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BeeoeHue 

HeMuoroqucneuHLie JKcnepHMeHTanLHLie uccne~oaaHHH caoiicTB 
HJnyqeHHH Baaunoaa-qepeuxoaa B aHH30TponnLIX cpe~ax11 -31oTuocu
nHCL nHWb K KpHCTannaM, OIITHqecKHe CBOHCTBa KOTOpbiX MO)I(HO 6blnO 
xapaKTepH30BaTb TaKHMH MaKpOCKOITHqecKHMH napaMeTpaMH, KaK IIOKa· 
JaTenL npenoMneHHH. 

O~uaxo B xpucTannax co CTPYKTypaMH, HMeiOII.(HMH paJMepLI 
a ; /... ~nHHLI aonuhl HJnyqeHHH Baaunoaa- qepeuxoaa B onTuqecxoM ~Ha
naJoue, MO)I(HO ITLITaTLCH o6uapy)I(HTL anHHHHe JTHX cTpyKTYP ua caoii
CTBa- uanpaaneHHOCTH HnH IIOnHpH3ai.J;HOHHLie CBOHCTBa H3nyqeHHH. 

)l;nH JTHX u;eneii 6binH Bbi6paHbl nonH~OMeHHLie KPHCTannLI cerue
Toaoii conu NaKC4 H4 0 6 ·4H2 0 /~aoiiuoii TapTpaT TeTparu~paTa/. )l;oMeu
uaH CTPYKTypa JToro xpucTanna coxpauHeTcH B ~HanaJoue TeMnepaTyp 
oT aepxueii Toqxu K10pu- Beiicca ( t = + 24 °C) ~o HH)I(Heii ( t = -l8°C). 

)l;oMeHLI B xpucTanne cerueToaoii conu /~anee aeJ~e KCC/ npe~
CTaBnHIOT co6oii oco6Lie o6nacTH cnouTauuoii nonHpH3aUHH p__. , ua
npaaneuuoii B~onL HnH npoTHB Manoii 6ucceKTPHCLI- ocH z , KaK noxa
Jauo, uanpuMep, ua puc. 1 /ocL Z nepneu~HKynHpua nnocxocTH pu
cyuxa/. lllupuua .n.oMeuoa xone6neTCH a npe~enax oT 0,005 ~o 0,02 MM, 
a WHpHHa ~OMeHHOH CTeHKH COCTaBnHeT OKOnO ~BYX rrepHO~OB aTOMHOH 
peweTKH. IlpH t =20 ° C ~OMeHHLie CTeHKH HMeiOT TOniUHHY 

0 
-43 A. 

Ecnu qacTHUa ~BH)I(eTcH a~onL ocu Z KCC co cxopocTLIO, npeaLI
waiOmeii rropor B03HHKuoaeuuH HJnyqeHHH Baaunoaa- qepeuxoaa, oua 
~On)I(Ha xorepeuTHLIM o6pa3oM B036y)l(~aTL ~unonu, opueuTHpoaauuLie 
B~Onb HnH npOTHB CKOpOCTH qaCTHI.J;bl. 3TO MO)I(eT, B npHHUHIIe, npHBeC
TH K B03HHKHOBeHHIO OCTpouanpaBneuuorO~HIIOnbHOrO,KBa~pynOnbHOrO 
unu ~a)l(e MynLTHnonLuoro H3nyqeuHH BaBunoBa- qepeuxoBa /xax 
JneKTpHqecKOrO, TaK H MarHHTHOrO THIIOB/, KOTOpbie MO)I(HO onpe
~enHTL no xapaxTepuoii nonHpH3au;uu HJnyqeHHH H yrnoBOMY pacnpe~e
neHHIO. 
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B cnyqae 3KcrrepHMeHTaJILHoro o6Hapy)f(eHHH CBH3H orrpeJJ;eJieHHO
ro THIIa 3JieMeHTapHhiX H3Jiy'laTeJieH, HMeiO~HXCH B cpeJJ;e, CO CBOHCT
BaMH H3JiytJ:eHH11 BaBHJIOBa- qepeHKOBa MO)f(HO 6LIJIO 6LI rOBOpHTh 0 TOM, 
'ITO tJ:aCTHUa HBJI11eTC11 JIHIIIh BhiHY)f(.ll.aiO~HM liJaKTOpOM, o6ecrretJ:HBaiO
~HM KOrepeHTHOCTh H3JiytJ:eHHH /3a HCKJIIO'leHHeM KBaHTOBhiX 34JiiJeK
TOB/, a CBOHCTBa H3Jiy'leHH11 UeJIHKOM OIIpeJJ;eJI11IOTC11 cpeJJ;OH. 

B HJOTporrHoif cpeJJ;e Ha aJJ;eKaaTHOCTh JaMeHLI a TeopHH HJJiyqe
HHH BaBHJIOBa- qepeHKOBa TOKa, o6ycJIOBJieHHOrO .ll.BH)f(y~eHCH tJ:aCTH
ueif, CHCTeMOH HeiiO.ll.BH)f(HhiX .ll.HIIOJieH yKa3hiBaJI B CBOe BpeM11 
cl>paHK I 41. IIpo6neMa orrpeJJ;eJieHH11 IIPHPO.ll.LI 3JieMeHTapHLIX HJJiyqa Te
JieH ITO IIOJIHpH3aUHH JIIOMHHecueHTHOrO H3JiytJ:eHH11 T~aTeJihHO aHaJIHJH
poaaJiaCh H H3ytJ:aJiaCh BaBHJIOBhiM /5/ H ero IIIKOJIOH liJH3HKOB . 

AHaJIOrHtJ:HaH CHTyaUH11 B IIpHHUHIIe .ll.OJI)f(Ha HMeTh MeCTO H .ll.Jl11 
H3JiytJ:eHH11 Baaunoaa- qepeHKoaa, B036y)I(JJ;aeMoro a KpHcTaJIJiax c yrro
PH.ll.O'leHHhiMH 3JieKTPHtJ:ecKHMH HJIH MarHHTHLIMH cTpyKTypaMH paJMe
pOM a"' A .ll.JlHHhl BOJIHhl HCIIYCKaeMoro H3JiytJ:eHHH. 

HH)f(e HJJiararoTcn OIILITLI no rrpoaepKe caoifcTa HarrpaaneHHOCTH, 
rronnpH3auHH H aJHMyTaJILHoro pacrrpeJJ;eJieHH11 H3JiytJ:eHH11 Baaunoaa
qepeHKOBa a .ll.Byx KCC c pa3JIH'IHOH opHeHTauueif .ll.OMeHoa. 

0JJ;Ha IIJiaCTHHKa cerHeTOBOH COJIH 6LIJia Z -cpe3a /1/, BTOpan 
Y'-cpe3a /II/ c pacrroJIO)f(eHHeM .ll.OMeHoa, rroKaJaHHLIM Ha puc.2a. 

lf3MeHeHHe HarrpaBJieHH11 BeKTOpa IIOJI11pH3aUHH p-" rrpH rrepexoJJ;e OT 
.D;OMeHa "a" K COCe.D;HeMy .ll.OMeHy "b" qepe3 .ll.OMeHHyiO CTeHKY "c" rro
Ka3aHO Ha PHC. 26/. 

rnaBHhie IIOKa3aTeJIH rrpeJIOMJieHH11 .ll.BYXOCHOro KCC HMeiOT 
/rrpH t =21,3° C/ cornacHo/61 aeJIH'IHHLI, rrpuaeJJ;eHHLie a Ta6n. 1. 

0 

..\, A nl 

4554,2 1,49906 
4934,2 1,49565 
5535,7 1,49170 
5853,9 1,49001 
6141,9 1,48878 
6497 1,48743 

Ta6JIHUa 1 

n2 

1,50062 
1,49734 
1,49348 

1,49183 
1,49056 
1,48920 

n3 

1,50504 
1,50154 
1,49721 

1,49540 
1,49430 
1,49280 

Yron Me)f(.ll.Y 6HHOpMaJI11MH fJ , BLI'IHCJieHHhiH no liJopMyne tg fJ = 
0 =...; c/c2-ci) 

£ (c3 -c2) 
.ll.JI11 ,.\ =6497 A I 2{3 =70 ° 13 'I, HaXO.ll.HTcn a cornacHH 

c H3~epeHHHMH hi 12 {3 = 2 V /. 
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1. Yc.lloeuJI 3KcnepuMeuma 

CxeMa 3KcrrepHMeHTa 6LIJia Ta )f(e, 'ITO H 
caoifcTB HJJiytJ:eHHn Baaunoaa- qepeHKoaa a .ll.PYI 
/eM. TaK)f(e pHC. 9/. 

B OIILITe HCIIOJih30BaJIHCh KpHCTaJIJihl cerHE 
IIJIOCKOIIapaJIJieJihHhiX IIJiaCTHHOK TOJI~HHOH 5 M! 

PK cc cornacHo 16 / pasHa 1,766 r/cM 3 • IlpH i =I 
IIOTepH IIPOTOHOB 660 M3B B cerHeTOBOH COJIH !lE'/ 
a paJJ;HaUHOHHan .ll.JIHHa X 0 =33 r / CM 2 

• 3F 
B ueHTpe IIJiaCTHHOK KpHCTaJIJia 6LIJia paBHa 64 
BeTCTBOBaJia CKOpOCTh fJ =0,81 0065, a B JIHH3e 
=1 ,512±0,001 .ll.JI11 ..\ =5893 A /. M3JiytJ:eHHe pE 
uaeTHOH HeraTHBHOH ITJieHKe"Orwocolor" 16 DIN.,Ll 
MaJihHOrO HeraTHBHOrO H306pa)f(eHH11 Tpe6oBaJIC11 II 
HOB- 10 II . 

2. Pe3y.llbmambt onblmoe 

OrrLIT 1. IIpoTOHLI co cKopocTLJO {3 =0,81 rrp1 
THHKY KCC z -cpe3a, T.e. B.ll.OJlh OCH x3 /Ma 
B 3TOM cnyqae rronyqunacL l!loTorpaliJun, rrpuae; 
jqepHo- 6eJILIH oTrretJ:aToK/. Ha l!loTorpaliJHH CIIJIOIIIH 
Jiy'leHHe OT KpHCTaJIJia cerHeTOBOH COJIH, Hapy)f(HC 
uo oT JIHH3LI. TeopeTHtJ:eCKHe pacrrpeJJ;eneHHH u: 
H F _ ( ¢) x l.ll.JI11 cnyqan .ll.BH)f(eHHn rrpoTOHOB B.ll.OJih ~ 
pacctJ:HTaHHLie no liJopMyJiaM My3HKap)f(a I 2 I H 06; 
BeJJ;eHhl Ha pHC. 36/. 

KaK rroKa3LIBaiOT pactJ:eTLI, cyMMa pacrrpe; 
HMeeT IIO'ITH paBHOMepHyiO 3aBHCHMOCTh OT yrJia ¢ 

TaK, .ll.JI11 ..\ =6497 A rrpH ¢ = 0 ( F+ + F _) 
¢ = 90° ( F + F ) = 0,049772, T.e. HepaaHOMI 

+ -
ITO ¢ He rrpeBOCXO.ll.HT 0,60/o. 

xl f~ ( ¢) H F_ ( cf;) rrpeJJ;cTaBJI11IOT co6oif aJHMyTam 
HJJiytJ:eHHH Baaunoaa- qepeHKoaa a .ll.BYXOCHOM KP 
BeHHhiX BOJIH C B3aHMHO rreprreHJJ;HKYJI11pHOH IIOJI11pH: 
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cnyqae 3KcnepHMeHTaJibHoro o6Hapy)f(eHHH CBH3H onpe.neneHHo
~ 3JieMeHTapHbiX H3Jiy'laTeJieH, HMelOI.I.(HXCH B cpe.ne, CO CBOHCT
~Jiy'leHHH BaBHJioBa- qepeHKOBa MO)f(HO 6biJIO 6bi roBOpHTb o TOM, 
THUa HBJIHeTCH JIHIIIb BbiHY)f(.!l;alOI.I.(HM <iJaKTOpOM, o6ecne'IHBalO
repeHTHOCTb H3Jiy'leHHH /3a HCKJIIO'IeHHeM KBaHTOB~X 3<lJ<lJeK
CBOHCTBa H3Jiy'leHHH UeJIHKOM onpe.!l;eJIHIOTCH cpe.!l;OH. 
H30TpOIIHOH Cpe.ne Ha a.!l;eKBa THOCTb 3aMeHbl B TeOpHH H3Jiyqe-

f
HJIOBa- qepeHKOBa TOKa, o6ycJIOBJieHHOrO .!l;BH)f(yi.I.(eHCH 'laCTH
HCTeMOH HeiiO.!l;BH)f(HbiX .!l;HIIOJieH yKa3biBaJI B CBOe BpeMH 
41. IIpo6neMa onpe.neneHHH npHpO.!l;bi 3JieMeHTapHbiX H3nyqa Te
OJIHpH3aUHH JIIOMHHeCUeHTHOrO H3Jiy'leHHH TI.I.(aTeJibHO aHaJIH3H
b H H3y'lanacb BaBHJIOBbiM I 5/ H ero IIIKonoH: <iJH3HKOB . 

~anorH'IHaH CHTyaUHH B llpHHUHIIe .!l;OJI)f(Ha HMeTb MeCTO H .!l;JIH 
HH BaBHJIOBa- qepeHKOBa, B036y)f(.naeMoro B KpHcTannax c y11o
HbiMH 3JieKTpH'IeCKHMH HJIH MarHHTHbiMH CTpyKTypaMH pa3Me
A .!l;JIHHbl BOJIHbl HCIIYCKaeMoro H3Jiy'leHHH. 
~)f(e H3nararoTcH OllbiTbi 110 llpoBepKe CBOHCTB HallpaBJieHHOCTH, 
auHH H a3HMyTaJibHoro pac11pe.neneHHH H3Jiy'leHHH BaBHJIOBa

pBa B .nByx KCC c pa3JIH'IHOH opHeHTauHeH: .noMeHoB. 
~Ha IIJiaCTHHKa cerHeTOBOH COJIH 6biJia l -cpe3a /1/, BTOpaH 
a /I 1/ C paCIIOJIO)f(eHHeM .!l;OMeHOB, IIOKa3aHHbiM Ha pHC.2a. 
HHe HallpaBJieHHH BeKTOpa IIOJIHpH3aUHH r llpH 11epexo.ne OT 
"a" K COCe.!l;HeMy .!l;OMeHy "b" qepe3 .!l;OMeHHYIO CTeHKy "c" IIO

!Ha pHC. 26/. 

~aBHbie IIOKa3a TeJIH llpenoMneHHH .nByxocHoro KCC HMeroT 
=21,3°C/ cornacHo/6/BeJIH'IHHbi, IIPHBe.neHHbie B Ta6n. 1. 

nl 

1,49906 
1,49565 
1,49170 
1,49001 
1,48878 
1,48743 

Ta6JIHUa 1 

n2 

1,50062 
1,49734 
1,49348 

1,49183 
1,49056 
1,48920 

n3 

1,50504 
1,50154 
1,49721 

1,49540 
1,49430 
1,49280 

~ 6HHOpMaJIHMH {:3 , Bbi'IHCJieHHbiH 110 <lJopMyJie tg {:3 = 
2- (1) 

-( ) 
I 2 
eHHHMH 

0 

.nnH A =6497 A I 2{:3 =70° 13 'I, Haxo.nHTCH B cornacHH 

h/ j2{:3=2V /. 

4 

·~ 
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1. Yc;roeu.R :JKcnepuMenma 

CxeMa 3KcnepHMeHTa 6~na Ta )f(e, 'ITO H IIPH Hccne.noBaHHH 
cBoHCTB H3Jiy'leHHH BaBHJIOBa- qepeHKOBa B .npyrHx KpHcTannax 11 · 21 
/CM. TaK)f(e pHC. 9/. 

B OllbiTe HCIIOJib30BaJIHCb KpHCTaJIJibl cerHeTOBOH COJIH B BH.!l;e 
IIJIOCKollapannenbH~x 11nacTHHOK TOJIIUHHOH 5 MM. IInoTHOCTb KCC 

PK CC COrJiaCHO / 6/ paBHa 1,766 r/CM 3 • IlpH l =9,14 HOHH3aUHOHHbie 
IIOTepH llpOTOHOB 660 M3B B cerHeTOBOH COJIH I!!E/ !l:t =2,12M3B CM 2 /r<81 

a pa.nHaUHOHHaH .!l;JIHHa X 0 =33 r / CM 2 
• 3HeprHH IIPOTOHOB 

B ueHTpe nnacTHHOK KpHcTanna 6biJia paBHa 662 M3B, 'leMy cooT
BeTCTBOBana cKopocTb f:3 =0,~10065, a B JIHH3e ~ n = 0,8094 In D = 
=1 ,512±0,001 .!l;JIH A =5893 A /. lbny'IeHHe perHcTpHpoBanocb Ha 
UBeTHOH HeraTHBHOH IIJieHKe"Orwocolor" 16 Dl N. ,D,nH IIOJiy'IeHHH Hop
MaJibHoro HeraTHBHOrO H306pa)f(eHHH Tpe6oBaJICH IIOJIHbiH IIOTOK llpOTO
HOB- 10 11 

• 

2. Pe3yllbmambz onblmoe 

Oil biT 1. IIpoToHbi co CKopocTblO {:3 =0 ,81 11poxo.nHJIH qepe 3 11nac
THHKY KCC Z - cpe 3a, T. e. B.!l;OJib ocH X 3 /Manon 6HcceKTpHcbr/. 
B 3TOM cnyqae IIOJIY'IHJiacb <PoTorpa<iJHH, IIPHBe.neHHaH Ha pHc. 3a/ 
jqepHO- 6eJihiH OTIIe'Ia TOK/. Ha <iJoTorpa<iJHH CIIJIOIIIHOe KOJibUO - 3TO H3-
Jiy'IeHHe OT KpHCTaJIJia cerHeTOBOH COJIH, Hapy)f(HOe - pellepHOe KOJib
UO oT JIHH3bi. TeopeTH'IeCKHe pac11pe.neneHHH H3nyqeHHH BOJIH F+(¢') 
H F _ ( ¢) x l.nnH cny'IaH .!l;BH)f(eHHH llpOTOHOB B.!l;OJib Manon 6HcceKTPHCbi, 
pacc'IHTaHH~e 110 <lJopMynaM My3HKap)f(a 12/ H 06.np)f(aJieKa/9/ , II PH
Be.neHbi Ha pHc. 36/. 

KaK IIOKa3biBaroT pac'IeTbi, cyMMa pac11pe.neneHHH F ( ¢) H F ( ¢) 
. + -

HMeeT IIO'ITH paBHOMepHylO 3aBHCHMOCTb OT yrJia c/J • 
0 

TaK, .!l;JIH A =6497 A IIPH ¢ = 0 ( F+ + F _) = 0,049479, a IIPH 
¢ = 90° ( F + F ) = 0,049772, T.e. HepaBHOMepHOCTb ( F + F ) 

+ - + -

flO c/J He llpeBOCXO.!l;HT 0,6o/o. 

x/ f~ ( ¢) H F_ ( ¢) llpe.ncTaBJIHIOT co6oH: a3HMyTaJibHbie pacnpe.neneHHH 
H3Jiy'leHHH BaBHJioBa-qepeHKOBa B .nByxocHoM KpHcTanne Heo6~KHo
BeHHbiX BOJIH C B3aHMHO lleplleH.!l;HKYJIHpHOH IIOJIHpH3aUHeH. 
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Ilpu nponycKaHuu U3Jiyl.JeHUH Baaunoaa- qepeHKoaa, B03HuKarome
ro npu npoxmK.u;eHuu npoToHOB a.u;onh ocu X 

3 
, qepe 3 nonHpou.u;, opueH

TupoaaHHhiH a.u;onh oclf. X 2 , BOJIHhi F + npu 90 ° .u;omKHhi npoil:Tu 
/6e3 yl.JeTa nornomeHuH/ nonHOCThiO, anpu ¢ = 0° aonHLI F_ ucl.Je3HyT. 
Pe3ynLTaT TaKoro onLITa c nonHpou.u;oM noKa3aH Ha puc. 4a/. 113 3Toil: 

.:o> ~oTorpa~uu au.u;Ho, '-ITO U3Jiyl.JeHue aonH F (~} paaHoMepHo no¢ 
oT.., ocu X 2 u nol.JTU anJIOTh .n:o ocu X 1 • B6nu3u :>Ke ocu X 

1 
aonHhi 

F ( ¢)Pe3Ko ucl.Je3aiOT. 

3KcnepuMeHTanLHaH 3aaucuMoCTh F( ¢) , nonyl.JeHHaH ~OTOMeT
pupoaaHueM uaeTHhiX Hera TUBHhiX u3o6pa:>KeHuil:, npuae.u;eHa Ha puc .46/. 
Ha 3TOM :>Ke pucyHKe noKa3aHLI pacl.JeTHhie 3aaucuMocTu UHTeHCUBHoc
Teil: U3nyl.JeHuH F+ ( ¢) u F _ ( ~), nponymeHHoro qepe3 nonHpou.n:, T.e. 

2 F 2 2 3aBUCUMOCTU F+ (¢)cos a , _ (¢)cos a u ( F+ + F _)cos a, r.n:e 
EI (¢} 

a= arctg --- u E 1 , E 2 - KOMnoHeHThi 3neKTpuqecKux aeK-
E (¢) 

2 
TOPOB B.D:Onh oceil: x1 u X 2 COOTBeTCTBeHHO. KaK BU.D:HO, 3KCnepu-
MeHTanbHaH u .pacl.JeTHaH 3aaucuMocTu F ( ~) .n:oaonLHO xoporno co ana-
.u;aiOT B UIUpOKOM .n;uana30He cP • ~ 

O.n;HaKo 3KcnepuMeHTanLHaH 3aaucuMOCTLF ( ~)npu ¢ = oo He 
na.n:aeT .n:o HynH, KaK 3To .n:omKHo UMeTh MecTo cornacHo pacl.JeTaM 
/eM. puc. 4B/ /, a COCTaBnHeT OKOno /15+25/o/o OT F( ¢) npu ~ =90°. 

~OTOMeTpuqecKaH KpuaaH pacnpe.n:eneHUH aonH F(¢) /npony-
meHHhiX qepe3 nonHpou.n:, opueHTupoaaHHhiH s.n:onh ocu X 

2 
I a6nu3u ocu 

X 1 noKa3aHa Ha puc. Sa/, U3 KOToporo au.u;Ho, '-ITO pe3Koe U3MeHeHue 
F ( ¢) npu ¢, 0 npoucxo.n;uT a .n:uana3oHe L\ ¢ =±1 ,6 ° . Ilpu ~oToMeTpu

poaaHuu yqacTKa "menu" s.n:onh ocu X 
1 
/no "menu"/ nonyqunacL Kpu

BaH, npuae.u;eHHaH Ha pUC. 56/, KOTOpaH UMeeT BU)J; nUKa C nonHOH 
UIUpUHOH Ha nonyBhiCOTe L\() =0,5 ° . /~OTOMeTpUl.JeCKUe I<pUBhie, 
U3MepeHHhie a.u;onh "me neil:" no o6e CTOpOHhi .u;uaMeTpa KOnLua U3nyqe
HUH npu ¢ =0° U ¢ =180 ° ,UMeiOT fiOXO:>KUH, HO pa3nUl.JHhiH BU.D:, '-ITO 
MO:>KeT 6biTh CBH3aHO C npOXO:>K.D:eHUeM npOTOHOB B KpUCTanJie He TOl.JHO 
B.D:OJih ocu X 3 I. 

Ilpu noaopoTe nonHpou.u;a Ha 90 ° /nponycKaeTCH uJnyl.JeHue c Ha
npaaneHueM 3neKTpuqecKoro aeKTopa s.n:onh ocu X 

1 
/ nonyquncH pe

JynbTaT, noKa3aHHhiH Ha puc. 6a/. Hapy:>KHhie ".n:yru" - 3To U3nyqe
Hue BaBUJIOBa-qepeHKOBa OT JIUH3hl, BHyTpeHHUe - U3Jiyl.JeHue OTKpuc
TanJia cerHeTOBOH conu. Pacnpe.u;eneHue UHTeHCUBHOCTU 3TUX BOJIH, 
KpoMe nnaaHoro U3MeHeHUH JaaucuMocTu F( ¢) a6nu3u ocu X 

1 
a npe.u;e

nax L\~ ~ ±1 ,5° , UMeeT HeKoTopyro oco6eHHOCTh: oHa yaenul.JeHa a .n:syx 

6 

' 
' ' 
' : 
: 

' 

·:/ 

~· 
. 'f<~ 

:,{ 

I 

" "· ,,' ~ 

j 

i 
I 

TOl.JKaX C MaKCUMyMaMU npu cP =0 H ~ = 180 ° • l:J 
.u;eHhl pacl.JeTHhle pacnpe.n:eneHHJI aonu F + ( ¢) cos 2 

1 

2 E2 
(F+(¢)+ F_(¢})cos {3/r.n:e tg{3 = E/ H 3 

1 

TOl.JKH, noJiyl.JeHHbie ~OTOMeTpHpOBaHHeM HeraTHBI 
IlpHBJI3Ka 3KCnepHMeHTaJibHhiX TOl.JeK K pacl.JeTHOH 3 
ao.n:unach a TOl.JKe ¢ =10°. B rnupoKoM .n:uana3oue yl' 
uMeeTCJI y.n:oaneraopuTenLHoe cornacue pacl.JeTHhiX 
HhiX .n;aHHhiX. O.n:naKo TaKoro 3Hal.JHTeJILHoro ysenuq~; 
BOJIH(F+(¢)+ F_(¢))cof (3B6JIH3H ¢=0°He ua6m 
MOMY, 3TO CBJI3aHO C TeM, '-ITO peaJibHhiH nyl.JOK qac 
KaK no yrJiaM, TaK H 3HeprHH, l.JTO npHBO.D:HT K pa3Ml 
uJnyqeHuJI, npe.n;cKa3hiBaeMoro Teopueii. 

Yrnhi H3Jiy'-leHHJI ueo6hiKHOBeHHhiX BOJIH ()+ 1 

Ha OCHOBaHHH H3MepeHHJI .D:HaMeTpOB KOJieU /HJIH ".n:: 
3aperucTpuposauHoro ua useTHOH ueraTHBHOH ~01 

6500 A I, B Hanpasneuuu oceii X 2 u X 1 • IIpuqeJ 
pa CJIY:>KHITO KOIThUO H3Jiyl.JeHHJI OT ITHH3hl /npoue.n;ypa 
onucaHa B pa6oTe 12/ I. 3KcnepuMeHTanLHhle yr; 
c pacl.JeTHhiMH ,IJ,ITJI A = 6497 A H f3 =0,81 npus 

Ta6nuua 2 

Pacl.JeTHhie yrnhi 3K 

.ll:JIJI A =6497 A 
~ 

() p 
+ e! 

oo 
/s.n:on OCH X 1 I 34°12,4 

I 
33°58 2

1 -
' 

0 

90 
/B.D:OJih OCH X 2 I 34 ° 6,7' 34°0,2' 33 

p () :; 
Yrnhi () + _ H + .- B npe.n:enax ornu6oK H3ME 

= ±10 1 HaXO.ll:JITCJI B y.n;oaneTBOpUTeJihHOM COrJiaCU 
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ponycKaHHH H3Jiy1.feHHH BaaHnoaa- qepeHKoaa, B03HHKarome
Q)I()J;eHHH llpOTOHOB B)J;OJib OCH X3 , 1.fepe3 llOJIHpOH)J;, OpHeH

B)J;OJib ocH X 2 , BOJIHbi F + npH 90 ° .u;oJI)I(Hbr npoiiTH 
nornomeHHH/ noJIHOCTbiO, a npH ¢ = 0° BOJIHbi F_ Hc1.fe3HYT. 
TaKOrO OllbiTa C llOJIHpOH)J;OM llOKa3aH Ha PHC. 4a/. Jf3 :no if 

~ aH.u;Ho, 1.fTO H3Jiy1.feHHe BOJIH F (~} paaHoMepHo no¢ 
H no1.fTH annorb .u;o ocH X 1 • B6JIH3H )l(e ocH X 

1 
BOJIHbl 

0 HC1.fe 3aiOT. 

pHMeHTaJibHaH 3aBHCHMOCTb F ( ~) , nony1.feHHaH d>oroMeT
~BeTHbiX Hera THBHbiX H306pa)l(eHHH, llpHBe)J;eHa Ha pHC .46/. 
pHCYHKe llOKa3aHbi paC1.feTHbie 3aBHCHMOCTH HHTeHCHBHOC

HHH F+(¢) H F_ (~}, nporrymeHHoro 1.fepe3 nonHpoH.u;, r.e. 
2 F 2 2 H Ft- (¢)cos a , _ (¢)cos a H ( F+ + F _)cos a, r.u;e 

EI (¢} 

E (¢) 
H E 1 , E 2 - KOMllOHeHTbr 3JieKTPH1.feCKHX aeK-

2 

b oceH: x1 H X 2 COOTBeTCTBeHHO. KaK BH)J;HO, 3KcnepH
H pac1.feTHaH 3aBHCHMOCTH ·F( ¢;) )J;OBOJlbHO XOpOWO COBna
KOM )J;Halla30He cP . 

~ 
0 3KCnepHMeHTaJibHaH 3aBHCHMOCTbF ( cf>)npH ¢; = oo He 
HYJIH, KaK 3TO )1;0Jl)I(HO HMeTb MeCTO COrJiaCHO pac1.feTaM 
a//, a COCTaBJIHeT OKOJIO /15+25/o/o OTF(¢;)npH c/J =90°. 
erpH1.fecKaH KpHBaH pacnpe.u;eneHHH BOJIH F(¢) /npony-
e3 nonHpoH.u;, opHeHTHpoaaHHbiH a.u;onb ocR X 

2 
I a6JIH3H OCR 

a Ha pHc. Sa/, H3 Koroporo BH,u;Ho, 1.fTO pe3Koe H3MeHeHHe 
"'0 npOHCXO)J;HT B )J;Hana3oHe ~ ¢ =±1 ,6 ° . IlpH cPOTOMeTpH
CTKa "menH" a.u;onb ocR X 1 /no "menH"/ nony1.fHJiacb KPH
eHHaH Ha pHC. 56/, KOTOpaH HMeeT BH)J; nHKa C nOJIHOH 

noJiyBbiCOTe ~() =0,5 ° . /<I>OTOMeTpH1.feCKHe I<pHBbie, 
a.u;oJib "meneH:" no o6e CTopoHhi .u;HaMerpa KOJih~a H3Jiy1.fe-
0 ° H ¢ = 180 °, HMeiOT nOXO)I(HH, HO pa3JIH1.fHhiH ~H)];, 1.fTO 
CBH3aHo C npOXO)I()J;eHHeM npOTOHOB B KpHCTaJIJie He T01.fHO 
3 /. 

BOpOTe nOJIHpOH,u;a Ha 90 ° /nponycKaeTCH H3Jiy1.feHHe C Ha-
3JieKTpH1.feCKOrO aeKropa a.u;onb ocR X

1 
I nony1.fHncH pe

a3aHHhiH Ha pHc. 6a/. Hapy)I(Hhle ".nyrH"- 3TOH3nyqe
- qepeHKOBa OT JIHH3hi, BHyTpeHHHe - H3fly1.feHHe OT KpHC-

roaoH: conH. Pacnpe.neneHHe HHTeHCHBHOCTH 3THX aonH, 
oro H3MeHeHHH 3aBHCHMOCTH F( ¢) a6nH3H ocR X 

1 
a npe.ne-0 

HMeeT HeKoTopyro oco6eHHOCTh: OHa yaenH1.feHa a .nayx 

6 

'·~ ;,~ ' 

,:;~,·.·,: 

-'\' 
',!: 

I
I, 

' 

~ 

T01.fKax c MaKCHMyMaMH npH ¢ =0 H 4J = 180 ° • Ha pHc. 66/ npaae
.u;eHhl pac1.feTHhle pacnpe.neneHHH aonH F+ (¢)cos 

2 fJ, F _(¢)cos 2 fJ H 

E 
( F+ ( ¢) + F_ (¢))cos 

2 {J/ r.u;e tg fJ = T / H 3I<cnepHMeHTanhHhie 

1 

T01.fKH, nony1.feHHhie cl>oTOMeTpHpOBaHHeM HeraTHBHOrO H306pa)f(eHHJI. 
IlpHBJI3I<a 3I<CnepHMeHTaflhHhiX TO'Iei< I< pacqeTHOH 3aBHCHMOCTH npOH3-
ao.nHnach a TO'II<e ¢ =10°. B wapoKoM .u;aana3oHe yl'noa ¢ oT 90~o 10° 
HMeeTcH y.noaneTBOPHTenhHoe cornacae pac'leTHhlx H JI<cnepHMeHTanh
HhiX ,naHHhiX. O.nHai<o Tai<oro 3Ha'IHTenhHoro yaenH'IeHHJI HHTeHCHBHOCTH 
aonH( F + ( ¢) + F _ (¢))col fJ a6nH3H ¢ =0°He Ha6mo.naeTCJI. IIo-aa.na
MOMy, 3TO CBJI3aHO C TeM, 'ITO peanhHhiH ny'IOI< 1.faCTH~ HMeeT pa36poc 
Kai< no yrnaM, Tal< H 3HeprHH, 1.fTO npHBQ.l(HT I< pa3MhiTHIO OCTpOrO nHI<a 
H3Jiy1.feHHJI, npe,nci<a3hiBaeMoro Teopaeii. 

Yrnhi H3ny'leHHJI Heo6hii<HOBeHHhiX aonH ()+ H () _ onpe.nenJinHch 
Ha OCHOBaHHH H3MepeHH11 .l(HaMeTpOB I<One~ IHnH ",nyr"l OT H3nyqeHHH, 
3aperHcTpHpoaaHHoro Ha ~BeTHOH HeraTHBHOH d>oTonneHI<e l.nn11 A -

6500 A I, B HanpaaneHHH oceH: X 2 H X 1 • IlpH'IeM B KaqecTae pene
pa cny)f(Hno Konh~o H3ny1.feHHH oT nHH3hl lnpo~e.nypa pac'leToB no.npo6Ho 
OllHCaHa B pa60Te /2/ 1. 3KcnepHMeHTaflhHhle yrnhi () + _ COBMeCTHO 

0 ' c pac1.feTHhiMH .nn11 A = 6497 A H fJ =0,81 npaae.neHhi B Ta6n. 2. 

Ta6na~a 2 

PacqeTHhre yrnhr 3KcnepHMeHTanhHhie 
.l(flH A =6497 A yrnhr 

cP 
() p ()~ ~ ~ 

+ ()+ ()_ 

oo 
la.non OCH X 

1 
I 34 °12,4

1 
33°58,2' - 33°57 7' 

' 
0 

90 
la.nonh ocR X 2 I 34 ° 6,7' 34° 0,2' 33° 59,3' -

,. 

Yrnhi o: _ H 0 :.- B npe.nenax owH6oK H3MepeHHH yrnoa ~() 
= ±10 1 HaXO)J;HTCH B y,noaneTBOpHTeflhHOM COrnaCHH. 
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CoaoKynHoCTL onhiTOB no npoaepKe nomipH3aUHH aonH H3ny\feHH11 
BaaHnoaa- qepeHKoaa OT npoToHOB, .IJ;BH>KYll.lHXC11 B.IJ;Onb ocH X 

3 
/B.IJ;Onb 

t.t3.noii 6HcceKTpHCb1/ KCC, noKa3biBaeT, 'ITO a6nH3H ocH X1 HMeeTc11 
noKanH30BaHHa11 no KoHycy B npe,IJ;enax ~ ¢ =±1 ,6 ° o6nacTL H3nytfeHH11 
c npeHMyll.leCTBeHHoii non1lpH3auHeii B.IJ;onL ocH X 1 • 

TaKHM o6pa3oM, ecnH roaopHTb o6 H3nytfeHHH aonH TaKoii non11pH· 
3aUHH, TO nonyqaeTC11, \fTO H3ny\feHHe HCnyCKaeTC11 B BH,IJ;e ,IJ;BYX Y3KHX 
ny\fKOB caeTa /no.IJ; yrnaMH () K HanpaaneHHIO cKopoCTH qacTHULI v

4 I 
a nnocKoCTH, npoxo,IJ;11Jlleii qepe3 oc& X KCC H -;; . TaKoe H3nytfeHHe 
Mbl Ha3aanH "Hron&qaTLIM" / "Nadelstrlmlung" /, no3aHMCTBOBaB ero 
H3 pa60Tbl 3HHWTeiiHa/JO/. 

OnbiT 2. B 3TOM onLITe HcnonL3oaanacL nnacTHHKa KCC y - cpe-
3a jqacTHUbl ,IJ;BH>KYTC11 B,IJ;OnL OCH x2 /. Pe3ynLTaT 3KCnepHMeHTa 
,IJ;n11 opHeHTaUHH non11poH,IJ;a B.IJ;onL ocH X .3 noKa3aH Ha pHc. 7a/. Ha 
3TOM >Ke pHcyHKe npHae,IJ;eHo pacqeTHoe pacnpe,IJ;eneHHe aonH F + ( ¢) H 
F (¢} /pHc. 76/. 3KcnepHMeHTanLHble H pactfeTHble pacnpe,D;eneHH11 
Haxo.IJ;11TC11 a Ka\feCTBeHHOM cornacHH. TaK, aonHLI F+ ( ¢) HMeroT MaK
CHMYM npH ¢ =0°/0TC\feT OT OCH X3 /, af _(¢}- npH ¢=90°, T.e. 
B,IJ;OnL X

1 
• 

Ha «iJoTorpa«iJHH, npHBe,IJ;eHHoii Ha pHc. 7a/, KaK BH,IJ;Ho, HMeeTC11 
no TPH ".IJ;yrH". Hapy>KHble ,IJ;yrH - 3TO H3nytfeHHe oT ,IJ;Byx nnacTHHOK 
c n D =1 ,564, Me>K.IJ;y KOTOpbiMH noMell.lancg KCC Y- cpe3a ,IJ;n11 onbiTOB 
C JneKTpH\feCKHM noneM /eM. HB>Ke/. 

Pac\feTHble B 3KcnepHMeHTanLHble yrnhl H3ny\feHH11, ao3HHKaro
ll.lero a 3TOM cnyqae, Haxo.IJ;11TC11 a cornacuu Me>K.IJ;Y co6oii H npuae,IJ;eHbl 
a Ta6n. 3. 

Ta6naua 3 

PactfeTHble yrnLI 3KcnepHMeHTanLHble yrn&I 

¢ 
()P 

+ ()~ o7 
+ ()_7 

oo , , 
/a.IJ;onL oca X3 I 34° 8,5, 33°54,1' 34° 1,5±10 -

90° 
/a.IJ;onL oca X 1 I 34 °12,4, 33°55,8 

, 0 , , - 33 48,7 ±10 

BBB.IJ;Y OTCYTCTBB11 nnacTHHKH KCC X -cpe3a onbiT no H3ytfeHBIO 
caoiicTB H3nyqeHB11, B03HHKaiOJllero npu .IJ;BB>KeHBH qacTHU B.IJ;OnL ocu X 

1 
, 

8 

'\.'II 
''!i' 
.\,f:: . 

lo., 

.lll.ll 

He npoH3BO.IJ;Hnc11. O,IJ;HaKo pac\feTbl pacnpe,IJ;e 
F ( ¢) 6LmB BblnonHeHbl ,IJ;n11 cnyqag ,IJ;BB>KeH 
B;Onb acex oceii - x1 ' X 2 H X .3- KCC. Ha 
qeTHOe pacnpe,D;eneHHe B 3aBHCHMOCTH OT f/1 BOn 
KaiOJllBX npB ,IJ;BB>KeHBB \faCTBU C {3 =0,81 B,IJ;OnL Cl 

OnbiT 3. IlocKonLKY KCC HMen nonB,IJ;OMeHII 
TeCTBeHHO 6blnO HCCne,IJ;OBaTb CBOHCTBa H3nyqeJ 
KOBa B ycnOBH11X, npH KOTOpbiX ,IJ;OMeHbl HC\fe3al< 
Type T > 24 °C /BLiwe TO\fKH Kropa/ H npu Hano:>t 
non11 Ha KpHCTann Hanp1l>KeHHOCTLIO V > 500 B/ C 

Ha11 cTpyKTvpa KCC nepexo,IJ;HT a MOHO.IJ;OMeHHYIO 
OnbiT c JneKTpB\feCKBM noneM, npuno>KeHJ 

X 3 , H npu .IJ;BH>KeHHH npoTOHOB B,IJ;OnL 3THX >Ke ' 
cxeMe, npuae.IJ;eHHoii Ha puc. 9. KCC Z -cpe3a /: 
ll.lanc11 Me>K.IJ;Y .IJ;BYM11 nnocKonapannenLHLIMH nn. 
C n D =1,564±0,001 TOnll.lHHOH 1 MM C HaHece 
nonynpo3pa'IHLIM cnoeM Sn 0 2 • 0.IJ;Ha o6Kna.IJ;K. 
nac&, a K .IJ;pyroii npHKna,IJ;LIBanocL JneKTpuqe 
v_ c Hanp1l>KeHHOCTbiO ,Il;O 2 KB/CM. OnTH\feCKHi 

cno11MH Sn 0 2 , TaK H Me>K,IJ;Y cTeKn11HHoii nnacTH 
nH\feCKOH nHH30H OCYJl.leCTBn11nC11 CHnBKOHOBOH Cl 

Bo3.IJ;eiicTBHe TeMnepaTypLI /npu t =32,3 ° 
\feHH11 uccne.IJ;oaanocL TOnLKO ,IJ;n11 nnacTHHKH Z -

qTO KacaeTC11 pe3ynLTaTOB 3THX onbiTOB 
cne,IJ;yroll.lee. HuKaKHX H3MeHeHHii yrnoa H3nyqeHI 
aeHHO ,IJ;n11 aonH F + H F _ a npe.IJ;enax owu6 
I h.() =±10' I o6Hapy>KeHo He 6Lino. 

0.IJ;HaKo pacnpe,D;eneHHe HHTeHCBBHOCTH B 
ll.lero npa npoxo>K.IJ;eHBB npoToHOB B.IJ;onL ocB X, 
cpe 3a, oKo~o oca X 1 /a.IJ;onL "ll.leneii"/ npeTe 
,IJ;eHCTBBeM KaK JneKTpB\feCKOrO nOJI11, TaK H TeM 

Ha puc. 10 npaae,IJ;eHLI JKcnepHMeHTaJILHLI 
CHMOCTeH F ( ¢) B F ( ()) COOTBeTCTBeHHO a6nB3B I! 

\feHHLie «iJoTOMeTpBpOBaHBeM UBeTHLIX HeraTBBHI 
npe,IJ;eneHB11 F ( ¢) 6blnB nonytfeHLI «iJoToMeTpBpOBl 
KaCaTenLHOB, npoBe,IJ;eHHOB B TO\fKe npH f/1 =0 /1 
x1 /. Pacnpe,IJ;eneHB11 F(()) eCTb pe3ynLTaT «~Jo· 
ll.lenu /B.IJ;OnL oca X 1 I. 

KaK BB,IJ;Ho H3 pacyHKa, B03.IJ;eiicTBBe JneK1 
nepaTypJ>I Haf ( f/J)HF (()) npB6JIH3BTenLHO O,IJ;BHaKO 
TOphi npBBO,Il;11T K 3anonHeHBIO "ll.lenB" B3ny\feH 
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pHoCTb onbiTOB no nposepi<e nomipH3aUHH sonH Hlny'leHHJI 
peHI<OBa oT npoTOHOB, .IJ;BH)J(YIUHXCJI s.n;onh ocH X 3 /s.n;on& 
l<TpHCbi/ KCC, noi<a3biBaeT, 'ITO s6nH3H ocH AI HMeeTCJI 
aJI no I<OHycy B npe.n;enax L\ ¢ =±1 ,6 ° o6nacTb Hlny'leHHJI 
seHHOH nonJipH3aUHeH: s.n;on& ocH X 1 • 

p6pa30M, ecnH rosopHTb o6 H3ny'leHHH sonH Tai<oH: nonJipH
hyqaeTCJI, 'ITO H3ny'leHHe HCnyci<aeTCJI B BH,IJ;e .IJ;BYX Y3I<HX 

/no.n; yrnaMH () I< HanpasneHHIO ci<opocTH qacTHUbi v .... I 
npoxo,n;JimeH: qepe3 och X KCC H -;; . TaJ<oe Hlny'leHHe 

"Hron&'laTbiM" / "Nadelstr!mlung" /, no3aHMCTBoBaB ero 
HWTeHHa/JO/. 

B JTOM onhiTe Hcnon&Josanacb nnacTHHI<a KCC y - cpe
,!J;BH)J(YTCJI B,IJ;Onb OCH x2 /. Pe3ynbTaT JI<cnepHMeHTa 

~HH nonJipoH.n;a s.n;on& ocH X 3 noi<a3aH Ha pHc. 7 a/. Ha 
IYHI<e npHse.n;eHo pacqeTHoe pacnpe.n;eneHHe sonH F ( ¢) H 

+ 76/. 3I<cnepHMeHTanbHble H pacqeTHble pacnpe.n;eneHHJI 
aqecTBeHHOM cornacHH. Tai<, sonHhi F ( ¢) HMeiOT Mai<
=00 /OTC'IeT OT OCH x3 I' a F _( ¢)- iipH ¢ =90 ° ' T.e. 

rpatiJHH, npHBe,IJ;eHHOH Ha pHC. 7a/, I<ai< BH,IJ;HO, HMeeTCJI 
b" .Hapy)J(Hble ,n;yrH - JTO H3ny'leHHe OT .IJ;ByX nnaCTHHOI< 

Me)J(,n;y I<OTOpbiMH noMemancJI KCC Y- cpe3a ,n;nJI on&ITOB 
kHM noneM /eM. HH)J(e/. 
hie H JI<cnepHMeHTanLH&Ie yrnbl Hlny'leHHJI, B03HHI<aro
nyqae, Haxo,n;JITCJI B cornacHH Me)J(,n;y co6oH: H npHse.n;eHbi 

Ta6nHu:a 3 

Pac'leTHble yrnhi I 3I<cnepHMeHTanbHble yrn&I 

()P I ()~ I el 
I 

~ 
+ ()_ 

, , 
~ I I 34° 8,5' 33°54,1' 34° 1,5±10 I -

11 134°12,4' 33°55,8 
, 

I 33° 48,7' ±1o, -

TCYTCTBHJI nnacTHHI<H KCC X -cpe3a onbiT no Hly'leHHJO 
eHHJI, B03HHI<aJOID:ero npH .n;BH)J(eHHH 'laCTHU: s.n;on& ocH X 

1
, 

8 

\e:~ 

'.r:~:· 
He npoH3BO,n;HncJI. O,n;Hai<o pac'leTbl pacnpe.n;eneHHH sonH F ( ¢) H 
F ( ¢) 6blnH BblnonHeH&I .n;ns cnyqas ,n;BH)J(eHHs qacTHU c +$ =0,81 
s:iionb scex oceH: - xl' X 2 H x3- KCC. Ha puc. 8 noi<a3aHO pac
'leTHOe pacnpe.n;eneHHe B 3aBHCHMOCTH oT ¢ sonH F+ H F _ , B03HH
I<aromHx npH .n;BH)J(eHHH qacTHU c $ =0,81 s.n;onb ocu X 1 • 

OnbiT 3. Tioci<on&I<y KCC HMen nonu.n;oMeHHYIO CTPYI<TYPY, To ec
TeCTBeHHO 6blno uccne.n;osaTb csoH:cTsa H3ny'leHHS BaBHnosa-qepeH
I<OBa B ycnOBHSX, npH I<OTOpbiX ,IJ;OMeHbl HC'Ie 3aiOT, T. e. npH TeMnepa
Type T > 24 °C /BLiwe TO'II<H KJOpH/ H npu Hano)J(eHHH JJiei<TPH'Ieci<oro 
nons Ha I<pHcTann Hanps)J(eHHOCTbiO V > 500 s/cM, I<or.n;a nonu.n;oMeH-
Has cTpyi<Tvpa KCC nepexo.n;HT B MOHo.n;oMeHHyro. · 

OnbiT c Jnei<TPH'IeCI<HM noneM, npuno)J(eHHbiM s.n;onb oceH: X2 H 
X 3 , H npH .IJ;BB)J(eHHH npoTOHOB s.n;on& JTHX )J(e oceH: npoH3Bo,n;uncs no 

cxeMe, npHse.n;eHHOH Ha puc. 9. KCC Z -cpe3a /HnB Y -cpe3a/ noMe
manes Me)J(,n;y ,n;ByMs nnoci<onapannen&HLIMH nnacTBHI<aMB H3 cTei<na 
C n D =1 ,564±0,001 TOniiJ:HHOH 1 MM C HaHeCeHHLIM Ha HHX TOHI<HM 
nonynpo3pa'IHbiM cnoeM Sn0 2 • O,n;Ha o6I<na,n;I<a cnos·Sn0 2 3a3eMns
nac&, a I< .n;pyroB: npHI<na.n;&IBanoc& Jnei<TPH'IecJ<oe none V + nu6o 
v_ c Hanps)J(eHHOCTbiO .n;o 2 I<B/ CM. OnTH'IeCI<HH I<OHTai<T I<ai< KCC co 

cnosMH Sn 0 2 , Tai< H Me)J(,n;y cTei<nsHHOH nnacTHHI<oH: H nnoci<onapa6o
nB'IeCI<OH nHH30H OCYIIJ:eCTBnsncs CHJIHI<OHOBOH CMa3I<OH. 

Bo3.n;eiicTBHe TeMnepaTypLI /npu t =32,3 ° C/ Ha csoiicTBa H3Jiy
'leHus uccne.n;osanoch TOJibi<O .n;ns nnacTBHI<H Z - cpe3a. 

qTO I<acaeTCS pe3ynhTaTOB JTHX OnbiTOB, TO cne,n;yeT CI<a3aTb 
cne,n;yJOIIJ:ee. HHI<ai<BX H3MeHeHHH yrnOB H3Jiy'leHHS ()+ H ()_ COOTBeTCT· 
oeHHO .n;ns oonH F + B F _ B npe.nenax owu6oi< H3MepeHHs yrnoo 
I /).() =±10' I o6HapyiKeHo He 6hlno. 

O,n;Hai<o pacnpe.n;eneHHe HHTeHCHBHOCTH H3Jiy'leHHs, B03HHI<aJO
mero npH npoxo)J(,n;eHHH npoTOHOB o.n;on& ocH X 3 qepe3 nnacTHHI<Y Z -
cpe 3a, oi<ono ocu X 1 /o.n;onb "meneB:" I. npeTepneno H3MeHeHHe no.n; 
.n;eiicTBBeM I<ai< Jnei<TPH'Ieci<oro nons, Tai< H TeMnepaTypbl. 

Ha puc. 10 npuoe,n;eHbl JI<cnepBMeHTan&Hble pacnpe.n;eneHHS 3aBH
CHMOCTeii F ( ¢) B F ( ()) cooTBeTCTBeHHO o6nH3H B B.IJ;OJib ocu X 1 , nony
'leHHble tlloToMeTpupoBaHHeM uoeTHbiX HeraTHBHbiX H3o6paiKeHHH. Pac
npe.n;eneHHS F ( cb) 6blnH nony'leHbl tiJoToMeTpHpooaHHeM H3o6pa)J(eHHJI no 
I<aCaTenbHOH, npooe,n;eHHOH B TO'II<e npH ¢ =0 /nepneH,IJ;HI<ynspHO I< OCB 
xl /. Pacnpe.n;eneHHS F(()) ecTb pe3ynbTaT tiJoTOMeTpHpOBaHHS B,IJ;Onb 
ID:enu jo.n;on& ocH X 1 I. 

Kai< BH.IJ;Ho H3 pucyHI<a, Bo3.n;eH:cTBHe Jnei<TPH'IecJ<oro nons H TeM
nepa TypJ>J HaF ( c/;)H F ( ()) npu6nH3HTeJibHO o,n;HHai<ooo. H TOT H .n;pyroB: tiJai<
TOphi npHBO,!J;ST I< 3anonHeHHIO "ID:enH" H3ny'leHHeM, nonspB30BaHHbiM 
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nepneH,IJ,HKYJUipHo ocH X 1 • TaK, ecnH .non.11 JToro H3ny1.feHH.II npH 

V =0 COCTaBn.llna OKOnO 25o,To B MHHHMyMe f( c/J) , TO npH V =10008 
oHa ysenH'IHsanacb .no I50+-60io,To. 

Yron H3ny1.feHH.II, COOTBeTCTBYIOI.QHH 3TOMY fiHKy, paBeH: ()" = 
0 , , 

34 3,5 ±10 , a nonHa.ll WHpHHa ero Ha nonOBHHe BbiCOTbl COCTaBn.ll· 

eT !'J.()" = 0,5°. 

3. KpamKue pe3yAbmambt onbtmoe u o6cyJICoeHue 

Bee ocHOBHbie csoiicTsa H3ny1.feHH.JI BasHnoaa- qepeHKOBa, npe.n

cKa3biBaeMbie TeopHeii .nn.JI .nsyxocHoro KCC, no,IJ,TBep)I(,IJ,aJOTC.JI JKcne

pHMeHTanbHO. 

He o6Hapy)l(eHo snH.JIHH.JI nonH,IJ,OMeHHoii CTPYKTYPLI KCC Ha Ta

KHe CBOHCTBa H3ny1.feHH.JI, KaK HanpasneHHOCTb, non.JipH3aiJ;H.JI H a3HMy· 

TanbHbie pacnpe.neneHH.JI HJny'leHH.JI. 

Bbi.JisneHo HeKoTopoe HecooTBeTCTBHe Me)I(,IJ,Y JKcnepHMeHTOM H 

npe.ncKa3aHHeM TeopHH ,IJ,n.JI H3Jiy1.feHH.JI BasHnosa-qepeHKosa, B03HH

KaJOI.Qero npH npoXO)I(,IJ,eHHH npoTOHOB c {3 =0,81 B,IJ,OJib ocH X 3 . 
O.nHoii H3 B03MO)I(HWX npH'IHH no.JIBJieHH.JI H3ny1.feHH.JI BasHnoaa

qepeHKOBa s.nonb ocH X 1 MO:lKeT cny:lKHTb yrnosa.11 pacxo,IJ,HMOCTb npo

TOHOB B ny'IKe 660 MJB H HX pacce.JIHHe B KpHCTanne, npHBO,IJ,JII.QHe K 

3aOOJIHeHHIO "I.QeJIH" H3Jiy1.feHHeM BOJIH f+ , KOTOpoe BeCbMa HHTeH· 

CHBHO B6JIH3H OCH X 1 I CM. PHC. 41. 
)l;pyra.JI npH'IHHa 3TOH OC06eHHOCTH, B03MO:lKHO, CBJI3aHa C TaKHMH 

OfiTHl.feCKHMH JIBneHHJIMH B ,IJ,BYXOCHOM KpHCTanne, KaK BHyTpeHHJI.JI 

H BHeWHJIJI ICOHHl.feCICHe pecl>paKIJ;HH. 

H3 KpHCTaJinOOfiTHICH H3BeCTHO, 'ITO BHyTpeHHJIJI KOHH'IeCKa.ll 

pecl>paKIJ;HJI HMeeT MeCTO, eCJIH BOJIHOBOH BeKTOp CBeTOBOH BOnHW co· 

Bna,naeT C 6HHOpMaJILIO, a BHeWHJI.JI ICOHHl.feCKa.JI pecl>paiCIJ;HJI npOHCXO,IJ,HT 

npH coana.neHHH ny'leaoro aeiCTopa c 6Hpa,IJ,HaJILIO. 

,D;n.11 'laCTHULl, ,nBH:lKyi.Qeiic.ll B,IJ,OJIL ocH X 3 IManoii 6HcceKTpHcwl 

KCC, ycnoBHe, npH KOTOPOM HOpManL cl>poHTa BOJIHbi H3Jiy1.feHH.Il BaaH

noaa-qepeHKOBa COBfia,IJ,aeT C 6HHOpMaJILIO lycnOBHe BHyTpeHHeii KO· 

HHl.feCKOH pecl>paKUHHI, HMeeT BH,IJ, /JJ/ : 

1 
r.ne x = - I f3 -

fJ 

2 
X 

CKOpOCTL 

-
= f 

f 3 - f l 

l.faCTHULrl, a l J • l 2 

111 

H t
3 

- rnaBHLre 

,IJ,HJJieKTpH'IeCKHe fiOCTOJIHHble ,IJ,BYXOCHOrO KpHCTaJIJia. fipH {3 =0,81 
a KCC ,IJ,JI.JI .nnHHHOBOJIHoBoii qacTH cneKTpa H3Jiy'leHH.Il I A - 6500 A I 
ycnoaHe I 11 y,noaneTaop.lleTC.JI B npe.nenax 2, 7fl/o. 
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'.,,·, 

'J:}'. 
1) 1 

"''1, 

<~~. 
;·;< 

I 
:,i 

,, 

'! 'I' 

., ·'-"' 

KOHYC BHyTpeHHeii KOHHl.feCICOH pecl>paiCIJ;HH IK 
Topoal BHYTPH KpHCTanna H B nnocKOCTH X 1 0 X 

3 
< 

f (l -( ) 
anbiO tg fJ = y 3 3 1 H yrnoM fJ , onpe,nt 

f (l - f ) 1 
1 3 2 

Hoh 11 cl>opMynoii 

tg {31 
...;(1 (f.2- f.1) 

£3(f.3-f.2) 

KoHyC BHeWHeH KOHHl.feCKOH pecl>paKIJ;HH IKOHYC B 

B nnocKOCTH x1 0 X 3orpaHH1.feH yrnaMH y H y 
1 

y = arc tg ( y ..!L tg fJ ) , 
f.3 

y1 arc tg ;-t y 1 

( 

f. (2 - f. 

1 f.3 - f. 2 

YrJibl Y H Y1 OTC'IHTbiBaiOTC.JI OT OCH X3 
B Ta6n. 4 npHBe,IJ,eHLI aenH'IHHbi yrnoa () 

BW'IHCJieHHble flO COOTBeTCTBYIOI.QHM cl>opMyJiaM ,nn: 

Tpex ,IJ,JIHHaX BOJIH. 

YrnLI 

()_ ( ¢ = 0 0) 

{3 

{31 
y 

y1 

Ta6nHu;a 4 

A =6497 A 

34co· 10" 
35°6' 38, 
34° 54' 59, 
35°0' 48, 
35° 12' 28" 

A =5893 A 
34°9' 10, 
35°35' 50, 
35°24' 20" 
35°30' o" 
35° 42' 

H3 Ta6nHUbi BH,IJ,HO, 'ITO yrnLI {3, {3 1 , y 
oT A H3MeH.JIIOTC.JI B npe.nenax npH6nH3HTenLHO 

KaK () _ (A) - B npe.nenax Ia JTOM )l(e ,IJ,Hana3oHe 

TaKHM o6pa3oM, HMeeTC.II o6nacTb !'J. A , r.ne 

c{3HY. 

II 



ocH X 1 • TaK, ecnH JJ.OJIH JToro HJJiy'feHHH npH 

TaBJIHJia oKono 25o/o B MHHHMyMe F ( cb) , TO npH V = 1 OOOa 

'fHBanacb JJ.O /50~60/o/o. 
HJJiy'feHHJI, COOTBeTCTBYIO~HH 3TOMY ITHKy, paaeH: Ox = 

10' , a ITOJIHaJI IUHpHHa ero Ha ITOJIOBHHe BbiCOTbl COCTaBJIJI-
0,50 . 

3. KpamKue pe3yAbmambl onbzmoe u o6cyJtCoenue 

OCHOBHbie CBOHCTBa HJJiy'feHHJI BaBHJIOBa- lJepeHKOBa, npe)].

ble TeopHeii JJ.JIH JJ.BYXOCHOro KCC, ITOJJ.TBep)f(JJ.aiOTCH JKcne-

BJIHHHHH noJIHJJ.OMeHHoii CTPYKTYPbi KCC Ha Ta

TBa H3Jiy'feHHJI, KaK HanpaBJieHHOCTL, ITOJIHpH3aUHJI H aJHMy

acnpe)].eJieHHJI HJJiy'feHHJI. 

BJieHO HeKOTOpoe HeCOOTBeTCTBHe Me)f(JJ.Y 3KCITepHMeHTOM H 

HHeM TeopHH JJ.JIJI HJJiy'feHHJI Baaunoaa-llepeHKoaa, B03HH

npH npoXO)f(JJ.eHHH npoToHoB c 8 =0,81 BJJ.OJIL ocu X 
3 

• 

ii HJ ooJMO)f(HLIX npH'IHH noJIBJieHHH HJJiy'feHHJI Baounoaa-

B)].OJib OCH X I MO)f(eT CJIY)f(HTL yrJIOBaJI paCXO)].HMOCTL npo

Y'fKe 660 MJB H HX pacceJIHHe B KpHCTaJIJie, npHBO)].JI~He K 

10 "~eJIH" HJJiy'feHHeM BOJIH f+ , KOTOpoe BeCLMa HHTeH

IH3H OCH X1 /CM. puc. 4/. 
aJI ITPH'fHHa :HOH OC06eHHOCTH, B03MO)f(H0, CBJI3aHa C TaKHMH 

MH JIBJieHHJIMH B JJ.BYXOCHOM KpHCTaJIJie, KaK BHyTpeHHJIJI 

KOHH'feCKHe pe~paKUHH. 

KpHCTaJIJIOOITTHKH H3BeCTHO, 'ITO BHyTpeHHJIJI KOHH'feCKaJI 

HMeeT MeCTO, eCJIH BOJIHOBOH BeKTOp CBeTOBOH BOJIHLI C0-

6HHOpMaJILIO, a BHeiUHJIJI KOHH'feCKaJI pe~paKUHJI ITpOHCXO)].HT 

eHHH nyqeooro oeKTopa c 6upa,nHaJILIO. 

'faCTHULI, )].BH)f(YIUeHCJI B)].OJIL OCH X3 /MaJIOH 6HCCeKTpHCLI/ 

BHe, ITpH KOTOpOM HOpMaJIL ~pOHTa BOJIHLI HJJiyqekHJI BaBH

HKOBa COBITa,naeT C 6HHOpMaJILIO /yCJIOBHe BHyTpeHHeii KO

e~paKUHH/, HMeeT BHJJ. Ill I : 

I 8 -

2 
X 

CKOpOCTL 

EJ - E 2 E 

( 3 - ( l 
/1/ 

qacTHULI/, a ( 
1

, t 
2 H t 

3 
- rnaouwe 

eCKHe ITOCTOJIHHLJe JJ.BYXOCHOrO KpHCTaJIJia. fipH 8 =0,81 
JJ.JIHHHOBOJIHoooii qacTH cneKTpa H3Jiy'feHHJI I A - 6500 A I 

I y,nooneToopJieTcJI o npe,nenax 2,7'1o. 
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KoHyC BHyTpeHHe:ii KOHH'feCKOH pe~paKUHH /KOHyC Jly'feBLIX BeK

TOpOB/ BHYTPH KpHcTanna H B nnocKOCTH X 1 0 X 
3 

orpaHH'feH 6upaJJ.H-

£ (E -E ) 
aJibiO tg {3 = v 3 3 1 

H yrnoM {3 , onpe,nenHeMbiM cornac-
f {E - f ) I 

I 3 2 
HO!J 1/ ~OPMYJIOH 

tg fJ 1 

EI ( f - E ) V 2 I 

(3 (£3- £2) 
/2/ 

KOHYC BHeiUHeH KOHH'feCKOH pe~paKUHH /KOHYC BOJIHOBLIX BeKTOpOB/ 

a nnocKOCTHX 1 OX3orpaHH'feH yrnaMH y H y 1121: 

y = arc tg ( v -.!L tg fJ ) , 
(3 

I 

/3/ 

arc tg ( < E 3 V -£ 2 __ -_E_I_ 

I £3- £2 } /4/ 
YI 

YrJILI Y H YI OTC'fHTbiBaiOTCJI OT OCH X3 
B Ta6n. 4 npHae,neHLI oeJIH'fHHLI yrnoo 0, 

BLI'fHCJieHHLie ITO COOTBeTCTBYIO~HM ~OpMyJiaM )].JIJI 

Tpex )].JIHHaX BOJIH. 

Ta6JIHUa 4 

YrJibi ..\ =6497 ,4 >-.. =5893 .4 

o_ r ¢ = o 0 ) 34c0'10" 34°9' 10, 
{3 35°6' 38, 35°35' 50, 
8I 34° 54' 59 

, 
35°24' 20" 

35°0' 48 
, 

35°30' o" y 

35°12'28 
, 

35° 42' YI 

fJ,f3z,Y H Yz• 
3Ha'feHHii KCC npH 

A =4554,2,4 

34° 39 '50" 
30°47 '20" 
30° 36,1, 
30°41,20 

,.. 

• 30°53,22, 

Jfl Ta6JIHUbi BH)].HO, 'ITO yrJibl {3, fJI , y H YI B JaBHCHMOCTH 

oT A HJMeHHIOTCJI a npe,nenax npH6JIH3HTeJILHO oT 35° .no 31°, TOrJJ.a 

KaK 0 (A) - a npe,nenax /a JTOM )f(e ,nHanaJoHe ~A I oT 34 ° JJ.O 35 °. 
TaKH~ o6pa30M, HMeeTCJI o6nacTb ~ ,\ , r.ne yrJibi 0 coana,naroT 

cfJ H y. 
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BHe KpHcTanna cerHeToBoii conu H3nyt~eHHe Basunosa- qepeHKO
Ba, HCIIbiTaBwee BHyTpeHHIOIO KOHH'IeCKYIO pe$paKIJ;HIO, paCIIpe,nenHTCH 
110 IIOBepXHOCTH KpyrOBOrO IJ;HnHH,npa, ,nHaMeTp KOTOpOrO 6y,neT Ollpe
,nenxTLCH pa3HOCTLJO yrnoB !':!. f3 = f3 - {3

1 
Is HaweM cnyqae !':!. f3 = 

= 11,7 ' I H Tom.IJ;HHO:ii KpHcTanna. 
3a CtieT BHeWHe:ii KOHH'IeCKOH pe$paK,UHH BHe KpHCTanna l6e3 

ytieTa llpenoMneHHxl H3nyt~eHHe Basunosa- qepeHKOBa B MecTax 11epece
t~eHHH o6pa3yror.uux KOHyca HlnytieHHH c ocLJO X 1 B IIPHHUHIIe .nomKHO 
pa30HTHCb H3 ,nsyx TOtieK B BH,ne ,nOIIOnHHTenbHbiX KOHYCOB C yrnaMH 
IIPH sepwHHe, o11pe,nenxeMLIMH pa3HOCTLJO !':!. Y = Y

1 
- Y · 

O,nHaKo 11noTHOCTb Hlnyt~eHHH Basunosa- qepeHKOBa, HCIILITaswe
ro KaK BHyTpeHHIOIO, TaK H BHeWHIOIO KOHH'IeCKHe pe$paK,UHH, 6y,neT 
He3HatiHTenbHOH 3a C'leT paCIIpe,neneHHH He3HatiHTenbHOH tiaCTH OCHOB· 
HOrO KOHyCa HlnytieHHH 110 IJ;HnHH,npHtieCKOH H KOHH'IeCKOH IIOBepXHOCTHM 
COOTBeTCTBYIOIUHX pe$paKUHH. flo IIOBO,ny BnHHHHH IIOnH,nOMeHHOH 
CTPYKTYPLI KCC, BLrxsneHHoii B OIILITax c :weKTPHtiecKHM 11oneM H Ha
rpeTLIM KpHCTannOM Z -cpe3a Ha CBOHCTBa H3nytieHHH IHCIIYCKaeMoro 
llpH ,nBH)I(eHHH llpOTOHOB C {3 =0,81 B,nOnb Mano:ii 6HCCeKTpHCbl - OCH 
x3 I' 3aiiOnHHJOIUero "r.uenH" H IIOnxpH30BaHHOro lleplleH,nHKynxpHO 

ocu X 1 IH He llpe,ncKa3LIBaeMoro Teopue:iil, MO)I(HO BLICKa3a Tb cne
,nyror.uee 11pe,n11ono)l(eHHe. 113secTHO 113/, 'ITO IIPH Hano*eHHH 3neKTpH
qecKoro IIOnx B,nOnb OCH x3 IManoii 6ucceKTpHCLII KCC H H3MeHeHHH 
TeMIIepaTypbi KpHCTanna C ,noMeHHOH CTPYKTypo:ii llpOHCXO,nHT IIOBOpOT 
OIITHtiecKo:ii HH,nHKaTpHCLI Ha HeKOTOpbiH yron (l oKono ocu X 3 • Ha
IIPHMep, llpH Harpese KpHcTanna OT TeMIIepaTypbi +10 ° C ,no +25 ° C 
OIITHtiecKax HH,nHKaTpHca KCC IIOBopatiHBaeTcx Ha yron a - 1 °. 3To, 
eCTeCTBeHHO, ,nOn)I(HO llpHBO,nHTb K H3MeHeHHIO CBOHCTB H3nytieHHH 
Basunosa-qepeHKOBa, HcllycKaeMoro qacTHUeH, ,nBH*YIUe8cx s,nonh 
Manou 6ucceKTPHChl KCC. 

Q,ueHHTb KOnHtieCTBeHHO 3TOT ' 3$$eKT MO)I(HO nHWb Ha OCHOBe 
TeopHH H3nyt~eHHH Basunosa- qepeHKOBa B ,nsyxocHLIX KpHcTannax c .no
MeHHOH CTPYKTypo:ii, KOTOpaH er.ue He C03,naHa. 

ABTOpbl BeCbMa 6naro,napHhl COTpy,nHHKY lf:HCTHTyTa KpHCTanno
rpa$HH AH CCCP JI.A.lliysanosy 3a KpHcTannLI cerHeTOBOH conu, 
T.H.Ko3noso:ii 3a 6onLwo:ii o6beM $oToMeTpHtieCKHX pa6oT, P.RHHKY 
3a IIOMOIUb B pa6oTe. 
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KpHcTanna cerueToBoii conu H3nyqeuue BaBunoBa- qepeHKo
TaBwee BHyTpeHHIOJO KOHH'IeCKyJO petl>paKIJ;HJO, pacrrpe,[(enHTCR 
XHOCTH KpyrOBOrO IJ;HnHH.[(pa, .[(HaMeTp KOTOporo 6y.[(eT OIIpe • 

pa3HOCThJO yrnoB ~ {3 = {3 - {3
1 

/B uaweM cnyqae ~ {3 = 
H TOniUHHOH KpHCTanna. 

C'leT BHeWHeH KOHH'IeCKOH peti>paKIJ;HH BHe KpHCTanna /6e3 
noMneuux/ H3nyqeuue BaBunoBa- qepeHKOBa B MecTax rrepece

pa3YJOIUHX KOHyca H3nyqeuux c OChJO X 1 B rrpuuuurre ,[(On:>KHO 

h H3 .[(BYX TO'IeK B BH,[(e ,[(OIIOnHHTenhHblX KOHYCOB C yrnaMH 
uue, orrpe.[(enxeMblMH pa3HOCThJO ~ Y = Y

1 
- Y • 

aKo rrnoTHOCTh H3nyqeuux BaBHnoBa-qepeHKOBa, HCIIhiTaBwe

HyTpeHHJOJO, TaK H BHeWHIOJO KOHH'IeCKHe peti>paKIJ;HH, 6y,[(eT 
enhHOH 3a C'leT pacrrpe,[(eneHHR He3Ha'IHTenhHOH 'laCTH OCHOB· 
ca H3ny'leHH11 IIO UHnHH.[(pH'IeCKOH H KOHH'IeCKOH IIOBepXHOCTRM 

TBYJOIUHX peti>paKUHH. ITo IIOBO.[(y BnHRHHR IIOnH,[(OMeHHOH 
'hi KCC, BhiRBneuuoii B OIIhiTax c 3neKTpH'IeCKHM rroneM u ua
pucTannoM z -cpe3a Ha CBOHCTBa H3nyqeuux /ucrrycKaeMoro 
eHHH IIpOTOHOB C {3 =0,81 B.[(Onh Manoii 6HCCeKTpHCbl - OCH 
arronHRJOIIJ;ero "IUenu" H rronxpH30BaHHoro rreprreH.[(HKynxpHo 
H He rrpe.[(CKa3b1BaeMoro Teopueii/, MO)KHO BhiCKa3a Th cne
pe.[(IIOnO)KeHHe. lf3BeCTHO /13/, 'ITO IlpH HanO)KeHHH 3neKTpH· 

omr B.[(Onh OCH x3 /Manoii 6HcceKTpHChi/ KCC H H3MeHeHHH 
YPhi KPHCTanna C .[(OMeHHOH CTpyKTypoii IIpOHCXO,[(HT IIOBOpOT 
ii HH.[(HKa TpHCbl Ha HeKOTOPhiii yron cz oKono ocu X 

3 
• Ha

PH HarpeBe KpHCTanna OT TeMrrepaTypbl +10°C ,[(0 +25°C 
B HH,[(HKaTpHca KCC IIOBopa'IHBaeTCB Ha yron a - 1 °. 3To, 
HO, .[(On)KHO IIpHBO,[(HTh K H3MeHeHHJO CBOHCTB H3nyqeHH11 

-qepeHKOBa, HCIIYCKaeMoro 'laCTHIJ;eH, .[(BH)KYIIJ;eHCR B.[(Onh 
ceKTPHChi KCC. 

HTh KOnH'IeCTBeHHO 3TOT 3ti>ti>eKT MO)KHO nHWh IHa OCHOBe 
ny'leHHH BaBHnoBa- qepeHKOBa B .[(ByxocHbiX KpHcTannax c .[(O
PYKTypoii, KOTOpaH eiiJ;e He C03,[(aHa. 

Phi BeChMa 6naro,[(apHhi coTpy,[(HHKY .H:ucTHTyTa KpHcTanno
H CCCP JI.A.IIIyBanoBy 3a KpHcTannhi cerHeToBoii conu, 
Boii 3a 6onhwoii o6beM tl>oToMeTpH'IeCKHX pa6oT, P.RHHKY 
B pa6oTe. 

12 

!Ill 
)•!,; 
'), 
';' 

._;~ 

Jlumepamypa 

1. B.II. 3peAoe. )J(3TtP, 46, 447/1964/. 
2. B.II. 3peAoe, II. IIaeAoeut.t, II.lllyAeK. IIpenpUHifl OH.HH, P1-4364, 

,4y6Ha, 1969. 
3. D.Gf(Fller. Zeit. Physik.) 183.) 83 (1965). 
4. H.M. tPpaHK. YtPH, m. XXX, ebtn. 3-4, 149 /1946/. 
5. C.H. BaeuAoe. Co6p. cot.tuHeHuil, m. I I, U3· eo AH CCCP, M, 

1952, cmp. 218. 
6. H. B. Kypt.tamoe. CezHemo:JAeKmput.tecmeo. rocmexu3oam, JI-M, 1933. 
7. H.P. HeaHoe, B.tP. 3omoe. KpucmaAAozpa(JuJt, m. 11, 924, 1966. 
8. NucZ. Sc. Series Report 39 Committee on 

NucZ. Sc. PubZ. 1133. N18-NRC.J Washington.) 
1964. 

V/ 
9. J.ObdrzaZek. Czech. J. Phys . .J B19.J 1556(1969). 

10. A. 3i1Hwmei1H. C6opH. Hayt.tHbtX mpyooe. m. I I I, cmp. 513. H3o- eo 
"HayKa", M., 1966 /3aMet.taHue K cmambe II. HopoaHa "K meopuu 
U3/lyt.teHUJl KeQHiflOe "/. 

11. B.II. 3pelloe. H3Ayt.teHue BaeuAoea- fJepeHKoea u ezo npuMeHeHue 
e (Ju3uKe ebtcoKux 3Hepzui1. fl. I, cmp. 207. AmoMu3oam, M., 

1968. 
12. J1.,4. JlaHoay, E.M. Jlu(Jwuq. 3/leKmpoOuHaMUKa cnlloWHbtx cpeo. 

rocmexu3oam, M., 1957, cmp. 413. 
13. H. C. )/(eAyoee. YtPH, m. 88, ebtn. 2, 1966. 

PyKOIIHCh IIOCTYIIHna B H3,[(aTenhCKHH OT,[(en 
26 HJOHH 1972 ro,[(a. 

13 



+ + + + -+-
~ ~ -o- ~ 

+ + + + + ~ ~ -o- ~ 

+· + + + + 
~ ..o- -o- -o-

+ +" + + + 
~ ~ -o- ~ 

+ + + ~ ........... ~~ + -o- ..o- / -o- -o-

+ + ~t ~~ + ;J 
-o- -o- ' -o- / -o-

x2 
+ + + "'"""""' + + 
~ -o- ~ ~ 

+ + + + + -o- ~ -o- -o-

+ + -+- + + 
t X1 

Puc. 1. CxeMaTuqecxoe U3o6pa*eHue nnacTHHKH cerHeToaou conu 
Z -cpe3a /BH,IJ; npoTuB ocuX /.LJ;BOHHbie nHHHH - ,IJ;OMeHHble CTeHKU, 

poM6ux - xaa,IJ;pynom,. 3 
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Puc. 2. IInacTHHKH xpucTanna cerHeToaou c· 
cTpyKTypou. a/IInacTHHKa Z -cpe3a /nepneH,IJ;H 
cexTpuce/ u y ·cpe3a. 6/HanpaaneHHJI aeKTO 
COCe,IJ;HHX ,IJ;OMeHaX U ,IJ;OMeHHOH CTeHKe. 
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x2 

'X1 
eMaTuqecKoe HJo6pa~eHHe nnacTHHKH cerHeToaou conu 
/au~ npOTHB ocu X /.I(BOHHLie nHHHH - ~oMeHHhle cTeHKH, 
a~pynonL. 3 
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Puc. 2. IInacTHHKH KpHcTanna cerHeToaou conu c. nonu~oMeuuou 
CTpyKTypou. a/IInacTHHKa Z -cpeJa /nepneH~HKynBpHo Manou 6uc
ceKTpuce/ u y ·cpeJa. 6/f!anpaaneHHJI BeKTopa nonJipHJauuu p B 
COCe~HHX ~OMeHaX H ~OMeHHOH CTeHKe. 
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Oj 
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PHc. 3. 3I<cnepHMeHTaJILHLie H TeopeTH'IeCI<HE 

~ 
'leHHH BaaHnoaa- qepeHI<OBa ~ ( cp) H F ( cp), B03 
HHH npOTOHOB C fJ =0,81 B,IJ;OJlb MaJIOH 6HCCei<' 
OCHOrO I<pHCTaJIJia cerHeTOBOH COJIH. a/ 3I<CDE 
,IJ;eJieHHe, nony'leHHOe no cxeMe onLITa, aHanorF 
I<OJlbUO • 3TO penepHOe OT JIHH3bl, BHyTpeHHee 
DHTHO • aBTOrpa<}> ny'II<a npOTOHOB/. 6/Pac• 

F ( ¢ )H F ( ¢) c yi<a3aHHeM nonHpH3aUHH BOJIH ( ~ 
+ -
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a) 

16 

rfj 

X, 

~ 

Puc. 3. 3KcrrepuMeHTanLHhle u TeopeTuqecKue pacrrpeAeneuuB uJny-

~ 
qeuuB Baaunoaa-qepeHKOBa r: (cp} uF ( ¢), BOJHUKaiOIQero rrpu ABU)Ke
uuu rrpoTOHOB c fJ =0,81 BAom .. Manou 6ucceKTpUCLI /ocu X 

3 
I AByx

ocuoro KpucTanna cerHeToaou conu. a/ 3KcrrepuMeHTanLHoe pacrrpe
Aeneuue, rronyqeuuoe no cxeMe orrLITa, auanoruquou puc. 9 /uapy)KHOe 
KonLu;o - JTO perrepuoe OT nuHJhl, BHyTpeuuee- OT KCC, u;eHTpanLuoe 
ITBTHO - aBTorpadJ rryqKa ITPOTOHOB/. 6/PacqeTHhle pacrrpeAeneHUB 

F (cp}UF (cp)C yKaJaHUeM ITOnBpUJaiJ;UU BOnH (+) U (-}. 
+ -
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f Xz 
a) 
I 

II ..... 

xt 

Puc. 4. 3aBHCHMOCTH HHTeHCHBHOCTH aonH F+, _ ( ¢), BOJHHKaJOI.QHx 
npH npOXO)K,ll;eHHH npoTOHOB c {3 =0,81 B,ll;Onb OCH x3 KCC, nponyll.leH-
HbiX qepe3 non.apou.n, opueHTHpoaaHHLiii a.nonb ocu X 2 • aj·CI»oTorpa4Ju.a ~ 
HJny"'eHH.H, nonyqeHHa.H B OllbiTe 1 /BHyTpeHHee KOnbUO C .D:BYM.H "pa3" 
peJaMH" - HJnyqeuue OT KCC, uapy)I{Hble ".nyru" - HJny"'eHHe OT nHHJbi. 
6/PacqeTHbie JaBHCHMOCTH: 1 - F _ ( ¢) cos 2 a ; 2 - F + ( ¢) cos 2 a H 
3 - ( F ( ¢) + F ( ¢)) cos 2 a- nnaBHbie KpHable H 3KcnepuMeHTanLHa.a Ja

BHCHMbCTb f3 ( cp) 
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0 
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a) 
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I 
........... 

xf 

J>i:I.HH~;HMOCTH HHTeHcHBHOCTH aonH F+, _ ( ¢) , B03HHKaiOI.QHX 
I)I(,IJ;eHHH npoTOHOB c {3 =0,81 B,IJ;OnL ocH X 

3 
KCC, nponyi.QeH-

nonBpOH.IJ:, opHeHTHpoaaHHLIH B,IJ;OnL ocH X 2 • a/ <l>oTorpa«lJHB ~ 
, IIOnyqeHHaB B OIILITe 1 /BHyTpeHHee KOnLI.(O C .IJ:BYMB "pa3-
H3nyqeHHe oT KCC, Hapy)I(HLie ".D:YrH" - H3nyqeHHe oT nHH3LI. 

3aBHCHMOCTH: 1 - F _ ( c:h) cos 2 a ; 2 - F + ( ¢) cos 2 a H 
+ F _ ( ¢}) cos 2 a- nnaBHLie KPHBLie H 3KcnepHMeHTanLHaB 3a
F3(¢)· 
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~Puc. 5. fi>OTOMeTpH'IeCKHe KPHBhieF(¢} H F(()). 
~ ¢ = 0°. 6/3aBHCHMOCTL F(()) , HJMepeuuaJI a.no 
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~Puc. 5. (J)oToMeTpH'IeCKHe KPHB!:.IeF(q;) H F((J). a/ F
3
(¢}. B6JIH3H 

., ¢ = 0°. 6/3aBHCHMOCTL F((J) , HJMepeuuaB a.nonL "ll.lenu". 
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aJ rx2 

- -x1 

~ 
Puc. 6. 3aBHCHMOCTH HHTeHCHBHOCTH aonHF + _ ( c/J)jao3HHKaro~ux npu 
npoxo)K~eHHH npoTOHOB c /3 =0,81 B~Onb ocu KCC/, npony~eHHbiX ~ 
qepe 3 nom1pou~, opueHTHpoaaHHbiH B~Onb ocu X 1 • a/ITo 3HTHBHble 
/'lepHo- 6enble/ H3o6pa)KeHH.II H3ny'leHH.R, nony'leHHbie B onbiTe 1. 
6/Pac'leTHble 3aBHCHMOCTH: 1 - F + ( c/J) cos 2 {3; 2 - F_ ( cb) cos 2 {3 ; 

3 - ( F ( c/J) + F (¢)cos 2 13 H JKcnepHMeHTanbHble TO'IKH. 
+ -
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rl) 

f,O 

Q5 
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aj rx2 

-x1 

HMOCTH HHTeHCHBHOCTH BOnHf +, _ ( </J)jB03HHI<aiOI.QHX llpH 

npoToHoB c /3 =0,81 a.n;om, ocH KCC/, nponyi.QeHHbiX ~ 
H.n;, opHeHTHpoaaHHbiii: a.n;onb ocH X 1 • a/llo3HTHBHhle 
I H3o6pa)f(eHHH H3ny'IeHHH, nonyqeHHhie B onbiTe 1. 

3aBHCHMOCTH: 1 - F + ( c/J) cos 2 13; 2 - F_ ( c/J) cos 2 13 ; 
¢) + F _ (¢)cos 2 13 H 3I<cnepHMeHTanbHble TO'II<H. 
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a) t x3 

x1 

24 

' 

& 
XJ 

x, 

....... 
PH c. 7. 3KcnepHMeHTanLHLie H pacqeTHLie JaBHCHM 
HF _( c;b)H3ny'leH;IIH BasHnosa- qepeHKOBa, B03HHKaJOI.QeJ 

~ 
ITpOTOHOB C {3 =0,81 B~OnL OCH X

2 
/nnaCTHHKa . 

a/cl>oTorpa<}JHH HJnyqeHHH, nponyi.QeHHoro qepe3 nonxp• 
BaHHLIH B~OnL OCH X3 /BHyTpeHHHe ~yrH - 3TO H3n; 
Cpe~HHe ~yrH - H3ny'leHHe OT nHH3LI, Hapy:>KHLie - H3n; 
THHOK C n =1,564/. 6/PacqeTHOe pacnpe~eneHHe BOJJ 

D 

25 



a) t x3 

x1 
I. 

24 

1'.';. 

~ 
XJ 

x, 

....... 
PHc. 7. 3xcnepHMeHTaJILHLie H pacqeTHLie JaBHCHMOCTH BOJIH r: (¢) 
H F ( ¢ )H3Jiy'leJUfH BasHnosa- "llepeHKosa, B03HHKaJOI.Qero npH .n;BH)I(eHHH 

~ npOTOHOB c f3 =0,81 B.D;OJIL OCH x2 /nnaCTHHKa y -cpe3a/ KCC. 
a/<I>OTOrpa<i>H.R H3Jiy'leHH.R, nponyi.QeHHOrO qepe3 ITOJIHpOH.D;, OpHeHTHpo
BaHHLIH B.D;OJIL OCH x3 /BHyTpeHHHe .n;yrH - 3TO H3Jiy'leHHe OT KCC' 
Cpe.n;HHe ,n;yrH • H3Jiy'leHHe OT JIHH3LI, Hapy)I(Hhle - H3Jiy'leHHe OT ITJiac-
THHOK C n =I ,564/. 6/PacqeTHoe pacnpe,n;eneHHe BOJIHF (A.. )HF ( ¢). 

D + '!-' -
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Puc. 8. PaclfeTuoe pacnpe.u.eneuue BOJIH U3JiylfeHUR Baounooa-4epeu
KOBa, B03HUKaiOll{ero npu )J.BU:>KeHUU llpOTOHOB C {3 =0,81 B)J.OJib OCU 

X1 KCC. 

~ 
XJ 

3 
22,7 

Snqq 

~ 

Puc. 9. CxeMa onbiTa. 1 - nnocKonapa6oJIHlfecKaR JIHH3a c I 
=/22,7±0,1/ MM. 2 - nnacTHHKa KCC. 3 - nnacTUHKU H3 cTeKJia c n 
=1.564. 4 - <boronnacruuKa. 0 
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Puc. 10. «<>oToMeTpH'IecKHe KPHBbie pacnpe.neneHHR H3J 
KaJOmero npH npoxo)l(.neHHH npoTonoa 660 MJB a.noJJ 
H npowe.nwero \fepe3 fiOJIRpOH.!{, OpHeHTHpOBaHHblii 
1/3aBHCHMOCTH F (<h) H F ( 0) npH v =0 H t < 24 oc. 21 
F (<b) H F ( 0) npH V =- 1000 a /HanpR)I(eHHe npHJIO) 
no ny'IKY npoToHoa/. 3;F ( c/J)H F ( (} jnpH v =0 H t =32,3 
1 F ( q,)- aepxHHe KPHBbie, F (0) - HH)I(HHe KPHBble/. 

27 



ac~eTHoe pacnpe~eneHHe sonH HJny~eHHH BasHnosa-4epeH
HHKaiOmero llpH ~BH)I(eHHH llpOTOHOB C f3 =0,8] B~Ollb OCH 

XJ 

x2 
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1/ 

r;.r(jJJ I ~.-
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66JM;I 

3 
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Snqq 

...... 
xeMa OllbiTa. 1 - nnocKonapa6onH~ecKa.H nHHJa c f 

I MM. 2 - nnacTHHKa KCC. 3 - nnacTHHKH HJ cTeKna c n 
~OTOnnaCTHHKa. D 
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Puc. 10. «<>oTOMeTpH'IeCKHe KPHBbJe pacnpe,!leJleHHJJ H3Jly'leHHJJ, B03HH
KaJOmero npu npOXO>K,!IeHHH npOTOHOB 660 M3B B,!IOJlb OCH xl KCC 
H npoWe,!lwero 'lepe3 nOJlllpOH,!I, OpHeHTHpOBaHHbiH B,!IOJlb OCH X 

2
• 

1/3aBHCHMOCTH F ( rh) H F (e) npH v =0 H t < 24 °C. 2/Pacnpe,!leJleHHJJ 
F(cb)HF(O)npH V =-1000 B /HanpJJ>KeHue npuno>KeHo no ocu.\ 
no ny'IKY npoTOHOB/. 3;F{cf>}HF(0 jnpH V =0 H t =32,3° C /t ;_. 24°Cj.3 
1 F ( cb)- sepxHne KPHBbJe, F (0) - HH>KHne KPHBbie/. 
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