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BBEAEH/.1E 

B pa60Te Om1CblBalOTCfI CBOi:tC TBa Aei:tTpoHoB-, 3H - , 3He -CneKTa
TOPOB, B03H~Ka~.~X BO B3a~MoAei:tcTB~RX flAep 4He c npOTOHaM~ np~ 
~Mnynbce Po = 8,6 r3B/c. 

3Kcnep~MeHTanbHble AaHHbie nOIlY4eHbI np~ 06pa6oTKe (J>OTonIleHOK 
co 100-caHT~MeTpoBoi:t BOAopoAHOi:t ny3b1PbKoBO~ KaMepbl nB3 O/.1~/.1, 
3KcnoH~poBaHHo~ B nY4Ke flAep 4 I-Ie, YCKopeHHblX Ha C~Hxpo(J>a30TpoHe. 

B 60Ilee paHH~X pa60Tax ' 1. 2' 6blIlO nOKa3aHO, 4TO AIlR ~cCIleAOBa
H~R (J>parMeHTa4~~ 4eIleco06pa3HO ~cnOIlb30BaTb nOCTaHOBKY 3Kcne
p~MeHTa, B KOTOPO~ RApa HaneTa~T Ha nOKOR~~~CR npOTOH. np~1 3TOM 
Bce (J>parMeHTbl RApa MorYT 6blTb XopOWO ~3MepeHbl ~ ~AeHT~(J>~4~pOBa

Hbl, TaK KaK rpynn~pylOTcR B 	pa3AeIlRIO~~XCR no ~MnynbcaM 4aCTRX 

III r . 
cneKTpa co 3Ha4eH~RM~ PI' Po -m-- COOTBeTCTBeHHO AIlR t 211, 311, 

11l e 
3He 

AHaIl~3~pyIOTCR cneKTpbl ~MnynbcoB 4aCT~4-cneKTaTopOB ~ npeAna
raeTCR MeTOA on~caH~R (J>OPMbI 3T~X cneKTpOB. CneKTaTopOM C4~TaeTCR 
(J>parMeHT, ~MelO~~~ Ha~MeHbw~~ ~Mnynbc B C~CTeMe nOKOR 4il e . 

MElOA BW4/.1CnEH/II~ gOnHOBWX (J>YHKU/IIR 

/.1CXOAR ~3 (J>opMynbl AIlR ~MnynbcHoro pacnpeAeneH~R cneKTaTO
pOB 3 ' B OAHOnOnl'JCHOM np~6Il~>t<eH~1~ /p~c. 1 / ~ Y4~TbIBaR, 4TO ce-
4eH~e peaK4~~ 1 ' X ." Z B ~3Y4aeMOM 3HepreT~4ecKOM ~HTepBaIle 
Il~Hei:tHo 3aB~C~T OT s, nonY4aeM cneAylO~ee Bblpa>t<eH~e AIlR ~MnYIlbC

Horo cneKTpa: 

d" p , 2 <}>(P') 2 /1/
dp ' 

rAe p - ~MnyIlbc cneKTc3Topa B C~CTeMe nOKOR RApa; <IJ(P') - BonHO
BaR (J>yHK4~R OTHoc~TeIlbHoro 	AB~>tIeH~R 4aCH14 i ~ I3 B RApe A 
B ~MnyIlbCHoM npeACTaBneH~~. OTMeT~M, 4TO Bblpa>t<eH~e /1/ nOIlY4eHO 
TaK>tIe B pa60Ta x ' :,,6' pa3HblM~ MeTOAaMI1. /113 3Toro Bblpa>t<eH~R CIle
AyeT, 4TO (J>OPMY ~MnynbcHoro pacnpeAeIleH~R cneKTaTopOB onpeAeIlR
eT BOIlHOBaR (J>YHK4~R RApa. B n~TepaType ~3BeCTHO HeCKonbKO aH a 
n~T~4eCK~X OAH04aCT~4HblX BonHOBbix (J>YHK4~~ RApa tHe B Koop~~HaT
HOM npeACTaBneH~~, KaK, Hanp~Mep, (J>YHK4~~ DacceIlR- B ~Il K~Ha 8/. 

neCHRKa '9 ' , AIlR paC4eTa cneKTpOB (J>parMeHTOB Ae~TpOHa, TP~T~fI 
~n~ reIl~R-3 He06x9Ul'!I'IO . (J>YHK4~1I) ~3 OAHO-cOCTaB~T~" ~x BblHOBYY)

I U\; . '. .;1
c:r 	 ,..:.~.r. , :<'1111'1 

E~' ' tA I-  ...--..

1 

http:BBEAEH/.1E


PMC. I. nHarpa ~lHa O,[\HOnOJIItJCHOrO 

06MeHa. 

4aCT~4H~X BOnHOBWX $YHK4~~ , ~C

nOnb3YR OTHOC~TenbH~e KOOPA~HaThll 
HyKnoHoB ~n~ r py nn HYKnOHOB AA
pa, nepexoA OT C~CT eM~ 4eHTpa 
MaCC K OTHOC~TenbH~M KooPA~Ha 

TaM /K KOOPA~Ha TaM RK06~/ aHa
nHTH4eC K~ MO*HO ocy~ecTBHTb n~Wb 

z B He KOTopOM np~6n~*eH~v.. B Ka 
4eCTBe np~Mepa MO*HO cocnaTbCA 
Ha pa60T Y 7 . rAe nepexoA K KOOP

AL1HaTaM RKOfil't HYKnoH a ~ TpexHYKnoHHO~ C~CTeMbi CAeJ1aH AIlA cnyu a R 

BOIlHOBO~ $YHK41't~ 6~ccenR - B ~n KM Ha. 

n03TOMY £ HacToA~e~ pa60re AnR nepex oAa OT oAH04 acT~4Ho~ 
BonHoBo~ $yrIK4~~ K BonHOBo~ $YHK4ViV. OTHOC~TenbHo ro As~*eH~8 
HYKnoHoB MnM rpynn HYKnoHoB e RApe np~MeH ReTCA MeTOA MO HTe

Kapno. OCHOBHaR ~AeR npeAnar aeMoro nOAxOAa 3aKn~4ae T CR B cne

Ay~~eM. BepORTHOCTb H a~T ~ CI'tCTeMY HYKnOH OB B 3ne MeHTe 06beMa dV 


KOH$~ rypa4~oHHoro npOCTpaH CTsa paBHa 1 ~(~j2dV . Ec n M pa3AenViTb 

HYKnOHbi Ha Ase rpynnbl: Ha Cf;lCTeMY cneKTaTopa n I't C~CTeMY i , 

TO BepOATHOCTb Ha~T~ paCCTORH~e ~ Me*AY ~X 4eHTpaM~ B ~HTep


Bane (,;-: C dC) paBHa 417 C 2It1l( ';') 12d';, r Ae tIl(';' ) - BonHOBaR 

$yHK4~R OTHOC~TenbHoro AB~*eHMR . np~ p03~rp~we HYKIlOHHO~ KOH$~

2rypa4~~ C sepoATHoCTblO pacnpeAeneH~p., onpeAeneHHo~ IIp ( t j )1 , 

Bbl4 f;1 CnReTCR'; , ~ 3T0 C1 KOH$Mrypa4~~ HYKnOHOB np~1CBaf;lBae TCR Bec 
w ("'2. nOJ"IY 4eHHoe TaK~M 06pa30M pacnpeAeneH~e of nocne HOPM~
POBKI1 paSHO 141( ';) I OTC:OAa III B~AHO npe~My~e cT Bo 4~cneHHoro MeTO
Aa 3aMeH~ KooPA~HaT, OH np l'tMeH~M KaK B cnY4ae , ecnM ~3BeCTHa 
OAH04aC T ~4HaR BonHOBaA $YHK4~R RApa aHan~T~4ecK'" IHanpMMep, 
5accenR M B~nK~Ha /31 neCHAKa ! 9!/, TaK ~ B cnY4ae, KorAa pacnpe 

AeneH~e T04e4HWX HYKIlOHOB B AApe M3BeCTHO ~3 3Kc n e p MMeHTa n~60 
npeACTa.BneHO B BI1Ae 4~ceIl /Hanp~Me p, ~3 AaHH blX C~Ka ' 11 1/ . 4< 

npOBepKa Mcnonb30BaHHoro n OAx oAa CAenaHa cpaBHe HMeM creHe
p~pOBa H H~X BOIlHOB~X $YHK4~ A 4He B MMnyn b cH o M n peACTaBneHM~ AnA 
CMCTe M npOT OH + TPI1T~A ~ Ii~ He~TPOH+ 3IIe C pe 3 y n bTaTaMH, nonY 4eH 
H~M~ np~ aHan~T~4ecKOM nepeXOAe /7/ . B Ka4e CTB e pacnpeAeneH~A 
T04e4HhlX HY KnOH OB B AApe 4He Mc non b30Ban~C b BonHO B~e $YHK4~M 

/6aCCeJ1A ~1 8 ~ nKI-1I~a 18 . neCH flKa 1 91 1+ 3KCne pl-1Me HTanbHbie Aa fM ble 

CII!Ka · 11 ·.np~,~eHAn~Cb KOo PAI-1 HaTbi flK06 1-1 : 


4 : 
t -" -(ll- f l. /2/, 3 u 

* Pacnpe,o.e n elll-1e TO'tetHlbiX HYKJIOHOB B HAp e -tHe n onY"I e HO HS 113

~lepeHHli e ro <pO PM<p 3 KTopa. 


2 

rAe 1;1 - ;a I - paCCTOAH~e HYKnOHa OT 4eHTpa T A)f<eCT~ AApa 4He . ne

pexOA K BonHOB~M $YHK4~AM B OTHOCI1TenbHWX ~Mnynbcax BwnonHeH 
4 Mc neHHO. Pe3ynbTaTw nP~BeAeH~ Ha p~c.2. B~AHO, 4TO B 06naCTI1 
~MnynbcoB AO 300 M38/c creHep~pOBaHH~e 4~cneHH~M nYTeM BonHOB~e 
$YHK4~~ COBnaAa~T C aHanHTI-14eCKo~ J7 /. 8 nocneAy~~eM aHanl-13e 3Kcne
pMMeHTanbH~X AaHHWX ~cnonb30BaHa TonbKO BonHOBaA $YHK4~A C~Ka/111 

~1O 
-&
- 5 

PliC. 2. CpaBHeHHe BOJIIIOBblX oPYHK
lI:H11 H,o.pa 4He D OTHOCI1TenbHblX 

I1MnYJIhC ~X HYKnOHa 11 TpeXIIYK o5i ", 
\ 
\ 
\nOIlHOM CI1CTeMbl: a/ p a Ct{eT :>leTq.

\,o.O~l 1'1oH"re-Kapno ,o.JlH J30JI HOBbIX o2j 
\ 

, 
<PYl!KL\I1M: - - - - - lJac CCJlH
BI1JIKI1 11 3 '8 ' . - 11ec  01 , , 
HHK a ·' 9 / , - CI1Ka I ll . ; 

0056/ - . - . <JllaJII1T I'ICIeCKl1i1 

paC4eT ,o.JlH BOJIHOBOH <PYII){I~I1H 

IJ<l CC CJJH -BHJlKI1I1<1 , COrnaC HO pa6o-
0.02 

I 

Te / 7 ' . 0 1 07 OJ 

BonHOBaA $YHK4~A OTHOC~Tenb~oro AB~)f<eH~ A Ae~TpOHa ~ AByx 
OCTaBW~XCFI HYKnOHOB 6blIla paCC4~TaHa no Me TOAY MOHTe-Kapno B He
cTaHAapTHblx KooPA~HaTa x flK06~ / 12 .1 

T/ r 
1 ~ 

- ~r(./ /31 

nnFl on~caH~A ~MnynbcHoro cneKTpa Ae~ TpOHOB ~3 KaHana 4 Hep • dppn 
A~arpaMMa, nP~BeAeHHaR Ha p~c. 1 , Henp~MeH~ Ma, TaK KaK ~Me~TCA 

3KCnePMMeH TanbH~e YKa33HV! A Ha TO, 4TO He npo~c xOA~T 06MeHa B~P
T yanbH~M Ae~TpOHOM, a nPOTOH B3 a~MOAe~cTBye T C OCTaTKOM KaK 
c AByMA HYKnOHaM~ 1 1314 / 0AHaKO, npe Anonara R, 4TO MexaH~3M 
B3a~MOAe~CTB~A He MCKall<aeT B onHoBy~ ~YHK4~~ CneKTaTopa, np~

MeHMM 4~cne HH~~ Me TOA nonY4eH I1 A BonHOBO~ ¢YHK ~I1M Ae~TpOHa . 

CPABHEHHE C 3 K CnEP~M EHTAnbHWMH nAHH~MH 

Ha pHc.3a , 6 SMe CTe C ~3MepeHH~MM Cne KTPaM~ ~Mnynbco B n p MBe 
,o. eHbl pacnpeAe n e HI-1 A, paCC 4 11 TaHHbie no $opMyne 11/: cnn OW Ha A KP~
BaA - 6e3 Y4 e Ta OW~60K ~3MepeH~A , wTpMxnyHKT~pHaA Kpl1 BaA 

C Y4 eToM OW I-1 60K np~ p03~ rp~we no Me TOAY MOHTe-Kapno. BI1AHO,4TO 

3 
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PH C . 3. Pac npe,ll,ene HHe m1llynbc oB c n eKTa To p OB B CH C re ~le n OKOTI 
TI,ll,p a 4 He : al TI,ll,ep TPHTHTI B Ka HaJ1e 3 H pp; 61 ,ll, e I1T p OHOR 

2 s 
B KaH a ne H s ppn . 

Y4eT 3KcnepHMeHTaJlbHbiX oWH60K H3MeHReT q:,0PMY paC4eTHbiX cneKTpOB 
HMnYJlbCoB . B CJlY4ae TPHTHR COrJlaCHe paC4eTH~X H 3KcnepHMeHTaJlb
H~X HMnYJlbCH~X pacnpeAeJleHHA HeCKOJlbKO YXYAwaeTCR, TaK KaK H3
MepHTeJlbH~e oWH6KH B HMnYJlbCaX TPHTH R 60JlbWe, 4eM B HMnYJlbCaX 
3 He . 

CreHepHpoBaHHaR BOJlHOBaR q:,YHK4HR He AneT TaK~e YAO BJleTBOpH
TeJlbHOrO onHcaHHR Ha6JlDAaeMOA Ha oh~Te aCHMMeTpHH B paCnpeAeJle 
HHH no yrJlaM Tpe~MaHa-RHra ! I- 3 / , AaJlbHe AwaR MOAHq:,HKa4HR KJlaCCH

4eCKoA cneKTaTopHoA MOAeJlH npOBeAeHa C Y4eToM BJlHRHHR 3HeprHH 
CBR3H RAP a 4He /CM. TaK~e 1 

15 / /. npH 3TOM B MeToAe MOHT e -KapJlo 

RAPo paCCMaTpHBaJlOCb KaK CHCTeMa ABYX KBa3HCB060AH~X 4acT H4: 
TpexHYKJlOHHOrO cneKTaTopa B H HYKJlOHa i . l-1x HMnYJlbC onpeAeJlRJ1
CR H3 BOJlHOBOA q:,YHK4HH OTHOCHTeJlbHOrO ABH~eH "" R. npeAnOJlaraJlOCb, 

4TO, KaK cneKTaTop D , TaK H HYKJlOH i HaxOARTcR BHe MaccoBoG 
nOBepXHocTH. l-1x 3q:,q:,eKTHBHaR Macca B MOMeHT cOYAapeHHR onpeAeJlR
JlaCb H3 3aKOHa coxpaHeHHR nOJlHoA 3HeprHH 4H e , C4HTaR 3q:,q:,eKTHB

HY~ Maccy TpexHYKJlOHHOrO cneKTaTopa paBHoA YTpoeHHO~ Macce HYK
JlOHa i . KOTOPblA ynpyro B3aHMOAeAcTByeT C npOTOHOM. npH 3TH X yc
JlOB HRX nepexoA K np04eccaM Ha MaccoBoA n OBepXHocT H ocy~e CTBJlReT
CR npH HeH3MeHHbiX nOJlHO~ 3HeprHH H HanpaBJleH HRX HMnYJlbCOB 060HX 
q:,parMeHToB B CHCTeMe nOKOR RAP a 4 H e . 

B CJlY4ae Ae~TpOHa- cneKTaTopa BJlHRHHe 3Hepr HH CBR3 H He y4 H T~

BaJlOCb, nOCKOJlbKY COOTBe TCTBY~~He paC4eT~ AJlR Tpe x 4aCT H4 B KO
He4HOM COCTORHHH c y~ecTBeHHO YCJlO~HR :OTC R . KpOMe Toro , H3 p HC. 36 

BHAHO, 4TO B cnY4ae AeATpoHa-cneKTaTopa Ha6Jl~AaeTC R YAO BneTBO
pHTeJlbHOe COrJlaCHe C 3KcnepHMeHTaJlbH~MH AaHH~MH, eCJlH Y4eCTb 
oWH6KH H3MepeHH~. 
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PH c . 4 . Pacn pe,ll,eneHHe HMn ynb coB c n e KTaTo p OB B CHCTeMe 
n OKO TI TI,ll,pa 4 H e al TI,ll,ep TPHTHTI B Ka HaJ1e 3H pp , 61 TI,ll,e p 

~e B Ka Ha n e 3 He s pn , S 

Ha p Hc.4a,6 nOKa3aH~ HMnYJlbCH~e pacnpeAeJleHHR TpeXHYKJlOHH~X 
cneKTaTopOB H3 KaHaJlOB 3 Hpp H 3He pn . BHAHO, 4TO Y4eT 3HeprHH 

CBR3 H yJlY4waeT COrJlaCHe Me* AY 3Kcnep H MeHTaJlbH~MH H paC4eTH~MH 

Aa HH blMH B 06JlaCTH p ' '::: \j2Il'\ B(' rAe mi B - npHBeAeHHaR Macca i H B. 
( - 3 HeprHR CBR3 H RApa ~He. 

B 06JlaCTH 60JlbW HX 3 Ha4e HHA HMnYJlbCOB-Cn e KTaTopOB pac4eTH~e 
3Ha4eHHR Jle*aT H H~e 3KcnepHMe H TaJlbH~x. 3TO He YAHBHTeJlbHO, no
CKOJlbKy B 06JlaCT H 60JlbWHX HMnYJlbCOB-CneKTaTopOB MorYT HMeTb 
MeCTO 60Jlee CJlO*H ~e np04ecc~, He Y4HT~BaeM~e B cneKTaTopHO~ 

MOAeJlH. 
B paMKax 06cY~AaeMoro nOAXOAa AJlR TpeXHYKJlOHH~X cneKT a TopOB 

6~Jla paCC4HTaHa 3aBHCHMOCTb aCHMMeTpHH pacnpeAeJleHHR no yrJlY 
Tpe i1MaHa-RHra 13, ' OT HMnYJlbCa HYKJlOHa oTAa4H. Pe3YJlbTaTbi 3Kcne

pHMeHTa H pac4eTa npH BeAeH~ Ha PHc.5, H3 KOToporo eHAHO, 4TO 

MOAeJlb Ka4eCTBeHHO onHC~BaeT 3TY 3aBHCHMOCTb. 
6~Jla npoBep e Ha cnpa S eAJlHeOCTb KpHTepHR B~AeJleHHR cneKTaTopa, 

KaK caMo i1 MeAJleHHO~ 4acTH4~ B CHCTeM e nOKOR RApa 4He. 3TOT KPH

TepHi1 B CJlY4ae TpexHYKJlOHH~X cneKTaTopOB He H C Ka~aeT Ha6Jl~Aae
M~e xapaKTepHCTHK H B~AeJleHH~X KaHaJlOB . OAHaKO CJleAyeT HMeTb 

B BHAY , 4TO, KorAa caMoA MeAJleHHoi1 4aCTH4e ~ RBJlReTC R HYKJlOH, 
BepORTHOCTb HAeHTHq:,HKa4HH ero KaK cneKTaTopa COCTaBJlReT TOJlbK O 

"' 50 %. 

BbI BO,llb1 

Swn pa3pa60TaH MeTOA 4HCJleHHOrO nepeXOAa OT pacnpeAeneHHR 
KOOPAHHa T T04e4 HWX HYKJlOHOB K SOJlHOBOA q:,YHK4H H OT HOC HTe nbHoro 

ABH~e H HR HYKJlOHOe HJlH rpynn HYKJlOHOB B RApe no MeTOAY MOHTe
17 ' 

KapJlo. Pe3ynbTaT~ cpaBHeH~ C aHaJlHTH4eCK HM nepeXOAOM ' 5 
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PI1C. 5. AC H ~I~ I C TPIHI p ac np e,D,enelll1(1 n o Y l"Jl al'l Tp e i:j ~l a H a-51l1 l" a 

D 33BI1("I1 ~IO C TI1 OT 11 ~lllynb c a HYKJl Oll a OT,D,a l.!I1 B KaHaJ1 <1 X 
3He, pn, 1-Is pp . 

113 cpaBH e H~A pacc4~TaHH~X MMnynbcH~x pacnpeAeneH~~ AByX

~ TpexHyKnoHH~x cneKTaTopoB c 3Kcnep~Me HTanbH~MM AaHH~M~ no 

B3aMMoAe~cTB~AM AAep 4He c npoToHaM~ np~ 8,6 r3B/c cneAyeT: 


1. npOcTaA MOAcnb OAHononnCHoro o6MeH3 c BonHoBo~ ¢YHK~~e~ 
C~Ka n03BonAeT YAOBneTBop~TenbHO onMcaTb MMnynbcH~e pacnpeAcnc 
H~A Cnel<TaTOpOB BnnOTb AO ~ 300 M3B/ c . 

2. Y4eT Bn~AH~A 3HeprWM C BA3~ HApa 4He ynY4waeT COl"nac~e 


paC4eTH~X AaHH~X c 3Kcnep~MeHTOM ~ n03BonAeT Ka4eCTBeHHO on~


caTb nOBeAeH~e aC~MMeTpM~ pacnpeAene HM~ no yrny Tpe~MaHa-RHra . 


ABTOPbl np~3HaTenbHbl 11. nOBawy 11 to. 3. KOflen~oB~4Y 3a nnOAOTBOP
Hwe A~CKYCCW~ ~ Kp~T~4eCKMe 3aMe4aH~A. OA~H M3 aBTopOB 6naro
AapeH H .C~KY. 
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