
o f i ~ e ~ n ~ e n n b ~ ~  
MHCTMTY T 
n a e p n b l x  

M c c n e a o B a n n R  

ar fiHa 





LtatoT, L ~ T O  n o T e p u  a H e p r u u  H a n e T a m q e r o  n p o T o H a  K o p p e n u p y t o T  c L ~ H -  

c n o M  M e A n e H H u x    PO TO HOB, ~ u 6 u T u x  us ~ ~ p a - M U W ~ H U  u, C n e A o B a T e n b -  

HO, c L ~ H C ~ O M  H Y K ~ O H O B ,  c KOTOPUMH ~ s a u ~ o ~ e i c ~ i a y e ~  na~atoqui  
n p o ~ o ~ .  I l o n y L t e ~ ~ a n  o u e H K a  c n e K T p a  nu~~pytoqux H ~ ~ T P O H O B  H e  n a e T  

y ~ a a a ~ u i  H a  o T n u L t n e  ero OT c n e K T p a  nu~~pytoqux n p o T o H o B .  O A H ~ K O  
AaHHbIe BblBOAbl IlOJlyLteHbI Ha  He60JlblUoM KOJlULteCTBe C O ~ ~ T U ~  - - 600 ~ A - B ~ ~ H M o ~ ~ ~ c T B H ~ ~  Ha  T p e X  MHWeHRX. 

B H a c ~ o R q e i  p a 6 o ~ e  UsyLtaeTCR TOpMO3HaR C ~ O C O ~ H O C T ~  R a e p  

yrnepona H T a H T a n a  npu u M n y n b c a x  H a n e T a l o u u x  n p o T o H o e  4,2 
U 10 r3B/c. A H ~ ~ u ~ H ~ ~ ~ T C R  3aBUCHMOCTb CpeAHHX M H O ~ K ~ C T B ~ H H O C T ~ ~ ~  

H 3 ~ e p r e ~ u ~ t e c ~ u x  x a p a K T e p u c T u K  BTOPHL~HUX L t a c T u u  OT 3 ~ e p r u u ,  
n o ~ e p ~ ~ ~ o i  B R a p e  H a n e T a n q u M   POTO OH OM. C ~ e n a ~ a  o u e H K a  y A e n b H u x  

n o T e p b  3 H e p r w H  6uc~poro  n p o T o H a  B R A p e .  

B ~ a n b ~ e i w e ~  n n a H u p y e T c R  n p o e e c T u  a ~ a n o r u L t ~ u i  a ~ a n u s  AnR 

B ~ ~ U M O ~ ~ ~ C T B U ~  J le rKHX R A e p  C 3TUMH Me RnPaMH-MHWeHRMH. 

3 ~ ~ l l e p U M e H ~ a J l b H b l i  M a T e p U a n  I lOnyLteH H a  OCHOBe 0 6 p a 6 0 ~ ~ u  CTe' 

p e w o ~ o r p a o u i  c A B Y X M ~ T P O B O ~  npona~oeoCi K a M e p u  JlB3 OHflH, 06- 
J ~ Y L ~ ~ H H o ~  IlWOTOHaMU C MMnynbCaMU Po = 4,2 U 1 0  r3B/c. B p a 6 o ~ t e ~  

o6aene K a M e p u  6unu y c T a H o e n e H u  n n a c T u H u  us T a H T a n a .  f l o ~ p o 6 ~ o  
MeToAuL tecKue  ~onpocu P K c n e p u M e H T a  p a c c M o T p e H u  B pa6o~ax  '9-ll/. 

DR BblReneHUR B ~ ~ U M O ~ ~ ~ C T B U ~  IlpOTOHOB C RAPaMU YrJlepOAa 

H 3  BCeX 3aPerHCTPHPOBaHHblX C O ~ Y T H ~  B I l p O n a H e  (CSHs) HCnOJlb30- 

e a n a c b  c n e n y t o q a n  npouenypa. C L t u ~ a n o c b ,  L ~ T O  ~ s a u ~ o f i e i c ~ ~ u e  npo- 
usowno H a  a A p e  y r n e p o A a ,  ecnu B u n o n H R n o c b  XOTR 6u OAHO us yc- 
noeui: 1 /  n+ - n- > 2; 2/ n i  > 1; 3 /  npb > 0 ;  4 /  n, > 1 Ann PO = 
= 4,2 raB/c H n > 2 A n n  Po= 10 r3B/c; 5/  n* - HeLteTHoe. 

3 ~ e c b  n+(n-) - Cucno n o n o m w T e n b H o  / o ~ p u u a ~ e n b ~ o /  sapnme~~ux  
LtaCTUu B C O ~ U T H U  n' - LtUCJlO U ~ H T u ~ H ~ U ~ O B ~ H H ~ ~ X  / C  UMnyJlbCOM '* p P ,  < 750 M ~ B / c  npOTOHOB, n! - LtHCnO f lpOToHOB, B u n e r a t o q w x  

B s a ~ ~ t o n  nonycoepy B n a 6 . c u c ~ e ~ e ,  n, - L t u c n o  s a p ~ m e ~ ~ u x  Lta- 

C T u u  B C O ~ U T H H .  Y ~ a 3 a H H b l e  KpUTepHH fl03BOnRtoT BblAenHTb - 70% CO- 

~ H T U ~ ,  OmUnaeMblX B COOTBeTCTBUU C UBBeCTHUMH CeLteHHRMU B3aHMO- 

~ ~ ~ ~ C T B U R  IlpOTOHOB C YrJlepOAOM. O C T ~ B U U ~ C R  HeBblaeneHHblMU p C - B 3 a -  

it 
H ~ H H H  r p a n H u a  u M n y n b c o B  p e r H c T p H p y e M b n t  B K a M e p e  n p o T o H o B  

COCTaBnHeT 150 M ~ B / C  ~ J I H  C O ~ ~ I T H $ ~  B n p o n a H e  H 200 MsB/c A n H  co- 
6bl~Hfi B T a H T a J l 0 ~ 0 f i  EJlaCTHIIKe. 

U M O A ~ ~ C T B H R  npeAcTaenRtoT  co6oi B OCHOBHOM n e p u o e p u c l e c ~ u e  co- 
YAapeHUR IlpOTOHOB C K B ~ ~ H ~ O ~ ~ O ~ H U M H  HYKnOHaMH R A p a  YrnepOf la ,  

~ S I U ~ K U ~  no x a p a K T e p u c T u K a M  K x a p a K T e p u c T u K a M  p p - s s a u ~ o ~ e i i c ~ -  
e u i .  n o a ~ o ~ y  o c T a e w u e c R  C O ~ U T U R  p a 3 ~ e n ~ n u c b  Ha  pp-  H P C - c o y ~ a -  
peHuR CTaTucTuL tecKu .  3a~ucnque OT T o n o n o r u u  C O ~ ~ I T H R  B e c a ,  

C KOTOPUMH 3 T H  C O ~ U T H R  ~ 0 6 a B n ~ n H ~ b  K CO~UTHRM,  BblneneHHblM 

no KPUTePHRM / I / - / 5 / ,  OnpenenRnHCb Ha OCHOBe H3BeCTHUX TOnO- 

I n o r u L t e c K u x  c e L t e ~ u i  ~ ~ - B ~ ~ U M O A ~ ~ C T B U ~ .  I l o ~ p o 6 ~ 0  3 T a  n p o q e A y p a  

onucatia B / ' ~ / .  T ~ M  me onuca~a n p o u e A y p a  BuAeneHuR ynpyrux pp-  
u p c - C O ~ U T H ~ .  B ~a6nuue 1 n p u B e A e H o  Konuc lecTBO C O ~ M T U ~ ,  BuAe-  

I 

n e H H u x  no K p u T e p u R M  / I / - / 5 / ,  a TaKme n o n H o e  c l u c n o  PC- H pTa- 
~ s a u ~ o ~ e i c ~ ~ u i .  

H A ~ H T H @ H K ~ ~ H R  n p o T o H o B  B npona~oeoi  K a M e p e  no u o ~ ~ a a u u u  
H npo6ery C ~@@KTHBHoCT~K)  -100% B03MOMHa TOnbKO B H H T e p B a n e  

u ~ n y n b c o e  0,15+0,5 rsB/c. n o a ~ o ~ y  n o n y c l e ~ u ~  p a c n p e ~ e n e ~ u i  
n p o T o H o e  / u ~ n y n b c ~ u x ,  yrnoeux H AP./ u 3  p a c n p e ~ e n e ~ u i  o ~ ~ o a a -  
PRAHUX n o n o m u T e n b H u x  c l a c T u u ,  K y A a  BXOART n p o T o H u  /C n p u n e c b m  

~ ~ ~ T ~ O H O B  U TPHTOHOB/ H n+-Me30Hbl C Pna6.>500 MaB/c, BblclHTa- 

n u c b  p a c n p e n e n e H u R  n-M~~OHOB c Pna6, > 500 MsB/c c K O ~ W H ~ H ~ H -  
TOM, paBHblM OTHOWeHUK) clHCen n+- H n'-Me30HOB B 06nac~u HMnynb-  

I COB Pn,& c 500 MsB/c, T. e. c c l u ~ a n o c b ,  c l ~ o  p a c n p e A e n e H u R  n+- 

U ~ ' - M ~ ~ O H O B  n o ~ o 6 ~ u .  
~ o J ~ o M H T ~ ~ ~ H ~ R  c l a c T u u a  C MaKCUManbHblM HMnynbCOM B KaHAOM 

C O ~ U T H H  CLtHTanaCb n p o T o H o M  / n p u ~ e c b  n + - ~ e 3 0 ~ 0 B  uMeeTcR T o n b K O  



e c06ufunx c HMnYnbCOM nuaepa P <0,4-PO u tie npeeuwaer l o % / .  
CJnn nuaupycqek uacfuuu onpwennnacb eenuuutia uL = TL/TO , rae 
TL - KutieruuecKan stieprun nuaupyIoNero nporotia, To- Kutieruuec- 
Kan stieprun tianeraaqero nporotia. CJnn Kamaoro c06k?un Tame 
onpeaennnacb cynnaptian atieprun ecex, Kpone nuaepa , aapnmetitiux 
uacruq Z Tt = I T p  + 2 E ,,t , rae STp - cynnaptian KutieruuecKan 
stieprun nporotioe , IE, t - cynnaptiacl nontian stieprun ~ ' - M ~ ~ o H o B .  

Ecnu cynnap~an stieprun tiek~panbtioh C H C T ~ M U  Tfe-TO - I T +  - - 
- 

- T L  > 0,6-TO, TO cuuranocb, uro e sron C O ~ U T H H  uneercn nunu- 
pycquk Iieklpoti /co6urun c nH/, ocranbtiue me co6urun, c TXo < 

KaK nuaupynqero tieklpotia, raK u apyrux tiekrpanbtiux uacruq. no- 
3TOMy flnn CpaBHeHHR C O ~ M T U ~  C JlHaHPYwHM H ~ ~ T P O H O M  H nUaUpyI0- 
UHM npOTOHOM B OaHtiaKOBUX KHtieMaTH'4eCKHX YCnOBHRX H3 C O ~ U T H ~  

Jlnl 6una euaenetia rpynna e~auno~ekcreuk nn2, e ~o ropux  cyn- 
naptian stieprun nugupycqero nporotia u tiekrpanbtiux uacruq 60nb- 
we 0,6. T ~ * .  Konuuecreo c06uruk B y~aaatitiux rpynnax co6uruk npu- 
eeaetio e ra6n. 1. 

Ha puc. 1 npueoaurcn auarpanna pacnpeaenetiun tiauanb~ok stiep- 
r H H  Memay nUaHPYIOUIHM IlPOTOtiOM, OCTanbHUMH 3apRlKeHHkJMH UaCTUqa- 
MU H ~ekrpanbtiok cucrenok B ~ ~ B H C H M O C T H  o r  aonu st iepr~u,  YHOCH- 

nok nuaupywun nporotion B PC - B ~ ~ H M O ~ ~ ~ C T B H R X  npn 4,2 rsB/c 
/arm C O ~ U T H ~  nnl/. Vacrb auarpannu euwe ~ ~ U I T ~ H X O D ~ H H O ~  OBnacru 
cooreercreyer s ~ e p r u u  TXo ~ H O C H M O ~  n o - M ~ ~ O H ~ M H  u ~ e k r p o ~ a n u .  
OqetiU~ none CpeaU HHX ~ U C T P U X  H ~ ~ T P O H O B ,  B O 3 t i H K ~ H X  Of nepe3a- 
P R ~ K H  nporotia. Ecnu npeanonomurb, uro cpeatinn stieprun, YHOCH- 

1 Man no-ne30tianu <ZE d = - ( <  I >+<S >) , a cpeatiHe s~epruu ,  
n 2 6 n ' 

ytiocunue npofotianu u tiekrpotianu o r  @parnetiraquu napa,paetiu 
(.<r Tp > = <2Ta >)  , TO MOIKtiO OueHHTb 3tieprHW), YHOCHMYlO 3THMH 

~ek~po t ianu  H ~ e ~ e 3 0 ~ a ~ ~  / H ~ ~ ~ ~ T P H X O B ~ H H ~ R  uacrb anarpannu 
PHC. I/. Ann co6uruk c uL > 0,6 sra oqetiKa 6nU3~a K TXo. 310 

Puc.1.  P a c n p e ~ e n e ~ u e  ~ a u a n b ~ o f i  
s H e p r n n  To M e m y  n m n p y r o r q e #  ua- 
c~wqefi / /// 1 ,  nonoxwenbeo sa- 
PRXeHHblMH a a C T H q a M H  1 1 1 1  I 111 1 ,  OT- 

P H q a T e n b H O  3aPRXeHHblMH I=-/ 
u o q e H K a  A o n u  s ~ e p r u w ,  y~ocw~oi3  
H e f i T p a J I b H h l M ~  WlCTHqaMH 11-11 
H B03MOXHbIM H ~ # T P O H O M  J l w e P O M  

1-1 B 3aBUCUMOCTW OT UL W R  

m l - ~ ~ b b l ~ n f i  npu 4 , 2  I'sBIc. 

aaeT OCHOBaHUe CUHTaTb, uTO 
O ? Of) 0,6 Ot8 3aeCb npHMeCb co6uruk C ~ M C T P M M  

UL /nuaupycqu~/ H ~ ~ T P O H O M  npe~e6pe- 
muno nana. B C O ~ Y T H R X  me c UL<0,4 
3Ta oqetiKa Metiblue T Ha eenuuu- 

x0 
HY, orneue~tiyto tia puc.1 K ~ ~ C T O M .  E C T ~ C T B ~ H H O  C ~ H T ~ T ~ ,   TO ~ T Y  
uacrb stiepruu YHOCRT 6ucrpue tiekrpotiu. Cpeau COBYTU~ c 0,2<uL< 
<0,6 npunecb co6urnh c nuaHpynqHn H ~ ~ T ~ O H O M  HeeenHKa / <  20%, 
CM. puc. 1 /. B rpynne e3aunoaekc~euh c UL < 0,2 stiepruu, YHOCU- 

nue nporotianu H ~ e h ~ p o ~ a n u - " n ~ a e p a n u ~ ~ ,  cpastiunu newy  co6ok. 
n o c ~ o n b ~ y  ~ T H  3tieprHH nanu, BH~HMO,  tie uneer @u3uuec~or0 CMUC- 

na onpeaenetiue nuaupycqero tiyKnotia e  TUX C O ~ Y T H R X .  

Ha puc.2 no~a3atibl pacnpeaenetinn nuaupyKtUlux npOTOHOB no uL. 
T O ~ K H  COOTBeTCTBYDT ~ ~ ~ ' C O ~ U T H F I M ,  nHHHH - BCeM C O ~ ~ ~ T H R M ,  

1.e. CyMMe nnl- H ~ H - c o ~ u T u ~ .  
Cpeatiue 3tiaue~un aonek s~epruu ,  

1 1 ' o - p ~ 4 r r , ) ~  YHOCHMblX nH~HpylOqHMU I7pOTOHaMH 
- -  ::;kt~& B ~ ~ ~ - C O ~ M T U R X ,  paet iu :<uL>= 
...O.:\ = 0,53+0,02 arm PC-e3aunoaekcr- 

e ~ h  npu 4,2 rsB/c; 0,48+0,02 
anR ~ C - B ~ ~ H M O ~ ~ ~ C T B H ~  npU 

0 
10 rsB/c H 0,24+0,02 ann pTa- 

t e ~ a u n o ~ e k c ~ e u k  npu 10 rsB/c. K ~ K  
16' - - euatio u3 puc.2, c n e ~ r p  nuaupyc- 

UHX npOTOHOB CYqeCTBeHHO 3aBUCUT 

12 t + o r  pamepa napa-nuwetiu. npu wau- 

Puc.2.  Pacnpenene~ue no uL WR 

n n l - c o b b ~ ~ n f i  / T O V K U / .  JIHHHH - p a C -  

n p e A e n e H u e  A n R  B c e x  /ml+m/ co- 
0 q4 y '8 15 6 b l T n f i .  

U L 



H C V H  
9 9 9  

.8 
6 3 o  

H C V H  
0 0 0  

8 4 q  
? H, 
o o d  

CV 
O H H  

n o ~ e f i c ~ e u u  c Tatiranon npnMepHo B 50% cnyuaee npoToH TepneT 60- 
nee 80% ceoeti HauanbHofi 3HeprHH,TOrAa KaK B ~ C - B ~ ~ H M O C \ ~ ~ C T B H -  
R X  npu TOM me nepBMuHOM HMnynbCe AOnR TaKHX C O ~ M T U ~ ~  nHWb OKO- 

no 13% / c ~ . ~ a 6 n . 2 / .  Ann nApa yrnepoAa c yeennueHueM nMnynbca 
HaneTaoqero npoToHa OT 4 AO 10 r3B/c ~ a 6 n n ~ a e ~ c n  cMnrueHne 
cneKTpa nuAnpyoqnx npoToHoB no uL. Hanuuue uacTnu c uL > 1 ,  
1.e. C TL >TO, O ~ ~ R C H R ~ T C R  KaK @ H ~ U ~ ~ C K H M U  npMuMHaMH / @ ~ P M U -  

ABUmeHUe HyKJlOHOB B Rape, KOJlneKTLlBHMe ~ @ @ ~ K T M / ,  TaK H MeTO- 
AnuecKnMu 3 @ @ e ~ ~ a ~ u - n o r p e w ~ o c ~ f l ~ n  npu OnpeAeneHnn HMnynbcoe 
uacTnu, KoTopue AoeonbHo BennKu npu 60nbwnx 3 ~ a u e ~ n n x  nMnynbca 

AP / l a /  
/<->=0,20 Ann nnnynbcoe Pn,, > 4 TsB/c/ . 

P 

4. XAPAKTEPHCTHKH pA -B3AHMOAEflCTBHtl 
B 3ABHCHMOCTH OT 3HEPrHH JlHAHPYtOlJErO nPOTOHA 

Ecnu CuUTaTb ~ H A H P Y D ~ H ~ ~  npOTOH HauanbHMM IlpOTOHOM, nOTepnB- 
UHM uacTb c ~ o e f i  3 ~ e p r n n  npn npoxoweHnu uepes n ~ p o ,  TO atiep- 
run, swennewancn B nnpe, paeHa AT= To - TL . B ~ a 6 n .  2 AaHbl 
AOnH ~06blfHfi B YKa3aHHblX HHTepBanaX UL U 3HaueHUR <AT> B 3THX 

CO~MTHRX*,  a TaKme 3 ~ a u e ~ n n  cpemero cyMMapHoro sapnaa ~ ~ o p u u -  
HMX u a c ~ u u ,  onpeaeneuuoro KaK <Q>= <n + > - <n- >. Ann PA -83au- 
noaefic~sufi <€I>= <v > .t 1, rAe <v > - cpeAHee uucno npoesau- 

P 
M O A ~ ~ ~ C T B O B ~ B M H X  ~ ~ O ? O H O B  H3 RAPa-MHWeHH. K ~ K  BUAHO U3 ~ a 6 n .  2, 
< Q > p a c ~ e ~  c yeennueuweM AT, npuueM Ha ~nmenofi MnweHn 6 t ~ c ~ p e e ,  
ueM Ha n e r ~ o h ,  npu TOM me HauanbHon unnynbce. f l o ~ o 6 ~ a n  saeucn- 
M O C T ~  OT A ~ a 6 n o a a e ~ c n  n npn 60nbUb1~ a~ep rnnx ' 8 l  

Ha pHC.3 H PUC.4 n O ~ a 3 a ~ b l  3aBUCHMOCTU OT AT CpeAHUX MHO- 

m e c ~ ~ e ~ u o c ~ e f i  BCeX 3apnme~u~x  u a c ~ u u  < n + >  u n ' - ~ e s o ~ o e  <n->, 
a TaKme CpeAHHX a ~ e p r n f i  <E-> n - - ~ e 3 0 ~ 0 i  bt CpeAHMX KHHeTHueC- 
KHX 3HeprHti npoToHoB <T > c nMnynbcaMn Pna6 > 300 MaB/c /np0- 
TOH. C HMnynbCaMu Pn 6. P< 300 M3B/c R B ~ R ~ T C R :  B oCHOBHOM, CneK- 
TaTopaMn ~ n ~ a - ~ n w e ~ u f .  Hannune nerKoro l2 c u Tnmenoro lS1 ~a 
n ~ p a - M H W ~ H H  n ABYX HauanbHMx 3 ~ e p r u t i  3,37 u 9,O rsB n o 3 ~ o n n e ~  
OueHUTb 3aEHCUMOCTb aHanH3HpyeMMX XapaKTepHCTUK OT MaCCbl RA- 
pa-MUU~HH u 3Heprun ~ a n e ~ a n q e f i  uacTnqt.1. H3 puc. 3a BHAHO,  TO 

CpeAHRR MHOmeCTBeHHOCTb ne-~e30H0B npaKTHL(eCKH J ~ H H ~ ~ ~ H o  PacTeT 
c AT. Ha 1 raB atieprnn, n o ~ e p n ~ ~ o f i  B nope HaneTanquM npOToHOM, 
o6pa3ye~cn -0,25 n--neao~a. n p n u e ~  aTa BenuuuHa B npeAenax 

* 
3~a'IeHwR AT UL > 0,8 He IIpHBOAFITCFI H3-3a rr~roxofi TO'IHO- 

CTH H ~ M ~ P ~ H H F I  mnynbca nwepa  H, cnegosaTenbHo, onpegenenm AT. 
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