ropGanp A .H. OGyueHHE HEHPOHHHX ceTed .

PaccMaTpMBawTci oObyuaeMue HEHDOHHbE CETH. AaH 0630p
AATCOPHTMOB OBYYEHHS , OCHOBAHHHX HA NPHHUHNE ABOHCTBEHHOCTH. C
[OMOMEN OfH CAHHHX AATODPHTMOB AOCTHTHYTO YCKOpEHHe OOyueHHA B
10000 H OGoaee pa3 no CpaBHEHHO C METOAOM 0OpaTHOro
pacnpOCTPAaHEHHS OmHOKH .

KHHra  MOXET CAYXHTb AAS  MNepBOTO  3HAKOMCTBa c
HCAPOKOMNBOTEPAMH H NPEAHA3BHAYCHA AAS Hay4dHHX pabOTHHKOB ,
acnmpaHkTOB H CTYACHTOB , HHT €p ECYOmMH X C 3THM  HOBHM
HANpaBA EHHEM B HHPOPMATHKE H BHUHCAHTEABHOR TEXHHXE.

HA. 23, GHGAHOrp. 32 Has3B.
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BNEMYOTERA
Aka,omux Hayy
[eZofel ]

Npeaxcaosxe

Eme HHKTO He O3HaeT, KAaKkoR BAapHAHT HEAPOKOMNbOTEpA
3aBONET MHD , eme HET 0o6m enpHHATOT O ONP €A €A EHHSA
HEApOKOMNBOTEpPa , €meé HesCHO, B Kakod Mepe ero CTpykKTypa
AOAXHA KONMHPOBATH CTPYKTYPY MO3ra H BEAYTCH CNOpPH O TOM , YTO
Xe Takoe HEHpOH, HO YyXe OYEBHAHO TNpHOAMXeHHE HOBOH
TEXHHYECXOH PEBOAOUHH .

NATb MOKOACHHA 3BM CAEAYOT ADYT 3a APYroM . Hapoxaaomeecs
meCTOe HAaCTOABKO OTAHYAETCS OT NPEAHAYNHX , UTO Ay4oe FOBOPHTHb
He O TNOKOAGHHAX H Aaxe He O HOBHMX BHAAX, PoOAaX HAH
ceueficTBAaX, a4 O HOBOM UAPCTBE - MacmTa® AHCTAHUHH MEXAY
HEAPOKOMNbOTEpaMH H OObUHEMM 3BM  COOTBETCTBYET Da3AHUHIM

MEXAY UApCTBAMH XHBHX OpraffH3MOB .

YeM OTAHYAOTCH MANHHH BTOPOrG UapcTBa? OTBET Ha 3TOT
BONPOC — OAHA H3 3aaa4 KHHTH. HO MOXHO KOPOTKO AAd NEPBOro
3HAKOMCTBA YKa3aTbh HECKOABKO BAaXHHX OTAHUYHH .

1. BOABNOE YHCAO NAPAAAEABHO PaboTawmHX NPOCTHX BAEMEHTOB -
HEeHpOHOB  (OT HECKOABKHX AECATKOB AO 106-108), uTo
06€eCnEeYHBAET KOAOCCAABHHA CKauOK B OuCTPOACHCTBHH .

2. MecTo NporpaMMHpoBaHHA 3aHHMaeT oOyueHHe (BOCNHTAHHE) -
MamHHAa YYHTCS pemaTb 3aAAYH , HBMEHAS NapaMeTpHl HEHPOHOB H
CBA3EH MEXAY HHMH .

BMECTE C HOBOH TEXHMKOA DOXAAWTCH H HOBHE NMpOPECCHH . YXe
ceiilyac MOXHO Ha3BaTb ABe H3 HHX.

Heiipoxorcmpyxmop . TYT Aaxe ABe MPOoPeCCHOHAABHHX O0AaCTH :
a) KOHCTDYMPOBaHHe YHHBEDCAaABHHX HEAPOHHHX 6A0k0B, ©)
KOHCTPDYHPOBAHHE AASl ABHHOIO KAACCa 33Aa4Y HEHPOKOMNLOTEpa H3
YHHBEp CaAbHH X GAOKOB .

Bocnumamens uAU y4Yumenb KONMNbLOMEpPOB. MECTO INpOrpaMMyCcTa
Yy HeApOKOMNbOTEpa 3afiMET YeAOBEK , KOTOpHA OyAeT BHpamHBaThb B
MaHHE YMEHHS pemaThb 3aA38YH M Pa3BHBaTh y Hee CnocobHOCTH K
o6yuyeHH0 . [0 aHAAOTHH C HEAACOTHKOA TYT MOXHO BHACAHTL H
BOCNHTAHHE , H oOyuyedHe. OngThb, XaK M AAS HEHPOKOHCTPYKTOpa ,
MOXHO yKa3aThb ABE O00AAaCTH AESTEABHOCTH : COSAABHHE MWETOAHK
("™METOAHCT ") H OOy4YeHHEe pEaAbHHM 3aAayad , CKOHCTPYHPOBaHHOE
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Ha Oa3e yHHUBepCaAbHHX METOAHK .

OTKyAa OepyTcs MNpeACTaBHTEAH HOBHX NpOPECCHA , KOTAa HX
cme HE OHAO H CACAOBATEABHO HET MNPOYECCCHOHAABHBX TpPaAHLHHA?
HauBHO Oua0 O mnoaaraTe, UTO BCC ONPEACASETCH HAAHUYHEM
obmecTBEHHOA TMOTPpEe6GHOCTH MO CXeMe: €CTb MNOTpPebHOCTL -
BO3HHKHYT NPOPCCCHOHAAH . AOAXHH OHTBL COOPMHPDOBAHH HOpPMH HOBOH
NpOPECCHOHAALHOH ACATEABHOCTH , MPONHCAHW OCHOBHHE MPOLCAYDH ,
3aQuUK cupoBaHu o0Opa3us. Kak 6w NoOBepX OToH NPOYECCHOHaAbHOH
A€ATEALHOCTH AOAKH3 OHTb MNOCTpoeHa AeATEABHOCTL y4cOumad ,
opraHH30BaHn O0OyueHHE u BoBaeueHue - BepboBka B HOByWK
npogpeccHo .

H cpa3y - HECKOAbKO Npobaem.

Mleppoe. KTo CQOpMHpYeT HOBYW ACATEABHOCTb? BpdA AH
cacayeT OKHAATb 3TOro oT pa3paboTyuk oB nepBuX
HEAPOKOMNbOTEPOB. Y HHX ApPYrHe 3aAauH. Kak TYT He BCHOMHHTB,
YTO AXOH ¢OH HedMaH He OuA CcodAaaTeaeMm NpodeCCHH NMpOrpaMMHCTa .

Bmopoe. Kak CQOpPMHPOBAThL HOBYK® ACATEABHOCTb, €CAH HCT
cle €e rAaBHOTO MNpecAMeTa H opyaus - paboTammero ceprilHoro
HEHPOKOMN bOT €pa ?

Tpembe . OTKYA2 BO3bMYTCH K3ApH — AWAH , TOTOBHE Ha PHCK -
OCBaHBaTh HOByk NpodeccHiw , noka obmecTBeHHas noTpebGHOCTL He
opopMHAACh B BHAC pabouHx MecT , CTaBok , ... ?

llpome BCEero ¢ KaApaMH. ECTb AWAH , KOTOpPHM TECCHH paWKH
npopEeCCHOHAAbHON CTPYKTYPH HAaYKH H TCXHKM.’3TO KOHKUHCmMAdoph
HayUHO-TEXHHYECKOro Nporpecca, NOCTABASOUHE KAADH AHAEPOB AASA
HOBHX HalNpaBACHHH . Apyras rIpynfa - Ao0AH , HE HameAmHe NMpOYHoOro
MecTa B CBO€ll HayyHO-TEXHHYECKOH TMNpOPecCHH , Tak CKa3aTb,
aymcalideps. CpeaAH HHX HEMaAO OAapEHHHX AHYHOCTEH . HaKouel,
Nosi0Odexb, Y KOTOpOH HE Yyrac eme BaxHHH NEPBHYHBA CTHMYA
NpOQEeCCHOHAABHOH  OpPHEHTAUMH : HHTEPECHO -  SHAYHT , HaAo
nonpobosarhb .

' KOraa HeT NpeAMETa ACATEALHOCTH , a CO3AaBaTh H OCBaWBaTh
€€ HaA0, BHXOA OAHH - Hrpa. MHOroe AAd pellcHHS BTOpOA
Npo6AEMH MOKHO TMOHATL, BCMOTPEBHHCb B HIpH AeTed. C 4Yem
Hrpars? BeposTHO , c NporpaMMHHMH HMHT aT OpaMH
HEAPOKOMN BT EPOB . HIPAd - AEAO CEPbE3HOE , H MPOAYKTH TAaKHX HID
MOTYT HAXOAHTb MPakTHYECKOE NpHMEHeHHEe B PASAHUHHX obaacTax -
oT pacno3siaBanHs BH 3Y dA bHBIX obpasaoB AO MEAHLLHH CK Ol

AHATrHOCTHKH . OAHaKO HMHT aT OpHl HeHpOKOMII bOT €POB Ha
poH-HeiiMaHOBCKHX MamHHaX paGoTawT eme Goace-meHee CHOCHO, HO
o6y4yanTcs MCAACHHOI H NO3TOMY HE BCErAa CMOTLYT KOHKYPHpPOBaThb
¢ OoOWYHLIMH pacCHo3HaOMHMH nporpamMaMu . 3To He CTpamHo. I'AaBHoC
- yTo6W maa Hrpa H CO3A3BaaaCh HOBAaX ACATCABHOCTL. [loA€3HHE
AASl MPAaKTHKH pe3yabTaTe — NoGoUHHI npOAyxf Hrpal . Apyroro nyTu
noxa He BHAHO.
H, HakOHell , nepBad NpoGAaeua. XOA , NODBOASOUHA €€ PCOHTH,
yXec OnHcau. B Hrp€, HTpOKaMH H pa3paboTyukaun BapuaHTOB Hrpu
MOTYT OHTB 32AOXEHH OCHOBHW HOBHX MpOQECCHHA .
YecTHo roBOpsA, Hrpa yxe Hauaaace. HexoTophe cepbe3Hue
HCCACAOBATEAH BHCKa3WBaKT 93TO Aaxe kaK YNPEK MEXAYHApOAHOMY
HEAPOKOMNBOTCPHOMY ABHXCHHO , B KOTOpPOE BAOKCHH YyX€ COTHH
MHAAHOHOB AOAARPDOB. OHH NpaBHl - C TOYKH 3pEHHs CBOHX AA4BHO
opopMA CHHHX  NMpPOYECCHM . Ho C  HCHPOKOHCTPYHPOBaHHCM H
BOCMHTAHHEM KOMOBLOTEDPOB Ac€A0 OGCTOHT caoxnee M Ge3 Hrpu He
oBOHTHCb. MOXHO, KOHEYHO, AeAaaThb CEpbEel3HYyw MHHY H NycKaTe
nWAb B TrAa3a. MOXHO H Aaxe HYyXKo B pamkaXx Hrpu QOpMHpPOBaTh
Cepbe3HHe HAayYHuE NMporpaMui HOBOTO THMa. HO HAAO MOMHHTL, 4TO
raaBHoe - cama Hrpa. YeaoBeueCTBO OCBAaHBA€T HOBYW HIPYmKY ,
KoTopasi , GHTb MOXET , MO3BOAHT COBEPUHTH MPHXOK K Oyaymemy .
TapaHTHpoBaH AH ycnex? BaApyr HIpyumka OCTaHeTCd BCero
AHOb UCPYOKOH , 2 PASBHTHE TEXHHKH NMOHAET MO APYromy myTH. HTo
Xc, U 3TO HE HCKAKUYEHo. Ho 3aaaun , oOpeyeHHHE HA ycnexX, He
nopoxAanwT GHCTporo padBHTHA. KTOo He Hrpaer, TOT HE
BHHIPHBAET .
Ilopa o6»9BUMbL CBOU Uesu .
1. PacnpOocTrpaHeHHe H NoNyAspH3alHsd AOCTHXEHHA B o00aacTH
KOHCTPYHPOBAHHA HEHPOKOMNBLOT CPOB .

2. CO3A8HHE H pacNpoCTpaHEHHE MNaKETOB MNpOrpPaMu , HMHTHPYOWH X
. HEAPOKOMNbOTEPW Ha IBM H NMO3BOASOUHX pPENaTh PSA MPHKA AAHHX
3aAay .

3. NpoBeAeHHE KOHKYPCOB N0 HEAPOKOHCTPYHPOBAHHIO H BOCIHTaHu©

1 .

Blipouem , HCNOAbLIOBaHHE CEpHH Y COBEPMEH CTBOBAHHH NMO3BOAHAO
AOBECTH HcﬁpoceTeBue pacno3Hawpmue NporpaMMbl AA« NMEPCOHAADBHN X
KOMIIbOTEpOB A0 BNOAHE KOHKprHTOCHOCOGHOI'O COCTOAHHS : OHH YX¢e

H ofyuawTca AOCTAaToO4HO OHCTPO.



KOMIBLOTEPOB , 2 TAaKX¢ WKOA , KOH) EpCHLUHA , HIP

Be3 yuacTHsS QHPMH “PEHHKC® BCe 3TO 6a0 O HEBO3MOXHO.
TYT TpyAHO YACpXaThC H He PYFHYTbh OTE€UECTBCHHYW OpraHH3allHib
HaYKH , pYTHYTb 3a HCKAWYHT €A BHY R AO0GpONOpSIAOYHOCTD ,
OpDHEHTAaUH® Ha aBTODHTCTH, a He Ha Co3AaHHE HOBOTO yxe
NPUBHKAaEM , YTO HOBOE MPHXOAHT H3-3a pybexa ToMy MHOTO NPHYHH
- oT caabGoro ofmecTBeHHOro CHpPoCa Ha HayyHHe pe3yAbTaTH , AO
IPOMO3AKOil H TOpMO3siledi Pas3BUTHE HAYKH CHCTCMW aTTeECTaUHH
9TO MOXeT (B KOTopwd pa3!) MNOCTaBHThL HAaC B MNOAOXCHHC
OTCTAOmWHX H  AOTOHAKUHX

OAHH 1npHMEp u3 O00AACTH HEHPOKOHCTPYHPOBAHHA . Camoe
CymecTBEHHOE AOCTHXCHHE TIOCACAHHX ACT B arol obaacTH -
OTKPHTHE aATOPHTMOB , TIO3BOASIOWHX CaMoH HECHpPOHHON CeTH B aKTe
ABOH CTB €EHHOTO OYHKLIHOHHPOB aHU S BHYH CAITb HanpaBA EHHE
HaHAyuYmero o6y4cHHS 3TO OHAO CACABHO OKOAO YETHPCX ACT HA3AA
OAHOBpEMEHHO B CHA (Ax XHHTOH H Ap.) H CCCP (B A OXOHHH
OaHa ©3 TMepBMx nybaukauuii - BapueB C H , OXOHHH B A
AAaNTHBHHe CceTH 00paboTkn HHQOPMAUHH KpaCHOApPCK . H3A
HHCTHTyTa ¢u3MkH CO AH CCCP, 1986 19 ¢ / NpenpHHT 595 )
AATOpDHTM OXOHHHA Goace YHHBECPCAACH , UCM AaATODHTMH obpaTHOT O
pacnpocTpaHcHHss omHOKH , 3a CueT sBHOrO HCNOAb30OBAHHSA HACH
ABOH CTB EHHOCTH

H 4YTo B pe3yabTarc? [lepBuc MNYOAHKAUHH OXOHHHA MpOMAH
MPaKTHYECKH HE3aMCUCHHHMH ToApoGHas CTaTbd OKOAO TPeX AeT
A€Xana B HSAATCAbBCTBE (HEAABHO BumAa [2]) BcCce, B TOM HYHCAC H
COBETCKHE , HCCACAOBATCAH CCHAAWTCA HCKAWYHTCAbBHO HA paboru
aMepHKaHCKHX aBTOpoB A B CIIA TeM BpeMeHcM CO3AAHH yxe
MalKHH , paGoTaKmHE MO HOBOMY aATODHTMY

CKOABLKO pa3 COBCTCKHM YYEHHM MNPHXOAHAOCH CT3AKHBATLCA C
TaKHM “TIpH3HAHMeM * CBOHX paboT : pe3yAbTaTH aHAAOrHYHHX H AdXe
Boaee caabuX 3apyBGeXHHX HCCACAOBaHHH NYOAHKYWTCA Yy HAac kak
NOCAEAHHE AOCTHXEHHS H oOpasus AASl NOApaxaHud. Kak TYT He
BOCKAHKHYTb  BCACA 3a reH epaAoM EpMOA OBHIM . ‘Tocyaaps,
NPOH3BCAH MCHS B HCMIMW "! KBacCHOil NATPHOTH3M CMEHOH , HO He
McHee CMcliHAa  OPHEHTAaUHA  HMCKAWYHTECABHO  Ha 3apybexnue
aBTOPHTETH MHpOBas Mayka cAMHA, HO HOBOE MOXeT GHTBL CO3AaHO
H y Hac HeoOXOAHMa OTEYEeCTBCHHAs WKOAad HEAPOK OH CTPYHPOBAHHS .

HecKOALKO CAOB O COJep®aHUU KHU2U B HeH H3Aarawtcs

METOAH oOyueuHss HCHPOHHWX cereil, OCHOBaHHHE Ha [MPHHUHNE
ABOACTBCHHOCTH [lo CpaBHcHHL C TEpBHMH aATOpDHTM2MH OXOHHHA H
XHHTOHA oOyueHHE YAAAOCH yCcKOpHTL B 10000 H foace pa3
(TECTOBHEC  3asaud - pacnoSHaBaHHE BH3YaAbHHX o6pa3’oB H
6uHapHas KAACCHQHKAUHA) AaH naGpocok acceubaepa ucHpoHHOR
ceTH ~- CNHCKH OCHOBHHX KOMaHA, ¢ roMombo KOTOpHWX MOXHO
onHcaTh GOABNHHCTBO AATOPHTHOB. [IpHAOXCHHS H ciip OKOMII BT €p OB
paccMaTpuBanTCid  TOABKO SMH30AHYECKH - OHH  33aCAYXHBawT
OTAEGABHOH MOHOrpaQHH

3HAUHTeAbHAS UYACTh H3AAraeMux pe3yAbTaToB noAydyesa MNpH
pabore B CACAyWUHX OpraHu3auHusaX : BUYHCAHT CABHOM ueuTpe CO AH
CCCP (KpacHosIpCK ), HHCTHTYTe GH ODH SHKH co AH CCCP
(Kpacuosipck) H HayuyH o—T €EXHHY ¢ CKOM 00b CAHH CHHH " cHHKC *
(OMCK ) .

4 64 He CMOr HAaNMHCaTh 3Ty KHHIY 06e3 COTpYAHHYCECTBA C
C.H. BapueBuu , C E. THAEBUM , E.M MuHpkeCOoM H B.A OXOHHHHM . B
uacTHOCTH , C E  TnHaeBuM H E.M. MHpPKeCOM CO3AaH 3MYASATOP
HEeApOKOMNIbOT epa Ha IBM PC /AT , c noMomn bl KQTOporo
HCCACAOBAAHCh OCHOBHHE aATOpDHTMH . Sl paa caydaw nobAaaroaapuThb
BCeX 3a nmomomb H COTPYAHHYCCTBO

KpacHosIpcK
¢eppasb 1990 2. A .'opbaHb



1 .NEPEYEHb J3JIEMEHTOB

HelpOKOMITbOT EpH  CO3AAKTCA M3 YXe TMpH3HaHHOrO Habopa
"kyGHKOB " - OACMEHTOB. HX COBOKYMHOCTb HEOAHOpPOAHA = OAHH
HAACTPaHBAacTCA HAA APYTHMH. DACMCHTH MNepBOro THMA: Helpon ,
cuHanc - CBS3b MEXAY HEHADOHAMH H CYNNamop, CKA3AHBaomHA
CHTHAaAW , TNPpHXOASNHE K AaHHOMY HeHpoHy. MHHOTAa CywmMaTop
BKAKYAWT B COCTaB Hcilpoﬂa. 3TO0, KOHEYyHo , He ocobeHHo BaxXxHOo. B
HauGoA €€ pacCHpOCTPaHEHHHX MOAEASX QYHKUHOHHDOBAHHS CAHHCTBCH-
HuM HEAHHCHHHM OSAEMEHTOM SBASCTCH HEApPOH , CyMMaTop OcCymecT-—
BASeT OOWUHOE AHHEHHOC CAOXEHHE , CHHanc — YMHOXcHHE NepeAaBa-
eMoro CHrHasa Ha YHCAO — BEC CHHanca.

CAeAyomHA 9AeMcHT — ofydawmud npunep. OH 3aAacTCd NapoH
HaGopoB 3HaYyEHHH : BXOA - COOTBET CTBYOWHA BHXOA H LCACBOH
QyHKUHEH , mTpagyomecii 33 OTKAOHEHHE BHXOAOB OT HpCAMHCAHHHX
3HAaYEeHHA (MPH AAHHHX BXO0AAX).

PaSAHUYHWM TIpynnaM HeflpoHoB, CHHancoB, CYMMaTopoB H
NpPHMEpPOB MOXHO NPHCBAHBATh METKH - 'upema”. TPynnH 3AECMEHTOB
pASHHX UBETOB MOTyT MNoO-pa3HOMy y4acTBoBaTe B TNpolecce
obyueHud .

CacAyomas rpynia SAEMcHTOB - QTzopumMi OGy4eHUs . OAHH
SAEMEHT - OTO Bar HAH UHKA asropuTua. CoOEAHHSAs Takue mard B

LHEenoykH , Noaydaeu METOAHKY OOyucHHHA. METOAHKY 6yaeM CUHTaTb
COCTAaBHON (HE3AEMCHTApHOI ).

HTak , HMcEM TepeieHb OSAEGMEHTOB : HEHpOHH , CHHancH,
cyumaTopu , OOGyuawmHe TNpHMEpW , UBETa HEHPOHOB, CHHANCOB,
CYMMaTOpOB , NPHMEPOB , AATOPHTMH OOY4EHHS .

2 .HEAPOH
2.1. SYHKUMOHMpPOBaHMe HefpoHa

HanGoaee PpacnpoCTPaHEHO MPEACTAaBACHHE HEHPOHA Kak
npeob6pa3oBaTeAsl OAHH BXOA - OAHH BHXOA, ACEHCTBYomero B
AHCKDETHHE MOMEHTH BPEMEHH C HEKOTOpWM MaroM v. Ha BXOAHO#
CHCHAA A Takoil HeApoH oTBcuaeT BuXoaHuM f (A ,Q), rae Q-
XapaKT epuCTHKA HEApoHa HAH HaGop xapaxTcpHCTéx. MpHMepH :

1) MOpOTOBHA HEAPOH , A20, OG>0

0 ,6eCAH A<a;

£A)»1) ccan ade; (1)
2) fﬁA)=E;?KT, (~m<A<w , 0>0); )
3) f(A)=th§ (—w<A<o, 0>0). 3)

B HAamHX MOACASX MW OOHUHO HCNOABL30BAAH BTOpPYR (QYHKLHD.
MHOTONAapaMeTPHYECKHE HCHPOHH MOTYT QYHKUHOHHPOBATH,
HanpuMep , Tak :

a,A+]A]A
1) f(A)y———— (@0, —m<A, O <0); (4)
) a,+a, |A]+A ’
a A+ A%+’
2) fA)= L2 @0, <A, @ ,  <o); (5)

a3+a‘|A|+a5A2+|A|3

M T. A. 3HaKH aGCOARTHOH BEAMHHHHM PpaCCTaBAEHH Tak , YTobu
f(A)£1 NpH A»iw, 3 3HaMEHATEAb ObA BCErAa NOAOXHTEAEH.

BO3MOXHO BBECTH HeMOKQIbHOCMb MO BPEMEHH , 3aAaBas QYyHK-
HHOHHPOBAHHE HElpoHa C MOMOmMBO AHHAMHYCCKOH CHCTEMH : '

fnol=F (fn ’ An ’ a) ’

FAc N, N+l - MOMEHTH BpEMeHH , O - napaMeTp HAH HabGop
napaMeTpoB .

Npi QYHKUMOHHDOBAHHH B HENPCPHBHOM BPEMCHH Takxe
BOSMOXHO BEEAGHHE HEAOKAABHOCTH MO BPEMEHH - 3aNA3IWEBAHUL .
ITO AaXe MNOAE3HO, TaKk Kak MNO3BOASET CrAAaXHBAaTb OTAEABHHE



cAyvYailHue BHOpocH. HEAOKaABHOCTb MOXCT OCymeCTBAATh  KakK
CyuMMaTop , TaKk H CaM HeHpOH , Hanpumep :

o0
1) 0, ecan Je *1TA(t-t Hr<at s

o

f(ar)|tsty)= (6)
« -aT
1, ecan e v A(t-tyde20 ;-

[+]
A ()20, al 2>0.
NOCKOABKY 3A€Cb HCAOKAABHOCThL 33A3€TCH AHHeliHuM oOpasom ,
MOXHO NOAOXHTDb

[+ ]
A (t)=[e ™" A (t-T )T
o

H CYHTAThL A’ (t) BHXOAOM CYMMaTOpa, OCTaBAAd HCHDOH CTaHAApT-
HHM MOPOroBuM (1). Apyrod MpHMEp, He CBOAHMHI B ofmem cayuae
K AMHEAHHM Of€epalHsM , MOXHO MNOCTPOHTL , 33AaBasi QYHKUHOHHPO-
BaHH ¢ HeEApPOHA AHQQEPCHUHAABHHM YPaBHCHHCM
g—f{.-F(f(t)A(t),a)- (7)

rae f — KaK H BHBE , BHXOA , A - BX0OA, O — MapaMeTp HAM Habop
napaveTpoB , F - HexKoTOpas HeAMHEeHHAasd QYHKLHS .

oyukuus F B (7) AOAXHA BHGHpaTLCA TaK, uToOM
oGecneyaBaTh NepekApyenns . MPOCTEANHA NPHMED :

3
F=—a £+ f+A (@ ,>0).
9Ta QYHKUHS HMceT SKCTDEMYMH B TOUKAX f=2f =+v0, 730, . EcAH
3
A>—q f40f ., To HyAb Yy F OAMH H BHXOAHOC SHAucCHHE,

BHAABAEMOE HEAPOHOM , PEAAKCHDYET K OJToMy 3HaUucHHb f npu
noe-ro:muou 3MadeHHH Ha Bxoae A(L)=A. AHAAOTHYHO, CCAH
a<q f . ’
o OE—caAzio xe a f3-of <a<-0 £+ f , To Hell 6
5 g2 30 8 Jot0lo poH Oucrabuaex H

_ero peAakcanus Npu A(t)=A, to " onpeacasieTcd HauasbHHM

COCTOSIHH €M .

MOXHO 3dAABATh peAaKCalHw HEApoHa H AHO® ep CHLIH aA BHHMH
ypaBHeHHSuH Ooaee BwcOKOro MOpsAKa, eCAH 3TO YNpPOCTHT
feXHHY ECKYy® PCAAH3ALHIO .

2.2. O6yuenne HelpoHa

Tounee Guao OW HasBaTh 9TOT padAea ‘HEHAPOH B mpouecce

ofyueHud *, TaK Kak oGyuyaercsd He OTACAbHHH HeillpoH , @ CecThb B
neaoM. B Xoae o6ydcHHS CETH NPCABABASKTCH npaMeps H HX
pemenHe oucHHBaeTca. [0 pesyabTarau OllCHKH AeaadeTca mar
ob6yucHHsd . B pesyabTaTe Takoro uwara MOTYT MCcHATBCHA BCC
napameTps , B TOM UYHCAE — XapaKkTCcpHCTHKH HeilpoHoB Q. CauH
NpomEAYpH H3MEHcHAS o OyayT onucaHW Aaace B pasaeae,
NOCBSEEHHOM aATOpPHTMAM obyueHns . 3A€Ch Xe¢ — ABa 3aMeyaHus .

BO-nepBuX , AAS OHCTpOrO NapaAAEAbHOrO BHUHCACHHS TpaAH-—
eATA OUEHKH TOTpebyoTCA SACMEHTH, BHUYH CASIOMH E MPOH3BOAHNC
BHXOAOB NO NMapaMcTpax : aof 16a .

BO-BTOpHX , AASl TNapauerpos eCTb 06AaCTb €CTECTBCHHHX
orpadHy euHd . HanpHmep , O B popuyac (2) He AOAXHO CAHEKOM
q'rAnqa'rbcs; OF 1, CCTCCTBCHHWA AHaMa3OH AAf HEC AOTHYHO
hplmsn‘u TakuM : 22020.1. Ecam npolcAypa obyyeHHd Ha
xaKkoM-an6o mare BWBOAMT H3 SOHW €CTeCTBEHHHX OrpaHHY CHHH , TO
MOXHO AHGO OCTaBaThbCi Ha ee€ CpaHHle, Au60 BBECTH 3 OLCHKY
¢ynxunw mTpaga 3a BHXOA H3 ITOH 30HH . ’

3ameTHM ecme, YTo B OOABUHHCTBE aArOpuTMOB OOYyUCHHH
ceTeii napaMeTph HEAPOHOB noAaranTcid HCH3MEHHWMM , @ BCC
ACApOMH - OAHHAKOBHWMH . MeHSIOTCS TOABKO BECa CHHANTHYECKHX
CBSi3el . 2TO HAMpaBACHHE H ¢ro HAciiHas 6a3a MOAYYHAH HaSBaHHE
*KOHHEXUUOHUSM ® — [AABHOC HE DAEMCHTH , 2 CBA3H . MeEXAy Tem,
NpA YHCTO KOHHCUHOHHCTCKOM [IOAXOAE TEPANTCH AOMOAHHTEAbLHHE
BOSMOXHOCTH oOyucHHS H QYHKUHOHHDOBAHHS . FeTeporeHHas ceTh,
cocrosimas H3 pasAHYHHX HEHpoHOB C NOACTpPAHBACMHMH TNapaMer-
paun , aBasieT csl 6oace FHOKOIN .

2.3. Canoxumit HelpoH KakK CeTb npoc’rux

KaKk HETPYAHO BHACTL H3 MPEAHAYHNHX PaSACEAOB, B NpHHATOH
pOCTOA MOAEAH HedpoHa ero CcOCToHHE coBmaaaeT C €ro
BuXOAOM . 3AECH OrpoMHOE TMOA€ BO3SWOXHOCTEil AASl ABABHEHWETO
ycAoxueHHS . MOXHO BBCCTH Aad HeflpoHa KAACCHYCCKYD TpHAAY
*BXOA , COCTOSIHHC , BHXOA™, 38AaTh TpH npocfpauc’rna: xin -
BXOAM, S - cocrosHus, X - BHXOAH, QYHKUHOHHPOBAHHE B
AMCKPETHOM BPEMCHH OMHCHBATDL ABYMS. QYMKLHSAMH : .

11



F :X xS-> S
n

- CMC¢Ha COCTOSHHH ,
st i

Fout o :xlnxs - xout = BHXO0A,

O, KaK H npexAc, napamerp HaH HaGOp mapaMerpos.

BuX0A Ha n+1 -M mare OYAET 3aAaBaThCHd Kak QYHKUHSA oOT
BX0OAa H COCTOAHHA Ha MNMpeEAHAyUleM mare

out nﬂ=Fout [ (xln n ’Sn )
aHAAOTHYHO GYAET 3aAaBaThbcd CMEHA COCTOHHHI
S =F (X S ).

n+l s in n n

AASl CeETeH HenpepHBHOTO BpPeMEeHH BBXOAW H CMEHA COCTOSIHHil
MOTYT OWTE OMNHCAHH CHCTEMAMH AHQQEPEHUHAALHHX YpAaBHEHHH .

Ha nmepBuH B3TASiA, CeTh H3 TakHX GOACC MOWHHX HEHPOHOB
COAEGPXHT H GOAbllE BOINOXHOCTEH. BoAece TOro, i moAarao, yTo
CAOXHH € ClEUHAAHSHPOBaHHHE  HEHPOHH  OYAYT  HeoOXOAHMUM
SAEMCHTOM OyAymHX HEADOKOMNBOTEPOB. OAHAaKO €CTb BECKHE
apryMeHTH NMPOTHB TakOIO Y CAOXHCHHS BCEX HEAPOHOB CETH .

BO—HCPBHX, €CTh MHCHHE, UYTO YCAOKHCHHE BAEUET notepo

YHABEPCAABHOCTH : DCHEHHE OAHHX 32aa4 MOXET YNPOCTHTLCH , 3aTO
APYTHX — DE3KO YCAOXHHTBLCS .

Puc. 1. CucmeNd U3 3Byx HelDOHOB C nUHelHNNU CyNNamOpPaMU :

E] - HelipoH, (——— - cCyNNamop, — - CUHancw, » -
BXOON U BWXOON .

12

BO-BTOPHX , CAOXHMA HCApDOH , €CAH norpebyercd, MOXeT
pupacTH B Npollecce oGyucHHS Kak MaaAas CGTb_ﬂpoCTHX. Tak , yxe
cerh, H3 ABYX MNpDOCTHX HCHDOHOB C AHHCHHHMH CyMMaT opauH
NpCACTaBASET coboil cHcTeMy C ABYMCDHHMH npoCTpaHCTBau?
COCTOSHHA , BXOAOB H BHXOAOB (PHC. 1). [lapaMeTpH COCT OAHHA
3A€Ch - BHXOAH Ha TMpEAHAymEM mare. BospacTaer H UHCAO
[IOATOHOYHHX (0OyuaeMuX ) NapaMeTpos : KpoMe BHYTPCHHHX napa-
METPOB OTAEABHHX HCADOHOB ClA2 BOHAYT ueTHpe Beca CHHa?CoB,
Ha KPTOpHE YMHOXaOTCS BHXOAHHE CHTHAAN MEpeA NnoAaucH Ha
CyMMAaT OpH .

PEOOMHPOBATb MOXHO TaK: CCAH AAd KaKkoro-aut6o B?xnoro
kaacca 3asay TpeOyOTCH CAOXHWE CrEUHaAHSHPOBAHHHE HEHpOHH ,
HX Npome BBOAHTbH Cpady , UeM BHPAUHBATBL H3 npocTux. Ecanm xe
rakas HcOOXOAHMOCTL HE€ OUEcBHAHAa, TO MOXHO AOBEPHTLCH
yHHBEpCAABHOH CETH H3 MPOCTHX HCApPOHOB , OHA Cama BHPACTHT
HeOGXOAHMNE CTPYKTYPH B XOA€ OOyYEHHS .

13



3. CYMMATOPH

Mo DNpHHATOMY HauM ONPEACAEHHN , CYMMaTop - AHHCHHWHA
3AEMEHT , CBS3aHHHH C KaXAWM HCEHADOHOM H CYMMHpPYOWHA NOCTY-—
MalomHC K HEMY HO CHHANTHYCCKHM CBSSAM CHTHaAW OT APYIHX
HEHPOHOB , a TAKXe BHEWHHE BXOAHHC CHIHAAM. KOHe4YHo , MNpH
TEeXHHYECKOl pCaAH3alHH CYMMHDOBAHHEC MOXET GHTb OObCAHHEHO C
XpaHeHHeM CHHANTHYECKHX BECOB BXOASNHX CBA3cH H YMHOXEHHEM
Ha OSTH Beca BHXOAHWX CHTHAAOB APYTHX HCHpOHOB, OAHAKO MpH
TEOpETHUECKOM PACCMOTPEHHH QYHKUHS CyMMaTOpa BHACAEHA .

Ha nepBHil BOrAsiA , y CYMMaTopa He MOXET CyumecCTBOBaTb
NOATOHOUHWX NAPaMETPOB - CKABAWBACT MNOCTYyNabWHe CHIHAAN H
BCe. OAMAKO 9TO He CcoBceM Tak. Cyumarop MOXET OoTBeuaTh 3a
HEAOKAABHOCTL MO0 BpEMCcHH. AAd QYHKUHOHHPOBaHWHS B Henpe-
pHBHOM BDEMEHH OH MOXET , HapHMEp , MOAABATL Ha BXOA HcHpOHa
OYHKUH©O

I
A’ (t)=j‘e_“A(t—1:)dt (0<Q<e ) , (9)
o

rae A(t) - cymmapHui moment t

(KOHEYHO , ®© B npeacaax HHT ¢eTPHPOB aHHA HAaAO0 MNOHHMAaTb KakK

CHTHaA , MNocTynaomMd B
AOCTaTO4YHO 6OAbNOE KOHeuHoe BpEMs ).

AASl  QYHKUHOHHDOBaHHS B AHCKpETHOM BpEMCHH CyMMaTop
NOCAc KaxAOi Tepesaud CHTHAAa HEApOHY MOXeT yuMHOXaThb €T0 Ha
(0<0<1),

NOCTynaomHe CHIHAAH H TaK — AO cAcAyomel mepeaayH HEHPOHY .

HeKkoTopoe O a mnoToM nNpaGaBAATL K NPOH3BEACHHK

HakolAcHHE CHCHaaa C 3aTyXaHHEM naMATH BaXHO B TAaKHX

ceTsix, TAe HCHDOHM MOCYT QYHKUHOHHpOBATbL HCECHHXDPOHHO.
MpoGaeMa Xe CHHXpOHM3auHH obocTpsaeTca ¢ yScmqenueu YHCAR
HEeHPOHOB .

Obyueune CcyMmaropa

napaMeTpa 3aTy XaHH4d . EcAH xe 3artyxaHHd HET,

COCTOMT B ONTHMaAbHOM noaGope
TO CcyMMaTop

npeanosaraercd HeoOyuacMuy .
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4. CHMHAIC
4.1. Oyl-utunonnponaune cMHAanca
OH mnepeaaeT

CHHANC OCYMECTBASIET CBS3b MEXAy HEHpOHaMH.

BHXOAHOH CHTHas i-ro HedpoHa Ha BXOAHOH cymMmaTtop j-ro H
ﬁpeot’)paaye'r, CHTHaA NpH MNepeaade. Npocreimee npcobpa3oBaHHE -
yMHOXEHHE BHXOAHOLO CHIHAAa HAa BeC CHHanca - 4YHCAO X . (PHC.
2.

—

'xjj

: _—
[ Puc . 2. Aelicmsue auneliHozo cuHanca.

BOMOXHO YCAOKHEHHE 3TOH npocTedmeit  Cxewd 1O TpeM

uanpamcuusm. yBEAUUCHHE PAaSMEPHOCTH (AAS CAOXHHX HEApPOHOB ) ,
deamneiioe npeoGpasoBaHHE CHrHaAa NpH Mepeaaue M OACMEHTH

naMgTH y CHHanca.

YBeAuqune pasSMEpPHOCTH AAf AHHCHHHX cuHancoB 06e3 nmaMATH
SKBHBaAeHTHO yBEAHUEHHO YHCAR npocTeAWHX CHHANCOB. AcACTBH—
TeAbHO NYyCTh HMcETCH ABa CAOXHHX HeflpoHa : i-f ¢ N BHXOA2MH H
J-ﬁ C 1 BXOA@MH . CyMMaTop npH j-M HeApoHe HaKanaHBAcCT B XOAHOH

CHHaMnc nepeaady

CHTHAAOB . OClelcCTBASIcT

R-MEpHH
BHXQAHT O CHrHasa i-ro HeflpoHa OTOMy CyuMaTopy H AMHEHHoC

NpeoGpa3oBauue , cCTECT—

BEKTOp

npeo6pasona}mc CHTHaaa MNpH nepeaade.
BEHHO , COCTOHT B YMHOXCHHH 1-ro N-epHOIO BEKTOpa BH XOAHHIX
CHTHAAOB Ha Marpuuy - "CHHANTHYECKHA BEC™ X, . "HCAO 3AEeMeH-
TOB 3T MAaTPHUH AAS A2HHHX i, j paBHo mxn.

T> xe caMOoe MOXHO MPEACTaBHTbL H MO-APYT'OMYy .

CBOH cCyMMaTop - HX m.

C KaxabM

BXOAOM j-TO HEHPOHa CBA3aH OT KaXAOTO



BHXOAQ i-ro HedpoHa K KaXAOMYy TakKOMy CYMMAToOpy BeAeT

NpoCTEeHMHA AHHEHHWA CHHanc. OH NepcaaeT CHTHAA , yMHOXas ero
Ha CBoH BecC.
wxn .

Bcero TakHX CHTHAaAOB H COOTBETCTBYOWMHX BECOB

HeaHHeHHOE npeoOpa3oBaHHE CHTHaaa ACA2CT CHHANC aHaAO0-
THYHHM HEHpPOHY , ToAbko 6e3 cyuMaTropa Ha BXoAe. CeTb C HCAH-
HeflHUMH CHHal caMH MOXHO NMpPEACTaBHTBL cebe Kak ceTb U3 GoabmEro
KOAHYECTBA HCHDOHOB , YacTh KOTOPHX HMEET BCEro ABE CBASH -
OAHY BXOAHY0 H OAHY BHXOAHY®, a
nepeaaonrcss 6e3 H3MCHEHHd .

CHTHaAR MO BCeM CBA38M

ECAH AONYCKaTb HeAHHeidHoe npeobpa’oBaHHE NPOXOAANHX Mo
CHHAancaM CHTHAAOB, TO CCTECTBEHHHM OOpa30M NPHXOAHM K HOBOH
MOAGAH CCTH. B Hell yxe HeT npeoOpa3yomHX CHHalCoOB. BMECTO HHX
— AONOAHHTEAbHHE HEHPOHH .

cirHaaoB 6e3 npeoOpasoBaHH4d .

CBSIBH CAYXAaT TOABKO TMepeaaue
BapHaHT Takod CeTH C MNpPOCTHMH

HeHDOHAMH MOXHO MPEACTAaBHTHL cefe Tak.

CeTb COCTOHT H3 HEHAPOHOB , CYMMATOpPOB H CBfA3ed. HeApOHH
MOTYT OHTbL pa3HHMH. KaXAHH HEApOH HMEET OAHH BXOA H OAHH
BHX0A . CymMaTop HMeeT ao0oe KOAHYECTBO BXOAOB H OAHH BHXOA.

CHrHaA Ha BXOA HeEApOHA NMoaaeTc aAH60 OT 0AHOTO (APyToro)
HellpoHa , AHGO OT KaKoro-HHOyAb cymmaTopa, aAHGO OT BHCWHEro
BXOAA. BHUXOAHOH CHTHaA Aw0OOro HefApoHa MOXET MOAABaTbCHd cCpas3y
Ha HEeCKOABKO BXOAOB

pasHu X KaK ApYTHM

yCTpOHCTBaxM .

HeApoHaM , Tak H

cymmaTopam HAH Bbl XOAHUIM

CyumaTop HMceT IpPOH3BOALHOE YHCAO BXOAOB H OAHH BHXOA ,
Ha KOTODHH OH MEPCAAET CYMMY BXOAHHWX CHIHaAOB. BuXOAHOH CHIC-—
HaA cyumaropa MoxeT nepeAaBaTbCc Cpa3y HECKOAbKHM HEHpoOHAaM .

NOCAEAOBATEABHOCT B QyﬂxquﬂﬁpoBauuﬂ Takod CETH MOXHO
NPEACTEBASATh TaK : QYHKUHOHHPOBAHHE WCAPOHOB - NcpcAaya CHrHA-
AOB OT HEHADOHOB - CYMMHDOBAHHE — MNepeaaya CHCHAAOB OT CyMMa-
TOpPoB - QYHKUHOHHPDOBAHHE HEHPOHOB .

Mo Bced BHAHMOCTH , MPH OTKal3€ OT NPOCTOH CXEMbl AHHCHHHX
CHHANCOB (CM. DHC. 2) HMEET CMHCA NEPEXOAHTb K ONHCaHHOMY
NpEeACTAaBACHHO CETH . BOSMOXHO BO3paxeHHe : NMPH oOWMYHOM AHCKpeET-
HOM Mo BpeMcHH QYHKLHOHHPOBAHHH CHHAMCH NepeAakT Ha BXOAHHE
CYMMATOpH CHTHAAH ¢ NpeAAymero mwara, a MpH OMNHCAHHOH CxeMe
nepeaaBaTbCcd OyAyT

mara.

npeoGpasoBaHHWE CHTCHAAH C M[O3alpomAOro
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3Toro HeTpyAHO n3bexaTb, nMpeanoaaras HCAPOHH CETH paBA€-—
AcHHHMH Ha HECKoAbkO TIpynn, QYHKUKOHHPYPNH X TNOCAEAOCBATCABHO
ApYT 32 ApYTOM, KaK paHec OHAM paSA€AeHH HEHDOHH H CyMMAaTOpH .
pPasbHeHHe Ha TpynmH AOAXHO YAOBAETBOPATbL OAHOMY KOHTPOAbBHOMY
y CAOBHU : SHAYCHHS CHTHAAOB HA BXOAE KaXaOTO SAEMEHTA AOQAXHH
GuTb NPaBHABHO COOpPMHpOBaHW B NpOMCXYTOK MEXAY €ro mnocae-
AOBAT €A bHUMH QYHKLIHOHHD OB aHHAMH .

BBeAGHHE B CHHANCH 3AEMEHTOB
paccuaTpHBATBCH KaKk HX MpeBpancHHE B CAOXHHA HeHpOH C BHYT-—

chHHMH COCTOAHHSAMH H BHOBDb NpUBEAET HAC K ONMHCaHHOMY Cﬂ0006y

naMdaTH TaKxe MOXET

NPEACTABACHHS CETH .

BepHenCs K NPOCTcAmeny AMHEHHOMY CHHamcy (cM. PHC. 2).
MOXET MPHHHMATb PaSAHUHHE SHaAYeHHS . BHACACHH ABa
CBA3b €CTb:

Ero BecC x‘j
caydas , cauui npocrof - xU=0, +1 (CBH3H HET,

ApyTroH AASL X

BapHaHT : '

MOAOXHTEAbHAs HAH OTpHLAaTcAbHad ).

ycTaHaBAHBAaET cA pabouui AHanasoH -1 < X, < 1.
4.2. ObyueHMe CMHAMNCOB M KOHHEKUMOHMIM

TOYKOM 3pEHHS Ha

B Hacrostiee BpeMs paclpoCTpaHcHHOH
obyuyeHHe HEAPOKOMNbOTEPOB SBASETCA KOHHEKUHOHHI3M : ofbyuenue
coraacHo

i i — BECOB CHHAalCOB.
COCTOMT B HaCTDOHKE 3HAUEHHH X .

KOHMHCKLHOHH3MY BCE HaBBKH XpaHATCA B CHHANTHYeCKOH KapTe -
COBOKYMHOCTH BECOB X, CBoOficTBAa HeApoHa MNpH OTOM CYHTAKTCH

BTOPOCT el EHHHMH XapaxKTepH CTHK aMH CCTH .

HacTpoHka CHH AN THY € CK OH KapTh MOXET MPOHS3BOAHTBCH
pPa3AMuUHWMH cnocoBaMH . OTrpaHHYUMCH noxa pacCMOTpEHHEM ABYX
NMpEACABHHX CAYYaeB.

1. BremHee ¢$opNUpOBaHUE (ceTH XongHAaaa ). Bcnaeck

HHTepeca K HEADOHHHM CeTSiM OWA CBSi3aH C pacrno3HALMHMH CeTIMH
XOonpuAaAa. AASl HHX CHHANTHYECKas KapTa CHMMCTPHUHA (X, =%,)
HenpepHBHOM  BPEMCHH .

CHTHAA ) a‘(t)

a  QYHKUHOHHpDOBaHHE TMPOHCXOAHT B

CocTosiHHe i-ro HeApOHa (OHO X€ - BblXOAHOH

MeuseTcd BO BPEMEHH COTAAcCHO ypaBHEHHIO

af:h(l‘af )an-Ax (t).

BXOAHOA CHICHaA , TpPHXOAsSUHA  OT

/’E‘ﬁhiu.-.“..

Rxajen e auaji
17 GQCOP

(10)
= - APYTHX
rae A, 2x”a‘

HEAPOHOB .




llpaBad 4acThb (10) npeacTtaBasier coboil -8H /6(1l , TAC

A 2.2,1
=22 (1) +;Za‘x”aj. (11)
YpaBHeHHe (10) HMCET BHA
da, o .
—= (12)
dt éa

i
MO3TOMY ABHXCHHE CTDEMHTCA K OAHOMY H3 AOKaAbHHX MHHHMYMOB H.

POAb BXOAHOTO CHITHaAda HIPawT HayaAbHWE COCTOSAMHSA a, .
‘MpOorpaMMHpOBaHHe * CeTH Ha pacnosHaBaHHe N 3T AAOHHH X
o6pasoB ocCymecTBaseTcs TaK. [MYCTh 3TaAOHaM COOTBETCTBYeT
COCTOSHHSA CETH a‘=o“ , I=1,... N.
[TOA OXHM
N
X =-€ % 0“0“. (13)

1)
1=1
Toraa ¢yukuHs H (11) NpHMEeT BHA

2.2 2
H=28 (1-02 - E2 a0 ). (14)
4 i 2 1711
i 11

fleppoe caaraedoe B H AaeT BKAAA B yYpaBHeHHe (12), CABHTAOmMHA
& X +1 HAM -1 B S3aBHCHMOCTH OT HAYaAbHOrO SHAYEHHA -
MOAOXHT CAbHU € a‘ OH TSHET K +1, OTpHUAaTeAbHHe - K -1. Ecau
3anHCaTb BKAAA BTOpPOIO CAQraeMoro B BEKTOPHOM BHAC, TO

NOAYYHM :
da

a-E-...+e?(0L,(‘Jl)ol. (15)
9Ta CyMma CABHTaeT (. NpPOROPUHOHAABHO BEKTOpaM O, , NpHYEM
CABHr Goabme AAf Tex 1, Aad koTopux GoAblie MO BEAHYHHE
CKaAsipHOe TNPpOHS3BEAEHHE 01,01). ECAH nmnpeanoAaraThb, 4To
BEAHYHHA |(a,01)| HMEET SpKO BHPAaXeHHHil MaxkcuMyM mno 1, To
NOAYYHM B HTOTEe (I "NOXOXHM " Ha COOTBETCTBYywmee 01. HckaxeHud
OyAyT CBSi3aHH C HAAHUHEM APYTHX O H MepBOoro caaraeMoro B H.
BoasoxeH H Apyroid noabop X, BaxeH NpHHUMN -
CHHAanNTHYECKad KapTa QopMHpPYeTCs Cpady H 3anOMHHAET C4H .
IPHBEAEM NMPHMED YyCOBEPDWCHCTBOBAHHA . B HeM

A 2.2 £
H=-‘-Z‘}(l—a‘) - Z@.Fa),

rA€ P - OpTOrOHAALHHH NPOEKTOP (I HAa AHHeAHOEe MNPOCTPAHCTBO,
NOpOXACHHOE BEKTOpawuH O, .

CTpodTrcd P, Hanpuvep, C T[OMOmbO [OCAEAOBAT EABHOM

18

OpTOrOHAAHJAUNH . NoAaraeM

01

71=01 ' 61=./—(—0—'0—) ;

1 2
~85.%.,6 T
=0 - (0. , , O.= ;
Y;=0,-0,:0,0,.90; D

A

e =0~ Z ©,8), 8=

q9,9¢1 v( v7,)

i
Pa-EGl (o} '6. ).
i

Beca CAHANCOB B STOM CAyuac — MATPHYHHE SACMCHTH : P: P= (x”).
2. O6yvyenue. B Xxoae o6yueHHs MNPOHCXOAHT MHHHMH3alHA
UeAEBOH OQYHKUHH , OlUEHHBawNeH COOTBETCTBHE BHXOAHHNX CHTHaAOB
BXOAHMM . [0 CymecTBY , NpH TAaKOM TIOAXOAc 3aAaua obyueHHs
HeAPOKOMNIBOT €EPOB  MOTPyXaeTrcs B oObwHpHy H Xopomo pas3pa-
Sorannyo obaacTb HaykH, MOCBSANCHHYW METOAAM ONTHMH3aUHH .
w CHeuHQUYECKHe TPYAHOCTH 3AcChH GyAyT COCTOATHL B O4YCHDB
Goa buok PasMCEPHOCTH M CBASaHHHX C ITHM orpaHHYeHHsAX Ha MaMdaThb
N OGucrposciicTBHE. [O3ToMy NpeUMyllecTBO ~AOAXHO OTA3BaThCA
SAATOPATMAM ONTHMH3AUHH , AOINY CKallHM HapaAAC€ABHOE BHIOAHEHHE

HA CTPYKTypax , aHAAOTHUMHX HCHDOHHHM CETAM.
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5. BXOIb, BHXOIH M ®YHKUMOHHMPOBAHHUE
5.1, BXOAL M BbIXOIL

CymecTBYCT HECKOABKO BAapDHAHTOB NOAAYH BXOAHHX CHTHaAOB
CETH .

1. IModaya Ha Bxod HelpoHoB. BuaeasieTcs Habop BXOAHH X
HEHAPDOHOB H Ha HX CyMMaTophl AODaBASIOTCA BHEWHHE CHTHAaAM .

2. Nodaya Ha BHXOO HeUpOHOB. BHcWHHE CHTHaAH AO0O0aBAdlTCA K
BbIXOAHBHM CHTHaAaM BHAEACHHHX BXOAHWX HEHAPOHOB .

3. AddumuBHas nodaya HA CUHANCW. AAf KaXAo0ro BHCWHEI O
CHTHAA2 BHAGASIETCHd CBOH BXOAHOH CHHAanc H OTH BHeEUHHE
CHTHaAN Ao00aBasiOTCH K CHTHaAaM, MNOCTyNaloWHM Ha 9TH
CHHAIM CHl .

4. Mlodaua CU2HA/IOB KaK CUHANMUYeCKUX BeCOB (MYAbTHNAHKa-
THBHA4 noaaya Ha CHHAICH ). BHA €A EGHHOMY MaCCHBY
CHHANTHYECKHX BECOB MNPHCBaHBaKTCHA 3MauyeHHs , paBHHE
BXOAHHM CHIHaAaM .

B BapHaHTaX 1-3 00ydaTbcd MOIYT BCE CHHancCh , B BapHaHTE
4 BXOAHHE CHHAlcCH , o4eBHAHO , HE obOyuawTcs.

CymecTBYET TakXe HECKOABKO BAPHAHTOB CHATHS CHTHAAOB.

1. CHamue C BWXoda HelUpOHOB . BHUXOAHWE CHTHaAW YaCTH HEHAPOHOB
ABASIOTCSH H BHXOAHHWMH CHTHaAaMH HEHpPOKOMNbLOTEpa .

2. CHamue C Bxoda HelJpOHOB. 32 BHXOAHHE€ CHTHaAH NPHHHUMAaOT CS
BXOAHHE CHTHAAH BHACACHHHX HCHDOHOB HAH BHXOAHWE CHTHaAH
COOTBETCTBYOUHX CYMMaTOpOB.

3. AddumuBHoOe CHsimMUe C CUHancoB. Ha BHXOA MOA2NTCH CHCHAaAH ,
NpPOXOASMNHE MO0 BHAGAEHHHWM CHHancaM , yYXe YMHOXEHHHE Ha
COOTBETCTBYONHA BecC CHHanca.

4. CHAmUe CUHANMU4YeCKUX BEeCOB. BHXOAHHMH CHTHaAaMH CYHT alT Cf
Yy CTAaHOBHBUHECH BECa BHACAEHHHX CHHaMcoOB.

B 4eTBepTOM CAy4Yae MNpPOLECC (QYHKUHOHHPOBAHHA AOAXEH
BKAOYAThL H3MEHEHHE BHXOAHHX CHHancoB. B oOOHUHOH NOCTaHOBKEC
3aAaYH 3TO COOTBETCTBYET , cKopee€, oOyueHHO . PYHKUHOHHpPOBAHHE
C H3MEHEHHEM BECOB CHHANlCOB MOXHO pacCMaTpHBATb Kak OOy4yeHHe
C BCNOMOraTEeAbHOH UEAeBOH (QYHKUHEd , mnapaMeTpw KOTopoi
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gBASWTCS TMOACTPaHBAEMHMH B XOAC *HacTosimero" OOy4YeHHd ,
ycrauanzunanmcro npaBHABHOC COOTBETCTBHE BXOA - BHXOA MpH
ABMHOM THN € BHXOAHHX CHTHAAOB.

B OTOM H CACAYOWHX pa3AeAaax, €CAH CnclHAABHO HE
OroBopeio MPOTHBHOE , MH OTPaHHYHNCH PacCCMOTPECHHEM BXOAOB
nepBOro H BTOpOrO THONOB H BHXOAOB NepBoro. Hexoropue Apyrue
BapHaHTi (a BCEro MHCAHMHX  BapHaHTOB Boceub)’ 6yayT
06CyxAabCs  OTAEABHO. OTpaHHYHMCS MNoKa TakXe HEHPOHHHMH

cersiMH , CHHXPOHHO (QYHKLHOHHDYOIIHMH B AHCKDCTHHE MOMEHTH

BpEMCHH.

5.2. CeTM nepMonMueckoro GYHKUMOHMPOBAHKA

fpocTefimde NPEACTABAGHHA O QYHKLHOHHD OB aHHH HelpoHHOMH
céTu TIKOBH . B HauaAbHHA MOMEHT COCTOSIHHA BCeX HEHApOHOB
OAHHBK(BH , BHXOAHWX CHTHAaAOB HET. [lipeanoraraercs, YyTO
XapaKT PHCTHKH HEAPOHOB STO  MO3BOASOT . lMoAawTCSd BXOAHHE
CHTHaAW , HHHLUHHPYONlHE aKTHBHOCTb CETH (HyAeBOH TAakT ). Aaaee
BXOAHM¢ CHLCHAAHW MOTYT M0A2BaTbCl Ha KakAOM TakTe OYHK—
LUAOHHP(BaHUA . Ha KkaXaoM TakTe MOIyT CHHMaTbCSl BHXOAHHEC
CHTHaAb. TMocae k TAakTOB LUHKA QYHKUHOHHpOBaHHS 3akaHYHBACTCA
M CeTh BOSBpANAETCH B HCXOAHOE COCTOsSHHE , [OTOBad K HOBOMY
LHKAY (@KTy ) QYHKLHOHHpOBAHHS . MexAy akTaMH QYHKLUHOHHDOBAaHHA
MOTYT ICTaBAATBHCA akTH OOyueHHS . )

B pesyabTaTe LHKAQ H3 k TakTOB QYHKUHOHHpOBAHHA HCH-
pOHHasl CceTb BHAAaeT B OTBeT Ha NocAeaOBaTEABHOCTh H3 K
Ha6opol BXOAHHX CHIHAAOB NOCAEAOBATCALHOCTD H3 k HaGopoB
BH XOAHIX CHCHAAOB .

oTHKIMS OWHOKH AOAXHA YA@BAHBaTb B3aHMHOC COOTBET CTBHE
BXOAHOI H BHXOAHOH MOCAEAOBAaTeAbBHOCTeH . Eme Goaee ynpollCHHHH
BapHaHT - BXOAHHE CHTHaAH MOAANTCH TOABKO B caMOM Hauaae,
BHXOAHIe - CHHMawTCcd B caMoM KOHUE. HeCckoAbKO 3aberas
BlepeA, 3aMETHM , YTO TaKoe YNpomeHHE NDHBOAHT K 32M CAA EHHI
ofydeHis - NOAE3HO OLCHHBaTL OTBETH CCETH Ha KaXAOM TakKkTe
QYHKUHOHHpOBaHHS , NMOCTENeHHo yXecTouad TpeGoBaHHA H Takxe
MOXeT OWTbL MNOAE3HO “HANOMHHATb® CETH BXOAHOH CHrHas Ha
KaXAOM TaKTe€, TNOCTENEHHO YMCHbNAs HHTEHCHBHOCTD. 3T0 -
pPe3yABraTH ONWTOB Mo OGYUCHHO CETCH.
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CeTH TNEPHOAHYECKOro OQYHKUHOHHPOBaHHS MO 'XapakTepy
HCIOAb3OBAHHS HAMOMHHAOT OOuuHHe 3BM: Ha BOMPOC CACAyeT
OTBET , NMPHYCM BOCHPOH3BOAHMHI . HHaue OGCTOHT ACAO C CeTSMH
HENpepUBHOT0 QYHKIHOHHPOBAHHS . .

5.3, CeTH HEnpepHBHOro (GYHKUNOHNPOBAHNA

MOXHO OpraHH30BaTb (QYMKUHOHHDPOBAHHE HefipOHHOA CETH, He
NPUBOAA €€ KaXAHi pa3 nmepea noaadei 3aAaHHs B (QHKCHPOBaHHOe
cocTosiHHe . TIpH OTOM NepeA MOAyUEeHHEM 3aAaHHs CeThb HAaXOAHTCH
B HEKOTOPOM COCTOSAHHH , HEAPOMH BHAAOT BHXOAHHE CHTHAAH. B
TeueHHe k TaKTOB (yMKUHOHHDOBaHHS IMOAANTCA BXOAHWE H
CHHMAOTCS BHXOAHHE CHIHaAH. [oCA€ Takoro QYHKUHOHHPOBAHHA
MOXHO TPOBOAHTH HHKA oOyueuHs , ONEHHBas yCHEWHOCTb QyHK-

UHOMHPOBaHHS , a MOXHO MEPEXOAHTb K  CACAYOWEMY  OHKAY
QYHKIHOHHDOB aHH4 .
HenpepHBHOE QYHKUHOHHPOBAHH € H efip OHHOM CETH (c

nmosyuHBanueM HAH 6e3 Hero) Goaee COOTBETCTByeT HMEMAM CS
[PCACTABAEHHSM O MOBEACHHH XHBHX CYWNECTB, YeM MEPHOAHUECKOE.
ONHT NOKa3WBaeT , YTO, UYepeAys [HKAN QYHKIHOHHDOBaHHS H
06yueHHSl , AAS TAKHX ceTeli MOXHO MOAYYHTH XxopomHe pe3yAbTATH
aAanTalHH .

BaxnHas 0CODEHHOCTH CeTeldl HEeNnpepuHBHOro QYHKIHOHHDOBaHHA :
AAS HHX €CTECTBEHHHM 06pPa30M MOXHO BBECTH CHNOHTaHHYlO axkTHB-
HOCTb HeilpoHoB. He TpebGyercs OTCYTCTBHS BHXOAHHX CHIHAAOB
NpH HYAEBHX BXOAHHX. NpocTefimHi mnpHMep - BMECTO XapakTe-
PHCTHKH HeilpoHa (2) Aonyckaercsd

A
f@a eraz, a,>0. (16)
MapaMeTps COOHTAHHOH aKTHBHOCTH  (3aeChb () AAd TaKHX
HEHPOHHHX CeTell AOAKHH MOAOHpaTbCs B XOAe 06yueHHs .

KOHEeYHO , HEAPOHW CO CHOHTAHHOM AKTHBHOCTBHO MWOXHO HC-
HOAB30BAaTh B CETSX NEPHOAMYECKOrO QYHKUHOHHPOBAHHS , OAHAKO
Tak STO MeHee EeCTECTBEHHO H3-3a HeOOXOAHMOCTH CTaHA3pTHOrO
HAaYaABHOTO COCTOSHHS H XeCTKOH CBSiSH BXOAHHMX H BHXOAHHX
CHTHAAOB .

6 .OlEHKH M TNPUMEPH
C 6.1. OUGHKN OJHOro aKTa GYHKUNOHNPOBAHNA

MWl TIPOAOAXACH obcyxaeHHe HEHPOHHUWX cereil , CHHXPOHHO
QYHKLHOHHDYORHX B AHCKDCTHHE MOMCHTH BpPEMCHH. AobOaBHM eme
OARO CaMOOrpaHHuCHHE - GyaeM PpacCMaTpMUBaTh TOABKO akT
ﬁopnmnqecxoro QYHMKIHOHHPOBaHHS .

| KaK yX¢ OrOBapHBaAOCH, BXOAHHE CHrHaahl NPHOaBAALTCS K

BUXO0A BM HEApPOHOB , a BHXOAHHE CHHMAOTCS C BHXOAOB.
KaxAbf LHKA Qynxuuouuponannx MoxeT olneHHBaTbecs . MyCTh

q,dh cOCTOMT H3 k TakToB, A ,... A~ NOCAEAOBATEABHOCTD
pfu;ropon BXOAHHMX CHTHaAOB, Q@ .....% - NOCAEAOBATEABHOCTD
BEXTOPOB BHXOAHHX CHIHAAOB. OleHKa - HEKOTOpHiA QYHKUHOHAA
H@A e AL O ) (17)
Mﬁﬂlael corAameHHe O 3HAKE: yeM Medbme H, TeM Ayume . HeAb
d@yaeHHs - AOGHTbCS Taxkoro QYHXKIHOHHDOBAHHA CeTH , yrodu H

GuA® K@K MOXHO MEHBEE.

. Mpumeps. B 3asauax pacno3HaBauHd BH3yaAbHHX 00pa30B
BOSMUKHA TaKas OpraHM3sanHs OUCHKH. Ha BXOAHHWE HEHPOHH
noAaercss u3obpaxeHHe. YHCAO BHXOAHBX HeflpoHOB W DPaBHO HHCAY
pacnosHaBaemux o0pa3oB. EcaH H306paKkeHHE COOTBETCTBYET i-my
ofpasy , To B KoHle HHKAA QYHKUHOHHpOBaHHs (Ha k-u mare)
BMXOAHOM CHIHMAA HA i~M BHXOAHOM HEApOHE AOAXEH 6uTb Goabme ,
yeM M@ OCTaAbHHX BHWXOAHHX HefipoHax: O >0, . NpH j#i .

POSMOXHH pasSAMUHHE QYMKIHH OUCHKH .

i 2 2
1. Hl=(au-1)+j§‘(a”+l) . (18)

3A¢Ch yYaCTBYOT CHIHAAH C BHXOAHHX HefiponoB Ha k-M TakTe H
OueMKa TeM Ayumle , yeM OAHXe CHTHaA C i-ro HefipoHa X +1, a
C OCTaAbHMX - K —-1. HHaexc i — HoMmep ofpasa.
2. H = ;:q[(aql-l)ﬂ b (aqj+1)2]. (19)
q=1 1#

3aeCh  YYUMTWBAOTCA M PE3YAbTAaTH NpEAHAYRHX  TakTOB
QYHKLHOHHPOBaHHS C BECOM , DABHHM HOMEpY TakTa. BO3MOXHU
MOAHQWKAUHH C 3aMeHOH. Beca Ha q* ©@>0), exp(A\q) (A>0) K
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T.N.

ONHMT NOKa3HBAaeT , YTO OleHKH BTOPOro THNa MOryT AaBaTh

AyumHe DE3yAbLTATH MPH OOYYEHHH .
3. OLEHKH 3TOr0 THMA CTPOATCS Tak . OGO3HauHM E, MHOXECTBO Ta-
,a_), yTo al>aj npn  i#j,
dist (x ,E) - €BKAHAOBO pPacCTOsHHe OT TOUKH AO MHOXECTBA :

dist (x E)=inf]x-a] .
acE

KHX m-MEpHHX BEKTOpOB O= ((xl PN

NycTtb €, - m-MepHuii BEKTOp , Y KOTOpOro i-g KOOpAHHATa - 1
ocTasbHHE — HyAH. MoAarae

Hl€=dist(a1—eel,El). (20)
3aech cylecTBYeT napameTrp € (0<€<1) - ypoOBeHb TpeGoBaHUi K
npessUeHHi0 i-TO BHXOAHOTO CHIHaaa HAA ocTeAbHHMH . HETPYAHO
BHOHCATbh H SIBHHE QOPMYAH Aasi H ..

q
4. Hl€=q§:lqd1st(aq—i.—‘,qel E ). (21)

9Ta OLEHKa OTAHYaeTCs OT TMpEAbAylled YYeToM BcCeX TaKTOB
QYHKLHOMHPOBAHHS a HE TOABKO TOCACAHErO H Pa3AHYHLIMH
TpeGOBaHHAMH Ha KaXAOM TaKkTe.

OMHT TNOKa3HBAeT , YTO YCNemHOCTbL H CKOpOCTh o6yu eHHs
CylleCTBEHHO 3aBUCST OT YAAuHOTO BHOOpa QYHKIHH OUEHKH (Aaxe B
NpOCTEAmHX CAy4Yasx 0pH H3MEHeHHH H Bpeud obyuyeHHsT MOXeT
MEHATbCS B AECATKH pas).

B OoToM pa3aeae OBGCYXAaAOCh ONEHHBAHHE OAHOTO TaKTa
QYHKIHOHHPOBaHHS B TOM cAyyae, KOFA2 OTBET H3BECTEH 3apaHee.
Byaex Hask{BaTb Mapy  (BXOaA, H3BECTHHI BHXO0A) 0OyuaouHu
npuMepoM . IoauepkHeM , UTO "H3BECTHHA BHXOA" He 0083aTeAbHO
03HauaeT TOYHO H3BECTHHE BHXOAHHE CHTHAAH , 3 MOXET , HANpHMED ,
NpEACTaBASITh cO0OA HIBECTHHE TpeboBaHHS K BbXOAHBM CHTHaAaM,
kak B pasoOpaHHOM npHMepe — CHTHaA ¢C i-ro BHXOAHOIO HEHpOHA
Goabme , UeM Y OCTaABHHX.

6.2. OUEHXM OJIR HECKOJIbKMNX oﬁyqanmux npuMMeposB

NycTb NPHUST CHOCOG OUEHHBAHHS OAHOTO TakTa QYHKUHO-
HHpPOBAHHS M HeHpOHHas CeTh MOXET MoAyHaTb OLlEHKH 3a pemeHHe
KaxAoro obyuyawiero mNpHMepa. OAHAaKo OGWYHO NPHMEPOB MHOTO H
npakTHYEeCKH HHKOTAa TNpHMEp He GuBaeT €eAHHCTBEHHHM . Bonpoc:

xax OLUCHHTDH Qynxuuounponauue CEeTH NMpH PCEWEHHH CEpHH NPpHMEPOB ?

npocreimm?l cnocob : B3ATHE cpeaHed apHPMETHYECKOH OUEHKH
(.n CyHMH OHEHOK ). Er0 HEAOCTaTOK : OTACABHHE NAOXO pemaeMsie
npuH cpH pacTBOPSNTCS CPEAH XOpONO pPEUEHHHX. MOXHO HCNOAb-—
30BaTH CYMMHPOBaHHE OUEHOK B ﬁexmopoﬁ CTENEHH P :

(p) 1 1
Hz” =:(§l}H':)/P. (22)

3aeCb N - YHCAO MPHMEpOB, i - HoMep npuMepa, H, - OleHKa
CeTH NpH PCmEeHHH 3TOTO npHMepa, 1§p<w , Hy - ofwag ouleHKa .
MpeseAbHHi CAyyad - OlleHKa HAHXyAWEro NMpHMepa : '

Héw)=m:«l1x}l‘ . (23)
BO3MOXHW M ApyrHe BapHaHTW . HanpuMep, €CAH TMpH Hl<€
nplMep CUHTAETCH  YAOBAETBODHTEABHO DEmEHHHM , TO MOXHO
NOAOXHTb
'”1 Hy= HZl:>€Hl+se, | (24)
FA® 8§ — UHCAO TeX i, aasi koTopux H <E.

Mpexae, YeM MPHCTYNHTb K OOy4YeHHOW HeHpoKoMnboTepa Ha
38ABHHOM MHOXeCTBe OOyuyaoWHX NPHMEPOB , HaAo BHOpaTh cnocob
OWGHKH Ha BCEM MHOXECTBE (a He TOAbBKO Ha OTAGALHOM mpuMepe),
unaye OyaeT HEsicHO, YTO O3HAYAET 'XyXe' HAH ‘ayume’ pabo-
Tanmasd HEHpOHHAs CETh.

v
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7. TPARMEHTH M IBOACTBEHHOCTBH
7.1. oﬁyqeuue xax OnTHMM3alLMA

EcAH BuOpaHHd MHOXecTBo oOydaomux TpHMEpoB H cnocob
BHUYH CAEHHS CYMMapHOH OLleHKH , 3aaauia obyueHHs HEHpPOHHOH ceTH
npespamaercs B 3asauy MHOL OMepHOil ONTHMH3alHH , BoobGue rosops ,
HEeBHNYKAOH .

HeoOXOAHMO OFOBOPHTb cpady , 4YTo B mpouecce oOyyeHHs H
MHOXECTBO OOyuaollix NpHMEpOB, H CnocoG BHUYHCACHHS OUCHKH
MOTYT MEHSTbCS - Ha HayaAbHBX 3Tamax MOXeT GHTb pasSyMHO OIpa-
HHYHTbCS HeOOABEHM HaGoOpOM MPHMEPOB H OAHUM cnocoboM oIl eHH-
BaHHS , PAaCUHPSS MHOXECTBO H MeHss OLCHKH B X0A€ oOyueHHd . TeM
He MeHee, Takas CHTYalHS , KOTA3@ 3aAaHH MHOXECTBO o6yyaniH X
NpHMepoB H cnocof OUeHHBAHHS , BOIHHKAET Ha Bcex 3ramax
o6yuy eHHd .

PemaTh BO3HHKAOUHE 33Aaud ONTHMHSALUH MOXHO Da3AHYHHMA
cnocoBaud . CyWeCTBYeT HEMAAO METOAOB, He HCMOALIYOMHX NpOH3-
BOAHMX . Tak , HanpHMep , ABHXEHHE B CAyYalHOM HanpaBAEHHH , a
Takxe pasAHuMbie MOAHQHKAUHH 3TOTO MeToaa HE TpeOyoT 3SHayH-
TeAbHOH AONOAHMTEALHOA NaMsSTH (1O CpaBHEHHo C 3aAayaMu
OYHKUHOMHPOBaHHS ). HO BCe X& METOAH, HCMOAb3ylIHE MPOH3BOA-
e , paborapT obuyHo OB CTpEEe.

Kak BHYHCAHTb NPDH3BOAHHE OQYHKUHH OLUEHKH mNO napaMeTrpamM
ceTu? TpaAHEHT - OrpOMHWA HaGop uyHCea M, ECAH BHYHCASTb €TI0
LOCAEAOBATEABHO , TO 3TO mnorpebyer oueHb 60AbUOTO BPEMEHH .
ECTECTBEHHO BOSHHKAET BOMPOC: HeAb3d AH HCNOAb30BAaTH caMy
HefpOHHYlo CETh AAS BHYHCACHHS TDAAHEHTA.

7.2. IBoOlicTBeHHOe QYHKUHOHMPpOBaHKE cereit aBTOMATOB

NpX BHUYNCIEHKM rpaaimeHToB CNOXHbIX OyHKuli

OCHOBHYO HAE0 ABOACTBEHHOro  QYHKIMOHHDOBaHHS MOXHO
NOHATb YyXe Ha TpoCTedmeM TNpHMepe. PaccMOTpPUM BHUHCACHHE
NPOHSBOAKOH CAOXHOH QyHxuum. TNycThb 3aAaHBl  QYHKUHH OAHOH

1 epeMeHH Ot f,,fz,...,fn O6pa3yeM H3 HHX CAOKHYO QYHKLHDO

LN

‘ F(x)=fn(fn_l(...(fl(x))...)). (25)
MOXHO TMpCACTaBHTD pHuHCcAeHHEe F (X) Kak pe3yabTar paGoTu n
ABTOMBTOB , KaXAWiH H3 KOTOpHX HMeeT OAHH BXOA H BHAACT Ha
alixoae 3uaucHHE f,4). rae A - BXOAHOH CH[HaA (pHC. 3.3).
YroGu NOCTPOUTE CHCTEeMy aBTOMAaTOB , BHUYHCAsKUY0 F’ (x), Haa0
AOTIOAHHTDb HCXOAHNE ABTOMATH TaKHMH , KOTOpHE BHYHCASOT QYHKUHH
f;(A), rae A - BXOAHOH CHIHaa , W elle nenoykod H3 n-1
OAHMAKOBHX aBTOMAaTOB, HKEONHX N0 ABAa BXOAa , MO OAHOMY BHIXOAY
§ NOAAOmHX Ha BHXOA pPOHGBEACHHE BX0A0B. TOTAR dopuyay
PO 3BOAH OH CAOXHOH QYHKUHH

:_Z“f'n(fn-;(“'(x)"'))fh-:("'(")"')""' (26)
MOXHO PCAAH30BaTh C IOMOUWEO CeTH AaBTOMATOB , H30ODAaXCHHOA Ha
phc. 3.6. CHauara no 3TOH cXeMe BHUHCAGHHS HAYT CAeBa
danpaso: Ha BXOAH f u f mnoaawrcs agayeHHd X, TNO0cCAe

‘ .
BhitiH CA EHHH fl STOT BXOAHOH CHIHaa MOAAeTCs Ha BXOAM f2 H f; H

T.A. B XoHune HenoukH 0K a3uBanT CA BHUYH CA EHHBIMH BCEC
f‘(fH(...)) " f'l(fH(...)).
a)
X f (x) F (f,(x)) F(x)
1 201 )
6)

F' (x)

Puc . 3. NocnedoBameabHOCML ABMONAMOE 318 BHYUCAEHUSR crnoxxHol
¢yHKRUUU (a) U ee npouspodnold (6); [:::::] u3obpaxaem asmoNam,
nodapmuil Ha BWX03 Npou3sedeHue BXOJOB .

Tem caMuM , AASl KaXAoro aBTOMaTa HHXHEA CTPOKK , KpOME
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CaMoOro nmpaBoOro, OKasHBAETCS COOPMHPOBAMHHM [O OAHOMY 3HayeHuw
BXOAa, a8 Yy CaMoro mpaBoro - ofa, mo3ToMy OH MoxeT cpaborarb u
HauaTb NMepeaayy CHTCHaaa cnpaBa HaaeBOo. 3T0 0OOpaTHOEe ABHXEHHe
€CTh MOCAEAOBATEAbHOE BHYHCAEHHE MOMApHHX
noayyaem dF /dx.
coaepxaHHe 3TOro pasaeaa - obobuWeHHe cXeM NpSMOro H obpaTtHoro

OYHKUHOHHDOBaHHS (CM. pHC. 3) Ha

NPOHSBEACHHA H

nepeAaaya HX HaA€BO. B koHue AaAbHeHmee

CAOXHBE QYHKIHHH MHOTHX
. ]
nepeMennbx .

OBpaTHMCS CHaYyaAaa K NMPOCTHM (HE CAOXHBHIM ) QYHKIHSAM MHOTHX

nepeMeuHsx . TlepeMeHHse, OT KOTOPHX SaBHCHT OQyHKuHd f,
pa3obbeM Ha ABe TDYNNH : NapaMeTpe O=(Q,,....Q ) H cobcTBEHHO
mepeMeHHMEe X=(X ,...,X ). CMHCA 3TOrO pasOHeHHS TakoB : €CAH

pedb HaeT 06 aBToMaTe, BuuHcasiomew f, TO 3HaueHHs MapaMeTpos

XpaHAT CA MNpPH aBToOMaTe (06p33H0 roBops , ONHCHBAWT TMNOAOXCHHS

"DYKOSTOK HACTPOHKH "), a 3HAYEHHs MNEPEMEHHHX TNOAaNTCH Ha
BXOAN H KaKAHH pas — HOBHE. AAS HEHPOHHOH CETH 3TO pasOHeHHe
COOTBETCTBYET BHACAEGHHI NMapaMeTpOB HEHPOHOB H BECOB CHHancCoOB
- C OAHOH CTOPOHH -
ApyTLOf. Aasl OQyHkluii oOmero BHAA NPHHUHNHAALHOrO pAa3AHUHA

MEXAY napaMeTpaMH H nepeMeHHBMH , KOHEYHO , HET .

H BXOAHHX CHTHAAOB 3THX 3AEMEHTOB - C

ByaeM H3o6paxaTh aBTOMaT , BHUHCASIOUHH MPOCTYO QYHKIHW ,
KaKk NOKa3aHo Ha pHC. 4.

X 1 Puc . 4 . ABmoNam , BHYUCAR-—

Y & onuld ¢YHKUUI HECKOAbKUX
2, feo,x) nepenxennsx [ (Q,X ).

X3 —
—_— f

AAS BBYHCACHHS CA OXH Oft OYHKUHH mnapaMeTpoB O= (a‘ ye s ,ak)

H MEpEeMEHHHX X= (X ,...,X ) 3aAaeTcsd HekoTopoe KOAHYeCTBO N
npocthx  Qymkuud (i=1,...,N) H npaBHAO TOACTaHOBKH

apryMeHToB . CpeAH OQYHKUHH fl BO3MOXHH COBNaAabullHe . OO03HayHM
N - YHCAO MEPEMEHHHX , a k, - YMCAO mapaueTpos, OT KOTOpH X
3aBHCcHT f . TOAYEpDKHEM , UTO Ha BXOAH f, B xauecTBe MepeMEHHHX

MOTYT nmoAaBaTbCsds HE€ TOABKO X HO Takxe H pe3yAbTaTh

L
BHYH CACHHS APYTHX QYHKUHHA f,-
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grobu MOCTPOHTH mpouecc BHUKCA €HHSE AAS CAOXHOH QYHKIHH ,
.yKaaaTh MOPHACK , B koropol BuuHcasercs f , H cnocob
BXOAOB KaXAOro @BTOMAaTa. Aasd
aHcok Qynkumia f

HEAD
Qq:ulpwamm
QGOSHEUCHHA BXOAOB yaobHOo B
HEOAaBH CHMH C nEepeMeHHbe X f|=x| (i=1,...,0).
“gyHKUMF * HC HMCOT MapakeTpoB H BooGue He BHUHCASOTCS . HX
OGLCARHSACT C OCTaAbHHMH fl TO, YTO OHH B paBHOH CTENEHH MOIYT
Aaaee HCNOAb3yeM TaxKyo

eAHHOO0bOpa3ud
BKAOYHTb
3TH NepBHe n

BOASBATBCH HA BXOA APYTHX aBTOMZTOB.
MyMepalHo , H3MEHHB COOTBET crBenHc N.

Npeancaaraem , 4To NopsIAOK BHUHCA CHHS fl coraacoBaH ¢
puGpaHH ol uyuepauuei[ : eCAH  BBUYHCAEHH fl e ,fl_l , TO
ONPEACACHH BCE BXOAH £ .

a
a q,
; I
) . k.
finei,1) 1 Iy
. —
1
(o 30 X
a 1 1 o4
2 1 k qz -
fingi,2) J2
mo4ka N
_________________________________________ fl- Bemsn .
i
a
04 ‘11
> f.
fingin J

Puc. 5. ABmoxam, B ucaAsomud f.i C YKa3aHUeN adpecoB BXOJdOB ,

BWX0da U moykxu BemBaeHus ; . (}=1, w ,1) — Honepa mex BXOJOB
f jl , Ha Komopwe nodaemcs BEXOOHoU cueHan f PN < amoN
{((Jj, =1,.,1} = out(1i).
(Jp qp)lp } (1)
KaxAOMy BXOAY fl COOTBETCTBYET "aapec BXoAa" — HOMEp J

2§



TOrO fj, BHXOA KOTOpPOrO MOAAETCH Ha AAHHHH BXOA.
Bxoaa f, obosnauum in(i gq).
n<igN H 1Kq<n,

Aapec g-ro
¢yHkuHs in (i q) onpeaeaeHa Tnpu
Ee 3HaueHHS AOAXHH YAOBAETBOPSTbL HEPaBCHCTBY
in(i.g)<i, (27)
KOTOpoe O3Hayaer , WYTO BCe BXOAB f,  cQOpMHPOBaHH , €CAR
H3BECTHHW 3HAayeHHS f Ve fll
KaxaoMy f uoxuo NOCTaBHThL B COOTBETCTBHE COBOKYNHOCTH
cobon

i - 310 HOMep

out (j). OHa
i.q), yto in(d g)=i:
fl, Ha Q- BXOA KOTOpOro MOAA€TCs peGYAbTaT BHUYH CA EHHS fJ
MioxecTBo out (j) MoxHO ODO3HAYHTbL Kak in ().

"aApeCOB BHXOAa - NMPEACTaBASACT

COBOKYNHOCTb TakHX nDap

BolUH CACHHE fl C pacnpeACACHHEM BXOAHWX H BHXOAHHX

CHTHAAOB NMOKAa3aHo Ha pHC. 5. BaxHH# CTPYKTYPHHI 3AEMEHT 3TOH

cXeMH - TOYKa BETBAEHHs. OHa BO3MHKAeT, €CAH BHXOA f,
moAaeTcs Ha HECKOAbKO pasSaHuHBHX BXOAOB, TO €CTb YHCAO
SAEMEHTOB B out(i) Ooabue EAHHHL . TOAUEPKHEM , YTO Bce
CHTHAAH , BHXOASHHE H3 TOYKH BETBAEHHUS , paBHH ‘BXOASMEMY B Hee
CHTHaAY .

PaboTy OMHMCAHHOM WENOYKH aBTOMATOB MOXHO NpeACTaBHTb

cefe Tak: Ha €€ BXOA NnoAaNTCd 3HayCHHd nepeMenHHx X

i
Ha KaXAOM @mare BHUHCASIETCS OuepeAHas QYHKLHS
(j=n+1,....1m).
3HAayeHHsX NapaMeTpoB MNOAyYaeM CAOXHYL ¢yukuuo F (O ,x). OHa

cpabaTHBaHHS

(i=1,...,n).

fj OT CBOHX apTyMeHTOB Ha BHXOAE MpH AaHHHX

npeacraBasier  coOoi  pe3syAbTar NOCAEAHETO

y CTpOHCTBE LENOYKH , BUYHCASIOMETO f, @uc. 6).

n+1

Puc . 6. llenoYxa aBmoNamoP , BHYUCTSORUX CROXHY© QYHKUUL F(Q,x),

BXOAdH fi ¢opNUpYIOMCK U3 BWX030B NpPedndymuXx 3/M1ENEHmOB yeno4yku .

MepeiiaeM Tenepb K CXeMe, BHUHCASoed VF - TMpOH3BOAHHE
, GF 104, -
UCnqua NpAMOro (YHKUHOHHPOBAHHA KpOME BBIUH CA EHUS

6F/6x
06paTHOH.
fi OyaeT BKalbuyaTb elle BWULICAEHHE YaCTHHX MPOH3BOAHNX OTHX

oua GyAeT cOCTOSTb H3 ABYX lenouyex - npsiMod H

30

ks

eyuxunf no HX apryMenTaM MpH Tex Xe 3HaueHHsX apTyMEHTOB .

JIpHM €M
apryMcHTY
f o -af 180, ) -
npOHSBOAHHX BHYHCASOT CS ,

npoussoanas f, ~mo r-My

npoH3BoAHas fl no a

3HayeHHss 3THX

o6o3uay eHHs : flr -
,

@xoay), f -

1,008
NpH NpSIMOM  QYHKIHOHHDOBaHHH

3anoOMHHanTCs , HO HHKyAa HE nepe-

‘,chg - oHH OyAyT HCHOAB3OBaHH TpH oOpaTHOM QYHKIHOHH-
pOBaHHK . CXeMaTHYECKH TakKT MNpsMoro QYHKLUHOHHPOBaHHS MNMOKa3aH
ua puc. 7.
(o 9% . a
J J :
1 ki
H
: H
£y
Puc . 7. Takm npRNO2o
(11 .,
1,1 _
¢YHKUUOHUPOBAQHUR C B
1,2 qyuCAeHUeN YdCmHWX npo-
. " U3BOAHLX NPOCMHX $YHK-=
: : 1,n; yud .
fi,aj,
fi.ajz
’ f. ..
1,00y .
I
L]
O6pamnoe ¢yHKUUOHUpOBaHue OIHUEM cHayaaa C M[OMOMbI
QOpPMYA , @ MOTOM 33aA3AHM cxeMaTHyYeckH . [lponecc obparuoro

QYHKUHOHHDOBAHHS 3aKAKYAETCHs B MOCAEAOBATEABHOM BHUH CA CHHH
HEenoOYKH ABOWHCTBEHHHX fl

b, :

BeAHYHH p‘l' HayHHasdg C }J.u H KOHYas

p,"=1 , p,l= z

(J,q)eout(l)pJqu, (2$)
3ACCh CyMMHpOBaHHE pacnpoOCTpaHseTcs Ha Bce TakHe napl (j.9).
YTOo BeaHunHa f B mpsMon QYHKIHOHHDOBAHHH MOCHAAETCH HA q-it
BXO0A fJ

caumoe ,

- 370 M O3HauaeT , To (j.g)eout(i) HAH, uTO TOXE

i=in(j,q). YacTHHEe NPOH3BOAHHE qu 6GHlAH BHYHCAEHH B
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X0A€ NPSMOro QyHKUHOHHPOBAHHS .

B xoae oOpaTHOro QYHKUHOHHPOBAHHS BHUHCASOTCA TNpOH3-—
BoaHHe OF /@x, - O9TO MNpOCTO BEAHUHHN |l =~ TMpH i=1,....,n. Aas
BuYH CAeHHS OF /00 TpebyoTCS AONOAHHTEAbHHE OMEpalHH :

OF
36:=% pjfLap. (29)

3A€Cb CYMMHDOBAHHE BEAETCd MO BCEM TEM j, AAS KOTOpHX fj
3aBHCHT OT (IP. KOHeyHo , mo CcymecTBy OJTa ¢opMyaa COBNAAACT c

| (28) AAS .
fial = |Fim|fiai,| ™ fi,ajkl_
Mifi, \

Sincig) | ;__1‘ [ L.
Wifi,n, . \\ ~

2. . 1 J x < u ¢
in(i,ng) | 2l Iz |,

| Il

. ¢

x L]

Wifiag,

Zaj, | o | By

Mif 7 aj
ky

i

Puc . 8. Taxm obpamHozo ¢YHKUUOHUPDOBAHUS ; [:] - apmoxam, noda-
omull HQ BHX0O Npou3pedeHUE BXOJOP ; HA BXOdN Zi (cnpasa ) noda-

Iomcs  Npou3BedeHus “jfj g om ¢j npu (j.q) < out(i).

lipd CXeMHOA peaaH3alHH QOpMYyaA (28,29) yMHOXEHHS OYAYyT
NPOH3BOAHTL 3AEMEHTH , COOTBETCTBYWLWHE fJ (byaem ofo3HauaTh HX
). a CYMMMpOBaHHE — CyMMaroph , COOTBETCTByomHe npaBe6M
YacTAM. AAS DOPMyAB (28) CyMMaTOp OGO3HauHM Zl, Ha el0 BHXOAE
noayuaeM | . AASL QOpMyAH (29) cymMaTop - 0603HaUHM Zap, Ha €ero
BHXOAE noayuaeM GOF/0Q . TakT obpaTHOTO QyHKIHOHHPOBaHHA

naoGpaxen Ha puc. 8 aas  1i<N.

'
1o

CAydyali i=N OTAHYAETCS OTCYTCTBHEM CyMMBTOpa 3 - Ha BXOA
aer =1.
@, moaaerca =1
dAeMEHT ()  NMPEACTaBAseT uabop H3 "|+k| NPOCTH X
aBTOMATOB , KaXAWH MAX KOTOPHX HMEET ABa BX0Aa, OAHH BHXOA H

MOAAET Ha BHXOA NMPOH3BEAEHHE BXOAOB (CM. pHC. 8).

a)

aF
aa

Puc . 9. Npsaxoe (a) u obpamiHoe (6) ¢yHKUUOHUpPOBAHUE NpU BHWYUC=
fleHuy ¢yHxyuu F (30) U ee NpOU3BOJHLX .

B KauecTBE BXOAOB Ha KaXablil H3 TaKHX ABTOMATOB MOA3NTCH :
YacCTHas npoH3BoaKas f , BHuHCAeHHas B XOA€ MNpAMOro QyHK-
HHOHHPOBAHHSi , H NepeMeHHas O6paTHOTO QYHKUHOHHDOBaHHS i .
Pe3yAbTaT yMHOXEHHS MNOAAeTCs Ha CyMMarTop, OfpeAeAseMuli
apryMeHTOM , MO KOTODOMY B35Ta YacTHas npousBoaHas [ . ECAH
3TO NPOH3BOAMAas MO j-My BXOAY , TO CHIHaA OTNPABASETCHs TYAa,
OTKYAa NpH OpSMOM (QYHKIHOHHPOBAHHH NPHXOAHA BXOA , TO €CTb Ha
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\

20 ;- ECAH Xe OTO NpOH3BOAHAs no napaMmerpy O, TO CHIHaa
,

NoCHARETCA Ha CyMMaTop ZM.

TOIAR,  KOrAS BHXOAHOH CHTHaa f  mnepeaaercs mnpH mnpsiMoM
NpH o6paTHOM OQYHKUHOHHPOBAHHH 3AEMEHTH () , COOTBeT-

/NN OHKD OB AHHH no eAHHCTBeHHOMY aApecy 6e3 BeTBAGHHS.
fn'qpuubuoe BETBACHHE - TPHBHAAbHHA CYMMATOp .
. ,.A@ CHX MOp peYb MAA O NMOCACAOBATEABHOM DEXHME BHYHCAeHHS

CTByONHE HEe3aBHCHMHM MepeMeHHbM (i=1,....n), He HYXHH, — Aag
HHX OCTAalOTCd TOABKO CYMMaTOpH .

3aMeTHM , UTO MPH OCPaTHOM QYHKUWOHHDOBAHHH BHXOAH @ caCRHO# QYHKUWH H COOTBETCTBEHHO MOCAEAOBATEALHOM 0CpaTHOM
COOTBETCTBYOT Bxoaak f , BXOA @ - BHXOAY f . a BxoaHOR QYKKMMOHHDOBAHHK . B ITOM MeCTe BOIOXHH ycosepmeué-rnonauug_ a
cyMmmarop I, - TOUKe BETBACHHS Ha BHXOAE f, .BxoaHHEe aapeca NMEHHO - MEPEXOA K 8D BAACABHO—TIOCA CACBAT EABHHK BUYH CA CHIAK .
COOTBET CTBYOT BB XOAHHM H 0OpaTHO. ‘ Echw HMCTb B BHAY HaWy OCHOBHYO 3aAauy - obByuenne
Hecxonpko npuMepoB. NycThb | n boﬁoﬂthepoB , TO TaKkoi MepexoA HeOOXOAHM .
F@.x, %, =f, @.x x, L,@%.x,)) - (30) | oy
B onpeaeaeHHH F YYacCTBYOT ABE oynxunn ;. f - 'OT O0AHOTO a I
napaMeTpa H ABYX nepesmeHnsix W f - OT OAHOro mnapaueTpa # b < \ 5 -
Tpex nepeMeHHHX. HamOMHHM , YTO HOMepa 1, 2 3ape3epBHpOBaHH o : : fl f2 | — fz | F
3a He3aBHCHMHMH TepeMeHHBIMH . ‘ ‘ | 3 4 s
CxeMsl npsMoro H  0o6paTHOro QYHKUHOHHPOBAaHHS = AAs .
BHYHCAEHHS F H €€ MPOH3BOAHHX NMOKasaHH Ha pHC. 9. 3,1 [4.1 f5,1
‘ 3,2 £y,2 f 5 2
ApyTroii mpHMEp UYThb cAOXHEE : ‘ 3,01 f4 , 02 f.f 02
F(at 'az 'x1 ’xz = ' (31)
f5 ((12 ’xl ’fi (al 'xl 'fa (al ’xl ’xz ) )’fa ((11 ,x‘ ’xz ))- ‘
AAS  HEro CxeM QYHKUHOHHDOBAHHS MOKasaHW Ha PpHC. 10.

HanOMHHM , YTO B XOA€ MpSAMOro QYHKUHOHHPOBAHHS TpPOH3BOAHHE
NPOCTHX OQYHKUHA BHYHCASOTCS MPH Tex SHaueHHsx apryMeHTOB,

KOTOpeE K HHM nmocrynmaeTt . Tak , Ha CXEMe pHC. 10
af @y, ¥,)
oy,

1

0=q, .

S,1

Y1=f4 ((12 Xy ’fa ((11 X ’xz‘)) ! 32)

y2=f3 (alw'xl 'xz)) .

|
Ha pHC. 10 H Aasee MM He yKaSHBaeM apryMeHToB, nepeAaBaeMX
aBTOMATaM , BHYHCASIONHM flj u f « B Xoae npsMoro
I * ’
QYMKUHOHHPOBAHHS . BCOAYy TNpeanosaraercs’, urto 3To - T€ . Xe
‘

apTyMEHTH , YTO H ¥ f;'

| Puc 10. Hpmgoe u obpamHoe (QYHKUUOHUDOBAHUE npu BWYUCAEHUU
Ha cxeMax pHC. 9, 10 BHAHO, YTO YacCTh CyMMaTOpOB 3, npH _’.""‘.'.“."" F (31) u ee NpPou3BOdH.X .
o6paTHOM QYHKUHOHHPOBAHHH CAYXHT NpPOCTO S3BCHOM, nepeAaniHm

C€AHHCTBEHHbHH CHTHaA 6e3 BCSKOro H3MEHEHHdA . 3ITO I'lpOHCXOAHT

34
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Puc . 11. NocnoliHoe npsmoe (a) u obpamHoe (6) PyHKUUOHUDOBAHUE
npu BWYUCMAEHUU @yHKUUU F (34) u ee npouasbanux. S - MIUHUSR

pasdena cnaoes .

36

iMa OGyaew OYHKUMHK fl e ,fu

y4dcrByomyn B BHUHCACHHH CAOXHOH QYHKUHH F, H ee pasbHenus Ha

paccMaTpHBaTb  LemOYKY

noaMwoxecTBa. MOAMHOXeCTBO uenoykd OyaeM 3asaBarb HaGopou
piaexcoB J. Iycre 3aaaHo pasbHeHHe 1eENOUYKH Ha HeCKOAbKO
(HenepeCeKanmuXCsl) MHOXeCTB ¢ HaGopaMu HHAex coB 11""’Jp H

‘AAs APOB X ieJr , 1<_]'Snl BHNOAHEHO

in (j)eJq OpH HEKOTOPOM q<rI. (33)

NocAcaHee oO3Hauaer, (i€J ) TpebynTca
AHEYOHKA TOABKO TeX OQYyHKLHHA , HOMEpa KOTOpHX Aexat B Jq
(q-l....,r—l) ECAH Takoe pasbHeHHe BO3IMOXHO, TO QYHKLHH ,
Haﬂépd KOTOPHX AEXaT B OAHOM J , MOXHO BHYHCASTb He3aBHCHMO H
cA%OFﬂTeAbHO OAHOBPEM EHHO . :
MOCAOAHWH BHA - B OAHOM CAOe AexaT Te f, . Homepa koTopux
NPHHRAACKAT OAHOMY J .
MAPRAACABHO , MEXAY NOCACAOBATEABHHE CBSI3H .
AnaAc;f'ano. NOCAOAHYO CTPYKTYpy npxobperaeT mpouecc o6paTHOro
OYHKUHOHHDPOB aHH$ .

6rpauuquucx OAHHM NMPOCTHM NPHMEPOM. [ycTb ‘

F(axl,x#f(af(af(x)x)f(axl,f(x)) (34)
Ha NEPBOM CAOe CTOHT NOAaua mNepeMeHHHX X,, X,, Ha BTOpPOM -

YTO AASl BHUYHCACHHS fl

Cxeua BHYHCAECHHA F npupbperaer

BHUHCACHHS B OAHOM CAO€ NPOH3BOALAT CH
CAOSMH €CThb

BHYHEALHHE f f‘, Ha TpeTbeM - fs, fs, Ha YETBEPTOM - f_'.
Aquom!mo TOABKO B  o6paTHOM obparHoe

Qynxuuouﬂpoaauue (pHC. 11).

nopgAKe HACT

1.3,. ‘ABORCTBEHHOE GYHXUNOHNpOBaHMe ceTeil aBTOMATOE. 060bmennn
v
. Ueab 3TOro pasaeaa - nepedTH OT NHenoYek aBTOMaTOB,
ONHCAHHMX B npeAnAymeM pasaeae, X Goaet oOmHM cerTdu.
oGobmenue - BBeaeHHe

daeMenTop . Npu

NepBoe
CYMMaTOpPOB mnepeas KakAbM BXOAOM 'Bcex
obpaTHoK
NepelAyT B Touxku BeTBAeuud.

Cpasy OyaeM pacCMaTPHBATb NOCAOCHHO OpraHH30BaHHHWE CEeTH.

QYHKUMOHHPOBAHHH 3TH  CYMMaTOpH

KaxaMit 3AeMeHT BuuHCcaseT HEeKOTOpY (YHKLHO BXOAHHX CHITHAaAOB H
XapaxTepusyercs napoii HoMepoB i, j -
3ACMEHTA B caoe.

i-Homep caog,
YHCAO BXOAOB i,j-ro saemenra,
flj = CaMy OyHKUHIO . AAsS KaXAOH TpPOAKH i,j,q (i - HOMep cAoOd ,
i - HOMEp 3aeMeHTa B CAOE, q - HOMEP BXOAa) ONpPEAEACHO

j - Homep
0003H ayHMu nlj
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MHOXECTBO @APECOB . BXOAa in(i,j.q). MHOXECTBO ini.jq) -
MHOXECTBO nap (p.[) (HOMEp CAO0f, HOMED OAEMEHTa B CAOc),
npuueM p<i - CHIHAAH TOAaWTCA C MPEAHAYWHX CAOCH . Ha q-f BXoa
i,j-ro saeMedTa TNOAAETCA CyMMa BHXOAHHX OHauyeHH fPr P .r-x
3ACMEHTOB

A 2 f . . 35) .

ein(i,jq) "
CyMMHpOBaHME TNpPHIBOAHTCS N0 BCeM

=
jq (P'r) . . .

@.r) u3 in(,jQ). Ha
BuuMcAsiercs , f, - oHaueHHe j-ro
HE3aBHCHMOIO MepeMeHHOro. Ha BHXOAe i,j-ro'3aeMenTa MOAyyacH

HYACBOM cAOC A HE

YHCAO

fu=f“(Am,...,Am”)‘. (36)

OYHKUHOHHPOBAHHE 1 ,j-T0 3ACMEHTA MOXHO NpEACTaBHTb CXEeMOH -
CM. pHC. 12.

] |
. . A e 1, ij
p.q g A fij —
—_—_—

(p.q)ein(i,j.q)

‘
Puc . 12 . EyHKUUOHUDOBAHUE 3/ENEHma C CYNNamopanu neped Bxoda-
NU .

) Ha MOCACAHEM N~M CAOC CTOHT OAHH OACMCHT fu' No3aHee OpH
PACCMOTpEHHHH HelpOoHHNX cerell OH NPEBPATHTCA B BHYHCAHTEAb
OIlCHKH .

KpoMe TOrO, KaXxAbi 3AEMEHT flj 3aBHCHT OT HEKOTOpOoro
Habopa mnapaMeTpoOB. 3TH ‘napauc'r‘pu o, MoryT 6MTb OOMHUMH AAS
pPas3ubX DAEMEHTOB , a8 MOTYT 6Tb H Pa3AHUYHBIMH . ‘

NycTb #ua BXOA CETH MOA3HH, MEpPEeMEHHHE X, (i=1,...n) H
onpeaeacHs napaMeTpH (L. TOrAa nocae , cpabaTeBaHHs BCeX CAOCB
CETH nOquaéu Ha BHXOAE f,. 9TO 3HauedHe ecTb HekoTopad
QyHKnHss F (x Q). Ee
COOTB €T CTBYIORHM
QYHKUHOHUPOBAHHE . AAf 3TOr0 B XOAC npsKOro ¢yHKIHOHHPOBaHHA

YacCTHHC MpPOH3BOAHNEC MOXHO HalTH ,

o6pasox OprauH3oBap MpsMoe H obpaTHOE

KpoMe t“j HBAO BHYHCASTH eme Habop MpOHIBOAHHX

6f”((1,Al“,...)

ru.q' aA”q ;
‘\."‘ _afu(d,...)

13, ap

P
nph OGpaTHOM QYHKUHOHHDOBAHHH CYMMaTOpH 3aMeHsiTCs TOUKaMH

BGI‘BAGIIHSI > TOYKH BETBACHHA - cyuua'ropamu . BBHUYHCASITCH nepe-
Meunue ofpaTHOTO QYHKLLHOHHDOBaHHS p,”, ABOH CTBEHHH € flJ :
p'u=1 ’ p‘”‘ z 1 p‘rlfrl.l ) (38)
r,s,li:

(1, $)<1inlr,s,1)

CyMMiipoBaHHC pacnpocTpaHsercs DAecb Ha BCe Tpoku (r ,s,l)
‘ 0sl , HOMED DAEMEHTa B CAOE, HOMED BX0AA), AASL KOTOPHX
ﬂ ‘-L‘ AMOM QYHKUHOHHPOBaHHH fu noAaaeTcd Ha BXOAHOH CYMMaTop
4o bxban f_.

by HOXECTBO in(i,j.q) obAaasraeT CBOHCTBOM : ‘
: B p<i Aast AROHX (p.r)ein(injq)- (39)
fle N‘Jy AAf BCEX CAAraeMex B (38) r>i, BHUHCAEHHS CYMMH MOXHO
i éloll.n’!'t BHYTDH KAaXAOTO CAOS
AGBUTEABHOCTH cAOEB - OT GOABHEro HOMEpPa K MEHbUEMy. Kaxaoe
npokIBeaciue , BXOAslNee B
c%‘@‘ré‘faynmeu r,S-OM 9aeMeHTe oOpaTHOro QYHKLHOHYPOBaHHS .

»

MapaAA€ABHO , a B nocAC—
!

cyMMy (38), MOXHO BHUKCASTbH B
Cuhi TaKoro JAeNeHTa [peACTaBaA€Ha Ha pHC. 13. OTAHuHE OT
SACGMCHT B , MOKA3AaHHO[O'HA pHC. 8, - HaAMYyHe pas3BEeTBACHHA Ha
BMXOABX. DTH pa3BeTBAEHHS ABOACTBEHHH CyMMaTopaM NpH BXxOAaX
NPANMOro (QYHKuHOMHpOBaHHs . OOosHaueHHe CyMMaTOpOB .06paTHOrO

QYHKHHOHHPOBAUUS OTAHYAETCS OT CYMMaTOpOB MPSMOro WTPHXOM &
BMecto I ).

pH BWYHCAGHHH |i . CHYCTHBUHCh A0 HYAEBOFO  CAOS,
noayuacu
OF
p‘of?ﬁj' (49)

NpoH3BeaeHHe OFlaaj HakalAHBaeTcsd B 'CNELHAAbHBX CyMMaTopax
TaK X¢, Ka8K H B NpEAbAYHEM pa3aeAe€.
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Puc . 13. CxeNa 3neNeHma o6pamHo20 ¢$yHKUUOHUDOBAHUS ¢ij npu *_1 3 . o
HAAUYUU CYNMAmOpOB NpU BXO3AX NPSMO20 $YHKUUOHUDOBAHUR . Ha a HZIfZI , 21
cyuMamop Zij nodaomcs ursfrs ; ©om maxux ¢rs’ umo (1,J)e ’
ein(r,s,l). Nonydaespie Ha Bwxode (caeBa) CU2ZHAMH uijfij £ aF ulzflz,a 2
nepedaomcs HYepe3 MOYKU BEmMB/IEHUS KO BCEN CYMNAmopax qu. axz 5 szfzz,z o B2 s
ana xomopwx (p,q)ein(i,j.k). 02 12 12| %

Puc . 14 . CxeMa npsiNo20 (a) u obpamiHozo (6) ¢ynkuuonuposanuu

NpU HaAUYUU CyNNamopda Ha Bxode fJI' { - aunus pasdena croes .

MpHBEAEM NPOCTOH NMPHMED :
Fax x)=f (f @.x )+ @.x,) Lo @x ). f,00.x,)))
(41)

; |
Npsanoe H oOpaTHOe QYHKUHOHHPOBAaHHE AAsl O3TOH F moka3aHd Ha
| |

41




puc. 14. Cymmarop CTOMT Ha BXOA€ f:n,

COOTBETCTBEHHO TNpH OODATHOM QYHKIH OHHPOB aHHH nepBHil BHXOAHOH

3A€Ch nepBoOM
curuar ¢, pasBETBASIETCA (cM. pHC. 14).

obpaTHMCs TeEnepb K npobaeme OOyueHHS CETH aBTOMaToB ,
CHHXPOUHO QYHKUMOHHDYOWHX B AHCKDETHOM BpeMEHH . AAsl OOy4EHHS
XEAaTEABHO BHYHCASATb TPaAHeEHT omubku - UYacTHHE TMNPOH3BOAHHE
aTOi (QYHKUHH MO napaMmeTpam .

4aCTHHE TNPOH3BOAHHE OTOH QYHKUHH 1O BXOAHNM

OAHOBpPEMEHHO MOTYT OUTb BHUH CACHH
06
HCNOAb30BaHHH TaKHX MpOH 3BOAHH X 6YACT paccKa3aHo B CA CAYOI EM

CHTHaaaum .

pasaeae. OnumeM cHauasa (OYMKUHOHHDOBAHHE CETH, a TOTOM
NOCTPOUM ABOACTBEHHHA npouecc.

Kaxabii aBTOMAT HMEET HECKOABKO BXOAOB (n), HECKOABKO
BHXOAOB (p) M KOHEUHHH nabop (S) napaMeTpoB COCTOSHHA . OH
BHUHCASIET S+p OYMKUWA OT M+S NepeMeHHNX. ApPTYMEHTH 93THX
QYMKUMH - BXOAMHE CHTHAAH MX n) H TeKymHe napaMeTpu

COCTOSHHA (X S). 3HAUEHHE QYHKUMH — BHXOAHHE CHIHAAH MX p)

W napaMeTph COCTOsHHS Ha CaeayomeM wmare (MX S). KaxaWi Takoy
aBTOMAT MOXHO TPEACTaBHTb KaK CHCTEMY H3 S+p 6oaee TNPOCTHX
aBTOMATOB (PHC. 15). 3TH MPOCTHE aBTOMATH BHUHCASOT no OAHOM

OYHKUHH OT N+S TEPEMEHHHX. CMCEHa COCTOSIHHA AOCTHraercs 3a
4TO 4WacTh SHaYeHHA OTHX QYHKUMA Ha CAesyomeM mare

(CM . PpHC.

cyer TOro,
CTAHOBHTCH AapryMeHTaMH - TaxK

15).

COEAHMHEHH aBTOMAaTH

Takum obpa3om , Oe3 mnoTepH OBWHOCTH MOXHO paccMaTpHBaTh

Kaxao0e H3

f‘(a,A,...,A)

ceTh aBTOMaToB Kak HaGop YyCTPOHCTB, KOTOpH X
BHUH CASIET
(i=1,....N). ,

Kaxaas H3 OTHX OQYHKUHA MOXET 3aBHCETb oT

o=@ ... Q) KOH €4yHO ,

QYHKUMIO ~ HECKOABKHX  NEPEMCHHHWX

napaMeTpoB
B KOHKpETHWX mNpuaoxeHHsx f — 3aBHCHT
TOABKO OT HEKOTOPHX M3 O, M 3TO MOXET NPHBECTH K CYWECTBEHHbM

yNpoueHHsiM , HO MOKa OTPaHHUHMCs OOWHM CAYuaeM .

Ha KaxAoM mare OQYWKUHOHMDOBAHHH BCEM pyukunsam
M0AAWTCS BXQAHWC CHTHaAN A, (j=1,....,n). 3uaueHHEe A,
HasWBaeM j-M BXOAHHM CHTH3AOM f . OTH BXOAHHE CHTHAAH
CHHMAWNTCA C BXOAHHX CYMMaTOpOB 2”. Ha BXOAHHE CyMMaTOpH

MOLYT NOCTYNaTh CHTHAAH ABYX BHAOB - 3MayeHHSI HEKOTOPHX fk Ha

npeAuAynmx.marax q)ym(unomlponam{ﬂ U BHEWHHE CHTHAAH .
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« Pu¢e . 15 . $YHKUUOHUDOBAHUE ABMONAMC B Noc/MedoBameNbHhe MONMeH=
my ‘Bpewmenu : a - B obuen Bude, 6 - B pa3bueHuu Ha 6ostee npoc-
mwe apmoMams . O603HAYEeHUS :

Im - (x,,...,x - ;
out (* R ”),.S (xn+1""'x1+s)’ ‘ |
- t'l-(In,S) (i=t,...,p); S’ —t'l.(In,S) (I=p+l,...,p+S);
T - duckpemHoe BpeNs . ‘
06o3uauuM T Tekyllee AHCKIETHOE BpeMsi. OHO MOXeT

NPHHHMATb UEABE 3MaUEHHS . BEAHUHHI , OTHOCSMHECS K BpeMeHH T,




OyaeM OTMeYaTb HHAEKCOM T.

B KaxAWi# MOMEHT BDEMEHH CHCTEME MOABETCs BXOAHOH CHIHaa
X= (X1, ....X ;). BXOAHHM CyMMaTOpaM 2” cooTBeTCTBYeT Habop
aApecoB Bxoaa in(i,j). OH COCTOHT H3 ABYX MHOKECTB inl(i,j) -
WoMepa TeX X ., KOTOpHC noAapTCcs Ha EU, ins(i,j) - HoOMepa
Tex f , 3HaueHMs KOTOPHWX Ha NpEAHAYWEM ware f _~ noaawrcs Ha
ZU.
T-M ware A . paBHO

A 2 Xt 2 forr (42)
pGlnI(l,J) qeins(l.l)

B COOTBETCTBHH C BBEACHHHMH 0b03Hau eHHSAIMH 3Ha4Y€HHE Ha

HHAekcWw I H S y in COOTBETCTBYOT BHemHEMY BXOAy (In) H
COCTOSIHHO (S).

BO3MOXHO ofobmeHue , COCTOsimee B TOM, HYTO Ha BXOAHbC
CyMMaTOpH B MOMEHT T MOA@WTCS CHIHAAW HE TOABKO H3 Habopa
TEKYWHX BHEWHHX BXOAHMX X  H MPEANAYRMHX BHXOAHbX f.,. HO H
- .3 f.,» ... ®ODMAABHO OHO CTDOHTCH Tak . KaxAOMy
BXOAHOMY CyMMaTOpy 2” CTaBUTCHA B COOTBETCTBHE MHOXECTBO

H3 X

aspecoB Bxoaa in(i,j), cocrosimee M3 MHOKECTB i (d )
in,d.jy, ... ingd.jy, ing,d.1). BeAHUHHA j-TO
Bxoaa f Ha ware T QODMHPYETCS Tak :
R R
I s

= . 3
A= Z 2 X oot D 3 forr (43)
r=0 pGlnlr(l.J) r=0 qunsr(l,J)

BEpXHHE MPEAEAN CYMMHPOBaHMS MO I — BpeMEHa 3ala3AWBaHHs .

Eme o0dHo o6obmeHue. CamMa CHCTEMa aBTOMAaTOB MOXET HMETDb
NOCAOfHYl CTPYKTYpPy - COCTOSTb #3 [0OOYEpPCAHO cpabaTwBawmH X
MOACHCTEM . BCIOMHHTE (QYHKUHOHHDOBAHHE HEAPOHHOA CETH : H €A P OHb
- CHHamnchW - CYMMATOpH — HEHpOHH TakT (YHKIHOHHDOBaHHA
TaKoW cHCTeMd pa3bMBaeTcsi HAa HECKOABKO GoA€e MEAKHX CAMHHL -
TaKkTOB INOACHCTEM (caoeB). CHIHaa Ha Z‘.” MOXET MOAaBaThcd HE
TOABKO C MPEAHAYHErO TaKTa CHCTEMH , HO W C TPEAHAYWHX CAOCB
TOro Xe TakTa. POPMAAH3YEM H 9Ty CHTYyauuwo. ¥ f u A mosiBUTCA
elle OAHH HHAEKC — HOMED CAOs .

WTaKk , CHCTEMH C AONOAHHTEABMOH 1OCAOHHOWH CTPYKTYD OH
(IOCA EAOBAT €EABHO-TIAPAAAEABMNE CHCTEMH ). OHH TakKXe COCT @BA €HHI
H3 YCTPOMCTB , BHUHCASWWAX QYHKUHH HECKOABKHX MEPEMEHHHX . 3TH
ycTpoiicTBa 0ObeAHHEHN B CAOH. Kaxaasd QYHKUHS 33A3€TCH ABY M
HOMepaMit : ij’ i - HoMép caos, J - HoMep OQyHKuUMM B CaOC.

KaxAOMy BXOAY COOTBETCTBYET CyMMaTop Em (k - uoMep BXoAa).
NepeMerHas , BHAaBaeMasl CYMMaTOpOM E‘Jk Ha k-fi BXOaA f”,
obo3uayaercs A, . . KaXAOMy CyMMaTopy Em COOTBET CTBYET Habop
aspecoB in(i,j k) COCTaBAEHHHA W3 MHOXECTB inm(i,j,k),
i“n(i'j'k)’ inso(i,j,k), inSI(i,j,k),
in"(i,j,k) - uoMepa BHENHHX BXOAHHX CHTHaaoB ¢ mara T-T,

DAEMEHTH

noAraBaeMlX Ha BXOA EUk B MOMEHT T. 3BAEMEHTH insl_(i,j.k) -
napH HMHAEKCOB P .4, AAsl KOTOpHX BHXOAHOM CHTIHaA fqu

-r
- T-r) MOABETCS Ha BXOA Zm B MOMEHT T. OCHOBHOE OTAHYHE OT

(MOMEHT

NpeAHAYWEro CAyias - HaAHuHe inso(i ,jK). ODAeMeHTH 9TOro
MHOXEeCTBA AOAXHH YAOBAETBOPSTb HEPAaBEHCTRBY :
ecan (p,r)ein, (i,j k) To p<i. (44)
OHO O3HayaeT , YTO CHIHaaW , OepymHecs B Zm HAa TOM X€ TakTe
CHCTEMH , AOAXHH MPHXOAHTB C MPEANECTBYWLHX CAOEB.
AHAAOF (43) Tenepb NPHHHMAET BHA
R R

1 S
A =23 2 X _ + 2 Z f (45)

1T T-r —r
r=0 pEin_ (1,),k) PT-r s0 qetn (1, k) P
- B

ByaeM Aasee B 3TOM pa3aese PacCMaTpHBaTh CETH H C Janas-
AHBaMHeM , H C NOCAOAHON OprauMsauuen. [pH HEOBXOAHMOCTH Oyaem
BO3BpPamaThCsl K MEHEE TPOMOSAKHM 4YaCTHHM CAyuasaMm (42, 43).

PaccMOTpHM 00my©0 CeTb aBTOMATOB B peXdMe IEepPHOAHYECKOrO
QYHKUMOHHPOBAHHS . B HauaAbHHA MOMEHT (T=1) OHa AOAXHA
O6paTHTbCA 332 BXOAMBHMH CHTHaAaMH K TMpEANAYWHM  TakTaMm
QYHKUHOHHpOBaHWa (T=0,-1,...), a OHH OTCYTCTBYWOT. IIO3TOMY
pabora ceTH B  pexHMe [EPHOAHUECKOro  (QYHKUHOHHPOBAaHHSA
npeanoaaraer ¢asy HHHUHAUHH - HMYKHO 3aaaTb 4YHCAA, KOTOpHE
GYAYT B COOTBETCTBHH C (45) MOCHAATbCS Ha BXOAM ZUK. 310 -
YHCAQ xpl ) fpqlll (1=0,-1,... ,l—RI w=0,-1,... .1—Rs). Aaxe B
OTCYTCTBHE 3ana3AWBaHHs HYXHO 3aAaThb qum w=0).

CymeCTBYOT ABa cnocoba MHHUMAAEUHMH .

1. CmandapmHass UHUUUQUUS . HEM3BECTHHE CHIHAAW C OTCYTCTBYWOUHX
NPEAHAYMHX TakTOB ONPEAEASIOTCS  HEKOTODHM  CTAHAAPTHHM
06pa3om . Yame BCErO OHH MOAATANTCS HYA EBHMIL .

2. O6yuyaenme napaNempy UHUYyuauuu . CHTHUAB , COOTBETCTBYWHHE
HEAOCTAOMHM MNMpEAHAYUAM TaKTaM , PAaCCMATPABANTCH KAaK AOMNOA-—
HHTEAbHHE TNOACTpPaHBaEMHe mapaMeTpu. OHH  y4yacTBYwWT B
npouecce obyuyeHHs HApaBHE C APYTHUMH NapaMeTpaMit .



HTaxk , nycrtb CE€Tb aBTOMAaT OB HHHUHHpOBaKHa - 38A3HH
HEAOCTabMHE BEAHUHHH C TMNPEANAYWHX Wmaros. BClOAY AaA€€ OHH
Has3uWBawTCAd MNapamMmeTpamMH HHHUHAUHH . MoTOM NOAAWNTCA BXOAHHE

CHTHaAW X , MOCAE 4ero MOCAEAOBAaTEAbBHO CcpabaTHBaRT BCE CAOH
CETH , MOTOM MOAAWTCS BXOAHHE CHFHAAH X, H T.A. AO MOCACAHETO
cpabGaTHBaHHs npH T=6. Ha O3TOM UHKA QYHKUHOHHPOBaHHS ("aKT " B
OTAHYHE OT TakTa) KOH4YaeTcs . Tenepb HYKHO OUCHHTb QYHKUHO-
HADOBAHHE CETH M BHUYHCAHThL MPOM3BOAHHE OUEHKH MO BCeM
MOACTPOEUHLM NapaMeTpaM .

OlEHKA UHKA2 QYHKUHOHHDOBAHHS €CTb HEKOTOpHH QYHKUHOHaA
OT BXOAMHX H BHXOAHHX CHFHAAOB. B KauecTBE€ BHXOAHHX uoryT‘nc-
NoAb30BaThcs AwbHe f (T=1,...,8). 3aecb MH pacCMOTpHM Bce
flJT T=1,...
3a TOro, 4YTo He BCe f”T MCHOAb3YWT Csl KaK BHXOAHHE CHTHaAH.

1T
,0) KaKk BHXOAHHE CHTHAAH . BO3MOXHO YNPOMEHHE H3-

OHO NMPHBEAET K YMeHbllleHHD cAaraeMx B AaAbHeﬁﬂle (I)OpMYAaX.

OleHKa - OQYHKUHS OT BCEH COBOKYNHOCTH MEPEMEHHHX X .,
fur’ H=H ({x } ,(fm)')~

Oym(unomlpoﬂamle CETH C BH'}HCACHH?M Oll€HKH MOXHO npea-
CT aBASTDb cebe Kak BHUYHCAEHHE CA OXH O (I)YHKLIHH, ONMH CaHHOE B
npealAymeM pa3aeae. BHUHCAEHHE IPOHCXOAHT NOCAOHHO , BXOAHHE
HE€3aBHCHMHN € nepeMeHHue - 9TO HNnapaMeTpH HHHUHAUMH H BXOAHHE
CHTHAaAR X"_. )

ABTOMAT , BbUH CASIOUHI flJ , B pa3HHEe MOMEHTH BpeMenH T

apTOMarTa,

MOXHO TIPpEACTaBHTb KaK pa3HHeE 3K 3EMIIAAPDH OAHOTIO

cymecTBybuHe OYHKUHOHH —

pOBaHHe CETH NPEACTAaBASAET CA Kaxk NOCACAOBATEAbHOCE cpaGaTuBa}me

OAHOBpEMEHHO. IIpH 3TOM BpPEMEHHOC

HECKOAbBKHX OK3CEMNASIPOB CETH. TaKkoe OAHOBPEMEHHOE€ IpeAcCTaB-

npunaasexut f

AeHHEe YyaOOHO. HOMEPOM \yT

CTaHOBHTCs napa (i ,T) CO CAEAYWOUWHM OMNpeA€A€HHE Mopsiaka : .
(11'T|)>(12'T2) €CAH T1>T2 HAH ﬂ}=T2 Hi>1). (46)

CAOsl, K KOTOpOMY

O3HayaceT " CACAYET 3a PPN B

3HaxK R
OYHKIHOHHPOBAHHUH " .
Kpome OYHKUHH f”T,
STHMH QYHKUHMSIMH , TOSIBASETCH aBTOMAaT fH, BWYH CASIOUHA  QYHK-
(T=1,....8),

B HOBOM CAOE, ca€Ayluem 3a B CEeMH

UHOHAA OUEHKH. Ha €ro BXOAM IMOA2WTCH X . . fur
Ha BHXOA€ MOAY4YaEM OUEHKY H.
peACTaBHB MEPHOA QYMKLUHOHHPOBAWMS CETH TakHM 0Gpasom ,

MOXHO BOCNOAbB30BAaTbCsl € COOTBET CTBYWOHMHMH nepeoﬁo’anaqemmuu

QOpMyAaMH . (38) AASL ONMCaHHs OCDAaTHOrO QYHKUHOHHPOBAHHS U
BHUHCAEHHS TNDOM3BOAHWX H 10 napaMerpas 0, napameTpau
HUHMUHAUHM W BXOAHHM CHTHaA@M X . Kaxaas M3 NPOMU3IBOAHHX Oyaer
HaKanAHBaThCs B COOTBETCTBYOWEM CyMMaToOpe.

HTaK , UHKA OYMKUHOHHDOBAHHS W €ro OUEHHBAHHE AAS CETH
aBTOMaTOB ﬁﬁeAcraBAeH KaK BHYMCAEHHE CAOKHOM ‘QYHKUHMH MOCAOHHO
oprauﬁsosannoﬁ ceTbw aBTOMaTOB. [pH
Apyrom

NOCAEAOBATEABLHHM CAOsM. OOpaTHOe (QYHKUHOHHPDOBAaHHE MNPOXOAHT B

3TOM BpPEMEHHHE€ TakTH

pacnoAaarawTcsd Apyr 3a NPOCTPaH¢TBEHHO , aHaAOTHYHO

0GpaTHOM HanpaBaeHHH - oT f K BHXOsaM, a pesyabrare B
CHEeUHaAbHHX CYMMaTOpaX HaKaNAHBawWTCS  3HAa4€HHS CPAAHEHTa
OLl EHKH . ’

7.4, Cmuicx nnoic*neuuux‘nepeneﬂnux
flepeMenHte o6paTHOro QYHKUHOHHPOBAHHS [ (38) MOABASIOTCH
K8K BCNOMOraTE€AbHHE TIpH BHYHCAEHHH TMPOH3BOAHHX  CAOXHOH
QYHKItHH . TlepeMenHHEe Takoro THNA NOSBASOTCS HE CAY4HaiHO. OHH
NOCTOSHHO BO3HHKaRT B . 3asauax

MHOXHTEASIMH AarpaHxa. "

ONTHMH3AUHH H  ABASOTCH

M BBOAHUM |, HCXOASl H3 NpPaBHA AHOQEPEHUHPOBAHHA CAOXHOH
QYHKUH#M . BO3MOXEH Apyro#f nyThb,
GyHXUMH AarpaHxa K QYHKUHH
NapaAACAbHO MOAYUHM DSIA AaAbHeHmHX 0O0OmeHH:n .

CBA3aHHBH C NEPEXOAOM OT

FaMMaAbTOHa. H3AOXHM €ero H

AAsl BCeX ceTed aBTOMATOB , BCTPEYaBUHXCHA HaM B MNP EAMAYHH X
paSAeAax,1%§gxno BHAEAHTb TpH T[pYNNH TMEepEMEHHHX : BHeENHHE
BXOAHBHE CH AW X , MEpEMEHHHE QYHKUHOHHPOBauusd - 3HayeHHs f

H nepeMeHHHe OOyueHHS O  (MHOTOTOUHSIMH 3aMEHSIOTCH DPa3AHYHHE
HaboOpH WHAEKCOB). OGbLEAHHHM HX B ABe TDPYINH . — BHYHCAS EMHE

BECAHUHHB y". - 3Hay €HHU s f u 3dAaBacMHE - ﬁ YHPOCTHM
HHAEK Ccaunio , nepenyMepoBaB f H [  HaTyPaAbHHMH YHCAaMH :
£ BB, )

Mycrb QyHKUHOHMPOBAHME CHCTeMn 3asaerca Habopox H3 N
YPaBH edHii

D OB By =0 (47)
NpocTedwni npumMep Takoro ypapsewus
4%=fl(ﬁ,y‘ v ¥y Y ij=in(i,j)<i. (48)
1 n
1
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fipeanoAaraercs , YTo CHCTeMa ypaBHeHHil (47) 3asaeT cnocob

BHUYH CA CHHSA yl .

Nycrb HMEET CH ueaeBas OYyHKUHSA (rarpaHxHaH )
H(yi,...y“,ﬁl,..”ﬁn). 9Ta OQYHKLIHS 3aBHCHT OT ﬁ‘ H SBHO, H
HesBHO - uepe3 nepeMeHHHe OQYHKUHOHHDOBAHHS Y. Ecan

NpeACTaBHTbL , UTO YPaBHEHHsi (47) pa3pemeHH OTHOCHTEAbHO BCex
¥, 0=y, (B)), TO H MOXHO NpeACTaBHTb KaK QyHKUH® OT [ :

H=H1(ﬁ)=H(y,(ﬁ),-.-,y,,(ﬁ>.ﬁ>. (49)
rae p — BEKTOpP C KOMIIOH€EHTaMH B,-

AAS  3aaauH  OOyueHHs  Tpebyercs HalTH  NPOH3BOAHHC
6H1(ﬁ)/aﬁ‘. HenocpeaCTBEHHO H SBHO OTO  CAEAATb  TPYAHO.
OCTYNHM MO-APYIOMy . BBeaeM HOBHE MEPEMEHHHC [
MHOXWTEAH AarpaHXa — H NpOM3BOAsmY® OYHKIHO

LEVARRT o N )+2l! B, o8- (50)

B ¢yHkuun W y, f H |L — He3aBHCHMHC niepemMeHHbE . YpaBHEHHs (47)

MOXHO 3anucaTb Kak

aw ;

=0 (51)
1

3aMeTHM , YTO aAd Tex y, B,
(47), mpH ApGHX [

KOTOPHE YAOBAETBOPSOT YPaBH eHHSAM

Wy B MY B (52)

3To O3Ha4yaeT , UYTO AAS  HCTHHHHX  3Ha4ycHHH 1 €p €M EHHb X

OYHKIHOHHPOBaHHA Y MNpPH AQHHHX P QYHKUHS W (y .p }.) coBnasaer ¢
OLLEHK OH .

MNonuTaeMcs MoA0DpaTbhb TaKy® 3aBHCHMOCTDb p‘(ﬁ), yTOOH AA4

D ., HCHOAB3YS (52), MOAYUHTh Hauboaee MPOCTHE BHPAKCHUS . Ha

MHOroob6paswH pemeHHi (51)

OH OH E)l
D= LI .
"B, + " 9y, 3B,

’ 8y o
_aw avw ) ow o
“oF, iy, @B, t o
OH a¢k ay) a¢1 OH 5
= (G T )ap  Then ey, Y

EcAH BHOpaTh TakHe |L , YTO caaracsie B nepBOil CyMME BBPaX€HHA

(53) obpaTsTcs B HYyAb, TO bopmMyaa AAsd Dl pe3KOo YNPOCTHTCH .

[1OAOXHM MO3TOMY ab
8H Kk
o t L M m=0.
ayj . K 6yJ

54)
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dTO - CHCTEMa ypaBHEHWA AAs onpeaeaesus L (k=1,...,N). Ecau
}, OMPEACACHH coraacHo (54), To

OH

D= b 1,

= 8, W 3, (55)

3TO — B TOUHOCTH TC BHPAXEHHA (C TOUYHOCTBID AO nepeoﬁoanaqelmﬂ

HHACK.COB), KOTOpHMH Mbl NOAbL30BAAHCL MNpH MNOHCKE NPOH3BOAHH X

CA OXHB X q;ymcnm'l , BHUHCASIEMHX CETh0 ABTOMATOB. B HaEHX BHUHC-

ACHHSAX Mb NOAbB30OBAAHCDH SIBHHM OIHCAHHEM @yHKl.lHOHHpOBaHHSI yToO
’

cOOTBETCTBYEeT BubGopy ¢| B BHAe (48). MeTOA MHOXHTeAeH
Aarpanxa AonyckaeT H 60oAee HesBHHE ONMHUCAHHS ceTed.

7.5. O6paTHOe HYHKUNOHNPOBAHNE HeHpOHHLX ceTeft

MpcAHAymHE AB3 pa3A€A@ OWAH NOCBSMeEHH ' 0606meHHSM .
POpMyAM AAS OWCTPOro BHYHCAEHHS TNPOH3BOAHHX CAOXHON QyHKUMH
GbAH pacnpoCTpaHeds Ha WHPOKHH KAACC aBTOMATOB, OQyHKUMO-
HHPYMEHX B NEPHOAHYECKOM pPEXHME |
3aAaHHe ~ OTBeT - OlEHKA OTBETa".

"HauaAbHOE€ COCTOSlHHE -

M HaYYHAHCb BHYHCASTD MNPOH3BOAHHE QYHKUHH OLEHKH MO
BXOAHWM CHTHaAaM ¥ MNOACTPAaHBaEMbM mnapaMerpaM. BHYHCAEHHE
NPOH3BOAHTCH B IAPAAAEABHO-TIOCAEAOBATEALHOM pEXHME OGpPaTHOro
PYHMKUHOHHDPOBAHHS . AASI TOrO, YTOON €ro OCYHmECTBHTb , HEOOGXOAMMO
Harpy3HTL NpsiMOe QYHKUHOHHDOBAHHE AOMOAHHT €ABHHM BHUH CA EHH €M
YacTHMX [OpPOH3BOAHHX MNpPOCTHX (HE CAOXHHX) OQYHKUHA NO HX
BXOAHHM CMIHaAaM H TeM MNapaMeTpaM , OT KOTOPHX 3TH QYHKUHH
3aBHCHT .

B ABMHOM pa3aseA€ MH 3afiMeMCd YacCTHWMH CAYYasMH , B
KOTOpMX .QopuyAu npuoGperant HaubGoaee INpoOCTOH BHA, H
NpHMEHCHHEM @OpPMYA K KOHKPETHHM KOHCTPYKUMSM HEHPOWHHX CETEd .

NepBuit BONpPOC: AAS KaKHX QYHKUMA Harpyska Ha npsaMoc
PYHKIHOHHPOBRHHE , HEOBXOAHMOE AAS OGPATHOrO , MHHHMAALHA? |
BOT HECKOABKO BapHaHTOB OTBETOSB .

1. Nluneiinue Pynxyuu Bxo0dOS :

f
‘(a,Al,...,An‘)=§}aJ(a)AJ. . (56)
3
ACChb NPOU3BOAHKHE NO 3HAaYEHHUAM BXOAOB H€ 3aBHCAT OT HHX :
fm=aj(a). (57)
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MO3TOMY , HanpHMep, B Pa3AHYHHX TaKTax OyHKLIHOHHDOBAHHA T
BeAHUHHH fl i ONpEAEASIOTCS  popMyAaaMu  (57).
cutyauusi eme GoAee ynpomaercs , KOraa KaxAHA KO3QQHUHEHT a, B
(56) - AHHeHHas QYWKUHS OAHOrO MapamMmeTpa :

a=b + ,

J ) c.lak)

fl ,‘b,“c,a”»

OAHMHAKOBH H

fl,akschJ' (58)
3aeCh NPOH3BOAHAsl MO NapauMerpy NpONOPUHOHAABHA 3Hay eHH AJ c
NOCTOAHHHM KOIPPHIUHEHTOM .

CaMuii TpPOCTOR cAydall - CYMMHDOBAaHME BXOAHHX CHTHAaAOB .
AASl TAKOFO OAEMENTA , KAK YX€ HEOAHOKPATHO FOBOPHAOCH , NPsAMOE
QYHKUHOHHPOBAHH € TPOHCXOAHT Ge3 Harpy3ku , a NpH OOpaTHOM OH
3aMeHsIeTC Ha ABOMCTBEHHHH 3AEMEHT — TOUKY BETBACHHHA .

2. 37eNeHmw C OJHUN BXOJON. AASl HHX AOMOAHHTEAbHAA Ha-
rpyska Ha npsivoe QYHKUHOHHDOBAHHE yMEUbUAETCA 3a CYeT TOro,
4YTO BHYHCASTH HYXHO TOABKO OAHY BEAHYHHY THNA f‘,, Mo, OHTL
MOXET , MHOFO BEAHYHH THINA f‘,aj).

3. Kaxdass ¢yHKUUs 3aBUCUmM om CBOUX NApaNempoe Q. B oTom
cayuae ynpomaeT cs QYHKIH OHHpOBaHH E - HET
HEe06XOAHMOCTH 38BOAHTH ClEUHAADBHHE CyMMaTOpH AASl HAKOIMNA€HH:
NPOMSBOAHOA OUEHKH NO Q, . 3TH NpPOM3BOAHKHE MOFYT XPaHHTbCH B
CBAI3aHHHX €  aBTOMaTam# ,

obparunoe

CNeuHaAbHHX 9SAEMEHTAX MNaMdTH,
BbUIYH CASIOMHUMH f:' Takoe XpaHeHHe TeM Goaee YAOCHO, 4YTO MpH
OOyueHHH CeTH HWYXHO H3MeHsTh (L, HanpHMep, B M anpaBA EHHH
aUTHrpasHeHTa. ECAH Kaxaas QyHKUHS f, 3aBHCHT TOABKO OT CBOHX

0, TO MNpPOH3BOAHHE OleEHKH 10 Q HE HYXHH AAsl OOyueHHd

YyCFPOACTB , BHUYHCASIOMHX ApDYrHE fj. KOHEYHO , COXpPaHSOT Csl
CYMMaTopH , COOTBETCTBYOWHE NapaMmeTpaM HHHIHAUAH H  BXOAHBIM
CHTHaAaM .
4. fluneliune ¢yHxUuUU napawempoB O (A=(A ,...A )):
f@ ,....0, .AxEda Ax, +b@),
1 Iy P |
P
A). 59
fl,ajpsap( ) (59)
ECAH BEAHYHHH a_ (A) BWUHM CASIOTCSl MpH BHUYHCAeHHH QyHkuuu f,, TO
Haxoxaenne § npakTHYeCKH He Tpebyer AOMOAHHT €A bHOH

1,0

pa60‘ru , @ TOABKO YBEAHUECHHS namMsaTH H 3alOMHHanHsg  3THX

NPOMEXYTOYHMX PE3YALTATOB & (A).

NMpHBEasEeM  TeNepb  pacucTHHE dGOpMYyAH  AAS obparuoro

OYMKUHMOHHPOBAHHS H BHUHCACHHS TPAAHCHTA QYHKUMH OUEHKH AAS
pasAHuYHHX BAPHAHTOB HelpOHHHX ceTed . HauHeM C AOBOALHO obmero
papHaHTa , MOTOM MOCTENnCHHO nepeiiaeM XK Goaee YaCTHHM cAydYasiM.
PyAEM 3RARBATbL CETh NO- 3AEMEHTau . KaXAHMi# 3AEMEHT 3aBHCHT OT
CBOHX NapaMeTpoB — OCYWECTBACH yOpomaomuid BapHAHT NP EAHAYMETO
CNHCKA .

1. Hellpow. B A8HHOM BapHauTe CETH NpeANoAaraes , 4TO BCE
MEAPOHN HMEOT MO OAHOMY BXOAY H OAHOMY BHXOAY . 3aBH CHMOCT b
BHXOA& OT BXOA@ AASl BCEX HEHPDOHOB ONpEAEASETCSs C MOMOMBW
oaHOM oOmed ‘QYHKI.IHH OT BXOAHOrO CMIHaaa A W HaGopa napaueTpoB
a:

f=f@ A), L (60)
OTAHYHS - B SHAUEHHSX NapaMETPOB. AASl KaXxAOro HeApOHa OHH
ceon. B ¢Qopuyae (60) 1 - HOMep HeApoHa , Q, - BEKTOp
napaMeTpoB 1i-ro HeHpoOHa. ®yHKUUA f NpEANOAAraercs AHQ-

Pep eHUHpY MO .

2. Cunanck. Kaxauii HEAPOH COCAMHEH ¢ KaXAHM (B TOM UHCAC
H ¢ cobofi ) cHHancaMiH. CHHalncu HYMEPYOTCsl MapaMH HHACKCOB i,
j: or i-ro HefipoHa X j-My. OMH npeobGpasyoT BHXOAHHE CHIHAAH
HEAPOHOB € TaKTa QYHKUHOHMPOBAHHA T M MEPEAAOT HX HA BXOAHHE
CyMMaTOpH B TAaKT QYHKUHOHHPOBaHHS T+1. 3aKkOH npeoOpa3cBaHMA
ONpeA€ASieTC NapaMeTpaMH  CHHalcoB M HEKOTOpWM  HaGopoM
QYHKUMA , OOUHMM AAS BCEX CHHancoB. ECAH BHXOAHOH CHIHaA i-ro
HellpoOHa B MOMEHT (TakT) T e€cCThb fn, TO Ha BXOAHOH CyMMaTop
j-ro Heiipoua B TakT T+1 i,j-A cHHanc nepeaaer CHIHaA

Sl]'l':aljl(pl (fn' )+au2 2(fn' *. '+auk(pk (fn')' (61)
3aecChb 0.”r (r=1,...k) - napaveTpd cuWHanca, npeoOpa3oBaTCcAH
(pr(f) - Qyukuumu , obmHe AASl BCEX CHHANCOB. IIPHHST YNPOWEHHBA
BapHaHT 4 - AHMedHas 3aBHCHMOCTb OT MapamMeTpoOB.

3. CyNNamopw . OTAHuUHE OT OOWUHHX CYMMaToOpOB COCTOHT B
CyYmecTBOBaHHH  "CHHamcoB

naMsiTH ", npeobpa3ywmux

CHTHaA cCyuMMaTopa B TakT T H NOCHAQWHX pe3yabTaT Ha BXOA TOoro

BH X OAH Ol

X€ CyMMaTopa B TakKT T+1. 38 CuyeT TaKOro BETBACHHS CHIHaAaa Ha
BHXOA€ (OAHa BETBb - Ha BXO0A Heﬂponi, Apyrasgs - X CHHamncy
naMaATH ) Npd o6GpaTHOM q;ynxunonn'gonannn NOSBUTCSl ABOW CTB EHHHA
CYMMaTOp , CKAaAHBaomWHi ABa CHIHaAa.

4. Cunancu nawsmu. OUH npeoObpa3ywT BHXOAHHE CHTHaAH B

!
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TakT T CYMMaTOpPOB , CTOSIMIHX NEPEA BXOAQM HEAPOHOB ,
Ha BXOA O3THX CYMMaTOpOB B TakT T+1.

H NOAQ0T Ky
3akoH mnpeobpa3oBaung

aHAAOTHUYEH (61). CHHAancaM MNaMsTH , TaK Xe, KaKk H BXOAHuW
CyMMaTopaM , NpHCBAHBAETCS HOMED TOTO HEADOHA, NMEPEA BXOAOM
KOTOpPOro OHH pacnoaoxewy. Ha BXxoA i-ro cumanca nassity
MOCTYNnaeT TOT Xe CHIHaA- A, YTO H Ha BXOA i-ro HefipoHa. Ha
BHXOA€ NOAYYaETCH CHTHaA m =0 O (A )+... 0,0 AL,

rae i - HoMep cuHaNca NaMaTH , M - 3HaK TOrO, YTO mapauerp

OTHOCHTCS K CHHMaNcy NaMsTH, O~ - NapaMeTpH CHHANCOB MaMsTH
q;) (A) - QYMKUHH , oOmHE AAS BCeX TAaKMX CHHANcosB .
5. NapaNempy UHUUuAuuu . TIpH HeNpepHRBUOM (YHKIHOHHPOBaHHH

CETh NMEPEAAET HA CACAYOWHA TAKT 4Yepe3 CHHANCH CBS3H BHXOAHHE
‘ ‘

CHFHaAM HEAPOMOB M  CHHaNCoB MNaMsaTH. [IO3TOMY  MOXHO

OTOXAECTBHTb NapaMeTpu  HHHUWAUWH ¢ HabopoM  CUTHaAoB,
‘

nepesaBaeMHX MO (E€TH B MOMEHT T=1 "Kak OH" OT BHXOAOB

HCﬁpOHOB H CHHAENCOB NaMiATH B TAakT T=0. 3TH CHICHaAW MNOAaWTCH

COOTBETCTBEHHO Ha CHHANCH H BXOAHHE CYyMMaTOpH HeﬂpOHOB .

CHIrHaAb , MOAaBaeMHe HAa CHHancH i-ro HedpoHa, 06GO3HauuM fm,
Ha BXOAHHE CYMMaTOpH i-ro HehpoHa - m

fipsiMoe ¥ 0OpaTHOE QYHKUHOHHPOBAHHE CETH B MNEPHOAUY ECKOM
pexnué onumeM , OOLEAHHHB pa3AHYHHE CNOCOOH OpraWH3alHH BXOAOB
cyMMaTops WelpouoB , npubaBaenne K

BH XOAHBM CHFHaAaM H aAAHTHBHas MoOAayYa Ha CHHancw. OnucaHue

- NoAaya Ha BXOAHHE'

npoBeseM B TpH
QYHKIHOHHPOBAHHE ,
NpPOH3BOAHK X

aTana : npsAMoe QYHKUHOMHPOBAHHE , IpsIMOE
HarpyxeHHoe
OYHUKUHH ,

BHYHA EHHEM FPAAHEHTa QYHKUHH OLEHKH .

BHYHCA CHH €M AONOAHHT €EABHH X

NpOCTHX ofpaTHOe QYHKUMOHHPOBaHHE C

1. Npsinoe' @YHKUUOHUDPOBAHUE . Nepea HauaaoM paboTH
b
QOpPMHPYOT nmnapaMeTpH HHHUHAUHH fno’ LI BXOAWBE€ CHTHaAB
HEAPOHOB B MEPBHA TaKT PaBHH
= 62
An m10+xll(ln)' (62)
rae X BHEUNHHE BXOAHHWE CHFHaAW (epBOro Tuna - Ha

11(in)
BXOAH ) Ha NEPBOM TEKTE.

|

Mlocae Toro, kak cpaGoOTawT HEHPOHH , HA HX BHXOAW OT HHX
|

NOCTYyNnanT CHIHaAH

f@, AL (63)

'
K O9THM cHTHaAaam AO0DaBAsOTCH napaMeTpel HHHUHALHH H BXOAHHC
) '

diifiAn wroporo THna

f(al ’An )+f|o+xn(out) ) (64)
‘M‘ ,Toto' Ha BXOA KAaXAOr0o CHHAMCa NOAANTCH AOMOAMHT EABHHE
» q curwasw Xx,..,- HTak, Ha BXoA 1i,j-ro cunanca
AGANOTON CHTHAA
ut‘f @ A, )+fl0+xll(out)+le1(Iyn)' (65)
© K& BMXOA&X cm{ancon QOpPMHPYIOTCA CHTHAaAH
s JI-E: @0, 0,4 (66)
We BXOAW CHHAENCOB NaMITH NOABOTCA CHIHAaAW A~ (62), Ha
BMMANK noAyHaex
v lll“=f alllkq’k (Au) (67)

NepBull TAaKT NPSMOro QYHKUHOHHPOBAEHHS ONMHCAH . [EPEXOAHM K

TAKTy € HoOMepoM T>0. C INpPEAWAYNHX TaKkTOB CETb NOAyuaer

CRIMEAM : Sy’ By KpoMe TOro, oOHa Inosy4aeT Tpu HaGopa
BXOANMX .cnma/\on Xiram ' Xitcout) Xt Caym Ha  BXoAHOH
CyNMMATOP 1-Iro HMefpoHa B TakT T NPHUXOAST CHIHAAM :
u'r-1 (=1.2,...), ml'l‘-l ’ xn(ln)' (68)
Bxow ' 1-ro wefipona A — HX cyuMa:
An-mn_#x +Is (69)

iT(in) 3 r-1

3Th K8 CyMMa NOABETCS HAa BXOA i-FO CHHANCa MNaMsTH .
HellpoHa B MoMmenT T

fn'sf @, ’An' )

Buxoa i-ro

(70)
K NeMy - npuGaBAsieTCs BXOAHOH CHrHaA X, out CyMMa noaaeTrcs

i,j-My cuMancy, ua Bxoae KOToporo A06aBA5|e'rCS| €ue BXOAMOM

CHIWEA X r(eym - 1O3TOMy Ha BXxoae i,j-To cHHanca B TakT T

dopMupyercs curuaa

(o]
'IJT=f|r+xn1'(nut)+

(71)

‘
» UTO l'lpH NOABAEHHH B NpAMOM @y“Ku“OH“poBaH“H CyMM B
OGPATHOM NOSBASIOTCS TOYKH BETBA EHHS .

X .
1 )T (syn)
HanoMHENM

Ha T+1-i TakT cern NepeAaeT CHrHaAl CHHamcoB :

J'r=§ aljk(pk (our ), (72)

lT‘E: allkq)k (A iT ) (73 )

Buecmuuii Buxos -

BHXOAHHE CHFHaAH HEHPOHOB fn.‘ TaKkHM '




obpa3oM , npsAMO€ QYHKUHOHHPOBAHHE CETH ONHCAHO. OHO NMPOHCXOAHMT
OoT T=1 AO T=86. .

2. HaepyxeHHoe npsiNoe ¢YHKUUOHUDOBAHUE , AASl TOHCKa
rpaAMEHTa QYHKUHH OUEHKH IMpPH NpsMOM OQYHKIHOHHPOBAHHH HaAo0
BHUYHCASAThL HAOOp AONOAHHTEABHHX BEAHUHH . AASl KaXAOro QYHKUHO-
HAALHOFO 3AEMEHTa 3TO ~ NPOH3BOAHHE (QYHKUHMA IO BXOAHWM CHTHa-
AaM TpH 38AaHHHX IapaMeTpax H MO MNapaMmeTpaM IPH AaHHBX
3HaueHHAX Ha BXOA€.

AAY HEHPOHOB 3TO
af @, A)
flT,A(al'AlT)= OA A=A i 74)

H COBOKYNHOCTb NPOH3BOAHHX IO a‘ :

af @, A )
fn’,ak @ AL = ﬁ‘k : (75)
(],=(1.l
HanoMHuM , 4Tto O - Habop mapaMeTpoB A, &, .; Bce fl -

OAMMaKoBHE (YHKUMH Habopa napaMeTPOB H BXOAHHX CHFH3AOB, 2
HEAPOHUH OTAHUEWTCH APYT OT Apyra 3Ha4u€HHSIMH MapaMeTpPOB .

AASl CHHANCOB AONOAHHTEAbHHE BHYHCAEHHS COCTOST B MOHCKe
NPOH3BOAHKHX [0 3HAYEHHsIM Ha BXOA€ H IO fapaMerpam. Ipous-
BOAMHE MO BXOAHHM 3HauCHHUSM :

ds
" 1T ’
sur,o" 301” - E:aljk(pk(olj‘r)' (76)
dmlT
mn’.A = af” = E: amlkq)k (An')' an
MpoU3BOAHHE X€ MO TNapaMeTpaM AAS CHHanca BHIASAAT CHEHDb
NpoCTO :
Slj‘l',ak=(pk (our )i (78)
mur.oufq)k () (79)

Mpou3BOAHNE TNO napaMerpaM  HHHUHALHH COBIaAawET c
COOTBETCTBYOHHMH NPOH3BOAHWMH MO BXOAHWM [apamMeTpaM NnpH T=1.
TaKk Kak O9TH MapaMeTpu MOAAOTCS Ha BXOAH OSAEMEHTOB MpPOCTO
npuGaBA eHHEM K BXOAHOMY CHITHaay (62), (64), (65).

3. OueHka Uyukaa pabomw u obpamHoe ¢yHKUUOHUPOBAHUE
Mocae TOro, Kak MNPOAAEGH UHKA paboTe T=1,2,...,6, MOAYyYaeEs

Habop BHXOAHHX CHIHaA0B f M MOXKHO BHYHCASITH QYHKUHO OLEHKH

g4

1T(out) } '(XIJT(Iyn) b (80)

H{f, ), (x },{x

rae {w} o603HauaeTcsd COBOKYNHOCTb BEAHYHH IMNpPH BCEBO3MOXHHX

1T(in)

3HaYCHHAX HHAEKCOB .

YacTo QYHKIHS OUEHKH AASl BCErO UIHKAA MOXET 6HTHL MmoAyueHa
cyuuﬁ%%ﬁauuel OTAEAbBHHX MNOTAKTOBHX OUEHOK. 3TO CA€rka
06A er4aeT BHUYHCAEHHE , HO HE SBASETCS 00S3aT eAbHHM .

Kax Yyxe OTMeuaAoCh, H 3apaeTcd  Kak sBHa QYHKUMS
BUXOAHHX CHTHBAOB H uyepe3 HHX - KaK HesBHas @ynxuﬁﬂ napa-
METPOB H BXOAHHX CHTHaAOB. [locaAeaHee - B AOGaBACHHE K SBHON
3aBHCHMOCTH OT BXOAOB (80). 3aaaua o6paTHOro QyHKUHOHHPOB aHHS
- MOMCK NPOH3BOAHWX H XaK QYHKUMH OT NapaMeTpoB H BXOAHHX
CHTHaAOB . Pe3yAbTaTH HAarpyXeHHOro npsaAMoro OQyHKUHOHHPOBAaHHS
NpPEANOARTralT Csl NpH 3TOM H3BECTHHMH .
fipy ’6§p8THOM QYHKIIH OHHP OB aHHH
HakanAMBaThCH B CHellHaAbHHX CyMMaTopaX. KaxAbil BXOAHOH CHIHaA

NpOU3BOAHHE  OyAyT

MOAAETCA OAHOMY CBOEMY OQYHKUHOHAALHOMY OAEMEHTY H KaXAbl
napaMeTp TakXe CBA3aH TOAbKO C OAHHM 3JAEMEHTOM , MOJTOMY H
CyMMaTOpH YAOOHO PacnOAOXHTbL NpH dAeMeHTax. [0 KpafliMen Mepe,
3TO MOXHO CAEABThL B AOFHKE DacCMOTpeHHs , a Bonpoc 06
anmapaTHOA PEaAH3alHH OCTABHTb OTKPHTHM .

4 CyMMaTOpH , COOTBETCTBYOWHE NapaMeTpaM i-ro ueipona a;.
a, . .. €CTECTBEHHO DAcCNOAOKHTb MpPH ITOM HeApOHE H
oGo3uauuTe I . ; napauerpas
CHHANCcoB CBA3H ~ MNpH COOTBETCTBYOWMHX CHHancax o

19k '
06031 a4YHTDb
HX ZLaUk. AAS
0GO3HauMM = CyMMaTOpH I
BXOAHHM CHIHaAaM
. 2 z:xl'l'(ln) H 2xl'l'(out.)
HEHpOHe - i, j-
p v 8 e npH i ,j-M CHHance.
ONpEAEAHM UYHCAO CAaraemMHX , KOTOPHE MNPHAYT B  XOAE€
OGpaTHOr0 QYHKUHOHMDOBaHHS HA OTH CyMMaTOpH. Ha KaXabil

CyMMaTop Z“m B KaXaWi TakT 0OpaTHOro QYyHKLHOHHPOBaHHHA

CyMMaTOpH , COOTBETCTBYWOWHE

napaMeTpoB  CHHAancoB  NaMsATH
CyMMaTOpH AASl TPOH3BOAHHX MO
pacnoaaraorcsd OpH  i-M

NoA8€TCHA .OAHH CHIHaAs. BCero HakamAHBaeTCs WX 6 - MO UHCAY
TaKTOB. Tak xe OOGCTOMT A€AO0 M AAS APYTHX CYMMaTOpOB,
HaKanAMBaomWHX NMPOH3BOAHHE MO MapaMeTpaM CHHAaNCoOB .
CyMMaTopH
y P le‘r(ln) " Exlj‘l'(syn) MoryT
CYMMaTOpaMH AWML YCAOBHO - HA HHX NOAA€TCS TOABKO MO OAHOMY

CHTHAAY H TOABKO B TakT T.

Ha3WBaT bCA

s

|



Cyumarop _2xl'l'(out.) . .
3ACMEHTOB , ABOACTBEHHHX CHHAancaM , BEAYuHM OT i-ro HeHpOHa
APYTHM . UYHCAO CYMMHPYEMHX CHTHARAOB paBHO UYHCAY CHHAliCOB.
CAeayeT , OAHAKO, 3aMETHTb, UYTO 3TO CyMMHpOBaHHe H Tak
NPOH3BOAHTCH B XOA€ OOpaTHOro QYyUKUHOHHPOBAHHS. MOSICHHM : B
npsAMoM QYHKUHOHHPOBAHHH NOCAE BMX0Aa i-I'0 HeApOHa CTOHT TOUYKa
BETBAEGHHS — CHTHaA [OCMAAETCA ADYFHM HelpoHaM ; nepes I9TOf
TOYKOH BETBACHHS CTOHT CyMMaTop , NpHOaBAsiOmMHA K flT BXOAHOH
CHIHAA X, rout) ¥ OYHKLH OHHD OB aHHH TOuKa
BETBACHHS 3aMEHSIETCH ABOHCTBEHHHM CYMMaTOpOM , a CyMMaTop
CKA aAbIB 2I0WH T flT H Xtiout) ABOHCTBEHHON TOYKOH BETBAEHHS ,
OT KOTOpPOH OAHH 3K3EMNASP CHIHAAA HAET K OJAEMEHTY CD”,
ABOHCTBEHHOMY HEHpPOHMY (B TakT T), a Apyroa - x 2xl'l'(out.)' B
pe3yabTarte Z!xmom TOXe HHYEro He CKAasWBaeT npu obpaTuom
OYMKUHOHHDOBAHHH , 8 CAYXHT TOABKO SUYEAKOH NaMdaTH.

npH obGpaTHOM

flocA€ OKOHYaHH® HHKAa O0OpaTHOro QyHKUHOMHPOBA@HHA K
COAEPDXHMOMY  CYMMAaTOpPOB AOAXHM Ao0baBAATHCA eme 4YacTuee
NPOH3BOAHMHE H (80) NO HBHOMY BYXOXAEHHO® COOTBETCTBYIOWH X
BXOAHMX CHIH8AOB.

NepeilideN K onucawuo o6pAmMHO20 ¢YHKUUOHUPOBAHUS . CeThb
0obpaTHOro QYHKUHOHHPOBAHHS OYyAeT COCTOATb H3 S3AEMEHTOB,
ABOH CTBEHHH X 3A EMEHTaM NPAMOro QYHKUHOHHPOBAHHS B KaXAMH TakKT
l?petuem{ T: Q. : -
i,J-My CHHancy CBSI3H B TakT T, M - 1-My CHHaucy nausTH B
TakT T. CyMMaToOpH 3aMEHSIOT CH ABOHCTBEHHHMH TOUKAaMH BETBAGHHS ,

- ABOHCTBEHeH i-My HEApOHYy B TakT T, S

TOYKH BETBACEHHS — CyMMaTOpaMH .

BXOAHOH  CHrHaa oaeMeHTa O0OpaTHOro QYHKUHOHHDOBAHHS
HasuBaeTcsd dpolicmBennoldl nepeNenHoll K  BHXOAHOMY  CHTHaAy
3AEMEHTa NpSMOro QYHKUHOHHPOBAaHHA H 00O3HauaeTcCd Tax :

un - Aad (Dn';
p’su'r - Aad Sur;
p’nn’ = Aad Mur'

NepBuii TakT o0OOpaTHOro  QYHKUHOHHPOBAaHHS (T=8). Ha
3A €M EHTH @le NOAQNTCH BEAHYHHH

6H
M3t g - (1
rae H - 9dBHasd QYHKUHS BXOAOB H BHXOAOB (80). Ha BHXOAE
56

noayuaer cHrHiaad B TaktT T co Bcex~’

noayuaeM CHTHaA

p'lefle,A' . (82)
Ha SAEMEHTH S, o H M g NOAAWTCSH HYyA€EBHE BXOAHHE CHTHAAH :
Mgy yo=Hus =0 - ‘ (83)

Ha BHXOAE O3THX SAEMEHTOB 'TaKke WYAH, TO €CTb OTH 3AEMEHTH
paKkTHYECKH OTCYTCTBYOT . '
BXOA i-TO HeApOHa A g €CTb CYMMa CHTH3AOB TDSMOro
OYHKUHOUHPOBAUHS (69) :
A|9=m19—1+xlun)+? $§10-1 - (84)

B COOTBETCTaHE€ C 3THM CHTHaA Q‘e paccHAaeTcsd O 3AeMeHTaM ,
ABOHCTBEHHMEM HCTOUYHHKAM CHFHAAOB M3 CyMMH (84): OM mocHAaeTcs
Mg, lee.unx;- n -S“e_l. Kak BCeraa, CyMMaTopy ABOHCTBEHHa
TOUKa BETBACHHS . TEM CaMHM ,

p’.)le-l=p'lefle.A i
Mo-=Hipfig - (85)
KpoMe TOro, mnocae mnepsoro TtakTa OOpPaTHOrO (QYHKLMOHHPOBAHHS
cerpxnuoe»_Z:xleun) pPaBHO BEAHuUHHE (82).
B cyMMaTopu Za“ nocae nepsoro (T=8) TakTa OOpaTHOro
QYHKUHOHHPOBAHHS MOAAVTCH CHIHaAAM
Mofio,au - | (86),
TA€ BTOPOH  MHOXHTEAL BHUHCASETCH N0 bopmyae (75) B
HarpyXeuMoM npsMoM OYHKUHOMHDOBaHWH . Ha KaXAOM [OCA EAY 0L EM
TakTe B 3TH CYMMaTOpH OyAYT AO0ABASITLCS €HE CAAaraeMee .
BTopo#n (T=6-1) " nocaesyoune TaKkTH
OYHKUHOHHPOBAHHS WauHHAOTCS TaK : Ha BYXOAHM 5,
|

obpaTHoOro

T H MIT MOA AT CHA
CHICHaAH p.'”_r + Mgy C NpeabHAymero TakKra.

Ha BHXOAaX 3THX 3A€EMEHTOB noAy4yaeM : ‘

S -—
ll_m \T,O Ha BHXoae Sle

PytMyr,, — H@ BHXOAE M . " (87)

B CyMMaTOpH , HaranAWBawmHe SHaueHus NPpOH3BOAHHX H, mnocae
STOrO NMOCHAAWTCSH CHFHAAH :

3
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-B X

p'-lj‘rslj‘r,ak sQl1 3k’
Marr® i, Qe - B zlﬂlk’
lJ'll)'l'slj‘l'.o' - B lej‘l'l'syn) ’
- . 88
?p'unsur.o 2xn'(out) ( )
3aMeTHM , UTO IOCAEAHHE ABa BHpaxeHuss — OTO NpoOCTO BHXOAHBE
CHIHaAbl su'r H HX CyMMa Mo BTOpOMY HHAEKCY ] COGTBETCTBCHHO .
Ha BXOA (Dn' noaaeTrcsas CcyumMa mo j BCcex BHXOAOB S”T H

ah /8f _ .
. oH
B =3t T t 2)} Moy yrSir,0° (89)

MocAeanee BHpaxeHHe (88) BXOAUT kaKk lLeA0e B GQOpMyAy (89).
KOHeuyHO , MM NpH aNmapaTHOH , H{ MNpH NpOrpaMMHOi DEaAldallHH He
CA€AYET BHUHCASITH OTY CYMMy ABaXabl.

Ha Buxoae O mnoayuacs
p‘n'fiT A (90)

3TOT X€ CHIHaA noceaaercs B CYyMMaTOpH p

arim B CyMMaTOphl

Xe Zalk nocHAaeTcsy CHIHaa
. 9
“’nfn,au en

Nocae Buxoaa & - pacnoaoxed CyMMaTOp , CKAaAHBaOmHH BH XOAH O

curiaa Q- nocrynaomiii € MpPEAWAyWEro uwara obpaTHOro
QYHKUMOHHPOBAHMUS CHIHAA OT M .. ITa CyMMa
LLlelT,A+“’HiTm 1T, A (92 )

yepes TOYKY BETBAEHHH , ABOMCTBEHHYI BXOAHOMY CyMMaropy i-ro

HeflpoHa , epeAacTCa IAECMECHT aM M H S . Hrak ,
17-1 JT-1
“’sj1T-1=|‘1‘Hn-1=un’fn,AﬂJ’mrm1T,A : (93)
ABHXEHHE TPOMCXOAHT OT T=0 a0 T=1. EAHHCTBEHHOE OTAHYHE
mocaeanero Takra  00OpaTHOro (QYHKLH OHHPOB aHHs (T=1) OT

npeAHAymHX COCTOHT B HaAlyHH Cll eLlH aA bHBI X C)’MM'(]TOPOB , TOUHEE -

queek TMaMaATH AAS np()uaaommx H no napaMeTpaM HHHLUHaLHH .

CoaepXxitMoe dyeek COBRaaaer ¢ CHTHAAOM JIOCTYHAOUCM HA 9TOM

s , - ' 3B0OAHOIN 11O , B 3 - AAG
are B an(m) Aad UPOH BOAROL miO ! “'xi7 tout) A
npoussoaroit no .

AQAHM Tenepb CLOARY GQOpMYA HoCcxeMy (puu. dey poygeecon

npaMoro H 0OPATHOTO QY HLUECHIPOBOHIS

T-1 T

]

§

§

—

PR

Bir-1 %
%xz

x 3 2

xiT(in)

bjir-r YN [ o [ R

My iT-1

My ir™ir 4

Puc . 16 . Akmp npsno20 U obpamHozo ¢YHKUUOHUDOBAHUS 3peHa Hel-
ponnoll cemu (NOKA3IAHN YACMUYHO) .

HazpyxeHHoe npsNoe ¢pYHKUUOHUPOBAHUE :
a) BXOAW HEApPOHOB l

A =0+ -
1110 xll(ln)'

Ayl *X (T=2,....8):

: lT(,ln)+§J: sle-l
6) BHXOAH HEAPOHOB

fn=f(<1l A

_of @ A
t“n', A'_ﬁ(_)

_af@.A)
1T, Ak aa‘“l

o=Q,

B ) BXOAN CHIIaMCOB CBSA3I

A



1

oun=f|1+f|o+xn(én‘xt)+xin(-yn) ’

0111‘:flr+f|f+)$lr(out)+x:-)'r(-yn) -(T=? v 8

F) BHXOAH CHHamncoOB CBSA3H
su'r=§ al)k(pk(oljr)’ : ) . - :
su‘r,0=§ al jk(pk (01 j."l' ) -

slj'l',ak=(pk (Gu'r )5
A ) BXOAH CHHAN COB MaMsTH B TAKT T COBllasaaer ¢ An'
€) BHXOA CHHaNCOB NaMATH
mn’% E: aHlkq)k(AlT )

m“_"A= E: alllkq)k (An')’

Ty
'

ml'l',ak=q)k " 'T )

b4

2yHKUUS oueHku : H=H ((fn'} ’ {xn‘un) b, (xl'l'(out) t, (xlj'l'(lyn) b
YAOOHO HMeTb OTaeAbHOe 0GO3MauE€HHK ard H, Kak QYHKUHH oOT

napamMmeTpoB H BHQIIIHHX BXOAHHX CHIHAAOB : H=Ho((a} ,{X}).

O6pamHoe BWYUC/IeHU e dpolicT BenHbNX

$YHKUUOHUDOBAHUE ;
nepeMeHHNX : ‘
a4) AAF HEeHpOHOB

8H
o=t 5

8H ‘ _ _ )
p,”=31.: + E} MoyyrSiyrg (T=6-1.8-2,...);

6) AAS CcHHaAnNCOB CBSA3H
l"’-ue=0 ’

p’-)lT=u)Tnfyrn,A+p'mro1mjrn‘,A (T=6-1,6-2,...);

B ) AASl CHHANCOB MaMATH

p'm-rsunnfnd,ﬁ“ﬂng"nn,A (T=Q—l 8-2,.. )

ObpamHoe @yHKUUOHUDOBAHUE; BWYUCAeHUe NpoOU3BOGHNX QYHKUUU

OUEHKU :

&, .
a, 5
Wn - 1=6-1 “’""f”'a"'
a,
&, - r=g-1 Mersrfiyr,an
a'lo - p .\ 8K
al|_l'un) u" 1T, A arr(in) '
a, oH .
&:(om) -ulT+ a-m(out.) -'
al, 8H "
::T(_W)’u.njrsnjr.0+ amﬂ_m ’
0
aT‘: =p'nfn,A ’ )
o S alo B ' ' .
a =Ky, -

10 :
llepenumeM STH (OPMYAH AAS OAHOTO BaXHOTO YacTHOLO cAyuas .

NycTe KXakauf tefipon X8pAaKTEPHIYETCH  ABYMS napaMerpaMa -
Xa8paKT epH CTHKOHA NOAOrocTH 0.ll H CNOHTAaHHON AKTHBHOCTBK Q
12
A
f(A)'al+A +a, . (94)
CHHANCH CBA3H W MaMsTH — npocreimue AHHERHHE ;
S, (0 )=a, e

(A =0 A .
lycTs Takxe eb TOABKO oOaHa rpynna BXOAHHX CHIHaA0B
¥ii™Xitam ¥ TOAKO OAHa rpynna NapaMeTpoB WHHUHAUHH - m

10°
Toraa Hazpysenno» npsNoe ¢ynxuuonupoaanue NPpHHHMAET BHA :
2) BXOAH HeApouO} ' ,

v e SO .
::‘mlo+x|| ’

A ' .
n‘saluA 1T-1 +§:aj|fj1--| ’

6) Buxoam HeApou B

r Bl



S T
e (an+|An|)z '
£ =——
iT, 011 (a”"'lvA‘T' )2
fn',(12= i
B) BXOAM H BHXOAHN CHHancoB CBS3H
Om =ty
Sur =au iT’
Sur,0=al_| '
Sur,a=fn' ;

I') BUX0AN CHHAaflCOB NMaMATH
ml'l'= aHlAl

m = .
AT, A am

T

O6pamnoe ¢yuxuuotiuposauue H BNYUC/IeHUe apolicmBeHHNX
nepeNeHHNX :

a) AAS HEHpOHOB
__oH
Hig7e 0

OH _a_ _ .
p,”_—.a—f-l—r + Zj}aup,ﬂn_ (T=6-1,6-2,...);

6) AAA CHHANCOB CBA3H

p'slje= 0 ’

p’s_nT=p'_|1'nfjru.A+p'n_|ruaJn (T=8-1.,8-2,...);

B ) AAY CHHAarNncoOB MaMATH
p’m9=0 !
p’llT=p'lT01flT01,A+p'lﬂ‘l‘olaHl (T=9-—1 8-2,...).
ObpamHoe ¢yHKUUOHUPOBAQHUE ; BWYUC/EHUE npou3BOJHLIX ¢yuxuu!7
OUeHKU - MO CpaBHeHHW C OOWHM CAy4aeM Cpa3y MOXHO yupOCTHTD

TPH (QOPMYAH :

T=§- 1 p’surfn' )

Eme npouc BHTASAST QOPMYyAN B UYHCTO KOHH €KLLHOHH CT CKOH
MOAEAH . B 3TOH MOAEAH Oﬁy‘lCHHC COCTOUT B MOACTpOHKe mapa-
METPOB CHHAaNcoB, a HeHpOHH HEeH3MEHHH . HeApOHH , KOHEUHO , MOI'yT
OTAH4aTbCA APYI OT Apyra, HO 3TH OTAHUYUHA HE MCHAKTCA B X0A€
oﬁyqeuuﬂ H TIPOM3BOAHWE TO NapaMeTpaM HCﬁpOHOB He BHUHCAANTCA .

7.6. Back-back npouenypa
NpH opraHH3auui oOyueHHd NOAE3HO HCNOAL30BATb BTOpHeE

NPpOH3BOAHN € QYHKUHHU omHOKH . BHUYHCASTH BCO MaTpHUy BTOpPHX
NPOU3BOAHNX H XpaHHTb ee B NaMiITH MOXeT OHTb CAHWKOM CAOXHO.

CymecTByeT npOMC)K)'TO‘lHHl'{ BapHaHT - BHUYHCAATbL TI'paAHEHTH OT
HEKOTOpHX QYyHKUHA TIpasHeHTa H, HanpHMep , OT
OH 2
H;E(aa) , (95)

rae CyMMHpOBaHHE BEAETCA MO BCeM napamerpam Q.

MOCKOABKY TrpasHeHT H BHYHCASETCA B MapaAsA€AbHO-TIO-—
CAEAOBaTEABHOM pEXHME CETbl aBTOMaTOB NpsaMoro H obpaTHoro
QYHKUHOHHPOBAHHS , TO MOXHO OpraHHsoBaTh oOpaTHOE QYHKUHO-
HHpDOBaHHE 3TOH CETH AAS BHUHCAEHHS HYXHHX TNpPOH3BOAHHMX. 3TO
‘ABaxAb 00paTHOe " (QYHKUHOHHpOBaHHe Ha3BaHO HaMu ‘"back-back"
NpOHEAYPOH . UTOOHM He 3arpOMOXAAaTh H3AOKEHHE CAOXKHHMH , HO 1O
CYmEeCTBY - TPHBHAALHHUMH (QOpMyAaMH , OrpaHHUHMCH MNpH OMH CaHHH
STOH NpOUEAYpH KBaApaTOM TIpasMeHTa (95) AAS UYHCTO KOHHEK—
UHOHHCTCKHX MOA€AE€i , AHHEHHHX CHHalNcoOB CBA3M H NPH OTCYTCTBHH
CHHAN COB NaMsATH . ‘

AONyCTHM pa3AHYHY MEXAY HelpoHaMu. [yCcTb 1-0 HEHApPOH
BHUMCASET QYHKUHO BXOAHMOI'O CHIrHaAa f (A). OrpaHHUHMCA TOALKO

OAHHM THNOM BXOAHHBX CHTHAA OB X“_=X POpPMYyAbN TPpEAHAYWETrO

iT(in)
pasaeaa aaAg NpsMOro u nepBoro o6patHoro ¢QYHKUHOHHPOBAHHA B

PUMKAX MPHHSATHX NPEeANOAOKEHHI MOKHO YNPOCTHTBL elle CHALHEE.
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CETb BHYHCAAET BEAHUHHH

A =X A”=x”+?f“qa“ (T=2,3,...,0),
f:r=fx(Axr)’
fn',A=fl (An‘) ’
_ on
p’le_af 19 '

64
p’n:Ef: + ?aljp'j'lﬂijﬂ,A (T=6-1.6-2,...),

aHo 1
H, =a2>= 2 W_ f f .
1) 6&11 120y T AT STeLA
B o6paTH0-00paTHOM (YHKUHOHHPOBAHHH Tpebyercd BHUYHCAHThL
NpOH3BOAHHE (PYHKUHH
' 2
H= 2 H,, (96)
b,
Nno mapaMeTrpam a”.
HCXOAHO H2 3aaada Kak QyHkuHa H "y BEAHUYHH , MTOAYUYAEMBIX

Ha BHXO0AE CMelHaA bHB X CyMMaTOpOB CHCT eMH obpaTHOro
OYHKUHOHHpOBaHHA . MIpH 06paTHO-0OpaTHOM QYHKUHOHHDOBAHHH CyM-
MAaTOpH 3aMEHSITCA TOYKAMH BETBAEHHS , BHXOAH - BXOAaMH H Ha
OTH HOBHE BXOAH MOAAKTCA YaCTHHE NMPOH3BOAHHE H2 (96) no H,U.
TO €CThb ZH,U.

Aanee p4a3BOpavYHBaAETCA yKe HEOAHOKPAaTHO OMNHCaHHWH B
npeablAyliHx pasaeaax oOGpaTHWil npouecc. Mpexae, ued MNPHCTYNaTb
K €ro OIHCaHHI , AAAMM CINEUHAABHO MNPHCIOCODAEHHOE AAR 3TOroO
CXEMATHUECKOE TMpEACTABAECHHE MNpsAMOro H nepBoro obpaTHOro
OYHKUMOHHPOBAHKHS , @ TAaKKE€ BBEAEM HEKOTOPDHE AOMOAHHTEABLHHE

0003HAYEHUS :

1
h (T=1,2,...8-1); H, = g h (97)
T=0-1

=fu f
1T AT JT+1 JT+1,A bl

BT’

lIpy  cocTaBA€HHH cXxeMd (DHC. 17) CAEAYET YY€CTb, YTO
Tenepb BeAMYHHA fan MOAHONPABHO YYacTBYET B MPAMOM H MEpPBOM
0bpAaTHOM Mpolleccax, a He TOAbKO KaK AOMOAHMTeAbHas Harpyska
Aast obecneyeHnss 0OpaTHOro QYHKUMOHHPOBAHMS . POAb AOMNOAHH—
TEABHOH HArpy3kH OYAYT HrpaTb BTOPHE MPOH3BOAHHE
d’r @) B
=f1(An)' (98)

KT AN 2 _
da A—AlT

X H,. -
ljl (\2/)
K by (I=1,m) DI
D ;L """ N Wirfir 4 " 0 "
oy ir| 5, N T
x =t )jJ Pir Zir Ojres

OH
ar

ir

Puc . 17 . CxeMa 3BeHAQ NpsaMozo U obpamHozo ¢YHKUUOHUPOBGQHUS OJAs
Ny

nocmpoernust obpamHo-obpamHozo . Mo CBsa3U (1) nepedaemcss CUZHan
~

N
no cessu (2) -
~—’

Qi Mirerl jrer,af cueran Wiro L jrer a

B mpouecce mepBoro 006paTHOro (QYHKUHOHHPOBAHHS YUacCTBYET
MHOrO 3AEMEHTOB , NPH3BOASUHX YMHOKEHHE ABYX BXOAHBX CHIHAaAOB
- aro O H h _.

iT 1T
00paTHO-06paTHOro QYHKUHOHHPOBAHHS HMEOT MO OAHOMY BXOAY H MO
ABAa BHXOAQ.

ABOHCTBEHHH E K HHM 3A EM EHTH

ECAH HCXOAHHA OAeMEHT Y MepeMHOXaA CHIHaAW A, B, To

BH XO0AH ABOH CTBEHHOI' O SAEMECHT a Y’ CHTHA4Ab K
OAEMEHTaM , ABOHCTBEHHBM HCTOYHHKaM A U B COOTBETCTBECHHO .

OGO3HAaYHM 3A€CL 3TH HCTOMHHUKH yepe3 A’ H B’ .

nepeaawT

MpH 3TOoM Ha A’
N0AaeTCA BXOAHOH CHIHaa Y’ , yuHoxenuwit wa B (d (AB)/da=B), a

. .
Ha B" - BXOAHOH CHrHaa Y’ , yMHOKEHHHMA Ha A (d (AB ) /dB=A ).
OCHOBHHE 3AEMEHTH NpPAMOrO H nepBoro o6paTHOro MpoOLECCOB
~ 970 f:r' f1TA H er' OGO3HaYHM ABOHCTBEHHBE HM 3AEMEHTH
)

0BpaTHo-~o6paTHoro PYHKUHOHHPDOBAaHHA Yepea Orr O, H ¢n

COOTBETCTBEHHO . BXOAHWE CHTHAAb AAS OTHX 3AEMEHTOB OBO3HauMM
A 1) v -

1T’ 1T,A° T OCHOBHHE nepeMmeHHue 0O0paTHO-06GpaTHOrO
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DYHKUHOHHpOBaHHs . [lpome Bcero ompeaeasorcs & TaKk Kag

iT, &’

ciriaa ot f MOCTynaeT TOAbKO OAHOMY 3aemedTy O - (mpy

iT,A
nepeoM 0GpaTHOM QYHKIMOHHDOBAHHH ) :

] v, M (99)

AT, A T’
o6paTHo-o0paTHOe QYHKUHOHHpPOBaHHE YyAOOHO TNpEACTaBHTH B
BHAE ABYX Ilened : BEpXHEH , ABOACTBEHHOH NpAMOMYy MNpoOuUECCY , u

HUXHEel , ABOCTBeHHON o06paTHoMy . 00e OHH HCHOAb3YWT PE3YAbLTATH

npaMoro H mepsoro ofpaTHOro mnpoueccos. BepxHAs  uens
npeacTaBaeda Ha pHc. 18. OT HHXHeEH uenH el NocTynawT CHrHaaw
61“ (99).

€= -----
™ .
] Pirss
~
fiT ,A’”ir
Prirss A

f

iT,AA6iT,A

Puc . 18 . 3Beno sepxHel yenu obpamHo-ob6pamHozo ¢YHKUUOHUDOBA-
~ .
Hus , Ilo cBa3u @ nepedaemcsi cuzHa al-j(fﬂ.“ ,AA'jT+1 +

OH
X 2
[jT+1 ,AAéjTH ,A)‘ no cBs3u @ - cuezHan ———16[{,1'];]7.”[]7.” e

®OpMyAH (QYHKLUHOHHDOBAHHS BEPXHEH UENH (OT T=0 a0 T=1):

)\lle=0,
A'x'l‘= %1' alj (fj'rn,A)\'j'r+1+fj'r+1,AA6_|T~1 LA )+
OH
+ ? Eﬁjfﬂ'ﬂ,luﬂ'*l (T=9—1.9—2....,1).

v v, Voof i /fa
i jr-1_jT-1,4 1T IiT 1T ,A ij .
LI ] \x E9 Tt

- e I
........... L
61!2 : Ll puc. 19. 3Beno nwusneii uenu obpammo-o6-
o, - .[j,T—I ; pamHo20 $YHKUUOHUDPOBAHUS .
*l H
J

HHUXHAS Uenb NpEACTaBACHA Ha puc. 19. Ee QYyHKUHOHHpOBaHHE

onHcuWBaeTcs QopMyaaMH (OT T=0 A0 T=8):

64
2
V,=0. vngzj:ajlva-lij-l,A+? aﬁ._”fjrq T=2,3,....9).

o6paTHo-ob6paTHOE ¢YHKUHOHHpDOBaHHE NpOBOAHT csl TakK :
cHayaaa OT T=1 A0 T=60 paboTaeT HHXHAS UHENb, MOTOM BHYHCASIETCH
8 (99) H OT T=8 Ao T=1 paboTaeT BepxHdAs lUenb. MPOH3BOAHHE H,
KaK HedBHOM OQYyHKUHH Q, MO OTHM MEPEMEHHUM MOXHO HaKanAHBaThb

B CNEUHAAbHHX CYMMaTOpaX. OHH ONpeAeAsioTCS Tak :
6-1

2
3 = zvl‘l'p'jT-olflT,Aij-ﬂ,Aq.

1] T=i
0-1
+ 3 f _(f

Te1 1TV §Te1, AA']T01+ij¢1,AA6_|T~1,A ).

flepBass CyMmMa COOTBETCTBYET HHXHER LENH , BTOpad ~ BEpPXHEH .
HTak, mnoka3aHo, XKaKk B MNapaAA€AbHO-MOCAEAOBATEABHOM

pPEXHME BHUHCAATbL MNPOH3BOAHHE QYHKUHOHAAOB OT TIpaAHeHTa

DYHKUHH OUEHKH. HCMOAbL30BaHHE OTHX MNPOH3BOAHHX B 00yYeHHH

GyAeT nNpOAEMOHCTDHPOBAaHO B pada€Ae, MOCBAWEHHOM aATFOPHTMaM
obyuenus .

7.7. HeCKONbKO 3aKANYMTENLHBX JaMeYaHHK NO NBOKCTBEHHOCTH

B MaTeMaTHUecKOM QOAbKAOpe OHTYeT TaKOil TEe3HC: CAOKHAZd
3asada ONTHMH3AUWK MOXET OWTh peweHa TOABLKO Npil 3(QeKTHBHOM
" .

CMOAb30B aHHH ABOi CTBEHHOCTH . Mu onpeacAnAll oOyyeHiie

Hernpo i p
POHHHX ceTel KaK 3aaauy ONTHMH3aUHH I MOTPaTHANl HEMAAQ



MECTAa Ha ONHCaHHe KOHCTPYKUHA , ABOWCTBEHHHX HEWAPOMMOH CeTH,

Yyro Xe MO3BOAACT HCNOAL30BaHHE ABOM CTBEHHOCTH?
fonuTaeMca B HECKOABLKHX NMYHKTAX OTBCTHTL Ha 3TOT BONpOC.

MOCAEAOBATCABHO-TTa~

CAEAATDH

1. ABOMCTBEHHHE CETH MO3IBOASWT OMCTPO B
PAAAEABHOM PEKHME BHYHCASTH TPaAHEHT QYHKUHMH OLEHKH Kak
HEABHOH QYHKUHH nmapaMeTPOB H BXOAOB.

2. EcaH Tpebyercsa , ABoficTBeHHass ceTh 06e30
CBOEH CTPYKTYpH H NapaMe€TpPOB MOXET BHUYHCASITb MpPOH3BOAHHE

CETH H BXO0AaM AA9 AlOOH ApYroMm QYHKUHH

BCIKHX H3MEHEHHH
no mnapaMmerpam
BHXOAHHX CHIHAAOB.

3. CeTb 06paTHO-06paTHOI0 QYHKUHOHHDOBAHHS 3PP EKTHBHO
BHYH CASTh MNPOH3BOAHHE AlOHX OQYHKUHOHAAOB OT YKas3aHHHX B

MOX €T

Hn. 1, 2 TPAAHEHTOB.

H 3TO0 BcCce? Aa,
UHCTO KOHHEKUHOHHCTCKHX MOAECAEH H
obpaTHOro H 06paTHO-06pPaTHOro QYHKUHOHHDOBAHHA HCHOAB3YWT Ty
Xe CTPYKTYpy CBSI3€dl MEXAY 3ACMEHTaMH H Te Xxe Beca O, , 4TO
3TO0 CYMECTBEHHO

nokKka Bc¢. OTMETHM €m€ TOAbKO,

CHHancoB uemnuy

UTO AAS
AHH ECHHH X

npH OYHKUHOHHPDOBAHHH . ynpomaer
peasH3auHi TakHX ceTeil. HMEHHO HCNOAB30BaHHe MNpH OOpaTHOM
QYHKUHOHHPOBAHHH TOWM X€ CHCTEMH CBS3€d, UTO H NpH TMPAMOM,

CEThH

npAMOM

HMEOT B BHAY, KoOraa yTo caMa BHUYHCAFET

HanpaBAeHHE HaHcKkopeimero oby4eHHs .

roBOPAT ,

8. AHANM3 MYBCTBHUTEIBLHOCTH

8.1. 3aueM HYXeH AHANN3 YYBCTBHTENbLHOCTN

PaccMaTpHBaeTcd HEApPOHHas CceTb, pemawmas MpeAbsiBA eHHHIl
el npumep . H3 ob6mHx coobpaxeHHA BpoAe Ow SICHO, uTO He BCe ma-
paMeTpHl CCTH OAMMAKOBO BaXHW AASl DENEHHS OSTOrO MpHMepa. K Ha-
MEHCHHSIM OAHHX mnapaMeTpoB pemeHHe Oyaer Ooaee YYBCTBHTEALHO
ADYTHX — McHeec. PasAeAeHHE MapaMeTpOB Ha ABe HaH 6oaee rpymn
M0 CTeMEHH UYBCTBHTEABHOCTH  MOKET  HCNOAbB30BAaThbCs npH
0Oy4YeHHH .

BOT OAHH K3 CNOCOGOB HCNOAL30BAHHS : MapaMETpH , K H3MeHe-
HHSM KOTOPHX pEmEHHE AAHHOr0 NPHUMEPA HAH TpYynne NPHMEpPOB Ma-
AOYYBCTBHT €AbHO , MPH OOYYEHHH 3THM NpPHMEpaM He MeHsITb BOBCE.
BeposiTHA® MOAb3a COCTOMT B TOM , UTO K H3MEHEHHSM ITHX 'lapaMe-
TPOB MOXET 0Ka3aTbCHd UYBCTBHTEABHHM pDEmMEHHE APYTHX NPHMEpPOB ,
KOTOPHM CEThb YUHAACb NpeXAe M, BO3MOXKHO, OYAET YyUHTbcs B
AaAbHeliieM . He CTOHT 3ps MOPTHTb TO, YTO AAS APYTHX MDHMEPOB
MOXET OHTb NMOAE3HO.

Apyrofi cnocob, HCXOASIMHA H3 TEX X€& OCHOBaWHA . Ilycers 3a-
A3HO HECKOAbLKO NMPHMEPOB H AAS KaXAOIrO H3 HHX BHAEAEHH mapaMe—
TP , K HIMEHECHHSM KOTOPHX HX pemenne Hanboaee 4yBCTBHTEABHO.
MOXHO YYKTPb MO OYEpEAH BCEM NpHMepaM , HO NpH 06yueHHH Ouepea-
HOMY MpPHMEPY HE MEHUATb NapaMeTpu H3 TPYMNN NOBHUEHHON YYBCTBH-
TEABHOCTH AAS APYTHYX NpPHMEpPOB .

MOXET CcAYuHTbCA Tak, UTO npn 3ToM BoobGme He OyayT
MCHATbLCA MapaMeTps H3 TpyNN NOBWOEHHOH UYBCTBHTEALHOCTH. 3TO
NMPOH3OHACT , €CAM KaXawil TaKon napaMeTp MNpPHHAAAEXHT TIpynnam
TOBRNEHHOA YYBCTBHTEABLHOCTH CPasy AAS HECKOABKHX NpHM EPOB .

Aaxe Takoe cTpaHHoe oOOyueHHE, KOraa HaHGOAEE CHABHO
BAHANRKE NapaMeTpy COBCEM HE MEHADTCS , HeAbas 3apaHee onpe-—
ACAHTH KaK MAOXOC HAH XODOWEE. AAS ITOrO HYXHO CpPaBHHTb CHTY-
auHD C oGy4YeHHeM BceM MpHMEpaM ¢ H3MEHEHHEM BCEX napaMeTpoB -
6e3 orpannuenni .

EcAH Takoe obyuenne no Pa3HUM NpHMEpPaM CABHIaeT napaMmerp



U3 TIpynnu MNOBHUEHHOA UYYBCTBHUTEABHOCTH B pasHhe CTOPOHH, To
MOXeT oKasaThcs Goaee ycneWHOH Ta cTpaTerus 0OyueHHA , KOTaa
STOT mapaMeTp He CABHraercs BoBCE. He TO BOSHHKACT CHTYallis
AeGeass, Paka M UYyKH H3 H3BeCTHOW OGacHH. ECAH X€ CABHL AAg
pas3HHX M[pHMEPOB OAHY CTOPOHY , TO ABHraThcs
Ge3y c.OBHO Haa0.

MOXHO H MO-ApPYIrOMY HCIOAb30BaTb pa3bHeHHE MapaMeTpoOB Mo
rpynnaM YyBCTBHTEABHOCTH. HekOTOpHE BapHaHTH 6yayT pa3obpaHu
B pasaeaaX, MNOCBAWEHHWX AATOPHTMaM obyueHHs . A MoOKa 3adHuk-

NMPOMCXOAHT B

CHpY€eM : @8HAAH3 UyBCTBHTEABHOCTH COCTOHT B pas3bHeEHHH MmapaMer-
pOB CEeTH Ha IpyNnH B DaBHCHMOCTH OT TOro, HAaCKOALKO CHALHO
H3MEeHeHHe 3THX NMapaMeTpOB BAHAET Ha pemeHHe. UYBCTBHTCABHOCTL
MOXET CpaBHHUBaThCA MO pAAY mokasaTeaell . MepedaeM K Hx 00cyx-

A EHHIO .

8.2. OnpeneneHne YYBCTBHTEJNbLHOCTM
NO NPON3IBOAHLIM PYHKUMN OUEHKN

Hanboaee OucBHAHHIT NMOAXOA K aHAaAH3y UYYBCTBHTEABHOCTH CO-
CTOHT B YNOPSIAOYHBAHHH MapaMeTpoB 4, MO BEAHYHHE aH/aa‘ - YeM
Goablle acOANTHAad BEAHYHHa NMDOH3BOAHOH , TEM BHME YYBCTBHTEADb-
HOCTb.

BTOphE TPOH3BOAHHE TakKKe MOIYT CAYKHTb AAS QOPMAAHIAUHH
HAEH YYBCTBHTEABHOCTH : AaX€ €CAH Maao |6H /6 | , HO cpaBHu-
TeAbHO BeE€AHKA BToOpas MpOH3BOAHAA |aﬁ1/agauj| NpH HEKOTOpoM
j. TO H3MeHeHHE O MOKET CHABHO HIMCHHTD 3HayeHHe rpasMeHTa H
M TeM caMbM CHABHO MOBAHATH Ha 06yueHHE. YacCTHHI Cayyal yuerd
BTOpHX NpPOH3BOAHMX - BWOOp B KauecTBe NapaMeTpos ., xapak-
TepH3YOUWHX UYYBCTBHTEALHOCTb, BEAHUYHH |a(vH)2/a1J . HX MOXHO
HailTH ¢ nomombi back-back npoueayps .

FAaBHWil BWBOA OTOrO0 KpaTKOro pa3aead: CymecTByeT MHOIO
nokasaTeseidl UyBCTBHTE€ABHOCTH. Kaxabil 10ka3aTeéab Kak-To M03-
BOASIET COpTHpPOBAaTh MapaMeTpH . BOMpoc: Kak HcnoAb30BaTb cpasy
HECKOABKO MoKa3aTeaed? ITOT Bonpoc 00OCTpAeTCs TeM , HTO MHO”
re (10Ka3aTEAH MOTYT BHUHCAATbLCA Ha KaXAOM mare o6yueHHst , HO
Bpsia AH CTOMT Ha KaXAOM WBare MeHATb pasacaeHHe 1O rpynmnas

YYBCTBHT €CAbHOCTH .

70

NMOK a3aT CASMH YYBCTBHTEABHOCTH IrpeyecKkyn

3aKkpenHM 3a
Gykpy ®. Hanboaee MepCreKTHBHH AAS HCMOAb3OBaHHA TpH Habopa

nokasaTeAcH :
1)3."=|6H/6a‘|;
2
2) ®=max|d H/aa‘ale;
J -
(o) OH .2
DE= g G ) (100)
3aMeTHM , uTo 6e3 mepBOro H3 HHX B OTOM HaGope 'He o6Gon-—
THCb - TNpPOH3BOAHAS MOXeT OHTb BEAHKA H MNpDH HYAEBHX BTOPHX
NpOM3BOAHWX . [OSTOMY BTOpOH H TpeTuin Habopu Ge3
HCNOAb30BaTbCd HE MOIYT. OHH A3WT BaxHyp , HO BCe X€ AONOAHH-

TEAbLHYD HHOpMauuo .

nepBoro

8.3, AHANIN3 YYBCTBMNTEJbHOCTM NO NpAMOMY ¢yﬁkuxonuponaﬂmn

NoKka3aTeAH UYYBCTBHTEABHOCTH , NPHBCAEHHHE B MNpEALAYHEM

pa3aeae, HCUOAL3YWT NpOH3BOAHHE H. B HEKOTOpHX cayuadx 3TO
HEBO3MOXHO HAH HEXeAaTeAbHO. HanmpHMep , €CAH HEeT TAAAKOH QyHK-
UHH OUEHKH , a QYHKUHOHHpOBaHHE ol eHHBaeTcd OHHapHO : "XOpowo -
MAOX0". KOHEYHO, B 3TOM CAyuae MOXHO BBECTH BCIOMOTAaTeAbHYK
OYHKLUHD BHXOAHHMX CHTHAaAOB, BHYHCAHTb €€ nponaﬁokuue H NO HHM
ONMPEAECASITE YYBCTBHTEABHOCTb. Takoil QyHKUHEH MOXET OWTb, Ha-
NpHMEP , CYMMa KBaApaTOB BHXOAHHX CHI'HAAOB HAH B3BeWeHHast cyul
Ma KBaApaTOB ¢ BecCaMd , COOTBET CTBYWLHMH OTHOCHTEAbHOH BaxHO-
CTH CHTHAAOB. ‘

MOXHO nonuTaTbcd , OAHako, ofonTHCbL 6e3 06paTHOro ¢QyHk-
UHOHHPOBAHHA M BHUMCACHHS TIDAAHEHTOB. OCHOBaHHEM cCAyXarT Cae-
AY?MHC COOOGpaxeHus . NyCTb NpH NpAMOM GYHKUHOHHPOBAHHH HEKOTO-
PHH 3AEMEHT CeTH () nMoAyyaeT Ha TakTe T BeKTOD BXOAHHX CHIHa-
houmpossuin saohcraansi 9 o voer 1" merers. ey v

! @ B TakT T 3AEMEHT MoOAydYaeT Ha
BXOAC ABOACTBEHHYD mNepeMeHHyl | B cyMMaTOp , HaKaNAHBaRmHH
OH /B0., ITOT ABOWCTBEHHHWH 3AEMEHT OTNpAaBASIET BEAHUHHY
QLA
%Téxp( A

UTOOM HaHTH mMepBHil COMHOXHTeAb B

(101)

(101), Tpebyerca obGpaTHOe
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OYHKLHOHHpOBaHHEe . BTOpod MoOxXeT
TOYHEE , HarpyXx€HHOro npsaMoOro.
MOKHO BHOpaTb AAS OUEHKH 4YYB

op @

HTb HalAeH H B X0A€ NpAMOro,
OT 93TOT BTOPOA COMHOXHTEAbL H
BHTEALHOCTH , N1OAAras

®.=max
a ®.T

rae MakcHmyM OepeTcd N0 BCeM TakTaM QYHKUMOHHpOBaHHA T M mo

. (102)

BCEM 3AEMEMTaM (), 3aBHCANMM OT napaMeTpa O.
AASl HEMpOHHON CETH MpPOCTEAmEro THAA W AMHEAHHX CHHAmNCOB
CBSI3H H MaMSTH HMEEM

®,, =max|f | .2

o =02 a.fm:xlfnl. (103)

HHHMH CAOBaMH , AAS CHHaNTHYECKHX BECOB UYBCTBHTECABHOCTB Xapa-
KTEpPU3YeTCs MaKCHMAAbHHM CHITHBAOM , MPOXOAUBUMUM MO CHHaANcy sa
UMKA QYHKUHOHHPOBAHHSA .

HenocpeacTBEHHOE HCMOAbLIOBAHHE MaKCHMAAbHHX 10 T BEAHYHH
(102), (103) MOXET NPHBECTH K PAAYy MapasOKCOB. A€A0 B TOM,
YTO Ha pasHHX TaKTaXx 06paTHOro QYHKUHOHHPOBAMHA BCAHUMHH |
MOFYT CYNECTBEHHO pa3AHyaThbcd. [103TOMY ecTecTBEHHee , OMy-
ckad MHOXHTEeAb [ B (103), COXpPaHSTb AAf KaxAOro napamMeTpa
CTOABKO MOKa3aTeAeil YyBCTBHTEALHOCTH , CKOABKO TaKTOB BKADYACT
QyHK- UHOHWPOBAHHE. MOAYUHM AASl Kaxaoro T uabop

@A)

ma_fm(?x - | (104)

Bubop Hauboaee 3HAYHMHX TMapaMeTpOB 10 MNO0Ka3aTeAdM 4YyBCT-
BUTEALHOCTH CAEAYET TMpPOM3BOAHTL OTAEABHO AAS Kaxaoro T, 2
NOTOM OGLEAHHATb MOAYUEHHHE MHOXECTBA.

8.4. CHCTeMM, 3JMEeMEHTH KOTOPHX JINHeRHM NO napamerpam

B IpEAHAYUWEM pa3A€Ae ONHCaHH MOKa3aTEeAH YYBCTBHTCABHO-
CTH , KOTOPHE BHUHCASIOTCH B XOA€ TOABKO NpAMOro QyHKIHOHHpO-
BaHHS . AAS AMHEHNHOrO CHHanca TaKoOW NoKasaTeAb €CTb aGCoART-
Hasd BEAHYHHA NPOXOAHBUErO CHIHaAa. 3TO AOCTAaTOYHO OUEBHAHO -
€CAH CHIHaAa HET , TO H BEC cHHanca pOAH He Hrpaer.

AAS GoAaee CAOXHHYX 3AEMEHTOB C HEAHHENHOR 3aBHCHMOCTbO OT
napaoMeTpOB BHYHCAEHHE NokasaTeaedl (100-104) %peﬁyeT Bce Xx¢€
HarpyXeHHOro, a He MpOCTO NPAMOro QYHKUHOHHPOBaHHS . Harpys-
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\ \
Ka COCTOHT B BHUMCAEHHH NPOH3BOAMHX, BXOASMHX B (101). 3TOro
HEAOCTAaTKAa AHEEHH CHCTEMH , 3AEMEHTH KOTOPHX AMHEHHW MO mapa-
MeTpam . TaKHE CHCTEMH AOCTaTOMHO HHTEPECHW H 00AaAa0T DSAOM
NpeMymecTB Npi OGYUEeHHH . OCTAHOBHMCH Ha HHX HEMHOTO MOApOG-

HEE .
nyCTb xapaKTepHC‘rl{Kl{ BXOA-BHXO0A AASA HCi{pOHOB HMEOT BHA
f @A ?G‘_.,(PJ(A)- (105)
TorAa NpOWSBOAMME f 1O NapaMeTpaM - MPOCTO BEAHYHHH @ (A).
RO

OHH M MOIYT CAYXHTb NOKa3aTEASMH YYyBCTBHTEABLHOCTH .

ECAM , MaNpHMED , MM XOTHM PETYAHPOBaTbL B x0Ae OGYYeHHs
KPYTHIHY XapaKTepHCTHKH HelpOHa , TO MOXHO 3aAaTh COOTBETCTBHE
BXOA-BMXDOA B BHAC

ﬁa;yw~—177-+bay——iTjno«KL
] a"-“" A ¢ al-ux. A '

(106)

BEAHUYHHH a H a
iain imax

BapHanT® KPYTH3HH .

XapaKTEpPH3YNT TMNPEAEABHO AONYCTHMHE

Puc . 20 . KoHHeKUUOHUCM-

cKoe npedcmaBaeHue Heli-
f£. PoHa, ndneﬁuoeo no na-
iout-5»—panempan,

Xa
| PaKTEPHCTHKH BHAA (105) MOXHO rpaQUueckH MHpeACTaBHTD
4K : CYmMEeCTBYET He OAHH i

- H Hp H C MOAC -
H €| Ol TPAHBAaEMLMH MapaMeT
I P P

j°> 3 HECKOABKO. KakAwi H3 HHX HMeer

XapaKkT epH CTHKY
Y (A), 3aBHcAmyp oT HoMepa 1.

3TH HeApOHH MOA3NT B

b XOAHH €
HI'HaAH

. YEPE3 CBOH BHXOAHHE CHHancH Ha i~ 'BHXOAHOH cymMmaTop

c. 20). i ‘
b ervrs ). TeM caMuM , ofyuaeMuit HEHAPOH MpPEACTAaBASIETCA TO-

oM i i1 i

MaAOH HEHPOHHOM CeTH c HEPETYAHPY eMUMH Hefip OH aMH .

0 o6yuaemum
peACTY._ W cHMancaMu. fMoayyaeM UHCTO KOHHEKLHOHH CT CKOE
aBAeHHE oByuaeMoro HeApoHa . |

73




8§.5. ®OPMMpOBAHKE CHNMNCKA napaMeTpoB, K H3MeHeHNAM
KOTOpHX CHCTeMa Hanbonee HYBCTBHTEJbHA

TpH BB A €A €EHHH
KOTOpHX CHCTEMA nanboaee ‘lyBCTBPlTCAbHa , YUHTHBADTCH pa3AHYHbE

COBOKYNHOCTH napaMmeTpoB , K H3MEHEHHAY

XapakT epH CTHKH .

1. Unmepsan noxaszamesnet qyBCmBUMEAbHOCMU ®. CpeaH TEKYMH X
aHaueHHHl TOKa3aTeAell YYBCTBHTEABHOCTH BHACASOTCA MaK CH-
MaAbHOE ® , MHHHMaabHOE &* H HaXOAHTCS CpeaHee & .

max min av
onpeaeasieT ci HHTEpBaA aHaueHHil , COOTBET CTBYDUHA TOBWMEHHOR
YyBCTBHT EABHOCTH . HampHMeEp , 3T0 MOTYT OuTb 3HaUuEHHs MEXAy
CpEAHHM M MaKCHMaABHHM , BKADUasi , €CTECTBEHHO , MaKCHMaAb-
HOoe. Apyroi npuqep - pubHpaeTcd OTpe30K NOBHEEHHON YYB-

e +e(e -2 )®, 1. a € (0<E<1)

av- max av »ax

noabupaerTcd H3 APYTIHX coobpaxeHUil B X0A€ 06yueHHd .

CTBHTECABHOCTH

2. Yucno napawempoB , BKADUAEMHX B CHHCOK. 3aAa€T CH% KOAHYECTBO
napaMeTpoB , BKARUAEMHX B CMIHCOK . OHO MOXET ONPEACAATHCA H3
pa3AHYHH X coobpaxeHHi , CBA3aHHHX C OorpaHuy €HHSIMH MO Bpe-
MEHH , IO maMsTH H T.0. EcrecTBeHHHA cnocof 3asaHHa 3TOr0
yHncaa - KN, rae N - KOAHUECTBO HefipoHoB , K - HaTypaAbHOe
uHcaO , He 3aBHcAmee OT N (2,3.4,.. R

3. OepaHu4eHus , onpeadenseNse cmpykmypol cemu . OHH MOryT CcCOC-
TOSThH , HADHMEp , B TOM , UTO AAd KaxAOLO HEApoHa B CIOHCOK
AOAXHO Tlomacthb XoTd O aBa napaMerpa - OAHH AASfl KaKOro-HH-
6yAb BXOASMErO, 'OAHH AAS BHXOASIMEI0 CHHanca. BO3MOXHH H
ApyTHE BapHaHTH .

4. Junawuxa nokasamesnel yyBcmBUmesbHoCcmu . flpouecc 06y eHHS
pasBepTHBaeTCd BO BPEMCHH H H0Ka3aTEeAH MOTyT BHUHCASTbCA B
HEKOTOpOH TMOCAEAOBATEABHOCTH waroB. HH$opmauuw O Xo0a€ HX
H3MEHEHHS MOXHO W HYXHO YYHTHBAaTh NpH COCTaBA €HHH CNHCKa -
B KauecTBe TpHMepa NPHBEAEM NpUHUUN k-MaxcuMasnbHO 2O mep-
Mowempa . AAd KaxAaOoro mapameTpa CETH OINPEAEAAETCH MaK CHMYM
oKa3aTeAsl UYBCTBHTEABHOCTH 34 k nMOCA€AHHX maroB, a notoM
no 3TOMYy MaCCHBY MaKCHM3AbHHX foKa3aTea€ll OnmpeAeAsercs
cIHCcOK HanbGoAce SHAUHMHX AAS obyueHHs nMapaMeTpoB .

KpoMe Hauboaee SHaUHMHX napaMeTpoB MOXHO BHACAHTD L]
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pauuexee SAAYUNHE. #X MOXHO TOTOM YCTPEMARTb K HYAD. 9TO
ynpoCTHT. CTPYKTYPY CCTH .

npuBcGACH MpHMCP AAFOPHTMA AAS  BHACA EHHSA nauboaee H
HauMcHEeC IHAYHMBX napaMeTpoB . PaccMaTpHBAET Cd YHCTO KOHHEKLH-
oMM cTCKAs HclpoHHas CcCThb NEpHOAHYECKOT0 QYHKUHOHKPOBAHHA c
AHH CHHbLIMH cnﬁancalu. LKA QYHKLUHOHHDOBaHHR BKADUYAET 6 TaKTOB

cern. Haer oOyucHHE HeCKOABKHM TpHMepaM . HX OHCHKH -
Hooooo H . MWHHHMHIHPYETCS CyMMapHas OtleHKa H. AAS Kaxaoro
mara o6yuchHHst B ABOMCTBCHHOM QYMKUHOHHDOBAHHH MOAydaeM

rpaskeHTR BCex H H HX CAOXEHHEM - [paAHeHT H. Ha KaxaoM
rakTe T OOpaTHOro QYHKUHOHHPOBAHHA BHUMCASOT C BEAHUHHH (101)
AASl CHHANTHYECKHX BEcoB O, :

1q iq ’ iq iq
| aem-t“(;\“_l)t‘}(A“)p.JT (T=2,....8), (107)
TAC Bchl-IHﬁ HHACKC 1 - Homep npuMepa, q - HoMep uwara

06yucHHS .
CyMMHpYS HX MO NpHMEpaM , MoAyYaeM

L]
dq iq
%) = E‘aem ‘ (108)
IToT MOAYAb cyMmd KW OyaeT  HrpaTh ~pOAb  TOKa3aTeAd

YYBCTBHT CABHOCTH . AaAe€, COTAACHO TMpHHUHNY k-MaKk cCHMaAbHOI' O
TEPMOMCTPA , MOAOXHM

»,

'q il I}

%5 nax @ 1. (109)

15T
P=q,qd-1,-..,q-k+1

UTOOGW AASE KaxAOrO HeApoHa B KaXAMA MOMEHT B UYHCAO S3HauYHMHX

BONAK B€ca XOoT® OH OAHOrO BXOAHOro H OAHOIO0 BHXOAHOTO

CHHanca , HaHAeM
max {#_ }; arg max=j(i,9.T);:

1
y T ‘

max (&:’}r} ; arg max=1i(j.q.T).

B CNHCOK 3HaYuMMHX BKAYaOTCA He 6oaece 2N (B-1) mapaMeTpoB
a ..
aen ' Ggen,yr LN T2,
HckARY
A€M HX H COOTBETCTBYDMHE NOKAa3aTEAH ® H3 CINHCKOB. CpeaH
OCTaBNMXCA NoKasaTeaeil ®9  aAs

xaxaoro T HanaeM M
HaHOG0oA BE gl
ABEHX . BKADYMM COOTBETCTByDOHE (1,‘j B COHCOK 3HAUHMHX

NapaMeTpoB , €CAK KPOME TOIO

*q 1 oq .
aeu?Nz"zjae”p (110)
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TO €eCThb mMokasaTeab UYBCTBHTEABHOCTH OOAblle CpeaMero. B HTor,
noayyaem He Goaee (2N+M)(6-1) mapameTpoB a”.

CnHCOK HaHMEHee 3HaYHMHX MapaMeTPOB CTPOHTCHA Tak.
BceX T HAaXOAHM

AAq

3aaaeTcd HeKOTopoe € (0<€<1). NapaMmerp Q,, BHOCHTCS B ChHCo

HaHMEHE€Ee 3HaAYUMHX , €CAH

2 <

13T Tz:lmln"'8 (&

rqav_&rqmn )
npH BCex T=2,...,0 H aU HE BXOAHT NPH O3TOM B COHCOK Hauboaee
3HAYMMHX MapaMeTpoB .

AAsl ONMDEAEAECHHS CNUCKOB AOCTaTOWHO k waroB ofyyeHus,
nocae Yero MNpeasaraeTcsd YCTPEMASTb HaHMEHee 3HayHMHE Mapa-
METPH K Hyal , a B X0a€ 0OydeHHS HEKOTOpPOE BpeMs MEHUATb TOA bKo
Hauboaee To,

CPaBHHTEABHO MaA0 (IO CpaBHEHHK C Nz), NMO3BOAAET HCNOAbL30BAThH

auaquuu_e MmapaMeTPH . UTO 3HaAuyHMBIX TapaMeTpos

6oarece SPQEKTHBHHE METOAM ONTHMH3AUMH .

MoAYepKHEM , YTO 3TO - TOABKO OAHH H3 NPUMEPOB. BHOOp
HaHboaee 3HAYHMHX MApaMETPOB MPEANOAAraeT COPTHPOBKY O00AbIOro
MaccHBa. 3TO TpyaOeMKad ONepauHs H XE€AaTEAbHO NeEepEeATH OT liee
K Me€Hee TPYAOEMKHM H [MapaAA €AbHO BHNOAHSEMHM . HanpHMep , MOXHO
orpaHH4HTbca BHOOpoM HanGoaee 3HAUHMBIX
TakK

CBA3AHHBX C KaxXAbM OTAEAbBHBM

napaMeTpoB  Cpeak

OTACABHBX AOKaABHHX HasOpOB . MOXHO YNnoOpdAOYHBaThbL N0

YYBCTBHTECABHOCTH Beca CHHaNCOB ,

HCI;II)OHOM H €me, K TOMY X€, pa3A€AbHO BXOAHMX H BB XOAHbB”

OTA€ABHO MOXHO CpaBHHBaTb N0 YYBCTBHTEABHOCTH napamet o

pPa3HHX HEHPOHOB. 3TH NMaAAHAaTHBHWE BapHaHTH AONYCKaoOT BHCOKVE
NapaAA€AbHOCTb HCMOAHEHHS , TaK ¥a¥K B HHX COPTHPOBKE I[10AA€#HT
MHOro (N+1) CpaBHHTEAbHO HeGOABUHX (=N) MacCHBOB.

9. KOHTPACTMPOBAHME CETH
9.1. KoHTpACTHpPOBaHNe NJIA WHTepNpeTalNK HABLIKOB CeTM

nmporpaMmupyemas IBM NOHATHA - MOCAEAOBATEALHOCTh €€ A€~
CTBHii HMEET SCHYO AOTHYECKYW CTPYKTYpY .
CeTH OOWMYHO HENOHATHH . KOHEUHO , HX MOXHO OnHcaTb KakKk MepecCHA—
Ky , CyMMHpOBaHHE H npeoGpa3oBaHue 60ABLIOTO YUHCAA CHIHAAOB , HO
NOHSTHAHAS HMHTCpnpeTanHs KpalHe 3aTpyaHeHa. KaxAuﬁ” KTO' 3Ha-
KOMHACA C CHHANTHUYECKOH KapTod OGYUEHHOH CETH , 3HAEr : HUTep-
NPETHPOBATL €€ NPAKTHUECKH HEBO3MOXHO , HEHPOHHAs CETb AEA@ET
TO, YTO OHa A€AAET, HABHK HEAb3S MNPOYHTATb MO 3HayeHHSIM
napaMeTpoB , €r0 MOXHO BBSIBUTb Ha TECTOBHX HCOHTAaHHAX .
Xopoumo

AeH CTBHS HEAPOHHON

HEHHT eplIpETHPY EMOCTb , HEMNOHATHOCTL — 3TO  HAH
NAOX0? KOHEUHO , MAOX0 : €CAH MOXHO , TO AyYlle HMETb BO3MOXHOCTb
NOHUMAHMS . APYrOfi BOMPOC - @ €CAH NMOHSITh BCE XE€ HEAb3S , TOrAa
KaK? UTO X€, €CAH NO-APYIOMY HE€AbL3S MOAYUYHTL OHCTpOAEHCTBYO-
mHe caMoobymabmuecs yCTpOACTBa , TOTAa HHYUEro He moaeAacus. HO
BOT BCErAa AM HEAbL35? HHHMH CAOBaMH , AAS AWDOH AH 3apauu, pe-
maeMoil HEAPOKOMNBOTEPOM , HEBO3MOXHA MOHSATHAHasl HHT eplipeT auHs
€ro AEACTBHI . 3TO BpsiA AH. [0STOMY BOJHHKAET UEABb : NO BOSMOX~—
HOCTH 0GEcNeuyHBaTh HHTEPNPETHPYEMOCTh pE3YALTATOB O0OYYEHHs .
STOH LEAH MOXHO AOCTHYb C MOMONBO KOHTPaCTHPOBAHHA CETH .

CHayara OAHO 3aMeyaHHE. YeM MeHble B CETH SAEMEHTOB , TEM
NOHsTHeE €¢ paGoTa. B 9aCTHOCTH , YeM MeHbUE CHHancoOB CBA3M ,
TEM NpOWE NOHAThL ACHCTBHY CETH .

KOHTpPacTHpPOBaHKHE CETH B ue@ﬂx HHTEPNPETHPYEMOCTH €€ Ha-
BHKOB COCTOMT B TOM, 4YTO NpH 0fyyenun cTapaowTca O6paTUThL B
HOAb MaKCHMaAbHO BO3MOXHOE YHCAO napaMeTpoB CceTH. TpH 3TOM

KOHEUHO , HaBUK pemeHUs 3aAa4 AOAXeH COXpaHATbCH .

9.2. KonTpacTxpopanue ana Texumueciodh pPeaNn3aunu

HeftpoxoMnboTepa

ECAH Hama geap - NOCTPOHTL Ha OCHOBAHHH MNPEABapHTEABHO

[+ o .
YYEHHRX HEADPOHHHX ceTeil CNEeuH aAH3HPOBaHHY® BHYHCAHT€ABHYIO
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MallHHy AASl PEUEHHS ABHHOrO KAacCa 3aAau, TO BO-TIEPBHX , wy
AOAKHH YYECTh, YTO UEM MEHbUE 3AEMEHTOB M CBS3ed — TeM Npome
TeXHHUecKas peaAH3allis. BO-BTOPHX, €CAH TpH OGyueHHH Ayume
HMETb AEAO C MHOTOPA3DPSAHHMH UHCAAMH , TO MPH PEAAMIALMH — Uey
MEHbME pa3psAOB , TeM Ayume. B nopsaKe BO3PAacTaHHWS CAOKHOCTR
CHHANTHY € CKH X MOXHg
0=0), Q=x1),
(=0 .5;21) H T.A. XeAaTeabHO OrpAHHYHTCH
(0=tk /128 k/1,2,...,128).  BOSMOXHH

KOHEUHO , H APYTHEe BapHaHTH .

BapHaHTH 3HaueHHH AAd BECOB ' HanpMmep

PacClOAOXHTbL TaK : HET CHHanca 1-OHTOBHE Beca
2-buTOBHE Beca

1-6aiATOBUMH BeCcaMH

KOHTpaCTHpDOBaHHE 'AASl TEXHHYECKOA peaAH3alHH COCTOHT B
TOM , MTO npH 0OyudeHHH AOAXEeH MPOH3BOAHTLCS NOAGOp mapameTpos
H3 AaHHOrO MHOXECTBa 3HAaYEHHH , NMPHYUEM Kaxa0e 3HAUEHHE HMeer
"UEHYy "
UTpaga 3a TO HAH HHOE HEHYACBOE 3HAUCHHE, 3@ CaMyD HaCTOAmyn

cop (H HE€ TOABKO B BHAC MaTEMAaTHYECKH ONHCHBAEMOro

ACHEXHYL ).
9.3. KaXk NnpOBOANTbL KOHTPacCTMPOBaHMe

Mul 3abexaTh

npotlecca O06y4eHHd .
CETH HMEWT HEKOTOPHE 3HaueHHsd ., ECAH CeTb TNOpPOXAAETCsH BIEpBHEC

BBHYXACHH HECKOABKO Bnepea H KOCHYTbCA

B HayaAbHHI MOMEHT MapaMeTpu HeApOHHOH
H HHueMy He ofyuaaach, TO OTH mnapaMeTpn, Boobme TroBOpS,
CAyYailHH . HCXOAS H3 BCEBO3MOXHHX NMPEABApHT €AbHHX cOOGpaxeHHd ,
HEKOTOpHM IpynnaM mnapaMeTpoB MOryT OWTbH HaSHaueHH pa3AHuHbe
HHTEpPBaAbl HauaAbHHX 3HaueHHA , HO CAYYAHHOCTb , TEM He MeHee,
coxpaHsieTcs .

Yxe Ha HauaAbHOM 9Tamne, CA€AaB HECKOALKO mAroB 06yYeHHs ,
MOXHO MNPOaHAAH3HPOBAThb UYYBCTBHTEABLHOCTL, OINPEACAHTL Ipynuy
HaHMeHee 3HauHMBX NapaMeTpoOB H NPHPaBHATbL HX K HyAn. ECAH 3TO
CHABHO H3MEHHT QYHKUHOHHPOBaHHE CETH , TO MOXHO YacTh 3HaueHH
NpHPaBHATb
3HAY EHHAM .

HE HyAD, a OAHXafDHM BHACAEHHNM  ("AENEBHM ')

EcaAH B xoae 0Oyu€HHS pemaeTcsd U 3asaua KOHTPacTHpPOBaHHA ,
TO B KaXAHi MOMEHT MNapaMeTpH pas3A€A€HH Ha ABe Tpynnu: T¢.
aHaYeHHd KOTOPHX XECTKO 3aQHKCHPOBAHH H pPABHH ' BHA A CHHbN

("3aMOpOXeHHHE " MapaMeTpu ) H Te , 3HaueHHd KOTOpHX MEHADTCcH B

xoae 0OByUeHHS . ‘
AASl MCHSDRHXCS MNapaMeTpoB O B LeAeBYD QYHKUMO BBOAHTC

mTpay — |

€20 @0Q), (111)

rae €>0 ~ Bo3pacrapbmas B Xoae€ 06y4y€HHS HHTEHCHBHOCTb

by, .
KOMTPACTHpOBauHA , O - BHACACHHHWE 3HaueHHd , ¢, - mnoTeHuHaAH
*IPHTAXEHHSA * K BHACACHHWM 3HAUECHUAM .

MoxHO BHOHpaTb (p B BHAC
o a

QO mE B )

rAe’la'r/bIr - ‘rAYGHHh' né&enuuaAbnoﬁ AMY , Vbr - €€ ‘mHpHHa ".

'TAyGHHa H BHpHHA AOAXHH MOAGHPATbCS H3 CTOHMOCTH AAHHOIO
3uayeHns .

BEAHYHHA £ NOCTENEHHO HapacTaer B xoae 0Oyuenus. Kpome
TOro, AASl YCNEMHOr0 KOUTPAaCTHPOBAHUS HEOOXOAUMO NPOH3BOAHTH
o6yyenHe C NEPHOAHYECKH TOBTOPSIEMHMH CAYYaiHHMH CABHIaMH
ofydaeMRX TMnapaMeTpoB H MOCTENEeHHO yBéAHtuapmuucg YpOBHEM
9THX CABHIOB. ONWT TOKa3WBaT, YTO TMNpPH 3TOM AOCTHIrAETCH
YCTOHUHBOCTDE XK CABHIaM , AOCTHIaDMHM 0.1 MaKCHMAaAbHOH BEAHUHHH
napaMeTpoB H Aaxe 6oaee. Takas YyCTOAYHBOCTHb noasoasieT Ges
CYmECTBCHHOT0  HapymeHHS

KOHTPACTHPOBAHKE .

HaBHKOB  CETH TNPOH3BOAHTL €€
KOHTPaCTHPOBAHHE MpEANOAAraeT MpOLEAYPH 3aMOpaxMBauHA W
pa3MopaxKBaHis napaMeTpoB . 3aMOpaXHBauHE MOXET MPOH3BOAHTbCS ,
HallpHMCp , €CAH 3HayeHHE MapaMeTpa OTAHUAETCH OT BHAEAEHHOIO
HE O6OA€E, YeM Ha AOCTATOMHO Maaoe O>0. TOraa mapaMerpy
NPHCBAaHBAETCH ITO BHAEACHHOC 3HAUEHHE M OH NMEPECTAET MEHSTbCH
B Xx0Ae OGydeHHs. Pa3MOpaXHBaHHE NpPOMIBOAMTCS , €CAM O0OydeHHE
CHABHO 3aMEAAHMAOCH , a HaBWK eme He BWpaGoTaH. TOraa Ha OCHOBE
dHaAM3a  UYBCTBHTEABHOCTH  HauGoace 3HauHMHE
CCTH Pa3sMOpaxuBawTCH , TO €CTh BKADYAOTCH B obyueHue .
Boamoxno, yto

ocranercs HECKOABKO

napaMeTpu

nocae

OGyueHHs ., H  KOHTpPaCTHpPOBaHHH

Hauboaee "YIOPHHX "  3AEMEHTOB, He
no,

AABDMUXCH KOUTPaCTUPOBAHHD Gea pa3pymeHHs HaBWKOB CeTH. UTO
Aca

aTh C HHMH? AKGoO CMHPDHTBCA H OCTaBHTb BCE€ KaK €CTh, AHOGO

asu .
Pa3uopoanTsy noboabme NapaMeTPOB , NMOBHCHTbL YPOBEHb CAYUAdHHX

BO
SMYMCHHA ¥ yuHTb C KOHTPACTHPOBAHHEM AaAbmE .

~




9.4 . CrilaxyBaHMe XapaKTEPHCTHK - CPeACTBO AJIA yJNYy4leHus
KHTEPNOJAUMOHHBX K 3KCTPANONAUKOHHEX HABHKOB

lipaBHABbHOE pemeHHe ceTbi 00yuaouHX MPUMEpPOB eme, CTPOro
roeops , He o3HadaeT , uTo oHa Oyaer xopomo paboTaTh MPH ApYTIHux
3HAYeHHS X BXOAHHX CHIHaAOB. BaxHO ell€, HacKOAbKO MOAYYEHHHe
HaBHKH AONYCKalWT MHTEPNOASILHK H SKCTpanoasitiHe . TIIpH  3Tou
60Abuyle pPOAb HIpaeT KDYTH3HA XapakTEpHCTHK TeX 3AEMEHTOB , U3
KOTOpHX COCTaBAEHA CEThb.

MOSICHUM pOAb KPYTH3HH Ha [pOCTeAuweM ImpuMepe. [MycTs
He0oBX0AHMO MNOCTPOHTbL YCTPOHCTBO , BHYHCASIOWEE MMOAOKUTEABHYW
¢YHKUH O0AHOro* mepeMeHHoro f(x), H B HaueM pacnopsiXeHHH -
Habop y CTPOHCTB , BHYH CASIOIH X OYHKUMH ¢ (x-a) c
"KOAOKOAOQOGpa3HuM * IpadHKOM (pHC. 21a). Tpebyercsa Nno 3aAaHHbM
3HaveHHsaM f(x ) (i=1,...,1) MOCTPOHTb AHHEeliHyk KoMOUHauHK

5 a@(x-a ), w2n, &>0, (113)
jer 3 J |

npubauxapuyo AaHHyle QYHKuHo .

YeM yXe KOAOKOAOODpa3Hbe rpapHKH (), TeM A€rue nocTpoUTh
cyMMy , coBmaaabmyw ¢ f B BuOpaHHHX TOuKax. OAHAKO MNpH 3TOM
YXyANAWTC UHTEPNOASUMOHHHE BO3MOKHOCTH (puc. 216). OGpaTHO,
NpH YBEAHYEHHH WHDHHH MOCTpOEHHE MNPHOAHKEHHOrOo BHPaXEHHd
(113) ycaoxHsieTca, oumHGka Ha 3JasaMHOM O0OyuyawweM MHOXECTBE
yBEAHUHBAETCH , HO HHTEPNOASUHOHHHE BO3MOXHOCTH MOAYYEHHOTO
nNpHOGANXEHHS MOBHLAWTCA . HauHHag C HEKOTOpPOro MpeaeAad WHPHHH ,
XapakKTepHOro aAsl QYHKUHH f, omHOKka NpH AaabHelHlleM pacCOHpeEHHY
HayHHaeT MpeBHNATh paSyMHHE OrpaHHYEHHS Ha TOYHOCThL. MMO3TOMY
CyMECTBYeT ONTHMaAbHas WHpPHHA - omHOKa elle HE CAHUNKOM BEAMKA .
a8 HHTepHOASIUHOHHHE CBOACTBA yKe AOCTAaTO4HO XOPOULH.

80

P(x-a’

14 . fix)

Puc. 2I. Koomouooopasuas gy, ‘
YUl ¢ (a) u npusiusenue QuHEUUY
4 Bsma“mmoymaya:mmnoe (ag).
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MIpHBCACHHHE COOGpaXeHHS HETPYAHO QOPMAAH3OBATL, BBEEAy
COOTBETCTBYDHHE KPHT CPHH . NpocT chmHiA crnocob : 3aAary
MAK CHMAAbHYD AONYCTHMY® OmHEKY Ha OOyuaomeM MHOXECTBE y

yBEAHUHBATbL WHPHHY (), Mnoka 3Ta TOYHOCTH AOCTHXHMA . ApYToj
cnoco6 - BBECTH ETpad 3a MaAyo WHPHHY H ETpad 3a OWHOKY Ha
o6ydapmeM MHOXECTBC H MHHHMHIHPOBATb HX CYMMY .

AHAAOTHYHO OGCTOHT ACAO H C HCHPOKOMILOTEpOM — ueM Goace
NOAOTHE XapaKTEpPHCTHKH HMEDT €rO JACMEHTH , TeM foAbEE y Herp
CHOCOGHOCTH K OKCTDamOAslUMH HaBWKOB, HO, YyBH, TeEM XyXe
TOUYHOCTb Ha OfyyapmeM MHOXECTBEC.

Taxk , HanpMep , AAsSL HCHPOHOB € XapaKT epH CTHKOH BXOA-BH X0y
BHAQ

A
f@ FRITAT (th>0),

cnocoGHOCTH K 3KCTPAanoAsiUHH #

yem ©Goabme h - Teum BHEE
HHT €PHOASIHK , HO XYXe TOYHOCTbL pemCHHA obyuapmHX MPHMEPOB.

KOMNpOMHCC AOCTHIraercss BBCACHHCEM B Oll eHKY ll'rpatpa 3a KpYTHS3HY,

HanpuMep ,
€2 (-Imh), (11¢4)
1
rae i - HoMep HefpoHa, €>0 - mapamerp, noabGHpaeMHid B XOAt
obyueHus . H3-3a QYHKUHH mrpadpa (114) B 'nponanozmuc aH/ah1

BofiayT caaraeude -1/h , xoropue GyAyT OTTaAKHBaTb OOyuaeMut

XapaKT ¢pHCTHKH HCHPOHOB OT HyAs.

HCOOXOAHMH  AAf
crnocoby
yacTdM  npoueaypd

HEXCA AT €A bHH¢

YTO CraaxHBapmue [POUCAYDPH

3ACMCHTaMH . no

Noaaraes ,

CHCTCEM Cc oﬁyqaeuuun HCAHH cHHHMH

BHITOAH CHHSA OHH OAH3IKH | 4 OTACABHHM

Kon'rpacrnponamm - Haaaraorcsd llTpaQH 3a

3HaUu eHHsSl NMapaMcTpoOB.
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10. ANTOPHTMH OGYMEHMA

Wi Lo :
.. 10.1, Obydenne HeRpOHHMX ceTeff N ANrOpPNTMH ONTNMN3AUNN
»
NIPCAABRIBET CR paccMaTpHBaTh obyuenHe - HEHPOHHHX CETeH Kak
3aASdy. ONTHMMIBUMM . 3TO O3HaYacT, YTO BecCb uoluuﬁ apceHaa
METOAOR ONTHMH3AUMH MOXxeT OWTb HCNUTAH AAsi oOyueuus. Tak H
BHANTCN : . HEADOKOKNLOTEPH  HaHCKOpedmero ' cunycka,
xounLeTepu HLOTOHA , ®A€THEpA M T.M. -
HeANNCANON ' ONTHMH SallHH . .
CYMecTaYeT , OAMAKO , PHA ClCUHQHY ECKHX OrpaHHu cHHH . OHH
CBH3aNM. C OIPOMHOA pasMEpHOCTboD 3aAauH |
NapaMeTpoB  MOXET AOCTHIATb 109 - u aaxe 6Goace. Yxe B
NpOCTEARNX NPOrpaMMHMX HMHTATOpPaX Ha NMEPCOHAABHHX KOMILOTEpaX
noabupaercen 10°- 104 mapawerpos. ‘
H3~+3a BMCOKOR pa3McpPHOCTH BO3HHKaeT ABa TpefoBaHHd X
aATOPHTMY :

HeApo-
NOo Ha3BaHHO METOAA

ofyueHuss. UYucao

1. OspaNuvenwe no nausou. MyCcTb N - HHCAO NapaMeTpoB. EcaH
SATODHTM TpebyeT saTpar MNaMiTH nopsiaka n’ ,To ou BpsA AH
NPHMEHHMM AAsl oOyvuenuss GoAblHX HEHPOKOMNbLOTEpOB. BoobGme
TOBOPA , XCAATCABHO HMETb AATOPHTMH , KOTOpHE TpebGyoT 3aTpart
NWMATH nopsiaxa.Kn , K=const .

2. ,Bo‘tnomlocnm napanaenbHozo BHNOMHEHUS HanGoAce TPYAOCEMKH X

3TanoB ¢ AArOPDNTMA H XEGAATCABHO ~

KaKoH~-AHGO0 ©0CO60 - MPHBA €KAT €A bHHH

HEHPOHHOH ceTbo . , ECAH
. . NaMiaThb
opsAxa h° vo €ro BCe Xé MOXHO HCMOAb30BaTb, €CAH C .MOMOmbD

anaAH 38 YYBCTBHT EAbHOCTH H,

aAroputy Tpebyer

cox BO3MOXHO , KbHTpﬂCTHpOBaHHﬂ
PATHTL YHCAO O6yuaemuX napaMeTpoB AO Pa3YKHHX MPEACAOB.
B N '
2ne .
CNCUNPHK OH .

1. OOyuen |
Oyuenmuit MEeHpOKOMMBLOTEDP ACAXEH C NPHEMAEMOR TOYHOCTbU

pemaTL- Bce TecroBue 38aavH

ABa  obcrosiTeAbcTBa CBSi 3aHH c KOMI bOT epHOH

(HAH., 66Tb MOXEeTr , MOYTH BCe

C ouenp .
MaAOH 4aCTBO HCKANYEHHH ). M03TOMy 3asaua 06yYeHHS

CTeH®WMTCH . mo  cymecTBy

MHO20KpUmepUanbHOU ' 3asadeH
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ONTHMH3AUKK : HAAO HaHTH TOUKY obmero MHHHMYMa Goabmorg . o&ﬁ NPEABABASDT CSt 1O OAHOMY , C [OMONBO 3ATOPHTMA
uncaa QyMKuHA . OOyueHHe HefipOKOMIIbNTEpa  HCXOAHT M3 om_llngau"" HAXOAHTCS H3MCHCHHC napaMeTpOB CETH , yAyHmaomee
THnoTe3u O CyNCCTBOBaHHH TaKOH TOYKH . OCHOBAaHHSA THIIOTE3N - ce paﬁoTy C ITHM anMCpOM. Aaace 3TO H3MECHEHH C OCyNCCTBAﬂeTC?
ouenb GOABEOE UHCAO MEPEMCHHHX H CXOACTBO  MEXXAy . .epy C HOBHMH oHAYCHHSMH MapaMETpOB TNPCABSBASETCH CA EAYDIHT
QYHKUHAMH . CaMO  MOHSTHC *CXOACTBO " 3A€Ch TPYAHQ (pHMEP -
¢opmaaH30BaTh , HO onWT MoKasWBaer HTO NpEANIOAOXEHHE 0 onuwT NMOKASWBAET , UTO MpH TAKOM MOOAHHOYHOM NpeALABA EHHH
CymecTBOBaHHH o6mero MHHHMYMa HWAH , TOUHEE, ToyeK , Tae oﬁchmie: HPOM CXOAMT MCAACHHO M, yBH , HEYCTOHYHBO. Oueum‘l 3a
aHaycHHS BCEX OLCHOK MaA0 OTAHUaeETCcs OT MHHHMAABHHX , 4acCTo pemacuue GpHMEpH TO [N3AapT, TO BHOBb PpacTyT, BOJMOXHH
OnpaBAWBACTCH . ‘ AAHTEABHHC KOAEGaHHS , HEKOTOpHE AATOPHTMH HE CXOASTCH Boobme .
2. O6yucHHHH H el pOK OMII BT EP AOAXCH HMETh BO3MOXHOCTH XapaKTcp"Hﬁ npHMep rpaguka OUCHOK AAS yA‘aqH‘oro 06yu eHHS
npuobGperTaTh HOBHE Hapuwku Ge3 ympamb CmAapHX . BO3MOXHO GOAEE pgpHBEACH HA PHC. 22.
caaboe TpeGoBaHHe : HOBHE HaBWKH MOTYT CONpOBOXAATLIA B ueM A€AO? CHTyalHs THIHYHAS AAS MHOTOKPHT €PHaA bHbX
l'lOTcchl TOYHOCTH B cTapHXx , HO 3Ta noreps He AOAXHA OLTh quaqh“ Hanp‘l.ghle}["e oﬁyueung AASL HH X qun‘lc QOPMHpoBaTb‘,
ocobo cymccrsem{oﬁ, a KayeCTBCHHHEC WOMCHEHHs AOAXHH OBTH ncnd‘a;ﬁ;#yh ;°P33¥. HECKOALKO KPHT CpHEB (IpHMEpPOB ) , B HACAAE -
HCKADYEHW . BTO O3Hayaer , MHTO B AocTaTouHo GOALWOA Bce. Tem ' Goact, Heab3d OTpAHHYHBATBLCS OAHHM MPHMEpOM TpH
OKPEeCTHOCTH HallACHHOH  TOYKH obmero MHHHMYMa  OLCHOK ol ek e npOIl:!BcAcHHHx'HSMCHCHHR.
9H a4 eHHS ATHX  QYHKUHA HeSHAUHTEABHO  OTAHUapTCs  OT l!Tax. H3 anpHOpHHX coOGpaxeHHA Ayume HCMOABLIOBATH cpagdy
MHHHMAABHHX . Maao Toro, MTO AOAXHA OWTH HaflaeHa TOUKA BCE npHMepw . YBH , TYT e¢CTbh HEMaAO OrpaHHUYEHHH . BO-MEpBHX,
ofmero MHHHMYMa , TaK OHa elle AOAXHA ACXaTh B AOCTATOHHO BceX MpHMEpPOB 3apaHce MOXeT HE GUMTb - HCXOAHHH "3aAaqyHHK "
EApOKOH HHOMEHHOCTH , rac O9Ha4YeHHs BCEX MHHHMUOLPY EMbiX MOXET PaCWHPATbLCA . BO-BTOPHX , ﬂ‘pH obpaGorke CEpPHH MPHMEpOB
¢yHKUu# OAHIKH K MHHHMYMY . AAsl pemeHHS JTOHl 3aAauy HYXHH X€AATOGABHO, 4TO66 OGMEH ¢ NaMsTbb GHA AOCTATOYHO OHCTpHM H HE
CreuHaAbHHE CpeacTBa. OHH onHCanbl AaAce. 3ascpEHBaa paGoTy ceTH, Tak Kak NpeAbABASITE CETH KaXAHH
HTaK , HMECM UeTHpe cnelHPHY eCKHX orpanﬂqcuna,BuAcAammux NpHMEpP H3 CCPHH TMPHACTCS HECKOABKO pas - u mnpH Bubope
obyueHH HeARpOKOMIbOTEpa H3  obmHX 3asavd onTnuusauHu:HaﬂpﬂAeHlﬂ H3MCHCEHHsl NapaMeTpoB , H TpPH OLCHKE TP OH 3BOAHMH X
acTPOHOMHUECKOE HHCAO napaMmeTpos , HeoOXOAHMOCT b B0 COKOr0 IaroB . BHCTpas MaMsaThb aopora H obbeu ece OrpaHHYeH . HakoHel ,
mapasacAH3Ma [DH oGy cHHH , MHOTOKDHT €pHaABHOCT b pemaeMuX ONNT MOKAWMAET , HTO COBCeM He oOyueHHas CeTb HHOTAa He MOXET
3apnad , HEOODXOAHMOCTDH HaliTH AOCTaTOuYHO WHPOKYD obaacThb, g OCBOHTb Cpa3dy BCC MpHMCpH - MOAE3HO npeABapHT €AbHOE OCGyueHHE

KOTOpoil ~ OHAUEHHs BCEX MHHHMMSHDY CMHX  QYHKUMH Gamoxu KHa MCHBECM KOAHUECTBE HaubGoace MNpPOCTHX INPHMEPOB. [1O3TOMY

NPHXOAHM K TMPHHIHNY NOCTPaHHYHOro Oﬁchﬂﬂﬂ.
MHHHM aA bHHM .

Eme OAHO - MW TOKa HH CAOB3 HE cKa3aAH O BOIMOXHON Cmpanuua - CepHS NPUMEPOB , NpEALABAsieMast ceTH AASt ‘067'
GHHapHO#l OHEHKE : XOpOmo—TA0XO, yrapas-He YTaAaa. Bosuoxuoch:z“::(;rz:zop HanpaBACHHs H Hara AAsi H3MCHEHHs MapaMeTpoB CETH
yayumaTh paboTy CETH NpH HaAKIHH TOAbKO GHHApHHX OWEHOK TOXC anu o e’l:;ﬂ ¢ moMombb aHasKda cpasy B'Cex MpHMEpOB  CTpa-
cymecTByeT . 06 JTOM — A3ACC. paum:poz cf OTE€ C AAHHOH CTPaHHUCH KaxAHi mar MOMEHEeHHs ma-

YXHT AASL MHHHMH3AlHH HEKOTOPOAW QYHKUHM OT OHEHOK,
10.2. Cnocob MpeapABIEHNA NPUMEPOB X NPMHUKT ;:‘(;O::: ;e;:T :Oquae'r NPH pDEMCHHH NpDHMEPOB AAHHOH CTPAHHIM .
HOCTPAHKIHOrO OBYueHMA CyMMa OLEHOK (CPEAHSIS OllEHKa ), CyMMa C BeCaMH ,

CpcAHsIS KBaApaTHUHasi OTHEHKAa H T. 0.

npocrci{mnﬁ cniocob NpeAbLsBACHUS npHMepoB COCTOHT B TOM: - CM. pa3aea 6.2.
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Beca OlCHKaM MOryT Had3HayaTbCs , HCXOAS H3 CcyObEKTHBHOrO
NPEACTAaBACHHST O BaXHOCTH AQHHOTO MNpPHMEpa, TEKyWEd OlCHKH ,
CKOPOCTH , C KOTOPOH C€Tb YYHTCS PpCHATb MpPHMEP (MCAACHHO

oyerua YUYHT Cl — MOXHO YBCAHUHTb Be€C), H T. 0.
4 /\ MpeHMyHecTBa NMOCTPAHHYHOTO OOYUCHHS MOXHO MOSICHHTb Tax.
\ r"\ ECAH TpDHMEPH MPCABSBASIOTCS CETH MO OAHOMY , TO OHa Ha KaXAOM

Jrane HaydyaeTcsds AaBaTb Ha A3HHHH BYXOA nyHHﬁ BHiXOA . HO MOXHO
AH OTAHUYHTb 3TO YMCEHHE OT TIPOCTO BHAAUYUH AAHHOIO BhXOAa
HEe3aBHCHMO OT BXOAOB? MeHsercs ﬂpCA'bﬂBACHHHﬁ NnpHMep - H
NMPOH CXOAHT NpHBHKaHHC | 4 HOBHM TpCGOBaHHSIM | 4 Bbl XOAHHM
CHTHaAaMm .

ECAH AOATO TaK YYHTb, TO UTO-TO MOXET H oOCTarbcs Kpoue
yMeHHd oTBedHaTb TakK , KaK 3TO TPCGOBaAOCb B MOCACAHHH pa3. 3to

"YTO-TO" H €CTb HYXHHH HaBHK , HO HATH K HEMY CTOAb KOCBCHHHM
NyTeM CAHEOKOM AOATO H He BCeraa HaaexHO. Kak nokassBaeT ONHWT ,
NOCTPaHHYHOEe OOyueHHe B 3aaadyaX pacno3HaBaHHsi BH3IYaAbHHX
obpas3ocB H KAACCHOHKAIHH AQeT BHHIPHE He MeHee, YeM B 10-100

pa3 NpH OpPOYHX PaBHHX. BaxHo, uTobH Kaxaas CTpaHHlUa Buiaa

' . " AOCTAaTOYHO PadHoOOpa3HOA H B HEH NMPHCYTCTBOBAAH MPCACTaBHTCAH
- e 8peaa ’ pasHHX oGpa3os.

NPEOLABACHNO OyNeNuR Eme OAHO 3aMeuyaHHe: €CAH TIPHMEPH [MPEABSABASIOTCA MO
504 npuespa OAHOMY , TO mar H3MCHCHHS NapaMeTPOB AASl YAYUMCHHS PEmCHHS
. OAHOTO TNpHMepa AOAXeH OHTb AOCTATOYHO MaAbM. HHaue HaBuK
Puc. 22. Xapaimephutl 2padui OUESHOK npU OOYNEHUL NPEOLABARGAIT paGoTH C ApYTHMH NpHMepaMH HeoGpaTHMO paspymHTcs . [O3TOMy B
no ouepedu npusspo8. HEOOHOKPAMHO NOCAGDOBAMEALHO WAD oGyNe- 3TOM CAy4Yac HET CMHCAA TNPHMEHATb OHCTPOCXOASIHIHECS MCETOAH ,

Hue 504-4 npusspas. 38enva BepTHETl AOAGHON COBOUNATM MOWNU AapmHe 3HAUHTEAbHOC YAYUMEHHE.
AQKCUMIALHNT OUEKOK (uS 504 npuaspo8). HusHAas “m noNaBY-~ B xoae obyueHHss oObeM cTpaHHUH H pa3HoobpasHe npHMeEpoB
mmcmm”m‘smw. Ha Held MOXHO YBCAHYHTb: COBCeM HcoOydeHHas CeTb CAMEKOM

MEAACHHO YYHTCS Ha OOABNHX CTpPaHHUAaX, a MOCAe ‘HAauaAbHOTO
o6pa30BaHHS " NMOSIBASIOTCS BO3MOXHOCTH AASl OHCTpPOrO OCBOCHHS BCe
6OABHHX CTpaHHL .

10.3., IIBe XReOoNOrHN B NOCTPOEHMUX oﬁyqemm CeTK :
NONYNAAUMOHHAR X reHeTMYeckasn

CymecTByer Kak MHHHMYM ABa MNPHHUHNHAABHO Pa3AHYHHX
MOAXOAQ K MOCTPOECHHO AATOPHTMOB , OOy4alomHX HEHPOHHYO CeTb. B
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NEepBOM H3 HHX TNPOAYKTOM , 'BHAABAEMHM AAS HCNOAb3OBaHHA ,
SABASICTCSL OTAQXCHHHH M 1O BO3MOXHOCTH HAHAYUYNHH aATOPHTM
o6yd eHus . YCHAHSIMH  pBOAHUYHH X | HCCAEAOBaT €A CH co3aaercs
NONYASIUHS AATOPHTMOB. MOAb30OBaTeAb BuHOHpaeT M3 HHX TOT, YTO
APDHTOACH AASl pCHACMHX 3aAady. B MNONYASUHH AaATODHTMOB HAECT
orGop , HeKOTOpHE BHMHpPaAOT , APYTHE - 3aXBaTHBawT XH3HEHHOE
NpOCTPaHCTBO. TaKOH NYyTb HAJ0BEM NONYASUUCHHLIN .

ECAH CO3AaTEAD 6HOAHOT eKH aATOpPHTMOB cAeayeT
NMONYASIHOHHOMY NYTH , TO OH AOAXEeH cOOpaTb pasAHYHHE aATOPHTMH
H MPEAOCTAaBHTb NMOAbL30BaTEAD BO3MOXHOCTbL BuGOpa.

OAHAKO BPSIA AH cymecTByeT aATODHTM , OAHHAKOBO
IPPEeXTHBHHA AASS BceX 3aaau, a MHoroobpasHe BO3MOXHHX
AATOPHTMOB CAHEKOM BCAHKO, UYTOOH y OAHOIO NnoAb30oBaTeast Obaa
BO3MOXHOCTb anpoOHpPOBaTb HX BCe. I[I03TOMY AOMNOAHHTEABHO X
NONYASUHOHHOMY MOAXOAY, BO3HHKaeT ApPyroi#. Ero MOXHO Ha3BaThb
2eHEMUYECKUN. B HCM OCHOBHHM 3AEMEHTOM dBAsieTCH ‘TeH" -
OTACAbHaASA npoueaypa , a NOAB3OBAT AL AapTCs mHPOKHE
BO3MOXHOCTH CcOOHpaTb aATOPHTMH H3 TpOUEAYP, a He TOAbKO
BuOHpaTh TOTOBWE AaATOPHTMH .

[IpH TakoM [MOAXOAC NOMNYAS{HS BO3MOXHHX AaATODHTMOB De€3KO
BO3pacraeT , BO3pacTawT H BOJIMOXHOCTH MOAGOpa aATrOpHTMa MOA
3aAayy . HeAOCTaTOK Yy 9TOrO MOAXOAA TOXE€ €CTb -— HOBHW?HHHC
TpeGOBaHHS K NMOAbL30BAaTEAD , KOTOPHH AOAXCH MOHHMaThb yCTPOHCTBO
OTACABHHX MPOUEAYP H AOTHKY cOGOpPKH aATOpHTMA.

B Hamed HCCACAOBATCEAbLCKOH [IpyNNne TpHHAT, CKopee,
FCHETHYCCKHA TOAXOA . OMHT MOKa3WBaeT , UTO OTGOp aATOPHTMOB H
NPpH HEM HACT BeChbMa HHTEHCHBHO, a HEKOTOPHE NPOUCAYPH BOBcCE
BHIlaAapT H3 [1OAb30BaHHA . HHTepecHO , 4yTro Pa3AHUYHHE
NOAbL30BaTEAH Aaxe Ha 3apauyaX OAHOro THMa ofOHapyxHBaoT pasHbe
CKAOHHOCTH H MO KOHCTPYKUHH aATODHTMA HEpPEAKO MONHO yTraaaThb

aBTOpa.
EcaH CO3AAaTEAD OHOAHOT eXKH aATOpDHTMOB CAeEAYyeT

FCHETHUYCCKOMY MYTH , TO OH AOAXKeH COGPaTh Da3AHUYHHE MNPOIEAYDH

H AOCTPOHTH NPOrpaMMy -peAakTop , YUHTHBaomyo AOTHKY

KOHCTPYHPOBAHHSl aATOPHTMOB .
KOHEeYHO , BPSA AH HAaMAYTCH CTOPOHHHKH YHCTO T'€HETHYECKOro

HAH YHCTO MNONYASIUHOHHOIO IOAXOAQA. HcTHHa, Kak 93TO0 4acro

QQ

GuBaeT , rae-ro MEXAY xpaﬁﬂoéTﬂuH. OAHAaKO HaM KaXxeTcsi, YTO B
HACTOAMHA MOMEHT H OAuXalimHe HECKOABKO AET TeHEeTHUEeCKH#
MOoAX0A 0OoOaee mepcmexTHBEH - OH aaer ,6oabmee noTeHuHaabHOE
pasHooGpasHe AAf 3BOAOUHH AATOPHTMOB H, KpOME TOro, HMeer
Goabllee 0Gpa3oBaTEALHOE 3HaueHUe .

10.4. OnepaunM, BunomHAeMHe CeTbl
‘ . |

[IpH  onHcaHHK ﬁAropuTMos o6yueHHS noaesHo BHA CAHTb
ONEpanHH , BHIOAHSIEMEE CaMOR cchn.‘Kouﬁnanyﬂ HX , ynpasasiomasi
NporpaMmMa ocymecTBASIeT obyuenne . '

H3 onepaunfi, BHNOAHSEMHX CeTbo , MOXHO ‘BHAeQHTb Te,
KOTOpHE BHIOOAHAOTCA C OAHHM TIPHMEPOM . Haa HHMHM HaACTpaHBawT csl
onepaiuuH CO CTpPaHHUEd MPHUMEpPOB .

HTak , onepauuu hepBoro 3Taxa, BHIMOAHAEMHE C OAHHM
MPHMEpPOM . .

1. llpanoe ¢yHKUUOHUpOBAHUE : MOAYYHT b BHIXOAHHE CHTHAAb AaHHOr O
npHMepa , QYHKIIHOHHPOBaTh B TakToOB. Ha KaxAOM TaKTe MOTyT

+ AONOAHHTEABHO TMOAYYATbCH BYXOAHHE CHLHAAN . Ha BhXxoae -
MAaCCHB BHXOAHHX CHTHAAOB. OHWH MOT'YT CHHMATbCA C PaSAHUYHHX
TaKTOB .

2. Ilpsnoe $YHKUUOHUDOBAHUE C OyeHKol . HaACTpaHquTCﬂ Haa
NIPAMHM @yHKuHOHHpOBaHKeM. AOMOAHHT €A BHO BBOAHTCS QYHKUHS
OLCHKH , BHYHCAfIEMAsd AAS KaXAOro NPDHMEpa MO BHXOAHHM
CHTHaAaM . Ha‘Buone — OUEeHKa TOoro, Kak ceTh pemaer npuMmep
H CaMo pemeHHE - BHXOAMHE CHTCHAAHM .

-

3anoNuHaHue xApmb , AAS MHOTHYX AATOPHTMOB HYXHO HE TOABKO
H3MEHATL napaMerps, HO H MOMHHTb, KaKHMH OHH OGhAH A0

HEeCKOABKH X MOCA GAHH X HOMEH enHil . MogaTouy HyXHa
' AOMOAHHTEABHAS MaMATb HA OAHH HAH HeCKOALKO MacCCHBOB
3HaYeHUA  NMapaueTpoB H  onepauusd : 3anoMHHaHHe  KapTH
napaMmeTpoB. UYucao KabT, KOTOPOE MOKHO 3aNoOMHHTbL - BaXHasi

XapakTepHCTHKa HefipoKoMN boT epa . ‘

Haepyxennoe npsinoe ¢YHKUUOHUpOBAHUE . HaacTrpauBaerca Hap
M pAMBIM QyuquOHHpoaaﬂﬂgu. NNpOH3BOAAT CA 'AQUOAHHT €AbHHE
BHYHCAGHHA , a TakXe 3anoMMHaHHe HHOOPMAUHH . Toapo6Ho 3TO
6dA0 onucaHo B Pa3AeAaax, mNOCBAMEHHHX ABOHCTBEHHOCTH .




OrpaHHYHM CH HanOMHHaHHEM . ECAH B ofBuuH oM MPSMOM

QYHKUHOHHDOBAaHWH paboraer HA6GOp 3AEMEHTOB, BHYHCASOMHYX
QYHKUHH BHXOAa OT CBOHX BXOAOB A, H BEKTOpa MapaMeTpoB L :
. f‘(A”,Ll), (T - HOMep TakTa),

uag f
TO TpH HarpyxeHHOM HYXHO SamoMHATb BCe 3HauyeHH .

BHUKCAHTb BCE NPOH3BOAHH € f1 10 BXOAHHM CHTHaAaM H
napaMerpaM , 3anoMHHTb 3HAYEHHA OTHX TIDOHU3BOAHHX . KpoMe
TOro, B HarpyxeHHoe npsAMoe QyHKIHOHHDOBAHHE MOXET BXOAHTb

X
BuUHCACHHE H ?aHOMHgaHHc HEKOT OpH X AOHOAHHTCA?HH
nokasaTeaedl  UYyBCTBHTCABHOCTH. 3TO  AOMNOAHEHHE  Ceduac
o6cyxAaTbCAd He OYACT . AASL AHHEHHHX f1 AOMOAHEHHE COCTOHT B
3aMOMHHAHMH BXOAHHX CHTHAAOB. OpPraHH3alMs NaMATH AAS TOTO,
4yTOGH , C OAHOH CTOPOHH , H36exaTh AYGAHPOBAHHSA 3aMOMHHAEMHX
BCAHUYHH , 2 C APYIroH - ODECNe4YHTb HX O CTDY® NMepecHAKY AAf
HCIIOAHEHHA HYXHHX oneépauuii - BaxHedmas 3aaaya, HO OHa
BH XOAHT 32 paMKH HameH TEeMH .

5. ObpamHoe @¢YHKUUOHUDOBAHUE . BHMOAHSIETCA MOCAE HArpyxeHHoro
NpsIMOro  GYHKIHOHMHPOBAHHSA . ' BUMHCASIOTCS H  3allOMHHALTCH
NPOH3BOAHHE QYHKUHH OIEHKH MO MapaMeTpaM . AONOAHHTEABHO
MOTYT BHYHCASTHCH H 3aNOMHHATbCA MNDPOHSBOAHHE OLUEHKH MO
BXOAHHM CHIHaAaM .

6. ABaxon HazpyXeHHoe npsNbe (¢YHKUUOHUDOBAHUE , B  XOAE€
KOT Oporo AONOAHHT €ABHO 'BHUH CASIOT CH BCE BEAHUHHH ,
HeoOxoAHMHE AAasl 06paTHO-0OpaTHOro QYHKIIHOHHPOBAHHA — CM.
pasaea 7.6.

7. O6pamrHo-obpamHoe  ¢YHKUUOHUPOBAHUE . BHIOAHSAETCH nocae
MOCACAQBATEALHO NPOBEAEGHHHX ABaXAW HATPYXKEHHOTO MDPAMOro
QYHKLUHOHHDOB aHH A H obpaTHOTO OYHKHHOHHDOBAHHS . B
obpaTHO-0o6paTHOM QYHKIHOHHMPOBaHHH BHUKCASiETC TPaAAHEHT
NPOH3BOABHOIO MNOAABAEMOr0 CETH OQYHKIHOHaaa OT TCpaAHeHTa
QYHKUHH OUEeHKH. OOWYHQP - T[paAHeHT CKaAsipHOro KBaApaTa
rpasMeHra.

Onmepauuu 1, 2, 3, ABASIOTCA 00s3aTeAbHHMH AAS oOyYeHHs

CETH AWGHMH METOAAMH , HCNOAb3YONHMH OLEHKY , onepauHu 4, S5, -

Arsi  oOyueHHS TpaAMCHTHHMH METOAAMH, a pe3yabratd 6, 7,

HCMOAB3YOTCA  AASlL  AOMOAHHTEABHOIo  YCKOPEHHS  TPaAHEHTHHX

MCTOAOB.

BHYHCA€HME OUEHKH MO HIBeCTHHM BHXOAHHM CHTHaAaM Ayvyme -
6HCTpee NMPOHSBOAHTH ¢ yYacTHeM CeTH, Ho B NPHHUHNE MOXHO M
Ge3 Hero. 9To Xe OTHOCHTCS K BHYH CA €HHI ﬁponssoAHux OILLEHKH IO
BXOAHHM CHIHAaAAM , TO €CTb Tex BEAHYHH , KOTOpHE NoAanTCs Ha
BXOA CeTH NMpH obpaTHoM PYHKUHOHHD OB aHUH .

Onu canm OCHOBHHE ONEPALHH , BHMOAHTEMHE CETbo npH pa6Gote
€ OAHHM MpDHMEPOM. H3 HHX COCTABASOTCS ONepauvH , BHIOAHS EMH e
CO cTpaHuyeH . ‘ ‘

8. OueHxa cmpanHuuw . Aas Bcex NPHMEPOB CTPaHHUH NPOBOAHT Cs
NpsAMoe QYHKUHOHHDOBaHHE (OMEepauus 1), BHUMCASIOTCH Ol EHKH
AASL KAKAOCO mNpHMepa. HCXOAS M3 HuX, BuUKHCASIET G omeHka
CTPAHHUHW , HanpuMmep , CyMMa ouEHOK MO NpHMepaM , B3BemeHHas
CyMMa , AHOO Apyras QyHKUAS, HasSHauaewmas TOA b30BaT €A €M
H3BHE .

9. HaxonneHue ezpaduewma . AAsl Kaxaoro MTPpHMEpa  CcTpaHHnu
NPOBOAST € MAarpyXeHHOe mpsiMoe OYHKUHOHHpPOBalHe M obpaTHoe
Qynxuuouﬂﬁosaﬂue, NOCACAOBATEABHO HaKaNAHBaET cs CP&AHEHT
PYHKUMH , oueHHBabWeNH paboTy cerH co CTpaHHueﬁ:

- X} .
VHpq(Hl,...,Hp)—EF?ﬁrr— VH

BHIYH CASAOT CH MPOH3IBOAHHE 10O mapaMerpaM H,
TO BXOAHBM CHIHaAaM .

€CAH HeofxoAHMO ,

10, Hakonnenue epaduenma B3BelleHH ol CYNNH KBpadpamos

2paoueHmoB  OTAEA bHH X NPHMEPOB. AHaAOTHuMoO TP CAbAY I €l

onepauuu HaKanaveawrTcg nprSBOAHHC
v @ @ H)).
1

3TO MPOHCXOAHT B DPEIYALTATE NPOBeAEHHS Ha KaxXAOM TpHMepe
|

ABaXAH HATPDYKEHHOI'O MpAMOro PYHKUHOHHPOBaHHY , ofpaTHOrO H
obpaTHo-obpaTHoro.

11. #opNupoBanue NOKAABbHNX NaccuposB' noxkasaamesneli

1YBCMBUMENLHOCMU N0 NpPHMEPaM  CTpaHMUM . CoCTaBASIOT Cst

MACCHBH TOKasaTeAedl UYBCTBHTEABHOCTH AAS Pa3AHYHHX YacTed
CeTH , HanpuMep, Aax BECOB BXOAHWX CHHANCOB KaXAOro
HEeHpPOHa . AASl KOHKpETHON PC€aAH3auMu AoAXeH OunTb Buppau THI
NoKa3aTered YYBCTBHTEABHOCTH M Cnoco® COCTaBAEHHA MaCCHBOB
(cM. coOTBeTCTBYWUHE pasaen ). |

2. Copmupoaxa‘ STOKAN bHWX Naccupop noxaaameneti
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H9yYBCmMBUMENAbHOCMU H BH60p AASL KaXAOro M3 HHX K Hauboa €e HAHU
HaHMEHee 3HauYHMbIX napaMerpoB CeTH. YHcao K 3aAaercsd ceTH
I

H3BHE .

13.  3aNopaxubaHue  3araHHOro uMcaa HaHMEHEee  SHauHMHX
MapaMeTpPOB - HX BHACACHHE H TMPHCBOCHHE MM GAMX aimH X
BHACACHHHX AAS  KOHTDPAaCTHPOBAHHS  QHK CHPOB aKH X 3H a4 eHHI .
3HaYHMOCT b onpeAcasieTcst no AOKaAbHOMY aHAAH Y
UYBCTBHTCALHOCTH , YHCAO 9aMOpAXHB2EMH X NapaMeTpoB - OAHO
AASl KAaXAOrO AOKAaAbBHOIO MaCCHBA.

14.  PaswopasupaHue  3aAaHHOTO uyHcAa  HaHGoAee 3HaYHMH X
MapaMeTpoB -  yaaaeHHe HX H3  CHHCKa 3aMOpOX EHHH X

NapaMeTpoB. 3HAaYHMOCTb ONSATh Xe OMPEAEASIETCA MO AOKAABHOMY
aHAAHJY YYBCTBHTCABHOCTH , UK CAO pasudpaxnnacuux napamerpos
33A2ETCH OAHO AASl BCEX AOKAABHHX MACCHEOB .

Onepauus 8 HeoOXOAHMA AAs ANGOLO aATOpHTMA oﬁchuﬂﬂ 9 -~
Aafl OOYUEHHS TDAAMEHTHHMM METOAAMH H HX o6o6ueHusamu , 10, 11,

12, AAA aATOpHTMOB , yckopsiomix pa6oty TPAAHEHTHHX' METOAOB ,
13, 14 - AAd KOHTPACTHPOBAHUYA .

3aMETHM , UTO WTPadH 3a HexeAaTeAbHHe 3K ayeHHsl MapaMeTpoB
AEIKO  y4eCTb Xak B MNpoueasypax OUEeHHBaHHA , TaK npH
BHUYM CAEHHH Bcex NPOH3BOAHNX . OTACABHO chyanTb 3TO He Oyaeum.

HakoHeun, ecTb rpynna onepauui , BuﬁOAHﬂcuux cetbo Ges
npuMepoB - OflepalUy MO H3MeH eHHI KapTH napamerpoB. OOGpameHHe
ynpaBasiou eit CHCTEMH K KaKAOMY OTA€ABHOMY fnapaMeTrpy CHCTeMu
HCBO3GMOXHO , HAH , MO Kpa#iHed MEpE , HEMPAaKTHYHO H3-3a 60AbmHX
daTpaT BpeMeHH . [lo3ToMmy 1LeAeCOO0pPa3HO BHACAATb BO MHOKECTBe
NMapaMeTpOB OTAEABHHE MNOAMHOXECTBa - 'PacKpamHBaTb " ceTh.
BHEmHee ynpaBasibuee yCTPOiCTBO MOXeT fépeAaBaTb CETH KOMaHAH ,
TpeOyomHe BHMNOAHHTbL OAHOTHNHHE OnepauH’ coO BcEMH napauchaun
A3HHOTO uBeTa.

KpoMe Texymero maccuea NapaMeTpoOB CETH eCThb "HECKOA BKO
NapaAA eAbHH X €My  MAaCCHBOB : MpeAbAymHe napaMerpu (A0
TMOCAEAHErO. H3MEHEHHS , A0 HAYaAa AAHHOLO UHKAA 0OydyedHs , ao
HadaAa HEKOTOPHX MPEAHAYMHX LHKAOB OOy4eHHSt M T .m.); rpasHeHr
-PYHKUMHE  OLleHKH Hm ~ MAaCCHB. 4YaCTHHX NpPOHS3BOAHHX Hm no
napamMerpaM, TrpaAHeHTH Ha HEKOTOpHX  TmNpeAHAYWHX  [HKAAX
OOyUeHHsl , TpaAHeHT CYMMH KBAADBTOB TDAAHECHTOB M0 OTAEAbHHM
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MaCCHBH
ApHMCEpaM noKa3aTeAH UYYBCTBHTEABHOCTH H T.N. BCce 3TH

BYOIH X
pacxpamHEam'csl TaxK xc, KakK H MacCCHB COOTBET CTBY bl

fnapameTp . '
15. 3nemeHmapHoe U3NeHeHUe B pacKpalleHHOH
KaxAHWii TapaMeTp AAHHOIO LBeTa 3aMeHAETCH Ha

cCeTH COCTOHT B

CACAYNICM :
eM
HEKOT(pyo QYHKUHO OT 3TOrO NapaMeTpa H COOTBETCTBYNHX eMy

JAEMEITOB APYIHX MacCHBOB . HanpHMeEp :
OH

[X]
(1‘ :-a‘-eaa‘

H
I‘paAHtHTHHﬁ mar, BeAHYHHa wmara € Ha3HayaeTcCd H3BHE

3aBHCIT OT liBera; HAH
o, =0, -€ @ -G ) -
3 B
mar a — 3HauyeHHe Ha OAHOM HI l'lpOll.lAle maro.
“apTal , ’ ‘ BeTa ; HAH
£ Ha3nayaeTcsds H3BHE H 3aBHCHT OT 3 H
OH

P9
(1‘ :=(1‘-8&‘W‘—

obyu etHs ,

H T.A.
BuuicAeHHEe HIMEHEeHHH O
Aexamue B TOM X€ Cpede NapaArA€AbHHX MAaCCHBOB.
AOCTHYbL  O4EHb  BHCOKOW cTenenH
QYHKUHH  AOKYCKAOTCA  MPH  BBUYHCACHHH
MepeuH CAMM OCHOBHHE H3 HHX B

HCOOAbL3YeT TOABKO BEAHYHHH ,
[O3TOMY 3AE€Ch

napaAAcAbHOCTH
MOXHO

BHYH CA CHIN . KakHe
H3MEHEHHI ? BO3MOXHH BapHaHTH .
MopsiAKe y CAOXHEHHS .

A. AMHeiHHe QYHKUHH C 3aAaBaeMbMH H3BHE KO3QOHUHEHT aMH .

aMH o
B. AHHeiHHE OYHKIHH C OaAaBacMHMH H3BHC K O3QOHUH EHT

% Al MHOCHX
NPOCKTHBILM YUYCETOM OrpaHHYCKHH . A€AO B TOM, 4YTOo A

: HU eHHA
napaMmeTpoB CeTH H3 PasSAHUYHB X COOGanCHHH BO93MOXHH oOrpaH

BHAA .

a 200 20,

i max” i~ 1 min’
COCTOHT B TOM MTO

pesyabTar

Toraa MNPOEKTHBHHA YU€T OrpaHHYEHHH

JHYHCACHHSS HEOOXOAHMOrO H3MEHEHHss  €ro a

H a‘ o EcaH OH 6oabme A L TO O
m

, TO (1‘
i min

nocae

cpaBHMUBa#HHS C O

xe MeHbme QO
npHpaBHBacres & . Ecan

{ CThb
npHpaBHHBaeTCa QA _ . HanpHMep , ny

W= a-emp—g



v , ecau a‘ 2W20

max imin
A =1 Q , ECAH W>( H
i i max I max
a , €CAU (X >W .
i min i1 min

B. MHOTOYAEHH C ONpEAEAsieMHMH H3BHE KOOQQHUHEHTaMH .

. To xe, yTo H B, HO C MPDOEKTHBHHM YYE€TOM OrpanHYEHHI .

A. PauHoOHaAbHb € OYHKIHH - OTHOM EHHS MHOT OYA €H OB c

ONpeAEeAseMBMH H3BHE KOOJDPHILMEHT aMH .

E. To xe, 4TO H A, HO C NPOEKTHBHHM YYETOM OrpaHWUYCHHI .

KpoMe AoGaBaeHHS oONpeseAeHHOH OQYHKUHM K mnapamerpaM a"

€CThb elle OoaHa MpocTasd , HO OYEHb BaxHas oNepauus .

16. Cayvailinoe u3NeHeHUe napamMempor. K KaXAOMY al AaHHOro
uBeTa AoBaBasieT ca CAyuYaHHas BeAHYHHA , pPaBHOMEpHO
pacnpcaeaeHHass B HEKOTOpPOM OTpesKe. TpaHHUH 33aAapTCd
M3BHE , OCPAHHYEHHUS YUHTHBAWTCS MPOEKTHBHO. AAS BBEACHHS H
HOMEeHEeHHS! OrpauvM4eHHH AOAKHH CYNECTBOBAaTb COOTBETCTBYOUHE

onepauuH .
17. Jadamp a1 BCeX naApaNempoB AAHHOZ2O UBemd O2pAHUYEeHUS
0$“2a120hm'
BeawuHHR O, A, ©AHHAKOBH AAS BCeX TNapaMeTpoB

AQHHOr'O LUBE€Ta H 3aAa0TCS H3BHE.
HeobxoAHUMH Takxe onépauun no packpacke CEeTH .
flloTeHUHaAabHOE€ pa3HooOpasHe OIAECb oOueHb BEAHKO. OrpanHUHMCS
MOKa MepeurCAEeHHEM YETHPEX OCHOBHHX CnocoboB pacKkpackH.
A. Anpuopuwil  (MAM cmpykmypuwU ). LBera Ha3HauaoOTCs AO
OGy4eHHsA , HCXOASl H3 CTPYKTYPW CeTH. HanpuMep, OAHH UBET -
napaMeTrpsl HEHPOHOB, ADYrod - 'CHHalncoB CBSI3H , TPCETHA -
CHHAMCOB MNaMATH . ApPYrod TPHMEDP - AAS MHOTOCAOHHOA CeTH
CHHANCH KaXAOI'O CAOS oxpamuaanTcﬁ B CBOHl LBeET.
B. Tovweynwd . PackpacKka NPOH3BOAHTCH MO YCAOBHSM , NPOBEPS EMHM
B OAHOM Cpe3e TNapaAAEAbHHX MACCHBOB : HCNOAb3YOTCH O ,
6Hpq/6al, ® H T.I., TO €CTh BEAHYHHH , OTHOCAmMECH X Q.
B. Jfloxanpuwld. Packpacka MPOASBOAHTCH TNO aHaAM3Y AOKaABbHHX
MacCHBOB , HampuMep, IO MAaCCHBAM BECOB BXOAHHX CHHAamcoB,
NPHHAAAEXAWHX OAHOMY HEHDOHY , H napaAAeAbHuu HM A OKaAbHbIM

MaccHBaM — MpPOMIBOAHHX H ., MPEAHAYWHX SHaueHMA NapaMeTpos ,
‘

noKkas3aTeaell  4YYBCTBHTEABHOCTH W T.0. [IpUMEDP  AOKaAbHOIl

PackpackH - BuAeaeHHe HaHGoaee 3HAUYHMHX '~ MapaMeTpoB Mo
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AOKAaAbHOMY aHaAH3yY YYBCTBHTCABHOCTH (Omepauus 12).

FaoGaabHast packpacka MCNOAb3YeT cpasdy BCE NapaMeTp H
SIBASIETCSl AOPOrOCTOsilEd MO BPeMEHH onepandeid. B GoAbmHX CeTAX
€¢ HCNOAb30BAaHHE BPSA AH NMOAE3HO. 3aBepmas Ham COHCOK , YKaxeM
ABE€ ONEpal¥H C LUBETAMH.

18. Haswavenue HoBo20 uBema. CeThb NoAy4YaeT THN HAa3HaYeHHA -
TOUEGUHHH , AOKAABHHH HAM TAODAABHHH M YCAOBHE , MO KOTOpDOMY
PopMHpYeTCH HOBWH UBET. B KOHKPETHJaUMH 3A€Cb HYKAAWTcCS
AoNycKaeMple Y CAOBHS .

19. CausHue ypemoB . [lapaMeTpH HECKOAbKHX LBETOB OKDAamHWBAaWOT cd
B OAHH LUBET , NMPEXHHE LBETAa OTMEHSOTCH .

HTak , Md OOCYAHAH, UYTO MOXET H AOAXHA A€AATb CETb,
BHACAHAH OCHOBHHE ONepalH¥ . IIDHBEAEHHOE ONHCaHKMe HE OTHOCHT cH
X KaKOMy-AHOO  KOHKpETHOMY HEHPOK OMI bOT epy H  TNOoTOoMy ,
€CTECTBEHHO , HMEET OJCKH3HHH XapakTep. OAHAaKO OHO MO3BOASET
ABHTaTbCA AaAablle B OGCYXAEHHH AATOPHTMOB OOydeHHS .

10.5. YueT orpaHHYeHWH npu obGyyeHHnu

B NMpeadAyWEM pa3AeAe yXe YNOMHHAAOCH , YTO AAS MapaMeTpoB
CETH BO3MOXHbH OrPaHHYEHHS NMPOCTEHmEro BHAA

al max)alwl min’
OHH BBOASITCA H3 pas3HbX CcoobpaxeHuH : uToOM H30exaThb CAHIEKOM
KPYTHX  HAH, HaobOpOT, CAHEHKOM TOAOTHX  XapakT epH CTHK
HCHAPOHOB , YTOOH MNpPEAOTBPAaTHTb MNOABAEHHE CAMEKOM GOABEMX
KO3QQHLUHEHTOB YCHAGHHS CHIHaAa Ha CHHancax H T .m.

YYHTHBATh OrpaHHYeHHH MOXHO , HanpHuep ,
METOAOM mTpadHHX QYHKUHH ANDO METOAOM NPOEKUHH .

HcnoAb30BaHHE METOAd WMTpadHHX OYHKLUHA oO3Ma4yaeT , 4TO B
OlleHKY Ao0DaBAfiOTCH mTpadpl 3a BHIXOA MNapaMeTpoB H3 obaacTH
OrpaHHYeHHA . 3T0 He TpeOyeT HHKAKHX AOMNOAHHTEABHHX H3MEHHH
CETH — MEHSeTCSs TOAbKO O(YHKIHS OLUEHKH , a B TpaaHeHTH H
BBOASITCSL NMPOH3BOAHHE HTPapHHX QYHKUHH .

MpOoeK THBHHA METOA  TMpeANnoAaraer , 4To €CAH CeTH
npeararaercs HIMCEHEHHE MapaMeTpoB

a‘= Wl



H W‘ AAA HEKOTOPHX i BHXOAHT 3a OrPDaHHYCHHSA , TO CACAYECT
NMOAOXHTB

W,ecaHOQ, 2 VW 20 ;
fmax 1 imin
a = 1A , CCAHW > QO
i imax 1
(04 , ECAHW < Q
imin i

imax ’

imin ’

Mocae aroro obyuenune (ro €CTb  MHHHMH3alUHs Hpg)
NPOAOAXAETCSH .

B HameM ONHTE TMPOCKTHBHHA METOA HeE TNPHBOAHA K
KaKHM-AHOO 3aTpyAHeHHAM . OOpaumeHHe C¢O WTPAaQHHMH QYHKUHSIMH
OHAO MEHee YCrEeHmHHM .

Aaaee MH OyAeM noaaraTb, YTO OrpPaHHYEHHSI YUYTCHH OAHHM
H3 yKa3aHHHX MCTOAOB. ByaeM TrOBOPHTb 06 oOOyueHHH Kxax o
6e3yCAOBHOH MHMHHMHIaUWH , NoapasyMeBass AHOO HaAHUHEe WTpadHHX
dyHkunil , AH6O oOnHcaHHy0 NPOEKUHOHHY©O NONPaBKy , BHOCHMYO BO
BCE HIMEHEHHS MapaMeTpoB.

10.6. OnHoOMepHAA ONTHMN3aUMA

Bce mnomaroBHe METOAH ONTHMH3alUHH COCTOST H3 ABYX
BaxHeAmHX uacTedl : BHOOp uahpaBAeHHﬂ H BHOOp mara B AQHHOM
ManpaBAEGHHH . METOAH OAHOMEDHOH ONTHMH3AUHH A20T 3QQEKTHBHHH
cnocob Aast BubGopa mara.

3aMEeTHM , 4YTO AAfA OOyuYeHHs' MO OTAEAbHHM MNpHMEpaM, TO
ecThb 6e3s mnmocrpaHHuUHOHR OpraHH 3alHH METOAH OAHOM EpHOMt
ONTHMH3AIHH HENDUMEHNMH - OHH CAUDKOM ‘GQQCKTHBHH , TMO3TOMY
AaBasi 3aMeTHOe YAYuYmeHHe Ha oOaHoM oOyuaomeM mnpuMepe, OHH
4aCTOo paspymaonT HAaBHK pCEmEHHs npeAuAymnx.‘an NOCTpaHHYHOM
0OyuyennH Takoro obHYHO He TpOHCXOAMT .

H3 OTrPOMHOTrO KOAHYECTBA aATOpPHTMOB OAHOM EpHOM
ONITHMH 3al{HX ONMHmEM OAHH. OH xopomo moxasaa cebs B 0OyuYcHHH
HEHPOHHHX ceTed .

AATODHTM HCMNOAB3yeT MNpOUEAYPY BHUHCACHHS MHHHMH3HPYeEMOH
dyHkuMM (QyMKUMH omHOKH Ha cTpaHHlUe H=Hpq). Nepea Havyaaom
paboTte OH MoAyuaer HauyaAbHYl® TOYKY - BEKTOp o, HanpaBA CHHE
ABHXEHHS - BEKTOp S , HauyaAabHHH mar dO H HWHOOpMALH® O TOM,
ABAFEeTCS AM S 0e3yCAOBHbM HalNpaBA€HHMEM CNycka. [locaesHee
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O3HauaeT ANpHOPHyo HH)OpMalHL O TOM , CyMECTBYET AH Takoe €>0,
yto npH 0O<d<€

H(@°)>H @ +ds) .
ECAH WOBECTHO, 4TO cymecTtByer, To s - GesycaoBHOC
HanpaBACHHE CHYCKa M MpH MHHHMH3alUHH padyMHO OrpaHHYHBATbCs
cayuaem d>0. ECAH HEH3IBECTHO , TO MOXET 0KadaTbld MOAC3HHM H

Bu6op d<0.

Be3y CAOBHHM HAanpaBACHHEM ClyCKa SBASETCH aHTHTPDAAHCHT
H.

Kpoue TOrO, aATODHTM MOXET MOAYyudTb BHUM CACHHHE paHee
3HaY CHHS

H@ ), HE +d s).
EcAH Kakoe-AHGO HI HHX HAH 06a HEHOBECTHH , TO 3TH J3Ha4YCHHSA
BHUHCASIOTC H CPaBHHBAOTCH .

EcaHn H(Q °y > H(0P+dos), TO BHMNOAHAETCS Mpoueaypa
Increase (Bo3pacTaHHe mara). B MPOTHBHOM cayuge NPH XOAHM K
npouneaype Decrease (ybupaHne mara).

o6paTuTe BHHMaHnHe Ha 3HaK HepaBeHCTBa B YCAOBHH : >, 2
He >. DTO CymecTBeHHO MpH MNpPOTPaMMHOH peasH3alMH - mar
MOXET OKa3aTbCsl CAHUKOM MAAbM , @ YAYUENEHHE -~ HE3aMCTHHM . Aast
NpoBepKH mar HAAO YBEAHYHBaThb, a HE yffﬂbmafb.

Increase . Ilpoueaypa noayyaer &, S, d, ® 3HaueHHs
MHHHMH U pY €M Oft QYHKIHHA H(a?), H(0?+dos). MpH 3T OM
H(OP))H(0P+dos). HCnoAb3yercs npoieaypa BHUYH CA EHHS
MHHHMH 3HPY EMO#l QYHKIHH .

B npolieaype Increase HCMOAb3YOTCA KOHCTaHTa BO3pacCT aHHSA
r, TPH TMEPEMCHHHX mara d1< d < d3 H TpH - Aadl
COOTBET CTBYOMHX OHayeHHH ¢yHkuun H . H,, H, .MIOAY4YHB BXOAHHE
AaHHHE , fOAAracu ,

d1:=0,d2:=d°, d,;=rd , H :=H@"),

H,:=H ©°+d,s)

0
BHuUHCAAECM H3=H(a +dss). EcaH H3>H2, TO nepexXOoAHM X
napaboaMYECKOMY MOHCKY - TpolleAypa Parabola. B HpOTHBHOM
cAyuac npoBepsieM , obGpa3yeT aH Tpoiika apryMEHTOB dx,z,a H
sHaueHHdl H , _ BHIyKAY® KOMOHHAIHD :

’ ’
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H<d3_dzq +d2—dlﬂ . (115)

2 d3—d1'1 d3—d1 3
ECAH 9TO BEDHO, TO CAEAYONHA Mmar A€Aaercd B BepUHHY
rpapuk KOT OpOH NPOXOAHT yepes TOYKH

napaboas ,
2 2 .
i ; = = 3). BHUMCAdEM
@,.H,)([=1,2,3); “l‘ad1+bd1+° (i=1,2.,3)

H_-H
w___b_d+d1 . 3 1 (116)
- 2a 2‘ H3—H2 _ HZ—H1
d -9 ~d-da
3 2 ! 2 1
; 2= =W,
ECAH W > d3, TO ToAarae d1.=d2, dz.—da, d3

° cd - K
= = nuHcasied H_=H (0 +d_S) H BO3BpamaeM
H =H,, H, =H , B =H( 3
nposepke yCAOBHA H3>H2.
ECAH W<d_ (32MeTHM , YTO NpH YKa3aHHHX YCAOBHAX BCEraa
3

= = =H_, BHYHCASIEM
w>d2), TO MNoaaraem d1 "dz’ dz. W, H =H,
H_=H (a°+dzs) H BO3BpalaeMcs K Hauaay .
2
ECAM XK€ YCAOBHE BHINYKAOCTH (115) He BHMOAHAETCH, TO

\
= = d =rd_ H ToXe BoO3BpamaeMca K
noaaraem d1 ._vdz s dz. d3, s 3

Hauaay .
AOMOAHHT eAbHHE TpOBEPKH . BeckoHeuHwil mar: d >A, Trae A
- 3apaHee 3aAaHHoe ODoabmoe UHCAO. [lpoueaypa OAHOM EpH O#t
ONTHMH 3aUHA AAS 6e3y CAOBHOI'O HanpaBA €HHS cny cka
3aKaH4YHMBaeT CA cooOu eHH eM "6 € CK OH EUHBIA mar ", AAS
HeGeay CAOBHOrO BO3MOKEH Mepesanfyck ¢ d0:=—do (MAEM B

NPOTHBONOAOKHYO CTOPOHY ). OCTaHOBKa : €CAH NMOCA€ BHYHCACHHA

npvcBoeHHA HOBuX oSHauenHdn d , H u

BepmHHE TNapaboan W, .

BHUYHCA €eHHSL HEAOCTawWero H‘ BHITOAHEHbH Y CAOBHA

[d,-d,|
3 2 _
<€, |4, H,| <0,
3 |
rae € H O - 3apamHHe MaAHe UYHCAQ, TO ONTHMH3AUHA
3aKaMuMBaeTCcHd , B KaueCTBe pe3yabTara TMNpomeAypd BHAAETCA
HaumeHbmee M3 H, H M COOTBETCTByOWAH ITOMY HaHMeHbOeMy
|
3HaYeHH BEAHYMMa mara.
Decrease . 3Ta TMpolieAypa CYWECTBEHHO pa3AHYHA  AAd
He3y CAOBHHX H  HeDEedyCAOBHHX  HampaBACHHH cnycka.  Aas

f eTca Ha
Heay CAOBHHX HaNpaBaeHHH cnycka mar ApoOHTCA (yMHOXA

)
He cTaHer
KOHCTaHTy p, 0<p<l) A0 Tex mop, noka H(Q +ds)

wenbme , uem H(@°), AHGo mar me
3apauee

CTaAaHET HYACBLHIM (MeHbm e

FAAAHHOI'O MAaAOTIO 'Y>0 ) .Ecau mar CTaA HYACBLIM ,

OAHOMEDHASA ONTHMH3alUd 3aKaHYHBAeTCHd H BHAQAECT CA COOGH]CHHC

'HyACBOi{ mr". ECAH NocCae OQUEPDEAHOI'0O yMEHbIEHUS mara CTaAo

H@®)>H @°+pds) (<H (@°+ds)),

TO MEPEXOAIM K NapabOAHMECKOMY MOMCKY — npoueaypa Parabola .
AAs  HeGE3YCAOBHHX  HaNpaBA eHHil cpasy

ACAAETCd ©@ar B NP OTHBOI OA OXH OM HallDaBACHHH H BbUYHCASETCSH

H (a°—dos) . Ecan

ONTHMHU JALHH

H@°)>H @’+d s),
TO MEPEXOAIM K mpoueaype Increase, fnoaaras d, =-d_.
B MPO'HBHOM CAYYae NMEPEXOAHM K NapaboAHUECKOMY MOHCKY -
npoueaypa lrarabola .
Parabela . Noayuaer o, s TPH paJAHUYHHX GSHauYeHHsi mara
d1<d2<d3 H COOTBETCTBYbWHE 3HAUEHHS OQYHKUMH H , H H

2’ 3°
cpeAHee M3

MEHbme KpaHHHX H He

KOTOpH X OAHOr'O H3
NPpEeBOCXOAHT APYLOro :
H1>H2<H3 HAH H1>H2< H3 (117)
Ha XaXAOM 1are CHOBa CTPOHTCA TpoiKa SHaueHuit d , AAS KOTOpHX
3HauyeHHss 1  yAOBAETBOPSNT (117).
NMPOLEAYPA FHYHCAEHHS OL EHKH .
BuuyHCcAdeTcst W (116) W H = @°+¥s). Hs ABYX BEAHUMH H,,
H Bubupaeics ueHbwasi. ECAH 3To H , To BusCHseTcH W>d, HAn
HeT . Ecau W>d2, TO TMNoAaraem d1 :=d2, d2;=w.
noaaraew d3:=d2 , d2 = W. Ecau xe H_<H , Takxe cpaBHHBaeM W u

dz. Ecan w>d2, TO MNoAaraem d3:=w. ECAH HeT, TO noaarae

d1 =W . COOTBETCTBEHHHE 3HAUEHHUS npucBauBawTCad H Hl .

Y CAOBHI HcnoabsyeTcs

EcaAH HeTr, ToO

llocae aToro Bo3Bpamaemcss K HAauaAy H BHYHCAsieM MOBoe W .
BuXOA H3 napaGoAHYECKOro MoMcKka MOXET COBEPHHTHCS MO
HECKOADbKHM DCHOBAHHSN .
1. ECAH B NOCAEAOBATEABHO BHUHCASIEMHX BEpUMHAX SHaYeHHs H
OTAMHA0TCA MeHbDE , YEM HA 3apaHee 32AaHHYK MaAyl0 BEAHUHHY .
2. EcaH d3-d2 CTAHOBATCHA MeEHbEE HeKOTOopoK
3apaHee 3aAIHHOH MAAOH BEAWUYMHH .

Hau d_-d
2 1

3. Ecan mapiboaa cTpouaach N pa3, rae N - 3apaHee 3aaaHHoe
HAaTYPaAbHOE YHCAO.
Y CAOBH:

BhXOAQ KOHCTpyHpyeTrca H3 1, 2, 3 aHbBO Kax
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AHSBOHKUHA — 1 HAH 2 HAH 3, AMGO KakK (1&2) HAH 3.

Ha  BHXOA€ M3 NpOUEAYPH MoOAyuaeM HauMeHbmEe HI
TOCTPOCHHHX 3HAaYeHHH H H COOTBeTCTBybmMy® BCAHYHHY Hara.

: HTak , B pesysbraTe OAHOMEDHOH ONTHMH3aUHH noayuaem
BCAHUHHY m@ara M O3HadyeHue H, AHGO coobueHHe o TOM, uTO
YAYYUHTDb OUEHKY B AAQHHOM HaNpaBAEHHH He yAaaercs .

KpoMe TOro, MOXHO TOAYYHTB MOAEIHYO AOMOAHHT €A BHYD
HHOOpDMAlKO - OUEHKY BTOPHX MNPOH3BOAHHMX H B  AQHHOM
HanpaBACHHH B TO4YKe BHOpPaHHOro Mara. Pe3yAbTaTHBHHA BHXOA H3
ONTHMH3allHH BOJMOXEH TOABKO MOCAE NOCTPOEHHS mapaGoal. MycThb
OHa CTPOHTCSL [0  TpeM 3H a4 CHHSAM mara d1<d2<d3 H

COOTBCT CTBYDMHM TpeM 3HAUYCHHSIM OLEHKH H H H_ . Toraa B

2’ 3

KayecTBe MNpHOAUXEHHS MOXHO NPpHHATb BTopylo NPOH3BOAHY® I3TOH
KBAAPaTHYHOH 3aBHCHMOCTH :

d ). (118)

-H HH
s,

d2 o
32 @ ”S)’*’z[a—-—cr a—-—cr

E€ MOXHO HCNOAB30BATh B NpoUEAypax MHOTOMEDHOH ONTHMH 3allHH .
10.7. OByMepHas ONTMMK3IAUMSA

HCNOAB30BAHHE AASl ONTHMHOAUHH cpa3sy ABYX HanpaBA CHHH
HEPEAKO OKA3HBAETCS HaMHOrO 3QPEKTHBHEEC , UeM OAHOro. Kax
BUOHpAaTL HanpaBACHHA , MH OOGCyAWM MNOSAHEe, a MoOKa OMHmEM
MPHEMA EMHl AATODHTM ABYMEDHOH ONTHMHIALMH .

AATODHTM MOAYYAaeT Ha BYXOAC HauaAbHHI BeKTOp o°
HanpaBAGHHS S , S, H HaYaAbHHE Wark B 3THX HanpaBACHHSIX, a
Takxe yKasaHus Ha To, Oyaer amu s, HanpaBAegHéu 6e3y cAoBHOrO
cnycka u3 ToukH o, a S, - H3 TOYKH , MOAYYAEMOH OAHOMEPHON
ONTHMH3AUMK M3 O B HaﬂpaBAeHHH S,. Hcmoabsyercs npoueaypa
BHYHCAEHHS OIeHKH H (H= Hpq).

Nlpunewanus, 1. OT TNepecTaHOBKH S, H S, MeEHAoTCH
HauyaAbHHE YCAOBHS AASl PabOTH aATOPHTMa M, 'CAEAOBATEABHO ,
pedyabTraTr. 2. BekToOp S, Moxer GHTb mosyueH He cpasy a mocae
OAHOMEDHOH ONTHMH3alUHH B HanpaBAemm S, , HalpHMep , OH MoXxer
GHTb aHTHTPAAHEHTOM H, BHUHCACHHHM B ToHKe,‘KOTOpaﬂ HallaeHa
B pesyAbraTe nepBOH OAHOMEDPHON ONTHMHS3AUHH .

AATOPDHTM CTDOHTCS Tak. CHauaaa - OAHOMCDHast OMTHMH3aUHs
H3 HauyaabHoll ToukH (° B HaNnpaBaeHHH S, . OGO3HAYHM HaHACHHHH
mar d‘, COOTBETCTBybuee 3HadeHHe H - H , a oueHKy BTOpOH
NPOHSIBOAHOH (118) a . NOToM - BTOpooe NpHMCHCHHE OAHOMEPHOH
ONTHMH3AllHH , HauaAbHas Touka QO +d1sa » HanpaBAeHHe S, ,
pcayAanpylomnn mar o6o3Hauum d,., cooTBeTCTBybmee 3HaucHHE
OyHKUHH H (X °4d (S, +d, s, ) H,, ouemcy BTOpOH nponsnoAHoﬁ - a,
HakoHel , TPeTbe NMPHUMEHEHHE OAHOMCPHOH ONTHMH3alUHH . HauaabHast
touka o°, HanpaBA €HHE sa=dlsl+dzsz, HayaAbHHH mar 1 (4 cpagy
Increase), Ha BHXOA€ - J3HayeHHEe Eara X, JHaueHHE QYHKIHMH
H_=H (a°+x (dlsl+dzsa)), Oll¢HKa BTOpPOd NMPOH3BOAHOH (118) a,.

B pedyAbTaTe TpEX TNPHMCHCHHH OAHOMEPHOH OMTHMH3AallHH
NMOAYYEHH TPH TOUKH a°+dlsl, a°+d‘sl+dzsz, a°+x(dlsl+dzsz)
TPH COOTBETCTBYOmMMX SHaueHHS QYHKUHH H >H_>H_ H TDH OLCHKH
BTOPHX MPOH3BOAHHX (118):

2
als»(;dT(a%ys1 )

d2
a~——H((1+d S, +ys, )

dy*®
d? 0
ams— H@ +y (dlsl+dzs2 )) .
dy
H3 a  MOXHO TOAYYHTh OLEHKY MAaTpPHUH BTOPHX NPOHIBOAHHX
OYHKUMH h ABYX NmeEepEMEHHHX Y , Z
by, z)=H @ +ys +2s,):

2 2 2 a_-d2a -d2
ﬂma; %maz; é’™h 32dd 2?2 (=a (119)
ey* ' &y oy oz 1%2
Aaaee NMPOBEPSIEM MOAOKHTEALHYO ONPEAEACHHOCTh MATDHUH
a a
1 %12 (120)
alZaZ

ECAH oOHa He SBASIETCS NOAOKHTEABHO OMNPEACAEHHOH , TO
BHXOAHM H3 IHKAA2 ABYMEPDHOH ONTHMH3alHH. Ha BHXOAE -
NpeasaraeMoe HIMeHeHHEe BeKTopa mnapameTpoB x(d s +d s ) H
COOTBET CTBYONlEe 3HAYCHHE QYHKUHH H,

ECAH xXe¢ MaTpHlla (120) MOAOXHTEABHO ONPCACACHA, TO
MEPEXOAHM K AaAbHEHIEMY YAYYHEHHO MO MOAHQHUHPOBAHHOMY'



METOAY HBOTOHA € NOCTOSAHHOR ANNPOKCHMALHEH MAaTpHUH BTODHX
NPOHSBOAHNX (120). AASI OYEPEAHOrO WAara MeToAa HeoOGXOAHMH TpH
v,2,), 0,2,
npsaAMoi , W 3HauYeHHs h(y ,z)
TaKkyw AHHEHAHYO QYHKUHW L (y ,Z)=py+qZ+c, 4TO
= i=1, 2, 3,
hy, .z, 7L, 240, 2, 1=1,

TOYKH (Y, +2,), HE ACKAmMHE Ha OAHOH

(119) B O9THX ToOYKaX. HaXOAHM

(121)
rae Q - KBaapaTHYHas QopMa
=1 2 a z + 1a 22
Ay .z)y=32,y + 3.,y 292
MoCAE 3TOr0 HAXOAHM MHHHMYM NoOAHHOMA L (Y ,z)+Q (Y ,2). TOUKY
MHHHMyMa 0603H auHM Yo %o- Moaaraem (y‘,zl):=(y2,zz);
(¥,:2,) =(,,2,); (Y,:2,) = y%,)- BHYH CASIEM h(ya,za). H3
AHHEHHH X YpaBHEHHHA (121) CHOBa HOeM KOJ)PQHUHEHTH L - uHcA2
P, 4, C. BHOBbL HaXOAHNM MHHUMYM L+4Q H T.A.
KpHTEpHH OCTaHOBKH :
1. BexToOpH (yl,zl). (yz,zz). (ya,za) A€XaT Ha OAHOH MNpSIMOH :
P ,-Y,)(2,-2,)- (V,-Y, ) (2,72, )| <€,
£ - 3apaHee 33aAAHHOE MAAOE YHCAQ.
2. HoOBHH BEKTOp (Y, »%Z,) M2aA0 OTAHYAETCH OT MpEANAYNETr () ¢
ly,-y,l+lz;-2,1<0,
0 - 3apanee 3aAaHHOE MAA0OE YHCAO.
3. HoBoe 3HaduedHe h Maao OTAMYAETCd OT MPEABAYUErO :
fhy, z,)-h(y, z,)l<T, .
Y - 3apaHee 3aAaHHOE MAAO0E YHCAO.
4. UdHcAO maroB npeBHcCHAO N, N - 3apaHee 3aAaHHOE HATypaAbHOC
YHCAO.
YCAOBHE OCTaHOBKH - 1 HAH (2&3) HAHU 4.
3ameyaHUe . [IOCKOABKY MNpH 3HAKOHEONpeAeAeHHOCTH (QopMb Q
6HT b

NPOHCXOAHT OKOHYaHHe pabore, a He AaAbHEHWHH TIOHCK ,

ecTecTBEHHee HAa3BaThb ONHCaHHBH AATOpDHTM - AATODHTM

MOXET ,

ABYMEDHOTO YAYYNEHHS (a He ONTHMH3aUHH ). BO3MOXEH BApHAHT :

AASl 3HAKOHEONMPEAEAEHHHX GopM Q HMeETCH chCTBCHHuﬂ BeKTOp V

MATPHUBM (120), COOTBETCTBYOWHH HENOAOKHT €A bLHOMY cobcTBeEHOMY

UMCAY H B HanNpaBAEHHAX *V C HaYaAbHOH TOYKOH y=xdl, z=xd2,

NPOBOAHTCSH OAHOMEpHAas ONTHMH3aUuA . Mlocae 93TOro - BHX0A C

HaflAeHHHMX 3HAYeHHA h u

HAaHMEHbBUHM H3 COOTBET CTBYOIHMH

SHAYCHHAMH Yy, Z .

Ha BHXOA€ H3 ONHCAHHOW NpPOLEAYDH ABYMEDHOH ONTHMH3ALHH
(YAYUYDEHHS ) MOAYUYAEM BEKTOD H3MEHEeHHH yd1s1+zd2s2 H SHAYEeHHE
H nAaH coobmeH€He O TOM, UTO NPHMEHHTb AATOPHTM HE yAAETCH .

10.8. HaMckopefuKii cnyck, cayvyalHHA NOMCK X mapTaH
MEeTORK

M yxe HMeeM B CBOEM pacnopsiXeHHH TpOLEAYDH OAHOMEPHOW
ONTHMH3AUHH H YAYYWaAWMEro NoMcKka B ABYMEDHOM NpPOCTpPaHCTBE.

Bonpoc : B KaKHX HaNpaBA EHHSAX NMPOBOAMTEL STOT MOUCK .
0

[lycTb 3aAamo HayaAabMO€ 3HaueHMe mnapamerpoB O° H
BHUYHCAEHA QYHKUHMS  OLEUKH H=H(a°). llponeaypa OAHOMEpDHOH
ONTHMH3AUUH Aacr npubGAHX eHHOE NOAOXEHHE MHHHMYMa
h(x)=H(a°+xs) (Boobme rosop4 , AOKAABHOro0). llpoumeaypa

ABYMEpPHOro NOHCKa YyMeubliaeT 3HayeHHe h(x,y)=H(a°+xs1+ys2).

Tenepb HYXHO OMPEAECAHTb HaNnpaBA€HHs S HAH S H S H

1 2
Ha4YaAbHHEC Waru.

HanGoaee OYEBUAHBA BHOOD S AASL OAHOMEDHOH ONTHMH3AallHH —

HanNpaBA€HHE aHrpaameHta H: s=-VH. BhbepemM Ha KaxaoM mare

3TO HaNnpaBAEHME , MOTOM - NDOBEAEM OAHOMEPHYH ONTHMH3ALHW ,

noroM -

CHOBAa BBYHCAMM TpasHeHT H M T.A. 3TO — METOA
HAHCKOpeHero Ccnycka - DNDHMHTHBHEHNHA H3  TIPaAHEMTHHX
MeToaO0B . H3peaka pabGoraer xopouwo.

Apyrod cmoco6 -~ cayuyadHWi BHOOp HANpPABAEHHSI S AAS

OAHOMEDHOH ONTHMM3AUWH . MNoayuaeMHd wmeToA TpebyeT 6oAbloro

YHCAQ mMaros, HO 3aTo NPEABLABASIET MHHHMAaAbHH € TpCGOBaHHﬂ K

CeTH - eMy HeoOXOAMMO TOABKO NpPAMOE QYHKUHOHHDOBAHHE

'BHYHCAEHHEM OlLEHKH. KpoMe ToOro, BCTPEYawTCs CHTYalHH ,

c
B
KOTOpHX METOA HaHWCKopeHWEro cmycka He paboraer, a NOHCK B
B

NCquaﬂHOM HanpaBAECHHH MEAAEHHO, HO BEDHO BHTACKHBAET

tHyXHy®0 o06GAacTb napaMeTpoB.

14 AASl TOro, 4YtobM HCIpaBUTb HEAOCTAaTKH HaHCKopCﬂWCFO

femycka , cymecTByeT orpoMHOe UHCAO METOAOB. B OTOM pa3saeae
ﬁDchAHM OAHO CEMEACTBO TAaKHX METOAOB ~—- MTEDPANMOHHHA H
WOAHQHUUD OBAHHKA TIApTaH—-METOA .
t HTepalHOHHHH TapTaH-METOA

(k-mapTaH ) CTpPOHTCH Taxk. B



HauaAabHoil Touke (° BHUHCASETCS TIPasHEHT H W AeaaeTcs mar
HaHCKOpeAllero Ccnycka - AAsi 3TOTO HCNOAL3YETCS OAHOMepHas
ONTHMH3ANMS . AaAee - CHOBAa HaHCKOpeHmHH cnyck H Tak k pas.
HayaAbHHE MNapaMeTps a®° npw 3TOM  XpaHsiTCd B NaMsTH ,
npomexyrouusie - HeT. [locae k maros HanckopedANero cnycka
noayyaem a“ u NpOBOAHM OAHOMEDHYW ONTHMH3alUHKW K3 a’ =
HanpaBA EHHH s=a*-o° (ot a® x a*) c HayaabHEM maroM d=1 (cpa3y
Increase ). llocae 3TOr0 UHKA NMOBTOpPSIETCS . ‘
MOAHOHIHD OB aHHH napTéH—ueToA TakXe TpeﬁjeT 3an OMHH aHH S
AONMOAHHTEALHONH KAapTH NapaMerpoB. OH CTpoHTCHd Tak. Hs3 al.
AEAQETCS ABa Wara HaHcKopeHdliero cnycka. IloayugeM al, a®.
Aaaee —~ OAHOMEpHasA ontuuusamus u3 o B HanpaBA €HHH
ak-dP.HOquacu a®. Nocae sroro o yXe He HCnoAb3yercs. Aaaece
— HAaHCKOpEHWHH CNycK H3 a’. Moayuaem a'. TNorou oanomepHas
ontumu3auns u3 o> B HalpaBA EHHH at-o?, NMoAy4aeM a®> M T.A.
Yerhne 0" noAyuaeM Haﬂcxopeﬁmﬂu CIYyCKOM H3 a®™ . Heuernue
o®*' - oamomepHOAd onTHMESaumed H3 02 B HanpaBaeHHH
s=02* o2 (HayaabHHWI mar d=1, cpa3y Increase).
Mo wHawaM HaOGAOAEHHSIM , MOAHQUUHDOBAHHWH NapTaH-METOA B

3asauax obyueHusd paboOTaer Ayume , YeM k-mapraH .

H3 HaHckopefmero CHycka, OAHOMEDHOH ONTHMH3AUHH B
CAy4YadHOM HAaMpaBAEHHH H ‘napTaH-unvoa MOXHO MNOCTPOHTDL
He6oABLON  KOHCTDYKTOp aATOpHTMOB. O6o3wayuM S - mar
HaHCKOpeHmero Ccnycka, 'R - mar ONTHMH3AUHH B CAYYAHHOM

HanpaBaeHHH .3anHCb OyAeM YHTaTb CaeBa Hanpaso. Hanpumep,

3aMnuchb

a°SRRSS (122)
O3Hayaer , yTo H3 HayaAbHOH TOYKH ao‘ A€AACTCHA mar
HauCKOpeHmero Ccnycka, MNOAY4Yaem a', mnorox u3z o mar

ONTHMH3AIHH B CAYYAaHHOM HAaNpaBAEHHH , MOAYYAEM a®, us a’- wmar
ONTHMH3ALHHE B CAYYaHHOM HanbaBAcHHH, noAydaeM aa, s o’ -
thcxopcﬁmuﬂ COycK B a*, u3 a'- mauckopedmHid cnyck B a’.
CneyHpHUECKHE WAaCd HTEPAUHOHHOTO H MOAHQUUHPOBAHHOIO
napraH-meTroAoB OyaseM o603HauaTh KBaAPaTHHMH CKOOKaMH. 3uak |
O03HayaeT , YTO NapaMeTpu , NMOAYUEHHHWE B NpONCAYypaX, ONHCaHHMX
AO 3TOr0 SHAKa , 3aNOMHHAWTCA H OYAYT CAYXHTbL HadaAbHOH TOUYKoON
AAS mapTaH-mara. 3Hak | o3HayaeT , YTO U3 BEKTOpa NapaMeTpos
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¢, xOoTOpHii OHA NOAyYEH B TNpOLEAYPAX , OMHCAHHHX AO OTKPHTHS
OXOOKH , Aeaaercd mar B HanpBaewmd o' -0*(l<k). Bektop Q'
MOAYYEH B pPE3YAbTATE NMPOUEAYp , ONHCAHHHX AO BAKPHTHA CKOOKH .
BeAHUHHA Wara NoAGHpAaeTcs METOAOM OAHOMEpDHOH ONTHUMH3AUHH , €ro
HauaAbHOE 3HaueHHe paBHO 1 (cpas3y Increase). Hampuumep, €CAH B
ApeAasAylleidl 3amHCH (122) MOCTaBHTbL CKOOKH
a’SRRS IS, (123)
aro 6yaeTr O3HayaTb, YTO  pesyabraT NMOCAEAOBATEABHOIO
NPHMEHEHUS K o° cHauaaa Wara HaMCKOpeANWEro CHYycKa, MOTOM -
OAHOMEDHOH ONTHMH33UHH B CAy4YallHOM MalpaBACHHH (T .e. o®)
3aNOMHHAETCS , NOTOM — ONTHMH3aUHS B CAYYAHHOM HaNpaBAEHHH -
noaydaem a®, us 0° - HaHCKOpehAmHA COycK B a'. mNorou ckobka
3aKPHBAETCS , 3HAUUT MPEANPHHHMACTCsl War H3 TOUKH , MOAYYCHHOH
MepeA OTKPHTHEM CKOOKH B HaNpaBAEGHHH TOUKH, NMOAYYEHHOH NeEepeA
3aKPHTHEM : U3 o’ NpPOBOAHTCS  OAHOMEpHas  ONTHMH3auHs B
HalpaBA €HHH s=a‘—a2. MoAyyaeM HOBOE a5 - He TO, YTO NpEXAC.
W, HakoHel , HAHCKOpEHMWHA CnycK H3 o B a. Pe3syabTatr - al.
CXeMa HTEpalUHOHHOro mapTaH-MeToaa (k-napTaH):

a°[SS..S}...[SS..S]...
k pas k
CxeMa MOAHPHUHPDOBAHHOrO MAapTaH-METOAQ :

a’(ss[IS[IS[ISI]. -

MaTeMaTHUYEeCKOE obecrnieueHHe HEHpOoKOMN bIT epoa AOAXHO
NpeAnoAararb KOHCTPYKTOp aATCOPHTMOB. YX€ TpU ONEpauHH : R, S,
[] Aa0T BO3MOXHOCTb KOHCTPYHDOBAHHH .

YKaxeM elle HECKOALKO [PHBAEKATEABLHHX CXEM :

0°[RR.. RI[RR..R]... ;

o pas3 k

o°f[ .. ISISHSIIST---IS111.- .15
o k k

a [RIS]IR]IIS]IIRIST. ..

3aMeTHM , UTO  TNpH HCNOAb30BaHHH MOAHQHLHP OB aHHOTO
napTaH-MeToAa MOXHO  HaKalAHBaTh  HHQOpMaUH®o 0  BTOpHX
NPOH3BOAHHX H TOCAE KAaxAoro napraH-wara MpPOH3BOAHTDb
HECKOABKO WaroB ABYMEDHOH ONTHMH3alUUH  MOAHQHUHDOBAHHBM
MeToaOoM HbWTOHA. 3TO HeEAOporoe no  3arpaTaM  BpEMEHll



YyCOBEpUWEH CTBOBAHHE HHOrAA ‘GHBaCT BecbMa 30QEKTHBHHM . Ero
BCErAa MOXHO HCNOAL30BaTb NOCAE€ TOro, KakK TPHXAH BHIOAHCHA
npoucAypé OAHOMEDHOH ONTHMH3aUHH MmO TpPEM HAaNpAaBACHHSAM,
AEXallHM B OAHOR NAOCKOCTH, €CAH O3TH HANPABAEHHS HE ABASNTCH

NapaAA €A LHBME .

10.9. Hcrmoab3osauke back-back npoueaypuw ans
yckopeHus obyueHus

HanpaBaeHHe HaHCKOpeHWETo cCnycka — AHTHTPAAHEHT QYHKUHH
OLEHKH H - TPAAHUHOHHO CYHTAETCS HEYAQUHHM AAS ONTHMH3AUHH .
Bo Bcex yueGHHKAX 0o ONTHMH3AUHH TPHBOASTCA TNpHMEPH yXe
AOBOABHO TPOCTHX QYHKIMA , C KOTOPHMH METOA HaHCKOpEHUWETo
CllycKa He MOXET CNPaBHThLCH . |
B TexXx caydasix, KOTAa MaTpMIla BTOpPHX TNPOH3BOAHHX OUEHKH D,
NOAOKHTEALHO ONpPEAEAEHA , HAHAYUNMHM

CYHTAETCHd HBOTOHOBCKOE

HanpaBa eHHE
-D}'vH . (124)
KBaApaTHYHHE QOpMBH MHHHMHSHDYOTCS C HCNOAb30BawHeMm (124) 3a

OAME mar. OAHaKO HCNoAb30BaTh 9Ty (QODMYAY TPYAHO NO MHOIHM
MpHYHHAM .

1. Bpews. [OMCK BCEX BTOpHX TMPOH3BOAHMX H of6pamenne D

2
Tpe6YOT CAHIKOM MHOTO BHYHCAHTEABHHX 3aTpar.

2. HaMsamb . AAS peuieHHsl 3asau OOABWOH pa3sMepHOCTH N NPHXOAHTCHA
XpaHHTb N® saemenToB 0;1 - CAHWKOM MHOTO.

3. A 4Yyro, €CAH 02 He gBAsgemcs NOMOXUMENbHO onpedeneHHoU ?

AASI TOro, YTo6W CNPABHTCH C STHMH TPYAHOCTSIMH , MpHAyMaHa
mMacca YyxuupeHHid. Mo cyuwecTBy , 'Bcsi  AHTEpaTypa 0O METOAaM
FA3AKOH ONTHMHM3AUHH NMOCBAMEHA 3TOMY .

Haes nepBas. MOXHO He AHQQepenuHposaTb H H He obpamaThb
MaTpHuy D,. a HT epaLHOHHYD npoleAypy ,

-1
MO3BOASKUYW 3a MHOIO Waros HaKOMHTb "TO-TO BpPOAE DZ "

HCMOABb30BaTh

Haes BTOpasi . MOXHO XpPaHHTb B NMAaMSTH HE MaTpHuy , a TOABKO
pes3yabTaTH €€ AEHCTBHH HA HEKOTOpHE BEKTOPH .
back-back npoueaypy
v>0 -

HAa€sl HCNOAB30BAaThb OCHOBaHa Ha

CA CAYWOUH X COOGanCHHﬂX. Mycrb HEKOTOpOE YHCAO.

HanpaBAeHHu e
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=- (147D,)'vH (125)

GBASIETCS BECbMa NepCleKTHBHUM . [IpH GOoABWHX Y OHO MPHOGAHXAETCH
(124), npH
'‘HaHCKOpeHWero cnycka. ECAH D2 NMOAOXHTEABHO ONpeAea€Ha, TO

MAaAB X - K HanpaBA EHHIO

K HBIOT OH OB CKOMY

- HanpaBAeHHE (125) MpH BCEX Y>0 ecThb 6e3y CAOBHOE HanpaBACHHE

cnycka:
(vH,(1+7DZ)"vH >0 . (126)
'PaSAOXHM (125) mo 7, OCTaBHB TOABKO AHHEHHOE cAaraemoc.
NoAyuHM
s'=-(1-70, )VH . (127)
lipy AOCTATOYHO MaAAHX Y 3TO0 - 6e3ycaOBHOE HaNpaBACHHE cnyckKa
(eCAH 7<1/% , A - wuanbGoabumee co6CTBEHHOE UYHCAO Dzy
max max
3aMETHM , UTO 1
2
[ =~ . 128
s = VH+TD2VH VH+2V(VH) ( )

‘AASl  KaXAOIO OTAEAbHOTO MpHMEpA BEKTOP V(VH)2 BHYH CASICT CH
HEApPOHHOA CEeThO B back-back mpoueaype, a NOTOM pe3yAbTATH
CyMMHDPYROTCSl AASl BCEX NMPHMEpPOB CTpaHHUM .

OcTaercs Bonmpoc [} BHOOpE v KOHEYHO , HETPYAHO
y CTAaHOBHTL , 4TO B 3asauax MHHHMH3AUHH QyHKUHH H B QopMyAe€

(127) moae3HO BHOHpaTb 7 TaK:

1
Loy (129)

min wmax

rae A K A - HauUMEHbUee H HaHGoAbllee COOGCTBEHHHME UHCARA
min max

D_.
2

Ho , Bo—nepBuX , OHH HEeu3BECTHH , a BO-BTODHX , H Marpuuy DZ
Ay4Yll€ HC BHYHCAATD .

MOCTYNHM CAEAYIOMHM o6pa3om . 0603Ha4YHM

B =% v(wH )
Pq‘ 1

CyMMy pcayAbTaTOB_back—back HpomeAyps MO MNpUMepaM CTDAHHIM .
4 B - HallAeM HX EBKAHAOBH HOpMH H
OTHOPMHDYEM BEKTOPH VHPq -

Pa3ACAHM Ha HHX . MOXET OHTb BHIIOAHEHA B

HOpMHPOBK A
napaAACAbHOM PEXHME H 3aiiMeT He GOAblle BpEMEHH , UEM DCUCHHE
ceTbl OAHOIO NpuUMeEpa.

MpeACT aBHM U CKOMOE HalmpaBA€EHHE cnycka B BHAE€
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VH B
S(Y)=—FEae y—RI_ 50, (130)
Ivi, 1 1B 1
Pg
Kak BWOHpaTb T? ECAH 7| AEXHT MEXAY HYAEM H EAMHHUEH , TO S -
6e3y CAOBHOEe HanpaBaeHHe cnycka.

Pg

MOXHO 3aaaThbes QHK CHpOBaHHHM
3HauYcHHEM 7 (0<Y<1). HanpuMep, BS3SThb T=0.5 - B 3TOM cayuae
YIOA MEXAYy S H HaNpAaBAEHHEM HaMCKopeHmero Cnycka HE NPEBHCHT
T/6 .

MOXHO aAanTHBHO moaGHpaTh Y MO CKOpPOCTH 06yuedHs . Kaxawil
uar asanTHBHOro noabopa CTpoHTCa Tak. 3apaercs HEKOTOpoe
HAaTypaAabHO€ k H BemecTBEHHOE £>0 (Y>€). HaunHasa c HEKOTOoporo
BexTOpa mapamerpoB a° 2k pas HOCAeAOBaTeAbﬁo NPpOBOAHTCSl CNyCK
B HanlpaBAEHHAX S (T+€) npuueM k P33 —~ B HaNpaBAGHHH S(T+£) H k
pa3 - B HampaBAGHHH S(7-€). ITH k. nawcos u k MHHY COB

PA3MEWEHH B NOCAEAOBATEALHOCTH H3 2k maros CAYU aHHO .

Aaaece
HAXOAUTCS CyMMapHOE CHHXEHHE OLEHKH B HANpaBAEHHAX S (Y+E) -
H+ H B HampaBAedHHAX S(Y-€) - H_. Ecar H >H_, To HoBoe
3HayeHHe Y =T+€, €CAH H_>H*, TO 7::7—8. Aaaee HHUKA

NMOBTOPSAETC C HOBHM £ TakK, UTOOMW €0, HO éyuua psaa H3 £

PacxoAHAACh , HanpHMep , €=1/vn, , N-HOMED HHKAA aAanTamHH .

10.10. OxHouwaroswit KBa3XHbOWTOHOBCKXHK MeTon X

CONpAXEHHHEe rpanMeHTH

Y MEeTroAOB, OCHOBaHHHX Ha back-back 'mpoUueAype, ecThb
CEpbE3HHE KOHKyp EHTH . 3TO0 KBa3HHbLOTOHOBCKHE MET OAB (o4
Ol"paHH‘lCHHOﬂ NaMATbI0 H METO0A CONPpAX EHHH X TFPAAHEHTOB .

Haes KBa3WHLOTOHOBCKHX METOAOB C OTPaHHY eHHOH NaMsATb
COCTOHT B TOM, YTO NONPaBKa K HAaNPaBAEHHW HaH CKop el eTo
CMyCKka HMETCH KaK pDeSyAbLTAaT ACHCTBHS MaTPHOH MaAOrO paHra.
CaMa MaTpHua HE XDaHUTCsA , a ee AeACTBHe Ha BEKTOPH CTPOHTCH C
NoMOWBL  CKAASPHBIX NPOM3BEAEHHH Ha HECKOABKO  CNelHaAbHO
NoA0GpanHEKHX BEKTODOB .

MpocTeAWHA M BechMa 3QQCKTHBHHI METOA OCHOBAaH Ha BFGS
dopuyae (BpoﬁAeH—¢Aequp—FOAbAQapG—maHHo) H HCNOAb3yeT
PE3YABLTATH NpeEANAYMEro mara. AAS ero 6nncannﬂ o6o3Hauuy : s, -
HanpapaeHHe cnycka Ha k- mare ; dk ~ BeaHYHHa k-ro mara (k-it

war - CABHT Ha d s ; 8, TPAAHEHT QYHKUHH OLEHKU B' HAYaALHOA

108

edTa B
= - - u3MEHEHHE TCpaAH
Touke k-ro mara; Yy =g .. -8,

-ro mara
pesyabTare k-ro mara. ECTeCTBEHHO , KOHeunas Touka k
ABASIETCA HAYAALHOH AAsl k+1-TO.
BFGS - QOpMyA@ AAsl HanNpaBACHHSI cny cK

(s, . S, 8, )50
Skq=~gk+l+(yk,sk)[(sk Biva Wit Oy »Byyn %

a Ha k+1-M ware:

(S, 8y,y) 5y Vi) (S, Buan ) ' 31
- Sy T 2 X
(Y, S,) X ¥, S,
KaASIpHOE
o6o3nauaer obwWunoe C
rae ( , ), KaK Bceraa,

NpOH3BEAEHHE — CyMMy NPOH3BEAEHHH KOOPAHHAT . )
’ ONTHMH3AallH® B NOHCKE Wara MWpOBOAHT
6yaeT NpaKTHYeECKH

ECAH OAHOMEDHYW
AOCTATOYHO TOYHO, TO HOBHH TPAAHEHT g, e ) o
OPTOTOHAAEH NPEAHAyMEMY HanpaBA €HHO CMyCKa : v Bran
¢opMyaa (131) MpH 3TOM yNpPOCTHTCA — NOAYYHM

(yk‘gk+1)s

k ket (132)
Seer™ 8k Y Ty 5,

X SHHBI X
310 QopMyAaa BeCbMa MOMYASpHOro MeToAaa  conps
; i HOMEPHYI0
AAHEHTOB . OH MpEANOAAraeT AOCTaTOYHO aKKypaTHY®o OA pHY
rp .
onTHMM3AalHK NpH BhOOpe wara.  vansmoc
B ONMHCAHHHX MeToAaX MpeAnoaaraercs, HT c
H eK 0T Op OH
cka p =-g_ . Bpeusa OT BpEMEHH TNOCAE P
e owar eato ° ° neaecoobpa3Ho BHOBb
H3 k waros
NOCAEAOBAT EABHOCTH

7 - HTb pecTapT.
BO3BpANaTbCA K HaHCKOpEHUEMY cny cKy npou 3BOA p e
ope
ECAH pecTapT NpOH3BOAHTCA HE C HamnmpaBACHHS HAHCKOD
cnycka, TO QOpMyAY (132) HAAO H3MCHHTH :
(yk’gkol)s+ (yo’gkol)s . (133)
= + o
Seer™ " Buna v, ,sk) k (L8 Py)

s MoxHO BHOHpaTh,
3A€ch S _— HanpaBAeHHE pecTapTa. B KauecTBe S,
0

ecTapToM H
HanpuMep nocaeaHee HaNpaBAEHHE CNOyCKa NEPEA P P '
' ; OH HCNOAB3yeTCd B TeEX caydasax, KOTA
Ka H ABHXEHHE BAOADb
AH60 BOOOmME HE

cpa3y NeEpPEXOAHTH K S, .
- NAOXO€ HAaNpaBAEHHE CNyc

CAHLIKOM MAAEHBKOMY mary,

ouepeAHoe S
Hero NpPHBOAHT K

NPHBOAHT K YAYUWLEHHAM . cooa mompasox
Hrak onucawo TpH cnocoba AAs  BHDODp
,

HanpaBA CEHHIO HaHCKOpEHWET [ y Ka : oAHOWAT OBBH
HUOET O nyc
a p BAC p
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KBaSHHLOTOHOBCKHH MeTOA (131), METOA CONpSIXEHHH X rpaAchToﬁ
(132) H METOA CONPSXEHHHX TPAAHEHTOB C pecraprtoM (133).

CymecrByer BEpPCHSI METOAA CONPSAXEHHHX TPAAHEHTOB ,
Aomyckawmasi 3AETaHTHYIO pEKYD CHBHYW QOPMYAHDOBKY . CTPOSTCH ABE
nocaeaosateabHocts a°, ot ,...; ﬁo, ﬁ',... . BexTop napamerpos
ﬁo noaydaercs w3 0° marom HaH CKop el ero cﬁycxa C‘OAHOMcpHOﬁ
ONTHMH 3ALHEH . BexTop at NnoAy4yaercsa' U3 ﬁ’ TOH  Xe
NMOCACAOBAT EALHOCTEW ONEpAUHH , YTO H ﬁ’ s o, BekTop ﬁ‘ (i>1)
noayuaercs cnyckod ua o° B Hanpaeaennn o'-o° ¢ OAHOMEDHOH
ONTHMH3AUHEH . [IDHBEAEM AAS TIpHMEpa NpOUEAYPY nokchnnﬂ ﬁ3 B
ckoboyHOR 3anucu

0 req | e S
a‘frissiessiiirsiessil. .
BMecTo S MOXeT HCHOAB30BaThecs aAlGas NpOUEAYpPa  ChycKa,
Hanpuuep, R, [RR], [RS] u T.nm. TMocae k maroB wMeroaa

MPOBOAKTCS pecTapT au6o ¢ ToukH O , AuGO C ToOukH ﬁk .

10.11. MeTox CONPAXEHHLX HanpaBieHKH, He KCNONb3 WKk
NMPOM3BOOHBIX

OGpaTHoe M, Tem Goaee, obpaTHO-06GpaTHOE QOYHKLHOHHDOBAHHE
NPpEABLSBASAIT TMOBHUlEHHBE TpeGOBaHHS K BO3MOXHOCTSIM CETH.
BO3HHKAaeT eCTECTBEHHOE XeAaHHe -~ OGOATHCbL Goaee OpOCTHMH
BapHaHTaMH CETH AaX€ 3a CYeT YBEAHYEHHS BpéMcHH o6yd eHns
€CAH , KOHEYHO , ITO YBEAHYEHHE He OYAET CAHWKOM 6OABWHM .

OAHa rpynna METOAOB, HE HCNOAb3YWOMX NPOH3BOAHME ,
onicaHa B padaeae 10.8. 3aeCb OYAET NpeACTaBAEH Elle OAHH
METOA , KOTOpHH 06A2A3€T HEKOTODHMH AOCTOHHCTBAMH METOAA
COMPAXEHHWN X TPDAAHEHTOB , HO He HCHOAbSyCT‘HﬁOHSBOAHHC.

MeTOA COCTOHT M3 HECKOABKHX 9TanoB. CHauaAa BHAeEASiETCS
HEKOTOpOE€ YUCAO MEPCNEKTHUBHHX HaNpaBAEHMH noucka. [oToM uaer
MHHHMH3ALHA B AHHEAHOM NpPOCTPAHCTBE, TMOPOKAAEMOM  3THMH
HalpaBAEHHAMH . [lpp 3aMeaseHHH o0OyUYEHUS TEHEPHPYETCH HOBOe
HanpaBAEHHE H T.A.

O6paTHMCs Ccpa3y K SADY MeTOAa — pAaboTe C BHAEAEHHNMH
HanpaBAeHHsMH . MlycTb s ,...,s ~ - AHHEHHO  HE3aBHCHMHE
HaNpaBAEHHS B MPOCTPAaHCTBE MapaMETPOB . METOA COCTOHT B Towm

)
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4TO CHayaAa MOCAEAOBATEABHO NMPOBOAHTCSI OAHOMEDHAs MHHHMH3aUHS
B BHOpaHHWX HanpBAeHHsX : H3 O° B HanpaBAeHHH s' moayuaeu o',
3 O' B HanpaBAeHHH s, - o«®, ..., ua a*' B HanpaBaeHHH s,
noayuaem 0. Aasee BHAEASIETCA HaNpaBAEHHE HAaHGOAEE YAAUHOTO
cnycka : HOeTcs

Af:n,'f‘?’.(,k M@ )-H@)})

COOTBETCTBYWIlee HanpaBaeHHE o6o3HayuM s . [loToM NpOBOAHT Csl

- k L]

AHaAH3 - CpaBHEHHE€ HalpaBACHHSHA sIn H s =Q —GP. 3aMeTHM , 4TO S
-

- WUTOroBOoe HAaNpaBAEHHE Cnycka. ECAH S oKa3pBaercd ‘'aydme”,

.
Y EeM Sm s TO Sm HCKAKYAaET Cs H3 CIIHCKa S1 s oo xS a S

K’
.
BCTABAAETCA B CMNUCOK HaA MOCACAHEE MECTO, T.€. Sk =8 .
Tenepb ONHWEM , YTO 3HAYHT "Ayymie " - TIDHBEAEM KPHTEDHH

L d
CpPaBHEHHSA SIII H S . 0603HaYHM

A=H @ y-H @'y,
A"=H @%)-H @),

a“"‘=a“+s' , AH1=H (ak )-H (aku) )

*
Ytobs CpaBHHTbL S H S , HaAO TMPOBEPHTh ABA HEpPaBEHCTBA:
m

1) H@ " »H 0°);

2) (A'-8,, ) (4"-A )20 .5A_(A'+b,, ). (134)

EcAH BHMOAHEHO XOTSi O OAHO H3 HepaBEeHCTB (134), To Ccrapoe
HanpaBAEHHE S CYHTAETCA AYYNMM , UeM HOBoe s, ®m Bce
MOBTOPSETCS CHayaAa, C TeMM X€ HaNpaBACHHAMH s ,...,s .. B
KauecTBe HAUAALHON TOYKH MOKHO B3iThb (A, a MOXHO (Apyras
MOAHQHKallHSl AATODHTMa) NpPOBECTH H3 0" OAHOMEpHY® ONTHMH3ALHL
B HanpaBA EHHH s’ H pesyAbTar B3SThb B KaueCTBEe HaYaAbHOM TOUKH

Ecau o6a HepaBeHCTBa (134) HEBEpHH , TO s’ NpH3HAET Csl
AYUWHM , YeM S . M3 CONHCKa s ,....,S HCKAK4YaeTCs s , 8 Ha
NocA€AHEE MECTO CTaBHTCS S M C OTHM HOBHM HabOpOM BEKTOPOB
NMPOAOAXAETCS MOMCK . HauaAbHYO TOUKY AAS HErO HMUYT OAHOMepHOH
onTHMH3aumed U3 O B HanpaBA EeHHH s

EcAHM YMeHblieHH€ H 3a LMKA aATOpDHTMA MEHbUE 3apaHee
3aAaHHOTO Npeaeaa, TO TNDOH3BOAHTCH  pecrapT -  CHOBa
nopoxaaoTcs S ,...,S H HauHHAETCH LUHKA 3ATODHTMA.



BHGOp HCXOAHHX BEKTOpOB s, . 'S, AASL | CTApTa W pecTapTa
MOXET TNPOBOAHTbLCS pABAHUHBMH CHOCOGaMH . Yao0HOo npuH 3TOM
HCMOAL30BATb PAaCKpacKy ceTH. YHcao HanpaeaeHuil k Gyaer paBHo
UHCAY UBETOB. [IpH 3TOM TrapaHTHPYETCS AWHeitHas HE3aBHCHMOCT b
HCX0AHOro HaGopa HanpaBAeHWIT .

LycTb napamerp cetH pacKkpameHs - HasHaueHo k nBseToB.
MIpoBEAEM NOCAEAOBATEALHO AAS BCex UBETOB MO OYepeAM UHKA
Clycka no mapamerpaM AaHHOTI'O LEBETA :

a"‘[[....[R‘][R‘]...[R‘]]...]. ' (135)
1 1

3aeck i - HomMep usera, NPH A2HHOM 3HAUEHHH 1 MEHAWTCH TOABKO
napaMerpy 1i-Tro LUBETa, OCTaAbHHWE UK cHpoBaHu , Q' NoAy4yaercs
#3a'™ mpoueaypon (135). |

oA oxXHUM s‘=a‘—a" . Y BeKTOpa S, HEHYAEBBHMH MOTyT OWTBL
TOABKO T€ KOMNOHEHTH , KOOpHE OKpalleHW B i— uBeT . Mopoxaas s,
C mnoMombew (135), M B TO xe BpEMSl TMpPOBOAHM nCpBHP[ I.lHKA
4ATOPHTMA. ABAEE MOXHO HCKaTh S,+ CPaBHHTbL ero ¢ s" u T.A.
Mlpy  Heob6xosumocTH pecTapra BHOBL ofpamaemcss K npoueaype
(135).

YXe MNoCAe mnepBoro mukaa cpean s (i=1,...k) wMoxer
MOABUTLCA BEKTOP C HEHYAEBHMH KOMIIOHEHT aMH BCEX LUBETOB.
KOHEYHO , BpSA AM CTOHT 3aNOMHHATB ero OTAEABHO - AOCTAaTO4YHO
SaMOMHHTB KO3QQHUHEHTH €ro pa3AoXeuHs no Ha4aA bHHM s,

ABa caoBa o CMHCAC HcpchHCTB (134). NepBoe oquHAHO:
CIyCK MO HAaNpaBAEHH® S H3 o ue AaéT AOCTaTO4YHO XOpOUHX
PE3YyAbBTATOB. CMHCA BTOPOro CTaHeT ACEH , €CAM HCNOABL30BaTh
KBaApPaTHYHOE NMpPHOGAUXEHHE AAst H. C HOMOII]HO BTOpPOro HepaBeHCTBa
OUCHHBAETCS H3MEHEHHE ONpEAEAHT €A, MAaTpHUB  HOPMHMPOBAaHHH X
Hanpasa eMUi S, nocae 3aMeHn S, Ha s". Aas NDHHATHS 3aMeHH
9TOT ONpeAEAHTEeAb AOAXEH BO3PacTarh.

lpoleAypy MOPOXAEHHSI Hauaa bHHX HanpaBaedHH (135) MoxHo
H3MEHHTb MHOIHMH chmocoGaMu. MoxHo , HampuMep , HCMOAL30BaThb B
KauyecTBe s, TNPOEKUHH TPAAHEHTA OUEHKH Ha npocrﬁaﬂcraa
MapaMeTpoOB AaHHOIO lBera. T[AaBHOE SAech - ' nocrpoenne k
AOCTAaTOYHO XODOWHX H 3aBEAOMO We3aBHCHMH X HanpaBa eHH I cnycka.

AAs QYHKUHHA , GAH3KHX K KBAAPATHYHHM , XOpomo paGOTaeT
CAeAyomasi MOAHQHKALHS METOAA . lyCTb napamerpaM ceTH npHCBoeno
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k uBeToB , HHAEKCOM 1 Oyaeu 0603HauyaThL HOMEpD LBETA, HHAEKC 1 Y
CHMBOAA TNpPOLEAYPH O3HAYAET , UYTO MEHSWTCS MNapaMeTpH TOABKO
Aaimoro uBETA .

NlycTb 3aAaH HayaAbHHH BCKTOp napaueTpoa o®. ¢ nomombio
NpOUeAYPH (135) npH i=1 HaXOAHM a'u sl=a -o° ]

C noMolbow MpomeAypH (135) MpH 1i=2 HAaXOAHM HOBHH BEKTOp

0,1

napamerpoB O, o6o3HayHM ero a ' o

[I[POBOAHM OAHOMEDHYW ONTHMHM3AaUHW H3 A B1 lHaHpaBACHHH
S.. TMoAyyeHHHH BeKTOp MnapaMeTpoB o0003HaudM (O’ . [IpOBOAHM
1 1 _ ‘
OAHOMEDHYW  ONTHMH3AUHK® H3 q B HaNpaBAGHHH S (o A0 §

2
Pe3yabTaTr 0003Ha4YUM a”. H Tak Aaace.

! 1 ! NPEAEASOT CS

ECAH OnpesaeseHs o ,..., O °, To O H S onpea
Tak. C noMombio (135) AASI AQHHOIO 3HAYEHHs 1 ClHyckaedMcs OT

’ 1 0,1

a™ ok HEKOTOPOMY BEKTOpY a®t. Aaaee, or Q' C noMoOmbio
7 oayuyaem Q' H3
. OAHOMEpHOH ONTHMH3ALHH B HanpaBAcHHP: ‘sl noAy ai-;,i-l
- - A o .
o'*', ABHrasch B HanpaBAeHHH S,- Q7 H T.A. A _
HCHOAB3Y eM ot KaxK HA4YaABHYL TOYKY Aad OAHOM €pHOH

1-1,1-4 1-1 n .
= P . OAYUYEHHHH BEKTOp

ONTHMH3AUKH B MHANPABAEHHH S =Q a y

1
1
obo3HauMM Q. Hraxk , moaydeHo S H a '
B 3TOM METOAE ABHKCHHE TMpPOHCXOAHT A0 i=k, mnocae uero

CAEAYET pecTapT.

10,12, Kcnons3oBaHKe ciayydakHMX Boanmymenmkk xnax
ycxopenus obyvemus

OGy4YeHHE MOXKHO YNOAOOHTHL CNnyckKy B AOCAMHY IO TOPHCTOH
MECTHOCTH . BCce ONHCaAHHHE METOABM CNycKa Ha KaXAOM mare BEAYT
BHH3. 3TO - AOCTOHHCTBO, HO OHO MOXeT TMNpeBpamaThCs B
HEeAOCTaTOK . ECAH HATH BHH3 H TOABKO BHH3, TOo, OHTb MOXET,
NPHAETCA AOATO CAEGAOBAThb H3BHAHCTHMHU YUEAbSMH H 3acCTpEBAaThb
AaXe B MAAEHBKHX KOTAOBHHAX. TakHX 33AEpXEK MOXHO H366¥aTb.
OAHH H3 NpPUEMOB : BpeMs OT BPEMEHH MNOAHHMAThLCA MO OAHXaHmeMy
CKAOHY H HCKATh OTTYAa HalMpaBAEHHE HAHAYUYMEro Chycka. ]

PeaAH30BaThHb meTadopy MOXHO c noMoll b CAYUYaHHB X
BO3MYMEHHHA . ME€XAY LUHKAAMH CNyCKa BCTABASICTCS ONEpaLHS 'B?mp'
- maenok. [lapameTrpaM CETH AAWTCSd HE3ABHCHMHE CAy4YaHHHE
NpHpAameHusl . Bullp BCTABASIETCS MEXAY LHKAAMH AATOPHTMOB CNycCKa.
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llocae CAyYallHOro CABHra caeayer pecTapT -' CIyck npoAoAxaercs .
Bump CTaBHT nepea BOCNHTATEAEM CETH HECKOABKO BONPOCOB .
1. Kax BuOpaTb BUd pacnpedemedHust aas CAYYAHHBX CABHIOB?

06uuyHO BHOHpaeTcs PaBHOpacCnpeaeACHHE B HEKOTOPOM
HHTEpBAAE€ . ’

- 2. Kaxk BHOpaTb UHmMepBaaw CAYYAHHOrO CABHTa AAS Da3AHYHBIX
MapaMeTpoB? B YAaCTHOCTH , MOXHO AN BHOPATh HX OAHHAKOBHMH ?

3. Kak uaMeHamsb XapaxmepucmuxU CAYYahHHX CABHIOB B xode

obyyenus ?
PaBHONmpaBHe BCeX NapamMeTpoB B CTPYKTYPE CETH - CHTYaUHS
BeCbMa CrenHaAbHas . Mpumep - MOAHOCBSI 3Hasl YHCT O

KOHHEKIMOHHCTCKAasi CETb C OAHHAKOBWMH HelpoHaMH. Ho H 3ra
CHMM ETpHS Pa3pymaeTcss cAy4YaHHOH TreHepauned HayaabHOMN KapTH ,
Pa3ACACHHEM HEADOHOB HA BYXOAHME H BHXOAHHE , 33AaHHEM QYHKUMH
OUCHKH . T[lO3TOMYy €CTECTBEHHO BHOHPATh WHTEPBAAH CAY4YaHHOTO
CABHIA AASl PaSAHYHHX MapaMeTPOB NMO-Pa3HOMY .

TYyT HYXHO YYHTHBATb NOKa3aTeEeAl YYBCTBHTECABHOCTH H
KauecTBO pemeHHH. ECAH Xe MNoKa3aTeab inCTBnTCAbHOCTH Aad
A2HHOrO napaMeTpa BHCOK NpPH XOpOWO pPemaeMuX npuMepax , SHayuT
K CABHTY 9TOr0 mNapaMerpa HAaAO0 OTHOCHTbCS OCTOpOXHee -~
HHTEpBaA BHOHPAaTL noyxe. ECAH X€ NPH BHCOKHX MOKA3aTeasiX
YYBCTBHT €EALHOCTH NpHM epbl pewanT cs nAoxo, TO ocobon
OCTOPOXHOCTH He TpebyeTcsd H HHTEPBAA MOKET O6HThL BHOpar
MOWHpe. TaKKe HE CAEAYEeT 0COG0 CAEPXHBATb CAYYAHHHE CABHTH U
AAfl TIaDAMETPOB C MAaAHMH MOKAa3aTEASIMH YYBCTBHTGALHOCTH , €CAH
TOABKO AONOAHHTEALHO HEe peWaeTcHd 3asaya KonTpaCTnpbaaHHﬂ.

OTH CoOOpaxeHUd MOKHO pPAaSAHYHHMH CNocOOaMH nepeBecTtH B
UHCAO. COpEBHOBaHME M CeAEKUHS TaKHX CnocoBoB - Aeao
Oyaymero. OAHH H3 HHX GyAeT ONHCaH Aasee. A MOKa HECKOABKO
3aMevaHHik 06 obmell BeaHuHHe myMa H €€ H3MEHEHHH B XOAe€
obydennsd .

ECAH OCHOBHas 3aAada - yCKOPHTb oGyYedHe, TO YPOBEHb
UyMa ecrecTBeHHEE CHHXaTb M CTPEMHTB K HyAl 10 Mepe
NPHOAHXEHHS OUEHKH K MHHHMYMY. A AAS  COSAAHHS 3anaca
YCTOHUYHBOCTH K MOSIBAEHHO B Gyaymem HOBHI X NPHMEPOB WYM B XOAE
OOy4YeHHsI MOAE3HO YBEAHUHBATD .

UTO MOXET CAYXHTb 3aAaBaeMOH H3BHE XapaKTEPHUCTHKOH mywma?

" bEM "). ITOT CKAa4YoK
OAHH H3 BapHIHTOB — CKa4Y0K OLICHKH Hpq ( "moaA ) ) .
MOXHO 3aAaThb B abCOAITHH X BEAHYHHAX , a MOXHO
OTHOCHTEABHHI - B AOASIX OT TCKylllCI:[ OUEHKH. ECAH Ha AaHHOM

mare NOALEM MpPEBHCHA 3aAaHHOE 3HAYEHHE , TO HYXHO yMCHbmHT?
ypOBeHb mWyMi M T[OBTOPHTb H3MeHeHHEe (C TOH X€ HaYaAbHOH
Kapte ). H TiX MNoKka COXpaHsi€TCA MNPEBHUCHHE . ECAH Ha AQHHOM
mare NOAbEM MEHLUE 3aAAHHOTO NpPEAEAd, TO MOXHO MNPHHATL 3TO
cAyuyallHO€ HWMEHEHHE , HO Ha CACAYONEM mWare MOBHCHTH YpPOBEHb

myMma .
10.13. l'eMnepaTypa CETK X JHEPruA AaKTHBAUKK napaMeTpoB

MpH diH CAaHHH cayYaHuB X BO3MY Wl EHHH CETH yAaobHO
BOCHOAB30BaTbCSl (QUBHYECKHMH AHAAOTHSMH . AASl 3TOr0 BBOASATCH
HOBHE BEAHVHHH : TeMNepatypa CETH H 3HEprHs  akKTHBaUHH
Pa3AHYHHX NMaPPAMETPOB .

TeNnepanypa XapakKTepH3yeT oONHH YpOBEHbL W@ywma , a B3Hepaud
QXMUBAQUUU TOKA3HBAaET , HACKOABKO AAQHHHA MWapaMeTp cnocobeH

) Typa
yAaepxuBaTh CBOe 3HaueHHe, TO €CTb, Kakas TeMnepaTryp
HeobXoAUMA AAS TOrO, 41008 OH HayaA CYmMECTBEHHO
PAYKTYRpOBATh .

DHeprHs AaKTHBAUHH ONPEACASIETCH H3 CAEAYOUHX coobpax eHuni .
PaccMOTpPUM 2ASl HadaAaa DEWEHHE OAHOTIO NMpHMEpaA. Mpy OAHOM H TOM
XE Moka3aTese YYBCTBHTEABHOCTH ¥, UEM HHKE OUCHKA H, Tem Bhlie
3Heprus aKTIBauHH E - 3aBHCHMOCTDH E(H) npn QHKCHpOBaHHOM &
MOHOTOHMO YyOHBawmasi. [lpH CPaBHHUTEABHO MAAHX H 3aBHCHMOCTb
E(®) MOHOTHHO BoO3pacTawmas. XOpOWHE PpE3YAbTATH AyHlle HE
nopTHTbL. [DH  CPaBHHTEABHO 6oabiHX H 3aBHCHMOCTL E (%)
MOHOTOHHO 76HBawmas - TNAOXHe pelleHHs Ayuue pa3pymarhb,
Bo3uyllass Haiboaee UYYBCTBHTEAbLHHE OSACMCHTH . 3HayeHHEe OUEHKH ,
AASL KoTopoTo E He D3aBHCHT OT &, 0603HaAUYHM Ho. OMH CaHHBLIM
yCAOBHSIM YAOBAETBODSIET , HAPHMED , QYHKUHS

H -H
E(k H )=:—3(Eo+—°H——aE), (136)
a TAaKXe, KOFeUHO , MHOTHX APYTHX.

HTak , MNYCTb  AAA OAHOI'O npuMepa OYHKUHSA E @ H)

onpeaeseHa . Hanpuuep , B gopMe (136). MMepexoAHM K obcy XA eHHID



CTPaHHIK NpHM €p OB BO—ﬂCpBHX
. » BEAHYHHaA H
° AAd  OTAEABHOI'O

MPHMEPA MOKET ONpEAEASITHCH Yepe3 cpeAHee SHayeHHe
CTpaHHIE .

H wua
B uacTHo : \H eif
CTa , H, woxer OWTL paBHa CPEAHEH NO NpHMepaM
oueHke , AHGO cpeaHemy APHOMETHYECKOMY MeEXAY cpeaHelr H
MHHHMAABHOH H T .I. -
j BeAaHUYHHA Ho TPpa”HIa , OTAeAsibmMas Ha
AAHHOH CTpaHHme Xopomo PCHACMHE MNDHMEPH OT INAOXO pemaeMHX .

Hako
Hel , Ho MOXET 3apaBaTbCs 3apanee, xak HEKOTOPHA YpOBEHb

NPHEMAEMOCTH OIEHKH .
n
yCThb Ho OpCACAEHO. Toraa CTpadHia TPHMEPOB MOpPOXAAET
" _
CTpAaHHLY " OHEPrHH AaKTHBAUMH E@ H) - aAA9 Kaxaoro npuMepa H
KaXAOr'0 napaMeTpa CTPOUTCH OSHEPrHN AKTHBANHH . Kak cobparb U3

HHX OKOHYATEAbHHE 3HAaYEHHsS OSHEpPrHi? EcTb, Kak MHHHMYM , TpH

CTPATErHH .

1. AbaHmopucmuvyecxas - “yewm Xyxe - TeM Aydme " : SHEprHs
AKTHBALlHH NapaMeTpa OMPEACASIETCA KaK MHHHMYM €r0 SHepruil
4KTHBAUHH MO NpHMepaM . [apaMeTPH MaK CHMaA bHO MOABHXHH .

2. KoHCeppamuBHQs : SHEPIHsS AaKTHBANHH napaMerpa onpeaeasiercs

KaK MakKCHMYM ero SHEPIHH AKTHBAUHH. MakcHMyM OGeperca no

BCeM NpHMEPAM CTpPaHHub . [apaMeTrpW Mak CHMaAbHO 3aMOpOX €N .

Kon¢opMucmcxast : 3HEprHHd AKTHBALHA napaMeTrpa ecTb cpeaHee

ADHOMETUHY ECKOE SHAUEHHE Ero BH'CPTHH AKTHBANHU , BHUH CA EHHBIX

MO OTAECABHHM TNpUMeEpaM .

Mbl DpeAnodYHTaeM KOHCEPBAaTHBHYI CTpaTeruw .
CAY4YaHHBH CABUI AAS TapaMmerpa a, onpcAeAﬂéTCQ KaxK

E

T
r‘A‘exp[— _T_]' (137)
TA€ T, - CayuaHHas BeAHYHHA , DAaBHOMEPHO pacnpeseAesHas B
OTpe3kK - -
P e [-1,1], A‘ MOAYWHDHHA HHTEDBAAa [IPHEMAEMBX
H3 2 -
MeHenuH q, , E: 3HEeprHs AaKTHBaNHU Qs T - TemMneparypa

CETH .

TeMmnepaTypa noabupaerTcs 3 OTrpAaHHYEHHH Ha MOABEM Ol EHKH .
OTH OrpaHHYEHUS CO BPEMEHEM CTOUT MEHSATb H Ayume BOOOme
33A2BAaTbh HX B OTHOCHTEAbHHX EAMHHIAX AH H .

10.14. Mcnolb30BaHMe clydaliHrx BO3MYWeHMR IANA GOPMUPDOBAHMKA
YCTORYMBMX HABHKOB K RIA CO3RAHKA YCHNOBKI
nanbHekluero obyuenxa

ITOT pasSA€A C AAHHHHM HAa3BaHHEM — OAMH H3 CaMblX KOPOTKHX
B KHHTrE.

Yyro6n myM YCKOpSA HadaabHoe oOyueHdHe H He Memaa Ha
3aBepmawmUX CTAAHSIX, €ro YPOoBEHb HAAO0 CHHXaTb MO MEpe
yMeHbleHHsl OIleHKH .

Ho OAHA H3 OCHOBHHX MpobGaeM B OOyUeHHH HEHPOHHMX CeTeH -
CO3AAHHE HAaBBKOB, KOTOpHE He TepsawTCA TMNpPH AdAbHeHleM
obyuenun . Kak caeaaThb Tak, UToOn CTapH€ HAaBLKH HE BHTECHSAHCb
HOBHMH ? HAH , MO KpaiHeHd Mepe, BHTECHHAHChL HE CAHMKOM OHCTPO.

CpeAcCTBO, KOTOpOoe [NO3BOASET O3TO CA€AATb, €CAH TaKas
Y CTOHYHBOCTb Boobue BO3MOXHA , - HCMOAbL30BaHHE mywma ,
HapacCTawmMero B XoAe OOYYEeHHS. DTOT WYyM MOAEGAHPYET NOMEXK OT
npeacrosimero oOyYeHHs HOBHM MpHMEpAM , MO3TOMY OH AOAKEH B
MeHblied CTerneHH , YeM YCKOpPSWUMA myM , NAaAHTb NapaMeTpe C
BHCOKMMH TNOKa3aTEASIMH UYYBCTBHTEABHOCTH. BeAb AaAbHeHmee
obyueHHe GYAET MEHSITb OTH MapaMeTpl HapaBHE C OCTAAbLHHMH .

Mpeasaraercs YCTaHABAHBAaTb OAHHAaKOBHH HHTEpPBaA CABHIa
AASl TMApaMeTpPOB , CHMMETPHYHO YYacCTBYWNHX B CTPYKType CeETH.
Tak, AAfl TNOAHOCBA3HOH CETH C AHHCHHHMH CHHancaMH H
OAHONAPAMETPHYECKHMH HEHAPDOHAMH €CThb TPH TpYNNH NapaMerpos :
BECa CHHANCOB CBASH, BeCa CHHANCOB TNaMATH H TNapaMeTpH
HEAPOHOB. AASl CAOHCTOH CETH TNapaMeTpH PAa3AHYHHX CAOEB
CTPYKTYPHO  pa3AHYapTcCd H COOTBETCTBEHHO  YBEAHUHBAETCH
KOARYECTBO Ipynm.

BHYTDH TpynnH  CTPYKTYpPHO  3KBHBAAEHTHHX NapaMeTpOB
BHOHpDAETCSl OAMH HHTEpPBAaA CAYYaHHOTO CABHTA. AAS KaXKAOH Ipynmu
YCTaHAaBAHBAETCS TakKke CBOM AONYCTUMWH YPOBEHb NOABEMa NpH
CABHIe. Bump nNpOBOAMTCS INO OYEpPEAH B pa3HHX Trpynmax ¢
KOHTPOAEM NOAbEMa H KOppeKUHed 'ypOBHA MO Trpynnas. BeAHUHHA
AOMYCTHMHX CABHIOB CO BpeEMEHEM YBEAHUYHBAETCA AO 3aAAHHOR
rpaHus . Mlpe  3ToM AHOGO AOCTHIaercs TpebyeMuit  ypOBEHb
ycToOAYUBOCTH , AHGO, YyBHW, He AOCTHTAET Cst NpHUEeMAEMO HH3KHH

YpPOBEHDb OIIEHKH .



10.15. HeCKONbKO CHNOB O OUTOCODUK ONTUMKH3AUKK

Yxe dCHO, 4YTOo Aad ob6ydeHHs HEHPOHHOH CETH MOXHO
HCMOAB30BaTh AWOGOH aArOpHTM MHOTOMEPHOH ONTHMH3AaUHH , €CAH OH
He TpeGyeT CAHNKOM G6OABLLOH MaMATH. AAS paboTred no 9TuUM

aAropHTaM CeTb MOXeT NPpEAOCTABHTb YYHTEAKW HECKOABKO OCHOBHMYX

MPOLUEAYP . CPpEAH HHX BHYHCAEHHE 3HAUCHMS UeEAEBOH (QYHKUUH U ee

rpaAMEHTa.

[IpH  OpraHH3aUHK AATODHTMA  XEAaTEAbHO HCHOAB30BaTbhb
C€CTECTBCHHYO CTPYKTYDY CETH : NapaMeTps , TPAAHEHTH H Apyrue
XapaKTEpPHCTHKH Da3bMTH HA MHOIO AOKaAbHHX MACCHBOB , Ae€MlCTBHS
B KOTOpHX MOXHO MpPOBOAHTBH MapaaaeabHo. KpoMe Toro, CymecTByer
BO3MOXHOCTb pacCKpaWHBAaHUS CETH .

B TaKoH CHTyalHH eCTECTBEHHO HCINOAbL30BATh Pa3AHYHB E
yckopsibune nNpeo6Gpa3OBaHHA : OAHH -~ BHYTDHM AOKAAbHHX MaCCHBOB ,
APYTHE — MEXAY AOKaAbHHMH MAaCCHBAaMH , TPETbH - MEXAY HBETAaMH .
MOXHO CTDOHTb pa3AHYHBIE MOAYNpPSIMbE NpOH3BEAEHHS . Hanpumep ,
MOXHO MpPEACTAaBATbL MaTPHUY , MOAHQHUHDPYWIYW HaNpaBAEHHE cnycka,
C moMowbi Habopa MarpHu, NMpeo6pas3ylmHX BEKTOP CNycKa BHYTpPH
KakAOTO AOKAABHOIO MAaCCHBa H MaTpHUH , KoTopad NMPOH3BOAHT /
npeobpa3oBaHHe , CMEeWHBawlee  BEKTOPH cnycka H3 paaﬂQx
AOKAABLHHX MacCHBOB. MosiCHHM 3To. OGO3HauyuM MapaMeTpu (  , CAE€
1 ~ HOMEp AOKAAbHOrO MaCCHBA , J - HoMep mapameTpa B AOQ;AbHOM
MaccCHBE . AHaAOTHYHO®, gU=6Hm/adU' [lycTb BCe AOKaAbHbHE
MaCCHBB HMEOT OAHHAaKOBY® AAHHY N, a HX YHCAO PaBHO m.
HanpaBa€HHE cnycka MOXHO HCKaTh, HalpHMED , B BHAE

s =20b
1] kEI lkakﬂgkf (138)
,
3aech -
A ., SAGMCHTH  TxN  MaTpHUH A , OCYmEeCTBAsiomel
npeobpa3oBanHe BHYTPH Kk-ro AOKaAbHOro wMaccuBa, a b -
1k

SAEMEHTH Wxm - MaTpHUM , cuemuaammeﬁ\ MaccHBH . BuecTo (nm)?

OAHMEHTOB npeobpasywmas MaTpHua (138) ONpEAEASETCS C [OMOMBW
un®+m® Da3AUUHBX YHCEA, UTO MOXET OWTb SHAUHT €ABHO - MEeHBIE
Hanpusep , €CAH m=n=10k. TO (nm)2 =10“, ;
un®rm®=10™+10™~10™ - B 10 pas wmeubme. KpoMe TOro

Onepauld  BHYTPDH  AOKAABHHX MAaCCHBOB  MOFYT NPOBOAMTbCSH
NapasAeAabHO .
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AHAAOTHUYHBE TMpHEME MOXHO HCNOAbL30BAaThb H AASl Ha3HAYEHHHX
UBETOB, a4 HE TOAbKO AASY HCXOAHO CYMECTBYOHHX AOKAAbHHX
MaCCHBOB .

MOXHO pa3BHBaTb  TEOPHKL MHOTOM EpH 0¥ NMapaAA €AbHOH
ONTHMH3ALHM , ONHpasCb Ha MNpEACTaBaeHHe (138) H HACOAOTHL
KBa3HHBOTOHOBCKHX METCAOB H T.M. 3TO HYXHO CA€AaTb H 3TO

6yAET CAEAQHO, OAHAlO B [MpEAAAraeMoM KpaTKOM  oOuepke,
NOCBSAMEHHOM  HEADOHHWN  CETAM , HEBO3MOXHO  OOCYAHTBL BCe
BapHaHTH .

OCTaEercsi , OAHAKO , HEYAOBAETBOPEHHOCTb MOAXOAOM B LEAOM.
AeA0 B TOM, uto, my6o rosopss, NPaKTHYE€CKH BCA TEOpHA
6e3yCAOBHOH ONTHMH3allH MNOCBAUEHA MHHUMH32UHH KBAaAPATHYHHX
dopm : H (X )= (X QX )+ (b,x)+C . KOHe4Ho , MOCTOSIHHO A€EAANT CH
MOMWTKH YATH KaK M)XHO AdAblie OT QYHKLHH , 3aAaBaeMbiX
KBaADaTHYHHMH (OpMaMH, HO BC€ X€ H MeToa HBOTOHA, H METOA
conpﬂxcunﬁx FPAAHEHTO} H ApyrHe YCOBEpUEHCTBOBAHHHE MCTOAH
ClycKa CO3AABAaAHChL TPEMEHHTEABHO K KBAADaTHUYHHM dopMaM H TeM
QYHKUHSM , KOTOPHE C HX NOMOMbI0 XOpOWO AMMNPOK CHYHDYRTCH .

HAeaAHSHpoaaHHdh MOAEABLHNA 06bexT - MNyTEBOAHAs 3BE€3Aa
TEOpHHM H OpHEMTalHs ra Hero Heu30exHa, Kakue 66 CcAOBa INpH
9TOM HMH TPOM3HOCHAMCh YAaBUASc TEOpPHS BHMNYKAOH OMTHMHS3AUHH
NMOTOMy H YyA3Aacb, 4Y"0 BHOyKAas QyHKIHA 06AaAQET MHOTHMH
BAXHHMI CBOMCTBAMH TMOAOKMTEABLHO ONDEAEAEHHOA KBaApaTHYHOH
GOpMH .

AAQNTHBHHA AAHAL)T HEADOHHOH CeTH - TPagUK 3aBHCHMOCTH
Hpq OoT MNapaMeTpoB. Ipsia AH OH TMOXOX Ha 4aly - rpagHk
MOAOKMT EAbHOH KBAADATHIHOH QOpPMH . Ckopee BCEro, OH HAOMHHAET
AaHANAQT ropHoro padota 6€3 0co60 OCTPHX NMHKOB H nponacred —
HeuTo Bpoae KapnaTCKH) rop.

To Xe MOXHO CKa3f{Th H MPO MHOTHE ADYTHE QYHKUHH . BHBOA —
HyKE€H HOBHWH MOAEAbIHH  0ObEKT, KoTopuH Do A3a  APYyTyw
HA €0A OTHYECKYO YCTaHOEKY AASl TEOPHH ONMTHMH3AUHH .

3a o6MHOCTBb0 MATtMaTHYECKHX TEODHH OOHYHO CAPATAaHH AekXa—
e B OCHOBE H MOApaSjMeBacMHe CEMEHCTBA MOAEALHHX OOLEKTOB.

B TeOpHH G€3yCAOIHOH ONTHMH3AUHH HEOAHOKDATHO BBOAHAHCH
AONOAHHT €EAbHHE MpPETEHLEHTH Ha POAb MOAEAbUHX OOBEKTOB. HMEHHO
MooTOMy 6O0ABWYW NONYASPHOCTb TPHOOpEAH CTaHAAPTHHE TECTOBHE



HEKBAADATHYHHE 3aAAaYH -~ TAKHE KaK MHHHMH3AUHS  QYHKUHH
Po3enbpoka

F (X)=100 (x,~x2 )™ (1-x, )* .

OAHAKO AASl MHOTOMEDHOH ONTHMUBALUHH BPSIA AH BO3MOXHO
CTPOHTH  AONOAHHTEABHHH HabOp TECTOBHX 3aaau, co6panHbi
"MOWTYYHO ", KaK O3T0 O6HAO . AAsl  MaABX pa3MepHoOcTEd. Kak
NOCTYNHTL B 3TOM CAyyae? ‘

Cxa3aThb TPYAHO, HO MOKHO MpPEANOAOKHTB, UYTO MOAEA bHbM
AOAXEH OHTL KaKOH-HHOYAb AOCTaTOYHO MpOCTOH KA2CC CAYYaHHHX
QYHKUMH . AASl HEro HYXHO GYAE€T CTPOHTbL AATODHTMH H Oll€MHBAaTh
CKOPOCTb CXOAHMOCTH. 3TH AATODHTMH GYAyT Xopomo pabGoratrb cC
TEMH QYHKUHSMH , KOTOpHEe OGAH3KM K THOHYHHM peaAn3alHAM
CAYHaHHHX QYHKUHA AQHHOTO KAacca. MOXHO NMpHBAEKATb TaKxXe
QHAAOrHH U3 CTATHCTHYCCKOH OQH3HKH. TeOpHH TaKoro THNA NoKa
HET , HO yXe TMPEABADHTEAbHHE COOOPaXEHHS MO3BOASINT MpPEAAOKHTH
HOBHE AATODHTMH . MEpEAACM K ONUCAHHK OAHOIO M3 HHX.

10.16. MeTon BMPTYAJLHMX YACTHLU

OCHOBHAsl HAEd METOA2 - HCHOAbL30BaTb CAYyYaiHHE CABHIH
apryMeuTa H CYMMHDOBAHHE NOAYYEHHHX 3HauYeHHN QYHKUHH AAS
YCpEAHEHHA . OXHAAeTcs, 4YTO B pe3yabTaTe COTPyTcs (CTaHyT
OTHOCHT €ALHO MeHblte ) cAyuyafHbe HAM , Ayume cKasaThb,
NCEBAOCAYYAHHHE AETAAH aAANTHBHOLO AaHAmaQTa H  OTKpoercs
Goaee NpsAMOA NMyTh K HCKOMOH KOTAOBHHE MHHHMYMA .

MeT oA BHPTY aAbHB X HaCTHL MOXeT HaACTpauBaThbCH
NPaKTHYECKH HAA AWGHM METOAOM ONTHMH3AaUHH . OH COCTOHT B TOM ,
UTO K TO4YKE, CNyCKaw@eHdCss MO aAanTHBHOMY AauamadTy (4acTHIE),
AOGaBASIETC HECKOABKO ADYTHX, fpaexTopnn KOTOpHX NOAYYalTCH
H3 TPAGKTOPHH HYAaCTHUH CABAIOM Ha CAYYalHWi BeKTop. O9rH
"BUPTYaABHHEC " YacCTHUH BpEMs OT BpEMEHH YHHYTOXAOTCH H
POXaawTCd HOBHE. Cnyck CTPOHTCA Tak, YTOGW yMeHbWAAach
E3BElECHHAs CyMMa BHCOT.

Bor OAHA peaan3auus aAropurtda. ' lapaMmerpu CETH
pa3CHBAaNTCS HA TpYNNH CTPYKTYPHO O3KBHBAAEHTHHX. AAS KaxAoH
Tpynny 3aAa€TC CBOH HHTESPBAA CAY4YaHHHX CABHIOB. ONpeAeasercs
YHCAO BHPTYaABMHX YacCTHI 01 W TEHEPHPYeTCS N-1 CAYYaHHHi
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BEKTOp I'l s oo ,I’“._l . HXx KXOOpDAHHATH HE3aBHCHMO H paBHOMEpPHO

pacnpeAacAacHH B AAHHHX HHTEpBaaaXx. HadyaAbHOE NMOAOKEHHE 4YaCTHLH
]
a° , HAYaAbHOE MOAOXKEHHE BHPTYAABHHX HYaCTHLO 'HI'i . BHpTyaabHas
4acCTHLlAa C HOMEPOM N CTPOHTCH TakK :
1

NS
A0 CAEAYOMErO TMOPOKACGHUS BHPTYAAbHHX YaCTHU HX I[TOAOXEHHS
3aAapTCA TakK

a+r, (i=1,...,n),

rae (. — BEKTOp NMapaMeTPOB , XapaKTEPH3YONHA MOAOKEHHE YaCTHIH .

BceM uacTHUam , Kpome n-H , MDHCBAHBAETCS OAHHAKOBHHA Bec W
(0<W<1), n-s noAyyaer BecC Wn = W/¥Yn. Aaaee MHHHMH3HUpYeTCSH
QYHKUHS

n-1

H, (@)=H_ (@)+W Z‘: Ho, (4T )+W H (0T ) . (140)

FPaAHEHT KaXAOro H3 caaraemlX (140) MoxeT GHTL BHUHCAEH
caMoll CeTblo ¢ MOMONBI ABOACTBEHHOrO OQYHKUHOHHDOBaHHA . TO Xe
OTHOCHTCS M K BEAHYMHaM , lloaydaedbM ¢ mnomombo back-back
NpOUECAYDH . AATODHTM  MOXET 6uTb  BubOpar  awnbon - or
HaHcKopelmero Cnycka H NapTaH-METOAOB AO METOAA CONpSXEHHH X
TPAAHEUTOB .

BuGOop I B BHAE (139) ® wn=W/Vn onpeAeAsieTcsd ABYMS
OBCTOATEeALCTBAMH : AASl KAaXAOH KOOPAHHATH T~ AHcCHEpcHs 6yaer
COBMaAaTh C  AHCnepcHei COOTBETCTBYOHBHX  KOOPDAHHAT r,
(i=1,...,i-1) H, KpOME TOr0, AAf KBAAPATHYHHX Hw(a) TOYKH
MHHHMYMAa Hw(a) H H"(a) COBNAAYT . AEHCTBHTEABLHO , €CAH

H (@)= @, 00)+ (b . a)yc’ , To H (@)=@ Q)+ (b a)+e’
') .

rae ¢’ - HOBaf KOHCTaHTa , 3aBHCANAA OT I,

B MeToa€ BHPTYaAbHHX 4YaCTHI BOSHHKAET BaXHWA BOMPOC:
KOrAa YHHYTOXATb HMEOMHEcCSs BUDPTYaAbHHE UYaCTHION H NMOPOXAATh
HOBHe? ECTb TPH CYMeCTBEHHO Da3AHYAWNHXCS BapHaHTa.

1. ¢yMKUHS (140) MHHHMHSHDYETCS A0 TE€X MOp, MOKa CKOpOCTb

' ofyueHHs He YmaaeT HHXE KDHTHYEcKoH. [llocae 93TOro BHOBB
npoﬁSBOAﬂT CAydYanHHe CABHTH YaCTHUH n. obyuenne
NPOAOCAXAKWT .

2. TOpOXAEHHE HOBHX YacCTHU TNPOHSBOAAT MNOCAE KaKAOrO HHKARZ
6a30BOI0 aArOpPHTMAa ONTHMH3AUHH - NpH pecraprax. HanpuMep,



NMOCA€ KaXAOro mara MeTOAa HaHCKOpeAmero cnycka, NOCAE
napTaH-Wara UTEPaUHOHHOI O MAPTAaH-METOAAd H T .01 .
3. TlpH KaXAOM BHYHCAEHHH OUEHOK H T'PAAMEHTOB .
TpeTHH cnocob BHOCHT cAy4aHHHH Opouecc BHYTpb 6a30BOroc
2ATOpDHTMA , B pE3YyAbTATE BO3MOXHH H KOA€OaHHS NPH OAHOMEPHOMH

ONTHMH3AaUHH , H HEKOTOoph ¢ Apyrue HENPHATHOCTH . Ero -

NpEUMymEeCTBO — OKOHOMMS MaMATH , TaK KaKk HE HAaAO XPaHHThb T,
3 TOABKO TeKyee 3HaY€HME M HAKAMAUBAEMYW AASL BHUMCACHHS T
CYMMY .

NepBu# cnoco6 Hauboaee KOHCEpBAaTHBEH. OH  AOATO
COXpaHAET BCE AOCTOMHCTBA H HEAOCTAaTKH [peAllecCTBYOMEro
cnycka, XOTd  HampaBAEHHE  ABHXEHHS  MOXET  CymeCTBEHHO
H3MEHUTbCA NpPH MOPOXAEHHH HOBHX BHPTY3aAbHHX YacCTHL .

HauGoaee mepcnekTHBHHM MOKa KaxXeTCcd BTOPOH CMocob: OH ,
C OAHOH CTOpOHH , HE pa3pymaeT 6a30BOro aAropuTMa , a ¢ APYroH
- 3a CcHYeT MHOTOKPaTHOI'O0 MNOPOXAEHHH BHPTYaAbHHX YacCTHI XOpOomo
‘MPOMYNHBAET * aAANTHBHHHE AaHADAYT .

YTO Xe KacaeTCcd OSKOHOMHH MNaMATH, TO OHa MoxeT OHTb
AOCTHIHYT@ 33 CUET ABYX3TaNHOTO NOPOXAEHHS I : reHepUpyeTcs
HeOOLABIIOE YHCAO CAYyUAHHBIX CABHIOB B KaxAOf rpynne CTPYKTYpHO
3KBHBAACGHTHHX  MapaMeTpoB, a MOTOM, MCHOAbL3yd  pasHue
COYETaHUSA O3THX CABHIOB MEXAY [IpyNlaMH , MOPOXAAETCH HaMHOTO
Goablle BEKTOpPOB r,-asf Bcero Habopa mapaMeTpoB. Tak, €CAH
rpynn k, TO, MOpoxaas B KaxAOH MO ABa CABHIa, NMOAYYaeM B
pesyabTaTe KoMGMHMpOBaHHA 2 PaSAHYHEX T .

ABa Bonpoca - 00 aMONAHTYAe CABMIa, KOAHYECTBE
BHPTYaAbHHX 4aCTHL @ TaKXe - O AHHZMHKE O3THX BEAHYHH B XOAE€
obyuenus - TpeOYoOT CHEUHAABHOTO HCCACGAOBAHHH AASL KaxAoro
Kaacca 3apau. TeM He MeHee, yXxe SICHO, YTO €CAH BHPTyaAbHHE
YaCTHUH HCNOAB3YOTCH AAS CHPAMA GHUSA nyTﬁ K MHHHMYMY , TO
AMIAMTYAY T CO BpPEMEHEM CAEAYyET yﬁeHbmaTb.

HO MeToa BHPTYaAbHHX YacCTHU - e€Me OAHO CpPEACTBO AAd
pemeHHs BaxHeHweR NpobAeMu HENPOKOMNBOTHHIA - yCTOHYMBOCTH
npuoOGpEeTEeHHHX HaBWKOB K OOyueHH HOBHX 3apauaM. YTOGH

AOOGHTbLCA 9TOro, M aMNAHTYAY , H KOAHYECTBO YacCTHI CO BPEMCHCM
XEAATEAbHO YBEAHYHBATH.

MeTOoA  BHPTYaAbHHWX  YacCTHIL  AErkKo H 6e3  BCAKHX
AOMOAHHTEAbHHX 3aTpaT CO4eTaeTcsd CO CAYYaHHHM TOHCKOM :
AOCTAaTOUHO TMepeAs TMNOPOXAEGHHEM HOBHX BHPTYaAbHHWX YacCTHL
BHOpaTh B KauecTBe OCHOBHOH 4YacCTHUH TY, AAf KOTOpOH Hpg
MeHblie . E0 MOXET 0OKasaTbCsl CTapad OCFOBRas 4acTHua Aubo oaHa
H3 CTapHX BHPTYaAbHHX .

3aTpaTH BpeMEHH Ha BHPTYaAbHHE 4YaCTHUH MOXHO OLCHHTH
TaK : AAS KBaApPaTHUYHHX (OpM , KOrAa OHM HE AaOT HHKaKHX
AOMOAHHTEABHHX MNpeHMyllecTB (M Boobme HE MEHAOT OTBeTa),
BpeMs YBeAHYMBaeTCcd B N+1 pas, rae n - UYHCAO BHPTYaAbHHX
qacTHL . CTOMT AM BHHIDHI B TPYAHHX CAy4YasXx TakMX 3aTpaTr B
AETKHX CAyuasix — BOmpoc ocobuit , Tem Goaee, yTo 4acTo 3apaHee
HeAab3d pemuTb, Oyaer aAH CAyuYaH  ACrKHM (MOYTH  4TO
KBaspaTHuYHas (OpMa ) HAH TDPYAHHM .

BnpoueM , MOXHO H30exaThb H TaKHX 3aTpaT BPEMEHH , €CAH B
60ABMOM HEAPOKOMNbOTEpPE Pa3MECTHTh cCpasy M+1 HEHAPOHHYW CETb
- OAHY AAS 4YacCTHUH H N AAS BHPTYaAbHHX 4acTHI. Toraa
yBEAUUEHHE BpEMEHH OyAeT CBS3aHO TOAbKO C OGMEHOM AaHHHMH

MEXAY cCeTsMH. OCTaAbHbE OmepauHH - mpsMoe M obGpaTHoe
OYHKUMOHMpDOBaHHE H T.A. BCE CETH  MOLYT  BHIOAHSTH
NapaArAEAbHO .

10.17. MOHOTOHHHE CeTH, IBYX3HauHaf OUEHKa K
npaBuyio Xeb66a

AO CHX MOp MB CBOGOAHO HCNOAB3OBAAM TA3AKY0 H TOUYHO
3aA@HHYO (YHKUMO OLEHKH. AaXxe BECcbMa MaAbe MOIMCHCHHS B
OTBETaX OLEHHBAAMCb XaK YAy4YleHHEe HAM yXyAlleHHe. IO3TOMYy
MOXHO OHAO BHUYHCASITh rpaAHeHTh , CTPOHTb AaATOPHTMH CHyCKa,
YCKOPSATb HX M T.A.

BO3MOXHOCTb OUEHHTb CKOAb YI'OAHO MAaABH CABHI - 6Aar01,

1Bnpoqu, NpEeACTaBbTE , 4TO Bamle MaAseillee ABHXCHHE MOAy4aeTr
OUEHKY. ... 1 6 B TaKOM MHpE€ He BHXHA , XOTH NMOHa4aAy, OuThH
MOXET , YyeMy-HUOYAb OHCTPO Hay4HACH .



KOTOpOro XHBHE cymecTBa AMmEHH . Hauboaee NPUMHTHBHHE Gal30Bue
cocraBAsmie OOABNHHCTBA TEOpHH OOYyYeHHS] XMBHX CYmMeCTB MOXHO
0603Ha4YHUTh TakK :

1) NOHCKOBasi aKTHBHOCTbL ,

2) noompeHHe ycnexa,

3) HaKa3aHHe Heycmexa.

TYT MOTYT OHTb pa3aHUYHHE AKLEHTH , PaSAHYHHE M [POTHBOpeEYamue
APYI APYry AaabHedmue pas3pabOTKH. AAS Hac 3TO NOKa He BaxHO.
3HaYHMO AHEbL BHAEAEHHE COCTABASIKOMMX 1-3 M TO, YTO Trpaaauuil
OUCHKH  HeMHOoro: OOuW4HO  ABe€ (ycnex-Heycnex) HAH  TpH
(ycnex-HEeATpaAbHHA MCXOA-HeyAaaya). B Takol CHTyauuu yxe HeT
FARAKOr0 QaAaNTHBHOIO AaHAmadTa H MNOTOMY OECCHABHHN METOAH
cnycka. ‘ ‘

OCHOBHa2d WA , 3aMEHsbMAs COyCK , COCTOHT B (QOpPMAAHIALHH
6a30BH X KOMITOH EHT (aKTHBHOCT b-MOOMpPEHH E~HAKA3aAHH E ) H
MOCTPOEHHH HA OTOH OCHOBE AATOpDHTMOB OOyueHus. ®OpMaAM3alUud ,
KaK BCeraa, He OAHO3Ha4yHa. 3aechb Oyaer paspaboraHa oaHa
rpynna MEeTOAOB , OCHOBaHHasd Ha obGoOmerHoM npaBHae Xebb6a.

3TO mNpaBHAO AaeT (OPMAAH3AUMI HAKA3aHHA M MOOMPEHMH .
KpaTko HA€sl TAaKOBa : HaKa3aHHE COCTOHT B YCHAGHMH TOPMO3HHX H
ocaabaeHuH BO30yXAaomMX CBSI3€H , MOOWMpEHHE X€ , HANpOTHE , - B
Yy CHAEHHH BO30yXAaomMHX H OCAA0AEHMH TODMO3HBIX .

lleppoe yTOYHEHHE - HE CTOHT MOAHQHUHPOBaTh BCE CBSA3M ,
AOCTaTO4YHO TOABKO T€, KOTOpHE BHOCHAHM CyNECTBEHHHWHA BKAAA B
A3HHHH ychnex HAH HeyAaady. 3Aech MH BO3BpamaeMcs K HAeEe
NOKa3aTeAedl YYBCTBHTEABHOCTH. B YHCTO KOHHEKUHOHMCTCKHX CETHX
O0OLYHO 3a MOKas3aTeAb YYBCTBHTEABHOCTH AAS CHHANTHYECKOI'o Beca
NPpHHHMAETCH MOAYAb MEPEAAHHOTO MO HEMy CHTHaAa.

loyueMy oOXHAQe€TCAd, 4YTO npaBHAO XeObOa ©Oyaer paborarp?
MipeanoaaraeM , 4To HakKas3aHHe péspymur ouxbOYHHE AEACTBHS , a
MOOWpEHHE YCHAMT YCHENHHE .

HakasaHMe MMEHHO pas3pyllaeT, a HE€ HCIPaBASET — HET
HanpaBAEGHHS  CNycka, HeACHO, KyAa ‘ayume ".  TEHAEHUUS
HENpaBHABHO AecicTBOBaTh 0Ocaabagerca. 3a cyYeT [OHCKOBOH

AKTHBHOCTH MOSBASIOTCA YAQ4H , KOTOpHE (QHKCHPYOTCS MOOMpEHHEM .
llocAe HEKOTOpOro BpeMeHRH OOy4YeHMs NOMCKOBad aKTHBHOCTb yxe
MOXeT OuWTb HE COBCEM CAYYalHOH - MOSBAFETCH pSA 3aNPeTOB, C
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OAHOl CTOPOHH , H NPEHMYNECTBEHHHX HaNpaBAEHHUH - C Apyro# .

C HEOXHAaHHOH CAOXHOCT b0 Mbi CTaAakuBaeMcs npx
dopMaAH3aUMH NOHATHH “TOPMO3HHE M BO30yXaaomue CBA3H". AAd
OAHOTO HeHpoua 3TO eleé MOXHO ONpPEACAMTb HMEHHO uepes
H3MEHEHHS : YCHACHHE TOPMOXEHHS BEACT K YMEHLUEEHHI BHXOAHOTO
CHIHaAa , YCHAGHHE BO3GYXACHHS - K €ro yBEAHYEHHNW .

HO yBeaMYeHHE BHXOAHOIO CHIHaAa AAS OAHOI'O HEHpOHa Aerko
MOXET MPUBECTH K YMEHBUEHHI AAS APYIoOro : nepBuil BO30yaHAcd , H
Ha CAeAyolleM BpEMEHHOM TaKT€ 3aTOpPMO3HA Apyroro. TIo3aToMy
TPYAHO Ppa3ACAHThL MHapaMeTpl M CHTHaad Ha BOdbyxaaomie H
TOPMOJSiMME. YXe NMPH HECKOABKHX TaKTaX QYHKUMOHHDOBAHHHA MOXeET
BO3HHKHYTh MNyTaHHUa: [MEpBHH BO30YXAQ€T OAHOrO, TOPMOS3HT
APYroro, a MoTOM B pe3yabTaTe BO30yxaaeTcs (HAH TOPMOSHTCA?!)
YeTBEPTHH .

HEBO3MOXHOCTb Ye€TKOH (QopMaaH3auud B obmem cayuae
NPHBOAMT K MBICAH : HaAO BBOAHTb CETH CHEUHAABHOH CTpPYKTYpH ,
AAS KOTOpPHX €CTECTBEHHO BOJHMKAET pPA3AEAEHHE BO3AEHCTBHH Ha
Bo3byxaaomHe H TOpPMO3AMHE .

AaAbHeRlee MIAOXEHME CTPOMTCS Tak. CHauaAa BBOAHTCHA
NMOHATHE MOHOTOHHOI'0O (QYHKUHOHAABHOrO 3A€MeHTa H obcyxaaoTcd
AATOPHTMH OOyueHMS TaKHX OAEMEHTOB. A2A€€ ONPEACAANTCH
MOHOTOHHH € CBASH  MEXAY  MOHOTOHHHMH 9A EMEHT aMH - H
Bo3byxaaomMe, M TOPMO3SMHE M CTPOATCH MOHOTOHHHE CETH
CA OH CT Ot CTPYKTypH . HakoOHel , KOHCTPYHpPYWTCH aA T OPHTMH
06y4YeHHS MOHOTOHHHX CEeTeH .

Yyrobul OnpeseAHTh BO3OYXAEHHE M TOPMOXEHHE B TeX cAydasdx,
KOraa MNapaMeTpoB H  BHXOAHWX CHCHAAOB HECKOAbKO, HAaAO
HCNOAb30BaTh MOHATHE MOpPSAK2 B BEKTOPHHX MpoOCTpaHcrBax. HyxXHO
OTBETHTb Ha BOMNpPOC : YTO MOXET O3HA4aTh AAS ABYX BEKTOpPOB X, Y
OTHOWEHHE X2y ?.

TopAOK B KOHEUHOMEPHOM BEKTODHOM INpocTpaHcTBe E GyaeM
3aAaBaTh C MNOMOMbIO SaMKHYTOI'O BHIYKAOIO TeEAECHOro (T.e. C
HEeNyCTOH BHYTPEHHOCTbI ) KOHyca Q. Tlo onpeaeaeHHio X0, €CAH
X€Q . CTAaHAAPTHHH NpPUMEP AAS NPOCTPAHCTB C BHAEACHHOH CHCTEMOH
KOOpAMHAT : Q COCTOHT M3 BEKTOpPOB, Yy KOTOpHX BCE€ KOODAHHATH
HEOTpHL AT EAbHH . ADYI'OH , MEHEE TPHBHAAbLHHH MpHUMED :

Q=(er|xl>x2>...>xn>0} -
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Q COCTOMT H3 BeKTOpOB, KOOpDAHHATH  KOTOpPHX COCTaBAALT
HEBO3pacCTawmyw MNOCAEAOBATEABHOCTD HEOTPHUATEABHBX YHCEA .
KOHEeYHO, MHOXECTBO BO3IMOXHHX cnoco6oB 3aAaHHSA nopsiaAka B
AQHHOM E OecKOHEYHO. DAEMERTH Q Has3KWBaWT CH MNOAOXHT €A bHHMHU
BEKTOpaMH . lipeanoaaraercs , 4TO - QN (-Q)={0}, TO eCTh
X208 XL0=2X=0 .,

AAd onpeaeaeHHs BO30yXaaomux u TOPMO3SIMHX CBA3EH HaM B
A3AbHeEHEM NOHAAOGUTCH NMOHATHE MOHOTOHHOIO oneparopa. IycTh
33AaHH ABa MpocTpaHcTBa E

- Ez C KOHYyCaMH TMNOAOXHTEABbHHX

BEKTOPOB Q,, Q,. AMHeHlHOe oToGpaxeHHe A :E ~E, Ha3uBaeTcd
MOAOXHTCADBHBM , €CAM A(()1 )c()2 - AA9 awboro er1 €CAH X20, TO H
AX20 B E,. TloaoxuTeabHHE onmepaTops , oroGpaxawomue E B E,
06pasylT SaMKHYTHH T €A €CHHil KOHYC B MNpPOCTPAHCTBE AMHEHAHBX
oTrobpaxeHui L (E, E)).

AAs ABYX BeKTOpoB X ,yeE mnoaarawr X2y, €CAH X-y20.
AHaAOTHYHO , AAH ABYX AHHCF[H‘HX onepaTropoB A ,BeL (E1 'Ez)
[0AArawT A2ZB, €CAH A-B - MOAOXHTEABHUH oneparop .

OToOpaxeHue F, onpeaeseHHoe B 0OAacCTH Ucl-:1 H NpHHHMaomee
3HaueHHe B E,, HAa3WBACTCH MOHOTOHHO ' BOSPACTAWMHM , €CAHM AAS
AbHXx X ,yeU

X2ysF (X 2F (Y ), (141)
H MOHOTOHHO yOuBaomuM , €caH
XZy$F (¥ )2F (X ). (142)

EcAH  orToGpaxenue F auppepenunpyemo B U, TO ero
AHDQEpEHUHAA DF (X) AAS  KaXAoro , xeU  SBASETCH  AMHeHHHM

oneparopoM U3 L (l~:1 E,). EcAM F - MOHOTOHHO BO3pacTaomee
orobpaxeHne, To aasl AwGoro xey: onepatop DF (X) MOAOXHTEAEH .
Ecar xe F - MOHOTOHHO ybuBawmee, ToO AAS  KaXAOro xeU

ToAOXHTEAEH onmepaTop -DF (X). AAS BHOyKAX obaacTeir U BEPHO H
obpaTHOe : ecAn aaf aw6oro xeU onepatop DF (X) NMOAOXHTEAEH , TO
F — MOHOTOHHO BO3pacTapilee OTOGPAXEHHE , @ ' €CAH AAS ANGOrO XeU
MoAOXHTEACH onepaTop -DF (X), TO F - MOHOTOHHO yGMBawmee .
OnpeAeAHM Tenepb MOHOTOHHWE (QYHKUMOHARALHHE OAEMEHTH AAs
TOTO, 4TOBH  CTPOHTb NOTOM M3 HHX MOHOTOHHHE  CETH .
OYHKUMOHAABHHH 9AEMEHT f N0 BEKTOPY BXOAOB A i BEKTOpy
MapaMeTpoB O BHYHCASET BEKTOP BHXOAOB f (A &) . OTAMYHE oOT
NPEANAYNErO M3AOXEHHS [MOKA COCTOHT .B TOM, 4YTO BHXOA ~—

BEKTODHHH . 3AeCbhb MM He OYAEM pas3AEAdTb D3AEGMEHT C BEKTOPHHM
BHXOAOM Ha OTACABHHE KOMIOHEHTH , KaXAHH H3 KOTOPHX BHUYHCAAET
OAHY KOOpDAMHATy BEKTOpa BHXOAQ .

3aemeHT f Ha3HWBAETCHd MOHOTOHHHM MO BXOA3aM, €CAH B
NPOCTPAHCTBC BXOAOB M B MpOCTpaHCTBe BuxoaoB E. uw E
ONPEACAEHH BEKTOpHBHE [OPHAAKM € KOHYCAMH  [OAOXHT EAbHHX
3AEMEHTOB Q H ()f . H Aad Aw0bOoro BeKTOpa mapaMeTpoB O

f in ou

f(..x) - MonoronHo BoapacTabmee oTobpaxewne 3 E B E

out ’
AHaAOrHYHO , f HasuBaercs MOHOTOHHLIM IO MNapaMeTpaM , €CAH

B NpOCTPaHCTBE napaMeTpoB E , ¥ TPOCTPAHCTBE BHXOAOB E. o
ONMPEAEAEHH BEKTOPHHE TMOPAAKH € KOHYCaMH  [1OAOXHT €A bHH X
3AEGMEHTOB Q_ M Q = H AAf AWGOro BEKTOp2 BXOAOB A f(.A) -
fp ou
MOHOTOHHO BO3pacTawmee oTobpaxeHHe H3 E p B E -
HakoHel , f Ha3WBaeTCd MOHOTOHHBM , €CAH OH MOHOTOHEH M Mo
BXOA3M , H MO MapaMeTpamM .
NMpUBEAEM HECKOAbKO NpHMEpOB. HEHPOH ¢ XxapaKTepHCTHKOH
B XOA —Bb XO0A
A
>0
F&O=gomy @0
ABASETCA MOHOTOHHHM IO BXOAY , HO He [0 MapaMeTpy , €CaH Ha
ACHCTBHTEABHOH [pPAMOH MNPHHAT OOWYHHA MNOpSAOK. IOporoBui

HEeApOH
0 ,6eCAH A<(Q ;
fAQ)e (143)
1,ecau A2Q; A
ABASETCHA MOHOTOHHHM O BXOAY M 06AaAaer TEeM CBOHCTBOM , YTO C

pOCTOM (O BHXOAHOR cHIHaa f AAf Bcex A He Bo3pacrtaer. llocae

3aMeHB (0 Ha 1/ MOpPOroBHH HEHPOH
0,ecau A<1/Q;
f@aa)= (143)
1,ecaH A21/Q i )
(0>0) CTAHOBHTCH YX€ MOHOTOHHHM . AHHCHHHH CHHAaNC, MOAYYaoMHH

Ha BXOA€ CHIHaA A M BHA2ONHA Ha BHX0AE OA, <BASETCH
MOHOTOHHHIM [PH OrpaHHYEHHHAX A>0, A>0 .

AMHEHHBH CyYMMaTOp , BHAZWNHA Ha BHX0AE CYMMY BXOAHBX
CHTHAAOB , SIBASIETCH MOHOTOHHHM SAEMEHTOM. OH MOHOTOHEH Mo
BXOA2M A , €CAH 33Aa3Th Oln TakK :

Q, ={A|A >0 Aas Bcex i}, (144)
a2 MapaMeTpoB Y AHHEHHOIr 0. CYMMaTOpa HeT .



HakoHern , MpPHMEPOM MOHOTOHHOTO BAEMEHTa SABASIET CS
HEHPDOHHAd ceThb M3 MOpPOrOBHX HEHPOHOB (143) Cc AHHEAHHMH
CHHANCaMH , MMEOMHMMH HEOTPHUATEAbLHHE Beca, ¢ AHHCAHBHMH
CyMMaTOpaMH MepeA BXOAAMH HEHPOHOB U MOAayYell BHEWHHX BXOAHHYX
CHTHAAOB Ha HEHpOHH . '

B nmpocrpancrsax E, _, E_, ‘Ep 33AA0TCH  CTAHAApPTHHE
KOHyCH  NMOKOOPAHH2THO  HEOTPHHATEALHHX  BEKTODOB (144).
MlapaMeTpsl ceTH - oOpaTHHe NOpPOrM HEAPOHOB G (143) U Beca

CHHAanCOB. BCe OHW ADAXHH OHTb HEOTPHUATEALHHMH (OOpaTHHE
NOpPOTH — [OAOXHTCEABHHIMH ). DTOT NPHMEP HHTEPECEH €eme TEeM , YTO
BHUYHCASIETCA QYHKUHA F - MOHOTOHHas , HeAHQOepeHuMpyemas u
NMO3TOMY IPpAAHEHTHHE METOAN HCIOAb30BATh HEAbLSS .

HMEHHO OTH MOHOTOHHHE CETH H3 [OPOTOBHYX HEHPOHOB OyAyT
CAYXHTbL HaM CTaHABpPTHHM NPMMEPOM MOHOTOHHOIO (QYHKIHOHaAbHOIO
aaeMenTa. OOyuYeHHEe Takoro SAEMEHTa pacCMOTDHM B  CACAYRIEM
nopsiake. CHauyaAa - pEXMM C NPEALSBAECHHEM [0 OAHOMY MNDHMEDY :
NpeAbSBACHHE [PHMEpPR - OUEHKA QYHKUHOHHPOBAHHS - KOPPEKUHS
NapaMeTpoB (C MOBTOPHHMH MNPOOHHMH UHMKAGMH MAH 6€3 HHX) -
NOHCKOBOE M3MCHEHHE MAPAMETPOB — MPEABLABAEHHE HOBOI'O mpHMeEpa.
lloToM - paboTa cO CTpaHHUEH NMPUMEPOB .

HTaK , NycTb MOHOTOHHAS CETh MOPOrOBHX HEHPOHOB NMOAYYHAQ
BXOAHHE CHIHaAb , MpopaboTaaa 3aAaHHOE YHCAO TaKTOB H BHAAAA
BHXOAHHC CHICHAAH. 3TOT UHKA QYHKUHOHMDOBAHHDOBAaHHS NOAyYaeT
BHCUHIOI OUEHKY . OlEeHKa ABY3HayHa : "XOpowWoO* HAH ‘MAOX0". ECAH
"Xopowo", TO HeOOXOAMMO NOONPEHHE , ECAH "AoXo*, ToO
HakasaHue.

H noompexre, M Haka3aHHE 3aKAO4alOTCHd B  ChHEUHAAbHHYX
H3MCHEHMAX MapaMeTpoB. IMpEABapHTEARHO , OAHAKO, HAaAQ pPEWHThH,
KaKie [apaMerpd MEHATb INpPH NOOHNPEHMSAX M  HaKa3aHHSAX.
TTOAyYEHHHE B pe3yAbTaTe (QYHKUHOHHPOBAHHS BHXOAHOH CHIFHaA B
pPa3HOH CTENEeHH 3aBHCHT OT Pa3AHUHBX NapaMeTpOB. XEAATEABHO ,
4YTOOH H3MEHEeHHS OHAM TOYHO MaNpaBAEHH Ha TO, YTO HYXHO , H HC
3aTpariBaAH AHINHHX NapaMeTpoOB . ‘

3A€Ch MH CTAAKMBAEMCH C OAHMM SBCTBEHHHM TpEHMYMECTBOM
HeHpoceTeBOH CTPYKTYPH nepea MHOTHMH APYTHMH . 3T0
NpEUMymEeCTBO He CBASAHO C BHCOKMM YPOBHEM népaAAeAusua. oo
He 3aBHCHT OT cnoco6a peaau3auuu ‘nﬁouecca. COCTOHT 3To
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OpeUMYNEecTBO B TOM , UTO AAS HEHPOCETEBOH CTPYKTYpH MO LUHKAY
QYHKUHOHHPOBAHHS HETPYAHO OUEHHUTb 3HA4YHMOCT b KaXA0ro
napaMmerpa B NMOAYYEHHH A@HHOrO OTBETA.

YaCTHYHO MH yX€ KacCaAHCb 3TOro B pasaeaax , MOCBSMEHHBX
aHaAN9Y UYBCTBHTEABHOCTH : BEAHYHHA MpPOWEANEro YEeped CHHanc
CHIHAaAa MOXET CAYXMTb [nNOKa3aTeaeM UYYBCTBHTEABHOCTH AAA
CHHANTHYECKOrO0 Beca. OAHAKO TaM MOXHO OHAO NOAB30BaThCA
YaCTHHMH  MPOU3BOAHBIMH OLEHKH - Ooaee HHQOpMaTHBHHMH.
noKkasaTeasiMH . 3AE€Cb Xe€, KOlAa HET HH TAAAKOH OLEHKH , HH
AHDQEPEHLLIPY EMOCTH QYHKUHH BXOA-BHXOA , IPEHMYWECTBA HEHPOHHH X
ceTell nposaBaseTcd ocobeHno ueTko.

NyCTb HEKUA HEADOH B pe3yAbTaTe LUHKAA QYHKUHOHHPOBAHHA
BHAYA HAapYXY CEAHHHUHHH BBXOAHOH CHITHaa. Kak ONpPEACAHTb TE€
napaMeTps , KOTODHE 3a OTO HYXHO MOOWPHTL (B cAyuYae ycmexa)
HAM HaKas3aTb (B CAyuYa€ HeEyclexa). Aasd OTOC0 HCNOAb3YETcs
cBoeofpasHoe "00paTHOe QYHKUHOHHpOBaHKHe". B xoae mpouecca
OTMEUapTCd TE  [apaMeTpH , KOTOpHe  [OAA€XaT  MOoOupeHHW
(MOBHUEHNID ) HAH HaKadsaHitlo (MOHHXEHHO ).

O6paTHOEe QYHKUHOHHPOBAHHE HAACTPAHBAETCH HaA MNPAMHM H
HCNOAB3YET DE3YyAbTaTH KAaXKAOro ero TakKTa. HauyHRaeTCd OHO C
TOrO0 HEApPOHA , KOTOPHii BHAAA BHXOAHOH CHTHaa . TEpPBHM B CHOHCOK
OTMEUYEHHHX MapaMeTpoB  BKAkuyaeTcd  oOpaTHWA  nopor  aToro
HefpoHa . Ada€E OTMCHINTCA BECa BceX CHHAMCOB, MO KOTOpHM Ha
3TOT HERPOH MNpPHWAI [ICHYAEBHE CHIMHAAB ¢ TMPEAHAYNEro TakTa.
Aaaee - ODpaTHHE MOPOrd TeX HEHPUOHOB , OT KOTOPHX Ha
npeasaylleM TaKTe MOCTYNAAH CHIHAAN Ha OTMEYEHHHE CHHanco . H
TaK Adaee.

onuweM oblice MPABHAO AAS  COCTAaBACHHS CINHCKA 3HAYHMBX
napamerpoB . INycThb NpsAMOe QYHKUHOHHDOBaHHE 3aHMUMaeT O TaKTOB :

T=1,2,....0, T - AlICKpeTHOE BpeMs - HOMep TakTa. [llapamerpu
OTMedapTcs B obparHod nopsake - oTf T=8 a0 T=1. Coxcok
OTM €4 EHHB X naparerpon pasbuBaercs Hi G, CcilHCKOB ,

COOTBETCTBYWIUIX pa-Hbly 3adeHnsm T.

AASL KaxXAOTG T cHauydaa OTMEYanTCd MapaMeTpul HEeHpouHoB .,
MOTOM CHHaNCOB , MO KOTOPHM OTH HEHAPOHB B TaKT MNPAMOL 0
PYHKUHOHIHPOBAHUS T MOAYUHAIl HEHYACBHE CHCHaabl ¢ TaKTa T-1.

ECAl CIICOK COCT uBA CH aad T=B, 8-1,....t+1 . TO aast T=t B



HEro BKabuawTcid OOpaTHHEe NoOpOrH TEX HEAPOHOB, OT KOTOPHYX

BHUXOAHHE CHIHAAH C TaKTa MNpsMOro (QYyHKUHOHHpOBaHMs T=t

NOCTYMHAH HAa  CHHalCH , OTMEYEHHHE Ha IpeAWAYNEM TaKTe

0O6paTHOro (GYHRKUHOHMPOBAHUA T=t+1 .

B Hadaae oOpaTHOro QYHKUHOHHPOBaHHA NpH T=H8 OTMedaercd
OAHH HAH HECKOABKO O0OpaTHHX NOPOroB BWXOAHHX HEHPOHOB - Tex
HEAPOHOB , KOTOPHE A3AH HA BHXOAE HEHYAEBHE CHIHAAM .

CnHCcoK , MNOCTPOEHHHA TakuM o06pa3oM, MoOXeT 0Kas3aTbcs
CAHEKOM GOABUMM . MO3TOMY A3AHM €mE OAHO NpaBkAO OGpPaTHOrOo
QYHKUHOHMPOBAHHA - 06paTHOE QYHKUHOHMPOBAHUE C COPTHPOBKOW .

3aMeTHM cHauaaa, 4YTO HauboAee OJHAUUTEAbHOE YBEAHYEHHE

YHCAQ OTMEYCHHHX NapaMeTpOB MNPOMCXOAHT , KOrAd OTMe4anTcd

CHHancs -~ Ha OAHH HEHAPDOHR MOXET NPHXOAHTb MHOTO CHTHAaAOB H

OTMEY2AH Mb BCE CHHaNTHUECKHE BECA AAA CHHANCOB , MPHHOCSIMHX

HEHYACBHE CHIHAAH. A MOXHO OTMEUaTb He BCE€, HO TOABKO Te€,

KOTOpHE NPHHOCAT cambe OoabmHe CHIHaao . Tak Kak Ha cHdanc

NMOpOroBHEe HEHPOHW MOryT mnepeAaaBaTb aHGo 0, aubo 1, ToO

HEHYAEBON NepeAaHHHil 4Eepes CHHANC CHrHaA ApOCTO paBeH

CHHAaNTH4Y€CKOMY Becy .

Hrak , Ha KaxaoM wmare oOpaTHOTO QYHKUHOHHPOBA4YHA T
BHACASIETCH HEKOTOpOE MHOXECTBO HEHAPOHOB - Tak Xe, KaK H
paHbwe , O6GO3HAYUM HX HYHCAO n.. NoroM Hd ToM xe mare T
BHACASIOTCA TE€ CHHANCH , KOTOpPHE TNpPH MNPAMOM GQYHKIHOHHPOBAHHH
NPDHHOCHAH H2 O3TH HEHDOHH HEHYAEBHE CHIHAaAHW C‘TaKTa T-1. Beca
STHX CHHANCOB PACNOAOXHM B N MAacCCHBOB - MO YHCAY HEAPOHOB. B
OAHH MAacCHB BKAKWYAEM BECA CHHANncoB , MEPEAAOUHX CUTHAAH OAHOMY
HEHpOHY .

Temepp H3 3THX MaCCHBOB HYXHO BHODOCHTE AMNHHS
OACMEHTH . AAF 3TOTO €CTh, MO KpaHHedl Mepe, Aéa cnocoba .

1. N0 NpeAeAbHOMY KOAHYECTBY SHAYHMHX CHHAncos BEAYNHX K
OAHOMY HEHDOHY . 3aAaeTcsd HEKOTOpoe UHCAO k. B KaxAoM M3 n
MaCCHBOB BHOHpaeTcs k HauGOABLLHX CHHANTHYECKHX BECOB. ITH
napaMeTpu BKALUANTCA B CNHCOK , GCTaabHWE oTOGpacHBawTCH .
ECAH B KaKoM-AHDO H3 yKa3aHHHX N MacCHBOB MapameTpoB
MeHBpWe , yeM k , TO OTMeuyapTCs BCe MapaMeTps MaccdBa .

2. Mo AOCTA4TOYHOCTH TNEPEAAHHOrO CHIHaaa AAS  BO30yXAeHHd
HeApoHa. B KaXAaOM u3 N yKasaHHWHX MacCHBOB BuOHpaercs
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HaHOGOABLUKI CHHANTHYECCKHA Bec, K HeMy mpubaBasiercss BTOpOH
N0 BEAHUHHE H TaK A0 TeX nop , Noka CyMMa He craHeT Goabme,
yeM mMopor BO3GyXAEHHS COOTBETCTBYOMEro HEApOHa. llapaMeTph
MacCCHBAa , BONEANHE B CYMMY , OCTABASIOTCH B CINHCKE 3HAYHMBX
BEAHUYHH , OCTaAbHHE — OTOpacuBawTCH .

TakuM 0OpasoM , ONMHMCAHO TpH CNOcoba BHAEACHUS SHAYHUMHX
napaMeTpoB. Temepb MOXHO ONPEAEAHTbL MOONpEHHE M KAKA3AHHC .

NoompeHHe COCTOMT B YBEAHYEHHH JHAYMMHX MApaMETpOB,
HaKasaHHWe - B MX YMCHBUEHHM . OCTaeTcsd 'BCEro Aullb”" BuOpaTh
BEAHYHHH O3THX yBeAuueuuﬁ H yMEHblleHHH . OHH. MOTYT 3aBHCETb OT :
1) BEAHUHHH MapaMeTpa ; ) ’
2) MoMedTa 0GDaTHOro (QYHKLHOHMpOBaHMS T, Ha KOTOpOM mapaMmeTp

6biA BKAOUEH B CHHCOK SHAUHMHX ;

3) MecTa COOTBETCTBYONETO OSAEMEHTa B CTPYKType CETH (B TOM
YHcAE , KOHEYHO , OT TOro, 9BASIETCH NapaMeTp CHHaNTHYeCKHM
BECOM MAH OOpATHHM MOPOIOM HeHpoHA).

CpaBHEHHE C METOAOM CryCKa MOKa3WBAE€T , YTO MOOMpEeHHe H
HaKa3aHHe CHABHO pasauuapnTcs . ECAH MOOMpEHHE CAYXHT QHK CalliH
NOAE3HOro HaBWKa M BO MHOTOM aHAaAOTHYHO cOycky, TO HaKagzaHHe
yMeHbliaeT MapaMeTpu , ONpeAeAsomHe HenpaBHABHHH OTBET , HO,
crporo TroBops, He BeAeT K  yAayumeHuo. OHO  pagpymaer
HEMpaBHAbLHHE HABWKH C TeM , 4YTOOH HX MeCTa OJaHiAAH CAy4afHoO
HaAAGHHHE M MOOWpPEHHHE NMPABHABHHE .

AAS NMOONPEHHS CYymMeCTBYET aHaaor OAHOMEpPHOR ONMTHMH3AUHH C
NOBTODHHMH peleHHsMH MpuMepa. OnHuwem ero. TlycTs B Opans
HauaAbHWE CABUI'H 3HAYUMHX NapamMerpoB. OOO3HAYHM BEKTOp ITHX
éABHroa S(s>0). MpuGaBuM S _ K IHAYUUMEM napaMeTpaMm H CHOBa
AdAHM CETH peuwuTb 3TOT npuMep. EcaM OlUECHKA CHoBa , “xopomo",
YBEAHUHM CABHI B T pas, r>1, U CHOBa MDOTECTHPYEM = H TaK AO
Tex nop, noka He Oyaer noAayuyeda OLEHKa "IAOXO" MAH Bce
3HayHMbe NapaMeTps HE BHAAYT Ha  3apaHee  ONpeAcAcHHUE
MaK CHMaAbHb ¢ NMPpEA€AbHbEe 3HayEeHHd .

NycTh, HAKOHEl , MOAyYeHa OlUeHKa 'MAOX0". [lepexOakM Kk

ApoBaenMio Wwara - AEAEHHEM [ONOAAK HAH  METOAOM 30A0TOTO
CEUEHHS HAXOAHM TOUKY CMEHH "XOpomo"™ Ha 'MAOX0" C Hanepea
34AAHHON TOUHOCTBK £: CABHT Ha ds - "xopowo", CABHI Ha d+£)s
- "AOXO". '



HO 3TOo ewme He BCe. Mocae CaABUTE Ha (d+£)s npu npsmom
PYHKUHOHUPOBAHHH BO30GYXAQlT cs HEKOTOpHE "AHLHHE" HEHPOHW -
T€, KOTOpHE He BO3OYXAaOTCA MOCAE CABHra Ha ds. OnpeAeAnM AAg
BO30YXAEHHS OSTHX AMEHHYX HEHPOHOB 3HaYHMbE napaMmeTpe . CpeaH
HUX OKaXyTCd M HEKOTOPHE M3 TeX MapaMeTPOB , UTO GWAM 3HAUHMA
PaHEe AASl XOpoWeR OUEHKH - HHaue MpH CABHre Ha (d+£)s ouenka
Ol He MopTHAach. YA2AUM H3 s COOTBET "TBYOMUE K OMMOHEHTH
(TOAOXHM ~ HX paBHHMH HYAL ). TOAYYHM BEKTOp CABHra s’
TIPOAGAXHM ONTHMH3ALUHO H3 TOYKH , NOAYY EHHON CABHIOM napaMeTpoB
Ha ds. Telepb BEKTOP CABHIA S’ , HAaYaAbHHWI mar €.

H Tak mnpoaoaxaes , noka B BEKTODE CABHIa OCTalOTCS
NOAOXKHTEABHN E KOOPDAMHATH HAH NMOKa BCe NapaMeTps , KOTOpHE HAAO
YBEAHUHBATL , HE BHHAYT Ha MaKCHMAABHHE NPEACALHHE 3HAYCHHUS .

MpH paboTe c OAHMM NpPHMEDPOM AAS HAKA3aHHS HET aHaAora
OAHOMEPHOH ONTHMH3AUMH . 3HAUHMHE napaMeTpd  yMEHbWAOTCH Ha
HEKOTOPYlo BEAHUHHY. YMEHBUEHUE MOXET MNPOHSBOAHTBLCH 33 OAHH
War, HanpuMep, YMHOXEHHEM BCEX 3HAYHMbX apamerpoB Ha q
(0<q<1). OHO MOXET NPOBOAMTLCH B HECKOABKO WATOB ¢ MOBTOPHLIM
pellcHHEM TMpHMepa - BAPYr no aopore Gyaer noAyueHa OueHKa
"XOpONO ". HAKOHEW , OHO MOXET OMTb DAAHKAAbLHHM — BCE 3HAYUMHE
napaMmerps o0palanTCcss B HOAbD .

llocae HaKa3aHUs CAEAYET wWar NOHCKOBOH 4KTUBHOCTH —
CAyYaiiHHH CABHT napamMerpos. [pu ONDEAEACHHH BEAHUHHB CABHTra
HyXHa MaMiTb O NpEAWAYmHX NOOWPCHHAX M HaKA3aHHSAX - CABUL
HEAABHO MNOOWPEHHWX HAH HAKa3aHHHX MapaMeTpoB AOAXEH OHTb
MEHBWE , UEM OCTAaABHHX. 3ITO oprauuayeTCﬂ.'HanpuMep, TaK . AAd
KaXAOro mapameTpa BBOAMTCH NOKa3aTeAb p (0<p<1), Ha KOT opuit
YMHOXA€TCA  CAyYalHHil  CABHI CTaHAapTHOH aﬁnAuTyAu. Mocae
MOOUPpEHHA AAHHOrO MapaMeTpa €ro MNoKasaTeab &MHoxaeTca Ha 1
(0<r <1), nocae HaKa3aHUd - Ha F_ (0<r_<1). MOocAe ouepeaHOro
CAVUATHOrO CABHI'@ p 3aMeHsieTcd Ha 7Vp . HauaabHHEe 3HaYeHHS Bcex
P paBHB 1.

MOXHO TakXe BOCMOAb30BAaThCH HAeeH feuneparypu cCeTH M
CHEprHd AKTHBALUKH  MNapaMeTpoB (M. paSACA' 10.13), mnoBwmas
MCEPTHI  AKTUBALHH NMOCAE KakAOrO NOOWpPEHHS HAH HaKa3aHWsd M
TOHIKUS €e MOCAE OYUEPEAHONl "BCTPSCKN ™.

Fabora cpasy co cTpaHHuel NPHMEPOB MO3BOASET BBeCTH

aHAAOI OAHOMEPHOH ONTHMH3AUMM AAY HAKa3dHHKH H CYmECTBEHHO
yckopdaer oOyueHnue.

' HTak , NycTb 3aAaHa CTpaHHLAa NpPUMEPOB. OLEHKa CTpaHHLH
H - 4YHCAO XOpomoO pemaeMHx OPHMEPOB AQHHOH  CTPaHHUM .
P9 R )
BeAMuYHHA Hpg ~ @QYHKUHA BEKTOpa MNapaMeTpoB CETH O : Hm(a).
AATOpUTM OOYYEHHd CTPOMTCA Tak, 4YTOOW BEAHYHHA ﬂm(a) co
BPEMEHEM HE YyMeHbWaAaocb. Ilyctb B pedy.bTaTe k-ro uHkaa

00y4 eHHs MpHHHMaET CH BEKTOp napaMeTpoB ar . k'TorAa

0 1 -
MOCAEAOBAT €EABHOCTDb Hpq «), Hpg o), ey Hpg (q )
HeybuBapumas .

BoAaee TOro, aATOPHTM AOAXeH paboTaTb TakK, YTO €CAM Ha
KaKkoM-AH60 npobHOM mare BeAHYHHA H , BOspocaa, To Aaree Ha
NPHHUMAaEMHX 3HAYEHHSAX (O OHAa HE AOAXHA YMEHbLATbCa ~ elle pa3
BCTpeuaeMcsl C 'NMPHHUHINOM MaKCHMaABHOrO TEpPMOMETpa".

EcAM B HayaAbHWH MOMEHT BCE MPDHMEPH DPEmaoTCH NAOX0, TO
AASl KaXAOT'0 H3 HHX COCTaBASETCH CNHCOK 3HAuHUMHX MapaMeTpos,
OTH CNHCKH OOGbLEAHHSOTCH AAS BCeX TMPHMEPOB CTPAaHHLH , BCe
napaMmerp  06bEAHHEHHOro CHNHCKAa YMEHbWaWTCH , TMO0CA€ 4ero
NMPOH3BOAHTCH CAYYadHWA CABHI BCEX [apaMeTpoB CeTH. Kak yXe
FOBOPDHAOCbL , HHTEPBAaA CABHIa AAS TOABKO 4TO HaKa3aHHHX
napaMeTpoB BHOHDPAET CA MEHBEHM , YEM AAS OCTaabHWX. Pe3yAbTaTH
CABHTA OUEHHBAOTCA - BuuHcasieTcs H_(X). Ecam cHOBa BCe
mpHMEDH  pewawTCs  nAOX0, TO ecThb H (@)=0, TO  UHKA
NOBTOpsAeTCA. H Tak A0 TeX 1op, NOKa HE MNOABATCH IMpPHUMEDH ,
pemaeMse XOpOWO , MOCAE YEero MEepeXOAHM K CAeAybmed npoueaype.

NlycTbh Ha A4HHOH CTpPaHHUE €CTh H XOpomWo, H NMAOXO pemaeMmue
npHMeps . LikA OOyyeHHd HaYHHAETCs C HaKa3aHHuA . AAS BCeEX
NPUMEPOB CTPAHHUH BHAEASOTCH SHAUHMHE MNapaMeTpPH . AAf TMAOXO
pemaeMblx OHH 00beaHMHsOTCI B ODWHA  CNHCOK  HaKa3uBaeMo X
napamMeTpoB . NapaMeTps , BXOASIHE B 3TOT CMNHCOK , YMEHbWANTCA AO
Tex MmOop, MoKa AdAbHedllee YMeHbUeHHE AROOTO H3 HUX Ha £ He
NPUBEAET K  YMEHBUEHHIO H ~HAN He BNBeAeT 3a  3apaHee
YCTAHOBAEHHHE OrpaHUUYeHHS (£>0 - 3aAAHHOE MaA0€ 4HCAO). EcaM
B XOAE YMEHbIeHHS CETb CTaAa pewaTb KaKoil-auOo npuMmep xopowo,
TO OH TYT Xe HCKAKYAETCH H3. CNHCKa NAOXO pemaeMbX H
AdAbHelilIee YMEHbUEHHE MAPUMETPOB HE AOAXKHO pa3pyWuTb M €ro
HPABIHABHOFO  PeleHus Hapsiay ¢ NPABUABHHMII  DEmEHHAMIE  APYTiiX



N

NPHMEDPOB . .
AATODHTM HaKa3aHHfl CTPOMTCH TaK. [0 CNHCKY HakaSuBaeMbiX
NapaMeTpOB H MNeEpBOHAYAALHOMY BEKTOPY MX OHEUEHHH CTPOMTCst
BEKTOp HA4aAbHOTrO CABHIa -S. OTPHUATEABHHE KOOPAHHATH -S
COOTBET CTBYWT HaKa3uBaeMWM MapaMeTpaM. AeAaercd npoOHul war -
HayaabHHA BeKTOop NapaMmeTpoB Q° saMensiercs Ha a°-s. 3TOT mDar
OUEHHBAETCA ~ CETb peENAET BCEe MNPHMEPH CTPAHHLH NpPH HOBHX

SHRYCHHAX NMapaMeTpoB. BO3MOXHO HECKOALKO BapHaHTOB :

4) B DE3yAbTaTE CABHIF2 HAa -S MHOXECTBO XOpoWO pemaeMux
NPUMEPOB HE H3MEHHAOCh, TOrA2 WAar yBEAMUYUBAETCS B I paa
(r>1) ¥ MepexoAHM K OUEHKE AASl BEKTOpa NapaMeTpoB (°-rs;

6) MHOXECTBO Xopomo pemaeMHx NPHMEpOB 'YBEAHYHAOCL , TOTrAQ
SalnoMHHaeM , KakHe MpHMEpH TeNnepbh 'DemawTcds XOpOmO, M TOXe
YBEAHYHBAEM WAr B HanpaBAE€HHH -S ;

B) HEKOTOpHE MpUMEpH , 32 KOTOPHE CETb n0AyhaAa paHblie OuEeHKY
"XOpoWwo ", CTaAH pewmaTbcd NAOX0, MNYyCTb 3TO MNPOH3OWAC. B
NepBui pas npy ware rd, TO ecTb NpH SHAYEHHHX napaMeTpoB
o’-rds , a npH ware d Bce eme xopomo,

B MOCAGAHEM CAY4a€e METOAOM AEAEHHS MOMOAAM HAH S30AOTOTO
CEUeHUs] HaxOaMM Ha orpeske [d,rd ] Taxin BeAMUHHY mara 8, uro
ceTh ¢ mnapaMmerpamn 0 -8s XOpowo pewaeT BCe MNpUMepH , 3a
KOTOphe oOua paHbWE noOAyXasa OUEHKY "Xopollo", a CceTb ¢
napaMeTpamy aq16+8)s HEKOTOpHE H3 HHX yX€ pemaer MA0XO.

TakiM o6pa3ou, BHa€AsieTcs rpynna npHMEpPOB (OAMH MAM
HECKOABKO), AASl KOTOpWX NpH Nepexose OT napameTpoB O°-0s K
a{(6+8)s OLE€HKA MEHAETCA C “"XOpowo" Ha onxo‘. AAfl Takux
NPHMEPOB BHACASKTCH 3HAUMMHE MapaMeTpH H BEKTOP S H3MEHseTCs
Ha s’ : §° OTAH4aeTcs OT S TeM, 4YTO \KOOPAHHaTH' s,
COOTBET CTBYOWH € 3THM 3HAYHMBLIM ' napaMeTpaM: oA arawt cd
HYA€BHMH . Aanee M3 ToukH 0°-8S HaudHaercs ABUXEHME B
HalpaBaeHHH S’ A0 Tex Nop, Moka' 3TO BO3MOXHO 6es Y XYADEHHH ,
NOTOM S8’ 34aMEHACTCH Hd HOBHI BEKTOP - e€lle YacTh KOOpAHHAT
obpamaercd B HOAb — M TaK A0 Tex nop , Noka ABHXEHHEC BO3MOXHO.

Nocae HakasaHus cAcayer noompenune. IlpuMmeHdercd yxe
ONH CAHHHII paHEee aHaAOT OAHOMEDHOH ONTHMH3ALUHH . [1OCTENeHHO
YBEAHYHBAR SHAUUMHE [apaMeTphl AAS XOPOWO pemaeMuX MpHMEPOB
AOXOAIM A0 TOr0 MOMEHTA . KOFAd AQAbHEHLEE YBEAMUEHHIE OITHX

napaMmeTpoB 6Goaee, 4YeM Ha £, NPUBOAHT K YXYANEHHSM . ECAH MmO
AOpOTe NpH NpOGHHX QYHKUHOHHPOBAHHAX Ha CTPaHHUE [OSBASOT CS
HOBHE XOpOWO pemaeMHe T[pHMEpPH , TO AAST HHX ONPEAEASoT cq

SHauMMHe MapaMeTpl , KOTOPHE TYT X€ HaYHHaeM mooupsATh. Ipouecc

CTPOUTCH TaK , YTOOW COXpaHATb BO3IHUKAKMHE YAYUDEHHAH .

Aasee - CHOBAZ HaKa3aHMe , MOTOM MOOmpeHHe H T.a. llpouecc
ocCTaHaBAHBaeTcd AHG0 TOrAa, KOraa BCE NPHMEpPH CTpaHUUM pelleHH
xopomo , AMG0 MOCAE 3aAAHHOI'0O 4YHCAA HAKa3aHHA M MOOMpEHHH .
TIOCAEAHMM BHIOAHAETCS MOOMPEHUE . ECAH HEe BCE MPHMEpH CTpaHHLUH
pemeHs XOopomo, TO NMPOBOAHTCH CAY4aHHHH MOHCK - CEHEpHPYOTCH
CAyYyailHHEe CABHTH MNapaMeTpoB. [PUHUMAOTCA TOABKO T€ H3 HHX,
KOTOpHE HEe yXyAmaT pemeHHd . NTOTOM CHOBA HaKas3aHHe H NooupeHHe
HT.A. )

KOrAa NPaBHALHO pelleHH BCE NMPHMEPH CTPAaHHLUM HAH 3aMeTHasd
HX 4acTb, MEpPexXoA K CAeAyomed CTpaHHlUEe XEAaTEAbHO NpPOBOAHTH
cneudasbHeM 00pa3oM -~ BKaAkuas B HOBYW CTpaHHuy Xopomo
pemaeMbe MPHMEpPH C npeAuAyméﬂ. 3TO NPOBOAHTCSH AAA TOro, 4TobH
He TEpATb NpHOGPETEHHHX HABHKOB NpH AaabHedmeM oGyueHuH . Ipu
ONMMCaHHOM cnocobe HaKa3aHui# M MNOOUpPEeHHH HeoOXOAHMO Takoe
BKAKYEHHE BCeX HAH XOoTd O6W HacTH XOpowo pemaeMuX MPHUMEPOB C
NpeAHAYNHX CTPaHHl . )

ECTb MEHee paAMKaAbHHA cnoco® Haka3aHMi M NooupeHHH ;
HaBAY NpeAeAbHHE 3HAYEHHS CABHIOB , OTCTYNHTb MOTOM Ha3aA k Q
NO NpaBHAY

a=A0C+ (1-A ),
rae 0<0<l, @' - BeKTOp mapaMeTpoB, Ha KOTOPOM saxouquAai?
onepaudd HaKka3aHHs HAH TMOOMpEHHs , HavaBmascid B Touke Q.
UHCcAO A - elle OAHH NapaMerp aATOpHTMaA.

MIpH HAAHYMM TAaKoOro 'mara Has3aA" OCTaeTcsd BO3MOXHOCTb
YyBEAMYHBATb M YyMeHbIATh AklbOue€ MapaMeTrps ceTH, He Cpasy
HaTHKasicb Ha pa3pyleHHe BuPaOOTaHHWX paHee HaBHKOB.

BAMETHM , UYTO AAd ONMCaHHOro cnocoba oOyyeHHs MOXHO
HCNOAb30BAaTb AHDO ofllee NMpPaBHAO BblAEAEHHS 3HAUHMMBX MapaMeTpoB
6e3 COpPTHPOBKM , AMDO C COpPTHPOBKOH H OTOpacHBaHHEM AHWHHX
napaMeTpoB NO AOCTATOYHOCTH MEPEAAHHOro CHrHaaa. TpaBHAO,
HCNOAb3yWllee MNPEAEABHOE KOAHYECTBO SHA4YMMHX CHHaNncos, He
MOAXOAHT : €CAH MO 3HAYUNMHM CHHancaM He HaOHpaeTCs AOCTaTO4YHHH



AAd BO3OYXAEHHA CHIHAA , TO B dATOpDHTME MNMOOMPEHHH H HaKa3aHUR
3aMeHa S Ha S’ MOXET O0Ka3aThCA HEAOCTATOMHOM AASl AdAbHERDEro
ABHX €HHS .

O6yuenne obuwnX MOHOTOHHMX QYHKUHOHAABLHMX 3AEMEHTOB MOXHO
NPOBOAHTbL TAaKHM X€ CNOCOGOM , €CAH MMEETCH BATODHTM BHA €A CHHS
HauboAee 3HAUUMHX MAPAMETPOB AAS PENEHHS OTAEAbHOrO NnpHMepa .

PaccMOTpDHM Tenepb CeTH M3 MOHOTOHHHMX SAEMEHTOB
MOHOTOHHHMH CBA3AMH . 3aeMeHTH GyaeuM oGosHauarhb f;""'fn
KaxaoMy f COMOCTaBASIOTCA NPOCTPAHCTBA : BXOAOB E .+ BHXOAOB
E . ¥ mnapaMmerpos E ,° BO BCEX 3THX NpOCTpPaHCTBax
ONMpEAEAEHH KOHYCH MOAOXMTEABHHX 3AEMEHTOB Q ,.» Q . H
Q, ,+ Aafl Kaxaoi napu fl, fJ OMPEAEAEH AMHERHUI oneparop

CBA3eH MUeL(El out,EJ in) - CBA3b MOXeT OWTb Bo36Gyxaanmen HAH

TOpMO3suedi . [0 ONPEAECAEHHO , AAS Bo3Oyxadouel CBA3M MU
MOAOXUTEABHLIH ONMepPATOpP , 2 AAS TOPMOSSIEH IMOAOXHT €A eH -M,,- Ha
B XOA f, B MOMEHT T MOCTYNaeT BEKTOp, CHrHaaa

Axf‘? Mufn-i ’

rae lex — BEKTOp BHX0Aa 1-Tr0 3AEMEHTAa B MOMEHT T-1 .
HamoMHHM , 4TO NOoOWpeHHE MapaMeTpoOB COCTOHT B TOM, YTO K

BEKTOPY mnapaMeTpoB A0BaBASETCH  110AOXHTEAbHUH BEKTOp, a

HaKa3aHHe COCTOHT B BHYUT aHUH MOA OXUT EALHOTI O BEKTOpa .

AHAAOTHYHO , TOOWPeHHe BO3BYXaawwedl CBS3H COCTOMT B AOGABA HUU

K M, NOAOKHTEABHOrO ONEpaToOpa, 4 HAaKka3aHHE - B BWYHTAHMH
TOAOXHTEALHOrO oOnepaTopa. Aas TODMOSslled CBASH , HaoGopor ,
HA30BEM ToOUpeHHeM BHYHTAHHE, a HaKalaHHeM - npHGaBaeHHe

MOAOXHTECABHOr0 onepatopa. [IpH STOM [NpealoAaraercs, 4YTO
noomwpdmHe H HaKasuBammﬁe AobaBkd  BWOHpaOTCs Tak, uTo
XapakTep CBA3el He MeHsETCS BO306yxXaanuas ocTaercs
BO3DyXaawllein , a TopMOo3smas - TOpMO3aued .

CaMo  QOPMHPOBAHHE MOOUPANUHX M HaKa3WBaOWMHX A0DABOK
CBA34HO C onpeaeaeHHeM HaHGOsee SHAUMMBX AAS AAHHOIO npuMepa
NapaMeTpoB . HMeHHO OHH MOOWPSKNTCA HAH HAKA3ZHBAKT CH .

Kak yXe TrOBOPHAOCL B Hadaac pasaead, NpPH NpOi3BOAbHOI

CTPYKTYpe BO30YXAUWLHX H TOPMOSAWHX CBA3EH Heab3s N0 o6wWel

OHEIKE  "XOpPORO " HAH  "MAOXO" ONPEACAUTB, KOKHE ODACMEHTH H

CBATI  HaKa3uBaTb, 4 KaKile {00RPATb. UYTOGH MOKHO  (MAO
136

OAHO3HAYHO PacCNpOCTPAHHTb OLEHKY Ha SAEMEeHTH H  CBHA3M,
TpeGyerca cneuHasbHas CTPYKTypa CETH.

lipexae, 4eM ONHcaTb 9Ty  CTPYKTYpY ., CAEAZEM  OAHO
3aMeyaHHe , KOTOopoe MO3BOAUT COKPAaTHTb O0OO3HadYeHUsA. NYCTh B
CeTH CymecTBYeT TaKas [pynna 3AEMEHTOB , BHYTPH KOTOPOH CBSI3H
TOABKO BO3GYXA4OWHE MAH HYAeBHE, a Aas alGoro saementa f,, He
MPHHAAAEXAMEr0 K rpynne, BEPHO caeaywuwee : ecAH o f K OAHOMY
3AEMEHTY rpynnuo BeaeT Bo36yxaaomas (HAM TopMO3dmasi) CBA3b, TO
Takafd Xe¢ (Bo30yxaaomas HAH TOpMOS3dllas) MAH HyaeBasd CBA3b
BEAET OT f KO BCAKOMY APYTOMY 3AEMEHTY [PYNNH ; aHAAOTHYHO H
AASl CBS3€H , BEAYMHX OT rpynns K fl.

Toraa Bco Trpynny MOXHO CUHTATh OAHHM  MOHOTOHHHM
OYHKLHOHAABHHM SAEMEHTOM. [lpOCTpaHcTBa E,n» Epu+ E, H
COOTBETCTBYPIME MOAOXKHTEABHHE KOHYCH AAS 3TOro 00bLEAHHEHHOro
3AEMEHTa MOAYYalTCHd KaK NPAMHE CYMM NPOCTPAHCTB M KOHYCOB MO

SAEMEHTaM rpynns

Puc . 23 . Cemb, donyckabmas OSHO3HAYHOE pacnpedeseégue JBY3HAY-
HOUl OUeHKU , noompeHUs U HAKA3aHUS Ha 3/eMeHmsl U cBsA3U . Bos-
6yxdaomue asgeMenmy obosHawenu 6yxkBol B, mopMossumue — T, BO3-

n_n

6yxdaiomue CBA3U NOMEYEHL 3HAKOM "+ ", MOpMO3sue — 3HAaKOM '—".

fipeanoAaaraeM , 4To ONMHCaHHOE YKPYNHECHHE BHINOAHEHO BCOAY ,
rae 3TO BO3MOXHO . Toraa CETH , Aonyckabume OAHO3HAYHOCE
pacnpoCTpPaHEHHE OLEHKH Ha 3AEMEHTH H CBSI3H , BHIFAAASAT BE€CbMa



npocTro (pHC. 23). 3TO CAOHCTHE CETH , COCTOAMmMHE H3 MOHOTOHHHX

BAEMEHTOB. Ha MOCAEAHEM -~ BHXOAHOM CAOE OAMH SAEGMEHT , Ha
OCTAABHHX - MO ABa. OAHH 9AEMEHT  CAO  HasuBaercd
BO30yXAQOMHM , APYTOH - TOpPMO3dWMM . 3HAKH CBSI3€H , NMEpEAawnmUX
CHTHaAH cAEAyoImEMY CAO , pacClNpeAeAeHH  TakK ~  MEXAY

OAHOHMEHHLIMH 3ACMEHTaMH - BO30yxAawllHe , MEXAY Da3HOMMEHHHMH -
TOpPMO3AmMHE (CM. pPHC. 23). Ha NMOCAGAHHH CAOH OT ToOpMO3dumero
3AEMEHTa [PEANOCAGAHEr0 CAOf HAET TOpMO3sllas CBA3b, OT
BOo30yxaabuero —Bo3byxaaomasi. C 3THM H CBS3aHH HX HaSBaHHA .

MooWpeHHss H HaKadaHHAd pAaCHPEAEASOTCH MC SAEMEHTaM H
CBA3SMH Tax .

Noomperue ;: NOOUPANTCH BCE BO3IOYXAAWUHE SAEMEHTH , CBA3H ,
BeAyllHe OT BO36yXAaolHX 3AEMEHTOB, B TOM YHCAE H TOpMO3dmHMe
CBA3H , HAYIIHE OT BO30YyXAaoWHX 3AEMEHTOB K TOPDMO3dUHM . B TO xe
BpEMS HaKa3uBaOTCH TOPMO3AWHE 3AEMEHTH H BCe CBSASH , HAymHE OT
TOPMO3AWHKX 3AEMEHTOB .KpoMe TOrO, MOOWPAETCHA BHXOAHOH 3AEMEHT .

Haxasanue : HaKasuBawT CH :Bb XOAH OH 3AEMEHT , BCE
B0o30yxAsablMe SAEMEHTH M CBA3H, BeAyllHe OT BO30yxaaomux
3AEMEHTOR. B TO Xe BpeMs Hoompﬂdeﬂ‘TopMoeﬂmHé\SACMCHTH H
CBS3H , BEAYUHE OT TOPMOSSHUX 3AEMEHTOB .

fMocae TOro, Kak OnpeaeseHs HaKa3aHHE M OOOMpEHHe , a
TaKX€ 3aAaH aATOPHTM BHAECACHHS 3HAUYUMBX MapamMeTpoB , obyueHHe
CeTeHd CTPOUTCH TakK Xe, KdKk H AASd MOHOTOHHHX (YHKLHOHAAbLHHX
3AEMEHTOB . [IOAYEpPKHEM , UYTO KaXAWH' 3AEMEHT MOXET SBAfATbLCH
UEeAOH HEHPOHHOH CEeThbo .

10.18. VYeTnpe TKna YCTORUKBOCTN

HaBbkH OOGyueHHOro HeApOKOMNbOTEPA AOAXHH OHTb YCTOHYHMBH
K BO3MYWEHHAM padHbX THNOB. 3TO OUYEBHAHO, OAH3KO MpPHAATDL
TOYHHA CMBHCA NOHATHIO "ycrqﬁuuBOCTb' HEnpocTo. B TeOpHH
AHHAMHYECKHX CHCTEM H AHQQEpEHLUHAAbHHX YPABHEHHH HIBECTHH
AECATKH ONpEAEAEHHH YCTOHYHBOCTH.

PaspaboTuHkH HEHPOKOMNbLOTEPOB HAXOASTCd B HECKOABKO
Aydllel CHTYaUHH - AAd NPakKTHYECKHX LEAel He HYXHO YYHTHBATh
HOAHCH , BO3HHKabmHe H3-3a HAAMUHS B TEODHH GECKOHEYHOH OCH
BPEMEHH . AOCTATOYHO ONHCATh pa3AHYHA MEXAY COAEPXATEAbLHO

pasHHMH THIOAMH YCTOHYHBOCTH H CO3AaTH CpeACTBa AAS BHpPabOTKH
yCTOAUMBHX HABHKOB . M HCMOAL30BAAH NpeACTaBAEHHA O 4eETHpeXx
THNax YCTOHYHBOCTH. THI yCTOMYHBOCTH Onpeaeasercs N0 THIY
BOS3MYyMAKMH X BOSAEH CTBHH .

1. YCTOHYHBOCTb K CAYYaiHHM BO3MYWCHHSAM BXOAHHX CHTHaAOB .

2. YCTORYHBOCTb K (QAYKTYaUHSIM NapaMeTpoOB CETH.

3. YCTONYHBOCTb K paspymeHHlo 4aCTH 3AEMEHTOB CETH.

4. YCTONUMBOCTb K OOyueHHIO HOBWM NpHMEpaM .

B KOHKP ETHH X CHTY aUHsX Heo6XOAHMO AOONPEAECAATD
BOSMymeHMs , MO OTHOWEHHD K  KOTOpHM HyxHo BupaboraThb
ycroiyuBocTh . Tak , HampuMep, TMpH pacno3HaBaHUH BH3Y aAbHHX
06pas0B MOXHO BHIAGAHTH HECKOABKO pasHOBHAHOCT eH BOSMYIl EHHH
BXOAHOIO CHIHaAa : NpuBaBAeHME CAyHYaHOro CHTHAAR (uyM ¢QoOHa),
saTeHeHHe YacTH HMCXOAHOIO H306paxeHus , MCKaxeHHe H300pax eHK A
HEKOTOpHM NpeolGpa30BaHHeEM .

B CymeCTBEHHOH KOHKPETH3ALUHH HYXAAETCH Takxe 4YeTBepTHH
THN yCTORYMBOCTH : Tpebyerca yKkasaThb, 4YyTO STO 3a HOBHE
npHMepH . TPYAHO Aaxe MPEACTAaBHTb cebe yCTOAYHBOCTbL Kk 00ydeHUw0
AloGOMy HOBOMY fNpHMepy. EcAM Xxe¢ COBOKYNHOCTb HOBHWX MpPHMEPOB
3aAaHd , TO HX MOXHO BKAWYHTbL B 33AaYHHK. TeMm camuM BupabGorka
yCTORYMBOCTH K OOyueHHo 3THM NpHMEpaM 3aMeHseTcs MNpocTo
0OyuY EHH EM .

ECAM MpPHHATb CHOOTE3Y , YTO obyuenue HOBuM npumepaMm OyaeT
AGCTBOBATb Ha CTapHe HaBHWKH TakK Xe, KaK CAyuailHWH CABHI
napaMeTpoB , TO MOAYYHM , HTO BupaboTKa Y CTOAYHBOCTH 2-ro THna
SABASIETCH CPEACTBOM AAf MOAY4YCHHA yCTOHYHBOCTH 4-T0 THOA.

ApPyroe CpeACTBO AAfl 3TOTO - BupaboTka YCTOHYHBOCTH K
obydeuHn "AO MpEAEAa” OTACALHEM npuMepaM , yXe BXOASUHM B
33AQYHHK . 3TO CBOMCTBO 1-yCTOHYMBOCTH COCTOMT B TOM, 4TO
obydyeHHe AO MHHHMyMa OUEHKM IO AGOMy (OAHOMY ) M3 obyy aomu X
NpHMEPOB HE pas3pywaer HaBHKa pemeHHsS OCTaAbHHX. BO3MyMEHHE
3A€Ch COCTOMT B H3MEHEHHH npouecca 06yu eHHd .

AAS BHpabOTKH 1-yCTOHYMBOCTH IPHMEDH npeAbaBAdOCA CETH
He MOCTPAHMYHO ,a MO OAHOMY. M CETb YyYUTCA KaXAOMy H3 HHX AO
npeaeaa. 3TO H3MEHEHHE , HAAO cka3aTb, 6HAO Ou HeEpalyMHHM ,
ecan 6b peub mA3 O cKopeAweM npHoBGPETEHHH HaBbKa . OAHAKO AAd
BHPabOTKH BaxHedledl yCTOAYHBOCTH 4-r0 THRA TaKkasd MEPHOAHY ECK
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TPOH3BOAHMas nMopya npouecca ofy4eHHsS MOXeT OHTb MOA €3HOH .
Tipolle HHTEPNPEeTHPOBATb BO3MYI EHHS , BXOASlWHE B OMHUCAHUA
2-rO H 3~ro THOOB YCTOMYUBOCTH . AAS 2-T'0 THNA 3TO ~ caAyuanHoe
H3MEHCHHE KaXAOro MapaMeTpa Ha BEAHUYHHY ,
npeaeaax.

A€Xamwyio B 3aAaHHB X
AAd 3-ro THNA 3TO YAaA€HHE HI CETH 3aAAHHOH YacTH
3AEMEHTOB Kaxaoro THNA : OnpeAeAdeT cqa YHCAO
HCﬂpOHOB, CHHANcCoB H T.0.

YAaAseMH X
» MOCAE 4Yero cayuyadHuM oOpasoM
BUOHPAOTCH YAQASEMHE A EMEHTH .

Aast BWPabGOTKH yCTOAYHBOCTH NepBHX TpEX THINOB IMOAE€3HH
FEHEepaTOopH CAYYalHHX HCKaXEHHI . AAA YCTOAYHBOCTH 1-TO THRa
TEHEPATOP MCKAXEHHI MPOUBBOAHT BOSBMYNEHHE BXOAHWX CHIrHAAOB M
TEM camum npeobpasyerT oOyuyaouwuil NpuMep. Aas YCTOHYHBOCTH 2-r0
THIA TEeHepaTop HCKAXEHHN MEHSET CAYY ailHLIM obpa3oM napameTpu
CETH B 34AdHHHX Mpeaeaax, a AAS YCTOAUMBOCTH 3-I0 THOA -
YAAAFET CAYYaAHO BHODAHHYO 4acTh CETH H3 3aAaHHOLO KOAHYECTBA
3AEMEHTOB .

CaeayeT pasamuaTbh obpaTuMsle M HEOOPATHMHE HCKAaXEHMH . AAS
ODpaTHMHX HCXOAHasi HHQOPMAaUKsd O BXOAHWX CHTHaAa2X M napamMerpax

CETH  COXPAHSAETCA - MNPOCTO  AOMOAHHTEA bHO reHepHpyeTcs
HCKaXEHHHH TpUMEpP HAM HCKaXeHHas CeThb. AAd HeoOpaTHMb X
HCXOAHas HH)OpM aLu s TepseTcd . CAydaiHu e paspymeHusd ,

IPOHSBOAHMBE  AASL  OOYYeHUS (3-1 THN), AOAXHM OHTbL BCersa

OGpaTHMH . BOSMYWEHHS 1-T0 W 2-r0  THIOB MOTYT O6HTb Kax
OOPATHMHMH |, Tak H HeOoOpaTHMBIMH .

BuGOp pacnpeaeaeHHit aas CAYYAaHHHX HCKaXeHHHA HE CTOAb
CYWECTBEHEH , KaK YCTAHOBAEHHE MX MPEAEAOB, H He Oyaer 3aechb
oGcyxaaTbes .

MoxHo npeAonuTb HECKOABKO cnocoboB 00yueHus c
HCKAX CHHSIMHU .

1. HcKaXxeHds BBOASIT CS 3dHOBO MPH KAXAOM NMPpEABLABAEHHH KaXAOTO

obydyapmero npumepa.

2. Kaxaag CTpaHHuIa NMPDHMEPOB HCKAXAETCHd , a4 [MOTOM BEAETCHA

obyuyeHue MO0  3TOA  CTpaHMue , aadnee BHOCATCH  HOBHWE
HCKAXeHHst ,  AMGO NpPOH3BOAHTCH  NeEpeEXos K. CA EAYIOI €11
CTPaHHUH .

Kaxaaga CTPaHHU A AONOAHAETCH HaGOPOM HCKaX €HHB X NPHMEPOB H
BeE€Aa€ETCA OGYHCHHC Nno TakKHM paCmeeHHHM‘CTpaHHuaM.
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ONMT mMOKaswWBaeT , 4YTO TpeTHA noaxoa - oOyyenne no
pacuHpeHHHM CTpaHHLaM - Goaee SQPEKTHBEH . N03TOMy ODCYyAHM ero
A€TasbHEe. NycTh 3aAaHAa MCXOAHAd CTpaHuua o0yuaowHX NPHMEPOB .
B pacHHPpEHHOH CTpaHHLE KaXAHH MpUMep HCXOAHOH COXpaHseTcd .
KpoMe HEero MOsBASETCHd psA MNpUMEPOB C TeM X€ OTBETOM, HO
HCKaX eHHWMH  BYXOAHWMH  CUTHaaaMM. 3TO - AAS  BHpabOTKH
Yy CTOHYHBOCTH 1-T0 THNA.

AAS BHpPabOTKH YCTOHYHBOCTH 2-r0 THMA M 3-TO THOAa HYXHO
BBOAMTbL HOBHI BHA TMDHMEDPOB : CEThb MOAYYaeT OLEHKY 3a pemeHHe
AQHHOT'O NpHMeEpa APYrod cCeTbo ! 3Ta apyras CeTb MOAYUAETCAd H3
HCXOAHOH CAy4aiiHHM CABHTOM NMapaMeTpPOB (2-il THN ) HAH YA3AEHHEM
YaCTH SAEMEHTOB (3-H THNM ). BO3MyueHHs OOpaTHMH - HCXOAHHE
3Ha4 EHU S napaMmeTpoB coXpaHdaoTCd , CAyYanHo e CABHTH H
paspymeHHss TNPOH3BOAATCH KaXabid pa3 33aHOBO H3 HCXOAHOIO
COCTOAHHS . )

Takasd OpraHu3auus CTPaHHL AAf BHPabOTKH YCTOHYHEBOCTH
BTOpPOro THMa BAH3Ka K METOAY BHPTYaAabHHX HacCTHLU - TaM TOXC-B
ofllylo OLEHKY BXOAHT OUEHKAa PpEWEHHT APYIOH  (BHPTYAAbLHOH )
CETBI .

OuEeHKH 32 pellteHHe HCXOoAMX W HCKaX€eHHHWX  NpHMEpOB
Nno-pa3HOMY AOAXHH BXOAHTbH B Hpg AAS DACEUPEHHOH CTpaHHiuu . Hem

Goablie HCKAXEHHE — TeéM MEHblle BeC OLEHKH COOTBETCTBYLUWEro

npuMepa. o
OAHd H3 BHXHEAUHX NpoDAEM HEAPOKOMNBOTHHIA - BHpabOTK

YyCTONUMBOCTH 4-T0  THOa. HykHo, UToOM HOBHE H4BHWKM He

paspymaaM cTapsix. BupaboTka YCTOHYHBOCTH 2-r0 W 3-r0 THMOB
CrocoGCTBYET TMOBHEEHHIO CTaOHABHOCTH HaBHKOB. OAHaKO 3TOro
MOXET 0Ka3aTbCid HEAOCTAaTO4YHO. Toraa Ha MoMOWb MNPHXOAHT elle
OAMH npHem - BupabGoTKa 1-yCTOHYHBOCTH, YCTOAYHBOCTH K
0OyuEHHO KaXAOMy TMpHMEPY "A0 KoOHUA" - TMOCAEAOBATEABHAR
MHHUMH3AUHS HHAMBHAYA@ABHHX OLEHOK 3a peleHHE  OTACADbHBIX
MPHMEDOB .

C caMoro Hayaaa oOOyu€HHSl AeaaTh 3TO Heab3d . lMpolecc vaue
BCEr0 MPOCTO PacCXOAHTCH . HeoGXOAHMO cHadaaa Y4YHTb MO BCeMY
3aAQYHMKY , CTPAHHLA 3a CTPaHHUEA , NOKa He OYAYT AOCTHIHYTH
YAOBAETBODHT EALHHE DE3YAbTATH MO BCEM MpHMEpaM , H AHIL NOTOM
MEPEXOAHTH K HHAMBHAYAABHOMY ‘MepeyyMBaHHO ", YEPEAysS €ro ¢



MOCTPAHHYHBM obyueHHeM . ApYTHM cnocoboM BRpaboraTh
1-YyCTOMYHBOCTL 3a pas3yMHOe BpeMs HaM NOYTH HHKOTAA He
YAQBaAOCh .

OnuT  mnokaswBaeT , 4yTo ofyyenHe Moxer  BeHpaborTaThb
YCTOAYHBOCTb K BECbMa CHAbHHM BO3MYMEHHSIM. Tak , B pemaBmHXCH
HaMH 3aAa4yax Paclo3HaBaHHs BH3YaAbHHX 00pa3oB ypoBeHb Myma Ha
BXOA€ MOT B HECKOAbBKO pa3 NPEBOCXOAHTb OOmMy© HHUTEHCHBHOCTb
CHITHaAa , CAYYaHHHH CABHT MNapaMeTpoB - AOCTHTaThb 0.2-0.3 HX
NpEAEAbHOH BEAHYHHR , paspymeHdHe 10-20% 3AeMeHTOB. H Bce paBHO
ofyueHHasas ceTb Aeaaer 4e Goaee 10% OmHOGOK ! '
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11. ONHT PEANU3ALMK

11.1. KpaTkas cnpaBka o ToM, Kak obyuenme Guio
ycxopeHo B 10000 pa3

AASL OTPaGOTKH H CPABHEHHS Pa3AHYHHX AATOPHTMOB 06yYeHHS
GHA CO3AQH  3MYASITOP HEHDOKOMNbOTEDA  AAfl  TNep COHAABHHX
KOMIbOTEpoB THma IBM PC. 3arpaTs BpeMenn Ha ofyueHue
CpaBHHBAAHCb B TakTax CeTH.

onuT oOyueHHsl HaKanmAMBaACs Ha ABYX Kaaccax 3aAad:
paciosHaBaHHe BH3yaabHHX 06pasoB W OHHapHas KAACCHPHKAUMS .
NporpamMmu GHHapHOH KA2CCHQHK aLlHH HCIOAb30BaAHCb AAS
PAa3AMUHMX  IPHKABAHBX  3aAa4 : MEAHUMHCKas ~ AHATHOCTHKaA,
COUHAABHO-IICHX0AOTHYECKAs  AHAarHOCTHKA (MoAGOp  KOMaHAH ),
NPOTrHO3HPOBaHHE pe3yAabTaTa BHOOPOR H AP .

AASL  CPaBHEHHSl HCNOAb30BAAMCb CTaHAApPTHHE AATOPHTMH
06paTHOTO pPacNpoCTPaHeHHs OWHOKH C NPEALSBAEHHEM NMPHMEPOB 1O
OAHOMY . OMHCaHHHE B NPEAMAYNHX pa3aeaax YCOBEpmEHCTBOBaHMA
NO3BOAHAH YCKOPHTb oOyueHHe B 10°-10° pas. B peayabraTe
aMyASTOp Ha IBM PC npuofpea He TOAbLKO AEMOHCTPAUHOHHOE , HO H
NPHKABAHOE OHAaueWHe , Tak Kak oOOyueHHe MHOTHM IPHKAAAHLM
3asauaM TpebyeT Temepb BCEro 10-15 MHHYT. BpeMs cpaGaTwBanus
OBy4YEeHHO CETH — OT AOAEH CEKYHAH AO HECKOABKHX CEKyHA - B
3aBHCHMOCTH OT YHCAQ HEHPOHOB.

B KauecTBEe npHMepa npeasaraercsd onicaHie nakera CLAB
(KAAB - KAQcCHOHKATOp OHHapHHi). B HeM HCNOAb3YETCHA OAHH
aATOpUTM OOY4EHHS , AOCTATOUYHHA AAsSl MHOTHX NPHKAAAHHX 33Aad
MEAHUHHCKOH , COIHaA bHO—II CH X0A OTHY € CK O H TEeXHHY €CKOH
AHATHOCTHKH .
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11.2. NMakeTt CLAB: nakeTr nporpaMM maA CO3AAaHKA HelkpoceTeBoro
6xHapHoro Knaccudpxxaropa Ha baze I3BM IBM PC /AT’
11.2.1. HekpoceTs

HelpOCeThb COCTOHT MO HEHPOHOB M CHHAIl COB . Uepe3 CHHancu
HEHPOHH MOCHAAOT CHTHaAH . DTO NPOH CXOAHT Tak :
1) B TeKYWHA MOMEHT BpeMeHH HEAPOH nepeasaeT CBOW T EeKYUHH
CHTHaA Ha BCE BHXOASHNHE H3 HEro CHHANCH :
2) OAHOBPEMEHHO OH NMOAYYaeT CHUCHAAM CO BCex BXOASIIHX B HEro
CHHANCOB H , KPOM€ TOCO, BHEOHHIl BXOAHOM CHTHaA ;
3) moAy4yeHHHe CHIHAABH CYMMHDYOTCS M npeo6pasywTcss COraacHo
XapakTepHCTHYECKOM  QYHKUHH (B nakeTe CLAB BHA  9TOR
PyHKUUH Y=X/(c+abs (x)));
4) pe3yAbTAT O3TOH ONepauHH 6epeTEa B KaUCCTBE CHCHaAa AAS
CACAYOMEr0 MOMEHTA BpeEMEHH .

[IpH NMpOXOXAEHHH Yepe3 cCHHANC CHTHaa yMHOXaeTcsl Ha Bec
CHHamca. 3asaya OOYYeHHS HEHPOCETH 9aKANYAETCH B noabope
TAKHX BECOB CHHANMCOB, YTOOH MO NpeAbSBAEHHH ONPEAEA EHHB X
BXOAHHX CHTHAAOBR HEHPOCEThb T1OCAE DAaAaHHOIO YKHcaa WArOB
BHAZAZ C BHXOAHBIX HEADOHOB TpebyeMuil OTBeT .

B nakere CLAB ofyueuHe NpoH3BOAHT csl NyTeM MHHHMHIaLHH
CYMMapHOR LEAEBOH QyHKUHH MOAHQHUMDOBAHHHM NMapTaH-METOAOM ,
OCHOBAHHLM Ha NPHHUHIIE ABOHCTBEHHOCTH .

11.2.2. 3agaya GunapHoit KJaccupMKalium
BHMHapHOH KAacCHOUKALHER M Ha3BaeM OAHH YacCTHHI cAyuan
paciio3HaBaHHd o00pa30B, a HMEHHO, TOT cAyuam , xoraa obpaau
MOTYT mNpHHaAAEXaThb ABYM KaaccaM , YCAOBHO Ha3bBaEMbM 3A€Ch
"KPACHHE " U "CHHHE ",
B nakere CLAB obpa3sw MpeacTaBASIOTCS BEKTOPaMH BXOAHH X
CHTHAaAOB. B TakoM BHAE OHHM MOAANTCS HeApOCeTH AAf 06yYeHus

HAH pacnosHaBaHHs. Mo HX HassiBaeM npHMepaMH . COBOKYIHOCTDb

TIPHMEPOB , NPEAHA3HAYEHHHX AASL OBYYEHUS , COCTABASET obyyvawmyio
BHOOpPKY . OGyvawbmas BuGopka XpaHHTCA B (Qadae, Ha3LBaeMOM

1ABTopu nakera CLAB M €ro onucaHds - C.E.THAEB W E .M .Mupkec.
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3AAAYHHKOM .
BHXOAHHE CHTHAAH AASl BCEX MPHMEPOB CHHMaOTCA C ABYX

TOCACAHHX HEHPOHOB. OHH HHTEPNPETHPYOTCH KaK ABE KOOPAHHATH
Ha MNAOCKOCTH, a OTBET HeAPOCeTH H306paxaeTcds KPECTHKOM ¢

OTHMH KOOpPAHHAaTaMH. Ha 93TOH Xe TAOCKOCTH yKa3WBawTCH ABe

TOYKH , H300paxaeMHe KypCOpPaMH COOTBETCTBYOmEro UBeTa. OTBer

CUHTACTCA MpPaBHAbBHHM , €CAH KPECTHK OKa3WBaercd BOAHIH

HYXHOrO Kypcopa.

11.2.3. Kak CO3XaTh HOBYD CETL?

AAf CO3AaHHMA HOBOH cCeTH B MakeTe HMeeTcs mOporpamma
NetGener, xoTopas cHauaaa Tpebyer yka3aTb el HMs danaa Aas

XpaHCHHA mapaMerpoB CeTH H KapTH CHHaNncoB, a 3aTeM
3anpamiBaer TpelyemMHe napaMeTps :
SIZE - KOAHYECTBO HEHPOHOB CETH ;
T IME ~ UYHCAO TaKTOB BPEMEHH OT IMOAYYEHHS BXOAHHX
CHIHAAOB AQ BHAAYH pe3yabTara;
CH - XapakTEepHCTHKY , TO €CTb  mapaMmeTrp
XapakT epHCTHY €CKOH QYHKUMH HEHPOHOB ;
Level - ypoBeHb HauaAbHHX 3HAYEHHA CHHAMN COB (xoTopse

FEHEPHPYOTCHA AATUYHKOM [CEBAOCAYUYAHHHX 4YHCEA B
AHanmasoHe oT -Level/2 Ao +Level/2).
Ham onuT nokassBaer , YTo napaMerpa SIZE u TIME Ayyme
BHOMpaTb MO BO3MOXHOCTH MEHbEHMMH , a CH - OT 0,1 A0 0,8.

11.2.4.Kax co3gaTy 3ajavyHnK?

B ppUHHUHMNE 3aAayHHK MOXHO CO3AaTb, MNOAb3YysiCb ALGHM
UTATHHM DPEAAKTOPOM , YCTaHOBAEHHHM Ha Bamed PC. Aas 3TOrO
HAAO TOABKO BHNOAHHTDb NpaBHAA , MEPEYHCACHHHE HHXE.

1. 3aAayHHK OpraHH30BaH MO cTpaHHuaM. B Hayaae KaxAoi
CTPaHHLUN B OTACABHOH CTPDOKE CAEGAYET YyKa3aTh KOAHYECTBA
"KPacCHHX * H 'CHHHX " IMpDHMEpOB (cHayaasa “"KPACHHX®, MOTOM
"CHHHX ").

2. KaxAoe H3 ITHX YHCEA HE AOAXHO NPEBHEAThL ABAALATH .

3. B KoOHUe KaxAOro MpHMEpa Ha OTAEABHOM cTpoke Habupaercs
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OykBa R AASl "KPaCHOTO" HAH L AASl "CHHErO" NPHMEPOB.

4. TIpHMEpD MOXHO ONHCHBaTb B HECKOABKHX CTPOKaX, B KaXAOi
CTPOKE NEPEYHCASOTCS Yepe3 3amnsiToe HOMEpPAa HEHPOHOB , Ha
KOTOpHE NOAANTCSA BXOAHHE CHCHaABM . [locAe TOCAEAHEero
HeApOHAa CTaBHTCS ABOETOYHEe', a '"3aTeM uepe3 npobean -
BHAY€HHSI BXOAHHX CHTHaAOB B TOM Xe TMNMOpSAKE , B KOTOPOM
YKasBaAHChb HOMEPa COOTBETCTBYOMHX HEHPOHOB .

B makere CLAB MMeeTCd cneuHaAbHHH peaakrop Editor,
KOTOpHiA GepeT Ha cebd 4aCTb QYHKUHH IO KOHTDPOAK MPaBHAbBHOCTH
3aAayHHKa .

9TOT peAaKkTOp B CBeYHBaeT Ha IKpaHe ABa OKHa, OAHO H3
KOTOpuX - NEURON mpeaHa3sHa4yeHO AASl HMEH BXOAHHX HEAPOHOB , a
Apyroe - VALUE - AAfl COOTBETCTBYOUWHX CHTHAAOB. PeAakTop
COBAAET OAHOBDEMEHHO HOMED HEApPOHAa H CHTHAA C HYAEBHM
3Ha4Y€HHeM , KOTOpPOe TOTYac Xe NPeAaAaraer OTPEAaKTHPOBaTh.
MpuMepH € HEONPEAEAEHHON TNPHHAAAEXHOCTbO TOMY HAH HHOMY
KAACcCy PpeAakTOp HE BKANYaeT B 3apaydHk. TOYHO TakK Xxe B
3aAaUHHK He BKANYANTCH CTPaHHIN C HYA€BHM YHCAOM NPHMEDPOB .

Bol MOXE€TE€ 3aAaThb CBOM HMEHA AASl BXOAHBX HEHPOHOB. AAHA
3TOro BaM HaAO0 c03AaTb ¢aia ¢ pacuHpeHHeM .ptn. EcAH Takoro
pakiaa 'y Bac Her, TO Editor npeaAOXHT BOCNOAb30BaThcs
CTaHAapTHHM pin-paikaoM , B KOTOPpOM B KayeCTBe HMEH BYXOAOB
HCNOAb3YWTCsl HX HOoMepa. B ptn-(aflae ykasHBawTCsl Takxe HMeHa
(kaxAoe He 6GoAee AECATH CHMBOAOB) ABYX KAAaCCOB - CHayaaa
"KPAacCHOIo", a 3aTeM “CHHEro". AAfl KaXAOTO0 BHOBb BBOAHMOTO
HMEHH BHayaA€ YKaouBaeTCsl KOAHYECTBO BXOAHHX HEHDOHOB ,
06beAHHA EMH X ITHM HMEHEM . ECAH 3TO  YHCAO 0, TO
COOTBETCTBywmass CTPOKa OyAeT BHBOAMTLCS Ha O3KpaH B OKHe
NEURON, Ho Editor He 3aTpeGyeT AASl Hero BXOAHHX S3HaYeHHH .
TakHe "HMeHa " MOXHO HCMOAb30BaTh B KAYECTBE KOMMEHTApPHER HAH
AASl  OMpEAEAEHHS  AAHHHLIX HMeH , HanpHMep, BONPOCOB B
COUHOAOTHYECKHX 3asaydax.

Ptn-paiia MOXET COAEpXaThb AOMOAHHT EAbHYW HH)OPMALHO AAS
aTana oOy4yeHHsl, a HMEHHO, MOXHO IIOMETHTbL 3BEJAOYKAMH Te
BXOAH , MOAYUEHHE WH)OPMAUHH HAa KOFOpHE 34TPYAHHTEABHO H NPH
HCNOAb30BAaHMH KAACCHQHKATOpa 3Ta HHPOpDMaUHA 3ayacTyw Oyaer
OTCYTCTBOBATb. Aasl 0Oy4YeHHS HeHApPOCETH 3asaye C TaKHMH
"AHpaMH " B BEKTOpE€ BXOAOB B nporpamqe Teacher (cM. HHXxe )

146

HUMEeTCs COOTBETCTBYOUEE CPEACTBO — TABPOKOA ™.

B cAeAyomHX HHX€ Tabaduax 1, 1 MEPEUHCAEHH BCE PYHKUHH
peAakTopa. CAEAYEeT AHIbL MOACHHTL, YTO KYpCOp n3o06paxaerca B
BHAE BHAEACHHOH LBETOM Maps HEAPOH-3HaueHHe. ECAH Kypcop He
BUAEH , 9TO 0SHAUAeT , YTO OH HAXOAHTCS 33 IOCAEAHEH napoit B
cTpoKe HAM 33 TOCAeAHeid CTPOKOH B OpHUMEpE. VBCTaBKH
NPOMOBOASATCA NEpeA  TEKYWHMH  CTPOKOH  HAH  [apoH. Nipx
PEAAKTHDOBAHHH HOMEpa. HEMpPOHA HAM 3hauCHHsd CHTHaAA KA aBHmA
EScC o3HayaeT OTKad OT PEAaKTHPOBaHHS AAHHOTO 4KcAa, 2 Enter

— KOHEU pPeAakTHPOBAHHA .

Tabauna 1. Help PeaakTopa

Help
F1 - Help
F2 - Save
- Move cursor
;rggwi - Set a class of the curremt example
Enter - switch to Editor mode /
/ Insert edited value
P - split the current page
(before the current example)
E - Make a new example
(before the current one)
Pgup or PgDn - Go to amother example
~Pgup or ~Pgdbn - Go to another page
Home - Go to the 1-st example at the
current page
End - Go to the last example at the
current page
~Home - Go to the 1-st page
~End Go to the last page ]
Esc — Exit from Editor mode / Quit
Press any Key to leave Helper




Tabauua 1° . Help PeaaxkTopa

Hel
F1 - Help P
F2 - CoxpaHuThb
ArTrOwSs - ABHraThb Kypcop
En?grL -~ 3aAaTb KAACC TeKymero npuMmepa
~ Mlepexoa B peXHM PEAAKTHDOBaHMS /
P / BBOA OTPEAAKTHPOBAHHOTO SHay enns
-~ PaSAGAHTbH TeKymyoO CTpaHHuy
e (TepeA TEeKYMHM ITPHMEPOM )
— C03A3aTb HOBHH MNMpPHMeEp
(MEPEA TEeKymMHM
EgUp or Pgbn - HepeuTupK Apyrzgy quuepy
PgUp or ~PgDn - MlepeHTH K APYIoH CTpauuue
Home - MepedATH K 1-My NpPHMEpy Ha
TeKymeH cTpaHHlle
End - NepeATH K NMOCAEGAHEMY NpHMepy Ha
. TEKYmMEH CTpaHHlUeEe
AHome - MlepedTH K 1-A cTpaHHue
End - MepeATH K NMOCAeAHEeH CTpaHHue
Esc - BHATH M3 pEXHMA DEAAKTHPOBaHHA [
/ 3aKOHYHTb
HaxMHTe awbyo KAaBHmy , yToOW BHATH H3 Helper'a

11.2.5. Kaxk obyuaTs HellpoceTb
CaMbii  mpocToi cnocob obyueHHss UedpPOCETH COCTOHT B

CACAYOMEM :

1) 3anycTHTb nporpaMuy Teacher , npH 3TOM nporpaMMa .3anpoCHT
AOPOXKY HAH HMs Qailaa , COAEpXamero ONHCAHHE CETH , a 3aTeM
~ AOpDOXKY H HMA aflaa 3aAa4YHHKA ;

2) XAaTb, NOKa BCe NpPUMepw Ha nepBOH CTPaHHUE He o6yuyaTcsa A0
NPHEMAEMHX OUEHOK , nNOCAe 4Yero TMepedHTH K CAeAyomed
CTpaHHle .

llpouecc noBTOPSATH, noka He ofyyarcs NpHMEpH CO Bcex
CTpanul. TIpH STOM BOSMOXHO , YTO UMKA MO CTPAHHUAM NpPHAETCH
NOBTOPSATb HEOAHOKpPaTHO. OAHAKoO BMeWaT €A bCTBO oneparopa MOXeT
CYMECTBEHHO YCKOPHThL O3TOT npouecc. B mnakere CLAB HMEeOTCs
CPEACTBA AASl BMemaTeAbCTBAa B  MNpouecc OOy4YycCHHsA. OHH
paccMaTpHBaNT CSl HHXE .
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11.2.5.1. Kypcopu

H3MeHeHHe ITOAOKEHHS KYpDCOPOB MEHSET BHA U EACBOH
QYMKUMH . 3TO MOXeT Ccnoco6CTBOBaTbh BHXOAY H3 TYNHKOBOH
CHTYallHH , KOTA@ Ha IMpOTAKEHHH HECKOABKHX UHKAOB MOAPSIA
OllEHKa 3aMETHO He H3MeHseTcd .

KpoMe TOTO, Ham ONHT MOKasuBaeT , YTO Ha KOHEUHOM arane
ob6yuenust Heboabmoe yayulleHHe OUEHKH Ha kakoil—-aHb0 cTpanHue
3aAaUHHKA MOXET TNPUBECTH K YXyANEHHO CHTyauHH Ha ApyI[HX
cTpaHuuax. MO3TOMy Ha 3Tane AOyYHBAHHA caeayeT ocaabuThb
XeCTKOCTh TpeGOBaHHH K pPa3ACAEHHOCTH KAaCCOB. ITOr0 MOXHO
AOBHTBbCSA COAHXEHHEM KYPCOPOB.

Eme OAHH 3QPeKT , AOCTHTaeMblH H3MEHEHHEM 1OA OX EHH A
KYpPCOPOB , COCTOMT B TOM , 4TO npHOAHXeHHe Kypcopa K Kp €CTHKY ,
COOTBETCTBYywmEMY IIDHMEPY C HaMMeHblieil OWEHKOH , MPHBOAHT K
yMeHblEHHO €r0 BKAAAA B CYMMapHBA T[PaAMeEHT . CAEAOBATEAbHO ,
yBEAMYHBAETCH BAHAHHE [MPHMEPOB € XyANHMH oueHkaMH. B
pesyabTaTe KPECTHKH , COOTBETCTBywmHe NpUMEPaM H3 OAHOTO
kaacca, cobupawrTcss 6oaee NAOTHHMH TPynNaMH.

11.2.5.2. Beca

H3MeHeHHs OTHOCHTEAbHOrO0 BKAAAAa TPAAHEHTOB OT pa3ubX
NpHMEPOB MOXHO AOOGHTbCS TakXe H3MEHEHHEM HX BECOB . Beca B
wameM [MakeTe MOXHO 3aAaBaTh B HHTepBaae OT Hyasd, UTO
COOTBETCTBYET ITOAHOMY HCKADYEHHO NpHMepa, AC MaK CHMaA bHOLO
3HaueHHs , PABHOTO AEBSTH. CAEGAyeT C OCTODOXHOCTBO 3aAaBaTh
Goabmoi pa3bpoc B Becax, Tak Kak B 3TOM cayuae NpH 1 e60a bmoM
yAyuleHHH OUEHKH TNpHMepa C OOABUHM BECOM MOrYT CHABHO
YXYAEHTbCS OUEHKH OCTaabHMX NPHMEPOB. Hal ONHT NOKa3WBaET ,
4To B GOABHHHCTBE CAy4aeB AOCTaTQYHO MPHAATb AByM-TpEM

npuMepaM ¢ Hau Xy AWHMH olleHKaMH Beca , paBHHE ABYM .
11.2.5.3. BUMP

AAsi BHBOA@ CETH H3 AOKaAbHOTO MHHHMyMa OUEHKH MHl
BKADUHAH B ofyuyaomyo NporpaMuy mnakera CLAB TnNpOUEAYpY ,
KOTOpyo Mo Has3BaaH BUMP. ITa MNpoleAypa BHOCHT B KapTy
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CHHAMCOB CAy4YalHWH BKAaa , BEAHYHHa KOTODOLO 3asaeTcsd npH
BH30BE MPOLEAYDH .

MpH 0oOyuYeHHH CETH C YacTHM NPHMEHEeHHueM BUMP 'a HabAloAACsl
HHT ep eCHbIH 3PP eKT - CeTb NOCTEMEHHO npHoGperaaa
NOMEXO0y CTOMYHBOCTb, TO €CTb CO BpPEMEHEM YypOBeHb BUMP '0B
MOXHO GbAO NoBHMaTb 6€3 CYMECTBEHHOrO YXYAMEHHS OLEHKH . DTOT
OPPEKT Aerko OObACHSAETCS , €CAH NPEACTABHTh QYHKUHNO OLEHKH
Kak peAabep B MHOTOMEPDHOM NPOCTPAHCTBE - MNPOCTPAHCTBE KapT
CHHAMCOB . [IOHATHO YTO BUMP A€rko BHUHOaeT CETh H3 y3KUX AM H
0Bparos, B TO BpeMsl Kak AAfl BHBOAA H3 WHDOKHX AOAMH €ro
YPOBEHb MOXET 0Ka3aTbCsl HEAOCTAaTOYHHM. B peayabTaTe Takoro
"ECTECTBEHHOr0 OT6Opa” CeTb 3aKPEMASIETCH Ha WHPOKOH AOAHHE .
CcymecTBYE€T MHOTO TMPHHUHMHAABHO DPa3AHUHHX CTpPaTETHH AAf
BHGOpa ypoBHS BUMP’a B xoae ofyueHHs. MosTomy obyuyeHue c
ABTOMaTHY €CKHM NPHMEHEHHEM npouesyps BUMP HaMH He BKANYEHO B
cocraB makera CLAB. Onepatop, o6yyawmHil ceTb, AOAXEH caM
BellpaTh cTpaTeruo.

11.2.5.4., "Ospoxon”

EC\H 3aaada TakoBa , 4YTO AA4 HEKOTOpPEIX NPHMEPOB 4acCThb

HHOOPMALHH  MOXeT OTCYTCBOBATh (HampuMep , H3-3a ee
TPYAHOAOCTYNHOCTH ), TO Ptn-gaila MORET CcoOAEpPXaTb, Kak 9TO
yKa3sBasaocb B pasaeae 11.2.4, 3BE3AOYKH NPH  HMeHax

COOTBETCTBYOMHX BXOAHHX HEHPDOHOB.' [TlakeT CLAB no3BoAsieT
CO3A4BATb BADHAHTH [IDHMEpa, 3aMEHds CHTHaao Ha OTMEYEeHHHX
OBE3A0YKAMH  BX0AAX HYAEBHMH  3HAUYE€HHAMH . HHAHBHAYaAbHasi
Oll€Hka KaXAOro NMpHMEpa NpPEeACTaBASIETCH TNIDH 3TOM CYMMOH OLLEHOK
MO BCEM BapHAaHTaM .

CA€AyeT HMETb B BHAY , 4TO NpPH OOyUeHHH NPEABSBASIOTCS
BCE BapHaHTH paccTaHOBKH "AWD " mo BCeM OTMeY EHHBIM
3B€3A0YKaMH MODBHUHSAM . M03ToMy , 4TOOH TaKHX BapHaHTOB OHAO He
CAHWKOM  MHOTO (HX npeAbsiBAEHHE AAs  oOyueHus TpebyeT
BPDEMEHH ), HE CTOHT 3aaaBaTb CAHEOKOM OoAbmuM (>3) UHCAO
BXOAOB , Ha KOTOpH € OAHOBDEMEHHO MOTYT 66T b TOA aubl
HEOINPEA €A EHHB € 3HAaY eHHq (3TO YHCAO 3anpamHBaeTcs

NpOrpamMMon ).

TabaHua 2. Help npH

0by4Y €eHHH

Help

Arrows

Tab

Enter
Numeric Keys
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HaxMHTE

Save

Replace cursors
Change weights
Change page
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Move a cursor
Change a cursor
Continue

Insert new weights

Quit

Help

COXpaHHTb
NepeMeCTHTb KypCOpH
CMEHHTb Beca
CMEHHTb CTpaHHLY

BUMP

C03AaTb "AHPH "
ABHLaTb Kypcop
NOMEHsITH Kypcop
NpoAOAXaTH

BBeCTH HOBHE Beca
3aKOHYHTDb

A6y KAaBHWY AASl BHXOAA H3 Helper’a




12. YPOBHM OTMYXINEHMA HEWPOHHOH CETH

Ao cHX nop ofcyxAaeHHe BeaOCb TAK , kaK‘6YATO BCA XH3Hb
HEHPDOHHOH CeTH OT KOHCTPDYHPOBaHHSl CTPYKTYPH H OOyueuHss A0
pemenns TIPHKA QAHH X 3aaay IPOH CXOAHT Ha OAHOM
HeApokoMnboTEpe . 3To coBceM He obsizaTreabHOo. FBoaee ToOro,
pasyMdo HMETb HeAPOK OMITbOT epbl pas3HoH CAOXHOCTH H
YHHBEPCAaABHOCTH H TNepeAaBaTb HEHPOHHYD CeTb OT OAHHX K
APYIrHM N0 Mepe ee oOyuyeHHsI. MOXHO ONPEAEAHTb pPa3uHE YPOBHH
OTYYXACHHS OOYYEHHOH CeTH OT YHHBEPCAAbBHOr0 HEeHpPOKOMIbOTepa.
BHAEGAHM CHayaAa NMPEAEAbHHE CAYYaAH .

HyAaeBOH ypPOBeHb OTYYXAEHHA - HEAPOHHAs CeThb CYMECTBYeET
Ha YHHBEp CaAbHOM HEHPOKOMNbOTEpPE , HMeercs CAOXHO
OpPraHH30BaHHHA 3aasayHHk , OoraToii Habop KoMauaA H OGoabmas
6ubanoTeka 0Oy4YawmHX aATOPHTMOB.

TpeTHH YypOBeHb OTYYXAEHHS - T1OAHOE OTYYXAEHHEe OT
YHHBEPCAAbHOI0 YUYHTEAsl. MOXET BHIIOAHATbCA TOAbBKO GAHA
KOMaHAa - npsiMoe QYHKUHOHHpOBaHHe . OOyuyeHHEe HEBO3MOKHMO , 3aTO
BO3MOXHH OUEeHb MNpOCTasi TexHHueckas peaaHs3audda H Hauboaee
BRCOKOE OB CTPOAEHCTBHE .

BTOpPOH YypOBEeHb OTYYXAEHHH - BO3MOXHO AOYYHBaHWe 1O
OTACABHOMY TIpHMepYy . KpoMe NPsAMOTro QYHKUHOHHPOBAHHS MOIyT eme
BHIOAHATBCA OAHH HAH HECKOABKO WaroB Kakoro-HHOyAb aArOpHTMa
ofydeHHsi. UYHCAO H, BO3MOXHO, BeAHYHHA WmaroB (QHKCHPYOTcCA
3apadee. AAFOPHTM BHOHpaeTcs nonpome. ‘

NepBuii ypOBeHb OTYYXAEHMHS AONYCKAeT AOyYHBaAHHE MO OAHOH
Heb0oA bmoH (CPaBHHTEABHO ~ CO BCEM  33Aa4YHHKOM ) CTpaHHIe
NpUMEepOB . AATOPHTM , ONSATb Xe&, OAHH , OAHAKO YHMCAO mMAroB, HX
BEAHYHHA M ApPyIHe TMmapaMerpsl MOryT TnoAGHpaTbcd B  XOA€
ofyudeHHst , MpHMEPaM CTPpaHHUH MOIYT Ha3HayaThCs Beca, CIHCOK
NPHMEPOB MOXET OOHOBAATbLCA .

UeM AaAbli€ OT YHHBEPCAaAbHOI'O YUHTeAsl, TeM TpyAHeEe
npuoBpecTH HOBHH CAOXHHA HAaBHK , HO TeM Mpome TeXHHuYecKad
peaAH3auud H AECMEBAE YCTPOACTBO.

13, YTO OCTANOCH 3A PAMKAMHM KHMI'M?

*

BHOHMYECKOe HanpaBAeHHe B HEHPOKOMIBOTHHTE , HAymee OT
hpﬂuux auaaorun c paborod mo3ra.

OnMcauHe KOHKPETHHX 3aAad, PENAEMHX HEAPOKOMILIOT EPaMH .
HekoTopu e KABCCH 3aAa4 , HanpHMep , pacno3HaBaHHe 06pa30B ,
3aCAYXHBAOT OTAEABHHX KHHT .

Mpo6a eMul KOKCTpYHpOBaHﬁﬂ HEePOKOMIbOTEPOB B "XKeae3e ",
'AABNTHBHH € CpeAH - HeNpepHBHHE CHCTeMd , crnocobude K
ofy4eHHo . B HHX yXe HET OTAeEABHHX HEAPOHOB HAH CHHAancoB.
BoAabmero BHHMaHHSI 3aCAyYXHBaeT accollHaTHBHas MNaMiATb, a
Takxe THOPHAHHME HEADOKOMNBOTEPH , B KOTOPHX acCCOUHATHBHAas
naMaTh HCNoA b3y €T co AKﬂ npeABapHTeAbHOﬁ. obpaboTku

HHpOpMalHH , MOAaBaeMOH NOTOM o6y4yaeMoH CeTH.
' ’
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