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BseaeH11e. 

113)"18H118 ynpyl"0l"Q paccellHIISI HyKnOH0S HyKnoHaM11 s o6naCTII Sb!C0KHX aHepl"Hll 

38HHM88T 0,llH0 H3 ll8HTp8llbHb!X M8CT S 0611.18ll npo!"paMM8 HCCn8.ll0SaHHSI llpHp0,llbl 

ll.ll8pHb!X cun. 8 OSSl311 C 9THM Hccne.uosaHHe ynpyl"HX np - 11 pp-CT0nKH0S8HHll Haqa

nocb cpaay :me, K8K T0nbK0 pa3SHTll8 T8XHHKII ycK0peHHH ll03S0nHno nonyqaTb .ll0CTa

TO~HO HHTeHCHBHhle nyqKH '18CTHU. BbICOKHX aueprHA. 

Ha nepsoM aTane 11ccne.uosaH11ll ( 1947-1956 l".l".) 6bln npoeeaeH p11.u paooT 

(cM. o630pb1
11 

•
21

) I K0T0pbie .uan11 S8CbMa IIHTepeCHbie cse.ueHIISI O csollcTsax HyKnoH

HyKnoHH0l"0 saaHM0.llel!CTSHSI. Ha 9T0M 9Tane 6bmo .ll0K83aHo cy11.1ecTsosaH11e o6MeH

HblX CHn S np -cHCTeMe. Hall.ueno, qT0 S WHp0K0M HHTepsane 9H8pl"llll H8llTpoH0S OT , 

40 ,ll0 580 Mas SKna.u s C8'18HH8 S38HM0.ll8l!CTSIISI OT o6blqHb!X II O0MeHHblX ·c11it np11-

Mep110 0.llllHaK0S. 3aMeTHaSI sep0SITH0CTb paccellHHSI Ha yl"nbI, 6n113KH8 K 90° s CIICTe

Me U,H., npH aueprHH B H0CKOnbKO COT MHnnHOHOB aneKTpou-aonbT YK83bIBana Ha aecb- , 

Ma HHT0HCHBH08 B38HM0.ll8ACTBH0 B CHCT0M0 HeATpoa-npoTOH H,cnenoaaTenbHO, HS He.

npHM0HHMOCTb TeopHH BO3MYIU0HHA B 3TOM cnyqae. Bhtna ycT8HOBneHa H3OTOilli119CK8SI 

IIHS8pH8HTH0CTb HyKnoH-HyKn0HH0l"0 saaHM0.Qel!cTSIIH S 06nacT11 Sb!C0KIIX 9H9pl"Hll. Boni,

WSH· nonspH38UIBI, B03HHK8l0lll8H npu: pacceSIHHH1 YK83b1B8na Ha CHnbHOe cnaa-op6HT8nb· 

aoe B38HMO.O,ettcTBH0, EhlnO 38M0'10HO, 'ITO C pOCToM aepOSITHOCTH Heynpyrax CTonKHO-

B9HHR np -pacceSIHH8 Haq11H88T np1106peTaTb .llHlppaKUHOHHbIR xapaKTep H T • .ll. 

OTCYTCTBll9 K8K11x-n1160 cse.ueH11l! 0 K0nHq9CTSe aKcnepHM9HTanbHOR 11H¢opMan1111, 

Heo6X0.llHMOR .un11 npoeeaeHHSI X0TSI 6bi ¢eHOM9HOnOf'HqecKOl"O aHan11aa HyKnoH-HyKnoH

HOro B38HMO.ll0ACTBHH, B CHnbHOA CT8Il0HH 38TpyLJ.HHno npoaeneaue:uccnenoaaaatt B 

nepsbIR nep110.u. Bcne.UCTSHe 9T0l"0 pa6oTa ny3HKOsa, PbIH.llHHa II CMopO.llllHCKOl"O, 

l".ll9 snepsb!e 0binO c¢opMyn11posaHo ll0HSITlle nonH0l"O 0llb!Ta
131

, II ll0SIBHSWIIRCH scne.u 

aa eett nepsb!R ¢aaosbrR aHan11a pp-.uaHHb!X np11 aHepl"IIH 310 Mas, sblnonHeHHblll 

CTannoM, 11ncHnaHTHCOM H MeTponon11CoM
141• 0Kaaan11 6onbWOe snHSIHll9 Ha .uanbHeR

weo pa3SHT118 113yqeHIISI HyKnoH-HyKn0HHb!X CT0nKIIOBeH11ll. 

3aMeTH09 EUIBSIHH9 Ha 9KCnepllM9HT s .uanbHeRweM 0KaaanR TaK:>Ke H,llell Y.y151• 

noMepaHqyKa H OKyHSl
161 

I 0CH0S8HHbie Ha TOM, qTo HyKn0H-HyKn0HH0e pacceS1H11e np11 

6onhWHX npHuenbHbIX napaMeTpax .uon:mH·o xopowo on11cbrsaTbCS1 nepsb!M 11e11cqeaa10-

ll.lHM np116nH>K0HH9M M930HH0R Te0pllH (•oaHOM930HHan• .llllHl"paMMa <l>eRHMaHa). 

nepetmcneHHbJe pa60TbI ll03BOnHnH HaqaTb HOBbIA 8.T.~n B aKcnepHM0HTanbHOM 

11ccne.uosaH1111 HyKnoH-HyKn0HHblX CT0nKH0S8HIIR. 3Kcnep11M9HT8TOpbi M0!"nll pewaTb 

snonHe K0HKp9THYIO aaaaqy - npoS0,llHTb nonHblll 0llbIT, H900XO,llHMbIR .Qnll Sblll0nHeHHSI 

¢aaoso!"o aeanHaa II npos.epKII MeaoHH0l! TeopHH. 
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B HaCT0Hlllee apeMH Ha116onbWllll ycnex B npoae.oeHJrn ll0HH0ro 0llb!Ta .QOCTllrHyT 

npH H3y'leHHH pp-pacceHHIIH Ha Tpex aHeprHHX - 147,210 H 310 Maa. 3To ll03B0HHH0 

npoaecTH a yKaaaHHblX cny'la11x cpaa0Bbll! aHan11a pp-.oaHHbIX, npaa.oa, He acer.oa o.oHo

aHa'IHblll. Tipoae.oeH11e nonuoro onb!Ta B cny'lae np -pacce11uu11 HaTanKuaaeTC11 Ha 

6onbwee 3KcnepHMeHTaHbHble Tp:f.OH0CTH, K0T0pb!e noKa npeo.ooneTb He y.oaeTC!I • 

KaK 6y.oeT noKaaaHO HH>Ke, 0.QHaK0, npHBHe'leHHe HeK0T0pb!X TeopeTll'leCKHX coo6pa

»c8HHA n.aeT B03MO>KHOCTb y»ce npH HM0l0UlHXCH B H8CTOSHU0e Bp8MSI uenonHbIX aKcne-

• PHMeHTMbHblX .oaHHblX B0CCTaH0BHTb aMnnuTy.Oy np -pacce11HH!I B o6nacT!I aHeprull 

HH>Ke nopora Me30H006paaoaaHH!I II TaKHM o6paaoM aaaepwl!Tb, B HeKOT0pOM CMbICHe, 

cpasOBbll!.aHanus HYKllOH-HYKll0HH0ro pacce11HHH B 3TOll o6naCTH 3Heprua. 

.OaHHa!I pa6oTa co.oep>KHT pesy HbTaTbl pac'!eTOB H aKcnepHMeHT0B no H3y'leHHIO 

np -pacceSIHHH npu BhICOKHX aaeprn:H. BblIIOnHeHHblX aBTOpOM COBM0CTHO C ero Konne

raMH B na6opaTop1m 11.oepHbIX npo6neM O61,e.ouHeHHOro HHCTHTyTa 11.oepHbIX uccne.oo

aaHul! B Te'leHHe 1959-1962 r.r. Pa6oTa C0CT0llT H3 'leTb!pex rnaa II npuno>KeHH!I. 

B nepB0l! .oaeTC!I onucauue .OBYX MeTO.ll0B onpe.oeneHHSI K0HCTaHTbl CB!ISH: MeTo.oa l{y 

H M0TO.aa. yqHTblB810lll0ro o6a O.QHOM030HHblX non10ca B aMOnHTy.a.e HyKnoH-HyKnOHHO

ro pacce11Hu11. Tip11ao.011TCH pesynbTaTbI o6pa6oTKH .oucpcpepeHuuanbHblX ce'leHull np -

pacce!IHH!I npu 3HeprH!IX 90, 380-400, 630 MaB H .Ol!Cp!pepeHu11aHbHblX ce'!eHul! pp-pac

ceu1111 np11 8Hepru11x 150,300,380 Maa. TioKasauo, 'IT0 ·06pa60TaHHb1e .oaHHbie He npo

THBopeqaT aHaqeHHIO KOHCTSHThl cestau f 2 •0 108, HaA.neuuoMY ua OllbITOB no np -pac

cestHHI01 XOTSI cpe.nHH8 3H8'10HHH ne:m:aT CHCT0M8THqecKH H0CKOflbKO HH>Ke YK838HH08 

een1tt1HHb1. 3TH pa6oTbI 6b1nu nepabIMH aau6onee nonHhlMH uccne.o.oaaHuHMH npe.o.cKa

aaHuR M03OHHO8 TeOpHH B o6naCTH HyKnOH-HyKnoHHoro pacc0SIHHH npH BbICOKHX aHep

rHSIX. 

Bo BT0poll rnaae onucaHbl 0llb!Tbl no H3Mepeuu10 .ouq,cpepemrnanbHblX ce'1eu11il H 

nonHoro ce'leHH!I np -pacce11u1111 npu acpcpeKTIIBHOll auepruu HellTpoHoB 200 Maa. Onb1-

Tbl BblllOnHeHbl C uenblO nonyqeH~SI .Zl,SHHbIX .anH npoae.aeHHH cpa3oaoro 8H8nH38 H onpe

.oeneHHH K0HCTaHTbl CS!l3H f 
2 

• nony'leHHble pesynbTaTbl .oan11 S03M0>KH0CTb npoaeCTH 

cpa30Sblll aHanus np -.oaHHblX H ll0H:f'IIITb npu 3T0M .ll0CTaT0'IHO Ha.Qe>KHble peweHH!I. 

B Tp0Tbell rnase npuse.oeHbl pesyllbTaTbl o6pa60TKH .oaHHblX no pacce!IHHIO 

HYKJI0H0S HYKH0HaMH s o6nacTH aueprell_ HH>Ke nopora. Me30Hoo6pasoBIIHH!I ( 40-310 MaB) • 

!leTanbHo .oaeTC!I annapaT cosMeCT11oro cpasosoro aHanH3a np - u pp-.oauHbix, sbl-

nonaeaaoro B npe.ctnono>K0HHH H30T0Il1Itl0CKOA HHBSi,HSHTHOCTH H.ll8pHblX CHn C HCIIOnb-

30B8HH8M rrpe.C.CK838HHA M030HHOA TeopHH OTHOCHTenbHO B38HMO.C.e8CTBHH HYKilOHOB 

S C0CT0!IHll!IX C Sb!COKHMH. opoHTallbHblMII M0MeHTaMH (MO.llH!pHUHposanHblll q:,asosbll! 

a1UU1Hs). Tipu 3T0M, S 0THH'IHe OT p!lllee cyllleCTBosaawell cxeMbl MO.QH!pHnupoaaHHOro 

cpasoaoro aHanus/
71 , c noM0lllbIO MeS0HH0ll Teopuu ycTaHasnuaaeTc!I TaK>Ke MaKcu

ManbHhIA MOMSHT, H8qHH8H C KOTOporo SMnnHTYilY HyKnoa-uyKllOHHOro pacceHHHSI MO>K

Ho 6p8Tb B 'o.ctHOM030HHOM' npu:6ne::m:eHHH. TToKS38HO, q:To B p8MK8X HCllOnb30B8HHOA 

nporpaMMbl peweaee 38.JlSq:H npaKTH'l0CKH 0.llH03H8'1HO. 

4 

l{eTBBpTa!I rnaaa nocB!lllleHa on11caue10 usMepeuua .OHcpcpepeuneanbHblX ce'!eHHl! 

np -pacceHHH!I np11 aHepr11a 630 Mas, saMeTH0 npeab1wa101llel! nopor 06pa~baaua11 

• rr -Mesouoa s HyKnoa-ayKn0HHbIX CT0HKHoBeHH!IX. Tiepsb1e HsMepeHH!I npu aToll aHep"

reu 6bm11 npoae.oeubl s 1958-1959 r.r. u npo.oon>K~Hbl s 1962 r, Tiony'leHHb1e ·cse.oe

HH!I nosaonun11 onpe.oenHTb K0HCTaHTY CSSl311 H Hal!TH HeCK0llbK0 ua6op0B cpa30Sb!X 

C.llBHroa. 

B npuno>KeHHH .oaHbI HeK0T0pb1e cpopMynbl, noneSHbie npu npose.oeuuu cpasoaoro 

aHan11sa, Ta6n11Ubl H rpa!pHKH aneMeHT0B MaTpHUbl nepexo.oa HYKH0H-HYKll0HH0ro pac

CeSIHHH. TTpHBO.llSITCSI 3KCnepHM0HTSnbHbie JlSHHbie. HCnonb30B8HHbI8 .anH npoae,aeHHSI 

q:,asoaoro aHanHsa. 

PesynbTaTbl pa6oTbl .O0Kna.Qb!BaHHCb Ha Me>K.OyHapo.oHblX KOHcpepeHUIISIX no 

cpH3HKe 'laCTllll Sb!C0KHX aueprHll (Kues, 1959; Po'leCTep, 1960 u )KeHesa, 1962 r.r.) 

u onyeinHKosaHbl a ne'!aTu
18- 181 

[' n a B a 

0I!E_0.Zl.~1!_0HH_e_ KOH~TSHT~ CBH3H CBH3H 11 -Me30H-HI._KnO_!!!l.OrO B38HMO.Zl.0A:CTBHSI 

H3 _OilbI'_rOB no pacceRHHIO HyKnOHOB HyKnOHSMH 

HecKOnbKO neT TOMy Haaa.a 4y o6paTHn BllHMSHHe Ha TO, 'ITO CBH38HH00 COCTOSI-

HH0 B CHCTeMe 'IT -Meaoa-HyKnOH COOTB8TCTBY0T nonrocy nepaoro nopH,nKa B .aeA-

CTBHTenbHOA qacTH 8MilnHTY.Qb1 HyKnoH-ayKnOHHOro pacceHHHSI, npe.ncTaBneHHOA B 

cpyHKIIHH nepe.oasaeMoro npn cTonKHoseu11H HMnynbCa /'i. • non10c pacnono>KeH B ae-

cp11sn'lecKol! · o6nacTH npu /'i. 
2 

= - µ 
2 

( µ - Mace a 11 - MesoHa). TiepeaopMup
0
oaaHHa11 

KOHCT8HT8 CBH3H f 2 
paaaa BblqeTy I HaA.neHHOMy OTHOCHTenhHO 3Toro non10ca •. Ha 

OCH0B8HHH 9Toro 6bln npe.nno>KeH M0TO.C. onpe.cteneHHH f 
2 

no 38BHCHMOCTH .nHct>

cpepeuuuanbHb!X ce'leuua np -pacce11Hu11 oT yrna pacce11Hu11 0 151 
s npe.onono>Ke-

HHH, t.J.TO H8nH'IHe non10ca npH 6. 2 = - µ. 
2 

6y .o.eT 38M0THO BnHSITb Ha xapS.KTep 

saaucuM0CTH s6nusu rpauuu cpH3ll'leCKol! o6nacTH ( 0 •O u 180°). PeK0MeH.oyeMa!I 

npone.oypa · onpe.oe11eHH!I I 2 
cao.011TC11, no cylllecTsy, K aHanuT11'1eCK0MY npo.oon>Ke

HHIO cpyHKllHH ·,, (0) ( /'i.. + /L • ) • B HecpH3H'leCKYIO o6naCTb .oo T0'IKII /'i.2 
s - /L • 

C uenbIO onpe.oeneHHSI I 2 
0llHCaHHblM Bb!We nyTeM o6pa6aTb!BanHCb .llaHHble, 

nony'leHHble np11 aHepra!lx 90, 400/t/ 11 630 1181. Maa • .llaHHble .on11 auepr11ll 90, 

400
1191 

u 630 MaB · .oaIOT .llll!I f 2 3Ha'leHH!I 0,065 ,!.0,027; 0,066 .!. 0,011; 

0,06 ±_0,02, C00TBeTCTSeHH0. 

Mero.a onpe.a.eneHHSI KOHCTSHTbI 11 -MeaoH-HyKnOHHOro B38HM0.0.0ACTBHH, 

npe.nn02K0HHblA t.Iy. OCHOBSH Ha npe.nnonO)KeHHH O TOM, 1.lTO a6nH3H rpauuu cf:>H3H1te

CK0l! o6nacTII saBHCHM0CTb .oucpcpepeunuanbHOro ce'!eHll!I OT yrna pacce!IHll!I " ( 0) 
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B 3Ha'IHT0nbHOA CTeneHH onpenenH8TCH T0MH 'lneHaMH q ( 0) • KOTOPbI0 HM0IOT nonJO

Cbl STOporo. nopll.llKa npH 6. 
2 = - /J. 

2 
H 6. 2 = 4 k 

2 + /J. 
2 

• B aTOM cnyqae s6DH31I 

0 •180° <pYHKUHll u(4k
2 +,,.'-tf)', KOTopyIO .llmI onpe.lleneaus f 2 aeo6XO.llHMo 

aaanHTH'leCKH npO.llOD>KHTb s aecpH3H'leCKYIO o6naCTb, .llOD>KHa MeHllTbClI cna6o, II 

aHanHTH'l0CKOe nponon>K0HH0 MO)K8T 6blTb BbIIlOnHeHo ,[].0CT8TO'IHO TO'IHO ,Q8}K0 npH 

cpaaHHTenbHO BhICOKHX OlllH6Kax 9KcnepHM0HT8. 

B .llellCTSHTenbHOCTH, 0.llH8KO, OKa3bIBaeTClI, '{TO np01I3Se.lleHHe c,·(0 )( 4k 2+µ 2-6.2) 

s aToll o6naCTH yrnos ll3MeHlleTCSI .llOSODbHO CHDbHO. 3To SblH_Y>K.llaeT npH onpe)leneHHH 

KOHCTSHTbJ n1160 ucnonb3osaTb u(0) s oqeHb Y3KOM IIHTepsane yrnos s6n11311 

0 • 180°. n1160 6paTb .llDSI aaanHTH'leCKOrO npO.llOD>KeHHSI seCbMa cno>KHble Sb!pa>Ke

HHSI. 

Cne.o.yeT YK838Tb TSK>iCe, 'ITO aenH'IHHbl f 
2 

1 nony'leHHbI0 M8TOJlOM "lly H3 .a.aH-

Hb!X O pacce0H11H snepe.ll (0 5 0 5 90 ° ) H H838.ll (90"" :5 0 5 180°) • 6y.llyT 3a-

MeTHO OTDll'l8TbClI .llpyr OT .llpyra. 3TO nerKO ySH.lleTb, Hanp11Mep, ec11u ·S3SITb Cl (0) 

nplI aaepr11H 90 Mas
111

• TTp!I aToi! aHepr1111, KaK H3SeCTHO, u(0) Cl!MMeTpll'IHa 

OTHOCHTenbHO 0 - 90°. a BbJll8Tbl 8MIInHTy .0.hl pacceSIHIHI B TO'IKSX /l 2 = - µ 2 H 

6. 
2 = 4 k 

2 
+ /J. 

2 
OTDl!'laIOTCSI s .llSa pa3a. 3Ty pa3HllUY s senll'IHHax f • no-sH.llllMOMY. 

Tpy.llHO o6'hllCHHTb TODbKO OWH6KaMH aKcnepHMeHTa. np11Mepao TaKaSI >Ke CHTY,8Ullll 

ua6nIO.llaeTcll II np11 aHepr1111 630 Mas. ' 

YK838HHbI0 o6cTOHTenbCTB8 38CT8BHnH npoaeCTH o6pa6oTKY acex H3B0CTHblX 

.llaHHblX no np -pacceSIHIIIO np11 aHepr11S1x 90, 380-400 II 630 Mas c uenbIO onpe.llene-

HHH KOHCTSHTbl 11 -Mesoa-HyKnOHHoro B38HMo.a.e8CTBIIH C Y'l0TOM o60HX nonIOCOB B 

.llellcTSIITeDbHOll '18CTII aMnDHTY.llbl np -pacceSIHHSI (cnpasa H cnesa OT rpaa11u 

<pH3H'lecKoll 06nacT11
191 

) • .Ll11cpcpepeauuanbHOe ceqeH11e c, (0) 6binO npe.llcTasneHO 

B BH.0.8 

a2,a3,bn 

u(O) = a
1 

[ __ 1 __ + __ 4 __ ] + __ a_,_+ 
(r

0
-x)2 (x 0 +xf x 0 -x 

11ma% 
~+I b

11
x" 

x 0 +x n-=o 

2 2 4 
x 0 = 1 + p. /2k , x = Cos 0 , a 

1 
= f 

aeonpe.lleneaab1e Koacpq,uuueaTbl. 

( 1.2) 

Bb1pa>Kea11e ( 1.2) 11cnonb3osanocb .llDSI annp0Kc11Ma111111 aKcnep11MeHTanbHbIX .llaH

HblX lip[{ aaeprHSIX 90, 380-400
111

, 630
181 

Mas. Koa<p<plIUl!eHTbl a II b onpe)lenll

ne:cb MeTOJlOM H8HM0HbWHX Kaa.a.paTOB, 

Hall.lleHHble 3Ha'leH[{SI f 2 no .llaHHblM OnbITOS np11 aaeprHSIX 90,380-400 II 

630 Mas COCTBSDSIIOT COOTSeTcTseaao 0,06 :!:.0,006, 0,065 :!:.0,07 11 0,044 :!:.0,012 • .Lln0 

npoaepKH Toro. H8CKOnbKO paccMOTp0HHbJe 8KCnepHM0HT8nbHbI0 Jl8HHb10 

!OT 3HaqeHIIIO f 
2 

•0,08, 6binO npose)leHO onpe.llenemrn KOacpq,11u11eHTOS 
• - 3 

<pllKCllposaHHOM 3Ha'leHIIH a' = f = 6,4. 10 . 

y.llosneTsopg

a , b np11 

nony'leHHble p83fnbT8Tbl IlOKaaann, 'ITO COBp8M8HHbI8 9KCnepHM0HTMbHbl8 .0.8HHbI0 

6 

1' 

-no' paccellHIIIO · ael!Tpoaos npoToHaMII np11 aaepr110x 90, 380-'-400 . 11 630 Mas s npe.lle

nax owa6oK OilbITOB ue npOTHBOpeqaT 3H8'10HIUO KOHCTaHTbl ,, -Mesoa-ayKnOHHOro 
2 x 2 · 

s3alIMO.ll:eacTSHSI f -0,08 (Koa<p<pHUHeHTbl "¥2 a 1 ). 

,Llanee TeM >Ke cnoco6oM 6bma npose.lleHa o6pa6oTKa ll.llepaol! qacT11 c, npu 
/10/ • PP 

aaepr110x 147, 330 II 380 Mas • np11 aTOM .llliSI oueHKII MaKCl!ManbHOl! CTeneHH X 

B Bblpa>KeHHH .a.ng ceqeHIHI pp-pacceHHHH 6blnO HCilOnb30B8HO TO, 'ITO BKna.a B nonstpa-

38UHIO O .p OT qneHOB aMnnHTY.ll.hls HM0~lllHX oco6eHHOCTb npH X I!::• X a • paaeH 

aynIO. B peaynbTaTe o6pa60TKII 6blnll nony'leHbl 3lla'leHRSI 0,07:t_0,015; 0,066!9,044 H 

0,19:t_0,01 npH aaeprllllX 147, 380 11 330 Maa COOTSeTCTSeHHO. 

rnasall 

/11/ 
Ynpyroe pacceSIHHSI npoTOHOB aellTpoaaM11 np11 aaepr11H 200 Mas 

K Haqany OilHCb1B80MbIX OilblTOB 6b1no SICHO, 'ITO HM0Tb IlOllHbI0 H .ll.OCT8TO'IHO 

TO'IHb1e .llaHable no ynpyr11M np -cTODKaose1m0M npa aaepru11, 6n113Koll K 200 Mas, 

B0CbM8 HHTepecHo, ao-nepBbIX, C TOtJ.KH 3p0HHH onpe.C.eneHHSI KOHCT8HTbl 11 -Me30H-

HyKnOHHOrO aaan:Mo.aeAcTBHSI 1 eo-a.Topblx, .anH nonyqeHHSI .a.aHHhIX .nnH npoae.oeHHH 

cpa3osoro aaan113a. 

vlcnonb30SaHHblll B onb!Tax ael!TpOHHblll ny'IOK nonyqancll S pe3ynbTaTe CTpnn

naHra .llel!Tpo11os, ycKopeHHblX .llo aaepra11 T a400 Mas. C yqeTOM Me.llneaHoro 

113MeaeHirn ceqea110 np -pacceSIHllll s 06nacT11 aaepr11ll 90-400 Mas cpe.llHee 3aaqe-

aue aaepr11a s HCnODb30BaHHOM yqaCTKe cneKTpa paBHO 200 Maa. 

.Ll_n0 113Mepea11S1 .llH<p<pepeau11anbHb1x ceqea11ll (np) -pacceRHHll s IIHTepsane 

yrnos OT.lla'IH O :': <I> :5 55° n.c. (67°30' :': 0 5 180° c.11.11.) perHCTp1Iposan11cb 

npOTOHbl OT.lla'IH. BblXO.ll npoTOHOS OT.Ila'{!! onpe.llen0eTCSI no pa3HOCTII acpcpeKTOS OT 

pacce,maTenell 113 non11aT11neaa CH
2 

11 rpa<pHTa (C), nooqepe.llH6 noMewaeMblX s ny

'IOK ael!Tpoaos.·.LleTeKTOPOM cny>KHn TenecKon 113 Tpex ClllIHTIIDDSIUIIOHHblX C'l8T'IIIKOS. 

Pe3Koe yMeHbWeHHe aHepru11 npoTOHOB OT.lla'III Ha yrnax <I> < 55° Sb!HY>K.llaDO 

.llDSI 113MepeHIISI .llH<p<pepeHn11anbHb!X ceqeHHJI "(n- p) -paccellHHSI s o6naCTII 0 < 67"30 1 

aenocpe.llCTseHHo per11cTp11posaTb paccellHHble ael!TpOHbI (yrnbl paccellHl!ll 0 < 32°30'n.c.). 

Hel!TpOHHbll! )leTeKTOp _COCTOSID 113 -'leTb1pex CUIIHTIIHDlllllIOHHblX C'leT'IIIKOS II 'KoHsep-
2 

TOpa• 113 non11aTnneaa TODWIIHOll 5,6 r/cM • pacnonO>K8HHOro ~e>K.llY nepSblMII .llSY-

Mll cqeT'{[{KaMII (p11c. 1). HellTPOHbl OT ynpyr11x (11-p)-cTODKHOSeHHll nona.llanlI 

B *KOHB8pTop* H HCilbITblBMH B H0M o6M0HH08 pacceHHHe. npoTOHbl OT.ll.8'1H, Bhine 

T8lOWHe H3 *KOHaepTopa' 1 perHCTpHp0B8nHCb Tp0MH nocneJIHHMH C'10T'IHK8,MH .o.eTeK

Topa, BKn10qeHHbIMH H8 coana.o.eH11e. nepBbIA CtJ.0T'IHK BK1110'181ICSI Ha 8HTHCOBil8.0,0HHe 

C OCT81lbHblMH H cny>KHn JlllSI HCK1ll0'10HHSI aapsmeHHblX qaCTHU, neTSIWHX OT MBW8HH. 
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I 

·, 

DonpaaKa HS aepORTHOCTb perHCTp8UHH 'nepe38pR.llKII' [{ ( E) B H0l1TpOHHOM 

LteTeKTope pacc'IHTbIBanacb a npe.nnono)KeHHH, t1TO yrnosoe pacnpe.o.eneHHe npoTOHOB, 

BblneTaIOlllHX 03 •KoHaepTopa' npH 6oM68p.ttHpOBK0 ero HeATpOHSMH ll8HHOA aHeprHH, 

COBll8Jl80T C yrnOBblM pacnpe)leneHH0M pacceRHHblX 'i8CTHU np11 ynpyrHX np 

CTOnKHOB8HHHX, a cpeLtHHH aHeprHH npOTOHOB npH 9TOM M0HH0TCH nponopUHOHSnbHO 

Cos 2 cf, , r)le cf, - yron Bb!XO)l8 npoTOH8 H3 'KOHBepTopa• • 

Pe3ynbT8Tbl 113MepeHHA npe.llCT8Bn0Hbl_ HS pee. 2. l13M0p0HH8R 38B!!CHMOCTb 

JlH¢¢epeHUH8nbHOro C0'i0HHR OT yrna pacceRHHR 38M0THO H0CHMM0Tp11'IH8 OTHOCl!Tenb

HO yrna 0 a 90°. 0THOW9HH9 BblXO.llOB pacceRHHblX 'i8CTIIU B nep0.llHIOIO II 38.llHIOIO 

nonyc¢epy paaHO 0,77. 

nonyqeHHbl9 )l8HHble 6hlnH o6pa60T8Hbl C uenbIO nonyqeH1rn KOHCT8HTbl " -Me-

3QH-HyKJIOHHOro B38HMO.neACTBHSI f 2 
M9TO.O,OM, Y'IHTbIB8IOlllHM o6a "0JlHOM030HHbIX" 

2 
nonIOC8, npl< 3TOM H8Jl)l9HO, 'ITO f =0,08:t_0,02. 

rnailalII 

ct>asOBhIA 8H8JIH3 HyKnoH-HYKJlOHHOrO paccesHHH B_QQQ~CTH 

sHepr11ll _40-31Q __ Msa 
112

•
13

•
14

•
15

•
161 

TTpoae,,aeHH0 nonHoro OllbIT8 npH paccesHHH HeA:TpOHOB npOTOHBMH, T.e. H3Mepe

HH0 IlSITH H038BHCHMhIX xapaKT0pHCTHK npouecca, Heo6xo.a.HMblX AJIH BbIIlOJIH0HHSI 

O.QH03H8lfHOro cpaaosoro 8H8JIH38, H8T8JIKHB80TCH Ha 6onbWHe 3KCnepHM0HTSnhHbI0 

TPY.0.HOCTH, KOTOpble .a.a HSCTOHlll0f'O apeM_eHH npeo.o.oneTb He y.a.aeTCSI. B CBSl3H C ., 

9THM, ecTeCTB0HHO, B03HHK80T MbICnb Hcnonb30B8Tb cymecTBYIOlllll0 T00p0Tll'l0CKH0 

npe.a.cTaaneHHSI T8KHM o6pa30M, qT06bl npH HM0IOWRXCSI HenonHblX ,a.aHHbIX npo~eCTH 

¢asoab1A a11ane3 np -pacceRHHR, npe>K)le acero, JlnR sToll uen11 cne.llyeT aocnonb-

30B8TbCR 1130TOllH'i9CKOA IIHB8p118HTHOCTblO R/l9pHblX cun II o6pa60T8Tb. np II pp -
/20 21/ . 

.0.8HHbl0 COBM0CTHO • • .D:anee, qaCTb 8MilflHTY .O.bl, KOT0p8H COOTB0TCTByeT nepu:-

(pepu:qeCKHM CTOnKHOB0HHHM, MO>KHO, no-aH.O.HMOMY, B3HTb B 0.0.HOM030HHOM npe:6nH

>K9HHH1-71 ( "MO.llll¢11Ullp0B8HHblJ1' ¢a30BbIJ1 8H8n1<3). npu T8KOJ1 llOCT8HOBK9 38.llB'ill 

IlORBnReTCSI H8.0.0>K.0.8 H8 TO, "ITO ·coaMeCTHhIA cpaaOBbIA 8HanH3 .a.acT y.noaneTBOpH

TenbHblA pe3ynbT8T. 

.LlaHHble, nony'ieHHbl9 np1< 1<3M9p9HIIRX llH¢¢epeau11anbHblX ceqeHHA ynpyroro 

np -pacceRHIIR npu 3Hepr11H 200 Msa, )l8nll B03MO>KHOCTb npHCTYllHTb K ¢a30BOMY 

a11anesy npH STOA saepr1111. 

MaTp11ua nepexO.ll8 38llHCblB8nacb B Tp11nner-c11HrneTHOM npe/lCT8Bnea1111
I4I 

qepe3 sneMeHTbl .4f m • m ( m •' H m • "'7 npoeKUHH nonHoro CilHH8 CHCT0Mbl .ll.BYX HyKno-

•' . 
8 

< 

'· 

/ 

/ 

HOB B KOH01tHOM H uaqanhHOM COCTOSIHIIH,. COOTB0TCT~0HHO). ·M,, ., M , M ,-M 
, ~ " 00 JO OJ 

( Tpl!nneTHSie nepexo.llhi) 11 M .. (c11HrneTHble ,nepexo.llLlJ . .n .cooTBeTCTBHH, c nporpaM'-

MOA. MO.llH¢uuepoaaHHoro· ¢a3oaoro aHanH38 npe.llCTaa"nRniic,b a. BH.ll-;._
I7L: 

M lk .; MI~ (lJ) ~ +:. M ,: ( I 
2

, ; > ; ;..; ) • (3.3) 

I')l9 M (lJ) - 'i8CTb, 8MnnHTY/lb1, 38BIICRW8R _ OT _¢830Bb!X ·c)lBHroa, onpe)lenReMblX. 
lk_ ' P ,._, " _ - , ,. , ,~ ;1 i 

113 sKcnep11MeHTa, Mlk (I , i > ; ,. .. -J - BKna.ll OT nepu¢epeqec~11x CTOnKHoaeH11A, 

B3RT@A a O.llHOM~30HHOM · np116ne>KeH11H.: N ;k. (lJ). . Bblpa>K anec b qe pe3 ¢a3o~b1e 
. · · · · · 14/ , . 

C)lBHrll C yqeTOM xynoHOBCKIIX s¢¢eKTOB B_ COOTB9TCTBIIII C pa6oToA. - ; WecToA sne-

M0HT , A/ onpe.a.engncH H3 COOTHOllI0HHH: ~ , .. , ~ 

M
1

_
1 

= M 11 .,-M 0 ;-v_2 ctg°0 (M
10 

+·M
01

)
1 ;(3,4) 

nony'ieHHOro 113 11~aap11aHTHOCTII MBTpl!Ubl-M OTHOCl!Tenb_Ho 11aaepc1111 .llBH>KeHHR. 

MaKCIIM8nbHblA op611TanbHblA- MOMe_HT e ,. •• , _nocne_ Ko·+oporo Hy~noH-ayxnoH-

Hoe pac,ceRHHe y.lloaneTaop11Ten_hHO on11c":saeTCjl O/lHOMe3_oa~oA )lHarpaMMOA <PeAHMa-· 

Ha, on1:i"e.llenRncg no x"apaKTepy 3aa11c11MOCT1< nonRp113auu11 o(0) • P ( 0 ) . • OT- yrna 
. ' . . '.' / . ., ., - / . 

pacceHH'HH. ·113aec
1

TH0 1 _·qTo 'o.o.HoMe3oHHaH' 1taCTh. aMnnHTY.llbI pacceHHHH ue .c:aeT 
. . . . . . . /10/ ' 

_ BKn8)l8 B o (0) • _p (0 )- II '\'TO 06CTORTenbCTBO IlO~BOnRST OU8Hl!Tb f mar 
. 7 . . 
· <Pa30Bbl9 C.llBllrll II K~HCT8HT8 1f -Me3oH-HyKnOHHoro B38HMO.ll9ACTBIIR onpe)le-

-_ . - . . 
'. nsnHCb ·MeTO.O.OM -aaHM0HbWHX Kaa.apaTOB. 

., ' ' ' .. '. . . , .•. 2 

na M =; Wn[Fn-cf, (xn,a, •••• am)] _ 

.LlnR 3Toro H8X?.lll<nCR Ml<.HIIMYM ¢YHKUH,OHa-

• r.ae F n - H3Me~e_HHo.e aHa1teHRe F s 

TOqKe X 

M0Tpbli .W ~ 

cp (~ n, a
1

.~ • .-:a
81

) - ·BbPIHcn'eaHOe ~HaqeaHe; a
1 

•· •• ~.m-; HCKOMbie napa-
~- : '- . ' . 

- se9 .ll~HHOr.o H~MepeHH~./ ·-

B9CbM8 s¢¢eKT11B-

HblM ·MeTO.llOM MHH~MH38UHH ¢ya·Ku11oaanoa,, pa3pa60TaH~bIM a. 06t.e)l11HeHH~M HHCT1<TyTe 
. . - · . , . /22/ ·. . 
Rll0pHbIX uccne/l~BaH11ll CoKonOBbIM II C1<nHHbIM · , . 

noucK MHHHMyMa ocymecTanSincs' ~~-;O.cioM ne:aeapuaau1-1H 

Y.aoaneT"aopHT0~bHhI0 pesfnbT8Tbl .COBM0CTHoro cpaa·oaoro 8HMH38~ nonftteHHb10 

np11 ;HeprHH 210- Msa; )l8nll B03MO>K~OCTb- ·npO.llOn>KIITb eccne)l0B8HHR II npoBeCTH 
' . ' . ... . . t ' 

, lp830BbIA aHan113 HyKno1_1-'Hy~noHaoro pacceRHHR up11 sHeprHRX 40, 95, 14 7, 310 _; Msa. 

I ·66pa6oTaH·Hbl9 3KC~0p11M9HTanbHble )l~HHbl0 np11B9)l9Hbl B Ta6n11ue I. Pe3ynbT8Tbl 

•:"¢aaoao~o 8Han113~ )l8Hbl a:Ta6n11uax 2 11·s·11 Ha p11c,_3 11·4.-

r na B a IY 

liBI 
Ynpyroe np · -pacceRHHe npH saepr11e · 630 Msa 

nepabrn, onb!Thl · no_ H3Mep·eH1110 llH¢¢epe'!u11anh_HblX · ceqea11A np11 saepr11H . 

, .. . . 
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3HeprHH 

40 

95 

'· 

,147 

I 

·-210 
1:• 

·' 

310 

•: /, 

'' 

T a ·6',n i'_u a 1 

vlaMepeHHBH 
aenetiHHa,. 

1focno 3Heprirn, npH KoTopoli 
TO'l0K · aenHCb e:aMepeHHR_ · ,i 

/ 

6"rr 
.Prr 
.onr 
f>" -, 

-0 rf· 
Prp 
,:, rr 

/ •·.s"f 

'Pn.p 

s,r 
Prr . _ 
~r-r · 

·. ~,,, 
5: "' ' p .. : 
Gri', 

'Z1 
l 

33 
6'. 

14 · 
14 
' 5 
36, 

15 

21 
14 
9 -

14 
24 
8 

15 
Pn , ' I 28 

2 .-=i:irr 
R.vr 
Arr· 
o"f 

I4 
!4' ' 
21 

Pi.p_ 9 

Sri>·-. 14· 
Ppp 7 

~rr 6 
--~Pf ·6 · 

Aff 3. 
·. C!~ ·. I 

6""<' I7 
P...p., 16 

~"'f· 3 

10 ' 

39,4 
39,4 

42 
40 

95 
95 
98 ", 

- 9CH)3 

95 

.147 
147 

147,14'.l 
·140,142 

156 
143 
240· 

·_210,2!7 
, 210 . 
. 213. 

; 2!'.3 
200 
217 

340 
310 

'', 310. 
310 
316 C, 

320,310 
300 . 
. 310 
310 

' . ./ ~ 

\ . ~. 

r· 

'. 1 

,; 

J-. " ·, tJ 

. ' ' 

, . 

'X.'2. 
_,So 

~:s, 
{2 

:!>p., 
~q 

~P, 
~P2. 

£1 

'!b, 
~i. 

i J:J1.. 

·~~ 
E z 

I F,2. 
lF:!, 
lF 

3 
31=' .., 

T a 6 n e u a 2 

<l>aaosble CllSHI'H sonH S rpallycax 
, 

T•40 Mas Ta95 Mas 

Ha6op 1 Ha6op 1 Ha6op 2 

53,0 82,8 . 86,4 

44 ,50±.,l, 85 29,20±.1,61 -4,32±,2,28 

. 60,73±.3,32 44,83±.3,64 35 ,42±,I ,14 

0,08 -WHC 0,070±,01 011 0,069±,0,012 

-0,13±,7,85 5,79-t?,25 -21,12±,l ,I3 

-3 ,42±,1,14 -24,77±,5,93 15,57±,2,31 

-6,02±,2,81 - 12,60±,I ,48 8,40±.,I ,55 

5,87±,0,40 I0,54±,0,46 13,06±,0,52 

-21,16±,5,94 -9,97±,5,49 24 ,15±,l ,13 

3,95±.3,32 -7 ,13±,6 ,42 -7 ,36±,l ,53 

l_,48±,0,18 1,12±,l ,88 I ,43±,0, 75 

-1 ,90±,2,60 I,00±;3,43 -9,lO;t;C,37 

0,33±,1,51 3,18±.3, 73 -5 ,20±,0 ,53 

0,57±,1, 79 -1 ,14±,0, 72 

I ,30±,0,35 7,03±,0,24 

-3 ,0I±,0 ,90 -6,53±,0,55 

1,92±.0,75 -3 , 79±,0 ,I 7 

l ,54±,01 21 I ,45t,0,I7 

11 

T•l47 Mas 

Ha6op 1 

73,45 

I 7 ,13±,0, 64 

27,5~,65 

0,058±,0,007 

6,9i±,0,63 

-18,0st} ,26 

-18,28±,0,25 

14,29±,0,17 

-2,45t,2,I8 

-13 ,28±,I ,58 

6,0st,0,22 

23 ,65t.2,05 

-0,66 t I,66 

-2,4D ±. 0,22 

-I ,02 t 0,5 

-I ,14±,I ,28 

-0,71±.0,48 

0,073±0,26 



7-~ 

"!> .. -~~. 
!' 

~Pc, 

'P. 

'3?. 
')P. 

'Z. 

t, 

.,t 
ri 

ff 
,, 

~ I 
A1:) 

t. 
~~ 

t. 

~~ 
~ 

C.2 
'lF. z 
'F. 

?, 

'3F 
3 

'J 
F4 

t 

l 
f 

Ta611Hua 3 

¢a30Bble CD.BHrH B rpa,a.ycax .n.nH tm•z =-3 

T • 310 Maa T = 210 Maa 

Ha6op 1 Ha6op 2 Ha6op 1 Ha6op 2 

59,0 69,9 98 132 

-6,05±.1,56 ..:26, 60±.1, 90 4,52±.0,50 -16,15±,0,67 

-6,24±.2,56 - 2,65±,4,03 12,86±.1 ,66 1,72-t),49 

0,073±,0,007 0,081±.0,009 0,0687±,0,0045 0,0677±.0,005 

-II ,29±.1,48 -27,95±:3,98 -2 ,20±.0 ,91 -27 ,07±.0,89 

-23,67-t),54 -23,88.t;,37 -30 ,12±,1 ,61 -20,75±,2,24 

-28,62±.0,76 - 9,55±,l ,06 -21 ,82±,0,17 -2,24 ±.0,44 

16,38±.0,55 21 ,22±,1 ,30 15,98:t.0,13 18,08±,0,33 

21,71±,2,57 22,89±,3,84 8,II±.l ,63 33 ,02±,I ,38 

-22 ,96±.1,60 -18,25±,l ,60 -18,54±,I ,39 -8,2~,19 

II ,48±,0,48 4,46±,0,54 7 ,14±,0,19 3 ,94±.0,24 

18, 77±,1,93 18,43±,2,59 23 ,80±.l ,90 12,!9:!:,I ,38 

I ,0l±,1 ,24 l ,88±,1 ,50 1, 77±.I ,4! -0,80±,1,12 

-2,08±.0,38 -8,13±,0,45 -2,56±,0,14 -6,24±.0,14 

I,12±.0,60 -0,33±,1,27 I ,82±.0,34 I ,60±.0,52 

· -s ,oot;r ,32 -0,59:!:,l ,62 -5 ,10±,0 ,49 - 3 ,29±.0, 73 

-2°,95t.0,6 -0,22±.0,43 -2,51±,0,19 - 2,29±.0,14 

3,!5±,0,32 3,15±,0,72 2,09:!:,0,!8 1,60±.0,33 

12 
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630 Maa 6btnH Bblll0/IH8Hbl B· 1958-1959 r.r. K aTOMY apeMeHH y>Ke B03HHK/la Heo6-

XOllHMOCTb IlOBblWBHHH TO'IHOCTH 9KCnepuMeHT8nbHblX Jl8HHbtX, nonyqeHHbIX B 0[IbIT8X 

no H3Y'i8HHIO ynpyrHx np -CTO/IKHOB8Hllll np11 aHeprllHX, 3aM8THO npesblwa10w11x nopor 

M830H006pa30SaHHSI. 

Pe3yn bTaTbI nepBbIX OilbITOB 6b1m-1 ucnonb30B8Hhl D.nSI onpe.neneHH51 KOHCT8HTbl 

. • /16/ 
CBS13H ii AMII HeCKO/lbKO 38HH>K8HHOe, npOTHB 0,08, 3HaqeHH8 f •0,044.:!:,0,012 • 

TTnaHHp0B8HH0 9KCDepHM0HT8, Bblil0IlH0HH00 llpH 3T9M, IlOK838n0 1 'ITO ,ang yTOttH0HH8 f 2 

Tpe6yeTCSI, npe>KA8 scero, nOSbllll8HHe TO'IHOCTH ll3M8p8Hllll Ha yrnax, 611113KHX K 180°. 

ByAyumll cpa30Bblll aua11113 TaK>Ke Tpe6osan nOBbllll8HHSI TO'IHOCTH aKcnepHM9HTa a6m1-

3H uym1 H 180°. BcneACTsHe aToro s KOHue 1962 roAa 6bma npose.c.eHa aTopaH ce

pHSI H3M8p0HHA. npe: 9TOM OllblTbI semfCb1 6 OCHOBHOM, B o6nacTK yrnoa, 6nH3KHX K 

HY/110 II 180°, 

nyqoK HBATpOHOB BhICOKOA: 9Hepruu, HCilOilb30B8HHbIR B OilbITax, nonyqancB B pe

aynbTaTe 06MeHHOro pacCellHHll npOT.0HOS, yCKOp8HHblX AO aueprHII 680 Mas. B ycno

BllllX onb1Ta npH nopore A8T8KTOpa, pasHOM 600 Mas, cpeAHllll acpcpeKTHBHall S!HeprH'1 

OKa3blsaeTCSI pasuoll (630 .:!:,15) Mas. 

B 0611acTH yrnos, rAe pacces!HHblll HellTpoH nepeAaeT 3Ha'IHT811bHYIO A0/110 caoell 

HaqanbHOJI KHH8Tll'i8CKOJI aHeprllH npOTOHY, AllqlqlepeHUHa/lbHbl8 C8'i0HIISI onpeA8/ISIIIIICb 

M8TOAOM perHCTpau11H npOTOHO~ OT.lla'IH, .LlnH aToro Ha yrnax OTAa'IH If> -0°-10° 

(na6. CIICT,) ll3M0pS111aCb pa3HOCTb 'IHC/la 3ap11>KeHHblX 'i8CTHU OT nOM0llla8MblX IlOO'{e

peAHO s uel1TpoHHb1ll ny'<OK pacceHBaTenell 113 no11HaT1111eHa (CH
2

) 11 rpacpHTa (C). 

.Qng nonyqeHHSI HCTHHHOro qucna npoTOHOB OT,naqH IlOLl. 38.ll8HHbIM yrnoM B .0.8HHbl8 

9THX H3M8p8HHll SHOCH/IHCb nonpaBKII Ha acpcpeKTIISHOCTb per11cTpauH11, a TaK>Ke no

npaBKH Ha npuMeCb 38pSl>K8HHbIX M830HOB H aneKTPOHOB. PacceuaaTensMH cny>KHnH 

AHCKH H3 no11°HaT1111eHa H yrnepOAa C pasHol! TOpM03HOll cnoco6HOCTblO •. .[leTeKTOp 

COCTOHn H3 Tpex, nu6o q&TbipeX CUHHT~nnRUHOHHbIX cqeTqHKOB. 3uepreTnqeCKHA nopor 

A8T8KTOpa 3aAasa11c11 qlll/lbTP?M 113 SO/lbcppaMa 11n11 M8.llll. Yrnosoe paapeweHHe .lle

T8KTopa pasHSI/IOCb 1 II 2° np11 pa6oTe Ha yrnax If> -o- 10° II If> > 10 9
• COOTseTcr

BeHHO. 

nonpa~KH Ha acpcpeKTIIBHOCTb per11cTpaUHII npoTOHOB OTAa'iH onpeA8/lll/lHCb 

aKcnep11M8HTMbHO, nonpaBKH Ha npl!M8Cb ,r -MeaoHOB II 9118KTpOHOS HaXOAIIIIBCb 

nyTeM paa.o.eneHHSI M030HOB H npoTOHOB OT.ll8 1HI, nu6o no CKOpOCTSIM C nOMOWblO 

.,·epeHKOSCKoro C'i8T'il!Ka (HHT8Pl'a/l yrnos OTAa'IH 30-60°), IIH60 no npo6eraM (yrnbl 

OTA~'IH, 60/lbWe 60°). 

Ha yrnax 0 :5 35° H3MepeHHe All<pcpepeHUHMbHblX ce'ieHHA ynpyr11x np -

CTOilKHOseHHA nposonanoch nyTeM uenocpe.o.cTaeaaoro onpe.o.eneuus qecna aeATpottoa. 

paccel!HllblX Ha AaHHGiJI yron (pHc. 1). 8 Ka'{0CTB8 pacceHsaT8/lll IICnO/lb30Ba/lcll 

Ull/lllHApH'i8CKllll CT0K/lllHHblll Ab!Oap, HanonH8HHblll >KHAKHM BOAOpO.llOM ( - 1 r/cM
2
H2). 
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Heff:TpOHHblA .0.0T0KTOp COCTORn H3 DBTH CilHHTHnnsntHOHH.bIX cqeTIIHKO~ H 'JtoHBSpTopa' 

2 
113 nonll3Tl!ne11a TOlllllHHOll 5,6 r/cM • pacnono>KeHHOro Me>K.llY nepBblMII .llBfMll C'le,-

'IHK8MII (pee. I). 

Bo BTOpoll cep1111 H3M8p8HHll onb!Tbl npOBO.llHllHCb H8 ny'IK8 npaMoyronbHoro ce

'18Hllll BblCOTOll 6 CM II wnp1111oli 1,5 CM. PaccenaareneM cny>K11n .llb!Oap, 118llOnH011Hblll 
. -2 .. 

>KH.llKHM ao.llopo.ttoM (I r, CM H
2

). np11 H3Mepe1111H yrnoBbIX pacnpe,o.ene1111ll pac-
. a 

C8llllHblX '18CTHU Hcnonb30B8H . .ll0T8KTOP npoTOHOB OT.ll8'1H (yrnbl cl> •0-25 ) II Hell-

TPOHHblll .ll0T0KT0p (yrnbl 0 -.5-20°), pa11ee np!!M8HllBWHllCll B H3MepeHHllX H8 

s11eprI1I1 200 Maa • .Yrnoaoe pa3pewe1111e - 1° II 2° UpII perncTpau11I1 npoTOHOB OT.ll&'III 

H pacceHHHblX aeATpOHOB, COOTB8TCTB8HHO. 

nany,1eHHb1e B nepaoll cepIIH I13Mepe11I1ll yrnoa1,1e pacnpe.llene11ea pacceaHHblX 

11el1Tpo11oll HOPMilpoaanecb Ha non11oe ceqe11ne ynpyroro paccea11na HellTpOHOB npoToHa

MH (25,8:!:,_4,5). 10-
27

cM
2

• naHHbl8 BTopoll cepnn H3Mepe1111ll nep8C'IHTblBMIICb B cnc

TeMy ue11Tpa IIH8pUHII CT8llKHB8l0lllHXCll HYl<llOHOB H 110pMHpOB8llHCb no H3B8CTHblM H3 

nepablx H3Mepe11nll ceqe11n11M pacce1111n11 11a yrnbl 123
6

n 44°. npII 3TOM non11oe ceqe-

11I1e ynpyrorO p8CC8HHI1ll npIIIIIIM8llOCb paBIIUM (28:!:,_2,t)•!0-
27

cM
2

• nanee'.llllll onpe

.ll8ll811IIH KOIICT811Tbl CBH3II II yTO'lll8HIIH IIOpMilpOBKII H8ll.ll0Hlll,10 .llI1q:xpepe1111nanbHbl8 

C0'1811Illl annpOKCIIMilpOBanIICb Bblpa:me11I18M ( 1.2). npII. 3TOM paC'l0THb10 3118'10HHll ce

'1811Illl B Tpex IIIITepaanax yrnoB 6panHCb C pa311blMII IIOpMllMH (pIIC, 5 ). HopMbl 

paccMaTpI1BanI1Cb KaK .llOnonllHT8llbllbl8 napaMeTpb! II onpe,llenanHCb OJ;1110Bp0M811HO 

C K03cj:,cj:,IIUH811TaMII annpOKCIIMHPYJOlllell cj:,yllKUIIII no 3a,ll811110MY 3118'181111!0 non11oro ce

'1811IBI, nony'le11Hbl0 3Ha'l8HIIH HOPM 6binH 11cnonb30BaHbl .llllll 11cnpaane11na IIOp>.d<pOBKH 

.llI1q:,cj:,epe11u11anbllbIX C8'1811Illl. Hall.ll811H8H B8llll'IIIH8 KOHCT8HTbl CBH3H f • -0,057:!:,_0,006. 

<l>a3oBbill a11an113 11yKno11-uyKno1111oro pacce1111I111 np1< s11eprI111x1 ne>K&llll'IX. Bblwe 

nopora M030H006paaosaHHHa 38M0THO ycnO)KHH0TCH. nocT8HOBK8 aa.o,aqu B .O.OCT8TOlfHO 

o6llleM BK.Ile Tpe6yeT np0Be.lle111<11 'lp83BbI'lalluo WilpoKoll nporpaMMbl nccne.ll0Baa11ll 

ynpyrHX H 11eynpyr11x 11yKno11-11yKllOllllblX CTOllKHOB8Hilll, nporpaMMbl, KOTOpan B 6n11-

>Kallwee BpeMH BpH.ll nH 6y.ll8T Bblnoirneea. B CBH3H C 9Tl'IM 6binO uenecoo6pa3HO, 

c.o.enaa HeK0Topb1e npe.o.rrono*SHHSI OTHOCHTenbHO nponeccon MeaoHoo6paaoaaHHSI1 npo

BeCTH cj:,a3oab1ll a11an1<3 no e·ecKOllbKO Me11ee o6lllell nporpaMMe. TaKoll a11an113 pp-1;1811-

Hb!X npl'I 311eprI1II 660 MsB B npe.llnono>KeHIIII cnpaB8.llllIIBOCTII p030118HCIIOJI MO.ll0llII 

MaH.ll8llbWT8M8 :O.nn 11eynpyrI1X CTOllKHOBellilli npII 3TOll 3HeprIIII pa11ee BblnonHeH 

P.R. 3ynbKapeeeBblM II 11.H. CilnIIHblM/
231

• A11anI13 .ll&n B8CbMa IIHTepeceblll pe3ynbTaT, 

Bbln H8ll.lleH 8.llIIHCTB0HHblll 11a6op cj:,a30BblX C.llBilrOB C pa3yMHbIM x' x) 

x) 
nocnenaee, no-aK.O.HMOMy, yKa3bIB88T Ha TO, qTQ B HCXO.[lHhIX npe.c.nono:me-

HHHX aanaraIOTCH KaKae-TO llOCT8TQqHQ >KeCTKHe orpaHHqSHHH. 

14 / 

<: -~ \.·, 

/. 

Ha nepaoM sTane · ·a11an113a ·no11cK pewe1111ll ·npo~:i~o.ll11~cB .. np11; f .;,.; •4,. T.e. 

118
,.i~an. c MOMBffi~ ·f ;. 5, · aMnnl!Ty .ll8 :6panach ,.B : ~ O.llH~M-030xHoM' · np116n~·~eH~H~ 

Penn;~ .. ~CTCKIIMII scP¢eKT8MII npn y~~;e KynoHa npe11e6~er~n11. -~ ·. c'ooT~0TC;~IIII. C ', 
. · · ·" . ·;23/_ ,·, • ,• .. , .·· , . ·• .- .··.'· >: ... - -

peaynbT8~8MH pa~OTbI . ·. cquTanOCb, 'ITC:: M030H006J?830B8HH0 !f . .lleT,: B OCHOB,HO~. ~: 1 

: -• • · · · ' ' . . , I l: _ . 3 . • -.. \, 

H3 COCTOSIHHA C nonHhIM H30TOOHqecxHM. Cne:HOM - t'; 1 • COCTOSIHHA - p ' /H 
J , . ,,: I.' _ ~,J,2, 

D 
2 

, , - a B.0 scex ,llpyr:ix . cnyqa_ax. BllIIIIH1'18M 11eynpy.r,IIX. CTOllKHOB0HHll, MO>KHO. npe11e-
- . . . , · .. - · · • ' .. , . ·.. · · /23/ . . '; 

_6pe'lb. <l>830Bhl8 C.llBilrll BOllH C t. • I 6blllll B311:'f 113 ~a60,Tbl " II C'IIIT8llIICb 

nOCTOHHHblMII. <l>a30Bbl0. ~.llB_Hrll BOllH C. 1· :-.o .Ha~OJ:lil_n~Cb .113 ,ycn~BIIH _MIIHHMyMa 

·cyMMbl, .KBS.llp8TOB,' B3B~ll10HH~X >OTKllOH~HHll pacq_eTHblX•, Kpl!Bb!X OT 3KcnepHM0HT8llb- · 

/'·. 

Hb;X np -,llaHHblX ·cd. (0), p. (0),' u.d(o)' 'r'. . . . 
np . np ,·. a"; (P) , ,- . ; ( .'\' -

··, 

6blnI1 y;O'IH0~bl. n pH 3;·o.:. ,Ha BTOpOM sTane·.a11ane3a ac_e·. 11all.lleH11~1e,pewe1111a 

B8pb11posan11ch cj:,a30Bbl0. C.llBilrH scex 'i,onH II· KOHCT8HT8 CBll311. 

.. j 
~ '\ ' • ,· '~ 4s 

(26 napa~eTpoB). 
- . . 2 - > • 

.Y'TO'IH0HHbl0 peW0Hllll IIM0llll ·'.,X !°'.80,74,' -76, 83.· 

•. B. 11acTo'nwee speMll. apH.ll, n11 .,,,;m«110 'ah16paTh. 03 11all.llBHHblX pewe1111ll ·11a116onee 
' . . . ,- '\ '.,~ ~- '"-. :-,, . '-, ~· ~- > .:-, ; :--_ . ·-'2.---:·- •.. - - -

.o.ocTOB0pHoe. Cne.a.yeT, O,llH8KO,·. ~aMSTHTb, 'ITO TOnbKO B peweHHH c:. X. •,82 ua~nro-,.,,.:. 

' .ll80TCll ~.llH8 x~paKT0pH8!1 . .;epT8 11a116onee' aepO~THO~O"'I> o6naCTII 3Hepr11l1 llO i:I~por~ . 
" , '; , : , - , . • ,., • •,. ' •• •, •_, • la '. ;/ , '. . < ' ', "'·,:. 
• Me30Hoo6pa3oaaii1111.cj:,a3oaoro 11a6opa. 3To e.llI1HCTse1111oe pewe11I1e, KoTopoe·yKa3hIB&-

~;•11a TO, .;T~ B paccM;,TpIIB88M6M ~ny~;;e:T!IK}K0,,~aK II B;o6n~CT~-3HeprI1~ .llO ~o-
,. • • • • • • l \ ~• • ·•. ,., ,' 0 ' ' ,. 

. pora Me';'o11096pa:'!osa1111H np ·:-pacce·111111e ·11~ yr_nhI, 6J'IIl3Kil0 ·K 180 ,:.npoIICXO.llHT. · 

. ' TOllb~~ B ~CH~rneT~O; COCTO~HH~ ·• np ~ :-CHCT'e~bl. _flpas,lla," OTpH_ua-r:mhHhlli, :ll~8K ,·A :p 
, ·; 0 - . '. ' '; .' -,. . '. ,•, - •.•. 

a6n11:s11: yrna-90 nnoxo cornacyeTC!I c ·npe.llCK838HIIHMH'. ,3Toro 11a6opa.-l111Tepec110· 
• ~ . -, . ,, . ; •_ : -. ' : • - . ' •• ', ·.: ~ '' I , ~: . , . . ; ' 

3aM0THTb T8K)K9, qTo B. 0Tmt11He OT OCTanbHhIX;peweHH.it, ,qeTB8pT00 peweaHe .oaeT 

o;piluaTenbHYJO sellleCTaeii~y;:,- q~c~h a;.,.~,;IITY~~ np -paci:ea11I111 -~nepe.ll. n~cne.ll:. --
• - . . • . ·. - .. . . . /24/ . 
Hee no:iTaep>K.llaeTc.si pe~ynbTa~aMa,, non!qea1:~1~a. p~aee !3- ... ~ , ,.npe: .a~~Ha.e p~cc€:11-: 

·HI!!! npOTOHOB_Ha H.llp8X yrnepO.ll8 II ;'pp-paCC0HHIIH.B,06naCTII M8llb!X,yrnos.· ' ', . . •, .. ' . 
iinH_ Toro,-- ,q~o6~1 npocne.a.RT~ HaCKo'n~~o- xoPO~~ ·~aftii.eHillb1e "'PeweHHH- cooTBeT

- CTBYIOT '.cj:,a30Bb!M C~Bil~aM ~a6opa '1. B 'o6n~CTII •, M~HbWll.x' ~H~priia; M,,'j npOB~~~ cj:,~30~' 
' • ' j . , . ,' : • •, ,-' ' ; :·"- .. I» ,• ' I , • ' " • 

, Bbill. aH3:1~3 11yKnoH-:-11yKnoHHO:O .. pacce~Hllff np11 a11eprI111 380. _Msa, on1<pa11cb · ~a UHTep-

7 nom1pOB8HHbl8 3H~'l0HII.H <pa30BblX C.llBHros. ncinyqeHHbl8 peu.ieHHH '.ll0CT8TO'IHO, y.llPB1101'": 

BOPIIT8~bHO ·M.llTBepmriaroT -~~~~TO~Hb!ll xap~x'Tep ;a;;IICH~OCTII_B (.T) ·• . . 
, ·-' . . t - . . ' . • 

· ,nocne 0K;11'1a1111ii on11c8Hiioro ·, Bbl~e- ¢.a3osor,o. aHan113a: npil ,s11epr11H ~60 MsB: 

cTan11. H3B8CTHbl pe3ynhTaTbl '. ellle .llBYX pa6o-r. no· cj:,asosoMy · a11an113y, pp,-.ll&HHblX ua 
. ' . ' . - /25 26/ . · · · ,· " ' · . · · · • ' . ~ . ' . , 

. '3TOll 3H8P;.1111 · _' '. , A>Krrpell, 1:YM8K~H, '.K~enHKC>B;; MelllepHK!lB; Hypywe~, CTone-. , .. 

· . · /25/. , ·' , ··- · · · · · · · · · - · · ~ TOB ~ - I o6pa6oTaB, n: o,CHOBilOM, TOT >K~ _f?8Mb1A 9KCDepBM0HTanbHbIA. M8T~paan, qTO 

II 3ynhKapaeeB .11 C11n11~; 11awn11 eiu~ . OAIIH ~a6op cj:,a36s1,1~ -C.llBilrOB B~.JIH .. . t ,,; '1 >: 
_, ' ' " ' • - • • 1 ,.. .' .... 

Hoai.111· ~a6op'cj:,a3oa'blx c.a.e11r~i. np11 · t =· 1 ·6hm 11cnonb3;;BaH· .llllH npo.llon>Ke-· 

Hl'l!I 8HMH;a,' n;· -,llaH~blX 'no on11ca1<HolfnporpaMM8. np'11 3;~M'6blno nonyqeH~ TPII 
• \ - . .'_ · __ - ;. ·. . . ,, ! . • . . 

. 11a6opa cj:,a3om,ix C.llBIII'.OB ( x ,-58,9;· 43,9;: 49,0). Ton~KO. O.llHO. 113. 11all.lleHHhtX 

'"'· 
-- /,. ',,\ 
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peweauli C x 2
.=,58,9) HMeeT 0TpHuaTenbHy10 semec:TseHHYIO qacTb. aMunHT)'.llbi' pacceg- ,, 

-. ·, -:,.·· .. • '_ -·~. ·,, .': /24/ ... , 
HHll snepe,ll. H, T8KHM o6pa30M, no,llTS0p>K,ll80T peaynbT8Tbl pa60Tbl • vlHTepecao , 

. - , , , , , , _\ ,. . 0 , 

TSK>Ke. _'IT~ TOn~K? ,SJO p~weHH0_·,COOTB~TCTBYBT, paccesrnHIO_ Ha ,,:rnhl, 6nH3KR0 K 180 -• 

~peHMYlll~C'!'BeJ:IHO _:A caurneTHOM C~c_TOHHHH , ~np , -cacTB?-:(bl. · 

: ✓ 3 a K n· 10 q e a H'. e / 

no.nso,!lSI .HTOrH _axCn0pa~euT~~bl:lbtX 'H !eope'Tuqecx~x HCcne.noaaua,A, -Hano)Ke~H.bIX·, 

B .llHC~epT"BUHif:: MO>KHO. c.oei,iaTb cne.ayrow;ae -BbIB':).ll_~I: 

1.: Onpe,lleneaue, KOHCT8HTbl ·• 11 . _-Meaoa-ayKnOHimro, S38HMO.ll0liCTSHll no·, :iiicWie-:- ' -
peHuHanbHbIM ce,IJ:eH~SIM ynpyroro_ pa~~eSIHIUI_, HyKnOHOB. Hi~oHSMH✓ llOK83b1B88T, iiTO · 

COSOKynHOCTb aKC110pHM0HT8J1bHblX ,ll8HHblX ·S lll,l!pORCOJi o6naCTII. aaeprl!Ji, OT. 90 ,ll~ 
; .. - .-. - -- '! - , . . - . , • • 

.630.Mas ae npoTRsope"lRT aanR"ll!IO s semecTseaaoJi'qacTR aMnnRTY.llbl paccel!HHll·no-
,,. . . _.:_ , . . 2 . 2 2 . 2 . 2 /I 7/ ,. 

n10cos nplI nepe.uaqax HMnynbCa Ii. = -. /L H Ii. =•4k. + /L 
-- , ' - . ' . 

3llaqeHHH KOHCTBHThI CBH3H a KB>K.O.OM oT.oeixbHo~ cnyqae a _np~.n.~~~. 01:1..n160K; 
<. , , , , , , 2 , • . . : , , , 

y.uosneTsopaTenbHO cornacy10Tcll c:senH"ll!Holi f •.. =0,08. 0.uaaKo cpe.uuee aaaqeaue 
a : . -- ·· I" ~ ·. · · ·. , ·.• 2 .- l 

I., no nony"l0HHblM H8MH .ll8HHblM COCT'.'SnlleT_ I =0,062 ;t_0,004 H ne>KIIT HeCK,JnbKO 

Hll>K0 3H8q0HHll · 0,0~ ;t_~,002, nony"leHHOI'~ H3 • .ll8HHblX .,no 11 p ·, :-paCC0llHIII00 ~. ' • 

.~-.-

,,·, 'PacqeTh£ no.Ka3hIBaroT, t1TO ·.nns:r Ha.0.e>KHorO orrpe.n·en9HHSI KOHc;8.HTbl CBB~H· aeo5-:-
\ . .. , , , ' . , , 

· XO.llHMO aHa<tUt:TenbHoe noab1ui-eHHe ·TotiHOCTH·· aKcllepu:Me~Ta :B ··o6nacTH·, yrnoa, 6nH3KHX 
- ·- 0 ' / . 
· · K ayn10 H 180 • ; 

2;; vlaMepeHl!e' ·.u~q:,cp~peHuHa,'.ii:'HblX ceqeu11li ynpyroro ,• np ''-'paccel!HHH npH 'aaep-. 
- - • ' •. ' . - - . • • : - ~ . v •• \ - • • . ,- ~ .- ••• 

rnH 200 Mas cymecTseaao uonanHHno cse.uea11H o xapaKTepe np -paccel!HH·ll_npH·aToli 
, , ~. ' ' . , ' . ' \, . , . , -

aaeprHII • .!lucpcpepeHUl!MbHb!e ce"leHHll s OCHOSHOli "l8CTH KpHSOli H3M0p0Hbl C ,OWH6K8MH 

- 3-:-5%. nonuoe ce-qeaHe ·onpe.ueneu~ · c' _ TO"lHO~T~IO 2, 1%. ;.!la~Hh1e a-rHx' ~a-Mep~HHli. s a~- . 
•. • ' ' '~ •/ • _; '. .~ ' '\ • _,_ • • • ,·' • '.~ • ·• : > ' - ·; I 

·ciTOSilll'ee apeMB, IlO".""BH.llHMOMy, BBnSIIOTCSI-HBH6onee_ nonHblMH.-H HBH6onee. TOqHbIMH-,D3' 
,. . '• . ' ./ - ' . ' . ' : 

acex. H3B8CTHbIX .O.BHHblX, nonyqeHHbIX npH 9HeprHSIX,' 6nH3KHX 'K saeprHH ·200 Mas .. 
. . . \ \ 

3, v!cnonb3osauiie uaoTonH"lecKoli· iurnapiiaaTHOCTH ·H. npe.ucKaaaanli Mesoaaoli · 

T00pHH . .o.a~T-•B03MO)i{;iocTb-ppoae~TH \paaOBhtA· aaanua ~yKnOH-HYK~O·~~ofo pacceHHII~ __ a -
-- ! . ,. ,_ ' ·-. , ' --, . ·, . , ..... 

_, "' 

·WIIpOKOM HH,epsane ,aaeprHli _OT, 40 .llO 630 Mas •. nPH aTOM .. s o6nacTH; a11eprHli .llO no-
, , , 

pora M030H006pa30S8HH>i 8MilnHTY.llY 'ayKnoa-ayKnOHHOI'O /paccel!HHll y.uaeTCll onpe.ue:-

' nHTb -~~cTaTOtfHO o.aaoa~aq~~- ~~ aacTo~me~ apeMB. M

1

C»KHO cq11T~Tbl qT-~ Ta~ H~3b1Bae~ ·" 
' -: . . \ " . . . - ·.. . - • .. . / ·- 2 . -,, . - . : • '. 

Mblli STOpoll ua6op.q:,a_30SblX C.llSHI'O~ OT6paCblB80TCll no_: X· -KpHT0pH10, no Kpaliaeli 
-. •· -. -. . . " -- ---·- . - , , I~-, - .... 

Mepe1 npH aueprHH 147_: Mas.· KpOM0 TOI'O S .uairnoli_ pa6oTe_ 61,mo' noK~38H01 :"ITO npH'"' 

·,,tianbaellweM np~se.ueau'i.'.aKcnep11MeHTa npH aa;~rH~ 210 Mas:sepollTHO~Tb Toro,· qTO 
' ' . . I .-:.' - ,.-- ~ : • :2 . 

X -~ Ha6opa 2 6y.lleT MeH_bWe HnH. paBeH X aa6opa., 1,' IIH"lTO,>KHO. Mana •. noa:naee 
, I. . 

· aTo' norifquno. aKcnepHMS.HTanbHoe nO.llTBep>K.aea11e npH npoae.oeau:u: H3Mepeli1dt. D 
; ,,. _, - " '/ ,, -.: . . . pp 

- Ha MeabllIHx· 3HeprHH'X 3K~n~pHM0HTallbHblx_ .O~H~~x. ~K co>K8neH;io, ae .UOCT8TO'lHO .nnH 
. ,• ' ' . ~• 

16· 
j 

I, 

·- ;J-i 
~ 

.. --'. 

;•'"" 

"\.•, 

TOI'O, "lT06bl ycTaHOSHTb aMnnHTy.lly ayKnOH~~yJ<JIO.llllD~Q.paccel!Hlill CTOnb >Ke o.uao

aaaqao. B aTOM cnyqae npH onpe.ueneHHH aau6onee sepol!THOro aa6opa cpaaosblx c.usa

roa npHXO,llHTCst on11paT~SI HB npe.o.nonaraeMyIO MOHOTOHHOCTb 38BHCHMOCTH cpaaOBbIX 

C.llSRI'OB OT auepr1rn. npa aTOM a11epreTH"l0CKHli XO.Cl !p830SblX C.llBHI'OS H8H6onee sepo

l!THOI'O peweHHll - aa6opa I nerKo npocne>1<nsaeTcll. 

4. B paMKBX nporpaMMhl, 11cnonb3osaaaoli .unll npose.ueHRll cpasosoro aaan11aa, 

pe.synbTBTbl aaan11aa B0CbM8 qyBCTBHTenbHbI K npe.llCK838HHSIM M830HH08 TeopHH H 

acne.QCTBH8 9TOrO KOHCTBHTa CBR3H f 2 
onpe.nenSISTCSI C .OOCT8TQqHo BbICOKOA Toq-

HOCTblO," Cpe.aaee aHaqeHHe KOHCTaHTbI, nonyqeaaoe npH <paaoaoM aHanHae a 11ccneao

sauaoM HHTepsane auepruli 95-310 Mas, pasao 0,067 ;t_0,003 H aaxo.uHTCll s xopoweM 

cornac,m c senH"lRHoli, onpe.ueneaaoli no .llH!p!p';'peau1ianbHbIM ce"leHHllM ynpyroro pac

ceHHIHI HyKnOHOB HyKnOH8MH. B H8CTOHIU08 apeMH BPSlll nH MO>KHO cqHT8Tb, 'l!TQ OTnH-

qae B aaaqeHHHX f 2
, H8it.ll0HH08 H3 aHan11aa 11p - H NN - pacces1HHH,CBR.0.8T8nb-

CTByeT O npoTHBOp0 1UIH C npe.acKaaaa:RSIMII M030HHOA TeopHH, .LleACTBHT8nbH8ff OWH6Ka 

2 . 
s onpe.uenea,rn I 113 .ll8HHblX no ayKnoa-ayKnOHHOMY paccel!HIIIO MO>K0T 6h1Tb ae-

CKOnbKO 60nbW8 o603HaqeaHA 38 cqeT Tor01 qTO M8CChl BHpTyanbHblX M830HOB1 KOTO

pblMH o6M0HHS8IOTCll S38'!MO.llelicTSYIOlUH0 ayKnOHbl s paanH"lHblX 38pll,ll0BblX COCTOll

HHSIX, H8CKOnbKO paanHqffbl H OTnHqa10TCSI OT aenH'lHHbl }40 Maa, HCnOnb30B8HHOA B 

.ll8HHOli pa6oTe. Cne.uyeT 38M0THTq '{TO f 
2 

=0,08 COOTseTCTsyeT Macce SHpTyanb

HOI'O Meaoaa, np11M0pHO paBHOll 150 Mas, BosMO>KHO T8K>Ke, "ITO yKasaaaoe pacxo>K

.aeHH0 B aaaqeHHHX I 2 eCTb cne,nCTBHe BnHHHHSI oco6eHHOCTeA aMnnHTY.Obl pacces:r

HHSI, pacnonO}K0HHhIX 38 "0.llHOM830HHbIM' nonrocoM. 

5. CoeepweHHO H0BblM B IlOCT8HOBK8 cpaaoaoro aaamtaa 6hrno HCilOllb30B8HH8 

npe.QCK838HH8 M830HHOA TeopHH ,nng OU8HKH M8KCHM8nbHOI"O op5HTanbHOro MOM0HT8 

f m•• , BhIWe KOToporo HyKnoH-HyKnOHHOe B38HMO.aeA:CTBH0 .non>KHO y.aoaneTBOpHTenb

HO OllHChIB8TbCH •o.nHOM030HHhIM. npH6nH>K0HH0M, MaKCHMBnbHhIA MOM0HT oueHHBSnCB 

no yrnoaoa: 38BHCHMOCTH nonSipH38UHH. OueHKH f max xopowo Il0JlTB8,P}K.ll8IOTCSI BO 

scex HCcne.uosaHHblX cny"lal!X (95, 147, 210, 210 Mas). 3TO o6CTOl!TenbCTSO 38M0THO 

o6nerqaeT q:)aaOBbIA 8H8nH3, T8K K8K Il03B0nHeT B0CTH IlOHCK pellleHHA npH OilTHMBnb

HOM qHcne napaMeTpoa. BecbMa IIHTepecao, qTo ao aceM u:ccne.noaaHHOM IIiiTepaane 

aueprHli 95-310 Mas 0.llHOM030HH00 1,1pu6nu>1<eHHe, aaqHH8ll C MOM0HTOS f •4, y.uos

neTBOpIITenbHO OilHCbIB88T HyKnoa-ayKnOHHOe B38HMO.ne8CTBH0. BoaMO>KHO, npaa.a.a. 

qTo 3TO B H0KOT0p08 CTeneHH CBSI38HO C H8.0.0CT8TOqaoA TOqHQCTblO 9KCnepHM0HT8, 

6. XapaKTepuoli oco6euaocTbIO aHepreTR"l0CKOli aasHCHMOCTH cpaaos1,1x c.usHros 

B 11ccne.nosaHHOM HHTepaane 9HeprHA HBnHeTCH H3M0H8HHe 3H8K8 y q:Jaaoaux C.llBHI"OB 

ll 1 , Ila , Ila B IIHTepsane auepr11li 200-260 Mas. 3To osaaqaeT, "ITO cunh1 S 

•o S1 Po 
Yk838HHbIX COCTOHHHHX MSHSIIOT 3H8K. TaKHM o6paaoM, HB~O o6aapy>KHB80TCSI. 38M0TH00 

BnHHHHe neHTpanbHOA qacTH HYKJJOHa-•Keptta• H8 xapaKTep B38HMo.neAcTB~SI B COCT9SI

HHSIX C MMblMH op6HT8nbHbtMH MOM0HT8MH, ¢asoaue C.UBHI"H OCT8nbHhIX BOnH no a6-
conIOTHOA aenHqHH·e MOHOTOHHO B03p8CT8IOT C 9Heprr.:aA. 
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c;:,a3QB.bl8 C.Q.B.HrH Ba.nH C pB.3.HhlMH 3Ha'leHH-SIMll. H30TOilHl:f.8E:KO:t:':O CilHH& & :Cp8-.0.H-eM 

npHMepao 0.0.HHSKOBbl, cne.o.oaaTenbHO, HYKJIOHhl B p83HblX COCTOHHHHX no H30TOIIH'le

CKOMY CilHHY B38HM0.0.8ACTBYJOT 0.0.HHSKOBO HHT8HCHBHO. 

Heo6xo.o.HMO 38M8THTb, 'lTO H8CMOTPH Ha cpaBHHTenbHO Mance KOnH'l8CTBO 

np -.a,aHHhIX, acnonb3oaaHHbIX .ans npoae.neHHB cpaaoaoro aaam1aa, pe3ynbTSThl aaa

nH3a ll03BOnHnH npaaHnbHO npe.llCKa3aTb napaMeTpbl TpOAHOPO pacceHHHll HeATpOHOB 

npoToHaMH. B Tpex cny,rnHX ( R pn H A pn npR sHepPHR 147 R D pn npR sHepPnH 

210 Msa) 9TH npe.llCKa3aHHll llO,!lTB8p>K.!l9Hbl Ollb!TaMR, BbmOnH8HHbIMH 003,!lHee. 

'Pll30Bbl8 C,!lBIIPH aonH t a 1, uaA.!l9HHbl9 np11 COBMBCTHOM aHan113e pp II np 

,!laHHhlX, Y.!lOBneTBOPIITBnbHO COBlla,!laIOT C qla30Bb!Mll C.!lBHPaMH, rrony'leHHhlMH paHEie 

npH q,a30BOM aHMH38 pp-pacce,rn,rn. K CO>KaneHHIO, ll0.!l06HOPO 3 aKnIO'IBHllll Henb3H 

C,!lenaTb npH cpaaHBHHII pe3ynbTaTOB COBM8CTHOPO qlB30B0PO aHanH3B C pe3ynbTBTaMH 
/27/ ' 

pa6oT Ppynnbl BpaATa T8K >Ke, K8K H C pe3ynbTaT8MH pa6oT, noCBlllllBHHblX non-

6opy nap8M8Tp0B nOT8Hl1RBn8 CHCT8Mbl .!lByX HyKnOHOB. TTp8B.!l8, ql830Bbl8 C,!lBIIPR, 

H8A.lleHHbie Bp88TOM R np. rrpn 9KCTp8rronHllHH H860p8 1 CT8rrrra 11 .!lp. c seeppeea 

310 Msa B CTOpOHy MBHblllHX 9H8pPHA, T8K >Ke, K8K II ql830Bbl9 C.!lBHPH, p8CC'IHTaa

Hb!9 llO H8H6onee coaepllleHHOMY llOT9HUH8ny - ll0T8Hl1Hany XaMB,!lbl, Jl>KOHCTOH8
I28I

, 

y.!loaneTBOpll!OT 9KCUepHM9HTY 38M9THO xy>Ke, 'IBM pe3ynbT8Tbl COBMBCTHOPO ql830BOP0 

aaane:aa. KpoMe Toro, pac11eTbl, npo.aenaHHb1e npu: yT011a'eau:u: cpaaoaoro aaanHsa no 

HOBblM 8KCil0pHM8HTBnbHbIM .OBHHbJM npH aaeprHH 147 Maa, IlOK83SnH, 'lTO peweaHe 

X8MB.!lhl Jl>KOHCTOH8 (11, no-a11.!lHMOMY, 6nH3KHA K HeMy ql830BbIA H86op Bp8AT8 H .!lp.) 

aeycTOA'lHBO H ,oa>Ke nocne YTO'lH8HHH HM88T X 
2 

, aepOHTHOCTb nosaneHHH KOTOpo~o 

B8CbM8 Mana. 

7. EcnH ql830BblA 8H8nH3 B o6n8CTH 9H9pPIIA .llO nopOP8 M930H006p830BaHHll, 

B H3B0CTHOM CMhlcne, Ha H8KOTOpoa CT8.0.HH MO>KHO C'lHTBTb saaepweHHblM, TO IIPH 60-

nee BblCOKHX aaeprHHX nono>KeHHe, no-aHJlHMOMY, 3H8'lHT8nbHO Meaee 6naronpHHTHO. 

BcnencTaee STOPO pe3ynbT8Thl qJ830BOPO 8H8nH3a npe sHepPHII 660 Mas oco6eHHO 

B 'lBCTH, OTHOCHuteA:CH K aaann:ay np -paccesrnHH, cne.ayeT paccMaTpHBBTb, KSK ae

KOT0pbl9 .ll8HHble, npe>K.ll9 acero Heo6XO.lll!Mbl9 .llnll nn8HHp0B8HHll 6y.llylllHX 9Kcnep11-

M8HTOB. Heo6xo.aHMO, OAHSKO, OTM8THTb, 'lTO KOHCTSHTB CBSl3H BO acex HaA.aeHHblX pe-

' lll8HHHX o~pe.llenHeTCll C TO'IHOCTblO 10% H 6nH3K8 K aenl!'IHHe 0,08. B npe,llnono>Ke-' 

HHH, 'lTO M830H006pasoaaaHe. H.0.8T HS 'pe30H8HCHbIX' 3 p I ID 
2 

1..-' F - COCTOHHHA, 

ace Ha.A.aeHHble peweHHSI HM8JOT napaMeTpbl CM0WHB8HHSI ( I • ( 
2 

, f 
3 

I B npe.nenax 

OWH601( paaHbl8 Hynro. EcnH aTO TaK, TO 3TO YK83bIB88T Ha OTCYTCTBHe T8H30pHoro 

B38HMo.neA:CTBHHx) • 

8. l,13yqeaee ynpyPOPO np -pacceHHHll np11 9H9pPIIII 660 Msa B 3H8'1HTenbHOA 

CTeneHH ycnO>KHH8TCH 6naro.napsr HHT8HCHBHbIM npoueccaM M830H006paaoaaHHH. []poae

• 
x) nocnenHee 38MB'l8H11e npHH8.llne>KHT P.M.Ph!H.ll11Hy. 

18 

.ll8HHe eccne.ll0B8HHA Ha 9TOA 9HepPHH UOTpe6oa8nO p83pa60TKH MBTO.llHKH H3MepeHHA 

H annapaTypbI, noaaonHBWeA: B .O.OCTSTO'lHOA CTeneau: H8,U0>KHO HCKnJO'I.HTb aeynpyrHe 

cTonKHoaeHHH. J,foMepeHHll .llHq,q,epeuneanbHhlX ceqeHHA 6blnH BbmonHeHbl a HHTepa8ne 

yPnoa 11,6-180° C OlllH6KoA H3MepeHHll B OTHOCRTenbHb!X 8,!lHHIIUBX 3-5% B OCHOBHOll 

'18CTR KPHBOA. Ow116K8 HOpMHpOBKR 7% (olllH6K8 nonHOPO C8'19HHll ynpyPOPO np -p8c

C8llHHH). 

X8p8KT9pHOA oco6eHHOCTblO ynpyPOPO pacceHHHll npe 9HepPHH 630 Msa HBnHeTCll 

38M8THbIA pOCT pacceSIHHSI HS MBnble _yrnbI. nocne.aHee, no-BH.llHMOMY, 8CTb peaynb

/29/ 
T8T poCT8 aepoHTHOCTII HeynpyPHX CTOnKHQBBHHA • 

B 38Knl0'18HH8 aBTOp C'IHTaeT CBOIIM UpHHTHblM .llOnr.oM no5n8PO.ll8pHTb B.n. Jl>1<e-.... 
nenoaa 38 H8H3M8HHYIO UO.ll.llBp>KKy H HHTepec KO BC8M pa60T8M no Hccne.llOB8HIIIO 

ayKnoH-HyKnOHHOPO B381IMO.lleAcTBHH, IQ.H.C11M0Hoaa, H.C.AM8Pno6en11, B.C.Keceneaa, 

C,H.CoKonoa8, 11.H.CeneHa H ct>.nepap8, a COTPY.llHl!'lecTae c KOTopbIMII 6hlnH nony-

11eHhI .08HHbI8 1 nono:>KeHHbie B OCHOBY .ll.HCCepTBUHII, C.M.EaneHbKOr0
1 

n.1-1.nana.ayca, 

B.A.MelllepHKOB8, P.M.PbIH.llHHa, .fl.A,CMopo.llHHCKoPo 38 1'1HOPO'!Hcneaab1e none3Hbie 

06cy>1<.llBHHH, B.ct> • .YcTHHOB8, B.M.C8KOBCKOPo, B.A.M8KC11Moay 38 UOMOlllb npe H3Po

ToaneHHH 8llU8p8TYPbI H npoaeneHHH 1!3MepeHeA. 
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HHH: n - HellTpOHHbill nyqoK, M .- M0HHTop, P - pacceHsa
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