
-~- g 9 ~ 
06"bE.O.HHEHHbB1 

HHCTHTYT 
SI.O.EPHbiX 

H-CCnE.O. OBAH H l::t 

.0.y6aa 

I., • • 

p 13 - 5636 

• • .. 
I . • 
~ 

B .n. 3peJIOB, M.A. MycHH, n. llaBJIOBH'I 

n . w y JleK , . p . HHHK 

MOHOXPOMATHqECKHA 

METO~ H3MEP~HHH 

CPE~HEA 3HEPrHH llPOTOHOB 

B ll Y q K E 665 M 3B C H C ll 0 Jl b 3 0 B A H H EM 

H3JIY qE HHH BABHJI OBA-q E PE H KO BA 

1971 



p 13 - 5636 

B .n. 3peJJOB, M.A. Mymm, n. n aBJJOBHq* ' 

n. lliyJJeK"" ' p. HHHK* 

MOHOXPOMATHqECKHM 

METO,U H3MEPEHHH 

CPE,UHEM 3HEPrHH TIPOTOHOB 

B TIYqKE 665 M3B C HCTIOJib30BAHHEM 

H 3JI Y qE H H H B A B H JI 0 B A _q E P E H K 0 BA * * 

HnrqJ<'ll·l'''' ,., ":\"lie!. Instr. c;nd :\1Ptl,nds" 

. ------------
* 1 -:,>cT'I~llflfJ, 1 ii tt t)ll"r~: I\rl'~'f?,lfJ{j SL10JlHOii dJn~~llT\Jf .YitiJRPpcnTeTn 

II'\ I. I'\>)\ I,. I J('" ') T.'). E: '<'IT Jl( .. I iII\ ;I ( y (' c f) ) • 

** flf'Eun·q•IIT<'~hllll<' l'"'l\"JlbTnTr>~ '>T.'Jii pnGoTI-1 Gi.IJJJr roofirueHH 

Hd .\~~, /h;l \ lfil)lD;'ti!OiJ 1\:U[If:,ppt=-'HUHII flO UJIIL'lpnT.J.:pe B <-,l13HKe 

r\l.tcUI,JIX -•rH'f>I"IIii, DyGHn, ceHTSlopb 1870 r. (AHHOTHUIHI 

.l<JK.IliJl(Jf',; np<'ll[ll!I!T OI!H!!, 13-5235. Dy6Hn, 1870). ,-- ,_..,~ .. -. ___ ,,..,..._ . 

' i : '·_.' . ' ~ -0. ~ ! . 
i 
~ O:~c :-; ·· r 

- \ ~~ _;: .. ~ ·~ :. ~ ;·' 



Llo CHX IIOp Cp8JlH5HI ::mepf'H51 IIpOTOHOB B KOnnHMHp )B811Hb!X IIY'IK8X 

OT yCKOpHTenefi B o6naCTH 3HeprHfi JlO 1 f3B OIIpet:~en51nBCb C HCIIOnb30B8-

IIH8M Hany'!eHH51 BaaHnoaa-4epeHKOBa TaK H83biBaeMbiM 1 xpoMaTH'IeCKHM 

/1 2/ 
MeTOJlOM Maaepa ' • 

XoT51 3TOT MeTOJl H rroaaonHeT H3Mep51Th cpeJlHIDID ~HeprHID rrpoTOHOB 

C TO'IHOCTbiD + 0,2%, OH BCe )1{8 HMeeT p51Jl cyweCTB9HHbiX H9Jl0CT8TKOB, 

0JlHH H3 HHX 38KniD'I88TC51 B TOM, 'ITO C yaenH'I9HH•lM 3Hepl'HH '18CTHU 

TO'IHOCTb H3MepeHH51 (IIpH OJlHHX H T9X )1{9 OWH6KaX H3MEp9HH51 yrna H3ny-

'19HH51 H rroKaaaren51 npenoMneHH51 pat:~HaTopa ~n ) yMeHbwaeTC51, 

npH 38Jl8HHOfi )1{9 3Hepf'HH '18CTHU ynyqweHHe TO'IHOCTH H3MepeHHfi B03M0)f{-

HO TOnbKO nyTeM YM9HbW9HH51 OWH60K ~ 0 H ~ n 1 K0f0pb19 BpHJl nH 

-4 -5 
MO)f{HO CJlenaTb M9HbW9 ~ 3•10 p8Jl H +2·10 COOTB9T<:TB9HHO, 

Llpyrofi H9Jl0CT8TOK CBH38H C Heo6XOJlHMOCTbK) npOB3Jl9HHH JlBYX 3KCIIo-

3HUHfi ( OTnH'!8IDWHXC51 Jlpyr OT Jlpyra IIOBOpOTOM IIpH6opa OTHOCHTenbHO ero 

OCH 118 yron " ) 1 HCKniD'!8IDWHX H9COOCHOCTb OCH IIpHf opa H H8IIpaeneHH51 

ny'IK8 IIpOTOHOB, 3TO BHOCHT JlOIIOnHHrenbHYID IIOrpeWHOC.'b 1 CB5138HHYID C 

B03MO)f{HbiM H3M9H9HH9M Cp9JlHefi 3H9pf'HH IIpOTOHOB B IIYiKe IIpH IIOBTOpHOfi 

3KCII03HUHH, 
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PaHee OllHI M HS aBTOpOB HaCT05IlUefi pa60Tbl 6binO o6pa!UeHO BHHMa-

HHe Ha TO, 'iTO ICnOnbSOB8HHe CO'leTaHRH CBOHCTBa peSKOll HanpaBneHHOCTH 

HSny'leHRH BaBHITOBa-qepeHKOBa H HBneHHH npenoMneHRH HSnyqeHRH Ha rpa

HHUe pasnena cp,ln B6nHSH yrna nonHoro BHyTpeHHero oTpa)l(eHRH nosBong

/3/ 
eT cosnaTb C'leT'IHKH qepeHKOB8 C Bb!COKHM paspemeHHeM no CKOpOCTHM , 

B HaCTOHIUE fi pa6oTe Mbi npHMeHHITH sTy HneiO nng HSMepeHHH cpenHefi 

SHeprHR npOTOH03 B ny'lKe, BbiBeneHHOM HS CHHXpOURKnOTpOH8 fla6opaTOpHH 

gnepHbiX npo6ne~ OY!f!YI. 3To nosBonHno nony'lHTb TO'lHOCTb B onpeneneHHH 

cpenHefi SHeprHH npOTOHOB OKO'tiO + 0,02%, KOTOpag npH6nHSHTeiTbHO B 11 pas 
- /1/ 

BbiiUe TO'lHOCTH, ~OCTHrHyTOll MasepOM B 1951 rony, H B 5 pas BbiiUe 
/4/ 

TO'lHOCTH, nony'leHHofi B pa6ore BacHneBCKoro H DpoKomKHHa B 

1959 rony. 

I . OnHcaHHe Merona 

Dycrb qacnrua, o6nana10mag CKopocTbiO ~ , nanaeT nepneHAHKyngp-

HO nnocKofi rpaHEUe pasnena cpen c noKaSaTenHMH npenoMneHHH n
1 

H n
2 

( PHC. 1). Torna, ecnH yron e HsnyqeHRH BaBHnoBa-qepeHKoBa B cpene 

n I MeHbme yr1a nonHoro BHyTpeHHero oTpa)l(eHHH 

Hsny'leHRe Bhifine1· B cpeny c non yrnoM 

-
n2_ 8* =arc sin 
n I 

YJcnonbSyg } OpOIUO HSBeCTHOe COOTHOilleHHe HS TeOpHH TaMMa-<J>paHKa 

ang yrna HSITy'leHiiH cos 8 = ( n I~) -I H S8KOH npenoMneHHH, MO)KHO 

nony'IHTb QJOPMYIT), CBHSbiBaiOIUYIO CKOpOCTb 'I8CTHUbl H yron 

I 

I ( ~- ) 2 - sin 2 r l 
n2 

( 1 ) 

rae n
1 

H n 2 - a6coniOTHbie noKasarenH npenoMneHHH panHaTopa H 

B LI8HHOM cnyqae BOSAyXa COOTBeTCTBeHHO, 
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3aBHCHMOCTb yrna r OT KHH8TH'IeCKOH 3H8pf'i!H ITPOTOHOB E B 
~ 0 

JlHarrasone oT 650 JlO 670 M 3B rrp11 n 
1 

= 1,56807 .\ = 6040 A 

HM88T ITO'ITH JIHH8HHYIO 38BHCHMOCTb, 

Paspewa10waH crroco6nocTb MeTOJla no f\.{3 11 f\, E B 38BHCI1MOCTI1 

OT ,orrpeJl8JIH8TCH CJ18JlYIOilli1MI1 Bblp8fK8HHHMH: 

rJle 

f\, {3- = n: f3 2 
sin r cos r 11 r , 

f3 
(2) 

tlE 
E 

2 
n 

2 
(3) 

2 -~ 
y =(l-{3 ) . 

Ma 3THX ¢opMyn cneAyeT, 'ITO paspewenne yrr;·qwaeTCH c yBeJIH'leHHeM 

11 yMeHbWeHHeM tl r • TaK, rrpn r = 75°, n 
1 

= 1,56807 paapewa10-

waH crroco6noCTb AJIH rrpoTOHOB 660 MsB xapaKTepH3yeTCH B8Jlll'IHHOH 

~~-= 0,148 M3BIMHH (rrpH 11r= I', tl E = (, 148 MsB). 

Oum6Ka n orrpeJleneHnH sneprHH tl E sa cqe r omn6KH B rroKa3aTerre 

rrpeJIOMJ18HHH 

y = 1,7 ( 

-5 2,5.10 rrpn 

L'ln
1 

E 
p 

Bb!p8fK88TCH ¢opMynoi\ 

tlE 
E 

2 f\, n I 
(y -1) ---. 

n I 

660 MsB) tl E_. ~I 9 
E • 

An 

n I 

n
1 

= 1,568, TO A E = 0,048 Jlq3B. 

(4) 

Ecrrn An 

M3 3TllX 01{8l!OK BHJlH01 'ITO JlJlH ITOJlyqeHHH Bl ICOKOH paspewamwel'i 

crroco6nocTH no snepr1111 neo6xoAHMO yMeHbmaTb orm6Kn ;\ r 11 /'l II 
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nocMOTpHM 1 C KBKOH TO'IHOCTb!O HBAO H3MepSITb yron r rrpH 3a-

ABHHOH TO'IHOCTH i\ n 1 M3 3aKoHa rrpenoMneHHSI aa rpaHHue pa3Aena 

EcnH 
-5 

i\ n 
1
= 2,5·1C , 

n 2 sin r cos r 
2 

n 
1 

= 1,568, 
-4 

i\ r = 1 156·10 

npH TBKOH TO'IHOCTH orrpeAeJleHHSI yrna 

(5) 

0 
75,0 , TO B COOTBeTCTBHH C 

"'01531 ). 

cpeAHSISI AJ1HH8 BOJ1Hbl 

perHCTpHpyeMOI'O H3J1y'leHHSI AOJ1>KH8 6bJTb orrpeAeJJeHa C He06XOAHMOfi TO'I-

HOCTb!O !\A 1 KOT )py10 MO>KHO ITOAC'IHT8Tb 1 HCITOJ1b3YSI AJ1SI 38BHCHMOCTH 

n(A) <jlopMyny Kowi 

TaKI rrpH r = 75° 1 

-3 
C 5,62·10 (ec JJH A 

rrony'laeTcSI !\A= 314·10 -4 

n 

c 
• TorAa HerpyAHO rrony'IHTb 

2 • 
n 2 sm r cos r (6) 

0 

I 
1 ,566 ( c TeKno E<t>-6 npH A = 6563 A 

B MHKpouax) 1 

-4 i\ r = 1 1 56·10 cor nacHo 
0 

1\IHKpoua ( ,\A = 6 14 A ). 

II . Onuca1me ycnoBHII 3KcrrepHMeHTa 11 

ycTBHOBKH 

Ha ocHoBaHHn coo6pa>Kennii 11 ouenoK, rrpnBeAeHHbiX B rnaBe I 

6f,IJ18 C03AH118 YCTtlJIOBKil, CXei\WTH'IeCKOe ycTpOfiCTBO KOTOpoi! ITOK838HO 

Hil puc. 2. 

) I 

(6) 

ny'IOK rrpOTOH•lB 1 BbiBe):leHHblii 113 BBKYYMHOH KBMepbl CHHXpOUHKJ10TpO

IJ[I Jla6opaTopHn SIA•!pHbiX rrpo6neM O~IHH 1 rrocnenoBaTenbuo rrpoxoAHJl OT

KJlOHSIJOWI!e MBPIIHTibJe ITJ18CTHHbl 1 QJOKYCHpy!OWHfi KBBApyi!OJlbHb!H Ay6neT 

~!tll'HHTIIbiX J1HH3 H CIOITBABJ1 Ha MBI'HHT C IIOJ1JOC8MH AIIaMeTpOM 1 MeTp. 
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3TOT MBrHHT OTKliOH.IIn IIY'IOK IIpOTOHOB HB yron cp = 23° If 

HBIIpaBJI.IIn ero B 4-MeTpOBb!il: KOJIJIHM8 TOp JllfBMeTpOM 10 MM, paCIIOJIOMeH-

Hb!U B 38IUHTe ClfHXPOUHKJIOTpOHa. 

KonnHMHPOBBHHbril: rry'loK rrpoTOHOB c aHeprHeil: ~E65 ~aB rrpoxonHn 

'lepe3 rrnocKorrapannenbHbrii: panHaTop ( 1 ) , pacrronoMeHHbi t!: rreprreHnHKynsrpHo 
2 

ocu rry'IKa. TonruHHa panuaTopa 6brna 2 MM, rpaHH paaM.,pOM 35 x30 MM • 

~aTepHanoM panHaTopa cnyMHno cTeKno MBPKH BaK 569/60 (4CCP) c 

IIOK838TeneM rrpeJIOMJieHHH 
3 

HOCTb!O p 3,02 r/CM • 
2 

nnHHa X 
0 

= 14,4 r/cM , 

n 
0 

= 1 ;5684, 'IHCJIOM A 66e V = 56 If IIJIOT-

3TOMY CTeKny COOTBeTCTBOB~Jia panHBUHOHHBH 

Z = 27,3 H A = 63,81. Yron H3rry'leHHH 
0 

BaBHJIOBa-4epeHKOB8 B ueHTpe panHaTopa 6biJI paBeH e = 38 7'. 'ITO BCe-

ro HB 1,5 O MeHbiUe yrna ITOJIHOrO BHyTpeHHero OTpaMeHH II 8 * =39 °38,3' 

n2 e * = arc sin --- ). 
n 

I 

EcnH yqecTb, 'ITO aneKTPH'IeCKHil: BeKTop Hany'leHHJ! BaBHJ10Ba-4epeH-

KOB8 JieMHT B ITJIOCKOCTH, IIpOXOilHIUeii: 'lepe3 H8IIpaBJieHH~ CKOpOCTH '18CTHU~ 

H HBIIpaBJieHHe H3liy'leHHH, TO IIOTepH H8 OTpaMeHHe 6yl YT OIIpenenHTbCH 

tg 2 
( r- e) ) 

<jlopMynoii: <llpeHeJIH R I! = - nnH E p = 663,8 ~3B ( ,8=0,810548 • 
0 tg 2 ( r + e ) 

75°21,3', 8 = 38 6,7' ITOTepH H8 OTpaMeHHe BllyTpb p81lH8TOpa 

R II 10,9%. 

H3nyqeHHe, Bbrruenruee H3 panHaTopa rron yrnoM 
0 

r ~ 75 B pa3Hbie 

CTOpOHbl OTHOCHTeJ1bHO IIy'IK8 IlpOTOHOB, perHCTpHpOB8J1CCb llBYMH <jJOT08II-

II8p8T8MH (2) ( I H II ) THIIa '3eHHT-3M" c o6'beKTHEaMH 'TenHoc-40" H 

f = 85 MM, HBCTpOeHHblMH Ha 6eCKOHe'IHOCTb, 

Depen o6'beKTHBBMH ycTaHaBJIHBBrrHCb HHTep<jlepeHUEOHHbre CBeTo<jJHrrbT-
o l) 

pbr (3) JlHaMeTpoM 55 MM c rronocoit rrporrycKaHHH /11.. ~ 100 A , A =6000A 

H K03<l>¢HUHeHTOM !IpOIIYCKBHHH f ~ 33%, 

Hany'leHHe perHCTpHpOBanocb Ha <PoTorrneHKe THrra KH-3 c 'IYBCTBH

TerrbHOC Tb!O 130 en. fOCT • 
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l1 HTeHCHBHOC' 'b IIY"'K8 llpOTOHOB IIpH 4-MeTpOBOM KOJIJ1HM8 Tope AHaMeT-

9 
pOM 10 MM paBHHl aCb 4,4•1 0 IIpOTOHOB/ CeK H KOHTpOJlHpOGaJlaCb IIpOKaJ1H6-

poBaHHOH KaMepOH 1 pa6oTaromei1 Ha IIpHHUHIIe Bbi6HBaHHH IIpOTOH8Mll 0 -3JieKT

poHOB. [lnH IIOJlY'Ief HH L\OCT8TO"'HOI'O IIO"!epH8HllH Ha <jloTOIIJleHKe LIJIHTeJibHOCTh 

3KCIIOHHpOBaHHH CCCT8BJIHJ18 25 MHHyT, 'ITO COOTBeTCTBOBaJlO IIOJIHOMY "'HC

~ 6,-)·10
1
,
2 

ny IIpOTOHOB -

f1oCKOJlbKY y•;TpOHCTBO rrpu6opa 6biJ10 TaKOBO, 'ITO Il03BOJ1HJ10 H3Me-

pHTb He yron r , a L\OIIOJlHHTeJlbHblH tjJ = 90° - r , TO B cpOK8JlbHOH 

IIJIOCKOCTH cpOT08III apa TOB He06XOL\HMO 6b!J10 HMeTb perrepHylO MeTKY 1 COOT

BeTCTBYlOlUYlO IIOJI<>)Kef!HlO Bb!XOLIHOH rpaHH panuaTopa. [lnH 3TOH uenu HC

IIOJlh30B8JlCH CIIeUI :aJlhHbiH I!pOeKTOp ( 4) U IIJlOCKOe 3epKaJibll8 ( 5) • f1pHH

UHII pa6oTbi penep 1oro npucrroco6neHuH HeTpynHo IIOHlUb H3 puc. 3a u 6. 

B ¢0K8JlbHOH ITJlOCKOCTH JIHH3bi ( 1) c f = 50 MM npoeKropa noMe-

manacb y3KaH mer h (2), ocBemaeMaH naMITO"'KOH HaKanuBaHnH. f1apannenb-

Hb!H ITY'fOK CBeTa J.IHpHHOH 2 MM 1 Bblllle.QIUHH H3 IIpOeKTOpa, OTKJIOHHJlCH 

0 
3epKaJibUeM (3) II3"'TH Ha 90 H H8Ilp8BJ1HJICH IIO.Q He60JlblllHM Yf'JIOM 

am 1° K IIJlOCKOC'H panuaTopa, rrpu"!eM onna "'8CTb 3TOI'O IIY"!Ka rrpoxonu-

Jla MHMO panna TO! a, a BTOpaH 0Tp8)K8Jl8Cb OT Hero. 8 pe3yJlbT8Te B cpo

K8JlbHOH IIJIOCKOCT! 06beKTHBOB K8)KJl0f'O H3 cpOT08IIIT8p8TOB ITOJIY"'8JlHCb 2 

Y3Kile perrepHble Jl HHHH 1 OTCTOHIUHe npyr OT Apyra Ha yron 2 a • Ocb 

CHMMeTpHH 1 IIpOXCt:{Hlll8H Me)Kny MeTK8MH, COOTBeTCTBOB8Jl8 IIOJlO)KeHHlO Bbl-

xoaHoi1 rpaHu pan1aTopa. 

[lJIH yMeHhlll ~HHH cpoi!OBOI'O IIO"'epHeHHH Ha cpororrneHKe, o6yCJl0t'·" 'J-

f'O pacceHHHbiMH •:acruuaMn or panuaropa, o6a cporoarrrrapaTa 3aKpbrBannc~o 

CBHHUOBOH 381UHTCH TOJllUHHOH 50 MM (na pnc. 2 He IIOKa3aHo). 

Y CT8HOBK8 l MeJla UeHTpllpylOIUee yCTpOHCTBO, KOTOpOe BCT8BJIHJ10Cb 

B KOJIJIHMaTOp 1 a 3eCb IIpu6op Ha BpeMH 3KCIIOHilpOBaHHH B IIy"'Ke IIpOTOHOB 

38Kpb!B8JlCH CBeTC HeiipOHUUaeMb!M MHI'KHM "'eXJIOM 1 KOTOpb!H II03BOJIHJI rre-

pen 3KCIT03HUUeH ycT8H8BJ1HB8Tb 38TB0phl cporoanrrapaTOB H8 AJlUTeJiblcylO 
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B pe3ynhTaTe 3Kcnoan:posaHH.H na <jloronneGI{ax n< •ny"!ann:ch n:3o6palKe

HH.H, npn:aeaeHHhie na pn:c, 4, Y3Kn:e nn:HHH na 3TOM <Po rorpa<jln:n: - 3TO pe

nepHbie MeTKH, a umpoKa.H nonoca - 3TO H3o6palKeHHe H3ny"leHH.H Baan:noaa

YepeHKOBa. 

III. 06oa6oTKa pe3ynh Ta TOB 

¢OTOMeTpHpOB8HHe IJJIOTHOCTH llO"lepHeHHM H306paK8HHM H3Jiy"leHH.H 

Baan:noaa-YepenKosa n: penepHhiX MeTOK npoH3BOAHJIOCI Ha MHKpo<jloroMeTpe 

M¢-4 • nn.H Bbi.HBJ18HH.H H8HM8Hhiiiero paccTO.HHH.H M8l<AY penepHbiMH MeT

K8MH H IJOJIOCOM IJO"l8pH8HH.H OT H3Jiy"leHH.H <jJOTOMeTpHpOBlHHe npOH3BO.QHJIOCh 

B HanpaBJI8HHH 1 nepneH.QHKYJI.HpHOM K cpeaHeM JIHHHH Ml,lKAY M8TKaMH 1 B 

5 M8CTaX H8 pa3Hb!X ypOBH.HX "!epe3 0 15 MM OKOJIO CpEAH8M "!aCTH IJOJIOCbl 

no"lepneHH.H or "!epeHKOBCKoro n:3ny"!eHH.H, Opn: <jloroMe··pn:posaHHH n:cnonh30-

aanc.H o6'beKTHB c ysenn:"!eHHeM x6. Opn: 3TOM BhiCOTE IIIenn: B <jloKanhHOil 

IJJIOCKOCTH 06'beKTHBa 6biJia h = 0,33 MM 1 a IIIHpHH8 ll8JIH 0,025 MM, 

PenepHhJe MeTKH H3Mep.HJIHCh C III8f'OM 0,01 MM 1 a no~ epHeHHe OT H3Jiy"le

HH.H - "lepe3 0,05 MMo To"!HOCTh OTC"leTa paCCTO.HHHM :10 MHKpOM8TpH"l8C

KOMy BHHTy nepeM8Ill8HH.H CTOJIHK8 COCTaBJI.HJia 0,01 Mil, 

Tn:nH"!Ha.H <jloroMeTpn:"lecKa.H Kpn:sa.H (1-T, rae T - nponycKaHn:e, 

H3MepeHHOe Ha MHKpO<jJOTOMeTpe) llpHBe.QeHa Ha pn:c, 5, 0oJIOlK8HHe llHK8 

KpHBOM IJO"lepHeHH.H ( 1 ) OT H3Jly"leHH .H OTHOCHT8JlhHO ll<•Jl0lK8HH.H UeHTpa ( 3) 

M8lKAY penepHbiMH M8TKaMH (2) npOH3BO.[IHJ10Ch CJie.QyDIIIHM o6pa30M, 

Yepea an:cKpeTHhie TO"'KH, nony"!eHHhie nyreM <jlo .. oMeTpn:posaHH.H, 

crpon:nn:ch nnaBHhie KpHBhie, Ha pa3HhiX Bhicorax (noc rpoeHHhiX B yaenn:

"!eHHoM MaCIIITa6e) KpHBhiX npOH3BO.[IH/lHCh pa3p83hi 1 H B KalK.[IOM H3 HHX 

onpe.Qell.H/lHCh CpeAHHe TO"!KH, 83aHMHOe IJ0/10lK8HHe IJP. KOB penepHbiX M8TOK 

H "!epeHKOBCKOf'O H31ly"leHH.H Ollpe.Qe/l.HJIOCh IJO /IHHH.HM 1 npoBe.QeHHbiM "!epe3 

TaKHM CIJOC060M IJOily"leHHbie cpe.QHHe TO"'KH (nyHKTHpHbie /IHHHH Ha pn:c.6), 
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Own6Ka B orrpowneHHH paCCTOHHl15! e Me)KAY JIHHii.I!MH 1 11 3 (eM. 

pHC. 5) 38Bl1CBJ18 01 pa36poca CpBAHHX TO"'BK 1 H8HA8HHNX HB p83HNX BN

COTBX. TaK, l10JIO)K8Jf!1e rpaHH p8Al18TOpa ITO perrepHLIM MCTKBM onpeaen.I!

JIOCb C TO"'HOCTb!O + ),007 MM, a IIOJ10)K8H!1e M8KC11MYMll !1306p8)1<8Hii5! !13Jiy

"'eH!1H - B CpBJIHBM ; TO"'HOCTb!O +0,03 MMo 

8 11pliHU11IIC B lBI!HOM MeTOJie, KBK 11 B MeTOAe 
Ill 

Maaepa , HJI.I! orr-

peaeneHii.l! Ha ¢oTorr,leHKe rroJIO)KeHH.I! rroqepHeHii.l! "'aCTH KOHyca nsny"'eHHH 

Baaunoaa-LJepeHKOBEJ, OTBe"'aJOweR HCTiiHHOMY 3Ha"'eH!110 cpeaHeR 9Heprun, 

Hy)KHO 6hlJIO 6N HBXI~IiTb Hall60Jiee BhliTYKJIYIO "'BCTb ayrn KOHyca H3Jiy"'e-

HIHT, 

OaHaKo aenli"'Hia IIporn6a ayru KoHyca H3Jiy"'eH!1.1! B ¢oKaJibHoR rrnoc-

KOCTH !jloToanrrapaTa CliJlbHO 38BHCHT OT yrna IIpenOMJieHHH • l1CXOJI.I! 

1!3 IIOCTpOeHHH, !1p11BBAeHHLIX Ha puc. 6, MO)KHO HailTH CB5!3b Me)I<AY yrna-

Mli u a Dpn r ~ r ' H sin a~ a 

d r' ~ ( d a ) 
2 

ctg ( 7 ) 

l13 !jlopMyJibl (/) Bli/lHO, "'TO I!pli 60JiblliHX yrnax r ( r '~ r) li M8JlbiX 

a IIporn6 ayrn KOlyca u3ny"'eHHH (a yrnoaoil Mepe) o"'eHb Man, 3To u 

IIOH.I!THO: BBAb I!pli KOHYC 1i3JIY"'BHHH rrpeaparuaeTCH B IIJIOCKOCTb, 

B HaweM cny"'Ee yron 
0 

r ~ 75 , a yron a 
0 

He rrpeBOCXOAHT 2 , "'TO 

IIpliBOAHT K 1'1 r = r- r' = 34" • Y"'HTbiBaR, "'TO y o6'beKTHBa 'Tennoc-40w 

B !jloKaJibHOH ITJIOCKOC TH 1 MM COOTBeTCTBYBT yrny B 40 Mlii!Y1' 1 /lJISI 

1'1 r = 34 .. nony"'HM l~8KCHM8J1bi!Y!O BBJIH"'HHY nporH6a 1'1 f = 0,014 MM 0 

DpH yKa38HHOH Bblllle l'O"'HOCl'li onpeaeneHHSI e 
l'biBal'b 91'01' rrporn6 ayrn KOHyCa 1i3JIY"'BHHSI li no9l'OMY ycpe/lHHl'b f i 

no seeM 5 paspesaM nnH Ka)Knoro nso6pa)KeHHR. 

Pesynhl'a Thi rp :t!jlu"'ecKoro onpeaeneHHR no 3 9KCn03HUHSIM npH-

BBJleHb! B 1'86JI. 1, n JH"'BM OWH6KH 1'1 f SIBJISIIOTCSI CpB/lHHMii OlliH6KaMH, 
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IV. KaJm6poBKa, rrorrpaBK!f 

lln51 TOLIHOrO JllpeJJ.eneH!f51 COOTBeTCTB!f51 MeMAY !f3MepeHHhiM 118 <jJOTO-

rrneHKe paccT051H!fe~ E 11 yrnoM 1/J 6bwa rrpO!i3BeJJ.eHa Kan!f6poBKa 

06011X <jJOT081lll8paT<lB C IIX 06beKT!fB8Mif C llOMOlllbiO rOH!fOMeTpa fC-5 , 

<t>oToarrrrapaT pacrrc narancg Ha MeCTe uerrOABIIMHoro KonnaMa Top a rou!fo-

MeTpa Ha CITeU!f8JlbiOH llOJ].CT8BKe, 

Kan116poBOLIHhe perrepuwe MeTKif B B!fAe y3K!fX rronoc HaHocunucb Lie-

0 
pe3 1 ITO BCeMy r OJliO 3peHU51 06beKTUBOBI H8CTpOeHHbiX Ha 6eCKOHeLI-

HOCTb, OepeA K8MJJ.biM 06beKTUBOM YCT8H8BJ1UB8J1C51 TOT Me lfHTep<jlepeHU!f-

OHHhlll CBeTO<jJ!fJ1bTp 1 KOTOpbiH UCITOJ1b30B8J1C51 BO BpeM51 pa60LieH 3KCil03UU!flf 

Ha rryLIKe rrpoTOHOB l1sMepeHue yrnoB rrpu Haueceuuu MeTOK rrpo!i3BOJJ.Unocb 

C TOLIHOCTbiO +2 , !>OTOITJleHKa C K8J1U6pOBOL!HbiM!f MeTK8Mif <jJOTOMeTp!ipOBa

JlaCb Ha TOM Me M !KpO<jJOTOMeTpe, PaCCT051H!fe MeMAY ABYMH J1I06biM!f MeT

KaMU orrpeaeJ151J10Clo C TOLIHOCTbiO ~0 1014 MM, Kanu6pOBKa llOK838J18 T8KMe 1 

LITO y 06beKTUBOB 1MeeTC51 HeKOTOp851 HenuHeHHOCTb COOTBeTCTBU51 MeMAY 

(K KpBrtM ITOJ151 3peHU51 o6beKTUBOB BeJ1ULIIIH8 ~£ 1 COOTBeT-

CTBYIOlll851 
0 

~ 1/J = 1 1 yBeJ1ULI!fB8J18Cb OT UeHTpa C 1149+0,01 MM AO 

1154+0 101 MM), 

Opu rrepecLieTe nuHeHHoro pasMepa 

YLIHTLIBanacb AJ151 ~ aMJJ.oro <jloToarrrrapaTa. 

3aJJ.aLia orrpeJJ.aneH!fH auepru11 npoTOHOB 

Ha yron 1/J 3Ta HenuHeHHOCTb 

E no !f3MepeHHhiM sen!fLIH-

HaM p 1 a CJ1eJ].OB8T8JlbHO If yrna 1/J , B ABHHOM M8TOJJ.e OCJ10MH51J18Cb 

TeM 1 LITO cpeAH5151 ~Jl!fHa BOJ1Hhl )\ IICITOJ1b30B8HHb!X B rrpu6ope !fi!Hc;''J•O-

peHU!fOHHb!X <jllfJlbTf OB 38B!fCena OT yrna naJJ.eH!f 5I rP 113JlyLieH!f 5I ( UMeiOllle-

ro uerrpepwBHhlH crreKTp) Ha <jllfnbTp, 

B CB513!f c a~'IIM 6LIJ11f npoBeJJ.eHLI crreu!faJlbHLie usMepeH!fH 3aB!fC!fMoc-

Teii A (¢) rrpu IICITOJ1b30B8Hiflf J].J151 3TOll uenu MOHOXpOM8T!fLieCKOrO 

ycTpoficrsa cneKTJ•o<!JoroMerpa C<t>-4. illKana AJllfH BOnH Kan116posanacb c 
0 

TO'IHOCTbJO +2 A no crreKrpanbHbiM nuHU51M OT pTyTHoii naMITbi, llnH OJJ.-
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uoro us caeTo4JunbTpoa saaucuMOCTb A(¢) npuaeaeua ua puc. 7, T!mu'I-

Hbie KpUBbJe nponyCKaHUH 4JunbTpOB nOKa3aHbl Ha pUC, 8 )lnH yrnoa rp = 0 O 

U rp =11 °, !13 puc,7 BULIH0 1 'ITO 'A CBeTOlPIWbTpOB LIOBOnJ.HO CIWbHO 3aBUCUT 

OT ¢ npu "" 0 ¢ '> 5 , floaroMy anSI onpeaeneHUH A C TO'IHOCTbiO 

:t_5 X ueo6xoauMo 6bino onpeaemiTb yron ¢ c TO'IHOCTb He xy)Ke 'leM !.._0,5? 

ilnSI onpeaeneHUH yrna naaeHuH usny'leHUSI c A ua caero£PunhTp 

Mbl BOCnonb30BanUCb TeM o6CTOHTenbCTBOM 1 'ITO UHTep£llepeHUUOHHble 4JunbT

pbi nponycKanu OKono 30% naamoruero Ha uux usny'leHHH, a ocranbHoe 

oTpa)Kanu, 

flonO)KeHUe 06'beKTUBOB lPOTOannapaTOB BO BpeMH 9KCn03UUUU 6bin0 

TaKoao, 'ITO orpa)KeHHOe usny'leHue or caeTo¢unbTpa ¢oroannapara I nona-

aano a ¢oroannapaT II u Hao6opoT, Ha puc. 5 npuaea~Ha ¢oToMerpuqec-

KaR KpHBaH H306pa)KeHHR H3ny'leHHR B ¢oToannapaTe I 1 Ha KOTOpOH OT'IeT

nuBO BHAeH nHK (4) H3nyqeHUH 1 OTpameHHOrO OT HHTep¢epeHUHOHHOrO CBe

TO¢HnbTp8 ¢oroannapara II 

flo paCCTORHHIO Memay BTOpH'IHbiMH nuKaMH U nonoHeHHeM rpaHU pa

AHaTopa ( U9HTp M9)KJ:IY penepHbiMH MeTKaMU) MO)KHO 6biJ: 0 AOCTaTO'IHO TO'I

HO onpeaenurb yron naaeHHSI usnyqeHHH Ha £PunbTpbi K8)KlOro us ¢oroanna

pa TOB, flpH 9TOM B03M0)!(Hbl ):188 cnyqag, 

flepBhlH 1 Koraa H306pa)KeHUSl OCHOBHOrO H OTpa)KeHtoro usnyqeHHH 

nemaT no pa3Hh!e CTOpOHbl OT penepHbiX MeTOK 1 K8K 9"0 nOK83aHO Ha 

puc. 5, Toraa a cooraercrauu c puc. 96 yron naaeHHR H3nyqeHHSI ua ¢o-

roannapaT II 6yaeT onpeaenRTbCR ¢opMynoil 

¢ = 
2 (8) 

rae a 1 - yron Me)KJ:IY nnocKoCTbJO paauaropa H uanpaE neuueM usny'leHHSI, 

OTpa)KeHHoro or ¢oToannapaTa II 

)KeHHJO a ¢oToannapaTe 

• Yron a 1 

13 
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Lln51 yrna ¢ 
1 

!MeeT MeCTO tiJopMylla 

¢ = 
I 

(9) 

rae a 2 - orrpeaen51e· 'C 5I no H3o5pall<eHHJO B cpoToarrrrapaTe II 

8Topoil Clly'fail, KOI'AB OCHOBHOe H3lly'feHHe H OTp8'1(eHHOe llell<aT ITO 

OilHY CTOpOHy OT peiTe)lHb!X MeTOK, DpH 3TOM B COOTBeTCTBHH C pHC, 9a 

yron ¢ = 
2 

, 9 yron ¢ = I 
( yrnbi a I H TBK-

ll<e H3Mep51JOTC51 no H3l5pall<eHH51M B ¢oToarrrrapaTax 

BeHHO), 

H II cooTseTCT-

DepeXOJl OT H3M"peHHblX yrl!OB 1/J All51 orrpeaeneHHhlX AllHH sonH A 

(B COOTBeTCTBHH C BhilleiTpHBeJleHHOll rrpOUeJlypoil) K CKOpOCTH ITpOTOHOB 

ocywecTBll51llC51 no ct>or Myne ( 1). 

0THOCHTellhHbril liOKaaarenh rrpenoMneHH51 panHaTopa n 
1 
In 

2 
, BXQ-

A51illHll B cpopMyny ( 1) H3Mep51llC51 All51 pa3llH'fHbiX AllHH BOllH C ITOMOillbiO 

rOHHOMeTpa CC-5 y nsyx rrpH3M, HaroTosneHHbiX H3 Toro ll<e KycKa Ma

TepHana, 'iTO H paAHB rop, PeayllhT8Tbl H3MepeHHH All51 OAHOH H3 rrpH3M 

rrpHBeneHhi B Ta5n, 2. 

0 

A' \ 

5460,74 

435E ,3 

Ta5nHua 2 

n 
1 

( OTHOCHTellbHble) 

1,57088 + 2·10-
5 

- -5 
1,58117+2.10 

1,56539 ~2.10-5 

MeTOAOM arrrrpOI CHMBUHH H8 OCHOBBHHH H3MepeHHH ITOK838Tell51 rrpe

llOMlleHH51 paAHBTOpa lll51 TpeX AllHH BOllH Bhl'fHCll51ll8Cb 38BHCHMOCTb n (A) 

ITO cpopMylle fapTMaHt: 
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c 
( 10) 

flpH a= 1 , C = 8,537124, ,\ 
0 

183,543, n 
0

- 1,54 7331 TO'IHOCTb 

-5 
annpOKCHMBUHH COCT8BllHeT :1·10 (npH 8TOM ,\ B l!M), 

B Ta6n. 1 B nocneaHeii KOllOHKe npHseneHbi sellH'I !Hhi cpenHHX 8Hep-

rHft npOTOHOB no TpeM 8KCri03HUHHM1 Bbi'IHClleHHbie C n<·MOlllbiO BbillleOnHCBH-

Hb!X MeTOt:IOB K8llH6pOBKH ( nepeBOt:l8 llHHeiiHHOrO p83Mef 8 f a yron 1/J ), 

onpeaeneHH H cpeaHeii nnHHbi sonHbi A HHTep~epeHUHOHHhlX ~HllbTpOB 

H H3MepeHHH nOK838TellH npellOMlleHHH p8t:IH8Topa. flpH 8TOM BellH'IHH8 no
D 

Ka3aTenH npenoMneHHH so3nyxa npH A "' 6000 A npH~HM8ll8Cb paBHOR 

D = 1 ,000277 /
5

/, 8 M8CC8 nOKOH npOTOH8 
2 

' 16/ 
m0= 9.18,256 M::;~s , 

CnenyeT 3aMeTHTh, 'ITO 3Ha'leHHH 8HeprHil, npHse.leHHbie a Ta6n, 1, 

COOTBeTCTBYIOT cpenHeft 8HeprHH npoTOHOB B UeHTpe p8t:IH8T0p8, nnH onpe-

t:lelleHHH 8HeprHH npoTOHOB, IT8t:l810lllHX Ha p8JlH8TOp, He)6XOJJHMO Jl068BHTb 

HOHH38UHOHHhle ITOTepH npOTOHOB Ha riOllOBHHe TOlllllHHhl p8t:IH8TOpa, 

fiOllOBHH8 TOlllllHHLI p8t:IH8TOpa COCT8BllHeT 1 MM, 'ITO COOTBeTCTByeT 

2 3 
-

1 -= 0,312 r/cM ( ITpH p = 3,12 r/cM ). J-10HH~ 8UHOHHbie ITOTepH 

2 17 I 
npoTOHOB onpenenHllHCb no Ta6nHUBM .. H anSI npoTol os c ::;~aeprild 885 M::;~s 

M8B·CM2 
Z = 27,3 OHH COCT8BllHllH 3,80 r , 1 8KHM o6p830M, no-npH 

TepH Ha nonoBHHe TonmHHhi paaHaTopa paBHhi ( 1,19+ 0,·)1) M::;~s, 

KpoMe 8Toro, senH'IHHhi cpeJJHHX 8HeprHil cneny :!T HCnpaBHTh HB cnsHr 

o6ycnosneHHhlil HCKa•eHHeM pacnpeneneHHH HHTeHCHBHCCTH H31ly'leHHH Ba

BH~osa-4epeHKOBa H8 BbiXOJle H3 p8JlH8TOpa 38 C'leT orpa•eHHH H8 rpaHH-
"" ·> 

Ue paJJH8TOp - B03t:lyX, 3TOT Ct:IBHr 38BHCHT OT CpeJJH•·il 8HeprHH ripOTOHOB, 

3HepreTH'IeCKOro pa36poca H OT CyMM8pHoi! yrllOBCH paCXOJlHMOCTH npo-

TOHOB B ny'IKe, ero cnenyeT npH68BHTb K BellH'IHHaW 8HeprHH, ITpHBe)leH-

HbiM B Ta6n, 1, 

15 



}f.}f 
nn 

I. 

2. 

3. 

4. 

Ecnu ~yHKUHH sHep~eru~ecKoro H yrnoBoro pacrrpeaeneHHil rrpoTOHOB 

HMeWT rayCCOBCKHH BHA CO CT8HA8pTHbiMH OTKnOHeHHRMH 

a e=10'' TO CyMM8pHblll CABHr COCT8BHT ~ E= 0,18 MsB. 

a = 3 MsB H 
E 

TaKHM o6pasoM, C) MMapHaR rrorrpaBKa K sHeprHH cocTaBnReT 1,37 MsB, 

a sHeprHR, HarrpuMep B 3KCIT03HUHH N~l OT 29.1.1969 r, paBHa 6!:l4,64 MsB, 

V . 0lllH6KH H3MepeHHH ll pa3pelll8WlU6H CITOC06HOCTb 

MeTOna 

0UlH6Ka H3MepeHHR cpeaHefi SHeprHH ITpOTOHOB MOHOXpOM8TH~eCKHM 

MeTOAOM RBnl!eTCR cpeAf eKB8L\p8TH~IIOH H3 OlllH50K, rrpocyMMHpOB8HHb!X B 

Ta6n. 3. 

0mH6Ka H3MepeHHR 
yrna 1/1=900 :, 

0mH6xa. ~w sa cqe 
OmH6KH B ltanH6pOB 
o6beKTHBOB "renHo 

0mH6Ka H3Y8p8HHR 
xasaTena npenoMne 
pa,n;HaTo pa, ~ n I 

0mH6xa. ~ n I H3-3a 
Heonpe~eneHHOCTH 
HHTep~p9HUHOHHHX 
<f>wlbTpOB 

r 
Ke 
c-4 

110-
HH.H 

X 

Ta6nuua 3 

Benu~uHa 

O!llH5KH 

.:ti,2 I 

,:t0,6 I 
)" 

.:t2•ro-5 

.:t2, 5• ro-5 

16 

~E 1 , MsB ( ~ E I )2 • Msn 
2 

,:tO,I752 0,0307 

.;t0,0876 0,00767 

.;t0,039 0,0015 

.;t0,049 0,0024 

-
' 



ITepeBOA oumooK !! tjJ H An rrpon:sBOAHnC>~ no cpopMynaM (3) H (5) 

cooTBeTcTBeHHo. ITpu 9Hepruu 665 MaB A E I i\ tfr=O,l 1:6 MaB • 
MHH 

CpeAHeKBaApaTHqHaH owuoKa H3MepeHHH cpeAHei aHepruu rrpoTOHOB 

rrpu perucTpauHH usny'!eHHH OAHHM cpoToarrrrapaTOM C< CTaBnHeT !! E =0,20MaB, 

ITocKonLKY onpeAeneHHe 9Hepruu B AaHHOM MeT )L\e rrpoH3BOAHTCH 

- E +I 2 
OAHoBpeMeHHO ABYMH cpoToarrnapaTaMH, TO E = --1

---, a TO'IHOCTL orrpe-
2 

AeneHHH cpeAHeil 9Hepi'HH COCTaBHT 

( 11 ) 

ITpu 

B HarneM cny'lae AnH 9KCIT03HUHil 1 H 2 (Taon. 1) cpeAHeKBaApaTH'I-

HaH OlliHOKa H3MepeHHH cpeAH8ll 9H8pi'HH 

9KCIT03HUHH 3 

EcnH ITpHHHTb BO BHHMaHHe, qTo B 9KCIT03HUHH 3 ITnOTHOCTb ITO'!epHe

HHH cpOTOrrneHOK Obina 3H8'!HTenbHO Hli)K8 HOpManbHOH, TO MO)KHO CqHTaTb, 

'ITO TO'!HOCTb, AOCTiii'HyTaH rrpH HCITOnb30B8HHH MOHCXpOM8THqeCKOI'O M8TO

Aa, cocTaBnHeT ~0,14 MaB, T.e. ~0,02% • 

.Ung rrony'!eHHH cpeAH8ll 9Hepi'HH rrpOTOHOB B n:-'!Ke HeiTOCpeACTB8HHO 

ITOCne BhiXOA8 H3 KaMepbl yCKOpHTeng K B8nH'IHH8M :>Hepi'Hll (Taon, 4) 

H800XOAHMO A008BHTb 9Hepi'H~ 38M8AneHHH ITpOTOHOE B B03AyXe, 

IToTepH 9Hepruu s BOSAyxe 

nacHo paBHhl A E I t!x = 2 , 18 
171 

M8TpOB ( p = 0,0012 r/cM3, 
B03A, 

AnH rrp<>TOHOB 670 Mas cor

' a :IOTepH 118 AnHH8 16 

t = 20°C) co:rasnH~T 4,20 Man. 

.Ung orrpeAeneHHH pa3perua!Olli8H CITOCOOHOCTH MOHOXpOM8THqecKOI'O 

MeToAa KpHBaH rrnoTIIOCTH rroqepHeHHH uso5pa)K8HHH usny'!eHHH BaBunosa

LJ:epeHKOBa, H3MepeHH8H Ha MHKpOcpOTOMeTpe, rrpeo6pa30BbiBanaCL C Y'Ii'TOM 

17 



Jr. Jr. 
nn 

I. 

2. 

3. 

l~ 0 

5. 

6o 

aaBHCHMOCTH rrnoTHOC rn rro'IepHeHH.H D oT SKcnoanunn H Jln.H tfloTo-

rrneHKH Tnna KH-3 • 

McnpaBneHHa.H T~KHM o6paaoM KPHBB.H (Jln.H OllHOH na SKcnoanunA) 

rrpnBelleHa Ha pnc, 1(, flonHa.H ll!HpHHB Ha rronOBHHe BbiCOTbl STOH KpHBOH 
9 

(nyHKTHpHaH KPHBa.H) cocTaBnSieT to. EfllllfiB = 16,3 MsB n orrpeAenHeTC.H 

tflaKTOpaMH 0 rrpOCyMMF. pOBBHHbiMli B Taon. 4, 

Ta6nnua 4 

- -- -
3qxpeitT ymHpeE 

KOHyca H311Yli8Hl! 
M.ll 

Ms1 2 .II t!E i ' M3:a (to. E I )2, 

-- -
Pa3dpoc saeprHJI 
B nepBHliHOM nyt.: 

npQTOHOB ,±3,3 I0189 
xe /4/ 

-----
3&1e,ItJISHHe npol OHOB B .± I,I9 I,4I6 
pa,nHaxope 

-- -
Yr11osa.11 pacxo.u;P. MOCTb 
npOTOHO B B nyqE 

-J 
to.a =~2,5•IO 

.e ,t6,I 37,2I 

-- -
J(HcppaK~H.II t to. rjJ = ,±2, 2) .;~;o, 32 o,ro~4 

_...._,...._ ..... ___ -----
Pacxo,n;Huocxb B 
cqex KoHeqHoro 

t!rjf 3a 
.:tO, 072 to,.,\ 0,0052 

HHTepcpeH~. ¢l! JI:blJ:pa -
MHoroKpaxHoe pa 

.B pa.u;Haxope l 

CC8RHH8 .± 5,2 27,04 ~e =±7 ,541 

--
I (to,. E I) 

2 
= 76,65 
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B cooTB8TCTBIHI c 3THM pac"'8THa5! wHpHHa pacrrpE U8JI8HH5! ,'l E ~illflB 

17,51 M :om. 3To naxoLtHTC5! [\ ynoaneraopHT8.TlbHOM co 'JiaCHII c 9KCIT8pH-

9 
M8HTaJlbHOH B8Jllf'ilfHOH L'l E nwns H83H8'ilfT8Jlbll08 npE BbiW8Hif8 paC'l8THOH 

R8Jllf'llfHbl HaLt 9KCI18plfM8HTaJibHOH 0 B03MOMHO 
1 

CB5!38HO C T8M, 'ITO ):(8HCTBif-

T8JlbHa5! yrJIOB85! paCXO):(IfMOCTb H8CKOJlbKO M8HbW8 1 '!8111 I1plfH5!T85! lfCXO):(H 

1!3 r8oM8TpH'l8CKifX coo6paM8Hifii, 

Aaropbi pa6oTLI 6naronap5!T npo¢. B.n. ll}K8JI8ITOBE 3a nonn8p}KKY If 

RHHMaHif8 K pa6oT8, T .~1. Ko3noay 3a aKKyparHyiO If Kp« IITOTJIHBYIO pa6ory 

ITO tPOTOM8TpllpOBaHHIO 9KCI18pHM8HTaJlbHOr'O MaT8pllaJia 1 fl,fl, fl I!Cap8BY 3a 

H3M8p8Hif8 XapaKT8pHCTif'l8CKHX KpHBb!X <floTOIIJ18HOK 1 fl ,] I. 30JibHHKOBB H 

COTpyLtHifKOB <fJOTOJia6opaTOpH11 3a H3r'OTOBJ18HH8 pHCYH~ OB 1 BHifMaHH8 II 

IIOMOWb B pa60T8 1 A.A. 3HMHHY 3a BhliiOJIH8HH8 rpa<fJH'l8:KHX pa60T, a TBK

}1{8 f. flyrrTBKOBY 3a IIOMOWb IIpH IIpOB8):(8HHif H8KOTOpbl:l! paC'l8TOB Ha 38M, 
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a) 

PHc. 3. CxeMa onTH"l:ecKoro ycTpoll:CTBa t:lnll HaaeceHHil penepHbiX MeToK: 

a) BK/l H& p8/lH8TOp CB,~pxy, 6) BH/l H8 p8JlH8TOp npOTHB ny"l:K8 npOTOHOBo 

PHc. 4. 4>oTooTne'laTKH H3ot5palKeHHll: H3ny"ieHH51 BaBHnoBa-4epeHKOBa H 

penepHbiX MeTOK. 
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PHc, 5, THnHqHaH ~oToMeTpHqecKaH KpHBaH HeraTHBHw:. H3o6pa•eHHA,aHa
nor»qHwx pHC, 4, (y3KHe nHHHH (2) - penepHwe MeTK~, WHpOKHA TIHK (1) -
HsnyqeHHe BaBHnoBa-YepeHKOBa. 

PHc. 6, nocTpOeHHH }lnH onpeneneHHH nporH6a ayrH K<>Hyca H3nyqeHHH 
BaBHnOBa-YepeHKOBa. 
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• 

PHc. 9, K orrpeneneHHIO yrna rraneHHH H3ny'leHHH Ha HHTep<jlepeH!lHOHHbie 

<jJH1lbTpbl, 

N{Ep). 

40 

fE30 

L£ ·16, 3 11aC 

10 

0 
650 670 

PHc. 10. !l>oToMeTpH'IeCKHe KpHBhie H3o6pa>KeHHH H3l y'leHHH BaaHnoaa

t.IepeHKOBa ( 0 - TO'IKH, H3'1AepeHHbie Ha MHKpO<jJOl OMeTpe, 0 - TO'IKH 1 

HCIIpaB.1leHHhie HB 38BHCHMOCTb II110THOCTH IIO'IepHeHH H H OT 3KCII03H!lHH 

nnH <jlororrneHKH THIIa KH-3). 
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