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Y1ccne.a.oaamt:e n;>oueccos o6paaoaaHIUI sapst>Ke~HbiX Me~oHos s coy.aapeHHstX ..HeATpOHOB 

c npOTOH8MH CBSI38HO CO 3H8'1HT911bHbiMH TPY.llHOCT51MH, o6ycnOB119HHbiMH OTHOCKT9.11bHO MMbiMH 

HHT9HClJBHOCTSIMH HeATpOHHbiX ny'IKOB OT yCKOpHT9119A: H H96011bWHMH ceqeHHSIMH 9THX 1Ip0U8CCOB • 

HeKOTOpbie OC110>KH9HH51 B03HHK810T T8K>K9 IIpH HHTepnpeTBUHH peaynbT8TOB OllbiTOB BCJI9JlCTBH9 

WHpOKOro 3HepreTK'C.J9CKOro pacnpe,aeneHHSI HeATpOHOB. 

r1o3TOMY H3Y'I9HH!O peSKUHli 

+ n+p .. TT+n+n, 
( 1) 

n+p-+rr +p+p 

llOCBl!WeHo ue6onbwoe 'IHCno pa6oT. B TO me speMll uccnenosaHne peaKunll ( 1) 11pencTaBnlleT 

HHTepec 1 T8K K8K TOllbKO HX, H3Y'I9HH9 MO>K9T .LJ.8Tb HH<jlOpM8UHIO 0 B911H'IHH9 ceqeHHSI a 
Ill •• 

( JUiaccuc:j:mKauas, sse.aeuH~H PoaeHQ>enb.llOM ) - o.aHoro H3 Tpex napuuanbHbiX ce'leHnA, acnonb-

ayeM&IX B cPeHOM9HOnOrH'l9CKOA pe30H8HCHOA T90pH5l npOU9CCOB o6p83088HHH M930HOB 8 HyKnou­

HyKIIOHHbiX coy D.8peHHRX. 

CneKTpbl MeaoHos a peaKUHfiX (I) uccnenosanucb Me Ton oM snepH&IX <t>oTonnacTHHOK npu 

3HeprHRX H9ATpOHOI!I 400 Ms1!1121 H 600 M,/
31• npu STOM B pa6oTe'

21 
6&In0 nony'leHo sHepre­

TH'IeCKOe pacnpeneneHHe .,+ H rr- MeaoHoB non yrnoM 90°. B pa6oT/
31 

TPYllHOcTn, cssaaHH&Je 

C HCfl011b30B8HH9M O.QHHOqHbiX cl>OTOfii18CTHHOK H TOpM03RlUHX 4JHilbTpOB 1 He fi03B011HIIH nonyqHTb 

ua.ae>KHbiX .aaHHbiX o6 yKaaaHHbiX cneKTpax. 

Hau6onee nonH&Ie naHH&Ie o peaKUHliX (I) npu sHepruu - 600 Mas a WHPOKOM HHTepsane 

yrnos t5binH nonyqeHbl C fiOMOlllbiO M8I"HHTHOI'O Cfi9KTpOM9Tp8. npe,asapHT811bHbl9 pe3yllbT8Tbl 

aToll pa60Tbl yme ony6nHKOB8Hb/
41 

x). rlpH HCnOnb30BaHHH aneKTpOHHOII MeTOllHKH B ~3ynbT!lTbl 
H3M9p8HHI CfiOKTpOB tr -M930HOB npHXO.OHTCSI BBOJl.HTb pHJl. nonpaBOK H8 perHC'l'p8UHIO annap&Ty­

poA npoToaos, " -Meaoaos Jl sneKTpoaos. Haa6onbweA aa sTHX nonpasoK ssnHeTCsr nonpasKa 

y'IHTbiB8JOUl8H npHMecb aneKTpoaos H& 6onbWHX yrnax H3MepeaaA. Bcne.acTsae SToro ToqaocTb 

H3MepeHHA Cfi9KTpOB tr -M930HOB B HH3KOSHepraqaoA q&CTH 00.0. 3THMH yrnaMH cymeCTB9HHO 

CHH>K89TCSI. 

B HacTollwell paeioTe c uenhiD nosblllleHHH nocTOsepaocTH .aaaawx s yKaaaHaoa o6nacTH 

YI"IIOB H938BHCHMbiM nyTeM C fiOMOWbiD c;poTOSMYil'bCHOHHOI K8M9pbi 6bli1H DpOH3B9.D.9H£d H3M9pe-

+ 0 
HHSI cneKTpOB rr- -Me30HOB 00.0. yrnOM 90 B na6op8TOpHOA CHCTeMe. 3TOT M9T0.0. cpoT09MYilb-

CHOHHOA: K8M9phl fi03BO.JJH.Jl 6onee H8.0.9>KHO Hayq&Tb HH3KOSReprH'IHbl9 '18CTH Cfi9KTp08 M930HOB 

H8 yrne 9()0 
H npO.D.BHHYTbCSl 8 CTOpOHY H8CKOnbKO M9HbWHX 9HeprHA: perHCTpHpyeMbiX tr -Meso­

HOB. 

3KcnepHM9HT 11pOB0llHnCll Ha CHHXpOUHKnOTpOHe na6opaTOpHH llll9pHbiX llpo6neM 01-H!Vf. 

CxeMa OfibiT8 fi0K838H8 HS pHC. 1. nyqoK HeATpOHOB npox.o.aHn qepea KOnnHM8TOP .0.H8M8TpOM 

50 MM B 'leTblpexMeTpoaoA 6eTOHHOA: cTeHe. Ha nyTa HeA:Tpoaaoro nyqKa ycTaHasnaaanac& >KH.aKo-
, /4/ 

so.aopo.OH8Sl MHW9Hb-llb108p. pauee acnonb3osaswaRcsr a pa6oTe • MeaoH&I 1 acnynteHHhJe H3 

~) Jlo,apo6H8R CT8TbSl I'OTOBHTCR B H8CTOSIW98 Bp9MSI K neq&TH. 

3 



MHLJ..H~HH no.a yrnOM 90° K H811paaJTeiUUO flyttKa H('odTpOIIOB OT6HpBJJHf:'b 1tpH fJOMOHlH CUHHUOBorO 

KOJJnJfM8TOpB 1 KMeJOll.lero (}>OpMy I.UeJJH .anHHoH 125 MM H r.ei.J.E.'HHe 10xJQ0 MM
2

, H pf'rHCTpHpOB8- ~J 
liHCb c:VoTOSMynbCHOHHOA KBMepoA. 3MynbC'JJOIIJII1H Kl1Mepa COC"'TORllll H.:l 20 CJlO~Il cjJOT09M~ llhCHH 

Tuna H IJK<l>H-P TOn<UHHOA 400 MHKpoH H pa.'lM<'pOM 100xi00MM
2

• Ha cJJoH 6bwa HaHecena Map­
/5/ 

KrtposKa , lfTO noaaonSJno npocne.>KHB8Tb cnE.'.llbJ, o6paaoaaHHLIC MeaouaMH e KaMepe. Yrnoaoe 

paapeweuue .aeTeKTopa cocTaanstno !_1,5°. HanonueJUJ&H so.nopo.noM MHLueHb o6nylfanacb 7 qacoe 
G 2 

UpH HHTeHCHBHOCTH HeATpOHHOrO IIJ"'Kll IQ UAATp /CM CeK. 

3ueprnsr Meaonoe, axoLUilllHX a sMynbC"HOHHYIO KaMepy. onpe.aensrnacb no npo6ery a Q:loTo-

3MyllbCHH C yqeTOM MHOrOKpBTHOrO KyJ10HOBCKOrO pacceHHHSI. floporOBSSI 3HeprHSI perHCTpHpye­

MhJX Me30HOB COCT8BJ1SIJ18 18 MsB H OllpeLlP.liS'IllllCb K0nlftt£1CTP.•.JM BeUJ.eCTBll 118 nyTH Me30UOB ..:.10 

BXO.ll8 B 3MYJJbCJtOHHYIO K8Mepy. 06pa6oTBHHblC' cjJOTOCJJOH npocMaTpMBSIIHCb .088)f(Llbl H He38BHCH­

M0 noLl MHKpOCXODOM C ys·enH'ICHH9M 7 X JQ X 1 ,5. rlpOCMOTpeHO tJ CJ109 1 B KOTOpbJX aaperHCTpHpo­

BlJHO 312 OCTBHOBOK 'l1 + -Me30HOB H 1238 OCTBHOBOK Tr- -MeaoHOB ( 6eany'leBbJe OCT8HOBKH 11- -Me-

30HOB He perHCTpHp0B8J1HCb). 3cj:ICi>eKTHDHVCTH perMCTp811RH tr I h 17- -M930HOB B H8W9M cnyqae 

npaKTH'IeCKH OLlHHBXOBbl H COCTBBJJSUOT 0,7. (,", =0,74:t.,0,08; <"- •0,68!.,0,08). HaA.aeHHbre 

rr -Me30Hbl npocne>KKBMHCb OT TO'iKH OCTBHOBXH HS flYTH JD-15 MM B.O.Oitb cne.aa. T.e. JJO MeC-

Ta, r.ae sneprHR 17 -Meaoua y.me cocTaansna 20-25 Mas K MnoroxpaTnoe xynouoacxoe paccesr-

HHe CTSHOBHTCJI H9CyllleC:TB9HHhJM. flpH ~TOM 1 eCnH Cltell M930H8 He •cMoTpen,. HB MHW9Hb "'Opea 

CBHHUOBbiA KOIIIIHM8TOp, TO OH OT6p8CbiBlWCSI K8K Q:vHOBbtA. 8 pe3yltbTBTe npocne)f(HBBHHSI OCTa­

IIOCb 424rr + H 328 ,- -M&30HOB 1 KOTOpbJe OTHeCeHUJ K M030H8M, o6p830B8HHbJM 8 BOllOpO.llHOit MH­

WOHH. LJ.nSI onpe.aeneHHH H8,09)1(H0CTH TBKOf"O OT6opa 6blna npocne>KeHS ttBCTb M930H08 p83HblX 

3HeprHA .llO flOIIHOrO BhJXO.ll8 ·HX H3 KSMPpbl. fJ pn 3TOM OK838110Cb, lJTO D03MO>KH8R OWH6KB 8 

OT6ope MC30UOB 1 BbTXOllSIW.HX H3 BO..O.OpO.llHOfi MlfllleHii 1 HP. npeBblWlleT 5%. 

B Tex >Ke reoMeTpuqecKnx ycnoansrx npoeoiiHJJC'SJ :?JKcnopHMCHT c MlllU0llbiO 6ea Bo~opona. 

I Ja .21TOA KBMOpbl npocMoTpP.u 1 cnoA, a npor.~' 'lPUo anar:or~Hqn~:.:. rttn; ·HLKHBSHHe. HanpasneHH&JA 

cpon"'DT nycToA MHW&HH o.aHIIaKoe .anll r.' H " -Meaoaos R cocTaBnReT c. 20%. 

npu flOCTpo9HHH sHepraTK'I9CKHX Cfl9KTpoB rr -Me30HOB BBO.QHnHCb nonp8BXJI Ha TeneCHblA . /~ 
yron Ll9T9KTopa H HB 8bJ6HB8HH9 17- -M930HOB H3-38 B.ll9pHoro B3BRM0.08ACTBHH 8 SMynbCHH • 

0THowesue s&Jxo.aa rr+ u rr- -Meaouos OT (n-p) -coynapeuuA c ylf&TOM scex nonpaeox s 

HaW eM cny~ae p8BHO 0,94 !_0,10. npH Bbi'IHCIIeHHH 3TOrO OTHOW&HHR y~HTbiB8118Cb nonp8BK8 H8 

•5t..)3ny'leBbJe• 0CT8HOBKH 11- -Me30HOB 1 KOT0pbl9 COCT8BnSUOT .QIIR sMynbCHH ,.,, 21%
111

• nony'leH­

HOe OTIIO!UeHH9 Cornacy&TCII C peaynbTBTBMH paOOTbl/
4

/ R YK83biB8eT HS OTCyTCTBHe 38MeTHOA 

HHTPptf:lepPHUHH Me>K.QY 8MfliiHTy.Q8MH, COOTBeTCTByiOI..UHMH nlipUH:.lJlbHhJM C9'19HIUIM u H o 
OI 11 

+ 
3HepreTH~eCKHe cneKTpbl "- -M&30HOB B na6opaTOpHOA CHCT&Me npe.aCT8BIIeHbl H8 pHC.2 

+ 
B OTHOCHTenbHbiX e.O.HHHUBX. HaA.0.9HHb19 B H8CTOSIUl91t pa6oTe CD9KTpbl ,- -.Me30HOB B npe.llenax 

OWH6oK cornacyiOTCII C peaynbTSTliMH, nony1f8HHWMH M8TO.QOM MBrHHTHOrO CfleKTpOM9Tp8 B pa-

60Tt>/4/. H"cKOnbKO NeBbWHII .aaepreTH~ecKHA nopor perucTpHpyeMbiX MeaoHoa K OonbWaR TO'I­

HOCTb H3MepeHHft 8 KH3XOSHepreTH1fHOA qacTH Cfl9KTp8 n03BOIIRIOT TO'IH88 npocne.aRTb ~OpMy 

Cfl9KTp8 Me30HOB 8 STO~ 061BCTH no Cp8BH9HH~ C peaynbT8T8MH 1 nony'leHH~MH Sn9KTpOHHOA Me-

TO.llHKOA. 8 npe.a.enax Ol.llltGOK ODblT8 cneKTphJ 
+ 

tr H rt -t.te30HOB OllHHSKOBbl. 

HaA:.aeHHble C09KT~''·J tr -M930HOB OTHOCHTCII X CD9KTpy HeATpoHOB, HM8JOW9MY WHpoxoe 

snepreTft'IOCKoe pacnp_•..Jf·JJPHJ.-Ie
181

• O.aaaxo, KlJK noxaablaaeT aaanHa, peaynbT8Tbl H3MepeuHA 

4 

r=::::::::::::=---=====::.=::=------------~·-·~ 

,1,·1 

,t I 

\ i 

lt 
~' 
I 

,I 

··:,': 
·'' ·':,1 

j 

_ __) 

MO)I(i:JO oTaecTH x suepran neATpouos 600 Msa. MaxcnMyM aKcnepnMeHTBnbHoro cnexTpa ,.. -Me­

aouoa H93HB'IHT9JlbHO C.OBHr89TCJI 00 OTHOWeHHIO MBrKCHMyMa pacnpe.aen9HHR .O.n& SHeprHH H&ITpo-

HOB 600 Msa. 

BepxHRR rpaHHUB Ha0mo.aa&NbiX Me30HHWX cneKTpoB HBXO.aHTCll B COOT88TeT888 C BW'III-

cneHHblN MSKCHM:anbHO B03MO>KHbiM 3H81f8HH8M 3H8prHH 'R' -N:830HOB. 

X8paKTepaoil oco6eUHOCTb~ nony'leHHbiX cneKTpoB " -NB30HOB l!BIIliBTCR TO, 'ITO OCB0888R 

~IICTb " -Ne30HOB HMe&T SHeprBH, 3H8'111TenbiiO NeHbiUHe N811CHM8nbll0 B03MOli<HOI. 3H8P.J'HR, 

C'OOTBeTCTBY~!UBSI NBIICHMYMY SHepreTH~eCKOrO pacnpe.aeneHHH, COCTaBnlleT ~ 40- 50'JI. OT M811-

CHMBnbiiO 803MO>KHOA. AHanorH~HBR k8JITHH8 .anB STHX >Ke 3H8prHA HB0n~.aBeTCR H .QIISI CD8IITpoB 

"
0 -MeaoHOB, o6paay~<UHXCSI a (p-p) -coy.aapeaHsx

191
• B TO >Ke apeMSI •ccne.aoBBHRII pe8KDBH 

+ + 
PP •" np ROII83bi8810T, 'ITO B STOM cny'IB8 MSKCHNYNbl cneKTPOB " -N&30H08 8 388'111-

TenbHOil Mepe c.a8HHyTbl 8 CTOpoHy OonbWHX sHeprHA. MeaoHbl a nocne.aaeA peaKaaR :yaoc•'l" 

7Q-80% .a<'CTyDHOA aaeprH/ JO/. 

Bee 3TH cpaKTbl corn8cy~TCll c peaoHaHcHoA No.aenb~ npoueccoa Meaoaooo0paaOB8HRSI, paa­

BHTOA MaH.aenbCTBMOM/ II I. nocne.aHliR npe.anonaraeT. 'ITO OCHOBHOA BKnan 0 Me30HOo0pa3088-

HHe BHOCHT nepexo.a, RpH IIOTOpoM o6paay~IUHICII " -Me30H H o.aHH H3 H;I'KIIOHOB 838RNO.Il81-

CTBY~T a cocTOliHHH c T •3/2, I •3/2. K8K HaaecTHO, OH8 .aaeT aaHny~wee onucaaae acex 

axcnepHMBHTanbHbiX .aaHH&rx .an11 saeprHI npoToHoa a o6nacTH 500-700 Msa. 

Ce'leHHe peaKUHH (I), ecnH ero BbrpaaHTb 'lepea napuHanbiiWe ce~eHHll, peaao: 

a (np ~ ": + ••• ) ~ ~H a +a ) , (2) 
I I 01 

PeaoHaHCHble nepexo.abl He .0.810T BKIIB.O.S 8 C9'18HHS u
01 

• fiOSTQMYt C TO'IKK 3p9HHR p830H8HCHOJ 

Mo.aenu, sTo ceqeuae ue non)KHO .a.aaaTb cyllleCT&esuoro BKnaaa a peax.uu10 ( 1) • .Ona a11 aoa­

MO>KHbl p930H8HCHble p P -nepexO.Ilbl, .anA KOTOpblX xapaKTepeH CD&KTp C npeoflla.aaHHeM " -Ne-

30H081 yuoc.Rll.lHX saepruro. 3HB'IHT911bHO MeHbWYJO M8KCHMMbHO aoaMo>Kaoil. PeaynbTaTw accne-

o /9/ 
D.OB8HHSI pe8KUHK pp ·+17 pp 1 C8'l9HH8 XOTOpoJI BbJp8>K89TCSI TOnbKO '19pe3 a 11 , COrna-

CYIOTCSI C STHM npe.anonO)KOHHeM. no.o06He cneKTpoB ,t -Me30ROB, nony'leHHbiX 8 (n .. p) - coy­

.aapeHHliX CO ClleKTpBMH " 0 -Me30HOB B ( p-p) - Coy.aapeHHRX (.anA 6nH3KOA SHeprHR HyKnOHOB), 

TBIKHM o6p830M, MO>KOT CBH.ll9T91tbCTBOB8Tb 0 TOM, 'ITO B 

Sl811li~TCll pNOHBHCHble p p -nepexo.abl H BKna.a Ce'leHHll 

MBII. 

o6oax cnyt~asrx np~:)6na.a.ruoll.lRMH 

a 
01 

a pe8KUHH ( I), no-aa.aHNOMY, 

ABTOpbl 8blp8>K810T 6n8ro.aapHOCTb npocp. B.n • .ll>Kenenoay 38 none3Hble CO&eTbl H 38Me~a­

HHR H ll. H.ll8DH.aycy u B.M.Ca.aopoay a8 o6cy>K.aeHHe peaynbTaToB pa6oThl. 
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Puc. 1. Cxewa onbiTa. I - ny'lolt ueiTpouoa, 2 - cocy.ll c lKH.llKHM BO.llOPO.llOM, 
3 - 3Myn&eHOHH8SI Jt8Mepa, 4 - CBHHUOB8R 38WHT8 1 

5 - r.DHHTOpHbiA TenecKOll, 
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