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B3AI1MOJ(E.0:CTBI1E B KOHRCIHOM COCT0.5IHI1I1 

B 3Hep-CTOJIKHOBEHI1.5IX 

CoTpy,qHH11ecTBo: BapmaBa - J(y6Ha - Komm~e -

MocKBa - T6ru:rncH 

HanpasJieHo B )KYPHaJI «~~epHa.si: cpHSHKa» 
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CHCTCMaTHqec~ne HCCJie~omiHH.sI peaKU:Hll c JICI'KHMH smpaMH ,B 4n,,-reo-
' Meipun BhI.sIBHJIH cyiu:ecT~CHHYIO poJih KoppeJisiu;noH~i:rx 3cpcpeKTOB, CB.sI3aH- ' 

HhIX c B3<lHMO~CHCTBHeM B KOHeqHOM COCTO.sIHHH [1,;2,3 ]. 3KcnepHMf!HT oco6eH..: 
1"'-' ' HO y.n.o6no ,npoto):l:UTh '~ 'TaK Ha3blBaCMOH o6paTHOH reoMeTpHH,' Kor.n.a MPO 

•· 

,, 

' na.n.~eT: Ha' npOTOH-MHIUCHh. TI pH 3TOM BCC 3ap:SbKCHHhle ripoi:(yKThl peaKl.l;IIH 
xopomo H3MCp.siioTcsi ~ H.11.CHTH(pHU:HPYIOTCSI. , , : ,-' . , , ,, , , . · 

' . . , I:Ian6oiieei~eTaJihHO HJyqaJIC.sI caMblll npOCTOH c.nyqan dp.;.B3aHMp.n.enCTBHii 
,' [I.],, 13' KOTOpbIX, CCJIH orpaHH'IlrnaThC.sI TOJihKO 6e3Me3'0HHhIMH npou:eccaMH, 

, ,n~eIOTcsi:· Bcero ABC peaKri.ttn: dp ➔ dp n dp ➔ pph. Attair.H3 3aTPY.11.HHTCJICH B 
' I , • · · , . . I " · , · . · ' · ' · .• · 

cJiyqae, Kor.n.a' B03MO)KHhI B3aHMHhie BJIH.sIHH.sI · 6oJihmero . qnCJia · KOH- · 

.. 1<ypnpy10ui~x KaHaJIOB. JiJI~- pac2MaTp~naeMoro CJI~qa.s1 3:Hep~B;aH~OJI.CHCTBHH 
i "' • -c. ' ,' . . . - ,- . . • - . • • < •• .. <J. • - ' -

'cytiiec:rBYIOT y~e TPH Kamuia: ~HeP ➔ .3Hep, 3Hep ➔ dpp H 3'Hep ~ ppp-;,,, Te~ . 
' , H.~. Me~ee. ~hi npOB0.11.H~ amUIH3. npocrpaHCTBCH~hIX KOpp'CJI.s1dnii BTOPH~HhIX '' 

i ' qacw~ B p~aKu,irnx 6e3MC30HHOro p~3Ba.ri:a smpa 3He, Ko:i-opble IloJIHOCT~IO I . . . . . , ·' . . ... . . . • . 
,. ,, · KHHCMaTnqecKH onpe.n.eJieHhl. , , · :' 

.. r .· 
,, 3KCTIEPl1MEHT 

', Pa6oTanp6~e):leHa C no~ouihro 100 cr.i BOJI.OP~.11.H~ii: ny~hlpbKOBOH KaMephl':: . 

o6Jiyq~iiHon B rryqKe SIJiep 3He C HMilYJI~CO~ 4',s A: f3B/ c. TioCJid ~TaHJI.apT~OH ·, , 
npou;e.n.yphl, o6pa60TKH .:~a MarHHTHhIX :neHTax cyMM<l))HhIX', pe3yJi&TaTOB 
3aniicaH,O 37286 co6hITJ!H. TipeJJ,MCTOM attaJIH33 .sIB.JI:5IIOTC.sI. JI.Ber 6e3MC30IUihle' 
peaKu;~n: 

\ ',' 

3Hep ➔ dpp __ 27_1 l co6. ir = '(7 ,~9:t0;'14) M6;' 

, 3Hep ~ pppn 2612 co6. · 0 ==:' (6,90±0,14) M6~ 
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~· 1. Pea,a~uii µ3He ~ dpp . , , . . . . 
'.tim1 IlOCJICJ:lYIOil.l;Cro aHaJIH3a co6hITH.sIJ)CaKU:HII pa:i6nBaIOTC.sI Ha JI.BC rpyri-
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a) ;AeihpoH 5inmieTCSI caimii Me;AJieHHOH qacruu,eii: 
, . , . . I. ' 

3Hep'➔ d pp . 2154 co6.; ·. • . s oa> 
I 

6) C3MbIM Me;AJieHHbIM SIBJISieTCSI 0,[IHH H3 IIPOTOHOB: 
• f ' < • • • 

3 ,., ' . 
,, · , . Hep..,... Ps dp 557 co6 .. (16) 

Ha' piic.i rrpe,1:1craBJiem,1. HMIIYJibCHhle crreKTphl ;Aeii-rpoHdB OT;Ae.ribHO A.JI.SI • 
rpyrrrr co6bITHH a H ' 6 . peaKU,~H :' (1), HOpMHpcmaHHb~e Ha OJ:IHY HJIOIIIa~b. 

· 0T';leTJIHBO BH,[IHO pa3JIHqne.crreKTJ)OB:' .xapaKTepHhiif Bll,[l ,!:IJISI·~eiiipmioB:-CIIeK-' 
TaTOpOB C MaKCHMYMOM B6.nH3H 1100 M3B/c ,[IJl51 rpyrrnbl a H 60.riee )K~CTkHii 
crreKTp ;AJISI ,1:1eiiTpOHOB H3 rpyrrrrbI 6. 3,1:1ecb H ,1:1a.Tiee, BC-e paccy)K,!:ICHHSI npOBO~SIT- . 

. CSI A~SI CHcieMhl IIOK05J SI,!:lpa 3He, a IIO,[I crre~;a;opo~ 6y,1:1eM II~ImMaTh qaCTHU.Y i 

, • ·c MHHHMaJibHhI~ nMp:;n-i,c'oM ~ cttc;eM~ rroKOSIIIIeroc~ 51,1:1pa 3H
1

e/Il~ aHanbrntt ·c_ • 
,,I , aHaJIH30M, npoBe,1:1eHHhlM B pa60Te [31, MO)KHO rrpe,1:1rroJio)KHTh, ,qTO ,1:1eiiTpOHb1 ,' 

. MOrJIH 06pa30IiaTbCSI i-Iepe3 BKC. 3io ·oTHOCHTC51 He TOJlbKO K_ ,1:1eiiTpoHaM-cneK- ':_, 1
· 

TaTopaM, HO H K ,1:1eihpoiraM 60.JibllICI'O HMIIY JlbCa i (peaKU,HSI '16), ! IIOCKOJihiy Be-

PO.sITHOCTb cy~eCTBO~~HHSI !~~iiTpommro, ~JiatTepa B :~,!:IJ)~ 3He MaJia [ 4 J. · . 
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P11c.l. ' HMIIYJibCHbie1 CIIeKTpbl ',1eihpo110B 113 •. peaKI.\HH 
3Hep ·➔ dpp: ' ., · . .i · . . . ., .. · 

' • ,.· ' ' '\ -,, I 

a) caMasi Me,1JieH11asi 1JacT11ua --,- ,1eihpoH; · 
' . 6) CaMasi ~e]IJieHuasi ~aCml.(a - 11pClTOH ' 
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P11c.2. Bo3MO)KHbie ,111arpaMMhI MSI' oh11caH11si 'peaKI.\HH 3Hep ~- 3Hep, 
3Hep....:dpp, 3Hep ➔ ,ppp~ ' ',· • '. · .... · ·' ' 

.~._' 

j ' ,,. :-~ - • t 
.• 'f -";/.:·.,,, _,' ·, ·.,• •• , • ,·. • ' ,.' '· • . ,',,.,. ,\ 

. '.Ha. pHC;2 rrpe,!:ICTaBJieH P2A ,[IHarpaMM ,[IJISI B03MO)KHOro OIIHCaHHSI pac:. 
CMaTpHBaeMhIX IIJ)OIJ,CCCOB:.3gecb ;AHarpaMMbl a, 'c'; :e_H3o6pa)KaIOT KBa3Hyripy: 
roe pp'..:pacceSiirne,c ·;AeiiTpoiioM.'..:crreK;a~cipoM, KBa3H-pn-pacceSIHHe C 06pa30:. 
Bam1eit J:IBYX 'rrpOTOHOB, He ,1:1a«'>uim, CB513aHHOro COC~OSIHHSI~·H KBa3iI-pp-pacce-

' · 5IHHe 6e;3 ;:{eiiTpOHa B ~O~IJ,e,. CrrpaBa - IlpOCThl~,Tpey~JibHhle ,[IHarpaMMhI: h-: 
· o6pa3oBaHHe ~He1 Be,1:1y11J,ee K yrrpyroMy KaHaJIY, d - o6pa3oBaHne ,1:1eiiTpoHa H3 
~ 'Heii-rpbHa OT,1:1aqH \ H 0,[IHOI'O / H3 crreKTaTOpHbIX , IIJ)OTOHOB ():IBe B03MO)KHhle 
.. KClM6HHaU,HH) . H / ~ 66pa30Baime ;Aeii-rpoHa H3, IIJ)OTOH_a. OT,1:1aqH. H HeiiTpoirn;;. 

crreKTa Top'a·: 06pa30BclHHC ~eii-rpoHa H3 n ~ ii p:crreK:aTOpOB Y,H~hlBaeTCSI ;AHa~ 
paMMoii: a;. EcTeCTBCHHO O)KH,!:laTb; 11To ii.:iKJIOHhl · ;AncpcpepeHu,Han:hHhlX. ceqenHii 
B CJiyqae peaKIJ,i'i.n la <iinarpaM~a a, pttc.2) tt B CJiyqae pea~U,HH 16 (,!:IHarpaMMhl-

~ ' - : • • ' . '. - . • ' .? . . ' i . ' ' 
r' d H /, pttc.2) 6y,1:1yT pa3JIHq}lbJ. . .• ' . . ' - .. . ~' ' 

. Pe3yJihTaThl oriuca11mi ,[IHcpcpepeHIJ,mi.rri.H~X ceqeHHH O;AHOH 3KCIIOHeHTO;tt 

eB It I /r,1:1e I t I ' i:. Be~HqHHa qeTblpex~MIIY JlbCa, rrepe,1:1aHHOro OT rra,1:1aro11J,ero 
·rrpOTOHa° K JIH,!:IHpyio~eMy HYKJIOHY, rrpHBe,[leHhl B rn6~nu,e. , . . , . 

-' ' I , , 1 _·- _, 
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P11c.3. Pacnpe;iene1m11 'no een11•111He C}'MMap11oro i1Mnynbca ;ieyx . 
' - . ' ~ ' . . ' ,, . ' ·: ~ 

MCMCHllblX npOTOHOB 113 peaKI,11111 pppn: , , , 
a) KB33HIICHTpOHHOC pacce111i11e (o6a nporn,ia _:, cneKT~;Opbt); 
6) ~ii'a311npornii11oe pacce111111e (O'A~H H3 . npoiimoe ~ npoTOJI 
OT;iaq11) : , . , . ' ' . . ,, , . . 

! \ 

: , '. .- • • , \ r, '; : ~- • - •i' ,- ': 1' '.:' ·, • , i •; · ' 
'BeJilflJHHhl HaKJIOHOB He riponrnopetJaT rrpeAnO.riO)KeHHIO, _lJTO B peaiu;uH' 

,. 06) ~OJI)KHf>t rrpeo6naAaTh OTIJOCHT~JihHO Mam,1e, riepeAa·m~hle HMITYJibChl, rrpJi '. 
'KOTOpbIX 6oJiee sepOSITHO o6pa30BaHHe AeHTpoHa.' 3TO AOJI)KHQ ,rrpHBeCTH K 
6oJibllleMy HaKJIOHY AH'cp¢epeHI.J;Ha.JlhHOI'O cetJeHHR,da/ dt. B BepxHeH sep~HHC .. 
AHarpaMMbf a (pm::.2), 'cooTBeTCTBY~~eii: peaicu;HH O a), KBa3Hyrrpyroe PJJ:-pac- · 
cenHHe u HaKJIOH AHcpcpepeHu;HaJ1hHoro ceqeiiun 6JIH30K K uaKJioHy .ii paccenHHH 
CB060AHhlX HYKJIOHOB B HCCJieAyeMOH o6JiaCTH :meprnii. .· \ . ' 

' . . ', ·- - .. 
H~ puc.3' npuseA~Hhl pe3yJibTaTbl 3KCnepuMe~Ta7I~i'toioM~AeJIHpoaami:sr' . ' . . , .· , ·I . . , 

cneKTPOB ,nenTpOHOB i;tYTeM CYMMHpoBaHHSI I HMITYJibCOB ABYX rrpOTOHOB H3 '• i 

peaKI.J;H.H 3Hep -+ pppn B K0~6HHau;m1x: · , 

1) ABa Me,nJieH~hIX npo'T~Ha (pH~.3,'a); 
" ' •· ~ . .. ' :. J' '. , 

. _2) MeAJieHHblH rrpoTOH c rrpOTOHOM OT,natJH (puc.3,6) · . ,, 

(1<0M6miau;HH'p:n ne 6epyTcn; .tJTo6~ tt36e)KaT~ BJIHSIHH~ o6pa3.osautt; CflR3aH-
Horo CO<:TOSIHHSI ACHTpcma). . . ' ·. . . ' : . . . .. I ' ' 

. BH,nHo: lJTO _na)Ke 6e3 BBetieHHSI orpaH~tJeHlfH Ha. 6on:illIH~ OTHOCHTeJihHhle 
HMnynhchi, npu KOTO{)hIX BKC B CHJIY pe3oHaHcnoro xapaKTepa· yMeHhUiaeTi:R,, 
HMeeTCSI Ka lJf!CTBe~imc no,no6~e co CITCKTpaMH AeHTpOHOB Ha puc. l i, , . , , 

'·, \ , , , . ,· ,,, ' . , ' -l . I . • 
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'P11c.4a.,3ae11Cl1MOCTb aCHMMCTpHH pacnpe;ieneHl1H no, yrny 
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OTJI11q~~e.nhtt·oii 6co6ekttoCThIO. peaKu.ttii c B3attMoL{eiicTBtteM B 1<ott~<ittoM 
I , ' • , 

, COCT051HHH "51BJl51IOTC51 CHJibHbIC npocTpaHCTBf!HHblC KOppeirnu.11:H, KOTOpbIC MO-
ryT 6hiTh tta6JIIOACHI>1 TOJihKO B 3KcnepttMCHTaX·, BhmOJIH51CMhIX B yCJioBtt51x 4.n:. 

. reoMeT,ptttt [l ); B qacTHOCTH, 3To,npo51BJI51CTC51 ~ acttMMeTptttt pacnpeL{eJie_Httii 
''. ITO yrJiy 0 ~ MC)KL{y nepeL{aqeif qeThI()eXHMnyJihCa B BCp:XHCH, B,CJ?IIHIHC L{Harpa:1-

, Mb! (O'~ naL{aIO~ei;o ~pOTOHa KmfL{HPYIOIIIC;-fY uy~JIOHy) H ~Mn)'Jib~OM cn'eKTa-:-, f, 
· TOPHOH qaCTHU.bl. Y~JI 0w6bIJI BBCL{CH s pa6oTe [L] nptt TCOpernqeCKHX pacqe..: · 

Tax· )KepMottoM ~ Bm11<HHhIM ·CJieiyIOIIIHM o6pa30M~ 
' . . : ' . ' . 

co; 0w ~ (Po - Pi j'. Ps I I Po .c.: Pjl~ Ip~ I ,, 
', . -·. ' ' . . •' 

rL{e Po - HMnYfbC naL{aromerp npOTOHa; 

. p 1-;- · ttMny JihC n:tt~~PYIOIIIero ,ttY,~Jiott~; 

· Ps .,- ttMny,~hc.cneKTaTOpa.: . . , . . . . ·• . . . . 
\ \ ! ' - ' \ .. -' ' . : ' . '' ' C _, .' t ', . ' ', . '~ ' __ ,,. ' . \. l . ' . . I ( ' . 

, . no attaJiomtt. c dp ➔ ppn [ I ], HMC51 BBHLIY; qTo O)KttL{aeTrn cymecTBosatttte 
) ·• ', / ,,' I / ' ' '. '•. ' ' ' '_.' ! . . j : ·• " - '. •' 1 ' ,• .,1 

: KOHKYPCHU.H
111 Jc ' ynpyrHM ,. 3Hep.::pacCC51HHCM,' noc:TpOHM. KoppeJI51U.HH 

s;opttqH,hIX qacT~U. · n pea~~Jtt 3Hep ~ dpp.·. B KaiiecTBe1 ~eph1 ~cippe.riSIU.HH' 1 • 

~CTTOJib?Y~M BCJIH~rnHxacHMMC1;PHH B 'pa·~!"!PCLlCJICminno cos:Ow: , . ' . 
·. . . , ' ' . . \· ' ' ' . ' 

; 
.. . .. NC~w· < 9O°).'+.Nc0w>."9on 
Aw=1, ·. ,., .. . ,., 

rL{~ N - ~itc~o ,co6hITHH:B, yKa3aHHbIX HHTCpBaJI~{~o yr Ji:; BHJIKHH; 0 ~ . 
• Ha pttc.4a noKa3aH X:OL{ aCHMMeTpHH Aw B 3a,BHCHMOCTH OT. HMn:yJibCa J:\C,HTJ)O-. 

/ Ha-CnCKTa~O~a., H~ pttc.4(5 npCL{CrnBJICHO P,acnpCL{CJICH.H,e no· CO~ 0W µ~51 L{CH~~ · 

poH~B c HMny JlbCOM, Mf!HblllHM O, 21 f3B/ c: no~yqeHHblH 'xo~ 3a~HCHMOCTH KO- . 
. 3cpqm:u.tteHTa aCHMMeTpttH a~aJiomqen TOt-1)',. ~TO 6hIJIO Ha6JIIOL{CHC, B pd~! [ 1.] H 

i 
\ 

p 4He-B3~HMOL{~iicT~tt51i . [2], • H CBHLl~T~~c;syeT. ~· 
1
noJib3Y hpe~noJI,6~e'um1 · o 

B03MO)KHOM nepexoL{e co6L1Tttii tt3 KaHaJia dpp. B yripymii KaHaJI iJCJieL{CTBtte \ 
BKC (nepeXOL{ M~)KLIY AHarpaMMaMH a H b mi pttc)). ,'' ; ' . : / . ' ' 

' . , , '\ ' . 3 '; ' 
2 .. PeaKU,USI. :. Hep ➔ pppn 

PacCMOTpCHHC Koppe.nm.J,HH no Y~JIY BilJIKHHa s pa~Kax 
1
06cy)Ki:iaeMhIX'nOL{- .·. 

xa'L{oB ~o~~o riposecTH tt ~.1151 pea1<u.ttu 3H'eP ~ pppn, y~HThIB~~,,~o3MO)KHhIH 

• nepe~o~ np:.Ko~6Htta~~~ 'B L{eHTpO~ (pea~u.mi 3Hep ~/dpp) .X~pa:KTCPHOH oco-·. . · 
. 6enHOCTb!O :)TOH peaKU.H~ 51B;51CTC51, HaJittque ~BYX HYKJIOHOB-:-Crie~TaTopoB [5 ]> . ' 
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Puc.5. Pacnp~;1encnue no cos 8~,zin11 pe~K1in~ 31 lcp·::.+ ~pJm, 
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· Pi-ic.6. · Pacnpe,11eJie~~51 ... no · c~s 0w · · JIJISI peaKl\liH 
.. 3Hep _:; pppn, K-B~3~~np:paccesiHtte:. · ... · · ' , . 

, . ' \ ' : '< • . ~ - ·-

a) cne~rayop _:.:. ~~nee 6McTpb1H npoTOH I p,1J < 0,2 faB/c; 
'· i ' ,, ... . ' 

6) cneKTaTOP:--6onee Me,llJleHHbIH npoTon Ip, I < 0,2 faB/c · 
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Co6hITHSI 3TOH peaKU:HH pa3AeJIHM Ha: ... 
1 I .. 

_:__ K~a3H-:-pp'.-pac:ceSIHHC, 1220 co6., 
' ' ' . . . ' 

KO~A~ ·npoTOH HMeeT xapaK~epttCTHKH H)'KJIOHa .OTA311H; 
., . . ,, 

~ KB33H-np~paccesrnHe; 1392 C06;, 
. . ' ' 

(2a> 

(26) 

. i<0r,ria OTA3113 ,_:_ HC
0

frrpoH; \ . 

. B CJiy~ae KB33H-pp-pacCCSIHHSI HMelOTCSI ABC B03M0)KH0CTH o6pa30B3HHSI 
'l , ' • 

1 
• ACHTpOHa - . :no CJIHSIHHC HCHTpoHa-cneI<TaTopa Ci npOTOHOM-CnCKT3TOpOM · 
. (m:peXOA•AHarpaMMbl e B iiuarpaMr.~y a)· .nn6o ciIHSIHHC iieiffpoHa-c~eKTaTopa c 

npOTOHOM OTA311H (nepeXOA ~HarpaMMbl e B /). B o6oux c.ny11asrx HeHTpOH CBSI-
3hiBaeTCSI B )'.(eHTJ)OH, H Il03TOM)' MO)KHO 0)KHA3Tb a~HMMeTpHH B yrJie BHJIKHHa 

. ·Me)K~y q =}o .:.. __ Pi H~~myJI~COM HC~Tpoiia:.crreICTaTopa: . .UettCTBHTe~bHC:>, KaK, 

Bmi'Ho:H3 puc,S;a, Mhi HMeeM 3Ha11HMYIO aCHMMCTPHIO AJISI' 3TOm ciiy11a:si. Ha 
puc.5,6; rAe IIOK333HO aHaJiorttirnoe pacnpeAeJieHHe 'AJISI-.npdTOHa-cneKTaT9pa, .. 

. aCHr:fMeTpHH HeT. (AB<l ,I1POl'OHa HiAalOT CBSI3aHHOI'O' COCTOSIHHSI) _; . . ~ , ' . . , 

, ,UJI~ · KB~3tt-pn-paccesiHHSI · (noAK~HaH 26) · .HMCCTCSI TOJihKO OAHa · B03MO)K- . 
ii:ocTb ;iJISI HCH~poHa OTA311H o6pa30B3Tb ACHTpOHC OA~HM H3 npOTOHOB-'cnc:'KTa
TOpOI~ (nepe~OA c B dY, CKOpee c ,6oJiee 6wc:TpbIM, T.I<. B 3TOM CJiy11ae ())KH.riaeTCSI 
MeHhlllasiya3HHU::.l,HX HMny.nhcoB: ,; . ,' . , · . : : . . · . . . 1 

. PacnpeAeJiemisi no yrJiy'BHJIKHHa IIOK333Hbl Ha p'uc.6,a H 6, rAC 33 cneKTa
TOP B3SIT 6oJiee 6hIC~pbiii H31npOTOHOB ,(6,a)'H. 6onee MeAJICHHblH (6,6). BuiHo, 
11TO Bi nepBOM CJiy11ae HMCeTcsi He6o~hlllaSI aCllMMCTI)HSI 'fOro )Ke 3HaKa, 11TO H 
AJJSI TTOAK3HaJJa 2a (KB33H:pp)' TO~;:Ja KaK AJISI yrJia C 6oJiee MeA.neHHblM npoTO
HOM-'-CneKT<lTOl)O~ 3H311HMOH aCHMMeTpttH. HeT. 3TO Ha6JIIOACHHe,He npoTHBO:. 
pe11HT npeAnOJIO)KeHH~ o: 6om~e-CHJibHOM. BKC· npH M3JlblX OTHOCHTeJibHblX 
HMnyJihCax.[6 ]'.,. . . .. . . . • 

.1, 

3AKJII01IEHI1,E': 
, . . ·. . , . . ·. . . . . I. . .: . . .. . . 

Ticmy11eHHblC pe~y.JihT3Tbl CBHACTeJibCTBYIOT O HaJIHllHH npoc'rpaHCTBeHHblX 

KOp.peJI~U:iIH B -~Hep-B33Hf10AeH~Tirn~x. CBSl33HHbIX C o6pa30B3HHCM. Bpe3y;1,

. \ TaTe BKC S}Aep 3H~ ~ iettTpOHOB, HMelO~HX KaK c~~~TaTOpHbie; TaK u HecneK
T3TOpHbie xapaKTepHCTHKH. XapaKTep noJiy11eHHblX KOppeJISIU:HH T3KOH ·)Ke, 

; KaK H B dp.:CTOJIKH~BeHHSIX. . ,' . ' . . . 
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