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~ ~ H K O - T ~ X H H ' ~ ~ C K H R  HHCTHTYT AH T a ~ d c Y ,  AyUIaH6e 

+.A. A ~ ~ T R H ,  B . M .  Kpuma~, H.A. MBPYTRH,  B .P .  C ~ ~ K H C ~ H  

E ~ ~ B ~ H C K H R  @l3H'4eCKHR HHCTHTYT 

C. Bo~an 

Y H H B ~ ~ C H T ~ T  r .  Komnue, qCCP 

B .  r .  ~ O ~ A ~ H O B ,  B. A.  lln~oulea, 3. M. Conosbesa 

P e n n e a ~ ~  HHCTHTYT HN.  B .  r . .Xnonu~a, J l e ~ n ~ r p a n  

3 . h .  Konra~oea, E . A .  noxapgsa, T . N .  CKOPOA~KO,  B . A .  C n u p ~ n ~ c ~ u R '  

H H C T H T ~  TeopeTHVBCKOA W 3KCnepHneHTanbHOR $H3HKH, M O C K B ~  

Msyqe~ne  B ~ ~ W M O A ~ ~ C T B H ~  suep c Rnpanw npw e ~ c o ~ n x  aHeprnnx 
C T ~ H U B H T C R  npneneKaTenbHHn n n R  Bce 6onbmero qncna nccnenoaarenen 

K a K  C p e A w  3KCnepWMeHTaTOpOB, T a K  W CpenH TeOpeTMKOB. M H T ~ ~ ~ c  

06YCnOBnC?H B03HOXHOCTbkl Ha6nklAeHHR B 3THX B3anHOflenCTBWRX 

npORBJleHHi? H O B H X  HBOBWHHX CBOACTB RABPHOFI MaTepkiM. 0 6 n a c ~ b  

nccnenoBatinfi ~ ~ X B ~ T M B ~ ~ T  mnpoKnn nHTepean 3Heprnl3 HaneTamwx 

qL!ep, M X  a T O n H H X  B e C O B  M aTOnHHY. B e C O B  Rdep-MnIUeHeA. 

npennaraena~  qnTaTenkl p a 6 o ~ a  c o n e p x m  p e 3 y n b ~ a ~ ~  a ~ a n n s a  
Heynpyrnx ~ 3 a n n o n e U c ~ s n A  Rnep  KpeMHnsr c Rnpanw wTo3nYnbcnn npn  

aHeprwn cnHxpoqazaTpoHa OMRM n RsnReTcn npononxeHnen 
CHCTeMaTHYeCKOrO W C C n e A O B a H W R  RAPO-RAePHtlX B3aWMOAeUCTBH$i, HaqaTHX 

H3 RApaX C MsHbUnM aTONHLdM B e C O M .  

M?T?n!~a_3~c!ePwpe!Ta 
B aKcnepnneHTe cnon RnepHoii WToanynbcnw H M M X ~ W T O ~ P O E K T a  Tnna 

S P - 2  pasnepon (LOx20x0.06) cn3 aKcnoHnpoaanncb e n y w e  R n e p  KpenHnR 

c wnnynbcon 4 , s  A r a B / c .  Anx noncKa c06 t l~nA ncnonb30~anCR neTo,q 

6 ~ c ~ p o r o  npocnoTpa  no cneny B HanpasneHnn n y w a  n nenneHHm B 

O6paTHOM HanpaBneHniI. Ha HaMneHHHX C06blTWRX W3MepRJlWCb YrJH B C e X  

B T O P W Y H N X  3 a p ~ x e ~ ~ u x  YacTnu, npo6ern nenneHHHx qacTnu n s a p ~ u ~  

qparneHTos HaneTaklolero riapa. Ha o n ~ o 3 a p ~ n ~ m  QparneHTax npoeonnnncb 

w3nepeHnR HMnynbCOB MeTOnOM MHOrOKpaTHOrO K Y n O H O B C K O r O  P a C C e R H n R .  

T p e ~ w  BTopnrHta o c a p ~ x e ~ ~ w  qacrnu nonpasnen~nwcb cornacHo 

IlpHHRTtUI B MeTOne RAepHHX wTO3UYJlbCiiA KpkiTepHRM Ha CJleAYlorWe T M n H :  

a )  YepHHe ( b ) TpeKH J )  < 0.23; 

6 )  c e p ~ e  ( g ) ~ p e ~ n  0.23 < J )  < 0.75 

6 )  IHBHeBHe, PenRTHBHCTCKne ( S ) TpeKH 2 0,75  

r )  TpeKW QparMeHTOB RApa-CHapRAa J )  2- 0,98 

~ P H  aHanW3e LlaHHtM HCIlOJlb30BanWCb XaPaKTePHCTWKH: 

1 )  ~ C ~ B A O ~ H C T ~ O T ~  S-YaCTHU T )  = -1n tg ( 4 / 2 1. 

2 )  cos 4 n n R  9- n b - q a c ~ n u .  3necb 4 - nonRpHw4 yron. 

3 )  n a p ~ m  a 3 n n y ~ a n b ~ m  yron HcnycKaHnsr i- n j- qacTwu - -w - . .. . . -- 
* ; 

1 ~.Tj? ! 
t 

" '. I 



.9,, .= .$Ji-.$J 
13 J '  

rne Ci - yron ncnycKaHnsl i- fi qac'rnutr B a 3 n n y ~ a n b ~ o n  nnOCKoCTM. 

6) Yron  n e m y  HanpasneHnslnn npennmecTseHHoro ncnycKaHnR rpynn  

2 2 2 2 - 1 / 2 ,  m .  .= arc cos {(a.a.+b.b.)C(ai+bi)(aj+bj)l 
13 1 3  1 3  

a = C Cbs C k .  b = C s i n . $ J .  k 

k k 

O C H O B H O A  uenbw AaHHoA pa6OTtr 6 ~ n o  w s y q e ~ n e  C B O ~ C T B  qacTnu, 

poxaeHHbLx B npouecce s saunoae f l cTsw~  nnw npnHnnaamx B Hen n a c T n e .  

AnR 3TOr0 aHann3npOBanaCb 3aBllCHMOCTb AaHHbUc n0 MHOXeCTBeHHOCTRM H 

nepeqncneHHtin sme xapaKTepncTnKan aTnx qacrnu O T  cTeneHn pa3pyme~nsr 

~ n p a - n n m e ~ n , ~ . e .  qncna C H ~ ~ H O ~ O H H ~ ~ D ~ H X  T P ~ K O B  n,, = ng + nb n U T  

cTeneHn nepeKptrTnR c ~ a n ~ n a a l o r q n x c ~  R a e p ,  a nneHHo, cyllnapHoro sapsina. 

B ~ H O C W M O ~ O  qparneHTann HaneTalomero Rapa KpenHnR Q = C Zf,. 
i 

onysnnKoaaHHon paHee paboTe/l /npeacTaeneHH pe3ynbTaTH Hamero 

a ~ a n n 3 a  TononornqecKnx xapaKTepncTnK qparneHTaunn R a p a  KpenHnn. 

B HaCTORIIIeH LlCCneaOBaHHH HCnOnb3YeTCR aHCaM6nb HeYnpYrUX 

~ 3 a w n o a e A c ~ ~ n f i  mep  KpenHnR c m p a n n  WToanynbcnn ,  C O C T O R ~ M ~  H3 

1150 c06HTWn H aHCan6nb H3 5007 CO6trTnA, pa3trrpaHHbuc no K a C K a A H O -  

WcnapnTenbHon nonenn (aanee KHM) s sepcnn,  ony6nnxosaHHon B "'c 
yqeTon ycnoBnn aKcnepnneHTa. 

M!smec~~"~HocT! 
M H O X ~ C T B ~ H H O C T H  S - .  4- H ~ - W C T H U  B COBOKYnHOCTM C aHanOT'HLIHbmll 

Hamnn AaHHtmn anR HaneTammMx slnep renusl, yrnepoda M ~ e o ~ a - 2 2  npn 

& H H H ~  Ta6nHUH nO3BOnRaT npOCneAUTb 3aBHCHMOCTb CpeAHnX 

MHOXeCTBeHHOCTeh OT aTOnHOT'0 BeCa RApa-CHapRAa A 

a .  P < ni > qr A 1. dns p a s ~ ~ x  Tnnoe qacTHU BennqnHH ai npnHnnamT 
P 

CneAYDIIIMC? 3HaqeHHH: U = 0.64?0.02 ; U = 0.18?0,02 ; U =-0 ,04k0 ,02 .  
9 b 

if3 npHBE(AeHH61X BenHqHH U i  BHi[HO,qTO pOPi[eHHe 5-LlaCTMU nponop-  

UnoHanbHo YBennqeHnm n o n e p e w o r 0  pasnepa ~ a p a - c ~ a p s r a a .  6onee 

CJla6a!4 3aBnCnMOCTb HabnHAaeTCq AIR g-'-iaCTHU, B O C H O B H O M  HYKnOHO6 

~ a p a - m n u i e ~ n ,  npnHnnaauinx YqacTna BO ~ l i a n n ~ ~ e h c ~ ~ n n .  Btrxoa xe 
~ a n 6 o n e d  neaneHHHX qaCTkiU O T  paspylue~nw nnmeHn - b - ~ a c ~ n u  - 
npaKTnqecKn He saewcnT O T  A . 

P 
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Y ~ e n n q e ~ n e  cTeneHn pa3pymeHnR clnpa-nwrne~n npnBoailT K 

ysennqeHnn qncna KnaHos k .  Pacnpeaene~ns no nS a n R  CCBHTMW C 

nh> 1 7  x n h > 2 7  nonnno OCP xopomo onnctdsawTc9 TaKXe rayCCOBCKMMH 

pacnpeaeneHnRMn c cn> . 
6nH3KHMM 3KCnrpUMeHTanbHMM 

n,,> 27 
r,  n 3HaqeHMRM. A3HHNH P Td4J .  3 

CHB3DTC4 OTpHUaTeJbHblH 6M- 

HomnHansHblM pacnpenenew- 

eM pacnpeneneHn9 no qncny  

g- ki b- WCTMU, qTO XOPO!JlO 

BMAHO M3 AaHHb!X Ta6n. 3 .  

1 P n c .  2 Pacnpenene~nx no 

MHGXeCTBeHHOCTRM 5-qaCTWU 

20 40 60 flnR C06UTMA C nhz 1 7  M 

fl5 n > 27. 
h 

C p a ~ ~ n n  pacnpeAeneHnn , 

nOKa3aHHHe Ha P M C .  1, C 
;"Oz 

r 
aHanornqHNnn pacnpenene- 

H M R H M  ann Heynpyrnx LO. 

I \ !  1 

B ~ ~ M H O A ~ ~ C T B M A  R A e p  HeOHa 
t 

c mpaMn anynbcnn n p n  Ton 

xe nmnynbce Ha H Y K X O H .  
.I-++; + , ' , , , , , 

...*' 
~ T W  pacnpeaeneHna n o ~ a s a -  
H b !  Ha P H C  .I TOqKaMM. 

. t(_ 1 1 1  . 1 

P a c n p s a s n e ~ n a  n p a ~ ~ n q s c ~ n  ~e H ~ U ~ H ~ W T C R  n p n  nepexone o~ 
HaneTamuero HApa c aToHHblM ~ e c o n  22  K Rnpy i aTonHm eecon 2 8 .  

' : o n o c ~ a ~ n e ~ n e  pacnpenenaHnU nc qncny  s- n g - q a c ~ n u  c painpeas- 

n4HM'3HW, flOJlVqeHHNMM Ha OCHOB2 FaCqeTOB, CAeJlaHHNX B PaMKaX 

K a C K d d H O - L I C n d p H T e n b ~ ~ l l  nUileJH, IlOKa3aJU , qTO HOAi'Jlb AOCTaTOqHO 

xnpomo BGcnPOki3BodLIT ~ c n e p ~ ~ n e ~ ~  3a r.rcKnffireHnem o a n a c ~ n  n = o 
s 

6 PacnpeAensHnn no qklzny 5 - ~ ~ C T M U .  g o - ~ n n n n o n y ,  >TO C B R ~ ~ H O  c Ten .  

qT0 HOAenb Hl?ilOCT3TO'-lHO X O P O U O  YL(HTblBaBT BKnallbl 0.T n p O U e C C O B  

A ~ ~ @ ~ ~ o H H o ~ O  M KynOHOBiKOrO PhCUellneHMFI CTaJlKMBaHlWXCR RAep. 

T ~ ~ A L I U L I O H H ~ ! ~ ?  B MeTOA? qAePHb!X 3nYnbCnL? KOpPeJRUnM no MHOXeCTBeH- 

H O C T M  B T O P H ~ H ~ ~ X  qaCTMU cn > = f(n n Crib> = f(ns) n o ~ a 3 a ~ ~  Ha 
9 

P L I C .  3 .  % T M P O B ~ H H ~  3TMX 3aBMCHnOCTeA B B H A e  flpFlnblX A0 nS = 42 

B n e P B O H  CJlYqai' M A0 nS 37 BO BTOPOM AaeT 3HaqeHWR H a K n O H O B ,  

PaBHHB 0 , 5 2 ? 0 . 0 2  n 0 , 2 7 + 0 . 0 1  COOTEBTCTBSHHO. 

P a c c n o ~ p ~ n  VrnoBble xapaKTepncTnKn P T O P H ~ H M X  qacTnu. Ha pnc.  4 , s  

AaHH PaCflpeAeneHnff no flCeBAO6b!CTpOTe TI An9 5-qaCTWU W paCnp2Aen2HMR 

no case A n R  s- n ~ - ~ ~ c T M U  A J I H  aHiananR Bcex Hzynpyrnx 

B3aHUUAeUCTBHU. Ha 3TWX Xe P M C Y H K a X  ,nOKa3aHbl KpMBble, P F i C C P H T M H B  110 

KaCKaAHO-HCnaPHTenbHOFI no-  

nenn. KMM xopomo ~ o c n p o n s -  
ROAWT H cpenHne 3HaqeHwa 

K O C M H Y C O B  n cann pacnpe- 

neneHnR A n R  9-  n b - q a c ~ n u .  

B cnyqae  s - q a c ~ n u  noaenb 

Pnc .  4 .  Pacnpeaene~w~ nu n c e ~ n o a b l c ~ p o ~ e  nS = -1n  t g  (4/2) A J I R  

B C e X  B3aWIlOAeUCTBH!4. T O ~ K H  - BKCIIBPLIMBHT, rLlCTOI'paMara - m. 
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M04eJbHHe KO3$+lUWeHTH a3nnpanbHofl aCnMMsTpnn He 3 a s n c n ~  OT Q. 

Hanaonbmee oTnnqne a ~ c n e p n n e ~ ~ a n b ~ b u :  naHHm O T  nonenbHtrx p a c q e ~ o ~  

Ha6JlOAaeTCR Ann Halldonee UeHTpanbHHX CTOnKHOBeHnR, T . e .  nanMX Q .  

M ~ ~ e p e c ~ o  pacxcxnesne 

n e w y  pacqeTann no noaenw 

n sKcnepnneHTon a m  

Q ~ e a e m ~  c p o c ~ o ~  €2 , npo- 
Pnc.  8 .  <P;> ( K O B W P I U W ~ H T  a3nny- 

THBOIIoJICLKHm  TO^, YTO HaeT 
TanbHOfl K o J ~ J ~ ~ H ~ ~ ~ H O C T ~ )  K a K  

b ' 
QYHKUWR 9- O ~ O ~ H ~ ~ ~ H W R ,  K a K  Ha n0nenb. B M O A ~ ~ H  e l ,  B 

p n c .  4 .  O T J I H ~ ~  O T  a ~ c n e p n n e ~ ~ a ,  
MeAneHHO PaCTeT C p O C T O H  Q .  

d~ Ann CO6HTnR UeHTpanbHHX 

BsannoneRcTsnR (0  = 0 )  

~ a 6 n o a a e ~ c n  oTnnqne O T  HynS 

300 - K03WPIUWeHTOB a3nMpanbHOfl 

KOJlnWHeapHOCTW A n R  Bcex 

TWnOB WCTWU. T ~ K , B  cnyqae 

s - q a c ~ n u  ( c n o ~ p n  pnc. 8 )  
200 fiS=0. 3920 . ~ P E I  Q = 0 ;  1 

2 

n p a a ~ o - 0 , 0 7  npn npyrnx 

i s ~ a r e ~ n n x  Q .  B nonenn P2 

He 3aBWCnT OT CTeneHH 

Pnc. 9 .  Pacnpenene~ne no Y r n y  H e w y  pesynb~npmnplnn eeKTopann s- n 
h - q a c ~ n u  B a 3 n n ~ ~ a n b ~ o n  nnocKocTn. 

n p s a c ~ a ~ n e ~ n e  o ssannocessn n c w y  e ~ n e ~ o n  qac?nu pa3nmqHEi 

T n n o B  B a 3 1 . i n y ~ a ~ i b ~ o ~  ~ ~ O C K O C T ~ I  naeT yron I. Pacnpeaens~ne  no 

3TOn)' yrny  An3 S- !4 h-qaCTMU IlbKa3aHO Ha pWCYHK? 9. K ~ K  n B 

3KCn2pMMeHTiX ' HebHOU, HiSXMAaSTC3 TeHAeHUMS K M C n Y C K a H W M  3TWX 

TpVIlIl '4;iCTMU 6 a3MMYTd,?t>ilO)l IlIlOCKOCTM 6 npOTHB?llO~7@S;Hble CTOPOHbl. 

Moaenb, JTkiTkLB~aff 3aKOHbl 

COXpaHeHnR, HeMOXO Ilepe- 

JaeT 3TY TeHAeHUWD. 

a CO6MkiRX lleHTpanbHblX 

l p o c n e a w n  BnnqHne 

UI- XdpdKTCpWITHK OOll.IpHblX 

o 60 120 '80 yrnuB Ha p a c n p e a e n e ~ n ~  
f) s no a3nnyranh~ t in  y rnan .  Ha 

A 11 < 0.1  M All9 qaCTMU, 

p23AeneHHbu: n ~ ~ e p e a n o n  
A n  > 2 , 0 .  an4 nepBoA 

5 r p y n n ~  ~ ~ C T H U  ( A o,< 0 , l )  

HafnbOaeTcR n x  n o B ~ e H H 3 ~  

P t J X O A  B paHOHe < 10'. 

0 60 120 180 

6s 
Pnc . l o .  Pacnpeaene~ne  no napHony a 3 w n y ~ a n b ~ o n y  yrny  L . T ~ ~ K H  - 

sKcnepnneHT, rncTorpanna - KMM. 



T . ~ . = C T W , & ~ M ~ W ~  d n I I 3 ~ 1 l e  ~ ~ C ~ ~ O ~ H C T ~ O T H , U M ~  O C O ~ ~ H H O C T ~  BLJIeTaTb 

n c 6nH3EHMM a 3 n n y ~ a n b ~ u n n  yrnan14. A n R  qacTnu c A qS > 2.0 

pacnpeneneHne no 6 O K ~ ~ H B ~ ~ T ~ R  paeHonepHHn. A ~ a n n ?  6 pacnpeneneHMA 
no pa3nHqHM TOnOnOrHHM 5-qaCTHU nOKa3dJl. qTO n0BblU2HHtln 6HXOA 

qaCTtiU B  @ O n e  6 - lo0 Ha6nMAdSTCR AJR B C e X  TOnOnOrHn. HSqHHdR 

c nS= 2 n KoHqafl naKcnnanbHo Bo?nowHnn ~ H ~ ~ ~ H H R M L :  ns.  

O U ~ H M M  B K ~ ~ A ,  BHOCtiHHn B ~ a 6 n 1 0 d a e n ~ n  3 q q . e ~ ~  napann Aannua. 
KOTOpHe TaKXB nMe10T NanNe 3HaqeHklFI 6 M A n. 3 ~ a R  <nS> n <Q> Anil 

rpynntd c06mnCI c ns> 2. B KoTopon 113~1anncb  pacnpeaeneHM9 no 
6 .  H 

WCnOnb3YR BePORTHOCTb paCnaAd n0 -Me30~a  Ha A W - I I a p y  1.1 r -  K B ~ H T  . 
cocTaBnnmuyio 1 /80  O T  O B H ~ H H X  pacnanoe,nonyqaen,   TO Ha nonm 3TWX 

nap npkiXOdHTCR 46  M3 305  KONf3HHaUnt3, qCJpMHPYK1UIHX 3 w K T  

(npe-ublme~ne Han nocTomHHn n b e n e c ~ a n o n ) .  M H H ~ ~  cnoeann,-15% O T  

s w e r , T a  npuxonnTcsl Ha n a y  Aannua. Bo ~ 3 a n n o ~ e r i c ~ ~ n ~ x  R a e p  ~ e o ~ a - 2 2  

c finpawn w T o s n y n b c u n  sTn napH cocTasnRmT, KaK 6 ~ n o  n o ~ a 3 a ~ o  

B Hamefi pa6oTe y6 ' ,  3% oT Haanmaenoro 3 w K T a .  

Ha p M C . ; l  nOKd3aHH H3MSHeHMR K03pp4UHeHTOB d3MMYTanbHOR 

aCllMPleTpHFl H KOnnHHeapHOCTM 

5 - q a c ~ n u  ( P; n P: ) ,  a 
TaKW CpeAHerO 3HaqeHHR 

TaH X B  KaX II H a  O C T a T L h H H X , I I O K a 3 ~  P a C P e T b l  DO K B C ~ O - B C ~ ~ P B T B ~ ~ H O ~  

noaenw. C n e n y e ~  O T M ~ T U T ~  HeKoTopoe pasnnqne n e m y  nonenbw, U 

3 ~ c n e p n n e ~ ~ o n .  

- X O A  3aBWCHHOCTW @sh O T  ns B ~ o n e n n  n n e e ~  npo~naononomy lo  

3KCnepHMeHTY TeHAeHunlo. B UOAenn HaH60JlbUDle 3HaqeHWR A n R  3TOI-0 

yrnd o x n ~ a l o ~ c ~  n p n  vs< 0 ,  B sKcnepnneHTe me Ha6nloAaloTCR npn 

v5- 2. 

- 3 ~ c n e p n n e ~ ~ a n b ~ u e  s ~ a q e ~ n ~  K O ~ ~ H U H ~ H T ~  a 3 u n n a n b ~ o R  aCUMMeTPHH 

( ,071 AnR qacTnu c ns < o o ~ a 3 m a ~ ~ c ~  HecKonbKo 6onblwnn,  qen 

3T0 AaeT MOAenb. 

nepeqncnkin O C H O B H H e  BHBOAH pa6OTH. 

1 .  Y ~ e n n q e ~ n e  aTonHoro seca ~ n p a - c ~ a p ~ ~ a  c 2 2  no 28 npaKTnqecKn 
He 

H ~ H R ~ T  pacnpeAeneHnn no MHomecTseHHocTRn B T O P W ~ H ~ I X  qacTnu, no 
XapaKTepHCTUKaM nOn%pHm H a3UMYTanbHa V n O B .  

2 .  C yBennqeHneM aTonHoro Beca ~aneTalouero  m p a  naAaeT A O n R  

UeHTpanbHHX B3aMMOAeACTBHn. 

3 .  P a c n p e ~ e n e ~ n R  no MHOXeCTBeHHOCTRM S-qaCTHU K a K  A n R  B C e X  

B ~ ~ W M O A ~ A C T B W ~ , T ~ K  W AIR C O B H T W R  C pa3nnq~Ofi  CTeneHbm pa3pYmeHnR 

RApa-MHIUeHki X O p O m O  BOCnpOn3BOARTCsl OTpnUaTenbHM 6biHOHLlHanbHM 

pacnpeAeneHnen. 

4 .  P e n s l ~ u ~ n c ~ c ~ n e  O A H O ~ ~ ~ R ~ H H ~  ( s- ) qacTnutr, nnenwe 6 n n 3 ~ n e  

llCeBA06HCTpOTH. A vs< 0 .1 .  I Q B ~ e C T B ~ f M O  B w e T a B v r  C  6nn3KkinH 

a s n n y ~ a n b ~ m n  yrnann E < lo0-  

5 .  Bce nccneAoeaHHHe pacnpeAeneHnR Hennoxo OnncmaloTcR 

KaCKaAHO-WCnaPWTenbHOA MOAenblo 3 8  HCKnloqeHneM a3HHnanbHm 

XapaKTepnCTnK C06!dTnA UeHTpanbHtIX cT0nKHOBeHHA ( o = 0 1- 




