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Paspabomanneiti nooxoo k opeanusayuu - OMKA30YCMOULUBLIX
ananuzupyemvix  yugpogeix cucmem (LJC)  saxnouaemcs 6
NOOUEPEOHOM YCPAHEHUU GIUAHUS HEUCTIPABHO20 KOMNOHEHMA
paznuunsix  paemenmos L[C. Ananuzupyemvii ¢paemenm [[C
cocmoum u3 npogepsaemo20 aboHenma, KOMMymamopa u 08yx JUHUIL
CEA3U  KOMMYMAmopa ¢  NpoGepsaiowum U NpoGepseMbiM
abonenmamu. [nsa kaxcoo2o gpazmenma cmpoamcs npoepammHule
bazosvle MOOyIU mpex 6uoos. Ycmpanenue GIUAHUSA HEUCHPABHO20
KOMNOHEHmMa NpoBOOUMCs 3amewjenuemM QYHKYull HeucnpasHoo
KOMROHEHMA  QYHKYUAMU  COOMEEMCMBYIOWUX  UCHPAGHbIX
KOMNOHEHMO8. IIpeocmasnennuiii nooxo0 eapanmupyem
YCmpaHeHue GIUAHUA O0OHO20 HEeUCNPAGHO20 KOMNOHEHma 1006020
muna L{C ananusupyemoti cmpykmypul. Heobxooumvim ycroguem
peanuzayuu  npeoiazaemozo Nnooxood SAeIAemcs Haiuyue 08yxX
CONPSIICEHHbIX nymel Mexcoy Kaxcoou napoiu abonenmos L[C
AHATUSUPYEMOT CIPYKINY DO

! Buxmop Anexceesuy Bedeuienkog, 00Kmop mexHuieckux Hayx, Cmapuiuil
nayunviti compyonux (Wa@ipu.ru, Mockea, yr. Ilpogcorosnas, 0. 65,
men. (495) 334-75-90).



KawueBbie ciaoBa: 1udpoBas cucremMa, MHHUMAJIbHBIA
KBa3WMONHBIA Tpad, OTKA30yCTOMYMBOCTH, (HparMeHT, abOHEHT,
0a30BbIIl MOIYJIb.

1. BBenenue

B mHacrosmedi cratbe moj nmdpossiMu cuctemamu  (LC)
MIOHUMAIOTCS. MOJEIM MHOTOMAIIWHHBIX WM MHOTOIPOLECCOPHBIX
BBIYHUCIUTEIBHBIX CHUCTEM, OTpaKkarolue HEOOXOTUMEBIC
JUarHOCTHYECKHE CBOWCTBA M  IMapaMeTphl  aHAIM3HPYEMBbIX
BBIYMCIIATEIBHBIX CUCTEM.

MuHUMAaNBHBI KBa3WUTONHBIA Tpad oOpazyercs Ha OCHOBE
OMHOPOAHOTO  IBYIOJNBHOTO Tpada, OmHy [OJI0 KOTOPOTO
COCTABISIIOT KOMMYTAaTOpPbl MXM, a APyryl0 — M — MOPTOBBIC
aboHEeHTHI. 3HaueHHe M BBHIOMpAETCS MUHHMAIBHBIM, MPH KOTOPOM
mo0bIe 1Ba y3Jla B OJIHOW JI0JI€ CBSI3aHbI ¢ ITyTSIMU JJIMHBI J1Ba Yepe3
pasHble y371bl B JApyrod pgose. B omgHOM gone wumeercs N
KOMMYTaTOpOB, a B Apyroi — N aboHeHTOB. Kaxnmplii Takod myTh
MIPOXOJUT Yepe3 OJMH KOMMYTATOp, U pPa3HbIE MyTH MPOXOIAT Yepes
pa3Hble  KOMMYyTatopel. [lns  paccMarpuBaeMbIX — TOIOJOTHMA
mapaMeTpsl N U M cBs3aHbl cooTHomeHneM N=m(m-1)/o+1 u He
MOT'YT OBITh B3SITHI IPOU3BOJIBHO [6, 7].

B uucie BO3MOXHBIX oOOJjlacTeli mNpUMeHEHUs TIpadoB C
MOJIOOHON HOBOM  CTPYKTYpOH HAa3bIBAIOT  OTKA30yCTOWYHBBIC
MHOTOMAIIIMHHBIE BBIYHCIUTENbHBIE cucTeMbl (MBC) peamsHOTO
BpEMEHH, TJE, HalpHMep, MOAMHOXECTBO BEpIIMH OJHON J0IH
MIPE/ICTABISIET COBOKYIMHOCTh TIPOIIECCOPHBIX JJIEMEHTOB WM
BBIYMCIIUTEIBHBIX MAIIKH, & TOJMHOKECTBO BEPILUH JPYrol AOIH —
KoMMyTatopsl [8, 9].

B 3agadax AMarHOCTUPOBaHWS HEWCTPABHBIX KOMIIOHEHTOB
UUPPOBBIX CHUCTEM CO CTPYKTYPOH MHMHUMAJIBHOTO KBA3WUIOJIHOTO
rpada mpennojaragoch, UTO IOCIEAYIOLIEe BOCCTAHOBJIEHHUE
padotocrnocooHocTH LIC mpoBOAUTCS € ydacTHEM OOCITYKUBAIOIIETO
TepcoHana [1-4]. Mexny TEM, TUTS obecrieueHuns
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otkazoyctoiunBocty L[C nomkHa MMETh IMpOrpaMMHO-aNIapaTHbIE
CpeAcTBa aBTOMATUYECKOTO BOCCTAHOBJIEHUS DPabOTOCIOCOOHOCTH
mocje OTKa3a KOMIIOHEHTOB CHCTeMBbl. I[lOCKONBbKY (U3HMUECKHi
PEMOHT HeucrnpaBHbBIX KoMnoHeHToB B LIC aHammsupyemoit
CTPYKTYpPBl HE MOXET IPOM3BOAWUTHLCS, TO B JaJbHEWIIeM Oyzem
TOBOPUTh 00 YCTPAaHEHHWH BJIMSHUS HEHCIIPABHBIX KOMIIOHEHTOB C
MOMOIIBIO anmnapaTHO-IporpaMMHoi pekondurypamyu LIC.

MeTozapl HOCTPOEHUS! 0TKAa30yCTONYMBBIX CUCTEM CYLIECTBEHHO
3aBHCAT OT CTPYKTYPHI U MTapaMeTpoB 00beKTa pa3paboTku. B cBsa3n
C OSTHUM TOSABJICHHE HOBBIX CTPYKTYP BBIYMCIHUTEIBHBIX CHUCTEM
TpeOyeT O€3yCIOBHOM KOPPEKIMM WIH JIOPAOOTKUA W3BECTHBIX
METOAOB. TpymHOCTH THOCTPOEHHS OTKAa30yCTOMUYUBBIX CHCTEM
CYIIECTBEHHO BO3pPacTalOT C YBEIMYCHHWEM YHCIa YCTPaHSEMBIX
OTKa3aBIIMX KOMIIOHEHTOB. B cBsi3u ¢ 3TuM OJI1  IMOCTPOCHUA
otkazoyctoiumBbix L[C mpencraBiseTcsi moyie3HbpM (PparMeHTHBINA
MOOXOMA, B KOTOPOM HEOOXOAWMBIE MNPOrPaMMHBIE IPOLEIYPHI
BBIMIOJIHAIOTCS Haa dactetlo (pparmentom) Beeit LIC [4, 5].
BcrnenctBue oqMHaKoOBOM CTPYKTYpPBI M cOCTaBa ()parMEHTOB METO/IBI
U cpelcTBa o0ecneueH sl 0TKa30yCTOMUMBOCTH, pa3pabOTaHHbIEC AT
OHOT'O @parMeHTa, MOXXHO «HAaCTPOUTH» IJIA YCTPAHCHUA BJIMAHUA
HEHCIIPABHBIX KOMIIOHEHTOB B JAPYT'HX (parMeHTax.

2. IlocraHoBKa 321241

Ucxonnas LIC co cTpykTypod MHHHMMAaJIbHOTO KBa3HIIOJIHOTO
rpada S, , IpeacTaBieHa TaOMUIEeH CBA3EH, B KOTOPOM N BepILUH
OJHOHM JTOJM MPEACTABISIOT aOOHEHTHI (IPOLECCOPbI), N BEPLIMH
JIpyToil oM - KOMMYTATOPHBI, MPUYEeM Kax/Iblii aOOHEHT CBsI3aH C
KaXIbIM JIPYTHMM a0OHEHTOM JBYMSI JIMHUSIMH CBSI3H, TIPOXOISIIUMH
yepes3 J1Ba pa3HbIX KOMMYTaTopa.

Bynem cumrarh, 4YTO JONYCKAarOTCS YCTOMYMBBIE OTKa3bl
KOMITOHEHTOB: a0OHEHTOB, KOMMYTAaTOPOB W JIMHUM CBS3H, MPUYEM
HEHUCIIPABHOCTH KOMITOHEHTOB TaKOBBI, YTO MPEKpAIaoT padoTy Tex
KOMIIOHEHTOB, B KOTOPBIX OHM BO3HUKIU, U HE BIHAKT Ha
paboTOCIIOCOOHOCTh IPYruX KOMIIOHEHTOB, HE MMEIOIIUX CBS3EH C
JIAHHBIM HEHCIIPABHBIM KOMIIOHEHTOM.



Hns obecmeuenust otkazoycroitunBoctn B LIC BBIIEneHsI
pe3epBHBbIC KOMITOHEHTEI.

TpeOyercss ~ pa3paboraTh MOJIX0T K 00ecre4eHnIo
otkazoyctoiunBocTH L[C 0€3 HM3MEHEHUS WCXOIHOW CTPYKTYPBI
MUHHMAJIBHOTO KBA3WIONHOTO Tpada ¢ JBYMS NYTSIMH MEXKIY
nByMsi aboHeHTamu (Ha mpuMepe Tpada c mapamerpamu N = 11,
m=>5, 0 =2).

3. IToaxon Kk odecrneYeHNI0 0TKA30YCTOHYNBOCTH
I C co cTpyKTYpOii MUHUMAJIBHOT0 KBa3HIOJIHOIO rpaga

¢ 2 myTsaMu Me:xx1y 2 aboneHTamu (Ha npuMepe rpadga pasmepa
11x11)

TpamuiMoHHBIH CIOCO0 00eCHeUYeHUsT OTKa30yCTOMYUBOCTHU
BBIYHCIIUTEIBHBIX CHCTEM BKIIIOYACT CIICTYIOLIHE STAIIBI:

- KOHTPOJb pabOTOCIIOCOOHOCTH CHCTEMBI W OOHapy>KEeHHE
¢axTa ee oTKa3a,

- IMarHOCTHPOBAHUE TEXHUYECKOTO COCTOSHUS KOMIIOHEHTOB C
LEbI0 NACHTU(HUKANH HEUCTIPABHBIX KOMIIOHEHTOB,

- 3amenieHMe  (PEMOHT)  HEHCIPAaBHBIX  KOMIIOHEHTOB
OJTHOTHITHBIMU MCIIPABHBIMU KOMITOHEHTaMH,

- BO300OHOBIJIEHHE pabOTHI BOCCTAaHOBICHHON CUCTEMBI.

[Ipemnaraemplii OAX04 K OOECIIEUYEHHIO OTKA30yCTOHYMUBOCTU
HC amanm3upyeMoi CTPYKTYPHI peau3yeT ATH JdTamlbl C YYETOM
CTPYKTYpHBIX ocobeHHocTel LIC u 3akmrouaercs B CIeIyIOLIEM.

C  [oMOIIBI0  KOHTPOJHUPYIOLIET0  TecTa  HOOYEPEaHO
TECTHPYETCS TEXHHYECKOE COCTOSSHHE KOMIIOHEHTOB  OJHOTO
¢parmenta IIC: paborocrocobeH — He PpabOTOCIOCOOCH.
B 3aBucuMocTH OT pe3yjibTaTa TECTHPOBAHUS MPOBEPSIONINI
a0OHEHT  JAHHOTO (¢parMeHTa ~ BBIOMpaeT  HampaBlICHHUE
MOCIENYOIUX JEHCTBUI:

- mponokuTh KoHTpodb LIC - mpu ycmemHoMm pesynbTare
TECTHPOBAHHUS, U

- TepelTH K BOCCTAHOBIIEHHIO pPabOTOCIIOCOOHOCTH ITaHHOTO
(¢parmMeHTa — pu HEYAaYHOM pe3yJibTaTre TecTupoBanus. s storo
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MIPOBEPSIOIINN A00HEHT BBINOJIHIECT JUATHOCTUYECKYIO MPOBEPKY U
WACHTU(QULUUPYET  KOMIIOHEHT MM  TIPYHIy  KOMIIOHEHTOB,
MOJ03pEBAaCMbIX B HEHCIPABHOCTH.  3aTeM  BBIMOJHSIOTCS
NOJNPOTrpaMMbl  pEKOH(QUTypalMy, 3aMeIlaloie HCIOJIHEHUE
(GyHKUMH  HEHCIIPABHOTO  KOMIIOHEHTa  HMX  HCIOJHEHHEM
COOTBETCTBYIOIIMMH  HCIPAaBHBIMM  KOMIIOHEHTaMHu.  Takoe
3aMeIIeHNe MO3BOJIAET BOCCTaHOBHUTH paboTocmocobHocTs LIC m
MEPEeNTH K TECTUPOBAHUIO CIEIYIOLIETO (hparMeHTa.

Peanuzanust Takoro moaxola OCHOBaHa Ha  CIEAYOLIMX
MOJIOKCHUSX.

1. Jlnsa coxpanenus ucxomnoit ctpykrypsl LIC npu paspaboTke
otrkazoyctoiiumBoii  [[C  HeoOXommMBl  CHEMaTU3UPOBAHHBIC
MPOTPaMMHBIE CPEJICTBA.

2. Hast YIPOLICHUS nporeayp o0ecrieyeHust
OTKa30yCTOHYMBOCTH OyleM CYHMTaTh, YTO OTKa3bl KOMIIOHEHTOB
SBIISIIOTCSL  IOCTaTOYHO PEAKHMH, YTOOBI HHTEPBAJIBl MEXKIY
MOMEHTaMH{ BO3HHKHOBEHHUS JIBYX COCEMHHUX (TI0O BPEMEHH) OTKa30B
MO3BOJISUTH YCTPAHUTH BIMSIHUE 00Jiee pAaHHUX OTKA30B.

3. llpeanonoxenne 00 OJMHOM HEWCIPAaBHOM KOMITIOHEHTE (B
Ka)KI[LIﬁ MOMCEHT BpCMeHI/I) IMMO3BOJIACT CUUTATh, YTO MCIPAaBHBI BCC
KOMIIOHCHTHI HC, KpOME€ OAHOI'0 UX TCX, KOTOPLIC BXOAAT B COCTAB
¢parmenta LIC, oTka3 koToporo OOHAapyXeH KOHTPOIMPYIOLINM
TeCTOM. JTO O3HAuyaeT, 4YTO JEHCTBHs (Orepanuy), BBITOIHSIEMbIE
9THUMHU KOMIIOHCHTaAMU HC, ABJIAIOTCA TIPAaBUWIBHBIMHU, a HUX
pe3yabTaThl ocToBepHbl. lIpn paspaboTke mpoueayp ycTpaHEeHUs
BIIMSIHUSL TIOCJIEAYIOMIMX OTKa30B KOMIIOHEHTOB HY>KHO YUYHUTHIBATH
HaJIMYME paHee 0TKa3aBIIMX KOMIIOHEHTOB.

4. HewucnpaBupiii kommoneHT Ky, He  BIuseT Ha
paborocriocobHocTs  npyrux kommoHeHtoB LIC, a moromy
TEXHHYECKOe COCTOsHHEe KommoneHnTa K, (paborocrmocoben — He
paboTocmocobeH) MOXKHO OIPEeNUTh TOJNBKO MO pPe3yiabTaTy TOi
MPOBEPKH, B BHIIIOJIHEHUH KOTOPOH y4acTBYET KOMIOHEHT Kjy.

5. ByneM cunTath, 4TO aHaNU3UpyeMblil pparmeHt FjBKitodaer
aboneHT A|,, KommyTtarop Cj; u mmamn cBssu 1(8;1—Cj1), 1(Cj1—a;2).



Ha3oBeM mnpoBepkoil 3JEMEHTapHYXO TECTOBYIO OIEpalUilo Haj
KOMITOHEHTaMH (pparmenTa Fj, BRIONTHAEMYTO CIEAYIOIIIM 00pa3oM.

Hcnpapublil nposepstomuii aboHeHT Aji mepenaeT abOOHEHTY
A > uepe3 kommyTaTop Cj1 ¥ COOTBETCTBYIONIME JMHHHU CBSI3H 3aIIpOC
(mpoBepky) Pji. AOoHeHT Aj,, NOIy4yHuB Takoe COOOILEHHE,
HNOATBEPKIAET €ro Moayd4eHHe aOOHEHTY Aj1, KOTOPBIH 3allOMUHAET
TaKo# pe3ynbTaT Kak oueHKy [j1 = 0. Eciu B Teuenue unrepsana At
TaKOro MOJATBEPKAEHHS OT aOOHEHTa Aj, HE NPUXOJUT, TO AOOHEHT
Aj1 3amoMMHAET 3TOT Pe3yabTaT KaK OUEHKY [j; = 1. OTH oleHKH
UCIONB3YIOTCs a00HEHTOM Aj; JUls BEIOOpA MOCHIETYIOIUX TECTOBBIX
npouenyp. (B mocnemyromem Tekcte OymyT HMCIOJIB30BAThCS
MPOBEPKH YETHIPEX THUIIOB PA3HOIO Ha3HAYEHHS, HO O0s3aTEIbHOM
(yHKIMEH 53TUX TPOBEPOK SIBISETCS HCIOJHEHHUE TIPOBEPKH B
YKa3aHHOM BBIIIIE€ CMBICJIE. )

6. Kaxnerii abonent paccmarpuBaemoii L[C cBs3aH ¢ KaxapIM
OpyruM abOHEHTOM [BYMS JIMHHMSIMU CBSI3H, NMPOXOAALIMMHU Uepes3
JIBa pa3HbIX KOMMYTaTOPA.

bynem Ha3bpiBaTh CONPSDKEHHBIMH IIYTH, MPOXOISIINE MEXKIY
aboneHTamu A; u A, B OJJHOM W TOM >X€ HAIPaBJICHWHU, HO Yepe3
paszubie kommyTaTopsl C; u C,. Kommyraropsr C; u C; Takke Oynem
Ha3bIBaTh COMPSHKEHHBIMI OTHOCUTENFHO a0OHEHTOB A; 1 A,.

7. V3-3a HEBO3MOXKHOCTH (PU3MYECKOT0 PEMOHTA HEHCIPABHBIX
KOMITIOHEHTOB JJI BOCCTaHOBJeHHsI paborocmocobHoctn LIC,
HaApYyIIEHHOW OTKa30M KOMIIOHEHTa K., UCTIONHEeHne ero (pyHKIUA
HYXXHO TepefaTb JIpyr'dM HCHpPaBHBIM KOMIIOHEHTaM M TakKUM
o0pazoM ycmpanume 6eausHue Heucnpasno2o xomnonenma K na
pabomocnocobrocms 1[C.

8. Jlnst TecTUpOBaHWS W YCTPAHEHUS BIMSHUS HEUCIIPABHOTO
KoMIIOHeHTa (parmeHta F; Oyzem wucnonb3oBath 0a30BblE
nporpamMmHusle  Moxynu Bji, By, Bjs (B nmampmeimem, npocto
0azoBble Moaynu Bj;, Bj,, Bjs), cocrosmue u3 nposepok Pj; Pjo,
Pj3 Pja, Pjs cienyromero (yHKIMOHAIBHOIO HA3HAYCHUSL:

- mepsas 1poBepka Pj; OOHapyKHBaeT HEUCIIPABHBIN
KOMIIOHEHT B cocTaBe (pparmenra F;,



- BTOpas MpoBepKa Pj, AnarHocTHpyeT TEXHUIECKOe COCTOSHHE
¢Gparmenta F; u uneHTHQUUMPYET OIUH MIM  HECKOJIBKO
KOMITOHEHTOB, IT0JI03PEBAEMbIX B HEHCIIPABHOCTH,

- TpeTbs npoBepka Pjs; — BXoJ B (M BBIXOJ H3) NPOrpaMMbI
BOCCTAaHOBJICHUS ~ (DYHKIMH, HApPYIMICHHBIX TMEPBBIM  OTKa30M
aboneHTa A,

- 4yeTBepTas InpoBepka Pjs BoccTaHaBIMBaeT —(QYHKIMH,
HapyIIeHHbIE OTKa30M BTOPOT0 KOMIIOHEHTa (hparmenra Fj,

- nATas nposepka Pjs sABIseTCA CONpSIKEHHOH 7 MPOBEPKU
Pjyg.

9. bynem cuutath BXog0M 6a3zoBoro Moy Bj Ty mposepky P,
C KOTOPOI HaYMHAETCS UCTIONHEHUE TIPOBEPOK 3TOTO MOIYIISL.

CoBOKymHOCTh ~ 0a30BBIX ~ MOAyJEW, TMOCTPOSHHBIX IS
TECTUPOBAHMSA TEXHUYECKOTO cocTOsiHUS Beex ¢parmentos LIC,
MO3BOJISIET ~ YCTPAHUTh  BIMSHUE  HECKOJBKUX  HEHMCIIPAaBHBIX
komrnoHeHToB  I[C. TouyHoe  YHCIO  KOMIIOHGHTOB,  YbHU
HEHCIIPABHOCTH MOXKHO YCTPAaHHTh C HCIIOJIB30BaHUEM JaHHOTO
MOJIX0/a, 3aBHCUT OT psAAa (akropoB, W NPEXIE BCEro, OT
B3aMMHOT'0 PacCIOJI0KEHHUSI HEUCIIPABHBIX KOMIIOHEHTOB.

PaccmoTpuMm  monpoOHee mpouenypsl, BBIIOJIHAEMBIE TIPU
YCTpaHEHHM BIMSHHUA HEUcHnpaBHbIX KommnoHeHToB B LIC ¢
napamerpamu N = 11, m=5, ¢ = 2.

4. CoctaB kKoHTpoaupyomero Tecta 1js L{C co cTpykrypoii
MHUHUMAJIBHOI0 KBa3UIOJIHOIO0 rpadga ¢ 2 nyrsiMu Mexay
2 adoHeHTaMu (c mapamerpamu rpagpan =11, m=5, ¢ =2)

Crpyktypa cBszeil aHanuzupyemoit LIC nokaszana B Tabiuue 1.
Crpoku u cronbusl Tabn. 1 o3arnasneHsl HoMepamu aOOHEHTOB Ay j,
Ak (J, k=1, ..., 11). B kieTke Ha nepecedeHnu j-oii CTpoku u K-oro
croadua 3aMMCaHbl HOMeEpa KOMMYTaTOpOB Cis u
Cat (s, t=12,... 22), uepe3 KOTOpBIC TPOXOJASAT CONPSIKCHHBIE MTYTH
JUIsl 1aHHOM napbl aOOHEHTOB. Tak Kak CBsA3U MeX1y aOOHEHTaMu
JBYCTOPOHHUE, TO HOMepa KOMMYTaTopoB Ci,j u Cyy CBA3BIBAIOLIMX
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aboHeHTa j-0if CTpOKHM ¢ aboHeHTOM K-oro cromfma, COBIAmaroT ¢
Homepamu Cix m Cyj, cBs3bIBaroluX aOoHEHTa K-Off CTPOKH ¢
aboHeHTOM j-oro ctojbia. Hampumep, B wierkax 3, 7 u 7, 3
3amdcaHbl  HoMepa KommyratopoB 14 wu 18, sBidromuxcs
COIPSKCHHBIMU A1 a00HEHTOB 3 1 7. IIOCKOIBKY Kaxayro mapy
a0OHEHTOB CBA3BIBACT «HMHAMBHIyaJbHas» Iapa IyTe, TO Takas
napa KOMMYTaTOPOB 3alKcaHa TOJIBKO B 3TUX JABYX KIETKax. 3HAKH
() B IUAroHANIbHBIX KJIETKaX OTPaKaroT TOT (akT, 9To aDOHEHT He
B3aMIMOJICHCTBYET caM C COOO.

Bce mpouemypel 1Mo yCTpaHEHHIO BIHSHUS HEHCIPAaBHBIX
KOMIIOHEHTOB B  oTKazoyctohumBod IL[C ocHoBaHbl Ha ee
KOHTpOJMpYyIoeM Tecte. HazHaueHne KOHTPOJIMPYIOIET0 TecTa —
MPOTECTUPOBATh TEXHUUYECKOE COCTOSHUE KaXKIOr0 KOMITIOHEHTA
CUCTEMBI XOTs OBbI OJTUH pas3.

B coorBerctBum ¢ 3amucsimu  Tabn. 1 B cocraB
paccmarpuBaemoii LIC Bxomar 11 aGonentoB ¢ Homepamu 1,.., 11,
BKITIOYasi pe3epBHbIN aboHeHT 6, 11 KOMMyTaTopoB ¢ HOMepamu
12,..., 22 u 110 nmuHUA CBSI3M MEXAYy YKa3aHHBIMH a0OHEHTaMH U
KOMMYTaTOpaMH, IPUYEM IIOJIOBHHA U3 HUX SIBISIOTCS PE3ECPBHBIMU.

B Tabmuie 2 mokazaH BapHaHT KOHTPOJIUPYIOIIETO TecTa IS
nanHoit LIC, Bximovarommii mposepku Pji, Takke IpHBEIEHBI
nposepku Pj,, compsbkeHHble ¢ npoBepkamu Pj;. Bce mpoepku
Tabs. 2 ycrnoBHO pazaeneHsl Ha 11 rpymnm, B KaXIoW M3 KOTOPBIX
MPOBEPSIONINN a0OHEHT SBJISAETCS OOIIMUM (MMEeT OJIMH U TOT Ke
HoMmep). KonmmuecTBo mpoBepok B OHOM IpyIilie PaBHO 3HAYCHHUIO M
— YUCITy IOPTOB y a0OHEHTa 1 KOMMYTAaTOpa.

Tabmuna 2 moctpoeHa aiast m = 5. Takum oOpa3oM, Tabiuna
KOHTposiupytomiero tecra (tabn. 2) comepxkutr R = nxm =55
nposepok tuna Pj;1 1 55 nposepok tuna Pj,.

B Tabun. 2 npuHATH cieayonye 0003HaYeHHS:

- IpoBepKH Pj; BXOIAT B cOCTaB KOHTPOIHMPYIOLIETO TeCTa IS
HauanbHOW  KoHGurypammu LC, Bxmrouaromeil  HMcrpaBHbIE
KOMIIOHEHTBI;



Tabauya 1. Tabnuya ceszeii LJC pasmepa 11x11

Ak| 1| 2| 3] 415 6 7189 |10] 11
A1'j

1 @ |13 | 14, | 16, | 12, | 13, |14, | 12 | 13 | 12, | 12,

14 | 16 | 19 | 16 | 19 | 10 | 19 | 16 | 14 | 13

2 13, | @ |14, | 15 | 17, | 13, |14, | 15 | 13 | 14, | 13,

14 15 |17 | 20| 17 | 20 | 20 | 20 | 17 | 15

3 14, | 14, | @ | 15 | 16, | 18, | 14, | 15, | 16, | 14, | 15,

16 | 15 16 | 18 | 21 |18 | 21 | 21 | 21| 18

4 16, | 15, | 15, | @ | 16, | 17, | 19, | 15, | 16, | 17, | 15,

19 | 17 | 16 17| 19 |22 19| 22| 22| 22

5 12, | 17, | 16, | 16, | @ | 17, | 18 | 12, | 16, | 12, | 12,

16 | 20 | 18 | 17 18 | 20 | 20 | 20 | 17 | 18

6 13, | 13, | 18, | 17, | 17, | © | 18 | 19, | 13 | 17, | 13

19 | 17 | 21| 19 | 18 19 |21 |21 || B8

7 14, | 14, | 14, | 19, | 18, | 18, | @ | 19, | 20, | 14, 122
19 | 20 | 18 | 22 | 20 | 19 20 | 22 | 22

8 12, | 15, | 15, | 15, | 12, | 19, |19, | @ | 20, | 12, | 12

19 | 20 | 21|19 | 20| 21 | 20 | an | P

9 13, | 13, | 16, | 16, | 16, | 13, |20, |20, | @ | 21, | 13

16 |20 | 21|22 | 20| 21 | 22| 21 2 | %2

10 12, | 14, | 14, | 17, | 12, | 17, |14, | 12, | 21, | o | 12

14 |17 |21 | 2|17 | 21 | 22|21 22 22

1 12, | 13, | 15, | 15, | 12, | 13, |18, | 12, | 13, |12, | 9
13 | 15 | 18 | 22 | 18 | 18 | 22| 15 | 22 | 22

- nOposepku  Pj,  ABIAIOTCA  CONPSDKEHHBIMM IS
COOTBETCTBYIOLIMX ITPOBEPOK Pj1 (BBIIEIEHBI KypCUBOM, HE BXOJSAT B
KOHTPOJHMPYIOIIUI TECT /U1l Ha4aJIbHON KOH(UTypanum);

- TIONYXKUPHBIM MPU(PTOM BBIACTICHBI IPOBEPKU, HCIIOTHSIEMbIC
pe3epBHBIM ~ aboHeHTOM 6 (OHM TaKke HE BXOAAT B
KOHTPOJIMPYIONIMKA TeCT Juisl HadallbHOW KoH(uryparmu). Takum
obpazoMm, HavanbHas (pabouas) KOH(QUTYpalus  BKIIOYAET
10 abonenroB, 11 koMMyTaTopoB 1 45 TUHUH CBS3H.



Ilpn mocTpoeHHMHM KOHKPETHBIX NPOBEPOK Pj; i Kaxkaoro
nposepsoniero abonenta A;j B tabnuie cBssel (Tabm. 1) HykHO
HailTu HoMepa KoMMmyTaTopoB Cj;, K KOTOpBIM IIPUCOEIMHEH
aboHeHT A, Hampumep, aOOHEHT 3 NPUCOEMHEH K KOMMYTaTopaMm
14, 15, 16, 18, 21, abonent 5 — k kommyTtatopam 12, 16, 17, 18,20 u
T.1. Takum oOpa3om, IIs JIF000H MPOBEPKH MPOBEPSIIOIINN aOOHEHT,
KOMMYTAaToOp Y JIMHHS CBS3M MEXAY HUMH ONpPEIesIoTcs
OJTHO3HAYHO C TTOMOIIBIO 3amucei Tadm. 1.

Bropoii (mpoBepsiembiil) aO0HEHT Ay TSI KOKIOW MPOBEPKH
TaKKe BBHIOMpaeTcsl W3 TaONWIBl CBS3€: OH JOMKEH OBITH
MPUCOCMHEH K KOMMYTATOpy 3TOH ke MpoBepku. OrpaHHyeHUs] Ha
O00p TAKOBHI: BCE BTOPHIE A0OHEHTHI, TECTHPYEMbIE OJTHUM U TEM
e TPOBEPSIONINM a0OHEHTOM, JOJIKHBI OBITH Pa3HBIMH, a HX 00IIIee
KOJIMYECTBO JIOJDKHO ObITh paBHo M (=5). ITlombop BTOpBIX
a0OHEHTOB [UIA TPOBEPOK KOHTPOIUPYIOMIETO TecTa HUMeeT
mepeOOpHBIA  XapakTep, HO TIO3BOJISIET IONYYHUTh TMPHEMIIEMOE
pelieHue.

OngHO W3 OrpaHWYEHHH, KOTOpPOE CIEAYeT YYHUTHIBATh INIpH
BBITIOJTHEHUHX ATOTO Tiepedopa: ist I00oH mapbl aDOHEHTOB B KIIETKE
Tabn. 1 3ammcaHo JBa HOMepa KOMMYTaropoB. OOWH M3 OSTHX
KOMMYTaTOpOB JIOJUKEH BXOJMTh B COCTaB NMpoBepkH Pji, a BTOpOii
KOMMYTaTop — B COCTaB HpoBepku Pj,, wucnonszyemon mis
3aMCIICHNA COOTBETCTBYIOIIUX HCUCIPABHBLIX JIMHUHA CBSI3U U
KOMMYTaTOpPOB. CJ'IeI[CTBI/IeM TaKOro OrpaHN4CHUs SABJIACTCA TO, YTO
KaXIas JUHUS CBSI3M OyJIET TECTUPOBATHCS TOJNBKO B OJIHOM
nposepke Tvna Pj; uiau tuna Pjp, Ipu 9ToM U Bce IPOBEpKU OyIyT
Pa3iIIMYHbIMH.

JocTroBepHOCTh pe3ynbpTaToB BBIIIOJTHEHUS MIPOBEPOK
FapaHTUPYETCsl MCIPAaBHOCTBIO IPOBEPSAIOIINX aAOOHEHTOB Aj;.
UroObl yIOBIETBOPHTH 3TOMY TpeOOBaHUIO, OyaeM Ha3HAYaTh
npoBepKy Pj; K BBINOJIHEHHIO TOJNBKO B TOM Clly4ae, €ciu
UCIIPAaBHOCTH NIPOBEPSIONIEro a0OHEHTa Aj; MOATBEPKACHA B paHee
BBITTOJIHEHHBIX POBEPKaXx.

Wckmouenne cocTtaBinseT TpoBepka Pij, A KOTOPOit
MPOBEPSIOIINM  ABJSIETCS. A0OHEHT 3: TIpPU €ro HEUCHPaBHOCTH
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CHUCTEMa KOHTPOISI OCTAaHOBUTCSA. YUTOOBI OOOWTH BIHMSHHE €r0
HEHUCIIPABHOCTH, HYXXHO 3alyCTUTh KOHTPOJIMPYIOUIMHA TECT ¢
JIpyroro HayajgbHOro aboHeHTa, Hampumep, c¢ aboneHTa 5. B
npeanoiokeHud, 4ro B LIC ecTh TONBKO OJMH HEUCIIPABHBIN
KOMIIOHEHT, Takas CMEHa Ha4yalbHOro aOOHEHTa IO3BOJUT
TapaHTUPOBAHHO 3allyCTUTh KOHTPOJHUPYIONIMHA TECT M JIOBECTH
nporecc 10 HMACHTU(HUKAIWU HEHCIPABHOTO KOMIIOHEHTa, B TOM
4upcie, 1 aboHeHTa 3.

Tabnuya 2. Cocmas xonmponupyiowezo mecma oas L[C
pasmepa 11x11

IIposepku IIposepku

Bj Pjyl = Aj — Ci,l — Ay Bj Pjyl = Aj — Ci,l — A¢
Pjyz = Aj g Ciyg — Ak Pjyz = Aj — Ciyg —d Ak

1 Pii=3> 1457 | 31 | Pui=7 > 14— 1
P1’2:3—>18—>7 P31’2:7—>19—>1

2 P2’1:3—>15—>2 32 P32’1:7—> 18— 6
P2'2=3—>14—>2 P32'2=7—>19—>6

3 P3’1:3—>16—>1 33 P33’1:7—> 19 -4
P3’2=3—>14—>1 P33’2:7—>22—>4

4 P4,1:3_’18_’5 34 P34,l:7_)20_)9
Pyo=3—>16—5 Pay,=7—22—-9

5 P5’1 =3—-521—6 35 P35’1: 7— 22 —10
P5yz=3—>18—>6 P35'2:7—>]4—>]0

6 PG,lZS_)lz_)l 36 P3511:8—)12—>10
P6’2=5—>16—>1 P3612:8—>21—>10

7 P7’1:5—>16—>3 37 P3711:8—>15—>11
P,=5— 18— 3 Pys=8— 12— 11

8 ng1:5—>17—>2 38 P38'1:8—>19—>7
P8’2=5—>20—>2 P38’2:8—>20—>7

9 ng1:5—>18—>11 39 P39'128—>20—>2
ng2=5—>12—>11 P39V2=8—>15—>2

10 PlO,l =5-20—8 40 P40’1: 8—>21—9
P10’2=5—>]2—>8 P40’2:8—>20—>9
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11

12

13

14

15

Pll,l =1-12->11
Pll,2 =]/ —-13—-11
Poi=1-13 -6
P12’2 =1-19—6
P13,1 =1—-14 — 10
P13'2 =1- 12 — 10
Pl4,l =]1—- 16 — 4
Pl4,2 =]1—- 19 — 4
P15,1 =1->19 -8
P52 =112 58

41

42

43

44

45

P41'1:9—>13—>1
P41’2:9—>16—>1
P42'1:9—>16—>5
P42'2:9—>20—>5
P43’1:9—>20—>2
P43’2=9—>]3—>2
Paos =9 — 21 — 10
P44’2:9—>22—>10
P45’1:9—>22—>4
P45'2:9—>16—>4

16

17

18

19

20

P16’1:2—>13—>9
P16’2:2—>20—>9
Pi7:,=2—>14 -3
P17’2:2—>]5—>3
P18’1:2—>15—>4
P18’2:2—>17—>4
P19,1:2_)17_)10
P19'2=2—>14—>10
Pyo1=2 20— 5
P20’2=2—>]7—>5

46

47

48

49

50

P4611: 10 - 12— 11
Pus2 = 10 — 22 — 11
P47,1: 10—>14—7
P47’2:]0—>22—> 7
P48'1= 1017 —6
P48'2= 10-21—6
P49’1: 10 - 21 — 3
P49’2:]0—> 14— 3
P50,1: 10>22—>9
P50’2:10—>21 — 9

21

22

23

24

25

Pri=d— 15538
Pas=4—19-8
P22’1=4—>16—>9
P22’2=4—>22—>9
Prs1=4— 175
P23’2=4—>16—>5
P24’1=4—>19 —6
Poss =4 — 17 —6
Ppsi1=4—22 -7
P25’2=4—> 19—7

ol

52

53

54

55

P5l,1:11 —12—-8
P51'2:]]—>]5—>8
P52’1:11—>13—>2
P52’2:11—>15—>2
P53'1:11—>15—)3
P53’2:11—>16—>3
P54’1:11—>18—>7
P54,2:]]_)22_)7
P55,l:11_’22_)4
P55’2:[[—>15—>4
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26 P25'1=6—>13—>11
P25'2=6—>18—>11
27 P27’1:6—>17—>5
P27’2:6—>18—>5
28 P28’1:6—>18—>3
P28’2:6—>21—>3
29 P29’1:6—>19—>1
P29’2:6—>13—>1
30 P30’1:6—>21—>8
P30’2:6—>19—>8

5. CocraB 6a3oBoro moayJisi By,; a5 ¢pparmenTa ucnpaBHoii
IC c mapamerpamu rpagan=11, m=56=2

B Tabmune 3; mokasaHel KOMIOHEHTHI, BXOJSIIUE B COCTaB
0asoBoro wmoxayis Bij,; (omHOTO u3 55 0a30BBIX MOIyJICH,
HEOOXOMUMBIX T aHaimu3a ucrpasroii [{C). B Tabm. 3; abOHEHTHI U
KOMMYTaTOpHl ~ 3allMcaHbl HWX HOMepaMu (0e3  CHMBOJIOB
KOMITOHEHTOB), a JIMHAW CBS3W TOKa3aHBI Mapoid HOMEpPOB (depes
YEepTOUKY) B CKOOKaX.

Ilpu onvcanuu AEWCTBHH KOMIOHEHTOB 0a3oBoro moxayis By,
MPUHATHI clenyrone 0003HaYeHus:

- KOMIIOHEHTHI ¢ HOMepamu 3, 7, 6 0003HaYar0T aOOHEHTHI Ag,
A7, As COOTBETCTBEHHO,

- KOMIIOHeHTHl ¢ Homepamu 14, 18, 21 o0003Ha4arOT
KOoMMYTaTopsl Ciy, Cig, Cp1 COOTBETCTBEHHO,

- KOMIOHEHTHI ¢ HoMepam# (3-14) u (14-7) 0603HaYarOT TMHAN
cs3u 1(a3 — Cy4), 1(C14 — @7) cOOTBETCTBEHHO.

Takum o6pa3om, 3anuck Py ; = 3—14—7 o3HadaeT cieayroriee.

IIpu BeImONTHEHUN TpoBepKU Py, aO0HEHT 3 uepes3 INHUIO CBA3H
(3- 14), xommyrarop 14 wu nuumioo cBszu (14-7) mepenmaer
cooOmienue abonenty 7. McnpaBHblil aOOHEHT 7 OTCBUIAET OTBET HA
3ampoc abOHEHTy 3, KOTOpbI (QUKCHPYyeT B KJIETKE CTOJIOIa
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«OnueHkn» OIeHKY Iy = 0, eciii )Ke B TeUeHUEe WHTEpBaja AT OTBET
HE TPUET, TO OLEHKY I, = 1.

Tabnuya 31. Cocmag 6a3068020 mooyns By,; onst ucnpaenoii [jC
pasmepa 11x11

IIpo- | Ilpo- Cneny-
Bj‘ || BeP- BepA- | Ouen Juarnos Heit romue
KM eMbIe KU CTBHS po
Pii | xoM- BEPKH
Pi. TIOHEH
Pis TBI
1,1 | Pua= | 3-14), | ru= —14). — P21
3— 14, 0 (3 _14)
14 (14-7), 14
—7 7 . (14 _ 7)
o7
ri= | (3-14) v - P1sau2
1 14
v (14-7)
v 7
P1,2 = 7 rlvl = (3'14) \V4 Recl’gvo P2’1
3— 1 14 v
18 2= (14-7)
—7 0
ra= 7 - P13
1
M2=
1
Pis= Ky 3= e Recy30 P21
P 2 7K,
21 rs= Ky Omkasz —
—6 1 ie
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Hnst 3aIrmcu thopmy JMarHo3a WCTIONTb30BaH
anreOpoJorndecKkuii Meron w3 [8], SBISIOMHICS (hopMaTH3aHei
XOpOIIO W3BECTHOTO B TEXHUYECKOW JAMArHOCTHKE MeETOAa
nepeceucHuii. B anreOposoruueckoM MeTone IS OTOOpa)KeHHS
TEXHIUYECKOTO COCTOSIHHS HEHCIPABHOTO KOMITOHEHTA MCIIOJIb3YEeTCs
€ro HoOMep B IpsAMOil (opMe, a NCTIPaBHOTO KOMITOHEHTa — HOMEp C
orpuuanueM. Taxk, 11st oueHku Iy = 0 B KieTke cronbdua «/naraos»
3anrcaHa KOHBIOHKIIUS HOMEPOB C OTPUIIAHUEM, O3HAYaroIias, 4To
BCe KOMIIOHEHTHI, y4acTBOBaBIINE B MpoBepke Pj;, ucmpaBHbl. J[is
OLIEHKH I ; = 1 B KIeTKe cToa0ua «/{narnos» 3anucaHa TU3bIOHKIHS
HOMEPOB B IpsAMOH (hopMe, 03HAYAOINAs, YTO HEUCIPABEH XOTS ObI
OJIMH M3 KOMIIOHEHTOB, YYaCTBOBABIIINX B MMPOBEpKE Py ;.

Crpeinka (—) B KIeTKe cTos0na «/{efcTBrs» 03Ha4aeT nepexo
K BBIIIOJHEHUIO MPOBEPKH, MOKA3aHHOW B KIJIETKE IOCIECTHETO
cronbua. Takum oOpasoMm, mpu omeHke F; = 0 BBEIIONHSETCS
mepexo K mpoBepke P,;, a mpu omeHke r;; = 1 BBIIOTHSAETCS
nepexo/1 K AMarHoCTHIecKon mposepke P ;.

B mposepke P;, yuactByeT xommyTatop 18, cOMpsuKEHHBIH ¢
koMMyTaTtopoMm 14 u3 nposepku P, mis abonentos 3 u 7. [loatomy
B KieTke cronbua «[IpoBepsieMble KOMIIOHEHTHI» ISl IPOBEPKHU P ;
3allMCaH TOJBKO KOMIIOHEHT 7 W3 YHclia KOMIIOHEHTOB, KOTOpHIC
TECTUPOBAIIUCH TIPOBEPKOH Py ;.

[Mokaxxem TmoOApOOHOCTH TONydeHHs (GOPMYN JHArHo3a,
MMOKa3aHHBIX B CTPOKax sl MpoBepkH Pi,. DYHKIMU COCTOSIHUA
KOMITOHEHTOB, TECTHPYEeMbIX Ha TpoBepke P, oIpeneisroTcs
OIIEHKOH €€ BBITIOJTHEHUS M UIMEIOT BUJI:

Fio(mpu ri,=0)=7,

Fl,Z( npu rlyz =1 ) =7.

OYHKIMA ~ COCTOSHUS ~ KOMIIOHEHTOB 10  pe3yibTaraM
TECTUPOBAHMS Ha MpoBepkax Pi; u Py, SBISIOTCS KOHBIOHKITUEH
(YHKIIMIA COCTOAHMS, MOMYYEHHBIX IJIS KaXJA0H U3 3THX MPOBEPOK.
B pesynprare  momyunMm (opMysbl, IOKa3aHHbIE B KJIETKax
«dnaruos» i npoBepku Py ;!

15



1) A Fo(mpu ri,=0)=[(3-14) v 14

Fi1 ( ipu rl,_l
v(4-7) vTI A T

D[ (3-14) v 14 v (14-7)],

Fl,l( Ipu r1’1 =1 ) VAN Fl,Z( Ipu I‘1,2 =1 ) = [(3'14) v 14 v (14'
NVIIAT=T.

[Toouepennoe BhIMOMHEHHE MPOBepoK Pi; u Pj, mo3Bosser
pa3IMIUTh HEHWCIPABHOCTHL aboHEHTa 7 OT HEHWCIpPaBHOCTEH
KomMMyTaropa 14 w npuneraromux JjuHui cBszu (3-14) u (14-7).
Kpome Ttoro, moakmtoueHue mpoBepku P, BMecTo mpoBepku P
YCTpaHseT BIUSHAE HEUCTIPAaBHOTO KommoHeHTa: (3-14), 14 nmm (14-
7), - oOuapyxeHHoro mpoBepkoii P;j;. Takum oOpasom,
HeoOxoaumast pexoHduryparus 1IC, o0o3HaueHHass COKpalleHueM
RecC; 20, («pekoHUTYpalys mocie NPoBEepKH P, ¢ OLEHKOU Iy =
0») coctout B 3amene P Ha P;,. [locne momyyenwnst oneHku ry, = 0
MOKHO TIpOJIoJKaTh KoHTpodupytomwmii Tect LIC ¢ mpoBepku Py,
YTO IT0OKA3aHO B ITOCJIEIHEN KIIETKE ITOW CTPOKH.

Kak BugHO 13 popmyn (1), ams mapet omeHOK ;= 1w, =1
(dbopmupyeTCs [UarHo3: NOA03PEBACTCS B HEHCIIPABHOCTH a0OHEHT 7.
Jnst ycTpaHeHHs BIMSHHS HEHCIIPaBHOTO a0OHEHTa 7 HYKHO
3aMEHHUTh MPOBEPKU C yyacTHeM aOOHEHTa 7 Ha COOTBETCTBYIOLIHE
MIPOBEPKHU, UCHOJIHAEMBIE PE3EPBHBIM a0OHEHTOM 6, MOKa3aHHbBIE B
Tab1. 4 pazaena 5.3. JlecTBUs, MPOBOAUMEBIE I TAKUX 3aMEIICHUN,
0003HaYEHbEl B KIIETKE TabJl. 3 COKpalleHHEeM Rec; 24
(«pexoHurypanmst mociie mpoBepku Pi, ¢ omeHkoi ri; = 1»).
Brixoom U3 nporpaMmbl 3THX ACHCTBUH SIBIIsieTCS MpoBepka Pij =
3—21—6. Ilocne ee BBHIMOTHEHUS C OINEHKOW F;3 = 0 MOXHO
npoaoJbkuTh KoHTponupyouwmii Tect LIC ¢ nposepku P,; 6a3zoBoro
MoIyJst B,, 4TO MOKa3aHO B MOCIIEAHEH KIIETKE STOH CTPOKH.

B nByx cTpokax mpoBepku P;j3 Moka3aH CHMBOJ KOMIIOHEHTa
Ky, KOTOpBHIi B HEUCIPABHOM COCTOSHHM MOXET HapYIIUTh
BBINIOJIHEHUE TIPOBEepKHU P; 3 1 mpuBecTH K onenke 3 = 1. Tak kak
aHanu3 ¢yHkuuonupoBanus L[C mpu oHOBpEMEHHOM OTKa3e JBYX
KOMIIOHEHTOB HE BXOJIWJI B IIOCTAHOBKY 3aJ]au, TO TaKOW TUAarHO3
orMeueH cinoBoM «Otkaz ILIC». Ilpm orcyrctBHHM  BTOpOrO
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HEHCIPaBHOTO KOMIOHEHTa Ky moirydnm omeHky I3 = 0 u mepexos K
pexondurypanmu LIC mns ycTpaHeHHs BIMSHHS HEUCIIPABHOTO
abonenta 7 (oTMeueH CHUMBOJIOM ReC;3q) € TOCIeayIOMMUM
BO3BPATOM Ha MPOBEPKY P, ; KOHTPOIMPYIOLIETO TeCTa.

ba3oBerii Momyns Bi; TpaBHIBHO BBIONHHUT MPOBEpKH Pgg
P12, P13 mpu ycmosum, uto aboneHT 3 ucmhpaBeH. st TOro 9ro0sl
YCTPaHUTHh BIMSHHUE €r0 HEUCIPABHOCTH Ha OLEHKy Ilp; = 1
(mpoBepka P ; He «Ipomuiay), Hy>KHO 3aIlyCTHTh KOHTPOJIUPYIOIINN
TeCT ¢ Jpyroro HadampHOoro aboHeHta A;,,, YTO OTMEYEHO
CUMBOJIOM P .., » B KieTke cronbua «Chenyroomme MpOBEPKI.
Cnenyer OTMETHTb, YTO B MOCIEAYIOIUX 0a30BbIX Moxynsax Bjq (j =
2,..., 55) HavanbHbIi aOOHEHT A;;j , BK/IIOYas aOOHEHT 3, HCIPaBEH,
MarHo3 OyJeT MpaBWIbHBIM, U B KieTke «Cleayionne mpoBepKm»
OyJer BIucaHa mpoepka Pjiq 1.

Jns nmoctpoeHust coctaBa 06a30Boro mMoayis Bj HyxHO 3HATH
cocTaB NPOBEPKH Pj1 U3 KOHTPONUPYIOIIETO TecTa U TabJIUIy CBs3eil
Uil HaxoxaeHus — komMmytaropa  Cjp,  CONPSUKEHHOTO ¢
kommytaropom Cj; mu3 mnposepku Pj;.  3ameHMB HOMepa
KOMITIOHEHTOB W3 TPOBepKH P;; HOMepaMu KOMIIOHEHTOB U3
nposepku Pj; B 3ammcax ana GasoBoro Monyns B, momyunm
COJZIEP’KUMOE CTPOK JUls 6a30BOro Moys Bj.

6. Cnoco0bl ycTpaHeHHUsl BJIMSIHUSI MEPBOr0 OTKA3aBILEro
KOMMoOHeHTa ¢parmenTa anaauzupyemoii LIC

Hns  ycrpanenust BiausiHMA Ha pabotocnocobHocTts  LIC
KOMIIOHEHTa, TI0JI03PEBaeMOr0 B HEHCIPAaBHOCTH, HEOOXOIMMO
nepeaaTt UCIOJNHEHHE ero (QYHKIUH JpyruM  UCIPaBHBIM
KOMIIOHeHTaM. {1 peaqu3aluy Takoro MoAxoJa B aHATU3UPyeMOn
IC npenycMOTpeHs! ey oL1e allapaTHble Pe3epPBbL:

- abonenr 6,

- 55 nuHUN CBA3M, CONPSDKEHHBIX € 55 JTUHUAMH CBSI3U U3
paboueil KoHGUrypauuu M BKJIIOYEHHBIX B COCTaB IIPOBEPOK THIIA
Pj. (moka3aHbl KypcHBOM B Ta0II. 2),
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. 10 muHMIT cBSI3U, MPUCOETMHEHHBIX K pe3epBHOMY aOOHEHTY O,
OHH OyIyT HCIOIB30BaHbl B IPOBEpKax TUMa Pj3 (moka3aHsl B Ta01.
5 nomyxupHbiM mpudTOM), B 3aBHCHMOCTH OT HOMEpa
HEHCIIpaBHOTO  a0OHEHTa B  KauecTBe  pE3epBHBIX  OyayT
UCTIONIb30BAHbI T€ WIIN WHBIE JINHUN CBS3H.

Kak mokazano B Tabn. 3;, HOCIIEIOBAaTEIbHOE HCIIOJHEHUE
nposepku Pj; ¢ ouenkoii rj; = 1 u nposepku Pj, ¢ onenkoii rj, = 0
IMAaTHOCTHPYET B YHCIE II0JI03PEBAEMbIX B  HEHCHPAaBHOCTH
kommytarop 14 u nuaun ceszu (3-14), (14-7) U YCTpaHSET MX
BiusHUe. Ecmu sxe nposepka Pj, ncrnosnneHa ¢ oueHKoi lj, = 1, To
a0oHEeHT 7 JaMarHOCTHpYyeTCs B UHCIIE TOA03PEBaEMbIX B
HewcrnpaBHOCTH. /711 yCTpaHeHHs BIMSHHS HEHCIIPAaBHOTO aOOHEHTa
7 wucnonHsiercs: npoBepka P;; . Eciam mpoepka P;3; ucmonHena c
oneHKoH I3 = 0, TO 3TO MOATBEpKAAET MPaBMIBLHOCTh TUArHO3a:
HencnpaBeH aOoHeHT 7. [l ycTpaHeHHs BIHMSHHS HEUCIIPABHOTO
a0bOHEHTa 3aIlycKaeTcsl MOANporpamMma, 0003HA4YeHHas CHMBOJIOM
Rec;30 (mompoOHO paccMaTpuBaceTCs HIKE), IOCIAEC HCIIOIHCHUS
KOTOpOM YIIpaBIIEHUE TIepelaeTcs BXOHOW MpoBepke P,; 6azoBoro
Moy By,;.

Hns BoccraHoBieHus: pabdorocnocodHocTr LIC, HapymeHHOMH
OTKa30M OJIHOTO M3 €€ KOMIIOHEHTOB, IpeJlaraeTcsi MUCIOJIb30BaTh
CIIeNyIolme  CIOcOOBl  YCTPAaHEHWsS]  BIMSHUS — HEHMCIPABHBIX
KOMIIOHEHTOB, ~YYHTBIBalONIME (YHKIMOHAIBHBIE OCOOEHHOCTH
kommoneHnToB LIC.

1. HeucnipaBHble KOMMYTATOpP U JIMHUS CBS3H.

U3 MIPUBCIACHHOT'O OIMMCaHUuA BHUIHO, qTO BJINSHUC
HCHUCIIpAaBHOI'O KOMMYTATOopa W MPWICTAIOINX JIUHUN  CBS3U
yCTpaHseTCs €AMHOOOpa3sHO — MCIOJIIHEHHEM HpoBepku Pj, ¢
OleHKOH [lj, = 0 m mocieayromuM MEpexo]oM Ha INPOJIOKEHHE
KOHTPOJIMPYIOIETO TECTA C BXOJHOM IMPOBEPKH Pji1:1 ciiemyromiero
6a30Boro Mmoays Bjiq 1.

IIpu 3TOM cnenyeT yuecTh, YTO KaXAbIH KOMMYTaTOp y4acTBYET
B 5 mnposepkax. IloaToMy neHCTBHA IO 3aMEHE «OTKA3aABILMX»
npoBepok Pj; «ucrpaBHBIMUY NIPOBEPKaMHU Pj, Hy>KHO BBIIOJHUTH B
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IATH 0a30BBIX MOAYJISAX, B COCTaB KOTOPHIX BXOAUT HEUCIIPABHBIN
KOMMYTAaTop.

Tabnuya 4. Tabauya pesepsHvlx NPOBEPOK
0151 HeucnpagHozo Kommymamopa 14

TIpoBepku IIpoBepku
Bi1 | Pit=A1—Cii— A Pi2= Aj1— Ciz— A
Pi2= A1 — Ciz— Ap Pia= Aj1— Ciz—
Aj,3 —Ciy— Aj,2
Bi1 Pii=3—>14->7 P12=3—18 -7
P12,=3—18 -7 Pis=3—>15—
45227
Bl3'1 P13’1 = 1—> 14 — 10 Plgyg = 1—> 12 — 10
P13’2: 1— 12—> 10 P1314=1—> 13—)
9-521—-10
Bl?,l P17’1: 2—14—3 P17’2:2 —15—3
Pl7,2:2_’15_>3 P1,4:2—>17—>
5516 -3
Bs11 Py1=7—14—>1 P3,=7—19—>1
P312:7—>19—>1 P114=7—)20—>
8§—-12—-1
B47,1 P47,l = 10 — 14 - 7 P47'2 = 10 — 22 — 7
P47yz:10—>22—>7 P1,4:10_)17_)
4—-19—-7

s mpumepa, B JieBol yacTtu TaOil. 4 mMoKa3zaHbl HEOOXOAUMBIE
npoBepku  Pj, Ansd  ycTpaHeHHMs — BIUSHUS — HEUCIIPABHOTIO
kommyraropa  14. Ilockompky  mpoBepku  Pj,  sBisroTcs
CONPSKEHHBIMH C COOTBETCTBYIOLIMMM HpoBepkamu Pj;, To oHu
TaKxe Mokasanel B Ta0u. 4. (B mpaBoii wactu Tabn. 4 npuBeneHbBI
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npoBepkH Pj4, 0 KOTOPBIX MoapoOHee OyAeT paccKasaHO B paselie
7))

MoxeT mokasaThbCsl, YTO TaOIUIBI, TOAOOHbBIE Ta0NI. 4, HY)KHO
CTpOUTH IJsl KaKAOro KoMmyratopa. Ho B coctaB 3Tux Tabmwil
OyoyT BXOOWTh TIpOBepKH Pj,, yke «BHOHCAaHHBIE» B COCTaB
COOTBETCTBYIOIIMX 0a3oBbIx Moxyined. Ilostomy w™momymu P,
BBHITIOJIHAT HEOOXOAWMBIE 3aMEHbl aBTOMATHYECKH, TaK KaK OHH
npopabOTaHbl 3apaHee HpPU IOCTPOCHUH 0a30BBIX Mogyned Bji
[TosroMmy  mociemoBarenbHas (B TIOpSAAKE  BBIIOJHEHUS
KOHTPOJIMPYIOIIETO TECTa) 3aMeHa IATH npoBepok Pj; Ha Pj,
MO3BOJIMT YCTPAHUTH BIMSHUE HEHCIIPABHOIO KOMMYTaTopa (B TaoII.
4 — xommyTartopa 14).

2. HeucnipaBHbIiii a0OHEHT

Hdns ycTpaneHuss BnusHUS HeucnpaBHoro abonenta B LIC
3ape3epBUpoBaH aboHeHT 6. BimsHMe HeWcnmpaBHOTO aOOHEHTa
YCTpaHSETCS C MOMOIIBIO PE3EPBHBIX JIMHUH CBSI3H, MOIKIFOYAIOIINX
B paboTy pe3epBHBIN aOOHEHT 6 BMECTO HEHCIPABHOTO a0OHEHTa.
@®u3nyecku 3TH JIMHUU CBA3M CYLIECTBYIOT B cTpykType LIC ¢
MOMEHTa €€ [IOCTPOCHHUS. 3ajada COCTOMT B OpraHU3alUd
MOJIKITFOUEHHS 3TUX JIMHUH CBS3H JJISl YCTPAHEHUS BIMSHUS TOTO HITH
WHOT'O HEHCIPaBHOT'O a0OHEHTA.

Kak BugHO M3 3anuceid Taba. 2, B MOJIHOM KOHTPOJIHPYIOLIEM
TECTe KaXIblii aOOHEHT, BKJIIOYasl pe3epBHbIA aOOHEHT 6, BXOJIUT B
COCTaB IISITH NPOBEPOK B KadecTBE NPOBEPSIOIIErO (HA30BEM -
aKTHUBHOTO) a0OHEHTa M IIATH MPOBEPOK B KaueCTBE MPOBEPIEMOTO
(Ha30BeM - maccuBHOTO) abOHEHTA.

B T1abn. 5 mpuBeneHbl HHIEKCH PE3ePBHBIX MPOBEPOK IS
HeucnpaBHOTro aboHeHta 7. (s ommcaHus TIPOBEpOK B Tadl. 5
KCIIOJIb30BaHbl T€ K€ 0003HAuUeHHWs, 4TO U B Tabi. 3;.) B neBom
cTonOme Tabi. S TMOKa3aHbl TPOBEPKH JUISl CHUTyallMd, KOrna
HEHUCIIPaBHBIH A0OHEHT SBIISETCS IMACCUBHBIM (TIPOBEPAEMBIM), B
MpaBoOM CTONOLE - JJIsl CUTyallli, KOrja HEeHCHpaBHBIH aOOHEHT
SBJSIETCS.  aKTHBHBIM (TIpoBepsiroinuM). JIsl Kakaol —cuTyarnuu
OpuUBEJeHbl  1Be  OpoBepku:  Pji,  KkoTopas  B3fTa U3
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KOHTPOJIMPYIOILETo TecTa — Tabia. 2, u Pj3 (IoKka3aHa MOIy>KUPHBIM
mpudTOM), MOCTPOECHHAs clexyromuMm obpazoMm. B mposepke Pj;
HOMep HeHcmpaBHOro aboHeHTa A4, (Aj; wumm Aj,; ) 3aMeHseTcs
HOMEPOM PpE3EpBHOrO abOHEHTa A,, W Ul Mapbl: MCIPaBHbIH
aboneHT Aj1 UM pe3epBHBII aboHeHT A, (B JeBOM cTONOIE),
pe3epBHBI a0OHEHT A4, W HUCIpaBHBI aboHeHT Aj, (B IpaBoM
cTronbue) mo Tabnume cBszei (Tabn. 1) HaxomsaTcs HOMepa
CoOTpsHKEHHBIX KoMMyTaTopoB C; u C,.

Tabauya 5. Tabauya pe3epervix npoepox 0 HEUCHPABHO20
abounenma 7

IIpoBepku IIpoBepku
Bj1 Pii=Aj1— Ci1—A, Bi | Piu=A,—Cii—Ap
Pj,3 = Aj,l e Ci,2 e Ap Pj’g = Ap e Ci,2 e Aj,2
JJIA IIAaCCUBHOI'O aboneHnTa JJIA aKTUBHOI'O
7 abonenra 7
Bl,l Pl,l = 3—> 14 —>7 B31 P31V1 = 7 i 14 i 1
P1,3 =3—21 -6 P31,3 =6—-13—>1
825,1 P25,1 =4 22 — 7 B33'1 P33’1 =7 19 — 4
P25’3 =4—-17—>6 P33,3 =6—>17—4
B38'1 P38’1 = 8 b 19 — 7 B34'1 P34,1 =T7— 20 — 9
P38’3=8—>19—>6 P34'3=6—>21—>9
B47'1 P47'1 = 10 and 14 and 7 B35V1 P35']_ = 7—> 22 —>10
P47'3 =10—-17—>6 P35'3 =6—17 —10
B54'1 P54'1 =11—-18—7
P54'3= 11-13 -6

21



B mposepky Pj; moacrasisercs oguH u3 3THX HoMepoB (C; uiau
C,), 9TO aBTOMAaTHYECKH OTpeesieT HoMepa HeOOXOMUMBIX JIMHHIHA
CBSI3H.

AHaNOrHUHbIe TAOMUIBI HY)KHO MOCTPOHUTH M JAJIsl KaXKIOTO M3
ocTtanpHbIX aboHeHnToB 1IC.

Kaxxmast u3 wacrelr Tabn. 5, mMocTpoeHHas I HEHCIIPABHOTO
aboHeHTa 7, ompejenseT cocTtaB NpoBepok Pjs xondurypamuu 1IC,
YCTpaHSIONe BiIMsSHWE HeWucrpaBHOro aboneHTta 7. Ilepexom ot
ncxonaHo# korpuryparmu ncnpasaoit LIC k 3toit kondurypamun L[C
MOKET OBITh OPraHW30BaH pa3HBIMU criocoO0amu. PYHKIMOHATBHAS
poJb Mr000T0 crocoba 3aKIovaeTcs B 3aMeHe HoMepa HEUCTIPABHOTO
aboHEHTa 7 HOMEpPOM Pe3epBHOTO a0OHEHTa 6 BO BCEX COOOIIEHUSIX
(mpoBepkax), B KOTOPBIX paHEE Y4acTBOBAJ, OyJy4H HCIPABHBIM,
aboneHT 7. BO3MOXKHOCTH peanu3aliy BBEIOPAHHOTO crocoba He
BBI3BIBACT COMHEHH, TaK KaK pPEKOH(QUTYpalus BBIIOIHICTCS
ucnpaBHbIMU KomnoneHtamu LC.

st ycTpaHeHUs BIMSHUS KaXIOr0 HEUCIIPAaBHOTO a0OHEHTa B
MaMsATH pe3epBHOr0 aboHEeHTa 6 HEeoOXOaMMO WMETh Tabnwiry,
MIOCTPOCHHYIO AHAIIOTWYHO Ta0NMIle B MpPaBOM cTojOme Tadm. 5.
Takum o6pa3om, mIsI paccMaTpUBaeMOro TMpHMEpa B MaMITH
pe3epBHOro aboHeHTa 6 HyKHO uMeTh 10 TaOuuIl 3aMeH IS
abonenroB 1 -5, 7 - 11.

7. Crnocodbl yCTpaHeHHsI BJIUSIHMS BTOPOT0 OTKA3aBIIEro
KOMIIOHeHTa aHaauzupyemoii I{C

JUns ycTpaHeHHs BIWSIHHS BTOPOTO OTKA3aBLIEr0 KOMIIOHEHTA
noctpouM GasoBbie Moxynu Tuna Bj, U Bj3, ¢ KoTopbiMu OyayT
pa0botaTe mnpoBepsole a0OHEHTHl Aj; mocie TOro, Kak B
MPENBIAYIIEM IMKJIE KOHTPOJIS M BOCCTAaHOBJICHHUS IIPH
HCIIOJIHEHUH IIPOBEPKH Pj; Obl1 3aMKCHPOBaH OTKa3.

Basoseslit Moxynb Tuna Bj, nmMeeT BXoaHYI0 NMpoBepKy Pj, u
3aIlyCKaeTCsl B TOM CJIy4ae, ecid MepBbIM ObUT OTKa3 KOMMyTaTopa
WJIN JIMHUU CBS3U.
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BasoBerii Mozyns Thna Bjs mMeeT BXOnHYIO IPOBEPKY Pjs u
3aITyCKaeTCsl B TOM clly4ae, €M MepBbIM ObLT OTKa3 aDOHEHTa.

Hdns  peanuzanny  (QyHKIHOHAJIBHOTO Ha3HA4YCHUS! 0a30BBIX
monyneit Tuna Bj» 1 Bj 3 BBenem nposepku Tina Py, 1 Pjs.

IIposepku THna Pjs TecTupyroT aGoHEHT A, yepe3 UCIIpaBHBIN
aboHeHT Aj3 u koMmmyTaTopsl Cjs, Cj4, OTIMYHBIE OT KOMMYTaTOPOB
Cii, Cj2 B mpoBepkax Pji, Pj.. Ilosromy HazoBem oOxonsmieit
npoBepKy Tuma Pjs, KOTOpas TO3BOJSIET YCTPaHUTh BIHSHHE
HeucrnpaBHoro kommyraropa Cj, U Npuieraroumyx IMHUN CBA3U BO
BXOJIHOM 1poBepke P .

[IpoBepku Tuna Pjs SBIAOTCS CONPSKEHHBIMHU TSI TPOBEPOK
tina Pj; W BBINOMHAIT (QYHKIHMH, AaHAJIOTUYHbIE (YHKIUAM
nposepok Tuna Pj, 11 nposepok tumna Pj ;.

Heiicteust 1[C, BpImonHsAeMble TOCIEe OOHApYXEHHS OTKa3a
BTOPOT'O KOMIIOHEHTa, OJJHO3HAYHO OIPEIEISIOTCS TeM, MPOBEPKOM
KaKoro Tumna o0Hapy»eH BTOPOH OTKa3. A UIMEHHO:

- €CJIM 0TKa3 0OHapy:»KeH MPOBEPKO Pj,1, TO 3TO 03HAYAET, 4TO
BTOPOH OTKa3aBIINI KOMIOHEHT HUKAK HE CBS3aH C KOMIIOHEHTaMH,
HEHMCIIPaBHOCTh KOTOPBIX OOHApYyKEHa B MEPBOM IIMKIIE KOHTPOJIS; &
MOTOMY JI€HCTBHS MO YCTPAaHEHHUIO BIHMSHHS BTOPOTO HEHUCIIPABHOTO
KOMITOHEHTa HYKHO HPOBOJIUTH Kak JUIi THEPBOTO OTKAa3aBIIEro
KOMIIOHEHTa B COOTBETCTBHM C TPABWIAMH, OIPEJCICHHBIMU JUIS
0azoBoro moayJs Tuna By,

- €CJIM K€ OTKa3 oOHapyxeH npoBepkamu Pj, unmn  Pj,3, TO 310
03HA4YaeT, 4YTO BTOPOM OTKAa3aBIIMA KOMIIOHEHT CBS3aH C
KOMIIOHEHTaMH, HEHCIIPABHOCTh KOTOPHIX OOHapyKeHa B TEPBOM
[UKJIE KOHTPOJIS; a MOTOMY JICHCTBHA 10 YCTPAaHEHHIO BIIUSHUS
BTOPOTO  HEUCTIPABHOTO  KOMIIOHEHTAa HYXXHO NPOBOJIUTH B
COOTBETCTBHU C MTPAaBUIIAMH, OTIPEICIICHHBIMHU JIJIsi 0a30BBIX MOYJIeH

Bj2, Bjz3.

PaccmotpuM mompoOHEe ATH MEWCTBHSI IJIT  HEHUCIPABHBIX
KOMITOHEHTOB Pa3HBIX THIIOB Ha MpUMepe 0a30BBIX MOayiei Bi, u
B1 3 (Tab:. 3,), mOCTPOCHHBIX HA OCHOBE 0a30BOro MoayJs By ; (Tabd.
3,); mpu 3TOM OyIeM pacCMaTpHBaTh OTKa30BBIE CHTYAIlHH,
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Tabauya 3,. Cocmag 6az06vix mooyneu Bio uBis

B2 IIpo ITpose- Cneny-
Bis BCp | PACMBIC | Ouen | JIuarHos Heit fomue
KH KOMIIO- K creus | TIpOBep
P12, HEHTBI KU
P14,
P13
Pis
1,2 | Pio= (3-18), [ r1o= 1 - P24
318 18, 0 3 - 8)
—7 (18-7), 18-
! 18-7)
7
r1’2 = (3'18) \4 — P1’4
1 18 (oTkaz
v (18-7) C)
V7
P1’4 = 7 r1,2 = 3'18) Y4 ReClA’O PZ,l
3— 15 1 18
—4— _ | v(18-7)
19— 7 Ma=
0
2= 7 - P13
1
4=
1
P13= Ky rns=| 7 K Recy 31 P21
3—21 0 X
—6
rs= Ky Omkas -
1 ac
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1,3 | Pi3= (3-21), | ri3= _ - P21
321 21, 18 (3_21)
—6 (21-6), 21-
6 (21-6)
6
rl,3 = (3'21) \Y4 — P1’5
1 21 v
(21-6) v
6
P115 = 6 r1’5 = (3'21) V — sz]_
3— 18 0 21 v (oTka3
—6 (21-6) IC)
rs= 6 Omkas -
1 nc

B KOTOPBIX BTOPOH HEUCIIPABHBIM KOMIIOHEHT OOHapyKeH
nposepkamu Tvna Pj,, mm Pjs. (Ormerum, uTo 0003HaYeHUs U
KOMMEHTapuu B TaONl. 3, aHAJOTHYHBI paHee WCIOJB30BAHHHIM B
Tabm. 3;.)

1. HeucnpaBHast TUHUS CBA3H.

[pennonoKuM, YTO HEHUCIpaBHA OJHA W3 JHHUI cBs3u (3-18)
win (18-7). Torma B mpouecce KOHTpoOJsS Ha mpoBepke P, u3
6aszoBoro moxayis Bip Oymer momyduena omenka rpp, = 1, s
KOTOpPOM JMarHo3 UMeeT BUJL:

Dz =(3-18) v 18v (18-7) v 7,

Y TIOCJIETYFOINAasl PEKOMEHIAINs: TIEPEUTH K IIPOBEPKE

Pis= 3515 —>4—- 19— 7.

HcrnonHenne 3TOW MpOBEpKH C OIEHKOM I14 = 0 B coueTaHum
C OIICHKOW TpeAbIAyIIei TPOBEPKH I, = 1 mo3BONsAET 3aKIIIOYUTH,
YTO KOMITOHEHT 7 UCIIPaBEeH, a BIHSHUE OJHOTO U3 T10103PEBACMBIX B
HEUCIIPAaBHOCTH KOMIIOHEHTOB: KOMMyTaTopa 18, JTWHUU CBS3H

25



(3-18), nmuaun ceszu (18-7),- ycTpaHEHO MOIKITIOYEHHEM MPOBEPKU
P, 4 BMecTo ipoBepku Py ;.

B o0miem ciydae, Mexny aboHeHTaMu 3 U 7 MOXHO IMOCTPOHTH
8 mpoBepok Tumna Pj4, pa3nmuyaromuxcs HoMepaMy IPOMEKYTOYHOTO
abonenTa Aj3.Eciu HaloXNUTh OrpaHHYEHHUE, YTOOBI IPOBEPKU THIIA
Pj4 pasmmuanuce Taxke HoMmepamu KoMmmyTatopoB Cjs, Cjs, TO
OCTaHyTCS TaKHe MPOBEPKH:

-P141=3—>15-54— 19— 7,

- P14 =3—21-8—-20—7,

-P14s3=3—1659—> 22— 7.

B cocraB Tabn. 3; Hy)XKHO BCTaBUTh JIFOOYIO W3 3TOTO CIIMCKA,
TaK Kak M0 CBOMM ()yHKIIMOHATBHBIM CBOMCTBAM OHU PABHOIICHHHI.

2. HeucnipaBHBIN KOMMYTATOP.

[IpenmomnoxuM, 94TO MEPBHIM HEHCIIPABHBIM KOMIIOHEHTOM OBLI
kommyTartop 14. Kak BumHO U3 neBoro cronbiia tabdi. 4, B mporiecce
WCTIOJIHEHHsI KOHTPOJHMPYIOUIETO TeCTa €ro HEHCIPaBHOCTh OyneT
06Hapy>I<eHa IIPpOBEPKaMH THIIA Pj,l: P111, Plgyl, P17’1, P3111, P47,1, " ero
BIMsHUE OyJeT ycTpaHeHO HpoBepkamu THHa Pjp: P12, Pisa, P72,
Psi2, Pa72, mpu 3ToM aOOHEHTHI Aj; NepeKknoYaT BXOJbl Ha
COOTBETCTBYIOLINE 6a30BbIe MOIYIH Bj».

[IpenmomnokuM, YTO BTOPHIM HEUCHPABHBIM KOMIIOHEHTOM
okazaics KommyTarop 18. B mpomecce BToporo mporosa
KOHTPOJIMPYIOIIETO TECTa €ro HEUCNPaBHOCTh OyneT oOHapyKeHa
nposepkaMu tina Pj; :Pai1, Pg1, Pgi1, P31, Pss1, a ero BnusHne
Oyner yctpaHeHO npoBepkaMu THIA Pj,o: Paz, Poa, Pas2, P32, Psao,
YTO HETPYIHO MPOBEPUTH C IIOMOIIBIO 3anuceit Tadn. 2. Kpome Toro,
HEHUCIIPaBHOCTh KOMMyTaTopa 18 Oyzer oOHapyxkeHa mpoBepkoi Py ;
u3 6azoBoro moxayss Bi, (tabm. 3,). Kak BumHO u3 Tabn. 3,, mist
HEUCIPAaBHOTO KOMMyTaTopa 18 mpoBepka P;, gact oueHky ry, = 1,
a JIs YCTpaHEHWs  BJIMSHUS HEUCTIPABHOTO KOoMMyTtaTopa 18
notpedyeTcs 00xoasas nposepka Py 4.

JelicTByss 1O aHaNOTUM C JaHHBIM MPUMEPOM, HETPYIHO
NOKa3aTh, 4YTO O0OXoidmas nposepka Tvna Pj, HykHa 118
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YCTpaHEHUSI BIUSHUS KPATHON HEHCIPABHOCTH JIBYX COIPSDKEHHBIX
KOMMYTAaTOPOB, UCIIOJIb3yeMbIX B IPOBepKax tumna Pj, u Pj,,.

Urto KacaeTcsi  HECONPSHKCHHBIX  Map  HEHCIPABHBIX
KOMMYTaTOpPOB, TO UX BJIMSHUE OYJIET YCTPAHEHO ABYMS IpyIIIaMH
U3 TSTH TPOBEPOK, OOHAPYKHUBAIOUIMX KAXKIBIH HEUCTIPABHBIN
KOMMYTaTOp KaK TEpBbId, TOCTPOCHHBIMHI AHAJIOTWYHO TPYIIIE JUIS
KoMMmyTatopa 14 u3 neBoro crondua Tad. 3;.

3. HeuncnipaBHEIH aOOHEHT.

B paszzmene 6 mokazaHo, YTO BIUSHHE NEPBOW HEHMCIPAaBHOCTH
KOMIIOHEHTa  TWNa  a0OHEHT  YCTpaHsieTCsl  3aMelleHHeM
HEUCTIPaBHOTO abOHEHTa pe3ePBHBIM WCIPABHBIM a0OHEHTOM H
necatd TpoBepok. DakT TOAOOHBIX ACUCTBHIA (QUKCHUpYETCS B
COOTBETCTBYIOIIMX IPOBEPAIONIMX a0OHEHTaX IEPEKIOYCHUEM
BXoJa Ha 0a30BbIi Monynb Bj;. Kak BumHO u3 3amuceil Tabn. 3,
MOCTeAyIomasl HEWCIPaBHOCTh JIMHUW CBS3H WM KOMMYTaTopa
Oyzet oOHapyskeHa MPOBepKoi P 3, a ee BIUsHUE OyAET YCTpaHEHO
nocJjie UCToHeHus poBepku Py s ¢ onenkoii 15 = 0. Tak kak s
oreHkd 15 = 1 TMarHo3 o3HayaeT, 4YTO HEUCIPaBeH abOHEHT 6,
TO B COCEIOHEHM KJICTKE CTOMT 3alucCh Omxasz LJC. Takas 3aImuch
O6’I)HCH$ICTC5[ TEM, 4YTO [JId 3aMCHICHUA HCUCIIPABHOI'O aGOHeHTa
HY’KEH HUCIIPaBHBIN a0OHEHT; HO BTOpPOro pesepBHoro adoHeHt B 1[C
HeT, a notomy — otkas LIC.

W3 mpuBeneHHOro oOMMCAaHWUS BUAHO, YTO NPEIIOKEHHBIH
nmoaxoa K oOpraHu3ald YCTpaHCHHS BJIWAHHUA HCHUCIIPABHBIX
KOMITOHEHTOB TIPaBHJIBLHO HCIONHSET Ha3HAYEHHBIC (DYHKIIUU, ECITH
OTKa3bl KOMIIOHEHTOB OOHApyXKHMBAIOTCS IpOBEpKamMu TUna Pj,;.
Bonee cnoxnas opranuzaiusi TpeOyeTcs Uil yCTPaHEHUs BIMSHUA
KpaTHBIX OTKAa30B, BO3HUKAIONIMX B KOMIIOHCHTAX, HCIIOJIHAIOIIHX
GyHKIMU OZHOrO M TOro ke 0azosoro monyns Bj;. Ilostomy B
kietke «Crenyromnme mpoBepkm» Tadi. 3, UMEIOTCs JIBe 3anmucH: Py 4
u (otka3 L[C). OObsAcHeHHE TAaKOBO:

- TIpH TEpPBOM BXOje B 0a30BbI Momynb B;, BeImomHseTCS
mepexoJl Ha OOXOJAIIyI0 MpoBepKy P14 sl ycTpaHEHHs BIVSIHHS
00Hapy)KEHHON HEUCTIPABHOCTH,
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- TIpu BTOPOM BXOJle B 0a30BBIA MOIyns B;, mpomsBoguTcs
octanoB [{C u3-3a cI0’)KHOCTH BO3HHKIIIEH OTKa30BOM CHTYAaIIHH.

4. OO6oOmas pe3yabTaThl pa3neiaoB 6 W 7, MOXKHO CHelath
CJICAYIOIINE BBIBOJIBI.

- IIpencraBieHHBIN NOAXO TapaHTUPYET YCTPAaHEHUE BIIMSHUS
OJHOTO  HEHWCOPAaBHOI'O  KOMIIOHEHTa  HUQPOBBIX  CHUCTEM
AHAIU3UPYEMOM CTPYKTYPBI.

- IlomoOHBle TapaHTHM pPACHPOCTPAHSIOTCS HA YCTpaHEHHE
BIIMSIHUSI BTOPOT'O HEUCIIPABHOTO KOMIIOHEHTA, €CIIM OH HE BXOJUT B
COCTaB KOMIIOHEHTOB, WCIOJHSIOMNX (DYHKIMH TOTO ke 0a30BOroO
Monyns Tuna Bj;, Ha KoTOpoM OOHapy:KeH NepBbIi HEHUCIIPABHBIN
KOMIIOHCHT.

- I[HSI YCTPAHCHUA BJIUAHUSA MAPHBIX OTKA30B KOMMYTATOPOB U
JUHUAN CBSA3M, HCHIOTMHSIOMMX (PYHKIMK OZHOTO M TOTrO kK€ 0a30BOTO
monyns By, wucmomesyrorcs o0xonsmiue NpoBepku Tuma P
OOxopsime  TPOBEPKH  YCHEIIHO  YCTPAHSIOT  BIIMSHHE
COOTBETCTBYIOIIEIO HEUCIIPABHOTO KOMIIOHEHTA, HO UX MCIIOJIHEHHE
TpeOyeT BABOE OOJIbIIE BPEMEHH, Y€M MPOBEPKH OCTAJIBHBIX THIIOB.
Takoe 3aMennieHHE MOXET OKa3aThCsl HEMPHEMIIEMBIM  JUIS
Oopranuvsanuu CUHXPOHHBIX CUCTEM.

- Kak BMOHO M3 TpHUBENEHHBIX PE3yJIbTATOB, HEOOXOANMBIM
YCIIOBUEM peaji3alyy MpeJiaraeMoro TOoAXoJa K YCTPaHEHHIO
BJIMAHUA HCUCIPABHBIX KOMIIOHCHTOB MABJIACTCA HAJIWYUC [OBYX
CONPSKEHHBIX MyTeH MeXIy Kaxaod mapod abonentos LIC
aHAJM3UPYEMON CTPYKTYpBI, T.€. HY’)KHO MMeTh napametp ¢ = 2. B
CBOIO O4epe]lb, TAKOE 3HAUCHHE IMapaMeTpa ¢ ONpeAeiseT TOJBKO
OJIHY PE3EPBHYIO JIMHUIO CBSI3M JUIS KaXKJIOW pabouel JIMHUU CBS3U.
Jnst ycTpaHeHUWs! BIMSHHUSL OJHOBPEMEHHOTO OTKa3a TAaKOW Mapsl
JIUHUM CBS3M HeoOxomuma o0Xojsiiasi IMPOBEpKa, BHOCSIIAS
3aMeieHne B rporecc pyHkinuonuposanus L[C.
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7. 3aknroyeHue

Pa3paboTaHHbIil MOAX0A K OpPraHU3allid OTKa30yCTOHYUBOCTH
OUQPPOBBIX CHUCTEM CO CTPYKTYPOH MHHHUMAJIBHOTO KBA3WUIIOJIHOTO
rpada ¢ AByMs MyTSMHU MEXIy IByMsS aOOHEHTaMH 3aKJIUaceTcs B
[I0CJIEI0BAaTEIbHOM YCTpaHEHUH BIIMSIHUS HEHCIIPaBHOTO
KOMIIOHEHTa OTAeNbHBIX (¢parmMeHtoB LC. AHanmusupyemsblid
¢parmenT LIC cocTouT u3 mpoBepsieMoro aboHeHTa, KOMMYTaTopa 1
IBYX JIMHUH CBSI3M KOMMYTAaToOpa C IPOBEPSIOLIUM U IPOBEPSIEMbIM
abonentamu. s Kaxmoro QparMeHTa CTpOSITCS NPOrpaMMHEIC
0a3oBble MOJYNM TpeX BUAOB. Ha OCHOBaHWHM MOIYYEHHOTO
IMarHo3a TEXHUYECKOr0 COCTOSHHUS KOMIIOHEHTOB (parMeHTa
MPOBOJUTCS 3aMelleHre QYHKIMHA KOMIIOHEHTa, TOJ03PEBaeMOro B
HEUCIIPABHOCTH, (YHKIMUSAMH  COOTBETCTBYIOUIMX  HCHPaBHBIX
KOMITOHEHTOB. Takoe 3aMEIIeHHE ITO3BOJISIET BOCCTAHOBUTH
paborocnocobHocts IIC w mepeiiTh K TECTUPOBAHUIO
clieayromero parMeHra.

[MpeacraBneHHbI MOAXOA TApAaHTUPYET YCTPAHCHUE BIUSHHS
OJTHOTO HEHUCIPAaBHOTO KOMIIOHEHTA JIF000T0 THIIA IIU(DPOBBIX CUCTEM
aHAIU3UPyEeMOU CTPYKTYDBL. [Tomo6ubIE rapaHTHH
pacHpoCTpaHsIOTCs Ha YCTPaHEHHUE BIUSHUS BTOPOTO HEMCIIPABHOTO
KOMIIOHEHTa, €CJIK OH He€ BXOJUT B COCTaB KOMIIOHEHTOB,
UCIOIHAIOMHUX (QYHKIUM TOro ke O6a3oBoro moxyis tuma Bj;, Ha
KOTOPOM OOHapyX€H TMEpBbI HEHUCHPAaBHBIA KOMIIOHEHT. Jlis
yCTpaHEHWs  BIMSHUS  TMApHBIX  OTKa30B B KOMIIOHEHTAXx,
UCHOJIHAIOMHNX (PYHKIUHM OIHOTO M TOro e 0azoBoro moayins Bji,
BBEJICHBI OOXOZSIINE MPOBEPKU, Yb€ HCIOJIHEHHE 3aHUMAET BJBOE
Oonbplie BpeMEHH, YeM TMPOBEPKH OCTaJbHBIX THIIOB. Takoe
3aMeJJIeHHe MOXKET OKa3aThCs HENMpPHUEMIIEMBIM I OpraHU3aliu
CHUHXPOHHBIX CHCTEM.

Heo0xonnumbIM yCIIOBHEM pean3alliy MpejyiaraeMoro mojaxoa
K YCTPAaHCHHUIO BIMSHHS HEUCIPABHBIX KOMIIOHEHTOB SIBIISIETCS
HUIMYME [BYX CONPSDKEHHBIX TMyTeH MEXAy KaxXIOoW mapou
abonentoB LIC aHanmu3upyeMoil CTPYKTYpbl, T.€. HY)KHO HMETb
napametrp o = 2. Yrto ke kacaercs apyrux mnapamerpoB LIC, To
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KOHKPETHbIE 3HaueHHs N W M  ONpeAessiioT  KOJIMYECTBO
HEO0OX0MMMBIX 0a30BbIX MoOAyJiei R = 3 (N X M), HO 1O CyIIECTBY He
BIMSIOT HAa UX opraHu3anuioo. Takum oOpa3oM, MpencTaBICHHBIH
MOJXO0/ MOXET OBbITh Mcnonb30BaH Ans aHanuza LIC co cTpykTypoit
MUHUMAJIBHOTO KBa3WIIOMHOTO Trpada ¢ 2 TWyTAMH MEXIY
2 aboHEHTaMH C TapaMmeTrpamMu Tpada, OTIMIHBIMH OT pa3Mepa
11x11. Ho mapamerppl N M M JODKHBI yIOBJIETBOPATH
cootnomennto N=m(m-1) /o + 11, 2].
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THE APPROACH TO AN ORGANIZATION FAULT — TOLERANT

DIGITAL SYSTEMS WITH MINIMAL QUASICOMPLETE GRAPH

STRUCTURES WITH TWO PATHS BETWEEN TWO ABONENTS
(AN EXAMPLE OF GRAPH BY DIMENSION 7 x 7)

Victor Vedeshenkov, Institute of Control Sciences of RAS,
Moscow, Doctor of Science, senior researcher associate
(va@ipu.ru).

Abstract: The developed approach to an organization of
analysed fault-tolerant digital systems (DS) consists in turn
elimination of influence of one faulty component of different
fragments DS. The analysed fragment DS includes of tested
abonent, a commutator and two lines of commutator with
tested abonent and testing abonent. For each fragment are
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built the programming basic modules of three types. The
elimination of influence of faulty component holds the
substitution of the faulty component function by non-faulty
back up functions. The developed approach guarantees the
elimination of influence of one faulty component of digital
systems analysed structure. Prerequisite for the realization of
the proposed approach are two paths between each pair of
abonents.

Keywords: digital systems, minimal quasicomplete graph,
fault-tolerance, fragment, abonent, basic module.

Cmamus npedcmasiena K nyoiuxayuu
4j1eHOM Pe0aKyUuoOHHOU KOJle2uu

THocmynuna 6 peoaxkyuio
Onybnukogano
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