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AnaHOoTanmsa

Kynmoe C.U. u mp. IleTrexTopsl U ammapaTypa CACTEMBI PaIMAIMOHHOIO KOHTPOJIsS yckopuTesas Y-70:
Ipenpuar UPBO 2000-26. — [Iporsuso, 2000. — 17 c., 9 puc., 2 Tabi., 6ubnuorp.: 5.

Onucan DeTEKTUPYIONUN KOMILIEKC U allllapaTHOe 00ecleueHne CUCTEMbI PaIUAIIMOHHOIO KOHTPOJIIS
yckopurensa ¥Y-70. IlpuBenennr Texuaudeckue xapakrepuctuku pasiunusabix nerektopoB ACPK. Tlokaszamo
BiusiHUE OBLICTPOTO BBIBOMA HA CUETHBIE XaPAKTEPUCTUKM ETEKTOPOB HEATPOHOB.

Abstract

Kupcov S.I. et al. Detectors and Hardware Equipment of the Radiation Control System of U-70 Acceler-
ator: IHEP Preprint 2000-26. — Protvino, 2000. — p. 17, figs. 9, tables 2, refs.: 5.

The detector complex and hardware equipment of the radiation control system of accelerator U-70 are
described. The technical characteristics of different detectors of radiation control system are presented.
The influence of fast proton beam extraction on counting characteristics of neutron detectors is shown.
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BBenenue

Panuarnumonnsiii KoHTpoNib obmydaemocTu coTpynuukoB M®OBO mposomuTces cpencrBaMm
UHIUBUAYAIbHOTO WHTETPAILHOIO KOHTPOJIS IepcoHasa (MHOWBUAYyasbHBIE KaCCeThI), Iepe-
HOCHBIMM TPHOOpaMK M aBTOMATU3MPOBAHHON cucTeMoil pammanunonHoro koutpoist (ACPK).
Ilepexon ma HOBBIe HOpMaTuBBI panuanuonuHOn Oe3omacuoctu HPB-99 tpebyer mepecmorpa
BCEro METEKTUPYIOIIEr0 KOMIIJIEKCA pPaguamoHHoro kouTposiss PK, Merommk rpamnyupoBku u
06paboTKy maHHBIX, a Takxke camon opranm3anuu PK B pamkax emmuoi cucteMbl cbopa, obpa-
60TKU ¥ XpaHEHUsI DAHHBIX Bcex pernamenTupyembrx HPB-99 cucrem m momcmcreM KOHTPOJIS.
ApTomaTusupoBaHHas cucTema pamnuanuoHHOTo KoHTposist ACPK sBisiercs yacTbio cucTeMbl
obecrieueHNsT PATUAIIMOHHON 6E30IMaCHOCTU YCKOPUTENs MPOTOHOB ¥Y-70 m mpemHasHadYeHa, JIS
oIy ueHms, 0OpabOTKM M XPaHEHUs! HEIPEPBIBHON U MEPHONNYECKON WHGOPMAINM O PaIualiy-
OHHOI1 OBCTAHOBKE HA YCKOPUTEIBHOM Komiuiekce [1,2].

ACPK sBnsercs OCHOBHOI CHCTEMOI MPENOTBPAIIEHUS TEPEOOIIyUeHNs TIEPCOHAIIA, TaK KaK
BeZleT KOHTPOJIb 33 PAINAIIMOHHON OOCTAHOBKOW B peajlbHOM MaclITabe BpeMeH: W OJIOKHpyeT
BCE PAUAIIMOHHO OMACHBIE PEXUMBI PabOTHI YCKOPUTEIHHOTO KoMIiutekca ¥-70.

Cucrema ACPK ummeer ocoboe 3HaueHMe B cucTeMe OOECIedYeHUs paaualllOHHON Ge3omac-
voctu MIPBO B cBsA3u ¢ OTHOCUTENBHO C1aboil GHOSIOrMYECKON 3aIllUTON SKCIEPUMEHTAILHBIX
3a510B ¥Y-70 1 OTCyTCTBUHEM TEXHWYECKOIl BO3MOXKHOCTHU €€ yCcuieHus (IpemesbHas HAUPY3Ka Ha
nos1, TpeGyeMble TEXHOJIOTMYeCcKre Npoe3nbl nombeMuoro kpana). Cers u3 150 paguannoHHBIX
mouuTopoB ACPK oxBaTbiBaeT Bce skcmepumeHTajbHBle ycTaHOBKEM u 3aibl 1BB; 2; 2A n
TIO3BOJIAET ONEPATUBHO KOHTPOIUPOBATH IOJIE M3JIYUEHUS 3 3AIIUTON yCKOPUTEIS.

XapakTepuCTUKN MOJIel M3IIydIeHusT Ha Pabodmx MecTax CUJIBHO 3aBUCIT OT PEXKUMOB pabo-
TBI YCKOPUTENS U OT MOTeph mMydka dactuil. VlccirenoBaHus mMOJEN M3IIyYeHUs YCKOPUTEIS Ha-
JIM BO3MOXKHOCTB OIPENEIUTL HauboJiee PaaUuallMOHHO OMacHble ydacTKu, a merekTopbl ACPK|
YCTAHOBJICHHBIE B TAKUX KJIOYEBBIX TOYKAX, — OOBEOUHUTH B MOACUCTEMY ABTOMATHYIECKOTO
YIIPaBIIEHNS PAIUANNOHHON GIOKMPOBKOI paboThl yckopurenbHoro kommekca (YK). Ilpu npe-
BBIIIEHNN KOHTPOJIBHBIX YPOBHEN W3JIyUYeHWUS TJIABHBIA MyabT ympaBienus Y-70 coBMeCTHO ¢
MEXYPHBIM TO3UMETPUCTOM TPOBOOUT PabOTy MO HOPMAIU3ANWEA PALUAIMOHHON OOCTAHOBKM.
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Cxema pasMellleHNUs TOUEK DPaQUAlOHHOIO KOHTDPOJsA (puc. 1), TUOBI HETEKTOPOB, CTe-
[I€Hb MOCTATOYHOCTU TOYEK KOHTPOJISI BHIOPAHBI MCXOMs U3 ONBITA PabOThI, MHOTOUYMCIIEHHBIX
M3MEPEHNI PAMUAIMOHHON OOCTAHOBKU B PA3IMYHBIX pexmmax paborsl YK m corsacuHo mpo-
ekTy “Pusmueckoe 060CHOBaHUE PAMUANMOHHOTO KOHTPOJist B MPBD”. Tunsl pacmonoXeHHbIX
B TOYKAX KOHTPOJIS JETEKTOPOB 3aBHUCSAT OT U3MEPSIEMOTO KOMIIOHEHTA W YPOBHEW W3/IydeHUs,
a Tak»Ke BO3MOXHBIX aBapuitHbix curyarmit ([Ipumoxenne 1).

WcrourmkaMun MTrHOBEHHOTO HEATPOHHOTO, (POTOHHOTO W MIOOHHOTO W3JIYUEHUHN SIBIISIOTCS
YCKOPUTEIbHBIE YCTAHOBKU KOMILJIEKCA M KAHAJIBI BhIBOma dactuil. [Ipu pabore yckopurens 3a
OMOJIOTMYECKON 3aIIINTON BO3HUKAIOT PAAWAIIMOHHBIE IIOJISI ¢ IEPUONWIECKON BPEMEHHON CTPYK-
TypOil, 00yCIIOBIIEHHOI YaCTOTON OOpAIlleHWs IIydYKa MPOTOHOB B KOJbLie (mepuon obparleHus
5 MKC), KOIMuecTBOM OaHuell (CIyCTKOB IPOTOHOB IJIMTEIBHOCTHIO ~35 HC) U HIPOLECCAMU
BBIBOA IIyYKa U3 YCKOPUTEJIS.

Wcrounmkamu HABEOEHHOTO W3JIyUYEHUs SBJISIETCS AKTUBUPOBAHHOE OOODPYIOBAHUE yCKOPHU-
TEIBLHBIX YCTAHOBOK, KAHAJIOB BBIBOMIA, MUIIIEHHBIX CTAHIINN W MOIJIOTUTEIEH. B TedeHue Bcero
nukia paborsl yckopurens (10 ¢) TeopeTmueck:m BO3MOXKHA YACTUYHAS WM IIOJHAS IOTe-
ps IydYkKa TPOTOHOB B JII0O0OM MECTE YCKOPUTEIHLHOTO TPAKTa CHHXPOGA30TPOHA, UTO MOXKET
NPUBECTH K aBapUUHLIM CHTyaunusM, B ciyuae koTopwix cuctema ACPK 6Grokupyer paGory
YCKOPUTEJIS.

HetexTupyrommmit komiutekc cuctembl ACPK cocTtouT m3 ceTu HEATPOHHBIX IETEKTOPOB
BIOH u PM, wmroomnbix merektopoB BIIM, meTekTOpOB KOHTPOJIST BBIOPOCOB PAOUOAKTUBHBIX
raszoB B armochepy BIII', uaTErpUpyoOmmx macCUBHLIX PaaMannOHHBIX MOHUTOPOB IIPM, pac-
TIOJIOXKEHHBIX Ha Pabodymx MecTax MEePCOHAJa W B CAHUTAPHO-3AIIUTHON 30HE yCKOPUTENS, U
KOMIIJIEKCA TIEPEHOCHBIX CPENCTB OMEPATUBHOTO KOHTPOJIS CMEIIAHHBIX MOJIEH W3ITyICHUS.

Anmapatunas gacte ACPK cocrouT u3 mpueMmMHBIX U TIepecueTHBIX MOMYyJleil, oGpabaThl-
BAIOIIIE W YIPABIISIONIE SJIEKTPOHHON ammapaTypbl, KoHTposepoB K-331, cucrembr muma-
THOCTUPOBaHUs PAabOTHI HETEKTOPOB, AIMAPATYPhl CBSI3M C TJIABHBIM IIyJIBTOM YIPABIIEHUS
Y-70, nadopmanmonusx Tabiao u xkoMmubioTepoB ACPK (Pentium-200), cBsI3aHHBIX JIOKAJIBHOI
CETBIO C CEPBEPOM PAMUAIIMOHHOTO KOHTPOJISI C HAXOMAIIIMMUCS HA HeM 0a3aMu HAHHBIX Pa-
[UANMOHHOTO KOHTPOJIsSI, OCHAIIIEHHBIM MOIEMOM U CETEBBIMEM KapTaMU W UMEIOIINM JOCTYIl K
napopManmonuon cetu MuTepHeT.

IeTexkToper ACPK

HerexToper ACPK cocTOsAT M3 DATUYMKOB U3IyYEHUS C YCUIUTEILHO-TIPEOOPa3YIOIIel dIeK-
TPOHUKOW, MCTOYHUKAMU TUTAHUS, aANTePpaMU U KaOEIbHBIMIA KOMMYHUKAIIMSIMIY.
Wcnonb3yrores 150 meTekTOPOB HEXTPOHOB, GOTOHOB M MIOOHOB CIIEOVIOIINX IISTH THUIOB:

e PM (panmmanmoHHBIE MOHUTODBI HA OCHOBE aKTHWBALMOHHBIX NETEKTOPOB) IJIS M3MEDEHUs
9KBUBAJIEHTHON MO3bI W MOIITHOCTH SKBUBAJIEHTHOW MO3bI HEHATPOHHOTO W3JTyUEHUS;

e BJIIH (BLICOKquBCTBI/ITenLHHﬁ OJIOK MEeTEKTUPOBAHUSA HEWTPOHOB HA OCHOBE CUETUYUKA
HetiTporoB CHM) myis m3Mepenus S5KBUBAJIEHTHO MO3BI I MOLIHOCTY SKBUBAJIEHTHON HO3bI
HEATPOHHOTO W3JIYYEHUsS C HIDKHUM IIOPOTOM PEruCTPAIMU OT YPOBHS €CTECTBEHHOIO
doHa;

e BJIIM (6n0K OeTeKTUPOBaHUsS (GOTOHOB U MIOOHOB) OJIST U3MEPEHUST SKBUBAJEHTHOMW TO3BI
¥ MOIITHOCTY 3KBUBAJIEHTHOW HO3bI (POTOHHOTO U MIOOHHOTO W3IIyYEHUI;



e BJII" (670K meTeKTUPOBAHUS TaMMa-U3JIy9eHns1) I N3MEPEHNsT HABEIEeHHON aKTUBHOCTH
BBIOPACHIBAEMOIO BO3OyXa U3 KOJIBIEBOTO YCKOPUTES M MUIIEHHBIX CTAHIIAN;

e [TPM (unTerpasbHble GIIOKN OETEKTUPOBAHNUS HEHTPOHOB HA OCHOBE TE€PMOJIIOMUHECIIEHT-
HbIX nerekTopoB TJII, pasMerleHHBIX B MIAPOBOM MOJIMSTUIIEHOBOM 3aMeIJIMTeNe) I
M3MePEHNsI MHTErPAJILHON O3Bl HEMTPOHOB HA PabOYMX MeCTax IePCOHANa 3a BECh CEAHC
paboThl yCKOPUATEIS.

Pamnaunonsnsiit Mornrop PM [1] mpencrasnser co6oil MONUSTUIIEHOBBI IIAPOBOI 3aMer-
JINTEbL HEHTPOHOB MUAMETPOM 254 MM, B IMOJIOCTH KOTOPOTO HAXOOUTCS AKTUBAIMOHHBIA PO-
nueBbIil metekTop HeiiTporoB (RA'%* — Rh'%%), mpencrasnstommit coboit razopaspsamHbIi GeTa-
cueTunk, 06epHyTHIT 100 MKM (HOIBION-KOHBEPTOPOM M3 pOmus (CeueHme 3aXBaTa TEIJIOBBIX
HeriTpoHoB 150 OapH, mepmom mnomaypacnana 44 c¢ m 4,3 mMwH, 5Heprus Oera dvactun 2,44;
0,48 MbsB). Bombmas smeprus Gera-gactui RA'%? mossomser mcmonb30BaTh CpaBHUTETHHO
TOJICTHINI KOHBEPTEP, HE OMAcasCh 3HAUMTEIBLHOIO CAMOIOIJIOIIEHUS B HeM. PafoTa cucTeMbl
OCHOBaHa Ha M3MepeHHH akTuHOCTH RA'%Y, HaBenmeHHON MMIYILCHBIM HEHTPOHHBIM 3Ty d9eHMU-
eM B pomueBoil GoJibre, B May3bl MEXIY HUKJIAMU paboThI yCKOpuTens. biaaromaps GOJILIION
IJTOIIAM KOHBEPTEPA U OOJIBIIIOMY CEYEHWIO 3aXBATa TEIJIOBBIX HEATPOHOB TAKOW HETEKTOP
IpencTaBiseT COOOM YPEe3BBIYANHO YyBCTBUTEJIBHBI MOHUTOD, IOKA3aHUS KOTOPOTO HE 3aBU-
CAT HU OT [JIUTENIbHOCTU WMIIYJILCOB W3JIyUYEHUsSI, HA OT BPEMEHHOU CTPYKTYPBLI U3JIyUEHUS.
Wsmensst pasMepbl KOHBEPTEPA, MOMXKHO WM3MEHSATH UYBCTBUTENBHOCTL MNETEKTOPA, IIPU 5TOM
HIDKHWUI TIOPOT YIyBCTBUTEILHOCTH JIeXKUT B Tpemenax oT 3 mo 20 u/cm’c. Bepxmmit mopor
OrpaHWYeH BPEMEHHBIM paspernenuem cuerunka (1-1073 c).

10 ¢ Tax kax paIuaIMOHHBI MOHHTOD CHCTEMBI
i ACPK uyBcTBHTEEH B OCHOBHOM K HEHTPO-
Ham Hmke 20 MbsB (a mome cmermanHOro ms-
aydeHns: GOPMUPYETCS €llle U BBICOKOSHEPreTH-
YEeCKUMU aIPOHAMM, MIOOHAMHI 1 GOTOHAMM), TO
~¢ YYeCTb BKJAI aIPOHOB, (POTOHOB, MIOOHOB M 3a-
PSIKEHHBIX JaCTUI MOXKHO TOJIBKO KaJuOpyst MO-

HUTOD B 3TOM IIOJI€ WM3JIyYCHUS. II.TISI 9TUX IIe-

RM/PRM ( rel.units)

JIedl WCIIONB3YIOTCS OMOPHBIE TIOJIS M3JTyYEHUS
Y-70. B xagectBe 06pa3IOBBIX CPENCTB W3MeE-
0.1 TR peuus upumenstorcs JIIID-cmexkTpomeTp, MHO-

0.1 1 10 100 TOIIAPOBO# cuekTpoMmeTp bBonuepa u anasoro-

H, (cSv) Bblil KoMnoHeHTHbIN Gopmerp (AKB), xoTopbie

UCTIONB3YIOTCS M1 KAJIMOPOBKU PaIUAIIMOHHBIX

Puc. 2. OrHouIeHne n3MepeHHON BeIMUNHBL 9KBU- MOHUTOPOB CHUCTEMBI ACPK B emmHnmax mos-

BaJICHTHOM NO3BI HEHTPOHOB IO MOKA3a- HOW SKBUBAJIEHTHON O3Bl CMEIITAHHOTO WU3JIyde-

M [IPM u PM B saBucumocTs 0T pgyg YCKOPUTEJIA HEIOCPEOCTBEHHO B TOYKE Pac-

MHTErpasibHON no3wl mo [TPM. TIOTTOKEHNST MOHITODA.

Hauwmnas ¢ 1989 r., B 13 moukax pacmonoxenus PM ACPK mposBomwnmuchk usmepenus

MHTErPAJILHON O3Bl 3& CEAHC C IIOMOILIBIO IACCUBHBIX DAaNUMAlMOHHBIX MoHHTOpoB IIPM [3].

3a kaxnpiii ceaHC (PUKCUPOBAJIACH MHTErPaJibHAs SKBUBAJEHTHAS 033 HEATPOHOB, M3MEPEH-

mas ¢ momornbio PM u IIPM. Ha puc. 2 mpencraBieHO OTHOIIEHWE W3MEPEHHBIX BEJIUYMH B
3aBUCAMOCTH OT WHTErPAJbHON MO3bI 1Mo mokasanusm [TPM.

IIpencrasmenbr maHHBIE O BCEW COBOKYITHOCTY W3MEDEHWMI 33 PA3HBIE CEAHCHI YCKOPUTEIsT

7 TI0 pa3HBIM TouKaM u3MepeHuit. Poct orHomenus noxazauuii PM x I[IPM c ymenbuienuem



MHTErPAIIBHON MT03bI OOBSICHsIETCS HamuaueM cobcTBennoro ¢ona y PM. Heobxonumo ormeTuts,
yTo 00a TWUIA IETEKTOPOB HMEIOT 3aMeNjINTelb ONWHAKOBOIO nuameTpa (OOWUH W TOT XK€
SHEPreTUIECKUIl MUANa30H PErUCTPAlNN HETPOHOB ), TPALyUPOBKA IPOBONUIACH B ONUHAKOBBIX
VCIIOBUSX.

3a Bepxwuelr 3ammuroin PM 3anmxaer BeluuuHy 5KBUBajieHTHON mo3bl B 1,5—2,0 pasa Bcien-
CTBUE BKJIa[a CBEPXOBICTPBHIX HENTPOHOB ¢ sHeprumeit Boimie 20 M»B, x koTopeim PM mmeer
MIOHIKEHHYIO0 YYBCTBUTEIBLHOCTE. 3a GOKOBOU 3aruToii PM 3aBhbIIaeT BeIUUYNHY SKBUBAJIEHT-
HO 1mo3wl B 1,5-2,0 pa3a BCIEOCTBUE MOBBIIIEHHON UyBCTBUTEIILHOCTH K ITPOMEXYTOYHBIM HEH-
TpoHaM. B paiioHe KaHAJOB 3apsKEHHBIX YACTUI[ OCHOBHON BKJIAM B TOJIHYIO SKBUBAJICHTHYIO
O3y Mal0T MIOOHBI, K KOTOPbIM PM He uyBCcTBUTENEH. 3aHMXKEHUE B U3MEPEHUSIX C MOMOIIIBIO
PM skBuBasienTHOI MO3BI B 9TOM ciydae mocturaeT oT 2 mo 9 pas. IlompaBounbiii koaddurim-
€HT CWJIHLHO W3MEHSETCS B 3aBUCUMOCTH OT PEXUMa pabOTHI KaHajla, TaK KaK €CIM MIOOHHAS
KOMITOHEHTa 3aBUCUT OT WMHTEHCUBHOCTU IIy4YKa, cOPaACBIBAEMOTO HA MMUIIEHW, TO HENTPOHHAS
KOMIIOHEHTa — OT PEXWMa BBIBOMA IyYKa W PAOOTHI BHYTPEHHUX MWUIIEHEH yCKOPUTEIS U
KaHAJIOB 4vacTuil. Takum o6pa3oM, MPOBEIEHHBLIE WCCICIOBAHUS TOJIEH W3JIYYEHUS YCKOPUTEIIS
B PA3JIMYHBIX PEXMMaX PabOTHI KOMIJIEKCA ITOKA3aJI HEOOXONMMOCTDH pPa3paboTKl HOBBEIX OoJiee
YYBCTBUTENBHLIX U HU3KO(POHOBBIX JETEKTOPOB HEMTPOHOB 1 MIOOHOB miist cucteMbl ACPK kak
CHCTEMBI KOHTPOJIS MCTOYHUKA W3JTyICHUS.

Brimn mpoBenennr nccienoBaHus pa3INYHBIX OETEKTOPOB HEATPOHOB MJIS OMPENEICHUs BO3-
MOXHOCTHU UX WCIOJIb30BAHUS B TOJIE€ CMEIIAHHOTO UMITYJILCHOTO W3jiydeHus yckopurers. Ha
puc. 3 TMOKa3aHBI CYETHBIE XAPAKTEPUCTUKM IMPOMOPIUOHAIBHBIX W KOPOHHBIX CUETUYNKOB, a HA
puc. 4 — BIusAHWE MINHBI KaOels HA CUYETHYIO XapPaKTEPUCTUKY HEHTPOHHOIO CUETUUKA.
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Puc. 3. Cuernnie XapaKTEePUCTUKN IIPOIIOPHINOHAJIBHBIX I KOPOHHBIX CUYETYUKOB HeﬁTpOHOB.
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Puc. 4. Cuernas xapakrepucruka cuerunka CHMOS B saBucumoctu ot mymasl ka6esst (0,800 ).

B ycnosusx MPBO Tpebopanme paboOTOCIOCOOHOCTU MNETEKTOPOB MPU YOAJEHUU OT IIyIlh-

Ta 100 800 M mmeer IPUHIUIINAJIBHOE 3HAa4YCHNE, TaK KaK IIPDOTAKEHHOCTHb KaHaJIOB YaCTHUI]

I JSKCIEPMMEHTAJIBHBIX 3aJI0OB COCTaBJIA€T COTHU METPOB. HOBTOMy HCCJIEeO0OBAJIOCh BJINAHUIE

IIUHBL Kabess Ha CYETHYIO XapPAKTEPUCTUKY HEUTPOHHOIO CUeTUYMKa. Puc. 4 MOKa3bIBaeT, ITO
cuerynku CHM MOXHO MCHONMB30BaThH Ha MPOTKEHHOM Komiuiekce MPBO.
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Puc. 5. Amnnurynubie cnekTpsr merekTopa HeiTponoB CHM-14 B meiirpomnom mosie Pu — a — Be-
MCTOYHMKA, 33 3aIIIUTON YCKOPUTESIS U IIYMBI KOPOHBI.

Ha puc. 5 mokasaubl aMminTymoHbIe CIeKTphl KopouHOoro cueruymka CHM14 B HefiTpoHHOM
moste ucrouHnka Pu-a-Be um B mone m3nydenust yckopuresns. MOXHO BuUOETh U3 PUCYHKA, UTO

CHEKTPBI OT MCTOYHUKA U OT YCKOPUATEId IMPAKTUYIECKN ONWHAKOBBI, & CHEKTPBI OT (hOTOHOB
COBIAJAIOT C LIYMaMU KOPOHBI. OTO u m03BojsseT mpuMmeHsTs CHM B cmemramsbix g — y-n-



moyigx umanyuenus BOKpyr Y-70. Kparkas xapakTepucTuka uCIONb3yeMbix cueTunkoB CHM
nmpuBeneHa B Tabi. 1.

Tabnuna 1. XapakTepuctuku cueTuukoB HeriTponos CHM.

Tun cueTumka IIponoprimoHaIbLHBIN “KopoHHbI"”
CHMO-5 CHM-3 CHM-14

AmvnuTyna curaa- “IITy MBI KOPOHBI”
JIOB OT HEUTPOHOB > 5 MB > 5 mMB mo ~ 15 mMB
JlauTenbHOCTD Cur-
HaJIa CO CUETUYUKA 2—-5 MKC 2—-5 MKC > 10 Mmxkc
Maxkcumansao
IOy CTUMBIN (hOH
Y-U3ITy YeHUsT 10 P/uac 10 P /uac 1500 P /uac

@Pon cueTUHKA
[pU MaKC. yPOBHE
Y-U3ITy YeHUsT
(mvrr/Mun) 3 M1/ MuH 0.3 mmvm/MuH 1 uMn/vMun
Y poBeHb OUCKPUMU-
HALIAY Y-WU371. [0 aMII-

JINTyOe CUTHAJIA ~ 1 mB ~ 0.5 mB > 15 MB “ntrymsr koposbsr”

Iuamazon pabounx

temmepatyp (CO) —20 — +30 —20 — +30 —50 — +150

Cpok cityxk6b1 1010 pvm. 1010 pvm. 10000 gac

Hanonuenne CHM T'as BFs3, T'as BFj, ecT. cMmech Kopnyc mokperr amopdabIM
o6orarmennsit B0 | B0 2~ 20% TBepOBIM 60POM, COmEPKa-
10 =2 85%, masa. — | Hasm. — 240 mm.pr.ct. | mmm B0 no 85%; 3amomme-
250 MmMm.pT.CT. HUe WHEPTHBIM I'a30M.

IerexTop BIIH mpencrasnser cob0il MOIMITUIEHOBBIA IITAPOBON 3aMEIJINTEIb HEATPOHOB
nuaMeTpoM 254 MM, B MOJIOCTH KOTOPOTO HAXOOUTCS IIPONOPIIMOHAJBHBIA CYETUMK HENTPOHOB
tuna CHM18, CHMO05 mnu CHM3. KOHCTPYKTHUBHO MDETEKTOP BBLIMOJIHEH TaKUM OOpa3oM,
YTO B HETO MOXKHO BCTABIIATH CUYETUNKM DPA3HOIO Tuma (HMeeTcss HaGOp IOIIMDTUIIEHOBBIX
BCTABOK) B 3aBUCAMOCTHU OT TpeboBanuil. BeicokouyscrBurensuele cuerarkn CHM18 u CHMO05
TIO3BOJIAIOT PEruCTPUPOBATHL HEWTPOHHOE W3JIyUEHUME MPAKTUIECKH OT YPOBHS €CTECTBEHHOIO
doua, a 6osee rpybeie cuerurnku CHM3 u CHM14 ucnomnw3syrorcss B MecTax 60jiee BBLICOKOTO
YPOBHS U3JIYyYEHUS.

HerexTop BIIM mnpencrasisier coboit poroymuoxutens turna OOY-85, ocHallleHHBIA KOH-
BEPTOPOM W3 CBUHIIOBOIO CTEKJIa. epeHKOBCKOe M3IIydeHne, BO3HUKAIOIIEE B CTEKJEe MPHU IIPO-
XOXKIEHNY MIOOHOB, BBICOKOsHepreTmueckux ¢toronos (E>2 MsB) u nporonos (E>500 M»sB),
peructpupyercs (HOTOYMHOXKUTEIEM U B BUE UMITYJILCOB MEPENAETCS MO KAOEIbHON JIMHUU B
agamnTep.

HerexTop BII' mpencrasnser cobonr cuerumk ['eitrepa-Mriosiepa, BCTABISEMBIA B BO3MY-
XOIPOBOI U PETUCTPUPYIOIIAA HABEOEHHYIO PaINOAKTUBHOCTH BBIOPACBLIBAEMBIX B aTMOCHEPY
Bo3myxa u aspo3osieri. B pamkax mepexoma ma HPB-99 mposenennr pacueTHble HCCIENOBAHUS
7 paspaboTaHa METOOUKA TPANLYUPOBKHU U MOBEPKU NETEKTOPOB KOHTPOJIS BBIOPOCOB PaIMOAK-
TUBHOTO BO3yXa HA OCHOBE MPOTSXKEHHOTO KaJIUOPOBAHHOIO MCTOYHUKA.



Perucrpamus MenneHHBIX HEATPOHOB CUETUYMKAMM, UMEIOIIIMHI B CBOEM COCTaBe GOpPOCO-
OepXKalmil KOMIIOHEHT, OCYIIIECTBJISIETCSI IIPU TOMOINYU SIIEPHON pPeaKInu

By +ny —* Byt — oy + Lif;  Lif* — Lif + .

Wonmsanus B raze cuerdmka MTPOU3BOOUTCS OOPA3YIOIMIUMUCST (-YACTUIIAMHI U SOPAMU OTHa-
un Lii ¢ cymMmapHOU KWHeTWYeckoil sHeprumein okomo 2,3 MbsB. B 93,7% cnyuaes smpo Lil*
obpasyercsi B BO30YXIEHHOM COCTOSHAM C TIOCTEHYIOIINM WCITyCKAHUEM Y-KBAHTOB C DHEPrUE
E, =478 K»sB. AMmnuryna ummmynbcoB B cdeTdmke ¢ BFj-HamomHUTENEM OT 7y-WM3ITydeHUs
3HAYUTEILHO MEHBIIE, YeM OT (-YaCTUIl, U MOITOMY MPAKTUIECKA HE PETUCTPUPYETCS DIIEK-
TPOHUKOU. D10 mo3Bosster npuMeHsTsb CHM B cMeImaHHBIX (4 — 7y — N-TONAX U3JIyUEHUs.
Boku merexTupoBanus meirrporsoro u mioorHOro winyuennit BIIH u BIIM 3anuTeiBatoTcs
mo kabemnsam tuma PK-75 or ucrounmkor muranus +24 B. B camux merekTopax HaXOmSTCs
IUIATHL PErYIMPYEMOro CTabUIM3UPOBAHHOIO BLICOKOBOJILTHOTO Ipeobpasosarers 24 B/2500 B
u ycuuTens-hopMupoBaTesis. BbIXOMHbIE CUTHAIBL ¢ GIIOKOB HETEKTUPOBAHUS ([IOCIIENOBATE b
HOCTH C(OPMUPOBAHHBIX HMIIYJILCOB C YACTOTOU CJIENOBAHUS, MPOMOPIIMOHAILHON MOIITHOCTH
ZO3BI) 10 TOMY K€ KabesIio MOCTYNAKT B IPUEMHBIE MOLYJIN SJIEKTPOHUKNU (aJanTepsl) U Hajee
(B craumapre NIM mimm TTL) va cyerunkm mMmmyiascoB B Kpeite mimu B OBM.
Xapakrtepuctuku 610koB merektupoBanus PM, BIIH u BIIM npusemensr B Tabm. 2.

Tabnuma 2. Xapakrepuctuku nerekropos PM, BITH, BITM.

IleTexTop PM BIIH BIM
OHepreTuYecKul Quamnas3oH
U3MEPSIEMOT0 HEHTPOHHOTO Mioornoro — >10 M»sB,
M3ITyYEeHU ST 0.025 —2-107 5B 0.025 —2-107 5B dorommoro — >1 M»B.
UyBCTBUTENBLHOCTE OII0Ka
IIETEKTUPOBAHNS ~40 mvn/Mx 3B ~ 7103 mvm /MK 3B ~ 105 mvm/mMx38

OcCHOBHasT IOTPEITHOCTD
U3MEpPEeHNs MOITHOCTH
SKBUBAJIEHTHON [O3BI <30% <30% <40%

ITpamna3os MOIIHOCTH NO3BI 5-2000 Mx3B/4. 1o 1,3 M3B/u 1o 30 M3B/4

HecrabunnaoCcTh mMOKa3aHMM
OJI0Ka NeTEKTUPOBAHUS 33
24 yaca HEIPEPLIBHON paBOTHI <8% He Gomee 5% He 6omee 8%

®on cuerurka (uMmn/MuH. ) 5 mMIr/MuH 0.3 mmvm/MuH ~100 Mo/ vMun

Bpewms ycranoBmenus
pabodero pexuma He 6osiee 30 muryT | He Oosee 30 MUHYT He 6osee 30 MuHYT

Jlnanaszon pabounx Temiie-
patyp, C° +1— 430 12— 440 9 150

B Ilpunoxennn 2 mpencraBiieHbl NPUHIUIAAILHBIE CXEMBI Pa3pPabOTAHHBIX OJIOKOB METEK-
tupoBanus m3nyderus BIIH u BIIM.

HerexToper BIIH u BIIM npormn KOMIJIEKCHBIE UCHOBITAHUS HA PATUOHYKIUOHBIX WUC-
TOYHUKAX (POTOHOB M HEATPOHOB W B TOJISIX CMEIIAHHOTO HENTPOH-POTOHHOTO U3IyUEHUs 33
3amuTon yckopuTesis. Huke mpuBOOATCS Pe3yiIbTATHI 9TUX UCILITAHULM.



Ha puc. 4 mokaszamsr Tunmusbie cueTHble xapakrtepuctuku BIIH B 3aBucuMocT 0T BBICOKO-
TO HAIPSKEHUS U IJINHBI KAOes MeXIy NeTEKTOPOM U IMPUEMHBIM aganTepoM. PopMupoBaTeb
UMITYJIECOB HAXOOUTCS BHYTPH NETEKTOPA, MO3TOMY HETEKTOPHI HE MEHSIIOT MOKA3AHUN B 3aBU-
CHMOCTH OT IJIMHBL Kabess (IIPOBEPEHO HA PaAMOHYKIIMIHOM MCTOYHUKE HeATPOHOB mo 800 M).

TlockonbKy mOJTe M3ITyYeHUsT yCKOPUTEIsS UMEET CJIOXKHYI0 BPEMEHHYIO CTPYKTYpPy, TO HC-
ciemoBasiack peakiusa nerekTopoB ACPK Ha OBICTDBHIA BBIBON IIyYKa U3 YCKOPUTENS, TaK
KaK TIPU TaKuUX OBICTPBIX MPOIECCAX METEKTOPHI MOTYT 3aHMXKATH MOIIHOCTH O3Bl M3JIyYEHUS.
Puc.6 mokasbiBaeT OTKIUKY PA3IMIHBIX NETEKTOPOB B IOJIE M3JIYUEHUS YCKOPUTEIA-THKEKTOPA

JIY-30.

llokasaHust [EeTEeKTOPOB B I[IOJle MBNydYeHMs yckopurens JIY-30
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Puc. 6. OTkiuku pasanyHbIX NETEKTOPOB B PallOHE MOTJIOTUTENIS IIydYKa IPOTOHOB yckopureis JIY-30,
sueprus npotoHoB 9 MsB (IIC, K — cueTHBIN ¥ TOKOBBI PEXMMBI PAGOTHI CUETUNKOB HEN-
TporoB coorsercTierno, M — panmanumonnsiii moruTop ACPK).

Ha puc. 7 npuBemen OTKIWK OEeTEKTOPOB HA OBICTPHIA BBIBOMN IMIyYKA B TOYKE, PACIIOIIO-
JKEHHOW HaJ TPaKTOM BBIBOOA, & HA PHUC. 8 — HAI MUIIEHHOW CTAHIMER KaHAJIa BBIBOIA
Ne 8. Amanus maHHBIX MOKA3LIBAET, YTO MOKa3aHUs HeTEKTOpPOoB PM He 3aBUCAT OT BpeMeH-
HOUl CcTpyKTyphl yckoputens. Herektoper BIIH co cuerunkom meitrponoB CHMO3 mauunatoT
3aHIDKATh MOIIHOCTH 1n03bl, HaunHas ¢ 30 Mk3B/4ac. Meprsoe Bpems merektopos BIIH oxoso
2 mkc. B pa6orax [4, 5] mokasaHo, 9TO BpeMsl 3aMejIeHNs HEIITPOHOB B IIIAPOBOM 3aMeIJINTElIe
cocrapisier okoyio 100 Mxc, mosTomy merektopsl BITH paboTocmoco6GHBI M B MMITYIIBCHBIX II0-
JIAX M3IIyYeHus ycKopuTess (IpPU HEBBICOKUX YPOBHSX W3JIyYeHWs WM IPU HeGOJIBIIOM BKIIAIE
GBICTPBIX IPOLECCOB B (POPMUPOBAHWU IO3BI U3JIyUIEHUs 32 3aILUTON YCKOPUTEIs).

BnusaHue 6bicTporo Bbisoga Ha CHM
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OTtknuku CHM

Puc. 7. Orxnuku nerektopor PM u BIIH na GwICTpBI BBIBOL IIydYKa IPOTOHOB M3 yckopurens ¥Y-70
(PM24 — pamnannonsstit morutop ACPK, cnm46.3 — cuerunk CHM3).



CpaBHex-me rnoxkasaHuin AeTeKTOPOEB B IMOJIE MBJNYyYEeHMUSsI IIPpU SHC'I‘POM
BEEOJI€ INPOTOHOB
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WHTEHCUMBHOCTE OHCTPOT'O BHEOJAa Ha MMIIeHB 8K ,uMciyo 6BaHuen*10

Puc. 8. OTkiuku pasanyHbIX JETEKTOPOB B palloOHE MUIIEHHON CTAHIUK 8-T0 KaHaja yckopureis ¥Y-70
¢ sueprueit mpotoros 70 I'sB (IMI'-41 — pammanuonusm moruTop ACPK).

CrabunsHocTh nokaszauuii nerektopos BIIH, PM u BIIM mpogepsiiace B Teduenne 70 cyTok
paborsl (dbor u mcrounuk). Hawmbonbinas mecTabWILHOCTHL HAOIIONAIACH B IIEPBblE 8 9acOB
paborer. Ha puc. 9 nmpusenennr mokasauus metekTopoB PM m BIIH 3a 8—wacosnbie muTepBa-
7Bl paboTel (CMeHBI) B TeueHme ceaHca paboThl yckopurens. [lmaTo B Havasme u B obractu
35-0i1 CMEHBI MOKA3bIBAIOT IPOCTOM YCKOPUTENs (Mian ero mioxyioo pabory). OTHoileHne moka-
saanmit PM u BIIH B mauane rpaduka (puc. 9) moxasbiBaer, uro merektop Heirponos BIIH
ayBcrBUTenbHee PM mpumepro B 100 pas.
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Puc. 9. Tlokazanus pacrnonoxeHHbIX psnoM gerekTopo PM8 u BITH47 (M) 3a cmeny (8 uacos) 3a Bech
ceaHC pabOTBl yCKOPUTEIA.

Annaparypa ACPK

YupaBieHne CBETO3BYKOBBLIMEU Tab/I0 M MHEMOCXEMOW Pa3MEIEHUs IEeTEKTOPOB IMIPOU3BO-
OUTCS C MOMOIIBIO BBIXOMHOTO MapaJiIelIbHOTO peructpa P22.

YupaBieHune CUTHAJAMU 3aIPETOB HA PabOTy YCKOPHUTENsS MPU ABAPUAHOM IIPEBBIIICHUN
MOIITHOCTH O3Bl OCYIIIECTBIISETCS C MOMOIIBIO MAPAJIIEIEHOTO BBHIXOMHOTO peructpa P22. Ilpu-
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9YeM CXeMa IIOCTPOEHa TaKuM 00pa3oM, UTO CIIyYaWHBIA OOPBLIB JIMHAW CBSI3M BOCIPUHUMAETCS
CHCTEMOIl yTpaBlieHUsl yckKopuTeiieM Kak curHaia “Sanpem”. IlpemycMoTpeHa BO3MOXKHOCTD
pyunoro GmokupoBauus omepatopom ACPK paGoTbr yckopuress.

Curnainer cuaxponusanuu paborel ACPK ¢ nuksioM yckopuTess mocTymaiT Mo KabeabHBIM
JIMHUSAM U3 CHCTEMBI CHUHXPOHM3AImu yckopuress. Wcmomb3ytorcs curuamel: “Hauaqo yukaa”,
“Kowney cmoaa KC17, “Hauano BB”, “Koney BB”, “Hauano MB”, “Koney MB”, “Koney cmo-
aa KC27, “@3I1”. Curnajisl mOCTymarT B OJIOK ympapieHus 3ampocamu OBM.

Mudopmarms 06 MHTEHCUBHOCTU yYKa MPOTOHOB B YCKOPUTEJE IOCIE MPOIECCOB WHIKEK-
¥, YCKOpPEHWs, OBLICTPOTO BBIBOMA, MEMJIEHHOTO BBIBOMA, PabOTHI BHYTPEHHUX MUIIIEHEN II0-
CTYIaeT MO OOHOMY Kabelro Ha MOMIY/Ib MeITudPOBKNA WHTEHCUBHOCTH U 3aTEM B IEPECUYETHHIE
MOIYJIH.

s manukanum octanoBok OBM wucnonbsyercs Taiimep. Taifimep mporpammupyeTcst Ha
BBIPAOOTKY BPEMEHHOTO WHTEPBAJIa, MPEBBIIIAOIIETO MEPUON OMPOCa OJIOKOB HeTEKTUPOBAHUS
mainyuennit (~10 c). Ilpu mopmamsHON pabore B KaxkmoMm nukie ompoca OBM mepesamyckaer
IPOTPAMMHBIN TalMEP, W CUTHAJ BKJIIOUEHUsS aBAPUITHOTO CBETO3BYKOBOT'O CHATHAJIM3ATOpPa HE
TIOSIBJIISIETCSI.

HerexToper ACPK pasMmelnieHbl B 5KCIEPUMEHTANIBHBIX 3aJI1aX B TOYKAX KOHTPOJISA, IMPUBE-
meHHBIX Ha puc. 1. Tunbl UCHOIB3yeMbIX HETEKTOPOB B KAXKMIOW TOYKE KOHTPOJIS TMOKA3AHBI B
IIpunoxenuu 1. IleTrekTopbl GYyHKIMOHAILHO OENISTCA Ha OBe Ipymnmnbl. llepBas — 2TO meTek-
TOPBI, BKJIIOYEHHBIE B TEXHOJOTMYECKYIO JUHUIO yrpaBienus yckopureseM Y-70. Ilpu nebma-
TOIIPUSTHON PaOUAIMOHHON OOCTAHOBKE B JIIOOOM W3 PAMOHOB, KOHTPOJIMPYEMBIX HNETEKTOPOM
MDAHHOW T'PYIIbI, CUCTEMa B aBTOMATHYECKOM PEXUME BBINAET CUTHAJI 3AMPETa HA BHIBOIHOE
YCTPONCTBO OGBICTPOrO M MEIJIEHHOTO BBIBOIOB, 00€CIIeUnBasi IPU MPEBBIIIIEHAN TOPOTOBOTO 3HA-
YeHMST MOIITHOCTH M03bI OJIOKMPOBKY BBIBOMHOTO yCTPOWCTBA MydYKA B KAHAJ HA TAKOE BPEMS,
4yTOOBI CpemHee 3HAYEeHWe MOIIHOCTW M03bI He mpeswimaiio IIIY mis mpodeccmonamos. Bo
BTOPO#l T'pyIIEe OEeTEKTOPOB, PA3MEIIEHHBIX B SKCIEPUMEHTAIHLHOM 3ajle Ha paboumx MecTax,
IPOrpaMMON MPENYyCMOTPEHA BbIIadya WHPOPMAIIMN O MPEBLIIIEHNN YCTAHOBIIEHHOTO MOPOra Ha
MHEMOCXEMY U OUCINIEH NEXYPHOMY OIEpPATODY.

Pa6ora ammaparnoit wactu ACPK cumxponumsoBana ¢ nwmkiom paborer ¥Y-70. C moctym-
nenveM uMmnynbca “Hauaao yuraa yexkopewus” (HIIY) mo mumum cessu ACPK ¢ cucremont
CHHXPOHU3AUWYU YCKOpPUTEs B 6iioke (GOpMUPOBAHUS WMIIYJIHCOB BBIPAOATHIBAIOTCS TPHU Bpe-
MEHHBIX UHTEPBaJIa, HEOOXOMUMBIX it cHsaTus wHopMmarmu ¢ PM u mepecbiiku ee 8 OBM.
Ilepsoiit w3 Hux ¢ mpuxomoM mMmmyiibca HILY orpabarniBaeT BpeMs 3am€pPXKKU, PABHOE JIU-
TEJILHOCTY HAapaCTAHWS MATrHUTHOTO TOJA U pabore MmuliieHein Ha cTojie. C OKOHUAHUEM 3TOTO
WHTepBaJia BBIPAOATHEIBAETCS UMIIYIIHC, 0OECIIEUNBAIONINN 3aIlyCK BTOPOTO TalMepa W BKITIOYE-
HIME UMIYJIbLCHOTO 6s0ka nuranus PM. IlnurensHOCTS MHTEpPBaJIa BRIOMPAETCS TaKUM 00pa3oM,
9TOOBI K MOMEHTY OKOHUYAHUS MUKJIA PABGOTHl YCKOPUTENS C IMIYYKOM HAMPSKEHUE HA CUCTUNKAX
Tefirepa mocturno mommuanwpuOTO 3HAUeHUs +450 B. Ilo okoHUaHWEM BTOpPOro WMHTEpBAJA Tali-
Mepa obecredmBaeTCss OTKPBITHE BXOMHBIX OJI0OKOB ompoca PM ma GuUKCHpPOBAHHBIT MHTEPBAJI
BpeMeHH (2 ¢).

Momnymnem cesasu PM c¢ cuctemoit CYMMA sBnsercs GiOK BXOOHBIX Ipeobpa3oBaTesieil,
¢ BbIXOHmA KOTOporo mHMoOpMarus ¢ PM mocrymaer Ha Bxombl mepecueTHBIX Momydsteir C265.
IToce oTpaboTKM M3MEPUTENHLHOTO WHTEPBAJIA TAalMED BBILAET UMITYJILC, KOTOPHIA MOCTYIIaeT
Ha cucTeMHbIl KoHTpOoiwiep K331 mns samycka mporpammbr ACPK, ocyimecTsistiomeir c6op u
06paboTky mauubix ¢ merekTopoB ACPK. Eciu umeercs mpesbillieHre mo MOIITHOCTH m03b1 PM
wir CHM, xoTOpble BKJIIOUEHBI B TEXHOJIOTUYECKYIO JIMHUIO YIIPABJIEHUS BLIBONOM IIyYKa Ha
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BHEIIHME MWIIIEHU, TO Ha perucTtpe P-29 dopmupyercs curHaj 3ampera HA BBIBOM IIyYKa. DTOT
CHTHAJI TIOCTYTAeT Ha BXOX 61I0Ka 3ampeTa, npeobpasoBeiBaercs B curaaa T'TL u mo kabembHOI
JIMHUU TIEPENAETCs Ha IyJAbT yHOPABIeHWS BBIBOOOM. IyGaupyroiuil CHTHAII WCIOIIB3YETCS
I BKJTIOYEHUWS TAOJI0 HA MyJbTE MEXYPHOTO MO3MMETPHUCTA, CUTHAIU3UPYIOIIEr0 O HAJIMIUN
3ampeTa BBIBOAA HA BHEIHWE MullieHu. [IpemycMOTpeHO, UTO MEXYPHBIA MOXKET C IIyJIbTa
BMeIUBaTLCA B mporenypy Boimaum cuctemoii ACPK 3ampera Ha BBIBON Iyuka Ha BHEITHUE
MUIIIEHN, YMEHBIINTD YHCJIO 3aIPEIIEHHBIX [HUKJIOB WM BOOOIIE OTMEHUTH 3aIlpeT BBIBOOA
MyJYKa Ha BHEITHUE MUIIEHA. OTOT PEXUM HE SBISETCS pabourM U WCIOJIB3YETCS TOJIBKO
B ciay4asx c60eB B OBM wiam mpm HOCTyIIIeHWHN JIOXKHBIX CUTHAJIOB (HAIpUMep, HajIxdume B
MOMEHT U3MepeHusi B paiione PM MOIIHOrO paguoOHyKIMIHOTO MCTOYHWKA U T.IL.).

Il KOHTPOJIST M HACTPOUKM aIMapaTyphbl, OTIAOKU IPOrPAMMHOIO OOGECIIEYEHUsT U MOMIEITH-
POBaHUS Pa3iMUYHLIX paguanuoHHbix curyamuii B ACPK mpemycmoTpen remepaTop, MO3BOJIS-
FOIIIIA TECTUPOBATH KAXKIBI M3MEPUTEILHBIN KAaHAJ CUCTEMBI. Bech M3MepUTESbHBIA TPAKT,
BKJIIOYAsl HETEKTOPHI, IIEPE HAYAJIOM CEaHCa IPOBEpseTCs Ha paboTOCIOCOOHOCTH C IOMOIIIBIO
PAIMOHYKINIHOTO MCTOYHUKA.

IMockonbky o6cuer PM [1] ocyiecTsisieTcss B OTCYTCTBUM W3JIyUYeHUs HA YCKOPUTeEIe, i~
TEJILHOCTD IMKJIa KOTOPOro MoxeT MeHAThesA, To B ACPK Beemen psn TeXHOIOrMYeCKUX CUTHA-
JI0B, obpasytomnmx pa3sutyio cucremy mnpepbiannit ACPK. IIporpaMmva BemeT exerukiImaHbIM
KOHTPOJIbL BpeMmeHu cbema wmadopmarmu ¢ PM. Eciu Bpems chema mubopMalmu COBIAIAET C
HaI@4ueM IydKa B yckopurene (WHXKeKnus Oycrepa win paboTa BHYTPEHHIX MUIIEHEl), TO
onepaTopy OymeT BBIODAHO COOOIIeHmE 00 3TOM, YTOOBI OH MOT NIPABUWIILHO yCTAHOBUTH BpEMs
3amycka obcuera PM.

Oxkcmryaramus cuctembl ACPK mokasasa BBICOKYIO HAIIEXHOCTH PabOTHI NETEKTOPOB, all-
mapaTypsl u nporpaMmmuoro obecmeuenus. Ilerektoper PM mpopaboranu 6omee 25 mer mpax-
Tuuecku 6e3 cboeB, a nerexktopsl BIIH u BIIM k HacTosileMy BpeMeHU 3KCIIyaTUPYIOTCs 6e3
TIOJIOMOK B TE€YEHWE NOBYX CEAHCOB PabOTHI yCKOPUTEJIS.

B sakmrouenne aBTOpBI BBIpaxkaoT OgarogapHOCThH mepcoHay CiiykObl paaualnumoHHOTO
kouTposit UIPBD 3a mosesHbie 3amMedaHus M KOHCTPYKTUBHBIA HACTPOU MPHU SKCIUTyaTAIUN
METEKTUPYIOIIEr0 KOMILIEKCa 1 mporpaMMuoro obecreuenuss ACPK.
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IIpuoxenue 1

Ta6m/1ua UCIIOJIB3YEMbIX THUIIOB OETEKTOPOB MU3JIyYE€HNA B TOYKaX KOHTPOJISA COTJIaACHO CXEeMeE
Pa3MEIIeHNA B SKCIEPMMEHTAJBHBIX 3aJlaX.

Ne Toukm | PM | CHM | IIHC | BOIM IIpumeuanue
1 2 3 4 5 6
1 + Paiton Tpancmopraoro mabupuuTa
2 + + O Ne 21 31.15B
3 + OI Ne 18 3n1.1BB
4 + OI Ne 52 3m.1BB
5 + TIIY Ne 1 30.1BB
6 + DO Ne 526 (6 xanan) 31.16B
7 + + | O Ne 35 (6 xaman) 31.1BB
8 + OO Ne 109 (18 xamamn) 31.15B
9 + OI Ne 28 3n1.1BB
10 + OO Ne 42 (22 kanam) 31.2
11 + OO Ne 93 (22 kanam) 31.2
12 + DO Ne 66 (22 xanam) 31.2
13 + + DI Ne 63A (22 xamain) 3m.2
14 + Ilepex. 3m.2 ces. cTropona 66 ocb
15 + OO Ne 67 (22 xanam) 31.2
16 + + Ilepex. 3m.2 ces. cTropona 62 ocb
17 + Ilepex. ces. cTopona 3m.2A ock 58
18 + 31.450 (5H xanan)
19 + 3. IIK-1
20 + Ilepex. ces. cTopona 3m.2A ock 50
21 + Ilepex. ces. cropona 3m.2A ock 45
22 + Ilepex. ces. cropona 3m.2A ocw 42
23 + 3n.2B
24 + OI Ne 114 3m.2A
25 + O Ne 61 3m.2A
26 + Ilepex. rox. cropona 3m.2A ocp 27
27 + Ilepex. 10x. cropona 3m.2A ocwk 35
28 + Ilepex. rox. cropona 3m.2A ocp 37
29 + [yneroBast kau. 23 3m.2A oco 36
30 + Ilepex. 10x. cTopona 3m.2A och 45
31 + Ilepex. rox. cropona 3m.2A ocp 51
32 + Ilepex. ox. cropona 3m.2A ocb 56
33 + Ilepex. 10x. cTopona 3m.2A ocb 62
34 + Ilepex. 1ox. cTopoHa 3m.2 ock 63
35 + + 3n.2 ocw 63, mBa mETEKT. BO3MyXa
36 + O Ne 64 3m.2 10xk.cTOpoHa OCh 65
37 + Ilepex. 3m.2 10x).cTOpOHA OCh 68
38 + + OI Ne 45 31.2 1ox.cTopoHa ock 70
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39 | + OI Ne 44 31.2 10X.CTOPOHA OCH 72
40 | + OI Ne 41 31.2 10XK.cTOpOHA OCh 74
41 + | + Ilepex. 30.1BB rox.ctopona I ocw
42 | + Bammra 8k 30.16B II ocw

43 + O Ne 96 31.16B

44 | + | + O Ne 36 3n.16B

45 + DI Ne 27/3 30.1BB

46 | + Bammra 8k 30.16B IV ocw

47 | + Ilepex. 4k 3m1.1B6B V ock

48 + O Ne 13 30.16B

49 + O Ne 20 3n.16B

50 | + Bammra Y-70 30.16B V ocb

51 | + Bammra ¥Y-70 30.16B VI ocw

52 | + Bammra Y-70 30.16B VII oce
53 | + Bammra 8k 30.1B6B VII oce

54 | + Bammra 8k 30.16B VIII ocw

5 | + | + Bammra 8k 30.16B IX ocw

56 | + Bammra Y-70 30.16B X ocb

57 | + Bammra Y-70 30.16B XI ocw

58 | + Bammra ¥Y-70 30.16B XIV ock
59 + O Ne 89 31.16B

60 | + |+ | + OO Ne 79(106) 3x.1BB

61 + | + OO Ne 51A 31m.1BB

62 + O Ne 79 3n.16B

63 + OO Ne 32 3m.1BB

64 | + + OO Ne 3 31.1BB (mynbT 2K)

65 | + + O Ne 30 3n.16B

66 | + + Ilepexon 2 xanaia 3m.1BB X ock
67 + OI Ne 82 31.1BB

68 | + + OI Ne 31.1BB XII oce

69 + OO Ne 2B 31.1BB

70 + OI Ne 1A 31.1BB
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