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1. HEMPOCETEBASI KOMIIPECCHUSA JAHHBIX

Baxxnoit nmpo6yiemoii, Bo3HUKaromel mpu 00paboTke O0IBIITNX MacCUBOB HaOIIOIE-
HUM, SBIISETCS C)KAaTUE NaHHBIX C LEJIbIO BBIACICHUS Hanbosee CyniecCTBeHHOW MHpopMa-
MU U BBISBICHUS (PAKTOPOB, HESBHBIM O0pa30M ONPEACISAIONUX MPUPOAY H3y4aeMOro
sBieHus. OnqHUM U3 Haubosee 3PPEKTUBHBIX MOAXOA0B K PELICHUIO 3TON MPOOIEMBI 5B-
JsieTcs anmapat (pakTOpHOTO aHaIM3a.

OcHoBHast ujes (PaKTOPHOTO aHa/IM3a, JOMYCKAoLas HAJIW4YUE alpUuOpPHO HEU3-
BECTHBIX CKPBITBHIX (DaKTOPOB, BEAET K cieayioniel HedopMaibHOW 3adaue: HaOMromas
00JbIIIOe KOJMYECTBO M3MEPAEMBIX MapaMeTpoB (IOKa3aTenei), BBIBUTH HEOONbIIOE
YHCIIO MapaMeTPOB-(aKTOPOB, ONPEACIAIOUIUX B OCHOBHOM IOBEACHUE U3MEPSAEMBIX I1a-
pameTrpoB. Mnu 3Has 3Ha4eHHUs] OOJIBILIOTO KOJIMYECTBA (DYHKIMM M3MEpPSIEMbIX MapaMeT-
POB, YCTAaHOBUTH COOTBETCTBYIOLIME 3HAYEHMsI OOLIMX ISl BCeX (YHKIMI apryMEeHTOB-
(aKTOpOB ¥ BOCCTAHOBUTH BUJI ATUX (QYHKIIHIA.

3ajaya HEIMHEHWHOTO (PAaKTOPHOro aHaiau3a 3(PQPEKTUBHO MOKET ObITH pelIeHa C

IIOMOIIIBIO aBTOACCOLIMaTHUBHOI'O TpGXCJIOfIHOFO IICPCCIITPOHA, HA3BIBACMOI'O ((Eyn/leJZOI{—

Hoe 2OpJIbLUUKOY).

Pucynok 1 — CxeMa aBT0acCOLMAaTUBHOTO TPEXCIOWHOTO MEPCENTPOHA
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B mpouiecce o0yuenuss MUHUMHU3UPYETCS 1iefieBast QyHKIUSA B BUE

riae K — Homep oOydaroliero npumepa.

B kauectBe aJiropuTMa O6y‘I€HI/I51 MOJKET OBITh MCHOJIBL30BaHa JIF00ast nmpoacaypa

0o0paTHOTrO pacmpocTpaHeHusi omMOKH. B KadecTBe ATaTOHHOTO BBIXOJA HCIOJIB3YETCS
caM BXOJIHOM curHaia X , MOAJIeKAIIUH CKATHIO.

Ha BXOHO# CIIOM TOCTyIIaeT N-MEPHBIA BEKTOP BXOAHBIX CHUTHAIOB X, MEPBBIid
CKPBITBIN CJIOH comepkuT nl HEHPOHOB, BTOPOU CKPBITHIN IO — N2 < N HEWPOHOB U BBI-

XOIIHOﬁ ciaoii — N3 =n HeﬁpOHOB. HGHBIO aCCOINaTNuBHOI'O 06yquI/151 ABJIICTCA BOCCTaA-

!
HOBJICHHE Ha BBIXOJE CeTH cMrHama X' , HaWIydmmM o0pa3oM anmpoKCHMHPYIOLIETO

BXOJIHOM CHUTHAN X. Cxarue I/IH(l)OpMaLII/II/I IIPpOUCXOAUT BO BTOPOM CKPBITOM CJIOC, CO-

Jep KalleM MEHbIIEE YHCIIO HEUPOHOB YE€M NIEPBBIM U BBIXOIHOM ciion. IMEHHO ¢ BrIXOoaa

BTOPOI'O CKPLITOI'0 CJI0s1 CHUMACTCA «CXKaThI» CUTHAJ Y , IIPX O9TOM B PE3YyJILTATC TAKOI'O
moaxoaa K KOMIIPECCHUHU I/IH(I)OpMaLII/H/I AOCTHUTACTCA OIITUMAJIBHOC PCHICHUC 3a/la4d HCJIN-

HEHHOTO (haKTOPHOrO aHAJIU3a.



2. IPOTHO3UPOBAHUE BPEMEHHBIX PSJIOB C IOMOILBIO
HEWMPOHHBIX CETEN

[Ipn pemenun 3a7a4v MPOTHO3UPOBAHUSI MHOTOMEPHBIX CTOXACTUYECKUX BPEMEH-
HBIX PSJI0B B YCIOBHUSIX CTPYKTYPHOM M HapaMeTpUUECKON HEONpEAEIEHHOCTH B OOIIEM
ciIy4ae npHupojaa HaOI0JaeMOoi NOCIeA0BATEIbHOCTH HEU3BECTHA.

Bo BpemMeHHBIX psijax, B OTJIMYME OT CIy4alHBIX BBIOOPOK, JaHHBIE pacCMaTpUBa-
IOTCSl KAaK ITOCJIEAOBATEIbHOCTh U3MEPEHUN, YIOPSJAOYEHHBIX B HECIy4alHbIE MOMEHTHI
BpPEMEHH, T.€. BpDEMEHHOW psAJ BKIIOYACT JBa O0S3aTENbHBIX IJIEMEHTAa — BPEeMs U KOH-
KpEeTHOE 3HaueHue nokasarens (ypoBeHb psaa). Kak npaBuio, 3HaueHus noxkasarens Quk-
CHUPYIOTCS Yepe3 pPaBHBIE IPOMEKYTKU BPEMEHU

JIJi IOCTpOEHUs] BPEMEHHOT'O Psiia IOJKHBI ObITh BBIIOJIHEHBI CIEAYIOIINE YCIIO-
BHUSL:

— MepuoAu3alus pa3BUTHsI 00pa3yeTcs pacuJICHEHWEM BO BPEMEHHM Ha OJHOPOJHBIE
3Tarbl, B Ipeiesiax KOTOPhIX MOKa3aTelb MOAUYMNHACTCS 00IIEMY 3aKOHY Pa3BUTHUS;

— 3HAUEHUS BPEMEHHOI'O Psijia JOJIKHBI OBITH CONOCTABUMBI IO BCEM IMPHU3HAKaM, IO
KOTOPBIM OCYHIECTBIISIETCS €ro (POPpMUPOBAHUE, HAIPUMED IO KPYT'Y OXBaThIBAEMBIX
SABJICHWUM, €AUHULIAM U3MEPEHUS, METOA0JIOTMU pacuéTa u T.1.;

— IIEPUOJBI JOJDKHBI COOTBETCTBOBATH MHTEHCUBHOCTH IIPOLIECCOB;

— BPEMEHHOW Psij IOJKEH OBITh MOJIHBIM, T.€. HE JOIYCKAIOTCS MPOIMYCKHU, €CIIM OHU
HEU30€KHbI, PSAJ] AOMOJIHSIOT YCIOBHO-PACYETHBIMU 3HAUEHUSIMHU.

ToJIbKO B Cilyyae BBIIIOJIHEHUS NIEPEYUCIICHHBIX YCIOBUN paccMaTpuBaeMas Iocie-
JIOBATEIBLHOCTD SIBJISICTCSI BPEMEHHBIM PSAIOM U Ul HEE IPUMEHUMBI METOJbI aHaIU3a U
IIPOrHO3UPOBAHUsI BPEMEHHBIX PSIOB.

B 3agauax aHanmm3a BpeMEHHBIX PSIOB LIEJbIO SIBJISETCS MPOTHO3 OyAyIIMX 3Haue-
HUW NIEPEMEHHOM, 3aBUCAIICH OT BPEMEHHU, HA OCHOBE IPEAbIAYyIIMX ee 3HaueHuul. llpu
HTOM HE€ CTAaBUTCS 3a7a4a BBIABUTH HEABHO OTPAKEHHBIE BO BPEMEHHOM Psy 3aBUCHMO-
CTH LIEJIEBOTO MOKA3aTeNsl OT CYLIECTBEHHBIX Il HErO 3HAYEHUW IPYTUX XapaKTEPUCTHUK

npeaMeTHON 001acTH.



OOBIYHO OUepeHOE 3HAYEHHE BPEMEHHOTO pPsiia MPOTHO3UPYETCSI IO HEKOTOPOMY
YUCITY €ro NpeablAyluX 3HAa4eHHI (ITPOrHO3 HA OJWH IIar Brepea Bo BpemeHu). OJIHaKo
MO’KHO BBINIOJIHATH MIPOTHO3 Ha JIt00O€ YMCIIO MIAroB (MpU CHUKEHUU TOYHOCTU IPOTHO-
3UpPOBaHUS).

ITocne TOro, Kak BBIYMCIEHO OYEPEIHOE MPEAIIOIAraeMOe 3HaUYCHUE, OHO IIOJCTaB-
JsieTcst 00paTHO M € €ro MOMOIIbIO IMOJIyYaeTCsl CIAeAYIOLUN MmporHo3. Takoil crmoco0
Ha3bIBAETCS NpoeKyuel 8pemMeHHo20 Plia Ui memooom «oxkony. OKHO uMeeT (PUuKCupo-
BaHHBIM pa3Mep U CIOCOOHO IepeMENIaThCsl 10 BPEMEHHOM MOCIEI0BATEIbHOCTH.

HckyccTBeHHBIE HEHPOHHBIE CETU SBIISIOTCA OAHMM M3 Hambosiee aJeKBAaTHBIX WH-
CTPYMEHTOB MPOTHO3UPOBAHUSI BPEMEHHBIX PAJIOB, IMO3BOJSIOMIKX IO MPOLLIbIM HaOJIO-

JCHHUAM BOCCTaHaBJIMBATDb HEJIMHEHHOE 0T06pa}KCHHe BHUJaa

x(t) =F(x(t—1),x(t=2),...x(t —k))+e(t) =x(t) +e(t),

rne X(t) — onenxa (mporuos) 3nauenus X(t), momydenHas Ha BBIX0JIE HEHPOCETH,

e(t) — ommOKa MPOrHO3UPOBAHNS,

K — mopsiiox Mojienu (IMpruHa OKHA).

HeiipoceTs npencraBiseT B JAaHHOM CIIydae HEJIMHEWMHYIO aBTOPETPECCHOHHYIO MO-
nenb (NAR-Moenb).

Bo3MoxHOCTh U 3¢ (heKTUBHOCTH HCcT0JIb30BaHuss NAR-Moaenu B 3aayax nMporHo-
3UPOBAHMUS OMPENEISIETCS TEOpEeMON TAKEHca, yCTAHABIMBAIOIICH CYIIECTBOBAHUE TTOPSII-
Ka MOJIC/TH, KOTOPBIH 00CCIeYrBaeT CKOJIb YIOAHO Majioe 3HadyeHue onmoku e(t), u yHu-
BEPCAIBHBIMH ANIIIPOKCUMHPYIOIINMHU CBOMCTBAMU HEUPOCETEMN.

B kauectBe OcHOBBI Mg noctpoeHusi NAR-Mojeneld daiie BCEro MCIOIb3YHOTCS
MHOTOCJIOMHBIE CETH C MPAMOU Tepeaaueii nHdopMaIuu.

KosmnuecTBO BX0/I0B CETH PaBHO LIMPUHE OKHA, & KOJIMYECTBO BBIXOJ0B — BEJIMUMHE
CMEILIEHUS] OKHA MPH CKOJIBKEHUU (YMCIYy BPEMEHHBIX IEPUOJI0OB MPOTHO3HPOBAHUS).

OOBIYHO OKHO CMEINIAOT Ha OJHY MO3HUIIUIO.



Cetp 1o3BossieT cPOPMUPOBATh HA BBIXOJE CUTHAJ, SIBJISAIOLIMICS (yHKIUEH Bpe-
MeHHU. Takue ceTu Taxkke Ha3bIBAKOTCS Hetpocemamu ¢ epemeHHvimu 3adepiickamu. OHU
HOJIyYMJIM HIMPOKOE PACIIPOCTPAaHEHHUE B 3a/ayax MPOTHO3UPOBAHMSI BPEMEHHBIX IOCIIE-
JIOBATEJIbHOCTEW CaMOM Pa3IuYHON IPUPOIBI.

[Ipy mpOTrHO3MPOBAHMK BPEMEHHBIX PSIOB OOJBIIOE 3HAYCHHE HMEET KaueCTBO
oOyuaronieil BHIOOPKH, KOTOPOE TEM BBIIIE, YEM MEHBLIE €€ IPOTUBOPEUMBOCTD U OOJIbIIE
OBTOPSEMOCTb.

Ilpomusopeuusocms — TOKa3aTellb, XapaKTEPU3YIOUINI KOJIMYECTBO OJWHAKOBBIX
00BEKTOB, MPUHAAIEKAIIUX K PA3HBIM KJIacCaM.

Ilosmopsiemocms — TOKa3aTeNlb, XapaKTEPHU3YIOIUN KOJIMYECTBO OJMHAKOBBIX
HaOOPOB B paMKax OJHOIO KJacca.

@akTopbl BIUSAIOIINE HA TPOTUBOPEYUBOCTD U IIOBTOPSIEMOCTD:

— KOJMYECTBO 3JIEMEHTOB OOydYaromied BbIOOPKM — 4eM OOJIbIIE€ 3JIEMEHTOB, TEM
00J1bIlI€ IPOTUBOPEUUBOCTD U TIOBTOPSIEMOCTH;
— r1yOMHa NOrpy>KE€HHUs BO BPEMEHHOH pAll («OKHO») — ueM OoJblie riayOuHa, TeM

MCHBIIC IMPOTUBOPCUYNBOCTL U MCHBIIIC IIOBTOPACMOCTD.

Heoocmamku:

1. Bbonblioe YMCI0 HACTPAUBAEMBIX BECOB M HU3Kasi CKOPOCTh OOYYEHHMS, UTO BbI3bIBaA-
€T 0COOCHHBIE MTPOOJIEMBI MPU PabOTE B peaIbHOM BPEMEHU;

2. CnoXHOCTh B TIOJ0OpPE ONTHUMAIBHON MIMpUHBI OKHA. [Ipm HanwumMm YeTko BBIpa-
JKEHHOU LUKIWYHOCTU B ITOBEICHUM BPEMEHHOIO Psla MOKET BBIABUTBHCS CYILE-
CTBEHHAs! 3aBUCUMOCTB PE3YyJIbTATOB MPOTHO3UPOBAHUS OT KOPPEIALNNA MEXKIY IIH-
PUHOM OKHA U LIUKJIOM KOJI€OaHUI BpEMEHHOTO pAJIa;

3. ObecneueHue akTyaJbHOCTH MPOrHO30B. [locienoBaTebHOCTh 3HAYEHUI BpEeMEH-
HOTO psiia SIBJISIETCS OTPAXKEHHUEM CKPBITBIX 3aBUCHMOCTEM, 3HAYEHUE KOTOPBIX CO
BPEMEHEM MOXET M3MEHSAThCS (YBEIHMUUBATHCSA WM HA0OOPOT, MPAKTHYCCKH IOJI-
HOCTBIO Mcue3aTh). [103TOMy B CETh MOCTOSHHO HY)XHO BBOJUTH HOBBIC JaHHbBIC,

HaxoaAa HpaBHHBHBIﬁ OaJraHc co CTapbIMHU JaAHHBIMU.



3. PEHIEHUE 3AJIAY OIITUMU3AIIMA HEHPOHHBIMU CETAMU

Bricokas cremeHb pacmapauienuBaHus o00paboTKM HH(POpPMAIMKA  TIO3BOJISET
YCTENIHO MX MPUMEHTH IS PEIICHHS 3a/1ad KOMOMHATOpHOUW omrtuMm3anuu. Hambomee
3 PEeKTUBHO HEHPOCETAMHU PEHIAlOTCs 3aayd TPAHCIOPTHO-OPUEHTUPOBAHHONW ONMTHUMHU-
3anuu (3a7a9a KOMMHBOSDKEpA M €€ MOAU(UKAIIMN) W 3a7a9d PACTIPEICICHUS PECYPCOB
(3amaua 0 Ha3HAYCHMSX, 3ajaya IejepacupeacieHus u apyrue). Pemienne Takux 3agad
TPaJAUIIMOHHBIMU METOJIaMUA MaTEMaTHIECKOTO MPOTPaMMHUPOBAHUS, OOTBITMHCTBO U3 KO-
TOPBIX OPHEHTHPOBAHO HA BBIYMCIIMTEIBHBIE CHCTEMBI C IOCIIECIOBATEILHON apXUTEKTY-
pOH, COMPSDKEHO ¢ OOJBITUMHU 3aTpaTaMu BPEMEHH, YaCTO HE MPUEMIIEMBIMU 1T MHOTHX
MIPUIIOKECHUM.

OnnHoit u3 Hanbojee CIOXKHBIX IMPOOJIEeM ONTUMU3AINU SBISETCA 3A0aid KOMMUBO-
soicepa. OHa COCTOUT B ONpPEACICHUU KpaTyalIlero IMyTH, COSAUHSIONIETO HEKOTOpOe
MHOKECTBO TOPOJIOB, MPUYEM KAl TOPOJI TOJDKEH OBITH ITOCEIICH JIUIIb OJIUH Pas3.

B cnyyae n ropoaoB cymecTByeT n!/2n paziIdyHBIX MapIIpyTOB, CPEAU KOTOPBIX
HEOOXOIMMO HAWTH KpaTdyaimumid. 1o npuMmep NP — moiHON 3aiauyn WM HEMOJIMHOMMU-
IBHO CJIOKHOW 3a/1a4y¥, MIOMCK TOYHOTO PEIICHUS KOTOPOH 3a BpeMs, HEe TIPEBOCXO/ISIICE
MOJIMHOMA OT pa3Mepa JIaHHBIX HEBO3MOXKEH. PelieHre Takux 3ajgad MeToJIoM mepebdopa
SIBJIICTCSI HEOTIPABIAHHO TPYAOSMKHM.

Xondwmna u TOHK IPEIOKUIN TOAX0A K €€ MPUOTHKEHHOMY PEIISHUI0 Ha OCHOBE
cereil Xondunaa.

JIist omucaHusl BO3MOXKHBIX MAapIIPYTOB BBEIICH CHEIUATBHBIA THIT MATPHUIIBI, B KO-
TOpoi ropoaa oopasyiot crpoku (A, B, C, D... — Ha3BaHus TOPOIOB), a CTOJIOLBI OTOOpa-
YKAIOT MOCJIEA0BATEILHOCTL TOPOJIOB B MapiipyTe. Toria mpou3BOIbHBI MapIIpyT MOXET
OBITH MPENICTABJICH B BUC TaOJMIIBI, B KOTOPOH €IMHUIIA B CTPOKE, OTBEUAIOIICH JaHHOMY
TOpOJIy, ONPEIEISIET €T0 HOMEP B MapIIpyTe.

Ipumep: mapuipyr D > B=>E = A= C:
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Ta6muna 1 — [Ipumep mapiipyra

MocnegoBaTenNbHOCTb
Mopog

1 2 3 4 5
A 0 0 0 1 0
B 0 1 0 0 0
C i} 0 0 0 1
D 1 0 0 0 0
E 0 0 1 0 0

ConocraBuM KJ€TKe TaOJIUIbl HA IEPECEYEHUH CTPOKU X M CTOJIOLA 1 HEHPOH Sy C
cocrosiHueM {0,1}. Bo30yxaeHHOE COCTOSHUE JAHHOTO HEMpPOHA CHUTHAIM3UPYET O TOM,
4TO TopoA X B MapuIpyTe ClIeAyeT NOCEaTh B 1-TyI0 OYEpEeib.

Torga k cetn Xonduiaa NpeabsBIsIOTCA CIAEAYOIINE TPEOOBAHUS:

1. Cerp nomxHa coctosiTh U3 N = N x N HEHPOHOB, KOTOPBIE PACCMATPUBAIOTCS Kak

KBaJIpaT U3 N CTPOK U N CTOJOLIOB, TJIe N — YUCIIO TOPOOB;

2. OTBET CeTH IOJDKEH COACPIKATh TOJBKO OJMH aKTUBHBINA HEHPOH B KAXKIOW CTPOKE H

Ka)KIOM CTOJIOLIE;

3. AKTUBHBIN HEHPOH B MEPBOM CTOJIONE 33a€T MEPBBIM ropoa MapuIpyTa, BO BTOPOM

CTOJIOIE — BTOPOI rOpoj MapuipyTa, U TaK Jajee.

Jl1s1 penieHust 3Toi 3aj1aun JOCTATOUYHO Cleayolee:

1. JIns BBITIOJIHEHUS YCJIOBHS 2 Beca CETU JOJDKHBI OBITh MMOCTPOCHBI TAKUM 00paszom,
YTOOBI KXl HEHPOH MPEMNsSTCTBOBAJ aKTHUBALMU JIPYTUX HEHPOHOB B CBOEH
CTPOKE U B CBOEM CTOJIOLIE;

2. Jlis MUHMMM3AIUH IJINHBI TyTH HEOOXOAMMO, YTOOBI HEMPOH B I-M CTOJOILE TEM
aKTUBHEE MPEISITCTBOBAJI aKTUBAIMU HEHPOHOB B I+1-M m i-1-mM crosbmax, yem
OO0JIbIIIE PACCTOSTHUE MEXKAY HUMU;

3. Jlnsa paborocrocooHOCTH ceTn Xomduiaa HeoOX0auM0, YTOOBI Beca CeTH He ObLIN

BCC OTpUIATCIbHBIMH.
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LleneBas ¢yHKUMS 3aayd MOMCKA ONTHUMAJILHOIO Mapuipyta OyaeT BKJIto4YaTh 4

cJlaraCMbIXx:

E(S) =k, +Ey+E3+ E4—>min,

rae E; — o3HayaeT, 4yTo KaXKIblil TOpo1 JOHKEH OBITh MOCEIIEeH He 0osiee 4YeM OJHH
pa3 (B KaXJ0il CTpOKE MaTPUIIbI UMEETCsl HE 00Jiee OAHON eIUHUIIBI);

E, — o3Hauaer, yTo MOJ KaXKJIbIM HOMEPOM JOJDKHO IMOCEHIaThesi He O0Jiee 0JTHOTO
ropoja (B Kaxa0M CToJ01e — He 00Jee OHOM €TMHUILbI);

E; — o3Hauaer, 4To oO0IIee YMCIO MOCEHEHUH PaBHO YUCITY TOPOIOB N (B MaTpHIIE

BCET0 UMEETCsI POBHO N €IUHUIL).

o
E1=EZZZSXiSXj
X 1 J=#i
e, =2 S,iSy
3 Z_ZZZZ XI~yj

X i y#X

2

E3=g 2. 2.5 —N
X 1

S

Kaxnoe u3 Tpex ciaraeMbix oOpamaeTcss B HyJb Ha JONYCTUMBIX MaplipyTax, U
IPUHUMAET 3HaYeHUs OOJIbIlIe HYJIS HAa HEONMYCTUMBIX. TakuM 00pa3oMm, MepBbIe TPU Clia-
raeMbIX OTBEYAIOT 3a JOIYCTUMOCTh MapuIpyTa.

Cnaraemoe E; MUHUMU3HpYET AJMHY MapLIpyTa:

E4:

N |3

ZZ Z dxnyi (Syi+l + Syi—l)’

i y#X

rae dyy —paccTosiHue Mex Iy ropogamu X u Y.
IIpn 3TOM OTpe3ok mytu XY BKIIIOYAeTCs B CyMMY TOJIBKO TOrAa, Koraa ropox Y

SIBJISIETCS. OTHOCUTEIBHO Topoaa X JIMOO MPEeAbIAYITUM, JTUO0 MOCISTYOIIM.
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MHoOXHUTEeNnn a, B, Y, N 3a4ar0T OTHOCUTCJIbHBIC BECA CllaracMabIX.

3Ha4YeHUs BECOB U IMOPOTOB CCTH 3aJa0TCA CICAYIOIINM 06p3.30M:

Wxiyj = _agxy (1_ 5ij ) - lBé‘lj (1_ 5xy) —V— ;dey <5ji+1 o 5ji—1)
T, =—n,

Xi

rie Oxy — cuMBOJI KpoHekepa, mpuHUMaronuii 3Hauenue 1, ecnu X =y u 3HadeHue 0

B IIPOTUBHOM CJIy4dac:

5 L x=y
Y lo, x=y

[lepBrIif uieH paBeH -0 JUIsl BCEX CBSI3EH B TOM ke CTpoKe (X = Y), KpoMe CBS3U
HelpoHa ¢ camuM coboii (ipu | = ). BTopoii wieH paBeH - a1 BceX CBA3CH B TOM XKe
crogome (i = J), KpoMe CBS3M ¢ caMuM co00ii (X = Y). UeTBepThIi WiICH MPOMOPIIMOHATICH
PACCTOSIHUIO MEXIy TOPOJaMH X Y, €CIIU 3TH ropojia cocenuue B Mapmpyte (I = j-1 wiun
I =j+1).

Ecnu Takyro ceTb IpHUBECTH B CIIy4aliHOE Ha4aJIbHOE COCTOSIHHE, TO PE3YyIbTHPYIO-
niee CTabuiIbHOE COCTOSIHHE JAaCT CYOONTUMANIbHBIN MyTh, IJTWHA KOTOPOTO OyIeT Onm3ka
K onTUMabHOU. [Ipr 3TOM cam IMyTh MOXKET 3HAYMTEIIBHO OTIMYATHCS OT ONTHMAIBHOTO.
JIJ1si TpakTUYECKOro MPUMEHEHHsI CeTh CIeAyeT 3alyCTHTh HECKOJbKO pa3, M BHIOpATH
HAaWIY4YLIWN MyTh.

Takum o0pa3oM, pellleHHe JaHHOM 3ajaud JIEMOHCTPUPYET allbTePHATUBHBIN MO/I-
XOJl K 3a/layaM ONTHUMHU3AIMU: €CJIM BO3MOXKHO MEPEBECTH YCIOBHS HEKOTOPOH 3a/lauul B
mapamMeTphl CBsI3el MEXIy HEHpOHAMH, TO OHa MOXKET OBITh PEIICHa CEThIO 0€3 KaKoro-

00 JOITIOJIHUTCJIBHOT'O aHaJIn3a.
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4. HEMPOYIIPABJIEHUE

VYrpaBieHue AMHAMUYECKUMH O0OBEKTAMU U CHCTEMAMH B YCIIOBHUSIX CTPYKTYPHOH U
napamMeTpUYECKON HEONPEAEICHHOCTH SBISAETCA BaKHBIM HAIIPABJIECHUEM B MPHIIOKEHUSIX
HEUPOHHBIX CETEH.

HelipoceTeBble CUCTEMBI YNPABIECHUS, WA Heupope2yasamopsbl UMEIOT CIEIYIOLUe
IPEUMYILIECTBA Mepe]l OOBIYHBIMU CUCTEMaMHU aBTOMATUYECKOTO YIIPABIICHUS:

1. Bo3MoxxkHOCTH 00pabOTKH OOJBIINX 0O0BEMOB CEHCOPHOU HMH(pOpMaLINK;
2. Bricokoe ObICTpoAeWCTBUE, JOoCcTUTaeMoe Onarogapsi pacnapauieIMBaHUIO BBIYHC-

JICHUH;

3. Bo3moxHOCTH paboOThl C CyNIECTBEHHO HEIWHEHHBIMH OOBEKTAMHU, O CTPYKType H
rapameTpax KOTOPBIX MPAKTHYECKH HUYETO HEU3BECTHO.

Helipoperysatopsl SIBISIFOTCS pa3BUTHEM aJallTUBHBIX CUCTEM YIPABICHUS U MOTYT

OBITH pa36I/ITBI Ha ABa KJjacca: npsmvie N Henpsimvle CUCTCMBI.

HDHMaH CHUCTCMA YVIIPABJICHUSA

FranoHHAH
MO R .
N v (k)
qk
d{(k ) T—. £ I/’ E
A
w(k)
ANATTHEHELA (k) O0BekT
PEryiasETOp YIPaBICHHA

i/

Pucynok 2 — Cxema npsiMOro aJaiTUBHOTO YIIPaBJIEHUS
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Ha BX0J cucTeMsbl yripaBlieHHs TIOCTyIaeT BHEIHUH 3anatommii curaai d(K), koro-
pBIi MOJAaeTCsl MapauIebHO HA PErYJSTOP U 3TAJOHHYIO MOJIEINb, OMPEACTSIONIYIO Kella-
eMoe TIOBeJIeHHEe 00bEeKTa ynpaBiieHus. Haimnune 3TanoHHOW MOJENH HE sSBISETCS 00s13a-
TeapHBIM. [lens ynpaBnenus onpeaensercs TpeOOBaHUEM YCTOMYHBOTO U TOYHOTO CIICHKeE-
HUs BeIX0,10M 00bekTa y(k) 3a 3amarormm curHamom d(k).

AnanTuBHas IpsiMasi CUCTEMa B CBOEH paboTe UCTIONB3YET OMIHOKY

e(k) =y (k) — y(K),

rae y(k) — BBIXOJIHOW CUTHAJ PeabHOTO 0OBEKTA,

y (k) — BBIXOZHO} CHIHAJI STaTOHHON MOJIEIIH.

B mporecce paGoThl TakoW CHCTEMBI HACTPAWBAIOTCS MapaMeTphl perynsaTopa. Bei-
pabaThIBacMbIe PEryJISITOPOM yIpasistomue BosaedcTBus U(K) ompenessioTcs myTem
AHATMTHYECKOW MHHMMH3AIUNA TPUHSATOTO KPUTEPHS YIPABIICHUS, SBISIOIIETOCS (DYHK-

et ot omuoOku yrpasieHus e(K).

STANOHHAA

MOICIE

dit)o——m / o KE)

H et e i

HHT
HElpopery maToOp

E;l,-'r.-' ']

OOBCKT |

ulx) YIPEICHNE |

ik —n )

B K

ik =11

vk—-nr)

ik -1)

Pucynok 3 — CtpyKkTypa npsMoro HEHpoperyJsaTopa
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[IpsimMoit HEHPOPETYIATOP COACPKUT HEHPOCETh (Hampumep, ABYCIOWHBIN Tepcer-
TPOH), 00€CIEYNBAIOIIYI0 ONTUMU3AIMIO MIPUHATOTO KPUTEPHUsSl YIPABICHUS MO JaHHBIM
HAOJIIOICHU 32 BXOJIaMU U BBIXOJIaMU HEJIMHEHHOTO O0BEKTA.

Onementsl JI3, mpencTaBisioT coO0N TUHUH 3JIEMEHTOB 3aJCPXKKU, HEOOXOIUMBIE
JUIA ydeTa JMHAMUKH HeTMHEHHOTro 00BEKTa U Mpoliecca yrpaBiIeHHs.

llpeumywecmso: mpocToTA.

HenpsiMas cucteMa ynopaBJICHUS.

"ITANOHHAA
MOeNE |
NI (k)
%] l.-"'F -h‘\,'
. i | ¥ ——
dikioT—m Hacrpansaeman r‘“--;"f e (k)
MOTe Nk |
—
T o
e (k] I.-""'
| | E‘\'J,
R
g +
ADANTHREH K DOLeET l
pEryIATOp () VIIPABIEHHA vk
¢

Pucynok 4 — CxeMa HenpsIMOro aganTUBHOTO YIPABICHUS
B apmantuBHOM HENpsSMOI cUCTEME YIIPaBIEHUs MapauiebHO 00BEKTY MOAKITIOUEHA
HacTpanBaeMasi MOJEIIb, IAPAMETPBI KOTOPOM HENPEPBIBHO YTOUHSIOTCS C IMOMOIIBIO Ka-

KOTO-JIN0O AJIroOpuT™Ma aaallTUBHOI'O OHCHHUBAHHA, MUHHUMHU3HUPYIOIICI'O B PCAJILHOM BpPC-

MEHH 1eJIEBYI0 (DYHKIIUIO OT OITUOKHU UACHTU(UKAIIUN

e, (K) =y(k) —y(k),
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rae Y(K) — BbIXoJa HacTpamBaeMO# MOJIEIIH.

[TommygaeMble mapaMeTpbl HACTpAaUBAEMOW MOJEIH HCIOJB3YIOTCS PETYISATOPOM B
Ka4yeCTBE OIEHOK MapaMeTpoB 00bekTa ympapieHus. OmubdKa ynpaBleHus: ONpeaenseTcs
kax ec(k) = y (k) — y(k). Uem TouHee HacTpaMBaeMasi MOJENIb OTCICKHBACT IIOBEICHIC
pearpbHOTrO O0BEKTa, TeM MEHbINe ommoka uacHTUGUKanuu €(k) m TeM TouHee BBIXO
00BEKTa CIEAUT 3a JKeIaeMOi TpaeKTopuei y (k). KauectBo paboTHI aaTUBHOM HEMpsi-

MOH CHCTE€MbI MOJHOCTHIO OIIPCACIIACTCA 3(1)(i)€KTI/IBHOCTBIO Imponecca I/I,ZICHTI/I(l)I/IKaHI/II/I,

nockonbky €c(K) = y (k) = y(K) —e,(K) u mpomecc ynpapmenus cBoauTCS K OTCIIe-

JKUBAHUIO aJalITUBHONM MOJIEIBIO NOBEACHUS DTAJIOHHON MOJIEIH.

FranoHHaA |
MO E

F - [ — . ] HHt'I .JE\J

I:;::: HEHPOAM Y IIATOR Bk H\q_ y,
|
7 atk=10 k1)
b A . ¥ k)
HHE Hennueiinni
L IR S — ) T4 [ ] | i)
HERPAPETYIATOR Ju(k) VITPABICHAR vk B ”'II
b J e
.-":,V = Fi el
; .
alk -l I3 113 |
| kT ——— -TH_”-]'_—IT
vk —1

Pucynok 5 — CTpykTypa HENpSIMOTO HEHPOPErysiTOpa
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Henpsmoint weitpoperynstop conepxut ase Heilpocetn MHC, u UHC, ncnonsso-
MUX PYHKIUU HEHPOIMYJIATOPAa U HEUPOPETYIATOPA, 00ECIEUNBAIOIIETO B IPOLECCE HE-
IPEPBIBHOTO O0YUEHUS] MUHUMU3ALMIO TPUHATOTO KPUTEPHUSI YIIPABICHHUS.

IIpeumywecmso: BEICOKOE OBICTPOACHCTBHE U TIOMEXOYCTOMYUBOCTD.
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