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nocB51WaeTC51 fT8M5lTI npo<jleccopa 

'-lecTMI!pa My3J KaplKa 

I, B B e 11 e H n e 

H3Y'H!IIIIJO cnoikTB H3J1Y'l8HIHI BaBJinOBa-'-lepeHKOBa KpHCTfl.Jill~'lX ITO-

CBHIHCHLI ITOKD TOJlbKO D.BC :-HCCIT8pHM8HT8JlbHhl8 pDfiOTI,Je O]UIOit JI:~ HIIX 

Ill 
B. n.3penoR HCCJ12JIOB8J1 CPOHCTBA 113J1Y'l8Hll51 BarmJJOBa· '-lop0HKOB!1 B 0[(110-

ocHor-..1 KpHCTanne I!cnaHLJ.CKoro mrraTa. B Herr, B qacTHOCTJ , Gr,Jnn nonTeep)h-

121 131 
nelfi,J rrpeucKucoamm Teopnll, paaBnToii B.J1.fHH36yproM , B,E, f1w!JoMoBHM 

141 
u Y •. r-,.~y3HK8p>KeM , o cyurccTBORaHHH nn:vx KDHycon H3n: qeJnrs-~ npn nBn-

>1\C'JIHH l..Jr1CTHUJ,J IJeprT0HUHKynHpHO OI1TI1'18CKOi1 OCH. 

. I 51 
B upvroii pnGoTe fr)lonnop TAK~<e c oTpliiWTPJlbHJ. M OI1HOOCJII.J'I KpH-

cTnnnol\t NaN0,1 n" = 1,61 l! 1,34 [JJ151 = 45005l. ) HCCJ10-

ilOB<1Jl COOTI!OIIl8HH0 HHT81-ICJJR£IOCTei1 cy:vtM:tpiiOr'O lf:-3J1Jl 1-181H H llpli ilBJ1}1\0fiHH 

~C!JlC'KTJlOHOB ( OT p :l:.! ) BJ!Ollb OCJI KflHCT<'1J1Jlc'l H H0f1II8HI llKYJIH[)HO K Hefr. 

E 6 
,
1 

, I 61 
ro IJ3MC[JC-"HH5l OK<1~'\<'1JIHCb R COrJJHCilH C pA.C'LJCT8MH .JV • "10J10TOBCKOrO 

8 JUiCTOHWeff po.floTe OITHC8HI,! OllhiThl IIO IICCJ1C',IJOB8H 110 HeKOTOfH,lX 

cHoiicTB H.=_-3ny4eHIISI BnsnnoRo.-YepciiKona n nsyxocHoM Kpi crnn.rre rr~nrrrnunH-

II 110Kll-

3<lTf'JIH TI]JL'Jl0t-.,1riCIHIH BDOJlb f'l18BHblX ;1U9JleKTpiP-I8CK1IX OCEct n 1 = 1,179; 

n, = 1,547; n,
1 

= 1,572 HJIIl A 6500 Jl., H3MepeHHbiC c TO'lHOCTbro:t_0,002 

n prrGoTe H,I',HBnllona H B.<P.3oTosn
171

, 

Pa3yl\tccTcH, roopnH HJJiyY:eHHH Basnnosa-!....fepoHKOJ,a 1 ocHorWIIHA.H 

Hn ypc-1BH8JliiHX 06J,[l-IJIOif 3J1eKTpO[lHHflMllKli JlJ1H 8HII00TpOIIJ- oii c:pe[lJ,I 1 3£lp8-

Heo I1p8Jl.CKD3biBaeT BCG OCHOBHbl8 CROfiCTBO. JI3J1Y4CJIHH II B nnyxOCHhiX Kpii-

CTHJIJ13X 1 llOCKOJibKY 3TH CBOifCTB8 OllflCLl8JlHIOTCH /UI3J18KT] tH'40CKHMH flOC TO-
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HHHbiMII KpiicTannon. T,e, MaKpocKOTIII'IeCKIIMII nenii'IIIHaMII, OnnaKo anpiiopn 

nenb3H yTnep•naTb, •To 1KpoMe npencKa3b!BaeMbiX xapaKTepiiCTnK n3nyqennH 

Baniinona-YepeHKoBa ue MoryT B03HHKBTb rtonOJIHIITeJibHbie, o6ycnonneHHhie 

6onee cno•noA CTpytTypoA KpiicTannon, B onTIIKe, uanpiiMep, nnH o6bAcne-

HHH HBJieHHH OTITH'IeCKOA BKTIIBHOCTII ueo6XOUHMO npHBJieqeune MHKpOCKOTIH-

qecKHX napaMeTpOB rpeUb1 1 paBHbiX TIO nopHilKY BeJIH'IUHbl OTHOIIIeHHIO 

pa3Mepa MOJieKyJII>l K ilJIHHe CBeTOBOfi BOJIHbl, YfHaLie rOBOpA 1 OITTHLieCKBH 

BKTHBHOCTb MO*eT 6~Tb 06bHCHeHa TOJibKO npoCTpBHCTBeHHOA UIICnepCIIeA 

Cpellblt T.e. 38BHCHM )CTbiO ilH8JleKTplP-18CKOi1 ITpOHHU38MOCTH KBK OT ll8CT0Thl 1 

TaK II oT nonuonoro n• 'KTopa, B npiiHUIIne ITpOCTpEl.HCTBeHHr'HI JlHCIT8!1C:H51 MO)t{C'T 

CT!1Tb rrpHl.lHHOJ1 ITOSH J18Hl1s:I HOBOrO BHJ]a l13l1Yl.J8HIHI BnBHJ10Ba-l.fepei!KOB0 1 

/8/ 
npencKa3aHHoro B p£ 6oTe B.H,ArpaHOBIILia n np. 

2, nocTaHOBK8 OTih!Ta 

DpH Bbi6ope C:X~Mbl 3KCnepH!v1eHT8 Ml>l He HBIIIJlH llY'-III!eti:, Y:eM Ta, KOT0-

/1/ 
paH IICTIOJib30Banacb B (eM, pnc, I), 

XoTH TaKaH np >CTBH cxeMa oii!,ITa !WeT na HeKoTopi>Ie nonpocu niiillb 

KB [IeCTBCHHhifi OTBeT HO TeM He MeHee OHB IT03BOJ1518T BHJ]0Tb BeCI.~13 Hal'JHl!t-

JIYIO KBpTIIHy B ueno -1 II CpaBHHBBTh ee C TeM 1 LITO II MeeT MGCTO Fl 1130Tp011-

Hoii cpenc. 

B onbiTe 11cnor b3onancH nyqoK rrpoToHoB nnaMeTpoM 5 MM c :~ll!eprlleii 

( 663::_5) M :olB OT Clll XpOUIIKJIOTpona OYIHYI. npoTOHbl llpOXO/lllJIII fTJiilCTIIHKY 

TfC 11 11cnycKaJII1 B HeA 113JiyLieHIIe BanHnona-YepeHKOBa, KOTopoe ~oKy-

CllpOBBJIOCb TIJIOCKOf apa60JII!'leCKOA JIIIH30A C f =22,7~0,1 MM II Oil = 1,512::_ 

::_0,00 I, B ~oKanbnoi rrnocKOCTII JIHH3hi H3JIYLienne periiCTpnpoB3nocb 11a uneT-

HYIO HeraTIIBHYIO UJIIHKy "Orwo - color " 16 DIN • ilnH rrony'WHHH xopomero 

11306pa•eHIIH Ha ~o~~rrnenKe Tpe6onanocb nporrycTHTb qepe3 KpncTnnn oKono 

11 
- 10 ITpOTOHOA, 

MccnenosanMc.) csoHcTBa JL'3JlYTieHIHl nnH Tpex qacTHhiX cnyl..J:aeB nsn-

a) rreprreHUIIKYIHpHO ITJIOCKOCTII OTITII'JeCKIIX OCGA; 

6) nnonb Mane A 611cceKTpnci>I; 
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llns:~ 3Toro HcrronhJOBnJlHCh TPH KJHICTanna TfC, Bl>Jpe:-J lHHLie uapnnnenbHO 

IJJlOCKOCTH orrTIPIL'CKHX occii, nepneH[{HKyns:~pno Mn.noii H Gonbmoi1 OncceKT-

pHCilM. 

TonlHHflll rrnnCTIIHOK no nylfKY Gb!JTa 
2 

( 1,008:t:_0,00llr/cM (npnp =( 1,665:t:_ 
Trc 3 

:t:_0,003) !'/ CM ) • 0JIIJCTHJIKH II MCfllT [lil3MC[I 20 X 20 
3 

X 6, I MM • J.1 OHI13£1UHOHHT,I0 

2 
IloTepn IlpoTof!on 662 M:-m B Trc cocTanmwn 2,30 1V\:~r ·"'r 11'. CpeoH>~51 

:-dreprHSl h UeHTpe f1ll(ICTHHKH KpUCTEl.J1l1A. COCT()BJ1HJ1Il 66[,8 J~:~R, 1 ITO rooT-

BeTCTBOR[:!JlO CfH:"flHPii CKOpUCTl! IlpOTOHOD {1= 0,81006• :t:_O,OOI33. 3neprll51 

rl[JOTOHOR B J1JIH:-H? C .VlJ(~TO~! HX 3A\1enneHifs-l ( rrpll '-J(jr!jrPJ Tl!BHOf'r Jll!J!He riJlOCKO-

fl<lpilfiOJlii'!C'CKOi'l fii!II:JJ,J f' 
CJftl 

6 ~r,r) 6J,Jflfl prlBHn E = 6f'i8,1 M:-m, a C)'C.l-

115151 CKOflOCTb {-J [I = 0,808/l. 

3. npeJlCKt'1.:38HHH TeopnH H pe:3yJibT ITJ,J Orii>!TOB. 

Eyo.yqn B 1861 rooy n 0!15111, Tipoq:eccop Lf.f\1.'"""'P''' (llo rq,ncbGe on

x/ 
Horo H3 anTopon fU1C'TOSlTI[eH CTClTbH) ITOJiy'4Iri! COCJTHOliJeJ I!H K<ll\ flJ1H CBOr!C'TB 

HanpaRneHHOCTH I!3Jiy'Y:eHHs:I BnBJIJlOBa-4epeHKOBn n ;·tny; oCJ!J,\X l\pHCTtl.,lJH1X, 

TaK I! J]J15l Et:JH~1~yTDJ1bHOrO pacnpeJJeneHIISl HHT8IIC:HBHOCT :r IIO DB.\·;..1 hOHyCH~1 

Heo6btKHoBeHHI>lX BOJIH flB3J1Hl-f1JOtf nonHpH3aUnH. Hf'KUToJ l·JQ pt_~:JynbTnTr,r, Kn.cn-

JOlilH0CH TOJibKo ~3!1IH1CH\10CTH cneKTpanbHoff rrnornorTrt r:>JI)' 1 H'HII~r BFinnnonn-

4epeHKOBa R JJByXOCHi>IX KfHiCTanrrax R6J1H3H ITOJJOl':l Ir:3J Y 1 IC'HII5I, Irport,. 'Y'.i\~~r-

18/ 
JllKBp>K OIT,Yf5J1HKOBBJ1 IIC'CKOJlbKO IT03/K9 • 

J13 KpiiCTBJ1JlOITTHKI1 H3BOCTIIOt l{TO DB)'XOCIT!>!C Kpl! -~TtlJ1Jlhi XClflEIKT8pli.:-1y-

JOTC~ Tp8MH rn!lBHi>IMH JUf8JieKTpHqecKHMll ITOCTOSHifll,fi\11! : t 1 t (:2 

( HJIH COOTBeTCTDOHIIO rJlflDHI,IMU ITOK838T8JHIMI! Hp0JLO\!J1 )HH5l: n I -- \ t l 

) , KOTOpbre BilOJlb rnctBHI>IX Il !:":.1J18KTpl!40CKIIX oceft 

KpHCTDnna X 1 X
2 

, X :r p8.Cf10JlBrBIOTCs:I TBK, KBK IOKfl3C1HO HB puc. 2. 

xi c~r. B.n.3penon. Yl3JIY'ICHIIC BaBl!J!OfiD-Lfep''H](O:IH II ero Ilpi!MCIICIIIIC 

B qllt31!Ke BhiCOKIIX CJI!eprnfJ. ATOMII3JWT, 1868. 
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Hnrro\.1HIIM 1 l.JTc B nByxocHhiX KpHCTannax n:vteJOTCH nsa nnnpnBneHBH, 

HB3hiBG.eMh!C OfTTIPfCC'KHMM OCHMH HJIH 6MHOpMAJISIMH 1 BJl.OJib KOTOphiX flOKEl-

,3nTeJIJI npCJIOivtJieHHH He06biKHOBeHHLIX BOJIH C fH13JIH4HOi1 HOJIHpH3c'lUHeti COB-

ITIHWIOT, 3n! OCII pacrlOnaraJOTC>l B flf10CKOCTII X 10X,1 , a ITOJIOBJIHA yrna 

I 101 
M8)KI\Y HIIMJr orr pen e. l>leTC>l ,Pop~rynoii 

tg f:l 

iln;r Trc rrpl! A = 6500 

'.1 (' 2-' 1 ) 

(' -' 
1 3 

~ 
' 1 

= 2,18744; 
171 

= 2,47118, a fl 59,92°. no H3M8Jl8HHSIM 

( 2 

f3 
<PopMyna nn" ' rrpenenemr" yrna f) Me)Kny BOJIHOBOH 

(I) 

2,39321; 

61,12°, 

HOpMOJiblO 11crryc-

KaeMoro H::JJlyL£eHIH1 H H8I1fl8BJ1eHneM CKOpOCTlt 4:8CTHUhl Jl.JIH CJIY'IDH ee ilf-HI)t(C-

IIH>l BUOflh OCH X
1 

rro My3HKap)Ky HMeeT RHI\ 

(2) 
X 

cos f) 
1,3 

rne 

----------------., 
'z ' "- ' 1 x z + (' '- x2 ) A, ~ V [' 2 ' 3-< 1 x 2 , ( ' ' - x z ) A 1 1-- 4' 1 A ,C x2_, )Cx2 -' 3) 

p 2 -- ------- ------ ---------------
1,3 

2A
1 

(3) 

A =< cos
2 ¢ 

1 2 

Ubi), 3HaKH 

> < si1 cP a X = _l_ V = {3 c - .CKOpOCTh qaCTH-
3 f3 

(!:.) B ( 3) COOTB8TCTByJOT HCllYCK8HHIO ilByX He06b!KIIOR8HHbiX 

BonH co B3anMHO ITE prreHnHKyn>lpHoii rronHpH3auHeii, Yron ¢ ( rrp11 ilBH)KeliHH 

'-!aCT!! Bl10f1b OCII )< ) OTC'-!HThiBaeTCSI oT rrnocKoCTH X 10 X 2 

A3HMyTanhHoe pacrrpeneneHHe crreKTpanhHoii rrnoTHOCTH H3nyLJeHH>l T8K)Ke 

f1f1SI Cny'-!aSI URH)K8HI>l Bf1011b OCH X orrperrenSieTCSI Bhrpa)KeHneM 
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X 

e'Jw 2rr 

s ~--f r,. (¢ldcf,, 
tV 2 rr c 2 o (4) 

rne 

' 2 3 

[cos
2
cp(< -< )(p 0 

+ 
1 2 

~--~----------------------------------------------------· 

3HBKH (;t_) B (5) COOTBBTCTByJOT 3HBKBM B (3). 

nopOI'OBhlB CKOpOC'I'Il OITpBJJBJJHIOTCH = ( 2 If. IH ( ;~ T8K>K8 
rrop 

B 3ABHCHMOC'I'Il OT 3HAKB B P". 

<!>opMyJJhl IWH S '"' npH JJBH*BHHH •aCTHU BJ1011b oceA 

l! X 3 ROJIY'IBIOTCH H3 (3) nyTeM UllKJJil'IBCKOA C BMBHbl 

X ~x __.x
31

t •t -to( )A
1 

A
2 

• A
3 

Rpll'IBM Yl'Jlb cp 

C'IHTt.JBaTbCH oT nnoCKOCTeA X 
2 

0 X 
3 

(npH llBH*BHHH l~OJlb 

OT X 3 0X 1 (npll /1Bil*BI!Illl BJ10/1b OCII X3 ). 

6ynyT 

X~ 

OT-

ll 

Ill/ 
CpannnTenbHO nenanno 06np*aneK nonyqnn nwpa*eHHH nnH Ha-

rrpannennocTH H3JJy•wnnH Bannnona-l.fepenKoBa n S '" 

KpllCTBJIJJP c ~1Bl'Hl!TI!Oi"l BOCIIpHIIM'IHBOC'I'biO fl. " I. 

nnyxocnoM 

ilns1 yrna 0 
Ill! 

'·IB)J<J1Y BOJIHOBO!l HO!JMBJlbiO ll CKOpOC' b!O 'WCTilUbl CO-

rnacao 

rne a~ 

pane a: 

_! __ 

fl" 11 

II 

cos I)~ 
(6) 

X JJJIH Cny'IB<I JJBH*BHIIH 'IBC'I'l!Ubl BllOJJb OCH 
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X ~ 

1.~ 

rne E -""' ( 
1
cos 3<b t 1 :Jsin ~ cG 

' ( 7) 
2 E 

BhifJB/1\:f:'HHC nn: nonHoif 8Heprnn H3l1YLJC'HIIH H<J onHIIHUY rryTn no 06ap;·:<:n-

111! 
J1EKy TO.K/1\C' LlJUI CJ1)!11<'HI ;lDH./1\C:HHH 1-IllCTIIUJ,J Bl10Jlb OCII X;) Hl\teeT fHiil 

w 

rne 

., 
_e_-_:_1'___,,__ J '" d ''' F ' 

2 Tl c!:: 0 

(8) 

- '277 ,- I X ( I ' c +' l E) l '.1 I' 1 ( u-'" ) ' 'c (u _, 1) II 
F ~ I d <,)(X t (J) -

(!~- 1 0 
I I'", (x X r 

A· o t r E -- t ., 

\ ~ ( "_, )(o-' 

}1\(1 HP06XOJ1HI\10 TID.IH /t\IITIJ 

0-1 

" ') ') 

cos'26+(~(x •rJ-( 
1 

(sin-r,1J! 

E 
1 

' .~ ,':, "II 2 X E I A I ( 9) 

I X ( (J- E ) /l/UI 1 OllflOIIOJHll'"nro (7) • 

I' H ITf>OIT31\E'CTI! .:1<1\tOHy: X ~ {J~ 1 0 -• X~ t 

E • A , u = 1 tlfl :·lllnK (+)I a 2 HA 3HAK (-). B~olJJOilHllB 3Ty 3(lxreHy, 

X 1 , npyroe Bt.l-

KaK f10K[1:3J,JH[1J JT pnClJ6TJ,J, npOII3BeneHHhlE 06nptKaneKOM B npare II 

TO>KJlECTRe HIILI l\111. 
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1, .[1 B II lK e H II e 'I a C T II U bl B A 0 li b 0 C II X 1 ( 111111 l ilOllb MHliOH 

611 C C e K T p II C bl), .[lmr THKOI'O Clly'!H51 HCITOllb30BHliHCb ITJ18CTIIJ!Ka KpHCTHllllll 

TfC, HI.IpeaaHHH51 rreprreHAIIKY1151pHo oc11 

OCII paCJ!OliHI'al1HCb TaK 1 KHK ITOKH3aHO Ha pHC, 3 

Hhle ¢a30~hle CKOpOCTII), 

v v 
~ 

- I'liHB-

CnoilCTBa JiarrpanneHHOCTII llanyqeHIIA n aToM cnyqae llllllhlCTPHPYhlTC51 

rrocTpoeHII51MH fhlilreHca, BbiiiOnHeHHbiMII B .onyx rrnocKoCT IX X pX 3 ( ¢= 90°) 

AliA CKOpOCTH '!BCTHUbl (3 = 0,11 (pHC, 1), no-

CKOllbKy B ITOCTpoeHH51X fhlHI'eHCH ¢11ryp11pyeT rry'!eBaA llOlepXHOCTb 1 TO TO'!-

Kll KaCA!lliA B011HOBOI'O ¢poHTH C 3TOH ITOBepX!!OCTbhl yKa3 •BBIDT HarrpaBrreHHe 
~ 

nyqenoro neKTopa S • .Un51 3HHKa ( +) JiarrpanrreHH51 S 11 HarrpanneHHA 

HOpMarrH COBITBDBIDT, B UnH 3HBKB (-) OIIH pa3rrHqHb. 

a) Pacrrpe11erreHHe HHTeHcHBHOCTH narryqeHH51 rro yrrr r ¢ arr51 crry'!a51 

UBI!lKeHH51 llflOTOHOB C fl= 0,81 Baonb oc11 x 1 Kpl!cTan. w Trc, pDcc'!HTaH-

Hoe no ¢opMyrre MyaHICHplKH (5) Al151 A = 6500 ~, rrot aaaHo H,n p11c. 5a). 

vb pHCyHKa Bll/1110, 'ITO F _( ¢) HMeeT BIW OBHrra C n :>'!TH pHBHOMepHb!M 

pacrrpenerrer!lleM IIHTeHCIIBHOCTH !10 yrny ¢ ( MaKCHMH11bHa I Berrll'lliHll F _ ( 90°) 

= 0,060975, H MIIHHMal1bHH51 F- ( 65°) = 0,05267! 1 TaK 'ITO HepaBHO-

MepHOCTb pacrrpeaerreHH51 F _ ( 90°)- F _ ( 65/. F _ ( 90°) ue rrpe-

BocxonHT 13,6%), 

PacrrpeneneuHe F+ ( ¢) HMeeT BHA qeTbipex crrn6bD nyr, oxBaTbiBn

IDWIIX pacrrpenerreuHe F _ ( ¢). MaKCHMallbHoe auaqeuHe ,' + ( 65°) = 0,00776, 

a OTHOUieHHe F _ (90°)/ F +(65°) = 7,86, 

Ha ¢opMyrrw (4) crreayeT, 'ITO 3HBIICHMOCTb aHeprHI Harry'!eHH51 OT arrH

Hbi BOllllblo KaK II B 1130TpOITHOH Cpene, 6e3 yqeTH 3HBIICII\>IOCTII n (A) HMeeT 

Y'!eT .QIIcrrepcllll n 1 (A) rrp11 BII'!IIClleHHII S (A) 

llpi!BOAIIT K He3H8'11!TellbHOMy OTKliOHeHIIJO OT 3TOH 3aBHC IMOCTII 1 K8K 3TO !IO-

Ka3hiBaeT Ta6n, 1, rne s A 1 = 6500 ~ ) rrpHH51To 2a eaHHHUy. 

KaK BHaHo 113 Ta6n, 1 y'leT nncnepcnH, HarrpHMep un51 A = 4250 f?., 
ITpi!BOUIIT K ynenH'!eHI!ID IIHTeHCIIBHOCTII I1p1!6111131!TellbHO Ira 6,5%, 
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6500 

5400 

4250 

Ta6nHua I 

S (,\I B BilllHilU8X 

S ( A 1= 6500 i\) 6e3 

y'-!eTa nncrrepcnn 

I, 744 

3,577 

S( A) B ennnnuax 

s ( A I= 6500 )\ ) c 

y'-!eTOM f]l!CIICpCHI! 

1,7835 

3,8110 

3aMeTHM, '!TO ITOCKOJlbKY Bblp8)KBI!Il5l F + ( cp) ll F ( cp) 

llMB!OT HBOITpCilBJlCHHOCTb, TO I1pH Blol'!HCJ1C!ll11l l!!ITCrpn-

JlOB ITO 0 llHTBrplpOBBHilB I1pOH3BOill1flOCb ilO yrnon 6 1 , OTCTOHWilX flO¢ 

oT aToA Heorrpenen•nnocTH rrpn6nnanTenbHO na 10 MnHyT, To'!HOCTb I!HTorpH

ponaHHH COCT8BJ1Hfll 0,5%, 

Ecnn cpaBHHT, crreKTpanbHY!O rrnoTJIOCTb H3ITY'{BHHH Jia nnnHe nonJILr 

A = 6500 Jr. rrpH ABI!)KBHHH '-!aCTl!Ubi c ~ = 0,81 '!epe3 ilBYXOCHhlii KpH-

CTGJJJJ BilOJlb OCII X 1 C COOTBOTCTBy!OUieli BCIIH'!HHO!i !liTH H30TpOIIHOfi r.pellhl 

C !10K838TCJJCM rrpelOMIICHHH n =na = 1,572, TO ITOIIY'lllTCH, '!TO 

F + + F 

1--
( :J ~ 2 

T.e. 3TO OTHOIII€HJH 6JHf3KO K CJlHIIHU€, 

0,372 
0,383 

0,971, 

Ha pile, 56 n ~,nnenena rjJoTorparj•nH nany'!C'Hil51 BanHnona-'fepcnKoBa, 

rronyqenHaH rro cxc "'e onLITa, nao6pax<eHHoii na pnc, I ( rrp11 amoiwnnn npoTo-

HOB naonb ocH X 1 ) , Ha ~oTorpart•nH nnacn cnnomHoii onan noo6J~IKHo-

RCHHI>TX BOITH F H nyrn neo6LmnoneHHI>IX nonH F+ . Crrmcrp H3nyqcmw, 

K[IK 11 n H.:JOTponrrnff. cpone, HMCeT H8TilJCphU:HILIH xapaKTop. YL:...~ cpaBHeJ-BI.H 

pn.clJ{?THOro pacnpe teneHIHl II IlOllY'-ICHHOI·o na OITLITC MO)iOIO Ctl€JIH'fb .:JClKnlO-

10 



Ho rjJoTorporpHH ueHTpanbHoe DHTHo - aTo aaTorpa¢ n •qKa npoTOHOB 1 

a cnnomHoe BHyTpeHHee KOilbUO - aTo penepHoe KDilbUD Ha IyqeHHH BaaHnoaa-

qepeHKOBa OT nMH3bl. 

6) UponepKa caoACTB HanpaaneHHOCTH, Yron HanyqeHIH B nHHae cny~Hn 

penepoM 1 OTHOCHTe/lbHO KOTOporo npOH3BOIHWCH OTC'leT , ,p\TIIX yrnoB, 

(npH 

B CBH3H c TBM 1 'lTD nnocKonapa6onHqecKaH lll!H3a n~ eeT TOnillHHy 12 MM 

= 221 7 MM 1\llH napDKCHa/lbHblX nyqeA) 1 a 3rp<!lBKT ~BHO B Ka'leCTBe 

panHaTopa pa6oTaeT nnwb cnoA llHH3hi 1 npHneraiOmnA K nn >CKOI1 ee nosepx-

HOCTH ( ~ 3-4 MM) 1 TO 

tg 0. = 
+,-

f'iyneT CDpDB8/lllliBO COOTHOlll8HH<• 

R(O;,_)tgO 11 

R 
n 

K tg 0
11 

rne 
0 • 

+,- - yron Me~ny CKOpOCTb!O qaCTl!Uhl B 11HH3e I HanpaBilBHHBM 

( 10) 

HOpMann He06bJKHOB8HHblX BO/lH ( o6onx 3HDKOB) OT Trc B 1111H3e; en yron 

H3nyqeHHH npoTOHOB B 1111H3e ( e n = 35°6'); R n - PilllHYC KO/lbUD 

H3nyqenHH BanHnona-qepeHKOBa oT nHH3bi B ee rpoKanbH< A nnocKOCTH; 

R ( 0' ) - panHyC B rjlOKa/lbHOA D/lOCKOCTH llHH3bJ 1 COOT! eTCTBY!OliiHA Hn-
+,-

npanneHH!O HCDyCKDHHR BOll!! C yrnaMH 0~,-

UepeXOJl OT yrnoB e. 
+.-

e 
+'-

B CilMOM KpH-B nHHae K yrnoM 

CTanne OCyU!8CTB/lH/lCR C yqeTOM 3aKOHa DfJ81lOMilBHIIR Ha rpaHHU8 KpllcTann-

/li1H3a 1 KOTOpWA cnpaBBJl/liiB TO/lbKO JlllH BD/lHOBNX HOpMOJeA: 

n ( 0 ) sin e = n sin 0 • 
+~- n + ~-',-

(II) 

rne 

n(O 
+,-

) ~ y p ~ 
{3 cos 0 +.-

+X 

II 



Y!cxoaH "" ( 10) n (II) nony'!c1<0M ocHonJiyio pac'IeTHyJo <j•0f".l~'f1Y R RH'lc> 

tgO 
!, 

{3nJI 
( 11') 

1 " v lt- ( ----) 
K tg en 

!} 
+, , pacc'InTaHHwe no ~upMyne (2) n oKcnepnMeH-

TaJ!bl!O onpeaeneHHbie rro UBefHJ,JM Jicra-r;::JaM J:ao6paH(BHHil !13/JycteHHH BaBl!

nona-YepeHKona c nc 10JJbac;:,am;cM r!topMynh: (II') ,rrpnr-caeHhi B Ta6n. 2. 

Ouni6KH pact.ICTHhiX y: 'llOB 1 rrpnsc.r:::.cuur,re B 3ToH Ta6JIHUe,. Bh.JIKFH:UuT B ce6H 

K8K 1!20!1p2i1CJIC3HOCT, B CKOp~CTH !Ipu!OHUB ( /\(3 = o,ool33 ---· .r.o =::_7'l, 

T8K H HCO!IpeueneHHU• :Tb 13 BCJH!'c!llli8X f'il8BHNX !IOK838TeneA IIpBilOMJI8HllH 

( i\n = 0,002 ----• \0 =::_6' ). 

Omn6KH 3KCHCpl MBHT8Jlblll>lX JJCJI11CIHH Yl'llOB 0-+ 'e- llpHBBLlCHbl 

K (0,8%) (r::M, <)>.10), a TnioKe !\Or: 

KpoMe roro, B nKnmqP4a own6Ka 3a C4~T RBenPfJHH nnrrpaBKH HD nne-

Toprum Hl!OCKonapa6~nH'IBrKoA JIHH3W 0 KOTOpaH orrpeue11H1111Cb 3KC!1BpHMBHTOl!bHO 

rryTeM ~oTorpn~npoR•HHR Tpex KOncu HanyqeHnR BneHnosa-YepeHKoBa or Tpex 

li/lu'-:K01I[lpA./1.riC.1b.i.lbiX ITJI8CTHHOK
1 

ITOM0UI8Bll!HXCH BM8CTO rrnac·rHHIHI KpHCT:ln.'ll1 

TfC. OpH oaHoil CKOJ •oc'Tn rrpoToHon saan:.::roe pacrronoJKCHne Koneu nany•1e-

HHH Ge3 yq~Ta OHCTOJCHH IIHH3LI orrpcnenHJIOCb TOJihKO B8JlHqMHOA fiOKa-

3a~nnefi nr~rrnMP~HH5 DJ18CTHHOK. 

Ta6rmua 2 

</>. Pac-:2THLie oHa'!crmH 3KCne pH MeHTA fl!-:>flhl~ 3H·'1'-!P.HJHI 

rpan. 
u 0 e e 

0 

G5 

90 

12 



el:J TaGn, 2 Blllll!0 1 '-!TO yrJIJ.I 8 

CO!Illai111IOT B npenerrax ownGoK nocTaTO'-!HO xopomo, HecK or bKO xyaiiiee co-

J·nacii0 'HMeeTcn nnH I) 
+ 

B) norrHpn::JaUJHr narry'-!eHJHI, KaK crrenyeT H::J rrpouenyp"r Br,mona 06np,~<a

/IJ/ 
JIPKOM IjiOPMYJJbl ( 9) 1 l!MeeT MeCTO CJJenyJOIUee pnBeHC' 'B0 1 HlliiHCilHHOe 

JlrrH crry'JaH nBirlKeHnH qacTnUbr BJIOJJb ocn X 1 ( B o6o3Ha• eHHHX My3nKnp,Ka): 

\ (1 8 x 8 I < ~ ( I' 8 + x 8 
- c 

3 
)
2 
cos 

2 
¢ t f ~3 (p 

2 
+ x 

2
- f 

2 
)
8 

sin 
2 

¢ I H:! l 
2 

E, 

t2E2~ t3E2tr2E2 
') <J a .'3 1 1 

( 12) 

0TKyaa nJHI KOMrroHeHT ::meKTpiPIECKoro l3EKTopn H3J1~ LJeHIHI E 
1 

,E ~ ,E 
3 

( 13) 

E I' X ( p 8 I X 2 - f 3 ) cos ¢ 

E ',,) sin ¢ 

a p orrpeaerrHeTci ~opMynoA (3), 

3JJeKTflH'-!eCKHX BeKTOpOB He06hlKIOBeHHhlX BOJJH 

oGonx .>HnKoB ( Ha rrnocKOCTb 1 rreprreHDHKyrrHpHyJO oc11 X 
1 

ITOKA.38Hbl Hll 

pl!C, 5a), noC'rpoeHl!H 11pOH3BeneH!>I TOJJbKO B OllliOA '-!eTBE pTl! 110 cp OT 0 

no "I 2 11 c HCITOJJb3oBaHHeM TOJJbKO KOMITOHeHT E 2 ( ¢ )' n E 3 ( ¢ ) . 113 

[lliCYHKil Blll1110 1 '!TO 3TH rrpoeKUl!ll rreprreHal!KYJJHflHbl TOJJbr 0 11pl! <j> = 0 II 
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dJ ~rr / 2o Ho B npoc' flLlHCTBe ( T,e, c yqeToM KOMiloHeHThi E 1 ) BeKTOp8 

E + ( ¢) n E ( cf;,) ll )JDKHbi 6L!Tb B38MMHO nepneH/1HKyn>~pHhi npM K8lKI10M ¢ 0 

nonHpHC!BUMOlll' !,[0 CBoi1CTDa H3JJY'{0HM51 BnBl!JJOBLl-4epel!KCBLl llf>H /lBHlKe-

HHH rrpOTOHOD B/lOJlb OCM X1 TrC BponepHJJMCb B nnyx onLrTax, 8Hanornq-

II hi X l!OK83aHHOMy /!,, puc. I, Ho c ao68BnemreM nneHO'IIIoro nonHpoiiaa MelKny 

JTHH30ff 11 Ul3GTHOif fi H?HKOi1. 

B rrepBOM onwre nOJTHponn opneHTnponancA B/lOJJb nnocKoCTH X ,ox., 
B 3TOM cny•we COI'.IACIIO rj<op'.lynaM ( 13) n pnc, 5A) B 3i1Bl!Ol'IOCTH F _(cp) 

ilOJJlKHO HC'IB31IYTb 1< cenyqeHne rrpn dJ ~ 0 ( B mwcKoCTl! X 
1
0 X : ) , a H3ny-

'IB!!HC F ( 0) 
+ 

non +<Ho nponTu ocna6neHHJ,r:--.r f:..e:J cywecTBeHaoro JL:J!v1C'HeBHH 

pacrrpeaeneH!lll l!HTP ICHBHOCTH ITO cp , 

F•(cp) ao nonwporna npHXO/lHTCA H8 

l10JDK8H H0.6JliOJJ.BTbC: l II pH 

TaK, c~cmr M£IKCHMyM pncrrpeneneHIIIl 

65°, TO llOCJTe llOJJilpOH/18 OH 

rrpn ¢ ~ 40°), 

H8 pHc, 6a) n )Kaaal! p<'3YJThT8T T8Koro om,rTa. KnK BIU\Ho, oH cor'nacy-

0TCII C TBKOrO [l01li1 llf~/lCK83HHHHMH, 

npn OpHBHTfl[lC !IKe OCII llOJI>l[lOII/lH BllOJlb OC!I K[lliCTilJJJJa X
2 

, Hll060pOT, 

F (¢) 6yneT HMG1b ~1f1KC1IMYM npn 

>Iymo npl! 

¢ ~ 60° E I! pi! 6 = 55°), Pe3yJJbTriThl oHI>ITil c TriKoil opHeHTH-

fJCJBKOii: D0K;)30HLJ [JL pnc. 60) 1 H3 KOTOporo !viO/KHO C:1PJ18Tb 3[lKJ1IO'-:IeHJie, 'liTO 

TeopeTlP-If::'CKJIC' liJ10D :KC1,3<'1HIHI II OTibiT KaqeCTBEHHO cornncyiOTCSI. 

2, il B II )K e H II e ll Jl 'l T 0 H 0 B c f3=0,81 BI10Jlb OCH X2 I<piiCTHJlJl[l 

Trc, T,e. nepl!<'ll/lHKyJIHpt{() ITJTOCKOCTII orrTn4eCKI1X ocei1 

X 1 OX" B CJT< " cny•we nocTpoeHI!H fmiirenca GynyT HMBTb Bll!l, rroKa-

:3nHHhii1: ilJlH J.lBYX IIJ OCKOCTCi1: HD. pnc. 7. EcnH CpD.BHH.Tb HX C CHV3.JlOrli4HbiMII 

nocTpoeHHIIMH /lJJ>l c nyCJaH 11BIDK8l!l!H qacTI!U B/lOJib ocrr X 
1 (puc, 4)

1 
MOlKHO 

OTMETHTb 1 'ITO KOHY~ ny4ebLIX CKOpOCTEfi 

-· 
C8 s 

+ 

a) o~mnaBMOl' l!O jJ£lCY('TY pacrrpeneneHJie F, ( cf,) H F ( <f:,) ilJlll A =6500 )\ 

ITOKi108HO !!a pHC, 8,,), 

CyMMa F ,, F = 0,34444, 'ITO rrp1!6JIII3l!TeJJbHO l!Ll 7,5% M8Hh1Ue, 

'18M llpl! /llliDK8HHII !JlOTOIIOB TOH lK8 CKOpOCTI! BHOJTb OCH X l o 

14 



puc. 80) J OTKyna BHJ!H0 1 qTQ 1 KllK ll cnenyeT aa Teopnn F + HMeer MaK-

CHMYM npu F 
' 

= 0 rrpH <p = 90°, YJ f ao6opoT, F HM88T 

\lDKCHMyl\t Ilpl! 90°, a rrp11 ¢ 0 HHTeHCIJflHO< Tb F = o. 

LieHIHI yrJIOB rvte)}<fly CKOpOCTbiO LJ:ilCTlJUhl H UOJJM3JTblO K qlpOHTy BOJTJILI ,QJlH 

o0CHX HOJHifll138UH}i If l1J1H CJI:V 1HHI DBID±<:eHJIH ITpOTOJIOB C f3 = 0,81 Bi10J1b 00! 

X ( rropneHL1HKyn>~pHo nnocKoCTH onTIPJeCKUX oceii), 

Tafinnua 3 

¢. Pncii~~THJ,JC 3H8'4CHIIH 3KCIT0f-liiMP t!TElJTbiil,JC 3HaLJeHH~I 

rpan. 
() () o, 

0 37°48':t_9' 38° 5,3::.12' 

30 33°43,1':t_8' 

flO 38°6,2':!:_9' 38°28':t_12' 

90 34°36,4':t_9' 

\' 

8 IIfJP,'tenaX OII!l!GOK lL'30.1C1 f1eHiri1 0 ~, _ II 

() 

33 '52':t_12' 

34 

C) 

I)'.-

'45':t_12' 

COBIIrlil./llOT. 

rinJJi.l flir3LlUHOHHh!C csortcTB[l H3JIYL£(?HH5I BnBJIJTUJ\(l- LfepeHKOBfl llplf /lBH>Ke

HJIH ITpOTOHOP, C {1 ::::; 0,8} IIC'flllOIT/UIK:VJIHpHO llJ10CKOCT I OIT1'l1 118C:KHX OC8i1 

( naonb ocll X " ) BllHI!LI '"' pile, Sa). 

Ecnll ~!e>Kny IIJI8HKOil Ir JTIIH30if llUCTaBliTb llO, HpOHil 1 ()pl!eHT11pOBllHH1>!H 

lli10J1b OC'll X :J ' TO llOJT.ffiHhl HC: 1183HyTb BOJIHbi F- F + -ocTaTbC>I. 

OCH X I F t , a F - noqTii ITOJlHOCTbro 

npoi1TH ( fJe.:.J yl.J.CTa rrocnomenn li n nonHponne). 

Hn pi!C, 9a)H 6) npHseneHhi <jloTorpa<jlnH, Harn>Iflll:) aeMOJICTpnpy!OIUHe 

nonHpH3lllll10HHbl8 cBoifcTBa H:JJryY:eHBH B 3TOM cny 1tae. KaK Bnnuo H3 r-nrx, 

npencKa3a.HHH reopiHI KaLJecrneHuo nonrnep>J<IlDKJTCH. CrMeTHM TOJ!hKO, qTo 

npH 11ponycKaHHH qepea nonApoun BonH F (puc, 96) BOJlHiol F + qacrHqHo 
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rrporrycKaJOTCH non 'rrnaMH </> = 45°, 

I 121 
HHBTCH '>tP<PBKToM X 1a3e ( CM, TaKJ+<e 

)35°, 225° H 315°, qTQ 06bHC

/ 13/ 
pa6oTy ), 

3, il B H lK e H He II f 0 T 0 H 0 B C 

TfC, T.e, DnonE 6onbmoii 

fl =0,81 BllOJib OCH X~ KfJHCTannn 

6nc ce K T pn chi, 

PacqATnoe pacrrperrerreune ueo6wKHoRBHHidX BorrH o6enx rronHpH3aunii, 

11 F_(¢),E 9TOM cnyqae rroKa3aHo ua puc, lua), 

CyMMa cneKTf anbHLIX nnoTHOCTC?ii 113nyqem!H ( F ,, F B t?ilHHHTifl.X 

e s / c fl..'1H cny'-IEH ilBH)K0HIH1 rrporonoB BDOJib ocn X paBHi1 0,3:3385, 

EcnH cpnBHHTb 8Ty sennt..IIIHY c cooTBeTCTBY!OlllH~1H 0Hat.IC?HHH!\III rrpn ItBH.;t<:eHHII 

'-!8CTHU BflOJlb ocefi x, TO MO:>KHO r.aenaTb 3BKllK)qeHIIC 0 TOM 1 

'U 0 Mt!KCl!MD!IbHDH IHTBHCHBHOCTb JJ3J1yq,1P.TCH l1pH !IBHJKBHHl! q'JC'THU C (1=0, 8 j 

BDOJlb OCH X 1 I a l\ H HJIMHJibHti51 - npn HX JlBlf 11<E?HHH BnOlib OCH X 
1 I 

( ', + F_ } X 1 

(I' + F 

0,3720 

0,33385 
I, 114 • 

ilnH cpaBHBHH• Ha puc, )06) IIOK838HO 3KCIIBpHMBHT8!IbHOB pacrrpeuene

HHB, KAK BIIUHO, liM 'eTc>~ xopomee KaqecTBenuoe cornac11e, TnK, rrp11 ¢ = 0 

BO!IHbl F HMBIOT MaKCIIMyM ( OHII paCIIOJIOJKBHbl BHyTpll peiiP.pHoro KOJJb-

U8 OT !IHH3bi) 1 a 

npH ¢ = 90°, a 

_(90°) = 0, Borruw 

!pH ¢ F 
+ 

F 
+ Hao6opOT 1 IIMBIOT M8KCI!MyM 

B Ta6n. 4 npn •eneHbi pacqeTHI·Ie ll BKcnepnMeHTanbHbie yrnbi 0 1 11 0_, 

o6pa30BilHHhJe HopMI IIH!\<111 K tflpoHTaM BOJJH F + n F 11 CKOpoCTbJO npoToHa. 

9 p e "' PacxoJKnenne r ,- n +,- ue BLIXOUIIT 3a npeuenbi onm6oK, 

norrHp113llUIIOIII! biG CBOiiCTBa H3nyqei!IIH 1 npenCK83hiB8BMhiB Teopneii 1 IIO

Ka38Hbl Ha piiC, )Qa 1 OTKyUa BHJlH0 1 qTo !Ipll OfJI!BHTIIpOBKB liO!IHpOH!Ia BJlO!Ib 

OCII X2 rrponycKa )TCH TOJibKO BOJJHbi F + , a !IpH OpllBHTI!fJOBKB !IOJJHpo-

11na BJ10!Ib OCH X 
1 

JlOJIJKI!hl IIpOXO!IHTh B OCHOBHOM BO!IIIhl f 
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Ta6miUa 4 

¢. 
Pac4eTuLore 3HaqPHHH 3KcrrepnMeHTanhf hie 3HatteHIHI 

rpan. e+ e e e 

0 35°2,2'±..9' 35)4,2'±_12' 

30 37° 13,5'±_9' 37°24,5'±_12' 

60 33° 46'±..9' 33 )48,3'±_12' 

90 37°30'±_9' 37° 43, 2'.:!:.12' 

Hn prrc, !Ia) 11 6) noKa3aHbi o6A BTl! cnyqaH, Cor nne 11e c npencKn:Ja-

HHHMII Teoparr I!MeeTcH 11 :Jnecb, Hani!4He ue6onbwHx nyr I+ (npll npo-

nycKaHIIH BOJJH F _ ) , paCf!OJ10)KBHI!b!X fi0/1 yrrraMII <j; = 4 )
0

, )35°, 225° II 

315°, onHTb-TaKn o6MICHHBTCH 3{jl¢eKTOM Xaa3e
1 121

, 

TaKH~1 o6pa3oM, amr Bcex Tpex JiccnenoBaHHbiX cnyqaes 11BIDKBHI!H rrpo-

TOHOB C fJ = 0,8] BDOl!b oceii X 1 , X e I! X3 DByXOCH>rO Kp11CT8l!J111 

Tpl!rl!HUHHCYllhcPaTa H80l!KJ)l8BTCH KOIUPIE'CTBBHHOB cornaCIIB 118Hilb!X no CBOiicT

BaM HanpaBJ1BHHOCTII H3J1Y'IBHHH BanJinona-LJ epeHKOBa c pe3 yrrhTaTaMH, npen

CKB3biBaeMbiMI! TeopHeii npo41eccopa LJ,My3nKap)Ka, KpoMe "Toro, so ncex 

Cl!Y48HX I!MBBTCA K84BCTBBIIIIOB COrnacne BKCnepiiMBI!Ta I! reop1111 no pncnpe

DBJlBHI!KJ HHTBHCIIBHOCTII 113l!Y4BHI!A HBOOhlKHOBBHHhlX BOJJH COBHX norrnpnaau11A 

ITO yrrry </;, a T8K)KB flO IlOJJHpl!38Ul!OHHLIM CBOiiCTBaM, nr BJ1CK83blB8BMh!M 

III/ 
qiopMyrraMn 06np)KaneKa , 

4, noflb!TKa B03)lBHCTBIIH Bl!BKTpll4BCKOrO nc~ 

CBOHCTBa HanpaBJJBHHOCTI! II IlOJJHpll38UIIOHHbiB CBOHC 'BEl ll3J1Y4BHIIH 

BaBHnona-l.JepeHKona n KpHcTanrre TfC 

B CBA31! c TeM, 4TO KpHcTann TfC nnnHeTCH Clll!hHbi A cerueToBnBKT-

pi!KOM, Mbl f!OilbiTBIUICb B03J1BHCTBOB8Tb Ha CBOHCTBa Hanpl Bl!BHHOCTI! II noJ1H

p1!38Ul!OHIIblB cBoiicTBa nany4BHHH BaBJIJ10Ba-l.JepeHKOBa am KTpH4BCKHM noneM 

HanpH)KBI!HOCThiO no 4 KBI eM, 
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Mbr ne o;>IUI/lll.:n, 'ITO naM YllllCTCH na6mo!laTb 113Menenl1e yrna 11cnyc

KBHI1H 113ITy'IeHI1SI fl) 11 HBITOMeHI111 ITO!!SI 1 TBK KBK Kos<jlqmullei!Tbl JJliHeilnoro 

3ITeKTpOOITT!I'IeCIWrt 3c!HpeKTil BCe Me HeBeiTI1KI1. 

T nK1 H3),1e!JeH' re nsynyqenpenor,weni1H llByxocnoro Kp!!cTannn TfC np11 

nanoMeHI1ll sneKTpll recKoro nonS! E BJJOJib OCH y, T.e. BltOllh C0f'HETO-

3JH~KTpH'-!8CKO:ii: OCH 1 K0f'}J8 MO:>KHO OJKHDl1Th MBKCIIMHJlbHOf'O 3¢xPeKTEl. 1 COf'JlflC-

/14/ 
no pa6oTe A.C.Bnc •nescKoil 11 np. , pasno 

1 3 
T( n" r -n 

3 
r )E 

12 m ~3 ;... 
-1 n ~ l. r E 

2 2 

11 B HllWI1X 0603Hil'Iei!I1SIX 9TO 

HO) - f'ITBHI!UD IIOKB3BTeJ111 npenOMITei!11A Kp11CTBJ1JIB; 

( 11) 

!! \ f ~ COOTB0TCTROH-

14JleKTfJO-

onTnqecKHD K03<j•¢H menThr nHnoi\noro 3rj1<jleKTa TfC. Benn'IHI!bl B B II IJB z 

/15/ 
MO KilO naiiTI1 B paooTe • KpncTnnna TfC 

npn 20°C COJ'JI8CHO 
I 14/ 

6.10-
7 

CGSE Torna npn :"'neKTpn-

l.J:ECKJIX ITOJI.HX1 IICilt JJ1b3CBaHHbiX H8~1H ( E ~ -6 4.10 • 

TaKnM H3I\teHeHtrH\. OB Y • KBK IlOK83hJB8JOT pac't.JeTbi 1 COOTBeTCTRyJOT 1!3-

MenennA yrna llCIT~cKaHHA H3nyqennA Basnnoen-YepenKoBa :\ 0 ~ I " ' q TO 

C:VlllECTBEHHO HHJKE TOlJHOCTII onpeneneHJHl yrJIOB H3nyq0IBHI B nnHHOM OfihiTC'. 

Bo Rcex Tpe; cny'IBAX llBH)!{eHnA npoTOHOB BnOnb ocei\ X 1 ,X 2 

n X a qarrpR}I<( HHe c E ~ 4 KBicM nrn~<nll/lh!Banocb K Kp!!CTilnny Trc 

nyTEM ITOMPU!CHIHl ero !\18:tKJJY oflKJIBDKElMH KOHJJ8HCElTOpa 1 OJU£El. H3 KOTOf!hiX 

,:'\ll3EI\1J1HJIBCb. 

npn llB!DKef! 111 fl[lOTOHOB BllOJib OCH X 1 Kp!!cTanna TfC sneKTp!!qecKoe 

ITOJIE ITIJHKJ18[1I>!I38JI• >Cb K8K BITOJJh OCH X ' 2 
TI1K H BllOJib OCH X ;j • 

llBH)!{CHHI1 npoTOHO l aaonb ocH X 2 npllKJlllL1hlBBJlOCb none anonh oceii 

H X:l , a 11pH DBH)!{ei!HH B/lOJib OCI1 X
3 

sneKrpnqecKoe none E 

npnKnllllb1BI1ITOCb B WITh X 1 

EniJIH norry'IE lib! <jloTorpaqlHn H3nyqenaA BnBHJJoBa-YepDHKOBil so ecex 

srnx cny'IBA~ Ka~ 6e3 rronApOH!la, TaK n c nonAponnoM. B npenerrnx To'I

nocTn Ollh!TB He 6 >1!!0 o6napyMeHO HllKBKHX H3MeHeHllil l!H CBOHCTB HanpllB

JICl!I!OCTH H3ITY'Iel! IA 1 HH ero ITO!!ApH3BUHOI!Hb!X CBOi1CTB B Kpi!CT<1JIJ1e TfC 

non Bo3neilcTeneM sneKTpnqecKoro nonA no E ~ 4 KBicM. 
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CncnyeT, onnaKo, ~Jd r-.teTnTh, '-ITO ue 6hiJIO HccnenoBnH<, Bo3nei1cTBne 

~-JJIEKTpiP-.JeCKOf'O Il0J15I 1 IlpHJlO)KEHHCJi'O K KpHCTElJIJlY BllOJlh H:lilpA BJ1eHH5I JlBIDKeHJHI 

npoTo!ToB. B ~--lTOt-..1 OTHO!lleHHH 6t>rno GLJ IIHTepecHo npoBecTn on ,fT JlJlH cny'-laSI llBH-

}lWflliH llpOTOHOB 11110/lb cerHeT09JJeKTpll'lPCKOM OCI! ( 11J111CTI!HKB y -cpe3il) 1 HO Tpyll-

HOCTH BJ-,lDOJ-18 H3Jiyt.IEHlHI H3 K£J11CTanna He Il03BOJ111J1H IlpORE? :TM T[lKOi:f OTibiT. 

A nTopt>i C>naroaapH!,J 3a coac,icnme B pa0c>Te llllpeKTOJ •Y Jla6opHTOp11H 

Y,lC'J1HLIX npofineM npotjl, B.n.Ll>KenerroBy H rrpotj•. Jl.l1.J1Arrnn: cy, a THKlt<e 

npo<P. Jl.M.Ec.~>~eBy H l1.B.faBpnnonoii 1!3 VI I!CTHTyTa KJ>I!CT~ nnorpa¢nn A H CCCP 

cc~n KpHcTan.ni>t TpnrnauHHcy.nb<paTa, H.06ap"w.neKy !13 Kap.noJ.a ymmepcHTeTa 

n !IJ>I!OGpeTeHllll uneTHoil neraTHBHoii rrneHKH, E.HHHKOBoii 11 P.HHI!KY 3a 6onb-

l!IYK> fiOMOlllh R pA60Te. 
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Puc. 2. OnwH OKTaiiT naoiiHoli rroaepxHoCTH noKa3aTeneii n~ enoMneHHH KpH -
cTarrna Trc. 
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Pnc, 3, llBn KeHne qacTMUbi Baorrh ocn X 1 rrrracTMHKM KpncTarrrra Trc, 
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a) 

6) 

PHc, 7, nocTpOBHHR ~IDAreHca nnR cnyqaR DBH*BHHR 11p0TOHOB c ~ = 0,81 
Bnonh ocH X, KpncTanna Trc, BbrnonHeHHbie nnR nayx rrnocKocTeA: 

. 0 
ll) a 11nocKo•,Tn X 2 0X 3 ( cp = 0 ), 6) a 11nocKocTn x ,OX 2 
( ¢ = 900) 
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