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A. . TUMOUIKHH (PocToBckuii rocyaapCTBEHHBIN KOJUIEK CBSA3H U HH()OPMATHKH,

Poccuiickas denepanus)

O HEOBXOJIMMOM N JOCTATOYHOM YCJIOBUHA
CYHECTBOBAHUA NPOBEPAIOHEI'O ®YHKIIMOHAJIBHOTI'O .
TECTA MUHUMAJIBHO-BO3MOKHOMU JJIMHBI JIA OJHOMEPHOU

UTEPATUBHOM CTPYKTYPhI

PosrnsayTa mpobiema MOBHOTH TECTYBaHHS BITHOCHO IO PETYJSAPHUX KOMOIHAMIHHUX cxeM. OIHIOETHCS Kilb-

KIiCTh TaKHX CXEM i3 OJTHOTO KJIacy.

PaccmarpuBaercss mpobiema MOJHOTH TeCTHPOBAHUS
MaM. OIIeHHBAETCs YUCIIO TAKUX CXEM H3 OJHOTO Kilacca.

TIPUMEHUTEIIBHO K PEryJIsIpHBIM KOM6I/IHaHI/IOHHbIM CcXe-

The problem of confidence testing applying to the regular iterative circuits is considered. Total number of such

circuits from one class is estimated.

OaHol U3 BaKHEHIINX 3a74a4 TEXHUYECKOHN TH-
ArHOCTUKH LU(POBBIX WHTErPABHBIX CXEM SIBIIS-
eTcsd 3ajaya IMOCTOSIHHOTO MOBBIIICHUS IOJHOTEHI
KOHTpOJI X paborocnocobHocTH. JlaHHas 3aga4a
MOXeT ObITh 3((PEKTHBHO pelIeHa Ha OCHOBE HC-
MOJb30BaHUsT  (DYHKIHMOHANBHBIX  MPOBEPSIOMINX
TECTOB.

[IpumMeneHnne GyHKIMOHATBHBIX TPOBEPSIOMINX
TECTOB HamOolee Iienecoodpa3Ho s MUBPOBBIX
CXEM C PEryJsipHON CTPYKTYpOW W, B TOM 4HCIIE,
IUTsl uTepatuBHBIX MHGpoBeIX cxeM. (K uteparus-
HBIM LUQPOBBIM CXEMaM OTHOCSTCS PEryJIApHbIC
OUQPOBBIE CXEMBl C MICHTUYHBIMU SYCHKAMU
(ameMenTamMu) U cBsI3sIMH [1]).

Hnst spdexTuBHON pa3pabOTKH ONTHMAIBHBIX
mponeayp KoHTposs paboTocrnocobHOCTH HBPO-
BBIX PEryJIIPHBIX HHTEIPalbHBIX CXEM, a TaKXKe
ONTUMAJILHBIX TPOLEAYP KOHTPOJS M AHATHOCTH-
poBaHMsI LU(PPOBBIX CUCTEM Ha MX OCHOBE HEOO-
XOIMM BCECTOPOHHHMH CTPYKTYpPHO-(YHKIHOHAIIb-
HBIH aHamn3 3TUX cxeM. OZHOW M3 BaKHEHIINX
Hesneil ymoMsHyTOro aHaJIn3a SIBJSIETCS OJTy4YeHUe
HEOOXOOUMBIX W JOCTaTOYHBIX YCIOBHH CYLIECT-
BOBAHUS IPOBEPSIOINX (DYHKIIMOHATIBHBIX TECTOB
3aJaHHON (B TOM YHCJI€ W MUHHMAJIbHOW) AJMHEI
IUIS. OTMEUEHHOTO TUIIA CXEM.

B pabote [2] chopmyaupoBaHO HEOOXOAMMOE
U JOCTaTO4YHOE YCJOBHE CYIIECTBOBAaHHUS IpOBe-
pstforiero (GyHKIMOHAIBHOTO TecTa ATHHBI 2" (Min
MUHUMAaJIbHO-BO3MOXKHOM JJIMHBI) A1 OZHOMEp-
HOU perynsipHOW CTPYKTYpBl 7 U3 M (YHKIHO-
HaJbHBIX SYEEK C OJUHAKOBBIMU MEXbSUCCUHBIMU
cB3smu. Ilpu atom kaxkmas i-tas (i=1,2,...,m)
s;YeHKa ATOW CTPYKTYpBI UMEET IO OJAHOMY I'OpHU-
30HTAJIBHOMY BXOZY U BBIXOIY, OJAMH BEPTUKAJb-
HBIH BBIXOJI, #-1 BEpPTUKAJIBbHBIX BXOJOB U peayu-
3yet nBe bynesol GyHKkunu F; u H;, 3aBUCSIIUX OT
1 TIEPEMEHHBIX:

B, x|, X, ,....x,, HeobX0mMMMO OTMETHTH TaK-
ke, 9T I mo0oro i Fi=F;u H;=H;. lpu sTom
Ha TOPU30HTAIHHOM BBIXOJIE JIFO0OU i-TOW SUeHKH
(ie{l, 2 ,..., m}), CBA3aHHOM C TOPH30HTAILHBIM
BXOJIOM /i;1y i+1-0if sueiiku dopmupyercs pyHk-
nus H; a Ha BEepTHKAIBHOM BbIXoje — F;. Onmcan-
Has CTPYKTypa Moka3zaHa Ha puc. 1. B macrosmei
paboTe MPHUBOAWTCS AOKA3aTEIbCTBO CHOPMYIIHU-
poBaHHOTO B padbore [2] HEOOXOAMMOTO W JOCTa-
TOYHOTO YCIIOBHUS, & TaKXke, NMPHBOAUTCS OLECHKA
MOIIHOCTH PAacCMOTPEHHOTO Kilacca R; oJHOMEp-

HBIX PETYJSIPHBIX CTPYKTYP.
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Puc.1. OrHOMepHas peryisipHas UTepaTHBHAs CTPYKTypa
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Teopema 1. PerynsipHas utepaTUBHasi CTPYK-
Typa re€R; o0namaeT NPOBEPSIOMUM (QYHKIHO-
HaJIbHBIM TECTOM MHUHHMAJIEHO BO3MOKHOH JJIMHEI
(mmaHbI 2") TOT/IA M TOJBKO TOTZA, KOTAA VIS JIHO-
ooro i€ {1,2,3,..m} 9UCIO EOUHUI] B CTOJOIC 3HA-
yeHud QyHKIuM H; e€ TabauIsl HCTHHHOCTH pPaB-
HO YHCIy €IMHHIl B CTOJOIE 3HA4YEeHUH e€ apry-
MeEHTA /.

Joxa3zareabcTBo. JloctatouHocts. IlycTh BbI-
MOJHAETCSI yClIOBHE, C(OpPMYIMpPOBaHHOE B JaH-
Hol TeopeMme. Ilokakem, Kak B JaHHOM CcCilydae
MOYXXHO IIOCTPOWTH IPOBEPSIOMUI (YyHKIHMOHAIb-
HBI TECT MHHUMAaJIbHO BO3MOKHOW JUIMHBI (IJTU-
uel 2"). lns nro6oro ie {1, 2, 3, ...} MHOXeCTBO L
BCEX CTPOK TaONWIBl UCTHHHOCTH (DyHKIMH H;
MOJKET OBITh Pa3dMUTO Ha JBa HETepEeCceKaroINXCs

(=p UJns
w, ﬂpz =@). Ilpu 3TOM B MHOXECTBO L; OyayT

MOIMHOXECTBA: [ H

BXOAWTH CTPOKH, JUIS KOTOPBIX 3HAa4YEHUE apry-
MeHTa h; paBHO 3HaueHuto pynkumu Hpw/h=H,)),
a B MHOXECTBO [l — CTPOKH, U1 KOTOPBIX 3Haue-
HHUE apryMeHTa /; He paBHO 3HAYCHHUIO (YHKIUH
H(uy/h#H;). 910 pazOueHue MopoxaacT aBE MO-
TaOIMUIBI UCTUHHOCTH pyHKUMU H, W, U W,. Hc-
XO[Il U3 TOTO, YTO YHCJIO €IUHHII B CTOJOIE 3HA-
yeHuit pyHkun H; e€ Tabnuipl UCTHHHOCTH PaBHO
YHCITy WHUIl B CTONOIE 3HAYCHUH e€ apryMeHTa
h;, ¥ TOr0, YTO YMCJIO €AMHUI] B CTOJIOIE 3HAYEHUN
¢bynkuun H; e€ |- moaTabiuIbl HICTHHHOCTH PaB-
HO YHCIy €IWHHIl B CTOJOIEC 3HA4YeHUH e€ apry-
MEHTa /; 3TOW MONTAOIHUIIBI CIIEAYET, YTO U YUCIO
SIHUI] B CTOJOIE 3HaueHnd (yHkumu H; e€ W,-
monTabaUIBl UCTUHHOCTH JIOJMKHO OBITH DPaBHO
YHCIy €WHUIl B CTONOIE 3HAYeHUH e€ apryMeHTa
h; ynomsHyTOM moaTabmuiel. [loatoMy mis mo6o-
roief{l, 2,3, ..m} 4UCIO CTPOK B [l,-ITOATA0IHIIC
ucTuHHOCTH (hyHKIMK H; Bcerna yeTHo. [lockons-
Ky i moboro i€ {1,2,3,.m} 4nucio emuHUIl B
CTONIOIE 3HAYCHHWM apryMeHTa /; paBHO YHCITY
€JIMHUIL B CTOJIOIC 3HAUCHUI apryMeHTa f;., clie-
JIOBAaTeIbHO, YMCJIO €AWHUI] B CTOJOIE 3HAYCHUU
byHKIMM H; paBHO YUCITY €IWHHII B CTOJIOIE 3HA-
4yeHuil aprymenTa /.. [loatomy it MoOBIX HO-
MEPOB j1, Ja, j1#j2 CTPOK

t- :(B{l ,0 1 11 az 11 . ’a:’_lvjl);
{ =(Bij2, Lj 0(2’2 ,af"l’jz), TaKuXx, 4TO
B/ #B/> W-MOATAGNMIEI MCTMHHOCTH (YHKIUHU
H; i-Toii sueliku Haﬁz[chsl HOoMepa ki, ky, ki#k,
cTpoOK =Bl ot o o)
t, =( B,k a IZJI‘Z,...,(X,"'QI’]CZ) U2-HOITAOTHIIBI

UCTUHHOCTH GYHKINU H,. i+1-0# s4eiiku Takwue,

k.
4TO AJId NEPBBIX KOMIIOHCHT Bz+l , Biil 9THUX CTPOK
6y,HYT BBITIOJIHATBHCA PABCHCTBA!
By bt 200 o Lj
Hi(Bil,a' l,a‘ 15' I) BH])
N A (1)
H;‘(Biz’ ? Ot 2 2) B1+l

ky

W3 sTux paBeHCTB ciexyer, urto B =B;2, u

S —
B —Bl 1,. Takum o0Opa3om, MexIy CTpPOKaMH U3

Wo-TTONTabIUIBl UCTUHHOCTH GYHKIMA H; u Hiyy
MOJKHO 33/1aTh B3aMMHO-OJHO3HAYHOE COOTBETCT-
BUE @ (M IpuyYeM B OOINEM Cllydae HE CIMHCTBCH-
Hoe), ompenensiemoe paBeHcTBamu (1). CremoBa-
TeTBHO, U1 parMeHTa p M3 JIOOBIX JBYX IOCITEe-
JIOBATENBHBIX SUEEK paccMaTpUBAEMOU DETYJISIp-
HOM  CTIPYKTYphl 7  MOXHO  IIOCTPOUTH
GyHKIMOHANBHBIA moaTecT miuHbl 2"-1, Tae [-
YUCJIO0 CTPOK B |-HOATA0NHIIE  HMCTUHHOCTH
¢ynkuun H;. Ilpu 3ToM mo00il TECTOBBIM BEKTOP
3TOTO TMOJTECTA I YIOMSHYTOTO (parMeHra o0-
pa3yercs IyTeM CBePTKH HaXOMALINXCS BO B3aMM-
HO-OJTHO3HAYHOM COOTBETCTBHHM () CTPOK |-
nonTabauI UCTHHHOCTH QyHKIMA H; u H;. . B da-
CTHOCTH, TECTOBBIMH BEKTOpaMH IS paccMaTpu-
BaeMoOro (QparmMeHTa HUTEPATUBHONH OJIHOMEPHOM
CTPYKTYpBI OYIyT BEKTOPHI

2 /1 ,a;’;ll’jz ) "
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(DyHKuHOHanLHHH texket T mmuHbl 2" 1is Bcel
OJIHOMEPHOM WTEpPAaTUBHOM CTPYKTYpBl 7 MOXKET
OBITH OCTPOCH CIEAYIOIUM 00pa3oM:

1) cHavana crpoutcs 9acte 71 Tecta T, KoTopas
(dhopMHpyeTCsl Ha OCHOBE [L;-ITOATAOIHIIBI MCTHH-
HoctH (yHKUMU H; ansg mpousBosbHOTO i (TO-
ckonbKy H;=H;. nuia Vi); 3Ta 4acTb COAECPKHUT [
TECTOBBIX BEKTOPOB, KaXbIi U3 KOTOPHIX 00pasy-
eTCsl MyTeM WTEPHPOBAHMS HYXHOT'O KOJHMYECTBA
pa3 COOTBETCTBYIOLIEH CTPOKH [i-TIOATAOIHIIEI
UCTUHHOCTH (GYHKUMHM H;, IpudeM Ha BTOPOM H
HOCIIEAYIOUINX UTEPUPOBAHUAX YIIOMSHYTasl CTPO-
ka Oepetcs 0e3 nepBoi KOMIIOHEHTHI;

2) 3aTeM cTpouTcs 4acth 1, Tecta T, KoTopas
dhopMupyeTcsi Ha OCHOBE (hYHKIIMOHAIBHOTO TIOJ-
Tecta ()parMeHTa p, 3Ta 4acTh comepkuT 2"-/ Tec-
TOBBIX BEKTOPOB, KaXK/BIH U3 KOTOPBIX 00pa3yeTcs
MyTEM HUTEPUPOBAHUS HYKHOI'O KOJIMYECTBA Pa3
COOTBETCTBYIOIIETO TECTOBOI'O BEKTOPA M3 JTAHHO-
ro QyHKIHOHAJIBHOTO MOATECTA, MPH 3TOM TaKXKe
Ha BTOPOM U HOCJIEAYIOIINX UTEPUPOBAHUAX YIIO-
MSHYTBIA TECTOBBIH BEKTOp Oepercs 0e3 TIepBoi
KOMIOHEHTH. TakuMm o00pa3oM, JOCTaTOYHOCTH
yCIIOBHUS, CYOPMYJIUPOBAHHOTO B JAHHOM TEOpEME,
JIOKa3aHa.

,]2 a ,]2

217



Heo0xoqumocth. [lonmycTuM, 4YTO YCIOBHE,
chopMyNIUpOBaHHOE B JAHHOH Teopeme, HE BbI-
nonHsAeTcs. B aToM ciaywae s oKa3zaTeNnbCTBa
HEBO3MOXKHOCTH MOCTPOCHUSI (DYyHKIIMOHAIBHOTO
TecTa JUTUHBL 2" [T BCEH PETYJSIPHOM CTPYKTYpBI
¥ JOCTAaTOYHO MOKa3aTh, YTO U1 MPOU3BOJIBHOTO
¢parmMeHTa p U3 JOOBIX JBYX MOCIENOBATEIBHBIX
siueek (i-Tod W i+1-0if) paccMaTpuBacMoON CTPYK-
TYpbl GYHKIMOHAIBHBINA TECT AJIHMHBI 2" HOCTPOUTH
Henb3s. [lycTh 1y onpeaeneHHOCTH IS II000ro i
YHUCIIO €JUHUI B CTOJNONe 3HaueHui (QyHKumMu H;
Oomplie yucaa €OUHUL B CTOJNOLE 3HAYCHUN e
aprymenta h;. ClemoBaTeNnbHO, TPH IOCTPOCHHUH
B3aMMHO-OJHO3HAYHOTO COOTBETCTBUS, OIpee-
nsieMoro paBeHcTBamu (1), HaWyTCs, IO KpaiHen
Mepe, IBa HOMEpa j| U j,, j17j2 CTPOK

— (0 it g2 n=1jy.
t =0/, 0, 0,00 )
—(02 b 2 n-1,j
1, =07, 0,707,040 ")

Wo-MOATAOMMIBI  WUCTHHHOCTH  QYyHKUMH  H;
i-TOM S[YEHKH, KOTOpBIM OyZeT COOTBETCTBOBATH
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TUHHOCTU GYHKIMH H;yy i+1-0H sS4eWKH, TaKoi,

HOMEp

n—1,k
i+l

CTPOKH
o

9TO JUIA NEPBOM KOMIIOHEHTBI lfﬂ ITOH CTPOKH

OyAyT BBHIOJIHATHCS PaBEHCTBA!

Ji gl
H, (0", 0"

1

J Lj 2,J n=lj,\ _ 1k
H.(072,a,2,02,..,00 ) =17,

2,j n=ljiy _ 1k
a7 La ) =1,

Takum 00pa3oM, MEXIy CTPOKaAMH U3 -
nonTabmu ucTuHHOCTH GyHKUWH H; m H;yy i-TOM
U i+1-0# s;'ueex B3aMMHO-OJHO3HAYHOE COOTBETCT-
BHUE, onpezaenseMoe paBeHcTBamH (1) 3a1aTh Helb-
3. IloaTOMy HEBO3MOXKHO B 3TOM Ciy4ae IIO-
CTpoeHre (PYHKIIHOHAIBHOIO TECTa JIMHBI 2" ISt
MPOM3BOJIBHOTO ()parMeHTa W3 JIOOBIX JBYX IIO-
CJIEJIOBATEIbHBIX SYCCK PACCMATPUBAEMON CTPYK-
Typsl. Teopema noka3zana.

OneHnM Tenepb MOITHOCTH Kiacca R, omvcaH-
HBIX B pab0OTe OJHOMEPHBIX PETYJSAPHBIX CTPYK-
Typ, T.€., 00JNATAOINX MHUHHMAaIHHO-BO3MOKHBIM
(YHKIIOHATBHBIM TIPOBEPSIFOIINM TECTOM:

m
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R =[C2§H Jm =
| | 2 (2n—1)!(2n _2n—1)!

_ Q"N DR +2).2" 2

(2n—1)!(2n—1)!
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(2n—1)!(2n—1)! (2n71)!
T+ T+ T 4+3)..(27+27 - vl
3 2/! 1 1 2/’! 1 2 2/’! 1 3 2}1 1 2/! 1 1 2}1 1 2 B
(2)1—1 _1)!2;1—1
2721 pn-l " 21 pn-1 "
=|2. 2" +k =|2. H 2 +1
k=1 k 1\ k

BoiBoabI

1. B Hacrosme# paboTe oTMedeHa 1ernecoo0-
pasHOCTh NpUMEHEHUs] (QYHKIIMOHAJIBHBIX IPOBE-
PAIONIMX TECTOB JJIs MHU(POBBIX CXEM C PETyJIsip-
HOU CTPYKTYpOH, MPOM3BENCHO JOKA3aTeIbCTBO
HEOOXOJMMOTO ¥ JIOCTATOYHOT'O YCIIOBHUS CYIIECT-
BOBaHUS TPOBEPSIONIETO (QYHKIIMOHAIEHOTO TECTa
MUHHMAJIBEHO BO3MOXHOU JJIMHBI ISl OJTHOMEPHOI
peryIsipHON CTPYKTYpBI, MPOU3BeieHa o0Iias Me-
TOJIUKA TIOCTPOCHUSI ITOTO TECTa, OIlEHEHa MOII-
HOCTB KJIacCa OJHOMEPHBIX PETYJISPHBIX CTPYKTYP,
00Taat0IIMX TAaHHBIM TECTOM.

2. llomyueHHble pe3yabTaThl U MOAXOIBI MO-
TYT OBITh WCIIOJIE30BAaHBI MPU AHAIHM3E PA3TUUHBIX
PETYISPHBIX CTPYKTYp, TNPH CHUHTE3E KOHTPOJIE-
MPUTOHBIX PETYISPHBIX IU(PPOBBIX CXeM, paspa-
60TKe IMMPOBEPAIOIINX U JTUATrHOCTUPYIOIUX TECTOB
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3THX CXEM, a TaKKe MPU pa3paboTKe METOA0B Tec-
THPOBaHUS W CaMOTECTHPOBAHUS ITH(PPOBBIX CXEM
Y CHUCTEM.
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