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AnHomayus

B pabore Ha mpumepe MMHUTAIMOHHOW MOJEIM MOOMJIBHOTO poOOTa paccMaTpUBAIOTCS
BO3MOKHOCTH ONTHMM3alUA €ro CHCTEMbl AaBTOHOMHOIO aJanTUBHOro ymnpasieHus. C
MOMOIIbI0 TEHETUYECKUX AJITOPUTMOB OMPENETSIOTCS ONTUMAJIbHBIE MapaMeTpbl KOHCTPYKIIUU
po0oTa U ONTUMANIbHBIE TapaMeTpbl HEHPOHOMOJOOHOW aJanTUBHOM CHCTEMbI YINPaBICHHUS.
PaccmatpuBaroTcs cxembl peagu3aiiy UCIOJIb3yEMBIX aJlTOPUTMOB HAa OJTHOM KOMIIBIOTEPE U HA
BBIUMCIUTENIFHOM  KJlacTepe, TMO3BOJISIONIEM  OpraHU30BaTh  MPOIECC  MapauIeNbHBIX
BBIYHCIICHHI.

KnroueBble clIOBa: a6moHOMHOE AO0ANMUEHOE ynpaesjieHue, MoOunbHbIE p0601’l’Zbl,
ceHemudecKue ajicopummbl, OnmMumusayus, napaiielbHble 6blYUCTIeHUAL.

1. Beenenmne. IlocTanoBka 3agaun

CoBpeMEHHYIO JIEATEIBHOCTh YEJIOBEKa TPYIHO MPEICTaBUTh 0€3 WCIOIb30BaHUS
pa3IMYHBIX aBTOMAaTHYECKUX M aBTOMATU3HPOBAHHBIX YCTPOICTB. Takue ycTpoiicTBa moiaydaror
Bce OoJIplliee pacmpoCTpaHEHHE BO BceX c(epax UYelmoBEYeCKOH NesTeNbHOCTH — OT OBITOBOU
TEXHHKH JI0 CIIOKHBIX CUCTEM YIIPABJICHHUS MTPOU3BOJCTBEHHBIMU MTPOIIECCAMHU.

Kak wu3BecTHO, aBTOMAaTHYeCKHME M AaBTOMATH3MPOBAHHBIC YCTPOWCTBA COCTOSAT W3
anmapaTHOM 4YacTM © CHUCTEMBl yOpaBleHUs. TpaguIlMOHHO CHCTEMBI  YIpPaBIICHUS
KOHCTPYHUPOBAINCH HAa OCHOBE MAaTEMaTHUECKUX MoJeNeld OOBEKTOB YIPaBICHUS H UX
noBeleHUss B cpede (QyHKuMOHMpoBaHUS. B mocnenHue roael Bce Oosiee  IMIMPOKOE
pacmpocTpaHeHHe TOJIY4YaroT CHCTEMBbl YIPABICHHS, YbH MPHHIUNBI (YHKIIMOHUPOBAHHUS
OTHOCSITCS K 0071acT paboThI CO 3HAHUSIMH — K UCKyccTBeHHOMY uHTemekTy (MN). K cucremam
TAKOTO POJa OTHOCSTCS SKCIEPTHBIE CHCTEMBI, UCKYCCTBEHHBIC HEHPOHHBIE CETH, CHCTEMBI C
MOJKPEIUISIIOIINM 00y4eHHEeM, CUCTEMbl Ha OCHOBE HEYETKOMW JIOTHKH, U T.1. K pa3BuBacMbIM B
3TOM OO0JIACTH TOAXOJaM TaK)K€ OTHOCHUTCS OPUTMHAIBHBIA TOIXOJ, HA3bIBAEMBIA METOJOM
aemoHomMHo20 aoanmusHnozo ynpasienus (AAY) [1], pa3BuBaeMblii B OTAeNe UMHUTAIIMOHHBIX
cucteMm MHctutyta Cucremuoro IlporpammupoBanus PAH.

Metononorus AAY 1no3BOJisE€T CcO3AaBaTh AJalTUBHBIE CHCTEMBbl YIPABICHUS IS
IPUJIOKEHUH, B KOTOPBIX CO3JaHME TOYHBIX MATEMaTUYECKUX MOJesiell 00beKTa yIpaBlIeHUs
3aTpyIHEHO WJIM HEBO3MOXKHO. Mcmonw3ys Bxonsdmme B coctaB cucteMbl AAY moacucTemsl
(OJIOK HATYMKOB, UCTIOTHUTENILHBIE OPTaHbI, CUCTEMY (DOPMUPOBaHUS U pacrio3HaBaHus 00pa3oB.,
0a3y 3HaHM, CHCTEMY MOJETUPOBAHMS AMOLMH, OJOK MPHUHATUS pelleHui), cuctema AAY
HAKaIlJIMBAeT AMIMPUYECKU HalJCHHbIC 3HAHUS O CBOICTBaX OObEKTa yNpaBJICHUS U HAXOIUT
croco0 ymnpainaTh UM. [ToacucTeMbl Oprann3oBaHbl B BUIE€ CTPYKTYPbI, OOLIEH /Ui BceX CUCTEM
AAY. [loacucreMsl MOTYT ObITh PEATU30BaHbl HA OCHOBE PAa3IMYHBIX [IOJXO0JI0B, B TOM YHCIIE U
Ha OCHOBE CeTel CreUalbHbIX HEMPOHOMOAOOHBIX 37eMEHTOB [1], pa3paboTaHHBIX AJS CUCTEM



AAY (Besne HIDKE, TOBOPSI O HEHPOHOITOIOOHBIX 3JIEMEHTaX WM O HEHpOHaX, MBI OyJIeM HMETh
BBUJy IMEHHO 3TH MOJIC]IM HEHPOHOB, KOTOPBIC CYIIECTBEHHO OTIUYAIOTCS OT TaK Ha3bIBACMBIX
(dbopMaTbHBIX HEUPOHOB, UCTIOIB3YEMBIX B TPAIUIIMOHHBIX UCKYCCTBCHHBIX HEUPOHHBIX CETSX).
B nacrosimee Bpemsi mpo0OieMbl, CBsI3aHHBIE € TTOCIEAHUM BapUaHTOM peanu3anuu cucteM AAY,
SBIISIOTCS ~ aKTyalbHBIMH JUIS  JAJIBHEWINETO pa3BUTHS MeToia. B dacTHocTH, TIpH
MPOEKTUPOBAHUU TPUKIATHBIX cucTeM AAY Ha OCHOBE ceTell HEHpOHOMOAOOHBIX SJIEMEHTOB
BO3HUKAIOT 3a7add IM0A0Opa IMapaMeTpOB HEHPOHOMOAOOHBIX JJIEMEHTOB, MPOCKTUPOBAHUS
TOIIOJIOTUH UX CETEH M 3a7]a4ya ONTHMHU3ALNY TTOJTyYCHHBIX KOHCTPYKITHA.

Hacrosiiass pabora mocssiieHa pa3paOb0TKe METOJI0B CHUHTe3a chucteM AAY Ha OCHOBE
ceTell HEeWPOHOIOMOOHBIX AJIEMEHTOB C TOMOIIbI0 MPUMEHEHHS TEHETHYECKHX aJrOPUTMOB
(TA).

[TpennoxeHHbie B pab0OTe METOBI CHHTE3a MOTYT OBITh UCIOJIB30BAaHbI IPU MOCTPOCHUU
cucteM AAY i1 HAPOKOTro KJIacca MPAKTUYECKUX TPUIIOKEHUM.

OpHOM U3 OCHOBHBIX MPOOJIEM, CBSI3aHHBIX C MeTogoNoTHel AAY, SBISIOCH OTCYTCTBUE
YETKUX PEKOMEHJAlMA IO CHHTE3y UM ONTHUMH3AlMK TapaMeTpOB CHUCTEM YIMPABIICHUS,
pa3pabaTeiBaeMbIX I KOHKPETHBIX NPHUKIATHBIX 3afad. Hanuume MeTOAMKM CHHTE3a U
onTUMH3AHH cCUCTEM AAY MO3BOJIHT MOJTy4aTh Oojiee 3P PEKTUBHBIC CUCTEMBI YIIPABICHUSI.

Cucrembl AAY S4BISAIOTCA HOBBIM BHJIOM HEHPOHOMOAOOHBIX CHUCTEM YyHpPaBICHUS.
[TockonbKy Takoro poja CUCTEMbI UMUTHUPYIOT pabOTy OMOJIOTMYECKUX HEPBHBIX CHUCTEM, TO
UCCIICIOBAHMsI B OSTOW OONACTH OMUPAIOTCS HE TOJBKO HAa 3HAHUA TEOPUHU YIIPABICHUSA,
pacrio3HaBaHUsA, CTATUCTUKU U APYTUX H€06XOI[I/IMI)IX PasaciioB MAaTCMATHYCCKUX HAYK, HO U Ha
3HaHHUS OCHOB HeWpo(dU3MOIOruuM, TeHeTuKH, Ouonoruu paszutusa. Konuemius cucrem AAY
OTMPAETCS Ha MPEICTABICHUE O CTPYKTYpE U QYHKIMSIX HEPBHOW CUCTEMBI, KOTOPBIE JIOTHYECKA
BBIHYK/ICHHO CJIEIYIOT U3 T€X YCJIOBHUH, B KOTOPBIX CYILECTBYIOT HEPBHbIE CUCTEMBI. COIIacHO
koHUenuuu AAY, Takasg cuUcTeMa yNpaBlIeHHUS JOJDKHA OJHOBPEMEHHO pellaTh HECKOJIBKO
CIOXHBIX 3a7]a4, a HKMEHHO: 3aJadyy aBTOMATHUYECKON KiacCU(pUKAllMU, pPACIO3HABAHUSA,
MOJEIIMPOBAHUS AMOLUH, [TOJyYEHHUs], BBIBOAA U IPEICTABICHUs 3HAHUH, IPUHATUS PEILICHUN U
HEKOTOpbIe ApyTHe. K 3TUM CBOMCTBaM, KOTOPBIE XapaKTEPHBI U [ CUCTEMbI AAY, OTHOCATCS:
aJalITUBHOCTD, 06yquHe U ymOpaBJICHUC B OJHOM IIPOLCCCC, MHOIOKPUTCPHAIIBHOCTDH
yOpaBlieHUs, HE3aBUCHMOCTb OT MaTeMaTHYeCKHX Mojenell 0O0BEKTOB  YIMpaBJeHHUS,
YHHUBEPCAIBHOCTh, IPUTOJHOCTH [UIS AN TUBHOTO YIIPaBICHHUs Pa3HOOOPa3HBIMH OOBEKTAMH —
OT TEXHUYECKUX U TEXHOJIOTMYECKHUX MPOILECCOB 0 COIMATbHBIX O0BEKTOB.

Cucrema AAY COCTOUT M3 HECKOJIBKUX (YHKIIMOHAJIBHBIX MOACHUCTEM, OTBETCTBEHHBIX
3a BBINOJHEHHE KaXIOW W3 IEPEYHCICHHBIX BbIME 3amad. VIMeHHO, 3TO ciemyromue
HOJICHCTEMBI: OJIOK TaTUYMKOB, ccTeMa (POPMHUPOBAHUS U PACIIO3HABAHU 00pa3oB, 6a3a 3HaAHUN
U cucrteMa ee (pOpMHPOBaHMS, CHCTEMa NPHHATHS PEHICHUs, OJOK MCIOIHUTEIBHBIX OPraHOB
(akTyaTopoB).

Bce ocHOBHBIE MOJICHCTEMBI MOTYT OBITH PEaTM30BaHbl Ha OCHOBE CETEH CIEIUaIbHBIX
HEHPOHOMOAOOHBIX 2JIEMEHTOB [2].

Ha ceromusmHuii 1neHb OJHOW W3 OCHOBHBIX HEpENIEHHBIX MpoOJeM B pamMKax
metoponorun AAY saBnseTcs OTCyTCTBHE (DOPMAIM30BAHHONM METOIMKHA CHHTE3a CHUCTEM
yIIpaBJCHUS IJIs1 TPHUKIAIHBIX 3a7a49. B BUIy 3TOTO OOCTOSITENbCTBA, IPU CHHTE3€ MPUKIIATHBIX
cucteM AAY, UCHONB3YIOTCS SBPUCTHUECKHE COOOpaKEHUS U TIPOCThIE MaTeMaTHYECKUe
MOJIEJIH.

Cunre3 cucrembl AAY mpezncraBisier coboil 3amauy OONBIION pPa3sMEPHOCTH, PEIIUThH
KOTOPYIO aHAJUTHYECKH Ha JAHHOM JTamne He ynaercsa. s ee pemieHus TpeOyercsl 3HATh
TOYHYI0 MOJIEIb B3aWMOCBSI3M IapaMETPOB, OIPEACISAIOUIMX CUCTEMY, a TaKXKe KPHUTEpHH,
XapaKTepU3yIOIIUE YCHEIIHOCTh €€ peanu3anuu. Takue XapakTepUCTUKH MOXKHO MOJY4YHUTh
TOJBKO B pe3yJbTaTe HAOMIOJCHUH CEpUM SKCIIEPUMEHTOB I10 MOJICIMPOBAHUIO TMOBEICHHS
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cuctemMbl. B By OTCYTCTBUSI MOJIHOW MAaTEMATHYECKOW MOJENH, CBS3BIBAIOLICH MapaMeTphl,
onpenensomue cucteMy AAY ¢ KpuTepusMH KadecTBa €€ peaju3aliM, 3aJady CHHTE3a
HEOOXOAMMO pelIaTh METOAOM TMoabopa mapameTpoB. OJHMM W3 CaMbIX MEPCHEKTHUBHBIX
HANpaBliCHUH, pealu3ylIIUM METOJ IMoA0Opa MapaMeTpoB, SBISAIOTCA TeHETHYECKUE
AJTOPUTMBI.

3amady cuHTe3a cucteM AAY MOXHO paccMaTpuBaTh Kak 3aJady, COCTOSIIYIO W3 ABYX
noj3aaau:

— 3aJauyd  Tox0opa  ONTHMAIBHBIX  IMapaMeTpoB  OJOKa JaTYMKOB UM  OJIOKa
UCTIOJTHUTEIILHBIX OPTraHOB (aKTyaTOPOB) B KOMIUIEKCE, H

— 3aJa4yu n0n60pa ONTUMAJIBHBIX MTapaMETpOB IMOJACHUCTCM, BXOIAIIUX B COCTaB
HEMMOCPEACTBCHHO CUCTEMBI YITPABJICHH.

[TockonbKky TeHETHYECKHE aITOPUTMBI TPEOYIOT OONBIIMX BBIYUCIUTEIBHBIX PECYPCOB,
OBLIO PELIEHO KUCI0JIb30BaTh NapauIeIbHbIE BHIYUCICHHS HA KJIACTEPE.

[IpennoxxeHHbIe 3a7a4l MPUMEHEHBI K ONTUMH3AIUU IPOTPAMMHON MOJEIN aBTOHOMHOTO
MOOMIIBHOTO po0O0Ta, MMEIOUIETO LENEeBYI0 (DYHKIIMIO — BEIPAOOTKA CTEPEOTHIIOB TIOBEIACHHUS TIPH
00X0/Ie CTaHJJaPTHBIX CIy4YailHO paccTaBIEHHBIX MPEMSATCTBUH.

2. Onucanue KOHCTPYKUIMH podoTa

MoOwmbHBI pOOOT UMEET KPYTJIbIi B TUIAHE KOPITYC, PEBEPCUBHBIN JIBIIKUTEIb U PYJIECBOE
yHpaBJICHUC, O6€CHC‘-II/IB3.IOH_[I/IC BO3MOXHOCTb NCPCABHUIKCHUA p060Ta II0 IINIOCKOCTU BJOJIb
3apaHee ONPEJEICHHOTO OTHOCHTEIbHO KOpIyca HAampaBiICHUS C MOCTOSHHOW CKOPOCTHIO
BIICPCO U HA3ad, 4 TAKKC OCYHUICCTBJICHUA ITPHU ABUKCHUU BIICPC U HA3aJl TIOBOPOTOB HAIIPAaBO U
HaJIEBO MO JyT€ OKPY>KHOCTH MOCTOSTHHOTO panuyca R (puc.l).

RHOB
Po6oT " TakTvneHER
MonA ofizopa T AT
EM3YaIEHE
JATUHKOE
Puc.1. [lepemenienus, KOTOpbIE MOKET Puc.2. Cucrema gatunkoB poOora.

coBepIIaTh MOOHMIIBHBIN POOOT.

PoboT nmeeT ceMb AATYUKOB: TPU «BU3YAIbHBIX» U YEThIpE TaKTUIBHBIX (Puc. 2.).

OO6nacte OOHapy>KEHUS KaKJOTO BHU3YyaJIbHOTO JaTYMKa SBJSIETCS YacThlO KPYTrOBOTO
CeKTOpa C IIEHTPOM, COBMNAJAIOMIMM C IIEHTPOM Kopryca poOoTa, M 3a7aeTcs YTJIOBBIM
pacKphITHEM, a TaKXKe MaKCUMaJIbHOW M MUHHUMAJbHON AMTMHON oOHapyxeHus. OCh CUMMETPHUH
o0nactu OOHapy»KEHUsl LIEHTPAJIbHOIO BHM3YalbHOIO JaTyMKa COBIAJAET C HAIPABICHUEM
JIBYDKEHUS «BIEPEI.

Ob6nacTi oOHapyKEeHHsI BU3YyalIbHBIX JTATYMKOB JIEISAT OKPYKHOCTh OCHOBaHUS poOOTa Ha
YeThIpe YaCTH, KaX/1asi U3 KOTOPBIX SIBJISETCS 30HOW UyBCTBUTEIBHOCTH TAKTHJILHOTO AAaTYHKA.
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OnpenensiromMMHU XapaKTEepUCTUKAMU KOHCTPYKLUU poOOTa SBJISIOTCS TpU HapaMmerpa
(ckopocTh poboTa v, paguyc MOBOpOTa R, yIIOBOE PAaCKPHITHE HEHTPAIBHOTO CEKTOpa « ), a
OCTaJIbHBIE MapaMeTPhl BBIPAXKAIOTCSA Yepe3 HUX. MUHUMalIbHAs JUTMHA OOHAPYKEHUS Ka)kJ0ro
BU3YaJILHOTO JIaTYMKA COBIAJAET C PaJnycoM Kopiryca pobota 7. BHemHuii paguyc obmactu
O6Hapy)KeHI/I}I KaKI0ro BU3YAJIBHOI'O AaT4YHKa COBIAAACT C MAKCUMAJIbHBIM pPaCCTOAHUCM, Ha
KOTOpPOE CMENIaeTcsi poOOT 3a OJIMH TaKT JIBH)KCHHSI B COOTBETCTBYIOIIEM HampaBlieHUH (puc.3).

Puc. 3. OtHOCHUTENBHBIE pa3MeEPBI TTOJIEH 0030pa BU3YyaIbHBIX JATYUKOB.

Ecnu 0003HauuTh BHEIIHUE pagnychl objacTell 0OHapyKeHUs! EHTPAJIBLHOTO, MPABOT0 U
JI€BOTO BH3YaJbHBIX AATYMKOB uepe3 R, R, R,, a yrioBble pacKphITHs OOKOBBIX CEKTOPOB

r,
yepe3 «,, «, COOTBETCTBEHHO, TO 3TU MapaMeTpbl OyAyT YIOBIETBOPATH CIEAYIOLIUM

COOTHOLIEHUSM:
R.=v+r,

R =R = 2Rsin§+r,

v ) r a Y
—4arcsin—————-—, npu r <2Rsin—,
2RsinL 2R
a. . =a, = 2R
ﬂ—g, npu 7> 2Rsin—.
2 2R

3. OnTuMuU3aNusA KOHCTPYKIUMA PodoTa

3agadya ONTUMH3AIMKA KOHCTPYKIIMHM poOOTa COCTOMT B TOM, 4YTOOBI mMOAOOpaTh
OTIpEICIIAIONINE TTapaMeTphl (CKOPOCTh podOTa Vv, paguyc MOBOPOTa R, YIIIOBOE PAaCKPBITHE
[EHTPAJIBHOTO CEKTOpa « ) TakK, YTOObl MHHHUMH3UPOBATH KOJMYECTBO JIOKHBIX CpaOaThIBAHUN
BI/I3yaJ'H)HBIX JOATYUKOB.

Jlnst penieHust 3aJaud ONTUMH3AIMA KOHCTPYKIIMA POOOTA HMCIONIB3YeTCs TCHETUYCCKUIN
anmroput™M. C 3TOH 1enbio GopMHUpPYETCS MOMYJSIUS POOOTOB ¢ HEKOTOPHIMHU JOITYCTHMBIMU
3HAYEHUSIMU TTAPaMETPOB (v, R, a). OO6nacTh JOMYCTUMBIX 3HAYEHU MapaMETPOB 3aJ1aeTCs

HEPAaBCHCTBaAMU



r <R,

. R
O<v Smm(vo,ﬂzj ,

.| v ) r .V

2min| —, —+arcsin——— npu r<2Rsin—,

O0<ac< 2 2Rsin—— 2R
2R

T npu r22RsinL,
2R

TAc 9epes v, 0003HaYeHAa MaKCHUMaJIbHO BO3MOXKHAS CKOPOCTb ABUIKCHUSA p060Ta.

Jns xkaxaoro poboTa M3 MOMYJSIIMU BBIYHCISAETCS (DYHKIHMS MPHCIIOCOOICHHOCTH €ro
KOHCTpYKIMKA. C MOMOIIBI0 (PYHKIIMKM TPUCITOCOOICHHOCTH MPOU3BOJIUTCS OTOOpP POOOTOB,
o0aaroyX HAWITY4IIUMH KauecTBaMH, JJIsi MPOU3BOJCTBA CIIEIYIOIIEro MOKOJIEHUSI pPOOOTOB
Ha OCHOBE OIlepalyii CKPEIUBAHUS U MyTalll1, KOTOPBIE OMICHIBAIOTCS HUKE.

@OyHKIUSA TPUCTIOCOOICHHOCTH KOHCTPYKIMHM po0OTa - 3TO YHUCIO, XapaKTepHu3ylollee
CTENEHb «IPaBAUBOCTH» MH(OPMAIMK O MOJOKEHUHU MPEMATCTBUHA, MOCTyHAIOIEH B CUCTEMY
yHOpaBjiIeHUsT pOOOTOM OT BH3YalbHbIX JaT4uMKOB. I[loj «mIpaBAMBOCTBIO» TMOHMMAETCS
COIVIACOBAHHOCTh MH(OpPMALUU 00 OOHAapyKEHHUU NPENSATCTBUS C BO3MOXKHOCTSMHU CHCTEMBI
yIpaBJICHUS U MCIIOJHUTENCH NpaBUIbHO pearupoBaTh Ha 3Ty MHpopmauuio. Tak, Hanpumep, B
YCIIOBUSX «IIOJIHOM MPaBIMBOCTH» MH(OPMALIMH, €CIIN JIEBbIM BU3yaJIbHBIM JaTYUK B CBOEH 30HE
BUAMMOCTH HE 3a(UKCUPOBAJl MPENATCTBUE, TO BHIIOJIHEHUE UCTIOJIHUTENIEM KOMaH/Ibl CHCTEMbI
YIIPaBJICHUS «BIEPEA-HAIEBO» HE TOJKHO IPUBOJANTH K CTOJKHOBEHHUIO.

3.1. BbluncneHume pyHKLUN NPUCNOCOOBSIEHHOCTU KOHCTPYKL UM poboTa

B paccmarpuBaemoil Moaenu BCe MPENSATCTBUS BBIMYKIIbI, IOATOMY MPU CTOJIKHOBEHHH B
KOHTaKTe ¢ poOOTOM YYacTBYET TOJBKO OJIHA TOYKAa M3 I'paHUIbl mpernstctBusi. Kpome Toro,
MOCKOJIbKY BHU3yalIbHbIE JATYUKU JIMIIb (PUKCUPYIOT HajJU4ue MPEnsTCTBUS B 30He 0030pa, TO
JUI  OTIPENeJICHUs] ONTHUMAJbHBIX MapaMEeTPOB KOHCTPYKIMM pPOOOTa MPENATCTBHS MOXKHO
MOJICJINPOBaTh TOYKaMH. B ciydae, xorma npemarcTBUE MOMAAAaeT Cpa3y B HECKOJIBKO 30H
OOHApy’>KEHUSI JaTYMKOB, €ro MOXHO pPacCMaTpuBaTh KakK CYIEPIO3UIMI0 TOYEYHBIX
NPENSATCTBUN, PACTION0KEHHBIX B 30HE BUJIUMOCTH COOTBETCTBYIOIINX JATYMKOB.

3HayeHne (QYHKIMU MPUCIOCOOJICHHOCTH pPAcCMaTPUBAEMOTrO pPoOOTa BBIYMCIAETCS
WHTErpupoBaHueM 1o Meronay MonTte-Kapno ¢yHKInMM, XapakTepus3yrmiel COriiacoBaHHOCTh
paboThI JATYUKOB U UCTIOJHUTENICH CUCTEMBI YIIPAaBICHHS IBH)KEHUEM poOOTa.

3oHa uHTErpupoBanus 1Mo merony Monrte-Kapio u3zobpaxkeHa Ha puc.3 W NMpeacTaBiseT
coboii oOberHeHne obaacTeit 0OHapyKEeHUsT BU3yalbHBIX JAaTYMKOB M CJIEOB KOpItyca poboTa
NP JBIKCHUSX «BIEpEN», «BIEPEI-HAIPABO» U «BIIEPEA-HAJICBO». 3aMETHM, YTO CYIIECTBYIOT
HaOOpBI JOMYCTUMBIX 3HAYCHHUH OIPEEIISIONINX MapaMeTpoB, M 3TO MOKa3aHO Ha pHC.3, mpu
KOTOPBIX MMEIOTCSI YacTH CJIeI0B KOpIyca poOOTa, BRIXOAAIINE 3a MPEeIIbl 30H 00OHAPYKEHUS
BU3YaJIbHBIX JTATYUKOB.

Hns peanuzanuu mMetona Monte-Kapio B 30Hy WHTErpUpOBaHHUs CIydYallHBIM 0Opa3zoM
B6paCI>IBaIOTCSI TOYCUYHBIC TPCIIATCTBUA. 3aTeMm ¢ OIHHUM U TCM KC MOJIOKCHHUCM IPCIIATCTBUA
MOOYEpPETHO PAacCMATPUBAIOTCSA TPHU BapuaHTa JBIXKEHUS poOOTa «BIEpe», «BIEpea-HAPABO)»
U «BIEPEI-HAJICBOY.



I[J'If[ KaXaoro ciaydas B6paCI)IBaHI/I$[ TOYCYHOTO MNPCHATCTBUA MW KaXIOTO BapUaHTa
NBWKEHUS ~ poOOTa  BBIYMCISIETCS  3HA4YCHHWE  cleAywomeid  mrtpadHoi  QyHKIUWH,
XapaKTePU3YIOIICH COTJIACOBAHHOCTh Pa0OThI TATYMKOB U UcTioHUTENel podora (Tabmmma 1).

Tabmuua 1.
Ectp Her
CTOJKHOBECHHE CTOIKHOBEHHH
IlpensATcTBHE He 3aPErMCTPUPOBAHO BU3YAJIbHBIMHU JaTYHKAMHU
«BIIEPEI» -10 +1
«BIIEpEA-HAIPABO» -10 +1
«BIIEPE/I-HATICBOY -10 +1
IIpensitcTBHE 3apPeruCTPUPOBAHO HEHTPAJbHBIM BU3YAJIbHBIM
JaTYNKOM
«BIIEPE +1 -1
«BIIEpEA-HANPABO» -1 +1
«BIIEPE/I-HAIIEBOY -1 +1
IIpensitcTBHeE 3aperuCTPUPOBAHO MPABbIM BU3YAJIbHBIM
JaTYNKOM
«BIIEpEI» -1 +1
«BIIEPE/I-HAMIPABOY +1 -1
«BIIEPE/I-HAIIEBOY -1 +1
IIpensATcTBHE 3aperUCTPUPOBAHO J€BbIM BU3YaJIbHBIM
JaTYNKOM
«BIEpED» -1 +1
«BIIEPE]I-HAMIPABOY -1 +1
«BIIEPE/I-HAIEBOY +1 -1

[Tocne 3TOrO BCE TPU OLIEHKU CYMMHUPYIOTCHI.

B wutore KaxxaoMy KOHKPETHOMY CITy4allHO BBIOPAaHHOMY TOYEYHOMY MPETSTCTBUIO
(x,,y;) cTaBUTCS B COOTBETCTBUE Liesoe uucio f(x,,y,), 3aKitoueHHoe B npexenax [-30,+3].

Taxast mporerypa BOpachIBaHHs TOUEYHBIX MPETATCTBUI U MMOcYeTa 3HaYeHUH mTpaHOi
byukuun npooautcs N (= 25000 ) pas, 3aTeM pe3yabTaThl yCPEIHIIOTCS, a OTYYSHHOE YUCIIO
YMHOKAETCsl Ha TUIomaas S obsactu uHTerpupoBanus (puc.3). 3To U Aaet 3HaueHue QyHKIUHA
MIPHUCIIOCOOJICHHOCTH KOHCTPYKIMH paccMaTpruBaeMoro poodoTa.

Peanuzanus mponecca BOpachlBaHUS TOYEUHBIX MPEMSITCTBUI MPOU3BOIUTCS C MOMOIIBIO
TeHepUPOBAHUS JIByMEPHOM IICEBIOCITyYaiiHON nocienoBarensHocTH Co0oIIs.

[TorpemHocts uHTErprUpoBaHus o Merory Monre-Kap:io Beruncisercs no ¢popmyie

N

R SR W RSN T B WACR AL

3.2. DopMmupoBaHMe poanUTENbLCKUX Nap

Ot6op poOOTOB B POAMTEIHCKHE MApbl MPOUCXOJHUT CIy4allHO, B COOTBETCTBHUHU C
BBIYUCIIIEMON JIJISI KQXKJIOTO POOOTA «BEPOSITHOCTHIO BEIOOpAy.
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«BeposatHOCTH BBIOOpa» B MOMYJISLMH POOOTOB OMPEAEISAIOTCS ¢ MOMOIIBIO CIEAYIOLIETO
JIropuTM™Ma.

Tak kak ¢yHKOHA TPUCIOCOOJICHHOCTH HEKOTOPBIX pPOOOTOB TOMYJSIMH MOXKET
NPUHUMATh OTPHULIATENIbHBIE 3HAYEHUS, TO POU3BOAMUTCS CIBUT (DYHKIIUH MTPUCIIOCOOICHHOCTH B
MOJIOKUTENNbHYI0 O0siacTh 3HaueHuil. C 3TOM Lenblo NpOCMAaTpUBAETCA BCS MOMYJALUS U
peructpupyercs poOOT ¢ Hauxyawed mpucrnocobneHHoctso f, . . Ecnm uwmeno f . <0, 1o

3HaUYCHHE (PYHKIHUU TMPHUCITOCOOIECHHOCTH KaXIOTro poOoTa f, YBEIMYMBACTCS HAa BEIUYHUHY

i
|fmin

+1.

BEIUHCIISCTCS CPE/IHEe 3HAYCHNE (YHKIMH [IPHCTIOCOOICHHOCTH BCCH MTOMYISIMH /.

Jnst  kaxzaoro poboTa ONpefensercs mapaMeTp p,, pPaBHBI OTHOILIEHHUIO €ro
IPUCTIOCOOTICHHOCTH K CYMMapHOM MPUCIIOCOOICHHOCTH BCEH MOy IIALINY.

Jdnst 1ex poOOTOB, y KOTOpPBIX 3HAYEHUE (QYHKUUM IPUCIOCOOICHHOCTH f, <J7,

«BEPOSITHOCTh  BbIOOpa» mnpuHuMaercs paBHoit 0,1 p,. IlapamnenbHo MOACUUTHIBAETCS

KOJMYECTBO M, TaKuX poOOTOB U BBIYHCIIACTCS CyMMa p = Z 09 p,.

Jus Tex poOOTOB, y KOTOpBIX 3Hau€HHe (QYHKUMM HpUcHocoOiIeHHocTH f, = f,

P
M

«BEPOSITHOCTh BbIOOpa» MNPUHMMAETCS PaBHOM p, + , Tne uepes M o0o3HaueHa

YHCIICHHOCTH BCEH MOMMyJIAIH.

ITocne 3TOro B COOTBETCTBUHU C «BEPOSTHOCTSAMHU BBIOOPa» (OPMHUPYIOTCS POIUTEIBCKUE
napbl. Kaxnas mapa cocTaBisieTcs M3 JIByX pasziU4HbIX poOOTOB. JlOMycKaeTcsi BXOXAECHUE
OJTHOT'O U TOT0 K€ po00Ta B HECKOJIBKO POAUTENILCKUX T1ap.

Ecnmu uncneHHocTs momynsinuu paBHa M , To dopmupyercs M —1 poaurTenbckas mapa.
Kaxnast ponurensckas napa npou3BOAUT OAHOIO IOTOMKA.

PoGor ¢ HamnyumwMm 3HadeHWEM (QYHKIUU MPUCIOCOOJICHHOCTH JOOaBISETCS K
CIEeIyIOIIeMY MTOKOJIEHUIO aBTOMAaTHYECKHU.

Takum oOpa3zoM, Mpu nepexojie OT MOKOJIEHUS K MOKOJICHUIO YUCICHHOCTh omyJisiuuun M
HE U3MEHSETCH.

3.3. Onepartop cKkpewmBaHus

[TockonmbKy KOHCTPYKIIHSI poOOTa XapaKTepU3yeTcsl TPeMsl ONPEISISIFOIIUMHU MapaMeTpaMu
(v, R, «a), To 3TOT HabOp MapaMeTPOB MOKHO PacCMAaTPUBATh KaK KOOPJAUHATHI BEKTOpa B 3-

MEPHOM IIPOCTPAHCTBE.

IIycte X w y - 3-MepHBIE BEKTOpPBI, COOTBETCTBYIOIIHE ABYM pa3IHYHBIM poOOTaM-
poautensm. Toraa po6OT-MOTOMOK CTPOUTCS TaK:

X’I’ICW :X’+t(.)_}_£)’

I 5 .
rae napaMmerp  f te T TEHEPUPYETCA JaTYMKOM CIIy4YalHBIX YHCENT C

PaBHOMEPHBIM paCTIPEICIICHUEM.



Ecan ompenensroniye mapaMmeTpsl poOOTa-MOTOMKA HE BXOAST B 00JIACTH JOMYCTUMBIX
3HAUEHUHN MapaMeTpoB, TO OMepalusi CKPEIIMBAaHUS ITUX POOOTOB-POAUTENEH MPOU3BOAUTCS
3aHOBO.

3.4. Onepatop myTauuu

Kaxpiil po60T U3 NOMYJISIIMU ¢ BEPOSTHOCTBIO p, ~ MOMKET HMOJBEPTHYTHCS MyTanuu. B
PE3YyJIbTAaTC MYyTallluU p060Ty MMPUCBAUBAIOTCA HOBBIC 3HAYCHHA ONPCACIIAIOIINX IMapaMCTPOB,
BBIOpAaHHBIE CITyYallHbIM CITIOCOOOM U3 00JIACTH JOMYCTUMBIX 3HAYEHUH.

HoBble ompenensionue mnapameTpsl po0OoTa, MOABEPrUIETrocs MyTalud, BbIOMparoTcs,
UCXOMs U3 HOPMAJBHOTO 3aKOHa pacmpeaeneHuss N ,u,az), y KOTOPOTO // PaBHO UCXOIHOMY
3HAYEHHIO MApaMeTpa, a ¢° =2, TJe P - PACCTOSHUE B 3-MEPHOM €BKJIMIOBOM MPOCTPAHCTBE
MEXIy IMapaMeTpaMu poOOoTa, MOJABEPrIIerocs MyTalluu, M poOOTa W3 IMOKOJEHUS POOOTOB-
pOI[HTGJICﬁ C HAWJTYy4YIIUM 3HAYCHHUCM (1)YHKI_II/II/I HpI/ICHOC06JIeHHOCTI/I.

Ecnu HOBbIE 3HaUEHUs ONpPEAEISIIOIUX TapaMeTPOB HE MOMAJal0T B 001aCTh JOMYCTUMBIX
3HAYeHUH, TO Omepalys CIy4yailHOro BbIOOpa HOBBIX ONPEAEISIONIMX MMapaMeTPOB MPOBOIUTCS
3aHOBO.



Takum o6pa30M, 061_[1351 CXEMa OIITUMHU3aAlUHU C TIOMOIIBIO TCHETUYCCKOTO aJITOpUTMa

MPE/ICTaBJICHA HA PUCYHKE 4.
( Havano )

dopmMupoBaHUE UCXOAHOMN MOMYJIALNUN POOOTOB

OOHoBeHME 0a3bl 3HaHU cucteMbl AAY

<

dopmMupoBaHUE POJUTEIBCKUX Hap

CkpemBanue poOOTOB-poIUTENCH

MyTarust poOOTOB-TIOTOMKOB

Brruucnenue GpyHKIUN NPUCTIOCOOIEHHOCTH KOHCTPYKIIMU JJISt KQXKI0TO poboTa

OT160p poOOTOB /17151 HOBOW MOMYJISLIUH

Hem

Ocrtanos ['A?

oa

[Tonmyuenue poboTa ¢ ONTUMAIBHBIMU NTApaMETPaMU KOHCTPYKLIUU

( Kouenn )

Puc. 4. O6mas cxema ONTUMHU3ALUHI C TOMOIIBIO TEHETHUECKOTO aIrOPUTMA.

3.6. OpraHmsauma npouecca napannesnbHbIX BbIYUCIIEHUN Ha
BblYUCIUTENILHOM KnacTtepe

Peanuzaius reHeTHUECKOro aJirOpUTMa Ha OJTHOM KOMITbIOTepe TpeOyeT OOJNbIINX 3aTpat
MAIlMHHOTO BpEMEHHU. [ eHeTHueckue alropuTMbl B OOLIEM CIydyae XOpOLIO MOJAAI0TCS
pacnapasuienuBaHuio. Vcnonp3oBaHue BBIUMCIUTENBHOTO Kiactepa (kmacrep WMHcturyTa
cucremHoro nporpammupoBanusi PAH 16 AMD Athlon XP 1500+, Myrinet 2000, N=8 y370B,
P=29 Gflops [3]) mMO03BOJMIO 3HAYUTETHLHO COKPATUTh PACXO]l BPEMEHHU, OPTaHU30BaB MPOIIECC
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napajuleJIbHBIX — BBIUMCIEHMHA. B ngaHHOM mnpumepe o00a  anroputMa  ONTUMHU3ALUU
pacnapayuienuBagiuch uaeHTHuHo. [Iporpamma nucanack Ha sizpike Java +MPI (Bepcust Java
1.4.2 04) ¢ wucronp3oBaHWEeM cpeabl pa3pabOTKU TapauienbHBIX Tporpamm ParJava. Cpena
ParJava npenocraBnsier monp3oBatento peanuzanuio natepdeiica MPI na si3pike Java, a Takke
HAa0Op HMHCTPYMEHTAJIBHBIX CPEACTB [4], MOJyYarolmuX W aHAIU3UPYIOIIMX JAMHAMHUYECKUE
CBOIiCTBa pa3pabaThiBa€MOil MPOrPaMMBbI, IOMOTast TEM CaMbIM 10OUBATHCSA TPEOYEMOTO YPOBHS
s dexTuBHOCTH paboThl. Takxke, Ui CPaBHEHUS, TEHETUYECKHIE aJTOPUTMBI OBUTH PeaTn30BaHbI
Ha C+MPI. Pe3ynbrarsl nokaszanu cxoxkee yCKOpEeHHE IporpaMM, 4To BUIHO U3 rpaduka.

[Ipn HanucaHnuu napajuIeIbHOM BEPCHUU HCIOJIB30BAJIACH TaK HA3blBaeMas «OCTPOBHAs
MOJIEIb» TEHETUYECKUX alropuTtMoB. OCTpOBHas MOJENb XapaKTEpU3yeTCsl TEM, 4YTO BCs
MOMYJIALMS JEIUTCS HA HECKOJIBKO TOAIIONYJISILUM, KaK1asl U3 KOTOPBIX pa3MEIaeTcs Ha CBOEM
npoleccope, KOTOPhIE BBIMONHAIOT F€HETUUECKUE OINEpalluu, a pe3ysibTaTaMu OOMEHHMBAIOTCS
nocpeacTBOM Murpamuu. Kakmas W3 3THX OTHOCHUTEIBHO HEOONBIIMX — TOATOMYJISIIHA
BBIUHUCIIAIETCS] HE3aBUCUMO Ha CBOEM IPOLIECCOpPE U BpeMs OT BpeMEHN OOMEHUBAETCSI OCOOSIMHU ¢
JpYyrMMH nofnonyJysanusmu. Ha kaxxIoM OCTpoBe MOANOMYJIALMS IOJBEPracTcsi B TOYHOCTH
TaKUM JK€ T€HETUYECKUM OIlepalisiM Ha TAaKOM JK€ T€HOTHIIE, YTO M B IIOCIEA0BATEIbHOM
aIrOpuUTME, U, B PE3YyJIbTaTe, OTHICKUBAETCS JTYUIINA HHAUBUA BO BCel nomyiauuu [5].

COOTBGTCTBCHHO, MOKHO BBIACIIUCH ABC I'PYIIIIbI onepaunﬁ:

® JIOKQJIbHBIE ONEPALMHU, BBIIIOJIHAEMBbIE HAa KaXKIOM IIPOLIECCOPE HE3ABUCUMO, KOTOPBIE
BKJIIOUYAIOT B C€0sl BBIUMCIICHUE 3HAUEHUN (PYHKIHUI MPUCIIOCOOIEHHOCTH IJI KaXK10TO
po6oTa, BEIOOp MHIMBHIYYMOB, ONEPALMI0 CKPEUIMBAHUSA, MyTallUi0 U (popMHUpOBaHUE
POIUTENbCKUX Map;

e o00MeH poOoTaMH MEXIy MpOoLEecCOpaMy, TMPEANoJaralomuili KOMMYHUKALMIO U
CUHXPOHM3AIIHIO.

Ha pucynke 5 mpuBeneHa oOImmas cxema BBIYHCICHHN, TJI€ ONEpaIlMd M3 TEPBOH TPYIIIbI
BBIJICJICHA )IBOI71HI)IMI/I paMKaMHU. Havanbnasa MOy JIAIrA pO6OTOB JCIIUTCA IIO BO3MOXHOCTHU Ha
paBHBIC YacTH M B MPOIECCE BBIYUCICHHWHA pa3 B HMTEPALMIO I[HMKJIA MPOU3BOAUICS OOMEH
poboTaMu KaXAOW TPyNIbl JJIs ONPEACICHHs Jydliero podoTa BCeHl MOMyJAlMH U
NOCJICIYIOIEro (OPMHUPOBAHUS HOBOW MOMYJISAIUH. biaromaps HEOONBIIOMY KOJHYECTBY
0OMEHOB MBI MTOJTYYHJIH XOpoIlee yCKOpeHue (puc. 6).
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( Hauamno )

dopMHUpoBaHUE UCXOIAHOMN MOMYJIALNUN POOOTOB ||

Brrauciienue GpyHKIUN MPUCIIOCOOIEHHOCTH KOHCTPYKIIHA
JUISL KQXJI0r0 po00Ta UCXOIHOM MOMYJISALHMU

CuHTe3 pe3ysbTaToB MapajljieIbHbIX BEIYNCIECHUI:
0OMEH MomyJIsIUAMU 17151 POPMUPOBAHUS
POIUTENHCKUX Tap, BBIYUCICHNE W OTOOP JIyUIIeTo
poboTa BO BCeil Momynsanuu

<

|| @OopMHUpPOBAaHNE POJUTEIBCKUX TP ||

|| CkpernBaHue poOOTOB-poAUTENEH ||

|| MyTauust poOOTOB-IOTOMKOB ||

Brruucnenne GpyHKIUN MPUCIIOCOOIEHHOCTH KOHCTPYKIIUU /TS
Ka)kxIoro podora

CuHTe3 pe3ysbTaToB MapajljieIbHbIX BEIYNCICHUI:
0OMEeH MomyJIsIUAMU 17151 POPMUPOBAHUS
POIUTENbCKUX AP U BBIYUCICHHUE JTyUIIEro podoTa
B TOIYJISALIUH

Hem

Octauos 'A?
oa

[Tomyuenue po6oTa ¢ ONTUMAIBHBIMU MTapaMETPAMU KOHCTPYKLIUU

Puc. 5. Obmas cxema napamienbHbIX BEIYUCICHUN.
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YCKOpeHHe

18

16 v
14 L

WCOpEHHE OTHOGHTENEHD ERHYMCI2HHK H3 0gHOM

12

np oy eccop 2

= =

L]

1l 2 4 B g 10 12 14 16 18

KOMHY eCcTE O NpoUeccOopoe

Puc. 6. YckopeHue BbIUMCIEHUN ITPU UCIIOJIB30BAHUN BBIUHUCIUTEIBLHOTO KIIacTepa.

3.7. Pe3ynbTaThl pacuyeTa onTMMarnbHbIX NapamMeTpPoB KOHCTPYKLUU poboTa

JUis KOHTpOJIMpPOBaHMS TpoIecca CXOAUMOCTU TEKYIIUE JaHHbIE MO KaKIOH MOIYJISALUU
poOOTOB, TOTyYeHHBIE B X0/€ PabOThl TEHETUYECKOTO aJITrOPUTMa, BHIBOAATCS B dat-dainsl. B
TUX (aimax OTOOpa)xkaroTcs 3HAYEHUS OMPEIEINISIOUINX MapaMeTpOB KOHCTPYKLUHU KaKJOTO
pobora u3 momyJsIMHU (CKOPOCTh poOoTa Vv, paauyc MOBOpoTa R, YIJIOBOE pPACKPBITHE
[EHTPAJIFHOIO CEKTOpa « ), a TaKKe 3HaYeHHE (PYHKUUH MPUCHOCOOIEHHOCTH KOHCTPYKIIMU
po0OTa U OTHOCHUTEIIbHAS TIOTPEITHOCTh €€ BHIUMUCIICHUS B MIPOIICHTAX.

Kpome Toro, 3amomHsieTcsi CBOIHBIA  daf-Qaiiml 1Mo BCEM NOIMYJSAMUSAM, B KOTOPBIH
3aHOCSATCS 3HAUEHHs OINpPEESIIOIUX apaMeTpoB KOHCTPYKLUHU «IyYLIMX» pPOOOTOB, T.€.
po0O0TOB, 00JaAAIOIINX HAUBBICIIUM B MOMYJIALNN 3HaY€HUEM (PYHKLIUHU IPUCTIOCOOTIEHHOCTH, U
CpeZHME 3HAUeHUs (PYHKUUN NPUCTIOCOOIEHHOCTH pOOOTOB KaXKIOH MOMYJISALMH.

B pesynapraTte o6paGotku 500 momynsuMid TOJYYWIMCH CIEAYIONINE ONTHMAaTbHbIE
napameTpbl KOHCTPYKIIUU poOoTa:

® CKOpOCTh poboTa v=66.151229,
e paguyc noBopora R =44.158181,
® YIJIOBOE PACKPBITHE LIEHTpabHOrO cekTopa o =0.481133,

I7€ 3a €IMHULIBI U3MEPEHHUs JUIMHbI U BPEMEHM IIPUHATHI, COOTBETCTBEHHO, pPaauyC
KopITyca poOOTa ¥ OJMH TAKT JBUKCHHSI.
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4. MonenupoBaHue CHCTeMbI YIIPaBJIeHUSI MOOWJIbHBIM POOOTOM HA OCHOBE
NPUHLIMIIA ABTOHOMHOI'O AIANITUBHOT0 YIIPABJICHUSA

4.1. CocTossHUA ONOKa AaTYMKOB

Kak Obulo OTMEYEHO BbIIIE, CHCTEMa YIPaBICHUS MOOWIBHBIM pPOOOTOM IMOJIy4aeT
UH(POPMALIMIO OT 7 TATUYMKOB (TPEeX BU3YaJTbHBIX U YETHIPEX TAKTHIbHBIX). KaXkblit U3 1aTUMKOB
MO’KET HaXOJUThCS B ABYX COCTOAHUAX: «1» U «0». CocrosiHME «1» CBUAETENBCTBYET O TOM,
YTO NMPENSATCTBUE 3aUKCUPOBAHO, COCTOSIHUE «0)» MOKA3bIBAET, YTO MPEMATCTBUS HET.

Takum 00pa3oM, B KaXIbIH MOMEHT BPEMEHH COCTOSHHE OJIOKa TaTYMKOB poOoTa
oTpeieNsieTcsl CTPOKOM JAJMHBI 7, cocTosALIeH n3 Hynel u equaui. OO1iee Y1cao BCeBO3MOXKHBIX
cocTosiHuI paBHO 128.

3ameTuM, 4TO B pacCMaTpUBaEMOU MoJielH poboTa peanusyrorcs He Bce 128 cocTosHMi,
a BCero JIMIIb He Ooiee 28.

JIeCTBUTENBHO, BO-IIEPBBIX, B CWIIy BBIIYKJIOCTH KOpIlyca poOOTa M MNpPEensTCTBUHA
HEBO3MOXXHO OJIHOBPEMEHHOE cpabaThIBaHUE IBYX M 00JI€e TAKTHIBHBIX JATYMKOB, BO-BTOPBIX,
cpabaTbIBaHHE KaXXKJOT'0 M3 MEPEeTHUX TaKTWIbHBIX JaTYMKOB BJICYET 3a cOOON M cpabaTbiBaHUE
COOTBETCTBYIOILIETO BU3YaJbHOTO JaTYHKA.

Ecamn 0603HaunTh cCUMBOJIaMHu {7, fc, tl, th COCTOSIHUS TIPaBOTO, LIEHTPAJIBLHOTO, JIEBOTO U

3aJHCTO TAaKTHJIBHBIX JATYHUKOB COOTBCTCTBCHHO, 4 CUMBOJIAMHU Vr, VC, vl - cocTOsSHHS nmpaBoro,

ICHTPAJILHOTO U JICBOT'O BU3YalIbHBIX JIATYMKOB, TO BECh BO3MOXHBII HA0Op COCTOSHUI OJ0Ka
IaTYUKOB oINMchIBaeTcsa Tabnuieii 2.

Tabmuma 2.

Ne tc tl tr th ve vl vr
0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1
2 0 0 0 0 0 1 0
3 0 0 0 0 0 1 1
4 0 0 0 0 1 0 0
5 0 0 0 0 1 0 1
6 0 0 0 0 1 1 0
7 0 0 0 0 1 1 1
8 0 0 0 1 0 0 0
9 0 0 0 1 0 0 1

10 0 0 0 1 0 1 0

11 0 0 0 1 0 1 1

12 0 0 0 1 1 0 0

13 0 0 0 1 1 0 1

14 0 0 0 1 1 1 0

15 0 0 0 1 1 1 1

16 1 0 0 0 1 0 0

17 1 0 0 0 1 0 1

1 0 0 0 1 1 0
1 0 0 0 1 1 1
0 1 0 0 0 1 0
0 1 0 0 0 1 1
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4.2. ABTOMaTn4eckoe ¢hpopmmpoBaHMe U pacluMpeHne HenpoceTun

Jliig ynpaBiieHus: JBHKEHHEM poOoTa B JaOUpUHTE POPMUPYETCS U 3aT€M aBTOMAaTHUYECKU
HAJICTPAUBAETCS CIIELUaIbHAs HEUPOCETh, KOTOPasi CTPOUTCS IO CIEAYIOIIEMY TPUHIUITY.

Kaxxnprit HeHpOHOIOAOOHBIN 2JIEMEHT (HEHMpOH) MMEET YEThIPE XapaKTEPUCTHKH: HOMEP
CJI0sI, CBOM MOPSIAKOBBIM HOMEP B CJIOE, TUIT U CIIUCOK UCXOSAIINX CBs3eH (MOPSIKOBbIE HOMEpa
HEHPOHOB CIEAYIOLIETO CJI0s, TOPOKACHHBIX JaHHBIM HEHPOHOM).

Tun Heiipona omnpeznensieTcs cocTrosHueM Onoka aatuukoB. [lox “Turmom” moHUMaeMm
cienyromee. CoequMHEHHE HEHUPOMOAOOHOTO 3IEMEHTa C JAaTYMKaMH OpraHU3yeTcs TaKUM
croco0oM, 4TOOBI € aphl KJIIEMM — IPSMON U HHBEPCHOM, OTHOT0 OMHAPHOTO AATYHKA K OJHOMY
HEHPOHY MOTIJIa MJTH TOJIBKO OJHA CBs3b. [Ipw TakoM TOCTpOEHWH, OJIWH HEUPOMOT0OHBIN
AJIIEMEHT MOXKET HUMETh TOJBKO N BXOAAIIMX CBsI3ed OT JaT4MKOB. OpraHusys COEIMHEHUs
HEHPOMOIOGHBIX IEMEHTOB C IATYMKAMH TAKHM CIOCOOOM, MOXKHO MOMyUnTh 2" pasIHUHBIX
TUIOB COEAMHEHUH OTIEIBHOTO HEHpONOJ00HOro 3JIeMEHTa C JaTYMKaMU — 10 OJHOMY Ha
KaX/1y10 BO3MOXKHY0 KOMOMHALIMIO OMHAPHBIX CUTHAJIOB C JATYMKOB.

HyneBoii cioil HeilpoceTu co3mgaercss 10 Havajga JBMXKEHUS poOOTa M COACPKHUT 28
971eMeHTOB. OCTalbHbIE CJIOW HEMPOCETH 3aIOJIHAIOTCS HEUPOHAMH 10 MEpPE UX BO3HUKHOBEHUS
IpY HaJICTPAaUBaHUM HEHPOCETH Ha KaXJIOM TaKTe JBMKEHUsS poloTa.

HeiipoHbl HyJIEBOTO €0 COOTBETCTBYIOT KOHKPETHBIM COCTOSIHHSIM OJIOKAa JaTYMKOB
poborTa.

Heiiponsr 1-ro ciost coxmepxaT wuWHGOPMAIMIO Cpa3y O [JBYX TOCIEAOBATEIBHBIX
cocTosHusAX Onoka narynkoB. COOTBETCTBEHHO, HEHPOHBI (n-I) -ro ciost coaepxar
nH}OpMaIHIO 00 7 MOCIeI0BATEILHBIX COCTOSHUAX OJI0KA TaTYMKOB.

Ha xakxqoM TakTe IBHXKEHHS poOOTa COCTaBISETCS CHHCOK CpaboTaBIIMX HEHpOHOB. Bee
9TH HEWPOHBI, HE3aBUCHMO OT HOMEpa CJIOsl, UMEIT OJUH M TOT K€ THII, ONpeAesieMbli
COCTOSIHMEM OJIOKA JIaTYMKOB poOOTa B TEKyIIMA MOMEHT BpeMmeHu. [Ipu momyuyeHun cucremoin
yrpaBiaeHus: poOoTa odepeaHor WHGOPMAIMU O COCTOSHUM OJIOKa JAaTYMKOB CITHMCOK
cpaboTaBmIUX HEUPOHOB OOHOBIAeTcs. Kaxaplii u3 cpabOTaBIIMX Ha MPENbIIyIIEM TaKTe
HEMPOHOB HAJACTPAMBACTCSl B HEHPOH, THUIl KOTOPOIO OTBEYAET TEKYLIEMY COCTOSIHHIO OJOKa
JATYMKOB, €CJIM OH HE OBbUT HAJACTPOEH B HEHPOH TOTO THIIA PaHEe.

HancrpanBanue HelpoceTH MPOUCXOAMT TakK: B CICAYIOIIMA CIOW J00aBISIETCS HOBBIM
HEHPOH, THUI KOTOPOTO COOTBETCTBYET TEKYIIEMYy COCTOSIHHIO OJlOKa JaTYMKOB, a €ro
MOPSIIKOBBI HOMEP J00aBJSETCS B CIHUCOK HCXOJSIIUX CBA3EH TMOPOAMBIIETO €ro HEHpoHa
NPEABIAYIIETO CIIOA.

Pacmmpenue HelipoceTd OCyHIECTBIAETCS A0 TEX MOp, MOKA YKUCIO HEHPOHOB B CETH HE
AOCTUTHCT NPCACIIbHOIO 3HAYCHHA.

B 3aBucumoctn oOT pemaeMoﬁ 3aa4r II0JIb30BaTCJIb IIpOorpaMMbl CaMOCTOSATCIIBHO
YCTaHaBJIMBACT NPCACIIbHBIC 3HAUCHUA YNCIIa HeﬁpOHOB n 4quciia CJIIOCB HGprOCGTH.
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4.3. AnpuopHas BeposATHOCTHasA 6a3a 3HaHMKU MOGUNbLHOro poboTa

MoOwibHBIH pOOOT B paccMaTpUBacMOM 371eCh BapwaHTe oOJafacT ampHOpHOM 0a3o0it
3HaHUH, npecTaBisomeil coboil 2-mMepHbIii MaccuB ¢ 28 crpokamMu u 6 cronbramu. CTpokH
COOTBETCTBYIOT BCEM BO3MOKHBIM THUIIaM HEWPOHOB, a CTOJIOLBI — BCEM BO3MOXHBIM BapUaHTaM
JBIDKEHUH pobOoTa («BHEpeA-HANpaBO», «BIEPEN», «BIEPEI-HAIECBO», «HA3a/I-HAaIpaBoOy,
«Ha3zaly, «Ha3aJ-HaJIEBO»). OJIEMEHTaMH KaXJO0H CTPOKM MaccuBa SBISIOTCS allpUOpPHBIE
BEPOSTHOCTH NPUHSATHS CUCTEMOH yNpaBieHUS poOOTOM pELICHHH O BhIOOpE OIHOTO U3 6-TH
BapHUaHTOB JBMKEHHSI IIPU CpadaThIBAHUK COOTBETCTBYIOIETO THUIIA HEWPOHA.

ITockonbKy mpHu cpabaThIBaHUU TEPEAHUX TAKTUIBHBIX TATYUKOB JBHKEHHMS poOOTa
«BIIEpENI-HANPABO», «BIEPEI» M «BIEpEI-HAJIEBO» (U3NYECKH HEBO3MOXKHBI, TO B CTPOKax
anpuopHOi 0a3bl 3HAHMH, COOTBETCTBYIOLIMX HEHPOHAM TUIOB OT 16 10 27 BKIIOYUTEIBHO (CM.
Ta611.2), mepBbie TpH dJIEMEHTA PaBHBI HYJIIO.

AnpuopHasi BepoATHOCTHast 0a3a 3HAHUN SIBJISETCS OCHOBOW JJISi TOCTPOCHUS U
OOHOBJICHHUS JWHAMUYECKOW Oa3bl 3HAHUN, KOTOpash UIpaeT BaXHYIO pOJIb B CHCTEME
ABTOHOMHOTO aJIalITUBHOTO yNPAaBJICHUS IBUKEHUEM poOoTa.

4.4. InHamnyeckasn 6a3a 3HaHUN U MPUHLUNbI NPUHATUA PeLLeHUN

B ornuume orT Hew3MmeHseMOW ampuOpHOW Oa3bl 3HAHMI JAMHAMHUYecKas Oa3a 3HaHUU
MOOMIIBHOTO POOOTA MOCTOSTHHO PACIIUPSCTCS K OOHOBJISETCSI BO BPEMSI €T0 IBHIKCHUS.

Jlo Hauana ABMXKEHHS poOOTa AMHAMHYECKas 0a3a 3HAHHUI COBMAAaeT C alpHOpHON Oa3oi
3HAHWM.

Ha xaxxnoMm Takte ABMXKEHMs poOOTa MPU HAJCTpPAauBaHUM HEMPOCETH U MOSBICHUU B HEH
HOBOTO HEHpOHAa NPOHMCXOIHUT J00aBICHHE B TUHAMUYECKYIO 0a3y 3HaHMH HOBOW CTPOKH,
COBMAJAIONIEH CO CTPOKOW ampuOpHOM Oa3bl 3HAHUM, COOTBETCTBYIOLIEH THUIy MOSBUBLIETOCS
HEHpOHA.

Kaxnomy HelipoHy HelipoceTH 0TBEYaeT CTPOKA B AMHAMUYECKOI 0a3e 3HaHMH.

Ha xaxmom TakTe IBWKEHHS CUCTEMa ymnpaBJieHHs (QUKCHpyeT cpaloTaBIIME HEHPOHBI
(HEeHpOHBI C €AMHUYHBIM BBIXOJHBIM CUTHAJIOM) C HOMEPAMHU i, I, ,...,[, W BBIYUCISAET BEKTOP

HOPUHATHS pelleHUH

- 1 <& =
Ppem :;ZPW >

rae Pl.1 yeees Pl.k - CTPOKH JTWHAMUYECKOW 0a3bl 3HAHWI, COOTBETCTBYIOIINE CPabOTABIINM

HeilipoHaM. KoMIIOHEHTBI BeKTOpa P pew WCTIONB3YIOTCS B KA4yeCTBE BEPOSATHOCTEN JUIs

npuHATUA cucteMo AAY pemieHuss 0 BbIOOpE OIHOIO M3 IIECTH BO3MOXKHBIX BapHaHTOB
JabHeHIero IBUXeHus podoTa.

4.5. Noacuctema mopenupoBaHus amounm cuctemol AAY

Cucrema AAY umeeT MOACUCTEMY MOJAEIUPOBAHUS 3MOLMM, KOTOpas Ha KaKIOM TaKTe
JBIDKEHUSI po0OTa [aeT KadyeCTBEHHYIO OLEHKYy S ( t) TEKYyILIEro COCTOSIHUA OOBEKTa
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yIpaBieHus. B 1JaHHOM BEpcHM CHCTEMBI YIPABICHHWS Mbl HCIOJIB30BAJIM OYEHb IIPOCTYIO
MOACUCTEMY SMOLMH, B KOTOPON KaYECTBEHHBIC OLICHKHU 3aJaHbl U3HAYAJIBHO U HE U3MEHSIOTCS
aBTOMAaTUYeCKU B JajbHeimeM. OueHka S ( t) BBICTABJISICTCS 110 MOKAa3aHUAM JaTYUKOB B

coorBeTcTBUH ¢ Tabmunei 3.

Tabmuna 3.
CrosiKHOBEHME € IIpensitcTBHe HA MpeAbIAYIEM Ouenka
NpensTCTBHEM B TaKTe IBUKEHUS S (1)
TeKyLleM COCTOSIHMH
HPOM301LIO HE 3a()MKCUPOBAHO HU OJJHUM -4
BU3YQJIbHBIM JATYHMKOM
IPOU30LLIO 3a(huKkcupoBaHO | BU3yalbHBIM -3
JATYUKOM
IPOMU30LLIO 3a(hUKCUPOBAHO 2 BU3YyAJIbHBIMU -2
JATYUKAMHU
IPOMU30LLIO 3a(hUKCUPOBAHO 3 BU3YyaJIbHBIMU -1
JATYUKAMHU
HE IIPOU3OLLIIO 3a(hUKCUPOBAHO 3 BU3YAJIbHBIMU +1
JaTYUKaMHU
HE IIPOU3O0LLIIO 3a(hUKCUPOBAHO 2 BU3YAJIbHBIMU +2
JaTYUKaMHU
HE IPOU30IILIO0 3a(hukcupoBaHo | BU3yalbHBIM +3
JATYUKOM
HE IPOU30IILIO0 HE 3aKCHPOBAHO HU OJTHIM +4
BU3YQJIbHBIM JATYMKOM

CornacHo wmetomonorud AAY, KauecTBEHHAas OILIGHKA TEKYIIer0 COCTOSHHUS OloKa
JATYUKOB S ( t) SIBJISIETCSL OTMPENENSIOMUM (PaKTOPOM TPU MOCTPOCHUH JUHAMUYECKON Oa3bl

3HaHUN W OueHKe 3(P(PEKTUBHOCTH pPaOOTHI CHUCTEMBI YINpaBlIEHUS MOOWIBHBIM DPOOOTOM B
IETIOM.

4.6. ObHOBNeHWe AUHaMMyeckomn 6asbl 3HAHUN

OOHoBIEHHE TUHAMHUYECKON 0a3bl 3HAHMH MNPOUCXOAUT MO criexyromel cxeme. Ha
OCHOBaHUU OLICHKU S ( t) TEKYILEro COCTOSIHUSA 0JI0Ka AaTYMKOB, KOTOPYIO BBIAAET MOJCHCTEMA
MOJICIIMPOBAHMS SMOLIMI HA KaXX/IOM TaKTe JIBHKCHUS POOOTA, BEIYUCIISETCS MOTPaBKa

Sit)=-S(t-1
ap=SLA=Seo

Ecnu u30paHHBIM cHUCTEMOH yNpaBlieHHs BapHAaHT JABWKEHHUS MPHUBEN K YIYYIICHUIO
KAUYECTBEHHOW OLECHKH S(t), TO ToNmpaBKa A p mOJOXWTENpHAa. B ciydae yxyameHus

KaueCTBEHHOU OIEHKH S ( t) nornpaBka A p OTpULATEIbHA.

Jlis BHECeHMs M3MEHEHMH B JUHAMUYECKYIO0 0a3y 3HaHUI B HeW cHayaia BBIOMPAIOTCS
CTPOKH, COOTBETCTBYIOLIME HEHPOHAM, CpaOOTABILIMM Ha MPEIbIIYIIEM TaKTe. 3aTeM KaxkJaas u3
9TUX CTPOK
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Pm :(pml’ "'9pmk’ "'5pm6)

npeoOpas3yercs 1Mo CIeayIOIIUM IPaBUIaM.

Io crpoxe P, dopmupyercs crpoka P, y KoTopoit Bce KOMITOHEHTBI 33 HCKIIOUEHHEM

KOMIIOHCHTHI pmk, OTBG‘IaIOHIGfI HOCJ'IGI[HGﬁ BBITIOJIHCHHOM KOMaHAC CHUCTCMBbI YIIPABJICHHA,

COBITaAar0OT C COOTBETCTBYIOIIUMH KOMIIOHCHTAMHU CTPOKHU P m-

Komnonenra p,,; Bbruucisercs no popmyse

N P TAD, eciu Ap>0,

Pt = p..(1+Ap), ecu Ap<O.

HcxomqHas cTpoka TMHAMUYECKOW 0a3bl 3HAHUI P m 3AMEHSETCS Ha CTPOKY

—
~

P

_m
6 .
mei
i=1
KpOMC OOHOBJICHUS CYHmCCTBYIOIIMX CTPOK Ha KaXIOM TaKTC pa60TI>I CUCTCMbI

yOpaBlICHUs JAWHaAMHueckas 0a3a 3HAHMM MOMOJHSAETCS HOBBIMH CTPOKaMH, KOTOpbIE
COOTBETCTBYIOT HEHPOHAM, 00PA30BABIINMCS TIPH MPOPALNTUBAHUN HEUPOCETH.

OTMeTHM 3/1eCh, YTO MUMEIOTCS U APYrue crocoObl MOCTpOeHHs 0a3 3HAHUN N7 CHCTEM
AAY B HEHpOHOIIOJOOHOM BapuaHTe WX peanusanuu. Hampumep, Hamu pa3pabotaH crmocod
MOCTpOCHUs 0a3bl 3HAHWM HE Ha BEPOATHOCTHON OCHOBE, KOTOpBI 00NagaeT CBOUMU
OCOOEHHOCTSIMU; ATOT CIoco0 moapoOHo omucaH B [6]. Eme oaun BapuaHT moctpoeHus: 0asbl
3HaHUM U1 poOoTa omucaH B [2].

4.7. OueHka achdekTMBHOCTU paboTbl cuctembl AAY

Jlist onieHku 3G (HEKTUBHOCTH (YHKIIMOHUPOBAHUS CUCTEMbl AAY B 1I€JIOM HCIOJIb3yETCs
xapaktepuctuka U - cpeiHee 3HAU€HHWE KaueCTBEHHBIX OIICHOK COCTOSIHMSI OJIOKa JaT4YMKOB
S ( t), KOTOpPBIE€ HA KaXKJOM TaKTE JBMXKCHHS poOOTa BBIAAIOTCS MOJACUCTEMOM MOICIUPOBAHUS
AMOLUH.

[Tockonpky B HavanpHBIA Tepuoa padboTel cuctema AAY Oonbiie oOydaercs, 4em
YIIpaBJISET, TO pacdeT XapakTepucTuku U 3¢ eKTUBHOCTH paboThl cucteMbl AAY MpOBOAUTCS
no HaOmoneHWsM, 3aUKCHPOBAHHBIM B TEYCHHWE TMIOCIEIHEH TpeTH TMepuojaa ee
(GYHKIIMOHUPOBAaHMSI, KOTJa akThl OOydYeHHs yKe OueHb peikud. Uem ypauHee peanu3aius
CHUCTCMBI YIIPABJICHUS, TEM BBIIIC CPCAHASA OLICHKA.

Tak kak cucrema ynpaBJieHHUs MCIIOJB3YyeT B CBOEH paboTe ciydaiiHble MEpEeMEHHBIE, TO
XapaKTEePUCTHKA, MOJy4YCHHas B pe3yjbTaTe HAOMIOJCHUS OJHOTO SKCHEPHUMEHTA IO OIIEHKE
3¢ (PEeKTUBHOCTH PAOOTBI CHCTEMBI, HE sBIseTcs TO4HOW. [lng momydeHus Oosjee TOYHOI
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XapaKTEPUCTUKHU MTPOBOAUTCS CEPHS SKCIEPUMEHTOB U HA X OCHOBE BBIUUCIISAECTCS yCPEAHEHHAS
xapaktepuctuka. MneanpHoil cumTtaercs Takas cuctema AAY, xapakrepuctuka U KOTOpoi
SIBIISICTCSI MAKCUMAaJIbHO BO3MOXKHOM, TO ecTh U = 4.

4.8. Cxema npoBefeHUA I3KCNepuMMeHTa no oueHKe 3pPheKTUBHOCTHU
paboTbl cucrtemobl AAY npu gBMXKEHMU poboTa B nabupuHTe

J1st TOro, YToObI MPOBEPHUTH, HACKOIBKO XOPOIIO (PYHKIIMOHUPYET CUCTEMA YIIPaBIECHUS
JBUKEHUEM MOOMIILHOTO poO0Ta B TJAOMPUHTE, CTABUTCS IKCIIEPUMEHT, KOTOPbIN POBOAUTCS

no cieayroieit cxeme (puc. 7).
< Hauano >

[
CrnyualiHblii BBIOOp Ha4aJIbHOTO MOJIOKEHUS poOOTa B JIAOMPUHTE

<

Onpenenenne cOCTOSHUS OJIOKA TaTYNKOB

[
dopMHpOBaHHUE CITUCKA CPAOOTABIINX HEHPONOTOOHBIX 3JIEMEHTOB

|
Ha,Z[CTpaI/IBaHI/Ie CCTHU HeﬁpOHOHOHO6HBIX 3JICMCHTOB

[
Pacmmpenue nuHamMuyeckoil 0a3bl 3HaHUMN

Briuucnenune kauecTBeHHOM o1leHKH S(t)
TEKYIIIETO COCTOSTHUS OJIOKa TaTYNKOB

[
[Tpunsitue cuctemoit AAY penieHus 0 BbIOOpe BapraHTa JBUKECHUS

[
JBmxenue podoTa

[
OoOunoBIIeHME 0a3bl 3HAHUNA cucTeMbl AYY

Hemn

OcTtaHoB sKkcriepuMeHTa’?

Brruucnenue onenku U 3 pekTUBHOCTH pabOThl cucTeMbl AAY

( Komnen >

Puc. 7. Anroputm ouleHKH 3QPEKTUBHOCTH pabOThI cucTeMbl AAY NpH IBUKESHUU
pobota B mabupuHTe.
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5. OnTuMu3anus CUCTEMbI YIIPaBJIeHUSI MOOWJIBHBIM POOOTOM

3agaya ONTUMU3ALUKN CUCTEMBI YIIPABICHHUSI MOOMJIBHBIM pOOOTOM COCTOUT B 1OAOOpE
JUIs poOOTa TAaKO# arpHOPHONM BEPOSATHOCTHOM 0a3bl 3HAHMM, KOTOpasi o0OecreynBaeT Hanbosee
3¢ pexTuBHOE (HYHKIIMOHUPOBAHUE €r0 CUCTEMBI AAY.

Jlis perneHust 3aadd  ONTHMH3AIMM CHUCTEMBI YIPABICHUS MOOWIBHBIM POOOTOM
UCIIONB3YETCSl TEeHETHMYECKUW alropuTM. [ @HOTUIIOM WHIUBHUAA SBISETCS ampHopHas Oasza
3HaHu. OTOOp pOOOTOB C HAWIYUIIMMH KadecTBaMU Jisi (POPMHUPOBAHHUS CJICIYIOIIETO
MOKOJICHUS TPOU3BOAUTCS C TOMOIIBbIO (PYHKITUH MPUCTIOCOOIEHHOCTH.

@OyHKIUS TPUCTIOCOONIEHHOCTH CHCTEMBI yNpaBICHUS pPOOOTOM — 3TO YHCIO,
XapakTepusylomiee creneHb 0am3ocTH nokazarenst U 3QQeKTHBHOCTH paboThl cucteMbl AAY
JAHHOTO poOoTa K mokaszatenio 3¢dexkruBHOCTH paboTH HaeanbHOU cucteMbl AAY. 3xeck nox
“npeanpHO” cuctemMoil AAY mNoHMMaeTcs Takas CHCTEMa, KOTOpas B IPOCTPAHCTBEHHOM
CHUCTEME OINTHUMHM3HPYEMbIX MPU3HAKOB HMMEET BIIOJHE ONpEACTUMBbIE, HO Ha MPAKTUKE
HEOCTHXKHUMbIEe 3HaueHus. OIHAKO 3TH 3HAYEHMSI MOXKHO UCIIOJIb30BATh KAK TOYKH OTCYETa JJIs
OTHOCHTEJIFHOTO CPAaBHEHUS BCEX OCTAJIBHBIX BAPHAHTOB.

JInst peanu3anuy TeHETHYECKOTO ajrOpHTMa CHAadana CO37AaeTCsl MCXOIHAs IMOITYJISIHS
pOOOTOB € pa3IMYHBIMHU APUOPHBIMU 0a3aMU 3HAHUI, KOTOpPbIE BRIOMPAIOTCS CIIy4aiHO. 3aTeM
BBIYHCIIAIOTCS. BEPOSITHOCTH IIOMAAAaHUsT POOOTOB B POAUTEIBCKHE Taphl («BEPOSITHOCTH
BbIOOpa»). «BeposATHOCTh BHIOOpa» KOHKPETHOTO MHIMBUAA 3aBHCUT OT 3HAYEHUS (YHKIMU
IPUCTIOCOOJICHHOCTH €r0 CHUCTEMBl YINpPAaBICHUS, a TaKKe OT 3HaueHWH QyHKIUH
pUCIOCOOTIEHHOCTH CHUCTEM YIpaBieHUss poOoToB Bcel momyisiiuu. llocie ckpeniuBaHus
KOKIBI pPOOOT-MIOTOMOK C HEKOTOPOM BEpPOSTHOCTHIO TOJBEpraeTcss MyTanuh. B wuTore
o0pa3yeTcst HOBOE IIOKOJIEHHE poOOTOB. DTa Mpoleaypa MOBTOPSIETCS 10 TeX MOop, OKa He OyJeT
BBITIOJTHEH KPUTEPHH OCTAHOBA TEHETHYECKOTO aITOpPUTMa (YHCIIO MOMYJISIIUI yCTaHABINBACTCS
NOJIH30BATEJIEM POTPAMMBI).

5.1. Cxema pacueTa (pyHKLUUN NPUCNOCOBNEHHOCTU CUCTEMbI YNpaBrieHUs

3HaueHne (YHKIUM TPUCTIOCOOJICHHOCTH CcHCTeMbl AAY 3aBUCHUT OT OLIEHKH
s dexTuBHOCTHU ee paboThI U onpeaenseTcs (opMyioi

4

Ts-U’

[Tponiecc ompenenenus nokazarens U 3hdekTuBHOCTH paOOThI CUCTEMbI YIPAaBICHUS
POOOTOM IO CEepUU IKCIEPHUMEHTOB M BbIYMCICHUE (DYHKIIMU MPHUCIOCOOICHHOCTH MPOBOIUTCS
o cieayroiieit cxeme (puc. 8).
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( Hauano )

dopMupoBaHue HYJEBOTO CJIOSI CETH
HEHPOHOMOAOOHBIX JIEMEHTOB

I
dopmupoBaHUE IEPBOHAYATBLHON JTUHAMHYECKON 0a3bl 3HAHUN

<

[IpoBeneHne SKCIEpIMEHTA IO OIICHKE
s dexTUBHOCTH paboThl cucteMbl AAY (puc.7)

Komnern cepun sxcnepruMeHTOB?

Brruucienue GpyHKIUN NPUCIIOCOOIEHHOCTH CUCTEMBI AAY

< Komnen >

Puc. 8. Cxema pacueroB ajis onpeaeneHus nokasatens 3p(HEeKTUBHOCTH CUCTEMBI YIIPaBJICHHUS.

Crnenyer OTMETHTBH, YTO NPU IPOBEICHUU CEPHH DKCIIEPUMEHTOB C OJHUM M TEM XK€
poOOTOM KaXIblii TOCIEIYIOIUI SKCIEPUMEHT pPa3BHBAET TUHAMUYECKYIO 0a3y 3HaHMHA H
HelpoceTh, KOTOpbIE CPOPMUPOBATHCH B IPEABIAYIINX SKCIIEPUMEHTAX.

5.2. DopmupoBaHMe poanUTeNbLCKUX Nap

O160p poOOTOB B pOAUTENBCKUE MAPBI IPOUCXOIUT CIIy4allHO, B COOTBETCTBHH C
BBIUHCIISIEMBIMU J11 POOOTOB «BEPOSITHOCTSIMU BBIOOPaY.

((BepOSITHOCTI/I BBI60pa)> OIPCACIIIOTCA € IIOMOLIIBIO CIICAYIOHICTO AJITOpHUTMaA.

1.  Boruucasiercs cpeaHee 3HaueHUE (PYHKLIUHU MPUCTIOCOOICHHOCTH Beel monmysuu F .

2. Jlna xaxgoro poboTa Ompenessercss mapamMeTp p,, paBHBIA OTHOLICHHUIO €ro
MIPUCTIOCOOJIEHHOCTH K CyMMapHOM MPUCITOCOOIEHHOCTH BCEH MOMYJIAIINH.

3.  Jlna Tex poOOTOB, y KOTOPbIX 3HaueHHe (QYHKLUUM IpucnocodneHHoctu F, < F,
«BEPOSITHOCTh BbIOOpa» npuHMMaercs paBHoM 0,1 p,. IlapamnenbHO MOACUUTHIBAETCS

KOJIMYECTBO M| TakuxX poOOTOB U BBIUUCIIACTCSA CyMMa D = 20,9 D, -
4. Jlna Tex poOOTOB, y KOTOpPBIX 3HaueHHWEe (GYHKIMM TNpucnocodneHHoctn F, > F,
«BEPOSITHOCTh BBIOOpa» MPUHHUMAETCS PaBHOMU p, +ﬁ, rae yepe3 M ob6o3HaueHa

YHCJICHHOCTH BCEH MOIMyJIAIHH.
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ITocne storo Qopmupyrorcss poxutenbckue mapbl. Kakmas mapa cocraBiseTcs U3 IBYX
pasnn4HbIX poOoToB. JlomyckaeTrcs BXOXKAECHHE OJHOTO M TOTO K€ poOoTa B HECKOJIBKO
pomutensckux map. Ecnm gucneHHOCTh momynsuuu paBHa M, 1O Qopmupyercs M —1
poautenbckas mapa. Kaxpas poauTenbckas napa HPOM3BOIUT OAHOTO IMOTOMKa. PoGoT c
HAWIy4dIIUM 3HAYeHHEeM (YHKIUH TPUCTIOCOOIEHHOCTH JO00aBISETCS K  CIEAYIONEMY
MOKOJIEHUIO aBTOMATHYECKHU.

5.3. CkpewmBaHme pob6oToB

I'eHoTHn Kaxgoro poOoTa ompeneseTcss anpuopHoO 06a30¥ 3HAHHM, TO €CTh MaTPHIICH

A= ( a,; j) Trma [28 x 6], 3MeMeHTBI KOTOPOit YIOBIETBOPAIOT CIE/IYIONIAM COOTHOIICHUAM:

0 <a, <1 mmpeex0<i<27, 0<,/<5;

5
a,; = ' 1 Beex 0<i<27;
=0

a,; = 0 misBeex 16<i<27, j=0,1,2.

Ilycte A u B - MaTpHuIbl TEHOTHIIOB IBYX POOOTOB-poanTeNeld. B pesynbraTte onepanmu
CKpELIMBAHUA OIy4YaeTcss pOOOT-MOTOMOK, reHoTunl C' KOTOpOro 3aaaercs Gopmynoi

C=4+t(B-4),
rae mnapaMmerp f (te [O,l]) TEHEPUPYETCA MATYUKOM CIyYaWHBIX YHCEI C PaBHOMEPHBIM
pacipeeneHueM.

3amMeTuM, YTO IOJly4eHHas TakuM crnocobom wmatpuna C 1OpH BCeX 3HAYCHHSIX
napamerTpa t € [O, 1] YAOBJIETBOPSET yCI0BUAM 1,2,3 U NEHCTBUTENBHO MOXKET pacCMaTpUBaThCS
B KQ4eCTBE I'€HOTUIIa MOOMIIBHOTO poOoTa.

5.4. Mytauusa po6oTtoB

Kaxpiii poOOT 13 MOMyJIAUY ¢ BEPOSITHOCTBIO p, . MOXET MOABEPTHYThCS MyTallUH, B
pe3ysbTaTe KOTOpOH ero anpuopHasi 6a3a 3HaHUN A4 = ( a,,; ) 3aMEHseTCd Ha 4 = ( a l.j) 1o

CJIETYIOIINM MPaBUIIaM.

Hua 16 <i<27, j=0,1,2 anemeHTbl c~lij =a ,.j:O.

~

Bee ocranbhble smeMeHThl @ ;; BBIOMPAIOTCS HMCXOAS M3 HOPMAILHOTO 3aKOHa

pacrpeencHus N(,u ,0° ) c H=a,;; n

27
2
ot = 2

i=0 j=0

5

(“ij B bij)2°

re B :(bi j) - amnpuopHas 0a3a 3HaHM PoOOTAa M3 TOKOJICHHS POOOTOB-POIUTENCH C

HAWIYYIIUM 3Ha4YeHHEeM (QYHKIHH PUCTIOCOOICHHOCTH.
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Bce OTPpULATCIIBHBIC 3JICMCHTBI MAaTPHUIIbI A 3aMCHSAIOTCA Ha HYJIH.

~

Kaxnas HeHyineBas cTpoka MaTpuiusl A HOPMHpyeTcs, TO €CTh €€ 3JIEMEHThI
a ;; 3aMCHSIOTCS Ha
aij
5
2.4,
Jj=0

Kaxnas HyneBas crpoka matpuisl A 3aMeHseTCs Ha COOTBETCTBYIOIIYIO CTPOKY
rcxo oM Matpuisl A .

T[onyuenHas B pesynbTaTe 9THX omepauuii Matpuna A ynosaerBopser ycinousm 1-3
MYHKTa 5.3 1 UCTIOJIb3YyeTCs B KaYeCTBE TeHOTUIIAa poOOTa-MyTaHTa.

5.5. Pe3synbTaTtbl pacyeTa onTUManbHbIX NapamMeTpoB cuctemMmbl AAY

JInsi KOHTPOJIMPOBAHUS MPOLIECCa CXOAUMOCTH TEKYIIUE JAHHBIC 10 KaXJOW MOMYJISINN
poOOTOB, TMOJTydeHHBIE B XOZ¢ paObOTHl TEHETHUECKOTO aJrOpUTMa, BEIBOISTCS B dat-(haiinbl. B
TuX (aiyiax (QUKCUPYIOTCA 3HaueHHsl (YHKLHUU HNPUCHOCOOJIEHHOCTH cuUcTeMbl AAY, uucnia
HEHpOHOB B HeWpoceTn M amnpuopHas Oa3a 3HaHuM cuctembl AAY kaxporo poborta u3
HOMYJISIUH.

[Tomumo 3TOro, 3amojHSETCS CBOAHBIN  dat-(haiil MO BCEM MOMYJSIIMSIM, B KOTOPBIN
3aHOCSATCS HAMBBICIIME M CPEJHHME 3HA4YEeHUS (QYHKUMN NPUCIOCOOJIEHHOCTH cucteM AAY
po0OTOB Kaxk10¥ nomynsauuu. B 3T10T ke (paiin BEIBOIUTCS U OKOHYATENbHBIN pe3yabTaT padoThl
TeHETUYECKOr0 ajropuTMa — ONTUMAaNbHas anpuopHas 0a3a 3HaHUM cucTteMbl AAY.

B pesynbrare oOpabotku 100 momynsmuii moJlydmsiach CIEAYIOIIAasl ONTHMasibHas
anpuopHas 6a3a 3Hanui (Tabnuua 4).

Tabauua 4.

Tun <<Bnepeﬂ— <<BnepeJ1>> <<Bnepen— «KHa33ag— KHaszai» KHa33alg—
HeﬁpOHa HanpaBo» HaAJIEeBO» HanpaBo» HaJIeBO»
0 0.141622 0.183516 0.142791 0.181005 0.192140 0.158926

1 0.108586 0.066873 0.1995506 0.278332 0.083482 0.263171

2 0.209672 0.223982 0.197452 0.126108 0.092866 0.149920

3 0.110389 0.115509 0.314849 0.091610 0.205607 0.162035

4 0.193046 0.316465 0.101252 0.119948 0.0822061 0.187028

5 0.217434 0.188244 0.126212 0.202834 0.049810 0.215465

6 0.152947 0.213423 0.165188 0.186781 0.081349 0.200312

7 0.279198 0.224800 0.095258 0.103027 0.172960 0.124758

8 0.170527 0.081985 0.171960 0.139070 0.224069 0.212390

9 0.154633 0.180394 0.294573 0.140286 0.028957 0.201157

10 0.082708 0.161329 0.137279 0.211248 0.203411 0.204025

11 0.191846 0.339691 0.116274 0.1224061 0.176902 0.052825

12 0.148198 0.108315 0.233745 0.175919 0.121909 0.211915

13 0.2052068 0.137347 0.104957 0.079871 0.282393 0.190165

14 0.227979 0.139938 0.119611 0.250579 0.104509 0.157384

15 0.141065 0.118774 0.240665 0.189698 0.167526 0.142273

16 0.000000 0.000000 0.000000 0.353457 0.389900 0.256042
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17 0.000000 0.000000 0.000000 0.193515 0.330058 0.476427
18 0.000000 0.000000 0.000000 0.198943 0.171011 0.630045
19 0.000000 0.000000 0.000000 0.177748 0.385197 0.437054
20 0.000000 0.000000 0.000000 0.272198 0.220643 0.507159
21 0.000000 0.000000 0.000000 0.258159 0.406276 0.335565
22 0.000000 0.000000 0.000000 0.243869 0.184708 0.571423
23 0.000000 0.000000 0.000000 0.230332 0.299344 0.470325
24 0.000000 0.000000 0.000000 0.242498 0.396957 0.360544
25 0.000000 0.000000 0.000000 0.279066 0.272603 0.448331
26 0.000000 0.000000 0.000000 0.399899 0.309248 0.290852
27 0.000000 0.000000 0.000000 0.489620 0.258690 0.251690

6. 3akj0ueHue

OcHOBHBIE pe3yJbTaThl JaHHOW pPabOThI COCTOSAT B TOM, UYTO ObUIM MNPEIJIOKEHBI U
pa3pa60TaHI>1 CHOCOGLI ONTUMHU3AIMK C TIOMOIIBIO TCHCTUYCCKUX aAJITOPUTMOB TJIaBHBIX
MOJCHCTEM OOBEKTa YMpPaBJICHHs, CHAa0XEHHOTO cucTeMoll AAY, ¢ TpuMEHEHUEM
napaijiCJIbHOI'O BBIYUCIIUTCIIBHOTO KJIaCTCpa. OHTI/IMI/I3aI_II/II/I MNOABCPIINCH MapaMETPhI 6.]101(21
JATYMKOB, UCTIOJHUTEIBHBIX YCTPOWCTB, a TaK)K€ BEPOSATHOCTHAas 0a3a 3HAHUM YIpaBIIsIOIIEH
CHUCTCMBI.

Bnok AaTYMKOB M UCTIONHUTENFHBIC YCTPOWCTBA ONTHMUAZHPOBAIKMCH KaK OJHO ENOe, TIPU
3TOM BapbUPOBAIUCH TAKHE MAPaMETPhI, KaK CKOPOCTh, PauyC TIOBOPOTA U YIIIOBOE PACKPBITHE
IEHTPAJIFHOTO CeKTOopa. MUHUMH3HPOBAJIOCH YHCIO JIOXKHBIX CpabaThIBaHUH BH3YaJIbHBIX
naTyukoB. ONTHMHU3ALUS CHCTEMBl YMPABJICHUS MOOHIBHBIM POOOTOM COCTOsa B IMoadope
HanbOosee 2 (HEeKTUBHON BEpOSITHOCTHOM 0a3bl 3HaHMI. O0e 3a1aun ObUTH PEIICHBI C ITOMOIIBIO
TCHCTUYCCKHUX AJITOPUTMOB.

bbutn HaliieHbl OIXOMABI K pean3alii ONTUMHU3AIMOHHBIX MPOTPaMM B MapajuIeIbHOM
BApPHUAHTC Ha BBIYUCIIUTCIBHOM KJIIACTCPEC, YTO IMO3BOJIACT CYICCTBCHHO CHU3UTH BPCMCHHLIC
3aTpaThl HA PacUeThl.

B menom pesynbTarthl AaHHON PaOOTHI CYIIECTBEHHO PA3BHBAIOT METOJUKY MOCTPOCHUS
MPUKIIAIHBIX CUCTEM yIPaBJIEHUs HA OCHOBE MeTosia AAY.
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