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B.®.Ykpannues
DU3NYECKHUM ITyCK peaKTopa
AHHOTALUA.

B nocoGuu onucanbl TeOpeTUYECKHE OCHOBBI M METOAMKA (PU3NYECKOTO MyCKa peakTopa,
BKJIIOUYasi U3MEPEHHE €0 OCHOBHBIX XapaKTePUCTHUK — BecoB opranoB CY 3, korh(hUlMeHTOB peakTUB-
HocTH U T.1. PaboTa no ¢pusznueckomMy mycKy IpOMLTIOCTPUPOBAHA HA TIPUMEpE TpeHaxepa OBICTPOTO
peakTopa, yCTaHOBJIICHHOTO Ha KoMIibloTepax kad. PKP.

BBEOEHUE.

OI[HOI\/'I M3 CaMbIX OTBCTCTBCHHBIX U MMOTCHIUAJIBHO OIMACHBIX MMPOLCAYP B SKCILTyaTaluX JItO-
6oro peakTopa siBisieTcs ero myck. [Iporecc mycka OpuHATO pa3aensTh Ha GU3NUECKUN MYCK U dHEP-
reTuueckuid. B mporecce gpusndeckoro mycka 0ObIYHO OMpeneNsioT Hanbosee BaKHbIe HEHTPOHHO-
(u3nUecKre XapaKTepUCTUKHU PEaKTopa.

B nHacTtosieM mocooum n3n0keHbl 0CHOBbBI (PU3MUYECKHUX NMPOLECCOB B PEaKTOpe NMPH MMyCKe
U MeTOAUKA (PU3MYeCKOro nmycka peakropa. Kpome Toro, oHo sIBJIIETCSI pyKOBOJCTBOM IO BBITNOJ-
HEHHUIO JIa00paTopHOM paboThl «DU3NYECKUI ITyCK PEaKTOPay, KOTOPas BHIMIOIHSAETCS Ha MEPCOHAITb-
HOM KOMITBIOTEPE C UCIIOIB30BaHUEM MpOTrpaMmM cumyJisitopa peakropa bH-350. ITporpamma pazpabo-
TaHa B Ousuko-sHepreTuueckoM HHCTUTYTE (r. OOHMHCK) o1 pykoBoacTBoM A.M Bopomaesa.

Hesm u 3agaun ¢pusnycka. B mporecce ¢pusnmycka Mbl JOKHBI ONIPEIEIUTh U U3MEPHUTD Clie-
NYIOIINE XapaKTEPUCTUKHU PEaKTopa:
e Kpurnyeckyro KOHQUTYypaLno peakTopa (To eCTh 3arpy3Ky TOIUTHBA, UM KOHIIEHTPAIMIO TOIUIH-
Ba/TIOTJIOTUTEISL, WM YPOBEHB 3AJIMBKH 3aMEJINTENs);
e l3MepuTh XapaKTEpUCTUKHU ABMKEHUS opranoB CY3, ux Beca v rpayupoBOYHBIE KPUBBIC ;
e [IpoBectu KaIMOPOBKY HEHTPOHHOM MOIITHOCTH;
e l3Meputh K03 PUITUEHTH PEAKTUBHOCTH(IIO BO3MOXKHOCTH).

1. MeToauka chmanyeckoro nycka

Ocnoenbvie ghopmynvt, onpeoenenus, puauuecKuil CMuicli RPOUECccos

OmnireM BKpaTIie OCHOBHBIC ITOHATHS M MOJIEINH, HCTIOJIb3YyEeMbIE B TIpoliecce PU3HIECKOTO
nycka. OTMeTuM, 4TO B npoliecce (pu3nyeckoro (a 3aTeM M SHEPreTUIecKoro) Mmycka peakTop Haxo-
JIUTCS B HECKOJIBKUX PA3IMYHBIX COCTOSHUIX, KOTOPBIE MBI OIMCBIBAEM B paMKaX Pa3IMYHbIX MOJeNei
(Wi OTHOM MOJIeNH, HO C pa3HBIMU TTapaMeTPaMHu): IOAKPUTHICCKAN PEaKTOP, KPUTHUECKUI PEaKTop
0e3 00paTHBIX cBs3eH (T.€. K0P GUIUEHTOB U 3(HPEKTOB PEAKTUBHOCTH ), KpUTHICCKUN PEAKTOP HA
MOIIIHOCTH ¢ 0OpaTHBIMU CBSI3SIMH (T.€. ¢ KoapdurueHTamu u 3¢phekraMu peakTUBHOCTH).

Koagppuyuenm ymnorcenusn
Ecmu BBecTH (Wi mprOIM3UTH) HICTOYHUK HEUTPOHOB () B AKTHBHYIO 30HY IOAKPUTHYECKOTO
peaKkTopa, TO MOJIHOE YUCIO HEHTPOHOB B peakTope OyJeT Oosblie, YeM UCIYCKAeT HCTOUHUK. DTO
CBSI3aHHO C TEM, UTO HEHTPOHBI HCTOUHHMKA BBI3BIBAIOT JENCHHUE saepHoro roprodero (©°U, °Pu ).
BsIpazum 3T0 aHAIUTUYECKHU.
Yucno HEUTPOHOB B PEaKTOPE MOXKHO OIPEAETUTh, UCXO/S U3 CUCTEMBI YPAaBHEHUN TOUEHUHON
KUHETHKH /1/:

dt [

dn n K,
== (= By) 200G 4 g (1a)
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dC, 1Py Ky
= -1C (18)
dt / !
rae

n —CpeaHee YMCI0 HEUTPOHOB B PEAKTOPE;

Ketr- 29 pextuBHbIin K03 PULIIEHT pa3sMHOKEHUS;

1- cpeaHee BpeMst )KH3HU HEUTPOHOB B PEaKTOPE;

Ci- KOHIICHTpaIIUsI SMUTTEPOB 3aMa3bIBAIONINX HEUTPOHOB 1-i1 TPYTIIIHI;

Al- IOCTOSIHHASI pacmaia SMUTTEPOB 3aMa3/IbIBAIOIINX HEUTPOHOB -1 TPYIIIHL;

Pefri- DO 3aMa3IbIBAIONINX HEUTPOHOB i-i TPYIITIHL.

Onnako, cucteMa ypaBHEHUH B TAKOM BHJI€ YA00HA TOJIBKO JIJISl OMIMCAHUS CTAIIMOHAPHBIX
NMOAKPUTUYECKHX COCTOSIHUI peakTopa, yCIOBHO €€ MOKHO Ha3BaTh CUCTEMOM ypaBHEeHH B "popme
K. JImst onmucanmst Bcex KpUTHISCKUX M HAAKPUTHIECKUX COCTOSTHUN TOopasio OOJbIIee pacipo-
CTpaHEHHUE MOJTy4YniIa SKBUBAJICHTHAS CUCTEMa YPaBHEHUI, KOTOPYIO MbI ObI YCIIOBHO Ha3Balli CHCTE-
Moil B "(hopme p", KOTOpasi ONMKMCHIBAET MPOLIECCH] UePE3 IEPEMEHHYI0 PEAKTUBHOCTH p=( Kesr -1)/
Kegr . OTy cucTeMy MOKHO 3amucath B BUJIE:

dN (p— ﬂeﬁ-)
dt = A N + Z /’Ll.Cl. +Q (2a)
4C; Ny _ 2,C, (28)
dt A

rne

N -cpeHee 4nciao HEUTPOHOB B PEAKTOPE;

A- cpegHee Bpems TeHepalui HEUTPOHOB;

B cTannonapHbIX COCTOSIHUAX ( KOTAa MIPOU3BOIHBIE PABHBI HYJIIO) CUCTEMBbl ypaBHEHU (1)
(2) npuBOAATCS K CIEAYIOMINM IPOCTHIM COOTHOILIEHUSIM:

(Kq_ff—l)*%q:o. 3)

To e caMoe MOXKHO BBIPAa3UTh YEPE3 PEAKTUBHOCTD:

n=-qA/p WIH p=- qA/ n. 4)

Taxum 00pa3oM, CyIIECTBYET H0IbKO 084 CHOCOOA Peanu306ams CIAUUOHAPHbIE COCHOAHUA 8 Pe-
akmope.

o [lpu K¢r=1 (p=0) eciu B peakTope HET MOCTOPOHHUX UCTOUYHUKOB (q=0).

e [Ipu Kesr < 1 (p<0) B mpuCcyTCTBUN UCTOYHUKA HEUTPOHOB 0.

B noakputrueckoM peakTope ypoBEHb HEUTPOHHONW MOITHOCTH OKA3bIBACTCS CBA3aH C BEJIUYMHOU
KpUTUYHOCTH K WM peakTUBHOCTH P Yepe3 MOLIHOCTh UCTOYHHUKA, TOI1a

[ [
K, = l—i W n= .
! n 1-K,;

)

3/1ech BBOJAT MOHATHE KOY(PUIEeHTa yMHOXKEHUS Y HITU TIPOCTO YMHOXKCHHSI HSUTPOHOB JIJISI
COCTOSIHHSI peaKTOpa «1» KaKk OTHOIIICHHUE YUCIIa HEUTPOHOB B PEAKTOPE B COCTOSTHUU «1» -Nj K UUCITy
HEHUTpOHOB 0e3 pa3MHOkeHUs Ny (UM ¢ MUHUMaJIbHBIM CTApTOBBIM pazMHokeHneM) Yi= Ni/ Ny . Pe-
aJIbHO MBI, KOHEYHO, HE 3HA€M UCTUHHOI'O YHCJIa HEUTPOHOB B PEAKTOPE, a TOJIBKO OLEHUBAEM €T0 10
CKOpPOCTH OTCYETOB JIETEKTOPA WJIM TOKY HOHU3AIMOHHBIX KaMep I, KOTOpbIE CBSI3aHbI C YUCIIOM HEM-
TPOHOB uepe3 3PHEKTUBHOCTH ITUX NETEKTOPOB (g) Kak [; = €* N; . Torma MO>KHO yCIIOBHO MPUHSTH:
Yi: Ii / Io . (6)



IIpumeyanue. OTMETHM, YTO B 3TOM CO-  OTHOUIEHHUH HE BCE TAK YK MpocTo. B uncnurene
MBI UCTIOJIb3YeM 3PPEKTUBHOCTD M0 OTHOILEHHIO K Pa3MHOXKAIOIIUMCS] BTOPUYHBIM HEUTPOHAM Jeie-
HUs (CHEKTp AeNIeHus ¢ 3Hepruen npuMmepHo 2M»3B), a B 3HaMeHaTene- 10 OTHOUIEHHUIO K HEMTPOHAM
HCTOYHUKA (CHEKTpP MCHApPUTEIbHBIN ¢ 3HEepruen okoso 1 MaB).
N3 cpaBHenust (3) u (6) BUIHO, UTO TP TAKOM OIPEACIICHUH

C I
Yi = 1(K1<e'l/’l) ? (7)
eff i

rae C(K)-dyHkims, B KOTOpOil yYUTHIBAETCS MPOCTPAHCTBEHHOE paclpeieieHne HeUTPOHOB U 3 dek-
TUBHOCTb JieTekTopa. IIpaktuuecku Bce (paxropsl, Baustomue Ha Bennuuny C(Kegr), moanarorcs pac-
4ETy (XOTS 3a4acTyI0 CI0KHOMY). OJJTHAKO B 3TOM HET HEOOXOAMMOCTH, TaK KaK (pyHIaMEHTaJIbHbINA
(akKT COCTOUT B TOM, UTO Ipu NpubnmxeHnu kK kputuaHoctu C(Kegr) cTpemures k 1:

1 1 1
=C(K ., . = =———= 1npu Ky 1. 8
Y. ( e__ff,z)l_K 1—K P ff = )

eff i ,Oi Ki

eff i

Memoo oopamnozo ymnosrcenus
[Tocite onpeaeneHust MOHATHS YMHOXXEHUS BBOJSAT MOHIATHE «OOPATHOTO YMHOKEHUSD)
OVY=1/Y 1 Ha OCHOBE 3TOT'0 COOTHOIIEHUS 3aMUCHIBAIOT (HOPMYJTy 0OPATHOTO YMHOKEHUS

OYi:(l_Ke.lf}i):_p;Ki' (9)

HMeHHO Ha 3TOM COOTHOIIEHUH MMOCTPOEH «METOJT 0OPATHOTO YMHOXKEHHSI, TTO3BOJISIOIIUI
HKCHEPUMEHTAIBHO U3MEPATh KaK PEaKTUBHOCTH (MJIM KPUTUYHOCTH) CAMOT'O PEaKTopa, TaK M peak-
TUBHOCTh BHOCHMBIX B HETO BO3MYIIICHH.

Ha metozne o6patHoro ymaoxenus (OY) 0CHOBaHO HU3MEPEHHE JIFOOBIX M3MEHEHHUI PEaKTHB-
HOCTH peakTopa. @yHIaMeHTAJbHBIH BBIBO/J COCTOUT B TOM, YTO U3MEHEHHUE PEAKTUBHOCTHU IIPH Te-
pexojie peakropa u3 cocrosinus" 1" cocrosinue "2", paBHo Ap21=1/¥1-1/¥2=0¥2-0V1.

Ha sToM mMeTonie 0OCHOBaHO, B HaACTHOCTH, «838euiueanuey ( onpeaencHue noiaHon 3ppexTus-
HocTH) cTepxHeit CY3, To ecTh onpeneseHe U3MEHEHHUS PEaKTUBHOCTH PEaKTopa MpH NepeMelieHUH
CTEP)KHSL OT HUMCHE20 00 6ePXHe20 no0xyceHusa (MM HA000pOT). DTHM K€ METOIOM TOITYYatOT UH-
mezpanvhyto u oughhepenyuansvuyro 2padyupoounyro XapaKmepucmuKy opraia peryjiupoBaHus,
U3Mepsis BEC YacTel cTepxHs /2/.

3ametuM , uto metoa OY naéT OTHOCUTENBHBIN «BeCcy. B aHHOM cilyuae, Tak ke KaK U B IIPO-
necce 3arpy3ku torua (TBC), «Bec» crepkus BeipaxeH B eauHuiax OVY. IlepeBectn ero B abco-
JIFOTHBIC €AMHUILIBI (T.€. IPOU3BECTH a0COMIOTHYIO KaTUOPOBKY) MOKHO, H3MEPHUB OJHY U TY XK€ JIOJII0
1000 MOPIMK PEaKTUBHOCTH (Beca CTEPIKHs) 10 JII0OOMY METOTy a0COIIOTHOTO U3MEPEHHUS peak-
TUBHOCTHU U 110 OY. [[7151 3TOr0, B 4aCTHOCTH, MOJOMAYT METO ACUMITOTUYECKOTO Mepruoa (4To aaet
CBSI3b PEaKTUBHOCTH B OeTa ¢ nepuojoM B cek p/B=1/(1+AT ) ), nubo meton "cOpoca crepkHs".

Bce paboTs! o uaMepenuto 3pPpeKTUBHOCTU CTEPKHEN MPOBOAATCS PU NPUOIMKEHUH K KpU-
tuyeckoMy cocTosiHUIO (K ¢rr= 0.95-0.98 u Y=20-30), koria Mo>KHO CUUTaTh, YTO CBOMCTBA MOJAKPH-
TUYECKOTO U KPUTUUYECKOTO PEAKTOPOB OJM3KH (3TO HE (haKT, a TOMYIICHHUE).

Ha meTone o6paTHOro yMHOKEHHS OCHOBAaH U METOJ] 0€30MaCHOTO JOCTHKEHUSI KPUTHYECKOTO
COCTOSIHUS TIPH 3arpy3Ke peakTopa.

OTmeTuM 0c000, 9TO METOJ] 0OPATHOTO YMHOXKEHHS - cTaTiueckuii. [loaToMmy mpu 3amepax cKopocTu
c4€Ta NETeKTOPOB CIEAYET ACNIaTh BBIAEPIKKY MOCHe JTFOOBIX BO3MYyIeHUH (1-3 MUHYTBI), 9TOOBI HC-
KIIFOYUTh TIEPEX0IHbIE TTPOIECCHI.

Memoo nycka peakmopa
Mertoanka mycka ooecrieurBaeT sSAepHy0 0€30MacHOCTh B mpolecce mycka (Bo BpemeHa dep-
MU TOJIpa3yMeBaINCh Jake YaCTUYHBIE OTKA3bl KOHTPOJIBHBIX MPHUOOPOB) U CBOJUTCS K TOCTPOCHHUIO B
TpolLecce 3arpy3KH peakTopa 3aBUCUMOCTH o0paTHoro ymMHOkeHust (OY=1/Y) ot XxapakTepucTUKI
peakTopa, U3MEHSIOIIEH mapaMeTp ero KpUTHIHOCTH (HaIpuMep, B HAIIIEM CITy4ae -0T YHclia 3arpy-
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KEHHBIX B peakTop TerioBbiensonmx coopok  TBC (N), B Apyrux cutyanusx -oT ypoBHs 3aMe/l-
murenst H, konnentpamu 60pHoit kucaoTsl C, MON0KEHUS KOMIIEHCHPYIOIUX OPTaHOB U T.I1.).

OY,ZF(NZ)

Ha nmpaktuke yno6Ho onepupoarth BenmmunHoi B 1000 pa3 Gonbieit —tak HazpiBaeMoit TOY
(TBICSTYa OOPATHOTO YMHOKEHUS):

1
TOY =1000* — .
Y

B 0o0mumx ueprax nmpoueaypa Takosa. B «HyJIeBoOM» COCTOSHUM U3MEPSIETCSl TOK MOHU3AIIUOH-
Hoit kamepsl (UK)-310 Ij, coorBeTcTBeHHO Y)=1 1 OV (=1. 3atem 3arpyxaetcs nopuus TBC (n tsc) u
3amepsercs Tok UK- 3to I, unu I;. Beruucnsgercs ¥ u OY. 3nauenns OYy u OV, oTKIaAbIBaIOT HA
rpaguke 3aBucuMoctd OV oT umcna n tpc (cM. puc.l). Uepes 3T JBe TOUKU NPOBOJAT MPSIMYIO U 3KC-
TPANOJIUPYIOT €€ 10 IEPECEUEHUS C OCBIO N TRC . DTO U €CTh IEPBOE IKCTPANIOIUPOBAHHOE 3HAUECHHE
KPUTUYECKOI0 COCTOsIHUSA. Bee nanHble (IIpryueM AETaabHO) IO COCTOSHUIO U TIOJIOKEHUIO CTEPHKHEH,
Temneparyp, Toka MK, BpeMeHu U T.I1. 3aHOCAT B XKypHal (cM. npuioxeHue ). Peanbnas popma kpu-
BOI1 00paTHOr0 yMHOXEHHUS 3aBUCUT OT MHOTHX (akTOpoB. B mpuHIMIIE, OHA MOXKET UMETh KaK BO-
THYTBIH, TaK U BBIMYKJIBINA XapakTep . [locnennee, mpasna, kpaiiHe HexXenaTeabHO WU 3alpelieHo, TaK
KaK 3KCTPaIoJISALUs 3aHWKAET KPUTUYECKOE COCTOSIHUE, UTO BECbMa onacHo. JleranpHoe onucaHue
BCEHl MpoIeayphl U TpeOOBaHUH 6e30MacHOCTH OyIeT TaHO B ONMCAHHUHU BBITOJIHEHHS padoThI (11. 3).

Tenepp nepeiieM K ONUCaAaHUIO CaMOT0 TPEHaXepa.

OBPATHOE YMHOXEHMUE B TOY

0 5 10 15 20 25 30 35 40
Yucno TBC

Puc.1. KpuBast 06paTHOro yMHOXKEHUS

2. OnucaHue TpeHaxepa

Tpenaxep npeacrasinseT coboit Monens 6sicTporo peakropa (bH-350) ¢ ypaHOBBIM OKCHIHBIM
TOIUIMBOM M KUJKUM HaTpUEM B Ka4eCTBE TEIIOHOCUTENS. BricoTa akTuBHOM 30HBI 1.6M CHauana
KOPOTKO OCTaHOBUMCS Ha BO3MOXHOCTSIX TpEHaXXepa.



Obwiee onucanue 603moicHocmeil mpenasicepa
Kommerotepnsiit Tpenaxep peaktopa bH-350, kak yxe oTmedanoch, Ob1 co3ian B Poccuiickom
Hay4HOM LieHTpe -Puznuko-sHepreruueckoM nuHcturyTe (PHLL @OUN). OcHOBHOE Ha3HauUEHUE TpEHa-
xKepa — 00yueHHe NepcoHaga OCHOBaM YIIPaBJICHUS PEAKTOPOM U PEAKTOPHON YCTAHOBKOM B Pa3HbIX
pexxnmax. C IOMOIIBIO 10CTaTOYHO PEATUCTUYHOIO ITyJIbTa YIPABICHUs (M KOHTPOJIS) TPEHAXEp I10-
3BOJISIET MOJEJIUPOBATH
e 3arpy3Ky peakTopa TOILIMBOM (Habop KpUTHUECKOH Macchl) NPH ITyCKeE;
® TIOBEJCHHE KPUTHUECKOTO PEaKTopa U YIpaBleHHE UM Ha Pa3HbIX YPOBHAX MOIIHOCTHU Oe3 oOpat-
HBIX CBS3EH;
e mMepeHus qudepeHnrabHON U HHTErpalibHOM 3 dekTuBHOCTH opraHoB CY3 u npyrue u3me-
peHus IpHU IyCKeE;
® [IOBEACHHUE KPUTHUUECKOIO PEAKTOpA U YIPABJIEHUE UM HA Pa3HBIX YPOBHSIX MOIIHOCTH ¢ 00paT-
HBIMU CBSI3MHU 10 TEMIIEpAType TOIUINBA, TEINIOHOCUTENS, MOIITHOCTH, INTyOUHE BHITOPaHUSI.
OnwuiieM, Kak KOHKPETHO peaJIn3yeTcsl yIpPaBICHUE PEAKTOPOM, TO €CTh OCTAHOBUMCS Ha Op-
raHU3alU1 CUCTEM KOHTPOJISL U yIIPaBIEHUS.
OO01as cxema ImyJibTa KOHTPOJIS U yIpaBJIeHUs MPUBEJEHA Ha pUcC.2.

Pezynupoeanue peakmopa
B mro60om peaxtope opransl perynupoBanus (OP) CY3 no cBoeMy Ha3Hau€HHIO U XapaKTepH-
CTHKaM 4€TKO Pa3AeiAl0TCs Ha TPU TPYMIbL: aBapuiiHas 3amuTa (A3), opraisl py4yHOro
/aBTOMaTHYECKOT0 onepaTUBHOTO perynupoBanus (AP/PP), opransl komneHcaun U30bITOUHON peak-
tuBHOCTH (KO mumm KII) (em. puc.2). VX xapakTepucTHKH NPUBEIeHbI B Ta0I. 1.

Tabmuna 1.
Xapaxrepuctuku OP CVY3.
XapaKTepucTuka A3 AP/PP KO
Lenn 3arnymuTh p-p 1 OmnepaTuBHOE ynpaB- Komnencanus
[ToAKpUTUYHOCTH JICHUE PeaktuBHOCTH
Bec 10-208 <0.7B Ot 0 10 308
CkopocTtb/Bpemsi Memnee 2 cex 2-15 cm/cex MenynenHo
ITocTostHHOE B3senen BK Cpennee Ot MuUHMMYMa 10
noJio’keHue(pad) MaKCUMyMa
Ympasusiercs Jloruka A3/xmou APM/pyunoe Pyunoe




VYupasnenue npuBogamu OP CY3 00bIYHO BBITTOJIHEHO B BHJIE KJIFOUEH; KOHTPOJIb 32 UX TOJIO0-
KEHHEM CJIeIaH B BUJIE CHIIbCUHOB (KPYTOBBIX HHANKATOPOB) C AOMOJHEHUEM KOHIIEBBIX BBIKIIOUATE-
nent -umxanit HK, Bepxuuit BK (yamie Ha3piBaeMbIX «KOHLIEBUKAMU).

s OP CY3 nomxkHel ObITh 00ecriedeHsl TpedoBanus IS,

1. lna A3. Kaxaslii peakTop 10JKEH UMETh MUHUMYM_06€ He3a8ucuMble, OCHOBAHHBIE Ha Pa3HBIX

npuHIHIAX, cucTeMbl ramenus CLP, kaxaas u3 KOTOPBIX TOJDKHA OBITh B COCMOSHUU 3A2TYUIUMb De-

aKmop u y0epicusamu €20 8 NOOKpUMu4ecKkom cocmosinuu ne meree -1% K ¢ yuemom ecex 603mooxc-

HbIX 3(hpexmos peakmugHocmu.

2. BBeieHHe PeaKTHBHOCTH.

2.1. BBeneHue OTPULIATEIIBHON PEAKTUBHOCTH HE OIPAHUYUBACTCSI.

2.2.  Ionosxcumenvhas peakmugHOCMb, CYMMAPHO 8HOCUMAsL opeanom peayaupogarus OP (6e3
MIPOMEKYTOYHOH MOMIAroBor (UKcaIyn), T0JHKHA OBITh He 0oJ1ee 0.7 B,

2.3.  Ecnu tpeboBanue 2.2. He BHIMOIHIETCS, TO BBOJ MOJOKUTEIBHON PEaKTUBHOCTH JTOJIKEH OBbITh
¢ «rarom» He 0oJee 0.3 Ber.; MEXIy IaraMu JODKHA MPOU3BOAUTHCS IPUHY IUTEIbHAS MEXaHUYe-
ckas uxcanust OP u BbaepKKa 0 BpEMEHH, JOCTATOUHAS JJIS 3aMyXaHUsl NepexooOHblX NPoYeccos
(20-100cek).

2.4 Ckopocmb 8600a nionoxutenbHol peaktuBHOCTH OP B 1000M ciiyvae nokHa ObITh He GoJ1ee

0.07 Besi/cex.

Cnennanbasie TpedoBanus (IIBS) npenbaBisioT k annaparype u npuéopam:

1) B paboTe T0KHO OBITh HE MEHEE TPEX HE3aBUCHMBIX KAaHAJIOB KOHTPOJISI HEHTPOHHON MOIIHOCTH;

2) B paboTe MOIKHO OBITH HE MEHEE TPEX HE3aBUCHUMBIX KAHAJIOB KOHTPOJISI CKOPOCTH HAPACTAHUS

MOIITHOCTH (TIepH0/Ia);

3). ecniu B paboTe MeHee 3 KaHAJIOB KOHTPOJISI MOIITHOCTH U TEPHO/Ia, TO TOHKEH ObITh BEIpaOOTaH

cueHan A3;

4). nocuxa CY3 u A3 paboTtaeT mo MaKOpUTapHOH cxeme 2 u3 3;

5). nmana3onsl KoHTpOIst MoHOCTH (AU, A1, JIM) donsicnbl nepexpovlieamucs Mexay co00M HE MEHEE

YeM Ha MOPSIOK.

Ilpuoopvr konmpona u knwuu ynpaesienus mpenaxcepom bH

[TpuGops koHTpOS DY MBI 00BIYHO TOPA3ALIIIEM HA TPHUOOPHI KOHTPOJIS SIEPHBIX Mapa-
METPOB peaKTopa v MPUOOPHI KOHTPOJIIS TEXHOJIOTMUECKUX MapaMeTPOB.

IIpubopsI KOHTPOJIA AIEPHBIX NAPAMETPOB OCYIIECTBISIOT U3MEPEHHUE JIBYX-TPEX BaKHEil-
IIMX TapaMeTpoB- HeHTpoHHOU MOIHOCTH N (OOBIYHO 3TO TaTbBAHOMETP B MpeEJesiaX TaK Ha3bIBae-
Mo «aekaas» (oT 1 1o 10) u mepexrovarenu aekan), a Takxe nepuoaa T ( 3To mepuogomep mudpo-
BOI MU CTPENOYHBIN C TOTapru(PMUIECKON IIKATON) U PEaKTUBHOCTHU (peakTuMeTp p). iIMeHHO 3T
pubOpHI HECyT HanboIee BaXKHYIO JUIsl 0€301MacHOCTH MH(OPMAIIHIO U UMEHHO Ha UX XapaKTepUCTHU-
KM HACTPOEHBI aBapUitHBIC 3aIIUTHL. B 1000M peakTope ToKHa OBITh 3al[UTa MO YPOBHIO MOIITHOCTH
(ycTaBka 3a/aeTcsi ornepaTopoM) U Mo OAHOMY/HECKOJIBKHUM TIepHoIaM pa3roHa (ycTaBka BCcTpoeHa). B
HalleM TpeHa)kepe OJHa U3 YCTaBOK Mo nepuoay(20 cex) akTUBU3UPYETCS ONepaTOpOM, BTOPAs
(10cex) BcTpoeHa B cooTBeTCcTBUU ¢ TpeboBanusmu [16.

[TpuOopEI KOHTPOJIIST TEXHOJIOTHYECKUX IMTAPAMETPOB TTOKA3bIBAIOT BEIIMYMHBI HAN00JIEEe BaKHBIX
TEXHOJIOTMYECKHUX MapaMeTpoB . ITO TEIUIOBas U 3JIEKTpHUUecKast MOITHOCTh W, TeMrepaTyphl TOIUIU-
Ba, 060JI0YEK U TEIUIOHOCHTENeH KOHTYpoB T (1 JOIOIHUTEIBHBIX KUAKOCTHBIX U TA30BBIX CHCTEM
OXJIaXIeHUs y3710B), naBieHue P, yposens L, pacxon G.

OOmuii BU MaHe u yrpasieHus Tpenaxxepom bH nipencrasien Ha puc 2. [{udpamu o603Ha-
YeHbI IPUOOPHI KOHTPOJIS U KIIIOUX YIPABICHUS TPEHAXKEPOM; UX XapaKTEPUCTUKU JaHbl B Ta0I. 2,3.



Tabnuua 2
[TprOopbI KOHTPOJIS U KITIOYH YIIPABICHUS TPEHAKEPOM

Howm.

1. Tabso ObicTpoii aBapuitHo 3auuThl (BA3)

2. TennoBast MmoutHOCTh (%) (M MHAMKAIMS TPUYHHBI cpadaThiBaHus A3)
3. [Tepron (cek) (M MHaUKALMS TPUYUHBI cpabaTeiBanus A3)

4 CunbcuH (MHAMKATOP) MOJOKEHUSI cTep KHENH A3

5 CunbcuH (MHAMKATOP) MosokeHus crepskaer AP/PP

6 Cunbcus (naaukaTop) nonoxeHus: KO( KoMIneHCHpyomui maker)
7 3a1aTuuK aBTOMATHYECKOTO peryisitopa MomHocTd (APM)

8 3aaTYiK TEMIEpPaTypbl BXOJHOTO TEINIOHOCUTES

9 3aaTYMK MOIHOCTH UCTOYHUKA (Jiorapudm)

10 3aaTyuK pacxoaa TeIIOHOCUTES

11 ["aibBaHOMETP HEUTPOHHOM MOLIHOCTH

12 JlnanasoH (aexaga) HEHTPOHHON MOIITHOCTH

13 VYceraBka BA3 o MoniHocTH

14 Kaprorpamma 3arpysku TBC (kpome mect A3,AP,KII)

15 BxirroueHue ycTaBky 3alIMThI 10 IEPUOAY

16 WNunukamus auxenus TBC (mpu 3arpyske)
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Tabnuua 3
Kunroun ynpaBieHust TpeHa)XepoM.

Kias. Beinonasemoe neicTeue
Q JIBroxenue crepykas A3 U3 akTUBHOW 30HBI
W JIBrkeHue cTepkHs U3 A3 B aKTUBHYIO 30HY (JIBaX/1bl Uil CHATUA curHaia bA3)
A JIBrxenue crepkHs KII u3 akTHBHOM 30HBI
S JBmxenue crepxkHs KII B akTHBHYIO 30HY
Z JiBumxeHue crepkHs AP 13 akTUBHOM 30HbI
X JIBm>xeHue crepkHs AP B aKkTUBHYIO 30HY
F1 [TepexmoueHne faTYMKa KaHajla KOHTPOJII MOIHOCTH HA CJIEAYIONIUMN JUana3oH
F2 [lepexntoueHne AaTuMKa KaHajga KOHTPOJISL MOIHOCTH Ha MPEbIAYIUI IUana3oH
- [IepexiroueHne aBapuiHON yCTaBKHU 0 MOLTHOCTH Ha CIEAYIOUIUI IHANa30H
<« [Tepexmrouenne aBapuitHOM yCTaBKM MO MOIIIHOCTH Ha MPEAbIAYIINN 1Hana3oH
F3 Bxi1/BbIKiI KOHTPOJIS IO MEPHOAY (3€JI€HbIN- BHIKIIOUEHO).
F4 Bx1/Beixit Tab110 (3€71€HBIN- BBIKITFOYEHO).
F5 YMEHBIINTH BXOJIHYIO TEMIIEPATYPy TEIJIOHOCUTES
Fé6 YBeINYUTh BXOJHYIO TEMIEPATYPY TEINIOHOCUTEIIS
F7 YMEHBIINUTHh MOIIHOCTh ICTOYHUKA HEUTPOHOB
F8 YMEHBIINUTh MOITHOCTh NICTOYHUKA HEUTPOHOB
F9 YMeHBIINUTD pacxo TernoHocutens (B %)
F10 | YBenuuuth pacxon TeruioHocurens (B %)
K Br10op siueliku Ha KapTorpaMMe 3arpy3Ku aKTUBHOU 30HbI
L 3arpy3ka/BrIrpy3ka TOIUIMBHOTO 2JIEMEHTA B BRIOPAHHYIO STYCHKY
Pg Up | YBennuuTh 3aaHHYI0 MOILHOCTb PEaKkTopa
Pg Dn | YMeHbIINTh 33TaHHYIO MOITHOCTh PEAKTOpa
INS | BKIIOYMTB/BBIKJIIOUYUTh ABTOMAaTHUYECKUN perysistop MomHoctd APM
T VYBenuuuTh Maciitad BpeMeH!
J YMeHbINTh MacIiTad BpeMEeH!




3. NMpoBepeHue paboThbl

Iloozomoeumenwvnvie padbomot
Ilepen BinoaHEeHnEM caMoil pabOThI HEOOXOAUMO NTPOBECTH CJIETYIOIINE TOATOTOBH-
TEJIbHBIE OIEPALIUU.

A. [Tepen HawamoMm pabOThl BHUMATEIHHO U3YYHUTh MAHEh YIIPABICHUS, HA3HAUCHHE
BCEX KJItOUEH U MPUOOPOB.

B. [IpUroToBUTH KaIbKYJISATOP, MUJIJITUMETPOBKY.

C. B3Bectu A3 Ha BepxHUil KoHLIeBUK. [IpuayMaTs criocoObI MPOBOLIMPOBAHHUS T1a-

nenus A3. Onpenenuts Bpems najaeHus A3.
D. Onpenemuts padoune ckopoctu apmwkenus AP u KII.

Tpebosanusn de3onacnocmu npu nycke

[Ipu BBIXOJE B KPUTUYECKOE COCTOSIHUE JOJKHBI BBIIOIHATHCS COOTBETCTBYIOIINE TPe-
O0oBaHMA 0€30IIACHOCTH.

A. Ilepas nopuus 3arpy3ku Tormausa TBC ( 0e3 nmocTpoeHust KpUBOi 00paTHOrO YMHOXKEHHS
) He noJkHa npeBblaTh 10 % oT 0k11aeMoro 3Ha4eHUst KPUTUYECKON 3arpy3Ku.

B. Kaxnas nmocnenyromas mopius 3arpy3ku ( 0e3 mpoMeKyTOYHOU OIEHKH SKCTPATIOIUPO-
BaHHOTO 3HAYEHUS KPUTUYHOCTH) HE JOJKHA MIPEBHIIATh 1/4 BEMTUYMHBI OCTaBIICHCS 10
AKCTPAMOIMPOBAHHOTO 3HAYCHUSI.

[ponenypy 3arpy3ku nopiusimu (6osee ogaoit TBC) OBTOPSIIOT B TAKOM BHJIE, ITOKA
€CTh BO3MOXKHOCTH 3arpy3ku 6osiee ogroii TBC. Ecnu BrilieykazanHbie TpeOOBaHUS O€30TacHO-
CTH TO3BOJISIOT 3arpy3Ky Tolibko ogHoi TBC, To mpouenypa u3MeHseTcs U AJisl Kaxic0020 no-
cneoyouje2o wia2a BeITISIINAT Tak.

B peakTop 3arpy’karoT camblil «TSKEIBIN» (KPOME MOCTOSTHHO B3BeAeHHOTo A3) OP
CV3. 3arpyxaercsa ogna TBC. 3atem megmnenno nosranto ussiekaercs OP CY3. Ecnu kputrnu-
HOCTb HE JIOCTUTHYTA, TO LIAr MOBTOPSAETCS.

BHUMAHMUE. lIpu3Haku npuOJInKeHUs1 K KPUTHYECKOMY COCTOSTHMIO M €ro Ha-
CTyIUIeHUsl. B NOJIKpUTHYECKOM COCTOSIHUY MOCJIE JI000r0 BO3MYLIEHHUSI MOLTHOCTh CTa0WIIH-
supyercs. Eciu crabunuzamus nporucxoauTt ObICTpo (MIEpUoAOMEp Cpa3y yCTaHABIMBACTCS B
9999)— MbI nanexko oT kpuTuyHOCTU. Ecnu mepuonomep MeuieHHo uiaet K 9999, 3nauut kpu-
TUYHOCTH OJM3K0. HamoMHUM, 9TO KPUTUYECKU PEaKTOP ¢ MICTOYHUKOM HE MOXKET OBITh CTa-
[IMOHAPHBIM, OH 0053aTEIFHO MEPEXOANT B PA3TOH MPUYEM C MaJIBIMHU ITEPHOAAMH, YTO BHI30BET
B JydIeM cirydae copoc A3.

Ilposedenue guzuuecxkozo nycka

[Ipu BbINIONIHEHUU pabOTHI BCe CBOM AeicTBUA (nepemeleHne crepxkaei CY3, usmeHeHue
yCTaBOK, 3arpy3ky TBC, onieHKka KpUTUYHOCTH, U T.J.) 0053aTebHO (PUKCUPYHUTE B ONIEPATHB-
HOM XypHaie. DopMa BeZeHHsI ONIEPATUBHOTO KypHaJla JaHa B MPHIOKEHUU.

1. YcraHoBUTH OpraHbl peryiupoBaHus B pabouee nonoxxenue: A3- B3sectu Ha BK, AP- B3Be-
ctu Ha BK, KII- B3BecTtn Ha BK.
2. TloctraButh ycTaBKy A3 MO MOIIHOCTH HA IBa-TPH MOPSIAKA BBIIIE TEKYIIErO YPOBHS rajb-

BaHOMETpA U B JlaTIbHEHIIIEM TIepeIBUTATh €€ B COOTBETCTBUH C POCTOM TEKYIIEH MOITHOCTH.

3. AxtuBusupoBars yctaBky A3 no nepuony (F3), reneps ona paBHa 20 cexk.
4. YcTaHOBUTH MOIIHOCTH UCTOYHUKA (0T 10**3 mo 10%*7).
5. YcraHOBHTH TeMiepatypy TemtoHocutels Bxoga T=300-350"C (o6ierdeHHbIH BapHaHT)

wmm T=200°C (YCHOXXKHEHHBIN).
6. Hauatb npouenypy Habopa KpuTHUECKOil Macchl. Onpenenuts U3 TpeboBaHMii Oe30MacHO-
CTH TIOPIMIO HAYaJIbHOM 3arpy3KH TOILIMBA. 3arpy3UTh MOPLHUI0. BEIYHCINTE yMHOXKEHUE,
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10.

11.

12.

13.

14.

oOpaTtHOe yMHOXeHHe, HaHecTH TOY Ha rpaduk 1 OIpPeaeIUTh SKCTPAOIUPOBAH-
HOE 3HaUYCHHE KPUTHUECKOH 3arpy3KH.

[ToBTOpPSITH MpOLIEAYPHI 3arpy3Ku nopiuil Torusa 10 K=0.95-0.98 (Y=30-50). [Ipumeua-
aue. [Ipu OY=100 u3menuts Macmtad npoaoxkeHus rpaduka mo ocu OY B necarh pas
(MHAYE TOYKH CITUBAIOTCH).

[Tpu K=0.95-0.98 (Y=30-50) npoBecTu cienyroiue periaMeHTHbIE TPOLIETY PbI.

A. Omnpenenenne noiHo# 3¢ dexrnBHOCTH (B3BemmBanue) crepxkaeit AP u KIT (co-
TJIACHO COOTHOIIEHUSIM B onrcannu Metoaa OY).

B. I'pagyupoBKy 3TUX CTep)KHEW, TOCTPOECHUE UHTETPAbHON U AuddepeHInaTbHOMI
KPUBBIX.

C. KamubpoBky HeWTpoHHOH MOoITHOCTH. Kak M3BECTHO B MOJKPUTHYECKOM PEaKTO-

pe YMHOXXEHHE MOXKHO CBSI3aTh cO ckopocThio nenenuit F Y=(Fv+q)/q. AGcontoTHas Temio-
Basi MOIITHOCTH peakTopa W NoJhKHA OBITh OTKAIMOpOBaHa 1o cooTHomeHu o F= q(Y-1)/ve
(¢ yaeroM Toro, uto 1B1=3.3*10'"" nen/cex). 3Hast yMHOXEHHE U MOIIHOCTb HCTOYHHKA, OII-
peaenuTe MOITHOCTh IPU TEKYIIEeM MMOKa3aHUU TallbBaHOMETpPa HEUTPOHHOM MolHOCTH (BT).
[lepecunTaiite 0XxH11aEMyI0 MOIIHOCTb ITPH NOKa3aHUM rajibBaHomeTpa i 100% HelTpon-
HOW MOIIHOCTH.

[Tocne m3mepenus nmpu K=0.96-0.98 3akoHunTh nporeaypy Habopa KpuTH4IecKoi maccel. He
3a0yabTe U3BJIEYb HCTOYHHK!! Y CTaHOBUTE PEAKTOP B TOYHO KPUTHUECKOE COCTOSIHHUE U 3a-
¢bukcupyiite ero B xXypHaie.

[lepeBeaure peakTop B HAIKpUTHUECKOE cOCcTOsIHUE pasroHa (¢ nomoiupto KII) ¢ nepuogom
cHauana 300, 3atem 100 , 3aTem 40 cek. BoBpeMs nepexiiroyaiTe quamna3oHbl raibBBAHOMETPA
n ycraBgu A3!

[Tpu moctmwxeHnn MOITHOCTH 1% OT HOMUHANA (BBI IEPEXOANUTE B T.H. YHEPTETUUCCKHIA
JIMaTia3oH, rie padoTaroT Bce dPPEKTh peaKTUBHOCTH ) YCTAaHOBUTE 33JaTUMK PacXoja Ha
80%. 3ameyute pasron o nepuoaa 100 cek. [ToaroroBsTe 3aaTYMK MOIIIHOCTH aBTOMATH-
gyeckoro peryisrtopa MmouHoctd (APM) Ha 10%.

[Tpu noctmwxennu morrHocTH 10% OT HOMHHANIA OCTAHOBUTE PA3rOH U CTAOMIH3UPYHTE
MOIIHOCTh. Brimrounte APM. Y6eaurech, uto APM «moaxBaTwiDy yIpaBJICHHE.
[Tpunymaiite, kak U3MepUTh KOA(OULIMEHTHI PEAKTUBHOCTH PeaKTopa 1o mapaMerpam TeM-
neparypa rerionocurens (0p/0T ), momHOCTh (Op/OW ) BeiTOpanue (Op/0B). OcymiecTBuTe
n3MepeHue 3tux 3HPeKToB.

[Tpu HanMuKUK BpeMEeHH MOBTOPUTE MPOLIEypy MycKa B YCIOKHEHHOM BapHaHTE MPU TEM-
neparype tertorocutesst T=200 °C u npumymaiite Kak 3arpy3uTh IOCIEIHHIT TAKET.

INuteparypa.

Kazanckwuii FO.A., MatyceBuu E.C. DkcniepumeHTanpHas GU3MKa PEakTOPOB, -
M.:Dneproatomusaat,1994.

Bunagumupos B.J.. [Ipaktrueckue 3aga4m 110 SKCILTyaTalUu sSAEPHBIX PEaKTOpPOB,-M.:
Duepromusaat,l981.
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MpunoxeHue .
OmnepatuBHbIii s)KypHaJ (popMma).

Texk. Opraner CY3 Mom- TBC | TOY OkcTpano- «Bec» IIpumeuanue
Bpewms HOCTb JISALIMSL. TBC

— | A3 [ K| AP

OrneHKH a0COTIOTHON MOIITHOCTH, H3-
MEpEHHBIN BEC CTEPKHEU, OLICHKH
kputuuHocTH, [Tonoxxenust KIT u AP,
MPU KOTOPBIX PEAKTOP OKHUIACTCS

KPUTHUYECKHM.
OTtcuér cMm. oT C yuérom | Hucno DKCTpanoaupo- | Bec Mo-

BEpXHETO KOoHIle- | auama3oHa | TBCs BaHHOE 3Hadue- | CIEIHErO

Buka. Eciu crep- | (65%107°) | 3o0me nue yucia TBC | TBC B

’KeHb Ha KOHIICBU- (¥ CKOJIBKO e111e TOY

Kax yka3atb BK n JOTPY3HTh)

HK.




