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BBE,aEHViE 

B na60paTop~~ RAepH~x np06neM OViRVi BeAYTCR pa60T~ no pean~
3a~~~ pa3BeTBne~Ho~ C~CTeM~ pa3BoAK~ nepB~4H~X ~ BTOp~4H~X nY4
KOB, nonY4aeM~X Ha B~BeAeHHOM npOTOHHOM nY4Ke peKoHcTpy~PO
BaHHoro $a30TpoHa. Pa3n~4H~e Bonpoc~, CBR3aHH~e c onT~M~3a~~e~ 

pem~MOB pa60T~ KaHanOB TpaHcnopT~poBK~ B~BeAeHHoro'npoToHHoro 
nY4Ka Ha 60nbw~e paccToRH~R, a TaKme c nonY4eH~eM M~H~ManbH~X 

pa3MepoB nepB~4Horo npoT0HHoro nY4Ka Ha Me30Ho06pa3Y~~~x M~

weHRX ~n~ TOpM03~Tene npoToHoB, Tpe6Y~T AnR CBoero peweH~R 

3HaH~R TaK~X napaMeTpOB BblBeAeHHoro npOTOHHoro nY4Ka, KaK cpeA
HRR 3Hepr~R ~ 3HepreT~4eCK~~ pa36poc, rop~30HTanbH~~ ~ BepT~

KanbH~~ 3M~TTaHC~, a6con~THoe 3Ha4eH~e ~HTeHC~BHOCT~. 

Uenb~ HaCTOR~e~ pa60T~ RB~nOCb npOBeAeH~e ~3MepeH~~ ~ nony
4eH~e nepB~X o~eHOK YKa3aHH~X napaMeTpOB B~BeAeHHoro npOTOHHO
(O nY4Ka peKOHCTpy~pOBaHHoro $a30TpOHa, a TaKme conOCTaBneH~e 

c paaee BbInOnHeHHbIM~ oacue r aM~ B03MomHblX pem~MOB $OpM~pOBaH~R 

~ TpaHcnopT~pOBK~ npOTOHHoro nY4Ka no IX KaHany c Y4eTOM 3T~X 

napaverpoa , 

Vi3MEPEHViE CPE,aHER 3HEPfViVi Vi 3HEPrETVi4ECKOrO
 
PA36POCA B~BE,aEHHOrO npOTOHHorO nY4KA
 

Ben~4~H~ cpeAHe~ 3Hepr~~ ~ A~cnepc~~ 3HepreT~4eCKoro pac
npeAeneH~R MorYT 6~Tb nonY4eH~ ~3 aHan~3a Kp~B~X 6p3rra, ~3Me
peHH~X Ha 3TOM nY4Ke. CpeAH~~ np06er npOTOHOB Rp COOTBeTCTBY
eT 3Ha4eH~~ Ton~~H~ nornOT~TenR Ha cnaAe 3a n~KOM 5p3rra, rAe 
MOll.IHOCTb A03bl COCTaBnReT 0,82 OT MO~HOCT~ A03bl B n~Ke 6p3r
ra /1/. Ben~4~~a A~cnepc~~ np06erOB aR /np~ rayccoBcKOM ~X pac
npeAeneH~~/ onpeAenReT KPYT~3HY cnaAa ~OH~3a~~~ 3a n~KOM 6p3r
ra ~ paBHa ~HTepBany TOn~~H~ nOrnOT~TenR, Ha KOTOpOM npo~cxo
A~T cnan OT 0,82 AO 0,33 OT MOIL\HOCT~ A03bl B ruuce 5p3rra. 

nonHaR $nYKTya~~R np06eroB np~ 3aMeAneH~~ nY4KOB TRmen~x 

3apRmeHH~X 4aCT~~ aR RBnReTCR pe3ynbTaToM HeMOHOxpOMaT~4HOCT~ 

nepB~4HorO nY4Ka aRE; CTparrn~Hra, 06ycnoBneHHOrO CTaT~CT~4ec
K~M~ $nYKTya~~RM~ nOTepb 3Hepr~~ aRS ~ CTparrn~Hra, 06ycnoB
neHHoro MHOrOKpaTH~M KynoHOBCK~M pacceRH~eM a RK . 

B 3TOM CnY4ae A~CnepC~R np06erOB,xapaKTep~3y~~aR HeMOHOXpO
MaT~4HOCTb nepB~4HOrO nY4Ka, onpeAenReTCR ~3 COOTHoweH~R: 
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~3MepeH~~ Kp~BWX 6p3rra npo
BOA~n~Cb nonynpo~oAH~KOBWM 

KpeMH~eBWM AeTeKTOpOM B BOAHOM 
$aHTOMe, pacnOnO~eHHOM B na6. 
r 4 3a MarH~TOM cn-37 Ha Ha~ 

npaBneH~~ HeOTKnoHeHHoro nY4Ka 
npOTOHOB /p~c.1/.BwBeAeHHw~ ~3 

$a30TpOHa nY40K npOTOHOB nOBopa

PHc.l. 

anepTYPY n~H3W Q3 ~ MarH~T cn-37 

4~Banc~ MarH~TaM~ cn-35 ~ OM-1 
Ha yrn~ 40 ~ 0,5 0 COOTBeTCTBeH
HO ~ $OKyc~pOBanc~ Ay6neTaM~ 

kaanpynons aux nltlH3 Q 1 ~ Q 2 

Ha ~eHTp yrnepoAHoro 3aMeAn~
r ena , 3aTOpMO)f(eHHbl~ npOTOHHbl~ 

nY40K orpaH~4~Banc~ CMeHHWM 
Konn~MaTopOM K1 yrnepoAHoro 
3aMeAn~Ten~, OTBepCT~enpoxoAltln 
B 3a~~THO~ cTeHe ~ Aanee 4epe3 

nonaAan Ha BOAHW~ $aHTOM. ~3

MepeH~~ 6bln~ aunonaeuu npa ABYX 3Ha4eH~~X Ton~~Hbl yrnepónaor o 
3aMeAn~Ten~ /167,6 r/cM 2 ~ 181,8 r/cM 2 yrnepoAa/ np~ pa3n~4HWX 
pa3Mepax Konn~MaTopa K1 /A~aMeTpoM OT 1 CM AO 8 CM/, pacnono
~eHHoro HenocpeACTBeHHO 3a yrnepOAOM. 6wn~ Y4TeHW nOTep~ 3Hep
r~~ B $onbrax BaKYYMHoro KaHana ~ B B03Ayxe, a TaK~e HeBOAo
3KB~BaneHTHOCTb ner exropa. 'Ha pnc . 2 nOKa3aH OA~H ~3 ~3MepeHHb1X 

B BOAHOM $aHToMe KOHe4HWX .Y4acTKoB Kp~BO~ 6p3rra 3aTopMo~eHHO
ro nY4Ka ~pOTOHOB. 

norpewHocTb onpeAeneH~~ cpeAHe~ 3Hepr~~ o6ycnoBneHa norpew~ 

HOCTb~ onpeAeneH~~ Ton~~Hbl yrnepoAp B 3aMeAn~Tene /0,2% - T04
HOCTb ~3rOTOBneH~~ yrnepoAHWX 6noKoB, 0,3% - T04HOCTb onpeAene
H~~ nnOTHOCT~ yrnepoAa/ ~ T04HOCTb~ ~cnonb30BaBW~XC~ Ta6nH4HWX 
AaHHWX 3aB~C~MOCT~ npo6eroB OT 3Hepr~~ B yrnepoAe /21 /1 ,4%/. 

nonY4eHHoe ' TaK~M o6pa30M 3Ha4eH~e cpeAHe~ 3Hepr~~ BWBeAeH
Horo ~3 $a30TpOHa nY4Ka npOTOHOB COCTaB~no: 

Tp = /659 ± 6/ M3B. 
~3 ~3MepeH~~ A~cnepc~~ npo6era npOTOHOB B BOAHOM $aHTOMe 

nony-reaa Ben~4~Ha aR(H 20) = /2, 1 ± 0,2/ r / CM 2, rne np~BeAeHHa~ 
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PHc.2. 

ow~6Ka onpeAen~eTC~ norpeWHOCT~M~ MeTOAa ~ pa36poCOM Ben~4~H 

aR(H 0 ) B pa3HWX ceaHcax. 3TO COOTBeTcTByeT A~cnepc~~ npo6e
2 

ra B yrnepone aRe = /2,3 ± 0,22/ r/cM 2 , C'rpar rrtnur , B03H~Ka~
~~~ B pe3ynbTaTe CTaT~CT~4eCK~X $nYKTya~~~ nOTepb 3Hepr~~ 

B yrnepone no AaHHblM pa6oTbl/ 2/ , COCTaBn~eT aRS = /1,84 ± 
± 0,04/ r/cM 2 . A~cnepc~R npoãera 3a C4eT MHorOKpaTHoro Kyno
HOBCKoro pacce~H~~ aRK AaeT BKnaA MeHee 1% ~ ~M MO~HO npeHe6
pe4b. TorAa A~cnepc~~ npo6era ~3-3a HeMOHoxpOMaT~4HOCT~ nY4Ka 

6YAeT paeua aR E = J2,3 2
- 1,84 2 = 1,38 r / CM 2, 3TO COOTBeTCT

ByeT A~Cnepc~~ 3HepreT~4eCKOrO pacnpeAeneH~~ nY4Ka aE = 
= aRE' dE/dx,/660 M3B, c/ = 1 ,38x2,23 = 3,1 M3B. 

OTHOC~TenbHa~ norpeWHOCTb onpeAeneH~~ aE o6ycnoBneHa B oc
HOBHOM no r peun-oc r so ~3MepeH~~ aR ~ Mo~eT 6blTb nonyueua ~3 $Op
Mynbl: 

~(J"E 1 ~aR 

a E 2 aR a RS
1 '

2a 
R 

OTc~Aa ~aE = 0,8 M3B, TaK~M 

Koro pacnpeAeneH~~ BWBeAeHHoro 
Ha: 

a E = /3,1 ± O,~/ M3B. 

0,26. 

06pa30M A~cnepc~~ 3HepreT~4ec

npOTOHHoro nY4Ka $a30TpOHa paB
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1t13MEPEHIt1E It1HTEH.CIt1BHOCTIt1 BblBEAEHHOrO
 
nY4KA npOTOHOB
 

1t13MepeH~R a6COn~THOrO 3Ha4eH~R ~HTeHCHBHOCT~ B~BeA~HHOrO 

nY4Ka npOTOHOB ocy~ecTBnRnHCb KanOp~MeTpH4eCKHM MeTOAOM:/3!. 

B HOB~X KanOp~MeTpaX B Ka4eCTBe pa604erO Tena 6~na B~6paHa MeA
HaR nnaCT~Ha pa3MepOM 5x20 CM 2 ~ Ton~~Hõ~ 1 CM, 4TO n03BonReT 
~3MepRTb a6con~THY~ ~HTeHC~BHOCTb npOTOHHblX nY4KOB B HHTepBa
ne OT 0,03 AO 10 MKA C T04HOCTb~ OKono 10%. It1HTeHcHBHoCTb nY4
xa onpenenanac s no Kan~6poBo4HO~ <tlopMyne: I p = 0,35' ~T/~t. 

rAe l p - cpeAHRR ~HTeHC~BHOCTb nY4Ka B MKA, ~T- pa3HOCTb nOKa
3aH~R TepMOMeTpa B rpaAycax Uenbc~R, ~t - BpeMR ~3MepeHHR 

B M~H. B 1986 rOAY AnR nonY4eH~R MeA~U~HCK~X npOTOHH~X nY4KOB 
c 3Hepr~RM~ 100, 130 ~ 200 M3B ~cnonb30BanaCb HHTeHC~BHOCTb 

B~BeA~HHoro npoToHHoro·nY4Ka AO 2 MKA, a npH HacTpo~Ke IX 
~ X KaHanOB - AO 1 MKA. 

OUEHKA BEPTIt1KAnbHOrO lt1 rOplt130HTAnbHOrO
 
3MIt1TTAHCOB BblBEAEHHoro npOTOHHOrO nY4KA
 

3MHTTaHC B~BeAeHHoro npOTOHHoro nY4Ka onpeAenRnCR TpeMR 
cnoco6aM~: 

li MeTOAOM nonY4eH~R MHHHManbHoro 3Ha4eH~R or~6a~e~!4/; 
21 MeTOAOM Tpex TOKOB/ 5!; 

31 MeTOAOM ~3MepeH~R npo<tl~nR nY4Ka B Tpex ce4eHHRX Ape~<tlo-

Boro npOMe~YTKa TpaKTa ~/: . 
npo<tl~n~ B~BeAeHHoro ,npOTOHHoro nY4K~ ~HTeHC~BHOCTb~ np~Mep

HO 0,2 MKA ~3MepRn~Cb cneu~anbHO C03AaHHWM nonynpoBoAHHKOB~M 

npo<tl~noMeTpoM, pa6oTa~~~M Ha CBR3~ c 3BM. A6con~THaR TO~HOCTb 

~3MepeH~R or~6a~~e~ nY4Ka 3T~M npo<tl~noMeTpoM He xy~e 1 MM. 
Ha p~c.3 nOKa3aH~ ~3MepeHH~e c nOMO~b~ 3Toro npo<tl~noMeTpa ABa 
ce4eH~R npOTOHHoro nY4Ka B MeCTe pacnono~eH~R OAHO~ ~3 Me30H
H~X M~weHe~. 

MHorOKpaTHoe pacceRH~e B B03Ayxe Y4~TbIBanOCb B CoOTBeTCTB~H 

c nOAXOAoM, pa3B~T~M B pa60Tax!7'. 
B Ta6nHue np~BeAeHW pe3ynbTaT~ oueHK~ rop~30HTanbHoro - f X 

~ BepTHKanbHoro - f y npOTOHHoro nY4Ka, COOTBeTCTBY~3M~TTaHCOB 

~~X or~6a~~e~ Ha ypOBHe 2a, Ha rpaHHue pacceRHHoro MarH~THoro 

nonR <tla30TpoHa Ip~c.l/. np~BeAeHH~e oWH6K~ COOTBeTCTBY~T OWH6
Ke B ~3MepeHH~ or~6a~~e~ 1 MM. 

B pa60Te/8! 6~na nOKa3aHa B03MO~HOCTb TpaHcnopT~poBK~ B~Be
AeHHoro npoToHHoro nY4Ka <tla30TpoHa OIt1RIt1 AO .M~weH~ w~poKoyronb

HO~ nH-Me30HHo~ n~H3bl, np~ cneAY~~~x xapaKTep~cT~Kax nY4Ka 
Ha rpaHHue pacceRHHoro nonR YCKopHTenRMarH~THoro 
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Ta6JIHu;a 

23.04.86 
/MHH.orH6alOrn.aH/ 

29.09.86 
/TP'H Cel.leHHH/ 

12. 10.86 
/TpH TOKa/ 

Tl 
f X /cM'MpaJ1,/ 

f y / Ci-1' MPaJJ,/ 

6,9±1,4 

3,3±0,8 

6 ,4± 1,4 

4 ,4ll ,3 

5,4 

-"

tU'
 
f 

X 
::; 7,0 CM'MpaA; f y ~ 4,0 CM'MpaA; E=-" 660 M3B; ~E:IE:5 1%. 
3Ha4eH~R rOpH30HTanbHOrO H BepT~KanbHOrO 3M~TTaHCOB, 3Hep

r~H H 3HepreT~4eCKOrO pa36poca B~BeAeHHOrO npO!OHHOrO nY4Ka, 
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~3MepeHH~e B HaCTO~~e~ pa60Te np~ ~HTeHC~BHOCTH - 0,2 MKA,
 
np~MepHo YKnaA~Ba~Tc~ B paMK~ CAenaHH~X Brs 

! npeAnonomeH~~.
 
OnpeAeneH~e B03MomHblX ~sMeHeH~~ 3T~X napaMeTpoB np~ nepexoAe
 
K ~HTeHc~BHoCT~ B~BeAeHHoro npoToHHoro nY4Ka > 1 MKA nOTpe6yeT
 
np~MeHeH~~ APyro~ MeTOA~K~ ~SMepeH~~. 
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1. 3Kcnep~MeHTaflbHaR ~~3~Ka B~COK~X 3Hepr~~ 

2. TeopeT~4ecKaR ~~3~Ka B~COK~X 3Hepr~~ 

3.	 3Kcnep~MeHTanbHaR He~TpoHHaR ~~3~Ka 

4.	 TeopeT~4ec~aR ~~3~Ka H~3K~X 3Hepr~~ 

5.	 MaTeMaT~Ka 

6.	 ~AepHaR cneKTpOCKon~R ~ paA~OX~M~R 

7.	 cJ).~3~Ka TR)f(enblX ~OHOB 

8.	 Kp~oreH~Ka 

9.	 YCKop~1en~ 

10.	 ABToMaT~3a~~R o6pa6bTK~ 3Kcnep~MeHTanbH~X 

AaHH~X 

11.	 B~4~cn~TenbHaR MaTeMaT~Ka ~ TeXH~Ka 

12.	 X~M~R 

13.	 TeXH~Ka ~~3~4eCKoro 3Kcnep~MeHTa 

14.	 ~ccneAoB~H~R TBePA~x Ten ~ )f(~AKOCTe~ 
~AepH~M~ MeTOAaM~ 

15. 3Kcnep~MeHTanbHaR ~~3~Ka ~AepH~X peaK~~~ 

np~	 H~3K~X 3Hepr~RX 

16.	 A03~MeTp~R ~ ~~3~Ka 3a~~T~ 

17.	 Teop~R KOHAeHc~pOBaHHoro COCTORH~R 

18.	 ~cnonb30BaH~e pe3ynbTaToB ~ MeTOAOB 
~YHAaMeHTanbH~x ~~3~4eCK~X ~ccneAoBaH~~ 

B CMe)f(H~X 06naCTRX HaYK~ ~ TeXH~K~ 
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