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I. BBeDeHHe 

Ill 
B pa6oTe DnH H3MepeHHH cpenHeii sHeprHH npc TO HOB B ny'IKe 665 M 3B 

c Hcrronb30BBHHeM H3ny'IeHHH BaBHnoBa-YepeHKoBa om!• :aH TaK ua3biBaeMhii1 

MOHOXpOMI1TII'JeCKIIH MeTOD. 8 HeM 6;,rnl! ycTpaHeHh! He ~OCTBTKif MeTODa .l'v\a-

1 21 
3epa , '-!TO no3BOnHno nony'-!HTb TO'-!HOCTb 2:_0, 14 M sB (::_0,02%),- 3TO B 

II pa3 Bblliie TO'-!HOCTH MeToDa 
121 

OnHaKo perHCTpaUHH H3ny'IeHHH B y3KOM nHarra3o!e nnHH Bona rrp!!BOJJ:HT 

K Heo6XO/li!MOCTif rrporryCKBHifH '-!epe3 p8/llf8TOp 6onbWOI 0 ITDTOKB 11pOTOHOB 

12 
( ~ 6• 10 ) , B pe3ynhTaTe qero nnH rrony'-!eHHH Ha <jloTonne HKe HopManbHbiX rroqep-

ueuHil oT 1!3ny'-!eHIIH BaBHnoBa-YepeHKoBa Tpe6yJOTCH 3KC IT031!UHH 25-30 MHHyT 

9 
( rrpl! IIHTeHCifBHOCTif KOnni!MllpOBC!HHOf'O rry'-!Ka 11pOTOHOE 3•10 11pOTOHOBI CeK) • 

8 IIBCTOHI11eil pa6oTe l!3naraeTCH arroXpOMBTif'-!eCK IH MeTOil lf3MepeHif51 

cpenHeil sHeprHH rrpoToHOB B rry'IKe, KoTopwil, coxpaHHI Bee npeHMywecTBa 

MOHDXpOMBTH'IeCKOf'O MeTODa, He HMeeT OCHOBHOrO ero HeJJ:OCTBTKa. CoKpa-

weane BpeMeHH 3KCI10HllpOB8Hll51 HB ITy'IKe 11pOTOHOB JJ:O<Tiff'BeTCH ITyTeM 

Hcrronh3oBaHHH ABOiiHoil arroxpoMaTH'-!ecKoil rrpn3Mbi, Kf ,TopaH 3Ha'-!nTenbHO 

KOMITeHCllpyeT BnlfHHI!e DllCITepC!!ll pBJJ:IfBTOpa liB TO'-!HOCTb ll3MepeHHH If TeM 

CBMbiM 1103BOnHeT lfCITOnb30B8Tb AHH pef'HCTpBUifll WllpCKyJO o6nBCTb JJ:nl!H 

BonH H3ny'-!eHHH BaBHnoBa-YepeHKoBa. 
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II. Orrncaunc MeToga 

Dp11 llBH)K8Hlll1 3 lpH)KeJUwfi •wcTHUbi co cKopocThJo {3 n onTn'-leCKH 

lt:JOTporrnofi cpene c a6comoTHbiM rroKa3aTeneM rrpenoMnemrH R Hefi 

B03HHK88T KOHyc H3l1Y'-18HHH BannnoBa-YepeHKOBa, nonOBHHa yrna 2 e 
/3/ 

rrpH BCpWHHe KOHyca I 3l1Y'-ICIUIH OITp8JlCl1H8TCH H3B8CTHLIM COOTI!Oili8HI!8M 

COFI 0 (f... ) = 
l -----

{3n(A) 
(I) 

nocKOl1bKy fiOK8~8TBl1b fljlCl10MI!C'I!HH n 1 BXOJlHIIIHH B tflopMyny ( 1), 

a/lBHCHT OT Jll1llllbl BOI lib! f... 1 TO H H/lflp8Bl18HH8 H3l1y'-18Hllfl T0/1<8 3/lBHCHT 

DT A 

Ecnn B ycTpoi1:C1Be lll1H orrpeneneHHH cKopocTH '-IBCTHU no H3l1Y'-IBHHID 

BaBHl10Ba-YepeHKOB8 *8l1BTCl1bHO HCITOl1h30B8Tb Cf!8KTp H3l1Y'-18HHH B WH-

pOKOH o6naCTH lll1HH EOl1H 1 TO Of!Tll'-IBCKBR CHCT8Ma TBKOrO ycTpOHCTBa 

H0l1)Kfl8 COJ18p)K8Tb 311 ?M8HT 1 KOMfl8HCHpyiD!UHH Bl1HRHH8 LlllCIT8pCHH panna-

Topa. 

8 H8CTORW8H pa5oTe TBKHM 3l18M8HTOM RBl1H8TCR llBOHH8R rrpH3M8 

( ny6neT), npenOMl1RID UH8 yrl1bl Jly6neTa Bbt6p8Hbl T8KHMH 1 '-ITO Dpll 38Jl8H

HOM rroKa3aTene rrpencMnennR pannaTopa rrpn3Ma CBOilHT H3ny'-!eHne BanH

noBa-YepeHKOBa Jll1H Tpex lll1HH BOl1H (npH 38Jl8HHOA CKOpOCTH '-18CTHUN) 

HB OllHO H TO )K8 H8f!J•8Bl18HH8, TaKyW CHCTBMy B COOTB8TCTBHH C o6menp11-

HHTOH TepMHHOl10rHefi B Of!THK8 Mb! H83b!B88M 8fl0XpOM8TH'-18CKOA, 

OnHcaune MeTOJll anoxpoMaTn3aunn H3l1y'-leHHH BaBnnoBa-YepeHKoBa 

/4/ 
fl0Jlp06HO H3J10)K8HO B pa60T8 , 3necb )K8 Mbl rrpHB8Jl8M l1Hllib OCHOBHbl8 

cpopMyl1b! 1 flO KOTOpb!M p8CC'-IHTb!B8l1CH 8ITOXpOM8Tll'-18CKHH Jly6neT, 

CncTeMa, COCTOHWBH H3 fll10CKOIT8p8l1l18l1bHOrO p8Jlll8TOp8 C f!OK838-

TeneM npenoMneHHH n n ny6neTa npH3M c f!OK838T8l1HMH ITp8l10Ml18HHH 

n 
3 

n n 
4 

, OKpy)KeHH ,Ix cpenoti: c n 2 (nee noKa3aTenn npenoMnemtH - a6-

conwTHbi8), noKaaana f!a pnc. 1. 

4 



PacrwnolKeHne rrpenoMn11JOIUnx rpaHeli arroxpoMa Tll'IecKoli cncTeMbi 

6yAeM orrpeAeni1Tb yrnaMn V 1 v2 n V 
3 

( rrom•lKllTenbHOe aarrpaB-

neHne oTcq~Ta yrnoB aa pnc, I rroKa3aHo CTpenKoli), M3 pnc, I BllAHD, 

x r- V 
I 

( 2) 

3arrnweM 38KDHbi rrpenoMneHll11 Ha Tpex rpaHI1X HarnE li cncTeMbi rrpn3M: 

rAe 

If 

n 
2 

cos x n 
3 

sin y 
1 

n 
3 

sin y = n 
4 

sin y 
2 

, 

n 
4 

sin z n 
2 

cos ( x+ y + z - R ) , 

f3'Xn 2-l-
r = arc sin V ----1=----

fJ n 2 

( 2') 

a V - HarrepeA 38A8HHbiH yron MelKAY OfiTifqecKOli OCbiO CllCTeMbi If HarrpaB

neHneM n3nyqeanl1 BaBnnoaa-L!epeHKOBa rrocne BbiXC Aa ero ll3 rrpn3Mbi, 
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B 3TOM cnyqae yro. 1 x Bbi'lHCnHeTCH H3 ypaBHeHHH: 

. l 

rae 

y 

~r= 

L sin 
K 

= arctg 

n 
cos(x+y-R)- [-L +sin(x+y-R)] 

n 
2 

y+ -~L_ ___ [(I-~) cos 
. n 2 K 

V ( - 3
- ) - COS 

2 
X 

n 
2 

x- AL sin x] I 
K 

(__!:_ 
K 

L' ) ( l'lr ~r' ) . 
- ---,- COS X + -- - --- Sin X K K K 

I L' ) '( n 3 ) 2 2 (- ~ - -- V -- - COS X 
K K' n

2 

0' 

(~~!.. 
2 2 f3 n ~ ----

-----1- ---"-~..; .B 2"2 -1). 
-------- n 

vf:32n2 -({:3:n2-l) 1 
---- 1 n2 

2 1 

K 
l'l n 2 

----, L 
n n n3 n 

( 3) 

(4) 

npuqeM BeJlll'l> Hb1 ~ D i 6e3 WTpHXa OTHOCHTCH K pa3HOCTHM nOKD • 1TPJ1eif 
[ 

npenOMlleHHH Me*JlY nepBOll (OCHOBHOif, Ha HanpaaneHHe KDTDpOif CBOJlHTC~ 

JIY'lll npyrHX JlllllH Bt lllH) H BTOpO if JlllHHaMH BOnH, a BellH'lMHbl CO U!TpllXOM -

MeMJlY nepBOif H TpETheif. 

npll Haif.aeHHO~ X yl'Oll y 

no <flopMyne 

Bbi'lHCnHeTCH no 4JopMyne ( 4), a yron z 
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z arctg 
cos (x+ y- R ) 

( 5) 
n 

_,! +sin ( x+ y- R) 
02 

nocne ITOACTaHOBKH 3THX BenHqHH B ~OpMynhi (2) HaXOAHTCH HCKOMb!e 

yrnhr V 1 

flapaMeTpbl ITpH3M ay6neTa, KOTOpbl~ HCITOnb3DBc ncH B HaCTOHIUe~ pa-

APOCHROMAT / 4
/ nnn ~Hepr"" 6oTe 1 6brnH paccq!fTaHbl ITO rrporpaMMe ,_, n "' nn 

rrpoTOHOB 650 M :;m, npH pacq~Te 3a OCHOBHYIO nnHHy IIOnHbl rrpHHHManacb 

nHHHH F ( A = 486,1 HM), a yron BhlXOAa H3nyq?HHH C 3TO~ anHHO~ 
,, •, 

BOnHbl 1:13 rrpH3Mbl ITpHijHManCH paBHb!M v = -0,2 pan. Ha sTo >t<e 

HarrpaBneHHe CBOAHnOCb H3nyqeHHe C AnHHaMH BOnH \&= 435,8 HM H 

A c = 656,3 HM. npH3Mbl 6b!nH H3f'OTOBneHbl Ha rrpenr pHS!THH "nHorrTpa" 

(t-ICCP) H3 qexocnoBaUKHX cTeKon THrra F 5 H SK l04 1 KOTOpb!€ ITO 

csoHM xapaKTepHCTHKaM 6nH3KH K cTeKnaM <1>6 H TL 16 , BhmycKaeMbiM 

B CCCP, Pacq~THaH ~opMa ny6neTa rroKa3aHa Ha pHc, 2. 

MsMepeHHH yrnoB ny6neToB rrpH3M rrpoHaBonHnoc~ Ha roHHOMeTpe 

fC-5 C ToqHOCTbiO !_3", 

B KaqecTBe MaTepRana panHaTopa 6hrn B~c>r6paH pTopHCTbi~ nHTH~ 

3 
(Lif),HM€101UHA rrnOTHOCTb p = 2,60 r/cM H pani!aUHOHHYIO AnHHy 

2 /5/ 
X 0 == 38,95 r/ eM • 3naqeHHH OTHOCHTenbHbiX no <a3aTene~ rrpenoMne-

HHH rrpH3M ny6neTa H panHaTopa npHBeaeHbi B Ta6n. 1 ( rrpH 

nnH ay6neTa rrpH3M 1 HCITOnb30BaHHOf'O B HaCTOSil!€~ pa6oTe H 3HeprHH 

rrpoTOHOB E == 656 M sa pacxonHMDCTb HsnyqeHHH nr H HHTepsana nnHH 

sonH oT 360 HM no 540 HM nocne panHaTopa cocTaBn!rna 

KaK 6.v = 2,76 '( 6. E= 0,38 Msa). TaKHM o6pa3oM, ny6neT yMeHbiUaeT 

OWH6Ky B orrpeaeneHHH SHeprHH rrpOTOHOB1 Bhl3BaHHyiO BnHSIHHeM AHCITepcHH 

panHaTopa, rroqTH B 70 pa3, 
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3aBHCHMOCTH yrna Bwxona H3nyqeHHH BaBrrnoBa-4epeHKoBa H3 ny6neTa 

rrpH3M v ' ( E ) H HeorrpeneneHHOCTH L\ E 1 Bbi3B8HJ oil OCT8ToqHoii pacxo-

AHMOCTbJO L\ v H3nyqeHHH rrocne ny6neT8 1 oT 8Heprm· rrpoToHa E rroKa

aaHbi 11a prrc. 3. CnenyeT 3BMeTHTh, qTo yron Bbrxon<, H3nyqeHHH H3 rrprr3Mbi 

V OTCqHTh!B88TCH OT HOpManH K Bb!IIYCKI!Oll rpaHH H CBH381! C yrnOM V 1 

qmrypHpy!OliliiM B QJOpMynaX ( 2') 1 COOTHOWeHHeM V =-II '+ (VI+ V 2+ V 3 - ~). 

6naroaapH 6onbwoMy yrny Bbrxona H3nyqeHHH rr:• ny6neT8 rrpH3M 

v '~70°15'), rrocnellHHii He TonhKO xopowo arroxpoMETH3HpyeT H3nyqeHrre, 

110 H yBenrrqrrB8eT qyBCTBHTenhHOCTh rrprr6op8 K H3Me:reHHHM sHeprHH. Mepoii 

H3Mel!eHHH qyBCTBHTenbHOCTH HBnHeTCH BenHqHH8 

h 
Ar 

Av 

sin(v-V 1-V2 -V
3 

)cosy 1 cosy2 

sin x cos y cos z 
( 6) 

TaK 1 rrprr H3MeHeHHH sHeprHH rrpoToHoB 656 M:=B, rrpoXOilHlilHX qepe3 

paarraTop H3 Li F, Ha 1 M 8B HarrpaBneHHe H3nyqeJIHH Ha Bbixone H3 pa-

arraTopa ( yron r H3M8HHeTCH 118 3, 5' 1 a 118 BbiXOt: e H3 Jly6neTa - 118 7 1 21
• 

CyMMapHbie rroTeprr Ha oTpa)l{eHHe H3JiyqeJIHH B paarra rope rr ay6rreTe He 

rrpeBOCXOJlHnH 8%, 

III. Y cnoBHH 8KcrreprrMeHT8 H orrHC8HHe rprr6op8 

3KcrrepHMeHT rrpoH3BOilHncH 118 rryqKe rrpoToHOB c 8Heprrreii 657 M3B, 

BhlB8Jl8HIIOM H3 CHHXpOUHKJIOTp01!8 fl860p8TOpHII H/l8pihlX rrpo6neM,H8 p8C

CTOHHHH ~16 MeTpOB OT BhliiyCKHOrO OKHa K8M8phl yCKOpHT8JIH, nyqoK npo-

TOHOB JlO IIOII8/l8HHH 118 p8/lH8TOp llpH6opa ~OpMHpOBBnCH KonnHMBTOpOM 

.[lH8MeTpOM 10 MM H AJIHHOll 4 M, 
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CxeMa rrpn6opa mKa3ana na pnc. 4, fly'IoK rrpoToHoB ( p) rrpoxonnn 

qepe3 rrnocKorrapannenbHYID rrnacTHHKy (pannaTop 1) H3 LiF TonmnnoA 1,5 liM 

rreprreHUHKynHpHO ee nosepXHOCT51M, Yf3ny'IeHHe 1BaBHnosa-l:fepCHKOB81 Bbl

Ill8nmee H3 pannaTopa non yrnoM r "' 40°30', rrorranano na nsa ny6neTa 

arroxpoMaTR'IeCKHX rrpi3M (2), pacrrono*eHHhlX rro o6e cToponw oT rry'-!Ka, 

ilnH YCTBHOBKH lly6ne10B B pBC'IaTHOe IIOnO*eHR8 OTHOCHT8nbHO rrnOCKOCTH 

pannw;·opa KBM!Ib!i\ R3 HRX HM8.1l crreuRanbHYID IDCTRpOBO'IHyJO rpaHb d , 

EcnH -lTB rpaHb C IIO~!OWbiD BBTOKOnnHMBUROHHOrO ycTpOi!CTBa yCTBHaBnRBa

naCb '~Tporo rrapannen :,no nnocKoCTR panllaTopa - ny6neT B HY*HOM nono)Ke-

Hmr. ITapannenbHbte rry'IKH H3ny'IeHHH rroene rrpR3M nosopaqnsanRCb rrnoe-

KHMH t.ll!IOMHHllpOBBHHE :MR 3epKanaMH ( 3) B CTOpOHy OT IIY'IK8 !TpOTOHOB 

H cpoK: eHpOBBnlleb 06'b ?KTRBBMH ~fenHoe-40" 0 H8CTp08HHhlMR HB 6eeKOH8'I

HOCTb. 06mllfi R>!Jl IIpll iopa IIOK838H H8 pRe. 5, 

1!3ny'IeHHe perucrpnposanocb Ha cpoTorrnacTHHKH THrra • ~3oopToxpoM• 

e eseTO'IYBCTBHTenbHO :TbiD 90 en. fOCT 10691-83, KOTOpb!e pa3MemanReb 

B cjloKanbHOA rrnoeKOCTI cjloToarrrrapaTOB "3eHHT-3M', 

THIIH'-!Hoe rro3HTHBHoe H3o6pa*eHHe H3ny'IeHHH BasHnosa-YepeHKOBa 

H8 rPOTOIInaeTHHKe HMe llO BHll, IIOK838HHbiA H8 pRe, 5, 

OTc'IaT nono*eHtH nyrR H3o6pa*eHHH H3ny'IeHH51 rrpoH3BorrRneH B nanao•l 

MeTorre He OT BbliiYCKl Oit rpaHR c ay6neTa IIpH3M 0 a OT BCIIOMoraTenbHOil. 

rpaHH b (eM, pae. 2). Hanecenne perrepnwx pHeoK (ase y3KHe nHHHH 

Ha pHe. 6), orrpenenHK WHX rrono*eHRe rpanR 

MOWbJ() CII8UH8nbHbiX II J08KTOpOB ( 5) 0 KBK H Il 

b , ocymecTBnHnoeb c no-

ll/ 
MOHOXpOMBTH'I8CKOM M8TOlle 

ilnH rronyqeHHH HJpManbHOA rrnOTHOCTR IIO'-!epHeHRH H306paMeHHH OT 

H3nyqeHRH BasRnosa-l.J epeHKOBa Ha cpoTonnaeTRHKax Tpe6osanoeb rrponycTI!Tb 
11 

'Iepe3 pallli8TOp B epenHeM 1,5•10 IIpOTOHOB ( IIpH 8TOM 8KCri03HUHH COC-

TaBnHna MeHblll8 OJlHOH MHHyTb!), 
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IV 06pa6oTKa pe3ynhTaTOB 

¢OTOIIn8CTHHKI1 C ueraTHBHb!MH lf306pa)K8HIH!Mif $i>TOM8TpHpOBanHCb 

Ha M11KpO$OTOM8Tpe THna M<!J-4 npll llllfpHHe ruenH 0,(125 MM 11 Bb!COTe 

0,33 MM, f13MepeHHH npOH3BOillfnlfCb C ruaroM 0,01 MM If 0,05 MM anH 

penepHhlX MBTOK If qepeHKOBCKOrO cnena COOTB8TCTB8Ht0, ToqHOCTb OTcqa

Ta nepeMBli!BHHH CTOnHK8 no MHKpOMBTplfqBCKOMy BHHT:' 6bina 0,01 MM. 

ilnH BhlHBneHHH Han6onee BhlnyKnoA qacTH "nyrn" qepeHKOBCKoro 

cnena lf3MBp8HHH npOH3BOUHnHCb B HanpaBn2Hiflf 1 nepne~nHKynHpHOM pHC

KaM, B 5 -t 7 M8CT8X qepe3 0,5 MM, 

TnnnqHaH $oToMeTpnqecKaH KpHBaH ( T- nponyc~aHne, H3MepeHHoe 

Ha MHKpotiJoToMeTpe) npnaeneHa Ha p11c. 7. 

nonO)KBHHB UBHTpOB T51)KBCTH qepeHKOBCKOrO CnBllil OTHOCHTenbHO pe

nepHhlX MBTOK (cpeaHHH nHHHH (3) MB)KllY HHMH onpenEnHna nonO)KBI!HB 

BcnoMoraTenbHoA rpaHH b ny6neTa) nnH Ka)Knoro "yroBHH" onpenenHnocb 

M8T8M8TifqBCKHM MBTOUOM no $DpMyne 

1 h (x)xdx 
X (7) 

lh(x)dx 
I 

rne hI (x)- :3H8'f8HHH nnOTHOCTH llO'!OpHeiUIH $OTOlln11C"HHOK 0 rrpeo6p830-

Hll!!HLI8 C y'feTOM X8p8KT8pHCTif'fBCKO if KflHBOA, lfCllOnb3 yeMorO $oTOM8TBpH-

ana If llOTBpb 113ny'fBHHil 1!8 0Tp8)K8Hif8 B DllOXflOMBTII'fE CKOM ny6neTe, 

CosoKyiiHOCTh aenH'fiiH x anrrpoKCHMHpoBanacE aHani!TifqecKoA 

38BHCifMOCTbhl BlfJlB f (X) ~ IIO MBTI >llY H81fM8Hbli!liX 

KBanpaTOB, 3aM8TliM, 'fTO 38BI1CliMOCTb 1 IIony'fBHH851 ny"eM TpHrOHOMBTp11-

qeCKOro pncqeTa xona 113nyqeHI!H BaBHnoBa-YepeHKOBa qepe3 BChl onTHqec-

Kyhl CHCTeMy HMBna BHU f ( x) ~ 0,0769 x - 0,0288 ; 2 

C IIOMOli!bhl T8KI1 M o6pa30M l!OnyqetiHOii 38BHCHMC CTH orrpenenHnOCb 

X 
max 
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ToqHOCTb onpeneneHHH X max cocTaBnHna .:!:_0,03 MM, ilnH nepexona 

OT H3MepeHU:biX BenJrqHH X max K yrnaM npOH3BOllHnaCb Kann6pOBKa tPOKanb

HbiX nnocKocTeii o61 eKTHBOB "fennoc-40" o6onx <PoToannapaToB c noMOII!biO 

T'OHHOMeTpa rc-5 • Ha KanH6pOBOqHbie <PoTonnaCTHHKH HaHocnnncb Y3KHe 

MeTKH qepe3 1° no BceMy non10 3peHHH, Dpn aToM ToqHocTb oTcq~Ta yrnoB 

COCTaBnHna .:!:_2", 

Kann6poBKa n03BOnHna nepeiiTH OT BenHqHH X max K yrny Vo 

T,e, K yrny Me)Klly >biiTyCKHOH rpaHb!O ny6neTa c H BcnoMoraTenbHOli ~, 

DepeXOll OT yrna ~OK yrny V 

H3nyqeHHH H HOpMan b!O K rpaHH C 

rne a 

ny6neTa 

71 
v 

2 

yron Me>~llY rpaHHMH 

a = 
1 

14 ° 40 ' 16 " ' a 

v - yron Me)Kny HanpaBneHHeM 

ny6neTa) ocymecTBnHnCH no $opMyne 

( 8) 

c n b ny6neTa ( nnH onHoro 

llnH npyroro - a 2 = 14 ° 40' 51 " ) . 

3HaH yrnhl v , noKa3aTenH npenoMneHHH npH3M ny6neToB n panna-

Topa, MO)KHO 6binO J'accqHTaTb aHeprnn npoToHoB B ueHTpe pannaTopa H3 

Li F , H3MepeHHhiE -nnyMH <PoToaiTITapaTaMn. 

BennqHHbl ;;: m a< H COOTBeTCTBYIOII!He HM CpenHHe 9HeprHH npOTOHOB, 

H3MepeHHbie aiTOXpOHBTHqeCKHM MeTOllOM B OllHOM ceaHce, ITpHBeneHbl B 

Ta6n, 2, 

ilnH ITonyqeHHH cpenHHX aHeprnH: ITpoTOHOB Ha Bxone B pannaTop Hy)K

HO K cpenHHM aHepr~HM, ITpnBeneHHhlM B nocnenHeM cTon6ue Ta6n.2, no-

6aBHTb ITOTepH 9Hepl'HH ITpOTOHOB Ha nonOBHHe TOnlilHHbl panHaTopa 
2 /6/ 

( 0,195 r/cM ), KOTtlpbie cornaCHO Ta6nnuaM COCTaBnHIOT 0,40 MaB, 

TaKHM o6pa3oM, cpeJ IHHH aHeprnH npoTOHOB Ha Bxone B panna Top, HaiTpn-

Mep UnH 9KCIT03HUHH 2 H 3 (Ta6n,2), COCTaBnHeT E = 656,69 M aB, 

CnenyeT OTMeTITb, qTo 9HeprHH ITpOTOHOB, OITpeneneHHaH ITO MaKCH

MyMy KpHBOH paciTpEUeneHI!H ITpOTOHOB ITO 9Hepri!HM, Ha 0,5 M 9B Bb!We, 

12 
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qeM H3MepeHHaR ITO UB.ITpy TR*BCTH. TaKaR pa3HHUa B BHeprHRX1 ITO-BHilH

MOMy, 06bRCHRBTCR HBtOTOpO~ aCHMMBTpHe~ B paCITpeneneHHH ITpOTOHOB 

ITO BHeprHRM ITBpBHqHOIO ITyqKa, TaK KaK OHa CylliBCTBBHHO 6onbllie pa3HH

Ubl MB*llY HaH6onee Be JORTHO~ H CpenHe~ BHeprHRMH HOHH3aUHOHHbiX ITO

Tepb ( B(jxpeKT naHnay). COCTaBnRIOllie~ B Ham eM cnyqae Bcero 0,07 M 8B~ 7 I 

V. Qmll6KH H3MepeHHfi cpenHett BHeprHH 

aiTOXpOMaTHqecKHM MeTOAOM 

ToqHoCTb oiTpeneneHHR BHeprHH ITpoTOHOB naHHbiM MeTonoM 3aBHCHT 

OT MHOrHX <jlaKTOpOB 1 K lTOpbte MO*HO pa36HTb Ha 4 rpyiTITbi. 

1. Omu6K f! H3MepeHHR ITOKa3aTenett ITpenoMneHHR 

a. P a n H a T o p. CBR3b Me•ny !\ E H ~ f3 oiTpenenReTCR cneny10-

umM o6pa3oM: 

rne y H 

-5 B HaiUeM cny'tlle ITPH !\ 1 
1 

= 1 • 10 

( 9) 

( 10) 

~ E = 0,027 Mea. 

6. D e p B a R I p H 3 M a ll y 6 n e T a (IToKa3aTenb rrpenoM-

neHI!H n 3 ) • JlnR HCITOni>3yeMOH B BTOM MBTOilB aiTOXpOM8TI!qecKOA CHCTeMbl 

rne 

sin V 2 
!\ f3 = h:J ~----

0 
2

sin X ('OS Y 

h = _l3.f3_=-~dsin2r, 
2 ~ r 2 

H 3HaqeHHH X H y oiTpeaeneHbt <jlopMynaMH ( 2) H ( 2' ) • 

14 

( 11) 

( 12) 



B HarneM cnyqae h 
2

"' 0,26 H nmr ~ n 
-5 

1•10 ~E = 0,005 Mas. 

s. B Top a R rr pH 3M a n y 6 neT a (roKa3aTenh rrpenoM-

neHHR n 
4 

) • CBR3h Me)f{Jly ~ f3 H ~ n 4 orrpenemre rcR cnenyiOIIlHM 

o6pa3oM: 

~f3, h2 
cos (y + V 2 ) sin V 3 

~ n 4 • 
n sin x cosy cos z 

-5 
~n 4 "' 1•10 rrony'IHM ~ E "' 0,018 Mas. 

2. 0wH6KH B H3MepeHHH yrDQB ITpH3M ny61Ieia H ~ 

IOCTHpOBKil 

HcxonR H3 <flopMyn ( 2) H ( 2'), 

~ f3 H OIIlH6K8MH yrnoB ~ V 1 : 

n 3 cos y 1 
~{3 = h 2-----

n 
2 

sin x 
,'1 v 2. 

n 4 cos y 1 cos y 2 
~{3 = h 2 

n 
2
sin x cosy 

( 13) 

( 14) 

( 15) 

( 16) 

np" ~ v 1 = t' ~ E "' 0,28 MaB. CnenyeT o6plTHTh BHHMBHHe 

fiB T0 1 'ITO OWH6Ka B yrne V 1 1 COI'J18CHO onpeneneHH~l V 1 B H8'I8Jle 

aTOlt CT8ThH 0 o6yCI10BIIeHa OWH6Kolt B IOCTHpOBKe Jly6ne'J 8 ITpH3M OTHOCH-

TelihHO ITIIOCKOCTH p8JlH8TOpa. 

4To KacaeTcs:r BKnana ~ V 
2 

H ~ V 
3 

B ~ E , MD >KHO cKa3aTh cne-

ny!Owee. B CBR3H c TeM, 'ITO H3MepeHHe yrnoB npH3M ny6neTa npoH3BOJlH

noch H8 I'OTOBLIX ( CKneeHHLIX) ny6neT8X1 MO:>KI!O 6bill0 Tt>'IHO onpenenHTh 

TOIIhKO p83HOCTh yrnOB V 2 - V 3 • npH aTOM OWH6Ka B JITpeneneHHH pa3-

HOCTH V 2 - V 
3 

B 1' npHBOJlHT K OIIlH6Ke B onpeJlelleHHH c HeprHH ITpOTOHOB 

t'1 E = 0,548 Mas. BBHJlY Toro, 'ITO n a"'" 
4 

, owH6Ka ~ V 2 ( HllH ~ V 3 ) 

15 



He naeT 6onbworo 3Knaaa B i\ E • TaK, H3MeHeHne i\ V 2 ( HJIH i\ V 
3 

B 1' rrpHBOJlHT K anaqenmo i\ E = 0,003 M :om. 

Own6Ka B onr enenennn yrna i\ a Me)!(JlY BbmycKHon c H OCBe-

waeMoii b rpaHHMH Jly6neTa ITpH3M eCTb IIp51MO OlliH6Ka B i\ V ' H 

rrpHBOJlHT K HeorrpeieJieHHOCTH B CKOpOCTH '!aCTHU CO!'JlaCHO ~OpMyne 

( 17) 

B HaweM cnyqae h 1 = 0,48, a rrpH L\a = /\v' = I' i\E 0,137 M:oom. 

3. 0WH6Ka B CITpeaeneHHH paCCT051HH51 UeHTpa Tg)!(eCTH qepeHKOB 

CKOI'O cneaa OT UeHTpa perrepHhlX pHCQK 

B COOTB8TCTB~H C KaJIH6pOBKOH o6beKTHBa H pacqeTOM 3aBHCHMOCTH 

i\ v' MHH 
E ( v ') 6b!JIO aanneHd, 'ITO T~ "'40rJM , a owH6Ka !\ x B 0,0 I MM aaBana 

OWH6Ky !\ E = 0,1)55 M 3B. 

4, 0CT8TO'IH8H AHCITepCHH 

KaK ITOK83WBf~T paC'!8Thl 0 B OITTHM8JlbHOM cnyqae OCT8TO'IH8H JlHC-

rrepcnH arroxpoMaTH qecKoro ny6neTa MO)!(eT 6b!Tb cBeJleHa no 0,02 M aB. 

0aHaKO B CBH3H C T8M 0 'ITO ITpH3Ma ay6neTa 6wna H3I'OTOBJieHa 113 

cTeKna F 5 c rroKa~ aTeneM rrpenoMneHHH , MeJibliiHM aa 

'!eTHOI'0 0 o6naCTb 3~ep!'HH Dp0TOHOB 0 r)le OCT8TO'!HaH JlHCITepCHH MHHHM8Jlb-

Ha, oKaaanach B p£ noae 630 MaB (eM. pnc. 3). 

B CBH3H c 3T!M 6wnn rrpoH3BeJleHw pacqeTw rro orrpeneneHH~ a~~eK-

THBHOrO yqaCTKa Ill HH BOJIH CIT8KTpa H3Jiy'!eHHH BaBHJIOBa-LfepeHKOBa, ''''·· 

J'HCTpHpyeMOI'O Jl8H!hlM COpTOM ~OTOITJI8CTHHOK. ilJIH 3TOI'O Bhl'IHCJIHJI8Cb 

~YHKUHH 

<fJ(A)= \\(A)K(A)R(A)dA), ( 18) 
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rile W (i\)- 38BHCHMOCTh ::meprnn H3lly'leHHSI B8BHnoBa-4epeHKOB8 oT 

llliHHbl BOl!Hbl i\ K(..\)- oTHocnTenhH85I crreKTpanbHaSI 'lyBCTBHTenh-

HOCTh ifloTOITli8CTHHOK, R ( i\ ) H ( (i\ ) - Koa¢iflnuneHTb, y'lHTbiB8JOUIHe 

ITOTepH H3liY'l8HH5I B 011TH'l8CKOH CHCTeMe H8 0Tp8M8HH8 H 110I'l!OUI8HHe 

COOTB8TCTB8HHO. 

3aBHCHMOCTh <IJ (A ) 11pHB81l8H8 H8 pHc. 8. 3!flifle~ THBHbiM /lH811830HOM 

IWHH BOliH 6bill 11pH!HIT Y'l8CTOK /t..i\= :!:_95 HM OT A 
1 

= 350 HM llO 

i\ 2 = 540 HM ( ypoBeHh <1J 1(,\) = 0, 1 <1J max ) • TaKo11y !1 i\ cooTBeTcTBO-

Bana oum6K8 !1 E = :!:_0,19 MsB. vb pnc. 8 TBKMe BHil IO, 'ITO q:, max COOT-

B8TCTByeT 'i\ "'430 HM. 
max 

Bee BbiWerrepe'lHcneHHbie oum6Kn rrpocyMMHpOBBHI 1 B Ta6n. 3. 

TiocKOllhKy B Jl8HHOM M8TO/le Cp8/lH5I5I 8H8pi'H5I llpOTOHOB B 11Y'lK8 

H3MepSin8Ch cpa3y JlBYM5I H838BHCHMbiMH 011TH'l8CKHMH :::HCT8M8MH ( llBYMSI 

if!oToarrrrapaTaMH), TO oum6K8 H3MepeHHSI cpellHefi saep! 'HH B uenoM B y 2 

M8HhWe OWH6KH H3MepeH.H5I 8HeprHH C OllHHM ¢oT0811118]l8TOM H COCTBBli5I8T 

0,31/ y2 = 0,22 MsB. 

VI. Pa3pem810Ul85I crroco6aocTh MeTOIHc 

3KC11epHM8HT8llhH85I pa3pelli810Ul85I CITOC06HOCTh 81 lOXpOM8 TH'LJ8CKOI'O 

M8TO/l8 orrpe.lleli5Ili8Ch ITyTeM HC11p8Bli8HH5I iflOTOMeTpH'le•:KQH KpHBOH Ha 38-

RHCHMOCTh lll!OTHOCTH 110'lepHeHH5I ifloTOI1li8CTHHOK OT 8~CIT03HUHH H Ha 110-

TepH H3lly'leHH5I BO BC8H 011TH'l8CKOH CHCTeMe 38 C'LJeT JTpaMeHHH. 

TionHaH IllHpHH8 H8 ITOliOBHHe BhlCOrhl HC11p8Bli8HH03 KpHBOH COCT8BHlla 
3 

llE TIWTIB "' 9,0 MsB. 3Ta wnpHHa o6ycnoBneHa q1 lKTopaMH, rrepo•mc-

JI8llllhiMH 13 TaGn. 4. 

T8KHM o6pa3oM, pac'leTHaH Benn'-IHHa !1 E ~Ul TIB HBXOilHTCH B YllOB-

neTBOpHTenhllOM COI'li8CHH C 8KC118pHM8HTBllhHOH BGl!H'll IIOH. 
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I'pyrrna 

OllH1ClO I' 

I 

IT 

er 

IY 

BemP.uma 
OWHc5KH 

OumCiKa B 
3HeprHH J 

/.13B 
------------------------~----------~-----------

Pa.nHaTop J .1 n 1 

I-.fl npH3Ma, tw
3 

2-R npl13Ma, !Jn'i 

ITpenounnDm~n yron 

npH3M!1JL'IV.<, 

J{v:--G) 
Pa3BopoT r~aHH "eh .nyCineTa 
OTHOCl'lT. pl,li;HaTopa J .1lf1 

3.Io-5 

3-I0-5 

3.10-5 

5 ll 

30 II 

0,081 

0,015 

0,055 

0,030 

0,046 

0,142 

~~~--------- ----- _________ _1 __ ~~-~-___. 0,007 

CyMMa OWHCiO< !10 rpyunaM 
I H IT 

j X max 0,03 MM 

OcTaToqHaR ,lt1coepcHR 

Cpe.nHeKBa.npa~HqHaa owHClKa H3MepeHH~ 

!10 O)(HOMY c!xJ:·oannapaTy 

18 

O,I82 

O, I65 

O,I90 

0,3IO 



- co 

~
K
T
O
p
 

YJ
IIH

pe
HH

SI
 

H
e
M
o
H
o
x
p
o
K
a
T
H
q
H
~
C
T
b
 

ne
pB

H
Q

H
or

o 
ny

qx
a 

np
oT

oH
oi

/8
/ 

Y
rn

oB
aS

I 
p
a
c
x
o
~
H
M
O
C
T
b
 

np
oT

oH
oB

 
B

 
ny

qx
e 

M
H

or
ox

pa
TH

oe
 
p
a
c
c
e
H
H
~
e
 

rrp
oT

oH
oB

 
B

 p
~
H
a
T
o
p
e
 

B
K
J
I
~
 

B
 

mH
pH

HY
 

.1
£ 

,M
3B

 

7
,0

 

4
,0

 

2
,8

 
0

,8
 

3
a
M
e
~
J
i
e
H
H
e
 

IT
pO

TO
HO

B 
B

 p
~
H
a
t
o
p
e
 

~
H
~
p
a
K
U
H
S
I
 

H3
Jiy

qe
HH

SI
 

H
a 

B
U
X
O
~
e
 

H3
 

4 oa
zr

.H
aT

. 
0

,4
 

E(
L1

£J
Z 

-
-
-
-
-

·
-
-
~
-
-
-

Pa
cq

et
H

a 
mH

pH
H8

. 
Kp

:H
BO

J! 
t1

E
 

Ta
6J

IH
U

a 
4 

(4
E

)\
 (

M
3B

)2
 

4
9

,0
 

1
6

,0
 

7,
84

 

I 
0

,6
4

 

I 
0

,1
6

 
73

,6
4 

8
,6

 1
f3

B 



Ill 
ITo cpaBHeHHID C MOHOXpOM8THqeCKHM MeTOAOM pa3peruarowag 

crroco6HoCTh arroxpoMaTnqecKoro MeToAa B 1,8 pa3a nyqwe. 3To o6bHCHH-

eTcg TeM, qTo MHoroKpaTnoe pacceHHHe rrpoToHOB B panHaTope H3 LiF 

( TOnlliHHOll 1,5 MM) cyrueCTBeHHO MeHbme, qeM B p8AHaTope, HCITOnh30BaH

Il/ 
HOM B 

B 3aKnroqenHe cnenyeT OTMeTHTh, qTo arroxpoMaTHqecKHii: MeTOA 

H3MepeHHg cpeAHeii: SHeprHH rrpOTOHOB IT03BOnHn COKpaTHTh rrpOADn*HTenb-

HOCTh 8KCIT03HUHH Hl rryqKe ITO cpaBHeHHID C MOHOXpOMaTHqecKHM MeT0-

/11 
ADM B 30-50 pa~ •• K nenocTaTKaM arroxpoMaTHqecKoro MeTona cnenyeT 

Ill 
OTHeCTH 6onhrnyro IT£, cpaBHeHHID C MOHOXpOM8THqeCKHM MeTOAOM cno*-

HOCTh OITTHqeCKOll C!CTeMhl, a TBK*e H TO, qTo 8ITOXpOM8THqecKHll Ay6neT 

S(jJ¢eKTHBHO KOMITeHC!!pyeT AHCITepCHID paAH8TOp8 B ne6onhWOM ::maiT830He 

CKOpOCTeii: qacTHU. 

ABTDpbi 6naro,wpgT P • .HnHKa, B. CornHHKoBa H 10. E¢HMOBa 3a 

ITOMOllih B ll3rOTOBnEHHH rrpH6opa, fl.IT. ITHcapeBy 38 H3MepeHHe tPDTOMeT

pnqeCKHX X8paKTepH,:THK ¢oTorrnacTHHDK, T.YI. Ko3noBy 3a qeTKoe rrpoBe

nenHe TpynoeMKHX H3MepeHHll Ha MHKpOtPOTOMeTpe, IT. flyrrTaKa 3a ITOMOllih 

IT pH orrpeneneHHH IT8, JaMeTpOB OITTHqeCKOll CHCTeMbi1 r. flyrrTaKOBY 38 ITOMOllib 

B pacqeTax, A.M. <l>llKHI!y 3a BbiiTOnHeHHe rpa¢HqeCKHX pa6oT II COTPYAHHKOB 

nauHoH8nbHoro rrpew rpHHTHH "11HorrTp8" B r. TypHoB ('4CCP) 38 H3roToBne-

I!He HCITOnh30B8HHhlX OITTHqeCKIIX H3Aenuii:. 
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Ill 
Ill .i 

PHc. 4. CxeMa rrpH6opa: 1 - panHaTop (Li F) ; 2 - arrJxpoMaTnqecKnfi 
ny6neT rrpHaM; 3 - rrnoCKHe amoMHHHpoBaHHbie aepKana, 4 - o6'heKTHBhi 

wfenHoc-40" C <floToarrrrapaTaMH "3eHHT-3M"; 5 - IlpOeK~Jpb!lliHI H8Hece
HHS! penepHb!X MeTOK, 
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PHc. 5. 06mHfi Bllll rrpH6opa. 

Pl!c, 6. no3l!Tl!BH)e li306pa*eHHe ll3nyqeHl!H BaBHnOBa-YepeHKOBa 
n perrepHbiX MeToJ:, 
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50 640 650 660 610, M38 
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0 2 3 4 5 6 7 8 9 10 1' 12 /'I /'>I 
' 

Puc. 7. TnfiiP-!HaH r!JoToMeTpnqecKaH KpHBaH, 1,2 - perrepHbre pncKn; 

3 - 110.'10:>K8l!H8 BCI101\10f'aTenbHOi1 rpaHH b ay6neTa; 4 - cne.Q H3ITY'I8HHSI 

BasnnoBa-Yr•peHKona; o - TD'IKH, H3MepeHHbre ua t!I!Kpo¢oToMeTpe, 

e - TO'IKll 1 llCI1pBBIT8HH!d8 C yq~TOM 'IYBCTBHT8ITbHCCTH cpDTDITnaCTHHOK 

(KpHBaH pacrrpeneneHHH rrpoToHoB no sueprnn). 
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