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O~II!~H~xapaKTepHCTHKa pa60Thl 

AKTYaJ!bHOCTL npo6JieMhl. B HaCTOHII!ee BpeMH 60JILillOe BHHMaHHe npn 
·113yqemm B3allMO,lletlcTBllll qacTlll{ npn BhlCOKllX 3Heprl!HX y)leJIHeTCH npo
neccaM MHOXeCTBSHHOro pOJK)leHllH. CBOeo6pasl!e 3TlfX nponecCOB npl!BeJio 
K C03,llaHlllO HOBUX TeopeTl!qecKHX ll 3KcnepllM8HTaJ!bHhlX M eTO)!OB l!X aHaJ!lf

sa. BeCLMa ITJIO)!OTBOpHhlM OKasaJICH llHKJII03l!BHUll ITO)!XO.l!, npll KOTOpOM ll3Y
qaIOTCH xapaKTepHCTHKll Bh!)le JieHHoro Bll,lla qacTlll{. ~JIH l!HKJID311BHUX npo
necCOB 6UJ!lf C!pOpMJJ!lfpOBaHhl OCHOBHhle nomxeHHH 11 noiwqeHU pasJlllqHh!e 
CJie)!CTBllH npl!Hl{ltna aBTOMO)leJILHOCTlf HJIII MacmTa6HOll lfHBapltaHTHOCTlf 
CHJILHUX B3al1MO,llellcTB11ll, paspa60TaHhl CTaTllCTHqecKne, MY JlbTlrnepmpep11-

qecKlle, KBapK-napTOHHhle ",llpyrl!e MO)leJ!lf. 
CYII!SCTBSHHO 60J!billl1e B03MOJKHOCTH B nsyqeHHlt )ll!HaMl!KH nponecCOB 

MHOJKeCTBeHHOll reHepal{lllf qaCTlll{ )laeT ITOJWllHKJII03llBHhlll MSTO.l! -·nsyqe

HHe xapaKTepHCTllK BU,lleJieHHOll qacTlfllll, pox,neHHOll B peaKl{llH C <pHKCllpO
BaHHUM qnCJIOM BTOp11qHUX sapHX8HHUX qacTHl{. 3TOT ITO,llXO.l! IT03BOJIHeT Bll
HBHTL TaKHe .l!llHaMHqecKne 3<p<peKTU, KOTOphle npn cyMMHpOBaHHH Bcex Ka

HaJIOB peaKl{Hll CJE.60 npOHBJIHIOTCH B lfHKim311BHOM pacnpe,lleJieHHll. B Ha
CTOHIIjee BpeMH ITOJIYHHK1II03HBHUll MSTO,ll HHTeHCllBHO npHMeHHeTCH npH HC

CJI8~0B8HIDI npoqeccoB MHOX8CTB8HHOro o6pasoBamm BTOplNHliX ~ac~. B 
qacTHOCTH, npH aHaJ!lfse ,llaHHhlX, noiwqaeMUx Ha nysHpLKOBhlX KaMepax. 
~JIH ,lleTaJILHOro llCC1!8,llvBaHHH ITOJWHHKJII03HBHhlX nponeccoB He06XO,lll!MO no
nyqnTL 3KCITepHM8HTaJILHhle ,llaHHhle O B3allMO,llellcTBHHX a,n;pOHOB pasHoro 
COpTa. oco6oe MeCTO cpe,llH HHX 3at!HMIWT aHTHITpOTOHhl, ITOCKvJILKY HaJ!lf
qHe aHHHrn JIHitHOHHOro Krumm., BJ!H!IK)II!ero Ha pa3JI11qHue xapaxrepHCTHKH 
pp-CTOJIKHOBeHHll, MOXeT ,llaTL ,llOITOJIHHTeJILHYIO llH<pOpMal{l!D O npHpo.ne 

Cl!JILHUX B3aHMO)leffCTBHll. 
µen1 pa60Thl COCTOHJR B nonyqeHHH OCHOBHhlX xapaxrepHCTHK HHKJII0-

3HBHhlX H ITOJWHHKJII03HBHhlX pacnpe,neneHHll npOTOHOB H II -Me30HOB B pp
ll pp-B3allMO,llellCTBllHX 'npn 36 rsB/c H 22,4 rsB/c COOTBeTCTBeHHO. Cra
BHJll.CL sa,naqa cpaBH8HHH 3TlfX xapaKTepHCTHK M8X.l!Y co6on, conocraBJie
HHe HX C ,naHHhlMH ,llpyrHX 3KcnepHMeHTOB H C npe,llCKa3aHHHMH reopeTH
qecKHX 1.10,llenen. 

HOBH3Ha pa60Thl 3aKJIDqaeTCH B onpe.ne.neHHH paaee Hell3BeCTHhlX ro
nonor:nqecKHX ceqeHHff B peaxn:nH pp npH 36 rsB/c, noiwqeHHH nepBhlX 
)laHHUX 06 OCHOBHhlX HHKJII03llBHhlX If ITOJWl!HKJl103HBHUX xapaxrepHCTHKax 06-

paSOBaHHH npOTOHOB H ii+ -Me30HOB BO BCeM )lOITYCTHMOM iPa30BOM 06:r,e1.1e 

B pp-B3aHMO,lletlCTBHHX npn 22,4 rsB/c. 

HayqHaH neHHOCTL pa60Thl. rroiwqeH H npoaHaJIH3HpOBaH 6oJILmon 
sKcnepHMeHTaJILHun uaTepHaJI no pp-BaanMo.nencrBHHM np:n 36 rsB/c H pp

B3aHMO.l!effcTBHHM npH 22,4 rsB/c • -
IO
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nJIJI CP-CHMMeTpHqHhIX peaKnHll pa3paOotaH MeTO.!l CTaTHCTHqecKoro 
paa,n;e.neHIDI CITeKTpOB ITpOTOHOB H tt+-Me30HOB. Ha OCHOBaHHU 3Toro MeTO

.!(a ITQJiyqeHhl OCHOBHhle UHKJII03HBHhle H ITOJiyHHKJII03HBHhle pacrrpe.IteneHUR ITpO
TOHOB H jj+ -Me30HOB BO BCeM .!(OITYCTHMOM cfla30BOM OO'beMe B pp-peaKnHH 

ITpH 22,4 raB/c. 
ttsyqeHHe peaxnttu pp - p + x ITPHBeno K oOHapy:m:eHHD KJia.ctepttsanHH 

ii -Me30HOB B OOJia.CTU 00.11!,ll!HX He.!(OCTfilllllHX Mace K ITpOTOHY (Mi)20 ra!f..l 
ITpaKTHqecKaR neHHOCTb paOOTU COCTOHT B ITOJiyqeHHH TOqHOCTHUX xa

paKTepHCTHK ITapaMeTpOB TpeKuB H yqeTe HenHHellHhIX HCKall:eHHn Ha ITReH

Ke C yctaHOBKH II J!o.JtMHJia". Pesy RbT8.Thl CpaBHeHHR HHK Jll03HBHhIX H ITOJiyHH
KJD03HBHUX CITeKTpOB ITpOTOHOB H if+'-Me30HOB, oOpa30BaHHUX B pp-B3aHMO

.ItellCTBHRX ITpH 22,4 raB/c, C KBapK-ITapTOHHOn MO.!(enbll MoryT CJiyll:HTb 
OCHOBaHHeM .!lJIJI ee MnbHenmero pa3BHTHR. BCR COBOKyITHOCTb ITonyqeHHHX 
CBe.!(eHHff MOll:eT OhITb HCITOJ1!,30BaHa ITpH ITJE.HHpOBaHHH HOBUX 3KCITepuMeH

TOB ITO usyqeHHIJ a.!(pOHHUX B3aHMO.!(ellcTBHll. 
OO'beM .ItHcceptanuu. nucceptanHR coctout us BBe.IteHHR, qetupex 

rm.a, 3aKJIIOqeHHR H CITHCKa nHTHpOBaHHOll nttTepaTypu. 

Co.Itep:m:aHHe .!tHCceptanuu 

BO BBe.!(eHHH ITQ.!(qepKHBaeTCR aKTyanhHOCTb TeMU, ccfJopizynttpOBaHa 
OCHOBHaR nenb Jld.OOTH, ITpHBe.!(eHU HOBUe Me20.!(Hqecxue H HayqHue pesym,

Tatu, ITOJiyqeHHUe aBTOpOM, H H3ROll:eHli OCHOBHUe ITOJIUJl:eHHR, BHHeCeHHHe 

Ha 3alljHTY. 
B ITepBoll rmae usmrantcR Meto.!(uqecKne ocuOeHHOCTH ITponecca ITo

nyqeHHR H oOpaOOTKH MHHUX pp- H pp-3KCITepHueHTOB. IlpHBe~eHbl OCHOB~ 
Hirn xapaxtepuCTHKH KaMepu "JJo.JtMHJia", cHcteuu C:,otorpacfJupoBaHHR, uar
HHTHoro ITOJIJI, ITyqKoB aHTHITpOTOHOB H ITpOTOHOB; OlTHCUBa8TCR KOMITReKC 
ITporpaMM .!(JIJI HHKJll03HBHOn oOpaOOTKH .!(aHHHX. 

ITpu HsyqeHHH B3aH:!.!O.!(ellCTBHll ITpH BhICOKHX 3HeprHRX B03HHKaeT He
OOXO.!(HMOCTb yqeta HeJJUHenHhIX HCKall:eHHn ITR8HKU. oooOeHHO 3TO xacaeT
CR UCKall:eHHll B.!(0.ll!, HaITpaBReHHR .!(BHJl:eHHR 3HepruqHHX qaotun, B Hameu 

cnyqae B.!(O.ll!, OCH 'j. • TaKHe UCKaJ:8HHR uoryT BHOCHTb cylljeCTBeHHUn 
BK.lla,ll; B KpHBU3Hy COOTBeTCTBYllll!HX TpeKOB. ITpoctenmaR B03MOll:HOCTb YOT
paHeHHR HenttHellHhIX HCKall:eHHll 3aKJIIOqaeTOR BO BBe.!(eHHH B nHHellHOe rrpe
oOpa30BaHue KOOp.n;nHaT, ucrrom,syeuoe B ITporpawe reouetpHqecKoro aoc-
ctaHoaneHnR TH RE.SH , KBa.ItpatHqHoro no rrepeueHHoll )( qneHa. 

rrocne yqeta HenttHellHHX ncKa:m:eHnll usMepeHHoe cpe.ItHee sHaqeHue 
HMITy m,ca HaneTaIJll{UX qactun OKa3aJIOCb paBHblM ii=22, 332.tO, 127 rsB/ c. 
Pa3Huna B 3HaqeHHRX rrepBHqffblX HMITynbCOB ITOCne ITOITpaBKU U .!(O Hee coc

TaBHJE. AP = 0,26B.t0,06I raB/c. 
B 3aKJIDqeHUH 3TOn rJJaBhl ITpUBO.!(RTCR ToqHOCTH H3MepeHun ITapaMeT-

2 

L 
I 
' 

POB TpeKOB. B qacTHOCTH, cpe.!(HRR OTHOCUTenbHaa OlllUOKa B U3MepeHUH 
HMITY.11!,COB OKMaIBOb paBHOll llp/p = (2,5,±0,I)%. 

B rm.Be 2 rrpHBO~RTCR .!(aHHUe ITO TOITOnoruqecKUM ceqeHHRM B peaK
nuRx pp rrpu 36 raB/d 11, ITo.cyqeHHue Ha ctaTucTnKe ,v 6600 coOutun u 
pp ITpU 22,4 raB/c Ha CTaTUCTUK8 ~.II600 C00hITHn. 

Ball:HUM BOITpOCOM rrpu OITpe.!(e&HHH TOITunoruqecKHX ceqeHull RBRReT
CR BU.!(e.llllHHe yITpyrnx coOHTUn U BBe.!(eHue ITOITpaBOK, CBR3aHHUX C ITOTe
PRMU coOutnn C Me.!(neHHUM ITpOTOHOM OT.ztaqu. ITpoBe.!(eHHUll aHaJJU3 ITOKa
san, qTO 3TH ITOTepu COCTaBJIJIIOT: t = J, 14,±0, D MO B peaKnnn 

pp('.36 raB/c) H ti = 2,9I,±0,09 MO .!lJIJI peaKnuH jip(22,4 raB/c). IToc
ne BBe.!(eHHa Bcex rrol'lpaBOK Ounn ITonyqeHu pacrrpe.Iteneana BepoRTHOCTell 
oapa30BaHHR .ItaHHoro qHc.na sapR:m:eHHux qacTHn B HeyITpyrnx B3aHuo.Itell

CTBHRX P., =6" ... /'i_G'.,. ' ITpHBe.!(eHHHe Ha pHc.I. nnR Heyrrpyrnx COOUTHll 
auna OITpe.Iteneaa"' TaKJKe Be.miqHHa cpe.!(Hero qHc.na sapmiteHHhIX qactHn (ric.i..'), 
.!tHCITepcuR 'Z> =- ({11~1-> ~ <l'lc.h> l~ MJOJIJieponcIW:e rrapaMetpu xoppe J1J1nnH 
f,. :::{nlrH))-<~)t , OTHO!ll8HHR <"lc.J,.>/;:o H· MOMeHTH c,_ ={nh,}/<nc.h)o/ 
,Il;JIJI Ci,= 2,J H 4. 3HaqeHHR 3THX BennqH~ ITpHBe.!(eHH B Ta6J11Ine I. 

10 

• 

10 4 

i 
ef 
I 

~" 
10 

10· 

VO 4 

• 

8 

• PP-rkX,J5r,a1c 
x PP-fb,•X,22.4GB/c 

~ 

I 
t 

12 16 ncn 

Puc.I. BepoRTHOCTb oapa30BaHHR .ItaHHOro 

qucm. sapRxeHHhIX qacTHn. 

3 



Ta<lmu.ia l 

T,m re 1.-· 
pea.KI.IHH <nJ.1 '1J <nf,\,)'l) c-t C3 C1i . t t 

pp 4, 78± 2,23,± 2, 14,± l, 22,± 1,73,± 2,75,± 0,20,± -o, 14,± 

(36 raB/c) 0,03 0,03 0,03 0,01 0,02 0,07 0,!3 0,03 

pp 4,69,± 2,30,± 2 ,04,± l,24,± 1,80,± 2,94,± 0,60,± -l,02,± 

(22,4 ) 
raB/c 

0,02 0,02 0,02 0,01 0,02 0,05 0,08 0,06 

Ha OCHOBaHHH aHaJJH3a pacnpe,IteJieID!n no HOpMHpOBaHHOtt MHOlKeCTBeH

HOCTH 1(~) B 3aBHCHMOCTH OT z :::: YIJ../('flr.\,► Cl1rno noJ_JY1IeHO YKa.3aHHe 

Ha TO, qTQ B peaKI.IHH pp BnJIOTh .ItO 3HeprHH 405 raB KNO -cKettnttHr He 

BunomaeTca, a B peaKI.IHH pp B HHTepoo.ne 3HeprHtt 14,75-IOO raB ~YHK-

1.IHH 1(i) He 3aBHCHT OT 3HeprHH .ltJI.fl 3Haqemin l > o. 
B rm.Be 3 paccuoTpeij HHKJIRl3HBHHtt (noJ_lYHHKJIRl3HBH11tt) cnoco<l aHa

nH3a 3KCnepHMeHTaJlbHl1X ,ItaHHllX H npHBO.ItHTCll KpaTKall CBO,ItKa CBe,1te1rnn 

0 MHOllCeCTBeHHOM o<lpa30BaHHH qacTHI.I BO B3aHMO.It_ettCTBHllX a,ItpOHOB BllCO

KHX 3HeprHn, no.zyqeHHllX B npe,Itll,Ityll(HX 3KCnepHMeHTax. PaCCMaTpHBaIOTCll 

HeKOTOpue TeopeTHqecKHe MO,IteJIH, npe,ItCKa3aIIHll KOTOpllX aHaJIH3HpyDTCll 

npH cpaBHeHHH C no.zyqeHHUM 3KcnepHMeHTaJU,HUM MaTepHaJ!OM. B qacTHOC

TH, no,ItpOClHO H3JRraeTCll KBapK-napTOHHall peKOMCl1.ma1.1HOHHal1 MO.Item,. 

B 3KCITepnueHTaX Ha ny311phKOBUX KaMepax sapmKeHHUe qaCTHl.{li pas

Hon Macchi MOryT Cl!1Th H,IteHTH~HpOBaHhl no nnoTHOCTH HOHH3al.lHH TOJihKO B 

Y3KOM .ItHanasoHe HMITYJ!bCOB. 0.ItHaKO B CP-CHMMeTpHqHhlX peaKI.IHllX HMeeT

Cll B03MOJlOIOCTh C xopomen TOqHQCThlO pa3,IteJIHTh cneKTphl qacTHI.I O,ItHOro 

3HaKa, HanpHMep, p H if+ -M830Hhl/21. 
PaCCMOTpHM qacTHI.{y C npO,ItOJU,HUM HMny JlbCOM pk B n. c.' npHCBOHM 

en uaccy ii -MesoHa H onpe,1tenHM onepanmo Ru: PL. -,.RiiPl. KaK Jiope~

npeo<lpasoBaHHe pl. B c.11.M., OTpaJKeHHe OTHOCHTBJU,HO Pt= 0 H oClpaT

HOe Jiope~-npeoClpasoBaHHe c Maccon nHoHa B n.c. Ila.It onepanHett 

Rp: PL - ~Ppl. Cly,1teM nOHHMan TY xe npone.Itypy, HO npnnHcuooa qacTH

ne Macey npoToHa. )lanee BBe.1teM npeo<lpaaoaamrn S-t H S_ corJJacHo 

BllpaJK8HHHM: 

S_ PL. = RiiRp PL. > S+ PL. :: ~P Rii PL.. (I) 
l13 (I) MOJlQIO no.zyq1,1n 

StPL =PL.±2>(PL,Pt),, (2) 
r.1te ~YHKl.lllll C.ItBHra :t>(PL,Pt) noJIOJKHTBHhHO onpe,1teneHa. Ta.KHM oOpa3oM, 

S+Bcer,Ita yBenffql,IBaeT npO,ItOJihHUtt HMnym,c, B TO Bp8Mll Ka.I< s_ era 

YMeHhmaeT. 
3anHmeM ClecKoHeqHue pa.1t11: 
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Gp=~ s_ ) Gp= b ~- Rrr_ (J) 

ITpe,ItITOJlOllmM, tfTO f ... =fp+f;;+ H f_==f-;;+--/2- , r,Ite f;(P'-,Pt) -
crreKTp qaCTHl.lhl copra j, B n.c. Tor,Ita B CHJIY COOTHOllleHHtt Rpfp_= f{; 
n Riifn+:: f,0 BJJT_;KaIO!l{HX H3 CP-cmo.rnT_p,1rn peaKI.IHH pp, 1meeM: 

. 'G-pfp·-Gpfr5=-fp, Gpfn-t.-Grf,,-=o. (4) 
CyMMa paBeHCTB (4) .1taeT npOTOHHlltt cneKTp 

, Gpf+ - Gp.f_ :: fp, _ -+ (5) 
AHaJIOrHqHUM o<lpa30M MOliCHO no .zyqHn CITeKTp II -t!e30HOB, T • e. 

OOW'I I"># M)M 

Gr, = E_ 5+ · , Grr = 2._ S+ RP · (
6

) 
~=0 M:0 

G11 f + - i" f = /.; t- • (7) 

KaK BH,ItHO H3 YCJ!OBHll (2), qJieH!l Pll.ltOB (3) H (6), HaqHHall C HBKOTOpO

I'O 3Haqemrn "'"'a.~, Cly,1tyT C,ltBH'ran rrpO,ItOJ!hHhle HMriy JU,CIJ PL.. B KHHeMaTll

qecKH 36.ITpell{eHHy_Ri OClJnCThe. JTO. OClCTOHTeJ!hCTBO IT03B0JIH8T npeKpaTHTh. 

cymrnpuaaHHe B (J) H (6) Ha 3HaqeHH_H M .=- M,_.~(~,Pi), . 
ITpHBO,ItHMJJe HHllCe 3KcnepHMeHTaJ!hHhle . .ItaHHhle ITQ.lj\TqeHJJ Ha CTaTHCTU

Ke ~ 27 Thie. pp-B3anMo,1tettcTaun. Ha pHc.2 u30ClpallCeHu cenapHpOBaHHhle 

HHKJIRl3H~H1Ie ·pacnpe,lleJieHHll ITO nepeMeHHOll )< ,ItJ!ll jj+ -l!e30HOB H rrpo

TOHOB. 

rr+ 

50/X) 

X 

PHc.2. J1HKJIRl3HBHl1e pacnpe,Ite JieHUll no X:. P:1rrvw.x 
,ItJ!ll ii+-Me30HOB H npOTOHOB. IlyHKTHpHall 

rHcTorpaMMa - H.ItBHTH~llpOBaHH!le npoTOHu. 

BH,ItHO, qTO BOCCTaHOBJieHHHff npOTOHH!ltt cneKTp xopomo BOCilpOH3B0,ltHT 

CilBKTp H,IteHTH~HI.IHpOBaHH!lX no HOHH3al.lHH npOTOHOB B OClJRCTH X <. -0,8. 
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B Tad JMI1e 2 rrp11Be,lleHU ITO JJyl1HKJJID311Blill e 11 IIHKJII03l1BHEle cetJeHHSI oel

pasosamrn qacTIII.1 .rr.aHHOro copTa j * . 
TaelJM11a 2 

2 4 6 8 IO 12 14 nee 

6"p 
4,12.:!; B,25.:!; 4,43.:!; 1,58.:!; 0,30.:!; 18,68.:!; 

0,09 0,12 0,09 o,03 0,03 o,rn 

(ii 
4,40.:!; 19,18.:!; 23,29.:!; 15,IO.:!; 6,67.:!; 1,45.:!; 0,44,± 70,53.:!; 

0,03 o,rn 0,21 0,19 0,15 0,21 0,08 0,34. 

Y.llBOeHHlle ceqeHHSI 1fip"' COBITa,llalOT B npe,llem.x onrneloK C lTOJ\Yl1HKJil0311BHU

IAl'I ceqCHII/IMl1 oelpa30BaHIISJ rrpOTOHOB B peaKI.11111 pp(24 rsn/c). B 'laCTHO

CTH, HHK.mos11nHoe ceqeHJie oelpasonamrn rrpoToHoB B peaK111111 pp(24 rsn/c) 

paBHO Op = 37, 94.:!;0, 23, tJTO c or m.cyeTC/1 c y;u;BoeHHoli B9JIK'llll:10li ~" 

rrp11Be,lleHHon B TaelJM11e 2. 

!f3ytJeHU l!HBapllaHTHLie ,llllqiqJepeHI1l1aJII,HUe CetieHHSI f(,t):.t,d.fi/J.,l 
IIHKJil03l1BHOrO 11 ITOJJyllHKJil0311BHOro oelpa30BaHl1/I. llpOTOHOB 11 jj+-Me30HOB. 

J(JIJI rr+ -Me30HOB ( cu. p11c. 3) Clhl .Ila ocluapylKeHa sap11,llOBall aCHMM8Tpl!R, 

npOIIB 11/IJIJ!l1a/lC/I B TOM, t1TO cneKTphl f<is-4') C)I,BllllYThl OT!IOCl!Te JII,HO TOtJKl1 

';1.,, = O nneBo, nplltJeM Be1111tJ11Ha acmmeTpl!H A (A=(N(c/'<0)-N(•/'> 
>O))/(N(if'<O)+N(f''>O))) yMeHbmaeTC/1 C pOCTOM TOllOJIOI'llH, B 

ii 
,llnyxnyqem,rx B3al11AO,llellCTBl1/IX Bhl,lleJI/leTC/1 n11K np11 ~ ~ - I, 7, CBSl3aH-:-

Hhlll C ,llllq>paKJ.11!ell ITpOTOHa. CpaBHeHlle pacnpe,lleJICHllll f<~ .. ) ,llJI/1 npOTOHOB 

11 ii+ -Me30HOB C npe,llcKa3allll/lMII KBapK-napTOHHOll MO.Ile Jll1 noKasaJio, tJTO 

MO,lle m, KaqecTBel!HO OITIIC!,IBaeT ::JKCITep11MeHTaJibHhl e ,llaHHhle ,llJI/1 C06h!Tlln C 

Vic.~ > 2. t ' + 
Pacnpe,lleJEHl1SI no p~ KaK ,ll.'ISI npOTOHOB, TaK 11 ,llJI/1 If -Me30HOB, 

xopomo on11cuBaJ1JTc11 cynepnosnu11ell .llBYX ::JKcnoHeHT, np11 3TOM ueu1,m11e 

napatrnTphl HaKJIO!IOB ,llJI/1 ii+-Me30!10B cor m.cyIOTCSI co 3HatJeHlrnMll, nOJIY

tJeHHhll.!l1 .llJI/1 "npRMopol!:,lleHHhlX" qacTl!ufJ/. CneKTpu no P; xopomo on11-

ChlBaIOTCR TaKJKe BHpalKeHHeM, C JI8,llYIOlllllM ll3 CTaTIICTl1tJ8CKOll MO,lle 1Wl • 0.ll

HaKo, eCJIII ,llJI/1 n110HO!l nonytJaIOlll11eC/I napaMeTpbl. elJlll3Kll K CB011M TeOpe

TlltJ8CKl1M 3HatJ8Hl111M, TO ,llJ!/1 npOTOHOB B cnyqae, KOr,lla "l'\'l: mp, napa

MeTp T -"Te1mepaTypa" CYlll8CTB8HHO Hl1lK8 MaCCll nnoHa. )lJIR l1HKJJID311B-

*) He,llOCTaTOtJHBSI CTBTHC:nma He n03BO.r.llIB npOB8CTl1 pa3,ll8 JJeHlie cneKT-

pOB B 12- 11 I4-JIY'l8BHX B3aHMO,llellCTBl1SIX. B-,llaJII,HellmeM BCe BTO-

pHtJHlle qacTHJ.111 B ::JTl1X TOnoJiornax CtJHTBJJnCI, tt -Me3oHami. 
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HHX pacnpe.llemHnll no P; n~paMeTpu T paBH11: Ta = 0,142.:!;0,00I rsn 11 

Tp = 0,104.:!;0,00I r::in ,llJI/1 tt•-Me30HOB 1t npOTOHOB COOTBeTCTBCHHO. CpaB

HeHHe pacnpeieJieHHll no nonepetJHllM ltMJTYJil,CaM C KBapK-napTOHHOll MO

,lleJII,JO noKasaJIO, tJTO UO,lle )II, KatteCTBeHHO OITltCHBa8T 3TH pacrrpe.ne JI8Hl18 

npn MaJillx suaqeHnax Pt , ao samnraeT cetJemrn oelpasooomrn ii• -Meso

HOB It npOTOHOB llpl1 elom,m11x P,t , . 

•PP-rfl.11 

,_ 22',l)&t 

i
i;.· 

.. ,.. I t~•IIVJ•- I 

i .. ~7.;_, II,., ... K, 
\ 

.·_·'\•"••~· ·.·· ii . / • ' ; I• 
,4 /, , llji'"" .. 1.. L,/ 

.. ,. .......... 

. .,. 
·---·-

Pnc,J. MHBap11aHTHhle ,l(Mq>q>epeHUHaJII,Hhle cetteHl18 f~<1~) 
,llJI/1 jj•-Me30l!OB. CnJiomHHe Kpl1Bhle - J)aC~eT 

no KBapK-napTOHHOll MO,l(eJM. 

OclmipyxeHo yc'irneH11e "::iqxpeKTa tJallK11" (saBHCHMOCTb <Pt> OT X ) 
,!(JIB ii+ -Me30HOB C pOCTOM MH0](8CTB8HHOCTl1. "3qiqieKT ttallKli 11 B KBapK

napTOHHOn MO,!t8Jjl1 npOSIBJISleTCSI CJiaelee 11 He 3BBl1Cl1T OT MHOX8CTB8HHOCTl1. 

HaelJIIO,naeMhlll B JKcneplUleHTe ,l(JISI MHOllteCTBeHHOCTen Vic.I,~ 6 cm.elHll 

pOCT <Pt-) C ynemtJeHHeM X ,!tJI/1 npoTOHOB KBapK-napTOHHOll M0,1(8.IU,D He 

OITl1CllBtl. eTCSI • 

MsytteHbl ,l(BaJK,l(H ,l(l1q>q>epeHUl1BJII,HHe CetJeHHSI f('f~ P:) oelpa30BaHl1SI 

ii ♦--M830HOB 11 npOTOHOB. J(J!/1 ii+ -Me30HOB HaelJIIO,lltl.CTCSI yBemtteHne ac11M

MeTpl1l1 pacnpe,neJieHHll no 11* C pOCTOM Pt (cM.pl1c.4). YB6Jll1t!8Hl1e A B 

11HT8pBaJie 0, l ~ Pt- ~ O,J fsB/c, nO-Bl1,llltMOMj', CBSl3aHO C BKJia,l(OM 

jj+-Me30HOB Ot .nmJJpattn1111 npOTOHa (cM.TaKJKe pRc.J). 

MHTepeCHO OTMCTMTb, tITO Y.llBOeHHHe 3Hatl8Hl18 cetteHHll oOpa30Ba-
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HHll npOTOHOB B !leff.Tpam,Hon oOmCTH )Pill pa3HUX HHTepaama Pt xopomo 
cor.nacyDTCll C ceqeHHllMH oOpa30BaHHll ITpOTOHOB B COOTBeTCTBYD~HX HH
Tepaamx Pt '.I{Jlll PP-B3aHMO.Itel1cTBHJ1 ITpH 24 I'3B/c~. ,!!JIil _ITOJJHUX ceqea11n 
oOpa30BaHHll npOTOHOB npH ~* = 0 HMeim: 

~, . ' ~1·· ' i· -d 11 ,. = 4,42+0,24 MO , ., • ~ = 4,3I+O,I8 MO 
'f 'f=D - '"''I f:O · -

B peaK!lHllX pp(22,4 I'3B/c) H pp(24 I'3B/c), COOTBeTCTBeHHO. 

~ 
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.. ~ ... 1
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PP ..... n·+r 
rrPH 224f"3BA: ...... 

,.1•· .... 
t • ~"Qlf:,B/c,.A"0121!'Q004 

t t ••••• ••••• .. • 15. .. a4r:,B/c,A=QOBO.taD06 
t •• t I • Jl=Q6f38/c,A=Q080:tQ010 

t ♦ ttt t t •♦ \ • ,'l=Q8fa8A;:, AzQ2fD:taD20 

♦ tf ••♦ t • P1 •1.0f:)8/c, A<-Q290tQ030 
t I t I 

It 1 

t • ,,, • I I 
It t 1 I 

I I 
I I ti I 

't' 
0.11 · I j I 

-z_g -11 ~s .5 t? w 
y' 

PHc.4. MHBapHaHTHOe .I{BaX.I{ll .ItH\M>epeHnHaJII,HOe 
ceqemrn oOpa3oBaHHSI 11t- -Me30HOB xax 
4>YHKUHll 'ti" B pa3HUX HHTepooJiaX Pt • 

z. 
M3yqeHHe pacnpe.1tenem1n no P-1:- B pasHux HHTepaamx no nepeMeH-

Hon 'J'l' ITpHBe JIO K OOHapyxeHHD q>aKTOpHSaUHH HHBapHaHTHoro .I{Bal[,l{U ' 

.ItH\M>epettnnam,ttoro celleHHH f(i*, P;) B oOmcxn /fl* I,2 .ItJIH ;;+_ue
SOHOB H ITpOTOHOB. 

B rmae 4 nsyqaeTCll 3aBHCHMOCTh acconnaTHBHOJ1 MHOX8CTBeHHOCTH 
OT KBa.JU)aTa He,l{OCTam11en Maccu K ITpOTOHY -<11(M!)) - B peaKnH
ll'x/4-6/ 

pp - P(Me.n;JI.) + x, 
(8) 

pp~ p + x,. ' 
B oOmcTH .n;nqipaKUHH nyqKOBOJ1 llacTHUhl I(Mi/s ~ o, I) ITOBe.n;eHHe BeJIH
llHHU <I'\(~)> car mcyeTCll C npe.n:cK~HllMH uo.n;e JIH nNDVA. n 

<Yl(M~)) :: CC,+ .£,yMf, . (9) 

a B oOmcTH IT(O,I ~ ~/5 ~ 0,5) :rncrrepm,1:eHTam,ttue .n;a.Huue xopomo orrH
ChlBaDTCll JiorapHq>MHlleCKOff 3aBHCHMOCThD 

(\'\(M! )) = a. +-t &i{M~/M!) > M: = J. n~s \ (IO) 
cJie.n;yn~en us uym,~nrrepnqiepnqecxnx uo.n;enen. B TaOJIHUe 4 rrpnBe.n;eHhl 

8 

pe3y JIUaTU anrrpoKCHMaUHl'! :mcrrepHMeHTaJlhHhrX .n:aHHllX BllpUll:eHHllMl'! (9) 
H (IO). 

TaOJIHna 3 

tun peakntrn 
-Ii, '/./ND Ii 1-/rh:; HMrry m,c a, C( 

pp 0,66,;t 0,55,;t I/I 0,78,± 0,85,± 2/5 
36 f3B/c O,IB o,n 0,45 0,16 

pp 0,63,± 0,6I,± 4; 3 0,69,± 0,94,;t 8; 7 
22,4 f3B/c 0,09 0,06 O,II 0,05 

McnOJ!b3Yll MacmTa6HyKJ nepeMeHHYil ~·:: (nc.h ~!-li)/(<n(M~})- cl) 
r.n:e ~ = -I 04 .n;JIH pp(22,4 r:rn/c) n ~ = -o,87 .n;JIH pp(J6 I'3B/c), .ItJIH 
saaqeHHn ~/5 ~ 0,5 IJO]fflleH a.Ha.oor KNO-cKeffJIHHra )(JIil pacrrpe.1teJieHl'!Il 
no MHOJK8CTBeHHOCTl'I B Cl'!CTeMe X • 

CTaTl'ICTl'!qecKOe pa3,l{eJieHl'!8 CIJeKTpOB 3apmICeHHllX qacn11.1 BO BCeM 
,ItOIJYCUIMOM q>aSOBOM 00'I>eMe1 H3JIOJB:elIHOe B !'ID.Be 3, IT03BOJIHJIO BITepBb18 
rro.nyqnn Be1mqnay acconnaT11BHon MHOJKecneaaocTH B oOmcTH !ifxls>0,5 
HJIH I.Ii> 20 ralf (Ill) .ItJIH peaKUHH pp npn 22,4 raB//7/ (cM. pnc.5). 
B oOm.CTl'! Ilf <YI (Mi)) xopomo annpOKCHMHpyeTCll JIOrapHqiM11qecKol1 3aBl1-
Cl'!MOCU10 c rrapMeTpOM HaKJIOHa f> = 2,8,±0,2. YBeJIHqeaHe HaKJIOHa B 00-
Jla.CTU Ill rro cpaBHeHHD c oOmcnv IT B paMKax MY JlhT11rrepnqiep11qecKon cxe
Mll MOJICHO CBll3aTh C yBeJIHqeHHeM MHOJKeCTBeHHOCTH, T.e. KJE.CTepH3aUHen 
ii -MeSOHOB B Y3 mx MY JIUl'!nepl'!q>ep:11qecKOl1 nerroqK:11. 

A 

~ 
~ 

5 

3 

2 

x l'P-P•X }llPa 22,41,Blc 
• PP-PIME.411.J• X 

- Mot.E/\b 

---PE3~/\bTATl,J 
AnnPOKCiiMAUIAIA 

' f I 

f" 

I 

I ; 

!l 
'" 

ll /ii 
as 10,---- 101 M' 1a2 

Pnc.5. 3aBHCl1MOCTb<l'\(M~)) OT 11¢x. CIIJIOmHall 
Kpl'!Ball - pe3y m,raT pacqexa rro KaapK

napTOHHOil MO,l(eJIH. 
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i ' 

)laJibHellmee llCCJie.ztOBamrn KJnCTep11aa1.11111 qaCTlll.l B CllCTeMe X ITpOBO

.ltllJ!OCb MeTO,ItO!.I ClUCTpOTH!,IX l:jeJiell (11f'-::: 'It+, - ~: ) .ltJ!JI KalK,l!oll TOITOJior1111 

B OT,IteJ!bHOCTU. B KaqecTBe ITpll!.iepa Ha p11c.6A ITpllBe.n;eHH HOpM11pOBaHHUe 

Ha e.n;11n111.1y pacITpe.n;eJieHll!! dN/d(A~'') .n;JIJI oClmcTell IT, 111 B q~mpex.eyqe

BLIX B3amrn,ItellCTBllllX. YBeJIJ1qea11e BKJia,Ita Mamx 3HaqeHllll f.'J B oClmcTll 

Ill YKaa1rnaeT, ITO-Bll)tllMOMY, Ha YCl!JEHlle Koporno.n;el!cTBY!OlllllX KOppeJIJIQllll 

MeJIC.n;y qaCTllI.{a!Al! CHCTeM!l X ,ll;J!JI ClOJiblllllX 'iii· I{ aHaJior11qHOMy B!lBO.n;y 

npHBO,ItllT TaKJKe pacCMOTpemie COClUTllll C CloJiee B!lCOKOll MHOlKeCTBeHHOCTbIO. 

.. 
:& 
~ 

~ 
~ 

8 - U/ 05/'iACTb 

--- lio5t.ACTb 

t.!:i.2·, _______ l 
-...._l. 

DI . . . . . . . )-,___ • :-'-:-,, 
0.4 12 · 2.0 2.8 ,1,/ 

Pnc.6. A. HopMllpOBaHH!,re Ha e.n;llHllllY pacnpe.n;eJieHIIS! 

ITO Clb!CTpOTHUM Ille J!JIM .ltJ!JI 4-Jiy'ieBHX B3a

llMO,ItellcTBlll! B oClmCTSIX IT(4 ~ ,~~ 20 raB2) 

11 111(Mi~ 20 raB2). 

B. To '1t8 ~ KBapK-napTOHHOli M0,1{8JIII. 

B OT JIJ1q11e OT 3KCITepllMeHTa .~ creHep11poBaHHUX no KBapK-ITapTOH

HOl! MO,IteJlll COClUTlll! HaClJIIO.n;aeTCSI yMeHbllleHlle BKJia,Ita Ma.mIX 3HaqeHllll 6~"' 

B 0Clmcr11 111 (CM. puc.6B). 3TO OClCTOSJTeJ!bcTBO IT03BOJIJieT c.n;eJE.Tb BU

BO.It O TOM,~TO RJiaCT8pli38IUm 1T-M830HOB He CBR3aHa C KlmeMaT~ecKm,m 

3iixfleKTaMll llJlll BJlllS!HlleM paCITa,Ita JierKHX pe30HaHCOB, yq11mBaeM11x KBapK
ITapTOHHOl! MO)teJ!b10. 

B 3aKJIIOqeHllH c(f)opuy JlllpOBaHl,l OCH OBH!le peay JlbTaTbl paelom: 

I. ITo.eyqeHu TOqHOCTHHe xapaKTepllCTllKll ITapaMeTpOB TpeKOB ll yq

TeHu HeJI11Hel!m,1e llCKal!CeHl!S! Ha ITJieHKe C YCTaHOBKll "Jlo.ItMHJia". 

2. OITpe.n;eneHu TOITOJIOr11qecK11e ceqeH11S1 11 MOMeHTH pacITpe.n;eneH11!! 

ITO MHOlKeCTB8HHOCTll .ltJIS! PP-B3allMO,ItellcTBlll! ITpll J6 ran/c. 

10 

J. PaapaeloTaH ueTO,It CTaTIICTl!qecKoro pas.n;eJBHIISI cneKTpOB npOTO

HOB 11 if+ -Me3 OHOD )tJISI CP-cmrneTpl!qHHX peaKQlll!. 

4. BITepBu'e ITOnyqemr .n;aHHble OCl OCHOBHUX HHKJII0311BHLIX 11 no.ey11mc1110-

311BHUX xapaKTepllCTllKax oClpa30BaHllSI ii'+ -t!e30HOB II ITpOTOHOB BO BCeM 

.n;onyCTllMOM (fJa3 OBOM oel'beMe B pp-peaxn1111 ITpll 22, 4 raB/c. 

a) oClHapylll:eHO paBeHCTBO Y.ItBOeHHUX no .eyI1HKJII0311BHb!X ceqeHl!l! pol!C

.n;eHll!l ITpOTOHOB B peaKQllll pp(22,4 f3B/c) C ITOJIYIIHKJll03llBHLIMll ceqeHll!l

Mll oClpa30BaHllll ITpOTOHOD D peaKllllll pp (24 raB/c); 
-+ 6) oelnapy11ceHa saprr.n;oBaSJ acmnrnTpl!SI B cneKTpax 11 -MesonoB ITO 

Clli!CTpOTe, KOTOpaS! yMeHblllaeTC!l C pOCTOM MHOJIWCTBeHHOC1'1!. 

5. l-lsyqenu pacITpe.n;eneHHH ITO ITonepeq11uM llMrry JlbCaM .n;JIJI npoTOl!OB 

II tt+-Me30l!OD. 

a) ITOKa3aHo, qTo CITeKTpH ITO P; xopomo OITIICUBalOTCfl cyrrepnos11-

1.111en .n;nyx 3KCITOHe!!T, a TaKlKe BUpaxeHlle!.! ,cne.n;yIOlljllM 113 CTaTl1CT11qecKOll 

uo.n;eJ!ll c "TeMITepaTypoll" Tii = 0,142.:!;0,00I raB .n;M rr+- -Me3oHoB 11 

'I'n = O,I04+0,00l f3B ,ItJISI npOTOl!OB; 
- + 

6) 113yqeHa 3aBl!Cl!MOCTb cpe.ztHero Pt· OT X )tJI!l II -J.!e30HOB I! npo-

TOl!OB. OelHapy11i:e110 ycl!JieHlle "3(f)qieKTa qallK1! 11 )tJI!l jj+ -Me30HOB C pOCTOM 

t!HOlKeCTBeHl!OCTI!. 

6. Cpan11e1111e 3KCnepm1eHTaJibl!UX .ztaHHLIX C npe.n;c1msaH11flMH KBapK

ITapTOH!!Ol! MO,IteJII! ITOKa3aJD, qro MO,IteJ!b KaqecTBeHHO OITl!CLIDaeT :.JKcne

pllMeHTaJibl!l,le O)tl!OqacTllqH1,1e paCITpe.zte JBHll!l )tJISI MHOlK8CT DeHHOCTel1 VI ;J:. 4. 

7. l-lsyqeHu .ztBalK.ItU .ztmpipepeH1.tllaJibHUe llHBap11aHTHUe ceqeHH!l Ht~ P;J 
oelpa30BaHll!l ii+-Me30HOD 11 npOTOHOB. 

a) OelHapylKeHO COBna,Iteirne Y.ItBOeHHUX ceqeHllll oelpa3 OBaHll!l npOTO

HOB npu f~ = 0 )tJ!JI .paam1x llHTepBaJIOB Pt- B peaKQl!ll pp(22,4 raB/c) c 
ceqeHl!eM oelpa30Ballll!l npOTOIIOB. B COOTDeTCTBYIOlllllX llHTepnam.x pt )tJI!l 

peaKu1111 pp (24 raB/c); 

6) oeluapy:llWHO yBe.1mqe1rne K03iixfl111.111eHTa acm.nrnTpl!ll C pOCTOM Pt 
,ll;JISI pacITpe,IteJiellllll iT+-Me30HOB.nO •{; 

B) ycraHOBJieHa qiaKTopusyeuocTb .ztBalK.Jll,I .1111qi(f)epeHuuaJibH1.1x ceqe1rnn 

f('l~Pi)B oelm.cTH l~*I ~ I,2 .JIJISI ii., -Me30HOB n nporoHoa. 

8. l-lsyqeHa acco1.111aTllBHa!l MHOJ!CeCTBe11HOCTb B peaKQll!!X PP
p(tre.ztJI.) +)( (J6 r:.iB/c) 11 iiP-P +)( (22,4 raB/c) KaK qiyHKUll!l He

)tOCTa!Oll!ell Ma.OCH K ITpOTOHY. 

a) n0Be.n;ett11e BeJIJ1q11u <n (I.Ii)) coBn~aeT B :.ir11x peaKQH!lX .ztJI!l 

oClm.cTll Mi/S ~ 0,5; 

6) BnepBirn y.n;aJJOCb no nyql!Tb BeJJl!qJ1Hy < ri (Mi)> B oelm.CTI! 

Mils~ 0,5. OelHapyll:eHo 11s1.rnHeH11e peimMa B hoBe.zteH1111 <11 (Mi)> np11 

3HaqeHllli l1~ ~ 20 r:.iif. Ha OCHOBe cpaBHeHl!H C KDapK-napTOHIIOt! MO

.zteJ!bIO Cluno no.eyqeHO Yita36Hlle Ha KJE.CTepll3allliil U -Me30HOD B CUCTe

'Me X npII sHal!eHlili Mi~ 20 raB2 (Mif.S~ 0,5). 
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