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KPUCTAJIJIOOIITUKA YA CTUIL BLICOKNX SHEPTUN

B.M.Camconos, | A..CyvuproB |, A.B.Xan3anees

BBenenmne

Hauwnas ¢ 60-x ronoB, MIupoKoe pa3BUTHE MOIYUUIN UCCIENOBAHNUS, OTHOCAIINECS K HOBOMY
HampaBleHNo B (U3MKe B3aUMONCHCTBUS 3apsKEHHBIX YacTHIl C BEIIeCTBOM — KaHaJupoBa-
HUIO JacTUll B MOHOKpucTaiuiax. Ha ocHOBe mcciienoBaHUl Pa3inyHbIX TPOSBIIeHN d(pdekTa
KaHAJUPOBAHWS M HU3KOdHepTreTHYecKuX dacTull B 70-X romax ObIIo pa3paboTaHO U IIPU-
MEHEHO MHOTO MEeTONOB M3YyHUeHWS CTPYKTYPLI U CTENeHN COBePIIeHCTBa KPHUCTAIIOB, & Tak-
Ke pasInyaHbiX PU3NIECKUX IMPOIECCOB, TpoTeKaomnx B HuX. OnHako B MOCTENYIONINe TOMbI
MHTEepec CMeCTUIICS K M3YyYeHUI0 KaHAaJIUPOBaHUs YaCTHUIl BBICOKUX 1 CBEPXBBICOKUX DHEPLUN.
Crumynupyroliiee BO3AECTBIE Ha HYKCIEPUMEHTAILHBIE NCCIEOBAHMUS B HYTON 00IaCTH OKa3aJIH
BBICKa3aHHBIe B 80-X romax TeopeTwdeckme MpeAcKa3aHmWs psfa HOBBIX (PU3MUIECKNX SBIICHUMN,
CBSI3aHHBIX ¢ 3(pPeKToM KaHaIMpoBaHms, TaKX KaK: BO3MOXKHOCTDL yIIPaBlIeHUs TPaeKTOPUIMU
KaHaJMPYIONINX 9aCTHI] ¢ MOMOIILIO yipyTo m3oriyToro Kpuctamia (E.H.lpramnos, 1976), Bpa-
menne couna dactutt (B.I . Bapeimesckuit, 1979) u 1.0, Omrako nis o6HApYKEHUS 1 U3y YeHus
BCEX CBOWCTB 3TUX SBJIECHUN, &, TeM bojiee, NIl TpUMEHEeHNUs Ha MPaKTHKe MoTpedoBaIoCch MOYTH
20 et paboThl MHOIMX HAYYHBIX KOJLUIEKTUBOB B Poccum n 3a pybexom.

Psan acmexToB >Tux mccienoBaHW TakWX, KaK M3y4YeHUe 3aXBaTa 3apsKEHHBIX YacTHUIl B
PEeKUM KaHAJIUPOBAHUs B U30IHYTOM Kpuctaiie [1-5], paspaboTka u npuMeHeHHe KPUCTAIIO0-
ONTUYECKIUX 3JIEMEHTOB Ha OCHOBE M30THY THIX KPUCTAJIIOB [IJIsl 4aCTUIL BBICOKUX >Hepruii [6-12],
a Takke pazpaboTKa MeTONUKN U3MePeHUsI MATrHUTHBIX MOMEHTOB KOPOTKOKHUBYIIINX YaCcTHUIl Ha
ocuoBe >(pdeKTa BpallleHns ClUHa KaHaaupyomel YacTUIlbl B W30rHyToM Kpuctaiie [13-15],

.

BBITIONTHEHHbIe ¢ yaacTueM corpynnukos [HUAD (JINAP) B 1980 < 1996 rr., npencrapiens B

nmaaHOM ob30pe.

OdpdexkT 06beMHOTO 3aXBaTa B PEXNUM KAHAJINPOBAHUS B M30THYTOM
KpUCTAJLIIE

Brepsrre skcnepuMenTagbias peaqn3amnus WA YIPABIEHUs TPAEKTOPUSIMU 3apsKEHHbIX da-
CTUIL ¢ TIOMOIIIBIO W30THYTOTO KpucTasiia 6bita ocyiiecTsieHa B 1979 r. B Jlybue Ha cunxpoda-
sorpone JIBD ONAN (E.H.[lsranos u ap.). B sTom ombiTe mportiece yupapienus Tpaek TopHein
(OBOPOT) GBI TOCTPOEH CIENYIONTM 00pa3soM — depe3 TOpell HEM30UHYTON 9acTi KPUCTallIa
MPOM3BOMUIICS 3aXBAT YAaCTUIBI B PEXUM KaHAJIHPOBAHWS, W TI0 Mepe CBOETO MBUKEHWS KaHa-
JAUpyIoIas YacTUIla Tolafaia B 06IacTh KPUCTAIIIA ¢ OTIMIHON OT HYJISl KPUBU3HON aTOMHBIX
MJIOCKOCTEH, T/ie, OTCIeXnBas 5Ty KPUBU3HY, OTKIIOHSIACH OT CBOErO TePBOHAYAILHOTO Ha-
MpaBIIEHNs Ha YTOJI, 3aBUCAIINN OT MJINHBI U GOPMBI W3rmba KPUCTAIITA.

Onmako peasbHble MYYKN MPU BBICOKUX HHEPTHUSIX UMEIOT YTIIOBYIO PACXOMUMOCTH MHOTO
60mbIyto, gem yroa Jlmanxapna. EcTtecTBenno BosHUKaI BOMpOC, 9TO GyHeT € HTUM TYIKOM
BHYTpU 00beMa M30THYTOTO KPUCTAIIITA.

[TpoBepka Bo3MOKHOCTH 3axBaTa YaCTHUI] B PEXUM KaHAJTHPOBAHWS HETTOCPENCTBEHHO WM30-
THYTHIM KaHalloM KaK Ha TOpIle, Tak U B o0hbeMe KpucTaiiia i Oblila OCHOBHOI, B OTJINYNE OT
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Hy6neHckol paboThl, METbI0 HKCIEPUMEHTA ¢ M3OTHYTHIMU KPUCTAJIIaMU, BBITOJHEHHOIO HAa

6ase cunxponnkaorporna AP (JINAD) [2].
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Puc.1. llpuanmunuanbras cxeMa yCTAHOBKH HKCTEPUMEHTa 0 O6HAPYKEHUO 00BEeMHOTO
3axBaTa 1 ['>B mpoToHoB B peXnM KaHAIUPOBAHUS B M30THYTOM KPUCTAJIe KpeMHUS.

Hpunmunuanbias cxeMa dKcrepuMenTa npuBeneta ma puc.l. [lygok mporonos (p) mpoxo-
it nporopiimonanbibie Kamepnl [TK1, ITK2 u cnmrTwmisnmonnniii cuerunk S1 w momamas Ha
msoruy Teiii o mmmaapy (R = 46 cm) kpucram (C). Cuerunk S1 mmer mens 10 X 0.4 mw?
u 6bIT BKITIOYEH Ha aHTUCOBIAIeHIe co caeTankoM S2. C mOMOIIIBIo HTol anmapaTypbl TPOn3Bo-
NIMJIOCH BBITIENIEHIE U3 TMPSIMOro MydYKa TeX ITPOTOHOB, KOTOPHIE MOMAaloT Ha TOPEll KPpUCcTallla,
W W3MepeHre X yria Bxoma B Kpuctain (yraoBoe paspertenrne 0.19 mpan). Ha msormyrom mo-
nokpuctaiie (25 X 10 x 0.4 MM®), U3rOTOBIEHHOM U3 TOJIYIIPOBOMHUKOBOIO KPEMHHUS, ObLIH
peasm30Baibl TPHU HesaBucHMble neTekTupyiomine ctpykTypor (IL1, 1112, TI/13). ®Paxt mpo-
XOXKIEHUSI W PEXKUM TPOXOKIEHUS YaCTHI] depe3 KPUCTAILIT KOHTPOIUPOBAJICS 1O BeIMUMHE
MOHWM3AIMOHHBIX TMOTEPh, OCTABISEMbIX B 3TUX YYBCTBUTEIbHBIX obiacTsax. lIponopimonanb-
Hast Kamepa [IK3 permcrpupoBaia yrioBoe pacipenesienne BHIXOAANINX W3 KPUCTAIa JaCTHII
(yrmoBoe paspetnenne 0.41 mpam). C MOMOIIBIO TOHIOMeTpa KPUCTAIIT MOT [IOBOPAUMBATLCS Ha
yrox ¢ BokpyT ocu O, coBmamaroleil ¢ ochlo TMANHAPa U3rnba Kpuctaiia (¢ ToarocTbio 0.01
Mpajl), TP HTOM 06TacTh KacaHus MyYKOM M30THYTON MIOCKOCTH MOTJa ObIThH pean3oBaHa
Kak Ha TOpIe KpUcTalla, TaK U B ITPOU3BOIILHOI TOUYKE B OOBEME.

OcobeHHOCTHIO YCTAHOBKY SIBIISIETCST TO, YTO BIIEPBBIE YIAIOCH COBMECTUTH (DYHKIINN KPHU-
CTAJTUYECKON M3OTHYTOW MUINEHU, B KOTOPOW MPOMCXONUT KaHAIMPOBAHUE YACTUIL, U TIOTY-
MPOBOMHUKOBOTO MYJIbTUIETEKTOPA NI BbIJE/IEHNS KaHAJUPYIONINX YacTUIl O BeInYnHe WX
yOeITbHBIX MOHU3AIIMOHHBIX TTOTeph. [IpriMeHeHne Tpex 4yBCTBUTEIbHBIX 30H Ha OMHOM KPUCTAaJl-
JIe TIO3BOJIUIIO TPOCIIENNTH 3a MIBUKEHWEM YacTHUIbl B KPUCTAaJle Ha BCeX CTaIusX — 3aXBaT,
KaHaJNpOBaHMe W JeKaHaJINPOBaHUE.

[Tockonbky B muTepaType OTCYTCTBOBaIA KaKasi-1ubo mHGOpMaIlis 0 BO3SMOKHOCTAX U CIO-
cobax opranmsainu paboTOCTIOCOGHBIX TIOIYTPOBOMHUKOBBIX IeTEKTOPOB NOHMBAIMOHHOTO U3TY-
YEHUs ¢ P — N-TePEXONIOM Ha YIIPyro neGopMUPOBAHHOM KPUCTAaJIe, TO aBTOpaMy MTaHHON pabo-
ThI, COBMECTHO C COTPYIHUKAMU, ObLIU MPOBENEHbl TeopeTHYecKre U SKCIEPUMEHTaIbHbIE WC-
CIIENOBAHTSI BIUSHUS YIPYTOH nedopMalinu KpucTaia Ha YSHepTeTUIeCKue U BpeMeHHbIe Xapak-
TEPUCTUKHU [AETEKTOpa ¢ OCHOBOI 13 Takoro kpuctasmia [2,3]. OUelTHBIM myTeM ObLTH HailleHb!
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Npyrie TEeXHOIOTMYecKre U KOHCTPYKTUBHBIE YCIIOBUsS PabOTOCTIOCOOGHOCTH TaKOro MEeTEKTOPa
[3]. Cosmanubiii MyJIbLTUACTEKTOP HAa U30IHYTOM KPUCTAJLIIE 00JIa1all XOPOIIUM SHEPTeTHUECKITM
paspeternnem (30-35 kB mpu 300 K).

[Iporiece mamepenms 3akiodancs B ONpeNeeHnn CIeKTpa NOHU3AIMOHHBIX TTIOTEPb YaCTUI]
Ha pasimyubIX yaacTKax kpuctaimna (B obmactsx [II1-11]13) u B mabaronenun yrioBeIX pacipe-
NeJIeHN T YacTHUIl, BBIXOMIIINX U3 KPUCTAIa, B 3aBUCUMOCTH OT yIJla MoBopoTa . Kanamupyto-
UMY CYUTAITUCH YaCTUIBI, IMEIOIINe aHOMAIITLHO MaJlble MOHM3AIIMOHHbBIE TOTEPH B METEK TOPAX
[I1-TI3 (menbime 0.74 oT manbomee BEpOSITHBIX [ ~IPSMOro” mydKa).

OcHoBHble BBIBOMBI U3 TOTYYEHHBIX B OTUX SKCHEPUMEHTAX PE3yIThLTATOB ObIn omybanKo-
BaHbl B psfle CTaTell, MOCBAMICHHBIX OTACILHBIM (GU3NUECKUM SBICHUSIM U mporeccam [2-6].
Bruepsbie 66110 TIOKa3aHo, 4TO 06/1aCTh 3aXBaTa YaCTHIl B PEXKUM KaHAJIUPOBAHUS M3OTHY THIM
KPUCTAJIIOM OTHIONb HE COCPENOTOYEHA TOJBKO BOJIW3U €e BXOIHOIO TOPIa, a MOMKET pealiu-
30BaThCS TIO BCel MjIMHEe KPUCTajia, TaKk KaK CyMMapHBIN yIJIOBOI WHTepBaJl 3axBaTa YaCTHII
coctasui ~ 20 mpan (cM. puc.2), Torma Kak yroa Jlunxapna pasusuics ~ 0.12 mpam npu yriio-
BOI pacXomMMOCTH MyuKa ~ | Mpal, 4TO COOTBETCTBYET 3aXBaTy MPAKTUYECKN Ha BCEN MJTIMHE
kpucramia (1 em) [4].
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Puc.2. 3apucumoctb umcna vacTuil ¢ Majoii ammnurynoi B8 ILHL, T2, IIA3 ot yrua
MMOBOPOTA KPUCTAIIA () OTHOCHTENBHO TAMAOIIeTo Ty Ika. HaneceHbl Takke MOMOKEHIS
TOPIIOB KpucTaina n meTektopon I1/11-3.

OToT PuU3MIECKUit Tporece aBTOPLI HazBaan ~ >hPhekToM 06HeMHOTO 3aXxBaTa’ B PEXUM Ka-
wasmpoBanus [1,2]. lanneiii TepMun Botties B o6IIeHaY YHY O TEPMUHOIOTHIO, a (PU3UKa IPOIecca
MOy YH/Ia PasBUTHE B TOCIENYIOMNX paboTax (9KCIEPUMEHTAILHBIX I TEOPETHIECKNX ) MHOTTIX
aBTopoB (cm. YPH, 1994. T.164. C.1017).

B xome sToro skcniepuMenTa BliepBhle yIal0Ch TPOIEMOHCTPUPOBATE BO3MOKHOCTH TIOBOPOTA
[y YKa IIPOTOHOB ¢ HauMeHbItell sueprueii 1 I'sB na yros 11 mpan [4]. Peanusanus wa uzormytom
KPHUCTaJIe KPEMHUS MYJTbTUIETEK TOPHBIX TTOIYITPOBOMHUKOBLIX CTPYKTYP BIEPBLIE MTO3BOIIMITA
0 BeJWYWHe WOHU3AMMOHHLIX TOTEPL KOHTPOIMPOBATH COCTOSHUE YaCTUIl Ha BCEX CTAIMSX
ee TMPOXOKIEHUS Yepes KPUCTasl. 1ak, n3 CIeKTPOB HOHM3AINOHHBIX MOTEPD I KaHaIlnpyIio-
IIIX 9aCTHUIl YIAT0Ch OMPENENTE CPEMHIONI0 INIOTHOCTE 3IEK TPOHHOTO rasa, 4epes KOTOPYIOo OHa
npoxonnT B Kanaie (p = 0.24 £+ 0.02 SHGKTpOH/AS), 1 BEJIMYMHY MOHM3AIMOHHOIO MOTeHIInaIa
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(I = 1.9 £+ 1.4 5B) nns sToro rasa. Vcmonb3ys pacaeTHYIO 3aBUCHMOCTEL Hanbosee BEPOSTHLIX
MOTEPh U UX HKCIePUMEHTATbHOE 3HAUeHNe [T HabII0aeMblX KaHAIUPYIOMINX YacTUll, yila-
JIOCh OIIEHUTH Haubosiee BEPOSTHOE 3HAUEHNE SHEPTUH TIOTEPETHOrO MBUKEHUS TAHHBIX YaCTHII
(0 < E < 8.1 5B na yposre 95% mnocroseproctn) [2,3].

Ucnonw3oBanne mupoOpMaUu O 10Je KAHAJIUPYIONINX YACTHUIl B PAa3HbIX YacTIX KPUCTal-
7a (B JNETEKTOPHBIX 30HAaX) W CpaBHEHWE ¢ PacyeTHON 3aBUCHMOCTDLIO TO3BOIMIN CETaTh
3aKJII0UeHe, YTO B NAHHOM SKCIEPUMEHTE MMeJl MeCTO Ciydall NMHAMWYeCKOTO pPaBHOBECUS
MeKy KaHaJUPOBAHHON ¥ XaoTUdeckoil (asaMu mydka [3] , mpemckasaHHBIl TeopeTHYECKH
(M.H.Crpuxanos u mp., 1989). CymecrBoBanne Taxoro sddekTa o3HadaeT GaKTHIECKH yBe-
auvenne " BpeMs KU3HU W KaHaJINPOBAHHON (Ga3bl U, COOTBETCTBEHHO, MO3BOIISIET MTOBOPAYUBATE
YacTUIbl Ha GOIbIITe YTIIh.

Bricokoe yriioBoe paspelienne 5KCIepUMEHTATBLHON YCTAHOBKHU TO3BOIMIIO Pa3leInTh (-
BEKTHI NI PA3INYHBIX KPUCTAILIOT papuIecKnX MIOCKOCTEN U OIEHUTH 3HaYeHNe BEPOSTHOCTH
0OBEMHOTO 3aXBaTa B peXnM Kanamuposanus mias | ['sB mpotoros B kaman mmockoctu (111),
msorHyTOI o pamncy R = 46 cm (B = 9.2 £ 1.4%), u, cooTBeTCTBEHHO, AIUHY NeKaHaIN-
poBamus (A = 1.26 + 0.09 mm) [2]. Vcmombsys ocobeHHOCTH YKCTIEPUMEHTAILHON yCTAHOBKN 1
reOMeTPUIO OMbITAa, YIAJI0Ch MTPOBEPUTH BBITIOIHEHNE TPUHIINTIA OOPATUMOCTH TI0 OTHOIIEHUIO
K TIOCTIENOBATEITLHOCTH TAKNX MPOIECCOB, KaK 3aXBaT, KaHAJINPOBaHWe U NeKaHaJWpoBaHue, I,
COOTBETCTBEHHO, TIOJIYUNTH OpeNe/leHHY 0 WHPOPMAIINIO O MUCCUTIAINY TONEPEYHON YHEPT UL B
akTe 0ObeMHOTIO 3axBaTa. bbIIO Mokaszano, YTo MPUHITUTT OOPATUMOCTH BBITIOITHAETCS B OMUCAH-
HOM OIIbITE, M0 KpaiiHeil Mepe, mias 97% wactun n mas omucanus sddexTa oOBEMHOrO 3axBaTa
MOZKHO MCTIOIb30BaTh MOMEIN, HalPUMeED, ¢ MpolleccaMil MHOTOKPATHOTO U OIIHOKPATHOTO YIIPY-
TOrO paccesuus [5).

CDOKYCI/IPOBKa N IIOBOPOT IIYYKOB YAaCTHUIl N30HY TBbIMHA KPpHUCTAJIJIAMHI

CrencTBUEM CyTIIeCTBOBAHWS OOHLEMHOTO 3aXBaTa MOKeH ObITh dPQPeKT yIritoBoil (HOKYCHPOB-
KU, T.e. YaCTHIIBI, 3aXBaYeHHble B PEKUM KaHaJMPOBAHUS W3 MHPOKOTO YIIIOBOTO WHTEPBAJIA,
TOIKHBI UMeTh bojlee y3Kkoe yriioBoe pactpenerenne. Ha skcmepuMenTaanuonl ycTaHOBKe, OMHU-
caHHoil B paboTax [2-4], Gblia NMPOIEMOHCTPUPOBAHA BO3MOKHOCTL MPEoGpa3soBaHus MINPOKOTO
YIJI0BOTO pactpenenenus namnaiotiero nydka (FWHM = 7.2 + 0.1 mpamn) B y3koe yrioBoe pac-
npenenene Ha Borxone n3 kpucramia (FWHM = 1.6 + 0.1 mpan) 3a caer sdpdekTa 06meMHOTO
saxBaTa (9GdekT yraopoit Gpoxycuposku). [Ipm sTom mmeno mecto B ymembiienne B 1.8 pasa
dasoBoro obbeMa MydKa KaHAJIUPYIOMUX yacTul [6].

B paGote [7] 6bi1a uccienoBana BO3MOKHOCTEL UCIOIB30BAHNS U30MHY TOIO KPUCTAaILIA, SBIIs-
IOIIETOCST OTHOBPEMEHHO TIOJTYITPOBOMHIUKOBLIM TETEKTOPOM, B KadecTBe (POKYCUPYIOIIETO KO-
IUMAaTOpa KaHAINPYIONINX YacTUII.

OxcrepuMenT OBUT BLITIOMHEH Ha cruHXponukioTpore [TNAD na nporomnnom myuke ¢ suepru-
eit 1 ['vB. B ombiTe (eM.pric.3) ncmomb3oBaics MOHOKPUCTAI KPEMHUS, W30 HY TBIT MO HITIH-
apy (R = 2 m), ¢ xpucramnorpapudecknvu mmockocTsmu (111), nepnenaukyasspHbIME K BO-
THYTON (BBITYKION) Tpaii KPUCTAILITA, SBISIONIENCS OMHOBPEMEHHO MOBEPXHOCTHO-0aPhEPHBIM
nerektopom (I1/11,2).

Ha kpucranie 6bin peanusoBanbl nBa HesaBucnMbix getektopa (I1111,2), pacmomoxenmsix
Ha Pa3HbIX YPOBHIX MO BLICOTE W MMEIOIINX P — N-TEPEXON Ha TPOTUBOMOIOKHBIX TPAHIX KPH-
cramta. Oba meTexkTopa MaBalil B3aWMHO MOTOIHSIONIYIO NHGOPMAIINIO, MCKIIOYAIONIYIO BO3-
MOKHBIE YPPEKTH OT MPUTOBEPXHOCTHLIX obmacTedl (”"MepTBBIe” ciion).
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Puc.3. ObGias cxeMma 5KCIepUMEHTAIBHON YCTAHOBKH. P — IMy4YOK MpoTOHOB, 51,52 —
cimaTunnstnonnbie caeTynku, [IK1 — K3 — mponopnnonantubie Kamepnl, BK — Ba-
KyyMHas Kamepa, K — kpucrasi.

a — HOPUHIUI TPOCTPAHCTBEHHON GOKYCUPOBKI, 6 — KOHCTPYKILHS U3THGAIONero ycTpoii-
CTBa, pasMepbl KPUCTAJIIa U PAacloNOKeHne eTeK TOPHBIX 30H.

Ha xpucramn nanpasisiiics Mupoknii (Bo BeCh KPUCTAIIT) Y YOK ¢ YITIOBON PACXOINMOCTHIO
8 mpan. Ucnonb3oBanme KpucTtaiaia B KadecTBe TOTYITPOBOMHUKOBOTO NETEKTOPA MO3BOIISIIO
BRIIESITH ("MeTnTh”) KaHAIUPYIOIIne 9acTHIBl [0 BeTUYMHe WX aHOMaJbHO MajlbiX HOHM3a-
nMOHHBIX ToTepb. [lockonmbky mpm m3rube mo MUAMHAPY KpuUcTasorpapudeckie MIOCKOCTH,
HOpMaJIbHble K T'paHsiM, Pa3BOpadnBalOTCs BeepooOpa3Ho ¢ MEHTPOM Ha PacCTOSHUM Paamyca
m3ruba KpucTasia (M. puc.3a), To KaHAIUPYIOIne MeKIY HIMI YaCTUIBl OYayT (POKYCHPO-
BaThCs B Touky (). 3amernm, uTo Graromaps TpUMEPHOMY PAaBEHCTBY COOTBETCTBYIOIINX YT IIOB
Ha (HOKaIbHOM KpyTe (OKpYyKHOCTH ¢ pagmycom R = R/2, npoxonsimas depes Touky O’ um Ka-
CAIOMIAsCS M30THYTOTO KPUCTaNIa) POKYCHPYIOTCS TakkKe MPOIOIKEHNS KOChIX (HAKIOHHBIX K
GOIBIITIM TPAHIM) TIOCKOCTEN U KaHalupylolie Baoab aux gacTuisl. [lupnna dokyca ompe-
TeIIIeTCsT YIITOBOH PacXomnMocThio Afy BLIXOMSMINX W3 KaHAIOB KPUCTAJTIA YaCTHII.

[Iporiecec m3mepenns 3axmodasics B oT60pe U3 MPOXOMSAIIETO Yepe3 KPUCTAIIT MyYKa YacTHI]

¢ MaJIBIMIT MOHM3aIMOHHBIMI ToTepsMu (B nnTepBaie 0.3 + 0.6 oT Hanbosee BEpOSTHOTO 3Have-
HUS 1710 XaOTHYeCKOl (asbl) W B HaOIIONEHUN BUAA TPOCTPAHCTBEHHOTO PACTIpENENEns HTHX
gacTull Ha nponopinonasbioil kamepe (IIK3), nomerennoit B Gpoxyce m30rHyTOTO KprCTAIIA.
B pesyabrare Takoro or6opa (cM. puc.4, kpusas 1) momyden makcumym ¢ mmpuaoi 0.65 + 0.05
MM, YTO COOTBETCTBYET YIJIOBOW PAaCXOMUMOCTH, OlpenessieMoil yriom JImunxapma miis nanHoit

KpUCTATIOT papuIecKoil TTIOCKOCTH.
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Puc.4. llpocTpancTBerHoe pacromoxenne myuka Ha X mrockoctn (ITK3): 1 — ¢ or6opom
0 KPUTEPUIO MAJIOf aMINIHTYIB CUTHAMIA ¢ neTekTopa (B naTepBate 0.3-0.6 oT HanGoee
BEPOSITHOTO 3HAYEHNS ISl XAOTHIECKOi daser), 2 — 6e3 oT6opa (MPSMOil MydoK ).

KontpactrocTs Goxyca (oTHoimenne s>dpdexra K dpory) cocrasnsia ~ 34. Passopor kpu-
cTalljla MPUBOMUI K cMellenuto noioxenus dokyca na [IK3 [3]. EcrecrBennbiM ciencrsuem
TMTAHHOTO Pe3yJIbTaTa SIBISETCS TaKkKe BO3MOKHOCTH HMCCIENOBAThL € TOMOINLIO aHAIOTTIHO-
rO YCTPOHCTBa, HO ¢ OOpaIlleHHbIM HalpaBIeHNeM MBUKEHUS YaCTUIl, paclpeneeHne NHTEH-
CUBHOCTU WMCIYCKaHUs YaCTUIL BAOIEL TPOTSIKEHHOTO mcTodnnka. llockombky mmpuna (oky-
ca ~ 1/ \/Ep, TO TPU BBICOKUX SHEPTHSIX YACTUIl €r0 BeINYNHA MOKET COCTABUTDL HECKOIh-
ko Mukpon. Wcnonb3oBamme m3oroyToro KpucTaiia ¢ meGpOpMUPOBAHHBIME KPUCTAIIOTpadu-
YeCKMMU TIJIOCKOCTSIMIU TO3BOJISIET TaKXKe Pean3oBaTh, 3a cueT s(hdekTa oO0LEMHOTO 3aXBa-
Ta, ITPOCTPAHCTBEHHO-YTIIOBYIO KOJUTUMATOPHYIO (POKYCUPOBKY TTyYKa KaHAIUPYIONINX YacTUII.
Hanubiit 5gdekT Takxke HabIIOMAICS B 5TOM SKCIIEPUMEHTE U OBbIT Pean30Bal Ha KOCHIX TII0C-
kocTsx (110) (em. [3]).

B cepenune 80-x romoB omHWM W3 aBTOpPOB 6blja BhICKa3aHa MEPCIEKTUBHAS Miest crocoba
(HOKYCUPOBKH TapaJLIeILHOTO MYyYKa B JIMHUIO, TPU KOTOPOM MYYOK OMHOBPEMEHHO OTKIIOHSET-
csl Ha 3HAYUTEHHLIH YTOJI, YTO MO3BOISIET MOIYUNTL YnCcThie cQOoKycnpoBanubie myukn. CyTh
5TOro MeTofa [8] 3akioUaercs B TOM, YTO MOBEPXHOCTHU BLIXOMHOTO TOPIA U30IHYTOrO KpPU-
cTajTa mpumaeTcs: Takas GopMa, YTOOBI KacaTelbHble K KPUCTAIIOTPAPUIECKIM TIIOCKOCT SIM
Ha HTON TOBEPXHOCTH MPOXOMIIIH Yepe3 OfHy JIMHUIO 1, CIEIOBATETHHO, YACTUILI B TJIOCKOCTH
OTKJIOHEHU S COOMPAINCEH B JTHHETHBIN (DOKYC 3a CYET PA3HOCTH YTIIOB MOBOpOTa. B ciydae usru-
6a KpucTamIorpapuyecknx MIOCKOCTEN o MIANHAPY ¢ pammycoM R (cMm. puc.)) neoGxonmmo,
4TOOLI JTUHES, Ha KOTOPOH jekaT 1neHTphl KpuBusnbl O O, 6blia pacnoiiokeHa Ha TOBEPXHOCTH
MUINHIpA paguyca r, Mo KOTOPOMY 06paboTaH Topell KpuCTallla.

Omnucannniit crocob GOKYyCHpOBKU OLII peain3oBan B coBMecTHOM SKcrepumente UPBO-
[UAD wa uporonnom nyuxe yckoputess Y-T70 [8]. Cuenmanucramu [TUAD 6oina paspabo-
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Puc.5. lpunnun goxycupoBku nyuka Kpuctaimom. OO’ — nuHus, Ha KOTOPOI JexaT
MEeHTPBl KPUBU3HBI KpUCTAIIOTpaduieckux mirockocreit, O10] — ocb pammyca r, M0 KO-
TOpOMY OGpabaThiBaeTcs Topell kpucraiia, I’ — nunus Gokyca, B KOTOPO CXOmsSTCs
KacaTeJbHble K U30THYTHIM MIOCKOCTSIM, COTJIACHO M3BECTHOI TreoMeTpuvecKoil TeopeMe.

TaHa TeXHOJIOTHNS U3ruba (POKYCHPYIOMEro KpICTaslla U N3TOTOBJIEHO HECKOIBKO DK3EMILIAPOB
(POKYCHUPYIOIINX yCTPOICTB. B ONLITE MCIOMB30BAINChL TPU KPHUCTasla KPeMHHUS pasMepamu
2 x 15 x 70 mm® (mmpwna, BBICOTa, MunHA 1o TyuKy ) opuentanun (111). Kpucrammsr usruta-
JAUCh 1o IUanHApY paguyca R = 2.7 M na gmmne 65 mm. YTobbr nmeTs pasnnymbie GpoKycHbIe
PACCTOSHNSA, BLIXOMHBIE TOPIBI KPHCTAJIOB 00pabaThIBAJINCh MO IIIHHIAPAM C PasImdHBIMUI
panmycami (COOTBETCTBEHHO TEOMETPUN PUC.H MEHSIINChL TakiKe YIIbl cpesa (POKYCHpYIOMei

KPOMKT ).
Ha xpmcrasn, ycTanaBImBaeMbIl B TOHHOMETPE, HAPABIIAICS TPOTOHHDIL MyYOK Pa3MepOM
0; = 2 MM ¢ MaJoil yryoBoil pacxomumocThbio oy = 0.1 mpan. DpdexT PoKycupoBKEH peru-

CTPUPOBAJICS C TIOMOIIIBIO SIEPHBIX POTOIMYIIBCUN, HECKOIBKO CJIOEB KOTOPOI pPACIoarailoch
Ha Pa3IUYHOM PACCTOSHUN OT BBIXOMHOTO TOpIla KpucTasia. IHTEHCMBHOCTH MPSIMOTO U OTKIIO-
HEHHOTO MCCIIENyEMBIM KPUCTAJIIOM Ha YToJl 24 Mpal MyYKOB U3MEPSITUCEH CIIMH TUIISITHOHHBIM T
cueTunkamu. Ha puc.6 nokazano msobpaxkenue myudxa, chOKyCHPOBaHHOTO KpucTaioMm N3 Ha
paccrosmum 0.5 M (camas KecTKas (POKYCHPOBKa). Y BelIMYeHHOe MO MIKPOCKOIOM 1M300pazKe-
HIle c(POKYCHPOBAHHOTO MydKa Mt Kpuctaia N3 mokaszano crnpasa Ha puc.0.

PeanuzoBannbiii crmocob (GOKYCHPOBKH MOXKeT ObITh MCIOIb30BaH I MOJYYEHUS ITYIKOB
YacTUIl MAKPOHHBIX paszMepoB 1»B-wHoil obacTu sHepTruil Ha YCKOPUTENIIX HOBOT'O TTOKOJIEHMS.

Hpyroe BaxHoe npuMeHeHme GOKYCUPYIONIETO KPUCTAIIa MOKET OBIThH CBA3AHO ¢ OOpalleH-
HBIM HallpaBlieHneM [BUKeHIs 9acTull (IpeobpasoBaniie B MapalelbHbI TyYKa, PAcXomsIiie-
rOCs M3 TOYEUHOTO MCTOUHNKA ((POKYCHPOBKA M3 TOYKM B Mapasienn)). s oTux ueneii cremm-
aJbHBIM 00pa30oM MoTKeH ObITH 0O6paboTaH BXOMHOW TOPEI KpUCTaJia.

DKCIEPUMEHT TI0 MCCIIENOBAHTIO Y(PPEK TUBHOCTHT 3aXBaTa PACXOMSIIETOCS U3 TOYETHOTO MC-
TOYHUKA TTYYKa C MOCIENYIONINM Tpeobpa3oBaHneM B TapaslielbHbll U OTKJIOHEHUEM ObIT BbI-
MOJIHEH Ha BBIBEIICHHOM MPOTOHHOM Iyuke yckoputens UPBD ¢ sueprueit 70 ['5B [9]. B nannom
SKCHepUMeHTe UCIOb30BaIcs KPUCTal KpeMuns ¢ pasmepamu 2 X 20 x 30 mm®, usornyTorit
Ha yrosa 6 Mpam m ¢ GOKYCHBIM PAaCCTOSHUEM BXOMHOTO TOpma 2.5 M (YIJIOBBIM aKCemTaHCOM
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Puc.6. N3o06pakenne myuka, choKycupoBanHoTO KpucTanioM 3. [lpodunt oTKIoHeHHOTO
n cHOKYCUPOBAHHOTO TYUKa BUIeH cieBa. [[yHKTHpoM obo3HaUeHO cedeHNe KPUCTAIIA.
CrpaBa MOKa3aHO yBeJIUUYeHHOE MO MUKPOCKOIOM u300paxkenue coKyCUPOBAHHOIO My YKa
Iutst KpucTania (pokycnpoBKa Ha paccTosann 0.5M).

+400 mkpam). 3aperncTpupoBaHHbIN Ha BBIXONE W3 KpHUCTalla MyYOK HMeN YIJIOBYIO Pacxo-
numocTh 40 mMxpan n 15% ypoBeHb MHTEHCHBHOCTH OT Majalollero Ha ero TOPEl MPOTOHHOIO
mydKa.

Ycmexn B MCCAENOBAHNAX MPONECCOB KaHAJTMPOBAHNS YaCTHIL BBICOKAX SHEPIHil B M30THY-
TBHIX KPHCTa/IaX CTUMY/INPOBAIN MHTEpEeC K IIPUMEHEeHIIo WX A/ BbIBoMa MydkoB u3 ToB-meIx
yekopureneii (LHC u SSC). B kauecTBe ncnbITaTenLHOTO TONNTOHA [I7IsL THUX TeJell ObLTo Tpe-
JO0XKeHO ncnonb3oBarh yekoputens FNAL (em.pue.7) [10].

. -_ :. BLIBOAMMBIGE ny-m:

)

unpxynnpy7uuﬁ mysek \ NamGepTcon H3OIHYTBIH KPIICTIJUI
\&

%ﬁ\
I e o ———E;-—Za/ TEBATPOH

——
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Puc.7. Cxema skcnepuverta E853 1o BeiBomy myuka u3 yckopurens Tosarpon (CIIA).

Brmoanenne Takoro SKCIIEpUMEHTa HOTp€6OBELJIO ITPUHOUITNAIBHO HOBBLIX pemeHMﬁ 110 yCKO-
pI/ITGJIBHOI?I TEXHUKE, TOHUOMETPUYECKOMY O60py,IIOBELHI/HO 1 IpeNbABUIIO HOBLIE Tp€6OBELHI/I}I K
COBEPIICHCTBY KpHUCTaJl/la 1 Ka4eCTBY €I'0 U3IroTOBJICHNA.
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Hitst peanusanun >Toi 3amaun B [IUAD Guiin paspaboTanbl 1 HCTBITAHBI HOBbIE METOIIBI MC-
CIIENIOBAHNS YMCTOTEHI MCXOMHOTO MaTephuaia (KPEMHIS ), COBEPIIEHCTBA €r0 KPUCTAIITNIECKOI
CTPYKTYPBI, 06paboTKN KPHUCTAJIOB M KOHTPOJIS, IPEIN3NOHHON OPUEHTAIINN I KOHTPOJIS BhI-
Pe3KU B HYKHBIX KpUCTaIorpaduuecKinx HallpaBIeHUsX, yIaJleHns HapyeHHbx ciaoes [11].

B pesynbrate cepum skcnepumerToB 1994 = 1996 rr. 6buta mpomeMOHCTPUPOBaHA BO3MOK-
HOCTD BBIBOMIA M3 KaMephbl YCKOPHUTENS Ty uKa TpoToHoB ¢ sueprueii 900 ['sB n nunterncuBHOCTHIO

no 10° 1/c B mmmysbenom pexuve n o 10° 1/c¢ B "pactamyTom” pexume, He Melas OCHOBHBIM

SKcepuMenTaM Ha Koiltaiinepe [12].

OddexT BpallleHUS COMHA YACTHUILI, KAHAJIUPYIOUIE B M30THYTOM
KpUCTAJLIIE

Kpome npumenenus niisi popMUpPOBaHUS MYyYKOB Ha YCKOPUTEISX, M30THYThle MOHOKPUCTAJ-
JIBI OTKPBIBAIOT HOBbIE BO3MOXKHOCTH MIJIsl U3MEPEHUS MAarHUTHBIX MOMEHTOB KOPOTKOKMBYIITUX
YacTHII.

B 1979 r. bapsimreBckuii nmokasas, 9TO CIIMH YACTHUIBI JOJZKEH MPENecCuPOBATh, €CIIU OHA
KaHaJupyeT B U30IHY TOM KpHUCTallite. B M30rHy TOM KPHUCTAIIIe 51K TPOCTATUUECKOE TTOJIe aTOM-
HBIX KPUCTAJIIOT pa(pUUeCcKnX MIOCKOCTEN TpaHcGOPMUPYETCs B MArHUTHOE TI0JIe B CUCTEME TI0-
KOs acTulBl. B pesynbTaTe yrom npereccun cimia @ pasen ¢ = 1/2v0(g —2) ((mast v > 1),
r7ie 7 — JIopenti-pak Top, ¢ — THPOMATHUTHOE OTHOIIEHTE, § — yTOI OTKIOHEHN S KaHa U POBAHHOM
qacTunbl. U3 msmepenutt ¢ u 6 s KaHaITMPOBAHHON IacTHUIILI MOKHO OIMPENeNTh BEININHY ¢
U, CJIENOBATENLHO, e¢ MArHUTHBIN MOMEHT = geS/2me, tne e,m u S — 3apsm, Macca U CIUH
yacTuibl. birarogapsi ¢BEpXCUIbLHBIM MOJISM B KPUCTAJIE, YIOI TMPENeccun CliMHa YacTUIbI B
KpucTaje IJIMHON BCEr0 HECKOIBKO CAHTUMETPOB MOKET MOCTUTATh HECKOJIBbKUX pauaH, T.e.
BIIOJTHE M3MEPIEMbIX BeJINUIH.

B skcnepumvenTe [13] BnepBoie mabmonancs >(pexT mpeneccnn cruHa Y. -THIepOHOB, KaHa-
JAUPYIONNX B W30THYTOM KpHUCTaille. JKCIepUMeHTaIbHas YCTaHOBKa BKITOYada B cebs THUIe-
POHHBII CIIEKTPOMETD, COCTOSIINH 13 MUMOIBHOIO MAarHUTA U TPEX CTAHIUN CTPUIOBBIX KPeM-
HIUEBBIX ETEKTOPOB, 1 GAPUOHHDI CIEKTPOMETD (/IBa MUHOMBLHBIX MATHUTA U 9€THIPE CTAHIINI
MHOTOITPOBOJIOYHBIX TIPONOPINOHaNbHBIX Kamep). Cpenunit nmnyabe YT -runeponos onpeness-
eMBIll reoMeTpueil THIePOHHOro KaHala W BEJIMYUHON MarHuTHOro mnois, 6wt 375 I'sB/c, a
pasbpoc no mmmynbcam Ap/p = 7% . Hongpusamus myuka YT -THIEPOHOB, COTTACHO M3MEPEHN-
aM, 6buta pasaa 124 1%. Ha paccrosamnu 10 M o Mumenn mydox conepxas 1% YT -runeponos,
OCTalIbHble YaCTUIIbl OB THOHBI W TPOTOHDI.

JIBa W30THYTBIX KPEMHEUEBBIX KPUCTAIIa (CM. puc.8) yCTaHaBIMBAINCh 3a TUIEPOHHLIM
CIEKTPOMETPOM B Hadalle paclaigHol 30HbI. KpucTaniabl, opueHTHpOBaHHBIE BAOIb TIOCKOCTH
(111), mmerm pasmepsr 25 X 0.4 X 45 mm® n msrubanuch mo TpexTodeunoil cxeme [14]. Bepx-
HU KPUCTAJIT OTKIOHSIT TIyYOK BHU3, & HUKHUN — BBEPX. Y [IIbl OTKJIOHEHUS ObLITU OIMHAKOBBI.
Taxum obpazom, mpelieccus ClrHa B KPUCTAIIaX MPOUCXOAUIA B ITPOTHUBOMOIOKHBIX HaIpa-
Brernsx (cMm. puc.8). BepTukanbublil pasMep mydka B MeCTe PAcHONOKEHNs KPUCTAIIIOB ObLT
paBes 1.8 cm mpu yriosoit pacxonmmocTu 1.4 mpan. Tonbko BeGonbimas dacTh TydKa ~ 2.5-107*
3aXBaThIBajach B PEKUM KaHAJIUPOBAHUS.

Ha moBepxHOCTH KaX[moro KpucTaaida ObLIM UMILIAHTUPOBAHBI MO 8 TOJIYIPOBOIHUKOBBIX
NeTeKTOPOoB (KaXKIBIi 2.5 MM 10 MYYKY ), TTO3BOJISIOIINE M3MEPATH HOHM3AINORHBIE TTOTEPU Ya-
CTUIIBI TIO Mepe TPOXOKIEHUS Yepes KPUCTAal.

Kawmanupoammbie 9acTuiibl naeH THGUINPOBAINCH TI0 YTIY OTKIOHEeHUs § M 0OTHOCHTETLHO
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Puc.8. Cxema, noscustorias »bdeKT mpeleccul CIuHa B KpUCTAJIe.

HU3KUM MOHUBAIMOHHBIM MTOTEPSIM B IETEKTOPHBIX CTPYKTYPaxX KPUCTAIIIIOB. Y IITbl OTKJIOHEHU ST
(0) wacTul B BepxHEM W HUKHEM KpHcTajaaxX cocTasiasuim Bermanny 1.649 £+ 0.030 mpam n
1.649 + 0.043 mpam, cOOTBETCTBERHO (CIMH IPU HTOM [OIKEH TPENECCHPOBATDL Ha YTOT ¢ ~ 1
par).

Ilis usMepeHns TOMAPW3AINU OTOMPAJUCh Y '-TUIEPOHLI, pacllafaloliecs 0 KaHasly
Yt — pr® (~ 52% or obmmero uncia pacnanos). TouHOCTH oONMpenenenus BepITHHBI paclia-
nma B 10-meTpoBoil pacmamnoit 30ue coctaBmia H0 cm. C momoribio Kputepust oT60pa cOOLITHI,
HCIIOJTB3YIOIIETO OrpaHNYeHnsT Ha KHHEMaTUYecKue nepeMenHbie, Obiio oTobpano 2167 + 47
COOBITHU.

Mona pacnana Xt — pr® umeer 6osbiioit napamerp acummerpun o = —0.98 u sBs-
eTcs Mo>TOMY YyBCTBHTENILHLIM KPUTEpHeM MOISPU3aliOHHOTO COCTOSHIS YT -Tunepona. s
KaKJIOTO 13 KPUCTAJLIOB OLIIN OIpeNesleHbl KOMIIOHEHTHI BEKTOPa MOIAPU3aliull Y, -IUIEPOHOB.
Omn nokasamer Ha puc.Y B cpaBHEHNN € pACIETHBIMEU MTaHHBIME. M3Mepentbie yriibl pemneccun
CIMHA [JIs BEPXHETO U HUKHETO KPUCTAILIOB 6blmn paBHbl +51° £+ 23° uw —72° £ 26°, cooT-
BeTcTBeHHO. Cpemuss BelmdmHa TPENecCun CIHa I ABYX KPUCTasaoB, paBuas 60° + 17°,
coriacyeTcs ¢ TeopeTWIecKn MpefcKa3anHol Bemmuanaon 62° + 2°.

Py,

Monapmanus Bepxanit
0,1 X" mysxa KPHCTaIN

Huxuuii
KPHCTANLN

P,

-0,1 0,1

Puc.9. MSMepeHHBIe IIOJIAPU3allll ITOC/Ie BpallleHIA CIINHa B KpHCcTaJllIax (HOK&3&HBI CTa-
THCTUYeCKIe OHINOKI Ha YpoBHe O'). HyHKTI/IpOM IIOKa3aHbl TeOpeTnYeCKe IIpeacKa3anms.
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Ycpennennas BeaWYmHa BEKTOpa HOJApuU3anuu A8 AByX kpucrauos P = 11.8 + 3.6%
COOTBETCTBYET 3HadeHuto noispusanun 12 + 1%, usmepennomy 6e3 OTKIOHEHUS B KpUCTAJLIe.
DTo o3HavaeT, 4TO He HAGIIONATIOCEH NETOSIPU3AIIIE B TIPOIEcCe KaHaATNPOBAHTS.

Nsmepenubiit MarunTHbl MoMeHT YT -runepona pasen (2.15 £ 0.61)un u (2.74 + 0.71)uy
IS BEPXHETo U HIKHEro KPUCTAIIIOB, COOTBETCTBEHHO ([ = eh/m, — SOepHbIil MarHeToH).
Ycpennennas BeIUUMHA [ = (2.40 + 0.46) {N HaXOOUTCS B COIJIACUU C U3BECTHLIMU MHUPOBLI-
mu ganiaeiMu (2.42 £+ 0.05)uy. CucremaTndeckas ommbka nsMmepenuii e mpesbiiana 0.407y .
OxcnepuMenT nokasail >GQPeKT Mpereccnn CmiHa KaHaTHPOBAHHBIX YaCTHIL B M30THY TOM MOHO-
kpuctaiie. OnpoboBaHHYIO0 METONUKY OBLITO MPENIIOKEHO NCIONb30BAThL MJISI M3MEPEHUs Mar-
uutHOTO MoMenTa Af-Gapuona [10].

3akirodeHne

Ob6mnapyxennniit 5>¢ppekT 06BEMHOTO 3aXBaTa PACIINPUIT TPENCTABIEHNE O TIPOIECCe TTPOXOK Te-
HUS TYYKOB YacTUI depe3 M30THYTHI KPUCTAJUT U CTaJ YyUYUTHIBATHLCI NMPHU BLIOOpe U ONTH-
MU3AIMUHA PA3INIHBIX KPUCTAIIOONTUYECKUX YCTPOUCTB 1 TPpUOOPOB MJIsl YacTUI BLICOKUX U
CBEPXBBLICOKNX SHEPTUN.

Paspaborannbie B mpoliecce MHOTOJIETHEN SKCIEPUMEHTATBHON eI TETbHOCTU Pas3indaHble
MeTONNKM, TPUOOPHI I TEXHOJOT I MO3BOJUIN Peain30BaTh Ha MpaKTUKe pa3IndHble KPUCTall-
JOOTITHYECKNE DIIEMEHTHI 71 YIPABIEHUs TYYKaMU JacTHUI BBICOKUX SHEPTU. JKCIEPUMEH-
TallbHoe HabaoneHne >pdexTa BpallleHnsl CrnHa YacTUIbl, KaHAJUPYIOlleil B U30IHY TOM KpH-
cTallie, TO3BOJIUIIO CO31aTh MeTOoN M3MePeHWs MalHUTHBIX MOMEHTOB, 10 KpailHell Mepe, IJis
KOPOTKOKUBYIINX c-O0apHUOHOB.
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