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BBe,IteHHe . .. 
)J;JI~ Od'D~CH8Im~ rrpouecca fl;opMHpciBaHH~_ KyMYJI~T~Hl:lX npOTO­

HOB npe~JIOlK8HH p83.mrnili8 T:miii_Mo~eJie"A:, ll'?UOJU,SyrwtHX· ~8K ,KJI8C­

Cli'll8CKR8 rro~o,JJ;ll_ TEa ~I>a"A:epdoJibHHX __ . (pacrra~ . rop~'IMX . KJiacTepoB ~ 

TaK R rr{)lixo,JJ;ll,ocHoBaHwe Ha KB~p~6:8HX. 'ilpe~cTaB~elili~X~- MHorRe ; 

ocodeHHOCTR IIOBe~eHR~ CII8KTpOB KYMYJI~THBHHX 8~0HOB HMR ycrrem­

HO Od'D~C~~IOTC~, O,IJ;H8KO ,I(JIH ,ItOCTOBepHO"A: li TIOnHO"A: miT8JliTp8T8IJ,IDL 

KYMYJI~THBHoro . S!MleKTa -HeodXO)UfMO . ~BJibHemne~ ~eT8Jlb~()8 . ero . 

RCCJ18.~0B8Im8 (He TOJibKO . H8 liHK:illO~~BHOM .· ypOBH8) , 8 T8~lKe COBep­

ill8HCTBOB8Im9 H T8CT:Hp0Balili8 T80p8TH'I8Cl<HX MO,IteJie~. O,IJ;IrnM . HS 

lK8CTKliX T8CTOB T80p8Tli'l8C~HX npe~CK~38lili"A: MOlK8T dhiTb npOBepKa 

crrmioBiri: xapaxTepRCTHK npou.ecca.: Lis-sa MaJioroce'!eHH~. KYMYJI~-; 
THBHOro po~efili~ B H8CTOHm88 BpeM~ li3MepeH8UOHHpR3~H TOJib­

KO 
1

ITpOTOHOB if A-qacTHIJ,. HaMR dHJia· H3MepeHa IIOJifiPRSBIJ.HH cKYMY::-. 

JI~THBiihiX 'rrpoToHoB, odpasoBammx Ha .-H~a~·:::~e, 12C.,H. 9~o ~c;· 
yrJIOM ,,Bl:lJIBTa I58° /I/ H H8 ~~e.- 12C, C yrJIOM B~-?I8T8 95°/2/ np~ 
9He.prmi II8PBWIH1IX, npOTOHOB OT !5 ~0 65 .rsB.. ..qdHapylK8}i2• >'ITO: 

IIOJIHpH38IJ,H~ H8XO~TC~ HB ypoBH9; A~IO~ rrpn yrJIB.X,dJIR3~~,K::~O(),. 
n YM8}l_bmae.Tc~ ,ItO . I +3% c npndJIIDKaHReM K ISO<? Bos~oB,e~e no- .. 

JIHpH38IJ,HH MOlK8T dHTb_ CB~38HO -K8K C M8X8_HH3MO_M: reli:8P~I.Ufil 'KYMY;:· • 

JI5ITHBHHX IIpOTOHOB: B rrepB}{Ill!OM _ 8KT8 B38HMO,Itettc:rBn~, TaR H_; C npo-

SIBJI8HR8M BTOPH:'lfihiX rrpou.~cco~ - rrepepacce5llilieM IIpOTOHOB :B 51~e_.". 

- .BJIH5llilie. MHoroxpaTHoro -paccemma: HB;_IJOJifiPRSau.mo npo~oHo~,,­
pacce~ Ha ~~aX;_ dHJIO. rrpo,IteMOli:CTpMpOBSHO B, padOT8· 1?1, •t: 

AH8JIHTH'I8CK8~ ,OIJ,8HK8 IIOJiflPH381J,HH·.npOTQHOB npH: yrJiax p8CC8fl1lll~ 
~o 20°-- no:KasaJia · HeiiJioxoe cooTBeTcTBne c sKcnepHMaHTaJihmiMH: 

.ItBHHHMli )VI~ npoTOHOB c _sHeprne:tt 200-:-Z40 MsB _/4/.. :B Ham_eM CJnr;:­

qae . MR .. ouemm BJIHHHHR rrpou.ecca ./nepepacce~R :~Ha IIOJiflPH3au;HIO 
'. ' : '< ; ' __ :._ __ ,,; ' ... ·--~- '.·.: ;,~.: • './,··~ t •.... _:.__::_: ----:- ·/·;· 

ll.POTOHOB, BHJI9TaD!tHX' B '3a,ItHlli) no.trycwe_py~- miT9rp.BpOBBIDI9 He-· 

o6xo~o npOH3BO~Th B mnpoxol odHaCTR yr~OB R MMUY~COB c 
C' • • 

Ot)\tJUitl(b'Hhiil RH:nnyr ' 
11!-!Jt.li!.\X llCf' :!t.liOilSBO I 
-~a-tSnl-tCTEKA ~ 

' --
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yqeTOM 8l~TOB lvlHOrORpaTHO~O pepepaccef!IDHI. EoJiee Ha,n;t;lKHUM ll 
ROpp8RT~1 B T8RO~ CllTya~ flBJlfl8TCfl ITpOB8,!J;8Hll8 pacqt;Ta 
BHYTpllfl.IJ;8pHoro RaCRa,n;a Ha OCHOB8 M8TO,IJ;a MOHTe-KapJIO. TeXHHKa 
MO,Il;8JmPOBEilillfl TaROro RaCRa,n;a C . ROHTpOJI8M CilllliOBHX S®JeRTOB 
,IJ;Jlfl !IpOTOHOB C 9HeprHe:t1: 120-700 M9B H3J!OlK8H8 B·,Il;8HHO~ pa<JOT8. 
PesyJihTaTH cpaBHl!BaiDTCfl c sRcrrepHMeHTaJihHO Ha<JJiro,n;aeMHM 
s®JeRTOM- ITOJI.@HSall,IDl: rrpoTOHOB rrpu yrJiax BUJieTa 95° 11 158°. 

; ~ . ,' ~ ; '' ~ ; . ; '·. _., 

1.MexaHHa)f B03HHKHOBeHrui 110mlpH3a~ 
B HameM·pac~l3Te ncrrci.nbsosaHa"cJie.n;yrornafl rHIToTesa. IIpe.n;rro:­

JiaraeTCfl, q±o crreRTa'I'opHHi Me"xa!rnsM /5/ flBJifleTcfl .n;oMIDillpYIDmHM 
s rrpou.ecce o<JpasoBaHMfl KYMYJiflTHBH1Ix rrpoToHos.' IIocKo.ITI;l\y riari~ · t 
paBJie'mi!? ~BHJieTa cmimTaTopa He· cBHsaHo c rrepe,n;aqe~ HMITYJihca B · ·i 

. .._,.,,,,.,:/·., _,.,_._. ·.··· ·. ·' '• . '. •' .. · . . .• ·· l'\ 
rrepsHqHoM, aRTe ~ TO ITOJiflPH38JJ.Hfl HYRJIOHa-crreRTaTopa HyJieBafl. B , , 
!Ip0l1,8CC8 ,- ,IJ;Bl'DK8Hllfl ''ff.yMy Jl~THBHHX llpOTOHOB. B cpe,zie BHp0~8HHOrO. 
!lJepMH:..raaa HYKJioH:os yirpyroe paccef!Hlle rrpHBO.n;HT R rrof!BJ£eHMro 
rro.ilfiPH38I1,IDl: /G/~ :flarrpaBJI8lll18•:KciTopo~ B KalK)ioM 8KTe paccef!Hllfl 
sa,n;a~TC.fiHOpM8Jlblo'R ITJIOCROCTll pacce.HHl!Si (pHc.J:,): 

; li ;;; ; f{' >· 'f{ . . ; ' . ' l (I) 
_out .. ; .in ,.out . . _ . .. ., . ... _ 

r.n;e lf ;· it t·.:..: ~arrpaBJieHllfl "~IaCTllJJ. ·.n;o H rrocJie pacce.HHMH •· BeJIH-'-
- n. . ou . , ... ,,· . . .. . . .. .. _ 

qHHa H.3H8R ITOJIHpH381J,HH RYMYJif!TllBHHX ITpOTOHOB, ITp8T8p118BlliHX 
paCC8flHH8 H rrciiiaBnmX B arrepTypy ITOJiflpl!MeTpa, · orrpe,tieJif!IDTCfl 
rrp08RJJ.H8~ :B8RTOpa ITOJiflpH3SIJ,IDl: (Pii t) Ha . HOpMaJib R ITJIOCKOCTH 

....... '" '' ,,, . ' ' ou 
·perHcTpaJJ.HH RYMYJIHTHBHHX rrpoToHoB: --r... 

~ ~·'1" -~· '· ll'v=K.:r ... K'~ J.\.- .· ' (2) 
s 0 s' 

r,n;e ft0' ::.:::HarrpaBJISHlle . ITY'I!Ra·, rrepBH'IJHHX rrpoTOHOB ~ ft -HarrpaBJie:mie . s 
ocli rroJif!pHM:eTpa .. 1\p:Hc. I). Paccemrnzie qacTlllJ,.H, rrorraBJllHe B 'rroJIH:_ 

pHMeTp "cirpal3a" (n "~t1f ~0) HBCYT ITOJ!OlKHT8JlbHYID' ITOJiflpH38JJ.HID,• a 
ITOIT8BillHS . "c.i:Iei:la" di t' ~; ~0):_ OTpllJJ,ElTe.ri:bHyKi~ CyMMapHafl 'ITOJ!f!PH-. ' .. ou s 
38JJ.Hfl flBJiflSTCfl pesyJibTaTOM ycpe,WieHH.H .ITO yrJiy' 8 t• IlOCROJ!hRY . 

' . . '... . . . . ou . ' 
ceqeHMe, o<JpasoBaHllH' RYMYJIHTHBHHX qacTHJJ. (a ) CHJihHO · saBHCHT 

c 
oT yrJia HX sM'HccHH 8 : a ·;:;.;exp(cos8 ) /71; To 'ITOTOR "crrpaBa" . c c c 
6yA8T cyrnecTB8HHO rrpesumaTb ITOTOR "CJI8Ba".' H 'ycpe.n;s:SHHaf!. no 
B8J!H'IJHH8: 110JlfiPH3aJJ.HH :.qaCTHJJ,, ITOITaBJllHX B ''110JlfiPllM8Tp B pesyJib-, 
TaTe rrepepacce.HHll.H Ha HYRJIOHaX fl,I:ij)8, :<Jy,n;eT HM8Tb' H8HYJI8B08, 
3Ha't!8Hll8 •• ·"·I! 
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PHc. I. BeKTopHafl ~ar~~~a, . od'b.H~HRJan8li soaimKHOBemie 
ITOJIHpHSall,IDi npR'IIepepacceflHHH'Ha HYRJ!OH8X H.n;pa •. 
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PHc.2.3aBHCHMOCTh: ITOJ!f!PllS.atilm' rrpoTOHOB"C mmyJib.COM q;,;900 MsB/c, 
o6pa30B8HHHX Ha :.H,Iijl8 yrJiepo,na, ()T•YrJia SMHCCHH:~,(8,; rpa,n r). 

_ 3RC11. TO'IJRH: 0-/2/, o-/I/. . 
I. . - '; "'"' ' •. . ' " ·, '·~:· 

::(· 

3 



2.PacqeT no~aaUKH 
,; 

2.!. Cxewa pacqeTa UOnHpH38QHH KyYynHTKBHHX npOTOHOB 

IlporpaMMa MO,IJ;8.lllip0B8HH.H BOCIIpOH3BO,lJ;HT,, .iiB~m~HHe 'IaCTHU B 

.H,IijJ8 . COrJiaCHO 8JirOpHTMY; . U3Bec::THOMY K8K . 5!.ziepmllt K8CK8,IJ;. 

TeXlillKa pacqeTa BHYTPH5!.n;epHoro . KacKa,n;a no.n;po6Ho oirucaHa_ B 

pa6oTax /8-9/. .. 
liOCJI8,IJ;OB8T8JlbHOCTb ITpOB8,IJ;8HH5! pacqeTa CJie,n;yromafi: 

I) ~CHpY8TC.H reoMeTpii:.H ITOJI.HpiDJieTpa ~ : YCT8H8BJIHB8IOTC5! 

rpaHH!lH posurpuma ITo rumeTmecKo:£t ::meprHH: n:' yrJiaM BH:JieTa 

KYMYJI5!THBHI:lX cqacTHU. . , . 
2) KoHKpeTHsn:pyeTc5! 'Mo,n;eJih '5!.npa: pa.mtyc '·51.npa, rpaHH'IHoe; 

3H8'IeHHe $epMH-m,myJihCa HYKiOHOB~ ITJIOTHOCTb 5!,Il;epHOro BemecTB8. 
·:, _ .. 

3) Pasurp1:IB88TC.H TO'II\8 pom.n;eHH5! KYMYJI.HTHBHO:£t '!8CTHU1:I 

BHYTPH .H.npa:(npoToHH: H·He:£tTpOH1:I IT05!BJI5!IOTCH paBHOBepo5!THO). 
' -.· . ' ~ - ~ . '. . ? . t . ·' 

4) Bepo5!THOCTb HCITYCK8HH.H KYMYJI5!THBHI:lX 'I8CTHU B TOlrue 

pom.n;eHH.H onpe,n;eJI.H6TC5! B ITepBOM llpH6JIHlK8HHH 3KCITepiDJieHT8JibHO · 

n:sMepeHHH:M .zm®JepeHUHaJibHl:IM ceqeHHeM HX o6pasoBaHH5!. 

5) B 8KT8X B38HMO,IJ;e:£tCTBH.H C HYKJIOH8MH .H.npa pasurp1:IB88TC.H 
THII qacTir~.:_ITapTHepa · n: :.·'ee': tiJepMH-:-ill.my.ri:b_c (o~aKoimtt. l{.riw 

• • ·- ' • ' • ~ 1• • • ; .; .. ·' ' 

He:£tTpOH8 HJIH.IIpOTOHa). . 

6) 0rr!Je,n;eJI.H8TC.H . B COOTB6TCTBHH C . ITOJIH1:IM pp- HJIH np­
C8'!6HH8M rrpo6er 'I8CTHI.Ul B .H.npe. 

,. l ' 
· Ynpyroe pacce.HHHe Ha HYKJIOH8 8H8JIH3HpY8TC.H C · Y~8.TOM 

npHHUHIIa nay Jill: B ·npouecce pacce.HHH.H sHeprn:w Kal!'..n;ott BToplffiio:£t 
'I8CTUI.Ul ,Il;O.lpKH8 · 61:ITb (}QJibiDe $epMH-3Heprll:H, B npo•rHBHO¥ CJiy;Iae 

T8K08 B3cliD.>!O,IJ;8:A:CTBUe ' ,·aHHYJ1HPY8TC.H, . · ITepBH'IH8.H ; qaCTHUa 

IIpO,!l;OJim88T )u3HlK8HH8 B rrp'eJKI!eM H8rrP8BJie:ffirn (B03BpaT B ITYHKT. 5) 

u ·'pacqeT' KacKa,n;a rrpo,zioJDKaeTC.H c sa~oMHHirimeM HCTOpHH 'ero 

paSBHTHH; Y'IeT: IIpHHUHITa Ilay.mi · ITpHBO.n;IiT K 'S®leKTUBHOMY 
YBe~eHHro ilpo6e~a qacTHI.Ul B .H.n;pe. · · 

· ·7) IIpi Brixo.ne qacTHI.Ul n:s .H.npa· H IToiTa.n;amm ee B . 

ITOJI.HpHMeTp,'/, !:ITpOH3BO.D;lior:q~: 06pa60TK8 . e061:ITHH .. (orrp'e~eJieHHe 
npoeKilim · BeK'ropa 'noJI.Hpn:saiUrn rrpoToHa Ha HopMa.ITn li · ) n: · ITepexo.n' 

,, .· ,' ,. ,, .... ' . ' ' ' s 
K p031:II:Pill1IY~. CJie,n;yrome:A: 'I8CTH!-U:l, (rryHKT 3) • ., ... · ..... ;· 

· 8) 'B :cJiyqae Buxo.na ::qacTHI.Ul n:s · Si.npa·. H .HerroiTa.n;amlli ee·, :a:. 
•·•~vuoJJHMeTp rrporpaMMa BQ3BpamaeTC.H ITO ·KaCK~.I(Ho~i ,nepeBy ~a mar. 
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H838,JJ; H ITOBTOp.HeT Jl8C'IeT C rryHKT8 5. IlpH H8B1:IIIOJIH8HHH II. 7 
B03B,P8T ITO K8CK8,I(HOMY . .n;epeBy IIP?.IJ:OJDK88TC.H ,IJ;O ITOJIHOro ITepeC5opa 

BC8X. KOMC5HHai.J,Htt.. . , .·• . .. 

2.2. Mo,tteJib H,D;pa 
fl,n;pO paCCM8TpHB8JIOCb K8K BH:pOm,tteHHI:I:A: $epMH-ras CBOC50.n;a1:IX 

HYKJIOHOB, .38KJIID'I8HHI:lX B c$ep~eCKYID. ITOT8HUH8J!bHYIO ·.HMy_. · Pap­
rrpe.n;eJieHHe HYKJIOHOB ITO $epMH-HMrryJibCY rrpe.I(IIOJiaraJIOCb paBHOB8~ 
po.HTHizM oT HY JIH .n;o ·. MaKcHMaJinHoro sHa'IeHH.H Pf: . . . . , :. , 

' .. ~ 1/3 1/3 
Pf= ( 3~-y-xn3 ) = (j{x~)' x ~ 

0 
• •(3} • 

r.n;e ~~KoJIUqecTBO HYKJIOHOB orrpe.n;eJieHHoro copTa, V-od~eM . .H.npa: 

V=4l. xRo~ A-aTOMlill:A: HOMep H.npa, · Ro:...pa,n;IiYC . .H~a. BeJIH'IHH8 ' . 
rpairn'IHO:A: tlJepWI-SHeprHH (Tf), SHeprH.H CB.H3H (E) n I<:YJIOHOB- .: 

CKHkt ITOT8HUlf8JI (.I(JI.H ITpOTOHOB Uk) . orrpe.n;eJI.HIOT B UTOre .H.I(8pHhr£f 

ITOTeHI.lH8:fl:. UN~~f;f"E+U~, ,r.ne Tf=/Pt
2 +m2

'-m, m-Macca H:yKiroHa. 
UflU. pacce.HHHH iia' HYKJIOH8X .H.IJ:P8 BJIH.HHH8 .npyrHX HYKJIOHOB 

Y'IHTH:BaJiocn, B pacqeTe rrpHHI.J,'ill:loM nay JIH, sarrpemaromHM ·BsaHMo.n;e:tt­

CTBHe, KOr.n;a BTOpU'IHU:A: HYKJIOH ID/188T SHeprHIO T<Tf. 
3H8'I6HH8 $epMH-rpaHHU (.I(JI.H ITpOTOHOB) n .H,I1;8pH1:Ie ITOT8HUH8-

JI1:I,_,HCITOJib3Y8M1:I8 B p8C'I8T8X, ITpHB8.I(8H1:I B T8C5JI.~. 

· .:. TaC5JIHUa I ~~ ' ' :.. 

·'• •· '.'. ; < ' .: ~ ~ ·,J '. t f ' 

;o.fl.nps:>: ·Pf•·nn•'' Tf,· ··E·, :· Uk; .. ·. UN, 
MaBie··~ : MsB MsB MsB ,MsB. 

9Be 221.94 25.89 14.0 2.0 37.39i 
... .. 

12(} · :-T~23'6.8o 
_,., .. ~ 

27.98 13.6 2.7 38~88 

' 
96Mo 

< f: 
: 220.78 25.63 7.5 - 13~0 - 20.83 

-He 

h.rroTHOCTb .H.I(epHoro B8ll(8CTB8 , (p) ITC>JI8r8JI8Cb ITOCTO.HHHO:A:, 

saBHC.Hme:tt oT 'IHCJia HYK.ri~H:oB .H.n;pa: ·:_ 
·. 3 '.. 3 P- 3 . [HyKJIOH/@/1 l ' 
' . 4'1tr ' . . 0 ~ ..- ~ ·. .. "~. ' ·~< ';f',t.. ", ~·-·~.~; 

r =1.3 @II - s®JeKTHB:mllt pa.mtYC HY'KJ!OH8~'- Pa.zmyc fi.npa: 
.o.' ., " '- ' ,· " ," ' ' ,.. ', :: '; 

L 

. (4) 

· r.n;e 
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Ro=r xA
113

. '· (5')"· 
0 .. 

!3®leKTHBHillt pa.imyc B03MOJKHOI'O . oCip830B8Irn:H KYMY JIHTlmHhiX "1!8CTHU 

npe,n;IIOJI8I'8JICH M8HbllillM Ro . Ha r 
0
/2, "liTO · npHCi.Jlli3HT8JibHc/ 

COBII8,!(88T C rpaHHUe:£1 . pacrrpe,neJieirn:H 6q-(fl.nyKTOHOB B ' H.Iij)8 ITO 
OU8HK8M /IO/. 

2. 3.. CneKTp KYMJ JlHTI.fBHHX IIpOTOHOB ,; 

BepOHTHOCTb (W) BH~eTa KYMYJIHTHBHhiX qacTHU C KHH8T~qec~ 
K0:£1 ::meprne:A:'T n HMIIYJibCOM q B TeJieCHOM 'yr.rie 'b 3a.naeTcH HHBa"' 

pnaHTHI:IM ce"l!eirn:eM (f) nx oCipasoBairn:H: . 

· ~~rr= qxf, (_6)' 
dn=dcpxdCos(8c)-8JI8M8HT T8JI8CHoro yrJia.·KYMYJIHTHBHI:I:£1 yroJI (8,;) • 

H3M8pH8TCH B JI. C. OT H8!Ip8BJI8Irn:H IIY"I!K8 II8pBH"I!HHX qacTHU. 

. 'PosHrp!:llll ITO 83HMYT8JibHOMY YI'JIY cp H30Tpo~:£l. 

·3Ha"l!eirn:e HHBapnaHTHoro.ce"l!eirn:H ,nJIH KYMYJIHTHBHh!X rrpoToHoB 

rrapaMeTpH30B8HO ITO COBOKYIIHOCTH 8KCII8pHM8HT8JlhHHJC ,!(8HHHJc' /7f 
B !lJOpMe )II, I2/: .. . ·. . . . : 

!= . E d3a . . 
q2dqd.Q =Coxexp(~ ~~tt. J' '(7) 

' . . To .·. ;:,•· ·:; 
To-1-~xCos(8c) · (8 

IIapaMeTpH (!J., ~,Co, T' ) ,Ha:li.neHHIIe B pesy Jib TaTe !l)HTHpOBairn:H BK(:!-
o '',.r-, ' 

.rrepHMeHTaJibHI:IX .naHHI:IX /7 I no oCipasoBairn:IO: KYMY JIHTHBHmc-rrpoTo-

HOB e .nHarrasoHe yrJioB 8c=I0°-I80° n sHepr~:' T~I2p-ao9·.1 M~B, 
IIplffiO,I(HTCH B T8Ci.llliU8 2. . . . ~ 

.TaCiJIHUa 2 

H.npo· Co T'. 
0 ' !J., f3 . . .: ~ 

,··· ' 

.. .. :· ' .... 
MsB MsB. 8 ~ 90 8 ~ 90: 9Be· 371 22.7 

.. 
0.78 0.51 55.8 

+ 0.2 
. · ,12C . 

371·. . . 58.5 .. 22.7 :.•!.'0. 78 . 0~51 
± 0.2 + 1 .4 

96Mo . 371 63.4 22.7 0.60 .. 0.59. 
± 0.2 . '. -·~ 

~SH"I!ecKH:A: CMHCJI rrapaMeTpoB cJie.nyiO~./I2/. MHBap~aHTHI:Ie 
~3HBH1Ie ce~H~Irn:H ·• f (7 y· IIp8.I(CT8B . .'lll!OTC~ llpHMID,m .flmrusu,m: (B 

6 

:. 
,f!~' 
"'·t 

r 

1 . I} 
, I ~ 

JIOr.apujft.rn:"lleCKOM M8Cll1T8Ci8)· C H8KJIOH8Mli To :(8), 38BHCH~ OT. 

KYMYJIHTillmoro·yrJia.ec.CKopocTb H3M8H8Irn:H Be~ To c·yrJioM 

sa.naeTcH' rrapaMeTpolV! ~- ·crreKTpH qacT:mi· B ,nH·arrasoHe 'yrJioB·oi: < 
I0° .no 180° · rrpe,ncT.aBiiHIOTCH 'ri BH,ne · Be epa· npHlV!m( .rriDllnt. ' 
reoMeTpwmcKoe· M8CTO. TO"I!eK Hx rrepece-qemiH: :Ha. Cicn KHH8TJNec:Kofl: 

::meprHH> cooTBeTCTBYeT Tk=!J.. IIpn aToM ·· ycJioellli · oircyTc'TeyeT · 

saBUCHMOCTh rrapaMeTpa Co oT KYMYJIHTHBHoro yrJia 8c. ·;--: ;,::' , · ·'·'·. 

BeJIUqHH8 ~-rrapaMeTpa p83JIUqH8 ,I(Jrfl. YI'JIOB B nepe,iliie:£1: H ·~alt• 
,nHefl: IIOJIYCilJepe. 3TO OCiyCJIOBJI8HO T8M, "liTO B II8p8,IJ;H8fl: IIOJiyC(llepe 

(8~90°) K H8yrrpyroMy K8H8JIY -,I(OCi8BJIH8TCH KBa3.1:iyTipyrnK,' qTo 

TipHBO,nHT B 'YI'JIOBOfl:' 38BUCHMOCTU K B03pBCTalmiD C8"1!8HllH ·f B. 

oCiJiacTn Iq:~asnyrrpyroro · TrnKa, KoTopoe ocoCieHHo · oT~e'T.mfBo 
npOHBJIH8TCHH8 JI~I'KRX H.IJ:P8X. 

•,'J, 

2.4.CeqeHRH NN-BaaHWo~eacTBHH 

Uo.rrHI:le ~~ceqeHHH IIpOTOH-IIpOTOHHOI'O .. U. rrpoTOH -H8:£tTpOHHOI'O 

B38HMO.I(8:AcTBHH ·, • · (Otcit) BH'IHCJIH.JlliCh; B COOTB8TCTBHH C 

rrapaMeTpU3aUHefl:·/8,CTp.28/: .:i :· '":'<,:: 
n · (9) 

... , ')'- -· 23938 .. :. 1802 '27 14.7: .< 
Otot (pi') =::::--:,-------- · --------- + . Mu ··· T2 . T 

( ) . · ~ 23938 -~ ... ; ... 1802, .. '34, · 5· M6 . 
otot pn = ----------:._+.----:----- ·+ ... 

T 2 
. . . T. .. ' ; . 

40:>'1'<400 MsB 

• 400~<800 MsB 

0 '<pp)-' 93037 _ 11 .1.48 + 22::429 MCi 
tot T2 T 

''; 887 37' :,' ( ::~· ! ') .:. . ~; 
0 tot (pp)- " .. ." .... +0.,05337xT+3.5475 MCi .: c. T ,, ... . I\ .•... j • , .. , ' 

40~<310-MsB 

.. 310~<800 MsB. 

Ce"l!eHHe .01;~~~ ncrroJii:,s~ma~oc~ ,nJIH orrpe,neJieirn:H''_rrpoCiera • (A.) qac:.:. 
THUBH.npe:~ ·, · .. : .. :;If:·!t:l·:;·:;·'"·:·t:···· 

A.=-A.·xLn(1..;€) ., ·~ ,·,:c:::~·:· (IO) 
' 0 . . . 

r.ne A.~ :..:cpe~ rrpoCier B. H.nepHott · cpe.ne .. c IIJIOTHOCTbiO. p ( 4), · 

~-B8.Jlli"I!HH8,; paBHOMepHO .pacrrpe,neJI8HH8H B HHT8pB8JI8 0-I, ··; 
. A. . , .. 1 . .. . . . . .. ·. . • . (II}' .. 

0 = .. ~-~- 0tot ·' . ·.".·,: ... · ..• ···.· .. 
3aBHCHMOCTb .nHilll>epeHUH8JibHOI'O ... C9't19Hrul . yrrpyroro 

pp.:..paccefimm oT KBa.npaTa rrepe.naHHoro "l!eTupeXHMIIYJibca. (t) 
arrnpOKCHMlipOB8JI8Cb BHp8lK8lftiy~: . . , . . . ~·--· ~ 

'" 
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dao ebt+ct2 
~ =. ax • (12) 

rro~odpaJ:IHHe ITO . aKc;:ITepHMeHT8J!hlillM ,naHiillM fi3( rrapaM~;pu, .a, b . H 

c rrpxme~elill B .TMJI~3. .Ifu!I$3peHI.UfaJihlille . ceqeHHH · YrrPYroro 
paccef!HHH nJ> .li ·pp. rro.iraraJrnch paB~. npli aHeprHH ,T .no 3oo. 
MaB, )U'I®JepemrimJihHOe ceqeHHe .• -(12) HSOTpoiiHo ·/I4/ .. B cJiyqae 

.!- • '- " '- ".. . • 

ITOJIHpH30B8HHl1X . \l8CTID.'( , .1U'I®Jep8_HI.Uf8JihH08 C8\l8HH8 pacceHIDffl · 
orrpe,neJIH8TCH ·KaK. /6, C.29/: -.·; . 

. - '.' • '/ • l· ,. . 

da =dao~ ( 1 .;~ · *p ) at _ar- .in out (I3) 

r,ne' pin *.pout_:_ CK8JIHpH08 IIpOll3B8,ll;8HH8 B8KTOpOB IIOJIHpH38~ ,no 
n rrocJie paccef!HHH. 

H 
. TadJIID.'(a 3 

·• . 

M~/C a, ·- ., 
· . (:r~B/c) -:2 c, 1 

M6/(raB!c>,: . (raB(c )-
' "' ·:·• 

800-899 • 89.1 ±5.1 ..:0.96±0~55 ·2~91 ±L81 
900-999 78.8±4.7 -'-1 .17±0.57 .' .1.89±1.69 ,_ 

1000...:1099 64~7+3.6 -1 .00+0.52 0.72+1 .31 I 

2.5. IIonHpHsaUKH B yrrpyrou PN-pacceHHHH 
BeJrn't!HHa rroJIHpHsa~ P(T,8) B aKTaxyrrpyroro,:pp~pacceH­

HHli orrpe,neJI~J}aq'h cor JiacHo rrapaMeTpnsacim /I5/: ' ' "~, . '" · 

P(T,e )=Sin(8) xCos (8 )x £a1 X .(1 + (T._To) (aHa7T+a1 oT~)+ 
a2x (1 + (T-To )(as+asT+a11 T2 r+f13x (1 .t (T:..:Tlf<a6+a9T+a12T2 ) 1, (I4) 

r,ne ·~_,ll 8 · -. KHH8!ll't!8GK8H 8HeprHH •B 'JI~C~ ll .yroJI paCt;:fJHHHH B 
C .1.\.M.· COOTB8TCTB8HHO. 3H8\l8HH8 rrapaMeTpOB a1-a12 IIpllBO)U'ITCH• 
B . T8dJI.4 ,nJIH ,D;BYX ,1U'I8II830HOB 8Heprd: 0.3 TaB; ~~o ll 

To~~ raB, .: r.ne ·· To=1 • 03 raB·. BosHRKaromaH · B · pesy ~hTaTe MHoro­
KpaT!illX. c~y,napelid C HYKJIOHaMH .. IIOJIHpH381.Ufll IIpOTOHOB (~out) 
ITOJIY't!88TCH •c~oBaHHeM ITO BC8M n 8KT8M paccemmH G yqeTOM 

K08~8HT8 ,D;8ITOJIHpll38~ (D) 'CJI8,nJIOIIU1M o6paSOM /4 .• c;:Tp.35/: 
• ; ..:. --.. • ... \ ~- ' p ' ',, " .' • • • ' • ~ < '.. • , ~ • ~ 

Pout~ E·. -~i+DiPi~; lii*li~ 1 fi ·.··· .. 
' ' .. - ' ' 1 + fi *li ' i-1 . ' 

..... -1,n · i i-l 

(I5) · , 

8 

'i~ 

I! 

Pi- IIOJIHpll38Ullfl \l8CTHI.\,p8CCqHT8HHaH ITO @op1~~e (14),fii-HOp­

M8Jlli K IIJIOCKOCTH paccemum COr~aCHO (I ) , fii *fii_1- CK8Jlf!PH08 
IIpOHSBe,neHHe e~x B8KTOpOB. MH,neKc "0" B lllapMyJie (15) 

COOTB8TCTBY8T llCXO,nHUM YCJIOBHHM, T.e. H8\l8JlhH01t ITOJIHpll38~ 

P , rrPll , 8TOM HOpM8Jih li · =fi . ' (2) • Koa~eHT ,D;8IIOJIHpll38~ 
0 ·. 0 s . : . 

(D) IIOJIY't!8H ll3 pa6oT /I6, 17 I ll rrap8M8Tpll30B8H K8K <flYHKURH . 
yrJia .-paCC8HIDifl H KHH8Tll\!8CK01t 8HeprHH CT8JIKHB8IOIIUfXCll ;t!8CTID.'(~ 

Ta6Jrnl..\8 4 

i 3Ha't!eHHe ITapaMeTpa ai 

1 0.8267 

2 ' --o.0627 .· 

3· 0.2742 
4 ,,, '~· > 1.8060 (faB)- 1 -2.0770 (raB)-1 

5 54.9700 (raB)-1 -33.1810 (raB)-1 

6 15.4720 (raB)-1 -'-1 • 9760 (raB) - 1 

7 ::...f.6220 (raB)-2 · 0.8897 (raB)~2 

8 -55.4098 (raB)-2 23.2825 (raB)-2 

9 -42.8326 (raB)-2 2.9045 (raB)-2 

1 0' · -3.7280 (raB ) - 3 -0.0894 (raB)-3 

11 .,...100 (raB)::=:~ -2.7611 (raB)-3 · 

12 12.6935 (raB)-3 -0.4023 (raB)-3 

Tk ~To Tk ~To 

I!OJiy~eHHaH ITOJIHpll38lUfll (15) IIp08J.UiPY8TCH Ha HOpM8Jib K 
IIJIOCKOCTH: IIOJIHpHM8-Tpa ll ycpe,nHH8TCH ITO BC8M. N C06l1TllfiM,: .:: 

2:: {Pp X c <PP>~ i=1,N i os(¢i)} 

n1 + ·n 0 

(16) 

r,ne n 1 ,n0- :~CJIO \l8CT~ 1 IIOIT8BIIrnX B YCTBHOBKY (N=n
1
+n0 ) ITOCJI8 

_ IIpOXOJK,IJ;8HHH H.npa C BSal-iMo.ziettCTBllf!Mll ll des B38HMO,D;81tGTBllit C 

HYKJIOH8Mll, 
:, 

Cos(¢>=·<li: *li:' ·t), (17). s au 

r.ne liout- HOpMa.Jib K IIJIOGKOCTlf rrocJie,nHero paccemnui (I) • 
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4 

2 

108 
6 

4 

-
CR. 

';' 

~ 

--. 
%:> --z 

0.1 
~ 

e· 

""' 
2 {, 

0.01 
0 40 80 120 160 i 

~ 

~xc.3.BK~a~ codHT~ c yr~oM po~eHHa rrpoTOHOB 8 B rioToK 
ITpOTOHOB, .perHCTpHpY8MHX no~apHM8TpOM B HHT8pBa~e 8=(95±5)

0
• 

16~--~~----------~~~--------~ 

~12 
0: .:::;: 
::r 
ro 

·C':l 
:::;: 8 
0.. 
0::: 
~ ·o 

t:::: 
4 

·., 

k7J+2+3~.-•. · .. 
'~--· .. 

" '' ~ 

01 I I I I I I I I I I I I I I I 
450 700 .950. 1200. 

q , M3B/c . . 

PHc.4.3aBHCHMOCTh no~apHsaUHH oT HMTIY~bca rrpoTOHOB (q) ~~a 
a~a yr~epo~a c pas~llHO:A: KpaTHOCThiD pacce~a \k); 

_.-_.:~.~· "'' 

10 

30 

CR. 

z2o· 
........__ 
.--... 
~ .._... 

z 10 

I 
Yrnepo,q 

. ,~ 

Mo,qn6,qeu 

I' . :· I 
I I IW I I I I 

·0 .· I l. : .. · 2 4 0 3 
k 

5 '6 

PHc. 5 ~ Pacnpe~e~eHHe coOHT~ no ·.KpaTHOCTH pN-BsaHMo~e:A:cTB:mt 
KYMY~aTllliHhiX npoT9HOB .f:L.fi.JWax: t-yr~epo~. 2-:-Mo~d~eH. 

--~. 
.. 0: 
:.;··:::;: 8 

: §"_;: 
(';) 
:::;: 
0. 
0: 4 
~ 
0 

t:::: 

0 

-4~--.~rr.-~~.---.-.-.-~~~~--~ 

10 .. 100 
ATOMHhlA HOMep 

PHc.s.A-saBHcHMocTh no~apHsawm nj>oToHoB B m.niY~hcHoM ~~na-· 
30H8 q=500+II00 -MaB/c . .lfumrn-:- pacqeT, BKCTI.TO'Tim 'e-95~-: c~!58:' 
,· ' •. . .. .· . ~ . . . . - .. 

II 



25r-~~~------~--~--~ 

?R 20 
0: 
:s: 
g15 
C'J :s: 
p.. 

~1d 
0 

r::: 
5 

1-Lr=O.O fm 
2-Lr=0.5 /' fm 
3-Lr= LOy fm 

t t t 1 

o.-1 . , , , • . . , . , . · , . , 1 
450 700 950 . -

q ,:M3B jc 

,-

PHc.7.38BHCHMOCTb ITORHpH38UHH OT HMITYRbC8 rrpOTOHOB (q), odpa­
SOBaHHHX H8 fi)JJ)8 yrRepo,na rrpH; pas.nwmoit ,nRHH8 lllopMHpOB8HHfi; (lf). 

3KCII. TO't!KH/2/. "(-raMMa-1flaKTOp rrpOTOHa: i:::O(q2jm2+1) 1, 12 ~~ 

?R 

0: 
:s: 

20 

g 10 
C'J :s: 
p.. 
0: 
r::: 
0 r::: 0 

1 
I I I I I I -------

--10 I I I I I I 'I I I I I I i I I I 
450 " 700 . 950 1200 

q., MeB/c 

PBc.8.38BHCHMOCTb ITORHpH38l.J,HH OT HMITYJibC8 ITpOTOHOB (q), Odpa-
30B8HHI:lX Ha fi)JJ)8. yrRepo,na rrpH pas.mNHHX yrRax. (8) SMHCCHH. '· 
PacqaT:1-8=I58~ 2-8=95° (Po=O); 3.:.8=95° (Po:::Oo.2· .. £1-q(raB/c')f. 
3KCIT. TO~: e-/2/, o-/1/. 

!2 

3. Pe3yJibTBTY pac'ti~Ta :· IIO.MpH3a~ KYMYJIJITHBHHX ·npoTOHOB H 
~' ' c• , 

, '"' CpBBHeHHe C . 3KCII8pml8HTOM ' . :· ) . ' 
KaK dJ:1RO .. ITOK838HO o :.madRIO.IJ;88M8fi ITORHpH38IJ.Hfi· KYMYJrfiTHBiillX 

. - .. ' . . ' .. ·-. "- ~ . . ~ -

IIpOTOHOB;, B03HHK8IOmaW'S8 .C'tl~T M8X8HH3Ma rrepepaCC8fiHHfi' B: Si.zu)e, · 
' ' . '{" . . ' 

. orrpe,neR~eTcH ycpe)J;HeHHer.t· ·:qo :s.ceM ~:aRT aM pacceHHHfl / rrpn ':sToM 
cooTHomeHHe . ~OTOKOB 'tlaCTHu~' rrorra.n;aiOIUHX B IIOJIHpHMeTp co . 
cTopOHJ1 nepe,nHeit ::rroRyC(fle:[m u. co·;'cTopoHI:1. sa,nHe:A<m)'.nyc~pH, 
.orrpe,neJIHeT sHaK H Be~y . rroRHpHsar.um.' ·~rrocKORhKY>' riP~-
perHcTpaiJ.HH rro.n; yrJioM ·· •8 sR190° pasHoCTb sTHX · ·.·.· rioToKoB· 
M8KCHM8RbH8, a ITpH 8 R1!80° paBHa.·· HYRIO,-.. TO' H 'H8dRIO,I488M8fl . . s . .· . 
IIORHpH381J.Hfl Be.IJ;E3T . ce~fl : 8H8ROrH'iiHI:1M i' . odpaSOM ' . (pHC. 2) ~: . 
0THOCHT8RbHJ:1it BKR8.IJ; IIOTOKOB '1!8CTHJ:.4, pO,nHBillHXCfl· 'no,!( rr().JmpHI:1M ·· 
yr.JloM;~~:~}f' peruc~pnpye~x''rro.ii ·yrRoM 8sR195° ·rroKasaH-Ha- puc.3~ 
·:·•:1 .· . YB8JIH'tleHHe Kp8THoerH ,rrepepa9C8fiHHfi ·rrpHBO.IJ;UT K YM8Hbm8HHIO 
IIORHpH,S8rum · "1f3..,:.38 8®JeKT8 ,I1;8IIORflpH38lJ,HH rrpH ·~)IOBTOpHOM 
pacceHHHUt' KaK Bu,nHo· Hs: pH c. 4'; ocHo:Blioit BKRa,n B rroRifPiisati:mO 
,IJ;aro'l'.(:~a(:#liui e o,IJ;HoKpaT~M: paccemmeM~: PacrrpeAeReHiile · codotTd . 
ITO -~UICRY'B38HMO,IJ;8itCTBd c':HYKROH8MH IIOK838HO H8 plic.5: lB fi)JJ)g 
1 ~ci,,!IJleodRa,IJ;amT o.iJ;HoKpaTHI:le 'Bsa:HMo,nettcTBHH, B H,I!;JJe :·?,~Mo: :,no.ITfi 
BSaHMo,neitCTBUitt Tc; · k~ '. cpaBIDm88TCfi ~: · C > o.fu:roKpaTiillivnf?': 0,nHaKO . .~ 
sH~;Hre'RbHoro .:.:lis!'t1eHeHHfi ~tTho,RRpnsailirn :·'·Ha u S:I.n;pe, MoJllid,IJ;elia ; ·:ae 
ITpOHCXO,nHT ·ITOCKORbKY; · Ha ·· doJree TfllK8JIOM': ,;fl.n;pe <'-xdTfi ')(H 
YB8JIHqHB88TCfi ITOTOK :rrepepacceffimlii.~ Tl8CTHJ:.4, HCi o.ItHo:BpeNieilliO'n 
BospacT·aeT poRb·:;·,IJ;erro.JiHpHSYIOIUHX s!IXIJeKTC>B·. Ha pHc~6 irpHBe,nemi 
A-38BHCHMOC;r'h · IIORHpHSE:UUIH~'KYMYJ:ifiTHBilliX .. rrpoTOHOB;'~ BlfuHo, 'ITO 
crur6Ho~ · A-s·aBUCHMOCTR Iie 'OTMe'liaeTCfl• .. :.•:,: · · 

· • · II pH; Mo'Ae.illipomi:a::IDr d!lJ!a< n'po:Bepelia saBHcii'MocT~:/ . rio.rifipHsalilm 
o'l' pad't!~'i'Hoit·',n.ilinru :4JopMHJ)6i3aimfi (1~) iipoTolioa~:.:po,mil3iimxcfi·:s 
H:e yrrpyrill((: iB38MMo,iteitcTrnif!X) ·.. Pif,i( MO,neJieit ~ .H' · · SKCriep:IDieHT <)iS/ 
rroliasu:BaioT. qTo ,n.furila (4JopMHpOB8HH.f{· Taimx ITpOTOHOB pacTeT·~ 
rro2~torzy ~-·c· jrBSJiirci'eHifE~i4-~RX ·llM.uyJibCa q ~- ' ·. ., . ··'. 
· \ :~ ~;f\j))':[_trn'J :f., .. ~.'._-~:·;_:; ~-;~.- ... ) . ·: ~~ .. ··· .. : .. ~; :<~sY; 

·r,ne m*- IIOpfi,I!;K8 M8CCbl HYKROH8~ Kffit · BH,nHO H3 pHC.7, H8HJIY'IJII!ee . . 

COrRaCHe C BKCIIepHMeHTOM /2/·,nOCTHr88TCfi IIpH lf=O. 
MMilyRbCHBfi 38BHCHMOCTb ITOJifiPH381J.HH ITpOTOHOB, Odpa30B8H­

m1X Ha fi,DJJe yrJiepc.na c yrRaMu BHJieTa 95° u !58°, rroKasaHa Ha 
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p'Hc.8. Xopomee, . corJiac'He ::mcrrep'HMeHTa· 'H · pac~~.Ta ~~. (lf=O) 

)40CT'Hr8;8TCH B JKBCTKO:A: '!8CTH CII8KTp8;IIpH .. q>800 ·MsB/c. (pnc.8, 

eynBaH ·2) ~ B. MHrK::>:A: . .'lacTn crreKTpa •. (q<800 MsB/c) Hae5JIIO,naeTcH 

paccorJiacoBaHHe, BospacTaromee .c yMeHhmeHHeMHMIIYJibca.· 
3TOT !l)aKT MOJKHO HHTeprrpeTnpoB8Tb'K8K YK838Hli8 Ha•To; 'ITO 

CIIBKT_aTOpHaH rniiOT838 orrpaB,Il;biB89T cee5H TOJibKO rrp~eHH~BJibHO .K . 

JKBCTK'HM KYMYJIHTlffilillM rrpoToHaM (c x~L3). Ilpn yrJiax,~C5JIH3ImX K 

90~, B · MHrKO:A: '!8CTH CIIBKTpa BKJI~,IJ; B. H8C5JIIO,IJ;89MYIO IIOJIHpli38UliiO 

MoryT . .norroJIHHTBJihHO BHOCHTh .. ,IJ;Ba rrpo~ecca: rrepepacceHHHHe 

. IIpOTOHH OT,IJ;8'lli OT KBa3Ryrrpyl'OI'O. pacceHHHH J18pBH'!HHX IIpOTOHOB 

H8'Hyl\JIOH8X, H,llp8 H IIpOTOHH :'HHKJII03HBHO:A: peaKUH'H: ·;·" 
.. P.tA~P' (81':145°+65°) +X• . : •. .. •; . (19) 

. ~ ' ,. ' 

c rrepe,naHlillMH nMIIYJibcaw PT~.5+I.5· rsB/c. IloJIHpnsaunHi:rrpoTo-:-

lioB B. sTnx ·.nBYX rrjlo~eccax rrpn sHeprnHX rrepBn'moro .rry'!Ka oT 

IOO ,no~_.400 rsB HCCJI8,IJ;OB8JI8Cb, B 3KCII9p'HM9HT8X '· H~ YCKOJlHTBJIB 

i,l>HAJ!/I,9;20/ .. ,U.rrH oe5onnpo~eccoB BeJili'lliHa rroJI5ipnsainm".cocTa-.: 

BJIHBT, 5+8% rrpn PTI':I0.5 rsB/C:.:H rra,naeT K,HYJIIO. rrpn P~f':II.0.1rsB/c •. 
EcJIH rrpe)J.IIOJIOJKHTh, '!TO. 'HCTo:qm.moM. MHrKHX KYMYJIHTHBHHX·: rrpoTo.:.. 

, HOB HB~HeTCH TOT JKB M8X8Hli3M; 11TO· B, pe,aKUH'H '(I9) · (IIOJIHpHS8-

IJ,kifi, H?C5J1IO,D;89M8H B /!9/, K8118CTBBHHOcBOCIIpOH3BO,nliTCH .Tpexpe.n-:: 

. JKemmo:A:, MO,IJ;BJibiO), ·TO Ha'laJihH8H,;IIOJIHpH38UliH (Po) · TaKHX •rrpOTO­
. ~OB , C5~,neT .,QTJIH118TbCH OT HYJIH .· H :.HMBTb,; yK838HHYIO •:CII8,IJ;8IOmY,IO 

HMIIYJihCHYIO -saBHC'HMOCTh.· ·11crroJibsoBaHHe TaKoro ,ycJioBnH. cymecT:­

BeHHo yJiy'lll!a~T COOTHOlliBHli~· pacq~h~a· r:H · SK~IIep'HMBH;·a; ";(,IJ;JIH 

.8
8
=9S0 ) :1I9

1
,B_98MY nMIIYJibCHOMY .,nnarrasoHy. ;(pnc.8, Iqllffi8H .3). •.> • 

TaK'HM oe5pasoM, corrocTaBJI8.HHe ,_rrpoBe,neHHHx pac'leroB_, ;:y'lliTbl-. 

. B~rommc' rrepepaccerume Ha HYKJ!O:f!ax. H.npa,. q , .naHHl:lMH rroJIHpnsaun­

o~ nsM~P,E}~ He. ITP9THBope'lliT rnrroTese o ,noMmrnpoBamm .crre-. 

K~aTOp~oro 'M8X8Hli3M8 :B !l)opMHpOB8:HIDi.. KYMYJIHTlffiHbiX ,IIpOTOI,IOB· C 

X~I.3 H yKa3HBa9T Ha HaJlli'tlHB H8'1!8JI})H0ll IIOJIHpH38Will. !Ipll.·MBHD­

IIWX ·aHa'tleHll.~ KYMYJIR~HBHO~ uepe~emiOii ;r~~, no-Bl:!,IJ;~~oMy ,' .npo­

SIEJ.UleTca TOT xe M8XaHH3M. o6pa~oBa'mti npoTOHOB' . 'liTO . ll. B I1liK~ 
.1.Iil3mmoM p~eHll.ll. npoTOHOB Hll.lte KYMYJISlTHBHort · rpaH~ · (x=I) • 

- /· . ;,· )' 

~ ... ~. t.: .. 
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