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B Y Y B ~ H O M  IIOCO~HH PBCCMaTpHBBlOTCJi pa3JlUYHbIe KOCMOJlOrUYeCKHe MO- 
nt3IH B c e n e m o i i .  Pe3ynb~mb1 ~ a 6 m o n a r ~ i i  CpaBHHBalOTCJi C IIpeUCKa3aFIW3MH MO- 

n t3Ief i  3BOJIKlUHH B c e n e n n o i i  H AeJIBK)TCJi BbIBOPbI O ITPHMCSiHMOCTH U T K P ~ I T O ~ ~ ,  

I T y n b ~ H p y i O ~ e f i  H 3 a K p b 1 ~ 0 f i  ~ 0 n t 3 I e f i  B ~ t 3 I e J i I i o f i .  
Pacc~mp~eaercJi  ponb mepnblx pea~uuii  B npoeepxe KocMonormecKux 

runor-. llpu  TOM nonuepKHBaioTcJ i  H e p e r r r e m b I e  npo6nmb1 mepnoii acrpo- 
@HBHICH H KOCMOJIOrHH. 

Y u B 6 n o e  noco6se npeucrmmer co6oii qacn ~ y p c a  ne~uwii "Fbxepnm 
a c r p o @ ~ 3 ~ ~ a "  H pacmmano Ha  m y n e r r r o e  @WIN~CKHX @ a ~ y r n ~ e r o e ,  acm- 
patrroe H mxenepoB, nnTepeCyiOupixcn n p o 6 n m a ~ u  Jinepnoii ~CTPO+H~HKH, 

KOCMOJIO~UU. 



~au6onee 9aCTO HCIIOJIb3yH)T TePMUH " B c e n e H H m " ,  H H O r n a  C A o ~ ~ B -  

JIeHHeM ( O ~ O B O ~ K O ~ ~ )  - " B H ~ H M ~ H  B c e n e ~ ~ a f r " ,  I IOn9epKHBaR 3THM 

TOT @KT, 9TO 38 I l p e A e n a M H  H a u ~ e f i  " B ~ U M O C T H "  M O X e T  HaXOAUTbCR 

ewe 0 9 e H b  60JIblUafr 9aCTb B c e n e ~ ~ o f i  HJIH H p y r k l e  BCeJIeHHbIe. 

%CTO T a K X e  IIpHMeHReTCH TepMHH M ~ T x E U I ~ K T H K ~ ,  KOTOPEUI I lpeA-  

CTaBnReT co6ofi IIoJIHb1fi m c a ~ 6 ~ 1 b  BEWMMbIX rEUIaKTHK, YTO IIOJIHO- 

CTbH) 3KBHBEUIeHTHO IIOHRTUH) BHAHMaH B c e n e ~ ~ a u .  
M T ~ K ,  KOCMOJIO~HH U c c n e A y e T  B c e J I e H H y m  B ee H a H 6 0 J I e e  K p y n -  

HOM ~ a c u ~ a b e .  apyrue x e  pa3~enb1 ~CTPO@ABUKU p a c c M a T p H B a m T  

OTAeJIbHbIe ee COCTa.I3JIRWUHe: 3Be3Ab1, M e X 3 B e 3 n H y K I  C p e A y ,  rEUIaK- 

THKM H T.A. HCHO, YTO T B K O ~ ~  r n o 6 a n b ~ b 1 f i  IIOAXOA KO B c e n e ~ ~ o f i  T p e -  

6 y e ~  HOBbIX MeTOAOB HCCJIeAOBWW H, 6onee TOrO, nOHCKa HHbIX 

~ ~ K O H O M ~ P H O C T ~ ~ ~ ,  9 e M  Te,  KOTOPbIe yXe OTKPbITbI, HCUIpHMep, B COJI- 

H e g ~ 0 f i  CHCTeMe HJIH B HaLUefi ~ E U I ~ K T H K ~ .  T ~ K ,  3 H m ,  K a K  YCTPOeH OT- 

~ e J I b H b 1 f i  KHpIIHq, HeJIb3H H H 9 e r O  CKa3aTb  0 AOMe, IIOCTpOeHHOM H 3  

3THX K H p I I ~ l l e f i .  3 H m  CTpOeHHe 3 B e 3 n ,  HeJIb3H BbIBeCTH 0 6 u ~ e  3aKO- 

HOMepHOCTH pa3BHTHR BceJIeHHofi .  

~ O C M O ~ O ~ W ~  RBJIReTCH @ y ~ A a ~ e H ~ a J I b H o f i  H a y K o f i ,  OTKPbI-  

~ ~ u o u e f i  ITpHHQHIIHaTIbHO HOBbIe 3aKOHbI lTPIIPOAbI. no CYTH A e n a  Ta-  

KMX @ ~ H H ~ M ~ H T F ~ J I ~ H ~ I x  H a y K  B eCTeCTB03HaHHH c e f i Y a c  TOnbKO ABe: 

@ H ~ w K ~  3neMeHTapHbIX 9aCTHll H KOCMOJIOrHH. H M ~ H H O  3 n e C b  H a y K a  

CTOMT, B IIOJLHOM CMbICne CJIOBa, I I e p e n  HeH3BeCTHbIM, T O r A a  K a K  

A p Y r H e  pa3AWIbI @ H 3 k i K ~  U ~ C T P O @ H ~ H K H  p a 3 B H B W T C H  38 C9eT IIpH- 

MeHeHHH YXC? M3BeCTHbIX 3aKOHOB H R B J I ~ H H ~ ~  (~0f i  Xe ~ T O M H O ~ ~  HJIH 

R n e p H o f i  @ H ~ A K M )  B HOBbIX KOHKPeTHbIX YCJIOBWfX (HtUIpHMep,  

@H3HKa TBepAOrO T m a ,  KBaHTOBZLU ~ ~ A M o @ H ~ H K ~ ,  PeHTreHOBCKaff  

KnH ~ ~ ~ M M ~ - ~ C T P O H O M ~ I R ) .  ~ ~ e p e C H 0  OTMeTMTb, llTO 3TW A B e  @yHAa- 

MeHTFiJIbHbIe Hay-, KOTOpbIe HCCneAYmT, Ka3aJIOCb 6b1, COBepIlIeHHO 

HeCOIIOCTaBHMbIe RBJIeHKH, I IPOTeKWLqMe B Pa3HbIX IIPOCTpaHCTBeH- 

HO-BpeMeHHbIX H3MePeHKHX (w H MtTtlMHp), Ha9HHaK)T BCe  

6 o n b r u e  H 6 0 n b r u e  3iiBHCeTb npyr OT gpyra H ~ 6 n E i X a ~ b c H .  M o X H O  



,llLEKe CKa3aTb ,  W O  cefisac IIpOACXOnkTT HX CUHTe3. O K ~ ~ ~ I B ~ ~ T C R ,  6e3 
B H m A R  @ A ~ U K H  3JIeMeHTaPHbIX YaCTAg ( @ U ~ U K H  BbICOKHX 3HeprAf i )  

Heieb3H IIPOnBAHYTbCR ANIbuLe  B KOCMOnOrAA ( p e q b  W e T ,  B l l e p B y J 0  

O ' Iepenb ,  0 " I I P o ~ B A X ~ H A A "  K M W b I M  B p e M e H a M  B H e C T q H O H a p -  

H O ~  K O C M O ~ O ~ M H ) .  B p a B ~ 0 f i  M e p e  6e3 3IIZIHHR C O B P ~ M ~ H H Q ~ ~  KQCMO- 

JXOrHH H e n b 3 R  IIOHRTb IIPHPO,llbl jneMeHTapHbIX 'IaCTAq H HX B 3 m M O -  

,IleficTEIHfi. B n o n ~ e  BOJMOXHO,  YTO @ Y H , ~ ~ ~ M ~ H T Z ~ J ~ ~ H O C T ~  H RBnReTCR 

TeM ~ ~ ~ M c o M ,  H a  OCHOBe KOTOPOrO 3TH HaYKH COJIbH)TCR B OnHO 06- 
eCTeCTBeHHQHaYYHOe H a n p a B n e H H e .  

B CBOeM COBpeMeHHoM BHAe KOCMOJlOrAR I IpenCTaBnReT KOM- 

-GPKC Mnef i  A I I p e n c ~ a J 3 n e H H f i ,  IlOW?pIIHyTbIX A 3  @ASUKH, MaTeMaTHKH, 

~ ~ Z J T ~ C O @ H A  A n P Y r A X  HaYK,  KOTOPbIe HCIIOJITI[%SYH)TCR AIIR IIOCTpOeHwI 

v~daeneii, OIIHCbIBalQuAX C T p Q e H u e  A 3BOJIH)L[62H) Bcene~~ofi .  
C O R ~ ~ M ~ H H ~ I ~  KOCMOnOrAYeCKkie M O n m H  B c e n e H H o f i  nOJVKHb1 

i)aCCMEITpSBaTbCR C I I03AgAf i  o6uefi TeOpHH QTHOCUTenbHOCTH (OTO) , 
x o ~ o p a ~ :  r r p e n c T a s n R e T  B H a c T o R u e e  B p e M R  ~aki6onee P ~ ~ B U T Y H )  M 

:ia~6onee C O r n a C y I o ~ y I o C R  C 3KCIIepHMeHTOM COBpeMeHHYH) TeOpUH) 

r p a 8 u ~ a ~ ~ u .  O A H ~ K O  ~ a ~ o f i  m a n ~ 3  H e  B c e r n a  n o c T y n e H  ~ 3 o a  ~ p y n -  
H Q C T ~ ~ ~  MaTeMaTWIeCKOrO a n I I a p a T a  OTO. M ~ o r o  I I p O U e  6b1no 6 b 1  

PaCCMOTpeTb MOnWIA B c e n e H H o f i ,  OCTasaHCb B P a M K a X  HepWIHTllsA- 

C T C K O ~  H ~ H ) T O H O B C K O ~ ~  TeOpHA r p a B m q M A .  K ~ K  6b1no n O K a 3 a H O  

M ~ O M  H M~K-Kpki B 1934 r. ~ a ~ 0 f i  n O n X O n ,  H e  RBnRRCb CTPOrO 

HaYWihIM, B C e  Xe llpMBOAIIT K KaYeCTBeHHO IlpaBIlJIbHbIM p e 3 y n b T a -  

TaM. ~ I M W H O  C 3~0fi  TOYKM 3peHZIR ~ Y A ~ M  p a 3 6 k i p a ~ b  KOCMOJIOrWIe- 

CKAe M O n e n H  H MbI,  0 6 p ~ m c b  n H m b  H H O r n a ,  me 3 T 0  H ~ O ~ X O A H M O ,  

K CTPOrAM KOJIWXeCTBeHHbIM BbIBOnaM OTO. 
XOTR OCHOBHYH) P O n b  B KOCMOIIOrHII IIrpalQT C m b I  r p a B U T q k i k i ,  

6 o n b m o e  3HaYeHMe HMeloT A R n e p H b I e  B ~ ~ A M O ~ ~ ~ ~ C T B Z I R .  B H a C T O R ~ e M  

K y p C e  KOCMOnOrMW?CKMe MOneJIH PaCCMaTpllsalQTCR C n03AI&ifi R n e p -  

H 0 f i  @A3AKki, B CBR3M C rIeM r n a B H O e  BHUMZU3IIe YnWIReTCR H e  BbIBOnY 

KOCMOJIOrWIeCKAX ~0nenefi  A 3  y p a ~ ~ e ~ u j i  OTO, a aHNII I3y  B 3 m M O -  

n t ? f i ~ ~ B A f i  YaCTHU II R n e P  H a  p a 3 H b M  3TaIIa.X pa3BkTTZIR B c e n ~ ~ o f i .  
B p a H H e f i  B c e n e H H o f i  P O n b  R n e p H b I X  ~ 3 a & i ~ o n e 6 ~ ~ ~ & i f i ,  B YaCTHOCTH 

T e p M o R n e p H b I x  pealcq~fi, o s e H b  B e n H K a  - OHM O l l p e n e n m o T  C O C T ~ B  

H 3 B O m 0 g m  B e u e C T B a  B c W I ~ H H O ~ ~ .  3 ~ a  CTOpOHa BOllpOCa 6b1na HaMH 

H3JIOXeHa B KHki re  " R n e p H m  ~ C T P O @ A ~ A K ~ "  ( M.: kI3n. MkImkI, 
1980), B rnase YU " C m ~ e s  renm B rop~sefi  Bcene~~ofi",  K KOTO- 

p06 YATaTeJIb M O X e T  06paTkTTbcR l lpM paCCMOTpeHHki M O n e n A  r 0 p R Y e i i  

B c ~ ~ ~ H H o ~ .  



XOTH pzlHHUe M O n e n U  B c e n e ~ ~ o f i ,  K KOTOPbIM OTHOCHTCH CTB- 

qUOHapHbIe MOneJIU, yXe OIIpOBeprHyTbI naHHbIMU ~ a 6 n m ~ e ~ u f i  U 

c o u l n w  co c q e e b 1 ,  ux p a c c M o T p e H w e  n p e n c T a s n H e T  uwepec. R B ~ F I F I C ~  
6onee IIpOCTbIMU U eCTeCTBeHHbIMU C TOqKU 3peHUH "3npa~or0 CMbIC- 

na", OHM II03BOnHIoT ~au6onee npOCT0 n 0 ~ 0 f i ~ U  K A p y r U M ,  CnOXHbIM 

( U H O I - ~ ~  " ~ ~ ~ Y M H ~ I M " )  KOCMOnOrUileCKUM MOnenHM.  nyHKTb1,  

IIO KOTOpbIM TaKWe eCTeCTBeHHbIe MOneJIW OKa3WUCb HeCOCTOHTeJIb- 

HbIMU, TaIOKe O'leHb B m H b I  n n H  IIOHUMaHkfR ~ ~ e f i  pa3BUTUH KOCMO- 

norm. 

C O E - ~ o ~ e n b  6 b 1 n a  n p e H n o X e H a  H~IOTOHOM.  OH^ n p e n c T a s n a n a  

IIO CYTU A e n a  IIepByH) KOCMOJIOrU'4eCKyH) MOneJIb B c e J I e H ~ o f i ,  T a K  K a K  

KOCMOnOrwI A 0  H ~ W T O H ~  3aHHManaCb, B ny'4IIIeM C n y q a e ,  JIUIIlb CTpOe- 

HUeM ~ 0 J I H e ' 4 ~ 0 f i  CWCTeMbI. B COE-MOH~JIU B c e n e H H a R  6 e c ~ o H e ' 4 H a  BO 

BpeMeHki U B IIpOCTpaHCTBe, OllkiCbIBaeTCFI "IIJIocKo~~" I ' e o ~ e ~ p U e f i  

E B K J I L ~ A ~  u p a B H o M e p H o  s a n o n ~ e ~ a  s s e s n a ~ u .  llosmee c ~ a n o  HCHO, 

W O  3Be3nbI  rPYrIllMPYH)TCH B I'anaKTMKH H '4TO CTPYKTYPHbIMM e n U -  

HWqaMki B c e n e H H o f i  HBnHIoTCH H e  3Be3Ab1, a r2UIaKTUKH UnH HElXe 

CKOIlJleHwI r a n a K T H K .  O H H O ~ O ~ H O C T ~  B c e n e H H o f i  B TaKOM C n y q a e  

03HaqaeT,  q T 0  OHa PaBHOMepHO, C O ~ U H I K O B O ~ ~  rLIIOTHOCTbH) BO BCeX 

CBOMX qaCTHX, 3aIIOnHeHa raJIaKTHKaMH (CKO~UI~HMRMEI ~ ~ T I ~ K T H K ) .  

C O ~ ~ ~ C H O  C O E - ~ 0 n e n U  BceJIeHHaR H e  TOJ'IbKO CTWUOHapHa - OHa 

ewe U CTaT.TINHa, T.e. CO B p e M e H e M  H e  MeHHeTCR H e  TOJIbKO lUIOTHOCTb 

r a n a m H K ,  HO u AX cpenme n o n o x e H m .  

O C H O B ~ ~ I H ~ M  W R  C O E - M O ~ ~ J I H  lIOCJIyXJUIa W e R  0 TOM, qTO 

K a m a R  rlaCTHqa-raJIaKTHKa HCllhITbIBaeT rpaBHTWHOHHOe n p H T R X e -  

Hkle CO CTOPOHbI BCeX HPYrHX WCTHU-rantlKTHK, npkiW?M B C m y  6ec- 
KOHeWOCTH H OHHOPOHHOCTH B c e n e ~ ~ o i i  pe3yJ'IbTHpJnouaR C W I a  

P a B H a  HynIo .  KaX,QafS WCTklUa K B ~ ~ H C B O ~ O H H ~  ki BCH) B c e n e ~ ~ y m  
M o m 0  PaCCMaTpkiBaTb K a K  ra3 H ~ B ~ ~ H M o ~ ~ ~ ~ c T B ~ I O ~ H X  qaCTUU. 

3 ~ a  W e R ,  COMHeHHR B K O T O P O ~ ~  CTaTIH lTpORBlIHTbCR nOBOJIbHO CKO- 

po, H e  6b1na,  o n a a K o ,  c T p o r o  o n p o s e p r H y T a  B ~ I J I O T ~  no H a m e r o  

CTOJ'IeTHR, T a K  q T 0  C O E - ~ o n e n b  rOCllOnCTBOBaJIa B KOCMOnOrHH 

6onee n B y x  c~onmufi. 
H ~ C O C T O R T ~ J ~ ~ H O C T ~  C O E - ~ 0 H e n k l  npORBWIaCb B p R a e  n a p a o K -  

COB, T.P. YM03PUTenbHbIX J'IO~IlrleCKklX ~ T ~ o T u B o P ~ ~ H ~ ~ ,  K KOTOpbIM OHa 

IlpHBOnT T U KOTOPbIe HarJ'IR)IJ-IO ee OIIpOBeprtlEOT. 



@ O T O M ~ T ~ M Y ~ C K M ~ ~  I IapWOKC ( O n b 6 e p c ,  1826 r.) BO3HUK npu 
l7OrlblTKe OTBeTUTb H a  BOnpOC: n 0 Y e M y  HOYHOe ~ e 6 0  T ~ M H O ~ ?  C B ~ -  
l r e H u e  H o s H o r o  ~ e 6 a  n p e n c T a s n R e T  co6ofi c o B o K y m o e  ~ s n y s e ~ ~ e  
BCeX UCTO'IHUKOB BO B c W I ~ H H O ~ ~ ,  H e  3aTeHeHHOe 6 n w ~ a i i u ~ ~  HCTOY- 

HuKOM - C o n ~ q e M ,  u B ~ ~ C K O H ~ Y H O ~ ~  BceJIeHHofi  AOnXHO b b l ~ b  

OYeHb HPKIIM.  TO MOXHO nOKa3aTb C IIOMOLLWH) npOCTOrO PaCYeTa. 

C B ~ T  K ~ a b n m n a ~ e n m  n p r ? x o n m  OT ~ ~ C K O H ~ Y H O ~ O  wcna HCTOYHH- 

KOB, O K P Y X a l O ~ U X  er0 PaBHOMepHO CO BCeX CTOPOH (PUC. 1 ) .  Pa- 
3 0 6 b e ~  BCe llpOCTpaHCTBO H a  c @ e p u Y e c ~ H e  CnOH T O J I ~ ? ~ H O ~  d r  . 
Benmmry Ar ~ b 1 6 e p e M  ~ a ~ o f i ,  Y T O ~ ~ I  PaCCTOXHMe A 0  BCeX HCTO'IHH- 

KOB B K a X n O M  CnOe $ + d c  MOXHO 6blno C ~ O C T ~ T O Y H O ~  TO'IHOCTbIO 

CYUTaTb PaBHbIM < . T0rna C B ~ T O B O ~ ~  nOTOK, ~ p U ~ 0 ~ f f ~ P i f i  K ~ a 6 m -  
A a T e n m  B T e n e c H o M  yrne &I, MOXHO 3aIIHCaTb B B m e :  

Put. 1. K BbIBOny n a p a A O K c a  0~1b6epca B C O E - ~ o ~ e n u  

Ann Y n p O U e H m  paCYt?Ta 6 y n e ~  CYHTaTb, YTO BCe UCTOYHUKll obna- 
ANOT O ~ W H ~ K O B O ~ ~  CBeTUMOCTbH). B ~ e n e ~ u e  p a C n p e ~ t ? J I e H ~  UCTOYHU- 

KOB no c s e T H M o c T u ,  ~ a 6 m n a e ~ o r o  ~ F I  ranamm H a  c m o ~  nene, 
TOJIbKO CneJIaeT U3JIOXeHUe bonee rPOMOSnKIIM, HO H e  U3MeHUT OKOH- 

YaTeJIbHOrO pe3yJIbTaTa.  ~ U C ~ O  UCTOYHUKOB B C n O e  , ,+dy RPU Ilx 
2 c p e ~ e f i  IUIOTHOCTU C O C T ~ B U T ~  ~ 4 2 ~  d m  . B TO BpeMH K a K  n0TOK 

y 6 b 1 ~ a e T  C POCTOM f l  KaK I/?'!, qHCJIO UCTOYHUKOB @ BO3paCTaeT 
L 

K a K  I;' , T a K  qTO I I P O l n B e n e H H e  4 Ni nOCTORHH0 no BCeM CnORM U 

~ ~ b 1 f i  cn0fi A a e T  O ~ I M ~ K O B ~ I ~ ~  B K J I W  B C Y M M ~ P H ~ I ~ ~  nOTOK: F= 



n 0 C b  6b1,  AOSIXeH 6 b 1 ~ b  ~ ~ C K O H ~ ~ I H ~ I M .  6 0nee nonpo6~b1fi 2lHanH3 

nOKa3bIBaeT,  OnHaKO, rITO F 6 y n e ~  K O H ~ ' I H O ~ ~ ,  XOTH A nOCTaTO'IH0 

6 o n b  m0ii ~ e n ~ s ~ r ~ o f i .  K O H ~ ~ H O C T ~  F O~IHCHH €!TCFI TeM , rITO 6nmafi- 
mwii K ~ a 6 n m n a ~ e n m  W C T O ~ H H K  ~ e n p o s p a s e ~  AnH u 3 n y s e ~ ~ ~  B c e x  

npyrwx HCTO'IHWKOB, p a c n o n o x e H H b I x  H a  TOM x e  nyse 3pwm 3a HWM 

W, TaKUM o6pa30~ ,  6onee l X ~ e K a e  WCTOsHWKH 6 y n y ~  3a3KP2lHHpOBa- 

HbI. B pe3yJIbTaTe 3KP2lHHpOBKH nOTOK F W OKa3bIBaeTCR K O H ~ ~ H O ~ ~  

s e n u s ~ ~ o i i .  
~ o J I ~ Y ~ H H ~ I ~ ~  p e 3 y n b T a T  MOW330 ewe C@OPMYSIHPOB~T~ TBK: B 

COE-~onenu H a  K a x n o M  nyse 3 p e ~ m  ~ a 6 m o n a ~ e n b  0 6 ~ 1 3 a ~ e n b ~ o  

YBWgHT WCTO'IHMK, TaK W 0  BeCb TeJ'IecHb12 Y r O n  3peHHH 6 y n e ~  M O T H 0  

3a6m WCTOsHHKaMki (PUC. 2 4 )  , nOBepXHOCTHaFI HPKOCTb KOTOPbIX 

Pac. 2. Pacnonome~ue UCTOYHHKOB B none 3 p e ~ m  Ha6JIKInaTeJIR B 

B COE-~onenn (a) H B p e a n b H o M  Ha6moneHm.i (6) 

c o o T B m c r a y m  T e M n e p a q r p e  T = 103 - 105 IC ( n o s e p m o c ~ ~ a ~  TeM- 

n e p a T y p a  ase3n H r a n a ~ ~ u ~ ) .  Cnenosa~em~o,  TWH) x e  n o B e p x H o c T -  

H w  T e M n e P a T y p Y  L l O n m O  HMeTb H HOYHOe H e 6 0  B C O E - M O A ~ ~ U ,  
sero H a  c a M o M  nene H e  ~a6monamc~.  P e a n b ~ o e  pacnpenenwse HCTOY- 

HHKOB B @ O K ~ H O ~ ~  MOCKOCTH T e n e C K o n o B  c K o p e e  noxoxe H a  

pHC. 2,6, me HCTOrIHnKll n O K P b I B W T  TOnbKO MaJIyIO YaCTb n 0 n H  3pe- 
HUH, OCTiLBJIRH 6 0 n b ~ H e  WCTOTbI, YTO B KOHeYHOM Wore H l l p H B O n W  

K M a O M Y  n O T O Q  OT HOYHOrO H e 6 a .  @ O T O M ~ T ~ U Y W K U ~  n a p a O K C  



CTaBPiT n 0 A  COMHeHkle C O E - M O A ~ J I ~ .  B TO Xe BpeMH OH RBJIHeTCR 

I l p 0 6 H b 1 ~  KaMHeM R n H  n 1 o 6 o R  ~ p y r 0 a  K O C M O J I O ~ I I ~ ~ C K O ~  M O ~ e J I I I .  

I ' p a s m ~ t i o ~ q b r i 2  napmom (3een11rep ,  1895 r .) . P ~ C C M O T -  
PUM 60nbwoe 0 6 n a ~ 0  panHyca , paBHoMepHo 3 a n o n ~ e ~ ~ o e  "sac- 
TPiI&IMkl" (pPiC. 3 ) .  Ha c @ e p e  4 n0MeCTFiM np06HyKI " ~ ~ c T M u ~ "  

MaCCbI  n . EIaiiqe~ r p a B F i ~ ~ P i O ~ ~ b 1 ~  nOTeHUklaJI, ~ e k % c T ~ y K I ~ k l I ' i  H a  

n p o 6 ~ y ~ 1  "qac~my".  C y r r ~ e c ~ ~ y e ~  TeopeMa, cornacHo K O T O P O ~ ~  n o -  
TeHUHWI OT " ~ ~ c T u u " ,  P ~ C ~ O J I O X ~ H H ~ I ~  38 c @ e p O f i  Yo , PaBeH HyJIIO - 
B CkIny CPiMMeTPUkl kl ~ ~ C K O H ~ ~ H O C T ~ I  BceneHHoti. K O H ~ ~ H O ~  3Ha-  
qeHPie fIOTeHqklaJIa CO3AaeTCH TOJIbKO "qa~Tk~I&l~k l " ,  HaXOARUWMMCH 
BHYTPII c @ e p b ~ .  B HLIOTOHOBCKO~~ Teopm ero H a x o A m  B p e s y n b ~ x r e  
p e m e a m  ypaBHeHPiR nyaccoaa: 

3 r A e  J - c p e A H n n  ~ O T H O C T ~  " u a c n r q " ,  &' = 6,7.10-~ CM / ( r . c )  - 
rpaBMTaUIIOHHaR n0CTOHHHaR ( a a u 6 o n e e  TOqHOe 3KCKIepkiMeHTaJlb- 
Hoe 3 ~ a q e ~ M e  c o c ~ a s n a e ~  G~~~ = ( 6 , 6 7 4 5 + 0 , 0 0 0 8 )  c M 3 /  ( r . ~ )  1. 
P ~ D M B  YpaBHeHkle  (2 )  , HaXOAllM : 



B ~ ~ C K O H ~ Y H O ~ ~  B c e n e H H o f i  ~ b 1 6 0 p  H a s a n a  KOOpnUHaT 0, OYeBIIn- 

HO, n p o u 3 ~ o n e ~ .  B S~BUCUMOCTH X ~ O T  p a c n o n o x e a u f i  npo6aoCi "sac- 
T U ~ ~ I "  OTHOCMTWIbHO 0 ~ P ~ B U T ~ ~ U O H H ~ I ~  nOTeHUUaSI U C m a ,  n e f i c T -  

B y I o q a R  H a  YaCTPiqy, ~ Y ~ Y T  pa3JIHYHbI: $@ = 0, K O r n a  HaYNIO K O O p n u -  

OT HYnff KOHeYHaR BelIHYHHa (ecnki m HaXOnHTCff H a  P W H y C e  ) ; v=-" Iq,U GT@ . n 0 J I y s a e T c f f  n a p W O K C :  r p a B ~ T a ~ u 0 H H b I f i  I IOTeHqHXl ,  

~ e f i c ~ B y I o q u l 4  B C O E - M 0 a e n k i  H a  npo6~ym " Y ~ c T H ~ ~ " ,  M O X e T  n p n H u -  

MaTb  3HaYeHUe OT HYnff  a0 -no  B 3aBUCHMOCTH OT s b 1 6 0 p a  CUCTeMbI 

KOOpaUHaT.  Heonpeaene~~ofi 6 y n e ~  B T a K O M  C n y ' I a e  k4 r p a B H T ~ u O H -  

H ~ R  cma. Y T O ~ ~ I  p a s p e u r u ~ b  n a p a a o K c ,  HWO n p e n n o n o x m b ,  YTO nn6o 
B C W I ~ H H M  H e  ~ ~ C K O H ~ Y H ~ ,  nu60 K Hef i  H e n p H M e H H M a  HbIoTOHOBCKaFI 

TeOpHff TRrOTeHUff. 3 e W I u r e p  nOnbITEUICff H L U ~ H  BbIXOn 113 r p a B H T a -  

q u o H H o r o  n a p a a o K c a  B p a M K a x  COE-~oaenu.  OH npeanomun s a ~ e -  
HUTb H ~ I O T O H O B C K U ~ ~  n O T e H q H N I  T a K ,  Y T O ~ ~ I  H a  6 0 n b ~ 1 u x  (KOCMOJIO~U- 

Y ~ C K U X )  PaCCTOffHUffX OH H e  CTaI-IOBUJICff ~ ~ C K O H ~ Y H ~ I M .  ~ T O ~ O  MOXHO 

A O ~ H T ~ C F I ,  a o6asu~  B Y p a B H e H u e  (2)  ~ 0 n o J l H u ~ W I b H b I f i  W e H  ( O T B ~ T -  

C T B ~ H H ~ I ~ ~  38 r p a B P i T ~ P i O H H O e  O T T N I K H B L I H ~ I ~ ~ )  &I 3 a n H C a B  er0 B B u a e :  

K O T O P ~ I ~ ~  npu n o c T a T o s H o  MUOM a ~ a s e ~ u u  n a p a M e T p a  d 6 y n e ~  n p a K -  
7 

TUYeCKU C O B l l m a T b  C l lpeXHkiM lT0TeHqMNIOM $@ H a  PaCCTOffHHH &L-- 
K 

( ~ a n p n ~ e p ,  B npeaenax comewofi c u c T e m . 1  nnn r a n a ~ ~ n m ,  rae c 
B ~ I C O K O ~ ~  C T e n e H b m  TO'IHOCTU c n p a B e a n I i B a  H ~ I O T O H O B C K ~ H  T e o p u R  

T R I ' o T ~ H W ~ ) .  O ~ n n Y r l ~ e  llpOffBkiTCff T O n b K O  H a  60I IbUIHX PaCCTOffHW3X 
4 

f j r  & , me g ' BMeCTO HeOrpi l l lHW'HHOrO pOCTa 6 y a e ~  ClpeMkiTb-  

CR K KOHe'IHOMY ITpeaeJly v' - -- .pH r--. . nocnemee Peg- d 2 ' 
C n e a y e T  H 3  ypaBHeHHJ3 ( 4 ) ,  e C n H  B H e M  n O n O X H T b  v =0. 

O m a ~ o  p e w e H u e  3eennrepa, y c ~ p a H R R  6 e c ~ o ~ e r l ~ b 1 f i  rpmkrra- 
~ U O H H ~ I ~ ~  lTOT€?HwZUI B C O E - M O A ~ ~ H ,  H e  p a 3 p e U I a e T  llOJIHOCTbKl rpmki- 
TarlkiOHHOrO n a p W O K C a .  



T ~ ~ M o A H H ~ M u W ? C K U ~ ~  n a p w o K c .  Ecnn B c e n e ~ ~ a R  ~ ~ C K O H ~ Y H ~  

BO B p e M e H H ,  B C e  IIpOlJeCCbI B Hef i  A O n X H b I  6 b 1 n ~  6b1  IIpHATH K CO- 

;X"K'RH61H) T e P M O A H H a M H ~ e C K O r O  PaBHOBeCHR H BCe  BeIJJeCTBO A O n X H O  

H3XOAkITbCFI IIpkI O A H H ~ K O B O ~ ~  T e M I I e p a T y p e  ( " T ~ I I J I o B ~ R  C M ~ P T ~ " )  . 
! L K T U B H O C T ~  3 B e 3 n  H r M a K T H K  n C H 0  IIOKT3blBal?T, YTO HHYerO IIOXO- 

xero  na T e n n o B y w  c M e p T b  B p e a n b ~ o i i  B(.E!JIeHHofi H e  ~ a G n w n a e ~ c ~ .  

B cnysae cna6oro r p a B m a u H o H H o r o  ~OJIR:  ( n o ~ m u ~ a n  MHO- 
2 r0 MeHbIUe  C ) KOMIIOHeHTbI T e H 3 O p a  f ik  0 6 p w a I O ~ c F I  B HOJTb IIPH 

if k , 8, =g2 =gS3 317 , ~ w = 7 * ~ ~ / c Z  , TBK UTO M ~ T P H ~ N U ~ C K U ~ ~  T m 3 O p  
CBOaklTCFI K C K ~ K ~ F I ~ H O R & ~  HbIoTOHOBCKOMY IIOTeHuHEUIy 4p . Bce KOM- 

n o H e H T b r  ~msopa  s ~ e p r ~ ~ - ~ ~ n y n b c a  T a m e  6 n ~ 3 ~ ~  K HYIIH), 3a HC- 

K m o s e H H e M  B P ~ M ~ H H O ~ ~  KOMnOHeHTbI ;Td, =/c' , XapaKTepH3yIO-  

ueii 3 ~ e p r m  n o K o F I  "sac~nu". B  TOM cnysae y p a B H e H m  (6) CBO- 

AFITCFI K OAHOMY YPaBHeHUKl ~ ~ Z ~ C C O H ~  ( 2 ) ,  KOTOpOe,  K a K  6 b 1 n o  IIO- 

K a 3 a H 0  BbIIUe,  H e  H M e e T  p a 3 Y M H O r O  CTWHOHaPHOrO p e I U e H ~ .  OT- 



CIoHa MOXHO 3aKJIH)rlUTb, a n 0 ~ p 0 6 ~ b 1 f i  a H m M 3  ITOATBePXAaeT 3 T 0  

3aKJIH)seHUe, qTO ti Y CMCTeMbI ( 6 )  HeT CTaLIUOHaPHOrO PeIUeHUR. 

q ~ 0 6 b 1  er0 TeM H e  M e H e e  nOJIys I lTb ,  3 f i ~ m ~ e k h  B B e n  B YpaBHeHUe 

( 6 )  A O ~ O J I H U T ~ J I ~ H ~ I ~ ~  W e H  ( T ~ K  ~ a 3 b l ~ a e ~ b l f i  J I H ~ 6 n a - s n e ~ )  , H e  

~ a p y m m u u f i  06uux  n p m u k i n o B  0'1'0: 

~ o 6 a ~ ~ a  n a ~ 6 n a - s n e ~ a  AA a H a n o r n s H a  n o 6 a a ~ e  uiyf ,  ~ s e n e ~ ~ o f i  
3 e e n ~ r e p o ~  B y p a ~ s e a u e  4 y a c c o ~ a  ( C M .  ( 4 )  ) . ~ W C T O  M ~ T ~ M ~ T M -  

VeCKU OHa npMB0nUT K TOMY, lITO CUCTeMa ( 7 )  A a e T  KOHesHOe CTa- 

UUOHapHoe p e m e H u e .  ~ ~ 3 U s e ~ ~ U f i  Xe CMbICn J J O ~ ~ B K M  /ifLk ( K ~ K  M 

c o o ~ ~ e ~ c ~ ~ y r n u e i i  n o 6 a e ~ u d ~ '  ) r p a ~ n ~ o 3 e ~ :  o H a  o s ~ a s a e ~  H a n u w e  

B IIpUpOAe CWn ~ T U r p a B M T ~ M U ,  KOTOPbIe PaBHOMePHO P a C n p e n e J I e -  

HbI BO BCeM npOCTpaH<::Re, T.e. ZlHTHrpaBUTaLIUIO B a K y y M a .  CMJIL! 

aHTUrpaBUTa3JMU HaCTOJII,i<O MaJIbI, W O  rlpaKTMseCKM H e  n p 0 H B n H I o T -  

CR B ~ a c m ~ a 6 e  m1aHeTHbIX U 3Be3AHbIX CMCTeM ( c o J I H ~ ~ H W I  CMCTe. 

M a ,  r m a ~ ~ a ~ a ) ,  H m a M w K a  K O T O P ~ I X  n o n H o c T b m  o n p e n e n R e T c c l  

r p a ~ u ~ a 3 J u e f i  B X O A R ~ U X  B CUcTeMy M a c c .  HO B ~ a c m ~ a 6 e  M e ~ a r a n a K -  

TMKU aHTMrpaBMTalJUR B a K y y M a  BbICTynaeT K a K  BTOPaFi H ~ O ~ X O A M M ~ R  

nnFI paBHOBeCHR CUlIa, YpaBHOBeUIMBWUJaR rpaBUTauMOHHOe TRrOTe- 

HMe " Y ~ C T W ~ "  - rCUIaKTMK, B p e 3 y J I b T a T e  YerO U CTZlHOBMTCFI BO3MOX- 

HbIM CTauMOHapHOe COCTORHMe B c e n e ~ ~ o f i .  
Mup 3khm~eCiHa n p e n c T a s n c I e T  ~0608  T p e x M e p H y I o  c@epy, 

HarnFIAHb~f i  ~ ~ y x ~ e p ~ b l f i  a H m 0 r  K O T O P O ~ ~  - 0 6 b 1 9 ~ m  ,QBYXMePHaFI 

c @ e p U q e c K a R  nOBepXH0CTL. PWMYC T P ~ X M ~ ~ H O ~ ~  c @ e p b 1  / - - ' W 
3- 

eCTb p a I i y C  KPMBW3HbI nPOCTpaHCTBa ( ~ M I J ~ K c  "3" y K a 3 b I B a e T  H a  

' I ~ C T H ~ I #  cnysati c@epwsec~oro M w p a  3CiHm~e1ka B o T n w s M e  OT npy- 
rax M O A ~ J I ~ G  C Apyrk iMU 3HaseHFUlMU l4 /1 , KOTOpbIe ~ Y ~ Y T  PaC- 

CMOTpeHbI H I . M C ~ ) .  rpaHkiLI Y B c e n e ~ ~ o i i  HeT,  K a K  HeT UX y A B y X M e p -  

HOG C@epUqecKoG nOBepXHOCTM, HO OHa UMeeT K O H ~ ~ H ~ I ~  0 6 b e ~  

U, CJIenOBaTeJIbHO, CTpOrO OrlpenWIeHHyH, MaCCy & =A v3 . T ~ K  
K a K  KpUBU3Ha npOCTpL3HCTBa A 0  CUX n O p  3KCnepUMeHTanbHO H e  

H a k e H a ,  B KarIeCTBe p a A U y C a  f3 H a 0  nPHHfITb MaKCHManbHO B 0 3 -  



MOXHOe 3HaYeHHe, Ha3bIBaeMOe H ~ ~ J I I O ~ ~ T ~ J ~ ~ H ~ I M  ( HnH @O OMeT- 

PAII~CKAM) p m H y C O M  Bce eHH0f i  OCTaB RIOqHM C loa8 CM. 

Torna V j  = 2 . 1 0 ~ ~  CM( fJ  = %12' r/CM3, H M a c c a  B C M ~ H H O ~ ~  
C O C T a n H e T  J~S = 2.1056 r = 1012 M ~ ,  me M - 2 . 1 0 ~ ~  - M a c c a  

~aruefi  r a n a ~ ~ w m i ,  cone xauefi o ~ o n o  io11r3ie3n. B c e n e ~ ~ a ~  

C o n e p X H T  IIpHMepHO lo1' raJIaKTHK, q T 0  HaMHOrO 6 0 n b m e  qHCJIa 

r N I a K T H K ,  BXOAHUHX B H3BeCTHbIe 0630pb1, B KOTOPbIX nepeYHCJIeHb1 

n H U b  6 n u 3 ~ ~ e  H p K H e  rUIaKTHKH.  T a ~ o f i  COCTaB B c e n e ~ ~ o n  H e  npOTM- 

BOpe'lHT COBpeMeHHbIM AaHHbIM ~ a 6 n l o n e ~ ~ R .  B C J I ~ A C T B H ~  O r p a -  

HHYeHHOCTH M H p a  H npORBneHHFI H a  6 o n b m u x  (KOCMOJIOI'HY~CKUX) 

paCCTOFIHHJTX CHn aHTHrpaBHTaI&iH B HeM eCTeCTBeHH0 p a 3 p e ~ ~ T C R  

@ O T O M ~ T ~ H ~ ~ C K H ~ ~  H ~ ~ ~ B A T ~ H o H H ~ I ~ ~  napanOKCb1, XOTR H OCTaeTCFI 

T ~ P M o A H H ~ M A ~ ~ c K H ~ ~ ,  C KOTOpbIM, K a K  C ~ e 6 o n b r u o f i  3 ~ 0 3 0 f i ,  MOX- 

HO 6b1no 6 b 1  B c e  Xe MHPHT~CR.  

C @ e p ~ s e c ~ ~ f i  MAP 3 h ~ ~ e k a  B n o n H e  p a 3 y ~ e ~ :  OH c o r n a c y e T -  

CR C ~ O J ~ ~ U I ~ ~ H C T B O M  ~ C T P O @ W ~ U V ~ C K U X  H ~ ~ J L H ) A ~ H &  ( H L U I ~ H M ~ ~ ,  C Ha- 

6 n I Q n a e ~ b I ~  s H c n o M  A p a c n p e n e n e H u e M  H a  ~ e 6 e  ranamm H ux crcon- 
n e ~ & ) .  O n ~ a ~ o  3 ~ a  M o n e n b  n p H r u n a  B n p o T m o p e s H e  c ~ a 6 m n a e -  
MbIMA C n e m p a M H  AUIeKHX r U I a K T H K ,  no KOTOPbIM OlTpeAeJIRIOT HX 

CKOPOCTH OTHOCHTWIbHO 3 e M H O r 0  H ~ ~ J L H ) ~ ~ T C ! J I R .  ~ T H  H3MePeHEIR, Ha- 

s a T b I e  B CUIA B H a s a n e  H a r u e r o  s e K a  Cnafi@epo~, 3 a e p r u ~ n ~ c b  B 

1929 r. X a 6 6 n o ~  H n p H B e n H  K OTKPbITUH) CHCTeMaTWIeCKOrO C M e q e -  

HHR JlHHuji B C n e K T p a X  AUIeKHX rtLlIaKTHK B AIIHHHOBOJIHOBYIO 

("K~PcHYIO") WCTb C n e K T p a  - KOCMOnOrHseCKOe KpaCHOe C M e q e -  

HHe. Hau6onee 0 6 q e n p k i ~ ~ ~ o e  0 6 . a ~ c ~ e ~ u e  K o c M o n o r u s e c K o r o  K p a c -  

HOrO CMeUeHHJT COCTOHT B TOM, 9TO r a n a K T H K H  B 3 m M H O  YAaJIRIOTCR, 

n p u s e M  c~opocm no nysy 3pmm n m e k o  p a c T e T  c y s e n H s e H u e M  

PaCCTORHEiR M e X A y  HHMH. ~ P O H C X O A H T  KBK 6b1 PaBHOMepHOe YBenH- 

seme ~ a c m ~ a 6 a  B c e n e H H o t i  - MHP P a c r u q m e T c R .  C n e n o ~ a ~ e n b ~ o ,  

B c 2 e n e ~ ~ a . H  COBCeM H e  C T W O H a p H a  H AOJlXHa n p e n C T a J M T b C R  HeCTa- 

UJioHapHofi (XJIH, no KP&Hefi  M e p e ,  H ~ c T ~ T W I H O ~ ~ )  MOAenbIO. 

H ~ C T ~ U O H ~ ~ H ~ I ~  M O n U I H  6b1nu IIPeAnOXeHbI COBeTCIurM @ H ~ H -  

KOM H MaTeMaTAKOM @PHAMBHOM B 1922 r., T.e. ewe no TOrO, K a K  

H ~ ~ ~ A ~ H E I R  3 K C n e p H M e H T W b H ~  nOnTBepnXJIH HeCTaL(HOHapH0CTb Rce 
neHH0fi .  @ p m ~ a H  O~OCHOBUI B03MOXHOCTb CYqeCTBOBaHEIR ~ e J I O r 0  

KJIaCCa HeCTaUJiOHapHbIX peIIleHHfi y p a ~ H t ? H u i ?  (6) H (7), T.e. C p a -  
HbIM H y m O  ( A  =O ) H HePaBHbIM HYJLH) ( /l #a ) ~ R M ~ ~ ~ - ~ J I ~ H o M .  



O ~ e B ~ 0 ,  9TO pa3 OTKa3UIkiCb OT C T a ~ O H a p H O C T A  B c e n e ~ H o f i ,  HeT 

H ~ O ~ X O ~ A M O C T A  B YPaBHOBeUIABiLHAki CkM rpaBATa4kiH A ZUiTArpaBATa- 

qAA p e m e H u R  MOrYT 6 b 1 ~ b  H a h e H b 1  npki n m 6 o ~  COOTHO~eHAki  M e X -  

AY HAMM. B COOTBeTCTBAA C 3TAM B03HHKaeT HeCKOJIbKO TAnOB He- 

CTaqkiOHapHbIX M o n e n e f i .  

B c e n e ~ H m  A3MeHHeTCH BO BpeMeHH, OAHOpOnHa H B 0 6 U e ~  
cnysae H e e s K n m o s a .  . h ~ 6 n a - q n e ~  AnR n p o c T o T b I  n p m a M a e T c R  p a B -  

H ~ I M  ~ y n m  ( A  =U ) . K a ~ c  M ~ I  ~ B H , ~ H M  H m e ,  B T a K m  n p e n n o n o x e H u -  

RX AMeeTCR HeCKOJIbKO peUIeHAfi ( M 0 n e n e 8 )  , Cyll&?CTBeHHO pa3llAqaKl- 

W X C R  M e X n y  co608 C n W a p A e M  pa3BATWl Bcerre~~ofi.  Bce OHM HOCRT 

Ha3BLlHAe @ ~ A ~ M ~ W O B C K A X  MonWIefi ,  TaK K a K  B n e p B b I e  AX " y ~ m e J I "  

UMeHHO @pAnMZlH. 

C ~ ~ ~ C T B ~ H H O ~  3HaqeHkie B HeCTa4HOHaPHbIX @ P ~ M ~ W O B C K H X  

MOneJIRX W p a m  OAHOpOAHOCTb A A3OTpOIIIIR Bcene~~ofi .  On~opon- 
HOCTb OTCyPX"BYeT B MUIbIX ~ a c m ~ a 6 a x :  B CACTeMLiX " 3 ~ e 3 ~ b 1 -  M e X -  

3~e3m1f i  ral ' ,  " r a n a ~ ~ u ~ ~  - ~ e x r a n a ~ ~ u q e c m f i  1-83); ~LJIOTHOCT~ 

MeHReTCR Ha MHOrO IIOPRAKOB. ~ P U  n e p e X O A e  K ~ ~ J I ~ I L I A M  MaCmTa- 

6 a ~  ( p a 3 M e p  > CM) OaHOpOnHOCTb A M30TpOIIWl B C ~ J I ~ H H O ~  
3KCIIepAMeHT2UlbHO nOKa3ZlHbI: rUIaKTAKH A CKOlIJIeHkiR KUlaKTHK 

PaBHOMepHO 3anOlTHRIoT BCe IIpOCTpaHCTBO, a 6onee KpylTHbIX o6.aena- 
~e~ki f i ,  'IeM CKOrLJIeHWl IXUIaKTIIK, H e  H ~ ~ J I ~ O ~ ~ ~ T C R .  ~ p e n I I 0 n W a e T ~ R  

'IT0 A ~ O T ~ O I I H O ~ ~  A on~opon~of i  B c e n e H ~ m  6b1na H a  B c e x  3TatIaX CBOe- 

ro ~ ~ ~ B H T H H ,  a H e o n H o p o n H o c T b  B M ~ O M  ~ a c m ~ a 6 e  (ranamsim, 
3 ~ e 3 n b 1 )  B03HkiKJIa B o n p e n e ~ r e ~ ~ b ~ f i  MOMeHT B p e 3 y n b T a T e  @ J I ~ K T ~ ~ -  

Wfi IInOTHOCTA A ~ ~ ~ B ~ ~ o H H o ~ ~  H ~ ~ C T O ~ ~ B A B O C T A  BeUeCTBa.  

  TO npennonoxeaee c y u e c T s e H H o  o r p m m m a e T  B O ~ M O X H ~ I ~ ~  

TMn HeCT~AOHapHOCTU.  B CaMOM gene, eAkiHCTBeHHbIM B U O M  HeCTa- 

WOHaPHOCTA, C O B M ~ C T U M O ~  C OnHOpOAHOCTbKI A A 3 0 ~ p o n A e f i  

Bcene~~ofi ,  MOXeT 6 b m b  n A U b  PaJJHaTIbHOe H3MeHWWe - paBHOMep-  

H o e  c x a T e e  ma p a c T R x e H u e  B c e r o  M a p a .  Ecnki om% 0 6 p a ~ k i ~ b c ~  K 

A B ~ X M ~ P H O ~ ~  aI-lUIOrHli, KOTOpUi, KOHeqHO, H e  UMeeT H ~ ~ ' I H o #  C V O -  

rOCTA, HO 3aTO HWJIRaHa A IIpOCTa, TO npoo6pa30~ HeCTaqHOHapHOrO 

OHHOpOAHOI'O Mkipa 6 y ~ e T  pe3HH0BbIfi  MRq, ~ a 9 y ~ a e M b I f i  Knki C I y -  

C ~ a e M b I f i ,  nOBepXHOCTb KOTOpOrO p a B H O M e p H 0  paCTRrABaeTCR Ankl 

CXAMaeTCR (PAC. 4 ) .  K O O P ~ N H ~ T H U ~  CeTKa, H m e C e H H U i  H a  n 0 B e p X -  

HOCTb mapa, PaBHOMepHO A3MeHReTCR1 AeMOHCTPApYR aHUIOrArIHOe 

m ~ e ~ e ~ n e  M ~ C I U T Z ~ ~ ~  Bcene~~ofi.  I C ~ K  H e T p y n H o  y ~ w e ~ b ,  CKOPOCT~ 

YAUIeHWl (kMA c 6 n m e ~ m )  n B y X  B b 1 6 p a H ~ b 1 ~  TO'IeK n p R M O  nponop- 
I@lOHUIbHa PaCCTORHHIO M e X n y  HAMA: 13 



~ P O ~ I C X O ~ H T  P a B H O M e p H O e  ki3MeHeHkie paCCT0FIHkiG M e X n y  "sac- 
T W ~ ~ M U " - ~ ~ T I ~ K T W K ~ M ~ ~  ( M ~ C U I T ~ ~ H O ~ O  @ ~ K T o P ~ ) .  H a k e ~  3aKOH ki3- 

MeHeHkiH M ~ C U T ~ ~ H O ~ O  ( P ~ K T o ~ ~ .  3 T O r 0  PaCCMOTPHM OnHTb C a e -  

Pk iqeCKOe o 6 n a ~ o  r p a B H T k i p y I o u k i X  " q a c ~ k i ~ " ,  H a  nOBepXHOCTb KOTO- 

poro n o M e m e a a  n p o 6 ~ m  s a c T w q a .  H m e ~  cwny, n e i i c ~ ~ y m u y m  H a  

n p o 6 ~ y m  qaCTHIly.  B o c ~ o J I ~ ~ ~ ~ M c H  HbIoTOHOBCKkiM 3aKOHOM rpt3BkiTa- 

UkIkI ( H ~ P ~ J I H T ~ I B I I C T C K H ~  c J I ~ W U )  : 

mn , mT - HHepTHZIJX ki THrOTeloUlZIJX MaCCbI npo6~oii  " ~ ~ c T H u ~ I " ;  

7' - p a n k i y C  06nac~u; 4 - C p e n H H H  nJlOTHOCTb o6na~a .  C O ~ J I ~ C H O  

npk iHqki l ly  3KBkiBaTIeHTHOCTk¶, H a  KOTOPOM OCHOBiUla OTO, mn =mT = n'2 
( ~ K C ~ ~ ~ H M ~ H T  n 0 n T B e p X n a e T  p a B e H C T B 0  mK kI mT C TOqHOCTbH, A 0  

10-12). B p e 3 y n b ~ a ~ e  M a c c a  npo6aoii s a c r u m 1  B b I n i m a e T  ki3 y p a B H e -  

HUH (11). T ~ K  K a K  IUIOTHOCT~ " q a c ~ ~ q "  o 6 n a ~ a  n p o n o p s u o s a n b a a  

ero o 6 a e ~ y ,  ~ ~ = ~ ' & i t ~ ( t ~ ) ,  rne non f0 0 6 0 3 ~ a s k i ~  MOMeHT B p  M e  

H B ,  K O r n a  =, . YMHOXNB 06e CTOpOHbl YpaBHeHUR (11) H a  W 
n p O H H T e r p H p O B a B  BpeMeHki ,  nOJIyZrkiM: 

dt 



3 T a  MOAeJIb "~IJIOCKOTO ~ E i p a "  KTIM MOAeJIb 3 h I L l T e h a  - A e  C U T T ~ ~ ~ ,  
l l o ~ p 0 6 ~ 0  paCCMOTpeHHaR n M H  B 1932 r. T e p M u H  "MOCKKC MUP" 

o T p a x a e T  npoc~o TOT @am, ~ I T O  B  TOM q a c T H o M  cnygae  up ( ~ p e x -  
M e p I i b ~ G ,  a BOBCe H e  ~TJIocKu~)  OnHCbIBaeTCR " ~ J ~ o c K o ~ ~ "  e~KJIllJ(0~0fi 

reo~e~peefi: pawyc K P U B U ~ H ~ I  n p o c T p w c T B a  RKp =O, a c y M M a  y r n o B  

TpeyI'OnbHHKa y = z  ; n e r K 0  H ~ T H  CKOPOCTb PaCUIUP€!HkW "rIJI0- 

cworo ~ w p a ) ,  : ~ ( 6 )  =r3@ ; 
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Ecnu CpenHRR IIJIOTHOCTb B e u e C T B a  B H a m e  BpeMR P a B H a  KpkiTlNe- 

C K O ~ ~  (4 =pXP) , TO B c ~ J I ~ H H ~ s I  OnHCbIBaeTCR "~TJIocKo~~" MOneJIbH). 

~ ~ O T H O C T ~  B e U e C T B a  O ~ ~ ~ T H O  ~ O n O p q k i O H Z U I b H a  o 6 % e ~ y  kinu 
p r d  , ,TO B "nnoc~ofi" B c e J I e H ~ o f i  3KBkiBZUIeHTHO - 8 -' . ~ P W  
t =O Mkip HaXOAHJICH B CKHIyJIRpHOM COCTORHUH: 7 = 0 , j7 = @ . 
BO~MOXHO CKHIyJIRPHOCTb RBJIFIeTCR ~ a ~ e ~ a ~ k i l l e c ~ ~ f i  a6c~pa~qki-  
efi, C B F I ~ E ~ H H O ~ ~  C kiCIIOJIb30BElHUeM (YrO, K J I ~ C C U ~ ~ C K O ~ ~  B c~0ef i  OC- 

HOB€?, H a  ~ ~ C K O H ~ ~ H O  MaJIbIX PaCCTOJTHkiffX. K ~ K  CqkiTaKlT, 6 ec~o -  
HeqHOfi mOTHOCTU YAaCTCH k i 3 6 e ~ a T b  W U  YqeTe KBiWTOBbIX 3@@eK- 

TOB B Gynyuefi K B ~ H T O B O ~ ~  T e o p u u  rpasmaquu. 

qaeT,  'ITO KKHeTUqeCKaFI 3 ~ e p r k i f f  p m n e T a  MeHbrue ,  q e M  MOayJIb no- 
TeHqkiZUIbHOfi 3HePrkiki. T a ~ k i ~  06pa30~,  Mkip rpaBkiTal@iOHHO CBH3aH. 

P a c r u ~ p e ~ u e  H e  6 y n e ~  6€!~npeneJIbHb1~. MaKckiMaJIbHOe 3HaqeHkie pa- 
n W C a  M A p a  ( M ~ C I I I T ~ ~ H O ~ O -  @ a K ~ O p a )  MOXHO nOnyqkiTb, nOnOXk& B 

d r  
(12) -=o: df 

8f G J ~ )  
rmes- 3k (19) 



np~qMHa r p a ~ k i ~ ~ k i 0 ~ ~ 0 ~  CBFIBaHHOCTII Mapa - B TOpMOXe- 
HCIK p a a n e ~ a  ranaKTaK 3a cqeT m rpanuTasaoHHoro npummeHm, on- 
penenaeMoro cpenaefi ~ O T H O C T ~ H )  BeuecTBa. Ecnn npn ,D =PXP 





Ho6asne~ae H3JIYYeHWR CYLqeCTBeHHO H3MeHReT Aeno. B ~ e c ~ o  
onHoro ypaBHeHaR ( l l ) ,  onucbIsmLqero noBeneakie npo6sofi "yac- 
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a~e~qubsad g . ( 0 = Y ) gj quanow ,,W~~OULI,, - phbu3 #013odrr 
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-0d0~3 am4Halu OJOHW ,,hU13Bh,, HWO~OX~ XEX XBS. LBX~ahhU~~ MaHH 

-aUEI?lI 3 OMH~HEE~~ On (HUIW ,,1qh~.L3eh,,) wae~adga~adrr ,,hA13Eh,, 
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'e33elu 

aH e 'm~da~c ~ahdu~uaed~ luahrgo g '~u~ahbusu u OH 'ee.~3ahraa 

OWqU0.L aH ,,bh~13t?h,, OI~H~O~LI BH aUH13kJa~EO6 ao~~ouhe1ueed~ OH 

-a~hh (11) Hw~a~aedb OJOHIIU.IO~HE 10 aHhUU.I.0 E (1~) g 
'HHH~~~UEH 3MHall~Eu -rIn3=d !HOHOJ.O@ ki ,,hu.L3eh,, uL30H.LOULI 
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/ -aoow e (tre~~aua~g se~~ouox) HHH~~~UEU sag uoHHauaag oe "1qhus 



I')\c b - I(0HC'l'aFl'l'a t J  3aKOHC MLIMOHCHMH IIJIOTHOCTM 3HePrWW U3lIyYe-  

P a c c ~ a ~ p a ~ a m ~ c n  M o n e n u ,  n p e A c T a s n R m u u e  p e m e H u e  y p a B -  

HeHUfi % i H l ~ T e h a  ( 7 )  C OTJIWYHbIM OT HYJIR J I R M ~ A ~ - ~ I ~ H O M ( A )  , OT- 

BeTCTBeHHbIM 38 aHTUrpaBWTaIJUH) BaKYYMa.  A H T U ~ P ~ B U T ~ I I ) Z  B a K y -  

y M a  n p 0 R B n H e T C R  K a K  ~ 3 a k i ~ o ~ e f i c T ~ U e ,  H e  3 a B U C R U e e  OT MaCC M a T e -  

p u a n b ~ b ~ x  O ~ ~ ~ K T O B  ( ~ e u e c ~ ~ a ,  U ~ J I ~ Y ~ H U X ) ,  a o n p e A e n R e M o e  T o n b -  

KO paCCTORHUeM M e X A Y  HUMU. C U n a  a H T U r p a B U T ~ U O H H O r O  OTTWILTIKU- 

BaI-IUFI n M H e h 0  PaCTeT C PaCCTORHUeM, T.e. I lpOnOpIJUOHWIbHa CJIOKI 

B a K y y M a  M e X A y  0 6 3 e m a ~ u .  B MOAelIU CTaIJUOHapHOrO C @ ~ ~ U Y ~ C K O -  

r0 M U p a  B h I I I T e k H a  C U n a  npUTRXeHII)Z, A ~ ~ ~ c T B ~ K I ~ ~ R  H a  n p o 6 ~ y ~ 1  
"Y~CTUIJY" CO CTOPOHbI BCeX "Y~CTUIJ"  o 6 n a ~ a ,  nOJIHOCTbKI YpaBHO- 

BelllHBaeTCR cUJIOG a I - I T U r p a B K T ~ U U  B a K y y M a ,  B K O T O P ~ I ~ ~  n O M e u e -  

H ~ I  " Y ~ C T U ~ I " .  Y c ~ o p e ~ u e  O T T ~ ~ K U B ~ H U F I  T o r A a  MOXHO a a n u c a ~ b :  

OTTmKUBaI-IUe HUYTOXHO M a n o  H a  KlIaHeTHbIX U 3 B e 3 W b I X  PaCCTORHU- 

RX. Hanpki~ep, H a  PaCCTORHkiM, p a B H O M  p a A H  C y  3 e ~ ~ 0 f i  0 ~ 6 k i ~ b 1 ,  O H 0  

cocra~nner do,.= 1,5. CM.C-$, me f'= 1 , 5 . 1 0 ~ ~  CM - 
cpen~kifi paauyc 3 e ~ H 0 f i  O P ~ U T ~ I .    TO YCKOpeHkie H a  23 n O p f i A K a  (!) 
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= e ' 4 ~ , Q ~ ? f i C H 0 .  I T 0  aHTMTpaBMTwMR B a K Y y M a  H N K a K  "" R,: 
H e  OTpa3MTCR H a  AUHaMkiKe  n J I a H e T a p H b l X  U 3Be3AHbIX CUCTeM. T o n b -  

KO H a  KOCMOnOl.UYeCKMX paCCTOHHMRX ( B  ~ a c ~ l ~ a 6 e  M e T a ~ a n a ~ ~ U ~ c l )  

CMna  aHTMrpaBMTaUl. IOHHOr0 OTTXlKMBaHUH B b I p a C T e T  HaCTOnbKO, 

9 ~ 0 6 6 1  O K a 3 a T b C R  OAHOrO n O p H A K a  C cUJ I0 f i  npMTRXeHMfI .  

B H € ! C T ~ ~ M O H ~ ~ H O ~ ~  KOCMOJIOrMM n ~ i v 6 n a - q n e ~  MOWeT npkiHU- 

M a T b  n w 6 h 1 e  3IIaqeHMR ( A  '7C A ) U QOJIXeH 6 b 1 ~ b  3 K C n e p H M e H T X l b H O  

H ~ ~ I A ~ H  M3 pF3YJ lbTaTOB H a 6 n H ) ~ e ~ k l f I .  A H T U ~ P ~ R M T ~ I J M R  B a K Y Y M a  

~ ~ o T M B o ~ ~ ~ ~ c T B ~ ~ T  rpaBMTaUMOHHOMy TOpMOXeHUH)  U T e M  CaMbIM 

C ~ O C O ~ C T B ~ ~ T  KOCMOJIOrMqeCKOMy paCLIIMpeHUH) B c e J I e ~ H o f i .  n e ~ e ~ p  
UCCJIeAOBXl p e l u e H U R  YpaBHeHMH ( 7 )  C A > f L;, V>Jfip  COOTBeT- 

CTBYH)LqaR KOCMOJIOrUIeCKaR M O n e J I b  HOCUT eTO MMH. ~ ~ B U C U M O C T ~  

~ a c ~ l ~ a 6 ~ o r o  Qamopa OT B p e M e H U  B M o n e n u  J I e ~ e ~ p a  n o ~ a 3 a ~ a  H a  

pUC.  9. K ~ Y ~ C T B ~ H H O  O H a  O ~ ~ R C H R ~ T C R  CJIeAYKILqMM 06pa30~. n p U  

MaJIbIX if M 7 n J I O T H O C T b y  BeJ IAKa  M TpaBMTaUMOHHOe npMTRXeHMe 

H a M H o r o  n p e ~ b ~ u l a e ~  c M n y  O T T ~ J I K U B ~ H M H :  

A H T U ~ ~ ~ B W T ~ M R  H e  U r p a e T  H M K ~ K O ~ ~  POJIM M B c e n e ~ ~ m  paClllUpRt?TCH 

c n o c T e n e H H o  y ~ e ~ b u l a r o r q e f I c ~  C K O ~ O C T ~ H )  pasne~a,  K a K  efI nonome- 
H O  B ~ ~ M K H Y T O ~  MOAeJIU. no M e p e  PaCUlMpeHMR B c e n e ~ ~ o k  ee IIJIOT- 

HOCTb n W a e T ,  COOTHOUleHMe Clu r  nOCTORHH0 M3MeHHeTCfI B n O J I b 3 y  aH-  

TMrpaBMTaUMU M B TOT M O M e H T ,  K O r A a  B ~ ~ M K H Y T O ~ I  MOAeJIM AOCTMra- 



eTCR M ~ K c M M ~ J I ~ H L ~ ~  P a n H Y C  U PaCUlPipeHMe A O n X H O  CMeHUTbCH C X a -  

TMeM ( ~ Y H K T U ~ H ~ R  K P M B ~ R  ~a PMC. 9 ) ,  H a c T y n a e T  n n w r e n b ~ b ~ l i  nepu- 
on ~ s a 3 ~ p a ~ ~ o s e e w ~ :  IFfl,, J IFD7 I . B  TOT nrpwon B c e n e ~ ~ a H  n o q m  

L7'ilUMOHal)Ha M Il[)t?ACTaBSIReT co6oti : ~ ~ M K H Y ' ~ . I , I ~ ~  c ( $ ( ? P M Y ~ C ' K M ~ ~  MMp 

' 3 t i ~ w ~ e l i ~ a .  Hc:c x e  o t t a  I l l ) o n o n x a e T  M c ? n n c w H o  I ) a c : l u u p n , r b c H ,  c M n a  

atl'1.UI'l)aBWrilUMM II[)OJ[OIIXil(?T l)il(!'I'll, il ('MJlil I'l)ilBMl'ilL(MM M3-3a YMeHb-  

III(?HIIH p - I I ~ J [ ~ , I . I , .  I l o c ~ ~ c  r l c > l ) ~ o ~ t a  ~ I . I I O ~ : M . I . P J I I ~ H O ~ ~  c . I . ; I ~ M ~ M ~ ~ ~ L ( M M  

pac:lnMpca3Mc H c : c ~ ~ ~ c ~ ~ t r r o l i  6yj i~h.1 .  111)01i( .xo~t~i . i . i ,  u ~ i l p i l c ~ l . i l n ) ~ e ~  . r e M n e  M 

YXe IIM111.0 IIC? ('MOXC(vI' (>1'0 0(:1';I1101~1.iI'l~. ' ~ ' ~ I I C M M  O ~ [ ) X S O M ,  B MOneJIM 

J l c ~ e , r p a  ~ ~ ~ M K H Y ' I ' I , I ~ I  MM[) ~"I~;LIiOI3ti~I.(!H 01.KpI~I'I.I,IM 3;l CYeT CUSI aHTM- 

l ' ~ ) ; l n ~ . l ' a ~ r ? ~  Ui lKyyMi l .  (:l[f?t3ill)Mk [);I.JIjIi'I.MH H c e r l e ~ w o u  B 3 ~ 0 l i  M o n e n L l  

3ilBMCMT 0'1. ABYX Ilil\)ilME!Tl)OB: M A . t4 ..?Kt? n S l ~ p > p ~  

M o x e T  6 1 , 1 ~ b  O T K ~ ) L I . ~ O ~ ~ .  B a m ~ o i i  O C O ~ ~ ~ H H O C T ~ K )  M o n e n M  R e M e T p a ,  BCeneHHaH o T -  

.VUYatoLL(efi ee OT n[)YI.MX M o A ~ S I ~ ~ ,  HBSIHeTCR I lepMOjl  KBXJMpaBHOBe-  

M o n e n b  C T ~ U J O H ~ ~ H O A  B c e n e ~ ~ o f i  ( C B )  6bma B h l n B H H y T a  X0e- 
JIOM, B O H ~ H  U ~ O Y ~ O M  B 1948 r.  A B T O P ~ I  HCXOAWSlU Pi3 COBepUleHHO- 

1-0 K o c M o n o r m e c K o r o  npmuuna, K O T O P ~ I ~ ~  rnacm,  TO B c e n e ~ ~ m  
O n H O p O n H a  OTHOCUTeJIbHO C n B U r O B  K a K  B n p O C T p a H C T B e ,  T a K  U BO B p e -  

MeHM - 0606qe~ue  K o c M o n o r m e c K o r o  npuauuna, nemaqero B oc- 
HOBe  BCeX paCCMaTpUBaBl l lUXCR no CUX n O p  KOCMOSIOrUYeCKUX MO- 

neneti. 
B c e n e H ~ a H  CTEUJUOHapHa, T.e. H e U 3 M e H H a  BO B p e M e H U ,  HO H e  

CTaTUqHa. O6qee p a C l l l M p e H U e  B c e n e H ~ o f i ,  O T K p b l T O e  X a 6 6 n o ~ ,  B 

P a M K a X  CB BO B C e  B p e M e H a  6 6 1 ~ 1 0  T a K U M ,  K a K  M b l  er0 B U W M  c e h i c .  

C 
JIRX H = ~ ( Y )  ( H ~ I I ~ U M ~ P ,  f f  = - B " ~ J I O C K O ~ ~ "  B c e n e ~ ~ o t i )  . Torna 

r=e pt u momocTb 4 - p -  3 G e ~ 3 ~ t  . B CB n n o r H o c r b  seqecma 
llOCTORHHa, l703TOMY Y M e H b U l e H I l e ~  , B b 1 3 b I B a e M O e  p a C l l l U p e H U e M  

Bcene~~ot i ,  DOJIXHO " K O M ~ ~ H C H ~ O B ~ T ~ C R "  0 6 p a 3 0 ~ a ~ u e ~  H O B O r O  

d '  -- 
fit - -3Hp +c= D, 



r A e  c - CKOPOCTb " T B O P ~ H ~ I H "  B e w e C T B a .  ~ ~ T O Y H W K H  HOBOrO Be- 

UleCTBa Hew3BeCTHb1, O H 0  M O X e T  O ~ P ~ ~ O B ~ I B ~ T ~ C F I  PaBHOMePHO BO 

BCeM ITpOCTpaHCTBe B c e n e ~ ~ o f i  MnM B " O C O ~ ~ I X  T O ~ K ~ X "  (HalIpkiMep,  

K B a 3 a p a X  MnM R n p a X  aKTMBHbIX ~ ~ J I ~ K T H K ) ,  I IpMpOna  KOTOpbIX ewe H e  

P a C K p b I T a .  MOXHO A y M a T b ,  YTO HOBO€? B e w e C T B O  " B T ~ K ~ ~ T "  PI3 KaKO- 

1-0-TO npyroro M w p a ,  c K O T O ~ ~ I M  H a u  MWP YacTwqHo, ~epe3  ~ T W  "OCO- 

6 b 1 e  TOYKI?", HaXOAIITCH B KOHTaKTe. CKOPOCT~ 0 6 p a 3 0 ~ m u ~  B e w e -  

CTBa, H ~ O ~ X O ~ M M ~ H )  A n H  TOrO, ~ ~ 0 6 b 1  B c e n e ~ ~ m  C T m a  C T ~ U M O H ~ ~ H O ~ ~ ,  

J I e r K O  OUeHWTb: 

3 C = 3 H '  = I  napa "H~KJIOH-m~my KJIOH"/(KM . r o ~ )  (29) 

B n p e n n O n O X e H M M ,  YTO HOBOe BeIl&?CTBO o6pa3ye~ccr C c o 6 n m n e ~ ~ e ~  
3 a K O H a  C O X p m e H H H  3neKTpMYeCKOr0 ,  6 a p w o ~ ~ o r o  ApyrMX 3apRAOB 

(HO, eCTeCTBeHH0, C HaPYUleHWeM 3 a K O H a  COXPiLHeHWI 3HePrWM B H a -  

W e M  M w p e ) ,  a p - ~ a 6 n r o n a e ~ a ~  CpenHHH nJIOTHOCTb BeweCTBa.  

B e n w ~ w ~ a  C M a n a  u H e  M o x e T  6 b 1 ~ b  O n p e n e n e H a  n y T e M  n p H M o r o    KC- 

n e p w M e H T a ,  HO B ~ a c m ~ a 6 e  ~ c e f i  B c e n e ~ ~ o f i  nonxaa n p M B o n m b  K 

3 @ @ e ~ ~ a ~ ,  nOCTaTOYH0 6 o n b m w ~  AJTH 3KClIePMMeHTWbHOrO 06aapy- 
XeHHH. 

M o n e n b  CB BbI3bIBaeT K ce6e ABOHKOe OTHOUleHMe. C O ~ H O G  
CTOpOHbI OHa 3 K C T p a B a r a H T H a  PI " 6 e 3 y ~ H a " :  B Hefi  npOHCXOAMT Ca- 

M o p o x n e H w e  sewecma w H e  C o x p m H e T c H  3 ~ e p r m ,  q e r o  pmee mrne 
H e  BCTpeYanOCb. C npyrofi CTOpOHbI, OHa I I O p a X a e T  M3HllleCTBOM PI 

rny6mofi, OCyweCTBnHH c m T e 3  CTaUMOHapHOrO MMpa 3 k U l ~ e f i H a  

C AaHHbIMH ~a6nrone~uf i  C O B ~ ~ M ~ H H O ~ ~  ( B ~ O A ~  661 H ~ C T ~ ~ H O H ~ P H O ~ ~ )  

K o c M o n o r w w  - p a 3 6 e r a ~ w e ~  ranammi. 
B e w e c ~ ~ o  B T e K a e T  U3 A p Y r O r O  Mkipa ,  HaXOnHWerOCH C HaMM 

B KOHTaKTe,  H p a 3 n e T a e T C H  H a  ~ ~ C K O H ~ Y H O C T ~  B pe3yJTbTaTe aHTM- 

rpaBMTal&iM B a K y y M a .  B UeJIOM y T a K O r O  MMpa HeT MCTOpMM - OH 

OnUHaKOB BO BCe  B p e M e H a .  HO M e C T H m  3BOJIkOUMH - 0 6 p a 3 o ~ m ~ e  
HOBbIX 3 B e 3 n ,  r U l a K T U K  M WX C K O ~ J I ~ H M ~ ~ - A O J T X C H ~  nOCTOHHH0 npOPIC- 

XOnkiTb, T a K  K a K  HOBO€? BeIUeCTBO AaeT I I M U y  A n H  T ~ K O G  3BOnkOUMM. 

~ O ~ T O M Y  B CB HeT MeCTa T ~ P M O A U H ~ M W Y ~ C K O ~ ~  CMepTki. Y ~ ~ Y H O  pas- 
p e m m T c H  w npyrwe n a p a n o K c b 1  - @ O T O M ~ T ~ M Y ~ C K M ~ ~  w r p a B w T a -  

U W O H H ~ I ~ ~ .  B UeJTOM M O A e n b  CB JlOrMYeCKM H e  npOTMBOpeYMBa, a 
3 c T e T w s e c K u  name n p a s n e K a T e n b H a .  

BCe  XCe C B - M o ~ e n b  nOJTXCHa 6 b 1 ~ b  0 ~ 6 p o u l e ~ a  - efi npOTMB0- 

PeYaT AZIHHbIe H a 6 n ~ ) n e H k T f i ,  O n p e n e n e H H O  y K X 3 b l B a I O ~ M e  H a  3BO- 

JTlOUMO BCerO MMpa:  OTKPbITWe TenJIOBOrO penMKTOBOr0  M3JIYYC?HMH, 

CBeAeHUH 0 " H P K O ~ ~  @a3e7' pa3BWTHH B c e n e ~ ~ o f i  kl npyrwe. ~ O ~ T O M Y  

B naJ'IbHefiLLIeM MOneJIb CB o ~ c Y X C ~ ~ T ~ C H  H e  6 y n e ~ ,  B TO B p e M H  K a K  

HeCTaUkiOHapHbIe MOAeJTM 6 y ~ y ~  n O n B e p r H y T b 1  KPUTWYeCKOMY W a n M -  

337 CO CTOpOHbI H ~ ~ J T I O A ~ T ~ J I ~ H ~ I X  AaHHbIX. 
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KOCMOJIOI'HYECKAFI KMHEMATHKA (PE3YJlbTATb1 
HAEJI~HEHMG~ ) 

K ~ K  BkInHO W 3  I I P e n b ~ n y w e f i  r J l aBbI ,  CYUeCTBYeT AOCTaTOqHO 

MHOrO KOCMOJlOrUqeCKWX M o n e J I e f i ,  HenpOTUBOpeqUBO 0nkICbIBaK)wUX 

B c e n e ~ H y I O .  M ~ B ~ C T H ~ I ~  3aKOHbI  @ H ~ W K H  ll03BOJlHIOT efi n 0 f i ~ U  no JIIO- 

~ O M Y  U3 3TUX ny~efi. HO B c e n e H H m  TOJIbKO OAHa, w~efi Xe MHOTO. 

Ka~of i  k13 H M  ~ b 1 6 p a n a  H a l l l a  enUHCTBeHHaH B c e n e H H m ?  D n H  n o n y q e -  

HHH OTBeTa HYXHO O ~ P ~ T H T ~ C R  K p e 3 y J I b T a T a M  aCTpOHOMkIqeCKWX Ha-  

6 n m n e ~ ~ k .  OHM aa ewe BHYTPeHHHH H a y q H a H  J IOr I lKa  DOJlXHbI Bbl- 

6 p a ~ b  k13 MHOXeCTBa MblCnUMbIX ~ 0 n e J I e G  T y  eHUHCTBeHHyIO, KOTOpaFI 

k~ p e m u 3 y e ~ c ~  B H a m e M  MMpe. I I p a ~ w n b ~ m  M o n e n b  O ~ X H C H H T  H e  

TOJIbKO ~ c ' ~ ~ o ~ ' I ' B o  Cer~L(HHl l lHef i  B c e n e ~ ~ o f i ,  HO U TO, K ~ K O ~  O H a  

6 b 1 n a  B llpOlllJIOM kI K ~ K O B  CTaHeT B CBOeM 6 y n y ~ e ~  pa3BHTkIU. 

1. KOCMOJIOrUYECKOE KPACHOE CMEIQEHUE 

! CKOPOCT~ ranaKTUKkI  ( " ~ ~ c T w L W I " )  IT0 IIYqY 3PeHHH ~a6n10- 
n a T e n H  B b I p a x a e T c H  q e p e s  n a p a M e T p  c M e w e s n s  2 , o n p e n e n ~ e ~ b ~ k  

H3 Ha6JIIOneHkIfi OTneJlbHhIX JIUHkIfi kI3JIyqeHlirr (HJIH ~ O ~ J I O ~ ~ H U H )  , B 

3 H e p r e n i q e c K u x  cnempax r a n a m u K .  C ~ e u e ~ s e  2 C B H B ~ H O  c XOPO- 

lll0 M3BeCTHblM ~ @ @ ~ K T o M  Donnepa: kI3JIylIeHkIe C n n M H 0 k  BOnHbI 

Jo , H C ~ ~ e H H O e  nBI13KYUUMCH HCTOWUKOM, 6 y n e ~  BOCITPWHHTO 

~ a G n m n a ~ e n e ~ ,  K a K  k ~ s n y q e a w e  c nnmofi B o m b 1  1 . n a p a ~ e ~ p  2 

o n p e n e n H e T c H  K a K  

M 6 y n e ~  nOJIOXPfTenbHbIM, e C n U  > A D  H UCTOqHWK YnWHeTCH OT 

H ~ ~ J I I O ~ ~ T ~ ~ H .  T a ~ o e  CMeUeHkie  Ha3bIBaeTCH KpaCHbIM,  T a K  K a K  

JIMHHH U3nyqeHHH CMewaeTCH B nJIUHHOBOIIHOBYH) (KP~CHYH))  W C T b  

cnempa; 2 r r p r n u ~ a e ~  o ~ p w u a ~ e n b ~ o e  s ~ a q e ~ w e ,  ecns A <  A,, 
kl MCTOqHPiK r t p k 1 6 n m a e ~ c ~  K H ~ ~ I I H ) ~ ~ T ~ J I H )  - T a K O e  C M e w e H U e  Ha-  

3bIBaeTCR @UOJ~€TOB~IM. O ~ ~ B E W H O ,  2' 0 COOTBeTCTBYeT HenOABIMCHO- 

MY MCTO'IHEIKY. 
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~ @ ( P ~ K T  Aonnepa n o 3 ~ o n ~ e ~  C B H ~ ~ T ~  I I a p a M e T p  z co c ~ o p o -  
CThlO WCTOqHHKat) W CKOpOCTb CBeTa  e : 

Zp ,,. .u - - c AJIR HepenHTWBHCTCKOrO C n y q a R  (v ( C ~  ) ; (31 

P ~ C L U M ~ ~ O U K ~  Cl leKTpOH 1-aJlaKTMK t iaqaJla( 'h  'I'OJIl,KO B HalUeM 

t l r tKe,  K o r a a  c n e ~ r p a n b ~ b ~ i i  aHailM:i n p o q H o  ~ o 1 1 1 e n  B ~CTPO@HBHKY M 

er0 YnWIOCb n p H M e H H T b  AJIH cna6o CBeTHUMXCR IIRTHbIIIIeK-I'WIaKTUK. 

Yxe B 1917 r. a ~ e p w ~ a n c ~ u i i  a c T p o H o M  Cnaii(Pep y K a s a n  H a  TO,  TO 

B cnempax r a n a K T u K  npeo6nmae~ K p a c H o e  c M e w e H u e .  O ~ o ~ q a ~ e n b -  

HO 3TOT (Pam 6 b 1 n  YCTaHOBneH B 1929 r. X a 6 6 n o ~ ,  tIpOBOnHBIIIHM 

~ a 6 n 1 o n e ~ m  H a  CaMOM 6 0 n b m o ~  B TO B p e M H  TeJIeCKOne ( n H C i ~ t ? T p o M  

2,5 M )  0 6 c e p ~ a ~ o p u u  M ~ ~ H T - B H ~ C O H .  OH H e  TOnbKO n O K a 3 a J I  npeo6- 
n a n a H H e  K p a c H b I x  c ~ e w e ~ n i i  ranamm n, C n e n o B a T e n b H o ,  y n a n e H u e  

HX OT 3 e M y O r O  ~ a 6 n m n a ~ e n ~ 1 ,  HO H 3KCnepHMeHTa.JIbHO HaIIIWl 3aKOH 

1 1 3 ~ e ~ e ~ ~ i . u  CKOPOCTH v ranamnm OT p a c c T o m m  no H e e  



PMC. 11. K ~ ~ T M H ~  p a 3 J I e T W q M X C f l  r iYIaKTHK, K a K  ee BMAU.1' ~ ~ M H O G  
~ a 6 n m n a ~ e n b  1 (a) M ~ a 6 n m n a ~ e n b  B r a n a K T M K e  2 ( 6 )  

Bce Xe TOqKI?, OTBeqWLqMe OTAeJIbHbIM TaJIaKTMKaM, H e  JIO- 

XaTCfI CTpOrO H a  JIkl~eI%lyKl 3aBHCklMOCTb ( 3 3 ) .  K p o ~ e  06~qero  
K o c M o n o r I l r l e c K o r o  paCUIMpeHMR, raJIaKTklKM MMeIoT C O ~ C T B ~ H H ~ I ~  

(neKyJIHpHb1e)  ~ B M X e H M ~ ,  CKOpOCTki KOTOpbIX paBHbI  OTKJlOHeHHKJ 

C K O ~ O C T H  ranamux OT K o c M o n o r M s e c K M x  C K O ~ O C T ~ ~ ,  onpeneme- 



JIeHbI ~ O U 3 B O n b H 0 ,  K a K  K H ~ ~ J I ~ O A ~ T W I ~ ,  T a K  U  OT H e r o .  ~ ~ M ~ H H O  

no 3 ~ 0 f i  n p U s m e  H e K o T o p b I e  6nn3me r a n a K T s K w  0 6 n w m ~  H e  

KpaCHbIMki ,  a @ U O J I ~ T O B ~ I M H  CMeIl@?HURMH, H a n p U M e p ,  T Y M ~ H H O C T L  
A H A ~ O M ~ A ~ I .  H a  6onbmux >Ke paCCTORHURX K o c M o n o r w s e c K u e  CKO- 

POCTU p a C m U p e H U H ,  p a C T y l l l k i e  C  r , CTaHOBHTCH HaMHOI.0  60nbme 
n e K Y n R p H b I X  H  B C e  r a J I a K T U K H  UMelOT T O n b K O  K p a C H b I e  C M e q e H U f l .  

Errre c a M a M  X a 6 6 n o ~ ,  a s a ~ e ~  ero n o c n e n o B a T e n m m  ( C ~ H -  
R U A X  U up.) 3 a K O H  (33) 6hrn n p O A n e H  A 0  6onbmux ~ ~ C C T O H H U U .  

H a  PMC. 12 n O K a 3 a H L I  p e 3 y n b T a T L l  M3MepeHHH KPaC'HhlX C ' M e q e ~ U f i  

A n R  ~au6onee R P K H X  r a n a K T H K  H P a A U O r a n a K T U K  B  C K O n n e H U R X ,  

n p 0 B e H e H H b I e  A0 PaCCTORHUR 10' M ~ K  U CKOPOCTU - 0,3 C. K ~ K  
BUAHO U 3  r p a @ U ~ a ,  n U ~ e f i ~ a F I  3aBACHMOCTb  x a 6 6 ~ 0 ~ c ~ o r o  3 a K O H a  

COXpi lHReTCR B n n O T b  DO T a K M X  rUraHTCKUX ~ ~ C C T O H H U ~ ~  H  CKOPO- 

c ~ e f i .  0 B O 3 M O X H b I X  OTKJIOHeHARX OT J I U H e h o f i  3aBMCUMOCTU ~YR€!T  

C K E m H O  B C n e R y I o r r r e M  naparpa+e. 



E 
E ki3 3 a ~ o ~ a  Xa66na MOXHO h C c n e p n M e H T a n b H o  O n p e n e n n T b  

/ KOHCTZMTY H (CT~OI'O I'OBOPH, H RBJIReTCH K O H C T ~ H T O ~ ~  JInIIlb B 

MOneJIr? CB, BO @ ~ M A M ~ H O B C K H X  Xe MOneJIRX N U3MeHReTCR CO 

BpeMeHeM K a K  H Z  /If Fl nOCTOHHHa TOJIbKO AJIR H a m &  3nOXM 

f 2.10" JIC!T). O A H ~ K O  HeCMOTPR H a  6 o n b m o e  WiCJIO nono6- 
HblX ~ c c J I ~ A o B Z I H H ~ ~ ,  KOHCTaHTa Xa66na n3BeCTHa cefisac C 6 o n b -  

l u 0 B  HeOllpeneJIeHHOCTbfO. T o s ~ o e  ee 3 H a s e H H e  HaXOAMTCH B UHTeP- 

: sane H = 50 - 100 KM/ ( c - M ~ K ) .  n e p ~ o ~ a s a n b ~ o e  s ~ a s e ~ n e ,  n a H a o e  

: Xa66no~, c o c T a s n H n o  500 K M / ( c . M ~ K )  n RBnnOCb p e 3 y n b T a T O M  

omn6os~oro O n p e n e n e H n R  p a c c ~ o ~ ~ n f i  no ranamnrc no ~a6nmne-  
H ~ I O  nepeMeHHbIx  ssesn - qe@em. C n c ~ e ~ a ~ n s e c m e  o m n 6 ~ n  B 

w s ~ e p e ~ n n  pacc~os~nf i  no ranamarc, a H e  c T a T n c T n s e c m e  o m n 6 ~ n  
m M e p e H n s  K p a c H b I x  c ~ e u e ~ n i i ,  - n p w m a  6 o n b m o f i  H e o n p e n e n e H -  

HOCTH H (B o ~ n e n b ~ b ~ x  n s ~ e p e ~ m x  anpenene~a c o s e ~ b  M ~ ~ O G  

O L U ~ ~ K O ~ ~ ,  H a n p n M e p  H = 43 f 3 KM/ ( c - M ~ I K )  (Na tu re ,  1978 r.) , 
OAHaKO, HeT YBepeHHOCTkI, ' IT0 II B 3TOM I13MePeHHH H e  n O l l y u e H b I  

6ommae c u c T e M a T w e c K n e  n o r p e m ~ o c ~ n )  . g n n  o n p e n e n e H H o c T n  

6 y n e ~  CsHTaTb // = 50 KM/ ( c - M ~ I K ) ,  XOTR 3 T a  BeJIIlWlHa M O X e T  OT- 

nmIaTbCR OT IlCTMHHOrO 3 H a s e ~ m  K O H C T ~ H T ~ I  Xa66na B 1,5 - 2 
pma. Bennsma 'Y = 1/H = 2 . 1 0 1 °  n e T  HmbIBaeTCR xa66no~c~oG 
enmnqel B p e M e H n  n n p n 6 n n 3 m e n b ~ o  o n p e n e n R e T  B O ~ ~ ~ C T  Bce- 
nm~ofi B H ~ C T ~ H O H ~ ~ H O ~ ~  KOCMOJIOrIlIl. T a K  K a K  H RBJIReTCFI On- 

HOC H3 OCHOBHbIX KOCMOJIOrH'IeCKkiX BeJIIlqkiH, ~ l I p e n a R H ) w e f i ,  

HXIpIiMep,  KPkITUlleCKYH) IIJIOTHOCTb (CM. (18)) A B 0 3 p a C T  Bce- 
JIekI~of i ,  ee 3KCnePHMeHTaJIbHOe I l3MepeHI le  O s e H b  B W H O .  

~ ~ K O H  Xa66na MOXHO " 0 6 e p ~ y ~ b " .  no I13MePReMbIM KpaC- 

H ~ I M  c M e w e H m M  panemix 0 6 % e m 0 ~  n n3~ecmoG senwme H Ha- 

X O ~ R T  nx K o c M o n o r n s e c m e  P a c c T o f i H m  n B p e M e H a .  Ecnn z CL l 
( ~ e p e m ~ m n c ~ c ~ w i i  cnysaii) , n o n y s a e M  113 (31) n (33) : 

rpe R,= c/H = 2.10' CM = 5.103 M ~ K  - @ o ~ o ~ e ~ p n r l e c K E l j i  p ~ n y c  
M l Q a  WIH, K a K  er0 ewe H m b I B m T ,  rOpI130HT BkIAklMOCTkl. E c n ~  
Z & 1 ( ~ C ? J I J ~ T F ~ B ~ ~ C T C K I I #  ~ J I y s a i i ) ,  A3  (32) kl (33) MOXHO rIOJIyrlUTb: 



me t -- KOCMOJIOrHqeCKOe B p e M H ,  T.e. B p e M R ,  OTCYMTblBaeMOe OT 

n e p ~ a Y H 0 f i  CHHryJIRpHOCrH. @ o p ~ y J T b I  (35) ,  (36) OTHOCRrCH K @PIIA- 
MaHOBCKMM M O n e n % M .  

n a p a ~ e ~ p  K p a c H o r o  c M e u e H n H  n a n e K M x  0 6 % e m 0 ~  H e o r p a m i -  

q e H H 0  B O s p a C T a e T ,  K a K  C n e n y e T  113 ( 3 2 ) .  ~ I M  0 6 3 e ~ ~ b 1  HaXOnflTCR H a  

6 o n b m w x  PaCCTORHMRX M B I I p e n e J I e  - H a  ( P O T O M ~ T ~ I ~ Y ~ C K O M  pa,L(H- 

YCe: Z L ; ~  f = / . 3 a r n 5 T H y ~ b  3a & O T O M ~ T ~ H Y ~ C K U ~ ~  paAlXyC H e n b 3 H A  
z-t- 

3TOMY IIPOTMBOPeYMT KOHeqHOCTb CKOPOCTM CBeTa.   TO PI eCTb rOPM- 

3 0 H T  BMJlMMOCTU B c e J I e ~ H o f i .  CO BpeMeHCM TOPM3OHT BMAMMOCTM PaC- 

UIMPRBTCH 6naroaap~  YMeHbUleHMH) H w / / f  M YBeJlM'IeHMKl Rp , If 
H a 6 J I I O n a ~ e n m  OTKphIBaeTCR BCe 6 d n h l u a ~ 1  YaCTb B C ~ ~ ~ H H O P ! .  M 3  (36) 
c n e a y e T ,   TO ~ a 6 n m n e ~ k 1 e  naneK1. ix  O ~ ~ ~ K T O B ,  M M e m u I m  6on1,ru~e 2 . 
03HaYaeT O A H O B ~ ~ M ~ H H ~ I ~ ~  ITepeXOJI K M a n b I M  KOCMOJIOI Mr1el'KMM B p e -  

M e H a M ,  K PZiHHHM 3 T a n a M  pa3BMTMR Hc~JI~?HHoM 

P ~ C C M O ~ P E I M  P R A  HpMMepOB IIpMMeHCHklll @OPMYJI ( 3 5 ) ,  ( 3 6  1 

1. C a ~ m  n a n e K a R  panuoranak-ra~a. B c p e n H e M  p a m o r a n a K T M -  

KM EMJlHbI C 6 d n b u 1 a x  ~ ~ C C T O F I H & U % ,  YeM HOpManbIlLIf? IXJIZIKTMKM. Pe- 

CKOe B p e M H .  

2. CaMb1f i  n a J l e ~ M f i  K B a 3 a p .  O I I T M ~ ~ C K ~ H  CBeIkiMOCTb K B a 7 a p O B  

B 10 -- 100 pa3 I lpeBbIUlaeT  CBeTMMOCTh r a n a K T M K  - BOT nOYeMy 

OHM, K a K  M;LRKM BO B c e n c ~ ~ o f i ,  I3MnHbI C OqeHb GOJI~UIMX P ~ C C T O F I H M ~ ~ .  

P e ~ o p n  K p a c H o r o  c M e u e H m  npmannexm ~ s a a a p y  OH 461, y KOTO- 

poro Z~ = 3,4. P a c c ~ o ~ ~ ~ e  no ~ ~ a ~ a p a ~ =  0,9gp, a ero K o c M o n o r M -  

s e c K o e  B p e M R  f a=  0,12 , T.e. ~ b l  ero BMAMM B q n o x y ,  t lo . rpacT KOTO- 

poii B 10 pa3 M o n o x e  ~aurei?. 
3.  C@epa n a n c K o r o  seuecrsa,  ~ s n y s a ~ ~ ~ m  @ O ~ O H M  p e J I u K r o -  

B o r o  M ~ J I ~ Y ~ H W R .  Tenno~oe  p e n M m o B o e  u 3 n y q e ~ w e  -  TO o c T b r s r r I e e  

113-3a p a c r u M p e H m  3 n e m p o M a r H M T H o e  ~ 3 n y s e ~ ~ e  r B  (CM.  rn. D). 
I T o c n e ~ ~ u i i  pa3 nepen ~ M X O R O M  K B ~ M H O M Y  ~ a 6 n m n a ~ e n m  p e n M m o -  

B b I e  (POTOH~I  UCrIblTbIBEUOT TOMCOHOBCKOe PaCCeFIHPif? H a  c@epe A r n e -  

~ o r o  B ~ L ~ ~ C T B ~ ,  p a c q e l ~ o e  a ~ a s e ~ a e  n a p a ~ e ~ p a  n n ~  ~ o ~ o p o r o  co- 
CTaBnReT Z = 7. C J I ~ ~ O B ~ T I Y I ~ H O ,  pFiAMyC 3~0f i  ~ @ e p b l  5 = 0,96R M s 
K O C M O ~ O ~ ~ ~ ~ C K M ~ ~  B 0 3 p a C T  ks= 0,03 . 

4.' 
4.  P ~ K o M ~ I ~ H ~ ~ H H  n n a s ~ b ~  B FB. Ha rpaaaqe M e x n y  spoir ~ 3 -  

nyveswr u 3poik B e u e c T B a  (CM.  HaR a c r p o @ w s ~ ~ a " ,  rn. YUI) 
IIpM IIOHkiXeHPiM T e M I I c p a T y p b I  A 0  IIpOM3Oll lna pe1co~6maum 
B O R O ~ O L ~ , H O ~ ~  IIna3Mb1,  I4 B c e n e ~ ~ m  C T U a  ~ e f i T p a n b H b 1 ~  aTOMapHbIM - 



r a a o M .  T e o p e ~ u s e c ~ o e  s ~ a q e ~ u e  n a p a M e T p a  2 3~0c 3nOXU c o c T a e n R e T  
3 Zp  ' 10 .  EM^ COOTBeTCTByloT paCCTOFIHUerpr%(f-~ )=$~-Z'/O-~) 

4 ZQ 
M speivn tp 2 4.10 ner ( n o c n e w m  B e n u Y u H a  O U I W ~ O Y H ~  ma-3a npu- 
~ J I H X ~ H H O C T W  @0pMyJlh1 (36) ; TOYHee 3HaYeHWetp ' lo6 n e ~ )  . P ~ K O M -  
6 u ~ u p y ~ ) ~ a "  nJIX3Ma HaXOnWTCR npaKTMYeCKM H a  rOPW30HTe BWAWMO- 

CTM M OTHOCWTCH K M M ~ Y  B 500000 pa3 M o n o m e  ~ a m e r o .  

C : y ~ ~ a p ~ o e  w 3 ~ 1 y s e ~ w e  B c e x  MCTOYHWKOB, n o n a B u l w x  B yron 
3peHMH H ~ ~ I I I O H ~ T ~ J I H ,  COCTaBnFIeT @ O H O B O ~  M3nyYeHHe B c e n e ~ ~ o t i  
(@OH HOllHOrO ~ e 6 a ) .  E I 3 0 ~ p 0 I l l l R  @ o H a  RBJlReTCR CJIeACT'BHeM OnHO- 

pOAHOCTU B c e n e ~ ~ o i i ,  a er0 M a n =  MHTeHCHBHOCTb IIpOTHBOpeWT, 

KaK 6 b 1 n o  n o ~ a s a ~ o  BbIrue,  C o E - ~ o n e n ~  (napano~c  O n b 6 e p c a ) .  H e  
W M y  n a p W O K C a  O n b 6 e p c a  HeT B H ~ C T ~ ~ U O H ~ ~ H O ~ ~  K O C M O ~ O ~ H U ?  

TpeM npHYHHarvl. 

1. ~ O P U ~ O H T  BHAUMOCTH BO B C W ~ H H O ~ ~ .  K Ha6JIICInaTeJIlo n p H X 0 -  

HUT CBeT C KOHeYHOrO 0 6 b e ~ a  IlPOCTPaHCTBa, OrPaHHYeHHOrO PaDHY- 

COM RP . Ha c a M o M  nene as-3a n o r n o U e H m  ~ 3 n y s e ~ m  B B e U e c T B e ,  

O C O ~ ~ H H O  H a  6 o n b m u x  2 , me nJlOTHOCTb B e U e C T B a  PaCTeT K a K  

(1 + Z ) 3, CyUeCTByeT npaKTHqecK&ifi rOPH30HT BWHHMOCTH, PaAHyC 

KOTOpOrO M e H b l u e  Rg, L i  pa3JlU'4f?H n n R  PB3HblX THnOB H3JlY(leHNA (pa- 
AHO, OnTHKa, PeHTreH,  H e f i ~ p M H 0 ,  r p Z l B H T ~ H O H H b I e  BOIIH~I)  . 

2. Koc~onormec~oe  K p a c H o e  c M e U e H u e .  k i 3 n y q e ~ u e  OT na- 
JIeKUX 0 6 b e K T 0 B  IlpHXOAHT C 6 0 m m u ~  KpaCHbIM CMeUeHHeM,  -0 

y M e H b U a e T  nOTOK 3HeprHH. C rOPH30HTa BUnHMOCTH H 3 n y q e H H e  n p H -  

XOAUT c ~ y n e ~ o t i  s~epraeG. 
3. kiepi3pxUH Bcenfm~oti. TO O ~ C T O R T ~ J I ~ C T B O ,  qTO 3 B e 3 W I  CO- 

6 p w 1  B KUIaKTklKU, raTIaKTHKH B CKOlTneHKR raTIaKTHK, a PaCCTOR- 

HUH MeXinY 3TWMH CTpYKTYpHbIMH eAUI-IHqaMH H a  lTOpRAOK 6 o n b m e  PiX 

J I H H e h b l x  pa3MepOB,  TaIoKe YMeHbll laeT H 3 0 ~ ~ 0 l l H b l f i  @OH. E c n ~  6b1  

UepapXUH rrpOnOJIXaTIaCb A 0  ~ ~ C K O H ~ W O C T I . I :  CyUeCTBOBa.Jlu CKOlUIe- 

HW3 CKOIUI~HH# H T.A., TO, KBK I I O K a 3 m  u l B e n  U a p n b e ,  @OTOM~TPU- 

s e c K o r o  n a p a n o K c a  H e  6b1no 6b1 naxe B COE-~onena .  r ne  npenen 
uepapxasec~oti necrsaw B ~a6monae~ot i  B c e n e ~ ~ o i i ,  no K o H q a  H e  

RCHO. C ~ M T ~ ~ T C R ,   TO ~au6onee K P Y ~ ~ I M H  CTPYKTYPH~IMI.I e n m H u a -  

M a ,  RBJlFIloTCR CBepXCKOILlIeHUH r m a K T H K  ( H X I p H M e p ,  CBepXCKOIIJIe- 
4 H m  B n e ~ e  u K o ~ e ,  H a c s m b m m u a e  103 - 10 r a n a m a K  u 

M m u u e  0 6 ~ ~  c p w ~ i y c o ~  "20 M ~ K ) .  C ~ e p x c ~ o n n e ~ w r  pacrrpe- 
HeJIeHbI B IIPOCTPaHCTBe M30TPOnH0, TaK 9 T 0 ,  lTO-BUAHMOMY, 6onee 
KPYllHbIX 0 6 p a 3 0 B a H u t i  BO B c e n e ~ ~ o t i  HeT. 
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rne IZ - n n o T H o c r b  HCTO~HHKOB ~ 3 n y s e ~ m  B H a w y  snoxy; L -- cpe,q- 
HRR m T e r p a n b s a s i  ( ~ . e .  nnx B c e x  s~eprufi)  C s e T H M o c T b  HCTO~HHKOB. 

A a H H b I e  ~ a 6 n m n e ~ u t i  e 4 e  HenOCTaTOsHO nOJIHbI (CM. rJ1. l Y ) ,  B HeKO- 

T O P ~ I X  n~ana30~a.x n o n y s e H b I  n m u b  B e p x H u e  n p e n e n b I  nns  @ o ~ o ~ o r o  
IIOTOKB, HO B UeJIOM OHH n O K a 3 b I B M T ,  9TO H 3 ~ e p e H H b 1 f i  IIOTOK 6 o n b -  

me T e o p e T m e c K o r o .  n p e s b r l r r e ~ k l e  O ~ % R C H X ~ T C R  3 ~ 0 n m ~ ~ e t i  HCTO~HU-  

KOB: K a K  HX IlJIOTHOCTb, T a K  H Cpe.I(HRR CBeTHMOCTb RBJIRIOTCX @YHK- 

UHRMH B p e M e H H  H B rrpOIUJIOM 6 b 1 n u  H a M H O r O  6 o n b l u e ,  rleM B H a m y  

snoxy. B p e ~ x ,  K O r n a  rWIaKTHKH C B e T m H  X p q e  H YHCnO HX 6 b 1 n o  

6 o n b m e ,  nonysmo H a 3 B W H e  " R P K O ~ ~  @a3bI9'.  n p H  3TOM H a 0  HMeTb 

B BHAY, ZITO ~ O T H O C T ~  HCTO~HHKOB B "xp~ofi  @a3e7' A o n x H a  ~ o a p a c -  
TaTb  C m b H e e ,  fIeM nOJIyZIaeTCR H 3  ~ I W C T O ~ !  KHHeMaTHKH HeCTWGOHap-  

H 0 f i  B c e n e ~ ~ o f i ,  KOTOpUI  n n s  k = 0 A a e T  3aBHCHMOCTb n u f 3 " t  2. 

B HeCTWHOHapHbIX MOAeJIRX 6e3 a H T H r p a B H T W H H  B a K y y M a  xa6- 
6 n o ~ c ~ o e  sperm 7 = 1 / H  n a e T  ~ e p x ~ u t i  npenen nnx ~ o s p a c ~ a  B c e n e H -  

H 0 f i  tB. B CaMOM HeJIe ,  7 6 b 1 n o  6 b 1  BO3paCTOM B c e n e H H o t i ,  me HeT 

r p a B u T a 4 H O H H O r O  TOPMOXeHUR H T e M n  PaCLIlHPeHUR H e  MeHReTCR CO 

B p e M e H e M  (PIIC. 13). C YrIeTOM TOPMOXeHHH p a 3 J I e T a  ra J IaKTHK B 0 3 -  

P a C T  fg OKa3bIBaeTCH M e H b U l e  H B Pa3HbIX @ P ~ M ~ H O B C K I I X  MOAenRX 

coc~asnxe~(ecnw H = 50 KM/(C-M~K;): 
- "IUIOCK~FI" B c e n e H H a R  



~ K c I I ~ ~ A M ~ H T ~ J I ~ H O  OlIpeAeJleHHbIe B 0 3 P a C T b I  3 B e 3 A  H r WIaKTH- 
' 

Kki AOJIXHbI 6 b 1 ~ b  B C O r n a C n A  C BeJIALiPiH0fi tB . H ~ B O ~ M O X H O ,  HaIlpA- 

I M e p ,  AOIIYCTATb, q ~ 0 6 b 1  B 0 3 p a C T  CTapbIX 3 B e 3 A  IIpeBbILuWI B 0 3 p a C T  

B c ~ ~ I ~ H H o ~ ~ .  Bospac~ CaMbIX CTapbIX 3 B e 3 A  B ~ ~ J I ~ K T A K ~  OIIpeAeJlHnCH 

1 no A u a r p a M M e  r e p u w n p y ~ r a  - Peccena A n H  L u a p o s b I x  3Be3AHbIx  

I C K O ~ J I ~ H A ~ ~  (CM.  " f l n e p H 2 S  ~ C T P O @ U ~ I ~ K ~ " ,  rJI .  1Y)  H OKa3aJ'ICH paB- 
9 

HbIM (7 - 1 3 )  '10 n e T .  3~t1  H 3 M e p e H W I  CTaBHT IIOA COMHeHHe 3aMKHY-  

TYH) MOAeJIb, B K O T O P O ~ ~  B 0 3 p a C T  B c e n e ~ ~ o f i  M O X e T  OKa3aTbCH MeHb- 

me. n o ~ 0 6 ~ b 1 f i  B ~ I B O A  A e n a e T c R  n H a  o c a o B a H a u  ~ a ~ e p e ~ m  ~ o s p a c ~ a  
~ ~ . ~ K T H K H ,  IIpOBeAeHHOrO MeTOAOM KOCMOXpOHOnOrAA. CYLUHOCT~ 
MeTOAa 3aKJIloYa€!TCH B A3MepeHAA I lPOueHTHOrO COCTaBa H30TOIIOB 

ypi3Ha U TOpMH H COlIOCTaBneHUR er0 C T e M ,  YTO OXHAaeTCR l I 0  TeOpUA 

r - I IpOueCCa  BO BCIIbILLIKaX CBePXHOBbIX 3 B e 3 n  3a B p e M H  X H 3 H A  raJ'IaK- 

THKM (CM. " f l ~ e p ~ 2 S  ~ C T P O @ A ~ A K ~ " ,  rn. Y11) . O n p e ~ e J I e ~ H b I f i  T a K A M  

06pa30~  B 0 3 p a C T  ~ ~ ~ I ~ K T A K R  COCTaBJIHeT 

me $,= (10,7 2 2) e l 0 9  n e T  - ~ K T A B H ~ I ~ ~  n e p u o A  r anamurn ,  B T e s e -  

HUe KOTOpOrO BCIIbIXABWIA CBepXHOBbIe H O ~ P ~ ~ O B ~ I B W I A C ~  TRXeJIb Ie  

PaAAOaKTHBHbIe 3JIeMeHTbI; foT = (3  - 4) ' 10 JIeT - HaYaJIbHbIfi 

I IepHOn ( B ~ ~ M H  " o X A A ~ H U R "  A 0  06pa30sa~wr IIepBbIX 3 ~ e 3 ~ ) ,  KOTO- 

p b ~ f i  O n p e n e n R e T c H  w 3  T e o p e T A s e c K a x  c o o 6 p a ~ e ~ ~ f i .  K a K  c n e n y e T  ~3 

C p a B H e H w I  B e n A s m  (38) - (40) c (41) ~ a ~ 6 o n b L u e e  n p e n n o s T e H A e  

H;i90 OTnaTb  O T K ~ ~ I T O ~ ~  MOAenA B c e n e ~ H o f i .  E c n ~  Xe, TeM H e  M e H e e ,  

A p v H e  H a 6 J I I O ~ a ~ e n b ~ b 1 e  TeCTbI GYAYT CKJIOHHTbCH B l IOJIb3y "lTJI0c- 

K0fi' ' HJIH ~ ~ M K H Y T O ~ ~  ~ o ~ e n e f i ,  IIOCJIeAHAe MOrYT 6 b 1 ~ b  IIPMHHTbI B 



T e c ~  n o  B p e M e H u  H C M ~ H W  Rcene~~oi4  o6nriqae~ o n p e n e n e H H b l M  

!i5?LIOC?.aTKOM: B c e n e ~ ~ a ~ i  CJIUUIKOM M O J I O A a ,  H a l l l e  B p e M H  OTHO(:M- 

'lT?JlbHO 6 ~ 1 ~ 3 ~ 0  K " H ~ Y ~ J I ~ " .   TO n p M B O n M T  K T O M Y ,  q T O  I303pa(:TI,I  B 

[IiI'3HhlX B;IPM2lHTElX ( $ ~ ) M A M ~ H O H C K M X  ~0f l (?nC 'k  M a J I O  0'TJlllqiUO'M:H ] I l )y l '  

OT A p y 1 . a  ( P M C .  1 4  ) . M O J I O ~ ~ O C T ~  ~ ~ : C ) J I ~ H H O ~ ~  I1[)OHI3Jf~IC).I'(:>I H [)a:iJlLTIl- 

IIIPIX ~(:I!PK.l';LX ~ ( : ' ~ ' ~ ) o ~ ) c ~ L I M ~ ~ ~ ~ ~ c M x  I I ; ~ ~ J I H ) ~ ~ c ? H M ~ ?  tI;LIII)MM$?[), U 'TOM, (1'1.0 

t w n o p o n  ~ l i  ~.cnwii I IO-I I [ )C)?K~I(>MY (:O(:T;LHJIIIIO.I. O ( : I ~ O I ~ H I ~ I ( ~  , ) J I ~ > M ( > H , I , I B I ,  

~ ~ ~ ~ & I ~ J I M ~ M ' ~ ' ( ~ J I I ~ H ~  t3 '1'31COM ?Kt1 ('O(:'l'ilH(>, I C ~ I C  011M ~ I , I J I M  0~()il:3011i1111~1 :JLL 

!i<'[)BI>!C? ~ 0 0 0  C 170!)t lr l (?f i  k ( ? J ~ ( ? H f f ~ i i ,  ll(?C!M(Yl'l)H 11>1 ~ l K ' l ' l i l 3 t l O ~ '  l l~)O'l ' (?Kil-  

H!,l$? HYKJlf2O(!MfI'l'(!Y~ k3 :313(?3naX. 

2. CPEAHFIFI IIJlOTHOCTb MATEPHH BO BCEJIEHHOR 



Ecnk i  6 b 1  MOXHO 6 6 1 ~ 1 0  H ~ A T M  CpenHWKI nnOTHOCTb B e W e C T B a J  B 

HaIl ly  3 n O X y  ( ~ C J I O B H O  B PaAkiYCe A 0  KPaCHbIX C M ~ W ~ H M ~ ~  & 0 , 1 ) ,  

TO Y T e M  nPOCTOrO CpaBHeHkiR C A P  , K a K  3 T 0  CJIeAyeT M3 (20)  
M (22), M o a e n b  B c e n e ~ ~ o G  6 b l n a  6 b 1  o n p e n e n e H a .  T p y n ~ o c ~ b  M c n o n b -  

1 3OBaHwI  3TOTO TeCTa B TOM, YTO F lyXHO YYeCTb B C e  @ O P M ~ I  TRTOTeFO- 

IIJefi MaTepMki ( B ~ W ~ C T B O ,  M3JIyYeHkie, H ~ ~ ~ T P M H O  M T.A. ) ,  KOTOpaH K 

TOMY nie p a c n p e a e n e H a  s n p o c n . p a n c T B e  ~ p a t i ~ e  H e o a H o p o a H o .  

M ~ M ~ P ~ H M H  ;;i)k?z~eZ;' IIJIOTHOCTM BMAAMOrO BeLIJeCTBa npOBOnI4-  

nMCb HeOaHOKpa'i ' l iD. 14:; !:WYJIbTaTbI IIpMBeAeHbl B ~ a 6 n .  1. n p e X ~ e  
YeM HaYaTb 0 6 c y x a e ~ ~ e  !loJIyYeHHbIX pe3yJ IbTaTOB,  Y K a X e M  H a  O r p a -  

HkiYeHHOCTb 3TRX ~ ~ M e p e ~ k i f i ,  BblTeKZUOLIJYH) 113 MeTOAa MX n p O B e n e -  

HAFI. C ~ ~ ~ H F I R  IInOTHOCTh B e U e C T B a  O n p e ~ e J I R e T C R  ClIeAyWLIJMM 06- 
p a 3 o M  : 

PaCrrpOCTpaHeHHOCTbH, 4. . H a x o m n e ~ k i e  y a e J I b H 0 f i  C p e n ~ e f i  CBeTM- 

MOCTkiX ~ p e 6 y e ~  B ~ I C O K O P  YYBCTBMTenbHOCTki n p k i e M H 0 f i  a I I l I a p a T y p b 1 ,  

AIIR YerO MCllOJIb3YH)TCR CaMbIe  M O m b I e  OnTkiYeCKWe TeIIeCKOnbI,  M 

/ TOYHOrO 3HaHMH KOCMOJIOTMYeCKkiX ~ ~ C C T O F I H ~ ? ~ ~ .  A ~ H  n e p e X O n a  OT i cpea~efi c s e T H M o c r M  K M a c c e  H a n o  YMHOXMTL % H a  @YHKJJWO " ~ a c -  
C a  - C B ~ T ~ ~ M O C T ~ " ,  3aBMCRLIJYH) OT TMna  rkWIaKTMKM. Ana 3 T O r 0  n p O B 0 -  

I A m C R  nOnCqeTb1 OTHOCMTeJIbHOrO YMClIa raJIaKTkiK p a 3 H b I X  TMnOB (3n- 
n k m T n s e c K k i x ,  c n M p a n b H b I x ,  ~ e p e r y n ~ p ~ b r x )  . H a 6 n m ~ e ~ m  n Teopk iR  

i CTPOeHkiR r a n a K T k i K  y K a 3 b I B a e T ,  YTO OTHOllleHMe M/L M3MeHHeTCR OT 

1 M~/,!,~ (Mc, LC - M a c c a  M C B e T n M o c T b  C o n ~ q a )  y H e p e r y n R p H b I x  

r m m m  no 40 Mc/ LC y 3 n n m T u s e c K k i x  r a n a K T M K .  n p a ~ k i n b ~ b r t i  

YYeT raJIaKTkiK o c o 6 e ~ ~ o  3 a T p y A H e H  H a  6 o n b m k i x  paCCTORHwIX ( 6 o n b -  

UMX K P ~ C H ~ I X  c ~ e u e ~ m x )  , rne p a s a b l e  ~ o p @ o n o r ~ s e c ~ u e  T a r n 1  ra- 
IIaKTkiK e a B a  pa3JIMYMMb1, YTO llPMBOAUT K CMCTeMaTM'leCKkiM 0 ~ 1 ~ 6 -  
KaM B OnpeaeJIeHMM @ Y H K ~ M A  " M B C C ~  - C B ~ T M M O C T ~ "  M, B KOHeYHOM 

MTOre, K O W M ~ K B M  BbIYMCJIeHIiR J . BOT n O Y e M y  ~ a 6 n m n a e ~ c ~  T ~ K O ~  
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6on~.mofi pas6poc 3KCIIepHMeHTWIbHbIX 3 H a q e H k d  , lTpHBent?HHbIX 

B ~ a 6 n .  1. Bce IlpUBeneHHbIe 3HaqeHHH MeHblllC? K P W T W ~ ~ ~ C K O ~ ~  BenMqW- 

HM; CPeAHHR BeJIMYUHa IIO BCeM H ~ ~ J I I ~ H ~ H u H M  (KOTOP~FI,  BIlpOqeM, 

H e  WMeeT ~ O J I ~ I L I O ~ O  CMbICJIa ~3-3a  CMCTeMaTMqeCKWX o m n 6 0 ~ )  COCTdB- 

nHeT 

Ae~opbr pa6or Cpe~x~iiii IlnOTHOCTb, r/CM3 

O o p ~  (1958 r.) 3,2.10-~' 

B ~ H  n e ~  Eiepr (1961 r.)  6,8.10-~' 

~ C K O B C K H ~ ~  (1965 I".) ~ , o . I o - ~ O  

lTn6nc, l l a p ~ p w x  (1967 r.) 4 , 5 - 1 0 ' ~ ~  

K o q e H K e  (44) HWO n 0 6 a ~ k i ~ b  ~ O T H O C T ~  ~ 3 n y s e ~ w 1 ,  HO  TO 

IlpaKTWIeCKH H e  H3MeHHT II0JIyqeHH0fi  BeJIHqUHbl , T a K  K a K  B HaLuY 

3IIOXy - 3IIOXy B e U e C T B a  - er0 lUIOTHOCTb 3HaqHTellbHO II eBbIUl 8- 
e T  lUIOTHOCTb H3JIYYeHNR. KOTOPBR COCTaEJIReT PXj = ~ / C M  . 

I T p k i ~ e n e H H a ~  O ~ e I - l K a  c p e n H &  IIJIOTHOCTH MaTepHH B M H p e  

MOXeT OKa3aTbCH O q W b  H ~ T O Y H O ~ ~ ,  OHa AaeT I'IO CyTH AeJ'Ia nHIUb 

HMXH& IIpeneJI .  Aeno B TOM, YTO 6 b m a  YYTeHa TOJIbKO CBeTRUaUCR 

MaTepW3 ( 3 ~ e 3 ~ 1 ,  TYM~IU-IOCTW), B TO BpeMH K a K  MOXeT OKa3aTbCH. 

YTO 6 0 n b m m  YaCTb MaTepHH BO BceJIeHHofi  HaXOnMTCH B @ 0 p ~ e  He-  

c~e r r rue f i c~  ma c n a 6 0 c s e ~ ~ ~ e i i c ~ :  ~ e i i ~ p m o ,  s e p m I e  n b ~ p b ~ ,  ~ e i i -  
TPOHHbIe 3Be3nb1,  M ~ X ~ ~ J I ~ K T W Y ~ C K &  ra3. Cehac H e  H3BeCT€!H B K n W  

K a ~ O f i  kl3 3TUX KOMIIOHeHT W 3apaI-Iee HeJIb3H CKa3aTb,  K a K  H3MeHMT- 

CH 7 C YYeTOM H ~ B W U M O ~ ~  MaTepHH. O T H O C W T ~ ~ ~ H O  OTneJ'IbHbIX @OPM 

He~U.L(k¶Mofi MaTepkiH C y U e C T B y e T  pHA naI-IHbIX ~a6mone~ui%, HO MM HX 

PaCCMOTpHM B I I O C J I e n y I o ~ W X  rJIaBaX. 3 n e ~ b  Xe OTMeTHM OnUH 0 6 4 ~ f i  
@ ~ K T ,  y ~ a 3 b I B a l O ~ H i i  H a  CyUeCTBOBt3HHe H~BUJJHMO# ( c K P b 1 ~ 0 f i )  Mac-  

CM B r a n a m H K a x ,  XOTH H H m e r o  H e  ro~op~Lqeii  o TOM, B ~ a ~ o i i  KOH- 

KPeTHO @ 0 p ~ e  OHa CyweCTByeT.  P e q b  W e T  0 TaK Ha3bIBaeMOM BHpH- 

a n b H o M  n a p a a o K c e .  

Ecna CqUTaTb CKOlUIeHwI r a a K T H K  rpaBMTWHOHHO CBH3ilHHbI- 

MH, TO K HWM n p u M e H u M a  T e o p e M a  supaana, c o r n a c H o  K O T O P O ~ ~  
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/ (ETPI=2CfiuH. me E,-~=-~A&/&- n o ~ e ~ w m b ~ a n  ( r p a ~ n ~ a u n o ~ ~ a ~ )  

I 3 ~ e p r m  C K o n n e H m ;  M,.. , R - M a c c a  n pannyc c K o n n e H n R ;  EKMfi- 
CK. a 

KHHeTHseCKaR 3Hf?prUR CKOnJIeHIIR, paBHaR C y M M e  KIlHeTHqeCKMX 

3 ~ e p r n i i  B c e x  B x o n R u n x  B H e r o  r a n a m n K .  M ~ M ~ P U B  C K o p o c T n  r a n a K -  

/ T M K  ( ~ n c n e p c m  C K O P O C T ~ ~ ~ )  n p a 3 ~ e p  C K o n n e H n R ,  MOXHO onpene- 
HMTb Ma , Ha3blBaeMYK) BkipnElJ Ib~of i  M ~ C C O ~ ~ .  FICHO, s T 0  BHpnaJIbHaR 1 M a e e a  B K n w l a e r  a ee6n M a c e y  scex ~ O P M  M a T e p n n ,  B X O E . R L ~ ~ A  B 

I CKOnneHHe I'UlaKTHK, - KdK BkiAUMYH), TaK U HeBUAUMYH). O ~ a 3 a J I o c b  

(H B 3TOM-TO Pi 3aKJIH)rlaeTCH ~ ~ p ~ a J I b H b 1 f i  ~ ~ P ~ A O K C ) ,  s T 0  BMpMWIbHa+I 

/ MaCCa 6 0 n b m n ~ c ~ s a  HCCneAOB2lHHbIX C K O I I J I ~ H M ~ ~  HaMHOrO, OT ABYX A 0  

AecRTw pa3, n p e s b r m a e T  M a c c y  s n n n ~ o f i  M a T e p n n  r a n a m n K  B c K o n -  

n e H m ,  o n p e ~ e n e ~ ~ o f i  no c o o m o m e H n m  " ~ a c c a  - C B ~ T H M O C T ~ " .  Ec- I 
I T ~ C T B ~ H H ~ I ~ ~  nYTb AnR p a 3 p e m e H H R  n a p m O K C a  - nPW3HaTb, rlTO B 

CKOIIJIeHUHX ,L(~#cTBHTC?JI~HO npHCyTCTByeT C K P b I T m  MaCCa, 3HaqH- 

T W ~ H O  n p e s b I u r m r r f a R  M a c c y  c ~ e ~ ~ q e # c ~  M a T e p n s .  B T a K o M  cnysae, 
CpeAHRR nnOTHOCTb MaTepHH BO B c e n e ~ ~ o f i  B HeCKOnbKO pa3 6 o n b u r e  

I I o n y s e ~ H o f i  O ~ e H K H  (44) ,  11 B c ~ ~ ~ H H ~ + I  M O X e T  OKa3aTbCR ~UIOCKO# 

ElnH A a X e  ~ ~ M K H Y T O # .  O A H ~ K O  BOnpOC HeJIb3R CqHTaTb p e m e H H b I M  A 0  

TeX nop, n 0 K a  H e  6 y ~ m  YCTWOBJleHa llpkipona C K ~ ~ I T O G  MaCCbI. K 
TOMy Xe, CTpOrO I'OBOPR, H e  AOKa32lHa r p a B H T U O H H a R  CBR3aHHOCTb 

C K O ~ ~ ~ H H #  H CYqeCTBYeT MHeHHe ( ~ a l T p k i M e p ,  M ~ B ~ C T H O #  6 ~ ) p a ~ a ~ -  

CKO# r p y n n b 1  ~ C T P O @ H ~ H K O B ,  ~ 0 3 m a B n R e M 0 #  A M ~ ~ P ~ Y M H H O M )  ,qTO 

CKOlUIeHkffI I'aJlaKTUK r p a B H T ~ O H H 0  HeCBFI32lHHbI H B H P H ~ ~ H ~ I #  

I IapmOKC npOCT0 H e  CylJJeCTByeT. B o J l b I l l k i H ~ ~ ~ o  ~ C T P O @ H ~ U K O B  

IIpH3HaeT K a K  B H P H U I ~ H ~ I #  H a p m O K C ,  T a K  H CyueCTBOBilHMe C K P ~ I T O ~ ~  

MaCCbI B C KOnneHkffIX I'aJlaKTUK. 

no nOBOAy IIpPipOAbI C K ~ ~ I T O #  MaCCbI BbICKa3bIBUIHCb p a 3 H b I e  

r r p e n n o n o x e H m .  OAHO n3 n o c n e n H u x ,  cnenamoe H a  OCHOB~HHH Ha- 

6mne~ni i  H a  T e n e c K o n a x  c B~ICOKHM pa spe rne~ae~ ,  c o c ~ o m  B TOM, 

9TO CKpbITaR MaCCa COCpenOTOqeHa B lTpOTRmeHHbIX cna6o CBeTFIIIJkiX- 

CR KOPOHaX MaCCHBHbIX IXnaKTHK, KOTOpbIe COCTOFIT, C K O p e e  BCerO, 

113 CTaPbIX Ilp03BON04HOHEIpOBaBIllHX 3Be3A. OAH~KO ~ a 6 ~ 0 ~ e ~ k f f I ,  

lTpOBeAeHHbIe HeAaBHO H a  CaMOM 6 o n b r n o ~  B M H p e  T e n W K O n e ,  6- 
MeTPOBOM ETA ( 6 o n b r u o i i  a 3 H M y ~ U I b ~ b 1 f i  T ~ ~ W K O ~ ) ,  H e  llOATBep- 

RElnH CYLUeCTBOBilHUR MLLCCUBHbIX rElJIaKTHqeCKHX KOPOH. n p y r H e  

pe3ynbTaTbI n0HCKOB C K ~ ~ I T O #  MaCCbI B CKOlUIeHW3X rEUIaKTHK ~ Y A Y T  
PaCCMOTpeHbI H m e .  



flnn onpeAeneHwa MoAenu B c e n e ~ ~ o f i  ~ a n o  3 ~ a ~ b  m a  ee napa- 
rwerpa B HacToRqee B p e M R :  ti M P (unu H I? fg ) M ypaBHeHue co- 
CTOHHMFI P=f(p) . T O ~ ~ K O  B YBCTHOM CJIyYae "~JIocKoL%" B c e n e ~ ~ o i i  
H ~ ? O ~ X O ~ ~ I I M ~ H  napa napaMeTpoB CBOAMTCR K OAHOMY, TaK KBK B 3~0 f i  

MOnt?llM MeXIY H MY Cyl4eCTByeT XeCTKaR CnR3b ./%D = ~ H ~ L O . M O X R O  

usecTu 6 e 3 p a 3 ~ e p ~ b 1 e  napaMeTp @ , 0 6 % e A m ~ m u M f i  B ce6e 06a 

H ~ O ~ X O ~ ~ M M ~ ~ X  napaMeTpa u ypaBHeHue cocToasm, TaK, YTO ero se- 
JIuYma OAH03HaYHO OnpeAenkiT MOAenb BceneHHoti. OH Ha3bIBaeTCR 

napaMeTpoM s a ~ e n n e ~ ~ ~  u BbIpaXaeTcH cnenymuuM 06pa.30~ vepes 
h i a c r u ~ a 6 ~ ~ 1 i i  I $ ~ K T o ~ :  .. 

( Ha3BZlHMe CBR3aHO C TeM,  YTO B BbIpaXeHMC' (45) BXOAHT BTOPaR 

npou3BouHm j; , x a p a ~ ~ e p u 3 y m u m  i i a ~ e n n e ~ u e  pacnrupeswr Bce- 
n e ~ ~ j o t i  ). Mcrronb3y~ peureHMe A n R  M ~ c U I T ~ ~ H O ~ ' O  Qla~iopa. MOXHO 

H L I P ~ ~ M T ~  9 sepes ~ a 6 n r o n a e ~ b l e  BenMwribr. B o 6 r r l e ~  cnylrae (Pi+& 

u~ KOTOPOC~ cneAyeT, YTO O T K P ~ I T O C ~  B c e n e ~ ~ o f i  C O O T B ~ T C T B ~ ~ T ~ = ~ ~ ~  

' 7 1 1 J I ~ ~ ~ ~ f i "  - f=gd-, ~ ~ M K H Y T O ~ ~  - 9 > 0,5. 
n a p a ~ e ~ p  $ MOXeT MMeTb H OTPMUaTenbHOe 3HaYeHHe ( B  3TOM 

cnyvae ero cneAyeT H ~ S ~ I B ~ T ~  napaMeTpoM y c ~ o p e ~ m ) ,  ecnM TeMn 
pacurupeHEiR B c e n e ~ ~ o f i  Y ~ ~ I C T P F I ~ T C F I .  n o c n e ~ ~ e e  MoxeT npoucxo- 
AMTb n0jl A ~ ~ C T B H ~ M  C W I  aHTurpaBHTZUJuE4 BaKYYMa. KpahPifi ~JIyYafi 
AeMOHCrpupyeT MOAenb C T ~ ~ H O H ~ ~ H O ~ ~  BceneH~ofi, A n R  K O T O P O ~ ~  9 = -1. 

Orrpenene~ue napaMeTpa ~ ~ M ~ A J I ~ H M R  us  p e 3 y n b ~ a ~ o ~  ~ a 6 n m -  
~ e H l ? f i  AaeT ewe OAMH cnoco6 BbIRCHeHUR MOAenPi B c e n e ~ ~ o f i .  nap-  
MeTp $ MOXHO H&U U3 3aBMCMMOCTW " K ~ ~ C H O ~  C M e u e H M e  - paCCT0- 

XHHe ( 2- r - ~ ~ B M C M M O C T H )  A n R  AUIeKPiX ~ ~ ~ I ~ K T M K " .  B IIepBOM npM- 
~ J I U X ~ H E I M  Z - ~ - ~ ~ B I I C I I M O C T ~  OnpeAenReTca 3aKOHOM Xa66na ( 3 4 ) ,  
B 0 6 u e ~  cnyvae oHa uMee'r B M ~ :  
3 8 



O T K J I O H ~ H M ~ ?  OT ~ M H € ! ~ H O U  3aBMCMMOCTM OT r OnpeneJ IMT,  TaKUM 

O ~ ~ Z ~ O M ,  n a p a M e T p  p . OAH~KO,  K ~ K  y x e  6 b l n 0  o.r.MeqeHo p a H e e  

(CM. PM(:. 1 2 ) ,  H . I , O P O ~ ~  rlnerl n (48)  o q e H b  M a n  u MsMepeHHe n a p a M e T -  

pa :,aMrnJlc?tr MFI HHJIH('I.(:R . rpyn~oi i  s a a a q e i i .  I Ia nene nocly n m T  cne- 
i nYK)II~MM 0 6 [ > ; 1 3 0 ~ .  l ~ l > l [ ) i l ) ~ a t (  P;1CCTOHFIHe r l l e p e 3  BMAMMYIo ( M  ) U 

j ~ 6 ~ : O ~ l ~ ) ' I ' k i y l O  ( M ) :~t3(?j~~l l l , l l '  HCJlkIqMk~I,I I 'anaKTMK, nepeXOAHT OT -p- 
! - ~ ~ ~ ~ ~ M ( : M M o ( : ' I . H  K 3ilHCI(:MMO("I.M M -  Lg2 , KOTO[>W AAnFI H e  O W H b  Yna- 
I J I I ? I I I I I , I X  o 6 h e ~ 1 . 0 ~  ( Z ~ 4 3 )  I I ~ M H M M ~ ~ T  BUA: 

E c n ~  6b1 TOnbKO nnJ3  AByX ralIaKTklK 6 b 1 n ~  B TO'IHOCTU R3BeCTHbl UX 

a 6 ~ 0 n H ) ~ ~ b l e  3 B e 3 n H b I e  BeJIWIUHbI, TO, U3MepMB m kI Z , MOXHO 6 b l n o  

6b1 TOYHO o n p e a e n m b  H u q,. Ho no cm nop s ~ a n o ~  c s e T u M o c r w  cpe- 
flU r U a K T A K  H e  H a k e H  ( B  M U P e  3 B e 3 A  TaKkiM 3 T m O H O M  CJIyHcaT 

q e a e m b ~ ) .  IIO~TOMY sassy o n p e n e n e H u R  9 M3 C o o m o m e H m  (49) 
PeIlIaIoT CTaTUCTll'leCKHM 0 6 p a 3 0 ~ ,  CTPOR 3aBACUMOCTb ~ - i $ ?  Z RJ'IR 

~ a ~ 6 0 n e e  RPKUX r a n a K T n K  B C K o n n e H w x x  - n p H   TOM U C X O ~ R T  ~3 

mpennonoxewm, 'ITO ~au6onee R p K H e  r a n a K T M K H  B p a 3 ~ b 1 x  crconne- 
HWrX O ~ J I ~ , L W O T  O ~ E M B K O B O ~ ~  CBeTAMOCTbH) ( ~ ~ C O N O T H O ~ ~  3 ~ e 3 ~ 0 f i  
sennsmofi) . K ~ K  cnenym ~3 PHC. 12,  TO npennonoxeaae o n p a ~ n b 1 -  

BaeTCJ3 BIInOTb a0 KPaCHbIX ~MeI l JeHFi f i  = 0,3 - TO'IKA nOXaTCJ3 H a  

IIpJ3MyH) nmm C M U b I M  pa36poco~. O ~ H ~ K O  3nf?Cb O'IeHb M a n  U H e  

3aMeTeH I I o I I p a ~ o s H b I f i  s n e H  ( f -4  ) . Ero MOXHO 6 b 1 n o  6 b 1  3aMeTHTb 
I 

I I ~ U ~ O ~ ~ L L I H X  2, HO T a M  pas6poc TO'IeK CTaHOBUTCJ3 6 0 n b m k 1 ~ ,  Y K a -  

3bIBaR H a  HeTOrIHOCTb k 1 3 ~ e ~ e H U f i  U 3 B O J W m K l  RCTO'IHWKOB. B p e  
s y n b ~ a ~ e  ~ a k e ~ ~ a ~  s e n u l r m a  n a p a M e T p a  s a ~ e n n e ~ m  H a X O ~ U T C R  B 

npenenax 

9TO HenOCTaTO'IHO TO'IHO nJ lR  O n p e n e J I e H U R  M O n e n U  B c W I ~ H H O ~ ~ .  

n o n b ~ ~ ~ a  ~ J O T R H Y T ~  ~ ~ B U C U M O C T ~ ~ - + Z  H a  ewe 6 o n b m a e  K p a c -  

HbIe C M e w e H m ,  u c n o n b s y ~ 3  masapbr, H e  npmecna ycnexa: o ~ a s m o c b ,  

YTO K B a 3 a p b I  H e  UMeloT 0JJJ303HaWI0fi 3aBUCHMOCTA (PAC. 15). B03- 
MOXHaR n p H ' I U H a -  C ~ I J I ~ H ~ I ~  3 @ @ e ~ ~  3 B O n K ) ~ U A  Y K B a 3 a p O B .  Apyroe 
BO3MOXHOe O ~ % R C H ~ H H ~  6 y n e ~  n p U B e n e H 0  H H X e .  



B H a c T o H u e e  sperm r r p a m w s e c K u  A O K ~ ~ ~ H O ,  YTO K p a c H o e  cMe- 

UeHkie  K B a 3 a p O B  MMeeT KOCMOJIOrki'4eCKJ'Io IIpHpOAy, T.e. BbI3BLlH0, 

K a K  Pi y rUIaKTkiK, o 6 u w ~  PaClIIkiPeHkieM M n p a .  B TaKOM CJIyqae OHM 

HaXOAHTCH H a  PaCCTOHHIlRX B COTHW W TbICHqU MeraI IapCeK ki HBJIHIoT- 

CH ~ m 6 o n e e  AaJIeKllMFi ~ a 6 J I I o ~ a e ~ b 1 ~ k i  06aema~w BO BceneHHof i .  

OTM~TUM,  rITO A 0  CkiX IIOp ewe BCTPeqWTCH CTOPOHHWKU " M ~ C T H O ~ "  

r u n o ~ e s b ~  K s m a p o B ,  c o r n a c H o  ~ o ~ o p o f i  ~ s a s a p b ~  p a c n o n o x e H b 1  B 

10 - 100 pas 6 n m e .  
T ~ K  K a K  3@@eKTb1, o ~ ~ c J I o B ~ ~ H H ~ I ~  K P W B U ~ H O ~ ~  npOCTpaHCTBa, 

OTseTnFiBee IIpOHBnHIoTCH H a  6 o n b m w x  PaCCTOHHFiHX (CpaBHWMb1X C 

p a A u y c o M  KPUBUSH~I)  , ~ ~ a s a p b ~  H a w 6 o n e e  n e p c n e m w B H b 1  AnH onpe- 
AeneHkiH MOAeJIM B c e n e ~ ~ o k .  

n B a  p e 3 y n b T a ~ a  0 6 p a ~ r l I o ~  H a  c e 6 ~  BHkiMaHne: 

- OTCYTCTBHe 0 n H 0 3 H a ' 4 ~ 0 f i  3aBkICMMOCTH f7L-q 2 y KBa3apOB; 

- U ~ ~ ~ I T O K  KpaCHbIX ~ M e ~ e H k i f i  C ?Y 2 B JIUHWHX IIOrJIOUe- 

HHH B cnempax ~ s a s a p o ~ .  n m n u  nornouesm B O ~ H H K ~ T  rrpn npo- 
x o x A e H n a  c s e T a  sepes r a n a m u K u  n o 6 n a ~ a  rasa, p a c n o n o x e H H b r e  

M e x n y  ~ s a s a p o ~  n ~ a 6 n I o n a ~ e ~ r e ~ .  

06a p e 3 y n b ~ a ~ a  MOXHO O ~ ~ H C H U T ~ ,  n p m m  M o n e n b  n e ~ e ~ p a  
(CM. rn .  1). C o r n a c ~ o  3~oCi M a n e n u  B c e n e ~ ~ m  u M e e T  s a n e p x ~ y  B 

paCWHpeHMU H a  HeKOTOpOM PaAEiyCe 7 ( ~ H c .  16) ,  BbI3BaHHYIo p a -  d 



HOBeCIleM CPUI rpaBkiTaIJklkl M a T e p U H  C CklnaMH aHTHrpaBkiTWklFi  B a K y -  

y M a .  Mexiny H ~ ~ J I I ~ A ~ T ~ J I ~ M  ( ~ o s ~ a  Y u ~ ~ a s a p o ~  ( ~ o s ~ a  B) pac- 
IlOJIOxieH K B ~ ~ U C T ~ H O H ~ ~ H ~ I G  YrIaCTOK B c e n e ~ ~ o f i  nJIHTenbH0CTbKl 

f5, B C e  0 6 . h e ~ T b 1  KOTOpOrO HMeIoT AJIR H ~ ~ J I K J A ~ T ~ J I H  OAMHaKOBble 

KpaCHbIe CMellJeHHR - OHM AaIoT JIHHkIkl n O m O W e H k I R  C 2 2. E 0 J I b -  

~ 0 f i  pas6poc m - 19 z - ~ ~ B ~ I C H M O C T U  nJIR K B a 3 a p O B  B b I 3 B W  T e M ,  

 TO c a M u  OHM B npenenax ~ s a s u c ~ a u u o ~ a p ~ o r o  y s a c T K a  H a x o n R T c R  OT 

~ a 6 n m n a ~ e n ~  H a  pa3HbIX paCCTORHkIRX, HO O ~ J I ~ A ~ T  n p k 1 6 J I l l 3 k i ~ e J I b ~ 0  

OnCMaKOBbIMU . 
M o m ~ o  H&M B p e M R  3 a n e p x i K M  5 . T ~ K  K a K  PaCCTORHHe DO 

KBa3uCTWklOHapHOrO YsaCTKa r5 COOTBeTCTByeT KPaCHOMY CMellJe- 

HUH) 'V 2, TO nJIOTHOCTb BellJeCTBa H a  H e M  HOJIxiHa COCTaBJIRTb 

( j f + ~ ) ~ ~ j O p g  , me yo- COBpeMeHHaR CpenHFIR nJIOTHOCTb 

B e q e c T s a .  Bo c T o n b K o  xie pas u A - s n e H  TOG s n o x u 6 h m  6 o n b m e  A. 
n n R  H a W e r O  BpeMeHN.  M3 COOTHOLLIeHlln 4 / / A -  A HaXOnFiM 

i e50'109 n e T ,  a n O n H O e  B p e M R  xiH3HM & e J I e ~ H o f i  f8=r,+td~ 70.109rn. f 

~ ~ M B ~ A ~ H H O ~  O ~ % R C H ~ H ~ I € ?  HaHHbIX Ha6JIKJZ(eHkifi K s a 3 a p O B ,  K 

I C O x i U I C ? H ~ ,  H e  OHHO3HaSH0, A a  kI CaMkl pe3yJ IbTaTbI  ~a6~11one~ufi  HYX-  

ai3IOTCR B YTO'lHeHWU. ~ O ~ T O M Y  Y K a 3 i l H H m  BOSMOXHOCTb ~ b 1 6 o p a  MO- 

A e n u  B c e n e ~ ~ o t i  R s n R e T c R  r r p e n s a p u ~ e n b ~ o f i .  



TEnJIOBOE PEJIMKTOBOE M3JIYYEHME 

P e n u ~ ~ o ~ o e  ~ s n y s e ~ u e  B c e n e ~ ~ o i i  ( P M B  ) - B T o p o e ,  B c n e a  3a 
p a 3 6 e r a ~ u e ~  r a n a K T u K ,  n p e n c ~ a 3 a ~ u e  ~ e c ~ a ~ u o ~ a p ~ o i i  KOCMOnOI'MU, 

n O n T B e p X n e H H O e  H ~ ~ J I I O ~ ~ H W ~ M U .  

1 OTKPblTME M CBOilCTBA PMB 

PMB 661no OTKPblTO B 1965 r.  aMepMKaHCKWMM YYeHbIMM n e ~ -  
3AaCOM M B A J I ~ C O H O M  B IIpOUeCCe O T P ~ ~ O T K M  CUrHZIJ?a H a  W U H e  

BOnHbI 7,35 CM C ~ ~ - @ Y T o B o ~ ~  PYIIOPHO~~ aHTeHHbI,  cnennueA 38 C W T -  

HUKOM "3x0". M ~ M ~ P ~ H P ~ R M  B C e r n a  COIIyTCTBOBaJl U ~ ~ M O B O ~ ~  @OH. B 
p~UOaCTpOHOlLlAM nPMHHT0 nOTOK A3nYYeHMH X a p a K T e p A 3 0 B a T b  3@- 

~ ~ K T M B H O A  ~ e ~ n e p a ~ y p o G ,  K a K  ecnu 6b1 OH M c x o n u T  OT a6conmr~o 
s e p H o r o  T e n a .  nonam T e M n e p a T y p a  @ o ~ a  B ~ a 6 n 1 o n e ~ u ~ x  ne~3uaca  u 
B U n b c o ~ a  c o c T a s n H n a  T3* = 6,7 K, M3 KOTOpbIX 2,3 K 6 ~ n  B K n W  aT- 

/ ~ o c @ e p b ~ ,  a 0,8 IC n a ~ a i a  c a M a  m T e H H a ,  o x n m n a e M a H  rnwnKwM re- 

I I n u e M .  B e n u q m i a  a ~ ~ o c a e p ~ o r o  Q o ~ a  6b1na noapo6~o m y s e ~ a  w oue- 
! HeHa B pe3YJIbTaTe ~ a 6 J I I o ~ e H l l s  IIOA pa3HbIMU 3eHMTHbIMkI Y m a M M ,  

M ~ I B  em @OH. 3 a  BbIYeTOM 3TUX A3BeCTHbIX ACTOYHMKOB  OH^ B C e r n a  

B M3MePeHUHX nPUCYTCTBOBan H ~ Y C T P ~ H U M ~ I ~  nOTOK, X a p a K T e p M 3 y e -  

MbIfi ~ e ~ I I e p a ~ y p 0 f i  T = 3,5 -fr 1 K, K O T O P ~ I ~ ~ ,  K a K  n O K a 3 U I M  AOnOJIHA- 

TeJIbHbIe MCCJIenOBaHUR, M3OTpOITeH IlO ~ e 6 y ,  H e  n O J I H p U 3 0 B W  A H e  

IIOABe X e H  Ce30HHbIM M3MeHeHKFIM. E ~ o  UHTeHCUBHOCTb COCTaBnRna  

2.10-& BT, ( M ~ - ~ U . C ~ )  = 2 . 1 0 ~ ~  Icp, me l.'g - Br/ ( M ~ T ~ )  - 
npkiHHTW B p ~ E i O a C T p O H O M H H  hmsua U3MepeHKU "HHcKA~~".  B Ha-  

C T O H u e e  B p e M H  ~ a 6 n m n a r o ~  AUCKpeTHbIe ACTOqHMIUi B~J~MYMHoG A 0  

I O - ~ J ~  , T a K  YTO A3MepeHHaFI kiHTeHCMBHOCTb P~AMO@OHB OKa3WIaCb  

AOBOJ'~~HO 6ommoii. O T K ~ A ~  M O r  UCXOAUTb @OH? Ero MCTOYHMK H e  

HaXOAUJlCH HA H a  3 e ~ J l e ,  HH H a  CoJ IHr le ,  T a K  K a K  H e  3aMeYEUlOCb Ce3OH- 

HbIX W ~ M ~ H ~ H U ~ .  OH H e  6b1n CBH3aH U CO BC& ~ U I ~ K T H K O ~ ~ ,  PaCIlOnO- 



q e H u e  r a n a m u K  B c e r n a  non~pw30smo ( C H H X ~ O T ~ O H H O ~  w s n y q e ~ e e  

~ ~ ~ K T P O H O B  B M a r H u T H b I x  n o n ~ x )  , a n o n ~ p u 3 a q u ~  m y M a  5 b r n a  H y n e  

~ ~ f i ,  K a K  Y TeIJJlOBOrO HCTOqHHKa. Ha OCHOBiLHHH 3THX C B O ~ ~ C T B  AHK- 
K e  o 6 % ~ c ~ u n  ~ p e x r p ~ y c ~ b ~ f i  U y M  peJIHKTOBbIM TenJIOBbIM U3JIyqeHH- 

e M  rB. ~ o c J I ~ A ~ ~ O I U H ~  MHOrOqHCneHHbIe H3MepeHHH IIOJIHOCTLH) H o g -  

TBepAUnki  3 T 0  O ~ % R C H ~ H U ~ .  

B 1978 r.  3a c B o e  o T K p L I T u e  n e ~ 3 u a c  w B H ~ L C O H  n o i I y q M n u  Ho- 
6 e n e ~ c ~ y m  n p e M n m  no @ H ~ H K ~ .  

B ~ e p r e ~ u l r e c ~ n n  cnemp 

B n e p B y l 0  O q e p e A b  6 b 1 n  IIOATBepXAeH IJJIFIHKoBcKM~~ T ~ I I J ~ o B o ~ ~  

CI IeKTp H3nYqeHHH, eAUHCTBeHHbIM I I a p a M e T p O M  B KOTOPOM C n y X H T  

T e M n e p a T y p a  T. Ha pwc. 1 7  n o ~ a 3 a ~ b 1  cnemp w s n y q e a w ~  c xcnepu- 
MeHTanbHbIMW TO'IKaMH, IIOnyYeHHbIMH H a  pa3HbIX AnUHaX BOnH. 

~ O A ~ O ~ H O  H 3 M e p e H a  AnkIHHOBOnHOBaH Penefi-AXUHCOBCK~R: WCTb 

q e P H O T e n b H O r 0  H 3 n y q e H u R  B UHTePBaJle  AnUH BOnH 74 - 0,26 CM. 

C ~ ~ A H H H  IIO BCeM lTpOBeAeHHbIM H3MepeHUHM T e M I I e p a T y p a  COCTaB- 

n H e T  

Tpen = 2,76 2 0,07 IC. (52) 



- 
M ~ K C H M Y M  113lIy9eHUR C ~ a K 0 f i  ~ e ~ n e p a ~ y p o f i  nPHXOAEiTCR Ha 

nnmy B O J I H ~ I ~ ~ ~  0,51/T = 0 , 1 8 c ~ .  B6nnsn o T  MaKCHMyMa n 3 ~ e p e -  
Ha TOsKa Ha A = 2,6 MM. B OTnWqU410T ApYrUX 3KCnepHMeHTaJIbHbIX 

TOseK 3 T 0  u3MepeHHe 6 b m o  npOBeAeH0 H e  paAHOMeTOAOM, a AOBOJIb- 

HO H ~ O ~ ~ I ~ H O :  C nOMoIUbW O m n ' I e c K n x  ~ a 6 m ~ e ~ n f i  - TI0 JIUHURM 

n o r n o w e t i c l a  M ~ X ~ B ~ ~ A H ~ I X  M o n e K y n  unma Ch' . Ha pnc. 18 norca- 
s a ~ a  c x e M a  n e p s b ~ x  . j ~ e p r e ~ n s e c ~ n x  y p o ~ ~ e i i  M o n e K y n b r  CN : K - 
H p a w a T e n b H o e  K B m T o B o e  ~ U C J I O ,  A n B - H n x H n e  y p o B H n ,  Al n B1 - 
n e p h l e  B O ~ ~ Y X H ( A ~ H H ~ I ~  YPOBHII. H n x ~ n f i  YpOBeHb B n e p B O r O  B p a U a -  

TWIbHOrO COCTOHHUH MOJIeKynbI [N ( K  = 1)  HaXOAHTCH qYTb BbIIIle 

OCHOBHOrO YPOBHH A ( K  = 0) U npeACTaBJIReT M ~ T ~ c T ~ ~ ~ J I ~ H o ~  CO- 

cTocrene.  nepexon A -+ B c o o T s e T c T B y e T  n o r n o u e ~ r m ,  nsnyseewr c 
AJIUHofi BOnHbI d= 2,63 MM. C y ~ m b  0 TOM, B KaKOM BpaWaTenbHOM 

COCTOHHHH HaXOfiHTCfI M O n e K y n b I  Ltkima B KOCMZIqeCKOM V O C T  5LH- 

rise, MOXHO no o m n q e e K n M  n e p e x o n a M  A1 -+ A ( J l =  3874,6 1) a 
B1 -+OB ( J2 = 3874,O A) , RnkMbI BOnH KOTOpbIX OTIlU9aIQTCX H a  

0.6 A. 

1 

I Pnc. 18. C x e ~ a  s~epre~nsecmx  y p o ~ ~ e l  ~ o n e ~ y n b ~  wma 
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COTe 40 KM BCe ewe 0 4 e H b  BeJIHK @OH iTMOC@ePbl  B JIMHMRX M O J I e  1 K y n  0 2 ,  0 3  M H20-OH BneCRTKM pa3 npeBblLUaeT M C K O M ~ I B  ~ @ @ P K T .  

/ T P ~ ~ H O C T M  Y C Y ~ Y ~ J I R I O T C R  JlOKaJlbHbIM @OHOM : "UIYMMT" n106a~ Hil- 

* r p e T a H  s1,rule  3 IC IlacTh npw6opa una n f l ~ e c ~ ~  a 3 p o c T a T a .  llano orMC1- 

TMTb, '1'1.0 M 'TeXHMKa I I I M ~ O K ~ l l O J l O C t ~ l ~ l X  II[)MeMHMKOl< M F I ( ~ ) ~ ) ~ K I ) ~ I ( ' H o I ' O  

w:tnyllcrlwn (:(.iisac: I l t ~ ~ o c : ~ l . a r o q t I o  r)a3ljMTa. HOT I I o s e M y  P K ~ M ~ ~ ) ~ I I M F I  
2 I'M13 I{ C Y ~ M ~ ~ J ~ J I ~ ~ M ~ ! T ~ ) ~ > ~ ~ O M  .lJM;III;I.JOHC (1 -- 10- M M )  He Jl.iLilM 110 

c:11x 1101) ' r . o l l t ~ ~ , ~ x  Ix::{yJ11,.rarou. H 1975 r .  r p y n l r a  I C a n a + o p ~ c l i i c ~ c o r o  

yHMHe{)CMTPI"' IlpOliC?Jlil MrlMepeHMn c 1 l O M O ~ b H )  ~IOJIRpM9al~MOHHOTO 

c l ) y l ) h e - c n e m p o ~ e r p a  c repMaElwenb1M A e T e m o p o M  H a  B ~ I C O T H O M  

a:jpoc,rare M nonyswna TOT x e  cnemp c ~ e ~ r ~ e p a ~ y p o i i  - 3 IC 
(pnc. 19) .  ~ H ~ W I T ,  M B K O ~ O T K O B O ~ H O B O ~ ~  06nacTFi  c n e K T p a  PMB H e T  

3aMeTHbIX O T K J I O H ~ H H ~ ~  OT IIJIaHKOBCKOI'O TeIIJIOBOI'O C n e K T p a .  3 T H  

I13MepeHHH ~ Y A Y T  I lpOAOJIXeHbl ,  T a K  K a K  nm6oe H3MeHeHMe 4 0 p ~ b l  

c n e K T p a  B 3~0 f i  O ~ J I ~ C T U  o q e H b  B ~ H O  K a K  ~ 3 ~ e p e 1 1 m  nonaofi 
3 H e p r H H  PMB, T a K  U A n R  BbIRCHeHMR er0 B O ~ M O X H O ~ ~  MaJI0 f i  aHM30- 

TpOnHH. M c K a i ~ e ~ H e  I I J I ~ H K o B c K o ~ ~  K p H B 0 f i  B C Y ~ M V ~ H J I J I U M ~ T ~ O B O ~ ~  

06nac~u OXMAaeTCR B CBR3M C IIOBTOPHblM H W p e B O M  B e U e C T B a  BO 

B c e n e ~ ~ o f i  H a  CTWHEi 0 6 p a 3 0 ~ i 3 H ~ f I  I I epBbIX 3 B e 3 A ,  M O u O C T b  M 

4aCTOTa BClTblUleK KOTOpbIX 6 b 1 n ~  H a M H O r O  6 0 n b m e ,  4 e M  B H a U l e  

BpeMR,- T a K  H a 3 b l B a e M a R  " R p K a R  @838". 

3~fo-''r--- - --- 1 



Tenno~oe n3IIyYeHHe paBHOMepH0 H3OTpOlMO 3aIIOJIHReT BCe 

npOCTpt3HCTBO. K O H U ~ H T ~ ~ W R  PeIIHKTOBbIX @OTOHOB npe4= 400 CM-3 

OYeHb BWIklKa IIO C p a B H e H m  CO cpen~ek  K O H U ~ H T ~ ~ U H ~ ~ ~  HYKJIOHOB: 

ff = - 3 . 1 0 ~  CM-3 (IIOCJI~AHRH B e  H Y m a  COOTBeTCTByeT KPHTU- N 3% 3 
Y ~ C K O #  nJI0THOCTn B e 4 e C T B a g x p ~  6'10- ~ / C M  ) . O T H O U I ~ H H ~  ~ O T O H -  

HO# U HYKJIOHHO# KOHUeHTpaUUIl n p e n c T a B n R e T  6 e 3 p a 3 M e p ~ b I f i  napa- 

M e T p  ~ ~ J I ~ H H o #  - YnenbHyKI 3HTpOIIWO: ~=fi~~~h lo8 - 4 . 1 0 ~ .  np&i 
3 

c p e n H e #  3HepTMU KBWTOB ,J!$~,,= 0,6.10- 3B nJIOTHOCTb 3HeprwPi PHB 
COCTaBJIReT 0,25 3B/cM3, YTO H a  4 I IOpRnKa YCTynaeT IIJIOTHOCTH 

meprnn B e u e c T s a  B H a w e  BpeMR.  H~CMOTPR H a   TO, PMB n r p a e T  sax- 
HYKI p o n b  B o 6 4 e ~  3 H e p r e T n s e c K o M  6anmce. Aaxe B F a n a m n ~ e & ~ ~ ~  
OAHOrO I I O p R n K a  C nJIOTHOCTRMU 3~eprnii  n p y r M X  KOCMbiYeCKHX HH- 

TpaffMeHTOB: CBeTOBOrO M TeIIJIOBOrO ~ 3 J l y Y e ~ ~ f i  ( ECB ) , KOCM,Z1Ye- . , 
CKHX nyseti ( fNfl ) w r a n a l c r n q e c K o r o  M a r H n T H o r o  norm ( P  =E ) : 

tz 

~ ~ H C T B Y  3 ~ a ~ e ~ n e  PMB ewe ~ o s p a c ~ a e ~ ,  TaK K a K  ero s~eprmnsec~nf i  
B K J I W  CTiLHOBMTCR HaMHOrO 6 0 n b w e :  B TO B p e M R  K a K  er0 ILlIOTHOCTb 

3 H e p r n n  BCKIAy OAkiHaKOBa, y ApyrMX KOMnOHeHT 

CKMX nyseti, M a r H n T H o r o  ~ O S I R )  o H a  n a A a e T  B - 10 

2. ACTPOWiSUYECKME IIPORBJIEHMR PHB 

B 3 m ~ o ~ e # c ~ ~ n e  PMB C KOCMMYeCKklMU n y s a M n  IlpMB0)JWT K 

p ~ n y  ~a6nmnae~b1x n npenc~a3b1~ae~brx cnenc~~ui i .  
~ o ~ n ~ o ~ o ~ c ~ o e  PaCCeHHne PeJInKTOBbIX ~ O T O H O B  H a  PeSIFITU ' 

BnCTCKLiX 3JIeKTpOHaX. Manos~eprnwb~e PeJIMKTOBbIe @OTOH~I  B pe- 
3 y n b T a T e  PaCCeRHkiSI H a  3JIeKTpOHaX KOCMMqeCKUX Jlyqefi  YBenMqMBaeT 

CBOKI 3HePrHIO (06pa~~b1#  KOMIITOH-~I$+~KT) : 



r A e  f- n o p e ~ q - @ a ~ ~ o p  s n e m p o H a .  Ecna, H a n p k i M e p ,  ~ H ~ ~ I - H R  ~ J I ~ K T -  

p o ~ a  f, = 1 r3B,  TO f = 2.10 H && 2.4 K ~ B  - B p e ~ y n b ~ a ~ e  

PaCCeRHkiR B03HklKaeT K B m T  PeHTreHOBCKOTO H3JIyqeHHR. T ~ K H M  06- 
p a 3 O M ,  npOUeCC (53) O ~ % R C H R ~ T  IlPOHCXOXAeHkle A H @ @ Y ~ H ~ I X  IIO- 

TOKOB PeHTreHOBCKOrO ki3JIy9eHkiR ~ ~ J I ~ K T H K H  H H30TpOIIHOI-0 M e T a -  

raSIaKTHqeCKOI-0 PeHTreHOBCKOrO  OH^. OCHOBH~IM RBnReTCR H 3 0 -  

~ p o n ~ b ~ f i  P ~ H T ~ ~ H O B C K H ~ ~  @OH. ~ ~ Z ~ K T U K ~  B p e H T r e H 0 B C K H X  J IyqaX 

BbIAeJIReTCR OqeHb cna6o: 

r A e  5 Pi&- PeIITreHOBCKHe IIOTOKU OT ~ Z U I ~ K T U K M  H M ~ T ~ T ~ ~ ~ K T H -  

KH. M3 3 T O r 0  @ Z ~ K T ~  H IIOTOKa KOCMHqeCKUX 3JIeKTPOHOB, H3MePReMO-  

r0 B OKPeCTHOCTH C O J ~ H ~ ~ J ~ ~ ,  MOXHO IlOlIYllWTb 0UeHKY IIOTOKa 3 n e K -  

TpOHOB B MeXTaJIaKTHqeCKOM IIpOCTPilllCTBe. E CaMOM AeJIe ,  M e T a -  

rWlaKTHqeCKOe PeHTreHOBCKOe kl3JIYlleHHe c o 6 u p a e ~ c ~  C p a 3 M e p a ,  

P ~ B H O ~ O  panaycy B C ~ J I ~ H H O ~ ~  pi 1. CM a rLUIaKTkiqeCKOe - C 

p a 3 M e p a ,  paBHOI-0 p a A H y C y  ~ U I ~ K T H K H  R %lo2' CM, T a K   TO+^&,, Rr, r kr - Jwr RB . O T C H ) ~ ~  n o T o K  ~ J I ~ K T P O H O B  B M e x r a n a m a q e c K o M  

IIpOCTp?lHCTBe COCTaBJIReT 

K ~ K  CqHTaeTCR, B MeXI 'aTlaKTHqeCKOe lTpOCTpaHCTB0 ~ J I ~ ~ ~ O H ~ I  

IIOCTyIItiIOT H3  aKTHBHbIX TaTlaKTHK ( ~ ~ A H O ~ Z L J I ~ K T H K ) ,  B R A p a X  KO- 

TOPbIX IIPOHCXOART B3PbIBbI C B ~ I ~ P O C O M  6051b11101-0 qHCJIa PeJIRTH- 

BHCTCKHX 3JIeKTpOHOB. ~ J I o ~ H o c T ~  PaAHOraTlaKTHK BO3paCTaeT IIO M e -  

pe ynanesm OT H a c ,  c YBenar IeHHeM HX n a p a M e T p a  K p a c H o r o  cMer.qe- 

HHR Z . T ~ K H M  06pa30~ ,  OCHOBHaR YaCTb H3OTPOIlHOTO PeHTreHOB-  

CKOI-0 @OHB C03AaeTCH B OKpeCTHOCTfIX AaTleKHX PaAHOHCTOYHHKOB C 

XapaKTepHbIMki I I a p a M e T p a M H  = 3 - 5. 
~ ~ O U € ! C C  (53) IIpHBOAHT ewe K O m O M y  H ~ ~ J I K ~ A ~ ~ M o M ~  3@- 

@eKI'y - YMeHbmeHMH, T e M I I e p a T y p b I  PMB IIO H a n p a B J l W K I O  H a  CKOn- 

J I e H M  T m a K T H K .  B CKOIIJIeHHfIX I-aTlaKTHK IUIOlHOCTb 3JleKTpOHOB 

s b r m e ,  u e M  B c p e A H e M  no M e ~ a r a n a m u ~ e .  B p e 3 y n b ~ a ~ e  06pa~~o1-o 
KOMnTOHOBCKOrO PaCCeRHHR PeJlHKTOBbIX @OTOHOB Ha"  3 n e K T p O H a X  
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CIIOBJIeHO M W ~ T ~ J I ~ K T M Y ~ ~ C K O ~  K O M ~ O H ~ H T O ~ ~  KOCMMYeCKkiX JlyYeG. 

B TaKOM CJlyYae BCR BbICOK03HepTWYHaR YaCTb C n e K T p a  MMeeT MeTa-  

r a n a K r k i q e c K o e  npowcxomueane. E c n k i - ~ e ~ a r a n a ~ ~ k i s e c ~ y m  K O M ~ O -  

HeHTY ~POAJII?TL B 0 6 n a m b  3 H e p r k i i i  1012 - 1015 3R ( U ~ p k i X o ~ a R  

JIMHMH H a  PMC. 20) ,  TO BRAHO, YTO C o o T H o m e H k i e  M e T a r a n a K T k i q e -  

CKOG M T ~ J ~ ~ K T M Y ~ c K o ~  IIpOTOH- KOMnOHeHT COCTaBJIHeT: 

I p~ f  - 3 - 10- . M H T ~ ~ ~ C H O  OTMeTM'Tb, YTO T a K O e  Xe COOTHOUeHkie 6 b r -  

JIO nOJIyYeH0 ki AIIH 3JIeKTPOHOB (CM. ( 5 6 )  ) . 

apyrIlx O C O ~ ~ H H O C T ~ ~  B C n e K T p e  npOTOHOB KOCMIlYeCKWX n y r l e f i  

H e  ~ a 6 n m n a e ~ c ~ .  B rlacTHocTH, HeT n p e n c ~ a x i ~ ~ o r o  n p o u e c c o M  (57) 
. 0 6 p e 3 X I I l R  q k i  f?% lo2' 3B. a2lHHb1e npki CTOJlb BbICOKHX 3~epru-  
RX, IIOJIyYaeMbIe C IlOMOLqbH) MHOrOKWJlOMeTPOBbIX YCTaHOBOK, Peru- 



CTPUPYlo4MX LUkipOKHe ~ T M O C @ ~ ? ~ H ~ I ~  JlkiBHU (MAn) ,  ewe H e  O'IeHb 

H a A e X H b I ,  HO BCf? Xf? M O X H O  Y T B e P X  a T b ,  W O  CYUeCTBeHHOrO U3Me- 

HeHMH C I I e K T p a  n n R  3 H e p n l f i  E > 102#3B Hf? IIpOMCXOnMT. 3 ~ 0  M O W 3  

6 1 , 1 ~ b  O ~ L H C H ~ H O  n ~ 6 0  B K J T U O M  K ~ K O ~ ~ - T O  HOBOU KOMnOHeHTbI, P O X -  

n n K l u C ? ~  l H A n l , l  l3 ~ T M O C @ ! ~ ~ ?  M K O M ~ ~ H C M ~ Y I O ~ P U  ~ 6 b 1 ~ 1 h  Ill>O'I'Ot108 

( T ~ K o U  K O M ~ ~ O ~ T C H T O ~  MO1'Y.I. C'l'BTb HC!&%TJ)MIIO FJl>lCOKMX : ) H ( ' ~ ) ~ H u ,  

FCnM (:<'~It!llLl(! ~ 3 i l M ~ O f l e i i ( : ' l ' ~ M ~  MX nJ)M & - 1 0 ~ ' )  p~ 
v ' -  1 02' :)I1 c:.rmo- 

t1Ci'I'CII I'(?OM~!'I.[)MIIC'CKMM) , J I M ~ O  MaJ1I)IM >303[>;1C!1'OM KO(:MM'IC?CI<MX J I Y -  

~ ~ e u ,  .WKMM, 'ITO I I ~ O ~ O C C  (57)  [I(: y c n e c l T  IlolrJIM>r,rt, t l a  c ] ) o p ~ y  ( :new-  
)XI. H OODJIC.I[IIC!M CJIY9ile I lO lp i l ( : l  KOCMMlIt!CKMX J I Y ' I C ! ~  f,, ( 10' Jl(?'r kl 

OHM 1IJ)MXOUIIT C [ ) ; I c c T o I I ~ ~ ~ ~ ~ ,  lit? I 1 J ) e F J l ~ l l l l ~ H ) l ~ M X  30 MIIK,  T.C.  3 U M -  

MIKIT 0 6 ' b e M  C B ~ ~ X C K O ~ J ~ ~ H M H  raJIilK-rMK C Ueki'rpOM B CU3BtX3nHH 

Aeea. 
B 3 a w ~ o A e f i c ~ s n e  PeJI l lKTOBbIX @OTOHOB C f -KB~LHT~MII .  P~JIHK- 

T O B ~ I B  ~ O T O H ,  B ~ ~ U M O ~ ~ ~ ~ C T B Y R  C f -KB~TOM, M O X e T  P O a l l T b  3neE3- 
POHHO-ITO3IITPOHHYlo I I a p y :  

nopor 3~0 f i  p e a K U u u  n e r K o  o n p e a e n m b ,  ecnu nepefi~u B c u c T e M y  

K O O p a r i H a ~ ,  B K O T O P O ~ ~  06a KBaI-ITa UMeloT OAUHaKOBbIe 3HepI'Hki: 

k i 3 0 ~ p o n u ~  - ~ a x ~ e H u l e e  CBOBCTBO PIIB. Yxe nenssac u B u n b -  

COH YCTZWOBUJIII, ' IT0  B 0 3 M O X H b I e  OTKJIOHeHUR PkiB OT I130TPOnUkl 

H e  rIPeBb1ul;iIoT H e C K O n b K u X  n p 0 U e H T O B .  n 0 ~ J l e a y 1 o I U M e  M3MepeHuR 

C H U 3 W H  Y p O B e H b  ZWU30TPOnAU a0 a0nefi npOU€?HTa. PMB, 3EUIOJIHHlo- 

wee BClo B I W l l M y l o  B c e n e ~ ~ y l o ,  npUXOAHT K H a M  OT PaI-IHUX 3nox. B 
a a p O H H y l o  H nelTTOHHylo 3 P b I  O H 0  6 b m 0  B PaBHOBeCWkI C BeweCTBOM U. 

CJleaOBaTeJlbHO, H e  M o r n 0  paClTpOCTpaI-IRTbCR C B O ~ O ~ H O  - O H 0  6b1110 

" ~ ~ H ~ H H ~ I M  u3ny'1e~ue~". B T e g e H u e  ~ c e f i  3 p b 1  u 3 n y s e ~ m  OHO npo- 
aOJIX2UIO UHTeHCEiBHO B ~ ~ U M O C ~ ~ C T B O B ~ T ~  C 3 a P R X e H H b I M U  'IaCTkIUaMII 

BeWeCTBa,  KOTOpOe 6 b 1 n o  T O r A a  ~ J ~ o T H o ~ ~  ma3~0fi.  O A H ~ K O  B KOHUe 

3 p b 1  U ~ ~ Y ' I ~ H C I R ,  K o r a a  T e M n e p a T y p a  c T a n a  H u x e  n o T e H u n a n a  u o ~ u s a -  
U n u  B o a o p o a a  u m a s ~ a  pe~or&m~uposana, T e n n o s b I e  K B ~ T ~ I  ma- 
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nu, HaKOHeU, " c B o ~ o ~ H ~ ~ " ,  TaK KaK C 3TOI.0 MOMeHTa (Z 'V 10') OHM 

nepeCTmki  rrpaKTHqeCKki B ~ ~ H M O ~ ~ ~ ~ C T P P B ~ T ~  C BeueCTBOM. O C T ~ J I O C ~  

T o n b K o  ynpyroe ( T O M C O H O B C K O ~ )  paccefiHMe H a  a T o M a x  B e u e c T s a ,  

B pe3yJIbTaTC3 KO'I'O1)Oro ~ O T O H I > I ,  COXPaHHH CBOK) 3HePI.MH), U3MeHFIH)T 

H a n p a s n e H M e .  I I o c n e n ~ ~ e  alcT1,I T o M c o H o B c K o r o  paccefiHMH penMmo- 
Bl,le ( ~ 0 ~ 0 ~ 1 1 1  M(!IIl,I'I.~JlM H MOMC311.T Z = 7 H a  TaKOM PaCCTOHHMM, 

eCJlM O.L.C~IM.1.l.lllXl.b 01. 3eMtIOI.0 H ~ G J I K ) A ~ ~ T ~ J I F I ,  H ~ G M [ ) ~ ~ T c H  CpenLlHfi 

n n u t l a  jlnrl . I .OMCOIIO~N~KOI.O ~)1ICC(?~IHMFI. M M ~ L I H O    TO " j l a r ~ e ~ o e  seue-  
~'1.130",  y~(?lJIrltOIl(ecCrl O'I' 3CMHOI.O l i a 6 ~ l K ) ~ a ~ e ~ l ~  C n a p a M e T p O M  KpaC-  

r1ol.o c ~ e ~ ~ ( e ~ r ~ r r  2 == 7 ,  rIBnrrcTcr1 M s n y q a T e n e M  p e n w m o s b l x  GOTOHOB, 
(nono6so TOMY, K a K  COnHeqHaFI @ O T O C @ ~ P ~ )  RBJIReTCR u 3 n y q a T e n e M  

COJIHeqHbIX @OTOHOB, n e p B O H a q a n b H 0 ,  B03HUKUUX B UeHTpe C O ~ H U ~  
B swe ~ ~ M M ~ - K B ~ T O B ) .  no n a p a M e T p y  L MOXHO onpenenun pac- 
CTORHUe a0 " n m e K 0 r 0  B ~ W ~ C T B ~ "  PI er0 B03paCT B MOMeHT U C V C K a -  

2 8 
HHFI PeJIkiKTOBbIX @OTOHOB: 1 = 1,9.10 CM, t = 6 . 1 0 ~  n e T .   tam^ 
o6pa30~ ,  aHkI30TPOnUR PMB MOXeT 6 b 1 ~ b  CBR3aHa nu60 C aHLHU3OTpO~U- 

e k  "nane~oro serqec~sa", nu60 c ~HLHUSOTPOI-IH~IM n B m e H u e M  ~ a 6 m -  
n a T e n H  o T H o c u T e n b H o  H e r o .  no p a s ~ e p y  n p o m n e H m  a ~ u s o ~ p o n m  
MOXeT 6b1Tb MenKO- UJIM K P Y I - I H o M ~ c U T ~ ~ H O ~ ~ .  

M M ~ ~ T C R  B BUAY CYWeCTBOBaHkie "~OPRBUX" UJIM " X O ~ I O A H ~ I X "  

IIHTeH C p a 3 M e p O M  OT AeCRTKOB r p W y C O B  DO nonek r p a n y C a  B pa3HbIX 

YqaCTKaX ~ e 6 e c ~ o k  c @ e p b l .  ~ P H Y ~ M O ~  IIX MOrnM 6b1Tb K a K  npOCTpaH- 

CTBeHHbIe HeOnHOPOnHOCTki " n t l J I e K o r 0  B ~ W ~ C T B ~ " ,  B03HkiKmkie, Ha- 

n p u M e p ,  B p e s y n b ~ a ~ e  K o H n e H c a q u u  B nepsus~ok  n n a s ~ e ,  us KOTCP 

P ~ I X  0 6 p a s o s a n k i c b  r a n a m u K u  u c K o n n e s m ,  unu npu n o B T o p H o M  Ha- 

r p e B e  ra3a BO B p e M R  " R P K O ~  @a3bl9 ' ,  T a K  U HeOnHOPOnHOCTU ILJIOTHO- 

CTU ~ ~ ~ K T P O H O B  H a  n y ~ u  OT "nane~oro seuec~sa",  H a  K O T O P ~ I X  pe- 
n n m o B b I e  @ O T O H ~ I  u c n b I T a n u  n o n o m u T e n b H o e  paccemue. T a ~ m  
M ~ J I K O M ~ C U ~ T ~ ~ H ~ F I  a~usmponm n e k ~ T B k i T e J l b H 0  0 6 ~ a p y x e ~ a  B no- 
C n e n H e e  BpeMR.  OH^ CBR3aHa C KOMnTOHOBCKkiM PaCCeHHMeM P e n H K -  

T O B ~ I X  @OTOHOB H a  3nempo~ax B c K o n n e H u R x  r a n a K I . u K  (CM. c. 48). 
3 a  u c K m s e H u e M  3~01-o 3@@ema, npyrux npo~sne~Ki3 M e n K O M a c -  

m ~ a 6 ~ o t i  aHHSOTpOIIHH, H m p H M e p ,  B p e 3 y J l b T a T e  IIOBTOPHOrO H a r p e B a  

ra3a, H e  0 6 ~ a p y x e ~ o .  



sa" H a ~ ~ 3 0 ~ p o m o e  p a c m l i p e H u e  B c e n e ~ ~ o i i .  
E j y ~ y s u  CBR3aHHLIM C "AZUI~KUM B ~ ~ ~ C T B O M " ,  PMB OIIpeAeJIHeT 

HeKOTOpYH) I ~ ~ ~ P ~ H H Y K )  CUCTeMY OTCYeTa, no OTHOIIIeHHH, K K O T O P O ~ ~  

3 e ~ n ~  A s u x e T c R .  B TOM H a n p a s n e H m ,  B K O T O ~ O M  3 e ~ n ~  " ~ a 6 e r a e ~ "  * 

H a  none T e n n o e o r o  H ~ I I Y Y ~ H H R ,  T e M n e p a T y p a  T nocnemero 6 y ~ e ~  B ~ I -  

me as-3a s@@ema Aonnnepa; B r r p o T H B o n o n o x H o M  H a n p a s n e H m  - 
H H X e .  C e f i Y a c  HeH3BeCTHbI B TOYHOCTH BCe ABHXeHHR, B KOTOPbIX npH-  

i 
HHMaeT YYaCTHe ~ ~ M H O @  H a 6 J I H ) ~ a ~ e n b :  C 3 e M n e f i  B O K P Y r  C O A H U ~ ,  C I 

C O I I H ~ ~ M  B O K P Y r  UeHTPa ~ ~ J I ~ K T u K ,  C ~ W ~ ~ K T H K O ~ ~  OTHOCHTenbHO 

M ~ C T H O ~ O  c K o n n e H m  H UeHTpa  C e s p x c ~ o n n e ~ m  I? T.A. Arrpaopa 
HeH3BeCTH0,  K y A a  HaIIjXlEUIeH C Y M M ~ P H L I ~ ~  B e K T O p  CKOPOCTU 3eMJIU 

B CHCTeMe OTCYeTa, C B H ~ ~ H H O ~ ~  C "AZIJI~KHM B ~ ~ ~ C T B O M " .  Ho, KaK 

Pi CaM 3@@eKT, er0 MOXHO H ~ E T H  B 3KCnepHMeHTe,  U3MePRR TeM- 

n€?paTypy  PUB OT pa3HbIX YYaCTKOB ~ e 6 a .  ~ P O B ~ A ~ H ~ L K )  TBKHX U3Me- 

p e ~ a f i  n o M o r a e T  spaweme 3 e ~ n ~ .  Ecnw T e n e c K o n  H a n p a s a T b  B ~ e 6 0  
IIOA HeKOTOPbIM YrJIOM K 3eMHOMY 3KBaTOPY, TO H3-3a B p a W e H w I  

3 e ~ n u  B ero yron 3 p e ~ u ~  6 y ~ y ~  n o n w a T b  p a s a b r e  y q a c T K U  ~ e 6 e c -  
HOE C @ ~ ~ L I  U 3KCnepHMeHT CBeAeTCR K nOUCKY B ~ ~ M ~ H H O ~ ?  I l epeMeH-  

HOCTU T e M n e p a T Y p b I  PeJIUKTOBOrO @ma.   OH^ nOJIXHa H3MeHFITbCFI C 

nepUOAOM,  p a B H b I M  3Be3AHbIM CYTKaM Y, = 24 Y: 

- Y r O n  M e X A y  CyMMapHbIM B ~ K T O ~ O M '  CKOPOCTU 3eMJIH N 

IInOCKOCTbIo ~ a 6 J l l o ~ e ~ U R .  

B cnysae ~ H U ~ O T ~ O ~ H O ~ O  P a c l u U p e H m  B c e n e ~ ~ ~ o f i  T a m e  

AOJIXHa H ~ ~ J I I O A ~ T ~ C F I  nepUOAHYHOCTb PUB, HO C n e p U O n O M  BnBOe 

MeHbIIIUM ( r2 = 12 Y) .  TO MOXHO IIOHHTb H 3  CJIeAYIOwerO P a C C W  

AeHUH. Ecnli B c e n e ~ ~ m  OAHOpOAHa, TO iLHU30TpOIIAFI paCIIIUpeHwI 

H e  M O X e T  6 b 1 ~ b  K ~ K O ~  YrOAHO, a A O n X H a  UMeTb B m  3 J I J I U n C O ~ a :  

CKOpOCTA PaCUIUPeHMH BAOJlb 6 o n b m o f i  OCU MaKCUMWlbHbI, BAOJIb 

M ~ J I o ~ ~  OCH MUHkIMWfbHbI. B 3TOM c n y q a e  3a OAHH 0 6 0 ~ 0 ~  3eMJIN 

ABaX-I BCTpeTHTCH YYaCTKkl ~ e 6 a  C ~ O ~ ~ I L I H M U  CKOPOCTFIMU PaCIIIU. 

PeHkiFI U A B U A b I  - C MZUIbIMU. 

~ O H C K M  K P ~ I I H O M ~ C I I ~ T ~ ~ H O ~ ~  aHU30TPOIlHU PMB npmecnu on- 
p e n e n e ~ ~ b ~ t i  p e 3 y n b ~ a ~  n u m b  B nocnemee BpeMH.  Hm6onee y ~ a s ~ b ~ f i  
3 K C n e p U M e H T  6 b 1 n  OCyweCTBneH B 1977 r. B CUA. M 3 ~ e p e ~ k i F I  rrp0- 
BOAIlnUCb H a  YaCTOTe 33 r r I 4  ( A J I H H ~  BOJIHbI - 1 CM) , YT06bl CBeCTH K 

MUHHMYMY B K n w  OT PaAUOII3JlYYeHHH ~ W I ~ K T U K U ,  YTO C03AaBiLIIO 6b1  

JIOXH~H) ~ H H ~ O T P O ~ ~  , c 6 o p ~ a  c a ~ o n e ~ a - n a 6 0 p a ~ o p u ~  HACA "JIoK- 
X W  Y-2" ( B ~ I C O T ~  30 KM) , Y T O ~ ~ I  1136eXaTb 3HaYUTeJIbHOrO nornoIqe- 
HUH B ~ T M O C @ ~ P ~  CTOJIb K O p O T K O B O ~ H O B O ~ O  A 3 n y Y e H w I  . f l k i l l 0 J I b ~ a ~  
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- 
3aBkICkIMOCT6, rrpenCKa3aHHaFI @ o ~ M ~ J I o ~ ~  (59),  6 b 1 n a  ~ ~ ~ ~ c T B ~ I T ~ J I ~ H o  

0 6 ~ a p y x e ~ a  c mnnki~ynoti AT = T - To = 3,5 MK. @ n p e ~ e n e ~ ~ a F I  

M 3  (59) CKOpOCTb 3eMJIkI COCTaBnReT %= 350 f 60 KM/C, a BeKTOp 

CKOPOCTM H a n p a B n e H  B TOYKY ~ e 6 e c ~ o t i  c @ e p b ~  c K o o p n m x a T a M H :  

ITpFIMOe BOCXOXneHMe d = 10 Y 48 MMH, CKJIOHeHkIe 6 = 50'. M 3  
~ T O ~ O  p e 3 y n b ~ a ~ a  c n e n y e T  ~ a x ~ b ~ t i  B ~ I B O ~ ,  ~ a c m u k ~ t i c ~  xapamepa 
K o c M o n o r m e c K o r o  p a c m k i p e w w  B c e n e ~ ~ o t i .  M3 ~ I ~ B ~ C T H ~ I X  CKOPO- 

~ T e f i  IIapUMalIbHbIX "nf jMXeHkI~"  3 e M H O r 0  Ha6JIlOnaTeJIFI (k13 CKOPOCTkI 

3 e ~ n ~  H a  op6ki~e n o K p y r  Com~sa  3, = 30 KM/C, CKOPOCT~I  C o n ~ s a  
I l p M  BpaUeHMM er0 BOKpYr  UeHTpa raJIaKTkIKkI %= 250 KM/C, CYM- 

M ~ P H O ~ ~  CKOPOCTI? ~C?MJIM %= 350 KM/C kI AP.) 6 b 1 n a  H&neHa CKO- 

POCTb ~ ~ ~ I ~ K T M K U  OTHOCkITeJIbHO UeHTpa C B ~ ~ X C K O ~ J I ~ H ~ ~ R . ,  KOTOPaFI 

OKa3aJIaCb P ~ B H O ~ ~  2P 'V 500 KM/C. P ~ C C T O R H M ~  A 0  UeHTpa C B ~ ~ X C K O ~ -  
IIeHkIFI raJIaKTkIK COCTaBJUWT I?= 20 M ~ K ,  kI B COOTBeTCTBklkI C 3aKO- 

HOM Xa66na UeHTp n o n X e F I  6b1n 6b1  ynanffTbcFI OT H a c  co CKOPOCT~H) 

?.Y= lo3 KM/C. Pacxomne~kie, B b I x o n s x U e e  3a n p e n e n b I  o m a 6 o ~  
kI3MePeHkIR, yKa3bIBaeT H a  TO, s T 0  B IIpeAWIaX C B ~ ~ X C K O ~ I J ~ ~ H H R  

raJIaKTkIK A ~ ~ ~ C T B Y I O T  YnepXHBEllOIJJHe rpaBUTaIl l iOHHbIe CkiJIbI, 6na- 
rOnapFI KOTOpbIM OH0 'IaCTkIgHO rPaBkITaIlliOHH0 CBR3aHO. K O C M O ~ O -  
r H s e c K o e  X a 6 6 n o ~ c ~ o e  p a c r u k i p e w i e  B ~ M C T O M  B U e  n p o m n R e T c R  

TOnbKO HarIHHaFI C P ~ C C T O H H ~ ,  IIPeBbIIlIWIJJHX p a 3 M e p  C B ~ ~ X C K O I I -  

n e H m .  

n0kIcKkI aHki30TPOIIHkI C IIepkiOnOM 5 = 12  rI H e  AaJIki p e 3 y n b -  

~ a ~ a ,  k13 sero  ye^, s ~ o  p a c r u k i p e ~ k i e  B c e n e ~ ~ o f i  ~ I ~ O T ~ O I I H O  

C TOgHOCTblO A 0  10- . 

M o n e n b  r B  npenc~a3b1sae~ c y u e c T B o s a H k i e  p e n a m o B o r o  

nOTOKa Hek 'pHH0,  3ElIIOJEIRH)UkiX, K a K  ki TerIJlOBOe k i3nyseHHe,  BCH) 

B c e n e ~ ~ y m .  M3-sa c n a 6 o c ~ k 1  c B o e r o  ~ 3 m ~ o n e i i c m l i R .  ~ e k ' p m o  
" 0 ~ 0 p ~ a J l k i ~ b "  OT B e U e C T B a  O'IeHb p a H O  - IIPkI T e M n e p a T y p e  T = 
= 2 M3B ( t = 0,2 C)  , ki c T e x  nop p a c n p o c T p m m T c f x  c ~ o 6 0 n ~ o .  
B H a m y  snoxy p e m m o B o e  ~ e f i ~ p m ~ o e  M o p e  xapamepa3ye~c~  
c n e n y I o w M M  napaMeTpaMki :  T e M n e p a T y p a  Tg = 2 K, K W U ~ H T ~  w 8 
K a x n o r o  TMna ~ e k p m o  n,, = 75 cM-3, cpemm 3 ~ e ~ r m E ~  = 10- OB. 
O ~ H ~ P Y H ( H B  penMKTOBbIe H ~ ~ T ~ H H o ,  M O M 0  6b1no 6b1 " ~ ~ W I I R H Y T ~ "  B 

CaMOe HasFUIO Mkipa, BO BpeMfx nelT'I'0~~0fi 3 p b I  ( CM. "RnepHaFI aCT- 

p0@kI3kI~a", rn. m) O ~ H ~ K O  06F?Flp~r~(?i~b EI EICnOJlb30BaTb PenEIKTO- 

BbIe  ~ e h ' p H H 0  ~ p & e  CnOXHO. ~ P M  CpaBHMTenbHO 6 0 n b r u o ~  IIOTOKe 



2 =np .C= 3. 1012 9 / (CM .C ( c p a ~ ~ l r r e  C nOTOKOM COJIHeqHblX 2'. aempuao rjcN = 7-1010 / (CM c )  p e n w m o s b r e  ~ e f i ~ p m o  wn-3a ux 
~ a J I 0 f i  3Heprk lU I I p a m k i q e C K H  H e  O ~ H ~ P ~ U M ~ I ,  XOTH M CYUeCTBYlQT 

B b I r O A H a  kl P e a K u k l H  

KOTOpaH, CJIenOBaTeJIbHO, MOXCeT MCIIOJIb30BaTbCH AJIH pe rUCTpaqMH 

H ~ G T P U H O  n106ofi 3 H e p r U U .  P ~ ~ ~ J I ~ T ~ T o M  peaKUMM (60) 6 y ~ e ~  IIUK 

MOH03HeprMqHbIX 3 n e K T p O H O B  B ~ J I U ~ H  B ~ P X H ~ ~  rpaHUUbI  /3 -CneKTpa ,  

K O T O P ~ I ~ ~ ,  CKnaAbIBaHCb CO C n e K T p O M  3IIeKTpOHOB P a C n a A a ,  CABMHeT 

B e p x H I o I o  rmwgy H a  B e n s s u H y  A L  ( p ~ c .  2 1 ) .  O m u ~ a e ~ a t I  B e n k i s u H a  
3 

CABklra d E'YE3= 10- 3B, T O r A a  K a K  AOCTMTHYTatI c e P q a c  TOqHOCTb 

U3MepeHMH ~ e p x ~ e f i  r p a H w q b 1  c n e m p a  COCTaBJIHeT 30 3B. Y ~ 0 6 b l  

I lOqyBCTBOBaTb 3@@eKT OT H ~ ~ ~ T P U H O  PeJIMKTOBOrO MOpH,  H a g 0  no- 
5 

BbICUTb TOqHOCTb 3KCnePUMeHTOB B l o4  - 10 pas, q T 0  B HaCTO- 

H U e e  B p e M H  H e  npenCTaBJIHeTCH B03MOXCHblM. 0 6 ~ a p y ~ e ~ U e  U UC- 

CJIeAOBaHUe PeJIUKTOBbIX H ~ ~ ~ T P U H O  - Hen0 ~ Y A ~ ~ U X  3KCnepUMeHTOB. 



~ J I ~ K T ~ o M ~ ~ H U T H O ~  ki3lIyseHWe - O C H O B H O ~ ~  UCTOVHWK UH@OP- 

M a s n u  o B c e n e ~ ~ o k ,  o npoueccax, n p o T e K m W k i x  B a c ~ p o ( P w 3 k i s e c ~ k i x  

06aemax. Aonroe B p e M R  kiCCJIeAOBZJIOCb JIkimb ki3JlyseHWe AkiCKpeT- 

HLIX MCTO'IHMKOB. B H a c T o R q e e  B p e M R  a ~ m k i 3  H ~ J I Y ~ ~ H M F I ,  ~epaspe -  
m e ~ ~ o t - 0  H a  AkicKpeTHbIe W C T O ~ H A K W ,  n p k i o 6 p e n  ~ a x ~ e f i m e e  s ~ a s e ~ u e .  
3 ~ 0  M3lIYqeHkie, H a 3 b I B a e M O e  (POHOB~IM,  HeCeT A H ( P O P M ~ ~ P U O  0 B c e n e H -  

HOA B UeJIOM. T a ~ k i ~  O ~ ~ Z ~ O M ,  IIOA (POHOB~IM ki3nY'leHUeM n o H n M a e T -  

CR 3JIeKTPOMarHkiTHOe ki3lIYqeHWe B c e n e H H o A ,  H e  UCKaXeHHOe 6nwx- 
HkiMki UCTOqHMKarrIU: aTMOc(Pepof i ,  3Be3AaMki,  k i3JIyseHUeM rWIaPTkiKki  

ki T.n .  M c c J I ~ A o B ~ H H ~  (POHOBO~O ki3IIyseHkiR (WJIki n p O C T 0  ( P o H ~ )  O s e H b  

B m H O  AJIR KOCMOlIOrkiki, B WCTHOCTA, O H 0  AOJIXHO OnpeAeJ IUTb BbI- 

60p n p a s k i n b H o A  MOAeJIki B c e n e ~ ~ o A .  
n p k i ~ e p o ~  (POHOBO~O k i 3 n y s e ~ u ~  M o x e T  C J I Y X U T ~  T e n n o B o e  pe- 

n u K T o B o e  k i s n y s e a u e  (CM.  rn.  Ill), H ~ ~ J I I O A ~ ~ M O ~  B KOPOTKOBO~HO-  

BOM PaAWO- ki C ~ ~ M U J I J I H M ~ T ~ O B O M  Akiana30HaX AnHH BOJIH. B HBCTOR- 

W e e  B p e M R  PMB RBnReTCFI ~ a n 6 o n e e  ~ 3 y s e H H O f i  VaCTbH) C n e K T p a  ( P o H ~ .  
A O C T ~ T O ~ H O  no~po6ao wccnenosan @OH T a m e  B AJIMHHOBOJIHOBO~~ 

saCTU p ~ W O A n X I a 3 0 H a  U B OIITWseCKOM W3nyseHkiki - 6 n a r o ~ a p ~  
IlpO3pasHOCTki a T M O ~ ( P e p b 1  AJIR 3TMX k i 3 J I y q e H d  ki BO3MOXHOCTA 

kiCClIeAOBZiHkiR C IIOBepXHOCTW 3eMIIk i .  

323 n0CneAHMe A B a  AeCRTUneTkiR B p e 3 y l I b T a T e  Pa3BUTUR BHe- 

~ T M O C ( P ~ ~ H ~ I X  M C C J I ~ A O B ~ H M ~  ( C  IIOMOWbH) P a K e T ,  CIIyTHkiKOB U BbI- 

COTHbIX ~ ~ P O C T ~ T O B )  l IpOBeAeHb1 M3MePeHkiR ( P o H ~  T a K X e  ki B A U X l a -  

s o ~ a x ,  p a H e e  H e A o c T y r m b r x  A n R  ~ a 6 ~ 1 1 o ~ e H k i f i  ws-3a n o r n o W e H k i R  3 e ~ -  
H O ~  aTMOc@epOf i  ( B  k i H @ p a ~ p a C H ~ M ,  y J I b ~ p a ( P k i 0 J l e T " T ~ 0 ~ ,  P e H T r e H O B -  

CKOM ki r a ~ ~ a - ~ u a n a 3 o ~ a x ) .  Cefisac c n e K T p  ( P o ~ a  uccnenosm BO 

BCeM k iHTepBane  VaCTOT OT AJIUHHbIX PaAkIOBOnH ( A  300 M ,  94 
$1 0(i r u )  A 0  3HeprHqHbIX r - n y q e f i  ( &a 100 M s R ,  9;; r u )  

( ~ U C .  2 2 ) .  O A H ~ K O  B H e M  kiMeIoTCR 3HaW4TeJIbHbIe " 6 e n b 1 e  HJTTH~" 

(OTCYTCTBM~ ~ O A P O ~ H ~ I X  A W H ~ I X )  B p e 3 y J I b T a T e  CUJIbHOrO I lOrJIOWe- 

HUH k 1 3 n y s e ~ k i ~  B r a n a m k i ~ e  ( y n b ~ p a ( P ~ o n e ~ ,  M F I ~ K I I ~ ~  p e ~ ~ r e ~ ) ,  H a -  

nuqk iR  M e m m q e r o  a ~ ~ o c ( P e p ~ o r o ,  M e x n n m e T H o r o  w ~ e x s s e s ~ ~ o r o  
"UIYMOBO~O" ki3lIYqeHkIR ( o ~ T T U K ~ ,  y J I b ~ p a ( P U 0 n e T )  U CJIOXHOCTU CO- 



P ~ C C M O T ~ M M  pe3ymTaTbI M3MepeHHR  OH^ B pa3HbIX YaCTR 

cnempa. 



i - I 

1. MAJI03HEPrHqHOE @OHOBOE II3JIYqEHIIE ( O T  PAAMO A 0  
I 

B n n u ~ ~ o ~ o n ~ o ~ o f i  s a c T u  panuonuana3o~a @OH n p e n c T a s n e H  

CYMMaPHbIM H3JIy'IeHkieM naJ IeKHX ( P i  n O T O M y  H e p a 3 p e m e H H b I X  COBpe-  

MeHHbIMkl CpenCTBaMH Ha6nEOneHkifi) nklCKpeTHbIX p ~ k i O H C T O ~ H F i K O B .  

B  TOM nuanaoae c m x p o T p o H H o e  ~ s n y q e ~ u e  3 n e r c r p 0 ~ 0 ~  B ~ a m e f i  
r a n a ~ ~ u ~ e  c u n b H o  a a ~ p y n ~ r r e ~  u 3 ~ e p e ~ u e  @ o ~ a .  Ho npennonararr, 
 TO cnemp p a n u o u s n y q e a w ~ i  r a n a m u ~ u  H e  ~ ~ B M C H T  OT H a n p a s n e H u r r ,  

MOXHO 3EUlMCaTb nnJ3  C Y M M ~ ~ H O ~ ~  H P K O C T H O ~ ~  T e M n e p a T y p b I  

r' 
. d .  = (  b ; ,  (62) $(q,)+Tr(+,, ' 7  ' 2 

me 4, , )5 q a c T o T b I  ~ a ~ n m n e ~ m ,  MOXHO o n p e n e n m b  cnercrp ranarc- 
TUqeCKOrO panHOH3JIyqeHklH.  TOT C n e K T p  B WHTepBLiJIe WCTOT 13 - 
178 M r s  npenCTaBJIHeTCJ3 CTeneHHbIM 3aKOHOM: 

oLy = 0,4. 3 ~ m u e  cnempa r a n a r c r u q e c K o r o  p q u o a 3 n y q e ~ m  n o 3 ~ o n ~ -  
e T  BbInfXMTb Pi MeTaKUIaKTMqeCKyH, (@OHOBYH)) qaCTb.  O ~ H ~ K O  T ~ K O ~ ?  

p a 3 ~ 0 ~ ~ H b I f i  MeTOn npkIBOnkiT K ~ O J I ~ U I U M  O U I A ~ K ~ M  B HHTeHCkIBHOCTU 

u @ o p ~ e  cnempa @OHOBO~O ~ 3 n y q e ~ m .  

MOXHO n p o B e c T u  m a n 1 4 3  m a q e .  B n p e n n o n o x e H u u ,  wo rnm- 
H ~ I M H  u c T o q H u K a M u    OH^ HBJIRIOTCR B H e r a n a r c r u q e c K u e  o 6 a e m b 1 ,  

c n e m p a n b ~ b ~ k  m n e K c  Q o ~ o ~ o r o  u 3 n y q e ~ m  o n p e n e n R e T c R  no cpen- 
H e M y  m n e K c y  p a a u o u 3 n y q e ~ u ~  B H e r a n a m u s e c K a x  IICTO~HUKOB, 

KOTOP~IB p a B e H  o$ = 0,75. T ~ K o ~  c n e r c r p a n b ~ b ~ f i  m n e K c  npa cTe-  

n e H H 0 M  3 a K O H e  (63) COlTOCTW3JIRIOT C R P K O C T H O ~ ~  T e M n e p a ~ y p ~ k  

(no a 0 p M y J I e  qepHOTeJIbHOr0  u ~ J I ~ ~ ~ H H H ) ,  KOTOPaFI O K B 3 U a C b  

pa~sof i  T@ = 30 2 7 IC H a  s a c T o T e  178  M r s .  O n p e n e n e ~ ~ y m  Ta1a.m 

o 6 p a 3 0 ~  T e M n e p a T y p y  p&llll0@0Ha H e J I e r K O  O ~ B R C H M T ~ ,  T a K  K a K  OHa 

3 a B e n O M O  ITPeBOCXOnUT MOUJHOCTb U3JIyqeHHR P ~ H O r a J I a K T U K  (CM. 

m. y )  U HOPMaJIbHbIX raJ IaKTUK.  H p H W I H a  C T W a  RCHa n u m b  CpaB-  
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PUC. 23. ~ ~ B M C M M O C T ~  qMCna MCTOWMKOB paAMOM3JIyqeHMR C IIOTOKOM 

6 o n b r u e  $ OT BenMrIMHbI IIOTOKa H a  WCTOTe $ ~ 4 0 8  Mru 

KOB ~ e 6 a ,  IIpMBeneHbI Ha  PMC. 23 B BMne 3aBMCHMOCTM sMCna MCTOq- 

HMKOB C IIOTOKOM 6 o n b r u e  $ OT BeJIMqUHbI IIOTOKB. K ~ K  B m H O ,  rIMCnO 

MCTOqHMKOB ~ ~ I C T P O  BO3paCTaeT C YMeHbllleHMeM lTOTOKa, lTpMrIeM 

3TOT POCT OKa3WlCR 6onee CWIbHbIM, rIeM MOXHO 6 b 1 n o  OXMnaTb MC- 

B CaMOM nene, IIYCTb P- lTnOTHOCTb MCTOWMKOB CO CBeTMMO- 

CTbK) L . ~ O T O K  K a m n o r o  M 3  HMX Ha PaCCTOFIHMM r 6 y n e ~  paBeH 

. MCTO~HMKM,  n o n a B m u e  B c@epy panuyca 

a B enmuue T e n e c H o r o  yrna T a w x  MCTO~HMKOB 6 y n e ~  

(64) 

Ir 



 TO M eCTb OXHnat?MaH 3aBMCHMOCTb N(>$)OT $1 . Y Y ~ T  p a 3 H b I X  CBe- 

~ ~ ~ ~ ( ' l e f i  MCTOIIHHKOB I l e  MeHHeT CyTH AeJIa ,  T a K  K a K  B 3TOM CJIyYae, 

npOf36'nfl re Xt? I)aCCyXAPHMJI, MI>I f l 0 n y Y H M  BMeCTO (64) : 

I.)((' ('YMMMI)OIi;UIMC' 130). ("I'CII 110 I)B3HhIM KJIaCCaM CBeTHMOCTM. 3 a ~ H -  

('MMO(vII. ~(7d) ud -L' O('lill1BCI) - 3TO CJIt?nCTBHe T P ~ X M ~ ~ H O ~ ~  TeO- 

M(pl'])MM l l ~ ~ ~ ~ ~ ! ' I ' ~ ~ B l l ~ ~ ' ~ l 3 ~ l .  

M : 3 ~ e [ ) e l l ~ l z u l  :3zilm(:MMocTL /v(,S) (CM. p m .  2 3 )  n a e T  6onee 
K~I)"I'oB p O C I  'IMCJIB WC'rUlIHMKOB C YMeHbUleHUeM OOTOKB: N(>J,)*$-&' 

2 2 
13 crH,repear le  n o , r o K o B  ( 1 - 10 ) 10-26 BT/ ( M  -174) . Pacxoxcae~ue 
M 0 X e T  6 b l ~ b  O ~ ~ R C H ~ H O  TOnbKO B npeAIIOJIOXeHkiU cUJIbH0f i  3BOJIIo- 

UHH PaAHOkiCTOsHUKOB BO B p e M e H U ,  IIpUYeM IIPUXOAUTCH YYUTbIBaTb 

K a K  3BOnIo9HIo  UX rIIlCna ( B  IIpOUlJIOM HJIOTHOCTb UCTOsHUKOB 6b1na 
6 o n b m e ) ,  T a K  U UX CBeTUMOCTU ( B  npOulJ IOM OHM 6 b 1 n u  6onee HpKU-- 

MU Pi M O L I @ ~ ~ I M U ) .  M3 PUC. 23 BUAHO T a m e ,  s T 0  ~ ~ B U C U M O C T ~  /v(d)4 1,J 

26 2 
B e p H a  A 0  $ l(r. BT/ ( M  ' r u ) ,  a AJIH MeHblUUX HOTOKOB T e M n  POC- 

T a  s a ~ e ~ n ~ e ~ c ~ .  M3 3 ~ 0 r o  c n e A y e T ,  s ~ o  cunmau 3 ~ o n m q u ~  UCTOYHU- 

KOB UMeJIa  MeCTO JIHUIb B OrPaHUrIeHHOM U CPaBHUTeJIbHO HeAaJIeKOM 

n p o m n o M  - n n f i  snoxu, onpenenrre~ofi n a p a M e T p a M U  K p a c H o r o  c M e -  

q e ~ k l H Z N 3  - 4. 
Cehac  CyqeCTBOBZlHUe c U n b ~ 0 f i  3BOJIIoUUU UCTOYHUKOB n 0 A -  

T B e p X A e H O  U ApYrMMU H ~ ~ J I I O A ~ H U H M H ,  H a n p U M e p ,  W3MepeHUHMU 

KpaCHbIX c ~ e q e ~ k i f i  Cne-PaJIbHbIX JlUHUfi CaMbIX A a n e K U X  ~ a 6 n m ~ a -  
eMbIX 061.emo~ - K B a 3 a p O B .  I C ~ K  n O K a 3 b I B W T  H ~ ~ ~ I ~ A ~ H U H ,  UX 

c k i n b ~ a u  ~ B O J I K I ~ U H  n p o c n e ~ u ~ a e ~ c ~  no 3, nocne sero o ~ a  npe- 
K p a q a e T C H .  MOXHO AYMaTb,  rITO H p U  TaKUX KPaCHbIX C M e w e H H H X  np0- 
UCXOAkiJIO UHTeHCUBHOe P O X A e H U e  K B a 3 a p O B  U PaAUOraJ IaKTUK.  

C YseTOM 3BOJIIoUUU UCTOsHUKOB AZlHHbIe ~ ~ A U O @ O H ~  J I e r K O  

O~%HCHHH)TCH. ~ ~ I I H H M ~ H  p a C n p e A e J I e H U e  UCTOWUKOB TBKUM, K a K  

n o ~ a a a ~ o  H a  pnc. 23, u s K c T p a n o n n p y H  B CTOPOHY ewe M e H b m U x  

nOTOKOB, IIOJIYWIOT HPKOCTHYH) T e M n e p a T y p y  ~ ~ A A O @ O H ~ ,  6 n ~ 3 ~ y m  K 

T@ - 30 IC. 



u~@pa~pacHblk nuanaso~ 

(1012 < Y' < 3 . 1 0 ' ~  r u ,  1 < J\ < 300 MKM) . 
kicropwqec~w w3MepeHH~ B 3 ~ 0 k  O ~ ~ ~ C T U  6b1Aki C B R 3 W b I  C n0- 

IIbITKaMM O ~ H ~ P Y H C C I T ~  cpenw 3Be3n 061.emb1, HpKkie B m@paKpac- 
H ~ I X  nyqax, npOT03Be3nb1, npenc~a3brsae~bre ~eopuek 3 s a n ~ o i i  
ssonmquu. Ilepsbre me H ~ ~ J I I O ~ ~ H U H  yseHqanucb ycnexoM - 6b1n0 
06~apy.~ceH0 HeOXHnaHHO 6onbwoe q M C A 0  M H @ ~ ~ K ~ ~ C H ~ I X  3Be3A. 
Ce~qac  ucToqHaKa m c @ p a ~ p a c ~ o r o  mnyqeam U C ~ H C ~ R ~ T C R  necRT- 
KaMu T ~ I C R ~ .  Cpenw ~ w x  eCTb xononHbIe 3~e3nb1 c re~neparypofi no- 
BepXHOCTM - 3000 K, a Tam€! HOpManbHbIe 3Be3nb1, OKPweHHbIe 
O ~ A ~ K ~ M M  mrnu Ci rX38, KOTOpbIe nepeli3AyqWT OlTTHqeCKOe H ynb- 
~ p a @ u o n e ~ o ~ o e  asnyqeaue 3~e3nb1 B m@pa~pacHyIO o6nac~b. HO 
CBeTHMOCTb 3TkM 061.emo~ CpaBHUTenbHO HeBeJlUKa. 

A 
3nn 3UUn.m JDnnn JUAN 

mnaxrnuu 

' y 3 , r r  
? P I ?  R N M f S  

Put. 24. CneKTpb1 m @ p a ~ p a c ~ o r o  u3nyr le~u~  

i 
I 
I: 



rnas~b~i i  B K J I ~ J  B @ O H O B O ~  ~ s n y q e ~ ~ e  B m @ p a ~ p a c ~ o ~  n H a -  

n a 3 O H e ,  aiLH)T R a p a  raJ IaKTUK U K B a 3 a h b 1 ,  M a K C U M Y M  U 3 n Y q e H H R  KO- 

TOpb lX  K a K  pa7 npUXOaUTCH H a  3TY  06J IacTb  C n e m p a .  H a  PUC. 24 no- 
Ka3aHbI B K a q e c T B e  n p u M e p a  cnempbr m @ p a ~ p a c ~ o r o  u 3 n y q e ~ m  

q e H T p a  r a n a m u ~ u ,  R a p a  c e i i+ep~om~oi i  r a n a m u K u  NG c 1068 u 
R n p a  r a n a m H K u  M82. H ~ C M O T P R  Ha  60nbmoe pasnuwe 0 6 % e m o B  no 
n p 0 c T p a H C T B e H H O M y  M ~ c U I T ~ ~ ~  U MOLIWOCTU U 3 n y q e H U R  M a K C U M Y M  

wx w s n y s e H H n  H ~ ~ J I ~ ~ ~ € ! T c H  B O A H O ~ ~  H ~ o f i  me 06nac . r~  UJIUH B o n H  

( O K O J I O  100 M K M )  . Ero npOHCXOXaeHHC! a0 K O H q a  H e  rIOHRTO. u 3 - 3 a  

6 o n b m o r o  B K J I a a a  a U C K p e T H b l X  UCTOqHHKOEI H e n U q U H a   OH^ B UH- 

@ p a ~ p a c ~ o ~  nuanaso~e T O ~ H O  H e  U ~ B ~ C T H ~ :  snecb n o n y q e H  T O J I ~ K O  

B ~ ~ X H &  npenen nnOTHOCTU 3 H e p r U U  @OHB lom2 ~ B / C M ~  

~ c c ~ ~ ~ o B ~ H U H M  @ O H O B O ~ O  U3nYqeHUFI B OnTUqeCKOM HUaIla- 

3 0 H e  MeLUaKIT 6nu3~ue  UCTO'IHUKU: U 3 n y q e H U e  3 e M ~ 0 f i  ~ T M O C @ ~ ~ ~ I ,  

CBeT C o n ~ q a ,  p a c c e R E I ~ b 1 f i  H a  M e ~ n J l a H e T ~ ~ f i  HbIJIM ( " 3 0 a ~ a K U I b ~ o e  

c ~ e q e ~ u e " ) ,  u u 3 n y q e ~ u e  ssesn I 'anamu~u. n e p s a ~  113  TUX n o M e x  

M O X e T  6 b 1 ~ b  YCTpal-IeHa BbIHOCOM ~ 3 M e p L i T e n b ~ o f i  a n n a p a T y p b I  3a 
npeaenbI a ~ ~ o c a e p b r .  B ~ o p y m  B npmqune M o m H o  y c ~ p a ~ m b ,  3any- 
CTUB KOCMUqeCKYKI na60pa~opkim n e p n e H ~ U K y J l R p H 0  IlnOCKOCTU 3 K -  

numumi (rae B OCHOBHOM c o c p e a o T o q e H a  M e x n n a H e T H m  nb~nb) H a  

PaCCTORHUe n O p R n K a  ~ C T P O H O M U ~ ~ C K O ~ ~  enUHUUbI .  Bce T p U  HCTOqHU- 

Ka I l l y M a  MOrYT  6 b 1 ~ b  Y q T e H b I  T e O p e T U q e C M M U  n O n p a B K a M U ,  HO 

HeHOCTaTO'IHOe 3HaHUe @YHKUUU CBeTUMOCTU U l IpOCTPtWCTBeHHOr0  

p a c l I p e a e n e H m  ssesa B I ' a n a ~ ~ u ~ e  npmonm K 6 o n b m o f i  H e o n p e a e -  

neHHOCTU IlpU B b I a e n e H U U  B H ~ ~ U I ~ I C T H ~ ~ C K O ~ ~  KOMnOHeHTbI  OnTk iqe -  

c K o r o  u3nyse~m.  no  3 ~ 0 f i  n p u q u H e  c e f i s a c  n o n y s e H b I  n u m b  B e p x H u e  

I l p e n M b I  UHTeHCUBHOCTU  OH^, KOTOPbIe  COCTaBnRKIT:  

lUlOTHOCTb U Y ' I U T b I B a R  K p a C H O e  C M e w e H U e ,  M O X H O  BbI'IUCJlUTb UHTe-  

rpaJ lbHOe  U3JIyqeHUe  HOPMUIbHbIX  r U I a K T U K  B P ~ C I ~ I U P R H ) ~ ~ ~ C H  

B ~ e n e ~ ~ o f i .  T O ~ H O C T ~  T a K U X  PaClIeTOB H e B e n U K a ,  HO U 3  HUX M O X H O  

BCe X P  B U a e T b ,  YTO m a B ~ b 1 f i  BKJIaJ B @OH AaIOT H O p M U I b H b I e  r U I a K -  



TUKM - A 0  ITOJIOBlMbI BeJIUYUHbI 3 K C n e p M M e H T m b H b I X  BepXHHX ripe- 

AeJIOB (66).   TO 0 3 H a Y a e T ,  YTO n p U  MaJIbIX I I a p a M W p a X  KpaCHbIX 

~ M e U l e H U f i  ( 6 1) OnTUYeCKaH CBeTWMOCTb r m a K T I ? K  H e  HCnbITbI- 

B a e T  ~ ~ n b ~ o f i  3BOJIK)IJMU. Ecnu me 3BOJIH)qUR nPOkl30UlJ I a  npu 60J Ib -  

LLIHX Z , B K n a A  ee A o n m e a  n o n a c T b  B k i ~ @ p a ~ p a c ~ b ~ f i  A u a n a s o H ,  rne 
K a K  6b1no C K ~ ~ W O ,  T O Y H ~ I X  Ha6JIK)neHHfi  ewe H e  n p o B e n e H o .  

no B e p X H e M y  n p e A e J I y  MHTeHCHBHOCTH OnTM9eCKO170 @OHOBO- 

ro u 3 n y q e ~ u ~ 1  MOXHO O U ~ H U T ~  n p e A e n  ~ O T H O C T H  " c ~ e ~ f l u e i i c ~  

MaTepUki"  BO B c e n e H H o f i ,  T.e. 3Be3AHbIX C K O ~ J I ~ H H ~  U KapJ IuKOBbIX 

r X l l a K T U K ,  H e  pa3J IUYUMbIe  B C O B p e M e H H b I e  TeJIeCKOnbI .  E c n k i  COOT- 

HOUleHUe  " M ~ C C ~  - C B ~ T M M O C T ~ "  AJIR TaKUX O ~ X ~ K T O B  IIPMHHTb 

T a K U M  me, K a K  AJIR r m a K T k i K  B C p e A H e M ,  nJIOTHOCTb " C B ~ T H ~ ~ ~ ~ C F I  

M a T e p s U "  6 y ~ e ~ F , , ,  10"' r / C M 3 ,  T.e.  OHa  OKZnbIBaeTCR C y I 4 e -  

CTBeHHO M e H b U l e  K ~ U T H Y ~ C K O ~ ~  ILJIOTHOCTH PXP 3 = 6 ' 1 0 - ~ O  ~ / C M  . 
M3 nOJIYqeHHbIX AaHHbIX C n e A y e T ,  YTO B c e n e H H a l  OnHChIBaeTCFI 

o ~ ~ p b r ~ o f i  M o n e n b m ,  c o r n a c H o  ~ o ~ o p o i i  ee pacruupesne 6 y n e ~  
AJIUTbCR 6ec KOHeYHO. 

n e ~ k i f i  co CW;FHHKOB U p a K e T ,  H H C ~ C T K U ~ ~  y n b ~ p a @ u o n e ~  ( 9 1 2  A 7  
7 h 7 50 A) npUHUMnUZLIIbH0 H e  H a 6 n K ) ~ a e ~ b I f i  B n p e A e J I a X  r a -  
JIaKTMKU U 3 - 3 a  CUJIbHOrO nOrJI0IJJeHHH M e X 3 B e 3 A H b I M  T a 3 0 M .  

B u H T e p B a n e  M R ~ K O ~ O  y n b ~ p a @ u o n e ~ a  R P K O C T ~  ~ e 6 a  onpene- 
JIHeTCR H3JIyYeHUeM rOpHYkiX 3 B e 3 A  H a L I J e ~  ~ ~ J ~ ~ K T M K H .  Y ~ M  BbIIUe 

n 0 B e p X H O C T H a R  T e M n e p a T y p a  3Be3Ab1 ,  T e M  6 o n b r u e  O H a  HsJ IyqaeT  

~ J I ~ T ~ ~ @ U O J T ~ T O B ~ I X  K B W T O B ,  HO YUCJIO TaKMX 3 B e 3 A  6 6 1 ~ ~ ~ 0  y6b1-  , 
~ a e ~  c ~ B ~ J I U ~ ~ H U ~ M  ~ e ~ n e p a ~ y p b 1 ,  a c HHM I? C Y M M ~ P H O ~  U ~ J I Y ~ ~ H H ~  I 
3 B e 3 A  ~ ~ J I ~ K T H K H .  H a n p ~ ~ e p ,  B U H T e p B a I I e  AJIUH BOJIH 1225 - 
- 1340 A U H T e r p a J I b H a H  CBeTUMOCTb ~ ~ J I ~ K T U K U  p a B H a r l ~ 4 0  3 p r / C ,  1 
q T 0  COCTaBnHeT OT ee O ~ T M ~ ~ C K O ~ ~  CBeTHMOCTkl. ~ T C I  n a H H b I e  

6b1nu n o n y s e H b 1  n p H  H ~ ~ J I K I A ~ H U R X ,  ITpOBeneHHbIX c 6 o p ~ a  AMC 
"Be~epa". O X U A ~ O C ~ ,  q T 0  B ~ J I ~ T ~ ~ @ ~ o J I ~ T o B o M  A k i a n a 3 0 H e  MOX-  

HO 6 y ~ e ~  J I e r K O  BbIAenkiTb BHeraJIaKTPiqeCKyK) KOMnOHeHTY, KOTO- 

Ir 



p a R  AaCT B a X H b I e  CBeAeHMR 0 R n p a X  ra J I aKT.uK M Me?KranaKTMYe-  

CKOM ra3e. O A H ~ K O  IIOKa  yA2IJIOCb n O h y Y M T b  TOJIbKO B e p X H M e  npene- 
JIbl,  KOTOpble  C O C T a B J I R v  3pr/ (cM2.  C . C P m r 4 )  AJIR 

AJIUH BOJIH 1000 - 3000 A .  
Ooo~o~br c s~eprnefi,  npesb~marouefi h 3 = 13,6 3B ( ;\ = 

= 912 A ) ,  MOHW3MPYK)T BOAOPOA - c a ~ b 1 f i  ~ ~ c I I ~ o c T ~ ~ H ~ H H ~ I ~  3J Ie -  

MeHT B C o c T a B e  M ~ X Z I B ~ ~ A H O I - o  ra3a, YTO n p w B o A u T  K ux nornoue-  
HMK) H a  PaCCTORHMM, CYUeCTBeHHO M e H b U l e M  p a 3 M e p a  ~ ~ J I ~ K T M K M .  

M M ~ H H O  IIO 3~0f i  npMYMHe B H e r a J I a K T ' M ~ e c ~ k i f i  @OH B 3TOM M H T e p B a -  

J Ie  H e  M O X e T  6 6 1 ~ 6  IIOJIyYeH n p R M b I M M  U3MepeHWRMM. C Y ~ ~ C T B Y ~ T ,  
O a H a K O ,  K O C B ~ H H ~ I ~ ~  MeTOA 0 4 e H K M   OH^. n0a B O ~ A ~ ~ ~ C T B M ~ M  X e C T -  

K O r O  y J I b ~ p a @ M o J I e ~ a  H a  r p a H M 4 a X  ra J I aKTMK AOJIXHbI IIORBJIRTbCR 

3 0 H b I  MOHM3aqMM. B 4eHTpaJ IbHbIX o 6 n a c ~ ~ x  raJ IaKTMK,  me HJIOT- 

H O C T ~  ra3a B b l c o K a ,  3 o ~ a  U O H M ~ ~ U W M  H e B e m K a .  C y n a n e H M e M  OT UeHT- 

pa IIJIOTHOCTb ra3a ~ ~ I C T P O  YMeHbUlaeTCR M H a  KaKOM-TO PaCCTORHMH 

OT 4 e H T p a  raJIaKT.UKM B e C b  T a 3  6 y n e ~  MOHM3OBaH.  TO 0 3 H a Y a e T ,  YTO H a  

r p a H M q e  r2IJIaKTMKU m O T H O C T b  H e f i ~ p a l I b H 0 r 0  BOAOpOAa ,  ~a6nronae- 
M O r O  IIO p ~ M O M 3 l I y Y e H u I o  H a  AJIMHe BOJIHbI A= 2 1  CM,  A O J I X H a  pe3- 
KO O ~ O P B ~ T ~ C H .  HaGnmne~m H e  nOKa32IJIM T a K O r O  0 6 p b 1 s a .  Ha 
PUC. 25 n p H B e A e H b I  AaHHbIe ,  KaCaKlIUMeCR raJIaKTMKM M 3 1  ( T ~ M ~ H -  
HOCTb A H A ~ O M ~ A ~ I ) .  Ha PMCYHKe BHAHO, YTO UlMpMHa 06pb1~a M a n a ,  

M3 3 T 0 r 0  CJIeAyeT,  YTO MOI43OCTM WOHM30BiiHHOrO M H e f i ~ p a J I b H o r o  

c n o e B  rasa H a  r p a H u q e  r a n a K T M K u  C ~ ~ B H M M ~ I .  O T C H ) A ~  n o n y s e H  sepx- 
HMfi I IpeAeJ I  MHTeHCMBHOCTH @ O H O B O ~ O  " H ~ H ~ ~ J I F O A ~ ~ M O ~ O "  YJ IbTpa -  

2 
@ M o J I ~ T ~ :  r# 3pr/ (CM . c P ' ~ )  AJIR MHTepBELJIa AJIUH BOJIH 

A= 300 t 912 A. 

*o 5 n' 
Pc lc .  25. Pacnpe~ene~ue  n n o T H o c T w  ~ e f i ~ p a n ~ ~ ~ o r o  no,TopoL!a nrrn rarrarc- 

TWKM h, lnl :  
1 - H e f i r p a J I b H b l f i  ra3; 2 - O G P ~ I B  M3-3;L I l O t l l l 3 ~ ~ I . I M  r;133 6; 

5- 733 7 



(0, l  LA L ~ O O ~ , ~ O O ~ B L & L  1 0 0 ~ 3 B )  

H a G n m n e ~ ~ ~  Ha p a K e T a x  BblRBUnM CYLIleCTBOBaHMe M30TPOlI- 

H0fi  [ ) ~ H T ~ ~ H O H C K O G  KOMnOHeHThl, qTO CIIYXMT CBMneTeJIbCTBOM CY- 

I l lecTEjoBaHrn EIOBOrO ~ 3 n y v e ~ n x  B  TOM nuana-~ose. B A ~ J I M  OT nnoc- 
KOCTM ~ ~ ~ ~ K T M K M  H3nylleHMe C 3 H e p r M e ~  E=10 - 10 KJH M30TpOnHO 

C TOllHOCTbH) 5%, U Yl'Jle - lo0 .  

-5 - 
-6 - 

0 7 1 3 4 5 6  
f*E, *JB 

PUC. 26. &i@@epe~~aaJIbm~ti C n e K T p  @ O H O B O ~ O  PeHTreHOBCKOrO 

a3nyse~ux 

Ha PHC. 26 ~rpeACTaFUIeHbI naHHbIe  no PeHTreHOBCKOMY @OHO- 

BOMY ~ 3 n y s e ~ m .  K a K  B ~ H O  ~3 p H c y H K a ,  Q o p ~ a  c n e K T p a  pasnnwa 
B pa3HbIX H H T e p B U a X  3HeprHH. 3 H e p r d  @OTOHOB E = 40 $ 

+ 100 K ~ B  C n e K T p  HMeeT B m :  

N(&J = yJ-d= (00 E - ~ ~ * K ~ ~ / ( C U ~ .  C. CPJ. (67) 



- 
I 

B pafio~e 40 K ~ B  C n e K T p  HCnbITbIBaeT U3nOM,  TaK YTO B UHTepBLUIe 

E = 10 i 40 K ~ B  n O K a 3 a T e n b  d CTaHOBUTCR PaBHbIM 1,7. A n R  3 H e p -  

ruii 1 - 10 K ~ B  c n e K T p  ewe 6 o n m e  y n n o w a e T c R  ci n o ~ a 3 a ~ e n b  

3 n e C b  COCTaBnReT oC = 1,3, HO, BO3MOXH0,  CaMa 4 0 p M a  C n e K T p a  B 

3TOM UHTepBal Ie  OTnklYHa OT C T ~ ~ ~ H H O ~ .  B o6nac~u  E < 1 K ~ B  C n e K T p ,  

HanpOTUB, CT~HOBHTCH K p y y e  ( n o ~ a s a ~ e n b  o~ = 2 + ~ ) , H o  ~ o v ~ b i f i  B U ~  

er0 n 0 K a  H e  YCTaHOBJleH BBUAY T P Y ~ H O C T ~ ~ ~  U3MepeHMR, BbI3BaHHbIX 

C ~ ~ H ~ I M  n o r n o u e H U e M  B M ~ X ~ B ~ ~ ~ H O M  ra3e. T ~ M  H e  M e H e e  n a t l a b l e  

n O K a 3 b I B W T  6 o n b 1 u o i i  H ~ ~ ~ I T O K  kI3nYYeHUR OKOnO 3HeprMU 0,25 K ~ B  
no CpaBHeHUIo C 1 K ~ B  U 3aMeTHyKI 3aBUCAMOCTb 3 T O r 0  U 3 6 b l T K a  OT 

r a n a K T u s e c K u x  K 0 o p n m a - r .  E C T ~  r r p e n n o n o x e H n e ,  YTO  TO usnyse- 
HUe CBR3aHO C r a l I a ~ k I Y e C K U M U  I l InypaMPi  - I IpOTHXeHHblMU 0 6 x e ~ -  
TaMH H a  ~ e 6 e ,  0 6 H a p y x e H ~ b l ~ P i  p ~ H O H 3 n y Y e H k U 0 ,  KOTOPble RB- 

JIRIOTCR OCTaTKaMU 6nu3mx CBePXHOBbIX 3 B e 3 n ,  BCnbIXHYBUlAX He-  

name (105 - 10' n e ~ )  B panuyce 30 - 100 n K  o T  C o n ~ q a .  n p o r p e ~  
ra3a ynap~of i  B O ~ H O ~ ~ ,  06pa3ye~ofi n p U  BCnbII l IKe,  M O X e T  o6ecne- 
Y U T ~  ~ a 6 n m n a e ~ b r f i  ~ 3 6 b 1 ~ 0 ~  M R r K o r o  p e H T r e H a .  nocnen~ue ~ a 6 n m -  
AeHHJl, n p 0 B e n e H H b I e  C BbICOKUM CneKTpiUIbHbIM p a 3 p e I u e H H e M ,  YC- 

TZLHOBMnM Cyl4eCTBOBaHHe B CI IeKTpe   OH^ KBa3EiMOHOXpOMaTMse- 

c K o r o  u s n y s e ~ u ~  xenesa c s~epruefi  E = 6,7 K ~ B ,  n e n c T a B n a u e -  

ro H U o x e H U e  P n o H a t l c H b l x  n m ~ f i  I I ~ ~ ~ Y ~ H W R F ~  & , ~ e  - u 
p w a  n p y r U X  nMHUr?, B O ~ ~ Y X ~ ~ ~ M ~ I X  3 n e K T  OHHbIMU COYnapeHURMU 7 B r o p H s e M  ra3e c ~ e ~ n e ~ a ~ ~ ~ o C i ( 3  f 1 0 )  ' 10 K. 

MOWO CAeJIaTb p R n  ~ T ~ € ? ~ ~ o J I o X C ~ H W ~ ~  0 n p q O n e  PeHTreHOBCKO- 

ro @ o ~ a .  OHM AOJIXH~I  0 6 x ~ c ~ m b  cnenymrrrue r n a B H b I e  O C O ~ ~ H H O C T W  

@ o ~ o ~ o r o  u 3 n y s e ~ u ~ :  a )  c ~ e n e ~ ~ o t i  cnemp c n o ~ a 3 a ~ e n e ~  &= 2,2 
AJIR E&40 K ~ B ;  6) neperu6 B cnempe o K o n o  s H e p r u u  E e 4 0  K ~ B ;  
B) U ~ ~ ~ I T O K  M H r K O r O  PeHTreHOBCKOrO W3JIyseHUH (E 2 0,25 K ~ B )  ; 
r) BbICOKYKl lUIOTHOCTb 3HeprWW PeHTreHOBCKOrO  OH^. 

C ~ e n e ~ ~ m  @ o p ~ a  cnempa y ~ a s b ~ ~ a e ~  H a  ~ e ~ e n n o ~ o C i  M e x a -  

HW3M W3JIYYeHUFI. M o n e n b  I l p e p I l O n ~ a e T  HUlUYWe B WCTOsHWKaX 

P e H T r e H a  B~ICOKOG lUIOTHOCTH H3JIYYeHHFI B P-HO, U H @ P ~ K P ~ C H O M  

w O ~ T H Y ~ C K O M  ~ ~ a n a 3 o ~ a x ,  B O ~ H W K W ~ ~ ~ O ,  H a n p n M e p ,  B p e 3 y n b ~ a ~ e  

CUHXpOTpOHHOrO W3lIyYeHWR 3JIeKTPOHOB B M a r H m H b I X  IIOJIRX. B 
OAHOM W3 BaPHilHTOB MOAeJIU HCTOllHHKaMH PeHTreHOBCKOrO  OH^ 
RBnRlOTCR R A p a  aKTUBHbIX rWIaKTHK, B KOTOPbIX, W K  y K a 3 b I B U l O C b  

B Il.1  TO# M a B b I ,  MaKCWMYM W3JIYYeHHFI IIPHXOAUTCR W K  pa3 H a  

H H @ p a ~ p a ~ H b d i  AHana3OH. P ~ H T ~ ~ H O B C K O ~  H3nyYeHWe B03HWKaeT B 

p e 3 y n b T a T e  o 6 p a ~ ~ o r o  KOMnTOHOBCKOrO PaCCeRHHR (OKP) PenRTW- 

BHCTCKUX 3JIeKTpOHOB H a  MWI03HepTHYHbIX @OTOH~X. Ha pHC. 27 
n p e A c T a s n m  p a c s m e b r t i  cnemp aanysesm a p a  ~ H B H O C ~  r a n a K -  



TUKU OT p a U O H 3 n y ' I e H W i  A0 P e H T r e H O B C K O r O .  M 3 - 3 a  HH3KOYaCTOT- 

H o r o  c a M o n o r n o u e H m  u s n y s e ~ m  B U c T o s H u K e  ( ~ a  A n m a x   om 
JWO,1 - 10 C M )  B  3 ~ 0 f i  O ~ ~ ~ C T U  H ~ ~ ~ I O A ~ ~ T C H  " 3 a ~ a n "  cnempa. 

n p U  6onee BbICOKUX 'IaCTOTaX C n e K T p  CUHXpOTpOHHOrO U 3 n y ' 1 e n m  

U M e e T  O A H O C T e n W H Y H )  3aBUCUMOCTb C  n O K a 3 a T e n e M  d . ~ O A O ~ H ~ I ~  

x e  c ~ e n e ~ ~ o f i  cnemp 6 y ~ e ~  n e p e H e c e H  B p e 3 y m T a T e  OICP a B penme- 
H O B C K U ~ ~  A U a n a 3 O H .  ~ ~ I T ~ H C U B H O C T ~  P e H T r e H O B C K O r O  U3JIy ' IeHKR 

3aBUCUT OT p a 3 M e p O B  UCTO'IHUKa CUHXPOTPOHHOrO U3JlY'If?HUR, 

BenH'IUHbI M a r H U T H O r O  n O n H ,  3Ha'IeHUH nOKa3aTeJ lH  d . AOCTOUHCT- 
B O  MOAeJIU B  T O M ,  ' I T 0  OHa I I p e A C K a 3 b I B a e T  O n p e A e J I e H H y H )  CBH3b 

M e X A y  n O T O K a M U  U3ny'I€!HW3 B  Pa3HbIX AUaI la3OHax  ( p a A U 0 ,  U ~ @ p a -  

K p a ~ ~ b I f i ,  P ~ H T ~ ~ H ) ,  KOTOPYH) M O X H O  3 K C n e p U M e H T W b H O  npOB€!- 

P H T ~ .  ~ P O T H X ~ H H O C T ~  C T e n e H H o r o  cnempa o n p e n e n H e T c H  B p e M e H e M  

X U 3 H U  3 n e K T P O H O B  B  UCTO'IHUKe,  KOTOPaR 3aBHCHT OT UHTeHCUBHO- 

CTU HX 3 H e p r e T U ' I e C K U X  I I O T e p b  H a  KOMnTOHOBCKOe PaCCeHHUe. no- 
Ka3aTeJ Ib  X e  d TeCHO CBH32iH C  B P e M e H e M  NHXeKL(UU 3 n e K T P O H O B  B 

UCTO'IHHKI?. 

B A p y r O M ,  H e  M e H e e  p a C n p 0 C T p W e H H O M  B a p U W T e  " K O M ~ T O -  

H O B C K O ~  M O A ~ J I H "  UCTO'IHUKOM M U l 0 3 H e P r U ' I H b I X  @OTOHOB CIIYXHCIIT 

T e m o B o e  P M B .  P ~ H T ~ ~ H O B C K H ~  @OH o 6 p a 3 y e ~ c ~  B p e 3 y n b ~ a ~ e  OICP 
P e n U K T O B b I X  @OTOHOB H a  PenHTHBUCTCKMX 3J IeKTpOHaX,  ~ b 1 6 p a c b 1 -  

6 8 
c. 



B;i€'MhIX U 3  PaAMOTanaKTMK B MeXrWIaKTUlreCKYH) CpeAY (CM.  r J I  m, 
n. 2 ) .  E C ~ M  cnemp s n e m p o H o B  c ~ e n e ~ ~ o i 3  c 1 1 o ~ a 3 a ~ e n e ~  r ,  c n e l c q )  

p P H r r e H O B C K O r 0   OH^ T a K X e  6 m T  C T e l l ~ l i H h 1 M  C rIOKd3aTC'JleM 
J'- f 

,,(= - . ClrMTaeTCn, lrT0 MMCIIHO laKMM I l y l e M  @ 0 p M U ~ y t ' l c ' ~ i  OC- 
C 

FlOI3I4aH 1lilCl.b / - 90% ) ~)Cl1'l.l'OIIOIj(:ICOI~O (~)OIIOHOI 'O M'3JlY'ICIIMH. 

I%ICJI~]X t l f iep ~ ~ ; I S I C K M X  a~rk t t c111 , rx  1.an:ilcrclrc 1% 1 1 a 6 ~ 1 1 o n a e ~ l ~ l i i  +OH 

('O("L':iIjJl~l(?~ 10%). (:OIjCCM MaJIO, OKOJlO 1 '! , ]Xa('T '1 ('IIJIOBOC? MM:jJIY- 

IIPFIMC MCXl'illl;lK.I.MlrC'(~K01'0 I'a3il. ~ ) ) \ I I ; ~ K o  1)10'1' ~ a J I l > l l i  1lKJlaA OY(?IIb 

R a x e l i ,  110 11CMy MOncllO Ol\C'lIU'lL IlJIOTII0C:Tb MeXlWlaK.I'MlreCKOI'O 

ra3a, OT K O T O P O ~  3aRMCUT ~ h 1 6 0 p  K O C M O ~ O ~ M Y ~ C K O ~  MOneJIM. Am- 
H b l e  ~ ~ H T ~ ~ H O B C K O ~  aCTpOHOMMM YKa3blBiUOT, YTO ra3a O C O ~ ~ H H O  

MHOrO B CKOIIJIeHURX r a n a K T M K ,  me ~ a 6 n r o n a m ~ c ~  I I p O T R X e H H b l e  

p e H . r r e H o B c m e  ncToqHUKM. T e ~ n e p a ~ y p a  ra3a c o c T a s n c I e T  105 - 
6 10 K,  o ~ c r o ~ a  ero a s n y q e a a e  B m ~ e p ~ a n e  M R I ' K O ~ O  p e ~ ~ r e ~ a ,  a 

er0 mOTHOCTb B CKOIlJIeHMRX AOCTMraeT T/CM3. B ~ n m  M e X -  

r W a K T M Y e C K O r 0  ra3a B 06uee KOJIkiYeCTBO MaTepMM BO B c e n e ~ ~ o f i  
XOTb M RBJIReTCR 3HaYMTenbHbIM, I I P P ~ ~ ~ U ~ U T ~ J I ~ H O  C O B n m a R  C BKJIa -  

AOM B e u e C T B a  T W a K T H K ,  B C e  Xe HeAOCTaTOYeH, Y T O ~ ~ I  ' ' ~ ~ M K H Y T ~  

MeHbl l l e  K P H T U Y ~ C K O ~ ~  nJIOTHOCTM MaTepMM J> . B COOTBeTCTBMM 
X P  

C 3TMMM A M b I M M  B c e n e H H a u  OnMCbIBaeTCR O T K ~ ~ I T O ~ ~  MOneJ IbW.  

B H a C T O H u e e  B p e M R  MCCJIeAOBaHMR KOCMMYeCKOrO 

(a T a K X e  KOCMMYeCKUX JIyYefi M H ~ ~ I ' P M H O )  3TM MCCJIeAOBaHMR nOJIy-  

YnnM ~ a 3 ~ a ~ u e  ~ C T ~ O @ M ~ M  KM B ~ I C O K M X  s ~ e p r d .  
OTJIMYUT(?JI~H~IMM O C O ~ ~ H H O C T R M U  f - A U a n a 3 O H a  RBJIRWTCR 

B ~ I C O K ~  3~ep1-m KB~HTOB M ~ ~ ~ Y ~ H M R ,  yrca3b1~aroum H a  TO, vro OHM 

B O 3 H M M H  B l7pOUeCCaX C ~ O J I ~ U I M M  BbIAeJIeHMeM 3HepTMU, Bb lCOKaR 

l7pOHMKaWuaR cnoco6~ocn  6 - K B B H T O B  M HOBbIe  KaHaJ Ib I  r e H e p a -  

4MM, C B O ~ ~ C T B ~ H H ~ I ~  TOJIbKO f -M3JIYYeHMH). f-KBEIHTb1 O ~ ~ ~ ~ Y W T C F I  

rrpu ~ s a ~ ~ o n e f i c ~ s a w  Y a c T u u  c B e u e c T B o M  M M ~ J I Y Y ~ H M ~ M ,  B p e a K -  

UMRX ~ H H M ~ M J I R ~ M M  M P a n M o a K T M B H o r o  pacnaga. P e n a ~ u s ~ c ~ c ~ u e  
3JIeKTpOHbI MOrYT P O X A a T b  f - K B ~ H T ~ I  B I lpOqeCCaX T O p M 0 3 H O T 0 ,  

MarHUTOTOPM03HOrO (CMHXPOTPOHHO~O) M3JIyYeHMfi M OKP H a  M a -  

n03HeprMYHbIX @ O T O H ~ X .  C B ~ A ~ H H H  06 3TMX IlpOlIeCCaX, KOTOpbIe  

69 



MOXHO I lOqepI lHyTb H 3  H a 6 J I H ) ~ e ~ k i f i  KOCMHqeCKOrO f - P i 3 J I y q e ~ a J 3 ,  

OqeHb BaXHbI ,  T a K  K a K  OHM HeCIOCpenCTBeHHO CBR3EWbI C IIOTOKaMH 

3JIeKTPOHOB, IIJIOTHOCTbH) BeIlJeCTBa, MarHCiTHOrO IIOJIR U CI3JIYqeHIIR 

B WCTOqHWKaX. O A H ~ K O  I I O ~ ~ O ~ H ~ I ~  Xe CBeAeHIlR MOXHO IIOJIyWiTb 

u3 ~ a 6 n H ) n e ~ u f i  p e H T r e H a ,  K O T O ~ ~ I C ~  r e H e p u p y e T c R  B T a K u x  x e  npo- 
UeCCaX. B 3TOM CMblCJIe 6onee B m H b I  AJIH a c ~ p o @ H 3 k i ~ P i  IIpOUeCCbI 

r e H e p a q M H  f - K B ~ H T O B  HyKJIOHaMH Pi R n p a M k i  - OHM II IIpenCTCiBJIREOT 

T e  HOBbIe KaHaJIbI r e H e p a q H H ,  KOTOPbIe A m T  BbIXOA TOJIbKO B 

~ w a n a 3 0 ~ :  'f - 
- p O X A e H I I e  H paCI laA ~ e g ~ p a J l b H b 1 ~  IlHOHOB B RAepHbIX B3a-  

U M O A ~ ~ ~ C T B U H X :  

N+N - N'+ ~ ' + x ;  z O - + q .  ( 6 8 )  

"~ IMOHHO~"  /' - u s n y s e ~ ~ e  xapamepw3ye~c~ c n e q u a n b H b r M  s H e p r e T w -  

s e c K k i M  c n e m p o M  (puc. 28) ,  K O T O ~ ~ I ~ ~  H ~ ~ ~ B H C W M O  OT c n e K T p a  H ~ K -  

JIOHOB, yqaCTByH)UJHX B ITjlOqeCCe (68), HMeeT MaKCHMYM H a  3Hep-  

r m  

f- u3nyse~ue B O ~ ~ Y ~ ~ H H ~ I X  R A e p .  B  TOM npoqecce, K ~ K  u B 

P e a K q H U  ( 7 1) , B 0 3 H H K a e T  MOHO3HepreTWleC KOe ( J I H H e h a ~ o e )  r -usnyse~ue B m T e p B a n e  3~eprEiti 0 , l -  10 M3B. ( B o n p o c b ~  aclpo- 
@ H ~ H K U  R A ~ P H ~ I X ~  -JIHHEiti paCCMaTpUBaI€)TCR B y.) 



B~epre~usecwi i i  cnemp woTpomoro f -a3n y s e ~ m  noKasm 
H a  puc. 26. IIpu nepexone OT peHTreHa K f - n y s a ~  (E > 0, l  M3B) 

cnemp cHasana AenaeTca 6onee KPYT~IM (d * 2,s - 3,2). Csu~aeT- 
CX, 4TO @OH B 3 ~ 0 6  O ~ J I ~ C T W  II0qTl-l IlOJlHOCTbH) OnpeAenH€TCH H3JIyse- 

HHeM naJIeKkiX aKTUBHbIX raJIaKTkiK. Ecna 3T0 A ~ ~ ~ C T B U T ~ J I ~ H O  TaK,  

AOJIXHa ~a6nH)naTbc~ M ~ J I K O M ~ C U T ~ ~ H ~ R  aHH30TpOnHH  OH^ (B &GI- 

TepBaJIe CeKYHAHbIX H MHHYTHbIX Y~SIOB)  . n 0 ~ a  TaKHe nonp06~b1e 

ki3MepeHIiR   OH^ H e  np0BeAeHbI H ~ a 6 n m n e ~ w r  nOKa3bIBaIOT USOTPO- 

nuK, @ o ~ a  c TOLIHOCT~IO AO 10% B npeaenax yrnoB B HecKonbKo rpa- 
AYCOB. 

B kMTepBaJIe 3 H e p r ~  1 10 M3B Ha6nmnaeTccI 3aMeTHOe yn- 
nouIeHue cnercrpa, nocne qero OH B H O B ~  cnenyeT cTeneHHoMy ~ ~ K O H Y  

c n o ~ a ~ a ~ e n e ~  = 2,5 - 3,O.  tam^ o6pa30~,  B mTepsane 1 - 
- 10 M3B B cneKTp KaK 6 y n ~ o  n o 6 a ~ n ~ e ~ c a   HOB^ KOMnOHeHTa. 



A ~ R  ee O ~ ~ F I C H ~ H C I R  BbIaBkMYT P F I a  TMnOTe3.  Hanpki~ep,  OHa  TPaKTY- 

e T c R  K a K  K o c M o n o r M q e c K o e  f - ~ s n y q e ~ u e ,  B O ~ H M K ~ L I ~ ~  B snoxy c 
n a p a M e T p o M  K p a c H o r o  c M e u e H m  = 70 - 100. I C o c ~ o n o r ~ q e c ~ ~ e  

~ - K B W T ~ I  0 6 p a 3 o s a n ~ c b  B npoqeccax (68) ,  ( 7 0 ) ,  HO 3a c q e T  K p a c -  

H O r O  C M e u e H M H  M X  3 ~ e p r e T M ~ e ~ ~ M f i  CTIeKTp CMeCTMnCH B 0 6 ~ 1 a c ~ b  

RIPHhUIlIX 3 H e p r k l h .  a MaKCMMYM C T a n  H ~ ~ J ~ H ) A ~ T ~ c F I  H a  3HePTMM 

3 ~ o n r o q ~ o ~ ~ a n  K o c M o n o r M z s  n p e n c ~ a 3 b r s a e ~ ,   TO npouecc 
( 6 8 )  aK?MBHO T I P O T e K m  B 3 n O X y  06pa30na~m raJ IaKTMK M nozssne- 

HMH I l e p B h I X  KOCMM'leCKMX n y q e M .  K O r a a  n n 0 r H O C T b  BeLlIeCTBa B MH- 

pe 6 b 1 n a  a ~ a q ~ ~ e n b ~ o  6 o n b m e  c o s p e ~ e ~ ~ o h .  npoqecc x e  (70) non- 
X e H  6 h r n  MATM H a  BCeX 3 T a n a X  pa3BMTUR,  HO H a M 6 0 n e e  aKTHBHO n p H  

Z & NO, e c n M  Bcene~~azs  c a M M e T p u w a  no ~ ~ P M O H H O M Y  sapnay. 
f lar1bHefiUIkie  M3MepeHMH   OH^ B 3 ~ 0 k  06nac~ki 3 H e p r M ~  A O n X H b I  

B ~ I F I C H M T ~  npwpoay p e r w c T p M p y e M o r o  ? ' - ~ s n y ~ e ~ u n ,  K o T o p o e  e 
c n y y a e  n o n T s e p x n e H m  BHHBMHYT~IX r ~ n o ~ e 3 ,  ~ O ~ B O ~ M T  ' '3arn~- 
H Y T ~ "  B p a H H M e  3nOXM pa3BMTMR B c e n e H ~ o f i .  

ki3o~pormoe r - M 3 n y q e ~ M e  H a e T  B03MOXHOCTb OlJeHMTb IlJIOT- 

H O C r b  aWTMBeUeCTBa  8 COCTaBe MeXTaJIaKTM.lqeCKOT0 ra3a B HaUlY 

3110xy. 3 ~ a  ouerxa H e n a e T c H  H a  o c H o s a H a M  npoqecca ( 7 0 )  M MHTeH- 
2 CMBHOCTM Q o ~ a  ( zf n 100 M s B )  K B ~ H T /  (CM .c.cp). 

l l p e i l I I o J l a r a H ,  qTO B e U e C T B O  M ZWTMBeLUCCTBO B MeXraJ IaKTMqeCKOM 

ra'le p a 3 M e l U a H b I  P a B H O b l e p H O ,  nOnyYHb1:  

I-ne k = 3 -- C p e n H e e  ~ M C J I O  f-KBBHTOB, 0 6 ~ 8 3 y e ~ b 1 ~  B OAHOM a K T e  

/ V ~ - ~ H H M T ' M ~ R ~ U M :  C - CKO[IzCTb CBeTR; f l  - KOHCTaHTa Xa66na; 
M a C C a  H y K n O H O B ;  3, ,0 - TInOTHOCTM B e U e C T B a  M a H T M B e U e -  

CTBS; (AQ v ) - y c p e n H e H H o e  no c n e K T p y  n p o ~ 3 ~ e n e ~ u e  c e q e H m  

ZWHMTMnHUMM H a  OTHOCMTenbHYH) CKOpOCTb YaCTMU. CJIVqaR MO- 

H1130BMHOI 'O  MeXTaJIaKTM'lCCKOrO r.331 <gQ D> CM3/C 

H 113 (731 CJIeDyeT ,  q T 0  pj& r 2 / C M  . T ~ K  K a K  IIJIOTHOCTb 

MeXTa l I aKTMqeCKOTO r a 3 a ,  M:J&lept?HHaH TI0 PeHTI 'eHOBCKOMy ~ O H Y ,  
30 LJ =I?;- r / c z 1 3 ,  ,ro cpe,yLrnir I I n o T H o c T b  W r M r r e U e c T B a  ~2 

10. ' '~ r/'c*r3 jjnn c n y q a n  ~ e i l ~ p a n b ~ o r o  rma s T a  o u e H K a  6 y n e ~  ewe 2- 

a l c l l t , u l e .  01c ru1~ : i  cnenym, Y-ro B c e n e 1 - 1 ~ ~  H e c M M b l e r p M q H a .  O r r t i a ~ o  
I,.,, ..0.1!> 1131t'TI. !3 B l l Z y ,  YTO 3TOT UJ>IBOH CnpaI3ennlTEl JlMIJlb B r0MOJ ' eH-  

;:( <! 1: ,( . t.. .-  : ( - I ! , ' (  .. , .!: l i x  IT!)t~[Tl i?~![~~'~t;[ ' ! l l i i l  o ~>;L~~TI(;: .~:.!?I:C)~I p a c n p e n e ~ r e ~ 1 ~ 1 4  



B e q e c T s a  u m ~ u s e l u e c ~ s a )  u n e p e c T a e T  G ~ I T ~  C n p a B e n n u B b I M  B re- 
~ e p o r e H H 0 f i  Bcene~~of i ,  B K O T O P O ~ ~  T ~ C C ~ I  BeLIleCTBa U aHTUBeIl leCT-  

B a  pa3AeJIeHbI B q 0 C T P a H C T B e  H H e  B ~ ~ U M O A ~ ~ ~ C T B Y H ) T  A p Y r  C A P Y -  

I-OM. 



AKTM1313I>lMM H ~ : i l ~ l B W ) ' l ( ' f l  I'LIJIaK'l'MKM, t3 l ~ C ? l l 1 ~ ~ ~ i U l l ~ l i l ~ l X  0 6 ~ 1 ~ ' -  

'I'tIX KOTOpI>IX -- 13 I'aJlaKTLIYCX'KMX tl)\\XlX - l l ~ ) O H H J l ~ I ~ " l ' ( ' ~ l  l l O H 1 ~ 1 l l I ~ ' ~ i ~  

H a R  aKTMBHOCT1,: 6 0 n l , 1 ~ 1 ~ e  CKO[)OC?.M flRM.H(t?HMR I'ilsil, BI,ICOK;IR 

CReTMMOCTb, B I > I ~ P O C I , I  IIYYKOB Il;LCTMU M l l J l a3Mbl  C PeJlRTMBMCTCKLlMM 

CKOPOCTRMU. XOTH T e M a  PKTLIBHI>IX r a J I aKTZlK He MMeeT n p H M O r 0  

OTHOUleHWH K KOCMOJlOrUH, BbIHCHeHMe n p H P 0 n b l  aKTUBHOCTk1 HAep  

r a J I a K T U K  M O X e T  FIpenOCTaBUTb B W H b l e  CBeneHMH no p H n y  BOnpO-  

COB ( C O C T ~ B  U nJIOTHOCTb B c e n e ~ ~ o k ,  U3OTPOnMH @OHOBOTO U3JIyqe-  

HUH u np.) , n ~ e m u u x  n n H  K o c M o n o r u M  6 o n b m o e  s ~ a r l e ~ ~ e .  

T ~ ~ M H H  " ~ ~ J I ~ K T U K ~ " ,  H M e I 0 4 I 1 f i  n a ~ n H C ~ H f i  K O p e H b  $ Q ~ Q  
(MOJIOKO) , lTpOH3OllleJI OT Ha3BEWUH T Y M E ~ H H O C T ~ ~ ,  H ~ ~ J I H ) ~ ~ ~ M ~ I X  

H a p m y  c Tor l e r lHbIMu s s e s n a ~ u .  Ewe r e p m e n b  c su~an ,  YTO H e K o T e  

P b I e  I13 p a 3 M b I T b I X  T ~ M ~ H H O C T ~ ~  ITpenCTaBnHIOT OTneJ IbHbIe  OCTpOBa 

s ~ e s n ,  nono6~b1e ~ a m e f i  r a n a m u ~ e  - M n e r l ~ o ~ y  ~ Y T M .  Xa66n  KC- 

f f e p k i M e H T a n b H 0  n O K a 3 a J 7  3 T 0 ,  YCTaHOBMB, rlTO PaCCTOHHMe A 0  Ty- 

M ~ H H O C T ~ ~  lTpeBbI l l l a eT  p a 3 M e p b l  M n e q ~ o r o  ~ Y T H ,  U BbIneJIWB OT- 

DeJ IbHbIe  3 B e 3 n b I  B 6namafimux TYMEWHOCTHX. OH me OnpenWIHJ l  

M O ~ @ O J I O ~ ~ Y ~ C . K ~ H ,  IIOCJleAOBaTeJIbHOCTb r a J I a K T U K ,  OCHOBEHHYH, Ha 

HX B H e U l H e M  B H n e ,  KOTOpaH C He3HaYHTeJIbHbIMH H3MeHeHHRMU n p W  

H R T a  I1 B H a m e  B p e M H :  

3 n e c b  ~ ~ K B ~ M M  0 6 0 3 H a Y e ~ b 1  cnenymwkie T H m I  ITUIaKTUK: (r - He 
p e r y n H p s b r e ;  $ - c n u p a n b s b r e ,  o ~ n u ~ m u u e c ~  npyr OT npyra pa3 
H 0 f i  CTeneHbH) B b I p a X e H H O C T U  c n k l p a n e f i :  $a - cna6o 3aMeTHbIe  

cnwpanu, SC - W T K O  0 6 0 3 ~ a s e ~ ~ b 1 e  cnHpLLnki; $b - CnkipaJIM c 
u e ~ ~ p a n b ~ o i ?  n e p e M b I Y ~ 0 k  ( 6 a p p o ~ )  ; $0 - JIkiH3OBkiAHbIe; E - 
s n n u n T u q e c K u e ,  B npenene nepexonmwe B c @ e p ~ q e c ~ ~ e .  I C a x n ~ r f i  

~ o p @ o n o r ~ ~ e c ~ k i i ?  TMn nonpa3nene~ H a  8 w r a c c o B ,  H a n p u M e p :  

EO, E l ,  E2, ..., E7. Mnewbrfi n y ~ b  O T H O C ~ T C H  K T M ~ ~ $ Q .  
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~ I O C ~ ~ ~ O B ~ I - ~ ~ J I ~ H O C T ~  Xa66na Ht' FIBnHeTCH ~ B O ~ ~ ~ U M O H H O ~ ~ ,  

T.e.  B I I p o u e c c e  c130t'ii ~BOJIIOUHM I ' W ~ K T M K M  H e  nepexonm a3 on~or .o  
T a n a  B npyroii, Kale nonaranM B H a w t , .   OH^ o T p a x a e T  pasnasae Ha-  

LlaJIbHblX y c n 0 ~ ~ i l  II1JM @ O P M M P O B ~ H M I I  raJI i lKTMK. 3 ~ 0  C J l e n y e T  M 3  

AaHHbIX ~ a 6 n .  3.13 1 < 0 ~ 0 p 0 ~  npHBenC?t l t>l  H e K O T O p b I e  XapaKTepMCTMKM 

CpaBHHTenbHO ~ J I I I ' I I < M X  M nOTOMY RPKMX r a n a K T H K  (BMnMMaH B e -  

nMqMHa f l  f 1 3 ) ,  y<  p e n H e H H b I e  no M O P @ O J I O ~ M ~ ~ C K M M  TMnaM.  B ~ I F I C -  
HeHMe O T H O C M T ~ J I ~ H O ~ ~  PaCnpOCTpaHeHHOCTM PI OTHOUl eHMH " M a c -  

. ' ; I  - C B ~ T M M O C T ~ "  ) MMeeT,  K a K  M3BeCTHO ( C M .  rn.  n)  , 6 o n ~ -  
IlOP 3HaqPHMe nJIH Ol lpeneJ IeHMH cpen~efi  1lnOTHOCTM MaTepMM BO 

i ( 8 n C ? ~ ~ 0 f i g  . o q e ~ b  B a X H O  Apki 3TOM ' IHaTb ,  K a K  kl3MeHRFOTCH 

i: /;l//L npa nepexone K 6onee n a n e K a M  r a n a K r a K a M .  3 ~ a  M c c n e n o s a -  

l I i l > l  I IpOBOnFITCH c e f i q a c  H a  CaMblX 6 0 ~ l b L U k f ~  T e n e C K O n a X ,  H a  KOTO- 

i,131\ nOHBMJIaCb B03MClXHOCTb B b I n e n H T b  M O P @ O J I O ~ H Y ~ C K H ~  TCinbI 

~ \ ~ . ! r t ~ e  y n a n c ~ ~ b r x  r a n a ~ ~ a ~ .  n o ~ a  x e  npa o n p e n e n e ~ ~ a  p nPM-  

IIIIhIaBTCR, LIT0 11 nhneKM€! TaJIaKTkiKM MMel0T T e  Xe 7 ~ / f f / L ,  s T 0  M 

~ I ! ! I I : ~ K M ~ .  

T a 6 n ~ u a  3 
C p e n ~ n e  xapaKTepucTnKu ranaKTuK 

K ~ K  BMnHO H 3  ~ a 6 n .  3, r U I a K T U K U  p a 3 H b l X  T U n O B  CUJIbHO pas- 
JlMYaKITCH K a K  no c p e ~ H t ? f i  nJlOTHOCTU, T a K  U no none M e X 3 B e 3 A H O -  

ro ra3a Jro3 B 06uefi M a c c e  r a n a K T u K u .  BSO u E - r a n a K T u K a x  ra3a 
OCTaJlOCb O' leHb M U 0  ( Jro3 ' 0,2%), OH IIOYTU B e C b  " y ~ e J l "  B 

3~e3nb1. ~ O ~ T O M Y  npoqecc 3 ~ e 3 n o o 6 p a 3 o ~ a ~ m  B HUX yxe ~ ~ K O H -  

ser-I -  TO c T a p b I e  r a n a K T u K u ,  u c r l e p n a s m u e  n p a m u r l e c m  nonso- 
C T ~ K )  C B O ~ ~  " c ~ p o ~ ~ ~ e n b ~ b l i l  ~ a ~ e p u a n " .  H a r r p o ~ u ~ ,  H e p e r y n H p H b l e  

rUIaKTMKM C n e n y e T  CrlUTaTb MOnOAblMU,  6 0 ~ a ~ b l ~ ~  r a 3 0 M  

(40;40a), B K o r o p b l x  3se3noo6pa30sa~ue u c e f i r l a c  W e T  ~ O J I H L I M  

x o n o M .  n p o n o n x a e ~ c ~  npouecc poxneem H O B ~ I X  3 ~ e 3 n  u B cnu- 



P a n b H b I X  raJ IaKTAKaX,  B KOTOPbIX ra3a AOCTaTOYHO MHOrO (a0 20%), 
B YacTHocTn,  B ~ a m e f i  r a n a r n u ~ e .  

K p o ~ e  llepeYHCJleHHbIX TAnOB rLUIaKTWK, BCTpe4aH)TCFI 0c06b1e  

( n e ~ y J I F I p ~ b 1 e )  raJIaKTWKH, KOTOpbIe HeJIb3FI OTHeCTW HW K OAHOMY 

W 3  y K a 3 W H b I X  THnOB W AOnH KOTOphlX CpaBHMTenbHO Maria ( 
= 1,574))  . 'I = 

A K T M B H I , ~ ~  r a n a K T n K n  T o x e  B c T p e w r o T c s i  CpauHwTenLl jo  p e n -  

KO, nx n o n F l  c b o c T a B n n e T  1 - 2% cpeUM H O ~ M ~ J I I ~ ~ ~ I B I X  I.anaK.rnK pz3- 
HbIX TWnOB, HO IIO CBOMM CBOUCTB~M OHM HBMHOI.0 G o r a i i e  M UtiTC'l)fC- 
H e e  nocnenP1nx. 

C y ~ e c T u y c ' ~  HeCKOJlbKO BMLlOH aKTWBHblX I'aSIaKI.UK, KIIBCCH- 

@ e u u p y e ~ ~ ~ x  no nponnnne~o i i  a r c r n k w o c T n :  

- c e f i @ e p ~ o ~ c ~ u e  r a n a K T n K n  - s n e p s b l e  nx nccnenosan CeP- 
@ e p ~  (CLUA, 1942 r.) . OHH OTHOCRTCFI K THnY CnHpUIbHbIX ra I IaK-  

TWK, COCTaBJIFIFI 2% AX 061~e1-0 YACna, A OTJlAYaIOTCFI B ~ I C O K O ~ ~  FIPKO- 

CTbW FIAeP A IlIHpOKHlVM 3MHCCHOHHbIMA JIUHAFIMH BOAOPOAa, YKa3bI- 

Ba lOUHMH H a  60J Ib I l lHe ,  a0 HeCKOJIbKHX TbICFIY KUnOM€?TPOB B CeKyH- 

A y ,  CKOPOCTH ABUXeHAFI r838; 

- /V-rLUIaKTAKH C n 0 B b l L U e ~ ~ 0 f i  RpKOCTbH) K a K  B OnTUYeCKOM, 

T a K  H B p ~ J W O - R H ~ ~ ~ ~ O H ~ X ;  

- r a n a K T A K H  C ~ ~ ~ T ~ ~ U O J I ~ T O B ~ I M  A ~ ~ ~ I T K O M  ( ~ ~ ~ ~ K T H K H  

M a p ~ a p m a ,  ~ 0 ~ 0 p b 1 f i  COCTaBKn HX K ~ T ~ J I o ~ ) .  K a K  n p a B A J I 0 ,  3TU 

lXJTaKTHKU KOMnaKTHbI (OHA BXOAFIT T a K X e  B KaTLUIOr KOMnaKTHbIX 

r m a K T A K ,  C O C T ~ B J I ~ H H ~ I ~ ~  ~ B H K K ~ )  , 0 6 ~ 1 a ~ a l O ~  B ~ I C O K O ~ ~  CBeTWMO- 

CTbW B PeHTreHOBCKOM H3nyYeHAH A IQ0FIBnFIH)T A p y r U e  I l e K y n R p -  

HbIe  C B O ~ ~ C T B ~ ;  

- n a q e p T H A b 1  - CpaBHATeJIbHO ~ e 6 0 J I b U l a ~  rpynna O ~ ' ~ ~ K T O B ,  

H a 3 B S I H b I X  T a K  no n e p B O M y  A3YYeHHOMY 06semy BL kacerta 
(R~qepaqa) . n o - B ~ H M O M ~ ,  n a q e p T m b r  6 n u 3 ~ u  K ~ s a 3 a p m ,  HO B 

AX C n e K T p a X  H e  YAEIJlOCb BbIAenHTb OTAeJlbHbIX n n H A f i  A nOTOMy He- ! 
A3BeCTHbI PaCCTOFiHHR A 0  HRX, a CJIeAOBaTenbHO, U UX IlpPipOAa; ! 

- pmnoranamwm; 
K B a 3 a p b I .  

~ O C J ' I ~ A H A ~  A B a  T A n a  aKTHBHbIX r a l I a K T R K  npeACTaBnFIKIT H m -  

6 o n b m n f i  HHTepeC A ~ Y ~ Z Y T  PaCCMOTpeHbI ~ I O A ~ O ~ H O .  

P ~ A A O ~ ~ J I ~ K T ' A K ~ M H  Ha3blBiW)T T e  TaJIaKTAKA, PaAAOCBeTII- 

MOCTb KOTOpblX n p e B b I U a e T  UX CBeTEiMOCTb B OnTUYeCKOM a A a n a 3 0 -  

He :  Lp >Lon . T a ~ o r o  H e  M O X e T  6 b 1 ~ b ,  eCnM CBeTMMOCTb raJIaK- 
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TMKW CKnil4bIBaeTCH T O n b K O  k13 C B ~ T U G O C T ~ I ?  06pa3ymupix ee 3 B e 3 A ,  

T a K  K a K  UHTeHCkIBHOCTb paAUOU3nYYeHUH B C n e K T p a X  3 B e 3 A  ( a 6 c o -  

nmmo YepHbIe T e n a  c ~ e ~ n e p a ~ y p o f i  3000 - 40000 IC) HHYTOXHO 

Maria. 3 a  3 T 0  OTBeTCTBeHHbl, KdK YBMAMM H U X e ,  I'aIlaKl'M'ILLCKMC 

f i n p a ,  w s n y q e t i u e  KOTOPLIX, il T a m e  H I , I ~ ~ O L I I ~ H I I I . I X  u3 HMX IIOTOKOH 

llJlX9M1,l M 3apHXC'lllll,lX 'IaCTMU M CWjllileI (~ (? I IOMCH pa,llMOI.UaKTMKM. 

~'~,QMoM~IIY'IC?I~MF! I'aJlilK'SMK 32lLlMCM.S OT MX M O ~ @ O J I O I ' M ' ~ ~ C K O ~ O  

,rur la .  ~ ~ ~ K T M I ~ M  TMIIOB $ M Ir ~ ~ r v ~ u o c r r o ~ o h i ~ ~ ,  x a p a K T e p H L l e  

BCJIMYMHLI HX 0 n ' I ' t l ' l ~ ~ ~ O ~  M ] ~ ~ A M o ~ L ~ ~ ? ' ~ M M o c T C ~  COCTaBJI>IH)T: Lon = 
= lo4' - 3p1. /c ,  % 4 lo4' . J ~ I . / c .  'Lax, y Mneworo ~ Y T M  M 

'I'YM~HHOCTH A H A P O M ~ A ~ ~  CBeTUMOCTM paBHL1: Lon = 3pr/c, 

Lp = 
3 p r / C ,  3TO THnHYHbIe HOpMi lnbHble  r W a K T k i K H .  n 0 B b I -  

UleHHaR pap iOCBeTkiMOCTb ~ a 6 n m n a e ~ c ~  y E - r a n a m k I  Te k13 HUX, 

y KOTOpblX p ~ k I O C B e T k I M O C T b  Lp " Lon = lo4' - 104'.3pr/C, Ha3bI-  

B W T C H  HOpMaJIbHbIMki p a ~ k I O ~ ~ a K T L i K a M H  ( H P r )  . Ecnu Xe tp>>ton 
HWIkIUO CWIbHaR PaAkIOranaKTkIKa  ( C P r ) .  C p e A k I  C P r  B b I A W R I o T  

A - r a n a K ~ K K u  ( A B Y X P R A H ~ I ~ ) ,  Y KOTOpbIX Lp AOXOAkiT A 0  

3prlc. Ewe 6 d n b m e e  p a k 1 o k 1 3 n y ~ e ~ w e  O ~ H ~ P Y X U B W T  - 
r a J l aKTkIKu  ( ~ Z ~ J I ~ K T H K ~ I  C H P K O B b I P a X e H H b I M  RAPOM) U K B a 3 a p b 1 ,  

y K O T O ~ ~ I X  Lp-no 3pr/c. 
B ~ e m ~ u f i  BkIA PaAkIOranaKTkIK O n p e A e n e H H O  y K a 3 b I B a e T  H a  

B 3 P b I B  WIH A a X e  nOCJIeAOBaTeJIbHOCTb B3PblBOB,  lTPOKCXOAHuWX 

B r a n a K T m e c m i x  H a p a x .  n p ~ ~ e n e ~  H e c K o n b K o  n p u M e p o B .  

J I e 6 e n b - A  - c a M m  R p K a f f  p a n u o r a n a K T u K a  H a  ~ e 6 e  (puc.29). 
K ~ K  B W H O  H a  pkiCyHKe,  JIUHkIkI O A U H ~ K O B O ~ ~  UHTeHCUBHOCTU pa- 
~ u o u 3 n y s e ~ m  - u3oI$o~br -06pa3ym~ nsa pa.ukioo6na~a, pacnono- 
XeHHbIX H a  0m0fi n p R ~ 0 f i  C O ~ T U Y ~ C K O ~ ~  r W a K T L i K o f i ,  R ~ n R ~ o w e f i ~ R  

~ U ~ ~ H T C K O ~ ~  E - ~ W ~ K T M K O ~ ~ .  B H Y T ~ M  C ~ M O #  rWaKTkIKLi  HaXOARTCH 

C?Il#? A B a  TOYeWbIX PaAHOkICTOYHHKa, l T O n C i J ( W ~ L i X  H a  TY Xe IIPRMYH) 

JIUHHIo. T a ~ o e a  TkinkIYHaR A - ~ ~ U ~ K T H K ~  C HBYMR IIpOTHXeHHbIMkI 

kI n B Y M R  KOMnaKTHbIMLi KOMnOHeHTaMH. M 3 ~ e p k I ~  K p a C H O e  C M e U e -  

m e  omasec~ofi ranammu, onpenenana cne ymuae ee n a p a M e T p b 1 :  

z= 0,057, r =T = 170 M ~ K ,  L~ = 104'spr/c,~rm= 3pr/c 
8 ,  

( o ~ ~ T W I ~ C K ~ R  CBf3"r'MOCTb H ~ O ~ ~ I Y H O  BeJIkIKa A a X e  A n R  r k I ~ a H T C K H X  

E - r a n a m k ~ ~ )  , p a s ~ e p  r a n a m k I K k I  d= 20 m ~ .  M 3  pacnonoxeam 
p ~ k i o o 6 n a ~ o ~  c n e A y e T ,  YTO OHM r e H e T m e c K x  C B H ~ ~ H ~ I  c omme- 
C K O ~ ~  r a n a K ~ k I K 0 f i .  MX p a 3 M e p b I  AeCRTKH KkUIOnapCeK,  a PaCCTOR- 

HHe, H a  KOTOpOe OHH "yUlJlkI" OT ~ ~ a K T U K k I ,  BkInEIMO, ~ T O P O ~ E I B L U ~ ~ ~  

kiX, COCTZlBJIHeT t? 80 K n K .  Bce 3TO OYeHb n O X O X e  H a  K a p T H H Y  

B ~ P ~ I B ~ ,  K o r A a  B p e 3 y n b ~ a ~ e  a a ~ o ~ a  c o x p a H e H m  M M n y n b c a  npo- 
AYKTbI B 3 P b I B a  pa3J IeTWTCFl  B ~ p O T U B 0 ~ 0 ~ O X H b I ~  CTOPOHbI. B K a X -  

AOM k13 O ~ J I ~ K O B ,  6 n m e  K ux n e p e n H e M y  I $ ~ o H T ~  I i M e e T c R  2 - 3 
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HpKUX KOMnaKTHbIX PaHOMCTOqHUKa.  n o n o 6 ~ b 1 e  p a u o o 6 n a ~ a ,  
CHMMeTPUqHO PaCIIOnOXeHHbIe  OTHOCMTenbHO O ~ T ~ Y ~ C K O ~ ~  r a n a K -  

TUKH H a  CpaBHHTeJIbHO 6onburnx PaCCTORHMRX, H ~ ~ J ~ I O A ~ K I T C F I  Y 
~ O J I ~ W U H C T B ~  P a ~ U O r a n a K T H K .  Y C T ~ H O B ~ ~ H ~ I  C n e n y I O U H e  @ ~ K T ~ I :  

a) c ~ o p o c ~ w  pasrrera p a n u o o 6 n a ~ o ~  or u e n ~ p m b ~ o i i  r a n a K -  

TUKR n O p R H K a  CKOPOCTU CBeTa, B TO B p e M H  K a K  CKOPOCTIl PaCWU- 

P e H w I  0 6 n a x o ~  HaMHOrO MeHbUle;  

6) H ~ ~ ~ K I A ~ K I T c R  IlOBTOpHbIe p a n o o 6 n a ~ a  BAOnb O A H O ~ ~  n 
TOG Xe JlHHUH, YTO OYeBHJ(H0 y K a 3 b I B a e T  H a  PeKYPeHTHOCTb BSpbI-  

BOB; 

B) p ~ k i 0 0 6 n a ~ a  MOrYT "YXOAHT~"  OT rillIaKTAKM H a  OYeHb 

6 o n b m n e  p a c c T o m n s x ,  npesblmamune p a s ~ e p b ~  c ~ o n n e ~ ~ f i  ranarc- 
TUK ( L = 5,7 M ~ K  DnR p a A H 0 r a J l a K T U K H  3C236) . 



a e ~ a - A  (M87)  - T O X e  A B O & I ~ R  p m P i O r a n a K T M K i \ ,  HO ee BMll 

COBCeM n p y r o i i ,  H e x e n u  y n e 6 e ~ R - A .   OH^ COCTOMT Pi3 A B y X  KOMnO-  

IIeHTOB ( ~ M C .  3 0 )  : ~ n i 1 6 0 1 - 0  K O M n O H e H T a  A, p a C n O n O X e H H O r 0  B 

I[c~rl I'll(? ~ ~ c ~ ~ o n h l l l o l i  K - l , U l a ~ - r P i ~ P i ,  M CMIIhHOI.0 KOMIlOHeHTa  B, Hi\XO- 

J\rlll\cll,oc:tr [la K O I ~ I J ~  " I I I , I ~ ~ ~ o c ~ \ " ,  CBH:WHHOI.O (: r a n a ~ n i ~ o l i .  1~10-BM- 
J l i IMOMY, 13 :).l'Oli [)aJlMOl.ilnaKI'b1Kt? Mill ~ a 6 n H ) f l i l e M  Ha9i lnhHYH) 4 x 3 ~  

~);1'III1~1'1~111I 1 ) ~ 1 ] 1 ~ 1 0 0 6 ~ l i l ~ 0 1 1 .  H ~ I l b ' l ' [ X l ~ M ~ n e ' I ' ( ~  BMAeH ' I ' i lKXe ~ J l i l 6 l ~ l i i  

ll[)O 1 '1113(~lO~l0~1<1" ' l i i  " I I I > I ~ ~ ) o c : " ,  I10 I C ~ ~ K O M - T O  n[)MtlMHC '3;1fle[)Xill3lll~li-  

(')I I 3  ('I(O('M ~);I:~t1Wl'MLt, 'I'ilK 'IT0 Y HOrO C)llle H e  BOSIIMK [IaflMOMCTOq- 

1IIiIC. ) \JLLIII ; I  GOJII.IIIOL'O " B I ~ ~ ~ [ ) o c ~ "  COCTaBnHeT - 1 K l I K .  U e H ~ p U l b -  

l l l , l k  [)il)lMOklL!'I'OqtIMK A COBni lAaeT  C R A P O M  r U l a K T M K M ,  p a 3 M e p  e l . 0 ,  

o l ~ [ ) C ? f l e ~ l C ? t i ~ h l ~  no M e T O A y  M ~ X K O H T M H ~ H T U ~ ~ H O ~ ~  P iH~epf$epoMe . rpMM,  

c o c T a t l n H e T  - 10-3'' unu, nepeiinn K J I W H ~ ~ O M Y  M a c m ~ a G y ,  - 0,l n K .  



rITO HaXOnUTCR B XOPOUleM COrnaCMM C M3MePeHHLIM CneKTpOM 3 n e K -  

TPOHHOA KOMIlOHeHTbl KOCMMqeCKMX n y r ~ e f i  B ~ W I ~ K T M K ~ .  C o ~ n w e -  
HMe y K a 3 b I B a e T  H a  TO, rITO K a K  3neKTPOHbI  B HOPManbHbIX rWIaKTM- 

K a x  ( M n e q ~ b r f i  n y ~ b ) ,  T a K  w s n e K T p O H H b l e  r r y s K U  B " ~ b 1 6 p o c a x "  

p m M O r a J I a K T M K  UMeIoT OAUHaKOBOe npOMCXOXneHUe.  

H e c ~ o ~ p R  H a  U 3 ~ e c T ~ b l f i  MeXaHM3M paAMOM3JIyqeHHH IIpMpO- 

A a  PanMOraJIaKTMK ( T ~ K  Xe, K a K  M A p y r M X  LiKTMBHbIX ~ ~ U ~ K T H K )  

ewe H e  BbIRCHeHa. He YCTaHOBneHO, H a n p M M e p ,  RBnRH)TCR nW p w W O -  

ral laKTMKU O C O ~ ~ I M  KnaCCOM I'allaKTUK MnU aKTMBHblM 3TanOM B 

Xki3HU nm608 ~ o p ~ a n b ~ o f i  rWIaKTMKM. B nOCneAHeM C n y q a e ,  KO- 

TOPOMY OTAaKlT npeAnOqTeHMe,  U 3  OTHOUleHMR YMCna PaAMOrallaKTMK 

K rIMCny HOPManbHbIX TaJIa-KTUK, P a B H O r O  - 0,03, nOny%iKlT O u e H V  

a K T U B H o r o  3 ~ a n a  tpAc 10 n e T .  

B pElAUOM3nyqeHMM rIpOHBnneTCR aKTUBHOCTb R A e p  3nnMnTMYe- 

CKMX TaJIaKTMK. Apyrofi BMA aKTUBHOCTM AeM0HCTPMPYH)T R A P a  CnU- 

P a n b H b l X  rWIaKl'MK: MCTeqeHAe r a 3 0 B b I X  HOTOKOB CO CKOPOCTRMH 
3 lo3 - 5.10 KM/C M nOBbIUleHHaR RPKOCTb R n e P  B OnTMYeCKOM AMa- 

n a 3 O H e ,  COCTal3nRH)waR A 0  50% RPKOCTU ~ c e f i  raJIaKTMKM - TaKOBbI 

C ~ ~ ~ @ ~ ~ T O B C K M ~  raJIaKTMKM. E ~ ~ K o H ~ u ,  eCTb M TaKMe raJIaKTMKU, B 

KOTOPbIX 0 6 a e n m e ~ b r  06a B U n a  aKTMBHOCTU - 3 T 0  H - ~ ~ J I ~ K T M K M .  

H ~ K O T O P ~ I M  nOATBepXAeHMeM TOTO, qTO BCe raJIaICTMKM B p e -  

MH OT BpeMeHM npOXOART aKTMBHYH) (pa3~,  C n y X a T  H ~ ~ J I ~ O A ~ H M R  3a 
HRPOM ~auleA c n o ~ o k o f i  rWIaKTMKM. Macca M p a 3 ~ e p  R A p a  r a J I a ~ -  

6 TMKM: Mg = ( lo2  - 10 ) My ("0 P a 3 H b l M  ~ ~ H H ~ I M ) ,  5 5 0.1 n K .  

Rnpo r a l l a K T M ~ k i  OTOXAeCTBJIHIoT C CMnbHbIM PanMOMCTOqHMKOM 

C ~ p e n e U - A  ( 3 a n m ~ b I f i  K O M ~ O H ~ H T )  (PUC. 31) , H3YqeHMt: KOTOpOrO 

npnseno K npennonoxesm, q T o  n p M 6 n k i 3 M ~ e n b ~ o  107 n e T  H a 3 q  

M3 H e r o  6 b l n ~  MCIIyUIeHbl B npoTkiBOnOnOXHbIe  CTOpOHbI A B e  CTpyM 

ra3a. C K O P O C T ~  CTPYG COCTal3nHJla 100 KM/C, CBeTUMOCTb MCTOWMKa 

PRBHFInaCb 3pr/c, a nQ&HaR .BblneneHHaR 3HeprMR 6 b 1 n a  

3pr ( ~ O P H R K ~  3HeprMM, ~ b ~ ~ e n f l e ~ ~ f i  n p k i  B3PbIBe  CBePXHO- 



B O ~ ) .  T ~ K ~ M  0 6 p a 3 0 ~ ,  ~ W I ~ K T H K ~  PiMeJIa BRTkiBHYIO @ a 3 y ,  BHeUlHe  

noxoxym Ha TO, YTO c e f i y a c  ~ a 6 n l o ~ a e ~ c ~  B a m n B H b I x  r a n a m u K a x ,  

HO TOnbKO B CUnbHO YMeHbUleHHOM M ~ C U I T ~ ~ ~ .  

Puc. 31. P a ~ u o ~ a p ~ a  q e H T p m H o r o  pai%o~a r a n a ~ ~ u ~ u .  B y s e n u s e H -  

HOM M ~ C U I T ~ ~ ~  nOKa3LW 3 X I w ~ b 1 f i  KOMnOHeHT PwHOUCTO'MkiKa C ~ p e -  
n eu-A 



6 o n b m o e  MarHWTHOe none, YTO BeAeT K CWJIbHOMY B03paCTaHklW CO- 

HO ~ O J I I ~ L I I ~  K ~ I C  3a c w r  .roro,  TO E,+ E, , .rill< M no n p y r ~ ~  I T ~ I +  

'IMHilM. ~ I i l l l j ) M ~ ( ? p ,  I-le M(:l<JIl4)~Cl-lO, IlTO H 1lyqKilX LlaC'I'MU, HI,IGI)BCI,I- 

L3il('Ml>lX HIkpilMM, K p O M e  '~Jl1?ICl'~lOIIOI3, MMeIO'I'CH eLU1' M 111)0'1'0111~1, 

I-l(:CyLL~M(! I)Flf?r)l'MIO Ep ( I<aK M3131'(:1'110, H COCTLIHC KOCMM111?1:KMX ny- 
11rR y BCMJIM 4 = 10L&, ) . 1 1 0 ~ s  I I ; I ~ ~ H M ~ ~ I I M H  ecmyr t .~  n ps,ruo- H 
OIITM'leCKOM I~Millla3OHilX, I1j)O'I'OIIHilFI KOMnOHeHTa HMKilK ~ e 6 ~  He 
IIpOHBJIHeT, T a K  K a K  l43-:3il 6onr.111oR MaCCbl nPOTOHh1 H e  nilK)T 

p a n u 0 ~ 3 n y ~ e ~ ~ ~ .  no 3~0i.i I I P M ~ W H ~  EPQA M o x e T  ewe B03paC_TM, HO 

; 2 a X e  eCnM B3HTb C p e n H W W  BenMqMHy ~ ~ W B ~ ~ ~ M H O R  OUeHKW EpaA= 
= 1060 3pr B K a r l e c T B e  T U ~ H Y H O ~ ~  meprwu, ~ b ~ n e n ~ m w e f i c ~  n p A  

B 3 p b I B e  H n e p  rlLJlaKTWK, 3 H e P r e T W K a  3 T O r 0  I IpOqeCCa  OKa3bIBaeTCFI 

Y y n O B W ~ O  6 o n b m o f i ,  H a  M H O r O  I IOPHnKOB npe~b1LI lZ lWl4ef i  BCe, 

YTO p a H e e  6 b 1 n o  A3BeCTHO B ~ C T P O @ H ~ U K ~  ( B C ~ ~ I U I K I I  HOBbIX 3Be3A, 

B3PbIBbI  C B ~ P X H O _ B ~ I X ) .  O T K Y ~ ~  YepnaeTCH 2 T a  ~ H ~ P ~ H R ?  ~ W K O  

nOnCYWTaTb, YTO &pQB; lo6' 3pr = ~ o ~ M ~ ~  M ~ C ~  (Mr - 
~ a c c a  r a n a ~ ~ ~ ~ u ) ,  ~ . e .  B rrpouecce ~ 3 p b 1 ~ a  ~ n e p  B 3 ~ e p r ~ m  usny- 
YeHWH W MarHWTHOrO n 0 n R  IIepeXOnWT MaCCbl HOKOH ~ c e f i  ra- 
JI~KTWKW! M o m ~ o  BbICKa3aTb  C n e n y m w U e  c o o 6 p a x e ~ u ~  no n O B O n y  

UcTorlHUKa meprww 3~01-o npouecca. 
I I n e p ~ a ~  3 ~ e p r m  ( ~ e p ~ o ~ n e p ~ b ~ e  p e a K u u u ,  neneme R n e p  

a T?.) . T ~ K  K a K  K n n  nnep~ofi  s H e p r m  cocrasnner n p a 6 n w 3 m e n b ~ o  

10- , C n e n y e T  n p e n n O J l ~ X A T b ,  9TO H a p 0  raXaKTWKH, OTBeTCTBeHHOe 
6 0 3 H e p r l t H  fPfl = 10 3pr, c o c ~ a s n ~ e ~ M ~ 2  108 M~ z 

. T a ~ u e  CBepXTRXeJIb Ie  R A p a  COBCeM H e n a B H O  IIpenCTaB 

n R n u c b  H e p e a n b H b I M u  u, c n e n o s a T e n b H o ,  ~ n e p ~ b ~ f i  ACTOYHAK M ~ O -  

BepORTHbIM,  HO B I I O C n e n H e e  B p e M R  B CBR3M C rrpo6ne~ofi KBa3a-  

P O B  3 T 0  OTHOlUl?HWe W3MeHKnOCb. 

AHHU~WJIH~WOHH~H 3 ~ e p r m .  B npoueccax a H H w r K n R u u a  

~ e f i ~ p H H 0  YHOCRT - 50% 3HeprWW IIOKOR /V/V , T a K  YTO KlTn CO- 

CTaBnReT - 0,5. Macca B3pbIBEt304erOCH H a p a ,  B TaKOM CJIyYae, 

COCTaBJIReT Mp 2 . 1 0 ~  MC, YTO K a X e T C R  6onee peaXbHbIM.  HO 
a0 CkiX HOP H e  nOJLyYeH0 HW O n H O r O  3KCnepHMeHTaXbHOrO HOD- 

T B e p X n e H W R  CyweCTBOBaHWR me-n~60 BO B c e n e ~ ~ o t i  MaKPOCKO- 

IIWYeCKWX KOJIW9eCTB X - I T H B ~ G C T B ~  - n 0 3 T O M Y  X - I H & W K ~ R U W O H H ~ I ~ ~  

WCTOYHWK p a c c M a T p m a e T c R  B c e r o  n u m b  K a K  r u n o ~ e ~ u r l e c ~ &  

82  - 



~ ~ ~ B M T ~ ~ M o H H ~ R  3HePrMR. ~ P M  a K K P e 4 U U  B e U e C T B a  B 

C M ~ ~ I ~ O M  r p a B m w W o H H o M  none n f l ~ ~ a w e ~ b ~ e  3 ~ e p r u k i  n o K o R  B 

ki3JIyYeHMe OKa3bIBaeTCH nOCTaTO~l I l0  ~ @ @ ~ K T A B H ~ I M :  K n n  pas- 
IlcIeTCcI 0,3, I i a n p u M e p ,  npu aKKpeUMU H a  YepHyIo  AbIpY. T ~ K H M  
o 6 p a 3 0 ~ ,  ~ ' ~ ~ B M T ~ ~ M O H H ~ I G  MCTOYHMK BeCbMa BepOcITeH, a p a n M 0 -  

raJIaKTkiKH B 'TaKOM C n y Y a e  AOJIXIlbI npeACTaBnHTb M3 c e 6 ~  Mac-  

CI?BHble YepHble A b I p b l  C M, % lo6 Mc. O ~ H ~ K O  OCTaeTCR HeHC- 

HblM CaM npOqeCC B3PbIBa  R A p a  C B L I ~ P O C O M  n y Y K O B  YCKOPeHHblX 

sacTkiq  u 0 6 p a 3 0 s a ~ k i e ~  p a n ~ o o 6 n a ~ o ~ .  
M ~ ~ H H T H ~ R  3HeprHH.  K B3pblBY H n e p  MOXHO npUMeHHTb 

MeXaHM3M COJIHeYHhIX BCnblLLIeK, BO BpeMcI  KOTOPhIX B ~ I C B O ~ O X -  

naeTccI  3 ~ e p r u ~ .  3 a n a c e ~ ~ a ~  B M a r H m H o M  none w BO spaweawn 
3 B e 3 n b I .  O ~ H ~ K O  K W  3 T O r 0  n p O q e C C a  OYeHb M a n  ( & - CO 

BCeMH BbITeKaIOuMMki Ol'CIOna n0CJIenCTBMHMW. 

3 ~ e p r m  a H T M K o n n a n c a .  Y ~ a m e ~  ewe o n m - I  rMnoTeTWse-  

CKWG npoqecc, no C ~ T U  c ~ o e i i  I I ~ o T M B o I T o J I o x H ~ I ~  npoqeccy a K -  

K ~ ~ U M M  R e l u e c T B a  B r p a B U T w W o H H o i v  none. K ~ K  npennonomun 
A M ~ ~ ~ ~ Y M H H ,  aKTMBHOCTb rZIJlaKTMK M, B 'IaCTHOCTW, 06pa3osa- 
Hkie p a n W o r a n a m W K  npoucxonm B p e 3 y n b ~ a ~ e  pacnana nepms- 
H o r o  c B e p x n n o T H o r o  B e u e c T s a ,  B KOTOPOM aanace~a  6 0 n b r u m  

3 ~ e p r s ~ .    TOT npoqecc n p e n c T a s n c I e T  co6oii K a K  6 b 1  B ~ I X O A  y e p -  

~ o i i  nb1ph1 k i s - n o n  r p m r m i q M o H H o r o  panuyca ("6ena1i  n b ~ p a " )  , 
HO K ~ K H ~ - J I U ~ O  AeTaJlM er0 H e  M3BeCTHbl. 

HCXOAH W3 npeAJlOXeHHblX WCTOYHUKOB 3HeprMU,  MOXHO 

IIOCTpOMTb M O n e n b  panUOrZIJlaKTUKM. B 0 6 1 4 ~ ~  YepTaX T a K U e  MO- 

AenM 6 y n y ~  C O B n w a T b  C MOAeJIHMU K B a s a p O B ,  KOTOpbIe MbI paC-  

CMOTPAM H U X e .  

Ksasap -  TO a 6 6 p e ~ u a ~ y p a  m r n u 5 c ~ u x  c n o B ,  n e p e B o n u -  

MbIX KBK ~ ~ a 3 ~ 3 B e 3 n ~ b l f i  PwUOHCTOYHUK. ~ ~ C T O P U Y ~ C K U  TBK 

Ha3BWW PanUOUCTOYHWKU, KOTOPbIe B OIlTUKe OCTaBWUCb TO- 

YeqHbIMM naxe H a  c a M b I x  6 o n b u u x  T e n e c K o n a x  u ~ a n o ~ w ~ a n u  
3Be3AbI r a J l a m U ~ U .  Ha CaMOM nene OHM OKa3aJlHCb naJIeKkiMH 

BHeTaJIaKTH9eCKLiMU O ~ X ~ K T ~ J V I U  C O9eHb B ~ I C O K O ~ ~  CBeTUMOCTbH) 

U MaJlbIMH YrJIOBbIMU p a 3 M e p a M U .  B H a C T O R w e e  B p e M R  B KaTa-  

JlOrU, C p e n U  KOTOPbIX ~au6011ee U3BeCTHbI 3-fi ~ ~ M ~ ~ H , I D U C K M G  

(3C)  Pi Orafio~c~kifi ( O H ) ,  BHc2CeHO HeCKOnbKO COTeH K B a 3 a -  

POB. 



C n e n y I o U k i e  C B O ~ ~ C T B ~  KBa3apOB.  

Manble y r n o s b r e  p a 3 M e p b l .  H a 6 m o n e ~ ~ ~  c I I O M O U ~ K I  M e x -  

KOHTmieHTaJlbHOrO p Z l J ( ~ ~ m i T e p @ e p ~ ~ e T p a  C 6a30fi - lo4 KM 

Y C T ~ H  pnnn, YTO p a s ~ e p b r  p c I n a  ~ s a s a p o ~  (3C279 n np.) q < 8 < l o -  .. 

A ~ H H ~ I X  MOXHO o n p e a e n n T b  p a s ~ e p  d o 6 n a c ~ ~  n 3 n y ~ e ~ n ~  (npn 
YCnOBkiH, YTO OH0 H ~ K O ~ ~ ~ ~ H T H O )  : d~ C A f . A n H  3C273 n0ny- 
v a e M  d~ 1018 c M ,  a P a c c T o m n e  no K a a 3 a p a  COCTaBjTReT rad/y; 
=lo0 M ~ K ,  T.e. UCTOYHUK nefiCTBkiTC?JIb~o HaXOAkiTCR g a n e K 0  3a 

n p e n e n a M n  ranamnm.  
Eonamoe K p a c H o e  c M e w e n n e .  Ksa3ap 3C273, onm s3 caMbIx  

~ ~ M ~ K H X ,  MMeeT 2 = 0,158, O T W n a ,  IIpMMeHHB 3aKOH Xa66na, Cne- 

AyeT,  YTO paCCT0RHHe a0 H e r 0  COCTaBnReT l' = 800 M ~ K .  B o n b r u n H -  

CTBO K B a 3 a p O B  HaXOgkiTCR cue ~ ~ b l l l e ,  BnnOTb no r= 0,99 5' 
g lo3 M ~ K ,  K a K  H a l l p H M e p ,  KBa3apbI  OH471 ( = 3,4) H OQ172(Z= 

BCH) BWUMYH] BcC?JI~?HHYH), r a n a K T H K H  H a  TaKHX PaCCTORHWiX H e  

B W y  OYeHb IIOXOXH H a  3Be3gb1,  OHM OTJTHYWTCR OT 6 0 n b l l l m i ~ T B a  

3Be3A HannYHeM 1136b1TKa B y n b T p a @ l i ~ n e T ~ B ~ f i  YaCTH CIIeKTpa.  TO 
c n e g y e T  n3 A B Y X U B ~ T H O ~ ~  n n a r p a M M b I ,  q p n s e g e ~ ~ o f i  H a  pnc. 32, rge 
IIO OCRM OTnOXeHbI Pa3HOCTH BHnUMbIX 3Be3nHbIX BenUYkiH 0 6 % e ~ -  

TOB B y n b T p a @ & i ~ n e T ~ B ~ f i  ( ) , rony6ok ( fl ) ki  B w k i M 0 f i  ( V )  



HW  TO# nonocoti, s ~ o  w 03~asae-r ~ 3 6 b 1 ~ 0 K  y n b ~ p a @ ~ o n e ~ a  B ux 
W3nyseHHH I lpH O ~ M H ~ K O B O ~ ~  pa3HOCTH 6-V .  TO IIpORBnReTCfl Fl B 

.) 
HX W e T e ,  6onee r o n y 6 0 ~  H @ H O ~ ~ T O B O M ,  q e M  y 3 B e 3 n  ~ J I ~ B H o ~ ~  

n o c n e n o ~ a ~ e n b ~ o c ~ a .  Y n b ~ p a @ n o n e ~ o ~ b ~ t i  A ~ ~ ~ I T O K  B cnempe, 
OseBkinHO, yKa3hIBaeT Eta BI>ICOKYKl IIOBePXHOCTHYH) TeMIIepaTYPY, 

5 
A O C T H r a I O ~ y I O  y KBa3RpOB 10 K .  

PHC. 32. ~ B Y X W ~ T H ~ F I  H H W p a M M a  n n f l 3 B e 3 H  r n a J 3 ~ 0 E  n o c n e n o s a ~ e n b -  

HOCTH ( C ~ U I O U I H ~ F I  JIKHMR) H KBa3H3Be3HHbIX O ~ ~ ~ K T O B  (TOBKY,) 

B b ~ n e n e ~ u e  HOBbIX K B a 3 a p O B  no ~ J I ~ T ~ ~ @ H o ~ € T o B o M ~  ~ 3 6 6 1 ~ -  
KY OKa3WOCb 6onee HZQeXHbIM H ~ ~ I C T P ~ I M ,  BeM Il0 BCeM n P Y r H M  

YKa3mHbIM pmee XapaKTepHCTHKaM. n p H  3TOM 6b1no O ~ H ~ P ~ ~ H O  

HOBO(? RBneHHe. B TY Xe o 6 n a c ~ b  H a  ~ B Y X ~ B ~ T H O ~ ~  D M W p a M M e  Ilona- 
EaTIH 6enb1e K a p n H K H  H, YTO RBHnOCb H e O X H ~ ~ H O C T b H ) ,  HeH3BeCT- 

HbIe, K a K  K B a 3 a p b I  3 B e 3 n 0 0 6 p a 3 H b l e ,  06bemb1 X. C ~ H ~ ~ A X  HCCnenO- 

B a n  X - 0 6 a e ~ ~ b 1 ,  n, O ~ H ~ P Y X H B  kiX 6 0 n b ~ 1 u e  ~ p a c k b l e  cMeweHHJ3,  

yKa3bIB;lH>me H a  BHerWaKTHseCKyKJ IIpHPOnY, H a 3 B W  K B a 3 W a M H  

( K B ~ ~ H ~ B ~ ~ ~ H ~ I M H  ~ ~ J I ~ K T H K ~ M M )  . O K Z ~ ~ E I J I O C ~ ,  YTO KBa3arM O W H b  

HOXOXM H a  K B a 3 a p b I  H OTnHYLUOTCJ3 OT IlOCnenHMX TOnbKO OTCYTCT- 

BHeM CWIbHOrO pZQHOH3JIYBeHHR. Ecnu n 0 6 a ~ l l ~ b ,  s T 0  o64ee lIMCn0 

KBa3arOB I I p H 6 n t i 3 H T e J I b ~ 0  B 100 pa3 IIpeBbIIIlafX s k i C n 0  KBa3apOB,  

TO MOXHO o T M e T m b  r n y 6 o q w  manorum M e x n y  n o c n e n o s a T e n b H o -  

CTJ3MH "KBa3arH - K B a 3 a p b l u  H "HOpMaJIbHble rWIaKTHKH - P a n H O r a -  

naKTHKH" (sucno H O ~ M ~ J I ~ H ~ I X  r a n a m H K  T o x e  n p u 6 n u 3 m e n b ~ o  

B 100 pa3 6 0 n b m e  sucna p a n u o r a n a ~ ~ u ~ ) .  MOXHO C s m a T b ,  YTO 

KBa3apbI  - 3 T 0  PaAHOaKTUBHbIe KBa3WH.  



~ P O C T P ~ H C T B ~ H H ~ R  IlJIOTHOCTb K B a 3 a p O B  U K B a J a r O B .  B ~ I R C -  
HUnOCb,  9TO M H O r U e  B H O B b  O T K p b I T b I e  K B a 3 a r W  y X e  BKJIIOqeHbI B 

KaTaJlOrU H ~ O ~ ~ I ~ H ~ I X  B H e r a l l a K T U Y e C K U X  O ~ L ~ K T O B :  El KaTaJlOr 

M a p ~ a p ~ ~ a  ( ~ J I ~ T ~ ~ @ U O J I ~ T O B ~ ~ ~  kl rony6b1e ~ ~ J I ~ K T H K H )  H B Ka- 

T U O r  ~ B H K K H  ( K O M n a K T H h I e  T ~ ~ ~ K T U K U )  . ~ J I O T H O C T ~  K B a 3 a p O B  

H K B i l 3 a r O B  B HaUlY 3 n O X Y  ( 4 0 ,2)  O q e H b  MaJIa ,  B lo6 - lo8  
pa3 M e H b U I e  Z IOTHOCTU EIJ IaKTUK ( ~ a 6 n .  4 ) .  Y O  B 6onee pL3HHue 

3 n O X H  ( Z 7 0,2) U X  nJIOTHOCTb p e 3 K O  BO3paCTaeT  ( a  B 0 3 M O X H 0 ,  

T a K X e  I4 C B ~ T U M O C T ~ ) ,  qTO rOBOpMT 0 c U ~ ~ H O A  3BOnIOLp4kl. M O ~ H O  
CYUTaTb ,  YTO K B a 3 a T U  U K B X J a p b I  B O  M H O X e C T B e  0 6 p a 3 0 ~ b l ~ a J l M c b  

paHblLIe  Pi K  I i a C T O R U e M Y  B p e M e H M  y X e  n p O l u n k 4  MaKCUManbHyIO 

@asy c ~ o e f i  s~onmqwa.   TOT p e 3 y n b ~ a ~  onpenenem0 n p o T a B o p e -  

YUT MOneJIH C T ~ I ~ M O H ~ P H O ~ ~  B c e n e ~ ~ o f i  ( C M .  rn.  I ) .  
T a 6 n ~ q a  4 

P ~ C ~ O C T ~ ~ ~ ~ C H H O C T ~  pa3nWlHbIX raJIaKTHK B HaIIIy 3nOXy (2<0,2) 

Ten ranaK.re~a O T H O C M T ~ ~ ~ H ~ R  ~POCTP~HCTB€!HH~R 
pacnpocrpatla- nnomocrb, M n ~ - 3  

B ~ ~ M R  X H 3 H H  N 3 H e p r e T N K a  K s a 3 a p O B .  B ~ ~ M R  XH3HU mass- 
P O B ,  0 4 e H U B a e M O e  no U X  CTaTUCTHKe ,  n O n X H 0  6 b 1 ~ b  f = lo6 - lo7 4 
n e T .  I C ~ K  H B c n y y a e  p w u o r a n a K T u K ,  n n H  ~ s a s a p o ~  n o n H a R  s H e p r n x ,  

BbI e n e H H a R  3a B p e M R  X U 3 H U ,  COCTaBnReT  n p u 6 n u 3 m e n b ~ o  

10' 3pr. ~ O ~ T O M ~  C T O n b  X e  OCTpO CTOUT BOnpOC 06 i m O Y H H K e  

meprua.  
n p H B e n e H H b 1 e  C B e n e H U H  flOKa3bIBiLH)T, YTO K B a 3 a r U  U K B a 3 a p b I  

HBIIRIOTCR aKTHBHbIMU R n p a M U  n a l l e K U X  r a l l a K T U K .  B B W ~  M a l l o r 0  

6 n e c ~ a  H a  c T o n b  6 o n b l u o ~  p a c c T o n a a a  ssesn~oe none r a n a m u K  H e  

n p 0 R B n H e T C H  U BUnHbI  T O n b K O  R p K U e  R n p a .   TO n O n T B e p X & U O T  ripe- 

I le3UOHHbIe ~ a 6 n 1 0 n e ~ u ~  6 n u ~ ~ u x  K B X I a p O B ,  B O K p Y r  KOTOpbIX 06- 
H a p p e H b I  cna6bre ( ~ a J I a K T U Y e K H e ) '  C B e Y e H m .  Bb~nu HElirneHbI 



' l ' i l ~  KilK IlpM[)OfliL K B a 3 a p O B ,  K a K  M P ~ U O r a J I a K T U K ,  ewe 
OK011PilTeJIbl3O Ele Bl~IfXBnel ia ,  6 b 1 n  BbInBMEIYT P R A  KOHKYpUpYKluWX 

MOAeJIbHLIX I I ~ ~ J ~ c T ~ B J I ~ H U ~ ~ ,  113 KOTOpbIX MbI  OTMeTUM CJIeAyKlUHe.  

M o ~ e n b  rUlOTHOr0 3 B e 3 n H O r 0  C K O m e H W R  ( r o y J I n ,  KoJIreL%T) . 
Ksasap (a c 6onee nanemiw n p w u e n o M  - ~ o o 6 u e  a K T u B H o e  R n p o  

~ ~ J I ~ K T U K U )  I lpenCTaBJIReT co6ofi CKOIIJIeHUe 3 B e 3 A  B u e ~ ~ p a J I b ~ 0 f i  

PaCTM ranammw c IZnoTHocTbm 106 - 1011 3 s e 3 n l n K 3  ( ! I .  Ha- 
IIOMHUM, qTO B OKpeCTHOCTU C O J I H I J ~  3 B e 3 A H a R  WIOTHOCTb COCTaB- 

3 JIReT 0,l 3 B e 3 n b 1 / I I ~  . CTOJIKHOB~HUR 3 B e 3 n  U U e m b I e  p e a K u U U  

BCIIb ImeK CBepXHOBbIX, K O r n a  OAUH B 3 P b I B  UHUuUWpYeT BCnbIUL- 

Kki COCenHUX, yXe " ~ O T O B ~ I X " ,  npO3BOnIO~UOHUpOBaBl l lRX 3 B e 3 n ,  

O~%RCHRH)T BbICOKYKl 3 H e p r e T U K Y  K B a 3 a p O B .  H ~ K O T O P ~ I M  a p r y M e H -  

TOM T O T U B  3~0f i  MOAeJIM M O r Y T  CJIYXUTb K P U B b I e  6 n e c ~ a  K B a 3 a -  

POB, aHaJIU3 KOTOpbIX I lOKa3bIBaeT ,  PTO 3TO C K O p e e  ~ o n e 6 m m  
6 n e c ~ a  OnHOrO Tens, W M  CKOnJIeHUR C J I ~ ~ O C B R ~ E I H H ~ I X  O ~ % ~ K T O B .  

M o n e n b  C B e p X 3 B e 3 n b l - M a r H U T O w a  ( Q a y J I e p ,  Xof i J I ,  03ep~ofi)  . 
K B a 3 a p  OTOXneCTBJIReTCR CO 3 B e 3 ~ 0 f i  O q e H b  B ~ I C O K O ~ ~  MaCCbI U 

s ~ a s e ~ e n b ~ b ~ x  spas~epoe - c~epx3se3no8, n a p a M e T p b 1  KOTOPOG: 
16 M a c c a  Me*l0 M ~ ,  n n a i w e T p  - 10 CM, n o s e p x H o c T H a R  T e M n e p a -  

T y p a  l o 4  K .  B ~ e p r r ? ~ ,  B b I n e n e H H a R  c~epx3E3e3no~ 3a BCe  B p e M R  

mluna, E = a ~ %  c2, me a = 0,7 - nonn eonopona B sse3ne, K = 

= 7.10-3 - K W  R n e p H o r o  r o p e H s n .  n o n o x ~ e  kq = 108 M ~ ,  nony- 
s a e M  E = 1060 3pr, PTO c o r n a c y e T c R  c p e 3 y n b T a T a M u  ~ a 6 n I O n e ~ U f i .  

3 Csepxssesna n o n m H a  G ~ I C T P O ,  3a B p e M R  - 10 n e T ,  r1po3~0- 
JIKluUOHUpOBaTb U UCllbITaTb ~ P ~ B H T W H O H H ~ I ~  KOJIJIalTC. q~06b1 ynep- 
X a T b  ee B PaBHOBeCUll  H a  B p e M R  re = lo6  - l o 7  n e T ,  " n o 6 a ~ n n m ~ "  
B p a U e H U e  3 B e 3 n b I  U 6 0 n b U I o e  MarHUTHOe none ( o T c I O ~ ~  Ha3BElHUe 

~ a r ~ m o w ) .  ' 46 C B ~ T U M O C T ~  C B e p X 3 B e 3 n b I  COCTaBJIReT Lg= r= 10 3pr/c, 
PTO u ~ a 6 n m n a e ~ c ~  H a  c a M o M  nene, a y n e n b H o e  s & p r o s b I n e n e H u e  

A n R  3 B e 3 n  ~ J I ~ B H o #  ~ O C J I ~ A O B ~ T ~ ~ H O C T U .  CefiWc H e  RCHO, M O r Y T  

JIU R A e p H b I e  npOUeCCb1 0 6 e c n e s m b  T a K O e  BbICOKOe Y n e n b H O e  3 H e p -  

r o s b I n e n e H u e .  



crpyfi - BO3hIOXH0, 3 T 0  npoo6pa3 p ~ H O I s a J I a K T H K W  C QBYMH 3apOX-  i 
AaWWMMUCE o 6 n a ~ a ~ n .  E c n ~  OCb Bpal4eHMR W MarHUTHaFi OCb COB- 

n a Q m T ,  P e K y p p e H T ~ b I e  B ~ I ~ P O C ~ I  n n a 3 M b I  ~ Y H Y T  nPOWCXOHWTb B 

OfiHkiX W TeX Xe HaI lpaBneHURX.  3 T U  KaqeCTBeHHbIe coo6paxe~m 
II0,lKpetLCIRMT YBepeHHOCTb B MOneJIU MarHeTOMAa. 

M o n e n b  r H r 2 W ~ c ~ o f i  s ep~oB ,7J,blpbl ( r ~ ~ 3 6 y p r ) .  A n ~ i  MaCCbI 

lo6 - 10" MC r p a ~ k i ~ a u k i o ~ ~ b l f i  panWyC COCTaBJIHeT 

1015 CM, 9TO H e  nPOTkiBOperIUT H ~ ~ ~ M ~ ~ H M R M .  A K K P ~ U M F I  r838 CO 

~ C e f i  rEUIaKTUKU H a  UeHTpanbHylO rRTiLHTCKYlO SePHYM n b I p y  OnpeAe-  

n R e T  s H e p r e T n K y  ~ ~ a s a p a ,  npn  TOM n o n y s a r o T c n  ~ a 6 ~ 1 1 o ~ a e -  
M b I e  3 H a r I e H m  non~o i i  ~ b ~ a e n e ~ ~ o f i  me ruu E = 1060- 1064 spr n 
cBeTUMocTU L, = 1044 - 1048 ~ p r / c .  ?eopwR n p e g c ~ a 3 b l ~ a e ~  o6pa- 
s o ~ a ~ u e  T o H K o r o  n u c K a  a K K p e q u p y m u e r o  B e r q e c T s a ,  06pauam~e-  

HbIX H Q e p  U n H  pa3JIWqHbIe aa3b1 UX 3BOJIIoUMU. T ~ K , ~ ~ o T H o ~  CKOlUle- 

m e  co B p e M e H e M  M o x e T  "nepepac~u" B c ~ e p x 3 ~ e 3 n y  - MWHI?TO?3X, 

a n o c n e H H m  nocne K o n n a n c a  c T m e T  ~ U ~ ~ W T C K O ~ ~  sep~oA n b ~ p o A .  

M3yre~ue aKTHBHbIX ~EUtaKTkiK n O K a 3 a J I 0 ,  9TO B M O ~ @ O ~ O ~ -  

'leCKYM nOCJIenOBaTeJIbHOCTb r W l a K T U K  (74) H a 0  BHeCTU U3MeH€!H?ifi, 

BKJIMYUB B He€? aKTUBHbIe raJIaKTUKM (PUC. 33) .  K ~ K  U B CXeMe 
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