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C ~enb~ pacw~peH~R A~arHOCTH4eCKHX B03MOmHOCTe~ asToMaTvtaH
po~aHHbJX CIIICTeM KOHTPOJlR napaMeTpos YCKOPHTeJlbHOro KOMnlleK-. 

call,Z/ coa,qaHa 111 sae,qeHa a ,qe~cTaHe annapaTypa A11R a6con~TH~x 
J..13MepeHvti1 JIIHTeHCIIIBHOCTJ.1 ny4KOB, BbiBOAvtMb/X 1-13 CI-1HXpo¢a30TpOHa. 

B Ka4ecTse ,qeTeKTopos I-1Cnonb3YIOTCR nnocKonapannenbHble aocb
MY1- VI 4eTblpexaa30PHble /pHc.l/ HOHH3aUHOHHble KaMepbl /l-'!K/, Ha

nOJlHeHHb!e aproHOM. C~t~rHanbHble /C3, n03"1U,HR 1/ H BbiCOKOBOllbTHble 

/83, n031-1LtHR 2/ 311eKTPOAbl KaMep 143rOTOBJleHbl H3 Me,qHoi1 <IJOJlbrl-1 

TOni!I~HO~ 10 MKM. ,[(~aMeTp aneKTPOAOB /180 MM/ COOTBeTCTByeT pa-
6o4ei1 anepType HOHQnposo,qa KaHana TPaHcnopTHPOBKH ny4Ka. C3 
H 83 KpenRTCR Ha KOJlbU,aX /3/ 1113 CTeKJlQTeKCTOJlHTa TOJ1~HHOi1 2 MM. 

3neKTPOAbl co61-1patoTCR a KacceTy c sasopoM 10 MM no cxeMe B3-C3-
B3-C3-B3. 3asop ~~Kc~pyeTcR MeTann~"ecK~M~ eTynKaMH /4/. Kacce-

~~ ~ ~--- --
RTI ~ ~. 
tJU ~ 

-

... 

-

i ~ -
~ 
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Ta pa3Me~aeTCfl B ~HnHHAPH4eCKOM KO~nyce /5/. fepMeT~aa~HR pa-

604ero o6DeMa HK npoH3BOAHTCfl c noMo~b~ MeM6paH 1-13 Hepmase~

~eH CTanH Ton~HHOH 100 MKM /6/, peaHHOBbtX ynnoTH.RIOIJ.IHX KOne~ 

17 I " npH)I(HMHbiX <MaH~ee /8/. 4epea eeHTHnb /9/ " wTy~ep /10/ 
BeAeTC.R OTKa4Ka H HanonHeHHe ra30M KaMep~ C KOHTponeM AaBneHH.R 

no MaHoBaKYYMMeTpy /11/. HoMHHanbHoe AasneHHe raaa a pa6o4eM 

o6DeMe HK s~6paHo HeCKonbKO Bbtwe aTMocQ>epHoro H cocTasnReT 

11 0 Kna. noAa4a Bb!COKoro HanpBmeHa.tfl Ha B3 H CbeM CHrHana c C3 

ocymecTBnRIOTCFI 4epea BBOAbt I 12/. 0AHO H3 ocHoBHbtx Tpe6osa HH~ 

K KOHCTPYK~HH KaMep~ - CBeAeHHe K MHHHMYMY TOKOB YTe4KH OT Bbt

COKOBOnbTH~X K CHrHanbHbiM aneKTPOAaM. KaK BHAHO 1-13 np~t~BeAeHHO

ro onHcaHH.R, e paccMaTPHBaeMOM sap~t~aHTe HK aTa aaAa4a pewaeTC.R 

nYTeM paaAeneH~t~.R C3 1-1 B3 aaaeMneHHbiMH MeTannH4eCKHMH npoKnaA

KaMH, 4TO nonHOCTbiO HCKJll04aeT npoH~t~KHOBeHHe napa3HTHbiX TOK08 

B uenb perHCTPaL.iHH CHrHana no aneMeHTaM KOHCTPYKI..\HH KaMepbt. 

4eTbtpex3a30PHble KaMepbl BblnOnHeH~ B nepeHOCHOM 8ap~t~aHTe H HC

nOJ1b3YIOTCfl AJl.R onepaTt.1BHOro pa3Mell.leHH.R 8 pa3J1H4HbiX MeCTaX 

TpaCC BbiBOAa ny4Ka 8 COOTBeTCT8HH C B03HHKa~ll.\HMH 3KCnepHMeH

TanbHbiMH nOTpe6HOCT.RMt.1. AHaJ10rH4HY~ KOHCTPYK41-110 HMetOT BOCbMH3a-

30pHble HK, npeAHa3Ha4eHHble AJl.R ycTaHOBKH 8 MecTax nocTo.RHHoro 

KOHTpon.R HHTeHCit!BHOCTH. 0AHa H3 TaKHX KaMep HaXOAHTC.R B no

CTOflHHOH 3KCnJ1YaTai..\HH Ha KaHaJle 7epsoro MeAJleHHoro B~80Aa ny4-

Ka 8 pa~OHe MHWeHHOH CTaH4HI-1 F-3 3/. 0Ha paaMelJ.IeHa Ha nJ1aT¢op

Me C MeXaHH4eCKHM npHBOAOM B BaKYYMHOM 60KCe, C0061J.1aiOIJ.IeMC.R 

30HA YGKOPi!TEI!i! ::500 M 
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PHc.2. CTPYKTypHaJt cxeMa annapaTyphi. 
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C ~OHOnpOBO,QOM. n~cTaH~~OHHOe ynpaeneH~e np~BO,QOM n03BOn~eT 
onepaT~BHO C nynbTa ynpasneH~~ yCKOp~TeneM BBO,Q~Tb ,qeTeKTOP 
e ny4oK Ha epeM~ ~3MepeH~~- 6oKc o6opy,qosaH np~cnoco6neH~~M~ 
,qn~ OTKa4K~ KaMePbl, HanonHeH~~ aproHOM ~ ~3MepeH~~ ,qaeneH~~ ra-
3a B ee pa6o4eM 06beMe. no,qKnK>4eH~e KaMepbl K yKa3aHHbiM YCTPO~
CTBaM, Y1CT04HY1KY BbiCOKOrO Hanp~meHY1~ VI per~CTPY1PYIOW.e~ 3neKTPOH
HO~ annapaType npOV13Be,qeHO repMeTV13V1POBaHHbiM~ fVI6Kio1M~ CB~3~MY1. 

Ha1-16onee OTB€TCTBeHHbiM Mo,qyneM annapaTYPbl perHCTpa~~~~~ ,qaH

HbiX OT Y10H~3a~Y10HHO~ KaMepbl /plo1C. 2/ ~Bn~eTC~ ~HTerpaTop TOKa 
Y10HY13a~~~ /HT, p~c.3/. 0H COCTO~T 1-13 npeo6paaoeaTen~ "ToK- Ha
npmt<eHio1e11, BbiCOK03$¢eKTio1BHO~ CXeMbl KOMneHca~l-11-1 B03MO>KHbiX $OHO
BbiX TOKOB, Bbi3BaHHbiX Hase,qeHHOC1 pa,QV10aKTio1BHOCTbiO 3neMeHT08 Ka
MePbl VI KOHCTPYK~J.1C1 KaHana TpaHCnOpTVIPOBKI-1 ny4Ka, C06CTB€HH0 
VIHTerpaTopa 1-1 npeo6paaoeaTen~ 11Hanp~>KeH~e - 4aCTOTa 11 /nH4/. 

npeo6pa30BaTenb 11TOK - Hanp~meHio1e 11 BblnOnHeH Ha onepaLJ.~OHHOM 
yc~n~Tene AD515l /<!>~pMa ANALOG DEVICES/. Pes~cTOPbl o6paTHO~ 
C8~3Y1 no,q61o1pa10TC~ TaKV1M o6pa30M, 4T06bl KpaTHOCTb ~X CQOTHOWeHH~ 
co eTa sn~na 1 00 c norpewHOCTbiO He 6onee -_t 1%. 6biCTpo,qei:1cTelo1e 
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npeo6pa30BaT€11R Ha CaMOM 4YBCTB~T€J1bHOM A~ana30H€ COCTaBJ1R€T 

~1 ,5 Kl~, 4TO AOCT~raeTCR yKa3aHHbtM~ Ha CX€M€ 3J1eMeHTaM~ K0p-

P€K4J.1~ 4aCTOTHOYI xapaKT€p!-1CT~K~. Ha APYfl-iX A~anaaoHax 6btCTpo-

AeYicTaJ.1e He xy~e 40 Kl4. CxeMa npeo6paaoaaTenR aa~1-1~eHa OT aoa

MO~HbtX neperpyaoK BXOAHbtM pe31-1CTopoM 1 MOM 1-1 AJ.10AaMI-1 K.£],5035 

c ManoYI npoaOA~MOCTbiO /Rp; ~ 500 MOM/ a caMOM Ha4ane Al-iOAHoYI 

xapaKTep~cT~K~. BxoAHO~ ToK AD515L IBx ~ 0,075 nA. AocTaTo4HO 

MaJ1bl€ BXOAHbte TOK~ MO~HO n011Y41-1Tb, eCJ11-1 nOCTPOJ.1Tb BXOAHOYI KaC

KaA Ha nonesoM TpaH3J.1CTope KnC104A no cxeMe A~$$epeH41-1anbHoro 

CTOKOBOfO noBTOPlt1T€11R C P€>t<I-1MOM: TOK CTOKa 50 MKA, HanpRlK€HJ.1€ 

CTOK -J.1CTOK 1 ,5-;.-2 B. BxoAHOi1 TOK npeo6paaoaaTenR He npeBblwaeT 

npl-1 3TOM B€J1J.14~HY 0,2 nA. 

CxeMa KOMneHca41-11t1 BblnOnHeHa Ha ABYX onepa41-10HHbtX yCI-1JlJ.1TeJlFIX. 

B HeY! np~MeHeHbt npe~~3lt10HHbte peaHCTOPbt nma CS-58. CxeMa 3¢

¢eKTJ.1BHO OTCJl€>1U-1BaeT nOCTQRHHYIO COCTaBJlRIO~YIO $OHOBbiX TOKOB Ka

Mepbl 6naroAapR HaJll-141-110 I-1HTerp111py10l4€i1 4en1-1 C noCTORHHOYI apeMe

HJ.1 ~1 c. KoMMyTa4lt1R a 41-1Kne ~3MepeHJ.1R OCYl4eCTBJlReTCR c nOMO~biO 

repKoHoaoro pene. 

nocTORHHaFI BP€M€HJ.1 4en1-1 o6paTHOYI CBFI3~ C06CTB€HHO 1-iHTerpaTo

pa COCTaBJlR€T 0,25 C. EMKOCTb o6paTHO~ CBR3J.1 abt6paHa AOCTaT04-

HO 6onbwo~ AflR yM€HbWeHJ.1R APei1¢a 1-1 noabtW€HI-1R TOl.IHOCTVI V13Mepe

HVIi1. 

nepeAal.la VIH$OpMa4~~ OT J.1HTerpaTopa K 38M, pacnOJlO>t<€HHOYI 

B aane ynpaaneHJ.1R YCKOp~t~TeneM, npoi-13BOAlt1TCR C nOMOl4biO nH4 AflR 

nOJlHOrO J.1CKJli04€H~R BJli-1RHJ.1R noMeX, 803H~Kal0i41-1X 8 npoTR>t<€HHO~ 

Jllt1HI-1~ CBR3VI /~500 M/. npeo6paaoBaT€Jlb BbtnOJlHeH Ha Mlt1KpOCXeMe 

AD537 /aHanorlt14HOe ¢YHK4VIOHaJlbHoe Ha3Ha4eHJ.1e lt1MeeT Mlt1KpocxeMa 

K11 osnn 1 I. KpyT~3Ha xapaKTep~cT~K~ npeo6paaosaH~~ Bbi6paHa paB

HO~ 10 K14/8. ~HTerpaflbHaR H€JlJ.1H€~HOCTb XapaKT€PJ.1CTJ.1KI-1 -He 5o
nee 3. 1 o- 4 

8 AJ.1anaaoHe BXOAHbiX CJ.1rHanoa 0 ••• 1 0 B. BbtXOAHOYI CJ.1r

Han 11Hanp.A>t<€Hlt1€11 lt1CnOJlb3Y€TCFI AJlR KOHTPOJlfl pa6oTbl annapaTypbt 

c noMD~b~ oc~~nnorpa¢a /3nT/. 
~T pa6oTaeT B Tpex Alt1ana30HaX 4YBCTBJ.1T€JlbHOCTJ.1 CO CJl€AYIOl4lt1-

MI-1 K03$¢lt14lt1€HTaMJ.1 npeo6paaoaaHlt1R aapRAa a HanpR>+<€HHe: a nepaoM 

A~anaaoHe- 2·10 9 8/Kn, BO BTOPOM- 2·107 8/Kn ~ B TpeTbeM-

2·10 5 B/Kn. Ha acex AJ.1anaaoHax 4YBCTBlt1T€JlbHOCTJ.1 CKopocTb APeYI

¢a BbtXOAHoro c~t~rHana ~~tHTerpaTopa, noAKJltol.leHHoro K HK, He npe

BbtwaeT 0,3 MB/c. BenJ.14HHa BbtXOAHOro CJ.1rHana npH pa6oTe c aocb

Mlt13aaopHo~ KaMepoYI J.1 lt1HTeHCJ.1BHOCTJ.1 BbtB€A€HHOfO nY4Ka 1 0 5 OAH0-

3apRAH~X 4aCTJ.14/4lt1KJl cocTaBJ1FI€T ~30 MB. nepeKJli04€HJ.1€ AHanaao

HOB 4YBCTBJ.1T€JlbHOCTlt1 npOI-13BOAJ.1TCFI Alt1CTaH4J.10HHO /6noK nAH/. AnR 
KOHTponR perHCTPI-1PYIOu.teYI annapaTYPbt npe,qycMoTpeH pe>+<~t~M 11TecT 11

, 

npJ.1 Bbt6ope KOToporo Ha BbiXO,QaX ~T nORBJlRIOTCR 3Tai10HHbl€ HanpR>t<e

HJ.1€ ~ l.lacToTa. HoMepa AlllanaaoHoa 1-1 cocTOFIHJ.1e 11TecT 11 <J)HKC~t~pyJOT

CR napaJlJl€JlbHbiM BXOAHbiM perJ.1CTpoM /nBP/. n111TaHI.1€ J.1HTerpaTopa 
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OCyW,eCTBllfleTC.A 4epe3 BCTpoeHHble CTa6HJH13aTOPbl HanpfnKeHH.A 
± 15 8, BXOAHbte Hanp.AmeHH.A ±24 8 Ha CTa6HJH13aTOPbl nOAaiOTC.A H3 
sana ynpaaneHHR ycKopHTeneM. HT ynpaan.AeTC.A CHrHanaMH Ta~Mepa 
IT/. B nayse MemAY ~HKnaMH BbiBOAa ny4Ka HHTerpaTOP HaXOAHTc.A 
B COCTO.AHI-11-1 11C6pOC 11 /""'8 C/. CHHXPQVIMnYJlbCOM 11Ha48110 BbiBOAa 11 

/HB/ oH Ha ABe ceKYHAbt nepeBOA~-'~TC.A a pe>KIIIM 11 HHTerp14poaaH~t~e 11 • 
no OKOH4aHJ.11-1 BbtBOAa ; ..... sao MC/ cl4rHanoM KB sanycKaeTc.A cxeMa 

¢OPMHPOBaHH.A apeMeHHOro HHTepeana H BOPOT /~81/, nponyCKaiO~a.A 
B Te4eHVIe 1 C HMOY..nbCbl OT nHll 1.1HTerpaTOpa Ha BXOA C4eTl.4HK8 
/Cl/. C ~eJlbiO CBeAeHH.A norpewHOCTH perHCTPa4HH A8HHbiX K MHHH
MYMY cxeMa BbtnonHeHa Ha OCHOBe KBap4eaoro reHepaTopa. KpoMe 
Tore, ¢opMHPOB8HHe speMeHHOrO HHTepsana H84HH8eTCH nO nepBOMY 
~Mnyn•cy nH4, cneAY~~eMy aa KB . 

.QOCTVIrHyTaH BbiCOKa.A 4YBCTBVITeJlbHOCTb annapaTypbl n03BOJlVIJl8 
nposeCTVI ee KanH6POBKY C HCnOJlb30BaHHeM MeTO.QHKH CUHHTHJ1Jl.A4HOH
Hb1X C4eT4HKOB Ha BbiBe,qeHHOM ny4Ke .A,qep yrnepoAa npH HHTeHCHB
HOCTH ~104 4aCTH~/4HKJ1 B YCJlOBH.AX, Kor.Qa BepoRTHOCTb npoC4eTOB 
Kpai4He He3H841-1TeJlbH8. 3KcnePHMeHTbl npoBeAeHbJ npH HeCKOilbKHX 
aHeprHRx BbiBe,qeHHoro ny4Ka. PesynbTaT KanH6poBKH - senH4~t~Ha 
sapR,qa qo, o6pasyeMoro.o.QHO~ 4aCTHUe~ nY4Ka s pa6o4eM o6beMe 
HK npH ,qasneHHH rasa Po H TeMnepaType To. np~t~ ,qpyr~t~x ,qasneHHH 

p ~ TeMnepaType T q=q0 £_ · ~T. Ben~4~Ha q 8 80CbM~3a30PHO~ 
Po 

KaMepe /P = 110 Kna, T = 293 K/ np~ o6ny4eH~~ Ae~TpoHaM~ c K~
HeT~4eCKo~ 3Hepr~e~ 3,65 138/HyKnOH cocTa8nReT 870. AnR y4eTa 
nonpaBOK nplll o6pa60TKe ,qaHHbiX B 3BM B KamAOM UHKJle H3MepeHHfl 
npoH3BOAHTCfl perHCTPa4H.A ,qasneHitl.R H TeMnepaTYPbl. B Ka4eCTBe 
AaT4~K08 AaaneH~R /AA/ np~MeHR~TCR npeo6paaoBaTen~ Can$~p-22. 
BbiXOAHO~ TOK08bl~ c~rHan AaT4~Ka /0 ... 16 MA/ npeo6paayeTCR 
8 4aCTOTY /6noK nA4/. KpyT~3Ha xapaKTep~CT~K~ npeo6paa08aH~R 
16 1~/Kna. A~anaaoH ~aMepReMbiX Aa8neH~~ 0 . . . 160 Kna, a6co
n~THafl norpewHoCTb H3MepeHH~ ±0,05 Kna. PerHCTpaTop TeMnepaTy
pbl /nT4/, 8blnOnHeHHbl~ Ha 6aae MHKpocxeMbl AA537, no380nReT npo
H380A~Tb ~aMepeH~R 8 npeAenax 240 ... 320 K c a6con~THO~ no
rpewHOCTb~ ±0 ,25 K. BbiXOAHO~ c~rHan - 4aCTOTa (1 0 1~/K). npo
u,e,qypa perHcTpau~on1 yKa3aHHbiX napaMeTpos aHanorH4Ha npHeMy HH
$opMa~~~ OT ~HTerpaTopa /$82, C2, $83, C3/. 

Pa6o1.1ee HanpHmeHHe Ha BbiCOKosonbTHbiX aneKTpo,qax KaMepbl 
~1 KB. BbiCOKa.A 4YBCTBHTeiibHOCTb perHCTPHPY~llleill annapaTypbl 
npe,QbfiB!l.AeT >KeCTK!t1e Tpe6osaHH.R K CTa6HI1bHOCTH HCT04HHKa BbiCO
KOrO Hanp.A>KeHH.A /HBH/. OnbiT cos,qaHH.A~H 3KcnnyaTaUHH KaMep no
Kasan, 4TO OnTHMaJlbHbJM BapHaHTOM HBJl.AeTC.A nHTaHitle OT XHMH4eC
KOrO HCT04HHKa, pacnono>KeHHOro PRAOM c HK. 
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CHHXPOHH3a4HR pa6oT~ o6cnymHaa~~e~ nporpaMM~ c 4HKnoM ycKo

PHTenR npm13BOAHTCFI C .nOMO~biO nBP. 06pa6oTKa AaHHblX Ha4HHaeT

CFI cnyCTR ABe CeKYHA~ nOCile Ha4a!la BbiBOAa ny4Ka /no 0KOH4aHHH 

oTpa60TKH apeMeHHoro HHTepaana Ta~MepoM T/. 0To6pameHHe HH~op

Ma4HH 06 HHTeHCHBHOCTH BMeCTe C APYrHMH napaMeTpaMH CHCTeM BbJ

BOAa ny4Ka npoH380AHTCR Ha 3KpaHe 4BeTHOrO TeJleBH3HOHHOro Mo

HHTOPa /HUTM - HHTep~eHC MOHHTOpa/. Ha 3KpaH no *enaHH~ onepa
Topa MoryT TaKme Bb!BOAHTbCR BeilH4VIHbl p, T H q. npeAyCMOTpeHbl 

B03MOmHOCTVI CYMMHPOBaHHR H B~4HCileHHFI cpeAHHX 3Ha4eHH~ HHTeH

CHBHOCTH, Bb1Aa4H VIH<I>opMa4HH Ha ne4aTb 4epe3 3aAaHHble HHTepaa

Ilbl apeMeHH • .UnFI Y4eTa apeMeHVI Hcnollb3YIOTCFI 4aCbl peanbHOro ape

MeHH /YPB/. 
KpoMe ynOMRHYTO~ Bblwe HK, paaMe~eHHOi1 a pai1oHe F-3, a Ha

CTOR~ee BpeMR B nOCTORHHO~ 3KCnnyaTa4HH HaXOAFITCFI e~e TPH Ka

Mep~: ABe Ha KaHane Bn-1/3/ 3KcnepHMeHTanbHoro Kopnyca ~ 205 

VI OAHa Ha KaHane BToporo MeAJleHHOrO BbiBOAa ny4Ka. npoBeAeHHble 

HCCileAoBaHVIR noKa3ailH, 4TO BBeAe~HaFI B Ae~CTBHe annapaTypa 

nosaonReT npoH3BOAHTb, KaK VI npeAnonaranocb npH ee. pa3pa6oTKe, 

a6COJl~TH~e H3MepeHHFI HHTeHCHBHOCTH B AHana30He lQS ... 1Q 1 2 

OAH03aPRAH~X 4aCTH~/~HKn c norpewHoCTb~ He 6onee ±3%. HapRAY 
C 06ecne4eHHeM KOHTponR OAHOrO H3 OCHOBHbiX napaMeTpoB BbiBeAeH

HbiX ny4KOB, C03AaHH~e AHarHOCTH4eCKHe cpeACTBa npeACTaBnR~T 

WVIPOKVIe B03MOm~OCTH AilFI 3KCnepHMeHTOB no OnTHMH3aUHH pemHMOB 

BbiBOAa H TpaHCnOPTHPOBKH nY4KOB K ¢>H3H4eCKHM ycTaHOBKaM. 

B 3aKn~4eHHe aBTOPbl Bblpa>KaiOT 6naroAaPHOCTb fO.<I>.KycarHHY, 

B.C.MVIPOHOBy, r.M.CailbHHKOBO~ H B.n.CTapHKOBy sa noMO~b B paa

pa60TKe, MOHTa>Ke H HCnbiTaHHflX 06DPYAOBaHHfl, ABTOPbl npH3HaTenb

Hbl n.A.E(J)HMOBOi1 VI r .M-.CanbHHKOBO~ sa noArOTOBKY MaTepHailOB 

K ny6nHKa4VIH. 
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