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A H H o T a u H g 

B paooTe paC:cMaTpHBaeTcB HanytteaHe BaBHnoaa-4epeHKOBa .ung aneKTpH­

ttecKoro 38pSI.ll8s paBHOMepHO .llBH)I{yUlerOCSI B npOH3BOJlbHOM HanpaBTleHHH OTHO­

CHT9JlbHO OTITH'I9CKOfi OCH O.llHOOCHOrO KpHCT8J1J18. VfayttaeTCSI reoMeTp1Itt9CK8SI 

¢opMa KOHYCOB HOpManeii OOblKHOB9HHblX H H900blKHOB9HHblX BOJlH H BblBO.llSITCSI 

npOCT b!9 Bblp8)1{9HHSI .llJlSI. aaeprnH H3J1Y'l89MblX BOJ1H. 

~ 

f 

I 
I 

I 
.I 
'I 



1. BBeneHne 

o'oruaSI TeopHSI H3JIY'-I9HHSI BaBHJlOBa-4 epeHKOBa B OITTH'-ISCKH 8HH3'0TpOITHh!X 
. 1 

cpe..;laX ohrna pa3BHTa B.VI. raHaoyproM • 11cxonSI H3 ypaBH9HHH MaKcBenna 

nnSI HeMarHHTHhiX npoapa '-IHhiX KpHcTannoB, oH nony'-IHn Bb!pa:tKeHHSI nnSI yrnoBoro 

pacnpeneneHHSI H3ny'-IaeMob. sHepraa. Eonee nonpo6Ho OhWH nccnenoBaHhi T.onbKo 

CBOHCTBa H3Jly'-IeHHSI 38pSI:tK9HHb!X '-I8CT HU, llBH:tKYIUHXCSI B OllHOOCH h!X KpHCTannax, 

.. 1/ 
napannenbHO H nepneHnHKynSipno onTH'-!ecKofi: ocn • B noc~enHee npeMSI B.E. na-

cpoMoB 
4 

paccMaTpHBan oonee peanhHhiH crry'-Iafi: orpaHH'-IenHoro onnoocnoro Kpu­

cTanna, y KOToporo Ha aany,'-IeHHe BaBnnoBa-LJ:'epeHKoBa nanaraeTcSI nepexonnoe .,., 

l1.M • cppaHK 
5

•6 , HCITOJ1b3YSI HHTepcpepeHUHOHHbie CB0UCTB8 H3Jly'-I9HHSI 

Bananona-LJ:epeHKOBa, HccnenoBaJI ycnoBH SI, Heo6xonnMhre nnH B03HHKnooonaSI aany­

'-IeHHSI. B 
5 

B nepBbiH paa 6brno noKaaaHo, '-ITO nanpaMeHae cne.ToBoro 

lly'-Ia H CKOpOCTb ITO ny'-Iy Hrpa!OT npH 9TOM B8:tKHyJO ponb. 

B aToM: cTaTbe npennonaraeTcSI, '-ITO KpHcTann SIBnSieTcSI npoapa'-!HbiM, oea 

rapoTponHhiX cBofi:cTB, Ero MarHHTHhre cBofi:cTBa onpenenSieT cKanSipHaSI MarHHTHasi 

ITpOHHU88MOCTl;> 1'- H llH9Jl8KTpH'-!9CKHe CBOHCTB8 - llH9JI8TpH'-!8CK8SI ITOCTOSIHH8SI 

ei.k 1 KOTOpaH SIBJ1SI9TCSI CHMMeTpH'-IHb!M TeH30pOM, B rnaBHOH CHCTeMe KOOpnH-

HaT ero KOMITOHeHThi E;_i > 0 . To'-Ie'-Inhrfi: aapHn nBH:tKeTcSI B HanpanneHHH enn-
~ 

HH'-IHOI'O B9KTOp~ ~ CO CKOpOCTb!O 1U :r(3c, 
.[lJISI 9HeprHH 1 KOTOpyiO TepSieT 38pSin B Tezi8HHe BpeMeHH -f/w- 1 HMeeM cpop-

Myny: 

B KOTOpOH '-I8CTOTH8SI ITJlOTHOCTb H3Jly'-IeHHSI BOJlH ITOJ1Sipll:38UHH 

S (w) 
(A) 

ll E E 2 CM, 0030pHyJO CT8Tb!O .M, OJIOTOBCKOI"O H KHHry 

/1/ 

pa BHSI 8TCSI: 

/2/ 
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B 9TOM BbipamenHH npHHHTbi cne.nyiOmne o6o3naqennH: c/.(,;t) - sneMeHT Tenecnoro 

-+ 
yr11a 1 1t - 8LlHHH"'H biH BeKTOp B H8npa BJ1 8HHH pacnpoCTpa H8HH5'1 cp83bl BOJ1Hbl, 

~) '> 0 - CKOpOCTb 9TOT'O p8Cllp0CT paH8HH5'1 1 ;;().} - B8KT0pb! B Hanpa BJ18HHH 9J18KTpH­

'18CKOT'O ll0J15'1, 

... il) 
BBe.neM e.n HH!i"'Hbie :eeKTopbi d (. ··, nan paBJleHHbie BLlOJib sneKTpH"'ecKoil: 

HHLlYKUHH H HMe 101UH8 CBOHCTBa: 

131 JrA>.JrJJ> = S(,\v) 1 rAJ .. c. .e rAJ 
et. .ck I< 
' 

.... d. ... (A) - 0 
1t. -

Tor.na 9TH ypaBnennH BMecTe c ycnoBHeM 

.zr"J. ;;cz.> = 0 14 I 

onpe.neJlH!OT BeKTOpbl ll011HpH38UHH. CKOpOCTb COOTB8TCTBY!OlllliX BOJIH nony"'HM'H3 

cpopMyJlbi 

2. 

~) 
C.z.. ... .... . 

"' - ..erA> -' rAl f ,a. 15 I 

TaK KaK B .nanbnefiweM 6y.neM paccMaTpHBaTb o.nnoocHbie KpncTaJI.Tlhi, To 

. ' 
·I 

I 

nanpaBHM onTH"!ecKyiO ocb BLlOJlb ocn X"' • KoMnoneHTbi .nHaronanbnoro Ten3opa 

.nnsneKTpnqecKofi nocTOHHHOil: o6o3H8'1HM cne.nyiOlllHM o6pa3oM: E~1 .. 7: 
1 

£u. .. E
33 

=E.. 

nycTb 38pHLl LlBHlli8TC5'1 B llJIOCKOCTH (Xf X~,) . KOTOpy!O H830B8M T'Jl8BHOH: 
) 1.11' 

; ': ()c., I _.tz. I 0 ) 
2. t 

;t, + .,t.z. f 

; 

A' '> 0 
" =' 

;t2. ~ 0 16 I 

B .nanbHeil:weM nccne.nyeM OTLleJlbHO c:eoficTBa o6biKHOBeHHbiX H neo 6biKHOBen-

n biX :eonn. .LlnH nn.neKco B .A = -1, 2. BBe.neM 0603H8'18HH8 A= 0 .e • . , 

2. 06biKHOB8HHb!8 BOJIHbl 

BeKTop nonHpH38UHH n CKopocTb pacnpocTpanenuH o6biKHOBeHHbiX ll01IH 

nony"!aiOTCH H3 ypa:enenn_il: 131-151 B cne.nyiOrueM BH.ne: 

I c., 
_eroJ ( o, n.J, -n.z.) E fd-nz. 

- ~ " 1}"0) ;:: ret- 171 

{ 

r 
1 

L__ 
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C llOMOIUbiO 9THX cpopMyJI Bhipa:>KeHH9 /2/ MO:iKHO npi!B9CTH K cpopMe: 

s (W} 
(oJ 

/8/ 

3.ll9Cb, KaK H B H30TpOllHOH cpe.ue, 9H9pi'HH 6y.lleT If3JIY'I8TbCH B HanpaBJI9Hlflf 

KOHH'I9CKOH llOB9pXHOCTif Kpyi'OBOI'O C9'I9HHH 7 OCb KOTopoii napanJI9JibHa .llBH:iK9HIIIO 

. aapH.lla. Yron II3JIY'I9HHH e(D) Bhipa:>Ka eTCH c llOMOIUbiO cpopMyJI hi 

/9/ 

/10/ 

Ollp9.ll9JIS19T KpiiTII'I9CKYIO CKOpOCTb 38pH.ll8: 9CJIH (j M9Hbill9 (30 , TO H3JIY'I9HH9 

2/ 
06hiKHOB9HHhiX BOJIH CT8HOBHTCH H9B03MO:iKHhiM 

Vf3 38,ll8'III SICHO, 'ITO ,llJISI Bhi'IHCJI9HHH IIHT9I'pana B /8/ Y.ll06HO BB9CTH 

Ccp9pii'I9CKII9 KOOp,llHHaT hi, llOJISipH8H OCb KOTOphiX COBil8.ll89T C OCbiO KOHyCa 

3/ 
HopManea: 

· TaKIIM o6paaoM, rra /8/ nony'IIIM: 

.2.;; z. 2. • l. 

=> e ~ f: Jot ( 1- ;3o ) hz ~ ____ ¥'_ 
2n c,_ Y' fo2. 1-[ !c,ffl,/(3)- Jc~.{1-((1o/j3.)z. c~y] z. 

0 

S (w) 
(o} 

1111 

/12/ 

Ecn:u 3HaMeHaT9Jlb B /12 I aanHcaTb B BII.ll9 np OH3B9.ll9HIIH .llBYX JIHHeii:HhiX B CD-;) r 
llOJIHHOMOB, TO MO:iKHO /12/ Bhipa3IITb B BH,ll9 cyMM hi .llBYX 9JI9M9HT8pHhiX IIHTe-

rpaJIOB 7 Bhi'IHCJI9Hlf9 KOTOphiX npHBO,lliiT K Bhipa:>KeHHIO 

21 
C llOMOIUbiO IIH.ll9KCOB 0 II -e 093 CK060K 0003H8'I89M B9JIH'IIIHhi 1 CBH38HHhi9 

C KpiiTH'I9CKOH CKOpOCTbiO, 

3/ 
CM. p:uc.l' KOTOphiH HapHCOBaH .llJIH oonee ooruero cny~aH H900hiKHOB9HHhiX 

BOJIH, B paccMaTp:uBaeMOM cnyqae HanpaBTieHIIH it. n I< O.llHHaKOBhi, 
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ii ( .2. - ( 1<, + ~· ) - I -', -* I ) 

3HaK pa3HOCT11 tt1 - /1,; ~ 11M99T H8!'1HillHbiH reoMeTp11"19CK11H CMbiC11 1 BbiTeKaiO-

lll11H 113 191 H 113 3Ha "19H11H HanpaB1lSIIO!ll9I'O KOC11Hyca ,It , a 11M9HHO: 9C1111 . I 

Jt.t < {3,f fJ - OTITI1"19CKaH OCb HaXOll11TCSI BHe KOHyca HOpManeii, 11 9C1111 ,t > /Jol/3 t ,~, I 

TO oHa BHYTPH ero. TaK11M o6pasoM, 11MeeM 

2. 
.e. 4J 1: 

s(c>,CW) " C.1 ( t{- ,.t_,) , ecnn OUT. OCb BHyTp11 KOHyca, 

~"'(w) = .. /CJt 
c.l. 

(II- f1) 
(J 

, ecn11 OUT. OCb BHe KOHyca. 

1131 

I 141 

PaccMoTp11M 3TH Bbipa~eH11H HeCK01lhKO nonpo6Hee. Ecn11 sapHn nBH>KeTcH 

no OTIT11"19CKOH OC11 (/l4 '='4) , TO ll11SI BCeX CKOpOCT9H 601lhlli11X 1 '19M Kp11TI1"19CKaH, 

HMeeT ~ecTo cpopMyna 1131, cornacHo KOTopoii S{o)rw) = 0 , KaK 6bmo y>Ke rroKa-

1 
saHo B pa6oTe • np11 scex npyr11x HanpaBneHn:Hx nan>KeH11H sapHna np11 

.A~ (J0 11sny"'eH11e HenpepbiBHO sospacTaeT oT HynH cornacHo ct>opMyne 1141. 

np11 3TOM, 9C1111 Jt >;.317 1 TO cymeCTByeT CKOpOCTb (/1 = flo/Jc
1

) , np11 KOTO-
' 'f 

poi\: ct>opMyna 1141 nepexonnT HenpepbiBHO B 1131 11 nnH 6onee BbiCOK11X cKopocTeii 

sapHna o6biKHOBeHHOe 1131ly"'eH11e IHa en HHHUY nyT111 y>Ke 6onhwe He aospacTaeT. 
U> 

Ecn11, HaKOHeu, .t., <. t1o laTO 3H8"111T 1 'ITO yron M9>KDY HanpaBn9HI19M llB11:>K9H11SI 

sapHna 11 OUTH"'9CKOfi OCbiO nocTaTO"'HO B91111KI, TO Bb!pa>K9H119 114 I cnpaaennHBO 

nnH scex cKopocTefi, 6onbw11X Kp11T11"!ecKofi. B "'acTHoCTn, nnH nBn>KeHnH sapHna 

nepneHn11KynSipHo onT11"!ecKofi oc11 113 1141 cnenyeT pesynhTaT, nony"'eHHhifi 

2 
paHhwe 

HaKoHeu, paccMoTpHM e1ue nonHp11sau1110 o6biKHOBeHHhiX aonH. Ecn11 HOpManh 

npo6eraeT KOH11"19CKYIO nosepxHOCTh, TO cornaCHO 171 11 I 11 I B9KT0pbl ;eroJ r 

cocTaBnHIOT ·seep ITO"!Hee rooopg, nayxaeepl B nnocKocT11 nepneHn11KY11HpHofi 

onTn"!ecKofi ocn. Och!O aToro seepa HBnHeTcH nepneHn11KynHp K rnaBHOfi nnocKocT11 

loeb X3 I. KpafiH11X nono>KeHllli B aeepe nocT11raeT neKTop ;;roJ ll11SI MIIH11-

Ma1lhHoro sua"!eHHH/ e,W /. Ecn11 onT11"!ecKast och uaxon11TCSl BHe KoHyca, To, KaK noKa3bi-

Ba!OT paC"'9Tbl 1 3TOI'O M11H11M81lbHOI'O 3Ha"'9HHSI llOCT11raiOT B9KT Opbl :e(D] KOTOpb!e 

COO"CB9TCTBYIOT HOpMa1lHM 1 ynOB119TBOpSIIO!ll11M ycnOB1110 

' ~ 
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0. 

fiCHO, "'ITO 9TH HOpM8.TIH COBII8Ll8 lOT C IIpHMblMH 1 KOTOpbre HB.TISIIOTCSI .TIHHHSIMH 

K8C8HUSI KOHyCa H IIJIOCKOCTeti, IIp OXOLlH lll HX qepe3 OIITH"'Ie CKYIO OCb, Yro.rr .27 
M9)KLlY 9THMI1 K8C8T9JibHb!M 11 ITJIOCK OCTHM 11 HBJIH9TCH Bep W HHHblM YI'JIOM Beep a 

II Ll.TIH Hero IIOJIY"'IHM 3H8 "'IeHl!e 

1151 

' w7 
npu Ll8HHOH CKOpOCTU 38PHLl8 yro/1 'l IIpllHHMaeT H8HMeHbWee 3Ha"'IeHHe 

B cnyqae LlBU)KeHHH rreprreHLlHKYilHpHO OII'I H"'IeCKOti OCH 1 IIpH"'IeM OH paBeH ~~) • 

Ecnu aarrpaB.rrerrue LlBU:>KeHHH. rrpn6JIH)l{aeTcH K orrTuqecKoti ocn, yron '? 
pacTaeT, a KOI'Ll8·. KOHyC COIIpl1K8CaeTCH C OITTHqecKoti 0Cbl0 1 TO OH LlOCTHI'aeT 

3Ha"'IeHHH 7f/.t_ Torna HarrpaBneHHH BeKTOpoB rronHpH3aUHH 3anonHSIJOT BCJO 

nnocKOCTb, HcHo, "'ITO rrocnenHee yTBep*neane 6yneT HMeTb MecTo TaKMe Torna, 

K0f'Ll8 OITTHqecKaSI OCb 6yneT BHYrpll KOHyca. 

3. KOHH"'I9CK8H ITOBepXHOCTb HOpMa.Tieti He06b!KHOB9HHb!X BO.TIH 

8 9TOM p83[lene Mbl 38tiMeMCH reoMeTpH'1eCKHMH CBOHCTBaMH H3.Tiy"'IaeMOI'O 

cBeTa, K o6cy)KLleHHJO Borrpoca o6 naTeHcHBHOCTH H3Jiy"'IeHrrH BepaeMcSI no3Me, 

.-(e) 
. IJ.ng enHHH"'IHOI'O BeKTopa d. H3 13 I u 17 1 no.rryqaeTcSI c.rreny10wee Bbrpa)Keuue: 

BeKTOp 
-t(e) .e 

131 H /5/: 

-.(e) r z. . ) I c{ 4-n -nrz -rzn --
-\ .,, 1'L' t3R 

1-,n?-
" 

1161 

H CKOpOCTb pacrrpocTpaHeHHH cP83bl 7lfe) onpenenuM c rroMOUlbiO 

~(eJ e (
1-11.2. __ 1' 

- T I 17/ 

1181 
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H arrpaBrreHI1e 
--r.e> 
~ He06biKHOBeHHOI'O Jly'la 11 CKOpOCTb ITO Jly'ly 'Ztre) CJie,nyiOT U3 

/)7/ U /7/: 

1 
;;re> = ( rn1' E. nz.' E. n.J) [ c2.+- (-r;t..Ez) n/" ]'/2. u(e) "' 

'V(eJ 
... -"(e> -n.. ~ 

119/ 

Terrepb Mbi 3HaeM Bee serrulJHHhi, KOTOpbie orrpe.nerrHJOT Heo6biKHOBeHHbie 

BOJIHbi, T8K 'ITO MO.>KHO BepHyTbCH K H3ylJeHU!O reoMeTpU'IeCKOH cpopM bl KOfiH-

lJeCKOH llOBepXHOCTH HOpManefi, ypaBHeHHe DJIH KOTOpOH B biTeKa;T 113 s -cpyHICUUU 

B /2/: 

Vc"eJ 
k( n.1 + ;t.z. n%. = c I 

;3 /20/ 

TaK )!{e, KaK u npu usy'leHUH .., o6biKHOBeHH b!X BOJlH, BBe.n eM ccpepn'!e CKH e KOOp.nn-

H8Thl, HO 0 llOJ1HpHOH OCH l rrpe.nrrono.m.nM TOnhKO To, 'ITO ona naxo.nnTcH B rnas-

HOH nnocKocTn /eM. puc. 1/: 

'Jtf"' 1<, c~J- kl. ~J-cg,r 11.z." ktc~J + k, ~)'t!(l')fP' nJ;: ~ J~ lf· 

x_ ---

I. 

............ 

Puc. 1. 

a> .. 

x, 

/211 

l 
I 

l 
r 
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TaKIIM o6pa30M, ypaBHeHIIe KOHyca HOpMaJiefi rrpiiHIIMaeT cJienyiOIUIIit Bnn: 

):lJJ5I yrrpoiUeHII5l Mb! BBeJIII COKpaiUeHII51: 

R - 1 
- ---;j2. ' 
?r 

123 I 

H eorrpen eJieHHOCTb, KOTOPYIO- IIOK8 Mbl liMe eM B BbJ6ope Harrpa BJlHIOIUIIX KOCIIHYCOB 

1<
1 

II k2.., IICIIOJlb3yeM LlJIH yrrpoiUeHHH ypaBHeHHH 1221. HaJIO:>KIIM ycJioBne 

124 I 

KOTopoe, BMecTe c 

1251 

CJienoBaT~JlbHO, II3 1221 H 1241 rroJiyqaeM cJienyiOIUHe Bbrpa:>KeHHH LlJIH Kocn­

Hyca HOpMaJiefi He06bJKHOBeHHb!X BOJIH: 

~=f) (Y') 
fe> 1 

1261 

127 I 
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Yi3 cpopMbl rrpaBOfi '18CTIT IIOCJlOLlHOI'O Bbipa:>KOHITSI BITLlHO, 'ITO KOHyc ITMeeT OCb 

CITMMOTprrrr, a ITMOHHO: IIOJISipHyiO OCb H8UJITX ccpepH'IOCKITX KOOpLliTH8T. B o6meM 

cnyqae CO'leHITOM KOHyCa 6yneT 9JlJliTIIC, K8K 9TO BbiTOKaeT T8K:>Ke IT3 

reoMeTpH'IeCKOii. HHTeprrpeTaUHH B.E. nacpoMOBa 
4

•
5 

KpHTH'lecKyiO cKopocTb orrpen eTISieT ycnonHe CleJ .. 0 ,LlJIH BbiiiOJIHeHHSI Ko-

TOpOI'O HOD 6XOLl ITMO, 'IT06 bl p.,R HJIIT, ITCII0Jib3YSI cpopMyJlbl /23/: 

2. I ) 2. (1$- -~l i 
~ 1 

( 
z.. / 1. 

"t ,.t.t-?'11.) k,_ +- .Zk,kl. A:., ttl. 0 /28/ 

W3 9Toro ypaBHOHHSI rr IT3 /25/ rrony'lrrM LlJISI KprrTrr'lecKofi cKopocTrr: 

(3 - I j 
e - £1 ;---:-- -. /29/ 

KoHyc HOpManefi B 9TOM cnyqae Bbipo:>KnaeTcSI B rrpHMyio, HarrpaBJISIIomrre KOCITHy­

Cbi KOTOpOfi pa BHbi 

~{! = 
c. A:, 

m z. 2. 
~~~ rr...t.t. 

k. = 
:.te 

'rk.t. 
/30/ 

Y e'it.,z. ~ r'-Jct 

HaKoHeu, cKopocTb pacrrpocTpaHeHITSI cpa3bi 9Toli KprrTrr'lecKofi BOJIHhi 6yneT 

'ft":; 
.c 

1. 2. 

C.. ( Ek_, t-1:/tL ) 1/2 - 2. 1. z. 2. . 0 E~+t;/tz.. ~~!< 

Ecmr rroJIO}KHTb B /19/ -rt1 "' kfe 
1 

nz.. =--k2e , n.J ... 0 
1 

/311 

11(e> .. ~ J 
-+.e ""' 

rrony'IHM A = A:. } u.e = e.f3e • 3TOT pe3yJlbT8T COBII8Ll80T C yTBOp:>KLleHHOM 

5 
Vi .M. ¢paRKa 1 COI'Jl8C HO KOTOpOMy CH8'18Jl8 B03HHK8eT BOJIH8 1 Jiyq KOTOpOfi 

Ha.rrpaBneH rro nnrr:>KeHHIO 3apHna. CKopocTb conrranaeT rrpn: 9TOM co cKopocTbiO 

ITO Jly'ly. 

.LlJISI '18CTHU 1 CKOpOCTb KOTOpblX 6JIH3K8 K KpHTH'leCKOMy 3H8'IOHHI0 1 IIOJiy-

'IOHHbiO Bblp8)KOHHSI LlJISI J:_, J kz.. u c~ ~e) MO:>KHO HO.CKOJlbKO yrrpOCTHTb, 

OCJIU 9TH cpyHK11HH pa3JI0)1{ITTb B CTeiiOHHOli pSILl ITO 5 : -f- /Je/(3 H B3SITb TOJibKO 

rrepBbre nna •mena: 

I. 

I 
I 

1 

I 
-I 
i 

HHO 

LlH'I 

Hhi:l! 

Har 

pac 

Han 

/3a 

HYC 

To. 

MY 

rrpl 

Bbi] 

COl 

rro. 

ITJII 

qe· 

Hb: 

/C"t. 

CHi 

pH 

L__ __ _ 
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1 -:.:_{~)v 
== .,. v: 1. (I Jz. ·z. 

"" 0 CO:> r + ~ ~ .s«c. r 
1321 

C$}e 
• (e) 

VJ3 cpOpMyJI 1301 BllnHO, qTO y OTpiiUaTeJibHb!X KpliCT81IJIOB (£>'C) HarrpaBne-

Hlie pacrrpocTpaHeHIIH BOJIHhi, B03HIIK aiOmefi Ilpll K piiTIIqecKOll CKOpOCTII, HaXo-

nHTCH Me:>Kny HarrpaBneHIIeM nBII:>KeHUH 3apHna li OIITIIqecKOll OCblO, Y IIOJIO:>KUTeJib-

Hb!X KpUCTaJIJIOB (E< r) <;~Ta "'JlopMaJib 6yneT ne:>KaTb BHe yrna, o6pa30BaHHOf'O 

· HarrpaBneHUeM nBU:>KeHUH 3apHna II OIITUqecKOll OCblO, Ecnu CKOpOCTb 3apHna B03-

pacTaeT, TO, COI'JiaCHO 1321, OCb KOHyCa 11pU6JIU:>KaeTCH _nnH BC ex KpUCTaJIJIOB K 

HarrpaBneHIIIO nBu:>KeHuH 3apHna, HO He coBrranaeT c Heii: naMe rrpu (3 ==I 

13a liCKJIIOqeHHeM BhineJieHHb!X CJiyqaeB A:~ = .f 0 KOrna OCR KO-

HYCOB II HarrpaBJieHUe nBU:>KeHUH To:>KnecTBeHHhii. 

KoHychi o6hiKHOBeHHhiX u Heo6biKHOBeHHhiX BOJIH He MoryT rrepeceKaTbCH. 

TonbKO ecnu /3 = (3o/ )._, 

BeKTOphl rronHpH3auuu 

Mynoii: 1161. Ecnu Bbipa3HTb 

1 TO OHU COIIpUKaCa!OTCH BnOJib OIITUqecKOll OCII. 

;z(e) He06biKHOBeHHb!X BOJIH OllpeneJIHlOTCH cpop-
_. 

-t1- C IIOMOlllblO 1211 II 1261, TO cpOpMyna /161 

rrpencTaBnHeT rrapaMeTpHqecKIIe ypaBHeHIIH KoHyca rronHpu3auuii:. AHanHTnqecKoe 

Bb!pa:>KeHne HallpaBJIHIOlllefi 9TOI'O KOHyCa HeCKOJ!bKO CJIO:>KHO, .[lnH naJibHefiWllX 

coo6pa:>KeHn1l: nocTaToqHo Bocrronb30BaTbCH cnenyiOmeii: oueHKoii:. 

Ecnll OIITifqecKaH OCb HaxoniiTCH Blle KOHyca HOpManefi, TO HarrpaBrreHUH 

IIOJIHpH3aUlill 3aKJIIOqeHbl BHyTpll IIUpaMIIn, rpaHII KOTOpb!X COCTaBnHIOT cnenyiOlllUe 

IIJIOCKOCTll: } I KaCaTeJibHbre IIJIOCKOCTll KOHyca HOpManeii:, IlpOXOnHllllle qepe3 OIITu-

2/ IIJIOCKOCTII, IlpOXOnHllllle qepe3 OCb u rreprreHnnKynHp-

Hb!e o6pa3y!OlllllM KOHyca HOpMan efi, Jie:>KallliiM B f'JlaBHOll IIJIQCKOCTU (A(, K.z.) 

/CM. pnc. 2, KOTOpblll HapncoBaH nJIH Jt
1 

= 0 nnpaMUnhi cnenyeT. IlpOnOJI:>Kll'l'b 

pHc. 3 /. 
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x2 

x, 

X! 

Puc. 2 

Ecnu OITTU'l9CKa51 OCb HaXO.UUTCH BHyTpU KOHyCa HOpManeil:, TO KapTUHa U3-

M9HUTCH, TaK KaK KacaT91lbHbiX IT110CKOCT9H 0 npOXOLl51IUUX ttepe3 OITTU'l9CKY!O OCb, 

GonbUie HeT. Ha puc. 3 HapucoBaH KoHyc nonHpu3auuil: nnH 

X .a 

x3 

PHc. 3 

"" ' 

" = 1 ., . 

x, 

c 

1\, 

., 

I 
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4. 8HepriHl He06btKHOB8HHbiX B011H 

BepHeM CH Terrepb K BblqllC118Hll!O 9HeprHH, KOTOpyiO 3apH.u TepHeT rrpH 

CBOeM f1BH)K8Hllll B BH,lle He06biKHOB8HHb!X B011H. Ha KOHH'I8CKOH IlOBepXHOCTH HOp­

M8JI8H /20/ CilpaB8.UJ1HBO CJ18.llYIOlll88 paBeHCTBO: 

... ... (el tt.e .. 

Ecnu ncrronb3oBaTb erue TO:tK.uecTBO 

TO cfJOpMyna /2/ IlpllHllM88T ~11.0: 

r ./·we (f3o) z. J.2• 
.Jr(/J'"') = ;.;; c 2. --;;- o~ r 

0 

1t.4 3 { ctn}:>- CO:> BreJ) 

YtR- QC~Jo:>y)(P-t;. cnr) 

B JlorronHeHHn 6y.ueT rroKa3aHo, qTo 3HaqeHne a~oro HHTerpana 

X 

/33/ 

OIIHTb cyme-

CTB81fHbiM o6pa30M 38BHCHT OT OTHOCHT8JibHOI"O IIOJ10)K8HHH KOHyCa HOpManefi ll orr­

TnqecKOll ocn. noc.ne BblqllcJleHHH rro.nyqnM /eM, DorroJIH8HHel: 

, 8CJ1H OITT. OCb BHyTpll KOHyca 
1 

/34/ 

, 8CJ1ll OIIT, OCb BHe KOHyca • /35/ 

YJCC118.UOB8Hil8 9THX cfJOpMy1l OIIHTb IlOK83b!BaeT, qTQ IIpH HapaCT8HHH CKOpOCTH 

38pHll8 OT !{pHTnqecKOI"O 3HaqeHHH e/J.e H31lyqaeMaH 9H8pf'HH B03p8CT88T OT HYJlll, 

corne~cuo ¢opMyne /35,, B o6nacTH HarrpaaneHnii .UBH:tKeHHH aapHna, r.ue B03MO:tK­

Ha CKOpOCTb !1=;10 /Jc41 /35/ H81Ip8pb!BHO rrepeXO,llHT B /34/, }l11H llBH:tK8HHH BL(01lb 

orrTHqecKoii ocll crrpaaenmma .ung acex cKopocTeii ¢opMyna /34/. 
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.[lng '18CTHb!X CJiy'laeB l'tt = 1 H /t~ :;;; Q H8IllH. cPOPMYJibl 

2 
.::oenanaJOT c peaynbTaTaM H, nony'leHHbiM H paHbrne 

5. nonHO e H3Jl,l.'leHHe 

VJHTepeCHOil: HBJIHeTCH clJopMa Bbipa:>KeHHH ,llJIH 9HeprHH IIOJIHOrO li3Jiy'leHHH 

· s (CU) = s(D} (c..J) r s(e) (CcJ) • CHa'lana, Kor.na cKopocTb 3apH.na HaXO.llHTCH 

Me}K.llY KpUTH'IeCKHMH CKOpOCTHMH, B03HHK8IOT BOJIHbl TOJibKO O.llHOll IIOJIHpH38UUH, 

B STOll OOJI8CTH CKOpOCTefi OIITH'IeCKaH 0Cb-H8XO.llHTCH BHe KOHyca H IIOJIHOe Hany-

'IeHne pa8HO HJIH 

.e. 'I.. c., k " 11 
SrCJ> -= ~~~- ~) 

e~ (3 1 
1361 

UJIH 

~ ...e z.tv e- {1 _ /.J.. e} /1o 
c'- (3 (3 

137 I 

S(w) 

·B 38BHCifMOCTH OT Toro, HBJifleTCSI JIII KpHCT8JIJI OTp!IU8TeJibHb!M lfJI!f IIOJIO:>KHTeJibHbiM, 

Y H30TpOIIHb!X cpe.n STa OOJI8CTb OTCyTCTByeT, T8K K8K .llJIH HHX /1 ::: Jt . {~ ~ 

npn CKOpOCTHX, .llJIH KOTOpb!X CyLUeCTBY!OT 06bJKHOBeHHbie If He06bJKHOBeHHb!EJ 

BOJIHbl /u TO)!{e BCerna ,llJIH k, = 1 I, sHeprnH nomtoro nany'leHnH onpenenHeTcH 

cnenyJOLUefi ·¢opMynon 

S (w) .... . icv h. (1 _ (Jo fie} 
c1 (Jz. 

no 
' I 

/38/ 

He38BifCHMO OT OTHOCHTeJibHOrO IIOJIO)!{eHUH OIITH'IeCKOll OCH H KOHYCOB HOpMaJiefi. 

C nepeoro BarnHna ennHa aHanornH Memny· ciJopMynofi 1361 n uaeecTHOH ciJopMy­

nofi .llJIH H3JIY'IeHHH B H30TpOIIHOll cpene, 

Bo ecex clJopMynax 1361, /371 u -1381 nnH nonHoro Hany'leHHH n106onbiTHO 

TO, 'ITO XapaKTepHCTH'IeCKHe OIITU'IeCKHe CBOHCTB8 KpHCTaJI,TJa H rrapaMeTpb! .llBH)!{e-

H!HI 3apH.ll8 BXO.llHT TOJibKO qepe3 BeJIH'IH!lbl !3ol;1 H !3~1(3 

i 
L 

Bbl1 

!lbi:ll 

eTa 

HOI 

IIOT 

HOC 

npe 

Hbi: 

MO: 

cnc 

aoc 

rrp< 

Pc 

c 

B 
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6. 3 a K 11 10 'I e H H e 

nony'leHHbie pe3yllbT8Tbi ITOK83biB8IOT, 'ITO BOnpeKH H3BeCTHbiM yCliO:>KHeHHSIM, 

BbiTeKaiOlllHM H3 6onee cno:>Kaoft cTpyKTypbi aneKTpoMarHHTHoro nomr B aHH3oTpon­

HbiX cpeaax, ocaoBHbie caoftcTBa R3ny'leHRR BaBRnoaa-4epeaKoBa B o..oaoocHhiX KpH­

cTannax Bbipa:>KaiOTCst B npocToM BR..oe. 8To KacaeTcH npe:>K..oe acero aaeprRH non­

aoro H311Y'IGHHSlt KOTOpast HrpaeT pOllb B pB..oe npRMeHeHRft 9~~eKTa /c'leT'IHKH, 

IIOT9pH Ha H311Y'I9HR9 npR .llBR:>K9HRH '18CTHUbi '19pe3 BemeCTBo/. 

Jlnst Henocpe.llCTB9HHOrO cpaBHeHRst C OfibiTOM HY:>KHO y'leCTb BliHstHRe noBepx­

aOCTH KpHcTanna. BosaRKarow~M aa· noB~pXHOCTR nepexo..oHbiM asnyqeaHeM MO:>KHO 
.,-, 

npeae6pe'lb, fiO.ll06HO TOMY Kaic 9TO .ll91189TCSI npH R3Y'I9HHR R311Y'I9HHSI B H30Tpon-

HbiX cpe..oax. J..13M9H9HR9 ~OpMbi KOHYCOB aopManeA no en e BbiXo..oa H3 KpHCTanlla 

MO:»<Ho y'l.eCTb c noMOWblO saKoHa np.enoMneHRst .llllst BOliHOBbiX aopManeft. Bonae 

CliO:»<HbiM o6pa30M MO:>K9T BliHSITb rpaHH'IHast fiOB9pXHOCTb KpHCTallna Ha HHT9HCRB-

HOCTb H311Y'I9HHSlo 

B saKliiO'IeHRe nonb3YIOCb B03MO:>KHOCTbiO BbipasHTb npR3HaTenbHOCTb 

npo~. Vf.M. ¢>paHKY 3a BHRMaHRe K pa6oTe H fi01193Hbi9 o6cy:>K.ll9HHsto 

.ll o n o n H e H R e 

¢>opMyny /33/ Bbtpa3RM B cne..oyromeM BH..oe: 

/1'/ 

...... 
J{9fi0Cp9.llCTB9HHO BbiT9K89T H3 /33/. l3bip83HB 'ft. A:. 

C IIOMOlllbiO /21/, yCTpaHRB KOpHR B 3HaMeHaTene R OIIYCTHB '1119Hbi H9'19THbie 

B Co'lCf , nony'IHM 

I,·-+t;· / J "r 
" 
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r.lle 

L L 

T-(k,~t., +-~z.A:z.) (Q-R} + (kJ.!t.,-~~cz.) (P-RJ 

no.llCT8HOBKa 1 ~ f1 r npiiBO.lliiT K pe3yJ1bTaTy 

~ = - 1.«: ;Je / /Jo · 

1._ j_ ( iJo ) 2-

r/' ~L ji; 

/2'/ 

n O.ll06H hiM cnoco6oM nony'IIIM no en eLl oBaT enbHO .ll.TlSI [2. en eLl YIOLUIIe Bb!p a)KeHIISJ: 

J
OG u t.. +-X . fOG a.~ -t t-

1 =: 1 i . d = 4 . "' 
1 _ 00 (")'-.,.1;])~-N)(H")'·-2t"JJ-M) J -eo W)'"-2il>d-11 ) 

B KOTOpb!X 

/3'/ 

,p;;.; 
c, 

IV"" P -1/·R 
t ) 

1> = 1c (P-R) 
1 ) 

z. z. 
/1: ~(P-R) -1-iz. (£?-R} = tt/• -( t1o/(1) ~-

~ ,_-

U "" W [ ( ;1/f5o J 2. { ~f -t
1 

+ il. kL ) /1 + 2 kl. k,_] 
. I 

z. [ L J X = { (J/ (5,) M Lt.,]) - ( IJ/ /J,} ( l, It, f ~lt.z.} /1 - .2. -tz. /:1. { /1rJf} 
1 

4. = {UM +- XW} j(ltN])i) I 1r-=- X/(.2N) 

nocne IIHTerpHpOBBHIISJ ITO.Tly'IHM 

a> 

-

I ;: fiic.' _4- [ ( i 0 .t-- a.z,) srn z., - ( 1·t- a.zz.) Sfl Zz J I 

2. w z -z. 1. , 

r.lle -t21 H t21. SJBJlSJIOTCSJ KOpHSIMH 3H8MeHaTeJ1SJ B /3' /: 

]) ;t Kz A:.t /1o/;1 
z ~ 

1,2. W' 

....... 

K opeHb Z_, >0 , 3HaK y Zl. 38BHCHT OT OTHOCHTeJlbHOro llOJlOYK8HIHI OilTIFieCKOH 

OCU U KOHyca HOpManefi, TaK KaK Zz. = 0 LlJlSI (3 = ;'1o/ft
1 

• T BKHM o6pa30M, 

nony'IHM 
l. 

12. .= .2;-(;3/(lo) A:, 
H 

~ = 2n(3/~o 
/4' I 

~ 

~ 
N... 
·~ 
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