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B 1967 r. B naoopaTOpiiii. SIJ:tepHbiX npooneM (nfliT) OHfiH Oblli 

C~OpMIIpOBaH II BhlBe]:leH B II30liiipOB8HHOe1 cneUII8llbHO ooopyJ:tOBaHHOe 

ITOMeiUeHIIe IIHTeHCIIBHbJ:il: npOTOHHbi:il: ny'IOK C BapbiipyeMo:il: SHepriie:il: OT. 
' Ill 

90 llO 185 M aB • ITapaMeTpbi aToro nyqKa ot5ecne'iiiliii HeooxoJ:tiiMbie 

yCliOBIISI llliSI npoBeJ:teHIISI MelliiKO-OIIOliOI"II'IeCKIIX SKCnepiiMeHTOB no II3y'IeHIIID 
. / 

B03MO)KHOQTII npiiM eHeHIISI npOTOHOB B KOpiTyCKYliSipHO:il: TepaiTIIII OHKOliOI"II• 

qecKIIX oonbHbiX. 

B H8CTOSIIUe:il: paooTe OITIIC8HO ll031IMeTpii'IeCKOe 1 IDCTIIpOBO'IHOe II BCITO

MOI"aTellbHOe ooopyJ:tOB8HIIe 1 npeJ:tH83Ha'ieHIIOe llliSI KpHTpOliSI 38 XOllOM 

OOlly'IeHIISI OHKOliOI"II'IeCKIIX OOllbHbiX II OIIOliOI"II'IeCKIIX OO~eKTOB Ha MeJ:tii

UIIHCKOM npoTOHHOM ny"!Ke nflrr OHfiH. Oomii:il: nnaH pa3MeiUeHIISI STOI"O 

ooopyJ:tOB8HIISI noKa3aH Ha p1Ic. 1 II 2. 

0oopyJ:tOB8HIIe COCTOIIT II3 ClleJ:tyiDIUIIX OCHOBHbiX aneMeHTOB: KOllliii

MaTOpHO:il: CIICTeMbJ 1 n03BOliSIIDIUell: nony'IaTb 38ll8HHbJ:il: npO~IIllb npOTOHHOI"O 

try'IKa COOTBeTCTBeHHO ~OpMe OOlly'IaeMOI"O Oo~eKTa; Ull.liiiHJ:tpa <!>apaJ:teSI 

llliSI TO'iHOI"O II3MepeHIISI aoconro;Hor'o SHa~IeHIISI llHTeHCHBHOCTII 38TOpMO)KeH

HOI"O npOTOHHor.o ITY'IK8i Ha5opa ll3 HeCKOllbKIIX nliOCKonapannellbHbiX HOHII-

38UHOHHbiX KaMep1 YCT8H8BliiiBaeMbiX ITOClle]:lOBaTellbHO no HanpaBlleHIIID 

npOTOHHOI"O ny"!Ka llliSI KOHTpOliSI HHTeHCII.BHOCTH npOTOHHbiX ny'iKOB II OT

nycKa 38ll8HHO:il: Beliii'iiiHbl ll03bli nonynpOBOllHIIKOBbiX KpeMHHeBbiX ]:leTeK-
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TOpOB UIIllHHtlpli'IeCKOH <f!vpMbl C tlii8MeTpOM 3 MM. II TOlllUIIHOfi 'IYBCTBIITenb

HOrO CllOSI 1 MM C tliiCT8HUIIOHHb!M rrepeMeiUeHHeM B tiBYX B38HM HO-rrep.:. 

rreaanKynSipHhiX aarrpaBneanSix anSI CHSITHSI pacrrpeaeneanSI rrornomeaHofi ti03hi 

B <jJaaToMe; rrotiBIDKHoro <jJaHTOMa H3 rrneKcnrnaca c rrnaBHO perynnpyeMofi 

Tonmnaofi anSI CHSITHSI KpHBhiX Epsrra n _U3MepeHIISI -rrornomeHaofi tl03hi Ha 

p83llli'IHOH TOll!UHHe TK8He9KBIIBaneHTHOH cpetlblj pOT8UliOHHOrO Kpecna; 

peHTreHOBCKOrO li OIITII'IeCKOrO ueHTpaTOpOB tlllSI ~CTllpOBKll li $HKCllpOBa

HIISI o6ny'IaeMhlX Oo~eKTOB H8 OCII IIpOTOHHOrO IIY'IK8j KOMIIneKCa sneKTpO

MexaHII'IeCKOrO BCIIOMoraTenbHOro. o6opytiOB8HIISI1 6nOKOB IIIIT8HIISI II sneKT

pOHHbiX CXeM tinSI tliiCT8HUIIOHHOrO yrrpaBneHIISI t1031IMeTpii'IeCKOH II ~CTIIpO

BO'IHOH arrrrapaTypofi II Herrpep.b!BHOH 381IIICII BenH'IIIHbl rrornomeHHOH t103bl 

rpa<jJII'IeCKII aa 6yMamaofi ne~Te linn B BIItle 'IIICnoBoro Koaa. 

KonniiMaTopaaSI cilcTeMa. LlnSI rrp1I.!l8HIISI · rrpoTOHHoMy rry'IKY 3aaaaaoro 

rrpoqmnSI rrorrepe'Iaoro ce'IeHHSI Ii:crronb3oBanacb MaCCIIBHaSI cTanbHaSI Konnii

MaTopHaSI CIICTeMa 1 cxeM8TII'I.eCKII IIOK838HlfaSI_ Ha pnc. 3. 

UeaTpanbHaSI 'I8CTb KonnnMaTopaofi CIICTeMbi aa611panacb 113 Tpy6 

Kpyrnoro Ce'IeHIISI (piiCo 3a), II03BOllSI~IUIIX IIOllY'I8Tb IIY'IKII IIpOTOHOB tlii8-

MeTpOM OT 10 tlO 80 MM 'Iepe3 .11HTepB8llbl B J0 MM. Ecnn B03HIIKana 

aeo6xotiiiMOCTb rrony'IIITb npSIMoyronbHy~ 111111 6onee cnomHy~ <jlopMy rrorre

pe'!aoro ce'!eHIISI rrpoTo~Horo rry'IKa, To ueaTpanbHS'SI 'IaCTb c Ha6opoM 

Kpyrllh!X KOlllliiM8TOpOB · BblHIIManacb1 II DOKOBb!e rOpii30HT8llbHb!e CT8llbHble 

rrnaCTIIHbl 'TOlllUHHOH 10 MM. K8mt18SI · BbltlBIIraniiCb ·TaK1 'IT.ODbl llOM8H8SI lliiHIISI 

IIX . BHyTpeHHefi rpaHIIUbl aanny'IIUIIM o6pa30M c·oBII8118 C 38t18HHbiM KOHTypOM 1 

cooTBeTCTBY~IUIIM .<Pop Me rrorrepe'!Horo ce'IeHIISI o6ny'IaeMoro . 611onorii'!ecKoro 

o6~eKTa (piic. 36). 

U1In11anp <f>apaneSI. LlnSI a6con~THoro H3MepeHIISI Benn'IHHhi rroToKa 

IIpOTOHHOrO liY'IK8 H81IOnb30B8llCSI UHllHHUp <f>apaneSI, p8CC'IHT8HHblll Ha 

sHeprn~ rrpoToHOB ao 250 MsB. ITpoTOHhi ny'IKa rrpoHIIKa~T B BaKyyMHY~ 

KaMepy '!epe3 <jJOnbry • H3 HepmaBe~mefi CT8llll TOlllUIIHOH 0,3 MM1 IIpOXOtlSIT 
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Pnc. t. 06maSI cxeMa pacrronomeanSI ti031IMeTpn'IecKoft, ~c·-r 
II BcrroMoraTenbHoii aiinapaTyphi ,.B sKcrreimMeHTanbi 
KOM--liOMeiUeHH~. K()piiyca'' CHm~pOUIIKllO;po~a .. mlfljQJ 
KyyMrrpoBon, K ·- KonniiMaTop, HK ..:· noHn3aunoima~ 
IT<f> - rroaBIDKHhiii <PaHTOM IIa 'rrneKcnrnac~;··rrrrLil '- ·~ 
IUII e .rronyrrpOBOAHHKOBbie -.ri~'reKTO Phi- "li3ny<iemisf;·' p K 
aoe Kpecno; U<f> - UlllliiHtlp <f>apaneSI, rrc - "nepnc~-c 
TeMa Ha6n~aeHHSI aa o6ny'IaeMbiM o6~eKToM, f13 -
.6eToHHaSI 3aiUnTa; PU - peHTreaoBCKHfi ueHTpaTop; 
ynpaBneHHSI n'6nOKH liHT8HHSI. 
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TOfl!IlHHOfi qyBCTBHTSflb

JlBYX B38HM HO-rrep.::. 

IHHSI rrornom:eHHOfi Jl03bl 

rrnaBHo perynnpyeMofi 

IOrnO!IlSHHOfi Jl03bl H8 

tiiHOHHoro Kpecna; 

'HpOBKH H QJHKCHpOBa-

: KOMrrneKca aneKTpo-

>KOB ITHT8HHSI H aneKT-

STpHqecKOfi H IDCTHpO

,J rrornom:eH.!iofi Jl03bi 

>ro KOJla. 

iOMy rryqKy 38Jl8HHOrO 

IBH8SI CT8flbH8SI KonnH-

=· 3. 

t6Hpanacb H3 Tpy6 

rryqKH ITpOTOHOB JlHB

EcnH B03HHKana 

cno~Hyro QJOpMy rrorre

qacTb c HaoopoM 

30HT8flbHb!S CT8flbHb!e 

1 qT.QObi noMBHBSI nHfiHSI 

C 38Jl8HHbiM KOHTypoM 1 

1aeMoro 6nonornqecKoro 

I BennqHHbl ITOTOK8 

paccqHTBHHblfi HB 

IHKBIDT B BBKYYMHYID 

HOfi 0,3 MM1 rrpOXOJlSIT 
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Puc. 1. Oom:aSI cxeMa pacnono~eHHSI Jl03HMeTpuqecKoft, roc1-uposoqHoft 

u scrroMoraTenbHofi arinapaTypbi .B aKcrrepnMeHTanbHOM KnHHHqec

KOM rroMem:eHHH Koprryca' CHHXPOIIHKno'l'poHa nHn:'<:Sl'i'sni. Bn· - Ba

KYYMITpOBOJl, K '- 'E:onnHMaTop·, HK ..; HOHHaaunoimaSI· KaMepa, 

ilel> - ITOJlBH~Hblfi QJBHTOM H3 'rrneKCHrnaca1 ililn - ITpOQJJinHpyro

!IlHS rronyrrposoiiifriKoBbie '.tieTeKTOphi n3ny>!em!SI; PK - poTaunoH

Hoe Kpecno; Ut:l> - UHnHHJlp Cl>apaJleSI, nc - rrepHCKorruqecKaSI CHC

TeMa H80fliDJlSHHSI 38 o6nyqaeMb!M Oo'beKTOM1 il3 -· ITOJlBH~HaSI 
OSTOHH8SI 381IlHTa; PU - peHTreHOBCKHfi IISHTpaTop; ny ...; rrynbT 
yrrpaBnSHHSI u'onOKH ITHT8HHSio 
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BHyTpH OXpSHHOrO KOllbOeBOt'O sneKTpO.!lS H OCTSHSBllHBSlOTCSI 

· naTyHHOM cTaxane, yxpenneHHOM na nnexcnrnacoBOM naoiisrTc 

Hbifi nnnnnapoM <llapaaesr nollO:HrnTenbHbifi ciapsra naMepsrncsr ycJ 

-13 ' 
'IYBCTBHTenbHOCTblO ao 10 a. Hapy>KHbifi xopnyc nnnnnapa <I 

H3rOTOB11eH H3 CTSllH H BMeCTe C nOlllOCHhlMH H8KOHe'IHHK8MH 

SlpMO 911eKTpOMSrHHTa, B036y>K.!lSeMoro TOKOM 2a .!lllSI' C03.!l8HH 

nnnnnapa nocToSIHHoro MarHnTHoro nonsr nanpsr>KeHHOCTblO 

· cnoco6noro aaBopa'lnBaTb o6paTHo Bbi6nBaeMbie 8 -snexTpon: 

HCTO'IHHKH OlliH60K npn H3MepeHHH.nOTOK8 qaCTHU OHllHH.!lpOM' 

. /2 3/ 
cy>Kaanncb B psrae pa6oT • · n Han6onee cymecTBeHHbie na 1 

npoBe.[leHHbiM KOHTpOllbHbiM H3Mepe~HSIM, He npeBOCXO.[lSIT 3%. 

MonnaaunoHHbie xaMepbi. Dnsr MoHnTopnpoBannsr n aoam 

TOHHhlX ny'IKOB HCnOllb30B811HCb KaMepbi C TOHKHMH M9T81111H'IE 

aaMn, pacnono>KeHHbiMH nepnenanKynsrpHo K ocn ny'IKao B nep 

IIOHH38UHOHHbiX KSMep, HMeBlliHX . .[lHSMeTp pa6o'lero 06'beMa 1: 

CTOSIHHe Me>K.!ly 911eKTpO.!l8MH 50 MM, T011lliHH8 BXO.!lHbiX <jlonbr 

. 2F 
911eKTpO.!lOB COCTSB11SI118 COOTBeTCTBeHHO 0,11 r/cM e H 0 t 

.3TH KSMepbl yCTSHSBllHBSllHCb .[lO H nocne KOllllHMSTOpHOfi CHC 

MeHSillHCb .[lllSI MOHHTOpHpOBSHHSI 38TOpMO>KeHHOro npOTOHHOrO 

nycxa 38.[laHHOfi .[l03blo 8 HOHH38UHOHHOfi KaMepe BToporo THill 

paBHSlllCSI 200 MM, a paCCTOSIHH9 M9>K'.!ly 911eKTpO,!laMH OCTaBa1l 

TonmnHa BXO.!lHbiX <jlonbr n BHyTpeHHHX sneKTp.o.!lOB ansr rrpH.!la 

6onblliefi npO'IHOCTH 6bJna yBeni!'IeHa COOTBeTCTBeHHO .!lO 0,24 
2 ' 

H 0,17 r/cM Cu • KaMepa ycTaHaBnnBanacb nocne rrnexcnrnB 

Ma H HCII011b30Banacb !IpH H3MepeHHSIX KpHBOfi Epsrra H KallH' 

BO.!lHHKOBb!X .[leTeKTOpOBo 

J1oHH3aOHOHHbl9 KaMepb! o60HX THnOB Ha!IOllHSlllHCb 'IHCTbiM SJ .. 
JJaBneHHSI "' 1,1 aT. BbJ6op aproHa B Ka'leCTBe HarronHSilOWerc 

llOBneH Mallb!M BllHSIHHeM !IpHMecefi Ha H3MeHeHHe B'911H'IHHbl. :0 
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BHyTpH OXp8HHOrO K0.1lbU9BOt'O.aJieKTpOJla H OC'I'aHaBJIHBaiOTCSI B TOJICTOM 

· naTyHHOM cTaKaHe, yKpenneHHOM Ha · nneKcHrnacoBoM HsonstTope. Co6paH

Hbift UHJIHHJlpOM cl>apaJleSI nonO)KHTeJibHbift sapSIJl H3M9pS1.11CSI YCHJIHTel!'eM TOKa 

-13 
'IYBCTBHTenbHOCTbiO JlO 10 a. Hapy)I{Hbift Koprryc UHJIHHJlpa cl>apaJleSI 6bm 

H3rOTOB.119H H3 CTaJIH H BM9CT9 C IIOJIIOCHbiMH HaKOH91JHHKaMH o6pa30BbiBaJI 

SipMo aneKTpoMarHHTa, sos6y)KJlaeMoro TOKOM 2a JlJISI' cosJla~HSI BHYTPH 

UHnHH.a.Pa DOCTOSIHHOI"O M8I"HHTHOI"O nonSI HanpsnKeHHOCTblO ::=: 100 apCTell1 , 

· cnoco6Horo sasopa'IHBaTb .o6paTHO Bbi6HsaeMbie 8 -aneKTpOHbi. BosMo)i{Hbie 

HCTO'IHHKH OIDH60K IipH H3MepeHHH.IIOTOK8 'JaCTHU UHJIHHJlpOM cl>apa)leSI 06-

6
. /2,3/ 

Cy)KJlaJIHCb B pSIJle pa OT · H HaH6onee cymecTBeHHhle H3 HHX1 cornaCHO 

IipOB9Jl9HHbiM KOHTpOJibHblM H3Mepe!JHSIM1 He rrpeBOCXOJlSIT 3%. 

HoaHsauHoHHbie KaMepbi. Dmt MOHHTopHposaHHSI H Jl03HMeTpHH npo

TOHHhlX IIY'IKOB HCIIOJlb30B8.11HCb KaMepbl C TOHKHMH MeTaJIJIH1J9CKHMH aneKTpO

. JlaMH 1 pacnono)KeHHbiMH nepneHJlHKynstpHo K ocH rry'IKa• B nepsoM THrre 

IIOHH3aUHOHHbiX KaMep1 HM9BIDHX .JlHaMeTp pa6oqero o6'beMa 120 MM H pac

CTOSIHHe Me)KJly S.119KTpOJl8MH 50 MM 1 TO~IUHH8 BXOJlHbiX <jlonbr H BHyTpeHHHX 

. 2F 2c 
M9KTp0JlOB COCTaBJISIJ18 COOTB9TCTB9HIIO 0,11 r/cM e H 0 1073 r/CM U •. 

. OTH KaMepbl ycTaiiaBJIHBaJIHCb JlO H IIOCJie KOJIJIHMaTopHoii CHCTeM bl H IipH-

M9liSIJIHCb JlJISI MOliHTOpHpOB8HHSI 38TOpM0)1{9HHOro IipOTOHIIOro IIY'IK8.H OT

rryCK8 3a)laHHOii JlOSblo B HOHHS8UHOHHOii KaMepe BTOporo THII8 JlH8MeTp 

paBHSIJICSI 200 MM 1 a p8CCTOSIHH9 Mex{Jly SJI9KTp0Jl8MH OCT8B8.110Cb 50 MM. 

ToniUHHa BXOJlHbiX <jlonbr H BHyTpeHHHX aneKTp.OJlOB JlJISI IipHJlaHHSI KaMepe 

2 
6onbmeft npoqaocTH 6hlna ysenH'IeHa cooTBeTcTaeaao JlO 0,24 r/cM Fe 

. 2 
H 0,17 r/cM Cu • KaMepa ycTaHaBnHBanacb nocne nneKcHrnacoaoro <jlaaTo-

Ma II HCIIOJlb30BaJiaCb IipH HSMepeHHSIX KpHBOii Eparra H KaJIH6pOBK9 IIOJiyrrpo-

BOJlHHKOBbiX Jl9T9KTOpOB. 

l10HH3aUHOHHbl9 KaMepbi o60HX THIIOB HaiiOJIHSIJIHCb 'IHCTbJM aprOHOM JlO . 

JlaBneHHSI "' 1,1 aT. BbJ6op aproHa B KaqecTBe Hanonasrromero rasa o6yc

nosneu MaJibiM BJIHSIHH9M IipHMeceii Ha ll3M9H9HH9 B'9.11H'IHHbl aHeprl!H1 Sa-

7 
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Puc. 3. CxeMaTuqecKnli qepTe}K KonnnMaTopnoli cucTeMbi ( BHll cnepemr ); 
a) JJnH o6nyqennH o6'beKToB Kpyrnoro ceqennH; 
6) JJnH o6nyqeHHH o6'beKTOB cnO}KHOro rrpo~HnH nonepeqnoro 
ceqenuH. 

8 

TpaqnBaeMoli npnxoaRmeli qacTnueli na o6paaoBanne oanoli nap 

qTo o6ecneqnBano annTenbHoe nocToRHCTBo xapaKTepncTnK Ka~ 

naMepeHRR BennqnHbi nornomennoli aoabi nnn noToKa qacTnu, 

'qepea ,KaMepy B aaaaHHbiH HHTepBan BpeMeHn, K co6nparomeMy 

Ka}Kaoli KaMepbi noacoeannRnCR nnTerpaTop TOKa, BbillaBaBmnii: 

B Blllle nocneJJoBaTenbHoro qncna nMrrynbcoB, nponopunonanbHc 

HoMy qncny nap noHoB, o6paaoBaHHbiX B pa6oqeM o6'beMe KaM• 

paTop TOKa noqTH uenHKOM co6paH ~R nonynpOBOllHHKOBhlX ane 

HCKnroqenneM aneKTpOMeTpnqecKOH naMnbi B Bb!HOCHOM 6noKe, 

meMcR BIInOTHyro K co6nparomeMy aneKTpOllY KaMepbi. CxeMa F 
-9 

TOKa 6bma HCIIbiTaHa JJnR 3HaqeHHH BXOllHOI'O TOKa OT 10 llO 

'xapaKTepHCTHKa HaHJ]eHa nnHeHHOH C TOqHOCTbiO "' 1% B JJRan 

.. too repu. 

§4. · ITonynpoBOllHHKO~bie KpeMnneBbie JJoanMeTphl 

B HaCTORmee BpeMR KpeMHlleBbie H repMaHHeBbie aHOllbl 
. /5/ B 3YIOTCR KaK J]eTeKTOpbl OllHHOqHbiX. 3apR}KeHHbiX qaCTHU • 

Tbi 'conneqnoro aneMeHTa" KpeMnneBbie JJeTeKTOpbi B nocneJJH 

H8XOllRT npnMeHeHne H KaK ll03HMeTpbl paannqHbiX BHJ]OB nany 

JJoanMeTpnn npoTonnoro· nyqKa naMn ncnonb3oBanncb KpeMnneE 

Tnna Si(Li) B Blllle UHnHHllpOB TonmHHOH 3 MM H llH8MeTpOM 

KpenneHHbiX B CTaHJJapTHbiX paJJnoqacTOTHbiX paa'beMax. Tonmn 

Tenbnoro cnoR cocTaBnRna B ncnonbaoBaHHbiX JJeTeKTopax "' 

ITpn BHecennn B none nanyqennR KpeMHHeBbiH llHOll pa6o1 

paTop ToKa c KITLl B necK"onbKo nponenToB, nMeromnii: BHYTf.leH 

nenne, paBHoe ero npRMoMy conpoTHBnennro npn nanpR}KeHFm E 

MnnnnBonbT. Ecnn KpeMnneBbift JJeTel!:Top pa6oTa?T B pe}KnMe 

3aMbiK8HHR0 T.e. BXOllHOe conpOTHBneHne aneKTpOMeTpa, H3Me_t: 

9 



TeMbi (ann cnepenn ); 

/4/ 
TpaqnaaeMofi npnxoastmefi qacTnuefi Ha o6pasoBaHne oaHofi naphl noHoB 

1· qTo o6ecneqnaano annTen:oHoe nocTOSIHCTBo xapaKTepncTnK KaMepbi. llnst 

l nsMepeHnSI aennqnHbi norncimeHHofi aosbi nnn noToKa qacTnu, npoxoastmnx 

r 
:· 

'qepes ·,KaMepy B saaaHHbifi HHTepaan BpeMeHn, K co6nparomeMy aneKTpoay 

KaJKaofi KaMepbi noacoeanHstncst HHTerpaTop TOKa, BbiaaBaBnmfi nmjJOpMaunro 

B Bnae nocneaoBaTen:oHoro qncna nMnyn:ocoa, nponopunoHan:oHoro cyMMap

HOMy qncny nap HQHOB0 o6pasoBaHHbiX B pa6oqeM o6'beMe KaMepblo HHTer

paTOp ToKa noqTn uennKoM co6paH n:A nonynpoaoaHHKOBbiX aneMeHTax, sa 

ncKnroqegneM aneKTpoMeTpnqecKofi naMnbi B BbiHOCHoM 6noKe, npncoeanHSIB

IlleMcst annoTHyro K co6nparoiUeMy aneKTpoily KaMepbi. CxeMa HHTerpaTopa 
-9 -6 

TOKa 6bma ncnbiTaHa anSI sHaqeHnfi axoaHoro TOKa oT 10 ao 10 a n ero 

·xapaKTepncTnKa HafiaeHa nnHefiHofi c ToqHoCTbiO "" 1% B ananasoHe 0,1 .. 

.. wo repu. 

§4.· ITonynpoaoaHHKO.f3bie KpeMHHeBbie aosnMeTphl 

B HacTost.mee BpeMSI KpeMHneBbie n repMaHneBbie anoabi lllnpoKo ncnon:o-
/5/ 

syroTCSI KaK· aeTeKTOpbi oanHoqHbiX sapstlKeHHbiX qacTnU • B pemnMe. pa6o-

Tbi "conHeqHoro. aneMeHTa" KpeMHHeBbie aeTeKTopbi B nocneaHee BpeMSI 

HaxoastT npnMeHeHne n KaK aosnMeTpbi pas~mqHbiX anaoB nsnyqeHnst. llnst 

aosnMeTpnn npoToHHoro nyqKa HaMn ncnon:osoaannc:o KpeMHHeBbie aeTei<TOpbi 

THna Si(Li) B BHae UHnnHapoB TOniiiHHOfi 3 MM H anaMeTpOM 3 MM0 sa-

KpenneHHbiX B cTaHaapTHbiX paanoqacToTHbiX pas'beMax. TomunHa. qyacTBH;.. 

Ten:oHoro cnost cocTaBnstna · B ncnonbsoaaHHbiX aeTeKTopax "' 1 MM. 

ITpn · BHeceHnn B none nsnyqeHnst KpeMHH9Bbifi anon pa6oTaeT KaK ·reHe

paTop TOKa C Kflll B H9CKbnbKO npolt9HTOB 0 HM9IDIUHfi BHYT!)9HHee COnpOTHB::_ 

nenne, paBHoe ero npstMoM~ conpoTHBneHnro npn nanpstJKennn B HecKon:oKo 

MHnnnaonbT. Ecnn KpeMHneBbift neTeKTop pa6oTaeT B pelKnMe KopoTKoro 

saMbiKaHHSI 0 T.e. BXOAHOe conpOTHBneHne aneKTpoMeTpa, HSMepstromero TOK 0 

Hnst; 9 
~nst norrepeqnoro 
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I MHoro MeHbme npRMoro conpoTRBneHHR ncnonbayeMoro anoaa npn H8npRm~HHR 

B HeCKOnbKO MHnnHBOnbT1 T01 KSK 3TO HeOaHOKpSTHO npoBepRnOCb HSMH 

sKcnepnMeHTanbHo, o6ecneqns8eTCR nRHe~HOCTb Memay nornomeaao~ aoao~ 

. H H3MepgeMbiM TOKOM B illRpOKOM aRana30He HHTeHCHBHOCTH RanyqeHRRo 

CneayeT, oaH8K01 oTMeTHTb1 qTo scneacTBRe· p8aR8UHOHHbiX nospem

aean~ KpncTannnqecKoro KpeMHHR npn o6nyqeann.B npoTOHHOM nyqKe qys

cTBHTenbHOCTb KpeMHReBbiX aoanMeTpOB 38MeTHO yMeHbill8eTCR nocne cyM-1 

M8pHo~ nornomeaao~ aoabi a aecKonbKO aecRTKOB Kpan. nosToMy ·KpeMane

Bbie aoanMeTpbi, ·RcnonbayeMbie. B 86comoTHbiX RaMepeHHRX1 aonmHbi pery

nRpHo Kann6poBaTbCR no apyrnM npn6opaM. 

Manbie paaMepbi KpeManeBbiX l:t03RMeTpoB noasonnnR ncnonb3oBaTb 

RX anR CHRTRR X8paKTepncTRK pacnpe~:teneang norn~meHHO~ l:t03bl H8 p83Hb!X 

rny6RHax TKaHesKBRBaneHTHoro ~aHTOMa. 3neKTpoMeX8JIHqeqKoe ycTpo~cTB0 1 

. ynpasnReMoe aRcT8HUROHHo 1 o6ecneqnsano nn8BHoe nepeMemeane nonynposon

HRKOBbiX l:t03RMeTpOB B asyx B38HMHo-nepne~ll:tHKynRp11blX HanpaBneHHRXo 

Pene~118R CHCTeM8 ynpaBne11RR 1:tBHme11HeM J:teTeKTOpOB BbiHeCe11a B nynbTOBYIO 

H HCKniOq8eT Ol:tHOBpeMe11HOe l:tBRme11He 060HX AeTeKTOpOBo nng 38nHCH Benn

qH11bl nornomeaao~ noabi ncnonbaosanncb sneKTp61111bJe caMonnmymne npn-

6opbi 3nnB Rnn .3nn, perncTpRpyromRe 118 ne11Te. cnrH8n c nonynposoaHR-

KOBb!X aeTeKTOpOBo . 

<l>a11ToM. CaRTne KpRBbiX Epsrra n nonyqeane H30I:t0311biX KapT B TKaae-

3KBHI38neHTHbiX cpeJ:tllX C IIOMOWb!O HOHH38UROHHbiX K8Mep R rronyrrpOBOA!i:HKO

BbiX A03HMeTpoB rrpoHGBoannocb 118 ~aHToMe R3 rrneKcnrnaca, Maccosag 

TOpM03118R CIJOC061IOCTb KOTOporo PIJR Bb!COK031IepreTH'q1lblX 11pOT0110B Bcero 
/~ . . 

118 3% OTIJHqaeTCR OT TSKOBOfi AIJR MRrKO~ TK8HHo <f>aHTOM BbJIJOIJHeH B 

Bnae l:tBYX KnH11beB: rro~:tBnmaoro 6onbmoro Ii H;,moABHm11oro Manoro KnRH8 1 

yCTSHOBIJeHHb!X T8K1 'qT06bi TOIJillHHa IJIJOCKOll8p81Jllenb110rO CIJOR BemeCTBa 

H8 nyTR llpOTOHHOrO rryqK8 IJIJ8BHO H3MeHRIJ8Cb npH ABHme11HH 6onbillOrO 

Knn11a. P8BHOMepaoe nepeJ:tBHmeHne 6onbmoro KnHH8 n B03MomHoCTb ~nKcn-

10 

-·- ---........ 

... 

• 

poB811HR ero B nro6oM. nonomeHnR noasonReT nn8B110- nnR cTyneJ 

nHitHBSTb RnR yMe11bill8Tb CyMMapHyiO TOnJllHHY BemeCTBa Ha ny 
2 

B npe~:tenax oT 7,6 l:tO 24,3 r/cM n o6ecneqn)3aeT aarrncb aa ' 

neHTe CSMOIIHillyillHX npH60pOB KSK KpHBbiX Epsrra1 TSK R p8Cil 

l:t03bi a· rronepeq11oM ceqeanR npoT011Horo ny~a. 

Orrpenene11Re saeprun rrpoTOH11oro rryqKa. 'Bo· speMR l:t03H 

H3Mepe11H~ ABe· M8nbJe H011H38UHOH11b!e KSMepb! . yCT8118BnHBanuc: 

npoT011Horo rryqKa ao R nocne KonnRMaTopao~ cncTeMbl 118 o6w 

orrop11o~ Kono1111blo Oc11osHaR q8cTb aoaRMeTpRqecKofi arrnapaTyl 

Hbl~ ~a11TOM H3 nneKCRrnaca, nonynpOBOaHRKOBbl9 aoaHMe~pb! Jl 

H011H38UROHH8R KSMepa 6onbmoro l:tHSMeTpa - ycTa11aBnHBanaCb 

KOHCOnH C BepTHKanbHO~ OCb!O 13pame11HR1 npoXOI:tRille~ qepe3 UE 

KonOHHbl (puc. 1,2). nepeJ:t ce~HCOM o6nyqeHRR KOHCOnb IIOBOp . 

TSKRM o6p830M1 qT06bJ l:t03RM9TpRqecK8R arrnapaTypa YCT8118BnJ 

OCR llpOTOHHOrO nyqKa1 npuqeM HeJJOABHmH8R 38/:tHRR noBepXHOC 

rrpoxonnna .qepea OCb spameHRR Kpecna R rrpe~:tnonar8eMoe p~cr 

o6ny'l8eMoro o6'beKTa. ·nocne l:t03RMeTpuqe~KRX R3Mepe11Rfi Ko11cc 

.nacb, ocso6omaag MecTo nnR ycTaHoBKR sepxne~ q8cTR poTauuo11 

nng onpeneneHHR 3HeprRH npOT011110rO nyqKa1 Bb!Beae11110r 

nyp11oe IIOMerne11Re1 C nOMOillbiO HOHH38UR01111b!X KaMep RnR non; 

KOBOrO l:t03HMeTpa 1 38~HKCRpOB811HOrO H8 OCR JJyqKa nyTeM paB 

naMeaeami TonmRHbi ~aHTOM81 CHRManRCb KpHBbie Epsrr8, rrpe! 

co6oii B nepBoM rrpR6nnmemm naMeHe11Re noTepb saeprnn rrpoTc 

HnH KpeMHHH B 38BHCHMOCTH OT TOnillH1Ibl 38MennnTeng. 3aaqe11 

npo6era, a, cnenoBaTenbHo, n cpeaae~ saeprnn npoTo1111oro ny• 

• • E ( 17/) BbJqHCllJ!:Tb H3 3KCllepnMeHT81JbHOH KpHBOH psrra CMo H J 

rrocneaane i:l8HHbJe o6 no11II3aunoH11biX rroTepRX n npo6er8X rrpc 
. /6/ . 

IJH'qHblX BelleCTB8X 
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ro nHona npH nanpg~~¥HH 

npoBepRnOCb HaMH 

:y nornomennoif noaoif 

BHOCTH H3ny'leHHRo 

:nHaUHOHHbiX ITOBpe~-

POTOHHOM ITy'IKe 'lyB-

H&lllaeTcR nocne cyM-1 

ln. nosTOMy KpeMHHe-

eHHRX, non~Hbi pery-

nHnH HCITOnb30BaT& 

:!HHOH .n03bi Ha pa3HbiX 

aHH'leqKoe ycTpOHCTB01 

!peMemenHe nonynpoaon-

fbiX HanpaBneHHRXo 

B BbiHeCeHa B nyn&TOBYIO 

1pElBo nng 3aiTHCH BenH-

~ CBMOITHillYinHe ITpH-

·nan c nonynpoaonHH-

IOn03HbiX K8pT B TKaHe-

Mep H nonynpoaonHHKo-

:Hrnaca, M8CCOBaR 

ff'IHbiX npoTOHOB Bcero 

<lJaHTOM BbiiTOnHeH B 

KHoro Manoro KnHHa, 

~oro cnog aemecTBa 

m~eHHH 6on&llloro 

B03MO~HOCTb ~HKCH-

i 
I 

·~ 

I 
f 

I 
j 

• 

poBaHHR ero B ni06oM.nono~eHHH noaaonReT nnaBHO.HnH cTyneH'laTo yBe

nH"HBaT& HnH yMeH&Ill8Tb CyMMapHyiO TOnmHHY BemeCTBa Ha ITyTH ny'IK8 
2 

B npenenax OT 7,6 no 24,3 r/cM H o6ecne'IHBaeT aanHc& na llBHmymeftcg 

.nenTe caMOITHillYinHX npH6opoB KaK KpHBbiX Bparra, TaK H pacnpeneneHHR 

noahl a· nonepe'IHOM ce'leHHH npoToHHoro ny'IKa. 

OnpenenenHe sneprHH npoTOHHoro ny'IKa •. Bo BpeMR noaHMeTpH'IeCKHX 

H3MepeHHfi nBe M8nbie HOHH38IlHOHHble KaMepbi . YCT8H8BnHBanHCb Ha OCH 

npoToHHoro ny'IKa no H nocne KonnHMaTopnoif CHCTeMbi na o6mell nnHTe 

OITOpHoll KOnOHHbio 0CHOBHaR 'laCTb noaHMeTpH'19CKOll annapaTypbi - nonBH~

Hblil ~aHTOM H3 mieKCHrn_aca, nonynpOBOnHHKOBbie noaHMeTpbi H TpeT&R 

HOHH3aUHOHHaR KaMepa 6on&lllOrO nHaMeTpa - ycTaHaBnHBanac& Ha nnHHHOft 

KonconH c sepTHKan&noit oc&IO. spamennR, npoxongmeit 'lepea uenTp onopnoll 

KonoHHbi ( pHc. 1,2). nepen ce~ncoM o6ny'leHHR Koncon& noaopa'IHBanac& 

TaKHM o6paaoM, 'IT06bi noaHMeTpH'IecKag annapaTypa ycTaHaBnHBanac& na 

ocH npoTonnoro ny'IKa, npu'leM nenonBH~HaR aanHRR nosepxnocT& ~aHTOMa 

npoxonHna .'Iepea oc& BpameHHR Kpecna H npennonaraeMoe p~cnono~enHe 

o6nyqaeMoro o6'beKTa.·nocne noaHMeTpH'le~KHX H3MepeHHll Koncon& oTonBHra.

.nac&, OCB06o~ag MeCTO nng ycTSHOBKH Bepxneft 'ISCTH pOT8IlHOHHOro Kpecna. 

nng onpeneneHHR SHeprHH npoTOHHoro ny'IK81 BhlBeneHHoro B npoue

nypnoe ITOMemeHHe, C ITOMOinbiO HOHH3aUHOHHbiX KaMep HnH nonynpOBOnHH

KOBoro n03HMeTpa, 3a~HKCHpOB8HHOro Ha OCH ITY'IKa nyTeM p8BHOMepHoro . 

H3Menenmi TonmHHbi ~aHTOMa, CHHManHc& KpHBbie Bpsrra, npencTaBnRIOinHe 

co6oft B nepBOM npH6nH~9HHH H3MeHeHHe ITOTep& SHeprHH npOTOHOB B aproHe 

HnH KpeMHHH B 38BHCHMOCTH OT TOninHHbl 38MennHTeng. 3Ha'leHHe Cpennero 

npo6era, a, cnenoaaTen&Ho, H cpenneif sneprHH npoTonnoro ny'IKa Mo~Ho 
. IV 
Bbi'IHCnHTb H3 SKCnepHM9HTan&HOfi KpHBOH. Bpsrra ( CMo ) H HCnon&3yg 

nocnennHe naHHhle o6 HOHHaauHoHHbiX noTepRx. H npo6erax npoToHoB B paa-
. /6/ 

nH'IHbiX BemecTB8X 
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B rrony'leHHoe aHa 'IeHne cpermero npo6era npoTOHOB R o B o6meM 

cnyqae H8AO BHeCTll IIOIIp8BKY H8 a¢¢eKTbl MHOI'OKpaTHOI'O KYIIOHOBCKOI'O 

pacceHHHH n HAepaoro BSanMoneacTBHH npoToHoB B npouecce TOpMo~eHnH. 

0TaocnTenbHOe yKopaqnsaane npo6era onpenenHeTcH B nepsoM npn6nn~eann 

cpopMynoa
11 1 

11 R 1 R · = Z 1 6400, rne Z - cpenana aTOMHhrfi HoMep 

semecTsa aaMennnTenH. B cnyqae TKaaeaKsnsaneHTHoro cpaHToMa ( Z ~ 6) 

/1R -3 T "' ·10 . • nonpaBKa Ha HAepHoe B38llMOAeacTBHe OUeH!IBanacb B pa-

18.91 
fioTaX ' ll COCTSBIIHeT AIIH MeAH /1RIR = 0,07%, 06e 3TH nonpaBKll 

M8Ilbl ll llX MO~HO He Y'lllTbiB8Tb B A03IIMeTpll'leCKllX ll3MepeHHHX, rAe TO'I

HOCTb OIIpeneneHHH ll03bl He npeBOCXOilllT 1%, 
0THomeane opnnHaT pacq~THbiX KpHBbiX Eparra noasonHeT Bhr'lncnHTb 

IIOIIpaBKy H8 HeTKaHeaKBHBaneHTHOCTb peanbHbiX neTeKTOpOB B 38BIICllMO-

CTll OT TOniUllHbi 38Me~nnTenH II3 MHI'KOH TK8Hll, B MaKCHMyMe. KpllBOH 

Eparra• 3TH norrpaBKll llOCTnraiOT 5% ll non~Hb~ Y'lllTbiBaTbCH rrpn ll3MepeHHHX 

CKOpOCTII HaKonneHIIH ll03bl B p83IIll'IHbiX Y'I8CTK8X fiparroBCKOH KpllBoa 

ll IIOCTpoeHHII II301l03HbiX KapT, 

Kann6posKa noanaaunoHHbiX KaMep. Bo speMH nposeneanH Kann6posoq

HhiX II3Mepeana C llOHll38UllOHHb!Mll .KaMepaMII nneKcnrnaCOBbiH cpaHTOM yfin-

·pancH na ny'IKa n see Tpn noanaaunoHHbre KaMepbt ycTaaasnnsanncb TaK, 

'IT06hr npoTOHHhiH. ny'IOK npoxonnn no·cnenosaTenbHo qepea see noanaaunoa

Hhr~ KaMepbr n nornomancH B unnnanpe <PapaneH, 3a onpeaeneHHhrfi IIHTepsan 

BpeMeHH ll3MepHIICH CpellHllfi TOK UlliillHilpa <flapaneH H 'IHCIIO OTC'I~TOB K8~

ll0H. KaMepbi, 

KaniifipOBO'IHbiH KOacpcpuuneHT KS~IlOH HOHH38UllOHHOa KaMephl orrpene

IIHIICH IIO cpopMyne 

2 

K I= 10 11 _i_ ( ~Xl+K) 
n I dx T 

·-·- ___ Rai:J, CM (1) 
1 OTC'I~T KaMepb! 
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10 11 u 

rne: - nepeBOilHOll MHO~HTenb~ - TOK unnnanpa <Pap 

rrepax; n I - 'lllCIIO OTC'I~TOB IIOHII38UIIOHHOH KSMepb! B 1 CeK 

. . M' I 2 
llOHH38UIIOHHbie IIOTepH IIpOTOHOB B aslr CM B MHrKoa TKal 

run npoToHoB T ; K - norrpaso'IHbrfi KoacpcpnuneaT, B o6me1 

IIpellCT8BIIH!Ollllla COfiOfi CyMMy II0Ilp8BOK K = r K 1 K 1 - Ill 

Hnepaoe nornomeane n MHoroKpaTHoe KynoaoscKoe pacceHHHe 

IIY'IK8 BO BXOAHhlX cponbrax ll BHyTpeHHIIX aneKTp01l8X IIOHll38U 

K 2 - IIOIIpaBKa Ha pacceHHlle ll TOpMo~eHne. IIpOTOHOB B: CTE 

'lllB810lllero KOIIIIIIMSTOpaj K a nonpaBKa Ha. BKnan B nornor 

BTOpll'IHbiX '18CTHU, B03HllK810lllllX IIpii HllepHblX B38llMOAefiCTBil 
• • u 1101 

IIy'IK8 B TOpM03HOH cpene 

Ha ocaosaann nposeneHHhiX aKcnepnMeHTanbHhiX naMepe! 
1101 

TII'IeCKllX oueHOK IIony'leHO 

K' =1 K1=< 10:t_3)% + (0:t_2)% + ( 10:t_5)% ( 20±.6)% lliiSl 

B nyqKe CTOHT BCe Tpii IIOHII38UllOHHb!e KSMepbi, II 

K =~KI !'(7:t_3)% + (0:!:..2)% + (10:t_5) = (17:t_6)% lliiH C 

B nyqKe CTOHT KaMepbi 1 ll 3, 

B o6onx cnyqagx omn6Ka cyMMapaofi nonpaBKn onpenen£ 

KopeHb KBanpaTHbiH ll3 cyMMbl KBanpaTOB OlllllfiOK OTileiibHbiX 

npn onpeneneann nonaofi norpelllHOCTH senii'IHHbi K 1 aeo6x 

Y'lllTb!B8Tb OlllllfiKy B II3MepeHHHX Benn'IHHbl TOKa . UliiillHilpa ¢ 

qafiHhifi paa6poc oTnenbHbiX naMepeanfi, o6ycnosneHHbiH aecTa 

napaMeTpos scefi perncTpnpyromefi annapaTyphi. 3ToT paa6poc 

no nsanuaTn .ABYM cepHHM oTaenbHhiX naMepennfi, cocTasnHeT 

Tllpy!Olli8H OllllffiKa KannfipOBO'IHOI'O Koacpcp!fUIIeHTa llOHll38UllOHH 

cocTaBngeT npn TaKoM cnocooe naMepennfi, npnMepao, 10%. 

Menee TO'IHO KannfipOBO'IHbl.ll KoacpcpnuneHT KaMepbl MO~l 

ll npyrnM MeTOA~M - IIyTeM a6COIIIOTHb!X li3MepeHnfi IIOHli38Ul 

caMoii KaMep.bi, B aToM cnyqae 
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lTHoro KynononeKoro 

rrpoueeee TopMo:m:eHHSI. 

B rrepBoM rrpn5nn:m:ennn 

:nil: 8TOMHb!H HOMep 

10ro ljJanToMa ( Z ~ 6) 

·nne• ouemmanaeb B pa-

; 05e aTn rrorrpaBKH 

K H3MepeHHSIX1 rae TO'!-

l II03BOnSieT Bbl'IHenHTb 

eKTOpOB B 38BHeHMO-

MaKenMyMe KpHBOil: 

:biB8TheSI !Ipll ll3MepeHHSIX 

iparroBeKOH KpHBOil: 

lponeaennSI Kann5poBo'I

IrnaeoBbiil: ljJaHToM y5n-

yeTaHaBnHBanHeb T8K 1 

'Iepes nee nonnsaunoa

orrpeueneHHbiii: HHTe pnan 

ll '!Reno OTe'IeTOB K8:1K-

)HHoil: KaMepbi orrpeue-

2 
.£!:!.__ 
Mepbi 

(I) 

~! 

if 

rae: 10
11 

- rrepenoanoil: MHo:m:nTenh~ i - TOK unnnaapa <PapaaeSI B aM

rrepax; n 1 - '!Reno OTe'IeTOB HOHH38UHOHHOil: KaMepb! B 1 eeK; (dE/ d x) -
2 . . T 

noansaunoHHbie rroTepu rrpoTOHOB B M an/r/ eM B MSirKoii: TKaHH rrpn aaep-

rnn rrpoToHoB T ; K 

rrpeaeTaBnSiroiiinil: eo5oii: 

- rrorrpaBO'IHbiil: Koa<l$nuneHT 1 

eyMMy IIO!IpaBOK K ~ ~ K
1 I 

B o5meM enyqae 

K 1 - rrorrpaBKa Ha 

Siaepnoe rrornomenne n MHoroKpaTaoe KynoHoBeKoe paeeeSIHHe rrpoToHHoro 

IIy'IK8 BO BXOilHb!X ljlonhrax ll BHyTpeHHHX aneKTpOil8X HOHH38UllOHHb!X KaMep; 

K2 - rrorrpaBKa na paeeeSIHne n. TopMo:m:enne. rrpoToHoB n·eTeHKax orpaan-

'IllB8IOIIIero KOnnHMaTopa; K a rrorrpaBKa Ha BKnall B rrornomenayro ll03Y 

BTOpll'IHb!X '!aeTHU 1 B03HHK8IO!IIHX IIpll SiaepHbiX B38llMOileil:eTBHSIX IIpOTOHOB 
/10/ 

IIy'IK8 B TOpM03HOii: epelle 

Ha oeaonaann rrponeaeHHbiX aKerrepnMeHTanhHbiX nsMepeanil: n: Teope
/10/ 

TH'!eeKHX OUeHOK IIony'IeHO 

K · =1 Kt ~( 10±.3)% + (0;t.2)% + ( 10:!:.5)% (20±.6)% llnSI eny'IaSI,KOrlla 

B IIY'!Ke CTOSIT Bee Tpn llOHH38UllOHHb!e KaMepbi1 ll 

K ~~K 1 H7;t.3)% + (0;:1:2)% + (10±.5) ~ (17:!:.6)% ans:r eny'IaSI, Korua 

B IIY'!Ke eTOSIT KaMepbl 1 n 3. 

B o5onx eny'IaSix omn5Ka eyMMapnoil: rrorrpaBKH orrpeaenSinaCb KaK 

KOpeHb KBaapaTHbiH ll3 eyMMbl KBaupaTOB Oillll50K oTaenbHblX enaraeMbiX. 

Tipn orrpeaenennn rronaoil: rrorpemnoeTn nenn'IHHbi K 1 

Y'IHTb!B8Th Oillll5Ky B ll3MepeHHSIX Benn'IHHbl TOKa . UllnHHapa ¢apaueSI H eny

'I8HHb!H pas5poe oTaenhHbiX nsMepeanil:, o5yenonneHHbiii: aeeTa6nnhHoeThiO 

rrapaMeTpoB neeil: perneTpnpyromeil: arrrrapaTypbi. 3ToT pas5poe, yepeaneHHbiil: 

rro unauuaTH .llBYM eepnSIM oTuenhHbiX H3Mepennil:, eocTaBnSieT ±.5%. Pesynh

THpyromaSI OillH5Ka KanH5pOBO'IHOro KoaljlljJnunenTa HOHH38UHOHHOH KaMepbl 

eoeTanns:reT rrpn ·TaKoM erroeo6e nsMepenil~, rrpnMepao, 10%. 

Menee TO'IHO Kann6pono'IHbilf Koa¢qmuneHT KaMepbi Mo:m:no orrpeaenHTh 

H upyrHM MeTOilOM - IIyTeM a6eoniOTHbiX H3MepeHHH HOHll38UHOHHOro TOKa 

eaMoii KaMepbi. B aToM enyqae 
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I 
) ~ 

I I 

! 

I 

rne: 

5 • 

KI = 10 ..!..!. 
, ni 

(L) 

--(dE 
q(dE/dx) --;;-) Tk 

Ar 

5 
10 - nepeBOI:tHOH MHO)KHTem>, 

"2 
pan.cM 

OTC'leT KaMepbi 

i k TOK HOHH38UHOHHOH KaMepbl. B aMnepax, 

D I - 'lHCnO OTC'leTOB K8Mepbi B 1 ceK, 

( 2) 

(L) 3Hepi"'HSI 0 38Tp8'lHB8eMaSI H8 o6p830B8HHe 0/:tHOH napbi HOHOB B 

aproHe B K 
. 2 

q - TonmnHa 'lyBCTBHTen&Horo·cnoSI raaa .s xaMepe s r/cM • 

.Unst ncnonbayeMbiX KaMep q = 1,~ J0-
2 

r/cM
2 

( dE/ dx ) TK H 

(dE/ dx) Ar HOHH38UHOHHbie noTepH npOTOHOB B MSII"'KOH TK8HH H ap~ 

I"'OHe, COOTBeTCTBeHHO. 

3Ha'leHHSI K I , nony'leHHbie no <jlopMyn"e ( 2) B TOM me C8MOM ceaH-

qe o6ny'leHnst, xorna onpenenstnnc& aHa'leHnSI· K I no <jlopMyne ( 1), xopomo 

cornacyroTCSI Memay co6oii, oaHaKo BTopoii MeToa. npencTasnsteTCSI MeHee 

TO'lHbiM H3-38 cny'lBHHbiX. 38I"'pSI3HeHHil: 1"'838 0 BnHSIIDWHX H8 3H8'leHne BenH-

'lHHbi (L) B <jlopMyne (2), KOTOpOe Henb3SI yqeCTb. 

Kann6posxa 11onynposonHHKOBbiX neTeKTopos. Kann6posxa _xpeMH11eBbiX 

nonynposoaHHKOBbiX neTeKTopos 11ponaaonnnacb cnenyrom11M o6paaoM. nnHaa 

Ng7 <jlo:Kycnpyromero xailana OTKnro'lanacb~ B peayn&TaTe ae<jloxycnpoBKH 

11poToHHbiH ny'loK B MecTe pac11onomeHHSI orpaH11'lHBaromero xonnnMaTopa 

pacumpstncst 110 nnaMeTpy 11p11MepHo B nsa paaa Tax, "'ITO .B npenena·x 

pannyca 2,5 eM HeoaHopoAHOCTb 11y'lKa He npeBbilllana 5% • .Uanee 11nexcnrna

COBbiH <jlaHTOM 11 BTOp8SI HOHH38UHOHH8SI K8Mepa y6npanHCb C npOTOHHOI"'O nyq

Ka, a orpaHH'l11Baromast cexunst xpyrnoro xonnHMaTopa Bbii:lBnranacb Bl1noT

HYID K nnocxocT11 nepeMemeHHSI 11onynpoBOAHHKOBLIX neTeKTopos. 
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B aToM cnyqae 11o11epe'lHoe pacnpeneneHne A03bi, naMepeE 

npOBOAH11KOBbiM AeTeKTOpOM, HMeno H8. neHTe C8MOIIliCU8 110'lTH 

ronbHbiH ann. Dpn aTHX naMepeHHSIX Taxme <jlnxc11posanncb 11oxa 

HOHH38UHOHHbiX K8Mep. 

B aTHX ycnosnstx cpeaHSISI Aoaa, nornomeHHaSI B .Te'leHne < 

HOI"'O 11pOMemyTK8 BpeMeHH s6nH3H BbiXOI:tHOI"'O OTBepCTHSI OI"'p8HI 

xonnnMaTopa, o11penenstnach c 110MOWbiD cr.~Ayromeii <jlopMynhi D 

rAe KI
3

- Kann6pOBO'lH8SI nOCTOSIHH8SI TpeTbeH HOHH38UHOHHC 

N 3 - qncno oTC'leToB TpeTbeii xaMepbi aa o11peneneHHbiH npo11 

BpeMeHH, S - nnomaAb 11o11epe'lHOI"'O ceqeHHSI KonnnMaTopa B 

"'IeHne. D conocTaBnstnocb Aanee c pac11peaeneHneM A03bi, H3M 

nonynpOBOAHHKOBbiM A0311MeTpOM 0 11 H8XOA11nCSI Kann6pOBO'lHbiil: I 

K D. 

3a BpeMSI OHHOI"'O ceaHC8 o6ny'leHHSI 'lyBCTBHTenbHOCTb noJ 

BOAHHKOBbiX AeTeKTOpOB BCneACTBHe panHBUHOHHbiX 110BpemAeHHl 

acero H8 _2-3%; 11oaToMy xann6poBo'lHbiH Koa<jl<jlnuneHT 11ony11poa 

/:t03HMeTpa MO)KHO 6binO C'lHT8Tb 110CTOSIHHbiM B Te'leH11e · OAHOI 

11 ~cl1onbaoaaTh aTOT noanMeTp nnst onpeAeneH~SI a6conroTHoii B 

110I"'nomeHHOH_ A03bi 11pH p83HbiX ycnOBHSIX o6ny'leHHSI. 

To'lHOCTb xan116poBO'lHOI"'O xoa<jl<jlnuneHTa nonynpoBoAHHKOB< 

Topa Kn Hecxonhxo yxy.lllllaeTCSI 110 cpaBHeHnro. c TO'lHOCTbiD E 

Ta. K I BCnenCTBHe HeKOTOpOH HepaBHOMepHOCTH ( "' 5%) paC 

nornomeHHOH A03bi B pa3HbiX yqaCTKaX Ce'leHHSI 11pOTOHHOI"'O 11Y'l 

nHeT B p830BbiX 113MepeH11SIX : M( D =±) 1%. 

DocTpoeHne 1130ij03HbiX xapT. EnaroAapH ManbiM paaMepall 

npOBOUHHKOBbie A03HMeTpbi lllHpOKO npHMeHSinHCb. H8MH B U03HME 

113MepeHHHX 110 nay'leH11ID pac11peneneH11st 11ornomeHHOii A03bi B I 
' 

ycnOBHHX 06}ly'leHIIH1 · He06XOUHMblX AnSI 110CTpoeH11H ll30U03HbiX 

110nyrrpOBO/:tHHKOBbiH neTeKTOp ycTaHOBneH Ha OCll IIy'lK81 TO nna 
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~pbl 
( 2) 

le OilHOil: napbl HOHOB 'B 

2 
caMepe B r/cM • 

( dE/ dx 

B B MHf'KOil: TK8HH H ap~ 

B TOM )l{e C8MOM cetlH-

no <fJopMyne ( 1) 1 XOpOIUO 

IpeacTaBnSieTcSI MeHee 

l!UHX Ha 3HaqeHH9 BenH-

Kanu6poBKa .KpeMHHeBbiX 

lYIO!UHM o6paaoM, nuHaa 

nhTaTe ae<!JoKyCHpOBKH 

>aromero KonnHMaTopa 

:, 'iTo .B npeJlena·x 

na 5%, nanee nneKCHf'na-

panHCb C npoTOHHOI"O nyq

pa BbiABHranach BnnoT-

JleTeKTOpOB, 

B STOM cnyqae nonepeqHoe pacnpeJleneHHe Il03bi, H3MepeHHoe nony-

npOBOJlHHKOBbiM )leTeKTOpOM1 HMeno Ha neHTe CBMOnHCUB nO'iTH npHMOy

I"OnhHbitl: BHJl, I1pH STHX H3MepeHHHX · T8K)I{e <fJHKCHpOBanHCb nOK838HHH 

HOHH38UHOHHbiX KBMep, 

B STHX ycnoBHHX cpeJlHHSI JlOaa, nornomeHHaH B TeqeHHe onpe!lenea

Horo npOMe)l{yTKa BpeMeHH B6nH3H BbiXOJlHOf'O OTBepCTHSI OT'pBHH'iHBBIO!Uero 

N KonnHMaTopa, onpeJlenHnacb c noMO!UhiO C«"lilYIO!Uetl: <fJopMynbi D=K~ - 3 pall, 

s 
f'Jle K 13 - KanH6poBO'iH8H noCTOHHHBH Tp9Theii HOHH38UHOHiiOtl: KBMepbi1 

N 3 - qucno OTC'ieTOB TpeTheii KaMepbi aa onpeJleneHHbitl: npoMe)l{yToK 

2 
apeMeHH, S - nnoma!lh nonepeqHoro ceqeHHH KonnHMaTopa B eM • 3Ha-

qeaue D conocTaBnHnocb Jlanee c pacnpeJleneHHeM Jl03bi, H3MepeHHbiM 

nonynpOBOJlHHKOBbiM Jl03HMeTpOM1 H HBXOJlHIICH KBIIH6pOBO'iHb!tl: KOS#HUHeHT 
K D. 

3a BpeMSI OJlHOf'O ceaHCa o6nyqeHHH 'iYBCTBHTenbHOCTb nonynpo

BOJlHHKOBbiX )leTeKTOpOB BCIIeJlCTBHe pBJlHBUIIOHHblX noape)I{JleHHil: H3MeHHII8Cb 

Bc,ero H8 . 2-3%; noSTOMy Kanii6poBO'iHbiii Kos<fJ<fJIIUHeHT nonynpOBDJlHIIKOBOf'O 

Jl031IMeTpa MO)I{HO 6binO C'iUT8Th noCTOHHHbiM B Te'ieHHe OJlHOf'O ceaaca 

H ~cnonb30BaTh STOT Jl03IIMeTp JliiSI onpeJleneH~H a6conroTHotl: Benii'iiiHhl 

nornomeHHoii. Jl03bi npu pa3HbiX ycnoBIIHX o6nyqeHnH. 

ToqaocTh Kann6poBO'iHoro Kos<fJ<PnuueaTa nonynpoBOJlHHKosoro 

Topa K 0 aecKonhKO yxyniUaeTcH no cpaBHeHHIO· c TO'iHOCThiO Kos<!J<Pnuuea-

BCIIeJlCTBHe HeKOTOpoii HepaBHOMepHOCTH ( ~ 5%) pacnpe)leneHHH 

nornomeHHOii Jl03bl B pa3Hb!X yqacTKBX ceqeHHH npoTOHHOf'O nyqKa H COCT8B-

nHeT B paaoBbiX H3Mepeamrx M( p =;!:) 1%, 

ITocTpoeaue naonoaHbiX KaoT, EnaroJlapH MBIIbiM paaMcpaM nony-

npOBOJlHllKOBb!e Il03HMeTpb! IUHpOKO npHMeHHIIHCb. HBMH B Jl03llMeTpH'ieCKHX 

HaMepeHHHX no u3yqeauro pacnpeJleneHnH nornomeHH~tl: Jl03bi B paanH'iHbiX 

ycnoBHHX o6.nyqeHIIH, · neo6xoJlHMbiX JlnH rrocTpoeHHH H30Jl03HbiX KapT, Ecmr 

nonynpOBOJlHllKOBbitl: JleTCKTOp YCTBHOBneH Ha OCH nyqKa, TO nnaBHO H3MeHHH 
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TonmnHy KnnHa, MO~Ho nonyqnTb Ha neHTe caMonncua KpHBYID Eparra H no 

Heft onpeAenHTb cpeAHIDID 9HeprniD npoTOHHOro nyqKa H ero paa6poc. 

OcTaHaBnnBasr KnHH B pHAe nocneAoBaTenbHbiX nono~eHHH n nepeMe-

masr nonynpOBOAHHKOBbie AeTeKTOpbl B nnoCKOCTH0 nepneHAHKynsrpHOH OCH 

npoTOHHoro nyqKa, MO~Ho nonyqHTb pacnpeAeneHne nornomeHaoft A03hl aa 

paaimqHbiX rny6naax nneKcnrnacoBoro <t>aaToMa. BnA aeKoTOpbiX THnHqHbiX 

KpHBbiX pacnpeAeneamr nornomeafioft \A03bi BAOnb ocn npoToaaoro nyqKa 

H B l!ecKonb~Hx nonepeqHbiX ceqeansrx t!>aaToMa nao6pa~eH aa pnc. 4. 

B nonyqeHHbie peaynbTaTbi, .cornacao pacqeTaM, BHocnnacb ae6onbmasr 

nonpaBKa He HeTKSHe9KBHBaneHTHOCTb KpeMHHH 0 a TSK~e yqHTbiBanOCb pa3-

nnqne yAenbHoro Beca H MSCCOBOH TOpM03~0H cnoco6HOCTH MllrKOH TK8HH 

H nneKCHrnaca. flo 9THM ASHHbiM AnH paanHqHbiX ycnoBHH o6nyqeHHH CTpo

HnHCb ~30)l03Hble KapTbi 0 OAHS H3 KOTOpblX ITOK838Ha Ha pHC, 5, 

BcneACTBne BpeMeHHhlX t!>niDKTyaunft HHTeHCHBHOCTH npoToHfioro nyqKa 

( o6biqao B npeAenax 5-10%), Apeftt!>a Hynsr ycnnnTensr TOKa H HecTa6nnbHo-

CTll TOKS OTKnOHHIDmero MarHHTa peaynbTSTbl BOCllpOH3BOAHnHCb C ToqHOCTbiD 

10-15%, OTO H onpeAensreT OTHOCHTenbHYID TbqaoCTb IIOCTpoeHHbiX H30A03-· 

Hb!X KpHBbiX,. 

IlogroTOBKa K o6nyqeHHID H oTrrycK aagaaaoft goabi, B cnyqae o6nyqe

HHH 6onbHb!X C paanHqHbiMll anoKa.qecTBeHHb!MH HOB006pa30B8HHHMH 3apaHee 

rro peaynbTaTaM peHreHonornqecKHX o6cneAo5aHnft orrpeAensrnncb t!>opMa 

H rny6HHS oqara nopa~eHHH 0 H/ITO 9THM ASHHbiM 38ASBanHCb ycnOBHll o6-

nyqeHHH. IloA6npancsr orrTuManbHhlH npotl>nnb ceqeansr orpaanqnBaiDmero Kon

nnMaTopa, IIpOBOAllnHCb Heo6XOAHMbl9 A03HMeTpHqeCKHe ll3MepeHHH H CTpOH

naCb H30Aoaaasr KapTa. IlepeA ceaac~M o6nyqeHnsr nponaBOAHnacb a6coniDT

aasr Kann6poBKS. A03HMeTpnqecKoH annapaTypbi, orrpeAemmacb cKopocTb 

HBKOIIneHHH A03bl. B TOM MeCT~ t!>aHTOMa,. KOTOpoe COOTBeTCTByeT pacrrono-. 

~eHHID oqara nopa~eHHH; H IIOK838HHH IIOnynpOBOAHHKOBbiX A03HMeTpOB 

CBH3biBanHCb CO CKOpOCTbiD cqeTa rrepBbiX AByX· HOHH38UHOHHbiX KaMep. 3a-

16 
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15~ A.fal 

a.s 

10 

0 

AI!:. I 
A.ft-1 

5 10 

I 2 3 1/ 5 

'0) 

15 ·20. 

ct) 

si.S0/'111 
Tp :./68111 

G.t •2,2c.< 

c51 •9,..:tv 

25' {( 

Q,: £"' 7.Lt5c;.,_ TK. 

~: t = f?.2 Ctof.TIC 

c:. i:.: 2a6 (;M. TK 

't c,..;nc 

Pnc. 4. TnnnqHbie oTHOllleHHH pacripeAeneansr rrornomeaHoft 
aeaKBHBa.rieaTaoM <t>aaToMe, nonyqeHHbie c ri:oMombiD 
HHKOBbiX A03HMeTpOB, 
a) pacrrpeAeneane nornomeaaoft A03bi BAOnb ocn rrpc 

(KpHBasi Eparra);· · 
6) pacnpeAeneane nornomeaaoft A03hl B aecKonbKHX 

ce~eHHHX nyqKa aa paannqHbiX rny6naax TKaaeaK 
cpaHTOM8, 
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=ua KpiiByJO Eparra II no 

[8 II ero paa6poc. 

nono~eHIIfi II nepeMe

epneHUIIKynRpHofi OCII 

nornorueHHofi aoabr Ha 

l1 H9KOTOpbiX TIIITII'IHbiX 

:II npoTOHHoro ny'IKa 

5pa~eH Ha piic. 4. 

M1 BHociinacb He6onbruaR 

aK~e Y'IIIThrBanocb paa

J6HOCTII MRrKofi TK8HII 

:noBIIfi o6ny'leHIIR cTpo

l Ha piic. 5. 

~OCTII npOTOHHOrO ITY'IKa 

lnR TOKa II H9CTa61InbHO-

OII3BOUIIniiCb C TO'IHOCTbiO 

nocTpoeHHhrx IIaoaoa-· 

I03hr. B cnyqae o6nyqe

'o6paaosaHIIRMII aapaHee 

npeaenRniicb ~opMa 

IUaBaniiCb ycnOBIIH 06-

orpaHII'IIIBaJOruero Kon-

:lie II3M9p9HIIH II CTpOII

JOII3BOl11Inacb a6con10T-

~ennnacb cKopocTb 

IOTBeTCTByeT pacnono-. 

KOBbiX l1031IM9TpOB 

38UIIOHHblX KaMep. 3a-

I 

AJg) 
1.5 A.fal 

as 

0 5 tO 

{0 

I 2.31/5 

"OJ 

~50!'111 
Tp "168~t~V 

G.t •2,2t:H 

<:5. •9•uv 

15 
(t) 

Q_: -l."' 7.45c;.,. TK. 

~: t = 1'?.2 CH. Tl< 

c: . t~ 2a6 CH. TK 

25 f.CH. TIC. 

P1Ic. 4. TIITIII'IHbre OTHoiUeHnn pacripeaeneHnH nornoiUeHHc:ifi z:t03hr· B TKa
HeaKBnsaneHTHOM ~8HTOM9 1 . nony'leHHbl9 C ITOMO!Ub!O nonynpOBOz:t
HIIKOBbiX U03liM9TpOB. 

a) pacnpeaeneHIIe nornorueHHofi aoabr Bz:tonb ocii npoToHHoro nyqKa 
( KpiiBaR Eparra); · 

6) pacnpez:teneHIIe nornoiUeHHofi z:t03bi B HecKonbKIIX nonepe'IHhrx 
ce~eHIIHX ny'IKa Ha paanii'IHhiX rny6nHax TKaHeaKBIIBaneHTHoro 
~aHTOMa. 
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TeM BCH noanMeTpn~ecKaH annapaTypa, ycTaHoBneHHaa Ha non 

Koaconn 1 y6Hpanacb H3 ny~Ka, Ha poTaunoaaoe Kpecno noMem~ 

eHT1 H C fiOMOIIIbiD peHTreHOBCKOrO H OfiTH~eCKHX UeHTpaTOpOE 

nacb IDCTHpOBKa o~ara nopameana aa nepece~eHHH ocn npoToE 

H poTaunoaaoro Kpecna. 

nna HaBeneHHH aanaHHOrO y~aCTKa 6psrroBCKOH KpHBOH 

nopameHHH Ha nyTH npOTOHHoro ny~Ka BnnOTHyiD K noBepXHOC1 

uneaTa ycTaaaBnH~anca nononHHTenbHhlii nornoTHTenb H3 nneK 

Tonmnaa KOToporo onpenenanacb na noanMeTpn~ecKHX HaMepeJ 

THpOBanaCb B KamnOM ceaace o6ny~eHHSI C y~~TOM .l!3MeHeHHH 

TOHHoro ny~Ka. 

nanee nanneHT mecTKo ljJnKcnpoBanca B Kpec::ne, npoueny_ 

HHe aaKpbiBanO.Cb 3aiiiHTHOH 6eTOHHOH nBepbiD1 l! B nanbHeiillle! 

6niDnan Ha nauneHT.OM ~epea· nepHCKOIIH~eCKyiD CHCTeMy 3epKa; 

BoA KOMHaTbi •. noaa o6ny~eHnSI oqara ·nopameanSI aanaeTca Bpl 

HOMy onepaTopy - noanMeTpncTy, KOTOpbiA nepec~HTbiBaeT .ee 

nepBbiX nByX HOHH3aUHOHHbiX KaMep H BIQJID'IaeT ycKOpHTenbo 

ByiDIIIHX CKOpOCTSIX HaKonneHHSI noah! ( fiOpSinKa COTHH pan. B Ml 

06ny'leHHSI ;llnHTCSI 06bi'IHO. H9CKOnbKO·. MHHyT n· onepaTOp npOH 

nycK aanaHHOH noabi C OTHOCHTenbHOH . TO'IHOCTbiD He Xyme 1-~ 

napaM~Tpbi npOTOHHOrO fiy'IKa . H YCT8HOBneHH8SI ;llOaHMeT] 

napaTypa noaBonnnn B Koaue 1967 r. npncTynnTb K npoBenear. 

MennKo-6nonorn'l_ecKnx aKcnepnMeHTOB no o6ny'leHHID oHKonorn'l 

H 6nonorn'leCKHX o6~eKTOB C uenbiD.Hay'leHHSI BOaMOmHOCTH fif 

npoTOHOB Bb!COKHX SHeprnii B MenHUHHe. 

K aaqany MaH 1969 r. aa MennunHcKoM ny~Ke fla6opaTOJ 

npo6neM 6bmo npoBeneao B o6meii cnomaocTn CBbiiiie 70 ceaac . . 
HHSio 3a STO BpeMSI nonHbiH Kypc KopnycKynSipHOH Tepannn npoi 

KOnorH'I9CKHX 6onbHbiX C paanH'IHbiMH THfi8MH anoKa~eCTB9HHbl 

B8HHHo 
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TeM BCSI Jl03HMeTpH'IeCKaSI annapaTypa, ycTaHOBlleHHaSI Ha UOilBUlKHOil: 

Koaconu, y6Hpanacb H3 ny'IKa, aa poTauuoaaoe Kpecno noMewancsr nanu-. ., 
eaT, H C UOMOWbiD peaTreHOBCKOI"O H OUTH'IeCKHX ueaTpaTopOB npOH3BOJlH-

nacb IDCTHpoBKa oqara nopaJKeHHSI aa nepece'leHHH ocH npoTOHHoro ny'IKa 

H poTaUHOHHOI"O Kpecna. 

Dnsr aaBeJleaHst aaaaaaoro yqacTKa 6psrroacKoil: KpHBoil: aa oqar 

nopaJKeHHSI Ha nyTH npOTOHHOI"O ny'IKa BflllOTHYID K fiOBepXHOCTH Tena na

UHeaTa ycTaHaBnH!'Iancsr JlOrionauTenbHbifi nornoTUTenb 113 nneKc11rnaca, 

TOllW11Ha KOTOporo onpeJlellstllaCb H3 Jl03UMeTp11'1eCK11X H3MepeHHil: H-KOppeK

THpOBanacb B KalKJlOM ceaace o6ny'leHHSI C Y'I~TOM 113MeHeHliSI SHeprHH ·npo-

TOHHOI"O ny'IKa. 

Danee nauHeHT JKeCTKo ~HKCHpoB~llCSI a Kpe~ne, nponeAypaoe noMewe

aue aaKpbiBanocb aawHTHoil: 6eToaaoil: JlBepbro, 11 B Jlanbaeil:weM apa'l aa-

6nrollan Ha nauHeHTOM ~epea· nep11CKOITH'IeCKYID CHCTeMy aepKall H3 nyllbTO

BOii KOMHaTblo . lloaa o6ny'leHHSI . O'lara . nopaJKeHUSI 3aJlaeTCSI Bpa'IOM JlelKyp

HOMy onepaTopy ·- ll03HMeTpHCTY, KOTOpb!il: nepeC'IHTbiBaeT ee B .UOKa3aHHe 

nepBbiX llBYX HOHH3aUHOHHbiX KaMep H BK11ID'IaeT yCKOpHTellbo npu cywecT

ByiDWHX CKOpOCTSIX HaKonneHHSI. ll03bl ( nopSIJlKa COTHH pall B MHHYTY) ceauc 

06lly'leHHSI JlllHTCll 06bi'IHO' HeCKOllbKO·. M11HyT H' onepaTOp npOH3BOJlHT OT

nycK 3a)laHHOil: Jl03bl C OTHOCHTellbHOil:.TO'IHOCTbiD He XylKe 1-2%. 

napaMeTphl npOTOHHOI"O ny'IKa.H ycTaHOBlleaHall Jl03HMeTpH'IeCKall an

napaTypa U03BOl1HllH B KOHUe 1 967 r. tlp11CTYITHTb K npoBe)leHHID perynHpHbiX 

Me)lHK0-6HOllOI"H'I_eCKHX SKCnepHMeHTOB no o6ny'leHHID OHKOllOI"H'IeCKHX ?onbllb!X 

H 6HOllOI"H'IeCKHX 06~eKTOB C UellbiD.H3y'leHHSI B03MOlKHOCTH npHMeHeHHll 

UpOTOHOB Bb!COKHX SHeprHfi B MellHUHHeo 

K Ha'lany Mall 1969 r. aa Me)lHUHHCKOM ny'IKe na6opaTOpH11"HilepHblX 

npo6neM 6bll10 npoBell,eHO B o6wefi CllOlKHOCTH CBbiWe 70 ceaHCOB o6ny'le

HHllo 3a 9TO apeMSI noJiHbifi Kypc KopnycKyllHpHOii TepanHH npOWllH 19 OH

KOllOI"H'IeCKHX 6ollbHbiX C pa3llH'IHbiMH THITaMH 3llOKa'le,CTBeHHbiX HOB006paao-

BaHHifo 
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