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PACCYXNEHHUE O ®U3NYECKHUX CVCTEMAX HA KA‘IECTBEHHOM '
YPOBHE

Viccaeposanme pacCyXXAeHMit HA yPOBHE 3APABOr0 CMEBICHA M NMIPAKTHHCCKUX 3HaHMit, HEOOXOMMMBIX JUIS
TAKOO POJA PAaccyxpesuit, (LU0 M OCTAETCS LICHTPANBHOM npobnemMoit MCKYCCTBEHHOTO MHTE/UlekTa. B
npeanaraeMomM 0030pe aHAM3NPYETCS LUK paloT, OCBAMIEHHEIX JT0H TEME, 4 MMCHHO: CTATHM, B KOTOPBIX

PACCMATPUBAIOTCA PAcCyXeHus O AMMaMuKe (uamueckoro mupa. B of3ope yNOMHHAIOTCRE BCE OCHOBHBIC
FIOAXOZBL K TIOCTPOGHHIO KaYEeCTBEHHOM (DMINKH, OTMEWAIOTCH TNONOKMTCILHBIE M OTPHUATENLHRIE CTOPOHE!
KaX/0r0 M3 NOAXONOB M BCEN0 HAMPABJICHHMS B ILEJIOM. Bubauorpadus.

Beenenue. B paMKax mapagurMsl, JTOMMHHPYIOMCH B MCKYCCTBEHHOM MHTCJLICKTE
B HACTOSIIEE BPEMS, 3HAHHS CYMTAIOTCH HEOTHEMJIEMOMN XOMITOHEHTOM 000 WHTEI-
JeKTyansHol cucreMul. VIcCienoBaHME PacCyXACHHH HA ypOBHE 3APABOTO CMHCIA
NPaKTHYECKUX 3HAHMI, HEOOXOMMMBIX U1 TAKOTO PONa paccyxzenuit, GeUI0 ¥ 0CTaeTCs
HEHTPaJIbHOM NpobaeMoli MCKYCCTBEHHOIO WHTE/IEKTA. B mpepraraeMoMm ob3ope 06-
CyXMaercs TOABKO 4acTh paloT, MOCBSIMIEHHEX ITO TEME, a MMCHHO: CTaThH, B
KOTOPHX PacCMAaTPUBAIOTCA PACCYXIEHHS O (PU3AICCKOM MHpE.

B HacTosmee BpeMsl YXE€ CYIIECTBYET HECKONBKO 0630poB MO npobaeme ¢dopma-
JM3AIMM HAMBHHX (AMUECKAUX DPACCYXICHMI, HANMCAHHHIX HA AHIIMHCKOM S3HIKE.
Haubonee noiame u TOApoGHEE — 310 0630pu [30, 41, 9], Gomee crenmannsnpo-
BAHHEE, HO 3aCIyXHBAIOMWE HE MEHBIICTO BHUMAHHA — [19, 15, 68, 71, 78]. B
CBS3M C JTAM OTMETHMM, YTO JUIS MHTEPECYIOMETO HAC HATIPABJICHUS HCCIICNOBAHMIA
o6meynoTpeCUTENbHEMH SBJISIIOTCS HECKOJIBKO nassammit, Kaxmgoe u3 oTHX HAa3BaHMA
npeanonaraer crenuHuUecKyl0 HanpaBJICHHOCTh paboT, H TONBKO DEAKHC CTaTbH
MOTYT GHTH B PaBHO CTENEHH COOTHECEHH C HECKONBKHMH HA3BAHWSMH CIHMHOIO IO
CYTH HampapJcHHA. '

Ilepsoe u3 95THX HAa3BAHHH — «HaWBHAA ¢usnKa» — CBA3AHO TPEXAE BCETO C
paboramm I1. Xoiteca [38, 391, a Takxe [s, 6, 10, 28, 26, 29, 36, 37, 40, 34, 35,
51, 52, 45, 55, 57, 69, 70, 73, 74, 15, 77]. B amux paborax crpomrca (16O
NOAPA3yMEBAETCS BO3MOXKHOCTH TAKOTO TOCTPOCHMS) AKCHOMATH3ALMs Ha HEKOTOPOM
MOXMHOXECTBE S3HKa WCUWCICHHA TNPEIUKATOB IICPBONO MOpsAAKa TEX MM HHBIX
cTOopoH (pU3MuecKoil peabHOCTH: BPEMEHH, NPOCTPAHCTRA, CBOMCTB  MATEPHAJIOB, XEH-
CTBHif 4T€HTOB B TPOCTHX CHTyanmsx, pm3auyeckux cwr # T. Q. TIpu aTOM OCHOBOM
VIS IOTMYECKMX ONMMCAHMI CTyXaT HE KIACCHYECKUE HAYYHHE TEOPUH THIA MCXAHHKH
Hriotoma, xax 310 aenanocs panee B [38, 59], a «iomayuHHE», ofmenpuHITHE
cpemM JIozieH, B3MIAAN Ha (M3MUECKyI® PEanbHOCTh.

TepMuH «KauecTBeHHAs (HU3NKa» MOXET CHTh NPUMEHEH UL ofo3HaueHNs Te-
marmku crateit [5, 15, 18, 19, 20, 21, 25, 28, 30, 43, 47, 48, 49, 50, 65, 661, B
KOTOPHX, B OTJMYME OT CTATEH NEpPBOA TPyNNH, B IIECHTPE BHUMAHHUA HAXOAATCH
TIPMYMHHO-C/IEACTBEHHHE CBA3H ¥ AWHAMUYCCKHC ABJICHUS. TlonyueHHHE pe3yJbTaTH
B JTHX CTAThsIX NPEACTABJSAIOTCS HE B BHAE aKCHOMATHYECKUX MOCTPOCHMIL, 4 B BHJE
onmmMCcaHWit anropuTMOB B paboraomux mporpamm. KauecrsenHas ¢u3mka Tak xe,
KaKk M OOHUHAS, CTPEMHTCS ONMCATh TOBeAeHMe ¢uanmveckux cucreM. OnHako B
OT/IBYME OT OOHYHOM (PM3NKM, OHA ITHITACTCH MPEACKA3HBATL M ONUCHBATE MOBCACHAC,
OCHOBHIBASICH HE HA TOUHHX UHCJICHHHX 3HAYCHUAX (DH3UYECKMX BENMYMH, 3 HA
PacCyXACHUSAX, MCTIONB3YIOIMX KAYECCTBCHHEIC TPafatni sHaucHMi. Baxneimas oco-
GeHHOCTh KAUECTBCHHOM (PM3MKM B TOM, UTO AJIS TOCTPOCHUS (DM3HUECKOH MOJETH
HCMOMB3YIOTCS HE TOYHHC YPABHEHMS 3aBHCMMOCTH, 3 KAUCCTBCHHHIC CBS3M THNA
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MOHOTOHHOH 34BHCHMOCTH MEXIY BEIMYMHAMH. C HOMOIIBI0 TAKUX CBA3EH MOTYT
6HTHL NpeacTaBIeHN HMREA O pusHuecKoit PEAaNBbHOCTH, KOTOPHE JIOAM AEHCTBUTEILHO
HCHONB3YIOT B XKaXIOAHCBHOM XH3HH. ABTODH 9THX CTaTell OGHYHO HEMOHCTPHPYIOT, |
KaK C NOMOmBIO PaCCyXACHWH O HEPaBEHCTBAX MEXIY 3HAUYCHHIMH usnuecknx
BEJIMHH M O MOHOTOHHHX 3aBHCHMOCTSIX MEXIY HEKOTOPHMH M3 (DH3HUECKHX BETHYMH
MOXHO HOJIyYHTh IPHEMICMOE KAYECTBEHHOE ONMHCAHME HEKOTOPHX TIPOCTHX CHCTEM.
OcHoBHO#M MeTOR, MCHONBb3YEMHH IIPH IIOCTPOCHUHE AJITOPHTMOB KAYECTBEHHOM (PH3N-
KH, — 3TO IIOWCK B IPOCTPARCTBE COCTOSHMI TAKHX 3HAYCHHIT, KOTOPHE Y/OBNETBOPSIOT
HAJIOKCHHHM H3 HMX OTPAHMUCHHSIM. 3HAYMTE/BHAS rpynna nmyGauxanuit mocBsmena
npobneme 3¢pekTHBHOM OpraHusaumu sroro momcka [12, 13, 14, 16, 17, 22, 24,
32, 53, 54, 56, 631, : .

1. OHTOJNIOrHS XaYeCTBeHHOM ¢usuxu. Crienudpnka oGwaeRHEX (dusmueckux sHauHmi
B TOM, 4TO MX (hOpManM3aLws W NpPEACTABICHHE HEBO3MOXHH 0e3 Takoit ampHopHOi
OHTOJIOTHYECKOH CXEMH, KOTOpas GhiIa 6B OCTATOUHO 9BPUCTHYHOM ¥ MHTPOCHEKTHBHO
onpaspasmoit. Jlns o6ocHOBAaHMA 5TOrO YTBEPXJICHAA NPEXAE BCEIO HANPAMMBAETCS
AHAJIOTMSA C KJAaCCHYECKOM (PH3MKoii: MCTOPHA 3TOM HAyKH, HO CyTH Aeaa, — coBep-

- IICHCTBOBAHME OHTOJIOTMYCCKMX TIPENCTABJICHMIL. Yaauno subpannme onHAXIH OHTO-

JIOTHUECKHE AOMyImeHus obecreunBanu AOJTOBPEMEHHHI IpOrpecc B (hu3uxke. Hanpmn-
MED, NPCACTABICHHE O rase Kak O COBOKYMHOCTH Geciopsanouno ABHXKYIIHXCS MONEKYT
TIOSBOACT NOXYYMTh TPOMAAHOE KOIMYECTBO CIEACTBMI O CBOMCTBaX rasa. BaxsocTs
BHOOpa ymausoi OHTOJIOTHYECKOM CXEMH MOXHO TIPOMANMIOCTPHPOBATE M B APYIAX
obnacrax uenoseyeckoit aesrenbHOCcTH. B [67] TOKA33HO pasaMyMe MeXAY KOHIEI-
TyanbHEMH 6azucamu, Ha KOTOPHX CTPOMJIHCh TPEACTABIACHAS O TONHTHYCCKOM W
HCTOPHYECKOM PA3BHTHH Y HECKONBKHX BHIAIOMUXCS MBCIMTENCH M MOMHTHYECKUX
AcqaTenci. ‘ ‘

‘1.1.O6mue UCPTH NOXXOZOB K KAYECTH €EHHOMY MOJe€Tu-
Porarmio. Kax yxe ormevanocs Bo BBCICHMHW, OCHOBHAs 3acayra pabor, oTHOCS-
IMXCA K KAUECTBCHHOH (DM3NKE, — 3T0 NOMMTKA OMHCATE HAa JIOTHYECKOM S3HKE
AUHAMHYCCKHE SBJICHAS: TIPOLECCH, ACHCTBHS M T. R., IOCKOJBKY B PAMKax «HAWBHOMN
(usukuw» o6muno He PacCMaTPHBAIOTCH KaKUe-mu60 M3MEHEHHS B (DHIMUCCKOM Mmpe,
HIng npencrasnenus 3nanmii o AAHAMAYCCKAX SBJICHAAX OBUIO NPEIIOKEHO HECKOMBKO
OHTOJOrMYECKHX CcxeM [19, 30, 49, 57]. :

Ilpexpe uyem nepexomuts K obcyxnennio ocoSennocreis KaXa0ro M3 HOXXOJOB,
HO-BAAMMOMY LENECOO0PA3HO OCTAHOBHTHCS Ha obmux ueprax sToro HaTIpaBJCHWS,
Taxumu ymusepcansasmu OCOOEHHOCTAMY SIBISIOTCS: MEPEXON OT HEMPEPHBHHX Be-
JIMUAH K KaYECTBCHHHM 3HAYCHHSM, TPEACTAB/ICHHC (HU3HYECKAX 33KOHOB B BHUAE
OTPAHMYCHNA COBMECTHMOCTH M HA 5TH 3HAYCHMHS ¥ CBEACHUE aHANN3a NOBEACHUS
dusnueckoit cucremm K '3amaue BRIIOJTHUMOCTH OTPAHMYCHMIT (constraint-satisfaction
problem). B [66], HCOONb3yeMad B KAYECTBEHHOM MOREIHPOBAHMH, TEPMHHOJIOTNS
BBOOMTCA C TOYKH 3DEHMS TCODHH AMHAMMYECKHX cucreM. WssecrHo, uro ¢haszosoe
MPOCTPAHCTBO ZUI9 CHCTEMH OOHKHOBEHHEIX nudbepennuanbEEX ypasHeRni IIEPROTO
nopsaka

dx/dt=f (x, ..., y, 2)

(1.1
dz/dt=f, (x, ..., y, 2)

CCTb IpsSMOE Npou3BEnCHME 06macTedl 3HAYCHHE X, <. ¥, z. Toukm B ¢aszosom
NPOCTPAHCTBE NPEACTABISIOT COGOH OTHENBHHBE COCTOSHHS cucremol. Kpusee B stom
TNPOCTPAHCTBE, YAOBJICTBODSIOMME CHCTEME (1.1), masmBaorcs TPaeKTOPHAMM M TIDCR-

CTABIATOT c000M pemenue 1o CACTEMH ypaBHeHuid. Da3oB0ii aAparpammoix Ha3uBaercd

rpadmueckoe u306paxenne (a3oBoro npocTpaHcTBa ¥ THOMYHEIX Tpaekropuii. ITox-
POGHOCTH OTHOCHTENEHO MaTEMaTHIECKOI0 K&YECTBEHHOTO HCCAECHOBAHMS AHHAMHYE-
CKAX CHCTEM MOXHO HOYEPIHYTH B [8].

Kauecreernoe MOZETMPOBAHAE MMEET MCHA0 ¢ KOHCUHEIM pasbHeHNEM MHOXECTB
SHAYCHWH KaXIOd M3 3aBMCHMBIX TNEPEMCHHHX X, ..., Y HA MHTEPBANH W TOYKH,
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DneMeHTH pa3bueHMS HA3ZHBAIOTCH KAYECCTBEHHHMH 3HaueHHMsMHM. COBOKYNIHOCTH Ka-
YECTBEHHHX 3HAYCHHI o6pasyer (M3HueCcKOoe POCTPAHCTBO: YIOPSAOUEHHOE (B o0meM
CIydYae YacTMYHO YIOPANOYCHHOE) MHOXECTBO UCPEMYIONMXCH MHTCPBAJOB M TOYCK.
Haufosee nomyAspHOE MPOCTPAHCTBO, HasuBaemoe IQ, cocromt m3 mHTeppana (—, 0),
‘rouxu 0, m mHTEpBaNa (0, +0) WM COKPAMECHHO «~», «0», «+». Ha srom mpocrpaHcTBEe
€CTECTBEHHHIM 00pasoM MOXHO 3af[aTh UYACTHYHO OTpEAEACHHOE CIOXCHHE H YMHO-
XeHHE, Jub0 ¢ MOMOIIBIO OTMOJHATENPHHEX CHMBOJIOB 3a/3BaTh ECIOAY ONpPEREJICHHHC
omepamnu [76]). 3ameTuM, uto npu BHOOpE APYIMX CHMCTEM MHTEPBAJIOB B KAUECTBE
6asuca, TOTy4AIOIAsICS HHTEPBAIBHAS APUGMETHKA CTANKABAETCS ¢ HEMPEOAOTHMEIMH
TpyasocTsmu. OCHOBHas MpoOieMa COCTOMT B TOM, YTO TOSBISIOTCS (anbIIMBHE
pelICHAS KaUECTBEHHHX ypasHenuil [72]. KauecTBeHHOE ONMMCAHME CHCTEMH 3a1aeTcs
¢ moMompio (hH3MYECKHX BEMMUAH — (YHKIMIL, 0TOOPaXaONHX HE3aBHCHMEI napa-
MeTp (0GHUYHOE BpEMS f) B COOTBETCTBYIOIME (PU3NUECKHE npomrpanma. Ousnueckue
BEJIUUYMHE COMOCTABAAIOTCS (ha30BEIM NEPEMEHHBIM.

KauecTBEHHHIM COCTOSIHHEM CHCTEME HA3HBACTCS BEKTOP KAYECTBEHHHIX 3HAUCHHUH,
ONMCHBAIOMHAX CHCTEMY (husHueckux BeamuuH. [TOBENEHHE CHCTEMEI XapaKTEPH3YeETCH .
* TOC/EOBATENBHOCTEIO KAYCCTBCHHBIX COCTOMHME, Yepe3 KOTOPHE OHAa IIPOXOAHT C
TeucHneM Bpemenum. I'padoM mepexomos HasmBaerca rpad, BEPIIMHE KOTOPOro —
KaUYECTBEHHHE COCTOSHHUS, a pedpa — mepexoas MeXZy HBMH. ITOCKONBKY Mepexombl
MEXIY KaYECTBEHHHMH COCTOSIHUSMM COOTBETCTBYIOT TIEPEXOAAM MEXAY PETHOHAMM
(ha30BOr0 MPOCTPAHCTBA, STOT rpad 3agacT MOCACAOBATEIBHOCTh NPOXOXACHHUS Tpa-
eKTopmit T0 permoHaM. KaueCTBEHHHIM TOBCACHMEM CHCTEMEL HA3HBAIOTCS TYTH B
rpade mepexonos.

I1a cCTeMH M3 ABYX Ru(dEPEHIMATBHEX YPABHEHNH, ONMCHBAIONIAX onnomepnne
Xone6aHug C YUYETOM TPEHHMS, COBEPMAEMHE KYOHKOM; NPHUKPEIUICHHEM K IPYXHHE,
uMeercss 9 BO3MOXHHX KAYECTBEHHHX CocrosHmiL: 4 mpsmoyromsuux (+/—, +/-),
4 mumeinnx (+/—,0) u (0, +/—) # ogHa HenoxBMXHAg (YCTOMYMBAS) TOUKA
(0, 0). ®a3oBas MATEPIpPETANAL COOTBETCTBYIOMETO rpada IEPEXOAOB TAKOBA: PEIICHUE
ocraercq uascerna B (0, 0), MOCTOSHHO LHMKIMTCH MO YACOBOM CTPENKE, MPOXOAS uepes
BOCEMb BHEIIHMX PETMOHOB, WM HNpPOMAS HECKONBKO LuKiIoB, Bxomur B (0, 0) u3
. pernoHoB (—, +) wm (+, —) (cM. [66]. B pelicTurensHoit ¢a3oBoit AuarpamMme Bce
TPAEKTOPHHA OKA3HBAIOTCS BHYTPH NPOM3BOJBLHONM OKpPyXHOCTH ¢ meHTpoM B (0, 0),
HO 370T (PakT HEBO3MOXHO OTOOPA3MTh KAaK IOCACHOBATENBHOCTh IEPEXONOB Mexay
HpAMOYTONbHEME permoHamu. ITpo6ieMa KOPPEKTHOrO NMOPOXAEHMS TPACKTOPHiA CH-
CTEMH M3 XaUECTBEHHOTO NPEACKA3aHA €€ TIOBEACHAS 06CyXAaeTcs BO MHOrax paorax

[31, 491

BmGOp MPOCTPAHCTB Il PACCMATDPHBAEMBIX dmalmecxnx BEJHYMH — d)y}maMeH—
TaJtbHEIA 1WAT YIS TTOCTIEAYIOMIETO NOCTPOSHUS NpeAcKas3anus. BupanHuie npocTpaHCcTBa
TIPEACTABALIOT COO0M C/IOBAPH, DAEMEHTH KOTOPOTO JAO/DKHH OXBATHBAaTb BCE MHTC-
Ppecylomue Hac MHOT000pa3us sBIeHnit. Bes NpaBHIbHOTO «<KBAHTOBAHUSD HENPEPHBHOK
KapPTAHE MApP3 KAMECTBEHHHE PACCyXACHUS HEBOZMOXHEL

B ofmeM ciyuae NMOCTPOCHHE HE3aBHCHMHEX TIPOCTPAHCTE (bnanecxnx BEJIMYHH
HEBO3MOXHO, T. K. HHTEPEC MOXET MPEACTABIATh HE KAKOE-TO KOHKPETHOE TIOPOTOBOE
3HavucHAE (hu3HUECcKOoli BEIMYMHE, 3 HEKOTOPas MIOPOTOBas FMIEPIOBEPXHOCTH B IPSIMOM
MPOM3BEACHHA MHOXECTB 3HAUYECHMM HECKOJNBKHX (PH3MUECKHX BEIMUYMH. B kauecrse
NpAMEpPa MOXHO NPHBECTH TEMIEPATYPY' KUMEHUS M CKOPOCTh BO3HHKHOBEHHS TYp-
OynenTHoro Teuenusi. B npocTpancTse ¢MaMuecKoil BEMMUYMHE TEMIOEPATYPH, BooOme
TOBOpSA, HEJb3s, yKa3aTh ONHO3ZHAYHO IOJIOXEHME TEMIICPATYDH KHIICHMI, T. K. OHA
3aBHCAT OT IUIOTHOCTH XHAKOCTH H YCKOPEHHMS CBOGOZHOIO NAafCHHS B TOM MECTE,
THAE WAECT NPOLECC KMIEHAS. JIIg OnmMCcaHMd SBJAEHHS BOSHHKHOBEHMS TYpOyJICHTHOTO
TEUEHUS . NCTIO/IB3YIOT Oe3pa3MepHOe YMCHO PedHOMBACA; KOTOPOE ONpERAEadercd He
TOJIBKO CKOPOCTBIO MOTOKA, HO M IUIOTHOCTBIO XHJKOCTH, €€ BS3KOCTBIO M AHAMETPOM
pycra. B ofmem ciyuae, mns onpeaeneHMs TAKMX HOPOTOBHX THIEPIIOBEPXHOCTEH
'pa3paboTaHH CIIENMAIBHHE METOAH, WCIONB3YIOMMUE IOHATHE PA3MEPHOCTH (PH3MUC-
ckoit Beaunes [7, 47]. B npocrpancTee ¢pu3udecKoil BEIMYMRE, KPOME YACTHYHOIO.
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NOpSAAKa HA 3HAUCHUSAX, MIMEET CMEIC/T YKa3HBATh CTENICHb PA3THUNS MEXIY COCETHHMH
3HaucHuaMu. Tak, wanpumep, pasnmume Mexay CKOPOCTBKO 3BYyKa B BO3LYXE M
CKOPOCTBIO MS43a CYHIECTBEHHO NPEBOCXOAMT PAa3MUME MEXAY CKOPOCTHIO JIETSIIETO
MS4a M CKOPOCTBIO XOABOH wesoBexa. Taxoro poxa uHpOpMaIMI MOXeET OHTH Heol-
XopuMa IS paccyXaeHmi 06 ouepenHOCTH ocymecTBaeHus cobumit [62, 50].

Onsa u3 npexneit meromosorny, npenyaraeMoit B [62], BOCHONHHTE OTCYTCTBHE
KOJMIECTBEHHOA WH(popManmn, OCHOBHOH CTHMYJ 3T0# paGoTH B TOM, YTOOH BOC-
. TIPOM3BECTH CNIOCOOHOCTh (DM3HKOB OLCHMBATH PasINYHEE BIAMIHAS B COOTBETCTBHH
C MX OTHOCHTEJIBHHMH IOPSAKAMH BEJHYMH M 3aTEM HMCIOIB30OBATH 3Ty HHDOPMALHIO
JUISL PA3NC/ICHAS. DANMKAIBHO OTJTHYAIOIMXCS BUAOB [IOBCACHNS (PM3NUYECKONH CHCTEMH.
B crathe onmcana opmanbHas cucreMa: FOG, no3sonstomas npencrasasts u CTPYK~
TYPHPOBATh TAKOTO POAR MHTYMTHBHHE 3HAHMS TaK, YTOOH MOXHO GHLUIO NPUMEHSATD
MX JJIS KAQYECTBEHHHX pPacCyXICHMIA. :

‘B pamxax FOG sBopsarcs 3 HOBEX orHOmeHms: «A Ne B» — A npeHeGpexmnMo
(dbpan. negligeable) no cpasmennio ¢ B; «A Vo B» — A 61M3K0 K B (¢ppan. voisin),
T. € (A — B) npeHe6pexXuMO MaJ0 MO OTHOWCHMIO K B; «A Co B> — A Toro xe
TOPSNIOK BEJIMYHHH, 4TO M B (bpan. comparable). ITonpa3zymesaercs, uTo mig Takmx
A wu B ecm B Ne C, to A Ne C. FOG IOCTPOCHA -CireAytommM o0pa3oM: B Hee
BXONHT CAUHCTBCHHAA akcuoma «A Vo A» m 30 mpasmn. BHBOAQ, TIO3BOJISIOIME
TOJyyaTh HOBHE COOTHOICHHS MEXAY SJIEMEHTAMH, MCXOAS M3 3amaHHmX. IloiHoTa
u HemsburouHocts FOG He McCreoBanmH.

ITockoaexy 1 Co, 1 VO SBASIOTCS OTHOMECHASIMK SKBHBAJICHTHOCTH, BAXHO IIOHUMATH
ux pasmmyue. Tak, cornmacHo mpasmny BmHBOxa R24, ecrm (A+B) Vo A MCTHHHO,
10 B Ne A; ecnmm xe mcrunno (A+B) Co A, TO aHAJOTHYHOE CJICACTBHE HE MOXET
6uTs BHBEneHo. Jpyrmvm ciosamu, Co HAK/IaNHBAET MEHBIIE OTPAHHYCHMIA, yeM
Vo. :

. Hna moxasatensctsa mempormeopeunmsoctn FOG HCIONB3YETCA MOJIENb, TIPEAJIO-
xeHHas AGpaxamom PoGuuconom TOJyYHBINAS HA3BAHWE HECTAHAAPTHHI AHANHM3
[11, 64]. Wnrepnperanus 3aaaerca caenyrommM obpasom. Ilycre K -— mOMHOCTBIO
YTOPSIOYEHHOE HEAPXMMENOBO TIOJE, CONEPXAMICE IOJIE ACHCTBATEMBHEX uucen R B
KxayecTse nognond. HanoMuuM, yro mose HasHBaerca apXAMENOBHM, ECJTH U JI060r0 -
CTPOTO NONOKHATENBHOTO JMEMEHTA X TIOJIS M ISt /I0GOTO 3/1EMEHTa y mosst CYIECTBYET
LEMOE YHCIO n TaKoe, 4T0o nx > y. U3 anre6pu m3secrHo, uto moboe apXUMENOBO
Konbo Oe3 pesmreneit Hyns n3oMopdhHO HEKOTOPOMY HOAKOJIBIY MO/ ACHCTBUTEIbHEX
“MCEI C €T0 ECTECTBEHHOH YNOPSHOYeHHOCTHI0. [Tockomeky K cobcTBenHOE pacmupeHne
R, OHO NOMXHO OHTH HEAPXUMENOBHM HOJEM. ITosromy, ecmn F — MHOXECTBO BCex
a w3 K rakux, uro | a | < r gua HEKOTOpOro 7 m3 R, a ] — MHOXECTBU BCEX a M3
K Ttakux, ur0o | a | <7 gas OGOrO MONOXHTEABPHOIO 7 u3 R, o mHOXecTBa K —
F n I — {0} menycret. DneMenTH F HA3HBAIOTCS KOHEYHEIMMU (finite), a “snemenTH
I — GeckOHEYHO MaTHMHK (infinitesimals). Jlerko mpomepurs, uto F.— xoneuo, I —
MaKCHMAJIBHBIH IPOCTOM Haean, CIIEROBATENBHO, hakTOp-KOaBIO F/1 — mone u, 6once
1010, M3oMopdHo momo R. OrHomends Vo, Ne, Co onpenensiorcs Tak:

A Vo B torna m Tommko TOrAa, xoraa A=2B (1 +0), rae o npuHamaexuT I;

A Ne P Torma m Tonsko Torna, xorna A =Bo, rxe ‘o npunagnexwur I;

A Co B torma m TOMBKO TOrAa, kKoraa A=Bo, rne o npunagnexur F/I. )

B ynomsauyToit craTse AEMOHCTPHPYETCA KAK MOXHO NMPOBEPATH HETPOTHBOPEUH-
BOCTh mpaBma BuBoga FOG. : . ‘

Iocrpoennyo dopmansryso CHCTEMY MOXHO MCIO/Ib30BATH JUIS TOMOJHCHHMS WH-
dopmanmm, CONEpXaMEHCS B MPOCTPAHCTBE (PH3MYECKAX BeaaumH. Kak TOBOPHJIOCH
BHINE, B 3TO NPOCTPAHCTBO OGHYHO BKIIOYAIOT TOJIBKO YAaCTHYHO YMOPSHAOYCHHHE
noporu L, pasgendiomue €ro CoriacHo 3HAKY (X — L), tme X — Apyrue 3HAYEHHS
npocrpadcrea. FOG nossonser momonmurensao CTPYKTYDPHPOBaTh IIPOCTPAHCTBO, ‘OI-
PENCNAS HEXOTOPHE PETMOHH BBOAMMEX TOPOTOB. 'JTa CTPYKTypa 3amaercs:

— OTHOMEHusIMH SKBHBaneHTHOCTH Co M Vo, OTPEREASIOMAMA BHYTPH IPOCTPaH-
CTBZ: (PMBMYECKMX BEJIMUMH DPErMOHH, 3IEMCHTH KOTOPHX HMMEIOT ONMH M TOT Xe€
NOPANOK BEJIMYAHH, ' .

ll
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' — orHOmEHHEM Ne, onpeaeasiomuM HEPapXAIo MEXAY STHMH PETMOHAMM, APYTHMH
CJIOBAMH, IIKATY CPABHEHUS JIH 3TOT0 (DH3MUCCKOTO MPOCTPAHCTBA;

— npasunoM A Ne B = (A+ B) Vo B, cornacHO KOTOPOMY [/ BEJIAYMH, Pa3jiM-
YAKOMMXCH 1O MOPSAKY, PETHOHH YCTOWYMBH IO OTHOLICHHUIO K CIOXEHMIO; M TIPABAJIOM
(A Ne B) & (C Co D) = (AC) Ne (BD), COrIacHO KOTOPOMY TP YMHOXCHHH HA
COMOCTABMMEIE JJIEMEHTH HMEPApXUsS MEXAY PErMOHAMH COXPAaHSCTCH.

Ilepexond x aHanm3y pa3TMUHHX METOAOB KAUECTBEHHOIO MOJEIHPOBAHMSA, OTME-
THM, YTO HX YaCTO, M MHOITA CNPABCAIHBO, KPHTHKYIOT 32 UPE3MEPHOE YNPOUICHHE
TIpM aHANA3E AMHAMAYECKHMX sBxeHni. HeobxonuMo moMHHTH, OMHAKO, YTO KOHEUHAS
IETb COCTOAT B TOM, YTOOH NMOCTPOHMTH JOCTATOUHO BHPAZHTEIGHHIA CJOBAPH IOHATHIA
Ha HEKOTOPOM CTporo ¢opMansHOM sS3HKe. I10CKonBKy daxre THna: «Ctyn maxomurcs
PSZIOM O cTO/IOM», «LIBeT KyOMKa UepHHIit», — KaXETCHd ECTECTBEHHHM. (POpMYIHPOBATD
Ha S3HKE, TOMOOHOM H3HKY JIOMMKM NPEANKATOB NMEPBOTO MOPSAKA, 3aa4Ya COCTOMT
B TOM, 4TOOH HM300pECTH TaKME NPUMHTHBH B PaMKax 3TOTO 1107pa3yMEBAaEMOTO
A3HKa, C TOMOMBIO KOTOPHX MOXHO ObUI0 OH (DOpMYHMpOBATH YTBEDXACHHA H
NIPOBOAATH PACCYXACHUS O JMHAMHUYECKHX IBJICHHSIX.

12. KavecrBeusoe Mmopenuposanue b. Kyiumepca [48, 49]
Tlopxon, npepoxennnit b. KyiinepcoM, Ha3HBAaOT TaKXe OCHOBAHHHEM HA OTPAHH-
YEHNAX. ITO CBA33HO C TEM, YTO (PU3NYECKAST CUTYAUHS ONMACHBAETCS HEITOCPEACTBEHHO
B TCPMHHAX MHOXECTBA IIEPEMEHHBIX (/IS HEKOTOPHIX 3AAAI0TCA HAUANGHHE 3HAYCHUS)
M OTPaHMYCHHIA COBMECTHMOCTH, HAJIOXKEHHHX Ha 9TH nepeMeHHHeE. ITycTs nepeMenHne
X1, .., Xn NpAHAMAIOT 3HAYCHHSI, COOTBETCTBEHHO, M3 MHOXecTB Di, ..., Dp. Or-
pannueHne coemectumMocta C (X, ..., Xi) — 3TO HOAMHOXECTBO NPSIMOTO IPOM3BEACHAS
Dj X ... XDj;,, KOTOpOE 3afa€T T€ 3HAYCHHA NEPEMEHHHX, KOTOPHE COBMECTHMH YT
¢ ApyromM. Pemennem sBagercss Takoe NMPUCBAMBAHME 3HAYEHUH BCEM NEPEMEHHHM,
npH KOTOPOM BCE OrpaHMYEHHA OKA3HBAIOTCd BHNOJHCHHHMHM, W 3aAaya OOHYHO
COCTOMT B IOHMCKE OXHOTO WIM BCeX pemeHHN. OGHUYHO OrpaHWYECHHS NPENCTABISIOTCS
MHOXECTBOM BCEX KOPTEXEH, HE 3aNPENCHHNX. 5THM OoTHOmeHueM, Ecam 3axoxuposath
BCE OrpaHHJYCHAA KaK NPONO3MUAOHAJIBHHE AM3BIOHKTH (KaXA0€ M3 BHCKA3ZHBAHHM -
BHJIA X = @, TAC q NIPpHHAIEXAT D, KOAUPYeTcs KaK MPOMO3NLMOHAIbHAL IEPEMEHHAS) ,
TO JUIsl PEHICHHS 33/{aUM BHIOJHMMOCTH OTPAHHYCHHI MOXHO HMCIOJIB30BATH CHCTEMY
MOYIEPXAHMA MCTHHHOCTH, OCHOBAHHYI0 Ha JomymeHusx [16, 17]1. Mmerorcs Takxe
TpAMHE, HHOTAA IBPUCTHYHHE, ANTOPUTMH pEIICHUS 5T0H samaum [12, 13 ]. B xauectse
OTCTYIUIEHMS! OTMETHM, YTO K 3aJaue BHIIOJHMMOCTH OFPAHMYEHMH CBOXSTCH TAKHE
TPAOUUHMOHHKE 3aa4¥, KaK HANpHMEpP, aHAJIN3 3PUTENHGHHX CHEH M PacCyXACHHE O
BPEMEHHHX COOTHOIICHHSX.

B. Ky#nepc mcnoss3yeT NATH THIOB OTPaHMYCHWIL apmdmerwyeckue, (yHKIHO-
HaibHHE, nudpepeHnnanbHHE, YCJIOBHHE ¥ HEPABEHCTBA. ApH(METHUECKOE OTpaHH-
yeHne (Hanpumep, X + Y=2Z) yTBepXaaer, uT0 3HAYCHHMI IECPEMEHHHX JOIKHH
MMETh YKa3aHHOE COOTHOWICHHE B moGoit MoMeHT BpeMern. (DyHKumMOHANBLHOE Orpa-
Huvenme Y=M" (X) O3HAYAET, YTO Y €CTh CTPOro Bo3pacramomas (win yGmBaoomas,
ecmu M- (X)) dysxuus X. Muddepenunansroe orpannucune Y = dX/dt yTBEpPXAAET,
yro B moGoit MOMEHT BpeMEHH Y ecTb TeMn uaMeHenHus X. HepaBeHCTBA M YCJIOBHHE
OTPAHMYEHAS 3afAI0T OOCTOATENBCTBA, NPH KOTOPHX BHIIOJHSIOTCS IPYTME OrpaHH-
YEHNA. YKa3aHHAS COBOKYNMHOCTH OTPAHHYEHHUI TO3BOISET 00pa30BHBATh KaYeCTBCHHHIC
nacdepeHnpMaNTEHEE ypaBHEHNAS.

Tak Ha3HBAEMOC «ONHUCAHHE NPHYNHHO-CIEACTBEHHOMN CTPYKTYDH» [48 1 monyuaerca
BHIMCHBAHACM OrpaHUYCHMH M ICPEMECHHKX Momeau. KauecTBeHHOE MOJIEIHPOBAHHE
. OCYMECTLIIETCA IIyTEM PAaCIpPOCTPAHEHNS 3HAYCHHI NPOH3BONHHX «b», «—», «0» U
paHee TOJYYCHHHX COOTHOIICHMA (HEPABCHCTB M PAaBEHCTB) MEXAY NEPEMEHHHMH
BOJIb CETH OTPAHMYCHMI H3 TC MEPEMEHHBIC, 3HAYCHUA KOTOPHX €IIe HE ONPEACNACHH.,
Hcnonp3yd HEKOTOPHE NONOJHUTEALHEE NPABMIA AHANN3a, CTPOMTCS NPEACKA3aHHE
NOBENICHNS CHCTEMH BO BPEMEHHM. OTH NpaBHIA aHANM3a CJAyXaT, B OCHOBHOM, JUId
OnpeAe/IcHMd TOIO, KAKOH M3 IOPOTrOB B IIPOCTPAHCTBE (PUSHUECKOM BEJIMYAHH AO-

86



CTHTHYT, ¥ MO KAKOH M3 «BETBEH» YACTHUHOIO HOPSAAKA HACT RAIbHCHIIEE Pa3BHTHE
cATyauHH. ,
OcCHOBHOI HENOCTATOK NOAXOAA, IPEHUIOXEHHONO B. Ky¥imiepcom, B -ToM, urO
~ OTCYTCTBYIOT Kakue OH T0 HM OHUIO yKa3aHMsS KaK CTPOHMTH KayeCTBEHHYI0 MOJEIb
nMeomeics ¢usuveckoii cmryammn [15, DKB1). Jins ero monemm bnzuueckoit
CHTYaI|H IOCTATOYHO CIIACKA OTPAHMYECHMIA, HE HMCIOIMX HAKAKAX CBI3EH C OMMCAHUEM
peanvro#t (usnueckoit crpykrypu. Bomee Toro, om me dbopmymapyer xpurepmes:
KaKHE COBOKYIHOCTH OTPAHMYEHHH AOMYCTHMH MM (DH3HUECKH OCMHICTICHHH, B [9]
651 ChOPMYTMPOBAH BAXHEI TIPHHIAI OTCYTCTBHE-(DYHKIMHU-B-CTPYKTYpPE: TIPH TIO-
CTPOCHHH MOJC/TH CJIOXHOTO (PH3MYECKOIO YCTPOMCTEA 33KOHH IOBENCHHS OTHEIHHHX
YacTeH HE MONXHH BHBOAUTHCA M3 (DyHKIHOHHPOBaHMS LENOr0. B mporusroM cnywae
HONMyYaeMEeE BHBONK O (yHRKUMOHMpPOBAaHHM MpPAGOPA B LENOM MOTYT HESBHO OHTH
3aKOMPOBAHEL B CAMOM CTPYKTypHOM ommcamwd. Ilonxox B. Kyiinepca uraopupyer
BCC NPHHUMANG (PU3NYECKOH COACPXKATENBHOCTH, IOITOMY OH MOXET OHTH ckopee
OXapaKTCPU30BAH KaK Ka4yCCTBCHHAY MATEMATHKA, YEM KaK KAueCTBEHHAA (M3HKa.
Kauecrsennas MaTeMaTika, HCIONB3yeMast B STOM IONXO/E, TOXE AMEET CyIIECTBEHHHE
HENoCTaTKH [66]. Pagm cipasenmMBOCTH CTOMT OTMETHTR, UTO IEPEUHCISEMHE HUXE
HEZIOCTATKA CBOHCTBEHHH M APYIHM NOAXONAM K HOCTPOCHMIO KAUECTBEHHOM (DHIMKH.
AJITOPHTM KaYECTBEHHOTO MOJEIMPOBAHMS BHUAC/SIET IOTOMKOB JaHHOTO KayecT-
BCHHOTO COCTOSIHHSI, MCXOAS M3 3HAKOB NIPOM3BOAHEX B 5TOM COCTOSIHHM, ¥ IPOTHO3HPYET
pa3BUTHE (DUIMUECKON CHTYAUMH, ONMCHBAS MEPEXONH MEXAY PETHOHAMH B ¢aszoBom
npocTpaucTse. IlycTs perwoHs R M § — CMEXHHE BAOAG TPAHUIE X = k, IPHYEM 1q
%, NPUHANNIEXAMUX R, X MCHBINE WM PaBHO k, a [Id x U3 Sx GOMBIIE HIM PaBHO
k. B coorsercTenm c cuctemoit aucddepeHIMaIBHEX ypapueHmit (1.1), ecim HeBepHo,
uro dx/dt<0 s Bcex x u3 R, aaroput™m OOHAapyXHUT NEPEXOX M3 PETHOHA R B S,
U nepexox u3 ' § B R, ecnm HesepHO uto dx/dt> 0 mus Beex X, NpMHALNEXAMHUX S.
B pasobpanHoM BHIIE NpAMEPE CyMECTBYET IEQEXOX M3 (=, +) B (0, +), 5O HE
Hao60por. OMHAKO AJITOPHTM aHAA3A TIEPEXONOB NPHMEHAM TONHKO B CIy4Yae TPaHmIy
BUJd X=Kk ® HE JONMYCKAET AHAJM3 IEPEXONOB MEXAY PEIMOHAMH, WMEIONHME -
KPHBOJIMHCHHEEC WIM W3OTHYTHE IPAHMOH. Takde CIOXHHE IPaHUIH BO3HHMKAIOT,
€C/IA MCXORHHE (PM3MUECKUE TPOCTPAHCTBA CTPOSTCS HA OCHOBE MPEAEHBHBIX THIIEP-
HOBEPXHOCTEH, 3 HE MPOCTHX MOPOTOBHX ToueK. COOTBETCTBYIOMMIT METOX MPEIOXEH
B [66] .
CymecTBeHH I HENOCTATOK AITOPATMA KAYECTBEHHOIO MOAGTMPOBAHMS B TOM, YUTO
OH TIOPOXJACT JIOXHHE INEPEXONAH B CAy4yae, KOIJa TPOH3BOAHAS NPMHAMAET KAk
HOJIOXHUTC/ALHHE, TAK M OTPHUATC/IBHHE 3HAUCHWS BHYTDM ONHOTO pErMOHA. Mertox
[66], mcxonamuit m3 npencrasnenns o (azoBom IPOCTPAHCTBE, CBOOOAEH OT 3TOrO
HejoctaTka. Bonee Toro, 3r0oT METOX MO3BONSET B HEKOTOPHX CIyYasx CyauTb 00
YCTOHUYMBOCTH HETIONBMXHHX TOYEK M O IVIOGaIBHOIM YCTOWUMBOCTH AMHAMHMYECKOL
cucreMu. Kak u3BecTHO, TaknMe BHBOAH MOXHO TOJY4HTb, BHUYNMCIAB MAaTpHILy

— a [11] = of, (x ... 2)/ox, ...,

: a[ll]...a[ln] alln]=df, (x...2)/dz,

A (x, eery Yy Z) = ;..[.;l.i.i.......a..i.';.’;oi s TAC a [nl] = af,l (x'". Z)/ax, ees
alnn]=of,(x...2)/ oz

Ecnu B HENMOABMXHOM TOYKE p BCE ACHCTBHTEIBHHE YACTH COOCTBEHHEIX 3HAYEHHI
9TOM MATPHIH A OTPHIATENBHH (IOOXMTEAPHH), TO TAKAS TOYKA P ycroHumBas
(orrankusaomas). IToCKONBEKY B paMKax KaueCTBEHHOTO MOJCJIAPOBAHNS M3BECTHH
OOBIYHO TOJBKO 3HAKH 3JIEMCHTOB MATPHIH alij], ynomsHyTOE yCNOBME HAa3HBaeTCH
3HAKOBOM ycTOHuMBOCTEIO. B [44] chopmymupoBans Heo6xomMHe H ROCTATOYHHE
YCHIOBHS s 3HAKOBOM YCTOHUMBOCTH MATpHuM, a B [46] uMeercd I@HEHHEE 1O n
aJINTOPUTM IIPOBEPKM 3TOTO YCJIOBHS. ' ‘

13. Kavecrsennas dusnxka N xe Knupa uw Ix. Bpayna [19].
Onronormueckas cxema, mpemioxeHHas B [18, 19], ocHoBama Ha mpenCTaBACHHM
MHPa KaK COBOKYNHOCTH B3AMMOACHCTBYIOIIMX MEXAHH3MOB. ABTOPH BHACIAIOT CJic-
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AYIOImAE OHTONOTHYECKHE npnMnmu. «matepuans» (BOXA, SIEKTPHYECKHIA TOK, TEm-
70), «kaHaaE» (TPyGOmpOBOXEI, Kafesw, IPOBOAA) — SNEMEHTH, OCYMIECTBISIOMUE
TPAHCTIOPTHPOBKY «MAaTEPUAJIOB», M «KOMIIOHCHTH» (KaMcpa CropaHud JBUTATENS,
K/IamaH PETYISTOpa, TPAaH3ACTOP) — OJJEMEHTH, OCYIICCTBIMIONINE TaKoe Tpeobpaso-
 BAHHME «MATEPHAJIOB», KOTOPOE NPHBOAUT K H3MEHEHHUIO IAPAMETPOB, XaPAKTCPU3YIOMMUX
«marepuans». ITox mapamMerpaMnm IOHMMAIOTCS TEMIEPATYpa, CHNA TOKA, /ABJICHHE
# T. A. OyHEKIMOHMPOBAHME KOMIOHCHT ONMCHBACTCS C NOMOIBIO CBA3HOCTEH
(confluences) — xauecTBennoro anajiora auddepeHuUaNEHEX ypaBEeHHH. CBA3HOCTD
- mpepcTaBaser coGOM OrpaHMUEHWE COBMECTMMOCTH HA NEPEMCHHHE M TIPOR3BOAHEHIC
mapamerpoB. Hanpumep [15, 18, 41 ], xauecTBEHHOE OBEACHHE PEAYKTOPA (PErYIATOD
¢ o6paTHOi CBI3BI0 NABJIECHHS OTOKA B TPyGe) ommcrBaercs ypapaenneM dP + PdA —dQ =
= (. B 5T0M ypaBHEHHH KAaUECTBEHHHE TNEpeMEHHHE:  — BeJMUMHA TIOTOKA B TpyOe,
P — naBjieHHE B DPENYKTOpE, A — IUIOMAAb OTBEPCTHI, YE€pe3 KOTOPOE HMACT IOTOK
Xxuaxkocta, dP, dA, dQ — COOTBETCTBYIOIMME KAYECCTBCHHHE NPOM3BOIHEIEC, KOTOPHE
- IpAHAMAIOT 3HAadYeHHS U3 I1Q («—», «0», «t»). OyHKIMOHAPOBAHHE PEAYKTOPA COCTOMT
B TOM, 4YTO YBEJHUEHHME ILIOMANM OTBEPCTHS A, AOCTYIHOIO IS TOTOK3, BCETHA
yMeHbImaeT abCoIOTHOE 3HAUCHUE MaACHAS NABJICHASL Ha PEAYKTOpE P, T. €. PEAYKTOD
JOJKEH TIOAACPXMWBATH BEIMYMHY P Ha MOCTOSHHOM ypoBHe. IlajgeHwe naBiacHMS ¥
peaykrope P (pa3HMIa MeXAy BHIXOMHHM H BXOOHHIM JABICHUEM) BAPBMPYETCH B
32aBHCHMOCTH OT HATPY3KHM HAa BHIXOJ€ PEAYKTOPA, HAaNPHMED, MOTPEOSEHUS TOPIOYETO
B XaMmepe CrOpaHMsl, M JABJICHAS HA BXoAe. B paMKax CBI3HOCTH TIPENCTABJCHH BCE
BO3MOXHHE B3aMMOBJIHSHHASA IaPaMETPOB: H3MCHCHUE IUIONIANM CEUCHHS TIOOXHTECIBHO
BJMSET HA CKOPOCTh TIOTOKA W OTPUIATE/BHO HA AABJICHHE, M3MCHCHHME NABJICHHS
MOJIOXHTEIBHO BAMSET HA CKOPOCTh TMOTOKA M T. K. |
3aMeTHM, YTO CBI3HOCTH, MONOGHHE NPHBEACHHOM BHINE, OCHOBAHH HA JOMYIICHAH,
YTO KAHAMNH BCEIAA 3aNMOJHEHH MATEPHAOM M HECXHMAEME, TIOITOMY oboe KoJm-
YECTBO MATEPHANA, MOSBISIONICECS HA ONHOM M3 KOHIOB KaHanma, mpoxomur Ges
u3MeHEHHd K ApyroMy. MHaue T0BOpS, TPEANOIAracTCd BHIIOJIHEHHE YCIOBHS HEmnpe-
PHBHOCTH, TIOJIyYMBIIETO B J/ICKTPOTEXHHKE Ha3zBaHme 3akoHa Kupxrodda.
IepeMeHHas MOXET YJYacTBOBATh B HECKONBKHX CBA3HOCTAX M, TAKMM 00pasoM,
MOXeT OHTH MOABEPXCHAa PasHOOOpasHHM BangHUSM. Kaxnoe U3 ypaBHEHHMI JIOJIKHO
BHIONHATLCS TO OTAENBHOCTH, T. €. CCIHM IUIOMAAb OTBEPCTHS YBEAMUMBAETCH, HO
TIOTOK OCT2€TCS HEM3MEHHHBIM, NABJICHME NOMKHO YMCHBIIATHCS NAXE NPH HaTHYHH
OPYriX BJMGHUNA HA HETO.
OGEYHO OZHO¥ CBA3HOCTHIO HEBO3MOXHO OXaPaKTEPH30BATH nonenenne KOMITOHEHTH
B paMkax Bcex oOmacreit' 3HAUCHHI mapamerpos. I103TOMY NPEAMONATaeTCS, UTO
0o61acTh 3HAYEHHMI MAPAMETPOB, ONMMCHBAIOMUX TOBEACHWE KOMIIOHEHTH, MOXHO pa3-
6UTH HA HECKONBKO MHTEPBANIOB, COOTBETCTBYIOMMM KAUCCTBCHHO DA3IMYHEIM 3HAYC-
HEAM. JIpyrMMH CIOBaMM, B PaMKax JTOTO TMOAXOAA TAKXE MCIONB3YETCS TOHATHE
npoc'rpancrna dusnueckux BenmumH. Tax (QyHKOMOHMPOBAHME PEXYKTOPA TPUHI[H-
NHMANBHO PA3MHYHO B CIyYadX, KOTMA pPETyJHpYIOMMi BEHTHWIb TOJIHOCTHIO OTKPHT
(peaykTop paoraer B pexmme MpOCTOr0 TPyGOmpOBOAa) M KOINAa BEHTHIb MOJHOCTBHIO
3aKPHT (PEAYKTOpP HM30JMPYET BXOX OT BHIXOAA):
Orkpur: [A=A max], P=0, dP=0
Pa6oraer: [0 < A < A max], P=Q, dP+PdA—dQ=0 - '
3axpur: [A=0], 0=0, dQ=0,
- B pabo4eM pexXuME PEayKTOp (bymcunonupyer noz(o6110 xnnxocmomy NEPEMEHHOMY
COINPOTHRJICHHIO — €10 COonmporupieHueM ynpasager A. Ecm ovo mocrosuyo (dA=0),
T0 dP = dQ. Orpanuyenne COBMECTMMOCTH P = Q 03HAYAET, UTO 3HAKM KAYECTBEHHHX
nepeMeHHNX P ¥ () OAMHAKOBEHL Tax, l'[OJIHaSI MOJ€ENb KOMIOHEHTH B o0meM Bmje
'BHIJIAAUT TaK:
Cocrognue: [cnenudmkanmm ] cBa3HOCTH.
IIna xaXxmoi M3 KOMIIOHCHT, KOTOPHE MOTYT BCTpeTHThCSI NpU AHANIW3E TEX HIH.
HMHHX YCTPOMCTB, 3apaHee CO3XACTCI €€ MOJMHAS MOAEhb. Bce Monenn ofpequHSIoTCcs
B GMOMMOTEKM M aBTOMATHYECKH M3BJECKAIOTCHS OTTY/A AJTOPATMOM, €CM COOTBETCT-
BYIOIasi KOMIIOHEHTA OKa3HBACTCH YNOMSHYTOM B KOMIOHOBOUHOM cxeme mpmuGopa!

i
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B pamkax rtaxoit ADXHTCKTYPH TOCTPOCHHS AATOPATMA YHAETCH ‘cobmonare npuHIEAD
orcy'rc'rnné-d)ynxnnn-n-c'rpyx'rype, YIOMEHABIIMACA BHIE. BxomoM st anropurMma,
HassarHOro ENVISION, ciyxar: a) MHOXECTBO KOMIOHEHT M JIONYCTHMHE IyTH
B3aUMONCHCTBHS MEXAY HHMH, T. €. TOIOJIOrHS ycTpoiicTea; 6) BxomHHE CHTHAJIH,
CCIIH TAKOBHIE HMEIOTCS; B) MHOXECRBO IPaHAYHAHX YCJIOBHI HA IIOBEEHUE YCTPOMCTEA.
ENVISION moxer nopoxaats TIPOTHO3MPOBAHAE MOBC/ICHUS, T. €. ONUCAHHE NOBEACHHS
npubopa B TepMUHAX AOMYCTHMHX COCTOSHUH, 3HAYCHHUI IICPEMEHHKX 1 TIPON3BOAHEIX,
Kpome Toro, amropmtv moxer TOPOXAATh KaAy3aibHHE OBSCHEHHS W JIOTHYECKHE
AOKA34aTENLCTBA IUIE ITOTO NOBEACHHS.

B [19] nmoxasmmaercs, YTO, paccMaTpWBas (byHKIHOHMpPOBaHHE KAXIO0H M3 KOM-
TIOHCHT, MOXHO BHJIEJNMTH HECKONBKO KAYECTBEHHO Pa3sMYHEIX COCTOSHMIE B pabote
9TOM KOMIIOHEHTH TaK, UTO B PaMKax Kaxmoro COCTOSHHS TOBENEHHE KOMIOHEHTH
ONMCHBACTCS JMHEHHOH CBS3HOCTHIO. B cocrosmmm: ecmm P > 0, To dP + ¢‘iA —dQ=0,
Ang P <0: dP — dA — dQ=0.

MuoxecTso 3sHaueHwit HapaMETpPOB, YAOBNCTBOPSIOMHMX CHCTEME CBA3HOCTEM, MOXET
OuTh HaiimeHo ¢ moMompio /ITODHTMOB, NPCANIOXEHHHX JUIS DEIICHAS 335aYM BH-
TIOJTHUMOCTH OrpaHuueHmit [12, 14, 16, 17, 22, 24]. ITokasano, uro B HEKOTOPHX
CIyyasX pemeHMe RIS CUCTEMH CBSZHOCTEH MOXET OHTH HaliieHO C mOMOmBIO He-
~ KOTOporo BAPHAHTA METOAA MCKJIIOYEHHS ITEPEMEHHBIX Taycca [23].

B [21] nccnenyrores CBI3HOCTH, B KOTOPHX NPHCYTCTBYIOT NPON3BOHHE BHICIIMX
TIOPS/IKOB.

Hocronsncreo paccmarpusaemoro TIOAXOA2 B TOM, YTO YAAETCHd PEMIATH HE TOJBKO
‘3anavy MPOTHO3NPOBAHAS MOBEXCHUS (DH3AUECKOMH CHCTEMH, HO ¥ CTPOHMTH OObsCHEHME,
HoYeMy CHCTEMa TaKk (hyHKuMOHMpyeT. Or™eramM, uto Grmarogapst OHTOMOrMYECKO
TPHBA3KE, YRAaeTcd W36EeXaTh UMCTO SHECTEMOIOHYECKOTo O0BbsCHEHNS paGoTH
npu6opa, NPETHABIAIOMETO BCETO JTHIE JIOTHYECKOE ZNOKA3ATENBCTEO IIPABHBHOCTH
(OYHKIHMOHHPOBAHNA TEXHMYECKOTO ycrpoiictea [19]. O meamexBaTHOCTH ZA0KAa3aTeah-
CTBA KaK TCOpPHM OOBICHEHMI CBHACTCIBCTBYIOT CHCAYIOIUE HEXEMATE/IbHEE YEpTH:
a) MCTONB3OBAHME NOMYIICHWIT B AOKA3ATCNBCTBE HEMOTHBHPOBAHO M NPOM3BOIBHO;
6) KOCBEHHHE J0Ka3aTENBCTBA C TIPUMEHEHNEM TIPHHLMIIA «CBETEHHE K TIPOTHBOPEYHIO»
(reductio ad absurdum) MHTYMTHBHO HEYROBJIETBOPUTENBHH; B) AOKA34ATEIBCTEO H
CIMHCTBEHHO; I) NOKA3aTE/NBCTBA MOTYT OMTH XaysambHO OGpaTHMEIMH. '

Onronormueckas COOTHCCCHHOCTD NIPHUYMH M. CICACTBHIH C B3aMMOZCHCTBHEM KOM-
TIOHCHT B YCTPOKCTBE IIO3BOJSET  OOBSCHUTH €ro (yHKUMOHMpOBaHWE, Mcxond W3
CTPYKTYPH RAaHHOrO mnpmbOpa, uYTO HAMHOIO Gomee ecrectBenno mag YEJIOBEKa.
B pamkax paccmaTpmeaemoro TOAX0Na, CYMTAETCH, YTO IOBEAECHHE YCTPOHCTBA BO3-
HHKAET M3 YNOPSNOYECHHOTO BO BPEMEHH B3aHMONEHCTBHS €ro KOMOOHEHT. Jpyramu
CIOBaMM, IIOTOKM 06MeHa nHbopManuei OTPaXarwT peabHHE NPHYNHHO-CIICACTBEHHEE
B3aHMONECHCTBHA MEXAY KOMIIOHCHTAMI, Ilockompxy MomenmpoBanue OCYIIECTBJIHETCSH
B PaMKax KBa3WUCTATHCTHYECKOIO NMPHOAMXEHUS: YCTPOHCTBO NpeanonaraeTcs GIm3Kum
K PpaBHOBECHIO, ANA Kay3aJbHOTO OOBICHCHHS H3MCHCHAM, BO3HMKAIOMIUX MeXay -
PaBHOBECHHIMH COCTOSHHUSIMH CHCTEMH, BBOXSTCS IIOHSTHS MUGPHYECKOH Kay3aTbHOCTH
u Mubpmyeckoro BpemeHu. Be3 srux TIOHATHH HEBO3MOXHO OOBSCHHTH noyeMy mpo-
HCXOZUT CMCHA COCTOSHWHA, T. K. IIPH CMEHE KOJIKHEL HabmonaTecs NPOMEXYTOYHHE
HEPAaBHOBECHHE COCTOSHHMS. BBENEHHHE MOHATHS TO3BOSIOT OTKa3aTECA OT HCIIOJIb-
SOBaHMS NPHHIMNA «CBENCHHE K TPOTHBOPEUHIO» [19, 20). ArsrepraTusaEe METOAN
K IIOCTPOCHHMK) NMPHYAHHO-CJICACTBCHHEX OOBsACHERMIt, MCXOAIIME U3 TOAXON0B, pa3-
paGoraHHEX B OKOHOMMKE, mpejuraraorcs B [41, 42, 43].

Omucannas omToMoruueckas cxema Kaxercd BeCcbMa OIpaBAaHHOIMA, TIOCKOJIEKY
BHPAXACT ' THNNYHYIO /IS MHXECHEPHOIO AEia CHCTEMHYI0 MHTYynumio. IlIupoxo
PACTIPOCTPAHEHHEIE' BO MHOTHX HPHK/IAHBIX obmacTax cramgapra mms CTPYKTYPHBIX
OIMACAHWI HENOCPEACTBEHHO MOTyT HCIOOMB30BATBCS KAK OTNPAaBHAS TOYKA hiis i
TOCTPOCHHS KAYECTBEHHHX Moueneil. B To X€ BpEMSH, HEPEXON OT KOIMYECTBCHHEX
Mozeei K Ka4ECTBEHHHM — 3ajaua HETPHBHAEHASL, TIOCKOJIBKY MOXET ITOTPeGOBATHCS
BBE/ICHME HOBHX COCTOSHHMIA. Bropoe NPCUMYMECTBO KOMITOHEHTHON OHTOJIOTHH B TOM,
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4TO (PHKCHPOBAHHOCTH CETH OTPAHMYEHHH HA COBMECTHMOCTE ofecneudBaeT OCHOBY
s addexTupnnx suvmcaenni [31]

KOMIOHEHTHAST OHTOJIOTMS MMEET cephesune Hemocratku [31, 32]. Bo-nepBHX,
TIPOLIECC BHAEJICHUS NIPEMUTHBOB Ha KOHCTPYKTHBHOM CXEME TEXHHYECKOTO YCTPOMCTBA
HeoaHO3HaYeH W HedopManmsyeM. B HEKOTOPHX NPHKJIAAHEIX ‘00nacTax, HampAMEP
B OJJEKTPOTEXHWKE, 5Ta Npo0JEMa HE BOZHMKACT, HO B JIDyrMX OHA ROCTATOUHO ‘
cepnesna. Hampumep, mpocrod METAIMYECKAA KyOMK MOXET MOAEIMPOBATHCH Kak
TOUEYHAS MAcCa, IPYXAHA, MPOBOXHHUK B 3aBUCHMOCTHM OT €T0 OKPYXCHHA. Bo-BTOpHIX,
B PaMKaxX JToii OHTOJIOrMM TPYAHO ONMCATH MHOTHMC ECTECTBEHHBIC SBJICHAS TAKWC,
KaK MCYC3HOBEHHE M BO3HHKHOBEHME OOBEKTOB (B MpPOLECCEe KMIICHHMS BOJA MCYE3AcCT,
a nap nosBIMETCd) , H3MCHCHUE CBA3EH MEX/Y YACTIMH CHCTEMH (INapuK, TIPHAOMWH
BHYTDH COCYAa). B-Tpersmx, MHOTHE (PH3MYECKHE ABJICHHS HE YKIANHBAIOTCS B ITY
OHTOJIOTMYECKYIO CXEMY, HANPUMEDP, HEOTPAHWUCHHOE NBAXEHUC U thasoBEIc TIEPEXOAHL.
B HEKOTOPHX MHXCHEPHHX IPIIOXEHASIX ITH OIPAHMYCHUS MOTYyT 6HITH TIPEONOJICHH,
HO HEHOHSTHO KaK 5TO CAEIaTh B obmeM caydae.

14. TeopHud KaYeCTBECHHNX NPOMECCOB K. ®opb6aca [30, 32].
Hau6onee MHTYNTABHO ONpPABJAHHAA M3 CO3AAHHHIX /10 CHX MOP OHTONOTHYCCKHX CXCM
JUIS ONMCAHHS NWHAMMYECKMX SGBJICHMA HA  KayCCTBEHHOM YPOBHE NPEAJIOXKCHA B
paborax K. ®opbaca. Jta cxema pa3BHBAacT BBCJICHHOEC paHEe T1. XoitecomM MOHSITHE
«ucropum» [38, 391 '

TonsTre rcropau 6uuto npeanoxeno I1. XaitecoMm ¢ nebio pEIIATH YIIOMAHABITYIOCSK
prme npobnemy pasrpanmucans [57, 40] B pamkax JIOTMKH HEPBOrO mopsdaxa. Ero
HAes COCTOSJIA B TOM, YTOOH OTKAa3aBIIMCHh OT IIPOCTPAHCTBCHHO HEOTPAHWUCHHEIX
cATyammii, PACCMATPABATH TPOCTPAHCTBEHHO JIOKANBHEE MCTOPHW, H TOTAZ 00OBEKTH
MOTYT B3aHMOAEHCTBOBATh, TONBKO KOIN@ MX MCTOPHH MEPECEKAIOTCH. B [30] dop-
MYJIMPYIOTCS ABE HOBHE MpOOIEMH, BO3HUKAIOMME BMECTO KJIACCHYECKOM TIPOOIeMHL
pa3rpaHAYCHAA. : .

1) TIpoGneMa JIOKANBHONK IJBOJIOHAM: KaK IOPOXAANOTCH ucropun? Ilpu kakmx
YC/IOBHAX BOSMOXHO HX HE3aBHCHMOE TIOPOXICHHME VIS YacTeH LEJOCTHOM CHTYauMH
M, 3aTeM, OOBCAMHEHHE I{UId ONMMCAHMS BCCH CHTYaluH,

2) IlpofnemMa mnepeceucHus/B3aNMOACHCTBHS: K3aKHE M3 TIepeceYe it NCTOPHM
NEUCTBUTENIBHO COOTBETCTBYIOT B3aMMOJCHCTBHIO 00BEKTOB? v

K. ®opbac mcnons3yeT OHTOJIOTMIO BPEMEHH, paspaGorannyro B [5], BHgenas B
KAUYECTBE TIPEMUTHBOB SNMH30NH M COOHTHS. JNA30A0M CUMTACTCS MHTEPBAN BPCMCHH,
HMEIOmMit HEHYJIEBYIO JUTMTEIBHOCTD, 4 COOHTHE JUMMTCS TOMBKO MrHOBeHue. Kaxnuuii
SIM30N MMEET HAYAJIO M KOHEI, KOTOPHE SBJISIOTCA COOHTHSMH, CIyXaUMMH Irpa-
mrnama smmsona. Comraceo [5] snmzonw u COONTHS HAXOXATCH B OTHONICHMHM TIPH-
MHKaTh, T. €. HAYAJNO0 HEKOTOPOTO KYCKAa TPAEKTOPHHM HAXOAHMTCS HEMOCPEACTBCHHO
1I0C/IE KOHIA MPEABJYIIEro, APYFHMH CIOBAMH, OHM HE Da3lENCHH BO BPEMEHH. JTO
MO3BOJISET HAM CKa3aTh, HANPHMEP, UTO 3MM30X HAarpeBaHWs BOAH HA IUIATE 33KaH-
uypBaercs COOHTHEM MOCTHXEHMS BOJOM TEMIEPATYPH KHMICHAS, XOTH B TEUCHHC
SIHM30Aa TEMIEpaTypa OHJIA HHXE TOUKH -KHIICHHS. '

Onronornueckue npnMuTHBH B cxeme K. Popbaca — «uCTOpHH», «<AHAUBARYATLHHE
aCIIEKTH» M «IIPOLECCH?,

WEAMBHAYAIbHEM ACEKTOM MOXET OHTH 0o60it CTaTHYECKWA 3MEMEHT OKpYXa-
JOIIETO MHMpPa, MCYC3HOBEHHE, BOSHHKHOBEHHME M CYIIECTBOBAHME KOTOPOIO 3HAYAMO C
TOUKH 3pEHHS TOH 3aiaud, KOTOpyl mpeacromt pemars. IIpexpe ueM mEpEXOmUTh
K PAaCCMOTPEHMIO CTPYKTYPH MHIMBHXYaJBHOTO acleKTa, 3aMeram uro B [29, 30, 32]
HE RAIOTCA CTPOTO JIOTHYECKHME ONMPEAE/ICHAS, XOTS aBTOP MOAYEPKUBAET HX BO3MOX-
HOCTB, BMECTO 3TOTO JEJAETCS YNOP HA MPOTPAMMHYI0 DEANM3ALMIO. PEAIAraeMon
KOHIENUMHE. B HEKOTOPHX CIyyasX BOCCTAHOBJCHHE (POPMAIBHHX ONPEACICHHH HE
' IpeACTaBNgeT 3aTpPyAHEHwWil. Bce MHAMBHIH, MCHOJB3YEMHE B MOACHM, HMECIOT TOT
wm #HO# copr. C JIorMyeckoif TOUKH 3PEHMA, MHIMBHMAYA/JBHHE ACTIEKTH M IIPONECCH —
NPEANKATH B MHOTOCOPTHOM SI3HKE NEPBOIO MOPSAKA.

B paMKax ONMCAHWS MEJMBHAYaJIbHOTO aCIEKTa CHTyauuu (pmkcupyiorcsa:
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1) ofbexTH, Bxomsmme B HCrO, HANPUMED, NI WHANBMAYATEHOTO acnekta Xupn-
kocTb-B-Konreitnepe raknmu mnamsnmamu GyRyT XuakocTe M cocyn;

2) npemycNOBMS €ro CymIecTBOBaHHS, T. €. YCIOBMS HEAWHAMMYECKOH NPHPOTH,
KOTOPHE NOMKHE BHBOIWTECS M3 KAKHX-TO BHENIHMX Teopwil, B Hamem npuMepe
Heobxomumo ycioBue, 4To Koﬁreﬁnep MOXET COREpXATh RAHHYIO XMAKOCTh' (MEXHBIN -
COCYR HE MOXET COACPXATH CEPHYK) KHCOTY); ‘

3) xonHmuecTBeHHBIE YC/IOBHS €10 CymIECTBOBAHMUS: [T TOTO, YTOGH MHIMBHIYaJIbHE
acnext Xwmmxocrs-B-Konreitnepe wmen MECTO, KOJMYECTBO >KHAKOCTH HOJXKHO OLITH
Gossmie Hy.Is; - .

4) 3aBUCHMOCTH MEXAY Pu3nyeckumMn BC/IMUHHAMM, XaPaKTEPU3YIONMMH OGBEKTH,
BXONAMNC B WHAMBHMIYaJNbHBA AaclEKT. BO3MOXHH HECKOJBKO THMOB OTHOLICHMH.
Hawn6onee pacnpocrpanennse — 1o YKa3aHUS HA MOHOTOHHYX0 3ABHCHMOCTbH ONHHX
(U3MUECKNX BEJMYAH OT APYIHX, HanpuMep, o0bEM XHAKOCTH MOHOTOHHO BO3pacraer
TIpH YBEIMUCHHMM €€ KOJIHYECTBA. 3aBUCHMOCTH MCXNy BENWYMHAMH MOXHO IIPHCBOHTD
CBOE MMs. o ‘

B xauectse apyroro NpUMEPA pacCMOTPHM HHAWBHAYAIbHEI ACHEKT Tpenune-IBn-
XeHns. B Hero Bxoasr cnepyromue MHIHBA/L: OGBEKT, IIOBEPXHOCT, HAIpPAB/ICHHE.
Umerorcss n8a mpemycioBus: Hammume KOHTAKTA CKONLXCHHSI MEXIXY OOBEKTOM H
TIOBEPXHOCTEIO M OPUEHTALMS BEKTOPA CKOPOCTH BIOAD HATIPABJICHHS. Konnuecrsennoe
YUIOBHE CyIMECTBOBAHHUS ‘MHAMBHAYAJBHOTO ACHEKTA: HAJIMYAE Hponecca ABMXCHHS
BJ0/Ib NAHHOIO HanpaB/icHud. BRIoAHMI0TCH 1BA OTHOMEHNS: BCCTAA, KOrAa CYymIeCTBYET
STOT MHAMBUAYA/IbHHN ACHEKT, MMEETCH (PMIMUECKAs BETMUHMHA — CHAA TPEHHSA, KO-
TOpas MOHOTOHHO BO3PACTAEeT TpH yBC/MYCHAM HOPMAJNBHON CWIB; B COyuyae ORHO-
MCPHOTO JIBMXEHHS 3HAK CHJIH TPEHUS TIPOTHBOMOJIOXKEH 3HAKY CKOPOCTH OOBEKTa.

Kak u B ocramsmEx moaxomax, B TEOPUH KaYECTBCHHHX MPOLECCOB MCHOMB3YETCS
TOHATHE (PU3MYECKOr0 NPOCTpaHcTBa. KayecTBeHHEE 3HAYCHHUS W W .z HEKOTOPOIO
NPOCTPAHCTBA, MEXAY KOTOPHIMH HET MPOMEXYTOYHOIO 9JIEMEHTA, HA3HBAKOTCA CO-
cequumu. Ecnu y Kakoro-1o anemeHTa mMeercs Gonee OI{HOTO COCEAA, OH HA3HBACTCS
TOYKO# Pa3BETBIICHHUS. '

Inga onucanng AMHAMHKH TPOMCXOASIMMX B MHPE M3MEHEHHH MPHMEHSICTCS Ipyroit
IPAMHATHB — TIPOLECC. .

B pamkax ommcamms mponmecca duxcupyorcs:

1) wapmBaaH, yuyacrByiomme B nponecce. B xauecrse wimocTpanum 6ynem pac-
CMaTpPUBATh MNPOLECC NBMXCHASA, B ONMCAHMH KOTOPOTO MCIIONIB3YIOTCS ABHXYIIMHACS
00beXT ¥ HampasneHHE NBUXCHUI, ,

2) npenycnosus ero nporekanng. B mamem npuMepe 3 NpeaycaoBHs: MOGHIBHOCTE
00BEKTA, OTCYTCTEME HEMOXBHXXHODO NPENATCTBAS BAOAb NAHHOIO HANPABJACHHS, OPH-
CHTAUWA BEKTOPA CKOPOCTH BAOJb HAMPABJICHHS,

3) xonmyecTBeHHLIE YCIOBHS NIDOTEKAHHA TIPOLECCA GHBAOT IBYX THIIOB. a)
HCPABCHCTBA MEXNY PEICBAHTHHIMH (PU3MYCCKAMHA BETHYHHAMME B HAYaJdbHHH MOMEHT
BpeMEHH ¥ 0) CTATyCH aKTHBHOCTH APYrAX IIPOLECCOB M acnekTos. JIast Toro, uroOm
TPOLIECC ABMXKEHUS ObUT aKTHBEH, HEOOX0MMMO, YTOOH BeMMYHHA CKOpPOCTH 00bexTa
6ruta Gonbime Hyos; :

4) oTHOmEHMS MexxIy ¢usnyeckumMu BerMumMHAME (Tex xe THIIOB, YTO M B
MHINBHAYAIHOM aCHEKTe). v

S) nmpsMEe BaMgHMS, T. €. YTBEPXICHUS O HANPABICHAW M3MCHEHMS (DH3MUCCKON
BCJIAYMHE IIOX BO3JEHCTBEM NPOTEKAIOMIETO IIPOLECCa. 3ananTca B BUjte 3aBHCHMOCTEIH
MEXAy (pusmueckoit BEJIMYMHOA, HA KOTOPYIO BIHUSIET Tpouecc, ¥ PUINYECKOH BesH-
YHHOH, XapaKTepu3ylomeit NPOTCKAOIMMAM NPOLECC M He CYIIECTBYIOIICH BHE ero. B
HAIIEM NPAMEPE TaKOA PUINUECKOM BETHYMHOMN TBISKETCS ckopocts. ITponece neuxenns
BJIHMSCT HA MOJOXEHHE 0OBEKTa BJIOJIb. OCH, OIIPENIEAICMOI HANPABICHHEM IBYXCHHS,
M, B CHIy TNOJIOXKHTEJLHOH OpHEHTALAM BEKTOPA CKOPOCTH, BJIHSET NOJOXHTEIBHO,
Ilpsmuie BymsHMs onpenensior muddepenumansane 3aBUCHMOCTH, YKa3HBas HA BKJIAJ
Kaxporo mpouecca B NpPOM3BOAHYIO TOH bH3HUECKOMH BCIIMUAHEL, HA KOTODPYIO OH
Bauger. Iloaromy mnsa Brumcienus NPOH3BOAHOH HEKOTOPOI ¢bnsnueckoii BEJIMUAHH,
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HAjl0 NPOCYMMHpOBATh (ncnom:syx KaueCTBeHHYO apudMeTnKy) BAMSHMS HA Hee o
BCEM TIPOLIECCAM.

B xauecTBeHHOI TEOPHUH MPOIIECCOB nnonn_'rcs TaKXe JIOHITHE KOCBEHHOIO BIIMSHNS.
(Du3nyeckas BEJMUMHA HAXOMUTCS IIOX KOCBCHHHM BAMSHHEM, €CJIM OHA SBISETCS
bysxumeit or aApyro#t ¢mamueckoldf BEIMUWHE, HA KOTOPYK BiamgeT mpomecc. DyHkK-
IMOHAJBHHE 3aBHCHMOCTH MEXAY BEJMYHHAMH TPEACTAaBIMIOTCS B BHAE JCPEBa, B
KOTOPDOM KOpPEHB — 3aBHCAMAA (H3MUecKas BEIWUMHA, 4 JIMCThS — HE3aBUCHMHIE Be-
JmunHH, HanpuMep, npomecc pacTBOPEHHS COMM B BOAE IPSMO BJIMSIET HA KOJIHAYECTBO
COMM B PacTBOpE M KOCBEHHO BJIMSET HAa KOHLEHTPALMIO pacTBopa. (Pmamueckas
BEJIAYAHA HE MOXET OHTh NMOA NPSMHM M KOCBEHHHM  BJMSHHEM ORXHOBPEMEHHO,
JaHHOE YCJIOBHE BH3BAHO CTPEMJICHMEM aJICKBATHO BHPA3WTh NPHYMHHEE CBY3H.

B xauecrse BTOpOro nmpEMepa paccMOTpPHM TIpollecC yckoperws. Mppmsmus, BXo-
ASIOHE B 3TOT NPOLECC, W €r0 MPEAYCJAOBHS COBHANAIOT ¢ COOTBETCTBYIOIIAMM SjIc-
MEHTAMH TIPOIECcca ABHKCHWA. KOMMUSCTBEHHOC YCIOBHE BO3HMKHOBEHHS IIPOIIECCA
YCKODEHHSI: BEJIMYAHA DPaBHONEMCTBYOmEH cwiod Gombme myns. Bmmommstorcs nsa
OTHOIIEHMS; BCETna, KOrma TMPOTEKAET 3TOT MPOUEecC, MMEeTCS (PU3MUeCKas BETHUMHA —
«yCKOpeHHE OObeKTa», KOTOPas MOHOTOHHO BO3PACTAET HPH YBEJMUECHAM DABHOAEH-
CTBYKOmEH CH/I M MOHOTOHHO YOWBAaeTr npM YBEJMYEHHHM MAacCH 00BeKTa (BTOPOHM
3axoH HrioTona). Yckopenue 00bexTa OKa3HBAET MPAMOE BJIUSHHE Ha CKOPOCTH.

B [30] dopmymmpyercs BaxHOe yTBEepXAacHHE: «B NmpHMUMHHO-CIEACTBEHHHX pac-
CYXACHMSX JIOAM HE WCIOAB3YIOT YPABHEHHS, BHPAXAKOIIME 3aBHCMMOCTH MEXAY
¢u3muecKHMI MapaMETpaMH, BCEMHM BOSMOXHEIMM criocobamus. Tak, HanpuMmep, ypas-
Henne F= ma B BHIE KAUECTBEHHHX MPONOPUHOHAJBHOCTEH MOXET GHTH MEpPENUCaHO
Pa3MUHEMH COCO0aMu, eciu 6paTh OMH M3 NMAPAMETPOB KaK (PYHKLMIO IBYX APYTHX.
BrGop Toit hopmEr 3anHCH, KOTOPas MCTHOIB3YETCH B OMpeeICHHH POLEcca YCKOpEHHH,
NPOANKTOBAH CTPEMJICHMCM OTPAa3sHTh NPHYMHHHE CBH3HM, CYNIECCTBYIOIME B KaXZOi
¢dusmueckoit obmacta. TONMBKO HEKOTOPHE HANPABJICHHMS NOTOKA MH(OPMAIMA HHTY-
MTHBHO COOTBETCTBYIOT IPWUMHHO-CIICACTBCHEEM H3MCHCHUSIM. K. ®@opbac npepnaraer
CHEAYIOMYIO THNOTE3y Kay3aJbHOW HANpAaBACHHOCTH: «Mi3MeHEHMS B (usmueckux -
CHCTEMaX, KOTOpHE BOCIPHHHMMAIOTCS KaK Kays3aJibHHE, OOyC/IOBJECHH HAIIHM BOC-
NPASTHEM HX KAK COOTBETCTBYIOIMX JMOO NMPAMEM HM3MEHEHUSM, BH3BAHHHM NpO-
meccamMe, AuMG0 pacTpOCTPAHEHHEM 3THX MIPIMHX BJIMSHHMN uepe3 (PYHKIHOHANBHHE
33BHCHMOCTH».

IlenTpanbHOe AOMYIIEHHE TEOPHH KAYECTBCHHHX MPOLECCOB — 3TO AOMYIIEHHE O
CAMHCTBCHHOCTH MCXaHW3Ma Kaysanum: «Bce msmenenms B ¢msmyeckoif cmcreme
BHISHBAIOTCS NPSAMO MJIM KOCBEHHO mpomeccamMm», Otciona CIIEAYET, UTO KAYECTBCHHAS
¢usznka nng Hexo'ropon ofnacTH [ONXHA BKAKOYATH MOJHHM CJIOBaph NPOLECCOB,
BOZHHKAOIIMX B 910t oOnacti. Ilosromy BxomHag Mopmens ¢pM3Myeckoi obmacrm
ROMIXE3 BKJIIOYAaTh 3TOT CJI0BAPh, COBOKYMHOCTh HMEIOMMUXCH OOBEKTOB, HX CBOMCTBA,
OTHOLICHAS MEXJY HHMH, BKJIIOYAs BO3MOXHBIE HHAMBHAYANGHHE aCIEKTH CATYaLMH.
BaxHso mORYEPKHYTH, YTO [I4 ONUCAHUA KOHKPETHOM CHTYaruu He Tpefyercd OTAeNBHO
337aBaTh AKTHBHHE TPOUECCH W ACHEKTH: pa3paboTaHHBIA ANTOPHTM, nponepm; yc-
JIOBMS, DA KOTOPHX OHH BO3RMKAIKOT, ACMAET 3T0 ABTOMATHYECKH.

BosBpamasace K CTpykType 0OCYXZaeMOM OHTOJOTHUECKOM CXEMH, 3aMETHM, 4TO
OHA UBJAYETCS PA3BUTHEM HAEH, 3anoXeHHnXx B mpoekt STRIPS [27, 61]. Ho B
ormuue or STRIPS, npaswna ymanenus, momudukanum u aobasneHus, OCYIIECTB-
AMBIIHE META-KOHTPOJIb HAJ ONMWCAHMEM CHTYAUHMH, BKJIOUCHH B CaMO ONHCAHHE
caryanun. Ilpum 5TOM CcuTyauMs mepecTacr OHTh OHTONOTMUYECKAM NPHMHTHBOM M
TIIOHHMAETCS KaK COBOKYIMHOCTh AKTUBHHX MHAHBUAYAJBHEIX 4CIIEKTOB ¥ MPOTEKAOMIMX
nponeccoB. OHTONOrMYECKHI NPHMATHB HCTOPAS — 370 HEKOTOPHI 00bEM NPOCTPaH-
CTBA M BPEMEHM C eCTeCTBEHHHMH rpanmmamu. B [30] pasnuuarorca mcropuu mapa-
METPOB, ACNIEKTOR M mpoueccoB. Ha ocHOBE - mpemioXeHHHX TIPHMATHBOB MOXHO
cTpouTh GoJiee CIOXKHHE TOHSTHS, HANPUMED, MOHATHE CPAICHHOM MCTOpHM, IO3BO-
JIMIOIEE ONMMCHBATH AWHAMHYCCKHE SBJCHUS, B XOAC KOTOPHX MEHSIOTCH BIHSHHSI H
OTHOWICHHS MEXJY DCICBAHTHHMH (DPH3UUYCCKAMH BETHYMHAMH, l'IpuMep TaKOro SiB-
JIEHHS — CTONKHOBEHUC ABYX M Gonee obbekroB.
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Anroput™, yacTHumo onucanuuid B [30, 32], nossonser pemars 3aJavy IIpOrHO-
3upoBaHuda. B xoxe paBorn ArOPHTMA CYHICCTBEHHO HMCIIOJIB3YETCS NPEACTAB/ICHHE O
HEMOHOTOHHOM XapakTepe IPOBOMMEIX paccyxnenmit. 3agaua opmynnpyerca cie-
AyromuM obpasom. Ha Bxone HMECTCA MOJENb MPEAMETHON 00gacTH u KOHKPETHHIA
CHCHAPMM, HAMCAHHHIA B TEPMUHAX 3TOMH Mozenu. Ilpu sTom He 3anarorca YPaBHCHUS
H/M IPOLECCH, MX TIOPOXICHAE HA OCHOBE MOAE/H OGIACTH BXOUT B 3agauy pemareJi.
BrixogoM ctyxut mporsos, COCTOSIMMI M3 MHOXECTBA HEPEXO0B MEeXIy IpOMEXy-
TOYHHIMM CHTyauusMu. Pasmyarorca npa Bupa TIPOTHO3MPOBAHMA: IIPOTHO3HPOBAHUE
AOCTHXHMOCTH ¥ Tnobanenoe. Ilepsoe M3 Hux COMEPXHUT BCE CHTyaMH, KOTOpHE
MOXHO JOCTHYb 332 KOHEUHOE YACIO IEPEXO/OB: M3 (UKCHPOBAaHHOM HavaNbLHOM, a
BTOpOC — mpexncrapaser coGoit ofnreMHEHHe BCEX MPOFHO30B TOCTHXAMOCTH U3 MHO-
KECTBA BOSMOXHHX HAYANBHKX caryaumii. Ilox curyanmeit sxecs u JaNee MOHUMAETCS
KaueCTBCHHOE COCTOSHHE OOBEKTOB NPEAMETHOIO MHPa, npexcTapadiomei coboit He-
KOTOPHUA KJ1acc moBefeHmit. B 310 cocrosaue BXOZAAT MPOLECCH M ACNEKTH, AKTUBHHC
B IaHHOM MHTEPBAJIC BDEMCHH, M 3HAYEHHS. COOTBETCTBYIOMUX dusnueckux BemumH,
Kaxpmas caryanus ogmosEaumo TPCACTAB/SETCA B PEIIATENE KAaK COBOKYIHOCTh Xa-
PAKTCPU3YIOMMAX €€ AONYWICHHH. JIMHAMHKA 3TOI0 MHOXECTBA JONMYMICHAM MMCET
HEMOHOTOHHHIA XapaKTep, MOITOMY B XONE pEIICHHS 3ajaYd MCIIOJb3YETCS CHCTeMa
HoMIepxaHns MCTHHHOCTH [14, 54, 56, 63]. QakTH, CIpaBeAIMBHE B HEKOTOPOH
CATYalUWM, — 3TO YTBEPXACHHS, BHBOIMMEE C MCIIOMB30BAHMEM DOILYy ICHHI.

IIporsos o pocruxmmocTn nmopoxmaercs cnepylomuM o6pasom:

1) mHaxomsTca Bce mpomeccH m ACTCKTH, aKTMBHHE B HAYaJbHOM CHTYyauum;

2) omnpemenTOTCS BAMAAAS Ha (UIMUECKHE BEJUYMHHN, YTOOH HAalTH 3HAKM CO-
OTBETCTBYIONMX TPOM3BOXHKIX. ITOCKONBKY ROCTYNHA TONBKO KAauecTBEHHAs uH(pop-
Mauas, HE BCE BIMSHHS MOXHO ONPENE/INTh OXHO3HAYHO. B Tex CAydasx, TAE OCTAeTCS
HEONPENCICHHOCTD, HAl0 A0GABASTh AONYMEHHS O HEH3BECTHHX 3HAYCHUAX HPOM3-
BopHEX. Tak xaxk ¢usnueckue BeMuMHE 3aBHCHMHI, NOIYWICHUS HANo HoOaBaqats B
TIOpSAKE, KOTOPHIA ONPEREIETCS HaNPaBICHAEM ¢yHxumonansHO# 3aBMCHMOCTH. Ecu
Q2 zasucur or Ql, T0 BHauane Hano paccMmorpers BaugHuA HA Ql, a ;ume 3arem
Ha ()2, NMOCKOABKY SHAHHE 3HAKA NPoH3BOAHOH (1 MOXeT mo3BOJMTE ONPERCAATD
3HaK npowmsBomHOM Q2; \

3) anmanmsnpys wacTHyHO YIOPAROUCHHKIE MHOXECTBA 3HAYCHHI PACCMATPHBAEMEX
¢msnueckux BesmuMH MM TOTO, YTOGH ONPENENHTh KAaKME TIEPEXOAN BO3MOXHHL,
ITockonbky kxaxnmit u3 TICPEXONOB CBS3AH C MPEKPAMICHMEM CYIICCTBOBAHMS OTHMX
¥ TOSIBACHHEM APYTUX HMHAWBMOYAJIBHHX ACHEKTOB M TPOIECCOB, mar 3 nomyumn
Ha3BaHWE aHATH3A NPEACTOB, a CaM BO3MOXHE NCPECXOA HA3BAH NpPEAENBHOM rINOTEe305
(limit hypothesis); ‘ o

4) 0 Tex mop, noka He OyayT nepeSpanm Bce TOUKH Pa3BETBICHHS M HOCTPOCHHHE
Ha mare 3 mepexonH, BHOMpAaeTcs ofHa M3 OpEiCTbHHX THIIOTE3 M CTPOMTCS HOBAS
CHATYaIHg; ‘ .

5) ecnu mocrpoeHHas CHTYauMs yXe BCTPEYaJach paHee, Aeaaercs obbenuHEHNE;

6) ecu Ha mare 5 Grna TOPOXACHA XOTsi OH OfHAa HOBas CHTyaums, aJIrOPATM
npoposixaer pabory ¢ mara 1, uuaue om OCTaHABJIMBAETCA. .

Jna ymenpmenus mepeGopa, BOIHHKAIOMEIO, B OCHOBHOM, HA Imare 3, MOXHO
MCTONb30BATh SBPHCTHKH, NPEIUIOXCHHHE B YX€ YIOMMHABIIEHCS paGore [50]. K
COXAJICHUIO, €€ aBTOP HE BHCKA3aN HHKAKHX €000paXEHMIT OTHOCHTEIHHO YCITOBHIA
CXOIMMOCTH CBOCH HTCDPATHBHOM TIPOLEAYPHL. Ny

TpuBenenunit Bumre anropuT™ HEMb3s HCIOJB30BATh VIS MOCTPOCHHS TIOO0ANBHOIO
[pOrHO3a, MOCKONEKY OH HAaUMHAeT paboTy C BHAEJNECHHON HAYATBHON CHTYaIuH.
ITocrpoenns uMeHHO r06aIBHOIO TIPOTHO3MPOBAHNA BAXHO TIOTOMY, YTO TOJBKO OHO'
MOXET MCIO/IB30BATHCA I/I PENICHAS 332Ul HHTEPNPETAUNN M3MEPCHHHM, ITOCKOMBKY
ONpPENIC/ICHNE HAYANKHOH CHTYALHNM "€CTh YaCTh JTOM 3apaun. UeTepnperanms uame-
PCHHI, B CBOIO OYEPENb, — BAXHAA COCTABHAS 3amava muarHocruku [33, 79]. Ina
T0ro, 4To0H W36exaTh mepefopa BCEX HAYANBHEIX curyanmit, 8 [32] npemnoxena
MHas apXMTEKTypa aJTOPHTM3, CyIIESCTBEHHO MCTIONB3YIOmAas CHCTEMY NOMICPXAHUS
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MCTHHHOCTH, OCHOBAHHYK® Ha pomymenusax [14, 16] (3aMe'rnM, YTO MpeRHgynas
BEpCHs anropuT™ma ORUIa ocHOBaHAa Ha cucreme [53]).
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B npuBOAMMOM CHOHMCKE JHTEPATYPH HCNONb3YIOTCH CIEAYIOLUE COKPAMICHMS:
AAAI — American Association of Artificial Intelligence,

Al — Artificial Intelligence,

IJAIE — International Journal for Artificial Intelhgence in Engineering,
IJCAI — International Joint Conference on Al,

NCAI — National Conference on Artificial Intelligence.
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