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Bpewa npoTeKrutHH Toro HJIH HHoro MepHoro nponecca HBnaeT-

ca O,ltHHM H3 OCHOBHliX qJH3HqecKHX napaMeTpoB, Hecyuuw HHqX)pManHD 

0 BHYTP8HH8R CTPYKType COCTOHHHH H wexaHH3M8 nponecca. B HaCTOH

mee BpeMa ,ltOCTaToqHo xopomo pa3BHTli 3KCnepID48HTMLHli~ MeTO,ll;li 

onpe,JteneuHa B8CLMa KOpoTKKX BpeMeHHliX HHT8pBMOB AO ro-13 ceK. 

BpeueHa lltH3HH M8PHliX COCTOHHHR B ,D;Hana3oHe ynLTpaKOpOTKl!X 

BpeMeH 10-8 >'L > 10-13 C8K MoryT clliTL H3Mepeuli c IlOMOIIILD OAHoro 

H3 HHXenepeqHcneHHliX MeTO,ll;OB: M8TO,II; 3a,lt8pEaHHliX COBila)t8HHR, 

. UHitpOBOnHOBliR M8TOA, U8TO,II; ,n;onnnepOBCKoro cue111eHHH H pacmHpeHHH 

l -HHIIHR1 ueTo.n;, 11cnon1,3yn11111R 3qxp8KT Meccclay3pa, MeTo,n; 1tynoHOB

c1toro B030yx,n;eHHH. 

BpeueHa npoTeKaHHH a.n:epHWC peaKUHR l!ll8DT cymecTB8HHO. MeHL

lliH8 3HaqeHHH (Io-l4 - 10-22 CeK),H Il03TOMY H3MepeHHB llX npe,n;cTaB

nH8T clonee cnoEHYD 3a.itaqy. Ecn11 Bpeua peaKn1111 onpe,n;enaeTca Bpe- · 

MeHeM pacna,Ila CTporo HH,ll;HBH,ll;yMH3HpOBaHl!Oro B03clyZ,JteHHOro COCTOH

HltH npoMeJB:yToqHoR CHCT8Mli (cocTaBHoro a,n;pa) 1 TO IlOHBn~eTCH npHH

nHnHMLHaa B03MOlltHOCTl, H3MepaTL aOconDTIIYD 3HepreT11qec1ty11 11Hpl1-

HY ,JtaHHOro COCTOHHHH H, cne,n;OBaT8HbllO, ero BpeMH lltH3HH. 0,n;HaKo 
"' TrutaH B03MOEHOCTL npaKT11qec1t11 ocy111ecTBHMa nHlliL ,n;na·ueKOTOpliX 

116CT!ILIX cnyqaeB, It KOTOpliM OTHOCHTCH H3Mepe11He aOconDTHOR lliHpHllli 

H8RTpOIIHliX p830H6HCOB npH 3aJCBaTe 110,n;neHHliX H8RTPOHOB, a TaKJR:e 

onpe.iteneHH8 BIHPHH 0118HL mupOKHX 11 T8M He Me11ee lill,n;HBli,ll;YMH3HpO

BaHHWC COCTOHHHlt B nerKKX a,n;pax npu cpaB1111Ten1,110 clonLlliKX 3HeprHax 

B030YZ,Jt8!111H • .Itna OonLmHHCTBa ,n;pyrmc peaKUHR,TaltlEe npOXOAmitHX 

CT6,n;RD oOpa3oBaHHa cocTaB11oro Mpa, nocne,n;11ee npH cpaBHH-

TenLHO HeOon1,moR 3HeprnH no30j'll,ll;eHHH oOna,IlaeT cnnomHw cne1tTpou 

ypoBHeR, n pesyn1,TaTe qero Bpeua EH3HH onpe,n;enaeTca cornac110 

cTaTHCTHqec1toR uo,n;enH H8 HH,ll;HBli,ll;YWILHWH CBORCTBlWH COCTOHIIHR, 
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a l!Hlllh nx qncnoM Ha e.nnmuzy :iuepre:rnqecKoro nuTepBana, T .e. TIJIOT
.-1-

HOCTh!D ypOBHeii. 

.I\JIH U:JMepeHllJl BpeMeH npOTeKUHHR R,llepmnc peaKUllil PMOM aBTO

poB dwrn npe,l;JIOX8HU opnruHaJihHble !.18TO.Il~, B TOM qHcJie: MeTO)l 

qlllyKTyaunn 3PUKCOHa; MeTO.Il, OCHOBaHHhUi Ha U311ep8HUH cneKTpa TOp

M03HOro U3JiyqeHHJl B peaKuuu; MeTO.Il, llCilOJih3YIOl!!Ull pe30HaHCHUR ne-

pexo)l :JJieKTPOHOB OT aToMa 11Ulll8HU K 1!,llpy-npO.IlYKTY peaKuun; lleTOA, 

npeAnoJiarru:Jmun u3uepeHne BepoRTHOCTu K-x U3Jiyqen»R cocTaBuoro 

1!,llpa,u ,llp. 3TH M8TO)l1,1 IlO)lpOdl!O odcyl!t)laJIUCh Ha KOHqiepeuu1rn no Me

xallH3MY /l,llepm,oc peaKUHli B 1962 ro)ly (IIa,nyJI, IiTaJIH/l) / l / , 0,l{HaKo 

_ B )laJibHenme11 oHn He noJiyqHJiu pacnpocTpaHeHHH. u3-3a uexo){nqecKux 

TPY)lHOCTcn, KpoMe M8TO)la 3pUKCOHOBCKUX <l.lllYKTYau»n; Koiopua, npaB

,l{a' UMeeT oqeHh y3l,yIO odJiacTh npUMeHUMOCTH. 

12/ B IlOCJie,l{Hee Bpe!A.R Ilo)lropeUKHM C COTPYAHUKaMU IlOKa3aHa 

B03A!OlitHOCTh onpe){eJieHHJl BpeMeH lltU3HU BUCOKOB036yx)leHHhlX Jl)lep 

(lo-
18 

- 10-
21 

ceK) nyTeM H3MepeHHJI yrJioBoll u suepreTnqecKon 

KoppeJIJIUlrn ncnapJIIDl!!UXCJl TO)K)leCTB8HHhlX qaCTUU. 

HeC[\QJlhl,O JieT Ha3a)I A.4?. TyJIHHOBhlM / 3 / , reMeJIOM H XoJiaH,n;OM / 4/. 

6LlJJ npe)lJIOl!teH MBIO)l H3!.1epeHHJl BpeMeH B HHTepBane 

(10~15 - 10-20
)ceK c HCilOJlh30BaHneM :iq:qie1,Ta TeHell, Ha6JID){8JJl!!UXCJl 

B yrJIOBh~ pacnpe)leJICHUl!X 3apl!l!teHHhlX npo)lyKIOB JI)lepHhlX peaKunn npn 

·odJiyqeHUll 1.!0HOKpHCTaJIJIHqecKoll }IHllleHu nyqKOM doudap)lupy~mux qacTHU. 

CelJqac noI uexo)l Haqan nonyqaII, npuue11eHne ){JIil U3MepeHHJI BpeMeHn 

npoICKaHHJl Jl)lepHhlX peaKuun
1 5-lO/. B padoiax 15, 6 / H3MepJIJIOCL 

BpcuJI peaKuuu Heynpyroro pacceJIHllR npoTOHOB Ha JI)lpaxGen Si. . 
B .npyrux-padoTax 113yqanoch )leJieHHe Mep V npoIOH&IH (lo-12)MaB 

/ 7 ,ru/ ,cl-qacrnuaMH (25lfaB) u HellipOHfillll (1,7 - 3,3) MaB. 

floJIJqcHHUC 3HaqeHHR BpeMeH liCH3HU COCTaBHhlX Jl)lep ){JIJl 3TUX peaKuun 

HaXO)lJlTCR B ~uana30He 10-
16

-10-
17

ceK.Ilpe)lciaBJIHJIO HHTepec npnueHHIL 
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3TOT l.!8TOA K 113yqeHHD JI){epm,oc peaKunn C YCKopeHHWJH TRliCeJIWJU l!OHaMn. 

COCTaBHUe R)lpa B peaKUUJIX C TJllll:8JlhlMH HOH!UIH odJia,naDI 3HaqnieJihHOll 

CKOPOCII,D OT){aqu (AO 109 
~~K), B pesyJihiaTe qero ){Hana30H BpeMeH' 

H3Mepm.nnc ueIO){OM xeaen, cuemaeicJI B ,panoH 10-18 - 10-20 
ceK, qxo 

Il03BOJIHeI H~eHTLCH Ha B03MOlltHOCTL npnMeHeHHH 3TOro M8TO){a K H3Mepe

HHD BpeueH lUl3HH COCTaBHI,DC Mep B peaKUHHX C TJ!llteJIUMH HOHaMH. 

J(aaHaJI padoxa nocBJil!!eHa :JKcnepm.ieHiaJILHOMY onpe)leneuIDJ npeuemi 

lltH3HH cocTaBHl,DC R){ep, oClpa3YllllUIXCH npn OClJiyqeHHlI l.!OHOl,pHCiaJIJIHqecKUX 

llKilleHea H3 ecieCTBeHHOli CJJec-11 H30TOilOB BOJ!Lcppaua H MOHOH30TOilHOro 

BOJILqipaua-186 ycitopeHHw.iu· noHaun IIB, 12c, 160, 
20 , 21/e, 31 p nyTeM 

naClJID){eHH.fl H KOJil{qecTBeHHOrO l-!311epeHH.fl IIHieHCHDHOCil! 3q,¢eKia TeHeli D 

yrJIOBUX pacnpe){eJieHl-!HX OCKOJIKOB ){eJieHHJl. 

J(nccepiaUHJ! COCIOHI 113 BBe){eHnR, Tpex rnaB H 3aKJiroqeHH.fl. 

IIepnaJI rnaBa COA8PJitHI KpaTKlIH OCl30p 3Kcnepnl!eHiaJihHl1X H TeopeTu

tieCKHX padOT no n3yqe11HIO COCTaBHhlX R)lep B peaKUHJ!X C I.flllteJll,IMH nonaun. 

B HaCTO.fll!lee BpeMJ! MOllCllO cqnTaih YCiaHOBJieHHill,I; ·qxo OAHUM H3 o·c

HOBHhlX npouecCOB npn B3aHMOA8llCTBHH ABYX CJ!Oll:H!tX /1.l{ep JlBJIJ!STC.fl IlOJIHOe 

CJIHJlHUe C oClpa3oBamreM B03ClYllCAeHHOro COCiaBHoro RApa, oClJIU)l.ru:Jlllero 3Ha

qHTCJILHUM cpe){HHM YrJIOBlill MOIJ8HTOM. B JIUTepaType HM88ICH 3HaqHieJILHUil 

OCl'beM 3KcnepHMeHTMLHoro MaTepJ!ana OIHOCJtTSJ!bHO :i11epreinqeCKI!X H yr

JIOBI,DC pacnpe)leJiem1n llPOAYKTOD pacniua COCTUB!!hlX uep, BepOS!I-

HOCTeR pacna){a COCTaBHllX 11)1.Cp no pa3JIHqHUM KaHaJiaM, a TaKllCe adCOJIDT- IT 

HUX ceqeHH8 xex HJIH HHhlX npoueccoB,npoxeKa.Dl!!HX qepe3 cxa.n.nv 0Clpa30Ba

HHH COCiaBHOro J!){pa.CJie){yeT OIMeTHIL, qTO CiaTHCIHqecKa.fl TeOplrn coc

TaBHoro P.)l.pa, 0Cluq110 ucnon1,3yeuan AJIJ! onHcaHHi! ){a1rnoro KJiacca .fl,ll;epm.oc 

peaKUHR,AaeI npe.n.cKa3rurnn, 1;aqecTBeHHO xopomo corJiaCYD!llHeca c :JMIIHpn

qecKH ycTaHOBJieHHWm 3aKOHOl!epHOCIJ!WI. 0.l{HaKO npH nonUIKe KOJlHqecT-

BeHHOro OillfCaHHJl ){OCTaTOqHo WHpOKOrO Kpyra COCTaBHUX .fl,ll;ep C pa3nnq-
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Hbl11H Z ,A H ;meprHell B03dyiuemrn, B03HHKa.IlT 3aTPYAHeHH.fl. B PR.lie 

cnyqaeB npIDCO.l\HTC.fl BapbHPOBaTb.(!l8HOMeHOJ!OrmecKHe napauerpu 

CTaTHCTHqeCKOll reopHH (napaMeTpU IlJIOTHOCTH YPOBHell) npH H3MeHe~ 

HHH 3HeprHH B03dylll:)leHH.fl H aTOMHoro HOMepa cocTaBHOro ll,Itpa. B 

noc11e.110BaTe1ILHOll CTaTHCTHqecKOH TeopHH COCTaBHOro ll,Itpa B MOAeJIH 

q:epMH-ra3a IlJIOTHOCTb ypoBHell llApa H3MeHneTC.fl C pocTOM 3HeprHH 

Bo3dYJ!tAeHH.fl cornacHo 3aKOHY .,P(E.)=const exp2Va£, 
r.11e a. _ napa.YeTp IlJIOTHOCTH YPOBHell,He 3aBHC.fll!lHX OT 3HeprHH 

B03dYJ!tAeHH.fl,H npHMepHO nponopUHOHMbHUH qHCJIY HYKJIOHOB B .fl.l\pe. 

B TO xe BpeMH )\JI.fl ccirnacoBaHH.fl TeopHH C 3KCnepHMeHTWII,HUMH .11aHHUMH 

no ceqeHHHM .11e11eHH.fl H OTHomeHH.flM rn;r;, TpedyeTC.fl B pll,Ite cnyq~eB 

yBemrqHBaTb napaMeTp "a"c pocTOM 3HeprHH B03dyllt,IteHH.fl )\JI.fl OAHOro 

H Toro xe cocTaBHoro ll,Itpa (cu. HanpID!ep /II I ) • Eonee Toro, npH 

HHTepnperanHH pe3Y1IbT6.TOB H3MepeHH.fl /7~ . )\Jill CHnbl!O )\8Il.fllJlHXC.fl 
f 

ll,Itep Z '? 90 npl!XOAHIClI BOOdllle OTK6.3UBaTbC.fl OT J.10.l\81IH qiepMH-rB.36. 

H HCn01Ib30B6.Tb TaK Ha3UBB.eMyD MO.l\81Ib C noCTOI!HIIOH TeMnepaTyp~n, B 

KOTopo~ BlidHpaeTC.fl coaepmeHHO HHOll 3aKOH H3MeHeHH.fl nnOTHOCTH ypoB

Hell C POCTOM 3HeprHH B03dyiuemrn .P (£ )=const expE/r. 
IDLeeTc.fl P.fl.l\ .11pyrmc npHMepoB Henoc11e.11oaaTe11LHoro Hcno11b30BaHH.fl cTa

THCTHqecKoll TeopHH COCTaBHOro Mpa qpH onHCaHHH 3KcnepHMeHTMbHliX 

AaHHliX. Il03TOMY npe.11cTaM.fleT cylJleCTBeHHUll HHTepec nonyqeHHe COBep

meHHO IIOBoro Knacca 3KCnepHMeHT8JlbllliX .116.HRliX - adCOJIDTIIWC: mHpHH 

pacna.n;a COCTaBHliX ll,Itep. 3T~ .11aHHUe uoryT dUTb BeCbMa none3HUMH 

.1111.fl 6onee Toquoro BUdopa qieHoMeuonornqecKHX napaMeTpOB cTaTHCTHqeb

Koll Teopm! H npoBepKH np1IMeHHMOCTH Toro MH HHoro KOHKpeTHoro 

Bapm1HTa TeopnH )\JI.fl OilHCaHH.fl CBOliCTB COCTaBHliX .fl.l\ep C pa3JIH1!HUMH 

Z H 3HeprHell B036Yllt.ltOHH.fl. 

6 

BO BTOpOll rnaBe onHcaHa MeTOAHKa 3Kcnepl!MOHTa H npHBe)\eHU 

pe3y1IbTaTU MeTO)\UqecKHX onUTOB. 

lVIll npoBeAeHU.fl onUTOB no H3MepeHHKJ BpeMeHH lltH3HH cocraB

HliX RAep, OCHOBB.HHliX Ha 3qiql8KTe TeHett,HaMU 6una pa3padOT6.H6. 

cneuuanbHM Kauepa pacceRHHR, OTBeqaIJIJlM cnenHqiHqecKUM Tpe6o

BB.HH.flM 3KcnepiweHTa. 

ITpoaepKa KaqecTBa MOHOKpHcTannuqecKoll MHmeHu n.ero opueH

T6.!lH.fl npOH3BOAH1IKCb C noMOIJlbD HB.61IDAOHI!.fl KapTHHli reHefi (npoTOHO

rpawu) npH ynpyroM pacceRHI!H nporoHOB c 3Hepruen 150-200 K3B. 

Onuru no Had1IDA8HHD reHett B yrnoamc pacnpe.11e11eHH.flX ocKon

KOB .11e11eHHR npOBO.l\HJIHCb HB. BUBe)\eHHliX nyqKax nHKnoTpOHB. Y-300 

H Y-200 JiadoparopHH .flAepHliX peaKnHll Od~eAHHOHHOro HHCTl!Tyra 

ll,ItepHliX HCCJ!eAOBaHHH. 

~JI.fl onpe.11eneHHR BpeMeHH XH3Hl! COCTB.BHUX a.11ep H3Mepa11acb pa3-

HOCTb r11y6HH TOHeil (~f=f90•~Go" ), HadJIIJ.l\6.IJIJlHXC.fl )\JI.fl OCKOilKOB 

,D;eJIBHHR, )\BHllCYJIIHXC.fl B HailpB.BJ!eHH.flX ~ =900 H ~. =160° K nyqxy 

6ou6ap.11HPYDill~X qacrnn. 

Ha pnc.· I noKa3aHa cxeua onu:ra. 

~Be Kpncrannorpaqinqecxne OCH BOJ!bq>paMOBOll MumeHH OAHHaKOBliX HH

AeKCOB < III '7 6unn HanpaBJieHU no.11 yrJ!aMH 90° H 160° K nyqKy •. 

r11y6nHa TeHH, HMJID.l\8.XllllOllC.fl no.11 yr110M 160°, npaKTHqecKH nenHKOM 

onpe.11e11.flerc.fl MeTO)\l{qecKOll KOMilOHeHTOH (rennoBUMH KOJ!edaHH.flMH 

6.TOMOB pemeTKH, H8COBepmeRCTBOM MOHOKpHCTMJ!a, 3arpll3HOHHeM 

noBepxHOCTH KPHCTanna H :r, • .11.) 1 TaK KaK llAPO or.11aqH B 3TOM cnyqae 

ABHllteTc.fl npaKrnqecKH B.l\01Ib uenoqKH arouoa n HMeer Hedo11Lmoe 

HOpMMLHoe cuemeHne. :una yrna 90° AAPO o:r.11aqn c.11Bnrae:rc.fl nepneH

AHKynapHO KpHcrannorpaqiHqecKOll OCH H MaKCHMMbHO y,D;M.fleTC.fl OT 

nenoqKn arouoB, rax q:ro 3q>qieKr xoHeqHoro BpeueHH lltH3HH cocraB-

Horo ll.l\PB. 3)\eCb MB.KCHMMbHO o:rpaxaerc.fl Ha r11y6nH~ TeHH. 

7 



B :raKoll noc:raHOBKe om,1:ra Me:ro,101qecKne norpemHoc:rn 3KCne

pnMeH:ra O,D;HHaKOBO CKa3UB8JO:rca Ha rnydnHe :reHen, HadJID,D;a8MhlX 

c'-

IlO,D; yrJiaMH 90° H 160~ H pa3HHUa rnydnH :reHen (AJ=/200~&0•) 
J.!Ollte:r du:r1, O,D;H03liaqHO CBH3aHa C 3qxp8KTOM KOHeqHoro BpeMeHH 

lltll3HH coc:raBnoro Mpa. 

ne:reK:ropu OCKOJIKOB ,D;eJieHHH- nnac:rHHU H3 CMHKaTHoro c:reKJia 

HRH na KBapua pacnonarannc1, Ha pacc:roaHHH IOO MM o:r ueH:rpa 

Mmnem1 B 'HanpaBnen11ax KpHc:rairnorpaqmqecKmc ocen. BpeMa 3Kcno

s11unn Blldllpa.llOCI, :raKHM odpa30M, q:rodu MOTHOCTI, :rpeKOB OCKOJIKOB 

,D;eJieHHa Ha nonepxHoc:rn ,D;e:re1cropoB dWia nopMita 104 ~- Ilpn 
. },(},( 

3:rOM nocJie xm.mqecKOll odpadOTKH IlOBepxHOCTb ,D;e:reK:ropa CTaHOBH-

JiaCb MaTOBOl1,H :reHeBaa Kap:r11Ha dWia BJ,!,l{Ha BH3YMbHO. OceBaa 

:reH1, .Ha nonepxHoc:r11 ,D;e:reK:ropa HMeJia BJ,!,!{ na:rHa_,D;HaMe:rpoM 5-6 w, 

nepeceKaI(lJlleroca JIIIHUHMH MOCKOCTHUX :reHett. 3:ro odc:roa:reJibCTBO 

Il03BOJIHJIO nerKo OdHapyxHTI, :reHH, coo:rBe:rc:rBynmne OCIUI.H nnOCKOC

:raM onpe,D;eJieHHhlX IIH,D;eKCOB,Hall:rll C .D;oc:ra:roqHOil :roqHOCTbD ueH:rp 

oceBon :reHn II Budpa:r1, nHHHD npocuo:rpa, He nepeceKaIOmJD nnocKoc:r-

HUe TCHII. 

IlpocMo:rp ,D;e:reK:ropoB ocymec:rB~anca c nouom1,v on:rnqecKoro 

J.!l!Kpocr,ona. IlO,D;CqI1nrna.110.c1, qHCJIO :rpeKOB-OCKOJIKOB ,D;eJieHHH B 3neueH

:re MOlllaAH IlOBepXHOCTH ,D;BTBKTOP· B 3aBHCHMOCTH o:r pacc:roaHHH 
'· 

MBlKAY l.lBHTpOM ocenoa :reHH H IlOJIOXBHIIBM npocMa:rpnBaeuoro 3neMeH:ra 

IlJIOlllaAII. KaK npaB11J10, yKa3aI!Hlill 3JieMeHTOM DJIOmaA11 aBnMOCI, IlOJie 

apemrn M11KpocKona, Ko:ropoe npn yBeJ111qemm 450 nueno paauep 

0 1 c.7x0
1
27 MM2 (q:ro coo:rne:rc:rBye:r ycpe,D;HBHHD no'10 =0,15°). 

nna npnMepa Ha pnc.2 IlOKa3aHU 3KCnepHMeHTMbHUe ,D;aHHUe 

,D;Jia peax1.111n w(22tJe, I) np11 3Heprnn do1.1CSap,D;I1pyD11ll1X qac:rnu 

Il6 M3B. IlerKo B_J,!,l{BTI, I q:ro MHHl1MYM B yrJIOBOM pacnpe,D;enemm 

8 

ocKOJIKOB ,D;eneHna annae:rca ropaa,D;o donee rnydoKHM .D;Jia yrna 160~ 

qeu ,D;Jia yrna 90°. 0.D;HaKo, npell(Ae qeu nprnrncan Ha6JIJO,D;ae11oe 

pasnnqne rnyduH :reHett aqxpeK:ry KOHeqHoro npeuem1 lltH3HH coc:raBHoro 

fiApa, Heodxo.D;m.10 duno nponep11n yc:rollq11nocn peaynua:roB K 11a

ueHeHIDJ ycJIOBHtt 3KcnepHMeH:ra. Bee nponepoqHue 3KcnepnueH:ru 

nponaBu.D;HJIHCb .D;na peaxuuu W (22,./e, f) np11 3Hepnrn IIOHOB 174 Man, 

:rax KaK B 3TOM cnyqae ,D;JIH Hadopa c:ra:r11c:rl1Kll :rpedOBaJIOCb HBdOJibmoe 

npeMa aKcnoanuHu,.., 0,5 qaca. Ilpellt,D;e ncero dun 11ayqeH nonpoc o 

BnIIHHllll Kaqec:rBa J.IOHOKpnc:rwrna Ha B8JII1qI1Hy /,. f • B 3KCil0PllMBH:rax 

dWIO 3aMeqeHO I q:ro rnyduHa TOHll OKa3UBae:rca pa3nllqHo}l npll OdJiyqe

HllH paam1qHUX yqac:rKOB MOHOKpllCTMJia, O,D;HaKo pa3HHUa rnyd1rn :reuen, 

per11c:rpupyeMh1X Ha yrnax 900 H 1600 B npe,D;eJiax TOqHOCTll 3KCnepHMeH-
. . ' 

xa ue MeHae:rcir npH H3MeHeHHll 11ec:ra odnyqemrn. Ha p11c. 3 normaaHa 

3aBHCHMOCTb paaH_oc:r11 1,. f o:r Kaqec:rna iioHoKpHc:ranna. Ilpu H3MeHemrn 

rnyd1rnu :reHH no,D; yrnoM 160° noq:r11 B ,D;Ba paaa paaHocn /Jf He odim

pyxuBae:r :reH,D;eHI.lllll K KaKOMJ-JilldO l!3Meue·1mD. Bo-BTOPhlX, IICCJIO,D;OBaJICa 

BOnpoc O BnHHHIIII TOJ!ll{l'IHU MUIIl8Hll Ha nonyqaei.me peaynua:ru. B CBH3ll 

C Hcnonb30BaHil8M :ronc:roro MOHOKpuc:ranJia pMOT!lJOll{Ull CJ!Oli Mlllll8HH 

onpe,D;enaJica npoderoM OCKOJIKOB ,D;eJieH11a, BhlXO.D;amHX 113 MllllleHH. IloMe

maa MDWIHHeBue norno:r11:ren11 nepe,D; .D;11aneK:rpuqecKHMH ,D;e:reK:ropa.MH, 

MOlltHO dWIO JM8Hbman :ronll{IIHY padOTaIOll{ero CJIOa ·:1mmeHu. Ilpll 3TOJ.! 

HadnD,D;aJIOCI, yrnydneHHe :reHen KaK BdnH3ll Hanpa.BJI8HHff yrna 90°,:raK H 

160°, O,D;HaKo. paauoc:r1, rnyduH oc:ra.Ba.11ac1 noc:roauuon. 3KcnepI1Meu

:ra.JI1,Hue ,D;a.HHUe npe.D;c:ranneHu Ha pHc. 4. Ha.xoueu, dun noc:raBneu npa

uon uo,D;en1HHR onu:r c 1.1en1,v onpe,D;enn:r1,,HacKon1xo rnydnHa·:reHH aann

c11:r o:r 3Heprim qac:rHI.1, ,D;Bmcymmcca B MOHOKpnc:rann11qecK01t cpe,D;e. 

IiuJIH HadJID,D;BHU :reHII B yrJIOBhlX pacnpe,D;eJiemmx IIOHOB 84K,,., ynpyro 

pacceaHHUX Ha BOJibcppaMOBOM MOHOKp11c:ranne. llOHU 81¼-,. YCKOpaJIIICb 
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Ha TpeTbell rapMOHHKe B UHKJIOTPOHe Y-300 ,l(O 3Hepruu 74 M3B, 

yMeHbmeHue 3HeprHH HOHOB npOH3BO,l(Wl0Cb C noMOl!lbD aJIDMHHHeBmc 

q10J1br • IlpH H3MeHeHUU 3Heprmt B~r nO'ITU B ,!(Ba pa3a He Ha0JID,l(a

JIOCb H3MeHeHHII rJ1yClmt!1 TeHn B HanpaBJleHHU KPHCTaJIJIOrpaipHtiecKoa 

ocn < III >, opnenTupoBaHHOri no,!( yrJIOM 90° K nyqKy. Sap/IA H 

3Heprn11 no HOB 84Kr BecbMa ClmrnKH K cpe,l(HeMY 3ap11AY n 3Heprun 

OCKOJIKOB ,l(eJ1eHn11 11,l(ep BOJlbcppaMa ycKopeHHUMH HOHaMH, 'ITO ,l(aeT 

B03MOlitHOCTb pacnpocTpaHHTb pe3yJlbTaT on11Ta C HOHaMH 
84K,. Ha 

3KCnepHMeHTl1 C OCKOJIKaMH ,l(eJlemrn. 3TOT pe3yJlbTaT He n03BOJ111eT 

OTHeCTH HaClmo,l(aeMYD B on11Te pa3HHUY jjf Ha cqeT KHHeMaTHtieCKO

ro pa3JIH'Ilill B KHHeTH'IeCKOll 3Heprnn OCKOJIKOB,,l(BHlitYlllHXCII no,!( yrna

Lm 90 n 160° K nytIKy.KpoMe Toro,pesyJibTaT!l ,l(aJlbHeawux q,H3H'I8CKHX 

OilllTOB no l13Mepemro BeJIH'IHHll A_/ ,!(JIii pa3n:l!'IHl1X peaKUHll npo,l(e

MOHCTpnpoBanH OTCYTCTBHe KaKoll-JIH()Q KoppeJIIIUHH ·Melit,l(Y A J H pa3-

HOCTbXl 3Hepr11n OCKOJIKOB ,l(eJ1e11u11, ,l(BlllltYl!lHXCII IlO,l( yrnrurn 90° H 

160° K nytIKY. 

TaKHM oelpa30M,Ha OCHOBaHHH npoBe,l(eHHllX OilllTOB MOlitHO,c,l(eJlaTb: 

BllBO,l( 0 TOM,'ITO H3Mep11eMa11 BeJIH'IHHa~j IIBJilleTCII napaMerpou,He sa-

BHClllllllM OT YCJIOBHli 3KCnepuMeHT6, n OTpaJKaeT MHIIHHe KOH81lHOro 

BpeMeHH lltH31JH COCTaBHoro 11,l(pa. 

B TpeTbetl rnaBe npHBO,l(!ITCII 3KCnepHMeHTaJlbll!1e pe3JJlbTaT!1 no 

onpe,l(eJieHIID BpeMeHH litH3HH COCTaBHllX 11,l(ep, oc5pa3YXllllHXCII npn OClJly

qeHHH MOHOKpnctaJIJIHtiecKon MHllleHH li3 ecrecTBeHHOll cuec:n H30TOnOB 

BOJlbcppaMa li MOHOH30TOilHOro BOJlbcppaua-186 YCKOpeHHllMH HOH&IH B11
, 

c12
, o16 ,/'le20 , 22 , p 31 

npH pa3JIH'IHl1X 3Hepr:n11x Ila,l(aDl!lKX liOHOB. 

~JIii Bcex nepetIHCJleHHHX pea.KUHR Cll1JIH noJlytieH!l 3KCnepnMeHTaJibHhle_ 

yrJIOBUe pacnpe,l(eJleHHII OCKOJIKOB ,l(eJleHHII Bc5JIH3H ABYX ocen L:_ III:::>-, 

HanpaBJ1eHHl1X IlO,l( yrnai,111 90° J( 160° K nytIKY' no,l(OClHlle npe,l(CTaB-

IO 

) 
1 

.1{ 
/ 

\ (\ 

l 

J1eHH11M Ha pnc.2. onpe,l(eJ1e1111 pa3HOCTb AJ, J1n60 BepxH1111 rpannua ,l(Jla 

~ f. Bll'IHCJleHne BpeMeHU lltH3Hl1 COCTaBH!lX 11,l(ep Ha OCHOBe H3Mepemmx 

BeJIH'IHH AJ:,ho:.h6oonpoH3BO,l(HJIOCb no q,opMyJle, npe,l(JIO~eHHOri B pa

Clore /?I, Ha pnc. 5 npuBe,l(eHhl paCC'IHTf:HH!le 3UBHCHMOCTII B8JIH'IHHU AJ( 
or cuemeHHII Vatt' npu pa3JIHtIHl1X 3HatieHn11x napauerpoB 06pesaH11a aroM

Horo noremwa.na Z:(!. ,l(Jlfl MOHOKp11cra.nJ1a BOJlbcppaMa B HanpaBJ1emie .1tpnc

TaJIJ1orpaq,nqec.1ton ocn < III > (/1/ =6,29. ro.:!2 ~ , d, = 2, 11). c 
CM 

· IlOMOl!lbD KJ)lfBl,IX Ha pnc. 5 Herpy,l(HO 1'13 3KcnepHMeHTaJibHO onpe,l(eJleHHOtl 

B~JIH'IHHU Jjf HallTII 3HatieHHe cpe,l(Hero CMel!leHHII COCTaBHoro 11,l(pa II BU

'IIICJIHTb .BpeMII lltH3HII COCTaBiJoro 11,l(pa f't • 

B raClJIHUe I np11Be,l(eHU noJ1ytieHHhle 3HatieHHfl BpeMeHn Jitll3Hl'I COCTUDHhIX 

11,l(ep ,!(JIii peaKUllll 'w (HI ,f) H .,:86w (!II, f) npl'I ,l(BYX 3HatielllrnX 
0 0 

Z.c =0,4A II Ze= 0,2A. 

KopOTKO 0Clcy,l(11M Bonpoc O TOqHOCTH, C KOTOp0l1 onpe,l(eJlaeTca BpeMII 

lltH3HH COCTaBHOro 11,ll;pa 113 H3Mepe HHOii na onure BeJIH'IHHl,I '1 J. !ta.It BH,11;

HO H3 raClJ111uu,ncnoJ1b30BaHne · Toro l'IJll'I l'IHOro snaqemrn CYllleCTBeHHO Me

HlleT Macmrael IlOJ1yqae111,1x 3HatieHJ!H BpeMCHl'I l!{l'I3111!, 0,l(HaKO MaJIO 

cKa3!i1Baerc11 Ha OTHOllieHHIIX BeJIU'IHH, IlOJlyqennux ,!(JIii pa3HUX peaKunn. 

AnanornqHyD pOJlb nrpaer Heonpe,l(eJleHHOCTb B 3HaqeHHIIX IlOJIY3!.!Illipl!tiec

KOro nap:J.Merpa C. 

ABTOpU ¢oPMYJl11, KOTOpaH ClUJla HUM!! l!Cil0Jlb30BaHa, yKa3UDUDT ,l(Jlfl 

Ze sHaqeHne 0,4i 171• BMecre c reu B Jll'!Teparype n11e10rca cBe,11;eH1m, 

'ITO, no-Kpanuen Mepe, B neKoTopux cnyqa11x Z.c:. MOlKeT Clurb suaqnreJibHO 

!leHbllil!M / 6/ • 

OuenKn no.1tas1rnaDT, 'ITO us-sa HeonpeAeJ1e1111ocTH sHaqen11li napa11erpa 

Zc:. 11 C MOJKeT B03HIIKUTb c11cTeMaT111.1ec.1ta11 omnClKa ,!(JIii aClcoJIDTHllX 3Hatie

HHII q;" , IICKUliCUIOl!lUfl pesyJibTaT He CloJ1ee qeM B 4 pasa, qTO He Memaer, 

O,ll;HllKO, cpaBHIIBaTb pe3yJibTaThl ,!(Jill pa3H~X peaKu11n ll pa3Jlll'IHl1X :rnepr11n 

eo:ielyx,11;c111111. GTUTllCTl!l!eCKaa norpelllHOCTb ll3MepeH!ll1X BeJill'IllH AJ, yKa-

3lll!llllX B TllClJI. 1, ,llOCTl!raer BeJlll'-ll!Hhl ,l(O 2 5% ,!(JIii 3HatieHl'III speMeHU 
l!Ul3HH q:' • 
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I IIepeXO,l\H K odcylit,l\8HI!IO pe3YJibTaTOB, HeOdXO,l\HMO OTUen1Th, 'ITO 

. ::~ 

npelllI l!tl!3HU, noJiyqae1,1Qe :mcnep11MeHTMbHO M8TO,l\011 TeHen, !IBJI!18TC!I 

3r;xpeKTl!BHhlM BpeMeHeM, M3BJieKaeMw · :irn cpe11Hero npodera ".'eJI!ll!lliXC!I 

!l,l\ep OT MOMeHTa llX odpa3oBaHl!ll ,l\O pa3.n;eJI8HI!!I Ha .n;Ba OCKOJIKa. 

Il03T01lY npn· llHTepnpeTaJ.\llU pe3yJibTaTOB CJie.n;yeT yquTUBaTb B03MOJ,!Hl1e 

nponeccbl .n;eJieHll!I MPa nocJie ncnapeHnn o.n;Horo UJill HecKOJibKliX Hen

TponoB ll3 llCXO,l\HOro COCTaBHoro n.n;pa. IlPll :rneprunx Jl03dYl!t.I\8Hlla OltO

JIO 60 t.I:rn COCTaBnue MPa B HCCJI8.I\Y8MO!.! .n;nana30H8 Z , corJiaCHO pado"'." 

Te / 12 /, m.e10T BeJIU'lllHhl r,, h, Ha ypOBHe 2 ,o, pe3KO yBeJIH'lllBa!Ol!llle~ 

ca c yMemmeHHeM :rnepnrn B03dy~en:11a. IIpu 3TO!.! ncnapenne .n;axe o.n;

noro netiTpo11a pe3KO y1.iellb1I1aeT BepollTHOCTh )\eJieHll!I Mpa, ll KaK 

ca.Mo .n;eJienHe, TaK u Hcna.penue 11eilTpona BUBO,l\aT ucxo.n;Hoe MPO ll3 

Ka.Hana )\8JI8Hll!I •. Il03TOMY ll3Mepen11oe 3HatJ8Hll8 BpeMellll l!Cll3Hll B 3TOM 

CJiyqa.e npe,l\cTaBJI!leT codoit TIOJIHOe npeMH l!tll3l:lll ucxo.n;Horo COCTaBnoro 
. 1 . 

ll.n;pa 'Lr,o,v/ ...... F'n +1f • IlOCKOJibiq r,, ~ ;;. , TO q; TIOJIH onpe,l\eJineTC!I 

B OCHOBHOM HeilTpOIIHOit mnpnnon. B. TadJIH!18 2 npnBe)\eHLI 3Kcnepll-

1!8HTaJibHUe .3Ha'leHilll. npeMeH l!tll3Hll ll paCC'IHTaHHUe B8Jill'lllHbl 3/'rn , 
r,il;e r,, Bhl'lllCJIHJiaCb no qx>p!.l'JJicl.U ll3 padOTU / IJ / B M0)\8Jill fepMll-

• I 

ra3a, ;]LJI!I Toro, 'ITOdLI TIOJIY'lllTh corJiacuc no TIOPMKY BeJill'IUl!U, neod-

XO,I:;UL!O npnHnTb n pacqeTe 3naqenue napa;.rnTpa TIJioTnocTn ypoBnen O..n 

paBHLIJ.1 A/4 . 3TO 3Ha'l8Hll0 )\OCTaTO'IHO CHJlbHO OTJIHqaeTC!I OT o6uq

HO IICTIOJih3)'eI.;ux 3H(l.tJCHlli1 A/IO - A/8. 3.n;ecb CJie.n;yeT yKa3aTb, 'ITO 

JIUTepaTypnue 3HO.'ICHll!I a.n )\JI!! CllJlhHO B03dyll:,ll;eHHUX M8P TIOJiytJeHU 

113 oelpadOTKll 3KCTICpllMBHTMbHUX .n;aHHLIX OTHOCllTCJibHO /J., /pf- • 

Ta.Kall odpadon;a ,1303!.!0lKHO, ne aBJI!l8TC!I .n;ocTa.TO'IHO 0,IUi03HatJHOll, 

Ta.K Ka.K OTIIOIIIBHHB Pnf-1- 'IYBCTBllTBJibHO rJia.BHhIM odpa30M K OTHO

JllCHlllJ a,,/4_+· , a He 1, adcOJI!OTHOit BeJI1JtI11He Toro H .n;pyroro mi.pa.MeT-

pu O.n 11 o.f • MOl!CHO TIOJIYtillTh 3KCnepll!.lCl!TaJibHhl8 3HatJeHll!I ~~ 
n npu llCTIOJib30BaHllll rw.paMeTpOB a.n ll (},f Ha ypOBHB • A/4 - A/5. 

12 

}!JI!! 3Ha'l8HllH BpeMCH l1Cll3Hll npll 3Heprllll B03dylit,l\eHll!I OKOJIO 

100 Ll3B B peaKUllllX W(27/e,1) u 
186w(31p,1) HCB03MOlltHO .n;odHTbC/1 

corJiac:irn c pacqeTOM .n;axe npH :11cnoJib30Ban:1111 napaMeTpon a,, :11 a 1- , 
nplldJIU3llTeJibHO pEl.BHLIX A/4. Bo3MOl!tH~ 3~0 pacxoll:,ll;eHH8 CB!!3aHo co 

3HatIUTeJihHOH BepO!!THOCTbXl .n;eJieHll!I nocJie 11cnapeHllil 0,1\HOro llJlll 

HBCKOJibltliX HeitTpOHOB • .nocTaTO'IHO TO'IHO pacctmTaTb 3TO.T nponecc 

npe,l(cTaBJI!leTCll 3llTpy.n;Hl!T8JlbHLIM, TaK KaK OTCYTCTBYIOT JIHtepaTypnue 

.n;annue od OTHOlileHllilX Pn/4 )\Jiil Kal!C,D;Oit CTyneHH ncnapHTeJibHoro 

KaCKa,l\a., UMeeTca JIHlllb neKoTopoe 3qxpeKTHBHoe 3uaqeH:11e C""/t; )
39

~, 

noJiytJeHHOe ll3 cyuuapnoro no BCeM CTyneHHM KaCKa,l\a ceqenua .n;eJieHllll. 

l!O:EHO paccMaTpHBaTb COBepmeHHO llHYD llHTepnpeTaUllil pe3yJibTa

TOB, B npe,JtTIOJIO:itemm, 'ITO UCCJie.n;yeMUlt .n;Hana30H n.n;ep flBJI!leTC!I 

nepexo.n;HUM OT n.n;ep, )\JI!! KOTOPUX y.n;OBJieTBOPUT8JlbHa ll0)\8Jlb ~PMH

ra3a K !1,l(pa.11, ,D;Jl!I KOTOPLIX 3aBllCHMOCTb IlJIOTHOCTU YPOBHei1 OT 3Hepnm · 

B03dyl!C,l(eHH!I onucunaeTca uo.n;eJiblO c nocTOH!IHOlt Te1mepaTypot1 • .4ew

CTBHTeJibHO, ,ll;JI!I T!IJS:8JlblX COCTaBHblX a.n;ep B pea.Kunax W ( 2~, f) u 

y./ ( 31p , j> npeMa. l!tll3Hll CJiado 3aBHCllT OT 3!1epruu B03dJl!C.l(8Hil!I, 

'ITO npudJIIll!CaCTC!I K npe.n;cKa3unaeMOi1 B MO,l\enu C TIOCTOHHHOi1 TeMnepa

Typon He3aBUC1!110CTll lilllPllH OT 3HeprHU B03dyllC.n;eHH!I, nJin doJiee Jier~ 

KHX n.n;ep B peaKUll!IX w (12c,1) ll v/(16
0, f) B 3KcnepHMeHTe mi.dmo

)\aeTCH .n;ocTaTO'IHO pe3KOe yMeHblileHUe npeMeHll lltll3Hll C pocTOM 3Hep

rllll B03dyll:,ll;8Hllll, 'ITO KatJeCTBeHHO corJiacyeTC!I C pacqeTOM no Mo.n;eJIH 

~epMH-ra3a. 

0.n;H03Hairnuit BUdop npaBHJ!bHOlt UHTepnpeTaI1Ull Tpedye:r TU{aTeJibHO

ro TeopeTHtJecKOro aua.JI:113a 3KcnepuMeHTaJibHblX .n;annux. 

B H B O JI ll : 

I. C03,Jta.Ha 3KCnepm.teHT8JILHa!I YCTaHOBKa, OTneqaIO~aa cneun~

'18CKllM :rpeOoBaHll!IM 3KcnepmieHTOB no HadJID,JteHllil 3~KTa Tenen. 

I3 



,... 

OCYl!leCTBJieHa npoBepKa pa60Tl1 annapaTyp11 HO. nyqKe npOTOHOB 

C :rneprnel! 150 K::lB H paspa60TaHa MeTO,ll;HKa KOR11qecTBeHHOr.o H31le

pemrn HHTeHCHBHOCTil acWieKTa TeHell B yrJIOBUX pacnpe,n;eJieHHIIX oc

KOJIKOB .n;eneHHR. 

2. B 3KcnepHMeHTax Ha nyqKax TRllteJiblX HOHOB o6HapyllteHO 

DJIHRHHe KOHeqHoro npeMeHH lltH3HH cocTaBHoro a.n;pa Ha rny6HHY TeHel-1 

B yrnomoc pacnpe.n;enemrnx ocKoJIKOB .n;enemrn •. B cneu:11anLHblX rwH

TPOJILHl:lX onuTax nonyqeHl1 .n;oKa3aTeJILCTBa Toro, qTO Ha6JID,n;ae1W1l 

34XPeKT He CBR3aH C B03MOlltHl1MH CHCTeMaTnqecKHMH norpemHOCTRMH 

_3KcnepHMeHTa. 

3 •. I1poBe.n;eH11 nsMepeHHR rny6mm Tenen B yrnonwc pacnpe,l\ene

Hnax OCKOJIKOB ,n;eJieHHR npn o6nyqemrn MOIIOKPlfCTaJIJia BOJ!Lqipru.ia YCKO-
. . I2 · I6 22 SI peHHhlMH HOHfil!H c-, 0 , , 1/e 

I 
P npH pa3JIHqHOil ::lHeprnn 6oM- · 

6ap.n;HpJIDillUX qacTHU. (Bnepn11e nonyqeHl1 )\aHHl1e O BpeMeHH lltH3IIH 

Bli!COKOB036y~eHHUX COCTaBHl:lX R)\ep (I20 Man > E > 60 !AaB). 

4. Onpe,n;eJieHU aKcnepH!!eHTa.JlLHli!e 3HaqeHH/l BpeMeH lltH3HH 

COCTaBHWC a,n;ep AJIR usyqeHHl:lX peaKUHll, HaXO,l\RlllHXCR Ha ypoBne 

ro-18 ceK, qTo CBu.n;eTeJILCTByeT o npHUeHHMOCTH Mo.n;enu COCTaBHoro 

HApa AJIR yKa3aHHl:lX peaKHHll. 

5. :£13Mepe Hli! sanncl!MOCTH acMieKTHBHOro BpeMeHH lltH3HH .n;eJiallle

roca a.n;pa OT :meprHH D03dyx,n;eHUR H aTOMHOro HO!Aepa COCTO.DHOro Mpa. 

6. 3KcnepuMeHTaJILHhle .n;aHHli!e' noJiyqeiJHli!e npu OdJiyqoHUH MOHO

KpHCTaJIJia BOJIL<ppfilla ecTeCTBeHHOro H30TOil!IOrO COCTaBa H !.IOJIOKPHC-
I86';. / 

TruIJia, o6or6ll{eHIIOro H30TOnOM VV', ii npe.n;enax TO'IHOCTH :JKcnepu-

MeHTO. ne OTJIHqaDJCR .n;pyr OT .n;pyra, qTO CB~eTeJILCTDYOT o cna6oU 

30.BlfCH!.IOCTH npeMeHH lltH::lHU OT Macconoro q1,icna COCTaBHOro n.n;pa. 

Pe3JJibTaT11, JieJB:alllllC B OCHOBe .l\HCCepTaunn, dli!JIH onydJIHKO

Bal!hl B :a:ypHMe "fl.n;epHaa qJH3HKa II H B B~e npenpm!TOB OlUlH, a TalOICe 

I4 

.n;ono:a:eH11 na iJe~yHapo,n;noti KOHqiepeHI~HH no 1;:nsnKe TllllCenux IIOHOB 

(.Uy6Ha, I97Ir.), Ha CoBelllaHHU no a.n;epHOI! cneKTpOCKOnHll 

u CTPYKType arounoro n;;;pa (i.!oc;rna, l97ir.), Ha 11 u I;J coBemamrnx 

no tpH3HKe B3a!f1!0,D;eltCTDHiI dhlCTpwc sapm!l:eHHhlX qacn1n C J.IOHOKpm;-

T aJIJiaMu (1Io CKDO. 1970 1 I97Ir r). 

,UuccepTal\HR nam1cam: no MarepnaJiaM paoor 

Ta6nm~a r. 
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q:11cnenn11e pe3JJlhTO.Thl OilhlTOB. 

EB, EB_ - MaKCHMUJlbHaH lf cpe.l(Haa ::l!!Opruu dOJ!dap,n:11pyID14en tW.CTl!ULI, 

E - 1101rnal! aHepr:11a nosdyllt,l\emrn cocrannorb a.n;pa, 

A_/' - pa3HOCTh rny6HH renen, COOTBeTCTBYlOillHX yrJiaJ.I 90° II 160° 
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Taelmma 2. 

Cpanuenne :mcnep11YCHTaJihllblX 11 pacqenmx 311aqe1mit Bpe1.1en 
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YrJio Bli8 pacnpe.l(eJieHU/1 0 CKOJIKOB ,!(8Jl8Hlrn B0JIU3Jf KPHCTDJIJIO

rpaqmqecKUX ocetl < III>, HanpaBJie11uux 1m 90° u 160° 

K nyqKy nouoB c.c.Ne c 3Hepruen II6 MaB. Ha oc11 OPAH~ 

HaT yKa3aHU UH~pli, COOTB8TCTByxJm11e q11cJiy 3aper11cTpu

poBaHHUX TpeKOB OCKOJIKOB ,!(8JleHHll ,!(Jill .KaJltAOll TQqKH yr

JIOBOro pacnpe.l(eJieu11n. 
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OCKOJ!KOD A8Jl8HUR 3U BUqeTOM npoOera, COOTB8TCTBYDmero 
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