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OEDtAH XAPAKTEPl1CTi1KA PAEOT!i 

AKTyaJII:iROCTb npoOJJBMhl. B IIOCJ.19,D;Hhl0 ,Ill3CflTit]JBTKfl OyPRO 

paamma.mc:r:. T00p0TI'N0CIGm l'I 3KCIJSpHMSBT8.llbHhl0 l'ICCJ.19~Bamm 

B3al'IMo~:ta:CTBd 3ap.Rll!0BBhlX 'llacnm; c Kpl'ICTaJIJJWl0CKIIJMM 

CTpYKTypaMK, 'llTO OC5YCJIOBJ.19RO KSK R00C5XO,D;HMOCTb10 Il0Hl'IM8Rliffi l'I 

omrcamm pa3.JJl'IllRh1x npm~ccoB rrp0Ta11:a10m;wx B cJ.'IJibmlx noJI.HX, 

0CT0CTBSBBhlM .HCTO'l!Bl'IKOM KOToporo flBJI.RIOTCff MOROKpl'ICTSJJJibl, TaK 

l'I Tp000B8Bl'l9M pa3.J.lKllRhlX OC5JI.aCT01l R8YKl'! l'I T0XBl'IIGt l'IM0Tb 

MOROxpoMaTJINR&la, IlOJISipH30B8BBhl0 14 HHT0RClllBHbl0 <l>OTORHhl0 n;rnm:. 
3TI4 KCCJJe'AQBaBl'I.R TaKll!S rrpaKTIIN0cIOI BalHBhl Harrp. AMI OTKJIORemm 

BhlCOK03R0pr0TINllLIX IJY'llKOB 38p.RlR9BHhlX qacnm; rrpI4 IlOMOID;K 

H30I'JcyT!dX MOHOKpl'ICTaJIJIOB, AMI C03,1¥1Rl'!ff HOBhlX, a!Jxl>BKTHBHhlX 

,Ill3T01CTOpoB 3J.19M0BT8pHhlX 'llacnm; it T.II. 

KorepaBTHO TOpM03H00 H3JIY'll0Hlil9 (KTl'I), KOTOPOMY IIOC~Hhl 

OoJibBloe KOJDNaCTBO TSOpanNScKHX it aKCDapHMSBTaJibHhlX paOoT 

B03BHK80T BCJIB~CTB11I0 YB0JJ11N0Rl'Iff KorepeHTHO:ta: AJlHHhl ( 30Hhl 

<l>OpMPipOBaHHH) Jd3.JIYll0HMH 

1 = E CE -OJ),.01 
<>oh o o 

c YB0JJ11N0Bl'l9M 3R0prm! E 0 HaqaJ!bHhlX 3JJBKTpOROB; OJ - '118CTOTa 

MSJLYll0mUI. Ilpit Y JITP8:p0JLfl'IXBI4CTCIOIX 3R0pr:HRX 3JJBKTpOHOB 

KOr0paBTHaff WlWl8 'AQCTIJI'80T M8KpOCKOIOOISCKHX p83M0pOB, 

IIpeBhlma10m;wx paCCTOffBl'JB MSIK,IlY fl,l\P8MH coca~ 8TOMOB, l'I 0CJlJII 

cpe,1¥3 IIpa,Il;CTaBJI.fleT MOHOKpl'ICTaJLJ.II{qeCKYJO pemeTicy. TO Ha 3TO:ta: 

~ YKJI.a'Ab!Ba0TCff BBCKOJibKO Y3JIOB pamaTKH, 'llTO B C'JIIJIY 

m: ynop~-qeHHoro pacIJOJIOlKSHHH npHBO~ K YBSJ0010mno BhlX0,1¥3 

<l>OTOHOB no cpaBHaHWO c BhlXO'AQM H3 aMo:pPHo:ra: MitJlll0HH. 

YlHS rrp14 a:rtcnapHMSBTaJibHhlX KccJJB,n;oBaHHHX KTH HaO.mo,n;a.mc:r:. 

aHOMaJibHO BhlCOKhl:ta: BhlXO,n; cpoTOHOB B BH3K03R0pr0TI4110CKOlt 'llBCTl'I 

CIJBKTpa rrpI4 ,n;BWll0Hl6'1 3JJBKTpOHOB B,n;OJlb oce:ra: it IUlOCKOCT01l 

MOHOKpitCT8JIJIOB • .USTaJibHOa itCCJ.19'AQBamm 1113J!Y'110Rlm it 

xapaKTepHCTHK ,n;BWllSIDm 3JIBKTpOROB (Il08I4Tp0HOB) BCSJmaI4 _ocelt 14 ' 

IlJ.lOCKOCT01l MOHOKpitCTBJIJ.lOB HaqaJIHCb IIOCJJS OC5Hapymemm Ha 

EpeBaHCKOM CMHXpOTpOR0 HHT0RCMBHOrO RH3K03R0pre'I1'N0CKOro 

KorapaBTHoro H3JJY'119mm. 

3KCIJSpHMSHT8JIHhl0 it T00p0TINSCIGm HCCJJe'AQBamm IIpOB0,JJ,0HLl B 

YCKOpKrSJlbHhlX ~HTpax EpeBaHa, IOMCKa. XapbKOBa, 

HOBOCl'Jl'.SxpcKa • SL.AC, CERN. B OCHOBHOM lmyq0Hhl Cil9KTp8Jibmte it 

OpPIBHT8Il'HOBBhl0 xapaKTapHCTIIKl'I H3JJY110HMH 3JIBKTpOHOB 
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(II08HTpOHOB) IlpH ,IJ;BMHIBR:H:H OKOJIO Kpl'ICTaJIJIOrpaqoomcma oca:ra: 

llIJIH IJJIOCKOCTa:ta: pa3.JJKllHblx MOHOKpll!CTaJIJIOB. Kpor"19 3TOTO 1'13M9?9HLI 

mrrerpaJibBlile yrJIOBlile pacrrpa,1\eJJamm H IIOJif!PM3aizyIH B ToMcKB m B 

XBp:bKOBB IIp:H 3H9pI'KJ'IX Ha'llaJibBJdx 3JJ9KTpOHOB OKOJIO I rsB. 

Ha EpsBaHCKOM ClmXpOTpORe IlOCJJa HBMepemm 3HapI'STHll9CKHX H 

Opl!BHTalzy!OHHh!X xapaKTapHCTI'IIC no BC9MY CllBKTpY Ha BHY'I'p9HR9M 

iI BblB9).\eHHOM
0 

8JIBKTpOBHLIX mnmax, BOammJia ReOCSXO~OCT:& 
J/raMS?"KWI YTJIOBblX pacrrpa,1'0JJaHd Hl'13KOaHBpraTKC10cKoro 

KOTBP9RTHOTO ~mm B pa3JIHlmLIX MOHOKpll!CTaJIJiax, ,]µfl CSOJJ99 

rJJY(SoKoro nomIMamm ·Mexalll18MoB ~mm. KpoMe Toro yrJIO:BLie 

xapaKT9pHC'TH!m TaCHO CBR0aBhl c ocodeHHOCTRMK 'ABl'Jll{0mJ.R 

3aPRlKBHH01l 'llac~ m c noJif!PM3a~:ra: Bo0mm:a10m,era m3J.ly'llamm. 
~Jib padoTh!. OCHOBHaH :qE!IJib ~ccepTaqKOBHO:ta: pal'.SOTld 

SaKJIKl'llaeTCSI B YJJ,Ylllll9HmI YCTaHOBKK K M0TO,Itl'IKiI iICCJJ9~BaHl'm K 

M3M9?9Bl'JM c EX IIOMO~blO ~?"HqKaJibBhlX yrJIOBhlX pacrrpa,1'0JJ9Hl'm 

~ YJibTpa?"JUITIIB1'ICTCKiIX 3JJBKTpOHOB B MOHOKpll!CTSJIJia:X 

aJIMaaa m repMamm IIp:H mx ,IJ;Bl'llK0mm 86.mmH Kpl'ICTaJIJIOrpacl)iN9CKMX 

oce:ra: KJIK IJJIOCKOCTS:ll. 

HaY'llHaH HOBM3Ha padoThl. BnapBLI9 IlO,JJ;pOCSHO KCCJJB~BaHLI 

yrJIOBhl9 pacnpe,1\eJJBimR 1-KBaHTOB C IPJi!KC:HpOBaBHO:ta: 3H9pn!B:ll, 

~HHLIX BJJaKTpOHaMH Ilp:H l'IX ,IJ;Bl'llK0BD OKOJlO IJJIOCKOCTSA 

MOHOKpHCTaJIJia aJIMaaa. 

BnapBhl9 a6HapY>HSHO paC~Hl'JB 1'I p8ClllMp9Hl'JB 1-mnnta B 

IJBPilBH'AHK,YJIRPHOM HanpaBJJBHPJTtI OTHOCKTaJibRO Kpl'ICTaJIJIO­

rpaqmqacKO:ta: IlJIOCKOCTI4, a TaKlHB amJMyTaJibH8SI aCPIMMBTpl'ISI B 

BhlCOKOBRBpraT:HT.lRa:ra: 'llSCTiI CIJSKTpa. 

BnapBhl9 M3M9?9Hhl yr JIOBLl9 pacnpe,1\eJJBHKR B OCSJiaCTiI IlKKa 

CIJSKTpa M3JIY'll9Hl'Ifl BJJBKTpOHOB np:K IJJIOCKOCTHOM KaRSJIKPOBaR:H:H B 

Kpll!CTaJLlla aJIMaaa B ,IJ;Byx B3al'IMRO naprraH,D;litKYJIRPHLIX 

RanpaBJJBR:HSIX. ConocTaJ!SIR M3B9CTH09 HanpaBJJBRl'JS IIOJif!PM38IzyJiI 

Ilp:H BTIIX 3H9pr:KSIX co 8HaKaMH M3Ma?9RHLIX aSMM,YTSJibHLIX 

acEMMeTpMll, noKasaHo, no IIOJiflplmaizyIH ~mm B 

BhlCOK03HBpr0Til'I0CKO:t:i: qacTTtI CilBKTpa Hanpa~Ha rrapaJLllaJibHO 

IJJ10CKOCT:H Kpll!CTaJIJia. 

BnapBhl9 BLIIlOJIH0HLI M3M0?9HIIIR Opl!BHTalzy!OBHLIX aaBHCPJMOCTa:ta: 

yr JlOBhlX pacrrpa,l\0JJBHM1il'. ~HIIIR c cPmtC:HpOBaRRO:ll 3H9pnil9:11. 

Bnapshla M3Ma?"Hhl yr JIOBhla pacnpe,1\eJJBHMSI :mJJl"ISHHH 

0Jl9KTpOROB C 3Repnl91a: I. 9I'aB B MOROKpll!CTaJJJJB aJJMaaa. Ilpm 
3T01l 0H9pr1DI BJJBKTpORa a6RapYH19HO paC1&9ITJJBHi!S IJl"U(a 
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r-KBaHTOB c 0H0pn101l I20MaB KaK Ha IlJIOCKOCTK c OID • TaK 1'I Ha 

OCH l IOOJ Kpll!CTaJIJia. 

BnapBhle liICCJJB~BaHhl pacrrpa,1\eJJBmm no yr JiaM BblJJBTa 

)'-KBaHTOB M3 MOHOKpll!CTaJIJia repMamm. BnapBhl9 IlOK838HO, 'lfl'O 

9CTJ:i CM01&9Hl'JB OCSJiaCTiI paCllJ,9IlJJBHKSI 1-mnnta, no Cp8BH0HWO C 

Kpll!CTaJIJIOM aJIMaaa, a TalQK9, no aqxpaKTbl pac1&9IJJ1Bmm H 

CM9J&9KWI IJl"lKS IlpOHBJlfl!OTCR CJiaOaa, '!10M Ha 8JIM830. 

HaY'llHaSI iI npaKTIIN0CKaSI :qE!IBHOCTJ:i paCSOThl • c :qE!IJiblO 

M3MSP9HKSI yrJIOBLIX pacnpe,l\0JJBHM1it M3J.l,Y1l9HKSI 0JJ9KTpOROB 

,IJ;BI'lH!YIIl.MXCR ECS.mmH oca:a 

YCOB9pm9HCTBOBaHa YCTaHOBKa: 

K IJJIOCKOCTa:ta: 

C03~Hhl 1'I 

Kpll!CTaJIJIOB, 

Ilp:HM9H9Hhl 

IlpSIMOyrOJibHLIB 1&9Jl9Bhl9 KOJIJ!l1MaTOpLI. 'lfl'O II03BOJJ1'IJ10 paCIIl:HpKI'b 

yrJlOBO:t:i: ~nasaH K3M9pfl6Mb!X pacnpe,1'0Jl9HM1il'. c HBOOXO~M 

IIO~BJJBHi!SM 11>ona; C03~HHaSI ,D,HCT8HUmJHHO ynpaBJiflSMaSI. 

CKam!pYIO~H MPllll9Rb, YCTaHOBJJBHH8R B KpaBBOM Il0Jl9 IIapHOTO 

Marmrraoro CilBKTpOMSTpa Il03BOJIWia K3M9pKI'l> yrJIOBhl0 

pacrrpa,1'0Jl9ml.R )'-KBaHTOB cPmtC:HpOBaHHhlX BH9pr:K:ra: B oOJracm 

20-200MaB. 

MaTo~CKMMH K3M9?9ml.RMK IlOKaaaHO, 'lfl'O 3qxpaKUJBHOCTJ:i 

?"rKCTpaizyJTtI )'-KBaHTOB RB aas:KCKI' OT IIOile?"'llHOro IlOJ!OlK9BXR 

ySKoro KOHB9pTopa MarHlfi'Hora cnaKTpOMSTpa B npe,1\eJiaX 

yrJIOsoro ,D,HanaaoHa ycTaHOBKK. 'AaHHaSI ycoBBpmeHcTBosaHHaSI 

YCTaHOBKa MOH{9T IlpPJM9H.RTCH ,]µfl M3M9?9HM1il'. lll:HpOKMX yr JIOBhlX 

pacrrpa,l:J'Jl9Hmll: 1-KBaHTOB. 

Ha OCHOB9 oOHapYH19HHO:ll 83PJMYT8JibHO:ta: aCPJMMBTpl'll'I IlOKaaaHo, 

~a ~mie BJJSKTpOHOB IIp:H mx IIa.l:J'miliI IlO'A HYJJSBhlM yrJIOM 

OTHOCHTSJIJ:iHO IDIOCKOCTiI MOHOKpiICTaJIJia aJIMaaa IIOJiflplmOBaHO no 

BC9MY CilBKTpY K3JIY'll9mI.R, TIO OTKpb!BaBT B08MOlHHOCT:C 

JIICIIOJIJ:i00BaBXR B IlOJmPH88Izy!OHHLIX BKCilBpPlMBHTax lK9CTKYIO 'llaCTJ:i 

r-cnaKTpa. 

Ha OCHOBG H8M0?9H:K:ra: Opl!BHTacyromwx 38BHCPJMOCT01l yr JIOBhlX 

pacrrpa,l\0Jl9HM1il'. H8JIY'll9BXR c WJIIKc:HposaHHo:ra: aHeprm:t:i: YKaaan 

cnoca6 Opl!BHTaizyJTtI Kpll!CTaJIJIOB OTHOCK1'9JIJ:iHO BJlBKTpOHHhlX nyqKOB 

C l'JJIM OI!p0,1'0JJBHHR HanpaBJJBHHSI ,IJ;Bl'llK0HKSI BJJBKTpOHOB 

OTHOCHTSJibHO Opl!BHT:Hp0B8HHLIX KpJIICTaJIJIOB> C TQ'qHOCT:CIO :t:(). I 

yr Jia Jfimxap'ACI. 3TOT cnacoo MOlK9T IlpPJMaH.RTC.fl KaK ~ 

OpMBHT:HpOBKH Kpll!CTaJIJIOB. TaK iI ,]µfl ~I1IOC'Il'JIQt 

BhlCOKOBH0pI'0TiI'IHh!X 0Jl9KTpOHHblX mnntOB (OnpB,1\eJJ0HW3 TO'llHOro 

HanpaBJJBHKH. pacxo~ocm m T. n. ) • 

I 

- ---, 
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0oIJOCTaBJJBRlil0 yrJIOBh!X pacnpa.n;eJJemri ~mm 3JJ9:KTpOHOB 

c 3H0prmool 4. 4faB H I. 9I'a:S.. a TaI:OHa cµaaaiIT0JihHh!ll aHaJDlS 

,JµH KpHCTaJIJIOB aJJMasa H rapMamm MOll!0T IIOCJI.YJKHTb ,ItaJihBBBlll9MY 

pa3BKI'WO T00p0TW19CKia IIpa,ll;CTaBJ.IBmri 0 xapaxrepa ,ll;EOOl{0HHH H 

B3aHMO,ll;0llCTBl<Ul sap.RlK9HHOll qac~ c CK1lbBlrlMH 

KpHCTaJIJIH1l0CKHMH IIO.JUIMM. 

Ha Balll;KI'Y Bh!HOCHTC.H: 

I. YCOB9pm9HCTBOBaml9 YCTaHOBKH Ha TpaKTa BHYTpaHHero :nyq:a:a 

EpaBaHCKoro CJtIHXPOTpOHa .iµR HCCJJ9,D;OBamm ~pa~x 

yr JIOBhlX ca~mm IIpOL\SCCDB BSaHMO,ll;SllCTBHR 3JJBKTpOHOB Bh!COKia 

3B:ep:n!l1il C MOHOKpHCTaJIH1leCim& MElll9HRMH. 

2. MaTo.n;mt:a 3KCIIBpHMaHTaJihHOro HCCJJ9,D;OBamm yr JIOBLIX 

xapaKTapKcTKK ~mm aJJBKTpOHOB c aHaprEBll 4.4faB H I.9I'aB 

B MOHOKpKCTaJIJiax. 

3. 3KCilBpHMaHTaJll:>Hhle p03Y.JlbTaThl KCCJJB,Il;OBamm yrJIOBLIX 

xapaKTapKCTKK i13JJY1l0Hlllll 3JJ9KTpOHOB c 3B:eprEBll 4.4faB H I.9I'aB 

B MOHOKpHCTaJIJiax aJIMasa H repMaHM.R. 

Ar:IpoOacyr.H paOoTh!: 0CROBHhl0 pasyJihTaThl. BRJJIO~HHh!a B 

,ll;KCCapTa~. ,ll;OJI011!0Hhl Ha rn BcacoIOSHOll KO$paHcyIK IJO 

~Hl'IIO p0Jif!THBHCTCKia qac'I1'JIJ; B KpHCTaJL1!8X c HaJihlOOt' 

1988:>; xrx K xx Bceco103Hhlx coaam,aHKRX rro {bKBHKe 

asal'.IMo.n;eacTBHR aap.RlK9HHh!X qacnm; KpHCTaJIJiaMH c MoCima , 

I989,!e9{)) K Ha ceMimapax Ep<l)K. 
IJyOJOOCacyIK. OCHDBROlil MaTapHaJI ,ll;KCC9pTacyIK onyCSJOOCOBaH B 

IIlSCTK CTaTbRX B IRY!lHa.Jiax: IIHcbMa B IHSI<rl, }!{SI()), B MaTapKaJiaX 

H coapmm:ax T03HCOB BceCOI03Hh!X COBam,amri H KOH<1l9paHcyrll no 
{bKBHKe B3allJMO,ll;SllCTBHfl sap.RlK9HHh!X qac'I1'JIJ; c KpHCT8JIJiaMH, B 

IIpaIIpHHTa E;(J)K. 
CTp,YKTypa H oO:ceM ,D;KccapTacyIH. ,nHccepTacyroHHa.H pacfoTa 

COCTOHT K3 BB9,ll;SHKR, TpaX r.naB H SaKJl!Oqemm. OHa H3J!OlH9Ha Ha 

88 CTp8HPII¥!X M811IMHOIIHCHOra TaKCTa, CO,ll;SplRKT 2 TaCSJ.IHI.J,lil H 

32 pKCJHKa. CIIHCOK ~Y9MOll .mirrepaTYJ;lhl CO,D;eplRKT 

68 H811JM9HOB8lll'Ii. 

KPAIKOE CO,lJ,EP!RA1Il1E PAEOibl 

Bo BB9.IJ.9HHH IIO,Il;ll9PKHB89TC.fl aKTyaJll>HOCTh HCCJJe,ll;OBSBH.R 

yrJIOBLIX xapaKTepHCTim i13JJY1l0HH.fl 3JJB:KTpOHOB Bh!COKHX axep:n!l1il 

IIpH MaJih!X yrJiaX BJJBTa B KpHCTaJLJI., IlpHBO,ll;KTC.fl :s:panm:ra: odsop 

• 
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.mirrepaTyphl. IIOCB.RJl'3HHOll ,D;aHHOll TaMaTHKe, CWOPMYJIHPOBaHa 

OCHOBHa.H l\SJll> H CO,ll;Sp!K8Rlil0 Kaar.n;oa H3 r JiaB ,ll;KCC9pT8~HHOH 

paC:SoTLI. 

B napao:ri r Jiaaa npHBS,ll;SHhl cBe.n;emm o T&opaTIRacKHX 

CilBKTpa.n.m.tX H yrJIOBLIX pacnpa.n;eJJeHH.HX ml3K03H0praTINaCKOro 

KorepaHTHoro J43..1Ilnl9HHR, :s:paTKo orm:caHa MO.IJ/9Jlh B paMKax 

KOToporo C,IJ.9JiaHa IJOilldTKa 06DffCBSlDm 3KCil9pHMSHTaJI!>Ho 

adaapYEHHoro pac11\9IIJJeHHH )'-nyq:s:a. 
\ . 

PaC~Thl !lL!JIK IIpOB9,ll;0Hhl ,JµH DllDffCB:emIR yr JIOBLIX 

ocoC:SaHHocTail :HBJ.ryqemm B KpHCTaJUJB aJIMaaa, IIpH 3HapI1'lllI 

3JJBKTpOHOB 4.5raB. B MO,ll;0JJH KCIIOJJ1>30B8JICff M9lKIJJIOCTKOCTBOil 

IIOT0HcyraJI, IIO~HHh!H YCp0,ll;H.9mJSM aTOMHoro IIOT0HcyraJia B 

Ilpl'l(SJOOKemm IoMaca-(J)epMH, c ~a a:s:paHJiIPOBaHHR .lIHB:xap.n;a. 

Po3HrpLIBammM HaqaJll>HOil TO"llKK H yrJia BJJBTa 3JJ9KTpOHa 

OTBOCHT9Jll>HO IUOCKOCTH (IIO) MOHOKpHCTaJIJia aJIMasa 

BL!'qHCJlff.JiaCh rronepa~a.fl 3H9pnI.fl' 'lfl'O H Onp:l,ll;0Jlff.Jia Tp80KTOpHIO 

3JJ9KTpOHa B sa.n;aHHOM IIOJJ9. 3aT0M· ,JµH Bh!C:SpaHHoro HanpaBJJBBH.H 

CKJia.IJP!BaJiaCh HBJJyqamlS c pasHh!X yqacTKOB Tpa9KTOpl'IJII 

3JJBKTpOHa. PeayJibTaTLI MO,ll;0JillIPOBaHH.fl npa.n;cTaBJJBHh! Ha pKC. I 

• Pacnpa.D19JJ9HHR CHMM9TpK11HL! B ll1IOCKOCTI'I CKaHHpOBamm npo!})wm 

{boToHHoro :nyq:a:a , OTBOCHTeJ!l>Ho cpa,ll;H.9ro HanpaBJJBHH.H BJJBTa 

3J.19KTpOHOB B KpHCTaJIJI, II03TOMY Ha pHCYHKaX IIOKasaHa TOJibKO 

O,D;Ha IIOJIOBHHa yrJIOBLIX pacnpa,ll;0JJSmri. 

CpaBB:emm aKCIJBpHMaHTaJ!l>Horo pacnpa~.llBmm c pac~THh!M Ha 

pKC.I IIOKa3blBa9T 'lfl'O 9CTh MexammMhl YD1HP9HH.H, a TaKlK9 

YCp0,ll;H.9HH.H yr JIOB ~mm' BB yqTaHHhl9 B pac11eTax. XOT.H 

BL!llpaHHaH B MO,ll;0JJH paCXO,IzyJMOCTb 3J.19KTpOHHOro :nyq:a:a npeBL!maeT 

COOTB9TCBYJODJYIO pacxo,IzyJMOCTh B 3KCilBpHM0HT0 B H9CKOJibKO pa3. 

IlpHB9,IJ.9HHa.H MO,ll;0Jib KaqecTBSHHO COBIIa,D;a0T c 

3KCilBpHMaHTaJibHHMH ,ll;BHHh!MH TOJibKO B TOM' 'UO IIpK H9KOTOpoa 

3H9pI'HK !IJOTOHOB O,D;HOill'IKOB09 yrJIOB09 paCIIpa,ll;0J.19Bl!B 

pac~ILJI.RaTC.fl Ha ,I\88 mm:a • 0,Il;HaKO c YB9JIWl9Blll0M 3H0prl'll'I 

~HH.H pacqaTHh!e pacnpa.IJ.9.llBHH.H Bee C:SoJibma YJllHPfllOTC.fl H 

mm:H pa3,Il;BlrraIOTC.fl' B TO BpaM.H' KaK 3KCI1BpHM0HT8JibH&l0 ,ItaHHld0 

IJOK85h!BaKJT. 'lfl'O c YBS~M aB:eprrtIH !IJOTOHOB pac11\9rurallltlB 

npona.n;aeT H yrJIOBbl9 pacnpa.n;eJJSHH.fl CTaHOB.RTC.fl Y1H9. 
Bo BTopoa r .naaa orm:caHa aKCilBpHMaHTaJll>Ha.H ycTaHOBKa H 

M9TO.n;mt:a HCC.llB,Il;OBamri JIIBJ.ij"l0Hlllll KaHa.mirpDBaHHLIX 

YJll>TpapaJI.HTimHCTCKHX aJ.1BKTpOHOB. IlpMBa,ll;0Hhl xapaKTapKCTHKM 
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PMc.1 n/\OTHOCTb "13/\Y'-IEH"1S1 9/\EKTPOHOB c 9HEPr"1EA 4.!511sB 

B 3AB"1C"1MOCT"1 OT Yrf\A HAS/\~AEH"1SI .'B TI/\OCKOCTM 

nEPnEHA"1KY/\SIPHOM n/\OCKOCTSIM C.110) KP"1CTA/\/\A A/\MA3A 

Af\Sl LIACTOTbl llJ • 315Mst:I. PACXOA"1MOCTb 91'\EKTPOHHOrO 

nYYKA 0.15MPAA. 
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0CHOBBldX y3.}IOB eKCDBPJllMSHTaJlbHoro o6opy~Bamm, BKJJIO'llaIO~ 

0JlBKTpOHHLl:la: YCKOpl'l.TSJlb, romroMeTp, TpBKT BlilB0,1¥1 )'-nyqKa, 

MBI'Hlimd , BBKYYMlIYIO Cl'ICT0MY, KOJLJil4MBTOpld , IlapHhl:la: MaI1mTHhlta: 

CDBKTpOM9Tp, KBBHTOM9Tp Bwl:bCOHa l'I C'll8Tlil'IKI'I, a TaKlKS 

J:Srl'IC'IJMPYIOlll.VIO 3JlBKTp0Hl'IKY. OIDICaBld l'ICilOJID3Y0Mlil9 

romrOM9TpWISCP.l!IB MW110HH, KOHBapTOpld napaoro Marmrra:oro 

CilSKTpOMeTpa" J:SlKI'IMhl BlilB0,1¥1 )'-nyqKa l'I M9TO~a l'I3M9J:Smr11 

CilSKTpaJlbHLIX, yrJIOBLIX l'I IIOJIHPl'I3BI:{HOHHLIX xapaKTepHCTim: 

Blilaa,n;aHHoro WOTOHoro nyqKa. 

CxaMaTMllaCKoa l'I3oe5pall!9Bl'JS JI<aaaHHo:ra: YCTaROBKl'I 

npa~cTaBJIBHO Ra pl'IC.2. 

QKp!cy.1ll'IpYIO~ 0JlBKTpOHHLlta: nyqoK cdpaCLIBa~CH Ra 

l'ICCJJB}-lY'0MYIO Kpl'ICTB.J1Jll'I110CKYIO Ml'llll9Hb Mi. OpEHT.HpY0MYIO IIpl'I 
IIOMOID,H romroMeTpWISCKoro ycTpota:cTBa. IopMOBHoa l'I3JJYCl9Bl'lS, 
o6pa80BaHH09 B MOHOKpl'ICTaJIJJB • cpopMHpyaTCH ~ HSOC5XO)zylM!iX 

yr JIOBLIX paBMepoB ~YMH KOJLJil4MaTopaMlil Kt l'I K2 • O~TCH OT 

rrpoecl'I aapHll!SHHLlX -qacnw; MarmrraMH lh H Hz , npoxo,IJ;HT 

wi:sa MH1110mr M2 K1lH Ms napaoro MaI1DITHoro crrsKTpOMeTpa l'I 

aaTeM nor JIOIL\OOTCH B B0111.0CTB0 ruracnm KBaHTOMeTpa Bwl:bCOHa 

(KB). C~HHLle C'lleT'mKl'I C£. C2. Cs. c. HCilOJIDBYIOTCH 

~ J:Srl'ICTpal\HM nap e + e - , Cs CJJ;YJHKI' ~ IIOHCKOB HYJJeB02 

opmHTa~ ltpl'ICTaJIJia, a Cd ~ BJ:SMSHHO:ra: ce.na~ )'-nyqKa c 

COOTB0TCTBYI0~2 TO:mt:02 MHllI0Hbl0. 

YrJIOBLIS pacnpa,n;aJJemm )'-KBaHTOB c rf)mi:CHpOBaRHoll aHepil'lBta: 

l'I3Mep.flJll'Icb IIpl'I noMolll,H napaoro MaI1DITHoro cnaKTpOMeTpa c 

IIO~mKHo:ra: YBKO:la: MWl10H:E>IO, IIOBBO~~:ra: CKamipoBaTb np~ 

)'-nyqKa B rOpH30HT~HOM HanpaBJJBmIH Ha paCCTOHmil'I 3DM OT 

pa~Topa - MOHOKJlllICTaJIJia. Ha TaKo:ra: Oaaa CKamipOB8Bl'JS IIpH 

IIOMOID,H Ml'J1119HH c TOpH30HTBJIDHLIMl'I H aepnm:aJibRhlMH paBMepaMH, 

COOTBSTCTBSHHO , I. 4MM M 5MM IlpOM3BO'AMJIQCb C yr JIDBlilM 

pa0i:smeH110M 0.02Mpa~. ,llJIH YKaBaHmIX l'I3MSJJSHMI C5h!Jlll! crrs~a~Ho 

MBI'OTOBJIBBLI ,KOJIJ!HMaTOpLI: llll'1pOKOyrOJIDHhl0 B ropH30HTaJIDHOM 

HanpaBJJSHHH l'I YBKOBa30pHhl0 B aepnm:a~OM. B rOpl'I30HTaJIDHOM 

HanpaBJremm mm nponycKaJillI npaKTl'Illecim BSCb H8JJY110HH1i12 IJYllOK 

OT aJJMaBa TOJlll\i'IHOll ~o IOCIMKM. XoTH YCTaHoBKa IlOBBO~ 

cKaHHpOB8Tb :npolPitrJib IIY'llKB TOJlbKO B ropl'I30HTaJIDHOM 

HanpaBJJemIH, yrJIOBLie pacnpa,n;aJJBmm B ~yx Baal'!MHo 

nap.neH.I(HKYJLRPHh!X HanpaBJJSmm:x a1i1no.mm.mcb IIpl'I opmHTacym 

Ka~:a l'I3 ~yx 0KBl'IB8Jl0HTHh!X BBal'IMHO IlBpml~YJIRPH!dX 
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IJJIOCKOCTSll (OII) H (OII) napaJIJJBJ.!DHO HanpaBJJemino 'ABP.DHSmlll 
IJapmNHh!X SJJBKrpOHOB. IaKl'JB ycJIOmm SKCIJepl!MSHTa HCKJIIOllaJDI 
B.1lPLllHl'l9 Ha peay.m:.TaTLI HaMepeIDII: acI11MM0TpI11H caMoro IJ,Y'lllCa 

3JIBKTpOHOB l'I I'00M0Tpm0CKO:la: c»apM&I MmllaHH. 
B YKaaaHHOM cnocoda l'!3Mapelm14 MWll0Hb IIMC MorJia 

IJapBM0Jl¥lTbC.H Ha daoo ~ 40MM, a C~Hmle C'i0'1"1mKH IIMO 
OCTaBaJJHCb HaIIO~IDKHb!MH. 

aCMMMe'I'pl'Jl'I pacnoJIOlll0HH.H 

C~Hm!X 

Haodxo~o dLIJIO Hayqm'b BJIK.HinlJ8 

MWll0Hl'I CilBKTJIOM0Tpa OTHOCliITSJibHO 

ClleTlll'.IKOB IlMO Ha aqxfleKTHBHOCTb penmrpa:a;mi: nap1i1 e.,. e - IIpH 

!PHKCHpOBaHHOll 0H0pnm: f-KBaHTOB B llll'l}JOKOM ~naaoH.a 0H0pnrlt. 
:KaMapeHH.H · S!lXI>aKTimHOCTI'I Y,IJ;OdHO dh!JIO BLIIIDJIH.HTb IIpH 

!PHKCHpOBaHHOM IIOJ10ll!0HHH MWll0Hl'I n:pH IlBpBMS~HH.HX nepBOll napLI 
C~OHHL!X Clle'J'lmKOB IIMC c:~, c:... pBI'li'ICTpHpYIO~ e .. e - • 

Pa3Mephl Cll0T'llHKOB B IJJIOCKOCTI'I pa3Jl0Ta IIaphl COCTaBJI.HIOT !CM, 
OHH odhl'iHO paCIIOJiaraIOTC.H CEMMal'pH'mO OTHOCI'1T0JibHO HanpaBJJeHH.H 

,Il;BJ.llleHl'I.H r-IIYllKa Ha paCCTO.HHMK 3.3 M OT MWll0HH IIMO. 
BliIIIOJ!H9Hbla :rraMapemm noKaaaJJH, 'iTO B npa,JJ.eJiaX 
0KCIJSpm1'10HT8JibHh!X O~OK a!lXI>aKTHBHOCTb pemcTpa:a;mi: Ilaphl Ha 

l'!aMaHHSTC.H IIpH napeMSllJl9HH.HX YK838Hm!X C'i0T'llHKOB Ha paCCTORHH.fl 
o,:!:1,:!:2 CM, T.e. BJJBBO H BnpaBO OT r-~a IIpH H0H3M0HHOM 

pacrro.mnm Mallf,IJ,Y Hil!Mll imc.3 • 
.n.m pacmHpSHH.H aH.apra'I'TIN0CKOll odJiaCTI'I H3MS:p9Hd: yr JlOBhIX 

pacnpe,JJ.eJJBHd: dLIJia H3rOTOBJ.10Ha ,D)ICTa~IOHHO-ynpaBJIRBMa.H 

MJ/Jlll0Bb, KOTopa.H YCTaHaBJIHBaJiaCb Ha paCCTO.HHHH 35 CM OT Kpa.H 

Marmrra H IIpH IlOMOIIJ,l'I KOTOporo CKamxpoBaJiaCb npociimm c»aTOHHOrO 
ny-<ma. IO'iHOCTb onpe~JJBHH.H yrJIOB - 0.02 Mpa,IJ;. 

3Hepm.H f-KBaHTOB n:pH H3MSf6HWIX yrJIOBhIX pacnpa.n.e.mmint 
OIIfS,JJ.eJI.HJIOCb TOJlbKO napso:ta: napoa Cll0'Dm!l:OB c~. c .... 

B Tp9Tb01l rJiaBB npMBa,D.eHbl HaMapemrua .IJ;l$Ilape~,m,m.ra 

yr Jl0Bbl0 pacnpa,JJ.eJJBHl'I.H l'I3JIY'l9ID'!R 0.J.JaKTJIOHOB c 0H0prw!MH 4. 4 H 
I.9 raB ~C.H BdJIH3M ocall H P-lOCKOCTSI aJIMaaa· H 
rapMamm. 

Ha pMC.4 M pHC.5 npa.n;cTaBJJBHh! IIOJIY"q0mtbl0 pacnpe,JJ.eJ.JaHW! Ha 

aJIMaaa. IlpH aHapI1'IM 3I5MeB BJ.UtHD OTllBTJJHBoe pac~IIJJalll'lB Ha 2 
mm:a, a IlpM HH3KMX 0H0pnmx, KaK M IlpM doJJBe B&ICOl,G!X 
SRapm.HX, pHC.4B,r,,n; OHO OTC,YTCTBYST. 
PaHee HCCJlfl,Il;OBaHH&Ia CJJBKTpaJibm.I9 aaBKCHMOCTH HaJJYli0:IDII.H 
KaHaJJHpoBaHmJX SJJBKTpOHOB c 0H0prlil01l Eo=4.4fsB noKa3aJIM, -q'I'Q 

I\ 
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P1o1c.3. 34>4>EKTHBHOCTb PErHCTPAU,HIA si\EKTPoH-noalATPOHHOA nAPbl 

MAfHHTHblM cnEKTPOMETPOM B 3AB"1CIAMOCTIA OT noi\O>KEH"1s:I 

C'-IET'-llAKOB. 
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P1-1c.4. Yri\OBblE PACnPEAEAEHIAs:I )'-KBAHTOB B HAnPABi\EHIAl-1 

flEPnEHAIAKY/\s:IPHOM I< ni\OCKOCTH {011) Ai\MA3A. nPIA HYi\EBOM 

,,.. Yfi\E Bi\ETA 31\EKTPOHOB. B nPABOM Yfi\Y KAlKAQrO PIACYHKA 
I 

YKA3AHA 3HEPf"1s:I )'-KBAHTOB B MsB. 
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B OdJiaCTH Ill = 3I5MaB KOI'9pBHTH00 JCKJJBHPJB ~HM.ff BLipameHO 

CJiaCSO. TaK 'IITO pl'IC. 4a IlpB'ACTaBJIJmT Cy-MMapHOS pacnpa,l\0JJBHJ/la 

KaK KOI'BpBRTHO, TaK M HaKOI'apBHTHO pO~HmlX )'-KBBHTOB. HaMM 

CSLI.Jia BLinoJIHeHa IIpO~AVPa Bh!U'I'amm !l>OHa HSKOI'SpBB.TBldX 

)'-KBaHTOB Ha OCHOBS pacnpa,l\0JJBmtfl pl'IC. 5a; TOr'Aa paCCTOflIDIB 

Ma!H,IIY mmaMM B noJ1ln19HHOM pacnpa,l\0JJBHm'I OKa3aJIOC:b paBHh!M hip = 

5• ID-PB'A • CJ.IB'AQBaTeJll:iHO. M CpB,JJ;IDila yroJI BLIJJBTa )'-KBaHTOB 

OTROCl'rI'aJll:iHO IlBpBPNHOro 3JJBKTpOHa 0.56f=2.5•IO-pa'A. 'IITO 

3Ha'lll'IraJll:iHO IlpBB&ImaeT KpKI'H110CKld: yroJI KaHa.1IPip0BaHM.R 

3JJBKTpOHOB. 

KaK Bl'f'AHO H3 pMC.4 M pl'IC.5 lllllip1'IHhl paCIIpB,l\0JJBHHI 

HaO'Al'JHaKOBLI B 1Jf3JX B3al'.IMHO nepm~JIB.PHLIX HanpaBJJBmmx T.e. 

HadJ.llO~TCH a3l'JMYTaJll:iHa.R aCl'JMMaTpJIIH B yr JIOBLIX pacnpa,l\0JJBHMHX 

BIIJ!OT:b 'AO M3MapBHHOm MaKCJ!MaJI:bHOm 3Hapr:KK 111=3faB. 

B Tad~ I n:pl'IB0,l\0BLI acl'JMMSTpKllI 

s..1. - Sj I 
A • ----------

S ..1. + Sjl 

~ TpeX 3Ha-qemrra: 111, r,1\0 s ..1.c I I> • f N .J..C II> c ip> d!p 
yr JIOBOM MB.TepBaJJe, KOTOpLim OIIpa,l\0JI.RaTCH 

N..1.CI I> ~ 0.5Nmax 

Tad~ I 

BLl'llHCJJBH B 

JCJIOBLISM 

• raB I 1 I 1.• I 3.I I 
A : o.09 ± a.ca o.09 ± o.oa 0.12 ± 0.00 

IaKaH aal'JMYTaJI:bHaH aC1'IMM9TpJIIH HBJI.RaTCH CJJB'ACTBlmM 

aCHMMeTpPAHOCTH B3aJ!MO,l\0mCTBHfi 3JJBKTpOHa B OpMaHT.PipOBaHHOM 

MOHOKpMCTaJIJJB M CB~TeJI:bCTBYST 0 IlOJIHPM3a~ l'18JI,\"l0HJI.H no 

aHaJIOI'MH c KOI'apBHTHO TOpM03BhlM M3JJl"l0HMBM. KT~ aCJ!MMS'I'pH1mO 

TOJI:bKO BOKpyr ID!KOBLIX 3HapreTJ!q0ClQIIX 3Hall0Hl'IH, T,1\0 OHO 

no.1U1pM30BaHO. B TO BpBMfl KaK B HameM c~aa l'l3JIY1iaH:rllS 
aC:mMMaTplfiHO no BCSMY CilBKTPY. _no .HCHO IIpOCJlBll!lIBaeTCfl 1'13 

TaCSJlllJIJ,bl II • Yr JIOB&10 aaBMCEMOCTII no~eHHLia Ha aJJMaoo 

TO~om 72MKM, IIpM 3H0prMM: 0JJBKTpOHOB 4.4 faB, 

anpoKcMMMpoBaJIP.1c:o rayccoBcKMM pacnpa,D,0JJBHPJBM. B Tad~ II 

l 
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I ao.fil11(.'3 I I 

6.!.·:300 6'11· 300 

MPM MpiU!. 

·-·-------·--···------- ··-····· --

a9 ± I 43 :!. I.5 

47 ± I.2 4Z ' T.G 

130 ± I.5 50 ± I.5 

p::tC:lll.9Il.Jl8Hll19 4-1 ± I.5 

IOO ± 3 BO ± Z 

74 ± 2. no :t I.5 

75 ± 2 BI ± I.5 

74 ± 2 '32 ± I 

73 ± I El3 ± I 

7I ·± I.5 130 ± I.5 

74 ± I.5 f34 ± I 

50 ± I BO ± 0.8 

($ -300 
0 

MP"-A 

77 ± 2.5 

70 ± 2 
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npe~CTBBJ.19Hlil CT8~prHhlS OTK.lIOH0Hl'ISI yrJIOBhlX pacnpa,D,BJJBmrl! 

Jl13J.IYT.ISHWI t1 .J... t111 B BanpaBJJBmm: COOTB0TCTB0BHO 
nepna~JIHPHOM H napaJIJISJ.lhBOM IJJIOCKOCTH (!IO). J1B Ta0.7ll'IQbl 
~. "llTO Ba-rniJBaH C 3H0prl'Dt 0.2S faB CT8~prHhlS OTKJIOH0HWI 
t1 .J.. ) o-, , . IToCKOJll:>KY ycJIOBHH 3KCDBpDSHTa HCKJIIO'llaJlllI BJlllIHIDl9 

acHMMSTpmiI a.nBKTpoBBoro nyqKa H WOpMld Kpl'!CTaJIJ.1H110cKO:ra: MWl!9HH, 
TO YK838BB8.H aCMMMaTpWI CB~T0JIDCTBY9T 0 IIOJI.HpH38IzyIH y-ny-qxa 
BIJJ!OT:b )Ip ~MepBBBO:ta: 3H0prl'Dt 4. 0 faB. 11BMSpamm IlOK83aJJH 

TBK!K9 , "llTO tJl I < t1
0 

, r,D,B t1
0 

- CT8~pTBOS OTKJIOHem!S 'A-JI.fl 
pa30pmBBT.HpOB8BBOro Kpl'!CT8JlJia. 3TOT pe3y.JIDT8T roBOpHT 0 
c~cTBoBa:amr MSXaBH3Ma IIO'ACJBJJBHHSI MBoroKpaTBoro pacceffilliUI 
3JJ9KTpOBa B OpiJB1lTI!pOB8BBOM Kpl'!CTaJIJ.19. 

KBMSpaBBa.H aCHMMSTJlWI B oCSJracTH aHeprl'Dt 111 il! IOO MaB, T. a • 

B KOI"epBBTBO:ta: 'llBCTH CIIBKTpa M3JJ,Y'llSBWI, r,D,9 o~aeTC.H ' 
'AQCT8TO~O BhlCOKa.H CTallBHb IlOJI.HpH3acyJ:H, MMeST IlpOTHBOIJDJIOlKHLI:ta: 

3HBK t1 .J.. ( o-, , . 0 ~Jlb!O IIOTBSplK.D.ElHWI 3TOro HSpaBeHCTBa IIpH 

ampnmx CSoJJBS C5°.Jlli13KHX K mmy M3JJ,Y'llSHWI, a mmBBo IIpH 111 = 45 

MaB, CShlJJH H3MepeHhl yrJIOBhlS pacnpa,D,BJJ9BH.H Ha ,I{Byx B38.111MBO 

nepna~JIHPHhlX IJJICCKOCT.HX aJJMaaa (pHc.S). YrJIOBhla 
3BBHCHMOCTH KIH TOIK0 IlDK838JlID B KOrepeHTBO:ta: '118CTH CilBKTpa 

KIH, c H3B0CTHO:ta: BhlCOKO:ta: CTallBHbIO JmBa:llHO:ta: IlOJI.HpH38IzyIH 

6.J..<t111· 

OpaBHSmia yrJIOBhlX pacnpa,D,BJJBmrl! r-KBaHToB BhlCOKoamp­
raTIN.acKo:ra: 'llaCTH cneKTpa c KIH, n:pMBO,Il;liIT K BldBo,IJ,J: H.3JJY'll0Iil!B 
3JJ9KTpOBOB IIpH HX IIa,D,BBmI no~ HY JJBBhlM yr JIOM OTBOCJl1T0JibHO 
IJJIOCKOCTH MOH0Kpl'!CT8J1JI8 aJIMaaa IIOJI.HpH30B8HO no BC0MY CilBKTpY 
J/13J.IY"ISHWI, npwl0M IJDJI.HpH38rtH.ff MaHOOT 3H8K IIpH 3Haprm! x•uvE .. il! 
o. 03 H Bblma 8T02 8Haprml HanpaBJJBHa napaJIJJBJlbHO IL1IOCKOCTH 

,I{BllllK9HWI • 
~ Bhl.HCHSBWI 38KOHOMSpHOCTa:ta: BtlXIJaKTa paC~IlJJBBWI 1-IJTma 

C5°hlJJH H3MepBHhl OpMBHT8IJ;HOBHhl0 38BHCMMOCTH yrJIOBhlX 

pacnpa,D,BJJBBHll c cPHKcHpoaaHHhlMH aBSpr:rutMK <IJDTOBOB 111=3I5MaB, 
IIpH ,I{BmlllSBmI amKTpoHoB c amprMBit 4. 3 raB BCSJJH3H rurocKocTH 
(IIO) MOHOKpl'!CT8JlJia aJIMa3a. IToJIY'i0BHhl0 pacnpa,D,BJJBHH.ff 
npa,n;cTaBJJBHhl aa pHc. 7. BE,D;Ho, uo c yaa~M yr Jia BJ.JBTa 
3JJ9KTpOBOB OTHOCJl1T0bHO IJJIOCKOCTH, IlHKH B yrJIOBhlX 

paCIIpa,lllBJJ9Hl'ISIX CTaBOB.HTCH B0CJ/IMM0TpJINHhlMH, O,ItHB: H3 mo: 
HC'll0380T, B TO BpBM.H K8K ,IJJJyro:ra: paCTST IIOCT0Il0HHO npMdJOOKaHcb 
K ~BTpy. 

l 
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B~AETA 1-13 KPl-1CTAAAA B HAnPABl\EHl-11-1 nEPnEHAHKYl\SlPHOM 

(HABEPXY) H nAPAAAEAbHOM {BHH3Y) K ni\OCKOCTl-1 {011) AAMA3A. 
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PHc.7. :lrl\OB~E PACnPEAEi\EHHSl )'-KBAHTOB c 3HEPrHEA 315M3B. 

Y KA*AOrO PHCYHKA YKA3AH YrOi\ BAETA 3~EKTPOHOB B 

EAHHl-1U.AX KPl-1TWiECKOro Yr ;,A f)L, OTHOCHTEi\bHO nAOCKOCTH <011). 
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fICHO, no l'ICilOJib3YH opmHTaI.zyrmmym 3aBl'ICl'JMOCTb 

l'JBTaHC:HBHOCTM Hl'I3K00Hepra11'NSCKOro KOrepaHTHoro ~InIH. 

MO!KHO OpEHTilpOBaTb Kpl'ICTaJIJI OTHOCl'ITBJlbRO SJJBKTpOHHOro nyqxa 

c TOqi{OCTblO yrJia JirimxaIJAa BL. 0 ,IUJyro:ra: CTOpOHhl, H3 p:wc.7 

CJJe,IJYST, q'l'Q .wopMa yrJIOBhlX pacnpe,D;8JJemd pe3KO M8Hfl8TC.l'I ~lKS 

IIpl'I O'llSHb MaJlhlx co.1-0. 261.) H3MSHSHKHX yrJia opmRTalzyil'I 

Kpll!CTaJJJia OTHOCl'ITBJibHO SJJBKTpOHHOro nyqxa. 3TOT sqxpaKT 

Il03BOJIIl8T OpEBHTI!pOBaTb Kpl'ICTaJIJI OTHOCl'IT0JlbHO HanpaBJJBHM.H 

,D;BJtillfSHM.H SJJBKTpOHHOro nyqxa c K1.IH BaOd'OpoT. 3Hafl opmRTa~ 

Kpl'ICTaJJJia • Onp9,D;8JMI'b HanpaBJJBHli!B ,D;Bm!SH111.H SJJBKTpOHOB) c 

TO'llHOCTblO Ha nopMQK BhllllS. 'llSM IIpl'I CIJSKTpOCKOIJl'Ill9CKHX 

MSTO~X. 

M3M8paHhl TaKlKS yrJIOBhl8 . paCnpe,D;8JJBHlm IIpl'I ,D;Bl'JlK9Hmr 

SJJeKTpOHOB OKOJIO OCK [ I001 'AJIH SB8prl'IK 1-KBaRTOB lll=I20MsB 
c p:wc • 8l . ~ s'I'l'IX pacnpe,D;8JJBHim xapaKI'SpaH pa3Khl:ra: cna,n; IIpl'I 

yr JiaX :::..+a. 5Mpa,n;, no RBJIH0TCH CJJB,Il;CTBl'JBM He,n;ocTaTO'llHLIX 

norrape'llHh!X pasMSpoB KOJIPJMMaTopoB. ~ OCSBoro c;ryqaH MO!KHO 

OTMSTKrb Had'JIIO,D;8HMH KaK paClll,81lJJ0HKH;, TaK l'I CK1lbBOro YJlll'IP8HKfl 

pacnpe,D;8JJeHKH no cpaBHSmno c paaopmHTIIpoBaHHh!M Kpl'ICTaJIJIOM. 

M3MepeBKH yrJIOBhlX pacnpe,D;8JJelllm Y-KBaHTOB Bh!IlOJIB'.0Bll TaIOKa 

Ha MOHOKp:wCTaJl'J.10 repMaHKH TOJIDJ,HHO:ra: IIDMKM IIpl'I 0H8prHK 4.4 rsB 
(Hanp. p:wc. 9). IIo.n:yqeHBh!e pacnpe,D;8JJBBKH naKa8hlBatoT, q'l'O 

sqxpaK'I'hl • Had'JIIO~Mhla Ha Kpl'ICTaJIJJB aJJMasa • B OCHOBHOM 

llOBTOpfl!OTCH. HO BhlpalKSHhl CJiad'ae • XoTH Mell!IJJ!OCKOCTHOlt llOT8~ 

'AJIH Kpl'ICTaJLJia repMaHKH u
0 

d'OJiblll8 • 'llSM 'AJIH aJJMaaa - u0~ 
2. 5Su 

0 
, a ~d'aaBcKaR TSMIJSpaTypa 'AJIH repMaHKH HJtilK9 • 'llSM 'AJIH 

aJJMa3a, K MOll!HO d'h!JIO O~Tb CHJibHOro YJlll'IP8HM.H yrJIOBhlX 

pacnpe,D;8JJeHd, HO l'I3 npm!S,D;8BmlX rpalPMKOB CJJe,JJYST, q'l'Q SToro 

He IIpOKCXO,IJ;KI'. 

.0cHOBHhl8 OT.Jll'IllllIB yrJIOBhlX pacnpe,D;8JJeHd Ha MOHOKpl'ICTaJIJJB 

repMaHKR no cpaBHSHl'IIO c aJJMasoM CJJe,JJYIOID;W3= 

a) od'JiaCTb paClll,81lJJ0HKR f-nyqxa Ha repMamm CM9111,8H B CTOpoHY 

HK3KHX SHSprHK Ha ~OOMsB, 

(j') paClll,81lJl0Hl'IB IIpORBJIH0TCH CJiaCSee - paCCTOHHlilB Mell!,DY IITtlKaMK 

Ha repMamm: I . 5 pasa MSHbme , '118M Ha xp:wcTaJIJJ0 aJIMa3a , 
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P1-1c.9. PAcnPE.O.EAEH"1R no YrAAM BblAETA f-KBAHTOB c 3HEPr"1EA 

435M38 C.HABEPXY) "1 636M38 C.BH"13Y), "13 KP"1CTAAAA rEPMAH"1R 

B HAnPABAEH"1"1, nEPnEH,0."1KYf\SIPHOM K nAOCKOCTl-1 C.011). 
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rJIYC5HIIa paC8"1lJJ.19Bml TOIK0 JMEIHbmaaTC.fl, 

r> nocKOJibRY ~cmm yroJI KaHaJmPoBaHlil.fl ~ rspMamm 

C50JibDIS C00T.B0TCTBYI08"1TO yr.JI.a ,IµJ'I aJJMaaa, TO IlOBOpOT 

KpHCTaJ.LJ10rpa$.llqecma: WlOCKOCTBH OTHOClITEIJlbRO HanpaBJJBmm 

,D;BWKemm SJJBKpOHOB Ha O,D;lm H TOT IH0 MaJihllt yroJI ( B npe~JI.aX 

yr.JI.a JIMHXap,Ita> npHBO~ K B03Hmm0Bemll0 MeHbmeH aCHMMSTpHH 

,IµR KpHCTCJ.ua repMamm. 

B aaKJ.DOqamiJH CWOPftllY.mpoBaHhl ocHoBHlde peayJII:>TaThl 

,n;HCCepTa~. 

I • C :QSJlli!O H3M0peHKR yr JlOBldX paCnpa,1\9JJBHd H3J.l,Y"i0Bml 

SJJBKTpOHOB ~~C.fl BC5Jil'JBH ocell H IIJlOCKOCTBll KpHCTaJIJIOB, 

yco:aepmeHCTBOBaHa YCTaHOBKa: 

a> C03~1 H npm!0HBHhl np.RMoyroJlbBble 8"1JJBBhl0 KOJIJlMMaTOphl. 

"<ITO II03BOJJK1l0 paClllHpm'b yr JlOBOll ~naaoH . lllBM0p.fl0MhIX 

pacnpa,1\9JJBmrta: c Heoe5xo,n;HMhIM no,ItaBJJBBl1BM woHa, 

C5> 003,ItaHHa.fl . ,JJ;PICTa~HHO ynpaBJLOOMa.fl. CKaHHpYIOll\a.fl MPJlll9Hb' 

YCTaHOBJJaHHa.fl B KpaeBOM IIOJJB napHoro MaI"lil'ITHoro CilBKTpOMeTpa 

II03BOJil'fJIO H3M0}JHI'b yrJIOBhIB pacnpa~JJBmm )'-KBaHTOB 

WHKCHpOBaHHh!X SHBp:I'HI B OC5JiaCTH 20-200MsB. 
MeTO~CKMMH H3MepeH!imMH noKaaaHa, 'llTO S~K'nlBHOCTb 

perHCTpa~ f-KBBHTOB He 3BBHCIIT OT rranepe'llB:oro IlOJlOIK0HH.fl 

ya11:oro KOHBSpTopa MarHmHoro cmKTpOMaTpa B npe,1\9JiaX 

yrJIOBoro ~naaoHa ycTaHDBKK • 

2. Ilo,D;poe5HO l'ICCJ.19~BaHhl yrJlOBlilS pacnpe~JJBHl'LR )'-KBaHTOB c 

rlmKCHpOBaHHOH 3Hepn1191l, H3JI,Y1lSHHhlX SJJBKTpOHaMhl IIpJI! l'IX 

,ll;BmKeBHH OKOJIO IDIOCKOCTB:rl MOHOKpMCTaJIJia aJIMaaa. BilBpBhlB 

oe5B8PYIK0HO paC8"1l1J.19HllJS H paC~HlilB f-IJ,V'liKa B 

mpne~JU!PHOM HanpaBJJBHHH OTHOCMTeJlbHO Kpl'ICTaJIJ!O-

rp~cKOll IJJIOCKOCTH, a TaKIH0 aaHMyTaJ.lbHa.fl aCEMM9TpliUI B 

BhlCOKOSHBpreTIINHO:rl qacTH CilBKTpa. Ha OCHOBS OC5HapY1K0HH01it 

aaHM,YTaJlbHol aCEMMBTpHH no11:aaa:e:o, no ~IDJB SJJaKTpOHDB 

IIpM mt Ila,1\9BHH no.n; HYJJBBhlM yr J!OM OTROCMTeJlbHO IJJIOCKOCTH 

MOBOKpMCTaJIJia aJIMaaa IIOJI.f!pMBOBaHO no BCBM.Y CilBKTpY 

~mm. 

3. l13MapaHhl yr JlOBhlB paCIIp9,1\9~HM.R B OC5JiaCTH mm:a CIJBKTpa 

ll10Jll"l9Hl'LR SJJBKTpOHOB npH ILlIOCKOCTROM KaHaJIKPOBamm: B 

Kpl'ICTaJIJJB aJIMaaa B ,D;Byx B3Bl'lMRO IlBpIJSH,lzyIKy.lmpHhlX 

Banpaanammx. ConocTaJIR.fl m:eecTHaa HanpaBJJaBl19 IIOJIRpH3a~ 

npM :nu SHaprH.f!X c aHaKaMhl HBMepeHHhlx a311IMYTaJ11>HLIX 
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aCl'IMM9TpvI2, noKa3aHO , 'ITO TIOJISIPl!13acyI.R llI3J.IYll0HKH B 

BhlCDK03H6pr9TIDI0CKO:ta: 'IBCTIII CIJeKTpa RanpaBJJBHa napaJIJJaJibHO 

IllIDCKOCTH KpHCTBJIJia. 

4. BliinOJJHeHhl HaMBpamm Opl'lBHTBcyIDBHLIX 3BBKCMMOCTe:ta: yr J!OB!dX 

pacnpe,n,e.mmi:ra: llI3J.IYll0HRH c <I>m<:cilpDBamma aBaprm:ta:. Ha J11X 

OCHOB6 YKa8aR cnocoa Opl'lBHTa:rzym: KpKCTaJJJIOB OTHOCiITSJibHO . 
3JlBKTpORHhlX IJ..V1IKOB ( l'fJill.[ Onpe,I113JJBHllffi HanpaBJiamm .D;BJ/JlHSHml 

3JlBKTpOROB OTHOC.l'ITSJibHD Opl'!SHT1'IpOBaHHh!X KpKCTaJIJ.IOB) c 

TO-qJIQCTblO ~.I yrJia .JIMHxap,I¥!.~ 

5. :K8M0paHL! yr JIOBhl9 pacnpe,I113.11SHim JI.3JJYIISHllIH 3JlBK'I'pOHOB c 

3Hepnl9ll I • 9raB . B MOHDKpKCTaJIJ.10 aJJMasa • IlpTII 3TOll 3Bapnm 

3JJaKTpOHa OdHapymaHO paC~IlJISHl'.19 11,.VllKa 1-KBaRTOB C 3H0pI'R.lelt 

I.20MaB KaK Ha ruIOCKOCTK c OII> , TaK III Ha OCH [ IOOJ KpKCTaJIJia. 

6. :KccJJa,n;aBaHLI pacnpe,n,emmm no yrJraM BldJJBTa 1-KBaRTOB ma 

MDHOKPJIICTaJIJia repMamm. YrJIOB!de 3aBKCM1¥10CTH noKaBaB, WO 

0CTb CM0~Hlll9 OdJiaCTH pac~IIJJBimfl 1-11,.VllKa, no cpaBHeHl'IIO C 

rqmcTaJIJIOM aJJMaaa , a TaK!Ke , wo atixllaKT!d pac~IlJISmm K 

cMe~mm mnraa rrpoHBJimJTCH cJiae5ee , "lleM Ha aJJMa30 • 

OCHOBHaft "llBCTb MBTepKaJIOB, l'I3JIOlH0HHhlX B ,ll;HCC0pTa:rzym:, 

OnycSBICOBaHa B padoTax: 

I. AraHb.flHll; A.O. ,BapTaHOB IO.A. ,Kapl<lO"HH B.E. :Pl 'AP·. 
YcTaHOBKa III ll10TO,D;Ima HCCJJa,n;oBamm CBO:lilCTB K3J.l,Y"ll0HJIIH 

KaHa.mpoBaHH!dx B MOHOKPJIICTBJIJiaX y JibTpapaJI.R'I'JlllIBCTCKJllX 

3JlBKTpOHOB, EpaBaH I989, 2Ic.,IIparrp1'm'I' E0:K-II27(I3)-90. 

2. AraHbmm; .A.O., BapTaHOB IO.A. ,Kapl<lO"mr B. ,E •• HpaJIOB B.H., 

HaOJIID,I113IDm aHoMa.mm: B yr JIOBhlX pacnpa,I113J.JSHHHX JI.3JJYIISimH 

KaHa.mpoBaHBJ:dX 3JlBKTpOHOB., IJli.l:cbMa B lK3T<D, 1988, T.48, 

Bhln.7,c. 364-366. 

3. AraHhmm; A.O., BapTaHoB IO.A'. ,Kapil[jHH B. ,E. III 'AP·. 
YrJIOB!da pacnpe,IJ,eJJSmm !HeCTKHX 1-KBaHToB H paHGW ,IJ;B:mKamm 

3JlBKTpDHOB B Dpl'lBHT:KpDBaHHOM aJIMa30., T63KChl .IJ;DKJia,n;oB III 

BcecomaHo:ta: Ko~pa~ no :llIB..'IY"llamno peJI.flTIIJBHCTCKJllX 

"ll:acTHU B KpHcTa.'I.liax.,HaJib"ll:MK,I988,:KB.n;.-ao K.E.I'Y,c.32-33. 

4. AraHb.flHll; A.O •• BapTaHOB HJ.A. ,Kapl'll'.5HH B. ,E. :Pl 'AP·. 
AcMMMa-rpM.H yr JIOBhlX pacnpe,n,e.nemint lKSCTitoro HaKorapaHTHoro 

M8Jly"llemm 3JlBKTpOHOB B Opl'lBRTilpOBaHHOM KpHCTaJIJJa.,MaTepKaJihl 

XIX Bcecoioa. COB0JD,aHKfl no <Inmmte B3aEMO,IJ,ellCTBl'ISI sapmK0HHhlX 

"llaCTHU c KPJIICTaJIJiaMK, M.1990,c.34,Ha.n;.-Bo MI'Y,c.III-II2. 

5. AraHb.flHll; -A.O., BapTaHOB IO.A. ,Kapil[jmr B.E. ,HpaJIOB B.H •• 
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OpmHTacyIDHHa.fl 3aB:llICW!'IOCTb yr JIOBblX pacnpil,Il,0J.l0HP.11a: 

I413J.1Y1!:SB.l'l'.R y .1.IT::t'I'p8p0.JI.R'I11Jm'ICTCKJllX 3JJBKTpOHOB np:P1 

iiootc:rrtpOBamn.tx aHepnmx r-KBaHTOB. , TeSMChl ,I{OKJia,I{OB xx 
Bcecoma. co:eam,amm no <Im3HRB asaM1¥10,IJ13:ta:cTBlim aapIDKSHHh!X 

~ac~ c KPJIICTaJLJiaMitt, M.I990,c.66. 

s . .AraRbmm; ·A.O., BapTaHOB IO.A. ,BapTaIJeTffil LA. ,KapWjRH B.E., 

:KcOJJe'AOBaHl'.19 mnyq0lmfl 3JJ0Krp0HOB c 3H0prl'JB:li!: 4. 4raB B 

Opl'!SHTl'IpOBaHHh!X MOHOKpMCTaJIJlaX aJJMaaa, KpeMHMfl :Pl 

repMalmf!., Hl:3T<D,I988,T.94, Bhlil.8,c.73-78. 
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'\.UtrP5Ut ~U<Uqt PUP4btr 

tlb4srnttbrr !U~uqua~rrut Ut4anrtuart Ptnr~uqrbrc 
4n~utnrne~utr Panrrb~tbrnru 

UmhtlllIIununip J ruun PDil'\4mgmb t. tltipmb rup puttpg, llphp pmdupg · U 
t!'b.p2mpmupg: .U2Ium111mupn 2mp11111pt1111b t 86 U1Ufmqpp t2J'l t!Jllil' 
ullpmn1m1 aa uqmp. a Dil'\Jruum4 u 68 mttruu ull2pupqmb qpm4mump1ruu: 

Umllum111nurup1ruun tlt!J'lJlt!mb t 4nl'\tlt.lnpn2t1mb tljlmp1ruplll'\t.lllprutl 
mi mpmnll tJ Hpt!Jlumj'lq ti hq111pnuuhpp 2'mnmqm1 pumu mt.141 ruum1 pt.I 
pm2Jut1111brup1mu hllmmqnmumun: om•nnruupn 4111upt1h i ht.I bpSir 
urnru mpmqmgrugp~p tia4mpnum1pu •u2J'l t!rim: 

Umupm4p4pm ruurutiumuppt!lli bu miumump u qllpumupmuj'l 
Pl rupb.l'\DIJ pl.I hmpprup J rut.II.lb.pp U mnmugpullpp 2p2mqm1 prutI 2mpdt1nl'\ 
4.sqt~ u 1.eqt~ tullpqpmJnt! t1hq111pnuuhpj1 mmppbp ~pputimb 

hmim111m4murup1ruuuhpnt1 imnmqmJptlmu mmpmbmqmu pn2Jurutluapn: 
<m1mumphpt!mb t r-•u2p im1umgrutI U mpnhrutI pJruflbl'\DIJptl 

hmpprup1mun 1Ul'\l'\Dlhm1mg IUl'\l'\IUPJmtlp, pt.l~Ufbu umu imnmqmJptlmu 
UUfhqmpp t!hp2ruu mqpuruu1pu muptlhmppm, npjl h}'ltlmu t!Jlm gru1g t 
U1Jlt!mb, np 2'mn111qm1pruun pht!b.nmgqmb t Dl'\2 uqbqmpp hpqmJt.lpnq: 

6ruJg t mpt!mb umu, np t12t1mb qbmJptt pht!hnmgruun UUfhq111pp· 
pmp6.p-tuhrrqbmpq mppruj prutI '(mjurutI t }'Ip IUl'\l'\nlP J ruun p J ruphl'\DIJ }'11.t 
hmpprup1mun iurtl'\mhmJmg IUl'\l'\filPJrut.lpg muguu1nt1 qruqmhllnpu: 

6ruJ g t mpt!mb. np oq11mqnpbh inti 2'mn111qm1 pt(mb •u2p 111pnhtlmtt 
hphqruJpn. 4111pt1p t 4nl'\tlt.lnpn2t1 tlJ!mpJruphl'\J'.! tit4mpnum1pu tu2}'1 
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VAHAGN GHARIBYAN 

THE ANGULAR CHARACTERISTICS OF ELECTRONS RADIATION 

IN ORIENTED CRYSTALS 

The thesis consist of an Introduction, three Chapters and 

a Conclusion. The thesis is presented in 86 pages which 

includes 32 figt.D"es 2 tables and 68 references. 

The object of' detailed studies have been the angular 

distributions: of the Yerevan ARUS Synchrotron 4. SGeV and 

1. 9GeV electron• s radiation with different fixed energies, 

near the diamond and germaniwn crystalline planes and axes. 

Have been observed a gamma-beam large widening and 

splitting on perpendicular direction relative to crystalline 

plane, and an azimuthal asymmetry of the radiation that 

shows to gamma-beam polarization. 

Has beoen also shown that the mentioned linear 

polarization inv.rts its sign for the hard part of the 

spectrum,. and thus b•comes parallel to crystalline plane. 

Has been mentioned that utilizing the ganuna-beam 

splitting phenomena•• one can align a single crystal Cor, 

the same, de~ine th~ moving direction of an electron-beam 

relative to the oriented crystal) with precision better than 

10 P•rcent of the radiation characteristic angle. 
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