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Ylll JIOepHbiX UCC/IeOoaaHUU ,ay6Ha 

1. llomocaoe "aacblll(eaae" cneKTpanbHbiX npasan 

CYMM /l, 2/ HH3WBMH MC30HHbiMH COCTOJIHHJIMH D03BOJIJICT 

DOJiyqHTb BIDI<Hble COOTHOWCHHJI ~e:>K.IJ.Y MaccaMH /I/ H KOH

CTaHTaMH JieDTOHHbiX paCDa,ZJ.OB 
2

/ Me30HOB. 3TH COOTHo

weHHJI qacTO HCDOJib3YJOTCJI B paMKaX ,IJ.HHaMHqecKHX MO,IJ.e

JICH: MO,IJ.CJIH BCKTOpHOH ,IJ.OMHHaHTHOCTH, MO,IJ.CJIH ":>KeCTKHX" 

DHOHOB H T.,IJ.. 8 HaCTOJIII(CH pa6oTe Mbl sepaeMCJI K o6cy:>K-

. ,IJ.eHHJO BbiCKa3aHHOrO paaee / 3 / TC3HCa 0 TOM, qTo DOJIJOC

aoe "aac~a~uteaae" nepsoro npasuna cyMM Baiiu6epra .IJ.JIJI 

BeKTOpHbiX TOKOB B CXeMe ~I( :n -cHMMeTpHH JIBJIJUHCJI 

CJIHWKOM CHJibHbiM npe,IJ.DOJIO:>KCHHeM H DpHBO,IJ.HT K He:>KeJia

TeJibHbiM C TOqJ<H 3peHHJI KBapKOBOH MO,IJ.eJIH pe3yJibTaTaM, 

a HMeHHO, K MO,IJ.CJIH "cMeWHBaHHJI TOKOB" ,LJ,JIJI ,,, - '/' CHC

TeMbl '.t/ B OTCYTCTBHJO nepeuopMHpOBKB KOHCTaHTbl nen

TOHHOrO pacna.u.a 1\- Me Joaa B nepsoM nopJt.LJ.KC no uapy

waJOuteMy ~~ ( :q -cuMMeTpHJO sJaHMO.LJ.eiicTBHJO I:.. 6 I. 
qTo6bl coxpauuTb cxeMy aaCblll(eHHJI cneKTpanbHbiX npasun 

CYMM HB3WBM HOHCTOM BCKTOpHbiX MC30HOB I I'' ,., • ,,~, ' 

1\; I, cne.u.yeT paccMaTpHBaTb MO.LJ.HI!Jau.aposauuble npasuna 

CYMM, BbiTCKaJOutHC H3 paCCMOTpeHHJI TaKOH JIHHCHHOH KOM-

6BHaiJ.HH nponaraTOpOB TOKOB, KOTOpaJI, KaK CJie,LJ,yeT O:>KH

,LJ,aTb, o6na,LJ,aeT CBOHCTBOM 6onee 6biCTpOH CXO,LJ,HMOCTH K 

aCHMDTOTBqecJ<OMY YHHTapuo- CHMMCTpHqHoMy npe,LJ,eny. 

2. CneKTpanbable npasana cyMM ln,.c.l MO:>KHO nonyqHTb, 

aanpaMep, KaK csepxcxo,LJ,JiutBecJI .u.acnepcuouuble n.c., uc

XO.LJ.JI H 3 paCCMOTpeHHJI KOBapHaHTHOH KOppeJIJIIJ.HOHHOH I!JyHK

IJ.HH BCKTOpHbiX BJIH aKCHaJibHO-BCKTOpHbiX TOKOB: 
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r,Ae i\ 1 2 (q 2 ) - CKanJipHble 4JYHKUHH, a, {:3 = 0,1, ••• 8-
' yHHTapHble HH,AeKCLI. 

EcnH B npe,Aene q 2 -+ 00 yHHTapHaJI CHMMeTpHJI CTaHo

BHTCJI TO'IHOH. TO ecTeCTBeHHO npe,Anono:>KHTL, 'ITO KOM6H-

HaUHJI olf2a;{3f3(q2)=t::/(cr)-~~{3(q2) 6y,AeT 6LICTpO y6wBaTL B 

aCHMnTOTH'IeCKOH o6naCTH 6onLWHX q2 H ,AnJI Hee cnpaBe,A

nHBLI ,AHCnepCHOHHLie COOTHOWeHHJI 6e 3 BLI'IHTaHHH. IJpHMe

HJIJI CTaH,AapTuyiO TeXHHKY nony'leHHJI ,AHCnepCHOHHLIX n.c., 

nony'IHM COOTHOWeHHe 

aa (m2) oo f:3f:3(m2) . 
J dmz(..!.J_-+p~a (m2))=Jdm2(pl +p~f3(m2)), /2/ 
0 m2 o m2 

KOTopoe HaJLIBaeTCJI 1-LIM n.c. BaiiH6epra. 

Bwpa>KeHHe ,AnJI cneKTpanLHLIX 4JYHKUHii p ~{:3 ( q2 ) cne-
,AyeT Hl onpe,AeneHHJI 

q fL q -o· a {3 2 a {:3 2 
(-g "~,+ ') ) Pt (q) + q" qvPo (q ) 

r q, r 

3 ~ (4) a f:3 
=(2rr) ~o (Pn-q)<0\J11 (0)\n><n\Jv(0)\0>. 

/3/ 

,LI;Ba paCCMaTpHBaBWHXCJI B nHTepaType aapHaHTa 2-ro n.c. 

BaiiH6epra nonyqaJOTCJI aHanorH'IHLIM o6pa30M Hl anLTep

HaTHBHLIX npe,AnonO>KeHHii: /a/ ni\~a; f-3(3 ( q2 ) JIBnJieTCJI 

CBepXCXO,AJIIUeHCJI KOM6HHaUHeii aMnnHTy,A, /6/ o 1\ 2a; fl{i ( q2) 
JIBnJieTcJI "cynep-caepxcxo,AJIIUeiicJI" KOM6HHauHeii, T .e. He 

TOnLKO CaMa 3Ta aMnnHTy,Aa, HO H q 2 oi\~a; f-3 {:3 ( q2) Y.AOB

neTBOpJieT 6e 3BLI'IHTaTenLHOMY ,AHCnepCHOHHOMY COOTHO

WeHHIO. 

4 

B peJynLTaTe nonyqaeM 

J
""d 2( aa( 2) {1{3( 2))m p 1 m -pi' m _ 

0 

0 /4a/ 

Tdm2.m2(p~U(m2)-p~f-3(m2)). 
0 

/46/ 

B paMKaX KHpaJILHLIX CHMMeTpHii B Ka'leCTBe CBepXCXO,AJI

UUIXCJI aMnJIHTY.A 6epyTCJI JIHHeHHble KOM6HHaUHH cneKTpanL

HLIX 4JyHKUHH BeKTOPHLIX H aKCHanLHO- BeKTOpHLIX TOKOB. 

HanpHMep, o~~·A=~a:t;v - ~ ~f3;A' H T.,A. 

3. PaccMoTpHM cuaqana 1-oe n.c. Baiiu6epra /2/ ,AnJI 

BeKTOpHLIX TOKOB B CXeMe U ( 3) -cHMMeTpHH. HHTerpanLI 

B /2/ 6epyTCJI no BCeMy HHTepBany 3Ha'leHHH m 2 < oo • ,LI;nJI 

TOrO, 'IT06bl H3Bne'IL Hl HHTerpanLHLIX COOTHOWeHHH HH4Jop

MaUHIO 0 KOHCTaHTaX CBJI3H HH3WHX Me30HHLIX pe30HaHCOB, 

T.e. orpaHH'IHTLCJI paCCMOTpeHHeM TOrO y'laCTKa cneKTpa 

B036y>K,AeHHH, r ,Ae ,AOMHHHPYIOIUHMH JIBnJIIOTCJI BKna,Abl p , 

w , K * H ¢-Me JOHOB, ueo6xo,AHMO HCKnJO'IHTL Hl paccMOT

peHHJI HHTerpan no o6nacTH m2 2.. 1, 3To MO>KHO c,Ae

naTL C nOMOIULIO MO,AenH, KOTopaJI n03BOnJieT /no B03MO>K

HOCTH 3KOHOMHO/ napaMeTpH30BaTL BLICOK03HepreTH'IeCKHe 

BKna,Abl H 3aTeM HCKnJO'IHTL BBe,AeHHLie napaMeTpbl nyTeM 

o6pa30BaHHJI nO,AXO,AJIIUeii JIHHeHHOH KOM6HHaUHH cneKTpanL

HLIX 4JyHKUHH. Hawe OCHOBHOe ,AHHaMH'IeCKOe npe,Anono>KeHHe 

OTHOCHTCJI K 6noKy napTOH-aHTHnapTOHHOrO /T.e. KBapK

aHTHKBapKOBOro/ BlaHMO,AeHCTBHJI Ha ,AHarpaMMe pUC. J, 
cxeMaTH'IeCKH npe,AcTaanJIIOIUeii CTPYKTYPY cneKTpanLHwx 

4JyHKUHii TOKOB. B o6nacTH m 
2 > 1 F:JB 2 I v~2 - 3HeprHJI 

napTOH-napTOHHOro BlaHMO,AeHCTBHJI B C.U.M./ MLI napa

MeTpHJyeM aMIInHTY.AY T qq q-q -aJaHMO,AeiicTBHJI a Tep

MHHax o6MeHOB B t -KaHane "3cJMl>eKTHBHLIMH TpaeKTOpHJIMH" 

c onpe,AeneHHLIMH BHyTpeHHHMH KBaHTOBLIMH 'IHCnaMH. MLI 

PHc. i 
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6y~eM B ~aJILueiimeM npeue6peraTL 3apJI~oBo-o6MeHHhiMH 
BKna~aMH DO cpaBHeHHlO C BKna~OM BaKyyMHhiX 06MeHOB. 
O~uaKo BaKYYMHhle o6Meuw ue 6y~yT npe~nonaraTLCJI yuu
Tapuo-cuMMeTpH'IHhiMH, T.e. nonaraeM 

T-=T-;t!T,\. 
pp nn /\/\ /5/ 

KOHCTaHThl CBJI3H COXpaHJIIOlllHXCJI BeKTOpHhiX TOKOB /H30-

CDHHOBOrO - 111 , runep3apJI~OBoro Y fl. u 6apuouuoro Bfl./ 
C KBapKaMH nponopUHOHanLHhl KBaHTOBhiM "'HCnaM H30CDHHa, 
runep3apJI~a u 6apuouuoro "'Hcna. B pe3ynLTaTe nonyqaeM 
cne~YIOlllHe COOTHOWeHHJI ~nJI MOMeHTOB CDeKTpanLHhiX !IJyHK
~HB COXpaHJIIOlllHXCJI TOKOB: 

13 I 3 - 3 yy - 3 BY 
P_1 4p-t- 2p-1 

r~e 

2pBB 
-1 

BY 
p -1 

p yy 
-1 

p BY .. 
-1 

J dm 
2 

P BY ( m2) , 
m2 1 

/6/ 

/7/ 

/8/ 

(-g 11 ,,+ q~q'') p~y(q 2 ) = (277) 3 ;;[~OIB 11 (0)!n><n!Y,.(O)!O' + 

+ (fl. ..., IJ) I . 
<-

/9/ 

H auanorH"'Hhle onpe~eneHHJI HMeiOT MeCTO ~nJI pBB, p yy H 

p
1

3
1
3 . • C~enauuwe npe~nono*eHHJI HCKnJO"'aJOT B n.c. 

/6/ H /7 I o6nacTL HHTerpapoBaHHJI m 2 2 1 r3B 2 . no
niOCHOe HaChiiQeHHe HH3K03HepreTH"'eCKHX BKna~OB p 0

, w H 
cp -Me30HaMH ~aeT 2 COOTHOWeHHJI Me~y KOHCTaHTaMH CBJI3H 

H yrnaMH CMeWHBaHHJI BeKTOpHhiX Me30HOB *: 

*Mw HCDOn:L3yeM 0603Ha"'eHHJI pa6oT 13 ' <II ~JI KOHCTaHT 
CBJI3H H yrnoB CMeWHBaHHJI (} y B (} B" 

6 

j 

j 

m
2 

· 1 2 2 
:.:1?_ - .! -- (m ~cos Ze y + m (tJ sin (} y) 

2 4 2 'f' 
gp g y 

! - 1
- (-m~sineycose 8 + m¢cosUysin(}u) 

2 gYgB /10/ 

2 2.2 2 2 12 2 2.2 
--(m ¢sm (} 8 + m u,cos 08 )- --(m ¢cos Oy+ m

0
,sm Oy) 

g~ g~ 

= -
1
- (-mc~J sinOY cos (I 8 + m~cosOy sinO 8 ). 

gYgB 

KoucTaHThl g , g = - 2gyl sin Oy , g , 
p w ' 'F 

onpe~enJIJOTCJI B3 WHpHH nenTOHHhiX pacna~OB 
Me3oHoB 17 I 

/11/ 

2 g y I <' o s o y , 
e) , {') H ¢ -

{!,2 
.:..:.L ~ 

477 

f!, 2 {!,2 
2,56± 0,211, - 1

-" -19,2±2,0, :3:..._ ~ 12,2! 1,0 . 
177 477 

/12/ 

PewaJI cacTeMy ypaBHeHHJI /6/ a /7/ c y"'eTOM 3Ha"'euaii 
/12/, uaxo~BM 2 peweuuJI: 

tg () 8 

tgOy 0, 29 . 

/13a/ 

/136/ 

lb !IJu3H"'ecKHX coo6pa)l(eHuii cne~yeT npe~no"'eCTL Bepxuee. 
TaKHM o6pa3oM, non10cuoe uacw~Qeuue Mo~a<J>u~upoBauuoii 
aiCTCMhl CDCKTpanLHhiX npaBHn CYMM HMCCT CBOHM peWeHHCM 
Ea"'euue 

!gil 
8 

tgl) y 

c I :t 0. I;, /14/ 

H B paMKaX HapyWCH!fOB, cor naCHO /5/, HOHCTHOB CHMMCTpBH 
HOCCTaHaBnHBaeT YHHBepcanLHOCTL yrnOB CMCWHBaHHJI B 
BeKTOpHOM HOHeTe: 0 8 ~ fJY = (}mass = 39 7 40c.. <J>opMyna/14/ 
roBOpHT 0 TOM, 'ITO ~nJI BCKTOpHOrO HOHeTa, KaK H ~nJI 
acex ocTanLuwx, cnpaae~nuBa Mo~enL "cMewaBaHBJI Mace", 
JJpHBO~JIIQaJI K MaCCOBOH <J>opMyne renn- Mauua-0Ky6o, H, 
HUipOTBB, He cnpaBe~nHBa MO~enL "CMCWHBaHHJI TOKOB", 
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B MaccoaaJI cllopMyna KonLMaaa- illHBT~epa ~JIJI o6paTHLIX 
I<Ba~paToB Mace. 

3aMeTBM, 'ITO nomocaoe aacwmeaae 2-ro n.c. Baiia6epra 
l4a,61 p 0

, w B ¢-Me30HaMB ~JIJI JIBHeHHOH KOM6BHa~BB 
TBna 161 B 171 He ~aeT B03MO:>KHOCTB ITOJIY'IBTL HenpOTBBO
pe'IBBYIO cacTeMy peweaaii. EcJIB c.nenaTL 6onee cna6oe 
npe,nnono)KeHae a 3anacaTL 2-oe n.c. Baiia6epra 1461 ~JIJI 
JJHHeHHOH KOM6BHa~B cneKTpaJILHLIX ciiYHK~BH, B KOTOpLIX 
C'IBTaiOTCJI npeae6pe)KBMLIMB TOJILKO TpaeKTOpBB C ranep-
3apJI,D;OBLIM o6MeHOM IT. e. npi!_HJITL ,D;OITOJIHBTeJILHO, 'ITO 
T( pp _, nil) ,J 0 , ao T( pp _, A,\) = 0 I, TO MO)KHO nony-

'IHTL peWeHBe, COOTBeTCTBYIO~ee "a,neaJILHOMy" yrny CMe
WHBaHBJI B BeKTOpHOM HOHeTe: 

2 1 tg e 0 = tge Y • tge 
8 

= 2 1151 

g - 2 : g - 2 = 9 : 1 0 

p w 1161 

TaKBM o6pa30M, oTJIB'IBe yrna cMewaaaHBJI 0 "' 39° oT 
"a~eanLHOro" 3Ha'leHBJI eo"' 3 5° I tge 0 = 1 I v 2 I B pac
CMaTpBBaeMOH CXeMe CBJI3aHO C HaJIB'IBeM "3clxileKTBBHOH 
TpaeKTOpBB", npHBO~JID.teii K o6MeHy ranep3apJI~OM y B3aBMO
~eHCTBYIO~BX KBapKOB npB BLICOKBX :meprBJIXo 

C.nenaeM TenepL ~ononaaTeJILHoe npe.nnono)Keaae o npa-
6JIB)KeHHOH cllaKTOpH3a~BH 3clxileKTBBHLIX BLI'IeTOB g - Ba-
KYYMHLIX TpaeKTopaii. Y'IBTLIBaJI P q q 

T - T - 2 -
PP = nn - g Pnn l17al 

T ,\X - g~,\A 11761 

Tn .\ = Tp ,\ - g p no . g p,\ A I17BI 

g - /g - 1 Pnn p ,\A. = + 8 , 8 2 «1, 1181 

nonyqaeM C TO'IHOCTLIO ,D;O 'IJleHOB 82 : 

T -- T , ,- ::. 2( T - - T \) 0 

nn IV\ nn n" 1191 

C yqeTOM 1191 nonyqaeM n.c. ~JIJI CTpyKTYPHLIX ciiYHK~BH, 

8 

BKJDO'IaiOD.tHX BeKTOpHLIH TOK C H3MeHeHBeM CTpaHHOCTB 

131 p 3 
-1 

K* 3 1313 
-p-1=4(p_1 

YY ) 
- p -1 0 1201 

CBMBOJI p K* COOTBeTCTByeT ~ByKpaTHOM:Y BCITOJIL30BaHHIO B 
6 - A, 131 BeKTOpaoro TOKa V 
11 

( x) = 1/J ( x) y 
11
-?- t/1( x) 0 

Ilomocaoe aacwmeaae no c. 1201 .nae-T 

m2 m2 m2 m2 

_P ( 1 + t.) = _P + ! [ 3 ( __<2_ + ~) -
g2 g 2 g 2 g 2 

p p ¢ w 

m 2 DL~ 
p 1 K* 

--J=--+ 
2 2 

g p gK* 

F2 
Ko 

1211 

BTopoii qnea B npaaoii qacTB 1211 CBJI3aH c aecoxpaaeaaeM 
BeKTOpHoro TOKa a f.l V ~ ( x) of 0 B OTBe'laeT HaCLID.teHBIO 
CKaJIJipHOH cneKTpaJILHOH ciiYH~BB pt6( m2) BKJia~OM K -

Me3oaa (J P = o+, I = 1/2) 0 BTopoii 'lnea a neaoii qacTB 1211 
cocTaBJIJieT 0,4±0,1 OT nepaoro, T.e. npe,ncTaBJIJieT co6oii 
BeCLMa O~YTHMYIO nonpaBKy K "cTaa,napTHOMY", WHPOKO 
acnonL3oBaaweMycJI paaee / 5 ' 6 I n.co Baiia6epra 

m2 
E. 

g2 
p 

2 
m K* 

2 
g K* 

+ F 2 Ko 1221 

40 PaccMoTpHM TenepL KopoTKo npaMeaeaae cneKTpanL
HLIX n.c. B paMKaX KBpaJILHOH CBMMeTpHHo UcnOJib30BaHBe 
1-ro a Mo.na«<la~apoaaHHoro 2-ro n.c. Baiia6epra 1461 I 8 I 
~JIJI KOM6BHa~BB BeKTOpHLIX B aKCBaJILHO-BeKTOpHLIX TOKOB, 
B3MeHJIIO~BX CTpaHHOCTL, ~aeT B ITOJDOCHOM npB6JIH)KeHBB: 

2 2 
mK* F = -- + K 

2 
g K* 

2 
mK 2 
__ A + FKO 

2 
gKA 

m4 4 
mK* 
--- + 

2 
gK* 

m2 F 2_ 
K K -

KA 
+ m2 F 2 K K 0 

2 
gK A 

1231 

1241 

KoM6BHBPYJI 1231 a 1241 c 1211 a cllopMynoii Kaaapa6aJiwa-
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Cy3yKa-Paa3y~BHa-~aiaJyA~Ha: 

m2 
_P_ 
g2 

p 

2F 2 
TT 

nonyqaeM HOBOC COOTHOWCHBe MC)KAY 

KOHCTaHTaMB nenToHHLIX pacnaAOB F , 
TT 

MaccaMB qaCTBU B 

FKB FK: 

F2 F 2 
-~= (m2 -m 2 )- 1 .( 2( 1+ A)(m 2 -m 2 )- ~. (m 2 

-m
2 )l./25/ 

F 2 K K* K A K * F 2 K A K 
TT TT 

no onpeAeneHHIO, FK
2 I F! .:;:: 0 , no 3TOMY npB m K > mK *, 

nonyqaeM FK IF / 1, 26; ; ecna m < m * , TO 
7T - 2 2 K K ' 

FK IFrr > 1, 26. Ecna F << F , qTo npeACTaBmieT-
- K 7T 

CJI AOBonLHO ecTecTBeHHLIM, nocKonLKY F K AOll)KHa 6LITL 

senaqaaoi BToporo nopJIAKa no aapywaJOIUeMy SU( :l)- caM

MCTpHIO B3aHMOACHCTBBJO, TO nonyqaeM F KIF rr= 1 ,26±0,04. 
3TO 3HfsJCHBe 6nH3KO K 3KCnepHMCHTanLHOH BenBqHHe 1 ,27± 
±0,03 . 

llpB BLiqBcneHBJIX MLI HCnOllL30BanB 3HaqeHBJI m K = 
= 0,496 F3B, mK* = 0,892 F3B H mK A= 1,24 F3B Ito I. 
EcnB o6paTHTL 3aAaqy, TO C nOMOIULIO COOTHOWCHHJI /25/, 
3KcnepaMeHTanLHoro JaaqeHHJI FK 1 F rr a ycnoBHJI 

F 
_K_ -• 0 MO)KHO onpeAellHTL Macey aKCBallLHO- BeKTOpHOrO 

FTT 

"cTpaHHOro" MC30Ha: m K A= 1,24±0,13 F3B. 
3MnBpaqeCKBH ycnex cneACTBBH, BLITeKaJOIUBX H3 CO

BMC CTHOrO BCnOllL3 OBaHHJI 1- ro H 2- ro npaBHna CYMM AllJI 

cneKTpanLHLIX cliYHKUBH BeKTOpHLIX H aKCBallLHO- BeKTOpHLIX 

TOKOB C O~HaKOBLIMB HHAeKCaMH YHBTapHOH CHMMeTpHH 

HaBOABT Ha MLICllL, qTO aCHMnTOTBqeCKBH pe)KHM AllJI cnH· 

HOBOH JaBHCHMOCTB napToa-napTOHHoro B3aHMOAeHCTBBJI 

jnpB6llB)KeHHaJI y., - HHBapBaHTHOCTL/ AOCTHraeTCJI 3Haqa

TCllLHO paHLWC, qeM aCHMnTOTHqecKaJI Sl'{:))- CHMMeTpHJI 

/T.e. He3aBHCHMOCTL aMnnHTYA T qq oT yHHTapHoro cnaaa/. 

Ecna npHHJITL, qTo y 5 -aHsapaaHTHOCTL aMnnHTYA qq -
B3aHMOAeHCTBBJI npH6llB)KeHHO BLinOllHJICTCJI npB noJIHOH 

3HeprBH " > 1,5 F3B B CHCTeMe ueHTpa MaCe B3aBMO· 
qq-

ACHCTBYJOIUHX KBapKOB /T.e. cpa3y 3ao6nacTLJOpe3oHaHcoB, 

"HaCLIIUalOIUBX" cneKTpallLHOe n.C. B KBpanLHOH CHMMeTpBB/, 

TO MO)KHO O)KBAaTL, qTO xapaKTepHLie npOJIBllCHBJI npB6nB-

10 

)KCHHOH y ~ ·BHBapBaHTHOCTBill/ 6YAYT Ha6moAaTLCJI B 

MC30H·6apBOHHOM paCCCJIHBB Ha 60llLWHC yrJILI (e ,90°) y)Ke 

npB 3HeprBJIX -6 F3B, a B 6apaoH-6apBOHHOM B,B oco6ea

HOCTH, B 6apBOa-aHTB6apHOHHOM pacceJIHBB npB 3HeprBJIX 

- 10 F3B B na6opaTopaoi cacTeMe. 
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