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BBE,[IEHHE 

0AHMM M3 nyTe~ noB~WeHMA T04HOCTM M3MepeHM~ napaMeTpOB 

3JlCKTpOHHO-MOHH~X KOilB4 no TOPM03HOMY M3IlY4BHM~ HBJlABTCA y8e

JlM4BHMB CTaTMCTMKM M3MepeHM~. 0AHaKO 3TO CBA3aHO C OnpBABileH

HbiMM TPYAHOCTAMM npM MCnOJlb308aHMM C4MHTMnilATOp08 NaJ(Tl) , 
06ycn08nBHH~MM 6onbWMM 8peMeHeM 8~C8B4M8aHMA KpMCTanna T = 
= 250 HC, 4TO npM80AMT K gnMTBJlbHOCTM MMnyJlbCa $OT03JlBKTPOHHO
ro YMHOMMTenA /$3Y/ t > 1 MKC M orpaHM4M8aeT CTaTMCTMKY 1-13-

MepeHM~. Manoe 8pBMA BWC8B4M8aHMH MMB~T opraHM4BCKMB C4MHTMn

IlATOp~, K KOTOpWM OTHOCATCA nnaCTMaCCOBWe M MMAKMe C4MHTMJlJlA

TOPbl, a TaKme opraHM4BCKMe KPMCTannbl . .[InA perMCTpa4MM Y -K8aH

TOB 4aCTO npMMBHA~TCA nnaCTMaCC08We C4MHTMnilATOPW, KOTOpWe 

ABJlA~TCA T8BPA~MM paCTBOpaMM Mana~ KOH4BHTPa4MM $IlYOPBC4MPY~

~MX coegMHeHM~ 8 nnacTMaccax, 4a~e scero 8 nonMCTMpone. K go

CTOMHCTBaM nnaCTMaCCOB~X C4MHTMilnATOpOB CJlegyeT TaKme OTHBCTM 

B03MOMHOCTb M3rOTOBneHMA MX B 60JlbWMX MaCWTa6ax, B03MOmHOCTb 

BBBABHMA npMMBCe~, He06XOAMMWX AnA perMCTpa41o11-1 gaHHOrO 8Mga 

4aCTM4, B~COKY~ pag1-1a41-10HHY~ CTO~KOCTb. BMeCTe C TBM OHM MMe

IOT HM3KOe 3HepreTM4BCKOe pa3peweHMe npM perMCTPa4MM Y -KaaH

TOB, 4TO MCKn~4aeT MCnonb30BaHMB 3TMX C4MHTMilnATOpOB AilA AMar
HOCTMKM 3neKTpOHHO-MOHH~X Kone4 no TOpM03HOMY M3ny4BHMIO, TaK 

KaK B 3TOM cny4ae BBOAMTCA aMnJlMTYAHaA AMCKPMMMHa4MA MMnynb~ 

COB. 
B~coKoe aMnilMTYAHOe pa3peweHMe 1-1 Man~e AnMTenbHOCTM MMnynb

C08 ~Me~T nonynpOBOAHMKOBWe ABTBKTOPbl. B 3TO~ CBA3M npeACTaa
nAeT MHTepeC MCCilBAOBaTb B03MOmHOCTb npMMBHBHMA nonynp080AHM

K08WX ABTBKTOp08 AnA AMarHOCTMKM 3JlBKTPOHHO-MOHHWX KOilB4 no 

TOpM03HOMY M3Jly4eHM~. 

PEHTrEHOBCKHR rEPMAHHEBWn LIETEKTOP 
AnH PErHCTPAUHH TOPM03Horo H3nYYEHHR 3nEKTPOHOB, 
PACCERHHWX HA HOHAX 

l-13 nonynpOBOAHMKOBbiX ABTBKTOpOB Ha1o16onee 4Y8CTBHTBJlbHbiMH 

K y -K8aHTaM H HaH6onee 3¢$eKTHBHbiMH no nHKY nonHero norno~e

HHA ABnA~TCA repMaHMBB~e ABTeKTOp~, KOTOp~e KpOMe 6onee 8WCO

KOrO no cpaaHeHH~ co C4HHTMililATopoM NaJ(Tl) 3HepreTH4ecKoro 

pa3peWeHHA /1-2 nopAAKa/ OTJlH4a~TCH OT Hero TaKme CnBAYIO~HM: 

Q r:l_ ~: ~ • • l. 1~~ ,, 

)-~ 1 
:,• I 't ,\ '~ r' } 



1. Aa~T 6onbwee orHoweH~e 8wcorw n~H~~ ~sMepHeMoro cneKT
pa K awcore HenpepwaHoro pacnpeAeneH~H. 

2. nosaonH~T npeHe6pe4b BblneroM ~s AeTeKropa KBaHTa peHT
reHoacKoro ~any4eH~H /K -~any4eH~H repMaH~H nocne ~OT03~~eK
ra/. 

3. Aa~r aosMomHoCTb nony4~Tb cneKTpw, a Koropwx n~K o6par
Horo pacceHH~H npaKT~4eCK~ OTCYTCTByeT. 

4. HMe~T cpaBH~TenbHO Mance apeMH ,co6~paH~H Hoc~reneR sa
PHAa. Hanp~Mep, 8 AeTeKrope TODll.\~HoA 8 MM np~ T =77 I< ~ V = 

= 1000 B apeMfl C06~paH~H COCTaBnHeT T=30 HC, 4TO Ha nopHAOK 
MeHbWe apeMeH~ BbiCBe4~BaH~H Kp~cranna NaJ(TI). 

Ecn~ CKOPOCTb C4eTa AOCTaT04HO aen~Ka, TO ADH CH~meH~H 3~

~eKTa HanomeH~R yMeHbWa~T nOCTOHHHWe BpeMeH~ ~OPM~pOBaH~H r, 

onT~ManbHaH aen~4~Ha KDloporo onpeAenHeTCH ~s ycnoa~R Ma~c~

ManbHoro OTHOWeH~H c~rHana K WYMY yc~n~TenH np~ 3aAaHHOH 
Ill . 

AD~TenbHOCT~ BbiXOAHOro c~rHana 

r·Ae 

t 11 oo e tJrorr:r -1 
11max = 11max V c,tfronr + 1 e 

oo 2 _ ~ /" U: (cu) c1cu 
(7]max) -77 o Ulii(cu) 

t 11 •. 

/1/ 

U(cu) ~ Uw(cu)- cneKTpbl c~rHana ~ wyMoB Ha 8XOAe yc~n~renR coor
aercraeHHo. C np~6n~meH~eM aen~4~Hbl r K apeMeH~ co6~paH~H Tc 

npo~cXOA~T saMeTHoe cH~meH~e aMnn~TYAbl c~rHana acneACTB~e He
nonHero c6opa 3apHAa K MOMeHTY BpeMeHW, COOTBeTCTBY~ll.\eMy MaK
C~MYMY ~Mnynbca, aen~4~Ha Koroporo onpeAenHeTCH ~opMynoA 

'orrT t11/r0I1T t/rorrT -tlrorrT 
---e ( e - e ) ADH 0 < t < t M, 

2 

lkbiX(t)= 
'orrT -tH/rorrT 2tH/ronT 2t/ronT 
--- e (e - e 

2 
ADH 

/2/ 
tM< t<t11 , ) 

0 ADH t > t M' 

np~ BpeMeH~ ~SM~peH~H tM = t 11 /2 AOCT~raeTCH MaKC~MYM BbiXOA
HOrO ~MnynbCa. 

AnH ~sMepeH~A napaMerpoa 3neKTPOHHo-~oHHbiX Konel,l no ropMos
HOMY ~sny4eH~~ Ha np~MeHHeMWH repMaH~eBWH AeTeKTOP HaKnaAWBa
~TC.fl cneAY~ll.\~e rpe6oaaH~.R: 

a/ aMnn~TYAHOe paspeweH~e ~E/E B peHTreH08CKOH o6nacT~ 

cneKTp~ AODmHO, 6b1Tb BbiCOK~M /< 1%/. 
,, . •' '. 

6/ AD~TeDbi:IOCTb BbiXOAHOro ~Mnynbca ADDI!<Ha 6b1Tb M~H~Manb-
.... '. I • ~ ' ' ' 

HO~. 

~ 

J . 

KoMnneKTal,l~.fl peHrreHoacKoro repMaH~eaoro AeleKropa npeAYC~
n~reneM T~na n 213, paspa6or~~~w~, 8 .QHRH.11~ nosaonHeT YADBner
aop~Tb 3T~M rpe6paaH~HM. npeAYC~n~Tenb 6wn HacrpoeH c YHeTOM 
ycnoa~A onT~ManbHbiX r ~ UBbiX, 4TO nosaon~no np~ apeMeH~ co-
6~paH~H Tc ,30 He nony4~Tb 8biXOAHDH ~Mnynbc An~renbHOCTb~ t 11 "' 
"'50 HC. 3HepreT~4ecKOe paapeWeH~e np~ 3TOM Ha n~H~HX ~CT04H~
Ka 57 co /122 ~ 136 K3B/ cocraa~no ~E "'1 K3B. npeAYC~n~renb 
n 213 KPOMe 1, 1 8peMeHH0[0~ 1 W!leeT ~ 113HepreT~4eCK~H 11 BbiXOA, 4TO 
nosaonHeT nony4aTb 3HepreT~4eCKoe pasperueH~e AeTeKropa ~E "' 

"'500 aB Ha n~H~Hx ~-:~cro4H~Ka 57 Co. An~renbHOCTb ~Mnynbca a 
3TOM cny1.1ae t 11 "'50 MKc. 3ro nosaonHeT ~cnonbsoaaTb AeTeKrop 
ADH peweH~.fl cneKrpoMeTp~4eCK~x saAa4 ~ Aenaer ero YH~aepcanb
HbiM. 

np~ ~cnonbSOBaH~~ 11 BpeMeHHOro11 BbiXOAa AeTeKTOpa Heo6XOA~MO 
AanbHeRwee yc~neH~e c~rHana. BB~AY roro, 4To An~renbHOCTb ~M
nynbca t 11 ,. 50 He, J:ieo6xoA~M 6biCTpbiH yc~n~renb. Cne1,1~anbHO 

AD.fl TaK~X SaAa4 paspa6oraH ~ BblnycKaeTCfl onbiTHbiM npO~SBOACT
BOM 6wcrpwA yc~n~renb T~na Y 203. Aanee yc~neHHWH c~rHan no 
Ka6enHM AD~HOR e = 50 M noAaeTC.fl Ha BXOA aMnn~TYAHOro A~CKp~
M~HaTopa. 

AnR o6pa6orK~ AaHHWX np~ per~crpa~,~~~ TOPMD3Horo ~any4eH~fl 
aneKTPOH08 Ha ~oHax c noMOll.\b~ repMaH~esoro AeTeKTopa TaK me, 
KaK a cny1.1ae. np~MeHeH~H $3Y, pac1.1eT sas~c~Mocr~ ~HTerpanbHOro 
Ce4eH~H OT H~mHe[O npeAena ~HTerp~poBaH~.fl EH npo~SBOA~TCH 

no ¢JopMyne ~s pa60Tbl 121. Kp~aaf! a¢J¢JeKT~BHOCT~ AeTeKropa crpo~TCfl 
C noMOll.\b~ a6con~THO Kan~fipoBaHHWX ~CT04H~KOB B reOMeTp~~, co
OTBeTCT8Y~ll.\eH' YCDOB~f!M per~CTpal,l~~ TOPM.OSHOrO ~sny4eH~H 3neKT
POHOB Ha ~OHax Ha npOTOT~ne KYTH. np~ 3TOI'I' np~t.~Hf!Tbl Mepbl ADH 
yMeHbWeH~fl 80SMOmHOH OW~6K~ ~a-sa norpeWHOCTeH MeTOA~K~ ~SMe
peH~H: norpeWHOCTb reoMeTp~4eCKOR BOCnpo~3BOA~MOCT~ ycnoB~H 

~3MepeH~H CBeAeHa K M~H~MYMY, speMH1 Ha6opa Bbt6~paeTCH C y4eTOM 
nony4eH~H M~H~ManbHoro OTHoweH~.fl ~S/S , rAe S - nnoll.\aAb n~

Ka Aa~HoR 3Hepr~~ 13f.an~ aw6paHHWX ycnoa~R ~SMep~H~H pacc4~Tw
sa~TCH 3Ha4eH~.fl a6con~THOR 3¢l¢leKT~8HOCT~ 141 

S/r 
tiJ 13/ I e-At 

rAe r - apeMH ~3MepeH~fl /c/; I - 4~cno y-K8aHT08 AaHHoA aHep-
.\ ~ ln2 

r~~ a reoMeTpVI~ 477'' sa 1' c; T - 8epOHTHOCTb paA~OaK-
\ ~ 

T~8Horo pacnaAa ( 1 I AH); t - 8peM.R, npoweAwee or MOMeHra arre-
cra~,~~~ ~CT04H~Koa AD ·MOMeHTa ~3MepeH~H IAH./. 

nony4eHHWe 3Kcnep~MeHTaDbHWe SHa4eH~fl 3¢l¢JeKT~BHOCT~ ~j) 
annpOKC~M~py~TC.fl 151 

M i-1 
ln<. = :L C.(lnE.) , 

J i = 1 I J /4/ 

rAe M=2.;-5, 4~CDO y4aCTK08 annpOKC~Mal,l~~ ~5. 
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lF(5.,.,J PHc.J. 3aBHCHMOCTb ceqeHHH TOPM03Horo H3nyqeHHH 

OT ypoBHH aMnnHTYAHOH AHCKpHMHHa~HH. 

Oco6o clle,QyeT OTMeT~Tb TPYAHO
CT~, o6ycllOBlleHHble CllOlKHbiM npo
~eccoM perHcTpa~HH raMMa-lly4eA 
c noMO~b~ Ge-AeTeKTopa s o6lla-
CTH OT 100 AO 400 K38, KOr,Qa H,QeT 
CHllbHaH KOHKypeH~~H MelK,QY $OT0-
3~$eKTOM VI npo~eCCOM MHOrOKpaT-

' ., •• u ' •• ';i~lJ HOrO pacceHHHH B 4YBCTBHTellbHOM 
o6beMe ,QeTeKTopa. TPYAHOCTH ycy

ry6llHllHCb e~e TeM, 4TO B 3TOH 06llaCT~ HeT ,QOCTaT04HOrO KOllH-
4eCTBa KaJlH6pOBaHHbiX ''nO aKTHBHOCT~ ~CT04HHKOB. 3TO 3aMe4aHHe 
OTHOCHTCH TaK>Ke H K 3HepreTH4eCKOH 06llaCTH 35-120 K38. 

KpHBaH 3$$eKTHBHOCT~ nporpaMMHbiM nyTeM BBOAHTCH B 38M, C 
noMo~b~ KoTopoA npo~3BOAHTCR pac4eT HHTerpallbHoro ce4eHHR Top
M03Horo H3lly4eH~R 3lleKTpOHOB Ha HOHaX. HHTerpHpOBaHHe npOH3BO
A~TCR 4HCileHHo MeTOAOM Tpane~HA. Ha pHc. 1 npHBOAHTCR pac4eTHaR 
3aBHCHMOCTb HHTerpallbHOrO Ce4eHHR TOPM03HOrO H3Ily4eHHR /c Y4e
TOM 3KcnepHMeHTallbHOH KPHBOH 3$$eKTHBHOCTH Ge-AeTeKTopa/ oT 
HHlKHero npeAeila ~HTerpHpOBaHHH, COOTBeTCTBY~~ero ypOBH~ aMnnH
TYAHOH AHCKPHMHHa~HH, npoKan~6posaHHOMY s eAHHH~ax K3B. 

CHCTE~1A Ami HCCJlEAOBAHH~ AHHAMHKH HAKOnJlEHHR HOHOB 
B 3J1EKTPOHHbiX KOJlbl(AX 

npHMeHeHHe repMaHHesoro AeTeKTOpa AllR A~arHOCTHKH 3IleKTpoH
HO-HOHHbiX Kolle~ no TOPM03HOMY ~3lly4eHH~ nosBOllReT 3KcnepHMeH
TailbHO HCClle,QOBaTb ,QHHaMHKY HaKOnileH~R HOHOB B 3lleKTpOHHbiX 
KOilb~ax. 0,QHaKO AllR 3TOrO He06XO,Q~MO paCWHpeHHe CHCT.eMbl AHar
HOCTHKH nyTeM yBeilH4eHHR KOll~4eCTBa C4eT4HKOB, TaHMepH~X 
YCTpOHCTB 1-1 T.A. Bee 3TO YCilOlKHHeT KOH$Hrypa~H~ CHCTeMbl, 3Ha-
4HTeilbHO yBeilH4HBaeT BpeMR o6pa60TKH HH$0pMa~H~. BMeCTe C TeM 
HCCileAOBaHHe A~HaMHKH MOlKHO npOBO,QHTb TOllbKO a·pelKHMe ClKaTHR 
KOlle~ 6e3 VIX BbiBO,Qa H3 aAresaTopa. 8 3TOM" Clly4ae HMeeT CMbiCll 
BOCnOllb30BaTbCR 6y$epHOH naMRTbiO /B/ VI o6pa6aTbiBaTb HH$OpMa~VIIO 
noclle nonHoro ee C4VITbiBaH~R s 3BM, TaK KaK ynpaslleHVIe ycKopVI
TelleM C y4eTOM pe3yllbTaTOB V13MepeHHH B pelKVIMe ClKaTHR /6e3 iw
BOAa KOlle~/ He nllaHHpyeTCR. 

DllOK-cXeMa CHCTeMbl ,QllR ~CClleAOBaHHH ,QVIHaMVIKH HaKOnlleHI-lR HQ
HOB npHBeAeHa Ha PVIC.2. C npeAYCHllVITeilR AeTeKTOpa HMnYllbCbl no
CTynaiOT Ha BXOA 6biCTporo YCHllHTeilR THna Y 203, KOTOpbiM npo~s
BOAHTCR YCHileHVIe HMnyllbCOB HaHOCeKYHAHOH All~TellbHOCTVI AO aMnilH-

4 

38M 
TPA/i. 

leml• 
kAMAK 

l:l 
t 

-:;, 
''II 

} 
.0 

" a 
t: 
~ 
~ .. 
tl 
t 

PHc.2. EnoK-cxeMa CHCTeMhl ~na HccneAOBaHHH AHHaMHKH 
HaKOnneHHR HOHOB. 

TYAbl, AOCTaT04HOA AilR AallbHeAwe~ o6pa60TKH VIX AHCKPVIMHHaTopoM, 
C BbiXOAa KOTOporo HMnyllbCbl YPOBHR NIM noAaiOTCR Ha BXOA C4eT-
4VIKa. t:\HCKPHMHHaTOp 110TpesaeT11 HH3K03HepreTH4HYIO KOMnOHeHTy 
cneKTpa 1-1 peryll~pyeT sarpy3KH C4eT4HKa. Becb cneKTpoMeTpH4e
CKvtA TpaKT /AeTeKTop-npeAYCVIllHTellb - 6biCTPbiH YCHllvtTellb - AHCK
P~1MVIHaTop/ nepe,q VI3MepeHHRMH Ka111-16pyeTcR c noMo~biO y -~cTo4-
HVIKOB, TaKI-1M o6pa30M, ypoBeHb AVICKpHMI-1Ha~HH ycTaHa8IlHBaeTCR 
8 eAVIHVI~ax 3HeprvtH y -KBaHTOB /K38/. 

HMnyllbC sanycKa III cTyneHH a,QresaTopa, npeo6pasoeaHHbiH s 
ypo8eHb NIM , nocTynaeT Ha BXOA ¢opMHpoaaTellR, POllb KOToporo 
BblnOllHReT TaAMep MOAYll.A T~na 312/7/. BpeMeHHaH ,QHarpaMMa n·oKa

saHa Ha pHc.3a. na4Ka HMnyilbC08 c 4aCTOTOH 1 Mr~ VI o6~eA ,QllH
TellbHOCTbiO, COOT8eTCTByiO~eH HCClle,QyeMOMY BpeMeHHOMY HHTepBally, 
noAaeTCR Ha BXO,Q TaHMepa T~na CAM 5.01, KOTOpbiA pa6oTaeT Ha 
IlHHHVI c 3BM TPA/i. nporpaMMHbiM nyTeM 3aAaeTC.A AllVITellbHOCTb 
H 4aCTOTa Clle,QOBaHI-1.A CTpo6-!-1MnYllbC08 C4eT4HKa. 3anHCb HH$OpMa
~HH B 6y$epHy~ naM.ATb npOH380,QHTC.A nOClle nocTynlleHH.A Ha O,QHH 
H3 BXOAOB MO,QYll.A CTpo6-HMnyllbCa, KOTOpbl~ 3a,QepmaH OTHOCHTellb
HO CTpo6-HMnyllbCa C4eT4HKa, nOKa3aHHOro Ha pHc.36. C6poc C4eT-
4HKa npOH380AHTC.A HMnyilbCOM, 3a,QepmaHHbiM OTHOCHTeilbHO CTpo6-
HMnyllbCa 3anHCH 8 naMRTb. B 3TOH CI-1CTeMe VICnOllb3Y~TCR Clle,QyiQ
~He THnbl MOAYlleA KAMAK, paspa6oTaHHble s OHRH. 

t:\VICKPHMVIHaTop THna 261 
C4eT4HK Tl-1na 015 
npeo6pa3oBaTellb ypOBH.A THna 053 
TaAMep nma 312 
Eiy¢epHa.A naM.ATb TVIna 061. 
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PHc.3. BpeMeHHaR gHarpaMMa. 

PHc.4. AnropHTM nporpaMMhi o6pa- ~ 
60TKll. 

Am'l pa6oTbl c 6y()JepHoill naMRTbiO c4eT4HK THna 015 6b1Jl AOnon

HeH pa3beMOM, ~OHTaKT~ KOTOporo 6~11111 COeAHHeH~ C TpHrrepaMH 

3Toro c4eT4HKa. B Ka4ecTBe 3aAepmeK ~;~cnoJlb30BaJlHCb Taii!Mep~. 

AnnapaTypa pa3Me~anacb B Kpeii!Te, KOTOpwR 4epe3 KOHTponnep 

CAM 1 • 02 6b1Jl noAKJ1104eH K 3BM TPA/i. YnpasneHHe annapaTypoR, 

o6pa60TKa M B~BOA IIIH()JOpMa~HIII ocy~eCTBJlRJliiiCb npor~aMMciR, Han~;~
caHHO~ Ha f!3b1Ke <I>OKAJl M. 11Hct>opMa~Hfl 1113 6yct>epHoR naMf!Ti-1, npeA

cTaBJlf!IO~a~ C06oR 4111CJ10 3aperHCTpi11pOBaHH~X y-~BaHTOB B pa3JlH4-

H~X BPeMeHH~X III~T~pBa~aX~ C~IIIT~BaJlaCb B 3BM, KOTOP~fl np01113BO

AHJla AaJlbHe~wyio "06pa-6o~~Y AaHHbiX. AnropHTM nporpaMMHoro o6ec

ne4eHHfl cHcTeMbl np~;~~eAe'f;l' Ha p~;~c, 4. nocne BblnqnHeHHfl KoMaHAbl 

Ha4aJlbHoR ycTaHOBKH ,CIIIyTeMbl npoH3BOAHTCfl ;3~AaHHe AJlHTeJlbHocni 

Ill 4aCTOT~ CJleAOBaHIIIR CTpo6-HMnyJlbCOB, KOTpp~e ()JQpMIIIPY~TCfl MO

AYJleM CAM 5. 01 • Aarree npoHCXOAHT om~;~,qaHHe cHrHana LAM,' ~CT04-
HHKOM KOToporo cnymHT C4eT4111~, KC-0 12 CHCTe;.;bl AHarHOCTIIIKIII a,JleKT

pOHHo-~;~oHH~X KOJle~ no TOpM03HOMY,H3Jly~eH~IO. 'n~cJle np~~~~~Aa CHr

HaJla LAM npoH3BOAHTCfl C4111TWBaHHe ~H()JopMa~~~~~·~~~3·~;ct>~pHoR na-
. j I ' ~ ' < 

6 

Mf!TH B 3BM. Aanee HH$OpMa~Hfl o6pa6aT~BaeTCR HJlH 3an111c~saeTCR 

B onepaTHBHYIO naMf!Tb 3BM. 11HTeHCHBHOCTb TOPM03HOro 1113Jly4eHHH, 

per~;~cTplllpyeMaH AeTeKTOpoM, CBR3aHa c BeJlH4HHOR Ne·N 1 ;npo

H3BeAeHHeM 4111CJla 3JleKTPOHOB Ha 4HCJ10 HOHOB B KOJlb~ax - CJle-

AYIO~eR ()JopMyJloR 121 : . 

Nt 
N =crNe-ll>(Z0 )0, /5/ 

v 
rAe C - CKOpOC~b ~BeTa, T - BpeMR 1113MepeHHR, paBHOe AJlHTeJlb

HOCTH CTpo6a C4eT4HKa, V - 06beM 3JleKTpOHHO-HOHHOro KOJlb~a, 

0- reoMeTpH4eCKHR $aKTOp peri;ICTpa~~~~~~~ TOpM03HOro 1113JlY4eHHfl, 

KOTOpbiR onpeAeJlReTCR TeM, 4TO nplll 3Hepri11111 3JleKTpOHOB E >>me 2 

TOpM03HOe 1113JlY4eHHe cocpeAOT04eHO no4TH see B KOHyCe C paCTBO

poM () ""1/y Ill 4TO np!1 ABHmeHIIIH 3JleKTPOHOB no op6111Te B anepTy

py AeTeKTopa nonaAaeT 4aCTb nonHoro noToKa H3MepeHHR 3a OAHH 

o6opoT, onpeAeJlf!eM~R nonomeHHeM AeTeKTopa. HHct>opMa~HR B BHAe 

npOH3BeAeHHfl N e • N i BbiBOAHTCR Ha TeJleTaRn HJllll AHCnJleR THna 

T-340. 
CHCTeMa AJlR HCCJleA~BaHHR AHHaMHKH HaKO[lJleHHR IIIOHOB n03Bo-

Jlf!eT npoBOAHTb H3MepeH~;~e seJlH4HHbl Ne·N 1 a KamAOM ~HKJle 

pa60Tbl yCKOpHTeJleR B 6oJlbWOM KOJ11114eCTBe BpeMeHHbiX IIIHTepsaJlOB 

;n ~ 64/. 

Ollii16KI1 113MEPEHI1~ 

B CJly4ae, KOrAa TOPM03HOe H3JlY4eHHe 3JleKTPOHOB Ha HOHaX 

per~;~cTpHpyeTCR c noMO~biO repMaHHesoro peHTreHoscKoro AeTeKTO

pa, ow1116Ka H3MepeHHR senH4111Hbl Ne. N 1 3Ha4HTeJlbHO yMeHbwaeTCR. 

0THOCHTeJlbHaR OWH6Ka, onpeAeJlfleMaR CTaTHCTHKOR 1113MepeHHR,TaK 

>Ke KaK AJlfl CJly'Ltaf! per'~;~cT'pa~~~~~~~ HHTeHCIIIBHOCTH TOpM03HOrO H3Jly-

4el-1111fl c noMO~blil c~HHTHrlJlR~HOHHoro c4eT4HKa, cocTaBJlf!eT: 8(Ny) :::; 
1 ' 

= = AJ1HTeJlbHOCTb HMnyJlbCa nonynpOBOAHHKOBOrO AeTeKTOpa Tt 
y'Ny 

""50 HC. 3TO n03BOJlf!eT 3a speMfl 1113MepeHI-!R T = 200 MKC npOBOAIIITb 

perHCTpa~HIO MaKCHMaJlbHOR HHTeHC~BHOCTH /8,9/ 

Ny = 0,1-T- = 400. 
Tl 

100% 
TaKHM o6pa3oM, seJlH4HHa 8(N )= -5%.B CJly4ae ~;~cnoJlb30Ba-

Y )400 
Hlllfl noJlynpOBOAHHKOBOro AeTeKTOpa np~;~MeHf!eTCfl CHJlbHaf! KOJlJlHMa-

~~~~fl nOTOKa y-KBaHTO~, •4TO npi116JllllmaeT HCT04HIIIK TOpM03HOrO H3-

Jly4eHHR K T04e4HOMY Ill TeM caM~M yMeHbWaeT norpeWHOCTb B paC4e

TaX reoMeTpi1148CKOrO $aKTOpa. 3Ta norpeWHOCTb B OCHOBHOM onpe

AeJlf!eTCR ()JJlyKTya~HRMH 60JlbWOrO paAHYCa KOJlb~a 3a C4eT 6eTa

TPOHHbiX KOJle6aHHR- Ill APYri-1~ npo~eCCOB. B 3TOM CJly4ae 8 (G)~ 5%. 
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nocKOilbKY repMaHHeBWH AeTeKTOp HMeeT 3HepreTH4eCKOe paape
weHHe S(E) "'1%, npH ot.~eHKe owH6KH a onpeAeneHHH HHTerpanb
Horo Ce4eHHH TOPM03HOro H3Ily4eHHH OCHOBHOe BHHMaHHe CileAyeT 
o6paTHTb Ha T04HOCTb pac4eToB. PacxomAeHHe pac4eTHWX H 3Kcne
PHMeHTailbHbiX 3Ha4eHHH Ce4eHHH TOpM03Horo H3Ily4eHHH !8/ He 6onb
We 3% (o (a)< 3%). 

B pa6oTe 191 npoBOAHTCH AeTanbHWH aHanHa CHCTeMaTH4eCKOH 
norpeWHOCTH, B03HHKa~~eH npH H3MepeHHRX HHTeHCHBHOCTH y-H3Jly-
4eHHR repMaHHeBwM AeTeKTopoM. B t.~eilRX HccneAOBaHHH owH6oK npo
BOAHilOCb no TpH cepHH H3MepeHHH AilR KamAOro HCT04HHKa. B pe-
3YilbTaTe T~aTeilbHOrO aHaJ1H3a 6b1Il0 noJly4eHO, 4TO CHCTeMaTH4e
CKaR owH6Ka HSMepeHHH HHTeHCHBHOCTH y -H3Ily4eHHR o Oy )· < 2%. 
TaKHM o6pa30M, o6~aH owH6Ka a onpeAeneHHH HHTerpanbHoro ceye
HHH TOPM03HOrO H3Ily4eHHH C y4eTOM 3KCnepHMeHTailbHWX 3Ha4eHHH 
3$$eKTHBHOCTH perHcTpat.~HH AeTeKTopa 

o(¢1(Z0 )) =o(EY)+o(Iy)+o(a). 

noACTaBilHH B /6/ BeilH4HHbl COOTBeTCTBY~~HX OWH60K, nony4aeM 
o(«ff(Z~)<6%. 

!6! 

PaC4eT o6~eA npeAeilbHOH OTHOCHTeilbHOH OWH6KH CHCTeMw H3Me-
peHHR 8eJ1H4HHW npOH3BeAeHHR Ne ·Ni Ha KOHe4HOM 3Tane cmaTHH 
3IleKTpOHHO-HOHHWX KOI1e4 8 aAre3aTope npOH380AHTCR no $OpMyne 

o(Ne ·N 1 ) =o(Ny )+o(G) +o(¢1(Z 0 )) + o(V) 171 

H AaeT 

o (N e . N 1 ) < 25% • 

ECilH npeAnOnomHTb, 4TO KOMnOHeHTW o6~eH OTHOCHTeilbHOH OWH6KH 
HOCRT Cily4aHHWH xapaKTep, TO, nOACTaBilRR 3TH 8eJ1H4HHW 8 $OpMy
ny1101, 

o(N e" N 1) =V (o(Ny))
2 

+ (o(G) )
2 +(o (¢1(Z 0 ))

2 + (o (V)) 2 , !8! 

nony4aeM 

o (N e . N i ) < 12% • 

TaKHM o6paaoM, npHMeHeHHe repMaHHesoro AeTeKTopa He TOilbKO 
n0380IlReT HCCileA08aTb AHHaMHKY HBKOnJleHHH HOH08 8 3IleKTPOHHWX 
KOilbllaX, HO H YilY4WaeT T04HOCTb H3MepeHHH n04TH 8 A8a pa3a. 

YCnOBHR 3KCnEPHMEHTA 

npHMeHeHHe repMaHHe8oro peHTr.eH08CKOro AeTeKTopa AilH AHar
HOCTHKH 3JleKTpOHHO-HOHHWX KOI1e4 no TOPM03HOMY H3Ily4eHH~ noaeo-

8 
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i 
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IlReT yBeJ1H4HTb CTaTHCTHKY H3MepeHHH. Pa3pa6oTaHHaH CHCTeMa 
AilR HCCileA08aHHH AHHaMHKH HaKOnJleHHH HOH08 AaeT 803MOm~OCTb 
npo80AHTb H3MepeHHe aenH4HHbl Ne·Nt c T04HOCTb~ nopHAKa 
HeCKOilbKHX npot.~eHTOB B CJ1y4ae onpeAeileHHH Ne•Nj 8 OTHOCH
TeilbHWX eAMHMllaX. BpeMR HaKOnneHHH HOH08 MOmHO pa3Aei1RTb Ha 
8peMeHHWe HHTep8aJ1W H3MepeHHH AO T =50 MKC, 4TO COBnaAaeT C 
xapaKTepHWM 8peMeHeM pa38HTMH KOilileKTHBHWX HeyCTOH4H80CTeH 
H AaeT B03MOmHOCTb npocneAHTb HX BilHRHHe Ha np04eCC HaKonne
HHR HOH08. 

Ha npOTOTHne KYT~ O~RH rpynnoR r.mopHaKa np080AHI1HCb pa6o
Tbl no AHarHOCTHKe 3IleKTPOHHO-HOHHbiX KOilell no xapaKTepHCTH4e
CKOMY peHTreH08CKOMY H3IlY4eHH~ C npHMeHeHHeM peHTreHOBCKOrO 
AeTeKTopa $HPMbl 11KaH6eppa 11

• C 3TOH lleilbiO HMH 6b1Jla paCC4HTaHa 
H H3rOTOBileHa 3a~HTa AeTeKTopa OT y-H3Ily4eHHR H HeHTPOHHWX 
noToKo8/11(QnwTw, npoBeAeHHwe c 3THM AeTeKTopoM,noKa3anH,4TO 
TOil~HHa C8HHL1a /25 CM/ nOilHOCTb~ o6ecne4H8aeT HaAemHOe 3KpaH~
p08aHHe AeTeKTOpa OT MO~HWX HMnyJlbC08 y-H3Ily4eHHH, 803HHKa~

~ero npH HHmeKLIHH 3IleKTPOHHoro ny4Ka B aAreaaTop H npH c6poce 
3JleKTpOHHOrO KOilblla Ha HH$IleKTOp MilH MHWeHb. 

Ha PHC.5 npH80AHTCR CBHHLIOBWH 3KpaH, CMOHTMp08aHHWH Ha 
npoTOTHne KYTH. AnH HarilHAHOCTH 3a~HTa c$oTorpa$Hpo8aHa 8 oT
KPWTOM COCTOHHHH C ycTaH08IleHHWM 8 HeH repMaHHeBWM peHTreHOB
CKHM A8TeKTOPOM, KOTOpWH C03AaH AilR perMCTpal.IHH TOpM03Horo 
H3Ily4eHHH 3IleKTpOHOB, pacceRHHbiX Ha HOHaX, HaKOnileHHbiX B KOilb
l.laX. Bo3MomHOCTb Hcnonb3oeaHMH AilR 3TOH t.~enH AeTeKTopa $HPMbl 
"KaH6eppa"HcKnl04eHa,TaK KaK AilMTenbHOCTb HMnynbca 3Toro AeTeK
Topa BeilMKa /100 MKC/, a HailH4Me o6paTHOH OnTH4eCKOH CBH3H 3a
TPYAHHeT 3aMeHy npeAYCHilMTenH. B8HAY Taro, 4TO 3a~HTa npeA-
CTaBnHeT co6oA AOPOrOCTOH~ee coopymeHHe, npH C03AaHHH Ae-
TeKTOpa AilH perHCTpaliHH TOpM03HOrO H3Ily4eHHH ero KpHOCTaT H 
cocyA Ab~apa AilH mHfKoro a3oTa 6biilH CAenaHbl a cooT8eTCT8HH c 
paaMepaMM 3a~HTbl 111 . CocyA AilH aaoTa RBnReTcH ABYXCTeHHbiM c 
TenilOH30IlHLIHeH MemAY CTeHKaMH H3 20 cnoeB MaAnapa H nOHHmeHHWM 
AaBneHHeM I p "' 1 ·1 o-7 Topp/. COCYA ,UbiOapa H KPHOCTaT AeTeKTop
HOH ronoBKH MMe~T o6~HR o6'beM. nonbiTKa pa3Aelli-1Tb 3TH o6'beMbl 
npHBena K AOnOJ1Hio1TeilbHOMY TennOOTBOAY 1-1 COKpa~eHHIO BpeMeHH 
xpaHeHHH a30Ta. B HHmHeH 4aCTio1 BHyTpeHHero COCYAa, B KOTOPWH 
3aJllo1BaeTCH m1-1AKHH a30T, yCTpOeHa MeTai1IlH4eCKaR KOp31o1HKa C cop-
6eHTOM, KOTOpaR HaXOAI-1TCH B BaKyyMHOM 06'beMe 1-1 AaeT B03MOm
HOCTb AOnOJ1Hio1TeilbHO nOHI-1maTb AaBJ18Hio1e. TaKaR CHCTeMa n03BOilH
eT npoH3BOAI-1Tb aanlo1BKY aaoTa c nepHOAOM T=3 cyToK. 

CBHHLIOBaR 3a~I-1Ta, nOilHWH Bee KOTOpOH COCTaBnReT 'OKOilO 5 T, 
COCTOHT 1-13 ABYX nonyc$ep. 0AHY MOmHO npH nOMO~I-1 KpaHa CHRTb, 
ApyraR CMOHTio1pOBaHa Ha CTOilHKe, KOTOpWH MOmHO ABHraTb Ha penb
cax no HanpasneHI-110 ycKopeHHH. 4To6w o6ecne4HTb IOCTHPOBKY 3a
~HTW no yrny, nonyc$epw Bpa~aiOT OTHOCHTeilbHO CTOilHKa. KpoMe 
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PHc.S. Oo~HH BHA AeTeKTopa B CBHH~OBOH sa~Te. 

roro, cy~ecrsyer B03MomHOCTb ~3MeHeH~H HaKnoHa cron~Ka np~ no
MO~~ s~Hros, onpeAenH~~~x ero nonomeH~e orHoc~renbHO penb· 
cos,raK~M o6pa30M o6ecne4~saeTCH B03MOmHOCTb nepeMe~eH~H 3a~~Tbl 
orHOC~TenbHO scex ee cTeneHe~ cso60Abl AB~meH~.A !llf.TaK KaK An.A 
~3b.AT~.A AeTeKropa ~3 3a~~THoro 3KpaHa c 4enb~ 3an~sK~ m~AKoro 
a3oTa Heo6xoA~Mo np~sne4eH~e KpaHa ~ rpe6yeTcH HeMano speMeH~, 
TO s 3au~~Te 6b1no npoAenaHo orsepcr~e, 4epe3 KoTopoe c noMo~b~ 
BOpOHK~ MOmHO 3an~BaTb a30T, He AB~ra.A ee. 

BamHbiM sonpocoM .ABn.AeTc.A crpora.A KonJl~Ma4~1'1, KoropaH 3a~~~a
er AeTeKTOp OT neperpy3K~ y-KBaHTaM~ TOpM03HOrO ~3ny4eH~.A np~ 
~HmeK4~~ ny4Ka 3neKTPOHOB B aAre3arop. neperpy3K~ AeTeKTOpa 
AOn>KHbl COOTBeTCTBOBaTb BpeMeH~ CTeKaH~H 3aPHAa, paBHOMY Bpe
MeHHOMY ~Hrepsany OT MOMeHTa ~Hm8K4~~ AO MOMeHTa Ha4ana ~3Me
peH~f1 TOpM03HOro ~3ny4eH~.A. BMecre c reM Konn~Ma4~.A He AOnm_Ha 
cy~eCTBeHHO yMeHbWaTb CTaT~CT~Ky ~3MepeH~f1. 3Kcnep~MeHTanbHO 
noAo6paH Konn~Marop c orsepcr~eM ~ =8 MM, 4To o6ecne4HBaeT pe-

10 
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rHCTpa4H~ AOCTaT04HO~ HHTeHCHBHOCTH TOpM03HOrO ~3ny4eH~.A An.A 
HCcneAOBaHHf:i AHHaMHK~ HaKonneHHH HOHOB ~3 OCTaT04HOrO ra3a. 
B~coKa.A HHTeHc~BHOCTb o6ecne4HBaerc.A TeM, 4TO perHcrpa4~~ 
H3ny4eH~.A npo~3BOAHTC.A B peHTreHOBCKO~ o6naCTH, rAe Ben~4~Ha 
~HTerpanbHoro ce4eH~.A <ll(Z 

0
) ,1.1o-23np~ yposHe aMnnHTYAHOii 

AHCKp~MHHa4~H, COOTBeTCTBY~~e~ E 8 <100 K36. B~XOA peHTreHoB
CKOro ~3ny4eH~.A H3 KaMep~ npo~CXOAHT 4epe3 nepeXOAHOe OKHO 

H3 Ma~napa. 

4To6~ ~36emarb Ae$eKTOB s nonynpoBOAH~KOBOM AeTeKTope 
BCneACTB~e 6oM6apA~POBKH Hef:iTpOHaM~ OT (y,n) -peaK4H~ np~ 
c6poce KOne4 Ha M~WeHb, KpOMe CB~H40BO~ 3a~HTbl, KOTOpa.A An.A 
He~TpOHOB HBn.AeTC.A Mano3$$eKT~BHO~, He06XOA~MO npeAYCMOTpeTb 

/11/ 
AOnonHHTenbHY~ 3a~HTY H3 napa$~Ha. B pa6oTe npoH3BOAHTC.A 
pac4eT~ 3a~~T~ AeTeKTOpa OT He~TpOHOB, B pe3ynbTaTe KOTOp~X 
npeAnaraeTc.A 3a~~ra H3 napa$~Ha TOn~HHoii 25 eM. KpoMe roro, 
s~weonHcaHHa.A cs~H40BaH 3a~~Ta oKpymaerc.A cnoeM KaAMHH ron
~~Ho~ 1 , 5 MM, KOTOpbl~ cnym~T nor noTHTeneM TennOBbiX He~TpOHOB. 
6o3HHKa~~He np~ peaK4HHX 3aXBaTa TennOB~X He~TpOHOB Ha BOAO
POAe napa$~Ha ~ Ha KaAMH~ y-KsaHr~ c MaKcHManbHO~ 3HeprHe~ 
2,23 H 9,046 M36 ocna6~.A~TC.A CB~H40BOA 3a~~TO~. 3T~ KBaHT~ 
He Bn~H~T Ha H3MepeHHH TOpM03HOrO H3ny4eH~H 3neKTpOHOB Ha 
~oHax, TaK KaK so3H~Ka~T nocne npo4ecca HaKonneH~.A HOHOB s 
3neKrpoHH~x Konb4ax npoToT~na KYTH. 

Hcnonb3yeM~~ B cHcreMe 6~cTp~A yc~nHTenb r~na Y 203 .ABn.A
eTc.A 4YBCTBHTenbH~M K 3neKTPH4ecK~M HaBOAKaM. AnR ycTpaHeHHH 
HaBOAOK, nocryna~~Hx or AeTeKTopa, 6~no npo~3BeAeHo 3a3eMne
H~e npeAYCHnHrenH. KpoMe 3Toro, 3a3eMneHHaH w~Ha np~naHsaeTC.A 
K 3a3eMneHHOA 4aCT~ nnaT~ yc~n~Ten.A.3T~ Mep~ n03BOnH~T npOBOA~Tb 
H3MepeH~.A B ycnOBHHX C~nbH~X 3neKTpH4eCKHX HaBOAOK, ~Me~~~X 

MeCTO npH cpa6aT~BaH~H pa3nH4H~X CHCTeM yCKOP~Ten.A. 

nocKonbKY An~HY Ka6en.A npeAYCHnHTenb - 6~CTP~~ ycHnHTenb 
HymHo Aenarb KaK MOmHo MeHbwe, ro pacnonomeH~e 6~crporo ycH
nHTen.A B HenocpeACTBeHHO~ 6nH30CT~ OT aAre3aTopa Tpe6yeT 3K
paHHpOBaH~H OT CHnbH~X MarHHTH~X noneA. 6 Ka4eCTBe 3KpaHa HC
nOnb3yeTCH mene3H~~ .A~HK C TOn~HHO~ CTeH 20 MM. 

npH H~MepeHHHX HaKonneHH.A HOHOB B 3neKTpOHH~X KOnb4aX 
npOH3BOAHnOCb MOHHTOPHPOBaHHe HX 3neKTpOHHO~ KOMnOHeHT~ no 
sen~4HHe aMnnHTYA~ o6paTHOf1 B~CaAK~ KOnb4a 11~'.· 0TcyTcT
BHe nOTepb 3neKTpOHOB B np04ecce cmaTH.A KOHTpOnHposa
nOCb C4~HT~nn.A4HOHH~M AeTeKTopo~ c ~3Y, pa6oTa~~HM B ~Hrer
panbHOM pemHMe, H 3anOM~Ha~~HM OC4Hnnorpa$OM. 
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3KCnEPHMEHTAJlbHbiE PE3Y Jlb TATbl 
H HX 06CYJK,l\EHHE 

3aBHCHMOCH1 nOilHOrO 4HCJ1a HaKOnJleHHbiX HOHOB OT BpeMeHH 
npeACTaBJleH~ Ha pHc.6. 

3Ha4eHHfl Ne · ~PHBOAfiTCfl B a6coJ110THbiX eAHHHL\aX. KpHBble 
AaiOTCfl AI1fl ABYX SHa4eHHH AaBJleHHfl OCTaT04HOrO rasa B KaMepe 
aAresaTopa npoTOTHna KYTH. BenH4HHa HHTeHCHBHOCTH 3JleKT
pOHHOH KOMnOHeHTbl 1\Ilfl 3THX KpHBbiX COOTBeTCTByeT 4HCJ1Y 
3JleKTPOHOB N e "'5x1 012 • nonomeHHe MaKCHMyMa KpHBOH npH p "" 

-8 
""5·10 TOpp COOTBeTCTByeT t "'2,5 MKC. 0TC4eT BpeMeHH 6epeTCfl 
OT MOMeHTa HHmeKL\HH 3JleKTpOHHOrO ny4Ka B aAresaTOp. 3TOMy 
BpeMeHM OTBe4aeT TaKme MaKCHMYM aMnJlHTYA~ TOKa TpeTbeH 
CTyneHH CHCTeM~ cmaTHfl KO!lel\, 4TO He AaeT BOSMO)I(HOCTM 
CAenaTb OAHOSHa4H~H B~BOA 0 npH4HHe cna11a KPMB~X Ha
KonneHHfl HOHOB. KpHBaR, COOTBeTCTBYIOI.IIafl BeJ1H4MHe p..,1 · 1 Q-7 TOpp, 
HMeeT MaKCHMYM np~-1 t "'2, 4 MKC. BpeMeHHOH CABMr MaKCI-1MyMa 
KpHB~X npH yBeJlt-14eHMH AaBJleHHfl OCTaT04HOrO rasa B KaMepe aA
reSaTOpa yKas~saeT Ha aasHCHMOCTb apeMeHHoro nonomeHHfl 3Toro 
MaKCHMyMa OT $aKTOpa aarpySKI-1. 

B 3ToA CBfi3H A!lfl paaBMTHfl KonneKTI-lBHbiX MeTOAOB ycKopeHHfl, 
A!lfl HCCJleAOBaHI-lH YCTOH4HBOCTH ABYXKOMnOHeHTH~X ny4KOB~X 
CHCTeM, A!lfl B~fiCHeHHfl BOnpoca 0 KOMneHCal\HH 06beMHOrO aapfiAa 
B HaKOm1TeJlfiX H T. A. Bali!HO 3HaTb MaKCHMaJlbHOe 3Ha4eHHe Ne ·N i 
npH HaKonneHHI-1 HOHOB aaoTa Hs ~cTaTo4Horo rasa. HsMepeHHe 
3TOH BeJ1H4HH~ npOBOAMJlOCb BO BpeMeHHOM 1-lHTepsane 2,3<t<2,5 MC 
OT MOMeHTa HH)I(eKL\HH npH p ..,1x10-7 TOpp, 4TO COOTBeTCTBOBaJ10 
MaKCHMaJlbHOMY KOJ1H4eCTBY HaKOnJleHH~X B KO!lbl\0 HOHOB. BpeMeH
HOH HHTepBaJl AilHTeJlbHOCTbiO 200 MKC 6~!1 B3fiT C 1.\e!lbiO noB~WeHHfl 
T04HOCTH H3MepeHHH BeJ1H4HHbl Ne·Ni npH yseJ1H4eHHH CTaTHC
THKH H3MepeHHi1 NY. MoHHTOpHposaHHe N e npoHSBOAHnocb no 
BeJ1H4HHe aMnJlHTYAbl HMnyJlbCa o6paTHOH BbiCaAKH KO!lbl\a npH 
CHfiTHH nOJlfl III CTyneHH. npH 3TOM OT6HpanHCb 1.\HKJlbl c MaK-

CHMaJlbHbiM A!lfl 3TOro pemHMa pa60Tbl YCKOpHTeJ1HN e(46!_2/ · 10 12 
). 

A.AI..•I07 '1' 

" 
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Ap =orS•fD-Irapp 
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5~!10 saperMCTpHpOBaHO MaK
CHMaJlbHOe 3Ha4eHHe Ne · N i 
(, /7 ,5!_1 ,8/ ·1 0 24 ). HaMepeHHfl 
npoBOAHJlHCb B KamAOM 1.\HKJle YCKO
PHTeJlfl, H a6COJ110TH~H peayJlbTaT 
npHBOAHTCfl A!lfl OAHOro HS HHX 
6eo KaKHx-nH6o ycpeAHeHHA . 

Pnc.6. 3aBHCHMOCTH AHHaMHKH 

HaKorrneHHH HOHOB B 3neKTpOH

HbiX KOnhu;ax. 

·~· 
·,~1 .J 
i . 

B aaKJ1104eHHe aaTOPbl C4HTaiOT CBOHM npHfiTHbiM AOrlrOM BblpaSHTb 
6naroAaPHOCTb 5. n. OcHneHKO H B .·H. KneMe,HTbeBy aa noMOI.IIb npH 
coaAaHHH AeTeKTopa, A. 5. KyaHel\OBY aa noneaHble coae,Tbl H o6cym
AeHHfl. 
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CapaH~es B.n., ~HKHH B.A., Mo3enes A.A. P9-82-128 
AHarHOCTHKa 3neKTPOHHO-HOHH~x Kone~ no TOPM03HOMY H3ny4eHH~ 
c npHMeHeHHeM peHTreHoscKoro repMaHHesoro AeTeKTopa 

AnR HccneAOBaHHR AHHaMHKH HaKonneHHR HOHOB B 3neKTPOHH~x KOnb~ax 
C03AaHa CHCTeMa Ha 6a3e repMaHHeBOrO peHTreHOBCKOrO AeTeKTOpa, KOTOpaR 
n03BOnReT BapbHpOBaTb AnHTenbHOCTb BpeMeHH~X HHTepsanoB H3MepeHH~ H HX KO
nH4eCTBO 6e3 H3MeHeHHR KOH$Hrypa~HH cHcTeM~. B pe3ynbTaTe T04HOCTb a6co
n~TH~x H3MepeHH~ BenH4HH~ npOH3BeAeHHR 4HCna 3neKTpOHOB Ha 4HCnO HOHOB 
Ne·N; yny4WeHa n04TH B ABa pa3a. npHBOARTCR 3KCnepHMeHTanbH~e 3aBHCHMO
CTH AHHaMHKH HaKOnneHHR HOHOB B 3neKTPOHH~X KOnb~aX. npeACTaBneH~ a6con~T
H~e 3Ha4eHHR BenH4HH~ N.

0
·N;, COOTBeTCTBY~wHe MaKCHMYMY KPHB~X HaKOnneHHR 

HOHOB H Aa~wHe HH$OpMa~H~ 0 npeAenbHOM KOnH4eCTBe HOHOB, HaKOnneHH~X 

B 3neKTpOHH~X KOnb~ax. 

Pa6oTa B~nonHeHa B 0TAene HOB~X MeTOAOB YCKOpeHHR 0~~~. 

Coo6weHHe 06~eAHHeHHOro HHCTHTyTa RAePH~x HccneAOBaHH~. AY6Ha 1982 

Sarantsev V.P., lnkin V.D., Mozelev A.A. P9-82-128 
Diagnostics of Electron-ion Ring Over Bremsstrahlung Based on 
Germanium X-Ray Detector 

A system for studying the dynamics of ion accumulation based on ger
manium x-ray detector has been created. It allows one to vary the length 
of measurement time intervals and their quantity without changing the con
figuration of the system. As a result precision of absolute measurements 
of N~N1 product (the number of electrons multiplied by ion number) has 
been improved almost by twice. The experimental dependences of ion accu
mulation dynamics in electron rings are given. Ne·N 1 absolute values 
corresponding to ion accumulation curve maximum are given. These provide 
information as to the 1 imit quantity of ions accumulated in electron rings. 

The investigation has been performed at the Department of New Accele
ration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.BHHOrpaAOBO~. 
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