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UeJU:,IO nacTO.Hll{SiiI pa6oThI HBJI.HJioci, saBepllie1rne cvrcTeMaT:vrtiecrrnro 

MCCJI8AOBaH:n.rr (Ii-4) rrpou;eccOB o6pa30BamuI uei1rpam,HbIX 1c -Me30HOB B 
' -- . 

HYKJIOHHhIX coy,n;ape1rn.HX np:vr :rneprJ/H1 670 M:rn 11 HMiit0. 3'KcnepMM8HThl dLI-
. ! 

JII1 IlOCBHlll8HbI, B OCHOBHOM, auamrny yrJJ:OBbIX pacnpe-,u;eJ1_em1H 'Ja ~Me30HOB 

B peaiw;irnx: 

PP - PP 110 

l"':':"'0 pn - pn 11 

(I) 11 -

(2) 
. 0 . --~ 

CBe,n;eHI1.fl 06 yr JIOBhIX pacnpe.n;eJiem,rn:x Ti -Me30HQ? ()bIJHi IIOJIYtI8HbI nyTeM 
·-. 

ll3Mepemrn: yr JIOBOil 3aBvIC:WMOCTI1 Bh!Xo,n;a 7f-1rnaHTOB, Ha ItOTOphle pacna

,n;aroT C.H tjj'
0

-M830HhI • 

,:UJrn perHCTpau;Mli ?f-KBaHTOB I4CITOJI~3QBaJICJI TeJieCKOil CtI0TtI11KOB, 

cxeMaTvltl6CKI1 rrpe,n;cTaBJie HHhlli Ha PRC. I. 06pa30Bamrne B MI411I6H11 (-KBaH 

Thl KOJI~MMvlpOBa1!1-1Cl> np11 ITOM0ll{I1 CBitUIUOBOi1 ,D;I4&pparMhl vI I10Il8,AaJII1 Ha 
.. ~ '· -~ ... 

CBI1HIJ;OBbI11 KOHBep·rop, r ,n;e OHH renep:v1poBaJII1 3JieKTPOHH0-Il0311TpOHHbl8 

naphl. IIapbI pertfoTi;PbBaJII1CI, BKJ110'-l6HHhIMH Ha COBna.n;eHMH CIJ;l1HTI1JIJISIUM

OHHbIM CtieT'l~ItOM I1 ·cttefttvIKOM liI,3JIY'lI0HIUI tiepeHKOBa. Eh!JII1 rrpmUITbI cne

IJ;MaJII,Hble Mephl (MaJiaR TOJill{k!Ha KOHBepTopa /I .;. 2 Mlvr/, CUHHT:vIJIJiflTOpOB 

/2 + 3 MM/, 11 llIH:pOKaH reoMeTptrn: 0 TeJieCKOITa), tIT061I o -TeJieCKOrI li!M8JI 

HI13Irn:it :mepreTMlI8CK11~i nopor 111 Mor 3qxpeKTvIBHO perliICTpliipOBaTI, o-KBaH 

Thl ,C 3HeprH8li BilJIOTI, .n:o IO M3B. T'eJie CKOI1 ()bIJI I-Ie'lYBCTBMTeJieH K Heti

TPOHaM ( 3QXI)0KT1'1BH OCTI, z ro-4) H sap.HY.CeHHLIM tJaCTHUaM. IIocJie,n;nee ;i:ocr:w 

raJIOCI, 6Jiaro,11;apa ItlCIIO_JI:b30BaHliIIO CUI1HTHJIJISIUHOI-IHOro C'48TtIVIKa, noMemeH 
. , ··· .·:: ... .;. ::q· •:c,• .. , .... ..-. -

noro nepe,n; K_o1rnepTopoM :0: BKJIIOtieHnoro na aHT:vrc·o·Bna;i:e1me. I1p11 perHcT 

pau;~ui "f ~K~'aHT.OB ~~-OpO-qT~_ CtieTa~ rra,n;aJia B 25 pa3 B C.ltytiae y,n;aJiemrn: 
',l,•,: 1·· . . : ' · •.' -· '• ·-~ . , ,. ' ._-.._.,;_:_: .·.:. . . ~: ~-~H.ti;_}.;~:·it,_[ • '• 

_ ,D;:S.Y:XMMJIJIM1118TpQ.EWr.o .KOIU.3.0PT:OP;3.,., ,~:(:B~ ~~;q~r111e TO Jlll{l'!Hhl K~~~iP.t opa .n;o 

5 ivU.! no:ii3o'.Jmir'O y°JiytIIIH1T:& -·~;~ndl,of1I6nte1ftle ,Il;O 40. Te'JI8CKOil M0'1CHO 6hIJIO 

11CIIOJ[b30BaTI, B· .YCJIOBvI.HX cpaBHI1:T8JI1,HO C)QJII,llIOro llJOHa iio'c:ropom-rero 

. 111snyqemMI onaroAapSI rrpv1MeFten1110 cxeM coBnaJJ;en11n c pa3pemaIOll{HM Bpe-
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MeHeM 10-8ceK~ ~)qieKnIBHOCT:& lf-T-eJiecKona orrpeAeJIRJiacb aKcnep111v1eu

TaJI:&HO )!;JUI Ka:EC,JJ;oro 3!-Iatiemrn'"' yf na 11 :nrnpri,n,1 C . TOt!IIOCT:bIO (2 T 3) % 
'.,·tt~· . ,··, 1:i\ _ .. ___ .( . 

MeTOAOM, · om,~c~HHHI\i n\2) ~ 
3Kcnepm.!eHTbl ,C>bIJI11 BblIIOJIHeHhl (B OT JUFIUe OT (I-~)) . Ha BblB.e.n;eIIHOM -

npOTO_HHOM_ ny1.me ~la30.Tp0Hc1 06'.b0,Il;l1HeHHOrO MHCTMTyTa fl,JJ;8pHhIX. 11c·cne.n;o

BaJU1H. HHTe~~?t1BHOCT:bIO: ro8p/cM2ce~. · TIOTO~. npOTOHOB 1'13iAep.HJICH npH no-
' .... 

M0ll{I1 KaJivI6pOBaJUIOH 1'!0Hl13a.I(110HHO.t1 KaMephl C To{uiocTI,IO z 3 %. MaKCHMaJI:& 
.. ·:.: <~· !.: . .. .. -

na.f! cpe,nmrn aueprn.n rry1.ma npoTOHOB B MecTe pacnonoJ1CeHv1.H annapaTypH 

cocTaBJIHJia 670 llaB. 3ne~reTHqecKoe pacnpe~enen11e npoTdHOB nytIKa xo

pomo on:achrnaeTc.H CJ)YHKUvren raycca c ,n;ucnepcMeil ( 2,8.:t.0,3) lilaBC 5). ·· 

YMem,memrn 3Hepr1111 npOTOHOB AOCTHraJIOCI, nyTeM TOpMmicem,uI 11:X B IIOJil1-

3Tl1JienOBHX': OJIOKax. IIpI1· BTOM A11Cnepci,rn ny1.ma HeCKOJII>KO BO3pacTaJia. 
' . 

.nv1cnspc1rn, a TaKEe cdpoc aueprH11 B 1mmem1 y4ttThlBanuc1, npm onpeAeJie-
. . 

HI1:VI B0JIW-IHHbI 3!JXpeKTL-rn~oti _ anep:prn Ep. 
/' 

0AHY H3 OCHOBHblX Tpy,Il;HOCTett H3Mepem1U COCTaBJI.HJI OOJlI,IIlOH (pOH 
·• .~· r ~- ":' \_ 

IlOCTOPOHHero H3.nyqem1.m. YMeHl>IlieH11e (J}OHa )];OCTMranoc:& nyTeM ·cTyrreuqa

TOro KOJIJH1lvU1pOBamrn nyqKa npOTOHOB 11 IlO,JJ;c5opoM peJirn:Ma pac5OThI ycKO-
··t· 

PI1T0.J1,.H • . 

Ce~-~1-rne p~~KUl1vI {I) onpe.n;e.11.HJIOCI> pasnocTHhIM MeTo.n;oM nyTeM oc5-
r{ ., 

nyqeHM.H MHllleHeii HS 'nomrnTMJieHa 1i1 nerKoro rprupmr.a. Toii11t11na · Mmneneil 

COCT~BJIH~~ m~~JIO. 3' ; /cM2• B H0KOTOpbIX OilblTax MCil0;:b30BaJiaCI, ·Ta.Kr.~e . 
. : . 

MHIIleHI> C JJCI1AKMM BO,JJ;Opo.n;oM. ,llJIR Toro, 'llTOC>bI CKOpOCTI, cqeTa ."c Ml1- ': 

IIl0HhIO" 61,ina 3Ha'll1'1TeJII,HO (5ontme CKOpOCT11 Ctl8Ta 0 6e3 MMIU0HM 11 , Tenec~ . 
. , ",, ' 

Kon· pacnoJI~rancR ua MaJIQM paccTO.flHHM <>T' •iiyt1Ka npoTOHOB. Ilp11 GTOM -· . ' ,- ,. .,. 

O ..:.usJiyqeHU8, 11,Il;Yll\00. H3 pa3JII1t!Hb1X ytiaCTKOB MHIIl0HllI, perMC+PHPOBa~OCb 

T0JI8CKOI10M C H~OAHHaKOBOM sqxp~KTHBHOCThIO. Ha nocJie,JJ;HHU Bonpoc C>bIJIO 

· oeipa,meuo BH11MaHille, TaK Kart l!aKCMMaJibHaH OTHOCH'reJI:&HaSI horrpaBKa .n;oc

Tl'Irana I, 5% ,Il;JUI 11CTIOJI:&3yeMh!X 1,m:merrnn,. a TO'llHOCTI> H3MepemuI OTHOlile-
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HMn BHX0,Il;0B O -RBaHT,OB .I(OJIJ!CHa OUJia COCTaBJlHT!:, MeHI>IlI8 I%o bbIJI BhI-
. . , ~ . ;:_:/,.,.-': :· -,· '\.' .. ,,:,.)?: '. i: . .. ' ( = ·:! ;.:· "\,._;. "i'· 

IT0JIHeH p.H;n; K0HTp0JILHblX 3I~cnep11li/ieHT0B, B KOTOphIX Ha6mo.n;anoc1, xopo!""~ 
. , . : . •r :··e ·:·}. _, ... ,r .. :. I.L::, ::<·~: ;: ··\ ;, -. -~ -~-:-/1 i;,:,, . 

rnee cor JiaCI-ie :M0ii{Jr;Y BHtI11CJI8HHhIM.H 11 }i3MepeHIIHMM rronpaBita.MH • OCH0B-
' , ~.. .... . : -. _, • ~ . ; ; l , , ·- . . .... • ~·. . ·: ~ .• ·, 

HOM M nam5onee TPY)~oeMr{Mir K0HTpoJII>Hb!H GKcrrep11MeHT d°HJI rrp·one,n;eH .. ,,_, ., . .,., ., ., . 
,. . .; ! ': .t. ~- \ .... ; 

rrpn oueprm1 rrpoTOHOB ED ~275 r,,iaB. TaK. I\aK ?TO 3~aqeHHe :mepr1-ui · ne..: 
. ; ci . .J: ; 0 ., .:':- ' ·,,:: . ..... ,; . . i:r 

~n~ HHJr.e nopora oc5pa3oBam,rn 1[ -MesouoB B ),-p -coy.1-(apem,rnx, H3Me~ 

peHHOe OTHOilI8HHe ceqeHMli ~nH BOAOpo.n;a ·;;·yrnepOAa ,TI;OJIEH~ dHT:& T~~-
. ~- . . 

.n;~cfnengo paBHO HYJIIo, ecJIM nonpaBKM uat1.n;eH11 npamun,Ho. 3KcnepHMeHT 
. : l . • ; , . , , . .• • ~} ~__:- . ~ ~~-: , 

,n;ei1cT.BI1T0JI:bHO .n;a.TI B8JIM4:UHY, ()JIHBI<ZYIO It HYJIIO! 
~ . ~!'. . ,.; .. . . .. < :·: • 'J ·. i; ; . ·. : f: ·,- : '! '. · · Tio · · r,c · 
/. ·· (::C?pr··,/. O·pc \,isMep~~,= -O,OOI.:.t,O,OO6. 

.,·;t_L 

;_ · Bocnoit&scrna:aill11c:& M3Me·peHHhIM · HaMilf. ceqem1eM o6pasoBam-rn 'Ji 0-Me-

. 'imiI·OB Ha yr11epo.n;e, IlO'JIYtio:e1{'bTCIO,TI;a oqeHKY e;:(275) < 5. ro-30cM
2, 

K~J,?PYID,_.9AHOBpeMeHHO MOJKHO paccMaTp11BaT:&; KaK xapaKTep11CTI1KY TO'tl-
.. , .. ""f :-,i 

HO'c·xti rrprit:renHBlller:o C.fI MeT o.n;a Yr3Mepemur • 

. ,. T'\ ·, - ~~~~fLJ>.j] •-w{; f?-Tt 0 
~ 

1'Ic9ne,n;o Bamrn yr Jionoro pacnpe,n;e neHH.H f-KBaHTOB, O6pa3y10m11xcSI 

np11 ~oM6ap.:n;:m>oBKe .~POTOHOB IIPOTOHa1rn, rrpOBO)(HJIOC:& B .n;Be CTa.n;n11: 
,I •,;•,j; • l / •. ••. . .. ,. 

6hIJIO 113Mepe.1to yr 1ropoe pacnpe.n;enemrn o -ItBa.HT on, o6pasoBaHHhIX B 
• . .-·= ·_:1-, 1-· .•.. , ... -:r . . .. ·.· . -, :·~{ r-:~ 

coy.n;apem1.Hx rrpoTOHOB c ,q,n;pa.MH yr Jiepo;n;a, a sax eM · )(JI.fl Kaat.n;oro yrna· 
; ~ . '·;L·. { l ~ (~. I - -. i•/ ·. :·; •· "( .. . .. ~- :-·•.' < ·. ~ <i . . . ~ .... 

Ha6_~10.n;em,rn pa3HOCTHhLM M8TOAOM ( CH2:-C) CihIJIO Hati.n;eHO OTHOllI0HHe .n;mp-
' . ~-· · .. t '. 

tIJepeuq11:aJI:&IIhIX cet.Iem1ti ,Il;JIR ·Bo.n;opo.n;a 11 yrJiepo.n;a. II0.nyt1e1rnoe Ta.KHM 

cnoco6oM yrn~Boe pacnpe;eJier:rnt/,·t,~rrnaHTO~-. B p·eaK~vI~ (I) ·npn s'Hep:~ 
I • • • • ·, •••• '.;) ;· -~.- • • _,,-~ i l 

rI,U,! npoTOIIOB 665 lfaB rrpnne.n;eHO Ha pyIC. 2. OHO xoponro OITMChIBaeTCH 
. ·i -'.' :·:· · .. ~j: ··:, :,<:.:~'. :;.' :.·-.'.I'.. :_; .. :, . · .. :~\_.;. - :. .'~ 

ITOJIMIIOM:OM: 

-, .. fr{ ( Q ) _:'. i/3,,·;"\c/,Q;~o,i2tc6s2G •. •· :. •" 

3Ta cpyHI{:lJ!IUl:,. Hatt.I(emra.H M8T0,Il;0M H8.MM8HI,ll!J1X :rrna,n;paTOB M C00TBBTCT-
.. ' . >·~ ~":. ~-~- :····: . . ·-,~ 

BYIOlllHM oc5pa30M nop1rnpoBmmaH, M306paJi\e·na na puc.2. 
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t. r ( ) -- " Yr.rIOB1I8 pacnpe,ICeJieHIUI {f..;rrnaHTOB Pf' 0 11 'JI - -l!I03OHO.B 

rrpH aueprttH npOTOHOB ED~665 hl3B • 
. · ! .,.. B1!X0;7{. 0 -KBP,HTOB I10A yrJIOM G B c.1i.u. B OTHOCWreJn,

HbIX e,I~mnniax. HyHETl1pHaJI Kp:vma.f! rrpoBe.n;ena MeTo,nou Ha11ue·m,lliH}: 
KBn;:r.paToB· (cH. TeKcT). Cn~~uman 1qrn:naH orrncuBaeT yr Jionoe pac
npe,ne11eEHe 1i":';>..;lv1830HOB fp; (0) ( CM. TCIWT) • rpam·r.IJJJ 3GJt!Tpl1XO

Hc:UI1Wl1 ouJir:WTH cooTBeTCTBJlOT c:TaH,11;c1-1JTH0i1 omndKe. + - -ro 1nw. 
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Pacnpe,n;eJieIUie ?f-KBaHTOB, o6pa3yIOll{11XCSI B p- p -coy.n;ape1rn:Rx, 

,:n;om1mo ()bITI:, cmvI1.1eTp}f4:IIO OTHOCMTeJibHO. 90° B CMCTeMe ueHTP~ Mace 

CTamnrnaromMXC.fI HYKJIOHOB ( C .u;.M~) BBM,n;y Hepasm14m.rocTH B3ciJIIMO,n;eticT-
' 

BYIOIIfvIX ~pOTOHOB. IT9GTOMY Bcmrne OTcrynne1rne OT CJIIM11eTpJIIl1 c.11e,n;yeT 

paccMaTptrnaT:r:, KaK yKasan~e H~ nam,1qvre cJ1Ic.TeMan1-qeclt11x · rrorrpaB9K, ne

y-qTeHHbIX rrpM BbIIIOJIHe 1nn1 M3Mepen11i1 • Ilo}IytJ:eHHOe HaMM yr JIOBOe pacrrpe

,:n;enem1e O -r-rnaHTOB oKasaJioc:& c1i1MMeTpw-1u11M. EcJilil anporwm.rnpoBaTI> 

ero II0.1IMHOMOM, . KOTOpbIH H0.pR,:n;y C HYJI0BhIM M B'.:t'OphIM tI.JieHOM CO)(epilCliT 

Tamrce 11 acMMi\1eTpvrt-IHblt1 tfJieH, nponO}?IJ;I,IOHaJibHhii:I COSG~ TO BKJia,I( llOCJie,n;, 

uero oKashlnaeTcH nesnatIMTeJI:&HLIM: (0,009.:t,O,OII) COSG. IIpM 3Heprm1 

npOTOHOB 670 il13B. (JllJIH rrpoBe.n;eHhl TartiKe 8KCIIep11MeHThI, r,n;e B Kat!eCTBe 

lfflllleHH I1CIIOJib30BaJIC.fI JlCM,I(KllM BO.n;opo,:n;. Hatl,n;eHnoe yrJIOBOe pacrrpe,:n;eJie

mrn B npe,n;eJlax Olllli60K H3MepeHMM He OTJ111traeTC.f:I OT noJiytieHHOro pas

HOCTHbIM MeTO,D;OM. 

:vl3 M3MepeHHOro yrJIOBOrO pacrrpe}\eJieirnR o-KBaHTOB _MOJ1C0T 6hITh 

BOCCTaHOBJI0HO yr JIOBOe pacrrpe.n;e JieHute T,
0
-M030HOB, OOpasyIOII{l1XC.H B 

p - p -coy,11;ape1ttHIX np11 ~p =665 MaB. OHO - OKa3aJIOCI> ()JIM3KHM It -l130Tporr

HOMY 11 on11cbrnaeTc .H (IJYHKD;Me:n: _,, 
h 2 1rp (Q) ,_ I/3 + (O, I3.:t,0,04) COS Q , 

KOTopan 113oopaY.ceHa Ha pnc. 2. 3To pacrrpe,n;eJieH¥Ie 6m-rnKo rt B.biq11cneH

HOMy 1iaH,I(0JII>IIITaM01/ 6) Ha OCHOBe pe30HaHCHOll Mo,n;eJIH: 
Ti" . Jp~ (G) ,_ I/3 + o, 04_ cos 2Q. 

. 3KcrrepI1M0HThl' ana.HOI'H'-IHLie on11cauHI:Ui! Bblllle' 6hlJIM BbIIIOJIH0Hbl Ta.It-

1.ee 11 np11 c5oJiee 

,n;eHHb!e yr JIOB hle 

HM3KMX ;nrepr11Hx rrpoToHoB: 560, ~ 519·'·11 485 i'laB. Han

pacrrpe,n;e JieHnR Tt~Me SO HOB anpo1t91ur~py~T CR · hon11uo11ru,n1: 
40 . - 2 

Ep = 560 ifaB · ff!' (Q)--I/3+(0·,33.!,0,17). COS G 

ED = 5IO Ifan i;,;"(Q)~I/3+(0,I5,t0,25) cos 2G 

E~ = 485 I113B t,;v(Q)-I/3+(0,'03.t0,25) CO.S 2G; 
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ITocJie,n;mw 1,;:p11nar1 mlic:c:re c usMepeuHhIM yr JIOBhIM pacrrpe,n;e Jiem/IeM 

'if-KBaHTOB npe,n;c:raB.ileHa, na pnc.3. 

KaK BM,Il;HO 113 rrp1rne;IT,eHHLIX ,n;aHHbIX, yr JIOBOe pacnpe,n;eJieHHe 1i 
0

-1~e-
- , . - ! iJ\j i 

30HOB B peam.1;r1v1 (I) n:paKT11;,recKI1 He 1'13MeHR0TCR np!1 yMem,meHHH 3H,~J)-

rnM npOT OHOB' OCTaBa.HCI, 11:30TpOilHhIM. 0TCIO,n;a CJie,n;yeT' tITO B 06JiaC,:,'XJ'i 
• ~ ..... ·< ~~ 

0 .. . .. -••·· 

MaJibIX 3HeprHt1: 1i -Me30Hbl. o6pa3yIOTCH .. B p -p -coy,IJ;apeirnSIX, B OCHOBHOM; 

IIO_;Bll,11;111.l:OMY, 38,. Cl!0T nepexo,n;a B "cMentemtoe" S -COCTORH'.He (MbI 11C

TIOJih3yeM TepMI1H MaH.n;em,mTaMa) C B03MORHOi1 HeKOTOpon npnuec:&ro nepe

xo,n;a B 11 Cl,18ll{0H~Oell_ Z) -COCTORHI18 (eCJII1 IIOJiaraT:S, tITO H0p~3QHaHCHbIM 
.. · . . '', 

Ss -rrepexo,n; MaJio HHTeHcrmeu). JJ,;r.H OKOHtiaTeJI:oHoro pemen1:1~. Borrpoca 

0 pofi.:til pa3JH1tIH1IX i:f~pexo,n;o.B H_~06XO)tHMO rrpo,n;o1rnrnTI, I1CCJI:t,n;oB8.H~fl B 
• i •, ' ,• -- .. ,.•••,-- • .:;.. .... :-.c,-~~••",', •••• -• .. ':"~•d•·• .. ••••~~-?'•'•,::•:) 

o6JiaCTJ; 6onee HI43KUX aneprM:TT~ 
. l . >-.~,; 

·~ 0 

•. PeaK!JMJL~': - /V"'-1i _ 
' , 0 . ::-- . 

,U;rn: no.nytreH11n ci3e,n;em111 06 yr JIOBOM pacnpe,n;eneHHH 'Ji. -Me30HOB B 

peaKD;MM (2) Halv!M 6HJIM npone,n;eHH H3MepeHMfl c }~IlleHSIMH 113 TRRenoM 11 

06hltIH011 BO,D;hI. Onpe.n;eJIGHHOe B 8Tl1X OfibITaX yrJIOBOe pacrrpe)teJieHMe 

f-KBaHTOB, 06pa30BaHHhIX B COy).J;apemU!X rrpOTOHOB C ,n;eiiiTpO.HaM11 npM 
~~~~ 

8Hepr1111: 665 M8B' npe;icTaBJieHo Ha pnc. 4. 0Tcro.n;a MOJKHO ITOJiytrnT:& CBe-

).J;eI~vIR 06 yrJIOBO:M pacrrpe,n;eJieHMM ◊-KBaHTOB B pea.KUMM (2), }l()O B 

,nettTpOHe npvrcyTCTBYIOT IIPOTOH I1 H0llTPOH, a yrJIOBOe pacnpe,n;eJiemrn 

,JJ;JIR peam:.\Itll1 (I) uaMu y"J!.e 6hIJIO M3MepeHO. 0,n;HaKO npn 3TOM HeJII>3R or

pam1tIIt!ThC.fI . JIH!lII, npOCT bIM BbP-rnTairneM ceqemrn: ,n;euTpOH M:~myc BO,n;opo.n;. 

Ha .3TOM · BOrrpoce. MR . OCTaHOBMM.C.H nec~:OJibKO no,n;po6Hee. Cet.Jem,ie )];JI.fl 

,n;etlrpona OTJil'ItraeTCSI OT cyMMhI ce1:Iem1i1 )J;JIR npOTOHa M Hei1TpOHa 6Jia

ro,n;apa ,n;eMCTBHIO ,n;Byx (I}aI{TOPOB: a) M3MeHeHMIO cetteHI1ll M3-Sa ,Il;BH)K0-

HI'1JI HYKJIOHOB BHYTPM .H,JJ;pa (B paccMaTpMBaeMOll oc5JiaCTII 3Hepr11ti 3TO 

npMBO,Il;MT K YB8.l!1ftI0HVIIO ceqemu:r) l'I 6) 3KpaI-UlpOBamno HYKJIOHa HYKJIO-
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HOM. IlocJie.:n;Hee npllBO,Il;llT K yMeHI:,Ill0HllIO ce't!0HlUI ll TIOJIBJiemrro acHMMeT

PMM B yrJIOBOM .pacrrpe,TI;eJieHMvI t-KBaHTOB. 3Ta ac11IMMeTp11.J1, KaK BH,D;HO 

M3 p11c. 4, HeBemiRa ,TI;JU:I CJIYqaJ1 .n;efATpOHa If ITOSTOMY MOJKeT 6b!Tb ,Il;OCTa

TOtJHO TQqHo B·wrn:iin~·H~~ ·B paMKaX rrpocTb;x,{ (~a~pHMep; OilTM~eCKOH) MO

.n;eJIH SI,Il;pa. liCTTOJih3QB_rurn:e ,IJ;JIR 3TOM l\eJIM. OI1Tlll!eCKOi1 1w.n;enk . .H,n;pa ,n;o-
• • f -.\ • ' . . '. . . ~r . . . ~ 

nycTMMo, 1160 ,n;aJICe /B: c·nyttae n.n;pa yrnepo.n;a, r,n;e scI?WeKT sKpa1-rnpoBa1nrn 
I'. ., . 

3Haq11TeJieH ll ac:t11,tMeTp11n.yrnoBoro pacnpe,n;eJieHHR BeJillKa, p~ctJeTHaJI 

Kpvrnafl xopomo: cor nacyeTCJI C 3KCrrep:vrMeHTaJibHbIMM. ,D;aHHhIMll ( CM. p11c. 5). 

CeqeJrrn .. 66pa3oBaHHR 'JT
0
-Me;oHOB B p - Z> -coy.n;ape1nrnx_ MoJKuo rrpe.n;

cTaBHTI> B';;~BM,D;~ JU'IH8MH011 KOM6MHfil1liU1 eJ;I':: Ki 6p;'' -t- K~ 6ft' c'.-: Ee JIM pac-
' 

CMaTpHBaTL. TOJibitO .,(paKTOpb! a) H Ci) (a OHH HBJIJIIOTC.fI 09_HOBHbIIv!H), TO 

ecTeCTBe~~o ~OJIOilCHTb l{I"--, = I{2 = K. IlapaMeTp I{ ~pyi£~6- ~hlqHCJIHT:&' o.n;-
·.t • . . . 

HaKO era MOJimp orrpe.:n;e JIHTI> ·sKcrrepmA:eHTaJil>JI-0'. J{Jrn: aToro 9Jie,:n;yeT cpaB 

HMTb H3MepeHH~e B nacTo.Hmew p;a~ie"·t· it--;a6oTe (7) OTHOill0HHR .n;wixIJe

peH!.\MaJihHbIX cetieHui1 rrpM :meprm-I 590 M3B no.n; o.:n;11HaKOBhlM: yr JI0M (90°) 

d6a~ ldn. 4 den! I dst : . O<'. = ___ ... ___ ,... ___ = 2, 85 + o,"7 11 o< = -----"'l~---- = r, 30+o, 04 
' d6pf I d!l. . - l'l d6",,'p /dSJ. - · 

0Tcro,n;a onpe.:n;eJI.HeTc .fl I{, 1160 I/K = I/C\'p + I/°"" ; 

K = 0,90 + 0,03. 
' - . . .., 

E11M30CT:& GT0M B8JIWU1Hbl K el111rnne yKa31IBae'T' llT0 sqxiieKThI a) 11 6) . . 
qacTMtIHO B3aI1MHO IWMI18HCMPYIOTC.fl. IT03TOMy np11 onpe,n;eJieHI111 B8JIM't!liHhl 

I -
I 

ceqeu11H peaKr~rm (2) Moimo nonaraTI,, 't!TO C8ll8Hl18 ,Il;JIR A81TpOHa noqTH\ 
' 

paBHO cyw.1e cetJemdi ,n;JIR npoToHa M Heil'.rpoHa, ecmt orpam1t10:r:r,c.a: . J 

ii· ~- . 
BBe,n;eHHeM He60JI1,Itlo~ norrpaBKM ·-(rax Ka.It KII},iflTO .. H.. 6IiIJIO npo.n;eJiaHo 

·- • ' . j . ' •. 

B HaCTOR~ell pa6oxe. 

IloJiytieHHOe yKa3aHIIbIM CIIOCOC>OM yrJIOBOe pacnpe,n;eJiem-rn ,Il;JI.H peaK

l\I1H (2) rrpn ::mepr:m1 665 LI8B xopomo omrnnIBaeTcH nommouoM 

t,,:(G)':' I/3. + (0,09.:. 0,02) cos2G. 

Ec;ui: crrpaB8)J)U'IBa rMIIOT03a sapH,I(OBOM · nesamrnMMOCTII, TO yrJIOBOe pac-

. I 

) 
' ! 
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YrJIOBOe pacrrpe,n;eJieI-rne. f ~ICBaHTOB, Ha yrJiepo~~e h !' ( 6) '· 
np11 Ep=665 M:rn (cM.rrp11Me<Iaii:ri.H -K_;\P.HQ...2). r , · .,., P ~ · 

a - ciiymrn;r1a c.p ( 0) , BhI'lHIC)IeI~Ha.fI B .pa6oTe \3 J Ha ocnone orr1·n
trec1wM · Mo,n;e;ru SI,rr,pa. 3Hatrerrn:.H 2 rro.n:y_t1e1rn rryTe:~1 ,IJ;enemur JJ31Jr.::
pemmx Bh1X0,1l;OB 0. -ItBaHTOB Ha f.f (0) • HvDiCHRJI 1qrvriia.H Hattie Ha :;.1e

T0,Il;0M H8lfMem,mr1x KBa,IJ;paTOB • IIym~t.c11pnan KPHBcl.R - ITOJIY•IeHa yvmo

iK8HI18M HHY.Uiei1 KpMBOH Ha (f ( 0) ,. 
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npe,11;eneune o -KBaIIT0B, oopa3oBaHHLIX B p - n.. -coy,n;apemrnx, .n;ommo 

OBTI> cm.1MeTpI1tmo: 0TH0CUTeJil,H0 90° B C. u.u. ,U;m 3ICCrrep11r;!eHTaJibHO 

H~H.n;eHHoro pacrrpe,11;e JI0HI1R o-KBaHT0B BIOla,n: q,neHa, rrporropu11bHaJibHOro 

nepBOii CTerremir KOCI1Hyca, .n;etiCTBl1T0Jil>HO OKa3aJIC.H MaJibIM ( o, 01.;t.O, OI).~ 

COSQ. 

HaU,n;emroe' no yr JIOBouy_ pacnpe;n;e nemuo 0-irnaHTOB pacnpe,n;e Jienne 

)];JI.fl 7i"
0

-Me3OHOB: B perutu;m1 (2) ()JIU3K0 K l130TponuoMy: 
r,o . 

+'") I' ) 2 Jp_.,. (Q ~ I/3 + 1,_0,I9;,t0,05 COS G. 

AHanorwrnLrM o6pasoM 11sMepemrue yr JIOBbie pacnpe.n;ene1nrn ,TI;JI.A: peam3;1rn 

(2) np11 C>oJiee HI13Kl1X 8Heprnix OTJI11qa10Tcrr OT nonytieHHoro npvr :JHep

rtt11 665 MaB: 
-o 
" fr., ( G) ~ I/3 + (0,74 ± 0,25) cos2G Ep=560 H:.rn 

Ep=485 MGB, 
r,o f,., (G)-I/3 

,, 2 ,,. ... 
+ '-I,O + 0,3 ) COS Q \,cu.p11c.6) · - . 

I 

CpaBH0HI'ie npMB8,11;0 HHhIX ,n;aHHhIX IlOKa3bIBaeT, qTo C yMeH1>IIIe1rn:eM :rnep-

rrui: npoTOHOB pacTeT amrnoTpomrn: yrJioBoro pacnpe,n;~nemrn: ".h"'<:.MesoHOB 

B pe.axu;:t,m (2)'. XapaKTep yrnonoro pacrrpe,n;e nem,u1 rrp11 MaJihIX snepr11SIX. 

CBl1,D;eTeJI:&CTByeT B IIOJI:h3Y rrepexo,n;a, r,n;e B KOH6llHOM COCTO.HHvrn opon-
0 . 

TaJII,Hhill MOMeHT r, -1~es9Ha paBeH 8,JJ;MHI11\e •. 

AdcoJIIOTHhie cetieH11R. ______....... - --- .. -· -·· - . . . .. ·-

IIp:0: :3cixDetTvIBHOii :.:rneprrn1 npoTonoB 660 M3B C>hIJIM BHIIOJIHen11 · 1rnMe•• 

peHnn a6coJIIOTHdro · ,n:vrrI)(IJepem.1;11a.r11>Horo: ce·tieHvr.H o6pasoB.mnrn 7f -KBaHTOB 
• I 

• I 

Ha yrnepo,n;e II0,1.( yrJI0M .33° B Jiae5opaT01)HOi1 CHCTeMe ItOOJ),IJ;ItIHaT: 

d 6 p~ / cl fl. = (7., 9,±});~ }~ .ro-:-l7c1vr2/cTepaJJ;. · 3Ta B0JIH4v.ma ·xopomo 

· corJiac'yeTcfl c cetieu·MeM, 113Mepeu1iLIM ua BHyTpeHHeM nytme, ycKop1-1Te

;u/2): (8, I~O, 4). 10..:.27~1./. B ,n;aJII>IIei,1meM npvt' orrpe,D;eJiemm rrommx . ... . :, .. . 

a6coJIIOTHhIX cettem1n Mhl 6y,n;eM IT0JU,30BUTI:> c.rr ycpe,n;neiIHW,L3Haqem1eM: 
r cl . ~ 2 . · ... d6pc I .n. = (8,0 .t 0,3).10- cM /9tepa,n;. 
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YttMThlBa!:T, tlO_Jiy~eIIHiiie paHee yrJIOBiile pac11pe,n;eJ1eHVIR 7)-IrnaHTOB, 

HaXO)(lU.! IlOJIHhle cettem-rn )(JI.fl perut~Mll 06paso:aamu1 11°-Me30HOB B p ~ p, 

p - 'D 11 p- '>1- ~·~8Y,,n;ape1urnx npvr 3Hepr1111 660 r,!BB: · 

· 1i0 ·. ·. • • ')7 2 
_ 6pp(?~O) = (3, 20 .t o, I7) .~ro-.... CM , 
'~ ~., - · . . -27 2 

(j'p<> (660)_ = (8,0 ;!;. 0,3 ).IO CM , 
.. 'ii., .• · -27 2 

·~ ;:, 

,..:.:--' 

6p .. (660) = (5, 7 ;!;. O, 2 ) .JO CM • _ 

BeJIHtJMHa aC>COJIIOt'HOrO ceiieHli!R' e;"= (3, 36.:.0, I4) .ro-27 
CM~ (ycpe,n;- · 

HeHHiiiit pesym,TaT HacToJI11feti pa60Thl 11(2) np11 660 M:rn) xop·omo corJ1a- _· 

cyeTCSI c Bw111c~eHIILIM B ( 6)' ,ceqeH:vleM 6p;0

= 3, 2.10-27 CM~. 

. IlOJIHhie ·cet1em,u1 C>hIID1 ocipe,n;e JieHhl TaK'1Ce ,JJ;JUI MeHI>llIMX 3HeprMi10 B 
' 

3TMX OilhITax Hs1Jepemrn: npoBo,n;~JIHCI> Kalt pasuocTHhIM MeTo,n;oM/ TaK vr c · 

·HCilOJI:b30Ba1rneM ·ilrn)];KOBO,D;Opo,n;HO:vi .MMlllem-1. I!OJIYtieHhl cetiemrn: 
·r . :. ' . -27 2 · ii0 

• · -27 2 
<5,,C?.60)=(I,I8.t0,08)IO CM , 6,l~85)=(0,45.t0,04)IO CM , 

~•
0c ·.:· ) ( · ) -27· 2 1i41

( ). (' ) -27 2 vtn 560 = 3, 7 t.0, 2 IO CM , _ 6rk \ 485 = 2, 20.:,0, I? IO . CM • 

ConocTaBJISIJl pesy JI:&TaThl 113MepemiJt IlOJUihIX C etieHHH odpas OBam-rn IIett

Tpam,HblX M II01IO~MTe1I:&HI,IX(s, 9) 'i'r :-Me30HOn. np11 '660 M:3B, noJiytiaeM: 
. -+ 0 . 
~ II ~ 1i 
V.pp I v pp = 3, 25 ;!;. o, 20 

+ . -
(3.necI> e,;. ~ cetteHMe peaKUl'Il1 f+p - p+n+ r,+). 3TO OTHOllieHue OTJIM-

:qaeTCJI OT pesym,iaTa IlH3ID1(IO) .(5) H OOJiee '6JIMSKO K BHtil1CJI0HHOMY 

. MaH)(81Il>IIITa.M0~<5). (3,9) ·· (noc~e·,n;1uirii YtIMThIBaJI aqxpeKThl HHT0pcpepeHUM11 

. . . . 

H pasJIHtiMe Mace MesoHoB). 

·cpaBHeHMe HaH,JJ;eHHliIX npH :3Heprl1l1 660 f;13B cetieHHM Il03BOJISI0T 

onpe,n;eJIHT:& BeJIHl.lHHhl cetI0Hl1H o6pasoBaHMSI 1i -MeSOHOB HYKJIOHaMM B . . 
COCTOSIHHSIX C T::I H T=O·: _ .. 

6:(660) =(17, I;!"-0,·6)I0--27 cM2, 6:(660) =(3;2) .ro-27 cM2• 

0TeIO,n;a BH,D;HO, 'ITO o6pa30Ba~me 'Jt -MeSOHOB npu 3HeprHn 660 M:rn npo

MCXO,ItHT, B OCHOBIIOM, B COCTORHI1!1 c T =I. 3TO nac5JIIO,n;aeT C.fl l1 npH 
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MeHLillHX 3HeprMHX: 

07(560)=(9' O.;tO, 4). ro-27 cu2' . 

a: ( 485) =( 4, 8:!;.0, 5) .-Io-27 C!vr2, 
6 'ii( ) ( ) -27 2 

. 
0

. 560 = I,8.:t~,7 .IO cM:, 

6,,.,.( 485) =(I, 5±I, 5). ro-27 c1l. 

Cne,n;yeT 3aivieTHTb' tlTO ce-qeHMe 60;; onpe,n;eJIRe!c.11, KaK pa3HOCTb 61!113~ 

KHX no BeJmtnme qr,1ceJ1. Ilo:.noMy sHatiemrn tJ0i{ , uan,n;eHHHe B nacTosr- · 

men pae5oTe H B ,n;pyrHx ruraJior11t1HHX pac5oTax, MoryT B ,n;am,ue11IIIeM cy-

IIte cTBem10 113M8HHThCR np11 YTOt!HGHHM BGJIHt!l1H_.~?J8HHH o6pa30Bamzrn: 
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