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Vlay'feHH9 ynpyrHX CTODKHOB9HHll 9D9M9HT8pHbiX qSCTHU npH BbiCOKHX 9HeprHSIX MO>K9T 

!18Th B8>KHbl9 CBB!lBHHSI 06 HX CTpyKType H xap8KTepe B38HMO,Qe!ICTBHSI. noaTOMy UOHSIT9H 

60DbWQll HHTepec K HCCneL10B8HHIO ynpyroro paCC9SIHHSI CHDbHO B38HMOL19IICTBYIOll.IHX 'f8CTHU 

Ha npoToHax. He MeHee' HHTepecHo eayqeHHe ynpyroro pacceHHHH Ha HeliTpouax. OllHBKo 
\ 

BBHJlY OTCYTCT8HSI HeliTpOHHblX MHWBHBll TBKOII npouecc MO>KeT 6b1Tb HCcneJlOBBH TonbKO 

HB HJlpBX. npH &TOM 8 OTDH'fH8 OT paCC9liHHSI H8 CB060JlHbiX. npOTOHBX He06XOL1HMO Y'fHTbi

B8Tb HMnynbC <PepMH Hel1Tp0H08 B liJlp&. C STOli TO'fKK 3p9HHSI Dp8KTH'f8CKH 6eapasnH'fHO, 

HB nerKHX HDH H8 TH>KenbiX S1Jlp8X npOBOL1HTb Jl8HHbl9 HCCD9JlOB8HHSI (KpoMe, MO>K8T 6b1Tb0 

nel!TepaH). 

§ ·1. nocTBHOBK8 SKCOepHM9.HT8 

13 H8CTOliW911 p860Te H8 CHHMKBX, nonyqeHHbiX Ha 24-nHTp080II KC9HOHOBOi! nyablpb-

KOBOII KBMepe/1/' o6nyqeHHOll B nyqKe 11- -M930HOB C HMDynbCOM 9 ra8/c, HCCD8!10BS_; 

nHcb 11-- N -83BHMonellcTBHll a a K'8aaac&o6onH&lX HyKnoHax: 

11-+ p .. 11 + p 

rr-+ n ~ 11 + n 

nocKO~bKY OCH08HOII cjloH 8 peaKUHSIK ( 1) H (2) COCT88DSIIOT L18yx-· 1J OJlHOny'fB8biB 

B38HMOJlBli~TBHSI THD8 

11 + N .. 11-+ N + m 11° , m • 1,2,3, ••• 

( 1) 

(2.) 

(3) 

c nocnenyJOll.IHM pacnanoM 11° .. 2 y 1 
TO HCDOnb30B8HHe KCBHOH08011 ny3blpbK080II KB-

MBpbl HMBBT npBHMyll.lecT80 nepBLl npyrHMH MBTOJl8MH, TBK KBK T8K8SI KBMBpa o6nBJl8BT 

8b!COKOll &cjlcjJeKTH8HOCTbiO perecTpBilHH y -K88HT08o 

~n!l 8bl6paHHOll HBMH pa6oqell o6nBCTH K8M8pb1 Cp9L1H!Ill acjlcjJBKTH8HOCTb perHCTpa

UHH y -K8BHT08 COCT88nHn8 80%. noaTOMY 8 DOL188nHIOll.IBll 'fBCTB 838HMOL1BliCT8Bll (3) 

B KBM8p8 KOHB&pTBpyeT, DO KpBl!Hell Mepe, O!lHH Y -KBBHTo TaKHM o6pa30M, OTCyTCTBBe 

y - KBBHTOB ll&nll.eTCSI yKB38HH9M HB 803MO>KHOCTb OCylU9CT8DBHHII peBKUBll ( .1 ) HnH ( 2) • 

~nil Bblll&n9HHII p8BKUHB ( 1) HnH (2) 6bln Dp089L19H LlBYXKpBTHblll UpOCMO-Tp 

33 000 cHH'MKo&. PeracTpaposanac& onHo- a L18yxnyqe8&le saean&l, H onpe!:lengnoch 

3 

~·-- ·- .. ----....<~-o:.~--·L--.. - -~· ~~ 



qacno y -KBBHTOB H V" -qacTHilo HcnyweHHbiX H3 9THX 3893,[1, 3¢cjl9KTHBHOCTb ,aayx-

KpaTHOI"O npOCMOTpa 'cOCTABnHna 96%, 

6blno oTo6paHo 505 o,aHony'leBbiX co6hlTHA c yrnoM pacceHHHH 0 )t' a 487 
11n.c. 

,anyxnyqeBblX, npa 9TOM Tpe6oBanOCb OTCYTCTBHG y -KBBHTOB H 'J" -qaCTHQ, 

§ 2. Kaa3,11ynpyrae "-- P-pacceHHHH 

) 

t7 

npe)K,ae acero H3y'lanOCb KB83Hynpyroe "--p -pacce!IHRe, XoTSI accne.aoBaHHe 

pacceHHH rr- -Me3oHoB Ha CBH38HH&Ix npoToHax ( I ) caMo no ce6e oco6oro HHTepeca He 

npe,acTaanHeT, HO B HACToHweA pa6oTe peaKURH (I) 6&rna acnonb3oBaHa .anH onpe.aeneHHH 

ecjlcjleKTRBHOI"O 'IHCna npOTOHOB B Sl,ape Xe 1 OTBeTCTBGHHbiX 38 KB83HynpyrRe B38HMO.Qei!

CTBH!I, T,e, ,ang onpe.aeneHHH •KoecjlcjlHUHGHTA 9Kp8HHpOB8HHH•, 3H8HH9 •KOacPcPHUH9HT8 

aKpaHapoaaHKH• Heo6xo,aHMO ,anll onpe.aeneHRH ceqeHHH rr":n -pacceHHHH (2). 

B cnyqae ynpyroro rr -- P -pacceHHKH Ha cao6o.aHbiX npoToHax KPHTepaeM OT6opa 

HBn!leTC!I BblnOnHeHKe COOTHOLUeHH!I •yron Bblii9Tiil - HMnynbC• ,anSI BTOpH'IHblX 'IBCTKU' H 

ycnOBHG KOMnnaaapHOCTH nepBH'IHOI"O H BTOpH'IHbiX TpeKOB, npH H,QeHTRcPHKAUHH KB83B-

ynpyrax , -- p -a3aHMo.aellcTBHA aeo6xo.aaMo y'IHT&raaTb aMnynbc <PepMH 'npoToHa B g,a-

pe, KOTOpbiA HapywaeT B onpe.aeneHHbiX rpaHauax KoMnnaHapHOCTb H cooTHoweliae •yron-

HMnynbC•. 

B OT06paHHbiX .aByxny'lGBbiX co6&!TH!IX H3MepHnHCb cne.ayJOWHe aenH'IHHbl: on, B onp ... 
yrnbl BblneTa BTOpH'IHOI"O 1T- -M930H8 H npOTOH8 OTHOCHTenbHO nepBH"'HOA "'BCTHUbl COOTBeT"f ,· 

CTB9HH0
1 

O,p - yron MG)K,[ly BTOpH"'HbiMH 'IACTHUAMH, 8 - yron HGKOMnnaHApHOCTH H 

p p - H~nynbC npO'rOHA OT,QB"'H B TeX cny'lAHX, KOI",[l8 UpOTOH OCT8HaBnHB89TCSI B o6'beM9 

K8M9pb1, 

npH 38,[l8HHOM HMUynbCe p ft nepBH"'HOI"O 1T- -M930HA 9TH BenH'IHHbl 38BHCHT OT 

'IGT&rpex napaMeTpoa: P..._ -Mo.aynH HMnynbCa <PepMH, 0 - yrna Me)K,ay aanpaaneHHeM ..., net> 
noneTa nepBH"'HOA qacTHUbl H HMnynbCoM <PepMH HyKnoHa, 0* "" yrna pacceHHHH rr--Me-

x) err 
30118 B C,U,H, H cp - yrna Me)K,ay UnOCKOCTSIMH, o6pa3yeMblMH nepBII,"'HbiMR H BTOpaq-

HbiMH "'ACTHQAMH, 

CBH3b Me)K,ay H3M9pHeM&IMH aenH'IHHBr..tH H napaMeTpaMH, npaae,aeHH&Ir..tR BbiWe, 

Mo)KeT 6b1Tb 3anucaHa cne.ayJOWHM o6pa3oM: 

sin 0~ 

~-0* + :.&. 
CJT {3: 

(j .. arctg ( - 1-
"P Yc 

+ arctg(-1-
Yc 

2 

P = y v [ )1:* +P* {3 cos ( 180"-·0* )]2-~ 
yo p c p p 0 0'/T 

x) CacTeMa QeHTpa &HepllHB 3a.aaHa aeKTopaMB 

4 

sin ( 18Q"...::_ 0~, L_ ) , 
cos (180°-0* )+ :::1& 

CJT {3p 

Po H peP • 

(4) 

,''1 

... , ,·'-' \ t~~g\~~~ 
<-:._ 

sin S • sin .One sin c/J , 

cos 0 
orr 

l_; tg OAC tg Orrr co~~ 

v(l+tg
2 o •• >< 1 + tg 2 o.rr) 

r.ae Yc• /Jc ,. 

{3* ,fj•-
" p m -p 

nopeHU-cPBKTOp H CKOpOCTb C,U,H, COOTBeTCTB'eHHO, 

CKOpOCTH BTOpH'IH&IX I" -Me30H8 H UpOTOHA B C,U,H, COOTBeTCTBa~HO, 

Macca npoToaa, 

E~, PP - nonHaH aueprHH H HMnynbC npoToHa B c.u.u., 

00 c - yron Me>K.ay HanpaaneuneM nepBH'IHoro "- -Me3oHa a HanpaaneHHeM il~BlKe- , 
P..., siil (j 

HHR Q9HTpa HH9pUHH, KOTOpblR 38,[l8H COOTHOW9HH9M tg IJ • __ ..., ___ • 0 -- , 

nc P
0 

+·P cP cos On 

PewaH aTH ypaaaeHHH, MO)KHO nony'IHT& aenH'IHHY a HanpasneHae HMnynbCa <PepMH a• npe:a

nono>KeHBH, 'lTO C06biTHa RBnHeTCR KB83HynpyrHM, Jlng RX peWGHHR npHM9HHnCSI rpacpu'le

CKHA MeTo.a. 

KBA3Hynpyi"HMH C'IHTAnHCb C06b!THR 1 B KOTOpbiX OTCyTCTBOBanH y -xBAHTbl H HMUynbi; 

Cl>epMH He npea&rwan 500 Maa/c, BepxHHR rpaHaua P • 500 Maa/c !i&rlJa Bb16patia a cooT-
, /2/' 

aeTcTBIIR c .aaHHSJMII no pacnpe.aeneHRIIM IIMnynbCa <PepMa, npiiae.ae!IHb!MH a pa6oT~ , 

8 C06biTHHX, B KOTOpblX llpOTOH He OCTAHABnRBancg B KAMape, ,aenanACb OQ9HKA 
/34/ ' . 

HMnynbCa <PepMH cnoco6oN, onacaHHbiM a pa6oTax ' • M3 cooTuoweaua yron-yron oueau-

aanocb 3HA'Ieilue xoMnoHeHTbl ct>epMR-aMnynbCa, napannenbHoA uanpaaneHRIO nepBK'IHO.it qac

TIIQbl, Tpe6oaanoeb, 'IT06&r aenK'IIIHA aToll KOMnoHaHTbl Haxo.aenacb a npe.aenax OT -200 
·.' 0 

.ao +:.100 Mea/c, Jlanee Tpe6oaanocb, 'IT06&r yron HaKoMnnaHapl!oc;:Tn 6bln ~bwe. 2. ·::Wo 

COOTB9TCTBY9T TOMY 1 'ITO KOMIIOJI9HT8 <PepMH-RMnynbCa, nepnaH.QHKynRpHAH HAUpABliGHRIO 

nepBH'IHOA qacTKUbl H nnocKOCTH pacceHHRH , 6&rna MeHbWe 300 Mas/c. Ksa3nynpyrHMH 

C'IHTAnRCb C06&JTRH 1 y,aoanaTBOpHIOWHe 9'tHM .QBYX Tp960BAHHRM, 

Bcero 6&rno oTo6paao ISO KBA3Hynpyrax rr -- P -cnyqaea, R3 HHX 140 c ocTaHaanuaaJO

LUHMCR H 40 C H90CTAH8BnHBAIOUlHMCR npOTOHOM, 

Jlng onpe.aeneHHH ceqeHHH KBA3Hynpyroro "-p -pacceRHRR oblnH sae.aeHbl nonpaBKH, 

CBR38HHb19 C :3cPcPeKTRBHOCTbiO npOCMOTpa H noTepeR cny'laeB, B KOTOpbiX yron Me)K,ay nno

CKOCTbiO BTOpH'IIiblX 'IACTRil H HanpaBneHR9M cPOTOrpAcPHPOBAHHH 6nR30K K 0° (rtonpaBKa HA 

83HMyTanbHbllf yron), nacne BBe,aeHRH nonpaBOK 'IRCnO K883HynpyrHX 11 ':p -co6b!THA OKa-

38nOCb paaH&IM 213, H3 aux 171 coo&JTHe c yrnoM pacceRHHH 0 ;!:.t', Ha puc. I n·puae.ae· 
_ wn.c, 

Ho yrnoaoe pac;:npe.aeneHne rr -Me30HOB .anH KBA3Rynpyrax rr--p -a3aRMo.aellcT~R-IIJ 

rr ':'p -pacceRHHH a a yron 0 ~ t' oKa3anoc& paBH&JM o Xe (~t' ) . •(7,3±_0,6)M6x ; 

Ce'!aHae 

nony'lea-
"e rrn,c. rrp 

HOe 3H8'1911He 0 ~ 2°) RCnOnb30BanOCb ,ang On'pe,aenaHHJI •KOacPcPRUR9HT8 aKpSHHp088HRH•; 

x) Ce'leHHe rr--p -pacceRHHH onpe.aenHnoc& .anR 0 ~ , nocr<on&Ky o.aHonyqeable .. 
co6&rTHH oT6apanucb npH pacceHHRR "--Me3oHa Ha yro~n.c.O >-.t' • 

"n.c. 

5 
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9KCn z q (>2"). 
lfp -

(5) 

r.ae Z - 8TOMBb!A BOMep a.apa Xe H 

aa ceo6o.aHbtX npoToaax
151

, BenH'IHH8 

a,;p ~;z"l - ceq;eaae ynpyroro / rr - P -pacceaaaa 

'1 lntcn, oxaaanacb paaapl 0,049 !:,01004. 

§ 3, Kea3JI.Ynpyrae 11 -:. n -paccesaaa 
't 

Jlna onpe.aeneaaa ceq;eHHII xaa3aynpyrorp rr -n -pacceaaaa J!eo6xo.aaMo npe»<ae 

ecero K H86nJO.lleHBOM,Y 'I.BCII,Y O.llHOII,Y'19BbiX B38HMO.lleAcTaBI eaecTB nonpaBXH 1 CBlii38HHble 

c 9cpcpexTHBHOCTblO npOCMOTp81 H nonpaBKH 88 83HM,YTMbHbiA yron 1 8 T810Ke oueHHTb .1101110 

c06biTHA 83 'IHCII8 O.llHOII,Y'IeabiX 1 ·a KOTOpbiX Y -KBSHTIII B yo -'18CTKUbl abiWIIH 83 pa6o

'19I'O o6'beM8 K8Mepb1 683 KOHBepCH8 Hill pacnaaa COOTaeTC~BeHHO, nocne BBe.lleH8H 9T8X 

nonpaeox 'IHcno O.llHony'leBbiX co6biTRA o~83MOCb paaHbiM N 1 (~ '!') .. 719. OaHaxo cpeaa 

OT06paHHbiX O.llH<iny'leBbiX C06biTKA, KpOMe rr ":.a -a38HMO.lleACT8HA, np8C,YTCTaytoT :raJdlc:e 

11 
--p -eaaHMO.lleACTB8lil, a KOTOpblX npOTOH OT.ll8'1H 6bln nornoweH B pO.l18TellbCKOM· ll.llpe 

ann acnbiTM nepe3apH.llxy. ,L:ln11 oueKKH aona TaKHX 11-:.p -aaaR~oJl.QAc:reHA npoeo.~:~ancsc 
x) . , 

pac'leT no MeTo.ay MoHTe-Kapno • npH· pac'l.eTe npocne>K8&anacb eyab6a naaatowero 

11- -Meaoaa H BTOPII'I.HbiX 'l.acTiiu BHY:l'PH aapa. OT68panKCb :ronbKO· :raKKe K8CK8Jlbl, e Ko:ro-. 

pblX B38KMOJleACTBHII acex '18CT8U 6biiiH ynpyi'HMH H 'IHCIIO 3BOa>KeHHbiX '18CT8U, BbiW9)lWHX 

ua st.apu, 6blno ae 6onee aeyx. 

0To6paHHble Kacxaabl xnaccac;,auapoeanacb cne.aytoWHM o6paaoM: 

1 ) K 1 - 1T; - C06biTHlil 1 B KOTOpbiX BTOpH'Illbl8 '18CTHUbl He B38HMO.ll8ACTBOB811H 

B pO.llHTeii!.CKOM lil.llpe, 

2) K 2 - 1T :p -co6biTHII, B KOTOpbiX 9Hepi'Hlil aTOpH'IHOrO npOTOH8 6blll8 M&na H 

npoTOB He CMOI' npeoaoneTb K,YIIOHOBCKHA 6apbep 1 
8 rr -Me30H He a38iiMO.lleACTBOaan, 

3) K
3 

- 1t =p -co6biTKII, B KOTOpbiX XOTlil 6bl O,llH8 83 BTOpH'IHbiX '18CTHU HCnbiT8JI8 

B38HMO.ll9ACTBHII H C06b1TH8 OK838110Cb O.llHOII,Y'IeabiM, 

4) K4 - 1T -:p -co6biTHlil; B KOTOpbiX XOTlil 6111 O.llH8 83 aTOpH'IHbiX '18CTHU 8Cnb1TM8 

B38HMO.lleACTBHlil H C06b1TH9 OCT8110Cb .llByxnyqeabiM, 

.Llna xa>Kaol! rpynnbl 6btiiH ~onyqeabt yrnoeble H BMnynbCHble pacnpeaeneaaa eTopaq-

HbiX 'IBCTHU, Yrnoeoe pacnpe.aeneHae 11 ":.Me30HOB ana co6biT8A T8na K~ npaseaeao 

H8 PHC. I. 
xfB- xa'l.ecTae Mo.aena aapa ucnonlo3oaanacb ccpepa, aanonaeuaast <t>epMa-ra3oM 

' 1/8 
c paaHoMepHol! nnoTHOCTbto 8 xa~axTepH3yeMaa cne.aytowHM8 napaMeTpaMa: R•r,A -
pa.auyc c<t>epbl, r.ae r., •1,2•10- 3cM, A •131 - Maccoaoe qacno xceaoaa, E •30 Mae 
- rpaHaua Ci>epMH, lal •7,9 Mae - aHepraa caH3B ayxnoHoa B a.E:~pe, Ec •12,4 Mae -
K,YJIOHOaCKHA 6apbep .llllH npOTOHOB, 

6 

(h 

f1 

- ~ ;·7;··' -1-, , .. -,,.,.., .. ,--~,....,..-·::~r~v•·-:""":"""T'-· \ ·"'":"-,.....,·~~....,...""1"" -~::f, 1, .~ i.if 1AA U '4 ,'"\'>'IIi 

_,1 , 

··.-, 

Pe,ayiiM'8TJol p8C'I!IT8, no MOTO.!ly Moa:re•Kapllo 6blllll aenoii~&-&Bbl .11119 oaP81f&e~ .••. 

~acna .,-::.P-aeaaMo.lleAc:raaA, ne.peweawax a OllHonyqeebie co6biTIIII h·an _K 2 a K~ .• ~·,,,m,.. ... .,·; 
N +·N ' · TOpble RallO Bbl'lecTJo 83 -~ (~lf'), '-IHCIIO T8KHX B38HMOlleACTBHA M

1
• Jt, .. ¥.a }l · (~2'-J•l8J:, 

NK ":J'· .·.' 
HenH'IHRa ( N1 (~2") .,..M 1) npe.o;cTaansreT co6oA qacrlo rr --n -pacceaaaA, a xo1-b·pwlt a'l'opa#-' 

' ' 
Hble '18CTHUbl He B38BMOllfi!ACTBOB&nH a lii.E:lpe BilK nocne ,BTOpH'IHbiX a38HM0ll&ICTBBI OcT~-, 

JIH C06biTHe OllHOII,Y'Ieabi)&, 
Xe ., . ., 

npa onpeaeneaua B&li8'1BHbl u1TP (>,:.2" J, 1 axoaaweA a ablp&>Keaae (5) an_s ··~+ 

4!8UB8BT8 aKp8HBpOB8HBll" 1 6111118 BCnOJib30B8Hbl cny'IBH 1t --p -pSCC&IIHHII 6&3 aTOp8'1BWx 

B38HM0,£1eACTBKA, noaTOMy cp&ll8 O.llKOII,Y'I9BbiX H,Y>KHO Bblllen&Tio T8KOI lice Kn8CC II' ":.e ""', 
co6biTHI, Ana BToA Q&ll8 a onacaaaoM liblwe pacqeTe no M&Toay MoR'l'e-Kapno oripe,o;ens:-

IIHCb xapaxTepHCTHKH 11 -n -pacce)odHH, Kacxaabl, o:raeqatowae 

,q,8uBpoaanacb cneaytow8M o6pa3oM: 

11---n -co5biT8BM, JUJaccil• 

1) K S - rr =a -co6biTHB, a KOTOpbiX BTOpH'IHbl& '18CTHQbl He B38HI\COll&ACTIIIOI!IanH 

.a POllHT&llbCKOM Slllpe, 

2) K fi - 11: n- C06biTBII, B KOTOpbiX XOTH 6bl O.llH8 lt3 BTOpH'IRbiX '18CTBU BCllUTbla81ia 

IIIGABMOll&ACTBHB ,a C06biTH8 OCTMOCb OllHOnyqeebiM, 

3) K 7 - 1T =a -co6biT8lil, a KOTOpbiX XOTII 6bl OllH8 H3 aTopB'IHbiX 'IACTBQ. 11Cnb1Tb188n8 

a381!MO.llelcTBHe, H C06biTH8 OK83MOC b llByxny'leBbiM, 

npa pacqeT& 1t-:. n -paCC9BHBlil npeanonaranocb 'ITO da{,. -II}. du(rt+p) 
' dfl dO + 

B811Bcb 3KcnepBMeHT811bHbl8. llBHKbl& no llB<i><t>epeHUB811bHOM,Y ce'leHHIO 1T -·p 

npa BMnynbCe 8,8 raa/c
171

• nony'l.eHHble pe3ynbT8Tbl no3aonsrlo:r onpeaeii&Tb 

, a BcnonbGo;-
1 

•pacceaa•• 

' . ' 'IHCJIO 1T •B 

C06biTHI, B KOTOpbiX 06& BTOpH'IHbl& 
x) 

ll.llpe : 

'18CTHQbl He B38HMOll&ACTBOBM-. B poAf1TenbC:KOto4 

N _ =(N (>'!')-!! )~ 
rtn 1- IN+N 

x 5 x 1 

(6) 

Hcnonb3ya 3H8'1&H8e N,. ii •:.165, MO>KHO onpeaen8Tb ceqeaae II' •n -pacceSIHHa ua aapo 

Xe, KOTopoe oxaaanocb paaiibiM ux"~t'J •(11,3!:,0,83_} M6, Ceqeaae ynpyroro rt--n 

"" pacceaaaa Ha yron e > t' 1 p8cC'IHT8HH08 Ha 0.1188 H&ITpoH, MO>K&T 6b1Tb Bblp8>K8HO 

" cneaytoW8M o6pa3_oM: 

ux• (> t' ) 
!7 (>'/').. - • (7) 

1tR - 71 (A.-Z) 
I'.l19 ( A - Z) - 'IBCJIO HeiTpOHOB a ll.llpe, 

x) 
+· To o6cTosrTen~ocTao, 'ITO npa pac'I&T&· ucnonb3oaanocb aa<P<t>epeauaanb8oe ceqeaae 

rr -p -pacceaaas .111111 onpeaeneaas N 
11 

-..:n , ~o-aBllBMOMy, aecywecTa&HHo, :rax xatt a 1 

Bblp8>K8HH8 (6) aXO.llHT IIRWb OTHOW9HHe It , 

Ntt/ Nx, 

1 

~~-··-

L ...... ~~ ~-----



"Ko!I<IJ<IJHUH9HT 8Kp8HHpOB8JIHSI" .,- B (7) 6y~8'1'··0TJIH'I8TCSI OT · 7)9 J[cn.o ltOCit6hblty ltpH 

sbt'IHcneHHH ., aKcn oornacao (5) acnonb3osanOOI> ce"'e!llllll' u:X• ( ~ 2") , npe onpe.aene-· •l . . ~ . . ~ 
KKK KOTOporo He y'IHTWBMHCb COISW'I'HSI C DpOTOHOM, 'K9 BbiWe,llWHM ~ Sl,llp8 He-ea KynoiiOBCK'oro' 

ISapbepa, T.e. co6.wTHSI T&na K 2 • J;loaTOMf 

NK 
'I a 'I ( 1+ , • ..:-::a.. )o (8} 

!IKCD NK 
t x) 

no.acTaBnSISI B (7) 3H8'1eHH9 qX0 (~:z") H 'I •0,0635:!:.,0,0054 , nonyqaeM O'OH"'8-
"'\ 

TenbHO u· (> 2") "'(2,31 :!:.,0,26) M6, 
7111 -

§ 4, Jlllcf<j?epeHuHMbHOe C9'19HH9 1T "::.11 -pacceSIHHB 

nn11 TOI'O, 'ITOISbl nony'IBTb .llR¢¢epeHUHMbH09 C9'19HR9 11'":.11 -pacceSIHHH, H3 yr-

noaoro pacnpe.aeneHHH o~Honyqeawx co6wTHA aeoiSxo.llHMO Bw'leCTb yrnosoe pacnpe.aeneaae, 

oTBe"'arowee cnyqagt.f. rr -p -paCCBSIHliH, B KOTOpbiX B pe3ynbT8T9 Ba8HMO.Il9ACTBHil BTO-

pH"'HbiX '18CTHil 1T =·p -coiSbiTHSI nepexoflSIT ,a Knacc o.aaonyqeswx, T.e. coiSbiTHa T&na 1{2 

H K 3 • npa Bbi'IHT8HRH yi'IIOBOI'O pacnpeaeneHliSI co6b1TliA. T&na K2 II K3, Bbi"'HCD8HHOI'O 

MeTO,IlOM MOHTe-Kapno, HOpMRpOBK8 DpOH3BO.IlHD8Cb DO 'lliCDY 8KTOB KB83Kynpyroro 1T ":.p 

paCCeSIHHSI, H8iiL19HHOI'O aKCDepHM9HT8DbHOo 

nony'leHHOe yrnosoe pacnpe~eneHHe OTHOCHTCSI K COISbiTHSIM KB83Hynpyi"OI'O 1T -n 

p8CC9SIHHSI KBK ISee BTOpH'IHbUt B38HMO,Il9i!CTBHil0 T8K H C BTOpH'IHbiMH B38HMOL19ilcTBHSIMH 0 

OCTBBnSIIOWHMH COISbiTHSI OJl~OD)''IBBbiMH, _npa !ITOM HCK8:lK8Tb yrnOB.09 pacnpe.aeneHHe 1T 

M930HOB ISy.llyT TODbKO ;nyqaa, B KO'I'OpbiX B38HMO.IleiiCTB)'eT B1'0pli"1Hblil rr -Meeoa, -Ecna 

y"'eCTb, 'ITO ce"'eaae ynpyroro pacceaaag BTOpli'IH&rx ,- -Me30HOB cocTasnSieT oKono 5 MIS 
,. ·' 

ll C9'19HH9 B38HMO,Ilei!CTBBIJ BTOpH'IHbiX H)'KDOHOB OKODO COTHH MIS, MO:lKHO O:lKH,IlBTb, 

'ITO :CXona cnyqaea, a KOTOpb!X npoacxo.aHT ynpyroe B38HMO~eilcTBHe BTOpH'IHOro rr- '"Me3oaa, 

ISy.aeT Mana, OueHKH DOK83b1BaiOT, 'ITO OH8 COCTaBnHeT BCero "3% OT 'IHCDB 8KTOB ,rr":.n

pacceaHKSI, hoaToMy yrnosoe pacnpe.aeneaae O.llHony'leBbiX coiSbi'I'Kil, nony"'eHHbiX nocne 

BbiWBODHCBHHOil Dpoue.aypbl Bbi'IH'T8HHH 1 MO:lKeT ISbiTb HCDOrib30BaHO ,ana onpe,aalie~SI BH.z:ia 

.llHcf<!JepeHUH8nbHOI'O C9'1eHHH KBB3Hynpyi"OI'O 1T: n -pacCeSIHKSI, na¢<1lepeHUH8DbH09 ceqe-· 

HHe du(rr ° KBynp) , HOpMHpOBaHHOe H8 
1
u ~2")•(2,31 +0,<~6) .MIS, npHBe~eHo H8 pac.2, 

d!l rrn -
Cne.ayeT no~qepKHyTb, 'ITO nony"'eHaoe ~a¢¢epeauaanbHoe ceqeaae o1'HOCHTCSI K' pacce11-

HHIO 1T --M930HOB H8 CBSI38HHbiX Hei!TpOH8X, 0TDK"'Ke !IToro ceqeHKSI oT ~a¢¢epeauaanb-

HOI'O C9"19HHSI p8CC9SIHKH H8 C~OISO.IlHbiX Hei!Tp0H8X onpe~engeTCH I'DaBHbiM oiSpaeOM BDHSI-: 

HH9M 3BnpeTa nayna K cfepMHeBCKHM ~BH:lK9HlleM Hei!TpOHOB B H~pe, nn11 TOI'O, 'ITOISbl 

x) n . . .. 
pa onpe~eneHHH ., npe~nonaraeTCSI, 'ITO npocTfaHCTBeHaoe pacnpe,aerteaae 

npoToaos H aeiiTpoaoa a R.llpe o~KHilKOBO (eM., aanpKMep, 1 I). ' · 

8 

--·-····~-__,......... .... ~-~ ~~i~~ 

Y'I9CTb BDHSIHHe 9TH:J(. ¢altTOpOB, ISbiDH HCn6Db30B8Hbl L13HHbte, nony'leHHbl9. npH pi>:i::'leTe' 

no MeTo.lly MoaTe-Kapno,. npoBO.IlKDOCb Cp8BHeHKe HCXO~HOI'O )'I'DO·BOI'O pacnpe~MeHll$1 - -ynpyroro rr - p -pacceHHHSI c pacnpe~eneaaeM KB83Hynpyroro rr :- p -pacCeSIHBll, nony• 

'IBHHbiM B pe3yDbT8T9 pacqeTa, 3TH pacnpe~eneHHSI, HOpMKpOB8HHble H8 O.llRHBKOByiO nJio-

IU8~b; npHB_B.IlBRbl aa· pRe, 3, no OCR aiSCUKCC OTDO:lKeH yron p8CC9SIHKH 

B na60p8TOpKOA·cKCT9M9 KOOp~HH8T0 no OCR Op.llHH&T- 'IHCnO "18CTRU 

1T -M930H8 

B COOTB.El'I'CTBYIOlueM 

KHTepaane yrnOB B npoK3BODbHbllt 1 e~HHIIU8Xo nns K8lK~OI'O HHTepsana YI'DOB Bbi'IHCDRDOC b 

OTHOW8HK9 W j 'IKCna '18CTHU, COOTB9TCTBY!Olll91"0 ynpyroMy p8CC9RHHI01 ,K 'lllt:ny 'f8CTB(lj; 

COOTB9;1'CTB)'IOllleMy KB83Hynpyi"OMY pacce&HHIO, 3aTeM B YI"DOBOM pacnpe.c:eneHHK 7T ":. 0 

pacce&!IHH 'IHCDO 'co6biTHil, DOD8BWHX i -Tblil BHTepsan yrnoB, yMHO:lKMOCb Hlil COOTB&TCTByro

WYIO aenK'IKHY Wi • 3Ta npoue.llypa noeaonaeT yqecTb KcKa:lKeHKa yrnosoro pacnpeQene

HHR, BHOCHMOI"O 31i1DpeTOM naynH ll ,llBH:lK9HH9M c:t>epMK, nony'leHHOB TliiKIIM OISplil'i!OM- pac

DIJii.lleneHll& 6blnO HCnODb30B8HO ,llDK onpe.c:eneHKH JJ:K¢<!JepeHUH8DbHOI'O Ce'!eBKSI .fT :n -pac

C9SIHHSI, KOTOpoe MO:lKHO paCCM11TpHB8Tb K8K pacceSIHH& 88 CBOISO.IlHOM H&i!TpOHe, 0HO DpH

B&.IleHO 88 pHc, 4, 

~ 

§ 5, QIScylic~&HKe aKcnepKMeHTMbHbiX pe3yDbT!lTOB 

Cornacao ranoTeee oiS aeoTonaqecKoll KHsapaaHTKOCTK cne~yeT O:lKH.IlllTb, 'ITO ce'tle-
- + . . 

HIISI rr -· n- H 1T -· P -pacceSIHKSI ISy ~YT COBU8~8Tb, nosTOMy npe~CT8BDH9T KHTepec cpaa-
. + ' 151 

HHTb nony'leHHb19 ~aHHble C ,llH¢¢epeHUH8DbHbiM Ce'!eHK&M 1T - p -paCC&SIHHH DpH 8 08 I !Isle ' 
/81 /5 6/ + I 

a-<1,5 Iaaie , AsTopbi pa6oT ' npe.acTasana .c:a¢¢epeauaanbHoe ce'leHHe rr -p -pac-

cel!HHH B aa~e __ d_u_· _ .: exp [a+bt+ct,, r.lle -t - nepe~aHKblil 4-KMnynbC, JlapaMeTpbl 'a , 
' d(-t) - . . ' 

b a c , nony'leHHble .c:n11 rr+- p- a rr -n -pacceSIHHB, npase~eHbl B Ta6naae 1. Mo:lKHO 

BH~eTb, 'ITO B npeLtenax owaiSoK STK napaMeTpbl coana~aroT. Ha pac. 5 npaae~eao ~aq,-

cfepeHUH8UbHOe C9'19KHe 1T ..;. n- ll 1T +- p -p8CC9SIHKH, nonHOe ynpyroe Ce'I8HH9 

du 
pacceSIHHH ISblno nonyqeso HHTerpaposaHHeM ~ B npe.llenax OT -t=O ~o 

+ 2 U~J 
( lss/c) H OKBalilnOCb paBHbiM (4,98 :!:.,0,56) MIS. nonaoe ynpyroe C9'19HKe 1T -p 

HKSI npa KMnynbCe 8,8 Iaaie paallo (5,02 ±.0,1 )MIS. 

11 -·rt·-

·-t= 1,2 

-pacceg-

3KCDepRM8HT8DbHbl9 ~aHHble no tr- 0 -paCC9SIHHIO aH8DH3HpOBMHCb C TO'IKH 3peHBSI 

OUTH'I&CKOil MO~enK KYKDOH!l, AH8DH3 npOBO~HDCSI 8HiiiDOI'H"'HO MeTO.Ily, onKCiiiHHOMY B /
8

/ 

Hei!TpOH paccM&Tpasancg KSK onTH'IeCKK o~aopo~aas c<!Jepa c pe3KHMK rpaaaaaMH pa~ay

ca R , xapaKTepH3yeMal1 KoS<jl<pauaeaToM nornoweaa11 K a Koscf<PauaeHTOM npenoMne

HHg k , Jlna onpe~eneHKSI ODTH'IBCKHX xapaKTepKCTKK K&iiTpOK8 H!l~O 3H8Tb Ce"'&HliSI ynpy-

roro 0 .f a aeynpyroro u· B31ilHMO~eliCTBHA, 
In 

~eDK'IKH8 Heynpyroro Ce'leHHH B H!lCTOSIWell paiSOTe 9KCnepHMeHT8DbHO He li3MepSID8Cbo 

9 



,,J' "!''IJ"I F_ .. ...,}. :'· ,I . , " 

'\ ' 

0AHaxo cornacHo rHnoTeae o6 llaoTonl(qecxo,A liHeaplfaHII'HOCTIJ cn:eAyeT ollc:&Aall'b, ."11\o 
- ( + + 

(]• ( fT -n )a 0 " -·p) • noaTOM)' I(CDODb30eMHCb AaHHble no. CB"'91fi(JO " -·.p A 

In In • /5/ , - + ·• 
e38HMOAeliCTelfll DpH 8,8 l9e/c 0 R eenH'IRH8, o (IT -n ) 6wna npHHRT8 paeHOll (] ( tr ""P •'! 

In , In · , r• ~ 

•20,18 M6, npH 3TOM OK838DOCb0 'ITO pesyobT8Tbl 8H/!IDH3a 0"19Hb CRa6o 3!lBIICRT OT H3M,e• 

- /8/ 0 H9HHR u· , ( rr- n ) e WllpOIIOM HHTepaane 3H8"19HHll , KS3aROCb0 'ITO 9KCnepBMeHTanlf'" 
In -13 

Hbi9 A8HHbl9 MO~HO )'AOBR9TBOpiiT9RbHO OIIHC8Tb CD9AYIOllli(MH napaMeTpaMa.:R •1;Q8•10 CMo 
13 -I 

K aQ,58•10 CM • Ha pRe, 4 ARK cpaaHeHRR npHBeAeHw aKcnepiiMeHTanbHwe All~Hwe a KPH-

Bhle, Bbi"'BCR9HRb19 ARB 9TRX napaMeTpOBo 

0 6. rr -n -pacceRHHe a 3BAHJOIO nonyc<f!epy 

npH R3Y"'9HHH KBS3Hynpyi"'OI"'O rr-- n -pacceliRHR 6hlo 38p9l"'HCTpHpOeBH OAHH CD)'"'&ll 

paCC9RHHII rr--M930Ha B 38JlHIOIO nonyc¢epy B Ra6opBTOpHoll CHCTeMe KO_OPfHHBT ( OrrR,c,•· 

150° 0 'ITO COOTB9TCTeyeT 011 C,Q,M,•l73°), 6e3 CODpOBO>KJl9HHR y -KeBHTOB II V0 -qac-

THUo 8TO D03BORHT OU9HHTb C9'19HHe rr ":.n -paccei!HHR b1 38JlHIOIO DORyC<fJepy o (>90°), 
trn . 

npH onp9A9D9HHH u· (> 90°) cneayeT BB9CTH nonp8BKH, )'"'HTbiB810UlH9 HeynpyrRe B3SRMO-rrn 

Jl9liCTeHII eTOpR'IHbl~ "'BCTRU ( 17,-_M930HB H HeliTpOHa) e pOARTenbCKOM IIJlpe, 8epOIITHOCTb 

TOI"'O, 'ITO DpR w=n -pacceBHIIR B 3'8JlHIOIO nonyc<f!epy BTOpR"'Hble "'BCTRilbl He eaaRMo-

Jl9liCTBfiOT B pOJlHT9RbCKOM BJlpe, MOliC9T 6MTb 3BDHCBHB CD9A)'IOllliiM oopB30M! 

W• W W. W W ~ exp[-_!o J,~ exp [-~ l exp[-~ 1 
o e3 " H ,\

0 
A(>90") .\rr .\H (9) 

rae W ~ exp (-~ 1 - eepOIITHOCTb T01"'0 0 'ITO. D9p8H'IH811 "'BCTHUa DpOIIJl9T e IIA9pHOM 
O .\0 , d X 

B9Ul9CTee paCCTOIIHHe X
0 

6e3 e38HMOJl9liCTeHII
1 

W a ___ o_ - eepOIITHOCTb . . e3 .\ (>90'? . 
TOI"'01 'IM'O Ha f"'BCTKe OT X O JlO ( x

0
+ dx 

0
) npOH30liJl9T pBCC911HH9 17• -Me30H8 HB Heli-

X XH 
TpOHe H838Jl, , W17a exp( -~] H W • exp ( --x-;;-.J - aepOIITHOCTH TOI"'0 1 'ITO BTOpH'IHblll 

rr-- M930H HeliTpOH COOTB9TCTeeRHO B RApe H He e3BHMOA9liCTeyiOT1 .\0. 
.\ 8 - Cp9JlHH9 CBo60Jlalbl9 npo6ei"'H e RJl9pROM eemecTee JlDII nepBH"'HOI"'O .\", ,.--M930Ha1 

eTOpH"'HOI"'O 17 -Me30HB H H9liTpOHa COOTe9TCTB9HH0
1 

X 
17 X H - JlDHHB DfTH BTOpH"'HOr,o 

1T- -M930H8 H H9liTpOHa e RJl9pHOM e9Ul9CTB9, 

Ce"'eHHe, pacc"'HTBHHOe Ha IIApo, MOlKHO nony"'HTb RHTerpHpoaaHHeM awpaliCeHHII (9) 

/9/ no eCeMy 06'b9Mf RApa. HHTerpHpoeaHHe npoeOJlHDOCb M9TOAOM, ODHCBHHbiM e • npll 

pBC"'eTax eenR"'HHbl C9'19HIIII DOI"'DOUl9HHR R H9fDpfi"'OI"'O eaBHMOAellcTeHII M9JlD9HHb1X 17 -;_M&-
/9 10/ . 

30Hoe e R.llpe opMHCb R3 paooT • • . YcpeJ:tH9HR9M p93fDbTBTOe RRTerpepoeaHRII JlDR 

IIHTepeana yrnoe ebi09TB eTopR"'HOI"'O rr -M930Ha 0 0 
~n.c. • 90 t 180 nony'leHo 

X 1 "" o· • (> 90°) = 32,8 • 10 eM 
1m .\ l > 90°) 

a.. 2,09. 0 (>900) , 
1Tn 

10 

.-.,..m,.-:r·~~r~- . ...,';"'~~:·"""~· . -: ~-'1, _,...,, ·~-~ • 

I"'JlB •p11 o,. (> 900 ), 
.\(>goo) 

P
8 

•0,06396•10S9 CM -3 lloOTBOCTb H91Tpa110B 

J •• 
8 RJlp9 Xe , nocXODbKf 119nR'IBB4 QG'I .... 

HBB Ba llllpO paaHa a Xo ( > 900 )- 0,043 M01 TO 
"" . 

oirn (>90°) •0,020 M6, 8Ty BQnH'IHJ!Y 

cneJ:tyeT paCCMaTpB118Tb xax rpy6y10 OllBHIIY C9'1BHHH tr -a- pacceBHBII sa )'1"'011 

o· o 
0 rr n.c. ·> 90. , 'ITO cooTBeTc~:eyeT pacce,RBBJO B c.a.s .• · Ha yron () 17 c,a,a, > 1515 .•. 

3axniO'IeHae 

Ha OCHOe&HBH npoeG.ll9HHOI"'O BCCDGJlOBaHBll XBa3B)'Dp)'I"'OI"'O 

HO caenaTb cneayiOUlHe B&JBO.lllol! 

tr - D -p,a,CCBIIHBII MaliC-

1) Ce'leHBe masayapyroro , -,o-pacceaaall npa eaeprBR 9 laa paJiiHO' 

O'ITDKBofllp, ( ~ 2°) • (2,81:!:,0,:.16) M6, 

2) .D.aqxpepeHaHanbBoe ce'leHae rr - o -pacceliRliR coanaaaeT a npe,llenax owa6ox 
. +' . ' ' 

c aa<:P¢epeHaaanbHhiM ceqeaaew " -·p -pacce~HBII npaMepHo npa Tol >Ke &H•pra~.· · 

8~0 COI"'R8C)'BTCB C I"'BnoTeaOA o6.B30TODB"'8CKOl HHBapllaHTBOCTB B CBDbB&I~ B38BMO.ll81-
. . 

CTBRRX, HaAJ:teHlol OllTli"'8CXBe xapaxTepBCTBKH HeATpoHa: cpe.llHBA paJlByC HeiTpoHa 
-13 13 -1 

~ •1,08. 10 cw. a xoe<jxpauaeHT nornoweHasr K • 0.58 • 10 CM 

S) nonHoe C8"19HBB ynpyi"'OI"'O IT':.,o-pacceiiHRII paaeo (4,98:!:,0,56) MOo 

4) npoaeaeaHwe oaeHKH noxasbiBaiOT1 'ITO ceqeHHe ,.:.. -pacceAHilR B 3aJ:tHIOIO, 

nonyc<f!epy COCTaBnlleT 0,020 MOo 

AaTOp&l paJ:tbl no6naroaapBTb n.H. Macnoay, H.A.MRpOni060ay, H.K .. tMRpiiOBy, 

A.l.'leKMeHeBy, npolloaaawsx npocMoTp R aawepeaall, H.<P.Mapxoay a B.H.Ko'luHa 

a a noMOlll.b e npoeeaeHHR pacqeToB Ha anexTpoHRo-c'leTHoA M&lllBHe H M.H.noaropen

xoro 3a none3Hble o6cfliCJl9HHR, 

I a § !! ! ~,a I 

p a 

"-n 9 lee 3,75:!:,0,25 

+ 8,8 raa//
51 3 68+0 osx) "-p , -· 

+ 8,5 rse!c
161 

3,509:_0,061 17 -·p 

/5/ x) B pa6oTe npaeeaeH xoa<f!¢anaeaT 
HRH JlH¢¢epeHQB8RbHOI"'O C9"19HRII e eRJl$ 

do a 
X ~-,exp [ a~-btrct 1 

d (-t) 

., b c 

9,22:!:,1,20 3,25:!:,1,14 

8,79!$),23 2,38:!:,0,32 

7,94!$),35 1,47!$),40 

a •3,58:!:,0,03, nonyqeHHblll npH npeacTaene

X ~ ( u,
0

, C20 lae/ c! ) a 
o·tot (P) 

1"'.119 

,D.n& TOI"'O, "1To6bl cpaaHHTb C H8WHMH .llaHHbiMH 1 HB.llO 6paTb B&HH'<dlt)' ( 8 -to X ) , 

11 

.,: 
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N 
~ 

30 

20 

10 

o· 1' 

r-; 
I 
I 
I 

r--

2' 3' 4' 5' 6' 7' ,. e,.. 
Pac, 1. Yrnoaoe pacnpe.lleneaae "-'-Meaoaoa a KBaaaynpyrax 

h... 
d.n. 

..:4-
nrp. 

15 

10 

5 

\0 

~r:p - co6b1THBX, Cnnowaa11 nHHHII - aKcnepBMesTan&Hoe 
pacnpe.llenesae, nyHKTHpHaB nHHHB - pacnpe.lleneaae, 
nonyq~soe H3 pacqeTa no MeTO.llY MoHTe-Kapno, 

I 

0,. 0,96 (191. 0,92 0,90 o.ea 0.16 
cos e: 

Pac, 2, .lla¢¢epesuean&Hoe ceqesae KBaaaynpyroro ~r-a -pacceBHBII, 

13 
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•·. 
'· 

d~(-t) 

...o(ro£/.f' 

N (\ 
,f;. tOO 

3 '---, '1.>:: R .. ,,:,il, 
; : :[ 

. 

1 

' tO 
I 

' ' 

2 

,--_I 

I 
I...--, 

--~ I 
I I 
I 

I I 
I 

I 
--' 

L--, 

o· 1" 2' 3' ~· s• ,. 7' e .. 

Pac, 3. Yrnoawe pacnpeaeneHH.R ynpyroro (cnnowaag nHHH.R) 
H KBaaaynpyroro (nyHKTHpaas nKHKH) 11= p -pacces-
HKH, nony'leaaoro aa pac'leTa no MeTOJly MoHTe-K.lpno. 
06a pacnpeaeneaas. HOpMapoaaHw aa OJlHHaa:oayJO nnowaa&. 
no OCH OpllHH8T OTnO:H<9HO 'IKCnO C06blTHII B npOH3BOnbHblX 
9JlHHHU8X, 
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PHc.4, ,llacpcpepeHuaanbHble C9'19HBH 11-n -paccesHH.R npa 151 
9 rsa/c (TO'IKR) H 71+-p -paCC951HHII UpH 8,8 rsa/c 
( cnnowaa.R nRHHH) • 
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PHc. 5, .[la¢¢epeHuHaJibHoe ceqeaHe "-·n -paccesraHsr 

UpH 9 faa/c, H8ll,lleHHOe aKcnepHMOHTSUbHO ( TO'IKH) 

H Bbl'IHCUOHHOO UO OUTH'ieCKOll MOfeUH HeliTpOH8 JlUSI 

R •1,08·10-13 CM, K •0,58•10 1 CM- 1, u,f •4,98 M6 

( CUUOWHBSI KpHB8SI), U
0
f a 5,54 M6 H 4,42 M6 ( llYHTHpH&Ie 

KpHBbie), 
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