BO BPEMEHH UM K€ ONpeaesisieTcs.
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YeCcKMX 3a7a4 chirpayin padbotel Hapenapsl ¢ coaBropamu (1989), B yactHOCTH,
[22].
Nrak, B cucremax ynpasinennss MHC Moryt npumeHsATbCS B BUAE:
* HEHWPOKOHTPOJUIEPOB;
* HEWPOIMYISATOPOB, UMUTUPYIOIIUX JHUHAMHYECKOE MOBEJCHHE OOBEKTa
YIPAaBJIECHUS B LEJIOM MM ONUCBHIBAIOLIIUX €r0 OTACIBbHBIE XapaKTEPUCTH-
KM, TPYAHO MOIAAIOIIMECS MAaTEMaTHYECKOMY MOJEIMPOBAHUIO (HAMPHU-
mep, PpuximoHHbie Y3PGEKTH U T. 11.).

[lepBoe, 4TO MBI HOMBITATUCH CIIENATh CAMOCTOSITENILHO, ObLII CUHTE3 HEM-
POKOHTpoOJIIEpa Ha 0a3e TPEXCIONHON MpsiMOHAIIpaBiieHHOU ceTu [23].

B kauectBe 00BeKTa ympaBieHHS Mbl BHIOpAIM WHEPIIHMOHHOE KOJeOaTelb-
HOE€ 3B€HO BTOPOI0 MOPSAKA C epeaaToyHon GyHKUuen Buaa

Kk

- , 8
T2s* +2Tcs+1 ®

a B KaueCTBE IIeTM YIPaBIECHUS — TOJaBICHNE KOJIeOaTeIbHOCTH 00bEKTa MPH
CTYIIEHYaTOM BXOJHOM BO3JIEWCTBUM (3HAUEHHUS MOCTOSHHBIX KOIPPUIIMEHTOB
k=1; 7=0,5; ¢=0,1 B ypaBHeHuH (8) ObLTH MOJAOOpaHBI TaK, YTOOBI KOJeOATEIb-
HbIC CBOWCTBA y OOBEKTAa OBLIM BBIPAKEHBI JOCTATOYHO OTYETIIMBO - CM.

puc. 13).
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Puc. 13. [lepexoanas xapakrepuctuka (a) u AUX (0)
TECTOBOT0 JUHAMHUUYECKOTO 00BEKTA YIpaBICHUS

Omnacasich 4pe3MEpHOro pajuKain3Ma Ha HadyaJlbHOM 3Talle MCCIIeI0BaHUI
(B cMbICIe OTKa3za OT TPaAUIMOHHBIX CXEMOTEXHUYECKUX pelIeHUu
[TN]/]-perynaTopoB), Mbl IOAQIM Ha BXOJ HEHPOKOHTPOJLIEpA CUTHAII OLITHOKH,
a TaK)K€ €ro MPOU3BOJHYI0 U MHTETpaj, HAAEACh, UTO CETh HAWIET HEKUE HEJIU-
HelHbIe KOA(POHUITUEHTHI I HUX KaK VIS CJaracMbIX.
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Puc. 14. [1epBblil ONBIT C HEUPOKOHTPOIIEPOM,
annpokcuMmupyromum kospduuuentsl [T1M/[-perynsropa

Cmpykmypa HelupoKoHmpoiepa: mpu pempaHciupyouwux y3id 60 6xo0-
HOM cll0e, Yemblpe CKPbIMbIX Y31d C CUSMOUOANbHBIMU AKMUBAYUOHHBIMU
@dyukyuasmMu u 00uH 8vixo0Hou. Ha 6xoonvie Hetiponvl nooaemcs pazHocmeo
MedHcoy 6x00HbIM 6030eticmeuem Uy U 6bIX000M 00vekma X, ee uHmezpai u
NPOU3800HAs, A HA BbIXOO0Ee cemu hopmupyemcs ynpasisauiee 8030eucm-
sue U.

B xauectBe mpouenypsl Mg TPEHUPOBKU CETU Mbl ucnonb3oBamu ['A. An-
TOPUTM OOpPAaTHOTO PACHPOCTPAHEHHUS OIIMOKH TaKXe IMOJOIIeN OBl JUIS ATOM
1enau, Ho oH Tpedyer mHPopmarmu 06 omubke Ha 3dpdexkTopnom cimoe MHC.
Jns monmydyenus Takod MHGOpMAIMKA B cCXeMe 00ydeHHs HEO0OXOIUMO Ipey-
CMOTpETh OOpaIIeHHBIH HEUPOIMYJIATOP OOBEKTa, POJIb KOTOPOTO CBOJUTCS K
mpeo0pa3oBaHUI0 OIMMOKUA HA BBIXOJE OOBEKTa B BBIXOJHOW CHUTHAJ HA BBIXOJE
HEHPOKOHTPOJIIEPA, YTO CYIIECTBEHHO YCIOXHSIET MPOIEAYPY TPEHUPOBKH.

X
> DTaJOHHAA MOIETD .
I'eneTnyeckuit e
ANTOPUTM x-
ur
» l/l I X
»| HeiipokoHTpoJuiep > AuHamueckuit >
"’ 00BEKT

Puc. 15. [Ipumenenne I'A 1i1g HaCTpOMKH mapaMeTpOB HEMPOKOHTPOJLIEpa

['eneTnyeckuil ke aaropuT™M HaACTpauBaeT MapameTpbl HEHPOKOHTpOJLIEpa
HE 10 OIHMOKEe B ympaBjieHHH U, a 10 omuOKe B BBIXOJE 00BEKTa, CPaBHUBAS
€ro ¢ BBIXOAOM 3TaJIOHHOM Mozenu. [locaeanss Bomiomaer B cede HalM mpea-
CTaBJICHHS O JKEJTaeMOM TMOBEJACHUU 00BEKTa, TO €CTh UTPAET MPUOIUZUTEIHHO
Ty € POJib, UTO U OMOJIMOTEKAa TPEHUPOBOYHBIX MIA0JIOHOB B MPOLIEYpE Tpe-
HUPOBKHU.

Ucxoanas nmonynsmust u3 100 xpoMocoM reHepupoBaiach CiydyaHbIM 00-
pazom. Kaxnprit u3 21 HaCTpOEUHBIX MAPAMETPOB CETU KOJUPOBAJICS JECATHIO
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OuTamu, TakuM oOpa3oM, XpoOMOCOMa, KOAUPYIOIIas HEUPOKOHTPOJUIEp B Iie-
JoM, mipejcTaBisia coboit 210-pa3psaHyto MocienoBaTeIbHOCTh HOJICH U e/Tu-
Hull. [Tpu ToM, 4TO nMana3oH U3MEHEHHUs KaXJA0ro U3 MmapameTpoB B MPOCTpPAH-
ctBe (1% 6B npuHAT oT —1 70 1, AecsaTupa3psaaHOe KOJAUPOBAHUE O0eCIeunBa-
JI0 TUCKPETHOCTh U3MEHEHUs napameTpa He xyxe 0,002.

[locne nekonupoBaHUsI XPOMOCOM B BEKTOpa MEPEMEHHBIX OLIEHHUBAJIACh
CIIOCOOHOCTh Ka)KJ0T0 BapHaHTa CETH CIEeA0BaTh 3TaloHHOU Mojenu. [Iposep-
Ka OCYIIECTBJISIACh MYTEM IOCJIEI0BAaTEIbHOM MOaYM Ha YNPaBISIOMIMA BXOA
HEUPOKOHTPOJUIEpA E€AUHUYHOIO MOJIOKUTEIBHOIO, HYJIEBOTO M E€JUHUYHOIO
OTPHUIIATEIBHOTO BXOJAHOTO BO3JICUCTBUS U BBIYUCIICHUS CPEIHEKBAIPATUYHON
OIIMOKH BBIXOJHOW KOOPAMHATHI 00BEKTa HA BpeMEHHOM MHTepBayie 1o 10 ce-
kyHa. [IpenBaputenbHo nepenaTouHas (QyHKIUS OOBEKTa yIpaBiIeHHs MpeoO-
pa3oBbIBaNach B CHUCTEMY OOBIKHOBEHHBIX Iu((epeHInanbHbIX ypaBHEHUN B
dbopme Ko

(X = X5
(]
X, = (- 2Tgx, — x +KU )/V/T.
HNHTterpupoBaHue CHUCTEMBI OCYIIECTBISIIOCH C MOCTOSHHBIM I1IaroM, paB-
HeIM 0,01 cex. CymmapHas omuOKa 1O BCEM TpPeM MEPEXOJHBIM IPoIleccam
MPUHUMAJIaCh B KAY€CTBE MEPhl HEYNAaUYHOCTH KOHCTPYKIIMU M MCIO0JIb30BaIach
Janee B KauyeCTBE KOJIMYECTBEHHOT'O MHJIEKCA JIJISl paHKUPOBAHUS 0COOEH B IO-
MYJISIIAN.
KpuBble nepexoHbIX MPOLECCOB AJISl TYUIIEero BapuaHTa U3 MOIYJISIUN Ha
pa3IUYHBIX dTarnax IMoucKa MpeICTaBIeHbI Ha puc. 16.
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Puc. 16. JIyumiue u3 1eMOHCTPUPYEMBIX MOMYJIALMENH HEHPOKOHTPOILIEPOB
TepeXOAHbIE TPOIECCHI HA BBIXOJE 00bEKTA YIPaBICHUS B Pa3IMYHbIE MO-
MeHTHI paboThl ['A (3a1aHre — eTMHUYHASI CTYIeHbKA): KpuBasi | — Ha-
yanbpHas nonyisamnus, 2 — nocie 2000 nmokonenut, 3 — nocie 4000 moko-
nenuit, 4 — nocne 5000 rmokoJeHui.

Kak BHIHO U3 3TOr0 pHCYHKA, IO Mepe pabOThHI aIropuTMa PEIICHHS HeTpe-
PBIBHO yiyuymaroTrcs. Bekrop mepemeHHbIX, HaineHHbIM K 5000 mokoneHwuro,
o0ecIieuynBaeT BIOJHE yIOBIETBOPUTEIHLHOE PEIICHHE TIOCTABICHHON 3a/1auHu.

Puc. 17 nmmoctpupyer noBefeHue o0ObeKTa HE TOJHLKO Ha TPEHUPOBOUYHBIX
mabJIoHax, HO W MPU MPOMEKYTOUHBIX 3HAYCHHUSAX aMIUTATYAbl BXOJHOIO 3aja-
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HUS, KOTOPOE MOJATBEPKIAET YHUBEPCAIBHOCTh ANMPOKCUMHUPYIOIIUX CBOMNCTB
HEUPOHHBIX CETEH.

2,0

Bbixoa o6bLekTa
o
=

V-
W NS
0 2 4 6 8 10

Bpewms, ¢

Puc. 17. Ilepexonnbie nporeccsl B CAY ¢ 00yueHHBIM HEUPOKOHTPOIIIIEPOM TPU aM-
IMTyAax BxoaHoro 3aganus —1, —0,5; 0; 0,5; 1 (cHu3y BBEpX)

BoonymeBuBIINCH TOCTUTHYTBIM PE3YIbTaTOM, Mbl YCIOXKHWIN 3a1ady. Ha
BXOJ KOHTpOJUIEpa CTajlu MOJaBaTh HE CUTHAJI OIIMOKH, €r0 MPOU3BOJHYIO U
MHTErpaj, a MPOCTO BBIXOJHYIO KOOPAUHATY 00BEKTa HA TEKYIIEM U MPEIbIIy-
IeM marax (eIUHOXKIbI M JIBAX/IBI 3aJICpyKaHHbIA CUTHABI - ¢M. puc. 18).

u, X
> o u A k+1
HeitpokoHnTposiep HuHamuiecknit
00BEKT
xk'l A | —
X

A=

Puc. 18. HoBas cxema opranuzamnuu oOpaTHBIX CBsi3ei 1o [22]

[loaBepraace U3MEHEHUAM W 3TaJOHHAsI MOJEIb, KOTOPYIO chopMUpoBaIH
Tenepsb kak TpeboBanue k AUX kanana ynpasienus [24]. B To Bpems kak cam
00BbekT obsagaeT AUX C OTYETIMBO BBIPAKEHHBIM PE30HAHCHBIM MHUKOM MpHU
yactote 0,32 ['1, HEMPOKOHTPOILIEP MOJKEH HAYYUThCS, C OJJHOM CTOPOHBI, OT-
paHUYMBAaTh PE30HAHCHBIC KoJeOaHUs OOBEKTa, a C JPYroil CTOPOHbI, YCUIIU-
BaTh AMIUTUTYAY BBIHYKJIEHHBIX KOJeOaHUH B Mpe- U MOCTPE30HAHCHOW obiac-
TSAX, HE BHOCS MPU 3TOM CABHUT (pa3 MEXKIY BBIXOAHBIMU M BXOJIHBIMHU KoJieOa-
HUSIMU, a TaK)Ke MOJABJIATh KoJieOaHUsI 0OBEKTa MPH YacTOTaX, MPEBBIIIAOIINX
4acToTy cpe3a xenaemor AUX (kpusas 2 Ha puc. 19).

Ha stor pa3 nns koHTposuiepa onATh OblIa BbIOpaHa TPEXCIOWHAs CETh
3-10-1, T. €. ¢ KOJIMYECTBOM HEHPOHOB B CKPBITOM ciioe paBHBIM 10. /[ ompe-
JIeJIEHUs] TIPUTOJHOCTU CETU Ha €€ BXOJ MojaBalics (PUKCHPOBAHHBIN CIEKTp
FapMOHUYECKUX KOJeOaHuil pa3nuuHoil ammmtyasl (B auanazoHe 0,1-1) c
yacrtoramu 0,16; 0,48; 0,80; 1,11 u 1,59 I'm.
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HNHurterpanpHas ommoOKa MO BCEM TECTOBBIM MEPEXOJHBIM IpoIleccaM, Mpo-
JIOJDKUTENIBHOCTh KOTOPBIX, KaK U paHee, cocTaBisuia 10 cekyHI, TPUHUMAIACh
B KQUE€CTBE MEPbl YCIEITHOCTH yIIPaBICHUS.

Pe3ynbrarsl cuHTE3a OKazanuch yaauHbiMU. KoHTposuiep, mapaMeTpbl KOTO-
poro npenctasieHbl B [Ipunoxkenun 1, cripaBisiics ¢ BO3JI0OKEHHBIMM Ha HETO
3a/layaMH.

@aktnueckass AUX HeMpOCeTeBO CUCTEMBI yIPABJICHUS NPEACTABICHA Ha
puc. 19. Ona noctpoeHa yxe Ha HENPEPBIBHOM CIIEKTPE YacTOT, BKIKOYAIOIIEM
YacTOThl TPEHUPOBOUHBIX CHUTHaNOB. [lo-BUaAMMOMY, H3-3a HEIOCTATOYHOTO
pasMepa CKpBITOTO CJiosi ceTH, cuHTe3upoBaHHas AUYX Ha ydactke 0,6—1 'l
3HAYUTENBHO OTIMYAETCS OT 3TaJoHHOW. OmHako B oOLIEM, MOJIyYEHHbIE pe-
3yJbTaThl CBUACTEIBLCTBYET, UTO CIIOCOOHOCTH CETH K OOOOIIEHUI0 MOXKET HC-
MOJIb30BAThCS U MPU CUHTE3€ HEMPOKOHTPOJIIEPA B UaCTOTHOM 001acTH.
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Puc. 19. Cunrte3upoBanHas (kpuBas 1) u xenaemasi (kpuBas 2)
AUYX cucreMsl yIpaBiICHHUs

[IpencraBieHHble TPUMEPHI YOSAUTEIBbHO JOKA3bIBAIOT CIHOCOOHOCTH KOM-
OMHALMU JIBYX HOBBIX BBIUHCIMTEIbHBIX TEXHOJOTMM — ['eHeTnueckux Anro-
put™MOB U MckycctBenHbix Heliponnbix Cereil — caMOCTOSTENBHO peIlaTh 3a-
Jlady YIpaBJIEHUs TUHAMUYECKHMM OOBEKTOM B paMKaxX 3BOJIIOLMOHHOM mapa-
nurmbl. KoHeuHO, HAaM MOTYT BO3pa3HTh, COCIABIIMCh HA TPYJHOCTH 3KCIEPH-
MEHTHPOBAHUS HEMOCPEJCTBEHHO C OOBEKTOM IPU HACTPOUKE CHHANTUYECKUX
BECOB HEWPOKOHTPOJLIEpPA, UTO BPSI JIM MBI CMOXXEM OOOUTHCH 0€3 MaTeMaTu-
4ecKol MoJien 00bEeKTa, a 3HAYUT, U 0€3 3aMMCTBOBAHUS JOCTUKEHUN HBIOTO-
HOBCKOM mapanurmel. Tem Ooiiee, 4TO MpPEACTABICHHbIE MPHUMEPHI BPOAE Obl
CBUJETENBCTBYIOT B MOJIB3Y 3TOT0 10BoAa. OQHAKO 3TO HE TaK, U B CIEAYIOIIEM
paszzene Mbl IPOJIEMOHCTPUPYEM, UTO ITH KE ABE TEXHOJOTUHU CIIOCOOHBI CaMo-
CTOSITEIbHO CUHTE3UPOBAaTh MaTEMaTHUECKYIO0 MOJIENb JMHAMUYECKOTO 00bEKTa
TOJIbKO Ha OCHOBAaHUHU 3HAHUS €T0 MEPEXOIHBIX XaAPAKTEPUCTHK.



4. TA+UHC = HOBAA NAPAOUIMA B MOAEJIMPOBAHUN

Qusuxa npedcmasisiem coOOU pa36UEAIOWYIOCS TO2UYE-
CKYI0 cucmemy MulUIeHUsl, OCHOBbL KOMOPOU MOICHO NOJYYUMb
He eblOeNieHUeM UX KAKUMU-TUOO UHOYKMUSHBIMU MEMOOaMU U3
NePeNCUMBbIX ONbIMOS, A AULb C80D0OHBIM 8bIMbLCIOM. OOOCHO-
sanue (UCMUHHOCMb) CUCTEMbl OCHOBAHO HA OOKA3AMENbCEe
NPUMEHUMOCIMU B8bIMEKAIOWUX U3 Hee meopem 8 obnacmu 4ys-
CMBEHHO20 ONbIMA, NPUUEM COOMHOULEHUSL MeHCOY NOCAEOHUMU
U NepebiMU MOJICHO NOHAMb JUWb UHMYUMUBHO. DEONIOYUsL
IPOUCXOOUM 8 HANPABNEHUU 6CE VEETUHUBAIOUCLCS. NPOCTONbL
Jlo2udeckux ocHos. boavute moeo, umoodwvl nPUOIUUMBCSL K IMOL
yenu, Mol OONACHBL PEUUMbCSL NPUSHAMb, YMO J0SUYECKAsl OC-
Ho8a 6ce Oonbuie U OobULe YOANaemcs om OAHHbIX Onblmd, U
MbICIEHHbLU NYMb OM OCHO8 K 8bIMEKAIOWUM U3 HUX MEopeMam,
KOPPETUPYIOWUM C 4Y8CMBEEHHBIMU ONLIMAMU, CMAHOBUMCS 6CE
bonee mpyoHbIM U OJTUHHBIM.

A. JitHTeiiH. ®U3NKa U pealbHOCTb.

Heiiponnsie cetn n nuddepeHnuanbable ypaBHEHUsST OTHOCATCS K pa3iiny-
HBIM BETBAM B MOJIETUPOBAHUH, U3BECTHBIM KaK SMIIUPU3M U (PyHIAMEHTAIIU3M.
[lepBast BeTBb, SMIUPHU3M, BOCXOAUT K pabotam Apuctorens u Jleonapao na
Bunuu, BTOpas, pyHaameHTanu3M, o0s3aHa CBOMM poxkaeHueM [ anumero, mbl-
TaBIIEMYCSI PEATM30BATh B MOJEIUPOBAHUM TEOJOTMUECKUE IPEICTABICHUS
[Inarona o mupe uaen u yuenue o ayme. JuddepenuuanbHbie ypaBHEHHs ONU-
CBIBAIOT «AYIIy» OOBEKTa, B TO BpeMsl Kak HEHpOHHasl CEeTh OKa3bIBaeTcs B CO-
CTOSIHMM 3allOMHUTbH, @ TIOTOM BOCIPOM3BECTU AMHAMUYECKOE MOBEAECHUE 00b-
eKTa B CUTYyalUsiX, KOTOpbIe €l U3BECTHbI. AHaNIUTHYECKas (popMma MpejacTaBie-
HUS 3HAHUU €l HEeJOCTyIHa, OHA CIIOCOOHA 3allOMHUTH U OOOOIIMTH TOJIBKO
KOHKPETHBIE AIMIUPUYECKUE 3aBUCUMOCTH, XOTSI pE€Ub 3[1€Ch UIET, KOHEUHO, HE
0 3allOMMHAHUM JAaHHBIX B TAOJIMYHOM BHJIE.

JUisl Kaccu4yecko mapaaurmMbl XapakTepHO TO, YTO CHHTE3y MaTeMaTHye-
CKOM MOJIeJM 00BEKTa WJIM TMpoIlecca 00s3aTeNIbHO MpEeAIIecTByeT (aza aHaIu-
3a, B TEUEHHE KOTOPOM MPOLECC YMO3ZPHUTEIBHO JEKOMIIO3UPYETCS Ha 3JIEMEH-
TapHbIC SIBJIEHUS, KaXJA0€ U3 KOTOPBIX MOABEPraeTcs 3aTe€M TIIATEIbHOMY HC-
cienoBanuo. CHayana Bcerjga IUIAHUPYETCS «OYMILECHHBI» DKCIIEPUMEHT, B
KOTOpOM HCClielyeMasi COCTaBistonas mpouecca 000CcOOIsIeTcsl OT BIUSHUA
OCTaJIbHBIX, @ 3aT€M, [0 MEpPE PEAIBHBIX BO3MOYKHOCTEM, 3TOT HKCIIEPUMEHT
BbINOJIHAETCA. Kak pe3ynbTar, BHIABUTAETCS MPEAEIbHO NPOCTasi, 0OOBIKHOBEHHO
JUHEWHas, MOJENb SIBJICHUSI C €JUHCTBEHHBIM IMOCTOSHHBIM KO3()PHUIHEHTOM,
JUIsl KOTOPOro MO0 M3 yCIOBUM MPOBEJIEHUS SKCIEPUMEHTA, TM00 U3 KaKUX-TO
TPETbUX YCIIOBUI noaOupaeTcs npo3padHas pusnueckas uateprperauus. Eciu
KaKyl0-TO COCTaBJIAIONIYIO B YUCTOM BHJIE U3yUUTh HE YJAETCS, HA HEE HEPENIKO
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IIPOCTO 3aKpbIBAIOT IUa3a. HakoHel, OCyIECTBISAIOT CUHTE3 IOJHOW MOJAENH,
CKJIa/1bIBasl U3 YaCTHBIX JIMHEWHBIX MOJEJIEH KaK U3 KUPIIMYMKOB LIEJIBHYIO Kap-
TUHY Tpolecca, mpaBia, C OTOBOPKOW, YTO KOI(P(ULUEHTHI, B J€HCTBUTEIbHO-
CTH, MOTYT OBITh HEJIMHEHHBIMU.

[IpumepoB Takux NMpoLEayp MOXKHO NMPUBECTH MHOMXECTBO, MBI e Mpe/a-
raeéM OrPaHUYUTHCS OJHUM MpPENeiabHO MPOCTHIM — pa3psaoM Oarapen KOH-
JIEHCATOPOB Ha KaTYUIKY C BO3AYLIHBIM CEPJIEUHUKOM.

Kak u3BectHO, mpouecc paspsiaa onucbiBaeTcst JuddepeHInaIbHbIM ypaB-
HEHUEM

: t
L9+iR+1pdt=u (10)
¢ cl

XoTs 1enb coOpaHa BCEro U3 JIBYX y3JI0B — OaTapeu W KaTyIIKH, YJICHOB B
YpaBHEHUH MbI BUJIUM TpH. Bce OHU comepikaT MOCTOSHHBIE KO3 (UIIUCHTHI.
Koaddunuent npu toke R, u3BECTHBIN Kak aKTUBHOE CONMPOTUBIIEHUE KaTYIII-
KM, TIPEJCTaBIsAeT CO00M HE YTO MHOE, KaK KOI(POUIIMEHT MPOMOPIHOHAIBHO-
CTH MEXIy HalpsHKEHWEM Ha KaTyIllKe W TOKOM, IIPH YCJIOBUHU TOTO, KOHEYHO,
YTO KaTyIIKa 3alliTaHa OT UCTOUYHUKA HOCHOSHHO20 HANIPSHKEHUS (OUYMIIEHHBIN
skcriepuMeHT Ne 1). KoaddumuenT npu npousBoaHoi Toka L — coOGcTBeHHAas
WHIYKTUBHOCTh KATYIIIKH — HMMEET OTHOIICHHE K JPYrOMYy DKCIIEPUMEHTY: €cC-
JIM 3alUTaTh KaTYIIKy OT UCTOYHUKA eAPMOHUYECKU UBMEHAIOWe20C s HaTIpsiKe-
HUS JOCTAaTOYHO BBICOKOM 4YaCTOTHI (OUMIIEHHBIM 3KcriepuMeHT Ne 2), To mpo-
W3BEJICHNE KPYTOBOM YacTOThI KOJeOaHUN M COOCTBEHHONW WHIYKTHBHOCTH Ka-
TYIIKH OIATH JaCT HaM KOA(G(UIIMEHT MPONOPIHOHATLHOCTH MEXIY aMILUIATY-
JTaMU TOKA M HaIpsOKEHUST Ha 3aKMMax KaTymku. HakoHer, eMKOCTh KOHEHCa-
Topa C TOXe HYKITAETCS B OMPEACICHWH W TOSBISCTCS OHA KaK TOHSTHE,
OTSITh-TaKU, W3 KAaKOTO-TO OYHMIIEHHOro JKcrepuMeHTa Ne 3, BCKPBIBAIOIIETO
CBSI3b TOKA M HAIPSIKEHHUS HA OOKJIaJKaX KOHAEHCATOpA.

Crout 3aayMarbcsi, HACKOJBKO HATSHYTHI NPEAINOJIOKEHUS B OTHOILICHUU
MOCTOSTHCTBA BCEX ATUX Kod(duimeHToB. MBI 3aKpbUIH TJIa3a Ha BHYTPEHHUE
TETJIOBBIJIEICHHS B POBOIHUKE, YCIOBUS OXJIAXKACHUS KATYIIKH, TOTEPU B -
AJIEKTPUKE KOHJAeHcaTopa. [lepedeHb HEyUTEeHHBIX (PAKTOPOB PACIIUPUTCS, €CIIH
MBI BO3bMEM KaTYIIIKY C KEJIE3HbIM CEPJACUHUKOM, KOTOPHIH HE TOJIBKO CMOXKET
BJIUSITh Ha WHIYKTUBHOCTh, HO M OTKPOET JOIOJHUTEIBHBIE BO3MOKHOCTH IS
YBEJIMUEHUS TEIUIOBBIX TMOTEPh B CHUCTeME (OT BHUXPEBBIX TOKOB, Ha
nepeMarHu4ruBaHue M T. 11.).

Hwuuero sroro B monenu (10) ner. Besikuit pa3, 4ToObI yuecTh TOT UM UHOM
dbakTop, HaM MPHUALETCS KOHCTPYHPOBATh HOBBIM SKCTIICPUMEHT, MpeiaraTh Mo-
JIeNb SIBJICHHS, OTIPECNIATh M HHTEPIIPETUPOBATh €€ mapaMmeTpsl. [Ipu oTcyTcT-
BHUW MOJICTTH MBI HE CMOYKEM OImucaTh 3PGHEKT, CIeTOBATENBHO, UabloH YpasHe-
HUs1, OTIMCBIBAIOIIETO TIPOIIECC, OyOem 3a8e00MO HENOIHbIM.
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Tem He MeHee, HUKTO HE MEIIAET HaM BBINOJIHUTh WJAECHTU(UKAIUIO TOU
MOJIeNIH, KOTopasi y Hac ecThb. [IpaBna, Ay 3TOro HaM BC€ PaBHO npuoemcsi Bbl-
MOJIHUTh 3KCIEPUMEHTBI CO BCEW LIETbIO, MOCIE Yero Nnojo0parh 3HAUEHHs KO-
3¢ (OUIIMEHTOB TakK, YTOOBI MOTPEIIHOCTh MPEJCKa3aHusl TOBEJACHUS TOKa Oblia
MUHUMaJIbHOM. He BakHO, HACKOJIBKO TOYHO HalIeHHbIE 3HaYeHus Kod(hduiu-
€HTOB COBMAAYT C TEMH, YTO MOJYYHJIACH Obl M3 YACTMUYHBIX HUCCIEIOBAHUMA.
MpbI ¥ HE MOXXEM OKUJATh, YTO OHM COBHAAYT — YJIEHBI, IPUCYTCTBYIOIINE B
11a0oHe, TOJKHBI B3SITh Ha ce0s BKJIaJ OTCyTCTBYrOmUX. Kak cneacrsue, 3Ha-
YeHUs: KOA(P(ULHMEHTOB MOJy4yaT HEKOTOpble MNpUpAlIECHUs, 3aBHUCSIIME, IO-
BUJMMOMY, €I1I€ U OT TOr0, HAIPUMEP, B KAKOM JIHAIIa30HE TOKOB IPOBOJAMIINCH
HKCIIEPUMEHTHI CO BCEHl LEenblo. SICHO, 4TO MAEHTU(ULUHUPOBAHHAS MOJAEINb OYy-
JIET TOCTOBEPHA TOJBKO B 3TOM JAMANA30HE, HO BPSJ JIM Mbl MOXKEM HAIEATHCS,
YTO MPHU APYTUX TOKAX MapaMeTpbl MOJAEIN OCTaHYTCS MPEKHUMH.

B dem xe cocTosT oTinuMs HelipocereBoro noaxona? Jla, moxxainyi, TOIbKO
B TOM, YTO OH M3HAYaJIbHO HE MOjpa3zyMmeBaeT (pa3bl aHAIU3a MPU MOCTPOECHUU
Mozaenu. HelipoHHbIE CETH — 3TO CYLIECTBEHHO CUHMEmuU4ecKuli, a He aHalu-
Tryeckuid nojaxo1. KoneuHo, u 371ech 0cTaeTcsl MOHATHE 11a0JI0Ha, U 3[€Ch CUH-
T€3 MOJENU CBOAUTCA K MapaMeTpUUYeCKOHl ONTHMH3alMU Ia0JOHa, CKOHCT-
PYHUPOBAHHOTO MO 0a3UCy aKTUBAUMOHHBIX (hyHKUMI HelpoHoB. Ho 3xech Hu-
KOI'O HE MHTEpECYyeT, KAKOMY TUIIOTETUYECKOMY IMOBEICHHIO0 00BEKTa COOTBET-
CTBYET aKTUBHOCTH OJJHOTO W3 HEHPOHOB M KaKOW (PU3WYECKUIl CMBICI MPUOO-
pETaloT B ATOM Cllyyae CHHANTUYeCKHUe Beca. 3ajaya Gpopmynupyercs it Beel
ceTd B LenoM. Mcxonst U3 3TOro U 00bEKT MCCIENYeTCa cpasy LEJIMKOM, U HE B
OUMILIEHHBIX CUTYalUsIX, & B TEX PEKUMax, KOTOPbIE HAC MHTEPECYIOT B IMpak-
TUYECKOM, YTUJIMTAPHOM OTHOLIEHUHU.

XOT MBIl MOXEM IPEAMNOJIOKUTh, YTO HEHPOHHASI CETh MOKET BBIIIOJIHUTH
CKOJIb YTOJHO CII0’KHOE€ Mpeo0pa3oBaHUE «BXOJ-BBIXO», 3apaHee HEBO3MOXKHO
MpecKa3aTh, Kakas apXUTEKTypa ceTu (TO €cTh BUJ I1a0JOHA) OKaXKETCS Hau-
Jy4IlIe 1 pEUIeHUs] HHTEpECYIole Hac 3aaaun. Kakoil B akTHBallMOHHBIX
byHKIIMNA HEUPOHOB JOJHKEH ObITh BhIOpaH? Kakasi CIIOWHOCTh CETH M CKOJIBKO
HEWPOHOB B KaXJOM CKPBITOM CJo€ o0ecreuar TpedyemMyro HHPOPpMAIMOHHYIO
eMKocTh cetu? He o4yeBHAEH U BOIPOC O KOJIMUYECTBE OOpaTHBIX CBs3ed, OXBa-
THIBAIOLUX CETh, 4 BEAb 0€3 HUX MOBEJCHHE CETH HE CMOXKET CTaTh JUHAMHUY-
HBIM.

Kak Obl HM OBUIO, YMCIEHHOE HKCIIEPUMEHTUPOBAHHUE SIBJISETCA HA CEro-
JHAIIHUA JI€Hb €IMHCTBEHHBIM HAJI)KHBIM METOJOM IIOMCKa OTBETOB Ha IIO-
CTaBJICHHBIE BOIIPOCHI.

Crnenyer OTMETUTh, YTO HEHPOCETEBBIE MOJIEIM, BCE-TaKW, CUIBHO OTINYa-
IOTCSI OT TOTO, UTO OOBIYHO MOHUMAIOT TMOJI MaTeMaTHUeCKON Mojienbio. He 3ps
MOATOMY MX Ha3bIBAIOT AMYJISITOPAMH, OHU UMUTHUPYIOT TUHAMUYECKHE Xapak-
TEPUCTUKU 00BEKTa U He OoJsiee Toro. CyliecTByeT JUisl HUX U JpYyroe HasBa-
HUE — TPEIUKTOPHI (OT aHMIMicKOro riaroja to predict — mpeackas3biBaTh) U
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OHO TOK€ He OECIIOYBEHHO, TaK KaK HEHpOCeTeBbIe MO OPUEHTUPOBAHBI Ha
TO, 4TOOBI YMETh MO TEKYIIEMY U HECKOJIBKUM MPEbIIYIIUM BEKTOPaM COCTOS-
HUSl 00BEKTa MPEJCKa3bIBaTh €ro CIEAYIOIIue COCTOsHUSA. B 3aBucuMocTH OT
ryOMHBI TPEICKa3aHus pa3iMyaloT OHOLIATOBbIE W KPATKOCPOYHBIE MPEAHK-
TOPBHI.

OCHOBHOE OTJIMYUE MEXAY HHUMU COCTOMT B TOM, YTO OJIHOILIArOBBIN Ipe-
TUKTOp (cM. puc. 20,a) moiydyaeT HHPOPMALIUIO O TEKYIIEM COCTOSHUH OOBEKTa
OT caMoro oOBEKTa, TO €CTh OH JKECTKO MpHUBSA3aH K 00BbeKTy. [lockonbky mpu
TaKOM TOJXOJI€ OIMOKA B MPEICKAa3aHUH BO3HUKAET TOJBKO B MpEesax TeKy-
IIEro 1Iara, a He HaKaluIMBaeTCs Jake Ha JIByX ONMMKaliux Iarax, 3To cylie-
CTBEHHO TMOHIKAET TpeOOBaHME K TOYHOCTH MPEACKA3aHMsI, YEM U YIPOIIAeT
3aJja4y CHUHTE3A.

| Munamuueckuii | Xiws | Munamnuecknii | Yirs
OOBEKT 00BEKT
u |l —m—m———— Vakulubul - - u [l —/————— L —— T~ 1| -
0 HeitponHas X : Xir1 I Heiiponnas i KXir1
1 CeTh [ : . ceThb :
I I
I / I : / :
I _ I | B !
I X I I I X I
I I |
' X1 ! ' X1 A [
: IMpennkTop : : Heiipoamynsitop :
a) 0)

Puc. 20. O0ydenne ogHOIIaroBoro (a) 1 KpaTKOCPOYHOTO (0) TPEAUKTOPOB IO
BXOJIHBIM ¥ BBIXOJIHBIM JIaHHBIM 00BEKTa

3HAUUTETHHO OOJBIINX YCUIIUN TpeOyeT CHHTE3 TaK HAa3bIBAEMOTO KpPaTKO-
cpouHoro mnpeaukTopa (cM. puc. 20,0), KOTOPbI MOXET MpeJCKa3bIBaTh MOBE-
nenne oovekTa Ha 100—1000 maroB M KOTOPBIM OTTAJIKHUBACTCS B IIPOTHO3E
Ka)KJI0T0 MOCJIEYIOIEro mara OT COOCTBEHHOTO MPOrHO3a MPEAbIIYILEro mara.
ScHo, 4TO maxe eciau ommOKa MpeACKa3aHus Ha OJTHOM IIare BBITIISIUT CKPOM-
HO, 3a 100 maroB oHa MOXET BO3PACTH A0 TAKOrO Ipefena, 3a KOTOPbIM TepS-
eTCsl KaKoe-JIM0O CXOJICTBO B TMOBEJCHUH AMYJATOPA C MOBEACHUEM OOBEKTA B
TEX KE yCIOBUSIX.

Coxpansisi BEpHOCTh BBHIOPAaHHOMY TPHHIIMIY JI€WCTBOBATh B PaMKax 3BO-
JIIOLIMOHHOM MapaurMbl €€ COOCTBEHHBIMHU CPEJICTBAMH, Mbl MOJOLUIM K MPO-
OeMe CHMHTe3a HEHpPOCETEeBhIX MOJENeH JUHAMUYECKUX OOBEKTOB, BOOPYKHUB-
IIMCh XOPOIIO 3apEKOMEHJOBABIIMM ce0si B HAIIUX I[Jla3ax CoOYEeTaHUEM
['A+NHC. YUTo0bI COXpaHUTh HEKYIO IPEEMCTBEHHOCTh C paHee MOJyYCHHBIMU
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pe3yiabTaTaMy, Mbl COXPAHUJIM B KaueCTBE TUHAMUYECKOTO0 00BEKTa UHEPIIMOH-
HOE 3BEHO BTOPOTO MOPSAKA C TEMH K€ 3HAYCHUSIMU KOA((DUIIMEHTOB, UYTO U B
paszzene ¢ HeMPOKOHTPOJUIEPOM.

Hamr nepBeiit onibIT [25], HaBepHOE, U HENB3sI HA3BaTh 3MyJsiTopoM. 1o cy-
IIECTBY, Mbl MBITAIUCH MOCTPOUTH HEHPOHHYIO CETh, KOTOpas anmpOKCUMUPO-
Baja Obl MpaBble YacTH cucTeMbl ypaBHeHuU (9). s ompeneneHHOCTH MBI
MPUHSITH, 9TO CETh OyNIeT TpeXcaoWHou ¢ KoHpurypammeit 3-8-2 (T. €. ¢ Tpems
HEWpPOHAMU BO BXOJHOM CJIO€, BOCEMbIO HEHPOHAMU B CKPBITOM CJIO€ U JIBYMS
CYMMHPYIOIIMMH HEWpOHaAMU B BBIXOJHOM cjoe). Ha Bxona cetu monaBaiics
BXOJIHOM CUTHaJI U, BBIXOJHOM CHUTHA&JI HA NPEABIAYLIEM IIare X; M ero mpous-

BOJHaA X, . Ha BeIXOzme cetn (popmupoBanuch mepBas W BTOpas MPOU3BOAHAS
BBIXOJIHOTO CUTHaNa % U X, (cM. puc. 21).

> JInHaMuuyecKuit fc
00BEKT
U 1] X
___: Heitponnas S .
ceThb X
[— s

Puc. 21. IlepBblii ONBIT CUHTE3a AIMYJIATOPA

Cy1iecTBEHHBIM OTJIMYMEM OT KOHTpOJIIepa ObUIO TO, YTO B KAUECTBE aKTHU-
BallMOHHBIX (PYHKIMH HEUPOHOB CKPBITOrO CJIOSt Mbl BBEIU (YHKIHUIO CIIETYIO-
LIEero TUMa:

_ngixi +Wog
y=e 0= o (1]_)
KOTOpas SBJISUIACh HEKUM TUOpHUJIOM CUTMOMJAIBHOW U paJuajIbHO-
CUMMETPUYHON (PYHKITHH.

OcHoBanHas Ha «cienom» ['A TpeHHpOBOYHAs TpoIleAypa BKItoUaia B ceOs
IIPAKTUYECKU TE XKE ATAIbI, YTO U IIPU CUHTE3€ HEMPOKOHTpoiuiepa. [lomynsauus
cocrosiia u3 100 Ounapubeix xpomocoM. Kaxnmas xpomocoma coaepxkana 250
reHoB M koauposana 50 nmapameTrpoB ceTd. [IpUroTHOCTh KaXkJ10ro U3 BapuaH-
TOB C€TM UMUTHUPOBAThH PEAKIMIO 00BbEKTA HA BO30YXJAEHUE OLIECHUBANIACH ITyTEM
II0JIaYM Ha BXOJ| CETH MOCIIEJOBATENBHO JBYX CUTHAJIOB: €IMHUYHON CTYIEHB-
KM, a TaK’K€ HyJeBOro cursaia. [I[pomHTerpupoBaHHble CUTHANBI ¢ 3PdeKTop-
Horo cinosit MHC cpaBHUBasuCh C pe3yibTaTaMu petieHus AudepeHnnaibHoro
ypaBHeHust (9) nis tex ke ciydaeB. [lorpemnocts pabotet MHC ornenuBanach
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MyTeM WHTETPUPOBaHUs OMMOOK (4) 1 000UX ClydyaeB Ha MHTEpPBAJE BpeMe-
Hu [0, 10 C] 1 mocaeayrolero uX CyMMUpPOBaHUA.

Puc. 22 wumrocTpupyeTr pe3ysbTaThl SMYJISLIAN OTKIWKA CEThIO, IOCTUTHY-
Thie K 5000-My MOKOJIEHHUIO.

Henocratkom smynsaTopa ObUIO TO, YTO OH XOPOIIO BeNl CeOsl TOJBKO MpHU
TeX BO30YKIECHUSIX, TP KOTOPBIX MPOU3BOAUIOCH oOyuenue. [lpu momaue Ha
€ro BXOJ] CUTHaja ¢ MPOMEXYTOUHON amrumutynoil (Mexay O u 1) ero mosene-
HUE CYIIECTBEHHO OTIMYAIOCh OT MOBeAeHUS 00bekTa. KoHeuHo, MOKHO OBLIO
OBbl, OCTaBasICh B paMKax MpexXHEN UJE0JIOTur 00yUYEHHs, 3aCTaBUTh €ro 3arnoM-
HUTH TOBEJCHUE OOBEKTA MPHU JIOOBIX 3HAUYCHUSX AMIUIUTY/ABI, HO 3TOT MYyTh
MOKAa3aJICsl HaM CIIMIIKOM 3KCTEHCUBHBIM. [10aTOMY MBI OOpaTUIIMCh K METOIU-
ke oOyuenus RBF-ceru, mpencraBinennoi Ha ctpanuie 38, U pacCMOTpenu ee
KaK NOTEHIHAIBHOTO MPETEHAEHTA Ha POJIb JOKAJIBHOTO yckopuTens ['A.

20 2,0

15 - = N e
05 2\ .
) 20

00 ¥/ e e e e 0 2 4 6 8 10

D

1,0

Boixon o6bekTa

4,0

Brixon o6bekTa

Bpewms, ¢

6)
Puc. 22. Ilepexonnas GpyHKIMA 00bEKTa YIPABICHUS 110 KOOPAUHATAM X (a) 1 X, (0)
(cruToIIHAs KpUBAsl) U €€ SMYJIALUS CEThIO (ITYHKTHP)

Cama no cebe, MeTOMKa XOpOIlIa TEM, YTO MO3BOJISIET OUYE€Hb OBICTPO pe-
[IUTh 3a7]a4y TPEHHPOBKH CETH XOTs Obl B mepBOM MpulOimkeHuu. Bmecre c
TEM, €€ OTPAaHMYEHHOCTh TaK)Ke OpocaeTcs B Tiiasa.

Bo-miepBbix, oHa TpeOyeT OOJBIIOr0 KOJMYECTBA YTO HA3BIBAETCS PYYHOTO
TpyAa, AaXKe eCIM MPOCTPAHCTBO BXOAHBIX CHUTHAJIOB 00Ja/laeT HU3KOW pa3mep-
HOCTHIO, @ KOJIMYECTBO BXOJHBIX ITaOJIOHOB Mayio. Bce paBHO, MBI JOJIKHBI
IPOaHAIM3UPOBATH, HACKOJIBKO JaJIEKO IIa0JIOHBI PACIONIOKEHBI APYT OT APYTa,
YTOOBI HE OTUOUTHCS C BEIOOPOM IIUPUHBI OKOH aKTUBAIIMOHHBIX (YHKITUAHN.

Bo-BTOphIX, CUTyaIusi CTAHOBUTCSI 00ECKypaXKuBaroleh, eciii 1madJIoHOB y
Hac ciMmkoM MHoro (ckaxkem, 6onee 1000 wim 10000). Ha mpakTuke o4eHb
TPYAHO CKa3aTh apriori, Kakue UMEHHO SIU30/bI B3aMMOJECHCTBUA C 00BEKTOM
MOTYT CTaTh UCTOYHUKOM XOPOIIMUX IIaOJIOHOB JJisi TOCTPOEHUSI HEHPOCETEBOM
Mozenu o0bekTa. SICHO TOJBKO OJTHO - CUTYaIlusi, Korja Mbl 3HaeM 00 00BEKTE
MaJjio, 3aBEJIOMO XYK€, YeM KOTJla Mbl 3Ha€M MHOTO.

Koneuno, paborare ¢ cerbto, coaepxkameid 10000 HEHpOHOB B CKpPBITOM
cJI0€, MOXHO, HO BpsiJ U yA00HO. Jla U TPy/IHO pacCYUTHIBaTh Ha OBICTPOE pe-
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nieHre ypaBHeHus (7). Bo3HukaeT Bonmpoc — a JEUCTBUTEIBHO JIM HYXHBI BCE
3TH 1mala0HbI? MoOXeT ObITh, CpeAM HUX €CTh TaKUE, KOTOpbIE JOCTATOYHO
MOJIHO XapPAKTEPU3YIOT OOBEKT M C KOTOPBIMU TOJIbKO M CTOMUT padborath? Ho
KaK TOr/1a UX OTQUIbTPOBaTh? MOXHO NMPOCTO OTKA3aThCsl OT YACTH I1a0JI0OHOB,
4YTOOBI pa3Mephl CETU CTAIM yI0OOBAPUMBIMHU, HO TOTJa Mbl PUCKYEM MOTEPATH
BOXHYIO MHGOPMAIIO 00 00BEKTE W MOJYYUTh HEKOTOPOE BEChbMa HETOYHOE
penIeHre MOCTABICHHOMN 3a1a4H.

Jliss Toro, 4TOOBI BBISICHUTH, Kakue IIA0JOHBI SIBISIOTCS JIEHCTBUTENIBHO
KJIFOYEBBIMU B MOHUMAHUU AMHAMUKH OOBEKTA, a TAaKKE€ OJHOBPEMEHHO BbI-
IOJIHUTh CUHTE3 HEUPOAIMYJISATOPA ¢ MUHUMAJIBHOM CTPYKTYPOU CKPBITOTO CJIOS,
Mbl CKOMOMHHUPOBAJIM METOJMKY HAaCTpOMKH cuHanThuueckux BecoB RBF-cetu c
I'A.

B pazpaboranHoii npouenype [26,27] Ha kaxaoi urepanuu novcka I'A ca-
MOCTOSITEJIbHO BBIOMpAET, B KaKMX TOUYKAX MPOCTPAHCTBA BXOJHBIX CUTHAJIOB
CETH Pa3MEeCTUTh LEHTPbl AKTUBALMOHHBIX (DYHKIHMI HEHPOHOB CKPBITOTO CJIO4,
Y Ha3HA4aeT JUIs KaKJI0M U3 HUX MUPUHY OKHA. COOTBETCTBEHHO, B OTJINYUE OT
MPEABIAYIIETO CIIy4asl «CIJIETIOro» MOUCKA, XpPOMOCOMBI COEPKAT TENEPh TOJb-
KO MH(GOPMAIUIO O MapamMeTpax HEMPOHOB CKPBITOTO CJIOSI CETH, HO HE O CHHAIl-
TAYECKUX BECAX HEUPOHOB BBIXOJHOTO CIIOS.

Cxema KOOUpPOBKH XpOMOCOM MpE/ICTaBIeHA Ha puUc. 23.

Bbunapnasa ctpoka

[ afofofol1] (1[1l1[1]ol1] [1[ofo[olt]1] [ol1[o[1]o[1] [T]olT]1]1]1

[Inpuna okna  LleHTp cuimkom
CIIMILKOM Mayia JlalIeK OT IIa0JIOHOB

k-i1 cermeHT L d

e | e | By

DD ITnprHa OKHa aKTUBAMOHHOM (HyHKLIN

.. KoopauHaTh! IeHTpa OKHA aKTUBALUOHHON (GyHKIMU

Puc. 23. KonupoBka napametpoB ckpbiToro ciost RBF—eru B xpomocome

[Ipu pexonupoBaHUM XPOMOCOMBI B BEKTOP IEPEMEHHBIX OJTHOBPEMEHHO C
BEJIIMYMHON HACTPOEYHBIX MapaMeTPOB KOHKPETU3MPYETCS camMa CTPYKTypa
CKPBITOT'O CJIOSI CETH.
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N3 puc. 23 BUAHO, YTO MaKCUMAaJbHBIM pa3sMEP CKPBITOTO CJIOS OrPaHUYEH
KOJIMYECTBOM OJIHOTHMITHBIX CEIMEHTOB, 00pa3yroIux XpoMocoMy. B neiicTu-
TEIbHOCTU €, B CHUJIy TOI'O, YTO Mbl BBIHYXJIEHbl KOHTPOJUPOBATH BEIUYUHY
HACTPOEYHBIX [1APaMETPOB, OH BCET/IA MOJIY4AETCs] HECKOIBKO MEHBLINM.

Ha nmepBoM »3Tame mpoBepsieTcsl MIMpUHA OKHA aKTHUBAMOHHBIX (DYHKIIMMA
HelipoHoB. Ecnu 111 kakoro-in0o M3 HUX OHa OKa3bIBa€TCS MEHbILIE HEKOTOPO-
ro MOPOroBOro 3HayeHus (MPUHATOrO B HAIIUX 3KcnepumeHTax paBHbIM 0,01),
TO TaKOM HEUPOH OIyCKAETCS.

Kpome Toro, 4ToObl MOKHO OBLIIO BOCIOJIB30BATHCSI METOJAMKON HACTPOMKH
CHUHANTUYECKUX BECOB, MPEICTaBICHHONW Ha cTpaHulle 38, HEOOXOAUMO, YTOOBI
LEHTPbl aKTUBALIMOHHBIX (DYHKIMI COBMAgaN ¢ TPEHUPOBOYHBIMU 1IA0JIOHAMU
B IPOCTPAHCTBE BXOJHBIX CHUTHAJIOB ceTU. Ilo3TOMy MBI BBENIM TOHATHE
0-0KPECTHOCTH BOKPYT' KaXKJ0I0 TPEHUPOBOYHOTO MmadioHa, paBuyto 0,1. Eciu
LIEHTP, 3aKOAUPOBAHHBINA B TEKYIEM CErMEHTE XPOMOCOMBI, BXOJHUT B OJHY U3
TaKUX OKPECTHOCTEW, TO IIPHU JAJbHEUIIEH HACTPOMKE CETH UCIOJIBb3YETCS COOT-
BETCTBYIOIIUI TPEHUPOBOUHBIN 11a0M0H. B mpoTuBHOM citydae Bcs uHbopma-
111, XpaHALIAsCs B TEKYILIEM CErMEHTE, UTHOPUPYETCS, U BAKAHCHS B CKPBITOM
cJIo€, 3ape3epBUPOBAHHAS JJI1 HEHPOHA C TEM K€ HOMEPOM, OCTAETCS OTKpPHI-
TOH.

s cetu, copMUpOBaHHON B pe3ysbTaTe aHAJIM3a BEKTOpa HACTPOEUHBIX
napaMeTpoB CKPBITOrO cios, guruucisaomes no (7) (a He moaduparoTcs, Kak mpu
«CIIENIOM TIOMCKE») CHHANITUYECKUE BECA BBIXOIHBIX HEMPOHOB.

Penpe3eHTaTUBHOCTh 3aJ€CTBOBAHHBIX B OOYYEHHM CETH Ia0JIOHOB, TO
€CTh MX CIIOCOOHOCTH 3aMeIlaTh COO0M BECh UMEIOIIUNICS OIIBIT B3aUMOIEHCT-
BUA C OOBEKTOM, OIIEHUBAETCS IYTEM MPEIbSIBICHUS CETU BCEX M3BECTHBIX
111a0JI0HOB ¥ CyMMHMPOBaHUEM OIIMOKU B AMYJISILIMM IO BCEMY MPEIbsBICHHOMY
HaOopy. [locnenusisa, Kak U paHblIe, UCIOIb3YETCS MPU PAHKUPOBAHUU TOITY-
JSIUY TOTEHLIUAJIBHBIX PeLIeHU, 0TOOpe 0cobel Ha INMMMHUHHUPOBAHUE U B PO-
JUTENbCKYIO TPYIITY JUJISl MOCJIEAYIOIIET0 CKPELMBAHMS.

AJTOpUTM TIPOLIETyphl CHHTE3a MPECTaBIEH Ha puc. 24.

JIJis MpoBEpPKU METOAMKU MBI BOCIOJIb30BAJIUCh MPEABIAYILEH TECTOBOU 3a-
nadeii. CHavasia 3aMEHHJIM OOBEKT OMOIMOTEKOM TPEHHUPOBOYHBIX ITA0JIOHOB,
CT€HEPHUPOBAB €€ MOCPEACTBOM PEIICHUs CUCTEMbI ypaBHEeHH (9) mpu paznuy-
HBIX COUETAHUAX HAYAIbHBIX YCJIOBHM IO BBIXOJHOW KOOpJAMHATE OOBEKTA U €€
IIPOU3BOIHOM, @ TAKXKE MPHU PA3IUUYHBIX 3HAYEHUSX YIPABISIONIEr0 BO3IECHCT-
BUg U. 3aTeM KOMIIPECCUPOBAIM OMOIMOTEKY, UCKIIOYMB M3 HEe OJIM3KO pac-
NOJIOXKEHHbIE U COBMajarolue mwaodnoHsl. Eciu He cienaTh 3TOro, mpu perie-
HUM MAaTPUYHOTO ypaBHEHHS (7) MOTYT BOZHUKHYTh MPOOJEMBbI U3-3a TOTO, YTO
MHTEPHOJISAUMOHHAs MaTpula Oyner Onu3ka K ocodeHHoi. Hakonen, npuctynu-
JM K CHUHTE3Y, JUISl Yero crenepupoBaiu nomyisinuio u3 100 OuHapHBIX XpoMo-
coM qiuHoM 1o 1200 OuT Kakmas.
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Nunumanuzanms MOMmyJsiun

<

AHanu3 XpoMOCOMEI U
(hopMHEpOBaHUE CKPBITOTO
CJI0sI CETU

Br16op mapameTpos
Pacuer BecoB BBHIXOJHOTO CKPBITOTO CJI05

CJIOSI CETH C TIOMOIIBIO
FeHETU4ECKOro ajlropuT™Ma

Ouenka npucnocoONeHHOCTH
IO BCEMY JIOIYCTUMOMY
HaOopy MabIoHOB

OxoHYaHue

Puc. 24. KombunupoBanHas npoueaypa tpeHupoBku RBF-cetn

B pesynbrate ontumusanuu cTpykTypbl U napamerpoB MHC Ham ynanock
HOCTPOUTH KPATKOCPOUYHBIA MPETUKTOP O00BEKTa (€ro mapaMeTpbl U CTPYKTypa
onucanbl B [Ipunoxxenun 3), koTopbiii Ha uHTEpBasie 10 30 cexyHa (Ipu AJIMHE
TPEHUPOBOYHOrOo HHTepBaja 10 c) BecbMa TOYHO MpECKa3blBal MOBEACHHUE
00BEKTa MPU FapMOHUYECKHUX YNPABISAIOMINUX BO3JAEHCTBUAX B JIMAIla30HE Yac-
ToT OT 0 1o 1,6 'y m ammutyne U ot —1 1o 1. YIuBHUTENbHO, YTO CKPBITHI
cJIol ceTu cojepxan Bcero 8 (!) HEMpOHOB, U3 Yero, MPOJI0OJHKash HAIIU MPEXK-
HUE PacCyKJCHHUS, MOXKHO 3aKIOUnTh, 9To M3 12000 maba0HOB, OMUCHIBAO-
IIMX HAaIlM SKCIIEPUMEHTHI MO M3YYEHUIO pEeakuuid 0O0beKTa, TOIbKO 8 OKa3a-
JIMCh 3HAYUMBIMU.

OTOT BHOEUATISAIOWMN Pe3yJbTaT, BO3MOXXHO, MPHOTKPHIBAET 3aBECy Haj
TallHaMH MBIIUIEHUS, BEAb OH, MO CYLIECTBY, MpEAJaraeT MeXaHU3M, 0Obsc-
HAOIWUNA 3P(HEKT KOTHUTUBHOTO CHKATHUSI, O KOTOPOM TOBOPAT Mcuxoynoru. Ot-
TaJIKUBAsICh OT OTPOMHOTO YHMCIIA 3MHU30J0B B3aUMOJCHCTBUS C OOBEKTOM, MbI
MOJIYYUIIM OYE€Hb KOMIAKTHYIO CTPYKTYpPY, KOTOpasi KOHLIEHTPUPYET 3TOT OMBIT
u ¢popmupyer 006pa3 00beKTa, KOTOPHIM MOKHO MCITOJIB30BaTh VISl PEIICHUS 3a-
Jla4 UCKYCCTBEHHOI'0 MHTEIUIEKTa — KJIACCU(PUKALUU OOBEKTOB, JUATHOCTUKH
UX COCTOSIHUSI, IIPOTHO3WPOBAHUS IIOBEJICHUS IPU PA3NIMYHBIX CTPATErHsIX
yIOpaBIIEHUA U TaK JaJiee.

KoHeuHo, ciielyeT OTMETUTB, YTO CUHTE3 CTOJIb COBEPLIEHHOTO MIPEAUKTOPA
3aHSJT JOBOJBHO MHOTO BpemMeHH — okosio 50000 urepaumii, HO, CKOpee, 3TO
HOpMAaJIbHO, YeM HEHOPMAJIbHO, TaK KaK (PyHKLIHMOHAJIbHbIE OCOOCHHOCTH IMpU-
POJIHOTO MHTEIJIEKTA, K KAaKOBBIM CJIEAYET OTHECTH U JUTUTENIbHOE BpeMs 00y-
YEHUS, HE MOTYT HE IEPENUTH K HCKyCCTBEHHOMY MHTEIUIEKTY .
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[TonmyunB B pyKM CTOJIb MOLIHYIO MNPOLEAYPY CHHTE3a HEHPOIMYISITOPOB,
MBI HE CMOTJIM YAEpXaThCs OT cOOJIa3HA MPOBEPUTH HAIIM JOTAJKUA OTHOCH-
TEJIbHO MPUPOJIBI MBIIUIEHUS HA KOHLENTYyAJIbHONW MOJIEIM WHTEJUIEKTYyalbHON
CUCTEMBI yIIpaBlIeHUsA. B CBOMX 3KCIIEpUMEHTAaX C HEM MbI IIBITAJIUCh HAUTH IS
ce0st OTBETHI Ha CJIEIYIOLIUE BOIPOCHI.

1. Ilpennonoxum, HEHPOIMYISATOP ACHCTBUTENBHO SIBISETCS HEKUM
o0pa3oM, CYLIECTBYIOIIMM B paMKaX YCJIOBHOTO CO3HaHHUs, MOPOXK-
JEHHOTO MCKYCCTBEHHBIM MHTEIJIEKTOM. Eciii 3TO Tak, TO HEMPOKOH-
TpoJUIEp, ‘“MBICIICHHO HATPEHUPOBAHHBINA IyTEM SKCIEPUMEHTHUPO-
BaHUS C ATUM OTPAKEHUEM BHEIIHEr0 MHpA, JODKEH YMETh YIpaB-
JSTh U CAMUM JTUHAMHUYECKUM 00BbeKTOM. OCYIIECTBUMO JIH 3TO?

2. MoxHO 71 Ha TatrGopme pa3BUTHIX MPEACTABICHUN MOCTPOUTH
allaliTUBHYIO CHCTEMY, KOTOpasi CaMOCTOSITEIbHO MOTIJia Obl yJaBiu-
BaTh U3MEHEHHUS B O0BEKTE, NMepecTpanuBaTh CBOM BHYTPEHHHUE MPE]-
CTaBJIEHUS, @ B KOHEUHOM HUTOre, BbIpabaThiBaTh HOBYIO ONTHMAaJlb-
HYIO CTPATErui0 BO3JICUCTBUS HA HETO?

3. SBmnserca mu coueranme 'A+MHC HacTOIBKO MOIIHBIM B BBIYMC-
JIUTSJIBHOM IIJIaHe, YTOObl 00ECeUYnTh JIEHCTBUTENHLHO aJalTUBHBIC
CBOMCTBA CHUCTEMBbI YIIPABICHUSA B YCIOBHUSIX, KOTJa XapaKTEPUCTUKH
00beKTa U3MEHSIIOTCS C TEUCHUEM BPEMEHU CaMbIM HEIpPEIBUICHHBIM
obpazom?

W3 Tpex BompocoB HauboJiee CIOKHBIM JUIsl HAC SBIISJICS TPETUH, MOTOMY
YTO, HE CYMEB OTBETUTh Ha HEr0 YTBEPAUTEIHHO, Mbl HE CMOIJIM OBl 1aTh OIpe-
JICJICHHBI OTBET U HA BTOPOM BOIPOC.

[loTeHuMaNbHBIE TPYAHOCTH B PELIEHUU 33/1a4d aJaNTalud BUASATCS, IPEK-
Jle BCEro, B TOM, YTO aJalTalys, XOTA U HE SBIAETCS CUHOHMMOM ONTUMU3a-
LY, HEMBICIIIMA BHE ONTHMHU3ALMOHHBIX MOCTAHOBOK, a MPOLECC ONTHUMU3a-
1N 00/19ceH ObITh CXOJSAIIMMCS CO BCEMHU BBITEKAIOIIMMHU OTCIOJIA MOCIECT-
BUAMH. J[10OOM YHMCIIEHHBI METOJ B SIBHOM WJIM HESIBHOM BHUJE ONMPAETCS B
IIPOLIECCE MOMCKA 3KCTPEMyMa Ha MOMYJALMIO MOTEHIUAIbHBIX PELICHUN, HA
KOTOpOHM M ocymiecTBisgercs oToop. Ho koraa skctpeMym HaljeH, MOMysuus
OKa3bIBACTCS BBIPOXKACHHOM. PelIeHus CTaHOBATCA IOXOKMMM JApPYr Ha JIpyra
KaK JIB€ Karuld BOJbl, ECTECTBEHHOE Pa3HOOOpa3ve MCTOMIACTCS M MOMYJSLuUs
TepsieT MOTEHIMAIBHYIO CIIOCOOHOCTh K OTCIC)KUBAHUIO U3MEHEHUH B CpeJie.

OOBIYHBIN NpHUeM, KOTOPBIA MTPUMEHSETCS JIsl BOCCTAHOBJIEHUS! ITOMCKOBOM
CIOCOOHOCTH — 3TO MOJIHAs pereHepanusi MOMyJsuuu (€cilu BBIIOJHUTh yac-
TUYHYIO PEreHepalnio, COXPAaHUB XOTS Obl HECKOJIBKO OCOOEl U3 CTapoy MoIry-
JSIUU, OHU, YXKe 001anast HeTI0X0H MPUCTOCOOIEHHOCThIO, CHITPAlOT Ha (OHE
IJIOXO MPHUCIOCOOJIEHHBIX HOBBIX YJIEHOB POJb CBEPXUHAMBHUAOB M, MOJI0O0HO
aTTpaKkTopaM, MPUTSAHYT Yepe3 CBOMX IMOTOMKOB BCIO MOMYJSALUIO K ceOe), HO
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€ro MCKYCCTBEHHOCTh OYEBHHA, KPOME TOTO, HE SCHO, KaK CHCTEMa JIOJDKHA
JIOTaJaThCsl, KOT/Ia UMEHHO CIIEYyeT €r0 MPUMEHSTh.

Kak xaxercs, HaM yJalioch, €CIM HE HaBCEr/a MPeooNeTh 3Ty TPYIHOCTb,
TO, TIO KpaliHel Mepe, CYIIECTBEHHO pa3JBUHYTh rpaHullbl d3hPexTuBHON pado-
ThI JBOJIFOIIMOHHBIX METOJOB. BBIX0/ OB HaWIEH HE B HOBBIX T€HETHYCCKUX
orepaTopax, a B HEMPUBBIYHOM ISl KJIACCUYECKON Hayku (opme IMpejacTaBiie-
HUS TEHEeTWYECKON WHPOpMalMK — a UMEHHO, B (hOpMe, 3aMMCTBOBAHHOU Yy
JUTUIOUTHBIX OPTaHU3MOB.



5. CHOBA O TEHETUYECKUX AJIITOPUTMAX

Korma Mb1 roBopuiu Bblillie 00 SKBUBAJICHTHOCTH TOHSATUM «TE€HOTHUID» B
OMOJIOTUN M «BEKTOP NMEPEMEHHBIX)» B MAaTeMaTHKE, CIEA0BAIO Obl OTOBOPHUTH,
YTO 3TAa SKBUBAJIEHTHOCTb UMEET CMBICI TOJIbKO TOTJa, KOTJa peub UAET O rai-
JIOUJTHBIX OpraHU3Max, TO €CTh 00 OpraHu3Max, oOJaJaroNIMX OJWHAPHBIM Ha-
6opom xpoMocoM. K TakoBbIM OTHOCSTCSI OaKTepuu, BOJAOPOCIN U MHOTHE JIPY-
e MPOCTEHIINE OPraHU3Mbl, 3aHUMAIOIINE HU3IIUE CTYNEHU 3BOJIIOIMOHHOTO
pa3BUTHs. MIIEKONUTAIOIINE, U B YACTHOCTH, YEJIOBEK, SABIISAIOTCS JUIIOWIHbI-
MU OpraHu3MaMu. B sjape Kaxmaol KIETKH KaXXJoro M3 Hac (3a UCKIIOUYEHUEM
MOJIOBBIX KJIETOK — CIEPMATO30UJI0B U SAUIIEKIETOK — KOTOpbIE SIBJSIOTCA Ta-
IUIOUHBIMU) B HOPME COJIEPXKUTCS JBOMHON Habop u3 23 xpomocom. OxuH
KOMIUIEKT JOCTAJCs HaM, KaK M3BECTHO, OT OTLA, a APYroi — oT marepu. B
000MX KOMIUIEKTAaX CYIIECTBYIOT TaK HAa3bIBA€MbIE TOMOJOTUYHBIE XPOMOCOMBI,
KOJUPYIOIME OJAHM M T€ XK€ (PEHOTUNMYECKHE MNpU3HAKU W OO0JaJarolive, B
IPUHIIUIIE, OJMHAKOBOW CTPYKTYypou. Tak, U B OTLIOBCKOW, U B MAaTEPUHCKOU
XpOMOCOMaxX HJEHTUYHBbIE ()parMeHTbl KOAMPYIOT IBET Ia3. TeM He MeHee,
[[BET I1a3 peOeHKa 3aBUCUT OT TOTO, KAKOBHI OTHOIICHHS] JOMHUHHPOBAHUS Me-
XAy reHaMu ponuteseil. O ToM, Kak peryJupyroTcsl B IPUPOJE OTHOLIEHUS J10-
MHUHAHTHOCTH — PELIECCUBHOCTA MEXIY TOMOJOTHYHBIMUA T€HaMU POAUTENb-
CKHX XpOMOCOM, y OMOJIOTOB HET €IMHOTO MHEHHUS U Ternepb. PazpaboTansl pas-
JUYHbIE (PEHOMEHOJOTUYECKUE MOJIEIH, OJIHU U3 KOTOPBIX MPEIoJaraloT Me-
XaHU3MbI TOJHOTO JIOMUHUPOBAHUS, UCKIIOYAIOLIUME AKTUBHOCTh T'€HA, HAaXO-
JSIIIETOCs B PELECCUBHOM COCTOSIHUU. Jlpyrue Mojenu JOMyCKarT, 4To o0a
reHa MOTYT MPOSIBISATh aKTUBHOCTh OJHOBPEMEHHO, HO B pa3HOM cTeneHu (Ko-
JIOMUHHUPOBAHUE ).

JlJis Hac 3TO He Tak BakKHO. B KOHIIe KOHIIOB, BE€Jlb MbI HE CTAaBUM MEPE]] CO-
0ol 3a7a4y BOCCO3/IaHUS 3aKOHOMEpPHOCTeH, nerictByromux B Ilpupone. Mur
MO>KEM YCTaHaBJIMBaTh CBOM COOCTBEHHBIE 3aKOHBI, IOTOMY YTO cama 3BOJIIO-
ISl Y HAC UCKYCCTBEHHAs M HET HUKAKMX OCOOBIX OTpaHMYEHUHN Ha TO, KaK B
HallUX AUIUIOUIHBIX MOMYJSIUAX OYyAYT 3BOJIIOLMOHMPOBATH OTHOIICHUS J0-
MHUHAHTHOCTH — PELECCUBHOCTH B T'eHaX MoToMcTBa. CyIIECTBEHHO JIPYyroe, a
MMEHHO — caM MPUHLHUII, KaK NepeJaeTcsl M0 HACIEACTBY U KaK JE€KOIUpyeTcs
B (DeHOTUTIMYECKHE TIPU3HAKU TeHeTHYeCKas HHpopMaIus 0coOeH.

MBI TpUBBIKIA K TOMY, YTO KaKOW-HUOYIb MPOEKT OMHUCHIBAETCA OJIHOM
€IUHCTBEHHOM TOYKOW W3 IMPOCTPAHCTBA MEPEMEHHBIX, KOTOPOM OJHO3HAYHO
COOTBETCTBYET OISTh-TAKM OJIHA TOYKA M3 MPOCTPAHCTBA KPUTEPHUEB. ITOT
MPUMUTUBHBIN YPOBEHb CIIOKHOCTU MPEJCTABICHUN COOTBETCTBYET CIOCOOY
XpaHEHHs] T€HETUYECKOM MH(pOpMAaIMU Yy TarjoOUIHbIX OPraHu3MOB. Y JMILIO-
UJHBIX OPraHU3MOB BCE€ 3HAUUTEIbHEE MHTEPECHEE — 0COOb ONpeJeNieHa Kak
Obl Ha JABYX TOYKaX OJIHOBPEMEHHO (OTIIOBCKasi U MAaTEPUHCKAs XPOMOCOMBI),
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XOTS 9TOM Mape COOTBETCTBYET MO-MPEKHEMY OJHA TOYKA U3 MPOCTPaHCTBA (Je-
HOTHUIIOB. B mporiecce BIpaOOTKH CBOEH IMOJOBOM KJICTKHU TaKas ABYXTOUYCUYHAs
0COOb T€HEepPUPYET TPEThI0 TOUKY, KOTOpPasl COAEPKUT B ceOe YaCTUUYHYIO WH-
dbopmanrio 06 06enx poAUTENLCKUX XpoMocoMax. Ho ata modepHss Touka ene
He npuoOperaer craryc ocoou. OcoOb BOBHUKAET TOJIBKO TOTJA, KOT/Ia MbI CBS-
’)K€M 3Ty TOUYKY C JIpPYrOM TaKOW K€ JOYEPHEW TOYKOW M BBIYUCIUM IPUCYIIUN
3TOH mape (peHoTun, NpUHSIB BO BHUMAaHUE COCTOSIHUE aKTUBHOCTU TOMOJIOTHY-
HBIX T€HOB B 00€HMX XpOMOCOMAaX U pa3peniuB KOHGIUKT MEXy HUMHU B CIIydae
HEOOXOJUMOCTH.

Kakue xe 3BOIOLMOHHBIE IPEUMYILECTBA JAeT AUIIOUAHOCTh? HaBepHoe,
TaKUX MPEUMYIIECTB HECKOJbKO, HO MBI OCTAHOBUMCS TOJIbKO Ha OJTHOM, OCO-
O0eHHO BaxkHOM Juisi Hac. [IpocTo jyuisi ramaouIHBIX MOMYNSIUN (eHomunuye-
CKOe 8blpodicOeHue ocodell noumu Heuz0exCcHo 03Haudem U 2eHOMUNUYECKOe
8blpodcOenue (XOTs ¢ MaJlol BEPOSITHOCTBHIO, KpailHE PEKO BCTPEYArOIIeHcs B
MPaKTUKE MOJEIUPOBAHUS, MOXKHO MPEANOJI0KUTh, YTO OJJHOMY ONTUMAaJIbHO-
My (DEHOTHUITYy MOTYT COOTBETCTBOBATh pa3HbIe T€HOTHUIIBI). B TO e Bpems, /s
JTUTITOUAHBIX 0COOEH 3TO MPaBWIO HE SBISETCS 00s13aTE€NbHBIM, TO €CTh (PEHO-
TUTIAYECKOE BBIPOKICHHUE TMOMYJISAIUUA, €CTECTBEHHO HAOIIOJaroneecss B CO-
CTOSTHUU aJlalTalliu, OTHIOJIb HE CBUACTEILCTBYET 00 yTpaTe €10 T€HETUYECKO-
ro pazHooOpa3zus.

D10 sgBAeHHE ObUIO TIOHATO eme B 20-Xx Tromax ©  OMNKUCAHO
C. C. YeTBepUKOBBIM, MPEIIOKUBIIMM KOHUEMIHUIO F€HETUYECKOr0 rpy3a, OTs-
rOIIAIONIET0 MOMYJAUI0 UHpOpMaIuen, XpaHsaencs B PELiECCUBHBIX T€HaX
[28]. YacTo DUIIIOMAHYIO TOMYJISIIUI0 CPAaBHUBAIOT C allcOEpProM, TOJIBKO Bep-
XyIlIKa KOTOPOTO, accolMupyeMas ¢ T€HaMH, MPOSBUBIIUMUCST B (DEHOTHUIIE,
BUJIHA HaJ BoJoH. Bosbias ke yacTh akicOepra ckpbiTa OoT Hamiero B3opa. Ho
JIOCTATOYHO CHUTYallUM M3MEHHUTHCS, KaK BUJl aiicOepra M3MEHHUTCS: OH TOBEp-
HETCSl IPYTUM OOKOM, HO HE YTOHET.

TpynHo yTBEpKIaTh, YTO MPEJACTABICHHAS HUXE BEPCHUS SBOJIOLMH JIUILIO-
UTHOM TIOMYJISIIIUU TOYHO CJIEyeT OMOJOTUYECKUM TEOPUSIM, HO C €€ TTIOMOIIBIO
MbI JOOWJIMCHh B OCHOBHBIX YepTax TOro, uero xorenu [29,30].

Jlns Hayana Mbl BBeM 4eThipexOykBeHHbIN andasut {RrDd}, B koropom R
U r 0003HauaT pereccuBHyto 1 u peneccuBHbiil 0, a D 1 d — gomunanTHy!O 1
u nomMuHaHTHBIN 0. OTHOBpEMEHHO MBI CHOPMYIMPOBAIU TpaBUia IMOJHOTO
JIOMUHUPOBAHUS TIPU OMPEICICHUU SKCIPECCUU T'€HOB BHOBH OOpa30BaHHOMU
0co0u, Ipe/ICTaBIEHHBIE HA PUC. 25 B BUE TaOIUIIBI pa3pelieHnsi KOHMIUKTOB.

Kak 00b14yHO, U3 Mapbl TOMOJOTUYHBIX T€HOB B (DEHOTHUIIE MPOSBIISIETCS TOT,
4yTO 0Onamaer 6ojee CUIBHBIM MPU3HAKOM AKTUBHOCTH. ['€H ¢ mpu3HAKOM ak-
TUBHOCTH «TOMHHAHTHBIN» (D mau d), kakoMy OBl POJIUTEIIO OH paHee HU TPH-
HaJJIeKal, TOIaBIsIeT JI000H I'eH ¢ MPU3HAKOM «peleccuBHBINY (R wim r), To
€CTh UMEHHO €ro cojepkatesibHbli npusHak (1 wiu 0) npuHUMaeTcsi BO BHUMa-
HUE B MIPOIIECCE JCKOIUPOBAHUS TUILIOMIHOTO T€HOTUIIA 0coOU CHavana B Ou-
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Puc. 25. Tabnuna pasperieHus: KOHQJIUKTOB IPU3HAKOB
B [1ape rOMOJIOTUYHBIX T€HOB

Bxooamu 6 mabnuyy saensomes 00Ha uz saueex 16020 cmoidya u 00HA U3
AueeK gepxHell CMpPOKU, a 8bIXOOOM - 3HAYeHUe A4eliKU, cmosujell Ha nepe-
ceueHuu CmpoKu, K KOMOpou NPUHAOLEHCUm Nepeas u3 YNOMUHAGUIUXCS
Aueex, u cmoabya, K KOmopomy NPUHAOIEHCUm 6Mmopast

HapHYIO CTPOKY, a 3ateM yepe3 Koj ['pes (cM. Tabmuity 1) B BEKTOp MepeMeH-
HbIX. OJTHAKO, BO3MOXHA CUTYaIlMsl, KOTJla 002 reHa UMEIOT OJUHAKOBBIN TPH-
3HaK aKTUBHOCTU, HO HECYT pasHyro uHpopmaiuo. MerTcs B BUAY Naphl ro-
mojioroB D-d u R-r (3akpaiieHnbie sueiiku). B 3ToM ciiydae Mbl H3MEHSIEM MTPH-
3HaK aKTUBHOCTH OJHOTO M3 HUX C Te€M, 4YTOOBI M30€kKaTh HEOJHO3HAYHOCTHU
pu omnpeaeneHnu (peHotumna ocodu (CymecTByeT Jake COOTBETCTBYIOIIAs TEO-
pusl snureHeTnueckux TpurrepoB JKakoda u MaHo, onuchIBaromasi 3TOT Mexa-
HU3M JOMUHHUPOBAHHS ).

Hcnonb3oBaHHOE HaMH TMPABUJIO pa3pelieHus] KOH(PIMKTAa MPU3HAKOB He-
CKOJIBKO OTJIMYAETCS OT TOro, 4To mpeioxuin XodapmraitH B 1971 [31] wim
Bonr B 1995 [32]. B ominune OT HUX Mbl IPUHUMAJIA BO BHUMAaHUE CTETIEHb
OTHOCUTEIHHOU MPUCTOCOOJICHHOCTU POAUTENEH, YbH TaMEThl JOCTAIUCh pac-
CMaTpuBaeMoil 0coOM, U B TMape aKTUBHBIX TOMOJIOTOB COXPAHSIM AKTHUBHBIM
red 0oJiee MPUCIOCOOJIEHHOTO POJUTENS, a B Mape MaCCUBHBIX OCTaBIISIU Tac-
CUBHBIM I'€H MEHEE YCIEITHOTO UHANUBU/IA.

Famera A |Ldlr]DIRIR[DI r{d]|

3Urora mOTOMKA

IF'amera B [DIdIDIRIRIdIRID)

Y

OO LI THO

Puc.26. IIpumep ucnonb30BaHus TaOIHIIBI pa3penieHuss KOHPIMKTOB

s onpedenennocmu npunamo, yumo camema A npumaonexicana poou-
meinto ¢ 6o/ee 8blCOKUM UHOEKCOM NPUCNOCODIeHHOCIU
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KoneuHno, naHHas OroBopka SIBISIETCS HEKOTOPOW YCTYNKOHM JIAMApKU3MY,
OTPHULIAEMOMY COBPEMEHHOW TMOIMYJALMOHHON T€HETHUKOW. ['aMeThl B JEUCTBU-
TEJIBLHOCTU HE coJiepkaT MH(OpPMAILIUU O CTENIEHU MPUCTOCOOJIEHHOCTH POAUTE-
ns. [locneanss sBISETCS JUIIb MPEANOCHIIKON TOTO, YTO T€HBI JaHHOW 0COOH
MPOJOJIKAT CBOE CYIIECTBOBaHME B motoMcTBe. Ho, Kak MBI yk€ TOBOpWIH, B
YCIIOBUSIX MCKYCCTBEHHOM SBOJIIOIIMU MO3BOJIEHO BCE, & KaK CBUJIECTEIbCTBYIOT
HaIlli SKCTIEPUMEHTHI, MPEJIOKEHHOE MPABUIIO pa3pelieHuss KOH(MIUKTOB OMu-
CaHUU yCKOpsAeT cXxoaumocTh ['A.

Pomurens A Ponutens B
Oonee npucnocobIeHHbINR MeHee MPHUCIOCOOIEHHBIN
[DRI]RIDIDIAIR] [d[dRIDIDIdIdIR]

—

E r|R] d] r|DIRIR] KpoccoBep |B I'l I'lD dl lel I'l

Tametsr A l'ametsr B

DI rIR[dI r[DIRIR] [d] r| TS 1 |
RIS dIR RIIRIDIDIdIdIR
W [amera A ['amera B

v
DI r[RId] r]DIRIR] Myrarust RIIRIDID [ dIR]

I'amera A I'ameta B
[Df r Kl df r[DIRIR [RIAIRIDIDI dIBIR
I'ameta A I'amera B
e 2 S v
DI r sl dl r[DIRIR Wnsepens [RIAIRIDIDI dIBJ R
\// \_/
amera A I'amera B
[dl r[DIRIRIDY r Il [DI dBBJRIRI dIRID)

Iamera A [dlr]DIRIRID] r [l
'amera B [DIdIBJRIRIdIRID)

3urora oToMKa

Puc. 27. [Iponiecc 006pa3oBaHus 3UTOTHI IOTOMKA OT 3UTOT POJUTENCH
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Uro kacaercd Tpuaibl FT€HETUYECKUX OMEPATOPOB, TO OHH, COXPAHUB TE€ KE
Ha3BaHUs, MPUOOPENTN HOBOE COjepKaHue, 0oyiee MPUOIMIKEHHOE K UCXOIHBIM
OnoJornyeckuM uHTepnperauusMm. KpoccoBep B JHUIIOMIHBIX MOMYJISLUASIX
BO3JICHCTBYET HA TEHOTHIIBI HE IBYX 0co0el (3To n3o0peTeHne Xoianaa), a Ha
TOMOJIOTHYHBIE XPOMOCOMBI OJJHOI ocoOu. MHBepcHs ocTaslach B HallEH MOCTa-
HOBKE IIPEKHEN, YTO K€ KacaeTcs MyTallMH, TO OHA U3MEHSET TEKYyIIee ajlieib-
HOE COCTOSIHME I'eéHa raMeThl Ha JIt00oe Apyroe, paspenieHHoe andaButroM. Taxk,
MyTalMsl MOKET OKa3aThCsl HEUTPAJIbHOM, TO €CTh HE CKa3bIBaroIIeics B (eHo-
TUIIE TTOTOMKA, €CIId OHA HE M3MEHSET COCTOSHUE AKTUBHOCTU PELECCHUBHOIO
reda (r-R wim Hao60pot). OgHAKO 3TO HE 3HAYMUT, YTO OHA HHUKOTJA HE MPO-
ABUTCS B OyaylIleM MOTOMCTBE. JJOCTaTOYHO MYTHPOBaHHOMY TakMM OOpa3oM
IeHY BCTPETUTHCS C PEUECCHUBHBIM TI'OMOJOIOM, HO NPHHAIJIEKABIIMM pPaHEE
MeHee MPUCIIOCOO0IEHHOW 0CO0H, KaK OH dKCIpeccupyeTcs B (peHoTure.

Eme ogHO ycoBeplIeHCTBOBaHME, O KOTOPOM IIOKa YTO HUYEro He ObLIO
CKa3aHO, Kacajoch mopsiaka (GOpMUPOBaHUS HayajabHOW MOMmyisuuu. Mbl mo-
CTyIaJM TaK: CHayajla T€HEPUPOBAIN NOMYJSILUI0 KaK TalUVIOWAHYI, a 3aTeM
DYTUTMLIUAPOBAIA XPOMOCOMBI OCOO€H, OpraHu3ys IUIIOMIHbIE T€HOTHUIBI (IO
CYIIECTBY, Mbl OCYIIECTBIISUIM 2eHOMHYIO MYyTalluio). B TakoMm ciyyae Hadasb-
Hbl€ OTHOLIEHUS JOMUHHUPOBAHUS HE UrpaJidi HUKAKOW POJIM, TaK KaK rOMOJIO-
TMYHBIE TE€HBI B MTape XpOMOCOM 00J1aalii OJIMHAKOBOM aKTUBHOCTBIO M HECIH
UJCHTUYHYIO COJEpKaTeabHyro uHpopmamuio. [locne nepBoro xe paHxupoBa-
HUS TOMYJIALMU [0 MPUCTOCOOIEHHOCTH MBI YK€ MOJb30BAINUCH MPEACTABIICH-
HOM1 BbIILIE TAONHIIEH pa3pelieHrs KOH(PIMKTOB OMUCAHUMN.

Jist Toro, 4ToOBbl MPOAEMOHCTPUPOBATD SIBHBIE MPEUMYIIECTBA JUIIOUTHON
NOMYJISIUMU HAJl TalyIOWJHOM B CIIOCOOHOCTM BOCCTAHABIMBATH T'€HETHUYECKOE
pa3zHoOo0pa3ye M OCYILECTBIISITh MOUCK B U3MEHUBLIMXCS YCIOBHUSAX, Mbl ITOCTA-
BUWJIN CIICAYIOUIUN YACICHHBIA YKCIIEPUMEHT.

[Ipeanonoxum, 4TO Ha4AJIbHBII MOMEHT PACCMAaTPUBAEMOr0 HAMM IEPUOJA
HBOJIIOIIMM COBMNAJI C BHE3allHBIM HM3MEHEHHEM penbeda 1eneBold (QyHKIMH.
[TpennonoxxuM Takke, 4TO MPEAIIECTBYIOMUN Mepruol ObLI CTAOMIBHBIM U Ha-
CTOJIBKO JUTUTENIbHBIM, YTO 00€ momyysauuu (Kak rariouaHas, Tak U JUTLIOU-
Hasl) BBIPOAMIINCH KaK (PEHOTUIIUYECKU, TaK U F€HOTUIIMYECKU BOKPYI Haudaja
KOOpAMHAT B TpocTpancTse moncka (1'°. JIist ramionaHoN MOMyISIHN 5T0 03-
HA4YaeT, YTO BO BCEX pa3psiliaX KaKIOW XPOMOCOMEBI CTOST HOJIU (cM. puc 28).

0000000000000000
0000000000000000

................

0000000000000000

Puc. 28. [Tonmynsiuus rarionIHbIX TEHOTHUIIOB,
BBIPOJIMBIIASICS B HAYaJI€ KOOPAUHAT
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B 10 BpEM:A KaK IJIsd I[HHHOHI[HOﬁ 9TO KC MMPCAIIOIIOKCHUEC MOKET OBITH BBI-
IMIOJIHCHO, €CJIM BO BCCX I'OMOJIOT'MYHBIX IIapaX I'CHOB 6y,Z[YT OOMMHMPOGCZWIb HO-

JIM, HE3aBUCHMO OT TOTO, KaKyro MH()OPMAIMIO HECYT PEIECCHBHBIC TE€HBI (CM.
puc 29).
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Puc. 29. BeipoauBiiasicst TUIIOUIHAS TTOYJISIAS

Wrak, BHe3anmHo 1ieneBast QyHKIMs TPHOOpETaeT BUJT
10
f(x):z—xisin(\/ﬂ), ~500< x < 500. (12)
Ei

OTO OJlHA W3 IIUPOKO H3BECTHBIX TECTOBBIX (YHKIMN, MPEITOKEHHBIX
[lIBedenem. Ona umeet Oonee 10 MULIMOHOB JIOKAJIBHBIX YKCTPEMYMOB, TJIO-
OaJbHBIN K€ MUHUMYM TI0 KQXKJI0W U3 KOOPAUHAT JIEKUT B TOUKE

X, = 420,9687, i =1...10. (13)

Puc. 30 wuroctpupyeT mporecc Moucka 3KCTpeMyma JUIUIOWIHON U rar-
JIOWJTHOM MOMYJISALMSAMHU IO IBYM IIEPBBIM KOOPJMHATaM BEKTOPA MEPEMEHHBIX.

B nauvanbHblii MOMEHT BpemeHHU t=0 00e momyJsuuu JiekaT B Hayajae Koop-
nuHat. Eciau MCXOMHBIM MCTOYHUKOM T€HETHMYECKOTO pa3HOOOpasusl y BBIPOXK-
JEHHOM TaruIouAHOW MOMYJSIUUU SIBJISETCS MyTalusi, a UHBEPCHUS U KPOCCOBEP
TOJIBKO YCWJIMBAIOT IOCJIEJCTBUS €€ BO3JEHCTBHS, TO B JUIIOWIHON NOITYJs-
L[MU TEPBbIN K€ aKT CKPEUIMBAHUS MPUBOIUT K MOSBICHUIO HECKOJIBKUX TOMHU-
HAHTHBIX €UHULl B TEHOTHUIIE TOTOMKA. EIMHUIIBI U3BJIEKAIOTCS HA CBET U3 pe-
LECCUBHBIX “NOJIBaNIOB” reHO(POHAA, Onarogaps yeMy HOIMYJSIUs O4eHb ObICT-
po pa30OpacbiBaeT MOTOMKOB 10 BCEMY MTOMCKOBOMY IPOCTPAHCTBY U UCCIIEAYET
€ro.

K 500 nmoxonenuto o6e MOmyasiuu JOCTUTAIOT MPUOIU3UTENIBHO OJUHAKO-
BOTr0 (PEHOTUIMYECKOTO Pa3HO0Opa3usi, HO Jajbllle MPOLECC Pa3BUBAETCS Y HUX
I0—pPa3HOMY.
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JlunmonaHaga [ansonggas
MO YJIALHS O yJISIINSA
500 <> * 500 < *
Xg 4 Xg »
kS X

500 500

500 X, 500 =0 500 X, 500
500 | ° . [ 500 ¢ .
X2 : : X2 . e ° I
5001 . 500

500 X, 500 =500 500 X, 500
500 s e ° 500 EES . ]
X2 X2 o Ld

:. :. " ...: &

500 500

500 X, 500 =3000 500 X, 500
500 s » 500 | &
X2 X

]

500 500

500 X 500 500 X 500

1 =6000 1

Puc. 30. TTouck skctpemyma TecToBOM GyHKIMH (12) mpeBapuTENbHO BBIPOXKICHHBI-
MU JUILIOUHOM U TaIlIONTHOM MOMYJISAUsIME: ¥ — TII00aIbHBIN SKCTPEeMyM; <> —
CyOONnTUMAaNIbHBIII MUHUMYM; ® — 0COOb MONYJISLUY.
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He Oynem 3a0bIBaTh, 4TO YMCIAEHHOCTh MOMYJISIIIUA TOANECPKUBACTCS HEU3-
MEHHOM, TO €CTh B MOMYJISIUHN ACHCTBYeT O0TOOp Ha ’nuMmuHHpoBaHue. [locro-
SHHBIM OTTOK M'€HETUYECKOTO MaTepualia, Mo ujiee, I0HKEH KOMIIEHCUPOBAThCS
M3MEHYMBOCThIO MTOTOMCTBA, U TaK OHO U €CTh, HO TOJIbKO HAa PaHHUX 3Tamnax
MOUCKa, MOKa MPHUCIOCOOJIEHHOCTh 0CO0El Mo Bcel MOMyJSIUU OCTaeTcs 00-
Jee—MeHee OJHOpoJHON. Ho Kak TOJIBKO B MOMYJSALMU TMOSBISIOTCS OCOOH
CPE3KO OTJIMYAIOIICHCS MPUCIIOCOOTICHHOCTBIO, OHU MOJIYYaloT MPEUMYIIECTBO
B MpaBe CTaTh POAMUTENEM U JAIOT MNOTOMCTBO, MOoXoxee Ha HuX. [loToMcTBO
MOJTy4aeTcsl, MO KpalHel Mepe, HEIJIOXUM W BKJIMHUBAETCS B MEPAPXUIO MOIY-
JISIIUY, BBITECHSASI HAUMEHEE MPUCTIOCOOICHHBIX 0CO0EH 3a TpaHMIIBl YUCIEHHO-
CTH, 0OOpasyrollleld HOBOe MokoJjieHue. [lomynsiiust cTAruBaeTcsi B HaWJEHHbBIN
JIOKAJIBbHBIA HKCTPEMYM, BBHIOPATHCA OTKy/AA €i 3HAYUTENIHO CIIOXKHEE, YeM W3
HayaJla KOOpJAMHAT, [JI€ OHA JIeXkaja Ha CKJIOHE MEJIKOIro OoBpara.

CkazaHHOe OCOOEHHO BEpHO Il TaruioujgHod monynsnuu. OHa OBICTPO
CXOJIUTCSA, HO €CJIM €1 MOJABOPAYMBAETCS XOPOIIHUM JOKAIBHBIN IKCTPEMYM, CY-
HIECTBYET PUCK, UTO OHA 3acTpsaHeT B HeM. K 3000 rokoJsieHuto ramiouiHas mo-
MyJISIIUST HAXOAUT 4 JIydIuX 3KcTpeMyma (Io0aibHbIi, 2 CyOONTUMAaIbHBIX U
cyOCcyOOnTUMAaIbHBINA) U HAaYUHAET KOHIEHTPUPOBATH 0COOEH B MX OKPECTHO-
cTsx. Ho k 6000 moKoJeHuI0 OHA MOJTHOCTBIO BBIPOKIAETCS B CyOONITUMAILHOM
MUHHMYME 10 1—o0i1 U ellle TpeM KOOpAUHATaM BEKTOpa MEPEMEHHBIX, XOTS IO
2—Oli 1 OCTAJIBHBIM IIATH KOOPAMHATAM HAaXOJHUT IJI00aThbHOE pelIeCHHE.

Crapt U3 BBIPOKIECHHOIO COCTOSIHUSI OKA3bIBACTCA CAUUKOM TSKEIBIM IS
rarmiougHor nomyisnuu. OHa He yCIeBaeT AOCTATOYHO HMCCIEN0BATH MOUCKO-
BOE IMPOCTPAHCTBO MPEXKE, YeM OTOOp Ha DIMMUHHUPOBAHWE HAYMHAET OKa3bl-
BaTh CBOE MCTOILAIOIIIEE BIMSIHUE HA pa3HOOOpas3ue.

B Hammx skcrnepuMeHTax AWIUIOWIHAS MOIMYJSAUUS TOXKE HE BCErja Morja
CIIPABUTHLCS C 3aJadyei, HO Jenana 3To B 8§ ciaydasx u3 10, 4To CyIIECTBEHHO
MIPEBOCXOJIUT PE3YJIbTAThl, IEMOHCTPUPYEMBIE TaAINIOUTHOM.

Junnouanas nomyssiius padotaetr memieHHee. K 3000 mokosneHuro yxke
MIPOCMATPUBAIOTCS OTHEIBHBIE TPYIIBI 0COOEH, HO HE TaK OTYETIMBO KakK y ra-
monaHou. Jaxxe k 6000 MOKONEHUIO NMOMYJIALMS OKA3bIBAETCS HEBBIPOKIICH-
HOM, XOTs1 OOJbIlas ee MOJOBUHA JEKUT B OKPECTHOCTH TJIOOAIBHOIO AKCTpe-
MyMa MO BCEM KoopAuHaTaM. MajeHbKue TPYMNIbl COXPAHSIOTCS B CyOONTH-
MaJbHBIX 3KCTpeMyMax. Eciu mpeanoiokuTh, YTO B ’TOT MOMEHT CHOBA MpO-
M30iIeT u3MeHeHue penbeda 1eneBol GyHKIMU, OHa, 0 CPABHEHUIO C rario-
WJTHOW, OKa)KETCs JIy4llle TOArOTOBJIEHHOM K OYEPEIHOW aJanTaluu.

Crnenyet npu3Hath, yTo TectoBass GyHKIUS (12) OTHOCUTCS K pa3psay Npo-
cteix 1iia ['A. To, 4to ramiougHas nomyssiiusi He Hauwia pemenue 3a 6000 mo-
KOJICHUM, OOBSICHAETCS TOJIBKO YPE3BbIYAHO CJIOKHBIMU JIJI1 HEE€ HayadbHbIMU
ycrnoBusMH moucka. B Hopme momymsinus uz 100 ocobeit, creHepupoBaHHAas
0OBbIYHBIM 00pa3oM, HaxoauT pemienue 3a 2000—2500 nokosieHuit o BCEM KO-
OpJIMHATaM W OY€Hb TOYHO. /[MITonaHas momyJisiiusi BCerJa NpOUrpbIBacT €il B
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CKOPOCTH, HO B TPYAHBIX YCIOBUSX JOJbIIE COXpaHSAET pabOTOCIOCOOHOCTh U
HaxXoAUT 0oJiee BBITOJHbBIE PELLIECHUS.

MBI HEOAHOKpPATHO YOexaAanuch B 3QPEKTUBHOCTU AMILUIOUIHOTO CIOcoOa
KOJAMPOBAHUS, UCIOJIB3YSl €r0 MPU CUHTE3€ HEUPOCETEBBIX KOMIIOHEHT CHUCTEM
ynpaBjieHus. XOTs BpeMs, TpeOyromeecs i pemeHus 3aiad, Bo3pocio, Kade-
CTBO HEHPOAIMYNATOPOB U HEMPOKOHTPOJUIEPOB YIYUIIUIOCh, U 3TO Jaj0 HaM
OCHOBAHUS TMOJICTYMUTHCA K 00Jjiee CIOXKHOU MpoOJieMe, a UMEHHO — CUHTE3Y
MHTEJUIEKTYalIbHON CUCTEMBI YIPaBICHUS.
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6. BUPTYANIbHAA PEANIbHOCTb U UCKYCCTBEHHbIU
UHTEJNEKT

Heoocmamounocms anpuopnou ungopmayuu npugooum K
HeoOX00UMOCmU COBMEWAMb 8 ONPEOeNeHHOM CMbICIEe U3YUeHUe
obvekma u ynpaenenue um. Mol e ModceM OnmMuMaibHO ynpas-
JIAIMb 00BEeKMOM, He 3HAs e20 XAPAKMEPUCTUK, HO Mbl MOAMCEM
uzyuamos 00veKm, ynpaeiss um, U mem CamvlM UMemb 603MOJHC-
HOCMYb YIy4uiams YupasieHue, Cmpemsics K OnmumMaibHOMY.

eoticmeennocms 3Hanus U ynpaenenus, KaKk noo4epKueall
K. lllennon, mecno cesasana ¢ 080UCMBEHHOCIbIO NPOULO2O U
0yoyweeo. Mooicno obradamov 3HAHUAMU O NPOULTIOM, HO Helb35
YIPABNAMb UM, U MONCHO YAPABIAMb OYOYWUM, He 3HAs e2o.
bvims mooicem, umenno 6 smom u cocmoum 6csi npenecms u
CMbICTL YNPABTIeHUs.
S1.3. HpinkuH, “Axanrtauus u odyuyeHue B aBTOMA-
THYECKHUX cucremax”

Ha puc. 31 mpencraBieHO KOHILIENTYyaJbHOE pELICHHE pa3padaTbiBaeMOM
HaMu cucTeMbl yrpasieHus Ha 6aze MHC ¢ 6i0koM 00ydeHus, peann3yomnum
['A nns moucka onTUMAabHBIX mapameTpoB ceT [33, 34]. Mbl Ha3BaJM Halry
CUCTEMY MHTEJUIEKTYaJIbHOM, IOTOMY YTO OHA 00JIaJa€T OJHUM U3 BaXKHEHIINX
aTpuOyTOB MHTEIJIEKTA, & HMEHHO — CIIOCOOHOCTHIO K TTOCTPOEHUIO MPOTHO3A,
OCYIIECTBIJIIEMOI0 BUPTYaJIbHBIM TPAKTOM YIPABICHHUS.

JIroOONBITHO MPOUCXOXKACHUE CIIOBA BUPTyalibHBIN. OHO OepeT CBOU UCTOKU
OT JIATUHCKOTO VIf — My>K4rHa. Pumiisiae o0Opa3oBaiu OT HETO JAPYroe CIOBO —
Virtus, kKotopoe ciy>Xuso st 0003HaYeHHUS COBOKYITHOCTH BCEX MPEBOCXOIHBIX
KauecTB, MPUCYIIUX MyXuMHaM (pu3nueckas cuia, J00JEeCTHOE MOBEACHHUE,
MOpajbHOE JOCTOMHCTBO). M3 JaTMHCKOIrO CIOBO MPOHUKAET B CTapO(paHILy3-
ckuid, a B XIII Bexe — 13 PpaHIly3cKOro B aHIITUHUCKHUM SI3bIK.

B coBpemenHOM aHrmiickom cioBo Virtual mpuoOpeno JOMOTHUTETbHBIHN
OTTEHOK “HO HE€ CYIIECTBYIOIIMN B JACHUCTBUTEIBHOCTH . B TOJIKOBOM ciioBape
[35] unTaem:

Virtual — being in essence or effect but not in fact or name (cy-
wecmeyowuil 8 NOHAMUU UTU NPOU3B00AWULL dhghekm, HO He cyuje-
CMBYIOWUL 8 0eCmeUmelbHOCMUY U He UMelowull Ha38aHUsl)

Mexmy TeM, Takoe 3HAY€HHE COCYIIECTBYET HapaBHE C MPSAMO MPOTHBOIIO-
JIOHBIM. AHIJIO—pYCCKHi ciioBaph [36] maet mepeBoj Virtual xak gaxmuue-
ckuul. bonpimoi gunyeckuid cioBappb [37] IpocTO MPUBOAMUT MOYTHU MPOTHUBO-
MOJIOKHBIC 3HAYCHUSA — I¢hhekmusnsiii, Oelcmeyrowull, IKEUBANEHMHbIU,
@axmuueckuii, — TONArasich Ha HaIly COOOPa3UTETHHOCTh U YMEHHE OPUEHTH-
pOBaTbCS B KOHTEKCTE.
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Puc. 31. Konnentyanbnsiii mpoekt CAY ¢ 6;10koM 00yueHust Ha ocHoBe ['A

[locnennee Bpemsi Bce OOJBIIYIO MOMYJSIPHOCTh B HAY4YHOUM JMTEparype
MpUOOpETAET YCTOWYUBOE CIIOBOCOUYETAHUE BUPMYAIbHAS pealbHocmb. Briep-
BbI€ 3TOT TEPMHUH MOSBUJICS B JIEKCUKOHE Pa3pad0TUUKOB KOMIBIOTEPHBIX MPO-
rpaMM, TpeIHAa3HAYCHHBIX IS HA3€MHOTO OO0y4YeHHs KOCMOHABTOB HaBBIKAM
aBTOHOMHOM paboThl B OTKPBHITOM KocMoce. C n300peTeHreM IuieMa 1 nepyart-
KM, IPULIEAIIAM HAa CMEHY JUCIUICIO U JKOWCTUKY, 3pUTENIbHAS U MOTOPHAas
KOMIIOHEHThl WMHTEPAKTUBHOW KOMIIBIOTEPHOW HWMHUTALMM 3HAYUTEIIBHO YCO-
BEPILICHCTBOBAIUCH, CYIIECTBEHHO PACIIMPUB I'PaHULbI IPUMEHUMOCTH paspa-
OOTaHHBIX CHCTEM B KaueCTBE TPEHAXXEPOB I JIETYMKOB—UCTpEOUTENECH U
MpEACTaBUTENICH NIPYruX 5K30THYECKUX mpodeccuii. BozaeiicTBys omHOBpe-
MEHHO Ha HECKOJIbKO KaHaJOB MOCTYIUIEHUs HWH(OpMau B MO3T (3peHHE,
CIIyX, BeCTUOYJSIpHBINA ammapar, TAKTUJIbHBIC OIIYIICHHS ), COBPEMEHHBIE KOM-
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MBIOTEPHBIC CUCTEMBI BUPTYAIBHON PEaTbHOCTH CIIOCOOHBI aKTHMBHO BIIHSATH HA
CO3HAHUE U TIOJICO3HAHME U MOPOXKIATh Y UCHIBITYEMOTO OIIYIIIEHUE CBOCH IpH-
JaCTHOCTH K Pa3BOPAYMBAOIIEMYCS TIEpe ero Tila3aMu ClieHapuio. Uepes KoM-
MBIOTEPHBIE UTPHI HOBAsi TEXHOJIOTHUS BBITIECHYJIACh B MHP, MIOPOJIUB 1I€JI0€ HO-
BOE HAIIPABJICHUE B BUJIEO.

Mpb1 HEMHOTO TO—APYTrOMY TpakTyeM 3To ToHsTHe. Ecnu 3aaymarbest, BUp-
TyallbHas PeabHOCTh CYIIECTBYET B KaxaoM W3 Hac. OMHON U3 3a1a4, MOCO3-
HATEJBHO pEIIaeMbIX HWHIWBHUIYYMOM Ha MPOTSHKEHUM BCEW KU3HU, SBIIACTCS
MOCTPOCHUE M YTOYHEHUE KapTUHBI MUpPA, OMpPEACIICHHE CBOETO TOJOKCHHS B
HEM U BBIpAOOTKa CTpaTeruu COOCTBEHHOIO TMOBeACHHS. MbI HE TOJIBKO MOJe-
JUpyeM sl ce0sl OKpY KA MUP, HO U Kak Obl CO CTOPOHBI Ha0JIt0/1aeM ce-
0s1 B 9TOM MHUpE, MOACIHUPYS caMuX ceosl.

Hcxons u3 Takux MPeACTaBICHUH 00 MHTEIJICKTE YeTOBEKa, MbI ITOJOIILIN K
MIPOCKTUPOBAHUIO CUCTEMBI YIpPaBJICHUs. BHEMIHUM MHUPOM IS HEE CIIY>KHUT
00BEKT, HEUPOKOHTPOJUIEP SBIISCTCS €€ TEIOM, a BUPTYaIbHBIA KaHAI YIIpaBIIe-
HUS, COJIepKalTuii MOACIh 00BbEKTa M MOJEIh HEHPOKOHTpOJIepa — €€ “‘MO3-
roMm”’, MECTOM, TJI€ CUCTEMA MOJICTUPYET CeOs1 B OKPYKAIOIEM MUPE.

[ToaroToBka cucteMbl K pabOTe MPOUCXOIUT CIEAYIOIUM 00pa3zoM. Mel
npeamnojaraeM, 9YTo ¢ CaMoTo Hadaja HaM JOCTyITHA anmpuopHas HHPOpMAIHS O
MOBEJACHUN O0BEKTA B Pa3IMYHBIX pekuMax. Toraa 3amauelt mepBoro sramna siB-
asieTcs nepepaboTka 3ToW MH(poOpManuu B OMOIMOTEKY TPEHHUPOBOYHBIX IIA0-
JIOHOB, HA OCHOBaHUHU KOTOPOU 3aT€M CHHTE3UPYETCS HEHPOIMYIATOP OOBEKTA.
Korma mHTerpanpHas omwubKa, reHepupyeMas dMYJIITOPOM, CHHUXKAETCS JI0 3a-
JAHHOTO Tpejena, mapameTpbl HEHpOAIMYISATOpa KOMHUPYIOTCS B OJOK TpEHU-
POBKM HEMPOKOHTPOJUIEPA. 3[ECh C YUYACTUEM STAJIOHHOW MOJEIU MPOUCXOIUT
OIICHKA PA3JIMYHBIX CTpPATeTWil YIpaBJICHUS OOBEKTOM, PACCMATPUBAIOTCS H
CPaBHHUBAIOTCS MEXAY COOOW pa3nmuuHble clieHapuu Oymymiero. Kak ToJbko
yIaeTcs IOCTUYb BBIMIOJHEHUSI BUPTYaIbHBIM TPAKTOM TPEOOBAHHI ATATIOHHOM
MOJIEJIH, IMapaMeTphbl BUPTYAJTLHOTO KOHTpPOJUIepa cOpachIBAIOTCS HA HMCIIOTHU-
TEIbHBIA KOHTPOJUIEP, TIOCIIE YETO CUCTEMA MOXKET MPUCTYNaTh K padoTe.

[Ipy wW3MeHEHNH XapaKTEPUCTHK OOBEKTa MPOUCXOIUT E€CTECTBEHHOE CHHU-
JKEHUE KadecTBa ympasiieHus. [lo Mepe yBenu4eHHs] pacXOXIACHUS B TEKYIIEM
MOBEJACHUN OOBEKTa C OXHUAACMBIM CHCTEMa TOJydaeT BO3MOKHOCTH TOHSTH,
4TO 00BEKT U3MeHuICsI. HoBbIe mepexoHbie XapaKTepPUCTUKH TTOIOIHSIIOT Ono-
JMOTEKY TPEHUPOBOYHBIX IMAOJIOHOB, TIOCIIE YE€TO MapaMeTpbl HEUPOIMYIATOpA
KoppekTupytorcsa. Jlaiee Bce mpoucxoauT kKak v panee. Korja moaronka smy-
JATOpa OCYIIECTBIICHA, HAYMHAETCS KOPPEKTHUPOBKA MapamMeTpOB HEHPOKOH-
TpoJuIepa, 3aBEPIIAIONIAACS U3MEHEHHEM MapaMeTpOB HMCIIOIHUTEIBHOTO KOH-
TpoJuiepa.

TpyaHo paccuuThIBaTh, YTO 32 OJMH TaKOU IUKII 00yYeHUE 3aKOHYHUTCS, TaK
KaK HoBasi HH(GopMalus 00 U3MEHHUBIIEMCS O0BEKTE BPSJl JIU MOXKET MPETEHO0-
BaTh Ha JOCTATOYHYIO TMOJHOTY. JIOTMUHO TPENIONOXKUTh, YTO TIOCIIEe TIEPBOM
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TPEHUPOBKHU SMYJIATOP HE Oy/IET TOYHO OMHUCHIBATH OOBEKT, a TOITOMY U CHHTE-
3UPOBAHHBIN C €ro MOMOIIbI0 KOHTPOJUIEP HE CMOXKET CIPaBUTHCA C 3aJadaMu
ymnpaBiieHus. TeM He MEeHee, OYeBHIHO, YTO HOBBI KOHTPOJUIEp OYyIeT reHepu-
poBaTh XOTh M HE ONTHMAJIbHOE, HO BCE—TaKW HOBOE YIPABJIICHHE, KOTOPOE
BCKPOET HOBBIE OCOOEHHOCTU TOBeleHHs oObnekTa. HoBas mHpopmanms mact
BO3MOXHOCTh CHOBA PacCHIMpUTh OMOTUMOTEKY IIa0JIOHOB, NOTPEHUPOBATH HEW-
POSMYIISTOP M HEHPOKOHTPOJUIEp U OOHOBHUTH MapameTphbl MUCTOTHUTEIHHOTO
KOHTpOJUIepa.

Tak cucrema cama m3y4aeT OOBEKT M MOCTETIEHHO COBEPIICHCTBYET CBOM
CIIOCOOHOCTH K yIpaBjieHHI0. HaBepHOe, CIIEKTp KOJIMYECTBEHHBIX U3MEHEHUN
XapaKTEPUCTHK 00BEKTA BCETJa OTPaHUYEH OMPEIEICHHBIMA paMKaMH, BHE KO-
TOpPBIX HCYE€3aeT KayeCTBEHHAas OMPENEJICHHOCTh 00beKTa Kak TakoBoro. [lo-
3TOMY, KOTJa 3TH BO3MOXKHOCTH B MPOIECCE IKCIUTyaTallud OOBEKTa McUepra-
I0TCS, CUCTEMa CTaHET POOACTHOW, TO €CTh MPUOOPETET CIOCOOHOCThH YIpaB-
JSTh 00BEKTOM TPU JTHOOBIX 00CTOATENHCTBAX.

[Tyrarorue TpyIHOCTH CHHTE3a Helpoamysitopa aaxe B off—line pexxume,
BCTPETUBIIMECST HaM, TJIaBHBIM 00pa3oM, MpH OmpeaesaeHud o0beMoB HHGDOP-
Maiuu 00 0OBEKTE, JOCTATOYHOM JUIsi CHHTE3a €r0 HeUpPOCETEBON MOJENU, HE
CMOTJIM OXJIAJIUTh HAIll YHTY3Wa3M B OTHOIIEHWW CTOJb (paHTACTHYECKOW KOH-
HEeMNIUK UHTeJUIeKTyanu3anuu. KoneuyHo, oHa MOPOKIAET MHOTO JOTIOTHUTEb-
HBIX BOIIPOCOB O COOTHOIIICHHWH TEMITOB 3BOJIIOIMK U aganTanuu B On—Iline pe-
KUME, O TMPUHIUITUAIBHON CXOJUMOCTH aJITOPUTMA aJIaNTallii, COJAEPIKAIIETO
JIBE, BIIOKCHHBIC OJHA B JIPYTYIO, MPOIEAYPHl ONTUMHU3ANNA. TeM He MEHEEe MBI
BepuM, 4To ['A 001a1a0T JOCTATOYHOM MTOMCKOBOM MOIIIBIO, YTOOBI CIIPABUTHCS
C TaKUMH TIPOOJIeMaMu TPU CYIIECTBYIOIIEM YPOBHE Pa3BUTHUS MEPCOHATBHBIX
KOMITBIOTEPOB.

BosBpamiasice k TpeM BompocamM, TOCTaBJICHHBIM B pas3fielie M0 MOACIUPO-
BaHUIO, MBI MOKEM JaTh YETKHI OTBET IMOKa TOJbKO Ha MEPBBIM U3 HUX.

Ha, HeilpoceTeBble MOJAEJU JUHAMHYECKUX O0BHEKTOB MOIYT
OBITH HACTOJIBKO TOYHBIMH, YTO HEHPOKOHTPOJLIEP, CHHTE3UPO-
BAHHBIN C UCNOJb30BAHUEM HEMPOIMYJIATOPA, OKA3BIBACTCH CIIO-
COOHBIM YHPABJATH CAMHM O00BEKTOM 0e3 KAKMX—JIu00 A0moJI-
HHUTEJbHBIX HACTPOEK.

Ms1 npoBeny MOCIEA0BATENBHO TPU OAHOTHUIIHBIX 3KCIEPUMEHTA C TECTO-
BbIM OOBEKTOM TPH pa3HbIX 3HaueHUsAX ( B ypaBHeHHH (8), B mpolecce KOTo-
pBIX CHauajga CUHTE3UpPOBAIU HEHposMyssaTop oO0bekTa (cM. [lpunoxenus 2—
4), a IOTOM C OMOIIBIO HEUPOAIMYIISITOpa — HelpokoHTposuiep. Ha 3akitoun-
TEJTLHOM JTalle dKCIEPUMEHTa HEUPOKOHTPOJUIEP OMPOOOBAJICS HA CaMOM O0b-
exre. K HameMy yJqOBJIETBOPEHHUIO, BO BCEX TPEX CIIydasX HEUPOKOHTPOIUIEP
CMOT YIPaBJISITh 00bEKTOM 0€3 CHUKEHHS KauecTBa MO CPABHEHHIO ¢ pabOTOH B
COCTaBE BUPTYAJbHOI'O KaHAJIA.
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OTU 3KCNEPUMEHTHI OKA3aJIMCh MOJE3HBIMU COBEPUIEHHO B HEOKHJIaHHOM
riade. OHM IPOJIBUHYJM BIEPE] HAlle MOHWMAaHHUE TOTO, YTO CIEAYET CUUTATh
OOBEKTUBHBIM KPUTEPUEM aJIEKBAaTHOCTH MoOJenu oObekTa. JleicTBUTENbHO,
TOYHOCTb MOJIEJIM MOKHO CUHMTATh yIOBJIETBOPUTEIBHON TOJBKO B TOM Cily4Yae,
€CJI MTOCTPOEHHBIN C €€ MOMOIIbI0 KOHTPOJUIEP OKa3bIBAE€TCS CIIOCOOEH yNpaB-
JSITh 0OBEKTOM.

Crnenyer npu3HaTh, YTO CUHTE3 BUPTYAJILHOTO TPAKTa CUCTEMBI YIIPABICHUS
OKa3aJICsl HE TaKUM MPOCTBIM J€JIOM, KaK MOIJIO MOKa3arbcs BHaudajne. [Jocra-
TOYHO CKa3aTh, YTO HAIllA MEepBasi MONbITKA OPraHU30BaTh €ro MyTeM TPUBUAIb-
HOU CTBIKOBKM HEUPOKOHTPOJUIEPA U HEUPOIMYJIATOPA, IPEABAPUTEIBLHO CHUH-
TE3UPOBAHHBIX Ha Kiaccuueckod mojaenu oobekrta (cm. [lpunoxenue 1 u [pu-
JoXeHue 3), HaTOJIKHYJIach Ha HEOXKUJaHHbIE mpensTcTBus. OHU HE CTalu pa-
00TaTh BMECTE, U MbI HE Cpa3y J0TaajJiCh TOYEMY.

Jleno okazajaoch B TOM, YTO KOI'Jla Mbl CHHTE3UPOBAJIN KOHTPOJIEP HA 00b-
€KTE€, HAC MHTEPECOBAJI TOJILKO BBIXOJl OOBEKTA, HO HE KOHTpOJIEpa. ITO ObLIO
O0COOCHHOCTBIO NMPUMEHSIEMON METOJIMKH, TaK KaK OIMMOKa B BBIXOJIE OOBEKTa
MCIOJIb30BANIaCh I OOYyUYEHHUs, UTO KE KacaeTcsa KOHTPOJIepa, TO Mbl U HE IIbI-
TaJIUCh MOHATH, KAKOE YIPaBJICHUE OH JO0JKEH FeHEpUpOBaTh, YUTOObI 3aCTaBUTh
00BEKT BeCTH ceOs1 TpeOyeMbIM 00pa3oM.

Kak cneacrtBue, Mbl HE KOHTPOJIMPOBAJIN U HUKAK HE OTPaHUYMBAINA aMILIHU-
TyAy BBIXOJa KOHTpOJUIEpA, KOTOpas, KaKk BUAHO W3 pUCYHKa 32, mocTurana
3HAYEHUs 5 MPU €IMHUYHOM 3ajaHuu U,. BoT Takoe ympaBieHue U HE CMOT OT-
pabaTbIBaTh HEHPOIMYIISITOP, MOCKOJIBKY OH OOydYalics Ha BXOAHBIX BO3IECHCT-
BusAx 710 1. ToyHO MOBTOPSIS MOBeZeHHE OOBEKTA YIPaBICHUS IPU aMIUIUTY1aX
BXOJIHOTO BO3JIEUCTBHSI MEHBIIE 1, 3SMYJISITOpP MPAKTUYECKH HE pabdoTasl mpH
Oonblmx ammuTynax. Puc. 33 mokaseiBaeT, Kak KaTacTpOPHUUECKH yXyAILaeT-
Csl KaYeCTBO €ro paboThl YK€ MPU BXOJHOM CUTHAJIE paBHOM 4.

5 10 +

3
hfw 2 LA
1—r_r"/ 4
10 . R

- V 2 4 6 8 10 21 !

-2 0 : : : : |

-3 0 2 4 6 8 10

Bpewmsi, ¢ Bpewms, ¢
Puc. 32. BrixogHoil curaain HeHpOKOH- Puc. 33. Pabota HeipoamysiTopa npu
Tposuiepa (kpuBas 1), 00yd4eHHOTO 110 OOJIBIINX 3HAYCHUSX aAMILTUTY/IbI BXOJIHO-

muddepeHIManbHBIM YpaBHEHUSIM O0BEK-  T'0 Bo3zelcTBUs (KpuBas | — BXOAHOU

Ta, PY CANHUYHON aMIUIUTYJIe CUTHAJla  CUTHAI;, 2 — peakuus 00beKTa; 3 — pe-

3asianus, (KpuBasi 2 — BBIXOJ] 00BEKTA) aKIMs HEHPOIMYIISITOPA)
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Brnpouem, Ha camoM Jieji€ HUYETO YJIUBUTEIBHOTO B 3TOM HET, MBI MPOCTO
«130aJI0BaHbl» JMHEHHBIMHU KJIACCHUYECKUMHU MOJAENAMH. To, 4TO OHHU JIOCTO-
BEPHO OIKCHIBAIOT peajibHbIA OOBEKT TOJBKO B Y3KOM JHara3oHe pabouux yc-
JIOBUM, YaCTO CTABUTCA UM B BUHY IPU PEHICHUU MPaKTHYECKUX 3aaad. Ho B
caMOM MO/JICTUPOBAHMU, KaK B HAIllEM Cily4yae, UX TMOBEJeHUE OE3ynmpedHo, U
HEUPOCETEBBIM MOJIEIISIM TPYJAHO COPEBHOBATHCS C HUMH.

Bo3sBpamasice k npoOsiemMe CHHTe3a BUPTYaJIbHOTO TpPaKTa, OTMETUM Clie-
Ayrouiee.

Bo—rnepBbix, X0Ts 00OydyeHHE HEUPOKOHTPOJUIEpA BEAETCA IO BBIXOAHOU
KOOpJIMHATE AMYJISATOPA, HEOOXOAMMO OrpPaHUYMBATH AMILUTUTYTY YIIPABIISIOIIE-
ro CUTHaJIa, TEHEPUPYEMOr0 KOHTPOJUIEPOM, BEPXHEN T'PAHULIEN IOIMYCTUMOIO
JlAarna3oHa BXOJHBIX BO3JACHUCTBUN AMyJSTOpa. B ONMMChIBaéMBIX 3KCIIEPUMEH-
Tax 3Ta IpaHMIa coCTaBisIa 1.

Bo—BTOphIX, U3 IBYX BO3MOXHBIX CIIOCOOOB OrpaHUYEHUS — >KECTKOTO
cpe3a aMIUIUTY/Ibl BBIXOJHOTO CHUTHaja 0o Oosiee MATKoro mrpadoBaHus 3a
MPEBBIIICHUE Pa3pPEIICHHOr0 YpPOBHS — 0oJiee MpearnoyTuTeseH BTopoil. OH
JIa€T BO3MOKHOCTh T€HETHUYECKOMY AJITOPUTMY PaHXUPOBATH MOMYJSALMUIO C
Y4eTOM 3TOT0 NMPHU3HAKA U MOCTENEHHO M30aBISAThCS OT TeX PEIIeHUN, KOTOphIE
TEHEPUPYIOT CIUIIKOM CHIIBHOE YIIPABIICHUE.

Hcnonb3ys 3TU IOMOTHEHUS K METOJUKE, & TAKKE OrPAHUYUB BEIUYUHY 3a-
nanust U=0,5, Mbl 1 CHHTE3UPOBAJIN TPU HEUPOKOHTPOJIEPA, O KOTOPHIX FOBO-
puiiock Bbiie. [lapameTpsl 0qHOTO M3 HUX IpeacTaBieHbl B [Ipunoxenuu 3, a
€ro BBIXOJ] TIPH BXOHOM 3amanuu U,=0,5 — Ha pucynke 34.

y 0,75

0,50 =

0,25

0,00
0 2 4 6 8 10 12 14

Bpems,
Puc. 34. Beixoq BUpTyaabHOr0 HEHPOKOHTpoOJLIEpa Iipu 3aaanuu 0,5

KoHeuHo, BBINIOJIHEHHBIE SKCIIEPUMEHTHI HE JI0Ka3bIBAlOT UCKIFOUUTEIbHBIX
aJanTUBHBIX CBOMCTB MHTEIUIEKTYaJbHOM CUCTEMBI. KakIblii pa3 Mbl camu Op-
raHU30BBIBAIM cOOp WHGpOpMaI 00 00beKTe, TpeOyromencs Uisi CUHTE3a
IMYJSITOpA, ACUCTBYS MO TPEIBApPUTENIHHO BhIBEpeHHOMY IwaHy. s Toro,
YTOOBI YOETUTHCS B CIIOCOOHOCTH CUCTEMBI CAENIATh 3TO CAMOCTOSITEIIBHO, HYXK-
HO pacnapajieNuTh TpU 3a1adyu — (HOpMHUpPOBAHHE OHOIUOTEKHM TPEHUPOBOY-
HBIX 11a0JOHOB, TPEHUPOBKA AMYJISTOPA, TPEHUPOBKA KOHTPOJIJIEpPa, MOCIIE Yero
CYMETh MPaBUIBHO PACHPEIEIUTh PECYPChl BBIYUCIUTEIBHON CUCTEMBI U Opra-
HU30BaTh OOMEH JaHHBIMHU MeXay HUMU. COBpeMEHHbIE ONEepalMOHHbIE CUCTe-
mbl (Windows NT, Windows 95) o01aiatoT BO3MOXHOCTSAMU ISl PEIICHUS Ta-
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KUX MpoOJieM Aake Ha OJHOIMPOIECCOPHBIX MaIllMHAX, U Mbl HAMEPEHbI peau-
30BaTh UX B ONMOKaIeM OymayIieM.

B 3aBepiienue xotenoch Obl iporutupoBath P. JlokuH3a, NpoYTeHUE KHUTH
[38] KOTOpPOro OKa3zajio OrpOMHOE BIIMSIHUE HAa XOJ HAIIUX MbICIEH Ha MPOTH-
KEHUM moclieqHux 2—x jeT. OH numeT: «IBOJIONUS CIOCOOHOCTH K MOJEIH-
pPOBaHUIO, OYEBUIHO, MPUBEJIa B KOHEYHOM HUTOTe K CYOBEKTUBHOMY OCO3Ha-
Huto. [loueMy 3TO0 JOMKHO OBLIO MPOM3OUTH, MPEACTABIAECTCS MHE TiyOoYai-
el TaliHOM, CTOAIIEH Tepea coBpeMeHHOoM Ouomnorueii. Het ocHoBanwmii moma-
raTh, 4TO JIEKTPOHHBIE KOMIBIOTEPHI JEHCTBYIOT OCO3HAHHO, KOT/Ia OHU YTO—
HUOYIb MOJICIUPYIOT, XOTS HaM MPUXOJUTCS JOMYCKaTh, YTO B OyIyIleM OHH,
BO3MOKHO, OyyT OCO3HaBaTh CBOM JACHCTBUs. BBITh MOXET, OCO3ZHAHUE BO3HU-
KAaeT TOrJla, KOTr/a MOJENIb MUpA, CO3/1aBa€Masi MO3TOM, JIOCTUTaeT TaKOM IMOJI-
HOTBI, UTO €EMY IIPUXOJIUTCS BKJIIOYATh B HEE MOJENh CaMOTO Ce0sI».

[IpencraBnsercs, 4TO YEJIOBEUECTBO BIUIOTHYIO MOJOLUIO K Pa3pelICHUIO
9TOHU 3aJa4Hu.
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3AKNMIOYEHUE

[Ipo3padyHOCT, U JOCTYHHOCTb HJAEH, COCTaBISIOLIUX METOI0JIOTHYECKHI
0a3uc COBPEMEHHBIX METOJIOB SBOJIOIMOHHOTO MOJEITUPOBAHUS, MPOU3BOISAT
Ha Hac MOMCTUHE 3aBOpaxkuBarollee BreuyaTieHue. Henmb3st ckazarb, 4To 3TH
UJIe 3aUMCTBOBAaHBI M3 OOBIJEHHOM XW3HM, BEb HA CAMOM JIeJie OHU Tpe/I-
CTaBJISIIOT COOOM PEBOJIIOIIMOHHBIE OTKPHITUSI B OMOJIOTUU HE 0oJiee YeM MOoJy-
BEKOBOU JTaBHOCTH, HO CETOJIHA O HUX 3HAET KaXIbIi IIKOJbHUK U OHH YK€ JIET
20 BXOAAT B MEPEUEHb TOTO, UTO JIOJDKEH 3HATh CPEIHECTATUCTUUECKUI OObIBa-
TeJb, HA KaKOM Obl KOHTUHEHTE OH HU XuJl. Tem Oojee yIUBUTEIbHBIM TMpE/I-
cTaBisieTcs TOT (hakT, UTO OOBEMHEHHBIE B OJTHO 1I€J]10€, 3TU Ujeu npuobdpera-
10T PeAIbHYIO CHJIY U JIal0T HaM B PYKH 3(PGEKTUBHBIN MHCTPYMEHT ISl pelie-
HUS CJIOKHBIX 337]a4 MOJEIMPOBAHUS U CUHTE3A.

I'A + MHC oxBaThIBalOT TOJBKO KYCOYEK TOTO, YTO HA3BIBAIOT IBOJIIOLUOH-
HbIM MojenupoBanreM. Ho kak HaMm IpeAcTaBiIseTCs U KaKk MbI MBITAIUCH MPO-
JIEMOHCTPUPOBATh, 3TU JBE BBIYUCIHUTEIBHBIE TEXHOJOTHMH O0JaJat0T OTPOM-
HBIM CO3UATeNIbHBIM MOTEeHIHaTIOM. [10100HO TOMy, KaK MOHATHS TMEepeaaToy-
HOM (PYHKIIMU ¥ MHAMHYECKOTO 3BEHA COCTaBWJIM MHCTPYMEHTAJbHBIM 0a3uc
KJIACCUUECKUX METOJIOB MOJECIUPOBAHUS AUHAMUYECKUX OOBEKTOB U MPOEKTH-
pPOBaHUSI CHCTEM WX YIMpaBIEHUs, HEHPOHHBIE CETU SIBISAIOTCA d(PHEKTUBHBIM
MHCTPYMEHTOM 3BOJIIOLIMOHHOIO MOJEIUPOBaHUS U cuHTe3a. OHM B TaKOM XKe
Mepe CITOCOOHBI OXBaThIBAaTh BECh CIIEKTP MPOOJIEM, CBI3aHHBIX C MMOCTPOECHUEM
CUCTEM YIpaBJICHHS — HAuMHas OT CHUHTE3a MOJENU OOBEKTa M 3aKaHYMBas
CUHTE30M 3aKOHOB YIIPaBJIEHHUS, U BCE 3TO MPHU MOMOILIU OJHUX U T€X XKE MpHUe-
MOB, B paMKaX €IMHOTO MOJX0Jia. ITO BBITOJIHO OTJIMYAET UX OT MHOTHX JPY-
I'MX COBPEMEHHBIX TEXHUK, KOTOPBIE MPOSIBISIIOT 3PPEKTUBHOCTD IPHU PEIICHUN
TOJILKO YaCTHYHBIX 3amad (ckakeM, fuzzy |ogiC HaxoauT NMPUMEHEHHE TOJBKO
IIPU CUHTE3€ KOHTPOJUIEPOB, HO OKa3bIBAETCS OECCUIILHON B MOJEIMPOBAHUU
caMUX OOBEKTOB), U Jla€T OCHOBAHMUSI MPUUUCIUTh MX K KJAcCCy ITOKTPHH,
MMEIONINX NapagurMaibHOE 3HAaUEHUE JIJI COBPEMEHHBIX TEXHUUYECKUX HAYK.

Mbl noHMMaeM, 4YTO TpPEACTaBICHHbIE HaMU WUTIOCTPATUBHBIC MPUMEPHI
MOXXHO YNPEKHYTh B HEKOTOPOM MPOCTOTE TECTOBOI'O JUHAMUYECKOTO OOBEKTA.
Ho He Oynem 3a0bIBaTh, CKOJIBKO JIET U KaKOW YMCIEHHOCTBIO OTPSAOB YUEHBIX
J1a KJIacCUYecKas HayKa K MPOCTOMY OMHUCAHUIO MOJO0OHBIX 00OBEKTOB, K yMe-
HUIO 00pamatbesi ¢ HUMU. HelipoHHBIE K€ ceTH Havyaiau JOOUBATHCS MPU3HAHUS
COBCcEM HezaBHO, He Oosiee 10 ser Ha3azd (TO ke caMoe MOXKHO CKasaTh U O re-
HETUYECKUX aJITOPUTMAaXx).

MOXHO TakKe MPEINOI0KUTh, YTO BPSA JIM UX NPOJBHXKEHUE B CTOPOHY
real world applications 6yaer ObicTpbIM WK TpruyMQalbHbIM. Ta JIETKOCTh, C
kotopoit UHC yTBepauianch B KOTHUTUBHBIX HayKaxX, SIBIISIETCA CKOpee OOMaH-
YUBOM M MOXKET OBITh OOBSICHEHA MTPOCTHIM OTCYTCTBUEM CEPbE3HBIX KOHKYpPEH-
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TOB. CyIIIECTBYIOIINE K€ TEXHOLICHO3bI, B3PAIICHHBIE B PAMKaX KJIACCHYECKOU
HAyYHOM TMapajurMbl, U TaK HEIJIOXO YAOBIETBOPSIOT OCHOBHBIE MOTPEOHOCTH
oOmiectBa. M HAallTH B 3TUX JOKYHIJISIX CBOOOJHYIO HUIIY OYE€Hb TPYAHO — BCE
SApYyChI IaBHO 3aHATHI U OOpPHOA 3a MECTO MO/ COJIHIIEM HE MpEeKpaIlaeTcss HA Ha
MHHYTY.

Bnpouewm, cutyanus u3mMeHsieTCs O4eHb OBICTPO, HAIIM TPEOOBaHUS K TEX-
HUKE HEMPEPBIBHO COBEPUICHCTBYIOTCS, U HUKTO HE BO3bMETCS MPENYrajath,
CKOJIb JJOJITO KJIACCUYECKas MapaJurmMa CMOXKET COXPAaHITh CBOK MOHOIIOJIHIO.
Ja 370 u He Tak BakHO. [ TaBHBIN MPOrpecc MOCAETHUX JET COCTOUT B TOM, YTO
TO OIyIlIeHne OTU30CTH, OOITHOCTH peliaeMbIX MHXeHepamu U [lpupomoii 3a-
Jlay, KOTOpPOE HE TaK JaBHO TOJBKO BUTAJIO B BO3AYXE, CETOJHS MEPEPOCIO B
YBEPEHHOCTb, YTO MUP OPraHUYECKUX PEIUIMKAHTOB U MUP KYJIBTYPHBIX PEIUIU-
KaHTOB, K KAKOBBIM OTHOCSITCSI M1 HAYYHbBIE UJIEU, PA3BUBAIOTCA MO OJWHAKOBBIM
3aKOHaM, a 3HA4YUT, HAM €CTh 4eMy yuutbcs y [Ipuponsl. IIpencraBnennbsii ma-
TepUAT JOKA3bIBAET, YTO IMEPBBIE PE3yJIbTATUBHBIE IIArM B 3TOM HANpPAaBICHUU
yKe CJIeJIaHbl.
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TEPMUHONOMMYECKNA CNOBAPb

AKCOH— OTpOCTOK HEHpOHA, KOTOPBIN MepenacT UMITYJIbChl APYTHMM HEH-
pOHaM.

Anjiesib — xaxnplii TeH CIOoCOOCH 3aHHMMAaTh TOJIBKO OINpPEACIICHHYI0 00-
JacTh B XpOMOCOME, TaK HA3bIBA€MbIM JIOKYC. B momysdinuu Bcermaa HaWayTCs
0CcO0HU, Y KOTOPHIX B UJEHTUYHBIX JIOKyCax IMPEJCTABJICHbI pa3inuHbie (POpPMbI
T'C€HOB. DTHU aJlbTepHATUBHBIE (POPMBI M HA3BIBAIOTCS AJJICIIBHBIMU COCTOSHUSIMU
reHa WU MPOCTO AJLJIEISIMU.

[ amerb/— (61oi.) KIIETKH, KOTOPBIE HECYT TEeHETHUECKYI0 MHPOPMAIIHIO O
POIUTENLCKOM 0COOM. Y JKMBOTHBIX U YEJIOBEKA MY)KCKHE raMeThbl Ha3bIBAOTCS
CIEPMATO30MJIaMH, 4 )KEHCKUE — AMIeKIeTKaMu. ['aMeTsl coepkar rariona-
HBIM (OIMHOYHBIN) HA0Op XpOMOCOM. B 3BOIIOMOHHOM MOJIETUPOBAHUM KaTe-
ropust «ojl ocodu» He npumeHsiercst. OOBEKTOM MOJEIUPOBAHUS SBISIFOTCS
NaHMUKTHYECKHE TMOIMYJSIUU OECMOoNbIX OPraHU3MOB, TO €CTh MOIYJSIUHU, B
KOTOPBIX OTCYTCTBYET 3allpeT Ha CKpelIMBaHME JOObIX IBYX ocobeil. PazHomo-
JIOBOCTh B MPHUPOJHBIX MOMYJSAUAX KAaK pa3 U UTPAET pOJib €CTECTBEHHOI'O Or-
paHUYEHMS Ha CKpELIMBAaHME — HHM I1apa U3 JBYX CaMLOB, HU I1apa U3 JByX ca-
MOK HE MOTYT AaTh IOTOMCTBA.

[€eH— ocHOBHasi eIWHMIIA HACJCICTBCHHOCTH, MPEACTaBJISIOMAs COOOMH
¢parment JIHK, xoaupyronmuit oAMH WJIA HECKOJbKO (PEHOTHUIMUYECKUX MPHU-
3HAKOB M 3aHUMAIOIINNA (PUKCUPOBAHHBIN JIOKYC XpOMOCOMBI. ['€H mpeacTaBis-
eT co0oll ckopee (PEHOMEHOJOTUYECKYI0 KATErOpvI0 M TMOHATHUIHO MPOTHUBO-
CTOUT (heHy — €TMHUYHOMY, JOCTYITHOMY HAOJIIOJICHUIO TIPU3HAKY OpraHu3Ma,
no3BoJisAroeMy audPepeHIupoBaTh €ro OT APYrux ocoOei Toro xe OHOoJOoTH-
YECKOTO BUJA. B 3BOTIONMOHHOM MOAETUPOBAHUU — (parMeHT XPOMOCOMBI,
KOJIUPYIOUTUN 3HaYE€HHUE OJTHOTO U3 UCKOMBIX ITapaMeTpOB.

[eHeTnyeckmi anropuTm (PernpogykTMBHbeIN iiaH Xomiarga)— pas-
JIeJT SBOJIFOIIMOHHOTO MOJICIIMPOBAHHUS, 3aUMCTBYIOIINI METOINYECKUE MPUEMBI
Y3 TEOPETUYECKUX IIOJIOKEHUHN MOMYJIALUOHHOM TeHeTuku. [Ipencrasiser co-
00l CBOEro pojia MOJIeNb MAIIMHHOTO MCCIIEJOBAHUS MOMCKOBOIO MPOCTPAHCT-
Ba, TIOCTPOCHHYIO Ha JBOJIIOIMOHHON MeTadope. XapakTepHble OCOOCHHOCTH:
MCIIOJIb30BaHUE CTPOK (DUKCUPOBAHHOW MJIMHBI JJIS MPEJCTABICHUSI TEHETHYe-
CKOM uMH(popManuu, paboTa ¢ MOMyJSAIUENH CTPOK, HCIOJIb30BaHUE T'E€HETHYE-
CKHX OIepaTopoB Jyisi GOPMUPOBAHUS OYIYIIUX TTOKOJIEHUMN.

[r106asibHasi ornTUMMU3aLNs — TIPoIeCcC MOMCKA SKCTPEMyMa HIIH SKCTpe-
MyMOB (PYHKITMOHAJIa, KOTOPBIA B 3BOJIONMOHHOM MOJCIUPOBAHUN COOTBETCT-
BYET IIPUCIIOCOOJICHHOCTH OCOOM, MHTEPIPETUPYEMOM KaK €€ CIIOCOOHOCTh pe-
1aTh MOCTaBJICHHYIO 3a/1a4y.
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LapsnHnsm — paspaborannas Y. JlapBuHbIM Teopus, OOBSICHSIONMIAS BO-
JIOUMIO KAaK pe3ysibTaT B3aMMOJEHUCTBUS JBYX (PAaKTOPOB — CIIyHaHBIX H3Me-
HEHUW XapaKTepUCTUK 0COOEil B uepene MOKOJICHHM W €CTECTBEHHOTO OoTOOpa
(BBDKMBaHMUE HanOoJiee MPUCITOCOOJICHHBIX ).

HerHgpur— (6noi1.) CHIIbHO pa3BETBIICHHAS YacTh HEWPOHA, KOTOpas MOy-
YaeT UMITYJIbChl OT PEIENTOPOB WJIM JAPYTUX HEUPOHOB M TEPENaeT HX Tely
KJICTKH.

Lunririongns — cnoco® xpaHeHHs HACIESICTBEHHON MH(POPMAIIUU y BBICIIIUX
OpPraHMU3MOB, KOT/Ia B sIpaX COMaTHYECKUX KIIETOK COACPKUTCS ABOWHOMN HabOp
XpOMOCOM, OJIHa MOJIOBUHA KOTOPOT'0 0CTajJach 0COOM OT OTHA, a Apyras — OT
MaTepH.

UsmeH4YnBOCTE — (610J1.) pa3HoOOpa3re MPHU3HAKOB U CBOWMCTB y 0coOei
11000 cTeneHu pojacTBa. TepMUH «M3MEHUYHMBOCThY» MPUMEHSETCS TaKkKe s
XapaKTepUCTHKHN TmpeoOpa3oBaHus (OpPM KUBBIX OPTaHHW3MOB B IMPOLECCE HUX
3BOJIIOLMHU. PaznuyaroT M3MEHUMBOCTh HACJEACTBEHHYIO (F€HOTHUIIMYECKYIO) U
HEHACJIEICTBEHHYIO (MapaTUnuyeckyro). M3MeHYnBOCTh, 00YCIOBICHHYIO BO3-
HUKHOBEHHEM MYTalluii, Ha3bIBAIOT MYTAallMOHHOM, a 00yCIIOBJIEHHYIO IIepecTa-
HOBKaMU T€HOB B Pe3yJbTaTe CKPEUIMBAaHUSI — PEKOMOWHAIIMOHHOM.

UHBEpPCHSI — pEeKOMOWHAITMOHHBIN OIepaTop, KOTOPBIAM BO3JCHCTBYET Ha
dbparMeHT XpOMOCOMBI, U3MEHSISI B HEM TMOPSAOK CJIEeIOBaHUS T€HOB Ha o0part-
HBIHN.

UICKYCCTBEHHbLIE HEUPOHHbLIE CETH— KIacC TMOKHX HEIMHEHHBIX Pper-
PECCUOHHBIX WJIN JUCKPUMHWHAHTHBIX MOI[CJ'IGIZ, BKJIFOUAKOIIUX OOJIBIIIOE YHCIIO
HeﬁpOHOB, COCANHCHHBIX ITPOU3BOJIbHBIM 06pa30M, HCPCOAKO OPraHM30BAHHBIX
B CJIOMHBIE aPXUTEKTYPBHI.

KorHntnsBHasi teopusi— teopusi 00y4deHHUsI, B COOTBETCTBUU C KOTOPOM
YeJIOBEK M YKMBOTHBIC YCBAaWMBAIOT 3HAHMS B BUJI€ KOTHUTUBHBIX KapT (UTO TJE
PACIIONOKEHO) WM OXKUAAHUK (YTO K Y€MY MPUBOJMT). ITO KOHTPACTUPYET C
TEOpHUE MHCTPYMEHTAIBHOTO 00yUYEHUs, KOTOpas MpeAroaraeT, 4To 00y4eHue
CBOJIUTCS K YCHJICHUIO WJIA OCIa0JIEHUI0 CIeM(UIECKIX PEaKIIHii.

Kpoccosep, kpoccnHrosep, (om anen. Crossover, Crossingover — nepe-
kpecmokx) — (OWOJI.) OJHA W3 CTaJui Tpolecca raMeTOreHes3a, MPHUCYIIETo
TOJILKO OpraHu3MaM, pa3MHOKAIOIIUMCS TOJIOBBIM myTeM. B (asze kpoccosepa
XPOMOCOMBI IIOTCHOHAJIBHOTO POAUTCIIA, Y4YaCTBYIOINHC B BBIpa6OTKC ramer,
BBICTPAMBAIOTCSL JPYT HAMPOTHUB JAPYra, CKPEIIMBAIOTCS B HEKOTOPOW CpeaHe
TOYKC U pacxodsATcCAd, 0OMEHSBIIINCE nopuusAMH ICHETUYCCKOTO MaTCpuraa. HpI/I
MOCJICYIOIIEM OTUIOAOTBOPEHUU MYKCKasl M JKEHCKasi TaMeThl (CrepMaTo30Ul U
SUIIEKJIETKA) CIUBAIOTCS B 3UTOTY, TUIUIOWIHYIO KJICTKY, JAIOIICH HAa4Yalo HO-
BOMY OpraHHU3MYy. B 9BOJIIOIMOHHOM MOACIUMPOBAHHHA IIOA KPOCCOBCPOM IIOHH-
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MalOT OMNepaTop, KOTOPBIH (OPMHUPYET XPOMOCOMY IOTOMKa, coOupas ee u3
(bparMeHTOB POJUTEILCKUX XpOMOCOM. EciM peub MaeT O raruIougHOM IOITy-
JSIAM, PE3yJIbTUPYIOIIAs XpOMOcoMa Cpa3y MHTEPIPETHPYETCS KaK CaMOCTOS-
TeJIbHas 0COOb.

JlamapKu3M — >BOIOIMOHHAS TEOPHS, MPEANICCTBOBABINAS JTaPBHHHU3MY.
Jlamapk Bepuii, 4TO 3BOJIIOUMOHHOE Pa3BUTHE HJET IIyTEM HACIEIOBAaHMS ITO-
TOMKaMH WHIUBUIYaTBHBIX MPUCIOCOOTICHHH, MPUOOPETEHHBIX POJUTEISIMU B
TEUCHUE )XKU3HU. XOTS JIJaMapKU3M HE HallleJl TOATBEPKICHUS, UJed HACIIeI0Ba-
HUS PE3YJIbTATOB MPWKU3HEHHOW AJAITAMU YCIEIIHO MPUMEHSAETCSA B JBOJIIO-
IUOHHOM MO/ICJINPOBAHUH.

Myraynsi— onepatop, BHOCSIIUN H3MEHEHUS B CTPYKTYPY KOIMU POJIH-
TEJIbCKOW XPOMOCOMBI, MOAU(DULIMPYS 3HAYEHHsI OTIENbHBIX I'€HOB B paMKax
pa3penieHHoro ajieabHOro andaBuTa.

HeviporH — (6noi.) HepBHas KjIeTKa. B 3BOJIOIMOHHOM MOICITHPOBAHUU
HEHPOH (HEWpPOJI, BEIYMCIUTENBHBINA Yy3€J, 00pabaThIBaIOMIUNA SJIEMEHT) — MPO-
CTOW JIMHEMHBIM WM HENVMHEHHBIA 3JEMEHT, KOTOPBIM MMEET OJAWH WIM He-
CKOJIBKO BXOJIOB, BBIYUCIIAET (PYHKIIMIO BXOJHBIX CUTHAJIOB U MEPENaeT pe3yJib-
TaT OJJHOMY WJIM HECKOJIbKHM JAPYTUM HEHpOHaM.

Obobuyarowasi criocoOHOCTb HEUPOHHOU CETU— WHTEPIOTUPYIOIIHE
CBOMCTBA.

ObyHeHne, TPEeHNPOBKa HEUPOHHOU CETH — HaCTpOiiKa mapaMeTpoB ce-
TH, IIAPpaAMCTPHUUICCKAA OITHMU3AlMA CCTH C LCJIbIO CHHIKCHUA ®YHKHHH OIHI/I6-
KH MCIKAY KCIACMbIMU U I[CP'ICTBI/ITCJIBHBIMH 3HAYCHUSIMHN BBIXOJIO0OB CCTHU.

OnTuMHN3aLMs] — WTEPaTHBHBIA TMPOIECC YIYYIICHUS PEUICHUS 3a/1a4H,
c(OpMYyJITUPOBAHHON B OCTAHOBKE MOMCKA HKCTpEMyMa 11eJIeBON (QyHKIUH.

Ocobb — 1ipecTaBUTENb ONPEAEICHHOTO OHOJOTHUECKOr0 BUIA, KOTOPBIM
XapaKTepu3yeTcs Hepas3phbIBHBIM €IMHCTBOM TeHOTUIA U (peHoTumna. B sBosro-
LIUOHHOM MOJEJIMPOBAHUU O0COOb TaKkke 00J1aaeT FreHOTUIIOM, OJJHO3HAYHO OIl-
pPEACNAIONIUM TPUCTIOCOOIEHHOCTh, U UMEET CMBICH OJHOTO W3 BO3MOKHBIX
pEelIEHN paccMaTpUBAEMON 3a/1auu.

[Tapagnrma — camomocTaTOYHass COBOKYIHOCTh  OCHOBOIIOJIAraroIInuX
uJel ¥ MPUHILIMUIOB, MO3BOJISIONIAs HA COOCTBEHHOM MUPOBO33PEHUYECKON OCHO-
Be (GOpMHUPOBATH IEIBHYIO 10 BHYTPEHHEMY E€IMHCTBY KapTHHY OOBEKTHOTO
mMupa. CerojHs MOXKHO TOBOPUTH O CYIIECTBOBAHMHU B HayKe JIByX PaBHOIIpPAB-
HBIX HapaJurM — KJIACCUYECKON M 3BOJIFOIMOHHOM .

[Tonynsynsa — rpynmna ocoOei 0THOTO BUJIA, TO €CTh 00JIAIAIONINX OJHA-
KOBOM CTPYKTYPOM T'€HOTHIIA U MOATOMY CIOCOOHBIX B3aWMOJICHCTBOBATH JAPYT
C APYroM, HapuMep, CKPEIIMBATHCSA U 1aBATh TOTOMCTBO.
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[TpucriocobrieHHOCTs — (01OoI1.) MHTErpabHas XapaKTePUCTHKA Peajn30-
BaHHBIX OPTaHU3MOM CIIOCOOHOCTEH MPOTHUBOCTOATH OKpY»Karomiei cpexae. Yac-
TO OIICHUBAETCS Kak KOA((UIIMEHT pPa3MHOXKEHHUS, TO €CTh KOJUYECTBO [10-
KUBIIUX IO PENPOTYKTUBHOTO BO3pacTa MOTOMKOB, OCTABJICHHBIX JIAaHHOW 0CO-
Ob10. B 9BOJIIOIIMOHHOM MOJIETUPOBAHUN — KOJIMYECTBEHHAsI XapaKTePUCTUKA,
MOKAa3bIBAOIAs, HACKOJIBKO YCIEIIHO 0COOb pelllaeT MOCTaBICHHYIO 3a/1auy, U
MO3BOJIAIOIIAS COMOCTABUTh €€ B 3TOM OTHOIIEHHUH C APYTUMHU OCOOSIMU.

Ceriekusi — mporiecc, Ipu MOMOIIH KOTOPOTO HEKOTOPbIe 0COOH U3 I0-
MYJISIUA OTOUPAIOTCS JIJIS TMOJTYYICHHUsT OT HUX MOoToMcTBa. OOBIKHOBEHHO — Ha
0a3e mpeAnoYTeHHS 110 BETMYUHE WHIUBUAYAIBHON MPUCIIOCOOICHHOCTH.

Xpomocoma — (buon.) onna u3 nenodek JJHK, oOHapyKeHHBIX B KJIETKaX.
XpOMOCOMBI MNPUCYTCTBYIOT BO BCEX KJIETKaX OpPraHU3Ma, XOTSA TOJIbKO He-
OoJbIIIast UX YacTh aKTHBHA B KaKOW-TO KOHKPETHOW KIIeTKe. B 3BosonMoHHOM
MOJEUPOBAHUU TI0]I XPOMOCOMOM MOHUMAIOT PparMeHT JaHHBIX, COJIePIKAITUN
UCKOMbIe TapameTpbl. OH MOXKET OBITh MPEACTABJICH B BUAEC OWMHAPHOUN CTPOKH
WJIY LIEJIOYMCIICHHOTO MacCHUBa.

SmTn3mM — nipuHnun GOpMHUPOBAHUS CICIYIOIIETO MOKOJICHUS B OIS~
L[UH, TIPU KOTOPOM XPOMOCOMBI HanOO0JIe€ MPUCIIOCOOIEHHBIX 0CO0EH TEKYIEro
IIOKOJIEHUS KOIUPYIOTCA B CIEAYIOLIEE ITOKOJIEHUE, HE TOABEPIasiCh ACHCTBUIO
TEHETUYECKUX ONEPATOPOB. DJIUTU3M TapaHTUPYET COXPAHEHUE B IOIYJISLUN
CBEPXUHIUBUJIOB, IIEPEXOAAIINX U3 IIOKOJIEHHS B IIOKOJIEHUE, HO, KaK IPAaBUIIO,
YCKOPSIET BBIPOXKAECHHE MOIYJISALNNA, HHOTIA IPEKIEBPEMEHHOE.

QBOH/OL/MOHHOG mMofesimpoBaHne — HampaBJICHUEC B MAaTEMaTH4Y€CKOM
MOJICTUPOBAHUHN, OOBEIUHSIONIEE KOMITBIOTEPHBIE METOJbI MOICITHUPOBAHUS
ABOJIIOLIUM, & TaKXe OJU3KOPOJICTBEHHBIE MO MCTOYHUKY 3aMMCTBOBAHUS HJIEH
(Teopernueckasi OMOJIOTHS, €CJIM TaKOBas CYIIECTBYET) JIPyrue HaIpaBlIeHUs B
ABPUCTUUYECKOM TPOrpaMMHUpOBaHUU. Bkitouaer B ceOsi Kak paslelibl ceHemu-
yeckue ancopummbl, 360JHYUOHHbIE cmpamecuu, 2601I0YUOHHOe NpocpaAMMU-
posanue, UCKYCCMEEHHble HeUPOHHbIE CemuU, HeYemKYI0 J02UKY .

SBOMOLNOHHASA CUCTEMA — cUCTeMa, TUHAMHUKA Pa3BUTHS KOTOPOH OIH-
paeTcs Ha MPUHIUIIBI 80CNPOUIBOOCMBA, USMEHUUBOCTU, COPEGHOBAHUS U OM-
bopa.

9roxa— OoJHa UTCpanursd B BBIYUCIUTCIIBHOM IIPOLECCC.
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NMPUNOXEHME 1. PE3YNbTATbI CUHTE3A U AHANU3
NAPAMETPUYECKON YYBCTBUTEJIbHOCTU
HEMPOKOHTPOINEPA

OOBEKT ynpaBieHUus: — UHEPLHUOHHOE 3BEHO BTOPOTo nopsiaka (8).
[Tapamerpsr nuHamudeckoro oobekra: T =05, ¢=0,1.
Lenp ynpaBneHus: — MOaBICHUE KOIEOATETbHOCTH OOBEKTA.

3aKoH ynpasieHus: U, = NC(Xk,Xk_l, urk).

Huckpernocts ympasnenus: A =01c.

n
AxTHBanMOHHAs (PYHKLMS HEHPOHOB CKPBITOTO CIOS: Y = th@ WX + W, E
=1

KomnuecTBO HEMPOHOB B CKPBITOM CIIOE: 5.

Puc. I11.1 CtpykTypa HEMPOKOHTPOJI-
jepa Ha 6a3e MHOTOCJIOMHOTrO Tep-

nentpona NN3—5—1

u
r—) ) ’/l k xk+
HeiipokorTpomiep—= —5 »
T's”+2T¢s +1
X
=T

Puc. I11.2 Cxema paboThl HEHPOKOHTPOJI-

[TapameTpbl HEMPOKOHTpOILIEPA

aepa

Tabmuua I11.1

Iapametp Homep HelipoHa CKpBITOTO CI10s BrixonHou
HEWPOH
1 2 3 4 ) 1
Wo 0,1989 —0,2478 0,1999 0,2038 | -0,0269 —0,0978
W1 0,5797 —0,2454| —0,7576 | -0,4604| -0,0244 1,4370
W> —0,9609 0,9433 0,7498| -0,2493| -0,5230 —3,3920
W3 0,5347 —0,6090 0,1281 0,8592 0,7810 —9,8827
Wy — — — — — 5,5034
W5 — — — — — 6,2463
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B) r)

Puc. I11.3 Peaknus cucreMsl ynpasieHus (KpuBast 2) ¢ HEHPOKOHTPOJJIEPOM Ha BXOJHOE
BO3/eiicTBHUE (KpuBas 1) B BUJie TapMOHUYECKOT0 CUTHAJIA C €IMHUYHON aMIUIMTY10H U yac-
totoii a) 0; 6) 0,08; 8) 0,16 ur) 0,32 I'ry

JUis OlLleHKHM NapamMeTpUYecKOW YYBCTBUTEIBHOCTU CHUCTEMBI ObUT BBEJCH
MHTErPANbHBIN (DYHKIIMOHAT KayecTBa:

x)——ZB—I (t)-u th

3nece N=3 — konu4ecTBO 3KCHEpUMEHTOB, {mx=10 C— Bpems mHTETrpHpOBa-
HUSl TIEPEXOJHOr0 Mpolecca B cucTeMe, U, — CTYyIeHYaToe BXOAHOE 3aJjaHHe
ammumnryaoud —1, 0 u 1. 3nauenue QyHKUMOHANA, MOTYYEHHOE MPU ONTHUMAIIb-
HOU HacTpolike HelpokoHTpoJuiepa, paBuo J=0,0235.

Ha puc. I11.4 npencrapiien rpaduk u3MeHeHHsT PyHKIIMOHANIA KauecTBa Mpu
U3MEHEHUHU KaXJO0ro M3 26 mapamMeTpoB HEHMpPOKOHTpoOJUIEpa B JUana3oHe —
100 + 100%. Kax BugHO, M3MEHEHUE JIFOOOTO M3 26 MapaMeTpoB B IMpeaeax —
20 + 20% He MpUBOJIUT K CYIIECTBEHHOMY YXY/IICHHIO KayecTBa pabOThI CHC-
TeMbl (cTatnueckas ommobka <5%, nepeperynupoBanue <15%, 1,2—2 komneba-
HUS MEPEXOHOTO mpoliecca). Takoil HOMyCcTUMBINA Tuana3oH apeida mapamer-
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POB OT 3aJJaHHOTO ONTHUMAJILHOTO 3HAYEHUs BIIOJIHE MOXKET ObITh OOECIeYeH
MIPY UCTIOJIB30BAHUH CTAHAAPTHBIX TOJYPOBOTHUKOBBIX TPUOOPOB.

<DyHKLIMOHaJ1 Ka4yecTtBa

BenuunHa
U3MeHeHUA

Puc. I11.4. 3aBucumocTb KadecTBa pabOThI CUCTEMBI YIIPABJICHUS OT M3MEHEHUs Tapa-
METPOB HEHPOKOHTPOJLIEPA

Tem ne menee, u3 puc. I11.4 BuaHO, 4TO pa3Hble MapaMeTPbl HEMPOHHOU ce-
TH OKa3bIBAIOT Pa3jIMYHOE BIMAHHE Ha 3PPEKTUBHOCTH €€ paboThl. Tak, ume-
HeHue napametrpoB HoMep 10, 11 u 24 (Beca nepBoil U BTOPOU CBSI3€U TPETHETO
HEHPOHA CKPBITOrO CJIOSI U BEC CBA3M C HUM BBIXOJHOTO HEHpPOHA, COOTBETCT-
BEHHO) BBI3BIBACT HauOOJbIIINE HApYIIEHUs B paboTe HellpokoHTpoiuiepa. B To
xe BpeMs 100%—oe usmenenue 4, 17 u 22 napameTpoB (BeC TPETheU CBS3U
IIEPBOT0 M CMEIICHHWE MSATOrO HEMPOHOB CKPBITOTO CJIOS U BEC IEPBOM CBA3U
BBIXOJJTHOTO HEWpPOHA, COOTBETCTBEHHO) MPAKTUYECKHM HE CKa3bIBaeTCAd Ha (-
(EeKTUBHOCTH YIIPABIICHUS.

Ha puc. [11.5 nmpeacraBieHO ceMEWCTBO MEPEXOAHBIX (PYHKIMI CUCTEMBI
yIOpaBJi€HUs MpU U3MEHEHUM 3HaueHus |1—ro mapamerpa HEMpOKOHTpoJUIEpa
B auanazone ot —100% no 100%. M3menenus B mpenenax 50% oxa3bIBaloOT
BJIMSIHE B OCHOBHOM Ha CTaTMYECKYIO OLIMOKY, OOJIbLIME K€ W3MEHEHUs Ha-
pPYILIAIOT TAKXKE€ U JUHAMUYECKHUE CBOMCTBA CUCTEMbI, YBEJIUYMBAs KOJIeOATEb-
HOCThb. CeMelcTBO, nMpeacTaBiieHHOe Ha puc. [11.6, moka3bIiBaeT, 4TO U3MEHEHUE
17—ro nmapameTpa cka3bIBaeTCs JIUILb HA CTATUYECKON OIIUOKE CUCTEMBI.
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Puc. I11.5. Tlepexonusie pynkuuu cuc-  Puc. I11.6. [Tepexoanbie GyHKITUH CHC-

TE€MbI YIPABJICHUS ITPU PAZIIMYHBIX TEMBI YIIPABJICHUS [IPU Pa3ITUYHBIX
n3MeHeHusx 1 1—ro napamerpa u3MeHeHusax 17—ro napamerpa
HEUPOKOHTpOJLIEpa HEUPOKOHTpOJLIEpa

[ToMuMO OLIEHKM W3MEHEHWH, BBI3BAHHBIX BAPbUPOBAHMEM 3HAYCHUM Ha-
CTPOEYHBIX MapaMeTpOB HEHPOKOHTpOIIEPA, OONBIION MHTEPEC MPEACTABIIAET
aHaJIM3 BIIMSHMS Ha €ro paboTy aBapuil B BHJIE OOpBhIBA MEKCIOMHBIX CBSI3EH,
BBIXOJIE U3 CTPOs HEHMPOHOB WM OOpbIBa OOpATHBIX CBS3€H BCEM CUCTEMBI
YIPABIICHHUS.

Ha puc. I11.7 npeacrasnen rpadpuk u3MeHeHUs (QyHKIIMOHANA KauecTBa pa-
OOTBI CHCTEMBI YNpaBJICHUS IPU MOCIEI0BATENILHOM, B IPOU3BOJBLHOM MOPS/I-
K€, BBIXOJE U3 CTPOS. MEXKCIOWHBIX COEAMHEHUH (CUTHaIbl OT MOBPEKIECHHBIX
CBsi3el cuMTaroTCs HyJeBbIMHU). briarogapst Tomy, yTo HHpOpMaUs nepeaaeTcs
u o0pabaTbIBaeTCsl HEHPOHAMM MApaAJIENbHO, P OOpPBIBAX MEXKCIONHBIX CBS-
3eil HaOJII0IaeTCa He pe3Kasi yTeps, a MOoCTeNeHHas deepadayus paboToCmoco0-
HOCTH CHCTEMBI.
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KonuuecTBo oTasaBLINX COeANHEHUN

Puc. I11.7. I3mMenenue kadecTBa pabOThI CUCTEMBI YIIPABJICHHUS IIPU
IIOCJIEI0OBATEILHOM BBIXOJE U3 CTPOS CBSA3EH HEMPOHHOM CETH
(xpuBasi 1 — yHKIIMOHAN KayecTBa JJIsl HOBPEKIECHHOM CUCTEMBI,
KpuBasi 2 — JIJIsl CUCTEMbI 0€3 TTOBPEKICHUH)

Pacnipenenenne GyHKIMii MEXIy OTACIbHBIMU HEMPOHAMHU CKPBITOTO CIIOS
MOYKHO BBISICHUTH, CPABHUB IEPEXOHBIE MPOLECCHl B CUCTEME MPU UX OTKITIO-
yeHuW (Ha BbIXOJEe HelpoHa HyseBoil curHanm). Puc. I11.8 mokaspiBaer, uTo
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KJIIOUEBasi pOjib B JAHHOM HEHPOKOHTPOJIEPE MPUHAMJICKUT TPEThEMY HEUpO-
Hy ckpeitoro cios. Ilpu ero aBapum (puc. [11.8B) ceTh TepsieT cmocoOHOCTH
paznuyaTh BXOJHOM CUTHal ympaBieHus U,. (T.€. ero aMIUIUTyAy U MOJsp-
HOCTb), 1 HEHPOKOHTPOJUIEP BBIIAET MOCTOSIHHBIN CUTHAN. UeTBEpTHIN U MSATHIM
CKPBITbIC HEMPOHBI OMPEIEIAIOT, MPEKIE BCETO, JMHAMUYECKUE CBOMCTBA HEM-
POKOHTpOJIIEpa, TaK Kak mpu ux nonomMke (puc. [11.8r,1) pesko yBennunBaercs
KOJIe0aTeIbHOCTh CUCTEMBI. POJIb MEpPBOrO M BTOPOro HEHPOHOB, OUEBUIHO,
M3—3a HEKOTOPOW M30BITOYHOCTH CTPYKTYPhl HEHMPOKOHTPOJUIEpAa MEHEe 3Ha-
YUTEIbHA, U UX BBIXOJ U3 CTPOS 3aMETEH TOJIbKO MPHU OMPEACICHHBIX BEIUYU-
Hax BXojHOro curHania U, (puc. I11.8a,0). Takum 006pa3om, OTJenbHBIE HEUPOHBI
B CETH HE TOJBKO JEJSAT MEXAY COOOM MPOIECC BHIYUCICHUS, HO U BBITTOJHSIOT
pasnu4Hble PYHKIIUH.
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Puc. I11.8. IlepexoiHbie MPOLIECCHI B CUCTEME IIPU NTOAAYE HA BXOJ CUTHAJA 3a1aHUS
u=—1,0,1 ¢ oTknmroyeHHbIMU @) 1—M, 0) 2—M, B) 3—M, 1) 4—M,
1) 5—M HEHPOHAMH CKPBITOTO CIIOS

JIpyroil 1OCTaTOYHO YaCTO BCTPEUAOIICHCS aBAPUMHON CUTyalluen SIBIIACT-
csi 00pbIB 0OpaTHBIX CBsA3EH B cucteMe yrpasieHusi. Ha puc. I11.9 npexacrasie-
HbI MEPEXO/IHbIE MPOLIECCHl MPU PA3NTMYHBIX BapHAHTAX aBapuid, MPHU 3TOM, KaK
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U paHee, CUYMTAeTCs, YTO CUTHAJBI B MOBPEXKIEHHBIX JTMHUAX HyneBble. Kak mo-
Ka3bIBalOT dKcniepuMeHThl (puc. [11.9a), B cmydae oOpbsiBa 0OpaTHOM CBSI3H IO
BBIXO/IHOMY CHUTHAJy Xx CHCT€Ma COXpaHSeT TUHAMHYECKHE CBOMCTBA OOBEKTa
yIpaBjeHUs, HO PE3KO YXY/IIAeTcsl ee cTaThuyeckas xapakTepucTuka. OOpbIB
0oOpaTHOM CBSI3U MO 3aJ€PKaHHOMY BBIXOJHOMY CHUTHaNy X1 (puc. I11.96) npu-
BOJIUT K BO3HUKHOBEHHUIO B CUCTEME YCTOMYUBOrO KOJIeOATEIHHOrO Mpoliecca C
YaCcTOTOM, B TPU pasa MPEBHIIIAIONIEH COOCTBEHHYIO YacTOTy 00BEKTa yIpaBiie-
Hus. B ciydae aBapum B 00OMX KaHalmaX OOpaTHOM CBSI3HM MO Xk M Xii
(puc. I11.98) HelipokOHTpOIEp MpEBpallaeTCsl B JUHEHHBIM YCUIIUTENb C KO-
aurnmentom ycusenus 3,8.
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Puc. I11.9. IlepexoiHbie MpOLIECCHI B CUCTEME ITPU NTOAAYE HA BXOJ CUTHAJA 3a1aHU
u=—1,0,1 c o6opBaHHBIMU OOPATHBIMU CBSI3IMHU: Q) MO Xi; 0) 1O X.1;
B) OJITHOBPEMEHHO MO Xy U Xi.1

Takum 00pa3zoM, aHanu3 3P(HEKTUBHOCTH pabOThl HEHPOKOHTPOIIEpA MPHU
pa3IMYHBIX MapaMEeTPUYECKUX BO3MYIICHUSX JO0Ka3bIBAET BO3MOKHOCTbH €ro
anmapaTHOW peanu3allii M UCTOJIh30BaHMS B PEabHBIX CHCTEMaxX aBTOMAaTHYe-
CKOT'O YIIpaBJICHHUS.
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NMPUNOXEHUE 2. SMYNIATOP KOJIEBATEJIbHOIO 3BEHA BE3
3ATYXAHUA

[TapameTpsl nuHamuyeckoro oowekra T =0,5, ¢=0.

3akon npenckaszanus: X, = NE(X,, X _,,U, ).

JuckpeTHocTh 1rara mpeackaszanus: A = 0,05c¢.

KonnuecTtBo HEMPOHOB B CKPBITOM clioe: 29.

U

Moo KXr1
»{Heliposmynstop

EA

Lk

I_______*Q<.________
%a

1 X
T°s* +2¢Ts +1

Puc. I12.1 CtpykTypa HeilpoamysaTopa Ha Puc. I12.2 Cxema 00yueHust
6aze RBF—cetu NN3—29—1 HelposMysiTopa

1 1 3 &5 7 9 11 13 15 17 19

Bpewms, ¢

Puc. [12.3 Peakuus nuHaMudeckoro o0bekTa (KpuBas 2) U ero Helposamystopa (Kpu-
Basi 3) Ha TECTOBBIC BXOJIHbIC BO3/ICUCTBUS (KpuBasi 1) B BUjIe: a) €IUHUYHOTO T10JIO-
KUTEJTBHOTO CKauKa; TApMOHUYECKUX CUTHaJI0B yactoToi 6) 0,32 ' u B) 0,64 I'1.
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[TapameTpsl HEMPOIMYIIATOPA

Tabnuua I12.1

Howmep O Cii Cai Csi Wi
HelpoHa
1 1,32940000 | 0,13241723 | 4,00264870 | 3,69552579 | -0,0001097
2 7,48650000 | 0,87195910 | -11,884959 | -12,633569 | -0,1450785
3 3,23520000 | -0,6425613 | -1,1307631| -1,0433907 | -0,0004277
4 8,75700000 | 0,42751159 | 0,43238915| -0,3978190| -0,0077664
5 3,28400000 | -0,2018089 | 16,20067093 | 15,56336087 | 0,03483315
6 48,38740000 | 0,45964651 | -—15,708139| -15,589026 | —633,17019
7 50,00000000 | -0,0679447 | 14,29644381 | 13,57155420 | -—1243,6867
8 14,57210000 | 0,30086970 | -16,674901 | -16,200671| 0,30450690
9 14,13230000 | 0,32749103 | 5,53452296 | 5,10459268 | —3,2338332
10 24,78510000 | 0,17489940 | 0,69095922 | 0,69371846| —68,952788
11 46,97030000 | -0,1385397 | 3,44557024 | 3,41429828 | -6199,9877
12 6,80240000 | -0,5236824 | 9,73838706 | 9,86534335| 0,01709318
13 31,47980000 | -0,1656235| —4,2535344 | —3,8596768 | 581,4529719
14 22,39070000 | 0,93144906 | —7,9566017 | -8,7541562| -44,303714
15 27,91250000 | -0,0304202 | -10,353410| -9,8316845| —101,06493
16 48,04540000 | 0,40019947 | -3,5018439| —3,7229122 | 19822,83699
17 37,88120000 | 0,65216708 | 4,37062760 | 3,65904987 | 418,9776593
18 36,07320000 | -0,9718113 | 4,04/87287 | 5,60667437 | 1100,885665
19 49,90230000 | -0,3274910 | -5,5345229| -5,1045927| -485,76029
20 45,30890000 | 0,91712343| -0,6611883| -2,1625168 | —6329,2657
21 7,09560000 | -0,3530623 | -2,4496238 | -—1,7834204| 0,03537472
22 34,46060000 | -0,3021165| -3,3874906| -2,6744797| 1831,7/891
23 48,43630000 | 0,19310298 | -0,5359441| -0,4692599| -40511,918
24 44,38040000 | -0,6143198 | 0,89066105| 0,897381/6 | 4872,731958
25 11,64010000 | -0,0023824 | 11,68965487 | 11,10051653 | -1,5858362
26 0,35210000 | -0,7376198 | 3,31480182 | 3,50859631| -0,0004036
27 49,26700000 | 0,31347508 | 2,58143453 | 2,15959841 | 29301,96984
28 32,06610000 | -0,9139232| -1,1400909 | -0,5133197| -1674,9079
29 45,60210000 | 0,36572367 | 9,68191210| 8,59445512 | —662,99532
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NMPUNOXEHUE 3. PE3YJIBTATblI CUHTE3A U AHAIIN3
NMAPAMETPUYECKOW YYBCTBUTEJIbHOCTU 3MYNIATOPA KOJE-
BATEJIbHOIO 3BEHA C 3ATYXAHUEM

[Tapamerpsl quHamudeckoro oobekra T =0,5, ¢=0,1.
3akoH npezckasanus: X, = NE(X,, X _;,u, ).

[ar npenckazanus: A =0,05c¢.

I'myOuna npenckazanus: 20 c.
KonnuecTBo HEMPOHOB B CKPBITOM cllO€: 8.

Wi

&

Wy

V_ N

Heiiposmynsitop

‘xk-l

i

Xi

1

T°s” +2¢Ts

+1

Puc. I13.1 Ctpykrypa Hewipoamymnstopa Ha  Puc. I13.2 Cxema oOydeHus HeHpoIMyIisi-
6aze RBF—cetnn NN3—8—1

[TapameTpsl HEMPOIMYIIATOPA

Topa

Taomuna I13.1.

Homep Oj Cij Cai Csi Wi
HEWpOHA
1| 87,59170000 | 0,99974055 1,09053782 1,09603289 | -17227,406
2 | 94,91950000 0,43480822 0,58749893 0,37194684 | 47788,67779
3| 77,43060000 | 0,54402968 | 2,90636127 2,58175994 | 912,5565002
4 | 100,0000000 -0,6062078 | —0,3264445 -0,3396649 | 14624,26589
51 88,27570000 | 0,85952439 | -1,7761579| -1,9766618 | -3270,5978
6| 53,20030000 -0,6581776 | —2,5003728 —2,0844048 | 131,1890993
71 99,41380000 | 0,21871813| -—1,5809023 | -1,6124321 | 4349,455315
8| 99,90230000 -0,2195961 | -0,0883838 -0,0166504 | -47309,744

90



20T

1,0 1

0,5 T

0,6 +——+—+——————+——+——+—+

14 1 3 6§ 7 9 1 13 156 17 19

Bpewms, ¢ Bpewmsi, ¢
a) 0)

0,5+

1,04 2

Puc. I13.3 Peakuus quHamudeckoro o0bekTa (KpuBas 2) U €ro HeHposmMymsTopa (Kpu-
Bas 3) Ha TECTOBBIE BXOJHbIE BO3eUCTBUS (KpUBas 1) B BUJle a) EAMHUYHOTO MOJI0XKHU-
TEIBHOTO CKauKa, TapMOHUYecKoro curana yactotoit 6) 0,32 I'm u B) 0,64 '

Tak kak 1ieneBass PyHKIMS, HCIIOIb30BABIIASACS TCHETUYECKUM aJITOPUTMOM
npu oOy4eHUHU SMYJISITOpa, BKJIOYajda MOMUMO OIIMOKU B BOCHPOU3BEIACHUU
TPEHUPOBOYHBIX IMIA0J0HOB IITpad, MPOMOPIIMOHATBHBIN KOJUYECTBY Y3JI0B B
CKPBITOM CJIO€, TO B TIEPBOM MPUOIMKEHUU MOXHO CUMTaTh, YTO OMHUCHIBacMast
CeTh 00J1a/1aeT MUHUMAJIBHON CTPYKTYpOH.

[IpencraBneHHbIN HUXE aHAIU3 BIWSHUA JAXE YPE3BBIYAKMHO MAJIBIX HCKA-
J)KEHUH ONTUMAJIbLHOIO BEKTOpPAa HACTPOEK BBIABUJ OYEHb BBICOKYIO MapaMeTpH-
YECKYI0 YYBCTBUTEIBLHOCTh JAHHOTO pelieHus. YemM ee MOKHO OOBICHUTH, ITOKa
He sicHO. MBI nymMaem, Tpu (akTopa MOTJIH ChIrpaTh B 3TOM JieJie CYIIECCTBEH-
HYI0 poJib. Bo—TiepBbIX, BO3MOXKHO, HE CTOWJIO CTPEMUTHCS K MUHUMHU3AIUU
KOJIMYECTBA CKPBITHIX HEMPOHOB. BO—BTOPBIX, OTCYTCTBUE B MPOILIECCE CHHTE3A
CETU KOHTPOJISI 32 COOTHOLIEHUEM PACCTOSHUM MEXAY LEHTPAMHU U IIUPUHOU
OKOH aKTHUBAIIMOHHBIX (yHKIUK. HakoHell, B TpeThbUX, IPUMEHECHHE CIIeIU(H-
YECKOI0 JIOKAJIBHOTO ycKopuTelst ['A, UCMOIB3YIONIEro mpoleaypy oopaiieHus
Matpulibl. Kak 061 HU OBLIIO, 3TO, 0€3yCIIOBHO, Mpo0diieMa, 03 pelieHrs KOTOpOou
rOBOPUTH 00 anmapaTHOW peanu3aiuy SMYJISITOpa HE MPUXOUTCS.
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A) Uzmenenue wiupunvl OKHA AKMUBAYUOHHOU (DYHKYULU.

Peakiuu smynsTopa Ha cryneH4Yaroe BO30YXKIEHHE, COOTBETCTBYIOIIUE
pPa3IMYHBIM UCKAXKEHUSIM NapaMmeTpa Oy, AeMoHcTpupyeT puc. [13.4. Kpusas 3
COOTBETCTBYET M3MeHeHUI0 mapamerpa Ha 0,01% oT onTumanbHOW BEIWYUHBI,
npu stom €=3,84- 107 KpuBasi 4 COOTBETCTBYeT W3MEHEHMIO IapaMeTpa Ha
0,1%; mpu stom €=8,67- 10", KpuBasi 5 COOTBETCTBYET H3MCHEHHIO TapaMeTpa
Ha 0,2%; mpu stom €=1,22- 10" 3aBucHMOCTb CpeaHeKBaAPATHIHON OIIMOKH
OT U3MEHEHUS MapaMmeTpa 04 npuBeAeHa Ha puc. [13.5.
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Bpewms, c

Puc. I13.4. BnusiHnue nckaxeHus ONTUMAaJIbHON HACTPOWKH IIMPHUHBI OKHA aKTHUBALIN-

OHHOM (PYHKIIMU HA CIIOCOOHOCTh HEUPOCETH AIMYIUPOBATH TECTOBBINA JMHAMHYECKHIMA

00bekT. KpuBas 1 — BXOAHOM CTyneHYaTblii CUTHAJ; 2 — ATaJIOHHAs peaKIus 00beK-

Ta;3 — BBIXOJI ceTH npu 04=99,99; 4 — BEIXOA cetn ipu 04=99,90; 5 — BBIXO1 ceTH
ipu 0,4=99,80.
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Puc. I13.5. 3aBHCUMOCTb CpeTHEKBaIPaTUIHON OIITMOKH
OT U3MEHEHHUS TTapaMeTpa Oy

B) Uzmenenue xoopounamel yenmpa akmusayuoHHoOU yHkyuu Csg.

Pabora samynaropa nemonctpupyetcs Ha puc. [13.6. Kpusast 3 cooTBeTCTBY-
eT OTKJIOHEeHHI0 mapameTrpa Ha 0,1% OT ONTUMAaNbHOrO 3HAYEHUS; MPU FTOM
e=4,61- 10™". KpuBasi 4 COOTBETCTBYeT OTKIOHEHHIO mapamerpa Ha 1%; mpu
stom €=1,87. KpuBast 5 cOOTBETCTBYET OTKJIOHEHHIO NapameTrpa Ha 4%; mpu
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sToM €=12,5. 3aBUCUMOCTh CpPEAHEKBAIPATUYHONW OIIMOKH OT U3MEHEHHMs Ta-
pametpa Cszg npuBeaeHa Ha puc. [13.7.
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Puc. I13.6. Binusinue nuckaxeHusi ONTUMAJIbHON HACTPOUKHU KOOPMHATHI [IEHTPA aAKTH-
BallMOHHOW (DYHKIIMY HA CTIOCOOHOCTH HEMPOCETH SMYIUPOBATH TECTOBBIM JTUHAMUYE-
ckuii 00bekT. KpuBas 1 — BXOAHOM CTyNeHYaThId CUTHAI; 2 — HTAJIOHHAS PEeaKITUs
o0bekTa; 3 — BbIX0A ceTH npu C35=—0,01702; 4 — BrIX01 cetn npu C3g=0,0172;

5 — BBIX0OJ ceTu npu C3g=—0,0174.
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Puc. I13.7. 3aBUCUMOCTb CpeTHEKBaIPATUIHOM OIIHOKHU OT
M3MEHEHUS mapaMeTpa Czg.

C) Usmenenue cunanmuuecko2o 6eca 6biXx0OH020 HEUpPOHA.

PaGota smynsaropa nemonctpupyercs Ha puc. [13.8. Kpusas 3 cooTBeTcTBY-
eT M3MEHEHMIO HAMOOIBIIEro Mo MOXYII0 mapamerpa W, Ha 107°%; mpu 3ToM
e=1,94- 10™". KpuBast 4 COOTBETCTBYeT M3MEHEHHMIO mapametpa W, Ha 107'%;
npu 3ToM €=16,71. KpuBas 5 COOTBETCTBYET M3MEHEHUIO HAMMEHBILIETO 1O MO-
nyno napamerpa Wg Ha 0,007%; npu s3tom €=1,54. Kpuast 6 cOOTBETCTBYET
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n3MeHeHHIo mapamerpa We Ha 0,1%; mpu stom €=80,15. 3aBucUMOCTh cpesHe-
KBaJIPaTUYHOM OIIMOKH OT U3MEHEHHMS IapameTpa W, npuBeaeHa Ha puc. [13.9.
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Puc. I13.8. BiausiHue nuckaxeHusi ONTUMAJIbHON HACTPOUKU CUHAIITUYECKOTO BECa BbI-

XOJTHOTO HEMpOHA Ha CITOCOOHOCTHh HEUPOCETH IMYIUPOBATH TECTOBBIN TMHAMUYECKUN

o0wekT. KpuBas 1 — BXOAHOU CTyNEHYAThI CUTHAI; 2 — HTAJIOHHAS peaKIus 00beK-
Ta; 3 — BBIXOJ ceTH Ipu W,=47788,6/3; 4 — BrIxox cetr npu W,=47/788,637; 5 —

1.0

X

BbIXOJ1 ceTu Tipu We=131,180; 6 — BrIX01 cetn npu We=131,280.
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Puc. I13.9. 3aBucuMOCTb CpeTHEKBAIPATUIHOM OIIHOKHU OT

M3MEHEHUS mapamerpa Wp
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NMPUNOXEHUE 4. SMYJNIATOP KOJIEBATEJIbHOIO 3BEHA C
CUINbHbLIM 3ATYXAHUEM

[Tapamerpsr quHamudeckoro oobekra: T =05, ¢=0,5.
3akon npesckasanus: X, = NE(X, X _1,u, )

[ar npenckazanus: A =0,05c¢.

I'myOuna npenckazanus: 20 c.
KonnuecTtBo HENPOHOB B CKpbITOM cioe: 10.

V_ N

‘xk-l

Xi

Heiiposmynsitop

i

1

T°s* +2¢Ts +1

Puc. 114.1 CtpykTypa HeilpoamysaTopa Ha Puc. 114.2 Cxema oOy4eHuUs HEHPOOIMyIIsi-

6aze RBF-cetu NN3-10-1 Topa
Ta6muma 114.1
[TapameTpsl HEMPOIMYIIATOPA
Howmep of Cyi Cai Cai Wi
HEMpOHa
1| 99,70690000 | 0,72284891 | 1,01750381 1,01039823 | -106163,87
2| 96,48270000 0,40865195 0,41362282 0,41407195 | 10388,48445
3| 100,0000000| -0,5647115| -0,3332744| -0,3094531 | 63732,71896
4 552140000 | -0,7225222 | -0,6242014 | -0,6140152 0,27695870
5| 25,06190000 | -0,7191648 | -1,1053778| -1,1107858| -—130,64725
6| 33,56210000 | -0,5864175| -—1,0888907 | —1,1048114 | 235,1114704
7 | 100,0000000 | 0,57451998 | 0,71946869 | 0,64836559 | 156186,9946
8| 99,90230000 | -0,7685449| -0,1323748| -0,0691282| —78653,683
9| 0,05000000| -0,6010585| -0,6974816| -0,6241169| 0,00000881
10| 100,0000000 0,91759329 | -0,2635411| -0,2578979| —45608,521
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Puc. 114.3 Peakuus quHamudeckoro oobekTa (KpuBas 2) U €ro HelposmysTopa (Kpu-
Basi 3) Ha TECTOBBIC BXOJIHbIE BO3/ICUCTBUS (KpuBasi 1) B BUJie a) EAMHUIHOTO MOJI0XKH-
TEJTBHOT0 CKauKa, rapMOHUYeCcKoro curana yactotoit 0) 0,32 I'm u B) 0,64 'l
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NMPUNOXEHUE 5. BUPTYAIbHbIN TPAKT YNPABITIEHUA HA BA3E
HEMPOSMYINATOPA

[TapameTpsl HelipoaMysiTopa npeacTaBiaeHsl B [Ipunoxenun 3.
Huckpernocts ynpasinenuss A, =0,1 ¢, mar npenckazanust A, =0,05c¢.

3akon ynpasenus: Uy, = NC(X,, X, 1, U, ).

n
AxTHBanMOHHAs (PYHKLMS CKPBITHIX HEHPOHOB Y = th% WX + W, E
=1

KonnuecTtBo HENPOHOB B CKpbITOM cioe: 10.

u.,
k] Heitipoamynsrtop
HeiipoxoHTpoiiep TMHAMAYECKOTO
00DbeKTa

Puc. I15.1 CxeMa BUpPTyaJIbHOTO TpakTa
nHTeeKkTyanbHot CAY

Puc. I15.2 CtpykTypa HEMPOKOH-
TpoJsuiepa Ha 6a3e MHOTOCIIOHHOTO
neprentpona NN3-10-1

Tab6muua I15.1

CwmenieHne U CHHaNTUYECKHE Beca CKPBIThIX HEMPOHOB HEWPOKOHTPOJUIEPA

HOMep Wo W1 W> W3
HEWpOHa
1 —7,6329 —1,9880 —6,4170 9,1198
2 8,6352 0,3241 4,7970 —0,0922
3 —6,2498 0,2765 —5,2377 —6,5257
4 8,8451 —9,4409 1,1298 3,8790
5 —9,9036 -5,4502 —4,6493 —6,2840
6 —8,9538 —1,9490 1,0395 —7,4608
7 6,5257 —7,2655 4,3478 —8,6364
8 -0,0043 -5,0082 9,1430 —4,7250
9 —2,2005 2,4641 -1,5144 —2,5056
10 0,0153 —2,4995 -1,5608 6,2376
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Tabomuua I15.2
CwMmenieHue U CHHANTHYECKHUE Beca BBIXOIHOT'O0 HEHpPOHA HEHMPOKOHTPOJIIEpa

Wo 0,4547 We 0,3801
W1 —0,4762 W7 —0,3780
W»o 0,2257 Wg —0,5626
W3 —0,2251 Wog —0,1820
Wy —0,4920 W1g 0,2511
Wsg 0,3427 —

Puc. 115.3 u I15.4 gemoHCTpUpYIOT paboTy HEHUPOKOHTPOJUIEpAa B COCTABE,
COOTBETCTBEHHO, BUPTYaJIbHOI'O U MPSMOTO TPAKTOB YIPABJICHUS] UHTEIUICKTY-
anbHOM CAY. Kak BUIHO, HEMPOKOHTPOJUIEP BIOJHE YCHEUIHO CHPABISIETCS
KaK ¢ HEMpOIMYJISTOPOM, C IOMOUIBI0 KOTOPOTO OH OB CHHTE3UPOBAH, TaK U C
CaMUM JUHAMUYECKUM OOBEKTOM.

0,75 0,75
2 2
0,50 r*(’

0,50
0,25 0,25 -724.4
1 1
0,00

0,00
0,25 \ A & 10 1 14 0,25 v\ ‘ 10 1 |
-0,50 - -0,50 4
-0,75 -0,75
Bpewms, ¢ Bpewms, ¢
Puc. I15.3. Beixoa HeiipoKOHTpoOILIEpa Puc. I15.4. Pabora mpsiMoro Tpakra
(xpuBas 1) u peakuus Helipoamyssatopa  ympasienuss CAY npu BXOIHBIX 3a1aHU-
(xpuBas 2) Ha BxoaHnsle 3aganust CAY U= sax u,==-0,5;0;0,5. Kpusast 1 — BbIX0]
=0,5;0;0,5. HEWPOKOHTPOJIIEPA, KpUBasi 2 — BBIXOJ

TCCTOBOI'O AMHAMHUYCCKOI'O 00BeKTA.
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NMPUNOXEHUE 6. TEHETUYECKUE ANITOPUTMbI U UCKYCCTBEH-
HbIE HEUPOHHbIE CETU B UHTEPHETE

Cnektp npemyiaraembix MTHTEpHETOM yCIyT HACTOJIBKO IIMPOK, YTO OH B CO-
CTOSIHUM MU3MEHUTh BECh CTWJIb HAYYHOM JKU3HU U TBopuecTBa. MIHTEpHET mpe-
JIOCTaBJISIeT YHUKAIbHBIE KaHAIBI ISl TIOJYYEHUS CBEXailiiel nudopmanuu mo
JH000MY MHTEPECYIOIIEMY Bac BOIPOCY, MpejiaraeT peajbHble CPEeICcTBa IMpH-
OOIIUTHCS K JKM3HU MHUPOBOTO HAYYHOT'O COOOIIECTBA, HE TMOKHWJAs MPEICIIOB
POIHOTO TOPOJA.

Bnpouem, arutupoBath 3a IHTEpHET Bpsl JU €IIe aKTyaJlbHO, Mbl HaJIeEeM-
Csl, UTO Y BacC €CTh K HEMY JIOCTYII, U XOTEJIH Obl MPOCTO JaTh KPATKUM CIIHUCOK
MOJIE3HBIX aJIPECOB, CBSI3aHHBIX ¢ JearebHocThio 'A+HMHC coobmectra.

KpynueimumM xpanunuiieM HHGOpMaIud B 00JJaCTH ABOIIOIIMOHHOTO MO-
nemmpoBanus sBisiercss ENCORE (The EvolutioNary COmputation REpository
network) — cnernuanu3upoBaHHas cetb, o0beaunsionias FTP-cepsepsl Bemy-
IUX HAyYHO-UCCIIEIOBATEIbCKUX OPTaHU3allMil U BBICIIUX Yy4eOHBIX 3aBeje-
HUM, U3BECTHBIX CBOUMHM AocTrkeHussMH B obsactu I'A u UHC. OgHnoBpemMen-
HO ENCORE BricTynaer nuctpuObIOTOPOM HAyYHBIX MATE€PUATIOB TE€X YUpPEXK-
JIEHUM, KOTOphle He HUMEIT coOcTtBeHHBIX FTP-cepBepoB. Bce y3mbl cetm
ENCORE conepxat oaHy U Ty *e€ HUH()OpMAIUIO, JOCTYMHYIO MO MPOTOKOIY
FTP u WWW. B cnenyromieii Tabiuiene nNpuBeISeHBl aJpeca HEKOTOPBIX M3
WWW-y350B.

Tabnuua 116.1
WWW-y31b1 cetu ENCORE

http://research.Germany.EU.net:8080/encore/ EUNET,
['epmanus

http://krypton.ugr.es/~encore/ Yuusepcuret ['panana,
Hcnanus

http://alife.santaf e.edu/~joke/encore/ HNuctutyt Canrta Pe,
CIIIA

http://cassandra.biochem.ual berta.ca/~encore/ YuuBepcuteT AIb0EpTHI,
Kanana

http://www.cs.cuhk.hk/pub/EC/Welcome.html Kuraiickuil yauBepcurer
I'onkoHra,

Kwurait

Hpyrue cepBepbl MpejyiaraioT JOCTYN TOJIbKO 1o mpotokony FTP (6onee
JIOCTYITHOMY Ha CETOJIHSIIIHUI JIEHb ).
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Tabmuua 116.2
FTP-cepeepsl cetn ENCORE

ftp://ftp.egr.msu.edu:/pub/EC/Wel come.html Yuupepcutet lllTata Muynras,

Hct JlancuHr,

CIIA
ftp://alife.santafe.edu:/pub/USERAREA/EC/Welcome | Muctutyr Canra ®De,
html CIIIA
ftp://ftp.krl.caltech.edu:/pub/EC/Welcome.html KanmudopHuiickuit HTHCTHTYT

TexHonorui,

CIIA
ftp://ftp.cs.wayne.edu:/pub/EC/Wel come.html YuuepcuteT YaitHa, JleTpoiT,

CIIA
ftp://ftp-bionik.fb10.tu-berlin.de:/pub/EC/Wel TexHuueckuit yausepcurer bep-
come.html JMHA,

['epmanus
ftp://blanche.polytechnique.fr:/pub/eark/EC/Welcome. | TTonutexauueckas mkosia [lane-
html 30,

DpaHnus
ftp://ftp.dcs.warwick.ac.uk:/pub/mirrors EC/Welcome. | Yaupepcurer Y opBHK,
html BennkoOpuTanus
ftp://ftp.uct.ac.za:/pub/mirrors/EC/Wel come.html Yuausepcurter Keiinrayna,

IOAP
ftp://ftp.cefetpr.br/pub/EC/Wel come.html [lentp TexHu4ueckoro oopazona-

Hus B [Tapane,

bpasunus

[IpumeuarenbHo, 4TO B AMEpUKE MOMUMO U3AIOIIUXCS B MPUBBIYHOM BUJIE
KYpHaJIOB (TaKuX CIeHaIN3UPOBaHHBIX KypHaoB jaBa - Evolutionary Compu-
tation &€ IEEE Transactions on Evolutionary Computation), BEIXOANUT 371€KTPOH-
HbIH KypHaT «The Genetic Algorithm Digesty. Homep o6beMom 4-5 cTpaHuIr
BBIXOJIUT MOYTH €xeHeaenbHo (60 pa3 B roj), COAECPKUT AHEBHUK KOH(pepeH-
WA U BOOOIIE UTPAET POJIb MOCTOSHHO JEHCTBYIOIIETO KPYrJoro CToja, 00be-
nusstomero nouru 2000 moknonHukoB ['A co Bcero mupa. [loanucka Ha xKyp-
HaJI OCYIIECTBIIACTCS OecriaTHO. JJocTaTouHO mocCiaTh 3ampoc Mo JIEKTPOHHOU
noure no anpecy: Email: ga-list-REQUEST@aic. nrl.navy.mil ¢ momerkoi
Subscribe B cTpoke nmucbma Subject. XKXypHaia uMeer CBON apXHUB, TOCTYIHBIN 10
anpecam: http://www.aic.nrl.navy.mil/galist/ wmu ftp://ftp.aic.nrl.navy.mil:/
pub/galist/.

Jpyroii 3eKTpOHHBIN KypHaJl, HA KOTOPBIA TakK€ MOKHO O€CIUIaTHO MO/I-
MUCATHCS IO AJIEKTPOHHOM TouTe, u3BecTeH nmoja HazBaHueM «GANN» (Genetic
Algorithms and Neural Networks). OH, koHeuHO, Ooyiee crenUaIU3UPOBAH U
MOCBSIIIEH Cyry0o TpoOsieMaM SBOJIOIMOHHOTO CHHTE3a HEUPOHHBIX CETEi.
OdunmansHeIi afpec )KypHaia, KyJa cleyeT HaMPaBIATh 3alpoc Ha MOIAMUCKY
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¢ moMeTKkoi Subscribe B cTpoke mucema Subject, caemyrommii: Email://gann-
request@cs.iastate.edu.

Kpome snekTpoHHBIX XypHaioB B MHTEpHETE MpOXOIAT 3a0uHbIe KOH(e-
penruu. Onna u3 Hux (1% On-line Workshop on Soft Computing WSC1) 6bu1a
nposefeHa B aBrycre 1996 roma Haroiickum ynuepcuterom, Anonus. Ipoue-
TypHO KOH(EpEeHIUsi OpraHu30BaHa CleAyonM 00pa3oM. Bel kak ydacTHUK
oOsi3aHbl MpencTaBuTh Aokiaa B PostScript popmare, a mocie Toro, kak opra-
HU3AaTOPBl KOHGEpPEHITMU CPOPMUPYIOT CTPAHUILY HA CEPBEPE, O3HAKOMUTHCA C
JNOKJIaJaMHA Y MPHUHATH y4aCTHE B AUCKYCCHH, OCYIIECTBIIIEMOM MO JIEKTPOH-
Hoit moute. Kondepennus 3ansna 2 Hepenu u umena ycrnex. O3HaKOMUTBCS C €€
MaTepuagaMHi MOXHO 1o aapecy: http://mwww.bioele.nuee.nagoya-u.ac.jp/wscl/.

HakoHell, HECKOJBKO CJIOB O KPYMHEWUIIUX HAYYHBIX U YYEOHBIX IIEHTpaXx,
YACNSIONUX 00JIbIIIOE BHUMAHHUE TPOCBETUTEILCKOM paboTe B obmactu ['A.

[Ipu Anabamckom yHuBepcutere co3faH [{om mpocBelieHus, KOTOPbIA 3a-
HUMAETCSl PACIIPOCTPAHEHUEM TEXHHUYECKUX OTUeTOB 1O I'A. OHM XpaHATCS B
ckarom Buge B PostScript ¢opmate nHa FTP cepBepe yHuBepcurera
ftp://aramis.cs.ua.edu/pub/tech-reporty.

B Yuusepcurete J»xopmka Maiicona paboTaeT ojHa U3 HanboJjee CHIIbHBIX
B CIIIA wuccnenoparenbckux rpyni. MHOrue u3 craTe€d YYaCTHUKOB T'PYIIIBI
xpaHsatcs B Buae PostScript-gaitmoB Ha cepsepe http://mwawww.cs.gmu.edu/
research/gag/.

[Ipu yHuBepcuteTe mrata Muuuran paboTaroT 2 OpraHu3alviy, 3aHUMaro-
HIMecs: BOMPOCAMH PACHPOCTPAHEHUS! 3BOJIOLMOHHBIX TEXHOJOTUHA B MHUpE, a
TaK)kK€ BHEJAPEHHEM JIOCTHKEHUN SBOJIOIMOHHOW TapaaurMel B cdepy mpo-
MBIIUIEHHOTO npou3BoacTBa. I[lepBas n3 Hux, «Poccuiicko—AMepHKaHCKUN
Koncopuuym no untemiekryaibHbiM CAIIP u I'eHeTnueckum Anropurmamy,
OoOBbEIUHSIET yCUIusl YHUBEpCUTETa mITaTa Mu4uraH, mecTu pOCCUMCKUX TeX-
HUYeCcKux yHuBepcuteToB (baymanckoe yuwmnuine, MOCKOBCKHIT aBUAITMOHHBIN
MHCTUTYT, HUKEropoACKHil YHUBEPCUTET, TaraHpOTCKUKA YHUBEPCHUTET Pauo-
AIEKTPOHUKH U JIp.), @ TAKAKE XaPbKOBCKOTO MOJUTEXHUUYECKOTO YHUBEPCUTETA
B Pa3BUTHUH SBOJIIOIIMOHHBIX METOJOB ONTUMAJIBHOTO MPOEKTUPOBAHUS, a TAKXKE
B TIOMCKE HOBBIX NMPUKJIAAHBIX obsactert 1 ['A. Bropas opranusamus, Tak Ha-
3piBaeMbiii GARAGe (Genetic Algorithm Research and Application Group),
uMeeT 0oJiee MPAKTUYECKYH0 HAMpaBIEHHOCTh U 3aHUMAETCSl OCYIIECTBICHUEM
¢unancupyembix npomseinieHHOCThi0 CIIIA mpoekToB. HekoTopeie u3 poccuii-
CKMX YydacTHMKOB KoHcoplHMyMa OJHOBPEMEHHO SIBISIOTCS Y4YaCTHUKaMU
GARAGe. Undopmanuto o6 uccnenoBarenbckux npoekrax GARAGe mMoxHO
Haiitu B WWW 1o anpecy http://isl.cps.msu.edu/GA.

[IIxoma KOTHUTUBHBIX U KOMIBIOTEPHBIX HayK YHHUBepcuTera rpadcrna
Caccekc, AHIIMS, TakKe XOPOIIO HM3BECTHA CBOMMH JOCTHKEHUSIMU B ['A u
MHC. Anpec cepBepa mikodsl : http://www.cogs.susx.ac.uk:/lab/adapt.
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B WnTepHeTe MOXXHO HalTH 0OJIBbIIIOE KOJIMYECTBO MPOTPAaMMHOr0 obecrie-
yerus o ['A u UHC. [Ipuuem, GomnbIas 4yacTh MaKETOB PAcCHpOCTpPaHSIETCS U
npeanaraercs 6ecriatHo. McxogHble MOAYIU U YK€ CKOMITMJIMPOBaHHbIE (aii-
Jbl 1 MHCTPYKLMU TOJIH30BATEI0 MOKHO HaWTH Ha Tex ke cepBepax. Huxe B
TabmuIax Mel IpuBeneM Ooliee TIOAPOOHBIE JaHHBIE MO HUM, a TaKKe JaHHbBIE,
Kacaroliecs: NakeToB, paCIPOCTPaHAEMbIX HA KOMMEPUYECKOW OCHOBE.

B 3aBepiieHue gBa cioBa 00 anmapaTHOW peanu3alyyd HEWPOHHBIX CETEH.
Ceronmns, mo KkpaitHet wmepe, neBiITh conuaHbix (upm (Intel Corp.;
NeuroDynamX, Inc.; HNC, Inc.; SAIC; Micro Devices; NeuralWare, Inc.; Tubb
Research Limited; Adaptive Solutions Inc.; 1C Tech) npeanaraior Ha pbIHKE
cBoM pa3pabotku B obmactu MHC. K coxxanenuto, OoHM MMOKa 4TO JAOBOJIBHO J0-
porocrosimue. [l mpumepa NpuUBENEM JaHHbIE IO aHAJOTOBOW IuIaTe
80170NW ¢upmer Intel, comeprkaiieli MOJHOCTBIO CBS3aHHYIO 3JICKTPUUCCKH
TPEHUPYEMYIO CETh U3 64 HEHPOHOB.

Ta6nuna I16.3
Hetipouunsr dupmer INTEL Corp.
Intel 80170 chip set $940
Intel EMB Multi-Chip Board $9750
Intel INNTS NN Development System $11800

Cama Intel mo HeM3BECTHBIM IPUUKUHAM CHSJIA TIJIATY C MPOU3BOJICTBA, HO €€
pacrpocTpaHEeHUEM MPOJOJDKAIOT 3aHUMaTbes ee maptHep - NeuroDynamX
(Email: techsupport@ndx.com), a Taxke pa3pabOTYHK CIEIUATA3UPOBAHHOTO

nporpammHoro  obecneuenusi California  Scientific  Software (Email:
calsci! mittmann@gvgpsa. gvg.tek.com).
Tabnuma 116.4
Hexommepueckoe nmporpamMmMmHoe obecrieueHue mo I'A
Ha3zBanue Pabouas Xapakrepuctuka mnake- | Koaupo- Anpec
naKera cpena/ SI3pIk | Ta BaHHE TIIe- | cepBepa
PEMEHHBIX
Genesis C [lepBBIii maker, MOy- ftp.ai c.nrl_.navy.m
YUBIINHI ITHPOKOE TIPH- — il/publ/galist/src/g
SHAHHE algenesistar.Z
Evolution Dog/ C [Taker s pemeHus | BEmecT- ftp-bi o_nik.fblO.
Machine OTNITUMH3ALMOHHBIX BEHHOE tu-berlin.de:/
3a/1a4 ¢ XOPOLIO Pa3Bu- pub/software/Evo
Toit rpaduKoil lution-Machine/
GAGA (GA Dos/C [Taker a1 MUHUMU3A- ftp://cs.ucl.ac.uk:/
for General UUU TPYAHBIX» LEJe- darpa/gaga.shar
Application) BBIX (pyHKIIMIH
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IIponomxkenue Tabauuepl 116.4

GANNET: UNIX/C |Ilaker s cundtesa | bunapuoe | ftp/:  fame.gmu.
HEUPOHHBIX ceTe edu:/gannet/
source/
Genitor UNIX /C | IMapamnenshbiit ['A mist | Bemect- ftp.cs.colostate.ed
peleHyss KOMOMHATOP- | BEHHOE, u:/pub/GENITOR
HBIX 337124 ouHaproe | &
GENOCOP UNIX /C |Tlaker s YHCIIEHHOH | BEILIECT- ftp.uncc.edu:/coe/
ONTUMHU3AILINHN C JINHEH- | BEHHOE evol/genocop2.tar
HBIMH OI'PaHUYCHUSIMU vA
GENlib UNIX, MHoroneneBoil MaKeT, | BEIIECT- ftp.neuro.informa
Dos/C B TOM 4HUCIE ISl CUH- | BEHHOE, tik.uni-  kassdl.
teza MHC ounapuoe | de/pub/NeuralNet
S/GA-and-NN/
PGAPack Fortran u C | bubnroreka Mosyseit | Bce Tumbl | http://www.
Ut mapaiensHoro I'A mcs.anl.gov/pgap
ack.html
WOLF: Sun, [Toctpoenuss mopeneit | BemecT- ABTOp:! David
UNIX/C | na 6a3e cruiaiiHOB BEHHOE Rogers,
Email:drogers@
msi. com
GALOPPS UNIX, [Tapamnensusii ['A ¢ | Bemect- http://isl.msu.edu
3.2 Dos/C pasHBIMH  MOJEJISIMU | BEHHOE IGA/software/soft
TIOMYJISLIHIA ware-index.html
Ta6auma 116.5
Kommepueckoe nmporpammuoe obecneuenue mo MHC
HazBanue Pabouas Tunel Monenu- | Meron Anpec paspa- | Ilena
nakeTa cpena/ pyeMbIX ceTeil | 00ydeHus 60T4HKa $US
SI3BIK
nn/xnn UNIX+X- | mpamonanpas- | BackPropa- | Email: anemo@ | 2500
Windows, | nennbie u pe- | gation, I'pa- ii.uib. no
Dos, So- | KyppeHTHBIE JHEHTHbII URL:http://www.i
laris, CETH, CETH CITYCK, i.uib.no/~arnemo/
IRIX/C Xondwunaa, MonTeKapio neureka/neureka.h
KoxoHeHa, tml
RBF AP
Neuro Fore- | Windows | 12 tunoB Heii- | BackProp, Email:acce @ 1199
caster podassu cererr | FastProp, technet. sg
RBF, I'ene-
THYECKHUI
AJITOpuT™

103




IIponomxkenue Tadauiesl 116.5

OWL Neu- | Dos, Win- | 20 tunios cereit Email:prodinfo@ | 1050
ra Network | dows- hyperlogic.com
Library VAX, —
(TM) UINX,
Neural Con- | Windows | mpsiMoHarpas- Email:saes@ 995
nection JICHHBIE CCTH, — spss.com
cetn Koxone-
na, RBF
Pattern Rec- | Windows | npsamonanpas- | BackPro- Email:unica@ 995
ognition JNIeHHBIE CeTH, | pagation, I'e- | Unica-usa. com
Workbench RBF HETUYCCKUH
Expo/PRO AJroput™m
BrainMaker | Dos, Win- | mpsmonanpas- | QuickProp, Email:calsci!mitt | 795
Pro 3.0 d0W§- JICHHBIE CETH IPaJUEHTHBIA | mann@gvgpsa.
Macin- ciyck, ['ene- | gvg.tek.com
tosh/C TUYECKUI
AJroputm
Neuro- Win- 15 Tumos, I'panuenTrbiit | Email:WardSyste | 495
Shell2/ dows/C, BKJIfOYas mpsi- | ciyck, ['eHe- | ms@ msn.com
Neuro- Basic, MOHAITIPABIICH- | THYECKUH URL:http://www.
Windows Pascal HBIC CETH, CETH | AJITOPUTM Wardsystems.
Koxonena com
NeuroLab, | Windows | mro0ble apxu- Back- Email: neurolab- | 495
A Neural Tektypbl u3 70 | Propagation | info@mikuni.com
Network byHKIMOHAITB-
Library HBIX 0JIOKOB
HazBauue PaGouas Tuner Monenu- | Merton Anpec paspa- | IleHna
nakeTa cpena/ pyeMbIX ceTeii | 00ydeHus 60T4MKa $US
S3bIK
Neuro- Windows | npsimonampas- | ['eHeTnuec- Email:biocomp@ | 195
Genetic JIeHHBIE CeTH, | KWl AJro- biocomp.seanet.
Optimizer RBF pHUTM com
2.0
SAS Neural | Window- | npsiMoHampaB- | CTOXacCTH- Email:eurgxh@
Network s0S/2, JICHHBIE CETH, | YecKas onTu- | MvS.Sas.com
Application | Solaris, RBF MH3aIHs, -
AlX LVQu np.
MATLAB Dos, Win- | npsimonamnpas- | 6onee 10 Bu- | http://www.
Neural Net- | dows JNeHHBIE ¥ pe- | 0B, BKtoyas | mathworks.com
work Tool- KypPEHTHBIC camoo0yue-
box CETH, CETH HHUe —
Xondunaa,
Koxonena,
RBF
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Taomuna [16.7

Hexommepueckoe nporpammuoe obecrneuenue mo MHC

Ha3zBanue Pabouas Tunsel Mogenupyembix | Meton Anpec cepBepa
nakera cpena/ SA3bIk | ceTeit oOyueHus
PDP++ UNIX ¢ X- | npsmonanpasnennsie u | BackPro- | ftp://hydra.psy.c
Windows/ | pekyppeHTHBIE CEeTH, pagation mu.edu/pub/pdp+
C++ cetu Xondunaa +
NN
ftp://unix.hensa.a
c.uk/mirrors/pdp
++/
NevProp, UNIX, Do¢/ | npsMmoHanpaBieHHbIC QuickProp, | ftp.scs.unr.edu
Nevada C cetu rpaauent- | [134.197.10. 130]
Propagation HBIH CITYCK
WIinNN Windows npsimoHarnpasieHusie | BackPro- | ftp.cc.monash.ed
cetn pagation u.au/pub/
win3/programr/w
innn97.zip
Ha3zBanue Pabouas Tunsl Moaenupyembix | Meton Anpec cepBepa
nakera cpena/ A3bIK | ceTeit oOyueHus
AINET Windows pSMOHAIIPABJICHHBIE ftp://ftp.cicaindi-
ceTH ana.edu/pub/pc/w
in3/ pro-
gramr/ainet100.zi
— Y
WA ftp://oak.
oakland.edu/
SimTel/win3/
math/ainet100.zip
SNNS 4.1 | SunOS, So- | npsimonanpasneuusie u | BackProp, | ftp.informatik.
«Stuttgart laris, IRIX, | pekyppeHTHBIE CeTH, QuickProp, | uni-stuttgart.de
Neural Net- | Ultrix, cetu Xondunaa RBF [129.69.211.2]
work Simula- | OSF/C Rprop,
tor» Cascade-
Correlation
v TIp.

[Ipy mOArOTOBKE CHIPAaBOYHBIX MATEPUAIOB, MPEACTABICHHBIX B IIpunoxe-
HUU 6, MBI OIIMPAJIMCh B OCHOBHOM Ha HAHHBIC U3 CICAYIOIMUX NCTOYHUKOB!

1. Heitkoetter J., Beasley D. The Hitch—Hiker's Guide to Evolutionary
Computation: A list of Frequently Asked Questions (FAQ)//USENET:
comp.ai.genetic.

Available viaanonymous FTP from

rtfm.mit.edu:/pub/usenet/news.answers/ai-fag/genetic/
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2. Sarle W.S. Neural network FAQ //JUSENET: comp.ai.neural-nets.
Available viaanonymous FTP from
ftp://ftp.sas.com/pub/neural/[FAQ.html.

OTKJIMKY Ha KHUTY IPOCUM HaNpaBisATh MO ajapecy: Ykpauna, 310002 Xapbkos,

yi1. @pynse, 21, XapbKoBCKHIi IOCYy1apCTBEHHBIN MOJUTeXHUYecKui yHuBepcuTer. Ka-
(denpa ABTomMaTH3HpOBaHHBIE YJIeKTPpoMexaHuveckue cucrembl, C.A.CepreeBy, Wi 1o
aIIeKTpOHHOU TouTe: Ser geev@lotuskpi.kharkov.ua
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Hayunoe uznanue

Boponosckuit ['ennanuii Kupumiosuu
Maxotuno Koncrantra Biagumuposud
[TerpameB Cepreit HukonaeBuu
CepreeB Cepret AnekcanapoBU4

I'eHeTHYeCcKHE AJITOPUTMBI, HCKYCCTBEHHbIE HEHPOHHbIE CETH
U Npo0JieMbl BUPTYAJIbHOI PeaibHOCTH

N3paH0 B aBTOPCKOM peIaKIUM MIPU MOJICPIKKE
o «AJAITTUBHBIE CUCTEMbI»

Ha pycckom s3bike

[Mognucano x nevyatu 06.03.97 r. ®opmar 84x1081/32. VYeci. neu. 1. 5,88.
Yua.-uzn. 1. 7,35. Tupax 800 sk3. 3aka3 348. Llena norosopHasi.
Otneuarano Ha pusorpade pupmsl «kKYPCOP» o opuruHan-makery,
NPE0CTaBICHHOMY aBTOPaMHU.

INocynapcTBenHoe cniennanu3upoBanHoe uzaarenbctBo «OCHOBAY
Ipu XapbKOBCKOM I'OCYHHUBEPCHUTETE.

VYkpauna, 310005 Xapwkos, min.Boccranus, 17.

JlaHHBIN amanTUPOBAHHBINA JJIEKTPOHHBIA BapUAHT W3JaHUS IOArOTOBJIEH aBTOPAMHU
JUIL HEKOMMEPUYECKOTO pacrpocTtpaHeHus: B MIaTepHere. PactipocTpaHeHre nevyaTHbIX KONMUMA
3TOro JIOKyMEHTa 0e3 corjacusi aBTOpPOB SIBIISIETCS HApPYLIEHHMEM MX aBTOPCKMX IpaB M Ipe-
CJIEIYEeTCs 110 3aKOHY.
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