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BBEJIEHUNE

[Iporpamma rocy1apCTBEHHON UTOTOBOM aTTECTAIMU [0 OCHOBHOW MpodeccnoHaIbHOi 00pa3o-
BaTeJIbHOW MporpaMMe Mo HampasieHuto NoarotoBku 15.04.04 ABTomMaTH3anms TEXHOJIOTHYECKHX
NPOLECCOB M MPOU3BOACTB HAIPaBIECHHOCTH ABTOMATH3ALUA U YIPABJEeHHEe TeXHOJOrH4eCKUMHU
NpoLeccaMM ONACHBIX NPOU3BOACTBEHHBIX 00bEKTOB COCTABJIEHA B COOTBETCTBUU C TPEOOBAHUSMU:

- [lopsinka mpoBeneHMsI TOCYJapCTBEHHON UTOTOBOM aTTeCTAallMU MO0 00pa30BaTENIbHBIM IIPO-
rpaMMmaM BBICHIETO0 O0Opa30BaHUS — MporpaMMaM OakallaBpHara, IMporpaMmaM CHelHaIuTeTa U Ipo-
rpaMMaM MarucTparyphbl, yTBEp KI€HHOTo Ipuka3oM MuHucrepcTBa oOpa3oBanus U Hayku Poccuiickoit
@eneparn ot 29.06.2015 Ne 636 (B pen. [IpukazoB Munobpuayku Poccun ot 09.02.2016 Ne 86, ot
28.04.2016 Ne 502);

- [lonoxeHust o mopsaKe MPOBENEHUS TOCYIapCTBEHHOW MTOTOBOM aTTecTanuu no odpas3oa-
TEJIbHBIM MPOrpaMMaM BBICIIET0 00pa3oBaHusl — MporpaMMaM OakajlaBpuaTa, ClielUaIUTeTa U Maru-
ctparypsl (CMK CTO 03.0/1.18), yrBepxkaennoro 29.06 2018.

[IporpaMma rocyaapcTBEHHOM HTOrOBOM aTTECTALIMU BKIIFOYAET:

|. TpeOGoBaHMs K BBIITYCKHBIM KBaTU(PUKAMOHHBIM pab0TaM U MOPSAKY UX BBIIIOJIHEHUS (METO-
JMYECKHE PEKOMEH/IALlMU TI0 BBITIOJIHEHHUIO BBIITYCKHBIX KBaTU(PUKAMOHHBIX padoT);

I1. Kputepun olieHKH 3allUThI BHITYCKHBIX KBAJIM(UKAIIMOHHBIX padoT;

I1l. OleHOUHBIE MaTEPUATTBI.

IV. Ilpunoxenus

I METOAMYECKHWE PEKOMEHJIALIMH 11O BBIITOJIHEHHNIO BBIITYCKHOM
KBAJIMOUKALIMMOHHOU PABOTHI

TpeOoBaHusl K BBINYCKHOM KBAJIN(PUKANMOHHOMH padoTe
Cywnocmo 8b1nyCKHOU K8ATUDUKAYUOHHOU pabombl

lNocynapcTBeHHast UTOrOBasi aTTECTAIUs MPEACTABISIET COOOM MPOIIECC UTOTOBOM MPOBEPKHU U
OIICHKH KOMITETEHIMI BBIITYCKHHKA, TOTY4YEHHBIX B pe3yibTare oO0yueHus. ['ocyqapcTBeHHas HTOroBas
aTTecTalus BBIIYCKHUKA BBICHIETO Y4E€OHOTO 3aBEICHMSI SIBIISETCS 00SI3aTEIILHON M OCYIIECTBISETCS
IocJie OCBOEHHSI 00pa3oBaTeIbHON MPOrpamMMbl B MOJHOM oO0beMe. Llenb UToroBoii rocyaapcTBEHHOM
aTTecTalliu BBIITYCKHUKOB — YCTAHOBJICHHUE YPOBHS TOTOBHOCTHU BBIITYCKHHUKA K BBIIIOJIHEHHUIO Mpodec-
CHUOHAJIbHBIX 33/1a4.

l'ocynapcTBeHHass UTOrOBas aTTECTAllMM BBIMYCKHUKOB, 3aBEpPIIMBIIMX OCBOECHUE OCHOBHOMU
npodecCHoHANTBHOM 00pa30BaTEIFHON MPOTPaMMEBI IO HampasjieHuto nmoarotoBku 15.04.04 ABToma-
THU3aLMs TEXHOJOTHYEeCKUX MPOLECCOB M MPOU3BOJACTB HAIPABIEHHOCTH ABTOMATH3AIUs U yIIPaB-
JIeHHEe TeXHOJIOTHYeCKUMHU MPOoLeccaMi ONMACHBIX MPOU3BOACTBEHHBIX 00beKTOB OCYILECTBISETCS
B (popme MOATOTOBKH K 3aIIUTE U 3AIIUTHI BHIMTYCKHON KBaIU(DUKAIIMOHHON pabOTHI.

TpynoemMKkocTh rocyAapcTBEHHOM UTOTOBOM aTTecTanuu — 9 3.€.:

- MMOJIrOTOBKA K MPOIIeIype 3aIIUThHI BBITYCKHOHM KBATH(PHUKAITMOHHOHN paboThl — 6 3.¢€.;

- IIpoIleiypa 3aIIUThI BBIMTYCKHOM KBaTU(PUKAITMOHHOM paboThl — 3 3.€.

TpynoeMKOCTb rOCYAapCTBEHHOW HTOMOBOW aTTECTALlUU
KOJI-BO Yqachl
3.C. oOimas | KoHTakTHas pabora CP
6 216 30 186 ITonroroBka k nmpoueaype 3aliThl BBITYCKHON
KBaJIM(pUKaMOHHOIN paboThI
3 108 108 IIpouenypa 3ammrsr BKP




BrimyckHast kBanupuKaponHas padoTa mpeacTaBiseT co00i caMOCTOSTENbHYIO U JIOTHYECKU
3aBEPIICHHYIO KBATH(PHUKAIMOHHYIO pabOTy, CBSI3aHHYIO C PEIIEHHEM 33a7ad TOTO BUAA (BUIOB) Jesi-
TEJIbHOCTH, K KOTOPHIM TOTOBUTCS OaKayiaBp.

Lenu u 3a0auu 6bINYCKHOU K8ATUDUKAYUOHHOU pabOmbl

Lesb BBIMOJTHEHMSI BBITYCKHON KBATH(DUKAITMOHHON pabOTHI:

CUCTeMAaTH3allMsl, 3aKpEIUIEHHE M PACIIMPEHHE TEOPETUYECKUX M IMPAKTUYECKMX 3HAHUU IO
HanpasJIeHUIO0 MoaAroToBku 15.04.04 ABTOoMaru3anusi TEXHOJIOTMYECKUX IPOLECCOB U IPOU3BOJCTB U
MIPUMEHEHHUE ITUX 3HAHUH IPU PELLIEHUN KOHKPETHBIX HAyYHBIX U IIPOU3BOJICTBEHHBIX 3a7ay;

pa3BUTHE HABBIKOB BEJICHUSI CAMOCTOSATEIbHON pabOThl U MPUMEHEHHUS! METOIMK UCCIIeI0BaHuUs
U 9KCIIEPUMEHTHPOBAHUS [P PELIEHUH pa3padaTbiBa€MbIX B BBIITYCKHOH KBaJIM(UKaIIMOHHOM padoTre
po0JieM U BONIPOCOB;

BBISICHEHHUE MOJrOTOBJIEHHOCTH 00YYaIOUIUXCs JUIsl CAMOCTOSITENIbHOM paboThI MO 3a7ayaM Mpo-
(deccuonanpHO# nestenbHOCTH, onpenaeneHHbix @I'OC BO nanpasnenus noarotosku 15.04.04 Asto-
MaTH3aIs TEXHOJOTUUECKHUX MTPOIIECCOB U MPOU3BOJICTB U cooTBeTcTBYIOMmEH OITOIT.

Brinmycknas kBanudukanmonHas padoTa BBITIOIHIETCS HA MaTepHaliax opraHu3aruii (0a3 mpak-
THUKH) C YI€TOM Ipo0iieM, TpeOYIOUUX pelleHus: B JaHHON OpraHu3alyH.

OCHOBHBIMH 3aJJauaMi, KOTOPbIE TOJDKEH PEHIUTh 00YUYaIOUTUIICS MPHU BHIMOJTHEHUH BBITYCKHOMN
KBaJIN(UKALIMOHHOM pabOTHhI SABIISIOTCA:

000CHOBaHME aKTyaJIbHOCTH U 3HAUMMOCTH BHIOpPAHHOM TeMbI pabOTHI C TOUKH 3PEHUS TEOPUH U
MIPAKTUKHU YIPABJIECHUS JESTENbHOCTBIO MPEANPUATHS, COCTaBICHHUE IPOTPaMMBbI HCCIIEIOBAHUS;

M3Yy4YEeHHE TEOPETUUYECKUX IOJIOKEHUH 1Mo MpoliieMe, CYIIHOCTH SKOHOMUYECKUX KaTEeropuil u
IIPOLIECCOB, HOPMATUBHOM NOKYMEHTAIMH, COCTaBIEHUE JUTEpaTypHOro 0030pa no npodieme uccie-
JIOBAHUS;

000CHOBaHME HEOOXOIUMOCTH M BO3MOKHOCTH IIPUMEHEHUS OIIPEICIIEHHBIX COBPEMEHHBIX Me-
TOJIMK IPUHATHS YIIPaBIEHUYECKUX PEIIEHUH 110 3aa4aM, IOCTaBJICHHBIM B padoTe;

cOOp HEOOXOIMMO /1711 TPOBEICHUS UCCIIEI0BaHN MH(POPMALIUU C IPUBJIEUYECHUEM IIEPBUYHBIX
Y BTOPUYHBIX HCTOYHUKOB;

IIPOBEICHUE 3KOHOMUYECKOTO aHaju3a COCTOSIHUA OOBEKTa MCCIENOBAHUS C UCIOJIb30BAHUEM
COOTBETCTBYIOLIUX METOJI0B 00pabOTKN MH(DOPMALMH, BBISIBIIEHHE TEHACHIMA U3MEHEHNs S KOHOMUYE-
CKHUX IIOKa3aTesel, U npoodiem, TpeOyIoMX peleHUs WU COBEPLIEHCTBOBAHNUS;

pa3paboTKa MPAKTUYECKUX PEKOMEHIAMN U MPEeAT0KEHUH, NX IKOHOMUYECKOE U OpraHu3alu-
OHHOE 000CHOBaHME, HEOOXOJMMOE U JOCTATOUHOE JJIs PelIaeMoi 3a1auu;

0000111eH1Ee PEe3yNIbTaTOB MPOBEJEHHBIX UCCIIEA0BAaHUM, POPMYIUPOBAHHE BHIBOJIOB O CTEIEHU
JOCTHOKEHUS LieJIel, IOCTaBJIEHHBIX B paboTe, U BO3MOXXHOCTH MPAKTUYECKOTO NPUMEHEHUs IPeasIo-
KEHHBIX pa3paboToK;

odopmienne BKP B cooTBeTCTBMM ¢ HOPMAaTUBHBIMH TPEOOBAHUSAMMU.

B xoze rocynapcTBEHHON UTOrOBOM aTTeCTallMu MpoBepsieTcs CHOPMUPOBAHHOCTD CIIEAYIOIIUX
KOMIIETEHIINI:

YHuBepcaibHble KOMIIETEHIIUH

VYK-1 CnocoOeH oOCyIIECTBIATh KPUTHUECKUI aHalU3 MPOOJIEMHBIX CHUTyalludi Ha OCHOBE
CHCTEMHOTI'0 TI0/IX0/1a, BhIpa0aThIBaTh CTPATETUIO ICHCTBHIA;,

VYK-2 CnocobeH ynpaBisTh MIPOEKTOM Ha BCEX 3Talax ero KU3HEHHOTO LUKIIA;

VYK.3 CriocobeH opraHm3oBbIBaTh M PYKOBOJIUTH pabOTO KOMaH/bl, BblpabaThiBas KOMaHIHYIO
CTpPAaTETrHIo IJIs JOCTH>KEHHUS [TOCTABIIEHHOW LIENH;

VYK.4 CnocoGeH NpUMEHSATh COBPEMEHHbIE KOMMYHHKATHBHBIE TEXHOJOTHH, B TOM 4YMCJIE Ha
MHOCTPaHHOM(BIX) SI3bIKE(aX), IS aKaJJeMUUYECKOTO U MPO(HEeCCHOHAIBHOTO B3aUMOJICHCTBUS,

VYK.5 CnocoGeH aHanmu3upoBaThb M YYWUTHIBaTh pazHooOpasue KyJabTyp B  Ipolecce
MEXKYJIbTYPHOTO B3aMOJAEHCTBHS,

VYK.6 CnocobeH ompenensiTe W peaau30BbIBATh HMPUOPUTETHI COOCTBEHHON JEATENbHOCTH H
CrocoOBbl €€ COBEPIICHCTBOBAHUS HA OCHOBE CAMOOIICHKH.



OobmenpodeccuoHaTIbHbIE KOMIIETEHMU

OIIK-1 Cnocoben dopmynmupoBaTh e W 3aa4l HCCICAOBAHUS, BBISBISATH MPHOPUTETHI
pelieHus 3a/1a4, BBIOUPATh U CO3/1aBaTh KPUTEPUH OLICHKH PE3YJIbTaTOB UCCIEIOBAHUI;

OIIK-2 Cnoco0eH OcCymIecTBIATh AKCIEPTH3Y TEXHUYECKOH JOKyMEHTaluu B cdepe cBoei
npodecCHOHANBHON IeATEHHOCTH,

OIIK-3 CrhocobeH oOpraHW30BBIBATE pPadOTy IO COBEPIICHCTBOBAHHWIO, MOJCPHHU3AIMN U
YHU(UKALUU BBITYCKa€MBIX H3/ICIIUNA U UX 3JIEMEHTOB;

OIIK-4 Crniocoben pa3pabaTbiBaTh METOJMYECKHE M HOPMATHUBHBIC JIOKYMEHTHI, B TOM YHUCIIE
MIPOEKTHI CTAaHAAPTOB U CEPTU(PUKATOB, C YIETOM JCHCTBYIOMIMX CTAaHIAPTOB KayecTBa, 00ECIeUnBaTh UX
BHEJIPEHHE Ha TIPOU3BOJICTBE;

OIIK-5 CnocobeH pa3pabaTbiBaTh AHAIUTHYSCKHE ¥ YHUCICHHBICE METOJBI IPH CO3JIaHUN
MaTeMaTHYEeCKUX MOJIEIel MaIlluH, IPUBOIOB, 000PYIOBAHHUS, CHCTEM, TEXHOJIOTHYECKUX TPOIIECCOB;

OIIK-6 Crioco0eH OCYIIECTBIATh, HAayYHO-HCCIEI0BATENbCKYIO JIEATEIbHOCTh, HCIOJIb3YS
COBpEMEHHbIE HMH(OPMAIIIOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTHH, TJOOalbHBIE WH(POPMAIMOHHEIE
pecypcsl;

OIIK-7 CnocobeH NpoBOAUTh MApKETUHIOBBIE HCCIEIOBAHUS M OCYIIECTBISATH IMOATOTOBKY
OM3HEC-TUIAaHOB BBITyCKAa M PeaM3ali NEPCIEKTUBHBIX W KOHKYPEHTOCIIOCOOHBIX M3JeNui B 001acTH
MAaIIMHOCTPOCHHUS,

OIIK-8 CnocobeH oOCyIIecTBIATh aHaIM3 MPOEKTOB CTAHIAPTOB, PALMOHAIU3ATOPCKHUX
MIPEUTOKEHUI 1 M300pETeHNH B 00JIACTH MAaIlIMHOCTPOSHUS TOATOTABIMBATE OT3BIBBI U 3aKIIOUYCHHS TI0
WX OIICHKE;

OIIK-9 CnocobeH mpeacTaBisiTh Pe3yabTaThl UCCIEIOBAHMS B 00JIACTH MAITMHOCTPOCHUS B BHJIC
HAyYHO-TEXHUYECKHX OTYETOB H IMyOJIMKAIHiA;

OIIK-10 Cmocoben pa3pabaThiBaTh METOJBI CTAHAAPTHBIX HCIBITAHUN TIO OMPEICICHUIO
TEXHOJIOTHYECKHX MOKa3aTelel aBTOMaTU3MPOBAHHOTO POU3BOACTBEHHOTO 000pyI0BaHUS;

OIIK-11 CnocoGen pa3zpabaThiBaTh COBPEMEHHBIE METOJIBI UCCIICIOBAHMS aBTOMATU3HUPOBAHHOTO
00opy/0BaHus B MAIIMHOCTPOCHHH;

OIIK-12 CnocobeH pa3pabaTbiBaTh M ONTHUMHU3UPOBATh AITOPUTMBI U COBPEMEHHBIE ITU(POBBIC
CUCTEMbl aBTOMAaTH3UPOBAHHOTO MPOEKTUPOBAHUS TEXHOJIOTHYECKUX MPOLECCOB, CO3/IaBaTh MPOrPaMMBbI
U3TOTOBJICHUS JleTalled M Y3JI0B pPAa3IMYHOM CIOKHOCTM Ha CTaHKaX C YHCJIOBBIM MPOTPaAMMHBIM
yIpaBlIeHUEM, IPOCKTUPOBATH AITOPUTMBI (DYHKIITMOHUPOBAHUS THOKMX IIPOU3BOJICTBEHHBIX CUCTEM

IIpodeccuonanbHble KOMIIETEHIUHT

I[IK-1 CnocobeH ocCymecTBIATh MOJCPHHM3AIMI0O W aBTOMATH3alMIO  JICHCTBYIONIUX U
MPOEKTHUPOBAHHE  HOBBIX  ABTOMATH3UPOBAHHBIX W  aBTOMAaTHYECKHMX  MPOU3BOACTBEHHBIX U
TEXHOJIOTHYECKHX TPOIECCOB C UCIOJIb30BAaHUEM AaBTOMATHU3UPOBAHHBIX CPEICTB U  CHCTEM
TEXHOJIOTHYECKON MOATOTOBKU MPOU3BOJICTBA, pa3padbaThIiBaTh U MPAKTUUYECKU PEaTU30BLIBATh CPEACTBA U
CUCTEMbI aBTOMATH3AIUU U YIIPABJICHUS PA3IMYHOTO Ha3HAUCHUS;

IIK-2 Cnocoben pa3pabaTbiBaTh TEOPETUYECKUE MOJEINHU, MO3BOJSIONIME MCCIEN0BAaTh KayeCTBO
BBINTYCKAEMOW MPOJAYKIIUU, MPOU3BOJCTBEHHBIX U TEXHOJOTMYECKUX MPOIECCOB, CPEIACTB U CHCTEM
aBTOMATHU3aIlMK{, KOHTPOJIS, TUArHOCTUKH, WCTBITAHUI W YIpaBICHHS, MPOBOIUTH aHAlU3, CUHTE3 M
ONTUMM3AIMIO T[POLIECCOB aBTOMATH3aIlMH, YIPaBICHHUS MPOU3BOJCTBOM, JKM3HEHHBIM IIUKIOM
MPOAYKIMH U €€ KaueCTBOM Ha OCHOBE MTPOOJIEMHO-OPHEHTUPOBAHHBIX METOI0B,;

IIK-3 CnocobeH mNpoBOIUTh MaTeMaTHYEeCKOE€ MOJEIMPOBAHUE IPOLECCOB, 000PYIOBaHHUSA,
CpPEICTB U CHUCTEM aBTOMATH3allM¥, KOHTPOJsS, JUATHOCTHKH, WCHBITAHUN W yIOpaBICHHUS C
HCIOJIb30BAHMEM COBPEMEHHBIX TEXHOJOTHIN HAayYHBIX MCCIEIOBAHMIA, pa3padaThiBaTh allrfOPUTMHUECKOE
U TIPOTrpaMMHO€ 00ecTIedeHre CPeACTB U CUCTEM aBTOMATU3aIMK U YIPaBICHUS

[Ipu BBIMOJIHEHUH BBITYCKHOW KBaTH(PUKAITMOHHOMN pabOThl 00ydaromuecs JOKHBI 1OKA3amy,
OTIHMPAsCh HA MOJTYYECHHbIC 3HAHUS, YMEHHSI U TIOJTYYCHHbIC HABBIKH:

copMHUpoBaHHBIE OOIIEKYIBTYpHBIE, 00LIENTPO(ecCHOHANbHBIE U TPO(pEeCCHOHATbHBIE KOMIIE-
TEHIUH;

CIOCOOHOCTh CAaMOCTOSATENBHO PEIIATh HA COBPEMEHHOM YPOBHE 3a/1a4i CBOEH MpodeccuoHab-
HOM JIesITebHOCTH;



HABBIKH TIOCTAHOBKH MCCIIEIOBATEIBCKON MPOOIEMBI, €€ CAaMOCTOSITEIBHOTO O0CYKICHHS, aHa-
JIM3a BO3MOKHBIX BAPUAHTOB €€ PELICHMUS;

CIOCOOHOCTh TPAMOTHO M3JIaraTh ClIEMUATBHYI0 HHPOPMALUIO, HAyYHO apryMEeHTHPOBATh U 3a-
LIUIIATh CBOIO TOUKY 3PEHUS;

YMEHHUE CaMOCTOSITEIBHOTO KBATU(UIIMPOBAHHOTO OUOIMOTpaguIecKoro moucKa, U3y4eHus u
aHaJIM3a HAy4YHOU JINTEpATypHl 110 TEME;

HABBIKH MCIIOJIB30BAHUS METOI0JIOTUYECKHX, UCTOPUKO-(PHIOCOPCKIX U KOHKPETHBIX 3HAHHH,
MIOJIyYEHHBIX B IIpoliecce 00y4eHus, Ul PEIICHUs IOCTaBICHHON B paboTe Ipo0IeMsl;

yMEHHUE HaluCaHusI MPO(HEeCCHOHAIBFHO TPaMOTHOTO TEKCTa M 0(OPMIICHUS €T0 B COOTBETCTBUU
¢ TpeOOBaHUAMU, MPEIBIBIIEMBIMUA K HAYYHBIM ITyOJIUKALIHSM;

HCII0JIb30BaHUE B pabOTE COBPEMEHHBIX TEXHOJIOTUH.

Obwue mpebosanusi K 8bINYCKHOU K8ATUDUKAYUOHHOU pabome

Brinycknast kBanudukaionHas padoTa 10JDKHA OTBEYATh CIIEAYIOIIUM TPEeOOBaHUSAM:

- OBITh aKTyaJIbHOM (MMETh TEOpPETUYECKOE 0OOCHOBAHUE aKTYaJIbHOCTH M3y4aeMoil poOsieMbl
B COBPEMEHHBIX YCIOBHIX X0O3SIIICTBEHHOHN AESITEIbHOCTH);

- IPEICTaBIATh CaMOCTOATENBHOE HCCIEI0BaHKUE, JEMOHCTPUPYIOIIEE CIIOCOOHOCTh BBIITYCK-
HUKa pelaTth npodeccuoHaibHble MpoOIeMBbl, AeJaTh HA OCHOBE aHAIM3a Hay4HBIX JaHHBIX, JINTEpa-
TYpbl COOTBETCTBYIOIINE BHIBOJIbI U BHOCUTb MPEIOKEHHUS;

- OTpa)kaTh JOOPOCOBECTHOCTD CTYJEHTA B UCIIOJIb30BAaHUM OTTYOJMKOBAHHBIX MAaTEPHUAJIOB JIpY-
I'UX aBTOPOB.

O61ue TpeboBaHUs K BBITYCKHOM KBaTU(UKalMOHHON padoTe:

— 11eJIeBasi HalPaBJIEHHOCTh;

— YETKOCTb IIOCTPOCHUS;

— JIOTUYECKas MOCIEeI0BATENbHOCTD U3JI0KEHUS MaTeprana;

— IIIyOMHA MCCIIEeJOBAHUS M IOJTHOTA OCBELICHUS BOIIPOCOB;

— yOeIUTEIbHOCTh APTYMEHTALIUH;

— JI0Ka3aTeJIbHOCTh BBIBOJIOB M 0OOCHOBAHHOCTh PEKOMEH IALIHA;

— rpaMOTHOE 0(OPMIICHHE.

Texct BbIMyCKHOM KBaTM(PUKALMOHHON pabOThl JOIKEH IEMOHCTPUPOBATH:

— 3HAKOMCTBO aBTOpA C JINTEPaTypoil BOIIpoca;

— YMEHHME BbIICIUTh NPOOJIEMY U ONIPEEIUTh METO/Ibl €€ PeLeHMS;

— YMEHHE MOCIEe0BATENbHO U3JI0KUTh CYIIECTBO PACCMATPUBAEMBIX BOIIPOCOB, IPAMOTHO 1H-

TUPOBATh BEIYIIHUX HCCIEeI0BaTEIeH, Ae1aTh CChbUIKA Ha UCIOJIb30BAaHHbBIE HCTOYHUKH;
— yMeHue cobuparts, 000011aTh, aHATM3UPOBATh HOPMATHBHBIE JOKYMEHTHI, IPAaKTHUECKHE MaTe-
pHaIbl, OJYYEHHBIE B pe3yJbTaTe COOCTBEHHOI'O UCCIIEI0BAHUS B OpraHU3aLlUy;

— JOCTOBEPHOCTH M KOHKPETHOCTH M3JI0KEHHS (PAaKTUUECKUX U HKCIIEPUMEHTAIbHBIX JaHHBIX O
paboTe opraHuzaiuy;

— 000CHOBaHME BBHIBOJIOB U MPEAJIOKEHHUH MO pe3yabTaTaM MCCIEAOBaHUS, UX KOHKPETHBIN Xa-
pakTep, MPaKTUUYECKYIO IEHHOCTD IS PEIICHUs UCCIEAYEMBIX MPoOIeM;

— BJIaJICHUE COOTBETCTBYIOLIUM MOHATUHHBIM U TEPMUHOJIIOTUYECKUM alapaToM;

— YeTKOCTb U JIOTHYHOCTH M3JI0KEHHS MBICIIEH, TOKa3aTENbHOCTh 11e1ec000pa3sHOCTH U A dek-
TUBHOCTH MpeJIaraéMbIX PelIeHU;

— MPUEMIIEMbIH YPOBEHbB SI3bIKOBOW TPaMOTHOCTH, BKJIOYAs BlajieHue GyHKIIMOHATHHBIM CTH-
JIEM Hay4YHOTO M3JI0KEHHUSL.

Buibop, coenacosanue u ymsepocoenue memwl 6blNYCKHOU KEATUDUKAYUOHHOU padombl

Br160p Tembl KBaTU(PUKAIIMOHHON pabOThI OCYILECTBIISIETCS 00YYAIOIIMMCS IO COTJIACOBAHUIO C
Hay4YHBIM PYKOBOJMTENEM, Ha3HAUEHHBIM M3 YHCIla IPO(EeccOPCKO-MPerno1aBaTeIbCKOro cocTaBa Ka-
¢denpst AKT. ITpu BeiOope Tembl BKP HeoOxoa1Mo UCXOAUTh U3:
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aKTyaJIbHOCTH NIPOOJIEMBI M 3HAYMMOCTH €€ JUISI HAYYHOH M MPAKTUYECKON e TeNbHOCTH;

MoTpeOHOCTEH pa3BUTHS U COBEPILICHCTBOBAHMS JEATEIbHOCTH KOHKPETHON OpraHU3aliu;

HMHTEPECOB, CKIIOHHOCTEN B HAy4YHO-UCCIIE0BATEIbCKOM paboTe 00ydaromerocs, a Takxe mnep-
CIIEKTUB €ro Oynyiei nmpodeccuoHalbHON AeATEIbHOCTH;

HAyYHOU CIIeIUAIM3AINH BEITYCKAOIIEH Kadeaphl U ee MPEenoaBaTeliei;

BO3MOYHOCTH MOJy4€HHUs MH(OPMALMU JJIs IPOBEACHUS aHaIU3a U 0OOCHOBaHUS Mpejyiarae-
MBIX PELICHUM.

[IpumMepHBIil IepeYeHb TEM BBIITYCKHBIX KBATU(PHUKAIMOHHBIX paboT pa3padaThIBaeTCs BHIYC-
Karomiei kadeapoit u JOBOAUTCS 10 CBEACHHS CTyAEHTOB. CTYyJEHT MOXKET MPEIJIOKHUTH CBOIO TEMY,
000CHOBAB TIeJIECO00Pa3HOCTH e¢ pa3padboTku. Tema BKP MoXeT sIBISIThCS MPOIOJDKESHUEM TEM, PaHEe
MPEJCTABICHHBIX CTYIGHTOM B PaMKaX KypCOBBIX paboT (IIPOEKTOB).

g ycnewmnoro BoimoaHeHUs: BKP HeoOxoaumo yxe Ha mepBoM 3Tame (BbIOOP TEMbI) YETKO
chopMyIUPOBATh 11EJIh Pa0OTHI (OTPAKAIOIIYIOCS B €€ Ha3BAHUM) U 3a]a4H.

[Tocne BbIOOpA TEMBI, COTTIACOBAHMS €€ C HAyYHBIM PYKOBOJIUTENIEM, CTYJIEHT OJaeT 3asiBICHHE
Ha UMl 3aBeJyrolero kadeapoit 00 yrBep:KI€HUH TEMbI BBIITYCKHOM KBaIH(PUKAIIMOHHOM paboThI (ITpU-
Jo)keHue A).

3akpernsieHue TeM BbIITYCKHbIX KBaJTU(UKAMOHHBIX padoT 3a CTyieHTaMu 0QopMIIIeTCs IpHUKa-
30M 1o yHuBepcurery. Cieayer UMeTh B BUIY, UTO TeMa, YTBep:KIeHHasl IPHUKAa30M peKTopa yHM-
BepCUTETA, H3MEHEHHUI0 He MOJIesKUT. VICKITtoueHre MOTYT COCTaBUTh JIMIIb CIIydal BOSHUKHOBEHHUS
00BEKTUBHBIX HEMPEOIOIMMBIX MIPEMSITCTBUMN K ee pa3paboTke. M3MeHeHne oopmiiseTcss mpuKa3oM 1o
YHUBEPCUTETY HAa OCHOBAHUH MHCbMEHHOTO 3asIBIICHUS CTY/AECHTA U MPEACTaBIECHUS 3aBEIYIOLIEr0 Ka-
benpoii.

Cmpyxkmypa u cooepacanue 8blnyCKHOU K8ANUDUKAYUOHHOL pabombl

CTpyKTYpHBIE 3JIEMEHTHI BBIITYCKHOW KBAJTM(UKAIIMOHHONW PabOTHI MEPEUYHCICHBI HIDKE B TIO-
PS/IKE UX PACIIONIOKEHUS U OPOLTIOPOBKH.
1. TutyneHBIN TUCT (IpUIIOXKeHUE B).
2. ConpoBOIUTEIBHBIC TIOKYMEHTHI K BBIMTYCKHOW KBaTH(UKAITMOHHONW padoTe:
- 3a1aHue Ha BBHITIOJHEHUE BBITYCKHOM KBATM(UKAIIMOHHOHN paboThI (puiioxeHue B).
- OT3BIB Hay4yHOTO pyKOBOUTENS (pritoxenue ).
- Peniens3ust pykoBoIuTENS CIIEMUAIBHOTO pa3Jielia BHITYCKHOW KBAJM(pUKAIIMOHHON paboThI
(mputoxenue J1).
- Eciiu pe3ynbTathl ncciieIoBaHMsI HAIUTH IPAKTUYECKOE MPUMEHEHHE, TO MPHIIAraeTcs J0KY-
MEHT, TIOATBEPKIAFOIINI BHEAPEHHE PE3yIbTaTOB HCCIICOBAHNUS B IPAKTUYCCKYIO JCITEIBHOCTD (TIpH-
noxxenue XK).
- CripaBka Ha aHTHILIaruaT (npuioxenue 1N).

3. Conepxanue nosicautenbHoOM 3anucku BKP (mpunoxenue K):
- BBenenue
- OCHOBHAsI 4acTh pabOThI
- 3aKJIIOYCHHE
- CIIMCOK UCTOJIh30BAHHBIX HCTOYHUKOB (Tipuiiokenue JI).
- IPUJIOKEHUS
- rpaduueckuil MaTepuan
TumynvHwlti 1ucm NOJDKEH COJIEPKaTh BCe HEOOXOAMMBbIE UACHTU(UKAIIMOHHBIE TIPU3HAKH, Ta-
KM€ KaK, Ha3BaHUE pabOThl, yKazaHUE aBTOpa PadOThI, PyKOBOIUTEIIS.
Ha tutynsHOM JHICTE IOMUCKHIO PYKOBOUTENS U TIOAMKCHIO 3aBeayIolIero kadeapoil moarsep-
KIaeTCs JOMYCK BBIMTYCKHOM KBaTU(UKAIMOHHON pabOTHI K 3aIIuTe.
O6pazerr opopMIICHHS TUTYIHHOTO JTUCTA IPUBEICH B MPUIIOKEHUH A.
TUTYNbHBIN TUCT YIUTHIBAETCS B 00IIEH HyMepalluy CTPAHHUI] BBITYCKHOM KBaTM(DUKAIIMOHHOM
paboThI, MOPSAIKOBBIM HOMEP HA TUTYILHOM JINCTE HE CTABUTCS.
ConposooumenvHbimu OOKyMeHmamy K BBITYCKHOM KBATH(PUKAITMOHHON paboTe SIBISIOTCS:



1. 3aganue Ha BBHINIOJHEHNE BHITYCKHOM KBaTU(UKAIMOHHOM paboThl (mpuinokenue B);

2. OT3BIB Hay4HOTO pyKoBoauTeNA (Ipritoxkenue I);

3. Peniensus pykoBouTens cnenuaibHoro pasnena BKP (mpunoxenue [1);

4. JIOKyMEHT, IOATBEPK AN BHEIPEHUE PE3YIBTATOB UCCIEI0BAHUS B IPAKTUYECKYIO J€s-
TeNbHOCTH (npunoxenue XK);

5. CnpaBka Ha anTuIiaruar (npusioxenue 1).

OTU TOKYMEHTHI OAIIMBAIOTCA CJIEJIOM 32 TUTYJIbHBIM JIMCTOM pabOThl, HO B 001IEH HyMepaluu
CTpaHMII BBIITYCKHOHM KBAIM()UKAITMOHHOW PaOOTHI OHM HE YYUTHIBAIOTCS U MOPSIKOBBIE HOMEpa Ha HUX
HE CTaBSITCSL.

Lenb cocraBiieHUs: 3a0anusi Ha 8bINOIHEHUE GbINYCKHOU K8ANMUDUKAYUOHHOU padombl — ySCHE-
HUE 3aMbICiia paObOTHl M MOCTABJICHHBIX B HEH OCHOBHBIX mpobiiem. Odopmienue 3ananust Ha paboTy
IIPEIIoJIaraeT COCTaBJIE€HHE MOl KOHTPOJIEM HAyYHOTO PYKOBOAUTEN I1aHa Oyayiiel padotsl. [Tpumep
COCTaBJICHUS 331aHUS Ha BBITYCKHYIO KBATM(PUKAIIMOHHYIO pabOTy pUBENIEH B NPUIOKeHNH B.

Hanuumne codeporcanusa (mmana paboThl) IO3BOJISIET YUTH OT OCBEIIEHHS BOIIPOCOB, HE OTHOCS-
LIUXCS K TeME paboThl, 00€CIIEUNUTh YETKOCTh U TIOCIIEI0BATENbHOCTh U3JI0KEHUSI MaTepuaa, n30exarh
po0esIoB U MOBTOPEHUH, pallMOHAIBLHO OPraHU30BaTh CAMOCTOATEIBHBIN TPY/l, COKOHOMUTH BPEMSI.

Conepsxanrie pabOThI MOMENIAIOT TOCJE CIPAaBKU O BHeApeHuu (eciu oHa ecth). CrnoBo «CO-
JEPXXAHWE» 3anuceiBatoT B BHJIE 3ar0JI0BKa CHMMETPUYHO TEKCTY MPONUCHBIMEU OykBamu. B cozaep-
XKaHUM paboThl YKa3bIBaeTCs MepeueHb BCeX TJIaB U maparpadoB BBIMTYCKHOM KBanu(UKaMOHHON pa-
00THI, a TaK)Ke HOMEpa CTPaHUL, C KOTOPHIX HAUMHAETCS KaXK/IbIi U3 HUX (TOYHO MO TeKcTy). ['naBbl B
BBIITYCKHOM KBaJIM(PUKAIIMOHHOMN paboTe TOJIKHBI UIMETh B Ipesieiax Bceil paboThl MOPSAKOBbIE HOMEPA,
o0o3HavyeHHbIe apabckumu nudpamu. [laparpads! kax 0¥ riaBel JOKHBI HMETh HyMEPALUIO B IIpeie-
nax kaxjaou riasel. Homep naparpada coctouT n3 Homepa riaBbl U HEMOCPEICTBEHHO HOMeEpa mapa-
rpada B JaHHOH IJ1aBe, OTJICJIEHHOIO OT HOMEpa IJ1aBbl TOUKOM. 3aroI0BKU COAEPIKaHUS JOJKHBI TOYHO
MIOBTOPATH 3aroj0BKU B TekcTe. COKpalaTh UK JaBaTh UX B APYrodl (popMyarpoBKe, IOCIEN0BATEIb-
HOCTHU U CONOAYMHEHHOCTH 110 CPAaBHEHHMIO C 3ar0JIOBKAMH B TEKCTE HENb35.

IIpu 3TOM Hai0 MMETH B BUY, YTO HAa3BaHUs IJ1aB U naparpadoB He TOJDKHBI TyOIupOBaTh Ipyr
Jpyra, a Tak’ke HaMMEHOBaHKe TeMbl paboThl. Kajknas riaBa JOJDKHA pacKphIBaTh 4aCTh TEMbI, KaX AbIil
naparpad riaaBbl — 4aCTh COAEPKAHUS IJIaBbI.

BBenenue, 3akiroueHue, CIUCOK MCIOJIb30BaHHBIX MCTOYHMKOB BKIIIOYAIOT B COJEp:KAHUE, HO
HE HyMEpYIOT.

[Tpumep odopmieHus coaepkaHusl BbITYCKHON KBaTU(PHUKALIMOHHON pabOThl IPUBE/IEH B IIPU-
noxenuu K.

CrpaHulpl coaepKaHusl yIUTHIBAIOTCA B OOLIEH HymMepaluy CTpaHMIl BBIITYCKHOM KBanuQuKa-
LIUOHHOW pabOThl, HOPSAKOBBI HOMEP Ha CTPAHULIE HE CTABUTCSI.

BrinosiHeHue BeIMYCKHOM KBATH(PHUKAITMOHHON pabOThl PEKOMEH/IYeTCS HAYMHATh C HAaITUCaHUs
«BBEJIEHU». EcrecTBeHHO, B mpoliecce HCClEIOBaHMsS MEPBUYHBIN TEKCT BBEACHUS OymeT Me-
HATBHCS, HHOT/Ia OYEeHb CcylecTBeHHO. Ho 3TO He oTpuIiiaeT He0OX0IMMOCTH Ha HaYaJlbHOM dTarle nocra-
BHTB Mepe]l cOO0H 3a/1auu UCCIICIOBAHUS, OTPa)KaeMble BO BBEICHHUH.

Beseoenue — obs3aTeNnbHBIN pa3jien 0akalaBpCKo padOThl, KOTOPHIN JOJDKEH COJIEPIKATh:
- 000CHOBaHUE aKTYaJIbHOCTU ¥ HOBU3HBI BHIOPAHHOW TEMBI,

- popMynMpOBaHKUE OCHOBHOM 11e7H paObOThI U Kpyra 3aay JAJsl OCYIIECTBICHHSI 3TOH LeNH;
- CTeTeHb U3y4YEHHOCTH MPOOIIEMBI;

- BO3MOHOCTb BHEJIPEHHUS TEMBI B IIPOU3BOCTBO.

Bo BBenenuu cienyer KOpOoTko chOpMyIUpOBaTh aKTYAIbHOCTh TEMBI UCCIEIOBAHMUS, T.€. TIPU-
YUHY BO3HHUKHOBEHHS IIPOOJIEMBI U €€ CyTh. AKTYaJIbHOCTb OIpeesieTcsl Kak 3HaYMMOCThb, BAXKHOCTh
Y IPUOPUTETHOCTH BHIOPAHHOM TEMBI HCCIEIOBaHUS cpefu Apyrux TeM. OHa JOKHA MOATBEPKIAThCS
MOJIOKEHUAMHU U JOBOJAMU, CBUAECTENBCTBYIOIIMMHU B I0JIb3y HAYYHOW M NPAKTUUYECKOW 3HAYMMOCTH
pelieHus mpooiieM B BOIIPOCOB, UCCleAyeMbIX B paboTe. Heo0xoaumo 00bsICHUTH, TOYEMY HMEHHO BbI-
OpaHHas TeMa MpeACTaBIsIeT UHTEPEC HAa COBPEMEHHOM JTare pa3BuTHsa. OO0CHOBaHHE aKTyalbHOCTH
TEMBI Pa0OTHI HE IOJDKHO OBITH MHOTOCIIOBHBIM. [ TaBHOE — MOKa3aTh, Kak aBTOP OIICHUBAET CBOEBpE-
MEHHOCTb U COLIMATILHYIO0 3HAYUMOCTh BHIOPAHHOM TEMBI.



OT nokaszaTenbCTBa aKTYyaIbHOCTH CIEAyeT MEperTH K (HOPMYIHUPOBKE LETH HCCIEIOBAHUS.
Lenp uccnenoBaHust — 3TO 00pa3 KeIaeMoro pe3ysabTara, To, YT0 HaMEpPEeH AOCTUYb aBTOP PaOOTHI.

[enb BBITYCKHOM KBATM(UKAITMOHHON pabOTHI I0JKHA COOTBETCTBOBATH Ha3BaHUIO TeMbI. Llenb
paboThl hopmynupyeTcst KpaTko U TouHO. KoHKpeTu3amus ey oCyIecTBIsSETCS B 3aqauax UCCIe/0-
BaHMS.

DopMyTUPOBKH 33/1a4 HEOOXOIMMO JIeIaTh OUYEHb TIIATEIHBHO, TaK KaK ONMHCAHUE UX PEIICHUS
JIOJDKHO COCTAaBHUTH COJIEPYKAHME IMOCIEAYIOMUX I1aB (maparpadoB) BBITYCKHOW KBaJTU(UKAITHOHHON
paboTHI.

OOBeKT Hccae10BaHus — 3TO MPOLIECC UM SBJICHHUE, TOPOXKAAIOLIEE TPOOJIEMHYIO CUTYAIUIO U
n30paHHOE /s CCIieIoBaHMs. Brienenne 00beKTa MPOUCXOAUT Ha OCHOBE aHAIN3a IPOOIIEMBI UCCIIe-
JIOBaHUSL.

[Ipenmer nccnemoBaHus — 3TO Ta YacTh 00BEKTa, KOTOpas U Oyaer uccienosana. [Ipenmer nom-
KEH XapaKTepPH30BaTh TEMY BBIITYCKHON KBaIH(DUKAIMOHHONW paObOTHl M BKIIOYATh B ce€0s CBOWCTBA U
CTOPOHBI 00BEKTA, KOTOPBIE CIEIYET PACCMOTPETh B 3asBJICHHON TeMe, YCTAHOBUB IPEJIENIbI PACCMOT-
peHus JaHHoTo Bompoca. OOBEKT U MpeAMET MCCIEOBAHUS COOTHOCSITCS KaK 00IIee 1 4acTh 00IIero.

Jlanee maeTcs XapaKTepHCTUKAa METOJIOB MCCIeNOBaHUsA. MeTObl MCCIEAOBAaHMS — OCHOBHBIC
MIPUEMBI U CIIOCOOBI, KOTOPBIE HCIIOJIB30BAMCH TIPH TIPOBEICHUH UCCIICAOBAHUS (IHATCKTHUECKII Me-
TOJI, AICTOPHUYECKUI METO/I, CTATUCTUIECKUH 1 1p.). B mpomecce 00paboTKH MOTy4eHHBIX TaHHBIX IpaK-
TUYECKH BCET/Ia UCTIONB3YIOTCS TaKHe B3aMMOCBSI3aHHBIC HAYYHBIE METOIBI MCCIIEIOBAHMUS, KaK aHAIIN3
Y CHHTE3. AHAIIN3 — JIOTHYECKHIA TTPUEM pa3JIeNICHHs 1IeJIOTO Ha OT/IEIbHBIC JIEMEHTHI U H3YYeHUE KaK-
JIOTO B OT/ICITBHOCTH M BO B3aUMOCBSI3H C 1ebIM. CHHTE3 — 00beAMHEHUE Pe3yabTaToOB It (GopMHUpO-
BaHUs (ITPOEKTUPOBAHNS) IIEJIOTO.

[Tocne Toro, kak chopMyIHpPOBAHBI 11EJTb, 33/1a49H, OOBEKT W MPEIMET, METOIBI HCCIICIOBAHNS,
clenyeT ykazatb HH(OPMAIIMOHHYIO 0a3y M CTPYKTYPY BBITTYCKHON PaOOTHI:

«MurdpopmarmonHas 6a3a BRITYCKHON KBATM(PUKAIMOHHON PabOThI BKIIOYACT: TPYIbl BETYITUX
OTEYECTBEHHBIX M 3aPYOCIKHBIX aBTOPOB, TIOCBAIIEHHBIX pa3padaThiBaeMbIM MPOOJIEMaM, CTaThH, OIy0-
JIMKOBaHHBIEC B IEPUOAMUYECKUX U3/IaHUSAX, a Takke IHTepHET-pecypchl, CTaTUCTUUECKHE MaTepUabl.

Brinycknast kBanudukamoHHas paboTa cOCTOUT U3 BBEACHHUS, MATH TJIaB OCHOBHOI'O TEKCTa,
3aKJIIOUEHUS], CIIUCKA HCTIOIb30BaHHBIX HCTOYHUKOB, TPUIIOKEHUH, YepTeKeH.

BBenenue He 10DKHO MPEBBIIIATH IBYX CTPAHUI] KOMIIBIOTEPHOTO Habopa.

CrpaHuilbl BBEJICHUS! YYUTHIBAIOTCS B OOIIeH HyMepaluu CTpaHull paboThl, HOMEp CTPaHHULIBI
MPOCTaBIISETCS.

OcHo8Has yacmov NOACHUMENbHOU 3aNUCKU 8bINYCKHOU K8ATUDUKAYUOHHOU padOombl

JInst 000CHOBAHUS aKTYaJIbHOCTH M30pPaHHON TEMbI B TIEPBOM IUIaBE JUCCEPTALUHU IPOBOIUTCS
0030p JUTEpaTypHBIX HCTOYHUKOB I10 3asiBJICHHOU mpobiieme. B 0630pe iuTepaTypsl HEOOXOIUMO CH-
CTEMaTU3UPOBATh UCTOYHUKH IO OTICILHBIM BOTIPOCAM H3y4aeMOi po0IeMbl, 1aTh OIIEHKY TPOBEICH-
HBIM paHee HMCCIICJ0BaHUAM, BBIACIUTh HanOoJIee CYIECTBEHHBIC M3 HHX, BBIIOJIHUTH KPUTHUYCCKUI
aHaJIM3.

CozeprkaHue T1aB JOJDKHO TOYHO COOTBETCTBOBATH TEME pabOThI U MOJHOCTHIO €€ PACKPHIBATH.
B HE0OX0IMMBIX CITydasix JatOTCsl MOJICTPAHUYHBIE CCBUIKH CO CKBO3HOW HyMepaIien.

Ha ocHoBanum 0030pa JMTEPaTYphl JODKHO OBITH TOKAa3aHO, YTO CYIIECTBYOIIEE HAYIHOE 3HA-
HHE B JAHHBI MOMEHT BPEMEHH SIBIISIETCS HEIOCTATOYHBIM JUTS PELICHUS 3a/1a4H, IOCTAaBJICHHOH B pa-
00Te, ¥ IOTOMY €€ TeMa SIBIISIETCS aKTyaIbHOI.

[Tocne u3MoXeHUsT CyTH 3asBICHHOM TPOOJIEMBI, T0Ka3aTeNIbCTBa TOTO, YTO Ta €€ 4acTh, KOTO-
past SBIISIETCS TEMOH JCCepTaLUy, elI€ He TTOJTydniIa CBOEro Pa3BUTH B HAYKe, U3JIaraeTcs yeb uccie-
008aHus M 3a0a4u, KOTOpPble HEOOXOAMMO PEIIUTH I €€ TOCTHKEHHUS.

Jlanee yKasbIBAIOTCSA 00beKm UCCIe008aHus, a B €T0 PaMKaX BBIIEISIETCS npeomem Ucciedos8a-
HUsl, KOTOPBIN | SIBJISETCS TEMOW JUCCEPTALIUH.

3aTeM U3J1aratoTcsl METOIbI UCCIIEIOBAHUS, SBIISIONIMECS HHCTPYMEHTaMU JUTSL JOCTHKESHUS 110 -
CTaBJICHHOH B JCCEPTALIUU LIEIIH.



B 0cHOBHO# 4yacTu U31ararTcs METOAUKA UCCIIEJOBAHUS U €T0 PE3yJIbTaThl.

CopepxaHue ri1aB OCHOBHOM 4acTU JOJDKHO MOJHOCTBIO PaCKpbIBATh TEMY AUCCEPTALMH, U3JI0-
KEHHE TeKCTa JIOJDKHO OBITh CXKAThIM U JJAKOHUYHBIM. Bce pUCYHKH TOJKHBI OBITH BBITIOJTHEHBI HA KOM-
IIBIOTEPE.

PekomeHanuy, npeasaraeéMble Kak pe3ysbTaT MPOBEACHHBIX HCCIIEIO0BAaHUM, JOJIKHBI OBITH
o0ocHOBaHbI. Bce TexHHUYECKHEe M TEXHOJOTHYECKHE PEUICHHS, pacCMaTpUBacMble B JIHCCEPTALNH,
JOJDKHBI OTBEYATh TPeOOBaHUAM 0€301acHON paboThl 000PYIOBaHUSI.

BbIBOIBI 110 TTIaBaM JIOJDKHBI TPECTABIATh COO0HM KpaTKoe M3JI0kKeHne B popMe onpeaeaeHun
pe3yJIbTaTOB HCCIIEA0BAHUS.

Tekct pa®OTHI M3MaraeTcsi CaMOCTOSTENILHO (HE JIOIYCKAETCsl JOCIOBHOE MEPENUCHIBAHHUE HC-
MOJIB30BAHHON JTUTEPATYPHI), MOCIETOBATEIBHO, PAMOTHO M aKKypaTHO, IIPH HAIMCAaHUX pabOTHl HE0O-
XOJUMO YIOTpeOsIATh Npo(deccuoHaNbHble TEPMUHBI, U30€TraTh CIOKHBIX TPaMMaTHUECKUX 000POTOB.
CryneHT 10JKeH NoKa3aTh He TOJIBKO 3HaHUE MaTepuaa, HO U yMeHHUe pa30uparbcsi B HEM, TBOPUYECKH
HCI0JIb30BAaTh OCHOBHBIE MOJIOKEHHSI HICTOUHUKOB. Marepuai, UCIOIb3yeMbIH U3 APYTMX UCTOYHUKOB,
JOJIKEeH OBbITh MepepaboTaH, OpraHMYECKU YBsI3aH C U30pPAHHOM CTYJEHTOM TEMOW U M3JI0KEH CBOMMHU
CIIOBAMU C MPUBEJCHUEM CChUIOK HAa UCTOYHUKHU UH(MOPMAILHH.

CopepxaHue  BBIIYCKHOM  KBaJIM(pUKAIMOHHONM  pabOTBl  JOJKHO  J€MOHCTPHPOBATh:

3HAKOMCTBO aBTOpa ¢ y4eOHOM M Hay4yHOU JTUTEpaTypO MO TeME BBITYCKHOW KBaJIM(UKAIIMOH-
HO paboTHI;

yMeHHe 0000111aTh MaTepuall JIUTEPaTypHbIX UCTOYHUKOB, BBIIECTUTH MIPOOJIEMY U ONIPEAETUTh
MIyTU €€ PelIeHHUs, OCIeA0BATEIbHO U3JIOKUTh CYLIECTBO pacCMaTPUBAEMbIX BOIIPOCOB, JIENATh CaMO -
CTOSITETIbHBIE BBIBO/IBI;

BJIaJICHUE OHSITUMHBIM U TEPMUHOJIOTUYECKUM amapaToM.

B Tekcre BhIMYCKHOM KBaTM(PHUKAIMOHHON pabOTHI cieayeT U30eraTh UCHOIb30BAaHUS JINYHBIX
MECTOMMEHHUI, 3aMeHsIsl NX 0e3TMYHBIMU (hOpMaMU (BMECTO «S CUUTAIO» - «aBTOP CUUTAET», «MbI MOJa-
raem»).

PexoMenayercs ucnoabp30BaHUE BBOJAHBIX U COETUHUTENBHBIX CIIOB — MAaKUM 00pa3zom, u3z 3moz2o
cnedyem, 6 c6a3U u m.o0. — 75l NOTYEPKUBAHUS IPUUUHHO-CIICJICTBEHHBIX CBA3EH U BHIPAKEHUS IMYHOTO
OTHOILIEHHUS K U3J1araéMoOMy MaTepHaiy.

Bce cTpanuiiel OCHOBHOM YacTH BBIMYCKHOUM KBaM(UKAIIMOHHON PabOThI y4acCTBYIOT B OOIICH
HyMEpPALHU CTPAHUI], HOMEpa CTPAHUIL IPOCTABJISIOTCS.

«3AKJIFOYEHUE) BbINOMHSAET pOJIb KOHIIOBKH, O0YCIOBICHHOM JIOTUKOW MPOBEACHHOTO HC-
cienoBaHusi. OHO CONEPKUT U3JI0KEHHE MOJIYYEHHBIX UTOTOB MU MX COOTHOIICHHE C OOUIEH 1eTbIo U
KOHKPETHBIMHU 3aJla4aMHU, MMOCTABIECHHBIMU U CHOPMYIUPOBAHHBIMU BO BBeJIEeHUU. VIMEHHO 371eCh CO-
JEPIKUTCS «BBIBOJHOE» 3HAHUE, TIOJYYEHHOE B pE3yJIbTaTe UCCIIEIOBAaHU. B 3aKI0UeHUN yKa3bIBaeTCs
BBITEKAIOIasl M3 KOHEYHBIX PEe3yJbTaTOB TEOPETUYECKAass M IPAKTUYECKAs LIEHHOCTb, 3HAUYUMOCTD.
3aKIIIOYUTENbHAS YacTh MpernoaraeT 0000MIEHHYI0 HTOTOBYIO OIIEHKY MPOJICTaHHON pabOTHI.

B «BAKJIFOYEHNN» HaxoasT oTpaxke€HHE OCHOBHBIE MOJIOKEHHUS M BBIBOJIbI, COJCPIKAIIUECS
BO BCEX T'JIaBax pabOTHI.

O0beM 3aKIToUeHUS — 2-3 CTPAHMIIBI.

Hymepamus ctpanuil, Ha KOTOPBIX MPUBOJUTCS TEKCT 3aKJIIOUEHUS, JOJDKHA MPOJIOJIKATh 00-
LIY}0 HYMEpALUIO CTPAHUL] OCHOBHOTO TEKCTA.

Cnucox ucnonb308anHbIX UCMOYHUKOG SIBIISIETCS] COCTABHOM 4acThIO paOOThI M OTPAXKAeT CTENEHb
M3YYEHHOCTH paccMaTpuBaeMoil mpooiemsl. [Ipu 3TOM B CIIUCOK MCHOJIB30BAHHBIX HCTOUHUKOB BKITIO-
YalTCs, KaK MPaBUJIO, T€ UCTOYHHMKH, HA KOTOpbIe B paboTe UMEIOTCs OMOIMorpaguueckie CChUIKH.
Vcnonbp30BaHHbBIE UICTOUHUKH JI0JKHBI CO/IEPKATh UX MOJTHOE OMMCAHUE 110 TPeOOBaHUAM CTaHAAPTOB.

ITopsinok odopmieHHs cucKa UCTIOJIb30BaHHBIX UCTOYHMKOB MPEICTAaBIEH B MpUiIokeHuu JI.

Hymepanus cTpaHul, Ha KOTOPBIX IPUBOJUTCS TEKCT CIMCKA MCIOJb30BAHHBIX NCTOYHHUKOB,
JI0JKHA TPOJIOIDKATE OOIIYI0 HyMEpalUIo CTPaHHUIl OCHOBHOTO TEKCTa.

B npunooswcenus cnegyer BBIHOCUTH BCIIOMOTATENbHBIN MaTeprall, KOTOPbIM MPU BKIOYEHUH B
OCHOBHYIO 4acTh pabOThI 3arpOMOXK/IAET TEKCT.

K BcriomorarenbHOMY MaTepuany OTHOCATCS TaOMUIbl HU(GPOBBIX JAHHBIX, HHCTPYKIMH, METO-
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JIMKH, WJUTFOCTPALIMU BCIIOMOTaTeIbHOTO XapaKTepa, 3aroJIHEHHbIE (JOPMBI IOKYMEHTOB, BBIIEPKKHU U3
JIOKaJIbHBIX HOPMATUBHBIX aKTOB U JIp.

Hymepanus crpanuil, Ha KOTOPBIX JAal0TCs TPUI0KEHUs, TOJDKHA TPOI0JKATh OOIIYI0 HyMepa-
IIUI0 CTPAHMI] OCHOBHOTO TEKCTa.

I'paguueckuti mamepuan HOJKEH ObITH MPEICTABICH YEPTEKaMH B COOTBETCTBUU C TEMOU BBI-
MYCKHOM KBaATM(PHUKAITMOHHOH paboThl OakanaBpa. CocTaB rpagueckoro MaTepuaia onpenesieTcs 3a-
JTAHWEM Ha BBITIOJIHEHHUE BBITYCKHOW KBaMH(PUKAMOHHOW paboThl. YepTeku BBITOIHAIOTCS HA JIMCTaxX
Oymaru ¢opmaTta Al B COOTBETCTBUU € TPeOOBaHUAMH EIMHON CHCTEMBI KOHCTPYKTOPCKON JOKYMEH-
taumu (ECK/).

OOBeM BBITYCKHOW KBaTU(UKAIIMOHHOHN paboThI 10JbKeH cocTaBisATh — 70 - 80 cTpaHuil KoMITb-
I0TepHOTO Habopa (0e3 MPHUIIOKEHUT ).

[Tpu BBITTOJTHEHUH BBITYCKHOM KBAJTM(UKAIIMOHHOMN PabOTHI CTYACHT JOJDKEH MPOIEMOHCTPUPO-
BaTh HABBIKK pa0OTHI Ha MEPCOHAILHOM KOMITBIOTEpPE (HAIIpUMeEp, CTATUCTHYECKas: 00paboTKa MaTepu-
aJIOB, BBITIOJTHEHUE IPaUIECKUX MMOCTPOCHUH, MPOBEACHUS MaTEMaTHYECKUX PACUETOB, MCIIOJIb30Ba-
HUE MTPOTPAMMHOTO 00eCIIeUeHus ISl pelIeHNs] KOHKPETHBIX 3a/1a4, IOCTaBJICHHBIX B padoTe).

Pyxosoocmeo svinycknou keanuguxayuouHo pabomoti

OO6miee pykoBOJICTBO U KOHTPOJb 3a X01a0M BbimosiHeHUs BKP ocyiecTBiser BoImyckaromias
Kadeapa B JIMIIE HAYYHOTO PyKOBOAUTENSA. HaydHbBI pyKOBOAUTEIND:

MOMOTaeT CTYJAEHTY C BBIOOPOM TeMbl M pa3pabOTKOW IulaHa paboThI;

oopMITSIET 33]JTaHE HA BBIITOJTHEHNE BBITYCKHOW KBATM(DUKAIIMOHHOM PabOTHI;

OKa3bIBAET CTYIEHTY MIOMOIIb B Pa3pabOTKe KaICHIAPHOTO TpadrKa Ha BECh TIEPUO/T BHITIOTHE -
HUS BBIITYCKHOW KBaJTU(UKAITMOHHON PabOTHI;

PEKOMEHAYET CTYIEHTY HE0OXOIUMYIO JINTEPATYPY;

CHUCTEMAaTUYECKHA KOHTPOJIHMPYET X0 padoThl U HHGOPMUPYET Kaeapy 0 COCTOSTHUU LT,

JaeT TOAPOOHBIN OT3HIB HA 3aKOHUCHHYIO PaboTYy.

[IpoBepsis paboTy, HAYYHBIN PYKOBOIUTEINb HE JOJDKEH MIPEBPAILATHCS B KOPPEKTOpA UITH Pelak-
TOpa, XOTS 3aMEYaHus B 3TOM YacTH OH TOKE BbICKa3bIBaeT. HayuHbIl pyKOBOIUTENb BBISBISET OJTHOTY,
rIIyOMHY ¥ BCECTOPOHHOCTh PACCMOTPEHUSI MOCTABJICHHBIX B IJIAHE BOIIPOCOB, MTOCIIEIOBATEILHOCTD U3-
JIO)KEHUSl MaTepHalia, JOCTaTOYHOCTh HMCIOJIb30BAHUS JIMTEPATYPhl, apryMEHTUPOBAHHOCTH BBIBOJIOB,
CTeIleHb UX 000CHOBAaHHOCTH U CaMOCTOSITENIbHOCTHU. B citydae oOHapy»keHus miaruara, olnO0YHbIX pe-
IICHUH U HAyYHBIX MOJIOKEHHH 110 TEM WJIM MHBIM BOIIPOCaM, HETIOJIHOTHI MJTU MOBEPXHOCTHOCTH UCCIIEe-
JOBaHMUsI, IPOTUBOPEUYUBOCTH, UIUIIHETO OTKIOHEHHS OT TEMBI U JPYTUX HEJOCTATKOB PYKOBOIUTEIND
IpeyiaraeT BHITYCKHUKY YCTPAHUTD UX, PEKOMEHAYET MYTH U CPOKU UX YCTPAHEHHUSI.

HayllellZ pyKOGO()Mm@JZb nomocaem 6blNnyCKHUKY HA 6cex amanax eco pa60mbl, HO oma nomouib He
00JIIICHA BbLIUBAMBCSL 6 coasnopcmeo. Omnouwenus pyxoeodumeﬂﬂ co Cmyd@HmOM cmpoAamcs Ha OCHoee
HAY4YHO20 compydﬂuuecmsa MON00020 UCCNE008AMENIA U ONbIMHO20 cmapuieco Koiecu, UCnOJIHAIWEe2o
HAacmaeHu4vecKkue ¢yHKI4MM.

IlopsaaoK BbINOJIHEHUS BBITYCKHOM KBATN(PMKAIUOHHOH padoThl

OcnogHvle smansvl U CPOKU BbINOIHEHUS bINYCKHOU KEANUDUKAYUOHHOU pabOmbl
ITopsinok mpoBeneHus: rocyaapcTBeHHON uroroBoit arrectauuu (I'MA) mo obpa3oBarenbHBIM
IporpamMmam BbICILIEro 00pa3oBaHUs — MporpaMmaM OakajlaBpuaTa yCTaHABJIMBAET MPOLEypy opra-
HU3alUK U nposejeHus B YHuBepcurete I'MMA oGydaromuxcs, 3aBepIlaroiMX OCBOCHHE MMEIOIINX
rOCyJapCTBEHHYIO aKKpEAUTAIMI0 00pa30BaTeNbHbIX Mporpamm, BKiItoudas Gopmel ['MA, TpeGoBanus
K UCIIOJIb30BAHUIO CPEACTB 00yUYEHHUS U BOCIIMUTAHHUS, CPEACTB CBSA3U, TPeOOBaHUS K JIHMLIAM, IPHBIIEKA-
eMbIM K npoBejieHnto UI'A, nmopsaok nmojauu 1 pacCMOTPEHHS anesuIsUi, H3MEeHEHHs U (WJIK) aHHY -
nupoBaHus pe3yabTatoB ['MA, a Taxke ocobenHoctu npoBeaeHus [ YA s oOydaronuxcst U3 4ucia
JIUL ¢ OTPAHUYEHHBIMU BO3MOKHOCTSAMH 370POBBS.
Ha ocnoBanuu Ilpukasa pexropa YITY o nomycke cTyaeHTa K BBIITOJIHEHHUIO BBIITYCKHOW KBa-
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TU(PUKAITMOHHON pabOThl M B COOTBETCTBUHU C BHIOPAHHOI TEMOH, a TaKKe MOJyYCHHBIM 3aJJaHHEM Ha
BBITIOJTHEHUE pabOThI COCTABISETCA KaJCHIAPHBIA IUIaH-TpaQuK HA BECh MEPHOJ pa3pabOTKU TEMBI C
yKa3aHHEM CPOKOB OKOHUYAHHS U IPEACTABICHUS 3aKOHYCHHOH pabOoTHI.

[Tepeuens Tem BKP, npennaraempix 00ydarommumMcsi, yrBepkKIaeTcsl IPUKa30M PEKTOpa U JI0BO-
JUTCS 0 CBEJICHHsI 00yJalomuxcs He To31Hee YyeM 3a 6 MecsieB 10 Aatel Havyana [1A.

He no3nnee yem 3a 30 xaneHJapHbIX JHEH 10 Havajia MPOBEAEHUS IOCYAApCTBEHHOTO aTTeCTallM-
OHHOT'0 MCHBITaHM pacnopsukeHueM npopexropa no YMK yreepxkaaercs pacnucaHue rocyaapcTBeH -
HBIX aTTECTALIMOHHBIX UCIBITAHUHI, B KOTOPOM YKa3bIBAaIOTCS AAThI, BPEMS U MECTO IPOBEIACHUS IOCY-
JApPCTBEHHBIX aTTECTAllMOHHBIX HCHbITaHUM. Pacrucanue noBoauTcs 10 CBeleHUs oOyuarolerocs,
wieHoB 'OK u AK, cexperapeit ['OK, pykoBoaureneii u koncynbrantoB BKP.

CobnroieHe ycTaHOBIICHHBIX CPOKOB M TIOCJIEIOBATEIIEHOCTH BHIIOJTHEHHUS BBIITYCKHOM KBaJIH-
¢uKannoHHON pabOTHI HAMPaBJIEHO HAa ONTHUMM3ALMIO MPOIiecca JOCTHKEHUS TOCTABJICHHBIX LIeJeH.

PekomenayeTcs cremyromasi mocaea0BaTeIbHOCTh 3TANOB BBIITOJHEHUS BBITYCKHOM KBanu@u-
KallMOHHOW pabOThl M CPOKHU MX BBITIOJTHEHHUS.

I'paduk BbINOTHEHUsI BBINYCKHOM KBaIN(UKALMOHHON padoThl 6akanaBpa

Ne Cpox
IToaroraBamBaemMble
n/n 9Tanbl BLINOJHEHUS BLITNIOJIHE-
AOKYMEHTBI
HUSA
3a 8 Hemenn
1 Homyck k BeimoiHeHno BKP ITpukas pexropa
JIO 3aIUTEI
VTBepKIeHne HayIHBIX OBOJIN-
2 P YHHBIX PYKOBOA To xe To xe
Teei
3a 7 Henmenn "
3akperuienre TeMbl BKP —"—
JTO 3aIIUTHI
4 Brimaua 3amanus mo BKP To xe 3amanue mo BKP
3a2,5
5 BrinosiHeHnE OCHOBHBIX pa3IeiIoB HeneIu Pa3pens! 113
JIO 3aIlUTHI
6 BrinosHeHue crienraibHbIX pa3/ie- 3a 2 "Henenu To sxe
JIOB JIO 3aIlUTHI
7 Oxonuanue Hanucanusg u caada BKP 3a 7 quen I13; OT3BIB PYKOBOIUTENS CIICIINAIb-
Ha BBITYCKAIOIYIO Kaheapy JI0 3aIIUTEI Horo pazzaena BKP
8 [IpoBeneHne HOPMOKOHTPOJIS U T10- 3a 5 nHen I13; 0T3bIB HAYYHOTO PYKOBOUTEIIS
JIyYE€HHE OT3bIBA O BBIIIOJIHEHHOM pa- | 10 3aIUThI
00Te y HAy4YHOTO PYKOBOUTES
9 [IpoBepka B cucreme AHTUILIarUaT 3a 3 nHs CnpaBka o0 IpoBepKe Ha
JIO 3aIIUTEI AHTHIIIaruaT
10 3amuTa B I'OK 3amura I13; Bce OT3bIBBI U KOMITBIOTEPHAS
no rpaduky | mpe3eHTalus; pa3gaToyHbld MaTepual

Pe,[[aKTI/IpOBaHI/Ie BKP JOJIDKHO OBITh 3aBCPUICHO 3a 5 JHEH 10 YTBEPKACHHOI'O CPOKaA 3allIUTHI.

Iloozomoeka k 3awume 8bINYCKHOU K8ANUDUKAYUOHHOU paOOMbL
3akonueHHass BKP, nonnucannas cTyneHTOM, epenaeTcss HAyYHOMY PYKOBOIUTEINIO JUIsl IIPO-

BEpPKHU COOTBCTCTBUA O(bopMJ'IeHI/I}I pa6OTBI IMPEABbABIACMBIM Tpe6OBaHI/I${M n COCTaBJICHUSA IMHCbMCH -
HOI'0 OT3bIBa PYKOBOJUTCIIA. B ot3mIBE PYKOBOIUTCIIA YKA3bIBAOTCA CBCACHUA 00 AKTYaJIbHOCTU TEMbI
pa6OTLI, JOCTOMHCTBA M HCAOCTATKH pa6OTLI, OIICHKA MOJIYYCHHBIX PC3YJIbTATOB C TOYKU 3pCHUA NOCTO-
BCPHOCTHU, MPAKTUYICCKAs ICHHOCTb pa6OTBI, OICHKA MOATOTOBJICHHOCTH CTYACHTA, MHUIIUATUBHOCTH U
CaMOCTOATCIIbHOCTHU IIPU PCIICHUU 3adaY BLIHYCKHOﬁ KBaHH(bHKaHHOHHOﬁ pa6OTBI, YMCHUC CTYACHTA
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paboTath ¢ IUTEpaTypHBIMA UCTOYHHUKAMH, HOPMAaTHBHBIMH IPAaBOBBIMH aKTaMHU U CIIOCOOHOCTH SICHO
Y YETKO M3JIaraTh MaTepHall, COOII0ICHIE MPABWII U KauecTBa oopmiieHus: padoTel. Ocoboe BHUMaHUE
YIESETCS OLIEHKE BBITYCKHHUKA 110 JUYHOCTHBIM XapaKTEPUCTUKAaM (OTBETCTBEHHOCTb, TUCIIUIINHU-
POBAHHOCTb, CAMOCTOSITEIBHOCTh, AKTUBHOCTb, TBOPYECTBO, MHUIMATUBHOCTD U T.[.), POSIBICHHBIM
CIOCOOHOCTSIM K HCCIIEZ0BATENbCKON eATENbHOCTH, JTOCTUTHYTBIM pe3ylbTaTaM B (DOpPMUPOBAHUU
KOMIIETEHIIMI BBITYCKHUKA JAHHOM MPOrpaMMbl, MOTUBUPYETCS BO3MOXXHOCTh WJIM HEBO3MOKHOCTH
MPECTABICHHS BBIITYCKHOW KBAIM(UKAITMOHHON PabOTHI HA 3alIUTYy B TOCYapCTBEHHOM SK3aMEHaIH -
OHHOM KOMHCCHH.

Pemenune HayqyHOT0 pyKOBOAUTENS SBIISETCS OCHOBaHUEM 1iis jonycka kadeapoit AKT rorosoit
BBIITYCKHOUW KBaJTM(PUKAIMOHHON paboThI K 3amuTe. JJomyck paboThl K 3alIUTE TPOU3BOJAUTCS 3aBEIy-
IOIIMM BBIITyCKArOIIEH Kadeapsl.

Texct BKP nomken ObITh mpoBepeH Ha 00bEM 3aUMCTBOBAHUI B CUCTEME «AHTHUILIAruaT», OT-
YeT 1e4YaTaercs.

[Tepen 3ammToii crynentom npeactasisitores B ' OK crnenyromnme 10KyMeHTHI:

1) BKP, noanucanHasi Ha TATYJIBHOM JIHCTE BBIITYCKHUKOM, HAYYHBIM PYKOBOIUTEIIEM, KOHCYIIb-
TaHTaMU (ECIIU €CTh);

2) 3aJlaHue Ha BBITIOJHEHHE PaOOThI C OTMETKAMH CPOKOB OKOHYATEIbHOW MOATOTOBKH PabOTHI,
MOANKUCAHHOE HayYHBIM PYKOBOJUTENIEM U 3aKII0YEHHEM Kadeaphl 0 TOMYCKe K 3allUTe;

3) OT3bIB HAYYHOTO PYKOBOUTEIIS;

4) 0T3BIB PEICH3EHTA - PYKOBOIUTENS CrielinaibHoro pasaena BKP;

5) oT4eT 0 MpoBepKe B CHCTEME «AHTHILIATHATY.

['oToBsICh K 3a1uTe paboThI, CTYAEHT COCTABIISIET TE3UCHI BHICTYIUICHHUS, COJIEpKaIllero Haubosee
BAXHBIE U UHTEPECHBIE PE3YIbTaThl UccienoBaHus. [Ipu 3TOM ciiefyeT MOMHUTH O TOM, YTO BBIITYCKHUKY
JUIS 10KJIa/1a OTBOAMTCS orpaHrueHHoe BpeMs. CTyAeHT opopMIIsieT HarfsAHbIe TOCOOuS, pa3 aTOYHbIN
MaTepuai K A0KIaay, MPoJAyMbIBa€T OTBETHI Ha 3aMEeUaHus PELICH3EHTA.

PaGoty Hag Te3ucamu I0KJIaAa clieyeT HauMHaTh cpa3y jke Mocie MpeacTaBieHus paboTsl Ha
Kadeapy U mpoJOJKHUTH MOCIE 03HAKOMJIEHHS C OT3BIBOM pyKoBoAuTess. Ha Bompockl u 3amedanust
OT3bIBa 11€J1€cO00pa3HO MOATOTOBUTH MUCHMEHHBIE OTBETHI.

Jlokiiag Ha 3auIuTe BBIMTYCKHOM KBadu(UKalMOHHON padoThl, Kak MpaBUJIO, HE JOJIKEH MPEBbI-
math 10 mus. CieqyeT NOMHHUTb, YTO CTYJCHT HE MPOCTO M3JIaraeT, a 3allMIIAeT MOJI0KEHHs CBOeH
paboTHI.

Sawuma evinyckHol K8ATUDUKAYUOHHOU PAOOMbL

3amuTa BBITYCKHOW KBaTM(UKAIIMOHHONW pabOThI MPOBOAUTCS Ha OTKPBITOM 3acenanuu [ OK.

[Topsinok 3aIuThI:

-npencenatenb ' OK o0bsaBiser GpaMumnio, UM U OTEUYECTBO BBHIMTYCKHUKA, Ha3BaHUE PabOTHI C
yKa3aHUEM MeCTa €€ BBITIOJTHEHHS;

-IOKJIa 1 IPOJIOJKUTENLHOCTBIO, KaK IpaBuiio, He Oosiee 10 MUHYT, B TeU€HUE KOTOPHIX OH JI0JI-
KEH KpaTKo c(hopMyIupoBaTh aKTyadIbHOCTb, IIE]Ib U 33]1a4l Pa0OThI, U3JI0KUTH OCHOBHBIE PE3YIbTaThI,
BBIBOJIBI M PEKOMEH/IAlINY, KOHKPETHBIE MPENI0KEHHSI, 000CHOBATh BO3MOKHOCTh UX peau3aluu, 3¢-
(dexTuBHOCTS. [Ipy 3TOM HEOOXOAUMO YTOUHUTH JIMYHBIN BKIIJ] B pa3paboTKy MpoOIeMBbl.

CTyIeHT MOXKET MOJIb30BATHCS 3apaHee MOATOTOBIEHHBIM T€3MCaMU JOKJIaAa, HO JOJDKEH U3ja-
raThb OCHOBHOE COJIEp)KaHUE CBOEH BBIMMYCKHOM KBATH(PHKAITMOHHOMN pabOThl CBOOOTHO, HE YUTAS MHCh-
MEHHOTO0 TekcTa. [Ipu uyreHnn yrpaunBaeTcs 3MOLUMOHAIBHOCTD U3JI0KEHUS,, MOHOTOHHOE YTEHUE TEKCTa
HE TpUBIIEKaeT BHUMAaHUS U yToMIisieT cinymateneid. CBOOOIHBIN pacckas Mo TEME CBHIETENBCTBYET 00
yYpOBHE TMOJTOTOBKHU M IIyOWHE CHEeNMaTbHBIX 3HAHUHN MO MpobiIeMe BBITYCKHONW KBalU(DUKAIIMOHHON
paboTel. Bee 3T CyIiecTBEHHO BIMSIET HAa UTOTOBYIO OIIEHKY paOOTHI.

Bce npuHIMnanbHbIE MOI0KEHHSI BBITYCKHOM KBATM(UKAIIMOHHON PabOTHI [1st OOJIbIIeH HATTIs -
HOCTHU MOT'YT OBITh TIPEJICTaBIIEHBI Ha JEMOHCTPAIIMOHHOM MaTepuaie. K 1eMOHCTpallmOHHBIM MaTepHa-
JIaM OTHOCHUTCS MH(OPMAITHSI U3 BBITYCKHOW KB (PUKAIIMOHHON pabOTHI (TaOIHUIIbI, TUArPAMMBIL, CXEMBI,
WJUTIOCTPAIIMH | TI. ), 0(hoOpMIICHHAS B BU/JIE TIPE3CHTALIMI UM Kcepokomnuid utst kaxkaoro uieHa ['OK. Bo
BpeMsl I0KJIa/1a HEOOXOAMMO CChUIAThCS Ha ATH MaTepUabl;
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-TocJie OKOHYaHuA JTokiana wiensl I DK u npucyTcTBylomume Ha 3aluTe MPeyiaratoT BBITYCK-
HUKY BOTIPOCHI, KaCAIOIIHUECs] YCTHOTO BBICTYIUICHUS, UMEIOIINE HETTOCPEICTBEHHOE OTHOIICHUE K TEME
paboTHhI, WIIH Ke MPOCTO B CBSI3U C 00CYK1aeMOi TpoOIeMOi;

-BBICTYIUICHUE PYKOBOUTEIIS BBITYCKHOW KBAJM(UKAIIMOHHON pabOThI, a B CIIydae €ro OTCyT-
cTBUs cekperapb [ OK 3auuThIBa€T OT3bIB PYKOBOAUTES;

- npencenatens ' DK mpenocTaBiseT jKeIaonuM CI0BO IS BEICTYIUICHUS, 3aTEM BBIITYCKHHKY,
KOTOPOE MPEAIOIaracT OTBETHI HA 3aMEYaHMsI PEIICH3EHTA U BCEX, BRICTYIUBIINX MTPH 00CYKICHUU pa-
0OTEI, ITOCIIE YEr0 OOBABIAET 00 OKOHYAHUH 3aI[ATHL.

[Tocne oxkOHYaHMS OTKPBITON 3aIIUTHI TPOBOAUTCS 3aKpbiTOe 3acenanue [ DK (Bo3MokHO ¢ y4a-
CTHEM PYKOBOJHTEJICH), Ha KOTOPOM OTIPEACISIIOTCS UTOTOBBIE OIICHKH IO YEeThIpeX OaTbHOM CHCTeMe
(«OTIIMIHOY, «XOPOIIO», KyTOBICTBOPHTEILHOY, «HEYIOBICTBOPUTEILHOY). [lociie 3aKkphITOro 00CyX-
neHust npencenatrens oobsBisieT pemienue ['OK. [Ipotokon 3acemanus 'K Begercs cekperapem. B
HETO BHOCSITCS BCE 3a/IaHHBIE BOIIPOCHI, 0COOBIE MHEHUSI, pEIIEHUE KOMUCCHU 00 OICHKE.

I KPUTEPUU OLIEHKH PE3VJIBTATOB BBITIOJTHEHUS U 3ALIIATHI
BBIITYCKHOW KBAJITU®UKALIMOHHOM PABOTHI

OneHka BBITYCKHOW KBaTU(UKAMOHHON pabOThl MPOU3BOAUTCS 10 YETHIPEM TpYIIaM KpUTe-
pueB:
Cucmema oyenuganus N0 OYEHOUHLIM CPEOCMEAM 20CYOAPCMBEHHOU UMO2060U ammecmayuu

OueHoYHOE CPeACTBO Makcumanb- Kpurepun HauncjieHus 0aJ1J10B
Hasi 6aJ10Bas
CTOUMOCTH
Brimycknas kBanmuduxaim- 0-90 6ann | KauecTBO BBIMOJTHEHHOW pabOTHI, €€ HAYYHO-TEOPE-
oHHasl paboTa TUYECKUI YypOBEHb, CTENEHb CaMOCTOSITEILHOCTU U

JIOTUYHOCTh W3JIOKEHUs MaTepuana, MpaBUIbHOCTh
0ohOopMIIEHHSI U PE3YNIbTAT €€ 3alTUThI

O13bIB pykoBoautesnss BKP 0-15 6annoB | OTBETCTBEHHOCTH, AUCLUIUIMHUPOBAHHOCTD, CTPEM-
JIEHHE K TOCTHYKEHUIO BBICOKHX PE3YJIbTaTOB CaMo-
CTOSITENILHOCTb, 100OPOCOBECTHOCTH B BBHIIIOJHEHUU
BKP, xoHTakTHOCTH

OTBeThI Ha BOMPOCHI (TIpO- 0-5 6amtoB | [TosiHOTa M PaBUIIBHOCTH OTBETA

BepKa OOIIEKYIbTYPHBIX U
obmenpodecCuoOHATBHBIX
KOMIICTCHITUH)

Hroro 110 6amnoB

- Kauecmeo 8bINYCKHOIL KaNUpUKAYUOHHOU Padombl OLICHUBACTCS 110 CIICTYIOUTIM COCTaBIIS-
OIIIMM:

000CHOBAHHOCMb AKMYAILHOCMU NpOoOJieMbl UCCIENOBAaHUS M TeMbl PaOOTHI Mperoiaraet
OIICHKY CTEIICHU YOeIUTEIbHOCTH OCHOBAHUH, MOOYIMBINUX CTYJCHTA BHIOPATh JAHHYIO IPOOIIEMY JUIs
WCCIIeIOBAHUS;

VpOoBeHb meopemuieckou npopabomxy MPoOIEMBbI TIPEIoIaraeT OeHKY MUPOTHl U KayecTBa
W3YYEeHHBIX UCTOYHUKOB, JIOTUKH U3II0KEHUS MaTepuana, rTyOuHbI 0000IIeHH U BBIBOJIOB;

NPAKMuUYecKas 3Ha4UMoCmy 8bINOJIHEHHOU pabomyl TIPEATONaraeT OIIEHKY BO3MOKHOCTH MpakK-
TUYECKOTO MPUMEHEHHS Pe3y/IbTaTOB UCCIEAOBAHUS B IEATEIILHOCTH OpraHu3aiui, cgepe BO3MOKHOM
npodeccHoHaANBbHOM 3aHSATOCTH BBITYCKHUKOB B COOTBETCTBHH C TpeOOBaHUSMU (heAepalbHOTO rocy-
JApCTBEHHOTO 00Pa30BaTEIBLHOTO CTAHIAPTA;

Kayecmeo oghopmieHUs BbINYCKHOU KEANUDUKAYUOHHOU pabomel TIPEANoaraeT OleHKy Ha Co-
OTBETCTBHE CTaHAapTaM, a TAK)Ke aKKypaTHOCTh U BBIPA3UTEIBHOCTH 0(OPMIICHHS MaTepraa, rpaMoT-
HOCTH U IPABUJILHOCTh MOJATOTOBKH COTIPOBOIUTEIBHBIX JOKYMEHTOB;

— Kauecmeo 6bICMYyN/IeHUsA HA 3aujume 6bINYCKHOU K8ANUDUKAUUOHHON padompl OLEHUBA-
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€TCs 110 CIETYIOUINM COCTaBIISIOIINM:

Kayecmeo 00KIa0a TIPEAIOoJIaraeT OLEHKY COOTBETCTBUSA JIOKIIA/Ia COJIEPKAHUIO paboThl, CIIo-
C06HOCTH BBIITYCKHUKA BBIACTIUTh HAYYHYIO U IMTPAKTUYCCKYIO IECHHOCTD BBINIOJIHCHHBIX HCCHCI[OBaHHfI,
YMCHHA ITOJIb30BATHCA UWJINIFOCTPATUBHBIM MAaTCPHAIIOM;

Kayecmeo omeemos Ha 60NpOoChl MPEANOaraeT OUEHKY MPaBUIBHOCTH, Y€TKOCTH, MOJHOTHI U
O6OCHOBaHHOCTI/I OTBCTOB BBIITYCKHUKA, YMCHHUS JITAKOHHUYHO WU TOYHO C(l)OpMy.HI/IpOBaTI) CBOHM MBICJIH,
MCIOJIL3YS TIPHU 3TOM HEO0OXO0MMYIO HAyUHYI0, TPOPECCHOHATBHYIO TEPMHHOJIOTHIO;

Kayecmeo uiiocmpayuti K J0KjIany IperoiaraeT OUeHKY COOTBETCTBUS 10100pa WILTIOCTpa-
TUBHBIX MAaTCPHAJIOB COACPIKAHUIO JOKJIaAd, ' PaMOTHOCTb UX O(bOpMJIeHI/Iﬂ " YIIOMUWHAHHA B OOKJIAJEC,
BbIPA3UTCIBHOCTb MCIIOJIB30BAHHBLIX CPCIACTB rpa(bnqeacoro N XYIOKECTBCHHOT'O BOINIOICHU A,

noseoeHue npu 3aujume 8binyCKHOU K8ATUDUKAYUOHHOU pabombl IPEATOIaraeT OIEHKY KOMMY-
HUKALIMOHHBIX XapaKTEPUCTHK JOKJIaayuKka (MaHepa oOIlIeHHs, MaHepa rOBOPUTh, OTCTaUBATh CBOIO
TOYKY 3pCHHA, IPHUBJICKATh BHUMAHNUE K B&2KHBIM MOMCHTAM B JOKJIAJC WJIM OTBECTAX Ha BOIIPOCHI, KYJIb-
Typa pedH, ClIOCOOHOCTh 3aNHTEPECOBATH AYAUTOPHUIO U T.]I.);

— OUeHKa 8bINYCKHOU KGATUDUKAUUOHHOI PAOOMbL PeUeH3eHMOM;

— OUeHKa 8bINYCKHOU K6ATUDUKAUUOHHOU PadOmMbl HAYUHBIM PYKOBOOUmMENleM;

OreHKa 1o UTOTaM TOCYJapCTBEHHON UTOTOBOM aTTECTAIMH ONPEIEISICTCS MPOCTBIM CYMMHPO-
BaHWEM OaJIOB:

Kpumepuu oyenxu Komuuecmeo
bannos

Kpumepuu cooeprcanus BKP
000CHOBAHHOCTH BBIOOpA M aKTYaJITbHOCTh TEMBI HCCIICTOBAHUS 0-5
000CHOBaHHE MTPAKTUUECKON U TEOPETUUECKON 3HAYMMOCTH MCCIICIOBAHUS 0-5
YPOBEHBb TEOPETHYECKON MPOPaOOTKH MPOOJIEMBI, OCMBICICHUS TECOPETUUECKUX 0-5
BOIIPOCOB M 0000IEHUsT COOPAHHOTO MaTepuana
yYMEHHUE TIPEICTaBUTh JIMTEPATYPHBII 0030p POOIEMBbI NCCIICT0OBAHMS 0-5
HaJEKHOCTh UCIIOJIb30BAHHBIX HCTOYHUKOB 0-5
00beM W ypOBEHBb aHaiu3a Mpo(ecCHOHAbHON, HAYYHOW JTUTEpaTyphl, pelie- 0-5
BAHTHOCTb, MIOJIHOTA, KOPPEKTHOCTh U COJIEP’KaHUE IIUTUPOBAHUS
YMEHHE PAaBUJIBHO IPUMEHUTH HEOOXOIUMBIE JIJIs1 PelleHus PoOIeMbl HOpMa- 0-5

THUBHBIE IIPABOBBIE aKThI (JOKYMEHTHI) B 00bSICHEHUN KOHKPETHON CUTYaIllH Je-
SATEILHOCTH OpraHU3aINH

Hanuune B BKP pe3ynpTaToB, KOTOpBIE B COBOKYITHOCTH PEIIAIOT KOHKPETHYIO 0-5
HAy4YHYIO U (WJIM) IPAKTHYECKYIO 3aj1auy,

WIH - PE3Yy/IbTaTOB (TEOPETUYECKUX U (WUIU) SKCHEPUMEHTAIbHBIX), KOTOPHIC
MMEIOT CYHIECTBEHHOE 3HAYEHWE ISl Pa3BUTHUS KOHKPETHBIX HAMpaBJICHHH B
OTIpeIeIEHHOM OTpaciii HaykKd (JIeATeNbHOCTH), UM — HAYYHO-OOOCHOBAHHBIX
pa3paboToK, UCMOJIb30BAHNE KOTOPBIX B MMOJTHOM 00bEME 00eCieunBaeT pelieHe
MIPUKJIAIHBIX 3a]1a4

YMEHHE JIOTMYeCKHEe BEPHO, apTYMEHTHUPOBAHHO U SICHO M3JIaraTh MaTepUabl HC- 0-5
cienosanus B BKP

000CHOBAHHOCTh M YETKOCTh C(HOPMYITHUPOBAHHBIX BHIBOJIOB 0-5
aJICKBAaTHOCTH HMCITOJIb30BAHUS METOJ0B MCCIIEJOBAHUS 0-1
YMEHUE UCIOJIb30BaTh KOMIIBIOTEPHBIE TEXHOJIOTHH B PEKUME MOJIH30BATENS IS 0-5

penieHus npodeccuoHanbHbIX 3a7a4
Kpumepuu opopmnenus BKP

BIIaJICHUE HAYYHBIM CTHIIEM HM3II0KEeHHUS, opdorpaduueckas U MyHKTyallnOHHAs 0-5
IrPaMOTHOCTh
coOTBeTCTBUE (OPMBI TpeICTaBlIeHUsI PabOTHl TPEOOBAHUAM, MTPEABIBIIEMBIM K 0-5

0(OPMIICHHIO TaHHBIX PadbOT
Kpumepuu npouyedypol 3aujumaol
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Ka4eCTBO YCTHOI'O JJOKJIa/la: COOTBETCTBUE JJOKIIA/IA COAEPKAHHUIO PAa0OTBI, JOTHY- 0-5
HOCTb, TOYHOCTH (POPMYITUPOBOK, 0O0CHOBAHHOCTH BBIBOJIOB, KYJIbTYpa peun

BJIaJIeHHE NMPO(HECCHOHATLHON TEPMUHOJIOTHEN U HaBBIKaMH PO (EeCCHOHATBHOM 0-4
apryMeHTaluu
MIPE3CHTAI[MOHHBIC HAaBBIKU: CTPYKTYpa M IMOCIEAOBATEILHOCTh M3JI0KEHUS Ma- 0-5

Tepuana, coOMI0ACHNE BPEMEHHBIX TPEeOOBAaHWI, MCIOIB30BAHUE MPE3CHTAIIH-
OHHOTO 000PYIOBAaHUS W/WIIN Pa3JaTOYHOTO MaTepualia, TPaMOTHOCTh OopmIIe-
HUS WLUTIOCTPAIIMOHHBIX MAaTE€PUAJIOB, BBIPA3UTEIBHOCTh UCIIOJIb30BAHMS, KOH-
TaKT C ayJUTOPHUEU

MOBEJICHUE TIPH 3alTUTe (KOMMYHUKAIITMOHHBIE XapaKTEPUCTUKHU (KYIbTypa) J10- 0-5
KJIaA4uKa (peyb, MaHepa rOBOPUTh, OTCTAUBaTh CBOIO TOUKY 3pEHUs, IPUBJIE-
KaTh BHUMAaHHE K BAXKHBIM MOMEHTaM B JIOKJIa/I€ UM OTBETaX Ha BOIIPOCHI)
KauecTBO OTBETOB Ha BOIpockl wieHoB ['DK: nmornunocts, riyOrHa, MpaBHIIb- 0-5
HOCTb U TIOJTHOTA OTBETOB
Om3uvi6 pykosooumens BKP
OTBETCTBEHHOE OTHOLIEHHE K padoTe, AUCUMUILNIMHUPOBAHHOCTh, CTPEMIIEHUE K 0-5
JOCTHUKEHHUIO BBICOKHX PE3YJIbTaTOB, CAMOCTOSITEIbHOCTD, JOOPOCOBECTHOCTh B
BBITIOJIHEHUH pabOThl, COONIO/IEHNE CPOKOB MPECTABICHUS MaTepUaloOB, KOH-
TaKTHOCTh

BJIaJICET HaBbIKAMU CAMOCTOSATEIBHOIO MOJIY4YE€HUs HOBBIX 3HAHUI, UCIIOIb30Ba- 0-5
HUSl COBPEMEHHBIX TEXHOJIOTUHI

YMEHHE CUCTEMATU3UPOBATh U 000011aTh HH(OPMAIINIO U3 Pa3HBIX HICTOYHHUKOB 0-5
Teopemuueckue eonpocwi

Ka4yeCTBO OTBETOB Ha BOMPOCHl WieHOB ['DK: mpaBUIbHOCTH M MOJTHOTA OTBETOB 0-5
Hmozo 6annos 110

Ilpasuna oyenusanus pesynomamos 3auwjumol BKP

100-110 6amn0B (90-100%) — orieHKa «OTJIHIHO»;

81-99 6asa (70-89%) — olieHKa «XOPOIIIO»;

58-80 dastoB (50-69%) — orieHKa «Y/I0BJIETBOPHTEIbLHO;

0-57 6amn0B (0-49%) — oLieHKA «HEYI0BJIETBOPUTEIHLHO.

- B OT3BIBE PYKOBOIMTEIISI HMEIOTCS CYIIECTBEHHbIE KpUTHYECKHE 3amedanus — 0-17 Gaiios.

11 OHEHOYHBIE MATEPUAJIbI

OneHOYHBIMH CPEJICTBAMH PE3yIbTaTOB OOYUYEHHS Ha 3Tare rocy1apcTBeHHOW UTOTOBOI aTTe-
CTallMM SBJISIOTCA BBIMYCKHAs KBalW(UKAlMOHHAS paboTa (B KOTOPOH BBIMTYCKHHUKY MpeiaraeTcs Mo
MOCTABJICHHOW Hay4yHO-MPAKTUYECKOU mpobieme chopMynupoBaTh CaMOCTOSTEIFHO TUIOTE3bI, 11ETb,
caenath pa3paboTKy MPOrpaMMbl IMIUPUIECKOTO UCCIIEI0OBAHUS, COOpaTh HH(POPMAIINIO, POAHATN3HU-
poBaTh €€, MPOBECTU HEOOXOIUMBIE PACUYEThI, TOCTPOUTh MOJIENH, MPEAJTOKUTH BapUAHThI PEIICHUS
mpo0eMbl 1 000CHOBATh MOKA3aTeIN OIEHKU PE3yIbTATUBHOCTH) U €€ 3all[UTa M0 YCTAaHOBJICHHOH MPOo-
uenype (AoKIaid, mpe3eHTalrs, OTBETHl Ha BOMPOCH! TOCYIaPCTBEHHON 2K3aMEHAITMOHHON KOMUCCHUH),
MO3BOJISIFOIIEH CAeNaTh BBIBOJ O CHOPMUPOBAHHOCTH KOMITETEHITUIA.

Teopernyeckne BONpPOChl rocy1apCTBEHHON HTOrOBOM aTTECTALMH, OLCHHUBAIOLIHE
c¢(pOpMHUPOBAHHOCTH 00IIECKYJIBTYPHBIX KOMIICTCHIIHIT

Tematuka BBIITYCKHBIX KBaJ'II/I(pI/IKaLII/IOHHLIX pa60T JOJDKHa OBITH HaIlpaBJICHA HAa pCIICHUC IIPO-
(beCCI/IOHaJ'IBHBIX 3aagay:
— MOJCpHHU3AIHNIO U aBTOMATHU3allUIO ﬂCﬁCTBYIOIHHX MPONU3BOJACTBCHHBIX U TCXHOJIOTUYCCKUX IIPO-
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LIECCOB U MPOU3BOJICTB, TEXHUUECKUE CPEICTBA U CUCTEMbl aBTOMAaTH3allMH, YIIPABJICHUS, KOH-
TPOJIsl, IUATHOCTUKU U UCTIBITAaHU;

pa3paboTKy HOBBIX aBTOMAaTU3UPOBAHHBIX M ABTOMAaTHUECKUX TEXHOJIOTHiA, CPE/ICTB U CHCTEM, B
TOM YHCJIE YIPaBJIECHUS )KU3HEHHBIM LIMKJIOM IPOAYKLUU U €€ KaueCTBOM;

IIPOEKTUPOBAHUE APXUTEKTYPHO-IPOTPAMMHBIX KOMILIEKCOB aBTOMATU3MPOBAHHBIX U aBTOMa-
TUYECKUX CUCTEM YIIPaBJICHMSI, KOHTPOJIS, TUAarHOCTUKH U UCTIBITAHUI 00LEIPOMBIILIIIEHHOTO U
CHEIMAIbHOTO Ha3HAUEHUS JJIs Pa3IMUHbIX OTpacieil HallMOHAJIbHOTO XO341CTBa;

pa3paboOTKy 3CKU3HBIX, TEXHUIECKUX U PaOOUYUX MPOEKTOB aBTOMATH3MPOBAHHBIX U AaBTOMATH -
YECKUX IMPOU3BOJICTB, TEXHUUECKUX CPEACTB U CUCTEM aBTOMATHU3aLUH, YIIPABJICHU, KOHTPOJIS,
JMarHOCTUKU M MCIBITAHUM CHCTEM YIPABJIEHUS KU3HEHHBIM LIMKJIOM MPOAYKIMH U €€ Kaue-
CTBOM C HUCIIOJIb30BaHUEM COBPEMEHHBIX CPEJCTB aBTOMATH3ALMH IPOEKTUPOBAHMSI OT€UECTBEH-
HOTO U 3apy0eXHOT0 OMbITA Pa3pabOTKH KOHKYPEHTOCIOCOOHBIX U3AETUi;

pa3paboTKy METOJMK pacyeToB IO MPOEKTaM, TEXHHUKO-PKOHOMUYECKOTO M (PYHKIMOHAIbHO-
CTOMMOCTHOTO aHayin3a 3((HEeKTUBHOCTU MPOEKTUPYEMBIX TEXHUUECKUX CPEACTB U CUCTEM aB-
TOMAaTHU3al1H, YIIPaBICHUSI, KOHTPOJIS, TUarHOCTUKH, CUCTEM YIIPABJICHUS )KU3HEHHBIM LIUKIIOM
MPOJIYKIIMH U €€ KaUYECTBOM;

pa3paboTKy (PYHKIIMOHAIBHOU, JJOTUMYECKON W TEXHWYECKOW OpraHU3aIlMi aBTOMAaTU3UPOBAH-
HbIX U aBTOMAaTHYECKHX IMPOU3BOJCTB, MX IJIEMEHTOB, TEXHUYECKOTO, AJITOPUTMUYECKOTO M
MIPOrpaMMHOTO o0ecrieueHns Ha 6a3e COBPEMEHHbBIX METOJI0B, CPEACTB U TEXHOJIOTHI MPOEKTH -
pOBaHMUS;

MIPOEKTUPOBAHNE HOBOW MPOAYKIMH, aBTOMATHU3UPOBAHHBIX M ABTOMATUYECKUX MPOU3BOJ-
CTBEHHBIX M TEXHOJIOTMYECKUX MPOLECCOB C MCIOJIb30BAaHHUEM aBTOMATHU3MPOBAHHBIX CHUCTEM
TEXHOJIOTMYECKON MOJIrOTOBKU POU3BOJICTBA;

pa3paboTKy U MPAKTHUECKYIO PEeaH3alfi0 CPEICTB U CHCTEM aBTOMATH3aIlMKA KOHTPOJIS, TUa-
THOCTHKH W UCIIBITAHUH, aBTOMaTU3HPOBAHHOTO YIPABJICHUS KU3HECHHBIM IUKIOM MPOLYKIHH
U ee Ka4yeCTBOM;

o0ecriedeHne HEOOX0IMMOI )KH3HECTOUKOCTH CPEJICTB U CUCTEM aBTOMATH3aINU, KOHTPOJISL, JTU-
arHOCTUKH, UCTIBITAHUN W YIIPABIICHUS NIPU U3MEHEHHUH JEHCTBHS BHEITHUX (PaKTOPOB, CHUKA-
omux  APGEKTUBHOCT HUX (DYHKIMOHUPOBAHUS W IJIAHUPOBAHWE MEPONPHUITHH  TI0
MOCTOSTHHOMY YJIYYIIICHHUIO Ka4eCTBa IPOAYKIIHH;

WCCIICZIOBAHUE COCTOSIHUS U TMHAMUKH ()YHKIIMOHUPOBAHUS CPEJICTB M CUCTEM aBTOMATH3AIIHH,
KOHTPOJIS, TMATHOCTHKH, VCIIBITAHUI U yIPABICHHS Ka4eCTBA MPOIYKIIH, METPOJIOTHYECKOTO
Y HOPMATUBHOTO OOECIIEYCHHUsI IPOU3BOJICTBA, CTAHIAPTH3AIMHA U CEPTH(PHUKALUN C TPUMEHE-
HUEM HaJJISKAIINX COBPEMEHHBIX METOJIOB U CPEJICTB aHAJIN3a,

pa3paboTKy MEPONPUSATHI IO KOMITJICKCHOMY HCIIOJIb30BAHHIO CHIPBS, 3aMeHE Ae(PUITUTHBIX Ma-
TEPUAIOB ¥ U3bICKAHHE CIIOCOOOB YTHUIIM3AIUU OTXOJI0B IPOU3BO/JICTBA;

WCCIIeIOBaHUE IPUYMH Opaka B MPOU3BOJICTBE M pa3paboTKa MPEUIOKEHHUH 10 ero mpeayrnpe-
KJICHUIO M YCTPAHCHUIO;

pa3paboTKy MEPONIPHUATHI 110 00ECTICUCHUIO HAJISKHOCTH M OE30MTACHOCTH Ha BCEX ATalax Ku3-
HEHHOTO IIMKJIA POYKIIUH;

MOJENUPOBAaHUE MPOIYKIIHH, TMPOIECCOB, 000OPYI0BaHUS, CPEICTB M CUCTEM aBTOMATHU3AIIHH,
KOHTPOJIS, TUArHOCTHKY, UCTILITAHUHA U yIIPaBJICHHUS,

pa3paboTKy anrOPUTMHUECKOTO U IPOTPaMMHOTO 00eCTIeYeH s CPEACTB U CUCTEM aBTOMAaTH3a-
MU ¥ YIPaBIEHUS Pa3IMYHOTO HAa3HAYECHUS;

yIpaBJeHHUE )KU3HEHHBIM IIUKJIOM MPOAYKIIUU U €€ KaueCTBOM.
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I[MTPUJIOXEHUE A

[Tpumep odopmiteHNS 3asiBICHUS HA YTBEPKICHHE TEMBI
BBIITYCKHOM KBaTH(PUKALIMOHHON PabOThI

MHUHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHUS P®

PI'BOY BO «YpajabcKkuii rocyiapcTBeHHbIH FOPHbIH YHUBEPCUTET»

3aB. kadeapoil aBTOMATHKA U KOMIBIOTEPHBIX
TeXHOJIOTH g011. K.T.H. boukoy B. C.
Ot cryneHra

TPYIIIBI
dbopmbl 00yUEeHHS

3ASIBJIEHHUE _
HA YTBEPXXJIEHHUE TEMbI BBIITYCKHOU KBAJIM®UKAIIMOHHOU PABOTHI

[Ipomry yrBepauTh MHE TEMY BBITTYCKHOUW KBaM(PUKAITMOHHON PabOTHI

(Ha3BaHUE TEMBI)

U naznaunth HAayY4YHBIM PYKOBOJUTCIIEM

(®.1.0., yaeHas cTeneHb, y9eHOE 3BaHUE, JOJIKHOCTD)

20 I.

Jara

(moamuch CTyIeHTa)

PykoBonurens BKP

(moamuce) (®HO)
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[MTPUJIOXKEHME b
[Tpumep odopmIIeHHS TUTYIIBHOTO JIUCTA BBIMTYCKHON KBaTH(PUKALIMOHHON pabOThI
MUHUCTEPCTBO HAYKU U BBICIIEI'O OBPA30BAHMS POCCUMCKON ®EJIEPAIIN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE BIO/IDKETHOE OBPA30BATEJIBHOE

YUPEXJIEHUE BBICIIEI'O OBPA3OBAHUS
YPAJIbCKHAM T'OCYJAPCTBEHHbBIN T'OPHBIA YHUBEPCUTET

BBIITYCKHASA KBAJIM®OUKAIIMOHHAS PABOTA

(MATUCTPATYPA)
TEMA:
YrpaBiieHue MarucTpaTyphl M MOATOTOBKHU KaapoB  Cmyoenm. (noonucw)
BBICIIIEH KBATM(PUKAITNH @®.1.0.
Hamnpasnenue: 15.04.04 «ABTOMaTH3aIus TEXHO-
JIOTHYECKHUX TPOIIECCOB W MTPOU3BOJICTBY ['pynma:
Kpanmdukanwus: maructp Pykosooumens: (noonucw)
d.1.0.

Ka(benpa: ABTOMATHUKHU U KOMIIBIOTEPHBIX TCXHO-

noruii (AKT)
(Tmoammuce)
JlonmycTuts K 3amure:
3aB.kaeapoii: boukoB Bragumup Cepreesny, K.T.H., JOIEHT

(®.1.0., yaeHas cTerneHb, y9eHOE 3BaHHE)

ExarepunOypr
20
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[MTPUJIOXEHUME B
[Tpumep odopmiteHHs 3a1aHKsI HA BBIIOJHEHNE BBITYCKHON KBaTM(PUKALMOHHOW PabOThI

MUHUCTEPCTBO HAYKHU 1 BBICILIET'O OBPA3BOBAHIS POCCUNCKOM ®EIEPALINN
®EJIEPAJILHOE T'OCYJIAPCTBEHHOE BIO/DKETHOE OBPA3OBATEJIBHOE YUPEXJIEHUE
BBICILIET'O OBPA3BOBAHU S
YPAJIbCKHAMN T'OCYJAPCTBEHHbBIN T'OPHBIA YHUBEPCUTET

Kaq)enpa ABTOMATHKHU U KOMIIbIOTEPHBIX TEXHOJIOT Uil

YTBEPXJAKO

3aB. kadenpoit AKT
JIOLIEHT

B. C. boukos

« » 20 T.

3AJJAHUE HA BBITTIOJTHEHUE BBIITY CKHOM KBAJIM®UKAIIMOHHOM PABOTHI
JUTS IPUCBOCHUS KBATU(UKAIIMY MArucTp MO HANPABJICHUIO TIOITOTOBKU
15.04.04 «ABTOMAaTH3aIMS TEXHOJIOTHYESCKHUX TIPOIIECCOB U MPOM3BOJICTBY»
Crynenty

(baMumus, UM, OTYECTBO TIOJIHOCTHIO)

Tema BeITYCKHOM KBaTH(UKAIIMOHHON PaOOTHI

PykoBoauTtens paboTsl

(bamMumnus, UM, OTYECTBO, yUCHAs! CTEIIEHb, YYEHOE 3BAHHE)

Peniensenr:
3enenuoB Banepuii IBaHoBHY — K.T.H., reH. JUpeKTop OO0 «I1D THKmpoMaIeKTpOPUBO I

JlaTa BeIIauM 3aJaHUS « » 20 I.

Cpox  cjraum CTYIEHTOM  3aKOHYEHHOHW  BBINIYCKHON  KBamM(pUKAMOHHONW  pabGoThl
« » 20 r.

20



HcxoaHble JaHHBbIE 1151 BLIIOJIHEHHS BbIHyCKHOﬁ KBaﬂH(l)HKaHHOHHOﬁ paﬁoTbI:

Conep:kaHue pac4eTHO-MOSICHUTEIHLHO 3aNHCKHU:

o o ~ w npoE

JdeMoOHCTPAUMOHHBII MaTepuaJl:
cnang 1 —

clang 2 —

clanmg 3 —

cinang 4 —

cllanmg 5 —

cliang 6 —

ciang 7 —

PykoBonurens BKP

(moamuce) (®.1.0.)

Crynent

(Tmoammuce) (©.1.0.)
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[MTPUJIOXEHUME I
O0pa3zer 0T3pIBa HAYYHOTO PYKOBOAUTEIIS HA BBITYCKHYIO KBATH(PHUKAIIMOHHYIO paboOTy

MUHUCTEPCTBO HAYKU U BBICIHEI'O OBPA3OBAHIA PO

5 ®I'BOY BO }
«YPAJIbCKUI TOCYIAPCTBEHHDII TOPHbII VHUBEPCUTET»

OT3bIB PYKOBOOWUTENSA BbIMYCKHOW KBANMOUKALMOHHOW PABOTHI

BrimyckHas kBanuuKaonHas padoTa BHITIOTHEHA
CrynenTom (koi)

Hanpasnenue 15.04.04 ABTomMaTH3aIis TEXHOJIOTHIECKHUX ITPOTIECCOB U MMPOU3BOJICTB
Kadenpa ABTOMATHKHU U KOMITBIOTEPHBIX TEXHOJIOTHIT

I'pynna

PykoBourens

OO6mrast xapakTepucTuka paboThI CTyJIeHTa B Iepro 1 BbimoiHeHus: BKP:

OTMeUeHHEIC JOCTOMHCTBA

OTMeUeHHEBIE HCJOCTAaTKHU

3akitoueHue: Buinycknas keanugukayuonnas paboma cmyoenma
Modicem Oblmb PeKOMEHO08AHA K 3auyume

« » 20 T.

HayuHblil pyKOBOIUTEIB:

IIOAIMHCH

(moamuce) (®UO oTueTnHBO)
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I[MTPUJIOXEHUE N1

[Tpumep odopmiieHHs] JOKYMEHTA, TOATBEPKIAIONIETO UCIIOIB30BAHUE PE3YJIBTATOB
BBIITYCKHOHN KBaJTH(PUKALIMOHHON pabOThHI

CITPABKA
00 UCIO0JIb30BAHMM Pe3yJIbTATOB BHINYCKHOI KBaIH(QUKAIMOHHOH padoThI
HA TeMy:

BoiBogsl M mpeuiokeHHs, NpeacTaBieHHble B uccienoBanun llerpoa W.C., Hanum
MIPUMEHEHHE B MMPAKTUYECKON JIEATEIHHOCTH 00IIECTBA C OTPAaHUYEHHONW OTBETCTBEHHOCTHIO «Mup», B
YACTHOCTH, TIPH ... vevennnnne.

Pexomennanum aBTopa o COBEPUIEHCTBOBAHUIO JIEATEIBHOCTH OPraHNU3alMH B3AThI 32 OCHOBY
npu  pa3pabOTKe TMEepCHeKTUBHBIX  HalpaBlICHUH  pa3BUTHS  OOIIECTBA C  OrPaHUYEHHOMN

OTBETCTBCHHOCTBIO «MI/Ip)).

Hupextop OO0 «Mwup» N.0O. Gamunus
(moamuck)
M.IL.
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I[MTPUJIOXEHUE 1

[Tpumep conepxanus NOSCHUTEIHHOHN 3aMMCKU BHITYCKHOM KBaTU(UKAIIMOHHOHN paboThI

COJIEP)KAHUE MMOSACHUTEJLHOM 3AIINCKH

OI'JIABJIEHUE
BBEJIEHUE
1. [lenu v 3aga9M KCCIICTOBAHUS.
2. OCHOBHas 4acTh.
2.1. ...
2.2. ...
2.3. ...
24. ...

3. Be301macHoCTh KU3HENEATEIBHOCTH.

4. Pacuet skoHOMHUYECKOU A((HEKTUBHOCTH.

3AKJIFOUEHUE
BUBJIMOTPA®UYECKUI CITUCOK

[Ipunoxenus
Yeprexu:
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I[MTPUJIOXXEHUE K

O6pasen ohopmieHus OuOIMOTpadhUIECKOTO CIIUCKA TPU 0(OPMIICHHUH CITUCKA
WCTIOJIb30BAHHBIX HCTOYHUKOB IPU HAIIMCAHUH BBITYCKHON KBaTH(PUKALIMOHHOM PabOTHI

Knuzu
... OJHOT'0 aBTOpA

Emenvanos A. I OCHOBBI IPUPOAOTIONIE30BAHUS: YUCOHHK. 7-€ U3/, cTepeoT. M.: Akagemus, 2012.

256 c.
... YeThIpex U 0ojiee aBTOPOB

Oxonomuueckas meopus: yaeonuk / non pen. B. JI. Kamaera. 10-e uzn., mepepa6. u qom. M.: BJTA-

JOC, 2004. 590 c.
CnpaBoyHble U3TaHUS

Hoeuviii sxonomuueckuii cnosaps: 10 000 TepmunoB / oa pea. A. H. Aspunusina. M.: H-T HOBO#
skoHomuku, 2006. 1083 c.

Hopmamueno-mexnuueckue 00KymeHmul
IIpaBuia, MHCTPYKIUH

Tunosas uHCMpyKyus 015 UHIHCEHEPHO-MeXHU4eCKux pabomuuxos 1o Ha/L30py 3a Oe30macHOM JKc-
Tyaraiuei rpyzomnoabeMubix Marmma: PJ] 10-40-93: ¢ u3m. Ne 1 PJIU 10-388(40)-00: yrB. 26.11.93:
BBea. B neiictBue ¢ 01.06.93. CII6.: JIEAH, 2001. 16 c.

Cranpaprsl

Ocnosuvie mpebosanus k uepmescam. ECKI: TOCT 2.109-73. Brea. 1974-07-01. M.: CrangapTus-
dbopwm, 2007. 28 c.

Cucmema cmanoapmos no ungopmayuu, 6UOIUOMEYHOMY U U30amenbckomy deny. OT4eT 0 HayqHO-
uccaenaoBaTenbckoi padore. Ctpykrypa u npasmia opopmienus: ['OCT 7.32-2001. Been. 2002-07-01.
Mumnck: ['occrangapt Poccun, 2002. 19 c.

IlaTeHTHBIE JOKYMEHTBHI

IIpuemonepedarowee ycmpotiicmso. nat. 2187888 Poc. deneparnusa: MIIK7 H 04 B 1/38, H 04 J
13/00 / Yyraesa B. U.; 3asgBuTens 1 mareHTO00Ma1aTe) b BOpOHEX. Hayd.-UCCIIeNl. UH-T CBA3U. No
2000131736/09; 3asBiu. 18.12.00; omy6. 20.08.02, brom. Ne 23 (11 w.). 3 c.

Cocmagnbvie yacmu 0OKyMeHmMog
CTAThA
... H3 ’KypHaJIa

Hnmeepanvroe ungpopmayuonnoe none 8 naykax o semne | H. I1. JlaBépos [u ap.] // Bectnuk PAH.
2008. T. 78, Ne 10. C. 875 — 880.

... N3 ra3eTsbl

Bacunvesa FO. HoBble tudpbl B KafacTpe: 3aKOH OTPAaHUYUT MPOU3BOJI B OIPECIIEHUN CTOMMOCTH
3emuu // Poccuiickas razera. 2009. 17 desp. C. 1, 2.

I'nmaBa, pasgeJ ... U3 KHUTH

Pezyw B. B., Mapkoea I'. B., I puwiun A. A. 3apyOe>KHbIN ONBIT CTUMYJIMPOBAHUS OCBOEHHS HOBOB-
BEJICHUI1 arpoNnpOMBIIIIEHHBIM MPOU3BOJICTBOM // Mexanusm ocBoeHus nHHoBanuit B AIIK. M., 2006.
I'nm.2.C. 11 —27.

Hopmamueno-npagosvie akmul

Koncmumyyusa Poccuiickou @edepayuu [DnexTpoHHbIN pecypce]: [mpunsaTa 12 nex. 1993 r.]: (pen.
ot 30.12.2008) // CIIC «KoncyabranT Ilmtocy.

Hanozosviii kooexc Poccutickoii @edepayuu. Yacts 1: oT 31 urons 1998 r. Ne 146-D3 [ DneKTpOHHBIH
pecypc]: mpunsT ['oc. dymoit 16.07.1998: onobp. CoBetom Denepaunu 17 urons 1998 r.: (ped. ot
26.11.2008): (¢ u3M. u jgor., Berynatoummu B ety ¢ 01.01.2009) // CIIC «Koncynbrant [Timocy.

3axon PCOCP «O6 oxpane oxpyscaroweii cpedviy: oT 10 saBaps 2002 r. Ne 7-O3 [DaeKTpOHHBIN
pecypc]: npunst ['oc. dymoii 20.12.2001 // CTIC «KoncynbTtant [Tnrocy.
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BBEJAEHUE

CamocrosiTenbHas paboTa B BBICHIEM YYEOHOM 3aBEACHUM — 3TO 4YacThb
y4e0HOTO TIpoIecca, MEeTO ] OOy4YeHUs, MpUeM y4eOHO-TI03HABATEIHPHOU JCSITEIb-
HOCTH, KOMIUICKCHAs IeJieBasi CTaHIapTU30BaHHAs y4deOHas NEeATENbHOCTh C 3a-
MJIAHUPOBAHHBIMU BHJIOM, THIIOM, (hOpMaMu KOHTPOJIS.

CaMmocTosTenbHass paboTa MPENCTaBIseT COOOW TIAHOBYIO IESTEIBHOCTD
00y4aromxcs 1Mo MOPYUYEHHUIO U MO METOANYECKUM PYKOBOJCTBOM IpEINo/iaBaTe-
JIs1.

Llenpto caMOCTOSITENBHOW PabOThI CTYACHTOB SIBJISETCS 3aKpEIIEHUE TeX
3HAHMM, KOTOPbIC OHU MOJYYUIIN HA ayJIUTOPHBIX 3aHATHUSAX, & TAKKE CHOCOOCTBO-
BaHME PA3BUTUIO Y CTYJCHTOB TBOPUECKUX HABHIKOB, HHUI[MATUBbI, YMEHUIO Opra-
HU30BaTh CBOE BPEMsI.

CamocrosiTenbHas paboTa peanu3yeT CleIyIoue 3a/1a4uu:

- TIpeIIoJIaraeT OCBOCHHUE Kypca TUCIUILINHEI,

- IOMOTa€T OCBOEHUIO HABBIKOB YU€OHOW U HAy4YHOH paOOTHI;

- CITIOCOOCTBYET OCO3HAHUIO OTBETCTBEHHOCTH MPOIIECcca MO3HAHUS;

- cIOCOOCTBYET YIiTyOJICHHIO M TTOTIOJHEHHUIO 3HAHUN CTY/IEHTOB, OCBOCHHIO
UMU HAaBBIKOB U YMCHUH;

- popMupyeT HHTEpEC K MO3HABATEIBHBIM ICUCTBHUSAM, OCBOCHHIO METOJIOB U
IPUEMOB TTO3HABATEILHOTO TpoIlecca,

- CO3/JIa€T YCJIOBHS JIJIsi TBOPUYECKON M HAYYHOU JESATEIBHOCTH 00YyYaromux-
csl;

- CIIOCOOCTBYET Pa3BUTHUIO Yy CTYJIEHTOB TaKMX JIMYHBIX KAueCTB, KaK IieJie-
YCTPEMJIEHHOCTh, 3aMHTEPECOBAHHOCTbD, UCCIEI0BAaHIE HOBOTO.

CamocrosiTenbHasi pabota 00yd4aromerocs BBITIOJNHSIET cieayromue (QyHK-
107078

- pa3BHUBAIONTYIO (MTOBBIICHUE KYJIbTYphl YMCTBEHHOTO Tpya, MPHUOOIICHUE
K TBOPYECKHUM BHJIAM JICITEIBHOCTH, O0OTAIEHNe WHTE/UICKTYaIbHBIX CTIIOCOOHO-
CTE! CTYJCHTOB);

- uH(pOpMaUMOHHO-00yYaromyto (yuyeOHass AesSTeNbHOCTh CTYIEHTOB Ha
ayJIMTOPHBIX 3aHATHUSIX, HEMOJKPETUICHHAs CaMOCTOSTEILHOW pabOTOM, CTAHOBUT-
Csl MaJIO PE3YJIbTATUBHOMN );

- OPUEHTHPYIOIIYI0 W CTUMYJIHPYIONIYI0 (Tporeccy OOy4eHHsS TpUIacTCs
YCKOPEHHE U MOTHUBAIHS);

- BOCIIUTATEIbHYIO ((POPMHUPYIOTCS U pa3BUBAIOTCA MPOGECCHOHAIBHBIC Ka-
yecTBa OakajgaBpa v rpak/IaHuHa);

- HWCCIENOBATENIbCKYI0 (HOBBIH YpPOBEHb MPO(PECCHOHATHEHO-TBOPUYECKOTO
MBIIIUICHUS ).

Opranuzanusi caMmOCTOSITEILHOW PaOOThI CTYJEHTOB JOJDKHA OMUPAThCS Ha
orpeseneHHbIe TpeOOBaHUS, a, HIMEHHO:

- CTIO)KHOCTHh OCBaMBAaEMBIX 3HAHUU JOJHKHA COOTBETCTBOBATH YPOBHIO Pa3-
BUTHS CTYJCHTOB;

- CTaHJapTU3alMs 3aJaHUM B COOTBETCTBUU C JOTMYECKOW CUCTEMOU Kypca

JUCIUIIINHEI,
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- 00bEM 337aHUs JOJHKEH COOTBETCTBOBATH YPOBHIO CTY/JIEHTA;

- 3a/1aHMS1 IOJKHBI OBITh aJaITUPOBAHHBIMU K YPOBHIO CTYJIEHTOB.

ConepxaHue camMOCTOSITEILHOM pabOThl CTYAEHTOB MPEACTABIIAET COOOM, C
OJIHOM CTOPOHBI, COBOKYITHOCTh TEOPETHUECKUX W MPAKTUYECKUX y4EeOHBIX 3aj1a-
HUM, KOTOpPbIE JOJKEH BBIMOJIHUTH CTYJIEHT B IIpoliecce 00yueHus, 0OBbEKT ero Jie-
ATEIBHOCTH; C APYTOM CTOPOHBI — 3TO CHOCOO AEATENBHOCTH CTYAEHTA IO BBINOJ-
HEHHUIO COOTBETCTBYIOIIETO TEOPETUYECKOTIO MIIM MPAKTHUUYECKOTo y4yeOHOTo 3aja-
HUSL.

CBoe BHeIIHEee BBIPAKEHUE COAECPKAHUE CAMOCTOSITENIbHOM pabOThI CTY/ICH-
TOB HaxOJWUT BO BCEX OPraHM3aLMOHHBIX (pOpMax ayJIUTOPHOW M BHEAYIUTOPHOU
NEATEIbHOCTH, B X0JI€ CAMOCTOSITEIBHOTO BBIITOJHEHUS PA3JIMYHBIX 3a1aHHM.

OYHKIIMOHAIBHOE MPEAHA3HAYEHUE CAMOCTOATEIBHON pabOThl CTY/IEHTOB B
Ipolecce MPAaKTUYECKUX 3aHATUN 10 OBJAJCHHUIO CIIEHHUAIBHBIMU 3HAHUSIMHU 3a-
KIIFOYAETCS B CAMOCTOSITEIBHOM IPOYTEHUHU, MPOCMOTPE, MPOCIYIINBAHUU,
Ha0JII0JIEHNUH, KOHCIIEKTUPOBAaHUH, OCMBICIICHUH, 3alIOMUHAHUU U BOCIIPOU3BEJIE-
HUM omnpeaeneHHol nHpopmanuu. Llens u niaHupoBaHUEe caMOCTOSTENBHON pado-
Thl CTYJEHTA OIpenessieT npenoaaBaTenb. Bes mHpopManus ocylecTBiIseTcs Ha
OCHOBE €€ BOCIIPOU3BEICHUS.

Tax kak camocrosiTenpHas paboTa TECHO CBSI3aHA C YU€OHBIM MPOLIECCOM, €€
HE0OXO0JMMO paccMaTpuBaTh B IBYX aCIEKTaX:

1. aynuTopHas caMOCTOSTeNIbHAs padoTa — IPAKTUUECKUE 3AHSITHS,

2. BHEayAUTOPHAsl CaMOCTOSITEIbHAsI pad0Ta — MOATOTOBKA K MPAKTUYECKUM
3aHATHUSAM, MOArOTOBKA K YCTHOMY ONPOCY, YYACTHIO B JMCKYCCHSX, PEIICHHIO
PaKTUKO-OPUEHTUPOBAHHBIX 3a/1a4 U Jp.

OcHoBHBIE (HOpPMBI OpraHU3alMU CaMOCTOSITENIBHOW pabOThl CTYIEHTOB
ONPENEIAIOTCA CIECAYOIMMHU MapaMETPaAMU:

- coziep KaHue yuyeOHON AUCHUIUINHBI;

- YpOBEHb 00pa30BaHUsI U CTENEHb MOATOTOBICHHOCTHU CTYICHTOB;

- HEOOXOAMMOCTh YHOPSAAOUYEHHS] HArpy3KHU CTYACHTOB MPU CAMOCTOSATEIb-
HOI1 pabore.

Takum oO6pazom, camocTosATeNbHAs padoTa CTYJACHTOB SIBIISETCA BaXKHEHIIIEH
COCTaBHOM 4acThIO Ipouecca 00ydeHHUs..

MeTtoauueckue yka3aHus IO OpraHU3alMl CaMOCTOSTEIbHOW paboThl U 3a-
JaHus sl oOy4darommxcs 1Mo JUCHUIUIMHE « YnpaeneHue npoekmamu u npozpam-
Mamuy oOpaliar0 BHUMaHUE CTYJIE€HTa Ha TJIABHOE, CYIECTBEHHOE B U3y4aeMoOu
JTUCUUIUIMHE, TOMOTAlOT BbIPpAOOTAaTh YMEHHE aHAJIW3UPOBATH SIBJICHUS U (DAKTHI,
CBSA3BIBaTh TEOPETUUYECKUE MOJIOKEHUS C MPAKTUKOM, & TAKXKe O0JIeryaroT Moiro-
TOBKY K CJlaye dK3aMeHa.

Hacrosiume Meroanueckue yka3aHus MO3BOJIAT CTYJEHTAM CaMOCTOSATEIbHO
OBIAZeTh (YyHIAMEHTAIbHBIMU 3HAHUSMHU, NPOPECCHOHATIBHBIMU YMEHHUSIMH H
HaBbIKAaMH JIEATEIBHOCTU N0 MPO(QUIII0 MOATOTOBKH, OMBITOM TBOPYECKOW U HC-
CJIEIOBATENLCKOM JAEATeTbHOCTH, U HAIIPaBJIEHBI HA (POPMHUPOBAHUE KOMIIETCHIINH,
IPEeyCMOTPEHHBIX YU€OHBIM IJIAHOM MOJaHHOMY MPOQHITIO.



Bunamu camoctosiTenbHON paboThl 00yUarOMUXCsl MO AUCIUILTUHE « Ynpas-
JIeHUe NPOeKmamu U npocpamMmamuy SIBISIOTCA:

- CaMOCTOSITENIbHOE M3ydeHHE TeM Kypca (B T.4. pacCMOTPEHUE OCHOBHBIX
KaTeropuil IMCUUIUIMHBI, paboTa ¢ TUTepaTypoil);

- MOATOTOBKA K MPAKTUYECKUM 3aHSTHUSM (B T.4. OTBETHI Ha BOMPOCHI IS
CaMOIIPOBEPKH (CAMOKOHTPOJIS), OTBEThI HA TECTOBBIC 3a/IaHNS);

- BBIIOJIHEHUE CAMOCTOSITEJIbHOTO IMCBMEHHOTO JOMAIIHETO 3aJIaHHs
(IpaKTUKO-OPUEHTUPOBAHHOTO 33/IaHMUS);

- BBIIIOJTHEHHE KYPCOBOT'O IIPOEKTA;

- IOATOTOBKA K 9K3AMEH) .

B Meromunueckumx = yKasaHUSX ~— NOPEACTABICHBl  MaTepuanbl IS
CaMOCTOSITEJIbHON paOOThl U PEKOMEHAIIMU TI0 OPraHU3aIluu OTJICIbHBIX €€ BUJIOB.



BOITPOCHI IJ1s1 CAMOITPOBEPKH

Tema 1. BBeienune B ynpapJieHHe POEKTAMHU
1. B yem 3akiroyaercs CyTh KOHLENIUHU YIPABJICHUS TPOEKTaMu?
. Uto npezcraiser coO0M IPOEKT Kak MPOLECC TOUKU 3pEHUsI CUCTEMHOT0 oaxoaa’?
. HazoBUTE OCHOBHBIE 2JIEMEHTHI IIPOEKTA.
. Ilepeuncnure 3Tansl pa3BUTHSA METOAOB ynpaBieHus npoektamu (YII).
. B uem cymuocts YII kak meTogonorun?
. OxapakTepu3yiTe IpOEKT KaK COBOKYITHOCTb IIPOLIECCOB.
. B yem 3akmtouaercs B3aumocssi3b Y11 v ynpaBieHuss ”HBECTULIUSAMU?
. KakoBa B3anMoCBsI3b MEX]ly yNpaBlIeHUEM IPOEKTaMU M ()YHKIIMOHAJIbHBIM MEHEIX-

03N L kWi

MEHTOM.
9. HazoBuTte npennocbuiku (GpakTopsl) pazButus MeToaoB YII.
10. KakoBbl nepcniekTuBbl pazsutust Y117
11. Onpenenure 3a7a4u U 3TAIbI Iepexojia K MPOSKTHOMY YIIPABJICHHUIO.
12. [lepeuncnure u onpenenute 6azoBbie moustus YII.
13. TlpuBeauTe MPUHIUIIBI KJIACCH(PUKAIIUU THIIOB TPOSKTOB.

Tema 2. Cucrema cTaHAAPTOB U cepTH(PUKAIUM B 00J1aCTH YIIPABJIEHUS NPOEKTAMU

1. Cnenaiite 0630p ctangapToB B oosactu YII.

2. Kakue rpynmsl CTaHJapTOB MPUMEHSIOTCS K OTACIBHBIM OOBEKTaM YIIPABICHUS MPO-
eKTaMH (IPOEKT, IporpaMmma, mopTdeab TPOSKTOB)?

3. JlaifTe XapakTEepUCTUKY TPYIIIE CTAaHAAPTOB, ONPEACIAIONINX TPeOOBaHUS K KBAIU(PHU-
Kanuu yyacTHUKOB YII (MeHemKepbl MPOeKTOB, y4acTHUKH koMmaH[ YII).

4. Kakue ctanaapThl, IpUMEHAIOTCS K cucteme YII opranusanuu B 11€JIOM U IO3BOJISAIO-
1€ OIICHUTh YPOBEHB 3PEIOCTH OPTraHU3aAIMOHHON CUCTEMBI POCKTHOT'O MEHEIKMEHTA ?

5. KakoBbI OCHOBBI M TPUHIUIIBI MexxayHapoHOU cepTudukanmm no Y11?

6. B uem 3akmouaercs ceptudukaius no cranaapram IPMA, PMI?

Tema 3. 7Ku3HeHHBIH MKJ IPOEKTA U ero (a3pl

1. KakoBbl OCHOBHBIE MTOHSATHS, MOAXOAbI K OIMPEIEICHNUIO U CTPYKTYPE MPOEKTHOTO IIUK-
na?

2. HaszoBuTe »Tambl peanu3allid, COCTaB OCHOBHBIX MPEANPOEKTHBIX JOKYMEHTOB
NpPEbIHBECTULIMOHHON (ha3bl.

3. B uem 3akirodaercs MpOEKTHBIM aHAJIN3 U OLEHKA JKU3HECTIOCOOHOCTH U (PMHAHCOBOM
peaan3yeMoCTH B paMKax MpeIbIHBECTUIIMOHHOM (ha3b1?

4. KakoBo cojiepaHie WHBECTUIIMOHHON M AKCIUTyaTallMOHHOM (a3 KM3HEHHOTO LIMKIIa
npoexTa?

5. OxapakTepu3yiiTe COCTaB U 3Talbl pa3padOTKU MPOEKTHON JOKYMEHTAIUU CTPOUTEIb-
HOM (ha3bl MpoeKTa.

6. KakoBo cozpep:kaHue 3aBepIlIeHUs] HHBECTUIIMOHHO - CTPOUTEIBHOIO 3Tara npoeKkTa. /.

7. HazoBuTe 3Tamnsl SKCIUTyaTallMOHHON (a3bl, B YEM €€ COJiepKaHue, KaK ONpeesieTcs

MEePUO/] OILIEHKH?

Tema 4. IIpoueccsl 1 MeTOAbI YIIPABJICHUS IIPOEKTAMM

1. B uem 3akiroyaeTcs CyIHOCTb INIAHUPOBAHUS IpoeKTa’?

2. KakoBbl MOTYT OBITh OCHOBHBIE LIETTH U 33/1a4U MPOeKTa?

3. KakoBsI TpeboBaHMs K HHYOPMAITMOHHOMY 00ECIIEUYeHHUIO TIIIaHUPOBAHUS?

4. HazoBuTE OCHOBHBIE METO/bI IIJIAHUPOBAHUS.

5. B 4em cyniHocTh METOAOB YIIpaBJIEHUs MPOEKTOM: AMAarpaMMbl ['aHTTa; ceTeBoro rpa-
¢duka?
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6. KakoBbI 11e71 1 coZiepKaHue KOHTPOJISI U PETYIMPOBAHUS TPOEKTa?

7. Kak ocymiecTBISIOTCS: MOHUTOPUHT PadOT MO MPOEKTY; U3MEPEHHE MpOoIiecca BHIIOJI-
HeHHs padOT M aHaNM3 pe3yJbTaTOB, BHECEHHE KOPPEKTHB; NMPHUHATHE PEIICHU; yIpaBieHUE
U3MEHEHUsIMU?

8. B ueMm 3axirodaercs ynpaBie€HUE CTOMMOCTBIO ITPOEKTA, KAKOBbI OCHOBHBIE ITPUHIIMIIb;
METOILI OLIEHKU?

9. KakoBa cymHocTh O10/KETUPOBAHUS TPOEKTAa U KOHTPOJISI CTOUMOCTH?

10. J{aiiTe XapakTepUCTUKY ITpoLiecca yIpaBieHHs paboTaMu MO MPOEKTY: B3aUMOCBS3bIO
00BEKTOB, MPOJIOIHKUTEIBHOCTHIO U CTOMMOCTBIO PadoT.

11. KakoBbl mpuHIHIBI 3 (HEKTUBHOTO YIIPABJICHUS BpeMeHeM?

12. HazoBute (hopMbI KOHTPOJISI TPOU3BOJUTEIBHOCTH TPY/Ia.

13. KakoBa poJib U CyIIHOCTh MEHEPKMEHTA KayecTBa B IPOEKTHOM yIPaBICHUU?

14. B yem 3akiir04aeTcs MpOLECcC YIPaBICHUs pecypcaMu MpoeKTa?

15. HazoBuTe mporneccsl, MPUHIMIIBI YIIPaBICHUSI pecypcaMu B MPOEKTE - YIpPaBIICHUS
3aKylKaMH U 3anacamu’?

16. Kak ocymiecTBisieTcsi MpaBOBOE PEryIMPOBAaHUE 3aKYIOK U IMOCTaBOK, MPOEKTHAs JIO0-
TUCTHUKA?

17. B ueM 3akitouaeTcs yrpaBieHUe KOMaHA0N poekTa’?

18. OnpenenuTe OCHOBHBIC MOHATHS, IPUHIIMUITBI, OPTaHU3AMOHHBIC ACTIEKTHI CO3JIaHUS
KOMAaH/Ibl.

19. Kak ocymiecTBiisieTcsi ynpaBieHHe B3aUMOOTHOLIEHUSIMH B IIPOEKTE?

20. B uem ocobeHHOCTH (hOPMUPOBAHUS OPTAaHU3AIMOHHON KYIbTYphI?

Tema 5. UHBeCTUIHOHHBIH MPOEKT KAK 00BEKT YNPABJICHUS

1. B yem oTiinuMe TMHAMUYECKHX METOJIOB OLIEHKH MHBECTULUI OT CTAaTUYECKUX METO-
noB?

2. [lepeuncnure cTaTUuECKUE METO/IbI OLIECHKU MHBECTUIIMM.

3. Ilepeunciure TMHAMUYECKHE METOIbl OLIEHKH UHBECTULIMH.

4. [laiiTe onpeneneHne CTaBKU JUCKOHTUPOBAHMSL.

5. Uto Takoe «Touyka 0e3yObITOUHOCTH»?

6. Uto Takoe «3anac (UHaHCOBOW MPOYHOCTU»?

7. Ilepeuncnute pa3pl MHBECTUILIMOHHOTO MIPOEKTA.

8. OxapakTepu3yiTe NpeJbIHBECTULIMOHHYIO (Da3y MHBECTUI[MOHHOTO MPOEKTA.

9. Oxapaktepu3yiTe HHBECTHLIMOHHYIO (Da3y MHBECTUIIMOHHOIO IIPOEKTA.

10. B ueM 3axiitouaeTcsi KaUeCTBEHHAs OIIEHKA M KOJMYECTBEHHAs OLIEHKA PUCKOB?

Tema 6. UndopmannonHoe odecrieueHne NPOEKTHOI0 YNPaBJIeHUs

1. B yem cymHOCTb yIpaBleHHss KOMMYHHUKALUSAMU IPOEKTa?

2. Yto coboli npeacTapiseT HHGOPMALIMOHHAS CUCTEMA YIIPABJICHUS IPOEKTaMU U KaKo-
BbI €€ DJIEMEHTHI?

3. [IpuBenure kimoueBsle onpeenenus u norpednoctu UCVYIIL.

4. Kaxosa ctpykrypa UCVII?

5. [IpoBeauTe 0030p phIHKA MPOTPAMMHOI0 00ECTICUCHHSI YITPABIEHUS TPOCKTAMHU.

6. KakoBsl TpeGoBanust K ”HGPOPMAITMOHHOMY OOECIICUEHUIO Ha PAa3HBIX YPOBHSX yIpaB-
JneHus?



OCHOBHBIE KATET'OPUMU JUCIUAIIIMHbBI

Tema 1. Konuenuusi ynpapJ/jieHus1 IPOeKTAMH

. [IpoekTt

o IIpoexTHOE ynpaBiieHueE.

o ITpoeKT Kak COBOKYITHOCTb IIPOLIECCOB.

o [lepexon K MPOEKTHOMY YIPABIEHUIO.

. Mopnens ynpasienus npoekramu (YII).

. Crpykrypu3zanus (1eKOMIIO3UIUH) IPOEKTA.

) ®da3pl, GyHKIUH U ToACUCTeMBI Y11,

o Knaccugukanmonssle Npu3Haku U BUbI IPOEKTOB.
o [lenb u cTparerus NpoeKTa.

o CueHapuu U CTpaTEeruy pa3BUTUS IPOEKTHOI'O KOMILIEKCA.
. Pesynbrar nmpoekra.

o VYipasieHnne napaMeTpamu MpoeKTa.

o OxpyrkeHue NpoeKTOB.

o ITpoeKTHBIN UK.

o MeTtoap! ynpaBieHus IPOEKTaMHu.

. OpranuzanuonHbsie CTpyKTypsl YII.

. Y4acTHUKH NPOEKTOB.

Tema 2. MexnyHapoaHble CTaHIAPTHI U cepTH(HKAnKUsA B 00/1aCTH NPOEKTHOIO yIpaBJie-

HUA
o Cranpaptuzanus 1 cepTuuKanus B IPOEKTHOM YIIpaBJIECHUH
o I'pynmibel crangapToB

. MexnyHapoanas ceptudukanus no YII.

. 0O0630p cTaHAAPTOB MIPOCKTHOTO YIIPABICHUS

Tema 3. 7Ku3HeHHBbIH LUK POEKTa U ero (¢asbl

. JKn3HEHHBII LIUKII TPOEKTA.

. ®a3pl, oTansl pa3paboTKH U OCYLIECTBICHHUS HHBECTULIMOHHOTO MTPOEKTA.
o [IpensinBecTULIMOHHAS (a3a MPOEKTA.

o CocTaB OCHOBHBIX MPEANPOEKTHBIX TOKYMEHTOB.
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° NuBecturmonnas (asza mpoexTa.

° Dransl pa3paboTKU MPOEKTHOW TOKYMEHTAIUH.
. T30 npoexra.

) Opranuzanuu CMP.

o DkcmyatannoHHas a3a mpoeKTa.

Tema 4. Hpoueccm U METOJAbI YIIPABJCHUA IPOCKTAMHU

. [InanupoBaHus IpoeKTa

o HNudopmannonHoe odbecrieueHne IUIaHUPOBAHUS
o MeTtopl IIIaHUPOBAHUS.

. Huarpamma I'antta

o CereBoii rpadux

o KoHTpo:b u perynupoBaHue npoeKkTa

. MoHUTOPUHT paboT MO MPOEKTY

o VYnpasiieHue U3MEHEHUSAMU

o VYnpaBiieHuE CTOUMOCTBIO IPOEKTA

o bromxeTupoBaHue npoekra

o VYupasieHue paboTaMu 1O IPOEKTY

. DddexTuBHOE yIpaBIeHUE BpeMEHEM

o MeHemKkMeHTa KauecTBa B IPOEKTHOM YIIPaBIEHUH
o VYnpasiieHue pecypcaMu IpoeKTa

o VYnpaBiieHne 3aKyllkaMy U 3aracaMu

o IIpaBoBOe€ perynmpoBaHue MpoeKTa

. [IpoexTHas norucruka

o VYnpasiieHue KoMaH/10i MpoeKTa

o VYnpaiieHue B3aMMOOTHOIIEHUSMHU B ITPOEKTE

o DopMHUpOBaHNE OPTaHNU3ALMOHHON KYJIbTYPbI

Tema 5. UHBeCTHIMOHHBIN NPOEKT KAK 00bEKT yIIPaBJICHUA

° NuBecTunmn

. NHBECTUIIMOHHBIN TPOEKT

° busznec-nmnan

° Hcrounuku u criocoOb! GMHAHCHPOBAHUS HHBECTUIIMOHHBIX MPOSKTOB



° JKu3HEHHBIN UK UHBECTULIMOHHOTO MTPOEKTA

° [IpeanpoekTHbIE JOKYMEHTHI

° OreHka )XU3HECTIOCOOHOCTH U (PMHAHCOBOW PEATM3yeMOCTH MPOCKTA
. T20 npoekra

) Opranuzanuu CMP

o JIeHeXHBIH MOTOK MHBECTULIMOHHOTO MTPOEKTa

. DUHAHCOBBIN aHAJIM3 UHBECTULMOHHOIO MPOEKTA

. Cucrema nokasareneil PMHAHCOBOW COCTOSATEIBHOCTHU MPOEKTA
. Cucrema nokasarenei OlleHKA YKOHOMUYECKOH 3(ppekTuBHOCTH
o CraBka TMCKOHTHPOBAHUS

. Koaddurment quckoHTHpOBaHUS

° YucTeiii tuckoHTHpoBaHHbIN goxon (Y1)

° WNunekc noxomunoctu (M)

. Cpox oKymaeMocTu

. Buytpennss nHopma goxonnoctu (BH/I)

. 3amnac ¢puHaHcoBol ycroitunBocTH (3DYVY)

o MeTtos! yuera HHPISIHH

Tema 6. UndopmaunoHHoe obecniedeHHe POEKTHOIO YIIPaBJIeHUSsI
o VYnpaBieHnss KOMMYHHKAIUSIMU TIPOEKTa

. WNudopmanroHHas cuctemMa ynpaBieHUs IPOeKTaMu

. Crpykrypa UCVYII

. PeIHOK niporpaMMHOro o0ecrieyeHus yrpaBieHUs! IPOSKTaMHU.

. Nudopmanmonnoe odecrieyeHue yrnpaBieHUs MPOEKTaMU
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CAMOOPI AHU3ALIUSI PABOTHI C JIUTEPATYPOM

CamMocTosTeNbHOE U3YUEHHE TEM Kypca OCYIIECTBIISIETCA HA OCHOBE CIIMCKA
PEKOMEHIyeMOW JTUTEpaTyphl K nucnuiuiuHe. [Ipu pabote ¢ KHUTOoM HEOOXOIUMO
HAY4YUTHCS TPABWIBHO €€ 4YuTaTh, BecTH 3amucu. CamoctosaTenbHas paboTa C
y4eOHBIMA W HAyYHBIMH U3JaHUSIMH TPO(GECCHOHATBHOW U OOMIEKYJIbTYpPHOU
TEMaTUKd — OTO BaXHeWee yciaoBue (OPMUPOBAHUS HAyYHOro crocoda
HO3HAHMUSL.

OcHoBHBbIE IPUEMBI PaOOTHI C JIUTEPATYPOH MOKHO CBECTHU K CIEYIOIINM:

* COCTaBUTb [1€PEUYEHb KHUT, C KOTOPBIMHU CJIEIYET TO3HAKOMUTHCS;

* IepeyYeHb JOJKEH OBbITh CHCTEMAaTU3UPOBAHHBIM (UTO HEOOXOAMMO Ui
CEMHHAPOB, YTO JUIsl 3K3aMEHOB, YTO NPUTOAMUTCS JAJIs HAlMCAHUS KYPCOBBIX U
BBITYCKHBIX KBanu(uKaiuoHHblx padoT (BKP), a 4ro BbIXOOUT 3a paMKamu
opuIManbHOW y4eOHOM ESITENIbHOCTH, U PACHIUPSIET OOIIYIO KYJIbTYPY);

* 00513aTENBHO BBINKCHIBATH BCE BBIXOAHBIE JAaHHBIE MO KaXI0M KHUTE (IIpU
HAIlMCAaHWU KYPCOBBIX U BBINYCKHBIX KBAJIM(PUKAIMOHHBIX PabOT 3TO IMO3BOJUT
SKOHOMUTH BpeMS);

* ONpEAeNuTh, KAKUE KHUTH (WJIM KaKUe IJaBbl KHUT) CIEAYeT IMPOYUTATh
0oJiee BHUMATEIBHO, a KAaKUe — MPOCTO MPOCMOTPETH;

* IPU COCTABJIICHHM IIEPEYHEH JIMTEpaTyphl CIEIYyET IIOCOBETOBATHCS C
IIPENOIAaBATEISIMA U PYKOBOAMUTEISIMU BKP, KOTOpBIE IIOMOTYT
COPUEHTHPOBATHCSI, HA UTO CTOUT OOpaTUTh OOJbllIee BHUMAHUE, @ HA YTO BOOOIIE
HE CTOUT TPaTUTh BPEMS;

* BCE MPOYUTAHHbIE MOHOrpaduu, y4eOHUKH U Hay4YHbIE CTAaThbU CJEIYET
KOHCIIEKTUPOBATh, HO 3TO HE 03HAYAET, YTO HA/I0 KOHCIIEKTUPOBATH «BCE MOAPSAI»:
MO>XHO BBIIIUCHIBATh KPAaTKO OCHOBHBIE HJEH AaBTOpAa W HWHOTJA MPUBOAMTH
HauOoJiee IpKUe 1 NMOKa3aTelIbHbIEe HUTATHI (C YKa3aHHEM CTPAHULL);

* eclii KHUTra — COOCTBEHHas, TO JIONMYCKAaeTcs JenaThb Ha MOJAX KHUTHU
KpaTKHe MOMETKH WJIM K€ B KOHIIE KHUTH, HA MYCThIX CTPAHMUIIAX MPOCTO CAENaTh
CBOU «IIPEIMETHBIN yKa3aTelby, Il OTMEYAOTCs Hau0oyiee MHTEPECHBIE MBICIIH U
00s13aTENBHO YKA3bIBAKOTCS CTPAHMIIBI B TEKCTE aBTOPA;

e clieayeT BbIpabOTaTh CHOCOOHOCTH «BOCIPUHHUMATB)» CJIOKHBIE TEKCTHI,
JUISL 3TOTO JIYYIIWWA INPUEM — HAy4YHMThCS «YWTAaTh MEIJIEHHO», KOrJa IHOHSITHO
Ka)X70€ MPOYUTAHHOE CJIOBO (@ €clid CJIOBO HE3HAKOMOE€, TO JIMOO C MOMOIIbIO
cJioBaps, JUOO C TIOMOIIBIO TIperojaBaressi 00s3aTeTbHO €ro y3HaTh). Takum
o0pa3oM, YTEHHE TEKCTa SBJSIETCS YacThbiO MO3HABATENbHOW JesTenbHOCTH. Ee
11eJ1h — U3BJICUCHUE U3 TEKCTa HEOOX0IUMOMN HH(MOpPMAITUH.

OT TOro, HacKoJIbKO OCO3HAHHA YWTAIOUIUM COOCTBEHHAs BHYTPEHHSIS
YCTaHOBKa MpU OOpalllEHWH K MEYaTHOMY CJIOBY (HAMTH HY>KHBIE CBEICHUS,
YCBOUTH uHdopmauio MOJIHOCTBIO WIH YaCTUYHO, KPUTUYECKU
POAHANM3UPOBATh MaTepual M T.I.) BO MHOTOM 3aBUCUT 3(PQPEKTHUBHOCTD
OCYIIECTBIISIEMOTO JecTBUs. ['pamMoTHast paboTa ¢ KHUTOM, OCOOCHHO €CJIM Peyb

UJET O HAy4YHOW JuTepaType, MNpearosiaraeT coOJ0JeHUe psaa MpaBuil, s
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OBJIAJICHUA KOTOPBIMM HEOOXOJMMO HACTOMYMBO YYUTBHCA. OJTO CEPBHE3HBIN,
KponoT/iuBbId Tpy. [Ipexae Bcero, mpu Takoil paboTe HeBO3MOXKEH (hOpMaIbHBIH,
MOBEPXHOCTHBIN noaxoa. He MexaHnnueckoe 3aydnBaHUE, HE MPOCTOE HAKOIIIEHUE
LATAT, BBIAEPKEK, @ CO3HATEIbHOE YCBOCHUE IPOUYUTAHHOTO, OCMBICIECHHUE €ro,
CTPEMJIEHUE JOWTH J0 CyTH — BOT TIJaBHOE MpaBmwio. /[lpyroe mnpaBuio -
coOyto/ieHne mpu paboTe HaJ KHUTOW OIpeAeICHHONW MOCIeA0BaTeIbHOCTH.
Bnayaine cineayer 03HaKOMUTBCA C OTJIABIEHUEM, COJEPKAHUEM IIPEAUCIOBUS WU
BBEICHHU. OTO JaeT OOLIyI0 OPHEHTHPOBKY, MPEACTaBICHUE O CTPYKTYpe U
BOIIPOCAaX, KOTOPBIE PACCMATPUBAIOTCS B KHUTE.

Crnenyrommii stan — yreHue. [lepBblid pa3 Heaecoo0pa3Ho MPOYUTATh KHUTY
C Hayana 70 KOHIIa, YTOOBl MOJYyYWUTh O HEH IenbHoe mpeacrapieHue. [Ipu
MOBTOPHOM YTEHHHM MPOUCXOJIUT TMOCTETIEHHOE TIIyOOKOE OCMBICICHUE KaXKIOou
[JIaBbl, KPUTUYECKOIO MaTepuaja W TO3UTUBHOIO W3JIOKEHUS; BBIICIICHUE
OCHOBHBIX HJEH, CHCTEeMbl apryMEHTOB, HauOoyiee SPKUX NPUMEPOB U T.1.
HenpeMeHHbIM NpaBUIIOM YTEHHS JOJDKHO OBITh BBIICHEHHE HE3HAKOMBIX CIIOB,
TEPMUHOB, BBIPQ)KCHHI, HEU3BECTHBIX UMEH, Ha3BaHUI. CTyJ€HTaM C 3TOU LENbIO
PEKOMEHAYETCSl 3aBOIUTH CIIELUAIbHBIE TETPAAN WM OJOKHOTHI. BaxkHas poip B
CBSI3U C ATUM MPHUHAJJICKUT OMOIMorpapuueckoil MOAroToBKE CTylneHTOB. OHa
BKJIIOYAET B ce€0sl yMEHHE aKTHUBHO, OBICTPO IOJIb30BAThCSI HAyUHBIM aIlllapaToMm
KHUTH, CIPAaBOYHBIMM  M3JAHUSMH, KaTajoraMu, YyMEHUE BECTH IIOMCK
HeoOxoauMoun nHpopmanuu, o0padbaTeIBaTh U CUCTEMATHU3UPOBATH €€.

BbIaenstoT 4eTblpe OCHOBHBIE YCTAHOBKHM B UTEHHH TEKCTA!

- HMH(QOPMALMOHHO-TIOMCKOBAs (3a7aya — HAWTH, BBIIECIUTh HCKOMYIO
UH(pOpMaLHIO);

- ycBauBawIas (yCWIds YUTaTeNls HalmpaBJIeHbl HA TO, YTOOBI KaK MOKHO
IIOJTHEE OCO3HATh M 3allOMHUTH, KaK CAMHU CBEJCHHUSI, U3J1aracMbl€ aBTOPOM, TAK U
BCIO JIOTHKY €T0 PacCyKJICHUM);

- AQHAJIMTUKO-KPUTHUYECKAs (UUTATelb CTPEMHUTCS KPUTHUYECKH OCMBICIUTH
MaTepHall, IPOAHAIM3UPOBAB €T0, ONIPEIEIUB CBOE OTHOLIEHUE K HEMY);

- TBOpUYECKas (CO3JaeT y YMUTaTeIsl TOTOBHOCTh B TOM WJIM MHOM BHJE — Kak
OTMPABHOM MYHKT JJIsl CBOMX PACCYKICHHM, Kak 00pa3 /i IeUCTBUS TI0 aHAJIOTHH

W T.I. — WUCHOJB30BaTh CYXICHUS aBTOpa, XOJ €ro MbICICH, pe3yJbTaT
HAOMIOICHNS, Pa3padOTaHHYI0 METOAMKY, IOTMOJHUTh HMX, TOJBEPTHYTh HOBOM
MIPOBEPKE).

C mnHamuymeMm pa3iInyHBIX YCTAaHOBOK OOpalleHuss K TEKCTY CBSI3aHO
CYIIIECTBOBAHHME U HECKOJIbKHX BUOB YTCHHS:

- OubOnuorpaduueckoe — MpOCMaTpUBaHUE  KapTOYEK  Karajora,
PEKOMEHIaTeIbHBIX CIIUCKOB, CBOJHBIX CITUCKOB )KYPHAJIOB M CTATEH 3a TOM U T.IL.;

- TIPOCMOTPOBOE — HUCHOJB3YeTCS ISl MOWCKAa MaTepHalioB, COJEPIKAIIUX
HY)XKHYI0O HHGOpMAINO, 0OOBIYHO K HEMY MPHUOEraroT cpasy mocie pabdoThl €O
CIHMCKaMH JIMTEPATyphbl U KAaTaJoraMu, B pe3yJibTaTe TAKOTrO MPOCMOTPa YUTATENb
yCTaHaBJIMBAET, KAaKUE W3 HCTOYHUKOB OyIyT HCIOJB30BaHbI B JalibHEHIIEH
pabore;
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- 03HAKOMUTEJIBHOE — MOJAPA3yMEBACT CIUIOIIHOE, JOCTATOYHO MOAPOOHOE
NpOYTEHUE OTOOpPaHHBIX CTaTed, TJIaB, OTACJbHBIX CTPAHUI, Lelb —
MO3HAKOMUTHCS C XapaKTepoM HH(POPMAIIMH, y3HATh, KAKHE BOMPOCHI BHIHECEHBI
aBTOPOM Ha PACCMOTPEHUE, IPOBECTU COPTHUPOBKY MaTepuaa;

- W3y4arollee — MPEANoaraeT JOCKOHAIIbHOE OCBOCHUE MaTepuasa; B XOIe
TaKOTO YTEHHUsI MPOSIBISETCA JOBEPHE YUTATENS K aBTOPY, TOTOBHOCTHh MHPHUHSTH
U3JI0OKEHHYI0 HWHGOpMAIMIO, pealu3yeTcsi yCTaHOBKAa Ha NPEACNIbHO IOJIHOE
NOHMMAaHUE MaTepHaa;

- AHAJUTUKO-KPUTUYECKOE M TBOPYECKOE UTEHHE — JBa BHUJA YTEHUS
Oym3Kkue Mexay coOOd TeM, YTO y4YacTBYIOT B PEIICHUH HCCIEHOBATEIbCKUX
3a1ad.

IlepBBlli M3 HUX NPEANOJIATaeT HANPABJICHHBIA KPUTHYECKMM aHAIW3, KaK
camMoil MH(QOpMAIINH, TaK U CIIOCOOOB €€ MOJYYeHUS U M0/Ia4ll aBTOPOM; BTOPOE —
MOUCK T€X CYXKJEHUMU, (PaKTOB, IO KOTOPHIM, WJIM, B CBSI3H C KOTOPBIMHU, YNTATENb
CUMUTAET HYKHBIM BbICKa3aTh COOCTBEHHBIE MBICIIH.

W3 Bcex pacCMOTPEHHBIX BUJIOB YTE€HUS OCHOBHBIM JUISI CTYJEHTOB SIBJIIECTCS
U3ydallllee — HMEHHO OHO TI03BOJIsIeT B pabore ¢ yuyeOHOW M HaydyHOH
JUTEpaTypol HaKalIMBaTh 3HAHUS B PA3IMYHBIX oOsacTsaX. BoT moueMy MMeHHO
3TOT BHJI YTEHUS B paMKax 00pa30BaTEIbHOM JEATEIBHOCTH JOJKEH ObITh OCBOEH
B IEpBYIO ouepenp. Kpome TOro, mpu OBJaJACHUM [aHHBIM BHJIOM YTECHUS
GbOpMUPYIOTCS OCHOBHBIE MPHUEMBI, MOBbIAOMKE 3PPEKTUBHOCTh PabOTHI C
TekcToM. HaydHas metoguka paboThl ¢ JUTEPATypold MPEAyCMaTpPUBAET TaKKE
BEJICHUE 3alKMCH TMPOYUTAHHOIO. DTO MO3BOJSET MPUBECTH B CUCTEMY 3HAHUS,
MOJIyYEHHBIE MPU YTEHUH, COCPEAOTOYUTh BHUMAHHUE HA TJIABHBIX MOJOXKECHHSIX,
3aUKCUpOBaTh, 3aKPENUTh HMX B NaMATH, a MPU HEOOXOJUMOCTH BHOBb
0o0paTUTHCS K HUM.

OcHOBHBIE BUBI CUCTEMATU3UPOBAHHOM 3aIUCH IIPOYUTAHHOTO:

AHHOTUPOBAaHME — MPEAEIBHO KPATKOE CBSA3HOE ONMCAHUE MMPOCMOTPEHHOM
WIM TPOYUTAHHOM KHMUIU (CTaThH), €€ COJep KaHMs, UCTOYHHKOB, Xapakrepa U
HA3HAYCHHUS.

[InanupoBaHue — KpaTKasl JOrMYeCcKasi OpraHu3alus TEKCTa, paCKpbIBAIOIIAs
COJIEp>KaHUE U CTPYKTYPY U3y4aeMOro MaTeprara.

Te3npoBaHue — JaKOHUYHOE BOCIPOU3BEIAECHUE OCHOBHBIX YTBEP)KICHUMN
aBTOpa 0€3 NMpuBJIeYeHUs (PaKTUUECKOr0 MaTepurarna.

LutupoBaHue — JOCIOBHOE BBIMUCHIBAHUE U3 TEKCTa BBIIEPIKEK,
W3BJICUEHUI, HAan0oJIee CYIIECTBEHHO OTPAXKAIOIIUX TY WM UHYIO MBICIb aBTOPA.
KoncnexktupoBanme — KpaTKoe MW MOCIEIOBATEIIBHOE  M3JIOKEHUE
colepkaHusi MNpodyuTaHHOro. KOHCHEKT — CHOXKHBIM crnoco0  M3II0KEHUs

COJIEp’KaHMSI KHUTH WM CTaThU B JIOTMUECKOM IMOCIEN0BAaTENbHOCTH. KOHCHEKT
aKKyMyJIupyeT B ce0e Npeplayliue BUAbl 3allUCH, IO03BOJISIET BCECTOPOHHE
OXBATUTh COJEPKAHWE KHUIM, CTaTbh. [loaTOMYy ymeHHe COCTaBIIATH IIJIaH,
TE3UChI, JEJaTb BBIIMCKM W JPYTrH€ 3alllCU ONPENENIeT U TEXHOJIOTHIO
COCTABJICHUsI KOHCITIEKTA.
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Kak mpaBWJIBHO COCTaBIATH KOHCHEKT? BHUMMarenpHO MPOYMTANTE TEKCT.
YTouHuTEe B CHPaBOYHOM JIUTEpaType HEMOHSATHhIe cioBa. [lpu 3amucu He
3a0y/IbT€ BBIHECTH CIIPABOYHbBIC JaHHBIC Ha MOJII KOHCIEKTAa. Brijenure riaBHOE,
COCTaBBTE IJIaH, PEJICTABIIAIONIMI OO0 MepevyeHb 3aroj0OBKOB, MO3ar0JI0BKOB,
BOIIPOCOB, MOCJIEIOBATEIHHO PACKPHIBAEMBIX 3aTE€M B KOHCIIEKTE. DTO MEpBbIN
AJIIEMEHT KOHCIEKTa. BTOPBIM 3J1€eMEHTOM KOHCIEKTa SIBISIIOTCS TE3UCHI. Te3uc -
TO KpaTko chopMmylupoBaHHOE ToOJIOKeHHe. [l Jydinero yCBOEHUS W
3allOMUHAHMs MaTepuaia CIeAyeT 3aluChbIiBaTh TE3UChl CBOUMU CIOBaMH. Te3UCHI,
BBIJIBUTACMBbIE B KOHCIIEKTE, HYXXHO JIOKa3biBaTh. [lOATOMY TpeTHil 3JIE€MEHT
KOHCIIEKTa - OCHOBHBIE JJOBOJIbI, JOKA3bIBAIOIINE UCTUHHOCTh PACCMAaTPUBAEMOTO
Te3uca. B KOHCIEKTe MOTYT OBITh TMOJOXEHUS W MPUMEPHI. 3aKOHCIICKTUPYHTE
MaTepHuay, 4eTKO CJeays NMyHKTaM TutaHa. [Ipu KOHCIIEKTUPOBAHWM CTapalTech
BBIPA3UTh MBICIIb CBOUMU CIIOBaMU. 3aIlUCH CIIEYeT BECTU YETKO, sicHO. [ paMOTHO
3anuchbiBaiiTe UTaThl. LIUTHPYS, yUUTHIBANTE JTAKOHUYHOCTD, 3HAYUMOCTb MBICITH.
[Ipu odopmiieHHH KOHCHEKTa HEOOXOJUMO CTPEMHUTHCS K EMKOCTH KaxKJIO0ro
npeaiokeHusi. MpICIM aBTOpa KHUTH CIIEIyeT U3JiaraTh KpaTko, 3a00TsCh O CTUJIE
W BBIPA3UTEIBHOCTU HAMMCAHHOTO. YWCIO JOMOJMHUTENBHBIX  3JIEMEHTOB
KOHCIIEKTa JIOJDKHO OBITh JIOTUYECKH OOOCHOBAHHBIM, 3aIllMCH  JIOJKHBI
pacnpeienaTbes B ONpeeIeHHOM MOCIeI0BATEIbHOCTH, OTBEYAOIIEH JIOTUYECKON
CTPYKType mpousBefieHus. [ yTouHeH s U JOTOIHEHUSI HEOOXOUMO OCTABIISITh
OJISL.

KoncnektupoBanue - HauOonee CHIOXHBIM dTanm padotel. OBnajzeHue
HaBBIKAMHM KOHCIICKTUPOBAHHUS TpeOyeT OT CTYyIEHTa IIeICYCTPEMIICHHOCTH,
MOBCETHEBHON caMOCTOSITENbHON paboThl. KOHCHEKT ycKopsieT MOBTOpeHue
MaTepuasa, SJKOHOMUT BpEMS MPH MOBTOPHOM, MOCJE OINPEAETICHHOTO MepephiBa,
oOpalleH!H K YK€ 3HAaKOMOW paboTe. YUHUThIBas WHANBUAYyAIbHBIE OCOOCHHOCTH
KQXJIOTO CTYJIEHTa, MOKHO JaTh JIUIIb HEKOTOpbIE, Hanboee orpaBaaBIIue ceos
oOIue mpaBmiIa, ¢ KOTOPBIMU MPENoaBaTeb U 00s3aH MO3HAKOMUTD CTY/ICHTOB:

1. 'maBHOE B KOHCIIEKTe HE 00BEM, a cojepkaHue. B HeM JOIKHBI OBITH
OTpaX€Hbl OCHOBHBIC MPUHIIUIHUAIILHBIE TOJOXKEHUSI HUCTOYHUKA, TO HOBOE, UTO
BHEC €r0 aBTOpP, OCHOBHBIE METOJOJOTHYECKUE TMOJOXKEHUs paboThl. YMeEHHE
u3JlaraTh MBICIM aBTOpPA CXKATO, KPATKO U COOCTBEHHBIMH CIIOBAMU IMPUXOIUT C
OMBITOM M 3HaHWSAMHU. HO HMX HaKOIUICHHIO TIOMOTaeT COOJIIOJIEHUE OHOTO
BaKHOTO TMMPaBUJia — HE TOPOIUTHCS 3aMKMCHIBATH TIPH TIEPBOM K€ UYTCHUH, BHOCUTh
B KOHCIICKT JIUIIB TO, YTO CTAJIO SCHBIM.

2. @opMa BeJeHUS KOHCIIEKTa MOXET OBITh CaMOW pa3HOOOpa3HOM, OHa
MOXXET H3MEHATHCS, COBEPIICHCTBOBAaThCSA. HO HayMHATBCA KOHCIIEKT BCETIa
JOJKeH C yKa3aHHWs TOJHOTO HAaWMEHOBaHWs paboThl, (aMUIMKM aBTOpa, TOAa U
MeCTa W3JIaHWs;, IHUTAaThl OepyTcs B KaBBIYKKM C OO0s3aTCIIBHOW CCBUIKOW Ha
CTpaHUITY KHHTH.

3. KoHcrekT He J0MKEeH OBITh «CJENbIM», OE3JHKUM, COCTOSIIIUM W3
crutonTHoro Tekcta. Oco00 BaKHBIE MECTa, SPKUE MPUMEPHI BBIICISIOTCS [IBETHBIM
MOTYEPKUBAHUEM, B3SITHEM B pPaMOYKY, OTTCHCHHEM, IOMETKAMHU Ha TIOJISAX
CHeIUaTbHBIMUA 3HAKaMH, YTOOBI MOKHO OBLJIO OBICTPO HAWTHU HY>KHOE TIOJIOKESHHE.
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I[OHOJ'IHHTGJ'H)HBI@ MaTCpHraJibl U3 APYIMX HCTOYHHKOB MOKHO AdaBaThb Ha II0JIAX,
rac 3alMCbIBAlOTCA CBOM CYXKICHHUA, MBICIH, IIOABHUBIOIHMECA YKE IIOCIIC
COCTaBJICHHA KOHCIICKTA.

MOATOTOBKA JJOKJAJIA C ITIPE3EHTALIME

OpnHolt U3 GopM TEKyIIEro KOHTPOJIS SBISETCS AOKIIAJ C IPE3eHTANEN, KO-
TOPBIN MPeACTaBISET COOON MPOAYKT CAMOCTOSTEIBHON pabOThI CTY/ICHTA.

Jloknaz ¢ mpe3eHTaluei - 3To MyoJINYHOE BBICTYIJIEHUE IO TPEICTABICHUIO
MOJTyYEHHBIX PE3YyJIbTATOB PEIICHHUs ONMpEACTICHHON yueOHO-IPAaKTUIECKOH, yueo-
HO-UCCJIEA0BATEIBCKON WIIM HAYYHON TEMBI.

Kak npaBuiio, B OCHOBY JIOKJIaJa JIOKHUTCS aHAJIU3 JINTEPATYphl 1O Ipodiie-
Me. OH JOJDKEH HOCUTh XapaKTep KPaTKOro, HO B TO K€ BpeMs IIyOOKO apryMeH-
TUPOBAHHOTO YCTHOTO COOOIIEHHA. B HEM CTyZneHT IOJIKEH, IO BO3MOYKHOCTH,
IIOJIHO OCBETUTH Pa3iIMyYHbIe TOUKH 3pEHHUs Ha MPoOJeMy, BbIpa3UTh COOCTBEHHOE
MHEHHUE, CIEJIaTh KPUTUYECKUN aHAIN3 TEOPETUYECKOTO U MPAKTHYECKOro Mare-
puana.

[TonroroBka okiana ¢ Mpe3eHTauel sABiIseTcsl 00sA3aTeabHON JUIsl o0y4a-
IOLIUXCS, €CIOU JOKJaJ Ipe3eHTalueld yka3aH B NepeuHe (popM TEKyIero KOH-
TPOJIsl yCIIEBaeMOCTH B pabouel mporpaMme AUCHUIIINHBI.

Jloknaa AoJIKEeH ObITh paccurTaH Ha 7-10 MUHYT.

[Ipe3enTanus (0T aHr. «presentationy» - MpeACTABICHUE) - 3TO HAOOp IBET-
HBIX CIIAlIOB HA OMPEJIEICHHYIO TEMY, KOTOPBIM XpaHUTCA B (aiijie crenuaibHOro
dbopmara ¢ pacuupenuem PP.

Llenpro mpe3eHTaluu - JOHECTH JI0 LIEJIEBOM ayIUTOPUH MOJHOLIEHHYIO HH-
dopmaryio 00 00bEKTE Mpe3eHTALH, U3I0’KEHHOH B JOKIIaJe, B y100HOU (popme.

[lepeueHb MpUMEPHBIX TEM JOKIAJIOB C MIPEe3EHTAlMeN MpeACcTaBieH B pado-
4yeil mporpaMMme JIMCUUIUIMHBI, OH BbIJAeTCs OO0ydaromumcs 3a0J1aroBpeMEHHO
BMECTE€ C METOAMYECKMMH YKa3aHMSIMHU IO MOATOTOBKE. TeMbl MOTYT pacmpese-
JATBCSA CTYJACHTAMHU CaMOCTOATENBHO (10 KEIaHUIO), a TaKKEe 3aKPEIUIAThCS Ipe-
I10/1aBaTEJIEM JTUCLUTIIINHBL.

[Ipu moaroToBKe AOKIJIana C Mpe3eHTalMeld OOyJaroIIMics TOJDKEH Mpoje-
MOHCTPHUPOBAaTh YMEHHE CAMOCTOSITEIBHOIO HW3Y4YEHHUS OTAEIBHBIX BOIPOCOB,
CTPYKTYPUPOBAHHSI OCHOBHBIX TMOJIOXKEHUI paccMaTpUBAEMBbIX MPoOJieM, MyOiIny-
HOTO BBICTYIUICHUS], TO3ULIMOHUPOBAHUS ceOsl epesl KOJUIEKTUBOM, HaBbIKM pado-
ThbI ¢ OMOIMOrpaPUUEeCKUMU NCTOYHUKAMU U OPOPMIICHUSI HAYYHBIX TEKCTOB.

B xo1€e moAroToBKH K AOKJIALy C Mpe3eHTalnnei o0yvaroniemycs Heo0Xoau-
MO:

- BBIOpaTh TEMY U ONPEJEIUTh 1IeJIb BHICTYTICHHUS.

JIJ1st 5TOTO, OCTAaHOBUTECH HA TeME, KOTOpasi BhI3bIBACT y Bac Oosbiuii MH-
TEPEC; ONPENEIIUTE LIEJIb BBICTYIIEHUS; IOJAYMaNTE, JOCTATOYHO JIH BBl 3HAETE I10
BBIOpAHHOM TeMe WK MPoOIeMe U CMOXKETE JIM HATH HEOOXOIUMBII MaTepual;

- OCYIIECTBUTH cOOp MaTepuraia K BhICTYILICHUIO.
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HaunnaiiTe moAroToBKY K IOKJIaay 3apaHee; 0OpaliaiTech K ClipaBOYHUKAM,
SHIUKIIONEANSIM, HAYYHOU JIUTepaType Mo JaHHOU MpobIieMe; 3anuchbiBaiiTe HE0O-
XOJIUMYI0 HH(OpPMAIUIO HA OT/ACNIBHBIX JIUCTAX WM TETPAIU;

- OpPraHu30BaTh paboTy C JIUTEPATypPOH.

[Ipu mogbope nuTepatypsl MO UHTEPECYIOUIEH TeME OMpPeleTUTh KOHKPET-
HYIO 1IeJIb TIOMCKA: YTO U3BECTHO IO JJAHHON TeMe? 4TO XOTENOCh Obl Y3HATh? JUIs
4Yero Hy>kHa 3Ta MHpopMalus? Kak €e MOKHO UCIOJIb30BaTh B MPAKTUYECKOHN pa-
oore?

- BO BpEMs U3YUECHUS JTUTEPATYPHI CIECIYET: 3alUChIBATh BOIIPOCHI, KOTOPBIE
BO3HHMKAIOT 10 MEPE O3HAKOMJIEHUS C MCTOYHUKOM, a TAKXKE KIIFOUEBBIE CIIOBA,
MBICJIH, CYKJICHUSI; TPEACTABISATh HATJISAIHBIE TPUMEPHI U3 TPAKTUKH;

- 00paboTaTh MaTepua.

YuurtsiBaliTe NOATOTOBKY M MHTEPECHI CIYIIATENEH; U3JIAraiTe MPaBAUBYIO
MH(OPMAIUIO; BCE MBICIH JIOKHBI OBITh B3aUMOCBS3aHbI MEXKY COOOM.

[Ipu moaroToBke JoKJIajga ¢ Mpe3eHTalued oco00 HEoOXOAUMO OOpaTUTh
BHHUMAHME Ha CIEAYIOIIEE:

- HOATOTOBKA JOKJIaJa HAYMHAETCS C U3YUYEHUS MCTOYHUKOB, PEKOMEH[0-
BAHHBIX K COOTBETCTBYIOUIEMY pa3lieily JUCLMUILUIMHBI, a TAKKE CHEUUAIbHON JIH-
TepaTypsbl Il JOKIAAUYHKA, CIIUCOK KOTOPOU MOYKHO MOJIYYUTh Y TPENOAABATEIS;

- BAXKHO TaK)K€ O3HAKOMUTBHCS C UMEIOIIMMUCS MO JaHHOM TEME MOHOTpa-
busamH, yaeOHbBIMU TTOCOOMSIMHU, HAYYHBIMU MH(OPMALIMOHHBIMU CTaThsIMHU, OITYO-
JMKOBAaHHBIMU B MEPUOIAYECKON MedaTH.

OTHOCUTENBHO HEOOJBIION 00beM TEKCTa JOKJIaja, JUMUT BPEMEHU, OTBE-
JIGHHOTO Ui MYOJUYHOTO BBICTYILICHUS, OOYCIOBIMBAET MOTPEOHOCTh B TIIa-
TEJILHOM OTOOpE MaTepHalia, yMEJIOM BbIJICJICHUU TJIaBHBIX MOJOKEHHHA B COAEp-
YKaHUU JI0KJIaJa, UCTIOIb30BaHUU HanOoJee T0Ka3aTeIbHbIX (PAKTOB U YOEAUTEIb-
HBIX IPUMEPOB, UCKIIFOUCHUN TOBTOPEHUN U MHOTOCJIOBHSI.

Pemmnts 3T 3a1a4u TOMOTAET COCTABJIEHUE PA3BEPHYTOIO IJIAHA.

[Inan nokiana MOMHKEH COAEPXKaTh CIEAYIONIME TJIaBHbIE KOMITOHEHTHI:
KpaTKO€ BCTYIUIEHUE, BOPOCHI U UX OCHOBHBIE TE€3UCHI, 3aKJIIFOYEHUE, CITUCOK JIH-
TepaTyphl.

ITocne cocrtaBiieHHs TIaHA MOXHO NPUCTYNHUTh K HANMCaHHWIO TeKcTa. Bo
BCTYIUICHHH Ba)XHO TIOKA3aTh aKTYaJbHOCTH MPOOJIEMBI, €€ MTPAKTUYECKYIO0 3HAUH-
MOCTb. [IpH U3105KE€HNN BOIIPOCOB TEMBI PACKPBIBAIOTCSI €€ OCHOBHBIE MOJIOKEHUSI.
Matepuai cosiep>kaHusi BOIIPOCOB IMOJIE3HO pacrnojiaraTh B TAKOM MOPSJIKE: TE3UC;
JI0KA3aTeJIbCTBO TE3MCA; BHIBOJ U T. 1.

Te3uc - 370 TI1aBHOE OCHOBOMoOJIArarouee yreepxjaeaue. OH 000CHOBBIBAET-
Csl MyTEeM MPUBJICYEHUSI HEOOXOAUMBIX ITUTAT, IM(PPOBOrOo Marepuasia, CCbUIOK Ha
ctathu. [Ipu U3M0KEHUH COAEpKaHUs BOIIPOCOB 0CO00€ BHUMAHUE JOJIKHO OBITH
oOpallleHO Ha PacKpbITHE MPUUHMHHO-CIEICTBEHHBIX CBS3€H, JJOTUYECKYIO IOCIIe-
JIOBATEIPHOCTh TE3WCOB, a TaAKXKe Ha (DOPMYJTMPOBAHUE OKOHUYATEIHHBIX BHIBOJIOB.
BBIBOZIBI TOKHBI OBITH KPATKUMHU, TOUHBIMH, TOCTATOYHO apTyMEHTUPOBAHHBIMU
BCEM COJEp’KaHUEM JTOKJIAaA.
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B mpouecce MOoAroToBKU J0KJaJla CTYACHT MOKCT IOJTYYUTh KOHCYJIbTAllUIO
Yy npcroaaBaTeiisd, a B CJ1ydac HCO6XOI[I/IMOCTI/I YTOUHHUTDH OTACIBHLBIC ITOJIOXKCHHUSI.

Boicmynnenue

[Ipu moaroroBke K JOKJIaay mepel ayauTopueid HeoOXoauMo BeIOpaTh CIo-
cOO BBICTYIUICHUS:

® YCTHOE W3JI0KEHHWE C ONOpOM Ha KOHCIEKT (OMOpod MOTYT TakKke
CIIY’)KUTh 3apaHee TOITOTOBJICHHBIC CIIANIbI);

® YTCHHE MOJATOTOBICHHOTO TEKCTA.

UreHue 3apaHee HAMMCAHHOTO TEKCTa 3HAYMTEIBHO YMEHBIIACT BIMSHUE
BBICTYIUICHUS HAa ayJJUTOPUIO. 3allOMUHAHNE HAITMCAHHOTO TEKCTa 3aMETHO CKOBBI-
BaeT BBICTYMNAIOLIETO U MPUBS3BIBACT K 3apaHEe COCTABICHHOMY IUIaHy, HE JaBas
BO3MOKHOCTH OTKJIUKAThCSl HA PEAKIUIO ayAUTOPHUH.

Kopotkue ¢pa3bl jierde BOCIPUHUMAIOTCS Ha CIIyX, YEM JIJIMHHBIE.

Heobxoaumo u30erath CIOXKHBIX MPEUIOKEHUN, MPUYACTHBIX U Jeenpu-
JacCTHBIX 000pOTOB. M3marast CIIOKHBIA BOIPOC, HY)KHO IOCTapaThCsl TEpenaTh
MH(OPMAIHUIO 110 YACTSAM.

CrnoBa B peyd HaJAO NMPOWM3HOCHUTH YETKO W TOHSATHO, HE HAJA0 TOBOPHUTH
CJIMIIKOM OBICTPO WJIM, HA0OOPOT, pacTiAruBaTh CiioBa. Hamo Mpom3HECTH YETKO
0COOEHHO yJIapHYIO TJIACHYIO, UTO OKa3bIBACT HAMOOJIbIIIEE BIMSIHAC HA Pa30opUHr-
BOCTb PCUH.

[lay3a B yCTHO# peuu BBINOJHAET Ty K€ POJIb, YTO 3HAKW MPENUHAHUS B
nucbMeHHOU. [locie coKHBIX BBIBOJOB WM JIMHHBIX MPEIJIOKEHUN HE0OX0IH-
MO clieflaTh Tay3y, YTOObI CIyIIATed MOTJU BIyMAaThCs B CKa3aHHOE WJIU Tpa-
BUJILHO TIOHSTH CHCJIaHHbIE BBHIBOABIL. ECiM BBICTYyMarOmMii X04eT, 4ToObl €ro mo-
HUMaJU, TO HE CIeAyeT TOBOPUTH 0€3 may3bl JOJBIIE, YeM MSTh C MOJOBUHOM Ce-
KYH]I.

Ocoboe mMecTo B BBICTYIUIGHUHM 3aHMMAaeT oOpaieHue K ayauropun. U3-
BECTHO, UTO OOpalleHue K COOECEeTHUKY MO0 UMEHHU CO3/1aeT 0ojiee JOBEPUTEILHBIN
KOHTEKCT JieJIoBoi Oecenpl. [Ipyu myOmMaHOM BBICTYTUICHHH TaKXE MOYKHO HCITOJb-
30BaTh MOJOOHBIC TIpUEMBbl. Tak, KOCBEHHBIMH OOpAIEHUSIMHA MOTYT CIY>KUTH Ta-
Kue BbIpaxkeHusa, kak «Kak Bam u3BectHO», «YBepeH, uTo Bac 3T0 He ocraBut
PaBHOAYITHBIMIY. BICTynaromuii mokas3sIBacT, YTO CIYIIATSIA HHTEPECHBI €My, a
ATO CaMbIi IPOCTOM MYyTh JOCTHKCHHS B3aUMOITOHUMAHUSI.

Bo BpeMs BBICTYIUIEHUS] BAXKHO TIOCTOSIHHO KOHTPOJIMPOBATH PEAKIIUIO CITY-
mateneil. BHuMaTenbHOCTh M HAOMI0IaTEIHFHOCTh B COUYETAHUU C OMBITOM I03BO-
JISIIOT OpaTopy YJIOBUTH HAaCTpOoeHUe myOnuku. Bo3mMokHO, paccMOTpeHrne HEKOTO-
PBIX BOIIPOCOB MIPHUAETCSI COKPATUTD UITM BOBCE OTKA3aThCSI OT HUX.

[Tocne BBICTYIJIEHHS HYXXHO OBITHh TOTOBBIM K OTBETAM Ha BO3HUKIIHE Y
ayJIMTOPUH BOTIPOCHI.

Crout 00paTuTh BHHUMaHHE Ha BepOaJbHBIC W HEBEpOATbHBIC COCTABIISIO-
e obmenus. HebpexHocTh B jkecTax HemomycTuma. JKeCThl MOTYT OBITH MpH-
TJIAAIOIIMMHA, OTPUIAIOIIUMH, BOIIPOCUTEIHLHBIMHI, OHU MOTYT IMTOJYEPKHYThH HIO-
aHCBI BBICTYTUICHHUS.
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Ilpezenmayus

[Ipe3enTanys HarJIsIIHO CONIPOBOXK/IAET BBICTYIJICHUE.

Oransl pabOThl HaJl MIPE3EHTALMEH MOTYT OBITh CIEIYIOIINMMU:

® OCMBICIIUTE TEMY, BBIIEITUTE BOIIPOCHI, KOTOPBIE TOJKHBI OBITH OCBEILIEHBI
B PaMKax JIaHHOM TEMBI,

® COCTaBbTE TE3UCHhl coOpaHHOro marepuana. llomymaiitTe, kakas 4acThb
uHbOpMallMl  MOXET ObITh TNOJAKPEIUICHa WM  TOJIHOCThIO  3aMEHEHa
U300paKeHUSIMH, KaKyl0 HH(POPMAIIMIO MOXKHO MPEICTABUTh B BUJE CXEM;

e 1o10€pUTE WUIIOCTPATUBHBIA MaTepuan K Ipe3eHTauuu: Qortorpaduu,
PUCYHKHM, (parMeHTbl XYJOKECTBEHHbIX M  JOKYMEHTalbHbIX (DUIBMOB,
MaTepurabl KHHOXPOHUKH, pazpaboTaiiTe He0OOXOUMbIE CXEMBI;

® [IOJrOTOBJICHHBIM MaTepual CHCTEMaTU3UPYWTE M  «yNaKyWTe» B
OTJENbHBIE OJIOKH, KOTOpbIE OyAyT COCTOATh U3 COOCTBEHHO TEKCTa (HEOOIBIIOTO
1o 00beMy), CXeM, rpa)uKOB, TAOJIHI U T.1.;

® co3jaiiTe ciaiifpl Mpe3eHTAllUd B COOTBETCTBUM C HEOOXOJAUMBIMHU
TpeOOBaAHUSIMU;

® [IPOCMOTPUTE IMPE3CHTALNI0, OLICHUTE €€ HAaIJISAHOCTh, JOCTYIIHOCTD,
COOTBETCTBHE SI3bIKOBBIM HOPMaM.

Tpebosanus k oghopmnenuro npezenmayuu

KomnbrloTepHyto mpe3eHTaIuio, COMpOBOKAAIONIYI0 BBICTYIUICHHE JOKJIA-
YHUKa, yI00HEee BCero NoAroToBuTh B mporpamme MS PowerPoint.

[Ipe3enTanusi Kak JOKYMEHT MpPEACTaBIs€T COOOM MOCIeA0BATEILHOCTD
CMEHSIIOIIMX APYT ApyTa claiiioB. Yalie Bcero JeMOHCTpalMs Npe3eHTAMU TPO-
erupyeTcs Ha OOJBIIIOM JKpaHe, pexe — pa3gaeTcss cOOPaBIIMMCS KakK MEYaTHBIN
MaTepHall.

KonuyecTBo cnaifjoB JOMKHO OBITh MPOMOPIMOHAIBHO COACPKAHUIO H
MPOJIOJDKATEILHOCTH BBICTYIUICHUS (Hampumep, sl S-MUHYTHOTO BBICTYILICHUS
pPEKOMEHIyeTCsl HCTIOb30BaTh He Oosiee 10 crmaiioB).

Ha nepBomM crnaiifie 0053aTeIbHO MPEACTABISIETCS TEMa BBICTYIUICHUS U CBe-
neHust 00 aBTopax.

Crnenyroouye claiabl MOXKHO TMOJTOTOBUTH, HCIIONB3YSl JIBE Pa3JIMYHBIC
CTpaTETUH UX MOATOTOBKH:

1-s cTpaTerus: Ha ClAWABl BBIHOCUTCS OTMIOPHBIA KOHCTIEKT BBICTYTUICHHS U
KITFOUEBBIC CJIOBA C TEM, YTOOBI MTOIH30BATHCS UMHU KaK IJIAHOM TSI BBICTYTIICHUS.
B sToM ciiydae k cnaiiiaM npeabsBIsiiOTCS CleyIoNne TpeOOBaHMUS:

o 00BEM TEKCTa Ha ciaije — He OoJible 7 CTPOK;

e MapKUPOBAHHBIA/HYMEPOBAHHBINA CIHCOK COACPKUT HE Oojee 7 nieMeH-
TOB;

e OTCYTCTBYIOT 3HAKH IyHKTYaIlMX B KOHIIE CTPOK B MAPKUPOBAHHBIX U HY-
MEpOBAHHBIX CITUCKAX;

« 3HauYMMasi nH(OpMAITUS BBIJIETSAETCS C MOMOIIBIO IBETA, Keruis, 3P deKToB
aHUMAIIWH.
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Oco60 BHUMATEIHLHO HEOOXOIMMO MPOBEPUTH TEKCT HA OTCYTCTBUE OIIMOOK
u orneyaTok. OCHOBHas omMOKa MpU BHIOOpPE TAHHOW CTPATErMH COCTOUT B TOM,
YTO BBICTYIAIOIINE 3aMEHSIOT CBOIO PeUb YTEHUEM TEKCTa CO CJIANI0B.

2-s cTpaTerus: Ha claiiiipl momeniaercs: pakTuyeckuii Marepuan (TaOJulIbl,
rpaduku, dortorpaduu U Mp.), KOTOPHIA SIBISIETCS YMECTHBIM M JIOCTATOYHBIM
CPEIICTBOM HATJISAHOCTH, MOMOTAET B PACKPBITUU CTEPKHEBOM HACH BBICTYILIIE-
Hus. B aTOM citydae k ciaiiiaM npeabsBisSioTCs CAeAyIolne TpeOOBaHUs:

o BBIOpaHHBIC CpPEJCTBA BU3yalIW3alMd WHGOPMALUU (TaONULBI, CXEMBI,
rpauKu U T. JI.) COOTBETCTBYIOT COACPIKAHUIO;

e HCIOJIb30BAHBI WIITIOCTPAIIMHM XOPOIIEr0 KayecTBa (BBICOKOTO paspelle-
HUSI), C YETKUM HU300pakeHHEM (KaK MPaBUIO, HUKTO U3 MPUCYTCTBYIOUIUX HE 3a-
MHTEPECOBAH BUUTHIBATHCS B TEKCT HA BAIlIMX CJIaiilaX U BCMATPUBATHCA B MEJIKUE
WJUTIOCTPAIUN ).

MakcumanbHOe KOJTUYecTBO rpaduyeckoi nHOpMaIMu Ha OJIHOM cJaiizie
— 2 pucynka (¢ororpadun, cxemsl U T.J.) ¢ TEKCTOBBIMH KOMMEHTapusiMu (He 00-
jee 2 cTpok K Kaxaomy). Hanbonee BaxkHas nHbopMaliys J0JKHA PACIoNaraTbes
B LICHTPE 3KpaHa.

OObIuHBIM cnaiif, 6e3 3¢ GhHeKTOB aHUMAIIUH, T0JDKEH IEMOHCTPUPOBATHCA Ha
sKkpaHe He meHee 10 - 15 cekyHa. 3a MeHbIlIee BpeMsi ayJIUTOPHUS HE YCIIEET OCO-
3HaTh COJICPKAHUE ClIaia.

Cnaitg ¢ aHuManyen B CPEHEM JIOJIKEH HaXOJIUTHCS HA YKPAHE HE MEHBIIIE
40 — 60 cexyHn (0e3 ydyera BpEeMEHH Ha CIIy4ailHO BO3HHKIIEE oOCyxkaeHue). B
CBSI3U C ATUM JIy4llle HACTPOUTh MPE3CHTAIMIO HE HA aBTOMAaTUYECKUM MOKa3, a Ha
CMEHY CJIAJI0B CAMUM JIOKJIATUUKOM.

Oco00 TuIaTeNIbHO HEOOXOAMMO OTHECTUCh K O(DOPMIICHUIO MPE3CHTALNH.
Jlnst Bcex claiioB MpE3eHTAlMU 10 BO3MOXKHOCTHM HEOOXOJHMMO HCIOJIb30BaTh
OJIMH M TOT k€ IMIa0J0H o(pOpMIIEHUS, KETIb — JJIs 3ar0JIOBKOB - HE MEHbIe 24
MyHKTOB, Ui nH(opmaIuu - He MeHee 18.

B npe3eHTanusx He IPUHATO CTABUTH EPEHOCHI B CIIOBAX.

Hawnyumen nBeToBor ramMMon Ui NPE3EHTALMU SBJISIOTCA KOHTPACTHBIE
nBera (hoHa u Tekcra (O6enblii POoH — YEpHBIN TEKCT; TEMHO-CUHUN ()OH — CBETIIO-
JKEJIThIA TEKCT U T. 11.).

Jlyumie He cMemIUBaTh pa3HbIe TUIIBI MPUGTOB B OJHON MTPE3ECHTAIUH.

Pexomenayetcst He 3710yNOTPEOISITh MPONUCHBIMU OyKBaMH (OHM YUTAIOTCS
XyxKe).

Temwi 0okna0os

1. OkpyxeHue mnpoekra. B3auMocBs3b (aKTOPOB BHEIIHEH W BHYTpPEHHEH
Cpellbl.

2. IlmaHupoBaHWE yINpaBJICHUS PUCKAMH. XapaKTEPUCTHKA Ipolecca, Uc-
MOJIb3YEMBIE METOIBI.

3. MaJbie MpOEKThI: XapaKTEPUCTHKA U pean3aliusl.
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4. ObnacTy HEYBEPEHHOCTH U PUCKA TPOEKTa B POCCHIICKUX YCTOBUSX.
5. YrpaBiieHue U3MEHEHUSIMH TTPOEKTA.

6. ®UHAHCUPOBAHNE UHBECTULIMOHHBIX TPOEKTOB B KOMITAHHH.

7. YpaBiieHUE IIPOEKTaMU B YCIOBUSX PELIECCUM.

8. MCTO,ZIOJIOFI/ISI OOCHKN MHBCCTHIIMOHHOI'O IIPOCKTA B paMKaX KOHICIIIIUHU

YCTOWYMBOTO Pa3BUTHSI.

Ta.

9. Bnusaue MAaKpO3KOHOMHUYCCKHX IIPOrHO30B HAa OICHKY CTOMMOCTH ITPOCK-

10. CoBpeMeHHbIE METO/IbI AHAJIM3a PUCKOB B YIIPABJIECHUU IIPOECKTAMM.
11. MeranpoekTbl: XapaKTepUCTHUKA U peaTnu3alus.

12. BapuaHTsl 3aBEpIICHNS IPOECKTA U UX XAPAKTEPUCTHUKA.

13. BO3MOXHOCTH CHUKEHHSI CTOUMOCTH IIPOEKTA.

14. ®opmbl BeIXOAA U3 IPOEKTA.

15. Pa3zpaboTka npoekTa NpoBeACHNUS MAPKETUHTOBBIX UCCIIEJOBAHUM.

16. Pa3zpaboTka mpoeKTa 1o Co3/IaHuio OpeHa.
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HOATOTOBKA K TIPAKTUKO-OPUEHTUPOBAHHBIM 3ATAHUAM

[IpakTUKO-OpHUEHTUPOBAHHBIE 3a1aHUS BBICTYIIAIOT CPEACTBOM
dbopMHpOBaHUS Yy CTYJIEHTOB CHUCTEMbl MHTETPUPOBAHHBIX YMEHHN M HABBIKOB,
HEOOXOAUMBIX ISl OCBOCHUS TPO(PECCHOHATBHBIX KOMIIETEHIINI. ITO MOTYT OBIThH
CUTyalluM, TpeOyIollMe MPUMEHEHUsS yYMEHUN M HABBIKOB, CHEUU(DUUHBIX IS
COOTBETCTBYIOIIEr0 Tpoduiis oOyueHus (3HAHUS COJIEpPKAHUS TPEIMETa),
CUTyallnH, TPeOYIOIINEe OpraHU3aIMu JesATEIHLHOCTH, BbIOOpa €€ OnTUMaIbHOU
CTPYKTYpPHbI JTUYHOCTHO-OPUECHTUPOBAHHBIX CUTyaluiu (HaxOXJIeHHE
HECTAH/IAPTHOTO CIOCcO0a pEeIIeHuUs).

Kpome 5TOTO, OHM BBICTYHAalOT CPEACTBOM (POPMHUPOBAHUS Y CTYACHTOB
YMEHUM OmpenensTh, pa3padaThiBaTb W MPUMEHSITh ONTHUMAaJIbHBIE METOJbI
pemenuss mpodecCHOHANBHBIX 3amad. OHU CTPOATCS HAa OCHOBE CHTYAaIlWH,
BO3HUKAIOIIMX HA PpAa3JIMYHBIX YPOBHAX OCYLIECTBIICHHS MPAKTUKH U
bopMyIupyIOTCS B BUJIE MPOU3BOJICTBEHHBIX MOPYUYEHUN (3a1aHUi).

[Ton mpakTUKO-OPUEHTUPOBAHHBIMU 33/IaHUSI MOHUMAIOT 33J1a4d U3 OKpY-
JKaIoIeH IeMCTBUTEILHOCTH, CBSI3aHHbIE ¢ (DOPMHUPOBAHUEM MTPAKTUYECKUX HABBI-
KOB, HEOOXOJIMMBIX B MOBCEIHEBHOM KM3HU, B TOM YHCJIE€ C UCIIOJIH30BAHUEM DJie-
MEHTOB MPOU3BOACTBEHHBIX MTPOIIECCOB.

Llenp MpakTUKO-OPUEHTUPOBAHHBIX 3aJlaHUNA — MPUOOpPETEHHWE YMEHUU U
HABBIKOB MIPAKTUYECKOMN AEATEIBHOCTH 0 U3y4aEMOU TUCIUILUIAHE.

3ajaun MPaKTUKO-OPUEHTUPOBAHHBIX 33/IaHUM:

- 3aKpervieHue, yriayOJieHWe, pacuIiupeHue | JeTaiu3aius 3HaHUH
CTYJICHTOB TIPH PEIICHUN KOHKPETHBIX 3a/1a4;

- pa3BUTHE T[IO3HABATEJIbHBIX  CIOCOOHOCTEH,  CaMOCTOSITEILHOCTH
MBIIICHUS, TBOPUYECKON aKTUBHOCTH;

- OBJIAJICHHE HOBBIMM METOJAMU M METOJAMKAMH H3Y4YEHUS KOHKPETHOM
y4eOHOM TUCITUTIIINHBI;

- 00yueHue mpremMam pelieHus MPakTUYeCKUX 3a]1ay;

- BBIpA0OTKAa CIIOCOOHOCTU JIOTUYECKOTO OCMBICIICHUS TOTYYEHHBIX 3HAHUMN
JUJIS1 BBITIOJTHEHUS 3a1aHUM;

- of0ecrieyeHHEe  PAIMOHAIBLHOTO  COYETAHHWS  KOJUIGKTUBHOM U
WHUBUyaIbHON (hOpM 00yUYeHUS.

BaxkHbIMU OTAMYUTENHHBIMU OCOOCHHOCTSIMU MPAKTUKO-OPUEHTUPOBAHHBIX
3aIaHUsl OT CTaHAAPTHBIX 3ajay (MPEeIMETHBIX, MEKIPEAMETHBIX, MPUKIIAIHBIX)
SBJISTIOTCSI:

- 3HAYUMOCTb (IMO3HaBaTeNIbHAs, TpodeccuoHanbHasl, OOUIEKYIbTYpHAas, CO-
[HaJIbHAs) MOJy4aeMoro pesyJibrara, 4YTo 00eCredrMBaeT MO3HABATEIbHYI0 MOTH-
BaIMIO 00YyYarOIIerocs;

- ycloBue 3a7aHusi CPOPMYIMPOBAHO KaK CIOKET, CUTYAIIHs WU MpodieMa,
JUTSL pa3perieHusi KOTOpod HEOOXOIMMO HCIIOIh30BaTh 3HAHUS M3 Pa3HBIX pasjie-
JIOB OCHOBHOT'O MPEAMETa, U3 APYroro MpeaMera Win U3 KU3HU, HA KOTOPHIE HET
SBHOTO YKa3aHUS B TEKCTE 3aJJaHUs;
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- nH(opMaLus U JaHHBIE B 33JJaHUM MOTYT OBITh MPEICTABJICHBI B pa3iny-
HOM (hopMme (pUCYHOK, TabyuIla, cXxema, 1uarpaMmma, rpaduk 1 T.1.), 4To ToTpedyeT
pacro3HaBaHMsl 0ObEKTOB;

- YKa3aHHe (SIBHOE€ WJIM HESBHOE) O0JIACTU MPUMEHEHMs pe3yibTara, MoJry-
YEHHOTI'O Y PELLIECHUU 3aJaHHU.

Kpome BbIIENEHHBIX YETHIPEX XaPAaKTEPUCTUK, IPAKTUKO-OPUEHTUPOBAHHBIE
3aJJaHUs] UMEIOT CIIEAYIOIIHE:

1. mo cTpyKType 3TU 3a/laHusi — HECTaHJAPTHHIE, T.€. B CTPYKTYpE 3aJaHUS
HE BCE €r0 KOMIIOHEHTHI MOJTHOCTHIO OMPEICIICHBI,

2. Hanuyue M30BITOYHBIX, HEIOCTAIOMIUX HIIM MPOTUBOPEUYUBBIX JAHHBIX B
YCIIOBUH 33JaHUS, YTO IPUBOAUT K 00bEMHOMN (OPMYIHUPOBKE YCIOBUS;

3. HaJM4Me HECKOJBKHX CHOCOO0B pelieHHs (pa3juyHas CTENEeHb palfo-
HAJIBHOCTH), IPUYEM JTaHHBIE CIIOCOOBI MOTYT OBITh HEU3BECTHBI YUAIIUMCS, U UX
noTpeOyeTCsl CKOHCTPYUPOBATb.

[Ipu BBINOIHEHUH MPAKTUKO-OPUEHTUPOBAHHBIX 3a/laHUM CIENYyEeT PYKOBO-
CTBOBATbCSI CIAEAYIOUIMMH OOIUMU PEKOMEHIAIUSIMU:

- J7s BBIIOJHEHUS NPAKTUKO-OPHUEHTUPOBAHHOTO 3aJaHUS HEOOXOIUMO
BHUMATENbHO NPOYUTATH 3a/laHW€, OBTOPUTH JIEKIIMOHHBIA MaTepuai MO COOT-
BETCTBYIOIIEH T€ME, U3YUUTh PEKOMEHYEMYIO JIUTEPATYPY, B T.U. JOMOJIHUTENb-
HYIO;

- BBIIOJIHEHHWE  TPAKTUKO-OPUEHTHPOBAHHOTO  3aJaHHUS  BKJIIOYACT
MIOCTAaHOBKY 3aJjauM, BHIOOp croco0ba pemieHus 3alaHus, pa3padoTKy ajaropurMma
IIPAKTUYECKUX JEUCTBHUM, IPOrpaMMBbl, pPEKOMEHIALNN, CLICHAPHS U T. I1.;

- €CJIM MPaKTUKO-OPUEHTHPOBAHHOE 3aJaHUE BBIJACTCS MO BapHaHTaM, TO
MOJyYUTh HOMEP BapuaHTa MCXOJHBIX JAHHBIX y MPEnoaBaTelis; eClu HET Bapu-
aHTOB, TO HY)KHO MOJ00paTh NCXOHBIC TAHHBIE CAMOCTOSITENILHO, HCIIONB3YS pa3-
JIMYHbIE UICTOYHUKH UH(OpMaLINY;

- U1 BBINOJIHEHUSI MPAKTUKO-OPUEHTHUPOBAHHOTO 33aJaHUSI MOXKET UCIOJIb-
30BaThCsl METOJ MajblX rpynn. Pabora B ManbIX Tpynnax MnpeanoiaraeT pelieHmue
OTpe/IeNICHHBIX 00pa30BaTEIbHBIX 33/1a4 B paMKaX HEOOJBIINX TPYII C MOCIeny-
IOLIUM OOCYKJI€HUEM TOJYYEHHBIX PE3yJbTaTOB. DTOT METOJ Pa3BUBAET HABBIKU
COTPYIHHUYECTBA, JAOCTH)KEHUS KOMIIPOMHUCCHOTO PEIICHHs, aHAIUTUYECKUE CIIO0-
coOHOCTH.
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MNOAT'OTOBKA K IUCKYCCHUH

CoBpeMeHHas MpakTUKa MOpejaraeT MUPOKUNA KPYTr THUIOB MPAKTUYECKHX
3ansaTHil. Cpean HUX 0c000€ MECTO 3aHUMAET OUCKYccus, TAE B UAJIOTe XOPOIIO
yCBauMBaeTcsl HoBas HMHQOpMalusg, BUAHBI YOSKICHHS CTYJEHTa, OOCYX IaroTcs
MPOTUBOPEYHS (SIBHBIE U CKPBITHIE) U HEeAOCTaTKU. [l o0cyxieHus 6epyTcsi KOH-
KpPETHbIE aKTyaJbHbIE€ BOIPOCH, C KOTOPHIMU CTYACHTHI IpPEIBApUTEIHLHO O3Ha-
KOMJIEHBI. [{uckyccus sBisieTcss oqHOM u3 HauOoisiee 3(PPEKTUBHBIX TEXHOJIOTUI
TPYIIOBOTO B3aUMOJICHCTBUS, 007a1at0Mmell 0COOBIMU BO3MOXKHOCTAMU B 00yde-
HUU, Pa3BUTHUU U BOCIIUTAHUH OyAYIIETO CIEIUATNCTA.

Juckyccusa (ot nat. discussio - paccCMOTpeHHUE, UCCIIeIOBAHUE) - CITOCO0 Op-
TaHU3aI[MH COBMECTHOW ACSITENFHOCTH C IIeJIbI0 MHTEHCU(UKALIMU Tpoliecca Mpu-
HATHUS PEIICHUN B TPYIIE MOCPEICTBOM OOCYXKJIEHUSI KaKOTO-I10O0 BOMpoca WU
poOJIEMBI.

Jluckyccus obecrieurBaeT aKTUBHOE BKJIFOUEHHE CTYJCHTOB B TIOMCK UCTUHBI,
CO3/a€T YCJIOBUA JJII OTKPBITOTO BBIPAKEHHUSI UMU CBOMX MBICJIECH, MO3UIIUN, OT-
HOILIEHUH K 00cyX/1aeMoil TeMe 1 00a1aeT 0co000i BO3MOXHOCTBIO BO3JICHCTBUS
Ha YCTAaHOBKHM €€ YYaCTHUKOB B MpOIECCE€ IPYNIOBOro B3auMopaencTaus. Juckyc-
CHIO MOKHO PacCMaTpHUBATh KaK Memoo0 UHMEPAKmueHo20 00yyeHus U Kak 0COOyI0
TEXHOJIOTHIO, BKJIIIOYAIOIIYIO B c€0sl JPyrue METOJAbl U MPUEMbI OOyUEHUS: «MO3-
TOBOM IITYPM», «aHAIU3 CUTYallui» U T.[I.

OO6yuaronuii 3¢ (PEeKT AUCKYCCUU OTPEAEIIACTCS MPEIOCTaBISIEMON y4acCTHHU-
KY BO3MOXXHOCTBIO MOJYYUTh Pa3HOOOPa3HYH HH(OpPMAILUIO OT COOECETHUKOB,
MIPOJIEMOHCTPHUPOBATH U MTOBBICUTH CBOIO KOMIIETEHTHOCTb, POBEPUTH U yTOUHUTD
CBOHM TPEJICTaBICHHS U B3TJISABI Ha 00CYyXIaeMyro mpobiemMy, TPUMEHUTh UMEI0-
HIMecs 3HaHMs B TPOIIECCE COBMECTHOTO PEIICHHUS YI€OHBIX U PO(HECCHOHATBEHBIX
3ajad.

PaszBuBaromias GyHKIHS AUCKYCCUU CBsSI3aHA CO CTUMYJIMPOBAHUEM TBOpYE-
CTBa O0YyYaIOIIUXCs, PA3BUTHEM UX CIIOCOOHOCTH K aHAIW3y MH(POPMAIIMH U apry-
MEHTUPOBAaHHOMY, JIOTMUECKH BBICTPOCHHOMY JIOKA3aTeIbCTBY CBOUX HJIEH H
B3TJISIJIOB, C MOBBIIIICHUEM KOMMYHHKATUBHONW aKTUBHOCTU CTYACHTOB, UX dMOIIH-
OHaJIbHOW BKJIFOUEHHOCTHU B y4eOHBIN IpoIiecc.

BrusHre aucKkyccum Ha JTUYHOCTHOE CTAHOBJIIEHWE CTYJEHTa OOYCIIOBIIMBA-
eTCsI €€ LEJIOCTHO - OPUEHTUPYIOIIEH HANIPaBIEHHOCTHIO, CO3/TaHUEM OJIaronpusT-
HBIX YCIIOBHH AJIsi MPOSBICHUS WHANBUAYAIBHOCTH, CAMOOIIPEICIICHUSI B CYIIle-
CTBYIOIIMX TOYKAX 3PEHUsS HA OINpeNeJIeHHYI0 MpobiieMy, BBIOOpa CBOEH MO3UINH;
st GOPMUPOBAHUS YMEHUS B3aMMOJICHCTBOBATH C APYTMMHU, CIIYIIaTh U CHBIIIATH
OKPYXAaIOIINX, YBKATh Yy)XHE YOCKICHHUS, NMPUHUMATh ONIOHCHTA, HAXOIHThH
TOYKH CONPHUKOCHOBEHHS, COOTHOCHTh M COTJIACOBBIBATh CBOIO TMO3HUIUIO C MO3U-
[USMHU JPYTUX YIACTHUKOB 00CYKICHHS.

be3ycioBHO, HaaMunMe ONMOHEHTOB, MPOTHUBOIOJIOKHBIX TOUYEK 3PEHHS BCE-
rra o0oCTpsieT TUCKYCCHIO, TMOBBIIIAET €€ MPOJYKTUBHOCTD, MO3BOJISIET CO31aBaTh
C WX TIOMOIIBIO KOHCTPYKTHUBHBIN KOHMIUKT mJisi Oosiee 3PGHEKTUBHOTO PEIICHUS
00CYXTaeMBbIX TIPOOIIEM.
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Cy1iecTByeT HECKOIbKO BUOB JUCKYCCHIA, UCIIOJIb30BAaHUE TOTO WM WHOTO
THUIIAa JUCKYCCUHU 3aBUCUT OT Xapakrepa o0cykaaeMon nmpoOeMbl U 1eJIei TMCKYC-
CHUH.

YcaoBus 3¢ (HeKTUBHOTO IPOBEICHUS TUCKYCCUU:

- UIHQOPMHUPOBAHHOCTh U MOATOTOBJICHHOCTh CTYJIEHTOB K JIUCKYCCHH,

- cBOOOJHOE BJIaJICHUE MaTE€pPUAIOM, MIPUBJICUCHUE PA3IUUYHBIX UCTOYHUKOB
JUTSL apTyMEHTAIMM OTCTauBAEMbIX MOJIOKEHHUI;

- TPaBWIbHOE YNOTPEOJICHWE MOHITHM, HCIOJb3YEeMBIX B TUCKYCCHU, WX
eIMHOO0Opa3HOE TOHUMAHNUE;

- KOPPEKTHOCTH TOBEJCHUS, HEJOMYCTUMOCTh BBICKAa3bIBaHUH, 3aICBAIOIINX
JUYHOCTH ONIOHEHTA; YCTAHOBJICHUE PETJIAMEHTa BBICTYIUICHUSI yYaCTHUKOB,;

- TIOJTHAS! BKJIIOYEHHOCTH TPYIIBI B AUCKYCCHUIO, YYaCTHE KaXKIOro CTYJCHTA
B HEW.

lloocomosxa cmydenmog xk Ouckyccuu. €ciau TeMa OOBSBIICHA 3apaHee, TO
CJIelyeT 0O3HAKOMUTBCS C YKa3aHHOW JTUTEPATypPOld, HEOOXOAUMBIMH CITPABOYHBIMU
MaTepuaiamH, MPOAyMaTh CBOIO TMO3UIMIO, YETKO c(POpMyIHpoBaTh apryMeHTa-
M0, BBITIUCATh IUTAThl, MHEHHUSI CTICIIHAIUCTOB.

B nposedenuu nuckyccuu BBIJIEISETCS HECKOJIBKO ITAIOB.

Oman 1-i, esedenue 6 ouckyccuio: (HpopmyaupoBaHue MPOOJIEMBbI U IIeNeh
JMCKYCCHUU; OIpeIeSIeHNEe 3HAUUMOCTH TTPOOJIeMbl, COBMECTHAs BHIPAOOTKA MPaBUII
JTUCKYCCHU; BBISICHCHHUE OJHO3HAYHOCTH TOHWMAHHUS TEMbI TUCKYCCHHU, UCTIOJIB3Y-
€MBIX B HE TEPMUHOB, IIOHATHH.

Oman 2-i, obcyxcoenue npobremvl. OOMEH YYaCTHUKAMU MHEHHSMU MO
KaxJaoMy Bompocy. Llens 3Tana - coOparb MakCUMyM MHEHUH, UAEH, MpeaoxKe-
HHM, COOTHOCS UX APYT C IPYTOM.

Oman 3-1i, nodsedeHue umo208 00CyxHcoeHus: BbIPaOOTKA CTYJEHTAMH CO-
TJIACOBAHHOTO MHEHUS U MPUHSATHE TPYITIOBOTO PEIICHUS.

Jlaniee moABOJATCA UTOTH TUCKYCCHH, 3aCIyIIUBAIOTCSA U 3aAIIHUINAIOTCS MPO-
exTHbIe 3anaHus. [locie 3Toro mpoBoAUTCS "MO3roBOM HITYpM" MO HEPEIIEHHBIM
npo0iemMaM JUCKYCCHHM, a Tak)Ke BBISBISIOTCS TMPUKIAIHBIE ACTEKThI, KOTOPHIE
MO>KHO PEKOMEHJI0BATh /I BKIIFOUEHUSI B KYpPCOBBIC M JUIUIOMHBIE PaOOTHI WU B
anpoOaIuio Ha MPaKTUKeE.

CeMHuHApBI-TUCKYCCUH MPOBOASTCS C IEJIbIO BBISIBJICHUS MHEHUSI CTYJICHTOB
110 aKTyaJIbHBIM U TIPOOJIEMHBIM BOIIPOCAM.
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MOJIOTOBKA K IPOMEXYTOUYHOM ATTECTAILIUU

[Ipu moAroToBke K 3SK3aMeHy O JUCUUILIUHE «Ynpasienue npoekmamu u
npozpammamuy o0yJaromeMycs peKOMEHIYeTCs

1. mOBTOPUTE MPOWICHHBIA MaTe€pUag U OTBETUTHh HA BOIPOCHI, MCIOJIb3Ys
KOHCHEKT U MaTepuabl JeKiui. Eciu no kakuM-nmubo BOMpocaMm y CTyAEHTa He-
J0CTaTOYHO MH(OPMAILIUU B JIGKIIMOHHBIX MaTepHaliaX, TO HEOOXOIUMO MOTYyUUTh
uH(OpPMAITUIO U3 PA3AaTOYHBIX MATEPUAJTIOB W/WIH YIYCOHUKOB (JIUTEPATypHl), pe-
KOMEHJIOBaHHBIX I U3Y4YECHHUsS IUCUUIUIMHBL «Ynpaenenue npoekmamu u npo-
2PAMMAMUY.

[lenecooOpa3Ho Takke JOMOJIHUTh KOHCIEKT JICKIIMIA Harbosee CyllecTBeH-
HBIMH ¥ BXXKHBIMU TE€3MCAMU JJI pACCMaTPUBAEMOT0 BOIPOCA;

2. IPU U3YYEHUU OCHOBHBIX U JOTMOJHUTEIBHBIX UCTOYHUKOB HUH(OpMaAILIUU
B paMKaXx BBITMIOJHEHUS 3aJ]aHUi Ha 9K3aMEeHEe 0c000€ BHUMaHHUE HEOOXO0UMO yie-
JSTH CXE€MaM, pUCYHKaM, TpadukaM U APYyTUM WLTIOCTPALIUAM, TaK Kak M01I00HbIe
rpaduyeckue MaTepuanbl, Kak MpaBUiO, B HArJIAIHOW (opMe OTpakaroT IJIaBHOE
CoJIep>KaHue U3y4aeMoro BOIPOCa;

3. IpU U3YYEHUH OCHOBHBIX U JOIMOJIHUTEIbHBIX HCTOYHUKOB MH(MOpMALUU
B paMKax BBINOJHEHUS 3aJaHHil Ha SK3aMeHe (B Cyyasix, KOrja OTCyTCTBYET HJI-
JIOCTPATUBHBIN MaTepuan) oco0oe BHUMaHUuE HE0OX0auMO oOpaliaTh Ha HAJIUYKE
B TEKCTE CJIOBOCOYETAHUN BUJA «BO-IIEPBBIX», «BO-BTOPHIX» U T.[., @ TaKXKe Jedu-
COB M mepedyucieHnid (HuppoBbIX WM OYKBEHHBIX), TaK KaK ATH MPU3HAKU, KaK
IIPaBUJIO, IO3BOJISIIOT CTPYKTYPUPOBATh OTBET HA MPENIOKEHHOE 3a/1aHHE.

[TonoOHYI0 TEKCTOBYIO CTPYKTYpPH3alLMIO MaTepuana Clyllareidb MOXET
TpaHC(HOPMHUPOBATh B PUCYHKH, CXEMBI U T. II. I O0jiee KpaTKoro, HarJsiIHOTO U
yIOOHOTO BOCHPUSTHS (MJUTFOCTPALIMU 11e71eco00pa3HO OTPa3uTh B KOHCIIEKTE JIEK-
Uil — 3TO MO3BOJIUT ONEPATUBHO U OBICTPO HAWTH, B Cllydyae HEOOXOAUMOCTH, CO-
OTBETCTBYIOIIYIO HH(POPMAIIHIO);

4. cnenyer Takxke oOpaliaTh BHUMaHUE NMPU U3YyYEHUH MaTepuasa JUisl Moj-
TOTOBKH K 3K3aMEHY Ha CJIIOBOCOUYETaHUS BUJIA «TAKUM 00pa3zom», «IOJIBOJS UTOT
CKa3aHHOMY» U T.II., TAK KaK 3TO MPU3HAKU BBIPAKEHUS IIABHBIX MBICIEH U BBIBO-
JIOB TI0 M3y4aeMOMYy BOIpocy (IYHKTY, pa3feiny). B oTaenbHbIX ciaydasx BbIBOJbI
1o TeMe (paszeny, riaBe) Mo3BOJIAIOT MOJIHOCTBIO TOCTPOUThH (BOCCTAHOBUTH, BOC-
CO3/1aTh) OTBET Ha MOCTABJICHHBIN BOIPOC (3a/1aHKeE), TaK KaK coAepkar B cede oc-
HOBHBIE MBICIIM U TE3UCHI JIJIs1 OTBETA.
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MPEAUCJIOBUE ITEPEBOJYUKA

Jlns pa3BuTHs HOBOW oOyacTH HaykH HeoOXomumbl TPH yciosusa: o6-
IMecTBEHHAas MOTPeOHOCTh, HOBAs METOMOJIOTHS (HAEH U TCXHUKA) M ax-
TUBHOCTb HcclenoBateeid. OOmecTBeHnas NoTpeOHOCTL BHEApPEHHSA
KOMIILIOTEPHBIX CHCTEM HOBOTO TOKOJEHHMA CBs3aHA C BO3PACTAHMEM
pOJH BHIYHCTHTENILHOR TCXHHKH B )KH3HH JIOJIEH H MOSABIICHHEM OCTPBIX
npoGIIeM «4eJIOBEK U KOMITBIOTED», «4€JIOBEK H TeXHUka». Jnd pelenus
)Tux npo6ieM HeoOX0AHMO, 4TOOBI. ¢ OAHON CTOPOHBI, KOMITBIOTEPH!
MOHUMAJIH JIIOAEH, € APYroM —KaXabld MOT NOJb30BATBCS MX BO3MOX-
HOCTAMH. K COXA.ICHUIO, COBPEMEHHBIE KOMITBIOTEPHI MOHHMAIOT TOJBKO
CMelMaIbHbIE YETKHE SA3bIKH, CTPOTO MATEMATHYECKH OMHCHIBAIOIIME
peuracMble TIPoOJIeMbl U 3HAHUSA, BKJIA/IbIBAEMEBIEC HEJIOBEKOM B KOMIIBIO-
rep. Ho mouTH Bce MOHATHA B €CTECTBEHHOM H3LIKE HEYETKH. TaK XK€ Kak
HeueTKH HallH 3HaHUA B OosblnMHCTBE 00nacTed. (BBeneHue pasiaM4HOro
pona ko¥pHULHEHTOB FOCTOBEPHOCTH B HCKOTODBIX DKCTIEPTHBIX CHCTE-
Max BCETo JIHIIbL CaMOOOMAaH MPOrPaMMHCTOB, MbITAIOUIHXCA BHIPA3UTH
HEYETKOCTh 3HAHHI ¢ MOMOIIBIO YeTKOTro 4HCI0BOro 3HadeHu4.) Mono6-
HOE P43JIHYHE MEXAY CCTECTBEHHBIM M MAINMHHBIMHU A3BIKAMH CAEPXKH-
sacT mporecc HHGopMaTHlanmy obuecTBa, B YACTHOCTH OrPAHHYMBAET
KpyI TIO7h30BaTesIel KOMIIBIOTEPOB.

MaremaTuueckas TeOopus HEYETKHX MHOXECTB, MpeJIOXeHHAS
JI. 3ane veTBepTH Beka Ha3aj, MO3BOJSET ONHCHLIBATD HEYETKHE MOHATHS
M 3HAHHUA. ONCPUPOBATH ITMMH 3HAHHAMM M [1€]aTh HEUYETKHE BbIBOIbI.
OcHoBaHHAA HA JTON TEOPUH HOBAS METOMOJIONHS MOCTPOCHUS KOMITBIO-
TEPHBIX CHCTEM, 4 HMEHHO HEYETKHX CHCTEM, CYUIECTBEHHO PAacCLUHpSET
0o61acTH NpUMEHEHHs KOMMBbIOTepoB. Bonee Toro, MoXHO yTBepXaars,
4TO TAKHE CHCTEMBI MOXHO CO31aBaTh B 000U obnacTH neATeNsHOCTH
4€JI0BeKA. 3a MOCJeHue ro/ibl pa3paboTanbl HOBbIE MHKPONPOLECCOPSI,
BBIMOJIHAIOIIME ONEPALMH Haj HEYETKUMH MHOXeCcTBaMHU («DJeKTPOHH-
ka», Ne 12, 1985), HedeTKHE KOMIIBIOTEPBI M NPOFPAMMHOE ODECTICYEHHE.

Ilocnepnee ycaoBue craHmoBIEHHS TEOPUM ¥ TNPAKTHKH HEYeTKMX
CHCTEM —aKTMBHOCTBL MCCIIEOBATENEH 3aMETHO BO3POC/A: YBEIMYHIOCH
HMCO Mybaukanuii ¥ konpepeHuMit MeXayHapoaHOH ACCOIMAIAU O
HEYETKUM CUCTEMAM, TONY4EHO MHOTC MNpPaKTHUECKUX Ppe3yJbTATOB.
K coxanenuo, B Hawuel cTpane MHTEpEC K 3TOM 06ACTH CPABHUTEIBHO
HeBEMK. Jlpe KHMIM Ha pPycckoM s3bike — «HeueTkue MHOXeCTBA M
Teopusa BosmoxHoctel. [lociaenuue noctuxeHus» non pea. P. SArepa



6 Tpeducaoeue nepesoduuxa

(«Pasmo M cB3b», 1986) u «Heuerkue MuoxXecTBA B MOJIENRX ynpasJie-
HHUS M MCKYCCTBeHHOM MHTe/UckTe» oz pea. JI. A. Tlocnenosa («Haykay,
1986) — paccudTaHbl B OCHOBHOM Ha MATEMAaTMKOB, M MX SIBHO HEAOCTa-
TOYHO /IS NOHYJISPH3ANMH HOBBIX MIEH.

B JTOM OTHOINEHHHM [IAHHAA KHMTa MMeEET DA JAOCTOMHCTR.
Bo-TiepBBIX, B HEH PACCMOTPEHbI OCHOBBI TEODHH HEYETKUX CHCTEM.
Bo-BTOpBIX, CHEIMAIHCTBI HAfiAyT B HEH NPUMEPBI HOBBIX MHTEPECHBIX
pa3paboToK, MPEUIOKEHHBIX AHOHCKHMH MCCIER0BATENIMH. B-TpeThux,
GoNnblloe BHHMAHHC YAEJSCTCS HPI.IOKCHUAM JTOH TCOPDHH B CAMBIX
pa3ubix objactsax. HedeTkne MHOXeCTBA TOMOFalOT HpPOEKTHPOBATH
po6oThl, obnagatrouide OCA3aHUCM M 3peHHeM, obpabarbiBaTh a’po-
GOTOCHMMKM M APYrylo HHGOpPMALMIO, KOTOPYIO 10 CHX TOp MOF
HOHMMATb TOJILKO HY€jlOBEK, YAPABIATH JOMHONH U NPOKATHBIM CTAHOM,
aBTOMOGMIIEM H T10€3/10M, PACIO3HABATH Peub U U306paxeHus. [1pocToil
flepedeHb 3a0ay MOKa3blBAET, HACKOIBKO IMPOKa 001acTs NpUMeHeHHs
TEOPUH HEHETKHUX CHCTEM. DTO HE TO.IbKO TPAIHIMOHHO KOMIBIOTEPHEIE
o6macTy (6a3bl JAHHBIX, IKCHEPTHBIE CHCTEMBI), HO H MHPOPMALMOHHO
€MKHe TEXHOJIOTMM (HANPUMED, YIPABJIEHHE [JOMEHHBIM MOpPOLECCOM),
obnactd ¢ OONbIIMMH 3aTPATAMH DPYYHOrO Tpyda (COCTaBlicHHE
pacmMcaHuil aBTOOYCOB), 4 TaKXe COBCEM HeOOBIUHbIC chepbl aedaTeb-
HOCTH, HAPUMED HPOTHO3 TEMMEPATYPH BOJbI B BOJAOXPAHMIIHINE HIH
noMolinb B MNOKYAKE NOAEPXAHHbIX aBTOMOOHIEH. B HEKOoTOPBIX 06Mac-
TAX NpeAJlaraeTcs HOBbIfl MOAXOM K PELUCHHIO 34/1a4, B APYTMX KOMIBIO-
Tepbl PAKTHYECKH HE HCTIOIb30BANUCH 10 Pa3pabOTKH TEOPHH HEHETKHX
CHCTEM.

Knira, HeCOMHEHHO, NpHBJeYeT BHMManHe duTaTesel, paborato-
X B CAMBIX Pa3HBbIX 0OJIACTAX HayKH M TEXHHKH, H OyueT cnocoberso-
BAaTb PAa3BHTHIO Y BHEAPCHHIO HEHETKMX CHCTEM B HAllled CTpaHe.

B 3akmiodeHHe BhIpaxalo OuiarogapHocts goneHtaM MWCUC
Aummxmuny I B. u Hcreesy A.U. 3a KoHCynbTallMH HO BoOOpocaMm
JOMEHHOrO mpolecca M TpoKara, a TAKXKe KaHA. TEXH. HayK
IMocnenosy JI. B. 3a nomoup B nepesose ri. 3.

0. H. Yepnvuuos

NPEANCIOBUE

KnHra «BBejiende B HEHeTKHE cHcTeMb»!! BONpEKH NPOrHO34M 3aBOC-

BaTa GONBIIYIO MOMYIAPHOCTE U OYCHb OBICTPO HALIIIA CBOMX YHTATEJIEH.
[Mo-BUAMMOMY, OHMCAHHE TEOPDHM U HPAKTHKH HEYETKMX CHCTEM Kak
Hep3S JTydlle COBMNAJAET C XKEJaHMAMHM uuTaTened. 3a 3TU aBa rona
cepa UCCACAOBAHHH HEYETKMX cHCTeM B SINOHMH AIpeTepresia KOPEHHbIE
u3MeHenns. Teopust HedeTKUX CHCTEM, KOTOPAs J0Jroe Bpems CYuTaiach
ClelHalbHOM TEOPHUEH U KOTOPOi 3aHUMAIOTCA O4€Hb HEGOMBIIIOE YHCT0
CTIeNUAIHCTOB, B MOCJIEAHHE TO/Ibl NPUBJIEKAET BHUMAHHC BO BCEM MHUPC
KaK HOBOE CPEACTBO CBS3M 4eI0BeKa ¢ MHPOPMALMOHHBIMH CHCTCMaMH.
OcobeHHO MOpaxdeT CTPEMUTENIbHBINR POCT NPHKIIAAHBIX HCCICIOBAHHH.
'ITa TEOpHA COCTABMIA OCHOBY OJHOH U3 MHOTHMX NEPEAOBBIX TEXHOJIO-
1Hil, B KOTODbIX JIUAHPYET SNoHHA.

B cospeMeHHoH SnoHHHM HaGIIOZAETCS HECKOIBLKO HHTEPECHBIX
rtenaednuii. [lepBas TeHAEHIUA —PA3BUTHE KPYINHbIX HALHOHAIBHBIX
ApoeKTOB. MeXayHAPOAHBI HHCTHTYT HEYETKOH TEXHOJIOrMH, CO3AaH-
HbIH MO WHHOMATHBE MUHHMCTEPCTBA TOProOBJIM M HPOMBILIJICHHOCTH
B anpene 1989 r., oprauu3yer COBMECTHYIO paboTy HPOMBIIUIEHHBIX,
FOCYAPCTBEHHBIX M HAY4YHbIX Y4YpeXIACHUH, MMeeT Ha 6 Jer Oromker
Aopsaka S Mipa. Men ¥ paboTaeT Hajx peau3auHell CHCTEM MCKYCCTBEH-
HOFO MHTEJUIEKTA BBICOKOTO ypOBHI, cHcTeM 06pabotku Hudopmaruu
¥ HOBHIX HEHYCTKHMX KOMHbIOTEpPOB. Kpome Toro, ymnpaBiieHME HAyKH
M TCXHUKHM pacunonaraet GiomxeroM | Mipa. #ien na 3 roga M Takxe
crocoOCTBYeT HCCiICOBAHMAM HedeTKHX cHcreM. Ha ceBepe ocTpoBa
Kiocto miaHupyctcss opranu3oBaTb MHCTHTYT HeYeTKHX CHCTEM, 4YTO
CO3JaCT OCHOBY «KpeMHHEBOH fonune» Snounu. braronaps 3ToMy uepes
HECKOJIBKO JieT SInoHMs 3aBOI0ET NEpeaoBbic NO3UIHY B MUpE B 06macTu
HEYETKHX CHCTEM.

BTopas TeHACHUMS — BHEAPEHHE HEUETKUX CUCTEM B HENPOMBILLICH-
HpIX obnactsax. HazsauHsle Bhillie NPOeKTHI ITABHBIM o6pa3om 3aTparu-
BAalOT TPOMBIULIEHHOCTD, OAHAKO HEOOBIMAHHO AKTYaNbHO TIPUMEHEHHE
TEOPHH HEYETKHX CUCTEM B MEIHUIIUHE, 3KOHOMHKE, MAPKETHHIE, CTPaxo-

Y Topaso T., Acau K., Cyrsno K. BseneHue B HEUETKME CHCTE-
MbL-Tokuo: Omca, 1987. Pench3us Ha Hee UpMBENCHA B XKypHasce
«Hosble kuuru 3a py6exom», 1988, cepus A, Ne 3.— lIpum. nepes.



8 IIpeducaosue

BaHMM, METEOPOJIOTUM, CeNbCKOM XO3AHCTBE, 3alIMTC OT CTMXMIIHBIX
GemcTBuil, 0OYYEHUM M MHOrMX ApYrux obsactax ansa obpaboTku MH-
¢opMauui (IMarHOCTHKH, OLCHKH, NPOTHO3HPOBAHWSA) U MOAETHPOBA-
Hus. Bee 310 06eCneYMBalOT CUCTEMBI JUIS NPHHATUS PELUEHUH BEICOKOTO
YPOBHS COBMECTHO C 4€JIOBEKOM, MO3TOMY 4€;10BEKO-MALUMHHBIA UHTED-
¢eiic HeOOBIMAHO BaXeH, ¢ YeM TAKXKE TECHO CBA3aHbl HEYETKME CHUCTE-
Mbl. UccinenoBanusi ¢ 7ToH TOYKM 3PCHHMS ClIE€ TObKO HAYaThl, HO
B OyaymieM 3TO OTKPOET HOPa3uTeIbHBIE BO3MOXHOCTH.

TpeTbst TEHACHIUS CBA3AHA HE CO CHELUAIBHBIMHM OOI4ACTAMH, 4 C
BO3HUKHOBEHHEM CONHMATIbHOM MPOOJICMBI: «PA3Be Mbl HE AOJKHBI UMETH
HEYCTKHE TOHATHH AN Bo3poxiaeHus Oyayuero uHdopmManyuoHHOro
obmecrBa?. 3a mocieanve Asa roga B Slnondd BuinynieHo 13 kuMr,
CBS34AHHBIX C HCUETKUMH CMCTEMAMHU U HeYeTKHMHM MHOXECTBaMH, Cpeld
HUX 6 yueOHBIX noCOOHIH. DTa TEHACHIHUS 3aMETHOE SBJICHHE HE TOJIbKO
B SIinoHuM, HO M B MUpe. MOXHO BBICKA3aTh NpeRHOJIOKECHHE: a HET JIH
CBSI3M MEXy MOHATHEM HEUETKOCTH M CTHIIeM paboTsl snounues? ABTopsbl
CYMTAIOT 3TO Heobbuaiino BaxubM. JIeJI0 B TOM, 4T0 uHGOpMallHOHHAA
TEXHOJIOTHA HE JOJDKHA ObITh MOHOMOJIMEH CHEIHATHCTOB, ¢e 00A3aHbI
HCHOJIL30BATh €XEIHEBHO BCE XKEJIAIOIIME, M €CIM BEPHYTHCH K HOHATHIO
HEYETKOCTH, TO HHPOPMAIIMOHHAS TEXHOJIOTHS H CHCTEMOTEXHHKA NOJIXK-
Hbl CTaThb O4YEHb OJM3KUMH 4deloBeKy mo ayxy. Snonckue pabouue
AKTMBHO BHEIPAIOT NPOMBILIIIEHHBIC POOOTH KK CPEACTBO MOMOIIH B HX
pabote, Torga kak pabouMe ApYrUX CTPaH OTKa3blBAIOTCH OT HHX,
NOCKOJILKY OHH OTHMMAIOT y HMX pabouue Mecra. Heuro nomobGuoe
B GyayuieM Bo3HUKHeT U B undopManuonHom obiecrse. CTpaHa, rie sce
KUTEU 00MatoTCcA ¢ MHPOPMAITHOHHBIMY cUcTeMaMH, OyaeT obnanarth
CAMBIM BBICOKMM HHTEJJIEKTYAJbHBIM MOTEHIM4JIOM HO CPABHEHHMIO CO
crpanami, rae undopmanueit BIaAClOT TOJBKO crenHamucTel. Iocnen-
CTBHS 3TOFO OYEBHAHBL.

TloueMy xe HeYeTKHe CHCTEMBI HAIIIM TAKOE IIWPOKOE IPHMCHEHHE?
B Hacrosiiiee Bpems TEOPHS HEHETKHX CHCTEM—JTO €/MHCTBEHHAS
TEOpUs, KOTOPAs MaTeMAaTHYECKH OTMEPHPYET CO CMBICJIOBLIM COJIEPXKa-
HHeM ciioB uyenoseka. Mccnenosanus no o6pabotke uHpopmanuy B Oy-
aymeM Bce OoJble OPUEHTHPYIOTCA HAa KOMIBIOTEDH, KOTOpHIE Hpe-
JOCTABJIAOT HHOOPMALIMIO YeJIOBEKY, H Mbi 3dKpPbIBAEM FJIa3a HA IJaB-
Hylo mpobGyiemy: a kak xe obGpabaTelBaet HHOOPMAIMIO CAM HEJIOBEK.
WccnenoBaTeny HEUETKHX CHCTEM BBIHYXACHBI BEPHYTLCA K 3TOM Mpobie-
Me. B 3TOM cCMpICIIe HEYETKHC MCCIIEOBAHUA 73TO HCCIICIOBAHUA
4eJOBEKA.

T. Topano
Amnpenb 1989 r.

I'JIABA 1
BBEJAEHUWE B HEUETKHUE CUCTEMbI

T. Topano ( Hucmumym 2ocydapcmea u npasa)

B HACTOSIIEE BpeMsl TEPMHH «HEYETKOCTb» BCe OOblie NpHBIIE-
kaeT BHHMAaHHE CICHHANUCTOB, pa3pabaThiBalOUIMX Pa3INYHBIC
OBIIECTBEHHBIE CHCTEMbI. DTO NPEKPAacHO, HO BO3HMKAET omace-
Hue, 910 Oojiee TayboKoe u3yueHHe TCOPHM, CBA3AHHOH C 3THM
TEPMHHOM, CIENHaTHCTaM HeJOCTynHO. B obwmeM ciiyiae B J1o-
60 00J1aCcTH 3HAHHM NOSB/ICHHE HOBBIX MOEH CO3MaeT CTUMYJIBI
K MepeOCMBICTIEHHIO Henelt ¥ 3afad. Ho ecnn ¢yHmaMeHT B 3TOH
061aCTH 3aJI0KEH U HACTYIMJ TMEPUOJL PAa3BUTHUSA, MHOTHE 33124l
BOCHPHHHMAIOTCS YK€ KaK PellEHHbIE H CHEMaIICThl HAYUHAIOT
06palllaTh BHUMAHHME Ha NepeAOBbie HAeH U TexHoJIorun. OnHako
IpH 3TOM He CliegyeT 3abbBaTh 00 OCHOBONOATAIOUIHX 3a1a4aX
Oco3Hanye JaHHOro (hakTa MOPOXKAAET HOBBIE TEMBI HCCIIEA0BA-
Hui. Huke s HOATBEPXKAEHUS YTOH MBICIH pacCMaTPHBAKOTCA
¢yHAaMEHTaIbHbIE HEUETKHE MPOOIEMBL.

1.1. PABBUTHUE TEXHUKU U OBUECTBEHHbIX
OTHOIIEHUN

TepMHH «HEYETKOCTLY» CTall HACI0AbKO 0OLIeyno1peduTeb-
HBIM, YTO €TO HCHOJIb3YIOT JdXe B TIOBCEAHEBHBIX pa3roBopax’).
10 OTpaiHblil (aKT AN HAC 2BTOPOB KdK CICHUAJIHMCTOB IO
MCCIIEIOBAHUIO HEYETKHX CUCTEM. HO MonpodyeM MOHATH €ro
upuunibl. [o-BUAMMOMY, 3TO CBS3aHO C TEM, 4TO B COBPEMEH-
HOM 00L1eCTBE JOCTHKEHUS HHPOPMAIIMOHHON TE€XHOJIOTHH Clie-
NajlH KU3Hb Kpa#He palMOHAIbHOH M CTPEMHTENLHOH, H MBI,
MOJIB3YSCh €€ GNAroAcaHUAMHU, C IPYrOf CTOPOHBI, OTBEPraeM
6e3aymme v 6e30TueTHOCTH. [1pH 3TOM B HAILICH XKH3HK 3aMETHO

1) Peur, umeT O MOSBAEHMH B AMNOHCKOM S3BIKE CioBa «damsu»
(HeueTKUil), 3aMMCTBOBAHHOTO M3 AHTJIMHACKOTO f3bIKa (fuzzy).— Ilpum.
nepes.
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HEKOTOpOE paBHOBecue. 3aHATHS JIOJCH PA3HOOOPA3HBL: JOCYT,
HCKYCCTBO, yyeba, OOLIECTBENHAS AESTENLHOCTL H MIOTOE APY-
roe,—# s TOoro 4robbli TeXHUKA «BXOguJa» Oo.lec anekBATHO
B ITOBCEIHEBHYIO XKU3Hb, €€ CACA0BAIO Obl caenaTh Hoace «ue1o-
BEYHOM». JIpyrHMH cIOBaMH, pa3BE HEb3sl MOXenarb, YTOOLI
TeXHHKa Oblia He TOJBKO PAllMOHATHHOH U IKOHOMHYHOH, HO
U cBOOOIHOH, HHTEPECHOH, r'yMaHHOH, moHumatromei..? Pa3sse
MBI, JIIOH, HE MOYYBCTBYEM IPH 3TOM AYIIEBHOE paBHOBeCHE?
(11

OcTaBUM 1OK4 B CTOPOHE TEXHHKY # ee mpobiemsl. Yem
CJI0KHEE CTAHOBUTCS caMo 0OILecTBO, TeM OoJIbINE OSABIsAETCA
pa3M4HBIX 3aKOHOB (BCE CHCTEMATHU3UPYETCd M PAlHOHAJM3HU-
pyeTcs), ¥ 3TO OTPAHHYMBAET HAILM BO3MOXXHOCTH. Pa3pe Mbl He
NONyYuM OoJibille cBOOOMBI, €CTM 3aCTABUM TEXHMKY peluaTh
HAIUY «HEYETKHE» npobieMbl?

IToropopuM cHadasna 06 HCKYCCTBEHHOM HMHTEJICKTE —aBaH-
rapAe HayKM W TeXHHKH. MCKyCCTBEHHBIH HHTEJIEKT CTaBUT
CBOCH 1EJblO peanu3anmio (GYHKUWH MBIILICHAS YeJOBEKa ¢
NOMOIIBLKD KOMIbBIOTEPAa, W MHOTHME HCCIICAOBATENM BEPIT B
61M30CTh ycmexa (XOTs Mbl B 3TOM cOMHeEBaeMcsl). JlOo Haluux
IHed HayKa W TEXHHKA P43BUBAJIMCH, CYUTasi KPUTEPHEM JIOTH-
4ecKylo cTpoiiHOCTb. Mi3 ¢H3H0N0THH TOJIOBHOTO MO3Ta M3BECT-
HO, YTO JIOTHKA CBS3aHA ¢ JEATENBLHOCTBIO JIEBOTO MOJYIIApHs.
IMpaBoe monymapue yrnpapiaseT 3pEHHEM, CIYyXOM, HHTYHIUEH,
SMOUMAMH H IpyYTumu 4yBcTBamu. B Empome u AmepHke cuu-
TAKOT, YTO JIOTMYECKOE MBIIIICHAE CBOMCTBEHHO TOJILKO YeJIOBE-
Ky, ¥ JIeBO€ MOJIyIapue Ha3bIBAIOT ITABHBIM, a IIPaBOE — MOIYH-
HEHHBIM, HO BepHO Jii 3To? Hanpumep., BoobpakeHHe, OTKPBITHE,
TBOPYECTBO ¥ MHOTOE€ APYIO€ CUATAETCS HAMBBLICILCH MHTENJIEK-
TyalbHON JEATEIbHOCTBIO 4YE€JIOBEKA, HO KaKuM oOpa3oM 310
MPOUCXOUT?

IIpexae pcero B mpaBoM MONYIIAPHH MHTYUTHBHO MEJIBKAET
HECKOJILKO 00Opa3oB, W TOJBLKO 3aTEM JieBOE MOJIyILApHE HAaUu-
HAET JIOTHYECKH AHANH3UPOBATH ¥ MPOBEPATH UX MPUrOAHOCTS "
[2]. Pabora mpaBoro mojywapus HEOOBIMAHHO CIOXHA 4 HE
BIOJIHE MOHATHA, HO 3TO MOXHO OOBSICHHTH TEM, YTO 3BOIIOIHS

D Tor ¢akT, 4T0 ¢ NOMOWBIO TOMBKO JIOTUKH M AHAJIA3A HEJIb3s
CO3/IaTh HOBbIE HAEH JAXE MO NMPOLUECTBHU AOJTOrO BPEMEHH, YXKe TaBHO
CcTrayl CBoero poja akCMOMOM B 00JacTH CUCTEMOTEXHUKH, MMelouiei
JIEJIO C CHHTE30M N ONTHMHM3anuell KpynHbix cicteM. [as atoro paspa-
6aTbIBalOTCH pa3IMUHbBIE 3BPUCTUYECKME METO/HL

Taasa 1 I

IPaBOro MOJYLIAPHS HMECT 10pa3ao 60Jice IPEBHIOKD HCTOPHIO
4 ero mporpecc 0ojee 3ameTeH, 4eMm [porpecc JEBOTO MOJdY-
mapns. Eclu JI0TMKy cYHTaTh HAWBBICHIHM 3HAHHEM, TO OKa-
KETCSI, YTO KOMIBIOTEPHI NPEBOCXOAAT JIOACH BO BCeM: B Tra-
TEBHOCTH JIOI MMECKUX BHIBOJIOB, COOOPa3HTEIbHOCTH, TOUYHOCTH
U T. A. OTcrofa BuITekdeT xpaiiHe «3abaBHOE» 3aKJIIOUEHHE O TOM,
4TO JIOJM XYXKE KOMIIbHOTCpPOB.

Ha3zoeeM 1IcKOTOpbie PUYUHBL TOTO, YTO peajiM3auMds Hc-
KYyCCTBEHHOI'0 MHTECJUIEKTd BOMPEKH MPOTHO3aM He JaeT OXH-
JAeMBIX Pe3yJIbTaTOB: CAMILKOM YIPOIIEHA JIOTHKA, OTCYTCTBYET
3APABbIA CMRIC], HU3KUA YPOBEHb 3HAHHWH, CJIOXKHBIA BBOJ HaH-
HeIX W ap. [4]. [as peuiends 3THx 0pobJeM HEOOXOIAMBI
(YHKUMM JIOTUYECKUX BBIBOJOB M IPEANOTOKEHHH BBICOKOTO
ypOBHSL (BOOOpaxeine, OTKPbITUE, TBOpYeCTBO d T.m.) [5],
4 KpaiiHe HelenecooOpa3Ho CcOOUPATBCA pellaTh HX TOJBKO
C MOMOILBIO CYLLIECTBYIOILEH 1101 MKM JICBOTO TOJYIIApUs: OHA
TIIATENBHO COINTACOBAHA CO 3HAHMSAMH M HE NMPUMEHHMMA, €CJIH
XOTs Obl B 4eM-TO eCTh fipOrUBopeuHe. 3HAHUS Ke, KOTOPBIMHA
MbI HOJB3yEeMCSl MOBCeAHEBHO, MPEACTABICHB! COEPKATEIBHO,
OHH HECOBCPILCHHBI, HETOUYHBL, MPOTABOPEYUBEI U T. 1. HecMoTpst
Ha 370, JIIO/Y € UX IIOMOUILIO [I€/1a10T BLIBOJBl OUEHb BBHICOKOTO
YPOBHS -H BCE MNOTOMY, 4YTO OHM HMMEIOT HEYCTKHE 3HAHUSA,
KOTOpBIE Mbl H43bIBAEM 3/IPABbIM CMBICIIOM, KpOMe TOTO, 001a-
JIAIOT HCYETKMMH  yMCIBEHIILIMH CIIOCOOHOCTAMH 00padbOTKH
TakuX 3HaHUii. Kopoue roBops, Bce 3aBHCUT OT TOro, CMOTYT JIM
peasIblbIC CUC TeMbl HCKYCCTBCHHOTO HHTEIUIEKTa 00pabaTriBaTh
HeueTkue Moican [6].

HeypaBHOBEIIEHHOCTP TEXHWKHM, O KOTOPOH TrOBOPHIIOCH
BBIIllE, BO3HMK:I4 BCIEACTBHE TOTO, YTO COBPEMCHHAsh Hayka
HOJHOCTBIO JIMIICHA «PABOCTOPOHHETO» MpiieHus. Heobxo-
I¥MO, YTOOBI B OYAyIIMX TEXHOJOIHMSAX MPH PEIICHHH mpobieM
NpU3HABAJIOCH CyIlecTBOBaHMe NpoTuBopeunH [7].

1.2. MAKPO3HAHUSA 1 MAKPOMUJEN

3nanMs OOBIMHO MOAPA3AENSAIOTCS HA HECKOJBKO YpPOBHEH.
Jl0BOIbHO TpyAHO BBIAEIUTH ClielMaibHble 3HAHHA, KOTOPLIMH
HauboJiee J1ETKO M0/b30BATHCA, MOTOMY 4YTO OHH XOpOILO
YIOpsijloueHbl U NOBEACHBI /10 TONHOH JIOTMYECKOH CHCTEMBI.
B HacTosinee BpemMsi OCHOBHOE BHUMAaHHE yIeNsieTcs 3HaHHSAM
HMEHHO >Toro ypopHsi. Ho, kKak nerko moHATS, VIS TOTO 4TOOBI
YEJIOBEK OB.T4jc/ CHENHAJbHBIMA 3HAHHSAMH, OH MPEKAE BCETO
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JOMKEH PYKOBOACTBOBATLCA CNENHMANBHBIM 3PABBIM CMBICJIOM.
HanpuMep, Xorga rocoMTaIM3UpyIOT OOJBHOTO, B TEPBYIO O4e-
pedb OUCHHMBAIOT, HYXHO NIH XHPYPrHYeCKOE HIIM TEpaleBTH-
YECKOE JIeYeHHE, a MOAPOOHBIH MUArHO3 OOJE3HW CTABAT YXKe
MOTOM. pyTrHMH CIOB4MH, 34€CH MPEXIE BCETO HEOOXOIHAMBI
MAaKpO3HAHMS, 4 KOHKPETHbIE CTENHANbHBIE 3HAHUS MPHTOISTCS
TOJILKO Bpady, KOTOPOMY JTH MaKpO3HaHHA u3BecTHBL. KHadge
€CTb PHUCK COBEPUIMTHL OHIMOKY, KOTOPYIO YK€ HE HCIPABHUID.

bonee Ttoro, creunanbibiii 3apaBBId CMBICH HE HOJDKEH
MPOTHBOPEYMTE OOrE1e/10Be4ECKOMY 3paBOMY CMBICIY. Peskue
YIPEKH B aApeC KAaKOT0-JIM00 BHIAIOMIErOCA XUpypra (omepanus
Obina ycneliHa, Ho 601pHOH YMeEp) pa3faroTcs U3-3a OTCYTCTBHA
TaKOTO 3paBoro CMbiCia. B 5To MOHATHE BKIIOYAIOT 3HAHHA,
OCHOBAHHbIC, HANPUMEDP, HAa MODAJIM, PEJUIUM, UCKYCCTBE H
KyJIbTYPE B IIEJIOM.

Wtak, 3HaAys MMEIOT pa3iMyHbie YPOBHH B 3aBHCHMOCTH OT
HCTIOB3YIONIMX UX JIIOACH, BpeMEHU H 1[eJIel, H 00Cy)IaTh 3TH
YPOBHH HEOOBIMANHO CIIOXKHO.

B Takoi# wuepapxus 3HaHUH TOJILKO CHEUMAJNBLHBIE 3HAHUS
B y3KOH 00IacTH HUMEIOT TOYHOE COAEPKAHHE, ACHBL MX KOJH-
YECTBEHHBIC CBS3M, 4 JIOTMYECKAS CUCTEMd yrnopsaoveHHa. Takue
3HaHds OyneM Ha3BIBaTh MUKpoO3HaHUamU. C 1pyroil cTOpPOHE,
CTenManbHBIA W OOIIMH 3/PdBbI CMBICT ABIAAIOTCS CHHTE30M
HEOTPAHUYCHHOTO YHCJIA IMITUPHUECKUX 3HUHUNA M MHKPO3HAHHIHA,
U Cpelld HUX JOCTATOYHO MHOI'O MPOTUBOPECUYMBLIX H HEIOTHYHBIX
sHaHuid. CleloBaTeNIBHO, €C/IM NpEeCTaBiIsTh WX CJIOBAMH, TO
apdaeTcss 0000maTh U U3BAEKATL MX CYIIHOCTb. JIis Takux
3HAHMH HEBO3MOKHO CTPOTO ONpPEAeTUTH COAEPKAHME, TOTPedO-
BaTh JIOTHYECKOH YMOPSAOYEHHOCTH, 4 TakXKe CUCTEMATHU3UPO-
BaTh MX. DTH 3HaHHUA OYJEM HA3BIBATL MAKPO3HAHUAMIL

Makpo3sHaHus He TONbKO TPYAHO NPEACTABATE, HO H TPYIHO
MCHOJIL30BaTh. JI€10 B TOM. 4TO abCTparupoBaHHBIE MPEIJIOKE-
HUS (CYThb MAKPO3HAHMA) 10JIKeH HHTEPIPETHPOBATh ¥ KOHKpE-
TH3HPOBATH B 3aBUCHMMOCTH OT 3aJa4M CaM YeJIOBEK (MX UCIOJIb-
3ytolwit). 3To npuKiagHas npobiaema, CBOEro poJa TBOPUECTBO.
Yenosek OOBIMHO CBOOOAHO YMOpPaBIAETCS ¢ TAKUMH MHOTO-
00pa3HbIM¥ 3HAHHAMHE, H 3TOMY MOXHO TONBKO YAHBISATHCS.

He ouenb moHsaTHO, Kak YenoBeK OOpamaeTcs ¢ MaKposma-
HusimMu. Bce [IeJio B TOM, 4TO MBIC/IH 4€NIOBEKd, ¢CIOM yaacTcs
B3rJAHYTP Ha HUX C TOYKH 3DEHHs JIOTMKH, UMEIOT Kpalne
BBIPAXXEHHBbIH KaYeCTBEHHBIH XapaKTep, OHH HEYeTKH. VX MOxHO
Ha3BaTb MakpoMbiciasaMd. Koraa 4yenoBek nwltaercs halTd pe-
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[IEHHE CJIOXHOM 3aJau¥, €ro MaKpOMBICIH HHTYUTHBHO pa3bu-
BAFOTCS HA CYNIECTBEHHbIE M MaJlO3HAYALIHeE, MOCEIHAe 0TOpa-
CBIBAIOTCS, 4 PACCMATPUBAIOTCS TONbKO mepBble. Kpome Toro,
MaKpOMBICITH HeobX0oMMbt Tipd obpaborke Hosblioro od0bema
MuKporHpopMauru. OAHAKO OTACHHTE CYIIECTBEHEYIO H 0TOPO-
CHTbh MaJlO3HA¥allyro MHGOPMaluio TPYIOHO, BCE MOXET H3Me-
HUTBCA B 3aBUCMMOCTM OT 1IOBEJIEHHS W NENH 4eJIOBEKA, T.€.
AMEHHO LEIM K4XKIOTO 4ejIOBEKa ONpenensoT obpas ero Makpo-
MbICiIeli. He uMes TBepAo# 1eny, OH HUYETO HE CHOENIaeT, Haxe
ecaM Oyner BiaaeThb B COBEPIICHCTBE JIOTHKOH. B 3ToM 3akimio-
yqeTCs NpPUUYMHA TOTO, YTO O4€Hb TPYOHO 3aCTABHTH KOMIIBIO-
tepbl  (GOPMHUpPOBATH MAKPOMBICIH TpH 0OpaboTke Maxkpo-
3HAHHUH.

1.3. YEJOBEKO-MAIIMHHBIE CUCTEMbI

Ecnu WMCKyCCTBEHHBIH WHTENIEKT OyneT mepepabaTeiBaTh
TOJNIBKO MHKPO3HAHHS, TO O6JACTh €ro NpHMEHEHHs OyneT
BecbMa orpaHuveHHa. I103TOMy mMOmOOHO TOMYy, KaK 4HeJIOBEK,
AMes JIEBOE M MpaBOE MOJYILAPHs, YMEJIO HMH MOJIL3yeTcd,
HCKYCCTBEHHOMY HHTEIUIEKTY CIEQYET MOpYYHTh aHau3, Ymops-
MOYEHHE CTAPBIX 3HAHUH, XpaHEeHHe B HAMSTH, NMOUCK M JAPYT'YIO
JIOTHYECKYI0 pabOoTy, a TeHEepaunulo HIEH, CHHTE3, TBOPUECTBO
U APYIYIO «IpPaBOCTOPOHHIOIO» PAabOTYy MOJHOCTHIO JOBEPHUTH
yeloBeKy. B 3TOM COCTOUT Upesl YEJIOBEKO-MAIUMHHBIX CHCTEM,
KOTOPBIE CMOTYT MPOAEMOHCTPHPOBATH HOPA3UTENBLHBIE CITIOCO0-
HOCTH, KOMIIEHCHPYS JOCTOMHCTBA M HEAOCTATKM KAK YEJIOBEKA,
TaK M MCKyCCTBEHHOTO WHTeJUieKTa. B OymymeM uccremoBaHHs
HUCKYCCTBEHHOTO MHTEIUIEKTA, MMO-BUAUMOMY, ClIE1yeT MPOBOIUTD
B 3TOM HANpABJICHMH, pellias mpobieMy, Kak MOXHO YIa4HO
peanu30BaTh COTPYAHMYECCTBO YEIOBEKA U MAILHHBL

B 4eoBEYECKOM MO3Ie BaXXHEHILYIO DOJib HMIPAET 4acTh,
KOTOpasi Ha3bIBAETCS MO3OJIACTHIM TEJIOM: OHO COCTHHSET JIEBOE
4 mpasoe mnoaymapus. Ho 4to Oyumer cBa3bpIBaTh HEIOBEKA
¥ UCKYCCTBEHHBIM HHTEJINIEKT, KOTId MOABSATCA YEJIOBEKO-MaIllMH-
HBIE cHUCTEMBI? ABTOpPBI CYHTAIOT, 4TO A IOJHOTO B3aMMO-
HOHMMAHMS M 4YE€JIOBEK, M HUCKYCCTBEHHBIH HMHTENNEKT AOJDKHBI
UMETh OO HEKOTOpOM CTemeHd oOlue S3bIK, 3HAHMA ¥ METOH
Mbliienus. Ecnu 4T0-TO OyaeT OTCyTCTBOBATH, TO KAKHMH OBl
NPEBOCXOXHBIMM HH OBbLIM OCTaBluMecs (PyHKOHH, peanu3anus
KOMILIEKCHOM CHCTEMbl HEBO3MOXHA.

S3rix — BaxHeilllee cpeACTBO OOLIEHHs, MO3TOMY HIACATBHO
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ObUIO OBl MPUMEHEHHE ECTECTBEHHOT O A3BIK4 M 110 BO3MOXHOCTH
HCIIOJIB30BAHME TakXkKe H300paxkeHMid W Apyrux cpeacrB. Obw-
HOCTb 3HAHMH —CAMOE€ IJIABHOE IUIA B3aUMOMOHUMADUSA NIOUCH,
HO TOCKO/IbKY MApTHEPOM B HALUEM Cydde SBISETCS KOMIIbIO-
Tep, Takasg OOGIIHOCTbL HEOBXOAUMA 11 BOZMOXKHOCTH OOIeHus
H UCKJIIOYEHUS OmMOOYHOro moHuMauus. [lo coaepxkanuio o6-
MMM JOJIKHBI OBITb CHEHMAABHBLIC 3HAHMS M, B HACAJIbHOM
ciaydae, 3IpaBblil CcMbIC1. HakoHen, eciam Meroa MbILILICHHS
OymeT xorsi Obl 40 HEKOTOPOW CTEMEHH 4HATIOIUyeH METOuY
MBIIJIEHHS YETIOBEKA, TO J4Xe MPU OTHOCUTENbHO HECOBEPLICH-
HOM MHGpOPMANUH, BLIJABUCMON NAPTHEPAMHU, MOXHO JEIATh
TOYHBIE PACCYXKICHUS U BLIBOABL. UENOBEK MBICIUT Ka4e¢CTBEHHO.
HEYETKO, MOITOMY M OT UCKYCCTBEHHOIO HHTEMJICKTd MO BO3-
MOXHOCTH TPEOYIOTC MAKPOMBICIH.

UenoBeko-MaiyHHAs CHCTEMA OYAET IOJHOCTBIO CO3TaHA,
KOT[a 4€JIOBEK M MCKYCC1BCHHBIM HMHTEUIEKT OYAYT MOHAMATb
BO3MOJKHOCTH JIPYT ApYra M OJHOBPEMEHHO YETKO OCO3HaBATH
CBOH 1I€IH B CHCTEME.

1.4. HEYETKHME CHUCTEMBI

Hayunas metononorus TpebyeT JorddecKo#d CTPOrocTH, HO
npo6JIeMBbl JOKA3aTENbCTBA NPEANOCHITOK i THIOTES, BXOMALIHX
B METOJIOJIOTHIO, HE BBbI3BIBAIOT JHTY3Ua3Ma. [Ipuuniibl 31010
SABJICHHUS B HAYKE M TCXHHKCE, [TO-BUIMOMY. 3AKJIHOUYAIOTCH B TOM,
YTO HPEANOCHIIKH M THIIOTE3bI, TAK KC KUK, BIPOYEM. U AKCHOMB]
B MaTeMaTHKe, caMy no cede Hestoruunst. [1o;106Hble npoGICMBL
PELLAIOTCS B HACTOSALIEE BPEMS ONAroiaps ONbITYy H UHTYU(HH
BBIIAIOIIMXCA CliegdafaucToB. OQaQHAKO B ICXHUYECKUX 001acTaX
CYILIECTBYET PUCK COBEPIUMTL CEPhe3HYIO OIIMOKY, eciM Tila-
TEAbHO HE H3YUUTh INPEANOCBUIKM M 1UnoTe3b. Hanpumep,
HEMPEACKA3YEMBbIC 4BAPHH B CHCTCMUX ooecreucHus Oesomnac-
HOCTH, HEpa3yMHbi¢ BBIBOJABI B HHPOPMAUMOHHBIX CHCTEMUX.
pa30ajlaHCUPOBAHABIE CHCTEMBI aBTOMATH3AIIHM U MHOTOE JIpy-
roe BO3HUKAET H3-3a TOTO, YTO BCE MPEAINOCHIIKH [POEKTHPOBA-
HHS CITUIUKOM PacXodsTCs C peabHbIM IOJ0XKEIeM Aeil.

Hayka 4 TexHuKa NOJIHOCTBLIO OTBEPraloT CyOBLEKTHBH3M, HO,
KaK CKa3aHO BBIIlle, HOBBIE OTKPBITHS M U300pCTEHUS POXKAAIOTCS
B pE3VAbT4TE HEATENLHOCTH NPABOTO MNOJYIIapHS YeJIOBeEKa,
OCHOBAHHOM Ha CyOBEKTHBHBIX MBICISX, a OOBEKTUBHU3ALMS H
JIoTAYeckoe 0DOCHOBAaHHE — BCETO JIMIlb BTOPHYHBIE CPEACTBA AIA
nepegavy HAeH apyromy 4esioseky. boiiee Toro, gaxe B mporecce
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0OBLEKTHBH3AIME HEOOBIMAHO MOJE3HO TPOABJICHHE CyOBEKTH-
pu3Ma. Hampumep, ¢ Touku 3peHus oOpaGoTkR HeweTKocTed
[Ia€E B TEOPHH BEPOATHOCTEH, KOTOPYIO YacTO MPOTHBOMOCTAB-
ST TEOPHM HCYETKHX CHCTEM, HENb3si MONYYMTH BBIJAOLIHECS
pesyJbTaThl, MOKAd JKCIEPUMEHTATOP HE HCCIAEAYET B MOJHOM
Mepe MCXOAHBIC /IAiHbIC, HE OLECHHT OOIIYIO CTPYKTYpPY mpodiie-
MBI, HE MCKSIHOMU T COMHUTESIbHbIC JAHHBIE WM He MPHMET JApYrux
cyObeKTHBHBIX petehuit. He roBops yxe 0 ToM, 4TO YCTaHOBUTD
TMIOTE3bl M MPEAIOCLIJIKM HEIb3s HHAue, KaK MOoJaraschs Ha
CyObEKTHBHOE MHEHHE.

Bonpoc o ToMm, kKak o6pabaTbiBaTb HEYETKOCTH, MEPEKJIM-
KaeTcs ¢ BOMPOCOM O TOM, KakMM o0Opa3oM BBECTH B HayKy
4 TeXHUKY cyObeKTHBH3M yenoseka. M 3nech He oGo#tHch Ge3
HEUETKAX MHOXKECTB. DTO MAaTeMaTHYECKHH METOA, CO3JaHHBIH
ISl TOro, 4TOOBI NPEACTABIATH CMBICJIOBbIE HEYETKOCTH CJIOB
YeJIOBEKA, 3TO YHHKAJIBHBIH METO/| C TOYKH 3PEHUSA MpedoCTaBIIe-
HHS BO3MOXHOCTEHl MaTeMaTu4ecku oOpabaTLiBaTh CyOBEKTHB-
Hble HAaHHBIE.

Bo3moxHOCTP MaTeMaTHUeCKH MPEACTABIATE W JIOTHYECKH
0bpabaTeiBaTh CMBICK CJIOB O3HAYaeT, 4TO MOSBHJIUCH HOBBIE
CPeACTBa, KOTOpBbIE MO3BONAIOT YAOBJIETBOPHTL TpeM HeobXxo-
IAMBIM YCJIOBHSM peaNu3a[{M YeIOBEKO-MAIMHHBIX CHCTEM,
0 KOTOpBIX IILTA pevb BHILIE. A UMEHHO: MOXHO OXWAATh, 4TO
Onaromaps 3TUM CPEACTBAM MCKYCCTBEHHBIN MHTEJIEKT CMOXET
MOHMMATh HEYETKOCTH U IIIyOHHHBIH CMBICK €CTECTBEHHOTO SI3bI-
Ka U B Oyaymem ero oOlineHue C 4eJOBEKOM CTAaHET Gosiee
ecrecTeHHBIM. KpoMe Toro, MoxHO OyHeT npedCTaBUTh B BU/E
HEYETKHX TE3WCOB HaXe TaKUe KpakHe HEYeTKHe MAKPO3IHAHUA,
KaK 3paBblid CMBIC]H, €CJIH CY3UTh CrenMaibRyro obaacTte. Bee 10
CYILECTBEHHO MOBBICHT NPAKTHYECKYIO NEHHOCTH HCKYCCTBEHHOTO
uHTeiekTa. [Ilocnennee  yclmoBHe — MPeACTABIIEHHE HEYETKHX
MBICTIEH —HauboJlee TpyAHOE IS peanusanuu. MBICIH, BO3HH-
Kalone B TNpaBoOM MOJYyLLIApHH 4YeIOBEKd, HeNb3sd HA3BATH
coBceM HeueTkumu. OgHAKO, €CM NpHK/IagHas 061acTh orpaHu-
YEHHA, OHH MOTYT NpPUIrOJHTHCA KAK KaUYECTBEHHBIE JIOTHUECKHE
OTHOILEHHS MEXAY MakpO3HaAHMSIMH, MO3TOMY B KaKOH-To cTe-
TIEHH BO3MOJXKHBI JIOTHYECKHE BBIBOALI, MPHUCYIIIHE YEJIOBEKY.

BrixonHple paHHble, MOJIydaeMble HEYETKUMH CHCTEMAaMH,
pazyMeetcs, OyayT HeueTkuMH. [lo-BHAMMOMY, HAWOyTCS JIIOOM,
KOTOpblE OKaXyTcd B TYNHKE U3-332 HEYETKHUX OTBETOB CHCTEMBI,
MIOMOTaroNIed MPUHATHIO PEICHUN; 3aTPYAHEHRUS BBI3OBYT OTBE-
Tl 0 MHKpPO3HaHHAX. YTO Xe kKacaercs MAKpO3HaHUH, TO OHH MO
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CYyTH SBISIOTCA HEYETKMMH, OPOOJIEMHBIMH, TO3TOMY HEYET-
KOCTh OTBETOB O TAaKHX 3HAHHSX eCTeCTBeHHa. HeueTkde oTBeTH
OyayT CTHMYIMpPOBAaThb paboTy MpaBOTO MONYIIAPUS YelOBEKa,
YTO MOBBICHT 3PPEKTHBHOCTD YEJOBEKO-MAILIMHHON CUCTEMBI.

Ipusenem npuMephl 4EIOBEKO-MAINMHHBIX CHCTEM, KOTOPbIE
npejpHa3HaYeHbl AJi1 00paboTKH HEYeTKUX 3HAHMHI (CBOCIO poJd
peanu3anus yHUBEPCANbHLIX POGOTOB B YCIYXKCHHH “ETOBEKY).
B Texmumueckux o0aacTAX — dBTOMATHYECKOE YIPABJICHUE BBICO-
KOTO YpPOBHSH, ABTOMJTHYECKHMH MEPEBOMA, HHTEIIEKTYAIbHbIE
paboOThl, CHCTEMBI MOMNEPKAUMUA LENOCTHOCTU 043 AAHHBIX H
cMCTeMBbl ObecriedeHUsl 6€30MaCHOCTH, pACo3HABAHHE W300pa-
KEHUH W pevd, aBTOMATHYECKOE MPOCKTUPOBAHHUE, MOMCK HH-
dopmanun, 6a3bl 3HAHUH, HHTEICKTYaIbHbIE TEPMIHAIBI, 4BTO-
MAaTH3au¥sd JOMAlIHEX paboTt U ap. B MeauimiHe - AMATHOCTHKA,
KHTAH#rKasi MEIAMIMHY, WCKYCCIBEHHbIC BCTpPOEHHbIe OpPraHbl,
pOOOTBI 115 yxoad 3a OOJbHBIMH, AUCTIAHCEPU3AIUS U MEIU-
LMHCKOE HAOJIIOICHUE MOCITe BBI3A0POBICHUS, CUCTEMBI 3UPABO-
OXpaHeHus, mpoTesbl U /1p. B chepe GusHeca — noMolub B npuns-
THHM 3KOHOMUYECKUX pelUECHUU, MAPKETUHI. COBETbI MO BIOXKe-
HHUIO KAMUTasIa, pAIMYHOTO pOoAd YIpPABICHHE U ITAHUPOBAHHE,
YMPaBJIEHHE CUCTEMAMHU, MOMOUIb B MOATOTOBKC KOHTPAKTOB,
aBTOMAaTH3AHUA YUpexKacHUd u ap. KpoMe Toro. oticHKka cocros-
HUA OKpYXdArolled cpeabl, aHAMM3 PUCKA, NPEACKA3AHME 3eMie-
TPACEHUH, TPOTHO3BI MOTOAbI ISl CENIBCKOTO XO3SHCTBA. Te0s0-
IHYECK4st CBEMKA, ONECHKA K4UECTBA CENLCKOXO3sHCTBEHIIBIX
MpPOAYKTOB, CUCTEMBbI CaMOOOYYEHHs, AErycTdanus, oOpaboika
JAHHBIX aHAJIM34 U T. U

B nactosiuee BpemMs HAMETHAACH TEHACHIUS IIPHMEHEHMS
TEOPUM HEYETKMX MHOXKECTB B TI'YMAHUTADIIBLIX HAYKAX M B
comoiorui. B Onuxaitinem OyayiueM HOABATCS MOAEAN ges-
TEJIBHOCTH YEJOBEKd, MOIEAH MBIIUIEHUSA. CUXOJOTHYECKIIC
MOJIENM, MOJENH HAACKHOCTHU. IKOHOMHUYECKHE MOACIH, KOTO-
pble OyayT akTHBHO MCIO.IL30BATBCS B OOVYEHHH, 3aKOHOZd-
TEJILCTBE, OTPOCE OOIECTBEHHOI'O MHEHHS U ApY1 UX MpobeMax.
AHAJIM3€ U OLEHKE JaHHBIX.

TeopHs HeYETKHX MHOKECTB, BO3MOKIIO, ChIIPAET GObLIYEO
poib NpH pElICHMH Takux mpobnem, Kak IpeacTaBlIeiiue U
OpuOOpeTEHHE  MAaKPO3HAHHWM, METOABI  MUKPOMBILICHUS
(MakpoBBIBOJOB), (GOpMaThl [JAHHBIX IS CTUMYIMPOBAHUS
NPABOTO MOAYIMAPHS, OTOXIECTBICHHUE (YHKIHH NPUHAIER-
HOCTH, TIPOrHO3UPOBAHUE TEXHUYECKHX XAPAKTEPHCTUK CHCTEM,
CHCTEMATHYECKHE METOJbl NMPOEKTHpOBaHMS M T.m. Hazeemcs,
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4TO MOSBJICHHE HOBOM METOJOJIOTHH, YYHTHIBAIOmMEH HeyeT-
KOCTH, 3aJI0XHT (QYHIAMEHT pellieHHs 3THX npobieM.
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[JIABA 2
TEOPUA HEYETKNX MHOXECTB

K. Xupoma (Hncmumym 2ocydapcmea u npasa)

Mpomno Gonee yeTBepTd BEKa ¢ Tex mop, kak JI. A. 3ane u3
KanupopHHUCKOTO yHUBEPCUTETA NPEMIOKHUT TEOPHIO HEUETKHX
MHOXeCTB. DTa Teopus Pa3BHBAJIACH BO MHOIMX HaNpaBIECHHX,
NO3TOMY ULl BOCIIPHATHS BCEX €€ e MoTpebyeTcsl HOBOJIBHO
MHOro Bpemenu. OpHAKO 4TOOBI MPUMEHHUTh €€ B KOHKPETHOMH
obnacTy, JOCTATOYHO HEOOJIBLIIOTO yucny MoHATHH. Huxe pac-
CMOTpEHBI OCHOBHBIE MOJIOKEHHS TEOPHH HEYETKHX MHOXKECTB
¢ TeM, yTOOBl e¢ OBICTPO OCBOUTH B NPHKIALHON OOJACTH.
Ipexae BCEro U3y4uM TEOPHIO YETKUX MHOXKECTB ¥ IBY3HAYHYIO
OyneBy 7NOTHKY. 3aTeM HA HMX OCHOBE MepeHAeM K MOHATHAM
TEOPHH HEUCTKHUX MHOXECTB W HeueTko#l jormku. Kpome Toro,
0o0paTUM BHMMAaHHE Ha HEYETKHE BBIBOJbI, OCOOEHHO BakKHbie
C TOYKH 3pCHUS MpUMEHCHUS 3TOH TEOPHH, d TAKXKe Ha HeueTkue
MPOAYKIIMOHHBIE NMpAaBHia M HEYETKHEe OTHOLICHHS.

2.1. YETKHME MHOXECTBA

AHTIuicKoe ¢ioBo fuzz, 0T KOTOPOro 0OPa3oBaHO MPHJIAId-
TenbHoe fuzzy (HeueTkuH), 03HAYAET «BOPCH — CHEIUATIBHBLIN 1€p-
MHH, olpeaensiomuil cBoiictBo TkaHeil. Korga Mbl cMOTpUM Ha
PHCYHOK HAa BOPCHCTON TKaHM, OH KaXETCSd HaM pa3dMbIThIM,
MO3TOMY TOBOPSl «HEYETKHU», Mbl OylneM MMEThH B BUAY «HESC-
HBI», «pa3MbITHI». HedeTKMM MHOXECTBOM, HampHMEp, Mbl
HA30BEM BCEX SIMOHCKHMX KpacaBunm. CMBICH 3TOr0 OHpPENENICHHS
HaM TIOHATEH, HO CKa3aTb, MPUHAJIEKUT JIH 3TOMY MHOKECTBY
Ta HJIM WHAS [EBYIIKa OJHO3HAYHO, TOJBHKO C TMOMOILNBIO CJOB
«1a» UM «HET», HAaM TPYIHO; TAKUM 00pa3oM, Mbl HMEEM AEJI0
C HeompeeIeHHbIMH, HECTPOTHMHU CBOMCTBAMH OOBEKTOB H3yYe-
HHSL.

B oTinune OT 3T0r0 MHp, CBOWCTBA KOTOPOTO MOXHO CTPOIO
ONPENENUTE ABYMS CIOBAMM, HANPUMED «MYXUYHHd MM KCH-
mmHa?», Ha30BeM 4YeTKHM MupoM. CrenoBaTeTsio, 101 HKY
KOMMOBIOTEPOB, KOTOPBIE UMeIOT A€o ¢ 0 ¥ 1, 6yv/icm Ha3elBaTh
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4eTKOH JIOTHKOM, a OObIMHbIE MHOKECTBA — YeTKMMH MHOXECTBa-
mu. Kak pacmupeHyie 3THX TOHATHH MOXHO paccMaTpHBATh
HEYETKYIO JIOTHKY H HeyeTkue MHOXecTBa. JJIs TOro 4toObI
NOArOTOBUTECA K TMOHMMAHHUIO 3THX MOHATHH, mpeXnge BCETo
H3Y4HM TEOPHIO YETKHX MHOXKECTB.

K Teopuy 4yeTkux MHOXECTB B OOIIEM Cly4ae OTHOCATCA
aKCMOMATHYECKas TEOPHS MHOXECTB U 3JIEMEHTapHasi TEOPHs
muoxecTB. Ileppasi—omHa U3 GyHAAMEHTAIbHBIX TEOpHH MarTe-
MaTHKM, OHa TpebyeT JOCTATOYHO BBICOKOTO YpOBHA (uiaocod-
ckoro MaiteHdst. OgHako 3x€ch HaM OCTATOYHO BCETO JIMIID
PACIIMPUTD MOHATHE MHOXECTBa, H3y4aeMOTO €lIe B LIKOJE, 10
HOHATHH 3NIeMeHTapHOH Teopunm MHOXecTB. Kpome Toro, mns
HOHAMAHHS TEOPHH HEYETKUX MHOXXECTB HAM HEOOXOMMMO MOHS-
THE XapaKTepHUCTHUYECKOH (yHKIHH.

Cuayaia 0ObICHMM HECKOJILKO OCHOBHBIX TEPMHUHOB H 000-
sHayenuit. IlpomucusiMu Gyxsamu (Hanpumep, X) 6ynem obo-
3HAY4Th COBOKYITHOCTb O0BEKTOB, C KOTOPBIMH MBI OyeM HMETh
JIENI0, a CTPOYHBIMH OyKBaMH (HATIpHMeED, X)— OTACBHBIE CTPYK-
TypHbie 3eMeHTHl. IIpu 3ToM BBeneM 0003HadeH¥E

X = {x}. @n

durypHble CKOOKHM O03HAYAIOT COBOKYHHOCTH 0OBEKTOB. Camy
COBOKYMHOCTS (37€ck X) Ha30BeEM NpeaMeTHOH 0OnmacTeio, HOJI-
HbIM MPOCTPAHCTBOM HJIM BCTIOMOTATEIbHBIM MHOXecTBOM. Ilo-
cnelHee Ha3BaHWE OCODEHHO 4YaCTO HCHONB3YeTcss B obnacta
HeueTKoro yrpapieHds. (CiioBo «BCoOMoraTe ibHbIH» B MATEMA-
THYECKOM aHanu3e ¥ psAc Apyrux obracTed HUMeeT HECKOJIBKO
HHOM OTTEHOK, MO3TOMY ofOpamuaeM Ha 310 BHUMaHue.) OTaens-
HbI€ CTPYKTYPHBIE 3JIeMEHTHI H430BEM MPOCTO 3JEMEHTAMH HIH
ob6vektamu. ToT axrt, YTo x ABiseTcs eMeHTOM X, 0003Ha-
YUM CIIEAYIOIHM OOpa30M:

xeX. 2.2)

B mosiHOM mpocTpaHcTBe X OmpenenuM MHOXECTBO (YETKOE
MHOXecTBO). B kauecTBe Ha3BaHuil (METOK) MHOXecTB OyneM
HCIIONIb30BaTh mpomucHele Oyksel A, B, C. Hanpumep, mycTs
HIOJIHOE MHOXECTBO COCTOUT M3 JIecATH mudp

X=1{0,1,23456,7,8,09} (2.3)
TOI'la MHOXECTBO 4eTHBIX IH(Pp A—-3TO MHOXECTBO
4=1{0,2 4,6, 8. (2.4)
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IIpy 5TOM YHCIO CTPyy K [YPHBIX 2JIEMEHTOB HA30BEM MOLIHOCTBIO
MHOXECTBA HIU Kap -lMHAJIbHBIM 4YHCJIOM; BBEACM I/ HEro
0603HaueHue 4. B y KA3AHHBIX BBHILE OPHMEpax

#X =10, #4=—5. (2.5)

B ciyvyae ;#:A =1 A Haz0BeM CHHIJIETOHOM. MHoOXecTBO ¢ KO-
HeuyHbIM - Ha3zopen1 KOHEYHBIM MHOKECTBOM, BCE 3JIEMEHTHI
B TAKOM MHOXKeCTBE MAOXHO 3aHCaTh Tak, Kak B dopMyinax (2.3)
¥ (2.4), Ho, ranpumMe P- B Cllyyae HATYPANbHBIX MM BEICCTBEH-
HBIX YHCeN, TEC. oeckc? HCYHBIX MHOXECTB, 3TOTO C/AE€naTL HECAbL3s.
pr[ 3TOM yacrto uc: JOJIb3YIOT crocod 3a0McH, mp¥ KOTOpOM
crmpaBa OT BepTHKas ibHOU YEPTHL 3amHACBIBAKOT BCE CBOHCTBA
MHOXxecTBa. Hanpum <°P, ¢dopmMyity (2.4) MOXHO 3alMCaTh B BUAC

A = {x|x-uernoe THCI0 Gonsie 0 1 Menpile 9}. (2.6)

KpOMC TOTO, UIA 06 ©3HAYeHHNs MOHATUSA B BUIC PHUCYHKA 4acCToO
HCIONIb3YIOT muarpan!™Mbl Benna (puc. 2.1).

flomumo yKa3aH[:lJ>IX CHOC060B A1 OmpeaeCHus [MOHSATHIT
YyeTKOrQO MHOXecCcTBa Cy[HCCTByeT cnocob ONpPEACIICHHA C [i0-
MOIIBIO XapakTepuc ! M4eckodl ¢ynknnn. XapakTepHCTHYeCKas
dyHKuHsa ¥ ,, Onpenen AOmas MHOXECTBO A B OJTHOM MPOCTPAH-
cree X, npeactaBiasi€T coboit orobpaxeHue, I KOTOPOroO
X ectb 06acTh onpeAeneHus, a {0, 1} (aBy3HauHOE MHOKECTBO
u3 0 u 1) ecrs 06nac I'b 3HAUEHUH:

xa:X {0, 1}
w w 0. x¢ A,
x -y, = { e 27

Tpu 5TOM ¥, (x) = 1, ©CTH JIEMEHT X YIOBIETBOPAET CBOHCTBAM
A, 1 0, ecnu He ygossi< T BopsieT. CnegoBaTeNnbHO, ECIH OTIOKUTh
X Ha ropuwsonransg M, a {0, 1} Ha BepTHKambHOH OCH, TO
MOJIYYUM Fpa(quCCKOC NpeacTaBjICHUE, MOKa3aHHOE Ha puc. 2.2.

B noxsoM mpocTpdHCTBe X MOXHO pacCMaTpuBaTh pasiiuy-
Hbie MHOXeECTBA, Halj’I*MEDP A ¢ HEKOTOPBIMH CBOHCTBAMY U B C
JIpYrUMHA CBOUCTBAMY O6BCHHHCHI/IC BCCX TaKHX MHOXECTB HA-
3bIBAETCA CTEIEeHHBIM NHOXECTBOM U 0603Ha'~[ae1‘c51 2)(. Hanpu-
Mep, mycThb

X ={a, b, c} (2.8)
TOrga creliesHoe MHOXKECTBO eCTh

2X = (0§, {a}, {b}, {<}. {a b}, {b, ¢}, {c, a}, X}. .9)
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LX) o5 .7 xa(x)
1 o—-—-Tn(:)

R

9 0

X

Y
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Puc. 2.2. Onmnpenenenne MHOXe-
CTBA C MOMOLIbIO X4APaKTEPUCTH-
4eckoif QyHKIuM.

puc. 2.1. lpeacrasaenne MHOXe-
CTBd € MOMOMLIBIO AMATPAMMEL

Beuna.

3nech - clieunanbHOe MHOXKZCTBO, B KOTOPOM HET 3JIEMEHTOB,
OHO Ha3bIBaeTcs ITyCTHIM MHOXecTBOM. Fro xapakrepucrryeckas
¢byaktms

Yo(x) =0 s VxeX. (2.10)

buecb V HasbIBaeTcsi KBAHTOPOM BCEODOIIHOCTH, €ro MOXHO
YUTATh CIOBOM «BCex». (KpoMe Hero ects KBaHTOP CyIIECTBOBA-
Hus I B CMBICTE «CYLIECTBYET .. .».) DTH KBAHTOPHI Y4CTO HCIOJIb-
3yl0TCA B JIOTMKE M MCKYCCTBEHHOM WHTeliekTe. B ornmume oT
MYCTOr0O MHOXECTBAa XapakTepHcTHdeckad (yHKIHA MOJHOTO
MHOXKeCcTBa X HMMeEeT BHU[

Yx(x)=1 gna VxeX. .11

Kpome TOro, mns MOINHOCTH MHOXECTBA B OOIIEM ciydae
CNpaBeJIMBO YTBEPXKICHUE

#1% = 2#% (2.12)

3To MoxHO Jlerko BuiBecTd u3 Gopmyn (2.8) u (2.9).

Tenepb M3yynM HEKOTOpbIE ONepalud HaJ MHOXECTBAMH
(puc. 2.3). [Ipexne BCero, OTHOUICHHE BJIOXEHHS MHOXECTB: €CJIH
37EMEHTHI A 00513aTeIbHO ABNSAIOTCA 3JieMEHTaMK B, To A HazbI-
BAETCs1 MOAMHOXECTBOM B (wim B—HagMHOXecTBOM A), 4TO
obo3Hauaercs kak 4 ¢ B (4 < B cupaBefiiMBO TakXe npd A =
=B; ecmu A<= B, Ho A # B, To A Ha3bIBaeTCcs COOCTBEHHBIM
noamMHoxecTsoM B). Eciu onpenenuts A < B yepe3 xapaktepu-
CTUYECKYIO (PyHKIHIO, TO MOJIyYdM ClieAyiolliee HEPABEHCTBO:

1a(x) <yxp(x) oma VxeX. (2.13)

HJDI OTHOLUCHHASA BJIOXCHHA MHOXECTB < MOXHO J0Ka3aTb



22 Teopus HeyemKux MHONCeCms
X X
B
a ACB P 4
X X
ANEB
s ANB 2 AUB

Puc. 2.3. Broxenue (a), nonojneHue (6), MPOM3BEACHHME (6) H CyMM:
MHOXECTB (2).

CIOpaBEUIMBOCTh TPEX CBOMCTE:
1) pednekcuBHOCTH

VAe2X A c 4 (2.14

2) aHTHCHMMETPHUYHOCTD
VA, Be2X, Ac B BoA—->A=B8, (215

3) TpaH3UTUBHOCTDL
VA4, B Ce2*, Ac B, Bc C—»AcC. (2.16

MoxHO cKa3aTh, 410 (2%, <) ofpasyeT 4acTHYHO yHOpsSUO-
yeHHoe MHOxecTBO, Wi POSET Y. (J]s OTHOLUECHHS BJOXKCHHA
MHOXeCTB OObIYHO 1UIs MPOH3BOIBLHBIX A, B He Bcernaa crpasen
JUBO A < Buiu B © A, 103TOMY Hallle MHOXECTBO He SIBJISETCS
JMHEHHO YNOPAJOYEHHBIM HMJH MOJHOCTBIO YMOPSIOYEHHBIM
MHOXECTBOM.)

B POSET (2%, ©) npencTaBisioT MHTEPEC YHADHBIE M OMHAD
Hple OMepanud. DTO Omepandy [IOMONHEHHS MHOXecTBa A°
nepeceucHust MHOXeCTB A 1 B (4 n B) n o0beiuHeHHs1 MHOXKeCT]
A U B. I'padgudecks ¥X MOXHO HOSCHAThL C MOMOMIBIO quarpama

D Or anrauiickux cnos partially ordered set.— lIpus. nepes.
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Beuna Ha pHc. 2.3, ¢, 2. C NOMOIIBIO XapaKTePHCTHYCCKHX
(yHKUMil OMEPAMH MOXHO ONpPEAETHTH CeyIOIHEM obpazoM:

xac)=1—x,4(x) mna VxeX, 2.17)
Xans(X) = 1a(®) A\ xs(x) nma VxeX, (2.18)
Yang() =24V xpx) n1s VxeX. .19

3peck /\ # \/ Ha3pIBAlOTCA ONMEpPANUSMH B3ATHA MHUHMMYMa
M MAKCHMyMa, T.€. B3STHsl HAMMEHbIET0 ¥ HAHOGONBILETO 3Ha-

4CHUH.

Jlnd onepanMi Hal MHOXECTBAMH, ONpPEIeNeHHBIX BBILIC,
MOKHO CPaBHHUTENBHO JIETKO N0KAa3aTh CNPABELIHBOCTD CIIEAYIO-
[MX CBOWCTE:

1) 3aKOH MOEMOOTCHIMA

AnNA=A4 AU A= 4 (2.20)
2) 3aKOH KOMMYTaTHBHOCTH
ANB=BnA AUB=BUA4; (2.21)
3) 3aKOH accouUaTUBHOCTH

AnBNC)=@AnBnC
AUBUCO=AUBUC 2.22)

4) 3aKkoH abcopOuuu
AN(AUB=4U(4nB =4 (2.23)

5) 3aKOH QucTpuOyTUBHOCTH
AnBUQO=ANnBUMADCO,

AUBNO=AUBNAUCQ (2.24)
6) 3aK0H KOMILIEMEHTAPHOCTH
AN A =0, AuAa =X (2.25)

B 06mem cnyuae POSET, ynosieTBOpSIOLIEE YETHIPEM CBOI-
CTBaM (MAEMIIOTEHTHOCTH, KOMMYTAaTHBHOCTH, ACCOMMATHBHO-
cTH ¥ abcopOnuu), Ha3bIBAETCS PELIETKOM; pelleTKa, yIOBIeTBO-
psIom@s 3aKoHy AMCTPUOYTHBHOCTH,— NMCTPHOYTHBHOM pelleT-
KO#, a AucTpUOyTHBHas pelieTKa, YIOBIETBODSAOIIAA 3aKOHY
KOMILIEMEHTAPHOCTH,— KOMILUIEMEHTApHOH IUCTPHOYTHBHOH pe-
weTtkoit. KpoMe TOro, KOMiuieMeHTapHas XMCTpUOYTHBHAs pe-
lleTka W3BECTHA Kak Oynepa pelueTka wunu OyneBa anrebpa.
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TakuM 06pa3zoM, MOHATHE TOYHOTO MHOXECTBA (2", <, N, U)
MOXHO 0DOCyXHaTh B paMkax OyneBoil anreOpsl.

B 3axmroueHse OTMETHM clieqyrollMe 1Ba BAXHHX CBOHCTBA,
CrpaBeIMBBIX B OyJieBoil anrebpe:
1) nBoiiHoe oTpHaHue

A< = 4, (2.26)
2) 3akoH ne Moprasa
(AN BY=A°UB, (AU Bf=A4°n B. (227

2.2. TOYHAA JIOTHUKA

Huxe Mbl pacCMOTPHM TOYHYEO JIOTHKY (JIOTHKY KOMIIBIOTE-
POB HJIM JBY3HauHYIO OynieBy anredpy) Kak OCHOBY IS H3y4eHHUs
HE4eTKOH norukd. Peup mnoHper O ABY3HAYHOM MHUpe «Ia»
U «HET» HIHM «HUCTHHA» U «JIOXb», Ha YPOBHE ammapaTHbHIX
CpencTB paccMaTpHBaroT 3HayeHus HampsbkeHu#t 0 m 5 B, Ho
B O0OIIEM Cllydae MOXHO NpeACTaBHTh aBa 3Haueuus {0, 1}.

W Tak, MOXHO CUATATh, YTO KOMIBIOTEPHI COCTOAT U3 MOCIE-
JOBATENBHOCTHBIX CXEM, yka3zaHHpIX Ha puc. 2.4. Kaxpgas u3
n BXOAHBIX MEPEMEHHBIX M KaXkaasl U3 M BBIXOAHBIX 1€ PEMEHHBIX
B HEKOTOPBIH MOMEHT BPEMEHH MMEIOT OJHO U3 ABYX 3HAYCHHI:
0 wiu 1. Kpome TOro, 3TH mepeMeHHbie U3MEHSIOTCS OQHOBpE-
MEHHO 10 6a30BOMY CHTHAJly yNpaBJICHHs!, HA3bIBAEMOMY TaKTO-
BbIM HMIyJIbCOM. EciT¥ OTHOIIEANE BXOIOB M BBIXOIOB 3aIMCaTh
B BUIE QVHKIHUH, TO IOJyYdM

Yt + 1y =fi(x; (1), x,(8), ..., x,(1),
i@,y (0, L, y@)i=1, ..., m (2.28)

3nech nepeMeHHble MPABOM YacTH BKJIIOYAKOT Takxe y,(f), T.e.

Bxodss Boixods
x1(f) o— Komnsromep o y(t)
22t} = rnocredosamenswocmmas —:Oy 2(t)

cxema :
St) o~ =romburmamopuas creva [0 ()
+namams °
Tp(t) o Ymft)
m
{g'," 1 Tagkmossre LU {0,1}

aMngaecsl sse E—1 [+ ooe

Puc. 2.4. TlocnepoBaTensHOCTHAA cXeMa.
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3TO Tak Ha3biBaeMas pekypcuBHas popmMyia, HO3TOMY B Cllelyto-
M MOMEHT BpeMeHH ! + | Bce BBIXOaHbIE 3HaueHHs y;(f + 1)
ONPEREIAIOTC B 3aBUCHMOCTH OT NPeApICTOPHUil BceX BXOZOB 110
TeKyIIETO MOMEHTA BPEMEHH 1.

Ecnu M3MeHeHHs 3HA4YeHHil ¢ TedeHweM BpeMeHH (GUKCHpO-
BATh C IOMOIIbIO QYHK[MH MAMSTH, MOXHO OOCYXKIATh OTHOILLIE-
#Usd BXOJOB M BBIXOAOB B (MKCHPOBAHHHIN MOMEHT BpEeMEHH.
TaxuM 06pa30M, CMECTUB Ka BTOPOI 1J1aH BpeMeHHbIe GaKTOpPHI,
¢ MOMOIIBIO KOMOHMHATOPHBIX CXEM MOXHO PEaiM30BaTh TOJLKO
OTHOLLEHHUS BXOIOB M BBIXOHOB (puc. 2.5). DopMyibl KoMOHHa-
TOPHBIX CXEM C n BXOHAMH H m BBIXOZAMH MOXHO 3aMHCaTh
B BHJIE

;i =fi(xy, X3 o x) J=1, ., m (2.29)

3neck m BBHIXOQHBIX MEPEMEHHBIX, HO HX YK€ MOXHO paccMaTpH-
BATb MO OTAEILHOCTH OAHY 3a APYroi, mo3toMy 6e3 orpaHude-
HHSl ODIMHOCTH MOXKHO CYMTATH YMC/IO BBIXOHOB paBHBIM 1.
JIpYyTHMH CIIOBAMH, MOXHO pacCMAaTpUBaTh N BXOHOB M OAMH
seixoa. [Ipu 3ToM oTHOILIEHHE BXOJOB M BHIXOAA MOXHO 0003Ha-
YuTh Kak

£:{0, 1}" > {0, 1},

w w
(X1, X300, X )2y =[xy, X5, ..., X,).

Takas byukius f HazpiBaeTcs GyneBoil GyHKuMER n mepeMEHHBIX,
A4 €€ KOHKpEeTHAas peaju3anus—KoMOUHATOPHOH cxeMoil.
Ipexnae Bcero paccMOTpHM HauboJ1ee npocToi ciydaii n = 1

S0, 13- 1{0, 1}

k)“C)P—-{y =\?(x).

(2.30)

(2.31)

Kak moka3ano Ha puc. 2.6, 6, B 3TOM CJiy4ae CylIECTBYIOT YEThIPE

Brods: Byixo8sr

Ty o— f—_oyf

zpo—| Kombuwamopras cxema -—30 I
H

110—4 Y=z 2y, ) —;o yj
3 jet~m s
Ty Ym
m )
0,13 0,1}

Puc. 2.5. KomGunaTOpHas cxema.
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Brod  Bsuod y=f(z)

I o . ll ¢ » T I
o— y=fls) }—o o}i 0o 0 1 1
. H 1jo 10
{01} fo,11 HE
3

"
> ; a
®|

2 ¢ (0,0)

Puc. 2.6. KOMOUHATOpPHbIC CXEMBI € OJHUM BXOJAOM U OJHHM BbIXOJOM.

G@-CcXeMa ¢ OIHHMM BXOIOM H OJHMM BbIXOIOM; 6 —YETHIpE OTHOLUCHHS BXOAA
v Bbixoaa; 6 -BeHTwab HE (uHBepTOp); 2~ NpeACTaBaeHHE MOCICAOBATENLHOCTH
C MOMOMIBIO JHATpaMMbl Xacce.

OTHOIUEHHS BXOAa M BeiXona. Cpeny HHX BaxkHa onepamus HE;
3JIEMEHT, pealM3yIomUi 3Ty Onepanuio, HOCHT Ha3BaHHE MHBEP-
Topa wid Bentuns HE (puc. 2.6,6). Kpome toro, Ha puc. 2.6,2
upeacTapieHa auarpaMma Xacce, 3afaromas MOCIEAoBaTENb-
HOCTB 3THX YeTHIpeX ouepayuil: 0 ¥ 1 cpaBHUBaIOTCA NOpa3psa-
HO, BBIILIE Pa3MEIIAIOTCA maphbl ¢ 60JIbIIMMY 3HAYEHUAMHU, U Ma-
PBI, KOTOPblE MOXHO CpaBHHBATh, COEAHHEHB] JIHHHAMY (B 3TOM
clyvae x 4 X He coemmHEeHBl JIMHMel, nockonbky (0, 1) u (1, 0) ne
CpaBHHMBI).
Manee paccMOTpUM Ciiyyad [BYX BXO[IOB:

f:{0, 1} - {0, 1}

(x1, X)) y=f(xy, x5).
B sTOM cayuae cymecTByeT 16 OTHUIIEHHH BXOH0B H BBIXOO&
(puc. 2.7,6). Cpenu Hux - camble BaxHble onepauun W, WUJIH,
HE-HU, HE-WJIH, uckmouaromee MM -EXOR (puc. 2.7,6).
[peacraBieHne mocieIOBATENBHOCTH ONEpaldii C [OMOINbEO
auarpaMMbl Xacce gaHo Ha puc. 2.7,2. Ecnu mogobHpIM 06pa-
30M PACCMOTpETh CXEMBI A0 n=3 U n=4, To Haigem 2°
KOMOHHATOPHBIX CXEM C BXOJaMy M OJHHUM BeIXOJ0M. [Toatomy

(232
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1 (o]
21 00—
y=f(21. 22)
x20—1
[
0,1} to, 1}
a
Bxodsr Boxod g =f(x1 22)

5 X[ 6 sn NG %1 SN\& ¥ 5On ninLTh neh T2 NG %1 A& swa [

0o offo o o o 0o 0 o o0 1 1 1 1 1 1 1 1

0 1ffo o o o 1 1 1 1 o0 o0 o0 o0 1 1 1 1
1 ofo o 1 1 0o o0 1 1 o0 o0 1 1 0 o0 1 1

1 1 1] 1 1] 1 1] 1 /0 lb 0K 1 1] 1 1] 1 0 1
" Hexrovanuee Wl}g /M HE-NIH HE-H

EN 1T g ni+22 3 2422 x [4+3I2 1 5D 22
z2 22 lxD-O *2 *2

Benmuns # Benmuss HAH  Beamuss HE-H Benmum HE-HH Beamuns
UCK1OYaRLee AW

HE-W
(1110)

2

Puc. 2.7. KoMOMHATOpPHBIE CXEMBI C AByMS BXO/1aMH H OJHHM BBIXOJ0OM.

a—- KoMOHHATOpHAA CXeMa C BYMs BXOJ4MHM H OJIHMM BBIXOIOM; 6 - 16 oTHOWIEHUH
BXOJAOB M BBIXOJOB; &—0003Ha4eHHs, .AByXBXOZOBHIX CXeM; - MpelcTaBacHHe
nocneAoBaTeNbHOCTH C LIOMOUIBIO HarpaMMbl Xacce.

YXKE MpH 1 = 4 UX YUCJIO JAOCTHATHET 65536, T.e. IPOUCXOIUT TaK
Ha3bIBAEMEIH KOMOWHATOPHBIHM B3pbIB. OTHAKO AOCTATOYHO H3Y-
YUThL cxeMbl 10 n = 2. JIeJdo B TOM, YTO COPAaBEIIUBBI CIEAYHO-
lige Tpu paBHO3HAYHBIX YTBEpXICHHUS.

1. IroByro Oynesy dpynkumro f(xy, X5, ..., X,) MOXHO CHHTE3H-
POBaTh nyTeM [IpMMEHEHUS K BXOJHBIM NEPEMEHHBIM Xy, X3, -. -,
X, onepamui HE, U1, UJIU.
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2. JTwobyro OyieBy dyHktuio f(x,, x5, ..., X,) MOXHO Peasiuzo-
BaTh ¢ TMOMOIIbio cuHTe3a ortepanuit HE-U Hag BXoaHBIMM
OEPEMEHHBIMH X, X3, ..o, Xy

3. JIro6yro GyneBy bytikuuro f(x,, X, ..., X,) MOXHO peasn3o-
BaTh ¢ moMompbi cuHTe3a oneparuit HE-UJIU Hap BxomHbIMU
NMEPEMEHHBIMEA Xy, X3, ..., X,

Ecnu mpepctasuTh 3T yTBEPXKAEHHS B TePMMHAX amfiapaTt-
HBIX CPEOCTB, MOJYHHM:

a) o6y KOMOMHATOPHYIO CXEMY MOXHO HOCTPOMTH TOJNb-
KO C MOMOMIBIO MHBepTOPOB, BeHTHel U u UNIU;

6) nr00yI0 KOMOMHATOPHYIO CXeEMY MOXHO MOCTPOMTB TOJIb-
KO ¢ moMompo BeHTHneid HE-U;

B) MoOylo KOMOMHATODHYIO CXEMY MOXHO MOCTPOUTH TONb-
Ko ¢ moMonipro BeHTHied HE-UJH.

Ecnm paccMaTpuBaTh mocnie10BaTeLHOCTHBIE CXEMBI U YUYH-
TBHIBAaTh BpeMeHHEBIE GAaKTOPbI, TO B KAYECTBE 6a30BHIX ITEMEHTOR
NMaMATH MOXXHO HCMONB30BATh TPUITEPHI U ApYyrue MmONOOHLIC
3NEMEHTBI, OJHAKO WX TOXE MOXHO MOCTPOMTH C IMOMOILBIO
yKa3aHHBIX Bblie BeHTuled. [lostomMy rosopsar, uto HE, U,
WJIN, HE-U u HE-UJIU 06pa3yioT nojHsie cucTeMBbl B 6y1eBo#
anrebpe, 4 B [EJIOM 3TOTO AOCTATOYHO Il IOHUMAHHMS JIOTHKH
KOMIMBIOTEpA.

OpHako B KOMMObOTEpaX HCKYCCTBEHHOTO HHTEJUIEKTA, U
MPEXKIE BCETO B KOMMBIOTEPAX MATOrO MOKOJICHMS, B HEYETKUX
KOMMBIOTEpaX, OCHOBAHHBIX HA HEYETKHX JIOTMYECKHX BBIBOJAX
(mpHGAMKEHHBIX pacCykaeHusX), yI0OHO HAa MepBBIA MIAH BbI-
JABUHYTD OTIEpAIMH, OTJIMUHbBIE OT 3THX 6a30BbIX onepanuid. OgHa

U3 HAX COOTBETCTBYET ONEpAamMH X, \ x,, NIpHBCACHHON Ha pHC.
2.7,6. Ona Ha3sbiBaeTcsl UMILMKayel. OGBMHO 3Ty ONEpaNUIo
0003HAYAIOT CTPENKOH: X, — X, ¥ YATAIOT TAK: €CNH X, TO X,.
3mech X; Ha3BIBAIOT AHTENEACHTOM, MPENNOCHLIKOM, yCIOBHEM,
IOMYINEHHEM, a X, —3aKJIFOYEHHEM, BLIBOJOOM, oneparuei. Ecim
OpEeACTaBUTDh B BHIE TaOaMIb 3HAYSHHS ONepaidi MMILUTMKAHu
(B 0OmEM ciyyae Takas Tabnuua Hase/BaeTca TaOnuped UCTHH-
HocTH), To monyuwm Tabu. 2.1. YacTb, 06BeieHHast IITPUXOBO#M
JIHHAEH (YATAETCA TakK: €CJHH YCIOBME X, ecTb Joxb (=0), To.
HE3aBHUCHMO OT 3aKJIIOYEHHs X, ONepanus x, — X, €Crb HCTHHA
(=1)), HHOT/1a HE BMOJHE NOHATHA JIFOAAM, HAYHHAIONMM H3Y-
4aTh JIOTHKY.

MoxHO g0oKa3aTh (ITO JIETKO CAENATh C MOMOIIBKO TaGIHIbE
HCTHHHOCTH MJIM APYTHM CHOCOOOM), 4TO ONEPAHIO MMILTHKA-
IMH MOXHO peaid30BaTh CIEAYIOIMM 00pa3oM ¢ HOMOMIbIO

Traga 2 _ 29

Tabauya 2.1. Tabnyua MCTHHHOCTH
onepaluy UMIJIMKGIUH X; — X,

X X Xy > X,

—_—e o
—_— e
—_— = -

nojHo# cucrtempl HE, U, UJIN:
Xy > Xy = Xy + X, (2.33)

D1y GopMyily HeoOXOOHMO 3amMOMHHUTE Kak oJHO K3 HawGomee
BAXHBIX CBOMCTB 3TOH omepauuH.

B o0mem ciiyyae OpH JOTHYECKUX BBIBO/IAX B MCKYCCTBEHHOM
WHTEJLJIEKTE BBITIOJIHAETCS CHIUIOTH3M, B OCHOBE KOTOPOTO JIeXaT
nogo0HbIE Onepayy UMILUIHKanuy. CHILUIOTH3M MOXHO MpeJcTa-
BUTbL HECKONBKMMH gopmynamu. Hanpumep, dopmyna

Xy X,

Xy =X, (2.39)

Xy X3

NpeAcTaBiscT cOOOH BRIBOA M3 YTBEpXKIECHMH «eCHH ITHNA, TO
JIETAT», «EGNIM JISTHT, TO HANpaBJsETCa HAa TOT BOH OCTPOB»
3AKJTFOYEHHS «€CIM MTHIA, To HAMPABISETCS Ha TOT BOH OCTPOB».
Popmyna

X)X,
X, (2.35)
X2

apeacTaBiseT BHIBOM U3 YTBEPKICHHH «ECJM MTHIA, TO JIETACT»
1 «3TO XUBOTHOE — ITH[[A» 3AKJIIOUEHUS «ITO KHBOTHOE JIETAET».
Cnepyromas ¢gopmyrna

Xy =Xy
X, (2.36)
Xy

NpeACTaBIACT BbBIBOI H3 yTBep)KIleHI/Iﬁ «CCJIM OTHI[a, TO JIETACT»
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H «3TO XHMBOTHOE HE JeTaer» 3aKIIOYeHHsA «3TO XHMBOTHOE He
OTHIA» (IpH 3TOM HUCKIIOYEHHS Mbl HE OPMHHMAaeM BO BHUMa-
Hue). TIpu H3ydeHHMM HedeTKHX BBIBOJOB C pacyeroM Ha HX
NpHMEHEHHE BaXHOe 3HaueHue uMeet Gopmyna (2.35), Hasbiae-
Mas «Monyc noHeHc». Kpome Toro, BBIBOJ X, — X, THOA «eC/H
NTHIA, TO JIETACT» HIM 3HAHHME THNA «ECIH—TO ...» HA3LIBAIOT
OPOonEeAy PHBIMH 3HAHHSAMHM, 2 3HAHUS THOA YTBEPXKACHHS «ATO
JKHBOTHOE — ITHIIA» — NEKIAPATUBHLIMH 3HAHUSIMH,

2.3. HEYETKME MHOXECTBA

PaccmoTpum cHoBa GopMyay (2.7), onpeaesisomyic Xapak-
TEPHCTHYECKYIO QYHKIHUIO ¥, (X) 4eTKOro MHOXec1Ba 4 B mOJ-
HOM TpOCTpaHCTBE X, paBHYIO 1, €CIIH NIEMEHT X YIOBIETBOPSET
CBOMCTBY A, 1 paBHyI0 0 B IpOTHBHOM ciiyuae. Takum o6pa3zoM,
pevb HIIa 0 YeTKOM MHpE, B KOTOPOM HaJlHWYke MM OTCYTCTBHE
3a1aHHOTO CBOMCTBA ONpEAEIISIOCh 3HaueHuIMHU O wid 1 («HeT»
IR «1a»).

OpHako B MHpPE OYEHb MHOTOE HE [eNHTCA TONLKO Ha Oeroe
4 yepHoe, Cxopee 3To B nopaake Bemeid. Hanpumep, B oTseT Ha
Bomnpoc: «He cuutaere mu Bel BO3MOXHBIM MpUBIeYb FOCHOHHA
X K y4aCTHIO B 3TOM HPOEKTE?» HEPEIKO MOXHO ychblmiaTh: «He
AyMalo, 4TO 3TO XOpolllasg KaHAuaaTypa, HO APYyroi HeT, MO3To-
My HOPHAETCA 3TO ciaejiaTb». Bbuio Obl HEMpaBHNBLHO CTAaBUTH
B OIMH PST «Ja» B 3TOM CMBICJIE H «JIa» B CMBICIIE «pa3yMeeTcs,
rocuosuH x mogxomut». ITostomMy mpodeccop Kanudopauiicko-
ro ymuBepcuteTa 3ame onybiukosan B 1965 r. B xypHane
«MHpopMamus u ynpasieHHe» craThio «HeuyeTkue MHOXECTBax,
B KOTOPOH OH paciiupui ABy3Ha4yHyr OueHky 0 wiu 1 1o
HEOTpAaHUYEHHON MHOTO3HAYHOH oneHKH Bbiuie 0 ¥ Huxe | B
[0, 1] u BepBBIE BBEJI MOHATHE «HEYETKOE MHOXeECTBO». DHryp-
Hble CKOOKM { } MCromb3yloTcs it O0O3HAaYeHHs] MHOXECTBA,
a KBajpaTHble [ ] U KpyTjble CKOOKH ( ) COOTBETCTBEHHO ISk
0003HAYEHUS 3AMKHYTOTO M OTKpBLITOrO MHTEpBAaNa MIEHCTBH-
TeabHBIX yucesn. Hampumep:

[0, 1]={xj0<x <1}, 2.37)
O H={x0<x<1}, (2.38)
[0, )= {xlo<x<1). (2.39)

Kpome Toro, 3age BMecTo TepMuHa «xapakTepUcTrueckas GpyHk-
oUsA» MCHONL30BaNl TEPMUH «(YHKIUS NPHHAIJIEKHOCTH». He-
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4eTKOE MHOXECTBO A B IMOJIHOM NpocTpaHcTBe X ompenensercs

yepe3 GYHKIHMIO TIPUHAIEXHOCTH m , (X) crnenyromum obpasom:
my X 1[0, 1]

w W (2.40)

X = my(x).

(BMECTO TEPMHMHOB «HEMETKOE MHOXECTBO», «(PYHKIMs NpHHAI-
JCKHOCTH» HHOT/IA HCMOJB3YIOT ApYTHE: «Pa3MBITOEe MHOXKECT-
Bo», «QYHKIHS ajeKBATHOCTH» ¥ T. 1. Kpome Toro, BMecTo m,
UHOTAa HCMOBL3YIOT obo3HaueHHMs U,, f,. [dns TOro 4TOoOHI
OTJIMYATH HEYETKOE MHOXECTBO A OT 4ETKOIO, HEPEAKO BBOAST

obo3Hauenue A.)

Yame Bcero ompejesieHHe He4eTKOTO MHOXKeCTBa MHTEpIpe-
TUpYIOT Cleaylomum o0pa3oM: «Benu4uHa m,(x) obo3nawaer
cyObEKTHBHYIO OICHKY CTENECHH MpMHA/UICKHOCTH X MHOXECTBY
A, HanipuMep m , (x) = 0,8 o3HavaeT, 4To X Ha 80% mpHHAIIEKHT
A». CrnemosaTenbHO, HOJDKHBI CYyIIECTBOBATb «MOS (yHKiHs
NPUHAIERHOCTHY, «TBOs (yHKuUS NPUHALIEXKHOCTH», «byHK-
uus TPHHAAJIEKHOCTH COEeNMAIMCTa X» U T. I. B ciiyyae rpaduue-
CKOro mpejacTaBiieHus guarpamMMy BeHHa Ha puc. 2.1 dacto
3aMeHSIOT KOHNEHTPHYECKHMH OKPYXXHOCTAMH, KaK Ha puc. 2.8, 4.
KpoMe Toro, B ciy4ae QyHK[MOHAJIBLHOTO MpEACTABIICHHS MpS-
MOYIOJbHbIH rpadHk Ha puc. 2.2 mpeoOpa3yloT B KOJIOKOJO-
o6pasupiii rpaduk, Kak Ha puc. 2.8,6.

O0OpatuM BHMMaHHE Ha CBS3b YETKOTO M HEYETKOTO MHO-
wecTB. /lpa 3HaueHus {0, 1} mpHHAMIEkRAT 3AMKHYTOMY HHTED-
Bany [0, 1]. CnenoBatenbHO, Y4eTKOE MHOXKECTBO SBJISICTCS 4acT-
HbHIM CIyYdeM HEYETKOTO MHOXECTBAa, a MOHSATHE HEYETKOTrO
MHOXECTBA SB/SETCH PACIIMPEHHBIM MOHSTHEM, OXBATBHIBAIO-

X m(z)

1.0

m(x)

a [

Puc. 2.8. I'padvyeckoe nmpeAcTaBieHde HEYETHOrO MHOXECTBA.

¢ upeAcraBicHHe (GYHKDMM NPHHAUIEOKHOCTH C MOMOUIBIO KOHUCHTPHYECKHX
MHHH; 6— KoJIOKoNooOpa3Has GyHKnHs NPHHALIEXHOCTH.
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LIUM M TIOHATHE YETKOTO MHOXECTBA. ([pyruMu cioBaMy, 4eT-
KH¢ MHOXECTBA Ha PHC. 2.1 ¥ 2.2 SBISIOTCS TAKKE U HEUCTKUMH
MHOXECTBaMH. BMecTo TepMuHA «4¢TKO€ MHOXKECTBO» HHOTAA
HCIOJb3YIOT TEPMHAH «HEPA3MBITOE MHOXKECTBO», HO CIIOBO «HE-
pa3MBITOE» MOXET OBITh MOHSATO B CMBICIE «HE SBIISIOLIEECS
HEYETKMM MHOXECTBOM», TID3TOMY TEPMHH «HEPA3MBITOE MHO-
KECTBO» MBI He Oy/ieM 37€Ch HCIOIB30BATh.)

HeyeTkoe MHOXECTBO CTPOTO ONpeaeisdeTca ¢ MOMOIMBI
(QyHKIUE OpHHANIERHOCTH. [|pyriMH CI0BaMH, JJOTHKA Olpese-
NeHUs HOHSTHS HeYeTKOrO MHOJKECTBA HE COEPXKUT KaKoU-mubo
HeyeTKoCcTH (mpo HEYeTKYIO JIOTMKY TOBOpAT, YTO OHA B3ATA
C MOTOJIKa HJIM cO3/1aHa CIycTA pykasa). /leno B TOM, 4TO
HEYeTKOE MHOXECTBO CTPOTO ONmpelesrsieTcsl C MOMOIIBIO O[€HOoY -
HbIX 3Hauenui [0, 1] B X, a 3T0 ¥ ecTh QyHKHUA NPHHAIIEHKHO-
ctd. B cnyvae Korga npocTpaHcTBO X OrpaHMUYeHo, 3TH 3HaYeHUS
yKa3plBalOT M3 YHCTO NpaKTUYECKHX cooOpaxeHul, Hampumep
B OJHOM M3 MeTOHOB YKa3aHWd QYHKIMA TNPHHAAIC)KHOCTH
HCOOJIb3yIOTC 3HakH paspenutens/ u UJIM +. Hanpuwmep,
MycTh X - MHOXECTBO [IEJIbIX uMcesl, MEHbIUUX 10, onmpeneseHHOe
¢dopmynoit (2.3), Torma HeYeTKOE MHOXECTBO A «MaJleHbKUX
YHCEI» MOXXHO ODO3HAYHTHL B BHIE

A=1/0+1/1 +08/2 + 0,53 + 0,1/4. (.41)

3nece, Hanpumep, 0,8/2 ozHawaer m, (2) = 0,8. IIpu 3tom omy-
CKaiOT 4YIEHBI CO 3HAYCHHSIMU (YHKIMH NPUHAIJIEKHOCTH, pas-
HbIMH 0.

MOoXHO paccMaTpuBaTh pa3idviHble ONEpAalNUy HAJ HEUETKH
MM MHOXECTBAMH IO AHAJIOTUH C YeTKMMH MHOXecTBamu. Ham
Oonee pacmpoCTpaHEHHbIE OMpeHeSeHUs OTHOILCHWS BJIOXCHHS
JIOTMOJIHMTENIPHOTO HEYETKOTO MHOXECTBA, POU3BEAECHHS HEUYET:
KHX MHOXECTB H CyMMBbl HeYETKHX MHOXECTB OOBIYHO 3amHUCHI-
BAIOTCA B CJICHYIOIIEM BHIE:

Ac Bemy(x) <mg(x) ana VxeX, (242
mye(x)=1—m,(x) nm VxeX, (243
my o p(x)=my(x)\mg(x) g VxeX, (244
my p(x)=m,u(x)\/mp(x) nas VxeX. (245

I'paduyeckn ¢ MOMOMIBIO KOJIOKOJIO0Opa3HOH (hyHKIMH MpHHAJ,
JIE)KHOCTH 3TH MOHITHS H300pakeHbl Ha pHC. 2.9.
Ecmu o6o3uaunts yepes R(X) COBOKYMHOCTb BCEX HEHETKH
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1.0 1.0
Ilp(l)
mpe(z)
0.5
ma(z) ma(z)
0 X 0 X
a g

my(z) mals)

maup(z)

Puc. 2.9. OcHOBHBlE ONEPALHM HAJl HEYETKMMH MHOXECTBAMH.

« OTHOlLIcHHE BIOXeHHs A < B, 6- HONOJHATEILHOS HEYSTKOS MHOKECTBO A
© 1POM3BEICHHE HEYETKHX MHOXECTB 4 N B; 2 —cymma HeveTkux mMHoxecTs A U B.

vnoxects B X, To cucreMa (R(X), <, *, N, U), OYeBUIHO, HE
oOpa3yer 6yneBy anredpy. Onuako JUId oHepanud < CHpaBeIH-
BLl pedIIeKCUBHOCTb, AHTHCHMMETPHYHOCTh, TPAH3UTHBHOCTb.
KpoMe Toro, Jierko g0ka3aTh TAKXe 3aKOHBI HAEMIOTEHTHOCTH,
KOMMYTaTHBHOCTH, aCCOLMATHBHOCTH, ABOHHOTO OTpHI[AHHA U
3ax0H ne Moprada. Ho He BbLIIONHSETCH 3aKOH KOMILIEMEHTAp-
OCTH, T.€. B CJy4a€ HEYETKOTO MHOXKECTBAa BBHIMOJHAIOTCH
COOTHOILCHUS

AnA >0 Ay AcX, (2.46)

NpUYEM PaBEHCTBO HE yIOBIETBOpAETCA, YTO BHAHO U3 pHC. 2.10.

mauac(sx)

AUACX

I.OT my(z)
ANATD¢

0

Manac(z)

|
|
L
|
!

¢

X

m.(x)

Puc. 2.10. Hesbinonuenue 3axkoHa Puc. 2.11. CreneHp a@ HEYECTKOro MHO-

KOMILIEMEHTAPHOCTH. xecTBa (@ =2, 1/2).
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Onnako Bee ApyTHe 3aKOHB! BBINOJHAIOTCA, U cucTeMa (P(X), <, *¢,
N, U)obpasyer Tak HazbIBaeMyIO MOJHYIO NiceBno6yeBy anred-
py.-

KpoMme ykasaHHBIX BhIllle OMEpPamdil MOXHO OlpemeTuTh
(HeorpaHHYEHHO) MHOTO Ofleparyil HajJ HEYETKAMM MHOXKECTBA-
mu. Cpeay HHX OTMETHM JIMILb T€, KOTOPBIE ABJIAIOTCA BAXHBIMH
C MPAaKTHYECKOH TOYKH 3PEHHS.

IMpexne Bcero oOmMpenenuM YHApHYIO OmepapHio CTemeHd
G HEYETKOTO MHOXeCTBa A (MOKa3aTenb CTENEHH O —TOJOXH-
TeJIbHBIY MApaMeTp) CIACAYIOMHUM obpazom:

maa(x)={m,(x)}* ma VxeX. (2.47)

Ecnu npepcrasuTe rpaduyecku Haubosee 4acTo MCHOONb3yEMBIE
cremeHd 2 u 1/2, To monyuuMm puc. 2.11. Korma ¢ momompio
HEYETKOT0 MHOXECTBA A MpPEACTaBIAIOT HEKOTOPYIO HEYETKYIO
uHdopMammio, Torga A% cykaeT amanazoH ee OmpeesCHHS
(yrounseT ero). [losroMy MoxHO ckazaThk, uT0 A2 310 «BoONee
qeM» A, KpoMe Toro, A2 pacmupsier muamasod, T.e. 42 370
«mo4TH 4TO» A. AHanoru4Ho, creneHd 4 m 1/4 yacto Ucmob-
3yI0T, MHTEpHpeTHpys uX kak «A* = Gonee ueM Gomee uem
A = (6onee yem)? A» u T.1. OEHAKO eciu 661 A BHIIO HETKUM
MHOXECTBOM, TO cTeneHu | u 0 He u3MeHunu Obl 3HaueHus | wiu
0, moatomy u A, W A® nupeacTaBnam¥ OBl OJHO U TO Xe.
Omnpene:ieHue cteneHd ObLIO Obl BO3MOXHBIM, HO OeCcCMBIC/ICH-
HBIM.

PaccMoTpuM OHapHble onepauu. BMecTe ¢ npon3BeaeHneM
MHOXECTB A | B 4acTO HCOONB3YIOTCS alrebpaudeckoe mpo-
u3BeleHue A - B, rpaauyHOe npousseneHne 4 O B, mpacTudeckoe
npousseneHue U A A B:

my p(x) =my(x) mg(x) pmis VxeX, (2.48)
myop(x) = (my(x) + mg(x) — 1)\/0 g VxeX, (2.49)

mg(x), eciau m%x) =1,
my p p(x) ={ my(x), ecnu mp(x) =1 p1a VxeX,  (2.50)
0 B ApPYTHX ClIyvasx.

Bmecre ¢ cymmoit MHOXecTB A U B 4acTo HCnonb3yioT anreb-
pamieckyro cymmy A B, rpannuHyio cymMy 4 @ B, gpacTtuue-

Y Ot asrmmiickoro cnoBa drastic (PeluMTeNLHBIE, pagMKaIbHbIi).~
IIpum. nepea.
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ckyio cymmy AV B: ‘
my , g(X) = m,(x) + mp(x) — my(x) mg(x) nns VXGX(,251)
Mygp(x)=(myx) + mg(x)) A1 m1a VxeX, (2.52)
x), ecnu m,(x) =0, .
mi((x)), eciu mﬂx; =0 gns VxelX, (2.53)

X) =
mav 5(¥) 1 B gpyrux ciayvasx.

WiinrocTpupyeT 314 ToHsTHS pHc. 2.12.
KpoMe TOro, BaXXHBI [OHATHS PA3HOCTU HEUETKHX MHOXKECTB

A — B v abcomoTHO# pasHocTH A — B:
mA_B(x)=(mA(x)—mB(x))\/0 s VxeX, (2.54)
m,_g(x)=|my(x) —mg(x)| A VxeX. (2.55)

Bee yka3aHHBIE Bbillle GMHApPHbIE ONEpAlHMHU CYIIECTBYIOT H JUIA
YeTKMX MHOXECTB, HO CCAM Mbl HaYHEM HX MpEoOpa3OBbIBATH
B HE4eTKME MHOXECIBd, 10 HOSBUTCS BO3MOXHOCTDL OMpPENENTh
OTPOMHOE HHCIO Ap)Iix OWHapHBIX omepammi. Cpeay Takux
omepaiHii HA30BEM 44CTO HCIONB3YEMYIO OMEPALHMIO A-CYMMbI
A} B (\—mapamerp, Gonpwuit 0 ¥ MeHpLUH 1):

My p(x) = Amy(x) + (1 — Mmp(x) ans VxeX. (2.56)

to—cpenec A u B ¢ ecamm A u (1 —A) (uam BbIOYKIIOE
nuHeiHOe o6beuHeHue 1epBoro nopsaaka 4 ¥ B). Ilpu A = 0,5
3TO — apUPMETHYECKOE CPERHEE (JaHHAs omnepandsd HPHBOIMT
K pe3yJibTary, He MPUHAIEKAILIEMY MHOXKECTBY {0, 1}, noaTomy
JUIS HeTKHX MHOXECTB MOJ0OHOE ompenesicHue HeBE)SMO)KHO)..
Mexay NpoM3BeACHHEM, CyMMOH u A-cyMMO# MHOXECTB

0

Puc. 2.12. YnopsaoucHHble onepanuy NPoU3BEJICHHA U CYMMBI HEYCTKAX
MHOXECTB.

a —MIPOH3BEACHHS HEUYCTKHX MHOXCCTB, 6—CyMMbl He4YeTKHX MHOXECTB.
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CIIPAaBEUIMBO CIICAYIOLIEE CTPOTO€ COOTHOLUCHHUC BJIOXCHHUAA:

0cAABcAQOBc A BcANBc A Bc
cAUBcA+BcA®BcAV Bc X, (2.57)

YTO JIETKO [JOKA3aTh, MPOBEPHB COOTBETCTBYIOIIME HEPABEHCTBA
Uit GyHKUH npAHAIIEKHOCTH.

2.4. PACHMPEHUE NOHATHUA HEYETKOI'O
MHOXECTBA

OCHOBHOE TMOHSATHEC HEUETKOI0 MHOXeCTBa, MPUBEACHHOC B
NpeablAymIEM pa3aeie, Ha3bBalOT HCUCTKUM MHOXECTBOM II€P-
BOTO pozaa. KpOMe 3TOTO HCCICAYIOT MHOTOYHMC/IICHHBIE pacCIlH-
PCHHBIC MTOHATHS. OOBIYHO B NpUKIAJHBIX 3a1a4aX B GOJIBIMHCT-

BE€ CIy4acB pacCMaTpHUBAalOT UMEHHO MHOXECTBA NEPBOTO poaa. .

OpHako ¢ TOYK¥M 3peHHs METOIOB NpPEACTABJICHHA HEYETKOH
HHPOpMAaNUy HMMEETCsl HECKOJIbKO CYINECTBEHHBIX MOMECHTOB.
TosTOMy paccMOTpUM KpaTKo ApYyrde HEYeTKHE MHOXECTBA.

B OCHOBHOM oripejie/lcHUM HEYETKOTO MHOXECTBa ((popMyJia
(2.40)) ans Kaxaoro siaeMeHTa X TMOJIHOrO MHOXxecTBa X 3a-
Jla€TCA BEILECTBEHHAS YMCiIOBasl OlE€HKa m , (x). [ pyruMu clioBa-
MH, 3TO MOTOYEYHOE OIflpelesieHHe I8 KaXKAOro dJJE€MEHTa X.
CreIoBaTeNbLHO, HEveTKas MHPOpMapus OlEHHBAETCs BEIECT-
BEHHBEIM YMCJOBLIM 31ayeHueM B [0, 1] npu ycnoeuu, 4TO
KaXIbI# 31eMEHT X QUKCHpYeTCsl W paccMaTpHBaeTCs OTIENBHO.

Ecnu xe [0, 1] 3aMeHUTL Ha 4TO-HMOYAb ApYyroe, 4To maeT
npeoOpa3oBaHue ABy3HayHOH TOuHOH oueHkH [0, 1] B HEYeTKyIO
HEOTPAaHHYEHHYI0O MHOTO3HAYHYIO OLEHKY, TO MOKEM MOJIyYdTh
pa3UYHbIE CHENMANbHBIE MOHATHS HeYeTKOCTH. Huke BhIIEIHM
HauboJsiee BaXHbIE W3 HUX.

Hanpumep, mycTs TpHHaJJIEKHOCTE X K A OIECHHBAETCA
B 80%, T.e. npumeM m,(x) = 0,8, Ecnu npu 3TOM CHPOCHTB:
obsizarensHo nu m 4 (x) ects 0,8, mouemy we 0,7 mmu 097, 1O
HEepeaKO MOXHO ycneillath: 0,8 370 HNpUMEpPHO, OI[EHKA MOXET
MEHATLCA B Ty WM MHYFO cTOpOHy. [103TOMy BMECTO YKa3aHHS
KOHKpeTHOro 3HayeHus B [0, 1] ¢ moMolblo HUXKHETO ¥ BEPXHETO
3HAYEHHH 3aJal0T JOMYCTHMBIE TMpene/bl OLEHKH, HAlpHMEp
m ,(x) MoxeT npuuuMaTh 3Havenus e [0.7; 0.9]. Tak BBOMMTCA
MOHATHE HEYETKOI'O MHOXKECTBA, OMPEREIIEHHOIO Ha MHTEpBase
(puc. 2.13,6). KoneuHo, 3mech MOXHO BO3pa3uTh: 3HaueHue 0,7
IUIS HUOKHeH rpanuibl HudeMm He syuiie 0,69. O sepxHeil rpannne
0,9 MoXHO ckaszaTb TO ke camoe. [looToMy mpepiaraercs
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Hemuwa I
Novmu uemuna b

He snawg ¢
¥ Nlovmu noms

v Slows 0

a e

Puc. 2.13. OucHo4Hble 3HAYCHHA B PACIIMPEHHBIX NMOHATUAX HECYCTKMX
MHOXECTB.

d-- HEYETKOE MHOXECTBO NEPBOro poad, 0 — HEYeTKOE MHOXECTBO CO 3HAYCHHIMH

B HHTEPBAJIE, 6 — HEYE IKOE MUOXECTBO BTOPOTO poaa; 2— BEPOATHOCTHOE MHOXECT-

BO; 0 - He4Yerkoe MHOXKECTBO, onpeaeneHHoe Ha JHHTBHCTHYECKHX ACpeMEHHHIX;
¢ -- HEYETKOC MHOXECTBO HA PCLICTKE.

HOHATHE HEYETKOTO MHOXKECTBA BTOPOro poja, Al KOTOpOro He
HCIOIb3YIOTCS TOYHBLIE ONEHKH B ONpele]IEHHOM MHTEpBae, a 3a
3HAYEHHs m 4 (X) OpUHUMAETCS HEYETKOE MHOMKECTBO HAJ 3HAUE-
HusMu oneHky B [0, 1] (puc. 2.13,6). B mpOTHBOMOJIOKHOCTE
3TOMY MOHATHIO OCHOBHOE HEYETKOE MHOXECTBO N0 (opmyne
(2.40) Ha3BIBAIOT HEYETKHM MHOKECTBOM mepBoro pona. Hewer-
KOe MHOKECTBO BTOpOro poaa 0603HaYaioT crexykomem obpa-
30M:

m,: X - [0, 1711, (2.58)
B o6mem cuyuae ecniu U, V-muoxectsa, To UY npencrasnser

coboii oToOpaxeHue oOJjacredl ONMpelesieHHs MHOXECTB, HpH
KOTOpOM o6xacTh 3HaueHud V npunAuMaetcs 3a U:

U ={f|f:V->U} (2.59)
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CnegoBareibHO,
[0, 17U ={f|f:[0, 11> [0, 1]}. (2.60)

3aTeM MOKHO BHOBb FTOBOPUTD O TOM, 4TO JaTh onenky [0, 1701
Mbl HE MOXEM M [OJTOMY JyHllie BBECTH HEYETKOE MpEACTABIIE-
HHE ¥ T. 1., B OOIIEM Cliydae TpeJiaraeTcsl HEYETKOE MHOKECTBO
n poja, KOTOPOE OMpPEeIeNseTes CeAyIomuM 00pa3oM

[0, 11...[0, 1)

my:X [0, 1] —n— (2.61)

Kpome Toro, npennaraercsi HoHsTHE BEPOSTHOCTHOTO MHO-
KECTBA, B ONpEJETCHAN KOTOPOTO B OEHOYHBIC 3HAYEHHUS BHO-
CSITCS BEPOATHOCTHBIE 3JIEMEHTHI. JIpyTHMH CJIOBAMH, 3TO METOI,
Opd KOTOpPOM B KayeCcTBE m,(Xx) YKa3bIBAOT paclpeje/icHue
BeposiTHOocTed B [0, 1] Tak, wio B cnyvae eciam m,(x) MMeeT
3HayeHue, BepoaTHOCTL paBHa 0.8, B apyrux cuyuasx—0,7 (puc.
2.13.2).

CyuiecTByeT MHEHHe, YTO He 00643aTeNbHO HCHOJb30BATDH
YUCHoBbIe OneHKH. [IpeaokeHo NOHATHe HEUETKOTO MHOXECTBA,
ONpPEAC/IEHHOr0 Ha JUHIBUCTUYECKHUX NEpPeMEHHBIX (puc. 2.13,0).
ITo cyTw o11eHKH Kak pe3ynbTaT MbIIIJIEHUS Y€I0BEKA —3TO CIOBA
(HanmpuMmep: «ocTajach KaKas-TO HEyJOBJIETBOPEHHOCTb, HO B
I[EJJOM BCC HOpMAJIBHO») M HE TAK HPOCTO BBIPA3UTh OLEHKY
B uncioBoM Buiae. Ho moueMmy Obl He MCHONB30BATH TAKYIO
CJIOBECHYHO OLIEHKY HEMOCPEACTBEHHO. DTOT METOA MOJE3EH
A0s1 IPEACTABNECHAA U NPHOOPETEHUs 3HAHWH [PU MOCTPOSHHU
3KCHEPTHBIX CHCTEM ¥ NpY BBCISHUM 3HAHUH 3KCHEPTOB B 6a3bl
IIaHHBIX.

Ho, naxe ropops o ClOBECHBIX OIEHKax, Mbl BCE PaBHO
JOTKHBI IPUATH K HEKOTOPOH yMOpSZOYEHHOH CTPYKType 3TUX
OLICHOK, OCTaBasCh B 4e€TKOM Mmupe. [To3ToMy mpenioxed psag
METOJI0B MPEACTABICHUS OIEHOK B BHAE yHOPAJOYEHHBLIX MHO-
KECTB (TakdX, KaKk HEYETKHE MHOXECTBA Ha OYJEBBIX NepeMeH-
HBIX, HCYETKME MHOXECTBA HA pEIIETKaX, HeYeTKHE MHOKECTBA
L-Tuna, HeveTk#e MHOXKECTBA HA [0/1yyHOPAL0OYEHHOM MHOXECT-
BE M T.TL).

OnHako ¢ npakTHYecKO#d TOYKH 3peHHs (B YaCTHOCTH, IS
HIPOMBIIUIEHHOT 0 TIPUMEHEHHs1) MOYTH BCE HEYETKHME MHOXECTBA
B COCTABE MEXAHMYECKHX CHCTEM, KaK MpaBylo, NpeacTaBIaioTes
KaK HEYEeTKWEe MHOXECTBA MEpPBOTO poad. [laxe ecad 1o sTama
nprHoOpeTeHNs 3HAHWH ONEHKH TIPEACTABIAIOTCA CIIOBAMH, TIPOEK-
THPOBILUKY CHCTEM YAILE BCETO MHTEPHPETHPYIOT TAKYIO HH(OP-
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MAHIo ¢ NOMOIIBIO QYHKIMN NPHHAIJICKHOCTH CO 3HAYCHHAMU
B [0, 1] u o6pabaTbiBaroT ee. B naHHo# kuure GyayT paccMaTpH-
BaTHCS MPEHMYIIECTBEHHO HEYETKHE MHOXECTBA MEPBOTO poja
co suavenusamu B [0, 17]. «TIpeuMyInecTBeHHOE» NpecTaBIEHHE
B BuAe oueHkd B [0, 1] B GonbIIMHCTBE CilyvaeB 03HAYaeT, 4YTO
Ha YypOBHE ammapaTHbIX CPEIACTB HCIONb3yeTcs pEeXHM TOKa
(0,5 MkA] wnum pexum uanpspkends [0.5 B], a Ha yposHe
HOpOrpaMMHOTO ODECHEYeHHs! ¢ [E/IbIO MOBBILIEHUs ObICTpoaei-
CTBHS BbIYAC/IEHUIN HCHONB3VIOTCA neapie yuciaa ot 0 mo 1000
160 16 wau 256 AUCKpeTHBIX 3HAYEHUH, yMaKOBaHHLIE B 4 WM
8 Our.

2.5. HEYETKAS{ JIOTHUKA

Tak ke Kkak B OCHOBE TEOPHH YETKHAX MHOXECTB JICKHUT HeTKas
JIOTHMKA, B CIy4ac HEYETKMX MHOXECTB CYIIECTBYeT HedeTKas
JIOTHKAa— OCHOBa JUIsl Orepaiyil, pacCMOTpEHHBIX B pasia. 2.3.
B cnyyae nBy3HayHOH 4YeTKOHM JIOTMKM CyIIECTBYIOT MOJTHBIE
cucTeMbl, oOpasyemsie oneparusma HE-U-UNMU, HE-U u HE-
NJIN. C ux noMompbro MOXHO 3aMHCaTh BCE APYTHE JIOTHUECKHE
omepaiud. Ho B ciyyae HeueTkoO# JIOTHKH MOXHO CO34aTh
HEOTpaHWUYEHHOE YHCIIO OMNepanyi, 103TOMYy HET CMBIC]a TOBO-
PUTL O 3amMUCH BCEX OMepanyil ¢ NOMONIBIO HEKOTOPOTO HHCHA
0a3oBbix onepanuil. YuuTHiBas 3TO, OTrpaHAYMMCs Hauboee
BaXXHLIMHA OfEPAIASIMH.

Jns Hayana paccMmorpuM pacmupenus HE, YU, UM no
HeueTkuX omnepanuid. HazopeM 3TH pacmimpeHdss COOTBETCTBEHHO
HEYETKUM OTpHUIIAHUEM, -HOPMOH H s-HOpMOH. B neueTkoM MHpe
YHC/I0 COCTOSTHW HEOrpaHU4EHHO BEJIHKO, 03TOMY HEBO3MOXHO
ONMCATL 3TH OMEPAIMH C [IOMOIIBIO TAOJUIBl UCTUHHOCTH, KaK
B CJly4ae ABY3HAYHOH JOrukd. [TOsICHAM 314 omepayu#, UCHOJib-
3yst GYHKIMM ¥ HECKOJILKO d4KCHOM, a 3aTEM IIPEACTAaBUM 00pa3nl
3THX onepanuil ¢ MOMOIIbIO TpadHKOB.

HeueTkoe otpupanue —ananor uetkoit omepauua HE —mnpen-
cTapisgeT coboi OMHAPHYIO ONMEPALHIO OTPHLIAHWS B HEYETKOM
cMmbicie ouedkd [0, 1], mairomyro B oTeete oneHky [0, 1].
AKcHOMaTHYECKOE OTpeAc/ICHAE 3aUCHIBACTCA B BHJE

o:[0, 11 [0, 11, (2.62)
N1 09 =1, (2.63)

N2. (x©)° =x gna Vxe[0, 1] (nanee 310 ycnosue
omyckaetcs), (2.64)
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N3. x; < x, »xP > x%. (2.65)

3nece akcuoMa N1 coxpanser cpoiicTBo aAsy3Haudoro HE u
03HayaeT, 4YTo «HeueTKoe oTpunasue (0 paBHO 1», ApyTHMH
CJIOBAMH, SIBJISICTCS PAHUYHBLIM ycsioBueM. Crexyromast akcHo-
Ma N2 sBiaseTcs 1paBHIOM ABOMHOIO OTPHIIAHUS, YTBEPXKIAIO-
MM, YTO B3siTHE ABAXIbl OTPUIIAHHSA BO3BPALIAET HAC K HCXOI-
HOM oOpeHke. DTO HOCTATOMHO CHIbHOE TpeOOBAHME, HO €CHH
€ro OfYCTUTb, TO OyayT HecTpaBeMJUBLI HEKOTOPbIE M3BECTHBIE
CBOMCTBa, M B HACTofAIEEe Bpems 370 TpeboBaHME BKIIOYAIOT
B Habop akcHOM HeucTkoro otpupanus. Ilocnemass akcuoma
N3 -naubonee cymecTBeHHOe TpeOOBaHHe MOHATHA «OTpHla-
HHE». «HEYEeTKOEe OTpUUAHHE UHBEPTUPYeT (B CMBICJIE CTPOIOTO
HEpPAaBEHCTBA) MOCJIC.IOBATEILHOCTL ONEHOK (T.€. MEHAET MecTa-
MM XOpOIIHE U MIOXHMe OueHku)». Ecmu OTIOXHTH X HAa OCH
abcpuce, a x© —~Ha OcH OpAWHAT, TN OTPHUUAHHE MOXHO HHTEp-
NPETHPOBATH KAK MOHOTOHHYIO CTPOTO yOBIBAIOMIYIO (yHKIHIO.

Bee ¢pyukumu, yaosneTsopsoume akcuomMaMm N1-—N3, asis-
HOTCSl HEUSTKAM OTPHUAHMEM. THNHMYHAs oOmepallds HeYeTKOro
OTPHIAHAS — «BBIMUTAHHE U3 »:

"9
¥=1-x (2.66)

C TOUKH 3pEHHUs] HEYETKMX MHOXECTB 3TO COOTBETCTBYET MOHS-
THIO JOMOTHUTENLHOTO HEYETKOTO MHOXKeCTBa (hopmyna (2.43)).
Jlerko gokaszaTb, 4TO BbipaxeHue (2.66) yI0B.1eTBOPSAET TpeM
akcCHOMaM:

NL0®=1-0=1, (2.67)
N2 (x9)P=1-xP=1-(1=-x)=x, (2.68)
N3. 1 — x-MOHOTOHHas cTporo yObiBaromas (Qpynkous.

Kpowme toro, oueBuano, uto npu x = 0,5 (= He 3Ha10) x9 =0,5,
T.€. HEM3MEHHO, B 3TOM cMbicie 05 sBisieTcs IIEHTpaJibHbIM
3HaYeHHeM, H OOBMHO X M X© MPHHHMAIOT CHMMETPHMYHbBIE
3HaveHus oTHocuTenbHo 0,5. Kak ykasaHO Bblile, omepauys
«BBIMHTAHHE W3 1» SABJIsAeTCA THUMUYHOM omepaidedl HEYETKOTro
OTPHIAHHS, H C TOYKH 3PEHHS MPAKTHYECKOTO TpUMEHEHHS HET
0CODBIX BO3paXeHH# MPOTHB TOrO, YTOOLI B KAYeCTBE HEUYETKOTO
01, MUAHHS HCIIOJIb30BaTach HMEHHO 3Ta ONepanus.

Oanako piis 6oJiee rJyO00KOro NOHUMAHUS CYIHOCTH AKCHOM
MpHBEACM HECKOJBLKO PE3YNbLTATOB, BHIBOAMMBIX U3 aKCHOM N1 -
N3,
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Pezyasomam 1.

DTOT pe3yibTAT MOJyYaeM Cpasy, €clId MoACTaBEM X = 0
B N2 u npumenam N1. CremopatensHo, ucnoip3obanue (2.69)
sMecTo N1, He uMeer cMbicia, Ho 3ameHuB N1 Ha dopmyny
(2.63) u (2.69), MBI MOJIYUM DKBHBAJIEHTHYFO CHCTEMY AKCHOM.

Pesyavmam 2. Tpadux x© ¢ x mo ocu abenuce, a x© no ock
OpAHHAT CHMMETPHMYEH OTHOCHTEILHO HAKJIOWHOH nox 45° K JiH-
HHH, IPOBEEHHOM M3 HaYana KOODIMHAT. DTO CIeyeT U3 TOoro,
4TO €CNIM CyIIECTBYeT Touka (X, x©), To CymecTByeT TOUKa (x®,
x©9) = (x©, x), 4 OHH PACHOJIOKEHBI CHMMETPHIHO OTHOCHTEIb-
HO JHMHHH C YTJIOM HakJoHa 45°.

Pe3yavmam 3. I'paduk x© BnseTcs HEMPEPHIBHBIM MOHOTOH-
HbIM cTporo yObiBaromum. [loKa3aTeNbCTBO HEMPEPHIBHOCTH
X HOCTATOYHO CJIOXKHO, MO3TOMY MBI €70 OMYCTHM.

UTak, kak ciaegyeT U3 cKa3aHHOTO BBiLE, CYIIECTBYET HEOIpa-
HUYEHHOE YHCJIO MPOCTBIX HEYeTKHX OTpuuanui (puc. 2.14). Eme
pa3 oTMETHM, YTO CPEAX HHX HA MPAKTHKE YacTO HCHOMB3YIOT
NpaMylo IHHHIO (BbIpaxkeHue (2.66)). PazpaboTaHO HECKOJBKO
HEYeTKUX JIOTHUECKHMX CXEM, peaM3yIOIHUX 3Ty ONEPALHIO U CIIy-
XAIHX OCHOBHBIM 3JIEMEHTOM HEYETKHX KOMIBIOTEpoB. Jlist ux
0603HAUEHUS UCNOJbL3YIOT 0003HAYEHHE, YKa3aHHOE BBEpXY Ha
puc. 2.14.

HeueTkaM paciuupenueM U sBigeTcs -HOpMA (WK TPHAHTY-
aspuas Hopma). B obmem ciyuae 7-HOpMa, Tak k€ Kak d pac-

z©

10

0.5

0 0.5 1.0

Puc. 2.14. HeveTkue oTpULAHUA.
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CMOTpEHHAasl HUXe s-HOpMa,—3TO MOHATHS, H3Y4aEMBIE CKOpeEe
MaTeMaTHKaMH, YeM MHXeHepaMu, Ho UX yIoOHO HCMOJb30BaTh
mpd OOCYXIeHHAM HEYETKOH IOTMKM; KaK cXeMa f-Hopma—3To
CXeMa C JAByMs BXOJAMH M OJHMM BBIXOIOM, KaK QyHKus —3TO
(yHKUHA OBYX mepeMeHHbIX. V3BeCTHBI 4 aKCHOMBI {~HOPMBI!

g :[0, 11 x [0, 1]1-[0, 1], (2.70)
T, xJ1=x,xJ0=0 (una Vxe[0, 1]-onyckaem).
2.71)
T2, x,9 x, =x,7 xy, (2.72)
T3, x, 9 (x, 9 x3)=(x, 7 x,)T X3, (2.73)
T4 x, €x,-x, T x3<x,T x5 (2.74)

AxcuoMa T1 cmpasemmBa Takxke ansid 4eTkoro M (3To
rpaHduHble ycaosus). T2 u T3 —3aKoHBI NepeceueHus u oObeau-
HEHMS, HA anmapaTHOM YpOBHE X MOKHO HHTEpNpPETHPOBATH
B BH/E: «BXOIHbIC KOHTAKThl paBHO3HAYHBI, HET HEOOXOAMMOCTH
HX pa3JIfuaTbhb», «ECJH MPOCKTUPOBATH TpeX- M OOJiee BXOIOBbLIE
3JIEMEHTHI C MOMOIIBIO IBYXBXOJOBBIX, TO MOXKHO HE pa3jf4aTh
MOPAIOK uX 00bequHeHus». Akcroma T'4 siBisieTca TpedoBaHueEM
YIOPSAOYEHHOCTH M TaPpAaHTUPYET, YTO «BBEJAEHHE TPETHEH OICH-
K¥ HE U3MECHMT HOPSIAOK OLECHOK». THNHYHOMU t-HOPMOH ABJIAETCS
omepays min WM JIOTHYECKOE MPOM3BEACHUE

x, T xy=x; \ x5 (2.75)

OHO COOTBETCTBYET MOHSITHIO MEPECEYECHUS HeYeTKHX MHOXKECTB,
npeacTaBiaeHHOMY dopMyioii (2.18). ®opmyna (2.75) npaktuie-
CKM yaoBIETBOpseT akcuomam T'1— T4, no3ToMy 10Ka3aTeNbCT-
BO Mbl onyctuM. ['paduk manHo# omepanuu cM. Ha puc. 2.15.

PaccMoTpuM reoMeTpuyeckuil CMbiC ODBIYHO#H (~-HOpMBI
B ciy4ae ee rpaduueckoro mpejcTaBieHus Ha puc. 2.15. U3
akcuoM T'1 m T2 cnenyer, 4To obnacTh ompeneneHus x; J x,,
T.€. COOTBETCTBYIOIIME 3HAYeHUs, HAXOAUTCSA Ha CTOPOHAX eau-
HHYHOTO KyOa B IUIOCKOCTHM (X, X,). [pyrumu ciosBamu, u3
akcuoMel T'1 cremyeT, 4To HA CTOPOHE X, | eOWHHYHOTO Kyba
oOpa3syercsi nuHUA X, J x, = x;, Ha CTOpoHe x, = 0—muHus
B miockoctd x, J x, =0. Kpome TOro, ecid HCHONb3OBATH
CHMMETPUYHOCTL aKCHOMBbI T2, To Ha cTOpoHe X, =l mony-
YaeTca mpsAmMas JMHES x; J X, = X,, a Ha CTOpoHe ¥, = 0 —nu-
HHUs B TJOCKOCTH X, J X, = X, Takam oOpa3oM, 3Ha4eHHS
Xy J X, B YETbIpeX BEpLUIAHAX EAMHAYHOTO Ky0a ABJIAIOTCS TaKXe
3HAYeHUAMM veTkoll omepauma M (puc. 2.16). K ToMy xe u3

2@ x;=x A1,

A X2 NGRS

1 L

.

1-0=0,

I
1 x

Puc. 2.15. Jloruueckoe npousBene-  Puc. 2.16. I'panuunsle ycrnoBus
aye (x; A x,). OOBIYHON f-HOPMBI.

X1 . X2 nEx2

1

1A%

Ve!
z
8

Puc. 2.17. YacTo MCHONB3YEMBIE [~-HOPMBL.

a-aNreGpaguecKoe NPOH3BEAEHHE X' X,, 6-T[PaHHYHOE NPOHIBCICHHE X, O xy;
@ - IpacTHYECcKOe NMPOHIBENEHHE X1 A X5,
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akcuoMbl T2 oueBHOHO, 4To rpadHK CHMMeTpHUYEH oTHOCHTENb-
HO MJIOCKOCTH, 00pa3yeMoil HAKJIOHHBIMH X, = X,.

Bo3HuKaeT BOMpOC: KaKHe ele {~HOPMBI MOXHO MOCTpPOHTH
KpoMe JiorgHecKoro mnpousseneHus no dopmyne (2.75)? C npak-
THYECKOH TOYKM 3PEHHS BaXHBLIMH ONEPAnUsMH SBJIAIOTCA ali-
reGpauyeckoe MpOM3BENCHHE X, - X;, TPaHUYHOE MPOM3BedeHHE
x; © x, ¥ ApACTHYECKOE MPOU3BEOCHUE X, A X,:

XytX, = XXy, (2.76)
x, Oxy=(x; +x,— D0, (2.77)
X, ecnm x; =1
Xy Ax,= { xf, ecad x; = 12 (2.78)
0 B apyrux ciyuasx.

CoOTBETCTBYIOIIIME UM ONEPAIMHA HAJ HeYETKMMH MHOMKECTBAMH
zanaroTest dopmynamu (2.48)—(2.50). I'padmky npeacTapieHsl HA
puc. 2.17. U3 31ux rpadukos BuaHO, 4TO cpaBEeNIMBO COOTHO-
1ieHde

0<xAx, <x,0x, <xy°x, <x; A\ x, 2.79)

HomMumo yka3aHHBIX MOXHO CO3[aTh O€CKOHEYHOE YHCIIO
apyrux (-Hopm. Hanpumep, Surep, ®pank, BeGep, Ulseitnep
¥ Op. BuiBend GopMyJibl, 3aJalOIME HEOTPAHHYEHHOE HHCIIO
[-HOPM ¢ OIHMM BEMECTBEHHBIM mapamerpoM. OpHako mpu
noboM cmocobe Co3gaHHst (-HOPMBI MOMXHO MOKa3aTb, 4TO
NoClieJHAs HEMPEMEHHO OyaeT pACHOJIOXeHA MeXIy ApAcTH-
4EeCKMM M JIOTHYECKHM mnpou3sseneHusIMU. [lepsoe — MuHMMaNL-
HOE, & BTOPOE —MaKCHMAJbHOE CpelH BCEX {-HOPM.

Heuetkoe pacumpenue WJIM -s-HopMa HasbiBaeTcd TaKKe
I-KOHOPMO#, ee MOXHO 0OCYXIaTh BMecTe ¢ t-Hopmoii. Cpenun
AKCHUOM TOJIPKO TPaHMYHOE YCIOBHME OTJIHYAETCS OT Ciydas
1-HOPMBI, OCTa/IbHBIE AKCHOMBI T€ € CaMbIE!

&:[0, 1] x [0, 1]—>[0, 1], (2.80)
Sl. x¥1=1, x¥0=x, (2.81)
82. x, %, =x, xy, (2.82)
83. x; L (x, F x3) = (x; L x,) F x5, (2.83)
S4. X, < x> X F X3 € X, F X3 (2.84)

TunwuuHo# s-HOpMOii sBiseTCH NorMdeckas cyMMa, ompene-
JAeMas ¢ MOMOIUbBIO ONepAlHE Mmax:
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X, L%, =x,\/ x5 (2.85)
Kpome¢ Heg cymecTsyroT anrebpauyeckas cymma x; + X, rpa-
HUYHAA CyMMa X, (&) X, W OpacTHHecKas cymma x, v Xy

Xy + Xy = Xp Xy — XXy, (2.86)

X @x,=(x; + )AL, (2.87)

X N €C X, = 0’
X VX, = {xlz’ ecmm x; =0, (2.88)
1 B mpyrux cay4asx.

XapakTepuCTHKH 3THX Omepaiuil NpuBeaeHsb Ha puc. 2.18, a—o.
/

EJRVE H z) + 22

1

1

1 9

Puc. 2.18. Tunu4HbIe S-HOPMBI.

a—JoTHYeCKasA cyMMa x; V x,; O6—-anrebpamdeckas CyMMa X; + X,; ¢ - TPaHH4Hds
CymMMa X, @ x,; 2—ApacTHIecKan cymma x, V x;.



46 Teopua HeuemKUx MHONCECTE

Kak BHAHO U3 3THUX PHUCYHKOB,
X VX <x FX<x®x <X VX, <1, (2.89)

T.€. MOpAAOK OTepaldii OOpaTHbIM, HEXEIU B CJiydae {-HOPMbI.

OueByiHO, 4TO OOBIYHAA S-HOpMa OOJIXKHA YZOBJIETBODATh
TpaHMYHLIM yCIOBHAM (pHC. 2.19), aHaJIOTHYHBIM YCIOBHSIM
B ciaydae r-HOpMbl. Kpome Toro, MoXxHoO moka3aTb, YTO MHBH-
MajbHasl S-HOpMa—3TO JioTHYeckas CyMMa, a MaKCHManbHas
s-HOpMa — ipacTHYeCKasi CyMMa.

Bo3MoXXHBI pa3fiMyHbple BapHaHTHL HEYETKOTO OTpHIAHHA,
t-HOpMBI M s-HOpMBI, HO cpemd Bcex omepapuil ymoGHee Bcero
BHIOpaTh TaKde, KOTOpHIE YJOBJETBOPSIOT CIEAYIOIIMM rpa-
HHYHBIM YCJIOBUSIM:

(X1 S x%)° =xP T x2, (2.90)
(1 T x,)® = xP & x5. (2.91)

J1s1 4eTKMX MHOXECTB 3TH YCJIOBHS COOTBETCTBYIOT 3aKOHYy Jie
Moprasa, B HallleM ClIydae OHM HA3LIBAKOTCH HEUCTKHM 3aKOHOM
ne Moprana. Hcnonb3ysh akCHOMBI HEYETKOTO OTpPHIAHHS,
{-HOPMBI U $-HOPMBI, U3 OJIHOH U3 3TUX POPMyJI MOXHO BHIBECTH
HAPYryIo, MOYTOMY JOCTATOYHO YKasbIBaTh TOJIBKO OHY M3 HHX.
Ecmu cnipaseyiusa Gopmyna (2.90) win (2.91) (a crenosaTensHo,
1 06e OHOBPEMEHHO), TO COOTBETCTBYIOIIHE ~-HOPMa U S-HOpMa
Ha3bIBAIOTCS B3aMMHO QyaJbHBIMH HA OCHOBE COOTBETCTBYHIIIIE-
To He4eTKOTo oTpuiaHus. [lokazaHo, yTO ecnu HeyeTKOe OTpH-
L[AHME €CTh BBIMUTAHHE U3 1, TO B3a¥MHO AyaJbHBIMH SIBJISAKOTCS
JIOTHYECKHE NPOU3BEAEHAE M CYMMa, anredOpPAnyecKhe mpou3se-

n@z2
1 0+1=1
z,=zz©\¢\
=1 >
1+0=1 122 12
/ 0@22=22
@0
2 0+0
T =
=22
Puc. 2.19. I'pannunbie yc-

21 JIOBHSL OOBIYHOMN S-HOPMBI,
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J€HNe ¥ CYMMa, TpaHHYHBIE MPOM3BEICHHE M CyMMA, JIpacTu-
yecKue npousseneHue U cymMma. Ha npakTtuke oOLIHO HMCTIONE-
3yIOT JIOTHYECKHE OTEpANMH, a anredbpapvecKue M TPAHHYHBIE
OnEpady UCNOJb3YIOT BpeMs OT BpeMeHHd. JlpacTuueckue orme-
pallH MMEIOT HENPEPBIBHLIE XAPAKTEPHCTHKH, HO OHU BAXKHBI
B TOM CMBICIC, YTO SBJISFOTCd HHUXHEH TpaHuieid f-HOpMBI
¥ BEpXHEH I'paHule#l S-HOPMBI, XOTS Ha MpaKTUKE OHY MOYTH HE
HCTIOJIL3YFOTCA.

[IpruuHbI, MO KOTOPHIM JiyHille HCMOJB30BATh CTAaHIAPTHLIE
JIOTHYECKAE OMEPALMH, COCTOAT B TOM, 4TO X (PU3HUECKHi
CMBIC]I BIOJIHE oueBMIEH, a cucrema ([0, 1], <, 1 —- /\, \/)
C MaTEeMaTH4ECKOH TOYKH 3PEHHUS MMEET JIYYIIHE XapaKTePUCTH-
KH, 4eM MoJiHas ncesaobynesa anrebpa. He BoIMOJIHAETCS TOJIb-
KO 3aKOH KOMILUJIEMEHTApHOCTH

xANO=%=0, x\/(1-x<1, (2.92)

a Bce Opyrye cBofcTBa, COpaBeIJIMBBIE U B 4ETKOH JIOTHKE, TAKXKE
CrpaBeJMBbI (HANPUMED, €CJIM HCHOJb30BaTh B KayecTBe f-HOp-
MBI anrebpanyeckoe MpoU3BeicHAe, TO 3aKOH HAEMIIOTEHTHOCTH
HE BBIMOJHAECTCA M He oOpa3syeTcs peluertka). B ueTkoi joruke
B (opmyne (2.92) Bcerma OymeT paBeHCTBO, M TaKOH 3aKOH
KOMIJIEMEHTAPHOCTH HA3BbIBAIOT TAKXe 3AKOHOM MPOTHBOPECHHS
WM 33aKOHOM HCKJIIOYEHHOTO TpeThero. 3aKOH MPOTHBODEYHS
TJIACHT. «HEKOTOpPOE CBOMCTBO M OTPHIAHHE 3TOTO CBOMCTBA
OTHOBPEMEHHO HECTIPABETHBBI», 4 32KOH MCK/IIOYEHHOTO TPETh-
€ro — «HEKOTOpOe CBOHMCTBO M OTpHUuaHME 3TOTO CBOMCTBA OXBa-
THIBAIOT BCE COCTOSIHUS, HUKAKOTO MPOMEXYTOUHOTO COCTOSIHUA
HeT». DTH 3aKOHBI criequUUHBI AJIS 4ETKOTO MHpa ABY3HAYHBIX
OueHOK. B HeueTkoii oruke, KOTOpas I0OMyCKAET TAKXKE HEKOTO-
pbl€ MPOMEXYTOUYHBLIE OLIEHKH, MOXHO CHYHMTATh BIOJHE ecTe-
CTBEHHBLIM TO, 4YTO 3TH 3aKOHbI HECNIPABEJIMBBI.

B HeueTko#l orvKe BaXHOH ABIAETCA TAKXE omepauds He-
4YeTKOH HMIUTMKAIMHM, HO O HEYETKHX BBIBOJAX pedb MOMIET
B CIEHYIOIIEM pa3felie.

2.6. HEHETKUE BBIBO/IbI

HedeTkue BBIBOIbI, HEYETKHE WU MPUOIMKEHHBIE pacCyxk-
JeHys (B TOCIEIHEE BPeMsl B aHIJIMICKOW JMTepaType uaiue
HCTIOJIb3YIOT MOCIEIHUN TePMUH) —-3TO Hauboslee BAXKHBIH MeTOX
B HeYeTKo# Jioruke. BpIBOABI B 4€TKOM HCKYCCTBEHHOM HHTEN-
JIEKTE OXBAThIBAJIM KAaK YacCTHBIN cliy4ail BCce HEHYETKHE BBIBOIBI,
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M03TOMY 3KCHEPTHBIE CHCTEMBI, [JOCTPOCHHBIE HA YeTKoH MeTo-
J{OJIOrHM HCKYCCTBEHHOIrO MHTEJUICKTA, MOXHO CUHTATh YaCTHBIM
Cy4agM HEYETKHX JKCIepTHeIX ¢ucTeM. Ho M B HedyeTkux dKc-
NEepTHBIX CHCTEMAaX, MPHUMEHsAs Ha JTame HCCJICIOBAHHN TOMUMO
MpaBUJ YETKHE BBIBOALI C MOMOWbIO (GPedMOB MM OPYTHX
METOJIOB, BO MHOTHX CJIydasX H3y4aloT TaKXE BO3MOXHOCTb HX
pacIUHpeHHs 10 YPOBHs HEYETKHX BBIBOJOB. OAHAKO MOUTH BCE
peanbHO paboTArOIME MPUKJIAMHBIE CHCTEMBI, AKTHBHO HCIMOJIb-
3yIOIIME MPOMEXYTOYHBIE HEYETKHME OIEHKH, B 3TO HACTOAILEE
BpeMsl MO0 CHCTEMBI, OCHOBAHHBIE HAa MpPaBMJAX, & UMEHHO
HEYETKHX IMPOAYKIMOHHBIX IIPaBUiaX, JUOO PpEIAUOHHBIE CH-
CcTeMbl, HCHOJb3YIOUIHE HEYeTKHe oTHolueHus. Paboty # Tex
U JIPY'HX CHC1eM TEOPETHIECKH MOXKHO OOBACHATH C €OHHBIX
MO3MIME HCIOJIB30BAHHS KOM[IO3HIMOHHBIX NPaBUJI HEYETKHX
BLIBOIOB, HO BHELIHE peaJibHble TEXHUYECKHE aJTOPUTMbI BBIBO-
JOB B KAXIIOM CJIy4d€ MMEFOT CYIECTBEHHBIE OTIHYHS, [I03TOMY
uMKe pPaccMOTPUM HX MO OTHENBHOCTH.

[TosicHiM 1d IPOCTOM MPHMEPE, KaK BBIMOJIHSIO ¢S HEYCTKHE
BoIBOAbl 1O lpapuwiaM. [lycTh cymecTByroT 3Hanus JKcnepTa
0 TOM. UTO 1ICOOXOAMMO OTKpBITh CHYCKHOH KJalaH, ecJid
YpOBEHb BOJbI MOJAHAMAETCA. DTO 3HAHME MOXHO TpPEACTaBUTH
¢ TOMOLUIbIO HEYETKOro MPOAYKIMOHHOTO MpAaBWIA THOA «ECIH

. TO ...» CIeIylomm|M 06pazom:

Ecan ypoBeHb BOABI BBICOKHH, TO OTKpPBLITH KiamaH. (293)

31ech BuIpaXEHHE, CTOAINEE MOCNE eciM, HA3BIBAIOT aHTeleaeH-
TOM, MOPEANOCHUIKOM, YCIOBHEM H T.H., a4 BBIDAXKEHHE, CTOSAILEE
MOCHEe TO,— 3aKJIFOYEHHEeM, omepaimed ¥ T.m. B Haiem ciyyae
BaXXHO OMHUCATH MPEANOCHUIKY M 3aKJIFOYCHHE B BHIE HEYETKOro
OTHoulepus. JIpyTHMH CJIOBAMH, B HCXOJHOE€ BBIDAXKCHHE HE
NOMa/d JaHHBIE O TOM, KAKOB YPOBEHb BOJbI B METPAX, HA KaKO#
yroJi moBopauuBaeTcs kKianad. OIHAKO CaM 3KCIEpPT 3TO 3HAET.
Hanpumep, eciu ™Mbl copocuM Yy Hero: «Bbicokuli yposeHb
BOJIBI — 3TO CKOJIKO MeTPoB?» —To mostyuuM oTBeT: «[IpumepHo
2 m». Tlpd 3ToM "HTeprnpeTanus ¢ MOMOILIBIO HEYETKOTo MHO-
KecTBa, HaPUMED

BBICOKUIA = 0,1/1,5 M + 0,3/1,6 M + 0,7/1,7 M + 0,8/1,8 M +
+0,9/1,9 M+ 1,0/2,0 M+ 1,021 M+ 1,022 M
(2.94)
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ropa3ao 60Jiee TOYHO OTPAXXKAET MBICIIb SKCTEPTA, HEXENH CTPO-
rasi HHTeprpeTamus ero cios: «Jlo 1,9 M eme HEBBICOKHH
ypoBeHb, a HaumHast ¢ 2,0 M—BBICOKHI». AHAJOTHYHO yTOIN
HOBOPOTA KlamaHa, ecid HpUHATH 90° 3a HOJHOE OTKPBITHE,
MOXHO ONHCATh C MOMOIIBIO cleayromell GyHKUnH mpHHANJIeX-
HOCTH!

OTKPBITh = 0,1/30° + 0,2/40° + 0,3/50° + 0,5/60° +
+0,8/70° + 1,0/80° + 1,0/90°. (2.95)

Yenosek, NPOEKTHPYIOIMU JAHHYEO CHCTEMY, CO3a€T U3 NMPaBHJI
B CJIOBECHOM MpelcTaBlieHHH THma (2.93) koHKkpeTHBle QyHKIHM
mpHHamiexHocTd Tuma (2.94), (2.95). OObMHO OH cnemyeT cie-
JAYIOIIEMY METOAy:

1) onpenenser 3HaueHHss METOJOM BOIPOCOB M OTBETOB HIIK
CTAHOBHTCS YUYE€HMKOM JKCTEPTa;

2) mopy4aeT 3KCMEepTY BBINOJHEHHE ONEPALMH M BOCCO3MAET
CUTYAI[HIO H3 XPOHOMETPHPOBAHHBIX [2HHBIX;

3) KOppeKTHpyeT 3HaueHds (PyHKI[HM, MOJy4ass Haujy4iluue
pe3ynbTaThl U3 3KCMEPUMEHTOB, MMHTHPYIOIMX [JAHHYIO CH-
Tyaimro.

Ecnu moayuuTs QyHKUMM MPHHAMIEKHOCTH, CIEAys yKa3aH-
HOMY BBIILIE METOY, TO MOXHO 3amOMHHTE HX B DBM kak Gasy
sHanmit. Hanpumep, dopmynst (2.94) u (2.95) MOKHO 3aNOMHHTD
KaK MHGOPMANHMIO B O JHOMEPHOM MACCHBE, HHAECKCHI B KOTOPOM
COOTBETCTBYIOT 3JIEMEHTAM TOJIHOIO MPOCTpaHcTBa. bes orpa-
HHYEHHsT OOUTHOCTH Oya€M CUUTATh, YTO HEYETKHE NMPOAYKIMOH-
Hele npasuia THna (2.93) HakaniuBaroTcs B 6ase 3Hanui. [lycThb
TAKXE TPH HaONIOOCHMH TEKYIIEro YpOBHS BOJbI OOHAPYXKEHO,
4TO

VpoBeHb BOIbI AOBOJBHO BBICOKHIL. (2.96)

Ecin HaGarofeHHst ypOBHS BOIBI BO3MOXHBI ¢ GONbILIEH To4Y-
HOCTBIO, TO MOXHO TMOJYYMTh TOUHYIO HHbOPMaIHIO, HATIPUMED:
«ypoBeHb BoAbl 1,7 M». OHaKO Ha MPAaKTHKE HEPEIKH CIy4aH,
KOTZIa M3-33 0COGEHHOCTeR MPOMBILLIEHHON cucTeMsl HHMOPMa-
[HIO C JOCTATOYHO XOPOIUEH TOYHOCTBHIO MOJIy4HTh HE ydaercs
(upx 3TOM Y4YHTBIBACTCH MOTPEIIHOCTL H3MEPEHHs, KOTopas
MeHSeT B Ty WM HHYIO CTOpOHy 3Hadenue 1,7 M) mubo Her
BO3MOXHOCTH YyCTAHOBHTH YCTPOHCTBO U3MEPEHHs YPOBHS BOABI
4, HAIPAMED, 3TOT YPOBEHDb BbIHYXKEHbI OLEHUBATH, MOCTYKHBAS
O EMKOCTH H pearupys Ha 3ByK. B mono6ubix ciydasx ymoGHo

4-6830
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npuHAMATh 32 uHGOpMamuio Habmoaerue (2.96), npeacTapneH-
HOE C MOMOINBIO HEYETKOrO MHOXECTBA CJIEayIONHUM 00pa3oMm:

Jlosoasro BBICOKUI = 0,5/1,6 M + 1,0/1,7 m +
+0,8/1,8 M + 0,2/1,9 m. (297

Kakylo ke omepanuio HYXHO mpOAENaThb B TaKOH CHTyaiuu?
JlpyruaMu cIoBamH, MOCTABUM 3a/1a4y: OTPEIE/IUTh HEYTO, OTME-
YeHHOe 3HAKOM «?» B dopmylie

Ecin BbICOKUH, to OTKPbIThH
JosonsHo BBICOKWUH

(2.98)

?

Pazymeetcs, npegnoceiika BBICOKU u Habmonenue «io-
sosibHo BBICOKWWM» obpa3syiorcs myrem comocrasicHds. B
YETKOH JIOTHKE COMOCTABJEHHE HE HMMEET CMbICHIA, MOITOMY
HHMKAaKOTO JIOTHYECKOTO BBIBOLAZ CHEIATh HEab3s. OMHAKO MBI
TOBOPHUM O YEJIOBEKE, a OH, MOJIyYMB NMYyTE€M MNpHOIMKEHHOTO
COMOCTARIICHUS BBHIBOJ

Ecniu BBICOKUH, 1o OTKPBITD

HNosonbio BBICOKUH (2.99)

Cnerka OTKPBLITH

JOJDKeH CJIETKa TMPUOTKPHTE knanad. [lo cyTu oH BBIMOJHMI
HEUYETKHMH BHIBOJ, (TOYHEE, MPOBEJI MPUOIHKEHHbIC PACCYXKICHUS ).

Ecas roBopHTH O MBIIUICHUH YETIOBEKA HA JIMHTBUCTHYECKOM
ypoBHe, To dopmy:na (2.99) upencrapnser Kiaccuieckuii mpaMep
HEYETKOTo BbIBOAA, HO KaKHe € BbIYMCIICHUS HYXKHO MpOALIATh
B MPOIrPpaMME MM BHYTPH CMENHANbHONR MHKPOCXEMBI HEYETKONO
BbIBOJA, T€ BCTpOeHb! GpyHKuuu npuHaniexunoctu? CymecTpyer
bonee cTa METONOB MpeoOpa3OBAHUSA HEYETKHX BbLIBOAOB HA
JUHTBHCTHYECKOM YPOBHE B BLIMMCJICHHS, HO €CJIM OrPAHHYMTLCS
TOJBKO METOAOM, HAHDOIEE YACTO UCTOIL3YEMBIM HA NPAKTHKE,
TO BCe OOBSACHEHHS MOXHO MPHBECTU C MOMOmbIO puc. 2.20.
3aech MONHOE MPOCTPAHCTBO MPEANOCHIIOK —ypOBHH BOMbL, a
HOJIHOE TPOCTPAHCTBO 3AKJIIOUECHHI - YTIIbI paboOTHl KJamaHa.
Ob6o3HauuMM UX cooTBeTcTBeHHO Yepe3 X u Y. Mcmonwsys dop-
Myzbl (2.94) u (2.95), HeueTkoe NPOIYKIMOHHOE mpaBuio (2.93)
MOXHO rpatdudecku u306pa3urh TaK, Kak Ha puc. 2.20, g (JaHHBIE
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MEXIy TOYKAMH COOTBETCTBYIOIHUM 06pa30M HHTEPHOJIHPOBA-
HHl M TOKa3aHbl HempepbiBHOHW nuHued). Kpome Toro, mosabo-
THMC 00 YNIPOINEHHU pacCyXacHui ¥ 00603HayMM 4epes 4 He-
yeTkoe MHOoxecTBO BBICOKWW B npemmoceuike X u 4epes
B neuetkoe mHOXecTBO OTKPDBITH B 3akmouedun Y. Heuerkoe
MHOXECTBO «I0BombHO BBICOKHUW» B naHHBIX HabXromeHus
X (coxpamenHo A4) u3 dopmyns (2.97) MOXHO TIpeACTABHUTH
Tak, Kak Ha puc. 2.20,6. Ha puc. 2.20, ¢ rpaduuecky u306paxes

Hevemnoe npodywauawmoe npasu.no

Ecou BEICOKKH mo GTKPEITE
ma{z) mg(y)
1,0 10
a
fm = -
05 BLICOKHH =A 05 OTKPbITb=8
0 18 0=y 0 0 60 90 Tpadyss
annsie Habpodenug,
., 0080251HG BbICOKWA
my(x)
g
. Aosomwe BICOKHA =A'
5
X
mg (y)
10
P B D e
05} B'=e YNB
1 1
o 0 30 60 %0 Tpadyes!
ug'(y)
10+
2 Aepadsupunayus f
0,5+ g-caczre
OTKPbITH
1 l__y
0 30 60 90 Ipadyes:
uUr=10
Onepanuowmoe swavenue

Puc. 2.20. Knaccuyeckue npuMepsl HeYETKUX BHIBOAOB NO MPABHIIAM.
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TMpolLiecC KIACCHYECKOTO HEYeTKoro BeiBoga. Cnpasa kak 4 N A’
NOJiydeH pe3ynbTaT MNPHONMXCHHOTO COMOCTABJIEHUS MpeIHo-
CBUIKM OpaBuia A ¥ fauubix HaOnroneHus A4'. 3aTem paccMoT-
PHM MaKCHMaJbHOE 3HA4YECHHE O KaK HEKYIO MEpY COMOCTaBJICHHS
A N A, BLINOJHUM PEAYKHHIO MO 3Tod Mepe 3akirodenus B B
IpaBwWIC ¥ HOJYY¥M DPE3yJbTaT BbiBoaa B (puc. 2.20,6). B xaue-
cTBe crnocoba peaykuuy B BbHIOpaHO OTCEYEHHE MO MEpE COMO-
CTaBJieHHs o (Ha DHUCYHKE ¢ Y o3HadaeT, 4To

my()=a pus Vyey). (2.100)

Wrak, i TeKymux AdaHHBIX Habmomenuss A’ (= [IOBOJBHO
BbICOKUMN) B pesynbTate mpumenenus npasuia 4 — B (= Ecmm
BbICOKUH, To OTKPBITD) nonyuaem B (= cnerka OTKPBITD).
3neck pe3ynbTaT BbIBOgA B ABNSETCS HEYETKAM MHOXECTBOM
B Y, kak moka3zaHo Ha puc. 2.20,,. OnHakO mOKa HUKAKUX
KOHKDPETHBIX ONEpaiyil MpoOU3BECTH Heabss. [eslo B TOM, 410 Ha
OCHOBE (GYHKUUH NMPHHANIEKHOCTH mig (1) M1 B HEOBXOUHUMO
elle U3BJIeYb [JIS KAaXAOU TOYKH B Y 3HAUCHUS /IS BBIMOJIICHUS
omepamuu. JTOT Mpolecc oObMHO Ha3biBaloT aedamxsuduxa-
umeit V. Ha puc. 2.20 gas 3ruX eeil MCIOTB30BAH MeTo.q
meuTpa Tsxkectd (LIT), onpeaencno mpumephoe 3HadeHue 14
onepamuy LT = 70 (rpagycoB) U MpUHATO pelIeHHE HOBCPHYTD
KJamad Ha 70°.

TlpuBenem Oonee geTagpHBIE pACCYXKACHHS C HMCIOJb30Ba-
HHEM BBEIACHHBIX Bplilie oOo3HaueHuil. Ilpexnae Bcero suaHue
skcnepTa A — B oTpaxaeT HedeTkoe NpUYMHHOE OTHOILICHHE
TNPEANOCHUIKE ¥ 3aKJFOUCHHS, MO3TOMY HA30BEM €ro He4eTKUM
OTHoOllleHHeM H 0603HauMM uepes R:

R=A-B (2.101)

R MOXHO paccMaTpHBaTh KAK HEYETKOE MHOXKECTBO Ha MPAMOM
npou3seneHnd X X Y MOJHOTO MpOCTPAHCTBA NPEANOCHIIOK X U
MOJIHOTO HpocTpaHcTBa 3akmovenuid Y. Takum obpaszom, mpo-
[ECC Moay4YeHHs (HEUETKOr0) pe3yabTaTa BhiBoa B ¢ ucnosbio-
BAHHEM J4HHBIX HabnroueHust A’ u 3HaHUsA A — B MOXHO npea-
CTaBUTh B BHIE HOpMyJIBI

B =AeR=A (A B) (2.102)

Y Ot anrnuiickoro crosa deffuzification - npeo6pazopanne Hevet-
KOTO MHOXECTBA B 4€TKOE Npe/cTaBiense.— [lpum. nepes.
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3jech @ Ha3BIBAETCS KOMIO3HMIAOHHBIM MPaBHIOM ) HeyeTKoro
biBoga. Kpome Toro, cipenka —» B npasuie 4 — B (2.101)
HA3bIBAETCS HEMETKOM uMriukanueil. MoxHo iy KakuMm-to obpa-
30M 3aMHCaTh yKa3aHHbIE BbILIC OMpeAc/IeHHus HA ypoBHE PyHK-
Ml npuHapIexHocTH? (DaKTHYeCKM HEYCTKMH BBIBOA HAa pHC.
2.20 sBnseTcss MPUMEHEHHEM MAaKCHMUHHOW KOMIO3HIUY B Ka-
4€CTBE KOMIO3UIMOHHOTO MpAaBW/Ia HEYETKOTO BhIBOJAA M Omepa-
UMM B3STHS MMHHMYyMa B Ka4eCTBE HEYETKOW UMIUIMKALIMH:

my = \/X(m, (x) A\ mg(x,») = (2.103)
=V omg DA (1,09 A\ my(5) = (2.104)
= (Ve (O Amat) Ama0) = (2.105)
= \/x"u 04 A mp() = (2.106)
—aAmy() = (2.107)
=m_,. 50 (2.108)
LT = fy-my () s/ [y 0. (2.109)

OtMeruM, 4TO B KavecTse BapuaHTa dopmyin (2.104) u (2.105)
HCMOJIb3YIOTCS TPAAUUMOHHBIE MNPAaBUJIA pACHPEHCNICHHN s
MaKCUMUHHOH omepayyy.

Haubounee yacro (mo MHEHHIO aBTOPOB) HCMOJb3ye MBI ¥ ca-
MBI THNHUYHBIA MeTOA HEYETKHX BBIBOJOB, MOKA3aHHBIH Ha
puc. 2.20, npeactaBiasieT coboif METOI HaXOXACHHS LEHTpa Ts-
XECTH KOMMO3UIIUH MaKCUMYM-MAHUMYM. OCHOBLIBASICh HA IIPH-
BEAEHHBIX Bpllllc OOBACHEHWSX, 4UTATEJII MOryT TPpHAYMAaTh
pasnuyHble BapuaHThl puc. 2.20. Hampumep, BMecTO MeTona
UeHTpa TsokecTH s aebamsudukanuu mpelIoXeH METoH Me-
OHAHBl (MCHOMb3YETCs CpelHee 3HAueHHE (MeAHaHa)), MeTo.
BECOB (OCHOBaH Ha MEPEeMEHHO#l y, 3amaromeidl MakcuMajbHOe
3HAYEHHE NMPUHAMJIE)KHOCTH), BMECTO OTCceueHHs oY N B, momny-
qaromero B mo B 4 o,— MeTOI MpUMEHEHHS CXaTus aB 3akiro-
YeHud B mo o ¥ 1. 1. TlepeuucnuTs Bce METOIBI 3/1€Ch MPAaKTHYE-

Y Nuorna mpasusom ceepTKu.— ITpum. nepes.
P



54 Teopua newemxux mHoHcecns

CK¥ HEBO3MOXHO, HX mpeloxeHo Gosee cta. OTMETHM TOJBLKO,
YTO Cpead BCEX METOIOB HanboJIee IpUroIHbIM CHATAETCS METONL
HEHTPA TSKECTH KOMIIOZUIMA MaKCUMyM-MHHMMYM (puc. 2.20).
TToutu Bo Becex coBpeMeHHbiXx CBMC HeueTKHX BHIBOIOB MCMOJIb-
3yETCsl IMEHHO 3TOT METO.

Huxe gaHpl MOsSCHEHHs K Omepauuy HE4eTKON MMILIHKAIHH
C MO3UIMH HEYETKOH JIOTHKH. DTO OYEHb BAXHAS OMEpaiys,
B OCHOBE KOTOpOH IieXHT HeueTKoe oTHomeHue (2.101). Ecmm
3a(hMKCHPOBATh 3JIEMEHTBI MOJHOTO NPOCTPAHCTBA H BEPHYTHCA
K 3HaueHAsIM oleHKY B [0, 1], 10 HeueTKyI0 UMIIAKA A0 MOXKHO
paccMaTpuBaTh Kak Clegyromylo QyHKuuo OBYX TMepeMeHHbIX
Wiy ABy4IeHHoe oTHolueHue B [0, 17:

-:[0, 17 x [0, 1] - [0, 1] (2.110)
w w
(xy, X)Xy = X,
Bo3bMmem 3a o6paser cnyuail 4eTKo#l JOTUKY, B KOTOPOi omnepa-
1M MMILIMKanuy 3ajgaercs 1abin. 2.1. B coorBetcTBHM ¢ hopmy-
Joit (2.33) x; — X, And 4eTKOTrO Cly4as MOXHO 3amucaThb Kak
X, + x,. CneposatenbHo, eciu 3amenuTs HE Ha «BpluuTaHME U3

I», a UJIM Ha MakcuMmy™m, TO 3Ta OJHA U3 CTaHIApPTHBIX
onepanuid HEYETKOHN JIOTMKHM OyAeT MMETb BH]

X o x,=(1—-x)\/x,. (2111

Ecid B caydae He4eTKHX BBIBOJOB IOMBITATLCS 3aMEHHTH
B Gopmyne (2.104)

my(x, ) =my ., g(x. ) = (1 = my(x)\/ mg(), (2.112)

TO, OYEBHAHO, MOJIyYUM HE CIHUIIKOM XOpOIUME pe3ysIbTaThl.

Ecnu gis moHAMauus cMmbicia ¢gopmynsl (2.111) nocTpouTh
rpaduKy, aHAJIOIUUHbIE TEM, YTO OBbUIM CO3aHbl AT {-HOPMbI
H $~-HOPMBI, TO 11oxyuuM puc. 2.21, a. 3gech CymecTByIOT YeThIpE
TOUYHbIE TOUKH (KHpHBbIC TOYKHM HA PUCYHKE): HA HHX MOCTPOEHBI
aBa Tpeyronbauka. OmHAKO ¢ camMoOTO Hayana 3aJaHbl TONbKO
OCH KOODJHMHAT 4 3TH YEThIPE TOUYKH, MOITOMY CKOpEe BCETrO
OGONBIIMHCTBO 4HTaTeNieil, MOJyYHB 3ajaHHE —UCTIONb3Yys 3TH
TOYKM KaK MPOMEXYTOUHBbIE, MOCTPOHTH ABA TpPEYTOJIbHHKA,—
MPEANOYTYT 3TOMY PHCYHKY pHC. 2.21, 6. T1peactasus puc. 2.22. 6
B BUOE HOpMYIbi, TOIYUHM

xpox=0=-x +x) AL (2.113)

Dta dopMyna mpeactapnseT cobOif TPAHMYHYIO CyMMYy He-

Tiasa 2 AR

0—1=1

2—=5n=(1-5)v 1, 1= (I-x+n)Al

Puc. 2.21. /IBa TuM4 ONCPALMH HCYCTKOH MMILTHKALMH X, — X,

HETKOTO OTPHIAHMS TO TUMY «BBMHTaHME M3 l» X, H X,
B MHorosHauHo#l soruke 3Ta GopMyJia ¥3BECTHA KAK MMILIHKA-
uua Jlykaesuda. 3ane MCHOJIb30BaJ 3Ty ONEPALMIO M MPELIO-
KUl HeYeTKuH BhiBoA, cpenas B dopmyne (2.103) cremyromyro
3aMeHy:

mp(x, y)=my_g(x, y)=(1 _mA(x)+mB(y))/\1' (2.114)

Ha mnpakTvke np¥ NpOBEAEHMH 3KCIEPHMMEHTOB B CHCTEMAX
YOPABJICHAS] THIA CHCTEM C 3a/IepPXKKOU MEPBOro MOpAmKa 3Ta
popMyJia aeT HOCTATOYHO XOpOLIME pe3yabTathl. KcTaTw,
Mamaamy, yKaspiBas Ha TEPCTIEKTUBBI BHEAPEHHS HEYETKOrO
YOPABJICHHS NAPOBBIX TypOHMH, MOJIYUdNT HEMJIOXME PE3YIbTATHI,
UCTIONB3YSl METOJ KOMMO3HIHH MAaKCUMyM-MUHEMYM B opMy-
nax (2.104)-(2.109).

B 3Tom ciyuae HeveTKas UMIIMKAIHs —3TO ONEpPALMs B3ATHA
MUHAMYMA

X; X, = X, \ X, (2.115)

[lo cBoficTBaM 3Ta onepands NpeJCTaBIsAET cOOOR -HOPMY THIA
JOTH4ECKOTO mpou3BeacHus (puc. 2.15). Ilpu stom T1abn. 2.1-
onepaunyy YeTKOH UMIIMKanyy 60JbIle He cymecTsyeT. B ciayuae
KOrja mpeanoceliKa x; B JToi Tabnuue pasHa 0 (= JIOXb),
YeTKas uMIUMKauMs pasHa 1, a MmuHuMym —0. B ciydae korpa
NPEANOChIIKa HEYCTOHYMBA, UMEET CMBICH PAcCMATpHBATL He-
YETKYIO UMIUIMKAIMIO KAK OMEPAIMI0 B3SATHS MHHMMYMA, MO-
CKOJIBKY OTBETa TOJYYHTL HENb3.

Kpome naHHO# hopmMyibl 1t onepanuy HeYeTKOH HMILTHKA-
MM MPENJIOKEHO HECKOJIbKO KOHKPETHBIX opMyIn, HO Ha mpak-
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THKE omepamus B34THS MHHAMYMA HCHOJb3YyeTCS Hame BCEro,
TMOCKOJIbKY OHA OAaeT Hemjoxue pe3ynbTaTel. MHorma omepaius
4eTKOY UMIUTAKAINHH MPOCTO HE CYIIECTBYET, 4 HEYETKAsT UMILITH-
Kallid THMA ~HOPMBI UITH IPYTOro THUMA He 06pa3yeT akcCHoMaTH-
YECKH YNOPAZOUYEHHON CHCTEMBI.

O6 0ocHOBaX HEYECTKHX BLIBOJOB C MOMOIIBEO HEYETKHX MPO-
JyKOHOHHBIX MPAaBUN YyXe TOBOpHUJOCH Bhile. HeoOxomumo mo-
6aBUTH HECKOJIBKO CJIOB 00 ypoBHe peanmsaruu. IIpexme Bcero
B 0a3e 3HAHM# OOBMHO XpaHMTCH HECKOJbKo 3HaHuil. Kpome
TOTO, B HEYETKHUX CYXJCHHSX, ONMCHIBAEMBIX B NpEANOCHUIKAX
H 3aKJTIOUEHHSX KaXI0ro MpaBWIa, HMEETCS HECKOJIBKO 4ICHOB.
CrnepoBaTenbHo, B 00IIEM ciydae paccMaTpuBaeTcs 6a3a 3HAHUH
THMA

Ecmu 4, =0, A4,=0,..., 4, =0, T0 (2.116)
Bil’—‘A, Bi2=A,...,Bm=A}{=1,

rae I —uucno npasui, m—4KUCI0 YWICHOB B MpPEeMIIOCHIIKE, N — YHC-
J0 4ieHOB B 3akmtoueHun. Ha mpaktmke uame Bcero I ummeer
3HAaYeHHEe OT HecKoJbKux emuHmMn go 30 (uHorma mo 100),
OTHOLIEHHE M :n NMPUHHMAET 3HavyeHwe oT 2:1 mo 5:2. OgHako
Y¥CJI0 MPABUJI B JKCHEPTHBIX CHCTEMAaX C YETKAMHM MpaBHJIaAMH
JOCTHTAET HECKOJbKHX COTEH, a TO M ThICAY (dHOrAa Ooubiie
ECATH TpicA4). B oTiiMuMe OT HUX B cliydae HEUETKUX IKCHEPT-
HbIX CHCTEM 4Y¥CJIIO MPaBUJ HA MOPAIOK MEHBILUE. ITO CBA3AHO
C T€M, 4TO KaXI0€e HeYeTKOE MPABHIIO ACTANU3UPYETCA B HETKOM
MHPE, a TAKXKE C TEM, YTO LEJOE YUCIIO NpeaAcTdBIACTCA MPHOIH-
KEHHO C MOMOIIBIO CYIECTBEHHO MEHBIUEro YHCIA MpaBHIL.
YacTo BbicKa3pIBaeTCs MHEeHHE: « MOXHO 0OOMTHCEL Ha MOPSAIOK
MY [Ba MEHBIUMM YHCJIOM HEYETKHX MPABUJI IO CPABHEHHIO CO
CJIy4aeM 4EeTKOro Mupa». ToT $akT, 4To YHCIIO HpaBHI KpaitHe
Mano, o6Jer4aeT npuodpeTeHye 3HAHUN OT IKCHEPTA, YIPOILAET
OTJAAKY 3KCTEPTHOH CHCTEMBI, MO3BOJSET CTPOMTL CHCTEMY
C XOpOILUM COOTHOLUEHHEM CTOMMOCTB/MPOH3BOIATENLHOCTE —
3TH " JAPYTHE NPUYHHBI ABJISIOTCS BAXHbIMH CTUMYJIAMH NMPAKTH-
4EeCKOIO0 BHEIPECHHSA HEYETKHX IKCIEPTHBIX CHCTEM.

T1py BBINOJHEHAM MPAKTHYECKUX ONEpAIHil METOJOM KOMIIO-
3U[MH MAKCHMYM-MUHMMYM C BbIYMCJICHHEM IEHTPA TKECTH
pe3yNbTAT BBIBOAA MO KAXIOMY MPAaBWIY MOJYy4aeTCs TaK, KK
Ha puc. 2.20. TIpu 3TOM 4acTo UCHOJb3YEeTCs METOM, MO KOTopo-
My 33 OKOHYATEIbHBIH PE3yNibTAT BBIBOJIOB MPHHUMAETCS CyMMa
HEYCTKMX MHOXECTB — pE3yJIbTATOB BRIBOLA MO KAXAOMY MpPABH-
Ny (omepauMs JOTHYECKOH CYMMBI WM B3ATHN MAakCHMYyMa).

Vinave rosops, BhIOMpaeTcs CHCTEMa MapajuleflbHOro 3amycka,
UCHOJIb3yeMasi OMHOBPEMEHHO C KaXKIBIM MPAaBHIOM.

PaccMOTpHM Ha IPOCTOM MPHUMEPE 3JIEMEHTEI 3TOM CHCTEMBI.
[lycTb YMCNO MPAaBHJI PABHO 3 M B KAXIOM MpAaBHJIE 1O OLHOK
NPEeIIOCHIIKE ¥ OHOMY 3aKJIOHEHHIO, T. €. 3aflaHbl ClelyIoIlue
OpaBUiIa:

R,: Ecin A ec1b R, T0 B ects L,
R, Ecmn A ects C, T0 B ectb C, (2.117
R;: Ecix A ectb L, T0 B ectp R.

3pech PpyHxkmma npuHamiexHocTH R, C, L Ha HEYETKOM YpOBHE
sagaHbl Tak, Kak Ha pdc. 2.22. JApyramu cnosamu, R, C,
L onpemensioT COOTBETCTBEHHO MOHATHE «HPABOE», «UEHTPY,
wieBoe», a ¢popmysl (2.117)-npasuna noBefCHUsI HECTOBOPYH-
Boro wenoseka, roopsmero: «Ecnu mpasoe, To nesoe». Eciu
B KauecTBe jAHHBIX HaOmonenHs BeemeHo 4 (puc. 2.22,6),
BBIICHHM, KakdM OyJeT OTBeT, NOJYYEHHHIH METOIOM KOM-
MO3HIHA MAKCHMYM-MHHHMYM C BLIYMCIEHHEM HEHTPA TSHKECTH
(LIT). A4 —310 HabmopaeMas uHpopMaIMA «TOYTH CIpPaBay,
dMeromas vk Ha 0,5 mpasee, MO3TOMY IO MpPaBUJIaM HECTOBOP-
4HBOTO 4YEJIOBEKA OKHAAETCs OTBET «HemHoro nesee». U Ha
caMoM JiefIe, KaK IOKa3aHo Ha puc. 2.23, OyneT moJyveH pe3yiib-
TaT co 3HaueHueM ILIT HemHoOro nesee eHTpa.

B TpaaHMOHHOM WpOHECCE YNPABIEHMA B HEKOTOPbIA Mo-
MEHT BpeMeHH Habmrogaerca A, olpelenseTcs ONEpaIMOHHOE
sgauenue LT Tak, kak Ha puc. 2.23, BRINOJNHAETCS JCHCTBHE MO
yIpABNECHMIO, B CJENYIOIIMA MOMEHT BPEMEHH HabOIIoaeTcs
nosoe A’, BHOBb B COOTBETCTBHH C pHC. 2.23 omnpenensiercs
OmepanMoHHOE 3HAYECHHE, BBINOJIHAETCS NEHCTBHE M Jajee Mmpo-

Puc. 2.22. IIpuMep HeueTKOro BLIBOJA MO NPAaBHIIAM.

a -bynxuna npuHagnexsocTH L, C, R Ma HEYETKOM ypOBHE; 6 — GyHKIHS OpHua 1-
NIeXHOCTH HaGmonaemol uapopmauna A'.
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Puc. 2.23. Mpocreiitue npuMepsl HEYETKHX BBIBOJIOB.

ueaypa nosropsercs. B cayvae korma mogoOHas cucTeMa ympas-
JieHUS TpeOyeT OBICTPOM peakuu#, BpeMs BHIMOJIHEHHS OZHOTO
HEYETKOTO BBIBOJA OT BBojga A’ g0 BeiBoga L{T moykHO ObIThL
OouYeHr HebonpluuM. B kauecTBe endHHIBI U3MEPEHHS TaKOrO
ObICTPOIEHCTBHA 4acTo Henohb3yroT FLIPS (4ucio HeweTkux
BBIBOJIOB B CeKyHny). BricTpoaeficTBHe 3aBHCHT OT umcia mpa-
BHJI, YHCJA WICHOB ¥ IUIOTHOCTH MOJHOTO TMPOCTPAaHCTBA, HO
C MOMOIIBIO MPOTPAMM, BBIMOJHAEMBIX B 00ObIYHBIX OJHOKpHCTA-
JIBHBIX MHKPOMPOLECCOPAX, MOXHO I0OHTbHCH MPHEMIIEMOTO IS
CHCTeMBI OpICTpoeiicTBusa. HanpuMep, npu HeweTKom ympasie-
HUY METPOTIONIMTEHOM C MCNIOJIb30BAaHMEM 24 mpasu U 8-pa3psa-
HOTO mporeccopa AoCcTUrHyTo OpicTponeiicteue 10 FLIPS, kax-
able 100 Mc NpOTHO3UPOBANOCH TMONOKEHHE MOABHKHOIO COCTa-
Ba yepes 3 ¢, yTo obecneunsio miaBHOE ABMXKEHUE. Kak BHIHO U3
5TOTO TpUMEpA, TEXHHUKA HEYETKOrO YMpaBICHUs BHEAPSACTCS
B NMPOMBIIICHHOCTh KaK TEXHHKa COKDALIEHHS 3aTpaT TpYyIa.

Taasa 2 59

B ciyuae xorma HeobxojuMa emie Gonee OnicTpas peakmus,
paccMaTpHBAKOT BOMPOC ANMApaTHON peaM3alnH HEYEeTKHUX BhI-
BojoB. Ha pBIHOK y)Xe BBIMYIIIEHBI HECKONLKO THIOB H3JIEJTHIA.
B Hacrosimee BpeMsi rOBOpSAT yXe O BO3MOXHOCTH 06paboTku
¢ opicTpopeiicTBieM nopsaaka 40 miaH. FLIPS (omuH HeueTkuit
BBIBOJI BBIMOJHSETCA 332 BpEMsi, PaBHOE BPEMEHH MpPOXOXIACHUS
cBeTOM 7,5 M B Bakyyme). HMccnenyeTcs Bo3aMoXHOCTS MMPUMEHe-
HHS OJI0GHBIX Yunos HeuemKux gel600o6 TIPH ynpasjeHuun pobo-
TaM¥, CAMOJIETAMH, PaKeTaMH U JAPYIMMH OOBEKTaMH.

PaccMOTpeHHBIE 0O CHX HOP HEYETKHE BLIBOABI MPEACTABIIA-
0T cO00M BOCXOJfAIME BBLIBOABI OT MPEANOCHIIOK K 3aKJHOYe-
auaM. OH” HauGoJsiee 4acTO MCMOJBLIYIOTCSA Ha mpakTuke. OgHa-
KO B NMOCHEIHUE oAbl B AHATHOCTHUECKHX HEUETKHX IKCHEPTHBIX
cUCTeMaX HAYMHAIOT OPUMEHSTh HUCXOHSIIHe BbIBOAbL. [losTo-
My CKaXXeM O HHX 31ech HECKOJBKO cioB. [lo cymecTtsy 3TO
METO MOAECTUPOBAHHS C MOMOIIBLIO YDABHEHHS HEYETKUX OTHO-
IIIEHHH.

JaguM moscHeHUs Ha MPUMEpPE AMATHOCTUYECKON CHUCTEMBI.
IlycTp mojHOE MPOCTPAHCTBO MPEANOCBUIOK X COCTOMT 43 m
($akTOpOB, a MOJIHOE MPOCTPAHCTBO 3aKIFOUSHUH — M3 1 CHMIITO-
MOB:

X ={x1, X3 .ovr Xp}, (2.118)
Y={y. Yo o ¥u}- : (2.119)

Hanpumep, paccMOTpPHM YIPOINEHHYIO MOJENb THATHOCTHKH
HEHCNIpaBHOCTH aBTOMOOWIA npu m = 2, n = 3. x, —HEHCHpaB-
HOCTh aKKyMyJIsITOpa, X, —0TpaboTka MalllmHHOTO Macna, y,—
3aTpyqHEHHsS Opd 3aMycKe, y,—yXY[AILLIEHHWE [BETA BBIXJOMHBIX
rasos, y;—HEAOCTATOK MOMHOCTH. IIpy 3TOM Mexay KaXabpM
YJICHOM MPEANOChUIOK W KaXAbIM WIEHOM 3aKJIOYEHHH CymIecT-
BYIOT TMPHYMHHBIE OTHOIIEHHs. OG03HAYMM 3TH NMPUYHUHHBIE OT-
HOILEHHS 4epe3 X; —> y; WIH NPOCTO 7;; H HA30BEM X HEUETKUMH
OTHOWIEHASIMA X; U y;. Eciiu cobGpaTe BMecTe HedeTKHe OTHoUIe-
HHs MEX1y BCeMH X; U y;, TO TOJIyiuM MaTpuuy R ¢ m CTpokamMu
¥ n ctonbnamMu. Ha3zoBeMm ec MaTpuncH HEYETKHX OTHOLLEHHH:

R=["ij]i=1~m,j=1~n.- (2.120

Jins KaXxngoro r,; Kak s HEYETKOTO MHOXeCTBa (IepBoro
poja) BBeIeM MEpy NpUYAHHBIX OTHOILNEHWH B BHJE BEMIECTBEH-
Horo uuciaa B [0, 1]. Kpome Toro, mpeanoceliky 6yaeM paccMar-
PHBaThL KaK BXOJ, a 3aKJIOYEeHHs —KaK Bbixoa. [Ipu 3ToM yka3aH-
HblE BBIIIE COCTOSHHS MOXHO paccMaTpuBaTh KaK COCTOSHHS



60 Teopus newemKkux MHoMNCecms
Bxods! Boixods
21 0— —o %
20— R=(r,) —o9:
: i=1~m :
20— j=1~n —r
24 O— 0¥,
A R B
(HevemnRoe (nevemnoe (nevemnoe
MHOXECMB0 8 X) mn»recman gXXY) mHowecmsos Y)
8=A

Puc. 2.24, MogenupoBaHie ¢ HOMOWIBIO HEUETKON CHCTEMBI.

HEYeTKO# CHCTeMBl, mokazaHHOM Ha puc. 2.24. KoskperHbie
TIpeIIOCBUTKY (BXOABI) M 3aKJIFOYEHHA (BBIXOJBI) MOXHO pac-
CMaTpHBaTh KaK HedeTkUe MHOXecTBa 4 M B Ha nmpocTpaHCcTBax
X u Y. Ecd OTHOILUEHHS 3THX MHOXECTB 0003HAaYHUTh KaK

B=AeR, (2.121)

TO BO3MOXHA GopManu3aus 3a/1a4u IarHOCTHKH, KaK U B CIIy-
4ae NpaBuil. 31eCh @ ABIACTCA NPABHJIOM KOMIO3HUIUU HEHETKHX
BeIBOJOB. IIpy 3TOM HanpasJicHUE BEIBOOOB sBJISIETCS OOpaTHBIM
710 OTHOINEHHIO K HANPABJICHUIO BHIBOAOB IJIf NPAaBHI. [Ipyrumu
CIOBaMH, B cily4ae AUArHOCTHKM R uneHTHPHHUpyeTCs Mo 3Ha-
HHSAM OKCl€pTa, HAaONIONAroTCs BBIXOABI B (MM CUMIITOMBI),
a ompeldensiroTes BXxoasl A (v dakrtopsi). Hanpumep, B npuse-
JEHHOM BBIIIE HPUMEpE AUATHOCTUKH HEUCHPAaBHOCTEH aBTOMO-
6und 3HAHUS aBTOMEXAHHKA 1peodpa3yloTcs B BUJ

B [0,9 0.1 0,2:' 2122
10,6 0,505])° 122)

Ecnu nmopwexanm aBTOMOOHIL H B pe3yibTaTe €ro ocMoTpa
OOHAPYXHIMCh TPYTHOCTH NpPH €70 3allyCKe, a MOIIHOCTD H BHIX-
JIONTHBIE Ta3pl B HOPME, TO COCTOSIHHE MOXHO OLCHHTH KAK

B=09/y, +0,1/y, + 02/y;. (2.123)
XKenatenpHo ompegenuTh NPHYHMHBI
A=a,/x, +a,/x, (2.129)

Takoro coctosuusa. B aTom caydae dopmyns (2.123) u (2.124)
4acTo MPEACTABIAIOTCS B BHOE HEUETKUX BEKTOPOB-CTPOK
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B=[09, 0,1, 0,2], ; (2.125)
A = [al, az]v (2126)
Torma dopmyay (2.121) MOXKHO MpeaCTABUTL B BHAE
09, 01,02
9,0,1,02] =[a, a,]®| " 2.12
[0.9,0,1,0,2) = [a,, a,] [0,6’ 0s, 0,5] (2127)

D60, TPAHCIOHMPYS, B BUJIC HEYETKHX BEKTOpPOB-CTOJOIOB

0.9 09 0,6 .,
01 |=]|01 05 O[a‘], (2.128)
0,2 02 05 -2

4TO, HO-BHAAMOMY, Oonee 3HAKOMO JUIS YHTaTeNel, H3ydaBIInx
MaTpHIbl ¥ MAaTpU4HYyIO airebpy. 3/ech Takke B KauecTBe
Npasujla KOMIO3HIMA HEYETKHX BHIBOJOB ® M3YyHaroTCs Pa3jHy-
HBlE Cr1ocoObl, HO TPaJHUHMOHHO 4arnie HCHOJIb3YIOT KOMIO3HIMIO
MakCUMyM-MHHYMYM. B a3tom cnywae ¢opmyns (2.127) unu
(2-128) npeobpasyroTcs B BUA

09 =09 A a)\/©0.6Aay), (2.129)
= (0’1 /\al)\/(oas/\az)’ (2.130)
2=02Aa)\(05Aay), 2.131)

YTO MOXHO pacCMaTpuBaTh KaK MOZCIMPOBAHME C MOMOMIBIO
CMCTEMB ypaBHEHHI NIEPBOTO NOPA/IKA, €C.TH 3AMEHATD CJIOKEHHE
Hd MAKCHMYM, & yMHOXEHUE Ha MHUHHMYM. PeliuM 3Ty cuctemy.
Ipexae Beero B BeIpaxeHuy (2.129) BTOpoil wi¢H mpapo#l yacTu
HE BJIMAET HA NEBYIO 4acTb, MOITOMY MONY4UAM

09 =09 Aay, a, > 09. (2.132)
Hanee u3 BeipakeHud (2.130) nomyuum

0,1 >05Aa, a, <01 (2.133)
®opmynst (2.132) 1 (2.133) yaoBaeTBopsAIOT BripaxenHio (2.131).
TakuMm o6paszom, mojlydaeM pelleHHe

1,024,209, 0<a,<0], (2.139)
T.€, Jyille 3aMEHATH aKKyMYJIATOp (a4, —Mepa HECmpaBHOCTH
AaKKyMyJaTOpa, a, —Mepa oTpaboTKH MAlMHHOFO MAacia).

Ha NMPpAaKTHKE m U # NPHHUMAKOT 3HAYCHHUs OT HECKOJBLKHX
COAHHHUIL OO HECKOJBKUX AECATKOB, HCNOJB3YIOT HECKOJIBKO THIIOB
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NpaBHi KOMOO3UIIMM HEYETKHX BHIBOJIOB H HaCTO HMEIOT JEJIO
C JBYX-HMIM TpeXKacKaJHbIMH HEYETKHMHM cucTeMamu. B nanHOM
TIpEMepe PELLICHHE MOJIyYeHO KaK 3Ha4YeHUs B OTpe3ke (Bmpaxe-
Hue (2.134)), B pe3yabpTaTe MOXKHO MPERJIOKHTL MaKCHMaJlpHOE
[1,0, 0,1] unu MmunaMansHoe pemrenne [0,9, 0]. B obmem ciyyae
OYEBHIHO, YTO IS KOMIIO3HIME MAaKCUMyM-MUHHMYM CYIIIECT-
ByeT €gMHCTBEHHOE MAKCHMMAJbHOE M HECKOJBKO «MEHBIIHX»
pereHnit. Pazymeercs, HHOrga peiueHue oTcyTcrByeT. C MpakTH-
YeCKOM TOUKH 3peHHS METONOB PELICHHA CHCTEM YypaBHEHHIA
He4eTKHX OTHOILECHWH ellle HeOCTATOYHO MO CpaBHEHHIO C METO-
JlaMH BRIBOJIOB N0 NpaBHIaM, H B HACTOsIIece BpeMs MOKa He
MOCTABJAIOTCA MAKETHI MPOTrpaMM IUIsl PELLUEHUs] TAKHX CHCTEM.

Kak cka3aHo B Hayaje rjasbl, HA TEOPETHYECKOM YypOBHE
H3y4aroTCs ApPYrde pa3sHOBHAHOCTH HEYETKHX BRIBONOB, HANpH-
Mep HedeTKHe BEIBOAE! ¢ IpAMeHeHneM ¢peitMoB. B Gminxaiimem
GynymeM ¢ GONbLICH BEpOSTHOCTHIO HOBLIE METOOBl HAHAYT
MpUMEHEHHE I PeIlCHHS NpaKTHYECKHX 3a1ad.

27. 3AJIAYN

Britie OBLIM HM3710KEHBI OCHOBBI HEUETKOH JIOTMKM € TOYKH
3pends ee npumedeHus. J{ns Oozxee riyGoxKoro MOHMMaHHA
¥ OCBOEHHA IO YPOBHS, MO3BOJIIOMIETO HAYATH CAMOCTOATENb-
Hble KOHKDETHbIE pa3paboTKkm M HMCCIEROBAHMSA, NPUBEAEM He-
CKOJIbKO YUeOHBIX 3a1a4. PellieHne Kak0i U3 HUX MOXHO HalTH
HCXOAS W3 NPHUBEAEHHOTO BbIIliE MAaTEPHasd, TOITOMY PELIECHHA
31ech He NPHUBOIATCS.

1. MNokaxute, yto ¢opmyna (2.13) oTHOIEHHS BIIOKEHHUA
MHOXECTB ymoBJeTBopsieT Gopmynaam (2.14)-(2.16) u obpasyet
POSET.

2. 3anuumte dopMynn (2.20)-(2.25) nnd onepauMi Han
4eTKMMU MHOXECTBAMH H NIPOBEPHTE, 4TO OHH 00pasyioT byJicBy
anrebpy.

3. [1poBepsTe cnpaseMBOCTh GOpMyJIBl ABOHHOTO OTpHIA-
Hus (2.26) 4 3akona ge MopraHa (2.27) Aans onepaumii Han
4EeTKMMH MHOKECTBAMH.

4. YTouHHUTE, MOYEMy cymecTyeT 22" KOMOUHAIMOHHBIX CXEM
C n BXOOAMH H OJHHM BBIXOHOM.

5. JloxaxmuTte m. | Ha c. 27 1 HA ee OCHOBE JOKAXHTe Im. 2, 3.

6. C moMouibio Tabmunbl UCTHHHOCTH JOKaXHuTe GopMyity
(2.33).
7. Nokaxure, uyto ana GopMyn (2.42)-(2.45) omepauuii Haj
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HEYETKMMH MHOJXXECTBAMH CHPAaBEUIMBBI 3aKOHBI pedIIeKCHBHO-
CTH, aHTHCHUMMET pPHH, TpaH3UTHBHOCTH, HAEMIOTEHTHOCTH, KOM-
MyTaTUBHOCTH, 4CCONMATUBHOCTH, abcopOuuu, MACTpUOYyTHBHO-
CTH, IBOIHOTO OTpHUAHHA, 1e Moprasa, HO HeclpaBe1JIMB 3aKOH
KOMIUJIEMEHTAPHOCTH (2.46).

8. Hapucyiite camoctostensHo puc. 2.12.

9. IIpencraBpTe B rpaduueckoil dopme dopMynst (2.54),
(2.55) mo obpasuy puc. 2.12. Kpome Toro, npefcrasbre B rpadu-
yeckoil popme popmyny (2.56) B cayuae A = 1/2.

10. Joxaxute popmymay (2.57).

11. [okaxure pesynptar 3 Ha c. 41.

12. oxaxwute dopmyny (2.79).

13. t-HOpMa SIrepa IUIs MOJOXKUTETHHOTO mapaMeTpa p onpe-
JeNsdeTcs cIeayiomuM obpasom:

x1 T x,=1—(1 A — x ). (2.135)

ITokaxxuTe, yTO 3TA HOpMA yHOBJIETBOpPSAET akcHoMam T1-T4,

14. TTokaxuTe, 4YTO MaAKCUMAJIbHAS ~-HOPMA — 3TO JIOTHYECKOE
NpOU3BENEHHE, a MHHHUMAJbHAsA (-HOpMAa—3TO [IPACTHYECKOE
N POU3BEICHHUE.

15. JJoxaxute dopmymny (2.89).

16. s-Hopma SIrepa nist HOJOXKHUTENBHOTO HapaMeTpa p oTpe-
JIETISIETCS CAEeRYOWUM obpasom:

x; & x= 1AL + x5)'7". (2.136)

IMoxaxuTte. 4TO 3Ta HOpMa YHOBJIETBOPAET akcHoMaM S1-S84.

17. TlokaxuTe, 4TO MAaKCHMaJlbHAs S-HOPMA —3TO ApacTHYe-
ckas cyMMa, a MHHAMAJIbHAs S-HOPMa —2TO JIOTHYECKAS CyMMa.

18. Ucnmonp3yq HeyeTkoe OTpHIAHHE, {-HOPMY, S-HOpMY, BBI-
Bepute dopmyny (2.91) u3 dopmynst (2.90) 1 dopMmymy (2.90) u3
dopmysr (2.91).

19. HeueTkoe oTpHiaHue eCTh «BbIMUTAHHE U3 1». [lokaxure,
4TO JIOTHYECKAs, ajlrebpamyeckas, rpaHHYHAs, OpacTHYecKas U
napa Arepa (dopMmyisl (2.135) u (2.136)) B3aUMHO ayanbHBL

20. Hanummre mporpaMmy, peaMsyomntyio pHc. 2.20.

21. Hanummure mporpamMMy npH YCJIOBHH, 4TO 010K Aedansu-
¢dukayuu B 3apave 20 HCHONB3yeT METON MEIOHAaHBI H METO.
BbIcOThI. KpoMe Toro, HamuiuMTe nporpaMMy MHUHHMH3AHA
a Opu nojydenuu 5.

22. Hanumure nporpaMMy HEYETKHX BBIBOJOB MO MpaBHIAM
(2.166).

23. TlocrpoiiTe cxeMy, pealM3yIomylo mporpammy 22.



I'JIABA 3
ITPOMBIUUIEHHBIE ITPUMEHEHWSA

O. Umo (Ppupma «Dyo3u ¢Pakomy caiiee»),

M. Hnaba (pupma NKK), C. Mypakamu ( Ynu-

sepcumem Kiocio), T. Cummoms (Hucmumym

eocyoapcmea u npaga), M. Cyzano (Toxuiickuil

noaumexuuueckut  uncmumym), Jl. Dyozuxu

(LHHUH ¢upmer «Puxo»), C. HAcynoby (3ae00
Pupmor « Xumamu»)

B HacTosee BpeMsi H3BECTHBI MHOTOYHCIICHHBIE MCCIIENIOBAlHA
[0 NpHMEHEHHIO HEYETKOH JIOTHKH A1 aBTOMATHYECKOTO yIIpas-
JIeHns ¥ pacnosHaBaHUs oOpasos. [lepBrie mpakTHueckue Hece-
IOBAHMS N0 TEOPUH HEYETKMX MHOXECTB ObUIH NPOBEACHH
Mampanu 11 aBTOMATHYECKOTO YNIpaBNeHHs KoTnamy. Miccne-
Iys ajanTHBHOE M obydaroineecs YIpapJeHHe, OH TpHINEN K BhI-
BOIY 0 HEOOXOAUMOCTH HCTIONIb30BAHMA HEMETKEX MHOXECTB IIPH
PELEHHH 3TUX 3alay, Tak Kak APYTHE H3BeCTHHIE METOABl OKa-
3aJMCh CJHINKOM CNOXHBIMH. Hike paccMOTpeHBI NpHMEpH
YCHEIIHONH aBTOMATH3AUMH OpEXAE BCETO 3a CYET HEYETKOTO
yIpaBJIgHHUS.

3.1. OBINME HOJOXEHUA

H3BecTHO, YTO HIEH HEYETKOH JJOrMKH 3apOJHIIMChL B TEXHU-
xe. Co3paTens TEOPHH HEYETKUX MHOXKECTB 3ajie ObLI crienualu-
CTOM 1O TEOpHHM YyIpaBieHus. B 4iciae OCHOBHBIX MpOMBIIIEH-
HBIX MPHUMEHEHUH TCOPUH MOXKHO Ha3BaTh YIp:dBIeHHE, AHAarHo-
CTHKY HEHCTpaBHOCTEH, pacmno3HaBaHue oO0pa3oB, o6paboTky
H3006pakeHuil, aHAIH3 HAJEXKHOCTH, NPOEKTHPOBAHME CHCTEM,
KOMIbIOTEPDl B T. 1. OJHAKO OCHOBHOM 00J1aCTHIO MpHUMEHEHUsS
3TO#l Teopud Obl1o ynpasieHue. B mocnennee BpemMsi akTHBHO
TIPOBOASATCA MCCJIEIOBAHMS TIO TMPHIOKEHUSM B pacrio3HaBaHHH
obpa3oB ¥ B kKoMnbioTepax. [loueMy ke NpHMEHEHHE TEOPHH
HayaJoch HMEHHO B ympaBJiieHHH? Jleno B TOM, 4TO B HCXOAHYIO
U0 O HEYETKOH JIOTHKE YKJIANBIBANMCh TIPEACTABJICHHA 0O
ylpasieHun. bosee Toro, nockospKy 3aia4s ylnpaBJicHHsA BO3HH-
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KAIOT MOYTH BO BCEX TEXHOJIOTHYECKHX Mpoeccax 4 B MoboM
obopynoBaHuH, MOTpeOHOCTH B TEOPHH H BO3MOXHOCTH €€
NpHJIoKeHUs ObLIM TOCTATOYHO BEJIHKH.

B kauectBe opHOH M3 NpEeANoOCBUIOK BO3HUKHOBEHHS HIEH
HEYETKOTO MHOXECTBa 3ajie BLIABUTAET Tak HA3bIBAEMBIH TMpUH-
LIMIl HECOBMECTUMOCTH, KOTOPBIM 3aKJIIOYAETCS B TOM, YTO
C YBEJIHYEHHEM p43MEPOB M CJIOKHOCTH CHCTEMbI CYIIECTBEHHO
YCIIOXKHSIETCA €€ MOAC/IUMPOBAHUE C TOMOIIBIO U3BECTHBIX MaTe-
MaTHYECKUX BbIpakeHUH. [IpyTrMMH cIOBaMH, NPU HCHOJb30Ba-
HHHA GOPMyYJT CYIIECTBEHHO BO3pACTAET YHC/IO NMEpEMEHHBIX U Ma-
paMeTpoB, U3MEpPEeHUE OTAEbHBIX NEPEMEHHBIX M OTpeneieHHe
mapaMeTpoB CUNBHO 3aTPyRHAETCA, W CO3J1aHHUE MOJHOCTBIO
a/IeKBaTHOM MOJENMU CTAHOBHUTCS MPAKTHYECKH HEBO3MOXHBIM.
BMmecTo 3Toi0 3ajie MpeasIoXU JTMHTBUCTHYECKYIO MOAENb, KO-
TOpasi UCMOJIb3yEeT HE MATEMATHYECKUE BHIpaXXEHMs, 4 CJIOBa,
oTpaxatromue kadecTso. TlpuMeHeHnHe 3THX cJIOB He obecneus-
BaeT TaKylo e TOYHOCTb, Kakod o01agaroT MaTeMaTH4ecKde
MOJIeJIH, HO JaeT BO3MOXKHOCTb CO3/1aTh XOPOIUYIO, KaYeCTBEH-
Hyto MoJenib cucrteMbl. [lomobHple Monenu yxe HCMoNb3yIoTcs
JUIS "KOHOMHYECKMX W COLMATBHBIX cucTeM. [IpeameToMm obeyk-
[EHUs SBJISETCH HEYECTKOCTL CJIOB S3bIKa OMHCAHUSA CHCTEM. 3ajae
yTBEpPKIaJ, YTO HEYETKOCTb—3TO, CKopee, HOCTOMHCTBO, a He
HEZOCTATOK MoJenupoBaHus. Ha mpumepe 3agadd NOCTaHOBKH
aBTOMOOHUIIA HA CTOSHKY MEXAY ABYMS OpYTHMH aBTOMOOHIAMH
OH oObICHAET MOCTOHHCTBA HEYETKOrO OMHCAHHA TaKUM obpa-
30M.

Crenys oO6meHn3BECTHBIM METOIAaM TEOPUH YNPaBJICHHS H pe-
IHas 3Ty 3aa4y ¢ HOMOINbIO YPABHEHUH IBHKEHHS aBTOMOOHA,
MOCTABHTH aBTOMOOHUJIL HA CTOSIHKY HEBO3MOXHO: HENb3s1 HOCTO-
BEpHO H3MEPHUTH HH COCTOSIHME AOPOXHOTO MOKPBITHA, HH CO-
CTOSIHHE IIWH; MOCTpPOEHHE YpaBHEHUN IBHXKEHHMS YCIOBHO H
HENL3 OnpeAeanTh UX mapaMerpbl. OTHAKO B IIKOJIE BOXKACHHSA
HOBHYOK, HE 3HASl yPABHCHUH IBHXKCHHS H O00y4asiChb TOJBKO CO
CJIOB HHCTPYKTOPA, MOXET yMeJNo NOCTaBHTL aBTOMOOHMIbL HA
crosiHKy. EMy rosopst: «[loBopauuBas py/b» Halpaso, ABUraics
BIEpE/I; BO3BPATH PyJib HAJIEBO M OCTAHOBHUCDH; 3aTEM, MOBOpAYH-
Bas HAMpaBO, IBHTraicd Ha3al ¥ BO3BPATH pyJib HANEBO, B CIyvdC
Heyfaud noBTopu». Crenysd oOuM yKa3aHHUSM, BbIpaXC€HHBIM
MOoA0OHBIMH CJIOBAMH, YEJIOBEK MOXET BOJHTH aBTOMOOHIIb,
a KOMIIBIOTEpY 3TO HE MOJ CHJly. YKa3aHMs i HETO AOJDKHBI
OBITH TIpE/ICTABIIEHBl B BUE JCTEPMHHHPOBAHHBIX MaTeMaTHUe-
CKHX BBIPaXEHHH, HO, KaK CKa3aHO BRIILE, BRIBECTH HX HEBO3MOX-

36830
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HO. Eciym gaxe nMpeanoNioXUTh, YTO TAKHE BHIPAXCHUS CYIIECT-
BYIOT, olii OyJlyT yNpoIEeHHBEIMY; B HX CTPYKTYpy 3apaHee OyayT
BKJIFOYEHBI XapaKTEPUCTUKH aBTOMOOMNS H 0OCTAHOBKA BOKPYT
HEro. YnpasJIeHAE dBTOMOOWIEM TIO TAKHUM BBIPAXCHUSAM OyaeT
PHCKOBUHHBIM, NOCKOJIbKY peajibHOCTL H MOAENb HEaJIeKBATHBL

KavecTseHHBIH mpoliecc peImeHHs] 3aj1ayd, CBOWCTBEHHBIH
YEJIOBEKY, HA3bIBAIOT HEUETKUM anroputMoM. Mpes HeueTkoro
yIpaBJicHUS COCTOMT B peaju3andil HEeYeTKOro airoputMa B
KOMIILIOTEPE € HUCHOJIb30BAHHEM HeueTKo Joruku. Kak yxe
TOBOPUIIOCH B HaYaJe IJIABbI, UCCTCAOBAHUS MPHUMEHECHUS HEYET-
KO JTIOTHKH B MPOMBIILIJIEHHOCTH HAYAJIACh C HEYETKOI'O yImpaBsJe-
HHS 4 OpHBeld K BIEYATIAIONIMM pe3yJpTaTtaM; Doliee Toro,
6rarogaps ycmexaM HEYETKOTO yMpaBJICHUS MOBLICHIICS MHTEpEC
K HEYeTKoH soruke BO BceM MHpe. I1o4TH Bce MpUYMHBI yCHelll-
HOro NpYIMEHEHUs HEYETKOH JIOTUKU B 00JIACTHX, HE CBA3AHHBIX
C ynpaBJICHHEM, TAK UM HHA4Ye CBOAATCA K HHAEE HEUETKOTO
ynpasJieHHus. MeToa HEYeTKOro ymnpaBieHHs MOXET ObITh MoJie-
3eH 14 MoObix npHiuoXeHuid. Hike B ynpomeHHO# (opme
OMHUCHIBAIOTCS] METOM HEYETKOI O yNPABJIEHUST B €T0 OCOOCHHOCTH.

IIpu TpaaHIIMOHHOM HEYETKOM YIIpABICHUH OCYIIECTBISETCS
napaienbHast o6paboTka OONBIIOTO YMCHA MPABUI, a HE HETpe-
PHIBHOE BLINOJIHEHHE MOCJIEAOBATENBHBIX MNpEANUCAHUN Tuma
HEYETKOTo anroputma. Ha npakTvke npuMeHEeHME MPaBHI CBO-
JUTCS K HEYETKHM BBIBOJAM B HEueTKOH Joruke. B xauectse
NpEMepa NMpaBUJl ¥ BRIBOZOB PACCMOTPUM CIEAYIOMIYIO CXEMY:

Ipasuao «[1IpH COKpalEHUH pPACCTOSHHUA MeEXIy
ABTOMOOMIIIMH YMEHBIIIUTE CKOPOCTb»
Cumyayusn «PacctossHe MeXxay aBTOMOOHIAMH

npumepHo 20 M»

Peasuzayus «CUIBHO YMEHBILHTE CKOPOCTb»

B 1anHO# cxeme «peasM3auus» NpeacTaBiseT coboi pesynb-
TAT HEYETKOIro BbIBOHA. B ACHCTBUTENBHOCTH UMEETCA HECKOJNb-
KO TAKHX [pPaBHJI, TMOITOMY pe3yNbTATHl OTHCJILHLIX BBIBOJOB
06001maroTcs, ¥ NoNyYeHHbIH pe3ylIbTaT npeobpasyeTcs B YHCIO-
BOE€ 3HAYCHHE (3aJAI0ILYyI0 BEJIMYUHY) a7 BBoga B obopymosa-
HHE, KOTOpoe aBngeTcs oObekTOM ynpabiienus. Bo3sMoxen Tax-
Xe crnoco® HEYETKOTO yrpaBlieHus ¢ BLIGOPOM TOJBLKO OIHOTO
Haubosee nmoaxoasmero npasuia. [Ipasuia oMHCHIBAIOTCS € 10-
MOILIBIO HEOMPEIC/ICHHBIX CJIOB, KAK B IPUBEICHHOM BBIIIIE CXEME,
U HA3BIBAIOTCA MPABUIAMU HEYETKOTO yIpaBIICHHS.
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CyIeCTBYIOT 4eThIpe criocoba cocTaBJICHUS [IPABUI HEYESTKO-
ro yOpaBJIEHHs, T.€. MPOCKTHPOBAHUS HEYETKHX PEryisATOpOB:
1) Ha OCHOBE ONBITA M 3HAHUI JKkcrepia: 2) nyTeM cO3maHHs
MoZAEH OeHcTBUIA onepaTopa: 3) nytem oGyuenus v 4) Ha ocHOBe
HEYETKOH Mojenu obopyaosauus. Crocod | aHaloruyeH ¢noco-
Oy CO3/IaHUA HKCMEPTHOM CHCTEMBL B CIOBECHOM BHAE H3BIeE-
KAKOTCS OTBIT KBATH(PUIMPOBAHHOTO ONepaTopa U 3HAHUS HHXKe-
Hepa TMO YIPABJICHUIO, KOTOpbiEe 3d1eM 0600marTcs B BHOE
MpaBHJI HE4eTKOro ynpasicHus B GopMe «eciu ... ton. Crnocob
2 HCNOJB3yercs B Cyuasx., KorJd OT 9KCHEPTOB HE yaaercs
[OJIYy4UTh NPABUJIA B CJIOBECHOM BBIPAKCHHH, B YACTHOCTH KOrJa
ONepaTop 3allOMUHACT MAHUIYJIAUUY, HAIIPUMEP B BUIC JBHXKe-
HUMH pYK, HO IpedCTABUTbH WX HA SI3BIKOBOM YPOBHE 3aTpyLHAET-
cs. Ho naxe B 91oM c1yuae, eciau neHcTBUs oniepaTopa MOXKHO
CMOJIENIUPOBATL B (POPME «EC/IU ... TO», UX MOXHO HETIOCPECT-
BEHHO MCHOJIb30OBATH B KadecTBe Iipasu.i yupasaexus. Crnocob
3 apexTUBEH B clyyasnX. KOIJA MOKHO IPOBECTH IKCIEPHMEHT
Ha peajbHoM 0DOPYIOBAHHH MIIH CYILECTBYET MOJENs obopyno-
BaHMs, B 4ACTHOCTU. OH yA06eH Mpu ynpapJieHHH poGoTaMu.
IMpaBuia e4eTKOro ynpaBacHUS MOXHO (OPMHPOBATEL NMyTEM
oOyueHus. HauuHas ¢ CUTyalud, KOIflas euic HeT HH OMHOrO
NpaBuIa. JIMOO B COOTBETCTBUN C U3MEHCHUEM CpPEIbl MOCTENEH-
HO YJIyMlIATh 32 cyel 0OyYeHUs (03T 0MY MOKIO HE MpHBJIEKATh
akcnepToB). Criocob 4 HCmonb3yeTes B ClydyasiX, KOrja npemmo-
JlaraeTcs Co3JdHHME HEYeThOU ModesM obopyuoBanus. Eciu npu
9TOM MOfeTb co3aaercs B GopMe «echiu . .. Toy, IpaBuiia HeYeT-
KOTO YNP4BJICHUS JIEIKO BBIBOUATCS TECOPETUYECKH, UCXOAs H3
uelleft yrpaBieHUd ¥ Moaeid 0bopyloBaHuS.

Heuertkoe ynpasreHue, BruepBbic MCibITaHHOE B Havame 70-x
rogos Mamiaim, coTpyaHukoM JIOHOOHCKOro yHHBEpCUTETA, B
Havane 80-x roloB Obl10 peaau30BAHO B JAHUHU TS YIIPABJICHUS
HEMEUTHOU OOXHIOBOH licubio. B SInonuu nmpuxTudeckue uccie-
JOBAHHMA HAUMIMCh NPUMePHO B 1985 1. ¥ B HAcTOsIUIEE BpEMSs
H3BECTHO HEMAJIO MPUMCPOB NPAKTUYECKO! 0 NpuMcHEeHUs. Mox-
HO BBISIBUTL TpH OCOOEHHOCTH HEHETKOTO YIPaBIICHHS.

ITepsag ocobGeHHOCTH 3axiarodaeTcss B TOM, YTO HpPABUIIA
HEYETKOIO YMpaBjieHUA, OyAVHH YCTOBHLIMH BbICKA3bIBAHUSAMU
THIA «eCII ... TO». SBIAKOTCS JloruueckuMu. Kcmonslosanue
OPAaBU1 OCYHIECTBIACTCS, €CTECTBEIIHO, YePe3 MeXaHH3M JIoTHYe-
CKMX BbiBO,10B. J1OI HUECKOE VIPABIICIIMEC O3HAYACT, YTO JIOTHKY
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yOpaBJICHHs 3KcHepTa JIETKO MNpeAcTaBHTb M pa3zHOOOpa3HBIM
HOPEIANOChIIKAM MOXHO MOCTaBHTh B COOTBETCTBHE HEKOTOpOE
neficTBue. s pealbHOTO 000pynoBaHHs 3TO He TOJIBKO HCNOJb-
30BaHUC NMPU YHPABICHUH MOJHOU HMHPOpPMAUH B OTJIHYHE OT
KJIACCHYECKOH TE€OpHUM YMpaBJIEHHS, HO H H3MEHEHHE DEXKUMOB
YIIPABJICHHA B 3aBUCUMOCTH OT pa3/IMUHBIX YCIOBUM, HAllpUMEp
BpeMcHM M 3HaucHUH mnapamMeTpoB. Jlorudeckoe ynpaBlieHHe
MpAMEHAIOT Takxke NpH obpaboTke HEWITATHBIX cuTyauud. Bo
MHOTUX BUI4X PEabHOTO 00OpynoBaHMs HEOOXOMUMO yIENaTh
ocoboe BHUMaHME NpPOUEAYPE 3aMycKa; B 3TOM ciydde st
aBTOMATHU3AIMYU OYEHDb yAOOHO UCNOJIL30BATL HEYETKOE yNpaBJle-
HHE, NMOCKOJIbKY MOXHO OMUCHIBATL IIPABUIIA B POPME «ECNH. ..
TO» OJUHAKOBBIM OOpa3oM M AJs 3allycka, U A1 HOpMaJbHOH
paboThL

Bropas ocobeHHOCTH —mapaiie/ibHOe  YIPABICHAE — 3aK IO~
4aeTCsl B TOM, YTO ¥ HEUYETKHE METO/IbI yIPABICHUS CYIIIECTBEHHO
paznuyaroTca. TpaavuUOHHLIE METOAbl YIIPABJICHUSA ~ 3TO JTHOO
KJlaccuyeckue, 160 cOBpEMEHHBIE METO/IBI, B KOTOpBIX 0606-
IUEHHOE MPAaBUJIO YIPABJICHUS TPEACTABIACTCA € HOMOIIBIO
OJHOH QOpPMyJbL, B TO BpPEeMs KAK [P HEYETKOM yIpaBJICHUH
HCHOJIB3YETCsl DONBIIOE YUCTO YACTHHIX MpaBil. Kaxloe npasu-
JI0 ACUCTBYET B OMNPEACHCHHON 0OOIaCcTH HHPOPMALHOHHOTO
MPOCTPAHCTBA, UCHOJb3YEMOIO NPHU YHOPABICHUH, A8 KaXI0H
JIOKANbHOH 061acTH pacIpeaeneHHOro UHGOPMALUMOHHOTO IIPO-
CTPaHCTBA 1eneco0bpasHo cO3AaBaTh OTACILHBIE PABUIA YIIPAB-
nenua. KpoMe Toro, ecmm uMeeTcss MHOIO peryinpyeMbIX Belu-
YMH, JUIA KaKIOH U3 HUX MOXHO CO3JIdTh OTAC/IbHbIC IpaBUIIa
ynpaBiaeHua. AHAJIOTHYHO, €C/IM UMECTCS MHOI'O [eJICit ynpase-
HHS, I KaXXIOOH 1eJld XKeIaTeNbHO CO3AaBATh NMpABUJTA YIIpaB-
nenns. Kiaccudeckoe yrnpaBiicHUe CYIIECTBEHHO OTPAHMYHUBAIIO
TEOPETUUECKH BO3MOXHbBIC PA3HOBUIAHOCTY Licjicd B CBA3M C He-
00XO0AUMOCTBIO NPEACTABIATL 1eilb 06OOMIEHHON (QyHKIHEH.
IIpy HeYeTKOM yrpaBJICHUU HEOGXOAUMOCTD B I1¢/ICBLIX QYyHKIH-
X M B PELICHHMHU 3aJay ONTHMAJIBLHOIO YMpABICHHS OTHAHACT,
MO3TOMY MOXHO YCIELIHO CPABIATLCA CO BCent MHOTOoOpasuemM
Heneyd ¥ gaxe CoO B3AUMHO MPOTUBOPCUAIIHMH LEJAMH.

Tperba 0cOOEHHOCTL HEYETKOTO YMPABIEHUS COCTOUT B TOM,
4TO IpaBUJId 34NUCHIBAIOTCA CJIOBAMH B (OPME «ECIH ... TO».
OTo o3Hauaer, YTO MOXKHO OPraHW30BATL yNPABJIEHHE B BUJIE
QHANora ¢ ONepaTopoM, a PETYJISTOp NpeBpaIaeTcs U3 npexHe-
TO «MEPHOTO AIHKA» B «CEpHIH AuMK». CaenosaTenbHO, onepa-
TOp JIeTKO OyAeT MOHUMATh AeHcTBHsA perynstopa. Kpome Toro,
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3a cueT oOyueHud omepaTop MOJXET YIydlIaTb CINOCOOHOCTH
HedeTKoro peryistopa. Hausbicuiet popMoit o6yuenus uesnose-
Ka SBJISETCSA HE IOCTIDKCHHE MACTEPCTBA B IBIDKEHHH PYK M HOT
myTeM MNOBTOPSAIOLIMXCS HeHcTBui, 4 oOyueHue Ha SA3BIKOBOM
ypoBHe. Bnaronaps o6y4eHuo ¢ HOMOILIBIO A3bIKA MOXHO JIETKO
MoJy4aTh HOBBIE 3HAHHUA.

HT1ak, B ueM e 3aKI04aroTcsl JOCTOMHCTBA HEYETKOH JIOTH-
KH, KOTOpble SIBHO TPOSIBIISIOTCA B HEUETKOM ynpasieHuu? Ecau
TOBOPHTBH KpaTKO, TO HEYETKAs JIOTHKA TO3BOJAET YAAYHO Npen-
CTaBUTH MBIIIJICHHE YEJIOBEKA, T. €. CIOCOOB! NPUHATHS PEILUCHAA
4eJIOBEKOM H CmocoObl MONETHPOBAaHHUA CIIOXKHBIX OObEKTOB, H,
KpOMeE Toro, TpHIrogHa JJIsi TpeAcTaBlIeHHs 3HaHMA. B xonme
NpUHATHSA PEIICHUS YENIOBEK JIETKO OBJIAJIEBAET CHTyauueH, pas-
Ienss ee Ha coObITAS, HAXOAMT pellicHHe B CJIOXHBIX CHTya#sIX
MyTEM MPUMEHEHHs 1711 OTAEIBHBIX COOLITHH COOTBETCTBYIOIHMX
NIpaBW MPHHSATHA peEllieHHs, HA OCHOBAHHMH NPOILIOTO ONbITa
HCKYCHO HajielsieT oObeKT OTJIMYUTENBHBIMHY NpU3HAKAMHA U TIpU-
XOMHUT K 00IIeMy pelleHuro. [IpyruMHE CIOBAMH, pellieHUe MpUHHU-
MaeTcst He Ha OCHOBE YHHOMHIMPOBAHHBIX CTOMMOCTHLIX KpUTe-
pHEB, a C HCHOOJb30BAHHEM OOJNBIIOTO 4YMCIA CTOMMOCTHBIX
KpUTEpHEB, HEpPENKO MpOoTHBOpedamMx apyr IOpyry. B ciyusae
HenoJHOU MHbOPMAnME BO3MOXHA NOMOINb B NIPUHATHH pellle-
HHS ¢ MCNOJIL30BAHUEM BBIBOJIOB. B HedeTkoe ympaBJieHHE BBO-
agT1csl nogoOHbIE METONbl NPHHATHSA DEIUCHUH, CBOHCTBEHHBIE
YeJIOBEKY, B (POpMe pacnpeneIeHHbIX M0 OTHEJIbHBIM COCTOAHUAM
H [e/siM NpaBH) YIpaBleHHs M HEYEeTKHX BbIBOAOB. Yenosek
B HOBCeOHEBHON HEATENbHOCTH HUKOTAA HE MNOJb3yeTcsa ¢op-
MaJIbHBIM MOJICJIMPOBAHMEM Ha OCHOBE MaTEeMaTHYECKHX BhIpa-
KEHHH; OH He HIET OJHOTO 3aKOHA, OMHChIBAKOIIETO Bee. S3bIK,
KOTOPBIM MOJIB3YyeTCs YENOBeK A1 MOAETMPOBAHUS,— 3TO HEYET-
KMl ecTeCTBEeHHLIN s3bIK. [lonydyeHHas Mojenb He SABIAETCA
yHHGUIMpPOBAaHHON: OHa MO0 ONMUCHIBAET CBONCTBA (PpArMEHTOB
00bekTOB, UO0 gBNseTCSs HAOOPOM HECKOJBKHMX JIOKANbHBIX
Mopeneif, MOCTaBJICHHBIX B onpeaesieHHble ycnosus. CaMu Jo-
KaJbHbIE MOENH He HCHOb3YIOT YHCIIOBBIX 3HAYEHHUH, IO3TOMY
HE SBJIIOTCS MHKPOMOIENAMHE; 061a1as HeKOTOpoH o6IIHOCTEIO,
OHM MpOCTHI AJif MOHMMAaHMS Ha KavecTBeHHOM yposHe. Ilpu
HEYETKOM YINpAaBJE€HUH MO 3TOMy oOpasny co30aiT MOIEINb
neicTBUi onepaTopa ¢ NOMOMIbIO BbICKA3bIBAHMHA THIA «ECIH. . .
TO», HCHOJIb3ysl OOBIMHLIE CJIOBA. B ciyyae mpencrasieHHus 3Ha-
HUH 4eJIOBEK HE 3aMOMHHAET NaHHbIE B TOM MOPSAKE, B KOTOPOM
OHH MOSIBIISIOTCS, KaKk HE 3alOMHHAET W CBOH COOCTBEHHBIE
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JeicTBUs; oH 0600maeT ¥ ymopsa1o4HBAET AaHHBIE M ACHCTBHA
B BUAC 3HAHMH TaK, YTOOBI UX MOXHO OBLIO JIETKO NOHSTH
¥ B JaJbHeHIEM npocTo Kk HUM obOpaTtuThes. [lpencrasnexue
OCYIHECTBIISETCS] HA €CTECTBEHHOM $f3blke. BMecTo TOro 4ToObI
BLICTPAUBATh [EHOYKY UMCIOBBIX 3HAYEHUH, UENOBEK MPOBOAUT
HEYETKUE TPAHMIBI THIA «MAJbIH», «CPeOHUN» U T.IL., MPHUYEM,
€CJIM IpEICTABJIEHUE CBOJUTCA K CJIOBAM, MOXHO CYLIECTBEHHO
CIKOHOMHTb MaMsITh M MpUd HEOOXOIUMOCTH JIETKO BCNOMHHUTD.
Bnaroaaps mpUMeHEHHIO HEYETKUX CJIOB MOXKHO JIETKO IpejacTa-
BUTL CJ1yYad C HeloIHbiMA AaHHBIMHA. CyImECTBEHHO TO, YTO MpPH
TNPEACTABNCHUM 3HAHMH YEJIOBEK MOJIL3YETCS CJIOBAMM, M ITH
CJIOBa HEYETKHE.

Utak, MOXHO BOCTOIbL30OBATLCH JOCTOMHCTBAMH HEYETKOH
JIOTHKH 4 ee ocobeHHocTAMH. B o0nacTax, He cBA3aHHBIX C yIIpaB-
JIEHUEM, MOXKHO MO-HOBOMY B3TJISIHYTh HA 3a[1a4M: a HET JIM B HUX
obIero ¢ To4kH 3peHUsd 3QPEKTUBHOCTH HEYETKOM JIOTHKH,
obHapyXeHHOH 0pu ynpapieHuu? DTO MOMOXET HAUTH MyTH
pellieHts 3aJa4, KOTOpBIE HEBO3MOXKHO OBLIO IMpeayCMOTPETD
M3BECTHBIMU MeToaMu. Mexay 3agayamMu U3 obJacTH ynpabJe-
HHUS W 33Ja4aMHd B3 ApYyTHX obracTeil 3HaHUH 4aCTO €CTh MHOTO
obwiero, ymayHble MpUMEpbHl HUCNONb3OBAHUSA 3HAHUM YEIOBEKA
B HCYETKOM YIPABJICHUU MOTYT CJIY’KUTh Ba)KHBIM OPUEHTUPOM
B IPOMBIIINEHHBIX [TPUMEHEHUAX HEYETKOU JIOTUKH.

3.2. YIIPABJIEHUE JOMEHHO# MEYbIO

VipaBieHue J0MEHHOH MeUblo, BAXXHOH KOMIIOHEHTOH B TeX-
HOJIOTHYECKOM MPONECCE HA META/IypPrH4eckKoM NpeAIpHITHH,
OCYILIECTBIUIOCH 0 NOCHEIHEro BpEeMEHU TJIaBHBIM 00pa3oM Ha
OCHOBE MPOU3BOACTBEHHOTO ONBITA U 3HAHUH TEXHOJIOTOB Y OIe-
patopos. Ha Metannyprudeckom 3aBoge ¢upmMsl NKK B T.
dykysaMa 1715 yOpaBaeHusl JOMEHHOH Nedbio ObIM UCTMOJIB30BA-
Hbl METOAbl MHXEHEpUH 3HAHMI W pa3paboTaHa JaTYHKOBAs
3KCHEPTHAS CUCTEMA yNPABJIEHUS TEIIOBBIM COCTOSAHUEM JOMEH-
HOU Teuy (Mnu HarpeBOM MeHd) B pealbHOM BPEMEHHU.

JloMeHHas mevb NPEACTABIAET cOOOH TUTAHTCKUH U CIIOXHBIA
OOBEKT, B KOTOPOM MOKA €I11€ HEBO3MOKHBI HENMOCPEICTBEHHbIE
H3MepeHHus, cBA3aHHble ¢ HarpeBoM. [lockosbky noka3aunusa gaT-
YUKOB, UCTO/Ib3YEMbIX JJIS1 KOCBEHHBIX U3MEpEHUI HArpeBa Me4H,
BK/IIOYAKOT WIYMbl, MHTEPHOpPETALMs MOKa3aHUH OyAeT HEMPEMEH-
HO COAepaTh HEYETKOCTD.

B nanHOM cHCTEME TaK e, KaK Y IpY HEYETKOM YIPaBJICHUH,
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B Ka4ecTBe CpeICTBA MpPEICTABJIEHUS «HEYETKOCTH» Harpesa
UCIONb30BaHb! GYHKIHS NPUHANJIEKHOCTH H ONpelesIeHHe MoKa-
saTens poctoBepHocTH (certainty factor, CF). Kpome Toro,
GyHKIES TpHHAIUISKHOCTH HaleNeHa crnocobHocTeio K oOyve-
HMIO, YTO MO3BOJISET OBICTPO M JIETKO pealMpoBaTh HA OTKJIOHE-
HHS TNAapaMeTpoB JOMEHHOro MNpOoIecca, OMEpAaTHBHYIO 3aMEHY
obopy1oBaHMS ¥ M3MEHEHHE peXUMOB paboThl

Huxe onuchiBaeTcs HEYETKOE YNpAaBJICHHE B 3KCIEPTHOH
CHCTEME YIpAaBJICHASI HATPEBOM IICUH.

3.2.1. PABOTA NNEYHU
U CUCTEMA U3MEPEHUA U YIIPABJIEHUA

VYcrpoiicTBo B pabora neyu

JloMeHHas mevb COCTOUT U3 KOPIyca, 3arpy304HOTO YCTPOHCT-
Ba, BO3MyXOHArpeBaTeNeH, BO3AYXOAYBKH Ui MOJA4d TOPSYETo
BO3yXa, ycTpolcTBA OYHCTKH rasa, oOpasyromerocs B TeYH,
W METKM Ais 4yryHa (puc. 3.1).

B moMeHHylO MNe4p 4epe3 KOJOLIHMK TONEPEMEHHO 3arpy-
KAKOTCA arjloMepaT — IPOAYKT CNEKAHU ST MEJIKOH XKeNIe3Hoi pyasl

3azpyspunoe
yempodemso

il

Aznomepam

. Bosdyxowazpesamens
Yempoicmsg
OVLETINY 2230

Pezenepamopras
Kamepa eopenus

Hsgecmusx vyeyna u waana

Yempodemse dns Kogu

omKpSIMUS NEmKU

Puc. 3.1. YcTpoHcTBO AOMEMHOH medM.
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U xokc. Yepes HECKOIBKO ACCATKOB PACHOJIOKEHHBIX MO OKpYXk-
HOCTH (QypM HENpepbiBHO BAyBACTCA HarpeToe AyThe ¢ TEMIEpPa-
Typoii 1100 °C, B pe3ysbrarte 4ero Kokc ckuraercs. Ariomepat
NOCTENEHHO OMYCKACTCsl U3 KOJOIUHUKY B HMXKHIOIO 4acThb (~6
M/4ac) U 3a cueT BOCCTAHOBHTEJILHOrO rasd, obpasyromerocs
OpH CTOpaHHH KOKCA, HEMPEPHIBHO BOCCTAHAB/IMBAETCA W ILIA-
BHTCSL.

JlomeHHast Meup UMeeT pHIMHApHYecKylo GopMy, mmamerp
koJomnyka - 10 M, a HukHe# yacTu —oxkoo 15 M. Pacctosiaue ot
YPOBHSI 34CBINKY LIHUXTHI 10 OCH JETKU JUIS 4yTyHa COCTaBJIsET 10
40 M. BuyTpeunuit o6bem meuu npeBbiliaeT 5000 m>, a Macca
BBIILTABJISIEMOTO 33 CYTKH uyryHa nocturaet 10000 1. XapakTtep-
Hple OCOOEHHOCTH TAKOH KpyNHOH IOMEHHOH MeYH COCTOST
B CJIEAYIOIIEM.

1. 3a cueT aTMOCcEpPHI ¢ BLICOKOH TeMMepaTypoit ¥ BHICOKHM
JABJICHUEM B MEYH OJHOBPEMEHHO UAYT peakiiud Tpex ¢a3-—ra-

Anarusame)
KONOUHUKGEDSD 2A30
Maromemp
—_
p —_ KOAOUKUROEOTT 2030

Aamyur memnepanyps;
A L

Ypossas sacsmz
| Nadrowycrerd 308

T Hsmepumenu pacapedenenus
e Jacppwaemozo Mameprasa

Bepruui .
Aznomepam . 20pU30HMANSHEIE 30HT
Kowe —r————— Henodsuwwsri 3047

Aamryzr memnepamyps:
\ Knadra waxms &

o—— Aamyex cmamuvecxozn
dasresus

——

Jowa Huxwui 3083
ANaEnERLS
Jamyurx. memnepamypsy
Axmugras H"Xosodnot niumss o
sona Bempoewwsré & gypmy
Iowa Jamver memaepanyps;
QuUpryngyuy — Pacxodomer FymsA
ROXCa i
I Marnomemp dymes
[nar — Semxa dnF
Wudnud “y2gna Aamyur snawnocme fymss
vyagn Aamvax memnepamyps) fymes
larrvar memuepamyps!
——___CImenra 2opna
-durryun memepargpsr

Pyc. 3.2. Cxema pa3mellieHdsl JATYMKOB B JIOMeHHOH meuu.
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3000pa3HO#, TBepaod M >KMAKOW. DTH peaknuu Ype3BHIYAHHO
CIIOXHBLI M BJIU3KH K «MEPHOMY SLIHAKY».

2. Harperslii BO3ayX., IpeBpAIasch B BOCCTaHOBHTENBHBIN
ras, MPOXOAHUT PAcCTOSHUE OT HUKXHEH YacTH Meuu 4O KOJIOIIHH-
Ka 3a HECKONMbKO cekyHA. Bpems mnpeGbiBaHWsi IIMXTH B HEYH
coctapiser 6-7 4. Takum oOpa3om, npomecc umeeT GOJBINOE
BpeMSs 3ama3abIBaHUs.

3. MMocne 3aayBkM meyb gO/XHA paboTaTp HENMpEPBIBHO [0
OCTaHOBKH HAa peMoHT (okono 10 seT).

JloMeHHas neyb A0JDKHA ObICTpO peardpoBaTh Ha H3IMEHEHHE
NPOU3BOJACTBEHHBIX TUIAHOB M paboyero pexxuma H obecneuuBaTh
CTabUIpHOE TPOM3BOACTBO BBHICOKOKAYECTBEHHOrO 4yryHa. B
CBS3H C 3TUM oOS3aTEeNIbHLIM YCIIOBHEM SBJSETCSA Hajjiexaiiee
MOAEpXKAHUE HArpeBa, I8 4Yero HeoOXOJMMO MOCTOSHHOE H
TOYHOE yIpaBlieHHe HarpesoM. [[ns Toro 4To0bl moaNEpXHBATD
CTaOUJNIBHBIH HArpes, ciaenyer H30erate OXJIAXKIACHUA MEYH H3-3a
omubox B paboTe U BO3HUKAIONMX I[PH 3TOM AHOMAJBHBIX
SBJIEHH THMA ocagkKd H KaHaibHOTo Xoja V.

3.2.2. HATPEB JJOMEHHO{ ITEYU

Cripbe, 3arpyxaeMoe 4epe3 KOJIOIUHHK, 34 CHET ICHCTBHA
BOCCTAHOBHTEJILHOTO Ta3a, o6pa3ylomerocs Npu CXKHTaHH¥ KOK-
ca, BOCCTAHABJHBAETCA M IUIABHTCS; XXHAKHMA 4yrys H NUIAK
OTYyCKAaOTCA M CKAIUIMBAlOTCs B HIDkHeldl uacTH meud. Ilop
HArpeBoM Mevyd MoJApa3yMeBaioT TEMIePATypy XHAKOTO YyryHa
¥ raza B ee HikHeH dacTu. B obmeM ciyvae Nnpd HOBBIIIEHHOM
Harpese BO3pACTAET KOIHYECTBO NMpUMecEH B 4yryHe, H KaYeCTBO
ero majaet. Ecnu Harpes CJIMLIKOM Mall, TIaBJIeHHE arjoMepaTa
3ana3apIBaeT ¥ CHHXKaeTcsl 06beM NpOH3BOACTBA YyryHa. Takum
006pa3oM, HArpeB SIBNIFETCS BaXKHBIM HHIHKATOpOM pabouero
COCTOSIHUSL me4d. Bmecte ¢ TeM MeTon HemocpeacTBEHHOro

D Ocanka - snfiedne Pe3KOro OCENAHMSA CHIpBS 324 CHET COCKAJIB3bI-
BAHHA U3 COCTOSIHHA NMOABHUCAHUSA (NPHOCTAHOBKA ONYCKAHHMS 3arpyXeH-
HOTO ChIpb#1). B COCTOAHUSIX MOXBUCAHHA U OCAAKH M3MEHSETCA 00BEM
CBHIpbS, MOJJIEXALIETO BOCCTAHOBICHHIO W pPACIIABJICHHIO, M Harpes
CTAHOBUTCS HeycTOMyMBbIM. KaHanbHbIH XOA—SBJICHME, P KOTOPOM
CUa JABJICHUA BOCCTAHOBHUTEILHOTO [a3a NPEBLIAET BEC 3arpyXXKaeMoro
MaTtepyana M ra3 pe3Ko YCTPEMSETCK K KOJOLUHHKY Yepe3 KaHallbl.
BoccTanosuTenbHBIA Ta3 IpU 3TOM NPAaKTHYECKH HE y4acTBYeT B BOCCTa-
HOBJICHHH CBbIPBS, UTO BBI3BIBAET OXJaX/ACHHE MeyH.
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U3MEpEeHHUs HATpeBa 110 CHX Nop He pa3paboTaH, No3ToMy B Kaue-
CTBE HHOMKATOpA HCMOJIB3YIOT TEMIIEPATypy 4yryHa Ha BBIXOZE
H3 neyu.

Harpepom neuu MoXXHO yrnpaBiasTh, H3MEHSS Maccy TMOJa4vH,
NOPSAAOK 3arpy3kH MaTepHasloB, 00beM, TeMMEpaTypy U aaBJe-
HUE FOopsAYeTo AYThbs H BIAXHOCIB ayTbs. Juist 3T0TO Ccrienuaiu-
CThl Ha OCHOBE ©XKEJHEBHDLIX PE3Yy1bTaToOB PadoThl, MCKa3aHHUH
60J1bUIOr0 YUCIA JATYMKOB, pabOTAIOIHUX B peaibHOM BpEMCHH,
UHpOpMAIUH, MOJIYYaeMO# N0 CTATUCTUUECKOH MOJENH, U IIpak-
THYECKHX 3HaHHUH 0 paboTe npoOTrHO3UPYIOT HarpeB U COCTOSHUE
neyd (mpd KOTOpbIX BO3HUKAIOT OCaAKa ¥ KaHAJILHBIH XOX)
H HOpedycMaTpHBAIOT ONTHMH3ALNIO 3aTPY3KH CbIpbs U HarpeBa
OyTbs.

Cucrema H3MEPEHHN H YOPABJICHHA TOMEHHOH Nevbio

CocTosiHMEe NeYd HENPEPLIBHO MEHSCTCH, M NMPH HAPYIIECHUH
PaBHOBECHSl BHYTPH NEYH MEKAY 3aIpyKAEMbIMU MATepHATaAMHU
W JaBJICHUEM Ta3a BO3HUKAIOT aHOMAJILHLIE SIBJICHUS TUIA ocaj-
KU M KaHAJTBHOTO XoJa. B 3ToM cirydae cylliecTBeHHO H3MEHSIETCS
M HarpeB. B cBA3uM ¢ 3TUM [UIS yHpaBieHUs HEOOXOAMMBI
JATYMKM, a TaKkXkKe MOIENb i [POTHO3ZHPOBAHHUSA COCTOAHHS
ey U €€ Harpepa.

Ha puc. 3.2 noka3aHo pa3MemeHue naTYMKOB. B kauecTe
JATYMKOB WCMOJIb3YIOTCS B OCHOBHOM [ATHHKHM TeMIEpATYpPbl
u gaBieHus. Mx unciio B kaxpoi neun gocruraet 1000. Iokasa-
HHUS 1aTYHKOB 00pabaThiBalOTCs Ha KOMIILIOTEPE M ONEPATHBHO
B BUAE AHArpaMM M3MEHEHHUH M pacnpedelicHHH npemocTaBis-
1oTcsa onepatopy. Kpome Toro, 6wino paspabotano Gomblioe
YUCIIO MOJIENIEH yNpaBiIeHHsS HarpeBOM, KOTOPBIC UCBITHIBATUChH
B peaNbHBIX yCJIoBHsX. OfHAKO, HOCKOJBKY B MEYH HPOTEKAKOT
OIHOBPEMEHHO TpH CJIOXKHBIE B3aHMOCBA3AHHBIC pEAKIMU ra3o-
BOH, TBEPAOH M KUAKOCTHOH (a3, MoaeNu I NPAKTHYECKOTO
NPUMCHEHHA noKa eme HeT. [loaroMy mis yrpaBieHHs IOMEH-
HOHM MEYbI0 IIMPOKO HCNONb30BANK 3HAHUS BBHICOKOKBAJTUGHIH-
POBaHHBIX OMEPATOPOB.

TeMnepaTypa KHIKOro 4yryHa Kak noka3aTeslb HAarpesa

Knjaxuit 4yryH H OUIAK, CKOMHUBIUMECS B HUXKEH YACTH MEYH,
NEPHOIUYECKH BHIMYCKAIOT U3 NEYM Yepes HeTHIpe JIETKU. B ckuM-
MEPHOM YCTPOUCTBE INIaBHOTO XeI00a 3a cYeT pa3HOCTH yuellb-
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HBIX BECOB TPOHCXOJAT pa3aelieHHe 4yryHa M uuiaka. YyryH
cnuBaetcs B Kol (eMkocTbio 200-300 1) u TpaHcnopTupyeTcs
B crajeluaBiibHbll mex. HInak ciMBaioT B IIJIAKOBYIO AMY.
Cpasy e nocie pasleneHHs 4yryHa M lUlaka H3MepseTrcs
TeMrnepaTypa 4yryia B CKHMMEPHOM YycTpoiicree (puc. 3.3).
BpeMs Mexay BLITyCKAMM 4yI'yHa OHNpPERENseTcs ¢ y4eTOM H3HO-
ca (yTHpPOBKHM JIETOK M XKejoba W cocTaBiisseT OOBIMHO 2-6 4.
TakuMm 00pa3oM, H3-3a NMEpUOAWYHOCTH BBIMYCKA YYryHA €ro
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TemuepaTypa (pHc. 3.4) cooepXHT cCBOHCTBEHHYIO TpolEeccy He-
OmpeIeEHHOCTD.

B obrueM ciyqae gake MpH yCTOHYUBOM HATPEBE MEYM H3-3a
[UTMTENBHOrO MpeOBIBAHAS YyT'YHA B TMEYH MPOUCXOTUT OCTHIBA-
HHE TOpHA, KpOME TOrO, U3-3a MAaJEHHS TEIUIOCOACPKAHHUS dyry-
Ha B XKellobe, KOTOPBIH CyXUT i HETO pycioM, TeMIepaTypa
OKa3plBAETCs 3aHIKeHHOW. IIpH BbIMycke BpeMs HaXoXKOeHHs
YyryH2 B NeYM yMEHbINAETCS M Jemaib OCTHIBACT B MEHbLIei
crenend. Temmepatypa xenoba MOBbIILIAETCH, M TEMIEPATypa
4yryHa HAYMHAET MOCTATOYHO TOYHO OMHUCHIBATHL HATPEB.

TakuM 00Opa3oM, B TEYEHUE HEKOTOPOTO BPEMEHH IOCIE
BBINMYCKA HEJIb3sl MOJYYUTh HH(OPMApHIo, XOpOLUO OMHUCHBAIO-
myto Harpes. bosee Toro, usmeHeHne TeMnepaTypbl 4yryHa BO
BPEMs BBINYCKA HENOCTOSHHO M 3aBUCHUT OT YCJIOBHH paboThl
neud. Temnepatypa uyryHa, ucnonbiyemas B kauecTse uapopma-
MM O HArpeBe, BCETAA COAEPXKHUT HeolpeaeNeHHOCTh. M3-3a
3TOTO MpH OEHKE HArpeBa Nnevu o TeMmInepaType YyryHa cleayer
YYHMTBIBATL BpeMs OT Hadala BBIMYCKAa H YCJIOBHS paboTHI,
a TaKKe HEONpPENEIEHHOCTh, CBOHCTBEHHYIO MPOLECCY.

3.2.3. JKCNEPTHASA CUCTEMA
YINPABJEHUA HAPEBOM NEYU

CTpyKTYypa CHCTeMbI

Cuctema (puc. 3.5) COCTOUT U3 yNPaBISIOMETO KOMNbIOTEPA
(koTopBI# OCymEcTBIAET c60p NAHHBIX OT JATYMKOB M HX OpE-
BApUTENLHYIO0 00PAGOTKY a1 NpeacTaBAECHUS B BHAE, yA0OHOM
JJI JIOTHYECKUX BBIBOAOB), MPONECCOPA UCKYCCTBEHHOTO HHTEN-
nexta (MH) (xoTopbiit. ucnonbiya 6asy 3nanmii, KeJa€T BHIBOIE
O Harpese ne4u) ¥ IMGpoBoH KOHTPONbHO-U3MEPH T€IbHOM anna-
paTypbl, YOpaBJsAouel HArpeBoM 10 pe3y.abTaTaM BbIBOIOB.

IMponeccop MM comepKuUT nporpaMMHLle CpeacTBa TOAIEPXK-
KH IKCHEPTHOH CUCTeMBbI Ha Oase s3blka Jluen (cpeactea M)
H MaIllMHY BbIBOJIOB, UHTEPIPETUPYIOIYIO 3HAHUS. YTIPABIIfIO-
LA KOMMBIOTEP KpoMe QyHKIMI npeaBapuTeabHoi 06paboTku
JAaHHBIX OT JATYUKOB OCHAmeH GYHKUMSAMM dHAJIM3a JAHHBIX
M QMarHOCTHKH HArpesa Mo MaTeMaTH4eCKOH Moaesd, paszpabo-
TaHHBIMH Y MCHONb3yeMpIMH paHee. Ha ocHose undopmanyd o1
OATYHKOB ¥ 0a3bl 3HAHUA B CUCTeMe [IEJIAETCH BHIBO O TEKYIIEM
YpoBHE Harpesa ¢ nepuonoM 20 MHH U 06 yBeTHYEHHH HIHM
YMEHBILICHHA HArpeBa; MO pe3ylbTaTaM BHBOAA C MOMONILIO

I'rasa 3 77

nevs Sempotcmee Snpaerswoa ud
¢Bapa Fonrsix Komnsiemep

THHBIX D777
MYUR 08 E il e ad

!

T paduzuonw
cucmena Panxyus xpa-
yApasnenuR ENeR Bannbix

=
lgosd,
e 1

Bramnocms dymest
e h——1 '

- 'ylzTM_/leﬂ
TAonaZ;

i @EM_F -
\odutmrod zasa |

Bo3dyx Uupposse KONTIPOMAND"

H. f
npubops: u
gempodcmea

Y

! |

I }

! !

i !

| /\ é Nap
$ naepe- i

; {

Puc. 3.5. CTpyKTypa 9KCREPTHOMH CUCTEMBl YIIPABIEUUS HATPEBOM MNEYM.

NpaBHN YINpaBJIeHUS] ONpPENeAOTCS OO0beM HyThsd M OpYTHe
napaMeTpsl yHpaBJeHHS.

Mexauu3iM BHIBOIOB

MexaHu3M BBIBOHOB NpencTaBieH Ha pHc. 3.6, McTovuHHKH
3gaHmii (U3) obbeguudaroTcs B GJIOKH Ans KaXAoro (yHKIHO-
HAJIBHOTO 3JIEMEHTA CUCTEMBI, BKIIOYAIOT aTpuOYyTH NAaTYHKOB
H TpasWia ¥ pasMenaroTces B nponeccope MHW. [lanHple ot
NATYHKOB, cOOpaHHbIE KOMIBIOTEPOM, NpeobpasyroTes B dhakTu-
4eckHe gaHHpIE [UIS BHIBO/IA M 3AMHCBIBAIOTCSA HA JOCKY OOBSBIIeE-
amid P (J10). TMponecc BHIBOjA O HArpeBe Ha4MHAeTCs C 3amy-

Y O6nacts namaTH, oflienocTynHas Ui BCEX MOAYJCH CHCTe-
Mbl— [Ipum. nepes.
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Puc. 3.6. Cxema BBIBOJA IPU YIPABJCHUM HATPEBOM.
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CKa MallIMHbl BBIBOJOB C HOMOIIBIO MEXaHU3MA NJIaHHPOBAHHS
B peaJIbHOM BPEMCHH. 3aTCM MallIMHA BbIBOAOB 3anyckaeT U3 06
ynpaBieHud BbiBonoM. Hanpumep, ecau u3 Hexotoporo U3
0 [J4TYUKAX BBIBOUTCS MPOMEKYTOUHOE 3aKIIOYCHME O HAIPEBE,
TO ITo 3aKJrouenue ¥ uuopManus, otHocsmascs k U3 o Harpe-
Be, 3anocstes Ha JO. VnpaBieline BBIBOZOM BCeraa oCyriecTs-
aseTcs no uHdopManuu Ha J1O ¢ nocnenyromuM onpeeeHHeM
13, xoTophiid clenyer 3aMyCTHTD.

TexHo/0rHYecKHe 3HAHMA 00 YOpaBJ/ICHHH Harpesom

Ha puc. 3.7 B paMkax HH)XEHEpHH 3HAHHHA MOKa3aHO pa3BUTHE
TEXHOJIOTHHYECKHX 3HAHMH, HCHOJB3YyEMBIX A0 HACTOSAINETO Bpe-
MeHH [UISl YpaBjieHUs HarpeBoM. Cpead 3THX 3HAHHA HMEIOTCA
JUaTHOCTHYECKHE 3HAHMS O Harpese, (pyHAaMeHTaJIbHbIC 3HAHHUS
0 OIOMEHHOM meyun, oObIYHbIE 3HAHMA (34paBblif CMBICIT) onepaTo-
pa neud # ap. /marHoctudeckue 3HaHMS CONEPXKAT CBEICHHS,
MO3BOJIAIOLIME JMATHOCTUPOBATL HATPEB MO HAOIIOAEHUSIM oOTIe-
paTopa (ycloBHsl CTOpPaHHs XOKca nepeq GpypMaMH, nBeT LIaKa
Ha BBIXOJI€ U T.T.), ¥ 3HAHUS JUIS MOJIy4E€HUS H OPOBEPKHU [UIOTES
O HarpeBe MO XapaKrepy crepuanbHoit nHGopManud. OnepaTtop,
MI'HOBEHHO CONOCTABJIsIsl 3TU 3HAHUS, OLCHUBAET HACpEB M Mpo-
H3BOTHT HEOOXOgMMble NEHCTBUA, MPHMEHsAsS 3HaHMS 06 ympas-
JICHHH HarpeBoM, pYyKOBOICTBO MO 3KCIUIyaTalMH U ApYIyro
“HpopMaruro.

®ynnaMeHTaNbHbIE 3HAHMS O _JIOMEHHOH Yy comepxkat
crieruajibHble 3HaHUA, NoJlydaeMble MPH TEOPETHYECKOM aHalu3e
B paMKax TEOpUM MeTAJLTypruyecKuX peakuuid, CBEJCHHs, NOJy-
YaeMmble ¢ MOMOMbI0 3aMOpAXUBaHUA V), M TeXHHKY SKCILTyaTa-
MM, TIOATBEPXIEHHYI0O MHOrOJETHHM onbiToM. KpoMe 3THx
3HaHMH CyImECTBYIOT OObIYHbIE 3HAHHSA, HUCHOJb3YEMbIE TOJBLKO
crenuaJucTaMi No JoMeHHoH neud. Hampumep, 3oHa niasne-
HHs —~3T0 30HA BOMM3H 1250 °C, B KOTOpPO# NPOUCXOMAT pa3Msr-
YyeHHe U TIABJICHUE pybl; OABUCAHUE —3TO SBJIEHHE BpeMEHHOM
TNpPHOCTAHOBKH ONYCKAHHUS CHIPbS B TIEHH H T.1IL

) MccnenoBanus ycloBUi BOCCTAHOBIEHMS M TLIABICHMS arjioMe-
paTa M Kokca B Ne4d NpOBOAATCA MYTEM NPEKpALIEHHH AYThA B ACHCT-
BYIOIHYIO 1i€4b, 3aAHBKU BOJIOH M M3BJIEYEHUS OCTATKOB Yepe3 KOJOIIHHK.
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TlpeacTas.ienne 3HaHAH H 6a3a 3HAHMIA

B pgaHHO#H cHcTeMe i OMHCAHHS CHEIHANBHBIX 3HAHHUH,
HCIOJIB3YEMbIX IS BbIBOAA, BBEJCHBI TpH GOpMBI mpencTapie-
HHS - MOPOXA4IOmHKe NpaBuiaa, ¢peiiMbl u ¢yHkmuu Jlucma.
OCHOBHAS YacTh 3HAHM MPEUCTABISAETCS B BHAEC MPOAYKIIHOH-
HBIX MPaBKil, PACTIPEHESETCS MO QYHKIHOHATIBHBIM 3JIEMEHTAM
CO CBOUMHY IPaBUJIAMH U ATPUOYTaMHU JATYMKOB U 00bEIHHAETCS
B O10kH, 00pa3ys MepapXu4ecKylo CTpYKTYpY.

Ha puc. 3.8 nokasaHbl npuMep MpaBuUll 4 CTPYKTypa 6assl
sHaHuii. HampuMmep, rpynna M3 o Harpese cOCTONT U3 4eThIpeX
H3; U3 o teMnepaType XHAKOTO YyTYHA MO H3MEPEHHOH TeMie-
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6-5830 Puc. 3.8. CtpykTypa 6a3nl 3HaHHii.
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paType XHAKOro UyTyHa fAelaeT BBIBOJ O HArpPeBe ¥ CONCPXUT
OKOJIO NEeCATH mpaBwii. BelBoj O TeMmmepaType MyryHa henaercs
C y4€TOM BpEMeHH, MpOLIeIIEro ¢ Ha4ajia BIOYCKA, W HACHA
KOBIIEH, HCHONb3ys MPHUBEIEHHOE HW)KE MOHATHE HEUETKOro
MHOXXECTBA. 3aTeM JenaeTcs BBIBOA O HATPEBE C HMCHOJIb30BA-
HueM M3 o cojaepxanuu B uyryHe Si, S ® Apyrux 3J1€MeHTOB.
MMocJie OKOHYAHKA 3TO# 06paboTku 3amyckaroTcs M3 o maTinkax
1 U3 06 OlieHKe YeI0BeEKA, ¥ MO Pe3yIbTaTaM BHIBOAOB B KXAOH
rpynne W3 nenaeTcst 3aKIIOYMTENbHASA OlEHKA YPOBHS HArpesa.

@peiiMbl cOIepXKaT MOCTOSHHBIE BEJIMYMHBI, KOTOPbIE CIYXKAT
HCXOIHBIMHY SAHHBIMH [JIS BbIBOZA: BIAXHOCTH ¥ TeMmepaTypa
OyThs IJIA yOpaBJIEHHsS HAarpeBOM, COAEpXaHue KOKca, 3aJar0-
[IHe BEJMYMHBL BO (peiiMbl 4acTO BKIIOHAOT 3HAHHMA OOIIETO
XapaKkTepa, MO3TOMY CTAapajoTcs MOBBICHTE 3((EKTUBHOCTD
OpelcTaBieHus] 3HAHHH, MCIONB3YS UX TMPEeMCTBEHHOCTD.

C nmomoinpio ¢pyHknmit Jlucna onMChHIBAOTCA 3HAHUS Opone-
OyPHOTO THNA [/ BBIMMCIIEHHs MOMPABOK K mapameTpam pabo-
yero BO3IeicTBHA MO CTENEHH AOCTOBEPHOCTH, PENCTaBISIOIIEH
4eTKOCTb B 3HAHHSAX, ¥ MO MPEALICTOPUH M3MEHEHUS 3a[AIOLINX
BEJIMHUH.

Hpencrasienne HeueTKoOCTeH

Ognua u3 npobGyieM NAaHHOH IKCIEPTHOH CHCTEMBI, COAEpXKa-
meil SMOMPUYECKHe NpaBWIa,— NPeNCTABICHUE HEYETKOCTeH B
3HaHuaX. JIig ee pelueHust OOBIMHO UCMOJNIB3YIOT CTEMEHH 1OCTO-
sepioctd CF BplBoma Ui KaX[OTo mpasuna Jaubo HeveTkue
MHOXecTBa. [Ipy HEYETKOM yIpaBJI€HHH, OCHOBAHHOM HA TEOPUH
HEYETKMX MHOXECTB, ¢ IMOMOMbK (QyHKOHA HMpHHAAIEKHOCTH,
MO3BOJAIONMX B €CTECTBEHHOM BHIE NPEACTABHTbL CyOBEKTHB-
Hble HEYETKHE IMOHSATHS, CBOMCTBEHHbIE YETIOBEKY, OMUCHLIBANOTCS
npodeccHoHaTbHbIe 3HAHUS KBAIM(UIMPOBAHHOTO ONEpATOpA H
peanu3yeTcs Ypas/ieHHe aHAJIOTHIHOE TOMY, KOTOPOE OH MOXeT
BBIMOJIHATE. B mpoOU3BOACTBE YyTYyHA TaKoe YNPABJICHHE YXe
paspabaTbiBaeTCs U BHEAPAETCS ISl ONEPATUBHOTO YIIPABJICHHS
MPOLECCOM arJIOMEpailud B peaJbHOM BPEMEHH.

BMecTe ¢ TEM JOMEHHbIH MpONEcCe SABISAETCA OYEHb CIOKHBIM
NpoUEcCOM, B KOTOPOM OIOHOBPEMEHHO MPOTEKAKOT PEAKIMA
Tpex a3 —razoobpasHoil, Teepoit 1 xuakoi. [ToaTromy mpodec-
CYOHAIbHBIE 3HAHMSA KBAIU(PHUOUPOBAHHOTO OMEPATOpa TPYAHO
OPENCTABATL TOJBKO (YHKIMAMH NPHHALJICKHOCTH M TaK XKe
TPYAHO peanu30BaTh YNpaBieHWE B BHIE €OMHOH CHCTEMBI.

Taaea 3 83

B cBA3W ¢ 3TUM B pacCMaTPHUBAEMOH CHCTEME B KAYeCTBE
crocoba mpeacTasiieHds OOIIMPHBIX OPOheCCHOHANBHBIX 3HAHUMI
HCIOJIb30BAJIM MOPOXAAIOIME MPABUNA, 4 B KaueCTBE CPEACTBA
MOpeACTABIEHUS HEYCTKOCTeH BBEJIM MOHSATHS TECOPHHM HEYETKHX
MHOXeCTB. Hapsaay ¢ mpocToTOi NPEnCTaBlieHHs 3HAHMA 3TO
MO3BOJIMJIO W30€XaTh YBEJMYECHHS YHCIA NpaBUl X COKpATHTH
BpeMsl BeIBOZA. B pe3ynpTate mOSBHIACE BO3MOXHOCTh ONEpa-
THBHOrO YNIPABJICHUA B peaJIbHOM BpeMEHH Ha 06ase 3KkCHepTHOA
CHCTEMBI.

Beenenne GyHKOMH NPHBANTICKHOCTH

Koraa cocTosmue Harpesa mMpOrHO3HPYETCS MO H3MEPEHHBIM
JHAYEHHsAM TEMIEpATypsl UyTyHa, OmepaTop HE cpa3y ompele-
JISeT ypoBeHb Harpesa. [109TOMy B JAHHOH CHCTEME HATpeEB,
KOTOpBI (DakTHYeCKH ABJIACTCA HENMPEPhIBHOH (yHkumeH, 6bu1
pasfle]ieH HA CEMb YPOBHell C y4eTOM OmbiTa omepaTtopa (Tabm.
3.1).

Tabauya 3.1. YPOBHU U COCTOSHME Harpesa

YposHH CocrosnHe Harpesa

CuiabHuif neperpes
[Teperpes

Jlerxuit neperpes
Hopmanbuuiil marpes
Jlerxuit Hemorpes
Henmorpes

CunbHbIA Heorpes

— N WAL

O6BLIYHO OmepaToOp MO OOHOMY 3aMepy BPSA JIM CKaXeT, 4To
HATpeB ceidac Ha CellbMOM YPOBHE; CKOpee BCETO OH chenaeT
BBIBOJI, 4YTO TEKYILIUH ypPOBEHb —11€CTON UM cembMoii. B nanno#
CHCTEME He JaeTCs OXHO3HAYHOTO 3aKJIIOYEHHS M0 (HaAKTHICCKHM
IAHHBIM (TeMmepaType 4yTYHA), a BBOJHTCS HEUETKOCTb, KOTO-
pasi [UIs O{HOTO 3aMeEpPa BbIPAXKAETCH MOKa3aTeJileM JOCTOBEPHO-
CTH 1O Kaxaomy ypoBHIO. Ilpemioxen cnocob mpencTasieHHs
MOKa3aTelis JOCTOBEPHOCTH HA KaXJOM YPOBHE C yieTOM ynob-
CTBA 3KCIUTyaTAIMH C IOMOIIBIO TPEXMEPHOH 0006IIEHHOH (HYHK-
MY NpHHAIIEXHOCTH, COCTOsAmER U3 Tpex 3/1eMeHTOoB: pakTHye-
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Puc. 3.9. O606ueHHas QyHKIMS NPHHAICKHOCTH.

CKHE HaHHBIE (HAmpHMep, TEMIEpaTypa 4yryHa), 3aKjIioucHHe
(HampuMep, ypOBEHb HarpeBa) ¥ MOKa3aTelb JOCTOBEPHOCTH.

Ha puc. 3.9 nokazaHa o600meHHas QyHKOust MPHHAIUIEKHO-
CTH JJIS TeMMepaTypbl 4yTyHa, ypOBHS HAarpepa M MOKa3aTens
moctopepHocTd aiis N-ro kopiia B Bemycke. Eciid, HampuMep,
U3MepPEeHHOE 3HAYEHHE TEeMMEPaTyphbl YyryHa cocTaBisieT X, TO
cedene Y-Z mpu X = X, €T MOKAa3aTeJlH NOCTOBEPHOCTH Z;
JUISL KaXXJ0ro yposHs Harpesa (j=1...7)

IMockonbKy cMbICT MHOOPMALMY U €€ HEUCTKOCTh MEHSIOTCH
CO BpPEMEHEM OT Havaja BBbINYCKa, B KauecTBe mapameTpa mJis
TeMIOepaTypbl Yyr'yHa B JAHHOH cHcTeMe BLIOpAHO YUCIO KOBILEH
B Bhimycke. Kpome Toro, 0606imenve GpyHKnuy NpHHAANEKHOCTH
BBEJIEHBl HE TONBKO [JIst TEMIepaTyphl 4yryHa, HO M [UIst Opyroi
HHOpMaHH OT AATYHKOB, CBA3AHHBIX C HATPEBOM.

Cnocod ¢opmuposanns ¢yHkmmii NpHAaLIeKHOCTH

Huxe onucan cnocod popmMuposanus 06001eHHbIX GyHKnuit
MPHHAJIeKHOCTH, HUCNMONb3yeMbIX B HaHHOH cucTeMe. Ha puc.
3.10, @ mocTpoeHa 3aBUCUMOCTb MeXAY U3MEPCHHBIMH 3HAYCHU -
MH TeMrnepaTypbl uyryHa (ock X) aist N-ro KoBllia 1 MAKCHMAJIb-
HO# TeMIEPaTypoil 4yryHa BO BpeMs BbIMycKa (OCch Y), HAMIIYyY-
muM ob6pazoM omuchiBatomeii warpes. Ha puc. 3.10,6 ata
3aBUCHMOCTD MpEACTaBicHa B BHje (QYHKNHMH MPHHAMICKHOCTH,
NMPH 3TOM BBIJIEJIEHBl ONpeaesieHHbIE TeMmepaTypHble obnacTy,
a mo ocd Z mOKa3aHAa 4acTOTa MOSIBJICHHAS MAKCHMAJIbHBIX
TeMmmepaTyp B Kaxgoil obnactu. Ha puc. 3.10,¢ mnokasana
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Puc. 3.16. Metoa dopmupoBanus o600meHHOM GYHKIMH NPHHAMIEXK-
HOCTH.
a—-TeMieparypa 4yryda B N-M KoBlle H HauOosbluas TeMnepaTypa ILIaBKH;
6—-npencrabieHye GYHKIMH NPHHALICKHOCTH; 6 -NPEACTAB/ICHHE PACIUHpeHHOH
(yHKUHY NPYHAATEXKHOCTH.

00606meHnas (yHKUMA NPHHAUIC)KHOCTH, KOTOpas NOJy4YeHa
HyTeM aNMmpOKCHMAIHA BceX (GYHKiM# TpHHAIJIEKHOCTH B BHAE
TpeyroJIbHUKOB H COEJMHEHHEM COOTBETCTBYIOMUX BepiuuH. [1o-
CKOIIbKY TeMmepaTypa JXHAKOTO YyryHa 3aBHCHT OT BpPEMEHH,
HPOILEAILEro nocje Ha4aga BeIMYCKa, M YCJOBHH paboTsl mevw,
6buM moarotosiieHsl 6onee 30 0600IeHHbIX GYHKIMH MpHHAL-
JIEXHOCTH, C TEM YTOOBI MX MOXKHO OBLIO BLIOMpATh aBTOMATHYE-
CKM B 33BHCHMOCTHY OT ycJIOBHH paboThl. @opMbI 3THX QyHKOHUHA
ONHCHLIBAIOTCA B BHIAE (peHMOB.

OOGyuenue 06001ennoil GyHKIMH TPHHAMTIEKHOCTH

Eciau ynpaBlieHHE TPOMECCOM OCYILECTBJIsSETCS Ha OCHOBE
npodeccHOHABbHBIX 3HAHUM ONMEpaTOpOB, KaK B NAHHOMN CHCTEME,
TO 3pHeKTUBHOCTb CHCTEMBI OYAET 3aBUCETH OT TOTO, HACKOJIBKO
(GYHKUMH TPHHAANEXHOCTH, BBIPAXAIOIIUE HEYETKOCTH, COrJa-
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cytoTcsi ¢ NpoeCCHOHANLHBMY HABbIKAMH OTIEPATOpA. Bonee
TOr0, 3TH HABLIKY MOCTOSHHO H3MEHSIOTCS NpH CMEHE obopyno-
BaHHS M yCJIoBMil paboThI MEYH. )

Mo STHM NMpHYUHAM CPOK CIyXObI CACTEMB! B 3HAYHTEIbHOH
CTEMeHH 3aBHCHT OT CIOCOOHOCTH (QYHKIMHM MPHHAIICKHOCTH
OTCHIEXHBATh U3MeHEHHs B 0BOpYIOBAHUM H YCIOBHSX paGoThL
B 1aHHOl CHCTEME C YUETOM 3TUX OBGCTOATENBCTB 000OMIEHHBIE
(yHKOMY DpPUHAIEXHOCTH HAMENEHbI CIOCOOHOCTBIO K 0obyue-
HHIO 10 METOOy, MokasaHHoMy Ha pHc. 3.11. B kommbioTepe
HAKAIUTHBAIOTCS JAHHBIE OT JATYHKOB M JaHHBIE O paboTe medH
33 HECKOJBbKO MOCIEIHHX MeEcANeB; BpeMA OT BpEMEHHM 3Td
IAHHBIE H3BJIEKAOTCA, U3 HHX yOAIAOTCA aHOMAJIbHBIC NAHHBIC,
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Puc. 3.11. OGyualoneecs ynpabienue no 0GOOWEHHON (yHKUHM TpH-
HAJUIEXHOCTH.
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TaKde, KaKk JaHHbIEC, OOJYYCHHBIE IO U MOCIE€ OCTAHOBKA HOyThH
WM BO BpeMsi aHOMAJBHBIX SABJICHHH (OCaiku M KaHAJBHOrO
X0Qa), maHHbIe I CJAYy4aeB, KOTIA MMEITCA pe3KHe pacxoxie-
HAS MAaKCHMaJIbHBIX TEMIEPATYP YYTYHA BO BpeMs BbIycKa O
U MOCNe mepeKphiTHA JIETKH, M APYTHE NaHHBIE. 3aTeM BBIIENS-
10TCst yeThIpe ciiydast (Tabia. 3.2) ¥ mpoBOOMTCS aHANU3 MPHUYUH.
B cnyvae 2 ¢yHkuyus OPHUHAIUIEKHOCTH (GOPMHPYETCS 3aHOBO
METOZIOM, H3JIOXKEHHBIM B MPERBIAYINEM Dpa3fele.

Tabauya 3.2. AHanu3 NpHYMH M 00pabOTKa JAHHBIX

Crnyyaii Ananus npuauusi OGpaborka naHHEX

1 OTKNOHEHUE TEMIIEPATYDBI CoxpansieTcs TeKylnee
4yryHa OT I€JIEBOTO COCTOSIHUE
3HAYEHHS ¥ U3MEHEHUS MAaJbl

2 OTKJIOHEHHe TeMIepaTypsl Obyuenue GyHx1UH
4yryHa OT 1EJEBOTO TIPUHA/IIEXXHOCTH
3HAYEHUS M U3MEHEHMS
BeJIMKU

3 ¥YcnoBus paboThl meuu U3MeHeHME TaOaMus!
MEHSIOTCS; YIpaBIgeMOCThb BECOB
yXymuaeTcs

4 Temnepartypa uyryna crabuinu- | M3MeHeHNe BecoB
3MpYeTC Ha BHICOKOM HJIM 331a101MX BEJIMYMH

HU3KOM YPOBHE (IPH MAaJIbIX
3a/a10ILMX BEJIMYMHAX)

Pe3ybTaTbt BHeIpeHNs HEMETKOTO yNpasiieHus H 06yueHns

Pe3yabTarel BHe[peHHS HeYeTKOro YHpaBJjeHHs. B [naHHOM
CHCTEME B KA4eCTBE CPEACTBA NPEINCTABJIECHUS HEYETKOCTEeH, Co-
JepXaluxcst B MpoQecCHOHANBHBIX 3HAHUAX ONEPAaTopOB, GbINA
BBEICHBI MOHATHS TEOPHH HEUETKHX MHOXeCTB. B pesynbrate mo
CPABHEHHIO C OMUCAHMEM 3HAHMH C MOMOLIBIO TOJBKO MPOMYK-
IMOHHBIX OPaBUJI 3TO MO3BOJMWIO YMPOCTHTH MPEACTABICHHE
3HAHUH, YMEHBLUMTD YMCIIO NPaBMII U MOBBICUTH 3P PEKTUBHOCTS
BBIBOZIOB, a4 TAKXe MOSBHJIACh BO3MOXHOCTh OTNEPATHBHOTO
YOpaBi€HUusi B peajbHOM BpeMeHd. [IpH 5TOM CYLIECTBEHHO
HOBBLICKIMCh YO0OCTBA TEXHMYECKOTO O6CTyXHBAHMUS.
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PesyabTarsl BHeAperns oGyvaromerocs ynpasJetns. Cnocob-
HOCTSH (DYHKUMI NPHHAIIEXHOCTH K OOYYEHHIO MO3BOJSET JIETKO
aJanTHPOBATLCH K pa3IMUMsIM B TEXHOJIOTHMYECKHMX MpOIECcax
H K H3MEHEHHSM pexHMa pabotel neyd. MoxHO oXxuaars
MOBHILLICHAS YIPABISEMOCTH HaIr peBOM, yBEJTHYEHHS CPOKa CITYXK-
OBl cHCTEMBI, paciIpeHus o0NacTd mpHMeHEHHs CHCTEMBI s
JpYTHX JOMEHHBIX Ne4Yed H T. 1.

3.2.4. IPUMEHEHME

JlaHHas cucreMa Hayana NpHMEHAThCS B grBape 1987 r.
H ycmellHO paboraer [0 HacTosmero BpemMeHd; KoddduiueHt
HCIIOJIL30BaHHS aBTOMaTHYeCKOr0 yIIpaBJIeHAs npesbimaet 95%.

B maneHeiineM BO3MOXHOCTH [/1Si NPUMEHEHHS IPHHIMIIOB
HEYETKOrO YNPAaBJIEHHS B CHCTEMAaX YIPABJICHHS TEXHOJOrM4e-
CKUMH TponeccaMu OyIyT paciuupsaTscs. Meroas! mpHMeHEeRMs
MOTYT OBITH pa3JjIMYHBIMH B 3aBUCHMOCTH OT XapakTepa npoiiec-
ca. Meroa, HM3JIOKEHHBI B [JAHHOM pa3jielie, MOXeT ObITh
3QdexkTHBHBIM B CiyYae €ro NMPHMEHEHHS B Ka4YeCTBE YacTH
SKCTIEPTHON CHUCTEMBI I TAKHX CIOXHBIX MPOLECCOB, KaK JO-
MEHHKIH.

3.3. YIIPABJIEHME XOJIOJHOM NMPOKATKOM

3.3.1. BBEAEHUE

ITpouece xONOHHOH NPOKAaTKH B METaJUIypruiecKOM Mpou3-
BOACTBE 3aKilodaercs B cieldyromeM. IlojocoBas Jmcrosas
CTaNlb, NMPOKATaHHAS B TOpPAYEM COCTOSIHME 1O TOJIUHHBI OT
OHHOTO [0 HECKOJIbKHX MHJUJIAMETpOB, NOIBEPraercs 3arem
3aBeplIalomed MpPOKATKE B XOJOJHOM COCTOAHHH OO TOHKOH
JIACTOBOH CTald, KOTOpas CIYXHT MaTepHaJIOM s KOPIYCOB
aBTOMOOHJIEH H OBITOBRIX AnekTponpubopoB. Takum obpa3om,
XOJIOJHAs NMPOKATKA ABJIAETCS 3aBEPLUIAIONIMM NIPONIECCOM, B pe-
3yJIbTaTe€ KOTOPOro JOCTHTAIOTCS HEOOXOTHMBIE MOTpEeOUTENAM
pa3Mephl B KauecTBO. B cBs3H ¢ TpeOOBAHMAMME BHICOKOM TOYHO-
CTH H3JeNHil O TOMIUMHE, pasMepaM M NpYTHM mapaMeTpaM
B TNPOKaTHLIX CTaHAaX, BHINOJIHAIONMX XOJOJHYIO IMPOKATKY,
TpHMEHSIOT YIIPABJICHHE HAYAILHOH HACTpOHKO# H npsMoe mud-
POBO€ YNpABJICHHE € NOMOIIBIO YNPABISIOMAX KOMIILIOTEPOB
H yCTpOJCTB, 3a[alOIHX NOCIEAOBATENLHOCTS omepayii. Mo-
IeNnb, IO KOTOPOM OCYINECTBIISETCS YIpaBJIeRHe HAYaNLHOM Ha-
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CTpOHKOH, Ha3biBalOT HACTPOEYHOH MOMIENBIO; YIIPABICHHE BhI-
NOJHSETCH U3BECTHEIMHM B TEOPHH NpPOKaTKH crnocobamu. C mno-
MOILILIO TAKOH MOMIENM HMCXOHs M3 pa3sMeEpOB, THMA H APYTHX
NapaMeTpOB ropsueKaTaHOH JTHCTOBOH CTalH, ABagoLencs 3a-
FOTOBKOH [UIS XOJIOQHOH NPOKATKH, BLITHCIAIOTCS DEXHMBI
paGoThi IPOKATHOTO CTaHa, OOECIIEYMBAIOLIHE MOy 1CHHE OKOH-
YyaTeNLHLIX pa3MepoB H ¢opmel. K 3THM YCIOBHAM OTHOCATCA
3330pbl MEX /Iy BaJIKAMU MPOKATHOTO CTaHa, CKOPOCTb NTPOKATKH,
HATSDKEHHA H T.1. YOpaBleHue MO TakoH MOIEIM SBJAETCS
HauOoJice BAXKHLIM BHIOM YIIPaBJICHUS, ONPEIEIAIOINM IpOU3-
BOOHTENBHOCTE, CTAOHILHOCTS ¥ KAYECTBO XOJIOMHOM [POKaTKH.

IMpH HU3KOH TOYHOCTH BBHIYHCJICHAH HEBO3MOXHO YIOBIETBO-
pHTH 3aJaHHBIM TPEOOBAHHAM K M3MIEJHIO IO TOJNIIMHE, pazMe-
paM H [ApYTMM [apaMerpaM, 4TO TPHBOMHMT K yXYIIUCHHEO
KayeCTBa M CHHXEHHIO TNPOU3BONUTENBHOCTH. B Hauxymuem
ciIyuae ®3-3a JucOanaHca CEKyHIHOTO 00beMa MEeTaJd MEXIY
KJIETIMH BO3HHKaeT HecTaOHJILHOCTEL Mporecca, MPHBOASINAA
K OOpBIBY MOJIOCHI.

C mpyro#f CTOpPOHSI, TIOCKOJIBKY B IEXaX XOJOAHON MPOKATKH
YCHJIMBAIOTCSl TEHICHIIMH K Tepexoy Ha MHOTOHOMEHKJIATYPHOE
MaJocepHilHOe MPOU3BOACTBO, [OCTENMEHHO BO3pACTAET YacTOTa
3aMEHbI HACTPOEYHBIX BEJHMYMH H MOBBIIAIOTCA TpeOoBaHHS
K TOYHOCTH HACTpOEYHOH MOAENH. Mexay TeM B M3BECTHBIC H3
TEOpHH MpPOKATKH (OpMyIbI BXOUAT NEPEMEHHLIC BEJIHYHHBI,
M3MEpEHHE KOTOPBIX CHIBHO 3aTpYAHEHO (K03 (HUIHEHT TpeHHs
MEXJy BajdKaMH H NIPOKaThIBAEMBEIM MaTEpHaIOM, CONPOTHBIIE-
HME MaTepHana nepopManuH H T.1.). [103TOMY BBIYHCICHHA
HEOOXOAMMO BBHINIONHATL € HCIOJBL30BAHHEM THIOTETHYCCKHX
3HAYEHHMIl THX BEJMYHH, YTO NMPHBOAMT K GOJNBUIHM omHMOKaMm
B pe3yJnTaTax M MpemATCTBYer paboTe CHCTEM aBTOMATH3AIMH.

Ha npakTuke A% NpPeNOTBpAIliEHUs CHIDKCHHS KavyecTBa
M HapyIIeHWH MPOH3BOJCTBEHHOrO HUKJA KBATH(PUIAPOBAHHBIH
onepatop Bcerla KOHTPOJHMpYET pe3yJbTaThl BBIYHCICHHM MO
HACTPOEUHON MOJIENH ¥ B aHOMAJBHBIX Ciydasx obecreumpaeT
yCTOMMHBOCTS PabOThI, BBOAB MONPABKH K pacieTHBIM 3Have-
HHSM 3a30pa MEX[y BaJKaMH, CKODOCTH IIpDOKATKH H T.I.
Py4nas gacTpoiika, OCyLIECTBIIsIEMas ONEpaTOpPOM, €CTECTBEHHO
TpebyeT MOTIONHATENLHOTO BPEMEHH HAa 3aMeHY HACTPOCIHBIX
BEJIMYHH, 4YTO, KaK MPaBUJIO, CHAXAET CKOPOCTh NpOKATKH, IO~
3TOMY TaKas HacCTpO#Ka HampaBlieHa Ha OOeCHeveHHe yCTOH4H-
BOCTH B ymiepO NpOH3BOIHUTENLHOCTH.

Jlns pemenns 3Tux npobiem pa3paGoTaH METoz, B COOTBET-
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CTBHH ¢ KOTOpPHIM YHpaBJIcHHE, OCHOBaHHOEe HAa MpOQeCCHOHATb-
HOM OMNBITE ONEPATOpA, pealnHu3yeTcs Yepe3 HEYETKHE BBIBOIbI
H HCTOJIb3yeTCd [JI MPOTHO3UPOBAHUSA PEXHMOB MpOKATKH KAK
ONHOU M3 BaXHBIX QyHKIHUI HacTpoeuHoi Mopenu. Kpome Toro,
TOYHOCThH MPOTHO3HPOBAHUA HUMeeT OOJbLIOE 3HAYCHHE IS APY-
TMX CHCTEM ylpaBlieHUs (TEMIEpAaTypoil JIACTOB, CMA3KOH U T. ).
IIpuMeHEHHE 3TOro MeTOAd JAJI0 XOpOIUHE pe3y/IbTaThl.

Huxe ommchiBaeTcsi MOJENb NPOTHO3HPOBAHHA PEXHMOB
IPOKATKH, OCHOBAHHAS HA MPUHNMNAX HEYeTKOH JIOTHKH, aHAIH-
3UPYIOTCS Pe3yNbTaThl NMPOBEPKH TOYHOCTH NPOTHO3MPOBAHHUSA
C HCMOJIE30BAHHEM pealbHBIX HAHHBIX.

3.3.2. OBOPYJAOBAHHE

ITponecc XOJOAHOH MPOKATKH —3TO MPOLECC, IpH KOTOPOM
NOJIOCOBAs JIMCTOBASA CTAJb IPOKATHLIBAETCA B XOJI0OQHOM COCTOS-
HHH [0 3aJaHHOH TOoJnnuHBI M ¢opMsl. OOBIMHO B Hporecce
y4acTByeT HECKOJIbKO MpOKaTHRIX KkneTeii. Ha puc. 3.12 mokazan
IpuMeEp pa3MeneHust o60pynoBaHUs B [[€Xe C ILECThI0 MOCHeHo-
BaTeJIbHBIMH KJIETAMH. PyJIOHB mMOgKkaTa YCTaHABJIMBAIOTCS HA
BXOTHOH CTOpOHE HAa pa3sMateiBaTensax. Havano ogHoro pynioHa
CBApUBAaeTCA C KOH[[OM pYJIOHA, KOTOpBIH NMpOKATHIBAECTCA B IAH-
HbIif MOMEHT, 3a cueT 3TOro obecmeuyHBAaeTCS HENMPEPHIBHOCTH
IPOKATKH.

CsapeHHBI PYJIOH MPOXOIHT 4Yepe3 HAKOMHUTEID, MPOKATHI-
BAETCS B NPOKATHRLIX KNETIX A0 TpeOyeMOoil TONIMHAHEBI H HAMATHI-
BaeTcs Ha 6bapabaHbI MOTAJIOK HA BBIXOJHOU CTOpOHE. B pecyis-
TaTe NoJydaeTcst XOJIOZHOKATAHOE roTOBOE M3nenHe. M3mMeHeHue
pEeXHMa HACTPO#HKH, O ueM Y>X¢ TOBOPHIOCH BHIIIE, OCYIHECTB-
JIieTCA [0 M MOCcJie Y4acTKOB CBAapHBIX IUBOB.

B €xe X0N0HOM MPOKATKH H3rOTABIMBAIOTCS H3JEJIHA C M-
POKHMM AMANA30HOM pa3sMeEpoB M CBOWCTB (Tabiu. 3.3), moaTomy
00OBIYHO H3MEHEHHE PEeXUMa 10 HACTPOEYHOH MOAENHN OCYIIECTB-
asetcst oueHb 4acTo. OOBIMHO KpHBash H3MEHEHHs CKODOCTH
NpOKAaTKH MMeeT TpanenenaalibHyro ¢opMy (puc. 3.13); mocre
CMeHb! HACTPOHKH CKOpOCTb NMPOKATHOTO CTaHA YBEJMYHBACTCA
00 TpelenbHON, a BOJM3M OYEPeHOrO Y4acTKA CBAPHOro IlBa
yMEHBINAETCA UL OYEPEOHOrO M3MeHEHHs HACTpOHKH.

IIpokaTKka BBIMOJHSAETCH 34 CYET TOTrO, YTO HA 34rOTOBKY,
HAXOAIYIOCA MEXAY BanKaMH, OEHCTBYIOT ONHOBpEMEHHO Ie-
pedHee M 3aJHee HATSKEHHA H CHJIA NPOKATKH (pHc. 3.14).
FloaToMy, aist TOro 4ToGHI TOMHUHA MAaTEPHAIA COOTBETCTBOBA-
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NocredoBamsisio pacnonoXennsie
ﬂpoxamnm xpemu
#HEns
123456

d'az’z#wnsrﬂ
agnmomam

Pasmamsigamesu  Haxonamess Bapabans!
Momanox

Puc. 3.12. Tpumep pa3meuieHns obopymoBaHHus B 1EXC NPOKATKM.

Puc. 3.13. Tunuusniii o06-

= O08pacms 8siconod
pasel H13MEHECHHUS CKOPOCTH § cRapocmu
HPOKATKH. 5
Sy
S8
X
SR i
S Obnacms #a3xoa
CXgpocTY
Tabauya 3.3. XapaktepucTaku 000pyAOBaAHUS
I1pou3BOANTENLHOCTD, T/MEC 120000
CKopocTh MPOKATKH, M/MHH 2170 (maxc.)
TonmmHa TOTOBOTO JIHCTA, MM 0,15-1,0
Mlupusa nucta, MM 500-1300
Tun cramm PsagoBasi, 3MeKTPOTEXHUYECKAA

J1a 3a{aHHOM, HEOOXOQHMO MpeABAPUTENILHO MPABHJILHO PACCYH-
TaThb HATSDKEHHUS ¥ cuily npokatkd, IlepenHee ¥ 3annee HATsKeE-
HHS, NPHKJIAOBIBAEMbIE K MOJIOCE, OOBIYHO CTAHIAPTH3UPYIOTCH
IS pa3IMIHBIX MAapOK CTAaJ, ee CBOMCTB H pPasMEpPOB, MO3ITOMY
TOYHOCTS [0 TOJIIKHEE JICTA OyAeT ONpeaenaThCs TeM, HACKOJIb-
KO MpaBWJIHGHO NPOrHO3UPYETCS CHUIIA HATPY3KH C y4eTOM 3ajaH-
HBIX MEpeIHEro M 3aJHEr0 HATSOKCHHH.

Hactpoeynas Mozelr OpegHa3sHaueHa JUist HayaJibHOH Ha-
CTPOWKHM HpOKATHOTO CTAaHA BO BpeMst NPOKATKHd H pacueTa
pexuMOB feOpManiy KOs KaXI0H KJIETH € HEIbI0 JOCTHKEHHS
TpebyeMol TONIMHBI . pACIIPENIENICHHs CHIBI NpOKaTKH. Pacyer
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Puc. 3.14, Cxema npokaTku.

OPOU3BOAMTCA IO JAHHHIM O Pa3’MEpax U CBOHCTBAX HPOKATHI-
BAEMOTO MATEPHAJIA C YYETOM TEXHHYECKHX XapaKTEpPUCTHK MpO-
KaTHOro o0opynoBaHMst M Apyrod HHbopManuH. Pe3ymstaTthi
pacueToB NEPEHAIOTCA HA [MPOKATHBIA CTaH.

OnHako pe3yneTaThi PACYETOB MO HACTPOECYHON MOMETH
MOTYT COEPXAaTh OLIMOKH, IIO3TOMY ONEPATOP YACTO BPYUHYIO
BBOJMT MOMPABKH K BHIMHCIICHHBIM HAa KOMIILIOTEPE pacmpemelie-
HHIO OOXATHS M CKOPOCTH MPOKATKH.

3.3.3. AJITOPUTM VIIPABJEHUA

[TonpaBkH, KOTOpbIE OMEPATOP BBOAUT JJA HACTPOEYHBIX
BEJIHYHH 10 MOJIEJIH ¢ OENIBIO 00ecTieyeHHs TpeGyeMoro KavecTaa
TOTOBOrO H3JEAA M YCTORYMBOM paboThl, SBIIAIOTCS €O HOY-XAy.
[ToatoMy mpepsiaraeTcsi METOA YIpPaBJIEHMS, OOECHETHBAFOLIHI
MOBBIIEHAE TOYHOCTH MOJEIM NyTEM KOJIMYECTBEHHOTO OIHCA-
HHSl HOY-Xay ONepaTopa c MpHMEHEHNEM HEYETKOM JIOTHKY U BBeE-
JCHHS 3TOTO OMHCAHUA B HACTPOCUHYIO Moaens. [IpemioxeHo
HECKOJILKO METONOB KOJIMYECTBEHHOTO ONMHCAHMS 3HAHMIA SKCIEp-
TOB C MOMOIIbLIO HEYETKON JIOTHKM M pealH3apud YIpaplCHHS.
W3BeCTHBI TakKe HPUMEPHI MPAKTHYECKOrO MPHMEHEHHS STHX
METOO0B. B peanbHBIX CHTyalMsX, OMHAKO, ONEPATOP JEUCTBYET,
MOYTH HHYErOo HE 3HAA O pEeXUMAX NMPOKATKH: OH obiagaeT
TOJIBKO 3HAHWAMH MO YIPABJICHHUIO, OTHOCAILAMHCS K paclpere-

T'aaea 3 93

JIeHUIO OGXKATHS M CHNBI MPOKATKH (HACTpOWKE 3a30pOB MEXY
pankamu). [ToaToMy eciH 651 MOABMIACE BOSMOXKHOCTD NPABUIb-
HO TPOTHO3UPOBATH CHIy MPOKATKH, TO 32 CYET YOPYToro
nporu6a BaJKOB MOXHO ObUIO GbI oﬁecne:mrb 6osiee BBLICOKYIO
TOYHOCTb, TEM 0O0JI€E YTO ¢ MPAKTHYECKOH TOYKH 3pECHHSA CHIla
HpOKATKH — 60JIee BAXHBIA NApAMETP, YeM paclpenceHue obxa-
THii. B IaHHOM ciTy4ae MOJEb MOCTPOEHa METONOM UIAECHTUHU-
Kalld¥ HEYETKOH MOMENH TPOTHO3HPOBAHMS CHWIH MPOKATKH Ha
ocHoOBe (AKTHYECKMX [JAHHBIX, MOJYyYCHHHIX B pe3ylbTaTe Ha-
CTPOHKH OMEPATOPOM PpACIpee/ICHHS oﬁxcarmzl. Hns ynpoine-
HES HOCHTH(HKAIMH B KadyeCTBE 3AKIIOUYCHHH HCIOIL30BAHA
MOMENb ¢ JHHEHHBIMH NEJNEBRIMH (QYHKHMSAMH.

3.3.4. HEYETKASA MOJEJIb

Heuetrkas Monens i NPOTHOZHPOBAHHS CHIbBl MPOKATKH
CTpOUTCS HAa OcHOBe nByX (QyHKnHil (puc. 3.15): MozesiH TPOTHO-
3UPOBAHMS CHIbE IIPOKATKH, KOTOPAsA OMHACHIBACTCS ¢ MOMOLIBIO
CHCTEMBI HEYETKHX OTHOIIEHHH, U QyHKIMH oOyueHHs, KOTOpas
AT MOCIEIOBATENLHBIE MOMPABKH K Ko3hdunueHTaM 3TOH
MonesiM, B kayecTse BXOIHBIX JAHHRIX MOZEJH IMPOTHO3HUPOBA-
HHS MCOIONIL3YIOTCS UHGOPMALHUs O NOJKATE, 3apaHee ONpeeIicH-
HbIE [IPOM3BOJCTBEHHbIE YKA3aHUs (IIMPUHA U TOMHA H3/IETHA)
O MpOKaTe M YCJIOBHS PabOThI (HATSOKEHHSA MEXOy KICTAMH,
OTHOCHTENLHOE OOXAaTHEe B Kaxaoud kietH). Ha ocHOBe 3THX
JAHHBIX C MOMOLIBIO HEYETKHX BLIBOJOB MPOFHO3UPYETCH PeXHM
NPOKATKH B KaXJAOH KJIECTH.

IMocne 3apeplleHHs MPOKATKH PYJIOHA ¢ IMOMOIIBIO MOICIIH
0o0yueHHS 1 HA OCHOBE peaJIbHLIX Pe3yIbTATOB NPOKATKH OCYILIE-
CTBJIsiETCA MOCEAOBATENIbHOE 00yyeHHe KO3(QHIHEHTOB MOIENH
nporHosupopaius. PyHkpus obyueHMs HeoOXomuma s mom-
JIEpXaHus BHICOKOM TOYHOCTH MPOrHO3MPOBAHMs. B 4acTHOCTH,
IUIA COBPEMEHHBIX MPOKATHBIX CTAHOB, MPOU3BONALIMX H3AC/IHA
¢ GoNbIIMM pa3HOOGpa3ueEM THIIOPA3MEPOB, 3HAYCHHE €€ TPYAHO
MEPEONECHUTD.

Mogens npeackas’aHHA CHIILI IPOKATKH NPEICTABNAETCS B BH-
I€ MHOXXECTBA HpaBMJ THIA «ECJH...TO», KAXOOe MpaBUIO
HMMEET CNEQYIOIHH BAL:

R;: Ecnn X, ectb A}, X, ectb 45, ..., X,, €CTb A,
10 ¥ =abh+ ahX, + ab X, + ... + @ X s
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Puc. 3.15. brnok-cxemMa CUCTEMBbI C HEUETKOM MOZEJIbIO.

roe R; o3HauaeT i-€ OpaBWIIO, A}—Heqenme MHOXeCTBa, X;—

BXOJHbIC MEPEMEHHbIC, J'-BHIXOQHOE 3HAYCHHE i-rO MPABHUIA,
a;—Ko3pPUIHEHTL

Ecnu 3apmaHbl HEKOTOpbIe 3HAYCHHS BXOIHBIX MEPEMEHHBIX
X, ..., X,, TO OHEHKY J BBIXOJHOTO 3HA4YEHHS J MOXHO
ONpENENHTD CIEAYHOIHEM 0Opa3oM:

y= Z . ‘/Zg,
= i=1

TO¢ n--4ACIIO MPABUI, J'— BHIXOMHOE 3HAYEHHUE, BRIYHCJIEHHOE 110
i-My mpasuny. Bec ), npeactasnsromuit o0 3HAYEHHE MCTHH-
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Puc. 3.16. ®opmynbi HeUETKMX OTHOIUIEHMH M NIPABUIO BLIBOA.
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HOCTH i-ro npasuia, BBIYUCHIACTCA CACAYHOIIUM 06pa30M:
g =min {4} (X,), ..., AAX) ..., A(X,)}-

Aj(X,)—3HaveHue (yHKIHH NPHHALIEKHOCTH HEYETKOTO MHO-
wecTpa A ¥ (creneds mpuHagnexHocTH). TakuM obpazoM, OKOH-

yaTeIbHbIH peayanaT BBIBOLA MoJydaeTcsd KaK CpeJHEB3BEILCH-
HoE 3Ha4YeHHe BceX ) Ui KaXIOTo npamma C HCOONb30BAHHEM
B KauecTBE BECOB 3HaueHMil McTMHHOCTH g' mpasui. Ha puc. 3.16
U TpUMepa MoKa3aH cllyyail YeThIpeX MpaBHIl.

3.3.5. COCTABJIEHUE HEYETKOI MO/JEJIH

OpmH¥M U3 KIHOYEBBIX MOMEHTOB COCTABNIEHHS HEYETKOU MO-
IET¥ SABJISETCSA BHIOOp MEpEMEHHBIX AJI HEYETKOTO PA3MACNICHHA.
B maHHOM Cllydae cpeld NapaMeTpoB, KOTOPBIE BJMAIOT HA CUIY
NpOKAaTKM, BHIOpaHBl TpH MapaMeTpa. MoXXHO HpHHATH [IBa
CIENYFOINMX KpHTepHs BeIOopa:

1) Hanvume sBHOH KOppENAnHH C BBIXOMHOH MepeMEHHO# (B
IAHHOM CJlyyae CHJIOH NMpOKATKH),

2) pa3nMyHble TEHACHUUH NMPOSBIEHHAS TakKo# Koppensuua B
o6nacTax GONBIINX ¥ MANbIX 3HAYEHHH M3yu1aeMoH MepeMEHHOMH.

[MepBblil KpUTEpHil OYEBUMEH, BTOPOH, KaK MOXHO OXHAATS,
noBbIcHT 3((QeKTHBHOCTh MoIeM Onarofaps pasieeHui0 Hpo-
CTPAHCTBA BXOAHBIX NaHHBIX. Hampumep, [UIMHY HOJIOCHI, KOH-
TAKTHPYIOIIEH C MOBEPXHOCTBIO BAJIKOB, KOTOpas BbIOpaHa B Ka-
4eCcTBE MEpeMeHHOH jJId HEYETKOTO DPa3feNeHHs, MOXHO pac-
cMaTpUBaTh KaK MOKa3aTeslb M3MEHEHUS ILEpOXOBATOCTH Ball-
KOB, B 00JJacTH MaJbiX UIMH MOJOCH CHNA OPOKATKH MOCTE
YCTAHOBKM HOBBIX BaJIKOB PE3KO YMEHBILACTCSH, €CIM JIAHA
OpeBHILIAeT ONpEACe/IEHHOE 3HAYEHHE, TO U3MEHECHUE CTaHOBUTCA
6onee mnasHbIM. TakuMm o6GpazoM, ecnu pasfeneHde obiacTd
NpOBECTH B TOHUKAX, TIE MEHAETCS TaKas Koppensuus, To 3ddexT
OT paspgelieHus obnacTy OymeT MakCHMaJlbHbIM.

Ha ocHOBe NpWBENCHHBIX BBIMIE KpUIEpHEB BHIOpaHbl TpH
HNEepeEMEHHBIE, BKIIOYAS JUIMHY MOJOCHI, KOHTAKTUPYIOIYIO C MO-
BEPXHOCTBI) BAJIKOB, ¥ BBIIOJHEHO HEYETKOE pasfdcjieHue Ha [BE
o6macTu — Small (Maneie) u Big (6osnpitine). [IycTh 3TH OEpEMEH-
HHIE —X,, X, X3 JIHHEHHbIC peleBble (QYHKUMM 3aKTIOYCHHH
HMEIOT CEMb MEPEMEHHBIX: NOOABICHBI €1E YEThIpE MEpEMEHHEBIE,
KOTOpbIE BAXHBI IJI51 IPOTHO3UPOBAHMS CHIIBI IPOKATKH (HAnpH-
Mep, YTJIepoAHbIH 3KBUBAJIEHT KaK NOKa3aTeNb NPOYHOCTH MOJIO-
Chbl, MepeliHee HATSKEHUE, MPHUKIAApIBAEMOE K HOJOCE, U Ip.).
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Heuetkas Molelb 3a c4eT KOMOMHaIAA NEpeMeHHBIX X, ...,
X3 IOCTPOEHa U3 BOCbMH NpaBu (Tabs. 3.4). B abnune seneHb!

Tabauya 3.4. CTpykTypa HEYETKOH MOAEIH

Rl : ecnm x, ectb S, x, ectb §,. X3 €Tb S§3, TO P ectb fi{xy, X;,-.., X3)
R2 : ecnm x; ectb §;, x, ecTb S, X3 ectb B;. 10 P ectb fy(X). X3.005 X7)
R3 : ecam x; ects S8,, x, ectv B,, x; ectp S;, TO P eCcTb f3(xy, X35..05 X7)
R4 : ecmn x, ectb S, X, ecth B, x; ectb B, To P ecth f,(Xy, Xg0...s Xq)
R5 : ecnm x, ectb B, x, ectb S, x3 ectb S;, TO P ectb fy(Xy, Xp5..05 X7)
R6 : ecnn x, ecrv B, x, ectb S,, x; ecrb B, 1o P ectn fo(xy, X5,..05 X)
R7 : ecnm x; ectb B, x, ectb B,, x5 ecrb §;, 1O P ectn f5(Xy, X3,..., X;)

R8 : ecam x, ectb B, x, ecrv B, x, ectb B;, 10 P ecTv fg(xy, X,5..., X7)

0003HaUEHHS
S;: Small,
B;: Big (1 <j<3), . . .
filxy x5, X3, ..., X9) =ap + aix, + dbx, +... + ahx,,

i—HOMEp mIpaBuIa.
B kauectBe (pyHKOmil NPHHAONEKHOCTH HEYCTKHX MOAMHO-
KECTB X, X;, X3 UCIONL30BaHLl yHKHH

Mayg (x) = (1/m)arctg {a;(x, — b)} +0,5,
Hsman (X)) = (—1/m) arctg {c,(x; — d)} + 0,5.

Kos¢pduumentsl a, b, ¢, d ribMparotcd ¢ y4eToM Xapakrtepa
KOPpEJISd COOTBETCTBEHHO OT X,, X,, X3 B maHHOM ciyuae
BbLIOpAaHBI 3HA4eHUA d = ¢ U b = d, ¥ cTeneHH NpHHALIEXXHOCTH
CTAHOBATCSH CUMMETPHYHBLIMA QYHKIMAMH OTHOCUTENIFHO YPOBHSA
0,5 (puc. 3.17).

KoaddunuenTol NHHEHHBIX [eneBbiX QYHKIMEA 3aKTiOMeHHH
onpene/sUTMCh HAa OCHOBE (baKTHYECKHX IOAHHLIX MO MPOKATKE
MeTONOM HAMMEHBIIMX KBAaAPATOB C BeCAMH, B KadecTBE KOTO-
PHIX OBLIM HCTIOB30BAHB 3HAUCHUSA MCTHHHOCTHM MpPeANOCBUIOK.
Koapdummen T ans KaxHoro nOpasuia ONpeAeisUIHCh TaKUM
06pa3oM, 4TO0ObB MHHHMH3HPOBATD CIEAYIOIIY0 QPYHKIHIO OneH-
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b =d,

Puc. 3.17. OyHKnHA NPUHAJIEXHOCTH.

KH: .
J = [Y — Da]'A[Y — Da],

rnie D=[Z, Z, ... 1],
Z:=[1 x,; xy; ... X7;]—i-it BEKTOp (PAKTHYECKHX JAHHDIX;

a=[ds dt d ... d%]-BexTop KOO PuIHEHTOB k-TO MpaBUIa;

i 0
A= ns . ~MaTpHua BECOB.

0 o
B maHHOM ciydae 1mf-3To BEC, HOPMHpOBAHHBIA MO i-M
OaHHBIM 11 k-TO NpaBuia:

8
ng = gki/_z dji»

i=1
a gﬁ—CTel'[eHb NpHHAQICKHOCTH j—ro npapHjIa omns i-X IAaHHBIX,

Y =[y, y, ... yyJ'~BEKTOp CHJIbI NPOKATKH.

Jnsa Toro 4roObl MoJeNlb OTCIEXHBAJA Takde H3MCHECHHA
B paboTe, Kak YIOMSHYThIE PaHee PE3KHE H3MEHEHHs LLEpoXoBa-
TOCTH TpH YCTAHOBKE HOBBIX BAJKOB M [OpYTHe H3MCHCHHA
XapaKkTEPUCTHK MPOKATHOTO CTaHa, HeOOXOMHMO TPENYCMOTDPETD
ajanTaMo MOJEIH K pealbHbIM AaHHBIM. C 3TOH €bI0 METOA
HAMMEHBIIHX KBAIPAaTOB ¢ BECAMH ObL1 Mpeobpa3oBaH B mocie-
noBatebHyto (opMy ¥ BBEAEHA QyHKIHS 00yYeHHS, C HOMOIIBIO
KOTOpoil Graromaps nocienopaTelbHoMy o00y4eHHIO, yKa3aHHO-
My HEKe, 118 KaXIOTo pyJIOHA KOPPEKTHPYIOTCH KO3 QHIMEH-
TH NYHEHHBIX [EJEBBIX (YHKIHHA 3aKMOYCHHIH:

7-6830
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ay = ay_; — NwPylzy 2y ay_ | ~ zyy,],
Py=Py_; —nyPy_jzy(1 + ny 2y Py ZN)‘IZ§V Py 1,

TA€ Ty —HOPMHPOBAHHBIH BEC MpPeANOCHUIKH,
ay—BEKTOp 00y4aeMbIX KO3(PHUIINEHTOB,
Zy—BEKTOp N-X maHHBIX,

P, —MaTpuia mompasokK.

3.3.6. PE3VJILTATHI IIPUMEHEHHSA

C noMompi0 ONMCAHHOTO BHIIIE MeTOza Oblia cocTaBiieHa
HeYeTKas MOjieJlb IPOTHO3UPOBAHMS CHITbI pokaTky. Mcnmonb3o-
BaHBI peajisHble JaHHbIE paboTh p€xa. JlaHHBIE, COOP KOTOPBIX
OCYWIECTBJIATT KOMNBbIOTep A4 YNpaBJeHHS TEXHONOTHYECKHM
IpOoLECCOM, MepelaBaluCh HA MHKpPOKOMIBIOTEP M TEXHHU-
yeckoro aHanu3a (puc. 3.18). MuKpOKOMNblOTEp BBINOJHAET
UCKJIIOYEHHE aHOMAJBLHBIX JAaHHBIX (IpoBEpKa MO HIDKHHUM rpa-
HHUAM 4 T.1.), Opeobpa3oBaHHe B TEXHOJIOTHYCCKHE 3HAYEHHSA
U XpaHeHUE AAHHBIX HA ruOKuX nuckax. AHanu3 JAHHBIX BHINOJ-
HANCS B ABTOHOMHOM pexxuMe. TToCKONmeKy paccMaTpuUBaeMoe
OpOKaTHOE MPOM3BOACTBO XAPAKTEPU3YETCS OYEHb MAJIBIMH Map-
_ THSIMHM NIPOKATA U OGO/IbINKMM JHANA30HOM Pa3MepOB M CBOMCTB,

Xaparmepucmuxy
npoussodemea

HKomnseomep @9 | pupoonatun o pgnase  MARpoKoMmBITmEY

§npasnenus dna_ananusz
mexHgagauvecram | Pakmuveckue Ganmsie
npoLECCOM
Paxmuvecxue
dannsie o
npokamxe 138M

2pynns1 PLJ0

1

#6 #5 #4 #3 #2 #1 l

Tubixud ducr

Puc. 3.18. CtpykTypa cucTembi.
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npekHss MOJENb HMENA KpaliHe HH3KYIO TOYHOCTh NPOTHO3HPO-
paHusa. Kpome Toro, B KadecTBe oOBeKTa jisl MPOTHO3UPOBAHUS
6bUTa BHIOpaHa HepBas KJETh, KOTOPas OKA3BIBAET HamboJbIIce
BJMSHHUE HA TOJLUHY U30eTUs.

Bo3MoxHOCTH MOgETH

OreHKY BO3MOXHOCTEH MOJeENIH B AAHHOM CIy4vae cielyeT
NpoBOAMTH MO ABYM KputepuaM. IlepBblii KpUTEpHii —~ TOYHOCTD
NpOrHO3APOBAHUS, T.€. PA3HOCTh MEX/Y peaibHO# U NMPOrHO3M-
pyeMOHl CHIAMH NPOKATKH, ONEHUBAEMas M0 CTaHOAPTHOMY
OTKJIOHCHHIO,— CTATUCTHYECKHH MoKa3aTenb. Bropoi —yacToTa
nosBJIEHHs OOJIbIIAX OIIMOOK MPOrHO3HPOBAHMS, KOTODBIC BJIHS-
FOT HA yCTOHYMBOCTH paboThl. I10BHIIEHNE TOYHOCTH TIPOTHO3HU-
pOBaHus YJIy4IIaeT Ka4yeCTBO M3ACJHA ¥ MOBBIIAECT OPOA3BO/IHU-
TeNbHOCTD, ¢ APYTOH CTOPOHBI, MOSBJIEHME OOMBILUX MOTPELHO-
cTel B pe3ylbTaTaXx NPOTHO3MPOBAHHUS NpPH AaBTOMATHYECKOH
HACTPOWKE MO TAKOH MOJEJH CO3AAET ONACHOCTh BO3HUKHOBEHUS
apapuiHBIX CHUTydmii, 4TO IPAKTHYECKH HCKIIOYAET 3aMeEHy
YeJI0BeKa ABTOMATHUKOH.

IpenenpHyi0 MOrpellIHOCTh MPOTrHO3ZUPOBAHUS B JAHHOM
cliyuae NPUHUTH paBHO# +20% peanbHOH CHJIBI POKATKH, [PH
3TOM aOCONIOTHAS HOTPELIHOCTh cocTaBmwua +150 T.

Ha puc. 3.19 mokasaHpl pe3y/TbTaTbl MPHAMEHEHHS HEYETKOH
MOJEJIM, COCTABJIEHHOH BBIIE, K AAHHBIM MO 361 pasmmiHOMY
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Puc. 3.19. TOYHOCTE HPOTHO3UPOBAHMS IIPOKATHOH HAarpy3km HO He-
YeTKOH MOEIH.
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Puc. 3.20. Todnocte mNpOrHO3UpOBaHUS NpOKATHOH HATpy3ku Mo
HAaCTPOeYHo# MO/iesiM C NOMOMIBIO TPAJUIMOHHKIX METOMOB.

XOJIOAHOMY TOHKOMY JHCTy. [lOrpenrHocTs mporHO3upOBAHMS
CHJIbl NPOKATKH HaxoauTcs B npedeiax + 10%, 1.e. Mogens gaer
XOpOIIYyI0 TOYHOCTs NporHosuposanns. Kpome toro, nonHocTero
OTCYTCTBYET MOrpeiHocTd cBelie 150 T, KOTOphie MOTYT CTATH
NpYUYMHON HapylleHMH mponecca NpOKaTKu. TakuM o06pazom,
MOJETs MOXKHO HCTOJIb30BATh HA MpPAaKTHKE.

Ha puc. 3.20 nokazaHa NOTPeNIHOCTL npPOTHO3UPOBAHHS

C obyyeruem

Be3 odyvenus

Puc. 3.22. To4HOCTh MPOrHO3UPOBAHMA NO DPETPECCHOHHOM MOMEAM C
BECAMM.

CWIBI IPOKaTKH! [0 HACTPOEYHOM MOJIEH, OCHOBAHHOH Ha Cylle-
cTRyrOmUX MeTopax. HedeTkas Moaenb 3HAYHTEILHO [1PEBOCXO-
JMT 3Ty MOJENb KaKk B OTHOINEHUHU CPEJHETO 3HAYCHUS M CTaH-
JapPTHOTO OTKJIOHEHHSI MOTPELIHOCTH NPOTHO3UPOBAHHS, TakK
d B OTHOINEHMM YacTOTHI MOSBJIECHUS NOTPEIIHOCTEH CBBIIIE
150 1.

. Ha puc. 3.21 mokazana 3¢pdextusHOoCTE 0OyUeHHS 3aKIrOYe-
Huil MO KaxIoMy pyJioHy. Bnaromaps oOydyeHuro Mo KaXigomy
PYJOHY pacnpejeiieHde MOTPEIHOCTH MPOTHO3UPOBAHHUS MPUO-
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Puc. 3.23. ToyHOCTH NPOTHO3UPOBAHMS MO HEUETKOM MOJIC/IM.
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JITDKAETCs K KJJACCHYECKOMY HOpMallLHOMY pacrpejieSieHUIo, 4a-
CTOTA4 MOTPEeIHOCTER mporHo3uposaHus seime 20% mnpaktuye-
CKH CTAHOBHUTCS pABHOH HyJIIO M TOYHOCTh HPOTHO3HPOBAHUSA
CYILECTBEHHO MOBBIILAETCA.

Jlas Toro 4yToOBI YBHIETH 3PQEKT OT pa3nejeHus Ha obia-
cTd, Ha puc. 3.22 u 3.23 npusoauTCs CpapHEHHE PErpecCMOHHOM
BECOBOH 1€1eB0# (GyHKIHH, KOTOpas NpeacTasasier coboit 06bI4-
HYIO CTATHCTHYECKYIO MOJEIb, ¥ HeueTKoH moaenu. Kak cnepyer
u3 Tabn. 3.5, pesyabTaThl N0 HEYETKOH MOJIENM JIyUILe COTJIacy-
IOTCS € PE3YNILTATAMH YNIPABIIEHHS ONMEPATOPOM; 3TO CBHIAETEINE-
CTBYET O TOM, 4TO HE4YeTKas MOZIENL YHAA4YHO MpeacTaBiisieT
HEMVMHEHHOCTH CHUCTEMBI.

Tabauya 3.5. CpaBHEHME TOYHOCTH NPOrHO3UPOBAHUS

Perpeocnoﬂﬂaﬂ BECoBas Hederxas mogens
MOOeIbL

CrangapTHOE OTKJIOHEHHE, 41,6 29,5
T

BuiBoanr

[lo pesynpraTtaM TpYMEHEHUs HEYETKOH MOAENH mJisl MpPOT-
HO3HPOBAHUS CHJIbI MPOKATKH KaK HamOOsnee BaKHON (yHKHA
HaCTpPOEYHOH MOJENM MOXHO CHEIATh CICAYIONIME BBLIBOMIKL.

1. baaronapa npuMeHen o HeueTKOTo ynpaBjieHus TOYHOCTb
TIPOTHO3UPOBAHMSA CHAbI IPOKATKH NOBbIIEHA 10 + 10%, a Tpy-
Oble TOTpemHOCTH NPOTrHO3UPOBAHMs, Mpeppimatomue 150 T,
HOJIHOCTBIO MCKItO4eHsl. Ecin cynuTh M0 cranpapTHOMy OTKJiO-
HEHHIO, TO TOYHOCTH HOBBIIEHA Oonee YeM B 3 pa3a mo cpasHe-
HHUIO C HACTPOEYHOH MOJENLIo Ha OCHOBE TPAMMIMOHHBIX METO-
ZIOB, a OCTATOYHOE OTKJIOHEHHE CAesiaHO OaM3K¥M K HyJIIO.

2. bnarogaps oOy4eHHIO 3aKJIIOMEHHH HEYETKOM MONENH
C HUCMOJIL30BAHHEM B Ka4YEeCTBE BECOB 3HAYEHUH MCTMHHOCTH
NpEANOCBLUIOK CTaHAAPTHOE OTKJIOHEHME TMOTPEIHOCTH MPOTHO-
3MPOBAHHUA CHIKACTCS MOYTH B 2 pasa, a OMIMOKA MPOrHO3MPOBaA-
HuA CBhIE 20% MpaKTHYECKH HCKJIFOYAIOTCSH.

3. I1py CpaBHEHMH C PErPECCHOHHOM BECOBOI neNeBO# (yHK-
MeH MOXHO 3aMETHTb, YTO HeYeTKas MOJEIb [aeT bosee
BBICOKYIO TOYHOCTH M JIy4ILUYIO COTJJACOBAHHOCTHL C pe3yJIbTaTa-
MM yIpaBieHus ONEePaATOPOM.
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3.3.7. 3AKJIIOYEHME

Belllie Mbl pacCMOTPENIM NMPYMEHEHHE HEYETKOH JIOTMKH [JIs
ynpasJieHus HACTPOMWKOM CTaHA XOJOJHOH MPOKATKH.

ITockoNbKy ynpaBJieHHe HAaCTPOMKOH MPOKATHOTO CTaHa Cy-
NIECTBEHHO 3aBHCHT OT IMIMPHUYECKUX 3HAHMH omeparTopa, mpa-
Buna YMPaBJCHUS ObUIM TPENCTABNEHBI KAK HEYETKHE BBLIBOBI
M HA OCHOBE (aKTHYECKHX JAHHBIX IO PE3YJILTATAM YMpaBJICHHUS
orepaTopoM ObLI CO31aH HEYETKHH KOHTPOJUIEP s MPOrHO3H-
poBamHs cHabi Tpokatku. Kpome Toro, mns oTCiexkdBaHus
M3MEHEHUH XapAKTEPUCTHK HPOKATHOIO CTAHA H PeXXUMOB pabo-
THl Oblna BBefeHa Qymkpust oOydeHHs, KOTOpas OLECHUBAET pe-
3yibTATHl MPOTHO3HPOBAHMA M BBOAMT MOMPABKH K MpasHIaM
MPOTHO3HPOBAHHUS.

Br1yio mokaszaHo, 4TO pe3yJibTAThl MOAENMPOBAHUSA MO (AKTH-
YeCKMM [14aHHBIM H TOYHOCTH TMPOTHO3HPOBAHMA MO HEYETKOH
MOAEJIH XOPOIIO COINACYIOTCA C PE3ynbTaTaMH YIPaBJeHUS
ONMEpaATOPOM, a TOYHOCTH OIEHKH CyIIECTBEHHO BBIlLE, YEM
B CYIIECTBYIOIIHUX MOJEasX.

PaccMOTpEHHBIH B JaHHOM pa3jelic METOA yNpasiaeHHs, KaKk
0XKMIAETCH, TOMOXET TOBLICHTL TNPOU3BOAUTEILHOCTL, TOY-
HOCThL OOPAGOTKY U3menuil H yCcTOHYMBOCTHL paboThi. B mactos-
e BpPEMS 3Ty MOJEINb [1IAHUPYETCH PACTIPOCTPAHUTE HE TOJBLKO
HA nepayro, HO ¥ HAa IpYTHe KAE€TH MPOKATHOTO CTAHA, 4 TAKXKE HA
Ipyrue Matepuaibl. O6nacTh ee MpuMEHEHHs OyIeT noCTenenHo
PaclIUpATLCS Ha HACTPOEYHBIE MOJIENH B APYTHX TCXHOJIOTHYE-
CKHX MPOLECCaX.

3.4. YITPABJIEHUE CKOPOCTBbIO ABTOMOBWJIA

3.4.1. BBEJEHUE

B HacTosmee spems 6i1arogapst ObICTPOMY Pa3BUTHIO JIEKT-
POHHKY B aBTOMOOHJIECTPOEHHH 4aCTO MOXHO YBHIETH ABTOMO-
Ouib, UMEIOINMI ympaslieHHE ABHIATENIEM HAa OCHOBE MMKDO-
KOMIBIOTEPA ¥ 3JIEKTPOHHOTO YCTPOWCTBA ynpaBieHUS KapOro-
PaTopoM, yIpasieHUE MOBOPOTOM YETHLIPEX KOjeC, YNpaBJICHHE
YETHIPLMS KOJIECAMH TIPH TOPMOXKEHMH, YIIPABJICHHE MPH JIBYIKE-
HHM C NOCTOSIHHOH CKOPOCTBIO, a TaK)Xe 060py/10BAHHBIN MyTe-
BbIM KOMIILIOTEPOM, TMO3BOJISIONIAM MPOUM3BOAUTE PAacyeT Mpo-
Oera ¥ pacxoga TOIIMBA. .

Verpoiicrsa ynpasJieHUs: MPH IBYXKEHHHM C MOCTOSHHOU CKO-
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pocteio ycTanapiusamuck B CIIIA Ha nerkosbie aBTOMOOHIIH
eme B 60-e roabl. MeToy ympasieHus 8 TO BpeMsi ObL1 mo4TH
NOJHOCTLIO MeXaHuyeckuM. Brocnenctsuum Onaromaps JJ€KT-
POHHBIM METOJAM YNPABJICHUS MOSBHIMCh M NMPHMEHAIOTCS 10
HACTOSIIEro BPEMEHH yCTpOMCTBA YMpaBRIEHUS TPH IBYWXECHHU
¢ TMOCTOSTHHOM CKOpPOCTHIO, UCTOJIB3YIONHE MMPONOPIUOHAILHO-
uurerpanbHo-gudpepermansaoe ([MAUJ), aganTusHOE, HeJM-
HelHOe WM ONTHMAajibHOE yrpasyieHHe, [y 3THX METOAO0B
yIpaBJIEHUs HEOOXOAMMO, YTOOBl THHAMHYECKUE XapPaKTEPUCTH-
K{ ObLTH M3BECTHBI M HE H3MEHSAJIUCH, 3 BO3MYAIOIHAE (AaKTOPEI
OblTM He3HauYMTeNbHbI, OHAKO TUHAMHYECKHME XapaKTEPUCTHKH
aBTOMOOHUJIA MEHSIOTCSA B 3aBUCHMMOCTH OT NEPEKJIFOYEHHS Mepe-
Jayd ¥ HArpy3KH, JAPYTHMH CIIOBAMH, OHU DA3JIMYHLI IPH pas-
IMYHLIX Tepeaavyax, Harpy3kax # coctosusx gopord. Kpome
TOro, CyIIECTBEHHOE BJIMSHHE HA HUX OKA3bIBAECT YKJIOH IOPOTH.
BozdukaeT HEOOXOAMMOCTE B pa3paboTKe Mpasuil ONTHMAJbLHO-
IO yIpaBJieHHUs MPU U3MEHEHHH [IMHAMHYECKMX XapaKTEPHCTHK.

OcoOEHHOCTAMM HEYETKOrO YMPABJICHUS SIBJISIOTCA BO3MOX-
HOCTH MPEACTABJICHUS TEXHUKU ¥ 3HAHAN O BOXIEHHH, KOTODBI-
MH obiaflaeT BOAUTENb, C MOMOINBIO JIMHrBUCTHYECKHX MPABHII
ynpasnenns (JIITY), yTo no3sossieT 000HTHCh 6€3 KOJTHYECTBEH-
HO¥ Monenu obbekTa ynpasieHus. [103ToMy B Ka4ecTBe yCTpOH-
CTBa ynpapJieHus ¢ GYHKIUSAMY a1anTaldd K U3MEHEHHAM UHA-
MHYECKHX XAapAKTEPUCTHK aBTOMOOUIS pa3paboTaH HEe4EeTKHi
koHTpoiwiep (HK), koTophiil mOCTpOeH Ha OCHOBE KaYECTBEHHbIX
COOTHOIIEHHHA MEXy CTEMEHbIO OTKPHITHSA KapOOpaTOpa # CKO-
POCTBLIO ABTOMOOWIIA, T. €. MpaBui 4 3HaHuit ynpasieand. B HK
BLIMIOJIHAIOTCA HEYETKUE BBLIBOALI, CIENys MpaBHjaM ympaslie-
HAS, U BBHIYHCIAIOTCS 3a1aFOas BEIMYMHA (CTEMEHbL OTKPLITHA
KapbropaTopa), IpH4YeM B Ka4eCTBE BXOAHOH WHpOpManud s
HK dcnons3yioTcs 0TKIOHEHHE CKOPOCTH M KOHEYHbIE Pa3HOCTH
OTKJIOHEHHsI CKOPOCTH IIEPBOTO M BTOPOTO MOpSAKaA.

Amnnapataeie cpeactsa HK, ucnons3yromero HeyeTKHH BbI-
BOJI HA OCHOBE KOCBEHHHX METO/I0B, HOCTPOCHBI HA 6a3e MUKPO-
koMmnsioTepa. KoHTposiep, yCTaHOBJIEHHBI Ha aBTOMOOGUIE
«Toéner Kpayn» c asToMaTmdeckoit TpaHcMuccuedl obpaspa
70-ro ronga, mMpoxXoaws1 JOPOXKHBIE HUCTHLITAHHS HA CKOPOCTHOH
ropoackoit Maructpand (Maructpans KHTakrocrw ¢ orpaHuye-
HHEM Mo ckopocTd 60 kM/4). Hike omucadsl METO MOCTPOCHUS
KOHTPOJUIEPA M PE3yJILTAThI €T0 UCTILITAHMI, 4 TAKXKE MPOBEIECHO
CpaBHEHHE C PE3yJbLTATAMH, MOJYYCHHBIMHU MPH HCMOJIL30BAHUA
N 1-xourponnepa (IMUAK).
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Jus nossbimenuss pob6actHoctd HK mpu ympasieHnu Ccko-
poctero cripoektuposad HK ¢ ¢ynkuumeit obyuenus. 1o o3Ha-
yaeT, uTo mapamMeTpsi HK HacTpausaroTcs B peaibHOM BPEMEHH
WIM UTEpaTHBHO Mo pesynbTatam oneHkd B HK peakmmii Ha
ynpasisionue Bo3aeficTsus. Huke omuchiBaeTCs TAKKE METOA
MPOEKTHPOBAHUS C (PyHKIMEH 0Oy4eHHS U C MOMOMBIO MOJIENH-
pPOBAHUA HCCIIEAYETCA €r0 3(PPEKTHRHOCTS.

3.4.2. CUCTEMA YIIPABJIEHHUA
CKOPOCThIO ABTOMOBHWJIA

Ha puc. 3.24 noka3zaHa CHUCTEMAa YNPABJEHHS CKOPOCTHEO
asToMoOmIg Ha 6aze HK, anmapaThHas 4acTe KOTOpOro coaep-
JKHUT MHKPOKOMIbIOTEP. MHGOpMamuis 0 CKOPOCTH B BHJIE HAMps-
JKEHUSA CO CIHIOMETPA MOCTYMaeT B MAKpPOKoMmbioTep. Yucno-
BhIE 3HAYEHHs HANpPSOKEHHS 3aJaHHOH M Tekymed cKopocTel
HOJY4aroTCsl ¢ MOMOMBIO aHATOTO-uH(POBLIX NpeobpasoBaTe-
neit (ALLIT), 3aTeM BBIYHCIAIOTCS OTKJIOHEHUS CKOPOCTH H APY-
r¥e mapaMeTpsl. 3aTeM Ha ocHoBe HedeTkux JI1V ¢ ucnoss3osa-
HHEM HEYETKOTO BbIBOJA BLIYMCIIETCS 3aJaromas BEIdYHHA,
KOTOpas 4epes [udppo-aHasorosbii mpeobpaszosatensr (LTAIL)
HOCTYMaeT Ha KoMnapatop. s Toro 4ToObl 1OOHTHCS HY KHOTO
OTKphITHS KapOropaTopa B COOTBETCTBHH C 3Q[AOMICH BEIMYHU-
HOM, KOMIIAPaTOP OCYIIECTRIISIET YNPABJIECHAE C 0OPaTHOH CBA3LIO
HCTIOJIHATEILHBIM MEXaHM3MOM, COCTOSIUM M3 IABHraTes u pe-
ne. Ilyck ¥ OCTaHOBKA YMPaBJIEHHA OCYMIECTBJIAIOTCA KHOMOY-
HLIM BBLIKJIIOYATENEM, 0003HAYEHHLIM HA puc. 3.24 yepes I1/0,
4 U3MEHEHHE HENEBOTO 3HAYEHMS — MOBOPOTOM peryusropa. Ilpu
HaxaTud Bo Bpems peicraus HK wa TopMos, T.e. mpu obHapy-
JKEHAY CHTHAja TOPMOXCHHUSA, YIMPaBJIEHHE CKOPOCTHEO MPEKpa-
m@aeTcs (MPOMCXOaAT BPEMCHHAash NPHOCTAHOBKA BBIYUCIICHHH
8 HK u nonHoe 3akpeiTHe KapOroopaTopa) ¥ BHOBL YCTAHABIIH-
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Puc. 3.24. Cuctema ynpaBJjieHUSI CKODOCTBIO.
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BAIOTCS HayanbHbIE 3HA4YeHUA. Bo3oGHOBNICRME ynpasieHus ocy-
HIECTBIAETCA TPH OTCYTCTBHMH CHrHajla TOPMOXEHHMS WIH IO
KOMaHJ€ mycka OoT Kuomku [1/0.

MHKpOKOMIBIOTEP COOECPXKHT CIEAYIOMME OJOKH: MHKpPO-
nponeccop Intel 8085, socomupaspsansie ALl u 1IATl paa
BBOAA M BbIBOma AaHHbIX, BUC mapannensHoro ssona-shisojaa
aas soga curHanos I1/O u TopMmosxkedus. [Ins xpaHeHus mpo-
rpamMHoro obecneuenuss HK u MUK npumenserca T3V
eMKocThi0 4 KoaiiT. MoHuTop u pabouast ob6iacth pasMema-
oTcss B O3V eMkoctbio 2 KoGaiiT. KnapuaTypa ciyxuT mis
nepekmoucHAst HK/TTHM/IK, koppekTuposkd mapaMeTpos Kax-
JOTO YCTPOHCTBA ¥ NMPOBEPKH ANNAPATHOTO M MPOrPAMMHOIO
obecrneueHns.

3.4.3. HEYETKOE VIIPABJIEHUE
CKOPOCTHIO [9, 10]

Huxe onuchIBaETCS METOH HEYETKHMX BBIBOJAOB C MOMOMILIO
JIMHTBUCTHYECKMX TPAaBHJI U KOCBCHHBIX MCTO/OB, PEAlU30BAH-
Heii 8 HK, u anropuTtm ompepeneHus 3aparomeil BEIMYHHBI
AHAMM3UPYETCA TAKXE 3((PEeKTUBHOCTL HEYETKOrO YIPABIICHHS
MO Pe3ybTaTaM NOPOXKHLIX HCTBITAHUA M MOJCIHMPOBAHMUSA.

JIlunrBucTHyeckne npaBnia ynpasiaenus HK

HK wucnonssyer caeayromue JIITV:

JUIY 1 :ecnu e, ecTh P,, TO Ay, ectb P,,

JI1Y 2 : ecnu e, ectb N, 10 Ay, ectb N,

JH1Y 3 :ecnu Ae, ectb P,, TO Au, ecTb P,

JUTY 4 : ecnu Ae, ects N,, T0 Auy ecib N, (3.1
JITY 5 : ecnu A’e, ecTh P3, TO Au, ecth P,

JI1Y 6 : ecnu A%e, ectb N, To Au, ecth N,

3aeck 1)1 MOMEHTA BPEMEHH k:e, =r — y, (OTKIOHEHHE pery-
JMpYEeMOH BeIMYMHbLI); Ae, = ¢, — ¢, _ |, (PA3HOCTb OTKJIOHEHHIA
l-ro nopsinka); A’e, = Ae, — Ae, _ , (Pa3HOCTb OTKJIOHEHHIA 2-TO
nopsaka); Aw, = u, — u, | (IpUpameHHe 3agaromei BETMYHUHBI);
r, y,—3anaHHas ¥ TEKymasi CKOPOCTH aBTOMOOHJIS COOTBETCTBCH-
HO, P., N.—MONOXHTENLHOE U OTPHATENHHOE.

Hpaguna JIITY 1 cOCTOUT B TOM, YTO «ECHH CKOPOCTb
MEHBIIE 3a/1aHHOM, TO HaXkaTb Menanb raszay»; mpasuio JIITY
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Puc. 3.25. ®yHKuMM OpMHANNEXKHOCTH. a—NPEANOCHIIKA; 6 —3aKoye-
HUeE.

4 «ecaM CKOPOCTb BO3pacTaeT, TO OTHYCTHTh MEOajib rasan;
npasuio JIITY 5—«ecnu Habop CKOPOCTH CHUXAETCS, TO HAXATH
nefganbk rasa». 3aeck HCMOJIB30BAHBI HEOMpENeTECHHBIE CIIOBA
THNA «MEHbLIIE», KBO3PACTAET», «CHHXaeTcsa». B npasunax JIITY
1 u JIIIY 5 mepane rasa «HaxumaeTcd», a 8 npasHie JIITY 4,
HAa00OPOT, «OTIYCKAETCS», T.€. AEHCTBUA MNPOTHBOMOJIOKHLI.
Ilpu He4yeTKkOM yIpasieHHH Onarogapsi He4eTKOMY BBIBOOY 3a-
JAromas BeIUYMHA ONpeneideTcs MyTeM YCTAHOBJICHHS KOMMIPO-
MHCCa MEXAY NMpaBHJIaMH, NPOBOASINUAMH K TAK¥M IIPOTHBOINO-
JIOXHBIM JCHCTBHSM.

Ecmm cpasuuts 210 npasuna ¢ IIMJK, To MOXHO 3aMETHTD,
uyto JITTY 1 u JIIVY 2 cooTeeTcTByioT mHTerpaisHomy, JIITY
3 u JIITY 4-nponopumonanbioMy, JIITY 5 u JIIIY 6—nudode-
peHuMalbHOMY neHcTsUsM. ORHAKO, KaK yka3aHO HuXe, obpa-
00TKa TpaBHJI BLIMONHSACTCA C TMOMOINbIO HEYETKHX BBIBOIOB,
4 B pesyiabTate OymeT rocrpoeH menumHedHbld [TU/IK.
Benuuunn P;, P, N, N, (i = 1, 2, 3), Bxondmue B Npapuia,
IpeACTaBIsAloT COO0OH HeueTKHe MHOXECTBA, KOTOPBIE HUMEIOT
GbyHKuy NpuHAANEKHOCTH AJTs1 KaXI0M NepeMeHHoH (puc. 3.25).
DyHK MY TPHHAAJCKHOCTH NPEANOChUIOK HMEIOT BHJ apKTaH-
TEHCOB, a (QYHKIHH TPUHAAIEKHOCTH 3aKIIOUYEHHHA — IpIMBIX 14~
Huil. IIpeacrasicHHe MPEANOCHUIKYM B BHAEC KPUBOH C HAChIme-
HHEM HeoDXOAMMO I TOro, YTOOB YCHJIEHHE KOHTPOJIEpA NpU
IOYTH HyJIeBOM OTKJIOHEHHM OT 3aJaHHOW BEIMYMHBI ObLIO
60bIIMM, 4 eclIM OTKIOHEHHE GyeT BO3pacTaTh, TO IPOHUCXO/1U-
Jo 6bl HachlieHHE ycuieHHMs. bnaropgaps sToMy 3aparomyro
BEJIMYMHY MOXHO OrPaHMYMTL J1a)XKe TPH BBOAE B KOHTPOJJIED
OueHb GONbIIKX OMMOOUHBIX JAHHBLIX. BaXXHLIM ACMEKTOM, CBSI-
3aHHLIM co cTpykTypoit HK, sisnsieTcs onpenenieHue napaMeTpos
a, b, (i=1, 2, 3) byHkyuil NpAHALIEKHOCTEH.
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Heuerkuii BLIBO HA OCHOBE KOCBEHHOI0 MeETOA

J1ns He4eTKOro BRIBOAA MPEIAraloTCs pasauuHsie GOpPMy bl
HA OCHOBE CnOXHbIX mpaBuia. Hyke onucbiBaeTcsl HEYETKHiA
BBLIBOJ Ha OCHOBE KOCBEHHOrO METOa, npejioxeHHoro Ilykamo-
To [11].

HeueTkuit BHIBON MpelcTaBIseTcs caeayromenn dopmynoit:
Mpeanockiaka 1: ecan e, ects Py, T0 Au, ects P, (JINIV1)
Mpennoceuika 2: e, ecTb P 3.2)

3akmroueHue: Ay, ectb C,

3mecy P u C,—HeueTkHe (AMHIBHCTHYECKHE) TMEPEMCHHBIE.
Cwmpicn 3To#t GOpMyJIBl 3aKJIFOYAETCA B TOM, YTO TPH 331aHHHA
HEYEeTKOro YCIOBHOTO MpeUIoKeHUs PEANOCHUKH | 1 P B kade-
CTBE HEYETKOro BXOJQHOTO 3HAYEHHS ONpENensicTCs 3aKJIFOUEHHE
{HeyeTKOE BBIXOAHOE 3HaueHue) C,.

HeueTkuii BbIBOJ MOXeT ObiTh NMPsAMBIM, KOrja 3HA4YCHHE
NPUHAATEXHOCTH HEYETKOro MHOXKECTBA TPAKTyeTCd KaK 3Haye-
HHE HCTMHHOCTH, 4 BBIBOJ OCYIIECTBJSETCA C HUCMOJBL30BAHHEM
3TOTO 3HAYEHHS, WIH KOCBEHHBIM, KOT/2 BHIBOI OCYLIECTBAsIETCA
¢ HCIOAB30BAHMEM HEYETKOro (AMHTBHCTHYECKOTO) 3HAYEHHS
HCTMHHOCTH, MOJIYYEHHOro B pe3yJibTaTe HEYETKOTO MpeicTaB-
NEHHUS 3HAYCHHS HCTUHHOCTH. Huxe NpaBedeHbI ONpeleneHust
0oGpaTHOro 3HAYEHHS MCTHHHOCTH, HEYETKOTO MPABHIA «MOIYC
MOHEHC» W 3HAYEHUS HCTHHHOCTH.

1. Onpejeaenne 06paTHoro 3uavenns HcTHBHOCTH. [lo HeveT-
KOMY TE3HUCY «e, 3TO P» NPEANOChUIKH 1 # HEUETKOMY TEBHUCY «e,
310 P’» mpeanockulkd 2 B popMysie (3.2) onpenenseTcsa HeueTKoe
MHOXECTBO CTENEHA HMCTHHHOCTH e, 3To P,”, T.€. HEYeTKoe
3HAYEHAE MCTHHHOCTH Tp . MHaye rosops, ompemensercs Tp,
Takoe, 4To

i3}

e, €cTb P,” ecThb 1, < V¢, ecTp P

(3TO HA3BIBAIOT ONpenciieHHeM OOpaTHOTO 3HAYEHHS HCTHHHO-
c1H). HeveTkoe MHOXECTRO ompeienseTcs caeayromei bopmy-
JIOH:

B, @) = pp (7} 0), vel0, 11. (3.3)

2. HeveTkoe nparwio «monyc Homwercy». HeweTkuit «monyc
HOHEHCy MpeaHa3HaveH IS BbIBOIA CTENEHHM HCTHHHOCTH 3aKIJIkO-
yeHus ’Au, eCTh P,,” WM HEYETKOro 3Ha4ueHHs UCTHHHOCTH Tp,

1 AUBU I - -

10 33aAaHHBIM CTENEHH HCTHHHOCTH Tp, _, p,, (HEYETKOTO 3HAYECHHSA
MCTHHHOCTH) HEYETKOTO YCAOBHOTO MPEITOXKEHAS (3AIIHCBIBACTCSA
kak P, — P,;) ¥ HEYETKOTO 3HAYEHHUs UCTHHHOCTH Tp (OMpEne-
nsieTes o 1) npeanocsuikd e, ecth P, B noraueckou cucreme:
Jlykallesyda 3HayeHue WCTHHHOCTM HUMIMamkamud P, - P, 3a-
maerca B BHIC

P17 P = LA = py+ pa)s Pis Par €10, 1], 34

TA€ Py, Py —YACTOBHIE 3HAUCHUS HCTUHHOCTH. C MOMOMmBIO 3TOMH
(opMy 7Bl MOXHO MpPEICTaBHTH HEYETKOE 3HAYCHWE HCTHHHOCTH
HEYeTKOTO YCAOBHOTO MpemnoxeHus P, - P, cnepyro-

Tp] - Puy
M obpazoM:

Tpy =P = 1 /\(1 — Tp, + T, ) (3.5)
rae + 1 — 310 HEYCTKHE OTICpaliiy, ONpeaCCHHBIC N0 NMPUHIANTY
pacumpe}mﬂ.

Hcnoas3ys MHOXKECTBO (-yPOBHEH fnsl HEUETKOTO 3HAUYECHHS
HCTHHHOCTH B dopmyne (3.5), MOXHO HOAydHTH

% ap, = LAQ =1 +15,). (3.6)

rae 1° = {flp, (1) = a}, ae[0, 1]. Orcroma cremyeT, 4To MNpH
3aJ@HHBIX Tp _ p, (OOBIMHO MpeAmoOnara€Tcs UCTUHHBIM) H Tp
3HAYEHHE Tp, MOXKHO ONPENEnuTh, PEILMB ypaBHEeHHE (3.6). Ecnu
BeNMYMHA Tp, HOpPMaJA30BaHAa (BBICOTA paBHa 1) ¥ Bellykaa,
a Tp,.p, OYCHb Mana B [HMaMa3oHE [0, 1], MoxHO 3amucaTh
%, =[a,(2), 2, @], 1%, - p., = [r(@), 1], n03TOMY BEA@YHHY Tp,
MOXHO OINpEAEHUTS U3 Caeyrormel GopMybk

., = [{a, (@ +r@ -1} /0, 1] (37

3. Onpenesiende 38a4eHHs HCTHHHOCTH. 1o MOJIyYCHHBIM B TI.
2 HeyeTKOMy 3HAYeHHIO HCTHMHHOCTH T, ~3aKJIFOUEHUA ~Au, eCTh
P " ¥ HeyeTKOMY MHOXECTBY 3aKJIFOUCHHH P,; MOXHO olpeje-
JMTHL HeveTKkoe MHoxectBo C, 3akmoueHudt "Au, ecm C,”
¢ OMOINbIO

“Au, ects P,,” ecth 1, < Au ecth C,”
ul

u

(3To Ha3BIBAIOT OTpeneNEHHEM 3HaYeHUs MCTHHHOCTH). HeueTkoe
MHoxecTBo C; OmpenensieTcs CIeAYIOUMM BhIpaXXECHAEM:

te, (Aw) = utp,, (up, (Any). (3:8)

Ucnons3ys onpepenenns B nn. 1, 2 1 3, onpeneauM HEYETKOE
MHoxectBo C, 3ajalolmx BelAYMH Aw, AN Chydas, Korja
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OTHOCHTENILHO OTKJIOHEHHS e, OT 3aJaHHOTO 3HauYCHHS UMEETCH
HeueTKass MH(bOpMAnus. AHAJOTHYHO OMpenensorces We, (i =
=2+6) mia JIIY 2+ JII1Y 6. OyHKuds TPUHAMIEKHOCTH
C BenuumHbl Ay, mp¥ OOGbEAMHEHMH MpPAaBUN HAXOMUTCA C MO-
MOIbIO (POPMYJIbI

He (Aw) = min pc, (Awy). (3.9)

OfHAKO, MOCKOJLKY HAa BhIXO[AE KOHTpOJIEpa HEOOXOQMMO MO-
AYYHTH 4YETKOe 3HaueHHE, B KAYECTBE 3AJAIOINCH BETMYMHBL
onpegesAeTcs 3HaUEHNE, YI0BICTBOPSIOmEe CIEAYFOIIEMY BbIPa-
KEHHIO!

Be(Buf) = Sup pc(Auy), (3.10)
AugeeU

rae U—monHoe MHOXECTBO 3aJaOINKUX BEJIHIHH.

ITpoexTupoBanne HK [10]

Ha npaktuke npu npoexktuposaduu HK cuctems! ynpapie-
HHSI CKOPOCTHIO aBTOMOOH/IA B KAYECTBE BXOHOW uH$opMamuu
ACIONBL3YIOTCS YCTKHE 3HAUEHHS. 3ajaromas BeauuuHa Auf nns
3TOro ciyyas HaXOAMTCS CIHEayomuM 0Opa3oM.

IIycTh e, = ¢, e, = Ae, e; = A’e. DYHKIHS TPHHALIEKHOCTH
npeanockiiKy (puc. 3.25) amns e UMeeT BHI .

1
p‘P, (ei) = EarCtg (di.ei) + 0’57
(3.11)
1
p‘N.‘ (ei) = _arCtg(_di.ei) + 0’57 i= 19 27 37
T

0 ol 4 Puc. 3.26. Pynkuus mnpHHAL-
duy duy dus v JIEKHOCTH  3ajatomedl  BesiM-

(4u®) YHUHBI.
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rac
d, = tg(0,45m)/a, i = 1, 2, 3. (3.12)

(DyHKuI/Iﬂ NpAHARJIC)KHOCTH 3AKJIIOMCHUS UMEET BUJ

1 N
[ pr., (Awy = EB;Au +0,5,

(3.13)

Ky, (Au) = —iAu +05 i=1,2 3
L 2b; ’

C nomompio mnpopeayp 1-3 HE4YETKOro BBLIBOAA MOXHO
OTIpe/IENIUTh HEYETKOE MHOXECTBO C 3a4arolIuX BenMuuH (pHc.
3.26). Takum 06pa3oM, ecrim TOHKH TepeceueHus Au,, Au,, Au,
BCeX (YHKIHA MPHHANNEKHOCTH BLIPA3UTHL B BHIE

! Auy =

3 Au, = —{arctg(d,Ae,) + arctg(dyA%e)} (g, + g3), (3.14)

o

L Auy = E{arctg(d3A2ek) + arctg (dye,)} /(g5 + 94)»

{arctg(d,ey) + arctg (d,Ae)} (9, + 92),

Al— ajr~—

roe g; = 1/(2b), i=1, 2, 3, 10
Auf = medium {Au,, Au,, Auyl, (3.15)

rape medium O3HayaeT cpejHee 3HauEHHUE.

3aparomas senmuuHa Auf, mosyueHHas uz QopMyn (3.14)
1 (3.15), BbipaxkeHa gBYMS JIHHEMHBIMH CBS3SMM OTHOCHTEJILHO
arctg (d,e,), arctg (d,Ae,) u arctg (d>A’e,), a OTHOCHTENBHO e¢,, Ae,
4 A”e,—HenuHeHHOH cBA3bI0. [103TOMY MOXHO CHHMTATh, 4TO
HK ->3T10 Henmueiinbiii [1W{-koHTpOJLIED.

Mo e poBaHue

IMepenaTounas ¢yHkiMs o6beKkTa ympasieHds (OJOK ympas-
JIEHHd + KapOlopaTop + aBTOMOGHIb), UCTIONb3yeMas MpH Mo-
AEJIMPOBAHUY, UMEET CICAYIOIAH BHIL:

35,78
(1,735s + 1)(16,85s + 1)

G(s)= [kM-u~1-B71]. (3.16)
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Puc. 3.27. PesynnTaThl MOACIMPOBAHUS YNPABICHUSA CKOPOCTHIO.

OHa noJiy4eHa Ha OCHOBE MEPEXOIHOM XapakTepUCTHKH oT 0 Ho
60 xm/4.

Ha puc. 3.27 nokasaHsl pe3ynabTaThl MOAENHPOBAHAA PabOTHI
koHTponiepos apyx tunos—HK u MWK, 3HaueHns nmapamer-
pos HK sei6pans! ciepyromum o6pazom:

{al =70, a,=13, a;=14

by=2 b,=213 b3=2 (G.17

W3 puc. 3.27 cnenyet, 4T0 BBIOpOCki HAa xpuBoit HK MeHbIne, yem
Ha kpusoil [IM/IK. Kpome toro, HK paer nydmue BpeMeHa
YCTAaHOBJICHUS U HapacTaHus. MoxHo 3aMeTuTh Taxke, uto HK
JIyHIIE ¥ MO OTHOINEHHIO K M3MEHECHUAM THHAMHAUYECKOHN XapaKkTe-
pucTuky 4depes 50 ¢ mnocme nogbeMa W cmycka. Ilockosbky
HU3MEHEHHE qHHAMHYECKOH XapaKTepUCTHKU BHI3LIBAET MEPHOH-
4eCKOE€ U3MEHEHHE YCHICHAS 0OBEeKTa yipasJieHus C aMILUTATYIOH
o 50%, moxHo cuutarh, 4To HK cnocoben Bectu ynpaprieHue
TIPU CHUJILHBIX BO3MYIIEHHSAX.

Jlopoxuble HCNBLITAHHA

JlopoxHble UCHbITAaHHAS MPOBOAWINCH HA Maructpamm Kuta-
KIOCIO C YCTAHOBJICHHBIM Ha aBTOMOOHIIE MUKPOKOMIIBIOTEPOM,
B KOTODHI Obinu 3an0eHsl nporpammsel HK u INUJK. Tepuon

_BBIOODKM [aHHBIX [as yHOpaBJieHUsl Obil NPHHAT pasHbiM 1 C.
Bpems BreIunciieHnst Ha ogHy Beibopky s HK coctasuio 50 mMc,
mist ITIMJIK —okono 35 mc.

Ha puc. 3.28 u 3.29 npeacrasieHsl pe3ynbTaThl MCIBLITAHUN
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Puc. 3.28. Pesyabrarsl gopoxHbix ucnbitanuil ITAIK.

ms NIIMJAK u HK coorserctBeHHo. [lo pesynbTaTaM past
MUAK MOXHO 3aMETHTH BIMSHHE NUHAMHYECKOH XapaKTepH-
CTMKH Ha MEPBo# M BTOPO¥ CKOPOCTH Y BIHSHHE MEPEKIIOYCHH S
nepejgay, a Takke OoJibiuye U3MEHEHHA 3a/1aIOINEH BEIHYMHBL.
DTO MOXHO 00BsicHUTH TeM, 4To ycuyenne TTWJIK HensMeHHO,
HECMoTpS HAa pa3/iMYMe B XapaKTEpPUCTHKaX aBTOMoOMNIs Ha
nepBoii, BTOpOit M TpeTbeit ckopoctH. B pesynbpratax ans HK,
Hao6opoT, BHIOPOCH HE3HAYHMTENbHbI, OTCYTCTBYIOT OOJbImUE
U3MeHeHus 3a1aromeil BeIuYuHbl, a yckopeHud wiasHsle. Kpome
TOoro, obecreyuBaeTcs YCTOWYHBOCThL NPH ANUTCILHOM [BHXKeE-
HWH, HECMOTpS Ha HEPOBHOCTH AOPOTH.

C touxu 3peHus xoMdoprabenpHocTu tnpumeHeHne HK He
BBI3HIBAJIO KAKUX-JIMOO TPEBOXHBIX OMYNICHHH M MPAaKTHYECKH
HE OTQMYAJIOCh OT Cyd4as, KOrJa axceJepaTopoM yNpaBiseT
BOJMTEND, & C TOYKM 3PEHHUSI BOXKACHUS MOE3Ka Obiia MPHATHOH.

g &
> Cropocms
=L
R 6} E 60
3% e
D
§§ 4 §40 Jadarouas
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QR
U 11 J d 1 1 =y
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Puc. 3.29. Pe3ynbTatbl mopoxHbix uenbitanuid HK,

8-4830
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Puc. 3.30. Camonacrpansatomuiics HK.

3.4.4. YITIPABJIEHHUE CKOPOCTBIO C IOMOINLIO
CAMOHACTPAUBAIOIMETOCA HK [12]

Hmxe onmncana crpykTypa HK ¢ npasunamm oGyuenns (mpa-
BUJIA HACTPOHKH) M PpyHKIMEH caMOHACTPOUKH, MO3BOIAIOIUMY
HacrpaupaTh napamMeTpel HK mo onenkam peakpuu Ha ympas-
JSIOIME BO3AEHCTBHA. 3aTEM MPHBEACHB! Pe3ysibTaThl MOENH-
POBaHHS YNPaBJIEHHA CKOPOCTBIO H paccMOTpeHa 3ddekTus-
HOCTh TaKOTO KOHTPOJUIEpa.

DyHKUMA CAMOHACTPOHKH

B ycnosusx GonbllinX H3MeHEHHH HATPY3KH BO3MOXHbI CIIy-
4ay, KOrga TpyaHO TMOJIy4HTh ONTHMANbHLIE PE3yibTaTH JaXke
npu yapaeinesud ¢ nomombio HK ¢ onpeneneanbiMm naGopom
napaMeTpoB. B mopo6HeIX ciayuasx Tpebyercs mepesacTpoika
napameTpos. Hacrpoiiky napamMeTpoB MOXHO OCYILECTBHTH JIH-
60 MeTogOoM Npod M OUHMOOK, JHGO HA OCHOBE 3MITHPHYECKHX
3HAHMH O HACTPOHKE.

Pacemotpum HK ¢ dyukiuedt camonacTpoiiky mapamMeTpos,
KoTopas AeACTBYET MOAOOHO CHEHANHCTY, T. €. OIIEHUBAET peak-
AU Ha yNMpapisiomMe BO3NEHCTBHSA M NPOU3BOAUT HACTPOHMKY
napamerpoB. B KauyecTse oOy4aromHuX MpaBHJ HaCTPOWKH Mapa-
Metpos HK paccmaTpuBaloTcs aBa: HWTEpaTHBHOE MpaBUIIO,
B COOTBETCTBHMH C KOTOPHIM MapaMETPLl HACTPAMBAIOTCS HTepa-
THBHO C YY€TOM OLIEHKH YIPABISEMOCTH, ¥ MPABHJIO HACTPOMKH
B pEaNbHOM BPEMEHH, B COOTBETCTBHH C KOTOPBIM MapameTphbl
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HACTPAMBAIOTCA 1O OlleHKe PeaKIIH{ Ha YIpaBistomye Bo3aeicr-
BHSA B PEaJIbHOM BPEMEHH.

Cravana mapamerpsl HK oaxo3navno ompemenstores 1o
UTEPATHBHOMY TPaBHJly HACTPOHKH MCXOAS M3 OLEHKH pe3ylibTa-
TOB yIipaBJjienus. 3aTeM, NPHHAB NOJIyYEHHbIC 3HAUEHHS B KauecT-
BE HCXOIHBIX, YXE B TNpoilecce yMpaBJeHHs MO peakiund Ha
ylpaBJISIONHeE BO3/1eHCTBHS MapaMeTpbl HACTPauBaroTCs 1o Mpa-
BMJIy HACTPOMKH B peajibHOM BpeMeHH. IIOBTODSA MONEpeMEHHO
HTEPATUBHYIO HACTPOHKY M HACTPOWKY B pealibHOM BPEMEHH,
yCTaHABJIMBAIOT ONTHMAJILHBIE 3HaucHMs mapamerpos. Ha puc.
3.30 npuBeaena Gnok-cxeMa camomacrpauatomerocs HK ¢ mo-
JOOHBIMH TIpaBUNAMHU OOyueHus (y¥ —3amaHHas peaKyus).

HUrepaTBHas HacTpoiika napaMeTpon

WTepaTuBHas Hacrpoiika HapamMeTpoB—3TO MeTOH OXHO-
3HayHO# yctanoBkd mapameTrpoB HK mo ouenke pesyiabraros
yIpaBIEHAs B MOMEHT OKOHuYaHHS ympaplienus. OneHuBaroTCs
TaKHE XapakTePUCTHKY, KaK BEJMYHMHA BbIOPOCOB, BPEMS JOCTH-
JKEHHUsI [[EJIEBOr0 3HA4YECHUsA W aMmuiMTyna (puc. 3.31). Ilpasuia
HACTPOMKY NAapaMETPOB H OXEHKH XapaKTEPUCTUK OlNpenesICHbI
B Tabl. 3.6, COCTABJIEHHOH C y4ETOM OMBITA ABTOPOB M CXOACTBA
HK ¢ INJK. Beuuuusl egy,, epr 4 € 4,0 B TabIHIE ONpEaesoT-
cs o dopMysiam

[ egy = OV — 0V,

{ egxr = RT— RT*, (3.18)

| eqns = AM — AM*,

v Beipoc
N Wunmmyda

r [—— —_—— — —_—— _ _ ———

{

J

|

|

g 1
Bpems e

Jocmuxmenus

uenesozo

JHaverug

Puc. 3.31. XapakTepUctHKU yIpaBicHUs.
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Tabauya 3.6. TIpaBuiaa HTEpATMBHON HACTPOWKM NapaMeTpoB

Tpeanocbuika Jamoyenne
XapaKkTepHCTHKA Aa, | Aay, | Aas | Ab, | Ab, | Ab,
yOpaBJeHus

P Paiy | Nayz | Nawa | Poay | Po1z | Nias

€ov
Nel Nall PalZ PalZ Nbll NblZ Pb13
P Nazi | Pazz | Pazz | No2r | N2z | Pras

€rT
Ne2 Pazy | Nazz | Nuzz | Peay | Peaa | Nios
P Pa3y | Nasz | Pazs | Noay | Noaz | Pras

€aMm
Nes Nasi | Pasz | Nazs | Prar | Poaz | Neas

P. = nonoxureabHoe, N. + OTPHIATEIbHOE.

rae OV, OV *—peanbHag ¥ 3agaHHas Beldw4MHbB! BbIOpoca; RT
RT*—peanpHOoe W 3agaHHOE BpPEMS [AOCTHXKECHHS 3agaHHOTO
3HaueHus; AM, AM * —peanbHOE ¥ 3a1aHHOE 3HA4YE€HUE AMILIUTY-
nbl. ©yHKUH npuHagIexkHocTe P., N. IpeanochlIOK ONyChHIBA-
FOTCS B BHJE APKTAHICHCOB, a ¢yHKyuu P., N. 3aKiIrodeHus —
GYHKMSMH KOJIOKOJIOOOpa3HO# (OpMEI.

B kayecrse MeTOa HEYETKOrO BLIBOAA JJIS ONPEACJICHHS IO
npasunaM Tab6n. 3.6 mompasok K mapaMmerpaM Ag; Ab; (i=1, 2,
3) "crmonb3yeTcs CAEQYIOIMH MTPOCTOH METOA.

ITycTb n mpasBW 3ajaHbl CIAEAYIOUM 06pasom:

Rl : ecnu x, ectb A, ¥ x, ecrb B, T0 y ectb Cj;
R2 : ecnu x, ectb A, 4 X, ectb B,, 10 ¥ ectb C,; (3.19)

Rn : eciu x, ectb A, ¥ x, ectb B,, 10 y ec1b C,,.
3neck x,, Xx,—IEPEMEHHbIE npennocmnox y—TiepeMeHHast 3a-
kimoyenud. A4, B, C, (i=1, .., N) ABISIFOTCS HEYETKAMH
MHOXECTBAMM U HMEIOT COOTBETCTBEHHO GhYHKIMH TTPUHALIEXK-
HOCTH Ly, (x,), By, (Xo) e, () (=1, 2, ..., )

Ecnu mepeMeHHBIM X, X, HA3HAYUTh YETKHME 3HAYCHUSA (%4,
X,), TO BBIXOJHOE 3Ha4yeHHE Y MEPEMEHHON ¥ MOXHO ONPENETHTh
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o cheayrome# ynpomeHHoi dopmyie:

n

Z (b, ( 1)/\113‘ (%) 7
p=1=1 , ’ (3.20)

; Py, ( 1)/\HB¢ (%2)

rae y; (=1, 2, ..., n)—3Ha4ueHUs y aJiA Cly4as, Kornad GyHKuys
NPHHAMNIERHOCTH P (¥) (f = 1, 2, ..., n) IDHHAMAET MaKCHMAaJib-
HOE 3HAYCHHE.

Mpumenss Gopmyny (3.20) x npasunaMm Ttabn 3.6, MOXHO
HaWTH BENHYMHBLI MOMPABOK K mapaMerpaM Aag;, Ab; (i =1, 2, 3).
Koppektuposka mapamMerpos g;, b, HK ocymecrsuserca no
cleayomuM GopMyiaM:

a;-l()B()e = a;:Tapoe + (1 . FP) Aa"
bioroe = TP + (1 — FP)Ab;, (3:21)
<4 <Py i <b:;<9,((=1,2,3)

rae FP—3HaveHde HEUETKOM OLEHKH, OTpeensieMoe HIKe; d;, P,
Y, O; (i =1, 2, 3)—nocrosiHHbIE, ONMpeaenstomye 001acTb AOMy-
CTUMBIX 3HAYEHHI MapaMeTpoB.

WrtepaTuBHyI0O HAacCTpOHKY CJIEAYyET 3aKOHYMTL B MOMEHT,
KOrja MONy4YeHbl HAWIyYINWe pe3yibrathl ynpasieHus. C 3ToH
[ENIbFO yCTaHABIUBAETCS CIENYIOIMH KPUTEPHH HEUYETKOH OneH-
KM A0S BLIOPOCOB, BPEMEHHU HOCTHKECHHUSA 3a4aHHOTO 3HAYCHUSA U
AMILIATY OBl

FP = min {llov (eév), HRT(eIZtT), Ranm (eiM)} s (3.22)

THE Upy, HpTs MNaar— 3HAYEHUA MPHHAIEXHOCTH, XapaKTepUu3yio-
e Mepy Ka4yecTsa MO OTHOIIEHHIO COOTBETCTBEHHO K BBIODO-
caM, BPEMEHH JOCTHIKECHHS ¥ aMIUIATYIE.

HacTpoiika 3aBepioaeTtcsi, €CiM 3TOT KPUTEPHH YyOOBJIETBO-
pgeT HEpaBEHCTBY

>0, 0¢[o0, 1], (3.23)

rae 60— MoCTOsiHHAS KPUTEpHs 3aBEPIUCHHS.

Hacrpoiika napameTpoB B peajibHOM BpPeMeHH

Hacrtpoiika B peaJibHOM BPEMEHH 3aKJIFOY4ETCH B TOM, 4TO,
BLIOpAB B KA4eCTBEe Ha4aJIbHBIX MapaMETPOB MapaMETPHI, MOJIY-
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Puc. 3.32. TIpumepbl peakoum.

YEHHLIC IIPH UTEPATUBHOHM HacTpOHKe, JOOUBAIOTCS COBMANEHUS
3a[ArOEH BETHYMHBI ¥, C 3aXaHHOH pPeakmued yFB MOMEHTHI
HaOMIOJEHUs. peakndd Ha ympaBIisiomee BO3eHCTBHE. MOXHO
paccMaTpuBaTh YETHIPE BHAA PEAKiBH Ha 3aJAIOMIYI0 BEIHYMHY
MO OTHOIICHHMIO K 3aAaHHOMN peakiyu (puc. 3.32). Ha puc. 3.32,a
NMOKa3aHa, HAMPHMEp, PeaKuus, TP KOTOPOH U3 TOro akra, 4yTo
nepen m-il BEIOOPKO#M OTKJIOHEHHE PEAK[MH TOJOXHUTEILHO U B
TEKyI¥d MOMEHT BPEMEHH OTKJIIOHEHHE TMOJIOXHUTENbHO BO3pa-
CTaeT, Chnenyer, 4To NHocie m-ii BBHIOOPKH OTKJIOHEHME CTaHeT
MAaKCHMaNbHbIM. 3aparomiast BeMuuHa Au, B MOMEHT BpeMeHH
k cBsi3aHa C 3TUMH YETHIPLMS CIyHassMHU CIEIYIONMM 06pa3zoM:

1. Ecnu ¢f 2 0, Aef 2 0, TO Ay, cneiyeT CuIbHO yBENHYHTS.

2. Eciu ef 20, Ae} <0, 10 Ay, crefyeT HEMHOTO yMeHb-
IIATS.

3. Ecmu eff <0, Aef 2 0, To Ay, crienyeT HEMHOTO yBEJIMYHATS.

4. Ecnu ef <0, Aef <0, To Au, ciesryeT CHIBHO YMEHBILIHTS.

3HaK ~ O3Ha4YaeT HEYETKOCTh HEPABEHCTBA; 11 MOMEHTa BpeMe-
HH k
ok

e =yt —y, Acf=ef—ef-m (3.24)
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e¥ —OTKIOHeHHe peakuud, Aef —mnpupallieHHe OTKIOHEHHUs 3a
m BLIOOPOK, m—4HCIIO BBIOOPOK.

Ecmu nokaszannsie Ha puc. 3.26 sepmmib C;, C, NPUHLTH 33
touky U, Bepuuabl C;, C,—3a Touky I1 u Bepummnsl Cs5, Cg—3a
touky [I, To koopauHatsl Tpex BepwHH I1, U, [l ¥ HONOXATEL-
Hble mapamerpsl g, b; (i =1, 2, 3) OyayT CBA3aHBI CIEAYIOMIUM
obpaszom:

1
[ To4yka U : (E 2b, arctg (e, tg(0,45m/a,), 1),
|
l

1 .
{ Touka IT: (Esz arctg (Ae, tg(0,451)/a,), 1), (3.25)

|
| 1
| Touxa JL: EZb3 arctg(Ae, tg(0,45m)/as), 1.

W3 Bhlpaxenus nis koopnuHaT Toukd M cnepyer, uyro ecnu
NpU MOJNIOXHMTENBHOM e, YBCIHUHBATBL ¢y M yMEHbLIIATHL b,, TO
touka M cmecrurcsa srneo. [Ipu cMemeHUM BEPLUMHBI BJIEBO
MOSABISETCS BO3MOXHOCTH YMEHBIIHTE 3aJaI0MYI0 BENUYHHY 10
cpasHeHMIO ¢ puc. 3.26. CnepoBaTentHO, 17 TaKOrO yMEHbLIEC-
HUS criejyeT OfHOBDEMEHHO CMemaTh Tpd BepluuHel CBs3b
MEXIy NapaMeTpaMi a;, b, 3agaromeil BETMYAHON ¥ BEpLUMHAMHU
MOXHO BHIPa3UThH CIHEAYIOmHAM 00pa3oMm.

5. J1ast TOrO 4TOOBI YBENHUUTH Au,, CIEAYET YMEHLINATH d.
M YBEJIMYUBATH b., €CIIH BEPLUMHE HaxoasTcs B MOJIOXKHUTENIBLHON
ob6nacru (e. 2 0). Ecnu ke BepIIMHBI HAXOAATCA B OTPHIATEIb-
Hoil obnactu (e. < 0), TO CIE€AYET yBEIUUUBATE . ¥ YMEHBIIATH
b.. 3meck mapaMeTphl g; W b; CBR3aHBI C e. (e, = ¢, e, = Aey,
e; = A’e) (popmyna (3.32)).

6. J11g Toro yroOsl yMEeHbIUUTH Au,, ClENyeT YBEIHYMBATE d.
H YMEHbIUATL b., €CTH BEPINHHBI HAXOJATCA B MOJOXUTENLHOMH
o6xactu. Ecny e BepriMHbl HAXOAATCA B OTpHNATENbLHOHA 001a-
CTH, TO CJeNyeT yMEHLINATh d. ¥ YBEJHYHBATH b..

B Tabn. 3.7 cBeneHbI rpaBuia HAaCTPOWKH MapaMETPOB.

HeuyeTkoe MHOXECTBO 3aKJIFOUEHHS B TaOJIHIE MPEACTABJICHO
UIA cayvas, KOTOa BepIiMHB BheIpakeHus (3.25) maxopsrca
B MONOXHUTENbHOM o0nacTy. Ecny BepIIuHLI HAXOIATCA B OTPH-
naTesbHOM 061acTH, TO HEYETKOE MHOXECTBO 3aMEHSETCS Ha €ro
JonoyiHeHue (HampuMep, P.<»> N.). OyHKius NpUHALIEKHOCTH
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Tabauya 3.7. TIpaBuia MaCTPOMKH MapaMeTPOB B peallbHOM BpPEMCEHM

Ipeanoceimka 3akmoyenne
e¥ Aef Aa. Ab.
P, Py NB, PB,
P, N PS, NS,
N, Py NS, PS,
N, Ny PB, NB,

P. : momoxutensuoe, N. : OTPHUATEIbHOE,
PB. : momoxuTenbHoe Gonpioe, PS. | MONOXUTENLHOE Malloe,
NB. : orpHuaTtensHoe Gonbmoe, NS. : oTpHuaTte/ibHOE Maoe.

NpEANOCHUIKA BblpaXkeHa B BHJle apKTaHreHca, a QYHKuus NpH-
HAIJIEXKHOCTH 3aKJIFO4YeH¥s — (PYHKIHEN KOJIOKOJI006pa3Hoit dop-
MBl.

C nmomompio mpaBui Tabn. 3.7 U HEYETKOro BLIBOAA MO
ynpomeHnHoit dopmye (3.20) MOXHO OCYmECTBHTE KOPPEKI[HIO
MapameTpOB, OAHAKO B JAHHOM CIy4ae [/isl YNPOIIEHUS BBIMHC-
JIEHHH BBIBOJAMTCA 3HAYEHHE OJHOTO U3 MApaMETpOB (MapaMeTpa,
CBSI3AHHOrO C [ICHTpajbHOH BEpIIHHOH, HanpuMep Aa,); HOiy-
YEHHOE 3HAYEHHE MPONOPIHOHAILHO PACIPEAEIISETC MO APYTHM
napameTpam. [lociie KOppeKTHPOBKM MapaMeTpHl a; MPHHUMAFOT
CIEYIOMUE 3HAUCHMS:

a?osoe — a%‘rapoe + sgn (I/I) . )\’1 . A(Il ,
a};oxoe — a%rapoe + sgn (H) . )\’2 . Aal N (326)
agmme — agrapoe + sgn (}1) . )\’3 . Aal s

rae A; (f = 1, 2, 3)—nonoxuTenbHble KO3 GUIHEHTE IPOTIOPIHO-
HAJIbHOCTH, Sgn (') —3HaK Bepluubl. [lapameTpsl b; onpeensoT-
ci aHAJOTHYHBIM 00pa3oM.

Hactpoiika mapameTpoB a;, b; (i =1, 2, 3) ocymecTBiseTcs
[OMepEMEHHO, a He OJHOBPEMEHHO. DTO CBSI3aHO C TeM, YTO
BO3MOXHBI CIy4ad, KOr/la mpU U3MEHeHuH Aag; Au, ysend4upa-
€1Csl, HO NMpY H3MEHEHMH b, — yMEHBILAETCH.

IMepyuon HacTpo#ky mapaMeTpOB OMpPEAEIAETC IO MPOCTOMY
TNPaBUIY. NPH.HEOOTBIIHX OTKIOHEHHSX PErYIMPYEMOM BENHYH-
HbI ~ yBEJIMYATH BpeMsi HACTPOUKH, NMPH OOJBUINX — yMEHBIIATS.
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Mopennposanne

Pe3yabTaThl MOAETHPOBAHAS CUCTEMBI YNIPABIIEHISI CKOPOCTBIO
na OcHOBe camonacTpamparomerocs HK npusenens! na puc. 3.33.
HenpepbiBuoil THHMEH NOKA3anbl pE3YJIbTATH YIPABJICHHUS B CITY-
yae, korga mia HK Ge3 ¢yHKIMH HACTPOMKM MapaMeTpoB
3a/1a10TC COOTBETCTBYIOIME HAYAIbHbIE TMAPAMETPbl. 3HAKOM
X OTMEYEHbI pe3yIbTaThl YIPABJICHUSA B ClIy4ac KOPPEKTUPOBKH
napaMeTpOB MO HTEPATHBHOMY METOJY Ha OCHOBE PE3YIbLTATOB,
MOKa3aHHBIX HETPEPHLIBHON JMHHEH, ¥ MOCTEIYIOMER HACTPOMKH
B PEaJbHOM BPEMEHH HA OCHOBE HAYATbHBIX 3HAYEHHH, TOJTy4eH-
HbIX OpH HTepaTMBHOH nacTpoiike. Kak crnepyeT u3 pHCYyHKa,
HACTpOHKa mapamMeTpoB MA€T ropaszjo JIyUIHe pe3ydbTaTbl MO
CPABHEHHMIO C yNpaBiienueM 6e3 HAaCTpOUKH: BHIOPOCH! ¥ aMILTH-
TY/1a YMEHbIUAKOTCS, JOCTHTaeTCs ObICTPOAEHCTBHE, 3 H3MEHEHHE
3afaromeil BeJIMYMHLI CTaHOBHTCA OoJiee TUIABHBIM. 3aMETHO
TaKKe yJIyvllleHue XapakTepHCTHK YIpaByenus OGiaronaps BBene-
nuto B HK ¢yukuuu oOyuenus MO OTHOIUEHHIO K H3MEHCHHIO
ycuiends uepes 50 ¢ mocne cmycka Hid noabema.

Takaxacd ¥ JpyTHE COTPYIHHMKH J1aOOPATOPHU JIEKTPOHUKA
¢dupMmbl «Hucan m3upocs» NpOBEH peaibHbIE QOPOXHbIC HCMbI-
Tands ¢ WCMOJb30BanMeM camonacTpausaromerocs HK [13],
MpUHIKLI PAGOTH KOTOPOrO OBLIM H3JI0KEHBI B IaHHOM pasje-
ste. OHM CBUICTEIBLCTBYIOT 06 Ovenb BHICOKOH KOMpopTabeibHo-
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Puc. 3.33. DddbexTUBHOCTE YNPABIEHUS CKOPOCTHIO C NOMOIIbIO CAMO-
nacTpauBatomerocs HK.
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CTH, NOJIHOM OTCYTCTBHHM TOJYKOB Ha MOABEMAX H CHYCKax,
a TaKKe O BLICOKOH TOYHOCTH YHNpaBJIEHHS.

3.4.5. 3AKJIIOYEHUE

B nannoM pa3pene GBI paccMOTpEHB MeTO IPOeKTHPOBa-
Ut HK p1s ynpasiienus ckopocTbio aBTOMOGHIIS M Pe3yJIbTATH
MOJETUpOBAHHA M JOPOXHBIX HCTLITAHHH C €ro MCIoJb30Ba-
nueM. OTH pe3ynbTaThl MoKasbiBatoT, uro HK oGecneumsaer
3hGheKTHBHOE YNpaBleHHE CKOPOCTHIO B YCJIOBHSX HM3MEHEHHS
MMHAMUYECKAX XapaKTEepPHCTHK, B YaCTHOCTH MJIABHOCThL ABHXKeE-
HHA HE 3aBHCHT OT MEpeKJIIOYEHUS NMEpeaay, Ha CIIYCKax H MOgbe-
Max ¥ MpH QUIMTENbHbIX TpoGerax gBHKeHHe YCTOHUUBO, OTIAYa-
eTcsl BbICOKOH KOMQOpTabeIbHOCTBIO, a BOX/ICHHE He CO3;1aeT
npobiem.

Ycranopka napameTpos HK TpeGyer ompenesiennoit kBam-
duxaMy, HO>TOMY aiis 3TOH Mpopeaypbl € LEJbIO TOJTyYeHHUS
XOpOIIMX pe3yNbTaTOB B 0ONACTH OONBINMX U3MEHEHHA JHHAMH-
YECKMX XapakTepucTHK ObLt paspaboTan HK ¢ ¢ysknueir camo-
HACTPOHKY MapaMeTpoB. Pe3ynbTaTel MOJAeIMpOBaHYS CaMOHa-
cTpamBaromerocss HK nokasany ero BbICOKYIO MpaKTHYeCcKYHO
HEHHOCTb.

3.5. YITIPABJIEHHUE BOJASAHBIMU HACOCAMUA

3.5.1. MPMHIUIT PABOTH! BOJAAHBIX HACOCOB

B cBoeili moBcenHeBHON KU3HU M IPOU3BOACTBEHHOMN IEATENb-
EOCTH Mbl YacTO MOJb3yeMcs Boaoit. Obpasyromuecs Mpd 3TOM
OLITOBBIE W MPOM3BOICTBEHHBIE CTOYHBLIE BOAB C MOMOIIBIO
KaHaM3apMOHHON CETH OYHMINAKOTCS M CycKaroTcs B peku. Ponb
KaHAJH3aHOHHOW CeTH 3aKJIFOYAETCA HE TOJILKO B TOM, 4YTOOBI
OYHImATh CTOYHBLIE BOABL M COXpaHAThb cpeny OOHTaHMS, HO
4 OBICTPO CNycKaTh C NMOMOIIBIO HACOCOB ROXKIAEBYIO BOAY BO
BpeMs JI0OX1d B PEKH H clacaTh TOpOX OT HaBojxHeHMsd. Takue
BOSIHbIE HACOCHBIE YCTAHOBKH (pHc. 3.34) pa3MeIaoTcs Ha myTH
BOJOCTOKOB M B MECTaX OYHUCTKH CTOYHBIX BOJ; MPOBOJHUTCSA
pabota mo ux aproMaTH3aimu. OQHAKO H3MEHEHMs Mporecca
CTOKa HOXJAEBOM BOABI 3aTpyAHAIOT MOJIHYIO ABTOMATH3A[HIO.

B mocnennue ropsl 3a cuet mporecca ypbanuzanuu 8 601b-
UmMX TOpoJax COKPAIAoTCA 3eJIEHbIE 30HbI H CBOOOIHEIE 3eMIIH,
4 MOBEPXHOCTD 3€MIHM MOKPLIBAETCS 6ETOHOM, MO3TOMY B 3HAYH-

[oeY
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Puc. 3.34. Bo/1ooT/IUBHAA HACOCHAS YCTAHOBKA.

TEJbHOU CTENeHH CHUXAETCH 0OBEM HOXKAEBOH BOIbI, MPOCAYH-
BalOLIEHCs B 3emult0. BodpacTtaeT 06beM CTOKA HOKIEBOH BOMIBI,
¥ fnaXe Npd MajblXx HOXASX MOSBJSIFOTCS BHE3aNHbie MOTOKH
BOJbl. TUOUYHBIM [PUMEpPOM SBJISIFOTCS HABOJHCHHS, BLI3BAH-
Hble JIUBHAMHU BO BpEMs Ipo3 M B Ce30H HOXKACH.

Jnst HpepoTBpamienus NogoOHLIX SIBJIEHHH, C OZHOH CTOpO-
Hbl, TJIAHUPYIOT KOHTPOJIb JOXIEBBIX CTOKOB 3a CYET BOJOMPO-
HUIAEMBIX MOCTOBHIX M I'pYHTA, HAKAMJIMBAIOMIETO [OXAEBYIO
BOJY, a ¢ ApYro —paclUupfiOT KaHajM3alMoOHHble TPyOsl, yBe-
JIMYHBAFOT YMCJIO M MPONYCKHYH CHOCOGHOCTHL Hacocoe. OaHako
MOBBIIIEHUE TPOU3BOIUTEIBHOCTH OOOPYIOBAHUSA MOpPOXKAAET
HOBBIE MpoOeMsl: U3-3a gucbaaHca MEXy BTEKAIOMMM MOTO-
KOM H MPOITYCKHOH CIOCOOHOCTHEO MOBBIMIAETCH YacToTa BKJIIO-
YeHAS U BHIKJIIOYEHHS HACOCOB H TOSABIFETCA HEOOXOOUMOCTh
B YMpaBJICHHH OTKPBLITHEM 3aTBOpa B Ciy4yae MOTOKOB BOAbI,
MPEBLIIIAIOIUX MPOMYCKHYIO CIOCOOHOCTh HacocoB. Mcnomnb3o-
BAaHME U3BECTHBIX METOOB YNpPABJICHUS HA OCHOBE OI[EHKH YpOH-
HA BOABl B HACOCHBIX KOJOANAX A CJIEXEHHSA 3a OONbIIMMU
KOJIEOAHMSAMHM NPUTOKA HOXIAEBOH BOAbl M PEIIEHHS MOJOOHLIX
3a/1a4 COMPSXEHO C ONpeaeIeHHBIMH TPy IHOCTSIMHA. YacTo BbI-
HYXXHEHbI IPUBJEKATh K yIpaBleHuto paboToil Hacocos CherHa-
JIICTOB, KOTOpBLIE JIErKO OpHEHTHPYIOTCS B PA3HYHBIX CHTYyd-
[MSX, B YACTHOCTH YYUTHBAKOT COOTBETCTBHE MEXAY OCaaKaMH
U TEXHHYECKHMH BO3MOXHOCTSIMH OTBOJA JIOXJIEBOU BOIbl B 30-
HE OTKA4KH M OYHCTKH. TakdMm oOpa3om, HeoOXomuMa cHcTema
yIpaBJieHHs, KOTopasi He 3aBucena Obl OT HHAWBMAYAJbHBIX
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KavyecTB OOCITYyXHMBAIOIICIO NMepcoHasIa W obecneydBasia CHHXe-
HUE Harpys3KH.

Huxe paccMaTpusaroTcs 0cobeHHOCTH pabOThl BOASHBIX Ha-
COCOB H crMoco6 amanTHBHOTO HeueTKOro YNpasJiCHMS, KOTOPBIN
MOXHO HCTOIL30BaTh A 3(peKTHBHOA aBTOMAaTH3alHA.

3.5.2. YIIPABJIEHHUE BOJAAHBIMH HACOCAMMU

Bopsipie Hacoch! npegHa3HayeHsl A1 CYCKa B PEKU [OXKOe-
BOH BOIbl, CKalIMBAOIIENCS BO BpeMs 10K/ B KaHAIH3auHOH-
HbIX Tpy6ax. Pa6oTa HacocoB 01KHA COOTBETCTBOBATL 00bEMY
IOXneBo Boabl. MMerorcs mpuMepbl MECTHOTO YMpaBiieHUS
CKOPOCTBIO HAcoCa, OJHAKO HA MHOTHX HACOCHBIX CTaHIHIX
OpHUMEHSIOT YIpaBjieHne paboToil HeCKOIBKHX HACOCOB, KOTOPOE
4acTO peau3yercs OAHUM U3 ABYX METOJOB: MPEIBAPHTENBHOE
OTpejielieHHE YpOBHS BOAbI B HACOCHOM KOJIOAIE MM IpeaBa-
pHTeJIbHOE OTpe/e/ieHHe (GYHKUMOHAIBHON 3aBHCHMOCTH MEXIY
YPOBHEM BO/Ibl B HACOCHOM KOJIOJAUE ¥ 3a/IaHHOM NpOMYCKHOH
criocobHocThio HacocoB. IlepBhIii MeTOA COCTOHT B TOM, YTO
€CJIM yYpOBEeHL BOAHB B HACOCHOM KOJIOAHE MOAHMMAETCH 10
HEKOTOPOI'O 3HAYEHMS, TO 3AMyCKAETCS €rie OQUH HAcOC, a eClH
YPOBEHB OTYCKAeTCs HUKE OTMPEAENIEHHOTO, TO HACOC OTKJII0YAET-
cs. Takum obGpa3som, ynpaBiieHde paboTo# HACOCOB OCYIIECTBIIS-
€TCS AOCTATOMHO MpOocTO. OIHAKO, MOCKONIbKY B 3TOM Cliyuae He
YUATHIBAETCSA JMHAMHKA COCTOSIHUH, T.€. JUHAMHYECKHE H3MEHE-
HHUS YPOBHS BOJBI B KOJIOALE, H3MEHEHUE 00beMa MOTOKA JOXKIe-
BOH BOIbl ¥ T.I., BOBHUKAIOT CIEAYIOIIME NPOGIEMEI.

1. Jns nOATOTOBKY K 3aMycKy ¥ OCTaHOBKH HACOCOB He0bXO-
IAMO Bpems, a 00beMbl KOJIOANEB HeBeldkd. B pesynbrarte
HEBO3MOXHO OTCHCAMTHL PE3KUE M3MEHEHHS YPOBHs, BbI3BAHHbBIE
OPUTOKOM BOABI BO BpeMs TalyHOB MM CHIBHBIX JIMBHEH,
U YOpaBjieHHe HaCOCaMH HeH30eXHO OymeT 3ama3ibIBaTh.

2. MudopManusi 0 BTEKAIOmMEM MOTOKE JOXKAEBOH BOjAbl HE
BJMSET Ha pabOTy HAaCOCOB, KOTOpas HOCHT MOHOTOHHBIH Xapak-
TEp ¥ 3aBHCHUT TOJBLKO OT YPOBHS BOAbI B Konojue. Kpome Toro,
MOCKONIbKY paboune mapaMeTphl YCTAHABIMBAOTCS AJI OTpese-
JICHHOW CHTyaud#, HEBO3MOXXHA afianTanys KO BCEM CHTyaIMIM
¢ M3MeHeHHeM o0beMa MOTOKa BOAgbl. B pesynbTaTe yacToTa
BKJIFOYEHHS M BBIKJIIOYEHUS HAcOCOB OyneT MOBBILIATHCS.

3. Ecnu moTOK pnoXkAeBoi BOAB! NPEBBULAET IPOMYCKHYIO
CmOocOOHOCTE HAcOCOB, MX pabora GyaeT MPOUCXOZUTH B YCIIO-
BUSIX OrpaHyyeHHs MPUTOKA BOJBI BXOQHOMN 3a IBWXKKOM, U COTJIa-
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CoBaTh OTKPHITHE M 3aKpbITHE 3aJBMXKH C pabOTOH HacocoB
OyneT CIOXHO.

Mo 3THM OpHYMHAM JeIaloTCH TOMBITKY OPraHu3osarTh pabo-
Ty HACOCOB Ha OCHOBE TpPOTHO3MPOBAHHS 00BEMA JIOXICBOM
BOJIBI C MCTIONB30BAHMEM (PH3MYECKOH M PEKYPPEHTHOH Mozenei.
[Tpu 3TOM, OJHAKO, BO3HMKAIOT CJIEAYIOIHUE TPYIHOCTH.

1. 3aciayxuBaromye JOBepUsl U3MEPEHHsS OTHOCATCA K ypOB-
HIO BOABI ¥ KONHMYECTBY OCAJKOB, HO MECTA M3MEPEHMI OTrpaHH-
YeHHBI.

2. Ocagkd TpygHO TPOTHO3HPOBATH.

3. MexaHusM oOpa3oBaHMs HOXAA [IOCTATOYHO CIIOXKEH,
a 06bEM HAKOIUIEHHOH B TpyGax BOabl MEHSETCS B 3aBHCHMOCTH
OT MHOTOUHCIIEHHBIX YC/IOBHH, T. €. SIBISETCS B CHIBHOH CTeNeHH
HETUHEUHBIM.

4. HeBO3MOXHO M3MEPHTh O0beM [OXKIEBOM BOJbI, HEOGXO-
MUMBIH U1 HACHTHGUKANUHA TapaMeTPOB MOJIE/H IPOHECCa, YTO
3acTaBlisieT UCMOJNB30BaTh MPOTHO3MpYyeMble 3HaueHus. Hamex-
HOCTb MOJENH TPH 3TOM CHY>KaeTtcs.

Mo 3T¥M IpUYMHAM Ha HACOCHBIX CTAHOMIX, Ije X0 CHX MOp
He YRAETCS OCYmeCTBHTH HOJIHYIO ABTOMATH3anMIo, 6e30macHoe
ynpaBrieHne paGoTON HACOCOB, MOIEPXUBAIOCe HU3KUH Yypo-
BeHbL BOAbI B KOJIOJIE, BLIMONHIETCA KBATH(QHUUMPOBAHHBIM pa-
604umM. [Ipu 3T0M pabouuii OCHOBBIBAETCS HE TOJIBLKO HAa YPOBHE
BOxbl B KOJIOJIE, HO M UCMOJB3YeT pa3HOOOpasHyro HHdopma-
IO O NOKAEBOH OGCTAHOBKE, COCTOSIHMH [PHUTOKA JOKIAEBOM
BOJIBI, YCIOBUAX PaGOTHl HACOCOB, O BO3MOXXHOCTH CIHBA BOJbI
KaHANM3AMMOHHOM ceThIO, A TAKXKe CBOM MpOILIbI onkiT. Pabora
J0JkHa GBITH OpPraHM30BaHa TAKMM 00pa3oM, YTOOHI, Hakami-
Basg MOXKEBYIO BOAY B KaHAIM3auMOHHBIX Tpybax u pomyckaf
GonpIuye KoeGaHus ypOBHS BObI, 1O BO3MOXHOCTH MpENATCT-
BOBATh YaCTOMY BKJIFOYEHUIO ¥ BBHIKJIFOYEHHIO HACOCOB, MPOAJIANA
TEM caMbIM HX CPOK CITyXObl U CHHXXasi 06beMbl paboT IepcoHa-
na. JIpyruMH CjoBaMi, TpeOyercsi Takoe yHpaBlieHHE, KOTOpOe
B 3aBHCHMOCTH OT BTEKAIOIIETO MOTOKA J0XKAECBOM BOJIbI MCKYCHO
coyeTano Obl ABE HNPOTHBOpPEUYUBbIE [IEJIM YIIpABICHUS.

Peanuzanus Takoil paGoTbl U3BECTHBIMH CrOcOOaMHM [0CTa-
TOYHO TpygHA, MO3TOMY [UIsl OpraHM3aguy aJarnTHBHOTO YIIpas-
JieHds HeOOXOAMMO HCIOJB30BATh 3HAHUS KBAJM(HIMPOBAHHO-
ro pabouero HACOCHOW CTAHUHUH.
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3.5.3. OCOBEHHOCTHU HEYETKOI'O AJAIITUBHOI'O
YIIPABJAEHUA

HeueTkoe ympamieunde 3akirodaeTcss B peanud3apdd ¢ MO-
MOIIBIO KOMITbEOTEPA YMpPaBIEHUS, aHAJIOTHYHOTO TOMY, KOTO-
pO€ BBLIMONHAET KBANUPUIUPOBAHHBIA pabouuif, myTem mpen-
CTaBJICHHUS B BHAE MOJEJIM METOAOB €ro paboThl C HCMOJIb3OBA-
HMem mnpaBun ynpasienus. [lpaBuna ynpaBies¥s CBS3BIBAIOT
ONEHKY COCTOSHUS OOBEKTA YNPAaBJECHHUS ¢ MOC/IEA0BATENbHOCTBEO
omepaiuii ¢ MOMOIbIO BbICKA3bIBAHUH «ECIH ... TO», OCYIIEeCTB-
JAIOT HEYETKOE pa3jelieHHe MpOCTPAHCTBA BXOJHBIX MEPEMEH-
HBIX M B Kaxj0H JIOKanbHOH 0OJACTH yKa3blBarOT MOCIENOBA-
TEILHOCTL omepaypui. [IpH yBeJIHYEeHHH 4MCIa BXOHMHBIX Tepe-
MEHHbIX HEH30EXHO BO3PACTAET M UMCJIO NpaBUN YIPABJIEHHS,
4YTO 3aTpydgHseT HX mnocTpoenue. CTpyKTypHPOBAHHE MNpaBUI
yrpaBJIeHdsl OCYIIECTBISMETCS HA OCHOBE XapaKTEPUCTHK 0Oopy-
npoBanud. [Ipumeps! cTpyKTypUpoBaHHsS MOKa3aubl Ha puc. 3.35.

Ha puc. 3.35,a mokaszaH mpumep, B KOTOPOM 3HAYEHHS
MAaTEMATUYECKOH MOJENN KOPPEKTHPYIOTCH C MOMOIIBIO HEYET-
KOTO BBHIBOja (HAmpuMep, YIpaBjiCHHE BHPLICKMBAHUEM KOary-
JIIHTa Ha BOjoouHcTATENbHOM cTaHpud [14]), Ha puc. 3.35,6-
npUMep, B KOTOPOM 3TATOHHOE 3HAYEHHE HA BBIXOJE CHCTEMBI
ynpaBJieuusi W 3HavYeHUE NOMPABKH ONpPEAEJIIOTCI HA OCHOBE
HEYETKOT0o BbIBOja (yNpaBJIEHHE XJIOPUPOBAHHEM HA BOJOOYM-
cTutenbHoi cranyun [15]). Ha puc. 3.35, ¢ upeactasieH npumep,
B KOTOPOM 3HAYEHHE HA BBIXOAE CHCTEMBI YNpaBieHHs olpeme-
JIiETCS ¢ UCMOJb30BAHMEM OIIEHKH COCTOSHHUA 000pYyI0BaHUs Mo
HEYETKOMY BbIBOJY MNEPBOM CTYMEHH, a TaKkKe H3IMEPEHHBIX
3HavYeHdd. B 3TUX Me€Topax CTpyKTypHpoBaHHsE OGBEKTOM SBJIS-
eTcd 3HAaY€HHE Ha BBIXoje cucTeMbl ynpasieuus. Cpead meTo-
ZI0B, MCMOJIB3YFOIUMX MpPABUJIA YIPaBJICHUS, MOXHO BBIJACIATH
METOJ HEYEeTKOro afalNTHBHOTO YIpaBJIEHHS.

HeveTkoe apanTUBHOE ympaBJieHHE--3TO METOJ YIpaBJIeHHUS,
KOTOPBIH MO3BOJISET NMPUCIOCOOHTHCS K W3IMEHEHHsIM rapamMeT-
pOB O0OpYIOBAHUS MYTEM U3MEHEHUS aJrOpHTMAa YyIpaBJICHUS.
3auuTesbHBIA 3EeKT MOXHO MOJIyYuTh B TOM cilyyae, KOraa
XapakTepHCTHKHM 00OpynoBaHHsA, HampuMmep KOIPUHEHT ycH-
JIEHHA Tpopecca M BpeMsl mpocTosl, H3MEHSIOTCA B 3aBUCHMOCTH
OT paboyero cocTosHusA WM KOTja HEoOXOJMMO COrjacoBaTh
B 3aBUCHMOCTH OT CHTYaldy HECKOJIBKO NeJiel ynpasienns. s
napamerpa g, MpeacTaBIAoIMEro cocrosiiue obopynosanus, pac-
CMOTpUM [Ba cOCTOsHUS (2, # a,) ¥ 00O3HAYMM TNApaMeTphl
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Puc. 3.35. ITpogonxenue

NpaBUJI yHpABJICHHUS B O3THX COCTOSHMSAX 4epe3 ¢;, C,. 3aTeM
OpEHHM TapaMeTp a*, NMpeACTABIAIOIIAIA TEKYIIEE COCTOSHHE
obopyoBapH, ¥ ONpeAeSIMM CTENeHb OJIM30CTH ® ETO 3HAYEHHS
K COCTOSIHUSM a,, a,. [lycTh ® paBHO 0 B ciiydae cOCTOSHHSA a,
H | B Ciy4ae COCTOSHHS a@,, 4 MEXOY [ABYMS COCTOSHHAMH
o npudHuMaer 3Hadenus oT 0 mo 1. Ilapamerp c¢* mpaeun
YIpaBJIEHUs] B COCTOSHHH «* ONpenesseTcs Kak B3BEILEHHOE
cpenHee ¢ BecamMu l/o u 1/(1 — ®) mapaMeTpoB ¢; U ¢, MPaBHI
YIOpPaBJICHUsI B COCTOSHUSIX gy H @, COOTBETCTBEHHO:

F=c;(1-0)+c, o 3.27)

Kak riokazano Ha puc. 3.36, napamerp ¢* npasui ynpapJeHUs
MEHSETCS HeNPepBIBHO OT C; K C, W MPONOPIHOHAIBHO H3MeHe-
HHIO MapaMeTpa oOOpyHOBaHUsA @ OT a;, K a,. TakuM obpazom,
HEYETKOE AAaNTHBHOE YNPABJICHHE —3TO METOJ YNpaBJICHHS, B
KOTOPOM OCYIIeCTBISETCA afanraiys napaMeTpa MpaBu yiipas-
JieHHus Ha ocHoBe (opMyIbl (3.27) B COOTBETCTBHH C COCTOSIHUEM
obopynosanus. B obmeM ciyuae B kKaueCTBe MapaMeTpa mpaBuia
VIIpaBJIEHUS. UCTOJb3yeTCd napaMeTp QYHKHMH NPHHALJIEKHO-
ctu. ClegoBaTesibHO, UCMOJB3YETCA OOHO M TO K€ MpaBUIO
VIpaBNCHUS, HO VIS OQHOM H TOH € HEYETKOH MepeMeHHOH
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Cocmosmie o0opydosarus a, a* (oyenra) az

napamemp aj, (w=0) © I—w (w=1)
6UND *
gnpasrenus ©1 ¢ K
(napamemp ¢)
a,npa ¢y a*npa o¥
zmpt €2 (afpnmauus)

Puc. 3.36. HeueTkas amanTuBHas onepanus.

onpeneNnsroTCs A8 (DYHKIHM TNPHHAJJIE)KHOCTH B COOTBETCTBHH
C COCTOSIHHAMH d;, dj.

Boiie 6611 paccMOTpEH ClTy4ail ¢ OQHUM MapaMeTpoM 06opy-
noBanus. OObACHUM 3TO Ha KOHKPETHOM MpHMepe. XapaKTepu-
CTHKM 00OpYHOBaHHs 4acTO MEHSIOTCS B 3aBHCHMOCTH OT pabo-
uero coctosuus. Hampumep, yacto mpu Harpyskax 50 u 100%
KO3pPUUHUEHT YCUIEHUS MPONECCa H BpeMs MpoCTOd CYIIECTBEH-
HO pasznu4aroTcs. B 3ToM ciyuae cocTOsHHE HArpy3Kd NpYHHMa-
eTcs 3a mapameTp obopynosanud. KpomMe Toro, eciiy mo pasHbiM
NpUYMHAM COCTOSIHHE 0OOpYIOBAaHUS MeEHseTCs, yesiccoobpasHo
¢ TMOMOIIBI HEYETKOTO BBIBOAA, MCHOJIb3YIOMETO 3TH MPHYHHBI
B KAYeCTBE BXOMHBIX 3HAYEHHH, O€HHThL MApaMETp. XapaKTepH-
syromuil coctosHue obopynoBanusa. ComocraBnss 3TOT MHapa-
MeTp B mpomopud# 1:1 ¢ ®, Mo ¢yHKuUMH NpHHAIEKHOCTH
npaBuia yrnpaeleHus A "Harpy3ok 50 u 100% MoxHO onpepe-
JIATH ¢ HCTONb30BaHNEM GopMyibl (3.27) dyHKHIO MpUHAJLIEXK-
HOCTH ISl TIPOM3BOJNBHOTO COCTOSHHMSA HArpysku. To, 4TO MpH
3TOM Oypetr aganTupoBaTbes: (HyHKuMs NpHHAIJIEKHOCTH MpEj-
MOCHUIKH WM GYHKIMA MPAHALIEKHOCTH 3aKJIFOYEHHUS —3aBUCHT
OT XapaKTepHCTHK obGopynoBaHHus. EciM, HanpuMep, B 3aBUCH-
MOCTH OT HAarpy3kd MEHSFIOTCS MOCTOSHHAs BPEMEHH U BPEMS
3anasjplBagug, TO apantapyeTcs GyHKuud OPUHAANIEKHOCTH
TPEeANOChIIKH, a B CIy4ac W3MeHeHHs Kod(pdUuHEeHTa yCHIEHH
mponecca— QyHKIUS MPYHAMIEKHOCTH 3aKJIFOYeHUA. AHAIOTHY-
HBIM MeToaoM mo Harpys3kaM 50 u 100% MOXHO OCyIECTBHTD
COTJIACOBAHHOE YIPABJICHHE MpH HECKOJBKHX PA3JIMYHBIX [EIAX
ynpasrienus. B 3ToM cnydae 61M30CTh K HEKOTOPOMY COCTOSTHHIO
BbIpa)aeTcs MapaMeTpoM ® ¥ aganTHPYETCsl COOTBETCTBYIOMA
pnenesast GbyHKUHUS NPHHAIJIEXKHOCTH.

9-6830
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3.5.4. IPOEKTUPOBAHHE ITPABWI YHPABJIEHWUS

PaccmoTpuM npuMepbl KpHTEpHeB pabOTHI BOJAHBIX HACO-
COB, KOTOPbIE HCIOJB3YIOT KBATMOHIMPOBAHHBIH pabovuid.

1. Ecrm texymu# ypoBeHb BOOBI B HACOCHOM KOJIOALE
BLICOKHH M MpealoslaraeTcs €ro [OBHILECHHE, BIMIOYAETCA €lle
OIWH HACOC.

2. Ecym ypoBeHb BOJIBI B HACOCHOM KOJIOINE HU3KHH M mpen-
MOJIAraeTCsl ero MOHWXEHHE, BBIKIFOUAETCS ORMH H3 HACOCOB.

3. EcJm npeanonaracrcsi peskoe yBeIMUEHHE IPHTOKA 10Xk 1€~
BOM BOgbl, 3KCTPEHHO BKJIOYAETCSI HACOC M MOMIEPKHUBAETCA
HA3KMH ypOBeHb BOABI B HACOCHOM KOJOZLE.

4. Ecnu mpu yBeJIMYeHUH NPUTOKA BOIbI AEIAETCA 3aKIIIOYe-
HHEe 00 OTCYTCTBHH OMACHOCTH, pab0Ta HACOCOB MOIAJEPXKMBA-
eTCsi B HPEXKHEM pEKHME JaXE MPH MOBLIIEHUH YPOBHSA BOJILL.

5. B cnyyae 6OJBIIOro MPHUTOKA NOXKAEBOH BOOBI ypOBeHb
BOBI B HACOCHOM KOJIOmNE B reJisix 6e30macHOCTH NOAEPXKHUBa-
€TCS HA HHXKHEH OTMETKE.

OTayHTeNbHOM OCOOEHHOCTRIO 3THX . OEHOK SBISETCA HX
JIBYX3TaNHOCTD. :

Dtan |: cuTyanus ¢ IPUTOKOM NOXKIEBOH Boasl Ge3omacHa?
TpebyeT BaEMaHUA?

Texyuii TpuTOXK Z0XAEBON BOxsl OonbILoN? ManeRpkui?
MprToK MOXAEBOH BOABI B nanpHEHINEM OyneT yBenHH-
paTeesa? He Oyner yBenu4uBaThes?

Dran 2: COOTBETCTBYET JIX TEKYIIHH yPOBEHD BOJIBI B KOJIOANE
OpeHKe OOCTAHOBKHM C MPHTOKOM HOXICBOH BOjpI?

{He06xonuMo BKJIIOYEHHE NOHOJHHUTEIBHOrO Hacoca?
Heo6x01uM0 BRIKJIIOYEHHE Hacoca?

Taxum o6pazom, HEUETKOE AJANTHBROE YNPABJICHHE MOXHO
OPHMEHUTH, €CJIH B KA4eCTBE TapaMeTpa 000py10BaHUsA PHHATS
oneHKy 0e30IacHOCTH C Y4ETOM CHTyayHMH ¢ OPATOKOM JOXIE-
BO#l BOIBI, BHIOPATE B KAYECTBE 3TANOHHBIX COCTOSHHH Ge3ona-
CHOE COCTOAHHE (aXe €CNM NOpH OOBUHLIX JOXAAX YPOBEHB
BOABl B HACOCHOM KOJIOJE HECKONbKO MOBBHIIIEH) H ONACHOE
cocrosHAe (KOrja MPUTOK JOXAEBOH BOABI BO BpeMsi, HAlIpHMED,
TaliQyHOB 3HAYHTENeH) M MHCOONB30BaTh ® Kak TMOKasaTenb
OIIEHKM TEKYILETO COCTOAHHA HpPHTOKAa BOApl (PH OOGBIYHBIX
noxgax @ = 0, Bo BpeMs TalipyHoB ® = 1). OpeHka ypoBHA
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BOJBI B HACOCHOM KOJIOAIE U TEHACHIMH €r0 U3MEHEHHUS Pa3IHy-
Hbl B 3aBHCHMOCTH OT CHUTYalli{i C HPHUTOKOM BOAEI, MOITOMY
Hanboee NOJXOAAIIMM METOIOM afanTaluy ABJISeTCA aganra-
pasd o ® QyHKOMM TMPUHAIIEKHOCTH NPERNOCHUIKH, T.€. eclid
BBHINIOJIHSETCA aAanTamysd mo © ABYX (GyHKHHH MPUHALICKHOCTH
MPENOCKUIOK, [[E/1b MepBOl M3 KOTOPHIX —CAEPKHMBATHL MO BO3-
MOXHOCTH 4acTOTYy BKJIIOUCHHH H BBIKJIOUYCHHH HACOCOB MNpH
OOBIMHBIX JOXKAAX, 4 [ENb APYrod —6e30IacHOCTL BO BpeMs
Tail(hyHOB, TO NOABAACTCS BOZMOKHOCTD COTJIACOBAHHOM paboThl
BOJNOOTJ/IMBHBLIX HACOCOB B OTBET Ha CHTYyanHMio C NPHTOKOM
noxacsolt Boaur [16].

Ha puc. 3.37 npuseneHa OGI0K-cXeMa BLIMHCIEHHA NP [aH-
HOM ynpapjenuy. CHa4yana UCXOad U3 TEKYmETrO MpHTOKA BOJIBI
M HHTEHCHBHOCTH OCAIIKOB, MO KOTOpPO# HpOTHO3UpYETCS OXH-
[AEMBli B faJiLHEAIeM 00beM 0K AEBOH BOABI, IEAACTCSH BBIBOJL
0 CHTyapiM C MpHTOKOM BOpabl. I10CKOILKY HemOCpeaCTBEHHO
H3MepUTh 00beM mpHObIBaromeRl BOIBl HEBO3ZMOXHO, HCTOJIb-
3yl0T U3MEPEHHE MPOMYCKHOH crnocoOHocTH Hacoca. [Io 3Ha4e-
HHIO BBHIBOAA » C YYETOM YpPOBHA BOJLI B HACOCHOM KOJOANE
M TEHAEHIHH €r0 H3MEHEHHS OCYIIECTBIAETCA anantanus QyHK-
WME MPHHAUTEXHOCTH MPENIOCHUIKH EPBOro NpaBuila ylpasJlie-
HHS, HMCOONL3YyEMOTO s BBIBOAA NPOMYCKHOH CIOCODHOCTH.
Yucno paboTarommx HACOCOB ONPEAENAETCS MO IMPOIYCKHOH
CrnOCOGHOCTH, TMONYyYeHHON B pe3ynbTaTe HEeYeTKOrO BHIBOAA.
JIns HeYEeTKOTO BHIBOJA MCHOJNL30BAH Cieaylomiuit MeTox: dyRK-
[ OPHHAJIEXHOCTH 3aK/TIOYEHHS MPABHA YIpaBJIEHAS YMHO-
XKaeTcs Ha MHHAMAIBHYIO CTENeHb NPHMHAIIEXHOCTH Ipeano-
CBUIKH, 33aT€M OmpeaeNfeTcs IEHTP TKECTH (GyHKIUM NpUHA-
JIEXHOCTH, MOJIYYeHHOH ¢ momolbio omepanid MAX i Beex
npasun yupasneHus [17]. OyHxkuuy npHHAIIEKHOCTH Mpeano-
CHUIKH M 3aKiOUeHMS MMEIOT TpeyroyisHyro dopmy. Taxkum
0o6pa3oM, agamTHBHOE BHIMHCICHUE (QyHKIME IIPUHANNEXHOCTH
OPEANOCKUIKM C HCIONb30BAHHEM MAPAMETPA  BBIMOJHSAETCA
creayromuM 0b6pasoM:

P =P (1 —®)+p, o,
P2=p20 (1 —0) +pyy -0, (3.28)
P3=p3 (1 —@) +p3;- 0.

Hanpuamep, nenesple ypOBHH IpH OGBIMHOM JOXAE U TaidyHe
npeacTaBJIeHEl Ha puc. 3.38 HenmpepHIBHBIMH JTHHUSIMH, & HENEBOH
ypoBeHb MpH ® = 0,5 -miTpuxosoit jummeit (MM yposna H).
Ananornudo mo ¢opMyne (3.28) u 38aYEHUIO  BBIYHCIAIOTCH
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Bce QYHKHM NPHHAIEKHOCTH YPOBHS BOBI B HACOCHOM KOJIOA-
= Es {€ ¥ TCHICHIMHU er0 U3MeHeHHMd. Mcnomip3ys mosiyuenHble GyHK-
§.,., §f§ OUH U HEYETKHMH BHIBOA IO NPABWIY YOpaBJeHMS ], MOXHO
S8 b’u‘b OCYLIECTBHTH HEYETKOE AIANITUBHOE yIIpaBiieHHe, BHIOpAB B Kade-
2’% CTBE MOKA3aTeNsd afalTHPYEMOCTH BEJHUYMHY .
£ B 1abn. 3.8 u 3.9 npuBencHb! NpUMepHl NPABUI YIPABICHH,
5, HUCMOJIb3YeMBI€ P HEYETKOM AJANTHBHOM YNpPAaBJICHAH BOJOOT-
S JIMBHBIMH HacocaMy, a B Tabn. 3.10 ¥ 3.11 —cMBICT COOTBETCT-
g § . BYIOIIIUX HEYETKHX MEPEMEHHBIX. 3
§ S ‘§, 3 HeueTkie nepeMeHHble MPERNOCHIIKE HMEIOT NATh rpafanmit
S S g SA, SM, MM, ML, 14), a HedeTKHe MepEMEHHBBIE 3aKITFOYCHUS —
3 RS SRS 2 54, , , . 14), a
S S ST 5 IIecThb MM CeMb rpajagui. Cxobku B Taba. 3.9 mpH ciosecHOM
8 o
§§ .§§ t§ g ONHCAHHHM CMBICJIA MPABWJI YOPABJICHAS O3HAYAIOT, YTO «ecnﬁu
88 E § s e HHTCHCHBHOCTB 0CaAKOB 06blvHast (M M), a mponmyckHas cmoco6-
S: §=: 5‘ § § HOCTbL HACOCOB [I0BOJIbHO BbICOKas (ML), TO NpPUTOK HOBOJILHO
Eg EE 2 £ cubHbldl (ML)». Ha puc. 3.39 nokazan npumep (byHKuHI/Iv MpH-
‘§§ Eé §§ E HA[UISKHOCTH, HOSCHAOMMH CMBICT HEYCTKON MEpEeMEHHOM.
f§‘§ 88 §§ s YHCHO MpeacTaBIeHHBIX 30ech NpAaBHI YIPABIEHHS COCTAB-
&§ S S¥ o
———————————————— F——1 5
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Tabauya 3.10. CMBICT HEYETKAX NEPCMEHHBIX NMPEATIOCHLIOK

Heyerxas VYposels Tenpenmus | Ilponycknas | VIHTEHCHBHOCTB
NepeMCHAA S H3MCHCHHK CNOCOOHOCTD 0CaAAKOB
yposad HaCoCOB
SA Haskait Hapaer Huskas Cnabas
SM Yyts Crerka JloBoJIbHO JoBoabHO
HU3KHi nagaer HH3KAA cnabas

MM IToutn TToutn OObluHasn O6bIytas
3aJaHHLIA | NOCTOAHHLIHM

ML Yy1s Crerka JoBosbHO HoBoabHo
BBLICOKHMH |TIOBBIIIAETCA| BRICOKas CHJIbHAS

LA Boicokuii {[oBuiuraetcsii Bsicokas CwibHas

Tabauya 3.11. CMBIC HEYETKHX NEPEMEHHBIX 3aK/IHOYEHUH

HeyeTkas H3meHeHne DPOMYCKHO HeyeTkas IIpuTok moxueBOR
nepeMeHuas CHOCOOHOCTH HACOCOB nepeMeHHas BOOBI
NB CuwibHO CHHKAETCH ZE Massrit
NM Cuuxaercs SM TTouTH Manniii
NS Crnerka cumxaercs MM Hopmansusiit
ZE He mensercs ML IToutu BrICOKMIE
PS Cnerxka LA BhicoXHii
YBEJIHIHBACTCS
PM VBeaunuuBaeTca LL OuyeHp BBICOKHI
PB CmisHo -
YBEMYHBACTCSH
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Lenesod gposens 60dsi

80 epems madpgra MM
3
§ 1+ / Lenesoi ypgaews 8031
g % 8 cryvag obsrvHozo doxds MM
[
S8
§‘§ Adammapgemsid Geneead
g ypossns 60dsr MM (@w=0,5)
=
1}
-26 -25 -24 -23
(P1) Pag) (P3n)

(Pr) (Pa) (Psy)

Puc. 3.38. Apantaius (QyHKOMH NPMHALIEKHOCTH LEJEBOTO YPOBHSA
(MM).

Cmenens
npuRasremrocma

0 5 10 15 20 25
Nporyernas enocobizoems wacocos Qp, M3fe

Puc. 3.39. Ilpumep dymknuu npUHAANEXHOCTH NPONYCKHOH cnocob-
HOCTH HACOCOB.

JseT B 0oOIIeH c0XHOCTH 50; ecné NpoeKTHpOBATh MPABUNA LIS
OGBIYHOTO HEYETKOTO BHIBOAA, TO HX YHCIO COCTaBHT 625 (5%),
HOCKOJIBKY HMEIOTCH 4eThIpE UCXOMHBIE CATYaunu. TakuM obpa-
30M, MOXHO CYIIECTBEHHO COKPATHUTDH YHCJIO HpaBuil. DTO YIpO-
LIACT TPOSKTHPOBaHUE MPABHI M MOBHIIIIAET HANEKHOCTD YIpaB-
JICHHS.

3.5.5. 9®®EKTUBHOCTDh HEYETKOI'O
AJANITUBHOI'O YIIPABJEHUS

b dekTHBHOCTD HEYETKOTO aJANTHBHOrO YIpaBieHHs pabo-
TOH BOASHBIX HACOCOB MOJTBEPXKAAETCA Pe3yJIbTaTAMH MAILMH-
Horo mopendposanus. Ha puc. 3.40 mokazana O6mok-cxema
o6bekTHOTrO mporecca. CinusHas Tpyba quamerpom 5,5 M B anu-
HO# 2,05 xM HMeer Kpyriayio ¢opmy u ykioH 1°/,., IIomwags
HACOCHOTO KOJOINA, BKJIXOYAass OTCTOWHMK HACOCHOW CTaHIMH,
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Puc. 3.40. Cxema oObexTHOTO TIpOHecca.

coctasnseT 450 M2. YcTaHOBNIEHO 1eBATh HACOCOB C HOMMHAJb-
HOH IIPOMYCKHOM CMOCOGHOCTRIO 5,5 MY/c.

Jloxznepas BoJIa BO BpeMs j0XId CTEKaeT IO CIUBHOH Tpybe
¥ OTKAYHBAETCH U3 HACOCHOM CTAH(MHM BOJSAHBIMH HACOCAMH.
Oco6eHHOCTBIO 3TOTO MpoIecca SBIAETCA 3ala3fblBaHHE CJIMBA
1o TpyOaM M HaKOTLIEHHE HO0XICBOW BOABI, MPUYEM HAKOTJIEHHE
HEJIb351 HE YYMTBLIBATh, MOCKOJIbKY HaKaIUiMBaroas coocobHOCTh
Tpy® Bbllle, €M HAcCOCHOTO Kojoama. ITo3ToMy Tpebyercs
neTajabHas MaTeMaTHYeCKasi MOJEIb C MPHMEHEHUEM ypaBHEHH
OHOMEPHOTO IBIDKEHHUSI HECTAMOHAPHOIO MOTOKA U psga pop-
My Ilpy MallMHHOM MONENMPOBAaHMH HMHTHpYeTcs paboTa
peanbHOro OGOpyAOBAHUSA: U3 MAaTeMaTHUYECKOR MOpend upo-
[[ECca OTpenenseTcs U3MEHEHHE BO BPEMEHH MOTOKA HOXKIEBOM
BOAbl U OQHOBPEMEHHO BBIMONHSIOTCS YNpaBIKIONYE ONEpalHH,
B peE3yJbTaTe KOTOpbIX B KaXKAblH MOMEHT BpEMEHH HA BXOJ
KOHTpOJIiEpa MOCTYNalOT «ypPOBEHb BOJIbl» B KOJIOANE H «TIPOTY-
CKHas CTIOCOGHOCTB HACOCOBy. {1 pas3JIMUHOTO XapaKTepa ocaj-
KOB MogenupyroTcd paboTa BOnsiHBIX HACOCOB MO HEYETKOMY
analTHBHOMY CHOco0y ympaBJiEHUsi U yNPaBICHHE HECKOJIBLKMMHU
HACOCAMH MO YPOBHKO BOILI H HACOCHOM KOJIOAHE, 3aTEM mOJy-
YeHHbl€ 3HAYEHHsSI YPOBHEH BOJBI B KOJOANE U PEKUMBI pabOThI
HACOCOB CpaBHHBAIOTCH.

Ha puc. 3.4] moka3aHbl pE3yNbTaTbl MOMETHPOBAHHS IJist
HEYETKOTO aJanTUBHOIO YIpaBJeHHUs [pH MaKCAMaJbHOH HHTEH-
cuBHOCTH ocaakos 80 MM/4. B nanHoM criyuae HcroJib30BaHBI
mpaBuia ynpaBlieHds ¥ QYyHKHUH TMPUAHAIIIEKHOCTH, OMHCAHHbIC
B mpenplaymieM paspelie. IITpuxoBoit mmudedt moxasaHo mis
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Puc. 3.41. Pe3yapTaThl MOAEIMpPOBAHMS YNIPABAEHUS BO BpeMs TalidyHa.

CpaBHEHUS H3MCEHEHUE MNPOMYCKHOH CHOCOOHOCTH HACOCOB M
YPOBHS BOJBI B KOJIOJIE NMPH YNPABJICHHH HECKOJBLKMMH Hacoca-
MH TIO YPOBHIO BOjsl. IIpH HEHeTKOM ajanTHBHOM ynpaBJIeHAH
MpUMepHO Yepe3 30 MHH MOCJie HaYasa J0Kad NPUTOK MOXKAEBOH
BOJpBI HEBEJIMK, O YEM TOBOPHT MapaMeTp ®, KOTOPBIH CIyXHT
OI[CHKOH CHTyauMu C TNpUTOKOM Boxbl. COCTosiHME OCaAKOB
OneHMBaeTCA Kak 6e30macHoe, HOMycKaeTcs MOBBHIILICHAE YPOBHSA
BOjpl B KOJIOALE, MPH 3TOM YYHUTHIBAETCS HAKOIUIEHHE BOJBI
B Tpybax. [locne 31010 qoXab yCHIMBaeTCs, ¥ H2 OCHOBE OIICHKHA
0 TOM, YTO MNPHUTOK [OXKIEBOH BOABI OJM30K K OMacHOMY,
MOCNIEI0BATENIbHO 3aMyCKAalOTCS BOJSIHBlE HACOCH, M YPOBEHb
BOnbl B KOJIOAue noHmkaercs. Yepes 60 mun paboTaroT yxe Bce
HACOCHI, YBEIMYEHUE UX MPOMYCKHON CIIOCOOHOCTH HEBO3MOXHO,
MNO3TOMY 3aMETHO MOBBILIEHHE YPOBHSA BOxpl. OIHAKO ympaBlie-
HHe pabOTOH HACOCOB BBINOJHSJIOCH B COOTBETCTBHM C PUTOKOM
10X 1eBOH BOABI. B 3TOM MOXHO yOeqMTLCA, CpaBHUBAs pe3yJib-
TaTbl YNpPaBICHUS HECKOJBKAMHM HACOCAMH, NMOKA3aHHBIE LITpPH-
XOBOH JIMHMEH, C pe3ylbTATAMH HEYETKOTO YTMpPaBJieHHs, MOKa-
3aHHBLIMH HETMpPEPBIBHOM JinHMEN. B mepBoM ciiyuae MakcHMalib-
HBIA ypOBeHb BOABI JOCTHTaeT — 22,33 M, a U3MEHeHHe YPOBHS
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coctasigeT 3,86 M; OMacHOCTh HABOAHCHHS IPH 3TOM NOCTATOY-
HO BeJHKa, BO BTOPOM —IMOJIyYeHBI Oojiee HW3KHE 3HAYEHMA,
coOTBeTCTBEHHO —23,48 M K 2,71 M.

Ha puc. 3.42 nmokasaHBl pe3yJbTaThl MOICIHPOBAHMS oe3
yd4eTa HEYETKOTO aJaNTHBHOTO YNpPAaBJICHHMS NP MOCTONHHBIX
3HaYeHHsX ® = 0 wm o = 1. HenpepbiBHO# JIMHHEH H306paXeHBI
H3MEHeHHd MPOU3BOJUTEILHOCTH HACOCOB K YPOBHA BOAM B KO-
goamax HpH o = 0, IITPUXOBOH JIMHHEH—TO XK€ NP ® = 1.
B mepBoM cilyyae HAcochl pabOTalOT B COOTBETCTBHM C H3MCHE-
HHEM ypOBHS BOJLI B KOJIOANE, HO C HEKOTOPLIM ONO31aHUEeM 33
cYeT HCHob3oBaHHA 3(h¢ekTa HAKOMJIEHHS BOIBLI B tpybax. Bo
BTOPOM — BKJIFOYEHHE M BBIKIIOYEHHE HACOCOB MPOUCXOUT NAXE
IpH HE3HAYMTENLHBIX M3MEHEHMAX YPOBHs BOIBI, B Pe3ylbTaTe
MOCTOSIHHO MOJAEPXKUBAETCS HU3KMA ypOBEHb BOZABI B KOJIOAME.

U3 pe3sy bTaTOB MOAETHPOBAHMA SICHO, YTO B IAHHOM Cliydae
HeyeTKOe ajaNTHBHOE YIpasJieHHe 00ecIeYdBaeT COriacOBAHHOE
IpHMEHEHHE IBYX METOJ0B PabOTH: C MOMAEPKAHHUEM HACTOTHI
BKJTIOYEHHH M BBIKJIIOUEHHHA HACOCOB € Y4ETOM HAKOIUJIEHHSA BOABI
B Tpy6ax ¥ No KpurepHro 6e30MacHOCTH, KOr1a NOAepKUBACTCA
HHU3KHI YpOBEHE BOBI B KOJIOANUE. IMogo6HOE HEYETKOE ananTUB-
Hoe ynpasieHHe 3bQeKTHBHO qaxe B ClyYae M3MEHECHMS HHTCH-
cuBHOCTH ocagkos. Ha puc. 3.43 m 3.44 mokasaHbl pe3yJibTa-
THI MOJIEJIMPOBAHAS JUIA CJIy4as MAKCUMAIbHOH HHTEHCHBHOCTH
ocagkoB 7 MM/4. MakcMMalbHOE MOBBIIIEHHE YPOBHA BOMBI
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Puc. 3.42. Pe3yJibTaThl MOJEJMPOB2HHS NP HECOTJACOBAHHOM YIIpaB-
JICMHH.
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Puc. 3.43. Vnpabienue HECKOJIBKMMM HACOCAMH HA OCHOBE YPOBHS BOABI
B KoJioAne NpU HEOONBIUMX OCaJKaX.

B KOJOIE COCTABISAET COOTBETCTBEHHO —2533 M —23,55 m.
VupasiieHHe HECKOJBKHME HACOCAMH MO YPOBHIO BOABI B KOJIOA-
11€ CTAHOBHTCS AHOMAJIBHBIM: YEPEIyIOTCS BKIIOYEHHUS H BBLIKIIIO-
4YeHMs HACOCOB, B TO XE BpeMs NpH HEYETKOM aganTHBHOM
yIpaB/ieHHH NPATOK BOALI Ol€HEH KAaK HE3HAYHMTENLHBIA U CBOE-
BPEMEHHO HCIONB30BaH 3G QeKT HAKomIeHus Boabl B TpyDOax.
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Puc. 3.44. HeueTkoe ananTuBHOE yNpaBieHHE NP4 HEOONBIUMX OCAIKAX.
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MopemposaHie noaTBepamio 3GheKTHBHOCTh TPHMEHEHHU A
HEYETKOTO AJANTHBHOTO YIpAaBJICHHs /Ui YApaBieHUS paboToi
BOAAHBLIX Hacocos. OHOBpEMEHHO MOJyYeHbl TAKHE PPEeKTHl,
KakK IIpOCTOTa NPOeKTHPOBAHUS MPpABHUJI yIpaBJeHH, HebobIoe
YUCJIO OpaBHUIl, BLICOKAs POOGACTHOCTHL YNIPABJICHHSA H Op. OTH
pe3yJIbTaTHl MrpaoT BAXHYIO POJb B YHPaBJICHHH paboTol
BOJSMHBIX HACOCOB, KOraa HeobOXOoauMoO ajanTApOBATLCA K PeE3-
KMM cMeHaM cuTyanwii. [leo B Tom, 4To mpu paboTe HACOCOB
CYLIECTBYET OMACHOCTL OINUOKY B Ol[cHKE PAOOTHI, YTO MOXET
MOBJicYb 3a cobo# Gonbiige 6eACTBUS, MOITOMY NPeXbABITIOTCS
Ooee XKecTKHe TPpeOOBaHUs B OTHOLICHUH MOHATHOCTH omepaiHi
yHpPAaBJIeHUs, MPOCTOTHI MPOEKTHPOBAHHS ¥ TEXHHIECKOTO 00Cy-
KHBAHHA, 2 TAKXe HANSKHOCTH YIPaBICHHS.

Beiie ObLIM paccCMOTPEHBLI BOMPOCH MPUMEHEHHS HEYETKOTO
yIpasieHdsl BOASHBIME HacocaMu. B o0meM ciiydae npu BHepe-
HUM HEYETKOr'O YIIPAaBJICHAA TeXHOJOIMIECKAMH MPOIECCAMM BAXK-
HO MPOEKTHPOBATH CUCTeMBbI YUPaBJIeHHS, COTJIACOBAHHRIE C Xa-
pakTepucTHKamu mnporecca. I oToro Tpebyercs paspaborka
TeXHHMKH MPOEKTHPOBAHUS CUCTEM ynpaBJieHHs, koTopas obrana-
5a 6b1 JOCTOMHCTBAMH HEUETKOTO YNIPABJIEHHS H CYLIECTBYFOIIIMX
METOJI0B.

3.6. ABTOBOXIEHHE ITOE310B

HeueTkoe ynpaBlieHde SBISCTCS OJHOW M3 MOMBITOK aBTOMa-
TH3HPOBATH C MOMOIIBI0 MHKPOKOMILIOTepPa paboty (ympasie-
HHE), KOTOpas 40 CHX TOpP BHIMOMHAETCS YEJIOBEKOM. YIpaBiie-
HHME COCTOMT B AJrOPHTMH3AIMM W TOCTOSHHOM BBITOJHCHHH
HWHTeIUIeKTyaTbHO# nedTeIbHOCTH, CBA3aHHON ¢ paboTOH KBATH-
¢GURMPOBAaHHOTO crepyanucTa. B mnocnexHue ropel HeveTKOe
yupasJicHHe, KaK MOKa3aHO HIKe, aKTHUBHO MPUMeHSeTCs B pas-
JMYHBIX PeabHBIX CHCTEMAaX.

ABTOpPBI MPEIIOKHUIA MeTO/1 HeUeTKOTO YIPaRICHHUS C MPOr-
HO3HUPOBAHUEM H BeyT paboTHI O ero MPUMEHEHHIO B PealIbHBIX
cacreMax [18-24]. B coOTBETCTBHU C 3THM MeTOJIOM B 3a1aHHOH
CHCTEME OCYIHeCTBISIETC XOPOIIO cOallaHCHpOBaHHAs OneHKa
MHOI'OMHCJICHHBIX crienu(puiecKux Meneil ynpaBicHAS; IPH BHIA-
4e B OmnpejeicHHbIE MOMEHTH BPEMEHH YIPABIAIONIMX KOMAH[
¢ MOMOMIbIO MOIEIMPOBAHHUS OCYLIECTBIAETCS MPOrHO3UPOBAHIE
MOBEJEHH CHCTEMBI H B PEaTbHOM BPEMEHM YCTaHABJIMBAIOTCS
KOMaH/Ipl YHpaBlICHHS, Tak 4YTOOBI cucTeMa oOkasaigack B Oja-
rONpUATHOM Ui MOJb30BaTeNs cocTosnuu. Huke paccMoTpeH
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Puc. 3.435. Buennuii BHx moc3aga MeTpono.uTeHa (B r. CoHpgai) ¢ KoH-
TPOJLJIEPOM HEYETKOTO YNPABJICHUA.

mpuMep OpHMEHEHHS 3TOIO0 METONA B CHCTEME ABTOBOXICHUS
MOEe3/10B, peal30BAHHON 1id MeTponoyMTeHa B . Conpait (puc.
3.45), xoropslii 6blT OTKPHIT 7 aBrycra 1987 r.

3.6.1. BOXKJEHHUE IOE3JIA
N YCJIOBUS ABTOMATU3ALIUU

VnpasnieHHe JBHXKEHHEM I10€3/1a 3aKII0YAETCS B ClIEAYIOIIEM:
MO CUI'HAJTy OTIPABJICHHS HAYMHAETCH YCKOPEHHE, CKOPOCTD Moe-
374 peryaupyeTcss TAKUM oOpa3oM, 4ToOBl oHA He MpeBHIIAA
NpefebHYIO, 3aTEM B ONPEIETICHHOM MeCTe Ha CTaH[MH IIPOU3-
BOMTCA OCTaHOBKA MO€3a.

Lenu ynpapneHus (OneHO4HBIE OKA3aTeNH), KOTOPHIMH Py-
KOBOACTBYETCS KBAJHQHUIMPOBAHHBIA MAIIMHACT BO BpeMs [IBH-
KeHus, crenyromme: 1) obecrieveHne 6e30MaCHOCTH MACCAXKHPOB,
2) coxpaHenre KompopTabensHOCTH, 3) COBNIOACHUE MpPEIe/ib-
HO# CKopocTH, 4) obecrieuense TOYHOCTH OCTaHOBKH HA CTAHIH,
5) coxparieHne BpeMeHH IBMXKCHAS MEXKIY CTaHHAMH, 6) S9KOHO-
MHS MOTpeONsieMONl DNEKTPOSHEPrHH U T.T. B COOTBETCTBHH
C ODOCTaHOBKOH MAILIMHACT MPHHHAMAET PEILCHHSA, KOMOHHHUPYs
UENH yNpaBjieHys YaCTHYHO HIIM B 1OJHOM 00beMe, M ODecIedH-
BAaeT OJaronpusTHOe JUIS YeioBeKa nBIKeHHe (puc. 3.46).

CHucTeMy BOX[IeHHSA TI0€3/10B, B KOTOPO# (DYHKIMYM MAILIHHH-
CTa BBHIMOJHAETCA KOMIBIOTEP, HA3HIBAIOT CHCTEMOM aBTOBOX A€-
Hust moe3nos (CAB). Taxwme cHCTeMBl HAaXOAT MpaKTHYECKOE
NpHMeHeHNe Kak B SInoHuH, Tak ¥ B APYTHX CTPaHAX H OCHOBHI-
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Puc. 3.46. Hlenu BoX/AeHUA TOe3]2 KBATMQUIPOBAHHEIM MALTHHACTOM.

BAIOTCS HA H3BECTHBLIX METOJAX YNpABJIEHUS, B KOTOPBIX MO
CHTHAJTy MpegeNbHOM CKOPOCTH, MyTEBbIM yKasaTensaM (DOpox-
HbIM 3HaKam) H JIPYTHM [AaHHBIM (OpMHpYyeTcs AMarpamma
[€JIEBOM CKOPOCTH M BRIYHCIAIOTCA YNPABJSIOIIAC KOMaHIBI
pasroda (yCKOpeHHs) ¥ TOPMOXEHHA (3aMeureHHs), obecnedd-
BAIOIME COOTBETCTBHE CKOPOCTH MO€3[a AuMarpamme.

[Mpu npakTHYECKOM NPHMEHEHHM 3TOI0 MeToAa KOHTPOJIIED,
yCTAHOBJIEHHBIH B moesze, BpeMs OT BPEMEHH OLEHUBACT B IpO-
[ecce ABUXKEHHS OTKIOHEHHE pEaNbHOM CKOPOCTH Imoe3da oT
JUTPAMMBI [1eJieBoil ckopocTH. I105ToMy HCXOnHbIe [1€NTH yrpaB-
JIEHHs IOe3J0M, TaKHe, KaK BhICOKasgs KOM(pOpTabenbHOCTh H BbI-
COKas TOYHOCTb OCTAHOBKH, CJIEAyeT YYHTHIBATH KOCBEHHBIM
06pa3zoM 3a cueT TIaTelbHO MPOAYMaHHRIX H3MEHEHHH (OpMBE
IMarpaMMbl cKOpocTell ¥ OCTOSHHBIX YIPABJICHAS B COOTBETCT-
BHH CO CKOPOCTBJO M PACCTOSHHEM.

3.6.2. SMIUPHTYECKHME ITPABUWIA
BOXJAEHHMA ITOE3JA

PaccMOTpHM OCOOEHHOCTH BOXJIEHHS fO€37a KBAIH(HIMPO-
BAHHBLIM MalnUHUCTOM. IIpH BOXJEHHH HOE31a YEIOBEKOM HET
HeoOXOIMMOCTH peryilpOBaTh CKOPOCTH MOe3/1a, cTporo clienys
sapanee BBIMACIEHHON MarpaMMe 3aAaHHBIX CKOPOCTEH, KaK 3T0
nenaeT koMunbroTep. Hampumep, mpu ynpapieHWH OCTaHOBKOH
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MAIIMHUCT OI[CHHBAET OOCTAHOBKY (YHMCJIO MACCaXHpOB, 3h-
(peKTHBHOCTH TOPMOXEHMS H T.I.) M C Y4eTOM KoM¢poprabenn-
HOCTHM M BO3MOXHOCTH YCHEIIHOW OCTAHOBKA YCKOpSeT WM
saMeUIfeT ABHXKCHHE MOE3a.

Ecau MammuucT 32 20 = 30 M 10 3HAaKa OCTAHOBKHM TOTOBHT-
¢t OCTAHOBHUTS MOE3[1, OH BKJIFOYAET TOPMO3a, AyMas MpH 3TOM:
«Kax pa3 ychero OCTaHOBHThCsA» miu «Ecnu Topmosa crierka
ocnabnro, TO OCTAaHOBJIIOCH TOYHO, HE MPHYHHHUB HEYTOOCTB
naccaxupam». J[pyTUMH clIOBaMH, MAIIUHNCT YIPABISET ABHXKE-
HHEM C y4eTOM [eficH ympaBlieHHS, KOTOpbIE MOXHO BBIPA3HTh
KaK «yCIer0 OCTAHOBHUTBCS», «TOYHO OCTAHOBHTBHCH», «BHICOKAS
kombopTabensnocte». Kpome Ttoro, 4robGel onpemenuts, rae
ApOM30iAET OCTaHOBKA B cllyuae HaXaTHd WM ocnabieHus
TOpM@3d, MAIIMAXCT YYUTHIBAET B CBOEM PpEILNCHAM XapaKTepH-
CTHKY JIBYXXEHMS Moe3pa.

Takum 06pa3oM, SMIOMPHYECKYe NMPaBUia, KOTOPHIMH PYyKO-
BOJCTBYETCS MAIIIMHUCT, MOXHO ONHUCATDh CJIENYFOIMMH BBIpAXe-
HHASIMH: «ECJIA MOXHO YIa9HO OCTAHOBUTBCS IPU HAXKATHUH TOp-
MO032a, TO TOPMO3HTEY, «€Ciid, clierka ociaabuisst TopMo3a, MOXKHO
TOYHO OCTAHOBHUTbCA H COXPAHUTbL BBICOKYIO KomdopTabens-
HOCTb, TO clierka ocnabutp TopMo3a»n. Boxnpenue noesga, cieno-
BATEJLHO, MOXHO PacCMaTpPUBATL KaK 3a7avuy NPUHATUS pere-
HHAA MO BBIOOpY OMTUMANBHBIX KOMAaH[ YIpaBJicHHS HA OCHOBE
TAKHX 3MMIUPUUECKAX MPABAIL.

C y4eToM H3JI0KEHHOrO BBIIE ABTOPHI HA OCHOBE OMBITA
aBTOMATHU3AIMH BOX/JCHUS MOE3I0B C HCMOJL30OBAHHEM HM3BECT-
HBIX METO/IOB YIpaBJICHHWsS OMNPEACIHIM B Ka4deCTBE 3MIMUpHYe-
CKHX MPaBUJI OMHCAHHBIE HUKE MOCICAOBATENLHOCTH YIPABIIAIO-
UMX KOMAaH]l, BBINOJHAEMBIX MammMHUACTOM. Ilpm BOXxeHHM
noe3j1a ympapJsolIHEe KOMAHABI HCTIONb3YIOTCH IUCKPETHO; UX
HA3HIBAIOT MO3HUHAMH ). VIIpaBieHHe mOe3gOM MOXHO pazfe-
JHUThL HA [ABA THNA: YNPaBJeHHUE OBHXKECHHEM MCEXKOY CTAHOMAAMH,
NpH KOTOPOM BOXACHHE 3aKIF04aeTcss B OCHOBHOM B MOJUIEpPXKa-
HHH Npe1e/IbHOM CKOPOCTH, M yIpaBJieHHE OCTAHOBKOM B Orlpee-
JICHHOM MecCTe, IPY KOTOPOM TOe3[1 OCTAHABJIMBACTCH HA 3HAKE
OCTaHOBKH. PaccMOTpuM sMIMpHdecKHe nMpaBuna juis 3THX JBYX
THIIOB YIIPABJIEHHUS.

1
! TosuImuu CoOTBETCTBYIOT TONOXEHHSAM PYKOSTKM KOHTPOJLIEpa
NpH ylpasneHud noe3fnoM.— ITpum. nepes.
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Vnpasienne ABHKEHHEM MeXAY CTAHIMAMH

Ilpyu oTmpaBieHHy MAIMHHCT PA3TrOHSETCA HA MaKCHMallb-
HO# mo3pnud. EC/IH cCKOpPOCTh TOCTHTAET MPEAEILHOro 3HAUYECHHS,
TO OH MOIICPXHMBAET €€ HEecKONbKO HIXe MNpefenbHoil. Ecau
BIEPENM BCTPEYAETCH y4aCTOK MyTH C OrPAHHYCHUEM MO CKOpOC-
TH, OH HCHOJIL3YeT TOPMO3, YTOOB CHH3UTh CKOPOCTh B Hadase
storo yyactka. Kpome TOro, mpu 3amace BpeMeHH ABIKECHHS 10
cneayromell CTaHUH ¢ [[EJI6I0 YKOHOMHMH 3IEKTPOSHEPrHH IBH-
KeHHe OCYINECTBIsSeTCA MO MHEpHUH (CBOOOmHLIA Xox 6e3 BHI-
XO/1a Ha MO3WUMH YIpaBIcHHUA).

BoiGop no3uuuil ynpapjieHus OCylIeCTBISETCA MyTeM napai-
JIEILHOIO TIPUMCHEHUA BPEMS OT BPEMEHH CJeAYIOLIMX OMIHPH-
YECKUX TPABHI.

(C-1). Ecnu mpeBbILUIAETCA TPEAeNbHAA CKOPOCTh, BHIOpATh
cepenyHy MEXAy TeKyUICi) no3upuedl ¥ IKCTPEHHBIM TOPMOXe-
uHueM. biaromaps 3ToMy B cilydae OPEBHIICHAA CKOPOCTH CMST-
YaeTcs yAap NpH 3KCTPEHHOM TOPMOXXEHHH, KOTOPOE BBIMOJHSET
cucTeMa apToMathueckoro ympasieHus (CAY), u coxpassercs
6e30macHOCTh U KOM(OpPTAOEILHOCTS.

(C-2). Ecym Opd IBWXKEHWH 10 MHEPIHMH MOE3[ MpOCHeayeT
MyHKT ¢ coOnroeHneM rpaduka OBIDKCHHSA, HE CICHYET BhIXO-
IUTH HA HAa NO3MUHMIO PAa3roHa, HA Ha MO3HMIMIO TOPMOXCHUS.
Braromapsa 3ToMy BO3MOXHA 3KOHOMHA 3JICKTPO3HEPTHH.

(C-3). Eciu ckopocTh CTAHOBHTCA TOpa3no HUXKE Npeae/ibHON
J@Xe TpH MO3HIUH MaKCHMaJbHOTO yCKODeHHsS, OCTaBHTh 3Ty
HO3MIHMI0. DTO HO3BOJMT COKPATATH BPEMsA ABYIKCHHA.

(C-4). Ecnm uMeeTcss BOZMOXHOCTb HNOJIEPKUBATE TpeOye-
MyIO CKOPOCTb HECKONBKO HHKE TNpeIenbHOM, OCTaBasch Ha
TeKymei MO3HUIMH, COXPAaHHTL TEKYIIYHO MO3HUIUIO. DTO MO3BO-
JHAT u30€XaTh JMIIHUX TepeKIroucHAd Mo3uuil u obecmeynt
KoMbopTabenbHOCTS.

(C-5). Ectd OTCyTCTBYET BO3MOXHOCTh coDmogaTh Tpebye-
MYIO CKOpOCTb, OCTaBasiCh HA TEKymel mo3uuun, BeIOpaTs mMo3u-
IMIO cpemu + 7 MO3MIMi, 06ecneydBaIONMX BO3MOXHOCTh TOY-
HOH YCTAHOBKHM CKOpOCTH Ha TpebyemMoM 3HaueHmH. B 3Tom
criyvae gusi coxpaHeHHs KOMPOPTabeIbHOCTH YYHTHIBAIOTCS Be-
JMYHHA OPEeIsAYINEro HM3MEHCHHA MO3MIMH M BpeMs, Npolles-
mee ¢ MOMeHTa 3Toro usmeHeHMa. Hapsy ¢ komdoprabens-
HOCTBHE) MPU H3MEHEHWH MNO3HMIMH COXPAHACTCH CKOPOCTh JBHU-
KEHHS.
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YnpaBjieHHe OCTaHOBKOH B 32/1aHHOM MeCTe

Ecnu moesn NpoXopuT yKasaTellb, YCTAHOBJICHHRIH mepen
craHiued (MOKA3bIBAET MECTO, Tae CICAyeT HAYHHATD YIpaBJie-
HHC OCTAHOBKOH B COOTBETCTBHH CO CKOPOCTBIO MpPUOLITHS
d OCOOEHHOCTAMH CTAHIMM; B OaJbHEHIieM 3TO MecTO Oyper
Ha3bpIBaTh MyHKTOM B), To HaumuaeTca Topmoxenwe. [anee
JBIDKEHHE OCYIECTBIAECTCA € YU€TOM KOMGbOpTabeapHOCTH mac-
CaKUpOB ¥ TOYHOCTH OCTAHOBKM: OCYIIECTBISICTCs BHIGOD mo3u-
Ml YIpaBleHHMs NpH NpPHMEHEHHH BpPEMsS OT BPECMEHH clie-
IYIOUIMX SMOMPHYCCKHX [IPABHIL.

(T-1). Ilepen nysktoM B He npumeHATP TOpPMOXeHHsS C
[[EJTbFO OCTAHOBKH B 3aJaHHOM MecTe. Briaronaps 3ToMy MOXHO
u36exaTh 3aMEUICHHS mepey cTaHnued Gosiee, YeM 3TO HeobXxo-
JAMO, U COKPATHTb BpeMSs IBHDKCHHA.

(T-2). Tlpu mpoxoXxaeHHn MyHKTa B crierka mpHTOPMO3HTHL
C LENbIO OCTAHOBKH B 33IaHHOM MecTe. DTO ylaydiuaeT KoMpop-
TabeNbHOCTE B HayaJle YNpAaBICHUS OCTAHOBKOMA.

(T-3). Ecniu npH npOox0oXX€HHU MYyHKTAa B ecTh BO3MOXHOCTH
YOA4YHO OCTAHOBHUTLCA, OCTABAACh HA TeKymiedl MO3UUHH TOPMO-
JKEHMSA, COXPAHATH TEKYIHYIO MO3K[UIO. DTO MO3BONMUT U36eXaATh
JIMLTHEX U3MEHEHMH MO3unyil ¥ MOBBICAT KoMOpTabenbHOCTS.

(T-4). Ecii npu mpoxoxpgeswd mnyskTa B Hens3s TowHO
OCTAHOBHTBCA, HE MEHAA TeKyrnedl MO3MHH TOPMOXCHHS, Cie-
IyeT BuIOpATh MO3HMIMIO Cped +# Ho3uimil, 00eCieUMBArOIIMX
TOYHYIO OCTAHOBKY. B 3TOM criy4ae jisa coxpaHeHus komdoprta-
O€bHOCTH YYHTHIBAKOTCA BEJMYMHA TpPEABIAYIIETO H3MEHEHHS
TMO3MUMH ¥ BpEMs, NMpOLUenIlee ¢ MOMEHTA 3TOr0 H3MEHEHHS.
Hapsny ¢ xoMpopTabeibHOCTHIO P H3MEHEHUY MO3HIHH 00¢cC-
MEYMBAETCSE XOpOLias TOYHOCTL OCTAHOBKH.

3.6.3. METOJ HEYETKOI'O YIIPABJAEHUA
C MPOrHO3MPOBAHUEM

HanHplii MeTo MpeaycMaTpHBaeT MPUMEHEH e KOMIIBIOTEPA,
B KOTOpOM OpraHu4ecku 00bedvHeHb TpH cpencTsa (puc. 3.47):

1) HeyeTKas nOrvka I HEYETKOH O[eHKH MHOI'OMHCIIEHHBIX
LEJIEH YNpaBIICHUs, CBOUCTBEHHBIX NAHHOU cHcTeMe;

2) MCKYCCTBEHHBIH HHTEILIEKT, HOPMANM3YIOILHH SMIHAPHYCC-
KH¢ NMpaBula THNA «IIPU YCIOBHH... OCYIIECTBJISETCS...» B BHJIC
TMIPABHII «ECJIH... TO»,

3) MopendpoBaHHe B pealbHOM BPEMEHM, OGECICYHBAIOMICE
NPENCKa3aHHe pe3ynbTaTa yHpaBICHHA.

10-5830
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dopMaaH3agHs NPABAI yNpaBjieHHs

B o6meM Buae Npasuiia YIpaBieHUd OPH HEYETKOM YIIpaB-
JIEHHY C TIPOTHO3MPOBAHMEM MOXHO NPEACTABHTHL CJIEAYIOIHM
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obpa3oM:
Ecm (v ecte C; - x ecTb A; M y ecThb B;),
Touecte C; (i=1,...,n). (3.29)

CyiecTBEHHOE OTJIMYME OT HEYETKOro YNpaBJICHUs, UCHONb-
3yeMoro pasee Mampanu [3], mpM KOTOPOM OLEHUBAIOTCA
TOJIBKO COCTOSHHSI OOBEKTHOH CHCTEMBI, 3aKJIIOYAETCA B TOM,
4TO 3HAYEHHSA X M Y SABIAIOTCS MOKA3aTEeAMY OCHKH, MPOTHO3H-
PYIOINUMH OOCTYDKEHHE [eJieH ynmpaBJieHus, AJa ciydvasi, Korjaa
B TeKyluit MOMEHT BpEMEHH BbLAACTCS KOMaHAa yirpasyieHus C, .
EcTecTBEHHO, 4TO BO3MOXKHEI CIIy4aH, KOTJa MOKA3ATEH OICHKH
HE 3aBHCAT OT 3TOH KOoMaHasl. Toraa, eciy 3aBUCHMOCTL OTCYT-
CTBYET IJisi BCEX MOKa3aTeldeH, OLECHUBAIOTCH TOJBKO TEKyLue
MOKA34TeH, ¥ YIpaBjeHHe OydeT cOBIAAATh C HEYETKHM yHpPaB-
JIEHHEM, TIPH KOTOPOM Op€HUBAIOTCSH TOJLKO COCTOSMHHMSL.

®opmyny (3.29) MOXHO 2amlmcaTh CICAYIOIGHM 00Opa3oM:
«€CM B JAaHHBLIA MOMEHT BPeMCHH KOMAH/Ja YIPABJIeHUS U €CTh
C, ¥ Ipy 3TOM NOKAa3aTeNIH OLEHKH X, ¥ ~COOTBETCTBEHHO A;, B;,
TO NPHUMeHsIeTCA IPaBHIO YINPABIECHHA R;, 4 B KayecTBe KOMaH-
Iel ynpasnenus Beipaercs C;».

HycTts P;—npeanochuika (4acTh «ECHH...») MPaBHiIA yiipaBJie-
uus R;. Ecnu upi(Ci: X, y) ecTb QyHKUUA NPHHANJICKHOCTH, TO
HEYETKOE MHOXECTBO P; MOXHO INPEACTABHTHL CIEAYIOMIUM
obpa3om:

Pi= [, (Cix,y)/(x,p)= 4; X Biiu=C;. (3.30)

OT0 npsimoe Npom3BeaeHue QYRKnMH NPUHALIEXHOCTEH 1L 4, Mg
!
ans A; u B;.

MeTox onpene/ieHAs KOMAHB! yUPABJICHHS

PaccMOTpHM NMPAaBHIO ynpaBieHUs R; U1 MOMEHTA BPpeMEHM
t. Ecniu B 3TOT MOMEHT BAINMOJHAETCA KOMAHAA YHpaBICHUS «u
ectb C;», TO HAa OCHOBE JOKAJBHBIX 3HAHUHA (HEYETKOH Mozem)
00 OOBEKTHOH cHCTEMe MPEACKA3LIBAETCA, B KakKHe HEYeTKHC
MHOXECTBA NPEBPATATCA OUCHMBAEMbIE BEJIMYMHBI X, y, M Kak
pe3yAsTAaT YOPABJICHUA ONPERCNAIOTCd HEYeTKHE MHOXECTBa
x(Ci: ), y(Cit1).

Ipemmocelika P;|t npaBmwia ynpasieHUs 11 MOMEHTA Bpe-
MEHH ! HAXOOHTCs CIIEOYOLMM 00pa3oM:

Pli=A4,nx(Cityx B;n y(C;:1). (3.31)
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Mo MaKcCHMaJbROMY 3HadeHHIO YHKIWH NMPHHAUIEXHOCTH
pceX IPABMI YIIpaBJicHAA R; 11 MOMEHTA { MOXHO ONpPEIENATh
cTerneHb MOCTIKEHHAS €M KOMAaHAOH ynpasieHuA C;.

Hcxons U3 ONpEdeIeHHBIX TaKuM 00pa3oM cTeleHe# QO0CTH-
sxeHHd [eeil BceMH KOMaHJaMH, MOXHO OTIpefe/IuThL ONTHMAab-
ayto komaHay C, JUIA TEKymero MOMEHTA BpEMCHH [. Anst
BHMACICHHA BRHIXOTHOH KOMaHAH yupasneHus Cq UCNONb3YeTCs
HECKOJIBKO METOI0B: METO BuIGOPA KOMaH/b! ynipaBneHus C; no
IpaBUiy YNpaBieHUs R; ¢ caMOM BBICOKOH CTEMEHbIO NOCTHXKeE-
HHS LEJIM, METOA LEHTpa TAXKECTH BCEX KOMaHI YIIPaBJIECHHUS
u 1p. OOBIMHO BHIGHPAIOT METOH B 3aBHCHMOCTH OT OObEKTa
yIIpaBJIeHHSL.

B onuchlBAEMOM MeETOJ€ HEYETKOIO YIPABICHHUS NPaBHIIA
YIpaBIeHHS ONpPENENAIOTCA C MOMOIIBIO HEYETKHX MHOXECTB
H MCIIONb3YeTC MOIENb OOBEKTHOH CHCTEMBI, IIO3TOMY BOXKIIE-
HHE OCYILECTBIsETCA HAa OCHOBe HeOONBILOrO 4MCHa THIOBBIX
IpaBWI YIPABJIeHHs, ONMpPeIEsHOLIMX KIIOYeBbHIE MOMEHTH BOX-
JICHHUSA.

3.64. CUCTEMA ABTOBOXJEHHA ITOE3JIA
HA OCHOBE HEYETKOI'O
YHPABJIEHUS C ITPOrHO3HUPOBAHUEM

JIs1s1 TOro yTo6sl MPEACTABATE B KOMMBIOTEPE SMIUPHYECKHE
MpaBUJIA MALIMHUCTA, H3IOXKEHHBIE B pa3a. 3.6.2, B BUIE NPaBMI
HEYyeTKOrO yIIpaBJieHAs, HeOOXOQMMO OMPENE/IATh, C UOMOIIBIO
KAKHX HEYeTKHX MHOXECTB OyAyT KOJIHYECTBEHHO ONPENENSIThCH
OUEHKH [€7Iell yIpaBJieHus, BXOAAMUE B SMINPUYECKHE NpaBHa:
6e3omacHOCTh, KOM(GOPTaOEIPHOCTh, IKOHOMHS 3JIEKTPOIHEP-
IHH, CKOPOCTb ABHXCHHS, BPEMs B MyTH ¥ TOYHOCTh OCTAHOBKH.
TIpex e Bcero c MOMOIBIO HEYETKHX MHOXECTB, MOKA3aHHBIX HA
puc. 3.49, nanuM KOJHYECTBEHHOE MPEACTABJICHHE CJIOBECHOTO
OMACAHWA MOKa3aTesed OeHKH, COOTBETCTBYIOIINM LEJAM YII-
PaBIeHHs, 3aTeM IMITAPHYECKHAE IPABHIA cHOpMYTHPYEM B BUIE
TPABHJI HEYETKOro YIIPAaBJICHAUA.

Heuerkue MHOKECTBA NOKa3larejeil OHeHKH

1. Onpenenenune noxasatens onenxn Gesonacuoctd (S). I'napHas
6e30macHoCTE — NpenOTBpAEHAE CTOJNKHOBEHHS C HYHHM BIIE-
pean moezgoM —rapantupyetca CAY, 3aHMMaromed BepxXHHH
YPOBEHE cHCTEMBI aBTOBOXIEHHS MOe3d0B. B ciyyae npeBslILe-
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Puc. 3.49. ITokazaTenu OUCHKY aBTOBOXJECHHS MOE3/la HA OCHOBE He-
4eTKOTO yHpaBJIeHUA.

HAA OpepensHO# ckopocTH CAY obecreutBaeT 3KCTPEHHOE TOP-
MOXEHHE M CHHXAET CKOPOCTh Moe3pa. Ecim snepenn MMeercs
Y4aCTOK IyTH, Ha KOTOpPOM MpeaesibHasi CKOPOCThH OKaXercs
HIDKE Tekymed, To, HpHHEMAsh B KAYECTBE NETH CMATYCHHE
TOJMKAa OT 3KCTPEHHOTO TOPMOMKCHHA MNpPH BBE3AE HA 3TOT
y4aCcTOK, IPOM3BOAMTCSA ONEHKA OMAaCHOCTH B TEYEHHE BPEMEHH,
HeOOXOAMMOro I JOCTHXKEHMA MYHKTa, rae NpejesibHast cKo-
pocTh cHmkaeTcd. Ecim 3TOT MpOMEXYTOK BpeMEHH O0sbIHOiH,
[TOKA3aTeh OMEHKH ONpeAeNgeTcsa Kak «56e30MacHOCTs XOpOoma s
S ecrb G»; ecnd Manblil, TO «bezomacHocTs TI0Xas: S ecTe B».

2. Onpejenenne noka3zaTte s onenkd komgoprademmuocty (C).
Ilpu aBTOBOXAEHHH MOE31a CTABHTCA 3ajaya ympaBIcHHs 6e3
TOJYKOB TI0€3/14 B HANPABJICHAH ABHXCHHUSA M obecneueHus BbICO-
KOl xom¢oprabenpHocTH AId maccaxupoB. Kpurepuem konm-
YeCTBCHHOH O1eHKH KOM(pOpTabeasHOCTH MOTYT CIYXHTh TOMY
KA BCJIEACTBHE MEPHOAMYECKUX H3MEHEHUH ycKopeHHs. OpHaKo
BO3HHKAIOT TPYAHOCTH B H3MEPCHHH BEJIMYHHEI TOJMKOB H Opra
HU3AAM 0O6paTHOM cBs3H. [103ToMy, yYHTBIBAK, YTO MpH JaACTHIX
H3MEHEHHAX TO3UIMH YIPABJIEHUS NACCAXUPhl HCOLITHIBAIOT
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ToMIKH 60NBIIOH AMIUTHTY I ¥ KOM(OPTAGENHLHOCTL CHEKAET-
s, yposeHs KoM(bOPTA0EILHOCTH MOXHO ONCHHBATH I10 BPEME-
HH, TPOINEAIIEMy TOCIE IOCIEIHET0 U3MEHEHHA NMO3HIHM, T.€.
BpEMEHH, KOT/1a TO3HIUA OCTAeTCs HEM3MEHHOH. B aToM ciyyae
MOKA3aTeNb OLEHKH MpH OOJBIHOM MPOMEXYTKE BPEMEHH MOCHIE
HOCNeIHETO A3MEHEHNS MO3UMH YIPABJIEHHUS ONpefesieTcd Kak
«xopotuas koMpopTabenbHocTh: C ecTh G»; P MAJIOM — (ILJIO-
xas kompoprabembHOoCcTh: C €cTh By.

3. OnpenelicHHe NOKA3ATEN OUCHKH 3KOHOMHH 3JICKTPO3HEP-
rmu (E). DKOHOMHES 3JIEKTPOHEPrHH 10CTHTacTCs TOraa, Korpa
OTCYTCTBYET NEPEXO] HA IO3MUMHY YNPABIEHUA, a JBIDKEHUE
OCYIUECTBIISETCA O MHEPIUHMH. B ciiyuae IBHKEHHS IO MHEDIHH,
€CTECTBEHHO, yBEJIHMYMBACTCA Bpems B myTu. [losromMy Oypem
CYATATH M3BECTHHIM NPHPANICHHE BPEMEHHU B IyTH IIPU JBYKE-
HUM [0 HMHEPIMH A0 HEKOTOPOTO NMyHKTAa, H €CNIH CYIIECTBYET
BO3MOXHOCTL 3KOHOMHH SJEKTPOSHEPTHA B ONpPCHEJICHHBIX
NyHKTaXx MeXAy CTaHHAMH, OT TEKYIIEro NOJIOKEHHS Moe3aa 10
COOTBETCTBYIOIIETO MyHKTAa MOXHO NMEPEXOMTh HA ABHXXEHHE MO
muepuuy. Takum 06pa3oM, Ha ydacTKe ¢ IBH)KEHHEM MO MHEPHAN
ONEHOYHBIA MOKA3aTeNb ONPENEAeTCA KaK «XOpOoIHas 3KOHOMHUS
MEKTpOIHEPruu: E ecTh Gr.

4. Onpenenenne noka3aress onenkn ckopoctH (7). CxopocTh
JOJDKHA OBITh HECKOJIBKO HHXKE Mpeae/ibHOM U HAXOJHTHLCH B OI-
penesieHHOM uama3oHe. OpeHKa CKOPOCTH XapakTepH3yeT He
TEKYIyIO0 CKOPOCTh, 4 3HAYCHHE B CIIy4de COXPaHEHHMS TeKymeh
MO3HIMA YUPABJICHHS WM 3HAYEHHE B ClIyyae M3MEHEHMS MO3H-
vy, ITo3TOMy CcKOpOCTH MOe3na OnEeHHBAETCA cmycTd 2-3 ¢
HOCTE MpeANoNaraéMoro H3MeHeHms nosmimd. Jind ciygas,
KOTJa mpOrHO3HpyeMasi CKOpOCTh OJM3Ka K ONMTHMANLHON M He-
MHOTO MeHsIlle MpeneNsHOM, MOKa3aTeNk OEHKH ONpenenseTcs
KaK «CKOpOCTh ABHXEHHS Xopomnas: T ecTs G», IIPH COBIAEHAH
3THX CKOpPOCTel — «CKOPOCTh ABMXKEHHS o4YeHb Xopomias: T ecTs
VG», a B cnyuae, korza mpoOrHO3HpyeMasi CKOPOCTb ropasjo
MEHBIIE IIpeaeIbHOR,— «CKOPOCTh ABIDKEHHS Itoxas: T ects B».

5. Onpenesenne noxaszatens omeHKH BpemenH B nytH (R).
Bpems B nyTH B 3HAYMTENLHON CTENEHH 3aBHCHT OT CHHIKCHHSA
CKODOCTH BO BpeMsI TOPMOXXeHHS MPH OCTAHOBKAX HA CTAHI{UAX.
ObGLIMHO y4UTHIBAKOTCS XapAKTEPUCTHKM TOPDMOXKEHHS COCTaBa,
U B COOTBeTCTBMM CO CKOPOCTBIO MOe3na ompeneiseTcs TOdKa
Havajga ropMoxends (myHKT B). Ecnu ynpapieHde OCTaHOBKOH
HauMHAETCA N0 ITYHKTA B, CHHXXEHHE CKOPOCTH 3a CUET TOPMOXKe-
HHS HIET ME[JICHHEE H BPEMs B MyTH ypesnumuHBaetcs. [1osTomy
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NOKa3aTesib OHEHKM OMpeleNseTcs Kak «BPEMA B MyTH OYEHB
naoxoe: R ecth VB», eclid TOPMOXEHNE HAYMHAETCA 33100 10
NMyHKTa B; «BpeMs B myTH cpeaHee: R ecTb M», eciii TOPMOXEHHE
HAYaJioCch IOYTH Y HyHKTa B; «BpeMsa npobera o4YeHb XOpOILlEE:
R ecTb VG», eclid TOPMOXEHHE HAYAIOCH MOCJiE MyHKTa B.

6. Onpenesicnue NOKAa3aTes s ONESKH TOYHOCTH OCTaHOBKH (A4).
Hcxons U3 TeKyme# ckopocTd Moe3Ja ¥ ero MECTOHAXO0XAEHU ,
JeJaeTca NMpPOrHo3 O TOM, rAe Npou3oiinzeT OCTAaHOBKA, €CIM
COXPAHHTh TEKYIyI0 HO3MIIMIO TOPMOXEHHA WM €CIH YBEJH-
YUTh WJIM YMCHBIIHTH TOPMOXEHHE. TOYHOCTh OCTAHOBKH Offe-
HUBAETCA O MPOrHO3upyeMoH TOYKE OCTAHOBKH MO OTHOLUEHHIO
K 3HaKy ocTaHoBkH. [lokazareinb CIHEHKU OIpPEHEIAETCA Kak
«TOYHOCTb OCTAaHOBKM Xopomas: A ecTh G», €ciM NPOrHO3U-
pyeMas TOYKa HAXOAWTCs BOJM3M 3HAKA OCTAHOBKH, MJIH «TOY-
HOCTh OCTAHOBKH OY€Hb Xopomuas: A ecThb V'G», eclid NPOrHO3N-
pyeMas TOYKA W MOJIOKECHHE 3HAKA COBHAJAKOT.

Onpenesienne npaBH HEYETKOrO yHpaBJieHUs

C Mcnonb30BaHNeM AAHHBIX MOKA3aTeseil On¢HKY 3MIMPUYEC-
KUe TpaBUJIa BOXKIECHUs I10e314, OMUCAHHBIE HA KAYECTBEHHOM
ypOBHE B pa3a. 3.6.2, GopMyIMPYIOTCs B BHAE NIPABHII HEYETKOT O
ynpapieaus. Huxe DN o3HauaeT 4dCNO M3MEHEHHsS HO3M[IUH
yNpaBI€HUA MO OTHOINEHHIO K TeKyIneH, Pn—MO3UUIO n Pasro-
Ha, Bn-mnosupmio » TOopMoOxeHux. KpoMe TOro, 3KCTpPEHHOE
TOpMOXeHHe oOO3Ha4aeTcd B, , 2 KOMaHna MaKCHMAlILHOrO
YCKOpeHHs — Pr.

HanpuMmep, SMIMpUYecKoe MPaBUIIO yiiydileHus Kompopra-
6eNnLHOCTH M TOYHOCTH OCTaHOBKM (mpapuiio T-4 ympaBiieHus
OCTAHOBKOH B 33JaHHOM MECTE) MOXHO 3aMCaTh B BUAE POpMY-
Jibl HEYETKOro YNpAaBJeHHA C NPOrHO3MPOBAHUEM: «ECIHH TpH
YBEIIMYCHAN TOPMOXEHHS HA » MO3U[HA BpeMsa B MyTH U KOM-
dbopTabenbHOCTL CTAHOBATCA XOPOLIIHMH, 4 TOYHOCTb OCTAHOBKH
OYCHbL XOPOINCH, TO YBEJHYUTH TOPMOXCHHE HA 2 TO3HIHA».
YcTaHOBUB COOTBETCTBHE:

yBENHYEHHE TOPMOXEHHA HA # MO3upuid — DN ecTh n,

BpeMs B INyTH XOpOIlEe - R  ecth VG,
kompopTabenbHOCTE Xopomas - C ecm G,
TOYHOCTb OCTAHOBKH OY€Hb XOpOILLIas —A ectp VG,

MPABUIO HEYETKOTO YMPAaBlieHUs ¢ MPOrHO3MPOBAHHEM MOXHO
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samEcaTh B CIHEIYIOLIEM BUIE!

(T-4) Ecna (DN ectb n— R eCTh VG u Cectb G 1 A ecThb
VG), T0 DN ectb n (n= +1, +2, +3).

AHANOrMYHO MOXHO 3aMMCaTh JAPYTHE 3MMUPHYECKHE NPaBH-
ma (T-D)- (T-3), onpepesnsronye Npasyia HEYETKOro ynpasiieHus
¢ MPOrHO3MPOBAHMEM UIA YIPABICHHA OCTAHOBKOM:

(T-1): Ecnu (N ectb 0 — R ecTb Bu C ectb G), To N ectb 0.

(T-2): Ecm (N ectb B2 - R ecThb M u C ectb G), T0 N ecThb
B2.

(T-3): Ecu (DN ectb 0 — R ecTh VG u Aects G), To DN ecTb
0.

AHaIOru4HO (hOpMYJHPYIOTCS NpAaBHia YIPAaBICHAA IBMXKE-
HMEM MEXIY CTaHIHAMH:

(C-1): Ecin (N ecTh (N (1) + Bpax)/2— S ecTh B), TO N ecTh
(N (1) + Bras)/2.

(C-2): Ecmu (N ectb 0 — S ecTb G, 1 C ecTb G 1 E ecTh G), T0o
N ectp 0.

(C-3): Ecnin (N ectb P7 - S ecTb G, u C ecThb G, u Tectp B),
10 N ecTh PT.

(C-4): Ecom (DN ectb 0— Sectb G, u Tecth G), TO DN ecThb

(C-5): Eciu (DN ectb n— S ecTh G, u C ecTb G, u Tectb VG),
10 DN ectb 2, (n = +1, £2, 13).

Peam3amus HEYETKOIO yupasJji€HHA

JlmHaMuYecKue XapaKTEepUCTHKH T0€3[a OMpeeAtoTCa Mo-
CTOSHROW BpeMEHHM CHCTEMBI TOPMOXCHUA, COCTAaBJIAIOLICH
~ 0,6 c. Kpome TOro, texHuueckdue IAHHLIC B 3HAYUTEJIbHOH
CTENEHH 3aBHUCAT OT MACCHI MOE3[1d, MEHAIOIEHCA B CBOIO OUe-
pelb B 3aBUCHMOCTH OT 4UCJa Haccaxupos. [109TOMy NpuBecH-
HBIC BBIIIE HEUETKHE BHIBOJBI BHIMOJHAIOTCS B JAHHOM cHCTEME
yepe3 kaxpase 0,1 ¢, ¥ ecim M3IMEHEHHE MO3MIMU YNPABICHUA
OTCYTCTBYET B TedeHHe Gonee 2 ¢, paCCUATHIBAFOTCA MAPAMETPHI
yIpaBjieHus yCTpOWCTBAMY NMPUBOJA B TOPMOXCHHUS B COOTBET-
CTBHH C faHHO#N mosmpued yrmpasicHAs. KoMaHapl yrpaBlicHHs,
HoJy4aeMble BpeMs OT BpPeMEHH MO MPABUIAM YIIPABJICHHA
ABIKEHHEM MEXKY CTAHIMAMY ¥ OCTAROBKOM B 33 1aHEOM MECTE,
MOXHO JOCTATOYHO THMOKO ajganTupoBaThb K HU3MEHEHUSIM CH-
Tyapud, HanpyuMep BO BPpeMs YIIPAaBJICHHSA OCTaHOBKO#W CHHXAaThb
CKOPOCTh B 3aBHCHMOCTHY OT CKOPDOCTH BIl€peId HAYIIEr O Moe3a,
BeIOHpas mo3uumio -6071€e pe3Koro TOPMOXKEHMS.
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3.6.5. OHEHKA CUCTEMbI ABTOBOXAEHUSA
HA OCHOBE HEYETKOTI'O
YIIPABJAEHUS C IIPOTHO3HPOBAHUEM

Pazpaborannas nporpaMma aBTOBOXK/I€HHS Ha OCHOBE HE4eT-
KOr'0 YHpaBJieHHS C [pOTHO3UpOBaHMEM Obuia BBEEHA B YCTpOIii-
CTBO aBTOBOXMEHHS MO€3[A, PEAM3OBAHHOE MO H3BECTHOMY
metony [TU]]-ynpaBieHus, 1 NpOBOJHIOCH CPaBHEHHE 3THX IBYX
MmeTonoB ympaplieHus. CpaBHeHHE OCYMECTBIAIOCH € MO-
MOIBIO MOAETHPOBAHUSA B YCIOBHAX, NMpHOIIDKEHHBIX K pealib-
HOMY BOXEHHIO, /IS CYIIECTBYIOWIErO0 ¥ MOAUPUIUPOBAHHOTO
YCTpO#CTBA aBTOBOXK/IEHHS TIOE3/a.

Ha puc. 3.50 moka3a#sl pe3yisTaThl CpaBHEHHs UL Clydas,
KOT1a TOPMO3HAs XapaKTePUCTHKA u3MeHsutacs Ha +30% oTHo-
CUTENbHO HOMHUHANBHOM, a YKnOH MeHslcs Ha +59%,. Pesynb-
TaTbl MOKA3bIBAIOT, YTO NAXeE B YCAOBHAX 3HAUUTENLHBIX H3MEHE-
HH#l TOPMO3HOH XapaKTEPHCTHKA U YKJIOHA CTaHZAPTHOE OTKJIO-
HEHHE OIUHGKH OCTAHOBKM [IPH HEYETKOM YNpABJIEHHHU C MPOrHo-
3UpOBAHAEM COCTaBNfeT 1/3 OT OTKIIOHEHMS NpPH CYIIECTBYIO-
meM metozne (okosio 10 cM), yUCIO U3MeHEHHH MO3HIIMM Tarke
cocTapnsgeT 1/3 oT 4MCna U3MEHEHHH NMpH TpagAHUIHOHHOM Me-
Toje, 4To obecneunBaeT xopolyio KoMpopTabensHocTs H bonee
BBICOKYIO TOYHOCTb OCTaHOBKH.

IIpu HEYETKOM YIpaBIIEHHH C MPOrHO3MPOBaHHEM 34 CYET
HMHTAUHA ACHCTBUH KBATUPUIMPOBAHHOTO MAIIMHHUCTA [OCTH-
raeTcs po6acTHOCTH yIpaBJieHHS MO OTHOLUEHAIO K M3MEHEHUAM
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Puc. 3.50. Cpashenue C CYyINECTBYIOIIMUM METOAOM YIpaBJeHUS C
HOMOINBI0 MOAETAPOBAHHU.

a—OlIeHKa YHCTA H3IMEHEHHH KOMaHA YHpaBJjiIcHUS, 6 — OLIEHKA TOYHOCTH OCTAHOBKH.
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oKpyXXajomeil OOCTaHOBKHA, HANMpUMEP K M3MCHCHHIO BHEILUHHX
CHJ HA YKJOHaxX BO BpEMs [BIDKCHHA MOE€3/1d HIH pe3KOMY
W3MEHEHHIO CHJIBI TOPMOXEHHSA MpH NEPEKIIIOYEHHMH ¢ TOpMO3a
pereHepaTHBHOTO TOPMOXEHHS HA TOPMO3 C MHEBMATHYECKHM
NpHBOIOM.

YT0 KACaeTCd SKOHOMHUH IEKTPOIHEPT UM KAK BAXHOI'O MOKa-
qaTeds KOJMYCCTBEHHOH OlEHKH 3KOHOMHYHOCTH BOXICHUS
moe3a, To Omaropaps 3p¢eKTHBHOMY BHENPEHHIO B IPOIECC
ABTOBOJKJCHHS HOY-Xay IBIDKEHHUA 1O HHEpUHH MOSBISAETCA BO3-
MOXHOCTE HCIIOJIb30BATh 3aHaC BO BpEMEHHM B MYTH ¥ 3KOHOMHUTH
3NMEKTPOJHEPTHIO.

3.6.6. IPUMEHEHUE HA METPOIIOJIMTEHE B r. COHJIAN

CucreMa aBTOBOXICHUS MO€3/1a HA OCHOBE HEYETKOTO YNpaB-
A€HUs1, KoTopas Oblia pa3paboTaHa B COOTBETCTBHH C M3JI0XKEH-
HBIMH BHillie IPHHIKMTAMY ¥ TeXHAYECKHE XapaKTepUCTHKH KOTO-
po#t OBLITM MOATBEPX/IEHBI ¢ TOMOIIbIO MAIIMHHOTO MOAEIHPO-
paHus, Oblia MpUMeHeHa B Moe3gax MeTpononureHa r. CaHnpai.
[locie BBOAA XapakTepUCTHK Moe3na B KavecTBe MapaMeTpoB
MOJeI¥ M HACTpoMKH, cHcTema Oblna BBemeHa B acicTBHe
15 wrona 1987 r. VeTpoiicTBO aBTOBOXIEHHMA C NMpPOTPAMMOH,
BBEJICHHOH B MHKpPOKOMIIbIOTEP, YCTaHOBJIEHO HA MOy Ioe3na
(puc. 3.51). Pe3ynbTaThl npeaBapHTelbHBIX AOPOXHBIX HCIbITA-
HHAH TMOoKa3aHbl HA pHC. 3.52. TIpH aBIKEHHH MEX]y CTaHHUAMMU
npepenbHas CKOPOCTh U3MEHATACh OT 45 1o 75 KM/4, IpH 3TOM
6bl/I0 IUTABHOE yIpaBlieHHEe CKOPOCTBIO, 3aT€M 3aMETHO CHHXKe-
HHME CKOPOCTH Ha moJgbeme, Ho Onarofaps NepeKIoYEHHIO Ha
STy TO3HpUo yCKopeHHS (PS5N) CKopoCTh BOCCTaHOBJIEHA.
Iepea ocraHoBKOM Ha CTaHUMM CHadana BbIOMpaeTcst BTopas

Dy s
Puc. 3.51. YeTpouc1Bo aBiosos, ICHHS ¢ HCUCTKUM YUPABIJICIIMCM.
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nosunus TOpPMOXeHHs (B2N), 3aTeM npoucxonuT IUIABHBIHA
repexojl HAa yIpaBlieHHe OCTAHOBKOH B 3aaHHOM MecTe, MHO3H-
s TOPMOXEHUSI MEHsIETCsl ¢ HHTepBalioM 4-5 ¢, obecrieuuBast
xopouiyro KomMbopTabenbHOCTb. TOYHOCTP OCTAHOBKH H3Meps-
Jack cBbilie 10 TeicA4 pa3 npH ABMXKEHHH B 004 KOHHa BCEX
Moe310B MeTPONOINATeHA. Pe3ynpTaTel H3MePEeHH NOKa3aHbl Ha
puc. 3.53. M3 Hux crepyeT, 4To oluuOku ocTa”doBkd B 30 cMm
¥ Bbilie cocTaBisitoT MeHee 1%, cTaHmapTHoe OTXJIOHEHHE —
10,61 cM, T.e. oOecrieuuBaeTcd TOYHAS OCTAHOBKA Ja)e IMPH
M3MCEHEHHAX CTAaHIMOHHOUW O0OCTAHOBKH M CMeHe Moe3pga. JlaHHas
CHCTeMa Xopolllo (yHKIMOHMPOBAaa ¥ [OCIEC BBOJA €€ B JKC-
miyatapmio [25].

B 3axnroyeHse aBTopsl MCKpeHHe G1arogapsaT Beex CoTpy JHH-
KoB TpaHcnopTHoro 61opo r. CsHmail, okaszaBIIHX MOMOIb B
HPAKTHYECKOM [IPAMEHEHHH JAHHOM CHCTEMBI, BCEX COTPYAHUKOB
3apopa «Mmuto» ¢upMbl «XHTaTH coiicakya3é», KOTOpuie MpH-
HAJIA y49acTue B pa3paboTKe CUCTEMBI, 4 TAKXE PYKOBOIMTeNEH
HayqHO-HcclienoBaTenbckux dabopatopuit K. Xapyna u H. [lo-
M3H, MOJ PYKOBOJCTBOM KOTODHIX BenyTcst pa3paboTku nopo6-
HBIX CHCTEM.

3.7. PACITIO3HABAHME PEYH

CroBocoueTanne «4enoOBeKO-MAIMHHLIH HHTEpdEiicy HaCcTO
MOXHO yCIBILIATE B 3HAYEHUH «KOHTAKT 4eJIOBEKA U MALUMHBI».
C Touku 3peHMs uenmoBeKa HACANBHHIM crocobom nepenayu
CBOHMX HaMepeHHH sBIseTcd AWANOr ¢ MamuHoH. s 3TOTO
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4eJIOBEK MOXKeT BOCHOJL30BATHCA HECKOJLKHMH cpPeACTBaMH, HO
TOJIbKO He peublo, XOTA C TeMH, KTO HAXOOUTCA PSAAOM, OH
H374BHA TMPHBBIK pa3roBapUBaTh, HE HCMBIThIBAsE HeobXxoamMocC-
TH OCBAMBATh pajd STOTO HOBLIE MpaBWIa U cpeacTBa. B HacTos-
Iee BpeMs, KOrna mosBujiack HEOOXOAUMOCTE JuaJiora ¢ podo-
TaMH WIH KOMIBLIOTEPAMH, BMOJHE €CTECTBEHHO HCIOJIB30BATh
APYXECTBEHBIH NUANOr C NOMOIIBIO CNOB. /[N 3Toro, ogHako,
B8 OynymemM mnpupeTcs pellaTh MHOTOYHMCIICHHBIE MPOOJIEMBI,
a CyIUeCcTBYIOIIHE ceif4ac cpelcTBa HMeIOT psal OTrpaHU4EHHH,
H MM 10 AHAJIOra eme JaJieKo, XOTA NpakTHYeCKoe UX MpUMeHe-
HYe TaK WiIF HHave Havdanock. B paccMaTpuBaeMOM HHKe TTPUMeE-
pe B TPOLECC PACO3HaBaHHs peYd BBOJATCS MOHATHS HEYETKHX
MHOXecTB, OJiarogaps 4eMy mnosBIfeTcs BO3MOXKHOCThL CIpa-
BUTBCA C pas’iMYUsIMH TOBOPSANIMX H HM3MEHEHHIMH pEYH BO
BpeMCHH.

3.7.1. IPOBJIEMbI PACITIOZHABAHVSA PEYH

PaccmMorpumM Mexanm3Mm obpa3oBarus pedd. VICTOYHHMKOM
TIIAcHBIX 3BYKOB SBJISIOTCHA TOJIOCOBbLIE CBA3KH, U3MeHeHHe ¢op-
MBI 3BYKOBOTO NYTH B KOTOPHIX MEHSAET YCIOBHA HX pPe3OHAHCA,
npeobpasys riacHbic 3BYKH B 3BYKOBble Kosiebanus. CorjacHbie
3BYKH U3[1aI0TCS HE T'OJIOCOBBIMH CBSI3KaMM — HX HCTOUHHK pacro-
JaraeTcsi B JPYyrod d4acTH 3BYKOBOTO myTH. Pacnosnasaxue
peuH —3TO IIpOLeCC U3BJICHEHHS CIOBECHOH HHOpMaLuu, conep-
skangeiics B M3naBaeMbIX TaKHUM oOpa3oM 3ByKax.

CymecTByIoT pasmyHble MeTOABI PACNO3HABAHUS PEYH, O/1-
HaKo B IOcJIe/IHee BpeMsI OCHOBHBIM CTaJl METOM COTMOCTABJICHHUS
C 3TaJOHOM. DJTo CBA3aHO TIJIAaBHLIM O0OpazoM ¢ NIpPOrpeccoM
B 00JIaCTH 3JIEKTPOHHBIX KOMIMOHECHTOB, B YACTHOCTH C YBeJude-
HYEM BBIYMCIHUTEIBHOH MOIIHOCTH MPONECCOPOB H OOBEMOB
namATH. [Ipy conocTaBlieHUM C 3TaJIOHOM 3BYKH mpeobpa3syrorcs
B XapaKTepHble OOpa3bl, KOTOpBHIC CpDAaBHHMBAIOTCS C 3apaHce
3a11aCEHHBIMH 3TAJIOHHLIMH O0pa3aMi, W BBIYHUCIAETCH CTeNcHb
X noaobus. PeaynhTaToM pacnozHaBaHus sBjsicTcd HauboJiee
MMOXOXHUH 3TAJOHHBIN 06pas.

ITpu pacmo3zHaBaHUYU PeUH My TEM COTIOCTABJICHUS ¢ 3TAJIOHOM
BO3HHMKAE€T HECKOJILKO NpOOJieM, cpeu KOTOpbIX Hamboliee TH-
MAYHBIMHE ABJISIOTCS CJIeTyFOIIHE.

1. Bpemenntie n3Menennst XxapaKTcpabix o0pa3zos peun. [lpu-
YHHOH M3MeHeHHH sABNIseTCs Pa3/im¥Has CKOPOCTH MPOU3HECEHMS
ONHHX H TeX e 3BYKOB, T.¢. HEMOCTOSHCTBO IJIMTCIBHOCTH
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3ByKOB. /laXe OlHM U Te Xe CI0BA, MPOU3HOCHMBIC YETOBEKOM,
KaXIbIi pa3 MEHSAKOTCS IO JUIMTEIbHOCTH. ECIIH Xe o1HH U Te ke
CJIOoBa TIPOM3HOCATCS PAa3sHBIMH JIFOAbMH, UX JJIATENLHOCTH MO-
ryT ewe OOJIbILE pa3IMYaTHCS.

2. BimsHMe pasMepoB oprasa pedn Ha o0pasnl. Kax yxe
rOBOPHJIOCH BHIIIE, PA3MEPLI OPTAHOB PEUM Yy JIIOfeH Pa3JIMIHbL
ITooTOMY, AdXe €CNIM CJIOBA MPOU3HOCATCH OpraHaAMHM OJMHAKO-
BOM ()OpMBI, HX PE3OHAHCHBIE 4aCTOTH MOTYT pasznuuarbes. Ha
ofpasax 3TO MpOABIIETCS KAK HMHAMBHUAYaJibHas ocOGeHHOCTH
YeJIoBeKa.

KpoMe 3TOro cymecTBYIOT HpobliemMa apTHKYJISAMOHHOTO
COMpSDKEHHMS, T. €. Pa3IMYHA OJHOTO M TOTO Xe 3ByKa, 06ycnos-
JieHHBIE BJIMSIHAEM Pa3JIM4HbIX 3BYKOB 10 ¥ IOCTe Hero, mpobiie-
Ma aKpeHTa, BO3HHKAIOIAA 33 CYET paslM4ds B MaHepe rOBO-
puTE M B YCIOBHSX XHM3HH TOBODAIINX, H ApYTHe mpobiieMsbl.
Hwke obcyXnaroTcst TONBKO MEPBBIC ABE MPOGJEMBI.

Ileppast mpoblieMa cBA3aHA ¢ HeOOGXOMMMOCTLEO MOACTpaH-
BaTh BPEMCHHBIE HHTEPBAIBI TIpH comocTableHuy obpa3os (Bpe-
MEHHas HOpManH3aus). V3BecTeH mpocToil cnocob coriacosa-
HMS JUMTENbHOCTell 06pa3oB —iuHeliHoe conmocTasyienue. OpHa-
KO, MOCKOJIbKY M3MEHEHHE JUINTEIbHOCTH 00pa3oB He 06s3aTelNb-
HO JOJDKHO OBITH JIMHEHHBIM, ISl pPelllcHUs mpoGiieMbl Mpea-
raeTcs ucnosins3oBathk [I1-conocrapnenne, BBoasiee B Mpomeay-
py comocTapiieHHs 00pa3oB TNpHMHUMObL JAMHAMHMYECKOTO MpPO-
rpammuposatns [26]. All-conocrasnerue, Oynyus HenHHCHHBIM
COMOCTABJICHHCM, YCTAHABIMBACT BPEMEHHOE COOTBETCTBHE,
obecrieuyBas MpH COTMOCTABICHHH MApHI XapakTepHBIX 00pa3oB
MPHMMAJTbHYIO OMIMOKY MM MAaKCHMAJIBHYIO cTelleHb Moaobus.
C oTOM yenblo UCMONBb3yeTCs METON JMHAMUYECKOTO Iporpam-
MUDOBAaHYA, KOTOPBIH MO3BOJISET MOBBICHTSH TOYHOCTEH COMOCTAB-
JICHUSL ¥ BHOCHT CYmeCTBeHHBIH BKNaj B pasBUTHe paclo3HaBa-
HOS pedy, XOTsA u TpebyeT mis cBOcH peanvsanmd OOJBIIOrO
00bemMa BBIMHCITCHHUIA.

Yro xacaetcs H3MCHCHHH, CBA3aHHBIX C TOBOPAILMM (BTOpas
npobliema), TO 3ajaYa HAa TepBHI B3MMISAL KaXeTcs MPOCTOM,
TIOCKONIbKY 4eJIOBeK CHOcOOeH pacrmo3HaBaTh nro6oi TOJI0C, HO
Ha CaMOM pieie OHa upe3BBMANHO ClIOXHA. B HacTosuee Bpems
oTa 3apaya pellaeTcd C TMOMOIBIO MeTOgAa CTATHCTHYCCKOH
00paborku M3MCHEHHH, CBA3AHHBIX C TOBOPAIIMM, HJIM MeTOxa
Sombiioro wmcna mwa6nonos. B COOTBETCTBAM C MOCJICIHUM
METOIOM B mponecce COMOCTABJICHHUS 0o0pa3oB TNpHMeHseTCs
Gonbimioe wmco Pa3HOTHUITHBIX 3TAJIOHHBIX 0O6pa30B, OTHOCSIIHX-
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cf K OIHOHM KaTeropuu, Omaromaps 4eMy Haxe MpH HaIAIAH
H3MeHeHHi BO BXOQHOM 00pa3e yaaercss yCTAaHOBUTDh COOTBETCT-
BHE OJHOMY M3 MHOTOYHCIIEHHBIX JTAJOHHBIX 00pa3os. Hucio
3TaJIOHHBIX 06pa30B, MOATOTOBJICHHEIX JUIA KAXIO#H KAaTeropuw,
He OroBapHUBAETCSH; M3BECTHO, YTO MX MHCIO MOXeT 6bITh 20-60
[27]. BmecTe ¢ TeM CI€NyeT OTMETUTD, YTO OPH GOJIBILOM HHCIIE
06pa30B 06BEM BHIMHCICHHN B MPOLECCE COMOCTABJIEHHS Oyjet
BO3pacTaTh.

Ilns toro 4tobbl pelwHTh NpobJieMy apTHKYJISIHOHHOTO
CONpSDKEHH S, 4aCTO IPUMEHSIOT 60JIbIINE AMHUIBI PACTIO3HABA-
HHS THMA CJIOB, MPOU3HOCHMBIE C May30il. MOXHO He IPHHAMATH
BO BHHMaHMe MpobJieMy 4acTOTHBIX H3MEHEHU#l (BTOpPYIO IpPoO-
neMy), el OrPaHHYHMTHCS OJHHM MOJib30BaTeneM. Pacno3HaBa-
HHE B 3TOM CJiy4ae HA4MHAETCS MOCsE 0Dy4eHHs MO TOJIOCY 3TOTr0
yeoBeka. Takoil METO HA3bIBAIOT PACIO3HABAHHEM OTPEICIICH-
Horo ropopsmero. [Toutu Bce W3BECTHBIE B HACTOsAINEE Bpems
YCTPOMCTBA PAacmO3HABAHAS PEYH CO3JaHbl HA OCHOBE PacmO3Ha-
BAHHUSA CJIOB OMPENEICHHOTO TOBOPSIIET 0, YTO OOBACHAETCS U3JI0-
KeHHbIMM Bbile npuyuHaMu. C apyroif CTOpoHbl, pacrno3HaBa-
Hue Ge3 0OyueHHd [jid oO0ro rojioca Has3pIBAIOT pacHoO3HaBa-
HHEM HeoIpeIesieHHOTo ropopsmero. Co3garoTcs U yCTPOKCTBaA
Ha OCHOBE 3TOr0 METO0/a, HO YHCJIO PAaclO3HABAEMBIX MMH CJIOB
JIOCTHUraer BCEr0 HECKOJBKMX [ECATKOB, a4 CaMH YCTPOHCTBa
JIOBOJIbHO TPOMO3IKH.

Huxe paccMaTpuBaeTCs peaiu3anMs ycTpOMCTBA pacmo3Ha-
BAHUS HEONpejeneHHoro ropopsimero Ha 100 m Oonee cios
C NOMONILIO MPOCTHIX BBIMHCICHHH C BBEOEHHEM B MPOLECC
pACITIO3HABAHHS CIIOB MOHATHH HEYETKMX MHOXECTB [28].

3.7.2. HEUETKOE CONNOCTABJIEHHUE OBPA30B

PaccMOTpHUM TIpexze BCEro XapakTepHple obpa3sbl mjis pac-
MO3HABAHUA PEUH.

B kavecTBE NPHU3HAKOB, H3BJIEKAEMBIX H3 PEYH, XOPOIIO
m3pectHpl LPC (ko3¢ duumeHT IHMHEHHOro mpeackasaHus),
kenctp ¥, conextp u ap. Cpeaun 3THX MPU3HAKOB ABTOPBI BHIOpAIU
CIIEKTD, TO3BOJISIONIMIL JIETKO YCTAHOBUTE COOTBETCTBUE C PHU3U-
qyeckoif BeNWuMHONK. Ha cHekTpalbHOM BpeMeHHOM o0bpase
(CBO), mo ocsiM KOTOPOTO OTKJIAIbIBAIOTCH BPEMS U 4acTOTEL,

' Kencrp (cepstrum) —npeobpaszosanue Pypbe norapudMa CrekTpa
MOIIHOCTH cHTHANA.— IIpum. nepes.
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fosTy4aeMble B PE3yNbTAaTe JE/ICHUS pevd Ha KOPOTKHE HHTEPBa-
el M CHEKTPAJbHOTO aHajlM3a Ha 3THX HMHTEPBAlaX, XOPOILUO
BHpaXeHbl 0COOEHHOCTH pedn. CHUTBHIBAS CMEKTD, YEMOBEK MO-
xeT «uutTaTth» mo CBO mpousHocuMBIE 3BYKH.

Kak yka3plBasioCh BBIIIE, YENOBEK MPOU3HOCHUT CJIOBA, U3Me-
g1 OPTAHOM DEYH Pe30HAHCHYIO 4acTOTy, MO3TOMY OCOOEHHO
paxHbIMU B CBO 4BIISFOTCS pe30HAHCHBIE HACTOTEL, T. €. BBIOGPO-
cbl. Pe3oHaHCHBIE 4YacTOTHI IS TIJIACHBIX 3BYKOB Ha3bIBAIOT
(OPMAHTAMH, OJHAKO HCHOJb3YIOT W Ha3BaHHE «IOKAJIbHBIA
BHOpPOC» KaK paclIMpeHHe MOHATUS (GopMaHTa Ha COTIACHbIE
spyk# [29]. B paccMaTpuBaeMoM 31€ch METOAE PACHO3HABAHHE
[IPOU3HOCHMOrO CJIOB4 OCYIIECTBJISETCS MyTEM OMNpEENEHHUs,
KaKO¥ JIOKaJbHbIA BEIOPOC MPHCYTCTBYET U KAK OH MEHSETCA BO
ppemert. [lse mpobiembl, yka3aHHbIE€ B pash. 3.7.1, B JaHHOM
clIyd4ae MpOSBISIOTCS KAK HM3MEHEHHe [UIMTENbHOCTH obpa3a
W M3MEHEHHE 4YacTOTH! JIOKAJILHBIX BBIOPOCOB, 00YCIIOBIECHHBIE
TOBOPSILUM.

IockoabKy HHTEpEC MPEINCTABIACT JMIIF MECTOMOJIOXKEHHE
JIOKaJLHOTO BBIOpOCa, TaHHBIE MOXXHO NPEACTABATh B IBOHTHOM
Buie:. 1—Ha Mecrte JokaabHOro BbIOpoca, 0—B Apyrux Mecrax,
JIOKaJIH30BAaB TEM CcaMbIM MOJOXEHHE BBIOpOCAa U COKpATHUB
o0beM aaHHBIX. [lodyueHHBIH 0Opa3 Ha3bIBAIOT JBOMYHBIM
CIICKTpaibHbIM BpeMeHHbIM obpa3zom (JJCBO) u ucmonas3yror
ero xkak ocobeHHocth peun. [Ipumenerue [JCBO mpu comocras-
JieHdH 06pa30B 3aKJIOYAETCSA B TOM, YTO IS CIOBAa, BBIPAXKEH-
Horo ¢ nomompro JJCBO, paccMaTpuBaetcs ¢pyHKuHUS TpHHAj-
JEKHOCTH, yuMuTblBalom@ash TO, Kak mposmisiorca Ha JICBO
H3MEHEHHUS 4YacTOThl ISl Pa3sHbIX JIOAEH M KAaK HPOUCXOIAT
H3MEHEHHS] BO BpEMEHH. ODTOT METOH Ha3plBalOT HEYETKUM
conocTasiieHeM obpa3os [30].

Ha puc. 3.54 opencraBneHsl mpumepbl o6paszoB: a—CBO
cnoBa END, npousnecenHoro myxunHoi; 6- [JCBO, nonyues-
Helif 13 CBO nmytem mpeoGpasopaHust B aBoWuHBIA Kkon. Ilo
TOpHU30HTAIbHOM OCH OTJIOKEHA 4acToTa, MO BEPTHUKAJBHOM —
BPEMS, Ha OCHM 4acTOT Ha kaxasle 10 mc nmpuxomutcs 15 BpIGO-
pok. Ha puc. 3.54, a 3HaueHne KaX0TO 3JIEMEHTA MPEACTABJIEHO
BoceMpro 6utamu, B JICBO (puc. 3.54,6) gauusie no 15 siGop-
KaM MOXHO mpencTaBuTh ABYMs OaliTamMH, 4TO OYEHb y;00HO
A8 BBOJA B KOMIBIOTED.

O6o3HauMM wMCIO 3amMCAHHBIX CIIOB 4e€pe3 1, MHOXECTBO
CloB wepes I = {i,, iy, i3, --- , iy} ¥ MHOXECTBO OOPA30B 3THX
CloB wepe3 X = {x,, X, ..., X;}. MHOXecTBO I-3T0 0GBIMHOE
11-6830
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Puc. 3.54. Ilpumep 38YKOBOrO 06pasa cjiora END.
a—CBO; 6—-CBO.

MHOXECTBO U3 7 3JIEMEHTOB, & MHOXECTBO X MOXHO paccMaTpH-
BAaTh KAK HEYETKOE MHOXECTBO, B KOTOPOM X; (f = 1,2,3, ..., )
TPEACTABNAET pasnuyHple obpassl cnosa i;. Takum obpazom
MOXHO ONPENENUTh MHOXECTBO (YHKUMH IpHHAIEKHOCTH
M={m;, my, ..., m,} NogoGHO TOMY, KaK ONpEHENACTCS
MHOXeECTBO 00pa3oB x;; cnosa i;. PaccmMaTpuBaemoe 31ech Hewet-
KOE COMOCTABJIEHHE 06Jpa303 3aKirovaercs B ciaeayomeM. [pu
BBOJI€ HeH3BecTHOTO 06pasa y (yeX) ¢ ucnonb3oBaHuem (yHk-
MK TMPUHAIEKHOCTH M BBIMHCIACTCS CTeMEHb CXOACTBA S,
00pa3oB x; U y, 1 PE3YNbTATOM PACHO3HABAHMS SBJIAETCH CIOBO
J, TaKoe 41O

j=max {§;}. (3.32)
jel
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[Ipy HCHOJNB30OBAHHH HEYETKOH JIOTHKH HacTO BO3HHKAET
ppobnemMa OnpeieseHns ¢dbyHKuMM IpUHAUIEXHOCTH. B maHHOM
crydae CHENyeT PeliHTb, KaK ONPENENHTh CXOACTBO 00pa3oB
cinoB x;. OyHKIHS MPHHALNEXKHOCTH JOJDKHA MMETH Kakoe-TO
OTHOLUEHHE K HEIOBEKY, OJHAKO MO MPUYHHAM, H3NOKCHHBIM
p pa3a. 3.7.5, ee 1e1eco06pasHo NPUIHCATH YCTPOHCTBY pacmos-
gapanus. [103TOMy, CYHTAsd CXOACTBO TJIABHOM IENbIO, [IPUHSIIN
CleyFOIYIO TOCIeI0BATENLHOCT NMOCTPOeHUs (QYHKIMH MNPH-
HAJIE)KHOCTH.

Jlyisi BCEX CJIOB, KOTOPbIE JOJIKHBI ObITh 3amucaHbl, coOu-
paroTCsl TOJ0CAa MHOTHX TOBOPSAILHEX npe5)6pa3ymTcx B JICBO.
Jinst KakAOTO CIOBA CYMMHDYIOTCS Bee 06pashl M COCTABIACTCA
aBymepHas (QyHKOMA TPUHAJNIEXHOCTH, B KOTOPOH M3 JTHX
NAHHHX BBHIOPaHB! M3MEHEHMS B NPEACTABJIEHHH CloBa. B wact-
HOCTH, onpenensieTcs cpentee apubmernueckoe obpa3os, oTob-
paHHBIX B COOTBETCTBHHM C HEKOTOPBIM KPHTEPHEM H3 JCBO
oHOro cyiosa. Ilpn cyMMHPOBaHHHM BOSHHKAET OHA TPYTHOCT.
Cpenu ABYX TUNOB YMOMSHYTHIX paHee H3MEHEHMI 4acTOTHBIE
U3MEHEHns! BbI3BIBAIOT JIHIIb H3MEHEHHUE HA OCH 4acTOT MOJIOXKE-
HEi ], KOTOPBIE SBJISFOTCS 3JIEMEHTaMH, TOKAa3bIBAIOIAMH PE30-
HAHCHYIO 4acTOTY B obpase, B TO BpeMs KakK IPH BPEMEHHBIX
HW3MEHEHUSX MPOXCXOAMT M3MEHEHHE jJIMH 00pasa, 4To 3aTpyl-
HSET CYMMHPOBAHHE. }

B cBg3u ¢ 3THM mepen CYMMHPOBAHHEM C MOMOILIBIO JIHHEH-
HOTO PACTSDKCHUA/CKATHS OCYIIECTBIISETCSA COTJIACOBAHME [UTHH
06paz0B. DTa mpoueaypa MpeAcTaBiser coboil MpocToit cnocob
BbIpABHHBAHHUSA AJIMH CPaBHHBAEMBIX 00pa30B 3a cUeT MPOPEXHU-
BaHus M BCTABOK. [10 CpaBHEHMIO C HEJIMHEHHBIM pacTsKEHHEM/
CKATHEM OH JAET CYMIECTBEHHO MEHbIIMH 00BbEM BBLIYHCIICHHH.
Ipumep ¢ynkium npHHAIEKHOCTH, MOTYYEHHBIA B COOTBETCT-
BHM C I3TOHM mpoueagypoi, mokasaH Ha puc. 3.55. OOBekTOM
PacniosHaBanus spasgerca ciaoBo START. IIpexae BCEro BHIIOJ-
HSETCs COrlacoBaHMe N0 JAJMHE W coBMmemedue jaesoro JCBO
¢ coceaauM. COOTBETCTBYIOIHE 3JEMEHTBI NMPH 3TOM CyMMH-
pytotcs. 3atem npubasnsercs ciaeayrommit JJCBO; Taxo#t npo-
LECC TMOBTOpAEeTCA A0 TMOJy4€HHd oOpasa cmpaBa, KOTOPGLIH
MCHOIb3yeTcs Kak QyHKIps MpuHamiexHocTd. O6bMHas QyHkK-
sl TPYHAJICKHOCTH NpUHMMAaeT 3HadeHus o1 O mo 1, odHako
B JaHHOM ciyvae OHa MPEACTABJCHA B BH/IE IEJIBIX YHCEJI CO
3HaueHuAMu o1 O o 15, T.€. Mo yeThipe OHMTA HA DIIEMEHT.

Onpenenum Tenmepb crenedp nopobus. Ilycts y (yeX)-—
ACBO wmenssectHOro BXOmHOro rosmoca. ECIH ¢ MOMOMBIO
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Puc. 3.55. Mpumep Pynxnuu npuxagnexsocta caosa START.

bynkumuil NpHHANIEXHOCTH m; ONpPENENUTbL €r0 CTENMEHH INpH-
HaJUIe)XHOCTH KO BCEM HEYEeTKHM MHOXECTBAM, TO MOXHO y3-
HaTh, Kakoe 3710 cyioBo. OAHAKO HCHOJb30BAHHE BBENEHHOH
BBIILIE (PYHKIAM NPUHAMIEKHOCTH MPHUBONUT K pApy npobiem.
[TosicHUM 3TO ¢ noMompio puc. 3.56.

Ha puc. 3.56, a moka3ansl 0KajbHbIe BRIOPOCH HEKOTOPOT O
rojoca. Eciu BBIGpOCHI €CTh AT HACTOT f] U f, , MOXHO 3aMucaTh

y(NH=1(/-f)+ ([~ 1) (3.33)
roe 1 obo3Havaer cienyromyoo GYHKHHEO:

o) lopuf=0,
l(f)_{ 0 mpu f +# 0.

Ha puc. 3.56,6 u ¢ npupeneHs! QyBKIHM MpHHALIEXHOCTH
MHOXecTB 00pa3os cioB j u k, mpuieM Ha puc. 3.56, 6 umerorcs
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Puac. 3.56. Hem3secTHbiif 00pa3 H IpHHAMICKHOCTH T0J0CA.

JBa JIOKAJbHLIX BbIOpOCa, HA pHC. 3.56, ¢ — oluH. MecTomonoxe-
HAe [BYX JIOKaJIbHBIX BBIODOCOB B NMEPBOM Cly4Yae MOJHOCTBIO
copmagaeT ¢ MakCHMyMaMu (YHKI[HH TTPMHAJIEXHOCTH, UX CTe-
neHb MPHHAAIEXHOCTH paBHa 1. [103TOMy MaKCHUMYMBI GyHKUH
NpHHAIEKHOCTH HOpManusyiorcs 10 3Havenws 0,5. CreneHp
npuHaIeKHOCTH D) 06pasa y k x; OyneT uMeTb BHA

D,={m, (f)\y (f)df. (3.34)

B cyuae puc. 3.56, @ oHa mo4TH paBHa | ¥ MOKAa3bIBAET CXOACTBO
co cimosoM j. C pmpyroi cropoHsi, GbyHkyud Ha puc. 3.56,6
MPHHAUIERUT K TUMY GyHKIH C OAHUM JIOKAJIbHBIM BHIOpOCOM,
4TO CBOMCTBEHHO COTNIaCHBIM 3Bykam. Ee mMakcumym paBeH 1.
Ecm onpegenuts o popmyse (3.34) crenedp NpUHALJIEKHOCTH
obpasza puc 3.56, a kK 06pasy x, , OMPeAETEHHOMY Yepe3 (DYHKIMIO
NpHHAAJIEXKHOCTH HA pHC. 3.56,8, TO TAaKKe MOJYyYUM 3HAUYEHHE,
nouTn papHoe 1. Bo3HMKaeT mpoTuBopeune: obpas3 Ha puc. 3.56,a
obnagaer OXMHAKOBBIM CXOACTBOM M € X;, ¢ Xx,. IlosTomy
ompenesisieM WHBEPCHYIO CTENeHb MPHHAIIEXHOCTH

D;=[m; (/) \y(f)df, (3-35)

rae rﬁ,—(by}n(uuﬂ MPUHAAJIEKHOCTH, NMPEACTABIAIOIAA HU3BECT-
HBIIl o6pa3 JOMOJHUTENLHOTO MHOXECTBA j. 3a cH4eT BBEOECHHA
¢opmynnt  (3.35) uHBepcHas cTeneHb NPHHAANEXHOCTH U
puc. 3.56,a u & craHoBuTcad OONBILIOH M MOABJAETCS BO3MOX-
HOCTh BBIAENHTH On30CcTh pHC. 3.56,a K 0.

B paccyxaenusax, npeiactaBieHHBIX BHIILE, MBI OTPAHAYHITHCH
TOJNBKO 4aCTOTOM, YMEHBIIUB [JI1S MPOCTOTHI Pa3sMEPHOCTh; (ak-
THYECKH UMEET MeCTO JByMEpHOE pacrpeneneHte. B stom ciydae
He TOJIbKO TPYAHO y4YecTh YHCIIO JIOKAJIbHBIX BEIOPOCOB H HOpMa-
JM30BaTh 3HA4YCHHE BHIOPOCOB (YHKIMH TPHHAJIEXHOCTH, HO
4 HeplenecooOpa3HO OTBOMMTD YETHIpE OUTA HA KaXKIbIA JJIEMEHT.

S BBIYMCJIEHHS CTenmeHn mogodbust 6e3 HopMalM3auy onpee-
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1AM ee Kak oTHomernue dopmyn (3.34) u (3.35):
S, = Dy/D;. (3.36)

B cayyae xora Hopmanu3auust He IPOU3BOJHUTCH, D;, ctos-
miee B YUCIUTENE 3T0H dhopmylisl, 6yaer Bo3pacTtaThk C yBeHye-
HHEM 4YHCA JIOKalIbHBIX BHIOPOCOB B y, HO 3a CY4€T TOTO, 4TO
B 3HAMEHATENEC CTOUT BEIMYMHA ﬁj, KoTopast, kak u D;, nerxo
MpUHUMaeT OONbILKE 3HAUECHUS TPH YBEJIHMYCHHH YHCIIA JIOKAJIb-
HBIX BBHIOpOCOB, HOpManu3amis He Tpebyercs.

B peanbHOM ycTpoO#CTBE pacno3HaBaHHA NMPUXOAUTCS OTEPH-
poBaTh C AMCKPETHBRIMH BenuMuHamu. B 3ToM ciydae wmcmons-
3yeTcsl CIEHYIONIEE BBIPAXXEHUE )it CTEMEHU moaobus:

Py P
Py—Pi P,— P’

y

S;, = (3.37.

rie

Py=ZZm, (f.1),

I
Py=22y(f,t),

It
Pio=2ZZm;(f, 1)y (f,1),

It

P =XZm;(f,0)*y (f.1).
0 s

3Hak - 0003HAYAET MPOM3BENCHUE 3IEMEHTOB M ;M Y, 4 *—JIOTH-
4EeCKOe MPOU3BENECHUE m; U ¥ YPOBHA 0, T.€.

lLeenum; za, y=1,

mj(f’t)*y(f’t)z{

Ecin 3Ha4eHust 3€MeHT 0B PyHKI[MH NPHHAIEXHOCTH NPEACTAB-
JieHBl 4EeTBIPbMst OuTaMu, To 4ame Beero 0 < a < 3.

®opmyna (3.37) cOCTOUT U3 ABYX WIEHOB, MpmyeM 006a mo
BUAY NOXO0XH Ha Qopmyiny (3.36). Yucnutenpr M 3HaMeEHATENb
JIeBOTO WICHa —3TO COOTBETCTBEHHO y /\ m;, y /\ m;; npaBoro -
yrm;, yem;.

0 B mpoTHBHOM chyuae.
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3.7.3. CTPYKTYPA CUCTEMBI

C mOMOIBIO OMHCAHHOTO BBIILE METOAA pPacHO3HABaHHUSA
Gpiia CO3JaHAa peasibHAs CHCTEMa pacrno3HaBaHHsA. biok-cxema
cucTeMbl TOKa3aHa Ha puc. 3.57. 3Byk ¢ moMorusio MUKpodoHa
mpeobpa3yeTcss B CHTHAJ; Ha rpynne QuibTPOB MPOHU3BOAHTCS
pa3lioKEHUE CHTHAJA MO 4YacTOTaM, 3aTEM BBIMOIHSACTCS npeod-
pa3oBaHHE B asonudblil kox u cocrtasisercs JJCBO. Brok,
0603HA4YEHHBIH HA PUCYHKE MyHKTHUPOM, OTHOCHTCA K YIOMSHY-
ToMy Bbillieé 0OyueHHIO, B OOBIMHOM METOAE PACTO3HABAHHS
HEOIPENEICHHOTO TOBOPSAIETO OH HE Hcmosb3yerca. PabGota
OCTANBLHBIX OJIOKOB OCYIIECTBISETCS CleayommM obpa3om.

1. I'pynna ¢punbTpoB—3T0 HAGOP N3 HECKOJIBKHUX IMOJIOCOBBIX
(unbTPOB, B JaHHOW cucTeMe HX 15. LIeHTpasipHbIE 4aCTOTHI—

Tpynna Sunusi lpedemaspenus
O— pusismpos HAUMEHBLLUX[—] & JeOusHOM

Ksadpamos Kofe
Muxpopon
——"
I
—t__
Hanmoxenue |
|"aceo |
—_—— -
1
1
Jma ronrsre
abpass!
JSunedroe
PaACMIXanie
u oxamue
Bsryucpenue
cmgneru
nododes
Pesynsmam
pacnosnasane s

Puc. 3.57. Bnok-cxema cHcTembl pacno3HaBaHHA.
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250 - 6300 I'u c marom 1/3 okTaBel; ocTpOTa pe3oHanca GHIIbT-
pa Q pasHa 6. BoixOmHBie CHTHAaJIBI GUILTPOB CTIAXHBAIOTCH,
KBaHTYIOTCA BBIOOpKaMu 4epe3 10 mMc. B pesynbTaTte nojydaror-
¢ 15-mepHble BEXTODPBL. Bhuixoan! GuibTpOB Ha JaHHOM 3Tame
MPEACTABJICHL BOCEMBIO DMTaMH.

2. IIpeobpasosanue B JJCBO. Cpenn 15 gaHHBIX U3 Tpynmm
GuABTPOB BBIAENAIOTCS MHMKOBBHIE 3HAYEHHMA, MX OKPECTHOCTH
NPUHUMAKOTCA 3a 1, a ocTajpHeie Mecta 3a 0, TakuM 0Opazom
BBIMOJIHAETCA Npeobpa3oBaHde B ABOMUHBIM kom. [Ipu 31OM
XapaxkTePUCTUKH MCTOYHUKA 3ByKa HOpMasiu3yloTcs. 3Byk, 06pa-
3YIOIIHUHCS MU KOJEOAHUSX TOJIOCOBBIX CBS30K, 3a CYeT KOJeba-
TENBHBIX CBOMCTB CBSI30K oOcjabeBaer Ha BBICOKMX 4acTOTAax.
ITosroMy mepen npeobpa3oBaHWEM B JIBOMYHBIH KOI OMpere-
JISICTCA JIMHUS Ha¥MMEHBIUMX KBaApaTOB [Jig 15 3HaueHuil man-
HbIX, U €€ HaxaOH KoppexkTupyercsa [31]. 3atem B obnactu Hay
S5TOH JIMHHEN BBIAEISIOTCA MHUKOBLIC 3HAYCHMS M BBHIOJHSETCS
npeobpa3oBaHMe B OBOMYHBIA KOA. B peansHOM ycTpoiicTee
BBIYHCIIEHHE JIKHUM HAUMEHBIINX KBAJPATOB OTCYTCTBYET; B HEM
HCHOJIB3YIOTCS QUIBLTPBI, KOTOpBIE MO3BOJIAIOT AOCTHYL IMOYTH
Takoro e pesynprata [32]. Ilo HakJIOHy MOJY4EeHHOU JIMHUM
MOXHO Y3HATh Pa3HOBHAHOCTb 3BYKA: OTPUIATENBHBIH HAKJIOH —
3BOHKHH, MOJOXMTENpHbIN —Tiyxoil, u B JJCBO pnobamisiercs
16-i ctonben naHHpIX ¢ 1 1 0 COOTBETCTBEHHO.

3. biok cpasHeHHd. CTeneHs nogo6Hd Mexy HEM3BECTHBIM
BXOIHBIM 00pa3oM d ymKuHe#d MpuHaIJIOKHOCTH, 3aQUKCHPO-
BaHHOH KaK 3TaJOHHBIN 00pa3, BelvHCHseTCA MO dopmye (3.37).
JlnutenpHOCTH 060HX 06Pa30B COrIaACYrOTCA C TOMOMIBIO JUHEH-
HOTO CXXaTHUA/PaCIINPEHUS AHAJOTMYHOT O TOMY, KOTOPOE BbIMOJI-
HsieTcs MpH GopMHupOBaHHM (yHKIMM OpMHAIJIeXHOCTH. Bpe-
MEHHBIE U3MEHEHUS QUKCUPYIOTCA B GYHKUMM MPUHA IIEKHOCTH
B BHJI€ M3MCHEHUH, HOPMHUPOBAHHBIX JIMHEHHBIM CXaTHEM/pac-
wpeHneM. MHa4e ropops, B 3TaJJOHHOM 0OOpase MOABJIAIOTCA
kpome 0 4 15 npoMexXyTOYHbIE 3HaYEHHUs, i 6JOK CKATHS/paCILiM-
peHMs BeneT ceOs Kak HeTWHEHHBIH.

3.7.4 3KCNEPUMEHTSI 110 PACNO3HABAHHIO

Hmxe omucaHb! pe3ynpTaThl JKCIEPUMEHTOB IO PACTO3HABA-
HIIO HEOMPENENIEHHOTO TOBOPSMIET0. DKCHEPHMEHTHI MPOBOIYU-
JIUCh Ha ATMOHCKOM, aHTJIUHCKOM M HEMEUKOM s3biKax. SImOHCKHit
Habop Bkmiovan 110 xOMaHA ympaBjeHHs amnmapaTypoit mns
ABTOMATH3AIMH YYPEXICHUN, JONONHEHHBIH uPpaMu U 06bIY-
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guIMH cloBaMH [33], aarmmiickuii 1 HeMerkui — 120 ¢JIOB Takoro
Ke COACPXAaHHUsA, 2 Takke Ha3BaHUA XMBOTHBHIX H uBeroB [34].
Oco6oro BHUMaHHs BHIOOPY CHOB He yIACHSIH, TO3TOMY momaa-
AMCh TPYMIbI M3 HECKOIBKMX TPYAHOpa3iuduMbix cios. Ha-
[IpUMED, B SIMOHCKOM SI3BIKE — «POKY», KKOKY», «OKYy», B aHIJIHii-
ckoM —“quick”, “quit”, B HemeuxoM— “nein”, “neun” ¥ Op.

DTH cJI0Ba 3AMHCHIBAJIKCH HA JIEHTY B 3BYKOH30JHPOBARHHOM
WM TOYTH 3BYKOH3OJIHPOBAHHOM NOMEINEHMH, aHAJOroBas 3a-
¥Cch Npeodpa3oBpiBaiach B UGPOBO# KOI, KOTOPBIX BBOJAJICS
8 MHHH-KOMMbIOTEP, TAe (HOPMHPOBANUCH 3TAJIOHHbIE 00passl.
(114 cpaBK¥ OTMETHM, YTO AHIJIMMCKHE CJIOBAa COOMPANMCHL Ha
sanagaoM mobepexnse CUIA, Hemenkue-—B CEBEPHBIX pallOHAX
@PI')

B 1a61. 3.12 npuseneHs! cpeguue k03 HUIMEHTH pacno3Ha-
BaHMS, MONYYCHHBIE B 3KCHEPHMEHTAX MpH OIHMCAHHBIX BhILlie
ycaosusx. Kak crnenyet u3 Tabinnsi, koaddunmedT pacno3Hasa-
HHS )i J060ro s3plka cocramiser npaMepHo 93%.

Tabmya 3.12. Koapouument pacno3naBands HeONpe/Ie]IEHHOTO
TOBOPSIIIETO

SA3bx SAnoHCKHi AHrmvicKaii Hemenmxnit

Kosbduyment 932 92,8 93,7
pacniozHaBaunus, %

3.7.5. TPYIIIOBOE NPUMEHEHHUE

Wznoxennplit Bhillle METOJ HEONMPEAE]IEHHOTO TOBOPSIErO
NO3BOJISET, IO HIEe, PAcIO3HABAThH JIFOOOI royoc 6e3 obyueHus
nyTeM o6pabOTKH pedH MHOTHX Jrofei M HOpMHpOBAHHs 3Ta-
JorHBIX 06pa3zoB. OmHAKO HAa MPAKTHKE HET HEOGXOAUMOCTH
B pacnosHasaHMH Jito60ro rojoca. Hanpumep, 4acto goctatou-
HO pacmo3HaBaTp rojioca OrpaHHYEHHOTO Kpyra Joaeit, coTpy-
HUKOB y4pexneHus. bonee Toro, nenecoobpazHo HECKONBKO
NOBpICHTEL KO3 PUIHEHT pacno3HaBaHHUS, OTPAaHHYMBAS YHCIO
nonp3oBatenei. Kak yxe ropopuioch, Bpillie, AaHHBI MeETO[
HO3BOJIET BCTpaWBaTh GYHKIMH NPHHAIUIEXHOCTH B yCTPOICT-
BO. DT0 cj1efiaHo LIS TOTO, 4TOGH! MONB30BATENH NPH OOyYeHHH
CO3/1aBa il cOOCTBEHHBIE IPYNNOBBIE (GYHK(MH MPHHAITIEKHOCTH.
Taxoii MeTox mpuMeHeHHs Ha3bIBAETCS TPYMIIOBHIM.
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B skcmepuMeHTax NO pacnO3HABAaHHIO NPH IPYININOBOM MpH-
MEHCHHH PErucTpanus M PACMO3HABaHHE MPOBOJMIMCh B YEThI-
pex rpynnax mo 10 My4yH H XeHIIHH B KaX 0. Mcnonp30BaHbl
T€ e JaHHble, YTO U B IKCMEPHUMEHTAX MO METOY HEONpeesieH-
HOT'O TOBOPAMIEr0, OAHAKO Nocie 0b6yueHHs MO AeCATH rojiocam
{3 OMHOM rpynmsl BBOJHJNCH rojoca TeX Xe ojei, HO mpu
Apyrux obcToarenspcrax. B pesyipTare B CpEHEM MO 4ETHIpEM
rpymmam Ko3bduuueHT pacnosHaBaHus cocTasii 95,9%, T. €. mo
CpaBHEHHIO C METOHOM HeONpEeHEeHHOTrO TOBOPSAIIETO YAANIOCH
MOBLICHTE KO3G(HIMEHT pacro3HaBaHUS HA HECKOJBKO MpO-
HEHTOB.

EctecTBeHHO, ecnn oOydeHHe BeHeTCS OJHUM UYEJIOBEKOM,
YCTPOHCTBO MOXHO HCIOAB30BATh YIS peaNn3aldd MeToja
ONPEAENIEHHOrO ToBOpsAmEero. B 3ToM cilydae u3MEHEHHS IO
4acTOTe U IUTEIHLHOCTH MO CPAaBHEHHIO C METOIOM Heolpeng-
JICHHOTO TOBOPSIIEr0 He3HAYHTE IbHBI, NOSTOMY 3HAYeHHS 3jle-
MeHTOB (YHKIMH NPUHAJIEKHOCTH [IE€1€CO00Pa3HO NPeACTaBUTh
IBymss O6mTamu, a 3amuch OHHOTO CJI0BA [ENATh TP pasa.
B pe3yibpTaTe MOXHO MOJYYUTHh CPegHUH KO3GPHIMEHT paco3-
HaBaHHA N0 TPEM YKa3aHHBIM s3plkaM 98-99%, Tounee rosop4,
3TO 3HAYCHHE, ycpeaHeHHOe o 120 cioBaM Ha ANOHCKOM M JApY-
THX s3bIKAX MO OAHHBLIM DPACMO3HABaHUS sl AECATH MYXIHMH
W KCHINMH IS KAXJOro s3bIKA.

B maHHOM paspesne B KadecTBe MpHMepa OpUIO PACCMOTPEHO
MpUMEHCHHUE HEYETKOW JIOTMKH [JIsi pacno3HaBaHums peud. U3-
BECTHBI APYTHE TMOMBITKH HCMONb30BAHHUS HEYETKOW JIOTHKH B
3THX uensax [35,36], ogHako Bce OHU OTIHYAKOTCA OT OMHUCAHHOT O
37€Chb NOJX04a, B KOTOPOM HCMOJL30BAHA MJES HEYETKOro
COMOCTABEHUs 00pa3zoB. DTOT METOJN COMOCTABJIEHHS MO3BO-
JIS€T C MOMOILIBIO NPOCTBIX BBIYUCICHUH ROOUTBCA BBICOKOTO
koo dunneHTa pacno3HapaHus U oOecreynBaeT pacmo3HaBaHue
6onee 100 cnoB mo MeTony HeONPENENEHHOTO TOBOPSILETO.
Hapsigy ¢ stum, ucnonedys mnponeaypy ob6ydeHus byHKuH
IPHHAIEKHOCTH, €r0 MOXKHO aJaNTHPOBATE IJISE METO/IA OTpe-
JIEIEHHOTO UM HEOMPENEJIEHHOTO TOBOPAILETO U IS T'PYNIIOBOro
Hcnonp3oBaHug. Ha puc. 3.58 nokazaH BHEIIHUR BHp yCTpO#CTBA
pacrio3HaBanug. B yctpo#icTBe ucmonp3oBaH mponeccop 8086,
obecneuuBaromuil GyHKNMHA pacmo3HaBaHHs W oOyuenus. s
CBSI3M C APYIo# ammapaTypoil ycTpofiCTBO OCHAIEHO HHTEp-
¢dericom RS232C; ero MOXHO HCMOJIL30BATH, MOAXJIFOUHB K TEp-
COHAJIbHOMY KOMIIBIOTEpY.
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Puc. 3.58. BHeuinuit Bu1 YCTPOWCTBA PACTIO3HABAHUS.

3.8. PACITO3HABAHUE M30BPAXKEHU

3.8.1. BBEJEHHUE

Kak Tema ucciaenosaHMii MCKYCCTBEHHOTO HHTEJLIEKTA pac-
Mo3HaBaHUe U300paxkeHnit UMEET JaBHIOIO MCTOPHIO H H6obllioe
NpaKTHYECKOe 3HaucHue, Briepsble 0HO ObIIO HUCTONB30BAHO IS
MAINMHHOTO CYUMTHIBAHHI PYKOMUCHBbIX adp. B HacTosmee Bpe-
Msl 06JaCTh €ro MPUMEHEHUsI CYHIECTBEHHO PaClUMpHUIACh: HAYH-
Hasi OT U3MEPEHHH, KOHTPOJIs, COPTUPOBKH U COOpPKM B NPOH3-
BOACTBEHHBIX MpPOIECCAX ¥ KOHYAs aHAIM30M H300paxeHHi,
CYMTHIBAEMBIX HA PAcCTOSHHH, JHATHOCTUKOH MO MeIuIUHCKMM
CHHMKaM, KOJIMYECTBEHHOH O[EHKOH 3KCTEPMMEHTAIBHBIX JaH-
HBIX, HaeHTHUKanueil 4enoBeka, aBTOMATHYECKMM IIPOEKTHPO-
BaHHEM, TOHHMAaHHEM H300paXeHUi Kak (YHKIIMH TEXHHYECKOTO
3perns poboToB u T. 1. IIporecc pacmo3HaBaHus H3obpaxeHus
4eoBeKOM—He npoctas 06paboTka 3putenpHON MHPOpPMANUH,
a CJI0XKHBIH MpolIeCce, BaXKHYIO POJIb B KOTOPOM MIPArOT MCHXOJI0-
rgveckne GpakTopsl. B 4acTHOCTH, B Mpon€cce MOHUMaHHUs H300-
PaKeHUs: PUCYTCTBYET CEMAHTHYECKUIl BBIBOI, OJHAKO IS €ro
peanu3anuy TpebyroTcs c6op OOIMPHBIX 3HAHHHE H HHTYUTHBHBIE
pELLEHHUs, BRIXOASAIIME 32 PAMKH JIOTMKH, IO3TOMY CMOAETHPO-
BaTh TAKOM Mponecc B KOMIBIOTEPE YPE3BLIYAHO CIIOXKHO.

B cymecTBylom#x cpeacTBax pacno3HaBaHUS U300paxkeHHi
UCIIONB3YIOT Pa3iHYHbBIE METOABI B 3ABUCHMOCTH OT TOTO, SBJIs-
€TCq JIM 00beKT PAaco3HABAHUA UCKYCCTBEHHBIM MJIM €CTECTBEH-
HEIM. B mepBom ciyyae OOBIMHO HMMEIOT [EJIO € OTIOENBLHBIMH
npeaMeTamMu 4eTKoi HOpMbi, MO3TOMY OOJIBIIOE YHCIIO HCCNENO-
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BAHHMA TMOCBAILEHO COMOCTABJICHUIO O6pa3oB myTeM oGHapyxe-
HASL KOHTYPOB M TIDAHuI JHOO BBIBOAY TPEXMEPHO# (GOpME
C WCMOJIb30BAHMEM reoMerpuueckux mpaesun. Cpeiau ecTecTBeH-
HBIX 00BEKTOB MHOTO OOBEKTOB HEMpaBUALHON (POPMEI CO CBETO-
TEHSIMH, MOJITOMY OOBIMHO C MOMOMmIBIO KIACTEPHOIO aHAIN3a
BBIMOJIHAIOT pa3OueHHe Ha OAHOpOAHbIE OOIACTH, 4 3aTEM mo
ocobeHHocTsIM GopM 3THX obsacTel nenaroT 3akjlo4eHHe 06
obsexte. KpoMe TOrO, B mocnexnee BpeMsi MPOBOXUTCS MHOTO
UCCIICAOBAHMI MO BOCMIPOU3BEAEHUIO ABYX- H TPEXMEPHBIX Ghopm
00BEKTOB HA OCHOBE 06paboTKH GONBIIOrO YKMC/Ia H306PAKEHHIL.
B poboTroTexHuke BO3HHKAET HEOGXOAMMOCTh 0OPaBOTKH MOI-
BHXXHBIX HM300pakeHUiél B peaJbHOM BPEMEHH, T.e€. 6O0JIblloe
3Ha4YeHHE MPHOOPETAET CKOPOCTh PACMO3HABAHHMA.

B obmem cnydae mpopecc pacrno3HaBaHus wu306paXeHHH
C MOMOMbIO KOMIIBIOTEPA 3AKIIOYAETCH B CIIEAYIOILEM.

1. ITosyyeHHE C MOMOIIBIO KaMephbl MM APYTHM CHOCO60M
uipopmammu 06 u306pakeHHH U MPeoGpa3oBaHue ee B rudpo-
BYIO MHQOPMAMIO: B pe3yibTaTe KaApbl AeHATCS HA GOJblHoe
YHCJIO 3JICMCHTOB, W KAXAOMY 3JIEMEHTY MPHIHCHIBAETCS [[BET
U KOHTPACTHOCTb.

2. Npeapapurenbaas o6paboTka. Y aajeHHe 1IyMOB, HOpMa-
JTHU3anHs I CPABHEHHs C 3TATTOHOM, CETMEHTALMs (BbIAEICHHE
JOKaNbHONH MHpOpMAyMM, HEOOXOXMMOM Uil PAcTo3HABAHUS)
U T. 1.

3. BolgeneHue npusHakos. IIpu3Haku M306paxkeHHs MOTYT
HUMETh Pa3iu4Hbie ypOBHH. CTpOro roBops, CErMEeHTAlHs TAKXKe
SIBIISETCA YaCThIO BBIAENECHHS MPH3HAKOB. METOAB! BBIAEICHUS
MPU3HAKOB MOTYT ObITh JNOKAJIBHBIMA U Io6anbHeIME. [Tpume-
POM JIOKAJIPHOTO METOAA SBIASETCA OOHApPYXEHHE I'DAHHL, TJIO-
6anbpHOTO - KIIACTEPH3AIMA ¥ METOJ PACIMHPEHHs OBIACTei. JJist
OGHADYKEHHMs TpaHH[ UCTONB3YIOTCS HEOJHOPOTHOCTH MEKAY
0bnacTsAMH, B TO BPeMsl KaK KIACTEPHU3A[[MSA -3TO CerMEHTALHS
Ha OCHOBE OOHADYXEHHMs OAHODPOAHbIX obnacTeit. ITockOIbKY
B 1060M ciyuae B HHGOpManuu 06 U300paXKeHHH COAEPKHUTCS
LiyM, HE yCTDaHEHHbIH HA 3Tane NpexBapHUTENnbHOM 0OpaboTkH,
IIpH CETMEHTaruu HeobxoauMa obpaborka HedeTxkoi uHoOpMa-
. I'nobameHoe BBIAENEHHE MPHU3HAKOB OCYINECTBIISETCA MO
OTHOLIECHHIO K (OpME, CBOHCTBAM, OTHOCHTENBHOMY MOJIOXE-
HHIO W JAPYTHM XdPAKTEPHCTHUKAM BBIZEIEHHBIX obyacTeil. JT1a
npoueaypa uMeeT O0NbLLIOE 3HAYEHHE [J1s1 MOCIERYIOMETO 3Tana
O[[CHKH.

4. TNoHnmaHue u oedka. [TponeccoM NOHUMAHA S n3obpaxe-
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pMs Ha3bIBAIOT JHOO0 KIaccUDUKANMIO H OTOXAECTBIICHHE MyTEM
CPaBHEHHS TMOJYYEHHBIX KJIACTEPOB C H3BECTHBIMH MOEISIMH,
b0 MOCTPOEHUE TPEXMEPHOTO U300PAKEHHS UCXOHOTO 00BeK-
Ta ¢ TMOMOMILIO BHIBOAOB. Pe3ynbTaT 3TOrO mporecca sBasercs
3AKJIFOYNTENBHON [[ENBIO0 PACTIO3HABAHUS H300paKEeHHH.

B HacTrosmee BpeMs MPOBEREHO OTPOMHOE YHCIIO HCCIIEAOBA-
HUl TIPOIECCAa pacroO3HaBaHHs M300paj’keHHil, HO pe3ynbTaThbl
noka xpailHe HeyaoBiEeTBOPHTENbHBE. Hampumep, mpaxktudecku
HE 3aTparHBajJHCh TAKHE BOMpPOCH], KAK TMOHHMAHHE CJIOXKHBIX
u300pakeHHi, B3aMMHOE MpeoOpa3oBaHUE CIOBECHOH U BH€O0-
uHdOpMalNHK, PACTIO3HABAHNE MPEAMETOB KPUBOJMHEHHbBIX H HE-
npaBWIBHBIX (HOPM, pacHo3HaBaHHUE Pa3MBITHIX H300paKEHHH,
BbICOKO3]dexTHBHOE BBIEIEHHE TPH3HAKOB, CEMAHTHYECKUH BbI-
BOJ M BOOOpa)keHHE U T. 1.

OCHOBHBIMH METOHOJOTHYECKUMHU TMOAXONAMH, TMPHHATHIMH
B HACTOSIIECE BPEMSA B PACTMO3HABAHWUM, SABJIAIOTCA CTATHUCTHKA,
KNACTEPHBI aHaAM3, AEAYKIUA B ABY3HAYHOW JIOTHKE M DA
IpYyruX, OJHAKO BCE OHM BECbMa [AJIEKM OT TOro Mpouecca
pacno3HaBaHMs, KOTOPBIH CBOWCTBEH 4ENOBEKy. BrigeneHue
npU3HaKOB—Hauboee BaxHBI 31anm B pacmo3HaBaHUK H300pa-
KEHMsl, HO M WCKJIIOYUTENBHO CIOXHBIA. JI€HCTBUTENBbHO, 4TO
Tako€ mpu3HaKk n3obpaxenuda? IToueMy kapukarypa obiaamaer
GONBIIAM CXOJCTBOM C 4ENOBEKOM, yeM ero ¢ortorpadus? ITo-
BHIMMOMY, BAXHYIO POJIb B MPOIECCE PACMO3HABAHHUS YEIOBE-
KOM HrpaeT MHpOpManus, KOTOpas Ui KOMIBIOTEPA MPEACTAB-
JseTcs He 6onee yem IIyMOM, HO OHAa KakKUM-TO 00Opasom
BBbLIEJISIETCSA U MPEACTaBIAeTCs. BpIsIBUTD MPHU3HAKKM TAKOTrO poaa
MOXXHO 4yBCTBAMH YENOBEKa, a He Jiorukoil. Kpome toro, mpu
pacno3HaBaHHH pa3MBITBIX H300pakeHH# paboTaroT ckopee He
AHAJIMT MYECKUE CTMOCOOHOCTH, a cmOocOOHOCTH K 00600meHuo,
T.e. 3TO TAKX€ MHTYUTHUBHBIA mpopecc. /s UMHUTAIMH TaKUX
NporeccoB HEOOXOAMMBI HCCHENOBAHHUA METOmOB 00paborkm
CyObeKTHBHOM MHPOpMayuu M TPHEMOB OOpAmIEHHS C MaKpoO-
uHpopmapmeil. Mccnenosanus MO HEYETKOMY DPACIO3HABAHMIO
1300pakeHnit eme TOJbKO HAYMHAIOTCH, HO yKe ce4ac OXH-
MAr0T JajbHEHILIETO Pa3BUTHSL HOBOH METOAOJIOTHH, OTBevaro-
IIeH H311I0KEeHHBIM Bblllie TPEOOBAHUSAM.

PaccMOTpHM KpaTKO COCTOSHHE HEYETKOTrO pacroO3HABAHMSA
300pakenuil. [10CKONbKY BUACOMHPOPMAIMA AaXE AOCTATOYHO
HETKOro 00bekTa MOXKET HApyLUAThCA 34 CHeT LUyMOB, ISt
OOHApyXeHMSI KOHTYPOB Hallle BCETO TMpPHMEHSETCS HEYeTKas
Joruka. THNUYHLIM TIPMMEPOM SBISETCS KIaccHUKAms 3Jie-
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MEHTOB H300pa’keHHs C TMOMOINBIO HEYETKOH KJIacTepU3alluH.
OpHako, MOCKOIbKy 4BCOTIOTHO HACHTHYHBIE JI€MEHThI BCTpe-
qaroTcs peaxo, Heobxoauma «pasMbiTasd» kilacrepusapis. AHa-
JIOTMYHBbIE METOALl NPUMEHAIOTCA U NpH Kiaccubuxanuu obpa-
308, UMeEIOImMHUX pa3bpoc OTHOCHTENbHO 3TAJOHHOTO 00paza
(pacno3HaBaHHE pYKOMUCHBIX 3HAKOB, PEYHM M T.IL.).

[Tpu HemocpencTBEHHOM OOHAPYKEHUM KOHTYPOB BO3HHMKAET
npobiemMa LIyMOB, HE peliaeMas g0 KOHIA C MOMOMbI0 Puiibr-
pos. Kpome T1oro, HeoOXOomuMbl BBLIBOALI [JI BOCHOJTHEHHs
yTpa4eHHbIX y4acTKOB. [l7d 3TOro NmMpHUMEHSIOT 3BpUCTHYECKHE
npaBHia, MMEIONME, OMHAKO, HEYETKUH KaueCTBEHHBIH XapakTep.
IIpu nmepexope Kk 3Tamy NOHMMaHWsS H300pa’kCHUS BO3HHKAET
npobneMa 6onee 3bdexruBHOrO HEUETKOro COMOCTABJIEHUS 06-
pa3os, Tpebyromas Qa8 CBOSrO pELIEHHs COMOCTABJICHHS He
TOJLKO MO ¢opMe, HO U MO CeMaHTHKE. B uacTHOCTH, Takas
CUTyaiHs CKJiaablBaercs B 0OJaCTH JUArHOCTUKM MO PEHTIE€HOB-
CKHM CHHMKaM, rjae HOpMHPOBAHHE MpaBUJI HEBO3MOXHO.

Huxe npusoauTcsl HECKOJILKO THMHYHBIX TPUMEPOB HCCIIENO-
BaHMH MO pAacMO3HaBAHUIO H300paXKEHHH C MCMOIL30BAHHEM
HEYETKON JIOTHUKH.

3.8.2. PACIIO3HABAHME HM30BPAXKEHUI
HA OCHOBE HEYETKOW KJIACTEPM3ALIMA
IO ¢-CPEJHUM [37]

Kiacrepusanus npeacrasisier coboit MeTon pazbueHus Muo-
KecTBa pa3OpocaHHbIX JaHHBLIX HA HECKOJLKO rpyinm. PazbueHue
OCYMECTBJISETCS Tak, 4TOOH AaHHbIE B OMHOMU rpymmne obagain
MOXOKHMHM CBOWCTBAMH, a CBOHCTBA B CPEMHEM MEXIY IpynnaMu

MAaKCHMAaJIbHO pasnuuanuch. Ilycts xy, X,, ..., x,—# HDaHHbIX,
a X — MHOXECTBO 3THX HAHHHIX; X;—d-MEpHHIH BEKTOp, TOTrAa
X ={x1,%;,..., %}, x;€R. (3.38)

PaccMOTpUM  pa3OueHHMe 3TOTO MHOXECTBA HA ¢ KJIACTEPOB
(2<c<n). CreneHp npuHAZNEXHOCTH X; M k-My kmactepy
0603Ha4MM 4epe3 u,;. [Ipn XeCTKO#l KIacTepusaldu u,; NpUHH-
MaeT aBa 3Havenus: ( win 1, Ipu HeueTKOH — 3HAUEHHE U, ; MOXKET
6bITh MPOU3BONIBLHLIM OT O mo 1:

u,;€{0, 1} —MIpH XeCTKOH KiacTepu3amnym,

;€ [0, 1]—npu Hedetkoii kacTepusanum. (3.39)
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B 11060M cnyuae

Zu; >0, Zyy;=1
j k

HeueTkas KjacTepusapus AOMYCKAeT NMPUHAIIEXXHOCTh NAHHBIX
IBYM H Ooliee xnacrepaM, HO CyMMa CTETIEHEH MpHHAICKHOCTH
cocTaBisieT 1, a u ABNAETCA BECOM NMPHHAJIEKHOCTH K KIacTepy.
CymecTByeT HECKOJbKO alrOpMTMOB HAaXOXKAEHHA u; A pac-
no3HaBaHUs ODOpa30B HIMPOKO MCMOJb3YETCd METO[ HEHUETKUX
c-cpenaux (HCC), mpemnoxeHHplii JaHHOM W 060OMEHHbIH
J.K. Beagexom [38]. B aroM MeTone mis ONpenesieHus u Npu-
MEHSIOT HEYETKYIO JIOTHKY.

Mycts M, —MHOXecTBO (¢ X m)-Matpuy U (HasbiBae-
MBIX MaTpHIIAMH pa3jeeHus), IEMEHTaMH KOTOPBIX SBJIAIOTCA
U, YIOBIETBOpsIOME BbIpaxeHuto (3.39). R? B BBIpaXKeHUH
(3.38) Ha3bIBaIOT MPOCTPAHCTBOM OCOOEHHOCTEH, a Xi = (X,
Xz ---» Xgg)—BEKTOpOM mpu3Hakos. Kiactepusaius—3ro mpo-
[EAypa COeANHEHHs MHOXKECTBA JaHHLIX X M MAaTpuIbl pas3jerne-
Hus U. Pesynbrar coeqmHeHus 3ammmieM kak Uy . B anroputme
HCC ans onpegeneHus ontuMaibHoro Uy cymMma xBagpaTHd-
HbIX OIIMOOK B OOOOINEHHOH rpynne MpHHAMAETCS 34 [EJEBYIO

dyHKIHIO

JnU,o)= X (ug)"llx;— % 1<m<co, (3.40)
Jj=1 k=1

TA€ X;—d-MepHble H3MEpEHHbIC jaHHBIE, v, — d-MEpHBIi BEKTOD,
ueHTp k-ro xnacrepa, || *||—mpousBonbHasg HOpMa, OTpakaromas
nojgobue W3MepeHHbIX JaHHBIX U [eHTpa kiactepa. [Ipu m =1
uu,; = {0, 1} npouenypa Muammuzayuu (3.40) BLINOHSETCS MO
OOBIMHOMY METOAY k-CpemHHX, HO Korpa m u ;€ [0, 1] umerot
Beca, 3Ta mponeaypa He npumMeHuMa. YeM 60nbiie m npeBblnaeT
1, Tem Oosee HeyeTKOHM CTAHOBHTCA XiacTepHlapus. Takum
obpazom, ocoberHocTbi0o HCC sprisiercs BO3MOXHOCTb MPOU3-
BONIbHHM 00pa3oM aganTHPOBATLCA K HEYETKOCTSAM.

3HaueHus u, ; 4 v, , IpU KOTOpLIX popmyna (3.40) MUHEMa b
Ha (o6o3HauaroTcs Kak dy;, 0y), MpH m > 1 YHOBNETBOPSIOT
CIIENYIONIHM YCIJIOBUSAM:

¢ _h 2/m—1\ —1
ycnose 1: ak,.=< 2 (M) ) . Yk, (3.41)

g=1 “xj_ﬁg”
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|IM=

(dy;)™ x
= VK (3.42)
T ()"
1

j:

ycnosue 2: §, =

3Havenue i,;, obecneunBaromee mMuHHMYM (3.40), MOXHO
HAWUTH C MOMOIIBIO CIEAYIOINEH UTEPATHBHON mpOUEaYpHI.

llar 1. BeibpaTs 3HAYEHHE M U YHCIIO KJIACTEPOB C U ONpee-
JHMTh COOTBETCTBYIOIMM 0Gpa3soM HOPMy B BeIpaxeHud (3.41).
Hns U 3apate navanvHoe saauenne U'PeM, (U nenecoo6-
pa3Ho BeIOpaTh cnyyailHBIM obGpa3om HCSaBHCI/IMO OT u;;).

Wlar 2. Buiuucnute ueHTp Xmacrepa {vf” }, ucrnonszys U©
u dopmyny (3.42).

Wlar 3. Onpepenuts U, ucnionssys {vf”} u popmyny (3.41).

Iar 4. 3axaTe NOAXOAAIEYIO HOPMY H TPAHAYHOE 3HAYCHHE
€ M BHINONHATD NPEBIIYIIHME [ArH 10 TeX HOp, moka || U® —

. yr-v || <e.

[ony4eHHble TakumM 06pa3som dneMeHTHE 4,; MaTpHub! U xa-
PAKTEPHU3YIOT CTENECHb MPUHAIEXHOCTH X; Kacrepy k, mostomy
X MOXHO paccCMaTpHBATh KaK TPAHHILy MEXLY k u g, xoTa Opu
CPaBHCHUH, HATIpUMED, 4, ; N #,, OKaXyTCs MOYTH OQMHAKOBBIMH.

OcTaeTcsi HEU3BECTHBIM 3Haqe}me ¢. I3MeHssl TpOH3BOJIb-
HbIM 00pa3oM 3Ha4€HHE ¢, CIHENYeT BBIACHHTH, KAKOE W3 HHX
OyneT HaunyqIiuM o6pa30M MPEACTABASTh GH3NUECKITA TPOLEcC.
Hockonbky hopmynsi (3.41) u (3.42) onpenensitor MEHEMYM J,,
H3MCHSIST HavajdbHoe 3HaueHHe U, MOXHO H3MEHSATh KOHEYHbIE
3HaveHus. [{ng mosyd4eHus XOpoLLUero pe3ynbrara cienyer Gonee
BHHUMATEIBHO MOIXOAUTE K BHIOOPY HadaibHOTrO 3Ha4venus. Kpo-
M€ TOro, B oOOM clydae TPYAHO DACNO3HATh HeBOoJIbIIYIO
H30JIHPOBAaHHYIO OOJACTb.

B paborax [39-42] npuseneHs! pa3MuHBIC MPUMEDDI npume-
Heans HCC B pacnosnasammm u3oGpaxkennit. Huxe mbl pac-
CMOTPHM NPUMEDP aHAJIH3A H300paKCHHUA, MOTydeHHBIA METO IOM
TeneMeTpud. B paGote [43] paccmarpuBaeTcs pacnosHaBaHHe
u300paxeHHd C M3MEHEHMEM ero ypOBHs. B wacTHoCTH, HA
HWXKHCM YpOBHE OCYINECTBIsieTCa Ipybas xmacrepusanus. . Ha-
IpHUMep, Ha a3pOQOTOCHHMKe ropoaa pacmo3HaloTca B oOmmx
4CPTax TOProBBIC HEHTPBI, KHUIBIC KBAPTAJIbl U IPYrUe OOBEKTHL
3areM mpoBepseTcs OOHOPOZHOCTh, M €CIM OGHApYXkMBAeTCS
-HEOJHOpOaHAA 06JIACTh, OCYIIeCTBAAETCA €€ pacHO3HABaHHME HA
Gosee BEICOKOM YpOBHE —NPOH3BOJMTCA MEJCHHE HA OOMa,
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Puc. 3.59. HeweTkas KiacTepu3auus.

CTpOEHHs, aBTOMOGHIM M T.1. Ecal 310 H300pasuTh B BUIE
PHCYHKA, TO [TPH HEYETKOH KIACTEPUIAMHM AN KPYITHBIX JIEMEH-
TOB MNOSABJIAIOTCA cepple obmactu (pHc. 3.59). [leneHue 3THX
3NIEMEHTOB Ha 60Jiee MEJIKHE HAa BHICOKOM YPOBHE HAaeT KAPTHHY,
U306paxerHyo Ha pHc. 3.60. Pacno3HaBaHHe MOXHO paclpocT-
paHsaTh Ha BCe Oosice Melkue ieMeHTH. B pabGote [43] Ha
NpHMEpE TENEMETPHYECKOTO HM300paXkeHHs, MOKa3agHOro Ha
puc. 3.61, pacemartpusaetcsi Mmetog HCC. Oauu U Te ke y4acTkH
00BOIATCS € MCMOMB30BAHHEM TPEX THIOB crekTpa. M3obpa-
JKEHHE JenuTes Ha 32 x 32 sneMeHTa; KaX Al JIEMEHT COCTOUT
13 10 x 10 s1eex. B maHHOM cryyae pgenecoo6pasHo JeneHHe Ha
YeTbipe KJACTepa: peka, MOCTpoiika, 3emuis, jec. Pesynbrar,

N

Puc. 3.60. Knacrepusaims BHICOKOTO ypoOBHSL.

12-5830
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Puc. 3.61. Ilpumep s ananusa.

nosryueHHeli mo Merogy HCC, cpaBHuBaercst ¢ pe3ysibraToM
MPOPHUCOBKH TPaHUIl, CAENAHHOM OMBITHBIM uenoBekoM. Huxe
MpUHUMaeTca m = 2.

Ecnm u3yunte Tpu n3006pakeHUS MO YPOBHSM CEPOTO [[BETA
XapaxkTepHBIX MeECT 4eThIpeX knacrepos M, (peka), M,, (mo-
cTpoiika), M, (3eMiis), M (Jiec), BHIAEJIEHHBIX YEJIOBEKOM, TO
HOJY4aroTCsl CIEAYFONIHE PE3YIbTATHI:

Mg =(359 271  46)
My =466 57,5 240) | (knacrepusanug,
BBHITOIHEHHAS
M, =260 444 210) YEJIOBEKOM).
r =135 543 29,9
C opyroii cropoHbl, B pesyibrarte pacderos no Metogy HCC mpu
¢ = 4 nonyvalorcsl Cleaylomue 3HaUYCHAs B [€HTPAX KIACTEPOB:
b, =(34,1 289 64
b, =225 527 266)
0, =71 4L1 183)
. =(165 586 319)

(nepsoe mpumenedue HCC).

3a HCKNIOYEHHEM TNOCTPOEK, Pe3yibTaThl B 0boux cllyqasx
nmoutu cosnagart. V, B Meroge HCC MOXHO CYHTATh mOZKIAC-
coM v; mmi v,. [lpu OGonee BHUMATENPHOM pacCMOTpPEHHH
OKa3bIBACTCS, YTO IWIOLIA/b MOCTPOEK HA H300paXeHHH YPE3BbI-
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4aiiHO MaJia, TMO3TOMY, OYEBHIHO, TPYHHO OMPENEIHTH IEHTP
knacrepa v,. B cBasu ¢ s3tum Merom HCC Onin npuMeHed
BTOPHYHO IpH ¢ =3 U m = 2 [Jig 3JIEMEHTOB ¢ MaKCHMAJILHBIM
3HaYeHHEM NpHuHaiaexHoctd Huxke 0,5. [MosydeHsl crepyromme
pe3yabTaThl:

vy = (244 455 214)
ve=(18,3 474 239)
v, = (41,0 58,6 259)

(mosTOpHOE
npuMedenne HCCQC).

B naHHOM cry4ae v, 61M3KO K MPUBENEHHOMY BbIIIE 3Haue-
Huto M, , a vs, v 6;m3ku k M,, M. B pabore [43] paccMort-
peHo Taxxke npumMeHeHne Metrogma HCC Ha BropoM yposHe,
MpUYEM KJIaCTEpHU3anus NPH NMEPBOM MPUMEHEHHH MPOBOAMIACH
ams 16 x 16 oneMeHtoB  (osieMeHT—20 x 20  sueex), ¢ =3,
m=2. B pesynprate 175 3/MeMEHTOB pacCMAaTPHBAJIHCh Kak
HEOTHOPO/HBIE M HMX BHOBb KJIACCHDHIMPOBAIM MO YETHIPEM
thitaM. [Ins Hoeeix 700 snementoB (10 x 10 sueek) Ha BTOpPOM
yposHe npuMeHsin HCC npu ¢ = 4, m = 2, u, Kak coobmaercs,
HOJNYYEHB! PE3yJIbTarhl, NMOYTH COBMAMAIOIME C yKa3aHHBIMH
BBILLE.

3.8.3. OBHAPYXEHHE PA3MBITHIX I'PAHUL]

PacnosHaBaHMe pa3MBITHIX IpaHH[] H300PaKeHHI, HapUMED
MEJMIMHCKUX PEHTITEHOBCKMX CHHUMKOB,— HEOOBIYAWHO cIIOXKHasA
3aja4a JAXE )i YENOBEKA, HE TOBOPHA YXKE O TOM, YTOOBI
3aCTaBUTh KOMIBIOTED MOHATHL WX COAEpXaHHEe. B HacTosiee
BPEMS YHCJIO UCCIIENOBAHHI HAa 3Ty TEMY B 0DJIACTH HCKYCCTBEH-
HOrO HHTENJIEKTAa IOCTOSHHO pacTeT, oJHako mpobliiema He
HCYEPNbIBACTCSE TPUMEHEHHEM TOJIBKO ‘OJJHOTO KAKOTro-IHO0 Me-
TOAA; COMHHUTEJILHO, YTOOBI MOXHO OBLIO HalTH pelleHHe, He
HCHOMB3ysl pasiMyHble nmoAxoabl. OJHMM M3 TaKHX TOIXOLOB
OyxeT, mo-BHAMMOMY, IPHMEHEHHE HEYeTKOM TOTHKH. B kauecTne
npuMepa HHXXE OMHUCBIBAETCA HCCIACHOBaHHE, mposencHHoe [13-
JoOM u np. [44].

B kadecTse mpuMepa HCTIONB3YIOTCS PEHTICHOBCKHE CHUMKHU
KOCTHBIX 06pa3oBaHuil UM mpemiaraeTcst MeTo NMpeodpa3oBaHus
HESICHBLIX O4EpPTaHHil Ha CHEMKE B YeTKHE KOHTypblL st 3TOro
NPHMEHSIOTCS, B YaCTHOCTH, aJTOPHTM OOHAPYXCHHS KPHUBBIX
u merenb, upemioxeHHei Tay [45], a Takke criaxupanue
U cerMeHTamusi ¢ MPUMEHCHHEM HEYETKMX MHOXECTB.
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IMpex e BCero onpeAeAoTcs ciaeayionme QyHKUME MpUHa -
JIEKHOCTH TpeX BANOB JIMHHH (BepTHKANbLHBIE, TOPH3OHTANILHbIE
H HakJOHHble), H3 KOTODbIX B OCHOBHOM COCTOAT HESICHbIE
OUEPTAHHUS:

1 |Fe
1 —|— ) |mx| > l,
BeprukanpHeie g, (X) = x (3.43)
0 B MpOTHUBHOM cCIy4ae,
r { l_lmxlFe, Imx|<l’ 44
b =
OPH3OHTANLHEC iy (x) 0 B NpOTHBHOM cIy4ae, )
1 ‘9_45 i 0<|m,| < o0
T i 3 mx s
45

HaxnoHHblE o, (X) = (3.45)
0 B NpOTHBHOM CIIy4Yae,

rae m, (= tg0)—Haknion ymEBA x (puc. 3.62,q), F,—nonoxu-
TeNbHBIH TMapaMeTp, ¢ MOMOIIbIO KOTOPOro noabupaeTrcs cre-
MEHb HEYETKOCTH.

«KpuBu3Ha» oTpe3ka x TMpeacTaBisercs cleayiomei (yHk-
nyeilt pyHagJIeXKHOCTH:

Haro () = ( 1- ?) . (3.46)

rae a—AJIdHA JIMHHM, CBS3bIBAfomiefl KOHIBI OTpe3ka, [—
aiuHa orpe3ka. C yMeHsblieHHEM q// KpUBH3HA BO3pacTaer
(puc. 3.62,6).

Kontypn! obnapyxuBarotTca Kak M x N-MepHoe u3obpaxe-
HHE ceporo nseta. /g npeobpa3osBaHus U3o0paxeHust B OJHO-
MEPHYIO CHMBOJIbHYIO CTPOKY HampaBJieHde OTpe3Ka, COCTOsIIe-
ro U3 w 3JIEMEHTOB, MPEACTABISAETCA OAHAM H3 KOAOB BOCHLMH
HanpasieHni (puc. 3.63.) Ilpu moucKe KOHTYPOB C MOMOLIBIO
CKaHUPOBAHUS H300DAXKCHHSA OTBLICKHBAIOTCA 3JIEMEHTBI, KOHT-
PACTHOCTbL KOTOPHIX HE PaBHAa HYJIIO, TPHYEM MOHCK BEAETCH
B HamnpasjieHHd Haubonee cuinbHO# opueHTamu. Ecnu npu
TTOMCKE OPHEHTANMIO JIEMEHTOB ONPEAENATDh ¢pa3y I HECKOJIb-
KHX 3JIEMEHTOB, a He [UI OJHOTO U MPHHUMATE 32 HalpasjicHHE
3TOr0 OTPe3Ka MAKCHMYM CTETNCHU MPUHAIIIE)KHOCTH, TO MOXHO
CYIIECTBEHHO COKPATHTH 00beM BLIYHCICHUN U 00bEM MaMATH.
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Puc. 3.62. ®dyHKUMM NPUHA/IEKHOCTH JMHMM (a) U KpuBOil (6).

B cnydae korga cyumecrsyroT ABa H 6oJjiee OHHAKOBO CHIIb-
HBIX HAmNpaBlieHHs, HCTIONL3YETCA paHee TMONy4yeHHas HH(opMa-
nusd H BHIOMpaeTcs HampaBjieHHe HAauOONblieH CBA3HOCTH.
HudpopManus 06 3TOM HCHONL3yeTcs B OajIbHe#IIeM Kak pas-
puika. KpoMe TOro, mpd AOCTHXCHHU OMNPEACICHHOH IIMHBI
KOHTYpa HayaJlo OTpe3Ka mepeHOcHTcs. Biarogaps 3ToMy pac-
MO3HAKOTCA KOHTYPBI B BUJ€E TeTeNb U MOSIBJAETCA BOIMOXHOCTD
TMOBTOPHO TPACCHPOBATbL KOHTYDHI, €CJIM B HHUX MNPONYIIECHBI
HEKOTOPBIE YYACTKH.

[N criaxuBaHMs KOHTYPOB NMPHMCEHSAIOTCS CIIEAYIOIIHE Ye-
TBIpE MPOHEAYPHI, HE HCTONb3YIONHEC MOHATHA HEYETKOCTH.

1. Ecnu noapsaa cnenyroT 4eTbipe U 60Jiee OJMHAKOBBIX KOaa,
HO Mexy HHMH MONAAaeTCs OMH KO (WIM ABa COCEOHHX KOJA)
JpYTOro HampasJIeHHs, TO 3TOT KoJ Ju06O0 3aMeHsleTCs Ha mocie-
OYIOIUA WNd npenpinyinyid, 1160 MCKIIF0YaeTCs.

2. Ecnu cHavana cieayloT MoApsAn YeTbipe U 60siee OAMHAKO-
BbIX KOJa, 4 3aTeM [Ba APYTHUX KOJA MJIM €CJId 3HAYCHHS 3THX
KOJOB paBHHI 6 M 3, TO aeiaeTcs TO XE caMoe, YTO B NMEPBOM
cayydae.

3. Ecmm nBa cocepHMX 3JIEMEHTA HMEIOT NPOTHBOMOJIOXKHbBIE
HanpasjieHUs, TO OHH UCKJIIOYAIOTCH.

4. GopMHUPYIOTCH NPABHJIA BbHIYHCIECHHS BEKTOPHOH CYMMBI

7 8 1
6 {2

Puc. 3.63. KoaupoBanue
HanpabJICHUH. 5 4 3
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Puc. 3.64. Ilpumep oOpa-
60TKM PEHTI€HOBCKOI O
CHUMKA.

JUIS Tapbl KOJOB B MPOMEXYTOYHOM HAMPAaBJICHHHM, MO3BOJISFO-
IUE YCTPAHHTb HE3HAYHTEJILHBIE U3MEHCHUS HATPABJICHHUA.

Ilpu cerMeHTanuy KOHTYPOB NPOU3BOAMTCA pa3rpaHUuCHUE
MO M3MEHEHASM CBOHCTB OTpe3KoB. B yacTHOCTH, rpaHHna BHIOH-
paeTcsa B TOM MECTE, II€ U3MCHEHUE HANMpaBJCHUS CTAHOBUTCH
HEONMHAKOBLIM. KpUBH3HA CErMEHTUPOBAHHBIX OTPE3KOB OIpeE-
JensieTcst o popmyne (3.46).

Ha puc. 3.64 nokasan mpaMep pe3ynsTatos obpaborkd mno
JAHHOMY METOAY KOHTYPOB KOCTe#l Ha pEHTTEHOBCKOM CHHMKE
3alsaCThsl KaK T'PaHMp rpajandi ceporo nsera mias 145 x 128
aneMeHTOB npd F, = 0,5. BbYHCIMB 3HAYEHHS MPUHAIIEKHOCTH

Puc. 3.65. PesyabTar
CrNaXHBaHHS.

a-—[ao criaxwBanus; 6-—IIocie
a g CTIIaXHBAHHA,
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JMHEAHOCTH 4 KPUBU3HBI (BBIMYKJIOCTh H BOTHYTOCTb) CETMEH-
TOB, MOXXHO BHIOpAaTh MHOXECTBO OCOOEHHocTeH KocTeil. D10
MOXeT OHTh MoNe3Ho mjis GopMHPOBaHMS MPaBHJI PacCro3Ha-
BAHHsi HEU3BECTHBIX YYACTKOB KOHTYPOB.

Ha puc. 3.65 uzobpaxed ¢parmeHt pwuc. 3.64, HILTOCTPH-
pYIOLIMHA NMPUHUMO KOJMPOBAHMA M CriaxusaHus. IlomydeHHble
pe3yIbTAThl MO3BOJIAIOT JIETKO BBIAENATH OCOOEHHOCTH.

3.8.4. KJIACTEPU3AIINA HA OCHOBE
TEOPWY BO3MOXHOCTEN

KnactepHplii aHaJIM3 MCHOJIL3YETCsT HE TOJIbKO MpH Pacnos-
HaBaHUY HU300paxeHuil. B obmeM ciiyyae OH HaXxogdT LIKPOKOE
mpuMeHeHue npy Kiaccubukamuy naHHbIX. CymecTBYrOT caMble
pa3Hble METOAbI, HO OHH HMEIOT B GOJILIIMHCTBE ClIy4yaeB CTa-
THCTHYECKMH xapakTtep. B 1o ke BpeMs IS BLIMOJHEHHS CTa-
THCTMYECKHX PAcyeTOB TPEOyeTCst, YTOOHI YHMCIO JAaHHLIX OBLLIO
cymecTseHHO Gonbllie Yncnia KIacTepos. B MenunyHe 4 acTpoHo-
MMM HMEETCS MHOr0 HAHHBIX, KOTOPbIE HE YJOBJIETBOPHIOT
3TOMY yciiosuro. Huxe Mbl pacCMOTPHM Pe3yJibTaThl HCCIIEA0BA-
HMA BbIIEJIEHUs] MPU3HAKOB M3 CPAaBHUTENBHO HEOOJIBLLOrO YHCIia
JAHHBIX, B KOTOPOM OJHOBPEMEHHO HCMOJIb30BAJUCh CTATUCTH-
yeCKME METOAbI M TEOpUs Bo3MoxHocTel [46].

MycTb g, — yHKNHUS NpUHAUIEKHOCTH HEYETKOTO MHOXECTBA
A4 (4 € X). 1115 HeKOTOPOT O ACHCTBUTEIHHOTO NOJIOXKH TENBHOI O
YMCa ¥ ONpeesiuM CIiEayrolee MHOXECTBO Kak y-obpa3s g, :

XV ={xeX:g.(x)>vy}. (347
Jns mpyro#l GyHKuuy OpUHAIIEXHOCTH f, HEYETKOr 0 MHOXECTBA
onpenenyM Caeayromyo QyHKnuro, orpaHMIeHHYIO Ha y-obpa3e
Gx:

fra(x) = fo(x), VxeX¥. (3.48)
Ota QyHknus ‘orpaHuueHa Ha A 4 Ha3biBaeTcs QYHKIMEH BO3-

MoxHOocTd. [IycTh X —31€MeHT 4, TOraa CupaBeyiABH CIEAYIO-
1Me CBOHCTBA:

1) c yBenmueHHeM CTEMEHH NPHHAMIEKHOCTH X K A MOHO-
TOHHO BO3PACTaeT ¥ 3HaveHHe QYHKUMH BO3MOXHOCTH,

) S, p(x) =max{fy(x), f(x);¥4 B<sX; (3.49)
3) S, (¥)=min{fy(x), fp(x);V4, BSX. (3.50)
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Bolaenenye Npu3HAKOB M3 JAHHBIX OCYIIECTBIAETCS CIIEAYIO-
muM obpazoM. Ilycrs B #-MepHOM MPOCTPAHCTBE MPH3HAKOB
ecTb N mannbix, oOpasyrommx MHOXKecTBO X. CHavana ¢ HCNOJib-
30BaHYEM CTATHCTHYECKHX METOAOB (TECT Ha ORHOPOIHOCTH)
BuibuparoTcs K, 0AHOMepHBIX NOAMPOCTPAHCTB, 3aTeM, TpHMe-
Hsisl TE XK€ MeTobl, M3 codeTanuit C}_g , ABYMEpPHBIX 110 IPOCT-
pancrs BpiOuparotcs K, nBymepHbix noampocTpaHcTs. Cpemn
OCTaBIUMXCH COYETAHMH C HMCMONb30BAHMEM COOTBETCTBYIOIIEH
QYHKIMH BO3MOXHOCTH BBINOJNHAETCA MOUCK MPU3HAKOB.

B craTthcruyeckux MeTtoaax pa3buenye OCYMECTBIAETCH IO
YCTIOBHIO TIPEBBILIEHHS B3aMMHOTO paCCTOSHUS MEXIY JAHHBIMH
HEKOTOPOTo TOPOroBOro 3HAYEHUsA. ITO MOPOroBoe 3HAYECHHE
BBIOMpAETCs TaKAM 06pa3oM, YToObl BEPOSATHOCTb Q) TOTO, 4TO
HoJiy4aeMoe Mpy 3TOM YHCIO KIacTepos OyJer OTJIH4aThCA OT
TEOPETHYECKOTO YHCNIA KIACTEPOB B NPEMIOIOKEHUH MyacCOHOB-
CKOTO paclpelieicHisi JaHHBIX, ObUia MeEHbILE HEKOTOPOro 3Ha-
YECHUS.

OYHKIASA BO3MOXHOCTH TPEAHA3HA4Ye€HA VIS ONpEesICHAsS
dopMBI KiacTepa M HaxoxJeHus npusHakos. Hanpumep, npu
n =72 KIACTEp B BHJE Kpyra OXHOPOJEH, 4 B BHIE 3JUIAICA —
HMeEeT MpU3HAKA' npoaonbHoctd. PopMy Kiactepa MOXHO Xa-
PaKTEpU30BATh MOMEHTAMH BTODPOTo MOPSAKA OTHOCHTEIBHO

r oceii, T.e. w1 MoMeHTa m; (i=1, 2, ..., r) MOXHO 3aNHCATh
m; =X (x;~ y;tga;)?/(1 — tg 2a;), (3.51)

j
a;, = i(360/r), (3.52)

rae a,—Hanpasyende ocd. [IpencTasiss ABa 3TAJTOHHBIX KiacTe-
pa (KpYr 4 JIMHHA) HEYSTKHMH MHOXECTBAMH, COOTBETCTBEHHO
C u T, nyteM cpaBuenus f,(A) # fr(4) MOXHO ONpeAcTUTDH
MPHHAIOKHOCTh HeKoToporo knacrepa 4 x C unu T,

B craTthe [46] B KavyecTBe (HyHKIMHA BO3MOXHOCTH BHIOpaHbI
OBe (QyHKuHH: HeyeTKasi SHTponus f© u paccrosHue MHHBKOB-
CKOTO, U C MOMOIIb MOJETUPOBAHHAS MOKA3aHO, YTO" Pa3aeciu-
MOCTb O HedyeTKo# 3HTpomuu Oojee Bbicokas. PYHKIHMHM BO3-
MOXHOCTH 3THX TMMOB MMEIOT CIEAYIOIIANA BUJ:

1

v

fhi=1~ é (—&yln&;—(1—-5;)In(1 —&;))e[0,1],(3.53)
1

i=1

i=
1 r 1/h
J
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roe & =|m;—my| <1, m;;—MOMEHT 0O OCH J aTajloHHOH
GOpMBI [, {—HMCIO OJTAJIOHHBIX KJIACTEPOB, h— pa3sMEepHOCTh
(h = 2); r—4HCNO OCEH BpaIEeHUs; m;— MOMEHT JAHHBIX IO OCH J-

3TOT MeTo[ ObLI UCMOIB30BaH MpH KIacTepu3allid JaHHBIX,
MOJIy4EHHBIX OT OONBHOrO ¢ HapyliCHUSAMH MO3roBoil AedTeNhb-
goct. Uucno Bubopok N cocraBuio 46, 4HCIO XapaKTePHBIX

Kpye | Jnnunc
S ™| o097 | 082
. . o FE| 0,75 0.65
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Hopmu nusosanrsre
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Hapmanusosunssie xoapdunams!

a
JF
§ oE Kpyz | Jmrunc
Xy 3 .
g sE e M 08 0,96
§;§ E o
S§s UF L FE| o1 | 087
38 -’ E- LR ]
:g = o. .
S -2k Popma-sanune
X 8 VTR YT T Hawnon=54%18°
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Hopuanusosannsie xogpdunaims:
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s

Puc. 3.66. Mpumepb! KJACTEPU3ALMM JAHHBIX.
a—PO2-HCO3; 6-BE-TCO2; ¢ - CU-HB.
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napaMerpoB n—17; mis 4acTH JaHHBIX NapaMeTpPhl OTCYTCTBO-
BaM. C NOMOmpbIO TecTa Ha OJHOPOAHOCTH HpPH g=10"2
BLIOpaHbI OJHOMEPHblC MOANPOCTPAHCTBA M MOIyYeHo K 1 =8
W3 4ucna AByMepHBIX MOANPOCTPAHCTB, MOIYYeHHBIX U3 OCTaB-
LHXCA OAHOMEPHBIX (C17_g = 36), GbuH BbIGpaHbl K, = 9 nop-
TIPOCTPAHCTB, yAOBJICTBOPAIOMHUX TECTY HA OMHOPOAHOCTH MpPH
TOM e 3HaucHuy Q. HakoHen, octasumascs vacts 6biia pasrpa-
HHYEHA C MOMOmbIO (QYHKIMH BO3MOXHOCTH, B KA4€CTBE KOTO-
poit 6puiE onpoGosansr ¥ F™ u FE Pesynprarsl wactuyso
noKa3aHbl Ha puc. 3.66. OHH MOYTH MONHOCTBIO COBMAMAIOT
C BOCIIPHSITHEM 3THX NAHHBIX YEIOBEKOM.

3.8.5. PACITIO3HABAHUE ®OPMBI
CEJbCKOXO03CTBEHHBIX MMPOAYKTOB
C IIOMOIILIO ITPEJICTABJIEHUS
HA S3BIKOBOM YPOBHE [47]

PaccMOTpeHHBIE BRIl MCCIIe OBAHHS pacro3HaBaHus 06pa-
308 BOCHPHHAIN NMPAKTHYeCKH O€3 U3MeHEHMil H3BecTHBIE CTa-
THCTHICCKUE WOCH, ¥ TOJIBKO YacCThb CTATHCTHYECKOI obpaboTku
Obiia npejacraBlieHa B HEYETKOM dopMe. ITonHoit mpoTHBOITO-
JIOKHOCTBIO 3TOMY SBJISIFOTCSl MCCIIEAOBAHUS, B KOTOPHIX pHCY-
HOK NPeNCTAaBAAETCA Ha A3BIKOBOM yPOBHE M MPOM3BOIUTCS €ro
06paboTKa C IOMOBIO HEYETKOI JIOTHKU. B OTIIMYKE OT CNOCO-
60B pacno3HaBaHHs, B KOTOPHIX OCYIIIECTBIISIETCA OOHapyxeHue
KOHTYPOB PUCYHKA ¥ OOBIYHOE COMOCTaBJieHHE 06pas3oB, B naH-
HOM Cily4ae pACIO3HABAHME OGLEKTA MPOU3BOJMTCH C YYETOM
«CMBICNIA», 3aTI0XEHHOTO B PHCYHKE.

IIpexne Beero aHaMUM3UPYOTCA OPH3HAKA KOHTYPOB 3TaJiOH-
HBIX PHCYHKOB; JIOKaNbHBIC U TNI0OaNbHBIC MPU3HAKY TPEACTAB-
JIAIOTCA HA €CTECTBEHHOM s3blK€ M HaKarUIMBaloTcd B 6ase
3HaHW# B (QopMe HeyeTKMX MHOXecTB. C ApPYrofl CTOpOHBI,
pe3yabraThl HaOIIONEHHS PEAMETOB MOABEPrarOTC YHCACHHON
00paboOTKe ¥ BBIAAIOTCH B BHJE HEYCTKHX YUCEN AJis KaXxAoro
MPH3HAKA. 3aTEM C MOMOIBIO HEYETKOTO COMOCTABJICHHUS obpa-
30B ABYX BMOOB JAHHBIX OCYIIECTBISETCS pacmo3HaBaHue. Takoi
CIoco6 He TONBKO YAOOEH IUIst Pacro3HaBaHHS OOBLEKTOB, M
KOTOPBIX TPyAHO ONpENenuTh GOPMY M Pa3Mephi, KAk, HATPH-
MED, AJIS CENbCKOXO3AMCTBEHHBIX MNPOAYKTOB, OH MO3BOJISET
6narojaps cBoeil cnocoGHOCTH BBIDAXATP PA3NMYHBIA CMBICIH,
3aJIOXKEHHbI B PUCYHKE, MPOU3BOAUTL 06PabOTKY HHbOpMaUMH
Ha BBICOKOM YpOBHE ¢ MpEMEHEHHEM BbIBOAOB. Ecimu, Hanpumep,

AMEETCS PHCYHOK, HA KOTOPOM n300paxieHa OGolipias KOMHATa,
MHOTO JETEH M ONHMH B3POCIiblif, TO MOXHO CJeJiaTh 3aKIIIOYeHHE,
YTO 3TO CKOpee BCero B IiKoJie. JIpyTHMH ClIOBaMy, 10T cnocob
npeacTasisier coboil HeuTo cpefqHee Mexay 00pabOTKOH A3BIKO-
BOif MHGOPMAUH B MCKYCCTBEHHOM HMHTEIUIEKTE M PACO3HaBa-
HMeM ob6pasos. CremoBaTenbHO, BO3HHMKAET 3aja4a NpEACTaB-
JICHHSl MPU3HAKOB JSTAJOHHBIX PHCYHKOB C MOMOIIBIO S3BIKA.
B HacTosee BpeMs noAoGHbIe TPONEAYPH JOBEPAIOTCS YETIOBE-
Ky ¥ He Toajexar aBroMartusamuu. B 3TOM cMbiciie HaHHas
CHCTEMA TaK €, KAK ¥ JKCMePTHbIE CHCTEMBI, 4BJISETCI PA3HO-
BUJHOCTBIO 4€JIOBEKO-MAILMHHBIX CHUCTEM.

Huxe B KadecTBE OOBEKTOB Ui PACIO3HABAHMS BHIOPaHO
HecKOJILKO BHOB oBomeil. CHayana ¢ ucmonn3oBandeM [13C-
kaMepsl U co3 aeTcst MOHOXpoMHOe n306paxende oObekTa. Ioc-
Jie CriIaXABaHMS VIS yJAJEHUs [yMOB KOHTPaCTHOCTh H300pa-
KeHUsi TPEACTABISETCS B [BOMYHOM KOJ€ M MPOM3BOAMTCH
06paboTKa PACTSDKEHHEM H CKATHEM IS BOCTIOHEHUS HeqoCTa-
romedt uapopmanuu. OGHapyKeHHe KOHTYPOB BBHIMOJIHSAETCA Ha
ocHOBe OOBIYHOro Meroma omepatopos Jlamnaca. 1o mosyveH-
HBIM KOHTYpam cpasy Xe BBIYHCIAIOTCA IJIMHA, IUHPUHA H TJIO-
majab OObEeKTa.

Jlnsi BbIACNCHHs JIOKAIBHBIX MPU3HAKOB KOHTYPa OCYIIECT-
BIISIETCH €ro AelieHWE HA KOPOTKHE OTPe3KH ONpeACICHHOU M-
Hbl ¥ HaXOMATCS Pa3sHOCTH YTIIOB CMEXHBIX OTPE3KOB. Onpene;
JAIOTCS JIMHUM C M3MEHEHHsIMH Pa3HOCTH YTJIOB B mpeaenax 10
1 NPOU3BOAUTCA MX rpynnupoBanue (puc. 3.67). I'pynmnb knaccu-
GHIEPYIOTCS 1O TPEM 3TAJIOHHBIM OOpa3iaM: JIMHUS, KpuBas,
YroJ, ¥ K HIM MpuMeHseTcs OpoieAypa HEYETKOrO COMOCTaBie-
Hus o6pa3oB (puc. 3.68). DranoHHpie 0Opa3sl MPEACTABIAIOT
o601 HeyeTKHe MHOXECTBA, IEMEHTAMH KOTOPBIX SBISFOTCS
U3MEHEHU s YTUIOB, HX GyHKIuM NpUHAAIEXHOCTH OTpeeNsoTCs
xak B, B, u B; (puc. 3.68). OGHapyXeHHbIE CBOHCTBA IPyMM
npeacraBnsiorcs QpyHKnwed nprHaiekHocTH F, uMeromed op-
My PaBHOOEAPEHHOTO TPEYroJibHHKA, B KOTOPOM 34 BEpIUHHY
NPAHUMAETCH CpeHee M3MEHEHHE yITia, a4 3a HEYeTKOe OCHOBa-
HHe — oTKJIOHeHue. [1Jis IPUHATHS PELEHHS OTHOCUTEIBHO NOAO0-
6us F u B vcnonp3yercs MeToJ onpeneneHus o6paTHOro 3Have-
HHUS MCTHHHOCTH, OCHOBAHHBIA HAa YHMCIOBBIX 3HAYECHHSAX HCTHH-

D Kamepa Ha npubopax C 3apsaioBoii cBs3bio.— [Ipusm. nepes.
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HOCTH CIEAYIOMETO BRIPaXEHUs, npepioxeHsoro Hykamoro:
N(F/B) = {Sup (i A\ p) + Inf (u;\/ 7 pp)} /2. (3.55)

JlokajIbHbIE TPU3HAKY TPYIIT Ha PHC. 3.67, MONy4CHHbBIE ¢ Mo-
MOIIBIO 3TOr0 BBIPAXECHMS, NMpUBEAeHb! B Tabn. 3.13.

Tabauya 3.13. Jloxanbuble IpU3HAKM KOHTYPA

I'pynna Hnana Jhuanus Kpusas VYron
TPy bl
F, 9 -G 0,71 0
F, 2 0 0 1,0
Fy 4 0 —-0,79 0
F, 1 0,43 0,02 0
Fs 3 0 0 0,78
F, 1 0 —0,55 0

Honyyus noxanbHbe OPU3HAKK KOHTYpa, MENAIOT 3aKIioqe-
HHEe O MakpomnpusHakax Bce#f dopmpl. B kavecTse 3TamOHHBIX
MaKpONPH3HAKOB BbIOpaHbl 1LieCTh GUTYp— KPYT, 3JUIUIC, Tpe-
YTONLHMK, KBAAPAT, CTEPXKCHDb, 1yTa, ¥ Kaxkdas u3 GUryp npen-
CTaBJISIETCS HA 3bIKOBOM yposHe. Hanpumep, «npusHaku kpyra:
OTHOLLUEHHE BBHICOTHI K INMPHHE PABHO MpuMepHO 1, Golbluas
¥acTh GUrypbl KPUBOIMHEHHA, YHCIIO YTJI0B GJIH3KO K HyJIIO AWM
Ooubllie 1LECTH, BRIMYK/IAs YacTbh 3aHHMAeT okono 100%, a Bo-
THyTas —0ko0Jio 0%». DTo OmMcaHyWe 3aJaeTCs B BHAE HEYETKHX

Puc. 3.67. I'pynnuposanue
Fr~zpynna KOHTYpa.
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1
b3}
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N
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Cpednas pazwocrts yzme, 2padycs:
Puc. 3.68. DranoHnslii 0bpa3.

MHOXECTB, MOKA3aHHLIX Ha pHC. 3.69. AHaIOrHYHBEIM 00pa3oM
JUIS TISITH OCTANbHBIX (GUTYD 3TATOHHYIO GOPMY MOXHO IpenAcTa-
BHTbL B BHJIE HEYETKHX MHOXECTB JIOKaJIbHBIX NMpu3Hakos. Eciu
HecAenoBaTh MaKpOIMPH3HAKA Ha puc. 3.67 ¢ MOMOINBIO paHee
ONMCAHHOTO METOAa, TO TMOJYYHTCS CTENneHb mopobus mid
crepxHs 0,65, ans gyru 0,78.

Onmcadupie B Hayajle pa3Mepbl H OTHOLLEHHE BBICOTHI K LlH-
PHHE NPENCTABIAIOTCA HEYETKHM TTOKA3aTENEM TUNA «KPYIHbIH»,
«CpEemHHUI», «MANBII) X B BUAE HEYETKUX YHCEN BBOOATCS B 6asy
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Puc. 3.69. Makponpusnaku xpyra.



190 IHpomviwinennvie npumeneus
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Puc. 3.70. Mpumep pacrno3HaBaHUA.

3HaHHA. [ TOTO 4TOOBI BHIPA3UTh BHIMYKJIOCTH H BOTHYTOCTD
KOHTYpa, HCMOJIL3YFOTCs JIOKATTBHBIE IPU3HAKY TDyIb — KPHBas
# yroi. Ecnd cocTosHye, IPH KOTOPOM HX KOIBI MEPHOMNYECKH
MEHSIOTCH, PACMPOCTpAaHSAETCs HA OoOJiee 4eM TpH HEYETKHX
YACIA, TO CYUTAECTCHA, YTO MNPEAMET 00anaeT xPUBH3HOM.

B kauecTBe KOHKpPETHOro MpEMeEpa PACCMOTPUM pacro3HaBa-
Hue 12 Tunos osomieit (B Habop osomeit YMBILLJIEHHO BBENEHBI
HCKYCCTBEHHBIE MPEIMETBI), MOKA3aHHBIX HA puc. 3.70. B kauect-
BE 3TAJIOHHBIX 3HAHHH HMCIONL3YETCH S3BLIKOBOE MpEACTABIICHUE
(TpuMep A3BIKOBOTO TIpEACTABJIEHHS IS OaHaHa TMpuBened B
Tabn. 3.14); B BUJE HEYETKHX MHOXECTB OHO BBOJMICS B 6azy
3HaHui. DPDEKTHBHOCTL PACTIO3HABAHMS HEM3BECTHOTO npegMme-
Ta B DOJBIUOH CTENMEHN 3aBUCHT OT TOTO, MOHUCK KAKOTO npu3gaka
BeleTCA MepebiM. B pedynpTaTe aHaiMsa NMoBeneHus YeaoBEKA
MpPHY pACTIO3HABAHUHM OBLIIO OOHAPYXEHO, YTO 3HAYMMOCTD Makpo-
NPH3HAKOB B JTAHHOM IPHMEPE OMUCBIBAETCS MOCAECHOBATE b-
HOCTBIO: pa3Mephl, OTHOLUEHHE BBICOTH K IMPUHE, YHCIIO YTIIOB,
OKpYIJIOCTh, 1yroo0pa3sHOCTb, KpuBl3HA. B Takoil mocnepopa-
TENBPHOCTH MOCTPOEHO IepeBO TMoucKa (Tadm. 3.14),
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Tabauya 3.14. Tpusnaku Gauana

Pa3mepsi: cpeaHue
[rmomanb: Cpeﬂﬂﬂﬂ:l
JUIMHA: cpenHsis
Maxkpodopma: CTCpXCHb U AYyra

OTHOIUCHUE BBICOTHI K LUMpHUHE: GoNbLIOE
YHCAO YIJIOB: 2
OKPYTJIOCTh: okono 80%
BOTHYTOCTh: okono 30%
BBINYKJIOCTD; okono 76%

KpuBu3Ha: niaBHas

Ha puc. 3.71 npuBeneHsl pe3ynbTaThl PaCMO3HABAHUS CTPYY-
KOBOTI'O Me€pHa M3 4ucia NPEeAMETOB, NMOKa3aHHBIX Ha puc. 3.70.

Npednems:

(1)—-Q12)
(1)(2)(3)(11) (4)(5)(6)(7)(8)(9)(10)(12)
0,16 0 0,22026 0,40 0,81 0,66 0,63 0,41 0,55 0,50 0,64

OmHOoTHeRIE 8510051 K ULRPURE

(5)(7)(8) (9)(10)(12)

(4)(6)
0 8 072041 1,6 1,0 1,0 1,0

(6
0,2

(5)(7)(9) 437 75 ) (10)
0 ¢ 0 0 0,72 0,33

2,
(8)(10)0pr2ﬂ01.‘ 5
0,1 0,29
A ga 00090 3HOCITS
¢ (8)(10
0,559 10
Kpustsna

(1oo>

Puc. 3.71. IMpumep pacno3HaBaHus CTPYUYKOBOro mepua.
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3.8.6. PACTIO3HABAHME
JIBUKYIMXCS TIPEJIMETOB [48]

TMpu pacno3HaBaHWM ABHXKYIIMXCH MPEIMETOB KPOMe TPO6-
JieMpl TOYHOCTH BO3HuKaeT mpobiieMa OBICTPOTHI pacro3HaBsa-
Hus. B faHHOM pa3jelie OMUCHIBAETCA HCCIIEI0BAHAE, B KOTOPOM
IUTA BhLIENEHys Tpeobajgaromero npu3Haka GopMel mpeaMeTa
MCTIONB3YIOTCA HeYeTKAe MHOXECTBA, a AJIA MOBbIlieHAs hdek-
THBHOCTH pa3iidueHus Y4YMTHIBAETCS BaXXHOCTb ¥ aJamTHpye-
MOCTb TPU3HAKOB.

IMpenMersl, MOIeXamue PacNO3HABAHUIO, NPEICTABISIOT
co6oil aByMepHbIE 06pa3bl 12 BUIOB, MOKa3aHHbIE HA puc. 3.72.
WX rnaBHBIM MPU3HAKOM HBJISICTC pa3sMep, ONHAKO, N7 TOro
4T06BI 00ecneYuTh COOTBETCTBUE OYIIEHHIM Y€I0BEKA, BMECTO
maomaad NpeaMeTa UCTMONb3yeTCsl IUIOmaAb OMUCAHHOIO mpsi-
MoOyToJibHuKa. Ilnomanes BBIPRXKAETCA HEYETKOH Mepod Tdma
«Goblliasy, «CpefHssdy, «Majlasy. COOTBETCTBYIOmME QYHKIHU
NPHHAIIEXHOCTH MOKa3aHb! Ha puc. 3.73. Iliomaas ONUCAHHOTO
BOKpYT IpeIMeTa NPAMOYIoJibHMKA A KnacCcHuuupyeTcs Kak
Maliasi, ecin A < a, Kak Gonbuias, ecnu 4 > d, ¥ Kak Cpeanss,
eciib < A< C. BEcmixe a< A < b nubo ¢ < 4 < d, To knaccu-
duKaHo IPOU3BONAT IyTEM ONPEACHEHAS «ILIOTHOCTH IIOIa-
» (OTHOILIeHUs! A K ACHCTBUTENBHOH ITOIMAAM) ¥ CPABHEHUSA €€
CO 3Ha4YeHHeM MPUHAIEXKHOCTH.

B kauecrBe JpyTHX Mep MCHOIB3YIOTCS OTHOINEHHE BBICOTLI

al] cz/\ cs C4O
P=1 P=1

P=08 P=08 P=08 P=08
N
c9 C10 cu ciz
TN
P=05 P=06 P=06 P=04

Puc. 3.72. O6BCKTH pacno3HaBaHHS.
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0 a b ¢ 4 aowads
Puc. 3.73. ®yHKnvy OpHHAANEKHOCTH ILIOIALH.

K IIEPHHE, KPaeBOe PaclpecicHHE U CBA3AHAOE C HUM OTHOLIE-
HHeE CPERHETO 3HAYCHH] K MAKCHMAIEHOMY, HCTHHHAs IUTOMA/b,
IOTHOCTD IUIOMmIAJH, HEHTP TSDKECTH M €ro CMEIEHHE, TepU-
MeTp, pa3bpoc Kpaesoro pacnpencicHus u T.1. Jlrobas u3 31aX
Mep MOXeT ObITh MOIyYyeHa B BH/JE TOYHOIO 3HAYCHUA.

3aTeM OTHAENBHO MO KaXJoi Mepe NPOM3BOAUTCA aHAIN3!
HACKOJIbKO OHA CBOWCTBeHHA npeamMeTy. O603HAYAM NATH BUI0B
npeametoB uepes C,, C,, ..., Cs. CreneHb yBepeHHOro pasiu-
yeHus C; 1o 3HAYEHHIO Mepbl F; MOXKHO MPECTABATE B HCYETKOM
BUjc C MOMOIBIO (GYHKIMH NMPUHAIIEKHOCTH, MOKA3aHHBIX Ha
puc. 3.74. TIo uX HAJIOKCHHIO OTpEAeNseTCs OTHOCHTENbHOE
paccTosiHue Mexay o0pasaMu mpu ucnoib3osaHuu F;. IIpumep
npusesed B Tabn. 3.15. CyMma umcen B 3TOH MaTPHIC XapaKTe-
pusyeT >(dekTHBHOCTD pa3nnyeHus no F;.

PesynbTaT yMHOXEHHS 4aCTOTHI MOSABJIEHHA Kaxaoro npus-
Haka Ha 3JE€MEHTHl TpHBEJCHHOH BbIllie MATPHOBI MOKa3aH B
Ta6i. 3.16. 3HayeHde, MOJYYEHHOE IIyTEM JefleHUs CyMMBI HCET
B 5TOH MaTpuie Ha BpeMs oOpaOOTKH, Ha3blBaeTCs 3HAYH-
MocTbI0 Mepsl F;. B mponecce pa3jiHYeHHs 3a1aHHBIX 0Opa3oB

Lo

" 2a  1a 2 4a% 1b 3a 3bdb
(5a) 3navenue Mepel Fy

Puc. 3.74. Mpusnaku C; (oTHocHTEBHO E)).

13-6830
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Tabauya 3.15. DddexTuBHOCTS Mephl Fy
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Tabauya 3.17. Bpems o0paboTKH Mep (B CeKyHIax)

Cs C, C, c, C,
C, 0,005 0,0145 0,25 0,045

C, 0 0,25 0,575

C, 0,45 0,005 ¢

C, 0,129

Cs E, =3¢ =1,7235

Tabauya 3.16. Baxnocts mephl F |

Pb 5 4 3 2 1

Pa Cs C, C, C, C,
1 C, 0,03 0,0725 1,6 - 0,135
2 c, 0 15 | 2875
3 c, 36 0,03 v
4 c, | e
5 Cs

X' = 16,4075

f =1
I, = 104075

Gosnee pe3yibTaTHBHO HayMHATH aHalu3 C HauOonplued Mo
Ba’XKHOCTH MEDEIL.

B omHOM H3 3KCHEPMMEHTOB, OMMCAaHHBIX B pabote [49], 12
3aroToBoK (puc. 3.72) ycTaHaBNHMBaluCh Ha JIEHTOYHBIA KOH-
ueiiep, MepeMemanich CO CKOPOCThIO 3 CM/C U CKAHMPOBAIUCH

F, OTHOUWIEHRE BHICOTH K HIMpHHE 0,25

F, Pa3bpoc kpaeBoro pacnpeacscHus 0,808
(mo ocu X)

Fy Pa36poc kpaeBoro pacnpeacicHus 0,807
: i (no ocu Y)

F, Cpenuss anuua no X/MakcuMaipHast 0,778
anuea no X

Fy Cpeausia AuMHa o Y/MakcuMalpHas 0,60
aauea no Y

Fg TtoTHOCTH RIOIARM 0,59

F, Mepumerp?/miomans 1,04

Fg CMelnente nenTpa Txectu (mo ocu X) 0,59

Fy CMeleH e neaTpa TsxecTd (mo ocu Y) 0,59

¢ nomompro I13C-kameprl. BenuuuHa P Ha puc. 3.72 xapakTepu-
3yeT BEPOATHOCTH MNOsBJieHUs 3aroToBku. Cucrema paborama
noj ynpasneHueM Kommbrorepa PC-9800. Ilpu mnpoxoxpeHun
npeaMera ykazaHHo#H GOpMBI CHCTEMA MPOM3BO/IUIIA €ro pasyii-
yenue, a poGOT MOIXBATHIBAN €rO U CTaBMI Ha pabowmil CTOML
Yycno UCTIONb3yeMbIX MPH 3TOM MEDP COCTaBIAIO 9; Bpems
06paboTky Mo Kaxaoil mepe npuBeneHo B Tabn. 3.17.

Biaroaaps 3THM JKCIepHMEHTaM Oblia MpOAeMOHCTPHPO-
BaHa BO3MOXHOCTb pACMO3HABaHMs [BWKYIIMXCS MPEIMETOB
B PEANLHOM BPEMEHH C MOMOILBIO TPOCTOrO YCTPOMCTBA.
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I'JIABA 4.
SKCIIEPTHBIE CUCTEMBbI

C. Hsau (Ynusepcumem Kuomo), M. Oymu
(pupma «Huxon cucymamy»), M. Cyesno
( Toxutickuti noAUMeXHUYECKUli uncmumym,),
0. Tadsaxu (uacmnas wikoaa Ynusepcumema
Hoxozama), X. @ypyma ( Ynusepcumem Kuomo)

4.1. BBEAEHUE

JKcrepTHHIE CHCTEMBI MOXHO CYMTATH OXHMM H3 IPHMEHEHMI
MCKYCCTBEHHOTO MHTEJUICKTA, XOTA HMCCIENOBATENH HCKyCCTBEH-
HOTO MHTEIIEKTA HE CTABWIH [ENBIO MOCTPOCHHE SKCIEPTHBIX
CHCTEM. OTH HCIEIOBAHHs, NPEANPHHATHIE C cepeduHB 50-X
rofoB, JOCTHATIIHE MUKA B 60-¢ roapl, OLUIM MOCBAIIEHBI peajii-
sapHM MAll¥H C HHTEUIEKTOM 4YeloBeka. Onpako B mpopecce
HCCNIeOBAHMIl CTAJ0 OYEBHAHO, YTO 3a/a4ya CIMINKOM (QaHTac-
THYHa, H HCCJIeN0BaHus OBLIH BPEMEeHHO MPHOCTAHOBJEHb!. B Ha-
CTOSIIEE BpEMS pellaioTcs TaKue MpoOJieMbl, KaK MPHMEHATH
GOpMaNbHYI0 JIOTMKY IIPH HEPEalbHBIX JONMYIUICHHAX, KAk
HCTIONB30BAaTh KOMIIBIOTEPHI ¢ MPOTPaMMaMH IPEBOBHIHOIO
MO¥CKA [ pellieHAs [OJIOBOJIOMOK HJI¥ MI'D THIA IaXMaT H T. 1.
OpHako mporpaMMa Uit pelliEHHS HEKOTOPOH I'OJIOBOJIOMKH
OCHOBBIBaeTCS Ha criendHYHOHd CTPYKTYpE NaHHOH I'OJIOBOJIOM-
KH ¥ yX€ HE MOXET pelliMTs APYryio 3anavy. [lomoOHbIe 3a1a4u
PELIAIOTCS MaTeMATHYECKAMH METoamH, 6osee NMOAXOMsmUMH
Ui KOMIMBIOTEPOB, HO COBCEM HE TaK, KaK 5TO pgenan Owl
yenoBeK. Co3maHbl Jaxe MPOrpaMMBbl TUMa «YHHBEPCaJIbHBIHA
pelliaTeNib 3ajay», HO BCE 3TO OYEHL [AJEKO OT pelICHHs
peasibHbIX 3a7a4.

TynukoBOE MOJOXKEHHE HCCIENOBaHUi B OOJaCTH HMCKyCCT-
BEHHOI'0 MHTEJIIEKTa, MO-BHIUMOMY, 00YCIIOBIEHO MPEBPATHLIM
OOHMMAHHEM TOro, YTO TaKO€ HHTEJUIEKT 4YEJIOBEKa, a Takxke
KAYECTBEHHOTO pa3JIMiMs MEXy MalumHoil ¥ venosexoM. On-
HAKO 3TH MCCIEIOBaHHs MpuBesd B 70-€ robl K unee HHKEHEPHH
3HAHMI U B KOHOE KOHIOB K 3KCTEPTHBIM cHcTeMaM. B konme
60-x romoB 6biia co3gana cucreMa DENDRAL, a B nepsoi
nonosuHe 70-x —cuctema MYCIN. M Ha rpebHE ycnexoB 3Kc-
MEPTHLIX CHCTEM BHOBbL HA4asic TOIBEM HCCIENOBaHHH HC-
KYCCTBEHHOI'0 HMHTEIUIEKTa, HO BONPOC O TOM, MOSBWIMCH JIH
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3KCHEPTHBIE CHCTEMBI HMEHHO B Pe3yJILTaTe 3THX HCCIIEAOBAHHIA,
ocraetca cnopHeiM. Bo BcskoM cnyvae, Ge3 COMHEHHs, el
HCCIEAOBAHMA CTand Oozee peanpHbIMH. OQHA M3 CEPBE3HBIX
npobnieM Hcc/1e0BaHAN HCKYCCTBEHHOTO MHTEIEKTA — Peasn3a-
Ul MHAYKTHBHBIX BBIBOAOB. Koit Bartana63 (mouerwsiit mpo-
deccop IN'apafickoro yHHBepcHTETA), BHLAAIOIMMICS HCCIENOBA-
TeNb B 007acTH pacmo3HaBaHHA O0Opa30B M JIOTMKH MBIIIICHA,
obparun BHHMaHHe Ha cienywomee. MHaykiusa —cnoco6 obHa-
PyXeHHs 3aKOHA st OCCKOHEMHOro 4HMCiIa AAHHBEIX MO KOHEY-
HOMY YHCIy JaHHbpIX. OpHako momo6HOe NPUHUIMIHKANLHO He-
BO3MOXHO. ClieAoBaTeNbHO, PE3YNbTAT HHAYKTHBHEIX BLIBOJOB
Y€JIOBEKA HE TOJBKO HECTAHNAPTEH, HO MPOH3BOJIEH H HEYETOK.
U B 0bnacTH HcelienoBaHHN MCKYCCTBEHHOTO MHTEJJIEKTa GbLIO
OBl XOpOIIO MPOCTHTHLCA C MEYTOH 3ACTABHTH MAIMHY [ENaTh
JIOTMYECKHM IYyTEM HMHAYKTHBHBIE BBIBOJABI M CMEHHTH KypC Ha
CO3aHHE MAUIHH, NOAPAXAIOMMX 4YEJIOBEKY, T.€. 3KCHEPTHBIX
CHCTEM.

Pa3BuTHe 3KCHEPTHBIX CHCTEM HAET YCHEHIHO, HO CErojis,
B Havane 90-X rogoB, B HCCIEAOBAHMAX HCKYCCTBEHHOTO HHTE-
JIEKTa BHOBb HACTYIUI MNepHoj 3actos. B Takoif cuTyanuu
TEOPHSL HEYETKHX MHOXECTB, KOTOpas, KaK OXXHAAJOCh, mpe-
BpaTWiacCh B METOAOJOTHIO, pa3pabOTAaHHYIO B Pe3yJIbTATE HC-
CJIeTOBAHUN HCKYCCTBEHHOTO HHTEJUIEKTA, OOHADPYXHBAET MPEX-
Jie BCETO TECHYIO CBA3b C SKCOEPTHHIMH cHcTeMaMu. [1puMenenue
TEODHH HEYETKHX CHCTEM HAYaJIOCh B OOJIACTH HEYETKOTO YIpaB-
JieHuA BO BTOpo# moyoBHHe 70-X rogos. 1o HMuaee HeyeTkoe
YIPaBJICHHE —3TO CBOETO POAa 3KCHOEPTHAS CHCTEMA B yIpasJie-
HHA. MeTon OnHMCaHMs ANrOpPUTMOB B (JOPME «ECIH...TO» OBLI
npeanoxed 3aje B craTbe «HedyeTKHe airopHTMEI», OMyGIHMKO-
BaHHOM B 1968 r. TpagMIIMOHHbIE 3KCTIEPTHBIE CHCTEMBI HE HMEJTH
ZIeNIO C HEYCTKOCTSIMH, H unes 3ane 3ak/rovanach B TOM, 4TOGb
PACKPBITh CYIHOCTb 3KCHEPTHBIX CHCTEM TYTEM ONMCAHHS aJro-
PHTMOB CIIOBAMH, T.€. HEYETKO, YTO OKa3ajoCh BECHMA ILIO-
IOTBOPHBIM. JIeNIO B TOM, 4TO, KaK BBISCHUJIOCH TO3XKeE, 3TA UAEs
NOMOTJIA PEINATh NpOOJIEMY HEHAaJAEKHOCTH B 3KCHEPTHHIX CH-
creMax. Be3ycnoBHO, B 3KCHEPTHBIX CHCTEMAaX HMCHOJIB30BAIOCH
MPEACTABIICHHE HEJOCTOBEPHOCTH (AKTOB W NpaBHi B BHAE
KO3} (HIHEHTOB YBEPEHHOCTH TAK, KAK B CHCTEME AHATHOCTHKH
ek HOHHbIX 3a6onesanmit MYCIN. Onepapun ¢ HegocTo-
BEPHOCTBIO B 3TOH CHCTEME OCHOBAHBI Ha HAEAIX OaitecOBCKOM
BEPOSTHOCTH. BeposTHOCTHbIE BBIBOBI B HacTOsmEe BpeMs
HCCHENYIOTCS KaK OOUH M3 METOJOB, MCHONB3YEMBIX B IKCHEPT-
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HBIX CHCTEMAX, HO, KAK YK€ OTMEYaJIOCh, CYIHOCTh SKCHEPTA He
B BEPOSTHOCTHOH NpHpOJE, a B HE4YeTKMX TesHcax. B Hauane
80-x Tog0OB B KauecTBe MeToaa o6paGOTKH HEOCTOBEPHOCTE
B OKCHCPTHBIX CHCTEMaX CTajH YacTo MPHMEHATH TEOPHIO
Hemmcrepa -Illagepa®, mo xOTOpoO# 3HaueHHs BepoOATHOCTEH,
ONHUCHIBAIOIIMX HEAOCTOBEPHBIE JaHHBIE, NPENCTABIAIOTCA He
YHMCJIOM, @ OTPe3KOM. DTO yke HE CBS3BIBAET PA3pabOTYHKOB
¢ BEPOSTHOCTHBIMH 3aKOHAMH, O3TOMY HeJOCTOBEPHEIE AAHHBIE
H NpaBula MOXHO MpeacTapnsaTbk Gosiee cBOGOAHO, yeM ¢ moO-
MOUIBIO KO3hdHiHEHTA YBEPEHHOCTH B cHCTeMax THna MYCIN.
OnHaxo, roBopsi 0 HEJOCTOBEPHOCTH B TPAAMIHOHHEIX 3KCHepT-
HBIX CHCTEMAaX, Mbl MOHHMAEM MOJ 3THM BCErO JIMIIb BHEIITHIOKO
O1€HKY (AKTOB M NpaBWi, T.e. He 6ONEE YeM PA3HOBHAHOCTD
3HauYECHM# HCTHHHOCTH B JOrMKe. HampuMep, AOCTOBEPHOCTD,
HIH CTeNEHb MCTHHHOCTH, YTBEDXACHHMS «CETOOHS YTPOM Ha-
KpallblBaJl MEJIKHH JOXAb» PACCMATPHBATACh TOJHLKO BHEINHE.
306Ch CMBICTIOBAsi HEYETKOCTD CJIOB «YTPO», «MeKHil JOXIOb»,
«HAKpanbIBaT» BHYTPEHHE BOOOINE HE CTABHTCA IOJ COMHEHHE,
Ha camom nene cymHocts HegocToBepHOCTEH B JKCHEPTHBIX
CHCTEMAX 3aKJIIOYAeTC B HEYETKOCTH MOHSTHHM M CJOB, C KO-
TOpBIMH ONEPHpYeT 3kcnepT. [1ogo6HbIE HEAOCTOBEPHOCTH He
TOJIbKO HE MO3BOJIIIOT BHEINHE OHEHHTH TE3HMCHI, HO MX HEJb3s
00pabaTeIBaTh, TMOKA OHH HE BBEACHHI B CAMH TE3HCHL He-
O6XOHMO OTBETHTH HA BONPOC: YTO Takoe yrpo? 1o 5 4aCOB,
8 4acos, a Moxer, 10 yacon?

Merononorns sddekruBHOrO nocTpoeHus 3KCHEPTHBIX CH-
CTEM —3TO GOJIbINE YeM PeOpPOLYKIUS COCOBOB MpeACcTABJEHHS
H HCHOJIb30BAHHSA 3HAHHM, MOCKOIbKY HEOOXOAMMO yMEO CKO-
nHupoBaTh 00pa3 pmedcTeHs 3kcmepta. Mo o6pasom neiicTsHs
B OOIIEM Ciiyyae MOHHUMAIOTCS CHOCOGBI H3BIICYEHHS 3HAHHIN
SKCMEepTa M CMOCcOOBbl PEMICHMs, a B NEPCOEKTHBE H METOJBI
MBIIUICHHsS 4esioBeKa. Cmocob peleHHs —3TO BOZHHKINWE M CH-
CTEMATH3HPOBAHHBIE MBICIH 3KCOEPTA IS PEIICHHS] HEKOTOPOi
ONpEAEIEHHON MPOGIEMbI, IPHYEM 3AECh PACCMATPHBAIOT YIIPO-
IICHHOE CXEMATHYHOE NpeACTaBIeHHe MEICIeH 4enoseka. ITpo-
HECC MBINUICHHA YE€JIOBEKA HMEET CBOM OCOOEHHOCTH HAa KAXHOU
daze: npuobperenus H 06paGOTKH HEMOIHOM mHdopMaum,
IPHOIIKCHHBIX PACCYKICHHH, OIEHKH CIOXHBIX OGBEKTOB, 3a-
KJIFOYCHHH ¥ TIDHHSATHS pEILCHHA B HEJIOCTOBEPHBIX CHTYyaIUAX

D TIpencraBieHue M UCIOAB3OBaHME sHanmii/Ilon pea. X. ¥sHo
1 M. Hcusyku.—M.: Mup, 1989.— Ipum. nepes.
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H ap. [IprnyeM Kaxcapifl pa3 4elnoOBeK BBIPAXAET CBOM MBIC/H Ha
€CTECTBEHHOM si3bike. B mnoBceaneBHOH nesTenbHOCTH pasym
YeIOBEKa MpOoSBIseTCs Giaromaps ToMy, yTo OH QyMaer CloBa-
Mu. W ecnv MBICIH 3KCTEPTa BO MHOTO pa3 Jydlle BbIBOJOB
MAIMHBI, TO 3TO MPEXAE BCETO 3a CYET TOro, YTO IKCMEPT
nonb3yercd ciosami. Hampumep, nycts maHHBIE 06 OTHOIIEHHN
X H y HemosiHpl. Toraa yenosek GyneT npeacTaBIATh H MCTONKO-
BBIBATE TAKYIO HEMOJHYIO HHQOPMAHIO CIEAYIOMAM 06pa3oM:
«Ecna x paseH nmpuMepHoO 2, T0O y 6ypeT paseH npaMepHo 100,
4 ¢CIHM X paBeH MPHMEPHO 7, TO y-—mpuMepHO 120» mnM «eciu
X MAJioe, TO y G0NbIIOE).

JOCTOMHCTBO HEYETKOH JIOTHKH CKOpee B HEOTpeesieHHOCTH
HIM HEYETKOCTH CYIIHOCTH S3b1Ka, & He B €ro JOrH4HOCTH. [Ipu
TIOCTPOCHHH MOJENH MBIILUICHHS 3KCTepTa Henb3si abcTparupo-
BATbCA OT POJIM H CYIUHOCTH SI3bIKa ero Mbicieil. Bnaropaps
OTIEPHPOBAHHIO C HEONMPEAENEHHOCTSIMH CJIOB M TOHSATHH He-
YCTKAs JIOTMKA MPEIOCTABISIET METOMbl, MPHOIMXAIOmHe Hac
K CymHOCTH 3KCHEePTHBIX CHCTeM. EciiM B mpopecce MbluieHHS
4eJI0Beka € NOMOIPIO HECTPOTHX PDACCYXAcHHH €CThb HEuTo,
Ha3pIBAEMOE JIOTHKOM, TO 3TO He YTO MHOe, KAK HeveTKas JIOrHKA.
Brnarogaps ToMy 4TO B Heif COYETAarOTCHd HEYeTKOCTH H JIOTHKA,
OHa MOXET MPETeHAOBATh HA POJib A3bIKA OMHCAHUA B MOJEIH
MBIIUIEHAS yenoBeka. HecOMHeHHO, akcmepTHbIE cHCTeMbi, Gy-
Ay4H CTIPOEKTHPOBAHHBIMU KaK HEYEeTKHE JKCMEPTHBIE CHCTEMBI
Ha Gase HeyeTKOH JOTHKH, cTaHyT 6onee 3p(eKTHBHBIME ¥ 110~
JIe3HbIMHA. PeanbHBIM MOATBEPXKIEHHEM 3TOTO CAyXXaT MHOro-
YMCJICHHBIE YXe paboTaronme CHCTeMBl B 0GJIACTH ynpaBJieHUs.
IIoyTH BCe 3KCmEpPTHBlE CHCTEMBI yIpaBJEHHS OGECTICYHBAOT
HCYETKOE YNPABJIEHHE, T.€. ABIAIOTCH HEeueTKUMH 3KCTEPTHHIMH
cucTeMamMH. Cpen HHX HEMAJIO MPHMEPOB YCIELIHOH ABTOMA-
TH3a MM TEXHOJOTHYECKHX MPONECCOB C MOMOINBIO HEYETKO-
TO ynpaBneHHA. M3pecTHpl NPHMepbl NpHMeHEHHS HeYeTKHX
SKCMEPTHBIX CHCTEM A AMATHOCTHKH HEMCIPABHOCTEH JIOKO-
MOTHBOB, BBIOODA MEHIO B PeCcTOpaHax H T.m. B Hacrosmee
BPEMA eme MpeobiafaroT 3KCMEPTHRIE CHCTEMBI, He HCTIOJIb3YI0-
IIHE HEYETKYIO JIOTHKY, HO, Cyas MO MOCNEAHUM COOBIEHHAM, U3
NPHMEPHO OBYX TBICAY 3KCIEPTHBIX CACTEM HA TMPAKTHKE UCIIOJIb-
3YeTCs BCero b 2% . Tak yToO C TOYKH 3PEHHMs HPAKTHYIECKOTrO
MCTOIb30BAHUA MHCIIO HEYeTKHX 3KCHEPTHBIX CHCTEM yXKe Mmpe-
BBICHJIO YHCIO TPAJHHOHHBIX 3KCIEPTHBIX CHCTEM.

B obnactd skcnepTHBIX CHCTEM BBIAEIAIOT TPH npoOJieMbl:
1) NpeacTaBneHne 3HaHMI, 2) HCMONBL30OBAHHE 3Hauuil; 3) mpu-
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obpeTeHHe 3HaHMi. HeyeTkast TOTHKA MOXeT BHECTH CYLIECTBEH-
HBIif BKJIAJ B pellleHHe 000 u3 3THX npobyieM. [[nd npobyeMsl
| rnaBHBIM OKa3bIBAETCS TO, 4TO Hambosee BHICOKHI YpOBEHb
MpeACTaBIEHHS rapaHTHPOBAH C MOMOINBIO A3bIKA; 3HAHHS THMA
¢daxToB, MpaBmMi, OnEHOK M APYTHe 3HAHHS 4YeJOBeKa MOXHO
NpeaCTaBATH TOJBLKO B (HOpMe, comepxameil HeueTkocTH. bonee
TOTO, MOCKOJIbKY YEJIOBEK NOMYCKAET MpHMEHeHHe HeolpeaesicH-
HOCTe#, MOXHO moao6parh 3HAHHUS, KOTOPbIE MPOINE HCMOJb-
30BaTh. B mpencTaBicHHMH 3HAHMN HCMONB3YFOTCS MOHATHSA HeE-
YeTKHX MHOXECTB, HO jyig mpoGieMbl 2 3bdeKkTHBHee HeveTKas
qoruka. OCHOBHBIM METOOOM SIBJISETCA METOH HEYEeTKHX BBI-
BogOB. OCOOEHHOCTh TAKHX BBHIBOAOB 3aKIIOYAETCH B MOJIYYEHUH
BBIBOJOB M3 HE4yeTKOH HHGOPMAayHH C MOMOMbIO 3HAHHMH O He-
YeTKHX MPpaBHJIaX, HO 3TO XK€ MOXXHO CKa3aTb ¥ O MPUMEHCHHH
3HaHHH 3KcriepTamMd. [IpHMeHeHHe 3HaHM He OrpaHHMYHBaeTCs
TONbKO BbhIBOgAaMH. Kpome BBIBOAOB cepbe3HO#H mpobiieMoi
SABJIAIOTCA ONCHKH H cyXjaeHHd. B kauectBe Mopeneit OueHOK
H CyXJeHHH 3KCHIePTOB HA OCHOBE SMNHPHYECKHX 3HAHHH 3¢-
(EeKTHBHBI HaeH HEYeTKHX H3MEHEHWH M HeueTKOTrO MHTErpHpO-
panns. Tak, pyukyus nosepust [emmncrepa —Iladepa, ucnoss-
3yeMas [0 OpeHKH (akTOB M MpaBWI,—OOUH H3 TPHMEPOB
HeyeTKOro HMaMepeHHs. IIpH pemeHmn npoGiieMbl 3 B MepBYIO
ouyepedb Hamo HAY4YHMTbCS U3BJIEKATh OSMIUPHYECKHME 3HAHHSA
3kcnepToB. [IpH 3TOM yYacTb TAKHX 3HAHHH MOXHO NEpenaTh
TOJILKO C TOMOMBEO HEYETKHX CJIOB, MO3TOMY Heo6xommma
HeyeTKast HHTepnpeTanus 3HaHuid. Brnarogaps BBeneHHIO Hever-
KO# KnaccdbHKajMd 3HaHMH THMAa NPaBHJI TO YCIOBHSM HX
NpUMeHEHHsT CTAHOBHTCS BO3MOXHBIM THOKOe MpHOOGpeTeHHe
3HaHMi 3KcrepTa. Bropoi mo 3HaueHHro 3aaa4ued ABIAEeTCd NOUCK
METONOB HM3BJICYCHHs 3HAHHH, MPHYEM HE TOJILKO HEmoCpencT-
BEHHO CO CJIOB 3KCMEpTa, HO M KOCBEHHO, IyTeM HabJilofeHHA 3a
IeACTBHSMH 3KCrepTa WIH aaxe 6e3 3kcmepTa uepe3 IKCrepH-
MeHThI H oOyyenne. B mocnenHem ciyuae and c60pa JaHHBIX
H uHbOpManu# TaK, KAK 3TO AeJIaeT SKCIEePT, MOXHO HCMOIb30-
BaTh HEYETKYIO JIOTHKY. J/IDYTHMH CJIOBAMH, BBIMOJHSIOT cOOp
KayeCTBEHHOH HMHpOpManuM THTA «ecld X Majoe, TO y 060Jib-
moe». braromaps HCNOJb30BAHHMIO HEYETKOTO MpEeACTABIICHHSA
MOXHO ONpENENHTh CyTh paboThl 3KCHepTa.

Kpome ympapieHHsI CymecTBYeT MHOXECTBO ApPYTHX obiac-
Te#, B KOTOPbIX 3¢ (deKTHBHO pabOTAalOT HEYEeTKHE 3KCTEPTHBIE
cucteMpl. Cpeadl HUX: MOMCK HEHCTPAaBHOCTeH, MeaMuumHCKas
JMArHOCTHKA, TIaHMPOBAHHE, MPOEKTHPOBAHHE CHCTEM, 3KOHO-
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MHYECKHAE MPOrHO3bl, HHBECTHPOBaHHUE HE€HHbIX GyMar, mpOrHo-
3HpoBaHHe cObITa, NPUHATHE 3KOHOMHYCCKHX pellieHHi, Moj-
roropka OHOIHOrpaduyeckux aHHOTANuMH, KOHCYIbTAHH IO 3a-
KOHOATEJIbCTRBY H mp. Oxuaaercd NOsBIICHHE HeUeTKHX KCIIEPT-
HBIX CHCTEM, KOTOpble OyayT HCHONb30BATBCS B «HOPOXHBIX»
KOMIBIOTEPAX AJIA PELLUEHHs 3aJa4 MAJIbIX NPEeJNPHATHHA H Opy-
THX OpraHHM3apHi.

4.2. COCTABJIEHHE PACIIMICAHUS ABTOBYCOB

4.2.1. O PACIIMCAHUH ABTOBYCOB

[11aHOBOE ABMXKEHHE aBTOOYCOB MO MAPIIPYyTaM HaydHACTCS
C COCTaBJICHHS DAcNMHCaHHs, ¢ Haumbompuiedl 3hdekTHBHOCTLIO
yIOBJIETBOpsIONIEro TpeOOBaHMSM maccaxupos. PacmHcaHue
BCErJla COCTABJSUIH CHEIMAJIbHbIE COTPYOHHKM TPAHCIOPTHOTO
yIpaBJlieHAs, XOPOILO 3HAKOMBIE C COCTOSIHMEM [ieJ1 Ha BpIOpaH-
HBIX MapmpyTtaXx. [Ipy 5TOM NpUHUMAIOTCA BO BHEMaHue Tpebo-
BaHHUsA MACCAXHPOB, YCIOBHS ABYKEHHS HA JOPOrax, 3KOHOMH-
uyeckHe (akTOphl, a TakKe ycjaoBHs paboTel BoguTesied. OaHAKO
JaXe MPY HAJMYHH MHOTOJIETHErO OMNBbITA H CepHafbHBIX 3HA-
HHIi HY)KHO 3aTPATHTh MHOTO CUJI ¥ BPeMeHHU JJif TOro, 4ToObI
HAWTH TpHEMJIEMOe pellleHHe, yIOBICTBOPSOIMEe pa3Hoobpas-
HBIM, MPOTHBODEYAIIHM JPYI APYry YCJIOBHSM, YTO SBISETCS
60O HAarpy3ko#l Jaxe [jis CegdajucTOB U IJIABHBIM IIpe-
ISATCTBHEM I COBEPIUEHCTBOBAHMS pacnucaHus. i TOro
YTO6BI HCTIPABUTH MOJIOKEHHE, 4 B JAJbHEHIIIEM CITOCOOCTBOBATE
HHPOPMATH3AHA BCero aBTOOYCHOTO MpeAlpusTds, pazpabo-
TdHAa aBTOMATH3HPOBAHHASA CHCTEMA COCTABIICHUSA PACIHCAHUA
aBTO6YCOB.

B naHHO# cHcTeMe cocTaBiieHHe PACOMCAHUS aBTOOYCOR pe-
maeTcs Kak KOMOWHATOpHAs 3aJa4ya OPH pasJiMyHGLIX OrpAHH-
YHBAIONIMX YCIOBHAX. Brarogaps crneqOBaHMIO 3BpHCTHYECKUM
MeTogaM, GeccOo3HaTeIbHO HCMOJB3YEMBIM CHenUalIuCTaAMK, KA
KOMIIbIOTEPE peasn30BaHO 3((EeKTHBHOE COCTABIICHHE piCld-
C4HMS TOTO Xe ypPOBHS, YTO U MpH Py4HOH pabore.

I1pu aBTOMAaTH3agUY TIpojecca 06pabOTKH B TAKOM JeJie, KaK
COCTABJICHHE PACTHCAHHMA aBTOOYCOB, BCTPETHIIOCH HECKOJIBKO
TpyaHocTedl. Cpeay HUX cleyeT OTMETUTh TPYAHOCTH BKJIFOYe-
HHASl HEYETKOCTeH B YCJOBHS, HMCNOJb3yeMble TPH pelleHH¥ 3a-
Aayd. DTH TPyIHOCTH ObliM NpeofoJieHbl 61arogaps MOHSITHIO
HEYETKAX MHOXECTB.
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JlaHHas cHcteMa pa3paboTaHa coBMecTHO pupmamm «Koaii-

" XHH KIOKO A3HTIny», «Tocubay M «HuNmoH cHcyTaMy».

Yetwipe 2j1eMeHTA PACHHCAHHA

CymecTByroT pa3imysbie GOPMBI paclHCaHHs aBTOOYCOB: OT
CaMbIX OYEBHJHBIX A0 O4YeHb CJIOXHbIX, HO MOYTH BO BCEX
pacTyCanysX JIETKO OOHAPYXHUTD CIIEAYIOIHE YE€THIPE 3JEMEHTA ~
PACCTOSIHHE OT rapaka KaKk HayalbHOro MyHKTA ABWXEHHS OO
KOHEYHOH OCTAHOBKY, 3aTpayeHHOE BpeMsi, BpeMs Hayaia M KOH-
1d JBWXKEHHSA U MHTEPBAJI MeXay aBrobycamu.

PacctosiHve ¥ 3aTpaueHHOe HA MapIIpyT BpeMs MOXHO
U3MEPHUTEL KK HEMOCPEACTBEHHO, TaK W KOCBCHHO. 3aTpayeHHOe
BpeMS HEPEAKO MEHSETCS B 3aBHCAMOCTH OT HAIIMYMS B TeyeHHE
JHS NOPOXHBIX NPODOOK, a4 TAKKE OT HANPABICHHS NABYDKCHMS,
B ciyyae korma BpeMs paziMuaeTcs B pasHple JHM HenelH
H BpEMEHA roja, 3TO JOJDKHO HAWTH OTpakeHHEe M IIPH COCTAB-
JicHHH pacmucaHMs. boniee TOro, 4acto BapHaHTHI PACTIHCAHMS
COCTABJIIOTCA C pefiblo 60Jiee MOJMHOrO COOTBETCTBHSA MEHSIO-
HIEMCSl TPeOOBAHMAM MaACCAXHPOB.

Hayamo M KOHey [ABWOKEHHsS, HampHMep, IS MEpeBO3KH
pabovmX, cayXanMX H yYalmxcs OUPeAeIAIOTCA B COOTBETCTBHH
¢ HX NOXEJNAHHAMH: HAYaJO TeM paHbllie, yeM OoJipllie pac-
CTOMHHE OT HEHTPA A0 MecTd HX XHTENbCTBA, 4 KOHEy TAaKOM,
4yTOOBl 3aXBAaTHTh BCEX 3aJiepXUBAOMMXCS HA pabote. B aToM
crnyuae HeoOXOnMMO cO34aTh ONpejesieHHble ynoGcTBa, HANpPH-
Mep A7 Mepecaixd Ha 3JIeKTPHUKH.

HHTteppaiibl Mexay aBTOOYCAMH PACIIPEAESAIOTCS UCXOASA U3
YHCJIA TACCAXXHPOB B PA3HOE BpEMs JIHS H BMECTHMOCTH aBTO-
Oycos. TlouTH Ha BceX MAapLIPYyTaX YTPeHHHE YaChl UK KOPOUE,
4YeM BeuepHHE, KPOMe TOro, CyLIECTBYeT Oobluas noTpe6HOCTh
B MEPEBO3KAX U B APYTOE BPeMs JHsA, HO3TOMY B yTPeHHHE 4achl
KK yCTaHaBIuBaeTca 60Jee KOPOTKMHA MHTEPBAJ ABHKEHHSA, YeM
BeuepoM. O6bIMHO JTHeM NOTpeGHOCTHL B MEPEBO3KAX CHHXKAETCH,
HO B TOPrOBBIX Pa#OHAX C KPYNHBIMH YHHBEpMAaramu BeiOHpaert-
Csl MHTEpBaJ ABWXEHWS, PACCYMTAHHBIM HAa MEPEBO3KY MOKymMa-
Tesied aueM. Ha Mapuipytax, rae mpeacKkasbiBalOT AOPOXKHEBIE
NpoOKH, MPeaycCMaTPHBAKOT 3aMac BPEMEHH, YACTO YCTAHABJIH-
BAFOT BpEMS OTCTOA A0 OTHPABJICHHs: K KOHEYHOMY TYHKTY, Tak
YTO MpH OMO3JAHWH UHTEPBAJ JBIKeHHA MOXHO BOCCTAHOBHTb.
Ha npHropoaHeix craHmusx ¢ H¢GONBIUAM YHCIOM aBTOOYCOB
NpeyCcMaTPHBaIOT yAOOCTBA [UIs MACCAaXHPOB, KOTOphIe Mepe-
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CAXKMBAIOTCH Ha JJIEKTPHYKHM, 32 CYET HE TOJHKO BHIOOpA Hayaja
U KOHI[A JBMXKEHMs, HO M OTMpAaBJieHH# aBTOOYyCOB B Opyroe
BpeMs aHA. B dacTHOCTH, yTpeHHHe aBTOOYChl MPUOBIBAKOT 10
OTNpaBJIEHHs JJNEKTPHYKH, & BEYEPHHE —NOCNE NPUOBITHS JJIEKT-
PHUKH, 3TO AOJDKHO YYHTBIBAThCA NPH OTpe/e/icHUH HHTepBaja
IBYOKEHMA, T.€. BPEMEHM NMpUOBITHA W OTmpapierus. B apyrux
paifoHax OCHOBHAs HEJb —COTJIACOBAHHE C BPEMEHEM ABMKEHHSA
napoMa u T. I. Hepegko BcTpeyaloTes cliyuad cO3faHHs ynoOCTs
JUIA Tiepecaikd Ha apyrde aprobycel. B Mecrax, rae Maio
apTOOYycOB, Ha KAKOE-TO BpPEMs CTaparoTcsd MO BO3MOXHOCTH
YCTAHOBUTH OAHO M TO XXE BPEMsi OTTPaBJIEHHst aBTOOYCOB [UiA
TOro, yTobbl MaccaXXUupbl JIETKO 3aMOMHHIIM 3TO PACMHUCAHHUE.

TakuM 00pa3oM, CHenuUaIUCThI 10 COCTABJICHUIO PACTMCAHUA
ONpefelsioT BpeMs NPUOBITHA H OTIpaBIEHHs aBTOOYCOB B Ha-
yaJbHBIX ¥ KOHEYHBIX MyHKTAX H [PYTHE 4EThIPE 3JIEMEHTA
pacnyucaHus.

IMycTh MapmpyThl BbIOpaHBI Tak, kak Ha puc. 4.1. Hanbons-
mas MOTpebHOCTh B MEPEBO3KAX —MeXy cTaHuued D u ropogoM
E, uyTh MeHpIas NOoTpebHOCTh B MEPEBO3KaxX —MEXay rOpOAOM
E u mnpuropogom F. IlpuBokzanpHas MIOmagp HA CTaH{UH
D TecHad, Ha He#t TPyAHO BBIACIUTH TUIOMAAKY AJ CTOSHKH
apTo6ycoB BO BpeMs OTabixa BoguTened. OaHako BOJIM3U craH-
i C ¥ B ecTb aBTOCTOSHKH, KOTODPbIE MOXHO HCHOJIB30BaTh
KaK MecTo OTjbIXa. B 06uieM ciyuae, eciu ecTb yAOOHOE MecTO
B Tapaxe, Ha HEro MOXHO NMOCTABUTh aBTOOYC M OTAOXHYTb, HO
B JAHHOM Cliyyae rapax A HaxOomdTcd OOBOJIBHO AAJIEKO OT
craHIMH D, Mo3TOMy U3 3KOHOMHYECKHX cOOOpaXkeHud cleayer

/l‘l’;:zapai F

lopad E

XKeneswas
dopoza
Cmangus C

Tapax A

Puc. 4.1. IIpumep MapmpyToB aBTOOGYCOB.
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Puc. 4.2. Ilpumep 1: pacuucanne u ero YeThIpEe JICMEHTA.

BCAYECKH HM30eratb TOro, 4yToGbl BOAMTENM IS OTAbIXa crie-
IHMaJbHO BO3BPAIIANKCh B rapax.

Ilpexne Bcero onpeAenuM Uil AAHROTO MapIupyTa 4eTbipe
3JIEMEHTA PACMHMCaHMsA. DTH JJIEMEHTHI CTAHOBATCH OMEBUAHBIMH,
€cliM WX MPEOCTABUTbL B BUJE JIOMaHbIX JUHMH (puc. 4.2 u 4.3).
Ha puc. 42 u 4.3 pgaHbl OgHM M T€ JXXE YETHIPE 3JIEMEHTa
pacniycadys i1 BTOPOH MOJIOBHHBI AHs. [10 BEpTHKanH OTJI0XKe-
HO HE paccTosiude, a TpebyemMoe BpeMst. [1pH 3TOM O4EBHAHO, YTO
MyTH [ABMOKEHHMS aBTOOYCOB B OJHOM HANpAaBJIEHUHM TNPEACTAB-
JIEHBl MApaJUICNbHBIMU JHHHSMH. [10 TOPU3OHTANH OTJIOKEHO
BpeMs 1HSA. ABTODyc, OTMPaBHBINMCH OT rapaxa A4, Hampas-
nseTcs K craHuud D. B 310 BpeMs B HEM HeT moTpebHOCTH,
MO3TOMY OH IPOCTO MEPETOHAETCA (Ha PUCYHKE 3TO 0003HA4YeHOo
ITpUXOBO# JMHUEH). OT craHmuu D OH HampaBisiercs K CTaH-
mud E, rae o6clyXHBaeT macca’XupoB, HAMpPaBJIAIONMXCA JHOO
B npuropox F, nu6o x crauguaM C u B. Bce 310 BpeMs oH
MEPEBO3UT MACCAaXMPOB, YTO HA PUCYHKaX MOKA3aHO CIUJIOIIHOMN
nuHAeH. MapmpyTt nBmKeHus aBTrobyca B 00a kOHpa mpen-

23
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Puc. 4.3. Ilpumep 2: pacnucande H €ro 4eThIpe JJIEMCHTA.
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CTaBJIEH B BHIE MUIO0Opa3HOH MuANM. Bepmnn! kaxaoro 3ybua
MOKA3LIBAOT OTCTOM apTOOyca. UeThpe 3/IeMEHTa pacHucaHhs
MOXHO MpPEACTABHTP KAK MHOXECTBO TAaKMX MHIOOOPA3HEIX
JIMHMI, NOKa3aHpIX HA PUCYHKAX XHPHBIMH THHHAMH. Ha sTom
3Tane 3TH JIMHUH €IIe HE HMEIOT Kakoi-a1ubo cBs3n. OuHH
SBJSIFOTCS BXOIHBIMH YCTIOBHSIMH ISl COCTABJIEHHS PACHHCAHHS.

YcaoBusl COCTaB/ICHHS PaclHCaHMA

CoenHAM BMeEcTe MHIOOOpa3Hble TUHHH, MPEaCTaBJIAIOIIME
YETHIPE IJIEMECHTA PACHACAHMSA, H CTPYNNMPYEM HX MO BPEMEHH
pabotsr kaxporo somurens. Ha pHc. 4.2 MOXHO BHIIEIHTH
TPyOmbl JIHHWHA, MOMe4YeHHbIx pubpamm 1-4. [Jliuma JIMHEMA
OJDKHA COOTBETCTBOBATbH BPEMeHH paboTwl BoauTtens. EciH
JUTMHA OONpInas, NPHXOOUTCS BHIUIAYMBATL BOAUTEIAM 34
CBEPXYPOYHYIO paboTy, YTO YMEHbLINAET HPHOLLTL, 4 MpeBHIIe-
HHE BPEMEHH B HECKOJIbKO PAa3 BIMSACT HA [IBHXEHHE aBTOOYCOB
B nesiioM. Ecau ke, Hao60poT, IIMHA IMHHM KOpOTKas, MO-
SIBJIAFOTCS. HEUCIIOJIB3YMBIE PECYPCH 3a CYET BMECTHMOCTH M YHC-
Jia aBTo6yCcOB, 4TO HEBHIOgHO. BO Bpemst paGoThl BOAMTENAM
Heo6X0AMMO MPEeIOCTABHTH MUHHMAJILHO HEOOXOAMMBIH OT gBIX.
KopoTkMii OTapIX yXynumMT ycioBHA paGoTHI, MOBpEmUT 6e€3-
omacHocTH. CiMuIkoM 60ibIioi — HeBbIroaeH. {19 OTABIXa BaX-
HO BHIOPATH HE TOJNBKO €ro HPOAOIDKHTENHHOCTH, HO H BPEMA.
OTapix He 00A3aTeNbHO JOJKEH OBITH Pa30BbIM, IY4ILIE 3TO
clenarh 1Ba pasa, a eme Jydlle OTABIXaTh, KOrga BOIUTENb
MOYYBCTBYET yCTaNOCTh. B ciiyyae MHOrOkpaTHOro oTabixa He-
06x0qMMO 110 KpafiHeil Mepe OfHaXIBl OPEIyCMOTPETh BpEMS
ans ob6ena. HIoMHMO OTIEIXA MPHHMMAIOTCS BO BHIMAHHE MECTa
COelMHEeHHA 3yO610B Ha pHCYHKax, T.€. BpEMEHA OTCTOeB Ha
KOHEYHBIX CTAHIHAX EPER OTNPaABICHHEM aBTOOycoB. Paccyxne-
HASL O BPEMEHAX OTCTOS KaK MECTax COeQMHEHHs 3yOpoB aHa-
JIOTMYHBl pACCyX[CHUSM O BPEMEHAX OTCTOS B BEPIUHMHAX 3y0-
woB. JKenmarenbno, 4TOOH 3TH BpeMeHAa OBIIH B Pa3syMHEIX
npenesax HeGONbIUMMH, HO B MECTaX, I/Ie OKHAAIOTCSA 3aTOPH Ha
AOpOrax, BPEMEHA YCTAHABJUBAIOTCS 3aBeOMO OosbINe, YTO
TaApaHTHPYET MEPHOMMYHOCTE ABMXEHUA. OcTapiieecs Bpems—
BpeMs IBHXKECHMS, KOTOPOe, KOHEYHO, JOJDKHO OBbITh MUHEMAITH-
HO HeoOXomuMbIM. TO, 4TO CBS3BIBAET W OOBEOHHSET MeXIy
¢o00# 3yOupl 5TUX JMHMH, HA30BEM PAaGOYMM paCIUCAHHEM.

HepsbiM dakTOpOM, ONpeensIOMAM SKOHOMHYHOCTD PACIIH-
capus, sBIAETCs HEOOXOuMOe 4HMcIo aBTOOycoB. YeM MeRbine
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Oyder WX YMCIO, Tem ayuiue. JIJIs peaju3anMd Ha OPAaKTHKE
pacmucaHus HEOOXOQMMO pacmpenenuth paboune pacnHcaHus
MeExny BoauTeldssMH H aBToOycamu. IlpemnaraeMeiii 3pech me-
TOJ, MO-BHAUMOMY, HE OTJIHYACTCS OT IPHHSATOTO HA ApYrux
aBTOOYCHBIX MPEANPHATHSAX. €XEIHEBHO BLIAENSETCA TPYNNa BO-
IuTeneil X aBTOOYCHI, T. €. aBTOOYC, KOTOPBIA Bes OTAbIXAIOIHH
B [JaHHBIH MOMEHT BOJMTENb, HA BPEMS €ro OTABIXAa He Mepe-
jaercst Apyromy Bonurtento. OQHaKo €CiM BOAHUTENb B 3TOT J€HD
3aKOH4MI PaboTy, TO ero aBTo6yc HCIOJB3YETCH APYTHM BOIHU-
teneM. Takum obpas3oM, ¥HcIO aBTOOYCOB B MOMEHT, KOrna
HAKJIAZBIBAIOTCS APYT Ha Opyra MAakKCHMAIbHOE YHCIIO JIHHHI
pabouuX paclHCaHHi, 35TO ¥ €CTh YHCJIO aBTOOYCOB, HEOOXOMH-
MO€ JUIf BHIXOJa MO 3TOMy MapmpyTy. Mrtak, cocrasieune
ONTUMAJILHOTO pACHUCAHHMS aBTOOYCOB cBOOMTCS K OoOHapyxe-
HHIO Tako#i koMOuHAamuM (HakTOpOB, MpPH KOTOPOH CTAHOBHTCA
Mo BO3MOXHOCTH MHUHHMAJbHBIM MAaKCHMyM HAJOXEHHIN BO3-
MOXHBIX PabOYMX PACIHCAHWH TMPH YCIOBMAX HAWIYYIUETO BhI-
60opa BpeMEHH DAbOTH, B TOM uHCiIe BpeMeHH pabGoThl Ha
MAapHmpyTe, BPEMEHH OTABIXA, BPEMEHH OTCTOSA H APYTHX (hak-
TOPOB.

Ecmu cnenoBaTh ykasaHHBIM BbiIEe cOOpaX€HHAM, TO HaH-
JIy4LIAM BHIXOAOM JOJDKEH 6bLJ1 OBITh BAPHAHT CO ClHEMICHHBIMH
3yOriaMH, HO 3TOT BAPHAHT He Bceraa ynobGed. B obmiem crydae
CYILIECTBYET 3aMETHOE pa3uine B OOBEME MEPEBO30OK B YTPEHHHE
H BEYCpPHHE 4Yachl MHK M B AHeBHOEe Bpems. Ilpuyem yrpom
nOTpeOHOCTL B MEpPEBO3KaX BEILIE, YeM BeuepoM. CleqoBaTenn-
HO, I TOro 4toObI CHpaBHTbCS C MEPEBO3KAMH B CaMOE
HanpsDKeHHOE BpeMs, HANPUMEDP B 4achl MHK, HEOOXOIUMO OCO-
ObIM 06DPa30M COCTaBJICHHOE PACHHCAHHE, KOTOPOE HA B KOEM
cilyyae He Moxer OBITh HAPYIIEHO B TEYeHHE YCTAHOBJIEHHOTO
BPEMEHM paboTHL B 3TOT AeHb. MTaK, BAXHO MO BO3MOXHOCTH
MHHAMH3HPOBAThL YHCIO aBTOOYCOB HA JIMHHH, BKJIIOYAad aBTO-
Oycel, Heo6xomMMBle JUIS COequasIbHBIX pPACIMCAHHE TAKOrO
pona.

4.2.2. ®YHKIII ABTOMATU3NPOBAHHOI'O COCTABJIEHHUS
PACIIMCAHMA ABTOBYCOB

ITpo6nema cocTont B moHcke KOMOUHaIMH 3y610B KaK hop-
MBI MPENCTABICHMS HYCTHIDEX 3JIEMEHTOB DPACHHCAHMSA, CIEnys
KOHKPETHOM [1€71M TpH Pa3IMYHBIX OIPAHHYCHHUSX (OT YACTHOTrO
K o0meMy). B 3TOM cMsICiie OCHOBHOM METOJ PeIleHHS ITOMH

14-6830
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npobieMsl MO100€H MeTOAaM, HCTOJIE3YEMEBIM B CHCTEMAX aBTO-
MATA3HPOBAHHOTO NPOEK THPOBAHMS, HAPUMED, MeYaATHHIX [UIAT.

MHorue U3 ycnoBuii KOMOBHUPOBaHuUS 3yOLOB HE ABJIAIOTCA
crporumMy. Hanpumep, o0bIMHO HeBO3MOXHO CO3JaTh paclyca-
HHE, B KOTOpPOM Oyaer MOJHBEHI HAabop miuH paboumx pac-
OHCAHMHA, T.e. BpeMeH paboThl BoguTenell 3a feHb, MO3TOMY Ha
MpAaKTHKE BBIOMPAIOTCA KOHKDETHHIE [{€JIeBHIE 3HAYeHHs, U CO-
CTABUTE/H BHIHYXXACHB! boJiee WM MeHee NPUIEPKHUBATHCS ITHX
sHavyeHuil. To ke camMoe MOXHO CKa3aTh O BPEMEHH OTCTOSN
Y BPEMEHH OTAbIXa. [IpyruMu crnoBamwu, IiaBHas [€Jb —COCTAB-
JleHHe ONTHMAILHOTO PACIHCAHHS B HEJOM, B KOTOPOM BCe WIH
MHOTHE (HaKTOpHl HAXOAATCSH B NONMYCTUMBIX HA MPAKTHUKE Npe-
OeNiax ¥ OTJIMYHH OT MAeaNIbHBIX 3HAYCHUIA.

IBpHCTHIECKAR METOX

ByneM cocTaBiATh pacmUcaHde, WOBTODAS MPOLEMYpY HA-
BJICYCHH ST OMHOTO pacnucanus ¥ noabopa U3 ocTaBIMXCS 3yO10B
BTOpOoro pacmucanusi (puc. 4.4). OueBHAHO, YTO NpPH TAKOH
npouenype obpasyercs mepeBo, a 4YHMCIO KOoMOMHanmii pacrer
B T€OMETPHYECKO} NpOrpeccyy, 1 MeTo 1 MOJHOTO Nepebopa Beex

HayamHele
yonoeud

/ge/%mﬂ ;”
Hi a Kangudamyea
g 5::0/"7”’52”4’5} g pamamf%

Em%a,v Bmopas
Kangu, mé/{a Kandudamypa
§ pacnucarie 8 pacrucarae

Nocaednss
randuiamypa
& pacnucayue

Puc. 4.4. lepeBo upuHATHS peiucHus.
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CJTy4aeB 3AECh HE MPUIOMEH M3-32 CIHUIIKOM GOJIBLIOTO Bpemenn
BBLIYHCJICHHIA.

MeToasl noBbIIeHHs 3(DEKTHBHOCTH MOMCKA pellenus u
OpPEAOTBPAEHUS POCTA YHCIa KOMOHHAIME OOLIYHO HA3BIBAIOT
IBPUCTHIECCKMMH. DTH METOBI MO3BOJISIOT M36eXaTh nepebopa
BCEX TCOPETHYECKH BOZMOXHBLIX CIIYy4aeB, NPHHHMAIOT BO BHH-
MaHUe 3HAHAA 06 OCOGEHHOCTAX pelacMoil MPOGIeMH U noJy-
H4I0T peLICHHE 33 pa3ymHoe Bpems. Bribop koHKkperHOTO 3BpH-
CTHYECKOTO METOA 3aBHCHT OT OCOOEHHOCTEH MPOGIEMSL, MO3TO-
My, BO3BpAIAACh K MPOGIIEMe COCTABIIEHUS PACTIMCAHHS, OTMe-
THM, YTO Ka)a0e aBTOOYyCHOE MpeanpusTHe HMeeT CBOI pacmo-
PANOK pabOThL, CBOU COOGPAXKEHHUS 110 TOBOIY pacriycanus, T.e.
MOTYT MPHUMERATL pa3iHYHEIE 3BPHCTHYECKHE METOxbi. Omuako
npeanoyTATeIbHee HAUOOJIEE YacTO HMCMOMb3yeMbI MeTo,

IIpexpe Bcero, oueBMAHBI Cleayiomme TP YCIOBUS (onu
CYIIECTBEHHO COKDAIMIAIOT YHCIO KOMOWHauii);

1) 3yOrpl COENUHSMIOTCS APYT € APYTOM TAKHM obpasoM, yto
aBToOyC, BepHYBIOMICS B KAKOH-THOO KOHEWHBIH OyHKT, OT-
OPABJSAETCA U3 3TOTO Xe MYyHKTA,

2) KOMOMHA MM, B KOTOPBIX MpPERyCMATPHBAETCS OTIBIX
B KOHEYHOM MYHKTE, HE ODOPYNOBAHHOM JUIS OTIBIXA, MCKIIO-
4a10TCH;

3) npu npuHGAMKEHMH BpeMEHH OTpIXa MPEAMYIIECTBEHHO
BoIOUpaeTcss KOMOHHajMsi 3y610B, BeAyLIAs 4epe3 3alaHHsni
3yben K KOHEYHOMY MYHKTY, 060pynOBaHHOMY IS OTABIXA.

Kpome toro, no6asum cnenyromee sspucruueckoe NpaBHJIo
KaK CpeACTBO MPOTHO3a BBIOOpA KOMOHUHAIMIL:

4) npeuMyIEeCTBEHHO BLIOUpAeTCs KOMOHHAITMS, NPH KOTO-
PO# OTZBIX MEPEHOCHTC HA MeHEee HANPSDKCHHOE BpeMSs HSA.

Eciy aBro6yc HAXOQuTCS HA OTHOBIXE B YACHE MK, BMECTO
HCTO Ha JIMHUIO HEOGXOLMMO OTMPABUTHL APYTO#l ABTOGYC, YTO
YBEJIMYHBACT YHCIIO HeOOXOAUMBIX MAIIIMH, 4 3TO HEAKOHOMUYHO.
Kpome Toro, ecnmu mHOro asro6ycos pabortaer B cBobGomHOE
(IHEBHOE) BpeMs, TO B IPYroe Bpems BO3pDACTET 4UCIO aBTO-
OycoB, KOTOpBIE OTMpABATCA Ha OT/JBIX, YTO HEPanuOHAIBHO.
IIpy BEIMHCTIEHASX CAMBIM TIIATENbHEIM obpa3oM omnpenensercs
YHCIO aBTOOYCOB, HEOOXOIMMBIX g pasrpy3Ku naccaxupo-
TMOTOKOB B 4aChl MK, HO yCIOBMeE 4 31€Ch HHOTAA MOXeET CTaTh
crabbim. TT0aTOMy MpesycMOTPHM TaKe CIEQYIOIEE YCIIOBHE:

5) xoMOuHaMKU, B KOTOpPBIX TMpEeNyCMATPUBACTCA OTHBIX
B 4acel mMK, He BHIGMPAIOTCH, T.e. UCTONB3YIOTCS KOMOHHAIMA
C HEMPEpLIBALIM CHEA0BAHUEM 3YOHOB B pacmuCaHuu.
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M3 cka3aHHOTO BBIIE OYEBHAHO, YTO €CJIM PACIMCAHUS pac-
CMATPUBATE ONHO 33 APYrMM, TO HA HEKOTOPBIX 3Tanmax OyayT
B GOIBLIOM KOJMYECTBE BBIMOTHATHCA ONEPAUME MO ONTHMU3A-
HHH OTNCNbHBIX PACHUCAHHMHA BHE BCAKOH CBA3M C APYrHMH
PACIHMCAHMSMY, H B EIOM OXHIATh XOPOILUErQ PACIHCAHHS He
NPUXOAMTCA. ITO CYmMECTBEHHO YCIOKHSET COCTABJICHME pac-
nucaHus aBTo6ycos. Bompoc B ToM, X0 Kaxux mop npoxosokaTh
MpOCMOTp pacnMcanuit? Beirogna ciemyromas crparerss:

6) OpW COCTABJICHHM PACTIMCAHHSA ITYTEM nepebopa 3y6nos ux
BEIOOD OcymecTBseTcst TaK, YTo6bl OCTaBIHecs 3yOLbI JIerko
COCMHAIIUCE APYT C APYTOM, 4 YHCJIO OCTaBLUMXCH MOCie 3TOro
3y610B OBLIO MHUHAMAaNbHBIM,

Hcnoneays mpuBenenHble BB OCOGEHHOCTH HAmel TpO-
6neMBl, MBI YMEHBIIAEM YHCIO BO3MOMKHBIX KOMOuHanuit, HO
HEOOX0MMMO emie MPHIIOKHTL HEMAJIO ycunai, 4robbl rOTOBOE
pacnucanue ObLTO ONTHMANBHO C TOYKH 3PEHHS YCIOBHix Tpyaa.
H6o paxe ecnu MBI, HATpUMeEp, COEAMHUM BCe 3yOupl ¥ caenaemM
MHHMMAIbHBIM YHCIIO HEOOXOIHMMBIX aBTOGYCOB, TO MPH TAKOM
HACUILCTBEHHOM COCMHEHHM MONYHHTCS DACIHCAHUE, KOTOPOE
Oyzer TPYmHO COONIOAATH, 4TO, KOHEYHO, Henpuemiaemo. [lo-
3TOMY, 3a4aB CIEAYIOIEE YCIOBHE, OyoeM yiydiliaTh KayecTBO
TOTOBBLIX PACHHCAHUY OJHO 32 APYIHM:

7) UperMyIECTBEHHO BHIGHPAIOTCS KOMOUHAIMY 3y6p0B, KO-
TODBIC JAFOT ONTHMAJIBHOE DEIlEHHE C TOYKM 3DEHHS BPEMEHH
paboThl, BpEMEHH ABIKEHMS, BpeMEHH OTHBIXA H APYTHX yCIIo-
BHMH TpyZa.

JAns OpmeskA ONTHMAAbLHOCTH YCIOBMH Tpyda BOMTENe
HEOoOXOMuMBbI 060CHOBAHHbIE MHEHHS CIICHMANHCTOB, M HA 3TAMe
nepebopa TOTOBBIX PACIMCAHMI BO3HHMKHYT PACXOXK/ICHHS BO
MHEHMSX, KOTOpBIE, 6e3yCc0oBHO, GyAeT TPYaHO onpexenuTh. Bee
3TO PaCCMOTPEHO B CIEAYIOIEM pa3iede.

Kpome nannoro Merona umerotes npyrue yIdayHble 3BPHUCTH-
YECKUE METOABI, KOTOPBIE TPYAHO MpEACTaBHTL cioBamu. Ho
TJ4BHOE COCTOMT B TOM, 4TO Onaropaps BHIGOPY B mepByro
O4epe/lb KOMOMHAIMIH, KOTOPBIE HMEET CMBICI M3y4aTh, COKpa-
W@CTCA YUCI0 HEYyNAUHBIX OPOO0, 4 MOMCK C BO3BPATOM K IIpe-
JABIAYIMM BADHAHTAM MPEAOTBPAIMAET POCT YMCIA KOMOMHAME.

O0paboTka HeueTKOCTE#

C nosumuit CYIIECTBYIOIEH TEXHHUKM B 3a]24aX He AOJKHO
OBITE HeveTKOCTel. OHa Gasupyercs HAa TOM, 4TO BCE CTAHAAPTH-
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3UPOBAHO, CTPOT'O ONPENEIICHO U JIETKO obpabatriBaetca. OgHa-
KO, KOTJa Mel B IpOnEcce mepebopa PACHHCAHHM OeHHBAEM,
MOAXOMMT JIM TO WM HHOE PACHCAHHUE, COMOCTABJISAA €70 C YCIOo-
BHAMH TPY/d, MBI JOJDKHBI PAHO HIIH MO3JHO PA3PELIMTh MpPo-
611eMy HEYETKOCTEH pa3HOro popa, KOTOPbie BKIIOYEHL! B Mpen-
CTABJICHHE 3TUX YCJIOBHH.

HampuaMep, ecTs yClioBHE BOCBMHAYACOBOTO pabouero mHs.
OueBnanO, OOHApY¥B B Tab1. 4.1 mpuMepst ¢ BpeMeHem pabo-
o 8:12 m 8:02, MBI Ha OCHOBAHHM 3TOTO YCIOBHA HPHMEM
COOTBETCTBYIOLIME DACTIMCAHMS B pesioM. J[pyrHMH crloBaMmu,
OYEBMIOHO, YTO CPEIH YCIOBHH mepebopa 3yOnoB €CTh HedeT-
KOCTH, KOTODHIE 3apaHee OJHO3HAYHO OMpPEACIHTh HE yaaercs,
4 crocobsl 0OpaboOTKH M WCMONB30BAHMSA 3THX HEYETKOCTEH
SBJIAIOTCS KIFOYOM K DELUCHUIO HAIlei MpobiieMbl.

Tabauya 4.1. BpeMs paboTH ¥ €ro COCTABISIOIYE

Pacnu- Bpems Cocrapsstiome BpeMeHH
caHue pabotst
ABYXCHHE | OTHBIX OTCTOH noaro-
TOBKA
Puc. 4.2 1 7:58 4:36 0:50 1:42
2 8:12 4:52 0:55 1:35
3 8:02 4:52 0:53 1:27
4 7:46 4:52 0:49 1:15
A 1:43 0:50 0:00 ¢:03
B 4:16 2:36 0:00 0:50 |[O6bano
C 1:38 0:44 0:00 0:04 0:50
Puc. 4.3 1 8:08 4:58 0:50 1:30
2 8:12 4:52 0:55 1:35
3 8:02 4:52 0:53 1:27
4 7:46 4:52 0:49 1:15
A 4:40 3:04 0:00 G:46

B nannom cnyuae syuilie Beero cnenoBath o6mpM npasuiaM
00paboTKy HeYeTKOCTe#d. DTH MPABMJIA OCHOBAHBI HA MOHATHH
Heuerkoro Muoxectsa. I'osops o pacmucaduu apTo6ycoB, B Ka-
UCCTBE HEYETKOTO MHOXECTBA BBIJEIHM «MHOXKECTBO DACHHCA-
HHH C ONTMMAanbHBIM BpeMEHeM pabOTH», MPEACTABEM €ro
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COOTBETCTBYIOmMM OOpa3oM ¥ ucmosb3yeM. IlycTe 310 Oymer
MHOXeCTBO A.

MHoXecTBO A: MHOXECTBO PpACHHMCAHHH C ONMTUMAJIBHBIM
BpeMeHeM paboThL

AHaIOT¥YHO MOXHO T'OBOPUTH O BpeMeHH OBWKEHHS H Bpe-
MEHH OTHBIXA.

MHoXecTBO B: MHOXECTBO paCHHCaHHil ¢ ONMTUMANbLHBIM
BPEMEHEM BIDKEHHS.

MHoxectBo C: MHOXECTBO pAacCHHCaHWil € ONTUMANbHBIM
BPEMEHEM OTHbIXa.

PaccmoTpuMm 3aTteM MHOXeCTBO H pacnucaHHMH C ONTHMAJb-
HBIMH YCIIOBHSMHM Tpyna. B cooTseTcTBHH C mepeceueHHEM MHO-
KECTB €r0 MOXHO HPEACTABUThL B BHIE

MuoxectBo H=A4 N BN C N .... MHOXECTBO paCTUCAHHI
C ONTHMAaJIbHBIMH YCIOBMSIMH Tpyna. 4.1
MHoxectBo H Takxe HeueTkoe. CreneHb MPHUHAJIEKHOCTH He-
KOTOpOro pacnucanus d MHOxecTBy H OmpejesifeTcs Mo TOMY,
HACKOJILKO 3TO pAacMuCaHHe YHOBJETBODAET YCIOBHSAM Tpyna.
DyHKIMIO, OTPeJeAIOMIYIO 3Ty CTeNeHb, 0603HaunM vepe3 H (d)
Y WCMOJIB3YEM e¢ /IS Mpe/ICTABICHHsT HEYeTKOTO MHOXecTBa H.
Oyakima H (d) apiseTcd QyHKuued NpHHAIE)KHOCTH MHOXKECT-
Ba H. CymiecTBYIOT pazanyHble criocobnl ee onpepenenus. Hau-
6onee yacTo HCHOJB3yeTcd 3amuch (yHKiHH C YYeTOM BBIpa-
xeHus (4.1):

H(d)= A(d)A\B(@ANC@A... 4.2)

OyHkuug A (d)— (GyHKust TPHHAAIEXHOCTH Heue TKOTO MHOJKECT-
Ba A. Jlpyrumu cioBamy, 3T0 QyHKuus, onpeaessiom@as OnTH-
MaJIbHOCTh BpeMeHH paGoTel. B Heil yuMThIBAIOTCS HHTYHITUS
U ONBIT crepuaaucToB. Hampumep, OHA MOXET HMETh BUI,
MOKa3aHHBIM Ha puc. 4.5. bosee TOYHO ee MOXHO MPEACTABHUTD,
H3yYHB pacrhpejeieHue BpeMeH paboThl NJIsi MHOTOYMCIEHHBIX
NECTBYIOIIMX pACHUCAHMH, COCTaBJCHHBIX BpyuHyio. Tem He
MeHee aieKBaTHOCTh GOpMBI 3TOH PyHKHHH cleyeT OneHUBATh
HCXOAA U3 JOCTOMHCTB M HEJIOCTATKOB T'OTOBOTO DPACHHCAHHSA
B nenioM. Qynxyuu B(d), C(d) u gpyrue pns mHOXecTB B, C, .
MOXHO OTIPeJIEIMTh aHAJIOTHYHO, NPEACTABUB COOTBCTCTBy}OIIIHe
cOoOOpaXkeHHs )i BPEMEHH [IBMDKEHHSA, BpeMeHH OTIbIXa U OpY-
rax $akTopos.

Kak yxe rosopuyioch BBIIE, JIOTHYECKOE HPOU3BEACHHE
B mpaBod yvacTH (4.2) MOXHO BBIYHCAHTE HAa OCHOBE COOT-
BeTCTBYIOmmX GQyHKuuil nmpuHamiexHocty. Takum o6pa3om, mo-
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Bpempaiamu _Hapm apsments
no pacnucanunw d pasonms

Puc. 4.5. ®yHKuusa npUHAMIEKHOCTH.

JIy4daeM elle OJHO 3BPHUCTHYECKOE MPABWIIO: AJIS pacnucaHus d,
MOJIyYEHHOTO KaK KOMOMHAIms HEKOTOPBIX 3y0110B, ONpeeiseM
sHayenne Qyskuun H(d) u 3atem BoibupaeM Te koMOuHapHu
3y6110B, KOTODBIE YBEIHUYHBAIOT 3ITO 3HAYCHHE.

4.2.3. OUEHKA PE3VJIbTATOB

Ecnu pns ogHOTO ¥ TOro e MaplipyTa COCTABIAIOT paciH-
CaHHE HECKOJILKO CMEnualMCTOB, TO BPSI JIH TOTOBbIC pACTIACAHHS
6yayT omMHAKOBBIMH. Jlake KOTQa YHCIO HEOOXOOUMEIX ABTO-
OycoB Ul AAHHOTO Mapuipyra GymeT MOYTH OAMHAKOBOE, BO3-
MO>HbI HE3HAYHTEJILHBIE PA3JIHYHS B 3aBHCHMOCTH OT BHIOpaH-
HOM KOMOMHAamum 3y6poB. OjHAaKo, MO-BHIMMOMY, KAXKHAOE U3
STHX PACHHCAHMA NMPUTOJHO HA MpakTuKe. [{pyruMH CioBamu,
MpaBHILHOE PEllicHHe HEOQHO3HAYHO.

B paHHO# cucteme BCe BO3MOXHBIE KOMOHMHarmu He obpa-
GaThIBAIOTCA, A MOJIYYeHHOE pelleHue He o0s3aTenbHO OymeT
ontuMabHEIM. [103TOMy cpeay BO3MOXHBIX KOMOHMHapuil 3y6-
OB, KOTOPbIE MOXHO NPHHATHP B KAauyeCTBE DACHHCAHUS, OT-
OHparOT B KayecTBE KAHAMOATYD B pEllUeHHe CAy4ad ¢ HAMMeHb-
IIEM YyUCAOM HeobXomuMmblx aBTOOycoB. IIpM KOMMBIOTEPHOIM
06paboTke BO3MOKHO HECKOJLKO BAPHAHTOB PACTHCAHMH C Of-
HHM 4 TEM K€ YHCIOM aBToOycoB. B 3ToM ciyuae Bribuparotcs
4 UCTIONB3YIOTCS PACHHUCAHMs, KOTODble yHOOHBI OOCIYXHBAIO-
meMy mepcodHaay. Kpome TOro, MOXHO CKOppeKTHPOBATH pe-
3ynpTaThl paboTEl KOMOBIOTEPA, €CIIH NMEPECMOTPETh UX C TOUKH
3PCHHSA CleHaIiuCTOB ¥ BPYYHYIO BHECTH He3HAYHMTENLHBIE HC-
npasieHHs. Takyio KOPPEKTHPOBKY MOXHO CA€JIaTh, MCMONb3Ys
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KOMaHABl PeJAKTUpOBAHMA pACHHACAHHs, OTOOpaxaeMoro Ha
OWCILIEE.

[1pumepnt

Ha puc. 4.2 npuBeieH npuMep pellieHMs, BBIOPAHHOTO Cpeny
KaHOUAATYp B PACIHCAHYE, MOJIyYeHBBIX C MOMOLIBIO KOMIIBIO-
Tepa. DTOMy Pe3yIbTaTy KaK PELUeHHIO TPYXHO JATh XOPOILYIO
O1i€HKy, HO C MOMOMILIO MPOCTBIX ONEpapmii, ¢ TOYKH 3PCHAST
CTEHUAJIMCTA, Er0 MOXKHO NMpPEBPATHUTh B paclucaHue Ha puc. 4.3,
HMEIOIEE TpaKTHYEeCKOe 3HadeHue. [locnenoBaTenbHOCTh OTme-
pap¥i COCTOMT B CIEAYIOIEM: MpEXJe BCEro pacmucanue 4 Ha
pHc. 4.2 mpucoeAMHAETCS B Hayasio pacndcanus l, 3ateMm pacmu-
caHust | ¥ B Ha 3TOM e pHCYHKE pa3pe3aroTcsi B COOTBETCTBYIO-
IIMX OKpecTHOCTAXx pacnucanust C, ¥, HakoHey, $opmupyercs
BHOBbL PACIMCAHHE U3 MEPBOM yacTH pacmluCanus B, pacrmucaHus
C ¥ mocnenHedl wvacrtd pacrnucaHus 1. 3ateM mnepBas yacThb
pacriucanMs 1 crbIkyercs ¢ mociegHed 4acTpio pacmucaHus B.
B pesynbrate obpasyercs pacmucanue Ha puc. 4.3. Ecnu cpas-
HHUTB OTH JBa pacnucanug (puc. 4.2 u puc. 4.3), TO OKaXeTcd, 4To
B TOM M JpYTOM ciyuyae HeobxomuMmo 6 aBTobycos. OpHako
pacnucanue Ha pHc. 4.3 6osiee 3(hEKTUBHO, YeM pacrnicaHue Ha
puc. 4.2, [eiictBUTeNbHO, B WHTepBadax 14 4—-14y 30 Mux
1 19 4 20 MuH - 20 4 yKe OTCYTCTBYIOT ABa NeperoHa aBTolycoB,
OTMEYEHHBIX Ha pHUC. 4.2 INTPUXOBBIMH JIHHHSAMH, TPH 3TOM
COXpaHeHa MHTEHCHBHOCTb ABHXEHHsS aBTOOycoB. Umcno pabo-
YMX DACTMCAHHH, BpeMs pabOTBl B KOTOPbLIX MPEBHIIAET NpH-
HATBIE 8 Y, YBEJIMYMJIOCh HA €MHUIY, IPUYEM BPEMS [BIDKEHUS
HAXOAMTCA B JAONyCTHUMBIX mpeaenax (5 4). TIpoTskeHHOCTHL
CreManbHbIX PACTHCAHMH B 4yachl MUK cTaja Takxe 6ouibllie, HO
BCE €€ B NMpeaenax AOMyCTHMBIX HOPM.

Pacnmcanus B OCHOBHOM COCTaBISIFOTCS UMEHHO TAaKdM 00-
pa3oM. C TOYKH 3peHHs OOpabOTKH HEveTKOCTeH Ba)XKHO yMEJo
NpeACTaBHThL OIpAHWYEHHWsS, HATMpuMep B Buae GyHKuui npu-
HaJJIexHOCTeH Ha puc. 4.5. OyeBHAHO, 4TO [OAXE €CIIM pac-
NHCAHKE B 1IEJIOM HE BIOJIHE COOTBETCTBYET MPHHSTHIM HOpMaM,
OHO BCe Xe TOJMTCS KaK BapHaHTt pellienus. C caMoro Havyana
JKEJNATeJIbHO, KOHEYHO, MCXOIUTHh M3 pelleHus, moaoGHOro mo-
Ka3aHHOMY Ha pHc. 4.3. 3aTeM MOXHO BBOAWTb HOBBIE IBPUCTH-
YECKHE METOJBI, TOOABJIAThL HOBbIE ONEHKA M YBEJMYHMBATDH TJIy-
Onny moucka.
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CpaBuenHe BpeMeHH COCTABJIEHHSI PacHHCAHHS
HA KOMNLIOTEpE H BPYUHYIO

Ecru Bea pabora 1O COCTaBIEHHIO DACIHCAHHH BEAETCA
BpYUHYIO, Ha JUIMHHBIX JIMCTaX OyMar# puCyroT pacliCaHHs Ha
BECh JcHb, MOMCYMTHIBAIOT BpeMsi pabOThI, BpeMs [BHXKCHUS,
BpeMsl OTIbIXAa M ADYTHME 3HAYEHHs, 3aTEM HX aHAIH3HDPYIOT H,
KkomGuHUpysi 3yber; 3a 3y6poM, Meromom mpo6 u owubok
CTApAIOTCA HAWTH ONTHMAJIbHBIA BAPHAHT.

BpeMsi COCTaBNEHMSl pa3jiMYHO B 3aBUCHMOCTH OT HYHCIA
pacriucanuil. PaccMOTpEM THMMuHBbIH ciyqai cocrasriexus 10
pacnucaHuil C 3a[JaHHBIM BpeEMeHEM pabOThI B JEHb H TPEX
pACTIMCAHHUH CTENHANbHO AJIA 4Y4COB MHK. Jlaxe Crenuanucry,
yTO6BI BPYYHYIO HAHECTH Bce 3yOppbl, TpeOyercss MpUMEpHO 5 4,
a yToGBI MpPEBPATHTb BCE 3TO B PACHHCAHHME IMyTeM KOMOMHH-
poBaHHus 3y0nOB—MpaMepHO 25 u. B aBTOMaTH3MpOBAHHO# CH-
cTeMe COCTABNIEHMS PACIMCAHMs aBTOOYCOB HAa BBOJ Beex 3yOnoB
B PEXHMeE IHMAJIOTa JOCTATOYHO MPAMEPHO 3 y, 4 HA COCTABJICHHUE
BAPHAHTOB PACIHCAHHAS MyTeM Tepe6opa 3y610B — NpuMepHO 1 4.

Ha npaktHke mocne nepebopa Bcex 3yOnoB paxe NMpd TO-
JyyeHHH TOTOBOTO pachycaHusi paboTa IO €ro COCTaBJICHHIO He
3akaHumBaetcd. [Ipn paboTe BpyuHYIO HEOOXOAMMO TpEXAe
BCETo aKKypaTHO MepenucaTh FOTOBOE pacmHcaHue 3aH0Bo. Kpo-
Me TOTO, M3 TAKOTO PACTHCAHUS CIEAYET BLIIMHCATH BCE YHUCIIOBBIC
3HAYEHMs, HEOOXOUMEIE I cOOMOAeH sl PACTIMCAHIS HA TIpaK-
THKe, ¥ OPOpMHTD UX B BHIE COOTBETCTBYIOIIMX NOKYMCHTOB.
OOHEM U3 COCTABJICHHBIX TAKMM 00pa3oM JOKYMEHTOB SBJISIOT-
cs Tabyupbl BpeMeH NpHOBITUS aBTOOYCOB, KOTOPBIC BBIBELLIH-
BAIOTCS HA OCTAHOBKAX. 3aTeM Kaxnoe pabouee pacnucaHue
MpPOCJIEXKMBAETCS OT BbIXOAA aBTOOyca W3 rapaxa g0 KOHna
paboyero AHS ¥ COCTABJIAIOTCH HeOOJBIIOrO pasMepa MaMSITKH
BOAMTENSM, COACPXKALIYE MAPIIPYT ClieIOBAHAS ¥ BpeMs B MyTH.
Takue maMsaTKy pa3zMemaroTcs pAJOM ¢ MECTOM BOJHUTEJIS.

Kpome TtOro, m3 Bcex AOKYMEHTOB 3aIlMCH HEOJHOKDPATHO
HEPEHOCATCS B PA3JIMYHOTO POJa rpoccOyxd, HeOOXOMMMBIE JIst
ynpapiiedus aBTOOyCHBIM mpexnpustHeM. B Hactosimee Bpems
Ho00HYI0 paboTy BpPYHYHYIO BBIMOJHAIOT NMpuMepHO 3a 70 4.
C nomMoinsro KOMITBIOTEPA BCIO HHYOPMAnHI0 MOXHO BBIBECTH
Ha rpadonoCTpoUTeNM U MEYaTAIOMHE YCTPOHCTBA MPHMEPHO 33
10 4. O6veM paboTHI MO COCTABIEHAIO PACIHCAHMS C YYETOM
HOCNeyroe#l KOppeKn¥d COKpAaIaeTcs NpHMEpHO B 7 pas
(tabmn. 4.2).
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Tabauya 4.2. CpaBHeHde 3aTPAT BPEMECHH [aHHON CHCTEMBI M PYdHOMR
paborsl

ABTOMATH3HPOBAHHANA 3arparnl | CocraBnende pactucanns | 3arpartsi,
CHCTEMA COCTaBJICHH% BpCMCHH, 4 BpYy4HYIO BpCMCHH, 4
pacIHCaHAs
Beoa 3y6uos no 3 Hasecenue 3yonos ¢ 5
KOMaH/aM ¢ oTobpa- pa3MEIICHAEM HX HA
KEHHUEM HA mucIiee rpaduk
ABTOMaTHYeCKOE 1 CrbikoBka 3y6nos 25
COCTABJICHAE MeTo/oM Npob u
pacngcanus ombox
BriBoa paznHuHBIX 10 CocraBnenue pa3jmu- 76
JIOKyMECHTOB HBIX JIOKYMCHTOB
Hroro: 14 Hroro: 166
(2 nHxA) (14 pueit)

T'OoTOBRIE PACTIHCAHAS WCTONB3YIOTCA E€XEJHEBHO C YYETOM
COCTOSIHHSA A€] HA JaHHOM MpennpusTHA. [IpH 3TOM KaXABIid
pa3, KOraga pacmuCaHHsi MEPEPACIPENENSIOTCS B COOTBETCTBUH
€ NOPAJKOM BbIXOJa HA paboTy OpHraj BOAMTENEH W OTIpaBIie-
HHii aBTOOYCOB HA IMHMIO HIIM IPEJOCTABIAETCA IKCTPEHHOE
O0CyXHMBAHHAE 10 3aKA3aM, COCTABJAIOTCH PA3JIHYHbIC JIOKY-
MCHTBI, OTPaXaIONIHE YBEIWYECHHE aBTOOYCOB HA IHMHMAX HA
HaHHBIA N€Hb, WX HEXBATKY, OMO3JdHME M APYTHe (AKTOPHI.
ABTOMAaTH3apHA B 3TOH O6JNACTH TAKXKE HE BHI3HIBAET nmpobnem.
CrnenosatenbHo, B aBTOGYCHOM MPEANPUATHHA 33 CYET BHEIPCHUA
ABTOMATH3MPOBAHHOU CHCTEMBI COCTABJIEHUS PACIHCAHHMH HO-
CTHTHYTO 3HaYUTENbHOE COKDAIIEHHE 3aTPaT TPyna.

4.3. OIEHKA HAJIEXXHOCTHU COOPYXXEHMUI

4.3.1. BBEAEHUE

Cpeau cymecTBYIONMX COOPyReHHH HEMAJIO TAKHX, KOTODBIE
NOJIyYHJIM MOBPEXAECHHS, BHI3BAHHBIE PA3IMYHOIO POAA BHELI-
HHMH BO3ACHCIBUSMH (3€MIIETpsceHHE, TaiibyHb! ¥ T.1m.). B pe-
3yJIbTATE BO3HUKJIHM MPOOJIEMBI UX KCILIyaTArMY ¥ HAJIEKHOCTH.
B Hacrosimee BpeMs ¢ 3KOHOMHYECKOH TOYKH 3peHus He mpej-
CTABJIAETCA BO3MOXHBIM CIIOMATb U BOCCTAHOBHTB BCE COOPYXKeE-
HHs ¢ OoJjiee WM MeEHee 3HAYATEIbHBIMHA nospexaeHusiMu. I1o-
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sTOMy Heo0XoiuMo HaTh OBOCHOBAHHYIO OHEHKY: KaKHE CO-
OpYXEHHS CNENYET OTPEMOHTHPOBATH, & KAKHE MEPECTPOHTD.
Takylo OueHKy IErKO JaTh B CJly4ae, KOTZA COOPYXEHHE mMO-
JYYHJIO BU[HBIE HEBOODYXCHHBIM IJIa30M TMOBPEXKICHHAS. B ciny-
yae eciM BHEIIHMH OCMOTP HHMYEro HE pnder, HO HMEIOTCA
JHAYMTENbHbIE BHYTPEHHHWE MOBPEK/ICHUSA, OnEHKA 3aTpYHHH-
TenpbHa. UTOOBI CcAEaTh 3aKIHOYEHHE O COCTOSIHUM TaXdX MO-
BpexaeHuil, HEO6XOMHMO CBS34Th BOCAMHO JaHHBIE O COCTOSHUM
MOBPEXAEHUH, MOIYYEHHBIE NMPH BHELIHEM OCMOTPE, 4 TAKXKE
HMEOIAE K dTOMY OTHOHIcHHE (PAKTOPBI M IPYTYIO “pm(bopma-
o (IpAYMHBI TMOBPEXICHHUH, COCTOSHHE HA NAHHBIM MOMEHT,
BaXHOCTb COOPYXEHMS, IaHHbIE TPOEKTHPOBAHHUS, OKPYKAFOIIASL
cpena ¥ T.I1.) M 3aTEM OUEHHATD HANEKHOCTh COOPYKEHHA CO BCEX
TOYEK 3pEHHs.

Ecnu o6neMa [aHHBIX, KOTOPbIE MOXHO HCHOJIB30BATE 1JIs
OUEHKH HAJIEXHOCTH COODYKEHHWSA, HENOCTATOUHO, HE06X0qMMO
H3y4yHTh HEUETKHE NAHHBIE C PAa3/MYHBIX MO3MUHWHA ¥ HA OCHOBE
WHTYMpUM M OMBITA CENaTh 3aKJIOYEHHE O CTENeHd U Mo-
CJIeACTBHAX NOBpEeXaeHui. [0 HACTOSAIIETO BPEMEHU OUCHKY
HAJEKHOCTH COOPYXeHMH ObLIH BHIHYXIEHBI MOPYYaTh CHEHHA-
JHCTaM ¢ 60TaTbIM OMBITOM W MHTYHMIIMEH HHXKEHepa.

Ceronps, KOTra MOCTOSHHO BO3PACTAET HEOOXOIUMOCTD IIPO-
(HUNAKTHYECKOTO PEMOHTA COOPYXKEHMH, YHMCIO TAKHX Crepua-
JIACTOB HEBEJIMKO MO CPABHEHHIO C MOTPEOHOCTHLIO B HHX, MO-
3TOMy BO3HMKAET DA MpoOJeM, CBS3AHHBIX C 3KCIUTyaTapguei
COODYXEHHH, CIPaBATHCA C KOTOPHIMH CHEHHAIACTAM HE 10A
cuity. Crie1oBaTesbHO, XEIATENbHO UMETh CHCTEMY OHEHKH Ha-
JIEXKHOCTH, C MOMOIIBIO KOTOPOH na)e PsAOOBOH MHXEHEP MOT
6Bl MONYYHTEH PE3YJILTATHI TAKOTO XK€ YPOBHS, KAK M CMIEUAIMCT.

B Hacrosiimee BpeMsl CO3aHO HEMAJIO 3KCMEPTHBIX CHCTEM
JUIS O€HKH CTEMeHH nospexaeHHil coopyxenuit [1-8]. Cpenun
HEX BbigeJM cuctemy SPERIL, Ha paspaboTky koTopoii Oplio
3aTpayeHo okojio 10 jer, Ho B KOTOpo# jia ob6paboTku He-
YeTKOCTEH pa3JMYHOrO0 pOja, BCTPEYAIOIAXCA Ha BCEX ITAmax
OHEHKH, HCIOJB3YIOTCS HACH HEUYETKHX MHOXECTB B IMPOmecce
noJsyyeHus seiBogoB [9—11]. B opyrux cucremax naxe KOCBEHHO
TMOHSITHE HEYETKOTO MHOXECTBA HE HCMONb3yeTCs. BONBIMHCTRO
CHCTEM OCHOBAHO HAa HaesAX, CBA3AHHBIX C OMEpapusaMd Hajg
bakTopamu nocToBepHOCTH. Pa3zpabaThiBaloTCS TAKKE CHCTEMBL,
HUCTIOJIB3YIOMAE A1 ONEHKH HAZEXKHOCTH COOPYNEHHH HEYETKYIO
Joruky (12]. Huxe KpaTko OmMMCaHA CHCTEMA OHEHKA HAOCK-
HOCTH COOpyXeHHH, OCHOBAHHAS HA TEPEJOBBIX HACAX, 3aTEM
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MOAPOOHO pACCMATPUBAETCS HeYeTKas OSKCIEPTHAs CHCTeMa
OLEHKH CpOKa CIyXKOBI XKe1e3006 TOHHBIX NEPEKPHITHIl MOCTORBIX
COOpYXKEHHUH, pa3paboTanHasi aBTOpAMH.

4.3.2. CUCTEMA OUEHKH HAJIEXHOCTH COOPYXKEHHUNA,
HUCTIOJIL3VIOMAS SA3BIK FRIL

IIpH oneHke HAaAEKHOCTH COOPYKEHMit BAXHO B KAKOH-IHGO
KONIMYECTBEHHOM (PopMe NpeacTaBuTh BeomnpejeneHHocTd. Og-
HaKo HeompenesieHHble (AKTOPHI, KOTOpbIE ClEMyeT MPHHSATD
K pacCMOTPCHHIO, HMEIOT CAMYI0 pa3sHOOOpa3HYyI0 NpHPOaY
C TOYKH 3PCHMS IPUYHH UX BO3HUKHOBEHHS, OCOOEHHOCTEH # T. 11,
IIpu MX KOMILIEKCHOl OneHKe B JIO60M ClIy4ae Mbl BBIHYAEHBI
NOBEPATE MHEHHIO CHEIMATMCTOB. J[ae eciaM O6LEeKTHI, ¢ KO-
TOpbIMH HMMEET HENO HYEeNOBEK, HEOMpPENCCHHBI, HESCHBI, BO3-
MOXHA HMX KOMIUIEKCHAS OICHKA, TO3BONAIOMAS HMHTEPNPETH-
POBATDH UX CYIHOCTb W PA3JIMYaTh UX OCOOEHHOCTH, YTO BOCHOJI-
HSCT HEXBATKY HHpOpMANMH U HEAOpabOTKY Mopjeei.

Huist TOro uTobHI, UCTIONB3Yst MONOGHEIE CMTOCOBHOCTH YEJiO-
BCKA, pacCMATPUBATE HALEGKHOCTbL COODYXKEHHMH B Oonee yHH-
BEPCATBHON (OpMe, MPEIOKEHA IKCIEPTHAS CHCTEMA, MPHMe-
HAOmas a3plk HeueTkux seiBogos FRIL [13]. C yenpio uckiro-
HCHMS CIIOKHBIX BBHIYMCIICHHH B 3TOM S3BIKE PEAM30BAHBI MIACH
HEYETKHX BLIBOJOB (HA3bIBAECMBIE TAKXKE NPUOIMKXEHHHIME pac-
CyxaeHusMH). HeveTkHe BEIBOIBL ONPEAEISIOTCS B CAMOG obmeit
dopMe, MO3TOMY HX MOXHO NPHMEHATb TAKXKE B MEJHIHAHE,
S3KOHOMHKE, CONMOJIOTHH ¥ B APYTHX 06JIACTSX.

HaHHas 3KCepTHAs CHCTEMA COCTOHUT 3 6a3EI npasui ¥ 610-
Ka aBTOMATUYECKHMX HEYETKHX BbIBOgOB. Heobxomumyro uHdop-
MAIUIO KAXIBIH Pa3 BBOAMT MOJIb30BATENb. | J1aBHOM OCOOEH-
HOCTBIO 3TOW CHCTEMBI SBJISETCS HMCHOOIb30BAHHE B OJIOKE He-
HETKHX BHIBOJOB JIOTHKH OTPHMIAHMS («MOIYC TOJUIEHC»). ITO
CHeAYIOmMH BH] NMpaBuia BHIBONA: €CIHM IS Te3Hca «P (mpen-
NOCHIIKA) — Q (3AKITIOYEHME)» 3a[aHO OTpHuaHHE Q * 3aKIifO-
YeHHs (), TO B pe3ynpTaTe Monyyaercs Px. B naHHOM cHCTeMe
P ¥ Q ompenensroTcs yepe3 HEYETKHE MHOXKECTBA C HEYSTKHMHE
3HAYEHHAMU MCTHHHOCTH.

Ha npocrom npumepe mosichum mponece BHIBOIOB. IlycTh
B Ka4eCTBE MPABUIIA 3a]aHO yTBEPXKACHHE: ECIH «S-COOpYXKEHHe
CIPOEKTHPOBAHO C YYETOM IpaBuil 6€30macHOCTH», 10 «N P-co-
OpYXCHHE HMEECT MAJIyI0 BEPOATHOCTL HOBPEAKAEHHS MPH KAKHAX-
A400 TPAHMYHBIX YCIOBHMSAX» CUHTAETCH «T,ps = aBCOMIOTHO

HcTHHHBIM». 3meck S, NP, 1,,. COOTBETCTBYIOT MpEAIOCHLIKE,
3aK/IFOYEHHIO M HEYETKOMY 3HA4YEeHHMIO MCTHHHOCTH. Ilpu 3ToMm
ecrd ToJiyyeHa HWHOOpMAamHUsi «COOpYXEHHe uMeer OOoJblliyio
BEPOATHOCTh MOBPEXICHHS», TO B KAYeCTBE pe3ynbTaTta Oymer
BBIBEAEHO, YTO «COODPYKEHHE He 6€30macHO» C «T = (HampHumep,
HCTHHE)».

B nportoTtunHoi cucteme [14] pns nonydeHus 3aKIrOYEHAS
06 S H3 MHOTOYMCJIEHHBIX NMPABUN HCMONBL30BAHBI JIOrHYECKHE
COOTHOILCHUA. B HOBOH CHCTEME MpEeayCMOTPEHO MOBBIIICHHE
3($EKTHBHOCTH BBIYMCIEHUH 34 CYET BHPTYANBHBIX IpaBHIL.
KpoMe TOro, € 1EJibI0 NOBBILEHHS TOYHOCTH BHIYHCICHAH MpH-
MEHEHBI JIBA Pa3IMYHBIX METOAA BBIBOJIOB: BEIBOJ, IPH KOTOPOM
B CIy4ae ycCrexa YYHTHIBAETCS TOJNBKO YBEJIHYEHHE CTENECHH
JOCTOBEPHOCTH, W BBHIBOJ, HPH KOTOPOM B Ciydyae HEynaud
OpHHHMAETCA BO BHHMAHHE TOJILKO YMEHBILIEHHE CTEHNEHH Jo-
CTOBEPHOCTH.

4.3.3. CUCTEMA OHEHKH CPOKA CJIVKBbBI
KEJIE3OBETOHHBIX HEPEKPHITUA MOCTOB

Cpeou cylIecTBYIOUIMX MOCTOB HEMAJIO TAKUX, KOTOpBIE
MOJIYYHIIH KaKue-Nubo MOBPEXICHUS, YTO CO3AAET MPOOIEMBI HX
3KCIUTyaTanud ¥ OesomacHocTH. JJisi TEXHUYECKOro OOCHyXH-
BaHHsI MOCTOBBIX COODY>XE€HU# HEOOXOOHMMO OIECHHUBATH HX CpPOK
cnyk6pl. OgHAKO paHHbIE, KOTOPbIE MOXHO MCHONb30BATH IS
TAKOW OILICHKH, HE TOJBKO HMEIOT HEJOCTATOYHBIA 00bEM, HO
H B OOJNBINIMHCTBE CIyYdeB BKJIFOYAIOT PA3JMYHOTO poja He-
4eTKoCcTd. J103TOMY B NaHHOM CHCTEME HCMOJIb30BAHHE MOA00-
HBIX JAHHBIX OOECreYMBAET MPOAYKIMOHHAS CHCTEMA (HEeueTKas
NpOAYKUHOHHAsE CHCTeMa), B KOTOpOi K (QYHKIHUSIM BbIBOAA
nobasneHsl QyEKnUE 06paboTKy HEYETKMX MHOXeCTB, Mcmonb-
30BaHO TAKXE MPABHWIO «MOAYC MOHEHC», HECKONbKO OTJIMYHOE
oT mpuHsTtoro B s3pike FRIL. Bnaropnaps sHeapeHmio B mOpo-
AYKIIMOHHYIO CHCTEMY CHCTEMBI 00pabOTKH HEUETKMX MHOXXECTB
[15] nony4eds cleayromHe NpeaMyInecTsa:

1) BO3MOXHBI BHIBOABI H3 HEYETKHMX JAHHBIX M 3HAHMI

2) BO3MOXHO MCHONB30BAHAE ECTECTBEHHOTO S3bIKA [UIA 3a-
TIHCH TPaBUL;

3) 13 m 2 cmepyer, 4TO 7NErKo NpuOOpeTaTh 3HAHHSA, MO-
CKOJIbKY 3HAaHWA, MOJYy4YEHHBbIE B MPOMECCE aMAIora CO CHemua-
JIMICTOM Ha €CTECTBCHHOM S3BIKE, MOXXHO BBOAHUTH B KOMIBIOTED
B TOM. X€ BHJE;
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4) mOCKONBLKY B CHCTEMY BHOCATCS MEYETKAE 3HAHMSA, MOXKHO
CBECTH A0 MHHAMYMA YHCJIO 3HARUI, HEOOXOAUMBIX 1151 ONEHKH,
H T.IL

JlanHas cHCTeéMa mocTpoeHa Ha 6ase 32-paspsaHoil paboyei
CTAHIMH, YTO MO3BOJIJIO CO37aTh YAOOHYIO Il NPHUMEHEHHS
cpeny. Hike mpHBeeHO KPaTKOE€ ONMHCAHWUE HEYETKOH MPOIyK-
HOHHOM CHCTEMBI.

HeueTtkasn HPOAYKNHOHRHA CHCTEMA

Paccmotpum mpaBmiio «eci X ectb A, torna Y ecth By
B ciiyyae BHIBOIOB B CYIIECTBYIONMX MPOAYKIIMOHHBIX CHCTEMAX,
HCIONIb3ys 3TO MPABWIO, M4 MAHHKX «X ecTb A» MOXHO
MOJIyYHTh BHIBOA «Y ecTb B», HO Ul HaHBBIX «X ecTb A'»,
B KOTOPBIX A’ HEMHOTO OTJIMYAETCS OT A, TOJBKO C MOMOIIBIO
YKQ3aHHOrO TpaBWjia TMOJYYATh BHIBOJ HEBO3MOXHO. TeMm He
MeHee YeloBeK jaxe U3 JaHHBIX «X ecth A'» cmocobeH caenaTh
BeIBOA «Y ecTt B'». MexaHu3M BBIBOAOB, MOJOOHBIH TOMY,
KOTOpHIA paboTaeT B MO3TY 4YENOBEKda, MOXHO peaiu3oBaTh
C TIOMONIBIO MOHSATHA HEYETKOro MHOXeCTBa. T.e. A" MOXHO
HEepeNrcaTs B BHAEC HEYETKOTO MHOJXECTBA (@A, NaHHbIE — B BHAC
«X ecTb @A», A 1 B B npaBujie NpPEACTABHTh B BUJIE HEUETKUX
MHOXECTB @A U @B U nenaTh BbIBOJbBI ¢ MOMOIIBIO MpaBU/Ia
«ect X ectb @A, Torga Y ects @B». B pesynwTaTre MOXHO
caenaTh BBIBOA «Y ecThb @ B'» (@B —HeueTkoe MHOXECTRBO).

Onucanne cHCTEMBI OUCHKH CpOKa CJIy)KﬁbI

JInst pocToBepHOH OpeHKHM cpoka ciyxObl JaHHAs cHCTEMA
BBITMIOJIHSAET CIEAYIOHIHe ACHCTBUS:

1) HEOAHOKPATHO B TEUEHHE UIMUTEIHLHOrO BPEMEHH BejeT
[AANOr €O CHeHANUCTOM B OONAacTH YNpaBJEHHMS M TEXHH-
yecKoro obcnyxuBanus, npuobperas y Hero crnepuHu4HbIE 3HA-
HUS; B YACTHOCTH, MOXeT npHoOpeTaTs IMIHPHYECKHE 3HAHUS
CHeMaNycTa o NpHIHax MOBPEKACHAN kele300eTOHHBIX mepe-
KPLITHH, O MOC/IeICTBUAX MOBPEKACHUM;

2) 6narogaps NPUMEHEHHIO TEOPUH HEYETKHX MHOXKECTB CTa-
HOBHUTCA BO3MOXHON 00paboTka HEYETKOCTEH, comepxaluxcs
B MOJY4YCHHBIX MOCHE MHCIEKHHA NAaHHBIX, B HEYETKOCTEH B 3HA-
HHUAX, NPHOOPETEHHBIX Y CHEHANUCTA;

3) mpH OneHKe cpoKa cIyXObl XKene300eTOHHBIX MePEKPhITHIH
0c000 BaXKHBLIM CYHTAETCH 3amMac mpouHOCTH. I ero omeHkH
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paccMaTpUBAIOTCA NPHYMHBI MOBPEXICHAH, MX pPAasMep H 1o-
CIEACTBHSL.

OneHka Cpoka ciaykObl BHINONHAETCA IS KaXHOH HAaHEIH
B COOTBETCTBHH C MOCIE€NOBATENLHOCTRIO, MOKA3AHHOM HA
puc. 4.6. IIpexae BCEro mo JaHHBIM O MOBPEXACHHSX, MOJy4Y€eH-
HEIM B DE3YNbTATE OCMOTPA, YTOUHSETCA MX BHA. B cHcreMe
OMPENENAIOTCH CIEYIOIME BHIbI NOBPEXKIACHHIA: TPENIHHEL, IO~
BPEXKIACHHS NOPOXHOTO MOKPHITHSA, apMATyphl, 6ETOHA M KOH-
CTpyKuHii. 3aTeM HCXOAs M3 NAHHBIX MPOCKTHPOBAHHS MOCTO-
BOrO COODYXEHHS KM 00 OKpyxkammeil cpefe BbICKA3bIBAIOTCS
HpENOTIOKEHUS O NPHYHHAX MOBPexAeHMH (Tabun. 4.3). O6pIaHO
HpeIaraeTCd HECKONBKO NPHIMH H AJIS KAXAOM NMPUIHHLI pac-
CMATPHBAIOTCA HauboJiee BEPOSTHHIE HOBPEXIEHHS, WIH MOna
HOBPEXACHUH. Moa COCTOMT TONBKO M3 TeX BHIOB MOBPEXIE-
HUIA, KOTOPBIE BO3HHUKAIOT MO AAHHOM npuuuHe. ITocie HaedTH-
d¥KanguH MOaH HOBPEXIEHAH HO HX NPpHYHHAM ompeacisercs

Tabauya 4.3. TIpuaHHBL NOBpEXACHMIH

Harpysxa DKCILTYaTaHUA B YCIOBHSX CBEPXBRLICOKOMH
HArpyskd

Vnapusie Bo3jeiicTBus

Heontumanshoe pacnpenenenve onopsx Gamox

HenocraTok xecTkocT BCneacTue
HEJIOCTATOUHOH TOMIMMHEI JOPOXHOTO MOKPHTHS
HexBaTka Hecymmux xese3nsix 6anox
ITpoextuposansue HexsaTka pacnpenemtensusix CTepXHeil

# KOHCTPYKIHs apmarypst

HenoctaTounocrs monepeunsix Ganok s
pacupenenenus Harpysku

HobaBounsiit w3rubatommii MOMEHT 3a cueT
HEPABHOMEPHOTO OCEAAaHHs HeCymHX Oaok

Huskoe xauectBo GeTona

Henocrarounoe ymnornenue Getona
CrpourensctBo HexauecTseHnoe Brinepxusanue Getona
Henocrarounas o6paborka coenuuenmii B 3amok

ConeHocTs
Hpyrue Hexauects ax:

€HHOCTb JIpEHAXa NOBEPXHOCTH
Iepenaua pa6oT nomumnennoii OpraHy3auuy
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Senosus oxpywarued
cpedsi, Ganwsle
NPOERITEPOSARUS ,
Janwsie o0CrEfpeanas
Budsr
nogpexderui
lperaunsr
nospexdesui
\ Modsr
nogpexdenud
A
Nocredimans Cmenenu
nePeX Jeyut noapeXdenad
ans m»rﬂm M6/ 1A Kaxwdod modsi
CpoK cryxOs

Puc. 4.6. Ipouenypa oneHku cremeny pa3pylucHus.

CTEMCHb TOBPEXACHHH APMATYDBI, HOPOXHOTO TOKpbITUs, Oe-
TOHA M TpemWH i KaXaod Moxmel. O606mas pe3yibTaThl,
NONYy4aloT CTeneHe nospexacHHd. Kpome Ttoro, mus xaxmoit
TPHYUHDBL ONIPEAENAIOT MOCAEACTBUA MOBPEeXAEHHH. C TOMOIBIO
KOMIIIEKCHOH OLEHKH TOJIy4eHHBIX TAKMM OGpa3oM CTemeHH
TOBPEXACHUHM, MOC/EICTBUH MOBPEXIEHHHA H BpeMeHH, npores-
HIEro Mocae YCTAHOBKH MEPEKPBITHH, AENAIOT NpenoiOKeHHS
O CPOKE CTyXOBI it KXK/TOH MOIBI MOBPEX ICHHIL.

MeTon ouenkn cpoka cayxGbi

PaccMorpum MeTon omeHkH cpoka crykGbl, HCHOJb3YeMblii
B IaHHOM cucTeMe. JOMyCTHM, YTO MEPEKPLITHS He MOJBEPraroT-
Csl BpEIHBIM BO3IEUCTBUAM, KOTODbIE HE IPUHMMAJIHCh B PACYeT
OpYd TPAIUIIMOHHOM INPOEKTUPOBAHHA, TOTA 3aBUCHMOCTD CTe-
TIEHH UX TIOBPEXACHUS OT BDEMEHH MOXHO 3a/1aTh KPHBOH S-0 Ha
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SuwilA epanatnsix
Cmenews yemsud
nogpexdenad _S-2 S-3 w4 -

bomsusue

Aoeanswa|
bomuae

Cpednue

Josonsna
Mansie

Mansie

10 20 30 40 50
Cpox sxenqyamasal

Puc. 4.7. 3aBMCUMOCTb CTENEHH DPA3PYUICHUsS OT CPOKA CIYXOsI.

puc. 4.7. KpoMe TOro, aHalOrH4Hble 3aBHCUMOCTH I GOIb-
IIO#, OBOJBHO GONBILOM, CpeaHel, JOBOJIBLHO MANOi B MaJIoH
cTeneHell MOBPEXAEHAN COOTBETCTBEHHO MOXHO MNpEACTABHTDH
npaMbIMy S-1. . . S-5. Hanpamep, OneHHM CpoK CIyXOblI maHeNex,
20-7eTHHE XeJIe300€TOHHBIE MEPEKPBITHA KOTOPBIX HMCIOT JO-
BOJIbHO MAlyI0 H Malylo CTeneHH nospexaeruil. CocTosHHe
9THX naHenel mokasaHo Toukoil P Ha puc. 4.8. JI0BOJBHO manas
cTemeHb MOBPEXACHHI HAXOOUTCA HIKE CTCNECHH INOBPEXKICHUH
nocse 30-neTHell SKkCILIyaTaué Ha KpUBOH S-0, 103TOMY MOXHO
CHYHTaTh, YTO MOCTEACTBHS KpHBOH §-0 (AMMpOKCHMHPOBAHHBIE
JIAHUEH S—3) gaumHas ¢ 30 roga sxciwiyatanuu, 6ynyT npeobia-

Junds epant weix

Cmenets yenosni
mepexcdenutd
bBonsarue |-
Apsonsko |
Donmsuae
ue -
Cpadn /.,
Aosomsrn| 4
Manse /7
/ /
Magbre - s
P

0 20 30 40 50
Lpox sxcnnsyamigun

Puc. 4.8. OneHka cpoka CayxOsl.
15-6830
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JaromEMu. ClenoBaTeIbHO, NOBPEXACHS OyIyT HAKAILIABATH-
¢s BIOJIb NVHUH, TapaJuleNbHol S-4 oT Toukd P 1o TOYKM R, a 3a
TOYKO# R-BOONb JIMHUE, NapauielbHOR S-3, B AOCTHIHYT
MakciMyMa B Touke Q. TakaMm o6pa3om, Cpok ciyxOb MOXHO
ONpEeNIUTs KaK pa3HOCTh KoopAwHAT Todek P M MO OCH
abcimcc.

IIpumep

B kauectBe mpHMepa paccMOTPHM TPeXIyTHLIH 6aslo4HBIH
MOCT, COOpYXeHHHI B 1938 r. /laHHbIe MPOEKTHPOBAHHUA U YCIO-
BHS OKpyXaromie# cpensl mpuBeAcHbI B Tabin. 4.4. [MosicHEM
KpaTKo MPOLEcC OEHKH MJIS OMHON M3 €ro maHeleil P-1.

TIpexpe Bcero mo faHHBIM NPOEKTUPOBAHMS, YCIOBHSAM OKDY-
JKaromen cpenbl, MeCTaM MPUIOXKEHUS HAarpy3KH OT KOJeC Npo-
XOJAIEro TpaHCHOPTa, NAHHBIM MPOBEPKH COCTOSHUS MAHEIH
P-1, ykazauHpIM B Tabn. 4.5, ¥ npyr¥M JaHHBIM O[[€HHM IpH-
4yHbl moBpexaeHuH (Tabi. 4.6). [lpaBuna, mpHUMeHseMbe PR
OlleHKE MPHYMHBE 1, yKa3aHbl Ha pHc. 4.9. Vicxoad U3 OCHOBHBIX
BHOB IOBPEX/ICHUN, BOSHUKAIOMKX MO 3THM NpHUYAHAM, HACH-
THGUHPYeM MOJAY HOBPEXJEHHH, a CTENEHb MOBPEXJeHUH MO-
JAy4HM Ojlarogaps OlEHKE CTEHEHH OCHOBHBIX MOBPEXACHHH,
obpasyroniyx Moay. 3aTeM ompele/ldM CTENEHb MOBPEXIECHMH
HCXOasl U3 MpHYAH MOBPEXACHUH, YCIOBUN OKPYXAIOmEH Cpeisl
W apyrux ¢axkTopos. TlonyueHHble pe3yapTaThl 0006meHsI
B Tabn. 4.7. Ecii Ha OCHOBE 3THX pe3yjNbTaTOB OEHHTHL CPOK
cnyx6sl nanen# P-1 ¢ HOBpeXACHUIMY, BO3HHKIIMMHU O KaX o
OpHY¥HE, TO HOJYYHM pe3ynbTaThl, cOOpaHHBIE B Tab. 4.8.
JlaHHBI# MOCT pacmoI0XKeH Ha y4acTKe ¢ HEOOHYatHO HHTEHCHB-
HbIM JTOPOXHBIM ABICKEHHEM. KpOMeE TOro, TEXHHYECKHE YCINO-
B 3KcIyaTamnu pa3paboTaust eme B 1926 r., mo3ToMy j10CTa-
TOYHO IPUHATHL BO BHUMAHME B KauecTse NPUYNHBI MOBPEXK JEHUN
3KCILUIYATAIMIO B YCJIOBHSAX CBEPXBBICOKOW Harpy3ku. Uro xe
KacaeTcd HeXBAaTKHM paclpencluTenbHBIX CTEpXHEH apMaTryphl,
TO [4BHOCTH TEXHHMYECKHX YCHOBHH O3KCILUIyaTamuM Bpsd JH
MOXHO CYMTATH Cepbe3HOM mpuuuaoi. Kpome Toro, m3 opeHk#
HEKAYEeCTBEHHOCTH NpEHAXa MOBEPXHOCTH CJIEAYET, YTO BECHMA
BEPOSTHBE MOSBJICHHE 3aKYyNOPKH NPEHAXHBIX TPYO MM ApyrHe
BpenHbIE MOCNENCTBHA. B 3TOM ciydae cpoK ciyxOnl caMblif
KOpOTKHii —2 roga, mo3roMy TpebyeTcs cpOUYHBIA PEMOHT.

Wrak, 6xaromaps BBENEHHIO HEYETKOH JOTHKH MOABNAETCH
BO3MOXXHOCTh WCIO/Ib30BaHMA BHYTpPH MPAaBHUI CHOB €CTECTBEH-
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Tabauya 4.4. JlanHble IPOEKTHPOBAHUS MOCTA YCJIOBHS OKpYXaromieit
cpe/inl

Bra naansix Crenens
OCTOBEPBOCTH
Jlanusnie ®opma TpexnyTubii 1
NPOEKTHPO- COOpYXeHHS 6anounslif MocT
BaHMA (npamonuHeitpIif)
Texauueckue YTounenupiit 1
yCIOBMSA IPOEKT
SKCIITyaTauuu KOHCTPYKIIHH
JIOpOry (HIOHBL
1926 r.)
Cpok maBHOCTM Jasxo Boasinas
JIOPOKHOTO
NOKPHITHA
Tosmmuza 26 cm 1
JIOPOXKHOIO
NOKPHITHS
Jnusa Mocra 69 M 1
IHapura mocTa 12,95 m 1
Yucno nyteit 3 1
OnaoCTOpPOH- 1
Hee JBHXEHHE
VcaoBus Tun nyTtei Maructpansunie 1
OKpyXarome IIpouent O6n1umbIi JI0BOBHO
Cpelni [PY30BHKOB Ha 6onpias
Jopore
Paciipenenenste | B pentpe n ;
warpyakH or HEHTpE nponera |  Bonpmas
KoJjec

HOTO s3pIK4, OTPAXAIOIIAX HEYETKOCTH, & TAKKE (TPAHCILIAHTA-
IMH» B CHCTEMY 3HAHHH B HEM3MEHHOM BHjle (NIPECTABIIEHHBIX
Ha €CTECTBCHHOM H3EIKE), MOJYYEHHBIX OT 3KCHEPTOB. Kpome
TOro, UCIONB30BAHLI MOHSATHS HEYSTKOTO BBIBOAA, YTO MO3BO-
JIUIO MOJYYHTP MO HEYETKAM HAHHBIM U 3HAHHIM mpasao-
MOJOOHEIE BBHIBOODL.

B namHo#t cucreme Gnaronaps oGcTosTENbHOMY mHMANOTY
C 3KCHEPTaAMM HO SKCIUTYyaTAIMH COOPYXEHHH MOKHO npHOO6-
PECTH cOenuanbHple 3HAHAUS, MOJIE3HBIE 7S ONEHKH. Ilpu 3TOoM



Tabauya 4.5. PesynpraTsi TIPOBEPKH COCTOSHUS NaHenu P-1

Taaea 4 - 229

Tabauya 4.6. Pe3ynbTaTsl OUECHKH NPHYMH TOBPEXACHHIt

Ipuynna noBpexAcHHH HcrarHOCTD
1: CBepxBBICOKAs HATPY3Ka JoBosabHO Manas
OT KOJIEC TPaHCHOpTa
2: HexBaTka pacnpeaenvtenbHbix JloBonbHO Maas
CTEepXHEH apMaTypsl
3: HexauecTBeHHOCTD apeHaxa JloBosibHO Malas
NOBEPXHOCTH

Bun nospexcaenns | Xapaxrepuctuka Cocrosnue Crenesp
JOCTOBEPHOCTH
Tpewyns Ionoxeunue Ilo mupune JloBosibHO
6onpmasn
MecTonono- ITo nentpy JIoBOJIbHO
KEHUe nposera Gonbinas
ITrotHOCTS 1,72 m/m? 1
HntepBan Bonsinoi JloBonbHO
Gonbmas
IHupuna Cpenuss JloBobHO
Gonbinas
Beron Cobonnas Vposens loBoasHo Gonbias
HU3BECTb Cpeanuit

(npaBuio-1-1-2-2

Ecnu  (Tpemmna dopma NO_LIIMPHHE)
(TPewMHA MECTOMONOXeHNe HEHTP_NpoeTa HHU3)

(OceBas_HArpy3ka MECTONOIOKEHHE
(TeXHMYECKHE_yCAOBHA_IKCIL
Toraa  (KOMHUpOBATH

YCAOBHAX_CBEPXBBHICOKOMH HATDY3KH)

(* of Bpems abcomoTHas ucTHHA = C

(npasuno-1-3-4-5

Ecnu  (Tpemymua dopma NO_IIYMPUHE)
(Tpemuua MecTononoxente onopa HU3)

(OCeBas HArpy3Kka MeCTONOIOXEHHE
(TexHHUeCKHE_
Torga  (KOmMHMPOBATH

YCIOBHSIX _CBEPXBBICOKOHR_HATPY3KH)

* cf BpeMs BEpOATHO_MCTHHA = COBN

(npaBuno-1-5-3-6

Ecnu  (Tpewmma dopma no_ocy)

LUEHTP_NposeTa Bepx)
JtyaTauud jo-1967_ropa)
(Ip¥YHHA_TIOBpEXICHHit

IKCILTYATANMA _B_

OBIA/IAET)))

LUEHTP_NIPOJETA BEpX)
YCAOBHS IKCIIyaTamuu 10_1967_rona)
(pAuMHA_TIOBpeXIeHHit

SKCINyaTauua _B_

anaet)))

(TPEIMHA MECTOMONOXEHHE LEHTP_TPOJETA HA3)
(Texnmecxue_ycnonuLakcnnyaTaulm no_1967_ropa)

(OCCBaﬂJanWKa MECTONIOJIOXKEHHE

Toraa  (KONMpoOB

cxemMa c_ev(12)

4Th  (MPHYMHA_HOBPEX ACHHIl
YCJIOBHsIX _CBEPXBBICOKOHR HATPY3KH)
* cf BpeMa ucTuHA = COBNaacT)))

LEHTP_IIPONIETA Bepx)

SKCILIYATAHS_B_

Puc. 4.9. Tpasuna ONECHKH NPHYMH PA3PYILCHHUA.

Tabauya 4.7. Pe3ynbTaThl OLEHKH CTENEHH ¥ MOCIEACTBUN NOBPEX ACHUH

Ilpaynna Crenesb Crenesb HocnencTaus Crenesb
MOBpeXAEHHHA | NOBpeXaeHUH IOCTOBEPHOCTH| NOBpeX ICHHE | 1OCTOBEPHOCTH

1: Cpeausis Manas Cpennue JIOBOJIBHO
manas
2: Cpennss Manas Cpeauune Manas
3: Boasinas Manas JIOBOJIEHO JloBonBHO
Gonpinue Majas
Tabauya 4.8. Pe3yabTaTH OLEHKH CPOKA CIYXOBI
Ipaunna nospexaenuit Cpok ciyxOm, romst HcTunaocTs
1 5-16 JIOBOJIBHO
majnas
2 5-16 Manas
3 2 JloBoaBHO
manas

OIeHKa CcpoKa CIYXObl Xeae300eTOHHBIX NMEPEKPBITHH MO MpH-
9HHAM, CTENeHH M MOCIEACTBUAM MOBPEXAECHHN MO3BONISAET MO-
JIYIHTH pe3y.abTaTbl, KOTOPbIE MOXHO HEMTOCPEACTBEHHO HCIOJIb-
30BaTh [JIs OPHHSITHS PEIIEHHIHA MPH 3KCIUTYyaTaH¥ COOPYXKEHHMA.



230 Dxcnepmuble cucmemvl

4.4. IOMOIb B MNPUHATUN PEMEHWAA

4.4.1. BBEJEHHUE

CaiiMoH [16] yTsepxpai, 4TO nEATENBHOCTD YEIOBEKA B 00-
JIACTH NpHUHATHA PEIICHHMA HMeEeT derhipe acnekta (tabun. 4.9).
Pa3nMyHple METOABI MATEMATHYECKOTO IUTAHHDOBAHMS, TEOPUH
oueHkH ¥ 3(pdeKTHBHOCTH, pa3spaboTaHHbIE B PE3yNbLTATE AKTHB-
HpIX HccnenoBaHMit B8 60-e W 70-e romgbl, cBOgwIMCh, K Ha-
XOXIOCHHIO MaKCHMyMa (MHHUMyMa) 3HAueHM OreHOYHBIX
Gbynxnumit mpu ycnosuu crporoit hopManusaimyu npobneMel. Bee
OHH HMCIOT OTHOLLUECHHE K 30MpATENbHON M MCCIE0BATENBCKOM
medaTeNbHocTH. B mocnemyromme roapt B TaKMX MPOEKTAX, Kak
«/luaamuka Muposoro passutus», ISM, DEMATEL, «J/lua-
TPaMMBI HO3HAHMS», CTand oOpaiaTh BHUMAHUE Ha papdoHa-
JM3ANMIO YNIPABICHHUA NPENIPHATHAMH, NpPOONEMbI OXpaHbI
OKpYXAIOIEH Cpexbl, MEXAYHAPOIAHYIO MONMTHUKY H IOPYyTHE
obnactd 3Hanwit. Jnd mogobHbIx mpobiaem, crporas dopma-
JU3agAs M NpPEACTABIECHHME KOTOPBIX C MOMOMbIO YHCIIOBBIX
AHATIMTUYSCKHX MOpnENIe HEBO3MOXKHBI, METOJAMH «MO3TOBOU
ATAKW», AHKCTHPOBAHHs, AHAIM3A NOKYMEHTauu¥ ¥ OpPYTHMH
METO/JAMH CTAPAJIUCh BBIAENHTH BaXKHEHIME MOMEHTBI MOCTAB-
JCHHOW mnpoOJsieMbl ¥ TpadHHeCKH NPEACTABHTH €€ CTPYKTYpY
B BUE B3aMMOCBS3e€H Mexay 3tumu momeHtamu [17]. Co-
OTBETCTBYIOIIME METO/BI, KOTOPBIE MPEAYCMATPUBAIH TiATEb-
HOEC HM3Y4CHME aNbTEPHATHUBHBIX MPOCKTOB, NPEMIOKEHHBIX HA
KOHKYPCHOH OCHOBE 3aHHTEPECOBAHHBEIMA B DEIICHHH HAHHOU
npobJIeMBl JIMIAMY C [1eJIbI0 MpHiiTH, 06pa3HO roBops, K Corna-
CHIO Yepe3 6OpbOy Ha PHHTE, MOXXHO OTHECTH K KOHCTDyKTHBHOM
nestenbHoctd. Kaxmeri W3 ykasaHHBIX BbIIE aCHEKTOB MpH-
HATHA PEIUCHMH CTAHOBMTCA pEAasbHbIM NPH YCIIOBHH CTPOTOi

Tabauya 4.9. JIeATEABHOCTD 4eioBeka B 00AaCTH NPUHATHS pelleHUit

1. O6napyXenMe NPENEAECHTOB NPUHATHSA Hudopmanmonnas
peLuenuit

2. O6GHapyXeHMe M aHAJIM3 AJILTEPHATUBHBIX KoscTpyxkTuBran
NPOEKTOB

3. Buifop anbTepHATMBHBIX NPOEKTOB M3bupaTtenpuas

4. loBTOPHOE M3yueHME BHIOPAHHBIX
NIPOEKTOB

HUccnenosarensckas
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dopManm3anms mpobieMbl HA OCHOBE e€ abCTparMpoBaHHs,
XOpOLIEH CTPYKTYPH3ALMH, OLEHKM BAXHEHINAX MOMEHTOB HU
IPYTHX CTOPOH MMOHHMAHHA CyTH HpobGIEMBL JTO YXe COOT-
BETCTBYET MH(POPMAIMOHHON NEATENBHOCTH M MU CYWIECTBY BO
MHOTOM 3aBHCHT OT KOMIUIEKCHOH OIIEHKH CTIELIMAIMCTOB, IBPHC-
THKH ¥ Apyrux cyGbektuBHbIX dakTopos. CrpeMdTenbHAS Ha-
YYHO-TEXHMYECKAs, PEBOJIONHS, B HYACTHOCTH MHPOpMATH3ALMA
o6mecTsa, oOyclOBJIEHHAasE PACHpOCTPAHEHHEM KOMIBIOTEPOB,
fenaeT Heu30eXHBIM NHAJIOrT C KOMIBIOTEpAMH B YCIOBHAX
W36bITKA MHGOPMAIMH, MPEBBIIAIONIETO TPAHHIBI [TO3HAHHA Ye-
7oBeka. B pe3ysibTaTe 4eNoBEK TepAeT cBOOORY MbILUICHHA,
HeoGXOmMMyIo €My Uil MOHUMAHHs CyTH IpoOJieMbl 4 €e mep-
cnektus. CaMoe akTyanbHoe TpebosaHue B obacrd MpUHATHUS
pelnenyii — IpegoCcTaBICHUE 4YEJIOBEKY CpEelICTB MOMOmM A
OLCHKH peIleHUil 4 CXaToro MpEACTABJIEHHSA CyrHOCTH Hpo-
6JieMbl M KOHTEKCTa CMEHbI coObITuil. JIpyruMu ciioBaMu, He-
obxonMMa pa3paboTka CHCTEM HOMOIH AN uapopMannoHHOH
H KOHCTPYKTMBHOW NEATENPHOCTH, OCHOBAHHOW HA HOHAMAHUU
cyurHOCTH mpobaembt. C 3TOH 1€/IbI0 HEOOXOAUMO npubnu3UThL
K 4ENOBEKYy YPOBEHb €ro B3aMMOMAEHCTBHS C KOMIBIOTEPOM
¥ IIEPECMOTPETH aNrOpuTMbI QyHKIMiT 06paboTku MHPOPMALAH
¢ CyOLEKTHBHBIX KAaUECTBEHHBIX IO3MIMHM ¥ HA OCHOBE HEYETKHX
¢akToB ¥ cobbrTuil. [lepBHIM MOAXOIOM B 3TOH obmacTd cTana
Monens bapTierta mpoiecca mo3HaHUS 4ENOBEKa, HA KOTOPYIO
obpaTuiu BHMMaHKe B Hauane 70-X rogoB. JTO MPOIECC HHTED-
nperayuy CoOBITHH, 06JajaromuX HEKOTOPOH IOCNTEN0BATEND-
HOCTBIO Graropaps akTHBU3A[MM CHH3Y BBEpX TUMOTE3 HA OCHO-
Be ¢pparMeHTapHO HHPOPMaH OT OOBEKTOB H COMOCTABIIECHHIO
runores o6 obnektax csepxy BHu3 [18]. JlaHmas Mopens Ho-
3BOJISieT KAYECTBEHHO OOBACHUTH TaKHE 0cOGEHHOCTH 00paboTKU
3HAHUH 4YeJ0BEKOM, KAK DACHO3HABAHHE U 3ANOMHHAHHE [J0-
CTOBEpHOMH CXEMbI COOBITHH, HHTYHTUBHbIA u 6bICprII71u cHcTe-
MaTHYeCKMH MOUCK, PEIIEHHUS, OLEHKH U APYrodl AKTUBHBIH MOUCK
HHboOpMaI|K, TOOYXKIAEMBIH OXHIAHUSAMH U HANIEXK TaMH.

Huxe paccMoTpena cucTeMa MOMOIIH B NPHHATHH CTpaTery-
YeCKHX pelleHHil MONMTHYECKHX W OOmECTBEHHBIX MNpobIeM,
KOTOpasi MOCTPOEHA HA OCHOBE €JMHUYHBIX COOBITHH (NpHHH-
MAaeMBIX 32 THIIOTE3bl B yKa3aHHOH BBbIIE MOJENH), ClEHApHS
(01 KOTOPBIM MOAPA3YMEBACTCS [IENOYKA €UHMYHBIX COOBITHH)
1 GyHKnEid 0000meHnss coObITHH (OCHOBAHHBIX Ha MOHATHAX
HEYETKHX MHOXECTB).
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4.4.2. IOMOIIb B IMTPMHATUN CTPATETMYECKUX PEMEHUI
U UEPAPXWYECKOE CTPYKTYPHOE
NPEACTABJEHUE 3HAHUNA

YenoBek, UCMONL3Ysi COOCTBEHHBIN ONBIT, U3 IPYNNBLI CXOJ-
HBEIX 3ME30708 MOXET CO3JaTh MX o0pa3, HiH TPOTOTHI, KO-
TOPHIA OH 3aMOMHHAET BMECTE C €70 CYIIECTBEHHHMM 1ePTaMH
H ocobeHHocTsMH. BeTpeuasick ¢ KOHKPETHBIMY 3MW301aMH, OH
BBI3HLIBAET U3 MAMSTH Moaxopsmue obpassl, paclo3HAET CMBICI
M BaXHOCTb 3MHU300B NPH CXONHBIX OOCTOATENLCTBAX U MPH-
HAMAET PelleHuss O COOTBETCTBYROnMX peficreusax. Ilpencras-
JieHre 00pa3a KaKk npoTOTHIA 3H3042 B BA/E CEPHH CMEHSAIOIIHX
OpYT ApYyra OCHOBHbIX ASHCTBHI HA3HIBAETCSA CUECHADHEM. DTO
noHstHe BBeaeHo B 1977 r. HlenkoMm u AbensconoMm [19]. Ono
OCHOBAHO HA CTPYKTYpe KOHOENTyanpHO# 3aBucumocTH HleHka,
MEHCTBHSX, SBJIEHWSX M UX THNOU3ANMHU, a TAKXKe MPEeACTaBICHUA
HX B3aUMOCBsi3eil. B Teopum KoHmenTyalpHOM 3aBHCHMOCTH
B KAa4ECTBE OCHOBHBIX AEHCTBHUI 3ajaroTcs HamboJsee pajguKaiib-
HBI€ AEHCTBUS, OTPAXKAIONIHE 3aMBICIIBI H MOCTYIKH 4EJIOBEKaA.
B HamieMm ciyuae B KauecrBe HaMMEHBILIEro CTPYKTYPHOTO 3ji€-
MEHTA, HeoOXOauMOro Ui OMUCAHHs cepuHu (HeHOMEHAHCTH-
yeckHx !) MOMHTH4YECKUX U OOMIECTBEHHBIX cOOBITHH, MPUHAMAET-
ca enuHnuHOE coObitHe (puc. 4.10). Kak Bmmmo u3 puc. 4.10,
chCTEMA MYTEM COMOCTABJICHHS OMUCAHMA KOHKPETHBIX 3MU30/10B
¢ HPOTOTHUIHBIMH E€IWHAYHBIMHU COOBITHAMHM BHIIEIAET LEMOYKY
KOHKPETHBIX eIMHHUUYHBIX COOBITHA M co3/1aeT cueHApH#H Kak
CEpUIO TPOTOTHIHBIX E€OMHAYIHBIX COOBITHH, € MOMOIIBIO KO-
TOpo# Ha OCHOBEe HOHATHHA 00001eHHOrO0 0OyYeHMS MOXHO
OO BACHUTL AHAJIOTHYHYIO [[ENOYKY KOHKpeTHHIX cobpiruit. Io-
Ny4eHHBI CIEHApHA COMOCTaBISETCA C THIIOTE30#d, KOTOpas
OTpaXxaeT HpPOrHO3 Da3BUTHA COOBITHH, cHopMyNHPOBaHHBIHA
JIMIIOM, MPHHAMAIOIIKAM pEIIeHNs, 4 CUCTEMA B CIIy4a€ BO3HHK-
HOBEHHSI HEKOTOPOTO COORITHS AKTHBU3MPYET THNOTETH4ECKHH
CHEHADWIA ¥ Ha ero OCHOBE JaeT CBOMl NPOTHO3 pa3BHTHS COOHI-
THi, Tem caMpIM OHA MOJXET OKa3aTh MOMOmb 4€JI0BEKY B IIpH-
HATHH DEIIEHYS.

PaccMOTpHM ONHCAaHWe KOHKPETHBIX 3MHM30/10B O PA3HOIJa-
cusix B Toprosie Mexay Amonueit u CHIA: «SnmoHckne meTan-
aypruveckue (GupMbl mpoHHKaroT Ha peHOK CHIA u ysenu-

D denomenamsm — puitocoickoe yuenue, npu3Halomee Aenocpes-
CTBEHHBIM OOBEKTOM TIO3HAHUA SBJCHUA W COOBITHA.~ [Ipum. nepes.
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Puc. 4.10. CTpykTypa CHCTEMBl NOMOINY B NPHHATHH CTPATErHYECKHX
peLUEeHHIA.

4MBAIOT 3KcmopT u3 Smommu (P11 — P13), Metamnypruueckue
kpyru CIIA mpunsnu oTseTHBIEe MepHl (P13 — V12). Munucrep-
ctso ¢unancos CIHA B030ymusio neio O AEMIHHTe MPOTHR
Slnonuu. B 3aBucHMOcCTH OT Hcxona aena molioxenue Snonuu
crasno 6wl TpysueM (P13 - D11 —» D12 — P14 - V13). Munuc-
TepcTBO (PUHAHCOB, COTJIACHBINNCH C MPETEH3USIMH, YCTAHOBHIIO
MOJATHKY TPATTEPHHIX [[€H ), ¥ NpOMBIIUIEHHbIE KpyrH SImonuy
OBLIM BBIHYXJCHBI CAMH OrpaHH4HTh 3KcropT (P14 — D13 -
— P15 D14 > P16 > V17)». Hcnone3sys TpH THOA Y3JI0B
(P—-xoBKpeTHOE cobbiTHE, D - peficTByromee Mo, V—oueHka
[EHBI AEHCTBYIONIMM JMIIOM) H 4eThbIpe THNA CBA3H (C—BO3HHUK-
HoBenue, T- OKkOHYIaHHUE, S — MOJOKHUTENLHOE HIIM OTPUIATENBHOE
«HACTpoenve» 2 pBHIHKA), MPHYMHAYIO [(EMOYKY OTAENbHBIX CO-
ObITHI, BKJIOYCHHBIX B MPHUBENCHHOE BBIIE OMHCAHHE, MOXXHO
3aKOQMpOBATh B BUAE OpMEHTHpoBaHHOro rpada (puc. 4.11,q)
[21, 22]. CrpykTypy rpada peanbHBIX COOBITHH, T.€. HEpAPXHU-

D Tenn na mpoaykudio, AeHCTBYIOmMHE B pAMKAX €/IMHOM TOProBoi
NOJHTHKY ¥ (QOHJOB TOBAPHOrO DETYIApPOBanHA. ECAH neHsl magaior
HHKE YCTAHOBJEHHOIO YDPOBHS, MPEANPHATHAM NPEAOCTABIAETCH MO-
Momb.— Ipum. nepes.

2 Openxa YYACTHHKAMHM DBIHKA NEPCHEKTHB JBHXKEHAA [EH.—
Tlpum. nepes.
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4eCKyl0 CTPYKTYpy 3HaHHWi, Giarogaps CONOCTaBJICHHIO C NpO-
TOTUMHBIMH eOUHAYHLIMH COOBITHAMHM H3 Tabin. 4.10 MoxHOo
CBECTH K CEepHH NPOTOTHIHLIX COOHITHI, NpHBENEHHOH Ha
puc. 4.11,6. 3aTteM Giaropaps CONOCTABICHUIO € MpaBAJIaAMU
06pa30BaENA KOMIUIEKCHBIX cOObITU# B Tabu. 4.11, 3aperucTpu-
POBaHHBIMH B CHCTeME€ B BHJE MOCIEAOBATENLHBIX MHOXECTB
¢IMHMYHBIX COOBITHH, TNONy4YeHHAs CTPyKTypa MoXer OBITh
B CBOIO oHUepelb NpeacTaB/ICHa HEpPAPXHYECKM B BHJE CEPHH

Tabauya 4.10. EnvHAYHbIe COOLITHA KaK CTPYKTYPHBIE 3JIEMEHTHI CEpUHU
(enoMeHaATMCTHYECKAX HOJHMTHYECKHAX H OOUIECTBEHHBIX COOLITUH

udei (A-®) ssr20dz (¥-A) “nenu (¥)

(@-5)  (Tpazoepnsie uews;)

Pasnge nacus (9-A) —» Pussoznaces (@-A)

g Yenewnoe
l— compgBruyecmsg (P-A)
| Uenenanpaenennse.

emelalne nsemey
¥ =
%%é/’%”;{f —> 5535” el — Wﬂi{lgykeﬁ”lﬂﬂﬂe (9-A)
8
Ltz .0
- Kominercasie m[iu/ﬂf
1
|
ﬂpob‘neua—»ﬂepeﬁam OJcosnanue | ITpgbaem
(A) aded AP} xfy/f{% ﬂ(ﬂ/), “
Pf' y\{tﬁ}l’/\/é’ Heyd
aspgenaces  Yenex a3nozpci fpayyadente Heydava
¢ M54 i i Al
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asrzoda (P-A) (4-9)
L Fdunamsle
00061

Puc. 4.11. Ouucande KOHKPETHLIX IPUMEPOB (3MM3010B), CTPYKTYPHOE
IpeACTaBlIeHUEe Tpada NENOYKH NPHYMH M MEPAPXUYECKOE CTPYKTYpHOE
NpeCTABICHUE CXEM.
a—ceTb npuyny (S —amoHckHe Metaiutyprudeckne Gpupmel, O — Munucrepctso du-
natcos CIIA, A —aMepukaHCKHEe METJUTypPru4eckue GHPMBI); 6 —Cepus NPOTOTHI-
HBIX COOBITHH, 8 — Cepysi KOMILICKCHBIX COOBITHH; 2 —CTPYKTypa BEPXHEro ypOBHA.

a) A=B 6) A% B
-5 c
V(4) « P(X) - D(B) | [Ilpobsema, [A], {[Crumynsr, [A4, B],
Lx11 [x1]
+S§ [
V(4) — P(X)— D(B) | [Uemm, {4], [XT1] [Tlooumipenus,
(4, B1, [x1]
D(4) i P(X) +—f W(B) | [Vemex, [4], [X]1] [ConeiicTBMe,
(4, 81, [x1]

C ~C

D(4)— P(X) > V(B)

[Heynawa, [4],
[x1

[Vrposa, [ 4, B],
[x1

¢ [Cramynnposanue, | [Tlepenava_npei,
D)~ D#) Tt (4, B, [ T
T
D(4)- D(B) [Orxa3, [4], [ 1] -
a b
V(4) « P(X)— [Komnpomuce, [Kouxypennus,
(4] [x. Y11 (4, 8], [X, Y]]

—_ P(Y) — V(B),

abc=-1
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Hpoodoaxncenue mabauyor 4.10

a}) A=8 6) A#B

-5 b
8 V(4)«~ P(X) — [Pasnornacus, [KoMnencammus,
4], [x. 1l [4. B, [X, Y11

c

— 5 P(Y)— V(B),
bc=~—1

+S b
9 V(4)« P(X)—— [Cornacue, [Corpynsuuectso,
4], Ix, 1 [4, B}, [X, Y11

c

—= P(Y)>V(B),
bc=+1

KOMIUJIEKCHBIX COOBITHH, mpuBeneHHBIX Ha puc. 4.11,6. Ecmu
K KOMIUIEKCHBIM COOBITHSIM MMEIOT OTHOMLICHHE 1Ba ACHCTBYIO-
mmx ymua [rpada 6 B Tabn. 4.117, B COOTBETCTBHH C pazIHYHEM
KOMIIJIEKCHBIX COOBITHH IJIaBHBIX M NOOOYHBIX CEPHA (HALIpUMED,
«coryacoBanue TpebosaHmii» Ha pHC. 4.11, 2) comepkaHHe TaKHX
CcoOBITHH OTpaXkaeT OOHY M3 CJIEAYIOIUX CBs3edl MeXkay AeHcCT-
BYIOIIMMH JMpAMH: «corjlacHe (6e3 mpOTHBOpEYHil)», «aHTa-
TOHHA3M (HPOTHBOPEYHS)», «KOHKYDEHUHS (B3dHMHBIE [IPOTHUBO-
peUHsl)», «yCMEIIHOE COTPYAHAYecTBO (6€3 1pOTHBOpEHHid)» H
«HEYHAavHOE COTPYIHHYECTBO (HPOTHBOpEYHE, B3AMMHLIE MPO-
THBOpevusi)». [IpH 3TOM CTPYKTYpPY BepXHero YpoBHs (pHC.
4.11,6) MOXHO CBECTH K CEpHH «([€JICHAIPABICHHbIX BMellla-
TelsCTBY [23]. Boigenennsie equHMIHLIC COOBITHS, KOMIUICKCHBIE
€OOBITHS M peJleHanpaBJieHHble BMEMIATEIbCTBA PeTHCTPHPYIOTCH
B cHcTeMe B Bl cxeM p_e( ), c_ev( ), g_sg( ), B CIOTaX KOTOPBIX
HAXOJUTCS HHPOPMAIHS O COOTBETCTBYIOUIMX CBSI3SX BEPXHETO
H HIDKHero yposHeil. Ha puc. 4.12 mokazaHo copepxaHHe Tpex
CXeM KOMIUJICKCHBIX COOBITHH, HpHUBENCHHHIX Ha puc. 4.11,4:
«OTBETHBIE_MEPH C_ev(12)», «oco3HaHue weledt c_ev(14)» nu
«ycrewHoe _npaHyxaeaae ¢_ev(13)». B cTpoke «uMeeT_4acTb»
KQXK[0# CXEMBl YKa3aHbl COOLITUS HUXKHETO YDOBHS, T.€. CepHUs
eIHHUYHBEIX COOLITHH, W3 KOTOpBIX oOpasyercs KOMmJIEKCHOE
cOObITHE, 3 B CTPOKE «ABJSAETCA_4aCThio»— HeJleHarpaBlIeHHLIE
BMEILIATENIBCTBA KAK CTPYKTYpa BEPXHETO YpOBHS.
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THI OTBETHBIC Mepsl
Ae#icrByromee_nuno  [Meramn._npom._CIHA, Mertann. _npom._
SAnonuu]
CoAepKaHue [[Anonus, nponuxaer, Ha, puinok, CIHAT,
[neno, nemnunr]]
yKkazaTenan aBasercsa_vacteio ([g-sq(1)])
umeer_vacTs ([p_ev(14), p_ev(15), c_ev(ll),
p-ev(16)])
nocpeamayecTBo (c.-ev(11))
cxema c_ev(14)

THI OCO3HaHHE_lenei

AeficTByomee muo [ MuHHUCTEpCTBO_(hHHAHCOB]

CoJIepXande [neno, nemiunr]

yKa3aTesd apnserca_dactsio ([g-sq(l), g-sq(3)])
cxema c_ev(13)

THIU YCIETHOE _TIPHHY X JCHHE

HeiicTByromee_muno [ MuHHCTEpCTBO_(MHAHCOB, MeTain.
npom._SAnoxun]

collepxande [[ycranoBka, mONWMTHKA, TPUITEPHbIE
nenst],
[caMoorpaHuvensie, KOHTPOIb, IKCHOPT,
crans]]

ykazaresnd asaerca_yactsio ([g-sq(3)])
umeeT_44cTh ([p_ev(17), p_ev(18), p_ev(19),
pev(20)])

Puc. 4.12. CxeMBl KOMILIEKCHBIX COOBITHH «OTBETHBIE MEPBD», (OCO3HA-
HHE neneiy M «yceurHoe NPUHYKICHHE.

4.4.3. TIPOLUECC BBIJIEJTEHUA
UEPAPXUYECKOHN CTPYKTYPHI
NMPOBJEMBI B TUAJIOTE C CUCTEMOM CXEM

Ha puc. 4.13 nmpusened pmanor 8 MHOTOOKOHHOM peKHME.
110 rnaronpHOM IpyNne «IpHHATH OTBETHBIE MEDBI» B BONPOCE
01 (okHo (1)) cucTeMa MOHEMAET, 4TO TJIABHHIM COAEpKAHHEM
BOmpOCa sABJILETCA KOMILIEKCHOE COOBITHE «OTBETHBIE_MepH
c_ev(12)» (okHO(2)). DTO OcCymecCTBISETCS MyTeM OOpaIIeHHs
K clIoapro COOBITHIA, BCTPOEHHOMY B CHCTEMy H BKJIFOYAIOIIEMY
ONHCAHMA €AMHAYHBIX ¥ KOMIUIEKCHBIX coOBITHI (Ta0u. 4.12). Ha
BOMpOC «KTo» B 1 OTBET HaXOomMTCA B CJIOTE «ACHCTBYIOIIEE
TH0» coObITHA c_ev (12), T. e. MeTalypriudeckas MpOMBIILIEH-
Hocth CIIA (otBet - Al B okHe (1), okHo (3)—CxeMa C IlaBHBIM
COolepXKaHHEM BONpOCA, OKHO (4)-HepapXxuyeCKas CEpHSf CXEM,
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c_ev(12)

c_ev(14)

Nomanydicma, s8)
1 : Hadma,xmo

{Mema pagporer
T we g2y Had

%% PEIYARTAT [PAMMATHYECKOID PAIBOPA *%

2z (2(Hadimil), 2c(M(KITD), 22( 2(NPUNIA), C(MEPSIN), 2C(n(ApONTLS),

¢ (I9nonerod memiA_npom)), 1)), 28(n8), clesa3u) 2e(cf

Npanurrosewdes), ofSnowua)), 2c(nme), ¢ (psivon), ¢ (CUIA))

xx COOTBETCTBHE JANPUCA H BA3bI JAHKBIX #x

~>3aNpos GHTEMPEMapOsU CAETPILIM 00pa3oM :

Y, Crmeemusie_mepsl, npomus, noncras_Memus_npoml, 8 cossu
wiRKoseHze, SIN0US, Ha , pé o, CLIATY

Oxne (4)

&t coom wem credyiaes CreMs cobbrmul :

2

{omaermysie_vepsi LY, [Fncucran_semar npom 11, | [npasarvosente,
Snonau, e, psinor, CLAT, Y13

Onwo (2)

Oxwo €l)

5),c_ev(ll)

NTpom 11

/A, pstrom), [em

Oxno (3)

\

ar >
Al #

a2 »
AZ #

a3
A3 #

as >
A4 #

Hadma, xmo npussn MEps! npomue SROHCKOL_MEMAR_NPam & -
853U NpoHuRHoBeHIeM Snonau Ha psiiox LUWA
éfsema//_npnn_ ClWA
MemannpoM CUIA npundae MEps! npomas SToHCK ol Meman.
npOM 8 CEA3U RpORURHOBEHAOM Snonud #a psiwon CLIA ny-
meM dena 0 JgMnanze
Yozda: g0 o JemMnuree RopYvenn peutdms MUHUCITIEPCTTOY
URAHEDS
020a: Munucmepsmso..pURaHCOs 8880 IMPUI2EPHEIE UEHS!
nza/ﬂw SnoseroU MEMaA_APOM.

» ANG

NPAN npuwsn meps: npomue Snowexod_asmoM. pOM § CRASY
ysuuvgnum oo Dineds CUA 5
CVent a3p renus UMIop u3
cSs

NPAN np mepst np

yeena XG0P
peparuvug umnopnr U3 Hnonud.
To2da : AnoHCKRaR.Q8MOM.IpOM & OMASM HE O2PONUYCNUE
UMMOPMA U3 SNONLE CaAMOCTIOIMENAT 86CAR YAPUSACHTE
SRCrIopmoM UEMOMODU ned.

&,

1 QA8MOM_NpIM € £8a3u
neu 8 CUA,

NIPAN npunsn meps: npomus SnoHCrol.aemok_Tpom 0 (8ASL
yoenuvenuem X as 7 6 ClWA,
D2plNLYaB UMROPM U3 SnOHAL.

Tozda: KaMnanusy D2panLveHus uMnepma 43 Snonau CHANE
npemensau NPAN

7’:;3,1:57/;0”4/.7 apunsna npslgomenaze NPAN 0 nepecode 8
CUfA asmoMobufisHozo 326008

Puc. 4.13. Boigenenue Mepapxuieckod CTpyKTypsl HpoOaeMel B Jdaliore
¢ 6a3oil 3HaHUH 00 MEPAPXHYECKOH CTPYKType CXeM.

BUnOYaromas faHHyio cxemy). Ilocne 3aMeHBI ClloBa «KTO» HA
«4TO» H «Kem» CHCTeMa B KAa4yecTBE oTBeTa yKa3bIBAeT HHpOp-
Maiilo B CI0Te HAHAeHHOM CXxeMbl. [Inf oTBeTa Ha BOIPOCHI
«TOYEeMY» U «KaK» CHCTEMa aKTHBU3HPYET U3 MPEIILECTBYIOIIETO
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Tabauya 4.11. Tipumepbl mpaBUa 06PA30BAHMA KOMILIEKCHBIX COOBITHIL

BoaeBoe_peiuenue: —
npobaema — ycnex* — cornacue
JlocTuxenue_uenu: —

a OCO3HAHHUEC_IIEJIH —> ycnex* — COorJjlacue

Boamernenue: —
Heyaaua — npobrema — ycnex*

be3
NPOTHUBOPEUHiA

Komnencayus: —
KOHKYPEHIIMA — OCO3HAHME_LeNei —
— CTUMYJI — COJIeHCTBME
IMomoms: —
CTUMYJ1 — yCnex* — COTPYAHMYECTBO
Ipunsarue_tpeboBanmit: —
nepenada Maei — ycnex* —
— COTPYAHMYECTBO

o IIpotuBo-

OTBEeTHBIC MEPHI: —
KOHKYPeHIMA — ITpobneMa — ycnex* —
— KOHKYPEHLUA

IIpotuBopeiictue: —
NOOIMIPEHUEe — yClleX* — KOHKYPEHIMUS

pe4us OTKJIOHEHME_TPEOOBAHMIA: —
nepegava_usiei — ycnex* — KOHKypeHus
VenelHnoe _npuHYXIEHHE: —
yrposa — npobjemMa — Heyjgaua* —
— KOHKYDEHI S
B3aumurie Heynaunsie_tpeboBanus: —
TIPO THBO- nepeaavya_uzeH — meygaya* —
peuus KOMIEHCAIMS

IHAIoTa CXEMBI BEPXHETO M HHXHETO YPOBHEH H M3 CXEMbI
BCPXHETO YPOBHA HAXOMHUT OTBET HA MEPBBIH BOMPOC, @ U3 CXEMBI
HHXHETO ypoBHs Ha BTOpOH. KpoMme nmamora Ha ecrecTBeHHOM
A3bIKE B OTPAHUYEHHON 061AaCTH 3HAHHHA CHCTEMA MOXET BBI-
ACNIATh M YKa3bIBATH «KPATKHE BBIBOJABI O CMEHE COOBITHI KaK
NPEIIIECTBYIOIHX, TaAK M HOCHEAYIOIHX» H «AHAJIOTHYHBIE CO-



240 Oxcnepmuvle cucmemsl

Tabauya 4.12. TipeoGpa3sopanus «cxema COOGBLITHE «» ONUCAHME
COJICPXKaHUA HA €CTECTBEHHOM SI3BIKE»

Tun ([4, nobuncs ycnexa, B, B], [Vcnex, (41, [B1]).

Tun ({4, ycranosun xoBTaKT, ¢, Bl, [mepenava.uneii, (4, B], [ 1))

Tun ([ 4, cornacwics, c, B, no Bonpocy, C], [npunsTue_TpeboBanuii,
[C, 4], [BI).

Tun ([ 4, norepnen weynavy, B, B), [Heynaua, [4], [ B]]).

Tun ([4, npunsn oTBeTHBIC Mepsl, 1o, B, npot#s, D], [oTBeTHBIE_MepHI
[4, B], [D, C1).

Tun ([A, copepumn, B, npotus, C], [oTBeTHsIC Mep, [ A, D], [B, C]]).

Tun ([4, nobuncs, B, ana, C), [noctuxenne_uens, [A], [B, C]]).

Tun ([A, caenan, B, ana, CJ, [aoctuxenue_nemu, (4], [B, C]]).

Tun ([4. crpapaet, ot, B], [npobrema, [4], [B]]).

Tun ([ A4, nobyxnaer, B], [ocosnanue_nemu, [B], [A]]).

Tun ([4, paspewaet, B], [oco3Hanue_nemm, [B], [4]]).

Tun ([4, crumynupyer, B], [cTumynupoBanue, [B], [4]1]).

Tun ([A, sb3mBaer Bl, [ocosnanue nemu, [B], [4]]).

Tun ([A4, noGyxaaet, B], [crumynnposanue, [B], [41]).

Tun ([ A, xouKypuUpYyeT, ¢, B, 3a, C], [xonkypenuns, [ 4, Bl, [C, D]]).

Tun ([A4, Bosmemaer, oT, B, 3a cuer C), [yen mepenectu_meyn, [A],
(8, C]D.

Tun ([4, 3acraBnser, B, caenats, C], [ycnemnoe npunyxnenue, [4, C),
(D, B])).

Tun ([A4, cosepiuaet, B, npotus, C], [ycnemnoe_npunyxaenue, [A, C],
[B, D}).

Tun ([ A, corpynauaer, c, B, B, C], [coTpyauuyectso, (A4, B, [C, D])).

s

OBITHS», 4TO BBIOJIHSETCS MyTeM BBOJAA KOMAaHA-BOMPOCOB AS
(0606mmTs DpemmiecTByIOmHAe coObITHA), CS (0606mMTEL MO-
crenyrone cobbitus) # ANG (mposectd anasnoru). Ionyuus
koMaunny-sonpoc CS (Q2 B okne (1) Ha puc. 4.13), cucrema
NOCNEAOBATENBHO aKTHBH3MPYET IEMOYKY CXEM KOMILIEKCHBIX
COObITHH, Ha4HMHAd CO cXeMHl C_ev (12), aKTUBH3MpOBAHHOM
BompocoM Q1: ¢c_ev (12) «orBeTHHIE MepsI», c_ev (14) «oco3Ha-
HUe peiau», c_ev (13) «ycmemsoe NpuHYXOEHHe», 3aTeM Mpo-
CIEXKHBAET B 0OpaTHOM mOpsiaKe cBA3M Tabn. 4.12 4 fgaer Kpar-
KAe BpIBOABI O cMeHe cuTyaruit (A2 B okHe (1)). IMonyuus
koMaHny-sompoc ANG (Q3 B okue (1)), cucTeMa BHIMOIHSET
NOMCK W TOKA3bIBAeT AHAJIOTHYHBIE NPEHEAEHThI, KOHKPETHOE
coJepKaHue KOTOPLIX HECKOJNLKO OTJIMYAETCS OT KOMILIEKCHOTO
coObITHA TeKymmero Bonpoca ¢_ev (12) «0TBeTHbIE MEPED». B maH-
HOM Clly4a€ BHIJA€T 3HAYEHHE CNOTA «THI» CXeMbl C_ev (25)
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(?KOHOMMYECKHE pa3HOIIACHs, CBSA3aHHBEIE C JKCIOPTOM aBTO-
mobuneit) (A3, A4 8 oxue (1)—1Ba BapHaHTa pa3BUTHA CHATYAIWH
no cxeme ¢_ev (25), nonyueHHbIX 0000menueM mo komMadge CS).
Juyo, npuHUMAlOLEe pelIeHHe, B IIPOEecce NoA0OHOro auaiora
cMoXeT 001yMaTh aHAJIOTHYHBIE MPeNEICHTbI, KOTOPHIE MOJyYe-
HBI U3 rpada NPUYUHHBIX [[EMOYEK, COCTOAETO U3 HEPAPXHYECKH
OpraHu30BaHHON HUHGOPManUM (B JaHHOM Clydyae KOHTPMEpPHI
aMepHKaHCKHMX MPOMBILLICHHLIX KPYroB NpoTHB SNOHHUU B CBA3H
C YBEJIMYCHHMEM OIKCIOOpPTA CTAlld M aBTOMOOHIEH), yTOUHHTH
pas3finuds B Pa3BUTHH COOBITHH B KaXIOM cliydae (Hampumep,
JKCIIOPT CTajll BCJIEACTBHE COTJIAINEHHS AMEPHUKAHCKHX MPO-
u3popuTeNell CrajM C TpeThUM JAeHCTBYIOHMM JIHMLOM —MHU-
uucTepcTBoM uradcos CIUIA co3man mpobiaeMsl 1Sl aMepUKaH-
CKHX M SATMOHCKHX TPOM3BOAMTENeH, Torma Kak 3KCMOpT aBTo-
MoOusicil MpHBeN K pa3pelucHuio MpoGIEeM MyTeM CaMoCTOosA-
TEJILHOrO PEryJupoBaHus [[€H AMOHCKAMHU H3TOTOBHTEIAMH aB-
TOMOOUNEH ¥ COrjallleHdsi C AMEPUKAHCKAMH H3TOTOBHTENISMH)
Y, HAKOHEl, B TPOIECCe MPHHATUSA pElCHMHd BBIPAOOTATh BbI-
TOAHYFO JTHHHIO TIOBENCHHS.

4.4.4. OBOBIIEHVE U TTPOrHO3UPOBAHUE
B CUCTEME CXEM HA OCHOBE TIOHATUSI HEHMETKOCTHU
U BBIJEJEHME TTPOTrHO3MPOBAHHON MH®OPMALIUM

OrieHKa YejioBeka B TOH MM HHO#U CTENMCHU OCHOBRIBAETCA HA
NPOTHO3¢ H MPeAMOAOKEeHUSX 0 Pa3BUTHM COOBITHH, 4TO MO-
BelimaeT JhdekruBHOCTE 00paboTKM HHPOPMAIHMA UYETOBEKOM
B PEasIbHOM MUpe, OTJUYAIOEMCS OTPOMHBIM OOBLEMOM 4acTo
HepgocToBepHOW HHpopMapmu. Kak yxe rosopusiocs B pasf.
4.4.2, nopobHyro ¢GYHKIMIO MOXHO pealM30BaTh Onaromaps
aKTHUBU3AaU¥ oOpa30B (CueHApHeB) I'PYNNbl AHAJOTHYHBLIX Mpe-
LEIEHTOBR (3M30/108), HAKOIUICHHBIX ONBITHLIM INYTEM Ha IpO-
TSKEHHH MHOTHX JieT. B ciucTteMe, pa3paboTaHHON aBTOpaMH, Ha
OCHOBE TOHATHS MPOTOTHIHOCTH, KOTOPOE MOXHO CYHTATh pas-
HOBULHOCThIO TOHATHS HEUCTKOCTH, BBEAEHA NPOTOTHIM3AIMSA
KOHKPETHBIX eJ¥HUYHABIX (KOMIUICKCHBIX) COOBITHE B hopMe cXeM
H BO3MOXHO 0OyueHHMEe W MpUOOpeTeHHe ClEHApHEB KaK CEpHH
cxeM [24].

O6pasoBanune 0600IEHHBIX CXeM COOBITHI O3HavaeT 0600-
IIEHHOE OMHCAHME TPYNIbl AHATOTUYHBIX KOHKPCTHHIX COOBITHH.
ATpuGyTH eMHHYHBEIX (KOMIUICKCHBIX) COOBITHH, KaK MOKAa3aHO
Ha puc. 4.12, 3apgaroTcs Kak 3HaYeHHs] CIOTOB «THI COOBITHSI»,

16-6830
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Puc. 4.14. Ipouecc 06001eHNs eMHNTHBIX CODBITUIH B CXEMBI BBICLUIErO
YPOBHS.
a-CXeMbl eARHAMHBIX COOBITHI; 6—0600MmEH e CXeMbl COOBITUI; ¢, : [npo6iema,
[HPAIT}, [ysennvenme, mmaopr, asToMoOHiH, u3, Smomuall, e,:[npobaema,
[«Ctun xomnanm», CHIA], [ysemmucure, crans, HMnopt, H3, Snonnsl].

«ICHCTBYIOIHE JIMHA», «COACPKAHHe». B peansHOM MHpe (pHc.
4.14,a) MOXHO BHIIENHTb HEeCKOJNbKO Pa3nH4HBIX ATPHOYTOB
(medcTBYIOINME aHI[A, COAEPXKAaHME) Ul OJHOTO H TOTO e
eMHAMHOTO COOBITHS THMA «NpobaeMay (nedcTBYIOImIEE NHIIO
cxeMbl e,-«Ctun kommann, CIHA», cxemsl e, - @@podcoios
paboTHUKOB aBTOMOGHIBHOI poMbniuterHocTH (TIPAIT), CIHAY).
Crcrema HcHonp3yeT anroput™, paboTaronmii 0O NPUHEAIY
HaUMeHbIIEH cTemeHn OOMHOCTH. B COOTBETCTBUY ¢ 3THM anro-
PHTMOM (pHc. 4.14,6) coBmapmaromue 3HaveHHs CIOTOB Oe3 u3-
MCHEHHs MepeHocarcss B 0606mennyro cxeMy cobwitmit (E)),
a OTAHYAIOINMeECs 3HAYEHHS 3aMEHMFOTCA HA COOTBETCTBYIOLIME
[OHSATHS BBHICIIETO YPOBHS, BbIOpaHHbBIE U3 CXeMbl 3HAHUI O CBS-
35X BEPXHET0 ¥ HWKHEIO YpOBHeH mas Kaxiaoro arpubyra,
BCTPOCHHOTO B KOoMmbroTep (puc. 4.15). Hanpumep, nonsatus
«Ctun xomnamu, CUHIA» mu «mpodcoro3 paboTHHKOB MeTa-
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Puc. 4.16. IlpoToTunHocTs COOBITHH Ha OCHOBe O0OOINEHHBIX CXeM
KaXJOro YpoBHA.
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Jypruyeckoit npoMaiiicHHocT» (ITIPMIT) 3amensroTcs Ha «Me-
TaJUlyprudeckasi MPOMEIUJIEHHOCTb». DTO CAEIaHO ANd TOTO,
YTOOH M3 KOHKPCTHHIX COOBITHM, OTIMYaIOIIMXCH MAaJoit cTe-
NEHBIO CXONCTBa, Jerdye OplI0 0Opa30oBaTs ODOOHICHHYIO CXeMy
M MCKJIOYHMTL BHECCHHE B CXeMy OOJIBIIOTO 4YHCla elle He
HabnmogaBmuxcs cobnituit. IlycTs RS (e)—MHOXecTBO Beex
aTpUOYTOB CIMHMYHBIX COOBITHH ¢; OAHOTO U TOTO Xe THOR
(HampuMep, aTpUOYT «IEHCTBYIOIME JIMIA» CXEMBI ¢; BKJIIOYaeT
Opodcoro3 pabOTHHKOB aBTOMOGUIILHOHU [POMRIIIEHHOCTH, He-
MOCPE/ICTBCHHO HU3BJIEKaeMbIH M3 CXeMbI, a TakXe NMOHATHS Ha
YPOBHSIX Bblle 3TOr0O Hpodcoro3a, ykazaHHele Ha puc. 4.15, T.¢c.
aBTOMOOUIIBHas MpOoMeILIcHHOCTE CHIA, TexHu4eckue OTpacn
CIOA, npomsimiennocts CHIA, neiicTsyronme JiMia), Torma
0600menHoe cobbiTue E; mMeeT B KauecTBe aTpHOYTOB MHO-
KecTBO arpubyros CRS EJ.), o0nMX s GONBIIMHCTBA CXeM e,
(i=1,2,..). E4 Ha puc. 4.14,6-06061eHHOE COOBITHE TpeX
CAUHUYHLIX COOBITHH e,, e, H ¢; OQHOTO W TOTO Xe THIA.
O606mennpie co6rITHS THNA £, HA TOM Xe PHCYHKE OXBAThIBA-
0T TeM OOJiblIe enUHMYHEBIX COOBLITHIH (e, ..., €5), ueM BblIllie
ypoBeHb 0000mmenus. IIpUHAaIIEKHOCTh (IPOTOTHIHOCTD) KaX-
[O0T0 COOHITUS e; 0O0OOICHHOMY COOBITHIO E; onpenenuM cie-

AYrouuM o6paszom V:

_(CRS(E) 0 RS(e)”
prot(e;] E)) = (CRS(E)) U RS(e))”

IIpoToTunHocTs (puc. 4.16) TeM MeHbIlle, YeM BbIliE YPOBEHb
0606menus (4eM Gouibllie HOMeEpP j coBbITHS E). Kax nmokazano
Ha puC. 4.17, ecri 06061HMTE COOLITHS €], €, €5 WK €], €}, ¢},
CICYIONIUE 3a eNUHUYHBIMA COOBITHAMY ¢, ¢, U €5, 0BOBIIeH-
npvE B EY" Ha ToM xe yposHe, uto u E{Y, B Bune cobbrtus E2),
To ofpa3yercs 00pa3 pa3BuTHsa coObTHit S,: E{V-E() wma
IaHHOM YPOBHE OGOOIIEHMS KaK NMPOTOTHIHBIA CreHapHil, KO-
TOpbIfi HUMECT BLICOKYIO BEPOSTHOCTH CBepuienusi. CyeHapHu,
OCHOBaHHBIC Ha TPUBENEHHOM BhHIIC aJrOpPUTME OGOGILEHAS,
(GOPMHPYIOTCS Ha Pa3iIUYHBIX YPOBHSX 0600mcnus. B 3apucH-
MOCTH OT MOSBJICHUA B PeallbHOM MHpEe KOHKPETHOTO COGHLITHS
(COMHAYHOTO WM KOMIUIEKCHOTO) ¢, CUCTeMa OyfneT aKTHRH-
3UpOBaTh creHapuH (puc. 4.18) Ha mBYX ypoBHsX-S,: E -
= EP 5 ED, S, ED 5 EP > EP S, B » E® Kax sagmo

D 3pech# 0603HAUAET UMCIIO DNEMEHTOB MHOXKeCTBa.~ [lpunm. nepes.
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Puc. 4.17. Cuenapuit xak cepusi 0606- _ S BV E®
IMICHHBIX CXEM. ’ *
e —e e

e —e e)(ex")

e3 —a €3/

u3 puc. 4.18, S| — «IPOTEKUUOHHUCTCKHHY, a §, — «TMOepallHCTH-
YeCcKMH» CLeHapuil TOproBid. B 3aBUCHMOCTH OT NOSBJICHHS
COOBITHSA e, JHMIO, TMPHHUMAIONICE pELICHHUS, BBIABUracT B Ka-
YeCTBE THUMOTE3bl cuHEHapHil pa3BUTHA COOBITHH B Oynymem,
Hatipumep H: e, > e, —e,, —... - ey, [l MHAIMAPYIOLIETO
COOBITHS €,  BBENCHHLIX TMMOTETHYECKUX COOBITHH e,,(n =1,

. k) CHCTeMa BBIMHCISCT MX OPOTOTHUMHOCTH MO OTHOIIEHHIO
K E{” (060011eHHOTO COOBITHS, Ha OCHOBE KOTOPOTO CTPOATCS

8)): prot(e,| E{)) u max prot(e,,| ET), nonydaeT MX cpeanee

1 k
prot(H,|S)) =~k:I[prot (e/E{M)+ ) {maxprot (ep,,!E}"")}]

n=1 m

Y CUMTaeT CpeiHEe 3a TMPOTOTUMHOCTH CHCHapHs, MpPEaJIOKEH-
HOTO JIHI[OM, MPHHUMAIONIMM peIleHHs, Ha OCHOBE KaXnoro
cueHapust S;, T.e. 3a YypPOBeHp aKTHBHM3amMu cucHapus. Ha
puc. 4.19 mokazaH npouecc BpIOOpa YpOBHS aKTHBH3AalUU HA
OCHOBE CIIcHapHs, CreHEPHUPOBaHHOIO CaMOW CHUCTEMOH, mist
pa3sBUTUSA COOBITUH, KOTOPOTO OXHJAeT HJIM OMacacTcsl JHIO,
NpYHUMAKOmee peleHde, MOCHE BO3HHKHOBCHHMS WHHIUHPYIO-
IICTO COOBITHS e, («MpoblieMay, BO3ZHHKAIOMas B CBSA3H C (K-
CoproM U3 SINOHMH 3JIeKTPOHHBIX YCTPOMCTB cBsizu»). Bos-
MOXHbI 1Ba BAPHaHTA Pa3BUTUA COOBITHH—H ! €, €, (e, —«OT-
Ka3 OT KOHTpPAKTa NpOGCO030M PAGOTHHKOR 3JIEKT POHHOM Mpo-
MpimieHHOCTH CIHA,| caHKunOBMpOBaHHEIA MPE3HACHTOM». «OT-
KJIOHeHue TpeOGoBaHui») U H,: e, — e, — €, (e,, — «<KOMIEHCa-
¥ Opodcoro3dy ¢ OJHOBPEMEHHBIM 00S3aTelILCTBOM Ol paHH-
ydaTh 3kcnopt UC, caHKMOHUpPOBAaHHbBIE MPe3UICHTOM»: «KOM-
neHCarsay»). Kak MOKa3aHO Ha pHUCYyHKe, WHHIMHMpPYIOIIEE CO-
OBITHe e,, BBegeHHOE B OKHE (3) Ha eCTeCTBEHHOM $3bIKE, C TO-
MOIIBIO MIPOCTOrO IpamMMaTHYeCKOro pazbopa mnpeoOpasyeTcs
B cxeMy cobbiTudl B okHe (1). CdcreMa mOKa3rIBaeT JHILY,
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Cuenapui 1 (npomerguonmemenit)
E zm: Ez(z) N 5(3):
<Lfpodnema), < flgunsmue mpedosorwe), Z[mpaﬂy»rﬂeﬂue ),
(LCLUA, rpo)), (et [LOUIA, npom), Lot [[CUA, ronepeer,
(Lmape, paskozn, npoda}}> [LUWA, rowzpecc]], { Anowas, mpovl), .
Unpomery , mosemurall {Unpomex, 3anorodant)>
Caeraput 2 (mebepanucmuveckas)
£ £ £
<Ulpadnemul, <(Orm.nowere mpelosutiadl,| | <UKomnercuaus),
UCWA, mexy , npom1l, > (CWA, mern, npom], sl (CUIA, maburem),
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{[LUWA,mexn, npom), a ;7
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Hy i e o1 —~Epp— -+ — 8k 2umOmesd
Puc. 4.18. Tunotesa H, u axkTuBM3auMs creHapues S,, S,, S, Ho
UHUOUHDYIOEMY COOBITHIO e,.

NPUHAMAIOIIEMY DEIiEHHE, BCE TO, YTO MOXHO CHCTeMaTH3HPO-
BaTh U3 3HAHMH, KOTOPbIE Y>KE HAKOILIEHR! B BUE HMePAPXHUYECKOH
CTPYKTYDPBl ¥ COCTOST H3 HECATH CEpHH COOHITHH (CueHapHes),
HAYUHAKONIAXCA ¢ COOBITHS, HOX0Xero Ha ¢,. OHa 3aaeT Bompoc,
UCHONIL30BATh JIM KAKHE-TMOO0 4aCTH AJis reHepayuy CreHAPHs.
Ionp3oBatenb OTBeyaeT, yTo OH OyaeT HX KCNONB30BATL (OKHO
(3))- OxHo (2) nOKa3pIBAET TPH CreHEPUPOBAHHLIX B PE3YNbTATE
paboThl cucTeMnl cueHapus: Sy: E{) - EY) » ES S,: EY
- EP - EP, S,: EY — E®. CrenepuposaHHbie ClieHADHH HMe-
IOT BLICOKAH YPOBEHb KOHKDETH3AIMH, T.€. OHM Jierde aCCOHHH-
PYIOTCS C peanbHBIMH COOBITHSMH, 4eM CleHapvHM Ha 6oree
HHU3KOM YpOBHE 0600IEHH WA CHEHAPHH, CTEHePHPOBAHKLIC U3
MHOTOUYHCJIEHHBIX KOHKPETHHIX ()akToB. B 3asucumoctd OT mo-

_

Puc. 4.19. Tlponecc BrGOpa CHCTEMOM YPOBHS aKTUBM3AIIMM CLEHAPHCE

H, v H,, OTpaxalomMX «HaXKAD» U «HameXmbl ¥ OMACCHUD) JMIA,

TPUHUMAIOIIETO pelliehas. F,:e, —»e,,, €,—~yBeJMYEHHE OIKCIOpTA M3
Snonnm», e,, —«OTKa3 OT KOHTPAKTA AMEPMKAHCKOTO Npodicoro3an;
Hy:e, e, e, €, ~ «OTPaHMYECHUE IKCIOPTA amepMKaHckux UChx.
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NOOGHOM (JIETKOCTH acCOI[MAMM» CHCTEMA yCTAaHABIWBAET MOPS-
oK creHapueB S, > S, > S;. Ha puc. 4.19,6 cxemaTuyHO mMO-
Ka3ad ypoBeHb AKTHBHM3AUHUM KaXXJOTO CLEHAPUSA DPa3BHTHS CO-
OulTvit H,, MPENIOKCHHBIX JIAIOM, NMPHHUMAFOIIAM PelleHHE.
DTOT ypoBeHB Ompejeasercs no spayenuto prot(H,|S;). Tumno-
Te3a pasBUTHA COOBITUH H e, — ¢, , KOTOpas OTPaKacT HaNeK-
ikl IPAHUMAFOHIETO pelileHHe, HA OCHOBE «TIPOTEKIMOHUCTCKOTO)
crueHapHs S; UMeeT MpPOTOTHNHOCTD, paBHyro 0,31, ¥ ee cienyer
OTBEPrHyTh, 4 HAa OCHOBE «JIHOepaJficTAYecKoro» cueHapus S, -
OPOTOTHMHOCTb, paBHyo 0,71, 4TO MOKa3bpIBACT JOCTATOYHO
BBICOKHH ypoBeHb akTuBu3anuu. 'mnotesa H,: e, — e, 52
KOTOpasi OTPaXaeT HAeXKIbl U ONMACCHUS NPHHUMAIOIIETO pelie-
HUS, HA OCHOBE CICHApHA S, HMMECT YPOBEHb AKTUBU3ANMH
MeHbllni, 4YeM mis H,, a Ha ocHoBe S, — Oonbuigid. Cyuras, 4To
YPOBeHb AKTHBH3ALMH S, BIOJHE HOCTATOYEH, YPOBEHb AKTHBH-
3apMy CeAYIOmEro Mo HOPSAAKY cueHapus S; MOXHO He Hcclie-
noBaTh. Ecnu BMecTo rumorernyeckoil cepun coOuiTuil H, BBec-
TH CEPHIO yXe BbIJCJICHHBIX KOHKPETHBIX SAWHMYHBIX COOBITHH,
TO cucTeMa Oymer yKa3blBaTh HEoOXOAMMOCTh TAKOM CEPHHU
COOBITHIA.

- e

4.4.5. 3AKJIIOYEHUE

Cpenu Bcex cmocoOHOCTE#H yenoBeka K 06paboTke HEMONHOIM
vadopManuu OobION HHTEPCC BCEraa MpeacTaBsyia €ro cho-
COOHOCTb CIPaBJIATBCA C TMIAHTCKHM 00BeMOM HWHbOPManuy
M pemiaTh MpoOlieMbl, NPOSBISA OCMOTPUTENBHOCTH, KOTOpas
MO3BOJISIET €My OPHCHTMPOBATHCS B YCJIOBUSIX HeQOCTOBEPHOH
uHpOpMarHMY, W [eas 3aKJIo4YeHHs HA OCHOBE accOnyaTHBHBIX
3HaHWii. B gaHHOM pa3pene Oblly pacCMOTPEHBl MPUHIUI aJro-
PUTMH3AIUM TaK@X crmocoOHOCTell yenoseka Kk 0o6paboTke WH-
dopMamuu, a TaKKe Crocodbl HCHONB3OBAHHS HEPapPXHYeCKOH
CTPYKTYPbI CXeM, CLIEHAPHEB W TMOHSTHS HEYCTKOCTH B KayecTBe
BCTPOCHHbIX B KOMMBIOTEP 3HAHWH BBICOKOTO YpOBHs. [laHHas
CHCTEMA HAa OCHOBE CTPYKTYPMPOBAHHBIX 3HAHMH 00 M3BECTHBIX
KOMIIBIOTEPY 00beKTaX MOXKET MOKA3BIBATh UX CBA3b ¢ hparMen-
TapHO# mHdopManMell ¥3 BHELIHErO Mypa ¥ BuOupaTes uHbOP-
Mayuio, ONEe3HyI0 B JaHHOM KOHTEeKCTE cOOBITHIA. BCTpoeHHbIE
H CTPYKTYPHpOBaHHEIe 3HAHUS MPEICTaBIA0T OO0 MPOTOTHIIHI
coOrITU#l, TpH 3TOM HHGOPMAUS U3 PeaTbHOTO MHPa, KOTOPYIO
MPENNONaraeTCsi COMOCTABIATE ¢ 3TUMH 3HAHHAMH, MOXeT ObITh
Gonee unu MeHee paznumuHoid. HeoOxomuMo yMerh OLEHUBATH
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cTeleHb TAKOI'O pasjmMyus 4 OOHapyXXWBATh CXOACTBO C OJHUM
{3 TPOTOTHINOB, T.e. KAUeCTBEHHO MNPEACTABIATL HEYeTKOCTH,
japucAIle OT KOHTekcTa. IloHsTHe HeueTKOCTH MPEICTABIsCT
BO3MOKHOCTbL YHpaBIsATh COMOCTAaBlicHAeM 3HaHMH B Qopme
MPOTOTHIOB, XPAaHUMBIX B KOMIIBIOTEpE, ¢ PealdbHEIMU COOBI-
TUSAMH.

4.5. MEAULIUHCKASA JUATHOCTHUKA

4.5.1. BBEJEHHE

DKCHepTHHIE CHCTEMbl OPHEHTHPOBAHEI He HAa MPOOJEMBI,
¢dopmanusanys KOTOPEIX NPOCTa ¥ pellieHHe KOTOPBIX MOXHO
HAWTH C MOMOIIBI0 MAaTeMATHYECKUX MOJeNed ¥ aJrOpuTMOB,
T.e. He Ha MpoGJieMbl, ¢ KOTOPBIMH MMEIOT AEJ0 COBpeMeHHbIe
OpOrpaMMBI, 3 CKOpee Ha CIOXKHbIe MpOOIeMbl, KOTOPbIE MOXHO
peluTh TOJBLKO C MCMOIb30BAHUEM 3HAHHHM, MOJTy4eHHBIX IKCTEP-
TamH 3a poirye rogsl. O6pMHO B MOMOOHBIX CliydasX TPYAHO
NOJy4uTh 3HAHUS, HeOOXOMUMble U NOCTATOUHBE JUIs PelleHHs
BLIGPaHHBIX MPOGJieM BO BpeMs POeKTHPOBaHUA cucTeMal. Ta-
Kfe 3HAHASA NMOAOGHpAIOT MeTOoAOM npob u omuboK, 100aBiAd,
W3MeHsAs WIM yJaliss 3HaHds. B 3TOM CMEICHe HCHOJIL30BaHHE
3KCTePTHLIX CHCTEM B MeOUIUHE MMeeT HeOObIYaHHO BaXXHOE
3HAYCHME.

K macTosimeMy BpeMeHH MpOBeIeHO HOBOJIBHO MHOI'O MCCIie-
JOBaHMH# MeJWUHCKAX CHCTEeM, HCMOJb3YIOIIMX HeyeTKHe BbI-
BOJBl. DTHMH HCCIIEJOBAHMSAMH OXBayeHBl MHOIHE pa3fielibl
MeIUIUHB], HAynuHas OT (pyHaaMeHTalbHBIX Hccnenosanui CaH-
yeca [26] u komdas HcclenosaHMsMu Dmieccunra [25] u Taa-
3aku [27, 28]. Hwxke pacCMOTpeHbI ABE CHUCTEMBI: CHCTEMa
paccnipoca 60JbHBIX W PeABAPUTEIEHON ANArHOCTUKH, KOTOpas
Hayajia MPUMEHATHCS CPAaBHHTEJHHO HeJaBHO, H CHCTEMA MpO-
(hecCHOHAILHOTO IPYNNOBOro 00CIeI0BaHMS.

4.52. CHCTEMA PACCHIPOCA
U NPEJBAPUTEILHON JUATHOCTUKM [27, 31]

CeropHs B yciaoBUsX TOBBLIIEHHBIX TpeOoBanmid HAaceleHUsS
K 3IPABOOXPaHEHHIO ¥ M3MeHEHHsl XapakTepa 0OJie3Hed paHHee
obHapyxkeHHe OOJie3Hed B3POCHBIX JIOAeH BeAeTCs MACCHBHO
B TIOJIMKJIMHMKAX ¥ APYTHX MeaupwHCKux yupexneHusx. Hens
JAHHOM CHCTeMBI—CHOCOGCTBOBATL PAaHHEMy OOHAPYXEHHIO U
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JieueHU0 Oojie3neit Gnarogaps aKTMBHOM MOCTAHOBKE AHATHO3A
caMoii cuctemoi. (OcoOEHHOCTh CHCTEMBI— BBINOJIHEHHE KOM-
IJIEKCHBIX BBLIBOJAOB H JHATHOCTHKY C MOMOMIBIO OJI0Ka HeYeTKUX
BLIBOJIOB, HAllMCAHHOTO HA NpONeAypHOM s3bike CH, W 3HAHHUI,
OprasM30BaHHLIX B BH/E MATDHI.

" CTpyKTypa cHCTeMBI

Annapatubie cpejicTBa, JlaHHas cHCTema MOCTpoeHa Ha Gase
TEXHOJIOTHUYEeCKOH paboueit cranmuu ¢ LIIT MC68000 amepu-
KaHCKOH ¢upMBl «MoTOopona», uBeTHOro rpaduveckoro Tep-
MMHAJIA ¥ KOHCOJH OMNepaTopa.

ITporpammmoe obecneuenne (puc. 4.20). B kauecrBe OC wuc-
nmoJib30BaHa BepcHs cucteMmsl UNIX Ha smomckom s3bike, co-
3nanHas Ha ocHoBe Bepcud V UNIX. Texnudeckue XapaKTepHC-
THKHM TPHUKJIAJHOW CHCTEMbI npuBeseHs B 1abn. 4.13.

BHOKH CHCTEMBI UMEIOT ClieAyronue HyHKIIUH:

1. Bnok ympaBiieHHs 3KpaHOM OOeCIeYMBAET BBOJI-BBIBOJ
B OTAENBHBIE HOJIA 3KPAHA, COCTOHT U3 NPUKAAAHOTO WHTEp-
¢eiica, nognporpaMM yOpaslieHdd 3KpaHOM, OOpaGOTKH M [O-
CTya K nojsM H apyrux mommporpamMMm. C ero [OMOINbEO
IOAB30BATENH MOTYT 0O0pabaThiBaTh OTBETHI NPH PACCIPOCE,
BBOAMTEL 3HAHHs, He obpamasce K cpene cucremsl UNIX.

2. Biok ynpaBAeHus HU300paXKeHHEM IO3BOJISET 3PUTENBLHO
HpeCTaBNATE OOJIbHLIE OPraHbl BO BpeMsi PACCIPOCA U BBOAHTD
HX HAa HYXHOE MECTO C MOMOWIBIO «MbliMy. Mcmonb3yer rpa-
¢uyeckuii TepmuHayn paGouedl CTAHIMM M CTAHAAPTHLIA MAKET
rpadu4eckux 0porpaMM, HE3aBHCHMBIA OT s3BIKA ONHCAHHA
CHCTEMBI.

3. Briok ynpaBienus 6azaMu OAHHBEIX OObLeauuseT 6a3y 3HA-
Hu# 4 6a3y f[AHHBIX U MO3BONAET 3p(EeKTUBHO HCMONB3OBATH
3HaHAS IyTeM HE3aBHCHMOTO AOCTYHNA K HAM H3 MeXaHM3Ma
BBIBOOB, @ TAaKXe MO3BOJIET WCMNONL30BATH AAHHBIE 3APABO-
OXpaHEHW HE3ABHCHMO OT JAHHBIX, MOJIy4EHHBIX MPHU PACCIPOCE.

4. Bok BemeHWs QuMANOTa OPH pAcCOpoce NpeacTaBlsieT
co60#l MpPOrpaMMy jijisl BBOJAA B PEXHME JHAJIOTd CHMITOMOB
U ¥X CTENeHH, O KOTOPBIX IOBOPHT OOJBLHOM, W MNOJy4eHHS
pe3yIbTaTOB GHArHOCTHKH. COCTOHT U3 TPYONBI MOAIPOTPAMM
U194 BegeHWs paccopoca, OTOOpPaKeHHS, BBIBOJOB, MPOBEPKH
CMMITOMOB M 06paGoTKd omubOK.

5. brok noMomu B mpHOOPETEHWMH 3HAHAN YpeFHAZHAYEH
ZUTsl BROJIA 3HAHMM OT Bpadedl W APYrUX SKCOEPTOB H HX [AKEeTHOH
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Puc. 4.20. CrpykTypa nporpaMMHoro obecieyeHns AJ1s CHCTEMBI DACCIPOCA ¥ HPEABAPATENBHON JUATHOCTHKH.



Tabauya 4.13. Texuuueckde TpeOOBAHUA K CUCTEME

Jloruka o VicnosbayeTcs HeueTkas JOruka
MexauusMm | JlocroBepHOCTS o IIpencTaBnenue myTem
BBIBOOB KaaccupuKanMy 1o cemu
YPOBHAM, BbIpaXKEHHKIM
CAOBaMH
Baza Yucao ® 11 BunoB 3abonesanuit
Bazut 3HaBUi | BUIOB B3pOCHBIX, B TOM 4YHdcCJie cep-
JIAHHBIX (ocHOB- | 3aBoue- JAEYHO-COCY quCThle 0OJIe3HM,
HBIX) BaHMMH 6071e3HM MBIXATECILHLIX OrPAHOB
4 ap.
Yucno ® Oxono 300, B ToM uHCIe pak
3abone- numesosaa, auaber # ap.
BaHUH
Yucno ® Oxono 300, B TOM uucie Gond,
CUMIOTO- TOLUHOTA U Jp.
MOB

Ba3a gaHHBIX [Uid | @ BO3MOXHO HaKoILICHME UCTOpHI

31pABOOXPAHEHMS 6osie3nd ¥ xpyroit HuopMauu
CHcrema BBOjA ® BBoj 3HakoB: HeporMdbL,
kaHa'), anrauiickuit angasdr
1 pudpsl :
Dxpau s ® Bcero skpavoB nid 3anucu 22
npuMobperenus
3HAHMI
Hntepdeiic | Dxpan ans @ Bcero sxpaHoB a1 onpoca 44
¢ HOJIb30- onpoca 4
BATENIEM JANArHOCTHKH
Brnisog Ha @ OO0BsAcHenHe nponecca BHIBOAA—
neyararouee 19 BumoB
YCTPOHCTBO ® OrnepaTuBHLI BBHIBOJ BETHOM

TBEpAOH KOHMM 3KpaHa

D Stnonckas ciorosas azbyxa.— Hpum. nepes.
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o6paboTku. COCTOUT M3 IpyHIbl MOANPOIpaMM JUIS PeTHCTpa-
M B3aMMOCBSI3YM CHMIITOMOB ¥ Oolie3Heidl, coobmenui, mapa-
METPOB, OTOOpaXXeHHs BXOAHBIX COOLIEHHH, MpOBEpPKH Oa3bl
3HAaHUH M OpyruX ONepaiuu.

6. byiok oOBsicHeHHs Mpoiiecca BLIBOJOB BHIMIONHSIET 0TOOPa-
KEHHE pe3yJibTaTOB M MevaTh CBeJEHMH, MOSICHSIOLIAX, Kak
CHCTeMa NPHIIA X JaHHOMY BEIBOIY.

@opMHpoBaHHEe JAHHLIX H 3HAHHIA I/ BLIROOB

TpanumuoHHas MpoLEeaypa paccnpoca BpayoM OOLHOTO co-
CTOUT B ClefyromemM: OOJNBHOH paccka3blBaeT Bpady O CBOHX
cyObeKTUBHBIX CAMIITOMAX, Bpay BhIAENAeT CpelM HAX Haubolee
CYLIECTBEHHBIE C Y4YeTOM OJIM30CTH CHMIITOMOB OAHOH M3 6o-
Jie3Hed, MCIOJNb3ysl NIpH 5ToM QYHZAMCHTANbHbIE METHIMHCKHE
3HAaHUA M COOCTBEHHBIN OIBIT, 3aTeM OoJsice HETANBEHO pac-
CripamyBaeT O CHMIITOMaX, CBS3aHHBIX C BEPOSITHOM 0OJie3HbIO,
¥ BblaeT 3aKmodyeHHe. Ilpopenypa pacchipoca, IpOBOAMMOro
pa3paboTaHHOH cHCTeMOH, MpaKTHYeCKH AHAJIOTAYHA U MOKAa3aHa
Ha puc. 4.2]. B kavecTse 3HaHMil B JAHHOM Cliydae HEOOX0IUMbI
o01pe B3aMMOCBS3H MEXy OONe3HIMH ¥ CHMIITOMaMH, KpoMe
TOro, O4EBUANO, HEOOXO1MMA HeKOTOpask Mepa TaKOil cBA3U Kak
[JIst OOJIE3HM € TOUKH 3PEHHUS ee CHMIITOMOB, TaK M JUIS CUMITO-
MOB C TOYKH 3peHUst OOJe3HH,

B kavecTBe mnpmmepa paccMOTPMM INPOCTyAy ¥ Kallleidb.
B sTOM cnyuae npeactaBiieHue 3HaHME OyneT CIieayFOLUMM:

1) OpocTyaa ¥ Karmell, B3aHMOCBA3aHbl (CTeMeHb UCTHHHOC-
T8 = 0,9);

2) eclid ecTb Kalllelb, TO HAJHUO NMPOCTyAa (CTeNeHb HCTHH-
HoctH = 0,8);

3) mp¥ mpocTyae BO3MOXeH Kafielib (CTENCHb HCTHHHOCTH =
=0,6). CTenmeHb HMCTMHHOCTHM 3/eCh O3HayaeT JOCTOBEPHOCTD
B3aHMMOCBS3H.

Ilpu BeIBOmax ¢ moMompbo GOPMyJI HEHETKHX OTHOIIEHHH,
PACCMOTPEHHBIX B MpeAbIAYINMX pa3jenax, ocTaeTcs mpoblema,
CBsi3aHHAS CO CIOCOOOM 3aaHis YMCIIOBBIX 3HAYCHHH MATpPHBI
OTHOIleHHH R: KaKas cTeneHb MCTMHHOCTH HamboJee COOTBETCT-
BYET MOJAENbHOMY NpeacTaBieHuto? Ha npakTHke HCIOJB30-
BaHHWE ONEpan¥d MaKCHMyM— MHHHMYM HWHOr4a WpPUBOTUT
K CJIMIUKOM T'pyOBIM 3HaYCHHSM MCTHHHOCTH IO CPaBHEHHIO CO
CBOHCTBAMH OOBEKTOB, W B 3TOM CMBICIIE TOYHOCTb BHIBOIOB
camxaercs. [loatomy B gaHHO# cucTeme Onaropaps BBEAEHHIO
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® 5600 ocrogHsIx Cammmomos £ xamd,
© [100mEEpPHOEALE U KOPPERKUS CUMITTIOMDE,
® 2800 YmoTHERREIX CUMIITIOMOE

@ [

® Biigod wa schose cummmonos,
npuobpemenssx wa mane (1)

® l

® Beod cammmomos

Yimpiwenus cammmomos, KoM psle
8 COOMESTICmEud ¢ 24/70mg 304 (2)
Fosxns! B5ims (ymen pcerpocy fomsnoza)

® 1

® Bi/800 wa OcHoge cUMMTIOMOS,
npuospemennsy v smanax (1) a(3)

®

® Bsod cumnmmaomos

Smguwenas cumMnimonos, Komopsie
& coomeememety ¢ 2unome3ng (%)
Ponwesr Gsims (mymem pacenpecit GonsHozo)

® |

® Bsraod #a ocroge camimmionse,
npuodpementsix vg smumuy (7),(3) 4 (5)

Bonesys, yommwnosenias 1ipd 86/600,
COOMGEMCIMBYEm HIDA5K0 2U/TOMESE,
CRapHyuposaniol 106 M (4)

® Jmofjparenae ra36anas 6008IHLL,
® nodmespHderue pesyrsmama

Puc. 4.21. Tponenypa
OLECHKH B CHCTEME pac-
CIIPOCA U NPEABAPHTEND-
HON J{UAarHOCTHKH.
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MOJIe/TH, OCHOBAaHHOW Ha HeueTKOM COOTBETCTBMM Kak Ooliee
IUMPOKOM MOHATHH, MOJYYeHA BO3MOXHOCTL OONiee oOmmXx u
ruOKuX BBIBOJOB. Y4HTHIBAs CKA3aHHOE Bblllle, yCTAHOBUM Te-
3MChl [l afanTanud 3HaHUH K HeYeTKUM BBIBOJAM.
O603Ha4UM vepe3 X U Y COOTBETCTBEHHO MHOXECTBO BCEX
60JIE3HCH U MHOXECTBO BCEX CHMITOMOB:
Bonesnn X = {X,(i=1,..., m)},

Tabauya 4.14. TIpuMep B3aMMOCBA3HM GOJle3HH ¥ CUMNOTOMOB (R;;)

Knaccadnkauns AHoMaMi Mo4n

Knac-| CHMnToMs Veesn- | Vment- | [emne- | Myr- | Kpoen
CHH- WeHHe | leHHe | Tas Han B

Kauus obneMa |obbema | moua | mowa | Moue
Moun | mMowm

Bbonesns Ne 1 2 3 4 5

Octpslit 1 RT RT
Hebput
Hedpo-
THYECKu i
CHHAPOM 2 VT | VT
Bo- | Xponu-
Jne3- | dYeckas
Hd noyeyHas
no- HeAocTa-
4eK TOYHOCTh 3 PT RT
IToueuno-
KaMeHHas
6one3ns 4 PT RT
Bocnae-
HHC MoYe-
BOTO
Nny3sIps 5 PT | RT
I'uneprpo-
¢us npen-
CTaTeb-
HOM XeJie-
3bl 6 RF
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Camnrompl Y= {Y;(i=1,..., n)}.

3ateM nycTh 4;, B;, R;;~cleQyroise Te3UCHL:

A,—namnyue OONE3HH i,

B;-nabmonaeTcs CUMITOM J,

R;;~60ne3Hp X; IO CBOMM OPH3HAKAM COOTBETCTBYET CHMII-
TOMY Y. :
Kaxapiit #3 3THX TE3HCOB BKJIIOYAET HEOCTOBEPHOCTE, U B 3TOM
CMBbICJle MX MOXHO CYHTATH HeYeTKMMH MHoxecTBamu. Kpome
TOrO, YCTAHOBUM CleyIolme Te3uchi P, P;;, 00pa3oBaHHble U3
BBEJICHHBIX BBIILE TE3HCOB:

ijo
A ” $]
P;="B;-OR (Ryj& 4)", (4.3)

A 2y s
P;="(R ;& A4)- B, @.4)

rae — —uMiuKanyd, OR - Ir3LIoHKIS, & - KOHbIOHKHS. Jpy-
TAMH CIOBAMM, MYCTh P;~XOCTOBEPHOCTH YTBEPKIUCHUS «ECIIH
eCThb CHMOTOM Bj, TO HAa OCHOBAHWMHU B3aHMOCBA3HU R,-J. MEXIy
Gone3ngMU 4 CHMNTOMAMH TpOSBISETCS 1O Kpaiinedl Mepe
Gonesub A4;”, a P~ HOCTOBEPHOCTb YTBEPK/JEHHS «ECAH Ha
OCHOBAHUM B3aMMOCBA3M R;; Mexy GONE3HAMH H CHMOTOMAMH
IpOsBIAeTCs GONe3Hb A;, TO ecTh cuMnTOM B;”. Bynem cuutaTh
TE3UCHL Ry, P;, P;; 3HaHMsME U1 BEIBOZOB. IIpu 3TOM MOXHO
OpPEACKa3aTh, 4TO JOCTOBEPHOCTL P; B O0OLIEM cliydde 1OBONBHO
BricoKast. OgHAKO CHMNTOM MOT HabIIOAATBECA OMGOYHO, MOo-
3ToMy P; He MOXeT GbITh abCONMOTHO HOoCcTOBEPHHIM. B 06mem
ciyvae P;; 3aBMCHT OT BHMMATENbHOCTH YeJOBEKA M YCJIOBHMIA
HAOJIIOJICHUsI, ¥ TO3TOMY IOCTOBEPHOCTH P; Bblllie JOCTOBED-
HoctH P;;. Komxpernbie npuMepsl R;; mokasaHsl B TaGu. 4.14.
Hoctosepuoctd R,;, P;, P;; BuipaxeRH B (opMe JIMHIBHCTH-
YeCKMX 3HaYeHMH uctHHHOCcTH (JI3U) (Tada. 4.15).

Tabauya 4.15. JIMErBUCTHYECKME 3HAYERMA UCTHHHOCTH

VT OueHp npasuBOE

RT JIOBONBHO MpaBauBOE
PT BoamoxHo, npaBauBoe
PF Bo3moxHo, noxHOe
RF JOBOJIBHO JIOXHOE
VF OueHp JIOXHOE

UN HeussectHoe
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AITOpPHTM JHATHOCTHKH

Hudopmanus, nmonydeHHass or Bpaua ¥ OOJBHOTO, KaK yiKe
TrOBOPHUJIOCH BBIIIIE, BKJIIOYAET HEYETKOCTh, BhIpaxeHHylo JI3U.
JIns BBIMHCICHHH HEOOXOJMMO Tpeobpa3oBaTh ITH 3HAYEHUS
B YWCJIOBbIC 3HaYcHUA UCTHHHOCTH (U3U). [Ins ux Koiu4ecTBEH-
HOHM OIIEHKH UCTOJIb30BaHBI QyHKIMH MPUHAMIEKHOCTHA. B nan-
HOM CHCTeMe TaKue MOHATHS, KaK «HEMHOIO», «OUYeHb» Jif
CHMOTOMOB H «4acTO», «BepPOSITHO» H Ap. /IS B3aUMOCBSI3H
Mexay OOJe3sHsIMH ¥ cHMITOMami, mpenactasieHbl JI3U (cemb
ypoBHe#l). TIpn 5TOM HEOOXOAMMO YCTAHOBHTE, KAKMM 00pazom
BpiOHpaTh MO GyHKIUHM MpHHAANEXKHOCTH Kaxjgoro JI3U 3ma-
YeHHUS MPUHAANEKHOCTY. Takde 3HAUYeHHUS HA30BEM Q-CeYeHHEM,
a 3HaveHHWe, BHIOpaHHOe masi A, obozHauuM A% O6sHO A
“MeeT OAHO 3HAa4eHHe, HO B [[€JIAX COXpAHeHHS He4eTKOCTH
B cjioBax 6oJiee ecTeCTBEHHO HCHOJL30BATh HHTEPBAJ 3HAYEHHUH,
HanpuMep i JI3U "UN” (HeussecTHOE) BBELEM HHTEPBA
[0, I]. Takum obpazomM OyncM 3ajaBaTe MHTEPBAN 3HA4eHHH
NpHHAQJIEXKHOCTH 11 BeeX JI3U, T.e.

A% = {x|p,(x) > a]. (4.5)

Ces3b Mexay JI3U, a-ceuenneM 1 3HaUeHUSAMH TPHHA/UIS)KHOCTH
nokasana Ha puc. 4.22. B cucTeMe cymecTByeT 6aza JaHHBIX,
B KOTOPO# Bee (PYHKI[M PHUHALIEKHOCTH U Q-CEUEHHE SABIISIOTCS
KOOpAMHATAMH, KOHCTAHTAMH ¥ APYIMMH mapaMeTpaMH.
Asroput™ BEIBOI0B cileayeT U3 dopMyn (4.3) u (4.4). Ilpu
3TOM mpefnonaraetcs, 410 P;, P;;—HeYeTKHe MNOJIMHOKECTBA
MmHOxecTBa V JI3U, T1.e. Oouenb MpaBauBbie M BhIMYK/bie MO/I-
MHOKecTBa. Eciim npuMeBnTs kK opmytaM (4.3) 4 (4.4) HeueTkue
MpPaBAJia «MOYC TOHEHC» U «MOAYC TOJUIEECH, TO MOJyvatcs
Cliefylomife B3a¥MOCBSI3H MeXay O0JIe3HSIMH H CHMITOMaMHu:

ang Vael0, 1]

VARG A A = (B~ (VP WV O j=1,...,m, (4,6)
(R /\ A1), = (B?),, + (("lPij)“),,/\ Li=1,...om j=1_...n
4.7

rae 1 o3HavaeT OTpMI@dMe B HeyeTKOH Jjormke, / ykasplBaeT

HMDKHIOIO TPaHHUNy (CM. JIOMOJHeHHe 06 omepaiusix B Hede€TKOMH
Joruke). 3apaguM HabmogaeMble CUMITOMEL B; u 3nauus P;, Py,

17-4830
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Puc. 4.22. Cpasp mMexny JI3U, o U 3HAYeHUAMM NPMHAUIEKHOCTH.

R;; m obnapyxum Bee 60ne3HH {A4,}. 4; MOXHO NONYYATH, HAM s
obmee peruenne popmyn (4.6) u (4.7). Ilpu 310M KOCTOBEPHOCTH
sHanuit P}, P{, B} MOXHO OmnpeneluTh Hepe3 MHTEPBAN HX
3Ha4cHUH ([HEKHEE 3HAYEHHe, BEpXHEE 3HAYCHHE]) ClENYIOIUM
obpazoMm:

{ P?=[pj’ 1], Pg;:[pijs 1],
Ry =[r;(), ry (1, BY =[b;(1), b;2)].

Kpome TOro, onpenennm pacCTOSHHE MEXIy CHMITOMOM U 3Ha-
HHAMH CHEOYIOLMM 00pa3oM:

A

zZy =1, +p,— HYVoO, 11,
A

£5=10,(5;(2) + 1 = p) A11.

(4.8)

4.9

BBC}Z[CM Clicayronme MHOXECTBA HHTEPBAJIOB 3HAYCHUN 1A 3HA-
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HHMA ¥ DACCTOSHUH: ANt MOOBIX i, j

R={RY), Z={z¥}, E={EY “10)
3anvcu ReR, ZeZ, EcE 0603HauaioT, 4T0 11s THO0bIX i, j
ryeRG,  z;eZ§, e eEy. 4.1

O6paTHas 3anaua wis (4.6) CBOOUTCA K HAXOXK ICHHIO cJie Ay FoLIE-
ro BEKTOpa

a=1{a|3R,3Z ReR ZeZ,a-R=7}, 4.12)
rge d—BEKTOpP, 371EMEHTAMH KOTOPOIO SABIAIOTCA MHOXECTBA
MHTEPBAIOB 3HaueHwd. Mcmosnszys amropuT™ mgus oOpaTHOM

3a0a4d, OCHOBAaHHLII Ha HEYETKUX HEpaBEHCTBAX, MONyYaeM
pelueHue

di = [max(infwh, 1)1, i=1,...,m, (4.13)
rae
_ @, pas 3i:U; #0

Uy AT IpYTHX i,

e @; = R%eZ%, o, = RIEZY
(obo3Hauenus €, & OObsACHEHH! B JOMOJTHEHHH).

Kpome Toro, pemenwe ans sbipaxeHus (4.7) MOXHO THO-
JIyYdTh, HAfd BEKTOp

@ ={d|3R IE, ReR EcE, d, /\r;= e, nna ¥i,Vj}. (4.15)
OTo peuleHre UMeeT CIEAYIOUMI BUT

a; = [0, min [sup (R{eEY) 1], i=1, ..., m. (4.16)
CreposatentHo, pelenye, yosieTBopstomee hopMynam 4.12),
(4.16), nna mobwix ke K umeeT BUA

d=dNa,i=1,..m 4.17
r'ne K ompenensieTcs cneyromumM o6pa3oM:

K={k|Vi:nwh# & u d \a,# &). 4.18)

J

Ecnu K = ¢, pemenns He cymectsyer. B stom Ciiy4ae MOXHO
PCKOMEHAOBATL CIEAYIOIIHE CHOCOOBI pelleHus:
1) yMeHbumTh 3HaueHWe mapaMeTpa o (a-ceuenne), otpa-
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JKATOIIETO TOYHOCTR BBLIBOJOB, W NE€NATh MOBTOPHBIE BHIBOHI,
npubimKas 3TOT napaMerTp K HyJio;

2) mMOBTOPHO paccHpOCHTE GOJNBHOTO O CHMNTOME B, Hempa-
BUTD [IAHHBIC Ha YTOYHEHHbIE U BHOBb CIENAThb BHIBOMIbI.

IlepBbiit cnoco® MO3BOJISIET JIETKO MOJIYYUTb Pe3yAbTAThi
C IOCTaTOYHO BBICOKOM CTEMEHbIO HEYETKOCTH B [[EJIOM, HO OH HE
cnumkoM abdektnsed. [lodTomy uenrecoo6pazHO MPAMEHATH
BTOPOH cnocod.

Yconepmenmsonanumﬁ METOA THACHOCTHKH

Broiie MBI pacCMOTpeNH Cliy4aid, KOTJa CyIIeCTBYET pellieHae
06paTHO# 33724l IPH HEKOTOPOM 3aJaHHOM 3HayYeHud o. OpHa-
Ko, Hampumep, ecid « = (,6, perueHue CYIIECTBYET, HO TpH

.o > 0,8 yx)e He CyIIECTBYET, T.€. IPUATH K PEINCHHIO HE BCeraa

BO3MOXHO. OObIYHO B MOJOOHBIX CIyYasX HEAOCTATOUYHO HH-
dopMamuy O CHMNTOMAX, W JYYIIE NMOBTOPHTh JHATHOCTHKY
Hoclie NoJiydeHus Oosee moJiHOM HHpopManuHi. CirenoBaTeNbHO,
HEOOXOA¥MO PaCCMOTPETH KaKue-J160 MEeTO bl BHIOOpA HYKHBIX
cnMriTtoMoB. Hampumep, B ciiyvae olnuOOYHBIX UCXOQHBIX JaH-
HBIX MOHO HCNOIB30BaTh YCOBEPINEHCTBOBAHHYFO AHATHOCTH-
Ky, KOTOpas MO3BOJSET UPHMHATH K MPaBUIbHOMY AHArHo3y.
Takass nHArHOCTHKA COCTOMT B CIEAYIOMIEM.

ITpexxpe Bcero paccMOTpUM CIEAVIONMMI BEKTOp A, 3lie-
MeHTaMu koToporo ssisrorcs JI3U 3neMeHTOB HEYETKOTO MHO-
JKecTBa OOJIE3HEH MO OTHOIIEHHIO K CHMITOMAaM:

Aé(él, s Ay). (4.19)

i-it 6a30BBIi BEKTOp A ompenesMM cleayrmaM obpa3om:

VAN
'=(@n,...,4,..,an), i=1..,m: (4.20)

rae a.Ji. O3HavyaeT «aOCOJIIOTHAS JIOXKb».

A;~BEKTOD, B KOTOPOM TOIBKO i-if 3NIEMEHT ecTh A;, a Bce
OCTaJbHble 3NEMEHTBI—Aa.JI. JIDYTHMH CIIOBAMHM, YYHTBIBACTCS
TOJIBKO BO3MOXHOCTb NOSIBJICHU S OOJIE3HH i, a yposenb JI3H mns
BCEX OCTaibHBIX OonesHed ecTs a.n. Kpome Toro, mpemioxum
cnenyromue BapuaHThl JI3U, oTHOCAmmecs xk 4"

L = {10%b, HEMIBECTHO, MCTHHA, AOCOTIOTHASI MCTHHA}.
Ecnu mpumenuTh K Qopmynam (4.3), (4.4) npaBuna HeueTKHH
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«MOJYC MOHEHC» M HEYETKHH «MOAYC TOIUICHCY» COOTBETCTBEHHO,
TO mjis i, j MOJIy4dM clieayromue $hOPMYJIbL:

BH(A), = ((REA 4D, + (L —p) AL, 4.21)
B?(Ai)t = ((Rg/\ A?), - (1 - Pij)t)\/0~ (4.22)

IIpn6amxkenue (cpefnee apupMeTHIECKOE OKHIAEMOE 3HAYEHHE)

1(4"), nosyyerHoe ¢ noMompro Y3Y 151 CHMNTOMA, MpecKa3an-
HOTO B cliyyae A = A’, ecTb BEKTOp, 3NEMEHTHI KOTOPOTO HMEOT

CHEAYIOINUA BRI

= ((Bi(A)) + (B;(ANN2, j=1,....n. ' (4.23)

J
AHAJIOTHYHO OmpeaeiuM cpeaHee apHpMeTHUeCKOe 3HAUCHME
b nns peanbHO HAGNIOHAEMBIX CHMITOMOB. DJIeMEHTHI b; 3a-
JagAM CIEOYIOMMM 0o0Opa3oMm:

A
b= (b;(1) + b;(2))2, j=1,...,n 4.24)
Hanpasnedue HOBBIX HaOJFO JEHHIA MOXHO ONPENENHTD C YYETOM
reoMeTpH4eckoil ¢Ghopmbl t(Ai.) 4 b, T.e. 4TOOBl ONpEACNUTH
IpyNy CHMMTOMOB, KOTOpBIE€ cleayerT MPOBEPHTH, BBIYHMCIINM
pasHocTh {; H b;. ANTOPUTM BBIMMCIICHHH 3aKJIOYacTCs B Cle-
ayromeM. CHayana paccMOTprM 0ObIMHOE pacctosiHme D (4Y):

D(4) é )_: (t;, — b)) (4.25)

D (Ai) €CTh pa3HOCTb O’KHIA€MBIX 3HAUYEHAN HCTHHHOCTH CHMIITO-
MOB TpH A = 4;. OT0 OaMH U3 crmocoboB OmpeneneHus pac-
CTOSIHHSI, KpOME HEr0 MOXHO pacCMaTpHBATb [PYrHE€ paccrosd-
Hua. Kpatuaitimee paccrosuue d; ompenenuM crieayromuM o006-
pasom:

A . .
d;=min’D(4), i=1,...,m, (4.26)
Aiel,
a MMeHHO
d;<min Y (;((a. 7., ..., A4, ..., a.0) — b)). (4.27)
AL j=1
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3anoMHEM A, YAOBIETBOPSIOMIYIO CIEAYIOIEMY YCJIOBHIO:
d;=D(4'(4)),i=1..,m (4.28)

d; npencTasnsiet coboli 3HaueHue, Npu KotopoM D(4') sBisiercs
MHHHMAaJbHBIM AN A; npu Jroboit 6onesnn i. [lpu 3T0M mycTh

A,-310 A,, 3aparomee d;. 3aTeM BhMHCIMM i* Takoe, 4TO
1 184 1

¥ = mind,. 4.29)
13
i* ompenensteT d; (i =1, ..., m) uia OosesHeHd, cpeln KOTOPHIX
€cTb HoMep 60JIe3HH ¢ CaMbIM MAJICHBKAM d;. YUHTHIBAA 3HAYe-
HHSL MCTUHHOCTYM CUMIITOMOB, ONpeneiuM 6a3oBeiit BekTop A™
[uis 60Jie3HM, pasHOCTh OXHMIAEMBIX M HAOJIIO1aeMBIX 3HAYECHHA
JUISE KOTOpO# HaMMeEHbIIAs:

A
A*=(an,..., 4} ..., a ). (4.30)

DTOT BEKTOp MO3BOJISET CO3AaTh OTHOCHTEJIbHBIE KpHTEPHi
UCTHHHOCTH 3HAYEHHH qJ1 cHMOTOMOB. KpoMe Toro, moiy4um
- 1(A™ (4;*)), T.€. t;, KOTOPBIH MOXHO CPaBHHUTH C b LIS KAX0TO
9JIeMEHTa.

Hrtak, MOXHO YKa3aTh rpynmy CHMITOMOB, COOTBCTCTBYIO-
Iyl0 HOMeEpY ¢ HaHOONBIIHM 3HAYEHHUEM f; — b; (] =1,..., ré)

Ecin npordo3upyercs MOSBIEHHE OTHOBPEMEHHO ABYX H 00-
Jiee OoJte3Hei, JAaHHBIH aJITOPHTM MPEANOJIATAETCS YCOBEPLICHCT-
BOBATh, HANPHMEP MyTeM U3y4YeHUs KOMOMHAIMH 6a30BBIX BEK-

Topos A’

Jonoauenne:
1. HeueTkas JiorMKa (MHTEpBaJIb 3HAYCHHH).

Ilycts P, Q—nHevyeTkme Te3uchl, a P, Q -JI3U.
Ecnu o-ceyenne P,  ynoBieTBOpSET chenyromed gopMye:

Pr={p,p,], Q*=1[4q;,q,] nna Vae[0, 1],

TO COeMHEHHsI B HEUETKOM JIOTHKE MOXKHO 3aaTh CJIeAYIOLINMH
dbopMyaMu:

A
orpunadde R, = 1P, RY=1- P°
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i A
KoHBIOHKIHA R, = P& Q, R%=P*AQ°,
A
IM3BIOHKIHA Ry = PORQ, RS = P*\/Q°,

A
umiUIKamas R, = P Q, Ri=(T1P)*® Q%
A
@i (> 1 —[p19p2]= [1 — P2, 1 —pl]’

A
> AN 221 =00, A\ q1> P2 N 22d
A
[Plspz]\/[%, 9,1 =[p, \/anz\/%]a
A
[py, P21 @ g1, 421 = [(Pl + 41)/\ 1, (Pz + %)/\ 17.

2. CuenneHds € U € ONpeACIHM CIEAYIOIMM 00pa3oM JuIst
IBYX HHTEpBAJIOB 3uaueHui {p, g] u [r, s}:

[r, 11, ecnu {p, g1 A\[r. 51 # &,
{p, qlelr, s]1= { [r,s], ecm p > s,
0, eclid q < 1;

. A ([0, 17, ecna p =5,
lp, g1 81r, 1= {[0, 5], ecna p > s.

4.5.3. PA3PABOTKA CUCTEMBI NOMOIU
ITPU T'PYINNIOBOM OBCJEJOBAHMH [29, 30]

Opransl 3apaBooxpaHeHust 00s3aHbl NEPHOMYECKH KOHTPO-
JIHpOBATh 310pOBbe HaceNIeHHd, obecnieyHBast 6€30MacHOCTD M TH-
THEHY paGoyMX MeCT, M Bpayd Ha MPEQUpPUATHAX TPaTAT Maccy
BpeMeHM Ha 00paboTky mnomydeHHbIX “AgaHHBIX. Kpome Ttoro,
BHIE! H (GOpMbI COBpEMEHHO# MeIMIUWHCKON MHpOopMalmK pas-
HOOOpasHpl, i B OyaymieM oHH OyAyT BO3pACTATh U YCIOKHATh-
Cs, MO3TOMy 00BeM paboThl BpaueH Takxke OyneT yBeIHUHBATLCS.

CyuiecTByrole CHCTEMbI 3pABOOXPAHEHUS HUMEIOT (PYHK-
A OUeHKM HHGOpMAanMy Mo 3TANOHHBIM 3HAYeHHsAM B 6a3zax
MENMIMHCKAX JAHHBIX, HO I10KA He CO3/1aHA CHCTEMA, MPeAoCTaB-
Jiomas spayaM HHbopMammuio M3 00JIaCTH 31paBOOXPAHEHHUS.
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ITosToMy, npoaokas pa3BUTHe CHCTEM 3PaBOOXpAaHEHHS, CIie-
[UANHCTHl pa3paboTand cucreMy MOMOITH MPH IPYNIOBOM 00-
CJIeIOBAHHMH 3/10POBbs HACEJIEHHS, KOTOpas HAPAAY C MOMOIBIO
B OlEHKE pe3yJbTaToB OOcnenoBaHus uMeeT (QYHKIHH aBTO-
MAaTHYECKOH TeHEPAMH PYKOBOIAINMX YKa3aHUH B ciayvae, KOTa
Heobxoa¥MBbl yKazaHus 06 oOpase XH3HH Jaxke IUIs JIMI[ C HOp-
MaJIbHBIM 310POBBEM.

B 6a3e MegunMHCKMX HAHHBIX PACCMATPHUBACMOM CHCTEMBI’

3aJI0KEHBI CIIEAYIOMHE (PYHKIIMA BHIBOIOB:

1) BbIMONHSETCS ONEHKA PE3YIbTATOB MEPBUYHOTO U BTOPHY-
HOTO OOCneNOBaHMH, pe3yslbTATBL OHEHKH MOTYT JIETKO KOp-
PEKTHPOBATLCSI HA OCHOBE OKOHYATENBHOH OI€HKM BpayaMHd Ha
TMPEANPUATHX;

2) BbINOJNHsAETCS BBHIOOP TPYNMBI TECTOB s JiHI, KOTO-
PBIM MOCJIE NMEPBHYHOTO O6CeqOoBaHust HeOOXOIUM MOBTOPHBIH
OCMOTP;

3) no pesyiabTaTam HHIABHAyaNbHBIX 0OCIETOBAHAN COCTAB-
JISIFOTCA PYKOBOSINIHe VKA3aHUs MO 31paBOOXPaHEHHIO.
Jobapnenne yka3aHHbIX BBIIIE (PYHKIMHA MO3BOISET CHCTEME:

a) yMeHbIIaTh 00BeM pPaboT Mo OreHKe pe3yabTaToB 0bCHe-
[I0OBAaHHs BpauyaMH HA TNPeOIpHITHAX, 1aBaTh HHAWUBHIYAJIbHBIE
PEKOMEH AU 06CIeyeMbIM 1 BBIMOJHATE APYTYIO 06paboTKy
mocJie 0bcefOBaHMs;

6) naBaTh OLEHKY Pe3yJIbTATOB OOCICIOBAHHS TPYIIBI JIHI
IO ONpeAESICHHbIM KPUTEPHUSM U COCTABIIATH PYKOBOASAIAE yKa-
3aHUS MO 3APaBOOXPaHEHMIO;,

B) BBINOJHATH OL[EHKY 310POBbs, YUHThIBAs %aJ00b! MaHeH-
TOB, Pe3yJbTaThbl aHAJM3OB, NAaHHBIC MERHIMHCKOrO OCMOTPA,
a TaKXxe UCTOpHUIo Oose3HM.

KpoMe TOro, mpu HCmONb30OBaHMM JAHHBIX JiS BBIBOIOB
BO3HHKAeT MHOTO MpoOIeM, CBA3aHHBIX C HEUCTKUM MpecTaB-
JICHHEM CHMIITOMOB BO BPEMs paccmpoca U 1pyruX HeYeTKOCTEH.
Ilpn rpynnoBoM OGCieI0BAHHM 370POBBIX NHOAEH CYECTBEHHO
Gosble, YeMm INofel, HanpaBJcHHBIX M3 OOJIBHHIBL M PE3ylib-
TAThl KJIHHMYECKHX AaHANM3OB OOJIbINell YacThblo HaXOmATCs
B HOopMe. IIpH pelleHAM YKa3aHHBIX NpobieM ¢ MO3HIMI 06-
paboTky mHGOpMANMH, 32/ JAHHOM JBY3HAUYHOU JIOTMKOH, 3HAHMA
CYIECTBEHHO YCIOXKHAKOTCH, YTO IMpPENATCIBYeT OOHOBIICHHIO
0a3b1 3Hanud. [103TOMy BBeleHHE HEUYeTKHX BBIBOOB, MO3BO-
JAIONMX OlLCHABATE H 06pabaresiBarh NAHHBIE M 3HAHMS, CO-
HdepXapie HEYeTKOCTH, 00eCreyHBacT MOJyYeHHE Pe3yJibTATOB
OILIEHKH, COOTBETCTBYIOIHUX crendpuke oOCie 0BaHUS.
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CTpyKTYpa CHCTEMBI

B pannyio cucremy Bxoasat 32-pazpsaanas pabGovas craHpus,
[[BETHBIC JHCIIIEH, JTA3epHbIN NMPUHTEP, ONTHYECKOE yCTPOIMCTBO
CYHTBHIBAHAS 3HAKOB, HAKOTHUTENb HA 8-MIOUMOBBIX THOKHX HHC-
Kax; pabouas CTaHUWs COENUHSAETCH C MUCILICSMH Yepe3 HHTep-
¢eiic RS232C. OcHoBHast maMaTh pabouyeit craHiMy COCTABIAET
He Oosee 20 MOaiit. BueuiHue 3amOMHHAIONME YCTPOMCTBA:
KECTKHM AMCK eMKOCThIO 172 MOailT, cTpHMMEpHBIH HAKOMH-
Tellb HA MarHUTHOM JIEHTE €MKOCTbIO 50 MOailT ¥ HaAKOMHUTETH
Ha 5-MIOWMOBBIX THOKMX aHckax (1,6 MoOaiir).

Crpykrypa nporpaMMmHOro obecrneuedds MOKa3aHa Ha pHC.
4.23. Pabouas cranuus ocaameHa OC UNIX system V ¢ ¢pyHK-
musME BSD Bepcuu 4.2, moanmepxuBaroTcs (QyHKIHM MHOIO-
OKOHHOTO OTO00paseHus, rpaduucckue GbyHKIUHN, GYHKIHH CBI3H
u 1p. KpaTkue rexHHyeCKHE naHHbIE cHCcTEMsI B Ta0m. 4.16.

DyHKIHA CHCTEMBbI

CucreMa COCTOUT U3 ClieayromHX GyHKIHMOHAIBHBIX OJIOKOB.

1. BBopg-BbiBO H 06paboTka naHHbBIX oOciienoBaHHUs. Beon
OAHHBIX O0CHeaoBaHus M MHGOPMANUM O MAUMEHTAaX, a TaKxke
OTOOpaXKeHWE M KOPPEKIUs HAHHBIX BBIMOJHAKOTCS C HCHOJIb-
30BaHUEM OMTHYECKOTO YCTPOICTBA CUMTBHIBAHHS 3HAKOB, THOKHX
JIACKOB, KJIaBHATYPbl, MAHHNYJIATOPA «MBIIIbY.

2. TMoMmomp u obpaborka npu mpuobperenun 3HaHui. Bos-
MOXHO (OPMHPOBAHHE MAKCHMAJIBHO necsatu ¢ainos c 500
MpaBHJIaMH B KaxaoMm ¢aiine. KpoMe Toro, kaxxnoi nepeMeHHOR
MOXHO TMOCTABATh B COOTBETCTBHE MAKCHMAaJIbHO HsTh BHIOB
¢$hyHKIME MPHHAAJIEXHOCTH, OOBIYHO OJHOBPEMEHHO HCHOJIB3Y-
ercst 25 BUIOB (yHKIHUH,

3. Yupaienue 6a3aMu faHHBIX. Y HUOUIHPOBAHHOE yMpaB-
JieHde BBeJeHHOH HHbOpManued o manHeHTax, TaHHbIMH 06Ce-
JOBAaHMA H pe3yabTaTaMH OLCHKH BBIMOJHAETCS C TMOMOINBIO
byHKyuit pensuMOHHON 06a3bl gaHHBIX. KpoMe TOro, mmeercs
byHKMS BepgeHHs (ainos, mO3BOJAIOMAN JIETKO OGHOBIATSH -
NYHKTBl JaHHBIX OOCIenoBaHds. /laHHele OOciegoBaHHS MPOUI-
JIBIX JIET MOHO XPAaHHUTb HAa BCIMOMOTATEIbHBIX MATHHTHBIX
JICHTaxX, MO3TOMY BO3MOXHO OOpaIlicHHE K 3THM HJAHHBIM.

4. MloMommp u 06paboTKa TpPH OlEHKE Pe3yIbTATOB OOCIe-
JOBAHUSL.

a) 1o paHHBIM MEePBHYHOTO OOCNEAOBAHMS BCEX COTPYIHH-
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Tabauya 4.16. Texunyeckue NaHHBIE CUCTEMH TOMOINM NPU IPYNIOBOM

obcnenoBaHun
Cpena oC UNIX system V 4 4.2 BSD
CHCTEMBI
Hcnons3y- Cu
eMRIf SI3BIK
Mexanuszm Meton HeyeTkue BBIBOAB C NMPAMBIM NOCTpOe-
BBIBOJIOB HUEM MeNOoYKHM NPOAYKIMOHHEIX IMPABUI
Yucao Oxosio 500 mpaBHN NepBUYHON OIEHKM,
PaBUI BTOPHYHOHN OnEeHKH, YKa3aHHii N0 3/]paBo-
OXPaHCHHIO
O6aactu [MonHOTa, MaNOKpPOBHUE, CAXAPHBIH
OLIEHKH auaber, OGeJoKpoBMe, TMINEPTOHUS U
baza TMOOTOHMS, KPOBh B Moue, (yHKuMU
3HAHHHA no4ek, GpyHKIMH Nedenu, S1eKTPOKaPaO-
(ocHoBHAf) rpamMma, 60JIC3HM KDOBH, A3Ba XKeNyIKa,
XOJEUMCTUT, KpPOBOTedeHMs, Oose3nu
LMTOBUAHON XeJle3nl, BOCNAJICHUS BHYT-
PEHHMX OPraHOB, XpOoHMYeckue 3a0oJeBa-
HUSl KpoBH, OOJE3HM NpPEACTATEJbHO’
Kejesbl M T. 10
BoixogHnie Oxono 100 TMoOB yka3zamuii Mo 3apaBo-
yka3aHus OXPAHEHUIO
DyHknumn Oxoisio 170 BunoB
NpUHAA-
JIEKHOCTH
Cucrema VnpasJienne peisiodHod 6a3on
AHHBIX
JlaHHBIE KJMHUYCCKMX aHAIM30B (0KOJO
70 nyHkTOB 16 BUAOB 4HANM30B MOYM,
KPOBM U 11p.)
bazu JHannste JaHHbIe 718 BHBOAA AMAarHo3a Ha 9KpaH
JaHHBIX (oxono 80 myHkTOB 4 BUAOB aHANHU3OB,
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Ipodoaxncenue mabauywt 4.16

Cpena ocC UNIX system V + 4.2 BSD
CHCTEMBI
Hcnons3y- Cu
eMBIH SA3LIK

B TOM 4MCIe PEHTTeH BHYTPEHHUX
OPra”oB M Ap.)

Jannunie ocMoTpa (okosno 20 MyHKTOB,
B TOM 4MCJIe HPOCHYIUMBAHME Cepand
M 1p.)

Jannnie paccnpoca (oxono 90 mynxToB,
BKJIIO4AA XaNoOkl, HCTOPHIO 00JE3HH)
Jannsle oOcnenoBanuii 32 Tpu roaa M
JIAHHBIE Pe3yJbTATOB 00C/Ie10BAHMS

Ontuueckoe  yCTPOWCTBO  CYMTHLIBAHMSA
3HAKOB (MHEHHME O JMArHo3e, JAHHBIE
OCMOTpA, CBEACHHA, NOJYYCHHHE Opd
paccnpoce, ¥ T.1.)

Hurepoeiic CucTeMbl I'ubkue guckM (MHIMBHAYaJlbHBIE CBEjiE-
C HoJaB30Ba- | BBOgd HMS, JAHHbIE KJMHM4YECKMX AHAJM30B)
TeNIEM Kaccernas MarHuTHas NeHTa (JAHHBIE

obcienoBanus ¢ JaBHOCTBHIO Goslee Tpex
Jet), «Mullub», KIaBUATYpa (KOMAH/IH,
MHIUBUYANbHbIE CBEACHMS, BBO/ 3HAHMH
4 T.I.)

KacceTnan marmutHas jeHta (Xxpanenue
JAHHKIX 00CIIeI0BAHUSA)

Cucremnt Jucnnen (pasaM4HOro pojga orobpaxe-
BHIBO/IA HHME C MCTIONIB30BAHUEM (GYHKIIMA MHOTO-
' OKOHHOTO oOToOpaxenuss U GyHKpuU#i
LBETHOH TpaduKH)

Jlazepunii nmpunTEp (OK0J0 20 BMAOB
PA3JIMYHBIX OTHETOB M JPYroif JOKYMEH-
TauH)

KOB MNpEANpUSITHA H NPOILIBIM [JAHHBIM HA OCHOBE IpaBUI
NEPBUYHON OLEHKA MPOBEPSETCS, HET JIM Y KOTO-TO M3 COTPY-
HHKOB TOIO3peHHMs HAa OOJiE3Hb, M €CNIM TAKOE MOAO3pEHHe
BO3HHUKIIO, NEAFOTCS BbIBOObL O OOJIE3HH M ee NOCTOBEPHOCTH
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H B COOTBETCTBHHM C €€ TSKECTBLIO ONPEHENsIoTCS CNoCoOb
neyends. TIooTOMy OKOHYarenbHOe peIlcHHE s NamMeHTa,
KOTOPOMY HEODXOTMMO MOBTOPHOE 06cie f0BaHHe, TPHHEMACTCS
nocje MOATBEPXKACHHUS OHATHO3a M OCMOTPA JiCHaiuM BpaioM.
JJis TAKOTO MAMEHTa COCTABIAETCS Kapra MOBTOPHOro obcre-
MOBaHUs, B KOTOPOH yKa3pIBAIOTCS TIPYNNbl MOBTOPHBIX aHa-
JIA30B; A OCTAJIbHBIX MAHEHTOB COCTABISIOTCA HHINBHYA Tb-
Hble TAMATKH 00 OXpaHe 370pOBbB4.

6) I1o naHHBIM BTOPHYHOTO 06CIeIOBaHMS, JAHHBIM MEPBHY-
HOro oOCIefOBAHMS M MPOHUIBIM [JAHHBIM JUIS MAHEHTOB,
HAMpaBJICHABIX HA MOBTOpHOe 06CIe10BaHNE, HA OCHOBE MpaBH.I
BTOPHYHOH OLICHKH ACJIAKOTCS BBIBOMAbI, AHAJOTHYHBIE BBIBOIAM
NpY MepBH4ilOH OneHke. [103TOMy OKOHYaTENbHOE pelleHHe mist
MAyHEeHTOB, UIA KOTOPBIX HEOOXOAMMO HAyaTh JieyeHHe H cpe-
JIaTh TIIATEJbHBIE aHANU3bI, TPHHUAMAETCS TMOC/e MOATBEPXKIe-
HHsl IMardH03a M OCMOTPA JieHalMM BpauoM. /[Jis Takux mapmeH-
TOB COCTaBIAETCS MHUCBMEHHBIA 3aIIPOC B MEAMHMHCKOE YUPEXK-
lledde, B KOTOPOM YKa3BIBAIOTCS Pe3yJibraThl 00CIEIOBAHHMS
H OLICHKH; /ISl OCTANbHBIX MaHEHTOB BbIMYCKAKOFCS MHOAMBHY-
aNbHBIC TAMATKH, B KOTODBIE BHECEHBI PeKOMEHJAIMH 110 OXPaHe
3JI0POBBS.

B) Kpome namMsrHBIX 3anHCOK, peKOMEHAAIHIA ¥ THCHMEHHBIX
3aMpocCoB, BBIMYCKAa¢MBIX HA 3Tamax d M 6, COCTABISIOTCSA pa3-
JMYHOTO poaa TalJHupbl aus TeX, KTO MPoBOAUT obCienoBaHye,
H aqMHHHUCTPATOPOB MO MeECTy pPaborhbl MaHEeHTOB, OTYETHI
B MHCTEKHHA MO OXpaHe TpyAa, PasnU4YHOrO pojga CHHACKH nid
nocneayiomei o6paboTky BpayaMK HA NPeATNPUSITHAX M APYTHE
IOKYMEHTBL.

5. Cratucrmyeckass 06paboTka, O6bICHEHHME MpOlECCa Bbl-
BOJOB, ynpaBlicHHe U300paXeHHEM.

a) Cocrapnsercs CTaTUCTHYECKAs HHPOPMAIHs OTAeIbHO MO
NpeNpAATHAM, BO3pacTy, MOJy M APYTHM MapaMmeTpam.

6) Boigarorcs moppoGHble CBepeHMS 06 HCMONB30BAHHBIX
NpaBUIaX fuisl HOATBEPXKACHUS AOCTOBEPHOCTH YCTAHOBICHHBIX
3HAHMHA.

B) C noMoupmio (yHKHif MHOIOOKOHHOTO oTobpaXkeHUs
KpPOMe 3KpaHa A BBOga KOMaHJ MOXHO OfHOBPEMEHHO MONb-
30BATBHCA 3KPAHOM C TNPOTOKOJOM, KOTODBIH BeaeT CHCTeMa
B AHOMAJILHBIX CHTYyayuHsX, 3KPAaHOM JUIS OTOGPaXeHHs pe3yiib-
TAaTOB OeHKM H 06paboTKH M APYrUMHK IKpaHaMu. Kpome Toro,
C LCIbIO COXPAaHHOCTH NAHHBIX H YACTHBIX CBeAeHHH s omnepa-
TOPa YCTAHOBNIEH NMApOJib.
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Boisoansi u 0a3a 3HaHMiH

B kadecTBe METOHOB HEYETKUX BBIBOJOB ¢ HMCIONB30BAHHEM
HeyeTKOH HHGOpPManud H3BECTHbI NPOAYKIMOHHBIE MpABHMIA,
BLIBOJIBI C MOMOINBIO HEYETKHX OTHOIIEHWH ¥ IpPyrde METOJbI.
B namHO# cHcTeMe H3-3a TOTO, YTO 3HAHHS UMEIOT HEpapXHiec-
KYIO CTPYKTYpY (UTO MO3BOJSIET J€/IaTh OKOHYATENBHYIO OLEHKY
¢ HCIONB30BAHAEM TIPOMEXYTOUHBIX THNIOTE3 06 OEHKE Pe3yIib-
TAaTOB 00CJIe fOBAHHUS, PEKOMEH Al O 00pa3y XKM3HH U APYTUX
THOOTe3) M €CTh HeOOXOOHMOCTD 3amycKa MEXaHH3Ma BBIBOJOB
He B pexxHme Haora, a mo GakTy BBOJAA JAHHBIX, HCTIOJIb30BAHE]
BBIBOABI ¢ MOMOINBI MPOAYKIMOHHBIX NPABUI C MPSMBIM IIO-
CTpOEHHEM [IETOYKH paccyxjuenuit. [1o Mepe mpociexHBaHHs
Opasmyl METOX MOCTPOEHUS HEMOYKH YBEIMYHUBACT HEUCTKOCTH,
HO3TOMY B CHCTEME pe3yJbTaThl BBIJAIOTCS HAa BTOPOM HIH
TpeTheM YPOBHE HEPAPXHH.

Tlpu BBOAE JAHHBIX KIMHHYECKHMX AHAIHM30B, HHQPOPMAIMH,
[OJIy4EeHHO| MPH PAcCHpoce MANMEHTA, U MPH BBIBOLC TAXKECTH
60JIe3HY MM [PYTHX CBEACHHH HCIONB3YIOTCH HEMOCPEACTBEH-
Hple 3HAUCHWS MM JIHHTBHCTHYECKHME 3HAUYECHHS HUCTHMHHOCTH.
MexaHn3M BLIBOOOB SBIISIETCA HE3aBUCHMMOHN  1OACHCTEMOH
(puc. 4.24). Ha Bxompl mocTymaioT jaHHble M3 6asni dakToB
¥ 6a3bl 3HaHWH, @ HA BBIXO[ MEPeHAIOTCA PE3YNbTATHI BHIBOAOB,
HX [OCTOBEPHOCTh H OGBIACHEHHE MPOIECCa BLIBOIOB.

Jlnist BBIBOJIOB HCTOJIb30BAH HEUETKHI «MORYC IOHEHCY, IPE -
cTasisromuii coboif paciuypeHue Mpasujia «MOAYC MOHEHCY — €~
NYKTHBHOTO BBIBOJA B KIACCHYECKOH 5ormke. OTO MPaBHIIO

) base paxmos
Bead us :> (gemwue sHavERus | Lem: Beigad
syl garmos HEYEIKLE SHAIEHIS ) 3 ® eunnodusie | LN pesymeimamos
R ™ e { L) mpogveckur
5 ® demogipt |7 gy ionine
Napamenps; ssisodos S | Lsem |
T
5
£ Beod
Powssu npusadiesmnocmy $ Lol Mooueee AosicHenad
i = | | ssrtotos x ”/”;”my
Bs0d a3 sbisodos
dassy swanud T —
Hewemyue
m ompouenas|
lamepnpemarn
Ecot... mo f,%};, ]

Puc. 4.24. MexaHu3M BBIBOAOB.
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MOXHO TpPeJCTaBHTh CIEAYIOIUM 06pa3om:
Ecm A; =a, u (A=a—->B=b), Torna B, =b,, (4.31)

rjae a, b-HedeTKHe MHOXECTBA B MOJHBIX mpocTpadcTsax U, V,
COOTBETCTBEHHO HX JJIEMEHTH 0003HauUM Yepes u, v. 3HaK
— 0003HaYaeT UMIUIMKAIHIO.

Ecrmn MOXHO MONYYHTE MHGOPMANHMIO d; O NPOCTPAHCTBE
U nans BedeTkoro OTHOWCHHS ([A =a— B=b] = R) mexny
HEKOTOPBIMM OOBLEKTAMHU 1 H v, O KOTOPBIX HMeeTCs 3HAHUE, TO
KaK pe3yJibTaT MOXHO BbIBECTH HHpopMammio o V u3 a; u R.

HeveTkuM MHOXECTBAM B IOJMOM IPOCTPancTse U MOXHO
MOCTABUTHL B COOTBETCTBUE GYRKIMH IPHHAIEKHOCTH pa: U —
- [0, 1], rne p.a(u) o603HayaeT Mepy UPHHAANEKHOCTH d 3Jie-
MeHTa u. HeueTKoe MHOXECTBO @ MOXHO TakXe NMPCACTABHTE
B BHJE

a = {Upa(u)u, (4.32)

rae U —o6bepuneHte pa (1)/u ma Bcem mpoctpanctee U, a 3mak
«/»—Pa3aEIUTEND.

ITpH HeveTKHX BBIBOJAX HeO6XOMWMO 3a7aTh MeToa Nnpeob-
Pa30BAaHUA HEYECTKOro YCIOBHOrO omepatopa A=a-+>B=5p
B HEYeTKoe OTHomeHHe R. KpoMe Toro, 3akiioueHHe MOXHO
TNOJIyYUTH IyTEM CBEPTKH (AKTHYECKHX OAHHBIX H HEYeTKOro
OTHOIICHHS. CYIIECTBYET HECKOJILKO TpajHiMOHHBIX METOI0B
npeopa3oBaHUst U cBEPTKHA. B nmawHo#l cucTeMe BBIBOJBI [ic-
JIAIOTCS C MOMOWIBIO CIIEYIOMIETO MeToaa, 06ecieyuBalomero
MHHHMMAJBHBIA pa3bpoc pelieHHid:

by =a;o R = fv\/[pa, A\ nR (w, v)]1/(v), (4.33)

rae by —3akmioveHHe, a; (akTHYECKHe NAHHBIE.
Biok BHiBOOB paboTaer creayomEM o6pazom. ycre
B NPCANOCHIIKE IIPABHII 3alHCAHO HECKOJILKO TE3HCOR:

Ecmu A=a&B=1p, Torma C=c. (4.34)

Torpa, ecnu s Gaze (baKTHYeCKMX NAaHHBIX 3agaHbl A = a, "

B=p,, 3ax
1 aroyenne C = ¢; HoJyYaeTcs mo clemyro
(5% -
e y TomIyd nyrome# pop

cy=[aye(a>)1n by (b )1, (4.35)

T, 0
e OMEPayUsi MAKCHMyM —MHHHMYM, X — ) 0603HAauaeT
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px(u) py(v). TlocnenoBaTenbHOCTh BbIBOJA [MOKa3aHa Ha
puc. 4.25.

Baza 3uanmit 7715 BBIBOJOB COCTaBJisieTcd M3 (yHKIUMH MpH-
HA[JIEKHOCTH (B CIyYae OLEHKH BXOAHBIX H BBIXOJHBIX 3Ha-
YeHHiT), MPaBHJI, AMAIla30HA BXONHBIX M BBIXOJHBIX 3HAYCHMH
¥ YKa3aHHMH K OKOHYATECJBHBIM BBIXOJHBIM jaHHbIM. DyBKIHA
NPHHALIEXHOCTH COCTOSIT M3 HA3BaHHS (yHKumH (YpPOBHA He-
YeTKOCTH) W 3HAYEHHMH NpHHAIJIEKHOCTH, B CHCTEME HCHOIb-
30BAHBI CEAVIOIIME HEYETKHE YDOBHH (HHMXKE [IPHBEIEH IIPOIECC
cocrasjieHust 6a3bl 3HAHHMN);

1. JIns xaxgoro NMyHKTA KJIHHHYECKHX AHAJM30B, MCKIIOYas
KaueCTBEHHbIC HaHHbIE, B MPEANOCHUIKAX HCHONb3YETCH MATh
YPOBHE#H:

TRS (ouenp manenskuii) TPS (moBonpHO Mablit)
MM (oObruubiit) TPB (moeonbro 605b11m10ii)
TRB (o4enp 60sbIIOL)

2. ﬂﬂfl MYHKTOB KJIHHHYECKHX daHAIH30B C KaveCTBEHHLIMH
JAaHHBIMHA B IPEANIOCBIIKAX HCMOJIb3YHOTCHA

MM (—) TPS ( + — ¥ HumXe) PB{+—)
RB (+) TPB (4 ¥ BplE) TPB (+ + H BblllE)
VB (+ 4+ +)

3. Ilpm paccrpoce 0 CHMNTOMAax B MPEANMOCHUIKAX HCIOJIb-
3ytorcss LT1 (He mposiBisieTcs, MpOsBILCTCS BPEMEHAMH, PO~
SIBJISIETCS)

4. Jlns mMpOMEXYTOYHBIX THHOTE3 M TspkecTH OOne3HHn B 3a-
KJIFOUEHHAX HCMOJb3YIOTCS

CLA (knaccHueckuii)
PRO (BeposiTHBII)
SUS (mopo3pesaemblii)

DEF (oupeaencHHbL)
POS (B03MOXHBIN)

5. Jlus Bpibopa Amarso3a Ha JKpame, BhIOOpa cmocoba oc-
MOTpa ¥ MPOMEXYTOYHBIX THIOTE3 B MPEANOCHUIKAX H 3aKJiro-
YEHHIX HCTOJB3YIOTCH

YES (1) NO (ger).

Tlpumep ¢yHKNHH TpHHAMIEXHOCTH 17is ypoBHe#d (1) mpu-
pejeH Ha pHc. 4.26, nns ypoBHeil (4)-rHa puc. 4.27. B npasunax
MOHO ONMCAThL JO JECATH HEYETKHX TE€3HCOB MPERNOCHUIKM H 10
IBYX HEYEeTKHX Te3MCOB 3akmioueHus. IlpaBmna wumeror cre-

Jyiolllyt0 CTPYKTYPY:
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Puc. 4.25. Ilpouecc BLIBOAOB.

Puc. 4.26. ®yukpusa 1.
18-6830

Shavenue
npuRAInEMHOCTIL

Hayano

Bead wabinwdaemsix suavened

}

Oyenxa coomsememeus
npagunay

|

Locmassiente
MATIPULS] OMHOILENUE

Conocrmuenenee
HaALOOaEMsIX SHAYEHLT
i Mampiys! oimroilenyd

I

[ Yxnorerue om Koarypengul

}

H36s89ertle LEHTIPUABHOZO
MOMEHINE B0fpoca

|

Depunavesae snuvenus
UCTILHROCITIY

]

IBwaz? PE3YASITUTOR mﬁoﬂoﬂ

TRS TPS MM TPB TRB

Qduwwsre ananzsa
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SUS POS PRO DEF CLA Puc. 4.27. ®yukuus 4.

Bruvenue
ApuRadNnexHocmu

A3N

EcnM myHKT BBEIEHHBIX [JaHHBIX = ypOBEHb HEYETKOCTH,
TOr[la MyHKT BLIXO[HBIX JAHHBIX = YPOBEHL HEYETKOCTH.
Kpome Toro, mis ypoBre#l HEUETKOCTH, NPEACTABICHHBIX (yHK-
IASIMH TPHHAJUIEXXHOCTH, B Te3HCAaX MOXHO HCHOIbL30BaTh OT-

PHIIaHHE B JIOTHYECKYEO CYMMY.

IIpaBuna zamucagel B TpeX ¢aiinax: MepBHYHOM OlE€HKH,
BTOPDHYHO! OLEHKH M YKa3saHUil MO OXpaHe 310poBbia. Paitns
HEPEKNIOYAOTCS MO COOTBETCTBYOIIEH KOMAaHIE.

ITpuBEneM HIXE NPHMEPHI MPaBHI NEPBUYHOMN OLEHKH (YHK-
AOHUPOBAHHS MCYCHH.

1. Ecm GOT =TPB, 10 (}YyBKHOHHPOBAHHE IECYEHH =
= DEF.

2. Ecnu GPT =TPB, 10 ¢QyHKUMOHHpOBaHHE MEYEHH =
= DEF.

3. Ecou GGT =TPB, 10 OGyHKnuOHHpOBaHHME MEYEHH =
= DEF.

4. Ecmn (GOT = < GPT) = YES, 10 OdyHKIMOBMpOBaHHE
neyens = DEF.

5. Ecnm paccpoc (yierkas ycramocts) = LTI, 1o dymkimo-
HHpoBanHe meyend = PRO.

6. Ecin GOT = MM & GPT = MM & (GOT = < GPT) =
= NO & mpomneii paz GOT = TPB, 10 (yHKHHOHHpOBaHHE
nmedyenu = PRO.

Penssuuonnas 6a3a JaHHBIX

C penbio  BBICOKOX(PGEKTHBHOrO H  YHHDHEUpPOBAHHOTO
YOPaBJi€HHs] PA3JIMYHBIMM [MaHHBIMH, HAKOIUICHHBIMH 334 He-
CKOJIBKO JIET M COZIEPXXAIMMH MHDOPMALKIO O MHOTHX JIIONAX,
HCHOJIL30BAHA MOJICHCTEMa PENANMOHHON Ga3bl nanHubix (PBJI)
ynpomerHoro Tuma. PBJ] opHeHTHpOBaHa Ha HCHOBL3OBaHHE
NpH pa3pabOTKe NPHUKJIAHBIX OPOrpaMM Ha sizkike CH M COCTOHMT
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u3 Qynkmuit mETEpdeiica ¢ mosb3oBaTeseM, (YHKnui ympas-
Jends 0a30f JAHHBIX M CHCTEMHBIX YTHIHT (pHC. 4.28).

@ysaxiuu HTEpdEiica ¢ MONL30BATEIIMA 00ECTIEYMBAIOT Op-
TAHHYECKYIO CBA3b U 0OCTYN B 6a3y JaHHBIX C HCHOJIL30BAHHEM
B OPUKIAAHBLIX MporpaMMax ¢yHKnui HHTepdeiica, yHknumit
CBA3H, MHOOPMapmuM O CBsi3M, MHDOpMAaygMH O BH3yanmMzaiup
HNaHHBIX, PA3JIMYHLIX TaONHL YCIIOBHI TOCTYNA, YCIOBHEIX (yHK-
mui, QyBKuMH ycnoBHit cBa3d. PyHKIMH yupaBieHHs 6azoi
JaHHBIX 00ece nBatoT OOBEAMACHHIE 3AMUCEN BO BCEX PENSIMOH-
HEIX (afiiaX ¢ HOMOIBIO YKA3aHHBIX MOJIb30BATEIEM YCJIOBHBIX
onmepaTopoB OOBENMHEHHS, a TaKXXe CO3jJaHHe pessiHOHHBIX
3amHCEd B COOTBETCTBHM ¢ MHpOpMaredl O BH3YyaIH3aiHH.

CHcTeMHBIE YTHIMTBl BHINOJHAOT (YHKIMM ONpeccHHs
6a3pl TaHHBIX, PENIAIMOHHBIX GalioB U 3anUceil Ag ynpaBieHHs
H monnepxaHua uenoctROcTH PBJI, dymkpuu nepedopmupo-
BAHHS pENANUOHHLIX (aiinop M 3ammceit, GYHKHM yOpaBlicHHs
KAaCCeTHHIM HAKONMTENEM HAa MATHUTHOM JieHTe, DYHKIMH BOC-
CTAHOBJIEHHA M pe3epBUPOBaHWA. J[OCTYm K KOHKpeTHOH Oaze
JAHHBIX OCYMIECTBIAETCA MO HHAEKCAM (KJItOYaM), B KauecTBe
KOTOPBIX MOTYT ObITE HOMEP CHYXXAINETO, HOMEpP MyHKTa 06-
Clie10BaHHs H T.1. (puc. 4.29).

JlanHas cucTeMa MpeAHa3Ha4YeHa IS OKa3aHHs MOMOIIM IIpH
OEPHOAMYECKOM OOCIEIOBAaEMH B MEOMOMHCKHX NYyHKTaX Ha
npennpuaTuaxX. IIpu MOCTpOeRHMH 0a3nl NaHHBIX HHIAMBHAYAIIb-
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Puc. 4.29. Ba3a AaHHBIX cMCTEMB! IOMOUIM NPM I'PYNNOBOM obcrenoBa-
HHH.

HBI€ JAHHBLIC TMANMEHTOB BPYYHYIO C MOMOIIBIO THOKHX OHCKOB
MEepeHOCHIHCh M3 TJIABHOTO KOMMBIOTEPA, 4 AAHHBIE OCMOTpA,
CBeJIeHH s, TOJydYeHHbIE TPH paccupocax, BBOJWINCE C TIOMOIIbIO
ONTHYECKOTO YCTpO#CTBA CUATHIBAHMA 3HAKOB. Pesynbrarhl KiH-
HHYECKHX AHAIM30B TaKXe C MOMOMbIO THOKAX TUCKOB mepe-
HOCHITNCh U3 MEUMHCKAX YUPEXIeHMH. DTO NO3BOJMIO CO-
37aTh 0a3y JaHHBIX 33 TPH MpeabiTyIUAX roqd, JaHHBIE HA BpeMs
FOpHIAYECKOTO XpaHEHHUs 3alOMHHAJIMCh HA KACCETHOH MAarHMT-
HOM JIEHTE.

O6cnegoBadust MOryT npoiitn okono 5000 venosek, cHCTEMY
MOXHO PacIIMpHTh IyTeM YCTAHOBKH AOTIOJHHTEIBHBIX 34I10-
MHHAIOIIHX YCTPOMHCTB.

J1a onepanmii Mcnos308aH NPHHIMI MEHIO, BLIGOp KOMaH
M3 KOTOpOTO OCYIIECTBIISIETCH C MOMOIIBIO «MBHIIHY; YI00CTBO
MOJIYYeHHs BBIXOZHBIX AOKYMEHTOB OOECmeYHMBAETCa 3d CYET

ABTOMATHYECKOrO mepekirouatenss GopMaToB B apYrux QyHk-
Jiyzii8
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4.5.4. 3AKJIIOYVEHUE

PazpaboTaHHas CHCTEMA paccmpoca H MpejBapUTEIbHON
HArdOCTHKH TMO3BOJIIET MOJIYYHThL NOCTOBEPHBIE PE3YJIbLTATHI
IMATHOCTHPOBAHHA ¥ TNPHEMIEMYIO CKOpOCTh 06paboTku npH
BBOJIE CHMIITOMOB, COOTBETCTBYIOLIMX Oaze 3manmii. B ganbueii-
nieM MIaHUPYEeTCs NPOMOKHTL IJKCHEpHMEHTLI H TPOBEPKY
CMCTEMbI HAa OCHOBE pEasibHBIX HCTOpHHA OOJe3HH H OTpasUTh
B CHCTEME MOJYYEHHbIE pE3YJIbTATHI.

CucreMsl ¢ 6a30f1 MeqMUMHCKUX 3HAHUM, UMerorie OyHKIHH
BLIBOJIOB, HMEIOT BBICOKYFO NpakTHYEeCKYIO [[CHHOCTh HE TOJBKO
79 3IpaBOOXpAaHCHHs, HO M JUISI MHOTHX OOJactedl MeqdifHbI.
Cucrema c 6azoil paHabIx 06cieposanms, pazpabotanuas nis
oqHOM M3 Takux obnacredl, CTAaBHUT psl €Ie HEPEUICHHbLIX MPO-
671eM, HanmpuMep ONTUMH3anUI0 GYHKUUA TPUHANJIEKHOCTH H
06paboTky NponyneHHBIX 3HAYEHHUH, HO OHA ;aeT NPEeBOCXOIHLIE
MeTOxbl 0OpabOTKH HEYETKOCTEH, KOTOPBIC CBOMCTBEHHBI BCEM
MEIUIMHCKEM HAaHHBIM, ¢ MOMOIbI0 OYHKI[HH BBIBOJOB.
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TJIABA 5
INPUMEHEHUWE B BU3HECE

K. Acau (Ocaxcruii noaumexnuueckuii
uncmumym ), J1. Bamaoa (Ynusepcumem
Proxoxy), X. Hmubacu (Ocaxckuil
npegexmypanvhbiii ynueepcumem), M. Carxasa
( Ynusepcumem npegexmypor Heams ),

X. Tanarxa (Ocaxckuii npeghekmypabHbiil
YHusepcumem )

VnpabieHHe W PyKOBOJCTBO MPOMBIIUIEHHBIMH, TOCY/aPCTBEH-
HBIMHU M MYHHUIMIOAIBLHBIMHA YYPEXICHUSMH CBA3AHO C BEJCHHMEM
pasnuudoro popa pen. Ilpum ympaBneHMH yYpexneHHSAMH HX
YIpaBJIsIOmAE, MOMOIMHHKM H BECh MEPCOHAN AHANH3HUDPYIOT
BHYTPEHHIOK) MHQOPMALMIO H HAaHHbIE, KOPPEKTHPYIOT IIAHHI
B COOTBETCTBHH C HEIAMH YIPABJICHHAS U HPETBOPSAIOT B XU3Hb
pellieHusi, IPHHUMAEMBIE YIIPABISIOIMMH. BriocnencTsuy BegeT-
Cs1 KOHTPOJIb, HACKOJIbKO MOCHAET0BATENbHO OCYIECTRISETCS yII-
PaBlieHHE ¥ CTPOro JIH OHO COOTBETCTBYeT miaHaM. OOBIYHO
B YYPEXICHUAX CYIIECTBYET ONpE/EJICHHAs HepapXus, MO3TOMY
OCHOBHBIE TPUHIMUMNBI YOPaBJICHUsE O0a3uPYIOTCS HA NPUHATHIX
PCIIECHHSAX, 2 KOHKPETHBIE NETANM IUIAHUPYIOTCHA, YTOYHSAIOTCA
U TIPETBOPAIOTCS B XKM3Hb B PAMKAX COOTBETCTBYIOUIMX MOJIHO-
MOYHMA Ha4aNbHUKAMHU OTHENIOB, [[EXOB H T.N. B maHHO# riase
PacCMOTpPEHB! OCHOBHBIE ACHEKTH MOCTPOCHUSA W NPHMEHEHHUS
HEYETKAX CHCTEM, HCMOJIb3YEMBIX IS MOBBHILECHAS 3pPeKTUB-
HOCTH IUTAHUPOBAHMS, YIPABJIECHUS U APYTUX CBA3AHHBIX ¢ HUMHM
paboT, a Takxke 1aH KpaTKHi 0630p KHMIH aBTOpOB «BBeneHue
B HEYETKHE CHCTeMBI» [1].

5.1. OIIBIT NPUMEHEHUA
5.1.1. COCTOSSHHE EU3HECA

B SInonuy B noHsATHE «OH3HEC» BKIIFOYAIOT TAKHE CTOPOHBI
JIENONPOU3BOACTBA, KAK OpPraHu3anus paboT, fenoBble OTHOILlIE-
HHUS, IUIAHKPOBaHHUE, coriaacoBanue 4 T.n. OcoGeHHOCTIMH OH3-
HeCa B HAlM JHM SABIAIOTCH €ro KPymHOMACIITAGHOCTH, MHOTO-
TPAaHHOCTh, U3MEHUYHBOCTh H TPYIHOCTH €0 MPOTHO3UPOBAHMSA
MO HAKOMJIEHHBLIM JaHHbIM. [103TOMY\ ¢ TeopHedl He4eTKHX
CHACTEM KaK ¢ METOHOJIOTHEH CBA3BIBAIOT GOJIBIIIME HAgeXIbl HA
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[HOBBIIIEHAE TOYHOCTH pacdeToB M 3ddekTHBHOCTH OU3Heca.
C [oMOIUBIO STOM TEOpHH MOXXHO HMHTHPOBAaTb WHTEJUIEK-
TyalbHyl0 JI€STENBHOCTD, MO CYTH CXOMHYIO C NEATENbHOCTBIO
yejoBeka, MyTeM MONEIHPOBaHMS PAa3HOIIAHOBBIX U CJIOKHBIX
0OBbEKTOB, WCIIOB3YSl HEMONHYI0 HHpOopManuio 00 oObeKTax,
# CO3/IAHHUS NPABHI HA ECTECTBEHHOM S3bIKE HA OCHOBE 3HAHHMH
W OTHITA IKCMEPTOB, \

BoigBicHHE OCOOEHHOCTEH OH3Heca Ype3BBIYANHO BaXHO,
MOCKOJIBbKY, KAK H3BECTHO, MOCIE HEPTAHOTO KPH3HCA COHAND-
Has ¥ OKOHOMHMYECKass cuTyayusd B SNOHUM ¥ BO BCEM MHpe
usMenngach. HECMOTps Ha pe3KOe CyKEHHE PBIHKA I[10CJE MHO-
THX JIET HENPEPHIBHOTO POCTAa 3KOHOMHYECKOTO 6JIarOCOCTOSIHUSA
GONMBIIMHCTBO [TPOMBIIUIEHHBIX TPEANPHATHN BCTYMAET B PBIHOK,
HE C/Ie1aB BBIBOAOB M3 MMPOMCIIEAIIAX COOBITHH, ¥ B HACTOAIIEE
BpEMsL MM TIPAXOAUTCS paboTaTh B YCIOBHAX XKECTKOH KOHKY-
perud. Bosee Toro, moTpebureny cranu 6onee pa3bOPYABEI Kax
K KaYeCcTBy TOBAPOB, TAK M K MPEIOCTABIAEMBIM YCIIYyTaM, 4To
[AJI0 UMIYJIBC K MEPEXOy HA MHOTOHOMEHKJIATYPHOE MEJIKO-
cepuiiHOEe Mpou3BoAcTBO. [lo3ToMy Om3Hec Takxke cran Oonee
pa3HooOpa3HbM ¥ IUHAMUYHLIM, C 11€NbI0 MOJIy4EHUs] MAaKCH-
MaJIbHO#M NpUOBLUIH B YCJIOBUSAX KOHKYPEHI[MH OH3HEC CTAHOBUTCSA
TOTaJbHBIM KAaK [0 BEPTHKANH (PBIHOK — MPOU3BOACTBO —>
— COBIT — IEHEXHOE OOpameHue), Tak ¥ 1O TOPU3OHTAIH
(opraHu3ys B3aUMOJEHCTBHE BCEX ClyXO0, mpeBpamas roioBHyO
¢GUpMy B [IEHTPAJIBHOE CBA3YyIOIIEE 3BEHO). /|pyruMu CIOBaMH,
Ha IEePBbIA ILU1AH BBIXOAUT MACIITAGHOCTB NENOBBIX OlEpAIUH.

Cxa3aHHOe BbIIlIE MOXHO PAcCnpOCTPAaHHTbL HE TOJNBLKO Ha
TNPOMBIIIEHHBIE, HO M Ha TOCYIapCTBEHHBIE, MyHHI[UTAJIbHBIE
4 ApyrHe yupexpeHus. s Toro uToOBl BhIAEPKATh KOHKYPCH-
L[MIO, BCEM UM HEOOXOO¥MBI COBPEMEHHBIE METObl ¥ CPEACTBA
ynpaBcHus. TeopHus HEYETKUX CHCTEM KaK METOHOJIOTUsl COOT-
BETCTBYET MOJOOHO# CUTyaMd W MpenocTaBaseT 6a3bl JaHHBIX
4 pa3HOOOpa3Hbpie METOABl IUIAHMPOBaHUS M ympaBieHus. Ee
NMPUMEHEHHE B COBPEMEHHBIX [UGPOBBIX KOMMBIOTEpPAX H HX
NPOrpaMMHOM oOGecreYeHud, He TOBOPS yXe O OBICTpOAEHCT-
BYIOIIMX HEYETKMX KOMMbIOTEpaXx # S(GHEKTHBHOM HEYETKOM
TMPOrpaMMHOM OOECIEYEHHUH, MMOCTOSHHO PACLUIUPSETCS

5.1.2. HEYETKHUE METO/bI 111 GU3HECA

busHec (ecnu B3sATH mIs TpUMEPA MPOMBILLIEHHOE TNPeEn-
HPUATHE) BKIIOYAET Takde OGJIACTH, KaK MapKeTHHI, OCBOCHHE



Tabauya 5.1. Buznec M HEYETKHE METOMABL

UHenn

Obnacts

MapkeTHHT ®
paspaboTtka H3meui

Kaapsr

OKOHOMMUKA

HponssoacTeo

leHeX-
Hoe

obpa-

LeHHE

HApy-
rue

Coéop
JTAHHBIX

* Heuerknue
0a3sl JaHHBIX

Tranuposanue

IInamuposanue

IMocTtanoBka neneii
4 anbTepHATHB-
HHE MPoCKTHI

Moaenupopanue

Heuetkoe MoneaHpo-
BAHHE KPYNHHIX
CHCTEM

Heuetkue cTpyk-
TYpHbIE MOJEIH

* HeueTkue perpec-
CHOHHKBIC MOJCAU
Heuerxnit TMO/]

AHaJH3 #
OneHKA

Heuetkuii ananu3
MHOTHX HepEeMEHHBIX
(* Teopus KBaHTO-
Banua [—IV)

* HeueTkoe MHTErpu-
pOBaHue

Heuetkuit AUIT

Ontumuzanus u

* MeToasl HeueTKoro
MAaTEMATHYCCKOI'0
NIAHUD OBAHUA
MeToghl HEYETKOT O

NPUHATAE pememaiﬂ MHoroug/esoro nia-

HUPOBAHUA
Mertonbl HedeTkoro
MHoOT0aTpuOyTHOT O
NPUHATHA pelCHHI

* MeToabl HeYeTKoro
craTUCTHYeCKoro NpH-
HATHA PCLICHUH

HeueTkne cucrembl moMOIMA B NpuHATHM peilieHu#i (CITP)
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HOBBIX U3HEJHH, Ka1Pbl, PYKOBOJACTBO, NIPOU3BOCTBO, eHEKHOE
oOpallieHHE u 1p., a Takke, 4TO camoe BaXkuoe, cbop uxpopma-
HMH M JaHHBIX, IIQHUPOBAHUE (BKJIOMAs OIEHKH U HPUHSTHE
pellicHHit), ynpasieHne u T.1. B Tabn. 5.1 npusenensl HeweTkue
MeTOAH [nsi TOJOOHBIX obmacTeif 1 pabor. IloMuMO MeTonOB,
MOPOGHO PACCMOTPCHHBIX B pa3f. 5.2-5.5, MMEIOTCA ApYyrHe
METOABI, MPEAJIOKEHHBIE B KHHre «BBeaeHue B HeueTkue
cHCTEMBI» (B TAaOJIHMIIE MOMEUYCHBI 3BC3IOUKOMN).

Huxe KpaTKO OOMCaHB 3TH METObI B MOPsAKE, YKa3aHHOM
B tabn. 5.1.

HeueTkue 6a3nl namnnix [1]

J1a caMBIX pa3HBIX oOnacTell Gu3Heca ynoOHO MMeTh 6a3zbl
HQaHHBIX, B KOTOPHIX CHCTEMATUYeCKH HAKAIUIMBAETCS W YHOODS-
nounBaeTcs uH(opmanus. [1pu 3ToM B 06acTd ryMagMTapHOTO
HHTEpheiica, MMEIOIETO HEMOCPeACTBEHHOE OTHOLUEHHE K Yelio-
BEKY, HAIPHMEDP B OONACTAX 4EJOBEKO-MAIIMHHBIX CHCTEM, 00-
pabOTKM eCTECTBEHHRBIX SA3BIKOB, NPUHATHUS pEIUEHHH U JAPYTHX,
OOSIBJIIETC MHOI'O HEYETKWX [AHHBIX. [lns KOHCTPYKTHBHOTO
¥ 93 (HEeKTUBHOTO MCIONB30BAHHS ITHX JAHHBIX TPEOYIOTCH U yKe
npepyiararoTes 6a3pl HEUETKMX HAaHHBIX. OQUH U3 METOMOB HMX
MOCTPOCHUS — PACHIUPEHHE B HEYETKYFO 00JIaCTh MOJENel OTHO-
IIEHUH TPagUIMOHHBIX 6a3 naHpbIX. Takue 6a3bl 4acTo npHuMe-
HSIOTCS B CHCTEMAX MPHHATHS PELIEHHA Ha Pa3JM4HBIX yPOBHSX
YNPaBJICHUS ¥ PYKOBOJCTBa, HO MJiS JKCICPTHRIX CHCTEM BO3-
MOXHOCTH TaKHX 6a3, MO-BHAMMOMY, €ILE HEAOCTATOYHO JIOJHEL.

Heuverxoe crpykTypHoe monesmposanne

KauecTsennrie Monenn, npencrasisionme Ha MaKpOyposHe
¢ IOMOILI0 rpa)OB KPYNHEIE ¥ CIIOKHBIE CHCTEMBI LIS pelueHus
PAa3NHYHbIX 33134 IUIAHAPOBAHUS B OOIACTAX OPraHW3ai(Hd
OpOM3BOACTBA ¥ OM3Heca HA BCEX YPOBHAX yIpABJICHMS, HA3bl-
BAIOTCA CTPYKTYPHBIME MopeasMH. OHH WCHOJB3YIOTCH IS
AHaNu3a, MPOEKTHPOBAHMA W DPEIICHHS 3ajJad OpraHu3anHH H
TUIAHAPOBAHUA, OQHAKO, ¥3-3a TOTO YTO Y3IbI rpada W OTHOLLe-
HUSL MexX1y y3naMy MpPEACTABIAIOTCA ABY3HAYHOM JIOTMKO#H (0
u 1), 9TH MofenM TpyaHO COrIACOBATH C peasipHBIMH YCIIOBHSMH,
NO3TOMY mpepycMaTpuBacTcs (POPMHUpPOBAHHE HEYETKMX MOje-
Jed myTeM 3aMeHbi IBy3HA4YHOH JIOTMKH (YHKOUSAMH MPHHAA-
JeXHOCTH. B KavecTBe mpuMepa NpHBEEM METOI HEYETKOTO
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CTPYKTYPHOIO MOJIETUPOBAHUSA, HUCMONb3yeMBIH ISl MPUHATHA
rpynnosoro pemrenus [3].

HeuyeTkoe perpeccHonHoe mojaempoBause [1]

JUI4 DpOrHO3WpoOBaHHMA ¥ ApYTuX NpoblieM NIAHMPOBAaHAS
B Om3Hece Ha 0a3e OAHHBIX, MNOJIVYEHHBIX OT CHENHAIHCTOB,
MOXHO TMOCTPOMTL HEYEeTKHE PErpecCHOHHBlE Mojemu. B sTom
cny4ae B KadeCTBe KO3((HIMEHTOB MOJEIM HCIOJB3YIOTCH He-
YeTKHe 4ncia. MHorjpa paccMaTpuBaeTCst MOIHUQPUIIHPOBAHHBIN
METO/I, YIMTBHIBAIOIIAH HEYETKOCTH B JAHHBIX M YKa3bIBaroLwid
ux BepOATHOCTD. [To106HbBIe MO 1e)H paccMOTpeHs! B pasa. 5.2.1.

HeveTknit rpynnoBoii Meroa oopaGorku nammmix (I'MOJI)

JIs IPOTHO3MPOBAHHA W JAPYTHX NpoGiieM ILTaHMPOBAHHUS
B Ou3HEece HE 00s3aTENbHO aNpHOPH 3HATHL CTPYKTYPY CHCTEM.
Cymecrayer meton ('MOJI) MozmeMpoOBaHHS KPYMHBIX CJIOXK-
HBIX HENMHEHHBIX CHCTEM, OCHOBAHHLI HA MPHWHIHAIAX IBPHCTHU-
4eCKO# CaMOOpPraHH3anyM 110 JAaHHBIM BBOAA-BbiBoAd. B sToMm
MeTOJe TMapaMeTpbl MOAEIH OTOXAECTBIAIOTCS C HeYETKHMM
4UCNIAMH, 4 MOAEIUPOBAaHUE BBHIMOJHACTCSA JUIS HCYETKHX sBJic-
HA u cucreM. T'MOJ] paccmoTtpen B pasa. 5.2.2.

Teopnsn HeueTkoro kpanrosands [1]

H3BecTHa Teopusi KBAHTOBAHHUSA, KOTOPas HAa OCHOBE AHKET-
HBIX JAHHBIX, COAEPXAIMX MHEHHS U OMEHKH YAAUHBIX CHEJIOK,
CTATHCTHYECKN HCCIENYeT TPYMIOBbIE M COHNUAJIbHbIE MHEHHS
¥ tenpeHnuy [4]. B nocnenmue roasl Hamuia pacmpocTpaHeHUe
TEOPHsI HEYETKOTO KBAaHTOBAHWS, KOTOpas YyYHMTHIBAET HEYET-
KOCTH B OIpejie/IeHAN ycIeXxa. DTa Teopus nosslinaeT 3¢GdekTHs-
HOCTh M3Yy4eHHS MPOMBIIJICHHOTO PLIHKA, TEHACHIMH OCBOCHHS
HOBHIX W3fenuid ¥ T.0. B Teopum HeweTKOro KBaHTOBAHHSA
BHIACJISIOT YeThipe MeTOAA. .

Meton 1 ucnons3yeTcd AJis Npo6JieM U3Y4eHHUs BIMSHUS HA
pocT npoaax ObITOBRIX TOBAPOB B OTHE/IbHBIX MAara3wHax HaJH-
9Asi B HMX OKPECTHOCTH OOJBINOrO HIM MaJIor0 TOProBoro
menTpa. B sTtoMm ciaywae pasmMep TOProsoro peHrpa u Cpok
UCTONB30BaHMst  OLITOBOTO TOBapa 3ajgatoTcd  (QyHKIHAMYE
TNPUHAIIEXKHOCTH.

Meton 2 ucnonm3yercss misi npoblieM u3yYeHHs CTEUeHH
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seJJaHUs KJIMEHTa KyHHTbh OJHO U3 NBYX OQHOTHIHBIX M3NEIHH
(BLITYILICHHBIX PA3/UYHBIMU M3TOTOBUTENSIMH) B 3aBHCHMOCTH
OT WX XapAKTEPHCTHK, IieHBI ¥ BHEIIHero Buga. B stom cnyuae
KaXx/Jas CTOPOHA ONEHKH TOBapa ¥ CTENEHb JXKEIAHUA KIHMEHTA
sagarorcs QYHKNHMAMH npurannexnoctd. Ilpu 3ToM Bocmpous-
BOJHTCS pealibHas CHUTyanusi, KOTga y KIHWEHTa €CThb BBIGOp
KYOHTb U3[ENUA OBYX M3TOTOBUTEINEH.

Meton 3 ucmonb3yeTcss Mg mpobiieM KaaccubHKamMy Mo
HEeCKOJIbKMM 00pa3maM MOBefieHUs MOJOABIX JIofel mpu mo-
KyIlKe Ha OCHOBE H3YYEHH: MECT NOKYIKH M MX 3HaHHii O TOBape,
Ka4yecTBa TOBapa H APYIrHX HAaHHBIX, NOJYYEHHBIX IPH ONpoce
MOJIOABIX JMOA€i B MOMEHT MOKYNKH HEKOTOPOrO TOBapa.
B 3TOM Ciiyuae CTeneHb MOKYHATE/IbCKON CIOCOOHOCTH ¢ TOYKH
3peHHs BO3pPacTa M JIPYIUX NAHHBIX O MOIOABIX IOIAX 3aJaeTCs
GyuxuasaMy NpuHAaaIexnaocTy. Kiaccudukanms npoBoauTcs 0o
CrefyrOMM TPYIIAaM: IPyMIa MOJIOAeXH, KOTOpas HHYero He
3gaeT O TOBape M NOKymaeT B YHHBepMAarax, MPHBJICYCHHAS
TOProBOil MapKoO#i; rpynma, KOTOpas NMOKynaeT B CylepMapKeTax,
He OYeHb NMPEACTABAL, KAKO! TOBAap UM HYXEH; Ipymnmna, KoTopas
[IOKYIAeT IIaBHBLIM 06Pa30M Pagy TOProBoil Mapki B CrenyMalb-
HbIX Mara3yHax ¥ XOpOILUO pa3bUpaeTCsi B aCCOPTUMEHTE TOBA-
POB; Ipynna, KOTopas NMOKyNaeT B CHEeNHANbHBIX MAra3uHax, HO
He BEpUT TOProsoil MapKe ¥ OTJIMYHO pa3GHpaeTcs B HOCTOMH-
CTBax CaMoro Tosapa.

Meron 4, Tak e Kak 4 MeTo 3, OPHEHTHPOBAH HA KJIACCH-
(HKalHIO MOBEIeHUA, HO TpeLIaraeT MHOM MOAXON K PEIICHHIO
3TOH mpOo6JieMbl: MPHHAMAIOTCS BO BHUMAHHE OTHOILIEHHS MEX-
Ay HECKOJLKHMHM O6bEeKTaMH (TOBAPOM, XYIOXXECTBEHHBIM MPO-
U3BEJEHHEM, H3BCCTHBIM YEJIOBEKOM U T.I.) H JIOABMHM (KJIHCH-
Tamy, mobuTensamu, damataMd 4 T.T.) W YCTAHABIUBAETCH
HAJIMYHE CHIBHBIX «POACTBEHHBIX» CBA3EH MexHy JIOObMH, KO-
TOPBIC MPEANOYUTAIOT OJAMH M TOT Xe OOBEKT, H OOBEKTaMH,
KOTOpBie 60bllie HPABATCA OJHHM U TeM Xe modsiM. B stom
¢llyyae paccCMaTPHBAIOTCS TPYIIBI, BKJIIOYaromme OOBEKTH U
ofeH, KOTOpble MX MPENMOYHTAIOT; CTEMeHb HPUHAMJIEXHOCTH
OObEKTOB W mojell K OAHOH ®3 TPYIN 3amaercs (yHKOueH
TPHHAUIEKHOCTH, U3Y4alOTCS MOJENTH TOBECHMS.

Heuerxoe mnrerpuposanue [1]

B ciyuasx pa3spabOTKu HOBBIX W3feNMH, H3YYeHHS HKeJIaHHiH
NoKynatened W APYTHX CIy4asX HeOOXOAMMO 3HATH, KAKYIO



288 Hpumenenue 6 busnece

OLleHKy [JAeT KJHeHT ToBapy. Jlas OneHk# Topapa BHIGMparoTcs
HECKOJLKO MapaMeTpoB (MOIJHOCTb. TEXHHYECKHE CBOWCTBA,
9KOHOMHYHOCTb ¥ T.T.), AJIf Ka)XHOTO MapaMeTpa BHYHMCASIOT
BEC, HAPHMEP METOJOM MOMAPHOTO CpaBHeHWS, 3aTeM, Tpej-
mojiaras TOJy4MTh KOMIUIEKCHYIO OpeHKy TOBapa B IEJiOM,
pewiajoT mpobneMy CyMMMpOBaHHS BCEX Pa3HOPOAHBIX Mapa-
MeTpoB OueHKH. OgHO M3 penteHud 3TOH NpoOGieMBI—HevyeTKoe
HHTETPUPOBAHHE KAK METOJ BBIYUCIECHAS] KOMIJIEKCHO! OLICHKH,
ONMM3KOH K TOH, KOTOPYIO HHTYWTHBHO MPEANIAracT 4eJIOBEK.
DTOoT MeTox ocliabiseT yCIOBHS CyMMHDYEeMOCTH, MCHOJb3ye-
Mble B apUpMETHUECKUX [JeHCTBUSAX, BBOOUT (opManusaimio,
OCHOBaHHyI0 Ha MOHOTOHHOCTH O[I€HOK, 4TO COIMXAeT 3TOT
MeTOoJ1 € CyOBCKTHRHBIM MHEHHEM 4eNioBeka. Ero MoxHO Henoib-
30BaTh A1 O1EHKY H BBIOOpA HE TOJBLKO TOBAPOB, HO U APYyIrUX
00 BeKTOB: HHTEPECHBIX JOAel, obIecTBeHHpIX MHEHHH H T. 1.

HeueTkne aHa MTHYeCKHE HepapXxMieckHe nponeccet (AUIT)

Ilpuvenenne Hewetkoit norukd x AWIT maer Meton Heder-
koro AWUII. Vpen onpeneneHus Beca Kax0ro nmapaMerpa OleH-
KA METOJOM MONAapHOrO0 CPAaBHEHHS TPH OIEHKE HECKOJBKHX
OOBEKTOB ¥ TOJYYEHHS C UX MOMOIUBIO KOMIUIEKCHOH OHEHKH
K&XJOTO OGbEKTa AHAJIOTHYHBI HAEAM PACCMOTPEHHOTO BHILIE
METOd HEYETKOTO HHTErPUPOBAHMSA, HO IS MOJIyYCHHs BECOB
HCIOJIb3yeTC METOH COGCTBEHHBIX BEKTOPOB, B COOTBETCTBHH
C KOTOpPBIM Beca TMpPEACTABIAIOTCA KaK MeEPa BO3MOXHOCTH
H HEOOXOJMMOCTH, MPHYEM YCIIOBHME PABEHCTBA | CyMMni BECOB
ocnabasercd. DTOT METOJ MOXHO HMCIOJb30BATh HE TOJILKO JIA
npobneM oOpeHKH B 3KOHOMHKe H Om3Hece, Ho m B Gonee
[IAPOKOM CMBICTE: Ui BBHIOOPAa HAMIYYIETO CPEM MHOTHX
agpTEPHATHBHBIX POEKTOB MPHU PELLEHHMH 3a1a4 MHOTONIEJIEBOTO
[IAHAPOBayHs ¥ TPHMHATHS PellleHHil Ha OCHOBE BBIOPAaHHOTO
mpoekTa. DTOT MeTOx omucaH B pasp. 5.3.

MeToa He4eTKOro MaTeMaTH4eCKOro mjiaHuposanus [1]

JUis TMaHMpOBaHMSA M IPUHATHS DeLIeHHMH Ha pa3IM4HbIX
yPOBHSX B 3KOHOMHKE U OH3HECE 4acTO TMPHMEHSIOT METOABI
MaTEeMaTHYECKOTO IUTAaHUPOBAHMS, UCHOJIb3YsA CTPOTHE [1€JIEBbIE
¢yHkHH ¥ orpaHrdeHus. OQHAKO B PEaNbHBIX 3a1a4ax refeBbie
byHKME, peacTaBastomue npubplib MM yOBITKH, 1 OTPaHHYe-
HHS, ONpeAeromye, HaOpuMep, CyMMY HHBECTHIHMH, OCTaB-

Tpasa 5 289

JIAIOT OMpeNeIeHHYo CBOOO 1y BEIOODA, U 4aCTO BBEICHHE HEYET-
KOCTEH yMpOINAET MX NpencTaBiieHye. M3BECTHO HECKONBKO Me-
TOFOB HEYETKOro MAaTEMATHYECKOTO IUIAHMPOBAHHS, KOTOpPbIE
NO3BOJIAIOT aJICKBATHO NMPEACTABUTDL PEANbHYHO CHTYAIMIO.

MeToaBl HEYeTKOro MHOI'OHEIEBOro NJIAHUPOBARNS

[Ipy 1IAHUPOBAHHHM H MNPHHATHU PELUCHHI B SKOHOMHKE
¥ TPpOU3BOJACTBE YAaCTO HEOOXOAMMO TOJIyYHTh pellieHye,
YAOBIETBOPAIOIEE MHOTHM MPOTHBOpPEHAUIMM APYr ApYTY
nensiM. HampuMep, KavecTBO, [€HBI, CPOKHM MOCTABKU TOBAPOB
M YCIOYI Ha PBIHOK B3aMMHO MpotTHBOopeuuBrl. HeBo3MoxHO
HafTH TEHAEHIMIO PAa3BUTHS PHIHKA, OXHOBPEMEHHO yIOBJIETBO-
PAIONIYI0 MHOTHM TpeGOBaHMAM: HeOOX0gHM KoMmmpomMucc. [Ipu
MOCTAHOBKE peasibHRIX Mpo6sieM B pefiesble (GDyHKIMH ¥ OrpaHu-
YeHUs] BXOOAT HEYETKOCTH. JUIs MX pellleHus MOXHO HCIOJIb-
30BaTh PACCMOTPEHHBIE BBIILiE MeTO HeueTkux AWIT u MeToanl
HEYETKOTO MAaTEMATHYECKOrO TUIAHHPOBAHUS, HO NpEHIaracTcs
TaKkXe METOJ HEYETKOIO0 MHOTONENeBOro IUTAHUPOBAHHS, KOTO-
PBIH NPENyCMATPUBAET CO3HAHHE MOAENEH HA BBICOKOM YPOBHE,
OMM3KOM K peajIbHbBIM CHCTeMaM, Giaronaps OTOXAECTBIECHHIO
METO0M Npod ¥ OUGOK B AMANOTE C JK[[AMH, BHIMOJIHSIONHMH
MJIAHAPOBAHME MM NMPUHAMAIOMUMY pellieHye, QyHkyuil npu-
HAJIE)KHOCTH, KOTODBi€ 3a4aFOT HEYETKOCTH B [IENIEBBIX (PyHK-
IMAX ¥ OTPAHMYEHHAX. DTOT METOj OMHCAH B pasf. 5.4.

Meroap1 He4eTKOr0O MHOrOATPHGYTHOIO NPHHATHS PelLIeHMil

[IpuBenenHbie BBIlle METOMLI HEYETKOTO HMHTETPUPOBAHMS,
HeueTkuX AMII, HeveTKOro MHOTOENEBOrO IIAHMPOBAHHUS
MMEIOT JIENI0 ¢ MpoOieMaMH BbIOOpa COOTBETCTBYIOIETO pellie-
HHA CpEeJd HECKOJIbKMX aNbTEPHATUBHBIX NPOCKTOB C YYETOM
MHOTOYHCIICHHBIX NAapaMETPOB OEHKH (HA3bIBAEMBIX TAKXKE
atpubyramu). Eciu GopMysia KOMIIEKCHOH O[[€HKHM MMEET BHJ
JIMHEAHOH KOMOWHamud aTpubyToB, TO IS HMAEHTU(HUKA[HH
3TOH (HOPMyJibi BAXKHOE 3HAYEHHME UMEET METOl MHOTOaTpuOyT-
HOTO NpuHATUA pemenuil. B peanbHbix mpobiiemMax Beca ¥ OleHKH
KaX/10T0 mapaMeTpa 4acTo 3a/1al0TCH HEYETKUMH YHCIAMH HIH
C/I0OBaMH, MOJTOMY MPENararoTcsi METOMbl HEYETKOrO0 MHOTO-
aTpuOYTHOTO MPUHATHA PELUEHHH, PACCMOTPEHHBIE B pasm. 5.5.

19-6830
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MeToabl HEYETKOI0 CTATHCTHYECKOrO VPHBUTHH PeIIECHHI

(1

MeToapl CTATHCTHHECKOTO TPHHATHS PELEHUH MCHIONb3YIOT-
cst B cliydae BRIOOPA ONTHMAJIBHBIX AEHCTBHI Cpey HECKOJIBKHUX
U3 HUX, MOJIyYCHHBIX TPH TPHHATHM PA3IUYHBIX pELUEHHH B
9KOHOMHKE. [IpH 5TOM BBIMMCHSIOTCS OXHaeMble 3pQEKTH OT
KaXXI0ro NedCTBUA U omnpenensieTcss AeicTBHE ¢ MaKCHMAaIbHBIM
3HaueHueM dddekta. B peanpHbIX mpobieMax €acTo BeTpeda-
IOTCS WJI¥ HEYeTKHE NeHCTBHA, HampuMep: «ecid YK BrIOHpaTh,
TO MycTh Oy/IeT Taky, HIIA HEYETKUE YCIIOBHSI, HAMPUMED: «TOBAp
XOpOLIO pacKymaetcd». B mopoGHBIX chywasix Hcmouib3yeTcs
0000mEeRHbIi METOH HEYEeTKOTO CTATUCTHYECKOTO MPUHSATUS
pelleHui.

5.1.3. OCOBEHHOCTH ITPUMEHEHHUSA HEYETKUX METOJOB
B BU3HECE

B ciyyae npuMeHeHHs HeyeTKHX MeTOHOB B GM3Hece B OTJIH-
YHE OT CYIIECTBYIOIMX METONOB ILIAHHPOBAHUSA U yIpaBICHHsS
€CTh BO3MOXHOCTb AKTHBHOTO HCMOJIb30BAHUSA Pa3IHYHBIX MHeE-
Huil JHI[, OCYMIECTBISIOIMX TUIAHMPOBAHME W MPHHEMAFOUIAX
PELICHHUs, & TAKXe HeYeTKOH MHpOpMaluy, BLIPaXKeHHOH CJIoBa-
Mu. HanpuMep, npu onpepelieHnd KOpHIMERTOB ¥ MAPaMET-
POB Mopjesied, BECOB M OTPaHMYEHHMH MapaMeTPOB O[EHKH UG-
NOJb3YIOTCd (QYHK[HHM MPUHAAIEKHOCTH, MEPHl BO3MOXHOCTH
4 HeoOXOg¥MOCTH M HedyeTKHe yucia. [Ipm 3TOM pellieHus
NOJIy4arOTCA B HEYETKOM BHJE, COOTBETCTBYIOIIEM HEYETKOCTH
3agaHHOH uHOOPMamuA. BMecTo anmpokcHMMapM¥ pearbHEIX
CHCTEM ¥ NpOOJIEM YNPOMIEHHBIMH MOAENSIMM JIy4llie CTPOHUTD
MOJEJIH, MPUBJIEKad 4eNIOBeKa K IUIAHMPOBAHMIO B €CTECTBEHHOU
MaHepe, @ MOJIy4eHHBIM DellieHMsIM TpHAaBaTh OONBIIYIO CBO-
6ony TONKOBaHHS, YKA3BIBATL MX B MOHATHOM Ui 4ellOBeKa
BHJIE, 2 YKE MOTOM MPOCUTD €TI0 JeJIATh OKOHYATEILHOE 3aKII0-
yeHde. B 3TOM cMeIcrie HEYeTKyr0 METOJOJIOTHIO MOXHO pac-
CMAaTPUBATh KaK IMOKYI0 METOMOJIOTHIO, TIOMOTAIOMIYIO YeliOBe-
Ky B 00nactu Ou3Heca B YCIIOBHAX MOCTOSHHO MEHSIOIErOCS
MHDpa.

OnHako mpUMeHeHHe HedeTKOH METOHOIOTHH MOPOKAAET
HEMaJl0 HepelleHHbIX MpobieM, M HeoOXoauMoO ee pa3BHTHE
C YYETOM OMbITA, HAKOMJIEHHOTO B pa3jM4YHBIX 06JACTAX.
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5.2. Moae/HpoBaHMe KPYHHLIX CHCTEM

DkoHOMUYECKHe NpOoOJeMbl, MPOGNieMBI OXPAaHBI OKpYXKAFo-
iefl cpeAbl, COXpaHEHHS PeCypcOB M MHOTHe IP. CBOISTCS
K MOJECIMPOBAHHIO KDyNHBIX HENWHEHHBIX CHCTEM, B KOTODBIX
TEcHO TMepelieTeHbl Pa3HOPOHblE MepeMeHHble. s HX Mope-
maposanas A.T". VIBaxHeHKO NPEROXUI IPyNnoBOd MeToj 00-
pabotku gaHnBIX (T'MOJ) [5]. D10T MeTOR He TpebyeT anpuop-
HLIX 3HAHHH O CTPYKTYPE CHCTEMBI, a MO3BOJSAET MOAEIMPOBATD
HEJIMHEHHYIO CHCTEMY Ha OCHOBE TpPHHUMNA D3BPHCTHYECKOH
CcaMOOPTaHH3a MM MO BXOJHBIM H BBIXOOHBIM AAHHBIM. B gaH-
HOM pa3jeje B OCHOBHOM paccMOTpeH HeueTkudt I'MO]I,
OTOXAECTBASIOMMIA TapaMeTPhl MOACIH C HEYETKAMY YHCIAMH,
4 TpUBENCH MPHMED €ro MpHMeHeHHs. MeToq rellecoobpasno
MPUMEHSTD IS MOAETHPOBAHUS HEUETKUX SIBJICHHI.

5.2.1. JMHEMHAS UHTEPBAJILHASI PETPECCUOHHAS
MOJEJIb

HeueTkue MHelHble perpeccHOHHbIE MOJEIH, HJH BEPOST-
HOCTHbIE JMHEHHBIE perpeccHOHHBIe Mopemu [7, 8], yxe crporo
thopmamsoBanbl. Huxke paccMoTpuM Haubosee NpocToi ciayyvai
HEYETKUX  YHCEJI—JIUHEHHblE MHTEPBaJbHBIE PETPECCHOHHLIE
MOJIENIM, OCHOBAHHBIE HA TIOHATHU MHTEpBAJa.

B kawecTtse MaTeMaTuuecKkoldl MoAesi He4eTKHX SIBJICHHH
4aCTO MCMOJNb3yr0T JUHEHHbIE HHTEPBAJIbHBIE CHCTEMBI, KO3(-
(HILMEHTH KOTOPBIX 3a7aHbl HA MHTEPBaJie:

Y=A, X, +...+ A%, (5.1)

TAe X;—U3BECTHBbIe TNepeMeHHBle, A,—HMHTepBanbl. MHTepBan A4,
MOXHO OMHCATh CIEAYIOHIMM 06pa3oM ¢ HCHONb30BAHUEM €ro
DEHTPA 0, ¥ IIHUPHHBI C;:

A; = (a; c). (5.2)

Ecmu A, -HeveTxoe 4MCIIO, €[0 MOXHO CYHTATHL TPEYTONbHBIM
HEYETKHM YHCIIOM ¢ [[EHTPOM @; ¥ LUHPHHOH c, V.

WarepBansusii Bexon Y must dopMyast (5.1) MoxHO
BBIYHCIIMTD CJIEAYIOHIHM 0Opa3oM:

b Hpyrumu cinoBamu, 4;—HeueTkoe MHOXeCTBO, GyHKUHA NPUHA-
JICKHOCTH KOTOPOro UMEET BUA PABHOOEAPECHHOTO TPEYroJbHuKA.—
p
Ipum. nepes.
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Y=(Zax, Zg|xl) = (ex, c[x]), (5.3)

roge e=(a,..., ), c¢=/(cyg,..., C,)—BEKTOPHI-CTPOKH, X =
= (X4, ..., X,)' —BekTOop-cTON0en. IIpuBEAEeM mpumep:

G, D2+1@42(—1)=(2, 9,

T. €. TIOJIy4eH MHTEPBAJ C HEHTPOM 2 W IIHpHHOM 4.
OTHOIUEHAA BIIOXKEHHS [ABYX HHTEPBANOB A, H 4,4, = 4)
MOXHO NmpeaCTaBUTh ClIe 1y FOIMMHU HCpaBEHCTBAMHU:

G- Ssoy—0¢, oG+t (5.4

PaccMOTpUM MeTon mosydeHHs JIMHEHHON WMHTEPBANBHON
PETPECCHOHHOA MOJAEN JHMHEAHOH MHTEPBANBHON CHCTEMBL.
Ilycte N —4uciHO 3ajaHHBIX BXOMHBIX W BLIXOMHBIX JIaHBBIX;
obosnaunm ux 4epes (v, X)), i = 1, ..., N. IIpu 3T0M y,— BHXOg-
Hble WM HabliogaeMble MEPEMEHHLE, X; = (X, ..., Xi;) — BXO/I-
HOH BEKTOp WM OObiACHAEMBle MepeMeHHble. OpeHOYHas JTuHeH-
Hasi MHTEPBAJIbHAS MOJENb

Y= Al x4 o+ Ay X (5.5)

CTPOHUTCA CIHERYIOMHM O6pa3oM.

1. 3apannble HabnrogaeMbie 3HAUYEHHS ¥, BKIIOYAIOTCH B
OUEHOYHbIH WHTepBal Y;, T.e. s BCeX i ;€ Y},

2. llupuHa {-TO ONEHOMHOTO WHTEPBAla OMPENENAeTCS Kak

chlxi,-]=c]xi|. KenatenpbHo, 4TOOH 3Ta uiMpuHA OGbLTa

1
Hammenbme. TIo3ToMy 6yneM MUHHMH3HPOBATH CyMMy 3HAue-
HUH LIAPUHE OLEHOYHOTO MHTEPBANA, T.e. GyJeM ONpeensTh
MHTEpBaIbHbIE KodDGUUMENTH 4; = (0, ¢f), MUHEMUBHPYIOmHE
CyMMYy
N
S= Y elxl. (5.6)
i=1
Tpebosanus (1) u (2) MOXKHO NpHBECTH K CIEAYIOmER
npo6ieMe JIMHEHHOTO MPOrpaMMHPOBAHHS:
N
A=min ) ¢|x;],
(@, c) i=1
yizox; —clx, (5.7)
Vi ox; +celx,
¢z0, i=1,...,N.
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e

JIpyruMH CIOBaMH, NYTEM pEILEHHS NPOGIEMBI JIMHEHHOrO
IPOrPaAMMHPOBAHUS € OrpaHMdMBatoOIMM ycnosueM (1) ¥ nene-
poit QyHKumeH (2)*M0)I(HO HOOJYYHUTh ONEHOYHBIC MHTEPBaJIbHEIE
xooboummuerTH A; = (af, ).

PerpeCCHOHHBIN aHamu3 JHMHEHHBIX HHTEPBAJIBHBIX CHCTEM
TeM CaMbIM CBEfIEH K MpobyieMe JTMHEHHOT O IPOTrPAMMHPOBaHHs,
116TOMY MOXHO BBECTH 3HAaHWS CHENMAIHCTOB O KOXpdunuen-
tax. Hampumep, 06 i-M ko3dourueHTe eCTh BeCbMa CMYTHbIE
3HaHMsA, HO M3BECTHO, YTO OH 3aKJIIO¥eH B MHTepBane B; = (B;, b))
Torma ONEHOYHBIH WHTepBaJbHBIN KOd(pdHIMEHRT A; cremgyeT
BNOXKHUTL B B;, T.¢. BBecTH orpanuyenue A; c B, Vcmonnsys
dopmyiny (5.4), 3anmmem

Bi~b Ly, —¢c, PBi+tb=a+c (5.8)

Ecim 106aBUMTh 3TO OrpaHHYEHHE M PEWMTH MPOOJIEMY JIHHEH-
HOT0 mpOrpaMMHpOBaHUs (BbIpaxeHue (5.7)), TO MOXKHO HOJIY-
YUTh OLCHOYHBIE MHTepBaJbHbIE KO3DPHUIHEHTH 4;, OTpaxaro-
e 3HAHUS CHeNMAaIMCTa.

W3 ppusegenHoit Boile ¢GopMaiM3anud MOXHO CHeNlaTh
cheayromuye BbIBOJBL.

1. 3apannble JaHHLIE MMEIOT OTPAHUYEHHS, MO3TOMY pellie-
HHe npoblieMbl JIMHEHHOTO MPOTPAaMMHUPOBAHUA CYILIECTBYET IIPH
mobbIX 331aHHBIX JAHHBIX.

2. VBenHueHMe YHCNIa JAHHBIX PACIUMPSET ONEHOYHBIA HH-
TepBaJl. Y BeIMYeHHE YHCIIA JaHHBIX JUIS PEIEHAS MOXXHO HHTEP-
IIPETHPOBATh KAK MPHOOPETEHHE HOBOU MHGPOpPMANMHU UIU pac-
IIMPEHHe BO3MOXHOCTH OfeHkd. [1pH TpaguIMOHHOM JIMHEHHOM
PETPECCHOHHOM aHamm3e 4eM Oojbllie HHMCIO HAHHBIX, TeM
MeHbllle MHTepBa/lbHas ONEHKA, MO3TOMY STO CBOMCTBO OTJIH-
HaeTCA OT CBOMCTB M3JIOKEHHOTO BHIILIE METOAA. '

3. Ecnu Mexy 06bsACHAEMbIMY IIEPEMEHHBIMY HAOIFOgAETCS
NOQYMHEHHOCTh, NMPH TPAJUIMOHHOM PETPECCHOHHOM aHaJIu3e
3HaK OpeHMBaeMBIX KOYpUIMEHTOB MeHsieTcs Ha OOpaTHBIM.
Ecnu npu perpeccronnom ananuse Ha uHTepBale eCTh CMYTHbIE
3HaHUA O KO3(dHUeHTe, 3TO 3HAHHE MOXHO BBECTH KaK OIpa-
Hudenne B popmysie (5.8). CrienoBaTeNbHO, BO3MOXHO MOJeIH-
POBaHHE C y4ETOM 3HAHMI CHIENHMATHCTA U CTPYKTYDBI 3a1aHHBIX
JAHHbIX.

4. lns MopenMpoBaHus HedeTKMX HBNEHHH HeOGXOTuMO
YMeTb OTpaXaTh Hallie YaCTHIHOE He3HAHue O sBieHud. VIMeHHO
TdK MOXHO MHTepNpeTHPOBAThL MHTEPBAIBHBIE KOD(HIUEHTHI.

5. Monyvaemas nuueitHas HHTEPBaJIbHAS MOJENb COJEPKAT
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BCe 3aJaHHKIE [aHHBIC, MO3TOMY €¢ HeJb3si HHTEPHPEeTHPOBATH
KAaK MOJIENb ¢ TeH/ICHUUEH K NEHTPUPOBAHHUIO, KAK B TpaJAHIHOH-
HOM DerpecCMOHHOM aHaju3e. JTa MOJIENb OTpaXkaeT BepOsT-
HOCTH, CBOHCTBEHHBIE HAHHLIM.

5.2.2. HEYETKHI r'MO/J

Hcnonp3ys NUHEHHYIO MHTEPBAJPHYIO DErPECCHOHHYHO MO-
Jelib, noctpouM Hevetkuit 'MOJ]. [lns npeacTaBieHus OreHOY~
HOrO MHTEpBaja Y B BUjIC HEYETKOIO YHMCJIA BO3bMEM TPEYIrOJib-
HOE HEYETKOE YHCIIO C [IEHTPOM ¢ U IUAPHHOH ¢ ¥ OOO03HAYUM
yepe3 |y (¥) ero ¢hyHKiHIO MPHHAJIEKHOCTH,

Jns 3agaHHbIX HabmomaembIX HAHHBIX (), X;) MOCTPOUM
HECKOJIbKO YAaCTHYHEIX JIMHCHHBIX MOJENEH, YNOPSHOMHUM HX
HEPApXHYECKH U MOJYyYUM OLEHOYHYIO (opmysy mMonend. Yac-
THYHBIE JMHEHHBIE MOACIM HAa30BEM YACTHYHBIM MpEACTaBIC-
HHeM. B kauecTBe 4YacTHYHOrO mNpERCTABIIEHUSA HCHOIL3YEM
CIENYIOMYIO JIMHEHHYIO MHTEPBAJbHYIO MOMC/b:

Y=Ag+ Ay x, + Ay X, + Ay x) + Ay x} + A5x, X, (5.9

rne Ag,..., A;—HATEpBaNbHBIE KOX(GDUIHMEHTHI, Y-—HHTEPBAJIb-
HbId BBIXOA, p, ¢ = 1,..., n, p # q. JIns upenacTaBieHysi UHTED-
BAJIBHOTO BBIXOJa Y HEYETKAM YHUCIIOM BhIOEpeM TPEYTOJbHOE
HeyeTKOe 4HCHO. Fro (QyHKuio NpUHANJIEXKHOCTH OOO3HAYMM
yepe3 Ly (y). UHTepBanbubie KoapdunueHt A, ..., 4, NOIyYuM,
pelre npobneMy JHHEHHOTO [pOTPaMMHPOBaHus (BbIpakeHHE
5.7).

Tlonyyus HECKOJBKO YACTHYHBIX NPEACTABICHHH, HEOOX0aH-
MO YCTAaHOBHMThL KpUTEpuii BHIOOpPA: KAKO€ M3 HACTHYHBIX pPEX-
CTaBJICHHH HaeT HAWIYUIIYO MOJEJNib. B KayecTBe TakOro KpHre-
pHs OLEHKY ONPEICIHM CIEAYIONYIO (hYHKIHIO:

N N
I=Y I @Y I, (5.10)

i=1 i=1
e
ng)qui(yi)’ J$2)=‘c|xil~ .11

J I yxazpiBaet Mepy Gnm3ocTH HabMOmAEMBIX 3HAYEHHH y;
K HEHTPY ONEHOYHCTO MHTEpBaNa Y, DTO O3HAYaeT, 4TO YEM
Oonbile OieHouHOoe 3Hadyenue J (), tem Gmamke Habmomaemoe
3HAYeHHe J; K IEHTPY OLEHOwHOTro uHTepBana Y. J {2 ykaswiBaer
INAPHHY O[[EHOYHOTO HHTepBana Y, ClenosaTeiabHO, YeM MeEHb-
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me OLEeHO4HOe 3HaueHue J {2, TeM MeHbIle IHPUHA ¥ TEM JIyHIle
oneHka. MTak, oueHO4Hast MOJENE ¢ HAMMEHBIIHM OIIEHOYHBIM
jHayeHueM J-3TO Ta Mojenb, KOTOpasd Haubojee XOpoIIo
aNMPOKCHMHUPYET 3a[1aHHBbIE NaHHBIE (V; X,).

Teneppr onuieM anroput™ Hewetkoro I'MO/I.

Hlar 1. Onpenen¥M BXOmHbIE MEPEMEHBBIE X;;, i=1,..., N
j=1,...,m, nna HabmropgaeMbix 3Hauenuit y. [Ipum Heobxopu-
MOCTH HOPMAaJM3yeM HaOJIolaéMbl€ HaHHBE (), X;).

Ilar 2. PaccMOTpHM KOppEIsiMd MEXAy HablIrofaaeMbIM
3HAYCHHEM Yy H Kaknoi BXOOHOH TNEPEMEHHOH X; BHIGEpEM
TONBKO BXOAHBIC TNEPeMEHHbEE X, j=1,..,m, n<m, ¢
HauOONBIIUM KO3bDGHIMEHTOM KODPEJISIHH.

IHar 3. Pazpenum HabaropaeMble qaHHBIE (), X;) Ha MOATOTO-
BUTENIbHBIE 1aHHbIE (HHKE 0003HaulM Kkak I1J], N, naHHbIX) pist
MOJIyYeHHs JIMHEHHBIX HHTEPBAJIbHBIX PErPECCHOHHBIX MOAeJiei
W Ha KOHTPONbHBIE JaHHbE (HHXKE 0603HaumM kak K/, N,
JIAHHBIX) A1 BBIOOpPAa MPOMEXYTOYHBIX MEpEMEHHBIX. Merton
pasnesieHHs COCTOHT B CIIEAYIOINEM: KaXJIO€ TPETBE IO HOMEpY
panHoe (=3, 6, 9, ...) ¥ nocnexnee ganHoe otHeceM kK KJI,
ocrasmuecs pansHpie -k I1/1.

IMar 4. [Ing koMOuHAOKHA X, , X, IBYX BXOAHBIX MEPEMEHHBIX
x;, acmonp3yst I1]], nonyquM creayromyro GopMyiy HaCTHYHOTO
IIPEICTABICHUS U OyneM CUUTAThL €€ JMHEHHOH HHTepBaJbHOMH
CHCTEMOH:

>

Y,=Ao + Aux, + Aux, + AsiXp + A x} + Asix, x,,
(5.12)

rre Y, k=1,2 ... n(n— 1)/2,—k-¢ yacTHYHOE HPEICTABIIEHHE.
C moMowpio nivHeHOM MHTEPBANBHOM PEKYPCHH HOJYYHM HH-
TepBaNbHbie KO3hdHHEHTH! A = (@, ¢). Oyenoutoe 3Hagenue Y,
3aJaHo Ha MHTEPBAJiC, MO3TOMY NMPOMEXYTOYHBIE MEPEMEHHBIE
Ha CJIEAYIOMIEM YPOBHE HEpapXHH MMEIOT BH[L

— 2 2
Yie = 8ok + a1 X, + a X, + a3 X5 + dap X5 + dsp X, X,

(5.13)

T.€. YYHTBIBAEM TOJILKO [[EHTPANLHOE 3HAYEHHE B MHTEpBAJC.
Iar 5. Wicnonb3ys uHTEpBabHBIE KOMPQHIMEHTH A, HOTY-
UCHHBIC ¢ noMompio [1]] Ha stame 4, mpeobpasyeM KJ| mo
dbopMyne (5.12). Crenens 61m30CTH K HaGJIOAaEMBIM 3HAYCHHAM
Yi B YaCTUIHOM mpeacTasieHuu Y, OpeHAM ¢ MOMOmbIo popMy-
bt (5.10). Mycrb sta cremens ects J « Cpemnx OreHOYHBIX
3Ha4YCHMH J, BBIGEPEM B KAuECTBE MPOMEXYTOUHBIX MEPEMEHHBIX
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r 3HAYCHWH B NODsiAKE, HAYAHAS C HAHMEHBINErO OIEHOYHOIO
3HaYeHHs, OCTAJNbHBIE OMyCTUM. Mcmons3sys oneHky J,, onpene-
JHM ClefyromaM o6pa3oM MOpOorosoe 3HAayeHWe O Ha ITOM
YPOBHE HMePapXHH:

6 = min J,. (5.14)
k

IMar 6. Hicnonp3yss npoMexyTOYHHIE HMepEMEHHbIE X, =y,
X, = y,, MONyYEHHBIEe HA 3Tame 4, MOCTPOMM (OPMYIIbl H4ACTHY-
HOTO TIpeACTaB/ieHUs Ha cleayromeM YPOBHe Hepapxuu. [lanee
NOBTOPHM ILarH 46, .

Ifar 7. Vicmonb3ys oiueHOYHOe 3Hadyenwe J, Ha Iuare 5,
CpaBHMM HOpOroBOe 3HaueHuWe O, Ha YpoBHE / ¢ TMOPOTOBEIM
3HaueHUEM 8., Ha ypoBHe / + 1, U B ciiyuae, eCid CIpaBeUTHBO
CIIENYIONIEE COOTHOLLEHUE

8,41 =minJ, > 6, =minJ, =12 .., (5.15)
s
3aKOHYUM aJIrOpUTM.

Ecnyu cpenaTe 3aMeHy BCeX IPOMEXYTOYHBIX MEPEMEHHBIX,
BBIMUCIICHHBIX 1O CAMOrO HEPBOTO YPOBHS, MOJIYYAM O[[€HOYHYIO
Mojiesib. DTO ¥ OyaeT JHHEHHOW HHTEpBANBHOH MOJIENBIO, COOT-
BETCTBYIOIEN HaHHBIM.

5.2.3. IPUMEHEHHME HEYETKOI'O TMOJ

Paccmorpum mpumenenne T'MOJI kx nporHo3mpoBaHmio
TEMOEPATYPHl BOIbI B BOOOXPaHUIIUIIE, 06pa30BaHHOM 1aMOboit
[9]. Mannpii nporHo3 MMeeT BaxHOe 3HaueHHe /Ui POCTA puca
Ha 3aJIMBHEIX MOJAX. KCMONb3ys NaHHBIE O TeMMEpaType BOMbI
1 Bo3xpyxa ¢ 1 mronst mo 31 asrycra 1980 r. gis onHO#M U3 gamb
npe@eKTypel AUTH, TONBKO 10 HAHHBIM 33 HIONb nmoJTyYeHa
OLEHOYHAs MoOjeNb, OTPAXKAKMWAA CTPYKTYPY TeMmepaTyphl
BOABl B BOAOXpaHMiMmE. Mcmomesys 3Ty Mopens, Cpenal
OpOTHO3 TEeMNepaTyps BOAbl B aBrycre. IlonydyeHHbIe paHHbIE
yKa3aHbl Ha puc. 5.1, e naHbl TEMIEPATyphl BO3YXA H BOILI HA
raybunax 5, 10 u 15 m. CtpykTypnas dopmyna ais TeMmepary-
PHL BOaBl Ha riry6uHe 10 M mmeeT cliegyrondil Bup;

Y=Ay+ A, X231 X253+ Ay x22%25 + A3 x3; +

2 2 2
+ Ay Xa1X23 X33 + AsX21 X22 X23X25 + Ag X33 X3,

_I1asa 3 _ 9
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Puc. 5.1. Janunie HaOMOICHHM.

rge Ao = (1346, 0.3), 4, =(0.37-107%, 0), 4, =(O.4‘10_j, 0),
Ay =(026-1072, 0), 4, =(002-10"% 0), 45=(0.03-107%, 0),
Ag = (0.77-107%, 0), x, - HabnroaaeMble 3HAYCHHA TEMMEPaTyphl
BOJbI Ha ruybuMHe 5 M: Xxp;-3a | JeHb, X;;—-3a 2 ABA, X334
3 oHA M X,5—3a 5 gHeil 10 mpormosmpyemoro jgad. Ha pwuc. 5.2
npuBeaeH rpadHK ONEHOYHBIX 3HAYEHHH TEMMEeparypsl BOJAbI HA
rnybuse 10 M. Ha puc, 5.3 ykasaHbl UHTepBajibHble NPOTHO3M-
pyemble 3HAYEHUs M pealibHble HaOmonaeMple sHAYEHHS TeMrie-
patypel Boapl Ha riybume 10 M B aprycre. JIomyck (LIMpHHA)
HHTepBaJbHBIX TTPOTHO3MPYEMbIX 3Hauenuii MeHee 0,3 °C. Cpenu
HabnrogaeMplx 3HaueHu#t 3a 31 JeHp [OaHHble 32 22 [pHs
NONAaloT B MHTEPBAJ NPOrHO3UPYEMBIX 3HAYEHHUM, YTO TOBOPUT
0 HIOCTATOYHO XOpouiel MOJENIH ONECHKH.

&

W
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~ T 7/10 7/20 /31
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Puc. 5.2. Jlaunbie naGmoneunil 1 OLEHOYHHIE HEYCTKHE YUCAA (UIOJb,
r1yOuna 10 m).
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Puc. 5.3. Hannsic nabaionenuil ¥ NPOTHO3MPYCMEIC HeueTKue HHCIa
(aBryct, raybuna 10 m).

~

B 3aknmouenne chetana monbiTka NPHMEHHTH NMpaBHId THIA
«ecnu A, TO B», CBOWCTBeHHBIE JKCHEPTHBIM CHCTEMAM, K
MOJICIMPOBAHHIO CIOXHBIX KpYHHBIX cducteM [10]. D10 Meton
MOJEeIMPOBAaHUs C MCIOJIb30BAHAEM 3Haumil ’KkcmepTos. Meron,
OCHOBAaHHBIM Ha NpaBuiax «eciu 4, TO B», NO-BHAAMOMY,
B Oy aymeM OKaxeTcs MOJe3HbIM [pH MOJEIMPOBAHIH CIOKHBIX
SBJIEHMA, KOTOPbIE HEBO3MOXHO NPEACTABHTh TONBKO MaTeMa-
THYECKMMH MOMEJI MY,

5.3. MHOI'OLIEJIEBASL OLIEHKA

5.3.1. HEYETKAS OLEHKA C IIOMOMBLIO AMII
(MEPAPXUYECKOI'O METOJIA IPUHATHUA PEIIEHMIA) [11]

DTa OueHKa MO3BOJET YTOYHHTL CTOMMOCTH OOBEKTA HA
OCHOBE HEKOTODLIX CTOMMOCTHBIX KpHTepues. IlosTomy mis
TAKOH OLEHKH HeOOXOAMMO MMETh W3MEPEHHBIE 3HAUCHHS BCEX
KpUTepHeB OLEHKH 00beKTa (PyHKUUH, MOLIHOCTD, PACHpOCTpa-
HeHHE # T.1.). ObOmias OreHKa NOJYYaeTcs U3 CTOMMOCTHBIX
3HAYEHUH 1715 MHOTHX KPHTEpHEB, MO3TOMY HEOOXOMHNMO TAKKe
YCTAHOBUTP BeCa KaXIOTro KpuTepus OreHKd. OOBLEKT OleHKH
OyneM Ha3BIBATL AbTEPHATHBHEIM MPOEKTOM.

ITycTs 3apaHEl n KpUTEPHEB OUEHKH X,, X,, ..., X,; KaXAOMY
KpUTEPUIO THIO, MPUHUMAIOINEE pPellieHHe, MPHUIHNCHLIBAET Beca
W = (w;, w,, ..., w,). TIpn 5TOM Hambonee MpeaMOYTHTENbHBIR

aJIbTEPHATUBHBIA OPOEKT y* MOXHO MPEACTABHTL Clie YIOIIMM
obpazom:

y* = {yylmax 3, we fy (),

i=1

rne f;(x;)—3HaueHne i-rO KPUTEPUS OLEHKH j-TO npoekTta. Kpome
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TOr0, HOPMHDYEM Becd TakK, 4TOOBI ZW." = 1. [1pdGnemMa 3geck

i L
cocTouT B onpefeneuma BecoB W = (w,, w,, ..., w,). OarUM U3
MeTO/IOB OMpEAENIcHHs SIBIAETCS METOJ COOCTBEHHBIX BEKTO-
pos, npemnoxennsi 1977 r. Caaram. OH cHCTeMaTH3HPOBAN
mpouenypy OF HEpapxu3anuu NpoOGNeMbl JO OKOHYATENbHOIO
pellicHHs B BHIE AHATUTHYECKOTO HEPApXHYECKOro IMporecca
(AUI).

Beca W B KiaccrueckoM AWIT HOpManu3yIoTCs Tak, YT00bI
ux cymMma Obina pasHa 1. 3pece Oymem cwarate W Mepoit
BO3MOXHOCTH B OpocTpancTBe X. YCIOBHS, KOTOPBIM IOJDKHBI
ynoBieTBopaTe W, cocrosr B cnenylo%leMv: 0<sw; < 1.,
i =1, ..., n. KpoMme TOro, cyumecTsyeT no KpakiHe#l Mepe OHO i,

takoe 4To w; = 1. Yciosue Y, w; = 1 He 06s3aTeNbHO.
i

Jlgnmy, OpHEMMANOmEMY PpelleHHdA, 3aJaeTCd  BOMpOC:
«Hackonsko BaXeH KpHTEPHIi OUEHKH ¢ O CpaBHEHHIO C KpHTe-
pueM onedkm d?» B COOTBETCTBHH C OTBETOM MONyYaercs
YRCIIOBOE 3HAYEHHE g (Tabi. 5.2). Monyuennas marpuna {a.4]
pa3MepOM 7 n npuBejeHa B Tabi. 5.3, rjae NpeamnonaraeTcs, Yro
e = 1, aog = 1/ag. TlycTs M —maTpuna [a,,]. [Ipobrema 3akmo-
qaeTcss B HAXOXAEHWHM MAKCHMAJbHOIO COGCTBEHHOIO 3HAYEHHS
Amax MATPHIBI M 1 cOGCTBEHHOTO BeKTOpa W, COOTBETCTBYIOLIE-
r0 Amax, M3 CHEAYIOUIErO BEKTOPHOIO YDaBHEHHS MEPBOIO
nopsAAKa;

M~-)W=0

Op¥  yCIOBHHM, 4TO max w; = 1. Pemlenue mpoGneMbl Jierko

i

Tabauya 5.2, 3naveHus a4, COOTBETCTBYIOIHME CIOBECHOMY
NPECTABIEHAIO

(Kparepuii onenku ¢ mO CpaBHEHHIO ¢ KpuTepueM OLEHKH d) — (d.d)

OmMHAKOBO BaXHEI —1
IToutr Baxen -3
HocraTouyno BaxeH ~5
Ouenn BaxeH -7
Kpaiine Baxen =9
HUcnonrsyrores kak —2,4,6,8
NPOMEXYTOYHBIE 3HAYCHUA
A, = 1 Qg = l/ Ayc
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Tabuya 5.3. Matpuna nondpuore chankervs dy

Xy X3 iini Xy
X, dy dyy ...ty
x: aZ‘ dzz ...... dzn
x” d,.1 d»z ...... a,,;,

OOJXYy4YUTh C NOMOMIBIO MeToda, HCHOJIb3yEMoro mpH pokasa-
Tenscree TeopeMsl Ilepona-dpobemmyca.

Beca 8 AUII HopManu3yrorcst Tak, 4ToObl HX cymMma Obiia
paBHa 1. B 31oM cMbiclie cymMHpyeMas Mepa HMEET To Xe
3HAYCHUE, YTO MU BCPOATHOCTHAN Mepa. B namHOM Metone
HCIIOJIL3YIOTCA Mepa BO3MOXHOCTH W Mepa HEOOX0AUMOCTH,
npeacTasiaomye coboif HECyMMHpYEMbIE Mepbl B TEOPHH HE-
4eTKHX cucreM. BerencrBue cyMMUpPyeMOCTH BECOB B Kiiaccu-
9eckoM AWII npu oneHke He y4uTHIBAOTCH albTepHATHBHOCTD
4 KOMILUIEMEHTAPHOCTD, 4 JAHHBIA METO MO3BONSAET YKA3BIBATH
JHny, IPUHAMAIOILEMY PEIICHUE, ABa PELUCHUS C Y4eTOM 3THX
IBYX CBOWCTB. AJIBTEPHATHBHOCTHE H KOMILIEMEHTAPHOCTD
HMEROT TOT XK€ CMBICII, YTO 3aMENIAEMOCTb H JOTIOJIHUTENbHOCTD.
IlepBoe 03HAYAET, 4TO BO3MOXEH BBHIOOD HAMNYHIIETO Cpejy
HECKOJIbKUX KPUTEPHEB OIEHKH, 8 BTOPOe —BBIOOp KpHTEpHS, MO
BO3MOXHOCTH HE HUMEIOIIETO HenocTaTkoB. COOTBETCTBYIOMIME
CITy¥ad Ha3bIBAIOTCSI HAXOXACHUEM MaKCHMAaKCHOrO M MaKcH-
MHUHHOTO KpuTepHeB. Mcmonmb3oBanve HECYMMHPYEMBIX BECOB
MO3BOJIAET CMAIYATL YCIOBHS HE3aBUCUMOCTH HapaMeTpoB
OLICHKH [0 CPABHEHHUIO CO CllydaeM CYMMHPYEMBIX BECOB, a TAKKE
CriajuTe fABJICHHE HApYLUeHUA IOPSAKA, BhI3BaHHOe Ho0b6aB.re-
HHEM CXOJHBIX KPHTEPHEB ONEHKH.

5.3.2. OOEHKA C 1IOMOMILI0 HECYMMUPYEMBIX BECOB

K mecyMMupyeMBiM MepaM oTHocutcs Bel-Mepa, mpemno-
keHHas Jlemncrepom n Iladepom [12]. Bel-mepa o3HauaeT
CTENEHb 10CTOBEPHOCTH TOTO, YTO 35€MEHT X € X MPHHAUIEKHUT
MHOXecTBy A. Vcmons3ys dynxumio Ha MHoxecTBe m: 2% — [0,
1], ynOBIETBOPAIOIIYIO YCIOBHIO

me)=0, mUA=1

I"’/tqg_fra 5 30.1

1 Ha3BIBaEMYI0 Taike 6a30Boil BeposTHOCTHIO, Bel-Mepy MoxHO
PEACTABHTH CICAYIOMAM 06pasom:

Bel(d)= Y m(B), V4cX.
Bc 4

MHOXecTBO A, Takoe uto m(4) >0, HaspipaeTcs (PoKycHUpyro-
iIIKM sneMgHTOM. Bel-Mepa ompeeNsercs ¢ NOMOL{RIO 6a3oBoit
BEPOSTHOGTH, HO B OTJIHYHE OT g;pogmocm OHA TO3BOJAET
NPGACTABUThL HEIHAHME. INpn A# X Bel(A)=0, anmpu 4 =X
Bsl(4) = 1. B atom ciyvae Bel 0603ga4ag¢T NONHOE HE3HAHME.

Hcrnonbsys $a3oByI0 BEPOSTHOCTb, MOXKHO TAkKe HpeAcTa-
BUTH cleAyionmM obGpazom Pl-mepy:

Pl4)= 5 m(B), VAcX.
BrA#g
Bel-mepa Hecymmmpyema, ¥ Pl-Mepa Takke HeCyMMEpyema.
Mexry Bel- u Pl-MepaMu cyluecTByeT clieftyrolliee COOTHOIIEHHUE:

Pl(4) = 1 — Bel(4). (5.16)

W3 gpyrux HECyMMHDYEMBIX MED OTMETHM MEDY BO3MOXHOCTH
I1, npennoxeHHyio " 3age. OHa omnpepensercs Clie JyFOLUHMM
obpazom:

nx=1, M¢)=0

VA4 VB HAuB=max{II(4), I1(B).
Kpowme Toro, napo# k I1 cinyxut Mepa HgoOxogmmocTd N, Tagkxe
ABAAIOMAACA Hecymmmpyemo# Mepod. Ona  onpenensieTcs
crenyomuM obpasoM:

NX) =1, N@ =1,

VA, VB N(AnB)=min(N(4), N(B)
Hockonpky

N(4) =1-1(4),
10 m3 JI moxHo ompemenute N. Ilociensee COOTHOINEHHE-
aHanoruydo Gopmyne (5.16). OHo cnpaBenymBo Kak g5 Bel u P,
Tak ¥ i [1 u N. 310 COOTHOLIEHHE YyTBEPKIAAET, YTO (POKYCH~

pywommMe oanemeHTel A, A,, ..., 4, 00pa3ylT BJIOXeHHE
Aicd,c..cA n

Bel(4 N B) = min (Bel(4), Bel(B)).
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Mpu sToM u3 cooTHomenns Pl(4) = 1 — Bel(4) cnenyer wro
Pl(4 U B)=max(PI(4), PI(B).

B pamHoM ciryuwae Pl paBHO3nawHa Mepe BOo3MoxHOCTH. Kak
CJeyeT U3 CKa3aHHOro BhUIE, U3 Mephl BO3MOXHOCTH I1 MOxwno
onpegenuTh 6a30BYI0 BEPOSTHOCTH, a Takxke Bel u PL

OxupaeMble 3HaueHMs, ucmoxan3dyrone Bel u Pl, Moxno
3ajaTe MyTeM HHTErpUpoOBaHus mo Mmerony Pybu-I'ycTunveca.
Jins BemecTBeHHOH Qynkiud f B X ompegenuM GyHKUHIO Bepx-
Hero pacnpenesicHds F * 1 QyHKuuio HYXHETO paclpeacsiCHUs
Fy

F*(v)=Pl{f <),
F,(v) = Bel{f < v).

0603naunM poxycupyromuil d1eMeHT 4yepe3 A u onpenenum

o9

E*(fy= | vdF, ()= Y m(4) maxf(x), 517
— AcX xXed

E ()= [ vdF *()= Y, m(4) minf(x), (5.18)
— AcX xed

rne E*—oxupaeMoe 3HAadYeHME, cBA3aHHOe c Pe] (Bepxnee
OXHgaeMoe 3HaycHue), a £, —OXKuIAeMoe 3Ha4YeHHe, CBA3AHHOE
¢ Pl (nmxHEee oxupaeMOe 3HAYEHHE).

OxupaemMble 3HaYeHHsl B ciayyae Mepsl Bo3MoxkHocTd I1 u
Mepbl HeoOXoauMocT N TAKKe CYIIECTBYHOT M paBHBI COOT-
BercteerHO Pl 1 Bel. TTo3roMy, ecim HCIO/IBL30BATE MHETETPHPO-
pande Pybu-I'yctuiaueca QyHKuMil pacnpenesieHHs STHX Mep,
OXHIaeMble 3HAYEHHS MOXHO TpPEICTaBHTh Gopmynamu (5.17)
u (5.18). Kpome Toro, cipaBenMBo Chenywoliee HEPABCHCTRO!

minf() < E, {f) < E*(f) < maxf(x)

Eciu monsHoe MmOxecTBO X HMeeT OAMH (DOKYCHPYHOMIHi
3J1€MeHT A, TO C ABYX CTOPOH MMeEeT MECTO PAaBEHCTBO.

Iycts w,—cTelleHb BAXHOCTH [-r0 KPHTEPHA OLEHKH, Apen-
CTaBjeHHas Mepo#l BO3MOXHOCTH. Brifepem ¢ 3HaueHMH
ry<r,<..<r,=1, Torga w; onpezeaser g MHOXecTB A,

A={xlw>r}, I=1..,q

IIyctp A —¢okycupyromue MHOXeCTBA, a m— 6a3oBas BEpOAT-
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J—
HOCTB, TOTIA

mA)y=r—n-,, I=1..4g,
npreM ro = 0.

Qnpenenus 6a3oByIO BEPOATHOCTb M, MOXHO BBIYHCIHTH

BEpXHEG OXKHIa€MOE 3HAYEHHE E* H HHXHEE OXHUIAEMOe 3Haye-
apg £, creAyloluM obpazom:

1
E*(f) = [odF, @) = ¥ (5, — ri-1)-maxf(x)

0 =1 xX€4;
1 q
E, ()= g vdF *(v) = ,Z (r, — ri—y) - min f(x).
=1 xEAl

[ycre fj—oueﬂoqnoe 3HAYEHAE j-IO aJbTEPHATHBHOI'O MpOEKTA,
TOTAA B cnyvae Bel HanGoJiee NpeANOYTHTENBLHBIA aNbTEPHATHB-
HBIH TMPOEKT Oompenensercs Kak

y*={ypmax E*(f)},
a B cayqae Pl
Ve = {y,-(mjaxE* 7)1

Ecmn g Vi w, = 1, atn onepailuy COOTBETCTBEHHO HA3LIBAOTCS
HaxX0XJAeHHeM MaKCHMaKca ¥ MaKCHUMMHA.

Ecnm mMuy, npuHHEMAIOmEMY peIeHns, XenaTenbHO HMETh
ANLTEPHATHBHOE PEILEHAE, TO JyYlie BBIOPATDH V*, 4 eclIu AomoJI-
RATENBHOE, TO y,.. [lns TPA/IHIHOHHOTO AWIl noxyvaercs
IPOMEXYTOYHOE pPeIeHHe.

5.3.3, BRIROP MTOJEPKAHHOI'O ABTOMOEMJISA

Pacemorpum npumep peasmzaumm MEHEIDKEPCKON CHCTEMBI
Ha 6a3se HOPOXHOTO KOMITRIOTEPA IS HEHTPA MOJepXAHHBIX
asToMoOmneit 5 paitone KamcaitD. TTockoneky mopepxaHHBIH
4BTOMOSHIIL OTIIHYAETCS OT HOBOTO TeM, B KAKAX YCIIOBHSIX €ro
HUCIIONE30BaN Mpenbinymyil Byagenen, mponece NpHHSATHSA pellie-
HHA O OOKynKe TAKOTO aBTOMOGHIS BKJIFOYAET psa gomoJHu-
TEIBHBIX NAPAMETPOB O[EHKH 110 CPABHEHHIO C OKYNKOH HOBOTO
—————————

1 pax
Pation roponos Ocaka u Kuoro. Hpum. nepes.
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apToMobuid. B 9aCcTHOCTH, 3TOT mponecc cyObeKTHBEH: HANpH-
Mep, KOTO-TO MOTYT OeClIOKOUTh TsiTHA Ha BHYTpenHel oOuske
cuaeHgid. KipedT mo BO3MOXHOCTH OCMATpPHBAET HECKOJIBKO
MOJEPKAHHBIX aBTOMOOUNEH ¥ BBIOHpaeT Takpif, Kakoli emy
XOTeNOCh Obl KymuTh. OgHAKO KOHTOPA, B KOTOPYIO CIIyYaHO
3aXOMAT KIMEHTHI, OTPaHMYHBAET BPEMs OCMOTpa. B memTpe
MOAEPKAHHPIX ABTOMOOHNIEH MpUHATH MEppl MO pacliApeH IO
nponaxu. CeefieHus O BCEX aBTOMOGHIIAX B KOHTOpaX OpraHu30-
BaHpl B Oa3y mauHpix. Kiment coobijaer KOMITbIOTEpY, KAKOH
aBTOMOOHIIL €My XOTeIoCh GBI KylHTh, H GoTOrpads apTomo-
OHiIA HHOMIMPYETCA Ha MOHHTOpE. I3t MouCKa B 3TOH CHCTeMe
HCMOJIB3yeTCsl Mapka aBTOMODOHJIA, roj Bbimycka m peHa. Ilo
COAEpXAMOMY OTBETOB Ha 3T TPH MyHKTA CHCTEMA moAGUpaeT
aBTOMOOWIb. ITOTO NOCTATOYHO KAK CPEACTBO TpHBJICUEHHS
KJIIMCHTOB, HO KaK CHCTEMY IIOMOIIHA B MIPHHSATHH PEINCHHH a3y
JaHHBIX S CIICAYET YJIYYIUHTh. TpaMnuOHHO NPHHATQ, YTOObI
UpoJaBey; pEeKOMEHNOBANl KIMEHTY aBTOMOOWIL Ha OCHOBe
COOCTBEHHOTO OMBITA M PACCIPAINMBAT eT0 O KeJaeMBIX Xapak-
TepucTHkax. IlosToMy aBTOpsl Ha Ba3e KOPOXHOTO KOMIBIOTE-
pa, KOTOpBIM MOXHO IOJIb30BATHCSH HEMOCPECTBEHHO B KOHTOPE
npx OCMOTpe aBTOMOOMIEH, pa3paboTaiu cucTemy. HCIONB-
3ytomyro HedyeTkyro jsorvky u AWIL. Beenmenn cngpyromme
HapaMeTpsl OnEHKH Opd MOKyIKe KIMEHTOM MOAEPKAHHOTO
aBTOMOOMNISA: 1€HA, TON BBIMYCka, 00bEM LHIMHAPOB, Mpober,
THI Ky30Ba, KJIACC, TIOBPEXKACHHUS BHYTPEHHEH OOMBKH, MOBpeXk-
AeHus Ky3oBa, obopynosanue. CopepxaHue 3THX MapaMeTpoB
O1€HKH YKa3bIBAETCsA JIMOO C HEKOTOpHIM AOMYCKOM, HAMpHMEp:
«mpober oT JecATH 10 TPHAUATH THICSY KM» (3aaeTCs TpEYToJib-
HEIM HEYETKHM MHOXECTBOM), JubOO cloBaMu, HanpuMmep:
«cenal» and Tuma Kysosa. ITosTomy mapamerpsi onueHkH pas-
Omrbl Ha [Be TPYINBI: HEpBas—IEHA, TOHN BHIIycKa, Npober,
MOBPEXK/ICHUS BHYTPeHHEH OOHBKH, MOBpeX AeHUs Ky30Ba (BHEL-
HH# BHUm), BTOpas—o0beM pWIMHAPOB, THM Ky30Ba, KJjacc,
0bopynoBaHUe, MOUCK ABTOMOOWIIA, KOTOpBIH XOYET KYHHTh
KIMEHT, MpEXIe BCETO BEAETCA MO BTOPOH TIPYINE OneHOK.
Beca pid nepeoil rpynmsl OHEHOK OMpPERENSAIOTCS METOOM
cobCcTBeHHBIX BEKTOPOB. KoMmiiekcHas opeHKa BhIMHUCISCTCA KAK
OXHuaaeMble 3HaueHus, cpa3aHHbie ¢ Bel u Pl, a rtakxke Kkax
CpEIHEB3BEIICHHOE 3HAYCHUE MPHHAIEKHOCTH.

PaccmoTpum npumep. Ilpexkpe Boero BeIYHCIHM Beca napa-
METPOB OI€HKH ¥ PACMOJIOXKHM HMX B NOPAAKE BO3paCTaHHUSA:

W= (0,075; 0,215, 0,240, 0,706, 1,000).
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[TopsifioK TapaMeTpoB OLEHKH CIEAYIOIMA: Troj BBIMYCKA <
~ pHENIHYH BHJ < BHyTpEHHeEe COCTOAHME < Mpober < 6rojuker.
Beca w, AMEIOT IATh 3gavyeHHR. IloaToMy eCTh NSTh MHOXECTB 4,
4 6a30Bble€ BEPOSATHOCTH I KaXAOTO MHOXECTBA PaBHBI COOT-
BETCTBEHHO

A, = X = {x;. X3, X3, X4, X5}, m(X)= 0,075

Ay = {Xy, X3, X4, X5}, m(4y) = 0,215 - 0,075 = 0,140,
A, = (X5, Xg X5}, m(Az) = 0240 — 0215 = 0,024,
A, = {xq X5}, m(Ag)= 0,706 — 0,240 = 0,466,

Ay = (x5}, m(ds) = 1,000 — 0,706 = 0,283,

3nadeHus] MPUHAMICKHOCTH JUIA KAXZOTO KpHUTEpHA BeIOOpa
aBTOMOOHAA MpHBeAeHB! B TabJu. 5.4, a KOMIUICKCHBIE O1€HKH— B

Taba. 5.5.

HanGosee BaXHBIM MApaMeETPOM OEHKH SBIAETCH «broa-
KeT». DTOMy TpeOGOBAHHIO B MEPBYIO OY9EPEL yAOBICTBOPSET MO
CYMMAapHO# M albTepHATHBHOM onenke apTomobwis «Kopona»
Ne 1783. Omuaxko «KopoHa» HMEET HEAOCTATKH IIO BHEUIHEMY
BHIY, TIOSTOMY 1O JOMOJHUTENBHON OLEHKE HAa IEPBOM MeCTe

Tabsuya 5.4. OTMETKH JUIA KaXgOro KpHTepus OLCHKU (3HaucHus
NPUHAICKHOCTH) ’

Cknanckoil HoMep H Kpurepun onenku
mapka asTomMoOuns
Ton Buewmnnii | Bayrpes- | IIpober | Bromker
BbiIlyCKa BU HA
obuska

1701, «Kaponna» 0,0 0,0 0,8 0,5 0,0
1718, «TxeMuun» 0,4 0,3 0,4 0,6 0,8
1719, «Kopona» 0,0 0,7 0,8 0,6 0,3
1725, «Bmo Bapa» | 0,5 1.0 0,5 0,3 0,5
1738, «/IxeMUHM» 0,9 0,0 0,5 0,2 0,8
1749, «OcTep» 0.0 0,0 0,5 0,7 0,0
1767, «IxeMuBm» 0,0 0,0 0,7 0,8 0,0
1768, «Bmo Bapay» 0,0 0,0 0,4 0,4 0,0
1780, «bmo Bapp» 0,0 0,7 0,9 0,9 0,0
1783, «Kopona» 0,8 0,0 0,8 0,6 1,0
1785, «Kapomnan 0,5 0,3 0,8 0,9 0,5

20-6830
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Tabauya 5.5. KoMIIEKCHBIC OTMETKM M MECTO

Cxajckoil HoMep CyMMapHas AnbTepHaTHBHaA | JlonoluHTelbHAS
H Mapka aBToMOoOMIs OLEHKA OLCHKA oLeHKa

Ouenka |Mecro| Omenka [Mecto| Ouenka [Mecro

1701, «Kapomaa» 0,244 10 0,425 10 0,0 7
1718, «dxemuHn» 0,632 3 0,800 3 0,589 1
1719, «Kopona» 0,477 6 0,560 8 0,277 6
1725, «bawo Bapa» | 0,485 5 0,608 6 0,359 4
1738, «dxemunm» 0,505 4 0,808 2 0,333 5
1749, «OcTtep» 0,275 9 0,494 9 0,0 7
1767, «dxeMuHN» 0,328 8 0,565 7 0,0 7
1768, «bato Bapm» | 0,169 11 0,283 i1 0,0 7
1780, «Bmo Bapm» | 0,448 7 0,636 5 0,0 7
1783, «Kopouna» 0,749 1 1,0 1 0,588 2
1785, «Koponna» 0,639 2 0,783 4 0,457 3

crout «/Iemuam» Ne 1718. Takum 06pa3oM, ¢ HOMOLIBIO TPEX
METOROB OIEHKH YKa3aHO HECKOJBKO AJbTePHATHBHBIX MpPEAIO-
KEHMH, YTO TIOMOXET OOJIErYMTh KIMEHTY NPHHSATHL PEILCHHE.

5.4. MHOT'OLIEJIEBOE ITVIAHUPOBAHME

5.4.1. MHOTOLEJIEBOE IIJIAHUPOBAHME IPH HEYETKOU
WH®OPMALUM

B nocsegune roapl B CBA3H C pa3HOOOpa3veM OOiieCTBEHHBIX
noTpebHOCTEl BCe OOoNbIE HageX bl CBA3HIBAKOT HE C MaTe-
MaTHYECKHM MPOTPaMMHUPOBAHHEM C OAHOM [eNeBo# dyHKmed,
a ¢ MHOTO[eNEBHIM IJIAHUPOBAHUEM  (MATEMATHYECKHM
OPOrpAMMHPOBAHUEM MPH MHOTHX KPUTEPHAX), KOTOPOE OTHO-
BPEMEHHO YUYMTHIBAET HECKONBKO B3aHMHO IPOTHBOPEYALNHX
[ENEBBIX (DYHKIA. AKTHBHO BEIyTCS HCCICIOBAHUSA HE TOJILKO
B IIJIaHe TEOPHH, HO IIaBHEIM OOpa3oM B IUIAHE HPAKTHYECKOTO
npumeHeHns (13—16]. Jlns 3agaus MHOTO[EJEBOTO IUIAHHPOBA-
Hus (MIIID), OHHOBPEMEHHO ONTHMHU3HMPYIOMIMX HECKOILKO
B3aUMHO MPOTHBOpPEYAIHMX [ENEBRIX (YHKIMH NpH 3agaHHBIX
OrpaHMYMBAIOIMX YCIOBHSAX, OOBIYHO HE CymecTByeT (moJi-
HOCTBEO) ONTHMAJIPHOrO PEIIEHHS, KOTOpOe ONTHMH3HPYET
HECKOJIbKO 11e1eBLIX (YHKuHMHA. [losToMy and yJydIlueHHs Ompe-
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JENEHHOM 11e71€BOH QYHKIMH NPHHAMAETCS PELUCHAE, IPH KOTO-
poM TPHUXOIMTCS JKEPTBOBATHL MO KpaifHedl Mepe OxHOH u3
HeckONbKMX pelieBHX GyHkmmii. Takoe peuienve HA3HBAIOT
Najn¥aTHBHLIM ONTHMAJIPHBIM pernenneM. Ero Moxxo mHaiiTu
myTeM pelleHus OpOMACIITa0MPOBAHHON 3a7A4H, HOJYYEHHOMN
npeobpa30BAHMEM HCXOMHOH 3a7a4M KaKUM-TIH60 MeTooM [13,
14, 16].

OpHako OOBIYHO CYHIECTBYET OECKOHEUHO MHOTO MAJUIHATHB-
HBIX ONTHMAJBHHIX DEIICHHH, NO3TOMYy JIHIO, MPHHHMAIOINEE
pewennst (JIIIP), nomxuo BriGupate Hambonee paiMoRaLHOE
pellieHAe Cpel MHOXECTBA NALIMATMBHBIX ONTHMAIBHEIX pe-
IIERHH# HA OCHOBE COOCTBEHHBIX CYOBEKTHBHHIX KPHTEPHEB.
Kcratn, Tax wassiBaeMas GyHKmas pa3bopuuBOCTH, KOTOpas
B MOJIHOU Mepe OTPAXKAET CTPYKTYPY CyOBEKTHBHEIX KPHTCPHEB
JITIP, mo cymecTBy HEH3BECTHA, W HEIMOCPEICTBEHHO HAECHTUH-
IUPOBATh €€ 4YacTO Ype3BbIYAHHO cIOXHO. Cleq0oBaTE/bHO,
MpeaIaraloTCs pasivyHble JHAIIOTOBBIE MPOUEAYPH, KOTOpPBIE
MO3BOJIAIOT MPEBAPHTENILHO, B OOIMMX YepTax uaeHTUGHIAPO-
Barb Gynkuuto paszbopumsoctu JIIIP, a 3ateM penarbp BHIBOg
o cyborextuBHOM pemennn JITIP na ocHoBe JOKANLHOH HMHPOP-
Manu¥ O KPUTEpHUAX BLIOOpPA, MONYyYeHHOH B amajiore.

Opgnako, eclIM MPUHAMATH BO BHHMAaHHE HEYETKOCTb CyXe-
HHl yenopeka, JITIP MOXeT CYHTATD, YTO 337494 MHOT OLIe TEBOr'0O
IIaHApOBaHMs, (HOpMAIA30BaHHASA KAk 3aja¥a MHHAMH3ANMA
BEKTOPOB, MMEET HEYETKYIH0 MOCTAHOBKY THIA <(OKENATENBHO,
4TOOH! BCE pelieBbie (DYHKIMH MO BO3MOXKHOCTH GBIIH G5 MEHbIIIE
HEKOTOpOTro 3HAa4yeHHs». [1ogobHOoe HEYeTKOE MAaTEMATHYECKOE
nporpaMMupoBanne Obiio BBeqeHo Tanaxa s 1974 r., aB 1978 1.
3umMepMann [18] npeanoxan omiceBaTh HeyeTkne ey JITTP
U4 3aJ3a% MHOTONEJIEBOTO JIMHENHOrO IUIAHHPOBAHUSA C MO-
MOMIBIO QYRKIMI NPUHALNEKHOCTH, 4TO B COOTBETCTBHH C OI-
peneniendeM MaxcuMmsamnu bennMana u 3age [19] csoaur 31y
3ajavy K 3agave JHMHEHHOro mporpammuposanus [13, 14, 16].

B u3BECTHBIX METOzaX HEYETKOTO ILIAHMPOBAHHSA MO YMOJ-
qaudro gomryckaercs, wro JIIIP cnegyer onpegenenmnto MakCHMHU-
3aUHH, 4TO COBCEM HE MPHHMMAJIOCH BO BHHMAHHE B qHATIOTE
¢ JIIIP, XoTopwiii mpoBOgmiCS HOCHE OmpeneneHus (yHKIH
IPHHANJICKHOCTH [Ji BCEX IlelleBHX (ynkumis. [Tostomy ans
CNy4aeB JMHEHHKIX, QPOOHBLIX JMHEHHBIX M HEJIHHEHHBIX 3374
HIPEAJIOKEHB! AHAJIOTOBbIE MPOLEYPbl HEYETKOTO COOTBETCTBHS
TPEOOBAHIAM, KOTOpHIE MOCTE OIpeneneHusT HEUYeTKNX Hesed
JINP s Boex nenennbix GyBKUHI MHOIOENICBOTO MTAHIPOBAHUSA
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¢ MOMOMmbIO (PYHKMH TPHHALIEKHOCTH 0oDecreynBaroT BHOOP
pereHus, ygosneTrsopsitorgero JIIIP, 6maronapst o6HOBieHmMo
6azoBbix (pyHKUUMI TpuHapjexHocTn B auarnore ¢ JIIP. Us-
BECTHBI TAKXe MpHUMEphI [IPUMEHEHHs >TUX upouenyp [20-23].

Opuako upu GopmanH3allMi MPOLECCA NMPHHATHA PEIIEHHI
B YCJIOBUSAX CJIOXHOTO 3aBHCHMOTO MMpa B BH[E 3a1a4H MHOTO-
[EJIEBOTO IIAHUPOBAHUS B 00IEM Clydae MpeAnoaraeTcs, 4Tto
geM Oosiee akTyasjbHA 3agava, TeM OOnbllle B Hee BKJIFOYAETCS
napaMeTpoB. 3HaueHHs NONOOHBIX MapamMeTpoB YCTAHABJIMBA-
JHCh CTENMAJIMCTAMY, (PHYACTHBIMH K (pOpMasM3aldd 3a1a4y,
Ha OCHOBE COOCTBCHHOTO OITHITA HJIH CyObEKTUBHBEIMU METOIAMH.
QueBHAHO, 4YTO 3TOr0 HEJOCTATOYHO [JI AMNNpPOKCHMAIMHA
peambubIX cuctem. [l Ooxee amekBaTHOTO NPEICTABJIEHUA
coobpakeHn#l CeUaUCTOB O NapaMeTpax 3agadd MHOTO[ENe-
BOTO IJIAaHUPOBAHMs Jiy4ine (popmasm3oBaTh €e, CUATas mnapa-
METPBI HEUETKHMH MHOXECTBAMH, 4€M HAaXOJUTh UM HEKOTOpDHIE
3HAYCHHS OJHAM H3 H3BECTHBIX METOHNOB. MOXHO HajgesaThCs,
4TO 3TO MO3BOJIAT TOYHEE ANNPOKCUMHMPOBATH PEASILHBIE CHUCTE-
mbl. C 3TOH TOYKH 3peHHs ;s Clyvaes, Korga ko3(hguiueHTs
HeJieBhiX (YHKIHA M OrpaHHYMBAIOMINX YCJIOBHH BBIPAXEHH
Tpaneneuaa bHBIMH HEYETKHMH 4YuciamMy, TaHaka [24-26]
HPEAJIOKHIT HONYYaTh PEIICHHS C YYETOM HEYETKOCTH KO3(phH-
[HEHTOB METOIaMH JIMHEHHOTO 1pOrpaMMHUpOBaHUs. OprOBCKui
[27] moka3an, 4TO 3a7a4H MHOTOIIEJIEBOTO HEJIMHEHHOTO TJIaHM-
pOBaHMS C HEYETKMMH MapaMeTpaMd MOXHO mpeobpa3zoBaTb
B OOBIMHBIE 3aa4M MHOTO[EJIEBOTO HEJMHEHHOrO IMJIaHHpOBa-
HHSA, cleays TPHHIMIY paclUMpeHWs ¥ [oJydas I[pH 3TOM
peiuenus, A1 KOTOPbIX Mepa pazbopumsoctn JIIIP Bobmie
HEKOTOpOTO ypOBHS.

Takum 00pa3zom, Hapsay ¢ METOZAMH HPHHATHSA pEILICHUH
B PEKHME HAJOTa, KOTOPHIE I[MO3BOJIAIOT I0sy4aTh pEIIECHHS
3a/a4 MHOTONEJIEBOrO IJIAHMPOBAHMUSA C HEYETKHMHU IapaMeTpa-
MH, ypoBnetsopsitomnue JIITP u yuuThIBatOIue HEYETKOCTH CYyX-
JIEHHH crienyanucToB, sl CAyYaeB, KOraa O neneBbiX QyHKUsIX
JIIIP mMeeT noBepXHOCTHOE MPEICTABJICHHE, a TAKKE I CJiy-
4aeB HeJIMHEHHbIX, TUHEHHBIX M ApOOHBIX JTMHEHHBIX 34724 npea-
JIATal0TCsl METOAbI HEYETKOrO COOTBETCTBHS TpeOOBaHUAM B
peXHME AUANIOra 1N TOrO, YTOOH MOSYYATh PELCHUE, yIOBIET-
Bopstomee JITIP ¢ yueToM He4eTKOCTH cyxneHu# camoro JIITP
[31-33]. 3apaun MHOrOpENEBOTO ILIAHHPOBAHMS C HEUYETKHMMU
napamerpamMu JlioxaHabtonia [34] paccMaTpmBai Kak 3amayd
¢ K03¢pPUIHEHTAMHU, TPEACTABJISAIOMUMYA BO3MOXXHOCTH.
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B kpaTkoM BBEQEHHH HENb3sl NPEACTABHTL BCE MOnOO6HEBIE
HCCAENOBAaHMs, MOITOMY HHXKE OCTAHOBHUMCS TOJILKO HA paciiy-
peHnd pellieHu} 3aga4 MHOTOLENIEBOTO ILIAHMPOBAHHIS Ha Cliydaid
HeyeTKHX TapaMeTpOB, H B YACTHOCTH HA METOJE HEYETKOTo
CcOOTBETCTBHS TPeOOBAHHAM B PEXHME JHAJIOTa, KOTOPHIHA OHO-
BPEMEHHO YYHTHIBAET HEYETKOCTH CYXJCHHH CHENAIHCTOB O
Taxo¥ 3ajaye u HeueTkue emm JITTP.

5.4.2. IAJUIMATUBHOE U o-TIAJVIMATUBHOE
OIITUMAJILHBIE PEINEHUSA

B obmeM ciydae 3agady MHOTrOIENIEBOTO I1JIaHUPOBAHHMS
(ML) ompemenum Kak 3agaqy OUTHMM3ALMM B HEKOTOPOM
CMbICJIE HECKOJBbKHX B3aMMHO NpOTHBOPEYANHX  IENEBBIX
GyHKUHEA OpH 33XaHHBIX OTPAHHYEHHSX. ®opMabHO €€ MOXHO
pacCcMaTpHBaTh Kak CIENYIOMYIO 3agauy MHHAMH3AIMA BEKTO-
pOB:

minf(x) = (i (x),  fo(x) -, i (x)

npu ycnosrd, 40 x€X = {xeE"|g;(x) <0, j= L,...,m}, rae
X—h-MEpHBIHl BEKTOp mepeMeHHbIX, f; (¥), ..., fi (x)—k B3aumHO
NPOTHBOpEYAMX [EJIEBHX GYHKUHH, g, (X), ..., g, (X)—m orpa-
HAUMBatonMX QyHKUMA, X —061acTs OrpaHHYCHHS. ’

B MIIIT uenesbie QyHKIMH SABJIAIOTCA BEKTOpPAMH, [HO3TOMY
BMECTO TPAJHLHOHHOTO PEINEHHS, ONTHMM3HUPYIONIETO CKalsip-
HBIE [[€)1€BbIE (PYHKIIMHU, ONIPEACIMM NAJUTHATHBHOE Ol THMAILHOE
pellerre Kak pemeHHe, MPpH KOTOPOM [Jif YIyYIUIECHUs 3HAYCHHS
onpeneieHHoM yeneBoil GYHKIHHE NPHXOIHTCS yXYALIATh 3Haye-
HUE MO Kpaiiiiell Mepe OJHOH M3 OCTAJBHBIX LENCBBIX (YHKUTH.

Onpepesienne 5.1. ITa/umaTisHoe ONTHMAJILHOE pellieHHe

Hazopem x* nanauaTHBHBIM ONTHMAJIBHBIM PEIUCHHEM, €CIIA
s x*cX He cymectByer xeX, rtakoe uro f(x) < f(x*) H
f(x) # f(x*), )

OpHako B m3sectHom MIIIT HewetxocTH, OGYCIIOBJICHHBIE
OLEHKOH CIIENMNAIACTOB, HPMYACTHBHIX K IIOCTAHOBKE 3aJayH,
HaxXOnsAT OTpakeHHE B OTAEJIbHBIX [ENEBBIX (QYHKUHAX H Mapa-
METpax orpaHn4mMBaoIAX yciaopwii. Bonee cTporas dopmMannsa-
IMA 3a0aYd BO3MOXHA B Ciydae ciemykoineH ¢GopMyIHpOBKH
3aqad HevyeTkOro MHorouenesoro mianuposanma (HMIIIT) c
HEYETKUMH mapaMeTpaMm:

minf(x, @ = fi(x, @), f(% @) ... fu(% &)
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npu ycnoeud, uto x€ X (b)) = {xe E"|g;(x, 5) <0,
j=1..,m},

roe d; Sj—aexropm HEYETKHX YHCEJI, BXOQAIIMX COOTBETCTBEHHO
B i-10 [eleByl0 (QYHKIMIO H J-€ OrpaHHMHBAIOMIEE YCIIOBHE.
BexTOpbl COOTBETCTBYIOmMMX (GYHKIHM NPUHAIJIEKHOCTH IS
ynobctBa 6ygem o603HayaTh Kak Mz (), }15'( )

T1apaMeTpsl, BXOASIIHE B [ENEBBIC (pqumn U OTpaHMYMBAIO-
ugue ycnopus HMIIII, npeactasigroTcs B BUae HEYETKHX YMCET,
HO3TOMY TMPHMEHUTL MOHATHE HAJUIMATHBHOIO ONTHMAJIBHOIO
pCIIeHNs, ONMpENeICHHOro mid cymecTsyromero MIIII, Hepos-
MOXHO. [Insg 3ToH penm BBEAEM MHOXECTBO O-ypOBHA Kak
MHOXECTBO 3HAYCHHH (YHKUHMI NpHHAUIEXHOCTH BCEX BEKTOPOB
HEYETKHX 4ucel OONBIMX 0, KOTOpOoe 0003HAUYUM CIIEAYIONUM
obpazom:

= {(a b)|pz(a) > o, nrby) Z 0o, i=1,..,k
j=1..,m}

Eciu 3aguKcHpoBaThH 0 Ha HEKOTOPOM JIOTYCTHMOM ypOBHE, TO
HapaMeTphl, BXOOAIIHE B [eJieBbie (H)YHKIUH ¥ Or paHHYHBAIOIIHNE
yCIIOBHs, OyqyT MMETh HEKOTOpBIH HOMyCK, 3aBHCAiMH OT q.
[Tpu s10M 3amauy HMIJI1 MoxkHO GyneT chopMyIMpOBaTh Kak
CIEAYIOmYO 341a4y YETKOrO (-MHOTOIENEBOr0 TIAHHPOBAHUS
(a-MLIIT):

minfix, @) ={f, (x, a,), f,(x, a,), o fu(xe @)

MpH YCJIOBHMH, 4TO
xeX ()= {xeE"|g;(x, b) < j=1,..,m},
(a, b)e L(0).

TakuM 006pa3om, myTeM SBHOTO PpACIIUPEHMS MOHATHSA
NaJITMATHBHOTO ONTHUMAJbHOIO pElIeHHS MOXHO ONpEREHTh
Q-TAJUMATABHOE  ONMTHMAanbHOEe  pemeHde aias o-MIITL,
YYHTBIBAIOIIETO HEYETKOCTH, BXOMSIIUE B 3a7ady.

Onpenesienne 5.2. ¢-MALTHATHBHOE ONTHMAJBHOE peliene

Ha3zoseM x* € X (b*) a-mammaTUBEBIM ONTHMAJBHEIM pelIe-
HAEM, a (a*, b*)— onTHMaNbHBIMH KO3GPUIMEHTAMH O-ypOBHS,
ecii st a-MIQIT He cymectByroT x€ X (b), (a, b)e L(a), Takue
4TO

fx, g <fix*, a®) w o f(x, a) # f(x*, a).
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Y1peUI0XeHO HECKONBKO JJHAJIOTOBbIX METOXOB JI BHIBOJOB
o pelueHuH, ynosineTsopsomeM JIIIP ¥ y4ATHIBAIOIIEM HEueT-
KOCTH, BXOOsIye B 3anauy. Takoe pemeHde BHIOHpacTes cpeau
MHOXECTBA O-TIAJUTHATHBHBIX PEIIeHHH IMyTeM OOHOBICHHS 3HA-
yeHMi o ¥ LeneBbix ¢yHKumi B quanore B JIIIP [28—30!.

OpHaKO ECJIHM ellle YIHTHIBATh M HEYETKOCTH CYXACHHH 4eso-
Beka, TO MPHXOJHUTCA CHUTATBCS ¢ TeM, 4T0 JIIIP umeeT HeweTkoe
IpeACTABIEHHE O KaxmoH u3 wenesblx Qynxumin o-MIIIL
Hanpumep, mist 3apay Muaummsanuu JIIP pomyckaet cymect-
BOBaHHME HEYETKOrO MHHAMYMA: (KEJaTelIbHO, YTOObI mesesast
dyskuus f; Gonpmed uacTeio Obuta MmeHbIle Ap. [loxobuyro
HEYETKYEO MOCTAHOBKY HEJIH MOXHO IPEACTABHTH KOJIHYECTBEH-
HO 32 cyeT cybnexkTuBHOrO ompenencHus JINP MOHOTOHHO yOuI-
paromel (YHKUM OpUHAamIeKHOCTH | (fi(x, @) Ans Henepo
¢ynxuuy f;. HeueTkwit maxcumyM, xotoppit JIIIP aast 3agaun
MAKCHMH3A[[MA MpEACTABISAET B BHIE OKEJATENLHO, YTOOBI 11€-
nepas QyHKIHA f; 6onbliell yacThio 6bUTa Oonbine By, MOXHO
OnpegeluTh ¢ MOMOIbI0 MOHOTOHHO BO3pacTaromed QyHKnuu
OpUHAINERHOCTH |, (f; (x, a;)) Ans uenesoi ¢pynxuud f. B camom
obmieM ciayyae MpH HeYeTKOM IOJXoxe K noctanoske uenu JIITP
MO>HO OIpENENUTs HEYETKOE PABEHCTBO (OKEIATENBHO, YTOOBI
nenesas pynxuud f; GoNbIei yacTeio OblIa paBHa C». TITono6HoE
0606mennoe o-MIIT (0 o-MILIII) MOXHO HpencTaBUTH Clie-
ayromum obpazom [31]:

HeveTkudl minf;(x, a), i€l
HeueTKud maxf;(x, a;), icl,, :
HeuyeTkoe equalf;(x, a), i€l;,

npy ycioBuH, 410 Xx€ X (b), (a, by L(a), -,

roe [, ul,ul;=1{1,2 ..., k}.

HAnd 3apay ¢ penepbIMH QYBEKIHAMH THNa HEYETKOro pa-
BEHCTBA BMECTO (-NAaJUTHATHBHOIO ONTHMAJBLHOrO peIlCHHs Ha
OCHOBE OTHONICHWH HEPABEHCTBA IleNeBbIX (QYHKIMA MOXHO
ONpene/mMTh cleaykomee M-o-IanMaTHBHOE ONTHMABbHOE
PCIICHAE HA OCHOBe HEpaBeHCTBAa (GYHKuHH MpHAAMIEKHOCTH.

Onpenenenne 5.3. M-o-pa/iMaTHBHOE ONTHMAJbHOE PelICHHE

Hazosem x*ec X (b*) M-o-manmuaTHBHBIM ONTHMAJBHBEIM
peureHueM, a (a*, b*)e L(u)~COOTBETCTBYIOIIMMHE ONTHMAJb-
HBIMH KO3(unineHTaMu o-~ypoBHS, ecid ans G-o—MIJIT He
cymectsyror xe X (b), (¢, byeL(w), Takme uro p(f(x, a)) =
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SU(e*, @*) M R a)#RFe*, @) Tpr oTom
R (x @) = (1 (1 (x a), Rz (%, @), -0 I (fi (X @)

5.4.3. IVAJIOTOBBIE METO/{bl HEYETKOI'O COOTBETCTBUS
TPEGOBAHUSM

Eciu JITIP cybvextuBHO onpenengeT GyHKIMH NPUHHATIEK-
HOCTH It BCEX UEJIeBbiX (GyHKIMH, TO 3afady NPHHATHSA pellle-
HHil )i HEYETKOr0 MHOTOUENIEBOTO IIAHHPOBAHUS MOXHO
Olpee)INTh CIeAyIOmUM 0b6pazoM:

max pp, (R{ f(x, a), @)

npH ycioBud, 4to (x, a, bye P(a), a€[0, 17, rae py()—obbenu-
HeHHass (QyHKIHS, OTPaXawmas CTIPYKTypy pa30bop4yMBOCTH
JI(IP, a P(0)-MHOXECTBO ONTHMATLHBIX K03DdHUIHEHTOB
(-YpOBHS, COOTBETCTBYIOIIUX M-0-NAJIMATUBHEIM ONTHMAJb-
HeIM pemteHusM st G-a-MLIIL. Ecin MoxHO 4BHO MOeHTH(H-
oMpoBaTh {p ('), 3Ta 3a4a4a MPEBPAINAETCss B OOBIYHYIO 3a7auy
IIAHMPOBAHMA ¢ OnHOW penesod ¢yHkuued. OmHako B 06reM
cnyvyae HUpeHTHQUKAnus [p (') 4pe3BbIYaWHO CIOXHA, MOITOMY
HeOOXOOMMO HAXOOWTH peleHue, YynosieTBopstomee JIIIP,
B JAMANOre ¢ HAM.

Kak ciienyeT u3 onpenesieHHs, MHOXECTBO M-o-massidaTus-
HBIX ONTHMAJILHBIX DelileHuil gBasercs oOBYHO HEOT paHMuEH-
HBIM, [103TOMY HEOOXOIMMO H3BJIEKATh H3 HETO PELUCHME, YIOB-
netsopsitonee JITIP, Ha oOCHOBe Kakoro-nu6o cyObEKTHBHOTO
mHerust JI[IP. C 3To#l nemsio ompenenuM M-q-najjiMaTUBHOE
ONTHMAaJbHOE PEIIEHHe, SBJAIOMEECS] KAHAUIATOM B pPELIEHHE,
ynosnetsopsiomee JITTP, 61m3Kkoe B CMpIC/IE MHHAMAKCA K CTaH-
JApPTHOMY 3HAYEHHIO MPUHAUIEXHOCTH, ycTanosneHHomy JITIP,
KaKk peledde cheaylomed pacimupeHHoH 3ajayd  MOHCKA
muHAMaKca [317:

k
min max {i, — k(G @) +p ¥ (L — wifhix @)},

xeX®) 1<igk i=1
(a, b)e L{v)

TAe P—AOCTAaTOYHO MAJIOE MOJOKHUTEbPHOE YHCIIO.

Ecmm M-a-nannnatuBHOE pelllcHHE, mosiydeHHOe KakK pellie-
HHE paCIIMPEHHOM 3ajayd MOWCKA MHHHMAKCA, HE OTBEYaeT
Tpebosanusm JITIP, to JITIP obHoBisieT 110 CBOEMY X€JIAHHAIO
CTAaHJAapTHOe 3Ha4yeHHE NPUHANIEXHOCTH [i; H 3HAYeHHE «,

I'naga 5 313

paccMaTpHBasi TIpM 3TOM B Ka4eCTBE AOMOHUTENbHOH HHGOD-
Mallid KOMIPOMHCCHEIE OTHOIUCHMS MEXAy BCEMH (yHKIUIMH
[pHHAJICKHOCTH B M3BECTHOM M-Q-NAJIHATHBHOM ONTHMA b~
HOM DelIeHnH ¥ KOMIIPOMHCCHBIE OTHOIIEHHSA MeXay o U GyHK-
usaMu npusaiexsoctd. K cyactsio, mapopManist o nono6HeIx
KOMIIDOMHCCHBIX OTHOWIEHHSX JIETKO MOXeT ObiTh moJsiyueHa
Cc nOMOmbI0O MHOXHTeNe#l Jlarpamxa a1 OrpaHHYHBAIOIIMX
yCIIOBMHl PAaCIUMPEHHOH 3a]a4yM NOMCKa MHHHMMakca [31].

Ha ocHoBe NpHUBEICHHLIX BHIIE PACCYXIACHUA MOXHO I10OCT-
POUTH CIeAYIOIHMH NHATOrOoBHI# aXrOpHTM [ NOJIyYEeHHs pe-
wieHns, oTBevaromero tpebosanusm JIIP u rapantrpyromero
M-o-nanmmarupEylo ontaMmaiesHocTe [31-33]. Hmxe wary,
OTMEYEHHBIE 3BE310YKO#, BBINOJHAIOTCA B auayore ¢ JIIIP.

IHar 1. Ins a =0, 1 nonyyaeM MaxkCHMaJbHbie M MHHHU-
MaJbHbIC 3HAYEHHUS BCEX HEJIEBbIX QyHKUHH B 3agaHHON obnacTH
OTrpaHHYCHHS.

IHar 2*. JITIP cyObeKTHBHO OmpeneiseT Bce PyHKIUM NIpH-
HAJJIEXKHOCTH € y1eTOM MaKCHMAJbHLIX H MHHUMAJIbHBIX 3HaYe-
HHIl BCEX [EJIEBbIX (QYHKIMH. :

IHar 3*. JITIP ycraHaBimBaeT HauanmbHoOe 3HaveHHe o (0 < o <
<'1) ¥ HayalbHOE CTAaHOAPTHOE 3HayeHHE NPHHALICKHOCTH,
pasHoe 1.

IMar 4. [{n1 yCTAaHOBJICHHBIX 3HAYEHHH O M CTAHIApTHOIO
3HAYEHHUS [PUHAUICKHOCTH pEIIAEM PACHIMPEHHYIO 3amaqy
NOMCKAa MHHHMAKCA, [OJiydas COOTBETCTByroume M-o-naiig-
aTUBHBIE ONTUMAJILHBIE PEIIEHUs H KOMIIPOMHCCHBIE OTHOLICHHS
MEXay BceMH (QVHKIMAMH [PUHAJJIEXHOCTH H MeXdy o H
byHKUMSIMHE TIPHUHALTEKHOCTH.

Mar 5. Ecom nonyyeRHoe M-q-r1a/uIMAaTHBHOE ONTHMANIBHOE
pEILEHHE ¥ 3HAueHHe o oTBeqaroT TpeGosaHusM JIIP, To anro-
PHTM 3aBepiliaeTcsi. B IpoTHBHOM cliyyae OOHOBISAKOTCS CTaH-
AAPTHOe 3HAYEHHE MPHHAJIE)KHOCTH M .3HAYCHUA O C YYETOM
HHGOPMAIMH O KOMIIPOMHUCCHBIX OTHOIIEHUSX MEXAY TEKYHIMMHU
GYBKUHAM NPUHALIEKHOCTH, W AEJaeTCs BO3BpAr K iary 4.

5.4.4. 3AKJIIOYEHUE

Bbllie Mbl KPATKO OIMCAJIH JHAJIOTOBbIE METOBI HEYETKOTO
COOTBETCTBUA TpeGOBaHHMAM, NpeAHA3HAYeHHBIE JuIs BhHIOOpA
pelienusi, oTsevaromero TpeGosaunsaMm JII1P, cpequ MHOXeCTBa
M-g-najMaTHBHBIX ONTHMAaNbHEIX PEIIEHHH C y9eTOM HeueTKOH
nocranoskH penedt JITIP. DroT BpiGop BhIMONHAETCS HOCTE TOTO,
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i4a HEYETKOro MHOrONEIEBOTO INIaHUPOBaHus, cHopMy-
JIUpOBaHHAas C YYE€TOM HEYETKOCTH CYXACHHH crepumaincta,
npeobpa3oBaHa B 4eTKYIO 3a[auy o-MHOTOHENICBOTO [iaHUpoBa-
HUA. YHCNOBbIE NpUMEpPBI, NPHUMEPHI [PHMEHEHHS H APYTHE
METOAbL YUTATENN MOTYT HAWTH B COOTBETCTBYIOMIEH JiuTepa-
Type. B naspReiimem 6iarogaps coTpyaHMYECTBY CIENHATHCTOR
B pas/In4HBIX 0ONACTAX NpeanoiaraeTcs chopMyInpoBaTh 3a1a-
M HEYETKOTO MHOTONEJIEBOTO ILTAHUPOBAHHMA, B OJHOM Mepe
OTpaXaromMUE CUTYallMH pPeasibHOTO MHpA 3a CYET HAKOTLICHHUS
Pe3yIbTATOB NPAKTUYECKOTO NMPUMEHEHHS METO10B, OMMCAHHBIX
BHIIIIE.

5.5. MHOTI'OATPUBYTHOE INPUHATUE
PEHIEHUA

5.5.1. BBEJEHHE

Hnxe paccmoTpeHa mpeHTrdukanus npopecca MHOroaTpu-
OyTHOTO MPHMHATHS pEIIEHHH C HCHONb30BAHMEM HEYETKHX
mMopeneil. IlpuHaTHemM pemeHnit HaspiBaeTcs BBHIGOP ONTHMAIIL-
HOro fpO€KTa CpeiH HECKOJbKHX aJbTepHATHBHBIX NPOEKTOB,
PCAUTH3YIONINX HEKOTOpBIE NEJIH. B Teopum npuHsTHS pemeHui
00CYX al0TCS CNEYIOmHUE BOIPOCHL: ONPENENEHHe MHOXEeCTBA
aJbTCPHATHBHBIX MPOCKTOB, MX ONEHKA M cpaBHeHHe. Kpome
TOro, XOrpa NpHHATHE PEIICHHH npecienyeT HeCKOJIBKO 1EJIeH,
TAKO€ IMPHUHATHE PEIIEHUN HA3bIBAKOT MHOTONEJEBBIM.

B wactHOCTH, WeM cirokHee npuHATHE pemeHHit, TeM Gosee
BOXHBIMH  CTAHOBATCS 3HAHHS CHENMANUCTOB. Bo3HHKaeT
npobirema, Kak CMOJENHPOBATh IPONECC HPHHATHS pEILeHHMit
cnenuanucraMi. OCOGEHHO BaXHO OlpEENEHHE CTPYKTYPhI
OLUCHKM H KpHUTEpHEB BHIOOpa aNbTEpPHATHBHBIX MNpOEKTOB. B
00meM ciyqae O1eHKa albTepHATHBHBIX IPOEKTOB BBINOJHAETCS
Ha OCHOBE MHOrux atpubyToB 00OBEKTa, NIPH 3TOM TaKoe
NPUHATHE PEIUCHMA HA3LIBAIOT MHOTOATPHOYTHBIM.

Hudopmanmo 06 atpubytax MOXHO pa36UTb Ha YHCITOBBIE,
KauYCCTBCHHBIE W JIMHTBUCTHYECKHME paHHble. [lpemiaraercs
HECKOJbKO Crioco6oB  KilaccHpUKANMH, HAUPHMED HpPH OIEHKE
OpraHaMH 4YYBCTB 4YEJIOBEKA IpeAcTaBjieHHE cCJIOBaMH OGonee
TOIHO OTPaXXaeT CyXJCHHE 4EIOBEKA, YEM HUCIIOBOE IIPEACTABJIE-
mue. Hlostomy obcyanM mMeTomsl IPHHATHA PEIeHUH C MCIOJIb-
30BAHHEM JIMHTBHCTHUYECKOTO MpEACTAaBJIEHHS.
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5.5.2. CTPYKTYPA MHOTI'OATPUBYTHOI'O NPUHATHUS
PEIMEHU

CraTHeTHYeCKRH NOaX0]

MeToabl HuEHTHOHKAMH CTPYKTYPHI OUEHKM [PH MHOTO-
aTpHOyTHOM NPHUHATHH PEMIEHHH Ha OCHOBE YHCIOBOH HHGbOp-
MalMd MOXHO pPa3felMTh Ha METO/bl, OCHOBAHHBIE HA BEPOST-
HOCTHOM NOJIXOAE, H METOABI, OCHOBAHHALIE HA TEOPHH BO3MOX-~
HOCTEH, T.€. KOrga Mpu H3MeHeHUd aTpuOyTOB HobaBIseTCA
BEPOSITHOCTHAS NOTPELUHOCTh (ILIYMBI) B ONEHKY a)lbTEPHATHB-
HBIX TPOEKTOB, i1 HACHTUQUKAIMH OIEHKM HCHOJb3yIOTCS
BEPOATHOCTHHIE CTAaTHCTHYECKHE MeTOoabl. B wactHocTH, nmis
ANEHTH(UKAUAA JHHEHHBIX CTPYKTYD 4aCTO MCIOJbL3YIOT METO-
Jibl perpeccHorHoro anannsa [37, 38]. C apyroii cTtopoHsi, KOrna
OleHKAa &JIbTEPHATHBHBIX [POEKTOB MPH IPHHITHAM pELICHHH
3aqaeTcqd B BHJAE KJIACCOB M IPYII, HCHOJb3YHOTCS aHAIN3 pai-
JAYHE ¥ gpyrue metoas! [36].

Tonxon ¢ nO3HIMIi TEOPHH BO3IMOKHOCTEH

Ecn# M3BeCTHO, 4TO JAaHHLIE HE COAEPKAT IIYMOB M MOTpeli-
HOCTEH, HEOOXOAMMO YYMUTHIBATH BCE BO3MOXHOCTH MAHHBLIX
OUEHKH, T.€. B 3aBUCHMOCTH OT BHJAA aJIbTEPHATHBHOrO MPOEKTa
3aNaHHbIC 3HAYCHU S HEOOXOAMMO MPENCTABIATH KaK BO3MOXHEIE
BapuaHThLl ONeHKH. B KayecTBe MOJIeNM B 3TOM ClIyyae HCIOJIb-
3YIOT PErPEeCCHOHHBI daHAaJH3 BO3MOXHOCTEH, B KOTOpBIH
BBEJEHO NOHATHE MEpbl BO3MOXHOCTH [39, 40, 46].

JI71s1 TOro 4TOGHE NOHSTH, YTO TAKOE BO3MOXHOCTD, PACCMOT-
puM npocroi mpuMep. CKOJIBKO pa3 B JEHb YEJIOBEK PUHUMAET
BaHny? [1o-BHAMMOMY, OH 3TO feNaeT Kaxslil [eHb, HO BEPOAT-
HOCTB TOTO, YTO OH IPHHUMAET BaHHY OoJiee 1ECATH pa3 B AEHD,
6nm3Ka K HyJO. ITO - BEpOSTHOCTHOE CTATHCTHYECKOE [OHSITHE.
Ho ecnn Mer Gymem paccMaTpuBaTh €r0 BO3MOXHOCTH IIPMHH-
MaTb BaHHY, TO OH BIIOJIHE MOXET [PHHNTHL BaHHY 0OJI€E IECATH
pa3 B A€Hb. DTO YHCIIOBOE 3HAYEHHE ONpPENEiseT BOZMOKHOCTD.
Has mpepcrapiieRys TAKOTO HOHSTHS BO3MOXHOCTH 3ajie OIpe-
JCTIHII MepYy BO3MOXXHOCTH, HHTEpPHpPETHPYsI €€ KaK HEYeTKoe
MHOXecTBO [45].
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CrpykTypa muoroaTpuéyTHoil oneskn

PaccmatpuBaeMas HIXe 3a1a4a HOCHTUOUKAIME CTPYKTYPhI
MHOTOaTPHOYTHOTO TPUHATHA PEIIEHHNA CBOANTCS K HACHTH(H-
Kayguu CTPYKTyphl ONEHKH 10 HaHHBIM aTpubyTOB, 3aJaHHBIX
B Tabn. 5.6, X;(i=1, 2,..., k), u oneHke Y ambTepHATHBHOTO
npoekta. [lonycTum, 4To MHoroaTpubyTHas OpeHKa OCyuecT-
BJISETCS C [OMOILIBIO CJIEAYIOMIETO JIMHEHHOTO BBIPAXEHUS:

Y=4, X, +4,X;+...+ A, X,, (5.19)

B KOTOPOM OIPEAENSIOTCS CTEHEHM BaXHOCTH KAKIOTO
aTpubyra.

B Tabui. 5.6 Besiuuunnl X ij IPEACTABJISIOT 3HAYEHUS I i-TO
atpubyTa j-ro anbTEpHATHBHOTO NpoekTa. BernuuHa Y, ykaspl-
BACT ONEHKY j-TO ANbTEPHATUBHOIO MPOEKTa, a j HpHHHUMAET
3HAYCHHA oT | fo &, i~oT 1 go k. Kaxnoe 3HaueHue nonyqaetcs
U3 YHUCJIOBOTO HJIM JIMHTBUCTUYECKOTO IIPEACTABIEHUS B COOT-
BETCTBHH C pacCMaTpPHUBACMOH 3anadveid.

Oupenenum koshouumestsr 4; B hopmyne (5.19) suueitnoi
MHOTOATPHOYTHOH OIEHKH, KOTOPHIE NAIOT HAKJIYUIYO OLEHKY
aNbTEPHATUBHOIO [MPOEKTA ans 3agaHHOro oObekTa. Jlnd
YIPOMEHUS BBEAEM CHEAYIOINYIO BEKTOPHYIO 3aMUCh 3aa4M:

Y'= [yl’ Va2, '~,yn]s

Tabauya 5.6. Jauapic MHOrOaTpMOYTHOH OLCHKH

Homep ambTepha- 3HayYeHne OLECHKH 3Hayenve ouenxH atpabyra
THBHOTO MPOEKTA ATLTEPHATHBHOTO aNbTEPHATHBHOIO NpOEKTa
NPOEKTa

J Y X, ... X, ... X,

1 Yi Xpg eeer Xif over Xkl

Y2 X12 covs Xj2 vues Xia

J Vi Xijoeee Xij Xkj

n Vn Xin Xin Xkn
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X111 e Xit e Xrg
X =
'xl,, e Xig e Xk,,_

A/ = [al' [T ak].

Jlns oObsACHEHHS pETpECCHOHHOTO aHANM33 BO3MOXHOCTEH
ACHOJIb3YEM TPEYTOJIbHBIE HEYETKUE YMCIIA, KOTOPBIE ONPeNe/IUM
crenyromiM odpa3oM.

a—Xx
| _la=x]

pa(x) = { ¢

0 B gpyrux ciyasx.

,eCMHa—c<Xx<a+teg,

Heyerxoe umcio A—3TO HEYETKOE YHCIO C [EHTPOM da
n umpuHoit ¢. O603HauuM ero kak A = (a, ¢). }

dopMyly BO3MOXHOH JMHEHHOH MHOTOAaTpUOYTHOM OLEHKH
MOXHO 3a0HMCATh B BUIE

Y=A4, X, +A4,X5+...+4,X,

Ee ¢yEKnmio NpUHALIEXKHOCTH C HCNONB30BAHMEM NPHH{MIA
PACILHPEHHs] MOXHO BBIYHCIIUTH CiieqyrommM obpazom:

ot
il—l—}i—,ﬁ?—l, x # 0,
—_ C
Hy()’)—<l, X=O, y=0’
iO, XZO, J/?EO,

L

THE X = (X[, X, ..., X,), 4 = (dy, Ay, ... G,), X' —TPAHCIOHHPOBAH-
Hblli BexTop X. Ilpu staMm y, 4,—ueuyetkue uynucia. Kpome Toro,
JUIA BCEX y, Takux 4To ¢'|X| < |y — x'al, py (3) = 0.

st onipege neHus BO3MOKHOM OEHOYHOHN (DYHKIHH HCTIOJIb-
3YeM MUHHMU3AIAIO BO3MOXHOH IIHPUHBI

S=co+ ... +c,

Bo3Mmoxnyio bopMyny oueHKM uf gaHHOW 3ama4d MQXKHO
ONIpENICSINTP nyTemM pelleHns ClETYIOMEH 3a4add JIMHERHOTO
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NPOrpaMMHPOBAHHS:

minS = min(c, + ... + ¢,)

a, ¢ a,c

NP YCIOBHSX
(- h)chlxifI + Zajxij 2 Yo
A=Y elxil—Yax;>~y, i=1..n

rae k yucio B nonymHTepBaye [0,1), ykassipatomee Mepy COOT-
BETCTBHS BO3MOXXHO! DPErpecCUOHHON MOJENH.

5.5.3. MOJEJb NPUHATHUS PEIMEHUN
C JUHI'BUCTUYECKHM ITPE/ICTABJIEHUEM

Huxe paccMOTpuM ciy4ail OneHKH aTpuOyTOB M anbTepHa-
THBHBIX MPOEKTOB C HCMOJb30BAHHEM JHMHTBHCTHYECKOrO Tpej-
crapneHus. [Ipexae Bcero oniieM CHOCOO NMHTBHCTHYECKOTO
NpeJCTaBIeHHs Ha OCHOBE TAK HA3BIBAEMbIX JIMHIBHCTHYECKHX
HEPEMEHHBIX, U3BECTHBIX B TEOPHH HEYETKHX CHCTEM.

JInarsucruveckne NEpECMECHHBbIE H CJI0BapL

OnpenenuM ONHCaHHA, HAIOMIME CIOBECHYIO OLEHKY aTpH-
O6yTOB M albTEPHATHUBHBIX NPOEKTOB M COOTBETCTBYIOIIHE MM
JIMHIBUCTHYeckUe nepeMeHHBle. IlycTe S —-MHOXeCTBO ajbTep-
HATHUBHBIX IOPOEKTOB, A —MHOXECTBO aTpUOYTOB anLTEPHATHB-
HBIX MpPOEKTOB, a MpOH3BeneHHE S X 4 —00JacTe omnpenesieHus,
TOrj1a mepeMeHHbIE, 3HAYEeHUSI KOTOPBIX HAXOOATCS B MHOXECTBE
D onwvcanwmii, HA30B€M JMHTBUCTHYECKAMHA IlepeMeHHBIMH L(a, 7).
IIpuMepsl JIMHTBUCTHYECKUX IEPEMEHHBIX:

L(u3penue A, monyiasipHOCTE) = «XOpOIHas»,
L(m3penue B, nu3zaiin) = (IUIOXOW»,
L (m3penue C, XxapakTEpUCTUKH) = «O4YEHb XOPOILHUEY.

3mecy MUHTBUCTHYECKUE HepeMeHnble L(a, /) yKasbiBAKOT OLEHKY
atpubyra i agbTEpHATHBHOIO MpOEKTa ¢. ITH NEPEMEHHbIE
MOryT 33]1aBaTh Kak OUEHKY aTPUOYTOB, TaX H OLEHKY aJbTep-
HATHBHBIX IPOEKTOB.

CMBpICT JTAHTBUCTHYECKHX MPEeNCTABICHUA «XOPOILHiiy, «ILi0-
Xoi» H [Ip., OTHOCSIHMXCA K CIIOBECHOMY OIMCAHHIO, MOXHO
ONpPENEUTD, UCTIONb3Ys HeYeTKHE MHOXeCTBA B uuTepsae [0, 1]
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[42]. CoOTBETCTBYIOIIHE HEYETKME 4YHMCAA O0O3HaYMM Kak U
«xopomuity, U «ioxoit» U T. 1. ECiM UCIONb30BATL MOHATHE
BO3MOXKHOCTH [I, TO BO3MOXHOCTb TOMYJSAPHOCTH H3ACJIHS
A MOXHO MpeACcTaBUTh HeyeTKAM 4HCIOM U «xopommasiy Kak
OXHUM K3 BO3MOXHBIX 3HaueHHUi L (M3nenue A, momyaspHOCTD):

I1 (u3mesme A, NOMyNIspHOCTh) = I (CTEMEeHb MOMYJISAPHOCTH
uznenus A) = U «xoporas».

Cnosapp D onucanuii «xopounmity, «IJIOXOi» H  Op.
COCTAaBJISIETC TyTEM COTIOCTABJICHUS OMUCAHHN L; M HEYeTKHX
uncen U; B [0, 1]. TIpr atoM comocraslieHHe obpasyercs Ha
OCHOBE OTOBOPEHHOCTH CO CMEHAHUCTAMH, T. €. €CJIU MOJIyueHa
NUMHTBHCTHYecKass omenka L; (i=1, 2,..., k), To, Hcmomb3ys
cioBapb D, cocTaBlieHHBIH CHeHAIHCTAMH, MOXHO IMOJYYHTH
HEYeTKYIo oueHky U,.

CTpykTypa OHEHKH ¢ BOMOIIBIO CJIOB

ITpu MHOroaTpuOyTHOM NPUHSATHU PELICHHH IPEXKAC BCETO
OCYIIECTBJISETCS OLCHKA aTPHOYTOB M CBOHCTB OOBEKTOB, CBA-
3aHHBIX C aJIbTCPHATUBHBLIMHU MPOEKTAMH. 3aTeM HA OCHOBE
OLICHKH aTpHOYTOB JAeTCs OLEHKA abTEPHATHBHBIX MpPOEKTOB.
Huxe Ha ocHOBE CBOKICTB M aTpUOYTOB OOBEKTOB Ol[€HKH MOCTA-
BUM 3a7a4yy NOCTPOCHHUS METOOB HMICHTU(HKAUH Tporecca
OLICHKH aJIbTEPHATHUBHBIX MPOEKTOB cnenpmanucramMu. Ha mare-
MAaTHYECKOM SI3BIKE 3TO O3HAYAeT HEeoOXoamMOCTh 06CymuTh
HACATUHKAIMIO NPOIecca JIMHIBUCTHYECKOH OLeHKH F no nuHr-
BHCTHYECKOMY MPEACTABICHHIO Z O[€HKH aJbTepHATHUBHBIX

MPOEKTOB U JIMHTBUCTHYECKHM NepeMeHHniM L., L,, ..., L, ux
aTpubyTOB, 4TO MOXHO 3alHCATh B BUAE
Z=F(Ly Ly, ..., Ly (5.20)

CroBecHyr0 Mopesp Nporecca OnEHKH F MOXXHO MOCTPOHTH
H3 CHeAylomHX YeTpipex 610K0B (pHcC. 5.4):

1. Biiox ciropapsi, yCTAHABNMBAIOMETO COOTBETCTBHE MEXAY
OIMCAaHHsAIMHM U HeueTKkUMH yucnaMu B [0, 17.

2. BioK mepesopa, KOTOpbIA BHINOJHSAET MEPEBO 3HaAYeHMi
L; nunrBucTHHeckodl mnepemeHHOi i-ro aTpubyTa B HEHETKHE
wcna U; Ha ocHoBe ciosaps D.

3. BOK KOMIIIGKCHON OmeHKH, KOTOPasi COCTOMT M3 HEueT-
KHX OCHOYHBIX (yHKiuil, onpepessiommx HeyeTkoe wmcio U,
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Puc. 5.4. CTpykTypa onenku ¢ HOMOMmBIO JIMHTBUCTHYECKOH MH(OpMa-
MM,

KOMILJIEKCHO# O[€HKH OGBEKTA HA OCHOBE HEYETKHX YHCE
OIIEHOK aTpubyTOB. ,

4. BOK NTMHIBUCTHYeCKOrO COIMOCTABJICHHS (JIMHTBUCTH-
4eCKOH aINIpOKCHMalUH), KOTODBIH ONpedeNiseT aneKBaTHOE
JIMHIBUCTHYECKOE MPENCTABJICHHE Iy TEM CONOCTABIIEHUS CIIOBaps
M HEYETKOH KOMILJIEKCHOH onenkd. B stom 610ke onpenensiercs
JIMHTBUCTHYECKOE MpEACTaBleHUe Z Nl KOMIUIEKCHON O1[€HKH
obnekTa.

Hmxe Mp1 norosopum o 610ke crioBaps ¥ 6JI0Ke JIMHT BUCTH-
YECKOH aNnpOKCHAMAIMHA, a TaKX€ O METOAE OlpeaeIeHus
HEYETKOH OreHOYHOH byHK[UH.

JIMBrBuCTHYECKHMH nepeBO/ n JIMHrBHCTHYECKAS
annpoKCHMAius

Onpepemmm Hewetkue umena B [0, 1], cooTseTcTByrOmue
OMHUCAHUAM, KaK TPEyrojibHple HEYEeTKHE 4ucia (4, ¢, ¢,), The
a—UEHTP, ¢, ¥ C,—BEJIMYMHBl HEYETKOCTEH cjeBa M copasa.
CioBapp, yCTAHABIMBAIOMMHA COOTBETCTBHE MEXAY ONMUCAHHEM
¥ HEYETKHMMHM YHUCHaMH, npupened B Tabn. 5.7. Ecioum omerka
aTpubyTa 3a/1aHHOTO 06BekTa ecThb U,, npH JIMHIBHCTHYECKOM
nepeBoae U3 ciaosaps D u3BIEKaeTcst HEYETKOE 4HCIHO (4, ¢, C,).
N3 neverkux wncen Uy, ..., U, ¢ HOMOIBIO HEYETKOH O[[€HOYHOH
bynkipm f mosiydaeTcs HeEYeTKas KOMIUIEKCHas oOnexka V.
IoaTomy [isi JTMHTBHCTHYECKOTO MPECTABIEHHS HEOOXOMUMO
HafTH OMHCAHHE, COOTBETCTBYIOIICE HEYETKOM KOMILIEKCHOH
omenke U,, T.e. Grarogapsi CONOCTABJIEHHIO 3TOM OlEHKH C
Gasoif paHHBIX cioBapd D omnpepensercs HyxXHOE CIOBO.
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Ornepanus JIMHTBUCTHYECKOTO CONOCTABJIEHUS (JIMHTBUCTHUECKOH
anMpoOKCHMAII¥H) OIpeJeNsAeTcs KaK onepayys min-max:

Zy = Wye D| [max {py (T) A py, ()}
> max max {y (1) A py (0} (5.21)

rae W, | P(W) obosHavaer W, ynoOBIETBOPAIOIIEE YCIOBUIO P,
Hy, YKA3BIBAET ¢yukpuio npuHaeksoctH Uy, p,wi—(bym(uml
MPHHA/IIEXHOCTH CJI0B W, BKJIFOYEHHBIX B ciioBaph D.

ITpumep. PaccMOTpUM npuMeEp MPHHATHA pelIeHyi B obnacTy
MapKETHHIa J1is 1poaaxKd KapTHH. [{iid OneHKY pblHKa KaK ey
MpUHATHS pElIeHdil y4YUTHIBAIOTCA [Ba aTpubyTa: ypOBEHb
XM3HH XHTEJeH HEKOTOPOTO Topopa H KyJbTYPHBIE HHTEPECHI.
B 1abn. 5.7 ykazax cioBapb Uil OLEHKH.

Tabauya 5.7. Cnosaps

OnHcaHye Hederxoe yncio
Ouenp BBICOKUH (1,00, 6,20, 0,00)
Bricoxuid (6,75, 0,15, G,15)
OO6bIyHBlIH (6,50, 0,15, 0,15)
Huszxkuid (,025, 0,15, G,15)
OucHb HU3KHIH (6,00, 0,00, 0,20)

HeveTkyio oneHoMnyio GyHKIMIO f 3aJafidM B BHIE
V= f(U «yposenb xu3Hu», U «KyJIbTYpHBIE HHTEPECED?) =
= O’3uyp, XH3 + 0>7uxy.ﬂ.nn‘n

rae 0,3 u 0,7 cootBercTBeHHO Hewetkwe uucia (0,3; 0,1; 0,1)
u (0,7; 0,1; 0,1). ITycrp xu3HEHHBIH ypOBeHb XXUTEJEH ropona
Y HX KYJBTYPHbIE MHTEPECHI O[[EHUBAIOTCS COOTBETCTBEHHO KakK
«OYEHb BBICOKHMiI» U «@m3KkHe». Heobxomumo OieHHTHL pHIHOK
MpoJaX¥ KapTHH B 3TOM ropoge. Mcmonw3ys cnosapes u3
Tabn. 5.7, waliieM HeueTKMe 49HCA, COOTBETCTBYIOMIME
OMHUCAHUAM «OUY€Hb BBICOKMI» M «HHU3KHI». 3TO

U («ouenp BeicOKHit») = (1,00; 0,20; 0,00),
U («uu3kuii») = (0,25; 0,15; 0,15).

Ecmu B dopmyne (5.22) nmpousBecTd 3aMeHy, TO npubiu3u-
TEILHO MOJIYYMM HEYETKOE YHCIO KOMILIeKCHOH orenku (0,475;

21-6830
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Jvens Ovens Puc. 5.5. JIunreuctuye-
l”?"”“ Huswai  Ogsrmsia Bowonzd ®°"™%  cxoe  comoctasnemme
(TMHIBUCTUYECKOE IIpH-

6moKenue).

0

0
00 o1 0,2 o,s 0,4 05 05 07 08 09 10

0,255; 0,245). bnaropaps JMHIBHCTHYECKOM anmpOKCHMarfHu
3THX HEYETKHX YHMCeJ M CloBapsd [Jis KOMIUIEKCHOH Or€HKH
MOJIydHM TpEACTaBjieHde «oObMubli» (puc. 5.5). D10 paer
OEHKY PBIHKA B JaHHOM ropoae. Ilpa 3ToM Hcnonp30BaH METON
MONyYEHUsI MaKCUMAalbHOH O[€HKH.

Onpenenenne HeveTKo#l MHOroaTpHOyTHoH oleHO4HOIH
dynxkunn

Brlie mocTpOeH mpopecc NMHTBUCTHYECKOH O[EHKH cHenma-
mucramy. Onycan METOR OTpENesiCHUS] HEYETKOH O1eHOYHOMH
GbyHKUA [ 171 THHTBACTHYECKO MOIENH OeHKY. JTa GyHKHA
mpeaHasHadyeHa Ajs npeoOpa3oBaHMsA HEUYETKHX YHCEN, 3afako-
[IMX O[[€HKHM aTpHOYTOB OOBLEKTOB, B HEYETKOE YHCJIO KOMILIEKC-
HO#l openku o6nekTa. Ilpu 3tom dyukHio f Heo6xoauMO ompe-
JIENIUTh, MMUTHPYs MPOECC OLEHKU CrepHalucTaM¥ Ha OCHOBE
y4€OHBIX faHHBIX ® (0 = 1, 2, ..., 1), HOJIy4EHHBIX U3 PEATTLHOIO
nporecca opeHky. Ecnium nepemennble ¥ k03dduHeHTH H3HA-
YaJBHO SBJSIOTCA HEYETKUMHM 4YHMCIIAaMH, 3ajada MpocToro
JUHEHHOTO MPOTPaMMHPOBAHMS HEPA3PEIMMA. DBPUCTHYECKHH
METOJ MpHUBEJEH HA pHC. 5.6.

5.5.4. 3AKJIIOYEHUE

Boliie Mbl paccMOTPEIH METO/IBI HAEHTHGUKAAHN CTPYKTYPBI
MHOTOAaTpHOYTHOH O[€HKH aJbTEPHATUBHBIX MPOEKTOB B NPO-
recce mpuHATHS pewnenuit. Ecmu uHpopmanus o6 aTpubytax
3a7a€TCs B YHCIOBOH ¢opMe, aJist IMHEHHOH MHOroaTpubyTHOH
O[EHKH y100HO HCHOJIb30BaTh PErPECCUOHHBIA AHANIN3 HA OCHOBE
MOHATHS BO3MOXHOCTH, €CJIH e MHbOpManus 3aJaeTcsd clopa-
MH, 3(GEKTUBHO MPUMEHATh JIMHTBUCTHYECKHA aHATM3 MHOTHX
MEPEMEHHBIX, MPH KOTOPOM B aHalI¥3 MHOTHX MEPEMEHHBIX
BBEIEHA JMHIBUCTAYECKAs aNMMpPOKCHMAa#s. ABTODBI HCMONb30-
BaJiM MO00HBIA METOA AJI UACHTH(HKA MM YHCIIA COTPYXHHKOB
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Puc. 5.6. Onpenencane GyHKOUM HEMETKOH MHOTOATPUOYTHOM OLEHKM.

¢bupmer [43]. Kpome TOro, MHoroaTpubyTHOe MpUHATHE pEllie-
HHl C HCMONbL30BAHUEM JIMHIBUCTHYECKOTO PETPECCHOHHOTO
AHANM3A NPEMEHSIOCH sl O[€HKH HAACXKHOCTH coopyxenui [1,
35, 41]. ust cTpyKTyphbl O¢HKH KauecTBEHHOH HH(pOpManuu
shbexkTHBRa TeopHusi HeYeTKOro KBaHTOBaHHA [1] u Teopwud
KBaHTOBaHHsA CHI3py.
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I'’TABA 6

HEYETKUE KOMIIbIOTEPHI
N ITPOTPAMMHOE OBECITEYEHUE

M. Mymano (Ocaxckuii ynusepcumem), M. My-
koooro (Ynuueepcumem M3iio3u), P. Amazasa
( Hoaumexnuneckuti uncmumym Kiocio)

OddexTUBHOE TPUMEHEHHE TEOPUM HEYETKAX MHOXECTB JJIst
pelleHys DPeanbHBIX 3a7a4 HEBO3MOXHO 6€3 WCMmoJip30oBaHHS
KOMILIOTEPOB ¥ MX NPOrpaMMHOro obecrieuenus. Oxnako B cy-
LIECTBYIOMIUX HHPPOBLIX KOMMBIOTEPAX HEYETKHE OTEPAIUA Byl-
TOJHAIOTCS NOCTATOYHO MEJJIEHHO, 4YTO, B YACTHOCTH, HE MO3BO-
JISET pellaTh 3afgaud ynpasieHus. [ToatoMy pa3spabaTeiBarotes
KOMIBIOTEPDI CTIEMATILHO IS HEYeTKHX omepayuil. KpoMe Toro,
CO311aHO MPOrpaMMHOe obecrieuenne Wi Takux omeparHil (pac-
umpenue #3b1k0B Ilponor u JMucn).

B naHHO# riaBe Mbl O3HAKOMHMCS C COBPEMEHHBIM COCTOSI-
HHEM pa3pabOTOK HEYETKHX KOMMBIOTEPOB ¥ UX MPOrPAMMHOTO
obecrneuenus.

6.1. HEYUETKME KOMITbIOTEPBI

6.1.1. BBEJJEHUE

®on HeiiMan paspaGoran METO MOCTpOEHHs nudppoBOro
KOMIIbIOTEpa, KOTOpBIH OCHOBAH HAa MpPOrpaMMax, XPaHUMBIX
B MaMaTH (MeToa XpaHuMOii OpOrpaMMsl), ¥ yIa4HO COYETaeT
OyneBy arebpy (IBy3Ha4HYIO JTOTHKY), OMIEPHPYIONIYIO TOJBKO
ABYMS 3HAYECHUSAMH MCTUHHOCTH O ¥ 1, u MEPEK TFOYATE L HbIE
SNICMEHTbI (JJIEKTPOHHBIE NaMmbl U Tpau3ucTopnl). OGnapas
SALUWIICHHOCTRIO OT €CTECTBEHHBIX MOMEX ¥ PacIIApAEMOCTBIO,
ITH KOMIBIOTEPHI 3a)10KHIH bynnamMenT cospeMennoro o6me-
CTBA CO BCEOOHLEMIIOIUMYU CHCTEMAMH 00pabotkn undopMa-
Y. 3a 510 Bpems METObI 06pabOTKH CHTHAJIOB B KOMIIBIOTE-
(I:?\)«(erfée OHpeTepnenn Kaxkux-mbo mmeﬂeﬂm“{ mno CPaBHEHHUIO
nita KOlI\I/m 1;: XPaHeHUA MPOrpaMMBl, ¥ OCHOBHOM MPUHIMN AeHCT-
anmy TOTEPOB coXpaHmICs CO BPEMCHH MX M300pPETeHHsS 10
X IHei. Besomu6Go4nas OBICTPO AefCTBYIOWAS IETEPMUHH-
POBaHHas 06paGoTka OTpOMHBIX 00BeMOB UHpOpManuu 6oee
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4YeM J0CTaTO4HA, 4TOOBI MoKa3aTh ¢iabOCTH U HECOBEPILEHCTBA
qeoBeKa.

Ho mocTenenHo cTana 3apoXpgaTbhCcsl HEYAOBJIETBOPEHHOCTD:
a TaK JId MbI TTOJIb3YEMCS 3THMHU HCKJTFOUUTEILHBIMH BO3MOXHO-
crsimu? HarisigHo 310 mposiBUiOCh B 0671acTH MCKYCCTBEHHOTO
WHTEJUIEKTA, TJ€ PA3BUTHIO JIOTHKM CTajd OTAaBaTh IpPEANovTe-
HHE MepeJ MaTeMaTHYeCKMMH pacyeTaMHd M MPEBO3HOCHTL Mpe-
HMYIIECTBA JOTMYECKAX BBLIBOJIOB MO THIY «ECHH... TO...».
B ocHOBE BBIBOJOB, BHIMOIHAEMBIX COBPEMEHHBIM HCKYCTBEHHBIM
HUHTEJUIEKTOM, JIEKMT METOJ] COTMOCTABJICHHS HAHHBIX, MJIM Tak
HA3bIBAEMOTO OTOX aecTByenus. CreqoBaTebHO, BO3MOXHO CO-
MOCTABJIEHHE AETEPMHHMPOBAHHBIX HAHHBIX (HAHHBIX C YETKHM
NpeACTaBJICHHEM), H ISl 3TOTO pa3paboTaHsl crienyanbHbIE SA3bl-
Kd ¥ annapatabie cpeactsa. Opnako unbopmapds, C KOTOPOit
UMEET [I€JI0 YEJIOBEK-IKCIepT, He o0A3aTebHO HMMeeT YETKOe
npeactasienue, Ckopee B GONBIIMHCTBE Ciry4aeB 3TO HHPOPMa-
U, KOTOpas HE MOKET OBITh CTPOro ONMHMCAHA, HATIPUMED: «ECITH
BBICOKAst TEMIEPAaTypa AEPKUTCSA HECKOJBKO AHEH, TO BO3MOXHO
BOCMAJIEHHE JIETKMX», «ECJIU KOJIMYECTBO caxapa B KPOBH HOcIie
€Ibl YMEHbINAETCS MEAJIEHHO, TO y OOJBHOTO HHCYJIMHOBas
HENOCTAaTOYHOCTh» W T. M. B 6a3e 3HaHW#, cocrodmed U3 nopob-
HOM HEYETKO# OMUcaTENbHOH HHDOPMAHUH, HEBO3MOXHO PeaJm-
30BaTh OTOXIECTBJIEHHME BXOAHBIX faHHbIX. [103TOMY mpepioxe-
Hbl METOMEl «HECTPOrOro OTOXAECTBNEHH» (soft matching) on-
HOY HeueTKOo# MHpOpManuy ¢ APYIrod ¥ BBIJAYH HECTPOTOTO, HO
BITOJIHE MpaBAoNo00H0r0 3aK rouenus. HeueTkuii BEIBO 1, KOTO-
pBIil TTO3BOJISET CHENaTh 3TO, MO-BHAUMOMY, MPUAET HA CMEHY
METOJaM, MTPUMEHSIEMBIM B HACTOSIIEE BPeMs B 00JACTH HUCKYC-
CTBEHHOTO HHTEJIIEKTA.

LIadpoBbie KOMMBIOTEPHI—3TO YHUBEPCAILHBIE MALUMHBI, H
6narogaps ymMenoMy COCTaBJIEHHIO MPOrPaMM MOKHO peajH30-
BaTh JaXe HeYeTKHe BHBoanl. OHako B Tako# o6paboTtke Oyner
MHOTO U30LITOYHOrO ¥ Ha Hee OyET 3aTPayYeHO CIHMILKOM MHOTO
BpeMeHd. [TpoDremMpl BOBMOXHOCTH M ONTHMAJILHOCTH —3TO CO-
BepllieHHO pa3ubie mpobnemel. [ToaToMy ecTh xeraHue HMETh
criepyaibHbIE anMapaTHbie CPEACTBA AJIsl HEYETKHX BBIBOJOB — HE-
‘yetkue KommbroTepbl. II0 BHyTpeHHEHl CTPyKType HaHHBIX, IO
APXMTEKTYpE ammapaTHbIX CPEACTB U JaxX€ MO ajropuTMaM
BBIBOJIOB HEYETKHE KOMMBIOTEDPHI KaPAUHAJIBHO OTIMYAKOTCA OT
CYIIECTBYIOIUX MAIIUH JIOTHYECKUX BbIBOJIOB, MTOITOMY HX MOX-
HO Ha3BaThb KOMMbIOTEpPAMH IlecToro mnokosneHus. Huxe pac-
CcMOTpeHbl TpeOOBaHHA K MPOCKTUPOBAHWIO TAKHX HEYETKHX
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Puc. 6.1. ®yHKns NPUHAUIOKHOCTH, COOTBETCTBYIOAs CIOBY «BBHICO-
Kuit», (@) ¥ €¢ JHCKPETHOE NpPE/ICTABIICHuE (6).

KOMIILEOTEPOB, KOHKPETHBIH MPHMED aPXHTEKTYPHI, UX Pa3BUTHE
B GyayIiem ¥ Apyrue BOMPOCHI.

6.1.2. HEUETKME (ITPUBJIVDKEHHBIE) BBIBO/IbI
U HEYETKUE KOMITLIOTEPhI

HeueTkuit BLIBOJ— MOJIy4EHHE HOBOTO JIOTHYECKOTO 3aKIIOYe-
HHA Y3 MpaBHJI BbIBOA, KOTOPHIE XpausaTcs B Buae 6a3bl 3HaAHUH
(374 mpaBuia 6yneM Ha3eBaTh MPOCTO 3HAHMSAMM) U 3a1aHHBIX
¢akToB. B oT)MYKE OT Tpa AMNHUOHHLIX BHIBOIOB BCE MEPEMEHHBIE
B CYXJIEHUsAX ABJIAIOTCA HEUYETKUMHM MEPEMEHHLIMH, T. €. TEPEMEH-
HBIMH, COCTAaBJIEHHBLIMH U3 HEYETKOH omucaTenpbHO# HubOpma-
IMA. DTO MOXHO MPEACTABUTh CIEAyIONMM 0O6pa3om:

(3nanne) Ecom x ectb A, 10 y ecTb B
(PakT) x ectp A’

(BeiBom) y ectb B’ (Bocxonmsmmil HEYETKHH BBHIBO[) ¢
KpoMe 31oro MoxHO paccMOTpeTh ClieayIOIHil BHIBO

(3nanme) Ecim x ects A, TO y ecTb B

(PakT) y ecTh B 6.2)

(BeiBon) x ectp A’ (HECXOASMH HEHETKHH BLIBOI)

3necy A, A’, B, B'—omucaTtenbHas HHGOpManus € HECTPOTHM
NpecTaBieHHeM (HedeTKue MHOXecTBa). JlenaTh BBHIBOABI MO
dopmynam (6.1) u (6.2) ¢ TOMOIPBIO KIACCHYCCKON JIOTHKH
(Gynesoit norukm) kpaiine TpymHO.

Heuerkaa omacatenbuas uadpopManusi A MOXeET ObITh MPE-
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CTABJICHA B BH/E XapAKTEPUCTHYECKOH QYHKIMH, KOTOPAS HA3bL-
BacTcs QyHKnmed mpuHannexHocTH (puc. 6.1,a). 11 yaobetea
MOXHO CaeaTh JUCKPETHYIO BHIGOPKY M NPECTaBUTD 3TY (QyHK-
LMIO B BHJIE MHOXECTBA CJeAyIOmMX Nap 4mucen (puc. 6.1, 6):

A= {(xi’ ai)}’ xiGX’ (63)

rge X —IOJHOE MHOXECTBO, d;—CTENeHb MPUHAIEKHOCTH X,
MHOXECTBY A (B IaHHOM CIy4ae MHOXECTBY «BBICOKHH 4Yeo-
BEK»). 3HavyeHHs a; BHOHPAIOTCS Ul MPOCTOTHI U3 OTPe3Ka [0,
1]. CnepoBaTtenbHo, HEHETKOE MHOXKECTBO A MOMKHO paccMaTtpu-
BATh KaK BEKTOp, 3aMHCAB €rO CIeAYIOMMAM 00pa3oM:;

<1, (6.4)

TA€ M—YHCIIO 3JIEMEHTOB (OTpPaHHYeHO). AHAJIOIMYHO OPYTyIO
ONHCaTENbHYI0 MHPOpPMANUI0O B MOXHO NpencTaBHTL Ciexylo-
maM 06paszom:

B=(by, b5, b5, ... b, .... b)), 0<b,<1. (6.5)

A=(a;, a5 a4, ...,a, ...,a,), 0<a

Ecnu A-npuuuna, a B-pesympTar, TO MOXHO OMNpPEAEIHTL
MATpHU[y, OTPAXKAIOMYIO MPAYMHHBIC OTHOLICHUS MeXay A u B.
Ona Ha3bIBaeTCst HEYETKUM OTHOmeHWeM R u3 A B B

R=| : 1| (6.6)

3ape [1] onpenenun crienyromumM 0o6pa3om pesypTaT BeiBoga B’
no gopmyre (6.1):

B = (b, b3, by, .., b, ..., by =

| S R ()
=@ dy a5 ...,4q, .. ,d)o|l * Ty : [=A0B,
Fogd veeve- Frun
Wiy
by=\djxry, (6.8)

rne *—HanpuMep, onepaimst MIN, anrebpandeckoe npousnsene-
HHEe MM Apyras onepamdsa. 3ane NPeMIOKHUSI HCHOIL30BATD
onepamuto MIN. B Hactosmee Bpems 3Ta omepamms IMYPOKO
pacmpocTpaHeHa.
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Oﬂyqeﬂlflﬂ HEeYETKOI0 OTHOLUCHUS MPERJIOKEHBI pa3jiny-
Ao 3age BBCI HEYCTKHUC OTHOIUEHUSA ABYX CIEAyFO-

A

Hpie omepaiii.
ax THIOB [2,

_a 6.9)
r;= @ N\byV (1 — s (6.10)
ry = INQ—a+ -
Mavgans [4] TPETIOXUI CIIEYIONEE HEYETKOE OTHOMIEHUE

pyroro THma, KOTOpOe 3(¢deKTHBHO Ha TpakTHKe, M TakKke
n b4

HOKa3aJl ero yMeCTHOCTS! 1
rij:‘ai/\bj' ©.11)
Munzymorto u ap. [S, 6] onpenenuan HedeTKHE OTHOIIEHHSA

pasHbIX THMOB, OHW ONCHHIM X TO HEKOTODHIM KPUTEpHSM

¥ BHIOpajid HEUETKHE OTHOLICHHA, OOsiee COOTBETCTBYIOIIHE

HAWHAM CyOBeKTABHEIM BEIBOIAM. ABTODSI ONPENIENSIOT KOMITbEO-

Tep He (POHHEHMAHOBCKOTO THMA (He OCHOBAHHBIH Ha METOxE

XPaHCHHS IPOTrPAMMEI), KOTODBIH MapaJlIe/ibHO BBIMOJHAET BOC-

XOJISIIHe HeYeTKHe BHIBOABL 0 hopMye (6.1) WiId HUCXOAgIMe

HeyeTKHe BBIBOgH 10 (opMyie (6.2) ¢ TOMOIBIO HE IBOUMHHAIX

MPpOBLIX, a CHENUANBHBIX HEYETKHX CXEM, KAK «HEYETKHi

KOMIbIOTEp». JIpyruMH CIIOBaMH, HEYETKYIO OMHCATENbHYIO

uHopmanio A, A’, B, B’ ¥ apyryio, ucnoyb3yemyro B dopmy-

Jax (6.1), (6.2), MOXHO MpencTaBUTh B BAnE QyHKUH npuHaja-

JIEXHOCTH TaK, Kak Ha pHc. 6.1, a. [ToaToMy, ciesiaB nfUCKpETHYIO

BRIOOPKY, Kak MHOxa3aHO Ha puc. 6.1,6, obpa3yeM BeKTOpEI,

COCTOSIIHE U3 m 3JIEMEHTOB (uuces u3 oTpe3ka [0, 1]), nono6ubix

BEKTODY

Wnblcolmﬂ = (0’ 0’ cees 0,1) 052, ) 0’9’ 17 1’ 1’ ') (612)

B oTmauue ot o6wiunoro pgsomunoro chosa 6yneM HasbiBaTh
TaKOH BEKTOP HEYETKMM CIIOBOM. 3HaueHHssM ucTuHHOCTH (0. .. 1)
K&XIOO0TO 31€MEHTA MOCTABHM B COOTBETCTBME, HANPUMED, Ha-
npsbkenns 0...5 B wim tok 0...100 MKA u 6yzeM mepenaBath
HCUCTKHE CI0Ba MO m CATHANBHHM NUHHAM (LIMHE TaHHMIX).
B npunumne vewerkmit KOMMBIOTEP COCTOUT U3 «HEYETKOH nmams-
TH» 11 XpaHeHHs HeueTKOU onUcaTeTbHOMN uHbOpMAHHU, «Ma-
IHMHBI HEYETKUX BBIBOMOBY /IS BHIMOIHEHUS HEYETKUX BHIBOJOB
Ha OCHOBe Takoii mE(opMarmu, a TakKe, IPH HEOGXOLMMOCTH,
6110Kka npeobpasosagus B JI0CTOBEpHBIE HaHHbe (nedansuduka-
TopY). Iy TPH GOKa KOJDKHBI KaKAM-TO 0GPa3oM OmepHpo-
e N,

1 . )
OT anrnmiickoro crosa defuzzifier.— Mpum. nepes.
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BaTh C JJEKTPHYECKUMH CHITHAJIAMH KaK C HENPEPbIBHBIMH BC/IH-
YHHAMH, MO3TOMY HEOO0X0IMMO CIIPOCKTHPOBATE CHEHAbHbBIC
HEYCTKHC ICKTPHUCCKHUE CXEMBI.

6.1.3. CTAHJIAPTHEIE HEYETKUE
BJIOKH [10]

Cxema MAX u cxema MIN

DyEKUM HEYETKON JOTHKH B OTJIMMHE OT ABY3HAYHOM WM
MHOTO3HAYHOHU JIOTHKH B MPHHIMIE MOXHO ONPEAENATh MHOTH-
MH criocobamiu. B HacTosmee BpeMsi U3BECTHO HECKOJIBKO HECAT-
kOB Takux QyHkmui [11]. Jis HEYETKUX BHIBOAOB AOCTATOYHO
YacTO HCMONB3YIOT (YHKIMA HEYETKOH JIOTHYECKOH CyMMEI
(MAX) 4 HEYETKOTO JIOTHHECKOTO TPOH3BEIECHUA (MIN). Huxe
Mbl PACCMOTPHMM IJIEKTPHYECKHE CXEMBI, PEAH3yIOIIUE 3TH [1BE
omepar{uH.

Bce 9ieKTPHYECKHE CXEMBbI B 3aBUCHMOCTH OT pexuMa o0pa-
GOTKH CHrHAJIOB MOXHO pa3fIeMTh Ha cXeMsbl, paboTtarompue
B PEXHME TOKOB, M CXeMbl, pAGOTArOIME B PEXUME HATPSIKEHHH.
Bo-mepBpiX, HHGOPMAI[HOHHBIE CHIHANLI TMPEACTABIAIOTCA BeE-
JUYUHON M HampaBJieHWMeM TOKa. THMHYHBIA NPHMEP — HHXKEK-
[MOHHas mHTerpaybHas soruka (U2J1). Bo-Bropsix, unpopma-
[{HOHHBIE CHTHAJIBI MPEACTABIAIOTCS MOJSAPHOCTHIO ¥ BETHYHHOM
HATIpAAKEHHS (3TO OGONBINMHCTBO [H(POBBIX H aHAJIOTOBBIX
cxem). IlepBble cxembl 00safarOT [OCTOMHCTBOM: OINEpaivd
CJIOKEHHUS. ¥ BBHYMTAHHS C UX MOMOMIBIO MOXHO pealld30BaTh
HECJIOKHBIM COEJYHEHHEM BBOJHBIX IOWH, YTO MO3BOJSCT
060#iTHCh 6€3 M3IHIIHUX TPAH3UCTOPOB HUIH APYT'HX DJICMEHTOB.
Hx HepocTaTOK COCTOMT B TOM, YTO OJHA CX€Ma MOXKET Harpy-
KATh €€ TOJIBLKO OfIHY CXEMY (HArpy304Has CIOCOOHOCTh PaBHA
1). Bropele cxeMbl HMEIOT GOJIBIIYIO HATPY304HYEO CMOCOGHOCTB,
HO IS Omepamyil CIOXEHHS M BbIYMTAHUS OHH HE MPHIOJHBL
KpoMe TOro, B HHX MO CPaBHEHHIO CO CXeMaMH, paboTalomuMu
B peXHME TOKOB, CHIIbHEE CKA3BIBAIOTCS KOJIEOAHUS HATIPSKEHHSA
HCTOYHUKA HHUTAHUS.

Hmxe dcnonp30Badbl CXeMBI, paboTaromue B PeXXUME Hamps-
xenms. Ha puc. 6.2,a 4 6.3, a COOTBETCTBEHHO MOKA3aHbI CXEMbI
MAX u MIN [8, 14]. B takux cxemax 3HAYCHUSIM HCTHHHOCTH
0 1 1 cootserctByroT Hanpsokenus 0 1 5 B. Kaxknasg u3 otux cxem
COCTOHT ¥3 CXEMbI CPABHEHHs W CXxeMbl KomneHcapyd. Hampsoke-
HWS # BXOAHBIX CUTHAJIOB, COOTBETCTBYIOIMMX 3HA4YE€HMAM HCTHH-
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Puc. 6.2. Cxema MAX (a), X4apaKTEPUCTMKM BXOga u BHIXOa (6)
U NEpeXoHas XxapaxTepucTura (6).

HOCTH (C HEKOTOPBIM IIarOM), CPABHUBAIOTCH, ¥ MAKCHMAJILHOE
3HaveHue —0,7 B unu MusMMapHOE 3nauende + 0.7 B cooTseT-
CTBEHHO HOPMHUPYIOTCS Ha MuTTEpax NPN- mwim ’PNP-Tpaﬂsn-
CTOPOB. DMHTTEPHI BCEX TPAH3UCTOPOB CXEMbI CPaBHEHHA 00BE-
AMHEHBI, [I03TOMy CXEMBI Ha pHc. 6.2, a ¥ 6.3, MOKHO HA3BATH
ECFL-BeHTUNAMY (HeHeTKMMH JIOTHYECKMMH BEHTHISIMI C 06He-
glggeg:ébhgn 31\;:’r1epaMn). Hanpsxeunue 0,7 B 5a stusuy smutTe-
(3MHTTCpHO§4p Hﬂeﬂm KOMIEHCHPYETCS HA CHEAYIOMIEM KACKAE
Tatv ot 1\;)Bropmene, 3aMycKaeMOM HCTOYHHKOM [g,).
. Hanpﬂ)x’e MaKCHMAaJbHOE ¥ MHHMMAJbHOE 3HAYEHHS
BeHHO cxens Hcmgnz dopmupyroTca Ha BeIXOgE Z COOTBETCT-
oxaTamg, o Ec 62 éa 1 6.3, a. Hanpskenus Ha 3TOM BBIXOJIE
MEHHO Koppzx u 2,64 6.3,6. Cxema KOMMeHCAUH OJIHOBpE-
TeMHepaTyprlﬁu CH YXOa HaNPSOKEHUS KOMMEHCHPYET TAKKeE
pax. caom) Apelid) HATPsKEHHS HA OGBEIMHEHHBIX IMHUTTE-

CpaBHeHus1. M3meneuue HaNpsDKEHAs BbIXOAa MpH
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Puc. 6.3. Cxema MIN (a), XapakTepuCTHKM BXO/12 U BHIXOAA (0) M nepe-
XOHAad XapakTepucTuka (8).

H3MEHCHUM TEMIMEpATYpbl OKpPYXKaOmeEW cpeasl B Npeaciax
—55°... +125°C ne 6onee +0,6% nonnoit mkansl. Ylepexon-
Hple xapaktepuctukn ECFL —BenTHNe#l moka3aHbl COOTBETCT-
BEHHO Ha pHC. 6.2,6 1 6.3,8. Ha pucyskax BHAHO, 4TO CKOPOCTb
cpabaTeiBanns He 6onee 20 He. B peaspHbIx cxeMax mJis mpeaoT-
BpamieHUs KonebaHuid ¥ YynapHbIX BO30YXIeHHMH BcneacTBUE
€MKOCTHOH HArpy3ky HapalUieNbHO Kaxmod 6a3e TpaH3MCTOpPOB
ycTanaBiuBaeTcs pe3ucrop nopsaxa 100 OM. B ciyyae Henonse-
HHS B BUAEC HHTETpajbHOH CXeMbl MONOOHOE COMPOTHUBIICHUE
MOXHO BBECTH, HE 3aHMMAasl IIOMAAb KpucTajuia Onmaropaps
COOTBETCTBYIOmMEMY noabopy mabnona obnactu 6asbl

Hpyroe pocrouncrso ECFL-entusied cocTOUT B HX 6OJb-
IO HArpy304HOH CIOCOOHOCTH M YCTORYUBOCTY MO OTHOILEHUIO
K KOJEOaHHSIM HAMpSOKCHUS UCTOYHHKA HUTAHHS. DTH -BEHTHJIH
YCTOMYMBO pabOTAIOT AaXe MPH M3MEHEHHH HATpSKEHHS OT +6
B o +51 B (Vge) uor —1 B no —46 B (Vgg), T.e. maxe no
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CpaBHEHHIO C TPAIHIMOHHBIMU IBOMUHBIMH [1MPOBLIMH CXeMa-
MH 370 60J€e HAASKHBIC CXEMBL.

YcrpoiicTBO HeweTKol namaTu [7]

Heyerkasd MaMATL MPEAHA3HAYEHA IUISL XPAaHEHHS (QYHK (Ui
TIpMHA JISKHOCTH, MOKA3aHHON Ha puC. 6.1,a, HIM JMCKpPETHOI
BbIGOpKM Takod (QYHKIMH, KaKas MOKa3aHa HA pHC. 6.1,6, 1.e.
HEYETKOE COBO THMA (6.12) XpAHATCS M CYUTHIBAETCS KK EMHOE
nenoe. Ha puc. 6.4 mokaszana KOHCTPYKyusl YCTPOHCTBA HEUeTKOMH
naMaTH. Takas TaMsATh MOXET XPaHUTb HEYETKYIO MH(OPMAIHIO
CEYIOMMX CEMH 3HAYCHHH:

I1b - mosyioxuTenbHoe 6oBINOE,
I1C - nONOXUTENBLHOE CPEHEE,
IIM - NOJOXHUTEPHOE MaJoe,
ITH —movury HyJEBOE,

OM —-oTpHaTeIbHOE MaJioe,
OC-orpunaTenpHoe cpensee,
OB - oTrpunarenbHoe Gobmoe.

B, T1IC, TIM, IMTH, OM, OC, OB -310 cBOEro pona «ypOBHH»,
IIPHCBOCHHBIE OmMcaTeibHON uHDOpManuu. B 6ok IIM13Y ne-
HETKOH MAMSTH TOJIB30BATENb «TIPONTABAET» GYHKIMIO MPHHAA-
JIEKHOCTH MOYTH HYIEBBIX JAHHBIX; C MOMOIBIO AemudpaTOpa
1 3 8 yposrm 000111 (I1B: 111, IC: 110, I1IM: 101, ITH: 100,
OM: 011, OC: 010, OB: 001, me ncnonpayercs: 000), COXpaHse-
MEI€ BO BHEILIHEH ABOUYHON NaMSTH, MPEOBPa3YIOTCS B ceMUOGHT-
HOE CIIOBO, ¥ AHANOTOBBLIE HANIPSKEHUS (3HAYCHHAM HUCTHHHOCTH
0...1 COOTBETCTBYIOT Hampspkenus 0...5 B), nmpeo6pasyembie
KaCkatHO# TpaH3HCTOpHOM PEILETKOH, BBIZAIOTCS Ha 25 BBIXO.-
HbIX KOHTAaKTOB (Kak BBHIXOHHOE CIOBO). DOTOCHHMOK IKCIEepHU-
MCHTA/ILHOTO YMna MoKa3aH Ha puc. 6.5. TexHOIOrus H3TOTOBJIE-
Hust wina - MOIT ¢ anoMAHMEBBIMY BeHTHIIMA. OTBEeTHAS xa-
PaKTepucTHKa KaCKamHOH TPaH3WCTOPHOM pELUETKH, HCTOJb3Ye-
r;;;cf;e;&_?;l(}(;n NaMATH, OKa3aHa Ha puc. 6.6. B HEJIOM NaMsTh,
KMOH-npn% Oz;:;:bm MOII-npu6opom, paboTaer anazornumo
B, CHCTeMaTqu(;K;IIZOo nozg;omgr TOYTH MONHOCTBIO HCKIIFO-
B0 TeTrenmon e s MMOkA. Benenctsue orpannuenuii mpo-
o pasmiepn. s 1 ObLI U3TOTOBJIEH IA0IOH MaMATH 60 JIbIIO-
Koro 61:Icr£>one 171Tc(;My OTBETHAsl XapaKTEPUCTHKA HE AAET BHICO-
SPICE 11 Tpaﬂchgm. IIpeo6pasoBas ¢ mMOMOmBIO CHCTEMBI

PBI 10 pa3MepoB 2 MKM MO JIMHE U 5 MKM



Heuemxue KOMRblomepovl U npocpammHoe obecneyenve

LeR ke Bl

REQ

e

~I=1"1

N

\

L

\\

QT RHY

T

L:TYY‘IYYY
DILYNBIBIAINI

K\\

pgs

?

é

[y

a0

i pinalugsgigieres

WO
Tr
"
)
PANZAN7 IR ANEY

4

17
"8
[Pagisge gt gt
W
¢

TYSIAL

HU

BEUU

VoA,

|

78
PPy

appgegiig

WU

S R (A Y O A (O Ay U (U (VS R [ G g U B A S Y Y

QUYL TUTN

.

IBABADADLRIRADEDIDIDIDIDIDIDIDADIDIDARE]

g

au

;
@

25228 YT 026U Y LIGYST PEEITIIIOI6 8 L 9S Y E ST O
V262221202 6181 LISISEYIEIZLINON6 8 L 9 S Y E C 1 O
DO O 0 0 0 0 0 0 0 O O O 4 O 0 0 O 0 0

Qygy

o I
g

%

7

e

G

PP rPY

[

) N I D S S N G0 9.3 5.4 D 5.0 00V 19 O G D IR DO NN,

X
X
XYY
paieiyy

i

——-d

X

1

Hemovnur 2RAND2066!%
HenpsIMenu

HCTBa HEYETKOMH HNAMSATH.

Puc. 6.4. Kouctpykims ycrpo

Taasa 6 337

BaaRNERN NNy
SEEBERRARS
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H : 100 us/div

Puc. 6.6. Tlcpexoinas xapakicphcinka TPAH3UCTOPHOU PCLICIKH, HC-
HOJB3YEMOM B YCTPOHCTBE HEUETKOM MAMATH (AHATOrOBbiE HaTIPHKEHUS
or 0 10 5 B ¢ marom 0,5 B).

[0 IIMPHHE W NPOBENs MOAEIUPOBAHME MAMSTH, BKJEOYAs fe-
mHppaTop, mony4HM OnIcTponeiicTBye nMopsaka S5 He.

Mamuna HeueTkHX BBIBOIOB

Ha puc. 6.7 upeacrapaesa OJioK-cxemMa MalUMHbI HEYETKHX
BBIBOJIOB, BBINOJIHAIOIEH BOCXOASIINE HEUYETK ME BBIBOObI (BbIpa-
f.f?;g 3(2&1)) C HCHONb30BaHAEM (I)OpM)l/n (6.8) u (6.11). 3pecw
CoomeT:: MCHTOB HeweTkux ciioB A, A’, a Takxe B, B’ paBHO
s TBCHHO m u n. Cxema C-MIN npencrasiser coboii
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Puc. 6.7. Brok-cxeMa Maunug;

S N o N HEYETKMX BHLIBOJIOB.
1 m n i
i I
i I
i I
i I
| I
1 I
: I
|
' i
) I
! Crema i
! yoevenus |
I

| j
S g

A—B B

A/

BI

Cayyaz 1

m mapamwenbHo paboTarommx ABYXBXOAOBBIX cxeM MIN, g
E-MAX -cxema MAX ¢ m Bxonamu 4 oaauM BbIxogoM. Kpome
TOTO, CXEMa YCEYEHHSI —3TO # MapasueibHO paboTaromux ABYX-
BxonoBbIXx cxeM MIN. OauH u3 nByX BXOHOB KaXKHOH cXeMbl
MOJKJIFOYEH K BXoay a. Ecim BBecTH A, B U3 3HAHUA «€CNIM X eCTh
A, 10 y ectb B», monyueHHOro M3 6asH 3HaHMi, a Takke A’ U3
dakTayeckoit mHPopManuH «x ecTb A’», To Ha BbIxo#e B kax
dakT «y ectb B'» mosBATCA HAMpSOKEHHS B BHIE MHCKPETHOH
byHkpuu npuHamIexHocTH. [Ipu 3ToM Beixoa B’ mpencrasnen
# CUTHAJILHBIMM IIMHAMY (WIM BBIXOAHBIMM KOHTakTamu). Ha
pHc. 6.8 moKazaHa ITIATA MAILKMHB HEYETKMX BLIBOAOB HEYETKOIO
kommbioTepa YFC-1, usrorosieHroro B nabopatopuu SIMakasa
BecHOH 1986 r. DTa MamuHA BBHIMONHAST HEYETKHH BHIBOI H3
3HAHHUA C OAHOH NMPERNTOCHIIKOM U OJHIUM AEHCTBUEM, TOITOMY €€
MOXHO Ha3BaTh 0a30BOH MAaIIMHOH HEYeTKHX BHBOAOB. Ha

Puc. 6.8. Tlmata MaruuHsl
HEYETKHX BHIBOJIOB.
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4T¢ MAIIHHBL PACHOJIOXKEHO 288 GUMONAPHBIX TPAH3UCTOPOB,
1t

gya 100 Hc. J{pyT¥MH CIIOBAMH, BO3MOXHO
cKOpoCTh BHBOAA P

GHICTPOEHCTBHE 10 'Mym FIPS (HedeTKuX BHIBOJOB B | C).

6.1.4. APXUTEKTYPA
HEYETKOTI'O KOMITIBIOTEPA

Jins TpOEKTHPOBAHHS GLICTPOEHCTBYIOIETO HEYETKOTO
KOMTIbIOTEpa Ha 6a3¢ CTAHAAPTHBIX HEHCTKUX 6JI0KOB, paccMOT-
pCHHBIX B pasil. 6.1.3, HEOOXOMMMO HCMOJIB30BATE MPUHUHAI
apaUieiu3Ma: Ui OTHOBPEMEHHOTO BHUTOJIHEHHSA © HEYETKHX
BBIBOJOB YCTAHOBUM MapaUle/ibHO  MALIMH HEYCTKUX BBIBONOB
W GyseM BBOIHTh B HHX MApaJUIEbHO HEYECTKHE CIOBA. Kpome
TOTO, BCE HEHCTKMEe CNoBa B KaXIOM BHIBOAC pACHPec/M
B BH/Je HanmpDKeHWr nmo m W 72 (B JAHHOM _ciry4ae 25)
CHrHAHHBIM IIHHAM M CHTHAJIBI HA KaXJO# IIMHE Oynem obpa-
GaTHIBATH HezaBUCHMO M Tapannenbso. brok MAX na puc. 6.9
pealm3yeT CBsi3hb «a TAKKE» B MPABHJIE BHIBOJA, OH MOJYHAET

Bsod
Bead u3
"R

1§ Ay —> By

Heyemxas namsims a marke
L Ag—» B2

25 A, |8, Ay |8, As! |85 B Arl |Br a marxme

"~ 4

A 125 |25 A'| |25] ]25] A 1251 )25 A'| J25 |25 As Bs

Mexanusm a makxe

A MHB MHE MHA :

(MHE) a mawne

b1 8; L B A, —> B,
25 25 25 25
L M A X A
B/
BV
Aepadsu- 2
puKamop
Yemwue snavenis Hewemwud ss1809

Pac. 6.9. Bazosas apxurekTypa HEETKOTO KOMIIBIOTEDA.
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Puc. 6.10. 1L1ara HeueTKMX BBIBO/IOB HCYETKOFO KoMiblotepa FUZ-MMI1.

JIOTHYECKYIO CYMMY pe3yJIbTATOB BHIBOOB BCEX MAMIMH HEYET-
KHX BBIBOJOB. HedeTkue BrIXOMHBIE qaHHBIE (PE3YJILTAT BHIBOAA)
B’ 06BI4HO CIIOKHO HCMOJIB30BATH B BHE CHTHAJIOB C PACTpese-
JICHHBIMH HaNPSHKEHUAMH, II03TOMY ¢ TIOMOIIbo O10Ka ipeobpa-
30BAHHS HEYETKHX NAHHBIX BRIJAIOTCA JOCTOBEpHBIC 3HAYECHHS.
Bnok ¥ mMHa ympaBlieHMs JJiS CHHXPOHM3aiiM pabGoThI BCero
HEYEeTKOTr 0 KOMIILIOTEPA Ha pHUC. 6.9 )i MPOCTOTHI HE MOKA3AHEL

Ha puc. 6.10 npuseneH GOTOCHHMOK ILTATHI HEYETKMX BBIBO-
JOB EMOHCTPAIMOHHOTO HEYETKOTO KOMITBEOTEDA, CO3/JaHHOTO
IUIs TOKa3a Ha BTOPO# KoHbepeHuy MeXayHapogHoi acconya-
L¥H 1O HEYETKMM cuctemMam, cocrtossmeiics B Tokmo 20-25
utogist 1987 r. B kauecTBe nepudepuilHbIX YCTPOUCTB BBOja-Bbi-
Boja ObIIM MCHOOJIB30BAHBI CYIIECTBYIOMHKE NU(PPOBLIE CUCTEMB,
NO3TOMY OBICTpOmeicTBHE CHCTEMBI B [[€JIOM ONpENEsIoch
6picTponeiicTBHeM MPOBHIX cHCTeM. MexXay nByMst MOCBLUI-
KaMH B 3aHUH H3 ABYX MOCHUIOK M OJHOTO AEHCTBHS MOXHO
noctaButh corw3 WU wiu UK.

6.1.5. BYAYIIEE HEYETKHX
KOMIIBIOTEPOB

B nocnegnne rogsl KOMMbIOTEPHI BCE Yallle MPHMEHSIOTCS
AN JTOTHYECKHX BeIBOAOB. B 06nactu HckyccTBeHHOro mHTEN

I'aasa 6 341

JNeKTa YCHJIEHHO DPa3pabaThiBAIOTCA CEHHaNbHBIE TPOrpAMMbI
@ annapaTHLIE CPEACTBA AU BHIBOROB. OHAKO eCnH 6B MOXHO
HBUIO MEPEHOCHTH CMBICIIOBOE HEYETKOE HOY-Xay, KOTOpPHIM 06ia-
AT HMEJNOBEK-IKCMEPT, TO 3TO He MOTJIO GBI HE OTPasHTLCA Ha
«TBEp/IBIX 3HAHHAX» MPOCTBIX JMojed. Paspe «MsaTkue 3HaHmAy
[O3BOJIAIOT TAK YMEIO0 00pamaTbes ¢ HeYeTKOH nHpOpManmei,
conepXamneics B eCTECTBEHHOM s3bIke? B 3TOM cMbicTie HeyeTkue
KOMIIBIOTEPHl Ha3bIBAIOT KOMIBIOTEPAMHM IIECTOr0 MOKOJICHHS.
Mpottino 24 roxa V) co BpeMenu nybnmkammn crateu JI. A. 3apge
o Teopun HeueTkx MHOxecTB (1965). Ceroans, yuutniBas mpo-
rpecc NOJYNPOBOAHUKOBOH TEXHUKH, MOYTH HE TpebYeTcs cToMb-
KO BpEMEHH Ha KOHKPETHOE BOILTOMEHHe cHcTem. Ha Tpramatom
rofy mnocje CO3JaHMSl TEOPHH HCYETKHMX CHCTeM—B 1995 r.
BO3MOXHO, yXe OyyT BBIIYIIEHBI HA PLIHOK IPHKJIAJHLIE HEYET-
Kde KOMIBIOTEpbl HJIH MX CHMOHO3 ¢ 1M(POBLIMH KOMNLIOTE-
paMmH.

6.1.6. 3AKJIIOYEHUE

B nanHOM paspenie KpaTKO paccMOTpeHbI HeueTKHe BBIBO/IbI,
MCTOIBl MX DEANM3alMM C MOMOIIBIO ANNAPATHBIX CPEACTB
M [IPCUMYINECTBA HEYETKAX BHIBONOB. ONHAKO M3-3a TOTO, 4TO
Gonblelt 4acTbIo OHM BBITIOHSIOTCA TMPOrpaMMHO, HX MoJse3-
HOCTL HE TaK ouesuaHa. JIOCTOMHCTBA He4eTKOM 06paboTku
COCTOAT HE B TOM, YTO OHA OCHOBaHAa Ha IJIyBOKO npopaboTan-
HOM JIOTHXe, a B TOM, YTO 3TO BLICOKOCKODOCTHAS 06paboTka
Ha OCHOBC MOBEPXHOCTHOH JIOTHMKH, CIENOBATENHHO, €€ KH3H
B QLICTponeﬁcrann. ABTOpBI YOeXKAEHbI, YTO JOCTOMHCTBA HeyeT-
Koit oGpaborku me GynyT OYEBHIHBI A0 TEX MOp, MOKA OHA He
Gyner peasim3oBaHa aNnapaTHo, a He mporpaMmuo. OmHAKO BO
BCEM Mupe ume B Pupme «Toraii HH}PaTO[KHK» M B Iabopa-
TOpHH, B KOTOpOH paboTaioT aBTOpHL, paspabarsiBaroTcst cre-
gﬁ:ﬁg f;g:;rme M. COTPYRHUKH QHPMEI CTPEMSATCH K MO-

CKTHBHOCTH 1U(POBBIX CHCTEM, & ABTOPHI MMEIOT
ggr};;};)?mi?xy e3pemm 0 pa3paboTKe CHEH@ANLHBIX HEHeTKHX
MBSy PEACTB, HO B mo603\4 cilyYae UesbIo UCCIieT0BaHuM

BBIIIIEHHE ObICTpOneiicTBU.
xou ﬂiI:OTl‘;onbxo 3apaboraroT ObicTposeficTByIonME HeveTKHe
OTEPBL, TIOSBATCA JMIO/IM, MX MCTIONB3YIOMIHE, M, CIEI0BA-

\
b
Kimra srma s Stronuu s 1989 . Hpum. nepes.
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TENbHO, TOBLICATCA TpeboBanuA. Brarogaps 3ToMy Heuerxye
KOMIBIOTEPHl OCHACTATCA QyHKIHAMH GoJee BBICOKOTO ypoBHg,
W ere Yepes HECKOJIBKO NIET, MO-BHAMMOMY, KaXIbIH JKeIaroruyij
OyneT MMETh OQHOMIATHBIA HEYETKHH MHKPOKOMIBIOTED.

6.2. HEUETKOE ITPOI'PAMMHOE OBECIHEYEHUE

6.2.1. BBEJJEHUE

O6paboTka HeuwerkocTeii B nporpaMMax

Cpen MHOTHX pa3sHOBHAHOCTEH HEYETKOCTEH CilydaiHocTs
yX€ QaBHO ABNAETCS OOBEKTOM BBIYMCIIEHUH B KOMIIBIOTEPHEIX
nporpaMmax Ha OCHOBE TEOPHUHM BEPOSITHOCTH M CTATHCTHKH.
B HExkoTOpoM CMmpBICHE A3BIKH MOJETHPOBAHUSA MOXHO CYHMTATH
SI3bIKAMH TTPOTPaMMHUPOBAHUA IS OoOpaboOTKHM cliyyaiHOCTel,
HeueTkocTy no cux mop #3penka BBOOMJIMCH B 0a3bl [aHHBIX
H OTJENbHBIE MporpamMmbl, Ho popmasibHO 06paboTKa HeyeTko-
crefi He Obina mpu3Hana. Ckopee, HA060POT, MOYTH BO BCex
Cliydasix HEYETKOCTH YRAJSUJIMCh, TPHMEPB HMX CO3HATENbHON
ob6paborku O6simu penku. Ho mocne Toro, kak Gbi1a mpe/ioxeHa
TEOPHA HEYETKHX MHOXECTB, OCO3HATH BAXHOCTh HEUETKHUX IO-
HATHH, Teopus Oblia cUCTEMATHU3UpPOBaHa, a ee 3¢ PeKTHBHOCTE
NOATBEPXKIEHA, CTAIU pa3pabaThIBaThCAd MHOTOUHCIIEHHBIE TIPO-
rpamMmbl 06pabOTKH HEUETKOCTEH, MpeXxae BCETO B [EJIAX HeueT-
KOI'O yNPpaBJIEHHA, HEYETKOTO MATEMATHUYECKOTO TMJIaHHPOBAHUS
¥ HeyeTKoro noucka 6ubnumorpaduu.

Bmecte ¢ Tem Bce mogo6HbIE Mporpammbl OBLIH HATHCAHE! Ha
CYIIECTBYIOIINX S3bIKax mporpammupoBanus. Ho eciu 661 Oblia
BO3MOXHOCTb 00pabaThiBaTh Ha A3bIKE MPOrPaMMHUPOBAHHS He-
YETKHE MHOXXECTBA B MX SIBHOM BHJE, TO CPEACTBA MOrpamMMHpo-
BaHMA, OOBEKTOM KOTOPHIX ObinM OBl HEYETKOCTH, CTajd OBl
O4YeHb TNoJe3Hbl. Kpome Toro, oxupaercd, 4TO MPHMEHEHHE
TEOPUH HEYETKHX MHOXECTB K CaMOMYy NpOrpaMMypOBaHHI0
MO3BOJIMT CO34aTh A3BIKM IPOrpaMMHpOBaHMsd, oO0samaronme
HOBBIMH BO3MOXHOCTAMH N0 06paboTke HeueTKocTel. B gaHHOM
pasfeiie paccMoTpeHa ob6paboTka HEUETKHX MHOXECTB, a TakkKe
SI3bIKH MPOTrpaMMHPOBAHHUA, KOTOPhIE OCHOBAHBI HA TEOpPHUU HE
YETKHX MHOXKECTB ¥ KOTOPBIE HA30BEM HEYETKHM MporpaMMHbM
obecrevenuem. O cHepMATH3UPOBAHHBIX S3BIKAX THIA S3BIKOB
3ampoCcoB B HeueTKHe 0a3bl HAaHHBIX YK€ YIIOMHHAJIOCH BBILIC
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[15], no3TOMY 06BHEKTOM H3YIEHHS 3/1€Ch OyAyT TONIBKO YHHBEp-
bl
ca/lbHbIE S3BIKH KaK HEYETKOE MpOrpaMMHOE obecnieyeHne.

HeueTkoe NporpamMmMuoe odecneuenne

Heuerkoe MpOrpaMMHOe obecrieyeHHe, Kak yke rOBOpHIOCHh
pHIIIIE, MOXKHO Pa3/IENHUTh Ha A3BIKH HEYETKOTO MPOTPaAMMHPOBa-
s, KOTOPBIE, KaK M PaHBIIE, TO3BOJIAIOT 06pabaTpIBaTh HEYET-
KHe MHOYXCECTRA, H A3BIKH HEYETKOTO MPOrpaMMHUPOBAHUS, KOTO-
phi¢ BLIOJHSIOT YNPABICHHE MPOTPAMMAMH C HCTIONIb30BaHHEM
TEOpHH HEYETKAX MHOXECTB.

HeueTkue MHOXECTBA IPEACTABAAIOTCA C MOMOMIBIO (YHK-
1AM TPHHAJIEXKHOCTH, TIO3TOMY OTHCAHHUE HEYETKOTO MHOXECT-
Ba BO3MOXKHO C MOMOILBIO CYIIECTBYIOMIUX A3BIKOB MPOrpaMMH-
posanus. O[HAKO IS 3TOr0 HEOGXOAMMO JUIS Pa3JIMYHEIX Ore-
parmii Hal HEYETKHMH MHOXECTBAMH MACATh CIOXKHBIC TIPOENY-
pol. JKenaTenpHO B A3LIKAX MPOrPAMMHUPOBAHHS HMETH BO3MOXK-
HOCTb JIETKO OMHMCHIBATh HEYETKHE MHOXECTBA U MOJBL30BAThCA
BCTPOEHHEIMA omepayamu Haj HAMH. C 3To# neneio paspada-
TBIBAIOT SI3BIKH TIPOrPaMMHPOBAHHUSA, MO3BOJISIONIME BECTH 00pa-
BOTKY HEUETKHX MHOXECTB. PazymeeTcd, B TaKHX A3bIKaX Hapsamy
C HEYETKAMH MHOXKECTBAMM B Ka4€CTBE KOHCTAHT M MEPEMEHHBIX
MIPEACTABJISIOTCS ¥ OOBIMHBIE YETKHE faHHBIE. [IpAMEPOB S3BIKOB
B HACTOsIEE Bpems He Tak mHoro [16]. B pasn. 6.2.3 Mbl
NOAPOOHO 03HAKOMHMCS C A3BIKOM, MO3BOJSIOIINM 00pabaThl-
BaThb HEUYETKHE MHOXecTBa Ha Oaze a3pika JIMCII.

B s3bIKax HeweTKOro mporpaMMHUPOBAHHSA, HCTOJIb3YOLIHX
TEOPUIO HEYETKMX MHOXECTB IS YMpPaBJEHHA NOporpaMmoi,
KOHEYHO, MOXHO ONPENENATh U MPUMEHATh HEUETKHE MHOXKECT-
Ba, HO I'JaBHOE MX HA3HAYEHHE COCTOUT B TOM, 4TOOH 51HOO
YOPABIATL BETB/IEHHEM B MPOr pamMmax, JMO0 mosiydaTh BBEIBOOB
€ HCKOTOPBIMH BecaM¥ ¢ ToMomnbEo 3HaveHwil B [0, 1], nobabise-
MBIX K KaX10My OmMepaTopy, MM HedeTkHx mHoxecTB B [0, 1]
(MT0 MOXHO HHTEPIPETHPOBATh KaK 3HAYEHHs HCTUHHOCTH, MEPY
YBEPCHHOCTH, MEPY AOCTOBEPHOCTH, CTENEHb HEYETKOCTH H T. IL.).
OTH cpencrea moutu BCETa NMPHMEHSIOTCS B A3BIKaX Mporpam-
MHDPOBAHYSL I IOJTyEH S BHIBOLOB, K HUM OTHOCATCS HEYETKAs
pontykiHonHas cuctema [ 177, wewerkuit ITposor [18-207 u apy-
Te 13nku. B ornmume or A3bIKOB, B KOTODBIX BBIMOJHAEMBIC
ONePATOPEI CTPOTO OMpeteTenbi, B A3BIKAX HEYETKOTO nporpam-
I;’;g;‘zaﬂﬂﬂ, 06beKTOM 06pabOTKH KOTOPBIX SIBJISIFOTCS HEYETKHE

CTBA, KaXJI0My OMepaTOpy MOXHO MpPHIHCHIBATH HEueT-
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KO€ 3HAYCHHE UCTHHHOCTH. B pasn. 6.2.2 moppobuo paccMoTpen
OpUMEpP MPOTpaMMBbl Ha HeueTKoM [Ipodore.

HeveTkne nporpaMMuoe ofecneuenne
H annapaTHbie CPe/ICTBA

PeanpHoe HeveTKOE MporpaMMHOE OGECTIEYEHHE Ha camonm
HENE BHINONHACTCA HA 1MPPOBHIX KOMIBIOTEPAX, MOCTPOSHHBIX
Ha OCHOBE [BOUYHOH JIOTHKH, T.€. 3TO OfecrneveH e MUIIEeTCs 1y
CYIIECTBYIOIIUX A3bIKaX KOMMerOTEPOB. He kaxeTcs nu 31o
cTpaHHbIM? Teopus HeYeTKUX MHOXECTB MMEET [1eJI0 C HEYETKH-
MH OOBEKTaMH, HO CUMTAETCS ECTECTBEHHBIM, YTO METOMb HX
00pabOoTKH OCHOBAHBI Ha CTPOro# Teopud. Tem He MeHee ocra-
eTCst Npobiema ek TUBHOCTH 06paboTKy: Beab HEUETKOE Mpo-
TPAMMHOE OGECTeueH e, Kak IMPaBHJIO, UMEET HH3KOE GbicTpo-
JEHUCTBHE. DTO CBA3AHO ¢ TEM, UTO KAX/O€ 3HAUEHHE bysxumn
NPHHAJICKHOCTH, COOTBETCTBYIONIEE OJHOMY 3JIEMEHTY Heder-
KOTO MHOXECTBA, MPEACTABIAETCS C MMOMOIIBIO HECKOJILKUX
JBOUYHBIX Pa3psjoB, a OMEPAHH HAJ HEYETKUMH MHOKECTBAMHI
BBINOJIHAKOTCH MO3JIEMEHTHO, CTPOro ciemys NBOMUHOMY mpen-
CTaBJICHUIO 3HAYEHUH GYHKmil MpHHAJIEKH OCTH.

3Havenus QyHKHil IPHUHAIIEXHOCTH — YACHA, ONpeae/seMbIe
CYOLEKTHBHO, MO CYIECTBY OHY HE CTPOTHE, M HET HEOOXOTUMO-
CTH B MOOGHBIX CTPOTUX BEMMCIIEHHAX. B 3TOM cMEIcnie cpe/icT-
Ba 00pabOTKH HEUYETKHUX MHOXECTB B COBPEMEHHHIX KOMIIBIOTC-
pax U3OBITOYHEI C TOUKM 3PCHHUS MPEACTABIEHHS M BBIMHCICHUI.
Kpome Toro, apyras npuvuna MeUIEHHOrO BHIIOJHEHHS HEYCT-
KHX MPOTpaMM 3aKJIFOYAETCA B TOM, YTO OMEpaiyy Haj HEYeTKH-
MH MHOXECTBAMHM HEOOXOOUMO OCYmECTBIAThL IS KaXo0ro
3JIEMEHTAa MHOXECTBA. OHH BBIMOJHAIOTCA MNOCJIELOBATEILHO,
XOTs MO CYIUECTBY 3TO HapaJuiesibHasi obpaboTka.

Ipo6remy GBICTPONEHCTBUSA MOXHO PENIMTH, ECJH 3HAYEHHT
GyHKuui TPUHALUIEXHOCTH VIS KAXIOTO 37IEMEHTA (U3MUECKH
IpeacTaBisiTh B BHAE ONPEAEICHHOTO aHAJIOrOBOTO 3HAUCHUA
[21] nu6o npeacTaBASTH UX rPYNIAME 110 HECKONIBKY GHTOB [22]
H CIOpOCKTHPOBATH CHENMAJbHBIE anHapaTHbie cpencrBa Lld
HNapaieabHbIX BHIYHCIEHHN. DTO KOHUEMIHMY MOCTPOEH s HEET
KHX KOMITIBKOTEPOB, U3JIOKEHHBIE B pa3f. 6.1. Ogyako no HacTOd-
HIETO BPEMEHHU KAKMX-JIMOO0 HUCCIe10BAaHMM CBSI3M HEUETKOro npo-
TPaMMHOTO OOECHEYEHHs C HEYETKUMH KOMIbIOTEpaMH He Npo-
BOJIMJIOCh.

T'ra6a 6 . 345

R
Byayiee He4eTKOro NPOrpaMMHOr0 obecneuennsi

PeanbHO paboTaloOIee HEYETKOE MPOrPaMMHOE OGeceyeHne
B HAM [HM MOXHO TMEpECYUTaTh MO manbuaM. B mepsyro
ouepeh Pa3BUBACTCA HANPABJIEHHE, CBA3AHHOE C PACIIMPEHHEM
CYLIECTBYIOLIMX S3BIKOB CPEACTBAMH, MO3BOJAIOMMMA obpaba-
THIBATH HEUETKME MHOXECTBA U HEYETKME 3HAYCHUS MCTHHHOCTH.
IpobaeMy 6LICTpOACHCTBYS B OCHOBHOM PEIIAIOT MyTeM MpOEK-
THpOBAHHS CTENMANPHBIX ATMAPATHBIX CPEACTB Ha HUQPOBHIX
WM AHAJIOTOBHIX CXEMax Uil 0b6paboTKH HEYETKMX MHOXECTB
i nOGABIEHHs HX K CYLIECTBYIOINMM IMPPOBLIM KOMIBIOTEPAM.
Ecmd y4ecTb, YTO TEOpHA HEYETKUX MHOXECTB—ITO TEOPHS
crporoii 06pabOTKH HEYETKUX OOBLEKTOB, TO, MO-BHIMMOMY,
ammapaTHBIE CPEACTBA, Ha KOTOPHIX OyneT paboTaTe HeyeTkoe
OpOrpaMMHOE ODECTIEYEHHE,~ 3TO HEYETKHE KOMIMBIOTEPHI, Opra-
HHYECKH coveTaromue B cebe aHaiorossle v udposrie cBoiicTBa
(veueTkHe OOBEKTHI—aHAJIOTOBLIE, a4 CTPOTOE YIpaBJIeHUE — nud-
pPOBBHIE).

3aze mpeasIoXKII TIOHATHE HEYETKOTO aJropiuT™a [23] u npun-
[AMbl ONACAHUS CY)KICHHN Ha €CTECTBEHHOM $3HIKE C MCIMOJB30-
BaHpeM HeueTkod JOTHKHU [24]. KoneuHo, 6w1510 661 HOEaNbHO
CcBOOOHHO OOIMATHCSA C KOMMBIOTEpAMH HAa €CTECTBEHHOM S3LIKE,
COAEPXKAINEM HEYETKOCTH, HO ISl 3TOTO BMECTE C MCCJIE1OBAHHS-
MH TI0 TIOHUMAHHIO ECTECTBEHHOTO S3bIKA JOJDKHBI TPOBOIUThCS
HCCIIENOBAHUST HEYETKOH JIOTMKH U HEYETKHX KOMIBIOTEPOB.

6.2.2. HEUETKHNIA ITPOJIOT

Beenenne

Hponor — 31k MpOrpaMMUPOBAHHA, IIXPOKO HCIOJIb3YEMBIil
B CHCTEMaX HCKYCCTBEHHOTO MHTEJUIEKTA M JKCIEPTHHIX CHCTE-
Max. TIpoxor—-HenpoueaypHblit S3bIK. B ero OCHOBe JEXHT
JOTMKa TNpenMKaTOB MEPBOrO MOPAAKA, a B KAYECTBE MpABHI
BbIBONa ucnone3yercs npuHmmun pesoonyit. JIornka mpeapka-
TOB nepsoro nopsaxa - cucreMa By3HAuHOl soruku. OHa mpes-
fionaraet, 4ro sHavenus nOrAuECKUX MEPEMEHHBIX B CYXJIECHHIX
H IpeIMKaTax MOryT 6bITh TGO HCTHHOIM (1), m60 noxeio (0).
HACTHOCTH, Kax /b onepatop [Iponora cooTBeTcTByeT OHON
J0rHueckoft dopmyne u MpeanoaaracTCs, 4YTO 3TH ONEPATOPLI
4KTBl ¥ TIPaBHJIA) OGHIMHO MCTHHHBL
APYTOif CTOpOHBI, B HEYETKOI JOTHKE 3HAYEHUS UCTHHHO-
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CTH BCEX JIOTMYECKAX MEPEMEHHBIX—3TO HE TONBKO HCTHHA (1)
unn J10Xe (0), Kak B ABY3HAYHOI JOTWKe, OHE MOTYT IPHHUMATY,
mobute 3padeHuss B uHTepBase [0, 1]. Takum obpasom, ecim

kaxaoMy oneparopy IIposora npucBOUTh NPOH3BOIBLHOE 3Have.

pe B [0, 1] ¥ MHTEPNPeTHPOBATH 3TH 3HAUEHHSA KaK 3HaYeHuy
UCTUHHOCTH WJIM CTEMeHb JOCTOBEPHOCTH, TO MOXHO Obi/10 Gy

JenaThb BLIBOABI J&XKE H3 HECUETKHX (I)aKTOB H HEXOCTOBEPHEBIX

npasui, a 6J1aronapﬂ 3aKJIIOYECHHUAM CO 3HAYCHAIMH UCTHHHOCTH

B [0, 1] MOXHO 65UI0 GBI MEHSTD MOPAIOK YIIPABICHHS IPOTPAM- .

Moii. Bece 310 cTUMYyJHpYeT HccnenoBarus Heyerkoro Ilponora,

IIpu paspabGorke HeueTkoro IIposiora HeoGXOaMMO Hepe-
CMOTPETS JIEKAIIMI B ero OCHOBE MPHHIMI PE30JIONMH C 103y-
u#it HeveTko#l Jjormkm [26, 27]. B naHHOM pasjese KpaTko
u3noxeHsl naen HeveTkoro ITposiora, OCHOBaHHOIO Ha IPHHIE-

Hax HEYeTKMX pe3onronuil. PaccMaTpuBaeMelil 31€ch HEHETKALT

Mponor norryecks MHOTO3HA4eH, U B KAYECTBE 3HAUCHUH HCTHH-
HOCTH BhIOmparoTcs He mpom3BonbHBIE 3HaueHms B [0, 1], a
HcTonb3yeTcs HeueTkoe MHOXecTBO B [0, 1] (koTopoe HasmiBatoT
NYHTBHCTHYECKMMH 3HAUCHHSIMHM HCTHHHOCTH), XOTS JO HACTOs-
[IETO BPEMEHH MPUHATE HEYETKHX PE3OIONUA IS JIMHTBUCTH-
yecKMX 3HAYEHHH MCTHHHOCTH €Li€ HE BIOJHE SCHBL

CreneHb JOCTOBEPHOCTH Pe30.TIONHH

[MpuHMO PE30JIOUA 1O YMOIYAHUWIO JONYCKAET ClIPAaBENiH-
BOCTbL 3aKOHa KOMIUIEMeHTapHOCcTH A-A = 0. B pBysHaunoit
JIOTHKE, pa3yMeeTcs, 3TOT 3aKoH cnpaseninb. Hanpumep, capa-
MUBAETCH, CUPAaBEMBO Ju B, ecid 3anaHo mpaswio 4 — B
n ¢akT A? 3ameHuM A —» B Ha A\/ B, no6GaBuM K TpaBmily
u (akTy orpunanue B nckomoro B, u u3 muoxectsa {4\/B, 4,
B} BrBeseM mpoTHBOpeuHe, a uMeHHO u3 A \/ B u A, nomyckas,
uro A-A =0, BuiBeneM B, a u3 31010 B M B, nomyckas, 41O
B- B = 0, nonyaum npoTupopeyme. KcraTu, B ciydae HEHETKOHA
JIOTHKH 3aKOH KOMIUIeMEHTApHOCTH He Beera clpaBeJuB, NO-
3TOMY 3TOT METOJ HENb3s HCMOJIb30BATH B MPEXHEM BHUIE.
A w B, ucnolb3yembie AJii BbIBOgAa B MNPHHHMIE HEYETKHX
pe3omopdil, Ha3piBarOTCA KJOMEBBIMH cioBamu. CremeHb 10~
CTOBEPHOCTH PE30JIFOIMI BBIBOJA ¢ MCTOJIb30BAHHEM KJIHOUEBOTO
cnosa A ompepensieTcs cleayrolmmmM o6pa3oM:

Creneds gocropepHocTa peszomorud = max (C,, C3).

3necs C,(C-) HaspIBAOTCA CTENEHSAMH [10CTOBEPHOCTH A(4)
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/’
Puc. 6.11. Crereds  HocToRep- 8 1
HOCTH PE30JIIOTHH. 2
g %
ic
B
Sa
S
g
Q0 ]
1

=
o o[

u onpelensroTcsa Kak
C = (T(A)—05) x2,

roe T(A)—3Ha4eHHE HCTUHHOCTH A. B cnyvae nBy3Ha4HOH JIOTH-
xu T(A4) oObMHO paBHO 0 unu 1, a B cinyvae HEYETKOH JOTHKH
[IPHHHMAET MPOU3BOJIBHOE 3HAUCHHE B [0, 1]. Crenenp nocrosep-
noctu C, IpH T(A), paBHOM 0,5, MpUHUMAET 3HAYEHHE 0, a mpu
T(A), paBHOM 0,-3nauenue —1. EciM npeanosioxuTh, Hro
TA) =1~ T(A), TO cTEeNeHb {OCTOBEPHOCTH PE3OIOHH OyneT
pasa |C,| (puc. 6.11). Takum 06pa3om, ecny [eTaeTCA BHIBOX
¢ WCIHOJIp30BAHMEM KJIOYEBOrO CliOBa A4, 3HaYCHHE HUCTHHHOCTH
xkoroporo pasHo O (CTPOTO JIOXb) MIH ] (CTPOrO MCTHHA), TO
CTENeHb JOCTOBEPHOCTH PE3OJIIOMM PaBHa 1, a €C/iM 3HAYCHHE
ucTHHOCTH pasHO 0,5 (coBceM He SICHO, HCTHHA HJIH JIOXb), TO
creneHp pocrosepHoctd pasHa (. CreneHb nOCTOBEPHOCTH MOJI-
HOIl PE3OJIFOIMM )i BBIBOAA CTPABEMIHBOCTH B ¢ HCNOIB30Ba-
HUEM A M B paBHa MeHbIOIEH M3 CTENEHEH OOCTOBEPHOCTH
OTNENBHBIX PE30IIONHM, T.e. ompepensercs Kak min(|C,, Cgl).
Braropaps 3rOomMy B HEYeTKOH NOrMKe NPHHAMAETCH METOR
BLIBOjia, TIPH KOTOpoM HHbopmaiust A-A4 u B- B, mpencras-
asgiorast B 00IIEM Ciiyyae HEMONTHOE MPOTHBOPEYHE, 3aBUCHT OT
GOPMBI CTEMEHH JOCTOBEPHOCTH PE3ONIOIHIA.

Ilpumep nporpammnl Ha HeueTKom Ilpoore

Ob6bicHEM Ha OYEHb MPOCTOM TPHMEPE HIEH HEYETKOTO
Hponora. 3aitMemcs mouckoM Xenaromm|X HaiTe gpyra. Jns
TPOCTOTH Gyfem cYMTATH B KauyecTBe YCIOBHH [uis apyra (mon-
PYTH) ToNbKO nBa aKTOpa: MOJNOAOCTH M obecreyeHHOCTh. Ha
pEC. 6.12 moka3aHa QyHK[MA OPHHALJIEKHOCTH HEYETKOrO MHO-
XeCTBa «Mononoil». JlaHHbIE MOCTPOEHH MO PE3yIbTaTaM pealb-
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Pac. 6.12. Oynknas npHHAAIeKHOCTA MHOXECTBA «MOAOIOH».

HOTro aHKeTHpOBaHHs. B HewerkoM Ilponore st dakTbi onpe:e-
JUM KaK QYHK(MIO MPHHAIUIEXHOCTH CIIEQYIOMHM obpazom;

/* PYHKIHS TPUHAIEKHOCTH TMOHATHS «MONOIOMH» */

Mosonoit (Bospact) {0/(0), 0/(13.5), 0.0155/(14.5), 0.2093/
/(15.5), 0.3953/(16.5), 0.5194/(17.5),
0.9612/(18.5), 0.9690/(19.5), 1/(20.5),
1/(24.5)} mosToputs # 10.

mononod (Bospact) {1/(24.5), 0.9922/(25.5), 0.7984/(26.5),
0.7829/(27.5), 0.7674/(28.5), 0.6202/(29.5),
0.5969/(30.5), 0.2093/(31.5), 0.2093/(32.5),
0.2106/(33.5), 0.2106/(35.5), 0.0078/(36.5),
0/(40), 0/(120)} nosBToputs # 14.

Yucna B ckobkax 0603Ha4arOT BO3pACT, a upcaa nepen kocol
YEPTOMH — 3HAYCHHSA DYHK[(MH TIPUHA LIEXHOCTH JUIsl JAHHOTO BO3-
pacta. Ha puc. 6.12 QyHkyus npuHamnexHoCTH MOCTPoeHa
HENpEPLIBHOM JIMHMEH, a 30ech QyHKHS OTpeneNseTCS qUCKPET-

—

Obecnevernsi: (Gers2u)

200 400 600 800 1000
Jdenseu x 10 msic. wew

<

Puc. 6.13. ®yHk#A NPUHALTOKHOCTH MHOXECTBA «BoraThii
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Bozamsnui (Bersat)

Y0 40 600 800 1000
Agugeu x 10 . uey

Puc. 6.14. PyHKuHMS OPHHAUIOKHOCTH MHOXECTBA «OOCCHEUEHHbIIH».

HO C HCTONBb3OBAHMEM XapaKTEpPHBIX ToYeK. [TpoMexyTouHbIe
TOYKH OQNPEAETAIOTCA IO 3HAYECHHAM JIMHSHHOM anImpoOKCHMAIIHH.
Qb6ecredeHHOCTh OyneéM OneHMBaTh MO CyMMe BKiaga B OaHke.
OyHKIHHA TPAHAUIOKHOCTH TPEX HEYETKHMX MHOXECTB «0OTaThIy,
«obecrieueHHbI» ¥ «OenHbEA» IOKa3aHbl Ha puc. 6.13-6.15.
OnuieM ux Ha HeueTkom [Iponore cieayromum o6pasom:

/* @YHKIMM MPHHANEXHOCTH A1s aeHer (x 10000 ien) +/

orareit (Jensru) {0/(0), 0/(100), 0.1 /(200), 0.2/(250), 0.35/
/(300), 0.4/(350), 0.55/(400), 0.7/(450),
0.85/(500), 0.9/(600), 0.95/(800), 1/(1000),
1/(10000000)} mosropute #13.

obecnievernptit ([lennru) {0/(0), 0/(80), 0.1/(90), 0.15/(100),
0.25/(120), 0.40/(140), 0.65/(160), 0.9/(180),
1/(200), 1/(400), 0.8/(450), 0.6/(500),
0.35/(600), 0.2/(700), 0.1/(800), 0.05/(900),
0/(1000), 0/(10000000)} moBTOpPHTH # 18.

—

Bednsrd (Genszu)

O 20 40 60 80 100 120 140 160 180 200
Aewvzu * 10 msic. ey

Puc. 6.15. DyHkyua NPHHANJICKHOCTH MHOXECTBA «OEAHLIN.
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Gemubiit (Mennru) {1/(0), 1/(50), 0.85//(80), 0.8/(100), 0.7/
/(120), 0.85/(140), 0.35/(160), 0.1/(180)
0/(200), 0/(10000000)} OBTOPHETH # ()

Yucna B cKoOKax 0603HA4arOT JEHEKHBIA BKJIAX B eCaTKAx
THICAY MEH, CMBICT APYTHX YHCEN TOT XK€, YTO M BBIile,

JlomycTrm, MMEIOTCA faHHBIE O TPEX AEBYHIKAX M [pyx
fopomax. Hanpumep, Ecuuara: pesymika, Bo3pact-33 ropa,
BKJIan~— 13 miH. feH. DTO 3amfImeM Tak:

/+ Umena, Bospact u Bkaan (x 10000 fien) ximenton =;</
npesyumika (Ecunara’, 33, 1300).

Jlng oByx ppyrux gesymek Simacmta M Mcupa 3amuineMm anano-
THYHO!

nesymwka (“SImacuta’, 25,350).
nesymka ("HMcuna’, 20, 60).

Jns nByx rowomeit Tanaka u CaTo 3amuimieM:

roHoma ("TaHaka’, 42, 4000).
roHowa ("Cato’, 26, 250).

ITpu 3TOM HMEIOTCA BCe AaHHEIE O dakTax. DAKTH O FoHoOIax
¥ JeBylIKaX YCTAHOBIICHBI JOCTOBEPHO, NO3TOMY BCE OHHM HMEIOT
MEpY HCTHHHOCTH, paBHYIO 1 (B 3T0M cnydae 1 Oygem Omyckath).

“Tenepb 3apaguM Tpasuna. ITycTs g::m{ara CYHTAET, YTO €€
APYTOM MOXKET OpITh OOraThii FOHOINA, HE3ABHCHMO OT Bo3pa-
cTa. AHanoruyuo SIMacura Xxortesja Obl ¥METh MOJIOJOTO M HE-
6enHoro papyra, a Hcuma—mosiogoro, HO TOJBKO OoraToro
Jpyra. 3TH mpasuia 3anumeM Ha HedeTkom Ilposore ciienyto-
M obpasoMm:

/* [AeBYLIKH, KOTOpblE XOTAT HAHTH Apyra */

apyr (’Ecnﬂara’, FOnowa): - ronopa (FOpomia, _, JIeHbIH),

Goratblil (JleHsry).
apyr (SAmacuta’, ¥Ouoma): —ioHoma (¥Opoma, Bospact,
Jenbru), ne (6emuptit (Jensru)), Mononoii (Bospact):
apyr (Ucppa’, IOHoma):—ronoma (IOnoma, BoapacT,
Jlensru), 6oraTiit (Jlensru), Monono# (Bo3pacr).

IMycTs IOHOINH CTaBAT CICAYIOIIME YCIOBMS CBOMM IOIPY

ram:

/* FOHOIIN, KOTOPBIE XOTAT HAMTH MOOPYTY */

noapyra (‘TaHaka’, [leBywka):- nepyiuka ([leBymnka, Bos-

pacr, —), mMononoi (Bospacr).
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/’— )

noapyra (‘Cato’, JlesymKay: —nepymca (desymxa, _, _)

Hakoren, A% B3aMMHOTO MOHCKA yCTAHOBHUM Cliefyrolee
npapuwio.

/x [Ipapuio JUIs 3HAKOMCTBA IOHOUIM M HEBYIUKH, KOTOPbIE

XOTAT OBITE 1PY3bsSMH */

spakomcTBo (FOmowa, Jlesywka): ~moppyra (FOuomia, He-

BymKa), npyr (desywka, FOgoma) {0.6, 1}.

Yucna {0.6, 1} B KOHNC Np3BENa 0GOHAYAIOT Bec mpasHIa.
O HeM MBI CKa)keM HIXG,

Meron BeBOxa B Heverkom Ilposiore

Ho cux mop onpenensucy, GaKThI U NPaBUIA 115 3HAKOMCT-
Ba. 3aazuM Temepb HECKOIBLKO BOMPOCOB.
Bompoc 1. KTo u3 roHome#t GoraTeii?

?—1on0ma (FOxoma, __, Henwru), Gorarbrii (Henbru).
({0Howa = "Tagaxa’, [Heuvrs = 4000) {MT = 1.0000, T =
= 1.0000 c CONF =
= 1.0000}
(¥Onoma = Cato’, [leHpru = 250) {MT = 0.3200, T = 0.2000 ¢
¢ CONF = 0.6000}

3neck T-3n3uepue ucrugHoct otBeta, CONF —~cremens
HOCiOBepHOQTH PE3QMIOUNH BRIBO 1a, MO KOTOPOH TIOJIyUYCH OTBET,
) CYMMApHOE 3HAYCHHE UCTHHHOCTH. [lepBble J[Ba 3HAYCHUSA
q(T);Hble H NOJDKXHbI paCQManI/IBaTb(_:ﬂ OTACNIPHO, HO OYEBHUHO,
o HX Jy9Iie O0heAMEnTS B OMHO 3HAYEHHE, TIO3TOMY OTpee-
06: q:gefly;?mm o6bpazom MT: mpu T=0,5 u CONF =

[" no. (

Honytae HOMXHO GHITR paBueiM (,5. U3 3TOro TpebopaHuMs

MT= Cr x CONF x 0,5 + 0,5 =

=(@2T~-1) x CONF x 0,5 + 0.5.

B

" Kﬁ:g“g’gf HMIJ)II;I{M;[;C TgHaKa—6e3ycn03H0 6orathiit. Cato mmeeT

«60ra"n,;ﬁ (25.()&» H. SHa4eHHe QyHKIMM MPHHAIEKHOCTH LIS

T=05 Kmoqu PaBHO 0,2, a 3HaYeHWe HCTHHHOCTH TPH 3TOM

250, cromons O€ CJIOBO BBIBOJA B 3TOM Clly4Yae — «5OTaThIiD»

Pasia CONPE. 'ngcrosepﬂocm PE30JIOMA 10 ONpPeESICHAID
T Borarmuit (250)[ = 1(0,2 e 0,5)' X 2= 0,6‘ Taxum
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06pa3omM, CyMMapHOE 3HaueHHe HCTHHHOCTH
MT=2x02-1)x0,6x0,5+0,5=032.

3nece 3Hauenne M T meHpinee 0,5 o3Hauaer «HeGOTaTHI). O6pa-
THTC BHUMAHHE Ha TO, YTO BBIAAKOTCH ¥ OTPHIATENbHBIE pe3yiip.-
Tatsl. B [Iponore, ucnonbsyromenm ABY3HAYHYIO JIOTHKY, Bbldayy
TaKoTO pe3ylbTaTa HEBO3MOXHA. JTO OAHA U3 0COOEHHOCTEj;
HeueTkoro [Ipomora.

Bompoc 2. Kto u3 pesymex monopas?

?-nesymka (JeBymka, Bospacr, ), monopoit (Bospacr).
(Hesymka = Ecmuara’, Bospact = 33) {MT= 03318,

T= 02100 ¢ CONF = 0.5801}
(Aesymika = *SImacura’, Bospact = 25) {MT= 0.9922,

T=09961 ¢ CONF = 0.9922}
(deBymka = "Heupa’, Bospact = 20) {MT=(.9895,

T= 09845 ¢ CONF = 0.9690}

KOHEILI

B srom cnyyae otseTs! ¢ peBymkamu Smacuta u Hcupa nourn
HCTHHHBL, a anst EcuHara nosnyyeH orpunartenbHblt pe3yibTar.
Bompoc 3. Koro ¢ kem mMOxHO mozHakoMuTs?

?-3HakomcrBo (FOHOMmIA, Henynika).
(FOnoma = "Tanaka’, [leBymka = "Ecunara’) {MT = 0.2100,
T=0.0000 ¢c CONF = 0.5801}
(FOnowa = *Tauaka’, [leByika = Simacuta’) {MT = 0.0039,
T= 0.0000 ¢ CONF = 0.9922}
(fOnowa = "Tanaka’, /[lepymka = "Hcupa’ {MT=0.0155
T= 0.0000 ¢ CONF = 0.9690}
(fOnowa = "Caro’, [epymxa = "Ecunara’)  {MT= 0.2000,
T=0.0000 ¢ CONF = 0.6000}
(lOHowa ="Caro’, [lesymka = fIMacuta’) {MT = 0.8953,
T=1.0000 ¢c CONF = 0.7906}
(lOnowa =Cato’,  [eBymka = "Mcuna’) {MT= 0.2000,
T=0.0000 ¢ CONF = 0.6000}

Kpowme mapst Cato u SImacuta Bce 0TBeTH OTPHIIATEID-
HBIC, T. €. MaJIa BEPOATHOCTD 3HAKOMCTBA. M T MOXHO HHTED
MPETUPOBATEL Kak Mepy 3710f BeposTHOCcTH. Hanpumep, fo-
npobyem npocneuTs BHIBOA mapbl Cato U Ecunara. [Mpexrno-
CBLIKH MpaBMJL I MOUCKa Apyra: mogpyra ('Cato’, *Ecuna-
ra’) u apyr (Ecunara’, ’Caro0’), COOTBETCTRYIOIHE 3HAYCHAA
HCTHHHOCTH — |, 3HAY€HHE HCTHHHOCTH 6OraThbii (250)*0,2
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KauyeCTBe 3HAYEHHS HCTHHHOCTH TPEANOCBUIOK BhIGHpacm
; mee—0,2. CkaxeM HECKOJIBKO CIOB O BECax MpaBHJI.
;AI‘;)I;I]);I/IIIHM MOXHO NPUCBOHTH MPOU3BOJIBLHOE MHCIIOBOE 3HaA-
yenne u3 [0, 117, DTO 3HAYEHNE, MIIH BEC, OTIPENIENSIET «MEPY
JCTMHHOCTH 3aKJIOYEHHS, €CIIM MCTHHHA TPEANOCHUIKay. s
ero BHIMHMCJICHHS HCTONB3YIOT Gopmyy

Bec npasuiia = CTENEHL TOCTOBEPHOCTH MPEATIOCHLIKH X
Cremnedb QOCTOBEPHOCTH 3aKIFOUYEHHUS.

C noMouIbio 3T0H GOPMYJibI MO CTEIICHH IOCTOBEPHOCTH Mpef-
[OCKUTKH BBIMMCIISIOT CTEMEHb 10CTOBEPHOCTH 3aKIJIIOUCHAS. Jnsg
peca MOXHO yKa3aThb HEKOTOpDbIH MHTEpBA/ SHAuCHHH. Hanpu-
mep {0,6; 1}, n06aBICHHbIH K OPAaBHIY, O3HAYAET, YTO BEPXHAN
rpasmua Beca pasHa 1, a awxaaa —0,6. CreneHb NOCTOBEPHOCTH
C, 3aKJIIOUCHHS Q npasuna P — Q {sepxusa rpanmua, anméx
rpaHuia} OpH YCIOBHH, YTO 3aJaHA CTENCHE L.IOCTOBepHOCTPl P
IIPEANOChUIKH P, BBIMHCISETCS MO Gopmyiam:

|Cp| < HHDXKHSSL TPaHHUIIA = BHIBOJ HEBO3MOXEH, (6.13)
moxHss rpaiuna < |Cp| < Bepxsag rpagmna = Cy = |Cpl|/Cp,

(6.14)
| Cp| > Bepxmss rpanuua = C, = epxuss rpanuuna/Cp. 615

Ecu Bec omymeH, OH mpeanonaraeTcs pasHbiv {0, 1}. B ykasan-
HOM BBRIILE MPHMEPE CTEICHb IOCTOBEPHOCTH MPEATOCHUIKH paB-
Ha (0,2 — 0,5) x 2 = —0,6, cTeneHp JOCTOBEpHOCTH 3aKJIFOUECHUSA
u3 Gopmysl (6.14) paHa — 1, T. €. 3HAYEHHE HCTHHHOCTH paBHO
0. Crenesp 1OCTOBEPHOCTH PE3OJIIO[MH B 3TOM Cliydae Ompeje-
JHETCA TIO KJFOYEBOMY CJIOBY 6oratsiit (250) u paBHa | —0,6] =
= (,6.

Jakirouenne

B neweTkom IIponore, ¢ KOTOPbIM MbI O3HAKOMHJIHCH BBILIE,
MOXHO WONyYaTh 3aKJIOMEHUA CO 3HAYCHHAMY HMCTHHHOCTH H
CTeNCHAMH OCTOBEPHOCTH pesomoiid. Kpome TOro, MoxHO
OrepApOBaTE faxe ¢ OnepaToOpamMH, HMEOIIEMHE 3HAYEHHS UCTHH-

—_—

1 s -
) ®axTiyeckn JONYCKAETC TAKXKE OTPHLATEIbHBIN Bec, OH O3Ha

46T MepY mxck (HCTHHHOCTR) 3aKIOUEHHS B Cllydae RCTHHHOH (JTOXHOM)
HpeRnochiky,

23-683¢
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gocTd MeHblie 0,5, 4To coBepiueHHO HeBO3IMOXHO B Ilponore
[IOCTPOEHHOM HA JBY3HAYHO} NOTuke. B KauecTBe Me€TOna B
JHCIIEHHs] CTEMEHH AOCTOBEPHOCTH 3AKIFOUCHHUSI WM 3Haveyyy
HUCTHHHOCTH KPOME YKa3aHHOTO BBILIE METOLA MOXHO UCTIOJIb30-
BaTh M APYTHE, HO ONpABAATHL BLIOOP TOTO HIH MHOTO METOs
MOXHO, IMIIb [OJArasgch Ha MHTYM[[MIO HJIH TPOBEAs psp
3KCEpUMEHTOB. B eHCTBUTENBHOCTH CYIECTBYET HEMAJIO Ty-
HOB HEYETKOCTEH W 3a/auad 3aKJIOYAETCS B TOM, 4TOOBI yToy.
HATH, YTO O3HAYAET HEUYETKOCTh OOBEKTOB, KOTOPHIC MBI COGH-
paeMcsi MCnOJb30BaTh B HevyeTKoM Ilpoore.

6.2.3. CUCTEMA OEPABOTKH
HEYETKUX MHOJKECTB HA JIMCIIE

Ipu peaym3apyuyu PUKIALHOR cucTembl [15], OcHOBaHHOI na
HedeTKHX MHOXecTBax [28], mpexpe Bcero HeOOXOMMMO Hafmg-
caTh HOUPOTPAMMBI TIPEACTABJIEHHs H 00PaBOTKH HA KOMITbio-
Tepe HEYETKMX MHOXECTB, a 3aTEM YK€ CTPOMTE COOTBETCTBYIO-
Iy¥ OpUKIagHyro cucTeMy. OpraHu3anus npeacTaBleHUus U
06pabOTKH HEYETKHX MHOXECTB KOHKPETHOTO THIA HE TaK CJIoX-
Ha [16], HO eCIi1 UCTIONB3YFOTCS TAKXKE HEHETKHE OTHOLLCHHS, To
3TO yXKe TPEACTaBIsAET ONpENENIEHHbIC TPYIHOCTH. [JlOCTATO4HO
CIOHO PEANM30BATH HCHOJIB3OBAHUE HEUETKUX MHOXECTB BT0-
pOTO pofa (HEYETKHX MHOXKECTB, O[IEHKA KOTOPBIX TAKXKE ABJIACT-
¢Sl HEYEeTKHM MHOMKECTBOM) HMJIM HEYETKHX MHOXECTB BTOPOIO
YPOBHSI (HEYCTKHX MHOXECTB, JJIEMEHTHl KOTOpPBIX SABISIOTCA
HEYETKHMH MHOXKECTBaMH).

Mymano u ap. [29-31] mocTpounu cucTeMy, KOTOpas no3Bo-
asieT 06pabaTLBaTh TPAIHUMOHHLIE HEYETKHE MHOXKECTBA HA
Gase s3pika Jinen. OTa cucTeMa MMeeT HECKOJIbKO Bepeui. Hitke
MBI OTHIIEM cHcTeMy Ha 6ase mulLisp-86 1 (paGoTaromeit mox
ynpasieaneM MS-DOS ?) na xommbrorepax cepua PC-9800.

OcoGEeHHOCTH 3TOH CHUCTEMBI:
® BO3MOXHO IpeacTaBieHue ¥ 06paboTKa HOYTH BCEX MPELTIO-
XEHHBIX 10 CHX MOP HEYETKHX MHOXKECTB M HEUCTKHX OTHOLICHHH;
® HeueTKHEe MHOXECTBA 3amMChIBAIOTCS B €CTECTBCHHOM BHIC
¢ MCnONB30BaHMEM CKOGOK { }, a HAGOpHI 3HAYEHHUH C UCTIONB30-
BaHueM CKOGOK { );

1 muLisp-86—Toprosast Mapka ¢upme1 Soft Warehouse.
2) MS-DOS - toprosas mapka ¢upmsl Microsoft.
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o TPEIYCMOTPEHO MHOXECTBO BCTPOCHHBIX hyHKIMI 66pa6oTKH
geMeTKHX MHOXECTB;

¢ BO3MOXKHO OTIPENENCHHE COOCTBEHHBIX (yHK[Hit 06paboTku
HEUETKHX MHOXECTB,

o Qyuxuun JIHCa HMCTIONB3YIOTCS TAKXKE IS HEUETKHX MHO-
XecTB M HAOOPOB 3HAYCHMH (BLIYMCIEHHMS IO MPHH{HUMTY PACILH-
pesmst [321);

# 0¢3 H3MEHEHHUA HCTIONBb3YIOTCS MOMTH BCE BOMOXHOCTH Jlucma
M T.IL

Hmxe BO3MOXHOCTH 3TOH CHCTEMBI PACCMOTPEHBI Ha He-
CKOJIbKHX TIpEMEpaXx.

[pamep 1. IlpeacTaBiieHne HEYETKHX MHOMKECTB H HEYETKHX
oromennii. B 1aHHOI CHCTEMe HEueTKHE MHOXECTBA 3aMUCHIBA-
JOTCS C MOMOIIBIO CKOGOK { }, a HeueTkMe OTHOmMEHHS—C 1o-
;;omb;o cko60k {} M () Kak HabOp HEUCTKHX MHOKECTB,

anpuMmep,

eueTkoe MHOkecTBo: {0.1/a, 0.2/b, 0.3/c},

HeueTkoe oTHomrende: {0.3/<a, 1>, 0.9/<b, 2> 0.l/<c
3>} o ’

st 3aMeHbl 3THX MOHATHH Ha TepemeHHbIe uenonwsyercs
¢ymkuust Jlucna setq. Jlns 3amMeHBI HEUETKMX MHOKECTB Ha
nepemeHnbie F1 U F2 MOXHO 3amucaTh

- (setq F1 {0.1/a, 0.2/b, 0.3/c})
{0.1/A, 0.2/B, 0.3/C}
— (setq F2 {0.7/b, 0.2/c, 0.4/d})
{0.7/B, 0.2/C, 0.4/D}

4 A7 3aMEHBI HEYETKHX OTHOMeHmit Ha Rl u RD
—(setq Rl {0.3/<a, 1>, 0.9/<b, 2>, 0.1/<é, 3>})
{03/ <A, 1>, 09/ <B, 2>, 0.1/ <C, 3>}

—(setq R2 {0.5/<b, 2>, 0.8/<c, 3>, 1/<d, 4>})
{0.5/<B, 2>, 08/<C, 3>, 1/<D, 4>}

3mecy — 0603xayaer o
€ BCe 3a nopn
CTpoKy,
€1Cs1 Ou
Kpag

ACKa3Ky U3 cuCTeMbl. Takum o6pazom
A cncrmgx;gxon NoJib30BaTEeNhL BBENET nonqepxﬂyryrc;
ety e ICHHTAET (B JlMCne aTa onepauus Ha3LBa-
. maqemz;HLle AaHHbIC MONB30BATENA U BHIIACT Ha

B CIHCOYIOIEH CTpoke. ABTOMAaTHYECKH
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HpOU30iJeT 3aMeHA 3Ha4YeHHH B QYHKIMM Setq, ¥ COOTBETCTBY-
[OIME HEYeTKOEe MHOXKECTBO M HEYETKOEe OTHOWEHHe Oynyr
Bblganbl Ha JkpadH. B cucreme mulisp-86 Bce o603HaveHuy
CTpOYHBbIMH 6yKBaMH MPEBPAMAIOTC B 0603HAYCHH S HPOMHCHEI-
MH OykBaMH.

B naHHO cucreMe KaK YACTHBIE CIIyYaM HEYETKHX MHOXeCTB
¥ HEYeTKMX OTHOINEHMH MOXHO TNpEACTaBHUTbh TPAAHIMOHHLIE
MHOXECTBA U OTHOILIEHHS, HEUCTKHE MHOXECTBA # POJA U Hever-
KME MHOXECTBA m ypOBHS B Ciydae BIOXeHHA CKOGok { },
HeyeTKHE MHOXecTBa [;TMma B cCliydyae TpPYIIOHPOBKHU O[CHOK,
a TaKKe HEYeTKHE MHOXeCTBA B Cliydyae KOMOMHAIMH Bcex
nopobHeIX 0603HaveHuH [29].

Ipavep 2. Onepam HaJl HEYCTKAMH MHOXeCTBaMH. Bbinon-
HUB OmepayMy B MpumMepe 1, Mbl BBeneM mepemenHbie F1 u F2,
3HavyeHds] KOTOPHIX CyThb Hederkue mHOXecTsa. IlosTomy ms
nonyyeH st UX OObeIMHEHUs] M MEPeCeuCHUs 3amuIIeM

-» (union F1 F2) ; OOBEIMHEHHE MHOXECTB!
{0.1/A, 0.7/B, 0.3/C, 0.4/D} CTMEPAIILT OUCHKHM=IHAK;
- (intersection F1 F2) ; mepeceueHue MHOXECTB: Omepaims
{0.2/B, 0.2/C} OUEHKH —MIf.

Haumuas OT CHEMBOJIA ; ¥ /10 KOHIA CTPOKH HAET KOMMEHTAPHRIL.
AHaJOTHYHBIE OMEpAayUM MOXKHO BBIMOJIHHTL IS HEYEIKHX

OTHOIIEHHH. Boimonuus mpuMmep 1, Mbl BBegem B Rl m R2
HEYEeTKHE OTHOIIECHHS, MO3TOMY 3aMMHIIEM

— (union R1 R2)

{0.3/<A, 1>, 09/<B, 2>, 0.8/<C, 3>, 1/<D, 4>}
- (intersection R1 R2)

{0.5/<B, 2>, 0.1/<C, 3>}

Kpome TpHBEIESHHBIX B mpuMepe 2 GYHKui npenycmoTpeHo
MHOTO IpYTHX BeTpoeHHbIX Gynkimit. K HuM oTHOCATCA ClCAYIo-
mEe necsTh THoB QyHKumil: 1) GyHKnuu 06paboTkM HEYETKHX
muoxectB (7 Gyakpmit); 2) GyHKma 06pabOTKH HEYETKHX OTHO®
wenuit (11); 3) dyrkuun onenok (5); 4) dyHKyuu 06paboTKH
31emeHTOB (4); 5) GyHKIHH npexuKkaToB (5); 6) GyHKuM cpaBHe
wua (10); 7) Qymkuuu npeobpasosanus tumnos (7); 8) dyHKIIH
BBONA/BRIBONA (6); 9) BCcmoMoraTenbHblE (QYHKUHH obpaboTkH
HeveTkux MHOXects (6); 10) apyrue dymxmuu (35).
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[pamep 3. Burauciienns no npaupimy pacimpenns. Oynkuuu
Jldcia MOXKHO TPHUMEHSATh K HEYCTKHM MHOXKECTBAM MyTeM
noGaBIEHHs TIEPE HUMH 3HaKa &, a BBIYHCIICHUS BbIMOJHSIOTCH
o MpHHILENY paciupenus [32].

CroxeHHe ¥ YMHOXEHHE OOBIYHBIX 4YHcen Ha Jlucne 3amuchl-
paercd B BHJIC

->(+ 34 ; 3+4

7

»>(x 34 ;3x4

12

Hos BBIYHMCIIEHHH C HEYETKMMH MHOXECTBAMH (HEUYETKUMH YHC-
JaMK) TpeXIe BCErO ONPEnesinM HEYETKHE 4HCIia

- (setq about —3 {0.3/2, 1/3, 0.5/4}) ; okono 3
{0.3/2, 1/3, 0.5/4}
- (setq about —4 {0.4/3, 1/4, 0.6/5}) ; okono 4
{0.4/3, 1/4, 0.6/5)

3aTeEM MOXHO BBOJIUTH
- (& + about — 3 about — 4)
{0.3/5, 0.4/6, 1/7, 0.6/8, 0.5/9}
- (& x about — 3 about — 4) ; okoso 3 x oxono 4
{0.3/6, 0.3/8, 0.3/10, 1/12, 0.6/15, 0.6/15, 0.5/16, 0.5/20}.

Ilpumep 4. ITpamMenenne 118 HEeuYeTKHX BuLBOAOB. BoiBOom mo
HEYETKOMY NpaBHJly U HedeTKOMy (dakry:

; okosio 3 + okono 4

Hpaenio: ects x Gosbioe, TO Y MalieHbKOE
®akT: X OueHb 6OMBIIOE (6.16)

3akmovenye: y?

3
IlmMaIé% 1pensioxun hopmann3oBarh NOTOOHbIE 3a8a9H CIETYIO-
< Pa3om. Ilpexnme Bcero paccMOTpUM THHOBYIO (GOpMY
YKa3aHuoro seimme BBIBOAA.

pasusio: ecr x ecrs P, 10 y ectb Q
Pakr: x ectp A (6.17)

3akmouen pe Yy ects B
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3pece P u A-Hewetkre mHOXecTBa B U, a 0 u B—Heuerkue
mHoXecTBa B V. IlpaBuiio nupeobGpasyeM B Ciienylolllee HEYETKog
otHommeHuwe B U x V-

R,=(~Px V)®(U x @), (6.18)

Tae ~ - AONOJHHTENLHOE MHOXECTBO, X —WPSMOE MPOU3BE[e-
HHEe, @ ~TpaHu4YHas CyMMa.

Ilpu 3TOM HeueTKOe MHOXECTBO B 1st ¥ MOXHO ONpeneuTy
caexyrommM obpazom:

B=AeR={max(u,()/\ e v)v:veV}. (6.19)
ucl

3peck /\ o6o3HauaeT onepanuio B3IATAS MUHEMYMa. DTa onepa-
ISl Ha3LIBAETCsl 00pa3oM HEUeTKOro MHOXECTBA A IO HEYETKO-
MYy OTHomIeHHI0 R. OHa #BIS€TCS YACTHBIM CJIy4aeM KOMIIO3K-
MY OTHOINEHMH (KOMIIO3UIMOHHBIM MPAaBUJIOM BBIBOJA).

ITpuBeneHHbIH Bhlme BLIBOJ (BbIpaxeHue (6.16)) MOXHO 3a-
micaTh CIAEAYIOMHEM 00pa3om.

Ilpexpae Bcero ompepesiuM MOjHBIE MpocTpadcTsa U n V:

—(setq U {1, 2, 3, 4, 5}
{1, 2, 3, 4, 5}

~(setq V {1, 2, 3, 4, 5})
(1,23, 4,5 ’

3areM ompeneiMM HeYeTKHE MHOXECTBA «MaJIeHBKOE» U «B0iib-
Loex»:

- (setq small {1/1, 0.7/2, 0.1/3})

{(1/1, 0.7/2, 0.1/3}

- (setq large {1/5, 0.7/4, 0.1/3})

{0.1/3, 0.7/4, 1/5) '
Wcnons3ys apupmernueckre npasumna (6.18), onpeaenam ¢pysx-
uuio imply-arithmetic, koTopasi CTPOMT W3 mpaBWiIa HEweTKOe

oTHoweHyue. i onpepeneHus QyHKuMM npuMeHEM (QYRKRHIo
Jlucna defun:

— (defun imply-arithmetic (a b) ; eClm a, T0 b
(bsum (cp (adif U a) V) (cp U b))

IMPLY-ARITHMETIC
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B 3TOM ompenelieHnn bsum, cp, adif - dyrkumm, KoTopbie B HaH-
golf CHCTEME PEaM3YIOT COOTBETCTBEHHO TPAHHYHYIO CyMmy,
gpsMoe (KapTe3MAHCKOe) MpOoM3BeneHHe M abGCOMOTHYIO pas-
gocTh. TAakuM 00pasoM MOXHO OmpeneiaTh QyHKpuM, 3Haye-
gHsSMH KOTODBIX SBJISIOTCS HEYETKHE oTHommeHms. Hcmonmiys
9Ty GYHKIMIO, M3 HEYeTKHX MHOXeCTB small u large moctpoum
HEYECTKOE OTHOIMEHHUE, COOTBETCTBYIOIIEE MPABHIIY «€CIH X 60JIb-
[ioe, TO y MAaJeHbKOe».

- (setq Ra (imply-arithmetic large small)

{I/<1, 1>, /<], 2>, 1/<1, 3>, 1/<], 4>, 1/<], 5>,
1/<2,1>,1/<2,2>,1/<2,3>,1/<2,4>,1/<2,5>, 1/ <3,
1>, 1/<3, 2>, 1/<3, 3>, 0.9/<3, 4>, 09/<3, 5>, 1/<4,
1>,1/<4,2>,04/<4,3>,03/<4,4>,03/<4, 5>, 1/<5,
1>, 07/<5, 2>, 0.1/<5, 3>}.

Tenmepsr onpepennmM (QYHKpHIO, COOTBETCTBYIOIYIO TOHSITHIO
«oueHb» B pakTe «odeHs 60nbInoey. Ee MOXHO IIpeacTaBuTh KaK
BTOpYIO CTEMEHL JIFOOOro MHOXECTBA, T. €.

— (defun very (F)
(gfuncall ’expt F 2))
VERY '

@ynxuus gfuncall-onHa n3 yHHBEpCANBHBIX QYHK il (byHkms,
APryMEHTOM KOTOpO# sBmsercs QyHKpus). OHa BO3BpaImaeT
B KQUECTBE 3HAYEHHSA HEYETKOE MHOMKECTBO, MONYYAEMOE B pe-
3yJIbTaTe NPUMEHEHUA CTENMECHHOH GYHK[{HH K HEYETKOMY MHOXe-
CTBY. QYHKIMA eXpt (BO3BEIEHHE B CTEMEHL: YHCIO 2 yKa3bIBAET
BO3BEACHAE B KBAJpAT) NPUMEHSETCA /s MOJIYYEHHS CTEMeHH
HedeTkoro MuoxkectBa F. Ecimt oTy QyHKuro IpuMeHuTs K large,
TO TONyYHM

— (very, large)
{00173, 0.49/4, 1/5}"
Crenosatensio, ecnu juis OTPENENEHHOTO BbIINE HEYETKOTO
OTHOWIERHS nMpAMERATS QYHK[HIO image (06pa3), TO monyuum
~(image (very large) Ra) ’
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Brime Mpl paccMOTpenH cucTeMy 06paGOTKH HEYETKAX MHO-

KECTB Ha Jlycne, KOTOpas Mo3BOJSET ONEPHPOBATE C HEYETKHMy
MHOXECTBAMHM, TMPUIEM METOAH UX OOpabOTKH neTepMUHHUpo-
BaHHbIE (HE ABIAIOTCSA HEUeTKHMHM). B 3ToM cMbicne 51y CUCTeMy
MOXHO Ha3BaTh «HeYeTKUM Jlucnom». Ee ciegosano 6nl HasBaty
6a30B0# CHCTEMOH (MJIM CPEACTBOM) IS MOCTPOEHHA PAa3HO-
OOpa3HBIX «CHCTEM HEYETKOTO . . .», COAepXalmX HeweTkuit JTucy
Ha npakTuke ¢ NOMOIIEIO JAHHOM CHCTEMBI YXe CIIPOEKTHPOBa-

HbI HEYETKas MPOAYKIMOHHAs cuctema [33] u HeweTkwit [Iposor
[34].
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ABTOMATU3NPOBAHHOE NMPOM3BOACTBO

[TpoMmbIiIeHHOE MPOU3BOJICTBO O0ECIIEYMBAET YAOBIETBOPEHHE 3aIIPOCOB
oOIIIecCTBa B MPOMBIIIUICHHON MpOoAyKIMu. BBy pazHooOpa3us NMpOMBIIIIEH-
HOM MPOYKIIMH CYIIECTBYIOT Pa3IMYHbIE OTPACTH MPOMBIIIJIEHHOTO MPOU3BO/I-
CTBa: MAaIIMHOCTPOEHHE, METAII000pa00TKa, MPUOOPOCTPOCHUE, XUMUYECKOE
IPOU3BOJCTBO, HedrenepepaboTka u Ap. Kaxmas oTpaciab XapakTepuzyeTcs
O0COOCHHOCTSIMM OCHOBHBIX TEXHOJOTHUECKHX MPOIECCOB HU3TOTOBIICHUS TPO-
aykiuu. B To ke BpeMsa oOIIuMe NPUHIMUIIBI TMOCTPOEHHUS IPOU3BOJICTBA U
YIPABJICHUS UM E€IUHBI JUTSI PA3TUYHBIX OTpaciieH.

[Ipon3BOJCTBO MCXOAWT M3 BO3HUKAIOMIEH B OOIIECTBE MOTPEOHOCTU B
TOW WJIM WHOW MPOIYKIIMU U UMEET 1EJIbI0 YAOBIETBOPEHHUE ITOM MOTPEOHOCTH
no npuemieMoi st norpedutens nese. O0beM MPOU3BOICTBA ONpPENEISAETCS
KOJIMYECTBOM MPOAYKIMHU, KOTOPOE MOKET MPUOOPECTH NOTPEOUTENH IO HA3HA-
YEHHOU IIPOU3BOJAUTEIIEM LICHE.

[MpoekTnpoBaHue
(koHCTpyMpoBaHue)
NpOAYKLMM

PABOYUIA

TEXHUYECKOE ERERT

3AO0AHUE

KoHuenuwns
HOBOW
NpoAyKunn

NogrotoBka

npon3BoacTea

TEXHOJIOINUA,
cnrPocC PECYPCHblI,
MJAH BbIMYCKA

MoTpeburtenu
7
PbIHKM CObITa

YNPABJIEHUE
KAYECTBOM MNpownssoacTeo

npoayKuum

KoHTponb

KAYECTBEHHASA KayecTBa nPoayKUuusA

nPOOYKUUA

Puc. 1. [Ipon3BOICTBEHHBIN LUK
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N3roroBneHne OpoayKIUHA TPOUCXOAUT B PE3YyIbTAaTE OCYIIECTBICHUS
MHOTMX TPOM3BOJICTBEHHBIX MpPOIecCCOB. BCsA COBOKYNMHOCTH MPOM3BOICTBEH-
HBIX MPOLECCOB 00pa3yeT MPOU3BOJICTBEHHBIN UK. OO000IIEHHAA cxeMa Ipo-
M3BOJICTBEHHOT'O IIMKJIA [TOKa3aHa Ha puc. 1.

Hauano npou3BOACTBEHHOIO LIUKJIA ONMPEAETATCS BOSHUKHOBEHUEM CIIPO-
ca Ha MPOMBIIUICHHYIO MPOAYKIHUI0. OO0IIas KOHIIEMIUS HOBOW MPOIYKIIMU U
TEXHUYECKHUE TpeOOBaHUs K HEMl (OPMYIUPYIOTCSA B BHJIE TEXHHUUYECKOTO 3a/1a-
HUS, KOTOPOE COTJIacyeTcsl MKy 3aKa3YMKOM M IMPOU3BOJIUTENIEM MPOTYKIIUH.
Ha ocnoBe Texnnueckoro 3ananus (T3) pazpabaTeiBaeTcs TEXHUUECKUN MPOEKT
MPOAYKIMHU U padboyas JoKymeHTanus (pabouuii MpoeKT) Ha NPOAYKIHUIO. DTOT
KOMILIEKC paOOT COCTABJISIET 3TAl MPOESKTUPOBAHUS POLYKIIUH.

Ha ocHoBe paboueil JOKyMeHTaIlMu pa3padaThIBAIOTCA TEXHOJOTMYECKUE
MPOLIECCHI U3TOTOBJICHUS MPOAYKIUHU, ONPEEIAIOTCS U (HPOPMUPYIOTCS HEOOXO-
JUMBIE MaTepHallbHbIE PECYPCHI (TEXHOJIIOTMYECKOE OOOpYIOBaHUE, HHCTPY-
MEHT, MaTepuabl, 3arOTOBKH), ONPEAEISIIOTCA KaJeHIapHbIE MJIAHBI POU3BO/-
CTBa MPOAYKIMU. ITU PabOTHI COCTABJISIFOT ATAll OATOTOBKH MPOU3BO/ICTBA.

3aTeM HacTymaeT 3Tall MPOU3BOJICTBA HOBOM (MM MOJCPHU3UPOBAHHON)
MPOAYKIIMH, B PE3YJIbTATE KOTOPOTO CO3aETCA HOBask MPOIYKLHUS I YAOBIIE-
TBOPEHUSI BO3HUKIIEH B 001IecTBe nmoTpeOHocTu. [lockonbky nocTtynaromas K
MOTPEOUTEII0 MPOAYKIMS JTODKHA OTBEYATh ONPENAEIEHHBIM TPEOOBAHUSAM, TO
Ha CTaIMM MPOU3BOJACTBA OCYIIECTBIISIETCS HEMPEPHIBHBIM KOHTPOJIb KayecTBa,
LETBI0 KOTOPOTro SBJISETCS NMOAJepKaHue TpeOyeMOoro ypoBHsI KaueCTBa TEXHO-
JIOTUYECKOT0 Tpoliecca U MpeoTBpalleHue MoMajjaHns Opaka K MOTpeOUTEIIo
MPOAYKIIHH.

[ToBbiieHne 3(pPEKTUBHOCTH COBPEMEHHOI'O MPOU3BOJACTBA (CHUKEHUE
ce0EeCTOMMOCTH NPOAYKIMH, MOBBIIIEHUE MTPOU3BOIUTEILHOCTH TIPOU3BOACTBA,
COKpallleHUE CPOKOB IMPOU3BOJICTBA) JOCTUTAETCS 32 CUET €r0 KOMILIEKCHOU aB-
TOMAaTU3alMU. ABTOMATH3alMsg MPOMBIIUIEHHOTO MPOU3BOACTBA IMO3BOJISIET, B
MIEPBYIO OYEpE/lb, COKPATUTh OOBEM UEJIOBEYECKOIO0 TPYJa MPH MPOU3BOJCTBE
MPOAYKINH, U CBECTH (DYHKIIMU YEJIOBEKA, B OCHOBHOM, K (DYHKIMSIM yIIpaBiie-
HUS TTPOU3BOJACTBOM. CpeACTBOM aBTOMATU3ALMH SIBJISIIOTCS aBTOMAaTHU3UPOBAH-
HbIE€ TPOU3BOACTBEHHBIE CUCTEMBI PA3IMYHOIO Ha3HAYEHUs. Takue CHCTEMBI
MO3BOJIIIOT aBTOMATUYECKH BBINIOJIHATH KaK (PU3WYECKHE, TaK U MHTEIUICKTY-
aJbHbIE MPOU3BO/ICTBEHHBIE (PYHKIIMN YEIIOBEKA.

Ha puc. 2 moka3aHa cxeMa HMCIIOJb30BaHMS Pa3IMYHBIX ABTOMATHU3UPO-
BaHHBIX ITPOU3BOJCTBEHHBIX CUCTEM HA PA3JIMYHBIX 3Tanax MpOU3BOJACTBEHHOTO
nporecca. Ha sranax npoeKTUpOBaHUS W MOJATOTOBKU MPOM3BOJACTBA HCIOJIb-
3YIOTCSl CHCTEMbI aBTOMATH3AallMM HMHTEJUIEKTYaJdbHbIX (YHKIMI YeloBeKa B
MIPOM3BOJICTBEHHOM Mpolnecce. Ha sTane mpon3BoacTBa HEOOXOIUMO aBTOMATH-
YECKH BBINNOJIHATh KaK (pU3MYecKue (PyHKIUMU YeIOBEKa B MPOU3BOJCTBEHHOM
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Puc. 2. ABTOMaTI/IBI/IPOBaHHBIe IIPOU3BOJACTBCHHBIC CHCTCMBI

mpoIecce, TaKk U €ro UHTEIUICKTyalbHble (QYHKIUM (B MEPBYIO o4epeanb, (DyHK-
LMY YIIPaBJICHUS TEXHOJOTMYECKUM 000PYIOBAHUEM U MPOLECCAMU).

[Ipu co3panuy HOBOW MPOIYKLUWH WM MPU MOJECPHHU3AIUMU CYHIECTBYIO-
el NpOYKIIMU HEOOX0AUM OO0JIBIIION 00bEM KOHCTPYKTOPCKUX padOT, BBIMOJI-
HAEMBIX KOHCTPYKTOpPaMHU M MPOEKTUPOBIIMKaMU. [Ipu 3ToM B X01€ MpPOEKTU-
pOBaHUs BO3ZHUKAET HEOOXOJIMMOCTh B MPOBEICHUN JOMOTHUTENbHBIX HCCIIE0-
BAHUI I YTOUHEHUS] 1 0OOCHOBAHUSI MPUHUMAEMbIX KOHCTPYKTUBHBIX pellie-
HuM. J{71s aBTOMaTU3aMKU POEKTHBIX PadbOT MpeIHa3HAYEHbl CUCTEMBI aBTOMa-
TU3UpOoBaHHOrO TpoekTupoBaHuss CAIIP u aBTOMaTH3MpPOBaHHBIE CHUCTEMBI
Hay4yHbIX uccnenoBannii ACHU.

CAIIP no3BoJISIFOT aBTOMATU3UPOBATH ITPOLIECCHI TEOMETPUUECKOTO MOJIE-
JMPOBAaHUs, YEPUCHHUS, XPAHEHHE, PAa3MHOKEHUE U COMPOBOXKJICHUE KOHCTPYK-
TOPCKON JOKYMEHTAIlMU; 0OECIEUYNBAIOT BBINOJHEHNE MHOTMX (PYHKUIMWA KOH-
CTPYUPOBaHHUA B aBTOMAaTUYECKOM PEKMME, JAIOT HOBbIE BO3MOXKHOCTH KOH-
CTPYKTOpY, MOBBILIAg €ro MNpou3BOAMTENBHOCTh Tpyaa. ACHU nononHsoT
CAIIP 1 no3BOJIAIOT KOHCTPYKTOPAaM B MPOLECCE MPOESKTUPOBAHUS UCCIIEIOBATH
U ONTUMU3HPOBATH MPUHUMAEMbIE KOHCTPYKTHUBHBIE PEIICHUS YHCICHHBIMU
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Metoaamu. Mcnonbs3zoBanue ACHU noBbliiaer 000CHOBAaHHOCTb NMTPUHUMAEMBbIX
TEXHUYECKUX PEIICHUI MPOEKTa U MO3BOJSET ONTUMU3UPOBATh pa3zpadarbiBae-
MBI IIPOEKT.

Ha ocHoBe pa3paboTaHHOIO B MpoLECce MPOSKTUPOBAHUS pabOYero mnpo-
€KTa MPOAYKIMU BBINOJHIETCS MOJArNOTOBKAa MpoM3BOACTBA. [lpum moaroroBke
MIPOM3BOJICTBA OCHOBHOM 3a7aueil sIBISIETCS pa3pabOoTKa TEXHOJIOTMU H3rOTOB-
JIEHUS CO3/IaHHOM B MPOLIECCE TPOESKTUPOBAHUS MPOAYKIIMU U pa3padOTKa COOT-
BETCTBYIOIIMX TEXHOJOTHYECKUX mpoleccoB. [Ipu 3Tom pemaercs 3agada Bbl-
00pa TEXHOJIOTMYECKOro 000pYyI0BaHUSI U MHCTPYMEHTA, ONPEAeIIIeTCs ocie-
JOBATEIbHOCTh BBINOJIHEHUS TEXHOJOTUYECKHUX OIEpaldid U TEXHOJIOTUYECKUE
PEXKUMBI I KOKI0M onepanuu. Pe3ylbTaToM BBINOJHEHUS 3TUX padoT OyAyT
MOJIHBIE OMHUCAHUA BCEX TEXHOJIOTMYECKUX MPOLECCOB HU3TOTOBIEHUS MPOIYK-
LMY 1 HE0O0X0auMask TEXHOJIOTMYECKask JOKYMEHTAIH.

[Ipu noAroToBke MpOU3BOACTBA KPOME Pa3padOTKU TEXHOJIOTUU U3rOTOB-
JIEHUS HEOOXOAMMO PEIINTh 3a7auy 0OeCleueHus TPOU3BOJCTBEHHOIO MPOIieC-
ca HEOOXOJWMBbIMH MaTE€pUAIbHBIMU PECYpCaMH: OOECHEYUTh HEOOXOIUMBbIE
00bEMBI 3aKa30B Ha 000pPyZ0BaHUE, HHCTPYMEHT, KOMIUIEKTYIOIME U MaTepra-
JIbl, @ TAKXKE OMNPENIETUTh CPOKH U 00OBbEMBI TIOCTABOK MEPEUUCIECHHBIX KOMIIO-
HEHTOB.

Tperbeil 3amaueil MOATOTOBKM NPOW3BOJCTBA SIBISETCS pa3paboTKa Ka-
JICHJAPHBIX [JIAHOB BBIMYCKA MPOAYKIIMH, BKIIOYAIOLIAsl KPATKOCPOUYHOE U J10J1-
rOCPOYHOE KaJIeHIapHOE TUIAHUPOBAaHKUE MPou3BojicTBa. Ha 3rame coctaBineHus
rpaguka MpOU3BOJACTBA BbIpAOATHIBAETCS IUIAH, B COOTBETCTBUU C KOTOPBIM
npousBoAuTeNb (pupma) hakTUYECKH NMPUHUMAET Ha ce0s 00s13aTeIbCTBA Bbl-
MYCTUTH ONPEIECTEHHOE KOIMYECTBO MPOAYKIIUU B KOHKPETHBIE CPOKHU.

JIist perieHust mepeyrciaeHHbIX 3a/1a4 MOATOTOBKHU MPOU3BO/ICTBA UCIIOJNb-
3yeTcs aBTOMAaTU3UPOBAaHHAsS CHUCTEMa TEXHOJOTUYECKOW MOATOTOBKH IMPOU3-
BojcTBa ACTIIII. OTta cuctema COCTOUT M3 MHOTHX ITOJACHUCTEM, Kaxkiasl U3 Ko-
TOPBIX PEIIaeT ONpEACNICHHbIE 3aJaud MOATOTOBKA NPOU3BOACTBA. Bce 3tn
MOJCUCTEMBI MOKHO Pa3JeUTh HA TEXHOJIOTMYECKUE, UCIIONIB3YEMbIE MPU Pa3-
pabOTKEe TEXHOJIOTUU M3TOTOBJIEHUS, U OPTraHU3alMOHHBIC, UCIIOJIb3yEeMbIE HJIS
OpraHu3alu 1 00ecreyeHus MPOU3BOICTBEHHOTO Mpollecca.

Ha sTane npou3BojicTBa OCYIIECTBIISIIOTCA BCE HEOOXOIMMBIE TEXHOJIOTH-
YECKHE MPOLECCHI, YTO 00ECIIEYMBAET U3TOTOBJIEHUE MPOAYKIMU. B aBTromMaru-
3UPOBAHHOM IPOM3BOJICTBE TEXHOJOTMYECKHE MPOLECCHl OCYIIECTBIISIOTCS Ha
aBTOMAaTUYECKOM M aBTOMATH3UPOBAHHOM TEXHOJIOIMYECKOM OOOpYAOBaHUU:
aBroMarnyeckue JuHuM AJl, rubkue npousBoacTBeHHbIe MOAyau ['TIM, rudkue
npou3BoJcTBeHHbIE cucTteMbl ['TIC, aBTOMaTW3MpOBaHHBIE TEXHOJIOTUYECKUE
komiuiekcbl ATK u apyrue cpencrBa aBTOMaTU3ALMKM TEXHOJIOTUYECKHUX IIPO-
1eccoB (Hampumep, podbororexunueckue komiuiekcbl PTK). Beibop cpencts ag-
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TOMATH3alHH ONPEAEISIETCA KaK XapaKTepOM TEXHOJIOITMYECKUX MPOLIECCOB, TaK
M XapakTepOM NpoMu3BOACTBA. IIpr MacCOoBOM M KPYHMHOCEPMWHOM HPOU3BOJI-
CTBE MCIOJIb3YIOTCS JKECTKHE CPEJICTBA aBTOMATU3AIMU C MOCTOSHHBIM (3KECT-
KUM) paOO4YuM IIUKJIOM, IPM MHOTOHOMEHKJIATYPHOM CEPUMHOM IMPOU3BOJICTBE
UCIIOJIb3YIOTCS THOKUE CPEACTBA aBTOMATHU3ALMU C MPOrPAMMHBIM YIIPABIICHU-
eM.

UT00BI OCYIIECTBUTH TEXHOJOTUYECKUM MTPOIIECC, UM HEOOXOIUMO YIIPaB-
JATh. YTpaBlieHYeCKUe (DYHKIIMM YEJIOBEKa B ATOM CIIy4ae OCYIIECTBIISIIOT aB-
TOMAaTHU3UPOBAHHBIE CUCTEMBI YIIPABJICHUS TEXHOJOTUUYECKHUMH IPOLECCAMU
ACY TII. ACY TII, B nepByto o4yepeab, peann3yroT GyHKIIMU aBTOMATHYECKO-
ro yIpaBJieHUus padOuYNMM [UKIAMUA TEXHOJIOTHYECKOI0 000pyA0BaHUs, a TAKKE
(YHKIHIO JUCIETYEPCKOrO yIpaBieHUs, 00€CIIeUNBAIOLIYIO IITATHOE MPOTEKa-
HUE€ TEXHOJIOTMYECKOT0 Mpoliecca U HEOOXOIUMYIO MOCIEA0BATEIbHOCTh pado-
YuX LUKJIOB TeXHOJornueckoro ooopyaosanus. Kpome storo ACY TII Bbinon-
HAIOT U IpyTue PYyHKUINU YIIPaBICHUS.

[Ipon3BOJCTBO B LIEJIOM JIOLKHO HEMPEPBIBHO YIIPABIATHCSI. ITO HEOOXO-
IUMOE YCIIOBUE peau3alui TpeOyeMbIX MpPOU3BOACTBEHHBIX MPOLECCOB. AB-
TOMAaTHU3AlMsl yOpaBJieHUsT OOECIEYMBAETCS aBTOMATH3MPOBAHHON CHUCTEMOM
ynpasienus npousBoactBom ACVYIL. ACVYII oOecneunBaeT aBTOMATH3ALUIO
pPELICHHs YNPABJIECHYECKUX M OPTraHU3alMOHHO-YKOHOMUYECKUX 3a]1a4, BO3HU-
KaIoIUX B XOJI€ IMPOU3BOJICTBEHHBIX MPOLIECCOB, a TAKKE YIPABICHUE IPOU3-
BOJICTBEHHBIMH MPOLIECCAMMU.

UHTEMPALIUA ABTOMATU3UPOBAHHbIX NMPOU3BOACTBEHHbIX
CUCTEM

B 00blYHOM TPOM3BOACTBE pa3IMYHbIE IMPOU3BOIACTBEHHBIE MPOIECCHI
OCYILECTBISIFOTCSA JIOJbMU B PAa3JIMUHBIX NMPOU3BOJACTBEHHBIX IMOIPA3ICICHUAX
MIPOU3BOACTBA: KOHCTPYKTOPCKUE OTAENbI, TEXHOJIOTMYECKUE OTAENBI; TIJIAHOBO-
IIPOU3BOACTBEHHBIE OTAENbI; MPOU3BOACTBEHHBIE LIEXU U JIp. B3aumopaerncreue
MEXKY 3TUMH IOJIPA3ACICHUSIMH OCYLIECTBIISIETCS IIyTEM OpraHU3alvd JTOKY-
MEHTO0000pOTa, 00ECNEeUnBAIOIIEr0 0OMEH MPOU3BOACTBEHHON W YIIpaBJIEHYE-
cKoi MH(pOpMaIell MKy TOAPA3ACICHUSIMHU B LEJSAX OCYLIECTBICHUS ITPOU3-
BOJICTBEHHBIX MPOLIECCOB.

Tak KOHCTPYKTOpPCKHMI OTAEN pa3padaThiBa€T KOHCTPYKTOPCKYIO JOKY-
MEHTALIMIO HA IPOCKTUPYEMYIO MPOAYKIMIO B BUJE pabOYero MmpoeKTa u nepe-
NAET 3Ty NOKYMEHTAIMIO TOCIIE €€ YTBEPKICHUS TEXHOJIOTUYECKOMY OTIETY.
TexHonornueckuit OT/ie] Ha OCHOBE KOHCTPYKTOPCKOM JOKyMEHTAaIuu pa3pada-
THIBA€T TEXHOJOTUIO M3rOTOBJIEHUS MPOAYKIUU U 0OpMIISIET €€ B BUAE TEXHO-
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JIOTUYECKON JOKYMEHTAIMH, COJIEPKALIEN TTOJTHOE ONMCAHUE TEXHOJIOTHH H3T0-
TOBJICHHS IPOAYKIIMHU B YCIIOBHUSIX KOHKPETHOTO ITPOU3BO/ICTBA.

TexHosmornueckass JTOKyMEHTAlMs TepeaacTcss MPOU3BOJCTBEHHUKAM (B
MIPOHU3BOJICTBEHHBIE LIEXH), KOTOPHIE PEATM3YIOT 3aIllJIaHUPOBAHHBIE TEXHOJIOTH-
YEeCKHEe IPOoLIeCcChl, 00ecrieunBas BbITyCK NpoayKuuu. CyliecTByeT U 0OpaTHbIN
MOTOK HMH(pOPMAILNH, COACPKALUIUN CIPABOYHYIO HH(GOPMAIUIO, YTOUYHSIOIINE
3alpochl U OTYETHYIO MH(popManuio. Best ata nHpopmalus opueHTUpOBaHa, B
OCHOBHOM, Ha MCIIOJIb30BAHHE JIFOJbMU U COJIEPKUTCS B PA3JIUYHBIX OyMaKHBIX
NOKYMEHTAaX.

B3anmonencTere Npou3BOACTBEHHBIX NOAPA3AECICHUNA B TPAIULIHOHHOM
MIPOU3BOJICTBE OCYIIECTBJISIETCA IyTeM HH(POPMALMOHHOIO OOMEHa MEXIY
YYaCTHUKAMH MPOU3BOJICTBEHHOTO IpOliecca, 00ECneYMBaeMOro ¢ IMOMOIIBIO
JOKYMEHTOO00pPOTa U YCTHBIX COOOIIECHUH.

Ha HavampHOM 3Tame aBTOMaTH3allMK ITPOM3BOACTBA, aBTOMATU3HPOBAH-
HBIE NPOU3BOJACTBEHHBIE CUCTEMBI UCIIOIB3YIOTCA JIOKAJIBHO, IIOMOTasl YEJIIOBEKY

TexHu4yeckoe
3agaHue

KoHCTpyKTOpCKOE
nogpasgeneHve

| CcAnP
ACHW

KoHcTpykTOpckas
AOKyMEHTauus

TexHonornyeckoe
nogpasgeneHue
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OOKyMEeHTauunA

MpounssoacTBeHHOE
nogpasgeneHve
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Puc. 3. Ucnmonp3oBaHue JIOKAJIBHBIX CUCTEM aBTOMAaTHU3aIMNA
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OCYILECTBIATh OTIEIbHBIE TPOU3BOICTBEHHBIE ITPOLECCHI. [Ipu 3TOM B Opranu-
3alM¥ MPOU3BOJICTBA OCHOBHYIO POJIb UTPAIOT JIOAU (ONEPATUBHBIN MEPCOHAN).
B cB43u ¢ 3TUM 001Ul XxapakTep MH()OPMalMOHHBIX TOTOKOB Ha IMTPOU3BOJICTBE
COXpaHSETCsI, MEHSETCs, B MEPBYIO OYEpe/ib, CIOCOO MOATOTOBKHA U TNEpenaydu
JOKyMEHTOB. Pa3paboTka KOHCTPYKTOPCKUX, TEXHOJIOTMYECKUX U yIIpaBJeHYe-
CKMX JOKYMEHTOB B 3TOM CIIy4ae OCYIIECTBISIETCS C UCHOJIb30BAHUEM CUCTEM
ABTOMATHU3AIMM MHKEHEPHOU U YIIPABJICHYECKOU AEATEILHOCTH. /{1 nepenaun
U XpaHEHUs JOKYMEHTOB MPUMEHSIOTCS KOMIIBIOTEPHBIE CPEJCTBA (HapUMep,
KOPIIOPATUBHBIE BHIYUCIUTEIBLHBIC CETH).

OTOT Ciaydal WUTIOCTPUPYET pHUC. 3. YUACTHHKH MNPOU3BOACTBEHHOTO
Mpolecca B CBOEH MPOU3BOACTBEHHON JIEATEILHOCTH UCIIOIb3YIOT aBTOMATU3H-
POBAaHHBIE NPOU3BOJCTBEHHBIE CUCTEMBL. B3aMMOIENCTBUE 3THUX CUCTEM U COB-
MECTHOE HCHOJIb30BAHUE PE3YJIBTATOB UX JNESITEIBHOCTA OPTaHU3YETCs Ollepa-
THUBHBIM [IEPCOHAJIOM Ha OCHOBE OYMa)KHBIX JTOKYMEHTOB, IT€pEIaBaCMbIX MEK-
Iy JIFOABMH C TIOMOILBIO, HAIIPUMED, KOMITBIOTEPHBIX CPEJICTB.

Hanpumep, B MexaHooOpadaThIBaroIeM MPOU3BOJICTBE KOHCTPYKTOP pas-
pabaThIBa€T HOBYIO JETANIb JJII HEKOTOPOrO W3JENUsS MPU €ro MOJECPHUBALMH.
[Ipn KOHCTPYMPOBAHUH JETATN OH UCIIOJIB3YET CUCTEMY ABTOMATH3ALMH ITPOEK-
tupoBanusi, Hanpumep ACAD (ABtokan). C nomombto cuctembl ACAD pazpa-
OaThIBa€TCSl UYEPTEXK JI€TAIU, KOTOPBIA CYIIECTBYET B MAllMHHOM MPECTaBIIC-
Huu. 1 pa3pabOTKu TEXHOJIOTUU U3TOTOBJICHUS JETAIM ATOT YEpTEXK nepeaa-
€rcs TexXHOJIOTy. UepTExX MOXKET ObITh MepeJaH B BUJIE OYMa)KHOTO JTOKYMEHTa
(pacnieyaTku) WM B MAalIMHHOM Buje ((paiiin Ha JoKaabHOM HOcUTEle UHGOP-
MAaIly WU OTIPaBJICHHBIN 1O JTOKAJILHOW BBIUUCIUTEIHHOM CETH).

TexHoJIOT HA OCHOBE YepTeXka pa3padaThIBACT TEXHOJIOTHIO U3rOTOBICHUS
JIeTaIu U nporpaMmmy s cranka ¢ UITY. 1pu pemenun 3tux 3agad OH UCIOJIb-
3yeT CBOU aBTOMATU3WPOBAHHBIE CUCTEMBI (HAIIPUMEP, CUCTEMY aBTOMATH3allUU
nporpammupoBanusi CAII crankoB ¢ YUIIY). Koneunsim pe3ynbTaToM padOThI
TEXHOJIOra Oy/IeT KOMIUIEKC nporpaMM jyuisi ctaHnkoB ¢ UITY, obecneunBaronmx
M3TOTOBIICHUE JETA, CO3JaHHOW KOHCTPYKTOPOM. DTH NPOTrPaMMbl 3aIIACHI-
BAIOTCSl HA COOTBETCTBYIOIIUE MTPOTPAMMOHOCUTENH U 110 MEpe HaJOOHOCTH Tie-
penaroTcs B MPOU3BOJICTBEHHOE MOAPA3ACICHHUE (B 11€X), OCYIIECTBISIONIEE 13-
TOTOBJIEHUE JeTaIA Ha cTaHkax ¢ YITY.

OnucaHHblld cOCOO OpraHU3allMy B3aWUMOJICUCTBUS PA3JIMYHBIX MPOMU3-
BOJICTBEHHBIX IMPOLIECCOB MO3BOJISET COUETATh aBTOMATU3UPOBAHHBIE U HEABTO-
MaTHU3UPOBAHHBIE MPOLECCH U 00ECTIeUnBaTh X B3AUMOJICUCTBUE. ITOT CIOCOO
XapakTepeH Uil HAa4aJdbHOT'O 3Tana aBTOMATU3alMU ITPOM3BOJCTBA IMPU HENO-
CTaTOYHOM OCBOEHHH M MCIIOJb30BAHUA AaBTOMATHU3UPOBAHHBIX MPOU3BOI-
CTBEHHBIX CUCTEM PA3JIMYHOTO HA3HAYCHUS.



[lo mepe pocta ypoBHS aBTOMAaTHU3allMM IIPOU3BOJACTBA HCIOJIb30BAHUE
aBTOMAaTHU3UPOBAHHBIX MPOU3BOJACTBEHHBIX CUCTEM pacuupsiercs. Takue cucre-
MBI YYaCTBYIOT B OCYIIECTBJIICHHMH NPAKTUYECKH BCEX OCHOBHBIX MPOU3BOJ-
CTBEHHBIX IMPOIIECCOB, 3aMEHsAsd 4eyoBeueckud Tpyna. lIpousBoacTBEHHBIE
(yHKIIMM YeJIOBEKa CYIIECTBEHHO COKpamatorcs. B pesynbrare Bo3pactaer 00-
MEH HH(OpMaluel HEMOCPEACTBEHHO MEXAY aBTOMAaTU3UPOBAHHBIMHU CHCTE-
MaMH M COKpaiiaercs oOMeH nadopmanueit mexxay moasMu. Jlroau mist ooMena
uH(popManen MeXIy CcOoO0OM HCIOJB3YIOT aBTOMATU3UPOBAHHBIE MPOU3BOJ-
CTBEHHBIEC CUCTEMBI.

TexHunyeckoe
3agaHue

KoHCTpyKTOpCKOE
nogpasgeneHve

A

TexHonornyeckoe ACTAM
nogpasgeneHue

ACYTI

IV

MpounssoacTBeHHOE ACY TI
nogpasgeneHve

A

Puc. 4. aterpamus aBTOMaTU3UPOBAHHBIX CUCTEM

CxeMa HOBOI opranu3anvy UH(OOPMALMOHHBIX CBA3EH HAa aBTOMATH3UPO-
BAHHOM IIPOM3BOJICTBE IOKa3aHa Ha puc. 4. ABTOMAaTHU3UPOBAHHBIE CHCTEMBI
(GYHKIIMOHUPYIOT TPU HENOCPEICTBEHHOM B3aUMOJCHCTBUM MEXIYy COOOM,
COBMECTHO MCIOJIb3Ysl PE3YyIbTaThl PadOThl KaXKJIOM CHCTEMBL. JDTH CHUCTEMBbI
MIPUMEHSIIOTCS UHTErpupoBaHo. [Ipu nHTErpainy aBTOMaTU3UPOBAHHBIX CUCTEM
nH(popMalus, UCHoJb3yeMasi STUMU CUCTEMaMH, OpPTraHU3yeTCsl B BHJIE CaMO-
CTOSITENIBHBIX 0a3 JaHHBIX (0OAHKOB JTAHHBIX ), K KOTOPHIM UMEIOT JIOCTYII BCE CH-
CTEMBI, HY>KJIaloIlMecs: Ipu CBOer pabore B 3ToM MH(opMmanuu. Bee n3mene-
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HUs, BHOCUMBIE B 0a3bl JAHHBIX B Mpolecce (PYHKIMOHUPOBAHUS CUCTEM, HE-
MEJIJIEHHO CTAaHOBSITCS JOCTYITHBIMUA BCEM CUCTEMAaM.

WNHuTterpanusi cucteM aBTOMAaTU3AlMM WHKEHEPHOTO TpyAa U yIpaBJCHUS
MPUBOJUT K PAaCIIMPEHUI0 (DYHKIIMOHAIBHBIX BO3MOKHOCTEN TaKUX CUCTEM U K
MOSIBJICHUIO CUCTEM JBOMHOIO HA3HAYEHHMsI, KOTOPbIE OOBEAUHSIOT (PYHKUIUU
MIPOEKTUPOBAHUS MPOAYKIIMU U Pa3padOTKU TEXHOJIOTMHM €€ M3roToBJeHUs. B
MeXaHO0OpaboTKe pe3ylbTaTOM (PYHKIIMOHUPOBAHUS MHTETPUPOBAHHOW CHUCTE-
Mbl CAITP+CAII Oyner KOMIUIEKC YNPaBISIONIUX MPOrpaMM JJisi CTAHKOB C
YITY, co3maBaeMsblii B NPOLIECCE KOHCTPYUPOBAHUS Jetaiu. IIpu aTom BeA pa-
00Ta BBINOJIHAETCA OAHUM CIELUATUCTOM-KOHCTPYKTOPOM.

B cemuaecsaThIX rogax mpouuioro CTOJETUS Pa3BUTHE CUCTEM aBTOMATH-
3allM¥ MHKEHEPHOT'O TPY/1a MPUBEJIO K CO3/JaHUI0 MHTETPUPOBAHHBIX ABTOMATHU-
3UpoBaHHBIX MTpon3BOoACTBEHHbIX cucteM CAD/CAM (CAIIP/AIIII). DToit ab-
OpeBuaTypoy NMPUHATO 0003HAYaTh 00JIACTh JIEATEIHOCTH, CBSI3AHHOW C CO3/1a-
HUEM U NMPUMEHEHHEM CHCTEM aBTOMATU3MPOBAHHOI'O MPOEKTUPOBAHUS U aBTO-
MatuzupoBaHHoro npousBojictBa. CAIIP/AIIII — cucrema aBTOMaTH3UpPOBAH-
HOTO ITPOEKTUPOBAHUS/aBTOMATU3aLIUH ITPOU3BOICTBEHHBIX ITPOLIECCOB.

TexHun4yeckoe
3agaHue

lpynna
TEXHUYECKNX
crneunanucToB

CAMP/AMNM [«

]
®)
\ 4

ACYTI

npOI/I3BOﬂ,CTBeHHOG ACY TN
nogpasgernieHne

A

Puc. 5. Ilpumenenue nunrerpupoanno CAIIP/ATIIT

Cxema ucnonbs3oBanusi uHTerpupoBanHor CAIIP/AIIIl npuBeneHa Ha
puc. 5. I'pynna BbICOKOKBaJIU(UIIMPOBAHHBIX CIEIHAINCTOB, BIAJCIOIINX Me-
TOAAMU NPOECKTUPOBAHUS W3AECIUN U TEXHOJOTHUM, C MTOMOIIBI0 UHTETPUPOBAH-
HOM CHCTEMBI pa3padaThIBAET KAK CaMO M3JIEIUE, TaK U TEXHOJOTUIO €0 U3ro-
TOBJICHHS. B aBTOMaTW3MPOBAaHHOM ITPOU3BOJCTBE PE3YJIBTATOM MPOECKTUPOBA-
HUS TEXHOJIOTMHM OyJIeT MakKeT YNPaBJISIIOUIUX MPOTrpaMM Jisi 00OPYIOBAHUS C
YITY u nporpammuoe ooecnieuenue [10 s ACY TIL.

B cootBercTBHE ¢ KaneHAAapHBIM IUIAHOM Bhimycka m3nenuu 1O nepena-

érca B ACY TII u obecrieunBaeT aBTOMAaTU3UPOBAHHYIO HACTPOUKY MPOU3BOJI-
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ctBeHHoro noapazaeneHus (I'TIM, I'TIC) na uzrorosienue TpedyeMoi poayK-
. OyHKIMOHUPOBAHME NPOM3BOJICTBEHHOIO NMOAPA3JAECIEHUS IO yIpaBJe-
Huem ACY TII ¢ ycranoBieHHbIM [1O oOecriednBaeT BBITYCK HYKHBIX W3/EIIAN
B TpeOyeMoM konnuectBe. [Ipu 3ToM oOecrieunBaeTCsi HTErpalus paHee He3a-
BUCUMBIX IPOLIECCOB NMPOEKTUPOBAHUS NPOAYKLIMH U €€ U3TOTOBIICHUS B aBTO-
MAaTU3HPOBAHHOM ITPOU3BOJICTBE.

CUCTEMbI ABTOMATU3POBAHHOIO NPOEKTUPOBAHUA U
YMNPABJIEHUA

N3 nctopumn CAIP/ATTT

TepmuH "aBTOMaTH3alMsA NPOESKTUPOBAHUSA' ONPENEIAET MIPOECKTHYIO JEs-
TEJIBHOCTh, B paMKax KOTOpor OBM HaxoAsT MpUMEHEHHE B MPOLECAYpPaX pas-
paboTKH, aHanM3a WK BUAOW3MEHEHUs TexHuuyeckux pemenuit. CAIIP ocHo-
BBIBAIOTCSl HA IPUMEHEHUU CPEJICTB MHTEPAKTUBHON MAaIIMHHON rpaduku. Paz-
Butue CAIIP B 3HaUMTENBLHON MEpPE OMPENCIBIOCh U ONMPEICIISIETC JOCTHUXKE-
HUSIMHU B 00JIACTH MAlIMHHOM Tpaduku.

OpHoil U3 nepBbIX padOT B 00JIaCTH MAaIIMHHOM rpaduKu SIBUIIOCH CO3/1a-
Hue s3bika APT (AIIT) B MaccauyceTcKOM TEXHOJIOTHUYECKOM MHCTUTYTE B Ce-
peMHE TATUIIECITHIX ToJ0B mnponuioro croietus. S3pik APT (Automatically
Programmed Tools, aBToMarnueckue nporpaMMUpyeMbI€ CTAHKH) W3HAYAIbHO
ObLI IIpeAHa3HaYEeH JUIsl ONMHUCAHUS T€OMETPUUYECKUX 3JIEMEHTOB JEeTaneu, U3ro-
TaBJIMBacMbIX Ha craHkax YUIIY mpu moAroToBKe ympaBisIOIIUX IIPOrpaMM C
ucnojibzoBanreM IBM. ['pyrniny pa3paOOTUYMKOB si3bIKa BO3TJIABIISLI MAaTEMATHK
Hyrnac T. Pocc. IlepBoe coobmieHue o si3bike ObL10 caenano B 1959 1., a B 1960
T. OH BIIEPBBIC ObLI TPUMEHEH B MPOU3BOJICTBEHHBIX YCIOBHUSIX.

APT 5T0 He TONBKO A3bIK CTaHKOB ¢ YUIIY, HO u mporpamma, KOTOpasi Bbl-
ITOJHSET PACUYETHI IO OINPEIEIICHHUIO TTOJIOKEHHS PEKYIIETO HUHCTPYMEHTA B CO-
OTBETCTBUM C olepaTopaMu si3bika. Takum oOpaszom APT 3to cucrema mpo-
rpamMmMupoBaHus ctankoB ¢ UITY. O6paboTka nporpaMMupyercst B TPEX MEPHOM
MIPOCTPAHCTBE. fI3BIK BKIIOYAET YETHIPE THUIIA ONEPATOPOB: TEOMETPUUYECKHUE
oriepaTopbl (ONPEASAIOT IeOMETPUUECKUE 3JIEMEHThI 00pabaThiBaeMOn JeTa-
JIK), ONepaTOpPhl IBUAKEHUSI (OMUCHIBAIOT TPACKTOPUIO JIBHXKEHUS UHCTPYMEHTA),
onepaTopsl MocTHpoLeccopa (IMO3BOJSAIOT 3a1aBaTh TEXHOJIIOTMUECKUE PEKUMBbI
JUIsl KOHKPETHOTO CTaHKAa) U BCIIOMOTAaTeNIbHBIE ONEpPaToOphl (MCIOIb3YIOTCS IS
OIpeJIeTICHU TUIIA JIeTaleil, THCTPYMEHTOB, JOIYCKOB U JIp.).

S3pik APT mo3BoJisIeT UCnoJib30BaTh MaKpOOIIEPATOPHI — MOAIPOrPaMMBbI
JUISL OTIMCAHUS MHOTOKPATHO MOBTOPSIIOIINXCS I€MCTBUM. IDTOT SI3bIK JIET B OC-
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HOBY MHOTHX Oosiee mo3aHMX APT-10100HBIX SI3BIKOB 11 aBTOMAaTHU3aIUH [IPO-
rpaMmupoBanusi ooopynoBanus ¢ UITY.

[To3ke, M0 Mepe pa3BUTHS KOMIBIOTEPHOM TEXHUKH, MOSBUIIUCH HOBBIE
IOJAXOAbI K IIporpaMMupoBanuto cucreM YIIY, ocHOBaHHBIE HA UCIIOJIB30BAHUU
CpPEeACTB HMHTEpakTUBHOW Tpaduku. C NOMOIIBIO TIpapUUYEecKOro TEpMUHAIIA
CAIIP/AIIII TexHOMOr-MPOrpaMMHUCT CTPOUT TPAEKTOPHUIO JBHKEHHSI UHCTPY-
MEHTa Ha OCHOBE TI'€OMETPUYECKHX JaHHBIX JI€Talld, CO3JaHHOW B mpolecce
MpoeKTUpoBaHusA. B pesynpraTte cucrema aBTomMarndecku coctaBisieT APT-
mporpaMmy. JTa HporpaMma 3aT€M TPAHCIUPYETCS C HCIOIb30BAHHEM COOT-
BETCTBYIOIIETO NOCTIPOLIECCOPa U MPE0Opa3yeTcs B YIPABJISAIOLIYIO IPOrpaMMy
IU11 KOHKpEeTHOro ctaHka ¢ UIlY.

IlepBast nmpombinuieHHas paspadorka CAIIP JIAC-1 Obiia mpoaemMoH-
ctpupoBaHa B 1963 r. dupmoit JIxenepan Mortopc.

B 1965 r. 6pu1a Hauata pa3zpabotka cucreMbl EXAPT (Extend Subset of
APT — pacmupennoe noamuoxkectBo APT). Ha ocnoBe konneniuu EXAPT
ObLTM pa3zpaboranbl HeCKOIBbKO HOBBIX CAIIP. B 1969 r. B 3anagHoOepianHCKOM
TEXHUYECKOM YHUBEpPCHUTETE OblIa pa3padoTaHa TpEXMeEpHas cucrema rpaduue-
ckoro mogenupoBanuss COMPAC, no3Bonsironias peain3oBaTb BHYTPUMAILIMH-
Hoe npeactasieHue oobekta (BIIO) B Buae undpoBoii Mmoaenu u rpaguueckui
BBIBO/.

B 1971 r. nosiBunack cucrema CAPSY, obecnieunBaroiasi reHEpupOBaHUE
BAPUAHTOB [IJIl TEXHUYECKOM MOATOTOBKH OJWHOYHOIO M MEJIKOCEPHUITHOrO
MIPOM3BOJICTBA B MeXaHOOOpabarbiBarolIeM MNpou3BojA