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[lepcniekTUBBI pa3BUTHS TEOPUU

KBAHTOBBI PAHI'OBBIN AHAJIN3 B YIIPABJIEHUU
SJIEKTPOIIOTPEBJIEHUEM TEXHOIIEHO3A

3JIeKTp0HOTp66JIeHI/Ie B TCXHOIICHO3¢

OOBEeKTOM HAIlIUX HMCCIEAOBAHUMN SIBISETCS PErMOHANBHBIN 3IIEKTPOTEX-
HUYECKU KOMIUIEKC, KOTOPBIM paccMaTpuUBaeTCs KaKk OrpaHUYEeHHas B MpO-
CTPaHCTBE U BpeMeHHU 00Ja/Jarolas TEXHOLIEHOJIOTUYECKUMU CBOMCTBAMU B3a-
MMOCBSI3aHHAsi COBOKYITHOCTb MOTPEOUTENEH 3JIEKTPOIHEPTUH, pealn3yoas B
€IMHOI CUCTEME YIpaBJICHUS M BCECTOPOHHEr0 OOECHeueHus Ledb ONTUMAaJb-
HOTO YIIpaBJieHUs 3JeKTpornoTpedieHneM. OH BBICTYIIA€T B KauyeCTBE IMOCH-
CTEMBI PETHOHAIBHOTO JICKTPOIHEpreTHueckoro kommuiekca (puc. 1) ([83]).

PEMMOHANBHLIN 3NEKTPO3HEPIETUHYECKWU KOMMIMEKC

Cucrtema matepruanbHoO-TeXHM4YecKoro obecnevyeHmn

v v

OCHOBHOMW permoHanbHblIN reHePUPYIOLWKMA KOMNNeKc

BazoBEbIH MCTOYHMEK NMonynukoBble UCTOYHUKH
INeKTpoaHepruM reHepaumu

Beoa co cTOpOHBI MukoBbIe UCTOYHHMKH
3HeprocucTemMbl reHepauvm

v v

PernoHanbHbIW TPaHCNOPTHO-CETEBOW KOMMNIEKC

v v

PeszepBHbLIW perMoHanbHbIW reHEPUPYIOLWHUKA KOMNNEKC
PernoHanbHbIA 3NEKTPOTEXHUYECKUHA KOMMNINEKC

Puc. 1. PernoHa/ibHbIN 3JEKTPOTEXHUUYECKUN KOMILIEKC

C MeToa0JIOrn4ecKOM TOYKH 3pEHHUS], pAaCCMaTpUBasi PpErMOHAIbHBIN AJIEK-
TPOIHEPIETUUECKUI KOMILIEKC, B KOTOPOM, KaK M B JIIO0OM 3JEKTPUYECKOH 11e-
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U, pean3yeTcsl €IUHBIA MPOoIlecC MPOU3BOICTBA, NMEpeaayd M MOTpeOICHUs
AJIEKTPOIHEPTUU, MBI HIMEEM JIEJIO C ABYMS Pa3HBIMHU MPEIMETHBIMU 00JIaCTSIMH.
[lepBas paccmartpuBaeT OOBEKT HCCIEAOBAHUS KaK CHCTEMY JJIEKTpOCHab»ke-
HUS, TJIe B KauecTBe 0a30BOI BBICTYIAET TEOPHS AIEKTPUUICCKUX 1meneld. Bropas
npeaMeTHas 00JacTh H3ydaeT OOBEKT UCCIIeIOBAaHUS KaK B3aUMOCBSI3aHHYIO CO-
BOKYITHOCTh IOTpEOUTENEH 3JIEKTPOIHEPIHH, T.€. TeXHoueHo3. Hayunas mpo-
Onema, CBsI3aHHAs! C HAIIUM MHOTOJIETHUM MPAKTUYECKUM BOILIOIIEHUEM 3aKO-
Ha ONTUMAJIBHOTO MOCTPOEHUSI TEXHOLIEHO30B B 00JIACTH MCCIIECAOBAHUS PETHO-
HAJIBHBIX 3JIEKTPOTEXHUYECKUX KOMILJIEKCOB, 3aKII0YaeTcs B pa3paboTKe Teo-
pUH ONTHMAJIFHOTO YIPABIEHUS 3JICKTPONOTPeOIeHUEM, B OCHOBE KOTOPOU Jie-
YKUT METOJI0JIOTHSI PAHTOBOTO aHaJIN3a TEXHOIIEHO30B [83].

C uenpio TeOpeTHuecKoro 000O0IIeHUST B 00JACTH PAHTOBOM TOIMOJIOTHH
paccMOTpUM MPONEAYPhl UHTEPBAIILHOTO OIICHUBAHUA U JU(DIIEKC-aHAIN3a, SB-
JISIOIMECS YacThI0 CTATUYECKON MOJIENH 3jeKTponoTpednenus (puc. 2). OaHa-
KO TIpexJie 00CynM ellle OJMH HE MEHEE BaXKHBIM acHeKT, KacarolIHuiics MOoHs-
THUH 3JIEKTPOCHAOKEHHS U AJICKTPONOTpeOsIeH s B TexHOIeHo3e [83].
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Puc. 2. Cratuueckas MOJIEIb JIEKTPONOTPEOIEHUS TEXHOLIEHO3a
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DNeKTpocHaOXKeHHe — oOecreueHrne MOTPEOUTENe 3JIeKTpOdIHEeprue B
HE0OXOMMOM KOJIMYECTBE U Tpedyemoro kayecTBa. OHO OCYLIECTBISETCS C Iie-
JBI0 TIOJIJIEP’KAHMSI B TOUKAX pasliefia ¢ MOTPEOUTENSIMU JOTOBOPHBIX KOJUYe-
CTBEHHO-KAaYECTBEHHBIX MOKa3aTesiel AJIEKTPOIHEPTUHU, TIPU YCIOBUM BBITIOJIHE-
HUs TpeboBaHuM HajexHOCTH. OUYEBUAHO, UYTO MOKA3aTEIM KayecTBa DJIEKTPO-
cHaOXEHUSI HE OTPAKAIOT KaueCTBO IMpoLiecca dIEKTPONOTPeOIeH s, IO KOTO-
pBIM TTIOHUMAETCS yIpaBisieMblil ((puKcupyeMblii B 0a3e JaHHBIX, TU(IeKCUpye-
MBIil, TPOrHO3UPYEMBIN, HOPMUPYEMBII U MOTEHUIMPYEMBIIT) TpoLecc MoTpeod-
JICHHS BJCKTPOIHEPTHH MPUEMHUKAMU W/ MU TMOTPEOUTENIMU, OCYIIECTBIsIe-
MBI B cOCTaBe TeXHOIeHO3a (puc. 2). YmpaBieHUE >JIECKTPONOTpeOICHUEM
OCYILIECTBISIETCS C LIETIbI0 00eCneYeHus MPUEMHUKOB WU MOTPEOUTENEH AIIeK-
TPOIHEPrueil B HEOOXOJUMOM KOJMYECTBE U TPEOyeMOro KadecTBa C MaKCH-
MaJbHOM 3KOHOMUEHN 3JIEKTPOIHEPIrUU U MUHMMHU3ALMEN 3aTpaT Ha BCECTOPOH-
Hee obecrieyeHne JaHHOro mporecca. Takum o00pa3oM, 31EKTponoTpeOIecHue
KaK IpolecC JOHKHO OIMUCHIBATHCSI KOMILJIEKCHBIM MTOKA3aTeeM, XapaKTepu3y-
IOLIUM KaK KOJIMYECTBEHHYIO, TaK U KaYECTBEHHYIO CTOpPOHBI. OUYEBUIHO, UTO
COOCTBEHHO 3JIEKTPOIIOTPEOIEHNE KaK MTOKa3aTelb ’TOMY TpeOOBaHHUIO HE OTBE-
YaeT, TaK KaK OTPa)kaeT TOJIbKO KOJIMYECTBEHHYIO CTOPOHY Ipoliecca.

Panee namu B pamkax mpoieaypsl auduiekc-ananusa (puc. 3) ObUT pe-
JIOKEH TapaMeTp, OMUCHIBAIOIIHIA Ka4eCTBO dICKTpornoTpedneHus [83].

C6op AaHHbIX NO anekTponoTpebSneHnio o6 bLEKTOB TeXHoLeHo3a
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Puc. 3. CtaHnapTHbIE U TOHKHE MPOIEAYPHI B 00I1IEM
MPOLIEAYPHOM KOMIUIEKCE PAHTOBOTO aHAJIN3a
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Hanmomanm, uto nudnexc-aHaimus — TOHKas Mpolieypa paHrOBOTO aHAJH-
3a TEXHOIIEHO30B, OCYIIIECTBIsIEMas Ha ATale HHTEPBAIBHOTO OIICHUBAHMSI C TIe-
JbI0 pa3pabOTKHU TIaHA YTITyOJIeHHBIX 00CIeI0OBaHUN «aHOMAaJIBHBIX» O0OBEKTOB
Ha CPEIHECPOUYHYIO MepCreKkTuBy (1o 5 — 7 ner). [Ipenmnonaraercs, 4to B Kade-
CTBE MCTOYHHKA JAaHHBIX HUCIIOJIB3YeTCsl 0a3a MaHHBIX IO JIEKTPOMOTPEOICHUIO
3a 10 — 15 ner, a uHTEpBaIBLHOE OLICHUBAHUE TIPOBOJIUTCS C LEIIBIO ONPEIEICHHUS
TpaHuI] 00JACTH JOMYCTUMBIX 3HaueHui. HiokHss rpaHuma o6nactu JOMycCTH-
MBIX 3HAQUE€HUHN — runepOoIudecKas KpuBas, MOTyYCHHAs B PE3yJbTaTe armpoK-
CHUMAallMM HIDKHUX TPAHUI] JOBEPUTEIbHBIX HMHTEPBAJIOB, PACCUMTAHHBIX IS
KaXXJ0r0 M3 PaHroOB PAaHTOBOTO MapaMmeTpuueckoro pacmpeaeneHus. I[loctpoe-
HUE 00J1acTH AOMYyCTUMBIX 3HAUEHUIN HA OCHOBE 3HAUCHU AJIEKTPONOTPEOICHHUS
PaHTOB TO3BOJISIET YYECTh CHUCTEMHOE BJIMSHHME TEXHOLIEHO3a Ha OOBEKTHI, a
O00BEKTOB Ha TeXHOLEHO3. IIpu 3ToM HccinenoBaHNE TEXHOLIEHO30B M3 Pa3HbIX
IpeIMETHBIX 00JacTel MO3BOJIMIIO MOATBEPAUTH HOPMAIBHOCTD Pacpe1eICHUS
3HAYEHUHN 3IIEKTPONOTPEOICHNS, COOTHOCUMBIX C (DUKCUPOBAHHOW PaHTOBOM
TOTIOJIOTUYECKON MEepOl B pa3IMuHbIe MOMEHTHI BpeMeHnu (puc. 4) [83].

~
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sHaveHnn Wix,) I
B MHTepBanbI Pl
nog kpueo#n f(w) AR .
A RE Wi
12A0 |
ol kel I
0B Wi
1 Er—
[W]k W

——

PaHroeas Tononorm4yeckas mepa X

3HaveHWA
Wix.) B pasHoe
BpeMsA J

Puc. 4. I'panulibl JOBEpUTEIbHBIX HHTEPBAJIOB PAHTOB TEXHOLIEHO34,
COOTBETCTBYIOMIHE K-0i paHrOBOM TOIMOJOTHUECKON Mepe X

Kak usBectHo, eciiu W? cirykuT onenkoii HeussectHoro napamerpa W, To
JIOBEPUTENLHBIM HasbiBaeTcs uatepBan [W? — @, W? + @], KOTOpbIii TIOKpHIBAET
HEU3BECTHBIN MapamMeTp C HaJIeKHOCTBIO Y U TOYHOCTHIO @:
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P(Wa—w<W<Wa+m):y. (1)

Ecnu cnyuaiinas Benuuuna W pacnpeneneHa HOpMaibHO, TO MO JTAHHBIM
BBIOOPKH 00BEMOM N MOKHO BBECTU CIYYaHYIO BEJIMYHMHY |, KOTOpask UMEET
pacnpeneincaue CthrogeHTa ¢ K =N — 1 cTeneHsaMu cBOOOIbI:

[W]-M
T="T7 (2)
S/+/n
rie  [W] — BeIOOpouHOE cpenHee cirydaitHoi BenmauHbl W
M — Heu3BECTHOE MaTEeMaTUYeCKOE OXKHIIAHHE;
S - wHcopaBlieHHOE CpeHee KBapaTUIHOE OTKIIOHCHHE.

IInoTHOCTH pacupeaciICHuA CTBIOI[CHTa OIpCACIACTCA BBIPAKCHUCM!

-n/2
[(n/2 ?
S(z,n) = (n/2) 1+ -2 : 3)
Jn(n—=1) -T'((n—-1)/2) n-1
e I'(y)= _f uWeMdu - ramma-@ynxius Diinepa;
S(z,n) — mnotHOCTH pacnpeaencHuss CThIOCHTA;
Z — TabIuYHOE 3HAYCHHE PaCIIPEeICIICHHS.

Kak Bugno u3 (3), pacnpenenenue CTbioJIeHTa ONPEACIIACTCS OJHUM I1a-
paMeTpoM — 00beMOM BBIOOPKH N M HE 3aBHUCUT OT HEM3BECTHBIX BEeMYWH. Tak
KaK ramma-QyHKIUs Dijaepa mpeacTaBiseT co00i aOCOMIOTHO CXOSIINICS HH-
terpai, a S(z,n) — yeTHas GyHKIMS OT Z, TO BEPOSITHOCTh HEPABEHCTBA:

[\;V/]\/_I\/I Z onpeAcCICTCA CICAYIOIINM YCIIOBHUEM!: (4)
P ( [W] M . j 2J' S(z,n)dz =y. ()

[Ipu 3ameHe cTpOroro HEpaBEHCTBA B BhIpAXKEHUHU (4) JTBOMHBIM HEPABEH-
CTBOM, a TaK)K€ C YYETOM ypaBHEHHUs (5) MoJlydaeM BEPOSITHOCTHYIO OLIEHKY He-
M3BECTHOTO MaTeMaTHUYECKOro OKuaanusi M ¢ HaJIe)KHOCTBIO Y:
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P(IW]-z, S/Vn <M<[W]+z,S/n)=7. (6)

[Ipu 3amene cimydaitabix BenuuuH [W] u S (3arnaBHbIC) HECTydyalHBIMU
BeJMUMHaMU [W] U S (CTpOYHBIC), HAWCHHBIMU 10 BEIOOPKE, MOTyJaeTCs TOBe-
PUTEIBHBIN WHTEPBaJ, OKPHIBAIONINI HEU3BECTHBIM Mapamerp M ¢ HamexHo-
cThio y. Kak moka3aHo Ha pucyHKe 4, HWKHSIS U BEPXHsISI TPAHUIIBI TOBEPUTEIh-
HBIX HHTEPBAJIOB JuIs JTr000r0 W(X)) OnpeensatoTes CaeayIonM o0pa3oM:

(]2, /4n), ([w]+z,s/3n)), ™

rne  [w] — BeIOOpOYHOE cpeaHee (HaXOUTCs 1Mo BEIOOpKE 00beMoM N);
S — BBIOOPOYHOE CpeHEE KBAIPATUUYHOE OTKIOHEHHUE 10 BBIOOPKE;
Z, — apryMeHT (HaxoauTcs TabJIWYHO IO 33JaHHBIM N U 7).

B uccnenoBanum yrpaBieHUs 3IEKTPONOTPeOICHHEM HEU3BECTHBIM Tia-
pameTpoMm it PUKCUPOBAHHOTO paHTa SBISETCS UCTUHHOE AJIEKTpomnoTpede-
Hue W, a ero oneHKoi BhICTYyMaeT BhIOOpouHOE cpennee [W]. [Tomyuaemas 06-
JacTh JOMYCTUMBIX 3Ha4Y€HHMH accouuupyercs ¢ Zl-moTeHuanoM sHeprocoe-
peXXEeHMs B Mpolleaypax MoTeHmpoBanus U ZP-ananusa (cM. puc. 2 u 3) 1 nos-
BOJIICT BBIUMCIIATH TU(IICKC-TIapaMeTphl B mpoueaype audiexc-ananusza [83].
CrnenyeTr OTMETHTb, YTO JaHHAas 337a4ya HE MEHEe YCHEIIHO PEIIaeTcsl METOAaMHU
koMmOuHaTOpHOTO [229] 11 BekTopHOTO [180] panroBoro aHanmsa.

NnenTudukanus 00beKkTa ynpaBjieHus

[Tocne pacuera i KaXXJ0Tr0 U3 PaHTOB I'PaHUL] JOBEPUTEIIbHBIX WHTEP-
BaJIOB OCYIIECTBIISIETCS alMPOKCHMAIMA HWKHEH M BEpXHEW TpaHUI] 00JacTu
JOMYCTUMBIX 3HAYEHUM 3IEKTPOnoTpediaeHus: TexHoueHosa (puc. 5). Kak mbl
noJjlaraem, 00JacTh JOMYCTUMBIX 3HAYCHU 3aKII04aeT B cebe, CBOero poja, 30-
HY «(pU3MYEeCKH HOPMAJIBLHOTO» pa3z0dpoca 3HAYEHUN AJICKTPONOTPeOSCHUs IS
JTAHHOTO TEXHOIIEHO3a Ha JIaHHOM WHTepBalie BpeMeHU. [Ipu 3TOM, yuuTHIBas,
YTO PacyeThl OCYIIECTBISIOTCS HAa AIMIUPUUYECKUX JTaHHBIX CaMOTO TEXHOIIEHO-
3a, MOXHO CJIeJaTh BBIBOJ, YTO MOAOOHBIA YPOBEHb DJIEKTPOMOTPEOJICHUS O/I-
HOBPEMEHHO SIBJISIETCSI M JOCTATOYHBIM JIJIs1 OOBEKTOB (C TEXHOJIOTUYECKOM TOY-
KU 3peHus). Eciu ucxoauTs U3 1neia MUHUMH3AIUE PAcX0I0BaHUs YHEpreThye-
CKUX PECYPCOB, TO JIOTUYHO MPEANOI0KHUTh, YTO HUXKHSS IpaHULia 00J1acTu J10-
MYCTUMBIX 3HAUEHUH MOKA3bIBAET YPOBEHb HAWIYYIIETO AJIEKTPONOTPEOICHHUS.
OTKJIOHEHUE ke OT HIKHEW rpaHuiibl (Kak B OOJIBIIYIO, TAK U B MEHBILIYIO CTO-
POHBI) MOKHO CUMTATh MOKa3aTesieM KauecTBa IMpolecca 3JIeKTPOrnoTpedieHus,
KOTOPBIH MpeJyiaracTcs OMUChIBaTh audiekc-nokaszareneM [83].
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Puc. 5. K moHATHIO TOTIOJIOTMYECKOTO IU]IIeKC-TTapaMeTpa TEXHOIICHO3a
(Xp — pacueTHOE 3HAYCHHUE PAHTOBOM TOMOJIOTUIECKON MEPHI)

Utak, nudnekc-nmokasareyib — 3T0 Mepa, OTpaxkaroiias CBOMCTBO 00BEK-
TOB TEXHOIIEHO3a (MPUEMHUKOB W/WIM MOTpeOuTeNei) OCyeCTBIATh MPOIECe
ANEKTPONOTPeOIEHUS ¢ OOJBIIEH WU MEHbIIEH CTENEHBI0 IHEProdPPEKTUBHO-
cti. KonmuyecTBeHHO e nuIieKc-ToKa3aTeab ONUCHIBAETCS PAHTOBBIM JU(]-
JIEKC-TIapaMeTpoM, IMOJ KOTOPBIM MOHUMaeTcs, u3mepsiemoe B kBT u\T, abco-
JIOTHOE OTKJIOHEHHE AMITMPUYECKOTO 3HAYCHHS DJICKTPONOTpeOeHns o0beKTa
TEXHOIIEHO3a OT HIKHEH TpaHuIlbl 00JIACTH IOIYCTUMBIX 3HaueHui [8] (puc. 5).

Kak mokasano B pabote [83], anmpokcuMaIiisi paHroBOro mapaMerpuye-
CKOTO pacHpeleeHUus MO 3JIEKTPONOTPeOICHUIO TO3BOJSET MEPEHTH OT 4acT-
HOM AMIIUPUYECKON BHIOOPKH K BEPOSTHOCTHOMY PACTIPEIEICHUIO TeHEepaTbHON
COBOKYIHOCTH. DTO MO3BOJIAET BBECTH MOHATHE PAHTOBOM TOMOJIOTUYECKON Me-
pbl ¥ ONpENEIuTh Tomojornyeckuil auduexc-napamerp. [logoOHOe KOHTHUHY-
aJIbHOE MPEJICTABIICHUE MO3BOJIIET YCTAHOBUTH BaXKHOE (DYHKIIMOHATIBLHOE COOT-
BETCTBHE MEXIY 00JIACThIO 3HAYEHUI TOMOJIOTMYECKOro IudIeKkc-napaMerpa u
MHO>KE€CTBOM 3HAYEHUM PAHTOBOM TOTOJOTMYECKON MepHI (puc. 5):

AW(X) = W(x) - W (x), x [0, o), 8)
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rne  AW(X) — runepOonmdeckasi 3aBHCUMOCTb TOMOJOTHUECKOTO U (-
JIEKC-TIapaMeTpa OT PAHTOBOM TOMOJIOTMYECKON MEpHI;
W(X) — anmpoKCHMMaIMOHHAs KPHBasi PAHTOBOTO PaCIPEICICHHS;
WH(X) — anmpoxcuManuoHHAst KpHBas HUKHEH TPAHMIBI 00IaCTH

AOITyCTUMBIX 3HAYCHUMN TCXHOLICHO3Aa.

Ocraercsa 3agada IOJHOLEHHONW XapaKTEPUCTUKU IIPOLIECCa JJIEKTPOIO-
TpeOIeHHs] OJJHOBPEMEHHO KaK ¢ KOJIMYECTBEHHOMN, TaK U ¢ KaYECTBEHHON TOUEK
3peHus, kotopas B [8-10] BepBble pemaercsi BBEIEHUEM MPUHLUIHAIBHO HO-
BbIX NOHATHM. [IepBoe U3 HUX — paHroBas runepnapaMeTpuyeckas IOBEPXHOCTb
TEXHOLIEHO3a, 0]l KOTOPOM IMOHUMAETC 3aJjaHHasi B TPEXMEPHOM PaHIOBOM I1a-
paMeTpUYECKOM MPOCTPAHCTBE (QYHKIUS JBYX NEPEMEHHBIX, CTABAIIAsl B OJHO-
3HaYHOE COOTBETCTBHE MHOXKECTBY 3HAYEHHMH TOIOJIOTHYECKOTO IuIieKc-
napaMerpa MHOXKECTBO 3HAYEHHUH 3JEKTPONOTPeOIeHUSI U PAHTOBOM TOMOJIOTHU-
4eCKOM Mepbl. BTopoe — paHroBoe TIUIEpIapaMEeTPUYECKOE pacIlpeaciieHue
TEXHOLIEHO3a, O]l KOTOPBIM INOHHMMAETCS 3aJlaHHasi B TPEXMEPHOM PaHIOBOM
napaMeTpUuecKOM IMPOCTPAHCTBE (PYHKILUS TPEX MEPEMEHHBIX, CTaBsIlas B CO-
OTBETCTBUE MHOXXECTBY 3HAaY€HUU Iu(IIeKC-mapaMeTpa MHOXKECTBO 3HAYEHUU
AIEKTPONOTPEOIEHUS, PAHTOBOM TOMOJIOIMYECKOW MeEpbl, a Takxke audiexc-
yraa. O6e pyHKIUU MOTYT OBITh OJIYYE€HBI B PE3YJIbTATE AMMPOKCUMALIUH:

{Aaw}” f: AWSW,X AW, X 3OO]W>AW(W,x);
{AW},” f: AW—)W,X,Aﬁ\{W’X’A gw]W)AW(W’X,OC),
(9)
rae {A 600 — MHOXECTBO 3HAUCHHM H]IIeKc-TapaMeTpa;
{W,X};* — MHOXECTBO nap 3HAYCHUH AJIEKTPOTIOTPEOICHUS U
PaHrOBOM TOMOJIOTUYECKOU MEPBHI;
{W, X, A}y — MHOXECTBO TPOEK 3HAYCHHUH DJICKTPOTIOTPEOICHUS,

PAHTOBOM TOTIOJIOTUYECKON MEphI U JU(IIEKC-yTia .

Panrosas runepmnapamerprueckas MOBEPXHOCTh TEXHOIIEHO3a OIKUCHIBA-
eTcsi ypaBHeHHeM ad(PUHHONW TMOBEPXHOCTH BTOPOTO MOPSAKA, a PAHTOBOE T'H-
MEeprapamMeTpUIECKOE PACIPEACIEHUE — YPAaBHEHUEM PAllMOHAIBHOW KPUBOM
BTOpOTO Topsiaka (o audiekc-yrie o OyaeT ckazaHo Huxke) (puc. 6):

AW =1 (W, x);

AW = (W, X, 0). (10)
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IOudpnekc-napametp AW
Oudpnekc-
napameTp

3nekTpono-
TpebneHuve

PaHroeas

TOoOnonorn4yeckKasn

fﬂﬁu&m&‘ ! hhmhya“Hh. mMepa

PaHroeasn

| |
\/_ _— -*.*“‘ Tononoruyeckaa mepa X
\
3nekTponotpebneHne W
PaHrosas PaHroean
Tononornyeckas

Tononoru4yeckaa mepa X g
! Mepa

Audhnekc-

napametp AW Oudpnekc-

napameTtp

PaHroeasn
Tononorv4vyeckas
mepa

3nekTpono-
TpebneHwne

SnexktponoTtpebnenne W

Puc. 6. PanroBele runepnapamMeTpuiecKue MOBEPXHOCTh U PACHIPEIECICHUE
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N3 pucyHka 6 BUIHO, YTO Mbl UMEEM JIEJIO0 C TUnepOonueckumMu apPpuH-
HOM TOBEPXHOCTBIO U KpHUBOW BTOpPOro mopsjaka. OHM aCUMOTOTHYECKH MpPU-
OJIMKAIOTCSI, ¢ OJIHOM CTOPOHBI, K KOOPAMHATHOW OCH PAHTOBOM TOMOJIOTHYE-
CKOM MepHI (X), a C Ipyroi — K KoopAuHATHOU 1tockocTr (AW-W),

PanroBasi runepnapaMmerpuueckas MOBEPXHOCTh, M300paKeHHAs Ha pH-
CYHKE 6 HMITPUXOBBIMH JHHHUSIMH, TIOKA3bIBAET, CBOETO PO/, CIIEKTP TEOpEeTHUYe-
CKM BO3MOXKHBIX ()OPM PaHTOBOTO THUIEPIAPAMETPUUYECKOTO pacHpeesIeHus
TEXHOILIEHO3a, OMpPEIEsIEMbIX €r0 3JEKTPONOTpedieHneM 3a 0003pUMBINA TPO-
MEXYTOK BpeMeHU. [IoBEepXHOCTh BO3MOXKHBIX (POpPM rurepnapamMmeTpudecKoro
pacrpeiesieHdss OrpaHUYeHa CEKTOPOM IMOJOKUTEIbHBIX 3HAUCHUU ocell aud-
JIeKC-TIapaMeTpa, AJIEKTPONOTPeOIeHUST U PaHTOBOM Tomosiorudeckoit Mepel. C
KOOpAUHATHBIMU TIOCKOCTIMU (WeX) n (AWeX) oHa nMeeT nepeceueHus, Ko-
TOpBIE SIBISIOTCS TUNEPOOTMYSCKUMHU KPUBBIMHU TEPBOTO TOPSAKA PAHTOBOTO
apaMeTPUUECKOro PaclpeeNieHUs: B TIEPBOM Cydae — IO 3JIEKTpornoTpedie-
HUIO, a BO BTOpOM — 1o auduekc-napamerpy. KpuBas panroBoro rumeprapa-
METPUYECKOTO paclpeesieHUs] TEXHOIIEHO03a SBISETCS MePeceueHUEM PaHTOBOM
TUIeprIapaMeTpUUecKOil MOBEPXHOCTH C CEKYIIEH IIIOCKOCThIO, MPOXOSIIEH
yepe3 KOOPAUMHATHYIO NpAMYIO (X). KOHTHHYYM BO3MOJKHBIX MOJOXKEHHUHN CEKy-
e MIOCKOCTH 00pa3yeT My4oK B IOJIOKUTEIBHOM CEKTOpPE MEXKIY KOOpAu-
HaTHBIMH ocsiMu (W) u (AW). OdeBuaHO, 9TO popMa paHTOBOTO THUIIEpIIapa-
METPUYECKOTO PACHpPEEICHUs 3aBUCUT OT YyIJia TOBOPOTA CEKYIIEH TIOCKOCTH
M0 OTHOIIEHUIO K KOOPAMHATHOW IIIOCKOCTH (WeX), KOTOphIii 0003HAauYeH Ha
pUCyHKe Kak o. FIMeHHO ero npenajaraercsi Ha3blBaTh AU(IEKC-yTIOM PAaHTOBO-
T'O TUTIIEPIIApPaMETPUIECKOTO pacipeesieHus TeXHOIeHo3a [83].

Kak npencrasnsiercs, MOI0KEHNUE CEKYILIEW MIOCKOCTH U, COOTBETCTBEH-
HO, yTOJI 0, 3aBUCAT OT COCTOSIHUSI TEXHOIIEHO03a, a TAK)KE BHEIIHUX YIPABIISIO-
IIMX BO3JIECWCTBUN B PaCCMAaTPUBAEMbIi MOMEHT BpeMeHH. | [pumeuaTensHo, 4TO
KpaiiHue («BBIPOKICHHBIE») COCTOSHUS TEXHOIIEHO3a COOTBETCTBYIOT CIIETYIO-
M audiaekc-yriam (B rpagycax): o = 0 — cocTosHHE ¢ HyJEBbIM Juiekc-
napamMeTpoM BO BCEM JMANa3oHe 3HAYeHUU 3jekTponorpedienus; o = 90 — co-
CTOSIHUE C HYJIEBBIM AJIEKTPONOTPEOICHHEM BO BCEM JAMAaIa30He 3HAYECHUN Aud-
nekc-napameTpoB. CoctosiHue ¢ o = ) COOTBETCTBYET TEXHOLIEHO3Y, BCE MPUEM-
HUKU ¥ TIOTPEOUTENIN KOTOPOro MOTPEOISAIOT 3JIEKTPOIHEPTHI0 HA HIKHEH Tpa-
HUIle 00J1aCTH JOMYCTUMBIX 3HAYEHHH, OJHAKO €ro MHTErpajbHOE 3JEKTPOIOo-
TpeOJeHne B 3TOM ciay4yae OyneT MaKCUMaldbHBIM. JTO COCTOSIHUE MOYHO CUH-
TaTh W3HAYAJIbHBIM B OOIIEM MpPOLECCe YIPaBICHUS 3JIEKTPONOTPEOICHUEM.
Cocrosiare ¢ o = 90 COOTBETCTBYET TEXHOLEHO3Y, MHTErPajIbHOE JJIEKTPONO-
TpeOJIeHre KOTOPOTO PaBHO HYJIO, UYTO, IO CYTH, O3HAYaeT MOJTHOE MpeKpare-
HUIO TIporiecca 3JeKTpornoTpednenns. OueBUIHO, YTO PEabHBIA TEXHOIICHO3
Bcerya Oy/eT COOTBETCTBOBATH HEKOTOPOMY MPOMEKYTOYHOMY 3HAUCHHIO AU (-
JIEKC-YTJIa, KOTOPBIA B TIPOIECCE ONTUMAIBHOTO YIPABICHHUS IEKTPOnoTpedie-
HUEM JIOJDKEH TIOCTIEIOBATENhHO YBEIMYUBATHCS OT CBOETO HAYAJIBHOTO 3HaYe-
Hust o 70 wenesoro of. IIpi 5TOM MBI IOTy4aeM COCTOSHHE, CBOETO POJa, MH-
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HUMAaKca: MUHUMAJIbHBI MHTErpajbHbIN audieKkc-napamMeTp Mpu MaKCUMaib-
HOM 3HAau€HUU TUdIEKC-yria, T.6. MUHUMyME MUHTETPAIbHOTO 3JIEKTPONOTPEO-
JIeHUsl TeXHOIeHOo3a. JIpyruMu ci1oBamMu, UMEHHO B 3TOM COCTOSIHUM TEXHOIIe-
HO3 JIOCTUTAeT CBOEH HauBBICIIEH 3HEProd(PPEeKTUBHOCTHU, UYTO, B M3BECTHOM
CMBICIIe, MOKHO CUUTATh LIEJIbIO MPOIECCca YIPABICHUS dJIEKTPONOTPEOICHUEM.
Yro e HaM Jar0T ONMCaHHBIE 371€Ch MHCTPYMEHThHI PaHTOBOI0 aHaJIU3a?
Kak npencraBisieTcsi, IMEHHO PaHTOBbIE TMIIEPIAPAMETPUUECKUE TOBEPXHOCTh
U pacrpeesieHue MO3BOJSI0T KOPPEKTHO PEIIUTH MTOCTABICHHYIO BBILIE 3aa4y
KOJIMYECTBEHHO-KauYECTBEHHOTO OMMCAHUA MPOIecca ICKTPONOTPeOICHUS TeX-
HoleHo3a. [Ipex e Bcero, paccMOTpUM OBEPXHOCTHBIM HHTETpaJl BUJIA:

[AW(W,x)ds, 11)
S
rne  AW(W,X) — ckanspHas GyHKIHsS paHTOBOM IMIIepIiapaMeTPHUECKOM
ITOBCPXHOCTH TCXHOLICHO3a II0 3HGKTp0HOTp€6JI€HI/IIO;
ds — »saemeHr ITOBCPXHOCTHU MHTCTPUPOBAHMA.

B nanHoM ciyyae Mbl ©MEEM JIEJI0 ¢ TOBEPXHOCTHBIM UHTETPAJIOM MEPBO-
ro pojia Ha CKaJsipHOM moJje {R}, BeruuciasieMbiM 10 ad(GUHHON MOBEPXHOCTHU
BToporo nopsiaka AW(W,X) B tpexmepHoM nipoctparcTBe (AWoWex). Paccun-
TaB MHTETpPaJ B OCCKOHEUHBIX MpeJenax, MoiydaeM HHTETpaIbHBIA THQICKC-
napaMeTp TEXHOILIEHO3a 1o 3JekTponoTrpedneHuto AWy, KOTOphIi xapakTepusy-
€T MPOIECC IEKTPOMOTPEOICHHS C KAYECTBEHHON TOUKH 3PEHHUS.

Jononaum napametp (11) KOTMYeCTBEHHBIM YCIOBUEM, IOCTPOUM LiEJie-
Bble (DYHKIIMH, ONPEEIIUM TOJIHYIO CUCTEMY OIPaHMYCHUN JIJISl BCEX KITFOUEBBIX
napaMeTpPOB U BBEJEM KOMIUICKCHBIH KpUTEepHit orieHkH Buza [83]:

> min;

AW, = £ AW(W, X)dS —o—ses

o= > MaX;

) {ab —>ae}z we :TW(x)dx SWE (12)
0

AW >0: W>0:x>0; W2 >WE:
(0<0<90°, a=arctg(AW/W),

b e
e W5 u W5~ mauanbhoe u koHeuHOe deKTponoTpebieHue.

WNurterpanbubiit qudaekc-mapamMerp Ha (GUKCUPOBAHHOW CTAJUH yIIPaBIIC-
Hus (0. = CONSt) MoXkKeT ObITh ONpeENieH KaK KpUBOJUHEHHBIN HHTETpat:
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AW = [AW(W, X, a)d/;
l

(13)
o = const,
rie AW(W.,x,0) — ckamsapHas GyHKIUS, ONpee/iCHHAas] Ha paHTOBOM T'H-
HIepIapaMeTpUIecKoM paciipeeICHHIH;
df{ — o>meMEeHT KpUBOW MHTETPUPOBAHMUSL.

Kak mpexacrapnsiercsi, ananuTuyeckas (opMa paHrOBOTO TUIIEpHapaMeT-
PUYECKOTO paclpe/esieHns TEXHOLIEHO03a MOXKET OBITh OIpe/iesieHa TeopeThye-
CKHA MeTojamMu Ju(depeHnrnanbHOil TeOMETPUU MO0 SMIMPUUYECKU MTyTEM all-
POKCUMAIINY UMEIOIUXCS JAHHBIX 110 3JICKTpOnoTpedeHu o [83].

Takum 00pa3oM, HaMITYYIIUM MOXHO CUMTATh MPOLIECC 3JIEKTPONOTPED-
JeHUs] TEXHOIIEHO3a, MMHMMM3HUPYIOIIMM HHTETPaJbHBIN audIekc-napameTp
npu Makcumuzauuu gudrexc-yria. Eciu jke cpaBHHMBAaTh TEKylIee 3HAYCHHUE
UHTETPAJIbHOTO JU(IIeKC-TapaMeTpa TEXHOLEHO3a C €ro 3Hau€HUEM B ONTH-
MaJbHOM COCTOSIHUM, TO MOXKHO IOJIYYUTh MapaMeTp, KOTOPbIHA MPaBOMEPHO
UHTEPIIPETUPOBATh KaK KOJMYECTBEHHYIO Mepy yiep0a, HAaHOCUMOIO TEXHOIe-
HO3Y 3a CUET HEeI0CTATOYHOM 3HEProdPheKTUBHOCTH MpoIiecca dIEKTPONOTPeO-
nenusi. Ero mpennmaraercss Ha3pIBaTh MHTETPAIBHBIM J1aMaJDK-IapaMeTpoM (OT
aHri. «damage»). C yueToM TeKkyiuero tapuda SC' MOXKHO 3alucarh:

y = AWs —AWS;
f T e T (14)
DY = (AW —AW; )-sc”,
rae ;V —  UHTETPaJbHBIN JaMaK-apaMeTp TeXHOIeHo3a, KBT u\T;
Df —  MHTETpaJbHBIM AaMaK-IIapaMeTP TEXHOLIEHO03a, IEPECUH-
z TAHHBIA B COOTBETCTBHHU C TEKYITUM Tapu(oM SC';
AWS  —  Tekylwii UHTerpanbHbiil qudiekc-mapamerp, KBt u\T;
AWE MHTETPaNIbHBIN auIieKc-IapaMeTp, COOTBETCTBYIOIINN
)y

KOHCYHOMY 3HCKTpOHOTp€6JIeHI/IIO TCXHOLICHO3A.

CymiecTBeHHbIE TIEPCIIEKTUBBI TauUT B ce0e Mepexo] K JUHAMHYECKOU
OIICHKE, YTO MOTPeOyeT BBEACHUS TMHAMUYECKUX MU (DIeKC-PyHKITMOHAIOB:

AW(t) = F" (W(t),x);

(15)
a(t) = F(W(1), X).
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IlocTanoBKa 3a1a4u ynipaBJieHUs

[Iporecc ympaBieHUsT 3JIEKTPONIOTPEOIICHHEM, HMEIOIIUN TENIbI0 TTPUBE-
JICHUSI CUCTEMBI B KOHEYHOE COCTOSIHHE, 3aJaHHOE IJIAHOM TIOBBIIICHUS JHEP-
roaddexruBHOCTH, TpeOyeT momaroBoro ymnpasienus [83]. Ha kaxmom mrary
TpeOyeTCsl CHIYKEHHUE COBOKYITHOTO AJICKTPOITOTPEOIeHUS 00bEKTOB TEXHOIIEHO-
3a Ha OMPECIICHHYIO0 BeTMYNHY. B KOHEYHOM HUTOTE TEXHOIICHO3 JTOJDKEH OBITh
TapaHTHPOBAHHO TEPEBEIICH B IICJICBOC COCTOSHUE C HANMEHBIIUMH OTIEpAITH-
OHHBIMU 3aTpaTaMU Ha yrnpaBjieHUYeCKuil mporiecc (puc. 7). IIpu mianupoBaHuu
3aJIal0TCs HAaYaIhbHOE ¥ KOHEYHOE PAHTOBBIC THIEPIIApaMETPUICCKUE pacIpeie-
aeaust AW(W,X,0), a Takke HadaJlbHOE M KOHCYHOC 3HAYCHHUS TU(IICKC-
dynxuponana FV(W(t),X). CrexoBaTelbHO, MPOMEKYTOUHBIE COCTOSHHS TeX-
HOIIEHO3a OJHO3HAYHO XapakTepusyrorcs auduiekc-pynknuonamom F*(W(t),X),
OTIPEJISIISIIONTUM COOTBETCTBYIONINE 3HaUeHU nudiiekc-yria (cM. (15)).

PaHroeasn

Tononorn4yeckas mepa X
3apgava ynpaBneHWs — nepesog

TeXHOLUeHO3a U3 COCTOAHWA 1 B
cocTofAHWe 2 € MMHUMaNbHLIMK
onepaunoHHbIMKA 3aTpaTamMmn

PaHroeoe
rmnepnapameTpUYecKoe
pacnpegeneHuve

Oudnekc-
napametp AW

TexXxHoueHoO3a

2 — KOHe4YHOEe COCTOAHMWEe
TexXHoueHo3a

1 — HavyanbHoe CDCTQHHHE)

\< Oucbnekc-yron )

3nektponotpebneHne W

Puc. 7. K mocTaHoBKe 3a/1auu yrpaBlieHUS JIEKTPOIIOTPEOIeHHEM
C ITIOMOIIb PAHTOBBIX TUIEPHAPAMETPUUECKUX PACTPEACTICHUIN

Brenem monsitue omnepanuoHHON (YHKIMH IMpoliecca yIpaBieHUs dJIeK-

TPOIOTPEOJIEHUEM TEXHOLIEHO3a KaK COOTHOILIEHMS, OIMCBHIBAIOIIETO 3aBUCH-
MOCTb MEXY TOJIOXKUTENIbHBIM 3(()PEKTOM U ONEepaIlMOHHBIMU 3aTpaTaM:
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f(AW, W) =8(AW(ar), W(a)) =3(at), (16)
rje (o) — nauduexc-QyHKIMA Mpoliecca yrpaBIeHHs dJICKTPOIOTpeO-
JICHHEM 00bEKTOB TEXHOIICHO34;
AW(a) — naudnexc-mapaMeTp paHTOBOTO THUIEPIIapaMEeTPUIECKOTO

pacrpenieneHus, paCCUUTaHHBIN 1JI1 COCTOSIHUS, COOTBET-
CTBYIOIIETO AU(DIEKC-YTIy
W(a) — osnexkTponoTpeOiaeHe Ha PAaHTOBOM THIIEpIIapaMeTprye-
CKOM paclpe/eIeHUH, PACCYUTAHHOE JIJISI COCTOSIHUS, CO-
OTBETCTBYIOIIETO TUDICKC-YTIIy o;
o — AUQIEKC-yrod paHTOBOTO TUIIEPIIApAMETPUIECKOTO pac-
npeielIeHUs TEXHOLIEHO03a.

Bynem ncxonutpb u3 TOoro, 4to audiaekc-nmapaMerp KOJIMUYECTBEHHO Xapak-
TEpPU3YET OINepallMOHHBIE 3aTPaThl (PECYpPCOB, BPEMEHH U JIp.) TEXHOIIEHO3a Ha
peanu3alrio yIpaBiICHUECKUX MPOLEIyp, a dIEKTPONOTPEOIEHUEe — TOJI0KHU-
TeJIbHBIN 2P (HEKT, MOoTydyaeMblil B MPOIECCe YIPaBICHUS, YTO JIEIaeT BO3MOXK-
HBIM pacCMaTpPUBATh 3aBUCUMOCTH (16) Kak onepaMoHHyI0 (QyHKIIHIO.

N3 pucynka 6 BUIHO, 4TO MPU (PUKCUPOBAHHOM 3HAYEHUU JU(IIEKC-yTIIa,
mudaekc-QyHKINS MpeBpaniaeTcss B KOHCTAHTY, MMEIONIYI0 CMBICT OTHOCH-
TeJIbHOTro Au(IeKc-apameTpa TEXHOIEH03a, OYIy4H B3ATOrO B II€JIOM. Y YUTHI-
Bas CTPOTYI0 TPUTOHOMETPUYECKYIO (OpMYy 3aBUCHMOCTH OT Auiexc-yria,
JAHHYIO0 KOHCTAHTY NPEIaracTcs Ha3blBaTh TAHT€HC-(PaKToOpoM &%

AW® (x
5* :tga:J, a = const; X, €[0,0), (17)
a
W& (xy)
rie AWY(Xy) — audiekc-mapamMerp, COOTBETCTBYIOIIUI YITy O M 3HAYE-
HUIO PAHTOBOW TOIIOJIOTUYECKON MEPHI X;
WY(X) — dieKTpornoTpebiIcHEe, COOTBETCTBYIOLIEE O, M Xy.

Kak npezacrasnsiercsi, BuepBble BBOJAUMBIH 3/1€Ch TaHT€HC-(DaKTOp paHTo-
BOT'O TUIIEPIAPAMETPUUYECKOTO PACIPEICICHUS 110 SJIEKTPOIIOTPEOICHUIO MOXKET
MMETh CYIIECTBEHHOE 3HAUYCHHUE B TEOPUH PAHTOBOI'O aHAJIM3a TEXHOLIEHO30B 10
JIBYM OCHOBHBIM MpuU4YuHaM (puc. 8). Bo-nepBbiX, OH OJHO3HAYHO XapaKTepU3y-
eT (UKCHUpyEeMBIH 3Tal yHpPaBJIEHYECKOrO Ipoliecca B TEXHOLIEHO3E, a BO-
BTOPBIX, SIBJSIETCS YCTOMYMBOM BO BPEMEHM CIYyYalHOW BEIMYMHOM. DTO OT-
KpBIBAET MEPCHEKTUBBI UCIIOIB30BAHUS TAHT€HC-(DAKTOpa B KAYECTBE €IIe OJIHO-
ro JIETEPMHUHUPOBAHHOTO WHBAapHaHTa MPU MMUTALMOHHOM MOJCIMPOBAHUU B
KOHTYpE YIPaBIICHUS JICKTPONOTpeOIeHHEeM TeXHoteHo3a [83].
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Owudhnekc-yron a

OnepaunoHHan pyHKUMA Bo3moKHble
(audnekc-chyHkuma) TpaekTOpHH

JNInHeHHan
TpaeKToOpUA

1 — HavanbHOe COCTOAHUE
2 — KOHeYHOE COCTORHHUE

g |
0 -
.

Oudcpnekc-cpyHkunsa &{a) Bpemsa t

T > T
L]

Puc. 8. Oneparonnast GpyHKIUs yIpaBICHUS dJIEKTPONIOTPEOICHUEM

Wtak, ynpaBieHue 3J€KTPONIOTPeOICHHEM, UMEIOIIEE LIETbI0 IPUBEICHNE
CUCTEMBI U3 cocTosiHuA 1 B cocTosiHue 2 (puc. 7 u §), AOHKHO OCYIIECTBISATHCS
10 TPAEKTOPHUH, OJTU3KOM K JIMHEWHOMH, T.€. K cucteme (12) MOKHO 100aBUTh:

oal(t) / ot — const. (18)

Crnenyer 3aMeTUTh, uyTO BhIpakeHue (18) ocCHOBBIBaeTCS Ha OOLIUX Tpe-
OOBaHMSIX K ONEPANMOHHBIM (DYHKITHSIM OPTaHU3aIMOHHBIX cHcTeM [267].

KBanToBasi paHrosasg imHaMHKa

Ecnu roBopuTh O COBPEMEHHOM COCTOSIHUM TEOPUHU YIIPABIEHUS TEXHO-
[IEHO3aMU, TO HaUMEHee pa3pabOTaHHOW MPENCTaBIACTCS 00JacTh HACHTU(U-
KallM¥ TEXHOIIEHO3a KaK o0BeKkTa ympabiieHus. OCTarTCs HEPEIIEHHBIMU PSiJT
KITFOUEBBIX 3aJ1a4, KACAIOIIMXCS METOIOJIOTUM OIPEACIICHUS] CTAaTHCTHYECKUX
XapaKTEPUCTHK TapaMETPOB PAHTOBBIX THIIEPIAPAMETPHUSCKHUX pacrpesene-
Huii. KpoMe Toro, HeIOCTaTOYHO HMCCIEA0BaHBI 3aKOHOMEPHOCTH PAHTOBOU JH-
HAaMUKH B TOIOJIOTHYECKOM TPOCTPAHCTBE, YTO HE IMO3BOJISICT CUYUTATh PEIICH-
HOM Tpo0JIeMy MOICIUPOBAHUS TOJIOKEHHUSI TOYEK, COOTBETCTBYIOIIMX OOBEK-
TaM TEXHOIICHO3a Ha PAHTOBBIX TUIIEPIAPAMETPUUYECKHUX PACTIPEICICHUSIX.

Tak, cucrema (12), BMecTe ¢ TpeboBanueM (18), MO3BOJIAET HA KaXKIOM
ATamne YIPaBIEHYECKOTO TpOoIlecca MOJIydaTh IIEJIEBYIO alMpPOKCUMAIIMOHHYIO
KpUBYIO paHTOBOro pacrpeaeneHus. OaHako sl pa3pabOTKH JAETAIBHOTO
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YIPABJISIOIEr0 BO3JECHCTBUS HEOOXOAMMO Ha JTAHHOW KpUBOW 3a(h)MKCHpPOBATh
HOJIOKEHUE KaXJ0ro M3 oObeKTOB. [IposBisomuiics Npu UCCIEIOBaHUU TEX-
HOLIEHO30B ()EHOMEH HEraycCOBOCTU JAUCKOHTHHYAJIBHBIX (hpaKTanono100HbIX
Cpell JenacT HEBO3MOXXHBIM HEIOCPENCTBEHHOE NPUMEHEHHE CTaTHUCTUYECKHX
METOJIOB, MPEAHA3HAUYEHHBIX AJi1 paboThl ¢ BbIOOpPKaMH JIaHHBIX, UMEIOIIUMHU
yCTOHYMBBIE MOMEHTHI. boiee Toro, AUCKOHTUHYaTIbHOCTh U (PAKTAIONOI00-
HOCTb MOPOXKAAECT CIy4alHbIE SBJICHUS, JIEKAIINE 32 MPEAEIAMH KOJIMOTOPOB-
CKOW TEOPHUH BEPOSATHOCTEH U MATEMATUYECKOW CTaTUCTUKU. Mcenenys nosene-
HUE OOBEKTOB TEXHOILIEHO3a, Mbl HAaXOJUM Pa3IMYHbIC MPOSBICHHUS HEKOETO
aHajora KOpIyCKYJSPHO-BOJIHOBOTO ayanu3ma. Kak mokasamum MHOToJeTHuE
UCCIIEIOBaHMSI, MOJIO)KEHHE OOBEKTOB B PAHTOBOM TOIOJOTHYECKOM MPOCTPaH-
CTBE JIy4lllE OINKCHIBAETCSI BOJHOBBIMU (DYHKIUSIMHU, CBSI3AHHBIMH C KOHTUHY-
aJbHOM PAHTOBOM TOIOJIOTHYECKOM Mepou. B TO ke Bpewms, ropasao Xyauiue
pe3yibTaThl 1aeT UX MPUBA3KA K LEJIOYMCICHHBIM PAHraM, BBIIIOJIHSIEMAas HA OC-
HOBE UMMTALIMOHHOI'O MOJIEIUPOBAaHMs. MaTeMaTH4ecKoe ONMCaHue 3TUX sIBJIE-
HUI HaxoJIuTCs B 00JIACTU KBAaHTOBOW TEOPUH BEPOSITHOCTEH — HEKOMMYTATHB-
HOTO aHajora KJ1acCHu4eckou (KOJIMOrOpOBCKOW) TEOPHH BEPOSITHOCTH.

Cnenyer OTMETHTh, YTO OYEHb MHOTHE M3 CO3JaTeNiell KJIaCCUYECKOU
KBaHTOBOW T€OPUHM HEOJHOKPATHO OTMEYAJIM, YTO KBAHTOBBIE 3P(EKTHI MPUCY-
11 HE TOJBKO MHUKPO-, HO M1 MaKpooObeKkTaM. B monrBepx«aeHue 3Toro K HacTo-
AIIEMY BPEMEHM CO3/1aH LEJbIM P NPWIOKEHUA KBAHTOBOW TEOPHM B TaKUX
00JacTaX, Kak acTpo(U3uKa, SJIEKTPOHUKA, ONITUKA, MUHEPATIOT s, HHPOPMATH-
Ka, OMOJIOTHs, IKOHOMHKA, MCUXOJIOTHS U Ap. MBI mosiaraeM, 4TOo KBaHTOBas
TEeOopHsl MPUMEHNMMA U B OOJACTH PAHTOBOM AMHAMUKH TEXHOLEHO30B. B uvacT-
HOCTH, 3/IeCh HAaOII0/1aeTCsl KBAHTOBBIN d(PPEKT U, KaK CICICTBHUE, BBITOIHICTCS
IPUHLIMI HeonpeaeneHHOCTH. KBaHTOBBIN 3(DPEKT B TEXHOLIEHO3€E MPOSIBIISIETCA
B TOM, UYTO CKauKoOOpa3HOe MepeMelleHne 00bEeKTa U3 OJTHOTO paHra B Ipyrou
CTAHOBHUTCSI BO3MOKHBIM JIMILIb KOTJIa €r0 MapaMeTp U3MEHSAETCS Ha ONPEAEIICH-
HO€ 3HAaueHHue, 3a/JaBaeMoe (OpMOM PaHTrOBOrO TUIEpIapaMeTpUUYECcKOro pac-
IIpENENICHNs] TEXHOLIEHO3a B JIAHHBII MOMEHT BPEMEHU W INPONOPLUOHAIBHOE
MUHUMAaJIbHOMY 3HAUEHUIO apaMeTpa (apaMeTpuueckoMy «KBAHTY»).

[IpuHUMIT HEONPEeneNeHHOCTH 3aKiIvaeTcs B cienytonieM. OObeKT TeX-
HOLICHO3a HAXOAUTCSA B ONPEACIICHHOM pPaHIre JIMIIb C HEKOTOPOM BEPOSITHO-
CThi0. JlpyrMMu ciioBaMH, OH B CBOEM COCTOSIHMM, Kak Obl «pa3Ma3zaH» B
OKPECTHOCTH paHra. B To ke BpeMs, paHrOBO€ THIEPHAPAMETPUIECKOE pacIpe-
neneHre (PUKCUpyeTcs Ha paHroBOM rUNeprnapaMeTpudecKoil MOBEPXHOCTH MO
OTpEENCHHBIM TU(IIEKC-YTIIOM TOXKE C ONPEEICHHON BEPOATHOCTHIO («pa3Ma-
3aHO» B OKPECTHOCTSX alMpOKCUMAIMOHHON KpuBoi). OnHako (popMa paHTOBO-
ro0 TUIEPHapaMETPUUYECKOTO PACHPENEICHUS 3aBUCUT OT IIOJOKEHUS TOYEK
OOBEKTOB B TOIMOJOTMYECKOM MPOCTPAHCTBE. DTO MPUBOAUT K TOMY, YTO B 3a-
JAHHBII MOMEHT BPEMEHH HEBO3MO>KHO OJIHOBPEMEHHO TOYHO OIPEAEIUTH KO-
OpPAMHATHI TOYKU OOBEKTA B PAHTOBOM TOIOJIOTMYECKOM IMPOCTPAHCTBE, C OJJHOU
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CTOPOHBI, 1 KOOPJIMHATHI TOYKA HA PAHTOBOM T'MIIEPHAPaMETPUUYECKOM pacIpe-
JIeJICHUH, COOTBETCTBYIOUIEH JAaHHOMY OOBEKTY, C IPYyrOil CTOPOHBHI.

Takke Kak M B KJIIACCUYECKOW KBAHTOBOM TEOPHUU, IJII HAC OCTAETCH 10
KOHIIa HE SICHBIM BOMIPOC, B YEM K€ 3aKJII0YACTCsl MPUYMHA MOJ0OHOT0 ToBee-
HUS TOYEK B PAHTOBOM TOMOJIOTMYECKOM MTPOCTPAHCTBE. MHOTME U3 COBPEMEH-
HBIX (PU3UKOB CKJIOHAIOTCS K TOMY, YTO MPUYMHON KIACCHUUYECKUX KBAHTOBBIX
2 (}EeKTOB sBISETCS HAIMYME BO BCeaeHHOM JOMOTHUTENBHBIX H3MEPEHUH, KO-
TOpbIE MPOSIBISIOT ce0s JHIIb HA TUIAHKOBCKOM YpOBHE. MBI, TJISAsl HA paHTo-
BOE TOMOJOTHYECKOe MpocTpaHCcTBO TexHomeHo3a (WexeAWea), nzo0pakeHHoe
Ha PUCYHKE 9, TOKE€ BUJIUM B HEM UYETHIPE U3MEPEHUS: AJIEKTPONOTPEOICHUE —
paHroBas Torojoru4yeckas Mepa — nudiekc-napamerp — qudaeKc-yroi.

Oudcpnekc-napametp AW W

| [ Andpnekc- > e
yron - For— N = ==X =N

\ PaHroean

\/. - Tononornyeckan mepa X

3nektponotpebnerne W

Puc. 9. O MHOTOMEPHOCTH ¥ MMPUIMHAX MTPOSIBIICHHUS KBAHTOBBIX
3¢ PEeKTOB B paHTOBOM TOITOJIOTHYECKOM IIPOCTPAHCTBE

Ha pucyHke B OCHOBHOM €ro 4acTy, rie IoKa3aHa paHroBas ruieprnapa-
MeTpUYECKasl MOBEPXHOCTh, MOKHO YBUAETh UHTEpeCcHbIN 2 dekT. Ha Tekymem
pPaHroBOM THIIEpIAPaMETPUUECKOM paclpeeeHud, 3adUKCHUPOBAHHOM I0J
IUQIEKC-yIJIOM ¢ Ha PaHIOBOM THIIEpIapaMeTpUUeCKON MOBEPXHOCTH, MOKHO
3a7aTh €AMHCTBEHHYIO K-yro Touky ¢ koopauHatamu (Wy,Xy), KoTopas 0003Ha-
YeHa KPAaCHbIM IBETOM. [[pyruMu cioBamu, Ha dTOW KPUBOM UMEETCS JIMIIb OJ-
Ha TOYKAa, COOTBETCTBYIOIAs JAHHOMY 3HAUEHHUIO 3yieKTponoTpedneHus Wy.
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OnHaKo eciu Mbl BbIiIEM 3a IIpeieibl KpUBOM, TO HA PAHTOBOM rumneprnapameT-
pUYECKON MOBEPXHOCTH MBI MOXKEM HAWTH MHOXKECTBO TOYEK (B mpenene Oec-
KOHEYHOE), 3JIEKTPONOTpeOIeHne KOTOphIX OyAeT TakuM »xe. Ha pucynke s
WUTIOCTpAllMM TI0Ka3aH psii TOYEK, KOTOpble 0003HAYEeHbl CUHUM LIBETOM. Bce
OHH, BKJIIOYAsl U HAIlly OCHOBHYIO (KpacHasl TOYKa), IPUHAJIeKaT KPUBOU BTO-
pOTo MOPSAKA, SBISIONIYIOCS PE3YJIbTaTOM KOCOTO CEUYEHHUs PaHTOBOM TrUmepIia-
paMeTpUIeCKOi MOBEPXHOCTHU (Oermo-cuHsst S-00pa3Hasi KpuBas).

O4eBHUIHO, €CIIM OCTABAThCSI CTPOTO B CEKYIIEH IMIIOCKOCTH, PACTIONOKEH-
HOM MO yTIIoM o K KoopauHaTHOU Tiockoct (WeX) u paccmaTpuBaTh 00bIY-
HOE PaHroBOE MapaMeTPUUECKOE pacIpesieleHHe TEXHOLEHO3a 0 3JIEKTPOIIo-
tpebaeanio W(X), To HM OJHOM M3 CHHMX TOYEK MBI HE YBUIAMM M OyaeM yBepe-
HBI, YTO Hallla KpacHasl TOYKa SIBJISIETCA €AMHCTBEHHON M HemoBTOopuMou. Ho
Tenepb Mbl 3HAE€M, YTO UMEETCS €I1€ MHOKECTBO TOUEK C TaKUM XK€ 3HAUCHUEM
AJIEKTPONOTPEOIEHHSI, OAHAKO, JUIsl TOrO YTOOBl MX YBUAETb, HAJO BBIUTH 32
npeenbl MIOCKOCTH M OKa3aThCs B YETHIPEXMEPHOM MpOCTpaHCTBE. Bece 3o
BECbMAa yCJIOBHO MPOMJUTIOCTPUPOBAHO HA PUCYHKE 9 B NMPAaBOW BEPXHEU YACTH.

Crenyer caenats psii BaXXKHBIX 3aMedaHud. Bo-TepBbIX, HECMOTpS Ha TO,
910 (pOpMaANTBHO HA HAIlIEM PUCYHKE MOKa3aH TPEXMEPHBI OOBEKT, Ha CaMOM
7ene, 37ech MPUCYTCTBYET €Ile OJHO H3MEpEeHHe — AUQIIEKC-yroy, KOTOPHIH
buKcHupyeT MoJI0KEHHE PAHTOBOTO THIIEPIapaMeTPHUECKOTO pactpeiesieHus: Ha
runepnapaMerpuueckoi nosepxHoctu. Ilo cytu, auduiekc-yron sBisiercst Koop-
JTUHATOM, UMEIOIIEH CMBICI BPEMEHH, T.K. IMEHHO OH OJHO3HAYHO XapaKTepHu-
3yeT HEOOpaTUMOE COCTOSIHUE TEXHOLIEHO3a IO MapaMmeTpy 3JIeKTpomnoTpedsie-
HUsl. Bo-BTOpBIX, Mbl IOHUMAEM, YTO TOYKH PABHOTO 3JIEKTPOMOTpeOIeHHs Ha
rUnepnapaMeTpuuecKkoil MOBEPXHOCTU NMPUHAAJIEKAT Pa3HbIM PAaHTOBBIM THUIIEp-
napaMeTpuueckuM pacupeneneHusm. OHaKo u3-3a psajaa npodseM, B KOHEUHOM
UTOTE aCCOLMHUPYEMBIX Y HAC C JTUCKOHTHHYaJIbHOCTHIO U (hpaKTanonogoOHO-
CTHIO TEXHOIIEHO30B, KaK MPaBUIIO, OTCYTCTBYET BO3ZMOXHOCTh TOYHO OTpese-
JUTh 3HAYCHUS AUQIEKC-TapaMeTpa U AUQIEKC-yria, COOTBETCTBYIOIINE KaX-
noit touke (W,X). Takum o0pa3oM, BBIOOPKM 3HAYEHUM 3JIEKTPONOTPEOICHMS,
U3MEPEHHBIX Ha 00BEKTaX TEXHOIICHO3a 332 MPOMEXKYTOK BPEMEHH, B MPUHIIHIIC
HE MOTYT OTBEYaTh OOBIYHBIM CTATHCTUYECKUM TPEOOBAHUSAM, T.K. B HUX MOTYT
TIOTIACTh JaHHBIE, 110 CYTH, U3 PA3TUIHBIX T€HEPATbHBIX COBOKYITHOCTEH.

Becbma mHTEpecHBIM, B 3TOM CMBbICIIE, BUAUTCS MEPEOCMBICICHHUE SIBIIC-
HUSl HErayCCOBOCTH B TEXHOLIEHO3€, KOTOpOoe Mbl (OpMajbHO CUUTAEM ClIE[-
CTBHEM JTUCKOHTHUHYAJIBHOCTH U (hpakTanononoOHocTH. Tak, HErayccoBoil cuu-
TaeTcsl BHIOOpPKA JaHHBIX, ONMKCHIBaEMasi HETayCCOBBIM pacmpeseneHueM. Bepo-
SATHOCTHOE paclpeziesieHue Ha3bIBaeTCsl TayCCOBBIM, €CIIU ISl HErO BBIMOJIHSACT-
Csl LIEHTpaJibHAs Mpe/eNibHAs TeopeMa: MPU MIUPOKUX MPEANONIOKEHHUIX OTHO-
CUTEIILHO 3aKOHOB paclpeiesieHHs] He3aBUCHUMBIX CIYYalHBIX BEIHYUH C PO-
CTOM YHCJIa CTIaraeMbIX 3aKOH pacIpeieeHus] CYMMBI OTHX BETUYMH HEOTpaHU-
YEHHO MPUOJIMKAETCS K HOpMajdbHOMY. CTaTUCTHYECKOE pacIipeiesieHre Ha3bl-
BAETCsl TAyCCOBBIM, €CIIM 3aBUCUMOCTh €0 CPEIHEro W JAUCIEPCHUH OT o0bhema
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BBIOOPKHM HECYIIECTBEHHA, T.€. B YCIOBUSX JAaHHOM KOHKPETHOW HCCIeAO0Ba-
TEJIbCKOM 3aJ1ayu BBIMOJIHSAETCA 3aKOH OOJBIINX YUCET: TPHU JOCTATOYHO OO0JIb-
IIOM YHUCJI€ HE3aBUCUMBIX UCIIBITAHUN cpefHee apuMeTrnieckoe HaOI0JeHHBIX
3HAQYEHUH CIy4ailHON BEJIMYMHBI CXOAUTCSA MO BEPOSATHOCTU K €€ MaTreMaTh4de-
cKoMy oxuaaHuio. B oOiem ciydae, qt000e pacrpenesieHue, s KOTOporo He
BBITIOJTHACTCS XOTS OBbI OJTHO M3 YCJIOBHM, CYMTACTCS HerayccoBbIM [83].

be3 pazbopa ¢yHIaMEHTAIBHBIX PUYIUH OOBIYHO (hOPMATLHO IOJIATAoT,
YTO HETAYCCOBBIC BHIOOPKU T€HEPUPYIOTCS TUCKOHTUHYAIBHBIMU (PPAKTAIOIO-
JTOOHBIMHM CpEelaMU — OTPAHUUYEHHBIMU B MPOCTPAHCTBE U BPEMEHHU B3aUMOCBSI-
3aHHBIMA COBOKYITHOCTSIMU O€3TPaHMYHO JEITUMBIX OOBEKTOB, OOBEAMHEHHBIX
C1a0bIMU CBSI3SIMU. DTH BBIOOPKH OINHCHIBAIOTCS C MOMOUIBIO PAHTOBBIX Mapa-
METPUUYECKUX PACHpPEACIICHUI, B KOTOPBIX MHOKECTBO 3HAYECHHI MapaMeTpOB
IpEJCTaBIsIET COOON CYETHOE MHOKECTBO, COCTABIISIIOIIECE OMEKLIUIO C MHOXe-
CTBOM HaTypajbHBIX uucel. B pa3OMeHuu TaHHOTO CYETHOTO MHOXKECTBA IMPO-
CMaTPUBAETCS MPUHIIUAI CaMOMOI00UsI, T.K. BCET/la CYIECTBYET KOHEUHOE MHO-
YKECTBO, MHACKCUPYIOIIee HAaOOP HECIOPHEKTUBHBIX OTOOpaKEeHUH, 00pasyroiiee
OyrneaH, TO €CTh TaKO€ JUCKOHTHHYaJbHOE MHOKECTBO, KOTOPOE COCTOUT W3
BCEX COOCTBEHHBIX U HECOOCTBEHHBIX CUETHBIX MOJIMHOKECTB TAHHOT'O MHOeE-
cTBa. EciM e UCXOIUTh U3 TOTO, YTO MHOKECTBO 3HAUEHUN MapaMeTPOB SIBJIS-
€TCS E€IUHCTBEHHBIM HEMYCThIM TMOJMHOKECTBOM B OJHOMAPAMETPUUECKOM
MHOKECTBE OOIIEro MapaMeTPUUYECKOTr0 OIMUCAHUS OOBEKTOB, ISl KOTOPOIO
Ha0Op HECIOPBEKTUBHBIX OTOOpaKEHUU 00S3aTE€NILHO BBIMOJIHSIETCS, TO MOXKHO
CYJUTb, YTO MBI HMEEM JIEJIO CO CTATUCTUYECKU CAMOINOI00HOM CTPYKTYpOH.

HecropbekTuBHBIE 0TOOpaXXKEHUSI MOKHO MPOUTEPUPOBATH TaK, YTO B pe-
3yJbTaTe MOJYYUTCS CUCTEMa UTEPUPOBAHHBIX (PYHKIMI PAHTOBBIX MTapamMeTpH-
YECKHUX paclpeiesIeHU, CIBUHYTHIX IPYT OTHOCUTENBHO APYra B paHTOBOM TO-
MOJIOTMYECKUM TIPOCTPAHCTBE HA HEKOTOPBIN ciydaiHbld nudiekc-yroa. Mx
KOMIIO3UIIUSI ¢ OJHOM HEMOJBHKHOM TOYKOM M TOPOXKIACT aareOpandecKyro
JMCKOHTUHYaJIbHYIO (hpakTanonoooHyto cpemny. [Ipu a3Tom utepupoBaHHOM sB-
nsieTcss GYHKIMS PAHTOBOTO PACTIPECICHUs], TTOJIyYeHHAs! MyTEM COCTaBIICHUS
elle OJHOW (YHKIMHU ¢ cOOOM OIpe/ieIeHHOE KOJIMYECTBO pa3, a HECIOPHEKTHUB-
HOE OTOOpa)K€HWE HE MpeanoJiaraeT o0A3aTENbHOrO BBIMOJIHEHUS MPUHIMUIIA
CIOPBEKIIMH, KOTJIa KaXJI0MY 3JIEMEHTY MHOXECTBA OIpEAesIeHUs 00s3aTeIbHO
CTAaBUTCSI B COOTBETCTBHUE XOTsI Obl OJIMH 3JIEMEHT MHOKECTBA 3HAYEHUM.

Kak BbIBOJ, MBI MMeeM JEJIO C SBJICHUSIMH, JICKAIIUMHU 3a MpeaeaMu
KJIACCUYECKOM «KOJIMOTOPOBCKOW» TEOPUU BEPOSTHOCTEW W MAaTEeMaTUYECKOU
CTATUCTUKHU. ITO YK€ 00J1aCTh KBAHTOBOW TEOPUHU BEPOSITHOCTEN — HEKOMMYTa-
THUBHOT'O aHAJIOra KJIACCHYECKOW TEOPUH BEpOSITHOCTEW. M3BECTHO, YTO KBAHTO-
BbIM (HEKOMMYTATUBHBIM) BEPOSITHOCTHBIM MPOCTPAHCTBOM HAa3bIBAETCS IMapa
(A,m), tne A sBasietcst C*-anreOpoil (MPOU3HOCUTCS: «CH — 3Be3/1a — alredpay),
a O — COCTOSIHMEM. DTO OIpeeNieHUE SBIsIeTCs] 0000IIEHHEM BEPOSITHOCTHOTO
MPOCTPAHCTBA B KJIACCUUECKOH (KOJIMOTOPOBCKOI) TEOPUU BEPOSITHOCTEM, B TOM
CMBICJIE, YTO KaXJ0€ KIJIACCUYECKOE BEPOSTHOCTHOE MPOCTPAHCTBO BCETA IO-
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pO’KJIaeT KBAaHTOBOE BEPOSATHOCTHOE MPOCTPAHCTBO, €CIIU B KayecTBe A BbIOpa-
Ha C*-anreOpa orpaHMYEHHBIX KOMILICKCHO3HAYHBIX H3MEPUMBIX (DYHKIIHH.

Wrak, mposiBieHne KBAaHTOBOrO 3¢ (eKTa M BBHINOJHECHUE MPUHIIAIIA He-
OIPEJCIICHHOCTH B TEXHOIICHO3E ITO3BOJISIET B 00JIACTH PAHTOBOM TOIIOJIOTHH
IIPUMEHUTh MaTEeMAaTHYECKHUH armapaT KBaHTOBOH TEOpHH M C(OPMHPOBATH Ha
ATOM OCHOBE TEOPHIO KBAHTOBOTO PAHTOBOTO aHanm3a. [lpum 3TomM Hambosee
CJIOXKHBIC 3a7a4d OIPEACIICHUS CTATUCTUYECKUX XaPaKTEPHCTHK IapamMeTpoB
PaAHTOBBIX THUIIEPIIAPAMETPUUYECKUX PACTIPEICICHHM, a Takke (PUKcanu 00beK-
TOB Ha HUX PEIIAIOTCS B paMKaX KBAaHTOBOW PAHTOBON JMHAMHUKH C TIOMOIIIBIO
NOHATUN anb(a-PyHKIHH, AUQIeKC-PYHKINNA U BOIHOBOU (DYHKIIUH.

[Ipeamnonoxxum, 9TO B TEXHOIICHO3E CIIyYalHBIM B KBAHTOBOM CMBICIIC SIB-
JSIETCSL TOJIOKEHHWE PAHTOBOTO THIEPIApaMETPUUECKOTO paclpe/iejieHUusT Ha
PaHTOBOM THUIEpPIapaMETPUUECKON MOBEPXHOCTH, T.€. CIyYalHBIMH BEJIMYMHA-
MH BBICTYIIAIOT AUDIEKC-YToy o U TaHTeHc-pakTop O (puc. 10).
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Puc. 10. K onierke mioTHOCTH BepoATHOCTH B TipocTpancTBe (WexeAWeq)

Kpome Toro, ciy4ailHbIM B KBAaHTOBOM CMBICIIC SIBIISICTCS IOJIO)KCHHE
TOYKH, COOTBETCTBYIOIIEH 00BEKTY TEXHOIIEHO3a, HA PaHTOBOM THITepIapaMeT-
puyeckoM pacnpeaeneHuu (puc. 10), T.e. TONOJIHUTENBHON CIy4ailHON BeIHYU-
HOM 3/1€Ch, HAPSAY C AUQIIEKC-YTIOM 0 M TaHTE€HC-()aKTOPOM O PAaHTOBOTO pac-
Mpe/IeNIeH s, BEICTYAECT 3HAUCHHE PAHTOBON TOTIOIOTUYECKON MEPHI X.
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BcnoMmHauMM, 4TO paHroBas TOMOJIOTMYECKass Mepa paccMaTpuUBaeTCsl Kak
KOJIM4ecTBeHHas (hopma, oTpakaroliasi KaueCTBEHHOE CBOMCTBO 00bekTa o0Ja-
JaTh OOJBIIMM WM MEHBIIUM 3HaueHueM mnapamerpa [83]. B koHKpeTHOM Tex-
HOIICHO3€ PAaHroBasi TOIMOJOTMYECKas Mepa YMCIECHHO OMNpeaesnsercs Kak Io-
MHOKEHHasi Ha KOJIMYECTBO OOBEKTOB BEPOSTHOCTH TOTO, YTO B TEXHOIEHO3€
OyJleT IPEBBIIIEHO 3HAYEHUE TTapaMeTpa, COOTHOCUMOE C JaHHON paHroOBOM TO-
MOJIOTMYECKOM Mepou (IIPHU YCIOBHH, YTO KOJUYECTBO OOBEKTOB CTPEMUTCS K
0eckoHeuHocTr). OHa JaeT KOHTUHYaJIbHOE 0000IIEHNE MOHITHUSI paHra Kak Iie-
JIOUMCIICHHOW Mephbl OJIM30CTH OOBEKTOB IO 3HAYEHUIO MapaMeTpa B yHopsiao-
YEHHOW TMOCJIeIOBATENHHOCTH, TIOCTPOCHHON M0 YOBIBAHUIO JAHHOTO TapameT-
pa. [Ipu 3TOM paHTH COOTBETCTBYIOT LIEIOUUCICHHBIM 3HAYEHUSIM PAHTOBOM TO-
MOJIOTMYECKOM MEPHI U 33/Ial0T Ha PAHTOBOM MapaMEeTPUUECKOM pacIpeiesieHuu
IpaHUYHBbIC 3HAYEHUs MapaMeTpa, OJIM30CTh K KOTOPHIM, B KOHEYHOM HUTOTE, U
paHxupyeT o0beKThl. [IpUHIIMNTHATBHO BaXKHBIM BUJIUTCS TO, YTO KOHTUHYaJIb-
Has paHroBas TOMOJIOTUYECKAS] MEPA MO3BOJISIET TOYHO OMPEIEIUTh MECTO IPO-
M3BOJILHOTO 3HAYEHUS IMapaMeTpa Ha paHrOBOM MapaMEeTPUUECKOM pacrpesene-
HUAW YCTOSIBIIETOCS TEXHOIIEHO3a, U ATO CYLIECTBEHHO CHUXAET MOTPELIHOCTH
OTJICJIBHBIX MPOIEAYP PAHTOBOrO aHaIK3a (HalpuMep, MOTCHIIUPOBAHUS, Mapa-
METPUUYECKOTO HOPMUPOBAHMS U MapaMeTpuyecKkoro cuHresa). OgHako B mpo-
1ecce yNpaBJCHUs TEXHOIIEHO30M B KOHEYHOM HTOTre TPeOyeTCsl OonpeseseHre
BEPOSTHOCTU HAXOXKJEHUS KaXKJIOro O0OBhEeKTa B TOM WJIM MHOM PaHre, MOJCIIH-
pOBaHUE U MOCIeaytomas ux (puKcamusi Ha paHrOBOM PAaCTIPEICIICHUH.

U 351eck Becbma MII0IOTBOPHOU MPEACTABISAETCS AHAJIOTHS C KBAHTOBBIMU
CUCTEMaMH, KOTOpasi Mo3BOsET cHOPMYJIUPOBATH MPUHIIUI HEOMPEIEICHHO-
CTH. B 9acTHOCTH, KaK MBI yKe OTMEYalu, JIJIsi TEXHOIIEHO03a, Oy/Ty4H B3SITOTO B
11€JI0M, HEBO3MOXKHO OJIHOBPEMEHHO TOYHO OMPEEIUTh (HOPMY PaHTOBOTO TH-
nepnapametpudeckoro pacnpenencHust AW(W,X, o) 1 oJ0KeHHe KPUBOW 3TOTO
pacripesieieHusl Ha paHroBoW rureprnapamerpuyeckor mosepxuoctu AW(W,X).
B To >xe Bpemsi, M OTIEIBHO B3ATOr0 OOBEKTa HEBO3MOXKHO OJHOBPEMEHHO
TOYHO OMpPENeNuTh caMo 3HaueHue napameTrpa Wy U MOJOKEHHE TOYKH, COOT-
BETCTBYIOIIECH TAHHOMY TlapaMeTpy, Ha PaHTOBOM THIIepIIapaMeTPUIECKOM pac-
npenaencann TexHorenoza AW(Wy,Xy,0). Ha Hamr B3rjisia, 3/1eCh MOXHO YCMOT-
peTh U aHajor KBaHTOBOro 3 dekra. Tak, B nmporecce ynpaBieHUsS TEXHOIEHO-
30M, TIEPEBECTH €ro M3 OJIHOTO0 YCTOMYMBOTO COCTOSIHHS B JAPYroe U, COOTBET-
CTBEHHO, M3MEHHUTh TOJIOKEHHUE KPUBOW PAHTOBOTO THUIIEpPIIapaMETPUUECKOro
pacrpeniefieHdss Ha PaHTOBOM THUIIepIIapaMeTPUUECKON MOBEPXHOCTHU, MOKHO
TOJIBKO 3aTPaTUB OMPEACICHHOE KOJIMYECTBO (KBAHT) PECYpPCOB, CTPOTO COOT-
BETCTBYIOIIIEE YPOBHIO CHIDKEeHMs nudiekc-mapamerpa AWs. B 1o xe Bpewms,
TOYKY, COOTBETCTBYIOIIYIO OOBEKTY Ha PAaHTOBOM THIIEpIIapaMETPHUIECKOM pac-
MpeAeIeHUU, MOKHO MEPEMECTUTh U3 OJIHOTO paHra B APYroi, TOJIbKO U3MEHUB
3HAUCHHE TapaMeTpa Ha BEIUYHHY, MPOMOPIHUOHAIBHYI0 HaUMEHBIIIEMY Mapa-
METpy U3 BceX 00beKTOB (cBoero poaa, kBauT): (W(X = req) — W(X = ry)).
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[To ananoruu ¢ KBAaHTOBOM MEXAHUKOM /1JIsi ONMCAHUSI TEXHOLIEHO3a BEAEM
MOHATHE KOMILIEKCHO3HAUHOU audiekc-pyHkiuu (GyHKIUU, MPUHUMAIOIIEH
KOMILJIEKCHBIE 3HAUEHUS B 00JIACTU KOMILJIEKCHOTO apryMEHTA):

3, 1m0
O(w) =f(w) =f(Re+JIm°), (19)
rae ® — KOMIUICKCHBIN apryMeHT audiexc-QpyHkuuu o(m);
Re’ — jeiicTBUTeIbHAS YACTh KOMILIGKCHOTO apIyMEHTa;
Im®* —  MHEMas 9acTh KOMIUIEKCHOTO apryMEHTA.

OyHkUsA O(®) TaKkKE MOMXKET pacCMaTpUBAThCS M Kak Iapa BEIIECTBEH-
HBIX (DYHKIMI OT ABYX NEPEMEHHBIX, ONPEAEISIIONIMX €€ COCTABISIOLIUE:

&(w) =u(Re", Im") + jv(Re",Im"), (20)
rne  U(Re", Im") — neiicTBuTenbHas YacTh audiekc-GpyHKIUH;
v(Re', Im") — wmHuMas gacTs qudnexc-QyHKINMY;
Re", Re' — nelicTBuTensHble YacTH QYHKIUHN U U V;
Im", ImY — mHuEMBIE yacTy QyHKIMHI U U V.

Hudnexc-pyukiuio (20) MOXKHO MPEICTABUTh U B MTOKa3aTENbHOU (hopme:

3(m) =|8|e1*; |5| = Vu® + v*; a = arctg (v/u), (21)
rae [0 — Moaynb GyHKIMHU (OTHOCUTENIBHBINA TU(IIeKC-TapaMeTp);
o — daza qudnaexc-pynkiuu (Audaekc-yroin).

Cnenyer OTMETHTb, YTO KOMIIOHEHTHI BBEIAEHHOW 3/1€Ch KOMIUIEKCHO-
3HAYHOU AU (eKc-QyHKINUU MPEACTABISIIOT COO0N KOMIUJIEKCHI BUAA:

u=W-+jx; 22)
V=AW + X,
rae U — KOMIUICKCHAs BEJIMYMHA B KOOPAMHATHOM TIOCKOCTH (WeX);
V — KOMIUICKCHAs BeIMYMHA B KOOPIMHATHOM TIIOCKOCTH (AWeX).

BaxxHO yuuTBHIBaTh, YTO MEXKIY YacTAMHU paznoxenuit (19) — (21) umeercs
Oonee ray0Ookasi CBSI3b, HaNpUMEp, ISl TOro, YTOObl AuQekc-GyHKIUA Oblia
muddepennupyema B cMmbicie (QyHKIHMH KOMIUJIEKCHON MEPEMEHHOM, JTOHKHBI
BBIMOJIHATHLCS ycsioBus Ko — Pumana ([lanamb6epa — Ditepa) [189]:
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(6u(Re", Im") _ ov(ReY,Im")
J o(Re") o(lmY) 23
ou(Re",Im")  ov(Re",Im")

o(lm¥)  A(Re')

Ecimu paccMoTpeTh KOMITIEKCHO3HAUHYIO audiIekc-QyHKINIO KaKk (yHK-
IIUI0 BpeMEHH B KoopAuHATHOM mpocTpaHCcTBe (WexX°AWea), To MOXKHO 3a71aTh
BOJTHOBYIO muduiekc-pyHkiuio (ncu-¢pyHknuo) [0(t)) = |0,0,X) — KOMIUIEKCHO-
3HAYHYI0 (PYHKIMIO, MCTHOJB3YEMYIO 37I€Ch ISl OMMCAHUs, TaK HA3bIBAEMOTO,
YUCTOTO (KBAHTOBOI'O) COCTOSIHUSL OOBEKTOB TEXHOLIEHO3a MO COOTBETCTBYIO-
niemy napamerpy W (anmexrpornotpebienuto). Mcenons3yeM Hamboliee pacrpo-
CTpaHEHHbIE CUMBOJIBI JIJIs1 BOJHOBOM (yHKIIMM — rpeueckue OykBol Yy u V. Kak
U3BECTHO, BOJTHOBAsI (PYHKIUS SIBIIsieTCA KOA(DPUIIMEHTOM pa3ioKeHUsI BEKTOpa
COCTOSIHUSI CHCTEMBI 10 0a3ucy (B JaHHOM ciydae, KoopauHaTHomy) [189]:

13(t)) =|w(t)) = [¥(y.1) |y)dy, (24)
rie  P(yt) =(yly(t)) — BomHOBas QpyHKIMS (MICU-DYHKIUSA) B KOOPAUHAT-
HOM mipocTpancTBe (WexeAWeq);
ly) =0,,0,X) — KOOpPAMHATHBIN OA3UCHBIH BEKTOP.

Kak mpencrasiisieTcs, B JaHHOM CIlydae MPUMEHUM MPUHLMI CYIIEPIIO3H-
1uu — (QyHAaMEHTaNbHBIA TPUHIUI, COTJIACHO KOTOPOMY, €CIIH ISl HEKOTOPOU
KBAHTOBOW CHCTEMBbI JonycTUMBI cocTosinus Wy, u W), To nmomyctuma u irodas
UX JIMHEWHas KOMOMHALMS, KOTOpasi Ha3bIBA€TCA CyNEPHO3UIUEN ITUX COCTOS-
HUI (MHOTIa ONIPEIEIISIOT KaK MPUHIIUT CYTIePIIO3UINU cocTostHuit) [189]:

rie CiuC, — xommekcHbie KOAGPUITUEHTHI.

Ecnu n3mepenne koopauHaThl 0a3UCHOTO BEKTOPA CUCTEMBI B COCTOSTHUH
|'¥'1) Bcerma mpuBOAUT K pe3ynbTary Y, a u3Mepenue B cocrosinuu |V,) — x pe-
3ynbTaTy Y3, TO U3MEPEHUE KOOPAUHATHI B cocTosinuu |V3) nmpuBener k pe3ynb-
tatam Y, win Y, ¢ BepositHocTsivut |Cqf” i |C,f°, cooTBeTCTBEHHO.

[TpuHIUTT CYTIepno3UIIMd MOKET OBITh YCIICITHO NMPUMEHEH MpH (HUKCa-
IIMU 00BEKTa TEXHOIIEHO3a B MOMEHT BPEMEHH T Ha PAaHTOBOM THUIIEpHapameT-
PUYECKOM pacipenesieHnd, COOTBETCTBYIOIEM Moayto O(t) u daze o(t). s
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ATOr0 HEOOXOJUMO B KaKIbli MOMEHT BPEMEHH 3HATh (PYHKIIMIO 3aBUCUMOCTH
IUIOTHOCTU BEPOSITHOCTU HAaxOXIEeHUsI oObekTa B cocTosiHuu [P) OoT paHroBoii
Tonojiornyeckord Mepsl (puc. 10). IIIOTHOCTH BEPOATHOCTH, B CBOKO OYEPENb,
MOJKET OBITh OIpeieJieHa KaK KBaapaT MOYyJIA BOTHOBON QyHKimH V:

p(0t,3,%) = |¥[* =¥ - ¥, (26)

*

rne ¥ — QyHKIMA, KOMIUIEKCHO COTpsiKEHHAst BOJTHOBOM QyHKIH ‘P.

Ha ocHoBe ()yHKIMH TUIOTHOCTH BepOsTHOCTH P(at,0,X) C UCIIOIb30BaHUEM
U3BECTHOTO IPEOOPa30BaHUS MOXKET OBITh MOTYUYEHO BHIPAXKEHHE MHOTOMEPHON
¢byukuuu pacnpenencHus F(o,0,X), KOTOpOE BBHITTIAAUT CICAYIONIMM 00pa3oM:

a 0 X
F(a,8,X)= | | [ p(o,8,x)docdddx. 27)

—00 —00 —00

Haxkownerr, BeposITHOCTh MOMaiaHus CIIy4ailHON BeIUYHHBI (0,0,X) B HEKO-
TOpbIA 00beM V PaHrOBOI0 MapaMeETPUUECKOro MPOCTPAHCTBA PaBHA:

P((a,8,%) = V) = [[[ p(ct, 8, X) dordd dx. (28)
Vv

[IpeoOpa3zyromas (GyHKIMS, NMpeJHAa3HAYECHHAs JUIsl peaju3aluu Cilydan-
HOM BeJIMUUHBI (0,0,X) B IPOILIECCE UMUTAITMOHHOTO MOJICIUPOBAHMUS, OTIPEICIIsI-
eTcst Kak QyHKIus, oOpaTHas GpyHKIMK pacipenenerus F(a,8,X):

F(a,8,x) = Inv T '? ](’p(oc,S,x)docdex : (29)

—00 —00 —00

N3BecTHO, YTO UMUTAIIMOHHOE MOJCIUPOBAHUE TIOJIOKEHUSI TOYKU O0b-
€KTa Ha 00IIeM PAaHTOBOM THIEPIIApaMETPUIECKUM PacCIpeiesIeHUH TEXHOIICHO-
32 MOXET OBITh OCYIIECTBJIICHO IyTEM pealn3aliuu odmiel mnpeobdpasyromei
bynakuuu (29). OnHako U3-3a MHOTOMEPHOCTH JTaHHOW (DYHKIIMM U, KaK MPaBH-
J10, HEBO3MOYKHOCTH BBIPA3UTh €€ MHTETPA B JICMEHTAPHBIX (DYHKIHIX, HEMO-
CPEICTBEHHOE MpUMeHeHHe (29) B BBIYMCIUTEILHBIX aJlTOPUTMaX 3aTPyTHCHO.
TeM He MeHee, UMHUTAIMOHHOE MOJCIIMPOBAHHUE MApaMETPOB MOXKHO OCYIIle-
CTBUTb T10 YIPOIICHHOMY aJTrOpUTMY, IPUBEICHHOMY Ha pucyHke 11 u npearmo-
JaramnieMy peaan3alyi0 YacTHBIX OJHOMEPHBIX MpeoOpa3yromux (QyHKIHA.
Hwuxe npuBeaeHa cucteMa noi00HbIX (PYHKIIUN CIETYIONIEro BUIA:
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F (o) =Inv| [ p(a,d,x)da |, 8 =[5]=const; x =[x, ] = const;
y k

5
Fs (8)=1Inv| [ p(a,8,X)d3 |, oo =[] =const; x =[x, ] =const;

N

Q0
X
F ' (x) = Inv f p(a,d,X)dx |, o =[a] =const; & =[5] = const,
L —00
(30)
roe  [a], [8], [Xx] — MaTemaTHuecKHe OKHIAHHUS oL K O TEXHOICHO3a, a
TaK)Ke PaHIOBOM TOIOJIOTHYECKOM Mephl K-ro 00beKTa.

OLAP-ky6 OLAP OLAP OLAP
(o) ) b o) b
(k=1)l(t=1)
MepBbIK 3Tan |
e [ I o ) o
J
v
Bropo#n atan 1
N X I
J
v
TpeTun atan A
dopMmUpoBaHue
DdopmupoBaHue

Puc. 11. Cxema nporiecca UMUTAIIMOHHOTO MOJICJIMPOBAHUS
Ha OCHOBE YaCTHBIX MpeoOpa3yromux GyHKIUN
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[IpyMeHHMTENBHO K YNPABICHUIO JJIEKTPONOTPEOIEHNEM NEpPBBIA 3Tall
IpeIaraéMoro ajiropuTMa MpearnoiaraeT, YTo B COOTBETCTBUM C ONTHUMAJIbHON
CTpaTernell Ha T-UHTEpBaJIC BPEMEHM 3a/al0TCSI MATEMaTUYECKUE OXKHUIAHUSA
TaHT'€HC-()aKTOpa TEXHOLEHO03a [0,] ¥ paHIOBOM TOIOJIOTMYECKON MEPBI IEPBOTO
o0BeKTa [Xi.]. 3aTeM Ha OCHOBE MHOI'OKpAaTHOM peanu3aluu NepBoi mpeolOpa-
sytomed pyukmuu cuctemsl (30) ompenensieTcss epBoe MOJCIBHOE 3HAYCHUE
nudexc-yria TeXHOIIeHO3a o,. Ha BTopom 3Tare airoputma B Ka4eCTBE KOH-
CTaHT 3a/1al0TCA MOJENbHOE 3HAUYeHHE AUQIEKC-YyIia 0y, (MOJlyueHHOe Ha Tep-
BOM 3Talie¢) U MaTeMaTHUeCKOe OXKUJAHHWE PAHTOBOW TOIMOJOTMYECKON MephI
nepBoro oowvekTa [Xi ] (bepercs To ke 3HauUeHUE MapaMeTpa, YTO U Ha MEePBOM
sTamne). Jlanee Ha OCHOBE MHOTOKpPATHOW peasn3aliid BTOPOil mpeolpa3yrolei
¢ynkun cuctemsl (30) omnpenensieTcs: MEpBoOe MOJEIbHOE 3HAUEHUE TAHICHC-
¢dakTopa TexHolLeHo3a O;,. HakoHel, Ha TpeTheM 3Tane aaropuTMa B KaueCTBE
KOHCTAHT 3a/1al0TCs MOJIy4YEeHHbIE Ha MPEABIAYIINX dTanax MepBble MOJAEIbHBIC
3HaYeHUs IudIeKc-yria o, U TaHreHc-(aKkTopa TEeXHOIEeHo3a 0;,. Ha ocHoBe
MHOTOKPaTHOM peanu3aluu TpeTbeil npeodpaszyroment pynkiuu (30) onpenens-
€TCsl MOJIEJIbHOE 3HAYEHHE PAHTOBOM TOIMOJIOTMYECKON MEpbI IEPBOro 0ObEKTa
X1:. BaXXHO y4UTBIBaTh, UTO BCE TPH STara ONMCAHHOIO BBILIE UMHUTALKOHHOTO
ANITOPUTMA TTOCJICJIOBATEIIEHO MTOBTOPSIFOTCS IS KaxkI0T0 K-ro 00BeKTa.

[Tocne mepebopa Bcex N OOBEKTOB TEXHOLIEHO3a MOSBISETCS BO3MOX-
HOCTH C()OPMHUPOBATH MOJIMHOKECTBO HanOoJiee BEPOSATHBIX 3HAYCHHUI KOOPIH-
HAT OOBEKTOB B PAaHTOBOM IapaMEeTPUIECKOM MTPOCTPAHCTBE HA T-HTarle:

{AT’AT’XT}Ezl = {(alr’slr’xlr)'(OLZT’SZI’XZT )"'(akr’Skr’Xkr )"'(antisntixnr )}’
(31)

rae (04O Xe) — KoopauHaThl K-ro 0o0beKTa Ha T-3Tare yrpaBieHHs.

IoxmuoxkecTBO 3HaueHnH {A_,A_,X_}:_; MOXET OBITb MCIOIb30BAHO

JUTSL alpOKCUMAIMK paHroBbIX pacrnpenenenuii W' (X) u AW'(X), a Takxke pac-
gyera 3HaueHUd W(Xy) 1 AW'(Xy,) s kaxmoro K-ro oObekra Ha T-3TaIe
yrpaBiieHus, KoTtopbie nonoaHsioT cion OLAP-ky6a 1mudpoBoro nBoiHHKa
TEXHOIIEHO3a IO AJIEKTPONMOTPEOICHUIO (COOTBETCTBEHHO, MOICILHBIX 3HAYe-
Huii anektponorpednenuss [MOD], anmpokcumaimoHHbix aaHHbX [APP] u
mudiexc-mapamerpos [DIF]) [83]. Kpome Toro, Ha ocnoBe 3nauenuii W' (X)) u
AW (X)) TOTOBSITCSI HCXOHBIE JAHHBIEC IS TPOAOLKEHHIS UMHTAIIHOHHOTO MO-

JCTUPOBAHUS M TOyYCHHS MOAMHOKECTBA {A 1, A 4, X, 1 }e_ YXKe Ha crefmy-
1o1ieM (T + 1)-3Tane ynpapieHus 3JIEeKTponoTpeOIeHUEM TEXHOIIEHO3a.

Takxe Ha ocHOBe pacueroB paspadarbiBatoTcsi ZP-marpuua m ZP-nnaH
(rutan moBbIIeHUs SHEProddGexTuBHOCTH) [83], A1 KOTOPHIX B KayecTBE HC-

XOZHBIX JIAHHBIX TOTOBUTCS PE3YNIbTHpPYIONIee MHOXKECTBO {A, A, X},

T+l
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(0‘11’8111)(11) (oc21,821,X21) (akl’skl’xkl) (anlisnlixnl)
(%2’512!)(12) (0‘22’522’)(22) (ak2’6k2!xk2) (ocnz,SnZ,an)
(al‘c’8117xlt) (0(‘2':’821’)(2':) (akr’skt’xkt) (anr’sntixnr) ’
(a1m181m’xlm) (a2m’62m’x2m) (akm’gkmika) (anmiénm’xnm)
(32)
rie (04O X)) — KOOpAMHATHI K-ro 00beKTa Ha T-3Tare yIpaBICHUS;
N — o0Iee KOJINIECTBO 0OBEKTOB TEXHOLIEHO3A;
m — o0Iee KOJIMYECTBO ATAMOB YIIPABICHHUS.

Crnenyer TakKe OTMETUTb, UYTO JIJISl YMCICHHOTO pacuera (QyHKIHM pac-
Mpe/esieHus, MOJOKEHHBIX B OCHOBY MpeoOpasyromux Qyskiuit (30), Moryr
OBITH MPUMEHEHBI METOJIbI MATEMATUYECKON CTATUCTUKHU. B KauecTBe MCXOHBIX
JTAHHBIX OEpyTCs MOTyYEHHBIC HA TPEIBIIYINX dTanaxX ynpaBJICHUs JaHHBIC U3
OLAP-ky6a 1u¢poBoro 1BoiHUKA 110 1eKTponoTpediacHuio [83]:

(WEP ) (W) (W) (WBEEE) o (W), (WD),

t=1..m

(33)
VEC\ _ 1 2 3 q s \\.
e (W) (W) (W) (W) (W) .. (W)
WVEC
kt o k- 6 _ .
1n(poBoii Bektop K-ro 06beKkTa Ha T-3TaIe;
<Wq > — KOMIIOHEHT (-TO ¢JI0s IaHHBIX LKU(pPOBOro BekTopa K-ro
ke 00BbEKTA TEXHOLIEHO3a HA T-3TallE;
S — oOmee KOIMYECTBO CI0EB HU(POBOro ABONHHUKA.

[Tpu sTOM BBIOOpOUHAS HYHKIIUS pACTIPEACTICHUS Il COOTBETCTBYIOIIETO
napameTpa o, 0 WU X OMpeNeNsieTcs CIeayromuM oopaszom. M3 MHOXkecTBa

{A, A, X}, Berpyxensoro m3 OLAP-ky6a (33), ocymiecTsisercs BHIOOpKa
JTAHHBIX TPUMEHUTEIBHO K pacCMaTpUBAEMOMY T-3Tally YIPaBICHYECKOTO MPO-
mecca {AI_,AT,XT}E:l. CrnemyeT OTMETUTh, YTO B OOIIIEM Cilydae BHIOOPKH Ta-
paMeTpoB d, 8, X, MOTYT OBITh HETAyCCOBBIMH, ITOATOMY, MPEXKIEC YEM PaCCUU-
THIBaTh HAa HUX (DYHKIIUH pacipeIesIeHus, HEOOXOAMMO 0 JTI000MY HU3BECTHOMY
KPUTEPUIO OCYIICCTBUTH MPOBEPKY Ha BHITIOJIHEHHWE HOPMAJIBHOTO 3aKOHA pac-
npeneneHus. Jlagee NMpoOM3BOAMTCS YIOPSAOYMBAHHWE NTaHHBIX B TOPSAKE HE
yOBIBaHMS M CTPOUTCS MHTEPBAJLHBIN BapUAIMOHHBIA PSJ JUTSI KaXKI0TO Tapa-
MeTpa B OTACILHOCTH. J[JIT TOYHOTO ONpEeNesICHHs] BEIMYMHBI YaCTUIHOTO HH-
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TepBaja MOXHO BOCIOJIb30BaThCs, HanpuMmep, hopmymnoit Crepmxueca. [locne
MOJIyYeHHUs] OTHOCUTEILHON YacTOThI MONaAaHus 3HAUCHU Ka)XX0ro mapameTpa
B COOTBETCTBYIOIIMI MHTEpPBAJ, BHIOOPOUHYIO (AMIUPUUYECKYI0) (DYHKIIMIO pac-
MpeesIeHrs MOKHO PaCCUUTATh MO CIEAYIOIEMY BhIPAKEHUIO:

0, npu y <vyj;

A%
2P mpuy;  <y<y;,i=123,..,v; (34)
i—1

Lopuny>y,,

rme Y — COOTBETCTBYIOIIMI mapameTp (o, & Witk X);
| — HOMep MHTEpBaJIa;
v — o0Iee KOJTUIeCTBO HHTEPBAJIOB;
_9i(y)

pi(y) = ‘h(y) ~— OTHOCHTENbHAsS 4acTOTa MOMAJAHNs 3HAYCHHS Mapa-
(v) MeTpa B I-blif BAPUAITMOHHBIA HHTEPBAJT;
gi(y) — KoJM4ecTBO 3HAUCHHI pacCMaTPUBAEMOI0 TapaMeT-

pa, TOMABIIKX B I-bIif HHTEPBAJ,

h(y) — o0beM napamMeTpu4ecKoil BHIOOPKH.

JIist ToJlydeHHsl aHAJIUTHYECKOTO BBIPAKEHHS BBHIOOPOUYHON (DYHKIIMU
pacnpeeneHus JF00bIM TOCTYITHBIM METOI0M OCYIIECTBIISIETCS alMPOKCUMAIIUS
cuctemsl (34). Ilocne storo nomyuarorcst nmpeodpasyroniue ¢pyskiuu (30) u 3a-
MyCKAeTCs MPOIECC MMHUTAIMOHHOTO MonenupoBanus (puc. 11), pesympratom
KOTOporo craHoBaTcss MHoxkecTBO {A,A, X}, u ZP-matpuna, HOJHOCTBHIO

OMKCHIBAIOIINE MPOIIECC YITPABICHUS AIEKTPONOTPEOICHUEM TEXHOLIEHO3A.
OO01mue acneKkTsbl yIpaBJIeHHsI B TEXHOLIEHO3e

N3 kaTeropralbHOrO OCMBICIEHHSI TEXHOLIEHO3a CIEIYET, YTO UCTOYHU-
KOM KOJIMYECTBEHHBIX CBEJICHHM O HEM BBICTYNAIOT OOBEKTHI, MPOSBISIONINE C
pPa3TUYHBIX CTOPOH CBOM YCTOWYMBBIE KaueCcTBeHHbBIE cBoiicTBa [83]. [Ipu sTOM,
BO-TIEPBBIX, CAMH IO ce0e CBOMCTBA HAJIMYECTBYIOT OOBEKTHBHO, HE3aBUCHMO
OT UX CyOBEKTUBHOTO BOCIIPHUATHS. BO-BTOPBIX, CBOMCTBA 0OBEKTA MPOSBISIOT-
csl Kak OECKOHEUYHAasi COBOKYITHOCTh CBOWCTB OTNIETBHBIX €T0 TMOJCHCTEM, Ya-
CTEH, PJIEMEHTOB, a TaKXKe CBs3eH Mexy HUMH. [1o cyTH, MBI Bcerjia UMeeM Jie-
JI0 ¢ KOHTUHYYMOM CBOMCTB, YaCTh U3 KOTOPBIX K HACTOAIIEMY MOMEHTY XOpPO-
10 M3YYEHBI, 4 YaCTh HEAOCTATOUHO MCCIEIOBAHbI WU JaXKe MOKa, Ha YPOBHE
HaIllMX HBIHCIIHUX U3MEPUTEIBHBIX BO3MOXXHOCTEH, HUKAK ceOsl HE MPOSBUIN
a1n60 BOOOIIE HAyKe HE M3BECTHBI. B-TpeThbUX, XOpPOIIO M3YYEHHBIE CBOWCTBA
O00OBEKTOB BCET/la MUMEIOT OOIIEMPUHATHIC KAYECTBEHHBIE MEpPbhI, Ha3bIBA€MbIC
MOKa3aTeIsIMM, KaXJI0OMYy M3 KOTOPBIX, B CBOIO OY€pe/lb, COOTBETCTBYET BbIpa-
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JKarollasi €ro 4YMCIEHHO KOJMYECTBEHHAas Mepa — napamerp. B-ueTBepThiX, B
KaXI0W CUTYallud MOXKET ObITh OIpejaesieHa HeoOXoaumasi U JOCTaTOYHas Co-
BOKYIHOCTb IOKa3aTeslel, UMEIIUX HauOoJIblIee 3HAYEHHE C TOYKH 3PEHHUS
LEJIEBBIX YCTAHOBOK (DYHKIIMOHUPOBAHUSI TEXHOLIEHO3a. B-IATHIX, ucxoas u3
LENH YOpPaBICHUs, TOJKHA ObITh BbIOpaHa, KAK MUHUMYM, Iapa KOMILJIEMEH-
TapHBIX IOKa3aTeneil, 005M3aTeNbHO XapaKTEPU3YIOMUX KaK IOJO0XKHUTEIbHBIH
pe3yNbTaT, TaK U 3aTpaThl, HA OCHOBE KOTOPOIl OYIYT CTPOUTHCS MHTETPATbHBIN
1OKa3aTelb, KpUTEPHil, AITOPUTM, OTPaHUYCHUS U 1ieneBast GyHkiws (puc. 12).

COUWNANBHO-3KOHOMWKO-TEXHUHECKAA CUCTEMA (C3T-CUCTEMA)

Mpaeuna Kputepun 4 [MpuaHaku
4] putep! “T]{“I: P

Cucrema Cucrema nognepxkn | AHanuTu4eckan
ynpaeneHus ] NPUHATHUA pelleHnun | nogcucrema

||
Wi Cr: L ~[UISENSETR= M- -

Bo3aelcTBuS Ctaauu o6paboTku uHopmaLumm

G ceotera ] epeere e A

PacyeTHbIN "
Oﬁ'bEKTbI ,_ UwucppoBon
> napameTpU4YecKHH

TeXxHoLeHo3a KOMANeKe npocunb

Uucdporoin BekTop _ - LUncgppoeoin ABOAHUK
obbeKTa (paHra) LUundgppoBoi OBOWHUK CUCTEMBI obbekTa (paHra)
Undcposon cnon LUudppoBon cpes

Lucpposan nnatdopma

Puc. 12. Ctagun 06paboTku nHGOPMAIIMU B TIPOIIecce
YIPABJICHUS DJIEKTPOTIOTPEOICHUEM

Teneps cOOCTBEHHO O mokazarensix. s Toro 4roObl yCHEemHo ympas-
JSITh TEXHOLIEHO30M, €ro Ha/I0 JJIMTEIbHOE BpeMsi HaOt01aTh U U3y4aTh, a JJId
3TOr0 00s3aTENbHO AOJKEH ObITh CO3[aH M3MEPUTEIbHBIM KOMIUIEKC — COBO-
KYITHOCTb CPEACTB, METOJOB M BCIIOMOTATENIbHBIX YCTPOMCTB, MpEIHA3HAYCH-
HBIX ISl BBINIOJIHEHUS 3a7a4 u3MepeHus. PaboTa u3MepuTeabHOro KOMILIEKCa,
OCHOBAHHAsl HA COBPEMEHHBIX MHCTPYMEHTAJIBHBIX CPEICTBAX MU CUCTEMAxX Xpa-
HeHUs MHGOpMAIIMK, TO3BOJISET B PEXKUME PEAIbHOIO BPEMEHU cOoOupaTh U mna-
paMeTpU3UpOBaTh CBEJCHHS O CBOWCTBaX CUCTEMBI. [Ipw 3TOM aOCTpaKTHBIM
MOHATUSAM «CBOMCTBO» U «IIOKA3aTeJIb» CTABUTCA B COOTBETCTBUE KOHKPETHBIN
KOJIMYECTBEHHBIN NapaMeTp. 3anuileM 3TO aHaATMTU4Yecku (puc. 12):
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q q
{Ske) 1P )
rae  {S§ } — MHOXECTBO (-bIX IOKa3aTeleH K-ro oObeKkTa TEXHOIICHO3A,
U3MEpSAEMbIX Ha T-UHTEPBaJIe BPEMEHH;
{PJ} — MHOXECTBO (-bIX IaPAMETPOB k-ro o0bekTa, 3apukcupoBaH-

HBIX B PE3YJIbTATE U3MEPEHNS HA T-UHTEPBAJIE BPEMEHU;
{129} - MHOXeCTBO Ccpe/CTB U3MEPEHUs (-I'0 CBOMCTRA.

KosnmuecTBeHHOE ONMCAHUE U CUCTEMATU3ALMS CBEECHUN MTO3BOJISAIOT I10-
JYy4YUTh YHUCIICHHbIE 3HAYEHUs NapamMeTpoB U CHOPMHpPOBATH 0a3zy [aHHBIX.
MIMEHHO B 3TOT MOMEHT CBEJIEHUsI 00 00BbEKTaX MPEBPALIAIOTCS B JAHHBIE:

D (i) > ({wit). &

rae <Dq > — 0a3a JaHHBIX (-bIX MAPAMETPOB;
<Wq > — KOPTEX JaHHBIX (J-bIX MapaMeTpoB K-ro oObeKTa, 3amucaH-
ke HBIX B 0a3€ JJaHHBIX Ha T-UHTEPBaJIC BPEMEHHU.

Takum 00pa3oM, >KM3HEHHBIM LMK JaHHBIX HAayMHAeTCs TOTrJa, KOrjaa
OCYILECTBIISIETCS MX IOJHOLIEHHAs BepU(pHUKALUsA U 3aIUCh HA MaTepUAJbHBIN
HOCHUTENb B (hopMe, MPUTOIHOM i 00pabOTKH, XpaHEHUs, TPeoOpa3oBaHus U
nepenayn. BaxkHo moHUMaTh, 4YTO 0a3a JaHHBIX TEXHOLIEHO3a MOXKET CTPOUTHCA
TOJIBKO Ha OCHOBE IMOJIHOT'O 0XBaTa BCEX €ro OOBEKTOB, MPUYEM Ha JITIUTEIHLHOM
BPEMEHHOM HHTEpBaje (CTO TPaH3aKLHMOHHBIX 3TANoB). 3aT€M HAayMHAETCs 00-
paboTKa AaHHBIX, AJIA YEro B CHCTEME, MOMHUMO HM3MEPHUTENIBHOIO, CO3/1aeTcs
elle ¥ MPOLEIYPHbIA KOMIUIEKC — COBOKYITHOCTb CPEJCTB, METOAOB U BBIYHCIIH-
TEJIbHBIX MPOLIEIYP IS BBIMOJIHEHUS pacueTHbIX 3a1a4 (puc. 12):

qpr gse
({wid }>—><Rf> (e, (37)
T

rac <WOIIOY> — KOPTEXK JaHHBIX (-bIX MEPBUYHBIX MapaMeTpoB K-ro 00b-
ke €KTa TEXHOLICHO3a Ha T-MHTEPBAJIC BPEMCHU,;

<que> — KOPTEXK JaHHBIX (-bIX BTOPUYHBIX MapaMeTpoB K-ro 00b-
ke €KTa TEXHOLICHO3a Ha T-MHTEPBAJIC BPEMCHU,;

<R£ > — xoprex f-onemMeHToB porpaMMHOro (yHKIMOHAA,
Yy4acTBYIOIIMX B MpeoOpa30BaHUU Ha T-UHTEpBAJIE.
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B utore, 06paboTka nNepBUYHBIX JAHHBIX, TOJIYYEHHBIX B MPOLIECCE U3MeE-
pEeHUs, MO3BOJIIET MOJYYUTh BCE HEOOXOAMMbIE BTOPUYHBIE JaHHBIE, KOTOpHIE
3aTEM UCIIOJIb3YIOTCS B POLECCE YIIPABICHUS U 3aMbIKAIOT )KU3HEHHBIN LIUKII.

['oBopst 00 U3yUeHUH TEXHOIIEHO3a B LIEJIOM, B PEAIbHOCTA Mbl UMEEM J1€-
JIO € €ro OTAeNbHBIMU 00BbeKTaMHu. OOBEKTHI TEXHOIIEHO3a 00J1aal0T COBOKYII-
HOCTBIO CBOMCTB, KaXJ0€ U3 KOTOPBIX YACICHHO XapaKTEPU3YETCS IMAPAMETPOM,
KOTOPBIA MOKET OBITh U3MEPEH C MOMOLIBIO CPEJCTB, BXOISIINX B U3MEPUTENb-
HBI KOMIUIEKC. BaXXHO y4HMTBIBaTh, YTO HIMEHHO OOBEKTHI BHICTYHAIOT HOCHUTE-
JSIMU KaK MHIUBUIYAJIbHBIX, TAK U CUCTEMHBIX CBOMCTB, MMapaMeTpbl KOTOPBIX,
KaK MMpaBWJIO, HE MOTYT IO OTAEIBbHOCTH OBITh 3a()MKCHPOBAHBI B MIPOIIECCE U3-
mepenusd. s aToro Tpedyercs mocieayronas aHaIuTuIeckas oopadoTka.

[To pe3ynbTaram u3mMepeHus GOPMHUPYETCsl paCUETHBIN apaMeTPUUECKUMA
KOMIUIEKC, TJI€ COJIEpPKaTCs JaHHbIe, 00pab0TKa KOTOPHIX MPOU3BOAUTCS B paM-
Kax Hu(poBOro npoduiis ¢ HOMOIIbIO MPOrPaMMHOTO (hyHKIIMOHAJIA, BXOIs1Ie-
ro B NpoIleaypHbIi KoMmIulekc. Llenb paboThl ¢ JaHHBIMH — NOJy4YEHUE AETep-
MUHHPOBAaHHBIX UHBAPUAHTOB, NOCTYIAOIMINX B aHATUTUYECKYIO MOJICUCTEMY U
nanee — ¢ marepuasniamu B CIIIIP, kotopas BeipaOaThIBaeT MpeaaoKEeHUs OACHU-
cTeMe yIpaBlieHHs 110 (POPMUPOBAHUIO YIPABISIOIINX Bo3eiicTBuit [83].

Wrak, B mpoliecce pelieHHs 3aayd YINpPaBJIEHUS WU3MEPEHHBIE JIaHHbIE
00pabaThIBAIOTCS U3BECTHBIMU METOJIAMU Ha OCHOBAaHUHU MMEIOIIMXCS 3HAHUH, a
3aTeM MOJYYEHHbIE MaTepHUaIbl AHAIM3UPYIOTCS (TAaKKe C MOMOIIbI HUMEIO-
IIMXCSl METOJIOB M 3HaHMii). Ha ocHOBaHMM aHanKW3a MaTepuasoB MpeaaraoTcs
JOMYCTUMBIE PEILICHUs, U B pe3yJbTaTe BbIOOpa MpUHUMAaETCs Hawiydiiee. Pe-
3yJbTaThl ITOTO PEIICHUS IPUMEHSAIOTCS B YIPAaBICHUHU U, BHE 3aBUCUMOCTU OT
CTEIEHU YCIEIIHOCTH, MOMOIHAIOT HH()OPMALINIO, 3HAHUS U METO/IB.

YacTp JaHHBIX, HA OCHOBE KOTOPBIX BbIpaOaTbiBaeTcsi MH(pOpMaLus, MO-
r'yT ObITh MapaMeTpPU3UPOBaAHBI, T.€. MPEACTaBICHbI B (popMe MHOXKECTBa Mapa-
MeTpoB. [lapameTpu3npoBaHHbIE JaHHBIE BCETIA, B TOM WM MHOM CTEIIEHU, HO-
CAT CTOXACTHMYECKUHN XapakTep, T.€. SBIAIOTCS CiaydalHbIMU BelnuuHamu. On-
HaKo, MH(popMaIlus, Tojlydaemasi B pe3ysibTare oOpabOTKH JaHHBIX M TMpeaHa-
3HAa4YeHHasl JJI NPUHATHUS PELICHUH, JODKHA OBbITh CTPOTO JAETEPMUHHPOBAH-
HOUl. TakuM 00pa3om, OCHOBHOH 3aayeil 00padOTKU CTOXAaCTUYECKHUX JAHHBIX
SBJISIETCS TTOJIyYeHUE JETEPMUHUPOBAHHBIX WHBAPUAHTOB, MPUTOIHBIX IJIsI HC-
NIOJIb30BAHUS B Ka4eCTBE MH(POPMAIIUU B MPOIIECCE MPUHATHUS perieHuit [83].

B nameil kiaccudukanum cToXacTU4ECKUE TAHHBIE MOTYT OBbITh TPEX BU-
JIOB: HEB3aMMOCBS3aHHBIE, TAyCCOBBIE U HErayccoBble. HeB3anMoOCBsA3aHHbBIE —
ATO JAHHBIE, KaK MPABUIIO, HE MPUHAJIEKAIIUE OJHON T€HEPAIbHOM COBOKYII-
HocTu. [loaToMy OHM BOOOIIE HE MpENANoiaraloT BO3MOKHOCTH MOJIyYeHUs Je-
TEPMUHUPOBAHHBIX MHBAPUAHTOB M HE MOTYT HCIIOJIB30BAThCS MPU BHIPAOOTKE
uHbopMaIuu JUIsl TPUHATHS perieHuit. MTak, nepBoit 00s13aTenbHOM Tporeay-
pOii, peayiu3yeMoi B IIpoOLecce MOATOTOBKU JAHHBIX, SBJISIETCS MX IPOBEpPKA Ha
B3aMMOCBSA3aHHOCTh. ['ayccoBble — 3TO JaHHbIE, HA KOTOPBIX pabOTaroT IEH-
TpaJIbHbIE MpeEeNIbHbIE TEOPEMBbl U 3aKOH OONbIIMX udnced. B kauecTBe nerep-
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MUHUPOBAaHHBIX WHBApUAHTOB, HCIOJB3YEMBIX IpPHU BBIPAOOTKE HH(pOpMaLUU
JUIsL TIPUHATHUS PELEHUI, B JaHHOM Cllydae MPUMEHSIOTCS NEPBBIA U BTOPOIl
MOMEHTHI (CpeAHee U CTaHAapT), MOJIydaeMble B PE3yJIbTaTe€ CTAaTUCTUYECKOU
00paboTKU BBHIOOPOK AaHHBIX. B mpexene, mocie MoATBEPKAECHUS THIOTE3BI O
(dopMe 3aKoHa paclpeneseHus, MOXKET ObITh MOJIydeHa MHQOpMaIUs O Teope-
TUYECKUX 3HAYCHHUSIX MaTEMaTHYECKOTO OKUIaHus 1 quctepcuu [83].
HerayccoBbie — 3T0 B3aUMOCBSI3aHHBIE JTaHHBIE, HA KOTOPBHIX HE paboTaroT
LEHTPaAJIbHbIE MPEEIbHBIE TEOPEMBI U 3aKOH OoJibIIMX yucen. CiieqoBaTenbHO,
BTOPOW 00s3aTE€IBbHON MPOUEAYPOM, peannu3yeMoll MNpu MOATOTOBKE JAaHHBIX,
ABJIAETCS UX MPOBEPKA HA HErayccoBOCTh. CyTh MPOBEPKH CBOAUTCS K CIEAYIO-
niemy. U3 «reHepasibHOM COBOKYIHOCTH» MMEIOIIMXCSA JAHHBIX J€1aeTCs BbI-
Oopka, Ha KOTOPOU ONpeAeNsAoTCA CpeAHEe U CTaHAapT. 3aTeM K 3TOW BBIOOpKE
npuOaBISETCS YaCTh JAHHBIX, B3ATHIX U3 «T€HEPAIbHOW COBOKYITHOCTH», U CHO-
Ba ONpeNeNstoTces cpeaHee u cranaapt. IlonoOHas mporuenypa HapaliMBaHUs
BBIOOPKH TPOAOJIKAETCS A0 IMOJIHOTO MCUEpHaHMs «TeHEepalbHONW COBOKYITHO-
ctu». [lanee CTpOMTCS HOPMHUPOBAHHAS 3aBHCUMOCTb 3HAYEHUN CPENHETO U
cTaHjapTa oT oobema BeIOOpKH. Ipn 3TOM ecnu 3aBUCHMOCTh UMEET BbIPaXKEH-
HYI0 (C Y4ETOM OIpENEICHHBIX KPUTEPUEB) TEHACHUUIO K CTAOMIM3alUH, TO
JTAHHBIE OTHOCSITCS K BUAY rayccoBbiX. Eciu jxe oOHapyKUBaeTCsl yCTONYMBBIMA
pOCT 3aBUCHMOCTH, TO OHHM CUMTAIOTCS HerayccoBbIMU. Ha HerayccoBbIX BBI-
OOpKax JaHHBIX MOUCK JIE€TEPMUHUPOBAHHBIX MHBAPUAHTOB, MPUTOJHBIX IS
BbIPaOOTKH MH(OpMaALUKU, IPUMEHIEMON B MPOLIECCE NMPUHATUSA PELICHHI, OCY-
HIECTBIISIETCS METOJJaMU PAHTOBOTO aHanu3a. M 31ech B KauecTBe WHBAPUAHTOB
UCIIOJIB3YIOTCSL TTapameTpbl (hOpMbl KPUBBIX PAaHIOBBIX MapaMEeTPUUYECKHX pac-
Npe/IeICHU, TOCTPOCHHBIX TI0 MMEIOIIMMCS PacYeTHBIM JTaHHbBIM [83]:

(W h) (o)), (30

T

e <Wq> —  KOPTEX 3aJeHCTBOBAHHBIX JIAHHBIX (-bIX TAPAMETPOB TEX-
f HOLIEHO32 Ha T-MHTEPBAJIe BPEMEHH;
<D|g> —  KOPTEX JETEPMHHUPOBAHHBIX HHBAPHAHTOB (-bIX Mapa-
METPOB TEXHOIIEHO3a Ha T-UHTEPBAJIE BPEMEHHU;
<Rf > — KopTex f-a1eMeHTOB MPOrpaMMHOTO (DYHKIIMOHAIA,
T

YUYACTBYIOIIMX B ITOJIYUYCHHWH MHBAPHUAHTOB.

Ha ocHoBe neTepMUHUPOBAHHBIX MHBAPUAHTOB B AaHAJTUTUYECKOMN MOJCHU-
cTeMe TeXHOIleH03a pa3padarbiBatoTcs MmaTepuaisl aist CIIIP (puc. 12):

({weh {on}) —r>(ime)), (39)

T
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rie <M q > — KOPTEX MaTepualioB, pa3padaThbIBAEMbIX aHATUTUYECKON
N MOJICUCTEMOM TEXHOLIEHO3a Ha T-UHTepBaJie BPEMEHHU;
<Rf > — koptex f-ameMenTOB nporpaMMHOro GyHKIHMOHAIA,
T

Y4aCTBYIOIINX B ITOJTYYCHHUN MATCPUAJTIOB Ha T-UHTCPBAJIC.

Marepuainsl, noxyyaembie CIIIIP w3 aHanuTH4YeCKOl MOACUCTEMBI, MO3-
BOJIAIOT BRIPAOOTaTh MPEIOKEHUS JIJIsl CHCTEMBI YIIPaBJICHUS TEXHOLIEH03a, KO-
TOpasi Ha KX OCHOBE ()OPMHUPYET PaCIIOPSKEHUS, IepeaBacMble O0BEKTaM:

q Wo1IC q g
<{Mr}>W<[WkT]’[CkT]i[Ith]> - <[Vkr]>’ (40)
T

rae W (dbopManr30BaHHbBIC MTPEIOKEHHS, KACAIOIINECs PEKOMEH-

[Wi] JyeMbIX 3HaYeHUM (-ro mapaMmerpa, pa3padaTbiBacMbIe

CIIITP TexHoleHO3a 110 K-My 00BEKTY Ha T-UHTEPBAJIC;
[6 ] (dbopmManr30BaHHbBIC MTPETIOKECHHS, KACAIOIUECS PEKOMEH-

kt

IyEMBbIX CTUMYJIMPYIOIIUX 3aTpart Mo (-napamerpy, paspa-

oareiBacmbie CIITIP mo k-My 00bekTy Ha T-HHTEpBAJC;

.1 - dbopmanr3oBaHHbIC JaHHBIE MOHUTOPUHTA PE3yJIbTaTUBHO-
CTH TIPEABIAYIIUX YIPABICHYECKUX MPOIEAYP, Kacaroluecs
g-ro mapamertpa, paspadateiBaeMbie CIIIIP TexHoneHosa no
K-My 00BEKTY Ha T-UHTEpBAJIE;

[VJ] — pacnopskeHus 1o g-My MapameTpy co CTOPOHbI CUCTEMBI

yIpaBJICHUS TEXHOIICHO3a K-My 00BEKTY Ha T-WHTEpBaJIe.

Kax Bunno u3 pucyska 12, QyHKIIMOHAT U3MEPUTETHLHOTO U MIPOLIETYPHO-
ro KOMIUIEKCOB MpeJyIaraeTcs peaan3oBbiBaTh Ha 1UdpoBoil miardopme, B oc-
HOBE KOTOPOH JISKUT apaMeTpUIeCKuil IUPpOBO JBOMHUK TEXHOILIEHO3A:

W) o (W (/). P ),

rae — OJIHOTIapaMeTPUUECKUM IM(PPOBOM TBOMHUK TEXHOLICHO34;

— XpaHWIUILE JaHHBIX TEXHOLIEHO3a I10 (-[1apameTpy;
MOJIHBIN POTPaMMHBINA (DYHKITMOHAJI TEXHOLIEHO3a;

— XpaHWIHILE I€TEPMUHUPOBAHHBIX HUHBAPUAHTOB;

7
O

A
—h
~ S~ T ——
|

B

— XpaHUJINIIC MATCPHUATIOB CUCTCMEI YIIPABJICHMU.
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Boo061ie, npruMeHeHne NoJIX0/10B, CBSI3aHHBIX C HU(poBU3anUed U UQ-
POBBIM JIBOWHHUKOM, B YNPABICHUHU TEXHOILIEHO30M OOBICHSIETCS HEOOXOIUMO-
CTBIO B PEKHUME PEATBHOTO BPEMEHU ABTOMATUYECKH OCYIIECTBIATH CIIOXKHEMH-
1K€ PacyeThl, IIEIbI0 KOTOPHIX SBIsIETCs clieaytomiee. HeoOxonuMo Ha OCHOBE
aKTyaJIbHBIX NapaMETPUUYECKUX NAHHBIX, COAEPKAIIMXCS B PACUETHOM Iapa-
METPUYECKOM KOMIUIEKCE, TOCTOSHHO IMOJIy4aTh JI€TEPMUHUPOBAHHbBIE HHBAPU-
aHTBI, KOTOPBIE MOCTYMAIOT B aHAJUTUYECKYIO mojcucreMy, 3atem B CIIIIP u
Jlaiiee — B MOACUCTEMY yripaBieHus. [Ipu 3ToM BaXHO B mpeaenax OJHOW BbI-
YHUCIIUTEIBHON TPaH3aKIUU COJEPKaTh B KOHTYPE YIPaBIEHUS TOJIBKO HEOOXO-
numyto 9acth OLAP-ky0a JaHHBIX W AJIEMEHTHI MMPOTrpaMMHOTO (DYHKIIMOHAA,
HEIOCPEICTBEHHO 33JI€ICTBOBAHHBIE B pacyeTax. JTO MO3BOJISET, C OJHOU CTO-
POHBI, 5KOHOMHUTD IPUBJIEKAEMBIE BBIYMCIUTEIBHBIE PECYPCHI, a C IPYroil — Io-
CTOSIHHO UMETh B ONIEPATUBHOM MaMATH CaMbl€ aKTyaJbHbIE JaHHbIE U Haubosee
BOCTPEOOBAHHBIE 3JIEMEHTHI IporpaMMHoro ¢yHkuuonana. [lomobnas 3amada
pelaeTcs ¢ MOMOIIbI0, TaK Ha3bIBaeMOM, HU(POBON MpopuiIn3aluU, KOTOpas
HalleJIeHa Ha CO3[laHUE U MOJJEP’KAHHWE B aKTyaJbHOM COCTOSHUM XPaHWJIMILA
JaHHBIX TeXHOLEeHo3a. [Ipu 3ToM ucnonp3yeTcst noHsATHe HudpPoBOro npoduis,
peanuzyemoro Ha OLAP-kyOe naHHBIX ¢ TOMOUIbIO IPOLEAYPHOIO KOMILIEKCA
paHroBoro a”anusza. @akruuecku HUppoBoil Mpoduiib NpeacTapiseT co0oi mo-
aydqaeMyro nocpeactBoM OLAP-TexHOIOrnid B3aMMOCBSI3aHHYI0 COBOKYITHOCTD
JAHHBIX, MPUHAJISKAUX pa3nuuHbiM 31eMeHTaM OLAP-ky0a m ux mpous-
BOJIbHBIM KOMOMHAIMSIM, @ TaKXE€ BCEro MPOrpaMMHOro (pyHKIMOHama, 3a/1ei-
CTBOBAHHOTO B TeKyIIeH TpaH3akuu# [83]. 3amuieM aHaTUTHICCKU:

q OLAP f
<WT > “ <<Wkt >,<RT : (42)
e <qu1 > — 1udpoBoii MPOGHIH MO (-TTApaMeTPy Ha T-WHTEPBAJIE;
<WOLAP > — koprex nanuasix OLAP-ky6a, 3a1eiicTBOBaHHBIX IS
ke dbopmupoBanus nuGpoBoro Mpoduiis Ha T-UHTEPBAJIE;
<Rf > — koprex f-amemenToB mporpaMmHuOro GpyHKIMOHANA, 3a-
’ JEeNCTBOBAHHKIX HA T-MHTEPBAJIE.

Kak mpexacraBnsiercs, oCHOBHasi TeopeTudeckasi mpobdiiema (popmupona-
HUS METOJOJIOTUH YIIPABJICHUS! TEXHOLIEHO3AMHU SIBIISIETCS CIEACTBUEM TOTO, UTO
ATH CUCTEMBbI MPOSBIAIOT ce0s Kak (pakTamonoJoO0HbIe JUCKOHTHHYaJIbHbIE
Cpe/bl, TeHEepUPYIOIME HeTrayccoBble BHIOOpPKHM daHHBIX. [10/100HBIE BBHIOOPKHU
XOpOIIO MPEACTABUMBI YUCIOBBIMU (YHKLIHSMHU PAHTOBBIX paclpeneraeHul, mo-
UCK YCTOWYHUBBIX MapaMEeTPOB KOTOPBIX CBOJUTCS K OTHICKAHUIO aNMpPOKCHMa-
IUOHHBIX ()OPM B PAHTOBBIX TOMOJOTMYECKHX MpocTpaHCTBax. lIpakTuueckas
npobiieMa, CBSi3aHHAsi C «HEHAOJI0JIaeMOCThI0» TEXHOIIEHO30B, MOPOKIACTCS
TeM, YTO, PU pabOTe ¢ TaHHBIMH, HEBO3MOKHO 00€CIIEUUTh OJTHOBPEMEHHOCTD

- 501 -


http://gnatukvi.ru/zakon/02_contents.pdf
http://www.gnatukvi.ru/

@ B.W. MhaTtiok, 2019 CopepxaHue MepcnekTuBbl

U3MEpPEeHus], JOCTATOUHYIO OJJHOPOAHOCTH AUCKPETU3ALNU, KOPPEKTHOE OTIpeie-
JICHHE TOPU30HTA, a TAKXKEe KBa3UapalIeIbHOE pa3/ieJieHue TIOTOKOB.

B mporiecce MOHUTOpHHIa CBOWCTB OOBEKTOB TEXHOIICHO3a MBI HMMEEM
JIeNI0 C YCTOWYMBBIMU HETayCCOBBIMHU PACIIPENICICHUSIMH CIy4alHBIX BEJINYHH,
KOTOpPbIE KOPPEKTHO 00pabaThIBaIOTCS METOIaMU PAHTOBOTO aHaJIM3a, OCHOBAH-
HBIMU Ha yPaBHEHHSIX 3aKOHA ONTHMAIIBHOTO TIOCTPOCHHUS TEXHOIICHO30B [83].
BaxHo y4uTHIBaThH, YTO ISl MOJYYECHHs JIIOOOTO MapameTpa HeoOXOauMo 3a-
JIEICTBOBATh BCE XPAaHWIMIIE JAaHHBIX, a 3TO, B CBOIO 04Yepe/b, TpeOyeT popMu-
poBanus 1uppoBoro aABorHuKa, Bupryanusamuun u OLAP-kyOupoBanus. U13-
BECTHO, YTO NPUMEHEHUE MapaMeTPHUUeCKOro IU(pPOBOTO ABOMHUKA MO3BOJISIET
CYIIECTBEHHO MOBBICHTh Ka4eCTBO Ha BCEX 3Tamax Ipolecca ynpasiaeHus. Kpo-
M€ TOro, TeM CaMbIM CO3Jal0TCs MPEANOCBUIKA JUIsl pa3padOTKU LUPPOBOi
1aTOpMBbl YIPaBICHHUS TEXHOIIEHO30M KaK MHTETPUPOBAHHONW MH(POPMAIIUOH-
HO-aHAJIMTUYECKON CHCTEMBbI, BCECTOPOHHE OOECIIEUMBAIOLICH U peanu3yromniei
IPUMEHEHUE TapaMeTPUUECKOTo IIU(PPOBOro IBOMHUKA B YIIPABICHUH.

YupasieHnue 3JieKTponoTpedieHneM 00beKTOB TEXHOLIEHO3a

PaccmoTpeB 001IMe acnieKkThl YIpaBieHUs] B TexHoleHo3ax (puc. 12) me-
peineM K yrnpaBieHUIo deKTponoTpedaeHuemM. Kak n3BecTHo, 00BEKThl TEXHO-
1IEHO03a, OYAy4YH BKJIIOYEHBI B AJIEKTPUUECKYIO IIEMb SHEPTOCUCTEMBI, 00Ia1al0T
(byHIaMEeHTaIbHBIM CBOMCTBOM IIPEOOPA30BHIBAThH DJIEKTPOMATHUTHYIO SHEPTHIO
B PYTHE BHUJIBI JHEPTUU. DTO CBOMCTBO MPHUHITO XapaKTepU30BaTh TAKUM TOKa-
3aresieM, Kak 3JeKTpOonoTpedieHne, KOTOPoe, B CBOIO OYepe/b, KOTMUECTBEHHO
OIICHUBAETCSl C MOMOIIBIO MapaMeTpa, KOTOPhI HaszbiBaeTcs Mud@epeHimnaib-
HBIM 3JIEKTPONOTPEOICHUEM (Jlajiee — MPOCTO 3JIEKTPONOTPEOICHUEM), U3MEPSI-
eMBIM B KHJIOBATT-4acax 3a BpeMeHHOW uHTepBai (KBT-u\T). Dnekrpomnorped-
neHue (Kak mapameTp) MOXKET ObITh U3MEPEHO C MOMOIIBI0 CUETYMKOB IIEKTPO-
DHEPTUH, BXOSAIIUX B U3MEPUTENbHBIN KoMIuiekc. [1o pe3ynbTaTaM m3MepeHus
bopMHPYIOTCSA pacueTHBIN MapaMeTPUUEeCKU KOMILUIEKC, XPAaHUIIHIIE TaHHBIX U
1u(pPOBOI TBOWHUK, TJ€ COJIEPKATCS TaHHbBIE TIO JEKTPONOTPeOieHHnIo, 00pa-
00TKa KOTOPBIX MTPOU3BOAMUTCS B paMKax HU(POBOro npoduiis ¢ MOMOIIbIO IPo-
rpaMMHOTO (pyHKIIMOHAlIa PaHTOBOTO aHalK3a, BXOMSINEr0 B TMPOIETYpPHBIHA
KOMIUTEKC. XPpaHWIHIIE JaHHBIX O YJIEKTPONOTPEOICHNI0 (OPMUPYETCS B BUC

OLAP-ky0a <W|2LAP> (W — mapamerp kyba, K — HOMEep 00BeKTa, T — HOMEP

BPEMEHHOTO MHTEpBaja), e B Ka4eCTBE CJIOEB Pa3MEIAIOTCs JAaHHBIE, MOJY-
YECHHBIC 110 pe3yJIbTaTaM peali3alliy IPOIeAyp paHroBoro anamusa [83].

[enb paboThl ¢ JAHHBIMU — MOJYYCHUE JACTCPMUHUPOBAHHBIX MHBApHAH-
TOB, MOCTYIAIOIIUX B AHAJTUTUYECKYIO MOJICUCTEMY U Jlajiee — C MaTepHalaMH B
CIITIP, xoTtopasi BbIpaOaThIBaeT MPEMJIOKECHHS TOJCUCTEME YIPABICHUS T10
(GbOpMHUPOBAHUIO YITPABJISIONINX BO3JCHCTBUN. B KauecTBe neTepMUHUPOBAHHBIX
WHBAPUAHTOB B MPOIECCE YIIPABICHUS JICKTPONOTPEOICHHEM pPACCMaTPUBAIOT-
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Csl TIOJTy4eHHBIE HA OCHOBE OOPaOOTKH PaHTOBBIX THIEpIIapaMETPUIECKUX pac-
IpeIelICHUH TEXHOIICHO3a 3HaueHUs MU(pIIeKC-yTiia, TaHreHC-paKkTopa U paHTo-
BOM TomoJiorudeckor Mepsrl. [Ipu stom uzHavanpHO Gepercs OLAP-ky6, cdop-
MUPOBaHHBIN, KaK MpaBuio, 3a 10 — 12 meT mpenpIicCTopun TEXHOIIEH03a, U (op-
mupyercs ZP-matprua {A,A, X} (A — MHOXecTBO mubieKc-yrios, A — MHO-

YKECTBO TaHT€HC-(PAKTOPOB, X — MHOXKECTBO PAHTOBBIX TOMOJOTUYECKHUX MEP).
Ha ocnoBe ZP-martpuiibl mo pe3ynabTaraMm peainu3aluu Ipoliiecca yrnpas-
JIEHUsl B KQU€CTBE MAaTEpUaJIOB U MPEIJI0KEHNN, NOCTYNAOIINX U3 aHAJIUTUYe-
ckor moacuctembl u CIITIP B cucremy ympaBieHUs TEXHOIIEHO3a, pa3padarhi-
BaeTcsi ZP-mutaH sHeprocOepeXeHUs, KOTOPBIM MpPEACTaBiIsieT COOOW Tpymiy

cmoeB OLAP-kyba <Wk§|‘>, COJICpIKaIlUX CIACAYIONIYI0 HH(POpMALIHIO:

Wler — 00BeM CHIDKEHHS AIeKTporoTpedneHus K-ro o0bekTa u3 pacuera
Ha OJTMH BPEMEHHOU T-UHTEpBa,
WTPL — CYMMapHbIi 00bEM CHUKEHUS JIEKTPONOTPEOICHNS TEXHOLIEHO-
3a Ha T-UHTEpBaJIe YIIPaBICHYECKOTO MPOIIecca;
CEL— — 00BEeM CpeACTB (B JEHEKHOM BBIPAXKEHUN ), BBIPYYaEMBbIX 32 CUET
HKOHOMUHU 3JIEKTPOIHEPTHH K-bIM 00BEKTOM Ha T-UHTEPBAJIC;
EPR — pas3Mep npeMuu nepconany K-ro o0bekTa TEXHOIIEHO3a 33 YCIIeXH
ke B DKOHOMUHU 3JIEKTPOIHEPTUU Ha T-UHTEPBAJIE;
EIN — 00beM MHBECTHUIMI B dHeprocoepexenue K-ro oobekra (mepeso-
kt OpY>KEHHE ¥ MOJEPHHU3ALMIO 000PYI0BAHMS) HA T-UHTEPBAJIE;
B IL — pacueTHbIN KOA(DPUIHEHT KOHBepcHH K-ro 00beKTa TEXHOIICHO3a
kt

Ha T-uHTepBaje (0e3pa3mMepHas BeJIMUUHA),

IL,.,, — THapamerp KOHBepCUH K-ro o0bekTa, 3aKCHpPOBaHHbIN Ha (T+1)-
uHTepBae (m3MepsieTcs B KBT-u\T Ha JIeHEKHYIO CIUHUILY);
ILy .1 — COBOKYITHBIW [TAPAMETP KOHBEPCUU TEXHOLEHO34, B3ATOTO B 11€-

joM Ha (t+1)-untepBaie (kBT u\T Ha qeHEKHYIO SAMHHUILY).

PaccmoTpum mpolietypHbIN KOMITJIEKC YIPaBICHUS AJIEKTPONOTPEeOIeHU-
eM TexHoIlleHo3a Oosee moapoOHo. UTtak, B pamkax oOmieit mponexypsl ZP-
aHanu3a mnociie GopmupoBanus ZP-maTpuilsl peAnoaaraeTcsl peaau3aius dTa-
noB ZP-HopMmupoBanusi U ZP-IIaHUpOBaHUsl, OCHOBHBIMU 33Ja4aMU KOTOPBIX
SIBJISFOTCSI BBIOOP CTPATETUU YIPABJICHUS DJIEKTPONIOTPEOICHHEM, a TaKXKe pa3-
pabotka ZP-mutaHa 3HeprocoepekeHus, BKIoUas MaTepraibl JJIsl OCYIEeCTBIIe-
HUSI MOHUTOPHHTIA PE3yJIbTATUBHOCTH yIpaBcHUeCcKoro mpoiiecca [83].

[Tponenypa ZP-tutaHupoBaHUS MOXET UMETh Pa3IUYHBIC CTPATETHH, OJI-
HaKo, JIUIS peanu3aiuu 00l u3 Hux Tpedyercs pazpadborka ZP-niana sHepro-
cOepexeHus, KOTOPBIN MpeIoiaracT MpeabsIBICHUE KAKIOMY 00BEKTY TEXHO-
IIEH03a Ha Ka)KJIOM BPEMCHHOM WHTEPBAJIC WHIUBUIYAILHOW HOPMBI CHUKEHUS
aneKTpornoTpedaeHuss. Meroauka pa3paOboTKH 1iaHa oOmas st 00enx cTpate-
THH U OCHOBBLIBAETCS HA TOM, 4YTO A0Jg OOBbEeKTa B 00IIEM OObEME CHUKEHUS
AJIEKTPOINIOTPEOICHUST TOJDKHA OBITH MPOMOPIMOHATIBHA JIOJIE €TO JJEKTPOTO-
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TpeOJeHusI B 00IIEeM AJIEKTPOTNOTPEOICHIH TEXHOIIEHO3a 10 MOMEHTa pean3a-
nun ZP-miana (Ha Tekymuid BpeMeHHO# uHTepBai). CrenoBarenbHO, 00beM
CHIDKCHHSI AJIEKTPONIOTpeOcHNs K-ro 00beKTa Ha OJJHOM HHTEpBAJIE:

W(x, ) WPt

PL _
W, =

OJ?W(x)dr (43)
0

rae WPS —  BenmumHa, Ha KOTOPYIO B TeYEHHE KAXKIOTO BPEMEHHOTO
MHTEpPBaJia paCYETHOTO POMEKYTKA BPEMEHH JTOJIKHO
CHIDKAThCA CyMMAapHOE dJICKTPONOTPEOICHHE;
W(Xx) — Tekyimee 3HaYCHHE IeKTponoTpedieHus k-ro oobekTa;
W(X) — anmpokcuMaiyoHHasi KpuBasi, MOJydeHHAs [Tl SMITHPUIC-
CKHX 3HAYEHUU 3JEKTPONoTpeOaeHus: 00bEKTOB Ha Hayalb-
HOM 3Tare BHEIPEHUsI METOAUKH YIIPABJICHUS.

B cooTBeTCTBMH € MPUHIMIIOM ONTHUMAaIbHOCTH HOpMa €XKETOJHOTO CHHU-
YKEHUS dIIEKTPONOTPeOIeHN 00BEKTa TOJKHA OBITh MTOCTABJICHA B 3aBUCUMOCTD
OT CTETMEHU OJIM30CTH TEKYIIEro JEKTPONnoTpedieHns 00beKTa K HUKHEH Tpa-
HUIIE 00JIaCTU JTOMYCTUMBIX 3HAYEHUU TEXHOIIEHO3a, MOJy4aeMOW M0 HUTOTaM
ZP-nopmupoBanus. Pemates 3amady omnpeeraeHUss HOpMbI Mpejjiaraercs ¢ mo-
MOIIBI0 BECOBBIX KOA(P(DUITUEHTOB, MOJYYCHUIO KOTOPHIX MPEIIIECTBYET pacueT
JUTSL KQKJIOT0 00BEKTa TEXHOLEHO3a KITH0YEBOTO U(IieKc-napaMeTpa — OTHOCH-
TEJILHOTO OTKJIOHEHUS TEKYIIEro 3HAUCHUS JIEKTPONOTPEOICHUSI OT BEJIUYHHBI,
COOTBETCTBYIOIIICH €ro paHTy Ha HI)KHEH rpaHulle 00JIaCTH JOMYCTHUMBIX 3HA-
yeHui. Pacuer Benmercs /Uil BceX OOBEKTOB TEXHOLIEHO3a MO OTIAEIbHOCTH Ha
Ka)KJ0M BPEMCHHOM MHTEpBaJe, rie Uit K-ro 00beKTa UMeeM:

o_ ‘W(Xk) -w" (Xk)‘

o (44)
' W(Xy)

e WS — OTHOCHTEIBHOE OTKIOHCHHE 3HAYCHHS DICKTPOIIOTpeOe-
Hus k-ro 00BbEKTa OT BEIMUMHBI, COOTBETCTBYIOIIEH €ro
paHTy Ha HWKHEW rpaHuiie o0iacTy,

WH(x) — 3nauenue smexTponorpedieHns k-ro 06beKTa Ha HIKHEH
rpaHuIle 001aCTH TOMYCTUMBIX 3HAYCHUH.

D10 no3BoJseT i K-To 00bEeKTa paccUuTaTh BECOBOW KO3 PHIIUEHT:

— 504 —


http://gnatukvi.ru/zakon/02_contents.pdf
http://www.gnatukvi.ru/

@ B.W. MhaTtiok, 2019 CopepxaHue MepcnekTuBbl

= (45)

k=1

PL . .
rae By~ — BecoBoii kK03 UIHEeHT, paccunTaHHbIN 1711 K-T0 00beKTa;
N — o0miee KOJIM4ecTBO 0ObEKTOB B TEXHOLIEHO3E.

B utore, ¢ yueToM MoJIy4eHHBIX BECOBBIX KO3()(PHUIIMEHTOB, UHIUBUAY-
allbHAs HOpMa CHIDKEHUSI dJIeKTporoTpednenus K-ro oObekTa (M3 pacyera Ha
OJIMH BPEMEHHON MHTEPBaI) JOJKHA OBITh CKOPPEKTUPOBAHA:

Wi =W + W - (BP- - 0,5). (46)

CMBICI, TIPH 3TOM, 3aKJIFOYAETCs B CIEAYIONMIEM. 3HAUCHNE UHIUBUAYATb-
HOW HOPMBI CHIKEHHSI DJIEKTPOTIOTPEOICHHUS pacCMaTPUBACTCA KaK IIEHTPHUPO-
BaHHasl BETMYMHA, OTHOCUTEIILHO KOTOPOW B MEHBIIIYIO MJIM OOJIBIITYIO CTOPOHY,
B 3aBHCHUMOCTH OT BECOBOTO KOI(PQUIMEHTA, OCYIIECTBISICTCS H3MEHEHHE.
Jlnama3oH JaHHOTO W3MEHEHHS PaBEH CaMOW BEMYMHE WHIUBUAYaTbHOW HOP-
MBI, & TOUHOE 3HAYCHHE CKOPPEKTHPOBAHHON HOPMBI OMPEIEIIIECTCS Ha OCHOBE
npubasienus (ecnu BecoBoil kodpuuuent 6osbiie 0,5) WK BelUUTaHUA (€CiIn
menbine 0,5) yncna, paBHOTO MPOU3BEICHNIO HOPMBI Ha BECOBOM KOA((PHUITHEHT.

C 1enbio rapaHTUPOBAHHOTO BHITIOJNIHEHUS ZP-TijlaHa mpejjiaraeTcsi BBe-
CTH CUCTEMY MOOUIPEHUsI OOBEKTOB TEXHOLIEHO3a 32 YCIEXH B SKOHOMHUHU DJICK-
TPOSHEPTUH U JUJISl 3TOTO CO3/AaTh IUIaH MPEMUPOBAHUS U UHBECTHUINI, METOU-
Ka pa3pabOTKH KOTOPOTO TaKXe SIBIsieTcs oOmien it moObix crpateruit ZP-
IUTAHUPOBAHMSI, @ CPEJCTBAa B HEr0 IMOCTYNAlOT M3 Tak Ha3biBaeMoro (oHjaa
sHeprocoepexenus. Mcrounukom anst GpopmupoBanus (HoHIA BHICTYAIOT Cpe/I-
CTBa, BEIpPyJaeMbl€ 3a CUET IKOHOMHUH IIIEKTPOIHEPTUU O0BEKTaAMHU:

PL _ it
Ck = Wk * SC(Xk), (47)
rae CE'— — 00BeM cpeACTB (B ICHE)KHOM BBIPAXKCHHH ), BRIPYYaEMBIX 32
CUET SKOHOMHH JICKTPOIHEPTUH K-bIM 00BEKTOM;
SC(Xx) — Tapud Ha AIEKTPOIHEPTHUIO, MPEABABISICMbI K-My 00BEKTY.

Kax npencraBnsiercs, moompuTeabHas MpeMusi, BEITUTaunBaeMasi 00bEKTy
32 YCHEUIHYI0 3KOHOMUIO AJIEKTPOIHEPTHUH, B COOTBETCTBUU C MPUHIIUIIOM OII-
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TUMaJbHOCTH, TAK)KE JOJDKHA OBITh MOCTABICHA B 3aBUCHUMOCTb OT CTEIICHU
OJM30CTH JEKTPONOTPEONICHHST 0OBEKTa K HUKHEH TpaHuUIle 00JIACTH JIOMYCTH-
MBIX 3HAUCHHH, MOJy4aeMou 1mo utoram ZP-HopmupoBaHus. Pemartb 3amauy
ONPEACTICHUSI TIPEMUU TIPEIIIaraeTcsi C TOMOIIBI0 BECOBBIX KOX(PQHIIUCHTOB,
pacyer KOTOPBIX OCYIIECTBISIETCS IO METOJAMKE, OTiHyaroleiics ot (45). Jemno
B TOM, YTO IPH ONPEACICHIHH HOPMBI CHIDKEHUS JICKTPOMOTPEOICHUS MBI T10-
Jarajiy, 4TO 4eM MeHbIIe 3Ha4YeHue audIaeKc-mapamMerpa, TeM JO0JDKHA ObITh U
MEHbIIIE HOpMa. A B CiIydae pacueTa MpeMUH — BCe HA00OPOT, YeM MEHBIIE 3Ha-
yeHre audIiekc-rmapamMmerpa, TeM mpeMus J0KHa ObITh Ooubiie. Utak, as K-ro
00BEKTa B IaHHOM CITyyae BECOBOU KOA(PPUITUEHT OyIeT paBeH:

( n
BER =Gy /) Gy

i=1

n
1G, =1-Wg /Zwlgi; (48)
)
n

> Bt =1,
k=1

rae BiX — BecoBoii KO3((UIMEHT, paccuuTaHHBbI 11 K-r0 00BeKTa.

NunuBuayanbHas 10715 MPEeMUPOBaHUsI OOBEKTa TEXHOIIEHO3a 3aBUCHUT OT
PACCUMTAHHOTO TIO BBIpaKEHHUIO (48) BecoBOTrO Kod(pPuIMEeHTa U COCTOUT U3
JIBYX CJIara€MbIX, IEPBOE U3 KOTOPBIX OMPENENAET pa3Mep MPEMHUU MEePCOHATY
3a yCIeXW B SKOHOMUH AJIEKTPOIHEPTUH, & BTOPOE — 00beM MHBECTHUIUHN B SHEP-
rocoepexeHue (NepeBoopyKEHUE U MOJIEPHU3ALINIO 3JIEKTPOOOOPYIOBAHUS):

[=PR PL , ~PL (PR :
Ck =1,-(C+C - (By™ —0,9));
s~IN PL , ~PL /pPR : 49
Ck =7, (C +C - (B —0,9)); (49)
0<(v1+72) <],
rae C PR — pa3Mmep mpemMuu nepcoHasy 00beKTa TEXHOIIEH03a 32 YCIIEXH
k B DKOHOMUHU DJICKTPOIHEPTUH;
6 IN — o0Obem uHBeCTHUIIMI B SHEprocOepexeHue (IepeBoopyKeHUE
K U MOJEPHU3AIIMIO JIEKTPOOOOPYA0BaHUS 00BEKTA);
17, —  KO?(pPUIIMEHTHI, yUUTHIBAIOIINE YCTAHOBICHHYIO B CUCTEME
11

yIpaBJIeHUs TEXHOIIEHO3a 00 OTYUCICHUN OT COKOHOM-
JIEHHBIX CPeACTB B (OH]I S3HEpProcOepekeHns (KaK IpaBuio,
HaxoasTcs B quana3one oT 0,2 10 0,3 Kaxasif).
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B wmrore mis kaxmoro K-ro o0bekTa TEXHOIIEHO3a MOJIydaeM WHIUBUIY-
JIbHYIO COBOKYITHYIO JIOJIO MTPEMUPOBaHUS B 00111eM (POHJIE SIHEpProcoepekeHus
TEXHOIIEHO3a (M3 pacyeTa Ha OJJUH BPEMEHHOW UHTEpBa):

Ck =Ck +Ck . (50

Hebonpmoit HebanaHCc B TEKylleM BpEMEHHOM HMHTEpBasie, KOTOPBIA MO-
KET BO3HUKHYTH B Ipoliecce MpuMeHeHus BoipakeHuit (46) u (50), 6yaet ckop-
PEKTHPOBAH Ha CIEAYIOIIEM BpeMEHHOM HHTepBase. KpoMe toro, ciemyer oT-
METHUTh, YTO MPHU JIOJITOCPOYHOM MPUMEHEHUH Ipoueaypbl ZP-aHanu3a, Ha Kax-
JIOM BPEMEHHOM HMHTEpBAJIE 10 MEpE JBHKEHHsSI OOBEKTOB K HI)KHEH I'paHulLIe
00JIaCTH JAOMYCTUMBIX 3HAYEHHI OYyJEeT MOCTOSHHO MPOUCXOAUTH NEPECUET Be-
COBBIX KOA((PUIIMEHTOB U, COOTBETCTBEHHO, NIEpepacipeiesieHue MpeMHalIbHbIX
CPEICTB B IOJIb3Y T€X 0OBEKTOB, KOTOPBIEC HA JAHHBIII MOMEHT JOCTUTHYT OoJee
3HAYUTEJIBHBIX YCIEXOB B JIE€J]I€ 3KOHOMUH AJIEKTPOIHEPTHUH.

Pasznuune B crpaterusax ZP-niaHupoBaHusi CBOAUTCSA K METOAMKE pacyeTa
BEJIMYMHBI, HA KOTOPYIO B TEYEHUE KaXKI0I'0 BPEMEHHOTO MHTEPBAJIA paCYETHO-
IO MPOMEXYTKa BPEMEHHU JIOJKHO CHHKAThCS CyMMapHOE 3JIEKTPONOTpeOIeHHEe
TEXHOLEHO3a. JlJIsI IepBOM CTpAaTETMu — NJOCTHKEHUS K 3aJaHHOMY BPEMEHHOMY
UHTEpBaAITY TPeOYEMOTO YPOBHSI CHHKEHHUSI SJIEKTPONOTPEOJICHUS TEXHOIIEHO3a —
BBIP@KCHHE ISl pacyeTa BBITJISINT CieayrolmmM oopazom [83]:

K™ [w(x)dx
0

PL (51)
- '
100-T
PL .
rae K™ — mnmaHoBbli ko3 uLIEeHT — 3a/1aBaeMasi B IPOLIEHTaXx HOpMa
CHU)KEHUS DJIEKTPONOTPEOICHHS TEXHOLIEHO03a;
T — Bpems peanusalyu MmiIaHoBOTO KoddduirenTa, 3agaBaeMoe B

KOJIMYCCTBC BPCMCHHBIX HHTCPBAJIOB, 3da KOTOPBLIC AOJIZKHA
OBITh AOCTUTHYTA 3aJIOKCHHAA HOpMaA.

Bropas crpaterus npoueaypsl ZP-T1aHUpOBaHUSI COCTOUT B JJOCTHKEHHUH
TEXHOIIEHO30M YpOBHs Z1 unu Z2-moTeHIana SHeProcOepekeHns K 3a/1aHHO-
My BpeMeHHOMY uHTepBasy. [Ipu maHHO# cTpaTerun cymMmapHOe 3JEKTPOIo-
TpeOJICHUE PaCCUUTHIBACTCS CICAyomuUM oopaszom [83]:
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TW(x)dr —TWH (x)dr
0 0

WPL _
T '

(52)

rae WH(X) — HWDKHSS TPAaHMIIA 00JIACTH JIOIYCTUMBIX 3HAUCHUH TEXHO-
IIEHO03a, TT0JTy9aeMoi 1o uToraM ZP-HopMupoBaHus (TIpH
HEO0OXOJMMOCTH MOKET OBITh UCIIOJIb30BaHa rpaHuIla, pac-
cuuTanHas s Z1 wim Z2-noTeHnuana);
T — B IaHHOM Ciy4ae — BpeMsl TOCTHKCHHS TEXHOIIEHO30M T10-
TEHIIMaa YHeprocoepexeHus: TpedyeMoro ypoBHs.

Baxubim asemenToM ZP-aHanu3a sSBJISIETCS MOHUTOPHUHT PE3yJIbTaTUBHO-
CTH Tpoliecca SHEProcOEPeKeHUs, KOTOPBIN MpeiaraeTcs OCYIIEeCTBIATh C MO-
MOIIIBIO TIOKa3aTessl KOHBEpPCHM. JlaHHBIM MOKa3aTellb MO3BOJAET OLICHUT,
HACKOJIbKO aJICKBATHO NMPEMHAIBHBIE CPEACTBA, ONPEACICHHBIE IO UTOTaM MPO-
neaypbl ZP-nimaHupoBaHMs U BIIOKEHHBIE B OOBEKT Ha IMPEIbIAYIEM BpEeMEH-
HOM HHTEpBaJie, KOHBEPTHUPOBAIHUCH (IIPeoOpa30BaIvCh, BOIUIOTUIINCH, MPEBpa-
TUJIMCh, PEATU30BAIKCH, OTPA3UIINCH) B (DAKTUUECKOE CHIDKCHHE AJICKTPOIIO-
TpeOJICHUS Ha TIOCIICIYIONIeM BpEMEHHOM uHTepBasie. OUueBUIHO, UTO IMapaMeTp
KOHBEPCUHU MOXKET OBITh pacCUMTaH TOJBKO IO MTOraM JBYX M 0oJjiee BpEeMEH-
HBIX HHTEPBAJIOB peanusanuu ZP-ananuza. s K-ro o0bekTa oH paBeH:

L, = Wkr — Wkr+1

ke = —PL ’ (53)
Cke

rae IL,.,, — Tapamerp KOHBepCUH K-ro o0ObeKkTa TeXHOLIEHO3a, 3a(hUK-

CUpOBaHHBIN Ha (T+1)-unTepBane (u3mepsercs B KBT-u\T
Ha JICHEXKHYIO €IMHULLY );

W,. - »nexrponorpebienue K-ro oobexTa Ha T-MHTEpBAJIE;
Wi..1 — »snexrponorpebnenue K-ro o6bekTa Ha (T+1)-UHTepBane;
(—:PL — 00beM MpeMUaIbHbIX CPEICTB, ONPENEICHHbIX Mpu ZP-

ke TUTAHUPOBAHHUH U BJIOKEHHBIX B OOBEKT Ha T -WHTEpBAJIC.

CooTHeceHne mapamMeTpa KOHBEPCHH BBIACICHHOTO K-ro 00bekTa ¢ Cym-
MOU JTaHHBIX MApaMeTPOB JUISI BCEX OOBEKTOB TEXHOIIEHO3a IMO3BOJIAET IMONY-
9UTh KOA(D(PHUIIMEHT KOHBEPCUHU, UMEIOIINUNA CMBICT BECOBOTO KoddduimeHTa
(paccuuTBIBAETCS OTAEIBHO JIJIS KAXKI0TO BPEMEHHOTO MHTEPBAJa):
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e Bl -

IL,, -
n —
i —

IL,.

n
Z ILir
i=1

L
Bkr -

(54)

pacueTHbIN KO3(hPUIMEHT KOHBepCHH K-ro 00beKTa TEXHOIIE-
HO3a Ha T-BPEMEHHOM HHTEpPBAJIC;

napamMeTp KOHBepcHH K-ro 00beKTa Ha T-OM UHTEPBAJIE;

o011ee KOJIM4eCTBO OOBEKTOB TEXHOLIEHO34;
(dopManbHBIN HHIEKC CyMMHPOBAHUSI.

B npouenype ZP-mnanupoBanusi KO3(p(PUUUEHT KOHBEPCHH MOKET OBbITh
UCITOJIb30BAaH BMECTO WJIM COBMECTHO C KO3(PUIIMEHTaMH, pacCUMTHIBAEMbIMU
1o BeipaxkeHusM (45) u (48). IIpu stom B (46) u (49) OyayT NpUMEHSITHCS He-
CKOJIBKO BUJOU3MEHEHHBIE BECOBBIE KOI(DPUIIMEHTHI BUIA:

S F A

S3 G4

EEL =& - BEL +&; - BLL;
B~ "+, Bl 9

& +&=L&+&, =1

MaTpULa BECOB, IPUMEHSEMAsI IIPU IIEPECUETE BECOBBIX

— K03 UIIUEHTOB BE" u BER (ompenensiroTcs, Kak mpa-

BUJIO, HA OCHOBE alpUOPHON IKCTIEPTHON HHPOPMALINHN).

[TapameTp KOHBEpCHHM MOXET OBITh pacCUMTaH M JIJIsi TEXHOIEHO3a, OYy-
Jy4H B3STOTO B 11e70M. [Ipu aTom Ha (t+1)-uHTepBaiie OyaeM UMETh:

rae ILEI+1

Wi(x)

WI-H (X)
—PR

Ckr

TWT (x)dx — TW”l(x)dx
0 0

I L2r+1 = (56)

N —<PR <IN
Z(th + Ck‘c)
k=1

COBOKYITHBII MapaMeTp KOHBEPCHH TEXHOIICHO3a B LIEJIOM
Ha (1+1)-unTtepBaine (kB u\T Ha neHEKHYIO SAMHUILY);
anMmpOKCUMUPOBAHHOE PAHTOBOE MapaMETPUIECKOE pac-
npejiesieHIe TEXHOIIEHO3a Ha T-UHTEePBAJIC;

paHroBoe pacnpezeicHue Ha (T+1)-uHTepBaie;

00BEM CPEJICTB, U3PACXOJOBAHHBIX HA IPEMUU ITEPCOHATY
k-oro o0bekTa Ha T-UHTEpPBAJIC;
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EIN — 00beM CpeACTB, MHBECTUPOBAHHBIX B MOJIEPHUBALINIO U
kt NIEPEBOOPYKECHHUE ICKTPO0OOpyaoBaHus K-oro o0bekTa
TEXHOIIEHO3a Ha T-UHTEpBaJe.

CoBOKyIHBIN TapaMeTp KOHBEPCHUH TEXHOIICHO3a MOKET MPUMEHSTHCS B
JTI00BIX cTpaTerusx ZP-TIaHUpOBaHMs, CBI3aHHBIX C 9KOHOMHYECKHUMH OTPaHU-
YEHHUSIMH, B YaCTHOCTH — IO KOHBEPTUPYEMOCTU CPEICTB, BKJIAJbIBAEMBIX B
sHeprocoepexxenue. [Ipu naHHBIX CTpaTerusx BeJIMUrMHA, HA KOTOPYIO B TE€UCHHE
KaX/I0r0 BPEMEHHOT'0 HMHTEpBaja JODKHO CHUXKAThCS CyMMAapHOE 3JIEKTPOIIO-
TpeOJeHHe TEXHOIIEHO3a, PACCUUTHIBACTCS IO BBIPAXKEHUSIM, aHAJIOTUYHBIM (51)
win (52). OgHako B mpouecce peanu3aluy CTPaTEernd Ha KaKJIOM BPEMEHHOM
MHTEpBAJIe JOIMOJIHUTENBHO OCYUIECTBIIAETCS MOHUTOPUHI KoHBepcuu. I[lpu
3TOM LUKJINYECKUH mpouecc ZP-aHanu3a 3aBepliaeTcs Npy JOCTHKEHUH MOKa-
3aTeNieM KOHBEPCHU alPHOPHO 33J]aHHOTO MUHUMAJILHOTO ypoBHs [83].

AJITOPUTM yIIPABJICHUS YJIEKTPONOTPedIeHneM

PaccMoTtpeB neranbHO MeTOA00THIO ZP-TIIaHupOBaHus, NepeiieM K a-
TOPUTMY pealiM3aluy ynpasieHueckoro npouecca (puc. 13). Ha nepBom 3rtame
npennonaraerca u3BieueHue AaHHbXx U3 OLAP-kyba mudpoBoro aBoitHHMKa

TEXHOIIEHO3a TI0 3JICKTPONOTPEOICHHUIO <Wk(2LAP>, rne W — COOTBETCTBYIO-

mui napaMmeTtp kyoa, K — HoMep o0bekTa, T — HOMEp BPEMEHHOTI'O WHTEpBaa.
Crnengyer WMeTh B BUIYy, 4TO Ha 3ToM d3Tarme Mbl 0epeM OLAP-ky0 maHHBIX,
cOpMUPOBAHHBIN Ha MPEIBIAYIIUX dTanax YIpaBJIEHYECKOro mporecca (Kak
npaBuio, riyouHoil B 10 — 12 ner npeasicropun). @opmupyercs ucxoasas ZP-
matpuna {A,A,X}, rae A — MHOKECTBO AUQIIEKC-yIiIoB, A — MHOXKECTBO TaH-
re’c-gpakTopoB, X — MHOKECTBO PAHTOBBIX TOMOJIOTHYECKUX MEP.

Ha Btopom stame amroputma (puc. 13) Ha ocu BpemeHu t 3amaroTcs
HAYallbHAS ¥ KOHCUHAS TOYKH T U T, ONPEICIMIOTCS HAYaIbHbIC MOMEHTHI ITa-
T0B, HAYKMHAS CO BTOPOTO: T, T°, T, T' ¥ T.A. Pa30ueHue TpackTOpHH Ha TaIlbl,
KaK IpPaBUJIO, PABHOMEPHOE U COOTBETCTBYET LIUKIWYHOCTU OOILIEro IMjIaHUpO-
BaHUS B TEXHOIICHO3€, 4 TAKKE MPUBS3BIBACTCS K MEPHOJaM TOCTYIUUICHUS JTaH-
HBIX TI0 AJIEKTPONOTPEOICHUIO CO CYETUMKOB. B maHHOM ciydae, s ympoiie-
HUS KapTHHBI 3aJaHbl TSATh JTAIlloOB, IO KOTOPHIM B paMKaxX TUTAHHPOBAHUS
copMupoBaHa TIepBOHAYATbHAS JTUHEHHAS Tg)aeKTopm{ yIpaBIeHIECKOTO TPO-
mecca — mpsiMasi, coenuastomas Touky (o°,1°) u (of,1%) (puc. 14). BemomumM,
4TO, KaK IOKa3aHO B pabore [267/], momoOHasi TpaeKTOpusi COOTBETCTBYET
HawIydIeid (B CMBICIE COOTHOMICHHS «TU(IICKC-IapaMeTp — HWHTETpallbHOE
AIIEKTPOIIOTPEOTICHUEY WIH «TOJE3HbIN dDPekT — 3aTpaThl») hopme omeparu-
OHHOM1 (ITPOM3BOJACTBEHHON) (DYHKIIMH YIIPABICHUS B TEXHOIICHO3E.
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WseneyeHue
OaHHBIX
at) v wit Wik
3apaHue OnpepeneHuve PacueT gonen
Pacyver i
e — NUHEeNHOWN » O0DWero obbemMma | 0DbeKTOB
P P TpaeKkTopun cHU¥eHuRA 3 B CHUXeHuu 3M
Wit BE! v w
PacyeT HOpM OnpegeneHue PacuyeTt gudrnekc-
cHUXeHUA 31 — BeCOBbIX — napameTpoB
oGBbeKTOB koacgpcduumenTos oG BbeKTOB
EE{“ Y Ly Aa
PacuyeT npemui PacueT OueHka
ZP-nnana M MHEBECTMUMH [+ NapameTpoB | paccornacosa-
ansa 00BLEKTOB KOHBepCHK HWA TpaekTopMu
MopmupoBaHue
T+1

ynpaBnsawuero
BO3[EHCTBHA

Puc. 13. Cxema nporiecca ynpaBieHUs dIEKTPONOTpedIeHneM
TEXHOIIEHO3a Ha OCHOBE Mpoleayp ZP-ananmnza

VYuuTbIBas pa3HUIy MEXAYy Ha4aJIbHbIM U KOHEYHBIM 3HAYCHUSIMH AUQ-
JIeKC-yrioB o * 1 o 110 PaHrOBOH IUIIEpIAPAMETPHUCCKOI TTOBEPXHOCTH H JaH-
HBbIM U(POBOro ABOMHHUKA Onpenesserca o0umil 00beM CHUKEHHUS AJIEKTPOIIO-
TpeOJIeHHs TEXHOLIEHO3a Ha Ka)KJIOM T-3Talle YIIPaBIeHYECKOIo IpoLecca:

WP = [W(a™™, 67, x)dx - [ W(a", 5%, x)dx, (57)
0 0

rIe WTPL — o0mMit 00BEM CHIKCHHS DJIEKTPOTIOTPEOICHHS TEX-
HOIIEHO3a Ha T-3Talle YIPaBIEHYECKOrO IPOIECCa;
W(o',8""X) — anmpoKCHMHPOBAHHOE PAHTOBOE THIIEPIAPAMETPHYC-
CKO€ pacripeenenue Ha (t-1)-uHrepBaie;
W(a',0,X) — anmpoKCMMHPOBAHHOE PaHTOBOE THIIEpIIapaMeTprye-

CKOC PacClpCACICHUC Ha T-UHTCPBAJIC.
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TPaeKkToOpUA
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ARG

NuHenHan -W

@ i ( TPaekTopus J

L
'

A @i
L

2 3 T"E e
Bpemna t

Puc. 14. Jluneiinas TpaeKTOpus Mpouecca ynpapiIeHUs
9JIEKTPONOTPeOICHHEM TeXHOIeHO03a o (1):
1° — Touka Havana; 1° — TOUKa 3aBEPIICHUS

Jlanee mo BeIpaxkeHUIo (43) paccUuThIBaeTCSI 00bEM CHUKEHHUSI DJIEKTPO-
norpebuenns K-ro oGbexTa TexHOLEHO3a Ha T-9Tare W~ . Y4HTbIBAs MOIyYeH-

Hble 110 (44) 3HaYEHUS] OTHOCUTEIBHOIO OTKJIOHEHHS TEKYILEro 3HAYEHUs K-
TponoTpedeHnss 00BEKTA OT BEJIMYHMHBI, COOTBETCTBYIOIIEH €ro paHry Ha HUX-

Hel rpaHuile 00JIaCTH TOMYCTUMBIX 3HAUYCHUN Wl? , IO BeIpaXkeHuto (45) mns
KOKJOTO OOBEKTa PacCUMTHIBAECTCS BECOBOM KOA(DPUIIMEHT Bk" B wurore, ¢

Y4E€TOM TIOJIYYEHHBIX BECOBBIX KO3 (UIIMEHTOB, 1O (46) paccuyuThIBaeTCS MH-
JTMBHIyaJbHAsE HOPMa CHIDKEHHUS 3JIEKTPONoTpeOsieHus: K-ro o0bekTa TeXHOIe-

—PL
Ho3a Ha 1-3Tane Wi . Kpome toro, no Beipaxenusim (47) — (50) onpenensitor-
cs1 00bEMbI COKOHOMJICHHBIX CPEJCTB, a TaK>1<e pa3Mepbl MPEMHU U WHBECTHUIIHI

—IN
JUTS KaXKJI0TO OOBEKTa Ha T-dTarle: Ck th , Cke -

C 1enp0 MOHMTOPUHTA PE3yJbTATUBHOCTU TpOIecca yMPaBICHUS JJICK-
TponotpedaeHuemM (puc. 13), HaunHas co BToporo dtara, 1o (53) — (56) paccuu-
TBIBAIOTCS MapaMeTp U KodhuIieHT Kousepcun K-ro o0bekTa Ha T-WHTEpBae

IL,. 1 B|5, a taxxke coBoxynnbii napamerp xonsepenn IL s . Ha ocHose

. q
PE3yNBTATOB PACYETOB (POPMHUPYETCSI YIIPABIISAIONIEE BO3ICHCTBHE Vkr .
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Ilocne 3aBepuIeHHs O4YEPEIHOrO dTalla YIPABICHUS U MOCTYIUICHHS HO-
BbIX (PAKTUYECKUX JaHHBIX I10 3JIEKTPONOTPEOIECHUIO BBINONHSETCA (PUKCALUA
3HAUEHUS PE3yJIbTUPYIOIIEro AU(IIEKC-yIia Ha KOOPAUHATHON INIOCKOCTH (oot)
(puc. 14). Ilpu 5ToM NOSIBISETCS BO3MOXHOCTH 3a()MKCHPOBATh, TaK Ha3bIBae-
MBI, YTOJI paccoriacOBaHUsl TPAEKTOPUH YIIPABIECHUS, OKA3bIBAOIINI OTKJIIO-
HEHHE PEATbHOU TPACKTOPHUH OT M3HAYAIBHO CIUIAHUPOBAHHOM:

Ao =aft —a, (58)
rae Ao’ — yroJa paccoriaacoBaHMsl TPAEKTOPHH YIIPABICHUS DIEKTPOIIO-
Tpe6JIeHI/IeM TEXHOIICHO3a B KOHIIC T‘aTaHa;
apt — ITIJIAHOBOC 3HAYCHUC ,Z[I/I(bﬂeKC-yl“JIa B KOHIIC T-3Talla,
U,T — peaJILHO 3a(bHKCI/Ip0BaHHOG I10 UTOoram I/ISMepeHI/Iﬁ Ha 06T)GK-

TaX B KOHIIC T-0Talla 3HAYCHHC IIH(I)JIGKC-YTJI&.

HakannuBass uHpopMmaiuio o0 yriax paccorjiacoBaHusl Ha MPOTSKEHUU
BCEr0 YIIPABJIEHYECKOrO IPOLECCa, IO €ro 3aBEpLICHUH, MOYKHO IHOJY4YUTh
(YHKIMIO paccorjiacoBaHMs KaK almnpoKCUMHUPOBAHHYIO 3aBUCUMOCTb YIJIa pac-
corjacoBaHusi ot BpemeHu (puc. 15). Kak npencrasisercs, naHHas QyHKUus
XapaKTEPHU3yeT CUCTEMY YNPABICHUS B YAaCTU MapameTpa 3JIEKTPONOTpedIeHus
Y MOKET OBITh MCIOJIb30BAHA NP TUIAHUPOBAHUHU MOCJIEAYIOIIUX 3TAIOB.

DyHKUMA paccornacoesaHna Aalt)

Puc. 15. ®yunknus paccoriiacoBaHusi ynpaBJieHUs
AIEKTPOINIOTPEOIEHUEM TEXHOIIEHO3a
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HauOonbuinii uHTEpEC 37€CH MOTYT MPEACTABIATH MapaMeTphbl, OMUCHI-
BAaIOIIIME CTENEHb OTKJIOHEHUSI (YHKIUU PACCOTIACOBAHUS OT OCH a0CIUCC, YTO
XapaKTepu3yeT, B KaKOM CTENEHU peajbHBIM Mpolecc yrnpaBieHUsl OTIMYaeTCs
OT M3HAYAJIbHO 3aIlJIAaHUPOBAHHOIO JTUHEHHOTO (puc. 14 u 15):

Ady = tf%ib, Aoy = j:; |Aau(t)|dt;
) 1 - (59)
A&‘Z = tht::b (AOC(t))Z dt,

"

rne  Adsy — cpennee (mo Moayiro) orkinonenue Gpynkuun Ao(t);
Aos — cymmapHoe (1o Moyio) otkioHeHne GyHKImu Aoyt);
Aldy — cpennexBagpaTnuHoe oTKIoHeHHe GyHKImK Aa(t).

B psine cmydaeB juisl OLICHKA TOYHOCTH YIPABJICHUS! B YCJIOBUSIX aBTOMa-
TU3AIMU MOTYT UCTIOIB30BaThCS CIEAYIONIHe mapaMeTpsl (puc. 14 u 15):

-

e
="

A%m:MM{mfk
3 =18 (60)
Ao, =Card {%Aa(t) = O} :

T=Tb

\

rne  Admy — MaKCUMaJIbHOE OTKJIOHEHHE (PYHKIIUU PACCOTIIACOBAHUSI OT
ocu a0cIiuce (XapakTepusyeT aMILTUTy 1y GyHKIIUHN);
AOgx — KOJIMYECTBO IKCTPEMYMOB (QYHKIIUHU (XapaKTepusyeT Kojeda-
TEJIBLHOCTHh (PYHKIIUU PACCOTIIACOBAHMS);
{Ao’} — MHOXKECTBO 3HAUEHUI OTKIOHCHHS (PYHKIIMH PaccoriacoBa-

HUs Ha BCEM MHTEPBAJIEC YIIPABIEHUYECKOIO IIPOLECCa.
He meHbmmi mHTEpEC NPEACTABISAET OLIEHKA CTOMMOCTHU PaccoIrIacoBa-

HUSA, KOTOpasi MOKET HCIOIb30BaThCA MPHU MOCTPOCHUM ITPAPHBIX (QYHKLUMH,
HIMPOKO UCIOJIB3YEMBIX I ONITUMHU3ALMU TPOLIECCA YIIPABIECHUSA:

W = W - Aag, W= (AW(W,x,a‘)—AW(W,x,(a‘ +1)))d€,
{
(61)
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rie  AW(W,x,0) — paHroBoe runeprapameTpudeckoe pacipeaesicHue;

W, — ©IMHHYHbIH IapaMeTPp CTOMMOCTH PaCcCOIIaCOBAHMS
YIPaBICHYECKOTO Mpoliecca (pasHUIla B COBOKYITHOM
3IICKTPONIOTPEOICHUH TEXHOIICHO3a TTPH W3MEHEHUH
nudekc-yria Ha ofauH rpaayc, KBt u\T);

W, — PpesyIbTHPYIOIIMA NapaMeTp CTOMMOCTH PaccoriacoBa-
HUsSI YIIPABICHYECKOTO Mporiecca (pa3sHUIla B COBOKYTI-
HOM DJIEKTPONOTPEOIEHUH TEXHOIICHO3a TIPU H3MCHEHUHU
mudIIeKc-yriia B quarnasose ot of 10 of, kBr-u\T);

Aos — cymmapnoe (10 MoayIr0) otkioHenue Gpynxuun Aot).

CremneHnp paccoriiacoBaHus Mpolecca ypaBiIeHHsI JIEKTPOIOTPeOIeHIEM
MOJKET TaKXe OIICHMBAThCS C IMOMOIIBI0 TMoKa3aTesner, aHamoruunsix (59) —
(61), HO KOTOpBIE CTPOSTCS HA OTHOCUTEIBHOU (PYHKITMU PacCOTIaCOBAHUS:

Aoco(t)=AaaTS), t=[a"a® | (62)

Teneps BepHEMCS K aITOPUTMY peaIM3alluy Ipolecca yIpaBiIeHUs dIICK-
TponoTpediieHneM 00bEKTOB TEXHOIIEHO3a, N300pakeHHOMY Ha pucyHke 13. Ilo
OKOHYaHUHU OYEPEIHOTO0 ATamna (3a UCKIIOUCHUEM 3aKIIOUYUTEILHOIO0) BBITOIHS-
€TCs KOPPEKTUPOBKA YIpaBlIeHUeCKON TpaekTopuu. [Ipu sTOM ¢ ydeTom mosny-
YEHHOI'0 yIJIa PacCoryiacoBaHUsl OCYIIECTBISIETCS MOCTPOEHUE BTOPUYHOM JIM-
HEWHOU TPAeKTOPHUH, KOTOpAsk COEANHSAET (PAKTUUECKYIO TEKYIIYI0 TOYKY C KO-
HEYHOM. BTOpHUYHBIE TpAaeKTOpPUM HAa PHUCYHKE 13 MOKa3aHbl NPSIMBIMHU, COEIU-
HSAIOIMMHM TOYKH 1, 2, 3 1 4 ¢ Toukoil «e». Bceien 3a 3TUM CUETUYMK ATalloB
HapalllMBaETCs Ha €IUWHMILY, TPOM3BOAUTCSI IEepecueT NMapaMeTpOB YIPaBIISIO-
IIEr0 BO3JICUCTBUS IPUMEHUTEIHLHO K HOBOM TPAEKTOPUHU U MYHKTHI AJITOPUTMA,
HayWHas C OMNpeJeeHUs O0IIero oo0beMa CHIDKCHHS AJICKTPONIOTpeOIeH S, 110-
BTOpstOTCS. [l0 OKOHYaHWMM 3aKITIOUMTEIHLHOIO dTalla PacuyeTHBIM LMKJ 3aBep-
1AETCS ¥ MPOU3BOJIUTCS BBITPY3Ka JIAHHBIX, KOTOPBIE MOMOIHSAIOT IPYMITy CIOEB
OLAP-ky6a, comepxamux JaHHBIC 7S TDIAHUPOBAHUS TOBBIMICHUS dHEPTod(]-
(EeKTUBHOCTH Ha 00BEKTaxX TeXHOIeHO3a. OYEBHIHO, YTO MpejIaracMbIi ajaro-
PUTM MOKET PEeaTu30BBIBAThCA KaK MPU MOJCIUPOBAHUM €Ie 0 Hayaja Mpo-
1ecca ymnpaBjeHHUs AJIEKTPONOTpeOIeHUEeM, TaK U B PEXKUME MOCTOSHHOTO MO-
HUTOPHUHTA YK€ B XOJIe pealn3aluu mpoieayp. MojaenupoBaHue OCyIIeCTBIIS-
€TCs C LIEJIbI0 pa3pabOTKH IJIaHa IHEPTOCOEPEKEHUS U OLIEHKH MEPCTIEKTUB €T0
MOCJIEAYIOMIETO BBIMOJHEHUsI. MOHUTOPUHT B XOJ€ YIpaBJIEHUS TMO3BOJSET
HaKarmBaTh UHGOPMAIIMIO O TEXHOIEHO3€e, (PUKCUPOBAThH peasibHbIC Pe3yJIbTa-
ThI TOBBIIIEHUSI YHEPTOAIPHEKTUBHOCTH, a TAK)KE KOPPEKTUPOBATH YIPABIISIO-
M€ BO3JICCTBUS B 3aBUCHMOCTH OT CKJIQJIBIBAFOIICHCS 0OCTaHOBKH.

- 515 -


http://gnatukvi.ru/zakon/02_contents.pdf
http://www.gnatukvi.ru/

@ B.W. MhaTtiok, 2019 CopepxaHue MepcnekTuBbl

U emte 06 ogHOM. Pe3ynbTaTUBHOCTB Mpoliecca yrpaBJieHUs, B KOHCUHOM
UTOTE, OIICHUBAETCS BEPOSTHOCTHIO JTOCTH)KCHUS TIOCTABIICHHOM IIeTH. JTOT Te-
3UC UMEET OTHOIICHHE HE TOJBKO K CTAJIUH IUIAHUPOBAHMUS, HO U K pean3alluu.
B panroBomM anajm3e B cocTaBe Mporeaypbl ZP-aHain3a UMEIOTCS HEO0OXOIH-
MbIC aHAJIMTUYCCKUE CPEJCTBA JUIS pacueTa, TaK Ha3bIBAEMOI0, IapameTpa pe-
cypcHO#l obecniedeHHocTH Tporecca ynpasinenus [83]. Kak mpencrasnsercs,
JTaHHBIN TapaMeTp, B YCIOBHUAX OJHOIAPAMETPUYECKOTO PAHTOBOT'O TOIOJIOTH-
YECKOT0 MPOCTPAHCTBA TEXHOIICHO3a, MOYKET OTPaXKaTh BEPOSATHOCTH JIOCTHIKE-
HUS [IeTM YIPABICHYECKOTO Mpollecca. 3amuilieM aHaJTUTHYECKOe BBIPAKCHUE
napameTpa peCypcHOI 00eCIIeYeHHOCTH YITPABICHHS AIEKTPOIIOTPEOICHHEM:

(PJ :1—%, WE = WS- Ao, T [7°,1°;
AW = j(Aw(W,x,af)—Aw(w,x,ae))df; (63)

(

AW = j(AW(W,x,ab)—Aw(w,x,af))df,

L 0
rae pt — mapamerp pecypcHO 00eCIe4eHHOCTH YIPaBICHUS JIEK-
u TPONOTpeOJIEHNEM TEXHOILIEHO3a Ha T-UHTEPBAJIE;
Wbr — MapaMeTp CTOMMOCTH PaccoTIaCOBaHUs yIPaBICHUYECKOTO
c npolecca TEXHOLIEHO3a Ha MHTEpBaie BpeMeru [t =D, t = 1];
A agr — cymMmapHoe (1o MoayIito) otTkiionenue GpyHkun Ao(t) Ha WH-
TepBaje BpeMenu [t = b, t = 1],
AW®™ — UHTErpabHblii Au(IeKe-apaMeTp TeXHOLCHO3a Ha HHTEp-
Bajic BpeMeHu [t =1, t =¢];
AWP® — HHTErpabHblii Au(IIeKe-apaMerp TeXHOLCHO3a Ha HHTep-

Bajie BpeMenu [t = b, t = 1].

Ha nam B3rsn, 3/1ech MOAXOIUT U3BECTHAS FEOMETPUUYECKasi TPAKTOBKA
BEPOATHOCTH KaK COOTHOIICHUS IUIOIIAJCH MOJ KPUBBIMU PAHTOBBIX THMIIEpIa-
pamMeTpUYeCKUX pacrpeielIeHHi, paCCUUTaHHBIX B CEKYIEH MIOCKOCTH, OMpe-
JEJISIIONICH X Ha PAHTOBOM rUIleprIapaMeTpUUYECKO MOBEPXHOCTH (CM. pHC. 6).
[Tpu 3TOM BEPOSATHOCTH JOCTMKEHHS LIETM PACCMaTpPUBACTCS KaK OTHOIICHHE
MHTETPAIbHOTO MapaMeTPUUecKOro pecypca (B JaHHOM Cllydyae — 3JIEKTpOIIO-
TpeOJIeHHsI), COOTBETCTBYIOIIETO CTOMMOCTH PACCOTIIACOBAHMS yNPABICHUYECKO-
rO Tpolecca TeXHOIIEHO3a Ha MHTEpBaJie BPEMEHH OT Hayaya mpolecca yrnpas-
JIEHUsl 10 paccMaTpuBaeMoro MoMmeHTa (cM. puc. 15), Kk UHTerpaJibHOMY U (-
JIeKC-TIapaMeTpy TEXHOIIEHO3a Ha 3TOM K€ MHTEepBaJie BpeMEHH (CM. pHucC. 5).
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[Touemy MBI cUMTaeM, 4TO COOTHOILICHUE IJIOMIAAEH 3/16Ch UMEET CMBICI
BeposiTHOCTU? B yClOBUSIX OAHOMAapaMETPUUECKOTO OMUCAHUS TOJIBKO 3TOT Ma-
paMeTp | SIBJISIETCS YHUBEPCATbHBIM MHBAPUAHTHBIM MEPHUJIOM PE3yJIbTaTUBHO-
CTH JIBM)KCHHS CUCTEMBI K IIeJIU, TPUYEM KaK B CMbICJIE MOJIe3HOro 3 dexra, Tak
u 3atpar. OnuUChIBasi COCTOSTHUE TEXHOIIEHO3a PAHTOBBIMHU MMapaMeTPUUYECKUMU
pacrpeielIeHUsIM Mbl TTOCTOSIHHO TMOMHUM T€OMETPUUYECKYIO0 KOJIMYECTBEHHYIO
MHTEPHPETALNIO, IPEIINOIAraoIIyI0, YTO IUIOIaAb MOl KPUBOW paclpeaesiCeHUs
BCErJla paBHa MHTETPAIBLHOMY MapaMETPUUECKOMY PEeCypCy. YUUThIBasl KOHTH-
HYaJIbBHOCTh PAHIOBOr'O TOIOJOTMYECKOTO MPOCTPAHCTBA M OJHOPOAHOCTH Bpe-
MEHHU, MOKHO 3aKJIFOYUTh, YTO COOTHOLIEHUE IUIOMIAJEH B JAHHOM CiIy4ae o[-
HO3HAYHO XapaKTEepPU3yeT BEPOSTHOCTb PEATU3ALMKU COOBITHS, 3aKIIFOYAIOIIErO-
Csl B TOM, UTO MPOIECC yIpaBieHus: OyJeT 00ecredeH B JOCTATOYHOU CTEIEHHU.
Kak crnencreue, 3T0 aBTOMaTHYECKH MPHUBOJUT HAC K BAXXHOMY 3aKJIIOYCHHIO:
OTHOILIEHHE HHTETPAIbHOTO MapamMeTPUUYECKOr0 PECYypca, COOTBETCTBYIOIIETO
CTOMMOCTH PaccOrjIacOBaHUs yIPaBIECHUYECKOrO IMPOIECcca TEXHOIEH03a, K UH-
TerpajibHOMY Ju(dIIeKc-mapaMeTpy TEXHOIIEHO3a HMMEET CMBICT BEpPOSTHOCTH
YCHEIIHOTO JIOCTYXKEHHS 11esid yrpaBieHus. KonnuecTBeHHOH ke Mepor Bepo-
SATHOCTH B JJAHHOM CJIy4ae BBICTYIA€T, U3MEHSIOMIUICS B IUANa30He OT HYJIS J10
€MHMIIBI, TApaMETP PECYpCHOM 00€CTIEYEHHOCTH YIIPABJIEHUS AJIEKTPOIIOTPEO-
JIEHHEeM TexHoIleHo3a (cM. BbIpaxkeHue (63)). PaccMoTpuM anmpokcHMaIrMoH-
HYI0 (DYHKIIMIO BPEMEHH, IOCTPOSHHYIO JIJIsl JAaHHOTO mapameTpa (puc. 16).

MapameTp pecypcHol obecneYyeHHOCTH Npouecca ynpaenedusa Py

IV — __,__ .................... ; ........................... dP,(t)/dt
T e

MuHuMmanbHoO ﬂOﬂytTI‘IMhIH PeanbHBIW YPOBEHb
YyPOBeHb napamMeTpa no 3aBeplWeHnn npouecca

bt
. W e e b _
Pl=1- Cb_ﬁg :WC-&U.E'.T:TE'.LE. 3,4, 1
AW
[ ] ﬁ i [
b Tl TZ Tj 1 e

Bpema t

Puc. 16. Tlapametp pecypcHO 00eCTIie4eHHOCTH Mporiecca
YIPABICHUS SJIEKTPONIOTPEOICHUEM TEXHOIIEHO3a
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Ha pucynke mokazaHbl SMIUPHUYECKHAE TOYKH, COOTBETCTBYIOIIUE 3HAYeE-
HUSM TIapaMeTpa pecypcHO 00eCTIeUeHHOCTH TMpoIlecca YIpaBIeHUS JIEKTPO-
noTpeOJICHUEM TEXHOIICHO3a, PACCUUTAHHOTO TI0 3aBEPIICHUH COOTBETCTBYIO-
IIMX ATANoB yIpaBlIeHYEeCKOro mpoiecca. [lo ToukaMm MmocTpoeHa ammpoKchuMa-
IIMOHHAS KPUBas, IMEIOIIAss CMBICT ()YHKITMM BpeMeHU. B HayaJIbHBIII MOMEHT,
Korja t = T°, HHTerpaIbHBIN MapaMeTPHUECKUil PeCype, COOTBETCTBYIOLIHIT CTO-
UMOCTHU PacCOTIacOBaHUs YIPABICHYECKOTO Mpoliecca TEXHOLIEHO3a, paBEH HY-
o (cM. Beipaxkenus (59 — (61))). CnenoBatenbHO, mapamMeTp pecypcHor obdec-
MEYCHHOCTH B 3TOT MOMEHT paBeH eauHuIle. JlampIme, Mo Mepe pa3BepThIBAaHUS
mpoliecca yIupaBieHHs, HHTETPAIbHBINA TTapaMeTPUIECKHA pecypc OyneT mocTe-
MIEHHO HAKaIUIMBAThCsl, & 3HAUCHHUE MapaMeTpa pPecypcHOil 00ecreueHHOCTH 0Y-
JIET HECKOJIBKO CHUXKAThCA. MICX0/ M3 3TOr0 MOKHO 3aKJIFOYHUTh, YTO (DYHKIIHS
BpEMEHHU Bcerjaa OyJeT MpeACTaBiIsaTh COO0O0M TUIABHO CHUXKAIOUIYIOCS KPHUBYIO,
HaYyaJio KOTOPOI COOTBETCTBYET 3HAYCHUIO OPJAUHATHI, PABHOMY €IUHUIIE.

B kadecTBe OCHOBHBIX KPUTEPUEB KadeCTBa MPOIECCa YNPABICHUS DJICK-
TpOTNOTPEeOIEHNEM TEXHOIIEHO3a, OCHOBAHHBIX Ha MapaMeTpe pecypcHoil obec-
MEYECHHOCTH, MIPEICTABIISCTCS 11€J1IeCO00Pa3HBIM pacCMaTPUBATh CIICTYIOIIHE:

1) He CHIDKEHHE KOHEYHOIO ITapaMeTpa HUKe HOPMATUBHOIO YPOBHSI:
e
PI=" >P], P e[O, 1], P] e[O, 1]; (64)

2) MaKkCUMU3aIUs UHTETPaJIbHOIO 3HAUEHHUS MMapaMeTpa 3a BECh MEPHOI:

j::be P, (t)dt — max; (65)

3) MUHUMU3ALKUS CKOPOCTH CHIKEHUS [IAPaMETPa B X0J€ MOHUTOPHHIA:
dP, (t .
% —min, te[t®, t°]. (66)

Od4eBUHO, YTO MapaMeTp PEeCypCHOM 00ECIeYEeHHOCTH MOXKET paccMmar-
pUBaThCS B KAUECTBE KJIIOUEBOTO MOKAa3aTeNsl KauyecTBa MpOoLEcca yIpaBICHUS
ANIEKTPOINOTPEOICHUEM TEXHOIIeHO3a. [Ipu 3TOM MOTYT YCHENIHO pemaThCs
MHOTHE 3a7auu, Hampumep: 1) BbIOOp Jydllield cTpaTeruu yIpaBJICHHs MO UTO-
ram MpeaBapUTEIbHOTO0 MOJCIUPOBAHUS; 2) TPOMEKYTOUHBIN MOHUTOPUHT Ka-
YecTBa B KOHIIE Ka)JOr0 W3 ATANoB; 3) OLIEHKA pe3yJbTaTOB MO 3aBEPILICHUU
npoiiecca ynpanieHus; 4) MoAroToBKa 0000IIAOIUX CTATUCTUYECKUX MaTepu-
aJIOB [0 UTOTaM MHOTOKPATHOM peau3aluy yIpaBiIeHUYeCKOro Mpouecca.

[Ha cnegytowyto cTpaHuuy]
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