paKkTep B paauagbHOM HAIIPAaBICHUHU U CKPYYHBAIOT OOMOTKY B TaHT€HIIMATbHOM
HaIpaBJICHUH B CTOPOHY HAMOTKH. OT BUTKA K BUTKY 3TH CHJIBl YMEHBIIAIOTCS,
a HAa BHEIIHUN BUTOK JEHCTBYIOT CXKUMAIOIIUE CHJIbI U CTPEMSTCS [OBEPHYTH
€ro B CTOPOHY, IPOTHBOIOJIOKHYIO HAMOTKE.
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[Ipencrasnena kadpenpoit
JJIEKTPOCHAOKEHNUS Ioctrynuna 21.11.2007

VIIK 621.311

OYHKIIUOHAJIBHASA JUATHOCTHUKA CUTI'HAJIM3ALIUN
MOJIOXKEHUI KOMMYTAIIMOHHBIX AIIIAPATOB
B 2JIEKTPOYCTAHOBKAX

JloKT. TexH. HayK, npo¢. AHULIIEHKO B. A.

benopycckuii nayuonanvhvli mexuuieckuil yHusepcumem

HagexxHocTh (hyHKIIMOHHPOBAHUS CHUCTEM DJIEKTPOCHAOKEHUS TPOMBIIIICH-
HBIX NPEANPUATUN, TOPOJIOB U CEIbCKOTO XO34KWCTBA ONpENeNsieTcs KaKk Halex-
HOCTBIO CXEMBI JEKTPUUECKUX COCITUHEHUN U CHUIIOBOTO DJICKTPOTEXHUYECKOTO
000pyI0BaHUs, TaK U JIOCTOBEPHOCTHIO U3MEPUTEILHON MH(DOPMAIIUH, XapaKTe-
PHU3YIOLIEH BKIOYEHHOE WM OTKIOYEHHOE COCTOSHUE KOMMYTALMOHHBIX 3JIEK-
TPUYECKHUX allapaToB (AUCKPETHBIC TICPEMECHHBIC) M PEKUMHBIC ITapaMeTphI
(aHanmoroBrIe MEPEMEHHEIE).

HenocTtoBepHOCTD pe3ynbTaToB H3MEPEHHUH aHAJIOTOBBIX MTEPEMEHHBIX (dJIeK-
TPUUECKUX TOKOB, HAIPSDKEHUM, aKTUBHBIX M PEAKTHUBHBIX MOIIHOCTEH M 3HEp-
THi) ¥ Pe3yJbTaTOB CUTHATU3AIMH IMOJOKCHUIH KOMMYTAIIHOHHBIX JJICKTpHYC-
CKUX anmapaToB (BBIKIIIOUATENCH, Pa3beIUHUTENCH U UX 3a3eMIISIOIINX HOXKEH)
MIPUBOJUT K HEAIEKBATHOM OLIEHKE AEKYPHBIM IHCIETYEPCKUM MEPCOHAIOM pe-
KUMOB Pa0OThl U (PAKTUYECKUX CXEM DJICKTPUUECKUX COCIAWHCHUN CHCTEM TCHE-
parmu, epeaadd u NoTpeOIeHUS dISKTPUISCKON SHEPTUU. DTO BBI3BIBACT OIIU-
OOYHbIE IEHCTBHS ONEPATHBHOTO MEPCOHANA, YTO YBEITHIHBAET BEPOSITHOCT BO3-
HUKHOBEHHS aBAPUIHBIX CUTyalluid W CHUXKAeT AIKOHOMHYHOCTH PabOTBI CHCTEM
AIEKTPOCHAOKEHUSI.
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CHmXeHne aBapUiHOTO HEJOOTITyCKa DIIEKTPOIHEPTUH TP BO3HUKHOBEHHUU
ABapUIHBIX CUTYaIlMii M COKpAIllEHHE BPEMCHHM BOCCTAHOBJICHHS HOPMAIBHOTO
AJIEKTPOCHAOXKEHMS TPAKTUYCCKA HEBO3MOXKHBI MPU OTCYTCTBHH JOCTOBEPHOM
nHpOpMauu O (AKTUYECKH WMEIONIe MeCTO B JNaHHBII MOMEHT BpPEMEHH
KOH(UTYpaIMK CXEeMbI 3JICKTPUYCCKUX coenuHeHuid. [Ipu atom B mepByro oue-
penb BakHa MepBUYHas HHGOPMAIIHS O COCTOSHUM JBYXIIO3UIIMOHHBIX JTaTYUKOB,
KOHTPOJHUPYIOIINX MOJIOKEHHEe KOMMYTAIIMOHHOTO 000pYyIOBaHUS TIEPBUYHBIX H
BTOPUYHBIX IIETIel SHEprooObeKTOB. Ha KpymHBIX CHCTEMOOOpa3yroImux MO/I-
CTaHIUAX TPeOyeTCsl 00eCHeunTh KOHTPOJIb TEKYIIET0 COCTOSIHUS THICAYUA U 00-
Jiee IBYXIMO3ULIMOHHBIX JATUYHUKOB, a Ha nmojactaHuusax 35-110 kB — ot Heckoinb-
KHX JICCATKOB JI0 HECKOJBKUX COTeH. D((DEKTUBHBIN KOHTPOJIb 3THUX JATYHUKOB
MPAKTUYECKH HEBO3MOXKEH 0€3 TOCTOBEPHBIX M3MEPEHUI aHAIOTOBBIX IEPEMEH-
HBIX: DJICKTPHUECKUX TOKOB, HAMPSDKEHUN, MOLITHOCTEH, SHeprui [1, 2].

[IpemmaraeMble ¥ UCCIEAyeMbIE B HACTOAIICH pabOTe METOMABI MO3BOJSIOT
BBISIBIIAITH HEIOCTOBEPHBIE PE3YIBTAThl CUTHAIM3AIINH, BEI3bIBAEMBIE:

e HEHCTIPABHOCTSIMH TIEPBUYHBIX JIBYXITO3UIIMOHHBIX JAaTYUKOB IUCKPETHOU
nHGOPMAIUH, OTPAKAIONICH BKIFOUYCHHOE WU OTKIIFOUCHHOE IMOJIOKEHUE KOM-
MYTalMOHHBIX aNlapaToB, M3-3a HEJOBKIIOUEHHUS WU 3aJIUMAHUS BCIIOMOTa-
TEJIHHBIX OJIOK-KOHTAKTOB MPUBOJIOB aIIapaToB;

e OIIMOKAaMK MOHTaXKa IIETICH CUTHAITN3AIVH;

e BHYTPEHHUMH W BHEIIHHMH 3JIEKTPOMATrHUTHBIMH MTOMEXaMH{, BO3HHKAFO-
VMU, Hal[pUMeEp, IPY HeOIarompuaATHBIX aTMOC(HEPHBIX YCIOBHUSX;

¢ HEUCIPABHOCTIMH MPOTPAMMHO-TEXHUYECKUX CPEJICTB, OCYIICCTBISIONTHX
coop, mepenady u 00pabOTKy U3MEPHUTEIHHON HHPOPMAIIHH.

OmHOBpPEMEHHO MPOUCXOANT OOHApYKEHUE TPYOBIX MOTPEIIHOCTEN u3Mepe-
HUI aHAJIOTOBBIX TIEPEMEHHBIX, KOTOPBIC TEXHOJOTHUECKU CBS3aHbI C KOHTPOIH-
PYEMBIMH aHaJIOTOBEIMH TIEpEMEHHBIMH.

MaremMaTH4ecKHil ammapar, HCIOIB3YeMBbIH Ui 00HApyKEHUS U JOKaH3a-
MY HEJIOCTOBEPHBIX TAHHBIX, COOTBETCTBYET OMHAPHOM MO 00bEKTa C ceTe-
BOH CTpyKTypoi. HeoOXoaMMBIM yCIIOBHEM KOHTPOJIS TOCTOBEPHOCTH SIBIISCTCS
Hanu4re WHPOpMaMOHHOH m30bITouHOCTH. MH(DOpMarmonnyto 6a3y oOpa3yrot
3HAYCHUS JUCKPETHBIX MEPEMEHHBIX, XapaKTePU3YIOIIHME TOJI0KEHHE KOMMYTa-
[IMOHHBIX allapaTtoB, W Pe3yJbTaThl W3MEPEHWH aHaJOTOBHIX IMEPEMEHHBIX B
udpoBom kone [3-5].

JomnonuutensHas uH(opMaius, 00eCreunBaroIias n30bITOYUHOCTh, MOXKET
OBITh:

e CTPYKTYpPHOH, KOTJ]a TyOIUPYIOTCS U3MEPHUTENbHBIE e CUTHAIH3AIUN
KOMMYTAI[IOHHOT'O arrapara WM aHaJIOroBasi MEepPeMEHHas H3MEPSACTCS JBYMsI
pudopamu;

o (OYHKIIMOHANBEHOH, O0YCIIOBIEHHOW B3aMMHBIMH TEXHOJIOTHYECKUMHU CBS-
35IMH MKy TIOJIOKEHUSIMY amiapaToB U HAJTMYUEM WJIM OTCYTCTBUEM COOTBET-
CTBYIOIIIMX aHAJIOTOBBIX TIEPEMEHHBIX;

e BPEMEHHOM, PEIIOIAraroIlei UCIIOIb30BaHUE Oy CTUMOTO IO MPOU3BO/I-
CTBCHHBIM YCJIOBHSM 3amaca BpEMEHHU IS MHOTOKPATHOTO IMOBTOPEHUS COO0IIIe-
HUS 0 KaHAIly CBSI3W WJIM BOCCTAaHOBJICHHWS MPEPBAHHOTO B PE3yNbTaTe OTKa3a
BBIUMCIIUTEIILHOTO KOMILIEKCa Mpoliecca 00padoTKU COOOIICHNSI.

HccnenyemMbie TOrMUeCKUe METOBI KOHTPOJIS IOCTOBEPHOCTH CUTHATM3AIMH
Y M3MEpPEHU HOCAT CEMaHTHYECKHWH XapaKTep W OCHOBBIBAIOTCS Ha aHaJM3e
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TEXHOJIOTHYECKOW COTIACOBAHHOCTH ¥ JIOTHYHOCTH COOMpPAaeMbIX JaHHBIX.
OHH JONIOJHSFOT M3BECTHBIC IU(PPOBBIC KOJbI, MPUMEHSEMBIC B BBIYHCIUTEIH-
HBIX KOMIUIEKCaX Il OOHApY>KEHUS W HCIPABIICHUS OIIUOOK, TMOSBIISIOIIUXCS
B pe3ynbTare cOOEB U OTKAa30B, HO HE YUYHTHIBAIOIINX CEMAaHTHKY W3MEPSIeMOM
TEXHOJIOTUYECKON HMH(OpMAIIMH, YTO yBEIUYHUBACT BEPOSTHOCTH JIOXKHOTO CIIO-
KOMCTBHS.

CurHanuzaiys NoJI0KeH!U KOMMYTAI[MOHHBIX alMapaToB 0OBIYHO OCYIIECTB-
JIA€TCS. IO OJHOMY M3MEPUTENIBHOMY KaHally, B LIENU KOTOPOTO 3aJ1elCTBOBAaHbI
BCIIOMOTAaTENIbHEIE OJIOK-KOHTAKTHI. [loslojkeHne ammapara XxapakTepusyercst Ou-
HapHBIMU 3HAYECHUSIMU:

Ki =0, eciu anmapart OTKIJIIOUCH;
Ki = 1, ecriu anmapaT BKITFOYCH. Q)

Vi3amMepeHust aHAIOTOBBIX MEPEMEHHBIX MPEICTaBISIOTCS B IUCKPETHON (op-
Me TakuM 00pa3oM, 4TO OTCYTCTBHIO H3MEPSEMON BEJIMYHUHBI COOTBETCTBYET
JIOTHYECKHUH HYJIb, & IPUCYTCTBUIO — JIOTHUYECKAst €ANHUIIA.

Cxema MHGOPMAIMOHHBIX MMOTOKOB B 3a/Jadax KOHTPOJSI JOCTOBEPHOCTH W
yIPaBJICHUs OTNIEPATHBHBIMHU TEPEKITIOYECHUAME KOMMYTAIIMOHHOM armaparypbl, B
KOTOPOW B M3BECTUTEILHYIO WH(OPMAIIUIO HAPSAY C pe3ybTaTaMH CUTHAIN3a-
MU BKJIFOYEHBI PE3yJIbTaThl M3MEPEHUIN CBS3aHHBIX C HMMH aHAJIOTOBBIX Tepe-
MEHHBIX, [IPE/ICTaBjIeHa Ha puC. 1.

v Kommyra- Cucrema - 1 Tepe i
=>| UMOHHBIE [—=|  JEKTPOCHAO0- Jarauku P a
I - || JaTymk "
p arnmnaparsl KEHUS H
a 5
B
1 [ T i c
a | VH(pOpMAaIIMOHHBII BEIYUCIUTENBHBIH KOMIUIEKC B
o | —— . H3mepenus A
m | Konrpons | aHaJIOrOBBIX f[
" : JlocroBepHbie MOCTOBCPHOCTH : NEePEMEHHBIX
U3MEpeHHI
e | H3MEpeHHs] P | Ipuem-
| ! AHAJIOrOBBIX | HUK
K | '] Vmpas- i MEPEMCHHBIX !
| |
0 ' maonme ! |
- - - - - -
M "' | KOMaHJIbI - !
a | y |
H TlocToBepHa * Jlnarnocrtuka |
! P | CHHTHaJN3a- !
| |
BI ‘ CUT'HATIU3ALNS LK TI0JI0- R C e
‘ SKeHHI . CurHanm3zanus nojuoxeHui

4 KOMMYTallMOHHBIX armapaToB

Puc. 1. Cxema 0OCHOBHBIX HH(OPMAIIMOHHBIX [IOTOKOB B CUCTEME U3MEPEHHH,
cbopa 1 00pabOTKH U3MEPUTENHFHOM HH(GOPMAITHH

[Ipu nByXcTymeHYaTOW CTPYKType OUAarHOCTHKH BHAYaje OCYIIECTBISIETCS
KOHTPOJIb JOCTOBEPHOCTH TOJBKO M3MEPEHHBIX AHAJIOTOBBIX NEPEMEHHBIX M3-
BECTHBIMU MeTOAaMH (TI0 MpeesIbHBIM 3HAYSHHSIM, MO MEPBBIM MpHpAIEHHUM,
C UCIIOJIb30BAHUEM YPAaBHEHHH CBSI3M), & 3aTeM KOHTPOJIHUPYETCS TOCTOBEPHOCTD
Pe3yAbTaTOB CHUTHATU3AIMKA KOMMYTAIIMOHHBIX alllapaToB MyTEeM MX COIOCTaB-
JICHUSI C JIOCTOBEPHBIMH 3HAYECHUSIMH aHAJIOTOBBIX IIEPEMEHHBIX.

[Ipu ogHOCTYIIEHUATON CTPYKTYpE AMATHOCTHKH COBMECTHO aHAIHM3UPYIOTCS
3HAYEHHS JUCKPETHBIX U aHAJIOTOBBIX MEPEMEHHBIX U OJHOBPEMEHHO OOHAPYKHU-
BAIOTCS OLIMOKM CHUTHAJM3AIMM U aHOPMAJIbHO OOJBIINE MOTPEITHOCTH HM3Mepe-
HHUH YeThIpEX TUIIOB:
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e OIIMOKH CUTHAIM3ALHK TUIA KOTKIIOYEHO», KOTOa CUTHAIM3AIHS [T0OKa3kI-
BaeT OTKJIFOUEHHOE MOJIOKEHUE MPH (DAKTUYESCKU BKITFOYCHHOM ariapare;

o OIIMOKH CHUTHAIM3AIMN THITA KBKIIOYEHO», KOTJa CUTHAIH3aIMs ITOKa3hIBa-
€T BKJIFOUCHHOE TOJIOKEHHE, XOTS (DaKTHYECKU OH OTKITIOUCH;

e TpyOble MOTPENIHOCTH M3MEPCHHUU aHAJOTOBBIX MEPEMCHHBIX THUIA «HET
CUTHAJIa», KOIJIa U3MEPEHHE TOKa3bIBa€T OTCYTCTBUE CUTHaNA (TOKA, HAMpPsKe-
HUS, MOIIIHOCTH), & B JICHCTBUTEILHOCTH OH HMEET MECTO;

e TpyOBIC TIOTPEUTHOCTH M3MEPEHUI aHAJIOTOBBIX MEPEMEHHBIX THIIA «ECTh
CUTHAJI», KOT/Ia U3MEPCHUE TMOKA3bIBAET HAJMUUEC CUTHAJIA, a B JICUCTBUTEIILHO-
CTH OH OTCYTCTBYET.

CucremMa CHTHAJIM3AIMH TOJIOKESHUH KOMMYTAI[MOHHBIX aliiapaToB U H3Me-
PEHUI CBSI3aHHBIX C HUMH aHAJOTOBBIX NIEPEMEHHBIX PACCMaTPUBACTCS KaK JIUC-
KPETHBI KOMOMHAIIMOHHBINA OTHOTAKTHBIN 00BEKT, M 00BeKT Oe3 mamsatu. Ko-
OopAMHATHI (MIEPEMEHHBIC) ATOr0 OOBEKTa 33JA0TCS Ha KOHEUYHBIX MHOXKECTBaX,
a 3HAYCHMS BBIXOIHBIX MEPEMEHHBIX OMPEACISIIOTCS 3HAYCHUSMH BXOIHBIX H
MPOMEXKYTOYHBIX IEPEMEHHBIX U HE 3aBUCST OT BPEMCHHU.

CoCTOSIHHSI CUCTEMbI CUTHAIM3AIUN U U3MEPECHUM OIHCHIBAIOTCS CHCTEMOU
JIOTHYECKUX YPABHCHHH, OTPAXKAIOIIUX B3aWMO3aBHCUMOCTb KOHTPOJIHUPYEMBIX
JIMCKPETHBIX U aHAJIOTOBBIX MEPEMEHHBIX. DTH JIOTUUECKHE YPaBHEHUS Tpadude-
CKH TIPEICTABISIOTCS B BU/IE TAOIUII HCTUHHOCTH U omnOok [1, 2].

B o01ieM BHEe CTPYKTypa MaTeMaTHYECKONH MOJEIN CHCTEMbI CUTHATM3AIIUN
W U3MEPEHUI Mpe/IcTaBlIeHa Ha pucC. 2.

K, K, Ko,
|
|
|
A 4
—> J J K i K”k ) >
X = ) Xy veny Y:{y,y,---,y }
{xl Xy xnm} 1 2 Nyyax > Z=f (X , qDH,Y)
Puc. 2
MHoxecTBa BXOOHBIX X:{xl, x2, veny anx} 1 BbBIXOIOHBIX Y = {yly
y2, ey ynamx} AHAJIOTOBBIX MNEPEMCEHHBIX MPEACTABIIAIOT 3HAYCHUA ISJICKTPUUC-

CKHX TOKOB M HANPsOKEHUN B TUCKPETHOH opMe. 31ech Nyy M Ny — KOTTIECTBO
BXOJIHBIX U BBIXOJHBIX aHAJIOTOBBIX IEPEMEHHBIX COOTBETCTBEHHO.

st ompeneneHus CyIIeCTBOBAHUS DICKTPUUECKON CBSI3U MEXIY BXOTHBIMH
Y BBIXOJHBIMH aHAJOTOBBIMHU IEPEMEHHBIMU BBEIICHO TOHATHE (BYHKITUH ITPOBO-
JIMMOCTH

@I = {1y, ®I1y, ..., Iy}, )
rac N — KOJIMYECTBO COCTOSHUM CUCTEMBI CUTHaJIM3alluu U HSMCPGHHﬁ,
n, +n,
N = 2%+, (3)
rae N, n, — KOJUYECTBO JUCKPCTHBIX U aHAJIOT'OBBIX IEPEMCHHBIX.
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(I)yHKI_II/IH MMPpOBOAUMOCTH 3aBHUCUT OT KOH(l)I/IpraI_II/II/I CXCEMBbI JJICKTPHUYICCKUX
COCI[I/IHCHI/II\/'I CHUCTCMbI 3J'IeK’I‘pOCHa6)KCHI/I$I U COCTOSIHUH CBKJIKOYCHO», KOTKJIIO-
YCHO» KOMMYTAIIMOHHBIX allliapaToB. KommoHeHTsI AToM ®YHKHHH HUMCIOT BU

®IT; = (K, Ky ooy Ky ), 21,2, 00N, 4)

3nauenne @II; = 1 cOOTBETCTBYET HAJIMYUIO DJIEKTPUYECKOM CBS3H MEXKIY
Mapoil COOTBETCTBYIOIIMX BXOAHBIX M BBIXOJHBIX AHAJIOTOBBIX IEPEMEHHBIX,
3Hauenue ®II; = 0 — pa3peIBy 71eKTpUUECKOM LEMH.

Ha ocHoBe ncnonb3oBanus GpyHKIHNA TPOBOJUMOCTH, OMPEICISIOIINX HAU-
Y€ UM OTCYTCTBHE ANEKTPUUECKUX CBSI3EH MEXIy aHAJOTOBBIMU NIEPEMEHHBIMU
B ()YHKIIUU OT TIOJIOKEHUH KOMMYTAIIMOHHBIX arlapaTtoB U (QYyHKIMA UCTIPaBHO-
CTH, OTPAXKAIOIIUX HEMPOTUBOPEUYNUBOCTH MIIH TPOTHBOPEUMBOCTH COBMECTHO pac-
CMaTpHUBaEMBIX TUCKPETHBIX M aHAJIOTOBBIX MEPEMEHHBIX, CPOPMUPOBAHBI arpe-
TUPOBAHHBIC TUIOBBIC TAOIHIIBI UICTUHHBIX M OIIMOOYHBIX COCTOSIHUIN CHCTEMBI
CHUTHAJIM3AINH 1 M3MEPEHNH B HOPMATBHBIX PEKUMax paboThI Ui OMHOPOJHBIX H
Pa3HOPOIHBIX BXOJHBIX M BBIXOJHBIX aHAJIOTOBBIX IMEPEMEHHBIX M JO00H TOIo-
JIOTHH CXEMBI DJICKTPHIECKUX COCMHEHUIN CUCTEM dIeKTpocHabxenus [6, 7].

MmuoxectBo coctosiHII N TozipasensieTcs Ha MOAMHOKECTBO TEXHOIOTHYe-
CKU HEMPOTHBOPEYMBBIX COCTOSHHH 3HA4YeHUI mepeMeHHbIX A = {41, 4, ...,
Ai, ..., A4} ¥ TIOJMHOXXECTBO MPOTUBOPEUMBBIX cocTosiuuii B = {Bi, By, ...,
Bj, ..., By}, TIe Ai — coObITHE, 3aKIIFOYAIONIeecs B CYIIECTBOBAHUH i-T0 HEIPO-
THBOPEYHUBOTO COCTOSHMS, Bj — TO e j-ro MPOTHBOPEUHBOrO COCTOSIHUA.

OneMeHTaMu (TIEpEeMEHHBIMK) UCTHHHOTO i-ro coctosuust Ay = {ay, az, ...,
a1, ..., Ay} SIBISIFOTCS. COOBITHS Ay, A, ..., A1, ..., Ay, COCTOSIIKE B TOM, YTO H3Me-
pEHHBIE 3HAYCHHUS KOHTPOJIHPYEMBIX IMEePEMEHHBIX JOCTOBEpPHBI. 3/1€Ch 11 — 00-
IIe€ YHCII0 KOHTPOJIUPYEMBIX TIEPEMEHHBIX.

BBenem nonsTHe QyHKIMH Tepexona OT HEMPOTHBOPEUYNBOTO COCTOSHUS Aj
K OHIMOOYHOMY NIPOTUBOPEYUBOMY B;:

;i
Fi=[]b. =1 ..M i=1_.,H, ®)
1=1

rae bl - CO6LITI/IC, 3aKJIF0OYaromeecsa B TOM, 4TO B I-m PE3yIbTAaTC CUTHAJIN3AIUU

WM U3MEPEHNUsI IPUCYTCTBYET OIIMOKA; Kji — YHCIIO 37IEMEHTOB B j-M OIIMOOYHOM
COCTOSIHUM Bj, 3HaUe€HUSMU KOTOPBIX OHO OTJIMYAETCS OT MCTUHHOIO COCTOS-
Hus A

Torma BeposTHOCTH GyHKIMH Tiepexofa (5) Oyaer:

Q(Fji)zﬁql, j=1,..,M; i=1,..H, (6)

rae (, — IpuBEAEHHAs BEPOSTHOCTH OTKa3a |-ro kaHama.
Omumb0YHOE COCTOSIHME MOXET OBITh OTPEICICHO B 3aBUCUMOCTH OT HEMPO-
THBOPEYMBBIX COCTOSHUH M GYHKITHH TIepexoaoB (puc. 3)

K;

Bj=Z(A1Fji)=Z AiHbl : (7

1=1
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O003HauuB BepOSITHOCTH cOOBITHS Aj uepe3 P(A;) 1 BEpOSITHOCTL COOBITHS 4
4epe3 Py, ONpeneuM apHOPHYI0 BEPOSTHOCTh OLIMOOYHOTO MPOTHBOPEYHBOTO
COCTOSIHUS

H H Kii
Q(B;) =2 P(A)Q(F;) =2 | P(A)] ai | (8)

TexHOIOTHYECKH HETIPOTHBOPEHYHUBBIE COCTOSHUS 3HAYCHUH TIEPEMEHHBIX

SEERI< g

WOHOXOoT oo

TexHOMOrHYECKH TIPOTUBOPEYUBBIE COCTOAHUSA 3HAYCHHIH NEPEMEHHbBIX

Puc. 3. Cocrosiuus cucteMbl U QYHKIHH NIEPEXOJ0B OT TEXHOJIIOTHUECKH HEIPOTUBOPEUHBBIX
K TEXHOJIOTHYECKH TPOTHBOPEUNBEIM COCTOSHUSIM

Bce nctuHHBIE M OMMOOYHBIE COCTOSHMS OOpasylOT MOJNHYIO TPYHILYy HEco-
BMECTHBIX COOBITHH, U CyMMa WX BEPOSITHOCTEN paBHA €JUHUIIC

2.P(A)+2 Q(B)=1 9)
i=1 j=1

Ha ocHOBe peTpoCIeKTHBHOTO aHalu3a PEXXUMOB PabOThl JAHHOW CHCTEMBI
3JIEKTPOCHAOKEHUS M (MJIM) METOJIOM HKCIIEPTHBIX OLEHOK OMpenesisieM BeposiT-
HOCTH CYIIECTBOBAHUS HEMPOTHBOPEUMBBIX COCTOSIHUN 0€3 ydera BO3MOYKHBIX
OTKa30B CHCTEMbl CHUTHAJIU3allMUd U H3MepeHuil. BBens mns »TuUX BeposTHO-
cTeit 0603Hauenne P (A;) 1 monaras, uTo SKCIEPTHBIE OLEHKH TAKXKe 06pasyioT
MIOJIHYIO TPYIITYy HECOBMECTHBIX COOBITHIL, IMEEM

H
D P(A)=L (10)
i=1
Torna anpuopHast BeposITHOCTh ombouHoro cocrostaust Q(B;)
H kji
QB)=> P A]]a | (12)
i=1 1=1

Hunst cobnronenust ycnosust (11) BBOAUTCSI HOPMHPOBOUHBIN KOAPPHUIUEHT
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o= ! (12)

> P (A)+Y.Q'(B)
i=1 j=1

OxoHuaTenbpHBIC 3HAYEHHS HOPMHPOBAHHBIX ANPHOPHBIX BEPOSTHOCTEH Cy-
[IECTBOBAHUS TEXHOJIOTHUECKH HEMPOTUBOPECUUBBIX U MPOTUBOPEUUBHIX COCTOSI-
HUW CHCTEMBI CUTHAIM3AINH MOJIOKCHU KOMMYTAIIMOHHBIX aIliapaToB U U3Me-
pEeHHII aHAJIOTOBBIX MTEPEMEHHBIX

P(A)=aP (A); Q(B;)=aQ(B;). (13)

KadectBo paccmarpuBaeMoii B paboTe MareMaTHdeckod Mojenu (yHK-
[MOHATHHON JUATHOCTHKH MOXXHO OIICHHUTD CICIYIONTUMH XapaKTePUCTUKAMU:

1) noruveckoii MOJHOTONH MaTEMaTHYECKON MOIEIIH;

2) 3(PeKTHBHOCTHIO METOJOB JUATHOCTHKH, OCHOBAHHBIX HAa HCIOJIH30Ba-
HUUY JAaHHOW MaTeMaTHYCCKON MOJICIH;

3) riryOMHOMN THATHOCTHKH.

Jloruueckasi HOJIHOTa MATEMATUYECKOM MOJIENI CUCTEMBI JUATHOCTUKH

*

M
M =——-o, (14)

M
roe M — oOlee 9UCIIO MPOTHBOPEYMBBIX COCTOSHHHA 3HAYCHHUH TEPEMCHHBIX;
M — 9UCIO TEXHOJIOTUYECKU MPOTUBOPEUUBBIX COCTOSHUN 3HAUCHUM NIEPEMEH-

HBIX, BEPOSATHOCTU KOTOPBIX YIOBJICTBOPSIIOT CIASAYIOMIEMY YCIOBUIO:
Q(Bj)>¢, (15)

rae & — mopor, ONnpeneNsioNui YPOBeHb UCKIIIOYaeMbIX U3 PACCMOTPEHHS Ma-

JIOBEPOSATHBIX TEXHOJIOTMYECKU TPOTUBOPECUUBBIX COCTOSTHUM.

O} HEeKTHBHOCTH METOMIOB AMATHOCTUPOBAHMSI OIIMOOK CUTHAIU3AIUU U W3-
MEPEHHM, OCHOBAHHBIX Ha HCIOJb30BAHUM TaHHOM MAaTEMaTHYECKOH MOJEINH,
MOXET OBITh OIICHCHA KaK OTHOIIICHUE YHCIIA OIIUOOYHBIX COCTOSIHHIA, KOTOPHIC
MO>XHO BBISIBUTH C yueToM (15), k obiiemMy 4ncity OomuOOYHBIX COCTOSTHUM (Kak
OYEBUAHO TIPOTHBOPEUYUBHIX M, TaKk M BHEUIHE HENMPOTHBOPEUYHBHIX 7, 3aMacKH-
POBAHHBIX MOl HICTHHHBIE, & PAKTHUECKH OMMOOYHBIX COCTOSHUIMA):

*

M

“MaT (10

ITox rmyOMHON AWArHOCTHPOBAHMS ITOHUMAETCS KOJUYECTBO YUHUTHIBAEMBIX
BO3MOKHOCTEH OOBSICHEHUSI TEXHOJIOTHUYECKUX IMPOTHBOPEYUN PE3yIIbTATOB CHT-
Hanu3auu U u3MepeHuif. OHa OLIEHHUBAETCS KOJIUYECTBOM HEIPOTHUBOPEUUBBIX
COCTOSIHUI, Ha OCHOBE CpPaBHEHHS C KOTOPHIMH HEIOCTOBEPHOTO HM3MEPEHHOTO
COCTOSIHUSI OTIPENEISIFOTCS OMIMOOYHBIE 3HAYCHUS W3MEPEHHBIX AMCKPETHBIX U
AQHAJIOTOBBIX MEPEMEHHBIX.

Bo3MOXHBI 1Ba 1MOAX0Aa K OpraHW3aIlii AWATHOCTHKH OIMMOOK CHTHAJIH3a-
LUU U U3MEPEHUIL:

1) dyHKIHOHATBHAS AUATHOCTHKA PE3YJIbTATOB CUTHATHM3AIIUM TTOJOXKCHUH
KOMMYTAIIMOHHBIX JJICKTPUYECKUX aIlllapaToB M M3MEPECHHUI aHaJIOTOBHIX ITepe-
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MEHHBIX ITyTeM UX CPaBHEHUS CO 3HAUCHUSIMU NIEPEMEHHBIX B TaOIHIIE OMIHOOK H
MOCJHEAYIOIIEHN JIOKAIN3aUUEN HETOCTOBEPHBIX IAHHBIX C MCIOJIB30BAHUEM 3a-
panee chOpMHUPOBAHHOTO CIIOBAPS HEUCTIPABHOCTEH;

2) GyHKIMOHANBHAS JMATHOCTHKA PE3yJbTATOB CUTHAIHM3AIUK TOJIOKCHUI
KOMMYTALIMOHHBIX alNapaToB U U3MEPECHUN aHAIOTOBBIX MEPEMEHHBIX MIYTEM
X CPaBHCHHS CO 3HAYCHUSMH MEPEMEHHBIX B TaOIWIE UCTUHHOCTH, MOCJE-
nytonied uaeHTU(GUKaIe HanboJiee BEPOATHBIX MCTHHHBIX COCTOSIHUN W JIO-
KaJu3alueil HeJJOCTOBEPHBIX JAHHBIX B TEMIIE Mpoliecca.

Hcnonp3oBanue criioBaps HeucrnpaBHOCTEH TpedyeT O00bIIoro 00beMa maMsTH
OBM, HO 3aT0 3HAYMTENBHO YNPOIIACT OOHAPYKCHHUE U JIOKATH3AINI0 HEIOCTO-
BEPHBIX JTAHHBIX. [|OCTOMHCTBOM BTOPOTO alrOpUTMA SIBISICTCS MEHBIIHNMA 00BEM
HEO0OXOIMMOM TTaMATH ¥ BO3MOYKHOCTH OTIEPAaTUBHOW KOPPEKTUPOBKH aJITOPUTMAa
[IpY U3MEHEHUAX CXEMBbI U BEPOSITHOCTEW UCTUHHBIX COCTOSIHUNA. OHAKO mpolie-
JIypa BBISBICHUS OLTHOOK B 3TOM CITydae YCIOXKHSIETCS.
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