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A.H.Aneee ,  B.A.Ap@bee, B.IU3m-, B .K .Bepr r auuee ,  B . K . G q ) y n e ~ ,  
I H.B.hecoe, T.C.mlrranam~mr, .H.rycbKoB, &H.3mesI~o. W.W.EBCHKOB, 

RM.~~~~HKO@.H.K.~~HH@.H.K~~~I~UM, H.H.Kapue~~o, 
A.A.KH~HJXJIOB, H.I'.Kocapa, B.P.Kpacree ,  H . A . K ~ M H H ,  M . @ k a q e ~ ,  
A.JI.MHMoB, A.H.M~KcHMoB, A . H . M o ~ ~ ~ o B ,  n.BMonce13, B .B .~BR~~HK.  
A.B.hse, A.l'Ipoxeu, B.B.PM~~KoB, n . A . C n e n e u ,  M.CMH=.~HCK~, ~ O H C K  MHOI'OKBapKOBbIX W p o H O B  H M e m  BiUKHOe 3HaYeHHe mR HCCIIe- 
A . C . b b ~ p o ~ ,  Bd.'lonaxo~ AOBBHHR IlpHPOAbl CWIbHbIX ~3Wi~0nef3~T~fifi ,  pa3BHTUH @ H ~ H K H  3neMeH- 
Ofhemmembdi HHCTHYT s i n e m  H C C ~ W B ~ ,  AY6m TWHbIX YaCTW. K MHO~OKBWKOBbIM WPOHaM, B IIaCTHOCTH, OTHOCf3TCR 

A.AJIOICIHOBOB, H).K.~oT~&~?HHKoB, h ff .'lammoe ~ ~ P H O H H H  - Me30Hb1, PnWS98K)IlIHeCR C 0 6 p a 3 0 ~ a ~ ~ e ~  6apuo~a H ~ H T F I ~ ~ ~ H -  
k k c ~ r y ~  W~HKH B~ICOKKX 3~epT'Lat AH KasCCP, A n r a a - A ~ a  OHa. B0npoc 06 HX CyUeClBOBWUH CBR3W C PHnOM B3WiMOnpoTHBOpew- 

W.Beperu, n.3anm, R.~%wHH 
BUX ~ K C ~ ~ P H M ~ H T ~ ~ H ~ I X  A W H ~ I X / ' /  H noKa ewe omamcn O T K P ~ I T ~ I M .  

UeHTp=H& HHcl'SiTyT @H~HS~CIQIX w c ~ n e ~ 0 B a l i d  BAH, 6yiI8.IIeIIIT 
C y m e c ~ ~ p ~  Teopmmecme n p e n n o c b r n m  Toro,  TO Hamwe B MHoro-  
KBWKOBbIX $qpoHaX CTpWHbIX HJIH TRXeJIbIX KBaPKOB nOBbIU18eT HX CTa- 

A.C.Benoyco~, R . A . B ~ ~ ~ K ,  E r J l e ~ ~ t u ~ f i ~ ,  M.B.%E~~TRCSJ, B .A .Komcm,  ~ K T I W O C T ~  H OHH MOrYT WORBHTbCR B Bme 5'3KIIX Me30HHbIX Pe )OHW-  
E . W . M a n m o ~ c & ,  C.H).~OT~UIOB, C.&P~C~KOB, n A . C ~ ~ I O B ,  COB / e e 3 / .  H e ~ l a 8 ~ 0  B AByX 3KCnepHMW?aX, IIpOBeAmHbIX B rHnepoHH0M 
H).B.Conosbe~, AS.Tep~cyno~, A.M.@OM~KO, ~ . H ~ T W C O B  ' W K e  Ha SPS B UEPHe/4/ H B H ~ ~ ~ O H H O M  n y q ~ e  cepnyxoec~oro YCKOPH- 
@ m ~ q e c d  HHCTHTYT HM. n.H.Jldenw AH CCCP, M o c m a  ! T t n R  /'/, IIOJIYqeHbI yKa3WHH H a  CyIUecTBOBaHHe y3KOrY) ~ ~ ~ H O W R  C 

O.Banea, T.non~a i 
~ o f i  OT ~ y m  C T ~ ~ H H O C T ~ I O .  B  TOM cny~ae cnenym oxanan, YTO npu 60nb- 

U e H l ' p U B H E d  HHCTH'I'yT @H~UKH, SF- , WHx MaCCaX MOrYT CYUWCTBOBaTb T 8 K X e  Y3KHe 6apno~m CO c K p b 1 ~ 0 f i  
) c r p W H o m b m ,  c p w  nponyrnoe pacnasa ~ o ~ o p b r x  Haxonmcn wpa c ~ p m s b n r  

T.B .nporynoea, E.A.PynaKoe 9aCTHIJ C IIpOTHBOIIOJlOMIJdMH 3HaqBIHFIMU CTpaHHOCTI1. 
Haywo-~ccnenoea~enbc~m3 m m y ~  wepH& @H3HKH M r Y ,  M o c ~ c s a  H H x e  np~een-I n e p e b r e  pe)ynbTaTbr no noncKy KarimnaToB B y 3 d  
M . B e u ~ o ,  R.I'nanm, M . H o e a ~  

I 

flmm~e~ICHZf H H ~ Y T  PCAH, npa..a M W a  B W C - 2  B TOM Xe 3KCnepHMWTe,  B KOTOPOM HCCneAOBanOCb $qpoH- 

B . R . ~ K H  
~ ~ d c r u d  -KO-~ewonormecd HHCMT~T, C O ~ R  
A.T.Bypnn~oe, n . K . M a p ~ o ~ ,  ~.I'.C!~JITBHOB, n.T.Tonopo~, P.K.Tp~lli0~ 
M H ~ H T Y T  nnepmx u c c n e n o ~ ~ ~ d  H m e p ~ o f i  meprmm BAH, C O W  
n . M . A 6 a u i m e ,  n.H.A6ecanam~mr, H . C A u a r n M ,  B.n-p~vscsnse, 
H.O.Ka,mr~e,P,A.K~a.raa3e, i ) . ~ . ~ e ~ e n ~ e ,  HJIJIomzue, rBMenmaypn, 

Hoe poXJlMe OriapoBBHHbIX ~ ~ l M I l / 7 ~ a /  , o 6 ~ a p y x e ~  y 3 ~ &  ~ ~ P H O H H ~  

p e o ~ m c  co c ~ p a r r o f i  c ~ p m i ~ o m m  191 n ~ a 6 n m n a n H c b  y ~ m e  COCTORHHR 
~BPHOHHR C O T ~ H ~ D H O ~ ~  OT H Y m  CTpBHHOCTbIO 15/. 

~ K C ~ ~ ~ ~ H M € S I T  npoBeneH B H ~ ~ ~ T P O H H O M  nyYKe CepwXOBCUOrO 

y c ~ o p m m .  Ha puc. 1 noKa3ma cxeMa pacnonoxeHm Ha n y q K e  ~ ~ H O B H ~ I X  

me~exme cnempo~mpa B WC-2. ~ Y V O K  co CpeJxmnd ~ ~ n y n b c o ~  - 40 I'sB/c H H H T ~ C H B H O ~ K )  -3  • 10' H ~ ~ T ~ H O B  B mKne WWX ~a MH- 

I ' . H . H H K o ~ ~ ~ ~ ,  T.I'.II&iuxenaypn, r.T.Tami~uewrw, M . C . r l . p r m m m ~ ,  Uewb ( M ) .  C n e K T p o M e ~ p ~ 9 e C K U f i  MWHHT (Cn-40) H M t n  n~nepe¶ib& pas- 
P . I ' . ~ ~ e  / Mep MeXIlOJIKEHOrO 3mOpa ( 1 0 0 x 2 9 )  cM2.UeHTp 3mrO 3 o O p  B 3KCl'IepH- ~~ @EQHKH BHCOKHX 3 ~ 9 1 - d  my, T~WHCH I MesITe IlpHHRT 38 H a w 0  " I T ~ B B o ~ ~ "  O ~ T O ~ O H ~ ~ H O ~ ~  CHCT'MbI KOOpnHiiaT 

I cneKTpoMmpa (XYZ). Mar-oe none B amope, napannenwoe H ~POTHBO- 
I nonoxnoe no HanpaeneHm OCH oY, m~ettmo n o n e p e w p  c o c m m m y r o  

HMrIwbCa n p o n m ~ W  Wpe3 HWO 3apRXeHHbIX PaCTUlJ Ha 0,64 I'3B/c. 
3ap~>~eSSHbIe VacmbI Pe~HcrpHpoBUIEfCb C IlOMOlUbIO L Z s y X K O O p ~ a T H b I X  

nponopwioxianubar KaMep c u a r o ~  H ~ M O T K U  0,2 CM, pacnonoxeHnarx 
no M ~ I W H T ~  ( n K 1  7) H nocne HWO ( n K 8  -13). J ~ H  H ~ ~ H T H @ H K ~ ~ ~  
3apIDK€SIHhIX Wwm4 HCnOJXbWBaJIHCb ma MHOrOKWWIbHarx ITOporOBbIX 

ra30esrx separKOBcKHx c r i m w r c a  M m P C - 1  n M l l r P C - 2 ,  pacnonoxemmx 
COOTBeTCIB€SIHO B M m O n I O C H O M  3830pe MarHUTa H 3a rOAOCKOnOM ClplH- 

~ ~ o l i W J X  CrieTwKOB (r). h K 8 X f a J I b H b 1 6  M m P C - 1  6b~1 3 a n O r m e I  



1 i , ~  
n u w  --.-- 

con 

caM:  6 r3B/c - WR ~ O H O B ,  21 r3B/c - LUIR K~OHOB n 40 r3B/c - WR 

npOTOHOB. C 0 0 T B e ~ ~ l ' ~ y l o u ~ e  noporn &llX qeTbIpHWIJaTRKMIUIbHOr0 

M ~ ~ ~ C - ~ , ~ ~ O ~ H ~ H H O ~ O   OHOM OM -12 T a K X e  ITpM ~ T M O C @ ~ ~ H O M  LWEneEiHM, 

c O ~ ~ J U W I ~  3, 11 n 20 rsB/c. mr! 3 W c K a  CneKTpoMeTpa  T p & O ~ U o c b  

n p O X O w e H H e  Wpe3 H e r 0  H e  MeHee q e T b p e X  3apRXeHHblX WCTHU. 3 a r I Y c ~ a l o -  

& CIlrHUl B bIPa6aTbIBaJlcR 6 b 1 c ~ p b 1 ~ n  JlO~UlIeCKHMH CXeMmW, aH8TM3W- 

POBaBlUHMH ~ p a 6 a T b I B a I - i ~ ~  rOnOCKOnUlIeCKHX 3neMeHTOB B n K  W r. 
B b r n o  r r p o s e n e H o  nsa cemca p a 6 o r b 1  BMC-2 - no - 250 v a c o B  K ~ X C A ~ I ~ ~ .  

B n e p B 0 M  CeaI-ICe HcnOnb3OBanaCb XUi,QKOBOnOpoJlHaA MWlUeHb H 6 b u 0  

3apeI'HcTpHpoBaHO -lo7 H ~ ~ ~ T P O H - T T ~ O T O H H ~ I X  ~ 3 a I i ~ 0 ~ e f i c T B d .  BO BTOPOM 

Ce8HCe U C n O n b 3 0 B ~ W C b  W e p H b I e  MHlUeHH W 3  JTnepOJXa, aJIIOMHIiW3 M e n u ,  
4 

KOTOpbIe nepenOBWHCb Yep- KruICqbIe - 5  10 3aperHCTPHpOBrlHHbIJL 

~efirpon-mepnbnr s s ~ ~ o p e f i c r s n f i .  Bo B T O ~ O M  c w c e  3 a p e r ~ c ~ p n p o ~ a ~ o  - 1,2 . l o  ' ~ 3 a E l M 0 n e f i ~ ~ B H f i .  Mnrue~n HMWIH @ O P M ~  UHnHHApa W a M e T p O M  

6 CM, HX T O W H H b I  COCTaBJIRnW: ~ ~ K O B O A O ~ A H O ~ ~  - 2,1 ~ / C M  B O A O p n a ,  

a mepnbnr - 3,4 * A  1'3 r / c ~ 2 ,  me A - a ~ o ~ w r i i  sec xnep muem. 

A ~ a n m  . n e p s n w o r o  c T a m c T m e c K o r o  M a T e p n a n a  BbInonneH c q e n b w  

n o n c K a  Y ~ K H X  M ~ O H H ~ I X  ~ ~ ~ O H ~ W C O B  c ~ y n e ~ o i i  C T P ~ H O C T ~ H ) .  llpennona- 
r U O C b ,  VTO CpeRn  npOAyKTOB Pix P a C n W a  COAepXaTCR 6 a p n o ~ b 1  H CTpaHHbIe 

uacmm. M 3  B c e x  oXUi,QaeMbxx p a c n a n o B  6 a p n o ~ n e ~  WR ananma 6 b m n  

~ b 1 6 p ~ b 1  T a m e ,  B KOTOpbIX 0AI40fi H3 CTPmHbIX YaCTHlJ RBIIReTCR A ,  
nnn Ki. 3m q a c T n w I  n n e ~ ~ n @ n q n p o ~ a n n c b  no p a c n a n a M  

B CneKTpaX COOTBeTCTByloll@iX ~ ~ $ $ ~ K T H B H ~ I X  MaCC. 

Bcero B 3 ~ 0 k  pa6o~e n p o a n m 3 ~ p o ~ m o  -1,s l o 5  C O ~ ~ I T H ~ ,  conep- 
Xauwr h, -1,l . l o  C O ~ ~ I T W ~ ~ ,  C O A e p x a u n X  Ki , 11 - 1,s . lo9  C O ~ ~ I T H # ,  

conepxaumx A. 
M C K O M ~ I ~  6apno~nn MOrYT ITpORBHTbCR B BHAe Y3KHX CHI'HWIOB (m- 

KOB) B CneKTpaX ~ @ @ ~ K T H B H ~ I X  MaCC COCTORHH#: 

Y ~ a 3 a M i b 1 e  BOCeMb C O C T O R H ~  HCYepIIbIB8H)T BCe TpeX- H VeTbIpeXLIaCTHu- 

Hare  paCn-I HCKOMbIX ~ ~ P H O H H ~ B ,  KOTOpbIe MOrJ'IW 6 b 1 n  3aPeI'HCTpHpOBa- 

Ha1 CneKTPOMeTpOM. h ~ ~ v a c T W I H b 1 e  COCTORHMR, B TOM rlHCne D - I  
3apRXeIiEibIe, H e  aHUlH3HpOBUHCb ~3 -3a  6onee H H ~ K O ~  ~@$~?KTUBHOCTH 

HX P e r H c T p W H  no CpaBHeHHlo C ylCa3WHbIMH BbIlUe. 

,&IR nOCTPOWHX CneKTpOB ~ @ & ~ H B H ~ I X  MaCC coc~oxnnh (2) + (3) 
ITpeJtsapHTeJlbHO 6 b m n  0 ~ 0 6 p ~ b 1  C O ~ ~ I ~ R ,  B KOTOPbIX BOCCTaHOBneHa 

~ & T p U l b ~ a  B U K a  (VO) , C O O T s e T W y I o I 4 m  OFZHOMY H3  PaCnBqOB ( I ) ,  
a T a m e  3 a p e r n c T p n p o s a n o  H e  ~ e t i e e  jmyx n p o m B o n o n o m o  ~ ~ P R X ~ H H ~ I X  

uacmq, BbIJ'IeTaIOLUHX H3 MWlUeHB. np~l 0~60pe  V0 T ~ C ! ~ O B U O C ~ ,  n~06b1 
M H H H M ~ ~ ~ H ~ ~  PaCCTOfIHHe M-Y t?€! TpaeKTOPWTMU He  ITpeBbIlUUO 0,9 CM 

( ~ p e x ~ p a m a  sennnma 3 K c n e p m e t i T a m H o r o  pmperuenm no  TOM^ napa- 
~ e ~ p y ) ,  a CX? BePlUHHa HaXOaHnaCb 6b1 B o6nac~n  3a MHLUeHbIO no Unpm- 
n e m  nynrca. I k f m m a r r a m r e  paccromm M e m y  K P ~ M H  ~ n u e n e i i  n sep- 
J U ~ ~ M H  VO, PaBHbIe 0 CM B 3KCn03- C B O A O P O ~ H O ~ ~  MHUleHbH) H 8 CM 

B 3~cn03- C RnepHbIMH MHLUWRMU, 6 b m n  ~ b 1 6 p a ~ b 1  B p e 3 y n b T a T e  
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B c n e K T p e  ~ I $ @ ~ K T ~ H ~ I x  MWC, n o n y u e n n o M  npu T e x  xe K p m e p u m  

mennl@umxuai n n o H o B  ( n e p s b d l  ~ e ~ o n )  , L L ~ R  npyroro nehpanbnoro 
C O C T ~ ~ H R  (26), B 06nac~n MaCCbI 3250 M ~ B / C ~  ab16poca H e  na6nmnae~- 
CR. B n p m e n e n H o M  ~a PHC. 36 c n e K r p e  ~ @ @ ~ K T H B H ~ I X  M a c c  3~0ro x e  COCTO- 

RHHR. (26), B KOTOpOM COnePXHTCR 860 K O M ~ H H B W ~ ~ ,  B-eneHHbIX BTOPbIM 

M ~ T O ~ O M ,  ~ a 6 n m n a e T c ~  cna6bdl ~b16poc npu TO# xe  M a c c e ,  n o  H H a  puc. 3a. 
Bb16poc 06ycnosne~ -17 C O ~ ~ I T H R M H   ax rnan~oi i   HOBO^^ K p m o i i .  

Ecnn n a 6 n m n a e ~ b I e  B 060m c n e K T p a x  eb16pocb1 c ~ R 3 a n b 1  c C y u e C I g O B a H H -  

e M  ~ 3 ~ 0 r 0  M a o n n o r o  pe3onanca, TO (cornac~o C-HHB~PHBHTHOC~) Be- 

poRTHOCTH er0 paCl'Ia,UOB no KX4aJla.M (2a) H (26) AOnNWbI 6 b ~ b  PaBHOBe- 

pORTHbIMH. M3-38 8CHMMeTPHU YCTaHOBKH B WIOCKOCTH XOZ reOMeTpH-  

VeCKaR ~@@KTHBHOCT~ PerHCFp-H C O C T O R H I ~  (26) MeHbIIle, W M  AnR 

(2a) . OqeIi~a O'MOUleHHFI B ~ ~ ~ R T H O C T ~ ~ ~  PaCl'IaAOB pe30HBHCa no KaliaJIy 

( 2 a )  K p a c n w ~  no ~ m m y  (26) c y s m o ~  K o n m e c - m a  co6md ,  nony- 
VeHHbUr BTOPbIM MeTOAOM, H ~ @ ~ K T H B H o C F ~ ~ ~  HX p t ? M c T v  P m H a  

1,4 + 0,6 *. 
P a y n b T a T  CYMMHPOBaHHR 0 6 0 ~ ~  CneKTpOB ~ @ @ ~ K T H B H ~ I X  MaCC H&T- 

p m a ~ b ~ x  C O C ~ O R H H ~ ~  ( 3 8 )  H (36) n o K m a x  H a  puc. 4. B myx m T e p s a n a x  

MWC B m e H  CHI'Hm C IJeHTpWIbHbIM 3HaWHHeM MaCCbI 3245 M~B/c'. B IXiKe 

C o A e p x m c R  (66 f 6) K O M ~ H H ~ L M ~ ~  H m  WHOM OKOnO 130 K O M ~ H H ~ H ~ ~ .  

C T ~ T H C ~ H V ~ C K ~ R .  3HaVHMOCTb TBKOrO C m H W a  COOTBeTCTByeT I'IpHMepHO 

flIITH CTaHnapTHbIM OTKJIOHeHURM OT &Ha. 

Ha PHC. 6 n p m e n e H a  r n c T o r p a M M a ,  nonyuenxim B p e 3 y n a T a T e  CYMMH- 

POBaHHFI CneKTpOB ~ I $ @ ~ K T H B H ~ I X  MaCC BCeX 2638 3apRXeHHbIX K 0 ~ 6 m a -  

qrdi (3a) + ( 3 ~ ) .  Kpmepm men- 
\ I 6 0  T H @ H K ~ I ~ H H  nHOHOB 3LIeCb B3RTbI . 
m OLU1HaKOBbIMH H TaKHMH Xe, K a K  
e l 4 0  m ~e i l rpana~buc  COCTORHH~~ (nep- 
5 1 2 0  eb~fi ~ e r o n )  . Mar r n m o r p a ~ m ~  ~a 
O PHC. 6 pmen 20 M ~ B / c ~ .  rh-~oii  
\ I 0 0  K P H B O ~ ~  OllHC8H I i e p e 3 0 H a H C H b d  

80 
@OH, W T e M  allrIpOKCHMUHH C n e l c r -  

pa rnan~ofi a x i a n m n r l e c ~ o f i  + ~ H K -  

f 60 
uneii. 3neca B cnea.rpe M ~ K -  
THBHbIX MaCC B m e i  B b I 6 P O c  B  TO^ 

40 xe 06namu M ~ C C ,  mo H B cnempe 
C 
o ~ e l l ~ p m ~ b u r  c o c r o d  (pnc. 3 : 20 
i 

S o " 1  I 

2 . 7 5  3.25 3.75 4.25 Atc. 4. C y ~ ~ q n b i C  cnelcrp w m ~ u e -  
~ U = K ~ H B F ( O Q  UOCCO, r,e/ca HbUr M m  COcmRnUc M-, 

Puc. 5. C y ~ ~ q n b r B  cneh-rp s@- "0 
\ # e ~ l U e ~ b l x  M r r C C _ I q R X e U t l b l X  CO- rZI 

cmxnui *K+n:ApK-nfu K , o ~ ~ K '  LO' 
norgyuennbrii npu oduna~oebix ru 
KpurepuRx derrm#ufcayuu 3 q x -  g 
xennbix uacmy. \ 60 

H 4) .  B T p e X  MaCCOBbIX 

3 
m T e p B a n a x  sb16poca conep 40 

B ~ T C T B ~ ~ T  npmepno V ~ T ~ I -  

i ~ T C R  - 60 K O M ~ ~ H W ~ ~  HW 

&HOBO# KpUBofi ,  UTO COOT- 0 

p e M  CTaHJXaPTHbIM O T M O H e -  

HWM OT Q o H ~ .  
i s ' O  

8 Ztpyrm o u e n l c a  nonyue- 
H a  npn ananme K O M ~ H H ~ -  

mi4 (3a) + ( 3 ~ )  BTOP~IM 3anvea r e r a n  noccq T3B/ca 
 mono^ m e n r n @ ~ ~ w ~  3a- 
P R x e n H b I x  uacmq. nonyuen- 
HbIe  no 3TOMY MeTOAy C n e I c r p b I  ~ @ @ ~ K T I I B H ~ I X  MaCC 3aPRXeHHbIX C O C T O R H ~  

(3a) + ( 3 ~ )  n0~83axib1 H a  PHC. 6. B c n e K r p a x  ( p n c .  6a i e) c o n e p m T -  

CR C O O T B ~ T B ~ ~ H O  621, 230, 768, 766, 162 H 989 K O M ~ H H ~ L M ~ .  Ha P H C ~ H -  

K a x  no~a3am1 T a m e  p e 3 y m T a T b I  a n n p o K c n M a u m  cnempoe r n a n K n M n  






