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OBIIW1 XAPAKTEPHCTI1KA. PABOTl:J 

AKTyaJil>HOCTI> npo6JieM!l. Bo.m.myio HH<Po~ ~ HSy'l'.elUf.FI 

BHYTPeHHe~ CTPYKTYPl:l H CBOfi!CTB BS8HMo.D;eiicT:B:im sJieMeHTapHl:lX 'l'.ac­

THU ,It81DT SKcnep:HMeRT8JI:r.Bl:le HCCJI6,ItOB8HHS: peaI<UE, Bl:lSHBaeMl:lX ipo­

TOH8MH Bl:lCOKJ!X aHeprH~ Ra HYKJIOH8X H ~X. B OTJI!iAH6 OT peaKU".rn 

c ·8,ll;pOHaMH, B HBX CO,It0plltBT:CS CBe.D;eHXS K8K o6 SJI0KTpOM8I'HHTHHX, 

T8K I'! 0 CHJibBl:lX BS8HMO,IteiicTBMX aJ.qlOHOB. 8:ttcnepHM0HT8J.IJ>Hlle HCCJie-. 

.JtOE8HW! B STOit o6JI8CTH CTm.IYJIJIPOBaJlR paSBHTHe HOBHX TeopeTlA0C­

KHX :imel O·BeyTpeHHeil CTpyKType a.i.q>OHOB H HX B38HMo.D;eitcTBD. K 

TaEHM HCCJI0.D;OBaHHJIM OTHOCHTC.FI TaIO!te ipoTop~eHHe IIHOHOB HS HYK­

JIOH8X B peSOHSHCHOii 06JI8CTH, npe.D;CT8BJUDJ1100 60JI:r.moi HHTepec ~ 

llOJIY'ieHu HHi,Po~ o6 sJieKTPOMSl'Hl!'l.'HliX xapaKTepHCTHKBX HYKJIOH­

Hl:lX pesoHSHCOB, HSY'ieHM CTPYKTYPH SAPOHOB, Y'.l'O'IHeHU HX KJISCCH­

ipl!K~ JI H8Y'l'.0Hlll.!I CBOICTB SJift:KTpOllSI'HHTHorO TOKS a.D;pOHOB. He­

CMOTPH Ha To, 'l'.TO XBBHTOBl:le 'l'.BCJia pesoHucoB, onpe.1teJI.FIIOOlHX ipoTo­

p~eHBe B pe80H8HCHOlii o6JISCTH, HSB0CTHH HS !'CfV-pacceHH:im, ~ 
lllSY'l'.eHXli CTPYKTYPl:l pesoHaHCOB, me KJiaccnI>HKawm H npoBeptm npe.it­

cKSsaHlllit pa5JIH'U!liX KB8pKOBHX MO,lleJiei peaKUHH ~OTOp~eHH!l npo.ztOJI-

1t8iOT OCT8B8TbC.FI O'l'.0Hl> lm<POpMaTmmm.ut. STO CB.FIS8HO c TeM, 'l'.TO B 

MO,ll;eJlll[ KBapKOB nepexo,Itl:il N.>J-":> N ( onpe.ne.1I.FII0Tca ooa111:"10.zteikTBHeM 

O,ItHOI'O KBapKa c <PoTOHOM, B TO Bp0MH KSK nepex~'. c :e:cnycKSHJ1IeM 

MeSOHOB N*_,./{gr · onpe,1teJimOTC.F! MHoroKBapxo.BHMR Bsam.to.11:el:i:cTBHml!H. 

B pea:Kizyf.lll ipOTOpOJtD;0HHH, B OT.imtl:J/le OT gr/I{ -rifll . onpe.zteJIHJOT­

ca He T01Il>KO B0JIH1UUl!l'. aMIIJIHTY.lt pacnaitOB p030HaHCOB, HO Ill HX OTHO­

CHTeJIDHHe SHaKH. Kaipo~ 0 cmIHOBOlii S8BHClllMOCTH B086YJt,neHHl!: 

peSOH8HCOB T8Kllt0 6ora'l'.e B peaKUl!lllX ipoTopoJtD;eHHl!: BCJIS.IJ;CTBHe Toro, 

'l'.TO cmm ~OBS·pmeH -~e. 

)Um llOJJY'l0BBSI o.D;H08Ha'l'.HHX BHBo.D;OB 0 COOTB0TCTBHH TeopeTJ/l-

-... 
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qecIOtX npe,ItCR83aH:irll: c SKCnepHMeHTOM B pe30HaHCHO! 06.IIacTH aaeprlrl! 

Heo6XO,ItHMO BmIOJIHl!ITl> cpa:eHeime HS ypOBHe 8MIJJ!HTY.zt 'tt' /\/ npouec­

COB, H3BJ.!9K86MliX H3 aKcnepHMeHTEIJll>HlilX .ztBHHHX B paMR8X IIOJ!HOro 

OII!ilTa no woTopOl!W;eHmo nROHOB. Ilamnrli om..tT npouecca woTop~eHYJI 

mxoHO:B BKJI!)'qaeT HSMepeme B K~oii peaK~ ( ~ N _,. lV'4£' ) .zte­

BHTK H938BHCMHX SKCnepHMeHTaniHiiix H86JIIQil;89Ml:iX. 3Kcnepli!MeHT8Jll>HOe 

HCCJie,ItOBBHRe 8TRX H86J.llllt89ML!X CTBHOBl!ITCH B03MOJIUllilM B sKcnep:e:MeH­

Tax Ha no.nstpHso:eaHHHx ny-qRBx WOTOHOB c nOJIStpHso:saHHJ:,1MJr WJKJJOHH!:l­

MH Mm!Je!UlMPI H c BOSMOlltHOCTl>D H3MepeHHH UOJIStpH38UHH HYRJIOHOE or~a­

qH. TaKm.1 o6pasoM, cos.11:aHHe nOJIStpH30BBHHlilX nyu..KOB ~OTOHOB EEHJIOC~ 

O,ItHHM HS BBJKHlilX YCJIOB:d Bl:llIOJ!H8HM OTMeqemi·:>i: nporp~'.OI Y.CCJ:e,!\O-

, DBH>'.l.1. c .Iq>yroit CTOpOim, npaKTl~ecl:\&Ji BOSMOl!tHOCTl> TIOJIY"i6HR.'! rryu..­

KOB ITOJmpH30B8run.IX H KBS3l!MOHOlCpOM8TH'i9CKHX QOTOHOE BiiCORHX aHep­

r:illl onpe,11;eJI:wra ueJiecoo6pa3HOCTl> HCCJie.zto:eaHlm npo6JieMl:I :esamiio.n;e~­

CTBRfi p~TH:BHCTCK~X 8Jl9KTpOHOB c !tpHCTaJlJIBMH, npH:BeJia K 8KCrre­

p;i;,16ET8J!bHOMY HCCJI9,ItOB8HIDO KorepeHTHoro TOpM03HOro :us.nyt:1e1m.r:(KTU):; 

KOFepeHTHOro o6pa30B8HHH 8Jl8KTpoHHO-U08HTpOHHlilX nap B lq)HCT8JIJI8X, 

BliHBJieHmo HOBHX oco6eHHOCTeit B KorepeHTHOM TOPMOSHOM HS.nyqeHHH 

z 06H8PYJK9HHIO HOBOro BE;ZJ;B H3J.cy"q6HHH npH KSHaJil!POBSHKil nosl!ITpOHOB 

H 8Jl9KTpoHO:B BiiCORHX SHepr!irll: B !tpHCT8JfJ.!8X. 

CocTOJiHill'.e HCCJieit:{eMoro :eorrpoca H liemi: pa6QTH. K H8't:!8J!Y Ill'.C­

cJie,11;o:eaHK11 npouecca qJOTOpmtUJ;6HH$ IlHOHOB.B ~li SRCIIepBMeHTSJil>HBH 

:e:HqiopMa!Wi B Ill H IY pesoHaHcHoit o6Jiacrri ::BMIO'laJia: ·Tom.Ko . .ztaHHHe . ·.. . . 

!!':) ~pe~aJI:&HHM cet:1em!llM, ·IIPBKTH'qeCD QTCYTC'l'~~BaJIH 8KCnepH-

MeHTaJJlil:llil8 pesyJJ:&T8Tli'IIO acm.!Me'l'.PHH ce'lladknpll !l0napJJBOB8HHHX 

'i·oTouax ( Z:) , nOJiap)IaollaHHolt MHmeHbIO ·~ T\.) ~ ;n;Siuu.ie. no nOJif!pHaa­

ItHH HY!t/.IOHO:B. O'l'.zta'C!H ·( p ') . B eToi C~:il!. :BQ3ii:ma HeodXO,JlHMOCTl> B 

C03.D;8HD ~a mmettflo .IIOJIJqniao:eammx. fPOT~llO~ Jll E M8TOJJ;HK8 HCCJie­

.itoBaHM peaKUmt !POTOpOJQJ;eHlm mIOHOB Ha BO,ll;Opo,11;e. 1J.1ul p83llepm:ea­

HID1 STE:X HCCJie.D;OBaHd B ~H 6HJia nocTaBJieHa 38,lt8'C:!8 C03.D;8HM Kl3a-

3HMOHOxpOM8TH'q9CKOro nyqxa @OTOHOE Ha EpeBBHOKOM 9JUIKTPOHHOM CHH-

- . 
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xpoTpoHe c SHeprReit 5 ra:e. YrJIOllr:ile H sHepreTH't:!9CRH9 xapaKTepHCTH­

KH BHyTpefIHero SJ!9K'!'.POHHOro ny-clKEI Epe:eaHCKOro CHHxpOTpoua H Tpe-

60B8HHSI K CTeneHR IIOJIStpHSSIUDI H HHT9HCH1!HOCTH ~OTOHHoro nyqKS, 

Heo6XQll;HMOrO ,ltJIH HCCJie,ItOBBHHH peaRUH2 ~OTOPOlltltBHHa Ha YCTSHOB­

KSX c M9TOJJ;HROtt COBIIa,IteHH.B: npOJtYI<TOB peaKUHH, npe.ztonpe.D;e.mJ.7IH Me­

TQIU!KY KorepeHTHOro TOpM03HOro H3JIY'l9HHSI KBR H8H60Jiee nepcneKTHB­

HylO. 

l{ HS'qaJIY BlilUOJIHeHHSI HaCTo.mne~ pa60T& nyinrn KB83l!IMOHOJCpOMa­

TH'q9CKHX H .mme!Ho IIOJIStpH30B8HHlilX <J>OTOHOB YJKe 61:lJIH C03,It8HLI Ha 

sJieKTpowmx cm1xp0Tpouax qipacKaTJI!, Touo, DESY :e:'Ha JIHHeiiHOM 

YCKOpHTeJie X<Imi (r.Xapl>KOB). Qlu!a:KO IlO.Iql06HHX HCCJie.D;o:eaHHR SIBJ!e­

HHH KOrepeHTHOro TOpM03Horo HSJIY'l9HM He !IpOBQll;K7.!0Cl>. EpeBSHcKJ!il: 

SJ!e:KTpowmA CHHxpoTpOH, HMeDllHft CII9ltH8Jll>HYD CHCTeMY ROJILiteBoro 

SJI9K'rpOM8I'JmT8, II08BOJill9T JIMeT:& M8Jl9H:&m HaqaJJliJIHii yrJIOBoil: pas-

6poc BHYTpeHHero SJl'.eKTpoHHoro n:yqRa H IIo.ttXO.ln'fT ~ no.ztpo6uoro 11c­

CJ1e.ztO:l38HW! KTH &JIBK'!'.p0HOB BHCOlGDC aHeprd Ha KPHCTBJIJie. 

c uem.10 C03.D;8Hlrtfl: nyqxa KB88HMOHOxpOMaTnecKHX H UOJif!pHSO­

BaHHliX IPOTOHOB 6h!Jio npoBe.zteHo TeopeTH11ecKoe H aKcnepHMeHTBJil>Hoe 

HCCJle,I{OBBHHe KTK 8Jl9KTpOHOB B&COKHX aaepr:m1 Ha MOHORpHCTaJIJIH'qeC­

KHX pa,ziaaTopax pa3JIJAHO:ii TOJlll(HHH H lllHpHHH np:e: pa3JIH't:!HliX KOJJJIHMa­

ItWIX iPOTOHHoro nytnta. 

B pesyJI1>TaT.e 6wr IiOJIY11eK nyqoK RBasHl'IJouoxpoMBTR"ieCKEX 11 

J!HHe!Ho IIOJif!pH30BaHHlilX iPOTOHOB IIO c:eom.1 OCHOBHHM xapaKTepHCTH­

KBM, KorepeHTHOMY aq.,peKTY [('<'.ttJ'"'/(K~jc"]m :eeJllfC!filie cTe­

neHH no.nstp:e:sau:e::e: ~OTOHHoro ny'llta, npe:aocxo~d llY11KH, no.ny"ieH­

HHe ua po.ztCTBBHHHX yc1topHTeJIHX Cl1IA m: Sana.ztHott EBpOII!il. 

Paspa6oTaHa H C03,It8H8 CII9J:4HSJ!bfftlll'. annapa.fypa ~ OpHeHTM­

poBKR !tpl!CTaJJJIIDreCRHX MWlleHeil IIOJJ; s.ire:KTpOHHNM ny-clKOM, MeTO.ziHKH 

H3MepeHHH IrlHT9rpaJibHOi HHT9HCllEHOCTH, opH9HTSJ:4HOHHliX 38BllCHl'llOC­

Te~ a cneKTPOB KTK Ha SJIBK'!'.POHHOM cHHxpoTpoHe. 

a. 

- - - -"'""" 
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11sMepeHa rroJIHp1rna1.1vJJI <IJoTOHOB c :vrcno.m.sonaHHeM ItorepeHTHoro 

o6pa30B8HH.ff SJieKTpOHHO-II03HTpOHHI:lX nap B KPHCTaJIJie. 

IIOJiyireHl:l nOJI.ffPl130BaHHble !lJOTOHbl rrpe.n;e.m.Hoi1: SHepri'li'l SJI6KTpOH­

Horo c11Hxp0Tp0Ha c rroMomi,ro ceJieKTHBHoro rrorJiorueHHR !J>oTOHOB mico­

KHX aHepr11:!1 B I<pHCTaJIJie KOpy~a. 

~-1KcnepHM8H'l'aJIJ;HO HCCJI8.IJ:OB8HO lr.3JIY'l:emrn !I03HTpOHOB Bb!COKHX 

SHepr!fil •npx! M8JIUX yrnax BJieTa HX B KPHCT8JIJI e .::'.el. , HcCJI8.IJ:OB8Hl:l 

CI10MCTBa HOBOro Il~a l13JIY'l:8H11.ff !IpH K8H8JIHpOD8HHOM .IJ:BIDK8H11H -qac-

'i'}IIl;. 

c 1.1e.m.10 rrpone.n;emm CHCTeMaTITT:eCKHX HCCJie.n;OB8HHii acHMMeTplU! 

cetJ:emm: Il peani;rm ~ r ':Ji" 
0p IIOJIRpl:l30B8HHb!MH i%IOTOH8MH B llrnpOKOM 

aHepre'l'lf'!ec1w:·: a yrJLOBOM .n;narrasoHe cos.n:aH KOMIJJieKc arrrrapaTYPH 

.D;JIJ'l MCCJie.n;oBaHM.f! WOTOpOiimemm HeliTpaJII>Hl:!X naoHOB B .ztRarrasone yr­

.;;oB B CW! e~= 4G + 60° .n;.r.rr E¥ = 0,6 - I,? T::..B. 

HccJie.I(or,aHa ac.HMMeTpM cetJ:eHMf.l B peam~H ~ p--'» !11' 0f B 

HHTepwJ!e e~ 40° + 130° !Ip~. E·I!'= 0,? ":° I, 7 ):'::rn. 
{ 

.f!arma.fI l!OJ:H3Ha DCOOTU, 3Hff'lw.re.lffiHM 'l:aCTb pe3yJibT8TOB, no 

Jiy'l:eHHl:!X B .n;1rccepTa:r:i;noHHoii pa6oTe, Bb!ITOJIHeHa Brrepme B MHpe. Tax, 

nanpm.:ep, Brieprn,re Ha6JllQlieH aqxpeRT KOJJJIID11awm Ha qiopMy cnexTpa J(Tlif 

.IJ:JI.fI TOHKHX a.m.1a3HHX TIJI8CTHHOK, B!IepBhle HaClJIIQZJ;eHO no.n;aBJieHHe HeKO­

repeHTHOli 'l:8CTH crreKTpa 11 HHTerpaJibHOH HHTBHCHBHOCTH KTJ/I IIpH Ma­

JihIX yr~ax r~1eTa SJieRTPOHOB B RpHCTaJVI. BnepBhle HCIIOJJl,30B8H MOH0-

1\p!rnTaJIJI KopyH,na l\aR IIOJIJipH38TOp cpOTOHOB BHCOI<liX aHeprd IIpH HX 

ceJieKTHBHOM rrorJJomeHHH B RPHCTaJIJie. BnepBhle HCIIOJibSOBaH p8,IU!aTop 

M3 Y3Koro H TOHKOro KpHCTaJIJia .ItJJJI YJ!Y'lllleHHJI aqxpeKTHDHOro yr~o:aoro 

pacnpe.n;Memm BHYTpeHHero IIy''l:KS SJieKTpOHOB. B CHHXpOTpoHe. BnepDHe 

B CCCP BhITIOJIHeHo H3MepeH11e rromipa·san;:vr:n ¥-KBaHTOB. BnepB1:i1e od11a-
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pyaeao l13J.11'l8HK8 IIpH K8Jl8Jmp0BSH¥M IIOSH'l'pOHOll BliCOI<HX aHeprd B 

ltpllCT&11Jl8X. HCCJie.ztOBSHY CII8KTJ)aJIJ.mte.xapaKTepHCTHIGI: HSJ!y'!8H:wt. 

Bnepme npo:ee.ztemr JrISMepeHu acHMMeTJ>HH ce'lleHM B pea~ ~f> ... Sr"'f 
B mJIPOROM Yl'.llODO!I! ~Hen~eTJ4119CROM .ltlrlaIISSOHe B o6~aCTK m. H IY pe­

SOHSHCOB. 

3H83J!MOCTra p&3YJI&'l'8TOB lrICCJieJ[Oll8Hd. HaY1lH8Si 3H8'1ll9i!OCT:r. 

COCTOBT :e TOM, '11'1'0 cciiopMyJJJIIPOBSHHHe IteJm HCCJie.ztOBaHd u IIOJIY1{8H­

HHe pesyJU,T8Tlil COCT8BJJJml'l' OCHOBY nepcneKTHBHOro H~'IHO-MBTQ,ll;H'llec~ 

KOro H8up8BJieH~ B 8KCIIepBr11eHTaJJ:r.HOA.c»~sHJte 8.lle~pOMal'HHTHHX 13aa-

2M0,11;eil:cTBd ·• 

Cos48HJ!Ie DY1IR8 IIOJl.RpHSOB~HHHx qioToHOB, no;q>o6Hoe HCCJie.zto­

B8JU'le J1BJieBd: KTH, KorepeHTHoro o6paso:aSH:wI aJieKTponHo-nos}frpoH':' 

HHX nap, odHapyzeue HOBOro mgi;a H3JJY118Hlm llpH KBHSJIHpOBaHHH ~().;.. 

311TpoHOB BHCOKHX .aHepr.mt lrI HCIIOJIDSO:BSHHe KTJ/I B CHCT8MaTH'lecm 

HSMepeHJI.flx 8CIDllM8TJ>HH ce'lleHJI.11 B paMRSX IIOJIHoro OIIh!Ta B qioTopoa:~ 

.n;eHJDI IIBOHOB B pe30H8HCHOI o6.ll8CTH onpe.n;eJiliJJIH Hallpa:WZeHHe ·Hcc.:ne­

.U:OB&Hd B o<SJI&CT.11 3.lleRTpoMarlDITHHX BS8m.'IO.U:elcTBd. ' 

IIOJJy11eHHHe axcnepHMeHTan:r.HHe pesy.m.TaTij IIpH II();!tPP6HOM Hc­
CJ1e.ztOB8HllJl: KTK ueRTJ>OHOB BHcom aaeprd nos;eOJIRJ!lI:o6aaPYJIGIT:& 

8HOM8JIHH B IIOBe.ztemm JUf'l'eBCDHOCTH lleCTKHX. if}OTOHOl3 11eRorepeHTHOR' ' 

'118CT:I • B YI'JfOBOM pacnpe.ztueHJDI HBTerpam.HOro ·~em ·~. 

TeopeTnecKoe • aKc11epmeHTan:r.Hoe. H9CJie.U:OB8Hi!e;. xoreJ.,ei!'lilio­

ro o6pa80B8HH,ll 3JI8RTpOllHO-IIOSHTJ>OHHHX nap B ltpHCTaJLiiaX: llOSB(lJIWIH 

OCYD18CTBHT:r. HSMepeHHe IIOJIRp~BIUfH cPo~OHOB _i'lpB; ~Heprlrn· I,5 .H 4,4 

raB H IIonyqHT:r. . IIOJiffpH30Bawmit. nyqo~ li>OTQHO~. ll~eJD.HO~ _a11eprHH 

3JI8K'l'pollHorO CHHXp0lt'pOH8,, HCII0JU>3YJI B .K$tieC'r.ll~·~8TOpa MO-
. . . . ~ . . . . . . . . . -· 

HOKpBcrSJIJI xopyff.tta CAI2o3)•· 

·31tciJepme11'1'M:r.1oe ~CJie.zto~iixe ~eHHJ:i llpH K8Hwmpo:sa-· 

!fl!H lIOSmll>o!ioB BHCOKHX fl.ijilprd 'OTKJBB~ei .HOB!le BOBMOJKlfOC'l'll npl'i 

""I 
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;wcJie,no:samrn {DoTosmepHl:ilX peaKud H B <I>Hsmte TBep.11;oro TeJIB. Tio.ny­

-qeHHHe CHOTeMaTH'10CKH0 sKcnepHMeHT~Hble ;o;amme acHMMeTpMH ce-qe­

HH.ll peal\!4ID1 ~p ~:!t"p B o6JiaoTH ill H IY pesoHaHoo:a cymecT:aeHHo 

,norJOJIIUtlIM r.mponyro CT8THCTHKY ,!taHHNX no noJllipH38UHOHl:lliM H3MepeHH­

itM •t B0111.1ll'I B M'JJil>THnOJll>ime aHaJIH3bl Kalt n CCCP, TBK 14 sa py6eJKOM. 

IIpaKTl11!eC1(aSI ueHHOCTl> pa60T!:l. I. BOJiee ICl JieT ny"l:oK KBasl'l­

i,:onoxpo!1iaT1r<Iec1mx H llOJiflP.11SOB8HWX tPOTOHOB ycneumo l'!CllOJil>SYBTCJl 

n Ep<lili! E si<cnepWJJeHTBX no cIJoTopo!V.teIDUO <j'( , 1 MesoHOB B lllltKJllil­

simHoM :;>oTopolK,ltemm npoTOHOB l'I gr -M030HOB B IcytlJYJJJl'l'HBHO:lt o6JiaCT:ll 

2. Ilo,lijl06HHe HCCJie.nonaHM I{TII, o6HapyJKeH!lbliii HOB!>lii Bl\11; l'ISJIY­

'4:0HY.Jl !J~j,j I\8!!8.7U!pOBBHHH nosnTpOHOB BliCOKl'IX aHeprd, paspa60TBH­

H8SI Me·romma l1CCJ!e]{OBSHIDl MOl'YT HB:ltTH np~eHeHl'le npl'l pememm Ha­

yinmx l'I np11Y.1laAHHX sa;n;a:q, CB.R38HHblX c D38WJJO;o;e:ltCTBJ40M sapmlteHH!iIX 

'iOC'l':iU c r.:oHOiqrncTBJL1.laMl'I. 

3. 06Hapyl!teHH~>le aHOMDJr;J;'i F h'TU sJieK'l'pOROE BJTCO'Kl'IX aHeprl'Ii1 

:rp;: MaJI!iX yrJiax :p.JieTa B y.:pHcTaJIJI 6yp;yT cnoco6cTBOBaT:r:. cos.n:amm 

'10JI00 GCT!p6t11eHHOi Teop1m l1SJIY'l0Hl4.ll: SJI0KTPOHOl1 H noswrpoHOB llh1Cf)-

m:x suepr11ii E Kp!lcoraJIJie. 

4. PesyJ!J>TSTU pa6oTu HMeJOT npaltTH'10CK'.iIO ueHHOC'l'l> .iµIi cos;o;a-

mm ny-q1tol3 JIHHefiHO M UHPKYJIS!PHO nOJI.ll:PHSOBBllHliIX tJ?oTono:s Ha ycKopH-

TeJI.l!X ~:eepX1-.1wo1rnx saeprm;:. 

l.), PesyJJbT:lTLI SKCnepm40HTaJll>HDIX l'ICCJI0:0:0B8Hl4ia acRMM0TPH14 

ceqemm B paaY.WID ~ r -*3i'°p B .It8Jll>R0ibn0M MOry'l' 6HTl> J4Cno.nso­

B8Rli npH npo:ee.nemm MYJ!l>THIIOJII>HHX aHSJIHSOB :a cpa11HeHHJI c Teope­

Tl'I"l:ecIOOt.R npe.ztc:ttasamWMH :& <lJHSJllKe sJie~x :ss8J!MO~eloTad. 
Ocn:cllHUe.neay,m,TaTH H nOJJOJ!teHM. :aaHooJ/lMHe.BB 88!!!1'U· 
I.I. Cos.ztaHl'le Ha EpeaBHCKOM sJieKTpoHBOM c:mrxpoTpoHe o 

slieptHefi 5 rsB RB88JlMOHOXJlOM8TJirlleOROrO II.01IfipJISOBSiiHorO Jij"Ut8 iPO­
'l'OHO:B BNCO:kmt aHeprHR o noMOGIJ>B> KTH o HHTeHCliEHOc'H>I> toToJUloro 

-------..- -
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ny'IKa (I - 5)I09 SKBHBSJieHTimx <.PoTOHOB B ce11:yH,l(y c IL7!8BHHM nsMe­

HeHHeM IlOJIOJKeHH"H rJiaBoro MaKC:mviyMS (0,1 - 2,8) rsB, C IlOJI.ll:PH38-

UH0:li WoTOHOB B M8KCl'JMYMC (95 + 45)% H MOHOxpOMBTH'IHOCTl>ID IIHKOB 

(15 + 40)%. 

~. Paspa60TaHa H cos.ztaHa cnenHBJD>HaJ> annapaTypa ;o;JLH opH­

eHTll!pOBRH KpHCTaJIJIH'lec:iwx MmlleHei TICA SJI0KTpOHHLIM ny-qKOM, M0TO­

.n;KKa I13MepeHM hiT0rp8Jll>HO:li HHT0HCHBHOCTH, opH0HTBUKOHHHX S8BK­

Cl'JMOOT0H K cneKTpoB KTH Ha sJieKTPOHHOM cHHxpoTpoHe. 

I.3. HsMepeH.ll:e nOJIJipHSBUIDI WOTOHOB c HCIIOJil>sonamreM Kore­

peHTHOro o6paso:e8HKH SJI0KTpOHHO-Il03HTPOHHLIX nap B KpHCTaJJJie~ 

I. 4. ITOJIY'IeHlle nOJI.HpHSOBaHHE!x \POToHOB npe.IteJII>Hotl: sneprHH 

SJieKTPOHHoro CHHxpOTpOHa c IlOMOllll>ID ceJieKTl'IBHOro IIOrJIOW0HJ4"H <l>OTO­

HOB Bl:.tCOKHX sHeprd B MOHOKpHCTaJIJie KopyH,Iia •. 

I. 5. HCCJI0.I(OBaHHe HanyqeHJm npu MaJIHX yrJiaX BJieTa e.::. e L 

HX B KpHCTaJJJI aJifllasa. HcCJie,I(OBSHl'le CBO:il:CTB HOBOro BRl!;a HSJIY'i0HIDl: 

npH KaHaJil4pOBSHHOM :O:Bl'lllteHHH 'ISCT~. 

2.I. COS,Il;8HH0 KOMIL7!0KC8 annapaTypl\l ;o;JLH HCCJI0,Il;OBaHH.ll ~OTO­

p0.11\ll;eHH"H He:liTpaJI&HHX llHOHOB B ,Il;H8Il8SOHe yrJIOB B CIJ,H e~ 40°, 

50°, 60° ;o;JLH Ea= 0, 7 - I, 7 raB. 

2.2. HcCJie.n;OBaHHe acHMMeTpHH ce'leHruI peaKIUIH 

B J/lHTepBaJie e;1f = 40° + 130° IIPK E ! = 0, 7 - I, 7 rsn. 

2.3. IlpOB0,l(9HH0 cpaBHemm SKCilepHMeHTaJibmIX pesyJil>T8TOB 

HSMepeHJ/l.ll: SCHMMeTpHH C0'10HHSJ B peS:imPIH rp-:li 0p B HHT0pBaJie 

e~ = 40° + 130° npH E ~ = 0. 7 - I. 7 raB c pa3JIHllllb!MH TeopeTH-

'10CKHMll! 8HSJm98MH. 

Anpo6anu pa60Tl\l H mr6.Jnmamr!. MaTepHSJ.IL! .I(JICCepTSUIDI npe.zt­

cTBBJI&IIJ!Cl> H ,I(OKJI~BaJIRCl> Ha M~apO.ztHOH KOH<l>epe~HM no anna­

paType B iPHSHKe Bl:.tCOKHX SHeprd (.lfy6Ha, 1970 r.); Ha Mel!Ol;yHapo~-

..... 
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HHX CIDlllIOSB:yMSX no BSW'IMO,lle!cTBH$!M aJieK'l'pOHOB H g)oTOHOB BHCORRX 

9Heprm!: (BOHH, I9?3 r., CTeHl})oim. I9?5 r •• raM6ypr, I9?7 r.); Ha 

MeJ1,1zyHapo.l(HJ:lx xompepe~ no li>Hsm<e mtcoKHX aHeprd (Jlo~oH, 

!9?4 r., T6lit1IHCH, !9?6 r.); Ha M~yHapo,ItHOM·BanaTOHCROM cHMIIo­

seyMe no noCJie.ztHmll .nocTDeHK!i'M B WHSHKe Bb!CORRX aaeprd; aa Mex­

.ztYHapo,ItHo! xo!@epem.v.m no cTpyitType 8,lij)OHOB ?? (:&icoRHe TaT}lH, 

I977 r.). a TaKllte Ha ellterO.l(HJ:IX CeCCHIJX OT,ItMeHllI8 ~epHO! cliHSllIKH 

AH CCCP. 

Pesy,m,TaTH pa6oT, HSJioxemme B .n:HccepTaJ.Un!, ony6JIHKOB8Hli B 

B~e CT8Te! B zypaanax "~epHrul cliHSHKa". "llilcl>Ma B JKS'Ni". "Jlr3Tqi"; 

'.'IlpH60p!i H TeXHHKa axcnepHMeHTa". IIpenpHHTax owrn. ".UAR" ApM.CCP' 

"HsB.AH CCCP", B c6opHHKBX .n:o~a,ItOB KO!@epeBIUIA OT,ItMa BHCORHX 

aHeprH! XqiTH, B Tpy.n:ax MeJJOJ:yHapo,ItHoi Ko!@epeHilllH no annapaTYPe B 

4fHSHKe BHCOKHX aHeprd, IIpenpHHTSX Ell?H. 

CTPYKTypa H OOW.nHccepTamm • .l{HccepTatnm cocTOHT HS :eBe.ne­

Ill!.11, lI:BYX qacTei, BltJIIO'tal!JllHX B ce6g 6 rJiaB,llI 3aKJIIOq0HHHi c~epzHT 

!93 CTp8llHilJi OCHOBHOro Man!HHOnHCHOro TeKCTa, 84 PllICyHKa, I7 Ta6-

JI~; I99 CCWIOK Ha JIHTepaTYPY· 

COllEPJKAl!ME PABCY.l'hl 

Bo BB0,l(0HHH K ,ItHCCepTaIU!H Kp8TKO HSJIOllteHa BKTYa.!tE>HOCTl> pa-

6oTbl, BB.lltHOCTI> HCCJie,ItOBBHIDI SJI0KTpOMBI'HHTHblX BSBHMO,l(eitcTBd H, B 

qacTHOCTH, cliOTOpOJJOJ:eHHIJ IIHOHOB B peso~aHCHO! 06JiaCTH. 

Alm no.nyqeHmr IIOJIHHX BMIIJIHTY.It cPOTOpOJJOJ:eHllI8 peaKJ:tllill rN-+1/N 
B paMKax IIOJIHOro OII!:iTB noxasaHa Heo6xo.n:HMOCTl> SKCIIepHMeHTSJil>HOro 

on:pe.n:eJieHHJJ paSJIH11HHx IIOJI.R:pHSBUHOHHHX rrapaMeTpOB peaKJ:tllill, TaKHM 

o6pasoM, 060CHOBHBaeTCH Heo6XO,!(lllMOCTI> 003,l(aHWI KBSSHMOHOxpOMaTH­

qecxoro H JIHHe!Ho IIOJIHpHSOBBHHoro :nytnta WOTOHOB aa EpeBaHCKOM 

8Jl0KTPOHHOM CHHXpOTpOHe H CBHSSHHl:le c HHM ll:CCJie.ztOBaHJm H8J.IY'l0HH9'. 

aJieKTpOHOB H nOSHTpOHOB BHCOKJIX SHeprHi B KpHCTaJIJlaX. 

9 

IlepBSR rJiaBa IlOCBHll!eHa TeopeTITTI0CKOMy HCCJie.n;oBaHaro 1wrep8ET­

Horo TOpMOSHOro M3JI..V'l:0HW! SJI0KTPOHOD BLICOKHX SHeprnii B Mo1:or-:pvrc­

TBJJJiax. KpaTRO HSJIOllteHbl xapaRTepHble oco6eHHOCTll ROrepeHT'10I'O TOp­

MOSHoro :ii.!s.nyqem!R, .n:aH o6sop TeopeT.INecrurx H axcrrep.HMeHTa.;;llHHX 

pa6oT, llhlnOJIHeHHHX K HBCTOJUQeMy BpeMeHH, paCCMOTpemr ocooeEHOC1';1 

'OBe,l(eHl'I.f.! Km, CBHSBHHble c 9KCI!ep.1.MeHTBJil>HblMH YCJIOBfmrim, Tuh:11e 

KaK THmi OpHeHTartm! KpHCTBJIJnNecKMX ocei H ILIIOCROCTe:!l: OTHOCMTeJIE­

HO l'IMIIy.m.ca Haqa.m,Horo a.Jiexrpoaa, KOJLJJHMa~H cPOTOHHoro nyqxa H 
T • .zt, 

.,,. - .,,+ OTMetraIOTcH opHeHTaz:tH.H MOHORpHCTBJJJIHqecxoii MlfilleHk! ( i~, €,. 
1 

€:s) 

Ha yrJibl e H <;j... OTHOCHT0JI:&HO l'IMIIyJIDCB Haqa,m,Horo 8JI0KTPOHa Ft 
( e - yrOJI M0JIOlY OC1>IO KpHCT8JL7Ia ~ H HMIIyJil>COM SJI0KTpOHa Ft,~ 

~~ ,"1f'7f> -aSHMyTaJI:&Hblli yrOJI MeJ!tlzy ILIIOCROCTHMH ( P0 / 
€ 1 ) H l b 1 , t) .2t) : I. "acfJ-

!fJexT :Mita" ( e -MaJIO, (}., =0 l'IJm 3) 1 2, "a<IxPeKT TO'!{KH" ( f) = 

50 + 75 Mpa,D;, 0 < oL <:.=o/.t.J. 

IlpHBe,n:eHH TeopeuirecKRe HCCJie.ztoBaHH.fI yr.Jio:eorv pacn:pel.(MeHv.i.R 

ROrepeHTHO HSJiy':l.SHHHX \I>OTOHOB, rroxasaHa BOSMOlKHOCTl> YJIY'l1110HHJI 

. cneKTpa xorepeHTHoro TOpMOSHoro HSJiyqeHHJI (cy~eHHe IIHKOB B crreRT­

pe KTH, o6pesaHHe HexorepeHTHO~ qacTH H T • .n:.) KOJIJIHMHpOBaHHeM 

\))OTOHHoro ny-qxa [I ] . 
IlpHBe.n:eHbl TeopeTJN0CKHe pacqeTH no HCCJie)'.(OB8HIDO OpHeHTarvr­

OHHOii 38llHCHMOCTJr nOJIHofi SHeprma: JISJiyqemm. IlOI{83aHO, '{TO l!HT01'­

paJI:&H8.fI _ l!IHTeHCHBHOcT:L pacTeT c YMeH:&llieHHeM yrJia BJieTa B Rp;w­

T8JL7I (es. ~a. Sr_,., 0). npu )'.(OCTaTO'<U!O MC.'!RX yr.:rax HHTerpam.aag 

:jµIT0HCHBHOCTl> pacTeT . M8,!tJie1mo, 0CT8B8.fIC:& IJO'!J:TH IJOCTO.ITTIHOH. c 
yMeH:r:.meHHeM yrJia BJJeTa B KT.11 .n:am BRJJa,n; :ace MeHLil!.l'Ie H MOII:&lllHe 

aHepr:im \t>OTOHOB H CYJl[aeTc.a aHepreTKl:!eCKBJI 06.JiaCTl'> mma KHT0HCHB­

HOCTH, HO tmCJ!O qJOTOHOB pacTeT HBCTO.IJI,KO 6HCTpo, "ITO II0v1HBH HSJiy­

qeHHaH SHeprWI BO BCP.P.:OM CJJy1Iae BITJIOTL )'.(0 yrJIOB I0-5-ro-6pa.zt OC-
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TaeTC.f! npIDl!epHO IlOCTO.f!HHO~. 

IlpKBe.n;eHhl HCCJie,l(OB8HH.f! KOrepeHTHOrO o6pasoBaHHII SJI8KTPOHHO-

Il03 ~Tp0HHHX nap B KpKCTaJJJie, HCllOJibSOBaHHHe HaMH npH KSMepeHHH 

llOJI.f!PHaaUHR woTOHOB aaeprRH I,5 m 4,4 raB [7, a], B coa.n;aHKH no­

JI.f!PHSOBaHHblX !l>oTOIIOB npe.n;eJr:&HOi aHeprRH cHHxpOTpoaa ce..n:eKTHBHbIM 

KX norJI01!10HH6M B 60JiblllOM MOHOlqmcTaJIJie KopyH.D;a @. 6], B YJIY"!lllemrn 

napaMeTpoB a.r.reKTJ)OHHoro nycma IIPOTOHHoro yc1topHTeJif.! r:N AL ( Cll!A~I= 

llpHBe.IJ;eHli TeopeTHtreCKHe HCCJI0.IJ;OB8HIDi sHepreTK"!eCKHX cneKT­

pOB J\OrepeHTHoro TOpM03HOro H3Jiy'l:0Hl'IJI npoTOHOB H ti -MeSOHOB :lll:I­

COKHX sHepr:lli1: HS RpHCTaJIJie aJIMaaa.("ro] • 

Bo BTopott rJiaBe npe.n;cTaBJieH xoMnJieKc axcnepwdeHTSJI:bHOro 

o6opy.n;onaHH.fl, paapa6oTaHHoro .ltllli nOJ.IY"'ieHH.fI ny"l:Ka KBaaHMoHoxpoMa­

TH'l'.ecKHX H TIOJI.l!pH30B8HHblX <))OTOHOB. IlpKBe.n;e!llil xapaKTepHCTHKH 3KC­

nepHMeHT8Jll>HOro o6opy.n;oBaHH.f!, BKJ!lO"ISIOlllero roHHOMeTpl['tlecKHe ycTa­

l!OBI~H, MOHOJqlHCTaJLII>l'!0CK!10 l\'IMll!eH.l'I, CHCTeMY <))opMHPOB8HJll.fI r-nyq­

Ka, .napHH:ld '(-cneK·rpoMe';l'p, RBaHTOMeTp BM:DCOHa H T • .n;. 

Ilap!lliii'. ~ -crreRTpoMeTp 6b!Jl CKOHCTPYJiIPOBBH K H3rOTOBJl0H H8 

6ase ·cTrumapTHoro Mar1n1Ta CIT-57. Ha sJieKTPOHHOM H nosmpoHHOM 

:a.JIC'J8X ~ -crreKTpOMeTpa pacnoJiaraJIHCl> 11eTHpe nap1:1 CUJ{HTMJifll!HOH­

m,ix c"l:eT11mtoB, crrpe.n;eJl.f!lO!ltHe o6JiacT:r:. aHepr1m 0-KBBHTOB B npe.n;e­

Jiax (0,5 + 7) raJi • .lJ:eTeKTH!)OBaJIHCl> CHMMeTpIT'l'.Hble 3JI0KTpOIIHO-ll03HT­

poHHHe napu B npe,u;eJiax O, 47 ~ E f K ~ 0, 53. :JuepreTwrecKoe paspe­

mem'l:e crreKTpOMeTpa MeH.l'lJ.!OCI> OT TeJieCKOTia !( T0J!0CKOTIY p npe;i;eJiax 

I,15 - 2,5 ~!,. 

l1sMepeHHfI Cll6l<Tpa TOpM03HOrO i!3.ey'Ieffi'.fl OT arv;opflHOil M1nneHll 

no1msaJio y.n;oBJieTnopHTFJ.rr:&llYJO paooTy cneI\Tpor.ieTpa B w!'ropnaJre Ea-~ 
C, 7 - 5 ran. &!tnlC.1eH!-!Llfl 3HCpT'eT~ecm3.F. 38BKCli!MOCT:b WYHW '" 01))-

II 

!l>eKTHBHOCTH napHoro cneKTpOMeTpa noxaaaJia OTJIH'Ule OT e,ItHH:SI.tH Ha 

IO % npH I raB Ha 2 % npK I,5 raB H, H8"1KH8.f! c E = 2 raB, npaK­

TM'l:0CKH He OTJIJ4'18JI8Cl> OT e.n;HHmlll. 

B K3MepeHHHX HCllOJI:b30BaJIHC!> MOHOJqlHCT8Jt1IH"l0CKJ4e aJIMaSHLte 

MHDl0HH T~Oft 2, 0,3 • O,I • 0,08 MM K MOHOJqlHCTaJJJI KopyH.n;a TOJI­

lllHHOA 30 CM. fOHKOM6TpM'l:eCR8Jl YCTSHOBKa rr n03BOJIRJI8 ,1.ll'ICT8~HOH­

HO opaeHTl'IJIOBaT!> MOHOJqlKCTaJIJllll1ieCKJ4e MH1110HK OTHOCKT8Jll>HO.l!IMIIYJI!>­

ca H8"18Jll>HOro 3JI0KTPOH8 B 11.BYX B38111MHO nepneH.n;HKYJIJq>HhlX H8Ilp8B­

JieHJ/IIDC C TO"IHOCT!>!l 4•IQ-S pan;, B ,l(KanaSOHe + 6°. roHHOM0Tp14'10CKaJi 

ycTaHOBK8 r2, HCllOJil>SOB8HH8.f! B axcnepEMeHTax no HSMepeHH!l llOJIH­

PH38Wfli, HMeJia' npe.n;eJil:l BP81110HWI BOJqlyr B8pTHKaJI!>HOit H ropH30H­

T8Jll>HOi OCH+ 6° c TQ'qHOCTl>!l + o.r2 Mpa.n; H + 0,14 Mpa.n; COOTB0TCT­

B8HHO. YCT8HOBK8 RPHCTBJIJIS BOiq>yI' OCH IIY"l:KB ~lilltCl'l!pOB8JI8Cl> B YCJIO­

BKBX nOJIOJKeHw:r o0 , 90° H 270° c TO'lllOCTl>!l + r 0 • 

roHHOMeTpl'I"l0CKaJi YCT8HOBK8 r3, HCnOJI:&30B8HH8.f! B 3KcnepKMeH­

T8X no llOJ.IY"'ieHH!l nOJIJq>HSOBaHH!ilX qioToHOB npe,D;eJI!>HO! aHeprRH cKHx­

pOTPOHa, KMeJia B03Mo.EHOCT!> nOBOpa"l:KB8Tl> Jq)HCT8JIJI BO!tpyr BepTHKa­

JibHO! OCH B npe,D;eJI8X + IOO C TO"IHOCT!>!l + 0,3 Mpa.n; BOJtpyr rOpH30H­

TaJibHOft OCH +s0 c TO'll!OCT!>!l + 0,4 Mpa,n; H BOKpyr OCH nytlKa B npe­

,l(0JI8X + 75° c TO"IHOCT!>!l I Mpa.n;. 

IlpHBQD;HTC.f! oIB1caHKe TpaxTa ( -nyt1xa, noxaaaHhl oT.iIM'l:KTeJlb­

HHe oco6eHHOCTH CHCT0Mll BHBO,l(a 0 -ny"IKOB B YCJIOBK.f!X CTPYKTypii 

3JI0KTpOM8rHHT8 EpeBaHCKOro CKHxpOTpOHa H CHCTeM!l KOHTPOJ!Jl H MO­

HHTOpl'l!pOB8HH.f! (-ny'll<a, HCnOJI!>syeMoro B <))H3H"l0CKKX axciiepHMeH­

Tax. 

TpeT:bf.! rJiaBa nOCBm!leHa 8KcnepHMeHT8Jll>HOMY HCCJ!El.n;QB8HH!l oc­

HOBHHX xapaxTepHcTHK H oco6eHHOCTel RTH aJieKTPOHOB :eHcOKHX aHep­

r:irlt B KpHcTaJIJie aJIMasa, a Ta'Kllte xorepeHTHoro o6pasoBaHw:r aJieKT-
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poHHo-nosHTpOHHNX nap, .cB.fisaHHOe c H3MepeHHeM nOJIRpHsauim; ciioTo­

HOB C 3Heprneli I,5 , 4,4 raB H C C03.D;8HHeM llOJI!lPH30B8HHii!X nyqKOB 

Q -KB8HTOB Ha .KOHD;e cneitTPa TOpMOSHoro H3JIY'l'.8H'l1Sr. 

IlpHBO.Jt,FITCH 3KCnepIDl!eHT8Jr.&Hble HCCJie,n;OB8HHH HHTerpaJil>HOli HH­

TeHCHBHOCTH KT!1 J VI OT yrJia opHeHTan:r.m e ,liJISI .n;Byx SHatreHd 

,n;pyroro yrJia OpHeHTaJ:U!H ~ p8BHOro QO H 900 B CJIYtr8e KpHCT8JI­

JI8 OpHeHT8D;HH (OOI) H (IIO) npH 3Hepr:r.m aJieKTpOHOB Eo = 4,5 raB. 

11HTerpaJf.&H8fr HHTeHCHBHOCT:b J i1 c yMeH:&WemreM yrJia opHeHTawm € 
OT + 3 Mpa.n; .n:o HY.1lf1. nocTeneHHO yBeJIHtrHBaeTci:r .n:o M8KCHMaJ.ll>HOro 

J nui:. + eni.11'. 0 
3Ha<IeHHH \.\ npH - ~ pa3JIH":IHblX nplt opHeHTSilWIX cl = 0 

H o'- = 90° H .n:anee pesxo yMeH:blllaeTCSI .n:o MHHillMBJI&Horo sHatreHHli, 

npatreM pe3KO npH ';}., = o. IlpH TI118Te.m>HOil opHeHTJIPOBKe Kpl'ICTaJIJia, 

Ha'lHHasl: c yrJIOB O,I - 0,2 Mpa.n;, BHOB:b SaMeti:aeTG.ll pOCT HHTerpaJI:&­

HOli HHTeHCJIIBHOCT14 1 llpO.D;OJI.lKalOlllDCH .D;O yrJia e = 0. IlOR838HO, trTO 

yMeH:&llleH11e TOJl!l{HHhl RJHiCTaJIJIHtrecxoi! MJllllleIDI H yrJia KOJIJIIDll8UHH TipllI­

BO.D;HT K yBeJIH'!eH'IIIO ROrepeHTHOro aqxpeRT8 HHTerpaJI:&HOil: HHTeHCHBHOC­

TJII K8I-\ E CJIY'lf88 opHeHT8!.l;iiH "aqxpeKT8 p.!i:.n;a" TaK llI "aqxpeKTa TO<IKH" 

[2; 3 J . 
Mccxe.n;oEairac:& opHeHTaD;HOHHUe saBHCMOCTH clJHKCJIIPOBaHHoli sHep­

Nrn: ~-KB8HTOB npH \(1= 0,75 r::m, KL= I,5 raB l'I l:'.:~= 2,I7 foB 

B c.eytrae "ac@eKTa p.ll;ll;a" ( 8e,= 0, 8r Bap:o11pyeTcsr). ,IT,Jrn Bcex Tpex 

3Heprl1Ifl clJOTOHOB B yrJIOBOM pacnpe)J;eJiemm: ( BOKpyr er ) H8ClJIRUJ;aJil'IC1> 

.n;Ba CHMMeTpwnrue llHKa, 0 KaJ!UJ;Oi CTOpOH!l OT lfYJieBoro yrJia oClyCJIOB­

JlE:HHhle p.imaMH y3JIOB (220) H (440). IlpM :epamemm BOKpyr .n;pyroii OCH 

( er= 0, 9e, Bap:&HpyeTc.fl:) H86JI!Qit86TCrt 8HaJIOrMtrHart KapTHHa, TOJl:&­

KO BeRTOp IlOJIRpJII38UHH cIJOTOHOB llOBOpatrHBaeTCrt Ha 90°. B CJIY'l'.8e 

OpHeHT8D;JIIJII (IIO) BpameHHe BOKpyr BepTHKaJil>HOii llI ropH30HT8Jll>HOil 

oce:i!: He SKBID38JieHTHhl, a yrJru, npllI ItO'l'OphlX llOJ!Y'll:lIOTCl.fl nmw npH ro­

pH30HT8Jf.&liOM llI B6p'rmt8Jil)HO:ll BpatlleHHH OTHOC.iiT~rt KaK es /er:~. 
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l1cCJie.n;oBaJiac:& opHeHT8D;llIOHH8.fr ~8BHCHMOCT:b ,liJISI Tpex SHepr:itil: 

10TOHOB t4= 0,98, ~2.= I,49, )(3"= 2,00 raB B CJIY'l86 "3qxpeRTa 

'OtrKH" ( ee.= 50 Mpa.n;, er Bap:&HpyeTCH) • B yrJIOBOM pacnpe.n;eJieHM.l'l 

iJIIDB:e K HYJIBBOMY yrJIY xopomo Bbl,l(eJIHeTC.fI llHK OT ys.11a [44G] • 38-

reM pesKo Bbl,ll;e.1lf1.eTcrt mm OT ysJia ~2o] . B CJIY'l'.ae opHeHT81'(.l'!H 

( OOI) .n;JIH o6eHX oce:&I :epameHM Ha6Jl!QitaeTc.fI cHMMeTpH'!Hart mipT>ma. 
· enll~ t::\l'lilK . 

YrJih!, cooTBeTCTBYI001He rmKaM, paBHhl i = oe, . TaKv.M o6pa::wM, 

3T8 OpHeHTal.{llil y.n;o6Ha ,n;JI.fr llOJiy<IeHrur llyti:KOB o-KB8HTOn C B38HM­

HO nepneH,llRKyJI.iipI!li!MH B8KTOpaMH llOJI.!tpi0:3aI~lll1. 

oRcnep}U.!el!TWil>HOe HCCJI6,I\OB8HJII6 SaBMCHMCCTH HHT6HCHBHOCTl1 

nHKOBoli aHepr:rra WOTOHOB B corJiaC¥IH c Teopuei! KTM OTti:eTJIHBO TI01m-

3hlBaeT YBeJIJII'leHli:e HHT0HCHBHOCTl1 B mrae c yMeH:Ol!IeI-rn:eM anepr>en IDI­

TepciiepeH[(JIIOHHO H3JIY'16HHIIX !lJOTOHOB. Ha ocHOBe BHnOJIHcH.HhlX :131.1epe­

Hd MOJKHO llOJiy'iHT:b ID!TeHCHBHOCT:b npaKTJII'leCKJII ,ll;Jlf1. JIIo6o:ti :rnepr1rn 

HHTepciiepeHD;HOHHO HSJIY'l'.eHHhlx !lJoTOHOB B peaJI:&HhlX ycJion:wrx EpenaHc­

KOro CHHXpOTPOHa. 

3KcnepHM8HTaJil>HO llOK838HO, trTO opHeHTal'(HOHHart 3aBHCWVIOCT:b 

HHTeHcHBHOCTH ~ -RBaHTOB onpe,n;eJieHHOii aHeprl!:H CYI11eCTBeHH!iM o6-

pa30M onpe.n;eJirteTc.fI Hati:aJil>HOii aHeprHeli sJieKTpOHOB. YMeH:r,meHHe 

aHeprim SJieKTpOHOB IIpHBO~HT K yMeHDllleHmo HHTeHCHBHOCTH cpoTOHOB 

onpe.n;eJieHHOil aHep!'Rl'I H ~BeJIH'l0HHIO yrJIOB OpHeHTaJ:U!H, COOTBeTCTBY­

IOlll14X IIHRy HHT8HCTBHOCTH • 

IlpHBQJJ;HTC.fr SKCnepl!MeHTaJI:&HOe HCCJie.n;oBaHHe opHeHT8D;i{O~HOH 

88BHCHMOCTH qJOTOHOB aHepr:m (8,2 + II,8) raB H (I?,O + 20,6) TaB 

B KTH aJieRTPOHOB c aHeprHeii 3I raB Ha KpHCTBJIJie KpeMH¥ISI. PesyJll,­

T8Tli HSMepeHd y.n;oBJieTBOpHTe;ttl>HO corJI&CYIOTC.fr c TeOpHeii(r2] • 

3Ha'!HTeJIDHart <IaCTI> aRcnepHMeHTOB no HCCJie.n;oBaHmo KTM Ha 

Kpl'ICT8JL7Ie aJIMasa JiocB.iillleHa Hsyti:eHmo aHepreT:irqecR:i!X·cneRTPOB.r~ltl!a­

HTOB. 
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!3KcrrepHMeHTH npoBo.n:.wrncb c ~eJll>m HCCJie.ItOBBHl'IH crreKTpOB KTM 

npH paSJIH'll!HX yrJiax opHeHTBI:tHH KpHCTaJIJia, KOr,!(a MaKCHMYM HHTeH­

CHBHOCTH KTM llpHXO~CJl Ha TY MM IDiylO SHeprzm c -KB8HTOB, KaK 

B QJIY'lae "~KTa pa,n;a", TBK H B CJiy11ae "sqxpeKTa TO"iRH", ;rµm 

KpHCTaJIJIOB o6en opm:eHTanIDJ: (IIO) H (OOI) ,l{JIJi paSJIH"iH!lX SHa"ieH:d 

aueprHH aJieKTpouoB H rrapaMeTpoB, BJmSnOlllHX Ra HHTeHCHBROCTL KTI1. 

McCJie.l(OB~OcL BJIHSIHHe Ra crreKTPH KTM sxcnepHMeRTSJILm.IX yc­

JIOB:d, TaKHX R8R yrOJI KOJIJIHMaIJ;ID'I 4IOTOHOB H yrJihl paCXO,!i,klMOCTH H 

MHOrORpaTHOrO pacceHHH.fl 8Jl0KTpOROB, cnoco6HHX BHSBaTL HSMeReHl'f.!I 

napmreTpOB, xapaKTepHSymil(HX KTM ( 2, 9 l . 
Ha pHc. Itipe.l(CTaBJieHH cneKTpaJil>Bble pacnpe.l(eJieHHR: HHTeRCJIB­

HOCTH 0-KBaHTOB npH Onpe.zteJieHH!lX yrJIOB!lX dpReHTa~X KpKCTaJIJia 

B pasm.ix SKCnepHMeHTSJll>HHX YCJIOBKHX npH aHeprm:m: E;o = 4~5 rsB. 

Bee npKBe,!(eHHl:le Ha STOM PHCyHKe cneKTpli COOTBeTCTBymT OpH­

eHTar(HH KPKCTaJIJia, npH KOTopot.i OCHOBHOt.i BRJIS.l( B KTM o6yCJIOBJieH 

0.l(HHM ysJIOM o6paTHOt.i pemeTKll KpHCTaJIJia, T.e. COOTBeTCTBYJOT "&qi-

4leKTY TO'qKll" • Bo Bcex np:vme.n:eHH!lX cneKTpax ITHKOBM aueprHR: K t1.. = 

I;50 raB. IJ:mG!: HHTeHCKBHOCTH o6yCJIOBJieH!l BRJIS.l(OM B KOrepeHTHYD 

'IJ8CTL KTI1 ysJia oopaTHOt.i pemeTKK KpHCTaJIJia [ 2201 • EHJIO paCCMOT­

peuo BJIHHHHe KaK Kal!U(oro HS Tpex yxasaHm.IX sKcrrepHMeHTaJIDHEIX yc­

JIOBd npli! llOCTOHHCTBe ,ItByx OCTSJll>HUX, TaK Ii! npK O.l(HOBpeMeHROM HX 

HSMeHeHHH. 

KaK Bli!.l(HO HS pHcyHKa, c YMeHLWeHHeM yrJia K~H qioToR­

Horo ily'qKa yBeJIH"qHBaeTCH MaKCHMaJll>Hlit.i KO~epeHTHHt.i aqiqieKT H COOT­

BeTCTByIOil!M el CTeIIeHL no.ruq>RSaIUm o- KBaHTOB B crreRTpaX KTM. 

c yMeHLWeHHeM yrJIOB MHOroxpaTHOro pacceHRHH aJieKTpOHOB B 

KpHCTaJIJie :a.Jie,ItCTBHe yMeHDmeRl!'J'I TOJIIIIHHH KpHCTaJIJia yBeJlltcDIBaeTCH 

48KCli!MaJll>HHI ROrepeHTH!lt.i aqiqieKT H CBHSaHHasi c HllM nOJIJq>H88UHR' 
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t-KBaHTOB B cneRTpax KTM. 

Ha pHcyuKe B2;ll;Ho TaIOKe BJIJlf.!IHHe Ha'IJBJll>Hoil: pacxo,Itli!MocTH aJiex­

TPOHOB Ha cneKTpH KTM npH ~·aqxpexTe TO'IJRH" npH paBeHCTBe Bcex oc­

Tam:.HHx SKcnepHMeHTSJILHHX YCJIOBd. Y'MeHLWeHHe aqiqieKTHBHol pac­

XO.l(HMOCTH SJieKTPOliOB HS-Sa yMeHLWeHHJl: DmpHHH KPHCT8J!Jla llpHDO.l(HT 

R HSMeReHWJO CIIeRTpa HHTeHCHBHOCTH r-KB8HTOB, YBeJIH"ieHmo MaKCH­

MaJll>HOrO xorepeHTHoro aqiqiexTa H onpe.zteJIHeMo! HM CTeneRH noJIHpHsa­

rtHH r -KB8RTOB. 

Qn:ROBJ>eMeHHo YMeHLmeHxe Ha"i8Jll>Hol pacxo.n:m.iocTH aJieKTpOHOB 

H ROJJJIHMarum: qioTOHOB llpKBQztKT K CYl!leCTBeHHOMY KSMeHeHHll cneKTpa 

KTH, K SHB"iHTeJILHOMY yBeJIH"qeRmo MaKCHMaJILHoro xorepeHTHoro aq,q,ex­

Ta (Ha 42,5%) H YBMH"ieRmo CTeneHK IIOJIHpHS~HH '(-KBBHTOB B llHKe 

HHT6HCJllBHOCTH. 

( -RB8HTOB co B38HMHO rrepneH,ItHKy­

Ql(HHBKOBOn 4loPMOi cneKTpa liI QltliI-

HaxoHe~ rr0Jzy1JeHU LY1!KK 

JIHpHHMK B6RTopaMH IlOJIJq>KSar(HK 

aaxoBol HHTeHcnHocT:e: KTH [4 ] . 
Balmol ocoOeHHOCTLm KBaSHMOHoxpoMaTH"qeCKHX ~OTCHHHX IIY1UtOB 

ITOJIY'!BeM!ix np:e: KorepeHTHOM TOpMOSHOM KSJiy'leHHK SJI6KTpoHOB BblCOKKX 

SHeprd B KpKCTB.7LJlaX, HBJIHeTC.f! HSJIK'qHe JIHHeHHOH llOJil:rpH38ItHH 4IOTO-

HOB B ITHKOBO:ii o6JiacTH SHeprHH. 8KcrrepKMeHTaJibHOe IiCCJie.n;oBaHHe 

Cil0KTpOB qioTOHOB :iwrepeHTHoro TOpM03HOro lI3Jry'IJeHiffi'. n cpaBH6HKH 

HX c TeopeTJ!'q6CKHMK cneKTpaMH c y'IJeTOM ::rnc:rrepH!v!eHTaJihHiifX \IlaitTOpOB, 

T8KHX KaK KOJJJIHMar(HH, MHOrOKpaTHOe pacce.Hime aJier:TpOHOB J3 Mm116HM, 

rrepBKlmoe pacxo~eHHe aJieKTpOHHoro ny'!Ka H T • .zt. rrosBOJIHIOT onpe.n;e­

JIKTL aaoop napaMeTpOB, c ITOMOllU>lil IWTOporo M()jKHO ])bJ'!.MCJIKT:b CTeneH:b 

IlOJIJillHS~ 4loTOHOB B IIy'!Ke. 

Ha p:e:c. 2 rrpHBO.ItHTC'H H3MepemmiJ cneK·1·.., _d;l :sMecTe c Teope­

TH'l:ecKH Dbl'IJHCJieHH!ilM H no.n:li>rHBRHM ;K 3KCnep11MeH:'Wll'>HHM .n;aHHb!M cneK­

TpaM H ITOC'IRTBHHHM Ha OCHOBe rrapaMeTpOB IlO,'(rCPl'.l! 3HepreT.11'!6CitOii 

saBHCHMOCTLm cTerreHH rro.ruq>.Msa~:e: ¢oToHoB. PEctrt'Thl npoBO.ItHJIHCl'> rro 
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leTo.n;y MOHTe-Kap.lIO Ha 3BM B3CM-6. [I5 J . 0.n;HaKO np,F.!MOe SRCIIepH­

.lleHTa.m.Hoe oupe.n;eJiem1:e cTerreHH uo;mp:e:sau1rn ipoTOHOB B IIY'flte upe.n;­

cTallJ.Lf.!eT HHTepec KaR B CMl:iCJle ROHTpOJIJI IIpaBKJll>HOCTH Ha6opa IIapa­

MeTpOB .n;JilI Bbl'IHCJieH:lr.f.[ IIOJI.f.!pHSaUHH, TaR H B IIpOBepKe Teop:im 1wrepe­

HTHOro TOpM03HOro H3JIY'l0HRH H-POJ!UleHwr aJieRTpOHH!lX H IIOSHTPOHHHX 

nap B KpHCTaJIJie. 

,lJjm HsMepeHH.f.! cTeneHH nOJI.f.!pHSaUHH WOTOHOB BblGOKHX 

aHeprH! aqiqieKTHBHllM HllJ.Lf.!eTCR MeTo,n;, OCHOBaHHblH Ha HHTepif1epeHUH­

OHHOM poll!,ll;eHHH aJieKTpOHHO-IIOSHTpOHllliX IIap cpOTOHaMH B RPHCTaJIJiax. 

ECJIH cpOTOHbl IIOJI.f.!PH30Bam;r, TO IIOMll:MO KOrepeHTHllX a<IxIJeKTOB B03HH­

I\a0T enie H KOppe.mi:rum Mell!,ll;y BeKTopoM no;mp11rsaUHH c)')oToHa H BeKTO­

poM o6paTHo:i!: pemeTKH eyHcTaJIJia. IlpH onpe~e~eHHO:i!: opneHTBUHH RpHc­

TaJIJia B03HHKeeT acIDl!MeTp:rur B polltl(eHHH a~eKTpOHHO-TI03HTpOHP.hlX nap 

B n~ocKOCTH (mmyJI:&c woToHa - oc:r, KpHCTaJIJia). 

,lJjm sKcnepHMeHTaJI:&Horo KCCJie.n;oBaHH.f.! no;mpHSBUHH WOTOHOB B 

IIHKe ID!TeHCHBHOCTll KTM c aHeprHe:i!: E ( = I' 5 raB H3MepRJIOC:b 'tl:HCJIO 

cID11MeTpK'l:HHX a~e11:TpOHHO-IIOSHTpomrnx nap f{ 11 , o6pasoBa:mrux <iJoTo-

HaMH, TIOJI.f.!pH30BaHID:JMI! napaJIJiell:&HO IJJIOCKOCTH, COCTaBJieHHOH oc:r,ro 

KpHcTaJI.JJa H IDliIIy~:r,coM tiioToHa k. H NJ. ipoToHaMH, rroJUipnso:eaHHb!MH 

nepneH.n;HRYJI.f.!PHO STOM IJJIOCROCTH. KOHBepTOpOM CJIYlKHJia aJIM83HBH 

IIJiaGTHHKa. CTeneH:& IIOJDlPHSaUHH oupe~eJI.EeTcR xaR 

p 1 Nu-NJ. 
· = R. Nu+ Ni. 

n d6'u-dS:i. de:-> , 
r.n;e K,::; d6'n +J~J. - KoafMimzyreHT acHMMeTpim, 0 11 , a.6'J. -
nonepe'IHHKH o6pasoBaHHH a~eRT~OHHO-IIOSHTPOHHb!X nap B RPHCTaJIJie 

WOTOHaMH, IIOJIHOCT:&ID llOJI.f.!PHSOBaHHHMI! napaJIJieJI:DHO H uepneH.n;HKYJI.f.!PHO 

n~ocxocTH (oc:r, rq>ncTaJIJI, i!MIIYJffiC WOTOHa). 

YrJIH BJieTa BU6Hpi:i.mcR Ta:ra.M o6paaoM, tITOOl:l BeJlllitlllHa Q 

---- - - ··--~--
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OHJia MaKGHMaJI:bHO:i!:. ,lJ,n.f.! STOro op:HeHTHpyIOT KpHCTBJIJI, B ROTOpoM 00-

pasyioTC.f.! 8JICRTpOHHO-IIOSHTPOHHHe IIapH, 'IT06H IIOJIY'IJl.T:b MBRCBMaJll>­

Hlrll: ctieT aJieRTpOHHO-IIOSHTpoHHHx nap. 3TOT OTc'leT 6y.n;eT coOTBeTCT­

BOBaT:& 'DICJIY N11 , saTeM IIOBopatIHBamT KpHCTaJIJI Ha 90°. 
IlpH upaBHJI:bHO:i!: opHeHTaUHR STO 'IHCJlO ,!l;Q111EHO COOTBe-.CTBOB8T:b 

MEHEMaJI:&HOMY '(7 .. "TY nap 'fV J. • Pac'IHTH'.BS.f.! . R. .n;.na pea.m.mu yCJiomdi 

SRCnepHMeHTa HS TeOpHH, onpe.n;eJISnOT CTenelu, IIOJmpHSaUHH P' . 
Cpe,I(Hee sHatieHxe HSMepeHHo:i!: BeJIH'iHHH nOJmpHsaUHH iPOToHoB ~ Et" 
I,5 rsB COGTaBHJIO ? = 0,859 + 0,098 [s]. 

IlOJI.f.!pHSOBBHHHe ipoToHHHe ny'IKII, cos.n;amme c noMOllll>lll Rore­

peHTHoro TOpMOSHOrO H3JIY'l0HRH SJieRTPOHOB BHCORHX aHeprl'Iii Ha KpHC­

T8JIJI8X, o6Jia.n;M BHGOROH Jllll!e:i!:HO:i!: IIOJmpHSSUHei, .JllMelllT TOT H0.n;OCT8-

TOK, 'ITq sa IIHKOBO:i!: aHeprHe:i!: WOTOHOB, HMeRll!HX EHCORY!ll IIOJmpH38-

umo, m.ieeTC.f.[ 60JI:DIDOE BUCOKOaHepreTR'!eCKH! Xl!OCT, YCJI~ qio­

HOBHe yCJioBHJI B aKcneplitMeHTax no ipoTop~eHmo aJieMeHTap:im:x tiaCTHI:h 

Cos.n;aHHe nytIROB c nOJI.f.!pHSoBaHHHMH ipoTOHaMJ/l npe.n;eJil>HO:i!: aHeprm::e: 

TOpMOSHoro cneKTpa, RpOMe TeopeT.li1'I0CROro, npe.n;cTaBJI.mOT upaRTJlf!lleC­

KH:il: HHTepec, TaR K8R cymeCTBeHHO ynpomaeT SKCIIepHMeHTaJrbHHe yc­

TaHOBKH no :e:cCJie.n;oBaHmo cpoTopoll!,ll;eHKH aJieMeHTapHHx tiacT:en. MeTo.n; 

ceJieKTHBHOro rrorJiomeHRH cpOTOHOB BHCOKHX 3He:PJ:'l!li B KpHCTaJJJiax, 

OCHOBaHHH:i!: Ha KOppeJI.f.!UHH Mell!,ll;y B0KTopOM pemeTRH KpHCTBJIJia H ROM­

IIOHeHTOM BeKTOpa IIOJI.f.!PH38rtJIH ipoTOHa B npouecce ROrepeHTHOJ;'O o6-

pasOBaHH!I SJI0RTpOHHO-IIOSHTpOHHHX nap IIOSBOJUleT IIOJJY'DIT:& nomq>HBO­

BaHM il>OTOHHH:i!: ny'IOR IIpH uporryCRaHDI nyrma HeIIOJIJipltlSOBBHBHX qio­

'l'OHOB qepes 60JIJilllyio TOJilllY KpHCTaJIJI8. Ilpe.D;JIOllteHilH H pactieTH Kad:e:-

60 OTHOCHJIHC:b K KPHCTaJIJIY Me.n;H. 0,ItHSRO KpllC'l'a.JIJI O'leH:b xey.n;o6eH B 

CMl:iCJle SRGnepHMeHTa BCJI0,!l;CTBllI0 MaJIO! ,lledaeBCROR TeMIIepaTYIJi, Tpe-

6yJalle:i!: no.n;,n;ePJKSH:He KpHCTaJIJla IIpIII asoTHO:i!: TeMIIepaTYPe. HMM dWI 

eme pac'IHTaH RPllICTaJIJI eyeMHRH, HO IIo.ru!pllSy:oilaJI ero CIIOCo6HOC'l':& 

OK838JI8C:& MaJieH:bROii. IloHCR no.n;xo.n;mitHX KpHCT8JL1IOB IIpHBeJI Hae K 
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KpHCTaJJJiy KopyH.D;a H3-3a Bl:lCOitOM .nec>aeBCKOM 1200°K, 60,m,mo:H IIOJIJI­

pM3YJOllle:H CIIOC06HOCTH H B03MrnKHOCTH BH:paJIU'IBaHKR: ero .n;o 60JiblllHX 

pasMepoB. 

KpHCTaJIJI RopyH.D;a poM6os.n;pH'l'.ecKo:H Cl'IHI'OHHH. CTopoHa poM6a 
0 -

5, I2A H IIJiocrur.'1 yrOJI poM6os.n;pa 55°17, TeMIIepaTypa .D;e6asr rropll;ll;Ka_ 

12000..tC. 

TeopeTJr~eCRHe HCCJie,n;OBSHHJI IIORaSSJIH peSJibHOCTb HCIIOJ!l>SOBa­

HHSI, KpHCTBJrJia KOpyH.D;a KaK IIOJisrpH3aTopa WOTOHOB BUCOKHX 3Heprli:H 

[s, 6] . 3KcnepHMeHT no IIOJzy1ieHlm IIOJisrpH30BBHHDIX WoTOHOB aHeprHM 

4,4 rsB 6HJI OCYIIteCTBJieH Ha o6H'IHOMcpOTOHHOM llytnte OT BOJIDiI>paMO­

BOM MmUeHH c npe.n;eJI:DHOM SHeprHeii TOpB03HOr~ cneKTpa 4,5 rsB [7] . 
ily-q:oK cpoTOHOB EpeBaHcKoro ycKopHTeJISI c pacxo.n;HMOCTbIO 0,06 

Mpa.n; H imTeHCHBHOCTbIO I,5·I09 31'.llHBaJieHTHl:ilX cpoTOHOB B ceey1ey 

rra,naJI Ha MOHOKpHCTaJLJI KopyH,!(a TOJIJUHHOii 30 CM (4,7 pa,n;.~.). Ko­

py1m 6w:r BMOHTHpOBaH B rOHHOMeTp, o6ecne'iHBalOllll'lil OpHeHTaum> KpHC- . 

'rBJIJia no.n; c.PoTOHHLIM IIy'iKOM c TO'IHOCTbIO + 0,03 Mpa,n. 

,ll,7Isr opHeHTHpOBKH Iq)HCTaJLJia KOpyH,!(a HCIIOJll>SOBaJiaCb cneul!IPH­

'!eCRM 38BHCIDllOCTb IIOJIHoro ce'l'.eHHSI o6pasOB8HH.H 3JieKTPOHHO-II03HT­

pOHHb!.X rrap cPOTOHaMH sa.zraHHo:lt 3Hepr:im: OT yrJia HX BJieTa B KpHCTaJJJI. 

CJie,n;yeT OTMeTHTb, 'l'.TO IlpH yrJiax, COOTBeTCTBYI!Illm!: M8RCHMaJ!bHOl'.zy' 

ajirpeKTHBHO!'.zy' ce'l'.eHJm o6pasoBamm: 3JI0KTpoHHO-IIOSHTPOHHl:ilX nap, on­

.n;aeTCE MBKCHMaJibHM nOJiflpHSaumi;. 8KcnepHMeHT8JibHO opHeHTa~. IlpH 

ROTOpOM OJJW,!J;aeTC.fI M8KCHMaJIDHasr IIOJisrpK38UM, ,l(OCTJlll'aeTcsr HCCJie,u;o­

BaHMeM 'iHCJia C:HMMeTpH'l'.HHX 3JieKTpOHHO-n03HTpOHIIHX nap, o6pasoBaHH!lx 

qiOTOHSMH C SHeprHeM: 4, 4 rsB, IlpOW6,lUIIIDllH qepe3 ltpHCTSJLII ROpyH,!(a, 

,lJ;lr.q :e:sMepeH.lt!l noJrsrpHSBIUm cpoTOHOB rrpHMCH&Jiac» MeTo.n;uKa, 

paHee HCITOJL&SOBBIIHM ,n;J!Ji KSMepeHM.fl: Ilo.T.LfillHSawtH tpOTCHaB I<OI'epeHTHO­

I'O TOpMOSHOro HSJiy-q:eHHR. 

CTeneHo IIOJISil.IHSaUHH cpoTOHOB rrpH onTHMaJIDHOM yrJie :BJ.!eTa ~ 

_.....__ - ---- ·-
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KPHCTaJIJI KOpyH,!(a COCTSB¥lJI8 I4,5 + 4%. TaRruJ. !!UJISipH38UHfl 6wra 

.D;OCTJllI'HyTa rrp:e: na,n;eHKH HHTeHCHBHOCTH Ha'l'.aJibHOI'O HeIIOJISipH30BSHHO­

ro ny-q:Ra B 25 pas _B o6Jt,aCTK sHeprHH 1-RBaHTOB 4,4 + 0,08 rsB. 

IlpoBe.n;eH TaIO!te pc'l'.eT cneKTpOB cpoTOHOB, Bl:lrne.n;m:e:x HS MOHO­

KpHCTaJIJia ROpyH,!(a [I3. I4] . :&i'l'.HCJieHHH npoBe.D;eHhl no MeTOAY 

MOHTe-Kap.lIO c y~eTOM KorepeHTHhlX srBJieh.'li B o6pa30BaHMH SJieKTpOH­

HO-IIOSHTpOHHhlX nap cpoTOHaMJ!, a TaRJKe B TOpM03HOM HSJIY'l'.eHHH SJieK­

TpOHOB H IIOSHTpOHOB B KpHCTaJIJie 

HaKoHeu, no.n;po6Hoe aRcnepHMeHTaJibHOe HcCJie,n;oBaHHe orrpe,u;e­

~eHHHX saKOHOMepHocTeil: KTH :e: cpaBHeHHe c TeopHeil: noxasaJio, 'l'.TO 

B o6JiaCTH MaJIDIX yrJIOB BJieTa B KpHCTaJJJI H86J!llD;SIOTCH onpe~e~eftmile 

OTKJIOHeH:aa: OT rrpe~cKa3aHHM TeOpllDI KTH B opxeHTa~OHHHX saJBJICH-

MOCTJDC :HHTerpaJibHOM HH!eHCHBHOCTH H E ~eCTKOtt 'iaCTH cneKT-

pa KTH. B CJiy-q:ae opHeHTBUHOHHOM SSBHCHMOCTH JiIHTerpaJIDHOtt KHTeH­

CHBHOCTH MOJl£HO YRa38Tb Ha CJie,D;ylW!He pas.mrqRSJ Mell!,ll;y Teopxett H 

3KCIIepR"MeHTOM (cM.pHC. 3): 

a). B o6JiaCTH yrJioB BJieTa MeHomHX l Mpa.n; .l(JISI aHeprz:e: aJieK 

TpOHOB 4,5 raB Ha6JIJQJJ;aeTCSI YM0HbllieHHe HHTerpaJIDHOi HHT0HCIBHOC­

TH1 He rrpe.n;cR83HBaeMOe TeOpHett. 

6). B o6JiacTH yrJIOB O,I - 0,2 Mpa.n; BHOB» Ha6JIJQJJ;aeTcsr pocT 

JiIHTeHCHBHOCTH. 

,lJ;Jm: xcCJie.ztoBaHHSI opHeHTBUHOHHott saBHCmJIOCTH woTOHOB B xecT­

KOi ~aCTH cneKTpa IlpOtlO.D;HJIOCb KSMepeHHe BllXO.n;a WOTOHOB OTHOCH­

TeJI1>HOil: SHeprHH x = 0, 973 B S8B.KCl!MOCTH OT yrJia BJieTa B 

KpHcTaJIJI Ha BHYTpeHHeM rry-q:Ke c:imxpoTpoHa c aHeprHei sJieKTpOHOB 

Eo = 4, 5 rsB. Ha p:e:c. 4 rrpHBe~eHh! peS,YJibTaTH HSMepemrlt -ny.HKT11p­

HB.H KpHBasr; CIIJIOIIlHM KpHBaSI COOTBeTCTByeT a:iht&HaJibHOMY rrpH6Jllllle­

HJIIO, rrp.a:Masr COOTBeTCTByeT R'TH OCHOBlUllioi Ha TeOpHH BOSMymeHHii 

[:s, YI 1 . Ms Ha6JII0,1J;eHd o6e:e:x 8HOMBJ.ld MOlltHO c,u;eJiaTb BUBO,!(, ~TO 
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Oc5!:il'll:HM Teop.w:r KTM IIpH SHeprmr aJI0KTpOHOB 4 + 5 rs:e, llO-BltltHMO­

MY IIp8BBJJt>He, IIpH yrJiax c50Jll>m:IIX (5 -rn) e~ . r,lle eL - KPH­

Ti!'ll:ecrom yrOJI K8H8JIHpOBaim.a: IIpH M0Hl>ID1IX yrJiax, COO'l'B8TC'l'ByD!lllX 

TSK HSSHBSeMOMY Ha;u;dap:&epHOyY ,lU!l!Z0Hl!llll 'll:8CTJIIt, BHXO,ll J!SJIY'll:0HJ!Sl 

llO,llaBJI.a:eTc.a: npH e~e Me1il>mHX_rr3ax O,I - 0,2 ' COOTB8TCT:eyD!lHX 

KpHT}l't!6CXOMY yrJrY KSHBJIHpOBSH:llli SJI6KTpOHOB B IqlHCT8J.t1!0 1 BHXO.Il H8-

JIY"'i6Hliffi: CHOBa HS'll:HHSeT pacTH, IIO-BJIUll!IMOMy, B OCHOJ3HOM sa C'll:eT 

M!II'Koit 'll:aCTH cneKTpa. TaKa.R: KapTHHa MOJJteT CJIMyJm:po:eaT:&c.a: TaKllte 

CJIOlKHon SSBHCHMOCT:&lll OT yrJia BJieTa MHOrOiqlSTHOro pacce.f!HH.a: aJieK­

TpOHOB Bb!COKHX aHeprmt B IqlHCTaJlJle, a HM0HHO eCJIH SJI0KTpOHL1 np:e: 

yrJiaX BJieTa MeH:&lllHX I MpS.Il JllCIIl:lTHBaroT aHOMaJIJ:,HO 60JI&nroe MHOro­

'.KpaTHoe pacce.mure, ymxp.a:eTc.a: ny-qoK lll YMeH:&mae_TCH noTOK }(,;.ix:eaH­

TOB, IIpOID0.IlWlrli -qepes KOJIJIHMaTop, a IIpH yrJiaX M0H.OllllilXKpHTH'IeCKOro 

yrJia KSH8JIHpOB8HRR: 81.. IIpOHCXO,llHT C:tLIIJ:>HOe YMeH:&meHHe MHOrOKpaT­

Horo pacce.fIHHH H y:eeJIH"I0HHe llOTOKa @OTOHOB 'qepes OTEepcTHe KOJI­

JIHMaTopa. .Il.11.a: OKOH'l8TeJI:&HOro BbtfIBJI6HHJI Mexami:sMa Ha6JI!Qzt0HHh!X BHO­

Ma.JI:irlt, Tp66YDTCH ,l(OllOJilmTeJI:&Hl:le SKCIIep:HMeHTH. 

~eT:eepTa.a: rJia:ea llOCBJml6Ha SKcnepPIMeHTBJll>HOMy KCCJie.D:OBaHHIO 

H3JIY'q0HM rroswrpoHOB :iiHCORHX sHeprmi IIpH R8HaJmpOB8HHOM HX .D;BH­

~eH:im B RpHCTaJIJiaX, OllHCI:ilB66TCJI TeOpHJI HSJIY'll:0H:tr.a: aJieKTpOHOB H no-

3PITpOHOB IIpH MaJlHX yrJiaX EJieTa e( e I. (r.n;e e I. -Iq)Wl'E'I6C:tarll: 

yrOJI KaHBJIHpOBSHRJi 'll:BCT~ B KpHCTaJJ:Jie). IlOK688HH OTJIKIDIT6JI:&Hlie 

OT KTM oco6eHHOCTM TeOpHH JIMy'leHRf.C B ,I{HllOJil>HOM IIpH6JIDeHD (:e: 

rrpH Y'!6Te He,n;:e:n01il.HOCTH) ,ItJI.fl sJieKTpOHOB JI llOSJITPOHOB BHCOKHX sHep­

r:IDl:. 

SxcnepHMeHTaJI:&H!>le HCCJie.n;oBaHHH cneKTpOB HSJIY'll:6HRf.[ ITOSJITpO­

HOB BHCOKHX SHeprmi B p0.l!UIMe RaHa.1Ii!pOB8HM 6btJIJI BHIIOJIHemi HBMH Ha 

JIHHenHoM ycKopHTeJie SJieRTpoaoB SLAC (ClllA) .ItJLfl aHeprd nosHT­

poHoB 4, 6, IO, 14 raB. 

:3KcrrepPIMeHT BlmOJIHeH Ha nosHTpOHHOM ny'!Ke $LA C c yr,HOBHM 

2I 
pacx~eHHeM HS ypoBHe tvI0-5 pa,n;. IIpH cpe.n;Heit HHT0HCHBHOCTH no­

srrpoB11oro Jiy1iKS oa.o.ao OJJ;Horo nosHTpoHa Ha m.myJI&c ycKOpHTeJIB:. 

roHl!OM01fPK"ieCKSJJ ycTSHOBKS o60Cll0'll!BSJIS OpHeHTS~ IqlHCTaJJ'JIH':lee-

. 1toro ~'l'Opa c TO'lllOCT:&lll I' I5 ~ ro-5 pa,n;. 3KcnepHM0H'l' BHIIOJIH.ltJICJI 

H8 8JDl85!11U Iqll!CT8JL11JN0CKJIX p~aTopax TOJlllll'll{Oii 80 MK JI 600 MK 

op:a:eHTa~ (IOO). PerHCTpaJlHJ'I 1!8JIY'll:e'lm.a: ocymecTBJIJtll'.SCl> cneKTpO­

MeTpoM nOJ1Horo norJioutemm Ha ocHo:ee c50JII>uioro IqlHCTaJLIIa (20 Xo) 

No,I. OpxeHTBitJM IqlHCTaJIJIOB BJlMSsa, ycTBHoBJiemrnx B roHJ10MeTpH­

-qec1toe ycTpoicTBO, ocymecTB1Ilt7.lac:& c noMOllll>lll Hs:eecTH!iX aqxpeKTOB 

KOrepeHTHOro tOpMOSHOro HSJIY'll:0Hllll llOSHTpOHOB B KPHC'l'aJIJJJr<10CIGIX 

MElll6H.!ll. 

IJJIOCROC'l'l> IqlJICT8JfJl8 (IOUJ pacnOJiaraJiaCl> neprreH,D;J!KYJIHpHO no-

3lt'rp0HHOMY IIY'IKY. B &KcnepHMeHTe HSMepHJIOC:& '!HCJIO 1(-KBBHTOE, 

perxcTp:epyeMoe cqeT1DIKOM Na.I :e saBHc:BMocTx oT yrJio:e opHeHTa-

~HK IqlHCTaJIJ.18 :e QJ:tHol ITJIOcKocTH npx WHKCJ!POBamrnx yrJiax oTHOCK-

TeJI:&Ho ,llpyrO:irt. 

B aKcnepi!MeHTe npo:eo,n;JrJIOCJ> TIJl&TeJI:&Hoe HsMepeHHe nOJIRott KH~ 

TeHCBBHOCTH WOTOHOE OT opHeHT8IllD! KPKCTaJIJla B6JIJ1sx yrJioB, cooT­

:eeTCTBYJlllBX IJJIB!laPHOMY x a1tcxam.s:o.uy K8J18.1DIPOBSHHID. Bee :e:sMepeH:im 

BHnOJmeBH c marOM I, 15· 10-5 pa.n;. 

B axcnepJDteHTe dHJDI KSMepeHH cneR'l'pli SJ16KTp0MaI'HHTHOro HS­

JIY'll:6HBJI IIpK IJJIOCROCTHOM I 8KllK8JI:&HOM K8Ha.JllIPOB8HHl!:.ll03HTpOHOB 

BHCORJIX sneprHlt Ba Iq>iCT8JJJ10 aJIMasa. nna KaJIH6pOBKJI 8KCrrepHMeH­

TaJI:&HOi ycTSHOBRK np&,JUl&pllTeJil>HO dbtJIO HSMepeHO TOpM03H06 HSJfY'l6-

HXe OT aMoppHOI IOllll8Jill, OT. pasopHeHT:l!pOBBHHO~ IqlHCTaJ.!JIH"I6CKOtt 

Ml!lll8Hll JI Cll8RTp ROrepeli'rBoro TOpMOSHQrO KSJIY'll:6Hl!Sl: ll03HTPOHOB IIpH 

aHeprJDI II03R'lPO~OB r9 rsB c IIJ!KOBOI sHeprxett WOTOHOB 5.raB. Bee 

STI! llSMepeJUIJI cor~&CYJl'?OS c TeopeT:l!N6CRJIM npe,llcttasaBJIJDlll. Ha pHC. 

5 nplllle~eBH xsuepeHBJI crreltTpOB B sa:SXCHMOCTH OT.yrJI.OB opH6HTaIIHH 
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D"JIOCROCTH RplllCTaJIJia OTHOCHTeJIDHO llMIIyJIDca llOSJIITpOHa ,l{JIJI aHeprHH 

llOSHTpOHOB IO raB. Ha6JI1UtaeTC.fI OT~eTJIJiUl!rli ITHK, HHTeHCHEHOCTL KO­

TOporo saBHCHT OT yrAa OpllleHTaIV4liJ IIJJ'.OCKOCTlll RpHCTaJJJia OTHOCJIITeJIL· 

HO HMIIyALCa llOSHTpOHa. lUITeHCHBHOCTL llHKa MaKCllMa.7.lLHa nplll llOJIO­

zeHHH RplllCTaJIJia, COOTBeTCTBYDl!ero IIJJ'.aHapHOMY RaHMHpOBaHl1ll!l llOSHT­

pOHOB H YMeHLmaeTca npH yBeAH"ieHl'lH yrAa. Kor.Ila yrOJJ. CTaHOBHTCH 

HaMHoro 60JIDme RpllITH'l:ecxoro, nHK B cneKTpe mc~esaeT B corAac:m1 

c npe,IlcRaSaH:am.m B TeOpHH. HsMepe:im cneKTPa.m.mxe WIOTH .::TH aHep-

rmi: HSJIY~0HHH Ha 0,IlHH llOSHTPOH Ha e.inmmzy .IlJIHJIIi OT WIBCTlil'.HKH M­

MaSa TOJDl{HHOI 80 MK ,l{JIJI llOSlllTPOHOB c SHeprHel 4, 6, IO, I4 rsB. 

fral. 
IlpHEe,Ile:im SRCnepDMeHTSJIDHO llOJIY'ieH:ime HEIMH SHa~eHHH tll.)~ 

,l{JIJI pas:imx aHeprd nos:r.rrpoHoB 4, 6, IO, I4 rsB B cpaBHeHEH c Te-

~~eTH"iecKH noc'DITaHHLJMH sHaqeHllIS:!MH ,l{JIJI napa60JIH"iecKoro nOTeHitll­

Ma. HMeeTc.a: xopowee cor~acHe B oco6eHHocTH npH aHeprHH IO H 

I4 rs~ 

Ill T cpaBH6HRJ1! SKCnepHMeHTBJIDHl:lX pesy.m:.TaTOB CIT0RTPaJn.HOit 

MOTHOC'l'H SHepr:n lllS~eHHH Ha O,IlHH nOSHTpOH Ha e,Illi!HHizy ,ZXJllllBH 

,ZXJIH aJIM:..;SHOrO RpHCTaJIJIH'l'.0CKOrO pa.ztHaTopa 'l'OJDl{HHOi!i: aO MR C Teope­

TH"ieClGIMJd npe,IlcRaSBH:wJMH Ha6JI1UtaeTc.a: onpe,IleAeHHoe pas~He, no­

BIUl;HMOMy, o6yCJJOM6HO npo~eccoM ,IleKaHMHpOBSHJIUI llOSH'l'pOHOB, CM­

saHHUM c MOSa~OCTLD KpHCTaJIJia. K COZMeHl!llD, cne~a.m:.Hl:lx HCCAe­

,IlOBaHd CTPYKTYPH RplllCT8JI..'1B HBMH He llpOBO,IlUOCL. Ha OCHOBBHIDI 

cpaBHeHHH cneRTpOB c TeopeTH~eCRll!M pacqeTOM MOJltHO cqJIITaTL, qTo B 

HameM CJJ~ae y,IlepEKBMBCL B KBHMe TOJJ.LRO qacTL nOSHTPOHOB. Oc~ 

TSALHHe llOSlll'l'pO!ill ,IleKaHaJIHPOBMH, sarrOAHlllJIH Ha,IJ;6apLep:ime COCTOH­

HHH nonepe~ol sHeprllllll l1l .IlaBMH BK.JIB.It B 60JJ.ee zecTxyn qacTL sHep­

l'HH HS.nyqeHRR:. 

XapaRTep:ime 'i8CTOTH HSJiy'ieHHH Ha,IJ;dapLepHHMll: ITOSHTPOHaMH 

t ,, 
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BNCOKon aHeprHI!l OKBSHB8IOTC.ff 60Jiee qeM B ,IlBa pasa BHllie COOTB0TCT­

ByromHX qacTOT ,l{JIJI KBHMllpOBaHH!i!X qacTHI(. Tor,Ila paSHHI(a Me.xmy pe­

syALT8T8Ml!! TeOpi!Jll l1l axcnepl!IMeHTa MOZeT dHT.L KOMII8HCHpOB8Ha, ec­

~H yqeCTL TBIOJte BKJia,Il OT Hs.nyqeHHR ITOSHTpOHOB, ROTOpue BC~€,IlCT­

BHe ,Il8KBHMHJ>OBBHRII Ha HecoBepmeHCTBBX RpHCTaJIJIOB npeBpaTHJIHCL 

B Ha,Il6apLep:ime. 

Pesx:m.mpya, MoJKHo cxasaTL, qTo B axcnepl!IMeHTe dNA HadJIJQD;eH 

HOBN:il: BM.U; EHT0HCHRForo HS.nyqeHHR B RpHCTBJrJiax, OTAM"IHliH OT paHee 

Had~JQn;BB!IlHXCH l1l CBH38HH!il:il: c RaH~HpOBaHHeM qacTHI( B RPHCTaJJJie. 

B ll.fITO:il: rAaBe BHaJIHSHpyeTC.fI COCTORHHe TeopeTnqe'cxruc Pl SKC­

neplllMeHTaJ.!LH!ilX padOT no @OTOpOllOl;eHmo HeHTpaJil>Hl>!X ITHOHOB IlOA.fIPH30-

BaHHb!MH WOTOHaMlll R odocHoBDIBaeTca nocTaHOBKa axcrrepIDl!eHTMLHblX 

HCCA8,IlOB8HHll. 0nHCHB8IOTC.fI axcnepMMeHT~LH!ile YCTBHOBKP! lJ.JLff H3Mepe­

HlllR BC:l:IMMeTpi!Jll ceqeHHH peaY~H Q? ~ ~ .. f' B ,IlHanasoHe yrAOB 

e* o o o r- 1 ~~= 40 , 50 ' 60 ,l{JIJI Ell= 0,7 - I,7 r::m LI9, 20 H MO,IleAH-

pOBaHHe pea:icr.um OP _,. ~0f' ,IlJIH. axcnepMMeHT8JILHOH ycTBHOBKH npH 

e~s= 60° 110 MeTO;Jzy MOHTe-KapAO ~I 1 . 
futcnepMMeHT8JibH8.ff YCTBHOBKa no HCCJI8,IlOBaHmo acPIMMeTpHH 

p88RUJ'IH ~ p ~ 3('~ IlOJIJ:rpP!30B8HHlilMH WOTOHaMH c E ~ = 0. 7 - I. 7 raB 

l1l e;St = 60° rrpe)(C'l'BBJiffJla COdOH .IlBYXII.JieqeBOM Cil8KTp~MeTp. 
lliromroe 1meqo - aTo crrer<TpoMeTP n~oro norJzomeHHR ,l{JIJI pe­

rircTpai:zyrn \ -KBBHTOB, cos,IlaHmr:il: aa ocHoBe KpHCT8JIJ!a Na. I ~­
JIHH,lU)H'l:ecxoli WOPMbl, ,IlP!aM8TpOM 200 MM H BhlCOTOil: 300 MM. XapaR're­

pHCTHKP! Cl16KTpOMeTpa OWilll Prsyqe}lh! Ha MeKTpOHHOM nytme c SHep­

rPieil: I - 3 raB [22,2sJ . 
IlpOTOHHOe II.Jie~o YCTBHOBKH COCTOHAO H3 dJIOKa ,IleCHTP! YSK0-

3830pHHx HCRpOBI:lX KBMep (HIIK) ,IlJIH. Bbl,D;MeH:im: yrJia ~eTa npOTOHa, 

JJ.Byx cqeT'D!ROB d. E j d X , ro,Ilocxona, Me,IlHoro norAOTll!TeJIH., cmc-

TeMH npo6elDUix c~eT'llm:OB x aHTHcqeT'D!Ra. TeAecliNH yroJI per11cTpa-

"· 
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IJ;Hll npOTOHOB paBeH 9·}0-3 cTepa,D; JI! onpe,1te.n.a:eTCJI anep'!'YPll'Bl C118T-

1ll!KOM. IlpoTOHHOe IJJle'iO ycTaHOBJieHO HS no:eopOTHOI 1JJ1a'l'iJ)oplle, nos:eo­

J!Jlllll81 MeHHTD yrOJi perHCTP8UlU'I npOTOHOB B 60Jll>WOll ~anasoHe. 
. ~~ 

,D;:n$l OT,Jte.neHJl.11 npOTOHOB OT co:ayTCTBYDll!aX ijl--MeSOJtOB 6aXI. 

JllCDOJll>SOB8Hbl ,JtB8 df/tfl CIXHH'fltlJJDIIU'lOHHliX C'i8T~• . 

'SHeprlli! npOTOHOB onpe,n;eJIHJl8CD CJllCTeMoil: qeTapex iipoCSell!iHx 

cIJ;HHTHJLll.mlJIOHHHX c'ieT'iHKOB. PasMepH c'ieT'il!ROB (50 x 20 x 2) ~. 
Ilepe:KpHBaHHe o6xacTH sHeprHH TP = (IOO + 300) MsB ,n;ocTllII'alOCD 11s­

MeseJU11eM T01IJllllHl:l ~Horo nor.nouTeM. Ha.IDl'IHe "CJe'!'HPex npo6emmx 

c11en:IROB, 1t0Top¥8 O,ltHOBP8M8HHO JtBJlllllTCH JI :q,or.noTJIT8~t ll08BO­

Jlll8T pas,n;8JDITD 40-MSBHYI> o6JlaCTD sHepr:mi: IJpOTOHOB H8 4 HHT8pB8.l!8. 

Cpe,lUISH sseprHH npOToHOB co cBOel cpe,1tHeRB8,lql&Tlf'IHOI 011DI61tol ,ltJI.fl 

ltSZ,ltoro c11eT'llllt8 onpe,n;e.nst118CD pac'ieTOM B ltll!HeMSTH'leCRBX YCJ!:OBMX 

,n;aooro 8ItCII8Pi!M8HT8 no 11eTO,ll;Y MOHTe-Kap.no. 
9RcnepJIM8HT8Jll>H&.a: ycT8HOBit8 ,ltJI.fl JllCCJI8,ll;OB8Hlm: acHMMeTplDI 

pe~ oP .... li°p nplll Ecr= 0,7 - I,? rs:e npil e;= 40°. - 50° 

6HJla H8CKOJfi>1t0 yCJIOSH8R8 HS-88 M8Jloil: sHeprl!!M npoTOHOB OT~81ll'l JI! 

yBeJIJ1'18HD ee CB8TOCirfJ!hl. OHa T81tll8 COCTOH.na 11!5 ,n;:eyx IJJl8'l. "0.n;HO 

D HU npe,n;HasHa'ieHO ,ltJI.fl perHCTP8UlU'I 0 -RBaHTOB OT pacna,IJ;a 

IJi• ..ulisoaa JI npe,n;cTaBJDleT 11!8 ce6a yCT8HOBJieHHHI H8.IIOBOpOTHOI 

JlJia'l'iJ}oplle (,n;onasoH yr.no:e ro0 + so0) cnettTPOMeTp nOJIRoro norJio­

Bt•RJIJ! Ha ocao:ee xpJ1cTWOB N al ('Jt ) , cocTos:Bmero HS IS-Tm u:o­

.Q"Jl81 nps11oyr~Hol iIJopMH c pasMepaMH ( !30 ~ I30 x 300) wf3. 06-

111as pa60'iU no:eepXROCTI> BC8X Mo,n;y.ne! COCT8BJIHJI8 (520 x 520) wl-. 
Ha BTOprcDIOll s.nexTpOHBOM IJ:Y1fR8 J!CCJ18,ltOB8J10CD SHepreTJl[ll8C1t08 

paspemeHae • :epeMeHl!Be xapaxTepHCT:li!Rlll BC8X 16-TH Me>,n;y.nel KpKCTa.iI· 

.na Na!~ oc~~TMeHD 6HcTPo~o co:ena,IJ;emm c: CUD'f~OllBJiJI 
C'l8T'UlWIJll [ 24 l . 

BTopoe DJie'lo ycTBHOBRB npe,ltH8SH8"18JIOCD ~ perHO'fP8IJ,lll 
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IIpO'l'OHOB H npe,n;OT8llJIR1IO :as Ce6JI npo6emml cneltt'pC>MeTP. COCTOBllld 

•s 30-TH ysxosasopBHx mcxpoBHx. npoBOJiotJHWC· RaMep (IDIK) o ~qieppH­

ToBHM C'b8110M ~. Ha6opa IIOrJlOTlil'l'eJiel l'I Cllli!HT~OHHHX 

c-qeT1ll!ROB. CnexTpoMeTP nosBOJlJIJI o:npe,IJ;eJlJllTD sHepI'llll IIpOTOHOB B 

JllHTepBSJie (60 + 300) MeB l'I l/IM8Jl TeJlecmd yrOJI pel'HCT~ 10-2 

CTep. IlpO'l'OHHOe IIJI8'i0 YCT8H8BJmBSJIOC:r:. Ra no:eopOTHOit IIJiaTif}opMe, 

U03BOJ11Dlltel BSMeHJIT:r:. yrOJI perHcTp~ B lllHpOROM ,n;manasoHe (50 + 

130°). 

IlpOBQlIO"llme HC:KpOBhte KaMepH ~ crpyIIlllipOBamI B llJITI> rpynn, 

MeJtQ KOTOpilMH 6wm YCT8HOBJI8Hhl C"lleT"qJllI<H H norJIOTHTeJIH. IIepBM 

rpynna, COCTOJllIIM HS IO-TH K8Mep c paaMepaMH (200 x 250 x 40) MM3, 

cocTaBJISJia o.n;HH 6xoR H CJ!YmL1IS ,n;Jm onpe.D:eJiemm yrJia pOJ!U(emtfI npo­

TOHOB c TO'lHOCTDHl 5·10-3 pa,n;., a OCT8Jll>Hli8 rpymm, CO.D:8Plltall1He I2 

mJK ~ pasMepm.m (250 x 400 x 40) ~K 8 Hl1K c pasMepaMH (500 x 

800 x 40) t/14
3 co"ClJ.leHe!!li c norJIOTHTeJI.!:!Mli!I HS zeJJesa ,n;ng onpe.D:eJieHrur 

aHeprHH npoTOHOB. Cpe,ll;HSISr aHeprrur npoTOHOB co CBOe~ cpe,ll;HeKBa.npa­

TH'iHOI Oll!H6Kol ,I(J1!I KaJIUJ;OrO norJIOTHTeJifI l'I C'i0T'iKK~~ onpe,JteJ!fIJIA~:r:. 

pac"CJeTOM B RHH8MaTKll8CKI!lX YCJIOB:WU: .D:aHBOro 8KCnepHMeHT8 no M0TO­

p;y MoHTe-Kap.no. Cpe,1tHeRBa,IJ;paTifllHBJ1 omH6Ka onpe,IJ;eJieHK!i aHeprmi: nep­

Bwmoro tPOTOHB COCT8BJ.!HJI8 + 25 Me:e ,I(J1!I {Y: ==40°z + 30 MsB ,I(J1!I qf5o0 

,Il;7m C'b8Ma H npe,1tBBPHT6Jll>HOa o6pa60TKH KHtPOPMaUHH, nocTyna­

:io;ue:lt HS axcnepm.1eHT8Jll>HOI YCTaHOBKH B peJKJ™e BliBO.n;a nOJIHOro 

06'!.eMa HH!PO~ B .mnnm Ha Cl!CTeMY 3BM P,UP-9, P,UP-8 l'I M-222, 

CJIYXHJ!a cneUHMI>HBR cmcTeMa "Vlcitpa" jlzo J . 
CMM BHlf>OpM~ npoHCXO.JtWI noCJie Tpm:'repHoro m.mym.ca, KO­

TOplrl!: IIORBJJJI0TCS IlpH Hamr<llIH m.myJIDCOB B IlpOTOHHOM H nHOHHOM KB­

HaJI8X. 

MaKCHM8JlloHaa -qacToTa Tp:Hrrepa - I TPHITep npH o,ItHOM c6poce 

ycxopirre.rui:. ,llm!:TeJIDHOCTD c6poca COCT8BJI.!10T I - 3 MCeK. BpeMSt 

MeJ!UlY m.myJil.CaMl!I'. ycxopHTeJIJI COCTaBJUieT 20 MCeK. Sa STO BpeM.!l:, c 
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60JibIDHM sarracoM, CHHMaeTCH mrcpopM8URff c ycTaHOBKH, rrepe,n;aeTCH Ha 

3BM H 38llHCHBaeTCE B rrpOM0l!£YTO'IHOR 6ycpeplllfi1 HaROIIHTeJib (,n;HCR H 

JieHTa). 

06mm!: o6~eM HHil>opMar:tHH, COOTB0TCTBY!Olllm!: o.n;HOMY CClGHTIDO B 

ycTaHOBRe, COCT8BJIEJI 100-200 18-TH pasp~Hb!X CJIOB. 

~pa6oTRa . ,n;aHHbIX npoBO,ll;H.118Clf> Ha 3BM M-222. 

B mecTo:l!: rJiaBe rrpHBO,ll;HTCJi MeTO,ll;:mta H3Mepenrur acHMMeTpm'l: 

Ce'leHHH peaRUJm ~r~5t0r IIOJmPHSOBaHHHMl!: cpOTOHaMH C HCIIOJID­

SOBaHHeM ,ll;BYX n~ROB ~ -RBaHTOB c B3aiIMHO nepneH,D;HRYJIHp:iil:IMH 

B0KTO)'aMH IIOJIHpKSBUHH cpOTOHOB c O,ll;mraROBO:l!: P!HTeHCKBHOCTb!O H cpop­

Moii CIIeKTpa KTI1. 
0 

)J.IISr KSMepeHHI! acKMMeTpm'l: cetieHIDJ: cpOTOpOJ!lll:0HliJ.lI ~ -MeSOHOB 

Ha BO,ll;Opo,n;e B IDHpOROM HHTepBaJie yrJIOB e;~ = 400 - I300 llpH 

E '( = O,? - I,? raB xcrrOJIDsOBaJIHCb WOTOH!l xorepeHTHoro TOpMOSHO­

ro H~eHliJ.lI 9JI0RTPOHQB aHepr:wir 3,S K 4,? reB Ha KpHCTaJIJie 8JI~ 

Masa. 

Kat1ecTBO aKcrrepI!!MeHTa BO MHorOM saBHceJio oT WOIJMKPOBBHRB: 

cpbTOHHOro ny~a B ROJil>Il;e H YCJIOBHii BHBO,ll;a 3JI0RTpOHHOro nyqKS Ha 

KpHCTaJIJI~0CKYJO MIDll0Hb. 

OcHOBHHMH Tpe6oBSHHHIVfl[ JiBJI.R:JIHCb: 

I. CTa6:w:r&HOCTb yrJioBoro pacrrpe.rteJieHrur HB'ISJIDHHX aJieRTPOHOB 

B rrpe.D;eJiaX O,I Mpa,ll;. 

2. CTa6:w:r&HOCTb Ha'ISJIDHO:l!: eHeptHH eJieRTpOHOB c TP~HOCTbIO 

ne :x:yJ1te I%. 
3. PaBHOMepnoe sanOJIHeHHe aJieRTpOHOB B "6y~ax" H ll!X paB~ 

HOMepHHi BHBO,ll;·BHYTpH IIOCHJIKH c ,IIJIKTeJibHOCTb!O 2 - 3 MCeK. 

BHIIOJIH0HHe 3THX ycJIOBD o6ecne~8JIO CTa6wrr:.nym i»<>PMY 
( dVI ) IM«-1'-/( 1,.1 (;/~ )~ 

cneRTpa KTH, nocTOHHHOe OTHomeHHe K ~ r-7JfiZ 

( 
LI cf"' ) lA.U.I(... ' 

~Ta6WU.HOe IIOJIOJlt0HH0 ' - I'- one: B Te'leHHe ,ll;JmTeJibHOro BpeMe-

2'/ 

( cl )tw-te. ' 
mr, paBeHCTBO k at llpH .D;BYX BSaHMHO rrepneH,ll;HKYJI.HpHHX IlOJIHpH-

sanKl!x. 

MaKCID'l!aJIDHM .n:onycTHl'l!aJi mrTeHCHBHOCTb 0 -rry'Uta. llpH ROTO­

po:l!: sarpyeRB RSJ!lll:Oro c~e.tI:mta He npHBO,n;HJ.ta R noTep.RM ctieTa, a 
0 

CJI~a:l!:H!ile COBIIB.n;0HHSI He IIp0BHW8JIH 5 - IC%, COOTBeTCTBOBaJia ""IO" 

SJ<B.cpQT./CeR. 

C neJIDIO npoBepRH npaBWibHOCTU oT6opa l!HTepBaJia E ( ± Ll E t 
HS'faJibHO:l!: eneprm1 cpOTOHOB 3ICCIIepl!M0HTaJ!bHOH ycTaHOBIWi:l lICC.lI0,il;Ol38JI· 

CJi ooxo.n; COBIIa.r.teHMi1 ( P1r0
) B eaBHCMOCTii O'i' yr.i:ra F.ill~Ta aJieRTpOHOB 

B Kpl!CT~eCRYJO Mmll0Hb B OpHeHTa~ "ajiqleRTa TO'IB:H". ·.::'m'cHpy.rr 

yroJI, IIpH KOTOpOM BHXO,n; ( Pi0
) JiBJIJieTCJi MarccHM8JibHL!t.!, nsr-.1eps .. 1-

CJi oneRTp WOTOHOB napHliM cneRTpOMeTpoM. Bo Bcex •tsr.iepemmx rrnrw­

BaR SHepr:im \IJOTOHOB. l!SMepeHHM IISpMb!M CII0KTpOM0TpOM c TO'il!OCTI>IO 

20-30 MaB coBna.ztaJia c pac'!eTHoli aHeprHefi E ( .I(J!fI 3a.n;annoii r:•rne­

MaTl!mlf .D;ByX'IJaCTH'IHOii peafilu1H '6? ~ 5'0 ? . 
Onpe,n;e.mra Heo6xo.u;I1MYIO OpH6HT8UHIO KpHCTaJJJ.Ia l! IIS'.!epmi Y,Joprzy 

cneKTpa KTM .I(J!fI BepTm\aJIDHoro H ropHsonTaJibIIOro HanpaBJieHJm BeK­

Topa IlOJmPH38UHl! qJOTOHOB, npOBO.lJ;liJIC.fI Ha6op CT8THCTIU<U no J!SMe­

pemno BHXO,ll;a peaI~H n? ~ ~0? , Hapsmy C OCHOBHIDl.M ll3Mepe­

HliJIMH npoHSBO.D;vIJIHCI:. HSMepeHM c HapymeHHO:i-i mrneMaTHROH 11: c nyc­

TOH M11lll0HDIO. B rrponecce l13Mepem1lr rI1opMa cneICTpa H IIOJl0Jl(0HI10 l1H­

Te:pWepe~01rnoro nmca IIOJIHpHSOBaHHbIX cpoTOHOB nepvIO,ll;INecrm IWHT­

POJIHpOEaJiacb rrapHIXM cneRTpoMeT~OM. 

C"J>eM FIHiPOPMar:tHH, HaKoIIJieHFie .u;aHimx H HX o6pa6oTKa 61i1JIH 

l10JlHOCTb!O 8BTOMaTH3HpOB8Hbl. IloCJie KSJ!lll:Oro UHKJ!a H3Mepenm1 r_lm-

3~I"!6CR8Ji HH(llopMaURff IlOCTyna.na HS ROMIIJieKC 0BM, p,np - 9 H 

M - 222, sanHCNBa.nac:o H xpaHwracb na.MarHHTHblX JieHTax SBM P.!T.P-9 

H O.D;HOBpeMeHHO 11epe.u;aBaJI8Cb B o~paTlra!r.f!O rraMRTI:. 8BM-M-222 .D;J!Ji 

npe,n:BapHT0JII>HOH 06paelOTKH. Hs A1UJY lti-222 BHBQJJ;MJiac:r. o6pa60TICa 

npe;i;EapHTeJ!bHOil: ID!@opr~:im: Haup~ep, aqxpeKTHBHOCT:b ripOBO,,'!O"IHHX 

HC!tpOBHX Ra~ep ro,n;OCKOilH'IeCRHX c~eTqHROB H ,ll;pyraE HH~OpMauruI, He-
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o6xo,ztHMSJI Nlil onepaTieHoro I<OHTPOJIJI C'l'86lllJ!l>HOCTH pe~,y...,,~·aTOB l1!S­

MepeHl1!ft. Iloc~e o6pa6o'l'I<I'.! WHSH11ecI<ol ~opMlllll1!1iI pesyJID'l'a'l'Il l1!SMepe­

HEI BHBQitWll'l:Cl> Ha AUIJY B BJa;!l;e ria:c'!'orpaMM AJIH pas.lll1!'mHX H8'1Ml>HllX 

aHeprd E ~ I!: yr~OB e;;;. , OTI<Y.zt8 l1! Bl:l'llllCJIHJia.Cl> BeJ.llll'IHH8 acHMMe'l'­

p:im ~ • llepes Te~e'l'ain OCYJlleCTBJmJIOC:& o6pameHia:e R 9BM c D;eJIDJO 

BB~,ll;a ROHC'l'8HT, BHSOBa nporpaMM npe,ztBapH'l'0J.ll>HOI o6pa60'l'ltl!l ~aHHllX 

)jl[ '!'.,II;. 

3aBJa:CHMOC'l'l> .IU$J>epeHD;l'IaJ.ll>HOro ce11eHM peaI<D;U r p ~ !f 0 f 
OT IlOJIJipHSaD;Hl1! @O'l'OHOB xapaR'l'epHsyeTCi! B~HHOI acHMMeTpltlll: 

t" ; 6'.l. - 011 ;:: J_ C . .i. - C II 
5~ + 6'11 p~ C.1.. +C 11 

;.zte -G'.L(ci.). G;, (c,,) - cetJ:eHllli! 11 BHXO,ll;H po~eHM Il1110HOB @OTOHaMR 

c BeR'l'OpOM Il01Ll'IPRS8D;iDI! nepneimmey-JiapHHM (napaJIJieJ.ll>HllM) MOCROC­

TH" peaI<D;U. p~ - ~I<'l'l1!BHas:I IlOJIJipRSaD;ll1i! lf>OTOHHOro ny'IRS yc­

pe,IUieHHaa: no oMacTlll /:, E 0 , "oXBaraBaeMoil:" axcnep111MeHTM:&Hol 

.YCT8HOBROI. B SRCil6pHM6HT8J.ll>HO onpe,zteJm6MII8 Be~ c .L )jl[ c II 
BBO,ll;WIHCl> nonpaBRH, CMSaHHHe c BMa,IJ;OM tPoHOBHX npOD;6CCOB H nyc­

TOI MH111eHJSJO. 

Ilpia:BQiti!'l'CJI Bnep:eae HSMepemme HaMR BeJlK'IBHH acll!MMeTpKH 

lf>oTOpOll!;D;8Hllli! $[0 
-M6SOHOB N1JI yr~OB e;, = 40°. 50°. 60°. rrn°. 

rso0 ,ll;Jm Ed" =; o, 65 + I, 65 [. . 25 - 30, J . ta:ae np~cs pe­

syJ.1DTa'l' ROHTpo,m,aoro axcnepHMeHTa, :eanOJIHeHHoro npH E~ = I,5 raB 

,It1IH cpaBH6Hl'I.li c paHee :eanOJIHeHBHMll HSMepeBiUIMH. 

Onm6RH B B6JI111'1&e aCJitMM6TPHll1 BIUIJ)'laJ>T c'ra'l'HC'l'H'16CRYJO' OlllJII6-

I<Y • a Taue omH6I<Y B onpe,ll;eJ.l6HH CTeneHH S<fxPel!C'l'HBHOI' llOJIJipHS~ - . 
iPOTOHOB Pa-- • COCT8BJIJDllllYll ,... IO%. 
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PacnOJiarasr SRcnepHIV.leHTM:&HO HSMepeH!iblMH BElJIWmHaMH c J. H 

C.11H aqxpeKTHBHOCTI>ID aRcnepHM6HT8J.ll>HHX.YCT8HOBOR, Ha KOTOpE!X 

npOBO,ll;Wll'IClJ 111SMepeHI~:.fI ac~eTpliH, MOJKHO onpe,Il;eJIHT:& BElJil'ltIHHy ,ll;mlJ­
fliepeHD;HM:&HOro C6'l6HI!.H peromirn !f>OTOpOli\It6HHi! :!1°-MeSOHOB H6IlOJI.ff­

pHSOBaHHHMH \IJoToHaMH do/d.n.., RaR WYHRWIID oT aHeprim E ( - Top-

Mosmtx ~ -KBaHTOB H yrJra :f.OJ!i,IJ;6HM lIHOHa e~ B CWf. Ha,ll;O OTMe-

TUT:&, 'ITO IIOJIY'I6Hilli6 HaMK pesy,m,TaTE! !IO ,l\mI>lf>epeHD;HaJil>Hb!M C8'l6H:l'LfIM 

He npeT6HJ:IYIOT Ha BE!CORYJO TO'll!OCT:& !IO cpaBHeH:mo c HSMepeHHblMH pa­

Hee ,Il;8HHblMH )jl[ Il03BOJiffiOT ~Hl[b y,ll;OCTOBepHT:&Ci! B npaBl1!Jll,HOCTl1! OT-

6opa ,n;ByxtiaCT:mlHOii peaKD;HH "6" p ~ ~ 0 p 
Ilpl1! BE!'lHC~eHHH P.CHMM6Tpl1!H tIH~O HSMepeHHE!X COBTI8~eHm1 npo-

0 
TOHa OT,Il;8tIH H ~ -RB8RTOB OT pacna,ll;a <ti' -MeSOHa c BbltI8'1,'0M My-

tialIBbix COBIIa,ll;eHIDi HcnpaBJL JIOC:& Ha Bitrra,n;bl OT a) lf>oHOBb!X npo:u;eccoB, 

6) nycToPi Mlfill6Hl1! ( COCTaBJIHJ.Ia 3. 5% OT BblXO,ll;a c n~oii Mffill6Hl>IO) • 

ROTOphle onpe,IJ;eJI.f.IJIHC:& SRC!lepHlV.16HTMI>HO. 

CTaTE:CTH'!6CK8J! Ollll!I6Ra B onpe,ll;e~eHHH C.L H c H ~OCTHraeT 
5 ~ 7 %. QiiH6Ka B onpe,ll;e~en:ira aiI>iI>eRTHBHOPi: nOJIJipHSa:u;ID1 \)t OE~a 

CB.fl:SaHa (' H6TO'lHOCTJlJllIH B onpe,zte~eHHH aI<cnepHM6HT8J1.bHb!X napaMe·.­

pOB !f>oTOHHoro IIy'll<a, TaRHX RaR pacxo,l\HMOCT:& rrepBH'lHblX a~eRTpOHOB, 

yro~ MHoroKpa'.l.'HOI'o paccesrH.l:!.fI n MOHOKpHcTaJIJie, R~a:u;:irn !f>oToH­

Horo nytIKa, ROTOpbie Haxo,n;~HClJ np111 rro,n;rOHRe K aRcnepHMeHTaJII>HO 

H:.lMepemw:M crreRTpaM c onpe,n;e~eHHOii CTaTHrlTll1'!6CROii OllJH6Imii Teope­

TH'!6CKOro crreRTpa HHTeHcHBHOCTH WOTOHOB. 

IlpHBO,ll;HTCJ! Cp8BH6HH6 9KCI16pHMeHTM:&HE!X pesy~TaTOB ITO H3-

Meper-rnro 8CIDllM6TpHH CetJ:emrsr peaRD;HH r p -'l>~Jf'"P IlOJiflpH!OB8HHE!MH 

~OTOHaMH c aHeprneit 0,8 - I,65 rsB H yr~OB BE!~eTa <Jt" -MeSOHOB 

B cuvi: 40°, 50°, 60°, 90°, rro0 , I30° c TeopeTK'!eCKHMH npe,l\CKa­

saH:imiim paSJIKtIHblX ©eHOM6H~OrHtJ:eCKl1!X aHa~l1!30B. 

Ha pHc. 6 IlpHBe,n;eHE! aKcnepHMeHTM:&Iw:e pesy~:&TaTE! aHepreTH­

'!ec:rmit S8BHCHMOCTH 8CHMM6TpHH )1,JIJ! yr~OB e;Jr 400, 500 H 600 
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nMecTe c TeopeTvflreCKE!JllI npe.n;cKasaHIDIMH • .1iJIH yrJioB ~* 0 
~=@ 

Ha6JI!Qll:aeTCR M8RC:l!MyM acHMMeTpHH B TpeTLe~ pesoHaHCHO:lt o6~aCTH 

npH aHeprHJIX I,O - t,05 raB, npe.ztcxasa:eH!il2 .n:o BI:lIIOJIHeHHJ! STJ!X 

HSMep~HIDl: aHaJIHSOM WeJJ.Jiepa H ,lU)yrHX H xopowo corJiacyJ0111Rec.fI c 

rrpe,ncita3aHHRMI1 AsHayp.fIH H .lU>YrHX. . 

B CJ.ty'lae yr~a e; = 60° HSMepemm runOJIHeHH B 60Jiee nm:po­

KOM HHTepl3aJie aueprm1 0,8 - I,3 raB. OHH llO,!(TBep.l!UtalOT npe.n:cxasa­

mm iJieJIJiepa :w. .n;pyrMx o saa'IHTMLHO:lt Be~HHe acHMMeTpHH npll R0 = 
I,O - I,I roB ,!(JIJ1 yrJioB {:1;. = 30° -60° H xopomo corJiacymTcsr c 

rrpe.n:cRasaHu.m:m A:maypJUI JI .!Ul· 

Ilpirne;a;ena aHepreTJI'lecruur saBHCllMOCTL acHMMeTPlll'I npH &; = 
rrn° l> llHTepnaJie aHeprHfi 0, 9 ... I. 65 raB, pliIC. 7a. B ,!(BHHOM CJ.ty'lae 

auepreT1Rec1we noBe.n;eHRe acHMMeTPHH xapaKTepHayeTCSI .f!PKO rupBJiteH­

uoii: pesm1ancnoit CTPYitTypoii c peSKllM y61\IBaHHeM .n:o OTpMUaTe.7I1>Hb1X 

3H8'18Hl!it B TpeTLeii pesoHaHCHOH o6JI8CTH .n:o Et= I,05 raB H ,!(aJ!I>­

Hefulm:M pocTOM B o6JiaCTH '!eTBepToro peaoHaHca. B o6JiacTH aueprilli. 

I,2 raE HaJI60Jiee 6JIH3KO aKcnepJIMeHTaJILHble peayJThT8Tbl BOCilpOHSBO­

.n:RT 1qm:Dble aHaJIHSOB i:ieJIJiepa H .n:pyn1x, AsuaypRH H .n:pyrHX. Ilp:a 6oJiee 

BlilCOKHX auepnmx ortcnep11MeHTaJILmte .n:amme cncTeMaT1ReCKH npelll:!­

IllaIOT npe.n:c1msamur auam1aa MeTKaJiij)a H Bomcepa, XOT.fl npll aTOM na-

6~aeTC.fI corJiacne c xo.n;o111 xpno:lt. 

IlpHne.n;ena anepreTJI'lec1taSI aaBHCllMOCTL acmv1MeTp1m npll yrJie 
~~ . 
~all= I3o0 pHc.76. Be~HHa acHMMeTpHH npn aToM yrJie TaKJKe HMe-

eT .f!PRO BlilpaJKenny10 peaonaucnyro CTPYKTYPY c OTp:1maTeJII>HI:IMH sua-qe­

HH.f!MM B TpeT:oeii pe30HBHCHO:i1 06J!aCTll H IIOJrOJKl!TeJ!J:.HHMH - B '!eTnep­

TOH. 

IIOJiy"qemrue naMH pesyJIJ:.TaTbl, TaK i!\e RaI( M pesyJIJ:.Taru HSMepe­

Hm1, BL!IlOJIH8HHh!X l3 I{er.16pn.n; .. 'Ke rrp;1 e~ = 90° :E pafioHe Ill peso­

HaHca. o6Hapy:lt1rnaIOT CTpyI(TYPY, MR 00%.fICHeHim lmTopo:fr TpeclyeTC.fI 

HaJIIl'!He cVJ.rri:.Hnii m1Tep<)epemi:m1 Mer.tn;y aMIIJI:HTY.'l::ir.m F 15 Jr .1l;pyr1n.m 

SI 

MYJILTIDIOJI:&Hb!Ml1 ffiiUIJiliTY.ll:aMU. 

,ll..'I.fl · oTofi CTPYKTyphl xapaitTepna ana1torrepeMenHa.f! yrJiona.f! saEH­

CHMOOTJ:. L.. c IlOJWJKHTeJIJ:.H.l:IMR 3Ha'!eIDI.f!MH npI!! yrJiax, MOHJ:.lill1X 90°. 

H OTpl:!I:(aTeJI:&HblMH SHa'leHHf!MH rrpM clOJThllll'lX yrJ!aX. TaKoe IIOBe.n:eHne 

L,_ B Ill pesoHaHcHoli oclJiacTw TpeclyeT ;ipm cBoero o6'.b.fICHeHHSI clOJJ:i:.­

Illl'!X nOJIOJKHTeJI:&1rr:.1x MYJIJ:.THIIOJie:i1 Ao™ A,.-. EcJIR HacLiu1an oTir M'JJI:i:.­

TmIOJili nKJia.n:aMH o.n:moc TOJThKO pesouancon, TO aTO Tpe6onamrn lJ)If! 

A
0

+ npHBO.l\HT K cymecTBeHHOMY cMeIIIHBaHV-JO Me~y pesoHaucaMII 

Gn0535) H Sn(I700), a ,!(JIJ1 A,_-xopomo corJI~cyeTcSI c rrpe.r.t-

cKaaaliID'IMH KBapKOBOfi MOJ.J:8JIH ,l\Jll'I pesoHaHCOB '* 13(1700) H~33(I670)' 
IIplrne.n:emt yrnOEh!e aa:eRCHMOCTH acm.1MeTpMH .n;JIR Tpex sHa'l:eHHii 

aHeprHR cQOTOHOB E ~ = 0. 9 • I. 05 • I. 2 ran BM8CTe c a1rnrrepnMel!T8JI:b­

HhlMU .n:aHHh!Mn .n:pyrmc JiaoopaTopIDi H npe.n:cKaaaHIDIMH TeopeTJI'lemmx 

aHaJIHSOB. B CJ.ty'18S E ~ = 0. 9 r::rn .8KCTiepHMOHT8JIJ;Hi~e 3!!8'18Hl!.!l 8Cl1lfJ;;QT 

pHH B o6JiacTH MaJmx yrJIOE 40° + 60° .'IeJKaT HeCKOJIJ:.IW Bblllle Kp1w11x 

TeopeTM'l:eCKMX rrpe.n:cKasa11mt. 

3Ha'leHIDI L lJ)If! anepr1rn QJOTOHOE E ( "' I '15 ran npM - -,l'Tax 

8~41= 40° JI 60° corJiacymcSI c ana.mrnarriH <2eJLllepa u .D:P'Jl'lllX n A::;­

Hayp.fIH H ,1I;pyrHx. 8KcnepHMeHTa~HHe pesyJibTaThl .n;J!.fl 8~= 50° na­

xo.n;.f!TC.fl HIDKe STHX npe.n;cKaSaHHil. 

Bo BCeX o6~aCT.fIX yrJIOB rrpH E' = I,2 r3B HalllH peayJilOT8Tll 

rro.n;TBe~aIOT npe.n:cKasamm ~eJIJiepa liI .D;pyrnx H Asnayp.!iH M .n:pyrliix. 

Cpal3HeHHe ::mcnepHMeHTaJilOH!ilX pesyJI:i:.TaTOB c npe.n:mc1;1anmmMu 

llleTKamlJa n BOJI1tepa yKasunaeT Ha CWll>HOe pacxol!VleHMe rrieir..n;y lllt!MH 

rrpu aHeprm1 <iJOTOHOB Bl:.!Ule I. (J5 ra:e. Ilpe.n:c1wsamlfl aToro aHaJil'13a 

He corJ!aCy!OTC.f! c aKCIIep11Me!!T8JIJ;l!O llOJIY'l8HHblM IIMI\OM E EeJIH'IHHe 

acmmneTpHu n pail:one '!eTBepToro pesouaHca ( E ~= I,5 ra:r.). . 

IIpRl3e.n;eHl:l yrJIOBLie pacrrpe.n;eJieHMSI acIDJll'1:cTpmt ce'!emm rrpouec­

ca ·~~ -'>Zt0 f !Ipli aaeprltflX I,35 r::rn H I,65 raB. B1.1ecTe c !Wlliln.Il! 

.n;aHHIDl'.H s.n:eci:. n9e.n;cTaBJieHhl as111epemm, BHnoJIHeHH!ile B ,I;apcdepn n 

1 
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HHTepBSJie yrJIOB B Cint 30° + 90°. HamK pesyJll>TaTH npH E( = I,35 

raB BMeCTe C .I(SBHHMK pa60TH )lapc6eplil KS-qecTB8HHO He npOTKBOpe­

'q8T o6111eMY xo,ey xpKBoi! aaSJIHsa KMOP (Kime, Mypxays, 06ep.ttaK, 

PoseaqieJID,D;), OCHOBaHHOro Ha.~cnepCHOBBHX COOTHOmeHHSX, XOT.ll: o6-

HapymmaeT CMLHOe pacX~Jqle c npe.I(CK888HBJ!MH MeTxampa-BOJIKe­

pa. 

IlpH Ey = _I,65 raB KBR HMOP, TSK lil MeTRa11\P lil Bo.mtep Y.tCO"Mm­

BOPKTeJll>HO corJiaCymTCJi c aRcnepHMeHTaJD>HHMK pesyJL&TSTBMll. 

Ilpne.n;eHH axcuepmreHTaJD>HHe pesy.m.TaTH yrJioBoro pacupe.zteJie­

mm acHMMeTpn ce-qemm t p ,.=,Jjop ~ Ed' = I,5 raB BMecT.e c 

upe.n;cKBsaHJiISMK KBaPROBol M<>.lleJilil. PesyJt&MTH HamKx 11sMepem, a 

TaIOKe axcnepBMeHTaJD>R'!le pesyJll>TaTH .A.ncneRTopa H ,ItpYI'l!IX (Cll!A) He 

corJiacymCJi c &TBM npe.n:cxasaHHeM. IlOJIY"qeHHoe pasHorJiacHe MOllteT · 

6HTb OOr,acHeHo, eCJIH pesoHaHc F 37CI950) Bos6yJ11D:aeirca: (Boupe­

Kll npe.n:cxasamm RBBPROBOI MO.tCeJm) Re 'q:HCTO MarHHTHHM B036Ylllll:e-· 

RHeM M:;+ • a eCTl> mura.zt E".J+ a6o DPll 9HeprD Ey = I,5 rsB 

BOl36YJUtaeTca He TOJ.IJ>RO pe30H8HC ,:. 37• a JIM8Bl'l'C.ll: TS!Olte BRJI8,ItH 

lij>YI'lilX pesOHaHCOB. 

3 A K ~ D q E H H E 

OcHOBHHMH pesyJt&TSTaMl!I HSCTOJl:lllel pa60TH, 3Ha"DtTeJI:LRSJI 'q8CT:L 

KOTOptiX BHUOJIHeHa :enepBHe, Jl:BJ.!JmTCJi: 

I. C03.I(SH RBSSHMOHOxpOMaTJil'qeC:Kd JD1He:lmo-n0JI.Hplil30BSHHHI 

ily'qOK cJ.>oTOROB- Ha EpeBaHCKOM c:imxpoirpoue. OH IIO CBOHM OCHOBHHM 

xapalt'l'eplilCTllRSM - KOrepeHTHOMy aqxpettTY, MOHOxpoYSTli!AHOCTH lil CTe­

IIeHlil Il0JI.Hplil38IUIH - SHSQTeJIDHO upe:BOCX<>.ll:HT 8H8JIOI'H1ll!H8 ily'qKH, 

cos.te8HHLle Ha P<>.llCTBeHHlilX ycxopneJJ.BX B ClllA H B 3ana,nHol EBpone. 

2. Paspa6oTaHa :w co3,l.(aua a1tcuepHMeHT8JI1>Ha.a: ycTaHOBKa c npe-
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uesHOHHHMH ycTpOiiCTBSMH OpHeHTMpOBKH KPHCTaJ!JliI'!eCRHX MIDUeHeM Ha 

mryTpeHHeM ny'!Ke CHHxpOTpOHa ;IJ,Jm HCCJie,l(OB8HM J\OrepeHTHOro TOp­

M03HOro HSJIY'IeHIDI H nOJIY'IeH:rur ny'qKa JIJIIHeliHo-nOJIJrpHSOBaHHHX woTo-

HOB. 

3. Bnep:Bb!e H86JI!Qll;eH sqxpeKT oceBoii KOJIJIID118UIU! ,Jtl.l.f! TOHKYIX 

8JIMa3Hh!X pa,n;HaTOpOE' npuo~l K cymeHHIO c})OTOHHHX mnurli u I\ 3H8-

'lJ1TeJ!J,HOMY no,n;aBJieHmo HeKorepeHIDHOM 'laCTH KTH. 

4. IIo,n;po6Ho 11ccJie.n;OBaHH op11eHT8UHOHHble saBRCllMOCTH mrTer­

paJI:OHOii HHTeHCIUml"IC'TH PI HHTeHCHBHOCT!'l onpe,ll;eJieHHoii sHeprKK Q'­
rmaHTOB KT1f. lfocJie,n;oBmm sHepreTR'qeCKKe cneI<TpH KTI1 npn pas.m!'mhlx 

Opl!eHTarnmx KplICTaJIJill'IeCKl'!X pa.n;l'!aTO!)OB. 

5. McOJI~o:llBKO BJIKfIIrne sKcnepHMeHTa.1r:bm1x ycJioBJ.:lli lia op;ien­

Ta~oHHble 38BHCHMOCTl'l HHTerpa,m,Horo l'l:.lJIY'leHH.f!, mtTeHCl'!BHOCTl'l orr­

pe,n;eJieHHOM sHeprHl'l 1 -rmaHTOB l'! sHepreTJ1'qecx:11:e cneRTpl:l KTH. 

6. C03,ll;0Hhl ny'll<H ~ -RBBHTOB BEICQKHX SHeprmi c BeKTopal'lm 

IJOJI.f!Plir3~I. uanpaBJieHHb!MH B .tCBYX B38l'!MHO nepneH.ItHKYJI.f!PHblX HaII­

paBJieHrutX. MMeKll!HX O,ll;HHBKOEYIO CTeneH1> ll0Jl.f!PH38I.:(Irn, CJ.lOPMY cner<TpO 

H lfHTeHCHBHOCT1>. 

?. Cos.tCaHhl yunepcaJI:omre nporpaMMhl Ha 9BM E:X:M-6, nosBOJI.f!­

IOIIU!le c ~eTOM Bcex 3RCrrepHMeHTaJI!>HhlX ©aKTOpOB IlO,ll;OrHaT:O TeopeT:a'leC­

Kl'!e Bbl"':ll'!CJiemme cneKTpH I< axcnepHMeHTaJI:oHHM pesy,m,TaTaM. Ha ocHo-

Be napaMeTpOB IJO,!iI'OIUIB Bbl'lPICJieHa CTenem. ll0JI.Hpl'l38UIDI 

B 38BRCHMOCTH OT H.lC aHeprPIH. 

(i-KB8HTOB 

8. Bnepl3He saMe'leHo aHOMaJI:&Hoe yMeH:orueHHe KHTeHCRBHOCTR 

~OTOHOB npe,n;eJ!l>HO~ 3HeprHH cneKTpa TOpMOSHOrO H3JIY'leHIDr H HHTer· 

pa.7ll>HOtt RHTeHCHBHOCTH npH MaJiblX yrJiax BJieTa sJieKTpoHOB B 1tpHCT0J!J1. 

9. BnepBb!e B CCCP ocYJI1ecTBJieHo xsMepeHHe no.rUipHSBI.:(I!:H woTo­

noB aHeprRH I,5 H 4,4 rsB. 



34 

IO. BnepBl>!e )J,JlfI
0 yCKOpHTeJief! c sHeprHeil: 5 raB IlOJIY'feHH ll~H­

p1130B8!1.Hhle WOTOHbl npe,n;eJihHO:Vi 3Heprmr TOpM03HOro HSJIY'feHliH 4, 4 r:m 

MeTOJtOM :vrx ce.'IeKTHBI!Oro norJIOll!emm: B MOHO:KpHCT8JIJ!e :iwpyH.n;a. 

II. Bnepm1e ua6JIJQJJ;eH H Ha.zte'1tHO l1ll:eHTH\PJllU}IpOB3H HOI:Llil: B~ 

11sJiy'leH1rn np!! 1caHaJIHpOBaHm1 nosnTpOHOB :a sHepr1rni'i 4, 6, IO, 14 

rsli B Kp>1CT&1Jle 8JIMa3a. fatcnepmJieHT Bblll~!le!I Ha YHMKaJihHOM ·no 

c:aoJi!l\1 yrJiomu.; u aHepreTJft!ecmm xapat{Tep1mT1IKaM ny'llie nosnTpOHOB 

SLAC, 'ITO nosLOJIHJIO OT.I\eJJnTD l'ISJIY'feHJi:e IIpn Kal!aJIHpOBaHHH OT co­

nyTCTBy1ouero B."Tl:i. 

12. Paspuc5oTa:ra u cos.n;aHa srwnep:im1eHTaJihHaq ycTaHOBita )J.JlfI 

uccJJe,n;o:t:amm ac:i1MMeTpi1H cetieHYJl B <lJoTopo~emrn ·~J('-MesoHoB no­

JI.fIPHSOBa•rm1M11 lj/oTor:aMH B o6JiaCT11 sHepruil: Ill R IY peaoHaHCOB, BKJIIO­

'laJOillafr B ce6JI npooe.JKHbli'.t cneKTPOMeTp Ha I!pOBOJIO'!HhlX l'!C:KpOB!lX miMe­

pax ;r ro.n;ocxomrtiecKID'I cne1\TpoMeTp nOJIHoro norJJomeHHH Ha ocnoBe 

Mo.n;yJiei': !q>l!cTaJIJJa Na I , padoTalCIJlM B Jimuno c 3BM, P.lll'-8, 

F;JP-9 n M-22~. 
13. IlOJIYt.JeHH sx0nepl!MeHTSJll>Jme · pesynTaTli no acEMMeTpmr 

ce'!eH'.ifJ1 B peam:~ ~? ~:n°p IlOJmpH30B8HHHME qJOTOH8MR B o6JiaCTH 

yrJIOB B CUliI 8~= 40° + 130° )J,JlfI E~ = (0,8 - ~65 ) rs:a. 8rwne­

p:m1ieH,T8JihHl:le .n;aHHble cpaBH.lffiaJIRCl> c pesynTaTaMR pasm1'!HblX Teope­

T>i'tfec1ooc aHaJIK30B. B OOJiaCTK e;= 30° - 60° I!pl!I E ~ "' ( 0. 9 + I. 2) 

rs:a npe.n;crmsanurui: B TeopeT1!'tfecKJiIX aHaJIHsax :wcoKM BeJIB'lnHa acHM­

MeTpmr no.n;TBep,IU!JJ8Ch B H8ll!RX H3Mepemmx. IlpMI yrJiaX e~= lIOO K 

130° Ha6JI~~eHa .f!PKO Bh!paiteHH8R pesoHaHCHaH CTpyxTypa acHMMeTpHH c 

pes1{111M yorrnamaeM .n;o OTpHUBTeJI:CHHX sHa'!emrli B o6JiaCTH Ill pesoHaHca 

H c ,n;aJIJSHeirurnM pocTOM B o6JiaCTH lY pesoHaHca, Tpe6YJ001M ~ cBo­

ero 06'bJICH0HM CllJIDHYIO KHTeprIJepeHUIDO MeJK.ztY aMllJiliTf)J.aMK ~15 H 

.n;pyrli!MH MyJihTIIDCJ!hHl:iMH aMIIJIH'rY)J.aMH. 

JtlsMepe1moe yrJioBoe none.nemre acHMMeTpmi ce'l:emm B o6JiaCTH 
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Ill pesoHaHCa Tpe6yeT )J.JlfI cBoero OO'bHCHemm cymecTBeHHoro cMermrna­

mm Mrul\i~Y pesoHaHCaMH s nCI535) H $nCI700) npH 3TOM KOHCTaH­

Ta pa,zi;HaUJiIOHHliX pacna.n;oB O/;J 13c1700) H 9'l;:n(1670) xoporno corJia­

cyeTc.fI c IIpe)J,CKasaHIDIMH KBapKODO~ MO,I\eJIH. 

I4. l1sMepemm acmJIMeTpRH IIpH E~.= 1,f:> rsB B o6JiacTu yI'JIOB 

900, IIOO, I300 ne corJiaCYJOTCI! C npe,n;cKa30liRHMH KBl.lp!\OBOM MO,D;e­

JIH ,oTHOC!<1TeJihHO 'lldCTO MarHJiITHoro Bos6yJK.zteHim M~-rpe3onanca 
F 
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( 1950), a c:aw:i;eTeJIJScTByeT o HaJilt~e BRJia.zta E~-r pesonaHca 
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(I950) H BRJia.ztOB .n;pyrRX pesoHaHCOB. 

OcHOBHoe co.nepxtaHHe .n:11ccepTaUl'lH ony6JIHKOB8HO B cJie.J4Y!OlllHX 

pa6oTax: 
1. YrJioBoe pacnpe,n;eJieHirn TOpMosHoro 11sJIYtie1nm: aJieRTpouon Bb!COKHX 

sHeprwii na xpHcTaJJJie am~asa./A1'£lKHll P. 0., ApIViaramm A.A., ;!Lap611-

HJIH C.M., CeXIIOC.fIH :J.D.-JLAH ApM CCP, I96'i', 45, I, c. 3-8. 

2. KnaswaonoxpoMaTl!'!eCKJI~i noJI.fIPMSOBaHHblfi ny'l!ort cpoTOHOD E.'pcnaHc­

roro ycr<0p11TeJIH .-fyy.rur r.:c1.1.nym1po.nnor, KOH(lepe~Jiin .o amrapaTy~ cJ 

B tJJIIsmrn mco1mx sHC'!l!'1~ • /Aumm1 P.O. , Apr.iaranm-1 A. A. , ApyTr~rl.flH 

JI.r. H ,1\'p.-u;y~Ha, 19'71) ATOMH3,1(aT, 1£72, 740 c. 

3. !foCJie,!l;OP.am1r J{O!'Cp~llTHO''I" i·opM03HOro H3Jl:f'i.J:l :. : ·-r I\l)>ICTSJI.nnx. 

/Arnn'.!! P.O.-l1sJ1.ApM.CCP, .m:rn1m, 1£''73, Q, c. 461::·-463. 

4. IToJiy'tfen;1e (:o•ro!IHh!X IlY'!ItoB co Bsamr.HO nopncnn;·r:·~'JTl!Pm,11rn Le1;·1·0-

paMH Il0Jl.f!p1!381\ltl1 o~nHaI\OBOii li!HTeHCHBHOCTH ;1 c ,J,ll,1i1ln::oroi' C'J.(.;­

:rmu,10 no.:J:p,1san;;u:./Amn·:m1 P.O., ApMaraHEll A.A., ApyTmiw:: .T.·.r. l! 

.n;p.-Hw.AH ApM.CCP, <I>Hswm, 1975, IO, c. 61-63. 

5. 0 rosMOlKHOCTl1 npliu.1eHemm Kpli!cTaJIJia KOPYHl~a Kar; noJ1np;isa~·opa 

tJioToHOB llt~coKJ1x sHcprml./ABaKf.IH P.O., ApMnraHEH A.A., Jlap6H­

HHH C.M.-Vis.P.AH ApM.CCP, ~H3HK8, 1972, 1., 4, c. 298-300 • 

6. KorepeHTHOe o<l:paso:aamre sJieKTponHo-nosHTpOHIJb!X nap 11 Top­

M03Hoe KSJIY'lemm na KpHCTaJJJie xopyH.n;a .-l1sB.All ApM. CCP, iJlas1ma, 

1972, 5, c. 3II-319./ABaKHH P.O •• ApMaraHHH A.A •• ,Ii,ap6mmH C.M. 
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7. IlOJiy"!eHHe H •CCJ!e'AOBBHHe IlOJlf!pH80BaHHoro ~OTOHHoro nyti:Ka 

npe'AeJD>Hoii aHepr:mi: EpeBaHCRoro ycKopneJISJ:. /ABaKHH P.O., 

ApMaraH.11H A.A., ApyTIOH.f.!H JJ.r. m: .Iq>. - MsB.AH ApM.CCP, \lim:sm:­

Ra, I975, IO, c. 423-426. 

8, .lfsM~peHHe IlOJI.RpHSaiurn: qiOTOHHOro nyti:Ka EpeBaHCROI'O BReRTPOH­

·Horo ycRopHTeJIJI. /ABaK!!H P.O., ApMararurn A.A. , Apyorm~H JJ.r. 
H .Iq>. - HaB.AH ApM.CCP, ~HSHRa, I974, ~. 6, c. 252-255. 

9. McCJie'AOBaHHe KOrepeHTHoro TOpM08HOro HSJIYlleHHR Ha ltpHCTaJIJie 

aJlMasa. /ABarum P.O., ApMaraHSH A.A., ApyTIOHJJH JJ.r., BaPTarre­

TBH r..A. H .Iq>. - .lfsB.AH ApM.CCP, @m:sHRa, I97I, B.6, c. I38-I4I. 
IO. 

II. 

TopMostroe HSJIYlleHHe rrpoTOHOB H }'-MesoHoB BblCORHX aHeprd 

Ha xpHcTBJIJie aJIMasa. - HsB.AH ApM.CCP, @H3HRa, I969, .1. r::. 

236-238./AEaKB:H P.O., ApMaraHJJH A.A. 
Enhancement in Electron Beam Purity and Intensity at Fermi-

lab with Use of Crystalline Tungsten Targets/ Akopov N., 
Avatian R.,Darbinian s. et al.-HEPL Report,1977,795,High 
Energy Phys.Lab.Stan.Univ.-Stanford,Calif,Calif.94305 

12. IlOJI.RpH80BaHHHe qiOTOH!il OT MOHOltpHCTaJIJia KpeMHHR: Ha 31 I'aB 

aReKTpOHHOM JIY1iRe CeprryxoBcxoro rrpOToHHoro ycKOPHTeJI.f.!. /Mam:­

meeB B.A., IPpo.noB A.M., ABBRBH P.O. :r.i: .Iq>. - iK3N, 1979, 'I/.. 
B.5, c. I708-I7I9. 

I3. BHtm:CJieHHe no MeTo~ llOHTe-Kap.710 eHepreTH1l:ec:1toro cneRTpa H 

yrROBOro pacrrpe'AeJieHU qiOTOHOB, IlpODle.Itllll'IX TOJICTHil: MOHOltpHC­

TW Kpewum. /ABaK!m P.O., ApMaraHJm A.A., ){apCSmurn C.M. H 

.Iq>. - .II,yCSHa, I973.-II c. (IlpenpmrT/OHmf, PII-7494). 

14. 3HepreTJr<recRHI· cneRTp qiOTOHOB ITOCJie BHXO'A8 HS KpHCTaJIJia RO­

pyazta. /ABarum P.O., ApMaramm A.A., .IlapCSJilHHH C.M. H ~- -

.II,yCSHa, I974. - 6 c. (IlperrpHHT/OHfIH, II-7973). . 

I5. :&!'UiJCJieHm:e rrOJmpm:sm:um TOpMOSHoro nyqKa qioTOHOB. /A:eaRJm P.O., 
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ARonoB H.3., BeaBepxaR A.IT., ~ap6HHRH C.M.-EpeBaH, 1977. -

8 c. (IlpenpHHT/EiJ.iH, 265(58)-77). 

I6. HcCJie'AOBaHHe opm:eHTSIIHOHHOil: saBHCHMOCTH Bb!XO~a TOpMosm.1x 

qioToHOB rrpe'AeJll>Hoil: aHeprHH B KpHCTaJIJiax. /ABaKRH P.O., ApMa­

raHRH A.A., ApyTIOHRH JJ.r. H ~- - ITHcbMa B R8T~, 1975, 21, 

B.7, C. 451-453. 

I7. AFroMMbHO M8Jlhlil: BRXO'A llteCTKHX qioTOHOB TOpMOSHoro HSRY'leHmr 

cBepx6LICTpb!X SJieKTPOHOB B KpHCTaJrJiax. /AB8ItHH P.O., ApMara­

HRH A.A., ApyTIOH.fiH JJ.r. H ~· - VlaB.AH ApM.CCP, ID~sm:ta, 1975, 

IO, c. 343-349. 

I8. 3KcrrepHMeHTSRbHoe HcCJie'AOBSHRe PB'AHaiurn: peRRTHBHCTCKHX KaHa­

RHpOBaHHblx Il08HTpOHOB. /MHpOJDHH'!eBKO M.M., Mepen n.n .• ABa­

Kml P.O., IDHryT r.x. - IlHcbMa B I8T@, I979, T.29, B.12, c. 

786-790. 

19. ~yXIIJie'!eBM yCT8HOBK8 j..'.JJH HCCJI6'AOB8!IB.FI qiciTOpo'!IAeHM £[ H 

Y/.. MesoHOB rrOJIRPHSonaHHH~m ciioToHaMH. /ABaI<m! P. 0., AnaKf!H 8. 0. 

lrneTHCJm A.8. H ,1.tp. - J~rwan, 19?6. - 23 c. (r '11PHllT/ill:N1 

202(48)). 

20. 3KcrrepHMeHT8RbHB.ll YCTllllOilltll, pn00T0RJIUB.fI 118 JIHHHH c :JDM, no 

JllSMepeHHIO acHMMeTpl'IH Jll llOJl.!JJ1l1:llll\lm npoTO!iOB OT'AS'IH B aKcrre-
cr.c pHMeHTax no !lJoTopo.ll\ll:emno vL -Me30J1011 nOJI.f!JlH30DBHHblMH <lJoTo-

HaMJll. /ABBRRH P.O., ABaKRH 8.0., AneTHCflH A.0. H .Iq>. - MaTe­

pHMH ceMHHapa no o6paCSoTKe qJHSH'lecRott l'll!tlJOpMmurn:. Ar·nepan, 
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