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1 . Buea ea u e 

B cYmecTBy~me A Te OpHH aHH aMH4 e cKOA aH~paKUHH 4p e 3Bh~aAHO 

60nb my ~ ponb HrpaeT npeD CTaBneHHe 0 6 0 6p aTH oM Tpe XMepH OM 

np OCTpaHCT Be BeKTopOB pemeT KH . B HcA BB ODR T CR Ta KHe nOH RTH H , Ka K 

aHcn ep CHOHHaR no a e p x HOCTb, clOephl Jlav a, 3 Ba nbaa H p a 31lH4Hhie 

COOTHome HHR Me_ay HHMH . Bce 3 T H aTpH6YT ~ aena~T H 3h~ DHH aMH 4 eCK OA 

T e opHH DH~p a KUHH 0 4 e Hb a6C T paK T Hh ~ H TpyaH h~ anH Boc n p HRT HR. 

HaH 6 0n e e x op om o B cyme cTBY~meA TeopHH p a 3p a 6 0T aH O nByxBonHoBoe 

npH6nH_eHHe . B h~oD 3a paMKH aByxBonH oBoro IlpH6nH * cHHR n p HB o a HT K 

p e 3 KoMY B0 3p a cTaHH~ BhrlHCIlHTellbHhl1 T p y a Hoc T eA, KOTOP hle 

ycyry 6nR klT cR H311HWHeA a 6cTp a KTHOCTl.kl. Mhl n OK a*eM , H 3 TO HRIlReT eR 

U Cll h~ DaH Ho A p a 60T~ , 4 TO DHHHMH4ceKYkl TC OPH ~ nH~paKUHH MO*HO 

c:~op My n H poB aTb B oone e x ar IIRnHhll T ep MHHil l. I1 ~ H 'H! M OOWII H 

~ O PMYIlHpoB K a HHCKOlJl,KO He o r p n HH 't HHi/ CTC H IIAYlII OIIH OHI ,IM 

n pH ()IIH*eHH CM. P a JYMCCT CR, KOHK p CT Hl,1C P ;II "" ' "10' OKII :JI,UIIUl T CH T CM 

C110* HI) I: . 'W M ()OJlh WCC 'IHellO HOl lH Y'lIl CTBYI:r H IIHOlllll KUHH , HO II / l r o p HT M 

1 )f :WI :H~IH OIl HHIl KO H I1I)H JII) ( ' (lM KOJIH 'I CCT II C 1I0 1lH ~t JII: l'K O I.H;Y WC C T UIl HCT CH 

1101 CK p OMII "'1 KOMl1hJlT Cp HI . 

OCII OII II I,IM II 110110 11 OlOPMY1IHPOIIK C n : oplill IItlll lll : r r. 1I I1p e llc r ll ll/lCllHC 0 

I1f l ~ pa K I1 ~H1 11 11 II/IIlCJll ()C CKOII C' lIton KI )ll C TIIIIl1l1'IIi r. Kon 1l11 0C:Ko e T H, 

n u p u nu m .u un no u up r u o cn 111 01111 011 ru . I1/ IOCK l\ 1I II UJl IIIl "J )(lI OIlH r 'WpU:l :H Y 

1I11 0 CKOCTI, Il OTpn * II C I CJI () ~ 111:1] , II CII 1,1 11,111 1111 I'U/II ,K O II I1CKp UTII l, 

H .I MB HI: HIIH IIO Jlltll llor o II CK l II!"" Oll llllllllIIlI IJMI,U; II I1YMl: PII OIl OtJplIT IIO n 

pC WI:n o A 1I110 CK OC Tl 1. n OOnIlJ1l :IHtl: IIP ynu 1I/ 111r.K OCI IH1, KOTOP I,IlJ 

COCT II II I IlI I I1 r !'IJ I MlJp lI l.II \ KI1t1C TII IIII , II l.Hl II I JIll 1I I IIlII ,K O K It :IM LllllllHtll 

HHll:II CIIIIH OGTl l l'l 1I1:0l/10K [: nll Ol llHl ll 1I11 0 CKOCIII, li n 1111 MUIlIlIJ l 1I11111111 HlIlll1Hl-l 

P C~ IIC_ C ()II . Tn_ItM Uri llfl ~llJ M , 1I1111J l n ll / l Ullltll /I II Olllli II 111111 Olill U/l U /I IIIIT CIl 

*'T OllI. K(j 1I0 1lIJJl l ll tl ClII Oil 11I10lJI II K Illt1l1lll Oll JII I Wl l rK On , r l l Y( lI t ll UII II 



CTPY KTypa KpH CTanna ~HnbTpyeT HeKOTOpb~ H3 3THX HanpaBneHHR. 

YCHnHBaR HX HHT eHCH BHOCTb . 

Pa C~eT HHT eHCHBHOCTeA 3 ne Cb npOH3BOnHTCR MeTOnOM peKyppeHTHba 

COOT Ho me HHA. 3 T O 3 H a ~ H T cnenYDmee : 1) aMnnHTynM p acceRHHR Ha onHoA 

nnOCKOCTH C~HT a DT CR H3BeCTHbIMH . 2) aMnnHTYllbl sona ~n ' nanaDmHX ae 

n -D OT Bx o nH oA n OBe p XHOCTH nnOCKOCTb, Bb~a_aDTCR ~epe3 aMnnHTynbl 

aona , nana DWHX Hil n -1-D nnOCKOCTb . npHMeHRR COOTBeTCTBYDlIle e 

COOTHoweHH e p e Kypp eHTHblM 06paJOM n pa3, MO_HO 11' B b~aJHTb ~epe J 
n 

aMnnHTyny nn c c xoa sonau ~" naaaoaea aa nepBYD nnOC KOCTb . 

AMnnHTyny . e 11', 6eJ Ylllep6a nnR 06mHocTH MO.HO C~HTaTb paax oa 

e n HHHu e. Cneny eT . onHaKO . OTMeTHT b . ~ TO MHorOKpaTH oe npHMeHeHHe 

peKyppeHTHoA npoueazpu OKa3bIBBeTCR HeHY.HblM. ec na aoc nons aoaa r s ca 

npHBMOM M~cneHHoro pBJpeJBHHR 6ecKoHe~Horo KpHCTanna Ha O T n e n b H b~ 

nepa ozm. 

80 BT OPOM nYHKTC M~ c~opMynHpyeM Bce OCHOBHbE yp aBHBHHR . a B 

rp er i.ea npHBeneM pemeHHe HBKOTOPblX KOHKp e T Hba aaaax nH HaMH~ BCKOA 

Te opHH nH~p a KUHH llnR TO'lB'IHbIX pacceHB aTe neA B cnY~Be 

TeTparOHanbHoro MOHoaTOMHoro KpHCT o nna C TeTparoH anbH oA OCb D, 

nepneHnHKynRpH OA BxonHoA nOBopXHOCTH. DnR npOCI OT~ H B ~H CTO 

HnnOCIpaTHBHba uenax Mbl orp UHH~HMCR Ton"KO p aCC BRHHeM CKanRpHI.IX 

B onH H nnR KOHKpB T HOCTH 6YllOlii HMUT" B BHllY Jana~y 0 nH~pa KUHH 

HeATpOHOB. 8 3a K Jl IO'lC lI H C CTtl Th H nJlH nUMOHCTpaUHH nepcnBKTHBH OGTH 

MeTona p aCCM OTpeH 3~~B K T llIlYXH(lJIH On Or O opar r oacxor o OTpa.eHHR, II 

KOTOpOM CO'leTaDTCR r eOMeTpHR JIlin H 6 p Jrr o . H cymcCTBYDmeA TCOPHH 

COOTBBT CT BYllmHe paC~BTbI Tpe6YDT n p HliIl: HCHHII '1CTb~e xeonao eor o 

npH6nH_eHHR . 

3aMeTH"' . 'I T O J a n a 'l a o nH~ p ll KuHH HonH Hn TO 'l ll' IH"'X 

pBcceHBBTenRX a ccn enoe anacs BO MHorHx pa OOTIlX ( CM., HIJIIJ}HMI IIl, 

MOHorpa~Hll/l l H CCbUlKH B sea) . DnR xe xor o p un CTI.lYKTYJ,l ynn llTc H 

2 

--- - - _.-

HaATH TO~Hoe pemeHHe . HanpHMep, TO~HO pemaeTCR 3 a n a 'l a 0 nH~paKUHH 

Ha KpHCTannH~eCK OA HHIH H nnOCKOCTH. (3neCb K CCbUlKaM ynOMRHYTOA 

MOHorpa~HH/ll He06xOllHMO n06aBHTb pa60Tbl/ 21 Hili :) 3ana~a 06 

OTpa_eHHH OT nOny6e CKOHe'lHoro TpeXMepHoro KpHCTanna pemeHa B 

/ 4 / 
pa60Te • HO,HB Ham BJrnRn, 3TO pemeHHe He O'leHb yn06HO nnR 

npBKTH~ecKH x p a C4 CT OB . 3ana'la 0 nH~paKUHH Ha KpHcT anne K OH B ~HOA 

TonmHHbl crpor o pe me a a anepase B Ha cTORlIleA paoo r e . 

MeTon p eKyppeHTHba COOTHomeHHA nnR o n HOMe p HblX Jana~ 

/ 5 71 pa 3BHBanCR BO MHo rHX paoor ex , Cp e n H c a M[,IX p aHHHx - HJ 

pa60Ta / 61 HJBeCTHba a BTOp y HaH60nee 6nH JKa K T OA HneonorHH , 

KOTopaR HCn On b JyeTCR J n BCb . 8 60nee n03nHHX p a60Ta x , HanpHMBp B 

/ 8/ 
KHHre , p BJBHB ilnHCb B OCHOBHOM MeT onbl , HJno.eHHbE B 

MOHorPB~HH / 7 / , 1'}lC 'I' :I K a;c , Ka K a nY6nHKaUHH /5 ~ pe KYPp BHTH blA MBTOll 

npHMeHRnCR IJJlR noc ne aoa u t ens aor o y~eTa rpaHH'IHbIX y c n ORHA Ha 

noaepr HOCTRX paa a e na coc c n HHX cnoeu . B PflOOTBX 1 .1 . 9- 111 tiloln cne na« 

HOBblA mar B p n :IHHTHH MCTOllR , B HMCHHO, IIpH p a CCMOTpCHHH 

MHorocn oRH blX CHCTCM OKR :l llnOCI. yn06HbIM HBCCTH Ro06paKaeMbIC 

II UKYYMHbll IIlCJlH MCKIIY CI IOHMH. :lTH lIl11nH, ti y n Y'l H C!C CKOHU' I HO Y:IKHMH . 

HHKtlK HU HJlHHUT HII ~H JHKY IIP OUCCCll , HO CHJII, HO ynpOIllUDT 

MIITUMIIT H 'IU C ~ OC PUDlCHHll :l ll n ll 'l H. OCHOBHI,IM O()1,e kTOM 11CCJIllIIOHIIHHA B 

YK OJ IIHHloIX PROOT RX C,..UIO PII CCIl HHIIlI (IUCCII HHOHloIX Hll " TIJUHOII . o n HIl KO H 

P0 6 0 T Il X I J , ' II (JW lO OT MO'1I:1I0 , ' IT O Mil TOil 1IIJl1MllIIHM HU roni.x« ~ 

p lI c c enHIUI CKII JIII PIl IoIX 11 01111, 11 0 I t II (J0 111l" 110_11 "' X lIY'I II HX . J TO 

n O:1HOl III C T 1I11 1111 T1. II lJp lll On OT o n llOMll p Hor o upocrunuc ru n 

Tp ll XMCp HOMy , n OC~ Ulllo ~ Y mt~pn r lt pO II II"HY ll HOlllIY Mlnll O IIP CII CT!lIIHTl> H 

II It II rJU G~ O ll lJ I I H O JllUP II OI' 0 II llk TOp .. , k R .1111H ~ UMII UII IlII T n k OTopo r n 

COOT/l ll TC T Il Yll T OIl II O"' y 11:1 II l1l1pn n ll llll lt ll /11 lOlp n KlH lI 1. I1Mll lI lI O :ITOT IIPIII :M II 

" GII OJII, :cy u r c n /I II nll ll ol\ p n OOT.. . 
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2 .	 Yp a BHe HHe AH~p aKQH H Bo nH Ha n pO H3 Ronb HOM Tp e XMe pU OM 
Kp HCTa n n e 

PaCCMorpHM CHa~ana OCCKOHC~Hh~ KpHcrann, cocrORDlHA H3 

OllHHaKOBbIX napanne m.aux lIpyr lIpyry nnocxocrea. MhlcncHHO pa 300bCM 

cro OCCKOHC~HO Y3KHMH BaKYYMHh~H npOMCII(YTKaMH Ha OTlICnbHhIe 

nepaozru, npH~cM pa 30HCHHR npOBClICM nocepea axe MClIClIY aTOMHhlMH 

nnOCKOCTRMH . DE 3 YDlEpOa lInR OODIHOCTH OYlIEM C~HTa Tb ncre auaanu 

a T OMOB CHMMCTP H~HhIMH OTHO CHTcnbHO nnOCKocrH. 

Bh ~cpcM KaKOA-HHOYlI b BaKYYMHh~ npOMCIICYTOK . 0003H a ~ H M B HCM 

BonHY , pacnpoCTpaHRDDlYDCR B CTOpOHY nnOCKOCTCA , nClICaDlHX cnpaBa OT 

Bh~paHH oro npOMCII(YTJ(8 , ~CPC3 ~ 0' a BonHY , pacnpOCTpa HRDDlYDCR B 

c r o p o a y nnocxoc re a . nCII(aIllHX cnC8B OT Bh~paHH oro npOMe Il(YT Ka , ~epe3 

~ 3aMeTHM, ~TO oDe 3TH BonHM RBnRDTC R oeCJ( OHe ~ HOM epHh~H o 

BeKropaMH, nOCKonbkY COllepa8T KOMnOHCHT~ COOTBCTCT BYDDlHe BceM 

B0 3MoaHh~ HanpaBneHHRM lIHO'IPBKUHH , npH~CM ae xe TeM , KOTOPblC 

npHBOllR T K BHpTyanbHh~ , T .e . 3J(cnOHCHUHanbHO 3 a r y x aDDlHM 110 

HanpBBnCHHD or IWOCK OCTH , Bo n Ha M. BonHB ~o CBR 3aHa C ~ o O~C B H lI H hlM 

coorHomCHHeM 

~o ~R~o ' (1 ) 

rllc R aM llnHTynB OTpall(UHHA OT nOnYOE CKOHe~H oro Kp Hc r anJlIl , 

KoropaR , CCTCCTBCHHO, IIPClI CT8811 RCT c060A OCCKOHC~HOMCPHYD MaTpHUY , 

PaCCMorpHM Tcncp L cncnY~DlHA c n [l ftn ft n 8KYYMHh~ np OMCII(YT OK. H 

HeM HMCDTCR a H a nor H ~ H I,Je B on H b l ~ , H ~" lI[JH'Il :M A cHny ncpHOIlH~HOC Tlt 

Kp HCT Bn n a HMCCT MeCTO COOTH o mCHHC 

~, ~ex p ( iql ) ~ o '	 (2 ) 

r ne 1 - IllHpHHa nepuoaa . a q - ()JI0XUH (;KHI-I UllJllI OII On liC K TOP , KOr O\)\,11I 

roxe npencraana e r cocoa OCCJ(OHC'IH()MC PHY~ MlI r pHIIY. 

Paccacrpaa r enep s n epaoa , 3 UKJl ll'lC HHI,IA McallY 11IIYMR YK n :snllltI.IMH 

np oMcJ[yn aMH. Bo n Ha "'0' lIHO'IparHpYH HII HUM, UT p u a ll llrCH <: IIMnnHTynoll 
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r H npOXOllHr C aMnnHrY IlOA t B cnClIYDIIlHA BaKYYMHh~ npOMCII(yrOK. 

AMnnHTYlIhl r H t RBnRlJrCR OCCKOHC~HOMCPHhIMH MaTpHuaMH , H Mhl OYlICM 

noner a r s , ~TO OHH H3BCC rHhi. lInR s onau 

'"
, MO.HO HanHcarb 

c a Mo c o r n a COBa HHOC Bh~all(eHH e 

~, ~t"'o +~t ' (3) 

Koropoc 0 3Ha ~acr , ~ro cxnenuaae r ca H3 eonsu, npomcllmcA H3 '" t 

npellhWYlIlcro n p OMCII(Y TKa, H BonHM ~t 3 r o r o II(C npOMCII(yrKa, orpa.CHH oA 

OT OllH oro ncpHOlla cnCBa . 

nOllcraBHM ~ t ~R"'t H (2) B ( 3), nonY~HM COOTHomeHHC 

exp( iql) ~ ( l -rR) - tt. (4 ) 

PBC CMorpHM T cncpb BOnH Y ~o ' ee MOII(HO npellcraBHr b B BHllC CYMMbl 

~ 0 ~ r4- 0 +t~ I ' (5) 

B	 KOTOpoA HHr c p n p CT B UHH Kn.ll o ro c n a ra CMo ro Bn o n He o~eBHlIHB. 

n OllCTII BHn c rlllll ( 1.) H ( 2 ) , lI OJIY'lHM UWU OllHO COOT HOWUHHC 

R- r+tR o xp ( l q l ) . (6) 

n OllCT flRHM (4) a ( 6 I, 8 p UJ Yl l b T ft TC lI onY'IHM y p n nn l! HHE II I1R R: 

R-r+tR (l -rR ) - ' t , ( 'I) 

KOTOpOC Mo aHO T ft K. C Jn ll HCOT b " " HII C 

(H- r) t - ' (l - r R) - CR. ( 8) 

3n MllTltM, ' ITO CCII H R x p u c t annu u o n n u PII C" POCT p ft HIIllTCII a a n pu a o , 

TO OTlHUCI1I1U or n e u on 1I0 l ly l'JUCk OIl C' I HOA 11 0 110 " 1111 1.1 OeC KOHC'lI'O r o 

-, 
k pH Crn/lllft OIlHChUl lIu r CH BMIIll llrY11011 II , xur o pn n, KBK " Cr p YII HO 

1I0 J(8 :111 11o. YII OIi JIUTII Op liCT TOMY a ll ypn ll ll lJll m l I . 

JlUWllIl Yllnll llU liHU ( RI II u o n c r n u u n ur o II (4 ) . HIHI I1CM (H IOI OII Ck Il A 

O'IB JOII ",A Mll o . " r ll lll , . nJllf 1101111 0 1'0 PUIUll li ll 1l a n lin '111 (J 1I" " a ll ll I1l1 ' l ft CTl l ll J,I It 

OUCk OllU'l 11 0 M KJ.lltCT n JIII C II UOOI OIlIl MO II IIIJ II l1Ar ll IIUK r ll j l " .. , xor o p ua 

TOIol Cl I Y' l ft /l HlI l lll RTCH COOCT II UII HOJI I Yll k li lw A (JlIOI OII Ck o r o IJUKTOp n '1. 

Jnnn'lB n BCCCII HI111 li n n Olly Oc c KOII ll ' II 10 M k J1 II CTlI JlJI O II p l1 M 

!i 
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OKa 3b~aeTCR TO:lle pemeHHOA , nOCKOnbKY R H e xp(iql) Y:lle HaAaeH~ 

EaHHCTBeHHoe OTnH~He OT 6CCKOHC~Horo KpHCTanna COCTOHT B TOM , ~TO 

B Ka~CCTBC ~o MO:llHO 3 a a a T b npOH3BonbHb~ BeKTOp , HanpHMep BCKTOP C 

oaHoA eaHHCTBCHHOA KOMnOHCHToA , OTBe~aDmeA 3 a a a HHo A naaaDmcA 

nnoCKoA BonHe . 

4pe3BbNaAHO n pOCTO r ax ae HaATH aH~paKUHD Ha KpHCTanne 

K OHe~HoA TOnUlt1HbI, T. C. KpHCTannc , COCTORmeM H3 KOH C~Horo '1HCna 

6 e CK OH e ~ H O npOTRJll:CHH blX KpHCTannH~e C KH X nnOCKOCTeA . DeA CTBHTenbHO, 

nYCTb KpHCTann COCTOHT H3 N TaKHX nnOCKOCTeA . HepHCMCR onRTb K 

6e C K OH C ~ H OM Y KpHcT anny H OTM CTHM , ~TO OH n c pHoaH~ CH TaK:llC C 

nepa oaos L=Nl. BB ca CM aBC BaKYYMHbJe menH Ha paC CTO RHHH L apyr OT 

a pvr a H npoa e ae a see r e .e pa ccy.aeHHR , 'ITO H paH bwe , HO r e n eps B 

Ka ~ CC T B e BNnnHTy a r H t 6ynYT ~HrYPHpOBaTb a Mn n HT y nw R. H T• 
OTpaJII:eHHR H npOnY CKBHHR N nepHoaOB , KOTOPble TO*C RBn RDTCR 

6e CKOHC'I HOMCPHbIMH MBTpHu aMH. HbJPaJII:eHHR (4 ) H ( 6) T cnc pb 6 y a n 

HMeT b BHn 

a) exp(lqL) -(l -R.R) ·'T•• h) R"R.+T.R e xp ( i qL ) . ('l ) 

11"1\>:1)1(" 11 11 " (91\ ) YIl o 6 HO n tlllll<:T IIHHTI, R RHnc
 

exp( lqL) "'T. ~ R.R (' x l' ( l qr.} . (J Il)
 

Pa :lptlmaH nHHtlHAH Y.l 1: ~l C TC MY y p lI HH BHHA ( ~l h) H ( 10) OTHOCHT c n bH O H. ~1 

T. , nonY'II1tlM 

'I'. ~ (1 -R' )eXp (j qJ.,)[ I " I{ "xp ( I 'l L)ll o x p ( l q L) ) " (11) 

R.=[R-exp( iq L) R c"p( lql. ) l l l - 1l Ull l' ( J q l. ) R u " I' ( l q L) ] (l :l ) 

noaCTBBHB c o aa R H q HJ ( H ) I t (4) . HI,IP" :IHM II. ~t T. 'lIlpC J 3 11 11I1 HH...) 

napaxe rpu r H t . clJopMynil ( 1 1) conc p Jll:H f H cu ou II CC XOP ODIO IUH CC THI, IC 

p e a y n s r a r a , Ka caDmHCC H M(JHfHHK Ofllol X KOIIC 6 111lllA I1H TllH CII IlH OC TI l Illl 

BblXoaHoA noaepr u oc ru KpH CTIIJlnil npH ilHlpIIKU~HI lI llY :) . 

HTaK , KnD~llB bIMH B bJPU:ll CHHIIMH HHIIHDTCH ( 'll , (4) , (11 ) II (1 2), 
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K OTOP~ cnpaa eanaau nnR pacceRHHR npOH3BonbHbIX aona Ha 

npOH 3BonbHOM KpHCTanne, npH npH 3BonbHOM B3aHMoae AcTBHH BOnH C 

aTOMaMH Kp HCT a n n a . npH~eM noa a T OMOM MO:llCT nOapa 3YMeBaTb CR uenaR 

KpHCTannH ~eC Ka R~eAKa . npHHRToe paHce ycnoBHc CHMMeTpHH nOTCHUHana 

B3 aHMoaeAcTBHR H 3ny~eHHR C a TO Ma MH OTHOCHTcnbHO paCCMaTpHBaCMoA 

KpHCTannH~eCKOA nnOC KOCTH He RBnReTCR Hc06xonHMblM. n p H OTCYT CTBHH 

CHMMeTpHH , a Mn n HT y a w r OT p a :llCHHR OT nnOCKOCTH cnCB a H cnpaBa 

p a3nH~aDTCR la 3 aMH, KOTOPb~ uenHKOM HacnenYDTCR a Mn n HT y a a MH R H 

~, npH 31 0M aMnnHT y n bl nponYC KaHHR OCTaDTCR OnHHRKOBblMH npH 

nponYCKaHHH B 0 6 0 HX HanpaBnCHHRX . 

Hama 3 a n 8 ~ 8 r e neps COCTOHT B TOM , '1T06bl noxa aa rs • KaK 

npHMeHRDT CR 3 T H BbJP8:lleHHR nnR npaKTH'I CCKHX pa C'I CT OH. C 3 TO A ue nbD 

101 101 o r pU HH 'I HMCR pa CCNOT p CHH CM nHlpa KUHH 6e3cnHHOBbIX HeATpOHOB H8 

Oll HOUT OMHOM T CTparOH8nhHOM KpHCTsnnc, TCTparOHanbH8R OCb KOT o p o r o 

Ha n p lI Hn CHIl n cpncHnH KynRpH O n OHc p XHOCT H. 

3 . n ll l p 1IK UHH HCAT POHOB Hil TCTp 8 r o Hilllb HOM KpHCT Il Jln C 

Il l. DH~pn K UHH uu (l CC KOHC' I HOA KpHCTlIJIJIH'W CKOA nJlOCK OCTH 

CHII ' iii I I;' , -i r o n u nO l IY' IH n, HCOC'lx O/l Il MI,1C HilM Mn TIIHllJ,I r H t 

Hnn oMHII M xono r x u , KIIK PCWII CT CII J Rn n 'l lI 0 nHOlp llKlll1lt Hil 6 CCKUHU ' I Htl A 

KP I1CTII I IJIH' I Ur: K0I1 n II OCKOCTl1. IIIHI HOM MI.I 6 YIlf: f>1 cnunonor r, H:IIIOJII:CHHJl , 

II pl1H cncHH OMy II Klll lr c / J/ . 

I' ll C C: "4CJ r p 11M lJl : CKOII C ' IHYI I K(lIi C Til IIJIH'W GKY Xl IIJl OCKOCTI , C 

OlllIOIl T0 14HOIol k llll nplI T HOH lI'II Jl1k o ll c o CT0 J1 0 11 0 11 I I II P Ili IIt IlI O ", II M UC nllli 

KOIlKIll : TII OCTII IIIl PIII :II /lI IK YJHI PlI lJ 1)1: 11 'I., II n Il JII.lIIH llDIiM MI,) II CU nJllllll,1 

(I Yll llM lI1.1pll a n rr. II r:nll lll lu n x II II " OTOMY ( ,y n c M T fl P l l ll Y ,I II OJlll r II T1, 

nn n u o n Un11ll 11UlJ . A14I1I11I T y nl.l p ll r: CII II 111111 u c u r II r OMOII () y n UM ' lll T II TI. 

llnl llHl KO ll lolMIl II 11 1111 111,Ilol11 h . JTIl ~I II II ' II IT , 'I TO II ll JIIIOII II II I YII KIl I Il I n n n r p onn 

IIP l l P II 1111" " lin n n llflM Ilnllll C Tl II:II1I 0M nT OM II r fl' l K 



r , pae aa 

Y'(r)=exp(ikJ)-exp(ikJ,) (b/lr-r, I )exp(iklr-r, I ) , (13) 

rne nepaoe cnar aeaoe OTBe~aCT naaacaea aonxe , a BTopoe 

p8ccellHHOA (k=lko l). AMnnHTyna b B cHny ycnOBHR YHHTapHOCTH 

npenCTaBnllCTCII B BHne KOMnneKCHoro ~Hcna 

b=bo/(l+ikbo), (14) 

npH~CM BenH~HHa bo' KOTOp8R npH OTCYTCTBHH HeynpyrHx IInepHblX 

npoueCCOB IIBnll eTCII ~HCTO BemeCTBeHHoA , Ha3bIBaeTCII nnHHoA 

pacce aaaa . 

80nHOB811 ~YHKUHII HeATpoH8 npH p8ccellHHH Ha COBOKynHOCTH IInep 

MO.CT ObITb npenCT8BneH8 B BHne 

Y'(r)=exp(ikor)-EY'(rn) (b/lr-rnl )exp(ik lI--rn l), (15) 

rne Y'(rn) - 8MnnHTyn8 BonHOBoA ~YHKUHH, n anallU\eA Ha i-c IInpo. 

K03~~HUHeHTbI Y'(rn) ynOllneTBoplIllT cncnYllllll1M ypaBHeHHIIM: 

~(r. ) - exp(ik r . )-E~(r ) (b/ li -i I )exp(ik lr -r I ) , (Hi)
J 0 J . n j n J n 

n'; J 

KOTOPblB BMCCTC C ( 1~) o(Jpa :lYIlT CHCTe MY ypaB Hc HHA T COpHH 

MHorOKpaTHoro paCCCHHHH 80llH (MPB l. 

8 cnY~BC plicceHHHH HII IInOCKOCTH pellleHHC ypaBHcHHA (1 6) MO.HO 

H3 COOOp8.CHHA CHMMllTpHH I1CKRTh H RHnc 

'I'(rn)=c exp(ikorn)· (1'7) 

nonCTaBHB (171 B (16) H ItOCIIOllb J OIHllllIIHCh <!JY P lol' - pa " Jl Ol l<l ' IIH l' M nllll
 

ClOepH'leCKOA BonH~ H npallHIlOM CYMMI1POHIIHHII 11 0 nH cKpc THOA p cm CTK C,
 

HaAnCM BCnH'lHHY C
 

a) C=l/(l-ikb-_j, b) _ --[2n ib/k J r (111)

n 

n 

rne
 

a) k,.L =!k' -fe' b) k, I - k ,+.;, r c) ; 1 - 2n(m, ,II, ,0), (1 !J)
 , i ' o 

II 

KOMnOHeHTa BonHOBoro ae xr opa k ' napannenbHallko n o 

KpHCTannH~e C K OA nnOCKOCTH, a m,' ~ npOH 3BOnbHbie ue nue 'lH Cna, 

Ka K nonoxa r en sn ue , Ta K H orpaue r e ns xue . nOnCTBBHB (1 8al B (1 71 H 

(1 7) B (15).nonY'lHM nnll BonHOBoA ~YHKUHH HeATpoHa npH paCCCIIHHH Ha 

KpHCTannH'l e CKOA nnOC KOCTH, pacnOnO)((e HHOA B TO'lKe z', Bb~a)((CHHe 

'I' (r) = e x p ( i k i:> + o 

. [ ( - 2n ib / k )exp( i k II I- II )exp(ik I z- z ' l . i k z ' ) , (20) 
n P " 1. " n J. 0 .1 

rne b - a MnnHTyna paccea u a a a TOMo B, pacn onoxe na ur per vnapao B 
p 

nnOCKOCTH. AMn nH Tyny b C y ~CTOM (14·) MO)((HO aanacar s B sune 
p 

a ) bp - b C= bo / ( l - X ) , b ) X= - / ( 1-ik b) - - [ 2ni bo/k n .L ' (21) 

38 MCT HM, 'lTO xacn , CY MMbl B ( 2 1 bl C Rc U\eCTBeHHbIMH kn .L ~HCTO 

MHHMOII , H OHa n 0 3 BonR CT ynoH n eTHOIIHTh y c n o HHIl YHHT 8P HOCTH npH 

POCCCIIH HH HO Kp HCTO n n H'l CCKo A n n OCKOCTH, OCT8 n b HoII 'l a CT b CYMMM npH 

OOl lh WHX T - 'I HCTO HCU\CCTll CHH8H , OHIl HMCCT PII CXOIl HlIlI1ACII II Hn , HO aa 

CUMOM nune npcnCTlIII II IICT BnO l l HC KOHll ' l HYIl ~ Y HKUH Il ( CM. , H8n p HMcp, 

KHl1ry / 3/ 1, n OJTOMY MLI Oy n CM OOPIIUlOh CII C Hcll K8 K C Hop M8 n b HbiM 

IHlnOM, Yn o Oc THo npcnCTIIH nC HHH r opo uua I'IlYHK IIIHI H TO KOM IlHn C C: OCTOHT 

II TU M, 'l TO OHO nnur HO:t MO. 1I0CTh PII :I Y liHne Tl" KlI K 113 MCHII CTCII 

MHHMn H 'lIl CTI, II MlI l lHT y n lol h " II PII I1J Mll lICltlHI f<" II , COOTl l ll TCTl l ll HHO, II PH 

/lO JH I1KHO/l ll Hllll HOHIoIK Kn HOl lO /l nl1~p O Kll H I1 . 

H.I II l1nll II OI IHO/l o il lOYHKllHII ( ;!O) CIII: n Yll l', ' IT O cc MO.1I0 

uuunc r n u n r t. II /l Hn 6ll CKOIIU'I IIO Mcp llor o III:KTOpn , nnanoaunuor o 110 

OOJ HCY ~" -.)(p (lfl"l i·I ) ' (l Il KTOP '1' 11011111.1 , orun a e u u o a OT 1I110 CKOCTI1, 

"10 . 11 0 IIJl ll n CTn ll HTI , H Il I1I1C '1' , - r 'l'" , ril e Y'" OllUI ' I II c r IIn lln l lU\cll 1l0nH C H 

COOTII CTCT Il YUT nlla TOPY. Hn ll l l ll llllClIlI OMY 11 11 0 111, 1.:n IIlI CTII UHlI o ro n :JI1CII OI'O 

0 IITn ;'.. , ~ OMII OH U ll nl II UKTOIIOII .,., It '1'.. (: 11 11 :' 11 111.1 II p y r C IIpy r OM 

I l lll MI1II Tn NI1 Mn T IlH II I~ OT PO*U II III I r' , AII II II Or lt ' I II I,1M uO l ln :1OM 1I01ln n 11'. ' 

IIllflllY IllUll lln ll 1I110CKOCT I,Il , 11Nll CT KOMII Oltllll H l , CII II ;, n ll ll l. a OMII OIIIl IITu ll 
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BCKTOPII "0 JnCMBHTaMH MaTpHUhl npOnYCKaHHR t. MaTPH'iHhIB JnBMCHThI COOTHomCHHRMH (26) , npHBcnBM ypIIBHCHHC (8) K BH4Y
 

MaTpHU r H t nCpHOnll nnHHOA 1 C KpHCTannH'iBCKOA nnOCKOCTb~ a) IR-I[' IR[ ' =fl (pL+iJ )IN ( p" [(' +iJ ),
 

n occpcnHHf paBH~ COOTBCTCTBCHHO: b) p ~, =06 r , EIRr j Kj , C ) P •r l -=6 r i. ~t'1R j i Kj e •j (2B)
 
J	 J 

a) rr n =-2n ibp e en I k 1.' b) t n =e	 (eS n -2nibp /kr 1.) e , (22) " ~ 

) 
r r r r r n H3 (28a) cnBnYCT , 'iTO 

a) IRn =flSrV, /(l-e:e~), b) 51 = l +fl s r Ev , K.. I (l-e; e~ ) , 
rnc er=exp(ikr 1.1/2) . a eS - CHMBo n KPOHCKcpa, paBHh~ 1 npH n=f H	 ,r n 

HynD npa n" f .	 c ) -, =l+(1V, e~ ES K e; I (l-e~ e; ) =l+flv, ES K I (l-e~ e; ) - v, flEs K (29)r r	 r r r r r r r 

6)PcmCHHC ypaBHcHHA nH~paKUHH CpIIBHHBaR (29c) C (29b), BH4HM . 'iTO ypIIBHCHHR (29c) HMCDT pCmBHHC 

a) V i = S i 11 , b) /-'=11 (l+~), c) ~ =flES K . (JO)r r 
r 

3anHmBM MaTpHU~ (22) B BH4C npOH3BBnBHHR MaTpHU 
3I1MeTHM . 'iTO MHO_HTcnb (1 Bce BpBMR BX04HT BMCCTB C K... HnH , ccnH 

a) r=IE IKIlH[, b) t ..t:(D +lKllq 0:, (23) 
Y'iCCTb (24c), - BMBCTC C b • 113 (21 a) CncnYBT, 'iTO b fl=b . TIIKHM 

p	 p 0 

r ae MIITpHUII 0 - BnHHH'IHIIR. IF. IK- n Hll r OHll n b HhlB , B MaTpH'iHhlB 3nBMCHThI 
06PB30M,MHO.HTcnb fl HCnpIIBnRCT IIMnnHTyny b B COOTB CTCTBHH C HOBh~H 

MaTpHU [, IK, ~ PIIBH~ 
Tpe60ellHHRMH YHHTIIPHOCTH, H B 411nbH CAmCM M~ MO_BM OnYCTHTb fl. 

a) [r,-ercSr,' b) IKr , = Kr 6 " , c) Kr - - 2nibp/kr 1.' d) IlI , -l. (24)r	 nonO.He 

flK, - i(, --2n lbo /k' l. : (11)113 ycnOBHR aeransuor o plIHHOlleCHN	 (CM., HanpHMCp, KHHry / J/), H H3 

ConOCTBBnCIIHR C ( 23a) cnCnY CT. 'iTO HCKOMY~ MIITpHUY R MO_HO HCKftTL AH lInOrH'IHY~ pom, HrplIBT H MIIO.HTBnb /-' e ( j Ob ) . HO er o ynOOH CC 

II BHne Rb~enRTL II RBHOM IIHne. 

II) R-4:IKIl/ O: . b) Il/ .~: (2 5) nOIlCTIlHHB ( :lO). ( Jll II ( 2911) H III1JICC II ( 25 111 . 1I0nY'IHM, \ \ r 

OkOH'lftTCnI,HOU HI,lpll_CHHU linK MllTPHUhl R
MRTPHUII ~ 061U1llfiCT TCM c u On CT HOM, 'ITO nllN 1I1.l0H:IH OllloH OA Mll T pHU(,I A 

Hr , - /-'. , 0 , K 8 ,8, 1 ( 1 - 0; (l~ ), ()2)l:III.lIlIlCnlIHllbI COOTHoweHWI r
 

II) IHAIN n1HA , b) If I: .... J • ) 1N ...-1H...•• r , Ell) •• tI, - l IE. , K, 10; ., En, R, 0:I ( 1- .. ; u: ) . (J J )
 t1) .... 
r , 

" ) I , I 

e) A1H ~AL IN. f) A'· . I> )'1\ ( 2 6) I'IICCMOTPHM r u n epi, H L~ lI_CHHC (4 J. IIllnCTlI HHM II au r o H , \ ( i. ' (J
 
J
 

( 2~ 1I) . Bo cn o lll. :IYUMCH CUOn CTll lI MH MnTljlfU IoI IN ( 26) . H:J KOT OPhlX CJlCn YUT 
3TO n03BOnRCT npCnCTIlHHTh MIITIlHUY t H Hltlll : 

( CM. lIHIIIlOrH 'IHI,ll COOT HOllill HHH ( ~7») , 'ITO 
a) t -'=IE"(l-flD:IN) C', lJ) 11 - I /(II 'A). c ) '~ --1:2 n l b I k. . ( 2 " ) 

II , I 1\) (I - rll) I - I t " r ll , h) " - 1/ ( 1- , ) , . ) r - I:K, 0, il II, • . ( H)r 
B cnpaae anaa o cr a cOO T HOme HHA (,!1) MlI_HIl y OCnflTl ,CH HUII OCP CII CTH CHHOn 

1I0 llCTn ll ltll ( 32) II ( :14 o I, 1I0 CJlU :l n UMCIl Tn llHloIx II ll1l o l'Jlln :l o nnllltll c: )I ' IOTOM 
npOBcpKOA , Bh~HcnHB npOH 3BCII CHHC ( 21rt) H ( 23b) . I"~ 

)l p nlllllJHHI'I ( :J:I) 1I0JI )I ' I HM " ·P I I'. 1I0llCTnlH1I1 ( 34n I II I") lot c a o n e 
nonCTaBHM ( 23) , ( 25) H ( 27) H (H J. H O Cn Onlo J OUUHmH~L 
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BocnOllb30BaBWHCb CBoAcTB aMH MBTpHUM ~ , n OnY ~ HM 

a) exp(iql)~(D+OC~ S) ~, h) S" = s r 6 r i • (35) 

HaA~eM c06CTBeHHbE ~YHKUHH H c06CTBeHHb~ 3Ha~eHHR MaTpHUM 

e xp(iql) : 

( 3 6)exp( iql) ~~ 2 ~ +v~~n=A ~ , 

r ~e n - BeKTOp c o BCe MH KOop~HHaTaMH,p a BHb~H e~HH H ue , a nOCTORH Ha H 

v paBHa 

( 37)v =<n I S~~ >=Es , e,~ ,. 

YrnOBbE CK06KH 3~eCb 060 3Ha~BDT CKanRpHoe np OH3BeneHHe Be KTopOB. 

H3 ypBBHeHHH (36) cne~yeT 

~=V(AD-[')·' ~ lR"n. (38) 

nO~CTBBH8 (38) B ( 37), nOnY~HM OKOH~aTem, H o e y p BBHCHHC nnH A 

Ee, e~ '1<, / (A -e~ ) -l. 
, 

Co6 CTBe HHI.IC : I H Il ~ C H H H MilTPHUbI C] onpenu nanr c n Kn K l nA/1 L 

Mollt HO HnTH H ~ P YI'HM IIYTCM. O ll pc ~cnHIl C HU ~ft n ft n p H6nHlltCH HOC 

HI,qllllltl:HHC nnH CUMoA MOTPllUhl q . nn ll Tor o 3 1l MCTHM, qTO J nCMCHTW K,
 

n HllrOH ftllloH OA MilTpHU'" ~~, ec n H lICpCATH K e CTCCTIICHHI,IM p n J MC pIIOCTIlM.
 

MOllt HO J IIIIHCO TIo H HHnc
 

n) K, - - 1u" 1/ 2 k, I' b ) 110 - ~ " No bo ' (J ~ )
 

r ile U - IICJlH'lHHft , xnp OKTCPHOH II1IA IIJ ftl1MOIIClICTIIIIII Yllt.Tp OxOIlOIlH...X 
o
 

HCATPOHOB ( YXHl C HcmCCTHOM, U N . ' tHC11 0 nTOMOII II ell ltll HUC o 0 1ol: Mn .
 
" 

Pa 3 n OlltHB 0 6 c qaC TH HI.VOlltCH HH ( 35 ft1 11 0 CTClIe ll HM 11 1I 1HlPOIIHH II 

nHHeAHbE ~ nC H bl , nOn Y'lHM IlblP0 llte HHC IInH MlITllIt UW <J II IIH:JWtl M 

npH 6 n HlltCHHH no CTcnC HHM 1: 

( 40 )q, i=k'.l 6 " -uo s , / k, .l ' 

Hawc on pe ~c nc H He BCKTopn q MOllteT II....IIIOT.. H0 :1pn .tlllill• • 

n OCK onb KY nona se Bo n HOB blC /fI YH KU ltll B IIIlYX lIp OMe.Y TKllx 111,11 ' 11.11111" ''1', '11 

C BH 3aH Hb~H COOTHOWC HHC M (11 R) ~ , - (I I ll) o xp ( Iq I )~ ", H HC COOTIIOWC llIlllM 

12 

(l+R).,=exp(iQl) (l+R).o ' O~HaKO npHHAToe 3 ~ e C b onpc~eneHHe 

3KBHBaneHTHO, nOCKOnbKY BeKTO p~ Q H q c s a s auu npe oc pa ao -

Ba Hlle M n 011 0 01l1l: 

exp(1Ql) =(1 +R)exp(iql) (l+R) -' . 

BOOPYlltHBWHCb BblpalltCHHAMH ( 32 J, ( 33) H ( 40 J, npHcTynHM K 

HccnenOBBHHD pa 3nH~Hb~ npoueCCOB . 3~ecb MM orpaHH~HMCR TonbKO 

TeMH. KOTOPb~ XopOWO H3Y~CHbI B paMKax 06menpHHRToA ~HHaMHqCCKOA 

TeopHH nH~paKUHH TennOBb~ HeATpoHoB H B ~H 3H Ke YXH . 

B) HccnenOBaHHe pa 3nHqHb~ npoueCCOB. 

nonH OC OTpallteHHe ynbTpaxonO~Hb~ HeArpOHOB 

nYCTb BonHOBoA BCKTOP k CTonb Man, qro BCC ~H~parHpOBBHHbE 

BOllHbI JKCnOHCHUHanbHO 38TyxBDr . B 3TOM cnyqBe acc c na r n CMbE a 

CYMM8X (32) H ( 33) M8nbl 38 HCKnDqeHHeM cnarneMoro, B 3H8MCH8rene .
KOToporo CTOHT e l) " nonOIlHB UCI:! B, npH 1'"0 PRllHb~H cnHHHue, 

pRJI10lltHIl J HtlMll HtlTCnb 1-e: no CTc ne HRM k" .l l, /I HH :IWCM npH()nHlltCHHH 

11 0 CTCIICHIlM 1 nnA .0( X. II,, ) nOltY'/HM YPUHHCHHC 

x - u uoX' /4k: I' 

P C~ CHHU KO To po ro pUOHO 

a) X-2 kol(k", -k~ j)/ uo' b) k ' -Ik' -u (41)
0 1 0 I n ' 

rll k,: I Hrp nCT 110m, 1I011Houor o IICKTOP" IIHYTpH Cpt:III,1 C IInTCHUHllnOM 

110 , 1I0nCTnllHII (.1 n) H ( 3<! ) • 1I 011Y'II1M nocne llCMCHTOpH MX 

npllOOpll J On RHHA XOpOIllO HJHCCTH OC IIMPIlIltI:HHC nliH IIMlIlIIf r yn M OTllnlltCHHH 

x 01l 01lHL~ HUATIIOH O" 

"-nou - ( Ito I -k~ I ) / (It" I' k,: I ) , 

11 :1 xor onor o II11IIH 0, 'ITO III)1t k: 1 ' :11" 11MllIlT MUCTO 1I 01lHO IIHYTPOHII 

OTp n . UIIlID. nJln YXH xnpnk TupHO COOTHOWUIIlIll k ' <II" . tI 1I 0 TONy tiN 

caoa c r un a a o 1I0/11l0U UTlJn.UHHC IIpH 111lC'llJX yrllo x IInn UHHH . 
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nO~CTaBHB (4tal B (401, B HHJmeM npH6oH*eHHH no kl nOOY4HM 

B~lpalleHHe llOR 600xOBcKor o aexrope q, xoropoe coe naaae r C (41bJ. 

OllH OBOOHOBaR llH~paKUHR 6p3rra 

nycn kOJ.1 60HJKO K " a ocr a nsaue llaoeKH OT Hero H aanr 

T OObK O 3Kc nOHeHU Ha ObH O aa TYX a DrnHe BOOHbl , T o r aa o n RT b MOIlHO 

OCT a BHTb T OObK O OllHH 40CH B CYMMa x ( 32 1 H ( 331, Y p a BHeH He llOR x= s 
o 

npHo6peTaeT BHll
 

a) X=l-UoX' / 4 ko J.6 , b) 6 = ' c ) k. =,, / 1 , (42)
k. - koJ. 

rile k. - TaK Ha JbIIJaCMblA 6p 3rrOBcKHA BeKTOp , nOllCTaBHB pe me HHe 

ypaBHeHHIl (42) 

X -2'~ ( ~lS~ - (i\. ~-.5 ) / 11" (4]) 

B (32) H JBMCHHB npH6nHlIcH Ho k ' HU (k ,.k. ) /2 . 1l0 0 Y4 HM Bblp UlICHHC o o 

llnR BMnnHTY llhl 6p 3 r r o Bc Ko r o OT PUlICtl flJl 

. ;. - . ;.:I I J I ~ ' J J
R-R - ( / k - k - / k - k 12u ) / ( k - k t k - k t 2u)

0 0 • 0 J • 0 L u • 0 I • 0 1 0 ' 

HJ xoropor o HHnHO. ' IT O H flllT CptlllJIIl I k: - k~ 1 I ~ 2 1u" 1 HMCCT MUCTO 

1l0JIH Oe HJIH. KllK er o HI13 1,lIl1H lT . o p Jr r OUCKO C OT Pil llCIII1C . YKII :IIIH HMA 

HHTC p BOJI II nfl HUMII'W CK OII TL:Op HH m Hop IIKIU111 1I0 CIl T ti ll :lII l1lUm 

n UPHHH OHCK o r o CTo n HKd . 

l10ncT uRHR ( 4 ,!) H 14(1), 1I0ll Y'1I1M Ul,ij ll1 lI l ; II HI: n l l Jl (W OI ou c xn r n 

B CKT Op ll. KOT OPOC uocn e IIIl Cl lOlIllI.IX Ilpl l n 6 p lt:l Otl nll"H MOlltl O IlpltII CCTIl 

BHllY 

:z I J J I J
q =-,rk --I(k - k ) ( k -k 12 11 )

• • 0 I ... (} I I I 

xor aa k: J. <k: . H 

q =-,rk: +!(k: J.-k: ) (k: j -<- 2 u,, ) . 

xor aa k' >k ' .oJ. • 
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nBYXBOOHOBall llH~paKUHR flaY3 

nOnYCTHM, 4TO BHYTPH xpuc ranna MorYT 6bITb TonhKO llBB 

pacnpccrpaaanmaeca aonuu c koJ. H k, J.' a ocransuue llH~parHpOBaHHbJe 

BonH~ 3KcnOHeHUHanbHO JaTYX aor , BenH4HHY k. llOll 06eHX 

pacnpOCTpaHRllmHXCR BOOH 6YlleM llOll npocTOT~ C4HTaTb llaoeKOA OT ", 

, J.1 

Torlla Bce Si MOllHO npH6oHlIeHHO nonOllHTb paBHb~H ellHHHue. 

6nOXOBCKHA BeKTop HYlIHO onpelleORTb KaK co6CTBeHHoe JHa4eHHe 

MaTpHUbl CIr, =kf J.Of i - (U /2 kf J.) S, : o jk -1/2k -q, -1/2k

det 0 0 0 = 0 ,
 (44 )[ 

-1/2k, ,k. -l /k, 

r zie ~ 060JHa4aDT ~ J.' JTO ypaBHeHHe MO*HO nepenacar s B BHlle 

(k. -1/2k. -q) (ko-l/ 2ko-q) -1/4k = 0 , ok, 

OTKY~B cne ave r 

q~[ (k +k. ) / 2 ) (1-u /2k k, ) =- / ( k - k , ) Z (HU / 2 k k, )' / 4+ U:/4 k k,' (45)o o o o o o o 

RHe~CM P-(ko+k, ) /2 , TorllB k, - p :-O/ 2 p , H C nOMOWbll 3THX RCOH4HH 

tlblpllllCHHe (45) npHBO~HTCIl K RHny 

q -P-U /2p' (ll'IU;, /2P,o (4I'i) 

H611HJH TO'IHOrO YCJIlIHHH llHI,OPUKUHH, KOI'IlIl /'I'll , J TO HI,ijJtllICHHC MOIIHO 

nuneuacnn, H HHllC 

a ) CJ" ~z --=-(~ ,~ 1/) , Il) y-II /II,,'o 

PII CGMOTIJf1M kpHc TlIlln k OHC'lH OIl T OI I WI111 1,1 I , IIPII P :l C'I C T O 

IIPOIIY C~ ftHl l H kllllCTllnOIl II r COMCT llll ll JlIlY J MlJlIlI O n II HI ,IIJIIIIUHIHI Mill 'I'.. 
u onoaur» p II IIHI,IM HYIIII . n UI1CTIII1T UJII,HCI, 1I0 t:KOJII .K Y II CC ~ nk YllUI ' 

o f MC'ln JIOCI, . (1J 1I1 : 1 ~ 1I K u n u u u uu . II :I Hn MCII II Tll JII I It ( 'If !) II U MIIIlJ.l, TO II CU 

Mn TIJll'IIlI.1l :J1lt1MUHTI,1 Mil fPll UIoI OT lJlI .U HHIl U 1I1)llllll!lI\1l11I1I1J1101J1,1 II" d/k" I 

" OTOIIIY Mn ll~ H PUJYllh Tn TU IlM UUM 

'('" - a xp ( 1,,1,), 
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H BOnHOBaR ~YH KU HR Ha BbUOne B~HCnReTC R B COOTBe TCTBHH C 

BbIpB_eHHe", 

(47)
~ "'exp(iqL) 1"0' 

nOCKOnbKY paCnpOCTpaHRDmHACR BHYTPH KpHCTanna BeKTOp ~ H",eeT 

s c e r o aa e KOMn OHeHTbl, TO nnR pa C4eT 3 nponYCKaHHR MW ",o_eM 

Hcnonb30BaT b cnHHopHYD anr aonv . Bblpa 3HM Ma TpHUY q 'l epe 3 MaTpHU bl 

naynH ~ , npH 3TOM 6 yne ", HMe Tb 

(48)exp(iqL) =exp(i~ L+iq~L) , 

r ae ~ H q - 'l eTblPe 'l HC nOBblX napaMeT pa. flD60A BeKTOp 1"0 Mo*eT 6bITb 

pB3nO_CH HB c06CTBeHHbJe BCI <TO P loI MaTpHUbl (48) cnenYDUlHM 06pa 30M: 

(49)'I'o -(1+~) /2 +(1-~) /2)'I'o, 

r ae i:>. q;I q l - enHHH'lHblA aCHOp . f101l cTBBHB (4n) B (47) , nOJlY'lHM 

>!' .cxp (i (~+ 1 ql ) I,) r (1 I i,c;) / 2 J1"" ~ QXP [ J (C)" - I il l ) L 1[ (1 -~ ) / 2 ] 1"" • ( ~ ; O ) 

Orcoae c ne nve r , 'ITO HMIIIIHTYnI,1 IIpH",oA 'II" H Jl H ~PIlr HP OB 8 HH OR 'li d BO JJ H 

pRUHM COOT8CTCTU CHH O 

1') 'IIo . Qx p( lq"L) [ C0 8 ( l iI IL) tlb, lIJ Il ( l lj ll, ) I, 

( 5 1 )ll) ~ d - i ( b l ib ) o x p( l u L) aln (l q I L).
• y ~j 

, / , 
HJ HHllil "'IITI1HllIoI '1 II U:I (4 GJ CIICIlYCT, 'ITO I q l - II {lJ Y / 2\>, KpOMe 

o 

r or o, 

a) b: - y' / ( l l y'), b ) b ' 
•

tb'
y
-I / ( lI y ' ) , . ) y -II / II" , 

n03T OMY HHTe HCH BH OCTH IHHIlpnn 1POIIIIUHon U II1.10WCIlWUn 11 0 11 11 plllllll 

COOTBe TCTBe HHO 

. , I , / ( , • I I • 
a ) I = S l n ( Lu { l+ y /2p ) I I Y ), b ) 1 - 1- l1 l n ( ioU {l ty / 2 p )/ ( lI y ) ,

d o n " 

'l TO xopomo cor nac ve rc a C CYIQCCTHYIlUll1MH IIPCIlCTIIIIIICIIHIlIllIt. 
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4. 3a KJlIO' ie ltHe 

TaKHM 06pa 30M, Bce ~ OpMynW nHHaMH'l e CKO A TeopHH nH~paKUHH 

nonHOCTbD BocnpOH 3BonRTCR . D'leBHnHO, 'l TO HH Ka KHX npHHUHIIHan bHblX 

TpynaHOCTeA He B03HHKH eT H npH paCCMOTpeHHH uonee c nO*HblX c nY'l a e B. 

HeTpynHO TaK.e npOBeCTH 0606meHHe Ha c n Y'la A MarHHTHoA nH~p aKUHH 

HeATpOHOB H Ha nH~paKUHD peHTreHOBCKHX nY'le A. Bce nH~paKUHOHHb~ 

R8neHHR 1II0*HO C'lHTaTb He TonbKO B HaHHH 3weM npH6nH*e HHH no 1, HO 

co CKonb yrOnHO 60JJ bWOA H KOHTp onHpyeMoA TO'lHOCTbD, H B 3TOM 

rnaBHoe npc HMymec TBo npennaraeMoro MeTona . f1 p HBcne H H b~ npHMepw 

HOCHnH 'lHCTO HnnDCTpaTHBHblA xapaKTep . DHH OTHDn b He HC'lepnbffiaDT 

06J1a CTH npHMeH eHHR MeTona . 

B Ka'leCTBe npHMepa nOKa*eM, KaK pa CC'lHTaTb nBYXBOnHOBYD 

nH~p flKUHD Spar r a, KOT opaH B 06 1014 11oii 're o puu 'l ' p c 6 Y CT 4 - B OJlII OU O 1'0 npH

(\ J111lt<0 1l 1l11. 3neCb Mbl paCCMOTpHM r on sxo npOCTeAwHA CHMMeTpH'lHblA 

CJlY'IHR , xor aa 

a) k" J. - k, J - k. -6 , b) k. - / 1 . 

Yp lIHHCHHH nnR S o H y.s, HMCDT IlHn 

n) X- l + X' U,,/ 2k . 6 , b) y " x. 

Hx pCWcHHe paBHO 

x-Y- l k . ~ - l k-; cS (k~ cS - 2U.. Y)/11 • 
0 

1I 0n c TRIIHII ur o II ( 32), nOllY'IIIM IIl11nllHryn),J OTJIIl*I:HIIH 

" 0 0 - R, ,, - ( 1/ 2) ( 11(. &- / k;"&- 2lin' ) / (/k--;Sl/k. & - 2 11 ' ) • 
0 

IIpH k. 6 <2 I1 HIIIUCT 1II.:e TO n01111 011 ( !i07,) or puseua e, nllH'WM 1I 0110HHH II 
u 

r o ( T.I: . nccr o 257,) Hlle T II uunpuununau HII:llln . HH TUpUCIIO HhlH CHHTlo, 

KYllft 1I1l llll1l TCH OCTII IIWIIII CA 1I0JlOIJHll n III1T CII CH IIII OCTII. /llIH Taro HY_HO 

Hn nTH CO(JCTII OH III.IJ OIYllk UIIII H O(JCTIIU llllhU 3 11 11 40 1l 1lH IICkTOlJft II . H 

nlllllloM r:IIY'1II 11 MlIl'llItlU' II lIO_IID :l n ll ll CIl I Io II 11 11 11 1 

,,-k. -"- I k." - Iii. lI" ll / 2k. - " .l k. " - tk. & (l<Il &";:tU,,)'] / 2k. ' 
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rne u. - MaTpHua naynH. OTCDna BHnHO, 4TO C06CTBeHHb~H ~YHKUHRMH q 

RBnRDTCR ~l=(PO,-Pl) H ~Z =(PO,Pl)' npH4eM nepBaR npHBOnHT K TaKOMY 

HeATpOHHOMY nonD, KOTopoe 06pamaeT CR B Hynb Ha Y3nax pemeTKH H 

pacnpocrpaxae rcs C q =kO .l' KaK 6L1 He 3aMe4aR xpac ranna. 3Ta 

BonHOBaR ~YHKUHR C03naeT nOTOK 4epe3 KpHCTann, aHanorH4Hb~ cnY4aD 

nH\IlpaK UHH Jlaya , HO 6e 3 MaRTHH KOB blX 6He HHA ae asn ozie . HHTe HCHB HOCTb 

3Tor o nOTOK a H COTaBneT Te 50%, KOT OpblX HenOCTa Bano B OTpa~eHHOM. 

OTpa~eHHb~ .e nOTOK onHCbIB a e TCR \IlYHKUHeA ~ KOTOpoA BHYTpH
Z ' 

KpHCTanna cooTBeTcTByeT HeATpoHHoe none, HMeDmee nY4HOCTH Ha Y3nax 

pemeT KH H nOTOMY 3 ~~eK T HB H O oTpa*aDmeecR no 3aKOHaM nH\IlpaKUHH B 

reOMeTpHH 6p3rra . 

ABTOP C'IHTaeT CBOHM 110nrOM BbIPB :lHTb He KP o 11111010 

onar onapaoc r s B. B. ronHKOBY :l il HHTtJpllC K paOoru H ee nonnepny . 
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