
BJIMEIHME OMYPEHMEI MOHAMM C I 2  H Ne  22 

HA 3nEKTPOMEXAHMPECKME CBO~CTBA 

KPMCTMJIOB OmCM WHKA 



KPHCT~WIH ORECH IIEHKa, R ~ ~ ~ C R  I I b ~ 3 0 3 J I ~ K T p l U W M E ,  H B X O m T  UIYI- 

pOKOe IrpHMeHeHHe B lIb830TBXBHR8 H ~ C T O a J I B K T P O H H K B ,  B PaCTHOCTl! B 

K8PBCTBB IIb830aJI~Kl'pHIBCZCEX XaTPHKOB B ~ O ~ K T O C K O I I B ~ ~ ~ C K H X  y f i T P 3 B y -  

ROBHX CHCTeMax/I/ .  be30JCaT'¶EKk¶ H a  OCEOBe ZnO MOWT 6 H ~ b  TBICllle 

HCXIoJra30- W E 1 3 ~ ~ H E J l  AHA8J4EWCKHX 

m e m a  EX T f Q t e m m  HOEI~MB (cM., nanpmep, 
no- no EWBDIHIBI obxyrysem T m c e m a  H O H ~  P~BJIEPHKX aneprd  H a  

m e s o a n e ~ ~ p w e c ~ a e ,  yupyme H mane~~pwecmie c B C T B ~  K~ECT~JIJIOB OKE- 

CE W R B  IrpBnCTaBIRDTCR B X T ~ ~ ~ .  B pa60T8/3$0110mBKH P Q 3 y 3 B T a T H  

UO p ~ ~ 0 I i H 0 ~  CTO~KOCTH KPHCTWIAOB &I) IrpH 06~1y¶em EX HOEaMB 

HI63RHX a ~ e p r d  ( B M W H H T ~ )  B 3aBHCEMOCTH OT IIOJHPHOCTH. B p a 6 0 T e  /4/ 
EsJ"¶WIaCb UpEpOAa p4Il3aIIEOHpHX ~ a p p e d  TaKEX KpECTaJIJIOB n p H  60~6ap- 
m O B K e  TfQteJlHME HOHaMa BhlCOKHX 3 ~ e p d .  

LIea nac~o~uei l  pado~n  - H c c n e n o B a R H e  H ~ M ~ H ~ H H R  a n e K T p o v e x a t i m e c -  

KBX C B O ~ C T B  KPECTWIAOB OKHCH UEHWi, BH3BBAHbM B O ~ ~ [ @ ~ C T B H B M  TfQtBJIHX 

HOHOB. 

O 6 q e m e  KpHCTWIAOB Zk'O npOBOLlglrOCb H a  YCKOPHTeNIX 7-400, 
9-300, Y-200 H MU-I00 JIa6o~a~opm qrrepnm peaxu#. n e p ~ a R  wpm 06- 
pasrro~ 06 a n a c b  B ma a T a x a :  B s a q a n e  HOH- C" c a s e p m e l e  90 MaB 
no noru 13 xos/ ch? a 3a.e~ HOH- XZ2 c asepmeil 160 MaB no 
nosu 2 3.10'~ HOH/ c 2 .  Cnezymm cepm 06paauos 6ma obxywna ~ o s a u r  

A r '' c anepmam 225 MaB B 44 MaB no nos 1014 ros/ oh? H I O ~ ~ H O H / C ~  

c o o T s e T c T s e m r o .  Dpa w e -  nos- Mez2 o m o p o m o c T b  pacnpene- 
n e m  HoHoB B wme Konl 'pompo-cb no M e T o m K e ,  O I I E C ~ H E O ~  B p a 6 0 T e / 5 / ,  

a 06ny-w- HOHWE Ar40 WOR C E A H K ~ O B ~ ~ C R  no K I O B ~ ~ X E I O C T H  o6pas- 
UOB, 9 T O  KIO3BOJLWlO A O ~ H T ~ C R  PaBEOM~pHOCTH 06~1y¶em UO B C O ~  padonea 
nosepwocm odpaaqon H e  m e  5 8.  



Ta6mm I 
Wave~em 06aemoro c o n p o ~ ~ ~ ~ e m  j7 ( OM-CM), maaen.pqecmx 

S T 
~ O H E ~ ~ ~ M O C T ~ ~ ~  & TI, E 11, 33. E j3. P830HaHCHH.X ¶aCTOT jy 
(m) H XO~POTHOCTE Q 110 E IIOCJIe 0 6 q e m  0 6 p a 3 ~ 0 ~  Kp~cTEUllroB 
Zn 0 . O T H O C E T ~ ~ H ~ R  T O ~ O C T ~  onpexeaeaur l a c ~ o ~  f - 1 0 ~ 1 ,  a 

ocTmme ~e- onpexeaem ~3 ~ a r p ~ e ~ ,  npHsexem Bmne 
hparre~pkt Ao O ~ J I J T ~ ~  IIoca~ 06 e m  nocae 06 

HOHaMa C B"= 
91 3.79-10" 0 .54 .10~~ 1,4.1011 
5'3 1 9 + 1 8 , 1 1 0 ~ ~  (9,0+0,57).10~~ ( I O ~ G ) . I O ~ ~  

E !I/to 9.13 9 ,3  8,48 9.26 8,67 

€ f I / ~ o  8,68 8,83 8.1 8.33 8.33 

E!$€O 11.26 11,28 10.66 11 11,26 

&33/&o 9,26 I0,7 9.97+9,26 8,84 8.81 

f M 2 CpB3 3578. 00.2 3522.001 361 8,972 
-fK M X cpe3 1735,889 1723,502 1742.355 

$& ~ P Y C O K  260,885 260,765 262,033 

a 2358 4575 8188 

Ta6~1~ua 2 
W3Me~eXr. YqYl"EX M O W A ~ ~  4, #5 ( d c s k 2 1  , p ' p ~ 0 m  ~ O ~ T J I E B O C -  

TE $& (csk2/m). meaoaaenrprpecnoro ~onyan d 3I (CGSE) , nse3oauenT- 
P~eCKBI nOCTORHHHX egg E 815, KO-BHTOB ~ J I ~ R T P o Y B X ~ K K ¶ ~ C R &  CBR3K 

Kt , K15 H K31 no E nocae od~rgnemw 

Dapa- Ao o 6 ~ 1 ~ ~ e m  Docae o 6 ~ -  IIocne o 6 ~ -  
MeTpnr ¶ e r n  HOnaMH PBEDM HOH~MB / 8 r A 3  

c12 c12 H e 2  

($3 23.79-10" 23.11-10" 24.34.10~~ 2 1 . 5 0 ~ 1 0 ~ ~ 2 2 , 1 0 ~ 1 0 ~ ~  

cf5 4.74-10" 4.66-10'' 4 . ~ 1 . 1 0 ~ ~  I . R . I O ~ ~  4,48*1011 

$HI 78 .89.10-I4 78,96.10-I4 78.28.10-I4 79 ,IO*IO-I~ 

d31 15 ,57.104 15.47.10~ 15.43.10~ 15 .43*104 15 .36.104 

e 3 3  33.60.10~ 28.00*104 %.w. Io~  34.20.10~ 28.80.10~ 
e15 12 .97-104 12 .85.104 11,67.104 17,70*104 I1 ,10~104 

Kt 25.37*10-~ 19.44*10-~ 25.1-10-~ 28.20*10-~ 22.90.10-~ 

K15 22,68.10-~ 22.45.10-~ 21,04.10-~ 31,50.10-~ 19 ,90.101 

K31 18,46.10-~ 18.33*10-~ 18.36*10-~ 18.90*10-~18,10*10-~ 

2 

me fL a f aL- qacrorkt pesomca n asmpesoaasca, t - T o m  m c -  
TEli, L- J3,l5EH ~ ~ ~ C K O B ,  9 - MOTHOCTb. paCC¶ETlEWlECb p ' p v e  MOmJIE 

4 3 ,  $4 E p'pYI'l¶e IIOAaTJIEBOCTE $HI. Ha BTEX '0 06pasua Ha qaCTOTaX 
I KT'4 a I0 MI'a ~ s m e ~ c a  s ~ a n e m  ~ s n e ~ ~ p w e c ~ ~ x  npomqae~oc~e8 npa 
~ O C T ~ O M ~ M e ~ e C K O M  S HaIIPSKeHEE H I I O C T O ~ O ~  ,lt8@pMWEX ( &TI, 

E i3 a €fI, E 33. 313-8 peso~a~clmx E asnpe3oaanc- qacToT nos- 
BOJHeT OnpIpeJIWlETb K O ~ @ & ~ E ~ H T H  ~ ~ ~ K T ~ o M ~ x ~ R ~ ~ c K o ~  CBR3H HCCJleXOBaH- 
ahq TEUOB K O B ~ ~ ~ .  a H 3  R O ~ ~ R T O B  ~ J X ~ K T ~ O M ~ X ~ H E ¶ ~ C K O ~  CBRSB, 
y-npyrmc ~onyneneB E manenTpwecKEx npo~i~uae~oc~ePt - m e 3 o a n e ~ ~ p w e c ~ ~ e  
~ O ~ T ~ R E H H ~  e33v 015 r n e s o a ~ e n ~ m e c ~ ~  Mow- dgI E3 COO THO^^^ 

Kpa~e TOI'O, atI€UIE3 CneKTpoB y ~ o n 0 6 a ~ ~ h  SeT  BOBMOWOCTL OWHHTb 

B3MepHTb 0dtJWEIME MeTOnBMBy~06pOTHOCTb C O O T B e T C T ~  pe3OHa- 
TOPOB. IIOMEMO IIB~~PHCJMUTHX  me napaMeTpoB 6- a3~epesa ~ a ~ l e  anen- 
TPQIIPOBOmOCTb ~ 6 p 8 3 ~ 0 ~ .  OTM~TBM, ¶TO BCB H3MBpem WOBOmCb B YC- 

JXOIOE%HIIX, R O ~ S  oodpa31w 6 m  naowpoaagsr OT cseTa E nepex EaMepeHaww 
Bhlnep%EBaJ5Cb B 3aT0MKeMIOM COCTOIIHHH He MeHee CYTOR. 

IIonyneawre pesyna~a~n  npsmenem B ~a6-ax I E 2, B ~ o ~ o p w  W 
cpaaae- p a a m  m e m e c a  JIETepaWslie n-e/'*g/no a e 0 6 m e s m  
KpHCTWd, BlQaQeHEk&l -0TepMaJIbHbw MeTOXOM. 



~ 0 6 ~ 0 ~ .  A O ~ ~ O T H O C T ~  RBlUIeTCR nepoB BBgTpeHHeFO TpeHER, TaK 

K8K OCTaAbEHe K88W IIOTePb -0B BHepllHH XO H IIOCJIe odnyw~arr  He  

~suemiu~~cb.  Ha p ~ c . 2  npHBenea ynacTox ~ m t o - n a c ~ o ~ a o S i  xapaxre- 
~ECTERE aneuema, coBepmansero ~0ne6amw exam-pac~~eparr no xmaxe, 
B O K ~ ~ C T E O C T E  OcHoBHoro peaorraaca. B4mr0, xax nocne ochyqem HOH~MH 
I2 C yMeEbU5UWX pe30HUCEaR ¶aCTOTa, HO B03poCna XO~~OTHOCT~ (0lIpe~[e- 

JUfelBM COOTEOmeEEeM Q = /4 f , me A f - OBEe o,? OT uartCw- 

Is Uhl WE j k  ) . ~ o c J I ~  O~Q'WEE.U HOH- ~ 2 p p e 3 0 ~ C H B ( I  PaCTOTa 

WCTBeEHO B03pOWa, a X O ~ P O T H O C T ~  BOSpO- em0 3HaYETWIbHee (CM. 

Ta6JlKDy I).  

os&Imnea~ anexmo~exaawecxo~ cm3a. IIocne o b n p e m  aoaarra 
c12 3&THO IImaeT ~03-~HT K t  , O T B ~ T C T B ~ ~  3a B036~qeHEe np0- 

J [ O ~ E K X  x o n e 6 d  no Tomume I L ~ ~ C T E H  Z -cpeaa. Oc~anarne ~ o ~ e r i -  
/ 22 TH E3MeIiRlWCII W O .  n0cJIe IIOBTOpHOrO o 6 n y w m  H O H W  je K t  BOC- 

CTmaawBarrrcR - n p H 6 m c R  K HCXOmOMg 3HaPBHHB) (CM. 2). 

I 
Ilaesoanexmmecme N I O ~ J J E  H I I O C T ~ ~ ~ ~ .  n b e a o w e x ~ p ~ ~ e c ~  MO- 

mna d31 npammecmit H e  MeaReTcR, a n a e 3 o a n e ~ ~ p w e c ~ a ~  nocTmaR 

e15 WaamaeTcR KaR WE 06~1yne- n o ~ m  c12, T ~ K  H nocnemeM o 6 ~ -  

qe- noaeur h22. B T o  xe spem mesoanenqmeclra. n o c ~ m a n  e33 
donee 3aMeTHO WeEbmaeTcR npn odnpemm Hoa- c12 H BoccTaa-eTc~ 

K IIePBOHBP81QHO~ 3HaPeHHD IIOCJIe 06~1pe- EOH- &22. H3 DOJlJTeEHHX 

AaHHHx MOEHO CXWIaTb BHBOX, ¶TO LI8M0HeBEIBB K O B ~ ~ H T O B  3JleRTpOMeXaEZ- 

¶ ~ C X O ~  CBtI3H OWe~eJLR8TC11, rJIaBEDA obpaaotd, E3MQHeHHW IIbe303JIeKTpE- 

¶eCKw IIOCToffawnt, a He JIp3JIeKTpweCREX ~ T ~ o E E ~ ~ ~ M o c T ~ B  E MomJIeB m- 
rocm. 

CJIemeT OTMBTHTb, ¶TO H C D O l l 5 3 0 ~ ~  B x~E@IoB pa60Te KpHCTaJIJlH 

OKECH mnixa IIO CBOEM CBOBCTBBM: ~ e - 8 ~  I I ~ ~ ~ O ~ J I ~ K T ~ ~ ~ C I C B X  UOCTQZIH- 

HhIX H K O B ~ ~ H T O B  B J I ~ R T ~ O M ~ X ~ H E ¶ ~ C R O  CBYISE, 3- 

IIOJIOXeEEe Merrlp KpECTahnaMH, CBOBCTB~ KOTQPkU OlIHCaWI B pa60T 

no-mmmohfy, y ~ a s a ~ x ~ e  o ~ ~ l a a v r  odyclroanertnr p a 3 n m  npwecsh~il cocm- 
BOM B YCIOBERMB JIBI'EpOBaEER. 

0 6 0 6 ~  npmenemme B ~a6- 1-3 m e  u EX n o c n e m e  06- 

cyxxeme MOXEO c x e m ~ b  m a ,  nTo o6nywme K ~ H C T ~ ~ O B  omcx mmca 
HOH- ct2 rrp-JIpT X YBWSE'ieEQ ~ O ~ ~ O T H O C T E  pe3OHaTOpOB, npl MOM HV 

c~ecrseHao,gareamamcam conpoTmeaae E I C O @ ~ ~ U E ~ H T  CMSU K i , ~ . n p H  
D o c n e ~ e M  obnpexuui H O H U  HeOHa COXpaJUETCSi BHCOKOe YX-HOe C O I l p -  

mmewe H ~ ~ ~ O C B O B C T B B  H C ~ ~ ~ C T B ~ H E O  ~ o a p a c ~ a e ~  X O ~ ~ O T H O C T ~  peao~a- 
TOPOB, CoBepmanqm xonebamw w ~ a ~ - p a c ~ m e m  no X n p ~  n p ~ ~ ~ o n t e ~ ~ ~  ~ 0 3 -  

6yxqamero aneKTpwecRoro nonn no Z . Oma~o  B nocnemeM cxgnae yc- 
noxmercn cnexTp ynpy r~~  ~ o n e 6 a ~ ~ U  3a cneT nolraxeaar! xonowarenbama 

pe30HaaCOB, EO H8 OCEOBe Donpeaaha X8EEHX He-3JI OAH03HaPgO CmaaTb, 

J C B J H ~ T ~ R  w n p m o B  aToro oduee ~ o a p a c ~ m e  X O ~ ~ O T H O C T E  (npommmuee 
p-00 H e w e  ~ ~ S O H ~ B C H )  EJQ X8 B pe3JJIbTaTB O ~ J I J T ~ W  HeOHOM D m -  
mraficR 06mcTE C HBCROJ5KO H ~ Y I B H ~ H B O ~ ~  -0CTbD. T ~ M  C W  0 6 m e ~ a e  

3UeTHO BJHReT H8 HCCPeXOBBB(IIHBCR IBpUeTpH, llpHr(BM DO HeROTOphna H3 

HEX, B PaCTHOCTR IIO X O ~ ~ ~ T B O C T H , B  CTOpEJT Cp@CTBBHBOrO JmeEli13 

CBOBCTB H C X O , ~ ~ ~  K ~ H C T ~ ~ J I O B .  

38Me~~ul. ¶TO aiIWXOFE9EHe pe3yJBTaTH IIO H3MBHeHHD CBOBCTB KWCTWX- 

nos ORECH qmca 6- nowem H n p ~  od~rynemm EX HOH- ~r~~ c a ~ e p  
225 MaB H 44 MaB, B nacmocm, J [ O ~ ~ T H O C T ~  p m C b  B 2,25 E 

I,5 pa3a CoOTBeTCTBemo. 



Ob~amemHe a3nmm i3nuum 
odmemw EO- CP2 E hW Ha 
E3MBH8HBII 3nBXTPOM0~eCR~ 

/ CBOBCTB KPCTWB OI(BCE nli~mzi MO]I(- 

HO CBR3aTb C TBM, ¶TO IIpH 06wQexix-n 
EOHaME C" MOTHOCTb HOHOB 6- II8- 

d: owopoma no nosepxaocm 06pa3w. B 

TO BMR RBR IIpE 06JQTBHHH BOB- 

I00 I50 

340 ' M ~ c ~ B .  B o ~ M ~  MBXBIIH3M IIep8paC- 

320 rrpenenem npwnecelt MmeT 6 ~ ~ b  06y- 
CJIOBIIeH B03HHKBOBBHE0M B o6JIyxae- 
MOM ~ p ~ c ~ m e  obrnc~eil c ~ e m m e c -  
KHMH H-0- E PBffH-OmO- 
C T ~ J I E ~ O B W H O ~  JlJlW3E&. Kpo~e 

I00 - 260 - TOI'O, Ilp0HCTBBNIBTCII B a ~ ~ T B J I b X W  
O ~ ~ C B H T ~  C T O W  BHa¶ET0JIbHHe Ewe- 
aerra~ a n e x ~ p o ~ e x a a w e c ~ ~ x  CBOBCTB 
H3MeEeHHIIMH B 30H0 npodera HOHOB 

50 -/O ( H ~ C R O J I ~ R O  ~eCf3T'KOB MKM) IlpH TO=- 

aax odpaaqo~ nopqr[Eta I m. Mauro 
npemOJLO%ETb. ¶TO C m m H H 0  E3M0- 

260,7 260.9 262 26281 ae- E nepepacnpenaeme npmece8 
PACTOTA, K I b  n p o ~ c x o ~ ~  E s a  30~08  upodera EOHOB, 

&c. 2. YP~CTOK ~T~.QiO-PBCTOT- ¶TO H ~ ~ J X W W I O C ~  Ha m v  K P C T  

a0ft XQFlXT0pXiCTaKIl UWeHTa, CO- w, HqHMep &I KpECTWe ,yL,%1! 
BepamQero xonebaiimi cxame-pac- ~eTaJIbH00 BIIRCHeHEe upOUeCCOB, IQO- 

Tmeme no ,mme B odmcm OCHOB-- E C X O ~  B n b e 3 0 8 n e ~ ~ p m e c 1 ~ ~ ~  
HON peaona~ca no (I) H nocne 06- ~pxc~annax upa 06-em ax   me- 
JrgseIIHR yrJI0pOnOM (2) E HeOHOM - ¶aC- 
(3) . I- f = 260,885 m, A f =88 m; e~ rrpoaenem3 mub~ehmx accnenoBa- 
2- f = 260,765 m, f =52 m; d l ,  ImrpaaaenHHx ~a npoaepw BHC- 

3- f il = 262,003 m, A f -32 m. m8- Bme ~ J U I Q J I O X ~ E E E .  K ~ O W  
TOrO,  p83yJXbTaTH. DolrgneKHHe B l@X-- 

Ha8 p a 6 0 ~ 0 , n 0 n T B e p ~  ~ ~ J I ~ c o o ~ ~ ~ ~ H o c T ~  IQOB0L[em3 3XCnepHveHTOB UO 

L 

PeIXCTpq CEI'EUOB OT II&03OL[aT¶EKOB Ha ICpECT8JSJIa.X z.16 HenOCp0nCT- 
Bern0 I&'E O ~ J I Y P ~ H ~ ~  TJlXenWE EOHaMH, TO 0CTb  PBI'ECTP- CTE- 

pec- xone6adl. a n a n o r n o  TOW. K= sro 6 m  ssmomeso dVnpn 
06~rgsern M H ~ ~ H &  EOKaMH Be. IIonodmR 3KCnepIiMeHT MOXeT naTb ER@para- 

m o xaparcTepe AEH~MH~~CKEIX nponeccoB, ~ ~ O H C X O L Z R ~  B I C ~ E C T ~ L ~ X  rrp 
BOBH~BCTBEE Ha IIHX E~JQT~I~E&.  

ABTOPH ~ J I ~ F O A ~ ~ R T   em I'.H.Qnepo~a E np@ccopa 10.JJ.Oraaec~- 
na 3a nonesme 0 6 c m e m .  
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