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flPOrH03LnPOBAHLnE PAflMA~LnOHHblX flOJlElil 

HA YCKOPLnTEJlFIX PEJlFITLnBMCTCKMX FIflEP 

I f lposep~a anropwTMa pacqeTa xapaKTepwcTwK nonei 



Jm n p o B e p m  p a c s e T o B  3aw~ ~ a ~ b o n e e  nplr rop ,m T a x  H a s m a e r n e  ba- 
3OBHe aKCIIepHMeHTH IIO HCCH8P.OBaHkm, IIpOCTpaHCTBeHHHX EJIE CIIeKTpaJIbHHX 

XapaKTepZCTlrK IIOJIe8 paCCeRHHOI'0 H3JryYeHIC3, BHIICMHeHHHe B OTHOCHTeWHO 

IIPOCTM EI THIM¶HHX reOMeTPiU?X "HCTO'XH~TK-~~QKT~" H 0 b n a a D n p i e  IIOJIHOTOB 

HCXOAHOR H H @ o P M ~ ~ .  K COll(aJIeIIHH), IIOCTaHOBKa T a m  3KCIIBpEMBHTOB Ha  

~eifc~BgLllJ@TX gCKOpHTeJUIX, KaK l IPaBtuI0 ,  C a R 3 a H a  CO SHaWTeJIbFWME TpgH- 

HOCTIFMM, BCJIeACTBHe YeI'O H a e X H H f i  ~ K C I I ~ P E M ~ H T ~ X ~ H U ~ ~  MaTepZaJl  B 06- 
nacm BHCOKHX a ~ e p r n l  s e c a h l a  orpawsea. Ha cmxporpose IWH B I964 r. 
bHJI I lpOBeneH ba30snB 3KCnepHMeHT QO HCCJe~OBaHKU M e ~ e p H O I ' O  KaCKa- 

na, p a 3 s ~ s a ~ ~ r q e r o c r r  B ToncToM xeneBHoM n o r n o T H T e n e  np l r  n e H Ha  H e r o  717 9 3 m  II~TUCOB II~OTOHOB c mnywcaw I0 I'aB/c H I9,2 raB/c r e o ~ e ~ -  
pm axcnepmema n p H s e n e H a  Ha  p~c .1 .  113gseme nponcumoro H nonepen- 
HOrO Pa3BHTEZR KaCKiiqa IQOBOl@UlOCb C IIOMOQLO aKTHBaWOIiHtLX gTJWPOAC0- 

H e p E Z l m  AeTeKTOpOB JJHaMeTpOM 4 ,2  CM H ToJIIQEHoB I CM. &I.BTBETOPH pa%Ue- 
n~awcb B n p o M e x y T K a x  mipmofi 3 CM ~amy xae3~m.m M ~ C T H H ~ M E  paaMepoM 

I x I ,  6 2. n o r n o  IQOTOHOB B n y w x  ITPECYTCTBOB~O I@ n p m e C ~  H ~ T -  

POHOB B H C O K O ~ ~  a a e p m .  TaK K ~ K  OCHOBH~R s a c T a  K a c K a n a  p a 3 m ~ a e ~ m  
B H ~ T P H  y 3 ~ 0 r o  K O W C ~ ,  TO WH p a c q e T a x  r q d ~ m o r o  pacnpenenem WH- 
COB H ~ ~ T P O H O B  c 3 ~ e p r ~ e i t  donee 20 MaB no OCE nynrta ( n p o r p a ~ ~ a  B E A M) 
nm cpaBHeHEuI c a K c n e p m m o M  praraaaocb nonepewoe pacnpeneneme 
cpmoe~co~ H e f i T p 0 ~ 0 ~  B npeaenax p a s ~ e p o ~  HeTeKTOpOB. Dporpama 6 E A M 
n p e n ~ a a ~ a n e ~ a  QNI p a c n e T a  ro~oremoll sawm, noaToMg rn y Y e T a  BJIER- 

m ~6nel.I Measng n e n e s ~ ~ ~ ~  I u r a c T m i a m  H a  p 3 B a T E e  ~e-ep~oro KacKELqa 

peanbmfi n o r a o T H T e w  M o H e m p o s m w  B p a c C g T a x  C ~ O I T J H H M  l e n e s ~ ~ m  nor- 
noT i iTeneM c T e r m  xe r e o M e T p x n e c m a m  paaaaepam, HO ~ ~ K T E B H O ~  MaKpo- 

ceneme aeyn-pyroro saamonef lc~m aefi~poao~ c x e n e a o M  onpenemnocb ~3 



PEIc.1. r e o ~ e ~ p m  a ~ c n e p m e ~ ~ a  Ha rrpo~oa- 
HOM CkMXPOTPOHe 110 H3MePeHEID QOCTpaHCT- : 40 ns/c f 
s e ~ ~ a o t  pacupenenem @JLE~HcoB ~ A ~ O H O B  6 

lo-2 
BHYTPH MaCCMBHOrO lWJIe3HOr0 nOI'JIOTHTeJLR. 

PEIc.2. C p a ~ ~ e m e  pacneTanrx H 3 ~ c n e p m e ~ -  

TaJIbHO H3MepWHHx IIpOCTPaHCTBeHHHX PaClIpe- 20 60 400 440 180 

nenem8 cpmDeacos a n p o ~ o ~  ( c  aaeprwnm donee z re ,cl* 

20 MaB) ~ n o a  OCE rrynrto~ ~ ~ O T O H O B  c HMTIJJJL~- 

cam 10 raB/c H I9,2 I'~B/C BH~TPH EZ3JIe3HOrO IIOrJIOTEITBJLR. 

JIOHU q w a ,  xrpomeame no ~ J T ~ ~ H H M  Z be3 ~ 3 a ~ ~ o n e r i c ~ s m , t r  KacxanHne 
HefiTPOHI?, 06pa30BHHHHe K ~ O B ~ ~ E I M O ~ ~ ~ C T B O B ~ B ~  Ha p,JIHHe Z HYIWIOHBMIZ 

nywa. C p a ~ ~ e m e  pacneTsm M a ~ c n e p m e ~ ~ a ~ ~ b m x  pe3y&~aeos n-pxaenerio 

H a  p ~ c . 2 .  Ha do.nb~mx TonwHax nornoTHTem (donee -- I ~ e e p a )  ~ a d m n a e ~ -  
CII xopomee coraacue Kax no a d c o m ~ m  a ~ a n e m  cplnoe~co~, T a K  41 no xa- 
paKTepy ocnabnemu H m y Y e m m  B 3 a w ~ e .  I I ~ H  Mamx TonwHilx ~ ~ H H ~ ~ H M B  

PaCneTHHX BeJWUiH o~WCHU~TCII HeyWTOM 3apRnrelIHOI'O KOMIIOHeHTa Mew-- 
nepHoro K a c q a .  \reg sK.nan B aKTHBaaK)  neTeKTopoB pacTeT c yMeHbmem- 

eM z . B padore/'/ rrpaBopTcs ouesrol c o o ~ ~ o m e m h  I d e w  sapme,:Hm H 

H ~ ~ ~ T ~ ~ J I ~ H J J M  KOMIIOIreHTaMM BnOJrb OCH Z . P ~ ~ Y J L ~ T ~ T H  PaCPeTOB , CJCOppeK- 
TKpOBaHHHe C YYeTOM 3TMX OueHOK,  XOPOIUO COrJIaCYDTCII C 3KCIIePLyrleHTOM 

BO BCeM AHaI1a30HB TWIWH. 

B 3KCnepLlMeHTe 3a ~ B Y X M ~ T P O B O ~  ~ B T O H H O ~ ~  3arnTOh @ ~ ~ O T P O H ~  

oxcfiI Ha 3HepIXlO TPOTOHOB 0,66 I'aB HCCJrenOBaJIUCb IIpOCTpaHCTBeHHhle PaC- 
upenemem cpmDe~co~ WOHOB c a ~ e p m e t j  6onee 20 MaB H a  BHerweE nosepx- 
HOCTH 3aWTH C IIOMOWD YTJIepO~CO~ePXaIUJiX aKTMBaaOHHHX ~eTeKT0pOB 

/2/. 

I ' e o ~ e ~ p n ~  aKcnepmeHTa n-peAcTaanem Ha p ~ c . 3 .  B reoMeTpHM I  quo^ rrpo- 
TOHQB IIaaJl H a  3aJ4ETy IIOn YTJrOM 30'; B reOMeTpHM 2 MCTOsHHKOM IIaTlRlIOCb 

BTopnwoe anpoHHoe ~ a ~ r g u e m e ,  reaepKpyeMoe QOTOHaMii B ~ e n ~ o i i  mmem 
nonnoro n o r n o q e m  (d 12 CM, T o m a  30 C M ) .  Bman s a p e ~ ~ n r x  nacTm 
B UWHH# cpmDe~c ~JPOHOB 3a aam~of t  H e  QesHruan 11% H 4% B reoMeTpmx 
I H 2 cooTseTcTsemo. P a c s e ~  (pwoe~co~  ~ e f t q o ~ o ~  3a aaw~oi5 B reoMeTpm 
I rrposonancn no uporpame B E A M .  P a c s e ~ ~  rn reoMeTpHn 2 BHIIOJIHRJIEICL 

no IqorpaMMaM X0NCAS MA1 N. Bmcaeme ABO~~HHX mmepemma&- 

F'~Ic .3 .  I ' e o h l e ~ p ~  ~ K C ~ ~ P H M ~ A -  P~?c .4. ~ K C ~ ~ P H M ~ H T ~ G H O ~  IIPOCT- 

TOE 38 2-M~TPOBO$ de~0HH0fi ~ ~ H C T B ~ H H O ~  pacnpenene~~le @ ~ H C O B  

aaup~oii  @ a a o ~ p o ~ a  ~a a a e p m  a ~ p o ~ o s  H a ~ a n o m s ~ o e  p a c s e ~ ~ o e  
npoToHos 0,66 I'aB. pacnpeneneme @ L U ~ H C O B  H ~ G T P O H O B  

(c aHeprmIRMI? donee 20 MaB) Ha BHem- 

H ~ E  nosepxHacTH ~ ~ W T H  @aao~poHa B 

reoMeTpm I ( A )  H reoMeTpm 2 G ) .  

HKK pacn-peneae~~~ri HYKJIOHOB ~3 HcTonmKa BTOpHnYOrO ~ 3 n y ~ e ~ m  IIIO 00r- 
pame I0NCAS npo~o~lzrrocb B n p n 6 m x e m ~  ~ E Y X  C T O J L K H O B ~ ~ ~ ~ .  ~ P M  
pacseTax no nporpame MAIN mmManbHaR aHepma B cnempax na.uaDqero 

Ha BHyTPeHHDeD IIOBePXHOCTb 3ai4HThl H~~~TPOHHOI'O H3AYPem dpaJIacb P ~ B H O B  
I00 M3B. Ysla~asanocb Tame m f f H H e  nacTii nyuKa, npomenmeB MHMO mmem 
B reoMeTpm 2 .  Ha p ~ c . 4  npencTasaeao cpasHeme pacseTaslx H m ~ e p e ~ ~ n r x  
QOCTpaHCTBeHHHX pacIIpe.QeneHMfi @JIID~HcOB H ~ ~ ~ T P O H O B  (ZIJPOHOB) 38 38W- 

TO@,  lTpHBeU;eHHNX Ha 0nHH ~IIa~llIiTfi H a  MMUeHb EYII? 3anpITY IIPOTOH V W a .  

Kopaop HeorrpenenemocTH pacneTos OnpenemeTcs norpemHocTmm wcnea- 
HOP0 IIHTeI?p~OBaHLM. h c . 4  JeMOHCTpQyeT COrJIaCHe paCs€?THHX H 3KCnepkf- 

MeHTaJIbmx naHHnrx B npeneaax m norpemoc~ef5 B reoMeTpm, Monenupyn- 
wX nOCTaTOw0 06Q'D H HeTPHBHa&HYD CHTyaUIDl ( C ~ ~ U ~ C T B ~ H H ~ R  POAb Melsb- 

mepHor0 KacKaAa H H O ~ ~ ~ ~ O H H H X  noTepb B mmem, naneHxe H ~ J I Y U ~ H ~ L I I  

Ha 3awTy nOA Y m O M ,  CyMMapHaII TOJIrnHa 3aQiITH M MMUleHJl 7h 1. CWT- 

Hoe spem, a a ~ p a s e ~ ~ o e  .WH pacneTa cneKTpa H ~ ~ ~ T P O H O B  B O ~ H O ~  Towe, 
-- 5 MEIHyT. 

B padOTe/3/ OIIElCaHH 3amTHHe aKCIIepHMeHTH, BHIIOJIHeHHHe Ha CHHXPO- 

a a a o ~ p o ~ e  JLB3 OWM B 3 p a s w n a ~ x  reoMeTpMIut npH a s e p r m  ~ ~ O T O H O B ,  

d -sacTm n mep 1% 3,65 r a ~ / ~ y u o ~ .  B reoMerpm I 3a CIIJIOIUHO~ 

TpexMeTpOBOfi ~ ~ T O H H O ~ ~  3 a w ~ 0 r i  K ~ ~ H H H  3KCIIepJiMeHTaTOpOB H3MePRJICR @Ill- 

eHc an,posoa c aaepme8 donee 20 MaB. Ha a a w ~ y  non yrnorn 2 4 2  I' nana- 



no B T o p a Y H o e  1 1 3 ~ 1 y s e r n e ,  r e H e p m p y e M o e  non y r n o M  38 + 2' B ~ o n c ~ o f i  Mex-  

HOB mmern, o d n y ~ a e ~ o j i  r r p o T o H a m  I? d - q a c T a q a m .  B r e o M e T p n a  2 m ~ e -  
PIUMCb @ E O ~ H C H  II 3KBkIBELlIeHTHHe A 0 3 H  8ApOHOB 3a ~ O K O B O M  ~ ~ T O H H O ~ ~  3 a Q I -  

TOh KaHaJIa  TPaHCIIOPTMPOBKI? IIYgKOB TOJIU(HHO$ 1 M e T p .  Ha I IyTKe a e p  12c 
YCTaHaBJMBaJIaCb TOJICTaR MeAHaR MLlUeHb. ~ I ~ M ~ F B H K R  BbmOJIHIUMCb C no- 
M O a H )  ~l?JIepOACOAeplgal@lX aKTkIBaU~OHHbM AeTeKTOpOB I? CIIeKTPOMeTpa 

b o ~ ~ e p a  B ~ s y x  T o m a x  3a aa lymToR,  no,q yrnam 63 z 2' H 90 +-I' K H a n p a B -  

n e H w  nysxa. P e a y a ~ a ~ ~  odonx a K c n e p m e H T o B  I? p a c s e m b l e  a ~ a s e m a  @EO- 
e H C 0 B  H ~ ~ ~ T P O H O B  D TOYKaX I I3MepeHH8 IQeACTaBJIeHH B T a d J I K u e .  O T J M ~ U ~  

IIOJIeri paCCeSTHHOr H3JIYYeHMH 38 J I o K ~ J I ~ H O ~ ~  A B Y X M ~ T P O B O ~  ~ ~ T O H H O $ ~  JIOBYJU- 

~ o l l  rrywa qqep "C c ~ ~ e p r ~ t e i .  3,65 P~B/HYIUIOH (PHC -5) .  3a 3am~o8 
M3MeprrJlOCb IIpOCTpaHCTBeHHOe paCIQeAeJIeHI?e B ~ O ~ H ~ O H T ~ J I ~ H O ~  IlJIOCKOCTIl 

Q m e ~ c o ~  a n p o H o B  c s H e p m e Z  d o ~ ~ e e  20 !vLB yrneponconepmupim a x T z s a w -  

OHHHMH AeTeKTOpaMH.  C I I ~ K T ~ ~ J I ~ H H Y  COCTaB I I O m  B O ~ J I ~ C T H  3a 3al@lTofi B 

H a r r p a s n e H a M  ocn nywa CHJEHO odora- 
UeH BHCOK03HepI'eTH.uINMII H ~ ~ T P O H ~ M E I , I I  

BKJIaA 3 a W H H I J X  Y a C T l m  B 0 6 ~ f i  @IE- 

eHC aApOHOB AOCTIlFaeT .v 25%. Becb~a  

L h c  .5. r e o ~ e ~ p m  a ~ c n e p m e ~ ~ a  ~a 

nOE5EPXHOCTb JLUIHThI 
C I ? H X ~ C @ ~ ~ O T ~ O H ~  IIO M3MepeHEW n p 0 C T -  

p a H c T s e H H o r o  pacnpenenem r p l r r o e ~ c o ~  

rn WOHOB 3a aaw~oi? ,  odnysae~oil rrgn- 
KoM mep "C c a ~ e p r ~ e n  3,65 P ~ B / H .  

c y q e c T s e H H y x ,  ponb B i p o p m p o ~ a m  T a K o r o  nom n rpam i p p a m e ~ ~ ~  qqep 1% 
a K ~ M ~ ~ T I ? B H H ~ ~   KT npa odpa3o~amm a A p o H o B  non M a m a m i  yrnam B 

m o - m e p a ~ x  coynapemm. IIpa p a c s e T a x  x a p a K T e p H c T a K  n o m  n3~1ynem 
38 3aiQKT0lr MC110~?b30BaJIKCb 3KClIePIIMeHTaJIbHHe aHHHe 0 C e s e K m R x  @paIMeH-  

/4? TaII)fH 12c C 3HepT:leh I ,05 - 2 , I  ~ ~ B / H Y K J I O H  . ~ ~ B E I C E M O C T ~  C e ~ e H H f i  OT 

aTOMHLiX BeCOB qqep-3JIeMeHTOB9 BXO&3U(HX B COCTaB derosa,  aI I l IpOKCEMQ0-  

BaJIHCb CJIeAYH)l@IM BEPaXeHMeM COrJIaCHO I X I I O T e 3 e  0 cnadoa ( P . ~ K T O P E ~ ~ ~ U , H X  /51 
6: = 6 ;  (A':+ A? &)/(A?+ A:- 6). 

i C 
rne 4, , dn - c e I r e H m  o d p a 3 0 s a m  i - ro  i p p a m e ~ ~ a  B d e ~ o ~ e  c a e ~ -  
TIIBHWA BTO?vTHMM BeCOM A g kI B BelqeCTBe C aTOMHMM BeCOM AH ; A C  - 
~ T O M H H ~ ;  B e c  w p a - c ~ a m a  ; & - n o ~ r o ~ o n ~ ~ ~  n a p a M e T p .  

P ~ c . 6  AeMOHCTpKpyeT XOpOmee COI'JraCJTe paC¶eTHOI'O la 3KCIIeplaMeH- 

TaJIbHOrO P a C I p e A e J I e H H f I  @!JIIO~HCOB KaK IIO ~ ~ C O J J B T H O ~  BeJlllUElHe, T a K  k3 IIO 

a o p ~ e .  I I o r p e m ~ o c ~ ~ l  p a c s e T a  o d y c n o s n e ~ t r  z I a c n e s a m  n H T e r p w o s a m e M .  

~ K B I ? B ~ . X ~ H T H ~ R  ~ o 3 a  ~ e i i ~ p o ~ o ~  c a ~ e p m e 5  donee 20 MsB B T o w e  3a saw- 
T O W  C KOOpAHHaTaMLI X = 6 CM, IIOJIYYeHHPR IIyTeM CBepTKi? 113MepeHHOrO 

CIIeKTpa H ~ ~ ~ T P O H O E  C 3 H e p r e T ~ l s e c K o f i  3aBLICkfMOCTbH) Y Z ~ J L ~ H O ~ ~  3KBI?B€lJIeHT- 

~ o i :  ,qo3H,  C o c T a D m e T  ( I  + 0 , 2 )  = I O - ' ~ ~ B - ~ O - ' ,  a eB p a c s e T H o e  maseme- 
( I , 2  + 0,3).10-'~ ~ B . ~ O - ' .  

K ~ K  BIIAHO a3 B M I I ~ H ~ J I O X ~ H H O ~ O ,  n p o s e p K a  p a c s e T o B  x a p a K T e p H c T H x  no- 
neti p a c c e a H H o r o  1 1 3 ~ 1 y ~ e ~ m  3a 3aw~am B n o B y m K a m  I I Y ~ O B  O c y l q e c T B n e H a  

B UMPOKOM ~ ~ a n a s o ~ e  aseprnW neps~wnac s a c T q  ((066 - 20 raB) I? TOJD~HH 

3 a W T  ( 2 h  - 12X ) AJM p a 3 J I K w a D c  3alQHTHKX MaTepRaJIOB (deros ,  ZtSJIe30) 

I? r e o M e ~ p a B  " I ? C T O Y H M K - 3 a m ~ a " .  I I p o ~ e p ~ a  p a c s e T o B  n.m donee BUCOKMX 

a ~ e p r n d  a T m e m x  anep ~ e ~ o a ~ o r n a  B H a c T o a q e e  sperm k33-3a O T C Y T C T D ~  

3KCIIepHMeHTaJrbHKX AaHHHX. O A H ~ K O ,  Y W T H B a a  BHCOKme 3 H e p r e T m s e C K m e  ma- 
H W  KPIlMeHIlrVrOCTH IIOnIQOI'pahinvr, BN¶MCJHLX@iX A B O % H ~ I ~  JI,Jf@@p~HI@laJIbHH0 

cesesm odpa30sam a A p o H o B  B a ~ p o ~ - q q e p ~ u x  la sapo-aepsarx s s a m o ~ e p i -  

CTBEIRX , a T a m e  O ~ O C H O B ~ H H O C T ~  T ~ ~ M o J I , J ~ H ~ M M ¶ ~ c K o R  MOAeJIH " @ a k p c T p ~ K "  

A m  TalaeJnur  mep, M o m 0  nOQ'CTI?Tb B03MOX- 

H O C T ~  E I C I I O J I ~ ~ O B ~ ~  I I p e A n o x e H H o r o  anro- 
pllTMa p a C ¶ e T O B  3 a W T  H a  J'CTaHOBKe "CyII0p- 

H~XJIOTPOH". IIpn ~ T O M  c n e n y e T  y s e c T b  TOT 

@ K T ,  YTO H a  YCKOPHTeJIfiX PeSIRTHBilCTCKmX 

sqep, KaK npasmo, ~ a ~ d o n e e  p a m a w o H H o  
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