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AjieKoeö BBaHOBKł ÜLAJIHH

HOBOeHÖHpOXHÄ SjteKïpOTeJCHHTOCKHa ÜHCTHTyl

MET Omi nOBMEHHH HÂ fiKHOCTH CJIOXHHX yCIPOÖCTB PEJEEäHOil SATi^H 
HA 3JIBMEHTAX BHHHGJIHTEJIbHOżł TEXHHKH

P e3BMe. Bo HHOrHX c ip a a a x  b aacToamee Bpeua HaxoAHTCJt :b a K cn a y a ia - 
UHH 3Ha^iHTeai>Hoe KoaireecTBO y csp o ftc iB  peaeftHo» 3anHTn (yp3 ) h npoiH - 
BoaBapnÄHoft aBTOMaTHKBj SH eprooH oieu, BunoxHeHHux Ha coBpeiieHHOö n o a - 
ynpoBOÄHHKOBOö h MHKposjieKTpoHHOft aaeMeHTHOü 6 a 3 e . Hx BHCOKaa caoscHO- 
CTB ho opasHeHHJo c  TpaflHrtHOHHHUH peae noTpeöoBajia öojibmoro BHHMaHHa 
K MepOnpHflTHHM HO ÜOBHlIieHHB) HaflëKHOCTH. BeCbMa OçfxJeKTHBeHj HanpHMep, 
onepaiHBHHä KOHipoaB HcnpaBHOCTH ( OKH). KOTopaS BbinoaiweTCH o nouomtio 
BcipoeHHHx ÄHarHoczjneoKHX yczpoftcTB (j£f) h BíM Baaei BHe3aiiHLie oTKa- 
3H Ź P3. OKH b oonezaHHH o npHoymeä YP3, a  Tajóse HcicyccTBeHHo BBeaëH- 
Hoä H3ÖHT0HH0CTLK), no3BoaaeT cynecTBeHHO noBHcHTb HaflësHocTb p eaeü - 
3aąHTH h npoiHBoaBapHöHoü aBTouaTHKH. HaHayamae p eayatiaT H  a a ë i  OKH, 
coaeTaioąHft HenpepHBHHä KOHTpoat HcnpaBHOCTH e teoTO Buuz  npoBepKaMH.
B paöoie oimoaHH Asa saKHX ÄY, BünoAHeHHux no MetoAy KOMCHHapoBanHoft 
KOHTpOXbHOS TOHKH. UpH 3T0M KOHTpOAKpyeTCH He JCaSCflHä KOHTpOXBHHÜ OH- 
rHaa cav no oe6e, a BHanaae cocTaBaamTca ßaaronpHaTHtte aah kohtpojih 
HcnpaBHOCTH yp3 KOMÖHHaHHH KOHTpOAhHHX CHTHaaOB H pe3yaLTHpy»HH0 CE- 
rHaa (caroiaa KOMÖHHHpoBaHHofi KOHTpoaLHOä t o hk h) xoHTpoxHpyeTca, 
OnncaHHHe fly aaąHnieHH aBTopcKHMH OBKAeieabcTBaMH na H3o6peTeHHH a 
nponaa ycnemHya ohhthyx> BKcnayaTaqas).

B nocaeflHes Bpeua b pase cipaH noasnaocb b sKcnayaTaifHH 3HaaHTea¡>Hoe 
KOXHaecTBO ycTpoÄcTB peaeäHOö 3aąaTH(yP3 )h npoTHBoaBapHüHOfí aBioMaiHKH 
BHeprocHCTeM (P A 3 ), BmroaHeHHHx Ha coBpeMeHHoä noaynpoBOAHHKOBOft e MHxpo- 
BaexipoHHOä aaeMeHTHOił 6aae. Hx BHcoBaa caoschoctb no opaBHeHHio c TpaaniiHO- 
HHHMH peae BHsaaa öoaBjaoe BHauairae k ueponpKaTaau no noBHmeHH» Ha a ëKKO cth « 

Mepu, HanpaBaeHHHe Ha noBuneHHe HaAëscHOCiH KOMnaeKTyniqHx saeueaTOB yP3, 
OÖHHHO He Aa»T TpeÖyeMOTO 3$$eKTa, T.K. CaOSCHOCTB BHOBŁ pa3pa6aiHBaeuux 
3aiHHT B03pacTaeT b neaou 6ncTpee, neit paciëT HaflëxHOCTB saeMeHTOB. üoBTouy 
Aaa noBhimeKHH HaAëxHOCTH yP3 npaxoflHTCa npHMeHaib AonoaHHieaLHue Meponpa- 
h t h h ,  raaBHHM H3 KOTopnx HBaaeica onpaiHBHHÎÎ KOHipo.ib HcnpaBHOCTH peaeftHoît 
3amHTH (0 K H )[l-6 ] • CKH BHnoaHaeioa c noMoąwo BcipoeHHHx AHarHocTaaecKHx 
ycspoftcTB (W )  h HanpaBaeH b nepBy» onepeAi. Ha CBoeBpeueHHoe BuaBaeHHe 
nrHOBeHKhcc 0TKa30B KOMnaeKTyiomHx aaeueHTOB y p 3 , KOTophie cocTaBaax>T o ce o - 
BHyîo Aoaio b oômeu n a ca e  ozicasoB [^ e j.
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B C00TB6XCXBBH C [Y ]  YP3 HKetOT CXeXyiOqHe OCHOBHhie peXHBH paßOTHS 
p exan  xexypcTBa -  npa oxcyxcTBHa noBpexxeHaft b axeaip osH ep reT aaecxoft c a -  
c i e a e ,  h pexna ip e B o ra  -  npa bo3hhkhobghhh noBpexxeHaft Ha cbxobob oôopyxo- 
BaHHH• B pexaae x e x y p c iB a  h npa noBpexxeHHax, He Bxoxaqax b 3 0Hy xeftcXBaa 
3aqHiH, OHa cpaCaTHBaTB He flOXXHa, a  npa noBpesfleHHH Ha 3aqaqaeMoa o C ie x ie  
( 3 0 )  XQXXHH CpaÔaTHBaTb B c DOTBeTCTBHH C npeXiaBJIHeMHMH K Heft TpeöOBaHHHMH# 
npHHHio £ 7 ]  BHsejiHTb cxemymmHe ocHOBHue bhah o tk s s  ob 3am h t u b tjy hkhh ohh po-
BäHHH t

- xoxHtie opaöaTHBaHHH b  pexaae AexypciBa, xapaKiepH3yeMne napaMexpoa 
noTOKa jío x h h x  cpaÖaiHBaHHft u^3 (t)j

-  H3JumHHe cpaÔ aiH BaH H H  b p e m u e  I p e B o r a  (n p a  b h 6h ih b x  x o p o x x a x  3a iŁ i jc a -  

h h ä x  (K 3 ) , BKjiJOHeHHH b p a ö o x y  reH epH pyxm H x h c t o h h h k o b  h  t . a . )  ,  x a p a x x e p H -  

s y e n u e  n a p a n e x p o H  n o x o x a  h3Xhœhhx cpaÖaTHBaHHft

-  o T K a a u  b  c p a ö a iH B a H H H  n p a  n o B p e x x e H a a x  a a  3aqaqaenoM oÖ Bexxe, x a p a x ie -  
p a s y e a u e  n a p a a e x p o a  n o x o x a  o t K a s  ob b c p a Ö a T H B a H H H  cx)g3 ( t ) .

npaaeH eH H e x a ë T  noxoxaxexBHHft s ijxjexx* e c x a  n p a  3 x 0a  c x a a o B a x c h 6 oxee
p a3p exëH H u aH  noxoKaaa o x x a s o B  b $yHKiiaoHHpoBaHBH s a q a x a ,  x . e .  e c x a  Bunox—
a x e x  y cx o B a e :

w 13 - W1 Cco1'3(t )]<  (1)
HJIH

Cl) (t) ■ W ta* (t)~l < (jj1 (t) t /.»
W H3 H L H3 J  H3 ( 2 )

HJIH

w 03 ( t )  -  * o t w 0 3 ( t f l  <  ^ o 3 ( * ) .  ( 3 )
rxe a>13( t ), oOH3 (t )» oüq3 (t )-oooxBexcXByi)HBe napaaexpa noxoKOB oxxasoB npa 
Haaaxa xaaraocxaaecKax yoxpoftcxBj W^, W^, VQ - onepaiopu, xapaxxepa3yi>- 
qae npouecc iyaxqaoHapoBaHaa b pexaae xexypcTBa saqaxu, npa BHemHHx K3 
B B H y T p e H H H X  K3 C O O T B e lO T B e H H O .

Baq onepaTopoB wi»  w H» w 0 cBHsaH He to xb k o  0 n p a H q a n o a  ^ e f ta x B a h h x o h - 
cTpyxuHeft W t  ho a  c o  cxeMofl, x o H c x p y x q a e ft  a  p e x H a a a a  p a ö o iH  x o a x p o x a p y e  

aoft a a q n x a ,  xanoa a  p e x H a a a a  paCoTu 3 a q a q a e a o r o  o Ö B e x T a ,

BaxKua $axT opoxt cnocoOcTBynqan B u n o x H e H a œ  ycxoBaft ( l ) , ( 2 ) f  ( 3 ) ,  h b x h - 
exoH opraHHHHo npacyqaa c a cx e a e  pexeftHoft 3 a q a x n , a  xaxxe HcxycciBeHHO 
BBexëHHaa h sô u to w h o cti.. C acxeaa pexeftHoft aaqaxn a  npoTMBOaBapaftHOft aBTOua- 
7HKH sH e p ro ca c ie a  aaeoT cxexy n q ae aaafioxee cyqecxBeHHue bhah bbShxohhooxhí 
BpeaeHHyx, exe  a Hy», cpy hkuh oHax Buy 10 h aaÿopaanaoHHyD.

BpeaeHHaa H36b¡toaHOOTb xaeex  pasxaaH ue a cn e x x u .
Ecxh, Hanpaaep, 3 an-ht a  a a x o x a x ca  b pexaae qexypcxBa a b aeft noxBaxacb 

KeHcnpaBHOcxb, ho onacHaa c xoaxa 3 pehhh xoxhux opaSaxuBaHaft,  ho cnocoÓBaa 
npHBecXH k oxxaay > ijjyHxnHOHHpoBaHHH b pexaaax bhbbhhx axa BHyxpeHHax K3, 
xo aexxy aoaeaxoa noaBxeaax HeaenpaBHoexa (t^ aa pao.l) m aoaeaxaaa oxe- 
xynąxx aa axxa BHexHero K3 tj a aayxpeHxero K3 t£ oyqeoTBynx "speaeaa 
aafiaxoaaooTH* ■ t^2 . BexaaaHa t ^  h t g xbxhbxox oxyaaftHaax 1  sapaa- 
pysxcx • xapoxax npexexax.
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E o n a  3 a  c o o T B e i c T B y B m e e  B p e a a  t  Ł y x a ë i c a  n p o B e c i a  p e i io H T  3 a q a T n  a  3 a u e -

HHTB H e a c n p a B K U iS  c u e H H u f l  u o ^ y j i b  H a  H c n p a B H H ił ,  1 0  o T K a a a  b  ępy h k u h o H a p o B a H H H  

He n p o n 30Ü f l ë T .

n p e ^ n o jiO K H M ,  h t  o  b  3 a n H i e  y c T a H O B jie H O  T e c T o B o e  A K a r H o c T a n e c K o e  y c i p o ö — 

OTBO C fleT ep H H H H p O B aH H H M  H epO H flO M  H p O B O p O K , p aBH H M  T n e p »  Ä B H T e jIB H O C T B  n p o -  

B e p K H  n p e H e C p e x H u o  u a j i a .  E o jih  b  n p o u e c c e  n p o s e p K H  B tW B J ie H a  H e a c n p a B H O C T B ,  

3 a q n i a  BH BO flH TC H  H 3 f le f lc T B H H  a  e ë  O T K a s  b  ifyH K U H O H H poBaH H H  n p e x o T B p a q a e i c a .

B  n p 0 H 3 B 0 JI Ł H H fl  MOMeHT B p e M e H H  B  3 a q a T e  B 03H H K a e T  H e a c n p a B B O C T b ,  c n o c o -  

Ö h o h  n p H B e c T H  K e ë  H a n a n iH e iiy  c p a ö a T H B a H B D .  T p e ö y e i c a  o n p e x e x a i B  B e p o a i H o c i B  

T o r o ,  h t  o  o r a  H â H c n p a B H O c T  b  6y x e i  BH Æ BJie H a a  y c i p a n e H a  ąo  M o n e a r a  b o 3H b k h o -  

B6HHH B H e in H e r o  K 3 .

n p H H H u a a  n o T O K  b h b i b h h x  K 3 n p o c i e f i m a M ,  a  y n a T U B a a ,  h t  o  B p e a a  t  Q o t  u o u e H -

i a  B 0 3 H H K H 0 B 6 H H H  H e H c n p a B H O c T H  A o T 6 C T 0 B 0 Ö  n p o B e p i c a  p a B H O u ep H O  p a c n p e x e n e

ho b flaana30He ot ayaa x °  T  , noxynaeii cnexy»nee BupaxeHHe j i i  onpexexe
n s  p

HHfl HOKOM Oa B e p O H T H O C T H !

r * e  P j Q  -  B e p O H T H O C T B  B 03HHKH0B 6HHH K 3 3a  B p B U H  t  ,  J ( t ) -  IIX O TH O C T B B B p O H T -  

H O C TB p a c n p e x e x e H a x  B p e u e H a  t Q.

n o c n e  o o o T B e T C T B y s ą a z  n p e  00p a 3 O B aH H ft 4 ,  n o x y n a e m

P a c c u o i p a M  e q ë  o x h h  n p a a e p .  I l p e n o n o x a u ,  h t o  H e a c n p a B H O C T B  b  s a q a i e  n p a -  

K iH H e c K H  x rH O B e H H O  B u s B A H e T C H  x H a r H o c T H H e c K B x  y o i p o f l c T B O M ,  a  s a T e a  n p a x O X B -  

TC H  x x a T B  o Ô c n y x B B a H a a ,  n p a n ë M  B p e a a  o S c x y x H B a H H a  p a B H o u e p a o  p a c n p e x e x e H D  

b  n p e x e x a x  o t  x o  t  g, T p e ô y e i c a  o n p e x e x a T B  B e p o a i H o c i B  T o r o ,  h t o  o ô c x y -  

K H B âH H e n p 0H30a x ë T  X O  M O M eH Ta B O 3H EK H0B 6HBH K 3 B  0T K â3 B  (fyHKHHOHHpOBaHHH 

a a q a i u  f i y x e i  n p e x o i B p a a ë H .

H c K o u a n  b b p o h t h o c t b ,  o n p e x e x ë H H a a  a H a n o r a n a o  B u n e B 3x o a e H H O M y , p a s a a :

n e p
( 4 )

o o

( 5 )

( 6 )

PaccHziaHBue no (5  ) ,  ( 6 ) b o p o h t h o c t h  P ^ t Pg onpexsxjnoï nacTHue caynaa p e a - 
x a sa q a a  onep aiop a npa paanaHHUx cnoooôax xxaraooT ap oBaaaa a  oôcxyxHBaH- 
a a  y P 3 . BupaxsHae ( 2 )  a  paccxaip aBaeaoM  oxynae n p ax e i b e x :



rx e  P i  -  onpexexBHHaa a cooxBexciBHH o onacaBsaif n m  BepoaxHocxi».
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P h c .1 BpeMeHHaa hsOhxohbocxb pexHuoB bhsbhbx b BHyxpeHHux K 3 . t l , t. , tT- 
M 0M 8HTH BH6BHHX K 3 j to -  MOUeBT BHyTpQHHeTO K 3 | t g  - UtMMBX B3OKHeHOBea- 
hh BeHcnpaBHooiHj t H l , tH 2  - Bpeueaa hsCuxouhocxh
Pig .1 Temporal redundancy of the external and internal short circuital 
t'., ti, t"' - moments of the external short circuital t_ - moment of the 
internal short circuit, tH  - moment of the fault formation, t , t 
- times of the redundancy * H

BiTCECXeHHHe B C00TB6TCTBBH C ( 5 ) , ( 6 )  BepOHXHOCXH HOiyX OTHOCHXBCH He 
XOZBKO K HSZmnHHH OpaSaTHBaHHHM y ? 3 ,  HO H K 0TKH3aM B cpadaxuBaHHH npH n o - 
BpexxeHHH Ha saqHqaexoH o d te K ie , Ilpa exon nox oOjCzexyex noHHuaib napavexp 
noxoita noBpaxxeHHfi 3 0 .

HeCKOZbKO OIZHU0H HexaHH3M npOHBXeHHH BpeUeHHOft H 3 6ht ohhocth b pexHue 
xexypciBa (cM.pHC.2a ,6 \ Ha p a c .2 noKa3aH cyxoHHHft rpaiJiHK Harpy3KH aajxanjae 
Moro odbexxa S R = / ( t i  Eczh b y P 3 noasHJiaob HeHonpaBHOcii, xoxopas npo- 
aBzaetca  npn ^  >  S rp, rxe s rp “  rpaHHUHHft napauetp npoHBzeHHH paociiaxpH- 
saeuoft HencnpaBHocTH, to uoseT B 03HHKHyxi> "speita hbOuxohbocxh" t a , s xe- 
HeBHe xoxoporo B 03BHKaqaa aeHcnpaBHOCXB, onacHaa c xohkh speHHH zqbhhx 
cpaSaiuBaHHft ae npoaBzaeica. Eczh ea exo Bpeita saqHia Oyxei saflzoxHpoBasa 
(Oyxex aanpeqeHO eg xeSciBHe Ha oTKXxnieHHe 3 0 ), xo zoxHoro cpadaxuBaHHH ae 

npoaaoSUai.
Qox rpaBBHHUM napauexpoa npoaszeHas paccuaxpaBaeuog aeHcnpaBHOCXB 

6yxea noBJUtaxa, Hanpauep, xaxy» MHHHuaxBHyn Harpy3xy 3 0 ,  npa KOTopoft noa- 
BHBaaaeH HsacnpaBHOOXB npaBexex x zoacHomy cpafiaiHBaHHB yaza, dzoxa, peze 
bzh saaaxu b uezou, KoczexoBaHHH noxa3axH, hxo jia pasxaaHux HeacnpaBHocTeft 
rpaHXEmift napamexp zexni b  npexezax 0  Sr p s i  <» .

B x a a e c x s e  ^  Kpoue b o u h o c x h  aarpy3KH saxauaeM oro o d te x ia  iioryT p a c c u a - 
x pHBaxbcji x o k , HanpxieHHe h xpyrne napauexpu, H3MeHeHae xoxopnx n o x e i n p a- 
b s c t k  x BuzBzeHHJo h z h  HeBHHBZeHH» paccMaxpHBaeuoft HeHCnpaBHOCXH,

Bpexz t  no p a c ,2 a  oOuhho OuBaex Hedoxtnnu h nozyaeHHa n ozoxH T ezt- 
s o r o  a&pexxa ot xearHOcxHKH qezecoodpaaH o od ecn eu xtB  aBXO uaxaaecxoe B zoxh- 
poaaEHe saxaxu  b cz y aae  noHBzeaaH a Heft noBpexxeHzft, onacanx c  xohkk speHHH 
zojomx cpaOaxuBafDift. B axox czyn ae  BepoHxaocxb npexoiBpameHHH zoxH oro o p a - 
OaxxBaHHx  y ?3  t a  c i» x  OBoeapexeHHoro BUHBzeHHz xxarsocxxHeoKHM yoxpoftcxBox 
eooxBexexBymmxx noBpexxexxft onpexezaxcz czexyvuHH o6pa3 ox.



He?oxu noBUBeaaa . . . I 5 ?

PHo.Sa) BpeMeHHaa HSfiuJOTOooTk b peaaae xexyp c?»a  
F i g .  2a) Tem poral red u nd ancy  in  a  duty mode

P a c,2 0) O npexexem e Bpeueakott hbOuxohhocxh 
F i g .21)  D e te rm in a tio n  in  th e  te m p o ra l redundancy

Ha p ao.28 noKaaaa rpaujmx S B - J ( t ) " n o  n p o x o a x a ie a iH o c i« " . Bpema Ta ,  b 
leaeHHe xoxop oro  b n p exexax ro x a  paoouaspH Baexaa seaonpaBBOcsb TP3 He npo- 
HBJweTca, xapaK?epH3y e ?  BpeueHHyx hsO htohhooxb. BepoaxHocxb P j  T o ro , axo 
npa aaaHBHH aB?oaaxHaecKOfl dsoKHpoBKH 3amHTu ox J£f, BUHBJunomero paaaaaTpH- 
Baeuyx HeacnpasHOCXb, y x a e x ca  H sS ea a ik  xoxHoro oxxxxraeHxa 30,  pas Ha 
P3 « T^/8760 .  BepoHXHOcxfc P3 xax xe  no3Boxaex b cooxb6Xoxbhh c  7 onp exe- 
hhxb aaoTHUit c jtyqaa  peaxHsaqHH onepaxopa us ( 1) .

nTniim » hbOhxphhocxb a a cx e  H onozbsyexoa a pexeftHoft aaqaxe a  np oxaB oasa- 
pHftHOa aBTOMaTHKO .  P e8epBHpOBaHHB OXXeXbHUX BXeiMHXOB, ySXOB, 0X0X01 0X0X8-  
hu P3A mspoKO npEHeHHOXCH xax  x x x  noau aem u aaxdxHOOxa opaOaxuBaaax s a -  
x a x a ,  x a x  a  w  n oau aeaaa aaxdxHooxa a a o p a O a x n a x a x . ;
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CxeAyez m e n  b BEAy» hxo BseAeHae cxeuBoft esOuzohhooxe, noBumaa oahe bha 
HaAëxHocxa, xax npasnae, cHHxaez Apyroft eë bha. O tohkh spesxa s$$eKTHBHO- 
CZH ÄHarHOTH, b pexaue AexypcXBa 3SUHHTH. Eojih yflaëTCH BB6CTB b P3A xaxy» 
ESÖblZOHHOCTb, KOTOpaH 06eCII8TTHBaQT HeCpaÖaXHBäHHe 3aqHTH B peXHMS AexypOTBa
n p H  noHBaeHHH j t B Ö o r o  eAHHHHHoro hobnex^eHH« b  e ë  o x e u e ,  z o  zeu cauuu oöec- 
n e a H B a u z o f l  y c x o B H A  a a h  bucokoA a i jx f e x iH B H o c T H  A z a r H o c z H p o B a H H H .

n o  a  ({jyH KUH OH ajIŁH O H  H36hIXOHH OCXbD 3f le O b  n O H H M a e lCA X a X O ft BK A  H3 ÖHT O H H O C IE ,

KOTAa noBpexAeHHe paccuazpEBaeMoro 3JieueHza, yaxa eae Öjioksl b npEHUEne He 
uoxeT n p H B e c T H  k a oxHOMy cpaöaiuBaHHJo saqEiu b pexEue A s x y p c i B a .  3zo ozho- 
c h t c a, H a n p a M e p ,  k n o B p e x A e a H »  tokobhx u e n e f t  A E ^ x p e p e H U H a A B H o ä  3a ą H i H ,  qcae 
zok opaÖazuBaHHH sanan* cyąeciBeHHO Bhtrae HouHHaAbBoro. B coBpeueHHicc XBfKpe- 
peHnaaAbHHX saqazax zpaHC$opuazopoB, BanpEuep, ipyHKUHOHaAbHo hsöhiohhhmh b 
pexBMe AexypctBa abajuoica 6aok xopuoxeHHa b nepexoAHHX pexEuax, Öaok zopao- 
X6HBA npa BHemHKx K3 e z .a .  IIoBpexAeHHÄ, b 03beKinne b bzex ÖAOxax, Be npa- 
boaaz k xoxBony cpaSazuBaBH» 3amnxu b pexmie AexypctBa. BpH H3iieH6HHK p e- 
iHiia paöoxu 3anBTu xe öjiokh, k o topue 6hah (Jjy hkijhOHaAbho h 3Öhzohhhmh b p e- 
XKH6 AexypcTBa, Moryz cxaxb Heoöxoahmbcmh a m  BopnaAbHOfl pafioza, a  HexAiopae 
fl3 6a o ko b, oöecneqEBaxiqEx BecpaCaxuBaHHe 3aqHXfai b pexEue A exypctBa, uoryz 
czazb  ÿyBKUKOHaABHO H3ÖHX OHHŁIMH .

nOA BH<})OpMaUHOHHOtt H36nlOHHOCIblO nOHHUaeXCA BBeA6HH6 B CBOT6My P3A B3H- 
HMOAyQAEpynqeü e xoppexxHpy»meft eH(popuaî an no napaiAeAbaau xaHaxaM.

ÛHEcaHHue Bume beau e 3Öuxohhocth noxoranx oöecn eaazb  nonoxHtexbHHft Btppe- 
KZ oz onepaiHBHoro KoazpoAA acnpasH oczE yP3, peaA B syeuoro, aanpEaep , o n a  

MOHbB BCXpOeHHHX AHaTHOCXHieCKEX yCtpOftCXB, BUnOAHeHBHX no MeXOAy KOMÖEHH— 
poBauBOä eKOHxpoAbBoít T oh ich . Cyzb atoro HezoAa 3aKjn>HaexcH b z o m, hzo xoh- 
zpoAEpyezcA He xaxAHft xoHZpoxbHHft CHTHaA c a x  no c e ö e ,  a BHanane cocxaBAHK- 
TOA CxaronpHEZHUe AAA KOHtpoAH. ECnpaBHOCXH KOXSEHaUHE XOHXpoAbHHX CE m a i  OB 
h peayAbXHpyionHH c a r B a i  (cnraaA xouÖEHHpoBaBHOä xoHxpoAbaoä xohxb) xohxpoae- 
p y ezcx  [& -1 2 J• Tanoft uoaxoa nosBOAAez oyqecZBeHHo ynpoozazb oxeay a  xoHCtpy- 
KUHB My, ho b HeKOTopux CAynaax ao xez  Ouzb cBAsaH c nozepett onpeAexëHHoro 
xoAHxeczBa HH$opManEH, B nepBjnj oaepeAb oxHocaqeftCA x  nocxeneHHUM, napaue- 
zpHEocKHM o z x a a a x , hxo snoAHe A onyczaae b pauax OKH [[6 3 » B APyrEX cx y a a a x  
npa zaxoM noAXOAe yA aëxca asöaBEXbOE oz HeHyxHoft, nooxopoHHeft HH^opaanax, 
a  BHABAEZb HeOÖXOAHMy» HH$OpHaHHl) [ 1 2 ] w

Ha pec.3 npHBBABBa cxeua nepBoro H3 paocHaxpEBaeHux MM fö»Xo[3• Oho npe- 
AHasBaaeBO äah kobxpoaa HonpaBHoexa xorHaeoxoft Hacia P3A, a zaxxe aaa xoh- 
zpoAA zaxax 0AOKOB aHaAOTOBoft Hacia, xozopne n3anycx£U>xcH" AHmb b pexExe 
xpeBora, a b pexHMe xAexypcxsa hmobt xoazpoAbaae carnanu b bhab HeasMeHHUx 
no BexHHBBe aanpaxeKEft noczoaaHoro zoxa.

Ha BXOAU M y noozynaioz xoExpaabHue oiTBaAH xozopue b ooBoxynsocTH onxcu- 
a a B Z o x  A o n o A H e a x u M  BexxopoM npxaH&xoB X » ( j 3j »

{ X1* x 2* ••• ^ l } * (8 )
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me  X^, Xg, ••• %  - KOHTpojibBHe caraaxti, OHavaetate c l  kobspoxbhhx rovex
ypst x K + 1 - i .

no BH^y B éas opa X *  fly x < « *h o  n o c sa s a sb  oxhh hb AByx x x a ra o so B i 
*yP3 acnpaBHo" -  Ap hxh "YP3 HeacnpaBHo" -  A .  äzlh nocsaHOBKH x a a ra o sa  
$ojatHpyeicH xHCKpauBaaHSaas $yBxqaa j - ( X * )

f(X* ) - I  X* (9)

r^ e  K -  BecoBofi B easo p t

K “ K g, .  ,  .  K jj , Kjf .  ( 1 0 )

BecoBofi B easo p  K Bufiapaesca s a x ,  asoCu b  pexm te x e a y p ciB a  acnpaBHOii 3 a -  
xhsh  BtinoammocL p a s e a cs B o :

^  * *  ö as “  ® , < 1 1 )

rfle X#  6 a s  -  ą o u oxHeehhö b sk to p  ap asaaso B  acnpaBHoro YP3 b pexaue AeaypcTBa 
( 6 a 3OBHß B easop ) .

Penaranee ycxoB ae J¡¡f no p a o .3  b h txxxh * c x e x y m a x  o Spaa oui

npa | k  X * | > Ê  X *  s
Huane X. V J

( 1 2 )
*  e  Ap*

r^ e  Ł- nopor ly B c s  bht e x b h o csh .
Pemaxmee ycxoB ae ( 12) a o x e s  a a p y a a sb ca  b peazue sp eB ora  acn p asao ro  YP3, 

noasoay aeoO xoixxo b b o c s b  saxep aay  a a  cpaOaSHBaaae W t  npesimaniiyx) b o 3m o - 

a so e  Bpenx i  pea o r a .  B p e sy x a sa se  n o x y a a e* cx e x y a a e e  p e a a m e e  np asaxo i

0 -  »  + ^ a o o n i > T > r p }  Dt (1 3 )

r*e 2 k + 1>irnMTT -^(X*) m K X#.- Baaaeaae xacapaManaasHofl ígraanaH no(9l 
ÄonojtHBHBHfi Beasop npa3aaaoB X ji& )v u a m a e t  b ceö a  b saxe DxeueHToa X1 , X g ..  
.. X jj aanpa*BHaa aa aoHspoxMsx soaaax aoHspoxHpyeaoro aoxyxx YP3 1^, 1^... 
, .1 > H i nepaue H axeiieasoB ucoaoro aeasopa K (  Kl f  Kg ,  . . .  K B )peaxH3yx>Tcx 
peBHosopaaa R ^  -  R1̂  ,  a K +  1-nfl axeueax, oÖecneaaBaHUHtt BHnoxHeHHe ycxo- 
b ïh  (  I I ) ,  peaxHsyeicx aenpaaeHaea ^ S0Mn» caauaeaini o peaaosopoB R4 , R j * .  
Hanpaxeaae 1^ npexcsaBXxex c 06 oft peaxa3aąaio nopora ayacxBasexbaocxa 6 . 
BapaaeHHe ?{..^paBHO exaaaqe, ecxa Bunoxaxescx ycxoBae a caoöaax a paBac 
ayxn b nposasaoa cxyaae. Onepasop BpoMeaaoS saxepaaa Dt  ofieoneaaBaes saxep- 
aay b cpaCasHBaaaa Jff aa Bpena t , paBHoe aanpanep, 5-10 ceayaxaM xxk ot- 
OTpoftKH os pexaxa spesora aoBspoxapyeaoro Y P 3. Caraax o macnpasaocsa aoa- 
spoxapyeaoro xoxyxx YP3 a coossesossaa o (13) aaxaBsox ( C - l)  a so n  oxyaae, 
ecxa Bupaxeaae P { . . . }  paaao exaxm a a seaeaae apenean ho » w e  apene as s a -  

x e p n a  U



tía CMrUdí,) O t HÊt-fCTTfCrbHOCrtf

Pao .3  Cxeaa xaarHoo*a<t«aaoro yoipoftoiBa 
P ig .3  D ia g n o s tic  d sv ica  c i r c u i t



UeiOAH noBsaeans ... 61

AIO A8

A9

? i f  
° v l

T { $

AA

AI

S { 6 i }

A2,A3

AAI

M {m i)

A4

o r x r ~  h i i  t
A5

A6

Ha. StAOKHpobQHHe
■ 3 & IH H T H

7 ™ .

AA2

A ll

T

Ha cnrnac4 o 
HeuCTTpabHOCTH 
3 * u i n r & i

Pho. 4 Oxana xnarHoenraaoxoro yoipoflotsa 
F i g .4 D ia g n o stic  d avica  c i r c u i t



62 A, Z a n a

Bio^HOfl cyMKaTop A l Ha psc.3 peaiH3yeT na CBoëM Buxoxe AHCKpHUBHaHTays 
$yHKĄHKi J (  X# )no ( 9 )  , BHnpjMHTezbHaH cÖopKa A2 h xByxBxoflOBHfi Koiuapaiop 
A3 o6ecneHHBćLDT itpoBepxy bhiiojiHehhh ycjiOBHß (12 \ S x eu ea i  hh^hkguxhh A4 
n03B0JIÄel BHBBBTb nOBpeABBOHÜCH CMeHHHg MOflyjIŁ YP3 , a 3JieiíeHT BH^epXKH Bpe- 
M6HH A6 peajiHsyei onepaTop BpeueHHofl 3axepxKH d" b 0-3). SjreneBT npoBepra 
A7 cjiyxHT ¡¡fin npoBepKH HcnpaBHociH canoro paccuaTpaBaenoro W  (  npa HaxaiHB 
KHOHKH b aaeMeaie A7 J f f  xojixho cpaôoiaib ) .

nocKOXBicy bxoäh paccuaTpHsaeM oro Ę f  rrpacoe^HHeHH k kohtpojibhhm Tonicau 
JIHBb Ba OABOM CM6HHOU MO^yjie, TO npH BHRĆLHe CHTHOJia O H6HCnpaBH0CTB 3a — 
HHTH, noBpeawëHHHg «loxyxb a e rx o  BHBBaaeTca h 3aMeHHeica aa  HcnpaBHHfi.

B [ 1 4 ]  noKa3aHof hto HeoöxoABUüu h ÆOCTaTOHHHM ycJioBHeu oÖHapyxaHHH 
OAHHOHHOg HSBCnpaBHOCTH BBXBeTCB yXOBJIQTBOpôHHe yCJIOBHH eë  QpOBBJieHHH H 
yCJIOBHH IpaHCnoplHpOBKE.

IlepBoe ycaoB ae c o c to h t  b tom , h to  B03HHxmaa HeHcnpaBHOcTB xojiXHa npoa— 
b ju u b c h , i . e .  BH3Baib H3U6H6HH6 xoTB 6h oflHoro czrH ajia B y p 3 . Bsopoe y c .io -  
BH6 BHBBJieHHH OXHHOHHOfl BßHCHpaBHOCTB COCTOHT B TOM, HTO BU3BHHHH6 6ë  npO-
BBxeuHen SBaneHHB cxrHaxoB aojckhh 6 litb nepeiam * s a  oflHy min hcckojibbo koh-
TpOXBHLtX T0H6K.

B K a ie c iB e  6onee s a p o so ro  ycnoB aa bbbbjighhh HôHcnpaBHOcTH npH bomohh JSy, 
BHnOXHeHHHX no npMHUHny KOilÖHHHpOBaHHOä KOHTpojIbHOg TOHKH ( 8 - 1 2 ) ,  IIOXHO 
BHABHHyTb ycjIOBHe HyBCTBHTeXbHOCTH, 3aKJD0HaMqeeCB B TOM, HTO nOBBXSHHe p a c -  
cnaxpHBaeMog HeHcnpaBHOcTB xojixho h d iib scth  k yBexaneHKE) aôcoJiiaTHoro 3 B a n e- 
HHB AHCKpHHHuaHTHog ({¡yHKUHB ( 9 )  Ha BexHHHHy, npeBHmaiony» nopor H yB ciB H iexb- 
HOCTH Ê .  ycaOBHe HyBCTBHTejIbHOCTH yHHTHBaeT xapaKTepHCTHKH HO TOSLKO KOH- 
zpoxH pyeuoro y P 3 , ho h coficTBeBHue xapaKTepaciHKB f í f ,  th k b s  xax  bocoboö 
BexTop K , so p o r nyBCTBHTejibHOCTH £  h t . x «

CähoH h3 onehok xan eczB a  flaarHocTHpoBaBHH (1 4  ) HBxaeTca B03f$HiłHeHT 
nOXBOTH npOBSpKH HCnpaBHOCTH Kn ¡jt

r;;e A.r — cynuapKaB hhtqbcrbbootb bhhbjih6Mhx nocpexcTBou JET HeHcnpaBHOCieft 
KOHTpoxHpyenoro uoxyaaj — oyvua HHTeHCHBHocTeft hohbxgbhh Boex HeHcnpa- 
BHOcTefi xoHTpoxHpyanoro noxyx.fi.

W  no pBc. 3  paOoiaoT b pexzue xexypoTBa aamaiu x BHBBxsez HexcnpaBHOcm 
nepea 5 - 1 0  oexyHx nocxe h i  b 03hhkbob6hhh f h to  b xecBTKH th cb h  pas Öncipee 
no cpaBHeHHi c ipaxHUHOHHun ne pa ox om lecTosax npoBepox [ l - 3 ]  .
&TO HBXaeTCH SOJUbOZH XO C TO H H C TBO H  SOCTOAHHO XeftCTBymHX JE? SO OpaBHQHHX) 
c nepaoxxnecKx xeftcTByxssstuH, aanpHuep, tbctobhub. B to  xe Bpeua KooJxJjBnHeHT 
noiEOTu npoaepox b pezsne xssypcTBa xaxe npa xxeasbHux xapaxTepscTEKax Jty 
so p a c .3  U0Z6T OuTb eyqecTBeHHo Hsxe exHBHnu, socKosbxy x ia  mhothx BBHOspa- 
bboctbS c*asxapTHux oxen yP3 b pesxMS xexypcTBa so busosbbbtcb yesoBss  
spaxBxeKHx n a c s p a s s o o n  s  eë zpasonopzxp oB xs. KoarposespsroxHooxB exon 
yP3 o paecnatpHBaenofl tohxb sp tB xs moxbo oxapaxzepxsoBa*b K o n ttm n n o x
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KOHipanenpHro^HocTH B p exaxe nexypcTBa t

K * -  lim  K * #
*  &- * 0  un

r a e  K ^ n -  K 0 8 $ $ m iH e s s  nanHOtH n p o B ep K a  acn p aB H O ciH  b p e x a x e  x e x y p c t B a j  

& — n o p o r  'lyBCTBHTejIbHOCTH JET,

H acso cyueciBeHHO xeHBme enaH anii. Torna HeoCxonHMoft nojiHotu npoBe- 
pKB xoxho s o c ih ’í b ,  Hanpaxep zonojibaya tectO B xe  npoBepxa. Ha p a c .4  npaBejeHa 
c x e x a  J¡y,  oCecne*niBaionero Kan noctobhhk8 kohtpojtb acnpaBH oeta, TaK a  nepao- 
AH'iecKHe tectO B x e  npoBepxa

3fleci> AA -  KOHlponapyexHfi CMeHHHfi xo n y x* y p 3 . ejsokh A I, A2, A3, A4, A5, 
A6 -  t e  ate, a to  b fiy no p a c .3 .  laxaM  oCpaaox, b c o c t a s  paccxazp aB aexoro  
^HarHocTHaecKoro y c ip o itc tB a  npaictaaecxB  nojraocrwD b x o *k t J¡7  no p a c .3  ¡to to 
pos oOecneaHBaeT noctoHHHHit x o a rp o n t aonpaBH octa xonyaa 7P3 s pexaxe n e a y - 
poTBa.

3anycK te c to B u x  npoBepoa anpoaBonaTCH o t S ao aa  A8 3anycaa npoBepuH ,cone- 
p xanero  b cboSx c o c ía s e  anexrpoHHHe aacu  non  a s to x a ta a e c x o r o  nepao^aaecK oro 
s a n y c a a , a  ta x x e  aaexTpaaecKyi) aaorncy aanycaa npoBepaa o í p y xa . Ot Cjio- 
xa  A6 san y ca a eT ca  Cjiok A9 K oxxytauaH , co^epacanaft ajieKtpoHHy» c x e x y , Banoji- 
HJUtanyK) 5yHKuaa m aroBoro H cx a ten a . lipa s to x  a a  sp exa  npoBepxa CaoKapyetca 
npoBepaexaa n a c ía  oanaTH ana bch s a n a r a . 3 an y cicaetca  ta x x e  Cjiok A10 -  r e s e -  
p ato p  te c to B u x  c a ra a s o B , reBepapynqaü HeoCxonaxxe juta tectO Boít npoBepKaa 
c a ra a n u  T { t^ } .  Ejiok A9 noonepejtHo nponyoKaet a a  aoatpojiapyexbiít cueHHuii x o -  
jty jit  saupiTh AA naCopx tecTOBUx ca ra a jio B  T * { t ^ } . I I p a  s to x  B 3xeH a»tca n an p s- 
x e a a a  a a  KOHtpojiBHXx zonaax xonynn. AA. Ecjch kohtpojrapyexhü cxqhhuíí xojtynh 
acnpaBeH , i o  Kaxjtoxy BHjtaHHOxy aa  AA aaCopy TK{ t ^ }  c o o tB e tc z B y e t  oboh p e a -  
khhh yp3 b Bañe cootBeTCTByionero b o ktopa npasHaKOB X® p. OjtHOBpexeHHO c 
a ta x  A9 B u a ,a é T  aa bxo¿ho& cyxxazop  A l co o tB e tc tB y m ia ^  koxnehcapyuna3 caraan  
Bk a s  aaCopa koxnehcbpyionzx c a ra a n ob B {b ^ }  oCxaao a to  npocto  aanpaxeHae 
noctoHHHoro zo xa  .  C a m a * BK co n e p x a t b ceCe ta x y »  noGaaxy a  coctaBjunonea 
1>k o x jj B ecoB oro  BeKTopa K , a to  c$opxHpoBaBnaflca npa a to x  BecoBoü B extop  Kk 

yxo B xetB o p aes y c n o a a » :

ÍCK X*p -  0 .  ( 1 4 )

3a ca S t rtorpemHOCteü a pasperyaapoBKa ycxosae 14 xoxet BHnoxaatBca He
i o xh o. ycnosae cpaCatxBaHaa J 7  b K-om pexaxe npoBepxa Oyxet cnenyunax:

1 * *  (15,
r j e  X * -  peanBHHñ a e x to p  np aaaaxoB , xapaKtepasyisnHft xoarpoxxpyexutt cxeHHua 
HQgyxb 7 7 3  a a  K-ox a ta ñ e  npoBepxa j  g x  -  nopor ny*CTBBteakHocta J£f aa  K-ox 
a ta ñ e  npoBepaa, oipopuaposaainrit npa noxoqx B m a sa e x o ro  o Caoxa A9 o a  m a ja  
aaxeaeHaa ^ o t u t a n i o o n  n K aa aaCopa H {« 1 }  .
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E cjih  ÄHarHociHpyeMHfi cMeHHKii MOAyJifc y?3 HeaonpaBSH, t o  i  cooXBexcxBHH 
c ( 1 5 )  opaSaTUBaei Öjiok A3 a  wepea A 4, A5 BbiAaei OErBan Ha ABycraÓBJibHHJi 
T parrep auS sJieweHr A l i ,  kotopuR ocraHaBJiHBaet Öjiok A9 h stm aer czrH aa o 
H6ECQpaBB0CTH BaąHXH. IIOBpeXAeHHLIÖ CMeHHHä HOÄyjIL BHHBJLHeTCH HO CBSH6HHIÖ
O BeiO A H O ^a b  Önoice A 4,

ü o cae  npoßepKH HcnpaBHOCTH cMGHHoro u o ß jx a  7 P 3 , pacnojtoxeHHoro Ha nepBoä 
□ z a ie  AA1, npoBOAHXca npoBepxa w ia m  AA2 h x . g .  E cjih  o to  bo3uoxho, q e a e c o -  
oöpa3so  npoBepKy höokohbkhx cueaHUx MOAyjieä npoBO^HTB o^HOEpeMeHHO, axo 
yxeHBHHT B p 6MH HpOBSpKH H, BMeCTO C 3THU, BpSMH BHBSJtSHHH HpOBSpfleMOft 3 a -  
E(HXK H3 paÖOXU,

0 imcaHHHB Buse AHarHOciHaecKHe ycxpofioxBa npoauin JiaöopaxopHüe u c c x e M s a -  
hhh h y cn sB H y u  onuTHyia S K c m y a ia u n a  ohh 3anH ąeH H  a s i  o jc k h m e  c B Z A e x e a B C X B a - 

MH a a  HacöpeieHHH. Ha ocHOBe p e ^ p a i a  Moxaa oapefleJiHSŁ cjisnyiomHe b h b o a h s

1 .  OAHHM H3 HaHÖOJiee 3i)$eKTHBHHX MSTOflOB IIOBbfflieHHH HaAeJKHOCTH CJIOJKHHX 

y c T p o ä c x B  pexeZBox  saiqEX u Ha s n e M e H ia x  BHHHCJiHTeJiBHoii x g x h h k h  h b h h s t c h  o n e- 
paTHBHUH KOHTpOJZB HCHpaBHOCXE HOCpeflCTBOM BCTpoeHHKX ABarHOCTHHSCKHX yC X pO - 

S C T B .

2. HsoCxoahuhm ycaoBESM, oöecneHHBaioinHM BHCOKyjo a$$eKXHBHOcxB BcxpoeHHHx 
Bf, HBJiaeiOH pa3yMHoe HcnojiB3 OBaHne npacyneS peJiefiHoit 3amHte e ECKyccTBSHHO 
BBeAeHHoö H3ÖHT0BH0CTH, B nepBy» B HJiaHe HGopaöaxHBaHHH b pextHMe seaypcxBa,

3 .  KOHÖHHHpOBaHHOä KOHTpOÄBHOä TOHKH ZX03B0HH6X ynpOCXHTB O H epaTH -

BHHit XOHTpOJTB HCHpaBHOCXE peJleÜHCÜ 3aHHTü E aBXOUaXHXH SHeprOCECTSM  B ttH a - 

H8 BHS 3SHKÜX O XKaSO B,

4 .  Pa3paöoTaHHue b pauicax uexofla KouÖHHzpoBaHHoit KOETpoHbHoß iohkb jp ta- 
rHOCTHHecKHe y cxp o ftc iB a  hosbohhiox KoHipoaiHpoBaTL HcnpaBHocxt KaK HorznecKHii 
a a c x a ,  xaK k HSKoiopHx öjiok ob aH ajioroBoä aacxH pejieÜHoft saiprxH e  axouaxEKz 
3HaprOCHCS8M.
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METODY PODWYŻSZANIA NIEZAWODNOŚCI ZŁOŻONYCH URZĄDZEŃ 
AUTOMATYKI ZABEZPIECZENIOWEJ OPARTYCH NA TECHNICE CYFROWEJ

S t r e s z c z e n i e

W w ielu! k r a ja c h  w obecnym c z a s ie  w e k s p lo a ta c ji  zn a jd u je  s i ę  znaczna 
l ic z b a  urządzeń autom atyki zab ezp ieczen iow ej (UAZ) p racu jący ch  w automa
ty ce  zab ezp ieczn io w ej systemów energ etyczn ych  bazu jących  na układach 
półprzewodnikowych i  układ ach  sca lo n y ch . Wysoka .złożoność ty ch  układów 
w porównaniu z tradycyjnym  przekaźnikiem  z w ró ciła  uwagę na kw estię  pod
w yższenia ic h  n iezaw od ności. Bardzo efektyw ny, na p rzy k ład , j e s t  system 
operatyw nej k o n t r o l i  uszkodzeń (SOKU), k tó ry  zbudowany j e s t  na podstaw ie 
wewnętrznych układów d iagn o zu jący ch  (UD), sym ulu jących uszkodzenie UAZ. 
SOKU w p o łą cz e n iu  z danym UAZ pozwala rz e cz y w iś c ie  zwiększyć niezawo
dność autom atyki zab ezp ieczen iow ej i  autom atyki łą cz ą cy  c ią g łą  k o n tro lę  

uszkodzeń z te s ta m i p ró b . W p racy op isano dwa układy d iagn o zu jące  d z ia 
ł a ją c e  wg metody k om b in acji punktu k o n tro ln e g o .
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Przy czym n ie  katdy sy g n a ł k o n tro lu ją c y  sprawdza sam s i e b i e ,  a głów nie 
tworzy s i ę ,  efektyw ne d la  k o n tr o l i  uszkodzeń UAZ, kom binacje sygnałów 
k o n tro ln y ch , p rzez  co sygn ał wynikowy (s y g n a ł k o m b in ac ji punktu k o n tro l
nego) u leg a  k o n t r o l i .  Opisane układy s ą  chronione świadectwami au to rsk im i 
i  p rz e s z ły  pom yślnie etap  p ró bn e j e k s p lo a t a c j i .

METHODS OP INCREASING THE RELIABILITY OP COMPLEX
DEVICES OP ANTI-PALLURE AUTOMATICS BASED OH DIOITAL-CIHCUIT ENGINEER DIG 

S u m m a r y

In  many c o u n tr ie s ,  many a n t i - f a i l u r e  au to m atics  d e v ice s  (APAD) working 
in  th e  power system s based  on sem icondu ctore and in te g r a te d  elem ents a re  
in  use nowadays. The h ig h  com p lex ity  o f  th e s e  system s (d e v ic e s )  as  compa
red  w ith  a t r a d i t io n a l  r e la y  has drawn a t te n t io n  to  th e  q u estio n  o f  in c r e -  
s in g  t h e i r  r e l i a b i l i t y .  Por exam ple, th e  f a i l u r e  c o n t r o l  system  (PC S) con
s tr u c te d  on th e  base o f  b u i l t - i n  d ia g n o s t ic  c i r c u i t s  (DC) th a t  s im u la te  
th e  f a i lu r e s  o f  APAD i s  very  e f f e c t i v e .  The PCS in  com bination w ith  a g i 
ven APAD r e a l l y  a llo w s to  in c r e a s e  r e l i a b i l i t y  o f  th r  a n t i - f a i l u r e  au to 
m atics  and emergency system s a u to m a tic s . The b e s t  r e s u l t s  have been o b ta 
ined  by u sin g  th e  PCS system  w hich com bines con tin u ou s c o n tr o l  o f  f a i 
lu re s  w ith  t e s t  ch e ck in g . Two d ia g n o s t ic  c i r c u i t s  o p e ra t in g  a cco rd in g  to  
th e  ch eck in g  p o in t com bination method have been d e scr ib e d  in  th e  p ap er.
In t h i s  ca se  not every c o n tr o l  s ig n a l  i s  b e in g  checked by I t s e l f  f a i l u r e  
c o n t r o l  system  PCS are  formed and th e  output s ig n a l  (c h e c k in g  p o in t com
b in a tio n  s ig n a l )  i s  c o n tro lle d  in  t h i s  way. ftie  above d e scr ib e d  system  
have passed  s e r v ic e  t e s t s  s u c c e s s fu l ly  and a l l  r i g h t s  f o r  them a re  r e s e -  
ved .


