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AmrapaTypHNe KOMIIJI9KCH, CBS!:3aHHNe_ Q_ a:sa~oa 3a!llHTO8 ( AB ) Sl,llepHHX 
peaKTOpOB,.llOJDICHH OTB9TiaTD OC068Hl!O BHCOIWM Tp86OBaHHSM.CTpyKTypHO-SJI8-
KTpoHHaSI l!aCT:b AB BXO,1.01T B COCTaB CHCT8Mll ynpaBJI9Hml H,3antHTH(CY3).B CY3 
liM88TCR tJ.8THp0 H03aI311CHMHX,napaJIJieJII,HO ~eiCTBYJIIIWC KaHaJia aBapmlH:ol aa
lllliTH.Kax.mrlt KaHa.rr COCTaBJISl9TCa_H3~0.JmHHa.u.uaTH ~~OHaJIDHO-Cil9UliaJill8H
poBaHlfuJC MO,nyJie:A:. ooman_ cxeMa 9JI8KTJlOHIOOI O,llHOro KaHaJia AB H <I!YHKUHOH8Jlb-
1ill9 CM3H M6l!UtY MO,llYJISIMH npe,llCT8BJl91ill Ha JlHCYHK9 I. CxeMa H8. l:J.TOM pncymm 
( C,lleJiaHa Ha OCHOBaHHH .!lOKYMSHTatm CYB [ IJ) ynpomeHa •. ,llJm ClOJlbmea SICHOCTH 

. HCKJl101!6HH SJISMSHTH H <lJYHKUOH8Jlblill9 CBSI3H, HSOOXO,llHMHS TOJlbKO 130 Bpewt TS
CTHpoBaHHSI CYB. C BTp:8.l!tS USJlbIO HS 0O03HatJ.9HHOClpaTHN9 CBSI3H U9TIH KOHTypa 
HCnpaBHOCTH H ynpomSHNM cnocoOOM YK83aH 38,llaTtJ.HK MOll!HOCTH ( B 13H,ll9 noTeH

. UHOM6Tpa, nop11eHoro K HMfiYJII,CHOMY YCHJIHT9Jll0 - CHMBOJI 3-I ) • 
CorJiacao TexHH1IeCKOMY onncaHHIO CY8,oOosHa11eHm1 Ha JlHCYHKe I osHa11am: 

3-I - HMfiYJII,Clill:A: YCHJIHT9Jlb, 
3-2 - HMfiYJlbC!ill:A: EOJlbTM9Tp, -
3-3 - TpHrrep"HCnpaBHOCTb", 
3-4 - TpHrrep pa3pelll8DllHX HMfiYJlbCOB, 
3-5 - TpHrrep t1a11aJia paOoTH, 
3-6 - TpHrrep YM9Hbmemrn: aMnJIHTy,llH HMJIYJII,COB, 
3-7 - TpHrr9p "npe,nynp9l!Ul9HH9", 
3~8 - TpHrrep "a:sapHSI", 
3-9 - nepeK.11I01IaT8Jlb H3M0JlHT9JlbHOro IlJlHHOOpa MI73I, 
3-IO - CTaOHJIH3aTOP Hanpa:meHHR, 

._ 3-II - BHnpSIMHTeJlb H HCTOtJ.HHK ~amrn: • 

. OcoOHM_ mpH~Ot:i OOO3H81!9H8 fl)ymmHOHaJlbHaSI CM3b M~ZJlY MO,llYJISIMH · 3-3 · H 3-7 
.. a~a, KOTOpaSI YtJ.HTHBaSTCSI B .llOKYM9HTSUHH, HOHS CYll!9CTBY9T B COCTaBe :KaHa-

JIOB AB. 
Onpe.neJISisi: Ha.nemocTb sJie~TpoHHo:8 tzacTH AB, npHHHMaeM cJie.llYIOIIIHe, ocHOBHNS 
np9,llnOJIO:19Hml: _ .. 

a) Ha'AemIOCTb S~SKTJlOHHHX SJISM9HTOB - B8JlOflTHOCTb HX .. O93OTK83HO:8 
paOOTH B 3aBHCHMOCTH OT_ BpeMeHH (t) H3M9HSl9TCSI no 3aKOHY fiOKa3a
T9JlbHOro pacnpe,ll9JI9HHSI [2]: 

r(t)=exp[-Atl, 

·r.ne l!aCTOTa OTKa30B.A=corist~ 
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.QJm COIIJX)THBJieHIDl: 

T6MII. OTHOCHT6Jll,H8H Har'pY3R8. 
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~ ~~~ABl!OOTX .QJm KOH,It6HCaTopoB: 
Cl!I'HA.II ,!(BBJIOjOO'OJl T6MII. OTHOCHT9JII,Hafi Har'pY3R8. 
llllnY.il1CIDl!llOCTX.ll)AP c0 CJ 0.2 o.4 o.6 a.a ·r.oo 
gjlJiMrn~:g~ rfil::l 20 0.03 0.09 0.23 0.54 r.oo 
Cl!I'HAJ!Pllli'.l!MAP~ mcr~wn' 30 o.o4 o.o9 0.24 o.54 r.oo 
~ 6 I ~TCl!I'HAJI "HA'WIO PAto'l'Jl" 40 o. 05 o. IO o. 25 o. 5 I. 0 
J!Ol'. CKIBAJI "YMllHblllEHl!B AllllllllTY.ll!l" 

llJll]I, 1!731 
llJll]I, 1!731 

PHc. I. ooma.a CX6Ma 8JI6KTpoIDOO!: RB.HaJia .~PHflliOil: ~aumTH CY3 lIBP-2 •. · 

0) l!acTOTa OTR8.30B 9JI9KTpoHHoro ycTpo8CTBa (MO.llYJIH).HBJIH6TCH CYMM08.
qacTOT OTR8.30B COCTSBHHX tzacTe8:(6JI6M6HTOB)8TOro'.ycTpo8cTBa: 

' -. ' ,, ·. I• ' 

A= 1: A, /2/ 

OOpaTHTb BHHMaHHe HYlKHO Ha BallCHOCTb · ·:ycJIOBHH: 0). · 3To ycJIOBHe cTporoe H 
03HaqaeT, qTo B OTR8.3aBlllH9 MO.ztYJIH;BKJ!!lijamcn 'oTR8.3H H H6HCIIpaBHOCTH Bcex 
ero 8JI6M6HTOB H638BHCHMO OT Ha3Haqemra: . . . . . . . . . . . 

l!aCTOTa OTR8.30B ·aJI6M6HTOB 0.ztHOro·im.zta npHHHM8.eT ', .. 
pa3J!Htllm9 B9JIHqHHH 

B 38BHCHMOCTH OT ero THrra, KJiacca H IIJX)H3BO,ItHT9JIH. 

B OoJiee·Tol!HHX· oueHRB.x norroJIHHTeJri.Ho yqHTHB8Dl'cn ycJioBHH paOoru ~aHoro 
8JI6M9HTa, TO 6CTb T9MII6paTypa OKpYJK8IOOl68 Cpe.IU,I H HarpyaKa 8JI6M6HTa. 
8TH YCJIOBHH yqHTHBaIOT, BBO,n.8 B qJOPMYJIY /1/ K09@m9HT k: 

r(t)=expC-kAt]. /3/ 

HIDKe YR8.38HH rrpHM6pHJ:l9 B6JIHqHHH K0~9H'l'a R WIS1 conpO'l'HB7I8HH1l ll ROH
~eHCa'l'opoB.ilpHBe,u;emme B ( 7J 3Hatz8Im& COO'l'BeTCTBj'D'l' pa3JIHlmHM '1'9MIIe.:.. 
pa'l'ypaM H · 1iarpyaKaM _, ( OTHOCH'l'eJibHO HOMWiam,noA HarpysRH) • 

2 
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B TaO.mme I YR8.38H rrepeqeHb 3HaqeHIDt A nJIH T:mIOB 8JI6M9HTOB, HCITOJll,30BaHHX 
B sJieKTpoHHKe AS. ·B rrocJie~eM cToJIOue sTo8 TaOJIHUH rrpHBeneHH pa3JIHqHHe· 
3HaqeHHH A/ yqHTHBaIOIIIH6 ItpH 8TOM, rne,8TO_B03MOlKHO: THII8JI6M6HTa, CTpaey~ 
11sroToBHT0JII,, ycJioBHH paOoTH H ~- 3TH SHa-qeHHH Hcrrom,30BaHH B rrpHBeneH-
HHX ,naJiee BHqHCJI6HHHX. . _ . 

C HC1Illllb80Blilm9M CX8M OT,I{eJILHHX· MO,IU'JI81t inepetmsi BX eJI8M8HTOB [I] 
BWmCJieHH SHatzeHWl napaMeTpa }..(.wm.onpe,u;eJieHHoro KOJIHtzeCTBa aJieMeH:.. 

TAEJIKUA I. ID!TEHCIIBHOCTH OTKA30B SJ!EMEIITOB IlQ PA3JlM'lllliM Y.CTO'lHIIKAM 

TIIII SJ!EMEHTA 1..x106 C 1/q] 

.. [3] [4] [5] [6] [7] IIPl!HllTO 

Conp0Tl!BJISIIWI 0.004 0.89 0.1 0.14 + 0.40 0.0002 0.5 0.1 
· ConpoTl!BJISHHll nepeMSH!D,!9 0.03 10.5 -

0.03 ! 0.22 
- . - 1.4 

RoH,ItBHCBTOJ)!I 0.003 82 0.3 0.0009 0.5 .4 
RoH.IteHCBTOJ)!I sneKT]XJJIRTK'i9CKK9 0.09 7.35 -

0.06 ! 2.6 
- - 2 

.lll!O.zt!,1 0.02 8 - 0.001 + 0.05 2.0 0.2 
'.l'pa!raHCTOJ)!I 0.04 3.2 - 0.45 + 0.83 0.007 + 0.36 2.0 1 
!!im]loCXSM!l 0.06 4.2 0.2 1.75 - 0.5 0.5 
'nJal{CljO])MaTOJ)!I _, 0.02 1.09 - 3.2 - - 0.2 
'l'HpHCTOJ)!I 4.3 12 - - - - 12 
Il]lSJIOXJ)9}1HTSnH 0.5 4.64 - - - - 0.5 
MeCTO llru!KH· 0.002 0.08 0.005 - - - 0.01 
RoHTBKTH 0.13 0.34 0.2 - - - 0.2 

TAEJIKUA 2.KO.IIJ!l!ECTBO SJ!EMEIITOB K ll!ITEHCIIBHOCTK OTKA30B MOAVJ!El! SJIEKTPOlll!KK KAHA.1lA ABAPl!l!HOI! 3AlilKTll 

Tl!ll EJlEIIE!lTA 3-1 I 3-2 I 3-3 I 3-4 I 3-5 CllllOOlll 3-616'.ll1Ylllll3-T '1 3-8 I 3-9 ' I 3-10 I 3-11 n 1 n A n A n A n 1· n A n A n A n A n A n A 
mT. l,106 mT. l,106 mT. l,106 mT. l,106 m. l,106 ""· l,106 ""· l,1a6 ""· l.1a6 mT. l,1a6 m. l,1a6 mT. l,1a6 

8JJ8KTJX)JIHTJABCKH8 

55 5.5 33 3.3 21 2.1 1T 1.T 22 2.2 22 2.2 28 2.8 98 9.8 6 0.6 29 2.9 2 0.2 
3 4.2 3 4.2 - - 1 1.4 1 1.4 1 1.4 1 1.4 3 4.2 - - 2 2.8 - -

12 4.8 T 2.8 2 .8 2 .8 4 1.6 3 1.2 4 1.6 14 5.6 - - 2 .8 2 .8 
14 2.e 5 1 4 .e 3 .6 2 .4 3 .6 3 .6 9 1.e - - 6 1.2 e 1.6 
11 2.2 8 1.6 8 1.6 6 1.2 9 1.8 9 1.8 14 2.8 43 8.6 - - 14 2.8 12 2.4 
5 5 11 11 T T 3 3 6 6 5 5 4. 4 20 20 - - 8 8 
3 1.5 2 1 1 0.5 · 1 0.5 2 1 2 1 3 1.5 9 4.5 - - 2 1 - -

. 1 0.2 - - 1 0.2 1 0.2 1 0.2 1 0.2 - - - - 1 0.2 
1 12 - - - - - - 1 12 3 36 

26T 2.T 173 1.T 124 1.2 92 0.9 122 1.2 126 1.3 151 1.5 490 4.9 TS 0.81155 
20 4 10 2 15 3 14 2.8 10 2 10 2 11 2.2 24 4.8 96 19.2 12 

- I 814 1.6 110 1.1 
2.4 18 3.6 

CYlllfA 32.T 28.6 29.2 12.9 1T.8 16.T 34.6 100.4 20.6 
IIPl!HllTO 33 29 30 13 18 1T 35 100 21 ~-

51 ll·9 
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TOB) lI na_paMeTpaf\. ,IVUl MO,Icy"JieA. Peaym.TaTU 3THX pacl!eTOB Il,PllB8):c8Hli 
B Ta6Jmue 2. B noCJie,I:cHeA CT,POKe Ta6Jmuli IlOM8~8Hli 3Hal!eHIDii\, llCil07.lb-
3yeMHe B .naJililieftmwc pacl!eTax. 

SneKTpomme MO.I(YJrn, YK83amme Ha OnoK-CX8M8 Ha pHCYHK8 I,c ~YHKUHOHa,!IbHO:t-1 
TQqlCl1: 3peHHH ~e:t-lCTBYIOT KaK TpH COCTaBHH8 qacTH: 

- HH~pMaUHOHHaH ( H) , 

- aBTOMaTmecKoro peryJrnpoBaHIDI (AP), 
- aBaJlli8HO:t-l 3alllHTll (A3). 

~e:t-lCTBYH KaK CHCTeMa HH~pMaUHOHHaH; sneKTJlOHHKa KaHana A3 Bl:IJ)30aTHBa8T 
OilTmecK11:e H sneKTpmecK11:e CHrHaJID oo m.mynbcax MOl!UiOCTH peaKTOpa,fl TaKllCe 
oo HCilpaBHOCTH caMO:t-1 annapaTypu.,IT.n:R :non lte.JIB HCilOJib3YJOTCJ1 COOTB8TCTBYJO
mne 3JISKT,Pllll8Cltll8 CX8MH C Jiai,rno~ar..ra,BCTpoeHH!:lMll B llil.Tb 113 yKa3amrux 
MO,Icy"Jie:ll. Hr,mym.cmlit BOJI:bTlieTp (3-2) ll nepeK.mo<raTeJU, ( 3-9) Il03BOJI.fi!OT ll3M8-
.PHTb aMIIJ.W:Ty,I:cy llMIIYJibCOB MOllUIOCTll U Bee IIUTm:111ne nanpIDK8HllR. ~:lJieKTpmrn:..:· 
Ra KaHaJia A3 BHpa6aTHBaeT TaroKe 3JI81tTpll'l8CKI10 Cfil'HaJIH THila "YM8Hblil8llil0 

. a\UIJlliTy,n;a", "HatzaJio -pa6on1" n .np:}THe,rrepecWiaer.me BHe CY3.ilHcpopMaw10H:.. · 
HYJO cnoc_o6nccTb A3 paclllI1p,ieT B03MOlllliOCTb nenocpe,ncTBermoro TIO.JJ.It.;1IO'rnmin 
ca\llOilllCI.ta . K BOJll,TMSTpy. 

B pemme paOoTH "aBTOMaTmecKOe peryJrnpoBaHHe" sneKTpomma·As reHe
pHpyeT:cepH!O ynpaBJIB!OlllHX m.myn1,coB H3 Momrnen 3..:.1 H3-4, nepecuJiaeMUX_B 
CX8MY aBTOMaTmecKOro peryJrnpoBaHIDl (AP). - . 

BHITOnHHH ~YHKllIDO aBapH:ttnon sal!IHTH, sneKTpoHHKa KaHana AS HMeeT sa~aqy 
cos~aHHH B onpe~enemmx cnyqaHx CHrHana "ABAPIDI", rroCTYJI?IOOlero ~an1me B 
CX8MY ]OrHKl1:. _ 
B-peaJrn38UHH OT~enbHHX ~YHKUH:t-1 rrpHHHMa!OT Ytz8CTH8 ( B pa3JrnqHO:t-l CT8II8HH 
OT~enbHH8 MO.I(YJrn,_qTo B oOmeM B~e·IIOKa3HBa8T Ta0.mma3; 

T.AEJOO!A 3. Yl!ACTlffi M0,11,VJ!Efl KAHAJlA A3 B PEA.IDIBAIUrn OT)lEJ!hHI:lX iYHKmm 

CHMBOR M0,11,V.IIfl 
q>YHKl{IDI 3-1 3-2 3-3 3-4 3-5 3-6 ,, 3-7 3-8 3-9 3-10 3-11 

_HH~pMaUHH + + + 0 + + :: + + + + + 
peryJrnpoBaHIDI + 0 0 + 0 0 0 0 0 + + 
3a!llHTH + 0 0 0 0 0 0 + ·O + + 

+ - Ytz8CTBY8t',. 0 -He YtzaCTBY8T 

YqacTH8 MO~nH B_pea.JIH38UHH ~YHKUHH C TOqKH 3peHIDl Ha.n;elKHOCTH 0003HaqaeT, 
qTo 083 .n;aHHoro ·, MO~JISI HJrn B cnyqae·ero OTKa3a STa ~YHKUIDI He MOJK8T OHTb 
BhlIIOJ1H0Ha.' IIo STO:t-1 rrpWIHHe B TaO.mme 3 YtzT8Hll HCTQqHHKl1: IIHTaHHR ( MO.I(YJrn 
3-IO H 3:..II). . 

.TaK KaK 8~8KTpoHHKa KaHa~a A3 BHITOnHHeT pa3JrnqHH8 ~YHKUHH. TO, paccMaTpH
Bafl BO!IpoC Ha~~lKHOCTH, HYlKHO orrpe~eJrnTb TOqHo, - 0 H8,ll;8lKHOCTH 1mirnro .n;eit-. . 
CTBHH H,n;8T peqb. 
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OCHOBHHM HasnaqeHHeM KaHana A3 HBnH8TCH npemrrrpeJK.neHHe orracHHX CHTYaUH:t-1,~ 
TOr~a J"IP"Be.n;~HHOe ~an1,me paCCMOTpeHHe ·Ha~elKHOCTH Oy~eT KaC8TbCH ~Y'rlKWil! 

aBapH:ttnon sal!IHTH. 

Ha pnc. 2 H300paE6Ha cxeMa aneKTpoHHK!i KaHa~a_A3 He~ ~YHKUHOHa~bHH8 
CBSI3H IIpH BHITO~emm: ~YHKUHH 38lllHTll cor~aCHO ~HHHM TaOn.3 H pHC.I. 

IDdilYJ!hCH 
H3 , 

KAMEPH 

+12.6 
ME 

-12.6 

3-1 

+12.6 
ME 

-12.6 

+24 
-24 

+12 
-12 

.------- ROr. ClIT'HAJI "AB!µ'IDI" 

3-8 

3-10 

3-11 . 

+12.6B 
ME 

-12.6B 
+24B 
-24B 
+12B 
-12B 

ClIT'HAJI PEllrnMA P.AEOTH 5I'U 

l'------220B 50I'U 
----- 220B 50I'U 

llf----- M. o. ( MACCA OBIWI) 
_,;v< JL____JI 

PHc.2. 06maH cxeMa 8~8KTpc>HHKl1: KaHana A3 B ¢YHKUHH 38lllHTH. 

.I{nH orrpe~eneHHR Ha.n;elltHoCTH Heooxo,Il;IlMo YtIHTHBaTb oomerrpm-mTue yc~omm 
paOoTH H sKcrrnyaTaUHH CY3, a TaKJKe KJJaccH~BaTb HeHcnpaBHOCTH. 
CornaCHO STHM TpeOOBaHIDIM rrpHHHTo,qTo: 

_--KaHam A3 paOOTaIOT B Ha~~lKHO:t-1 CTPYKType THIIa 2 H3-4 ,HJrn I.H3 3, 
- paOoTa !IpoHCXO,ll;liT B orrpe,n;e~eHHHX yc-~o:mmx (nocTOmmaSI HOMHHU...'IbH8.fl 

MOllUIOCTb peaKTopa n ti:acToTa), 
- !Ipo,ll;OJJlKlfTenbHOCTb HenpepHBHO:t-1 SKCrrnyaTaUHH CY3 ~OCTHraeT 300 qacoB, 

. - . CHHCT8Ma A3 HBJIBSTCH CHCTe_MO:t-1 peMOHTOIIpHro.nnon c _ IIpO,ll;OJD!GITenbHOCTbJO 
peMOHTa He CBHme -~yx-qacoB~ 

Orrpe~e~eHHe YK83aHHHX_BHm8 ycnoBH:t-1 He HBJIBSTCR J{OCT8TOqHHM,TaK·KaKMO.I(Y~b 
3-8 MHOrO¢YHKUHOHa~bHH:t-l. 
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CorJiaCHO TexHWieCKOMY ormcamoo MO,eyJih 8TOT <Iiopi,mpyeT JIOI'WleCKH8 CHI'HaJI 
"ABAPIDI" B c.rryqaSix, ecJIH: - -

- - t 

- 8MIIJIHTY,I\8 HMTIYJihca MOIIlHOCTH rrpeBl:ffilaeT YCTaHOBJieHHIDl nopor, 
- aMIIJIHTY.I\8 HMilYJihCa MOIIlHOCTH MeHhme YCTaHOBJieHHoro noporoBOro ypoBHSI, 

---: BO BpeMSI paOOTll peaKTOpa Ha '1!8CTOTax 5, IO ( HJIH 25) ~ IlOSIBJIBlOTCSI 
HMIIYJihCll, HMeioome qacTOTY CBl:ffile 25 ~-

TilA HCA 

-[§I] : I •II c 

-
I 
I 

' I ---------------------------------------, 
TIN : 

I . ,-
1 
I 

11-':---:------'--[_HCI f: 
: 
I ---------------------------------------1 

A - -k1-~~----. 1•' --
PHc.3.EJIOK..:.cxeMa·qJYHKUHOHaJihHllX SJieMeHTOB MO,eyJIH3-8~ 

~ 

PaCCMaTpHBBSI ( Ha _OCHOBaHHH _ ,UOKYM8HTall;I1H CY3 ) - IPYHKUHOHaJihHYl{) CTPYKTYPY 
MOm'JISI 3~8,MOl!tHO c,neJiaTh ero 0JIOK-CX8MY H B38.HMHlle CBSI3H B BU,ne,YR538HHOM 
Ha pHcYHKe 3. CorJiacHo 3Toir cxeMe OJIOK TpHrrepoB 3-8 cocToHT HS cJie,ey-

. - \ ' 

!00\,DC YCTpo:ltCTB: 
HCA -: HCTO't!HHHKB , -_ CHI'H8JIOB "ABapHSI", co,nepiKB.mero 0,nHOCTaOHJihHml: -MY Jih- -

THBHOpaTop (OM!) H reHepaTOP JipRMOyrOJihHH:X HMIIYJibCOB (I'IIH). HCA_ 
SIBJISI8TCH M8M6nTOivi, 06I!Uliv! ,IT,]IH BC8X TpHrrepoB. 

- TIIA -TpHrrepa rrp6Bl:ffileHHSI 8MIIJIHTY,nll HMTIYJihC8 MOI!lHOCTH, HJIH noporoB08 
CHCTeMU (ITO!) • 

- TIJl! ~ TpHrrepa rrpeBl:ffileHHSI '1!8CTOTU, COCT8BJieHoro H3 noporoB08 CHCTeMU 
(ITC2), ,nByx O,nHOCT80HJihHllX MYJihTHBHClpaTOpoB (OM2 H OM3) H O,nH08' 
HCilOJIHHT8JI.hH6il CHCT9Mll ( HC!). 

- TYA -: TpHrrepa yMeH.hlll8HM aMIIJIHTY.UU · HMJIYJihC8 MOIIlHOCTH, B KOTOpoM pas-
• JimaJOTCR ,nBe noporoBue CHCTeMU (ITC3 H ITC4),0,nHOCTa6HJihHillt MYJih

THBHOpaTop (OM4) H HCITOJIHHTeJihHaSI CHCTeMa • (HC2). 
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Pacc't!HTHBBSI 3Ha't!eHHe A ,I\JISI Bcex' YR838HllX Bl:ffile IPYHKUHOHaJihHH:X SJieMeHTOB 
Tp11rrepoB ,!f!li He YtI1iTHB8J:UI Te yqacTID!: ,KOTOpue BmIOJIHmoT liH(1?0l)MaIUIOHHYIO 
pOJih. 3TO KacaeTCn CX9M CB8TOBOli c·HrHa.Jlli3filUilt1.Pe3yJihTaTU npoBe.neHHUX 

BH'IlIC..1eIIl1il: co6paHII B Ta6mm;e 4. 

TIDI 3JIEMEHTA 

TAEJil!UA 4. KOJill'IBCTBA 3JIE!.!EHTOB K IDITEHCl!BHOCTK OTRA30B 

,lUlR COCTABA TPKITEPOB ( IAO.l\YJIK 3-8) 

HCA TilA 
c~ IIOJIVJ!ll 

I'!ll! our nor llC2 Oll2 Oll3 Her llC3 
TYA 

Oll4 !lC4 H;2 
n I. n I. n I. n >. n I. n I. n ). n ). n_ A n A n A 

l!IT. x106 DIT. x106 l!IT. x106 m. x106 DIT. x106 mT. x106 m. x106 m. x106 mT. ,c1QS WT. x106 DIT. x10G 

CorrpJTKBJI8lmfl 10 1 7 o.7 6 0.6 7 0.7 6 0.6 9 0.9 a o;a 6 0.6 9 0.9 5 0.5 10 1 
Corrp:iTHBJieHHn nepeMeHHUa 1 1.4 - - 1 1.4 1 1.4 
}{oH,It8HC8TOJ)ll 2 .a 1 .4 1 .4 - - 3 1.2 2 .a 1 .4 2 .a ,2 .8 
Koa.neHCaTOpll 9JI8KTJX)JIHTHtl8CKH8 1 .2 1 .2 1 .2 1 .2 1 .2 1 .2 1 - .2 1 .2 1 .2 
J)HO)lll 7 1.4 4 0,8 2 0.4 2 0.4 
'.l'.J)!lll3HCTOJ)U 3 3 

4 0.8 5 1 3 0.6 2 0.4 5 1 2 0.4 4 0.8 - 1 1 4 4 1 1 1 5 5 
~CX8MH 1 0,5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 - - 1 0.5 1 0.5 0.5 - -
fylHC~J)MBTOp!l 1 0.2 
Mecro nsJtKH 58 0.6 32 0.3 30 0.3 24 0.2 34 0.3 41 0.4 38 0.4 26 0.3 43 0.4 24 0.2 49 0.5 
KoHTaKTY 7 1.4 _4 .a.a 4 0.8 5 1 4 0.8 4 a.a 4 0.8 5 1 4 0.8 5 1 4 0.8 

CYl!MA 9.1 3.7 2.6 2.8 4.4 5;4 7.2 4.4 5.6 4.2 9.1 
IlPl!HllTO - 9 4 3 3 5 6 7 5 6 4 9 

ITocJie,nHHM 9T8ITOM npoBe,neHHoro 8H8JIH38 OuJia KJI8CCHqJHKBUHR OTK830B MO,eyJie:tt 
HJIWHX qacTe:tt. OTK830M B HameM ,c.rryqae - HMeHYeTcSI TaKoe coOUTHe, KOTOpo_e 
Be,n!;T K -noJIHoMY HJIH qacirmHoMY rrpeKpamemoo HcnoJIHeHHSI ocHOBHUX IPYHKIOnl 
,naHHO:lt cxew. B C,U8Jl8H08 KJI8CCHqJHKall;I1H OTK830B yqT/;H HX KOHeqHml: 8qlqJ9KT. 
Bu,neJI9HO TPH T8KHX 9qxp8KTa: 

~ OTK83, Bll3IIBaJOmIDl-CHI'H8JI HH<llopM8UHOHHOro THIIa (H), 
- OTKa3, BH:3~ CHI'HaJI "ABapHSI" (A), _ 
- OTKa3, He Bll3HBaIOlllHfl BH.ZCirMoro SqJqJSKTa (-). 

11TOrH npoBe,UeH08 KJI8CClf(pHKall;I1H YKa3aHll B Ta6Jlliue 5' B KOTOpo:lt npHB9,U9Hll 
TaIOKe 3Ha't!eHHSI A_,nJISI paCC!-13TpHBaeMJ,DC cxeM. 

TAEJil!UA 5. IDITEHCl!BHOCTK K 3~EKT!I OTRA30B MO.l\YJIEA KAHAJIA A3. 

3-8 
3-10 Mo,eyJih 3-1 HCA TIIA -TIN TYA 3-11 

I'IIH OM! ITC! ITC2 OM2 OM3 HCI ITC3 OM4 ITC4 HC2 

8~eKT H,A A - - - - - - A A - - H,A K,A 

AxI06 33 9 4 3 3 5 6 7 5 6 4 9 24, 14 

- \ . 

Bee OTK83ll MOlltHO pas,neJIHTh Ha ,nB9 OCHOBHlle rpynnu: OOHapymmaewe H onac
Hll9. Onacmi:e OTKasu - aTo OTKasu, He Biisl:lB8IOl!lHe BH,nHMoro· SqJqJSKTa,_ H onepa
TOp peaKTOpa He MomeT Y3H8Th, qTo CHCTeMa 3alllHTll HeHcnpaBHa. 
Onacmi:e OTKa3ll y,naJISIIDTCSI BO BpeMSI nepHo~eCKO:lt npoBepKH CY3, a OTK83ll 
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·OOHapymmaeMlle - BO Bp0MR pa.OOTl:l CHCT0Mll ( ecJIH KOJIHtl0CTBO 8THX OTKa30B 
HS IT0p0Bl:lDl80T O,D;HOrO ), 
YtrnTl:lBaSI pas,neJieHHe MO.IIYJISI 3-8.rro peairnso:aaHHl:lM 4}~M (corJiacHo 6.JioK
cxeMe Ha·pHC. 3 ),ITOJIYt10HHl:l0 p03YJibT8Tl:l Bl:ltIHCJieHH:0: HHT9HCHBHOCTH OTKa30B 
SlBHl:lX .(A) H CKpl:lTl:lX ( '}.. ), MOlKHO rrpHHSITb 0JIOK-CX0MY KaHaJia A3,KaK Ha 
pHCYHK0 4. 

3-8 
( TITA) 

'J..= 3 
A= 0 

I 

3-10 , 3...:11 · -s.:.1 TI <~~> > ~ ~ 
A=24 ~ ~ ~ ~ 

3-8 
(TYA) 

'J..=13 
A=11 

PHc. 4. EJIOK-CX0Ma Ha.n~lKHOCTH H HHTeHCHBHOCTH OTKa30B MO,!IYJie:0:.KaHaJia A3 •. 

CorJiaCHO ITpHHSITOMY YCJIOBHIO 0) ( CYMMlfPOBaHHSl HHT0HCHBHOCTH OTKa30B) rro
JIYt189M B HTore ,nJISI pa3Hl:lX 4>YHKlm:0: KaHaJia A3: 

. ' . . . ' . . 

TAEJOOlA·6. ·lffiTEHCID3HOCTH.OTKA30B KAHA.1IA A3 

~YHKWI ·A 1,. 

rrp0Bl:lDl0HH0 aMITJIHTY~ HMITYJibCa so· 10-0 7•10-0 

YM0HbIB0HH0 aMITJIHTY~ HMITYJibCa 118" 10-6 17" 10-'6 

rrp0BIIDl0HH0 qacTOTl:l.HMITYJibCOB 108·10-6 24~ 10-6 

no~~ HTOr rrpoBe,neHHoro aHaJIH38~ .MOlKHO .. CHCT0MY A3 OITHCaTb,. CJie,nyianHM 
oOpasoM: 

qeTl:lpe H038BHCIIMl:lX KaHaJia, ,ne:0:CTByiomHX.B CTPYKType 2 H3 4 (I H3 3) C 
OTKa38MH SIBHllMH (KOTOpl:le MOlltHO yOpa.Tb BO BpeMR paOOTII CY3 B TeqeHHe 
tn qacoB) H OTKa3aMH CKpl:lTl:lMH (onacHUMH). 

,llJISI TaKHX CHCTeM MOlKHO. ITOCTpDHTb rpaip B03MOlKHIIX COCTOS!HH:0:, YJ<838HII:0:Ha 
p:1iCYHK0 5. 

8 

'J,.Po3 2'J,.Po2 37,.p01 47,.Poo 

~ . )f" 'n 
µP141rAP04 

µP11 I l'+lU-01 µP10I l4APoo 

~ --@ 

l3AP1° . ·. t3AP14 

@ 

3AP13 

@ 

3AP12 j3AP11 

@ @ @ 
PHc.5. I'paip B03MOlKHIIX cocTOSIHH:0: KaHaJioB A3. 

B 8TOM rpa<tie cymecTBYST I5 cocToHHH:0:, ooosHaqeHHJ:lX cI1MBOJiaMH "xy",H 23 
B03MOlKHIIX rrepexo.na M0lR,!IY 8THMH COCTOSIHHSIMH. ,, · 
IlpHHSITl:l0 CHMBOJil:l: 

x - KOJIHtiecTBO KaHaJJOB, OTKa3aBmmc HBHO ( 0<=x<=2); 
y - KOJIHtl0CTBO KaH8JJOB, HM9IOIJlHX CKpIITII0 OTK83H (0<=Y<=4);· 
A - HHT0HCHBHOCTb OTK830B' SIBHl:lX; 
1,. - HHT0HCHBHOCTb OTKa30B CKpl:lTl:lX; 
µ - HHTSHCHBHOCTb p0MOHTOB (µ=1/tn); 
PxfBepoSITHOCTb rrpeOl:lBaHHSI CHCT0Mll B COCTOSIHHH "xy" ( 38BHCSIII18Sl0T 

Bp0M0HH). 
IlpoH3Be,neHHSI µPxy nAPxy H lllAI'xy Ha nepexo.nax M8JK.IIY. COCTOSIHHSIMH 0003HaqaIOT 
HHT8HCHBHOCTH 8THX rrepexo,noB. , , 
0ITHC8HH0 CKOpDCTH H3M9H0HHS! B0pDSITHOCT:li npe61IDaml.fI. CUCT9c.fil B ,I!;filrHOl,i CO
CTOmIVili MOiKHO (Hailp,u,:ep' ,IJ,JIR COCTOJlliIDI "12;') HaITHC8TI, B ml,TI;e 

dP 
=n. = 4AP02 + 37,.pH - 27,.P11 - 3AP12 - µP12. 
dt 

COCTOSIHHH0 "I2" 0003HaqaeT, qTo 0~ K8H8JI OTK838JI SIBHHM CIIOCOOOM, ·a 2 
K8HaJJa - CKpHTUM~H3' 8Toro COCTOSIHHSI B03MOJKHl:,I nepexo~ B: 

- COCTOSIHH8 "22", 0CJIH SIBHO OTK838JJ 0~ H3 SIBHO HCilpa.BHl:lX .no CHX nop 
K8H8JJOB(3AP12); 

- COCTOSIHHe "I3", ecJIH ·CKpHTO OTK838JJ 0~ :li3 KaHaJJOB, B KOTOpoM He 
OHJJO H800H8pYJK8Hl:lX ITOBpelK.l{eHH:0: (2'J,.P12>; 

- COCTOS!HH8 "02", KaK S(f)lpeKT peMOHTa KaH8JJ8,SIBHO IIOBpelK.l(eHoro (µP12>-

') 
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B COCTOHIDrn "I2" CHCT8Ma MomeT 01:lTb BCJl8,llCTBH8 ·nepexo.na lIB COCTOHHllil 
"11" (31'.P11> H~ COCTOHHllil "02" ( 4AP02 ), T.e. BCJl8,llCTBH8 CKpl:lToro H~ 
HBHoro OTK83a O,ItHOro H3 RaHaJIOB. 
IlOJIHOS OnHCaHHe BCSX COCTOHHHillt CHCTSMll A3 (corJiaCHO rpa¢y Ha PHC.5)-STO 
!5 .ItH~peHiniaJ!bHIIX ypaBHe~. pemaeMHX .IlJIH HaqaJibHIIX YCJIOBAA (,llJIH t=O) B 
KOTOpllX Poo=1, a Bee OCT8JlbHH8 BSJ)OHTHOCTH paBHH HYJTIO: 

dPoo= µP10 ~ Poo<4A + 4A) 

dP01= 411.Poo + µP11 - Po1(4A + 311.) 

· ctP02= 3AP01 + µP 12 - P02(4A + 2A) 

dP03= 211.Po2 + µP13 - Po3(4A + 211.) 

dP04= AP03 + µP14 - 4AP04 

dP10= 4APoo -.P10(4A + µ) 

ctP11 = 4AP10 + 4AP01 - P11 (3A + 3A + µ) 

ctP12= 3AP11 + 4AP02 ~ P12(3A +~A+µ) 

dP13= 2AP12 + 4AP03 ~ P13(3A_+ A+µ) 

ctP14= AP13 + 4AP04 - P14(3A + µ) ' 

dP20= 3AP10 

dP21= 3AP11 

dP22= 3AP12 

dP23= 3AP13 · 

dP24= 3AP14 

/5.1/ 

/5.2/, 

15.31 

- /5.4/ 

15.51 

15.6/ 

;5;7; 

/5.8/ 

/5._9/ 

/5.10/ 

- /5.11 /. 

/5.12/ 

/5.13/ 

/5.14/. 

/5.15/ 

BWIHCJISHHH, corJiaCHO ~THM COOTHOIDSHllilM, . ~B8,ll8HH c yqSTOM 300 qacoB 
OecnpepllBH08 paOOTH CHCT8Mll H 2 qacoB Ha BpeMR Y.Il8Jl8Hllil HBHoro OTK83a. 
PesyJibT8TH 8THX Blll!HCJISHAA IlPAB8~9HU B Ta<5.}nme 7. 

IO 

TAB.IIl{UA-7. PE3YJihTATH Blffi1:CJIEIDIB BEPOOTHOCTH ,nJiff PA3JIWllil:lX COCTOflIIH0 H 
«iYIIl{rom SJIEKTPOHHKH _ CHCTEMH ABAPHIDIOll · 3AIIUITH CY3 

«iYHKUIDI. 
COCTOHHHS rrp8BHlll8HH8 YM8HbID8HH8 rrp8BHID8HH8 

8MII~TY.Illl a~TY.Illl qacTOTH 

Poo 9.909xE-01 9.697xE-01 9.790xE-01 
P10 6.339xE-04 6.203xE-04 7.123xE-04 

P20 4.568xE-05 4.519xE-05 5.874xE-05' 

Po1. 8.361xE-03 2. 930xE-02 -· 2.009xE-02 

P11 5.348xE-06 1 • 87 4xE-:05 1.462xE-05 

P21 1.930xE-07 6.807xE-07 . 6.022xE-07-

Po2 2.636xE-05 3.309xE-04 1.541xE-04 

P12 1.686xE-08 2.117xE-07 1.121xE.:..07 

P22 4.040xE-10 -5.092xE-09 3.062xE-09 

Po3 3.683xE-08 1 • 655xE-06 . - 5.235xE-07 
P13 2.356xE-11 .1. 059xE-09 3. 809xE-:10 

P23 4.216xE-13 1.900xE-11 7.767xE-12 

Po4 1.922xE-:11 3.095xE-09 6.647xE710 

P14 1.230xE-14 1.980xE-12 4.837xE-13 
. - P24 1. 754xE-.16 2.829xE-14. 7.857xE-15 

' . 

3AKJIIOlffiHHE 

AHa~3HpYSl .nettCTBHS CHCTSMll, HYJKHO Ytil:ITUBaTb, qTo . cawe onacHUe co-
0 

CTOHHIDJ · 8TO COCTOHHllil, B KOTOpllX OTK838~ CKpHTO 3 H~ 4 KaHaJia, T.e. 
CHCT8M8 A3 TeopeTHl!SCKH HS ,ne8CTBYST. STO KacaeTCH COCTOHHAA 03, 04, 13 
H_14. no 8T08 npHl!HHe, KJ)OMS Blll!HCJISHAA BSJ)OHTHOCTH npeOHBaHHH CHCTSMH B 
JilOOOM CO~TOHIDrn, Blll!HCJl8H8 CYMMa BSJ)OHTHOCTH onacHIDC COCTOHHAA: 

E Po = P 03 + P 04 + P 13 + P 14 • /6/ 

Hs YKa38HIIX pesyJ!bTaToB cJie,nyeT, qTo .ztJIH cTpororo KpHTSPHfl _E P0 BepoHT
HocTb HecpaOaTHBaHllil CHCTS~ Ha Tpe00BaHH8 onpe,neJI8HH08 ¢YHKllID'I He ,llOJDKHa 
np8BHID8Tb: 

,llJIH ¢YHKUIIB YM8HbID8Hllil 8MII~TY.Illl 1.659xE-06, 
,llJIH ¢YHKUHH IlpeBHIDSHllil qacTOTH _ . 5. 246xE-07, 
.IlJIH ¢YHKUHH IlpeBHIDSHHH 8MII~TY.Illl 3.687xE-08. 

Bee 8TH pe3YJ!bT8TH OTBeqaJOT oOmm,f Tpe00BaHH8M ,llJ!Sl CHCT8M ynpaBJieHHH H 38-
II(HTH Sl,It8pHllX peaKTOpoB ( P < 1E-05 ) , onpe,neJISHHHX 110 rocTy ·[8]. 
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OIIHT , SKCIIJIYaTaumr CHCTeMll IIOKa3aJI , 'ITO B nep.0:0.n C ,neKaOps! 1983 ro.na .no 
anpe.Jm 1991r B CHCTeMe AS npcmsomSJI TOJII,KO o,ro,rn OTKa3: MHKpoCXBMll B Tpm'
repe npeBl:lIIIeHIDI aMIIJIHTY.ItH. CoeluTne sTo OTBe'l:aeT cocToHmno 01, .nJm KoToporo 
paCCl!HTSHa BeJ)OHTHOCTI, IIOps!,IU(a 8.4°10-3• 
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