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A H H o T a u H s 

npH SH~prHH , -Me30HOB 340:!:. 15 Mas c nOMOlllbiO 25-caHTHMeTposoa )I(H.OKOBO.aopo.a

HOA ny3b!pbKOBOft KaMepbl B MarHHTHOM none R3y'lanRCb cne.ayiOlllHe peaKUHH rr.,.+ p-+ ,-+ , + + n , 

,-+ p ... ,-+, 0 + p , ,-+p ---+rr+ y + p • VfaMepeHbl 
nonHbJe Ce'leHHSI STHX peaKUHft H c.aenaH 

Bb!BO.a 0 TOM, 'ITO B3aHMO.aeftCTBHe 
11 -Me30HOB B COCTOSIHHH C H30TOnK'IeCKHM CnHHOM T "'() 

3Ha'IHTenbHO CHnbHee, 'leM B COCTOSIHHH C T•2. npecTaBneHbl yrnOBble pacnpe.aeneHHSI BTOpH'I-

+ - + Hb!X 'laCTHU, a TaK)I(e pacnpe.aeneHHH no nonaoa aHeprHH B c.u.M. rr n 
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rr n 
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rr rr 



Bsen.eHHe 

Hay'leHHe npoueccos, CBH3aHHhlx c pO)!(D.eHHeM Ha HyKnoHe n.ononHHTenbHoro Me3oHa, 

B npHHUHne D,aeT B03M0)!(H0CTb nony'l'lfTb CBeD,eHHSI 0 1T - 1T -saaHMOD.eltCTBHH. 803M0)!(HOCTb 

lf3y'leH!fSI 1T - 1T -B3aHMOD,eltCTBifSI B npoueccax Heynpyroro CTOnKHOBeHHSI 1T -Me30HOB C HyK-

/1 2/ 
noHaMH OTMe'lanacb B pHD.e p860T ' • TaM )!(e UOD,'IepKHBanocb, 'ITO HaK6onee OT'IeTnHBO 3TO 

B3aHMOD.eltCTBHe Ll.On)!(HO npOHBnSITb ce6SI B6nH3H nopora o6pa3oBaHHSI D,OnOnHHTenbHOI"'O Me30H8. 

l1MeiOWHeCSI B HaCTOSIWee BpeMSI T eopeTH'I eCKHe UOUb!TKH CTpOrO HCTOnKOB8Tb npouecc pO)!(D,e-

6 ,. A r - 131 
HHSI Me30HOB Me30H8MH npeD.CT8BneHbl, B 'laCTHOCTH, pa OTOn HCenbMa H pHOOB8 , B KOTO-

polt yKaaaHa B03MO)!(HOCTb onpen.eneHIIH aMnnHTY D.br nepeaapHD.KH rr + + 11- - --+ rr 0 + rr o np11 Hyne

solt 3HeprHH. 3KcnepHMeHTanbHbie CBeD,eHHSI, OTHOCSIWHeCSI K o6n8CTH OKOnonOpOrOBb!X 3HeprHlt, 

/4/ 
6binH nony'leHbl B pHD,e pa6oT, BbinOnHeHHbiX npH 3HeprHSIX nepBH'IHbiX Me30HOB 225 H 

/5/ 
245 ~as • Cnen.yeT 3aMeTHTb, 'ITO aKcnepHMeHTanbHoe HCcnen.osaHHe aTolt o6nacTH KpaltHe 

3aTpyD.HeHO BeCbMa ManhlMH BenH'IHHaMH ceqeH!flt Me30H006p830BaHHSI. C ysenH'IeHHeM aHeprHH 

B03MO)!(HOCTb BOCITOnb30BaTbCSI HHTepnpeT8UHelt AHcenbMa H rp1160Ba OTnan.aeT, OD,HaKO) C03D,a

IOTCSI 6onee 6naronpHHTHbre ycnoBHSi n.nH nposen.eHHH aKcnepHMeHTa. 

Apyrolt nyTb nonyqeH!fH ceqeHHlt Me3oH-Me30HHoro B38HMOD.eltcTBIIH MeTOLl.OM aKcTpanong

/6/ 
UHH yKa38H l.Jy H noy . On.HaKo npHMeHeHHe MeTOLl,8 4y H noy npen.ycMaTpHsaeT Heo6xon.H -

MOCTb nony'leHHSI 3Ha'IHTenbHOI"' O CTaTHCTH'IeCKOI"'O MaTepHana, TaK KaK norpeWHOCTH nonyqaeMo

ro np11 3KCTpanonHUHH pe3ynbT8Ta O'leHb BenHKif. 8 CBSI31f C OTCYTCTBHeM CTpOrOlt TeOpHif, OTH0-

6 
17-10/ 

CSIWeltCSI K o6naCTif aHeprHlt Bb!We 250 ~3B, UOSIBHnCH pHD. pa OT 1 B KOTOpb!X n.enaeTCSI 

nonbiTKa onHcaTb npouecc pO)!(D,eH!fH n.ononHHTenbHoro Me·3oHa npH Me3oH-HyKnOHHOM coyn.ape

HH!f cpeHOMeHOnOI"'If'leCKH Hnlf OCHOBbJBaSICb Ha HeKOTOpblX 06W!fX CBOltCTBaX ClfnbHb!X B381fMOD,elt-

GTBHlt. 

nepB8SI UOUbiTKa COUOCTaB!fTb 3KCnepHMeHTanbHb!e D.8HHbie C npeD,CKa38HHSIMH TeOpHH 

Ill/ 
6binB cn.enaHa B pa6oTe Pon.6epra . , noHBHsweltcH on.HospeMeHHO c aKcnepHMeHTBnbHblMH 

/12-13/ 
HCcnen.osaHHSIMH nonHOrO ceqeHHSI Heynpyroro B3a!fMO,QeltCTBifSI TT - Me30HOB C BOD.Opo-

Ll.OM s o6nacT!f aHeprHlt oT 260 If n.o 430 ~as. EbinO noKa3aHo, 'ITO c yqeTOM 11 - rr -s3aHMo

n.eltcTBifH yn.aeTCSI OITU:CaTb XOD. Ce'leHHSI C 3HeprHelt BO BCeM paCCMaTpRB8eMOM 3HepreTH'IeCKOM 

lfHTepsane. 

0D.HaK O HeCMOTpSI Ha Ba)!(HOCTb H3y'leHHSI pO)!(D,eHHSI Me30HOB Me30HaMH B6nH3H nop.ora, 

aKcnepu:MeHTanbHbre csen.eHHH o peaKUHH 11- + p---.. 11 -+11 + + n B o6nacTH aHeprHlt oT 250 u: n.o 

500 ~3B no-npe)!(HeMy HeMHOI"'O'IHCneHHhl 
I 14-17/ - - o 

, a H3y'leHHe npouecca 11 +p---+rr + rr + p 

I 18 19/ 
TOnbKO Ha'laTo ' • noaToMy npen.cTaBnHnocb KHTepecHbiM nony'leHII:e n.ononHu:TenbHoro aKcne-

pHMeHTanbHOrO MaTepHana B STOlt o6naCTif 3HeprHlt H CpaBHeHHe ero C KMe!OWHMHCSI TeopeTK'Ie

CKifMH npeD,CTaBneHHSIMH, B 'laCTHOCTH, C o6CTOSITenbHbiM HCCneD.OB8HifeM, npoBeD,eHHbiM r{l6e

/20 211 
nOM If ilJHHTUepOM ' 

803MO)!(Hb!MH HeynpyrlfMII npOUeCC8MH npH 3HeprHH 340 ~3B SIBnSIIOTCSI: 
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fl + p _ __,. fl + fl 
+ + n (lJ 

"fT t p ---+ fl -- + fl 0 + p {2) 

~ 

fl + p ---+ fl- + y +-·-P (3) 

fl + p---+ flo + n f/141 
-A+-y e e 

fl + p ---+flo + n (S> 

fl + p ---+ fl 
0 + fl 0 + n (6). 

noene.aHHS .QBe pe8KUHH KpaJtHe Tpy.OHO H.QeHTHqlHUHpyeMbi no K8MepHbiM eHHMK8M H 

noaToMy s .aanbHeltwee paeeMoTpeHHe He sxo.aHT. l13y'leHHe peaKuHlt ( 1 ), (2) i! (3) HBnHnoeb 

uenbiO npose.ae·HHoro HBMH aKenepHMeHTa. Vieene.aosaHHe sbrnonHeHo Ha .asa.auaTimHTHeaHTHMeT

posolt :lKH.OKOBO.OOpO.OHOlt ny3bipbKOBOlt K8Mepe, noMeWeHHOlt B . MBrHHTHOe none. 

1. YenosHe onbrTa 

3KcnepHMeHT npOBO.OHJieSI B ny'IKe fl -Me30HOB 1 nonyqaeMbiX H8 eHHXpOUHKJIOTpOHe na-
6opaTOpHH H.aepHbiX npo6neM Ol1Hl1. 06waSI 'exeMa OnbiTa npHBe.aeHa Ha pRe . 1. ny'IOK 8H8JIH-

3HpOB8JieSI no HMnynbeBM paeeeSIHHbiM noneM eRHXpOUHKJIOTpOH8 1 a T8K)Ke .aonOJIHHTeJibHbiM OTKJIO,... 

HSIIOWHM aneKTpOMBrHRTOM H .aeTeKTRpOBBJieSI TeneeKOnOM, eoeTBBJieHHbiM H3 Tpex eUHHTIIJIJISI

UHOHHbiX e'leT'IRKOB. Heo6XO.OHMbie 3H8'1eHRSI nOJISI OTKJIOHSIIOWero M8rHRT8 onpe.aenSIJIReb MeTO-

. /22/ 
.OOM TOKOHeeywelt HHTH • B .08JibHeltweM H8 seeM npotSI)KeHHH aKenepHMeHTa OHO HenpepbiB-

HO KOHTp011HpOB8JIOeb MarHRTOMeTpOM 0 oeHOBBHHbiM H8 H3MepeHHH 3JlC Xonna, .OBT'IHK KOTOporo 

6biJI :>KeeTKO 38KpenneH B Me:>KnOniOeHOM 3830pe. JlnSI TOro, 'IT06bi H8R6onee TO'IHO Bbi.OeJIRTb 

- 00 fl -Me30Hbl C 38.08HHbiM HMnyJibCOM 1 ny'IOK nepBOH8'18JibHO OTKJIOHSIJieSI Ha yron 3 1 r.ae e no-

MOWbiO T e neeKona H3 eURHTRJIJISIUROHHbiX e'le T'IHKOB H8XO.ORJieSI MBKeRMYM HHTeHe HBHOeTH llf'TeM 

nepeMeWeHRSI no pa.aHyey H 83RMYTY BHyTpeH.Helt MHWeHR eRHXpOURKJIOTpOHB. B .08JibHeltrneM 

H3MeHeHHeM llOJISipHOeTH M8rHHT8 OH Hanp8BJISIJieSI B K8Mepy. Yron OTKJIOHeHHSI ny'IK8 n p H aTOM 

eoeT8BJISIJI 10°. 

JlnSI KOHTpOJISI OTHOeRTeJibHOlt RHTeHeRBHcieTH ny'IK8 '18eTRU H8 BXO.Qe K8Mepbl npHMeHSIJieSI 

BTOpOlt TeJieeKOU 1!:3 eUHHTRJIJISIUROHHbiX C'leT'IHKOB. f'eoMeTpH'IeeKHe p83Mepbl eURHTRJIJISITOpOB 

B HeM 6biJIR Bbi6p8Hbi e T8KHM paeqeTOM 1 'IT06bi 'lepe3 HHX npOXO.ORJIH TOJibKO Te '18eTHUbl 0 KO 

TOpbie HBXO.OHJIHeb B6JIH31l HH:>KHelt rpaHHUbl ny'IK8 H B .08JibHeltweM He nona.aanH B K8Mepy. 

Cpe.aHee 'IHeJIO qaeTHU 1 BBO.OHMbJX B K8Mepy 38 O.OHH URKJI paewHpeHHS1 1 He npeBbiW8JIO 

10-12. 

06WRlt KOHTpOJib 38 RHTeHeHBHOeTbiO BHyTpeHHero ny'IK8 yeKOpHTeJISI oeyweeTBJISIJieSI e 

nOMOWbiO HOHH38UHOHHOlt K8Mepbl 1 8 .OJISI eRHXpOHH38UHH MOMeHT8 4>oTorpaq>HpOB8HHSI TpeKOB e 

speMeHHbiM nono:>KeHHeM ny'IKa Henonb3osaneH ra3opa3pSI.OHbilt e'leT'IHK, 3anonHeHHbiA B F 
3

, Ko

Topbrlt perReTpHpOB8JI 4loH paeeeSIHHbiX HeltTpOHOB B paltoHe paenOJIO)KeHRSI MRWeHR. 

3HepreTH'IeeKHJt pa36poe qaeTHU B ny'IKe onpe,aeJISIJieSI Henoepe.aeTBeHHbiM H3MepeHHeM 
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p.:!.lllfYCOD Kpi-! D if ::J il b l TpeKOFI IW C IIH MK.:lX IIOC Jl e p e npOC K i lllll, C o OT De TCTB YIOLUee p acnpc.a c n ei!He , 

II OC Tpde ti !l'J e Ha OC fi OIH lllllfl 11pOCMOTpa 500 TpC!KO I\ 0 npu ne.ae110 Ha pH C . 2 , 0npe .aellC HI18SI OTCIO.ll8 

CpC.llHSISI 9 11 e pr11 51 n e pDH '!Ill, ! X rr - Me30Hoo coc Taamwa 340.:t. 15 M 9 B, 

2, )K H.llKOBO.llOpO.llH8SI K8Mepa 

KoHCTpyKTHBHbie 11 TeXHH'IeCKHe oc o 6 euuocTH )I(H.llKOeo.aopo.anol! ny3blpbKOBoA K8 Mep bi, 

/23 24/ 
HCnOnb30B8HHOl! B 3KCnepHMeHTe, npHBe.aeHbl B OT.aenbHbiX CT8TbSJX 

1 
, HH)I( e .ll810 TCSI T Onb-

KO T€ ee xapaKT€pHCTHKH 1 KOTOpbl€ MOrJlH 6b!Tb CBSI3 8H bl C TO'IHOCTbiO nonyqaeMhiX B 3KCnepu 

MeHT9 .aaHII biX, Cxe MaTH'IeCKHl! qepTC)K KaMepbl noKa38H ua pHc, 3 . . 8enH'IHHa MariiHTHoro n o nH 

B cpe.auell nnOCKOCTH p86oqero o6'beM8 K8Mepbl COCTaBnSieT 12000 3, Heo.aaopO.llH OC TH n o nS! n o 

p8.llHycy H no rny6HH9 nOK838Hbl H8 pHC, 4, . 

~3M9p9HHe M8rHHTHOrO nonS! B pa60'IeM 06'beMe K8M e phl npOH3 BO.llHnOC b M 8 rHHT OMeTpOM , 

8H8norH'IHbiM ynoMRHyToMy B btwe. MarHHTOMeTp cneuHanbHO .anSI 3Toro cAy•IaSI KanH6poa8ncR 

/25/ -
no npOTOHHOMY pe30H8HCY C nOMOLUbiO npn6o pa, OfiHC8HHOrO B 8 .a·aJlbHeAweM K OHTpOJlb 

38 M8rHHTHbiM noneM OCyLUeCTBnSinCSI flO TOKy 1 fiHT810LUeMy 06MOTKH 3neKTpO M8rHIIT8, 

OT npaeHnbHoro Bbi6op8 pe)I(HM8 p860Thi KBMepbi cywecTaenno 38BHCHT ao3MO)I(HOCTb npo 

ee.aeHHSI H.09HTHtPHK8UHH C06hiTHJl no nnOTHOCTH HOHH38UHH cne.aOB, noaTOMy 1 'IT0 6bl o6ecne'!HTb 

nony•eHH8 Hll8HTH'IHbJX 1 He 38BIICAWHX OT cny'I8SI K cny'-1810 nnoTHOCTeA cne.aoB, p a 60'1Hl! pe)I(HM 

K8M9pb1 TlU8TenbHO KOHTponHpOBanCSI H fiO.Q.ll9p)I(HB8nCSI nOCTOSIHHbiM pS!.llOM 8BTOM8TH'IeCKii .a e ll

CTBYIOLUHX CT86HnH3Hpy10lUHX ycTpOl!CTB, 

8eo.a ny'IK8 rr -Me30HOB B K8Mepy ocywecTenstnCSI qepe3 KonnHMaTop, 38M OHTHpoaaHHbJll 

a SlpMe ee M8rHHT8, none B 3asope MarunTa 38 npe.aenaMH pa6oqero o6'beMa KaMep bl o q e u b 

3H8'1HT9DbHO, noaTOMy, 'IT06bi H369)K8Tb 6onbLUOrO OTKnOHeHHSI ny'IK8 '18CTHU, n OC Tyna toLU IJ X 

B K8Mepy, B 3830pe B.llOnb H80paeneHHSI .llBH)I(eHHSI '18CTHU pa3MeLUe H M8rHHTHb Jl! 3 KpaH, 8 p e -

3ynbT8T9 CMeweune ny'IKa qacTHU c HMnynbC8MH, paBHbiMH 460 Maa/c, OT n e po OH8'!8JlbH o r o 

H8np8eneHHSI COCT8BnSieT H8 rp8HHue p86oqel! o6nacTH ne 6onee I CM, O.auaK o nannque 9 T o r o 

3Kp8H8 HeCKOnbKO CK83biB8eTCSI H8 p8Cnpe.aeneHHH nOnS! B.llOnb pa.unyca, C 03.llD.B8SI B H eM HeKo 

TopyiO 8CHMM9TpH10, 8 TOM MeCTe, r.ae npOXO.llHT ny'IOK, CTeHKH K8Mep bl, 8 T il K/KQ 830 T HOr O 

3Kp8H8 H B8KyyMHOrO KO)I(yXa c.uen8Hbl fiJlOCKHMH H B 03M0)1(H0 6011ee T OHKIJ M II, K 0 1111'!0C T BO 

2 
B9LUeCTB8 CT9HOK B 3TOM H8npaeneHHH COCT8BnSieT 4 r/CM , 

no)I(H8SI KpHBH3H8 TpeKOB 1 o6ycnoeneHH8SI MHOrOKp8THbiM KYJl OHOBCKIOI pacceH 1111 CM np11 

H8WHX 3HeprHSIX 0 H9COB9pWCHCTBOM OfiTH'IeCKOl! CHCTeMbl 1 8 T8K)I(e .llBli)i( C IIH C~ I )l(ll.llKOCTII 

B p860'19M 06'b9M9 K8Mepbl fiOCne p8CWHpeHHSI, H3MepS!n8Cb C fiOMOLUbiO 8BTOM 8 TH'I e CK Or u npo

CMOTpOBOrO ycTpOl!CTB8 aenocpe.UCTB9HHO H8 nneHKe H8 npS!MblX TpeK8X, II OJly'! e HH blX 6 e3 :vtar

HHTHOrO nonS!, H OK838n8Cb p8BHOA 28 M, 

1261 
8 p860T9 OTM9'18nOCb 1 'ITO npH TeMnepaTypax )I(H.llKOrO BO.llOpo.aa npOI!CX O.U SIT 11 3Me -

H9HHSI MBrHHTHbiX CBOl!CTB H9p)I(88910WHX CTanel!, 4T06bl Y'I9CTb 3TOT acjltPEKT, H3Mepe HI!SI :vtar

HHTHOrO DOnS! B pa60'I9M 06'beM9 npOBO.UHJlHCb K8K npH KOMH8THOl! TeMnepaType , T8K II np11 Te~! 

nepaType )I(H.UKoro eo.aopo.aa, cooTaeTCTByiOwel! Bbi6paHHOMY p e)I(IIMY KaM e p bt, llpoac.ae un e 

T8KHX H3MepeHHl! cTano B03MO)I(HbiM nocne H3roToaneH~SI cneunanbuoro npncnoco6n e HH H ( cxe :via

TH'I9~KH ouo noK838HO na pnc. 5) .anSI nepeMeweHHSI .aaT'IHK8 3DC X o nna B npe.aenax 'IYDC TDII -

5 



TenbHOlt o6naCTH pa6oqero 06'beMa K8Mepbl B ycnoBHSIX, KOI'D.8 TepMOCT8THpyiOlll8SI "py6aWK8~ 

K8Mepb! aanonHeHa :>KHD.KHM BOD.OpOD.OM , C 3TOlt uenbiO BHyTpb K8Mepbi, CMOTpOBbie CTeKna 

C KOTOpOll 6binH y D.aneHbi, CO CTOpOHbl OCBe.THTenSI BBOD.HnCSI BaKyyMHO repMeTH3HpOB8HHblll 

IIHnHHD.p C rnyXHM D.HHUleM) T8K 'ITO erO H8py:>KH8SI noaepXHOCTb He ConpHK8C8n8Cb C BHyTpeH

HHMH CTeHK8MH K8Mepb!, 8 H30nHpOB8HHOM T81CHM o6p830M npOCTp8HCTBe npOBOD.HnHCb M8I'HH,

Hbie H3MepeHHSI, Pe3ynbT8Tbl. H3MepeHHll H8HeCeHbl H8 rpa<!JHK {pHC, 4} B BHD.e nyHKTHpHolt nHHHH, 

3, npoCMOTp nneHOIC H OT6op C06biTHll 

B o6mell cno:>KHOCTH a onHCbiBaeMOM 3KcnepHMeHTe 6bmo nony'leHo 6onee 25000 cTepeo

<PoTorpa<PHll, 

Jlng npeD.aapHTenbHoro oT6opa co6biTHlt 6hm HCnonb3oaaH "MHKpo<PoT" THna 5n0-1. Bee 

nneHICH npOCM8TpHB8nHCb D.B8:>KD.bl p8SHbiMII npOCMOTplllHK8MH, 3<lJ<!JeKTHBHOCTb 06Hapy:>Ke-

HHSI D.Byxny'leBbiX 3Be3D. npH D.ByKp8TiiOM npOCMOTpe, H8llD.eHH8SI H3 COOTHOW9HHSI £
12

= Et £
2
- ,l'.;f;• 

rD.e E 
1 

H E
2 

- g<lJ<PeKTHBHOCTH nepaoro H BToporo OD.HOKpaTHbiX npocMOTpoa, cocTaanSina 99,5%, 

6naronpHSITHbie <lJOHOBbie ycnOBHSI H D.OCT8TO'IH8SI 'leTKOCTb TpeKOB H8 CHHMIC8X 003BDnHnH npo

BeCTH SICHYIO HD.9HTH<iJHK8UHIO nO'ITH BCeX Cnyqaea B38HMOD.eltCTBHSI, 06pa60TK8 K8D. pOB, COD.ep-

:>K8lllHX D.Byxny'leBble 3Be3D.bl 0 npOH3BOD.Hn8Cb C nOMOlllbiO penpoeKTOpa, H8 KOTOpOM D.nll K8:>KD.O-

ro cnyqag H3MepS!nHcb: 

1 ) Yron a , COCT8BnSieMbill BXOD.SilllHM TpeKOM C MeD.H8HHOlt nnOCKOCT!:>IO K8M9pbl, 

2) PaccTOSIHHe TO'IKH B38HMOD.ellcTBHSI OT xpaSI BHD.HMoll o6naCTH KaMepbi, 

3) A3HMYT8nbHbie.. yrnbl cp H ,1., ( HHD.eKCbl 2 H 3 COOTB9TCTBeHHO OTHOCSITCSI K nonO:>KH-
2 'I' 3 

TenbHOlt H OTpHU8TenbHOlt '18CTHU8M) Me:>KD.J MeD.H8HHOlt nnOCKOCTb H nnOCKOCTSIMH , npOXOD.SilllH-

MH qepe3 BTOpH'IHble '18CTHUbl H nepBH'IHblll TpeK, 

4) Yrnbl 8 l2 H 8
13 

, ICOTOpb!e BTOpH'IHbl9 '18CTI!Ubl COCT8BnSinH C HanpaaneHHeM nepBII'I

HOI'O TpeK8, 

npH o6pa60TIC9 CHIIMKOB BBOD.Hni!Cb cneD.yiOUll!e KpHTepHII: 

1) Yron a He D.On:>KeH npeBbiW8Tb ±. 4 °. Taxoll Bbi6op aenH'lHHbi yrna a o6ycnoa-

0 -
neH TeM , 'ITO npH p8CCeSIHHH H8 yron 4 77 -Me30Hbl np8KTH'IeCKH He MeHSIIDT CBOelt 3H9pi'HH, 

3TOT yrnOBOlt HHTepaan OXB8Tb!B89T 93,4% nonHOI'O 'IHCna '18CTHII, npoWeD.WHX qepe3 'IYBCTBI!

TenbHblll 06'beM K8Mepbl, PacnpeD.eneHHe BXOD.SilllHX '18CTHU no yrnaM a npi!BeD.eHO H8 pHc,6, 

2) JlnHH8 Tp9K8 77- - Me30H8 1 Bbi3B8BWero B38HMOD.9ltCTBHe , D.On:>KH8 6b!Tb He MeHee 

10 MM, npH BbinOnHeHHH 3TOI'O Tpe60B8HHSI ynaeTCSI C D.OC T8TO'IHOlt TO'IHOCTbiO COBMeCTHTb 

1!3o6pa:>KeHHSI TpeKOB npH penpoeKuHH H onpenenHTb yron a 

3) PacCTOSIHHe TO'IKH B38HMOD.9llCTBHSI OT Kp8S1 BHD.HMOlt o6naCTH pa6o'lero 06'beM8 K8Mepbl 

He D.On:>KHO 6b!Tb MeHbWe 20 MM, npH 3TOM ycnOBiflf o6ecne'IHB8eTCSI B03MO:>KHOCTb npOB9D.e-

HHSI H3MepeHHll HMnynbCOB BTOpH'IHbiX '18CTHU no Kp11B113He HX TpeKOB, 

0 
4) Yron ¢ He D.On:>KeH npeabiW8Tb 70 , T,e, Toro npenena, BbiWe KOToporo TO'IHOCTb 

3 

H3MepeHHll c noMOlllbiO penpoeKTopa peaKo nanaeT, 

6 



5) HeKonnaHapHOCTb cnyqaea ynpyroro B3aiiMOJJ.elkTBIIH He aon>KHa BbiXOJJ.IITb 3a npeae-

nbl !..30 II OJJ. e " 1 HOBpeM HHO C 9TIIM 1 KOppenSII.!IISI yrnOB JJ.nH ynpyroro B3aiiMOJJ.enCTBIISI JJ.On>KHa 

0 
Bbm.'OnHSITbCH TaK>Ke c TO'IHOCTbiO :t. 3 • CooTaeTcTayrowlle pacnpeaeneHIIH OTKnoHeLHl! ynpyr11x 

Cnyqaea OT KOMnnaHapHOCTII H KOppenSIUMII npeLICTaaneHbl Ha pHC, 7 II 8, 113_ KOTOpb!X cneayeT, 

'ITO TO'IHOCTb onpeaeneHIISI yrnoa c/> 2 H c/> 3 , a TaK>Ke fJ 12 II (} U COCTaanHna !_2°. 

Ecn11 OTKnOHeHHe OT KOMnnaHapHOCTH HnH OT paC'IeTHbiX 3Ha'leHHlt KOppenSII.!IIH npeBbiWano 

;!_3°, TO npOII3BOJJ.HnltCb 113MepeHIISI IIMnynbCOB BTOpH'IHblX 'laCTIIU 1 KOTOpble cpaBHIIBanHCb CO 

3Ha'leHIISIMII 1 Bbl'IIICneHHbiMH H3 KHHeMaTHKH ynpyroro coyaapeHH'S1 1 a TaK>Ke onpeaenSI-

naCb HX OTHOCIITenbHaSI HOHH3aUIISI, MeTOLl 113MepeHIISI HOHII3al!llll no KaMepHbiM CHHMKaM noapo5-

5 
/27128/ 

HO OniiCaH B pa OTaX , 

npeJJ.CTaaneHIIe 0 xapaKTepe H3MeHeHIISI IIOHH3aUIIII no 061>eMy KaMepbl II BO BpeMeHII MO>Ke't 

5b!Tb nony'leHO 113 paCCMOTpeHIISI piiC, 9 1 Ha KOTOpOM llpiiBeJJ.eHO pacnpeJJ.eneHHe 'IIICna pa3pb!BOB 

I 
Ha eLIIIHHUe LlniiHbl BXOLlSIWIIX TpeKOB Ha npOTSI>KeHHII O,!J.HOlt 9KCll03HUHH LlnHTenbHOCTbiO B 1 qac, 

8 TeX cny'laSIX 1 KOrJJ.a OTKnOHeHHSI H3MepeHHb!X aenH'IIIH .IIMnynbCOB OT paC'IeTHblX npeBbl-

wanH 25%, coi5biTIISI aHanH3HpoaaniiCb KaK Heynpyr11e, 

PeaKUHSI ( 1) OTnll'lanac b OT peaKUIIA ( 2) H ( 3) no yrny BbineTa nonO>KIITenbHOlt 'laCTIIUb1 1 

no aenH'IIIHe ee IIOHII3aUHH 1 a TaK>Ke nyTeM CpaaHeHIISI npo5era nonO>KIITenbHOlt 'laCTIIUbl 1 Bbi

'IIICne_HHOrO no 113MepeHHOMY IIMnynbCy ( B npeanono>KeHIIII 1 'ITO 9Ta 'laCTHUa HBnSieTCSI npOTOHOM) 

c aenH'I_IIHOlt aeAcTBHTenbHoro npo5era1 Ha5nroaaeMoro a KaMepe. KpoMe Toro1 peaKUIIH ( 1) 1 

(2) H (3) aHanll311poaaniiCb Ha OCHOBaHIIII 3aKOHa COXpaHeHHSI 1 KOTOpbllt n03BOnHn pa3LienHTb 

Me>KJJ.Y co5oro peaKUIIH (2) 11 (3). 

, llocToaepHOCTb oTaeneHIIH cnyqaea peaKUHH (2) OT cnyqaea peaKUIIII (3) llnnrocTpHpyeTCSI 

Ta6n11uelt 11 B KOTOpOlt co5paHbl ace 19 C05b!TIIlt 1 CBSI3 aHHb!X C HCnycKaHIIeM HeltTpanbHOl! 'laCTH

l!bl, 80 BTOpOlt CTpOKe Ta5n11Ubl 3aniiCaHbl OTKnOHeHIISI OT 3aKOHa COXpaHeHHSI aHepr!!ll B npea-

nono>KeHIIII 1 'ITO IICnyWeHHaSI HeltTpanbHaSI 'laCTHI.!a SIBnSieTCSI 

CTpOKe OTHOCSITCSI K TeM >Ke cnyqaSIM 1 HO B npeanono>KeHIIH 1 'ITO IICnyweHHaSI HeltTpanbHaSI qac-

TIIUa S!BnSieTCSI y -KaaHTOM.. 

8 qeTaepTOlt CTpOKe npiiBeLieHbl yrnhi BbineTa npOTOHOB 1 KOTOpbie IIHOrLia ( 

(} I:2 2 60°) n03BOnSIIOT 0LlH03Ha'IHO IILleHTIIcPHI!IIpOBaTb HeltTpanbHb!e 'laCTIII.!bl KaK 

Y'IIITb tBaSI TO o5CTOSITenbCTBO, 'ITO npeaenbHbllt yron BblneTa npOTOHa OT peaKUHH 

. . 0 
npeBb!WaTb np11 HaWIIX aHepriiSIX 50 , 

(} '*52° 
12 

II 

y -KBaHTbl, 

(2) He MO>KeT 

Cny'lall OTHOCHniiCb K peaKUHII (2), eCnll OTKnOHeHHSI OT 3aKOHa COXpaHeHIISI 1 3anHCaHHbie 

BO BTOpOlt CTpOKe, He npe Bb!WanH OLlHOlt CTaHaapTHOl! OWII5KII B onpeaeneHHH IIMnynbCOB BTO

pii'IHbiX 'laCTIIU, a COOTBeTCTByiOWIIe OTKnOHeHHSI B TpeTbelt CTpOKe COCTaBnHnll He MeHee LlBYX 

TaKIIX OWH50K, AHanOI'II'IHbiM nyTeM OTJJ.enHniiCb cny'laH peaKUIIII (3) OT peaKUHH (2), 

PeaKUIISI ( 4) HJJ.eHTHcPHUIIpOaanacb nyTeM H3MepeHIISI HOHII3aUIIII BTOpii'IHbiX 'laCTHU II no 

BenH'I!!He npOCTpaHCTBeHHOrO yrna Me>KLlY HIIMII, 

4. OcHOBHhie pe3ynbTaTbi H BhiBOLlbi 

8 pe3ynbTaTe npOCMOTpa }6 Tb!CS!q CTepeo<iJoTOrpa<iJHlt, OT05paHHbiX H3 o6wero KOnH'IeCTBa 

7 



' I 

25 Tb!CSl"l CTepeOCHHMKOB, 6hiJIO HaJtaeHO 1400 JJ:BYXJiy'leBb!X 3Be3JJ:, Yf3 STOI'O 'lHCJia 3Be3JJ: B 

Ta6JIHUY 2 BH9CeHbl • Te H3 HHX, KOTOpb!e y .w.t..SJieTSOpS!JIH KpHTepHSIM OT6opa, npHseaeHHblM Sb!ill e 

npeacTaaJieHHhle S Ta6JIHUe SKCnepHMeHTaJibHble seJIH'lHHbl IIOJIHbiX Ce'leHHlt Heynpyr'Hx IIpo

ueCCOS 6hiJIH Hal\aeHbl IIyTeM COIIOCTaSJieHHSI 'lHCJia CJiyqaea Heynpyl'Ol'O S3aHMOJJ:el\CTSHSl C 'lHC-

- 0 noM cnyqaes ynpyroro pacceSIHHSI s HHTepaane yrnos pacceHHHSl " -Me3oHa s n.c. OT 30 ao 
0 

150 . Ce'leHHe yrrpyroro pacceSIHHSl s STOM HHTe psane yrnos 6b!JlO nonyqeao HHTerpuposaHHeM 

I - /29/ 
yrnosbiX pacnpeaeneaHlt rr -Me3oaos H OKa3aJIOCb paSHb!M U "' ( 7 ,52+0,55) M6, 

ynp. -

B 'lHCJ10 yrrpyl'HX cnyqaes, OTSe'laiOIUHX STOMY ceqeHHIO, SHOCHJiaC b norrpasKa, Y'lHTbiSaiO-

LUaSI H'eOJJ:HHaKOSYIO acj:>CpeKTHSHOCTb o6uapy)l{eHHSI C06b!THlt, Jie)l{ai.I.(HX S I'OpH30HTaJibHOlt nno-

CKOCTH If S IIJIOCKOCTSIX, 6JIH3KHX K 70°, BeJIH'lHHa a TOlt rronpaSKH S yKa3aHHOM HHTepsane Yl'JIOS 

cocTasnSina 14%. Ans ueynpyrHx c nyqaes sTa nonpasKa 6brna He3Ha'lHTenbHa H noaToMy so saH-

MBHHe He npHHHManaCb, 

4T06bi COC TaSHTb npeacTaSneHHe 0 SKnaae pa3JIH'lHb!X H30TOIIH'leCKHX COCTOSIHHlt S Ce'leHHSI 

peaKuHl\ ( 1) H ( 2) 3aiiHLUeM HX S SHJJ:e: 

slj 2 - sl 2 y, ~ 2 
a = _l_ [ L I A - 2V ....£ Re (A * A ) + 21 A I ] + 
19 52 5 2 0 0 

1 s/2 2 3j 2* y, y, 2 
+ - [I A 1 I - 2 Re (A I A I ) + I A I I ] 

9 

(12 _1_ I A 
31 4

1 
10 2 

2 ,; 2 2 sl 2 y, , •;. 2 +-UY>IA I+2 Re(A *A )+ 2 J A IJ , 9 1 I I I 

l'JJ:e A: - HHSapHaHTHbie H30TOIIH'leCKHe aMIIJlH TYllhi ( sepXHHlt IHil.l.eKC OTHOCHTCSI K IIOJIHOMY H30-

TOIIH'leC KOMY CIIHHY sceft CHCTeMbi, a HH)I{HHlt o6 n:JHa'!aeT IIOJIHb!H H30TOIIH'leCKHlt CIIHH CHCTeMbl 

asyx rr -Me3oHos) ., 

nony'leHHb!e 3Ha'leHHSI ceqeHii:i!: peaKUHlt ( 1) H ( 2) II03SOJII"IIOT npH HeKOTOpb!X Kpall:HH X npea-

IIOJlO)KeHHSIX CJJ:eJiaTb 38KJIIO 'leHHe 0 SeJIH'lH: '{I)X 

a) ec JIH IIOJIO)I{HTb aMIIJIHTY .l:thl A 'I• 
1 

OKa3b!SaeTCSl 3 Ha'lHTeJibHO MeHbille, 'lelvl 

H 

I / 2 
Ao 

cj:la3ax 

A sl 2 

I 

sl 2 2 y, 2 3/2 2 
.3, 1 I A 2 I ~ I A 0 I ~ 5, 7 I A 2 I 

H30TOIIH'leCKHX aMIIJlHTya: 

paSHb!MH HYJII0 1 TO 8MIIJ1HTYJJ:a 
A3/:z 

2 

6) eCJIH C'lHTaTb, 'ITO BeJ1H 'llfHhl Ce'leH!ilt U H U onpeaeJISIIOTCS! S OCHOSHOM aMIIJIH TY"" 
Y, 1 :J/ 2 I 2 O 

aaMH A 
1 

H A I , TO cj:la3bl aTHX aMIIJIHTYJJ: CJJ:SHHYThl Ha yron - 180 , a M OJJ:Y1llf CS!'!38Hbl 

COOTHOWeHHeM : 

s/21 I A I 

~ 
2 I A I I . 

npH aaepl'Hif HaneTaiOlUliX rr -Me30HOS , p8SHOl\ 340 ./'v\as , M8KCHMa1lbHaSI IIOJIHaS! SHe pl'HSl 

s CHCTeMe ueHTpa HHepuHH asyx rr - Me3oHOB pasHa 400 Mas. EcnH c npaseanHB sapHaHT a), 

TO MO)I{HO yTsep)KJJ:aTb , 'ITO rr -Me30Hhi s aHTepsan e sueprHlt oT 280 Mas ao 400 Mas s3aHMo-

aeltcTB YIOT npeHMylUeC TSeHHO S COCTOSIHHH C IIOJIHb!M H30TOIIH'leCKHM CIIHHOM T=O, a He S COCTOS!

HHH c T=2. npeanoJIO)KeHHe 0 T8KOM xapaKTepe ( "") -s3aHMOJJ:eltC TSHSI 6b!Jl0 anepsb!e Sb!CKa-

8 
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/29/ 
38HO S pa60Te H aKCIIepHMeHTanbHO IIOLlTSep:lKLleHO TOnbKO s6nH3H IIOpora Me30H006pa30sa-

/4/ 
HHSI 

TeopeTH'IeCKHe 3Ha'leHHH ce'leHHA peaKuHlt H 2, rrpHseLleHHbie s Ta6nHue 2, 6binH rrony-

/20/ 
'!eHbl r~6enOM H illHHTUepOM S rrpeLliiOnO:lKeHHH, 'ITO rrpouecc rrN ---+ TT TT .N OIIHCbiSaeTCSI 

LlHarpaMMaMH a) H 6), BOC1IpOH3BeLleHHblMH H8 pHC. 10. 

<Paabi rrrr -paccestHHH 6binH B3HTbi a rrpH6nH:lKeHHH LlnKHbi paccestHKH, HaHnyqwee corna

/211 
CHe C HMeSWHMHCSI aKC1IepHMeHT8nbHbiMH LlaHHbiMH 6binO rronyqeHO 1IpH CneLlyiOWHX 3H8'1eHHSI3. 

Llni!H pacceHHHSI: 

a 
0 

"' 0,50 a
0 

• 0,65 

a 
1 

• 0,07 a 
1 

= 0,07 

a
2 

= 0,16 a,"" -0,14 

CoarraLleHHe Bbi'IHCneHHbiX ceqeHHA c peaynbTaTaMH, rrony'leHHbiMH a HacTostr.ueA pa6oTe, 

YK83biBaeT H8 Ka'leCTSeHHO rrpaSHnbHbiA Sbi60p 1IpHSeLleHHb!X SbiWe napaMeTpos. 

, CpasHeHHe yrnOSbiX pacrrpeLleneHHA HeATpOHOB OT peaKUHH ( 1) S C.U.M. II pH aHepr HSIX na

Lla!OlUHX rr -MeaoHos 290 
1141 

H 340 Mas (eM. pHc. 11) rroKa3bisaeT, 'ITO c pocTOM aHeprHK 

HaneTaiOr.uero MeaoHa xapaKTep Heyrrpyroro TT "N -saaHMOLleAqJTSHSI cyweCTSeHHO MeHsteTCSI. 

EcnH rrpH aHeprHH 290 Mas HeATpOHbl rrony'laiOT 6onbwHe rrepeLla'IH KMrrynbCa H neTHT 

S OCHOSHOM S rrepeLlHIOIO rronyccpepy 1 TO II pH aHeprHH 340 Mas OHH neTSIT rrpeHMyWeCTSeHHO IIOLl 

0 
yrnaMH, _6nH3KHMH K 90 , 'ITO COOTSeTCTsyeT MeHbWHM rrepeLla'laM HMrrynbCa HYKnOHY H yKa3b!Ba-

/30/ 
eT Ha H8'1ano rrpeo6naLlaHHSI rrepHcpepH'IeCKHX coy Ll8peHHA, Hf'p8101UHX 1 K8K H3SeCTHO 1 OCHos-

HYIO ponb rrpH aHeprHHX 700-900 Mas H Sb!We. 

npH KHHeTH'IeCKOA aHeprHH HaneTBIOWHX rr -MeaoHoa, pasHoA 340 Mas, MBKCHManbHO LlO-

rrycTHMast rronHaH aHeprHH s c.u.M. rr N -pasHa 8,6 mir 

EnH30CTb peaoHaHcHoro aHa'leHHSI aHeprHH Llnst rr N -saaHMOLleAcTSHH, pasHoro 8,68 m TT , 

1IpOHSnsteTCSI S HMrrynbCHbiX H aHepreTH'IeCKHX pacrrpeLleneHHHX STOpH'IHb!X 'laCTHU. 8 CSSI3H C 

+ /311 
3THM HMrrynbCHOe pacrrpeLleneHHe TT -Me30HOS, KOTOpbie C TO'IKH apeHHH H306apHOit MOLlenH 

paCCM8TpHS810TCH npeHMyWeCTSeHHO K8K "OCT8TO'IHbie", OK83biSaeTCSI HeCKOnbKO MSif''le, '!.eM 

aHanorH'IHOe pacrrpeLleneHHe rr -MeaoHos, pHc. 12. 

KpoMe TOf'O, H3 COIIOCTasneHHSI f'HCTOrpaMM, rrpeLlCTasneHHbiX H8 pHC. 13, MO:lKHO CLlenaTb 

Sb!SOLl, 'ITO S CHCTeMe UeHTpa HHepUHH ( TT- N ) HMeeT MeCTO rrpeo6naLl8HHe MaKCHM8nbHO 

LlOnycTHMbiX 3HeprHit, 'ITO HSnsteTCH xapaKTepHbiM LlnSI !l306apHOit MOLlenH. 

npH 3TOM yrnOSbie pacnpeLleneHHSI 
+ 

TT H TT -Me30HOS S CHCTeMe U.M. Tpex KOHe'I.HhlX 

'18CTHU HMeiOT BHLl, HnniOCTpHpyeMblit pHC. 14, 

3HepreTH'IeCKHit cneKTp HeitTpOHOS, K81t cneLlyeT H3 pHC. 15, XOpOWO OIIHCb!S8eTCH CT8TH-

CTH'IeCKHM pacrrpeLleneHHeM, 

PacnpeLleneHHe no nonHoA aHeprHH (pHc. 16) s c.u.M. 
+ 

TT TT CLlSHHYTO S CTOpOHy M8KCH-

MBnbHO -LlOnyCTHMb!X aHeprHit H He OIIHCbiSaeTCSI KpHSbiMH, paCC"'HTaHHbiMH no CT8THCTH'IeCitOit 

TeOpHH H H306apHOit MOLlenH, 

9 



1321 
B CBSI311: c 9THM uenecoo6pa3HO conocTaBHTb nony'leHHbiA pe3ynbT8T c LlBHHbiMH pa6oTbi , 

+ + + . a KOTopoA H3yqanacb peaKUKSI rr + p --.. rr + rr + n 11 6bm o HaAaeHo, 'ITO pacnpeaeneHae no 

II:MnynbC8M B C.U.M. LlBYX TT -Me30HOB XOpOWO cornacyeTCSI C Kpii:BOlt cp830BOrO 06'beMa, ·OTCIO-

L18 CneayeT, 'ITO M8Tp11:'1Hbilt aneMeHT, Oflii:CbiB810Wiflt TT - TT -a3811:MOLleitCTBHe B COCTOSIHII:II: C 

nonHblM .11:30TOflll:'leCKII:M Cnii:HOM T= 2, B YK838HHOM IIHTepeane 9Heprll:lt OCT8eTCSI npaKTH'IeCKII 

flOCTOSIHHblM 11:, T8KII:M o6pa30M, He MO)!{eT o6ycnOBnHB8Tb II:MeiOwerOCSI B H8We!'4 9KCnepHMeHTe 

pe3KOrO OTKnOHeHII:SI OT pacqeTHblX KpHBbiX. noaTOMy MO>KHO npeanonO)!{II:Tb, 'ITO Ha6niOL18BWe~

CSI B C.U.M. TT + TT - CMeweHII:e B CTOpOHy M8KCII:M8nbHbiX 9Heprll:lt Bbl3B8HO TTTT -a38HMOL1elt· 

CTBHeM c T ~ 0 11: T = 1. 

/33/ 
nyTeM npHane'leHII:SI Ll8HHblX , nony'leHHbiX B 9KCnepii:MeHT8X no napHOMY pO)!{LleHII:IO 

Me30HOB B p d -coy Ll8peHII:SIX, OTHOCSIIiJ.HXCSI npHMepHO K TOlt )!{e o6n8CTII: 9Heprll:lt B C.U,M, 

aayx rr -Me3oHoB, MO)!{HO nony'IHTb aanbHeltw~~:e CBeaeHII:SI 0 BKnaae COCTOSIHHlt C T = 0 If 

T~l. 

B 9THX onbiTax 6hmo noKa3aHo, 'ITO ce'leHHe o6pa30B8HHSI aayx rr -Me30HOB B COC TOSIHII:H 

C 1130TOnH'IeCKII:M Cnii:HOM T = 1 M8nO II: B p8CCM8Tpii:B8eMOlt o6naCTII: 9HeprHA npaKTII:'IeCKII: OCTaeT

C.II nOCTO.IIHHbiM, B TO apeM.II K8K Ce'leHII:e o6pa30B8HII:.II LlBYX TT -Me30HOB B T.,O 6biCTpo pacTe T 

c aHeprHeA. 

noa TOMY ecTeCTBeHHO 38KniO'III:Tb, 'ITO H86niOL18BWII:ltC.II nOLl'beM B pacnpeaeneHII:II: no nOnHOlt 

aHeprHH a c.u.M. aayx rr -Me30HOB o6ycnoaneH 11:x B38HMOLleltcTaHeM a cocTO.IIHHH T =0. AHa-

- + /lB/ 
norii:'IHbilt BblBOLl 0 xapaKTepe B3811:MOLleltCTBH.II B TT TT -cHCTeMe aenaeTC.II T8K)!{e B pa6oTe , 

sbmonHeHHolt npH aHeprHH nepBH'IHbiX Me30HOB 350 Mas. 

a 38KniO'IeHHe aaTOpbl C'IHTaiOT CBOHM npHnTHbiM aonroM no6naroaapHTb npocpeccopa 

E .M. noHTeKOpBO 38 nOCTO.IIHHblA HHTepec K pa6oTe If ueHHble COBeTbl If n.<t>. EpMonoaa 38 no

ne3Hble o6cy)!{LleHH.II. Mbl npH3H8TenbHbl T8K)!{e H.AHTOHOBOlt. H. KypHnHHOlt If vJ.Wea'leHKO 38 

6onbwoA TPYLl no npocMOTpy H o6pa6oTKe nneHoK. 
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