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Bseneaue 

MarHHTHhill crreKTpoMeTp siBnSieTcSI oqeab BB>KHOl! KOMrroaeaTol! MHorax aKcrre

pHMeHTOB ITO ¢ H3HKe Bb!COKHX SHeprHl! npH orrpeneneHUSI HMllyrrhCO B 38pSI>KeHHblX 

'18CTHU. npoCT9AlliHM C TO'IKH 3peHUSI MarHHTHOl! OliTHKH SIBliSieTCH rOilOCKOnH'IeCKHR 

cneKTpOMeTp, KOTOpbll! COCTOHT TOllbKO H3 OllHOrO MarHHTa H He HCnOrrh3yeT Mar

HHTHOl! ¢oKyCHpOBKH. napa rOilOCKOliOB H3 CUHHTHllliHUHO HHblX C'I~T'IHKOB HliH n apa 

HCKpOBbiX KaMep, ~acnono>KeHHbiX aa HeKOTopoll 6aae n o H rrocne MarHaTa, onpe

nenHroT rrono>Keaue H Hanpasneaae· 'IBCTHU no H nocne MarHHTa. Ecna none MarHHTa 

H3BeCTHO, TO MO>KHO onpenerrHTb HMnyrrhC STHX 'laCTHII. 

B cneKTpOMeTpax ¢oKycapyromero THna, COCTOSiliiHX rrH60 H3 OTKITOHSIIDWero Mar

HHTa B CO'IeTaHUH C KBallpynorrbHblMH liHH3aMH, rru 6 o H3 llBYX CHrrbHO¢oKyCHpyiDIDHX 

MarHHTOB, CO'IeT8IDIDHX B OllHOM arreMeHTe ¢oKyCHpOBKY H aH8liH3 qaCTHU no HM

nynhcy, JleTeKTOpbi pa3MelllaiDTCSI B nrrOCKOCTH H306pa>KeHUSI MHllieHH, rne OllHa 

KoopnaaaTa onpenensreT uMnynhc 'IBCTHUhr. TaKoro THna crreKTpoMeTpbr Tpe6yroT 

ManorO KOliH'IeCTBB lleTeKTOpOB ( Cll91lOBaTellbHO, yMeHblliaeTCSI KOliH'Ie CTBO UH<f>op

MaUHH, nonneJKamell o6pa6oTKe llrrH onpeneneauH HMnynhca 'laCTHIIbrl H MoryT ae 

ycTynaTb ronocKonaqecKHM cneKTpoMeTpaM HH no paapewaromel! c noco6 HoCTH, au 

no TenecaoMy yrny. 

Ba >K HbrM nnH aeKoTopbrx aKcnepHMeHTOB cnol!cTBOM cneKTpoMeTpOB ¢oKycapy-

romero THlla HBrrHeTCSI npOCTpaHCTBeHBaSI cenapanHSI 'laCTHII no HMflyllhCy B nrroc

KOCTH H::l06pa>K9RHSI. 
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B nHTepaType onacaH cneKTpoMeTp H3 asy x cHnhHO~oKyca pyromHx Mar HHTOB 
Il l 

anSI a eana3 a no HMn y nhcy qacTHD ao 100 M as/c 

DnSI npo sea eHHSI aa CHHxpo~30Tpoae OH H H aKc ne paMeHTOB no yn py r oMy 

IT+ p - pacceSIHHID H B y ron B6nl!3B 180° 6bin p83p 860T8Jl CUeKTpOMeT p, COCTOSI WHH 

H3 aByX CHnbHO~OKyCHpyrornBX M8rHBTOB anSI aeanH38 no HMnynbCY 'l8CTHU ao 

6 ras / c. H cnonb30BaHBe T8KOro cneKTpoMeTpa no3 BOnHno B aTOM aKcne pHMeHTe 

npOCTp8 HCTBeBJIO pa3aenBTb npOTOBbl OTUB'IH OT ynpyror o 7T + p -pacceSIHlUI Ha 

180° B ne pBH'lHblH ny 'IOK H TeM C8Mb!M p e3KO CHH3 HTb ~H OT nepBH'lHOrO ny'IKB. 

rue 

Bbi6op napaMeTpoB MaraHTOB H cxeMa dJOKycupoBKH 

KaK B3BecTeo, B aeoaHopo aaoM aKcaanhao-cHMMeTpH'lHOM MareaTHOM none H 

c 3 aKo HoM H3MeaeeHSI nonS! no panuycy 

H { r ) 
r 

fl { r
0

) { __ o_ l" . 

B MellHBHHOH nnocKOCTH 

( 1) 

r
0 

-panayc paseoaeceoA Tpa eKTOpHH H n -nOCTO!IHHblll nOK838Tenb nOnS!, 

npB I n ( » 1 npOHCXOUHT CHnbHBSI ¢ oKyCBpOBK8 38pSI>KeHHbiX 'l8CTHU B OllBO II 

nnocKOCTB a ne~oKycHposKa s npyrol!. Hcnonb3osaaae nsyx o6nacTell MarBHTHoro 

nons, B onaoll H3 KOTOpbiX n > · 0 , a B npyroll n < 0 , no3BOnSieT c~Kycapo

B8Tb 'lBCTHUbl B o6erut nnOCKOCTSIX, 

<llopMynhi nnSJ pacq{!Ta ~oKycupyromero neAcTBHSI MaraHTa c noneM, ynos
/ 2/ 

neTBOplHOWBM COOTHOllieHHro ( 1), ll8Hbi B pa6oTe • llnH cnyqaSI, KOrUa TpaeKTO -

pHH oa axoae H BbiXone MBrHHTa nepneHUHKynllpHa rpaaaue nonS!, oHH HMeroT san: 

f 
r 

f r 

4 

r s in x r 

x r I sh I x r I 

n < 1 

(2a) 

• n > 1 

.. 

f B = - • 1
1 

s h ·1 x B I 
XB 

. n < v 

[ B = x
8 

s in x
8 

• > 0 

3nech XB y 1- n a X B I..; -;;- I a . 

B aTHX ~opMynax fr H f,6 03H8'!8IDT COOT BeTCT BeHHO tPOKYCHlo 

B ropH3 0HT8nbHOH ll BepTHK8nbBOll nnOCKOCTHX H OTC'lHThlB8 IDTC!I 

KOCT6(I, KOTOpble pacnono>KeHbl S6nH3H cepellHBbl MarBHTa, f -a11l! 

re o:z:py>KaocTo: panHy ca r o B !1 - yron nosopoTa 'laCTHUbi a Mal 

Dn!I cneKTpoMeTpa 6binB acnonb3oBaBbi asa cTaanapTHhiX Mt 

na cn-12 c anaaoA nonroca 3,0 M, apyroA - cn-40-c nnaaoll no. 

nonrocax MaraHTOB 6binB ycT.!!BoBneBhi aaKoBe'lBHKB cneuaanbHOII ' 

ey>Keoro 3aKoea nonS!, 

Tpe6osaeBSI, npen'hSIBnSieMbie K cneKTpoMeTpy, 6hinH nosonhl 

Oe non>Kee aaanH3~posaTh no HMnynhcy qacTHUW no 6 ras/c, o6n 

necawM yrnoM, xopomHM pa3pe111eaHeM H 6onh•·wl! nacnepcaet:l. 0 

MBrHHTOB cneKTpoMeTp8 6hinH Bb!6p8Bbl CnenyroWHG X8p8KTG pHCTH 
0 0 

M 
1 

n • 19 H rp = 8 , a nnH M 
2 

o ~ - 27 H rp ~ 10 40. 

Ha pac . 1 noKa3aaa ~oKycapoaKa 'l8CTHU B cne:z:TpoMeTpe B 

H sepTHKBnhHOil nnocKOCTSIX n nSI TO'le 'leofi MH llieHH. B nnocKOCTH 

HH no ropH30HTana pa3Me•uanach HCKp o s aH KaMepa HK llnH onpe.l! 

'IBCTHU. no BepTHK8ITH He y uanOCb nony'lHTb CXOilSIWHI!CSI 38 MBr F. 

STO ITO'ITH He CK83 b! BanOCb H8 TeneCHOM yrne c neKTpOM6Tp8 npH 

lfCKpOBOil KaMep bl BbiCOTOI\ 400 MM, Ha STOM >t<6 pHCYHKe U8H K 

r opK30HT8nH , KO TOp blli onpenenSin y rorr 38 XBBT8 'l8CTHU B ropH30 



Type OTIHCSH cneKT pOMeTp H3 liBYX CllllbHO<jJOKYCHpy!OlllHX MST'HHTOB 

HMnynbcy '!SCTHU A O 100 Maa/c 
Ill 

aeneHHH aa CHHxpo¢aaoTpoae OH.HH a K cnepHMeHTOB no ynpyroMy 

HIO H8 y ron B6ll1!3B 180° 6bin paapa60T8H c neKTpOMeTp, COCTOHlllHfi 

o <jloKycupy!OrnHx MarHHTOB AnH aaanuaa no HMnynbcy '!8CTHU no 

llb30B8HHe T8KOT'O cneKTpOMeTpa TI03BOllHllO B 3TOM 3KCnepHMeHTe 

BO paanenHTb npoTOHbl OT!IS'IH OT y n pyroro " + p - pacceHHHll H8 

HbiH ny'!OK H TeM C8Mb!M pe3KO CHH3HTb <jJOH OT nepBH'!HOT'O ny'!K8. 

?p napaMeTpOB MST'BBTOB H C XeM a IDOKyCHpOBKH 

•ecTao, s aeonnoponaoM aKcHanha o-cHMMeTpH'lHOM MarHHTHOM none H 

M HaMeaeauH nonH no panHycy B MeUH8HHOi! TillOCKOCTH 

H (r ) II ( r 
0 

) _:q_ )n , (1) 

HyC p a BHOBeCHOi! Tp89KTOpHB B n -nOCTOl!Hflb li! nOK838Tenb nOllH, 

npOHCXO!IBT CHllbHSH <jloKyCBpOBKS 3 8 pHlKeHHbiX '!8CTHU B OliHOi! 

~e¢oKyCHposKa s npyroi! . HcnonbaosanHe nsyx o6nacTei! MarHBTHOro 

I! H3 KOTOpl>lx n >· 0 , a B Apyroi! n < 0. noasonHeT c¢oKycHpo -

l B o6erot TillOCKOCTHX, 

bl nnH pacq!!Ta ¢oKyCHpy10mero n ei!cTBHH MarHHTa c noneM, ynos

/ 2/ 
COOTHOllieHHIO ( ]) 1 !l8Hbl B pa6oTe • lln H CllY'!SH, KOT'l!S TpaeKTO-

H Bb!XO!Ie M8T'HHT8 ne p neH!IHKyn.llpHa rpaHHU9 nonH 1 OHH HM910T BH!I: 

I 
r 

I r 

X 
r sin x r 

I x r J s h I x r I 

4 

n <I 

(2a) 

• n > I 

.. 

f B =- • 1
1 

s h ., x B I 
XB 

, n <. v : 

(26) 

f B = x
8 

sin XB 
n > 0 

3necb XB y 1- n a X B I v;- I a . 

B a THx ¢ o pMynax lr H (s 03H8'I810T COOTBeTCTBeBHO <jloK yC Hbie paCCTOHHHH 

B ropB3 0HT8llbHOi! n BepTHKSnbBOli TillOCKOCTHX H OTC'lHTbiB810TC!I OT T'll8BHbiX nnoc

KOCTefi, KOTOpbie pacnonOJKeHbl a6nH3H cepel!BHbl MST'HBTS, £ -nnuaa nOlliOC8 no ny

re O!tpylKBOCTH panuyca r 0 B !1 - yron UOBOpOT8 '!8CTHUbl B M8T'HHTBOM none. 

llnH cneKTpOMeTp8 6blflB BCnOllb30B8Hbl l!B8 CT8Bl!8pTHbiX M8T'BHT8 ( O!IHB TH-

n a cn-12 c nnHHOi! non!OC8 3,0 M, !lpyroi! - cn-40-c n nHaoi! nonlOCB 1,5 M ). Ha 

non!OCSX MST'HHTOB 6blflB ycTllHOBneHbl B8KOBe'lBHKB cneUH8llbBOI! <jlopMbl !InH C03li8HBH 

HylKHOT'O 38KOH8 nonH. 

Tpe6 osaHBH 1 npen'hHBJIH9Mble K cneKTpoMeTpy, 6binH nosonbHbl npoTHBope'!HBbi. 

Oa nonJKeH aaanHaHposaTh no HMnynbcy qacTHUbl no 6 ras/c, o6nanaTb 6onbmBM Te-

necHbiM yrnoM, xopornHM paapemeaHeM H 6onb i'Ioi! nHcnepcHei!. 0KoH'!aTenbao nnH 

M8rHHTOB cneKTpOM9Tp8 6bJnB Bbi6paBbl cneny!O!llHe X8p8KT9pHCTHKH: Allll M8T'HHT8 

0 0 
M 

1 
n • 19 H ¢ = 8 , a n nH M 

2 
n ~ - 27 H ¢ ~ 10 40. 

Ha pHc. 1 noKaaaHa ¢oKycHpoaKa qacTHU B cneKTpoMeTpe s ropHaoaTanhHOII 

H aepTHKanbaoli nnocKOCTHX nnH TO'!e'laofi MHm eaH. B nnoCKOCTH Hao6paJKeHHH MHme

HH no ropHaoaTanu paaMe1uanacb HCKposaH KaMepa HK llnH onpeneneHBH K oopnHHaT 

'18CTHU. no BepTHKSllH He YliSllOCb nony'lHTb CXO!IH!llHi!CB 38 M8T'HHT8MH ny'!OK, HO 

3 TO nO'!TH H9 CK83biB8llOC b HS TeneCHOM yrne c neKTpOM9Tpa npH HCnOllb3 0 B8HHH 

HcKposoi! KaMep bi BbiCOToi! 400 MM . Ha aToM "'e pHCYHKe naB xonnHMaTop no 

r o pH30HT8llH, KOTOpb!H onpenellHll y ron 38 X B8T8 '!8CTHU B ropH30HT8llbHOi! TillOCKOCTH, 



Ko~auaeaT yBenaqeHHR B ropaaosTanhaoA nnocKocTH, paBawft 0,5, cnoco6cTBOBan 
-3 

xopomeMY paapeweaHIO cneKTpoMeTpa. TenecHhiA yron cneKTpoMeTpa paBea 0,4·10 

CTe pallHRHH H llHCUepCH!! B nnOCKOCTH H306pa>K9HHR MHW9HH - 1, 7 CM 88 J% H3Me-

H9HH!I HMnynhCH, 

YcTpaaeaae aenaaeaawx a6eppanaA s cneKTpoMaTpe 

nns nonyqeaas x opo wero paapewesHH c neKTpoMeTpa noTpe6osanoc& yMeBb

weaae a6eppana a BToporo nopBAKH B MaraaTax cneKTpoMeTpa. 

nnR aaanH38 ABH>K9HHH qaCTHll B C9KTOpHhlX M8rBHT4X C TOqHOCTb~ AO qne-

HOB sToporo nopsnKa Mhi socnonb3oBanacb peweaaeM ypaBsesaa, nonyqeBHWM B pa
/ 3/ 6oTe • Y panHe>HHR ABH>Keaas qaCTH!l aanaweM B 6eapaaMepswx senHqHHax: 

r o 
8 ( ¢ ) .. - 'o 

f = tg a , e '"i- H ratgf3. 
0 

3neCb a -ropaaosTanbHhiA yron BwneTa qacTHll aa Mamesa, 

{3 · •B9pTHK8UbHblft yron BWneTa qSCTHll H3 MHW9BH ( r • cp H z -aTo na-

nHHilpHq9CKH9 KOOpAHHHThl ( pHC, 2)), nns npOCTOTW paCCMOTpHM tPoKYCHpOBity 

nnocKoro ropaaoaTanhaoro a nnocJtoro BepTaKan&Horo II)"'KOB, nns aToro cnyqag 

ypaBH9HHR ABH>K9HHH 38UHWyTCH B BHil9 

8"+ (,1+ h
1
)8c-(2 +3h 1 + h 2 }8

2
+ 

e-" +(1 +h,l( =0. 

C aaqanhHh!MH ycnoBHHMH 

8!¢=0)=8 0
, 

~{cpcO)=t, 
d¢ 

6 

2 
8 ' 2 (8) 

(4) 

l 

' ,! 

'1' 

(<¢~olae0 
d e 
d </> 

( ¢ ~ 0) a r 
0 

3necb h l H h 
2 
-KO~HllH9HThl B paano >KeHHH nonR 

T .e. 

H ( r ) no C'r 

H(8l•H(8
0 

)(l+h
1
8+ h

2
8

2
l 

IS! 
Cornacao peweaae ypasaeHHB ABH>Keaas qacTanw B ropaaoaTan& 

B MHrHHT9 38UHCb!B89TCH B BHA9 

rne 

8 ( cp) c a 1 t +a 2 84) + a 8 t 

a 

a 

I . 
a 1 = -It- s in It </> 

a cos It¢ 

1 +3h 1 +2h 2 

41t ' 

1+3h,+2h2 

2 It 2 

3 + 5h +2h 

't a 5 81)2 
+ a 7 ( 8 0 

+ 
3+7h,-t4h_~ 

cos 

61<' 

+ 
hI+ h 2 

cos It </> 
3 It 2 

+ 
I 2 cos k ¢ 

12 k 4 

rne 
kayl+hl 

7 



BeRT yBenuqeHHR B ropH30HT8nhHOA nnoCKOCTH , p8BHhlll 0,5, CUOC06CTBOB8n 

-3 
p8apemeaHIO cnexTpoMeTp8. Tenec8bil! yron cneKTpoMeTp8 p8Bea 0,4·10 

88 H J1HCnepCHB B nnoCKOCTH H306p8lK98HR MHW9HH - 1,7 CM 88 1% H3Me-

YcTp8Heaue senuaeA8hlX 86epp8BHA B cnexTpoMeTpe 

nonyqeHHR xopomero paapemeHHH c neKTpoMeTpa noTpe6oB8noch yMeHh

~eppauull BToporo nopsnxa B MarauTax cneKTpoMeTpa. 

g 8B8nH38 JlBHlK9HHB '18CTHU B CeKTOpBhlX M8rBHT4X C TO'IHOCThiO 110 qne-

poro nopsnKa Mbi aocnonh3oBanuch pemeHHeM ypassesull, nony'leRBhlM B pa

' Y panHeaus llBHlKeHHB '18CTHB aanumeM B 6eapaaMepRhlX senuquaax: 

8 { cp) ~ 
- 'o 

r o 
1 = tg a 1 

~ = --- H r a tg {3 , 
Ro 

-ropH30BT8nhHhlA yron BhlneT8 '18CTHU H3 MBWeBH, 

•BepTBK8nhBbiA yron BhlneT8 '18CTHU H3 MIIW9RH ( r • cp H -aTO UH-

3CKII9 KOOpJ1HH8Tbl (pRe, 2)), nru1 npOCTOThl p8CCMOTpBM cjlottyCBpoBity 

:> ropH3 0HT8nhHOrO H nnOCKOrO B9pTHK8nhHOrO II)"IKOB. nns 3TOrO cny'l851 

~ llBBlK9BHB 38UHWYTCH B BHJ19 

8"+1,1+ h 1 )8c-(2 +3h
1

+ h 2 )8 2 + 8 , 2 (3) 

e"+(l +h 1 )~ cO. 

~HbiMH ycnOBBHMB 

8(cp=0l=8
0

, 

(4) 

-tf-<<1>=0) =f. 

6 

l 

' .. 

l 

q(cpcO)E~O 
d q 
d cf> 

( cf> c 0) -r 
0 

3 nech h
1 

H h 
2 

-KOa4$HUH9HTbl B p83nOlKeBHH nonH H ( r) 

T,e. 

H{8).H(8
0 

)(l+h
1
8+ h

2 
8

2
> 

no cTene8RM 8 
' 

(5) 

/3/ 
Cornacao pemeaue ypasaeHHH llBHlKeHHH 'IBCTHUhl B ropH30BT8nhBOll nnocxocTH 

B MBrRHTe 38UHCbiB8eTCH B BHile 

8 { cp ) = 8 1 f · + 8 2 8,0 + 8 
3 

f 
2 

~ 8 5 8:0 + 8 7 f 8 0 ( 6) 

rne 

8 ~ -
1- sin lr. cp · 

I lr. 

8
2

=coslr. cp 

8 
~ _ + sh 1 + 2ha 

3 4k 4 
+ 

3+7hl+4h2 

61r.' 
cos lr. cp 

(7) 

8 
1+3hl+2h2 

+ 
hI+ h 2 

2 k 2 3 lr. 2 
cos lr.cp + 

+ 
3 + Sh +2h 

I 2 cos k cp 
12 lr.. 

rne 

k=yl+hl 

7 



3 TH •"fiopMynw crrpaaennHBbi H an11 

P e w eHHe ( 6) MO>KHO npeo6 paaoaa-rb tt BHllY 

< - 1 c 3aMeaoA sin a Ha sh a . 

2 
3 ( <b' ~.I (¢>J 8 0 + n<¢11>

0 

j:.~C nli C'Hf'T8Th, 4 TO Ml1 IUeHb TOqeqJ{SSI, T .e. 

8 
0 

' ~L
r 

0 

( 8) 

(9) 

rne L - paCCTOHHHe HCTO'lHHK8 OT rrepenHero Kp a H ClOniOCP M B rHHTa , A ( <f> ) !I ll ( <{> ) 

IfaXOJlHTCH H3 COO THO WeHHII 

A(¢l=8
2
(¢l + 

8 I ( cf> 

L 
R ' 

R R 2 
lJ ( ¢) = 8 ~ ( ¢ ) + a7 ( ¢ ) -L- + a 3 ( 4>) ( -L-) 

( 10) 

nns llOCTpoeHBH 1!306pameHBB, pacnono>KeHHOrO BHe UOJliDCa MarHHTa, Heo6XOrrHMO 

3HaTb 3Ha'I9HBe K0:3<j$B!lHeHTOB A ( 4>) H 8 ( cf>) Ha BbiXOne H3 Mi:lrHBTa B TO'IK9 

¢ = </> x,rne 4> k - yron noBopoTa MarHHTa. JlerKo noK.aaaT~o, 'ITO ecna 8 c <P k>= o , 

TO 'laCTHilbi, B biill9JllliH 9 H3 TO'I9'1HOrO HCTO'lHHKa H npoll!enmHe '19pe3 MarHHT, 

OUHTb co6epyTCH B TO'!Ky. noSTOMY llJlB yMeHbilleHHB uenHH9~HbiX a 6eppaiXHII 

Heo6xorrHMO YM9HbmaTb K Os4$H!lHeHTbJ a 
3 

, a :5 H a 
7 

Mbi nposenu aHanBa rrBRlKeHHB B MarHHTe M
2 

qacTnu, BbineTaiOmu x ua TO'Ie'l-

Holl MHrueRR, no ¢opMynaM ( 10) nns nonell c onJJHSII:OBw M xos<j>¢aune HTOM 

h1 =- n , flO p a3JlH'IRbiMB 3H8"19BHBMH h2 

a ) h 
2 

-hl(1 - h l ) 
6( h2·- (2+3hl), B) h

2
al -2,5 ( l +h 

PeaynhTB T hi a Hanuaa npencTasneBbi B Ta6n. I, rae n p HBOaHTCH 3H8'leHHB Kos<l>-

<PIIIIHeHTR ;J H ero npoH3BOllHOJl 

3 

.......!!..!!._ e H ' B TO 'IKe c/J =¢ k 
d¢ 

Ta6.nB!la 1 

3Ka '!eHHB K O s4$BIIHeHTOB 8(¢>k) B 8'(¢k).ll1IB MarHBT8 M
2 

C hI • 

JlH'lBbJMH h 2 

Ko a¢¢unueaT n ( n + 1 ) 
h 2 = -I h2= - (2+3hl) h2 

8 -8,0 0,6 

o' -83,0 5,2 

Ha Ta6nBIIhi aHnao, 'ITO n n sr h 2 = ~1 -h~) (TaKO Jl KOs4$Hilll 

OTB9TCTByeT BTOpOMY qneay paanmKeHHSI UOJlH C llOCTOHHHhiM UOKa3a~ 

B psrn) 3Ha'leHJIH K091jl¢HilH9HTOB 8 (cf> k) II R '(cf>k) 60JlbWe 'leM HB UOpSlllOK I 

3Ha'leHHSI 9TRX Kosljll)li!IIHeHTOB npH h 2 =- ( 2 + 3 h I ) H h 2 = - I, 5 -

PaanH'!He >Ke Me>Kny !IBYMSI nocnen HHMH HeaennKo. TaKHM o 6 paaoM , E 

3Ha'leHHSI KOsljli)JHIIH9HTa h
2 

e-(2.;. 3 Jh
1 

TO MO>KHO yMeHbWHTI, 

nHaet:IHhiX a6eppanHll no cpaBHeHHID c a6eppanHHMII , aasaeM hiMH n one t 

c nOCTOSIUH biM n . Mbt B b i6p anH 

IOCKOJlbKY B8pHaHT bl (a) H ( h ) 

h 2 = - I , 5 - 2, 5 h I = - 2 , 5 h I 

aaJOT npHMepuo onHHaKoayJO a6eppallll: 

HHH anSI KOaljlljJH!lHeHTOB a a , a 
6 

H 8 T CHJlbHO ynpomaJOTCB: 

" a 

8 ~ 

8 

I 
7 8 

= - 1- ( I - cos k cf> ) 
2 

0 . 

Pac'li!Tht xoaa ny'le li a MenKaauo ll nnocKOCTH MaraHTa M
2 

c h 

h 2 = -1, 5 + 2, 5 h1 a -2,5 h 1 llOKaaanH, 'ITO H306pa meHHe TO"'KI 

- h 1(1-hl) 
WHpHHY OKOJlO 0 ,3 CM, a C h I = -27 H h 

2 
= 

2 
- 7 ,0 CM. 

~OKYCHpOBKa flflOCKOrO BepTHK8JlbHOrO ny'!Ka npOHCXOAHT TaK ~E 

cnyqae JlHHelln oro npH6JlH>KeHHSI , DOCKOnhKY ypaBH9HH9 !IBB>KeRHSI '!aCT 

KaJlbHOli flJlOCKOCTH ( CM, ( 3)) COBDanaeT C JlHH9IIHb!M ypaBHeHHeM • 

14 1 B p a6 oTe paccMaTpHBanHcb ypa BHeHHSI rrBH>KeHHSI 'laCTHil B c • 
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Tlf <popMynw cnpaaennHBbl H n nR h 
1 

< - 1 c aaMeHoA s in a Ha • h a . 

e ( 8 ) MO ~HO npeo6 p830BBTb X BHJlY 

2 
8 ( cf> ~ ,\ ( </> ) 0 O + II ( </> l ('; O (8) 

HT8Tb, 4 TO MH tll eHb TOq91..(Ji8.5J, T .e. 

0 < _L_ (9) 
0 

- pBCCTOSIHHe HCTO'!HHK8 OT nepenHero Kp a S! nomOCP M8rRHT8 , A ( tP ) H ll ( ¢ ) 

'CH ;t3 COOT!IO WeHBA 

A(¢l=a
2
(¢l + 

R 
IJ(</>l = a

3
(¢ l +a 7 (¢l-L-

a I ( ¢ 

L 
R • 

+ a 
8 

( cp) ( _R_) 2 

L ( 10) 

TpOeHBH H306pameHHH1 pacnono~eHHOrO BHe no1IIDC8 MarHBTa, seOOXOUBMO 

aa'!eHHe KO~BIIHeHTOB A ( </>) H R ( cP) H8 BbiXOAe H3 Mil.rHBT8 B TO 'IKe 

~e ¢ k -yron noaopoTa MarsnTa, JlerKo noKaaaTio, 'ITO ecnn B ( ¢ k) = o , 

IIIbi, BbiiUeAIIlH9 B3 TO'!e'!HOI'O HCTO'IBHK8 H npomenmne qepea MarHBT, 

)oepyTCH B TO'!Ky, noaToMy A1IH yMeHblll9HHH HenHHe!IHbiX a6epp81IHA 

IMO YM9Hblll8Tb KO~BnHeHTbl a 
3 

, a a H a 

r npoaenn aaamra nBn>KeHHH a MarnuTe M 
2 

'!aCTl!II 1 BblneTaiDmHx H3 To'!e'!

lenn, no cj>OpMy1I8M ( JO) AnH noneA C OAIJHBKOBWM KOa<j>cj>HUHeHTOM 

flO p a31IH'!Hb1MH 3H8'19BHHMIJ 

-h I (I- hI) 

2 
6( 

h -~ 

h~ 

( 2 + 3 hI ) , a) h
2

= 1 - 2 ,5 ( l +h
1 

ITbl aHa1IH38 npellCT8Bn9Bbl B Taon. 1, rz:te n p RBOJlHTCH 3H8'!eHHH Koa<j>-

!I H ero npoR3BOJlHOA 

a 

~ = B ' B TO '!Ke 
d c/> 

<I> =<I> k 

TaonHlla 1 

3na'!eBHH Koacl>cl>snHesToB IJ( cpkl n B'(¢kl.!UIH MarnnTa M
2 

c h 1 • 27 n paa-

1IH'IHWMB h 2 

Ko~snseaT 
h 2 

n ( n + I ) 

2 
h2= -(2+ 3h l) h 2 = - 1,5 - 2,5 h I 

ll -8,0 0,6 0,3 

n· -83,0 5,2 _;3,0 

J.ila Ta01IHUbl BHAHO, 'ITO ll1IH 
-h 1 ( I- hI) 

(TaKOA KO~BnHeHT h h 2 = 2 2 

OTBeTCTByeT BTOpOMY '!neay paanomeHHH nonS! c nocTOHHBbiM noKaaaTeneM n (I l 

co-

B psr.z:t) 3Ha'!eHHS! K03cl>ci>HIIIIeHTOB 8 (cf>kJ H Fl '(cpk) 601Ibiiie '!eM Ha nopsrnoK npeBOCXOllS!T 

3HS'!eHHH 3TH X Koa<j>cj>IIUHeHTOB npH h 2 =- ( 2 + 3 h I ) II h 2 = - I , 5 - 2 , 5 h I 

Paannqne me Memny nayMH nocneAHHMH neaennKo. TaKIIM o 6 paaoM, ecnn 6paTb 

3H8'!eHHSI KOa<j>cj>Hz:tBeHT8 h
2 

a - ( 2 7 J ) h
1

, TO MOmHO yMeHbiUHTb BK1I8ll He-

nHnel!HbiX aoeppaul!A no cpaaHeHBID c a6eppannHMH, AaaaeM biMH noneM Tl!na ( 1) 

c nOCTOSIHHblM n • Mbl Bb!6panH h 2 = - 1 ,5-2, 5 h I a -2,5 hI • 

IOCK01IbKy BapHaHTbl (a} B ( i> ) AaiDT npl! MepHO OJlHHaKOBYID a6epp81IBID, a Bblpame

BBSI ll1ISI K Oacj>cj>ll[(lleHTOB a • , a 6 !! a T CHnbHO y npoiUa!OTCSI: 

I 
a 

8 7 a 

a 6 = _ I - ( l - cos k </> ) 
2 ( 15) 

a 0 . 

Pac'!1!Tbl xona nyqel! a MeAHaHHol! nnocKoCTH MarH!!Ta M
2 

c h 
1 

= -27 n 

h 2 = -1,5 + 2, 5 h 1 " -2,5h 1 ilOKaaanl!, '!TO R3 06pameHHe TO'IKH HMeeT 

- h ( 1-hl) 
IIIHpiiHy OK01IO 0,3 CM, a C h I ~ -27 H h 

2 
= I 

2 
- 7,0 CM, 

~OKYCHpOBKa ll1IOCKOrO aepTIIKanbHOrO ny'IK8 npOHCXOUHT T8K me, K8K B B 

cnyqae nHael!aoro npH6nHmeansr, nocKOnhKY ypaaaeaHe nanmeHHH qacTHU a aepTH

KanhHOll nnocKOCTH (eM. ( 3)) coanaAaeT c nuael!BbiM ypa aaeaueM, 

/ 4 / B pa6 oTe paccMaTpnaanHCb ypa aHeHHH ABnmeaHH qacTHU a ceKTopaoM Mar-
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HHTB C TO"'HOCTb~ AO "'IIBHOB BTOpOrO ll0pHAK8 AIIH llpOCTp8HCTBBHHOrO ny~a 

(Mbl )!(B p8CCM8TpHB81IH ITIIOCKHA ropH30BT81IbHblA H BBpTHKSIIhHblA ITy"'KH). 

ABTOp8MH llOK838HO, "'TO AIIH n - ( -1QQ) +- ( -3QQ) H yriiOB UOBOpOT8 1-5° 

MO)!(HO CBBCTH K MHHHMYMY BnHHHHB HBIIHBBAHblX S(jl<j>eitTOB, BCIIH h ~ a- hI 

"'TO coanaaaeT c peaynbTSTSMH aarnero, 6onee ynpomeaaoro aaanuaa. 

BbiOOp dJOpMbl llOII!QCHblX HSKOHB"'HHKOB 

B cBH3H c pac"!I!!!TaMH, rrpouaaeaeaabiMH B rrpBAbiAymeA rnaae, B MarHHTSX 

Ob!IIH ci!JopMHpOB8Hbl IIOIIH, YAOBIIBTBOpH~lliHB COOTHOlliBHH~ 

p. = .. 

II( 8) 
a I - n 8 + ( I , 5 - 2 ,5 n ) 8 2 

( 15) II ( lll 
II ( 8

0 
l 

B cnyqae 6ecKoaeqao rrpoTH)!(BBHbiX non~coa c MarHHTHOA npoaunaeMoCTb~ 

AIIH IIOITy"'BBHH IIOIIH, H3MBHH~merOCH ITO 38KOHy h ( 8 ) , HBOOXOAHMO, 

"'TOObl IIOII~C8 MarHHT8 HMBIIH I!JopMy IIOBBpXHOCTH Bp8lliBHHSI KpHBOA 

z 0 f ( 8) 
h ( 8) 

aoxpyr neaTpa oKpy)!(HOCTH c paaaycoM r 
0 

( aaecb Z 
0 

-rronyB biCOTa MarHHTHoro 

3830p8 H8 paAHyCB r O ) • B CIIY"'BB KOHB"'HblX p83MBpOB liOII~COB H MBrHHTHblX 

M8TBpH81IOB· C p. ~ oo llOA6 0p I!JopMbl !IOII~C8 !IpOH3BOAHTCH :3KCllBpHMBHT81IbHO. 

B Ka"'eCTBe rrepaoro npa6nH)!(BHHH AIIH ¢opMbi rron~CHbiX HBKOHB"'HHKOB 6bma Bbi6-

paaa rrpuMonaaeAaau ¢o~Ma c npo¢aneM 

z
0 

(1-n8) 

nocKOIIbKY TBXHOIIOrH"'BCKH TpyAHO H3rOTOBI!Tb IIOII~C H blB ll8KOHB"'HHKH B BHAB 

IIOBepxHOCTH Bp81UBHHSI BOKpyr U B H T pa OKpy )!( HO CTH 6 0nblliOrO p8 A IIYCB, TO llOII~C

HblB HSKOHB'IHHKH 6b!IIH p 836HTbl A IISI MBrHHTS M 
1 

88 4 CBKUHH, 8 AIIH M 2 H8 

10 

6 C B KUHA. Ka)!(ASSI CBKI!HSI COCTOSIIIB H3 1I8pbl KIIHHbBB, SIIIIpOKCHMHpy 

BBpXHOCTb Bp81UBHHSI, 

nocne YCT8HOBKH T8KHX IIOII~CBblX H8KOHB"'HHKOB H8 IIOII~C8X M 

na npouaaeaeHbi MarHHTHbie H3MepeauH c noMOllib~ ABT"'HKOB Xonna. 

6bmH BbmonaeHbi c TO"'HOCTb~ oKono 0,5%. Pe3ynhTBTbi aTux H3Mepe 

HHT8 M
2 

npJiaeABHbl H8 pHC, 3 (KpHB8SI 1) B CpSBHBBHH C TeopeTH"'e< 

ASBMOA I!JopMoA IIOIISI A~ OBCKOHB'IHO IIpOTSIJKBHHblX IIOII~COB C p. = oo 

Ha6n~aanocb xopomee cornacue axcnepuMeaTanbHbix ASBH biX c pacqe 

38 HCKII~'!;BHHBM KpaeaoA o6naCTH lliHpHHOA 40 -t 50 MM. 

finS! YMBHblliBHHSI Kpaeaoro ~BKTS 6b!IIH IIOA06p8Hbl lliHMMbl ny 

nap oaaaau nonS! a aneKTponHTH"!ecKoA aaaae, a TBK)!(e Ob!IIH aaeceHbi 

H3MBHBHHSI B I!JopMy IIOII~COB C y'lo!!!TOM 1IpOH3BOAHblX H3MepeHHA IIOIISI 

Pe3ynhT8Tbi u BblBO)lbi 

B CIIBKTpOMBTpe MBTOAOM TOKOHecymeA HHTH 6b!II8 IIpOMOABIIHp< 

CHpOBK8 '18CTHU C HMDYIIbCOM 3,5 H 5,9 faa/c B MBAH8HHOA IIIIOCKOC~ 

MepeHHSI IIOK8381IH, 'ITO lliHpHH8 H306p8 )!(BHHSI TO"'KH B ropH30HT81IbHO 

He npeBbllli88T 2 CM AIISI 3,5 raa/c H 4 CM AIISI 5,9 raa/c, YxyAlliBHE 

AIISI 5,9 f:;~a/c 06'bSICHSIBTCSI HaCbllliBHHAM OAHOro KpSS! IIOII~CHblX HSK< 

B MSrHHTB M 
2
• Yf3 aTHX H3MBpBHHA 6b!IIO BHAHO, 'ITO 38 C'lo!!!T HBKOT< 

lliBHHSI TBIIBCHoro yrna CUBKTpOMeTpa B ropH30HT81IbHOA IIIIOCKOCTH N 

I!JoKyCHpOBKH '!8CTHU C HMITyiibCOM 5,9 faa/c IIOIIY'IHTb TSKHB JKB pea 

H AIIH 3,5 r:;~a/c. 

Ha ny'IKB '18CTHU c HMIIYIIbCOM 4,10 r:;~a/c; 4,50 r:;~a / c H 4,85 

onpeneneHHOCTb~ B HMIIynbCB OKOIIO .±. 0,4% H 3 Y'I81I8Cb 38BHCHMOCTb 

C'l o!!! T'IHK8 lliHpHHOA 3,5 CM IIO ropH30HTSIIH OT TOKOB 88 CIIBKTpOMBTp 

lilHpaaa <~Tux KpHBbiX ( aa rronyBbtcoTe) AnSI yKa3aHHbiX HMnynbcoa cc 

/5,6 / 
1,5 -1 2,0, "'TO II03BOIIHIIO B 8 K C 1IepHMBHT8 X OUpBABIIS!Tb HMITyiib( 

C T O"'HOCTblO IIY"'JJleJf 1,0%. 

VI 3 Mep e HHH KBpTbl non B B M a rHHTH bi X crreKTp oMeTpa n pH aayx : 

COOTBBTCTBY~lliHX HMIIY IIbCY 4,0 H 2,0 r:;~a/c, IIOK8381IH, 'ITO H8Cblllie 

II 



CTbW AO qnesOB BTOpOrO nopaAKa A/la npOCTpaBCTBeHHOrO ny~a 

MaTpHBanH nllOCKHA ropH30HTa/lbHhlA H BepTHKa/lbBhlA ny'IKH). 

H noKa3aBO, 'ITO OilS D - (-100) ~ (-300) H yrnoB nOBOpOTa 1-5° 

K MHHHMYMY anHaaue aenHaeAablX ~KToB, ecnu b ~ -- b 1 

T c pe3ynbTaTaMH aamero, 6onee ynpomeaaoro aaanH3a. 

8b!60p dJOpMbl nO/l!OCHblX !!aKOHe'IBHKOB 

a c pac'Ii'lTaMu, npou3BeAeHBhlMH a npeObiAymeli rnaae, B MarHHT~ 

pOBBBbl nolffi, YAOB/leTBOpSI!OliiHe COOTHOllleHHW 

I ( 8) 
U( 8) 

u ( 80) 
- I - D 8 + ( I ' 5 - 2 ,5 D ) 8 

2 

( 15) 

3e 6eCKOH9'IHO npOTH)I{eHHblX nonWCOB C MarHHTHOA npoaunaeMOCTbW 

IOny'IeHHSl nona, H3MeHSIWlllerocs no 3aKOHy b ( 8 ) , He06XOAHMO, 

a MarBHTa HMe/lH ¢ opMy noaepXHOCTH BpameHHH KpHBOI! 

I ( 8) z 0 

h ( 8) 

>a OKpy)I{HOCTH C paOHYCOM r O ( 30eCb Z O -nonyBblCOTa MarHHTHOro 

tAeyce r 0 ) • B cnyqae KOHe'IHblX pa3Mepoa nonwcoa H MarHHTHblX 

:;p.,f oo non6 op ¢opM bl riO/l WCa npOH3BOAHTCH 3KCnepHMeHTanbHO, 

nepBOrO npH6/lH)I{eHHH !l11Sl Q>opMbl nO/lWCHblX HaKOH9'IHHKOB 6b!lla Bbi6-

HHei!SaSl ¢o~Ma c npo¢HneM 

Z (I-n 8 ) . 
0 

exaonorH'IeCKH TpyAHO H3rOTOBHTb nOillOCH ble ll8KOH9'IHHKH B BHAe 

apameHHSI aoKpyr u e aTpa oKpy )I{HOCTH 6onhworo paa ayca, TO noniOc

BHKH 6 b!llH pa36HTbl ana MarHHTa M 
1 

sa 4 ceKUHH, a ana M
2 

sa 

10 

6 c e KnHA. Ka)I{AaSI ceKnHSI cocTosna H3 napbl KnHHbea, annpoKCHMHPY!OliiHX no-

aepxHOCTb apameHHSI, 

nocne ycTaHOBKH TaKHX noniOCHblX HaKOHe'IHHKOB Ha nonwcax MarHHTOB 6bl

llH npoH3BeaeHbl MaraHTHbie H3Mepeous c noMOlllbW AaT'IHKOB Xonna. 113MepesH.H 

6b!llH abmonseHbl c TO'IHOCTbW o~~:ono 0,5% . Pe3ynbTaTbl 3THX H3Me pesuA AnSI Mar-

HHTa M
2 

npuaeaeHbi aa puc. 3 (KpHaast 1) a cpaasesuu c TeopeTH'IeCKH Oli<H-

AaeMOI! ¢opMOI! nona llJ'lii 6eCKOHe'IHO npOTH)I{eHHbiX nO/llOCOB C p. = oo ( KpHBaH 2). 

Ha6n10aanoch xopomee cornacue az:cnepHMeHTanbHblX aaHHblX c pacqi'lTHOA KpHBoA, 

3a HCK/liO'IeHHeM KpaeBOii o6naCTH lllHpHHOA 40 .. 50 MM. 

ilnst yMeHbllleSHa KpaeBorO a<jxpeKTa 6blllH noao6paHb! lllHMMbl ny·oQM MOile

llHpOBaHHa nona B sneKTpOilHTH'I9CKOI! Ba!Ise, a TaK)I{e 6blllH BHeCeHbl se60ilbll!He 

H3MeHeHHa B ¢opMy nOillOCOB C Y'Ii'lTOM np OH3BOA!IbiX H3MepeHHii nona. 

Pe3YilbTaTbl H BbiBOAbl 

8 cneKTpOMeTpe MeTOAOM TOKO!IecymeA HHTH 6bma npoMoAenupoaasa ~OKY

CHpOBKa '!aCTHn C HMnynbCOM 3,5 H 5,9 faa/c B MeAHassol! nnoCKOCTB, 3TH H3-

Mepesaa noKa3anu, 'ITO mupuaa H3o6pa )l{esua TO'IKH a ropH30RTanb!IoA nnocKoCTH 

He npeBbllllaeT 2 CM Ana 3,5 rsa/c H 4 CM Alffi 5,9 faa/c. Yxyamesue !j>oKyCHpoBKH 

A/lSI 5,9 fsa/c 06'bSICHSieTCH HaCblllleHHP.M OAHOrO KpaSI noniOCHblX HaKOHe'IRHKOB 

a MarsuTe M 
2

• 113 aTHX H3MepesuA 6blllO auaso, 'ITO 3a C'Ii'lT aeKoToporo yMes&

meHHSl TenecJioro yrna cneKTpOMeTpa B ropH30HTa/lbHOI! nnOCKOCTH MO)I{HO H lllffi 

!j>oKyCHpOBKH 'IaCTHn C HMnynhCOM 5,9 faa/c nony'IHTb TaKHe )l{e pe3yllbTaTbi1 KaK 

H Allfl 3,5 fsa/c, 

Ha ny'IKe 'ISCTHII c HMny nhCOM 4,10 rsa/c; 4,50 r s a / c H 4,85 rsa/c H se

orrpeaenessoCThlO B HMilYilbCe OKO/lO :!:. 0,4% H3y'Ianacb 3aBHCHMOCTb OTC'Ii'lTOB 

C'Ii'lT'IHKa ll!HpHHOI! 3,5 CM ITO ropH30HTanH OT TOKOB Ha crreKTpoMeTpe (cM,pHc,4), 

UlapHHa 3TH X KpHBblX (Sa nonyBblCOTe) A/lSI yKa3aHHblX HMnynhCOB COCTaBnSieT 
/5,6/ 

1,5-+ 2,0, 'ITO ll03BO/lH110 B 3KCnepHMeHTa X onpeAenSITb HMnyllbC 'IaCTHnbl 

C T O'IHOCTblO nyqmeli: 1,0% , 

I13Mep e HHSI KapTbl rronSI B Ma rHHTH blX crreKTp oMeTpa npu ABYX 3aaqeHHHX, 

COOTBeTCTBYWll!HX HMriYilhCY 4,0 H 2,0 fsa/c, llOKa3anH, 'ITO sacbill!eHHeM lKeneaa 
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II 

llOTIIOCHbiX HB.KOHeqHHKOB MO*HO npeae6peqb B STOM BBTepaane llMTiyllbCOB, Cne.oo

BB.TenhHO, .QllH BMTiyllbCOB 2-4 fsa/c O*H.QB.eTCH TB.KOe ~e p83pemeane, KB.K H .OnH 

HMllYllhCOB 4-5 fsa/c, 

DpH H3MQH6HHH TOKB. HB. MB.I'HHTB.X ClleKTpOMeTpa HB. !_ 10% B npll HQH3MaHHOM 

HMnynhce nyqKa, npoxo.oBBmero a cneKTpoMeTp, Mbl He 38MeTHnH KaKoro-nn6o ymn-

7. A.C.BoaeHKo, E.H.fychKOB, T.llo6poaonhCKHl!, M.c!>.Jiaxaq~a, A.JI.JIJ06HMoa, . 

IO.A.MaTynes:Ko, B.C.CTB.BHS:CKHl!. npenpHHT OHHH, p 1-3008, lly6aa, 1967. 

PyKOllHCh nocTynana a H3.08TenhCKHl! oTaen 

peHHH KpHBOI! pa3pemeHHS cneKTpOMeTpa. l 10 M8H }967 1"'0.08. 
/5-7/ 

0nHC8HHb!i! cneKTpOMeTp HCflOllb30BB.llCll B SKCnepHMe HTB.X H fl03BOTIHn 

He TOllbKO H8 aeCKOllbKO llOpB.OKOB yMeHbWHTb KOnHqeCTBO llO.One*aWHX o6pa60TKe 

.08HHblX .O TIH OT.Oene HHH s4J!jJeKT8 OT !j>oaa, HO H 6b!fl e.QHHCTBQS:HO B03MO*Hb!M peme-

aHeM anH MaranTaoro cneKTpoMeTpa, B KOTopoM HY*Ho npocTpaa:cTBaS:HO pa3.oe-

llHTb H.OYWHe B O.OHOM H8llp8BlleHHH q8CTHilbl O.OHOI"'O H TOI"'O ~e 3H8K8 p83Hb!X HM

nynhCOB. CneKTpoMeTp MO*eT ncnonb30B8TbcH a sKcnepHMaHTax no H3yqeHRJO 

ClleKTpOB BTOpHqH b! X qacTHil. 

AaTopbi Bbip8lKB JOT rny6oKyJO 6n8r0.08paocTb B.K.EHpyn~ay, A.H.38aropons:eMy, 

H.H.K8Ky pHay, B.K.nepeao3qHKOBy, H.H.'IepHbimoay 3a noMOWb B pa6oTe. ABTOPhi 

6n8ro.o8pHT B.B.MHnnep8 38 none3abre o6cy*.oeaHH H coaeTbi , A.JI.JIJ06HMOBB 38 

llOCTOHHHb!l! HS:Tepec K pa6oTe. 
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PHc. 1. c!>oKycapoaKa qacTHn a cneKTpoMeTpe .onsr cnyqag Toqeqaol! MHmeaa. 

M 1 H M 2 - MaraHTbi, K-KOMHMaTop, H K - HcKpoaaH K8Mep8. 

Pnc. 2. CHCTeMa Koop.oHa:aT, CBH38SHaH c noneM cnnha:o~oKycnpyJOmero M8I"'HHTa. 
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Pac. ·s. PeaynhTaThi Mal'HHTHblX H3Mepeaall .nnll MarHHTa M
2 

- KpHBal! 2. KpHBall 

I - TeopeTaqecKH o*B.naeMoe uone .nnll 6ecKoaeqawx uon~coa. KpHBall 3 
<jlopMa uonll, o6na.na10mall Manh!MH aenHael!HblMH a6eppa!lHliMH. 

N 

., = t5:4 

~too 4.25 lt.75 5.00 P(r.t./t:) 

PHc. 4. KpHB bre no ToKaM B cueKTpoMeTpe, CHliTbre c noMomblO yaKoro c q~TqHKa 
.nnll Tpex paanaqHhiX HMnynhcoa. Ha pac. yxaaaa p83Mep cq~TqHKa. 
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