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A H H o T a· u n st 

YfCC119£tO B811HCb yrnOBbl9 H HMny nbC H bl e pacnpenen e HHH OCT8TO'lH blX staep 

B npoueccax KB83HCB060a Horo B3 8HMO£t9RCTBH H 6biCTpbiX 'j{ - Me30HOB H npoTo 

HOB c HYKilOHaMH stapa renusr. YcTaHoeneHo , 'ITO s u a p acnpeneneHuR MO>KeT 6biTb ., 
o6'bstCHeH e ptaMKax MoaenK Cep6epa.:..ronba6ep repa, ecnH y'feCTb nepeaa<~y aonon· 

HHTGilbHOrO HMriY11bC8 1 o6ycn O B11 9 HH Or o C BSI3 bl0• 06Cy>K£t89TCH B03MO>KHOCTb nony-

'f9HHSI CB9£19RHA 0 pa c npe Lt ellE'H H H H Y KIIOHOB riO HMUYilbC8M B SIL!pe r91111SI 113 liM -

ri Y ilbCHOr O CllPKTpa OCT8TO'l ll b1X H.'lep . YfMn y'lbCHOa p ocnpe.::t e:t e HIIE' H y K,,OHO R \ .'lO B· 

n e T BOpHT enbHO OfiHC b JB8 9 T C SI <t Y HKLUf Oii r aycca , cna .'l 8 10ll.leii .:r o .3H8"1 €' HII SI I / e npH 

3H e prHH E - / 12+2 / J'v\ 3e. 
0 -

., 

~ !.S. ·~c~::-daje·:, ~.1.·.:. ·:u . yu;~: :1, ~. '.!. Sulyae·:, 

\ .!. ;·_ ! !p~·:' ' Yu.A. S;herl,ci.:;:·:, 



B8ea e HH e 

On~Thl c 6hlcTphlMH 'I S CTHUSMH C 8HaeTenbCT8y~T o T OM , 'f T O Heynpyro~ 83anM~

aeRcT8He STHX q&CTHU C Hllp8MH H81lHeTCH 8 OCHOBHOM pe3y1lbT8TOM pHll8 nocneao

B8T91lbHbJX CT01lKHOB9HHA aaneTa ~we!'. qaCTHUbl C OT aenbH biMH H y K1lOH8MH Rllp8. npH 

ODHCSHHK TSKHX npOU9CCOB HyKn OH hl M o ryT .pSCCM8TpHBSTbCH K8K CBOGO!lHbte, 8 B1lHH"' 

HHQ CBR3K 1 B nep80M npH6nH>t<QHHH, M O>t<eT 6btTb y'fTeHO BBeaeHHeM He KOTOpOrO 

BHyTpRH!l9pHOrO pacnpeaen e HHH H y K nOHOB D0 HMnynbCSM, H8DpHMep, pacnpeaeneHHH 

I 1 '2.1 
8~po>t<aeHaoro ~epMH-ra3a IMoaenb Cep6epa-ronba6eprepa ' I . 

<Jco6~A KHTe pec. npe.acTa en R ~T, Tax Ha3 &I BaM &te1 x eaaHc eo6o.a a bte coy aapeaHR , 

K OTOpbl9 conpOBO>Kll8~TCSI 8bt6KB8HH 9M T 0 1lbKO OllHOrO HJlepHOrO HyKnOHS. Vl 3y'f e HH e 

T8KHX npOU9CCOB MO>K9T .ll8Tb CBeaeHKR 0 BHyTpHH.ll9pHOM pacnpe.aen e HiiH HyKno

HOB no HMnynbCSM 1 T8K K8K KHKe MaTKqeCKHe xapaKTppHCTHKH BCeX Tpex 'fSCTHU 

8 KOH9'fHOM COCTOSIHKR 38BHCHT OT RMny nbC8 HyKnOH8 BH y TpH Rapa 8 MOMeHT CT01lK~-

89HHH C HHM 6hlCTpOA 'fSCTHUhl. 

/3 4 51 
B pa6oTax • ' HMnynbC Hoe pacnpea e n e aH e ayxnoH08 B H.apax H3y'fanocb 

nyTeM 8H81lH38 9HepreTH'f9CKHX CneKTpOB Heynpy ro pacceHHHbiX Hyxno Hoe. O n na-

K O 9TO T MeTOll He CB06o.aeH OT HeKOTOp blX H9llOCT8TKOB, rnaBH biM H3 K OTOpbiX 

RBn HeTCH a e803MO>KHOCTb CTpOrO Bhl.QenHTb npouecchl K B83HCB060llHOrO pacC eHH HH. 

H aH6onee aenocpeacTee aaaH C8rt3b cywecTeyeT M e ·>Kay BHyTpKH.OepHbtMH 

16 7 I 
RMnynb COM HyKn OHS R KMnynbCOM OCT8TO'IH Or O Ra p a ' • 8 p8MK8X p8CCM8TpHBae-

t,«O A MOa enH HMnynbC OCT8TO'IHOrO H.llp8 .llOn>Ke H 6b!Tb· pa8HblM n O BenH'fHHe H npOTH • 

eonono >t< H&JM no aanpaeneaH~ .fMnynbCy HyxnoHa, c xoTopbtM npoH3owno coynape

HHe H , T8KHM o6p830M, HMny nbC H biA cneKTp OCT8T O'fHbiX H!lep ll01l >K9H Henoc pen

CT89HHO oTpa>KaTb eayTpHR.llepHoe pac npenen e HH e Hyxnoao e n o KMny nbcaM . O a Haxo 

TSKSH ynpOWeHHSH RHT9 pnp9T8UHR CD9KTpOB OCTST OqHb! X R.llep HY>Kll89TCR B 9 KCne

pHM9BT81lbHOA npoeepx e . B 9 TOM OTHOWeHHii M O>KeT OK838TbCH non93HbiM H3y'f9HH9 

yrnOBhlX pacnpea e neHHA OCTSTO'fHbiX SI.llep, 8 TSK>Ke npoeeneHHe ODbiTOB C p83 nH 'f

H b!Mll 'f8CTHU8MH B WHpOKOM HHTe peane a a eprH A • .Qn H HCCneaOB8HHH BHyTpHR!lep

H~X HMnynbCH~X pacnpenen e aHA H y K1l OHOB n o OCT8TO'fH hlM SI.llpSM u enecoo6p8 3 HO 

Bhl6p8Tb Sl.llpO r e nKH, npH 6oM 6apaHpOBKe KOTOpOrO 6biC Tp blM H '18CTHU8MH KB83H-

18 91 
cao6oaa&te coynapeHRH npo HC X O.ll HT c 6on bwoA eepoRTHOCTb~ ' • K TOMy >Ke 

3 3 
ocTaTO'fHbi e Haps He H H MO>Kao cpa8HHTenbHO n e rKo p eracTpapoeaT b . 
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nonbiTK K nOily"'KTb CBe •teHKS! 0 BHJTpK S!.QepHOM LI BIOK eHHK HJKilOHOB B S! .'lpE' 

4 /5 ,10 / /5/ 
He 6binH npeanpKHS!Tbi B pa6oTax • B pa6oTe XKnnMaHa H LI~· , HecMoT-

pSI H 8 B~COKJ~ TO"'HOCTb nony"!eHH~X cneKTpOB Heynpyro pacceS!HH~X npOTOHOB, OKa -

38.10Cb HeB03MO)I{HbiM cae.'I8Tb o npen eneHHbiH Bbi60p Me )l{ ny llBJMS! Cp8BHKB8BW H

MHCS! napaMeTp8MH llllSI pacnpeaeneHIHI raycca- 5 Mae If 1 8M as. CKnoya K T HMM/10 / 

H3J"18llK HMriJllbCH~~ cneKTp ae~TpOHOB O T npouecca n O.Q XB8T8 npOTOH8MK H eHTpOHOB 

4 
H3 llnpa He • O n HaKo , KaK yKa3 biBa ~T caMK asTopbi, Ka - aa Mano~ aHeprKH HaneTa~-

w Kx "'aCTHu /95 Mas/ KM H e y nanocb nony"'HTb naHHbiX o pacnpen e neHHK H yKllOHOB 

no HMnyllbCaM. 

HH)I{e Hanara~TC!l peaynbTaT~ HC c n eaoaaHHil yrnos~x H HMnynbCH ~x pacnpe-

aeneHHH OCT8TO"'H~X llllap B npoueccax KB83 HCB060LIHOI"O B38KMOlleHCTBH!l 6~CTphlX 
~ n -Me30HOB H npOTOHOB c HYK1lOH8MH rellHSI. 

nocTaHOBK8 Onb!TOB H H llaHTH cpHK8 UHil CIIJ"18eB B38HMOlle~CTBH!l x/ 

B onb!Tax Hcno nbaosan Hcb n K¢cPY3 H OHH bie KaMepbr BbiCOKoro naaneHHS!, a K cno .. 

HHpOB8BWHeC!l e n y "'K8X "18CTKU O T CH HXpOUHKIIOTpOH8 0 6bellHH aHHO!"O HH CTHTJT8 

r.:+ 
S!nepHblX HccnenosaH HA', npH"'eM a HeprHSI npoToHos 6bina /630 :!.,15 / M a s, ]{ - M e -

u -
30HOB- /237+7/Mas HJI - ~v~e~<J .. .)B - / 330+6/ M a.a. 8 ny'IKax npo T OH OB H]i' - - Me30H OB 

6billO nonyqe: no 20.000 cpoT orpacpwA H a :Y'IKe r,+ -Me~uos - oKono 10000 cjloTorpaci:>HA. 

Ha6n~.neHHe cnyqaea a 3a HM o.ne A cTBHS! a n Hcpcpy3 HOHH OA KaMepe n oasonHno 

HCK!I ~"' HTb K8K CIIY"18H, COnp':'C':'>I~!l810lUH9CSI K8CK8!10M , T8K If Cl!Y"'8K, KOTOp b19 MO)I{-

HO OTHaCTH K B38HMOne A CTBH10 H 811aT8~llle A "18CTHUbl C rpynnoA' H yK.nOHOB S!Jlp8 , 

C II yqa H !'.: .'\83 Hynpyroro B38HM O!l e HCT BIHI BbiLl allS!!lHCb no COOTBOTCT By lOlll e A KOppenS!

U HH B yrnax H HMriJ11bC8 X OT ll9T810lllKX nOC!Ie B38HMOL1et:\cTBHSI Y8CTHU, H a p!iC. l 

npHBeneH THTIH"'H~t:\ CIIJ"'8A' KB83 Hynpyroro pacceS!HHS! npOTOH8 H8 npOTOHe , ~M nyllbC 

3 3 
SILl ep H H He onpenenSIIICSI s 6onb t ll HHCTBe cnyqaes H3 npo6er a 9 TH X "18CTHU 

a raae KaMepbi. B Tex c ny•,ta S!x, K O r .na Hnpo OT.08"1 H He OCT8H8BII HB8.~0Cb B q ya-

CTBHTellbHOM 06beMe KE\Mep bl , HMri JIIbC CI"O H8XOL1HIICSI nyTeM p8C"'eT OB no H3BecT

H OMy HMriJllbCY HaneTa ~weA 'f8CTHUbl H y rnaM pa3neT8~1UHXC S! "18CT RU. 3To \.10)1{ 11 0 

3 
'5blno c.n enaTb T OIIbKO LIIIS! S!!lep H , n ocKOIIbK Y a 3TOM cny'fae 6biiiH H3BeCTHbi 

x / nonpo6Hoe OnH C8 HH e riOCT8HOBKH OnbiTOB, o6pa6oTKH H HL1e HTHcpHK8UHH 

Cnyqae B B38HMOLieACTBHS! npHB e.neHO B pa60T8X /8,9/. 
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yrnbt paaneTa acex 'f8CTifU . T o'fHOCTb onpene.'leHHR HMn ynbCOB ocTaTo•rH· . , ? '·p 

cocTaBnSlna a cpen He:-.~ o Kono l5%. Pe3y!lbT8Tbr wneHTtHpH K81llill o Trt"ribHnr-.; P~'lll\urr11 

n pwaen ea bt a Ta6nwue 1. 

NcN9 
PeaKUHR 

Yncno CcYeHne e 
nn cny'laea 10-27 2 CM 

p t He~ - p +- p +- H3 88121 29 ..-__.3 

2. 'H"t J./~4 - rt •l- p 1- HJ 5 1 11 I 50 ::_7 

3. Ji-+ He11 - J[-+ p + HJ 27 14 I l 3 + ;) -

• H
3 J 4. p +He -P ~ n + e 

p +He11 - (Si,N)N) +J.Ie3 1361- I 46 + 4 
5. 

~+- H I; ""'"+ 3 
6 . Jl + e - JL t n +He 14 I - I 14 !..4 

7. Ji-t He4 -7i -+n t He3 
72 14 I 34 !_ 4 

8. w+t-J.,. He4 - Jr.,. p (n}+ H3(Hl} 85 

PeaKUHIO 14 1 uu Hp""ncTaenw:rocb B03MO>KHbrM o T nenHTb oT KBa3Iicsoon., ~•"•x 

3 
B38HMoneAcTBHA, conpoao>r<rtaiOUUiXCR po>I<neHH e M MeooHoB H Bbi.tteToM Sl : tpa H e 

I peaKU HR 5 1. Cpen H cny'laea, OTHeceHHhlX K peauHRM 4 .H 5 , M Or.'l ll 6brTb T aK>I\C' 

co6biTHst oT n ayx npyrHx npouecco a: 

p r Heli- Ji t + n + J.le* 
p ,. He~ - Jr' t p .,. fie I; . • 

O n HaKo ' '«'HK» , npoaeneHH bie 
I II I 

H8 OCHOBe p e3ynbT8TOB p800T bl , nOK83hl f\8 J()T, 

'iTO &K '18Ll STHX peSKUKA He cymeCTBeHeH . 

XI 8 CK06K8X OTMe'leHO 'I HC/10 CIIY'f89B, B KOTOpbtX He BH!l e H Cnen OCTElTO'f 

HOrO st.npa If , T8KifM 00p830M, H9 H3BeCTHO HanpaaneHHe e r o BbiTJeTa. 



·a 

8 1< cncr»M eHTallbH bte pe3v nbTaT bi 

Ha p»c . 2 npHBOJ.tf)llll rucTorpaM\.·Hl yrcJosoro pacnpPnenPHifll ocTilTO'tHntx ST Jl•'r 

g l peaKIHii-\ KB8 3 Hcso6on Hor.'1 P'lCC<'~Hifll npoTonos lpeaKunH 1,4 ,51. Yr'I OFIO<' pac-

npe! teneHHe OCTilT04Hb!X ~1 -'tPp Ha pP8KUiill 12,~ ,6 ,7 , 81 npe,\CT8fl.!li"HO !Ill pHC • . '1. 

11Me !OLU IIHCSI CTBTHC TH 4eCKHH M8TI?[H!AT1 He naeT KBKHX- !IH60 YKB::\8HIIi1 H8 p830H<rll<' 
~+ c-

pacnpeneneH H A ;:IITSI OCT8T0'1Hb!X Sl/lCP H3 peaKUH H C ){ If ) { -Me30H8Mif . n O"lT·~:I.I >1 

r:-:+ ,..,.-
JlllSI yBe.rJ.Iflt e H !Hl CTBTHCT H K H pe3yllf>T8Tbl 'lJHI J{ H Jl -M e30HOB 6bt11 H OU'b<'nlill " lfl ·l . 

V13 p8C C M OTpe HH S1 06CHX r HCTOT'p8MM CnenyeT, '-ITO OCT8T0 '-1Hbte ~ npa HCnyCK/1' 

IOTCSJ rrpe uMywe cTseHH O B rrepeJl H IO ro rronyccpPpy . Ec.;nr xapaKTe pu30B8Tf> O !IH00Tpow 

H OCTb y r no s o r o p a c rr peAen e HIHI ne.rn!•I Hnoti d. .. .!fJ; , r ne NJ - 4 11C.no ~rHcp , 
acnyiueHH b!X B n e p enH!Oto nonyccpepbt , a N2 - s 3BllHJOJO , To JVJ\1 yKR3llHIIhl X fltd -

liJ e pacrrpen 8118HHH M bl llO.TJY'l 0 <'M COOTB<:>TCT BeHHO cneny IO!U Jol e 3 H0'10HJH I t/, 

J.p I 2 ,17 :t_ 0 ,1 5/, dJ( 11,26::.. 0 ,1 31. 

PacnpeneneHHS1 OCT8TO'tHbtX 51 r1ep no HMnvnbCa'-i npe.ncT<tB-'10Hht H<l pur . '1 11 

5 . T a K >Ke , K8 K If B npellbl : lYUlf'M C1JY'I8C, l"UCTCirpEJM:.t bl llOCTpO<"'Hll liO OCT8TO'liiH:\II 

HnpaM O T peaKuttA I 1,4 ,5 I K 12/3, 8 ,7 I cooTseTCTBeH~o . D.aHH bJe no p0SKUIH1 181 

He 6bJJJH B K ll IOJ.teH bl B pacnpe!leneHue no TOH npK'4HHe, 'l"TO npo6crH n;1ep H
3 

H::l 

aToi• peaKUKH, KaK rrpaaKno , ne yKnartbJBanKcb B 'iyBcTBHTenbHOM o6'beMP KaMepbl , 

no csoeH. ctJopM e o6a p acnp encn<Ht HSl 6nH3K K npyr- K npyry, xOTS1 npK pona H 3H0p-

rHSI 6oM6a pnu:py !OLUH X 48CTHil 0 a T8K}f{e IHifl pea K U H H 6f,111H CyUleCTBE)IJHO p83JlH'-Illb! M if, 

¢> OpMa H M n yJJ b CHbiX p acnp eneneHHH BO l}'~ex C11Y4 8 S1X H C llO XO}f{A H a p acnpOllOJlOH H O 

Cl> e pMH JlllSI B blpO >KllE'HHO T'O l 'B"'B 11 p H HylleBOR TeM nepaTy p e , X O T S1 OCT8TO'Hi b fe 51J1pll 

HMelOT HMilYJlbC bl liU IIOpS11lK Y BellH'I HHbl COOTBeTCTBy iO UllH~ Jo!M rty.rtbCl:lM, •lpHliKCblB8e

M biM o6hJ '1H O BHyT pi!'S11lepH b !M H y K .'10ii8M. 

0 6cyA</F'HJi(> pe3yllnTi:lTOB 

A , YrnoBnJP pacnpeneneHMSI 

npHBe,neHHble Bbl1110 pe:JyllhTSTbl MO>hHO llOilbiT8TbC51 OOH51Tb 7 PiiCCM8TpR08S1 

CTOJlKHOBeH He 6bJCTpoii 48CTHUhi c ll • tpOM 1\ paMt<ax Mo.aenH Cep6epa - ronbn6e>prPpa. 

CornacHo aToii MonenH HMliY'li ,Chl t.wyTpHSi n epHbtx HyKnOHOB H30T ponno pacnpeae·•c·

Hbt B n pOCTpBHCT Be. 0 :l H 8KO yrnonoe pacnpPJl<"'llN!Ite OCTBTO'lHblX SILICP 11 e 6yJlPT 

B OOrueM CJlY't8e H30Tp011Hh!M 1 TtlK KAK OHO 08BHCI-:!T OT Uf'1101"0 pil:lll rp8KTOpon , 
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CI!HI38HHbiX c LIBJOt{eHHeM HyKnOHOB . KaK noKa3bi8810T oui"Ht-11, t•·. "!'-": IIlli 

pacnpeneneHHst
1 

B OCHOBHOM J o6yC118811HB8CTCst 38 BH CHMOCTbiO MP~OH-HYI\, .-.hit 'X II Ill 

H YKilOH-HYKilOHHbiX C9'19HHR OT OTHOCHTCilbHOR :3HeprH H C fd'lKIII\0101tli1Xf'~l 'taCTIIIl . 

Ha pHc. 2 H 3 HaHeceH bl yrnoBbJe pacnpeneneHHst ocTaTo<rHbl'l: st .t ~"r, llt.r''''c' "'HHt.rP " 

9TOM npHI5moKeHHH. BHyTpustnepHoe pacnpeaen e HH C HyKnO"OB no "'"'nV.1bCAM iihrrJO 

aastTo a eHne cPYH KUHH raycca A exp (-p2/ p:} Po 
Pmax = 300 

c I '10 M aolc . kl HTI"rpu-

p088HH9 OpOH3BOLl H110Cb a npenenax oT 0 no \\ ''lB/r; . 31!PJ1rPTH4CCI<lH' 

38BI~CI1MOCTH C<''le H H R anpO K CHM H pOB811 H Cb nOIT H HOMOM BHL18 a + C£ f c£ 2 

rne £ - KHH e TH'IecKast a HeprH51 HalleTaroiuHx 'IOCTHU a .n aoopaToJIHoii c11c TPMc:! Knop-

Pac <~eTH ble 3 Ha'I C H1Hl Ko~cpctmuH CHTOB llH H30T p011HII OK80hrnaioTcst npH :'ITOM JIAn

HbiMH 1 nnst peaKUJfA / 1 ,4 ,5/ H 0,7- nnst peaKUiofA /2 , .'1,6 ,7 , 81 . B oflmtx c'ly'1.1f!X 

3KC ~pllM CHT811bHhJe pacnpeJlCI!f>HIISI CMC'IIl«?Jibl 110 cpanHe H HIO C p.1C'If'THJAMH B ('TO-

pony M P!Iblllll'< yr!lOB. ,\1\0iKHO npE'.'lfi0110/J<IITb 1 'ITO T llKO "lCj>rpf"KT 1'\I.IV .'lH f\31'liiMO-

R03M0)KH0 ynpOUlCHH b!M oi)pa-:IOM Y'lf"CTb ::lTO B->OHMOJ1Pilr;Tnue . Pae\y~ruo 

C'lli18'!L>, 'ITO Bb!5HBSCMbiH H3 51 .'1Pll IIVK.'lOll r!0ftf''lflf'T 0MY f\ H811J18B11E'HHH cno0r0 

HMil YllhC . llplltl,'li1/I("HIIO ero fV"HI'IIOly MO>I<~ 

HO OltC HHTb H 3 38 K OH OB COXpllH<~HHSl 3HCprK H H HMilY JTbC8 , C'CilH 11pOrl nono;J.;lofTh, 'ITO --BbJISHBaeMOMY HYKilOHY MrHOBeHHO C006Ul8f'T CS! Hlvlll)' ' lhC' p 1 non FIO:I[lC~iiC:THIIf'M 

KOTOpOrO H npOMCXO.OHT p83pb!B CB5!3H . npH -ca I Ap I stBns:J e T c st onHo3Ha'IHOA cpyHKttHeA 

~TOM 110.11H'IHHQ [l0flO.f!Hl1TC'lbHOro Ill\! 1\'.l !t.• • 

MBCC 'l nCTIIIl, ,Y'II'JCTF\,YIOIIIHX fl lo'·lll\lll111 , -nepe.oanaeMoro HyKnOHY nMnynbca p , 8 T8K>KO 3 1!C'prliH CB513lof llOC''lc' Jll<'r•> II'I:(.'J() · 

H a e 11:1 pe. 

B peaKuHstx 121 H /3/ HMenacb a03MO,J<HOCTb H >M f"J151Tb Hanpaa'lf>IIH<' 

·~HHy IIMOYI1bC8 HyKilOHa, Bbi6HTOro H 3 fl 'lPB . TaKI1M onpa30M , 8 K<l . 110M C'I \ '181' -M OI"HO 6bl 110 HaRTH 89KTOp !10fl011 HHTC1lbiiOrO HMII Y u ,rn L1 p . C 1Y'I8H 8.)1)11\.IO,< •ii -

CTBHSI peKOHCTpyHpOB811HCb 8 npocTp8HCT8f' H OOp e!lf"llflll lfCb KA K HPJ1H'IHH8 , T i ll\ " 

H 8 npa B !ICII t1 e HM nyllb C 8 0CT8TO'IHOrO SILl pa 1 COOT !l0TC'TOy IOUlH (' CrO : l Olf >I<CHH 10 .'10 

B38KMOJJ.PAC T B H S1 C BbJ6HB8CMbiM HyKilOHOM. f-la pHC . 6 CllllO!UIIOii .'lHHHCH nOK8'38HO 

3 
yrnoeoe pacnpe.aenenHe sr.aep H OT p eaKUKA 121 H 1 :~1 . ru c T orpaMM8, nony•JPHIIilll 

nOCile Y'I CT8 B38HMO.OeHCTBH5! B KOH C'IHOM COCT05JHHI1 , H8HeC0.Hfl 11.'1 TOM >KE' pHCYIJI{f" 
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w TpKxoaoii llKHRel!. Oua HCCKOilbK O cMeweua uaa aa no cpanHeHK 10 c ::~r~cncpuM l"n 

T811bHbiM P,BCnpeaeneHH a M. Ha TOM >Ke pHCYHKa 6 WTpMxnyHKTHpOM H8H f.'CC HCI Kpll l3 AS1 , 

B bi'IHCI19HH8SI C Y'I9TOM SHe preTH '19CKO l! 38 BHCHMOCTR M e30H- H yK110H H biX ce•r CH id\. 

BuyTpKHLlepuoe pacnpeaeneuHe uyKn o uoa no HMnynbcaM 6brno B3SITO a TOM >Ke BHJlC, 

K8K H B paC'IeTax, pe3 ·{ 11bT8TbJ KOTOpbiX npHB9Ll9t'bl H8 pHC. 2. Mo>KHO BHLl9Tb, 'ITO 

y'laT B38HMOLl9HCTBHSI Bbi6HTOrO HYK110H8 C OCT8TO'IHbiM Sl llpOM C611H>K89T "'IKC nCpHM €H!-

T811bHOe H p&C'19TH09 pacnpeaenaHKSI. 

8 OCT811bHhlX peaKUKSIX H911b3SI BOCD011b30B8TbCSI T8KHM npOCThlM M9TOLlOM y'le

Ta B38HMOnel!CTBH SI HyK110H8 H OCTaTO'IHOrO SILlp8 B KOH9'1HOM COCTOSIHHH, T8K K8K 

HanpaB119HH9 HllH B911H'IHH8 HMny11bC8 Bb!I5HTOrO H3 Sl .'lpa HYK110H8 OCT810TCSI IICOnponc-· 

119HHbiMH. llnH 3THX p98KUHA cPOpMy yrnOBOrO pacnpeaenaHHSI MO>KHO p8CC'fHT8Tb 

MeToaoM cny'fal!HbiX HcnbrTaHHA . TaKoA paclfeT anH peaKUHH p + 1-/e¥- p~o p + H3 

Oblll npoaeaeH H8 aneKTpOHHO- clfaTHOA M8WHHe "' Ypan•. nnSI apyrHX P l'8KUHA pac-

lfeThl H e npOBOLlHilHCb, TaK K8K LlllSI HHX H911b3SI 6bl110 CLle118Tb 0011H blfi aH811H3 HM-

DYilbCHblX CD9KTpOB H3- 38 H811HifHSI 3 H8'1HT e11bHOro lfHC118 cnylfaea, 8 KOTOpbtX HMOy'lhJ; 

OCTaTO'fH OrO S!Ll pa He 15bJ110 B03MO ,I\ HOCTH H3MepHTb. 

PaclfaT Bhll10l!HSI11CSI B C119LlYJOWell nccneaoBa T ellbHOCTH . npoH3BOLl H11CI1 poa --birpbiW sepoSITHoA senR'fHHbi H Manp 'l sneHHSI KMnynbca auyTpHRLlepuoro HyKnoua pN 
H Ll81199 H3 KHH9M8TH'f eC KHX pta .; 'teTOB H8XOllH11HCb Be11'!,.'1HH8 H HanpaBileHHe HMnynb

COB CTOJtKHYBWHXCSI HYK110HOB. npH 3TOM HCD011b30B811HCb H3B9CTHbre I1811Hhl9 0 llHtP-

/ 1 0/ 
¢ep9HUH811bHhlX C9'!eHHSIX ynpyroro p-p- paCC9SlHHSI npH p8311H'tHhlX 3 H eprHI1 X • -· _, --HalfallbHbiA HMnynbc ocTaTolfuoro Hapa Poma npHHHMa.rrcH paBHbrM Poma •-pH - _ , -
Pac'leT aaKaH'IHaancR uaxo maeuMeM neKTopa Pom4 • Poma+Llp , cooToeTcTny -

JO tuero ¢aKTH'IecKoMy uanpa eneuHJO H aenM'tHHe HMnynbca ocTaTO'tlloro napa. RenH--'ti!H8 BeKTOpa .dp uaxoaHnacb yKa3 aHHbrM Bbrwe cnocoooM. Y'feT npuuu1ma 

naynH CBOllHilCSI K H CK1110'19HHIO H3 ll811bH e Awero paCCMOTpeHHil TeX CI1Y 'f89B, B K O-

TOphlX OlllfH H3 CTOilKHYBWHXCSI HYKilOHOB OK83bJB811CSI C KMOYilbCOM, MellbWHM 

220 Mss/c /rpaHH'IHSSI a a eprHH pacnpeaene HHSI ¢> e pMH anSI SI D.pa renHRI . Pacc•!lt 

Tauuoe T aKHM cnocoooM yrnosoe pacnpeneneuHe xap~:~KTepuayeTcH Koa¢¢Huu e uToM 
~ 

8HH30TpOnHH d p = / 1,25 !.... 0,15 / , KOTOpbl ll cornacyeTCSl C D911H'IKHOA 

a(,p =/ 1,5 ~ 0,2 / , nony'feHHOA Hll Oflb!Te. 

CnenyeT 3aMeTHTb, 'ITO 60ilbW8SI aenK'fRHa ri.p s cyMMapHOM yrnonoM p'lc 

npeaeneHHH OCT8T0'1Hb!X SILiep H3 DC9 X p e aKUHA KB83HCB060 LlHO r O B38HMOll9ACTBRfl 
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npOTOH08 o6yCII08118H8 8 OCH08HOM pe8KUHSIMH 141 H 151. K8'-ICCT88HHO ::ITO MO>KHO 

o6~RCHHTb TeM 1 '-ITO H3 -38 npoueccoa Me3oHoo6pa3oaaHHSl aw6HaaeMwe H3 Rn pa Hyx

nOHhl 8 c.u.M . oKa3waaiOTCR 6onee MenneHHbiMH. B pe3ynbTaTe aToro RLlPY nepena

eTcR 60ilbWHA nonOIIHHTellbHWA HMilYIIbC, '-ITO H npHBOnHT K 6onee CHIIbHOA ae¢opMa-

UHH yrno8oro pacnpeaeneHHR. 

B. YfMnynbCH&r e cnex Tp &r ocTaTO\fHbiX stnep 

8 OTIIH\fHe OT IJOIIO>KaHHR 1 KOTOpoe RM98T M8CTO a yrnOabllt pacnpeneneHHRlt 1 

8 HMilYIIbCHbllt Cll8KTp8X OCT8T0'-1Hbllt stnep KHHaM8TH'feCKHe ¢aKTOpb1 Hrpa lOT 3H8'fH

T81IbHO M8HbWYIO pOIIb. Kax IJOK83bla810T COOTaeTCTBYIOWH8 p8C'feT&I, HMllYIIbCHbiA 

Cll9KTp OCT8TO\fHbllt srnep a npeHe6pe>K8HHH aq,¢eKT8MH 1 o6ycnoaneHHbiMH a38HMoneA

CT8R8M 8bt6aToro HyxnoHa u stnpa1 non>KeH c xopoilleA TO'IHOCTblO nepeaaaaTb aM

nynbcHoe pacnpeneneHHe HyxnoHo8 aHyTpa srapa. OnHaxo aHaiiH3 yrnos&Ix pacnpeae

neKHA yK83hl88eT 1 '-ITO 838BMOneACTBKe KyKIIOH8 H OCT8TO\fKOrO Rnpa cnenyeT yqa

Tbl88Tb• 06 9TOM MO>KaT CBHneT81IbCTa088Tb T8K>Ke H8KOTOpoe p8CXO>KneHHe a HM-

r.:-
nyllbCHblX Cll8XTp8X OCT8TO\fHWX sraep R3 peaxuHA C npOTOH8M H H ~ -Me30H8M H. 

no llpH'IBH8M 1 0 XOTOp blX rOBOpHIIOCb Bb1W9 1 Mbl 6yneM 8H81IH3Hp088Tb cneKTpM 

OCT8TO'-IHbiX Raep TOIIbXO OT pe8KUHA 11 I H 12,31 • AnpoXCHM8UHSI RMilYIIbCHOro cnexT

pa ¢yHKUH8A raycca, npoaeneHH8R MeTonOM H8HMaHbWHX KaaapaTOa nnst OCT8TO'I

HbiX Rnep oT peaxuHA c 1f -MeaoHaMH 12.31 1 naeT nnst napaMeTpa Po aeiiH'-IHHY 

I 130 :!:. 7 I M a ale, a To apeMR xax n11st cnexTpa Rnep oT peaxuaa c npoT'oHaMH II I 

Po •1168 :!:. 1 21 Ma81c lcM.pHc. 7 H 8 1 cniiOWHbre npnM&rel. 

BnRSIHHe casr3R 6&111o y'-ITeHo TO'IHO T8XHM >Ke o6paaoM, xax aTo aenaiiOCb 8 

tpenblnyweM pa3nelle pa6oT&I noH aKanH3e yriiOBbiX pac.npeaeneHHA. Ha pHc. 7 

IJOK838HW HCilp8BII9HHbie 9KCnepaMeHT811bHbl8 TO'IKH cneKTpa OT pe8KUHA 12, 31 • .On~ 

8enH'fHHbl Po a aToM cnyqae nolly'faeTCR 3Ha'-leKHe 1150_!: 81 M aale lwTpHx-

nyHKTHpKaR npsrMesrl. 3To 3Ha'leHae Po 6&rll o aaeneHo a H8'181IbHble ycnoBHR pae-

3 
'leTa cnexTpa ~aep H H3 peaxuHH xaaaaynpyroro pacceRKHR npoToKoa, npoaonaa-

w erocR MeTonoM ~ny'laAKbiX a en btTaHaA. B peaynbTaTe n11R aenH'IHHbi Po 6&mo 

nony<teHo I 156 _!: 6 1 M a ale I W1p'1fx-nyHKTHpHaR npSJMast Ha pae. 81. Pac'leTHoe 3Ha

'-leHHe Po oxa3&IBaeTest 611H3KHM K axenepaMeHT811bHOMY 3Ha'leHHIO /158 ~12/M a8lc . 

'-ITO MO>KeT eny>KHTb YK838HH9M H8 np8BHIIbHOCTb 8bt60p8 HCXOnHOrO paenpenelleHHR, 
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TaKHM o6pa30M 0 M bl BH a HM, 'i':'O Hal\neHHble C y'ieTOM CBSI3H HMnyn bCHbiG 

cneKTpW BHyTpHS!llepHhlX HYKIIOHOB H3 peaKaHI\ K8K C Jt - Me30H8MH, TaK H C npo· 

TouaMH c T.O'iHOCTbiO no aKcnepBMeHT.!lllbHblX owK6oK OllHHaKOBbl, H aenK'iHHa Po 
Mo>KeT 6wTb npHHS!Ta paeuoA 150 Mae/c. CooTaeTCTBYIOWaSI aTOMy KMnynbcy auep

rHSI cocTaanS!eT / 12±.. 2 I Mas .-. 

BenH'IHHa £ = /12 + 2 I M aa 3allHMaeT npoMe>KyTo'luoe nono>KeHHe M e mny 0 -

llBYMSI 3H8'i9HHSIMH lliiSI napaMeTpa pacnpeneneHKSI raycca Eo = 5 Mae K 

E 151 
0 = 18 M3s, auanK3HpOB8BW H MCSI XHIIIIM8H0M H .np. • nepsoe H3 3THX 3Ha'leHuA, 

/13/ 
nonyqeuuoe pauee CTa66HHCOM , HBnS!eTcSI, no- sHnHMOMy, Meuee npaenonono6uwM. 

no Cp88H9HHIO CO cneKTpaMK lliiSI nergHX 11.nep, TaKHX K8K C HIIH 0, pacnpone

neuHe, H3Mepeuuoe a HaCTOSIW9A pa6oTe, oKa3wsaeTcSI 6onee MHrKHM. TaK, no nau-

/3/ 
HblM pa60Tbl lliiSI yrnepona napaMeTp pacnp9ll9119HHSI raycca [0 COCTllBnS19T 

116~3/M::Ja. B 

I £~ =20 M3sl. 

/ 4 / 
6onee no3nueA pa6oTe uaAneuo uecKOibKO 6onbwee 3Ha'le>HHe 

CnenyeT aaMeTHTb , 'ITO MeTOllbl , HcnonbaosaHHhie KaK s nauHoA pa6oTe, Tax 

K B pa6oTaX /3_4,5/ lliiSI nony'ieHHSI CB9ll9HKA 0 BHyTpHS!ll9p:iOM HMnVIIbCHOM pac-

npeneneHHH HYKIIOHOB0 npHBOll SIT K H9KOTOpOMy HCK8 >K9HH 10 BbiCOKO <IHeprH'IHOI\ 'i8CTH 

STOrO pacnp9ll9119HHS!e npH HCC119llOBaHHR HMDYIIbCHhlX cneKTpOB Heynpyro pacce11w 

HWX npOTOHOB H9 6hl110 603MO*b0CTH 0Tll91IS!Tb npOTOHhl 0 npeTepneBWH9 paCCeSIHH9 

u a rpynnax uyxnouoe, H no aToA npH'IHHe uaAneuuoe pacnpeneneuHe MO>KeT 6wTb 

6onee ~eCTKHM• , '19M STO HM99T M9CTO B ll91\CTBHT91IbHOCTH. 

npH perHCTp8UHH HMnyllbCOB Slll9p OT.na'IH C OT60pOM TOIIbKO cnyqaeB KBa3H-

ynpyroro paCC9SIHH:t pacnpeneneuHe H Y KIIOHOB no HMnyllbC8M MO>KeT nony'IHTbCSI 

uao6opoT Gonee MS!rKHM , nocKOIIbK Y npH TaKoM oT6ope H3 pacnpe.neneHHSI Bbi6bJB810T 

Clly'la lf , Xorna H8119TalOW8SI 'laCTHU8 npOB38HMOll9RCTBOB81Ia C HYKIIOHOM , HaXOllHWHM-

C H B COCTOSIH HH CHIIbHOA CBSI3H C .npyrHM H HYK~OHaMH Slllpa . TaKaS! TO'IKa 3p9HHSI 

H8XOllH T H9.KOTopoe nonTBepmneuHe B pe3ynbTaTax , nony'leHHbiX MaKI'!B9HOM , rH6-

/14 I 
COHOM H .llb~XOM • 8 3TOA pa6oTe OT6Hpdll81IRCb CIIY'I8H KB83Hynpyroro paCCeH-

HH SI B cPOTOSMyllbC HH H npH 3TOM npOH3BOllHIIaCb OU9HKa BeiiH'IHHbl OCT8TO'IHOrO HM-

nyllbC8 K 3 yrnOB p83119T8 npOTOHOB. .llnSI nerKKX Slllep, BXOllHWHX B COCT8B SMym, -

C KH /C , O I' 6biiiO nony'leHo pacnpeneneHHe raycca c Eo =II 1 !.. 3 I Mae. 

) 

'I 
"" 

' l 
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/15/ /16/ 
B paooTe BaTaHaoe H noa.nHee BpaKHepoM , Vf.neHoM H ct>paHKHCOM 

Obtno noxaaano, 'ITO xapaxTep aaaHMo.neAcTBHSI. HMeJOwero MecTo Me>K.ny HyKno-

HSMR Sl£lp8 , CyiUeCTB9HHO 0Tp8>K89TCSI Hll ¢opMe I'IMllyllbCHOI"O pacnpe.neneHHSI HyK-

/ 16/ 
nonoa. Bbt'IRcneHRSI, npoae.neHHbte a pa6oTe n a ocnoae Mo.nenH napHbtX saaHM o-

.neAcTBHA, llOK83b!BiliOT, 'fTO QlOpMa BbiCOKORMnyllbCHOA 'f8CTH C09KTpa .!lllSI ll9I"KHX 

Sl.nep OK83biB89TCSI OIIH3KOA X pacnpe.neneHHIO raycca c napaMeTpOM Eo '"l4 Maa, 
/3 17 I 

naA.neHHbiM H3 pR.na aKcnepHMenToa • • O.nnaxo, pa3aHTaH TeopHSI ne no3aonHeT 

OllHCSTb QlOpMy BCero HMllYilbCHOrO cneKTpa HYKilOHOB, KOTOphlA nO CBOeMy XapaKTe

py 38M9THO OT1lH'I89TCSI OT Ql9pMH9BCKOI"O H B .!lH8fi830H9 MllllhlX HMfiyllbCOB
0 

AaTophl npH3HaTenbHbl Vf.K .B3opoay, IO • .U.npoxowxun y 3a 

o 6cy >K .nenHe peaynbTSTOB nacTOSIIU eA pa 6oT bt. A BTOpbt Bbtpa >Ka JOT onaro.napnocTb 

Vf . A . nonoBoA 38 npoae.nenHe p8C'19TOB Hll 91l9KTpOHHO-c'f9THO A M8WHHe, a TSK>Ke 

E.A. W aaneaoA aa noMOIUb a o6paooTKe axcnepHMeHTSIIbHbtx .naHHbtX. 

Pyx onucb nocTyn&na a H3.naTenbCK HA oT.nen 
28 anpenR 1960 ro.na. 
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PHc. 1. ct>oTorpa¢HI1 cny'"lal1 K Ba3Hynp y roro pacceSlnitSl np >TOHa Ha npoToHe. 
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PHC. 2. lr.'1 080e pacnpC Lt E'Ill'HHe OCT8TO'IBbiX Sl'lep H."l p t>tii\ Ltlll'l I\Ot13 11 Cfl<'""' lll< '~ '~ 

p8CCeSIHHSI npOTOHOI:'\. nyHKTnpH8S1 KpH B8l1 npt".'lCTDII:"!SlE'T CO 10it ptlC'IIJH' ~·" -

lteHHe 1 Bb!'I H CileiiHOe C Y'l CTOM 3HepreTU'ICCKOI'l 38 HH CH M oc;T I! H VI\ 1011 -

HyKilOHHbiX cet.teHHA . 

.;. 
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P~t r . 3. Yrnoeoe pacnpe.aeneHHe ocTaTO'iHbiX sr.aep H 3 peaKUK A KB83HCBo6o.aHoro 

B38H:O.!O.OeACTBKSI Sf+ H :Ji- - Me30HOB, [ fyHKTHpH6SI KpK8 8 SI - p a cnpe.aene

HHe , Bhl'iHCneHHOe C yqeTOM SHepreTH'ieC KOA 3 88HCHMOCTH Me3oH-Hy KnOHHhlX 

ce'leHnR. 
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PHc. 4. PacnpeneneHHe no HMn ynLco~t ocraTo •t11 t.« X SlllPP 113 peaKuHif KBa .'3HCeo6on 

Horo paccestHHR npOTOHos. WTpHxosKo A yKil31l llbl c .1y<~a u, n KoTop br x 1-n
s ecTHO TOilbKC M HHHM81lbHOe 3 !<l'V •;: -~ :" H'l.lfl YllhCII, C Tp e !IKOl! OTMe<teu rpa 
HH'tHblfl HMn y.r:bC C!>epM H pacnpe.J.e,'l<JH!Hl . 
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PRe. 5. Pacrrpea eneHHH no ft MnynbcaM ocTaToqHhlX Haep H3 peaKuHA 

H 0£'0 B38HMOQEdicTBIHl Ji .._ H fC - - Me30HOB. 0503H8'16HH5! T e 

Ha pHC. 4. 
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3 
P11c. 6. Yrnoaoe pacnpeaeneH&e waej H H3 peaJCa&l: 1 

1C • ~ J./111 - 1I • + P ~ H u I'-+ He•-- 7[- + p + H • 
UUTpaxosol nMKHeA noxaaaHo pacnpeaeneHae, ucnpasneHROe Ha 838RMO-
aeAcT&Re RyKnOH-OCT8TO~H08 gapo. lUTpax-nyHKTRpHOI nRRKel H8H8C8HO 
pacnpeaeneRKe, .Bbi'IRcneHHOe c y'leToM eHepreTH'IecxoA aa·IBIIcJoAocTH 
W830H -ayKnORHbiX C8'18HHA. 

, 

~ 
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P Kc. 7 . l"'Mn ynbCHbtA cneKTp R.aep H
3 

K3 pea KUKH / 2,3 / : f -HCXO.OHbtR c n e KTp , 

~ - nocna Hc npa en eHKR Ha CBR3 b . 
L 
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P H C, 8 . 3 H II Hl V!Mn y llbt:HbiA c neKTp srn ep H H3 peaKUKH p + e- p + p ~ ; f - u c xO!l llOO pacnre.ncn enKe, 0 - pacnpe:,n eneHKe , nony 'feHH o e a 

pac'-l eTe MP'."O I,OM CJlyl! aiht h iX 11COhiT 8H'HA. 
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