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B B E .n E H H E 

3~xra or p~xanwx HBBserca aaxHoR cocraaHoA qacrL~ acero 

xownnexca coopyzeHHR cospeweHHwx ycxopxreneA. Xopomo cnnauxpoaaH

HaH K 3~8KTKBHaH 3a~KTa ~aer B03MOXHOCTb HaH6onee OOBHO H rX6KO 

HCOOJIL30111UL JC!t0pii1'8BL .JtU !fM3HqecitHX HCC.II8~0BaHIIlt. C ,J;pyrol CTO

pOHY1 n1oxo cnpoexrxposaHHaR a~•ra woxer 6wrL cep~oeZBHK xcroqaxxow 

nowex npx npose~eHKH axcnepHMeHTOB H orpaRxqxaarL KaK xonaqecrseu

Bwe, rax x xaqecraeaawe peay.11~orarw aayqawx xccJe.~toBaHHR. 

BBo~ a ~eRcrsxe nepawx ycitopxre.llel ocy~ecrBBHnca,xax npaaxno, 

683 axpaHOB ~~H OC.IIa6.118HK8 OOTOKOB H3JiyqeHHR. no wepe HaKOOJI8HHH 

onwra K 3RaRKI 0 spe~HON ~eiCTBKH p~HanKH, C O~HOI CTOpORW 1 K H8-

06XO~KMOCTL~ CHHX8RHH ~Ha H3JiyqeHHA II M8CT8X pa3M8~8HHH per~cTpH

p~·el annaparypw, c ~pyroA, ace 6oBLBee BHHMaRxe y~e.11.11erca aon

pocaw a~xrw. TeH~eH~Ka a co3~aaxx ycxop•re.11e" qacrx~ ~o BY:OKHX 

3ReprHA H Ha 60JIL.K8 TOltH npHBO~KT K TOMy, qro B 3RaqxreJLROI cre

neHH yBexxqKBBnTCH ltalt paswepu 3KpaHOB 1 TaK H HX CTOHMOCTL. no 3TOR 

npHqwBe DOHBJIH8TCH R806XO.JtKMOCTL B 60188 H~8XHOI HB~pwanJH 0 npo

HKKa~•KX H3Byqeuxsx, B03HHKao•xx npH pa6ore ycxopxreJeR. HH~opwanx

ORHYR warepxa.11 11 aacro~ee spews co~epxxrcs B or~e.IILRYX xypRa.IILHYX 

CTaTLHX H ftBJiftBTCH ~KmL OCROBOI .Jt.IIH nocrpoeHHH npH6AKX8HRYX M8TO.JtOB 

pacqera 3~HTY. O~RaKO OOHB.IIHn.HBCH C KaX~YM rOlOK HOBWB .~taHHWe .~ta

nT OCHOBaBHe H~8HTLCR 1 qro roqHOCTL pacqeTOB 3a.HTY OT H3JiyqeftHI 

ycxopxre.11e1 c~ecrseaao y.11yqmxrca. 

B npe.~tAaraewow o6aope .~te.llaerca nonwrxa o6o6~KTL x xpxrxqecxx 

OCMWCJHTL pe3y!LtatH pa6or, CBH3aHHY8 C aonpOCaKM 3a~KTW OT K3.11Y

qeHHR ycxopxreneR nporoHoa , ~eRrpoaoa x aJL~- qacr•n , a 
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TaK~e np•BO~RTCR B8&0TOpwe 3KCD8pHM8HTa~hHNe K pacqeTHY8 AnH

HYe, paaee Be ony6~KXOBaHHN8 , 

B pas~e~e I npe~cras~eHN ~aaawe, xapaxrepHsyn•xe auxo~ K 

npocrpaHcrseaso-sBeprerHqecxoe pacnpe~eneHKe npoHHxan=Hx Hsny

qeaxR. 3TH CB8~8BKR DOKa3NBaor, qro onpe~ena~KY KOMnOH8HTOY 

OHOR OrHqP. r.K OA onacHOCTH Ha yCKOpHTensx BBnBDT CB B OC HO BHOM He~~ 

poRN. no 3TOI np~HHe 6onee no~o6ao paccMorpeH sonpoc s~HTY 

OT H81Tp0BOB, XOTOpYA H3XOX8H B pa3~e~e 2. llpOX0~8HHe M830HOB 

B 3a~Hre ( 3-RR pa3~en) pa3o6paHo oqeHh xoporxo, r. x. 3TOT BH~ 

pa~aUKH B pe~KX c~asx asnserca ¢axropoM, onpe~enan~HM OHono

rHqecxyn onacROCTh. B 4-K pas~e~e paccMorpexu BOnpocw axrHBBnHH 

uarepaanoa, o6opy~osaRHB ycxopHreneR H sos~xa, a raxxe s~HTa 

OT rauMa-H3XyqeHHB RaBe~eHHOI pa~OaKTHBHOCTH. 
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I. JllXO,n H CIIEKTPAJIJ,HQ..YI'JIO:OOE PACIIPEWEHHE 

K3JIYtiEHHR OT Yt:!KOPHTEJIE!! 

I.I. OO!He 3aKOHOMepaocr• 

~xog aearposos, rrorox searpoaos L5 , aosHKKa~HB npH 

pa6ore ycxopxrena, onpe~exaerca noroxou qacr~ ~ , ycxopea-

sux ~o aseprHH t: , ceqesKeM aeynpyroro BSaJXo~eBcrBHa c( 

cpe,II;BD ltOJUtti8CTBOII HeBTpOHOB V Ba O~BO Heynpyroe B3aJDlO.l81UT

BRe H qxcXOM B,ll;ep MBI8BH •) B CTOX6HX8 C OCBOBaBB8M B I Cll2 R BH

COTOB, paBHol npo6ery ycxopeHBHX qacrau R • .nxa MHmeBH xa o~oro 

3X8118HTa B TOHXOII C.I08 Jx ,Ha%0~-DCB Ha rxy6RH8 .X , BHXO~ 

pases dB =ni·v·6·dx , 
r.le n - qxcxo ~ep s cu3 KKmesx. 

TIO.IBHI BHXO.l B81Tp~HOB 1 oqes~H0 1 6y.l8T 

B = njvi-G'·dx . ( I ) 
0 

Ec.1x nepe!Tx x nepeMeHHOI £ , TO ( I ) 3a!lD8TCJI B CJl8,vl).811 

BK.l8 : £ 

B : nj I-;% v . d£, 
0 d~ 

(2) 

npHqeu serpy~so noxasar~,qro 

~ 3BeprerxqecJtBe norepx -GIJt 
KYX qacrxn /I-4/K, 8C.IR H3B8CTBO 

£ 

I =I e.zp~r ( ~ · d.~ · 
o ) CiE.dx , 

E I 
0 

K3B8CTBH ,I{JlB 60.I~·KBCTBa JCKOpse

cf (£) , a raue V (£) ,ro 

•) KxaeBBMR 11oryr raue asnJtr~ca .l8Ta.IR ycxopxrexa. 
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norox uearpouoB wozer dwrL ~zcxeu. K cozaxeu•m,so wuorBx 

cxyt~a.!IX y, £ ) H G ,£) H3BecrHH ,II;Jill or,~;eJILHHX 3Hat~eHBit 

aueprHR. B raxHx cJiyqaax norox uearpouoB oneuHBaercll c noMO,•m 
5-9/ 

axcnepxxeuraJLHHX ,~~;aHBHX, noxyqeuuwx ua pa3nxqaHX ycxopxre~ax • 

BH'IHcneHHR noroxa ueHTpOHOB cy~ecrseuuo ynpo~amrcR, ecnx v H 

r) Re 38.BHCRT Or £ , a ocAadneuxew noroxa t~acrxn 3a cqer 

ueynpyrHX B38.HWO~eRCTBHI MOZHO np~HeOpeqh. ITpH T8.RHX YCJIOBHllX 

BHXO~ HelrpoHOB 6y,~~;er 

B = ni· 'V·G'·R-o 
(3) 

C nOYO~LD (3) Mozer 0HTL pacc'IHT8.H raxze nOTOK BetTpOBOB H3 roK

ROI MHmeHH, ecJIH BMeCTO npoOera ~ flO,II;CT8.BKTL TOJI~HHY KKm8RB. 

3~ecL cxe~er orMerBrL ,~;sa oocroarenLCTBa. Bo-nepBwx, ueo6xo~o 

yt~arwBarL uearpouu, o6pa30BaBHHe B ,~~;era~Rx ycxopHTena qacrxnaMX, 

npome~H TOHRYD KHS8BL B paccemRHHMB no pa3JIB'IBHM BanpaBJieKB

llM /B/. Bo-Bropwx, ,II;JIR nxKJ~K'Iecxxx ycxopBrexeR npx onpe,~~;eneuxa 

noroxa BeRTpOBOB H3 TOHXOI MHM8BH e~e,~~;yer yqecrL, 'ITO ycxopeBBHe 

qacrHna woryr npotrx KK•eBL ueo,~~;uosparuo. YqecrL oda ar• odcroa

rexLcrBa npx onpe,~~;eneuax BHXo,~~;a uetrpouos B oo•eM cnyqae,no-sx

.J:HMoyY, He np8,11;CT8.BJIR8TCS B03MOZBHM. 

3HeprerB'IecJ!I cnexrp uearpouoB. 3ReprHs uearpouos, o6paay

D~HXCll B B.J:epuax peaxnKBX ycxopeBBHX t~acrxn c se•ecrBoK MK•euer, 

6y,~;er onp8,11;8JISILCS pll,II;OM napaM8IpOBe K HBK,B QaCTHOCTH, OTHOCSICS: 

3Beprxll H rHn ycxopeuuux qacrxn, se•ecrso ,. .. eHB x yro~ ~ad~m

~eu•a ueRryvhuB no orxomeuHm x uanpaBnexwm nyqxa ycxopeBBHX qac

r•n. Hatr• aHanKIB'Iecxym 3aBKCKMOCTL KeZ)I;Y arxxw BeJIH'IHHaKB • 

aueprxeR ueJrpoua .J:Jill Bcex rxnoB peaxnxa B uacro~ee speMll ue 
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npe,~~;crasxllerca B03MozBHM. liB uepeJ~arasxcrcxoro cnyqaa H peaxn•• 

una _1 ( ,·, n) B. cnpase J(JIHB o cAe.um•ee cooruoxene Mes.u nepnet 

peaxnxx l2 , XXH8TB'I8CXOI aueprBel £:. , KB.CCOI ycxopeBBOI 
(.. 

tf&CT!ImW 117 B yr ~OK BYJI8T4 B81TpOK4 B .IMOp8.TOpBOI CBC'UK8 (;),_ /6~ 

Q =E (/+,~~ )-£(/- m•)-2 vnf· ~ · ~. CQSG 
B '- .?78 /?7 ll 

8 
(4) 

lJI• TOHXXX M1.8B81, O.J:B03K4'1BYX 3Ba'I8BKI G2 H npK 

E :>- ma ·Q::: E xaz.J:OJIY 3uaqeun yua &_ coorBercTBJ8T 
i m- m. 1e -n 

BflOXR8 ofipe,~~;i~eXRaa aReprza H81TpOB4 ~ • ITpX 3R8prHK ycxopeHRHX 

qacrxn n~?.:.. E.< £ xaz,II;OMJ BanpaB~8BXI) !!lUera G cooner-
L ~ ~ 

crsyer ,~~;sa 3Haqeuaa aaeprxx uerrpoua. B c~yqae ro~crax KKmeuea 

xx. ze npB rameuaa ycxopeBBHX qacrxn B J(eraxax ycxopBrexa cnexrp 

odp8.3y~BXCll uelrpouoB OR8.3HBaerca cnxomRYM. IToxy'IHK auanxrxqecxoe 

sspaxeRxe, onHcHBam•ee aueprerxqecxoe pacnpe~e~eBHe uetrpouoB. 

llxcJio uearpouoB dtJ , .11ers .. x n c~oa •meBH J.x B e,~~;•nne 
TU8CBOrO yrJla ...Q flO)!; yrJIOM e R BanpaU8KID ycxopeBBHX 

qacran, oy,~~;er pasao: 

dtJ-:=nr j!_ ((JE)d.x . cs) 

3,~;e cL j:::. -.J:X~pe&IlKMLBoe ceq eue peaxnn una Jl ( ( n) 8 
odosuaqesxe ocraJI•usx cKMBOAOB - npez•ee. npoBo,~~;a B (5) ~pM~BHe 

npeodpa30BaHBS, DO.DyqHM: dE. 
dtJ d~ d£:1: {£~~- . eJ 
d£ = ni d.n.. (B,£) T£; 

n zr.x(£) 

(6) 

~) 17-noporosaa aueprRa su,~~;orepKH'IecxoR peaxnxa. 
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Ec•• •saecruo ~~pe~a.~uoe ceqea•e •cnycEaa.a aetrpoaos 
dG· 
--- ~ 

d _r}_ 
B BH.IlY 

, ro cpaaRXteA&RO •erxo no~cq•rar~ cnexrp uetrposos , •wea 

CBH3~ KeXAY ~ K ~ C IJOKO.~D ypaBR8U.A (4). BYpa-
i ~ 

zea•e (6) BYK~aerca s yroq&eHIX, ecxx np•a.war~ so a&KMaKie ror 

tllaxr, qro noroJt ycxopeRRHX ucr-n I , npoxo~ll qepes Moen, 

xsMesaer csoe yr•osoe pacnpe~ueue. 3aucnocn I or (} • 

JC Mozer 6wr~ sanxcasa CJe~•D o6pasow1
4
1: 

I reJ= 0r ff .x ~J. ·e.k;f&fx) , 
$ s 

~) 

r~e 

~ 2 J. ( m c2)J. { 'IJ./ z )·:•j q =16!Xnji z, \-m'..r• f.n {962 lA. (8) 

z • .4 nopa.-xoswl uo~~ep • arowml ae c Qep .... es•, Z.e • 

n~ - xxaccJAecPI pa.I(JIYC • Macca uexrpoua, 

• cxopocn qacrJmH sa uy6BRe X 

m • r -wacca 

Yrxosoe pacnpeleAeH•e searpoBoB. lcroq&RJtOM cse~eHRI od yr

XOBOK pacnpe~exeHKR aetrpo&os, no1yqaeVYX np• o6xyqeBRK MB•e•et 

3apaKe&HHMK qacr•~•, 3a ae6ox~BKM xcltlmqeRKeM,aaxs~rcs onurBHe 

~aHRYe. K arBM BcXAmqeRRllK or&ocsrcs pacqerw yrxosoro pacnpe~e•e

HHll H8lrpOHOB, odpasym.IXCH np• BRJtpRQ8pHOM xac~e, IOtOpYI 
BY3Ysaer nporoR, a raxze np• paspwse ~elrpoaos 16,IO,III. Pesy .. -

rarw arxx pacqeros 6YXYT •3xozeBH npx paccworpeHBI peaxnxl c xoH

xperHYKB ycxopeHHHKR qacr•naMK. 

e 

ra»Ma- M3nyqeaxe~) ITpo6xewa 3~TY or raKMa-•3xyqeu•s sa 

ycxopHrenRX nonozHrenLHO 3apRxeHHHX qacrxn, xax npasx1o, B03HRJta

er s ropa3~o weHLme A creneRH, qew npo6newa s~~TY or selrposos. 

o~saxo a pR~e cnyqaea rawwa-M3xyqea&e wozer s oc&OBROM onpe~eXBr~ 

6HonorHqecxym onacaocrL. rro~o6HYe o6croRr ex~craa woryr BKerL wecro, 

uanpHHep, npH ycxopeHHH qacrxn Ha 3AexrpocrarxqecltHX re&eparopax 

(3Cr), HHH8 IHYX YC KO pHTeAJlX H Ra ~XXOtpOHax. B nepBOM H BO BTOpOK 

c~aRX B0 3HMxaer raHHa- H3nyqe&He c aHeprxeA, xax npasxxo, we&L•e 

U, 5 lv! 3B 1 0CiyCJIOIJ JT eHHOB TO pMOJ!teHMe:W 3JieKTpOHOB B CT eHKaX H ,ll,eTaXSIX JCf 

RAH nxHeAHoro ycxopxrenn. Bo3saxan npx HOHR3aURH ocraroqaoro rasa 

a xawepe ycxopxrexn HXH a pe3ynLrare xoxo~ROI awxcc•x, axexrpoHH 

nona,ll,amr a ycKopSID~ee none H ~BHramrca aascrpeqy ycxopaeKWM qacrx

naw c nonoxxrexLHYM 3apn~o:w, a 3&aqareA~ROI wepe repaac~ no nyrx. 

Enaro,ll,apa arKH o6croarenLcraau,aHeprxa axexrpo&oa wozer 6Yr~ cauot 

pa3nH~oA, qro ~enaer aeonpe,ll,eneHHYH H cne~trp ropwo3Horo X3AyqeHKa. 

BYxo~ HanyqeHHR no nopn~y aeAHqHHY a peaA~HHX ycnosxax wano 3aBK

CHT or ycxopam~ero HanpaxeRHa, roxa K rHna ycxopaewwx qacran. Tax~ 
IIi!./ 

Hanpxwep, uo~HOCTL ~03Y ropwo3&oro H3xyqeaBR B6AH3K 3Cr Ra I Mau 
I I II4/ 

H 300 X3B IJ , a raxxe Ha nHHeAROK ycxop&rene nporoaou ~o IO Mau, 

cocraanRer npHuepHo I - 1,5 plqac. TipH 3TOK noroxH HetrpoHOB e,ll,sa 

~OCTHramr senxqHR I06 HeRrpoHI(ceK.M2). 

ITpR ycxope&HH qacrxn ~o aHeprHA 6on~me, qew noporoswe 3Raqe

HHR 3H8ptHI ~AJl HeynpyrKX npoueccoa, B03KOZRO B03HRKHOB8HX8 taMKa-

xsaaros, xoropwe Hcnycxamrca c B036yz~eHHYX aueprer&qecxxx ypoaaet 

lH60 ~ep KKM8HH 1 HH60 R~ep npO~KTOB. Ha6AD~aeKHA XXH8AHYA cnexrp 

~ 3,ll,ecL paccwarpaaaerca l' -HaxyqeHxe, conpoao~am•ee Heynpyrxe 
npOU8CCY B3aHMO~eiCTBHJl YCKOp8HHYX qactHU C H~aMH HJH B03HHKa-
D~ee npH ropwozeHHH axexrpoHoa. 
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H OTHOCHTe~bHaR HHTeHCHBHOCTb nHHK~ 3aBHCRT OT BH~a H CTeneHH B03-

6yx~eHMR a~pa. Tax xax Ha ycxopHre~ax woryr Hcno~b30B8Tbca caw~e 

pa3~HqHNe WHmeHH, TO OUeHKH ~na 3a~HTN uoryr OCHOBNBaTbCR Ha KOM-

6HRHp0BaHHOM cnexrpe, KOTOpN~ RB~SBTCH orH6a~HM ~HHeRHoro cneKTpa 

C yqeTOM 60~bMOrO qHCRa B03MOXH~X RHRH! 1 YCKOp8HHNX qacTHU H B3a

HM0~8ftCTBHft. Kou6HRHpoBaHHYR cnexrp, socnpoH3BO~~HR aueprerxqec

xoe pacnpe~eneHHe rawua-nyqeR or MHmeueR uxxnorpoHa, 3aHMcraosaH

HYft H3 paoors/7/, npe~craaneu Ha pHc.I. 
llpH nonyqeHHH cneKTpa npHHHMaRHCb BO BHHUaHHe CRe~yD~He 

cooOpaxeHHH: 
!) nORbWHHCTBO UHWeHeR ~RH H~epHNX HCCRe~OBaHHR HUeeT HH3KHR 

aTOUHHA HOUep. Cpe~HHA HHTepBaR uex~y B036y~eHHHMH ypOBHHMH ~ep 

TaKHX MHWeHeR COCTaBRHeT OKORO 01 5 M3B. 

2) ~a ue6onLmoro 10nxqecrsa nerxex ~ep HKeerca HecxonLxo 

aoa6yx~eHHYX ypoBuea unxorL ~o IO KaB. 

3) Cpe~RHf HRT8pBaA ue~ B036yx~eHHYKI ypOBHHMH B a~ax 

raxensx MHmeuea MeHLme qeu O,I M3B. 

4) ~H 3MHCCHB XBaHTOB BYCOKOI 3HeprHH HMeercH UaAaH BepOHT

HOCTL, 8C~K B036yr~eHHe YOX8T CHBK6TLCH CTyneHHKH no ypOBHHM B03-

6y~8HHH. rro~o6uaa cHryauxa H»eer uecro npx pacn~e npo~yxros ~e

neHHa ypaua, ~na xoroporo xou6xuxposaHHHR cnexrp rauua-nyqe~ xaue

peu. lna cpaBHeHHa raKYa-cnexrp npo~yxroB ~eneHHa ypaua raxxe H3 

paxeu Ha pHc.I. llpe~nonaraeYYR xou6HHHposaHHYI cnexrp or MHmeueR 

ycxopxrena xueer HecxoBLxo 6onL.ym qacrL BYCOK03Hepraqusx XBaHTOB, 

qro H6XO~TC8 B COOTB8TCTBHH C 6onee mHpOKKMH HRT8pBanaMH ue~ 

3HepreraqecKHUH ypoBHSKH B nerxxx a~ax. nna raxoro cnexrpa a~ex

THBHYR X03~HUR8HT OCAa6A8HHH UOXHO OpaTb paBHHM npHuepHO 6,! u-I 
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~AR o6squoro 6eroua B oxono 55 u-I ~na csxuua/71. TIPHBe~eRRYI 

Ha pHc.I XOM6HRKpOBaHHYI cnexrp raMKa-KBaHTOB H3 B036yx~eRBHX 

a~ep, DO-B~KMOyY1 6y~er CDpaBe~ABB Be TOALKO ~AS UIKAOTpOROB
1 

uo B ~As ycxopHrenea ua 6oALaHe aHeprHB. B ocaoBy aroro npe~nono

xeu•a uoxer 6YTL nonoxeuo ro o6croareRLcrBo, qro npH yBenxqeuaa 

3R8pr .. B036yx~eHH8 YB8A8qKBa8TCS BepORrROCTL CHSTKS B036~8HHS 

nyreu BHiera H3 ~pa HYlAOHOB. 

rrpx ~ocrHXeuxx ycxopaeKHKH qacr-uaxx aueprRI BHie qeu 

!60 MaB/ syx~oH craHOBITca B03MOZHHU uoas~eHxe ,f;f 0 -M830HOB, 

xaz~R K3 xoropsx pacn~aerca sa ~Ba raMMa-EBaura. ~-KB&RT& 

or pacn~a j(o~esouoB ue cos~amr cxo~•xo-HH6y~ c,_ecrBeBHOI 

npo6aews HH B Bonpoce 6Koar•qecxot onecuocr• ,HI B Bonpoce s~xra 

sa ycxopKreAax, 6naro~apa cpasu•re~so MaiYu ceqeRXSM o6pasosa

HHR Jf' -K830HOB K CKAhHOuy nor~0~8HXD B Be~ecrBe/7,11,15/. 

1.2. Ycxopxreax uporoaoB 

rrorox uetrpounB, B03HIJa~l npH o6nyqeuKH ycxopaeKHMK upo

TOB&KK MHB8B811 onpe~8AI8TCS C UOKO.LO BYp&Z8BKa (2). ~aqa DpB 

3TOM cBo~rca x xaxox~eBKO aueprerBqecxax norepL -~~ , ceqe

HKS H8)Dpyroro B3aaK0~8ICTBHS () H cpe~uero KOaBq8CTBa Retr

POHOB Ha 0~0 Reynpyroe B38XK0~8ICTBBe. tyu~o - c/E MOZHO 
dx 

onpe~eAKTL no ~aRBHM, npe~crasaeRHHM ua pKc.2. Kpxsse norepL 

aueprKK nocrpoeRB no pacqerBBM ~aRHHM CrepuxeJKepa, xoropae OnB

CaRY B pa6ore131. llpx pacqere yqreRB nonpaBxK, B03HKK8~Re np• 

HH3KHX 3Hepraax, KOr~a CIOPOCTL npOTOR& CTaHOBITCS M8HL•e CKO

POCTH 8rOMRBX 318XTpOHOB1 a T&!Z8 yqreu •3~1T UAOTHOCTK•,Baz-

II 



BYI B 06~C%K BYCOEIX aaeprHio Ha a%OM ze pHCJBX8 npKBe~eaa saBK

CKMOCT~ npo6era npo%OBOB or •x aB8pr••· Ceqeaxa aeynpyroro saax

MO,J;etcu•a G' ,;u 3B8pr .. npo%OROB 60.188 80 JI:JB no ,J;aRHHM pa-

6oT/I6-2I/ octaurca noctoaRBYKK a npe,~;e~ax axcnepKMeR%aX~RYX o .. -

6ox (3-4~), np~eM OBK OX83YBaDTCR paBBHKH C81{8BBSM Reynpyroro 

BlaBMO,J;8ICTBHS B81rpOBOB. lJR aTOI 06~aCTK aaeprHI Ba pxc.3 npKBO

,J;XTCS saBXCKMOCT. ceqeBXS aeynpyroro B3aHMO,J;8ICTBKR OT BrOMBOrO 

B8ca ax8M8BTOB, xoropas c roaaoct•D ae xyze qeu 5~ onxcasa8rcs 
J,4 

BHp8.Z8BH8M (;' • 32 ·/I ,J;XB /1 ~ 9 • B ,J;Il8Jia30B8 neprHI 

'j ~ z.,- ' las~ <: £,P ~ 80 Iss Mozao ,~;onycuu,qto c811ene aeyn-

pyroro B3aKJIO,J;81CTBK8 npOTOROB paBBO ceqeBBD aeynpyroro B3aBJIO

,J;81CTBXS B81rpOBOBe B 3TOJI npx6~8B .. JIOZBO BOCUOX&SOBaT~Ca ,J;aB

BHJIB 0 aeynpyrKX C81{8HKSX H81TpOHOB, 3aKMCTBOB8HHYJIX H3 pa60TH/!6/ 

H npHB8,J;8HHHMH Ba pxc.4. lJS npOTOHOB cpaBHBT8l.HO JlaxHX 3H8prHI 

(aecxo~xo laB x.ax Mea~•e) ce118HKa aeynpyroro ssaBMo,;elcTBKS npx

BO,J;atca B 0630p8/6/. B 3TOJI ze o6sope npKBO,li;STCS BHXO,li;Y H8l!pOHOB 

H3 'f OlCTHX lllB8Bell ,J;JUl pa,J;a peaxtV~I ( P n ). 
PacqeT BHXO,J;a R81TpOHOB H8 YOZ8T 6HT~ sasep•ea, 8ClH H8B3B8CT

HO KO~X1{8CTBO R8RTpOHOB Y Ha O,li;RO aeynpyroe B3aKJIO,J;8ICTBX8o 

npo~ecc aeynpyroro ssaxxo,J;eiCTBHS npx aaeprxax nporoaos 6oxee 

50 JaB paCCMaTpHBaDT llaCTO COCTOR~HY H3 ,J;BYX Cfa,J;HI. B 3TOI CB831 

RetrpoHH, o6paaym~ecs npx Reynpyro• B3aKMO,J;eiCTBHK,Ae~ar aa xac

Ka,J;HYe aetrpOHY K R81TpOHY HCnapeHHa. Hx BHXO,li;H,paCC11KTaHHY8 Ha 

O~HR 8XT aeynpyroro BSaKJIO~eiCTBHS npOTOROB pa3XH11HHX 3HeprKI C 

) -~.3 
X Z r/ MaB - BHCOTa lt}'JIOROBCXOrO 6ap:&epa. 
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S,J;paMH R8CIOXDXXX a.I8M8BTOB,np8,li;CTaBX8HW Ba pKc.5. BaxO,J; R81Tp0-

ROB xcnapeHKa Me~ onp8,~;e.asxca RaMH c nOM~•• sasxcXMOCTH aaepr .. 

B036,X,J;8RH.II ( w) OT nepr .. npOTOROB/! I/ X V = t ( W) /22/ 

,J;.IS saa118HH.II napa.etpa D.IOTBOCTK JpOBH81 S,J;pa .. ~~ (cM.~pJIY-

XJ !3), paBBOrO O,I MaB-I. Onpe,~;exeHHHI T8XXK o6pasou BHXO,J; 

ael!pOROB xcnaprRHa aaxo,;xrca B xopome• corxacHH c axcnepx•earax~

BYMX p83JX&TaTaMK pa60T/23-26/,npHB8,11;8RHYKH B T86.1Hqe 1. 

Ta6x~ma 1 

BY%0,11; R8RTpOROB H3 pas~BHX 3.18JI8HTOB npH 06.1J118HHH 
KX npOTOHSMH K H81TpOHaKI 

Ill• en qxC.IO R91TpOHOB Ha qHC.IO B91TpOROB Ha 
3.JeB8RT To~HHa O~IIY D8pBilq]IJI) o~o Heynpyroe co-

llaCTIIey y~apeu8 

fiyqOK npOTOROB, £R • !2 13B/24/ 

Ae- 2,4 npo- (6,6±0,34).ro-3 -
Cu 6era 

(0,98±0,09).!0-3 npOTOBa -
lQ., (0,24±0,06).!0-3 -

fiJ1fOK npOTOROB, £ = 32 lu/25/ p 

J3e I,O npo- 28,3.!0-3 

c. c58ra 
(0,9~0,06).!0-3 npOTOBa -

0 (2,08±0,IJ).I0-3 ' - ' Vie-
v£.. s,o6 .ro-3 -
~ 9,60. ro-3 

!3,2. ro-3 
-------

fipO,J;OXK8BX8 Ha CTp. 14 

I3 



r 

IIyqox npotoRoB, 

.Jlc 28,8 r/cM2 0,328.;t0,040 

57,5 r/cM2 0,666.;t0,042 

Cu 29,93 r/cM2 o, 63I.;t0, 040 

59,82 r/cM2 I,I7 .;t0,040 

CJ 30,7! r/cM2 I,II .;t0,04 

6I,43 r/cM2 I, 9I .;tO, IO 

94,4 r/cM2 6,40 .;tO,II 
u 23,6 r/cM2 I, 79 ;tO, C11 

Ilyq OK Rel!pOHOB, 

c I7 ,2 CM o, 29 + 0,03 
.J/{. I0,8 CM 0,24 + 0,02 

1-L...u 
3,32 CJI. 0,4I :!: 0,04 

6,64 CJI. 0,85 :!: 0,09 

Cd 3,48 CM 0,46 :!: 0,05 
u I,27 CJI. !,23 :!: 0,!2 

37,! CJI. II,4 :!: !,3 

IIyqox Retrpo&oB, 

c !0 CM -
Jk !0 CJI. -
]e, !0 CJI. -
(1_ IO CM -
~ 9 CM -

14 

E = 340 lu/261 
•p 

I,48.;t0,22 

I,69.;t0, I7 

3, 4I.;t0, 37 

3,50.;t0,30 I 

6,85;t0,86 ! 

6,44.;t0,64 i 

I7, 6 .;ti, 4 I 

I6, 7 ;ti, 7 

£ "' 90 Mul261 I 

If 

0,92 + o, !2 

0,9! t O, II 

!,9 t 0,3 

2,2 t 0,3 

2,6 t 0,3 

!0,9 ± !,5 

II,8 t !,3 

£ •!20 llu/231 
If 

I,8 ± I 

!,5 t 0,8 

!,5 :!: 0,8 

I,8 :!: 0,9 

9 ! 3 
-- -- - --~ 

Heo0XO~HMOR XapaKiepHCTKKOI HeRTPOHOB ~BH pacqera 3~KTH HBBH-

8TCH ax 3HepretaqecxKA cnextp. HsKepe&xH cnextpoB &eltpo&oB npx 

oO~yqeRHK npOTOHaKR TOHKRX JI.Mm8R81 R3 pa3~Hq&YX MatepRa!OB npo

BO~BOC~ B pn~e paoor127- 331. Hecxo~~KO cnextpoa &e~tpo&oB, oo
pasyo~xxcH B ro&xoA oepxn~xeaot wxmeHK npa o6x.yqe&xx ee npotoHaMM 

paa~xqHHX 3HepraA, npe~cTaBneHo aa pxc.6. Bd~asx xaz~oA JpKBOI 

y:Kaaa&a sHeprxs npoto&oB B M3B. IIo ocx op~Hat otnoxe&a Be~xqa&a 

notoxa &eliTpo&oa &a e)tKHKquHA xRTepaaB 3Hepru ,\" i E) a e,vnm

nax KaKCDM~Horo ee a&aq eHu 1\ E 1 
• .tu HopKXpoau cneE-

,":'""c . 

TpOB KX Op~HaTH H800XO~O yYROXXTh Ha lt03~8HTH ~ 

onpe~e~seMHe aa cae~ero yc~oaxa: 

' _, 
y . G 

I\ =--- I( - - - -

d.£; j-( G) rJ ( cus (j) ; · ~".,,,H ,N'(E) d£ 
.J2. 1-

/tfiiC, , 

J 
(9) 

-K0~8CTBO :KSC~HHX &eAtpOHOB r~e VIC c 3H8pr&JIIIH OT E ,.,,1#, 
~0 EJI.aXC.BenHqKHy EJI.HH.npH0BHX8HHO KOXHO DpHHHTD paBHOA H3K8p8HHOI 

llHHKKanbHOR 3HeprHH HeiTpOHOB B COOTB8TCTBy~eK CU8KTpe, a · 

£ : £ 1 i i. 6-) ~HKitKH , onacYBaJlllaR yrnoBoe pacnpe~uene 
.Vr/'('C, 'fJ J 

H8ITPOHOB. 

nns KKme&eA C OOA»mHK afOJI.HHJI. B8COJI., qeJI. OepXAAHI,cpe~RJIB 

Be~xqxHa 3HeprKR H81TpOHOB B cnexrpe H8CKOA»KO JI.8HL•e• B Ta6~K

ne 2 UpXBe~eHH 3H8prRH H8l!pOHOB, COOTB8TCTB~Ke Jl.a:KCRJI.yJI.aJI. 

3Hepretaqecx.x pacnpe~eneHxt. 

Be~~HH 3H8prKK H81TpOHOB, UpK KOTOpHX Ha6~m~amtca JI.&K-

CIDiaJIDHY8 3Hate HKH /v (£} ~U pa3AJAHHX yr AOB Ha6.1~8DR 

(y , YitasaHH B rao JIHite 3. 
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Tal:l~a 2 

BeXIqrBB aHeprxx H81Tp0BOB, npx XOTOpHX Had~~anTCS 
lfUCXJIYW uepreuw cux pacnpe~uenl N (E) ,~~;u 

pa3D1lHHX 11 .. 81181 ( {) :: 0 ) • 

3Heprxs setrpoHoB, laB 
II X X e H 1> 

~. ..171 lu/3!/ E -244 lu/321 £ • 375 lu/29/ p p i" I 

JlKTKI - - 320 

EepXJIUI !50 215 300 

YrJI epo,; 130 !95 775 

AJII)]O[HJfl !40 - -
CBI!Hen - !80 -
YpaH !40 - -

Ta6Jl11Ita 3 

BeJI~XBH 3H8prxx 118ITPOHOB, npx XOTOpHX HadJlm,J;&aTCS 
MUCXIfYKH axepret~ecxxx pacnpe~eJieKxl AI(£) ~JJl 

Ja3~HHX yr!OB Ha6Jim,;ea .. C••en - !Je- ). 

YroJI H~Jlll,J;e- 3Heprxs B81Tp0KOB, laB 
BXS , 

£ • 244 lu/32/ £ -650 lu/33/ £ -660 lu/30/ rpa,ucH p l' -p 

0 2!5 280 6201 260 

IS 175 - -
!8 - - 520; 225 

22,5 - no -
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YrJIOBHe pacnpe~ueHKB HetrpoHoB BHC OJCHX aHeprHII £,.,,. 50 M3B 

dWJIX H3M8p8HH ~JIB CJI8~·XX SHaqeHXI 3Heprxl DpOTOHOB: !71 iaB, 

350 KaB/34/, 480 llaB/91, 660 MaB/B/. BeJIHqxuw yrJIOB G , xo-
'/1.1 

TOpHM COOTB8TCTBYDT DJIOTHOCTX DOTOKOB H811TpOHOB1 B .J;Ba paaa M8Hh-

lle, qeJI npH (;; = 0 ,I;JIS YXa3aHHIDC 3HaqeHHII 3HeprHI IIPOTOHOB, 

(loMdap,~tKpy~XX OepH~JlX8BY~ MX.e~, COOTB8TCTB8HHO paBHH 34°, 

25°, !8° X 14,5° o 3aBHCHMOCT'b ~ ( B rpa,Jtycax) OT 3Hepro ,,_ 
npor oHOB t:P ( MaB), a taxze ~HKqHH yrxoBoro pacnpe,~~;eJlewas 

~{l9)or yrJia t9 Y~OBJl8!BOpX!8JlhHO OIIHCHBa~TCB CJI8~~KKK 3MnH-

piiU CUMJ! 3aBKCDOCTOH: £p )-% 
(d = l{S (66 0 , (IO) 

lj~ 

j ((:) ):! ~ [60·~ G-4} ( ~ ft<: ~~ (II) 

V,~fo,c!.3[6-~;;j 9& 
0

> 6 ~c:~ 
YrJIOB08 pacnp8,11;8Jl8HK8 DOTOXOB R81TpOROB, BYJlera~KX H3 KKm8RH, 

HMeer CBOXM npo.~toxzesxex pacnpe,~~;eJleKXe noroxoa searpouoa, o6pa

arn.xxcB B ,~~;era.~sx H yaJlax ycxopKreJls, Ha xoropye non~a~r pac-

ceBHHHe nporouu. HpHMep raxoro yr noaoro pacnpe~eneHHB HellrpoHOB 
Boxpyr ycxopxrens npxae~e Ha pxc, 7. H3wepeuxs OHnH npoae~eau ua 
cxuxpo~norpoue ORHH E.B.raBpHnoacxxM, E.M.ronoBHHHM, B.ll.~xene
IIO BHM X D.ll. Ka3apHHOBHM C IIOMO~h~ XaKep, perHCTpHpy~HX 
OC KOJIXH ~8Jl8HXB BHCMyTa HellrpOHaMH C 3HeprHHMH BHme 50 M3B. 
llporouw npx arox ycxops~x ~o aueprHH 460 Maa. lloroxx uell
rpouoa B roqxax 28-37 o~eueuw c IIOMO~b~ pacqera. ~aHHwe 
PHC . 7 H paOOTH /B/ IIOXa3HBa~r, qro B pasnxqHHX HanpaBneHHHX DOTOKH 
Hell rpoaoB c £,,.50 MaB He npeBwma~r I~ or llaKCHManbHoro noroxa. 
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ne Kytep/35, 36/ paccxorpeA 3~aqy o noCJ8AOBareaaROM xcnapeRBK 

B81TpOBOB I nOJyqll BYp8Z8BB8 AAA IX 3H8prerBqecxoro pacnp8A8J8BXA: 

e-J. - e ~ 
. !(E)-£ C . 
N - r (c.J rfe- ' 

(!2) 

r A8 q: • II/!2 T f r -Ba'IB.UBaJI reweparypa I (., - !6/II I 

r - rawa~ynuu. top)IJJla (!2) BYB8A8Ba All C.l)'llaJI, ltOrAa 

npBKATO COOrBo•ea.e M8ZAJ 3B8p~l B036Y!A81KI 

pol, aare~ee 13 MOA8XK rasa tepMK: 
2 W =- OllT . 

( w) • rewnepary-

(!3) 

Ha pxc.8 upBBeAeBH aueperer~ecKKe pacupeAeJieBXA uetrpouoa, 

paccuraHBH8 H8JIJI C UOIIl lltal> cJlOPlfYJIH (!2) H xeroAa CJ!Y118.IHHX JtCUH

taBRit/22/ AJIA w' = 200 laB ( E? .. !200 M3B) 1 u = o, I lfaB-I 

• rl = !09. CpasueHHe xpJtBOI • rxcrorpa.IOIH noX83KBaet xopo•ee 

corJ!acxe oooxx xetOAOB pacqera. Heooxo~JMas ~·a pacqeroa cnexrpa 

HetrpOBOB 3aBXCXYOCTJ. 3BeprXB B036yzA8RXR OT 3B8prKK npOTOHOB AAA 

pa3AKqHHX a~ep ycraHOBJl8H8. B pa6ore/!I/. 

YrJlosoe pacnpeAeJeBXe Retrpoaoa xcnapeBHR wozer 6~r• oxapaxre

px3oaauo AaRBHMK /37/, npeAcraa~eHBHMX Ra pxc.9. B pa6orel3
7

1pe

rxcrpxpoaaAJtC» uetrpoBH c aueprxel<30 las, B03BXJa-.•e B pasAxq

HHX YK.8HAX npX 06JiyqeBXX IX EOJJIM!pOBaRRYM Df"ltOM B81Tp0BOB Or 

CRBxpO~KJ!OtpOR8.o Cuexrp RetrpOBOB or CBBxpO~~otpOBa npeAcraBA8B 

Ra pxc.6 ( L:p= 480 I3B). B CBA3K C reM, qro B noroxe B81rpOBOB or 

CKHxpO~BXJOrpoRa MOrAa npBCYTCTBOBar» 3RaqXte!J.BaA qacr» B81TpOROB 

C aHeprHRMH, 6JIH3KKMB K aReprHAM HcnapRD~BXCR H8ITPOBOB, K AaBHHM, 

npe~CT8.BJI8HHHM H8. pHc.9, H806XO~O OTH8CTKCJ. C H81tOt0pOI OCTOpoz-

HO<::r lollo 
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B3SBMOAelcTBK8 nporouoa, aueprxx xoropwx npeaHmaDr 200 Mas , 

C R,JtpaMB CO npOBOZAaeTCA 06p8.30B8.HH811 :Ji. -1!830HOB BC ex 3ap~OBHX 

cocroHHHR. BHXo'- A- -w e3 0HOB Ha OAHO ueynpyroe B3aHKo~etcraHe 

npor oHa C pa3JiaqHHMH R~paKK npHBe~eH Ha pxc.IO. 3TK ~aHHHe B3 

pa6or~/IO/ npe~craaneHH ~JIR rpex 3HaqeHHI aaeprxx npoTOHOB: 

0, 46 , 0,94 H 1,8 f3B. 

K3 pa60TH/5/ B3B8CTH0 1 qTQ H8. O~HH axr Heynpyroro B3aBY0~8Icr
BHA npOTOHa C 3H8prBel 6 f3 B 06pa3yllT CR 2 38.pRZ8HHHX H O~HH H81tT

p5nBHI .sf -M830HH C 061!181t XJIH8TKqe cltOI 3Reprxelt 2, 6 f 3B. ,llHiMJe

peHnB8.XJ.RH8 ceqeRBR 06pa30B8.RXR Y83 0HOB npB 3B8prHRX npOTOHOB 

28 f3B HM8DT CR B pa6ore / 38/. B CBR3H C rey,qro npH B3aBY0~8ICT
BBK t -M830ROB C B8~8CTBOY npOHB~HilTCH HH~HB~an&HH8 K8.118CrBa, 

38.BKCR~H8 OT RX 38.pR~a, H806XO~O OXapaxrepH30Bar& aepoRrROCr& 

dpa3 0B8.HHR M830HOB pa3~HqRHX sap~OBHX COCTORHHA. H3 8.H8AH3a 

B8~8HHit , no~yqeHHHX C UOYO~bll Y8TO~a c~yqaAHHX HCUHraHHR/II/ 

c~enar& CJ!e~Yili!IH8 38.lt~Jlq8HHH 06 Odpa30B8.HHH ~ .Ye30HOB 

c 3HeprHnKK or 0,46 ~o 1,8 ras. OruomeHHe 'IHCJ!a £ 

06~eyY KOJIH'I8CrBy K830HOB UO'I!H He saBKCHr ( C TOII-

2~) or arowuoro aeca 3neweRroB ( .J ). TipH ysenHI!e

aHeprHH nporouos ~o I raa aro orHomeRHe ocraercR nocroHHHHY 

paauHY 0,35, yaenxqHaaRcb sarew ~o 0,42 npx = !,8 ras. 
~· HOm8HK8 ~CXa . ~ -1!830HOB K 06~8yY KOXH'Iecray M830HOB yY8Hb-

TCR K8.K npH yaeJIHII8RKK ..II , T8.K H npK yseJIHI!eHHH £? or 

pasu oro 0, 52 .-u .JI = 27 H ~ = O, 46 ~o O, 27 ;ttJIR 

£? = I, 8 faa. Odparaas ttapTRHa HMeer wecro ~JIR or

HHR IIHCJ!a r:f- -«830ROB It 061Jl8yY KOJIHqecrBy Y830HOBo 3TO OTHO

e yaeJIH'IHaaercR or 0,13 ;tto 0,31 npH yaeJIHII8HKH arouHoro aeca 

aueprHH nporoHoB a yxasaHHOM ~HanasoHe. 
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3HeprerHttecKoe pacnpe.~teneHKe Ji -weaouoa xapaKrepHayercR 

cae.~teHKRWH, nowe~eHHH¥K B ra6nHne 4. 

'l'a6JIKUa 4 

~OJIR ~ -Me30HOB 1 KCllYCKaeWHX B K8X~OM K3 tteTHpeX 
3HepreTHtteCKHX HHTepBaJIOB npH Heynpyrow B3aKMO.~teacTBKH 

npOTOHOB pa3JIHtiHHX 3HeprKR C R,ltpaMK Ue,l!K K ypaHa /II/ 

3HeprHR,M3B M e .lt L Y p a H 

460 I 940 I840 460 940 

0 - 45 0,48 0,71 0,23 o, 47 0,37 
45 - 90 0,44 0,25 o, I9 0,42 0,25 
90 -200 0,06 o, I3 0,09 O, II 0,09 

200 0,02 0,35 0,49 0,00 0,29 

I840 

0,26 

o, I9 

O, II 

0,44 

Yrnoaoe pacnpe,ll;eJieHHe j ( &)...,_ esoaoa a: ex aapR,l!OBHX 

cocrORHHA RBJiaBTCR B 3HattHTeJILHOa creneHH aHH30TPOllHaY /II/. 

Yrnoaoe pacnpe.~teneaHe aaBHCHT xax or arowHoro Howepa sneweara, 

raK H or sHeprHH nporouoa. HaH6onee peaxo BNPaxeHa aHHsorponHR 

npH Bll: OKHX 3HeprHRX. HanpHKep, ,li;Jlll aJIIlllHHHll npu £r = 1840 M3B 

aenJNHHa _-(8)HaveHsercSI or 0,08 ( G -:-Jt- a M6oparopHoR cHcr. 

.~too,3s cG~o). 

I.3. YcxopHrenH gearpoHOB H anL¢a-~acrHq 

XopomHR 0630p 3KcnepHWeHTaJILHHX ,ltaHHHX 0 BHXO,lte HeATpOHOB H 

HX cneKTpaJILHO-yrJIOBOV pacnpe,lteJieHHH npH B3aHVO,ll;eAcTBHH ,lteArpOHOB 

H anL~-ttacTHU c H,l!PawH HveercR a KHHre H.A.Bnacoaa/61. MarepHan 
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pa6ora/
6

/ 6HJI B OCHOBHOV CO 6paH .1(0 I954 ro,lla. HH:a:e 6y,ltyT H3JIOJ:8HH 

xparxHe BHBO,li;H K3 o63opa H.A.Bnacoaa npKMeHHTeJILHo x reue Hac

roJUtero pas,ll;ena H JsaoropHe pe3yJiuarH, noJiytteHHHe noc.11e 1954. 
BHBO,li;H CJI8~1l~He. 

06p630BaHHe HeJTpOHOB B peaKUHSIX ,ll;8!rpOHOB C ~aMH CBO,li;KT

CSI x .I(BYK nponeccaw. ITpx cpaBHHT&BLHO ua.11ux aHeprHSIX (.l(o 8 Mas) 

npeo6Jia.l(aer npoqecc 3axsara ,ll;eArpoua Sl,ll;pow H ¢opvHposauHe B03-

dyJ:.I(eHHoro cocraauoro Sl,llpa, xoropoe H Hcnycxaer aearpoH. ITo wepe 

yaeJIHtteHia aaeprHH ,ll;etrpoHa yaeJIHQHaaercSI aepoSITHOCTL pa3puaa 

ero a no.11e H,ll;epRax HJIH xy.lloRoacxwx cwn. B nocJie,ll;uew cx~ae o6e 

ttaCTHUH .1(81tTpOHa, T.e. npOTOH H HeATpOH,OK&3MBaDTCH CB060.I(HHKH
1 

Re 36XBatt8HRiUH Sl.l(pOM. ITpH Odp630BaHHB HeATpoRa qepe3 COCT6BR08 

R.l(po &Reprxs peaxnxH pasHa paauocrx aueprHH csaaH nporoua s 

KOR8ttR01l Sl.l(p8 H B .1(81TpORe. Tax KaK 3ReprHSI CBSI3H npOTOHa B 

.~tearpoHe wa.11a ( 2,23 Mas), a a dO.IILMHHcrae ,ll;pyrHx R,ltep aaatt•

reJILRo dO.IILme, ro aueprHSI peaxnHH G2 ( cw.paa,ll;eJI r.r) odYttRo 

llOJIOJ:HT8JILRa. IT03TOMy peaxUHH ( ~ n ) woryr H66JIIl,ltaTLCSI npH 

Jllldot ~.ll;e.:a:e ottem. waJ!ol,aReprHH .1(81trpoaoa £.d • ITpx wanax aHep

rKRX ,lt8ltTpORa BHXO,l( H8ltrpOHO.B Onpe,~;eJISieTCSI npOHI!Jll8MOCTLil IJOTeH

UH6JILROrO dapLepa, a npw .l(aJILHeltmeu yseJIHtteHHH aHeprHH - npoderow 

,ll;eRrpoua H aepoarROCTLil peaxnHH o6pasoaaHHSI He#rpoHa. B&xo.~t HeMr

Pouoa B CX.II~HOR creneHH aaBHCHT or Be~ecraa MHmeHH npx wan&x 

3HeprHSX .1(81rpOHOB. Tax, HanpHMep, npH 3HeprHH ,li;8ITpOROB, paBROR 

I M3B,BYXO.I( xa 6epHJIJIHP. a IO paa BYme, ~ew H3 yrJiepo.~ta. 

llpl BYIDUX 3HeprHJIX JteRrpoRa ( /;c:/ I$ 50 M3B) 36BHCHIIOCTL 

BYXO,J!a OT arOilHOrO Be ca ae•ecrBa UHII8RH CTaROllfTCSI H83HattHT8B~HOA, 
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3To c~e~T Taxze xs reopeTKqecxoro paccxorpeRma nponecca 

paapaaa ~eArpoRa Ra xpaD a~. Cep~ep no~yq•~ c~e~•ee 3Raqe

RBe ceqeRxa o~pasoaaBKa ~HcTporo xetrpoRa: 

6 "'so A II J. ro-Zl cx2 . (I4) 

Ecu no~cTB.BHU no 3Raqeue IJ' B IIDPMYIJ (J) JI Bllpa3llrt. 

npo6er ~exrpoRa £ B r/cx2, ro noxyqxx cxe~~ee BHpaxeRxe 

~~a BYXO~a R8ITPOHOB: 
~ 

8 = 0,03I .1/c/J , ( ! 5) 

Tax xax npo6er ~eupoRa £ [r/CJI1-'j B ReaRaquunol cr eneBK YB e

~nJiaaeTcs c pocrox J , TO • B&Xo~ ll811'pOBOB ~y,.;eT c~a~o aa

BHceT~ oT aro .. oro Beca ... e&et. 

Pacnpe~ueJOie setrpoBOB no ueprux rax xe, JtaJt • BliXo.-;, onpe

.-;e~SBTca THROM nponecca, npx JtOTopox npoxcxo.-;BT o6paaoaaHKe cBo

~o,.;Boro JreiTpoBa. npx xcnycxaliHH TO~~xo BetrpoBa xs cocraBHoro 

a~pa ero aReprHa onpe~eJseTca c noxo~~m cooTJio•eHKa (4). lJa 

TOBXJIX M1.8J18I Jla~~Dla8MH8 CD8XTp& R81TpOBOB 6y~ npe~CT8.BI8Ba 

4H00 O~HOI MOHOXDOMaTB'IleCXOI ~KHHel, JIXOO KX HaoopOM I 3aJHCHMOC 

oT Toro,neeT u a&epr•a peunn Q O,i;BO HJIH Bec-

xo~~xo 3Ba'lleRKio l!JI TOICTHX MIS8H81 cnexTp1 8CT8CTB8BB01 ~y~eT 

en IOKIIHM. O~Baxo np• 6onnx 3J!aqnJtax Q (a >>Ed) ~axe .-:u 

TOJICTHX MIS8R81 CD8KTP R81TpOHOB MOJ:RO OTOJ:~8CTBHT» C MOHOxpoxa

TB'Il8CXOI IHBB81. fiOIOJ:8HB8 TaKOI MOHOxpOKaTH'Il8CXOI XKRHH Ha •xa-
18 neprHH ~IH3KO K B8U'Illl He Q 

3RepreTH'Il8CKBI cnexrp B81rpOHOB, O~p8.3JD.XXCJI B p88.xnHJIX 

paspasa letrpoaa, onpe~e~serca o~Rol •s c~e~••x ~opuy1: 

drJ t ·E·d 
d £ :: ifEH--}Edt~ L ·Ed)JfJJ 

(I6j 
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cl IV .~Vh-=1~.;-:--:;----=--:--
cl£-= (t;, -j &} 2-( ·Ed crl) 

t - 3B8prwa CBSs• l811'pOBa, paBRaa 2,23 JaB. topMJJl8. (!6) 

cTaHoBJeHa CepOepox lJlll BenpospaqHoro a.-:pa ( 1:" • IOO lsa), 
Blip8X8BK8 (I7) DOJIY'Il8HO B npe.-;nOJIOJ:8BU DOJIHOI npospaqaocr• 

O~HaKO npB 3Hepr•ax HYX~OJIOB BW•e roo laB a.-:pa cra&oaarca 
'llaCTJitlll o npospa'llHYD /IO, III. 

YrJIOB&e pacnpe~8Jl8RBJI R81TpOHOB ~~a HenpospaqJIHX B COBep•eBBO 

03paqHYX Qep DO~'IJIBJIII!CJI CJI8,ui).JOI BHp8X8BBJIM,COOT!8TCTB8!1BO: 

dG' 
dit = fl.i !1 , r~ JJ - .. · -p -z , 

? ';Z 
de;- ll-'i 
d .I2. ~ x ( 1 + a/iYJ/ 

(!8) 

(!9) 

c» l -pa,JtXyc N(pa, 'v -cpe~Hee paccTonxe xez.-:y HeiTpoB8.MK 

npOTOIIaiiH B ••IITPOII& ~. 'Z = ' ~ r EJ ) • B -yro• ··-
ra uearpoua, M -xacca npoToua.VG g MC::. 

TipH B3aHKo~elcrBBH a~»~-qacTBU B uecxon»xo ~ecarxoB Mas 

~PBMK HelrpoBY acnycxaDrca xs npoxezyroquoro ~a. B ~o~~••H

rae CJyqaeB peaxitHx ( d...
1 

17. ) oxaaYBaDrca 3H,I(orepxxqecKHMHo 

lAa Renpoapaquoro N(pa np-..ua~acL cne~xe suaqeuHa 

seJIHnH: I? =I, 5 ·I I/J ·ro-Dcx; 'i= 2,1 •ro-13cx. 
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Yr•oswe pacnpe~e•eKKR HeltpoKos, o6pasru••xca np• ~ou6ap
AKPOBX8 ·depKIIK8BOI xxxeBK ~eltpoKBMK c axeprxel 280 Mas • al~
qact•naxx c aReprxel 560 Mas, xsxepexRwe E.B.~BpKAOBCX .. , B.M. 

X D.M.KasapKROBHM,npKBO~RrCft R8. pRc.7. roiOBRRHK, B.TI.lx818DOBHM 
Hel~poRH s~oKXX a&epr•l, xet•••e s HanpaBJeHKK, o6patHOM uanpas-

A8KKD OCBOBHOrO notoXa, o6p&3J»TCS paCC8ftHRHKK R8. KHM8RX XIX 

s nponeeee yexopeBKa sapm~eHRHUX ~crxnaux. 

~4 

O~KHK K3 BarHYX KCKJ~qeHKI BBABBTC4 peaxnxa ~»fa-qacTKU C de-
9{ I.V 

pKUK8M J3 C- o/.. 1 17) c • 
llpx 6ou6ap~posxe aJL~-qacr•~•• c tReprxet 30 las RetrpoBM 

no.ayqaJUlcit npaxtxqecu 113 .1~601 ••en. Blilxo.- xs oronrot ••en 

B aTOM c~qae MOZ8! 6WTL npR6.1113X'f811tHO npe~CT~I8R ~OPKJIOI: 

1AI- 9,68- o,o234Z 

r~e l'i -qxc.Jo ueRtpoRos Ra 3.1018 a~~t~-qacorxn. Cnexrp Hettpo

uos H3 !OnCTOI MHX8HH - CU.IOIBOI R HM88T npH0nH3HT8.1bHO O~HH6XOBYD 

~opuy ~~a scex uaaeRel. topxa cnexorpa xxeer BK,.: _c 
N{E)"""Ee;u ~ 

ue £ -4Heprxa aeJTposoa • ln. 
Yr.IOB08 pacnpe.-81808 HllfPO&OB, RCI'IJCI8.8KWX TOICfWKK ... ,_ 

BOX npx dox6ap~xpoaxe xx ~lt$&-qacrxnaMil c ueprxelt 30 Jlu, npx6-

nsrrenHo xsorponRo ,.u z > 15. ,lla caxoro nnoro as xsyqeRRHX 

318K8RTOB - ~ OTROX8RR8 KaJtCXK&IItHOI DIO!HOCTK noroxa R81Tp0-

ROB ( f} : 0) X DRRK8.JlltROI ( {i) = S£) COCT&BU8f BeJRqKRf ,pas -

RJ» ,..... 7. 

KccJe .. oaaRKa no o6pasosa~ HeltTpoRoB .. errpoRaKR x allt~

qacrxn8MH, ony61HltOB8.RRWe noc1e 1954 ro,~~;a x He BOli8,JJ;IDie B xoaorpa
~HD/161, OHXH UpOB8,11;8RH ri&BBWM 06pasox B pa60T8.X/9,24,26,39/. 

Hxze Oy,.YT R310Z8BY OCBOBHY8 p83JIItf8.TH 8TKX KCCI8 .. 0BaBXIo 

~8.HHY8 no BWXO,JJ;y H8ltpOROS ( S OCHOBBOK HelfpOHOS Rcnap8BR1) 

R3 pasnxqswx ••eHel, o01yqaexwx ,.etrpoHaMK1 npe,.corasJeRH s ta6-

~~e 5. 
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r 

'l'a6una 5 

BYxo~ RttrpoxoB X3 p&.3JKqHWX a~eKeRroB npx 06HJ'I8HKH 
n ~etrpoaaux 

I • • e a h t!IIC.IO HeJtrpOBOB tiJ!C.IO H81rpOBOB 
aa o~KR ~eJtrpoH sa o,~;so seynpy-

n ~ .... sa roe coy~apeaxe 

3Reprxa ,~;etrpoaoa 24 laB/24/ 

Ae 7,...., 0,5 r/cK2 (29, 5.:ti, 6). ro-3 

~7,.., 0,73 r/cK2 (s,s .:tO,s).ro-3 

Tc, 7~ I,I r/cK2 (8,3 .:tO,s).ro-3 

u7rJ 1,2 r/cK2 (II, 6.;tO, 9). ro-3 

311epr .. ~el'rpoBoB !90 lu/26/ 

/vi !!,4 CK o, I94.;t0, 0!2 0,89.;tO,IO 
J;L !0,1 CK 0,98 .± 0,05 2,2 .;tO,! 
c 7,~ r/cx2 O,I58.;tO,OI4 o, 70.;t0,09 

.Ae 6,96 CK 0,45 .;t0,05 !,3 .;t0,2 

~ 2,53 CK 0,75 .;t0,08 2,4 .;t0,3 

lfo 2,53 CK 0,98 .;tO, IO 3,4.± 0,3 
(!d !2,24 r/cK2 o, 585.;t0, 020 4,0!.;t0,30 

w, !2,39 r/cK2 O, 7 I3.:t;O, 030 6,I.;t 0,6 

Ceqesxe seynpyroro coy~apeoa CJ {d) onpe~e.u.1oc~o 113 
/40i ' __j l !. Q r' / 

ycJoBIIa : c;;(u; =~1n)+~(f), r.~te~ (n) •_\JQrp)-
ceqeaxa Beynpyroro B3&.KK0,1;8ICrBXa He!rpOHOB X nporOHOB BWCOXOI 
aaeprxx, COOr Be r crBe RHO. 

AHa.tH3xpya axcnepxuesran~oaue ,~taHBSe,Motep Ha.e.t/39/,'lro npx 

O ouoap~xposxe ro~crolt Oepx.tueaot MHIIeHx ~etrpoHaKX c aHeprxer 

60 M3B BWXO.Jt HeltrpoHoa,o6pas~ .. xcs B npo~ccax cpuaa, npRKoro 

B3aaKO.Jt&lcraxs H xcnapesxa, cocraanaer 0,2 setrpoHa Ha o~H ~elr

poR. B pa6ore 1391 npe,~;craB~eaw raxze aHeprerxqecxxe pacnpe,~tene
HHa 3rxx Helrpoaoa no~ yr~aKX o, 30°, 60°, 90°, !20° , I50°x !80~ 

06~1 cnexrp HelrpoHoB no~o6eH cnexrpy aetrpoHoB xcnapeHXa ,npe~

craa.teHRouy aa pac.8. ~ecrBeaaoe or.III'IHe sa6.tm.~taerca ,~;.ta Bwcoxo. 

aaeprerxqecxol o6nacrx cnexrpa, xoropaa B paccwarpKsaeuoK c.1y~ae 
npocrxpaerca Bn.tor~ ,~;o 60 13B. 

llnorHocr~ noroxa ren.toaai setrposoa ~ ,o6pasro••xca BByrpx 
117 

roHHOI 3~ru ycxopare~a, lotep npe,~;.~araer onpe~e.1ar~ c nouo••m 
3UUKp!'I8CXOro COOTH0.8HHR 

~ = r,25 B, ,5 'J c2o) 
r,~; e 3 -auxo,~; 6ucrpwx: ·Belrpoaoa or yc:ttopneu, S-usyrpeHHaa 

nosepxHocr~ 6eroHHOI 3~rw ycxopHrena. 3xcnepKKearan~Ro ycraBoB

Ho,qro ~ He 3aBKcxr or oo~eua noue~eaxa ycxopxrena H ua~o 
m . 

qyBcrBxreneH x 3ReprKK 6wcrpwx HelrpoHoB. rr~orRocrh noroxa renno-

-·-· --·-· -·-- -·- 'awx RelrpoHoB, H3uepeaaaa aa cHRxpo~xnorpoHe ORffM,no nop~xy ae-

1 /26/ HKqHHu coan~aer c BeJXqraot, pacc'IHTaBHOI c nouo•hm ~opuy~u (20). 3Reprxa ~etrpoaoB 3!5 aB 

u !,58 CK 2, 211 ... o. rn Q.O ... O.Q 

(!j 
To. 
ll 

!2,24 r/cK2 

28,8 r/cu2 

54, !5 r/cK2 

0,350+ 0,04 

!,8 + 0,2 

3,0 + 0,3 

26 

4,2 + 0,6 

6,5 + 0,9 

II,O + !,4 

rox 6wcrpux Helrpoaoa ~na aroro cHy'laa 6uH 3axucraoaaH H3 paoo
u/8/ . 

Z1 



2. 3!1ll'l'A OT HEITPOHOB 

2.!. K!Ber•qec50e xpapaeBKe 

Haado~ee o6~ ypaBBeHKeu, •s JDToporo uoryr dwr• no~yqeaw 

~a&BHe od ocaadxea•• noroxa aerrpoaoB, •x yr~OBOM • aseprer•qec

xou pacnpe~exeBKK B a~xre,asxaerca EKHer~ec10e ypaBaea•e 

J~.· v[Ji. N(i,.fl.,EJ]~-i ~(£) · tJ (£>2-,E)== 
E ~ _/ t ..., (2!) .:: n.jr.£ij i./(i,JL,EJ•d.sL·dE·aE +S(-z.,Ji.,£) • . 

J,S E 
KHaermqecxoe ypaBaeaxe aaUKca&o ~~a cra~oaapaoro c~yqaa • aetr-

po&oB, npoxo~-.•x qepes cpexr •s o~aoro a~eueara c it qxc~ou 

sxep B cu3• ~YJIEIVI.& N (~Ji.,E}- i(IYBEIVIA pacnpe~uea .. Bettpo

HOB no xanpaaxeBK.au • aaeprH.au, onpe~e1.aeuaa TaEBM odpasou,qro 

N('i.,~. E )·dJi.-dE npe~ctaBnet codol qKcJio HeiiTpoaoB, upo•e~
max B exaHzny BpeueBH qepes e~xaHq&ym nxo•~KY (aopuax•, x xoro

pol aanpaBxeua B~ox• -lt ) c aHeprKel B •arepBaxe or E ~o 

£ + c;/ £ , qepe3 3Jl8M8HT T8Jl8CBOrO fi'Jl8. cfj[ OKOJIO BaupaB

Jl8BHH e~xHllqaoro Bexropa _it. .• ~YHJtltJim /"' (E.} ::r Ci'( E) ·n. 
IIOJ:HO Onp8~8JlHTit KaX JIJIH8IBHI XOti(li(lllttl 8BT OC.I8.d.18BU Jl81rpOBOB. 

Be.llHlll Ha .~ -,;Jl4xl>epe~m•ax.aoe eeune IICIIJtJtaBU Ketr-
cifL·"~ 

pOHOB B HanpaBJl8HXII ... i2 C aaepneR £ npK B3a&0~8ICTBBH C 

g,;po11 aelrpoRa, xer~ero 113 aanpaBxeHKa ~ c aaepr11e1 £ 

£
0 

- Ua.JtcDaxnaa aaeprru aelltpoaos. ~YBKitJIH 9 (Ji,.JL,£) 
xapaxtepHayet acto~•x aerrpouoB, Jleta.-x B aanpaBxeHKx J2 c 

aHepneR £ 
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PemeHHll KHHe:rHqecxoro ypaaaeax.R npOBO.I(HXHCb .I(JI.R qacTHYX 

~Jiyqa.ea/41-44/, H3 KOTOpHX BaHt:lOJJee HRTepeCBYM .I(JIJI 3amKTH YCKO

>HTeJiel, xa.x aa.w xaze:rc.R, .RBJiliDTCll pemeaHa .I(Jill :roqeqaoro H3o:rpon

toro H IIJIOCKOro MOHOHanpa.BJI8HHOrO HCTOQHHKa. lJill IIJIOCKOrO MOH0-

!8.1Ip8.BJ18HROrO Her OQRHKa qJYHKUHll pacnpe.I(8JI8HHll 3aBHCHT OT KOOP.J(H

:aT!l .X, ( OCJ. .):; Ha.npaB.IIeHa nepn8H.I(HKfJI.RpHO IIJIOCKOCTH 38.11(HT!l) 

: uO -KOCHayca yrna weZ,I(y aanpaaJieHHeu .I(BHZeHH.R Hea:rpoaa H 

oJJozuenJ.HHM aarrpaaneHHeu ocH .,{..- • II03TOKY di 11 [i. N ( i _l , £j}-: 
.., dN rl - --. L l.-' "' · ri · = U; J.X,) .) l (/ I ·;~ l(.L}:> (E) ' 

ypa.BH8HH8 (2!) 38.1IHC!lBa8TCll B BH.I(8: 

W · JtJ ~-~£)_ +.: lf(E)N(.A,,W, E)= 

( E I J.t CJ/ _/ I ..,. ,. ) 

It 1 di4j '}./(:x,
1 
~ E)J 7-CI£ ·u£ +$(£.) o(.£) ~{tv-W.)~22 

./~ 
';1. £ 

l OCJ18.t:lJ18Hl118 IIOTOlt8. t:lHCTp!a HetttpOHOB B B811(8CTBe OT Be TCTOO HH!l 

oaroBHow .1(88. npouecca.: ynpyroe H aeynpyroe B3a.HWO.IleAC:rBH.R seAT

BOB C Jl~a.MK. COOTB8TCTBYn=He 3TH'Il rrpouecca.w C8Q8HHJI B38.HVO.I(8ltCT• 

a Ot:l03H8.'1.1HM (]" H ~.... • B 3TOlt CBJI3H HHTerpaJibHHR QJ18H 

() .Y "1 
meHliJa 22 p8.3t:!Hea.e:rcll Ha .I(Ba CJlara.eJnu : 
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tYREIUIB j • f' onpe,JteJleHw yc JI?BXIIliX 
E1 E I j j (~'£ ; £)d£=1 u jdE·P(g}, E:EJ=K; 

£,..,,., E,.,HH 
r)te -qBCIO BeiTpOHOB C aBeprllllliJl CSonBe, '1811 £ t Hcnyc-HH" 

:a:aexwx B O.JtBOK arre Beynpyroro CTOJIJtBOBeBU, a £ ~ -KHRJtllaJI:r.N;r~ 

Ball aBepr•a, .JtO xoropo! npoc~eziBaDTCII Be!rpouu. 

lJII roqeqBoro JI30TpOnBOrO JICTO'IRXKa KKH8TH'I8CX08 ypaBH8HH8 

saiiJICHB aerca C118.JtYJI•D o<Spasox: 

,,., JN{'Z,u},£) f Lw_.b ;nv(-"l;w, E.J _ llJ·If,.. .. 'J£)-
w J"·Z, ·<v . aw - - ~~w~,..£ tvc~,V/, -

E. . 

::: njtL2j l'l(t,w/£/Gj'rE 1}'/fu},'t
1

E)d£ ~ c24) 

G H E ~ . 
'1f.ln 1/Lt( u)/ t\r { 1\ · 'II I J rtlr. dJ!dflf-uJl t-,'.Ja.J'j rv 'Z-1 ,E;q. £;-P(U:J,E

1
E}a£+:J{E}Jt.Izz. 2:£ , 

~,; r)teF W - JtOCBJIYC ;!Jia li8Z,U wanpaBJleRBD .-1?- -. BanpaSJ18JIJI8)( 
.. ..")1 p~~,~;Kyca-senopa ~ , a ~ - xocJIHYC yrJia li8Z.ltJ ue.npaB.lle-

~ I 
KKIID .J2. B _a_ 

2.2. PesYikTars pe•euxa • cpaBUeB!e c axcnepXMeHTOM 

a) UPoxogene xeUpoHoB B son; 0.33 Mi!B <E._ <. 20 lln 

Bo.JtOPO.lt SSI8BTCII OCBOBHHM 3JI8li8HTOll, Se.K8XJIII~Jill H81TpOHH C 
• 

aueprBIIlll xo !0 las s npKM!HII!KHX :~~arepx&Jax s~MTH. TioaroKY 

CSOJI:&B08 JtOJIXqecTBO pac.eroB dHIO SHnO~H8BO .Jt~ll BOXOPO.Jta X BOXY• 

Pacc•orpBll npoxozxeKBe uetrpouos or roqequoro xsorpouuoro xcroq-

Hxm s soxe. 
,lJII BO ,ltH 3Haqe BKll ~yu~l, BXOXJII BX B ypaBB ene 

cn.ltYD••e: _/'= n, { 16;, + ~ ,,) 

j- = r (w- ..jij;') 
H 

JO 

x,ecJIB npeue<Speq:r. HslleueHKeM aueprxx ueRrpouoB np• KX ynpyroll 

coy.JtapeuBH c II.JtpaliB XBC~opo,Jta, a Reynpyroe coyxapeBKe cqxrar:r. 

3ltBBBa118HTBYK nor JIOI(8BJID, TO p.: ( , a ¢YBlt~ll j 11000 npex

cralll r:r. xap; 9YllliY e~araellsx 

j. = / -{j f .{I { £) /-? { W) + 5 b ( £} P. ( W) I ""')' • 
./ • t;;r 1 o./ Vi j ".1/ "/ ~ I 

j..J -noS!HHOll JlezaH.Jtpa. 3Ra'leHIIII b(E.) , b.r • b . npe.Jt-
0/"' ., ro'~l 

CTaBMBH B Slf)t8 Tad 11J1n B oGaope / 45/ • KJIB8Tll'l8 CJt08 y'palll ehe npB 

T8JQIX yc JIOSBIIX 3SI1Jf.8TCII B CI8.Q11.8M •.Jte: 

~-~~ _J/..f( "i-'/.V.~)- 1-w~ JN{?.-1/!),£) n/.6.; .- ).fJ,;,,,,\. 
w J z., + -v - --;rw ---#- •'!H+I)o•JNt~~l;-

E f(w-IF)" 1 

" ":/ d 2J 'Ill(?-, w,' e?(f, ( E ')• ---1~ £' .d£ + 

if.J" £ 
J: . E . - ' ,, j I 10j Hi-uJ) 

r 1 n J dJt j N{t, u?,'e') t./£. w')!;r ( c'~aE. 5(EJ ;p •" ;t;;' -. 

~EH3 padgr/42, 45/ MOJ:BO C)t811a'l:& c~e)tym .. e SYBO)tH, DO~qeBHYe 
H3 aBaAH3a pe&eBH~ li8TO~Oll Jt0)(8BTOB ypaBB8HBII (25) )tiS H81Tp0BOB 

c aueprBIIliK :~~eRee 20 Mas. 
I) OcaosHYil pon:r. s npoxoJ:.JteHBII He~rpoHOB qepes BO.ltY HrpaDT 

CTOJ11tHOS8BHS C BO,li.OpO,li.OK • Tax, Hanpnep, )t~ll £, = 8 llaB )t039 

Be!lrpOHOS, fKHOZ8BHH8 Ba /t.J'f,-l- , Ha paCCTOIIHXB 120 Cll B BO)t8 B 

BO,JtOpo~e COOTB8TCTBeBHO pasHH 1,3.10-6 
It ¢ap/qac H I,53.I0-SKqt~l 

(HCTOQBHK - roqe'IBH! K30rponus~, Mcnycxa~x~ I uetrpoH/cep;.; 

.IJ.03a,coorsercrBJD~all I aetrpou /cep;, pasHa !,6.!0-
2 

M ¢ap/qac) 

2) l~ll CaliHX dOJib.BX paCCTOHBHI OT HCTO'IRBita, yqer norepX 

3BeprBH npB ynpyroll CTOIKBOB8HHH Ha KHCJIOPOX8 npBBOXHT lt Yli8BbW8-

BHD ~03H He CSoJlee qeM ua 25~. 
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3) HaGAm~eercs xopo•ee corAac•e paccqzraBHHX • •3MepeHawx 

~aaxwx ~~· ~03H xetrpoBOB xa pa3XI~BHX paccroSRIISX or KCTo .. •xa 

( [ = r4 J13B). HaitJIOH JtPUHX 3JtCU8piDieHT8.JDaRO CRJITHX pacnpe-
<~ 

~8JI8BKH T8DJIOBWX, a raJZe dwcrpYX H8lrpOROB H HaltJIOH XPKBOI pac-

'l8THOrO pacupe~ueRKs norom RetrpoaoB npx £If = 330 Jt3B Raxo

,;ncs B xopolleM cor.Dac•• ,J;JIR Z. ;. 50 eM. 

4) Ha paccrOSHiUIX rOO CM 7 ·'Z. 7 20 CM MO:'IBO IIpX6JUeH HO 

cquau, uo BUHliKHat;Z>(zJ · 4'.1Tz~ 

3aBHCKMOCTH OT Z : 

HaXt,J;HTCH B 3XCU&B8BnKaAbHOI 

?:; (~)=CJJ e---~ :-0o).£ 
·Z"'M \ vI 

B 3rOI CBS3B MO:'IBO rOBOpKTb 0 B838BIICKWOCTII ( C TO'IBOCrbm ± 3~) 

or ·~ 3~exrxsaoro 3aaqeaas ~xaetxoro xoa~nKeBra ocJiadJleHHR 

,JI;03H fi B DpOXOM ,JI;HaDa30B8 TO~ .. Kil .. ~H ·~ • DoJ188 rOliBO 

3TO BHIIOJIBR8TCS ,J;~H R81rpOHOB CD8Jtrpa ,J;8J18HBR. B TadJ1Jllt8 6 ,J;aBH 

3Hali8BIIH ftl, H ~ : ~_t ,JtJIR B8CXOJlbltliX T0~8liRMX MOH03B8p-
./ ~ r-~ 

reTJili8CBJIX HCTOliHBltOBo 
TaGJ!Klta 6 

BeXKliKBa a~exraBHoro nBRel&oro xoa~xeura ocnadAexxs ,Jt03H 
H81TpOBOB ~4 II TO~--Ba CJ!OH IIOJ!OBKHBOrO OCJladJ18HBR ,lt03H 
HelrpOHOB 6 B BO,lt8 ,li;JIR TOll8liHOrO 1130rpOIIliOrO IICTOliHJlU 

~ ( rOO CM > 2:. ;? 20 CM) 

~ReprXR B8HTpOBOB, -~ 

MaD ..... ~,M Aa, CM 

2 22 3,2 
4 r4 5,0 
6 II 6,2 
8 8,7 8,0 

ro 8,r 8,6 
r4 6,9 9,8 

HetrpoHH ,~;eJleBXs !2 6,0 
~~-
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.llPHM8H8HH8 ,JtaHRYX TBOJIHUY 6 ,JtJlH paC'IBTOB ~03Y H81TpOBOB OT 

UJ!OCKOrO MOHOHanpaBJ18HHOrO HCTOliBHKa npHBO,li;HT X 3aBYm8HHD ,li;03Y 

8 uecxoJlbKO pa3. 3To fTB epx,JteHHe corJlacyercs c reM ¢axro11, qro 

3 uat~8 HHH ./ /1; , npHB8,D;8HHY8 B TOOJlHUe, H8CKOJlbKO M8HbM8 B8JIK'IKH 

MaJtp0CKODHli8CKKX C8li8HKH BYB8,D;e HHH , npe,D;cTaBJ18HHYX B pador e/46/ . 

6) ITQOXOJA8HHe R81Tp0HOB B :'18JI838 H CBKHU8, r5 > i:H > !,J M3B 

HCTO'IHKK - roqe'IHHI , H30TpODRHB, WO HOXpOMaTK'I8 CKHI / 4J/. 

ITp• ycraHOBJieHHH xHHerHqecxoro ypaBHeHHH ,D;JIR paccMarpxsaeMoro 

CJiyqag H ero pemeHKK 6HJIH C~8JiaH~ CJI8,D;YD~He ,li;ODY.8HHH o 

I) ITpeHe6per aAH 3aMe~JleHaeM uelrpouos npH ynpyroM pacceRHwH , 

cqHTaR Heynpyroe pacceRHHe H30TpODHHW. 

2) HeftrpoHY B npo~cce Heynpyroro paccesHHR Tepsmr 3Repr•m 

~HcxpeTHHWH nop~HRKH, COOTBercrBYD•HMH CHcreue ypOBHeA B036y~e

Hi1H R,J;8p • 

3) ~YHJtUHH, xapaxrepH3YD_.e yrxosoe pacnpe,~;eJleHHe ueSTpoHoB 

npH ynpyrOM pacceRHHil, HaxO~HJIH Ha OCHOBaHHI HH!6pDOJIRnHH 3KCD8-

pllU6HTaJibHHX ,JtaHHLIX • 

3KcnepxveHTaJ!bHO 6HJ!K onpe~eneaw npocrpaHcrseHHHe pacnpe

,~; eneHHs HeArpoaoa c aueprHRKH Bwme pa3JIHliHHX noporoB perKcrpauxa. 

B pe3yJibTaTe ycrasoaJieHo,qTo 3XcnepHYSHTaJI~HHe H pacliBTHue 

3Ha'I8HHR ~U KC!OqHHKa HelrpOHOB ~ = 4 M3B HaxO,J;aTC.II B XOp01118M 

cor Jiacxx, a ,~;xs Her oqu na uetrpoaos £o = !4, 9 113B MaxciDiaJibHOe 

OTJIH'IHe cocraanser 3~. Pac'ler noxa3YBaeT, qro aa 60AbWHX paccros

HHRX OT HCTOliiHKa (v) CU8JtTp HeBTpOHOB 060r8.1118H CHJlbHO 3a

M8~JI6HHYKI HeatpOHaMH. Ha paCCTO.IIHHRX OT 20 ~0 60 CM WO:'IHO npH6-

JIKJ:6HHHO "'Hran, qro BHDOJlHRercs ycJloBHe 

1J • -:,. ~.] v ..u 
~ · cp(z,) c:: cp · C {:lo) 

'2-=1.0 ) 
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r,lt ill -a!MJeltTUH!ill Jli[Be!IH!il Jt03!M>JIQI 8RT OCJ18.CIURJUI DOTOJtll. 
J J 

R8ltpOBOB C 3ReprKRKK BH•e I laB, Ht 38.BBCRIIIHII OT t- • BeJIR~HRii 

~1 ,l.IIR J:8JI838. paBJI!l I3,5 ~~~-I( ..l
1

, = 5,I5 cw) H I2,4 ~~-I (..1 . = 
v J ' .z, :~ 
z:5,6 CK) npx 3Repru HCTO'IIHXXa ~ = 4 M3B H £" ·,. I4,9 M3B, 

COOTB8TCTBeRHO • .l.IIR CBXHna Be.IX'IIRHH 1(
3 

npKRIIIfll.llT CJ18.lYJIIIIR8 
./ 

3RatrtRRa: £ = 4 las _;.J = 6 ~~-I, d , =II,4 c11; £. =I4,9 MaD 
Cl ,/ :'.L fl 

/:.3 ,. 5,5 ~~-I, jJ
1

1.t = I2,6 elf. Ilpnctpaxct:eeHHoe pacnpe,~;uex11e 
Hel'fpOHOB peaxtopa B 1:8.11838, H3»8p8RK08 ,1;8T8KTOpOK T8D.IOBHX H6AT

poROB,nOR8.3HBaet,'IITO Hll. paCCTORRRRX ~· OT 30 CW ,1;0 70 CM 3H8.'118-

HU 4 paBHO 2,2w-I( .j =3Ic»). 
~· ~ I~ 

B) 0£.raCI.118BJI8 UOTO:JtOB R8I!DOBOB C 3H8priBH! OT 80 MaB 

!0 700 laB B 38!BI8 / 44/ 

B 3TOM KHTepBa.118 3H8prKI CB8,1;8HXR 0 ,J;K~epeHqKa.ILHHX C8~8· 

HKRX RCDYCJtaHKR H8ltpOHOB npK HeynpyrKX COYX8.P8BHRX C R~8MK OT

CYTCTBJDT, Hll.CKO.IILJtO BaM K3BeCTHO. Jl03TOKf p8.3BBTL ,l0CT8.'f0q&O 

u~ezBym teopxm npoxoz,leHHa aeJrpoxos awcoxxx aaeprxt B 38.111KT8 

ae npe~CT8.B.IR8TCR B03WOJ:RHW~. 0,lRa:JtO ,l.IA nocrpotHHR npKCIJIXI8HHOI 

T80pHK npOXOJ:,ltHKR R8lltpOBOB KOJ:RO KCDO.IL30BaTL ,laRH!i8 0 ~~peB

UJia~HWX C8'1!8BXRX KcnycxaHXR npOTOROB npK HtynpyrRX coy,lapeHKHX 

npOTOHOB BHCOKKX 3HeprKI C a,J;p&WB /II, 47/, DO.IIaras JIX p8.BHHKH 

,lH~pe~KaBLBHW ceqeHHRW HCDYCJtaBXS HtltpOHOB npH H&ynpyrO» CO

Y.lllptHRX RtlrptROB COOTBeTCTBYDIIIHX 3HeprKI C ~paux. 0CHOBaBH8M 

,J;JIR taxoro npe~OJIOJ:8HKB RBJIBBTCB TO OCICTOSTe.IILCTBO,qTO KYJIOHOB

CJtXI Clap•ep ue RB.IIaetca onpe,le.llam~ B ueynpyrxx coy,lapeaxax npo

TOBOB CTOJIL BHCOJtHX 3H8prxt. Kpowe toro,~C.IO npotOROB npHCIJIK3K-

K) Hcxnm~euxew,wozet CIHrL,HB.IIHDTCH pac'l!eTH npoxoz,~;eaxa HOITPOHOB 

C DOWO~LD M8TO,J;a CJiyqaiHHX HCDHTaHHI,npe~BapHT8JILHH8 p83YJihT8.
TH KOTOpUX H3JIOJ:8HH nHH,l8HCiaywow /I67. 
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teKbHO paBHO ~C.IIY H811TpOHOB B ~pax 3.118K8HTOB,WHPOKO KCDO.IIh3Y

eKHX B 3~KT8o Ha OCHOB8.HKX ~aHHWX paCIOT/II, 47/, npe~cTaBJI8HHHX 
aa pHc.II , H OT»8GeHHOI"O BH•e OCICTORT8JILCTBa 8.B!Op!i/44/ npHHR!I 

)(HtjxJS peHUl!WI hH08 ceqe HH8 HC nyc lt8.HltR H81TpOHOB d<!rf. He 38.BXCR-
' £ 

JIIHM oT neprHH Jt8.lt nepsx~HX ( E ), rax 11 BropHllHHX ( £ ) 

H81TpO HOBo Yr.IIOB!i8 OT1t.IIOH8HKR HelltpOHOB B nponecce B3aKWO,l8ICTBKa 

c ~paw H He yqiiT!iBMH , a truae npeaeCiperaJIH norepelt aHeprn np11 

ynpyr HX B3aHK0,11;8ItCTBIIIaX. JlpH 3THX yc JIOIII RX IHH8TKqecxoe ypaBHeHHe 

,!J;Jlft U.II OCXOrO MOHOHanpaBJI8HHOrO HCTOGHHita 38.DHCHBaetca B C.lle,IJ;YDII!8111 

BH,Jt8: E 

JN ( .NJ) 1- . td£) N(J/.£)=1 Ff N (.x £)·c((c )-d£t-/t.z)j(E) (26) 
IJ~ - I (! 

rwe t1 (E) = o (E) n 
.... . · ~ 0 

l.11SJ WOHOxpOM8.TH'II8Clt01"0 HCTOllHH~ He!rpOHOB ;v(£ -£~ ,na,~;a~•ero 
Ha 38.111KTY, OOJIY'II JlH cpas HHTen LBO npocr oe pelleHJle ypaBH 8HHR (26) 

N{.x-; t:.)=e-.;"{jJ£-c:)t- v~1;""'~(2 VFX:.u(E.o -F)j, (Zl) 

r .1(8 I -<PYHxnH.R 1iecce.11a I-ro nopa)Ota MHHworo apryweHta. IIotox 
1. 

H8RTpOHOB C 3HeprHBKH Clonme, 118111 £1. Ha rnyCIHH8 X ~ HaJIIJIH 

HHre rpMpOBaHH8M Yp6BH8HHR (27) 
E - Atx ') 

¢ t"x-) -j N(£)/)dE=(; "' I.,(2 v-Pvx(Eo ·£) 
1 

(28) 

~ 
r,~~;e £ = 80 Mas. 

J 

r) OcxaO.IIeHxe noroxos Helrpoaos c aHeprHRKH ot 20 Mas 

.!0 80 M3B If { £:--t;J B 3a!llHT8 /44/ 

B paCiore144fope~o.llaraeTca, 'liTO noToK HeaTpoHoB !.f'(t:;...c) no,~;
'IHHI!erca CJI8.JtYI:llll8liY ypameHHD: 
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~ 
~7tf/;,.;C.;J ".~~(£) ¥(E k) :;~G'1·P(cJj N{E,' ... cjd£. (29) 

E r- . ... 41418P8JIItii&.&R08 C8111BR8 BCIIJCUJDUI R81r po&OB- ~, · F (£) C a&ep-

rBDIR Or 20 ,1;0 80 liB .J;.U p&S.IJI1IIOIX ~~,~;ep R&XO.J;R.U 110 ,J;alllUDI pa

dOrK /II/ ~· 13aRMO.J;81CrBBS nporoBOB C A.J;PaMK aJDMa&Ka, DOJaras 
I 

ero •esaucJOODI or £ • YuraB&JI, trro &ettpoBH c saeprno 

or 20 ,~;o 80 lu pacnpe,~;ue101 onpe,~;ue&HHM o6paso11 a yr n 4;!. III/, 

I!O.IJW.D CU.Q11.88 peBeDe ypaBB8DII (29) 

. II(£;~ 1:' Jft" ~(£j .. x.' ' (30) 
y(E,.x,)-=C~ 9 

. ·I~·O,Slc;"f.F(EJ e~ " tp(.z,')d.x.. 
0 

norox ••ITPOBOB saxo.J;RD Bll'rerpaposauew (30) 110 a11epro or 

£ (20 lu) ,~;o £ (80 llu) : 
NHN ~ 

.: 
j(ve) ~ t.lf'{E.x..)d£ . (3I) 

~"'''"' ' ,1;) epai18BJ8 p&CC31rasBMX R 1311epeRHYX porOJOB HlltpOBOB C 

aJeprJ!M! or 20 llaa ao 700 laa /44,48/ 

Ba pRc.I2 np8.J;Cr&BJ8101 S&BRCRIIOCTK OOrOXOB R8ArpOROB or rOA

•• RY 3~11'fK •s cra.u x qyryaa, sa mropym 11~a11r Retrpow, ocspasy

ll•••c• npa 6oMCSap.J;Kpoaxe CSepaA&BeaoJ M .. eHB 11poroHaMR c aHepraea 

660 ln. llpR pacqere O<l'r.8MRYII B8C 3~rH npRRHMaJICJl paBHWII 7 ,5.± 

0,3 r/cM3 • TI}Ixrzpaaa xpxaaa ( pxc.I2) npe,~;craa~aer saaxcHMOCTb 

noroxa aetrpoaoa c s1epraa101 Oo~ee 80 Mas or ro~~HHH s~rw, noAy

qeHHyll C IIOMODIJ.II ypaa&eHHS (28) ,1;~11 J)ll)(a IIORO%pOii8.THte CltJIX UHHI 

npa yqere sx~~a xas.~;oR nBRKH B aaeprerxqecKRR cneKrp Helrpouoa, 

na,~;am.-x Ha s~HTY ( cw.pKc.6). KpKaas, xsoOpaseaaas cnnomaoR 

XKRHel, nonyqeaa c IIOMDDibll paaeacra (28) H (31) H cooraercrayer 

saaxcawocr• noroKa HeRrpoaoa c sHeprHaMH Oo~ee 20 Msa or ronmHH~ 
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3aB(HT!i. Ou!HCSKR B 3TOK C.llyqae HK811T TY :a:e BeJIHl:IHHy, 'ITO H ~.liS! 

~aRHWX, npe,~;craaJieHHHX nyHXrxpHoR JIHHHeR. Ha pHc.I2 npe~craa.lleHa 

raK:Ie 3KCII6pKYeHTaJIJ.HHe TOqKH, yxa3aBallmHe IIOTOK R6RTpOHOB C 3Hep
rHSI KH 6o.llee 20 Maa/441. 

,naHHble p•c.I2 c yqerow npHOO,I(HllliX o~H60K rosopSIT o xopomew 

co rHaCHH 3KCII6pHMeHTaJIJ.RiiX ,l(aHHHX BenH'IKH IIOTOKOB ,I(HII TO.IlmHH 60-

.118e 20 ell ( . "'X ~ I). KaK H cJie~oaaHo o:a:~a:n, HaKJIOH KPHBOR oc-
,; 

Ha6HeHHII IIOTOKa HeRTpOROB ( COJIOMHaSI JIHHHH Ha pHc.!2) onpe,l(e./laercn 

oc~a6B6HHeK HeRTpOHOB, HKellmHX 3HeprHH 60.11ee 80 M3B (nyHKTHpHaa 

JIHHHII). ~~~ OT,I(e./lbH!iX mHpOKHX yqacTKOB TO./ImHHH 3~HT!i 3aKOH OC

Jia6.11eRHII J.IO:IRO C'IHTar» axcnoHeHnxant.HHM. HaxnoH~ xpHaax pHc.I2 

,!t.llll 200 CK ~.X. "7 20 CJ.I ,11;a11T C.De)Q'Ilii!He 3Ha'!eHHB CHOeB IIOHO.BHH

HOrO ocna6JieH14a:.A~.{~I(cnef-)= 15,9.::!: 0,6 cw;~(J>.qc)j=I6,5;ti/3 cu. 

B ra6Jiaue 7 npHBO~~ca pacc'IHTaHH!ie H H3Mepe~R!ie/47/ aeJIHqHaa 

C.ll06B IIOJIOBHHROro OCJia6HeHHJI ,1(.1111 06aqHoro 6eTOHa ( J) =2350 Kr /u3 ) 

npH pasnH'IHHX cnexrpax He!rpoaoa, n~a11mHx aa samHry. 

Ta6JIHtta 7 

BeBH'IHHa CHOJI ITOAOBHHHOrO OCHa6HeHHB ~./lSI paSHH'IH!iX 
crrexrpoa HeRrpoHOB 

3HeprHH npOTOROB,II~aD~HX 
Ra 6epHJIBHeBYD MHm6Hh,M3B no 250 350 480 

3Kcnepm~eHr/4B/ 29;t2 34,5;t2,0 38;t2 43;t3 
.1 CM . 
j.t, Pacqer1441 33;t2,6 36;t2,9 38,5_:j 41+ 

± 3,! ~ s;s 
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l!R rRre~oro 6eroaa c )? = 3850 xr/w3, cocraa xoroporo 

npase~ea B odsope II61, se~HQHHU ~ aa rAy6HHe s~Krw 3-4,5 w, 
1L I I pacc~raaaue c nowo~~D wero~a cnyqaAHUX HcnuraHHA I6 H ypasHe-

HKH (28),coorsercrBeHHO paBHU 25 ,3~2,5 CM H 24,5~0,7 CM. YcraHOB

~eHo/44/,qro Be~HqHHa . c~oR no~OBHHHoro oc~a6~eHHR B ~anasoae 
ro~HHU or ux = I ~o Ux= I6 xsweHaerca aa I4~. npx pactJerax 

/ / 

DpOX~~eHHS HeirpOHOB qepe3 3~Hry K3 6eroHa Be~HqHHU AHHeHHUX 

X03~H~H8HTOB OCAa6AeHKR ~ onpe~eARAHC~ H3 COOT-

H01118HHR 
..-' 

xeynpyroro 

1 
tt - , I u . n.)-1 

I i H , l. L 
B3aHJIO~elcrUR 

r)(e ~~, ~ - ceqeaae 

j -ro KOMnOH8HTa, BXO)(RJ118rO B 

co eras 6etoaa c tJHc~ow R~ep s I cw3, paBRW n. 
' . ' 

PesyA»rar~ sxcnepaweara H pactJeros, xoropYe npe~cras~ea~ aa 

pac.I2,noxasaJX, qro npx ro~axe s~xru 6o~ee O)(HOR )(nHHH pe~ax-
' Ca~X (/X = I ) DOTOlt HeHrpOHOB C :nreprXRMH 6o~ee 20 I3B MO-

zer 6ur~ onxcaa c~e~y~w supazeHHew: 

F(L),.._ 1,3 e -:. "1:(2 vF,_/ _U)l;_{_t:o-.. E-)) . (32) 

ITpH yc~OBHH HaHAYtflllero corAacaa aswepeHxoa a pacctJHraHaoa se~•

tfHH ~ o6uqaoro 6eroaa npx aaeprKH 660 Mas sHaqexae xoa~-tj.t 
IlHeara F no~yquH paBHW I,3.IO-Jyas-I. 3aeprerHqecxa:l nnexrf· 

HBirpOHOB, no~yqeHHYI C DOUOI!I»D ypaBH8HHA (27) K (30), CODOCTaB

A...,TCR Ha pac. I3 CO Cfi8ltTpOII tfaCTHil ( B OCEO!IlOII H8lttpOHOB), 

pacc'IJKTaHRW MeTO~OK C~aiHHX HCDYTaHHI /I6/. CpaBHeHHe npOB8AH 

)(AR rOAJIIHHB 460 CK, XOr~a Ha 3~HTY nepne~yARpHO n~aer liOHO

xpoMatHtfeCXXI norox xewrpoaos c aaeprxea 300 Mas. Moaoxpowarx

qecxyD ~HHD B cnexrpe ( xpHBaR I) ~AR aar~~HocrH xao6pasxAH 

B EH~e npRwoyro~~Haxa. HopMHpoaaHae aHepreraqecxoro cnexrpa 2 

J8 

npOBO)(HAH, HCXO~H H3 YCBOBHR paBBHCTBa n~OJIIa)(BR DO~ KpHBYMK I H 2 

Ha yqacrxe or IOO ~o 200 Mss. 3Hatfaren~HaR pa3HH~a B cnexrpax Ha 

yqacrxe or 250 ~o 300 Mss susaaHa, no-sH~HKoxy, sasumeHHYW B pa-

6ore/44/ sHaqeHHew )(H~peH~an~Horo ceqeHHR HcnycxaHHR BTopxqaux 

aeRrpOHOB Ha orueqeHROli yqacrxe H 3aHHX8HRYM 3HaqeHH8K C8QBHHR 

npH BYtJHcneHKRX, aa xoropue ccu~aercR n•~eH6ayu II61. OraomeHHe 

nOT OKa HeATpOHOB C 3H8prHRMH or 20 ~0 80 MaB X DOTOXY H8Atp0HOB 

c aueprKRKH sume 80 M3B n~aBHo ysexMq~BaercR or HYAR ~o 0,3 npH 

xsweHeuxx TOXIIIHHY ~o , WX= 3, ocrasasc~ sarex nocroRHHHII c sospac-
~ 

raHHeM ron~HHY 3~HrH. 

e) Oc~aaxeu1e noroxos HelrpoHOB c aHeprHRMK or 700 Ka~ 

!0 H8CKO~~XJX faB 

rrpa paccxorpeHHH npoxox~eHHR aeRrpouos c 3HeprHRWH ~o 700 las 

~·~epexnxan~Hoe ceqeuae HcnycxauHR sropHquHx xacKa)(HHX HeArpoHoB 

d J npKHHKMH / 44/ ae saszcalltllll xax or 3HeprHH nepszqHoro uear

poaa ( £
1 

), rax K OT aueprHH BTOpMqaYX HeRrpOHOB ( £ ). C 

yse~xqeuHeK aHeprxH nepBHtfHOro HeRrpoua )(O Hecxox~xxx ras raxoe 

npe)(no~oxeHHe ue 6y~er uaxo~Kr~cft B corxacHK c HKem~HKKCH pacqer

HYKH ~aHRYKK MerponoAHca R ~./II/. HanpKMep, npK aHeprKH nepBHq

HYX nporOHOB £,. = I,8 rss 1!fJ B 3HaqJI!TeJl~HOft CT8D8HH 38-

BHCHT or £ , yY8H:hllaHC:h cpyse~HtfeHH8M £ • 0){HO rOA!.XO sro 

06CrORT9X~crBO yze MOzer HaKJla)(YB8r~ orpaHXtf8HHH H8 HCTIOB~30-

B8HH8 $OpMJAY (32) ~AR pacQera ocna6neHRft norOKOB ue~rpOHOB C 

aHeprHSKH BHme 700 M3B B S~Hre. K coza~8HHD,H8RCHO, B X8KOR 

creneHK M c xaxHX sHeprxa sro orpaaxqeuHe )(eAcrseHHO. EHno 6Y 

zeJlaren~Ho cpaBRHr~ pacqer no ¢oPKYJle (32) c sxcnepxveHraA~HHKK 

~aHHHKH no ocna6~eHKD H8RTpOHOB C Haqax~HYKK aHeprKftKH 6onee 
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700 Mss. O,nHe.Y.O K H8.CTOS!nlelf.y &peMeR~ H3MepeHa JIHllll> TOJIII{HHa CJIOSI 

no~oBHHHoro ocJia6JieHHSI ,nJISI o6wqHoro 6eToHa, pasHaSI 50 cw Ha HetT

poHHow nytiK6 OT 6eBaTpOHa ( ~ = 6 l'as/49/ ABTop pa60TH/49/ 

OTHOCHT 3TY B6JIIMIHY K 3Hepr10I HellTpOHOB £ = 4, 5 r3B. 3THX 
I( 

~aHHHX He,nocraToquo ,nJISI cpasHeHHSI c pacqeTow no ~opKyJie (32), 

T.x. Heo6xo~o e•e axar~o cnexrp uetrpoHos, noporosy~ sHeprx~ 

£ H rny6KHY, Ha KOTOpOI H3MepeHa TO~KHa CJIOSI OOJIOBHHHOrO OC
J. 

Jia6AeHHSio 

B aaxJimqeuxe cJie~eT orweTHTJ.,qTo ecJIH nposo,nHTJ. pacqeT c 

OOMOJIII>~ ~pliy.IIH (32) ,JI;JISI £ > 700 Mas, TO OOTOKH H6RTpOHOB, 
" 

no-s~owy, 6y~T KKer~o aasHSeHHHe aHaqeHKSI no cpasHeHH~ c xc-

TJ4HHHMHo 

2.3. ilpKW6H8HK6 ceqeHHH BHB8&eHHft IXSI pac~ra 3aJHTH 

or HearpoHos c aHeprHHMH or 0,5 10 I~ M~s 

KeTO~ ceqeHHI BHBe~eHHa, HcnOJII>3Y8KHI ,JI;.!Ift pacqeTa 3~HrH 

or HeRrpOHOB, HaH60Xee pe3yJI~oraTKBeH, ToXo OCHOBaH B OCHOBHOM 

Ha 3KcnepxMeBTaJII>HHX ,JI;aHHHX K 003BOJISI6T cpaBBKT8JIJ.HO 6HcTpO 

llOJIYqarJ. HCXOWHI pe3yJIJ.TaT. 0,J~;Be.KO K8.ZYIII8.S!Cft npocrora K8TO,J~;a 

Hepe~o Be,li;8T K pa3JIHquowy KCTO.IIKOBaHH~ ceqeHKa BHB8,J1;8HKft/7,I6, 49/ 

KJIH H80CrOpOZHOMf HCOOJIJ.30BaBH~ pe3yJIJ.T8.TOB H3K8peHHI ceqeHHil 

BHB8j6HHft npz OpOeKTKpOBaBHH 38.111KrH, Ha qro 06p~aer BHHM8.HH8 

roAa~TeiR/42/. llo 3TOH npHqHHe Heo6XO!KMO npB,J~;epzKsarJ.Cft onpe

j6X6HKI ceqeHHSI BHB8,li;8HHft H 06ecneqHBaTI> BHOOJIH6BH6 H606XO!HMHX 

yc~OBHI npx pacqere H npoexrxposaHHH 3~Hrs. 

Mw 6y,J~;ew np~epzxsar~ocSI onpe,neJieuxa, ,J~;aBHHX B o6aope 
n /50/ E.n.CKHHUHHa H c.r.~nKHa • 

40 

CeqeHH6 BHB818HHH IJIB reTeporeHHHX cpe&. ECJIK OJiaCTHHa 

Hexoroporo aell{ecrsa nowell{aer ca s o,nHopo,J~;HY~ so,nopo,noco~epza~y~ 

cpe!f, 38.XOH OCJI8.6JI6HHH HellrpOHOB 3TOI cpe,J~;OH KOZ6T 6HTI> 38.01-

caH B BH.ne: ... u c. 
'-IJ (z.,t) :' }.; ( 't · t)C ~ (33) 

' I(J( , . 
' 11 "' 

r,~;e '-i:J ('0~)-;1.038. HeUpOHOB Ha paCCTOftHIIH t- OT HCTOqHHKa ; 

~H X c~-C~ -!03a H68TpOHOB B B O,li; OpO,nOCO,J~;epz~eM MaTepHaJie, 

xo'h':. nJtacuua orcyTcuyer; h - waxpocxonxqecxoe ceqeHHe 

BHBe,J~;eHHH j C -rOJl. HBa nJiaCrliBHo 

BeJixqxua /
6 

, onpe;J.eJUIOaSI 1:3 ucnepxweHTa, OTHOCKrca x ue-

xoropowy KHHXKBAI>ROKY paccroaHH~ or HCCJI6~KOI OJI8.CTHHH , 

uaqxuaa c xoT oporo ~ ocraercs npaxrxqecKH nocroSIHHOH B 

aapauee 3a,J~;aHHHX npe,nexax. -'l aasxcHr or 3Heprxx n8,1ta~•xx 
~~~ . 

ueRrpoHos, uarepJ:a.lla nxacrHHH x noporosoa aueprKH ,~~;oaJ:Werpa 

HearpoHos, xcnoJI»ayeKoro B axcnepKMeHre. HHor,J~;a ,J~;03HKerp HeRr

poHoB s H3wepeHxax aaueHaercs noporoBHK ~erexropou HJIH ~erexro

pow r enJiosKX HeHrpoHos, xora ara 3aMeHa He oqeBK,J~;Ha no csoet 

31tBHBaJI6RTHOCTH. llOJtYq9HBH6 B 3KCn6pKWeHT8.X Ha H91TpOH8.X C 3H6p• 

rxea oxo~o I5 Mas aHaqeHxs ~ ~~a paamrquwx ,J~;erexropos 
!of/Ill 

np•se~eHw B ra6xxue 8a. 

TMu~a 8a 

Paccrosu ~ ,J~;XH pa3~HqHWX ~erexropos 15!/ 
MHH 

,n e T e x r o P Z,...,,., Cll 

8F; 
65 TIt -l!JJ. { ~J) 

!5-20 

Cu (;j ( tt' :1 n)d/i~ 5 
--

41 



Qe~eaHe BW8e&eHKR AAR rouoreaawx cpeg. ~a rouoreaaoR 

cMecM ao,~;opo,~;a c tueAWM Itowoaeatow ce~eHHR Bblae,~teHHR L -ro 

It0MllOHeHT6. u-: . onpe,.;eJIR8TCR ~OpyYAOit: 
, l .t f e' .!:!!- ~ -~ 

""';.) ( ~/1} ::. ';£ 1f ( ~) C -i,i II;, <t ~ (34) 

U8 0 ('!.-, II) - .D;036 H81TpOHOB Ha pacCTORHHM "[.., OT HCTO~HHK6. 

B til! CTOM BO,I{OpO,J;e C 3ItBIIBaJI8HTHOit OO'ieMHOlt UJIOTHOCThll ; N -~HCJlC 

ABOr.a.J;po; fl. H ..J, -aTOMHbllt sec H oO'I>eMHM nnotaocn L -ro 

' xoMnoR&Hta. BYpaseaxe (34) cnpaBe.J:JIHBo, ecnB xoaneHtpanHa so.D;opo,l{a 

B cwecH coctasJ~ReT ae Meaee 0,5- ~ no secy /52/. 

Ce~eHKe ~e&eaxa JAB p§SJIKgHHX 3HeprHH aearpoHoa. Ha ocHoae 

sitcnepHMeHte.JI:&BOro uarep•ana/sO/ aa pHc.14,15,16 nocrpoeHbl 36.BH

cMMOCTH ce~eHKlt BYBa,J;eHH! ,I{JIR yrJiepo,~;a, xenesa H CBHBUa OT 3H8p

CIIK BeltTpOHOB B 00A6.CTX OT 0,5 .D;O 15 Mas. 3Ha~eHHR ceqeHHlt ~Be

,J;8RKR ,!;JIB KHCJI0p0,!;6.
1 

onpe.D;eJieBHble B OCHOBHOW H3 pac~eTOB .D;03bl 

0HCTpbiX WOH03HepreTK4eJXXX HeiTpOBOB B BO.D;e,npHB8.D;8HH Ha pHc.17. 

~epHKMK ItpyzoqKaMH H ItBa.D;p6.TOM 0003HaqeRbl 3ItCnepHMeHT6.JI:&Rbl8 T04KHo 

Ce~8HX8 Bb1B8,!;8HHR " . r. 
.D;JIR CJIOXHOrO cneKtpa B 00JI6.CTH H6.'taJl:&HbiX 

aHeprKlt OT 

Onll&.J:8A8HO 

e--~~-

E JtO £ B ceyqae rolloreHHOlt cpe.D;bl lioxet ObiTD 
.J. <-

X3 CJI8.1tYillltel <llOPMYAH: 
.t:.' r-7' £} · ~- --? z. 

.1
~ -> v . · l ... . .. 

-ct (E.) 'L ( '- £.) t::_ ? -~o. t " J -~ V~ H I , /;. (35) 
----

E 

{ 
.J. 

:J.o ( £ }'--i-'f ( 2-; c) J;: 

r,J;e ,<j~(e;.J - .D;030Bbllt cneKtp HCTOqHHita, , ..,; .;~~! Mas. 
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~JIR rereporeHHoa cpe.~tY: 

[~~; 
~ . "'Le)t 

.{ S~(£) ctH4x,~·£)( . . d£ 

(:SiE)~H xJ~.£)dE 
.J. /) 

(36) 

Aatopbl pa00Tbi/50/ npoBepHJIH cnpaDe,I{JIHBOCTh BwpaxeHHlt (35) II (36) 

nyteM COnOCT6.BJI8HHR ceqeHHlt BbiB8.D;8HXR ,I{JIR H81tTpOHOB cnettrpa .D;8JI8-

RHR , nOJlY4eHHbiX pacqeTHbiY H 3KCnepHli8HTaJihHHM nyTeY ( ta0JIHU6. 8 ) • 

TaOJIHUa 8 

CeqeHHR BbiBe.D;eHHR .D;JIR aeltTpOHOB cne!ttpa .D;eJieHHR 

6. 10-24 cu2 Gi ro-24cY2 3JielleHT ' (aKcnepHlleHT) (no ~opuynau 35 H 36) 

Yrnepo.D; 

KH CJIOPO.It 

l eneso 

0,8! :!: 0,05 

o, 74 *) 

1,98 t 0,08 

CBHHen l 3, 53 + 0,30 
- - -- - -·· - ·- - - - L- . . 

~ I!OJiyqeao H3 pacqe TOB npOXOX.D;8HHR HeRr pOHOB 
qepe3 BOJtY MeTO.D;OM MOMeHTOB • 

0,84 

o, fJ1 

1,9! 

3,58 

cne~trpa ,~;eneHHR 

2. 4. UpHMeHeHHe 3MnKpHsecKnX KQHCTaHI :na pac,eia 

~Tbl OT H8RTpOHOB ~ aHeprHRMH 6o~ee '0 MaB 

H3 HMeD~HXCR JIHtepaTypHbiX CBe~8HHR H ~aHHYX paa.D;eJia 2.2 YOXHO 

KOHCtaTHpO~T:&, 4TO T80pHR 3~HTbl OT H81TpOHOB C 3Heprr.RMH Bblm8 

20 M3B ~aJI8KO He K,IteaJI:&Ha, nOCKOJI:&Ity KOJIH3eCTB8HH~e XapaKT&pHCTHKH 

aneMe HTapHbiX nponeccoa B36.H)(O~eRcTBHR HeRTpOHOB Be Bter~a H3BeCTHbl • 

no 3TOV. npH~He 60JI:&mHHCTBO pac38TOB 3~HT YCitOPHTeJieA ObiJIO BblnOJI

HeRo npHOJIHZeRHO C npHMeH8HH8M Be BC8C,!;6. O,I{H03H6.qHQ onpe.D;8JI8HHbiX 

43 



~
 
~
 

:1=
1 

::
I:

 
("

) 
tD

 
'd

 
C

o)
 

..., 
..., 

0
'\

 
0

. 
=

 
::.

 
("

) 
<

ll 
()

) 
Il

l 
.r=

 
:1=

1 
0

'\
 

()
)

. 
<

ll 
=

 
::.

 
)>

I 
:0

. 
0 

0 
l'
l 

... 
()

) 

n.
.. 

<
ll 

0 
'd

 
l5

a 
.<

: 
C

o)
 

0
. 

("
) 

... 
()

) 
Il

l 
:s

l 
... 

=
 

=
 

0 
><

 
"' 

0 
::.

 
... 

I 
3:

: 
::.

 
'd

 
~ 

C
ll 

::
I 

0 

" 
'd

 
:0

. 
=

 <
_ 

... 
C

o)
 

::.
 

0 
:g

 
'd

 
~
 

'd
 

Jo
e 

I»
 

<
 

g 
-c"

::::
J 

tD
 

Il
l 

=
 

"1
 

g: 
<D

 
Il

l 
~ 

:1=
1 

.....
.... 

'1-
-. 

~
 

()
) 

0 
Il

l 
("

) 
Il

l 
)>

I 

I 
0 

("
) 

N
 
~
 

s 
tJ

I 
tJ

I 
! 

1:1
 

B
 =

 
<D

 
~.

Il
l 

0 
' 

0 
C

ll 
t:'

-1
 

Il
l 

I 
)>

I 
fii

. 
::.

 
l'
l 

0 

~
 

=
 

:::
1 
~
 
~
 

="
' 

("
) 

l'
l 

<1
1 

I»
 

... 
<D

 
... 

"
::

I 
ti

l 
I»

 
0 

I 
.., 

w: 
'd

 
0 

=
 )>

I 
'-

./
 

<D
 

~
 

... 
~
 

=
 

0 
0 

0 
• 

·.I
»

 
g 

... 
:s

l 
.., 

0 

~
 

&
I 

()
) 

)>
I 

lX
I 

::.
 

:0
. 

=
 

:s
l 

II 
~
 

l'
l 

II
 

C
ll 

'd
 

::.
 

... 
=

 
0 

::.
 

("
) 

<
ll 

sz:
 

... 
tD

 
CD

 
... 

~
' 

=
 

"1
 

:0
. 

=
 

C
ll 

0 
sz: 

tD
 

<. 
<:..

 
=

 .a
 

II
 

::.
 

()
) 

Il
l 

Il
l 

C
ll 

(
jl
 

<
ll 

... 
.. 

!2 
.a 

.E
I 
~
 

~
 

0
. 

~
 

0 
,<:

:\ 
15

1<
 

1
\)

 
Il

l 
::

I 
'd

 
g 

=
 

~
 

'-'!
 

V
\ 

... 
0 

=
 

... 
i:! 

• 
; 

Il
l 
~
 

0 
... 

I»
 

.....
...._

 
0 

("
') 
~
 
~
 

'd
 

I»
 

0 
=

 
0 

o
f'

./
 

_o
 

=
 

0 
Il

l 
>< 

o
N

 
'=i

 
'd

 
=

 .
.. 

... 
tD

 
=

 
l:o

 
0 

I
~
 

0 
i 

'd
 

0 
Il

l 
.._

 
0 

re 
IC

 
-
~
 
~
 

tD
 

~
 

::.
 

"1
 

.. 
,!!

> 
'd

 
I»

 
lX

I 
0 

.. 
::.

 
0 

0 
<::>~
I
 

I)
 

~
 

()
) 

. 
\J

\ 
'
-

=
 

~
 

N~
 

'd
 

0 
0 

ti
l 

~
 

0 
.a 

§ 
::

I 

~
 

I»
 

:0
. 

<:(
:::)

 I
ll
 

~ 
~
I
N
 

0
. 

0
. 

-= 
Il

l 
~
 

Q
) 

"' 
0 

0 
C

o)
 

::
I 

C
o)

 
0 

'd
 

0 
~
 

I
~
 

w: 
s:::

: 
.<

: 
lX

I 
0 

l:o
 

:s:
 

g: 
1'1

 
' 

~
~
 

0
. 

.., 
'<

 
l:o

 
0 

'd
 

0 
I 

:s:
 

\\
~ 

I 
.....

 
.g

 
ti

l 
" 

:::
1 

0 
" 

I»
 

M
 

::.
 

~
 

~
 

~
 

.. 
'd

 
!II 

<
ll 

("
) 

0 
<

ll 
'<

 
:1=

1 
~
 

Il
l 

.a 
)>

I 
=

 
..., 

=
 
~
 

0 
(I

) 

=
 sz: 

• 
Il

l 
0 

()
) 

::.
 

~
 

(
\
 

lS
I 

ti
l 

:1=
1 

=
 

CD
 

... 
()

) 
::.

 
:sa

 
.. 

' 
'd

 
§ 

'd
 

0 
0 

ti
l 

Jo
e 

11:
: 

I 
... 

"' 
tl'

l 
'<

 
~
 

... 
w: 

'd
 

'd
 

if\.
<::

> 
I 

" 
CD

 
PI

 
..., 

<D
 

0 
PI

 
0 

"'
 

0 
If

\'(
) 

lt..
lt'\

 
0 

'd
 

::.
 

... 
,....

._ 
<

ll 
N

 
.... 

.... 
.... 

t< 
ti

l 
~
 

<I
I 

("
) 

l'
l 

... 
("

) 

=
 

("
) 

~
 

~
~
 

PI
 

::.
 

0 
=

 
.<

: 
~ 

~
 

0 
0 

\ 

.<
: 

<?J
 

::
I 

1:5
 

<D
 

:1=
1 

:s:
 

<
ll 

... 
ti

l 
&

 
r\.

.~ 
'd

 
.a

 
)>

I 
=

 
0 

Il
l 

'" 
::.

 
<

ll 

" 
... 

0 
~
 

0 
:s

l 
::.

 
sz: 

::
I 

=
 

!a 
::

I 
.... 

if
\ 

>< 
:0

. 
I»

 
::.

 
15 

\),
 

... 
0

. 
<1

1 
• 

'=i
 

'd
 

PI
 

0 

~
 

0 
ti

l 
::.

 
PI

 
.a 

:s:
 

0 

=
 

=
 '

d
 

ti
l 

::.
 

lil 
!Q

 
::.

 
~
 

IJ
 

C)
 

IC
 

C
o)

 
PI

 
.... 

<
ll 

H
 

<
ll 

5I 
. 

sz: 
0 

PI
 

~ 
0 

C
) 

PI
 

>< 
ti

l 
::.

 
ti

l 
0 

0 
.... 

<i 
0 

:0
. 

0 
. 

0 
::.

 
... 

.., 
="

' 
0 

l:o
 

)>
I 

<1
1 

1: 
C

o)
 

=
 

... 
=J

t:::
.. 

=
 

l'
l 

PI
 

'<
 

=
 I 

0 
,
l
:
l
~
 

0 
:s

l 
... 

C
ll 

0 
<D
~
 

II
 

=
 

0 
<1

1 
Ii

i 
... 

'd
 

:sa
 

:::1
 

C
ll 

ti
l 

w: 
<I

I 
sz: 

0 
"1

 
0 

\0
,

, 
\~
 

~
 

::
I 

Il
l 

,....
._ 

("
) 

:s:
 

,....
._ 

... 
:~=

~.
..,~
 
~
 

l: 
'd

 
• 

Il
l 

~
 

=
 

<1
1 

0 
'd

 
g 

:sa
 

""' 
l'
l 

1:
: 

~
 

0 
I»

 
'<

I 
)>

I 
'-

./
 

:::1
 

0 
Il

l 
It 

Il
l 

C
) 

0 

'<
 

0 
ti

l 
0 

'<
 

l'
l 

.<
: 

w: 
i 

ti
l 

; 
j 

0 
l'
l 

'-
./

 
I 

1:'
0 

C
o)

 

.. 
I 

Ta
O

JU
nt

a 
9 

Be
nH

qH
R

a 
cn

oa
 

no
no

BH
HH

or
o 

oc
na

On
eH

Ha
 ~

n
a
 
p
a
3
n
H
q
H
~
X
 

cn
eK

rp
oB

 
H
e
~
r
p
o
H
O
B
 

3H
ep

rH
R

 
n
p
O
T
O
H
O
B
,
n
~
a
D
~
H
X
 

H
a 

M
HI

!eH
1>

1 
M

3B
 

I9
0I

) 
I7

0 
25

0 
35

0 
48

0 

3H
ep

rH
a 

H
e
~
T
p
O
H
O
B
 

B
 W

aK
CH

-
90

 
!5

0 
22

0 
28

0 
38

0 
vy

ye
 

cn
eK

rp
a,

 
M

as
 

Be
nH

Q
H

H
a 

l'p
aij

JH
T 

38
3

) 
-

-
-

cn
oa

 
no

-
An

DM
HH

HH
 

77
3)

 
-

-
45

3
) 

-
nO

BH
HH

Or
O 

Be
TO

H 
23

5c
f~

M3
 

24
3 )

 
29

.;t
24

) 
34

.;t
24

) 
38

+
24

) 
43

.;t
24

) 
oc

na
O

Jl
e-

24
.;t

24
) 

45
3
j 

" 
32

00
K

r/M
3 

36
.;t

24
) 

HH
R 

,l(
nf

t 
-

-
34

.;t
24 

pa
3J

1M
qH

iiX
 

" 
4I

O
cf

r/M
3 

I8
.;t

24
) 

4)
 

30
.;t

24
) 

33
.;t

24
) 

-
22

,5
.;t

i,
5 

se
m

ec
ra

, 
C r

an
l>

+
 

CN
 

+q
yr

yH
 7

50
cf

r/
M

3 
-

-
-

-
-

Me
,JJ;

l> 
89

00
K

r /
»

3 
I0

,6
 

-
-

I4
 5

3 )
 

,. 
-

CB
HH

an
 

II
30

0K
r/

»3
 

12
 

-
-

14
,7

3 )
 

-
--

- I)
 Y

K
a3

aH
a 

3H
ep

rH
H

 
,J
J;
e~
rp
oH
O
B 

2)
 

3H
ep

rH
a 

yx
a3

aH
a 

np
e,D

;n
on

ox
M

re
nb

H
O

 
3)

 
3H

aq
eH

H
R 

11
~
1_..

 
H3

M
ep

eH
l:i

 H
a 

rn
yO

H
H

e 
3~
HT
I:
i 

0
,5

-3
1
5 

Ll
.-

\ 
(0

-!
'5

0 
CN

)
; 

re
oM

eT
pH

a 
O

nl
:iT

a 
H

 ,J
J;e

Te
KT

Op
l:i 

He
RT

pO
RO

B 
CO

OO
~a

DT
CR

.B
 p

aO
or

e
/5

/,
 

4)
 

3H
aq

eH
H

R 
/J

, 
2 

H
3N

ep
eH

l:i
 H

a 
rJ!

yO
M

He
 

0
, 5

-
4,

 6
 v

 ><
., 

(!
0-

20
0 

CN
) 

; 
re

oM
eT

pH
.R 

,JJ
;eT

eK
TO

pH
 H

e~
pO

HO
B 

H
 C

OC
Ta

B!
i 

Oe
TO

HO
B

 Y
Ka
3a
~H
 B

 p
aO

or
e/

48
/ 

5)
 H

3 
pa

OO
TH

 
/4

9
/ 

66
0 

62
0 

28
0 - - 42

.;t
i4

) 

36
;t2

4 )
 

32
.;t

24
) 

I5
,9

.;t
0,

6 4)
 

- -

om
na

, 

'"d
 

tD
 

I»
 

()
) 

("
) 

;; 
.<

: 
()

) 
.Q

 
... 

=
 =
 

0 0
. 

Q
 

sz: .Q
 

0 

=
 

:0
. 

0 
::

I 
::

I 
0 

'd
 

::.
 

0 
0 

tD
 

lX
I 

0 
!:! 

)>
I • 

Il
l 

::.
 

0 
("

) 
..., 

:0
. 

0 

("
) 

0 ("
) 

::
I 

:..
 

0 
I»

 
IC

 
0

. 
0 

::.
 

• 
<D

 

"' 
=

 
" 

• :0. 
>&

 
0 'd

 

~
I
~
 

~~
 ,....

._ =
 

!:! ~
 

\(
) '-

./
 . 

63
00

 

45
00

2 )
 

- - 50
5 )

 

- - - - -



3. ITPOXOU»JKE AOOOHOB B 3AliiKTE 

3apaxeHHHe ~- -MeSOHH tepsmr aHeprxm d~aro~aps HeynpyrKN 

CZOAXHOB8HHRM C atOMaMH cpe~H, npK118M ypoBeHL norepL yBenxqHBa

ercs c JM8HLmeuxew KX cxopocrw. 3awe~~eHHHe xoaxsauxe~ xnx cro~x

HOB8HHRMH OTpH~TeXLHB8 ~ ~eSOHH 3axBaTHBaDTCR R~pawK,BHCBOdO•

~a& 3HeprHD, COOTBe T CTBYD~YD HX wacce llOKOR, B OCHOBHOK B BR~e 

XHH8THqeCKOI 3HeprXM npo~yxTOB Jl~epHHX pac~enneHHI. l AB ueneM 

3~KTH BaXHO 3HaTL, 'ITO B O~HOI !perLe~ qacrH B3aMK0~8ICTBHI 

sawe~~8HHHX ~- --M830HOB BHCBOdOXAaeTCJI O~HH Hel.rpOH C aueprHeM 

oxono 7 Jl.asn I. 
Me,~tJleHHHe .A 1 ~esoHH ue saxBB.THBMTca waw, a pacna,~taorca 

ua / "' ~ -weaoHH H HetrpHHO c nepxo~o:w noJJYPacna,~ta C{_ , paBHHK 

2,54.!0-8cex. ITOROXKT8JlLHH8 jW -uesoHY CaMK pacna,JtaDTCJI Ha ll03K

tpOH • HeJTpxHo c nepxo~ow noKYPacn~a, paaHHK 2,Is.ro-6cex. 

HeltJ8JlLHHe Sf -:wesoHii ( St .,) pacn~amrca cpasy (.:.ro-15ce:a:) 

nocJle cBoero odpasosaHxa ua ~Be. rawwa-xBaHra. 3apaxeHHHe A- -ueso

HH BYCOKKX 3HeprKI KCllHTHBaDT re ze BH,ItH R~epHHX B3aHK0~8ICTBHI, 

'ITO K npOTOHH COOTB8TCTBY~XX 3H8prMI K HK8DT UpaETKII8CKH TSXHe 

ze B8Jl~HY nonepeqHHX C8118HHI ,lt~Jl B3aHK0~8ICTBHR. 8 R~epHYX pac

~enB8HHRX, npOH3BO~XMYX dwcrpHKX Ar -M830HaMH, B03HHKaDT H81TpOBY 

BYCOKHX aHeprHI. ~HCJIO TaKHX B8ltpOHOB no OU8HXaM MoAepa/5/ paBHO 

I .B;JISI £rzr = 500 Mas, 2 .J;JIIl E = I raa, 3 ~n11 E = 3 raB. 
"' 'i" ';£ 

HeAtpOHii BHCOKHX aHeprKI ~erar B OCHO!IIOW Bllepe~ B MaAOW 

renecuow yr~e. Taxxw odpasow s~aqy od ocnadneBxH noroxa wesouoB 

KOXHO CB8CTH X BOnpocy Od OCAadJleHHK UOTOXa He!rpOHOB, B03HHX~IX 

Ha BC8K nyTK 3aM8~~8HHB M830HOB B 3~Kre. lJIKHa npodera Ke30HOB 
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~ wozer dHTL onpe,~;exeua no ~aHHKW ~xs npodera nporouoa (cw.pxc. 
~~~ 
2) c nowo•Lm cne~ym•ero cooruo•euxs: 

~ fE) = ~uf £" f_ me £) , (38) 
X~;4F ~ \~/ 

ue m -:ua.cca a ·~· I< ~esoxa. . Jf/' o./ 

Oco6ym rrpodJielfY B sa~~ne npe,~;craBullT . ~-wesox.w, odpasoBaH-

HHe npl pacn~e Ha Jiety Jf -M830HOB BWCOXKX 3H8PrKI. llpx H8XOTO

pYX ycJioBKu ~ -wesoxw woryr npoArx sa~~xry, ~ocraroquym ~aze 

,lU HeftpOHOB. llpKUXa COCTOKT B TOM, 'ITO ,ft.--M830Rii 08DT 
o./ 

oqeu~ MaJ~oe nonepeqgoe ceqeHKe ~AS ~epuoro ssa.xo~etcrBxa • 

noarowy KOHKS&q~a ••~•erca no cy•ecrsy e~xxcrseBBKM npoqeccow, 

npx xoropow oxx 11oryr reparL axeprKil. BeJIH~Ha aHeprer•~ec .. x 

norep~ ~~· dwcrpwx MtsoxoB ( • ~~· acex qacrxn c pe~srB•crcxxMX 

cxopocrs:wx) xsweuaerca or 2 Mas/rc112 B ~erJHx uor~orxre~ax ~o 

I,4 Mas/rcw
2 

B carx~t. 3rx uorepx nosso~smr peAJ~r.aMcrCEBM qacr•

ttaw npolu 2, I nrpa/I'u B deroue, 80 cM/I'aB B ze.aese • 63 c11/ru 

B CJrnrtte. lio.U.DKCTBO YCTaHe.BUHHWX: 3~HT ~U OCM16A8HKS H81TpOR

HYX noroxoa SB~a»rca ~ocraroquo ro~crWMK • ~· roro, qro6w nor~o

TKU / -MesoRii. O~xaxo ~u yc Jtopnenu xa Hecxom.xo 1'3B c KMOI 

HHreucxBxocr~m, s~•ra or uetrpOHOB wozer 6wr~ He~ocraro'IBOI ~xs 

roro, qrodw nouorxn BCD axepr.KD u -wesouoB. Ec.u nyqox .£ -weso

HOB npoxo~n 3Raqnu~Boe paccroJIHJe B BB.XfYKe xu B sos~xe 

nepe~ rew, KAX Jtlr. B ~oruwl norxorxreu., ro sua~xreu.Ras ero 

qacn pac~aercJI ua ~ery c o6pasoB8JIJleM /" -.uesouos. Cpe~ue

CBo6o~RMI npoder ~ pacn~a onpe~exaercJI cpe~KEK spewexew z.sHK, 

CltOpocu., ~ -i11830X& ( (}--2(!..) • p8.1JIUBKCTCXKII (xope&qOBCltJO() 
b 

~opow YB eu~eus ~ e11eo ~ !7j. C. • llp• auepru B Hecxouxo 
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raa, .. Jill KOTOpOit ; 11 -11830HHhlll ltOKllOH8HT npe)(CTB.BJUleT llOT8HUH8..lll>-
v' ' ~ 

HYD onacHocr~o, aeJIIItt~Ha £ m~ C liBJillerca 3HaqHreJibHOI H 
'Ji • ~ 

yaeJiiN HBa8T qJ e,;Hee liP 8Kll XII3HH nponopUHOHaJILHO 3TOKY ¢,aKTOpy. 

Qpe)(HHI cao6o)(Hhlll npo6er )(Jill pacnaAa jC -ueaoHa onpe)(eJiller-

cll c nOKO.I>D cf>OPKYJihl 

lv = c( ::~~q; 
~ 

!X -ue3oHa, a !7?c C 

(39) 

-aHeprHa r,J.e ~ - :KHH8TH'Ie CK8JI 3HeprHll 

llOKOll Ji -K830Ha. ~ 

Sf ...Y830HOB, p8.11l Oll 5 raa ~ C = 36 HanpHwep, npH aHeprHH 

H /.., = Z70 K. ECJIH 38JilHT8. HaJCO,JJ;HTCll H8. paccTORHHH 25 K1 TO 

OKOJIO 9,0l' OTplrtJll,T8Jli>HYX ,;&"-Ke30HOB pacna,J{CIIlTCll Ha , I(....Y830Hhlo 
"' 

3ra qacn ,/ It -Me3oHHoro noroxa. npouer qepe3 38.111HTY , f cJIH ron-

~HHa. 38.111HThl H3 detoHa weHee IO werpoB ( HJIH 3,5 cranH). Ha.H6onee 

OI.I8BH)(Rhl¥ MBTO)(OK )(Jill ycrpaHeHHll ./w..W830HHOro cf>OHB. liBJili8TCll 

ycTaHOBit8. 38JilHThl H3 K8.T8pHaJI8. C BhiCOKOll llJIOTHOCTLD B6J1H3H WHmeHH 1 

r,J.e 06p8.3yDTCll ~ -K830Hhlo 
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4. HABB.nEHHA:l 'PA..JI~0AKTI.fRHOCT1 

Ha.I~exHal! II! .n;ocrar otJ Haa 3a~Hra or He ll r poHoa He uo:r;er o6e cne 

qHTh 6e3onacHoctb pa6 or Ha yc r.opHre ne, e cJIH He npHHar~ Mep~ , o6ec

ne4Haan~He CHHXeHHe B0 3.JJ;e !lc TBHll H3Jiy4eHHll HB.Be)(eHH Oll P&n lii 08.KTH B

!lOCTH . YpoaHH H3 JI Y'4eHHll Haa.e.n;eH HO II P&nHOB.KTH BHOCTH cr a Ro aar cll 

cpaBHHMUVH c npe.n;eJibHo-.n;onyc tHMOII .n;o3 oll li!JIH npe aocxo.n;ar ee a rex 

CJIY48.liX 1 KOr.n;a IT J! OTHOCTH IT OTOKOB H811T pOHOB .n;OCTHra DT BeJ!H4HH 

I 0
8-ro9 

HelrpOH/ (M
2

.ceK ) , a ITO JIH~ II IT O TO~ He l!TpOHOB OT YC K0pHT8Jia 

-I0I OH8!1TpOH/CeK. B JIHTeparype, HaCKOJ!bK O HB.M H3 Be CTH0
1 

ReT .n;aHH~X 
o Hase .n;eRHOll p~HOaKTHBROCT H yc r.opi!TeJ!e ll tJacrHn .n;o 3HeprHr~ '5 0 1,!3B. 

Tio 3TO ll npHI.IKRe BCe npHBO.n;HKhle .n;aHHhle 6y)(yT OTHOCHTbCII K YCKOpHTe

JIRM H8. 60JILMHe 3Heprxx, )(Jill KOTOphiX raMM8.-H3JIY48HHe liBJ!HeTCR KOU

nOH8 HT OU 1 onpe.n;eJIRD~HK B OCHOBHOK 6HOJIOrH48CKYD ape.n;ROCTL • 

WcKJIDtfeHH8Y Moryr liBJiliTLCR MHmeHH KOJII>U8BhiX YCKOpHT8J18ll, KOr)(a 

HHTeHCHBHOMy 06Jiyl.leHHD ITO)(Bepraercll HX TOHK8.11 KPOMK8. ( 2MM). B 

TB.KHX CJIYtf8.liX )(038. 6era-H3JIY1.18HHll B H8CKOJ!bKO pa3 npeBO CXO)(HT 

.D:03Y rawwa-Jiyqel. 

4.!. ~OB.KTHBHOCTb, H8.BeJ8HH8.ll B geranax 

H noYemeHHH ycKopHreJIH 

.naHH~e 06 ypOBHHX rawa-K:JJ!ytfellll!ll OT H8.B8)1eHHOll pa,nHOB.KTHB

HOCTH .n;BllT B03UOJ:HOCT!> YCT6H OBHTb·, C O)(HOII CT Op OH~, creneHL ape.n;

HOCTH npH B~OJIHeHHH npo¢HB8.KTHI.I8CKHX H peUOHTH~ paOor, a ,c ,npy

r o ~ CTOpOH~;ITPH'l!!H ~ II! nyTH oelp8.30 B8.HH ll Hase.n;e HHO" pa,n; HOfl,KTII! BHOCT H. 

'fa PHc . I8 nH¢pru.m o6o3Ha4 eHH ae JI Htf H!!H MO~Hocre~ .no3 ( s Mp/4ac) 

BelJIH3H H BHYTPH 88KYYMH O!l K8M8p!i CHH xpOI.\HKJIOTpoHa 06'be,ni!'He~!HO r o 
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HHCTHTyT8 ~epHYX Hccne~OB8HM~. TiyHKTHpHO~ AHHM6~ C06~MH6HH TQqKH, 

B KOTOpYX MO~HOCTh ~03H paBH8 !0 xp/qac. ~3K6p6HHR 6HAH BHOOA

HeHH B Mapre !963 r. H OTHOCHTCH K BpeMeHH, paBHOKY 48 ~HaM llOCAe 

OCT8HOBKH CKHxpOnHKAOTpOHa, npopa6orasmero 9 neT B OCHOBHOK no 

!40 qacos a He~enm B pexHVe ycxopeHHR nporoHos ~o sHeprMM 660 M3s. 

38 3TOT nepMO~ pa60TY TOK BHyrpeHHero nyqKa noBYmaAH HeCKOAhKO 

pas, B pe3y~rare qero oR sospoc or 0,2 wxa a !954 r. ~o I,I wxa 

a !962 r. 

YpoBHH r awwa-H3nyqeHHR s6nM3H ycKopxrena a nepBHR qac nocne 

ero ocraHOBKH 6onhme senH~H, npHBe~eHHHX sa pMc.I8 B 3-4,5 pa3a 

a 38BHcKMocrz or wecra H3wepeHHa. CnenHanLHWe H3KepeHHH noxa3aAH, 

qro p~H08KTHBHOCTh CTeHOK KaK6pH YCXOpHTeAH BHOCHT cy.ecrBeHHHI 

BKA~ ( ~0 6~) B MO~HOCTL ~03Y B6AH3H CKHxpOUHKAOTpOHa. H3K6p6HKn 

ypom elt raKKa-H3JiyqeHHa B 3-x paaJ1HqHHX HanpasneHJiUiX I,II,m ( p.11c. 

!8) OT CHHxpOUHKAOTpOH8 llOX838n.if,qTQ YM6HL.eHHe WO~HOCTH ~03Y npH 

yseJI.ifqeHHH paccroaHHR c ro~OCThD +!5~ no~qeHaerca H3secrHowy 

(-
R. )1; -COOTHOmeHHil P : p • _J_ , 6CAH OTcqe T paCCTORHHH npOBO).(HTI> 

'2 £.t £~ 
OT TOqKH nepeceqeHHH BY6paHHOro Hanp8BA6HHH Hroxpy.EHOCTH Kp8IHHX 

op6.11T YCKOp6HHHX npOTOHOB. n8HHH6 no pacnpe~6A6H.I!Il yposHel rawwa

H3AyqeHHR B6AH3.if CHHxpOUHKAOTpOHa B DepKAH /5S/ OTAHq81lTCH OT 

npHBe~eHHHX BHI6 p63YJILT8TOB H3KepeHHH ~BYKH OCHOBHHKH OCo6eH

HOCTHKH: 6onee 6YCTpYK Cll~OK p~H08KTHBHOCTH H noqTH paBHOKep

HYK pacnpe~eneHHeM KO.HOCTH ~03Y raKKa-H3JiyqeH.ifR no nowe~eHMD, 

cnycra 2 ~Ha nocne ocraHOBKH. ManosepoarHo,qro 3TH oco6eHHOCTH 

BY3B8HY paanHqHeK B KOHCTPYXUHOHHHX MarepManax, H3 KOTOpHX H3rO

TOBA6HY o6a CHHXPOUHKAOTpoHa, HnH pasnHqHOH KOMU8HOBKOH nowe~eHHI· 
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3HaqH T6AhHOe KOA.ifqecrso .if3KepeHHH 6YAO BYnOAH8HO np.il K3yqeHKH 

p~cnpeAeneHHH paAMOa~THBHOCTH, H8BO~HKOI npOTOHaKK H8 ~YaHTt CKB

XpO LlHK.D OTpOHa 0Hf!rf. 06 yp OJH e ))8JtH08KTHBH OCTH CY.ItlfnK no KHT8HCKB

HCCTH rauva-M3~14eKHH , perxcrpHpyewoH cqerqaxow wanyx paawepos. 

·rac!h pe3yJILT8TOB H3Kep6HKH npe.n;CT8BJ16Ha Ha pHc. !9. naHHYe H3Ke

peHHil llOK83YB8DT CHCTewanfqecxoe yseJlHqeHHe pa..H08KT.iflli OCTB flO 

wepe y~aJleHHa or ~eHrpa AYaHra. TIOA06Haa xaprxHa Ha6nD~anncL B 

xa~epe CHHxpo~x~orpoHa, H3 xoropoA yAaReH ~yaHr. OOp~aer Ha ce6a 

sHKWaHH e HecHwwerpHqHocrL KPKswx OA H OB, a raxxe Haxxqxe ~syx 

W8KCHWJWOB Ha KPHBOA OA. Bee 3TO Mozer 6YTL OOHHTHYY, 8CJlK I~KHRTL 

cne~ D~Yil cxe»y o6pa30BaHHR Hase~eHHOI pa~xoaxtKBHOCTH BHYTPH 

xawepw ycxopxrena. AxrxsauHD co3~amr nporoxw, xoropye pacceHsamrca 

JIJIOO KHIII6HSDIH H yqaCTI(ll.KH ~YaHTa, .lll60 yc TpOik: TBOM, BWBO~JIIJOI ny

~OK npvTOHOB K3 xawepu YCKOpHT6RS. 06 3TOM CBX~8T8Jl.CTBy8T BYCOKKH 

yposeHL IU<THBHOCTlf B paiOHe !tp8IDX Op6xt npOTOHOB ( R, • 775 CK), 

rAe YCTaHaBAKBallTCR KHmeHH ~JIR reHepa~KK H61tTpOHOB H M630BOB~). 

llo~yqxs ~OCTaroqsoe B03WY~6HHe ( XYJlOHOBCXOe HAH g~epHOe pacceRHxe, 

a T8KX6 C6poc SHeprJIH H3-Ga HOHK3aUKOHHWX norepL B KHIII8HK), 60Jih

WaR qaCTL npOTOHOB HKeeT e~e B03MOZHOCTL ~0 nepeceqeHHH C ~Y8HTOM 

rrpoAenarb noqTH noJlHHA o6opor a BKAe pacxo~a~eroca nyqxa. Tax xax 

WHIIIeHH H ycrpoAcrso, DHBOA~ee nyqox, pacnonozeHw a pasnxqgux wee

Tax xauepu ycxopxrena, To xweerca HecxonLxo yqacrxos Ha ~YaHre, 

rAe orwe~erca waxc~•Haa pa..xoaxrHsHocrL. Pasyweerca, ecr• 

H APyrHe npHq.lfHY, npHBO~~He K BYXO~ npOTOHOB H3 nyqxa .if TeK 

CCUO:lilol K 8KT.ifBaUHH A6U!.J16A fCKOpHTeU. 1\ 3TKM npHqHHaK KOJ:BO OTH6CTH 

~) P~xoaarHBHOCTb AYaHra Ha paARyce IIO cw, no-BMAKMowy, a ocHos-
HOM Oc5yCJIOB~eHa npOTOHfl.!,JM, opc5HTY KOTOpi:DC Ha 3TOM yqaCTKC llOA
HilTU Ha 2- J CMo 
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~e~oxycJpOBXY nyqxa • pacceasxe npotoBoB Ba ocratoqsoM rase. Ho, 

llO-BH~HMOMy, 3TH ~ropH1 DO cpaBH8HHD C npHBe~fHHHMH 1 MaAO CXa-

3HBaDTCH Ha ypoBHe ~HOaKTHBHOCTH, 
Ks~otepeswa, awnoxwexxue a UEPHe/54/, noxasws&Dt,qto pa~oaxrxs-

socr• s aroxe HOHHoro xctoqsxxa pacnpe~e~exa taxKM ze odpasow, xax 

aro npe~cras~eso xpxsoA OB sa pBc.I9. 

4.2. P~aoaxTBBHOCih paaxxqswx M&repxa,oa nocxe 

o6xyqeHXI IX npOIOB8M! 

Haa6oxee ~er&AhHO xsyqeRa pa~•oaxrXBROct• pasAXqHHX se•ecrs 

nocxe o6~yqesxa BX nporosava c aReprael 660 Maa/551. OCHOBHYt pe

sy~hrarw pa6orw/55/ COCTOI! B CA8~JD-8Mo B 3&BXCXMOCrK or Be.ecrsa 

npX ~XI!~hBOM o6xyqeRKB JX8AhHaR ~KOai!XBHOC!h X3M8BA8TCi or 15 

,J;O 700 Jotltr-3ltB /.t,a t- ,J;U MMOrO Bp8M8HX ( /:_ · 1 q) OOCAI OKOB

qaftHR ~~•r~asoro o6Ayqesxa • or 3 ~o 250 wxr-axs ~~~ ~~· 
60UDX KBrtpBMOB ( £ · · 1000 q) npX noroxe npOTOBOB 1014 ~oroR , 

(• cex) 
l~R ltOHCrpyttUJORH~ aattpB&AOB ~an&SOR KSM8H8HKS y,~;t~BOI paAXO• 

axrHBHOCTH MHoro MeHawe npa rex speweHax or xoH~a oo-

JyqeBu: ot 500 ~o 700 wxr-attB Raj-v ,~;u t ·'"'I r • oT 100 ,~;o 

250 wxr-3JtB &A_Iz.- ,~;u t - IOOO r. 
ltT&!K, H3rOrOB~81RH8 83 CO~&BOB K& OCHOB8 !trKXX M8T&I!OB 

( J&r, .JU ) C03,1;8.11T YO.XOCU ,J;OSY B 2-7 pas M8BU8 (a 3&BBCXMOCTK 

or TO~XHH), qey ,~;era!R rot Zt ro~RY HS CnAaBOB H& OCKOB8 razeAHX 

wer&.JtllOB ( );_ , ev ). 3&BXCIOIOCU ~UUOI p~OUIKBBOCTX pas

xxqHHX s~ecrB or speKtRH npxse,~;eaa xa pxc.20, a B ra6~R~e IO ,J;&BII 

BHXO,J;H pa~B08XIKBHOCrH C COOTB8ICrB~ 3~1tiKBB 

noAypacna..a. 

nep11o~a11H 

OueHHTh pa~aoaxrKBHOCTh Be•ecrs, o6JYqtHHYX nporoHaiiH c axep-

ruw, OIJIJ!tlllbU!H or 660 ll3B, IIOZHO C OOMO.hD ~aHRilX Ta6llRUH II. 
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~ 

j 

j 

\ 

Taomuta IO 

y~enbHaA P~"oattrHBHOCTb paanxqRux se~ecrs, oonyqeHHHX 
rrporoRaliH c aHeprHell 660 l.fas 

Hc cne~yeuoe se~ecrso EepHJIAH~ 

2,1 1'1 9,2 56 3¢¢61tTHBHHll nepHO~ 
noJ!yp acn~a 18 trnH qaca qacos ~HH ~Helt 

Y~enuaa p8,1tHOaKTHB- 1 
~ •I HOCTD 'V-,;;,ct_ ~)t. .. /O~ 

16 2,8 4,5 I,8 5,6 

1.1 _ I'p*T I ci>roporiJiacT - 4 

20 I qac I5 qac. 56 ,~;He~ 20 MHH 1,8 tre.ca 55 ~He~t MHH 
400 21 0,55 ro 120 I55 4,6 

[. CnJ!aB MA-8 MarHHtt 

2. IO 20 I5 2,'5 19 2,? 20 1,9 
lOtH KHR qacos 1IHS! l!HeV. roJia MHH qo.ca t~acon 

3. 19 36 290 II 7 200 40 14 75 

,ni>I!MD:MHHHII Jl- 16 

~ • I 
IO 30 1,8 15 ~,5 14 '56 2, 7 ro~a 
MHH l.IHH qaca qacoa ,J!HR .!!Hett ,gHe~ 

f. I 136 48 J:l 490 7,7 8,3 5,0 150 

ll.l 360HHT ITnacrKacca ~KIT-2 
20 I5 14 12.1 M:JIH qacOB ~He!t 20 MMH 3 qaca I5 qac. 5 ~Hell 33 ~HR 

I· I 450 85 62 490 14 24 5,4 I, 4 
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I. I crexno KBap~eBoe <I>apcpop 

20 I5 60 2,7 20 2 I5 I4 2,7 
2, lloiHH qacoB AHelt ro,~ta loiHH 'l~ca t~acoB ,JtHelt ro,Jta 

3. I 70 82 2,5 70 56 I5 76 6 6I 

I. BeroH M200 ?-= 2,2;... 2,4 

2. I5 l!HH 70 l&HH I7 qacoB 6 ,~~;aeJI 220 ,JtHel! 

3. ZlO 36 9I 5,4 25 --
--

I. YraxeneHH~It ~eroH ;-'= 3,4 

2. 3I loiHH 5 \llCOB I'5 lla.COB 42 lla.ca IO ,~tHeJI 155 -
67 24 39 22 68 56 

-
JlBYOKHCl> THTaHa 

57 MHH 7,8 ~.Jaca 2I 'lac 6 ,~~;aeJI 88 ,~~;aett 

3. I 170 250 168 45 I46 
-

I. OKHci> xpo!ia 

2. 24 MHH 6 'laCOB I8 'laCOB 3 ,II;Hil 15 ,II;H81 90 ,ltH81! 

3. 68 I20 IIO 48 roo 68 

I. OKHc» uapraHna 

2. 33 WHH 2,7 t~aca 12 qacoa 33 t~aca 7 ,II;HeR 47 ,JtHeR 

3. 320 6I 3IO 20 85 I05 

I. Cran» - 3 

2. 28 MHH 2,3 t~aca II l.Ja.COB 64 t~aca 10 ,D.Hett 52 

3. 320 140 130 82 150 70 
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r. Hep:xaaeDlllaR CT aJih IXI8H9T 

2. 14 MHH 42 MHH 
0,5 

15 Tiac. 46 qac. 5,8 21 ,IteHJ. 85 .~tHelt 4aca ).{Hil 
3. 290 180 IIO 97 53 120 120 no 

I. 0KHC:h HHKe JUI 

2. 30 WHH 4 t~aca 22 'laca 3 )(Hil IJ )(Hett 88 .nuett 

3. 160 43 8!) IIO !05 320 

I. Me,~t:r, - 3 

2. 14 l.'HH 43 loiHH 2, 4 lJaca I5 t~acoa 3, 2 ,D;Hil 10 ,ItHeR 80 ,Itne.A 

3. 540 39 74 92 72 55 180 
~ -

I. JiaTyH:r, - 52 

2 • . 12 MHH 37 WHH 2,7 ~aca ro qacoa ?.,2 ,ltH.Il 7,7 ,l(Hil 75 )(He' 

480 192 96 no 40 85 I93 i 3. 
I 

Bcero H3y4eHo OKOJio 40 pa3JIHilHbiX ae111ecra. B TMJIHne npHBe,l(eHbl 

)(8HHble ITO OCHOBHblJ.I MarepHaJiaM , XapaKT6pHCT MKH KO TO!Ji.!X 38ldeTHO 

OTJ!HI.IaDTCil .l(pyr OT .Jtpyra. 
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Ta0.1nma II 

rronepeqxse ceqexHR oOpaaoaaRHR Rexoropsx p~xoaxTHBRYX 
K30TODOB DpH B3aHM0~8HCTBHH rrpOTOROB paa~HqHYX 3HeprHR 

C R~B.MH K8.D;H 

3HeprHR Jler o~ 

~ 90 190 340 480 660 680 980 2200 5700 onpe,~r;e-

B .nes:sa - C8"118HHR 
TODY 

ITone~eqHye ceqeHHH 1 I0- 27 QK2 

St."' 
I, 72 5,5 I,9 7, 5 7,8 3xcnep~6/ 

21. c I, 2 I,8 3, 1 4,0 4,0 5, 1 7,4 6, 2 Pacqer 

0, 23 2,6 0,73 5,7 2, 2 26 II IO 3xcnep(561 

v"' I ,9 3, 0 3,8 4, 6 4, 6 5,5 7,2 5,6 Pacqer 
-~j_ 

7, 1 39 I5 6,5 6,2 5,2 3Itcnep(561 

-lsMtJ 
.;)' 4,3 4,5 5,2 5, 2 5, 2 5, 6 6,2 4, 2 Pacqer 

12, 2 15 IO 14 I6 31tcnep(561 .. -.:, 
20 I8 20 I8 I8 I8 I8 II Pact~eT 

2s MtJ 

0, 6 I, 4 2, 3 2,7 3, 12 1,7 1,7 I,8 3Itcnep(561 
/ 1 ~-:; 2,7 2,3 2,2 I,9 1, 9 I , 9 1,9 I , 2 Pacqer 

.?1 L.-C' 

3, 4 II 8,0 5, 1 3xcnep(561 
/1 .;;>. b I5 12 II 9, 0 9,0 9, 0 8,2 4, 9 Pacqer 

.?.'ILc 

57,5 34 27, 4 33 31tcnep(56/ 
,-. ,J. i' 8I 54 44 33 33 3I 26 15 Pact~eT 2;-c 
- " ~ 34 2I 15 II II 9 7 4 Pacqer 

..j l.-1 

t; y 45 24 22, 5 22 12, 4 13,8 20, 4 8, 3 22 31tcnep(56/ 
~- ~ 
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B aroR raO~•~e npe~cras~exs p~OaKTKBHYe xaorons, HKe~xe oo~~

n e B8JIJillJIHY rBJOm-DOCT0$1H RYX H 00p8.3YJ111!X8CR CO 3HatfXT8JI~HiliiK 

sepoRTHOCTRKH npx B3axKo,~r;eRcrsn nporoxos paa~§~YX aHeprHR c 

8,11;paKH K8,11;H B ¢opue ecreCTB8RHOH H30TODROI CKecx. 

BH'Ifxc~exxe cet~eHxR oopaaosaaxR xsoronos c aroKKYK secou ri 

H 3ap~oK ~ nposo~x.noc~ c nouo~~~ 3KnKpHt~ecxo R ¢op»y~s, npe~.no
zeHKOR Py~crawow 157/ 

o{~Z) .-cx p (j-J.!i - C-K- (C:.. · -~ll)~) . (4o) 

BeJIHtJHHY napa»eTpOB ~ X ,S Ra OCHOBaKIX paOOTY/58/ npXHHKa

JIBC ~ xe aasHca~~ or axeprxx nporoxos • pasBYKK I,4J 0,467, 

COOT!erCTBeHRO. ~ H ~ B 3aBHCKKOCTK or 3HOprD DOJiaraJIH 

aa ocxosaKu rot ze p«S ors/58/ paBKJ.DO( se JtlliiHHaw, yxaaanw s rao

u~e 12. ITpx aru ss:aqenu napawerpos 1(, , ~ , ,J • c.,_ ¢nP

KYJa (40),~r;aer C8t18HXS B KHJIJIXOapxax. 

Taou~a 12 

BIDUJUI napawerpos r X ~ 

3s:eprxs 
340 480 660 980 2200 5700 poroaos, 1 190 

las -p 
0,320 0,256 o, 195 O,I50 0,125 0,08 0,046 

~ 14,2 10,85 7,50 5, I8 3,8 1,36 -0,0168 

.llaRRse ra6JIQY II noxaaHBam, 11r o ssxo,~r; PS..HOaKTKBHYX xa oro-

DOB KOJ:JIO npH0JIHJ:8!HO CtiHTaT~ ae 3aBHCSII!HK OT aBeprxx npOTOROB 

(~.na L" > I90 Mas) B mxpoxou xs:repsaJte xx axeprHR. 3ro ,~r;on~eHHe 
nosso .naer ,~r;eJtar~ o~eHXH y~e.n~xoR p~Hoaxrxsxocrx uarepxa.nos c no

KO~bD ~aHHHX raO.nHnY I O ~.na aHeprxR nporoHos,orJtK'IfHHX or 660 Mas. 
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B paOore/541 co,~;epzarca ,~;alllllit o Jl)•!locu ,J;OSH 4 · -xs.ayqena 

(B O'fiiOCI'ftJaiiHX I,J;XII~ax),EO'fOpym COS,J;amr 00p83~H X3 

c s(·o. ,.,iLl T;_ 7c CoNi w Mo <?h:,oOxyqeJIIIHe B O,J;KIIUOBiiX YCJIOU-
/ -v- ) 11 1 / 

ax B r eqeJIXe 4-x xeca~es BBJTP• CRKrpo~x.lorpoBa UEPHa. H3 xccJit,J;O· 

BaiiiiHX oopas~os a nepsue IO qacos or 10 11~a oOxyqeKXa 11ax0oxee Oucr~ 

PHI cna,~; axrBBIIOCTX 11aO~aerca y yr.aepo,~;a • xsap~a. Cnyc;s IO q&

cos DOCJI 00.1Jll81lllJI, 1,1; tJllollaJI pa,J{JIOH'fXIII OC U 00p83~0B Jl3 X8,J;B H 

ze.1eaa B 40-50 pas sume,qex JXIX&Bas pa,~;aoaxrxsHocr• yrJrepo.~;a,qro 

118.XO,J;Krcs B xopo••• cor.1ac•• c ,J;aHKHMB ra6nxqy IO H pxc. 20. 

4. 3. Cpti'fPA!iBHI COCtaB t&KMa-X3JI3811HS llaBf i iiiBOI 
paJHOHrllll OC'tl 

311tp~er~cxxe cnexrpa ~-Ka.lyqeBxs llaBt,J;eKBOI B pasJxqllHX 

warepxa..ax pa,~;xoaxrKBKocrx xayqa.BXca B paoorax/53,59/ c noMO••m 

cn-xrR.I.IJinKOKBHX cnexrpo~erpos • B paoore/55/ no nor.ao•eKHm xo.I.IX

wxposaHKoro nyqxa ~-KBall'fOB B CBXBI{t. PesyJl1o'fa'fH K3KtptKXI cnexr~ 

~-iBaK'fOB , BHXO,J;S.XX qepes BHDJCEK08 OiKO EaKepw YCEOpB'ft.IS,npo

paOoras•ero secxoJUoxo .aer, npe.~;craB.ItKH B ra6.ax~e IJ.Hsxepeaxs 6H.IK 

B&nOX!ltKH xa c•xxpou.K.~orpoBe B UEPHel59(cnyera !!3 qacos noc.lt 

tro ocr axosn. 
Taouua IJ 

3Jleptt'fKq8CiXI cntxrp t &KMa-iBaB'fOB HaBt,J;IBKOI pa,J{JIOU'fXBBOC'fB, 

I. 311tprxa r8lllfa-
:na~tos, lias 0,5I 0,75 0,82 0,9'7 I,06 I,I3 

llorox JtB&IIros, - - 3 I - 0,2 2. O'fKOCK'fUaKHI 
I,J;DXI{H 

I. 1 I,24 I,so I,45 I,60 I,77 2,02 2,2I 2,28 2,59 3,23 

2. 0,6 0,2 O,I 0, 03 0,06 0,00 
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!BropH paOory/59/ CKOt.IB O~BX'fb O'fBOCX'fl.laKHI Bi.l~ xaz,J;OI 

J)[JID B cneup ( 2-aa liD .IO!Dta Ta6JIHI{a IJ ),J;.IJI aaeprBit f' -EBaH'fOB 

s~t 0,6 113B B ,1;.1! 'fiX K.IKXI, iO'fOpHt BHOCS'f cr.tc'fBtiiBHI BJt.la,J; 

B DOJIHfD Bll'fiiiCIBBOCr•• Hltll'fB~JIJta~ &aO.ID,J;IIIBHX 3BtprBI JtBall'fOB 

(ra6LKna IJ) c sHeprxsXH rauxa-xsaHros ra6Laqy xsoronoa16°/npx yqe

re cooraercrsym .. x nepxo,~;os noxypacn~a, noxa3Hsaer npKcyrcrsxe 

B ,J;tra.IJIX CKHlpOI{KJt.IO'fpOBa BCtX Jl30'fODOB, npXBt,J;eBHHX B Ta6.1KI{8 II. 

ABTOPH pa00'fH/S9/ CqJI'faD'f,qr~ OCBROBIIOI BJt.l~ B aHa.IX3xpyeMHI DO'fOX 

1--KB8.H'fOB, BBOCX.IO X3Jiyq8BX8 BaBt,J;tBKOit B JlatYBBHX qacrax XOB

BOrO zcroqBKxa • xe.aeaKHX no.1mcax KatBBra p~woaxrxsBocrx. Hswe-

pena cnexrpa y~-XB8.BTOB/SS/, HCDJCKatKHX ,J;8'fa.ISO (B OCHOBROK 

•a RepxaBem•n cra..x) mweps cnxpol.lii:UorpoBa B liepu•, noxasa.o 

Hexoropoe ReaxaqKTtJiaKoe or.oqxe or cneJtrpa, npKse.~;tBKoro s pa-

6orel591. Peay.1•rars cneJTpoxerpxqecxJIX Bcc.le,~;osax•a /SS,59/ csx

.~;ereJiacrsymr o row,qro pa,~;x~oBHas Bpe.~;Hocr• Ka CKBrpo~HX.IorpoRax, 

ycxopsm .. X npO'fO!H ~0 HICKO.IbXBX COteK Mas, o6yC.IOBJitlla B OCBOBROK 

raxxa-xsaBraK~r c aBeprKJlMK 5IO • 820 xas. O~Baxo npx pe•e!IKJI son

pocos s~BTH Heooxo~BMo raXJ:e npx!IXMar• so BHJ~XaHxe raxKa-xa~yqexxe 

c aHeprBSK!l Oo.1ee I las . 

Hsxepeua cneupa l--naBTos Base~tBHOI axns11ocrH a xera..

J!Xqecxxx ~OJilorax, 06.1yq8BIIHI B reqtRJie BICiO.IaiHX ~Btl B DOKe.eBKX 

CXKxpO~X.IOrpoKa X Ba ero xaxepe, DOE83aXK 3Jiaqzre.lbHHI Bila,J; B 

auxsa~JID 6scrpux 11t1rpoxos ( lltcxoX&xo Mas/53/. 

B 'fa0.1X~8 I4 ,J;aKH Q8HK~n-pOBaBKH8 B arxx ODHTax X30'fOnH, 

XOTOpHe B OCBO!ROX onpt,J;t.IJID'f KaB8,1;8B!YD ~XOaETXBBOCT& ~.lat. 

H3wepex•a 311eprxx raxxa-xa.ayqeKxa no nor~o•tBKD xo~~BKXposa~~-

Horo nyqxa a csxH~e noxaaa.~x,qro cnexrp y--xBaHtOB or o6xyqeB-
HUX OOpas~OB H3 Kt,J;X J1 !lepzase~el CTaJIH ~~g nepHO,J;OB DO.Iypacn~a 
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-.· 

i1~>2-X ~Hel KOZet 0HTL Dpe~ctaBAeH B BH~e ~Byx ~KHKI C 3Hept•

SKK 0,5 • !,2 laB. fiOTOKB ra.Ka-KBaRTOB, COOTBetCTBJD .. e 3T .. 

3ReprwKM, H8XO~liTCll B OTH088BKK 0,5: !. 

Ta6~-na !4 

Ocxoaxue p~•oaxt•axue •sotons, o6paaym.-ecs rrpa 
06xy~eHK• K8T~~OB B teqeHKe B8CKO~LKXX ~el B 

nowe•ex.. c•xxpon~otpoxa /53/ 

~--------~------~----~------------------ l lueso, 
xepzaBem•as 

CT&n 
Be•ecno UIIKKBXI le» 

Hsororru I Na2" Cu~ Mn s.t I Mn
5

' 

3xeprxs raKKa- I !,37 0,5! 0,845 0,73 
KB&RTOB, laB ll) 2,75 !,8! 0,94 

2,13 !,46 

ll) 3xepr•s r&KKa-xBaBro• xaxo~~cL no raoxxne xsoronoa/601. 

4.4. Qc~a6~exxt r&KK&-XS!fq8KXS B&B818!JOJ 

pa&!O§XTHBUOCTH B 381!Te 

Ha OCHOJaBXB ~&HKKX 0 cnexrp&XLHOK COCT&Be r&KK&-HS~eH•ll 
H&Be~exxot ~•oaxr•Bxocrx (rao~na I3) a•ropoK ou~o paccqxraao 

ocm6Jiexxe ,~;osw ( -Jl3JiyqeHKR B saatne •s c•xnoBoro crtxm 

wapu M-5 ( .f • 4770 ufil) ,zuesa ( _r .. 7ffl0 xr/rt') • 

cBnna ( ~ • !!300 xr/M3). Pacqer upoBO,~;uca ,~;.u nJiocxoro wexo-_, 

xanpaB~eRBoro •croqHxxa B 6ecxoBeqxot cpe,~;e c no.o~m •s•ecrsot 

~PKY~H 
- II X 

c{) ~ Cfjo . ~·C_,-o (4!) 
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nHHeRHH~ K03$¢HnHeHr OC~a6~8HHH b0 H ~KTOp HaKOII!8RHS ~03H 
J 

~na CBHHnoaoro crexJia onpe~eJianca c nouo~LD wero~a, npe~JiozeHxoro 

B pa60Te/6 ~/. PaXTOp!i HaKOIIJieHHH ~Jill pa3!HqHHX 3HeprHA raMKa

KBaHTOB onpe~enH~HcL no xpynHo-~acmra6HHY rpa¢Hxax, nocrpoeHKRM 

Ha OCHOBaHHH pe3y~LTaTOB pacqera / 6I/. BsqHC!8HHHe C nOMO~LD ~Op
MJHH (4!) 3aBHCHMOCTH ~03H B OTHOCHTe!LHHX e~HHnaX ( ~~seo ) 0% 

ronmHHH 3a~Hru ( JC ) H3 cBHHnosoro crex~a ~-5, xeneaa • CBHHna 

npe~crasneHw Ha puc.2I. Ha 3TOM pxcyHxe ~aHu raxxe axcnepxweHTaJIL

HHe pe3ynLraru no ocnaoneHHD B CBHHnoBoM crexJie T~-5 raKKa-H3Jiyqe

HHll HaBe~eHHO~ B ~yaHre CRHxpoUHxnorpoHa OKHR pa~HOSXTHBHocrx. 

H3MepeHHH BHliOJIHSXHCL cnycra !5 ~Heft nOCJie OCTaHOBXK YCXOpBT8Jill 

B yc~OBHHX, 6AK3XHX X yc~OBHSM n~OCKOTO MOHOHanpaB~8HHOrO HCTOq

HHKa B no~y6ecxoaeqgoA cpe~e. Ha6JD~a~eecs xopomee oor~acae pac

qerHHX H axcnepBKeHraB»Hwx ~aHB~x no ocna6neHHD raKMa-HsJyqea•• 

a caHanoBOK crexJie nosBonaer Hcnon~3oaar» pesynLrara pacqera ~~~~ 

xenesa H CBHHqa. lJis rrpx6RKxeaewx pacqeroB (c roqxocr~D ~o xoa~

nHeHra 2 no ~o3e) cnexrp woxao saueBHTL woxoxpouarxqecxot x.xxet 

c a~xrKBHOI aaeprxeA I,2 MsB. H3wepeHHa saJtXrxax caotcrJ c••~o

aoro sxpaaa roJI•HHOI 3 cw B none rauwa-xs~yqeHxa, BHXo~s•ero xa 

oxaa xauepw cHHxponxxnorpoaa, rroxaswsamr, qro xpar•ocr• oc~a6xeBX• 

cocrBBnH er 5-6. 3ra B8JIBqHH& B ~aa pa3a uex»•e xparxocr• ocxa6~esaa, 

Haa.eHBOR no XpKBOI pHc.2!, qro O~liCHaercs, no-B~HKowy, M&!HKI 

nonepeqaHM• paawepaKH axpaaa. 

npe~cr&BJieHHHe xa pKc.2I ~&HBHe sxaqxreJ»RO orxwqamrcs or 

onexox xpataocrx oc~a6~eRHR raKKa-•snyqe••s Raae~eBBol p~•oaxr••

!ocrx, ~enaHHHX B pa6ore15S/. Aaropa/5S/ HeAooqeHRBaAK BXJ~ r&»Ma

KsnyqeHHH c aaeprxe1 6onee I Mas, xoropoe yze npx ro~KRe aaatxrH 83 

CBMHna, paaaot 5 cw onpe~eJiaer ~o3y xsJyqeaxs. 
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4. 5. Pa!xoaxrxaao ara B03JYxa 

Boxamxacrso ~e ~crsyvmHx B aacroa~ee spexa yc xopHrene~ c os~a

vr aexH~ B~ nor oKo B npo r oaoa H aetrpoaoa, npH xorop~x p~HoaxrHB

Rocr» aos~xa cocraaxaer aesaaqHrexa~e xoa~earpa~HH 1621. O~Haxo 
B nocneAHee spexa aaxerHxaca re~eRUKa B paspadorxe x crpoHren»

crae ycxopxrexet c donhmHMH roxaxx H aaeprHet ycxopaexux qacrHfr63{ 

Padora no~od~x yc xopxrene t dy~er conpoBoz~araca &KTHBa~e~ aos~y

xa ~o ypoBHet,a oo r HH H r~caqK paa npea~av~HX npeAenaao-~o rryc TH

~e.B radHHUe 15~aH CO CTaB H B~O~~ H30TOUOB B OTHOCKTenaHUX eAH

B~ax, xoropue odpaaynrca npH odxyqeaxx B03Ayxa B nyqxe nporoaoa 

H aetrpoaoa or cHaxpon-xxoTpoaa OKHH/621. 
TadxH~a J I5 

Cocraa H B~o~ p~xoaxrMBH~ wsoronoa, odpaayn~Hxca B 
nyqxax nporoaoa H aetrpoaoa or CHHxpo~xxxorpo~a 1621 

IIpe~noxarae11~e Hadxn~aewt ne- BYXo~,oraocHren»a~e e~HHH~~ 
Jl30TOn!l pHo~ no.11ypacna-

,IJ;a, IIHH IlporOH!l He~trpou~ 

0'5 
2,I - 3,0 I I Nt3 

1/ 9,3 - I3 0,5 O,II 
c I9 - 22 0,5 o, I7 
.1/?.-VI ! 20 s.Io-3 O,OI5 ' 

-

ConOCTaBAIHHe Jl3MepeKH~ BUXO~OB B OTBOCHTe»hH~ e~HHXnax 

( rad.IIH~a 15) C aHaJIOrHqH~ ~aHHHKH,paccqHTaHH~ Ha OCHOBaHHH H3-

BeCTH!lX ceqeKKI Odpa30BaHHR R30TOnOB npll B3allllo~e!CTBHH nporOROB 

C R~paMK 3JieKeHTOB B03~yxa, nOXA3YBaer 3ft&q&Te»hRYD ponh wetrpOHOB 
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aRsx•x aaeprRt B axrxB~ Bos~a. YpoBRX p~oaxrRBHocr• BOs

~xa BdXR3H xa~~epy ycxopRrexa npx ero padore cocraaaaer 

~10-8xnpx/x H YM8H»•anrca ~0 5.Io-I0xapR/JI,cnycra 3 X.B UOCJII 

ocr&HOBXX CHRxpOQI&.IIOTpOHa 1621. EHcrpot YKeHi.IHXe YJI.IIiHOI 

aKTRBHOCrH Bll3YBaerca HI roxaxo pacrr~OK pax-oaxr.aHYX R30TOUOI, 

liD rX&B~M OdpasoM CIIIDBaUIK Od.lylleHROrO Ot:f'itll8. BOS,Uxa 

( -70 x
3

) c B03,UXOJI, He no~aepraa.oca Od.ly'IIIDD (.---400000 .a). 
P~RoaxrxBsocra aaposo•et, odpasyn.-xca B no••••• .. CRKxpo

uHxxorpoaa OHHI, dHJa RSyqexa B.II.A$!BacieBHJI 1641. Ilpx aroM yc

raKoaxeao , qro ]XIJihRaR XORUIHTp~HB &3p030J18I p&BHa 5. Io-IJK8pX/J 

Haxepeua nepxo~a noxypacn~a axrnaocrx • one•u axepro {3 -qac

rHu ~~· ocHOB&HXe npe~nonarari, qro P~•oaxrHBRocr• aaposo•et 

odyc•ouna HsoronoJI Na 2Y . IlpJtBe~eHHHe y~ennre KOIIutRrp&JtJIR 

p~HoaxtxBHHX Be•ectB B Boa~yxe H3MepaJxca np• toKe nporoHoB 

aa BHyrpeHHmn MKmeu~, paBHOJI 0,2-0,3 K&a. 

PyxonHcb nocrynHna B H3~atenhCXHI or~eJ 
21 HDHH • 1963 r. 
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