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B T9BHOIT 061acTH SHEPTUll YIIPABIAATH TPACKTOPUIMHU IACTHUIL C TIOMOIIHIO JIEKTPOMATHUTOB /IS TIOJTy9e-

HUA BBIBEIEHHDBIX ITYYKOB Ha YCKOPUTEJIAX CTAHOBUTCA CJI02KHO U OY€Hb 3aTPaTHO. ,Z[J'[H ITUX Heﬂeﬁ bobIIe IIoa-

XOOdT BBICOKOTDaUEeHTHDBIE yCTpOfICTBa Ha OCHOBE M30THYTBIX KPHUCTAJLIOB. Ot KPHUCTAJLJIIBI MOTYyT paﬁOTaTb

KaK CBEPXCHUJIbHBIE JIMH3BI C (POKYCHBIM PACCTOsTHNEM MeHee 1 M, C SKBUBAJIEHTHBIM MarHuTHBIM mostem 1000 Tir.

B mammoit pabore peanm3oBana cxema (GOPMUPOBAHUS PaACXomsdinerocs mydka ¢ dHeprueit 50 ['9B aByms mo-

CJTETOBATEIHHO PACITIOIOKEHHBIMU (POKYCHPYIOMNMI KPUCTAJIAMHA I CO3MAHUS aKCHATHLHO-CUMMETPUIHOTO

MyYKa ¢ MaJIoil pacxonuMocThio 30 MKpa  Kak B TOPU30HTAIBHOIM, TAK M BepTHKAILHON TIockocTax. OaHo u3

IepCHeKTUBHBIX IPUMEHEHNU TaKOU CXeMBbI — CO3JaHUe IIyYKOB HEUTPUHO BBICOKUX JHEPTUIi.
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CoBpeMeHHBIE KPYMHBIE YCKOPUTEIN YXOIST IO
suepruu B TIBHYI0 061actb, BAK (Bosbioil aaposubii
kosunaiinep, LHC) yxe onepupyer na 7 TB. Ilnanupy-
erca BKK (Byaymmuit konbuesoit komnaitnep, FCC) ¢
smeprueii 10 50 ToB. B Poccun Ttakke mmeercd mpoekT
YCKOPHUTES B TIBHOM 00JTACTH IHEPTUU — Y CKOPUTETHHO
HakonmresabHbIH kKoMmuieke (YHK) na suepruio 3 TaB.

B sroit obsracTu sHEpruii ynpasiasTh TPACKTOPUSIME
YaCTHI] C MOMOIIBIO SJIEKTPOMATHATOB JJIsl [TOJIY 9€HUs
BBIBEJEHHBIX IIY9YKOB CTAHOBUTCS CJIOKHO W OYEHDb 3a-
TparHO. /151 3THX 1es1eit OObITe TOIXOIAT BEICOKOTPa-
JIMEHTHBIE YCTPONCTBA HA OCHOBE M30THYTHIX KPUCTAJ-
goB [1]. Dru kpucrawibl MoryT paborarb Kak CBEpX-
CUJIbHBIE JINH3BI ¢ (POKYCHBIM PACCTOSTHUEM MeHee 1 M, ¢
3KBUBAJEHTHLIM MarHuTHLIM mojgeMm 1000 Tin. B mammoit
pabore peanmn3oBaHa cxemMa (POPMUPOBAHKS PACXOISIIE-
rocs nydka c sueprueit 50 I'sB nByms nocienoBarensHo
PACMIOJIOKEHHBIME (DOKYCHPYIOIIMMI KPUCTAJLIAMU JIJTsT
CO3/IaHUS AKCHATbHO-CHUMMETPUYIHOIO Iy9YKA C MaJjoi
pacxomumoctbio §, = 30 MKpPaJ| KAK B FOPU30HTAIBHOI,
TaK M BePTHKAILHON miockoctax. (. = (2U./pv)t/? —
KPUTUYECKUN yTOJ KAHAJIWMPOBAHUS, WJIW yroy JIwH-
nxapaa, vae U, ~ 203B — BemndmHa MOTEHITHATHEHOTO
fapbepa mrockocTHOro kanasa (111) B kpemuun, p, v —
IMITyJIbC M CKOPOCTh HAJIETAIoNIeil dacTurpl, cM. [1]).
OHO W3 TMEepCHeKTUBHBIX MPUMEHEHUH TAKOH CXeMbI —
CO3JlaHUE MYYKOB HEHTPUHO BBICOKUX SHEPTHIL.
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N3ortyThie KPUCTAIBI UCTIOTIH3YIOTCS HA YCKOPUTE-
JISIX JIJIsi BBIBOJIA WJIM KOJUTMMAIIAY ITPOTOHHBIX ITy9YKOB
[2-9]. B [10-14] moka3aHO, 9TO € HOMOIIBIO H30IHYTOTO
KpucTasia ¢ GOKYCHPYIOIIM TOPIIOM MOYKHO OTHOBPE-
MEHHO OTKJIOHATH U (DOKYCHPOBATH Iy UKU YACTUIL BHICO-
kux suepruii. HeckoabKo 9KCIIepuMeHToOB NOKA3aIu, 9TO
3 deKTUBHOCTH OTKIOHEHWST MyYIKa, JacTuIl (POKYCHPY-
IOMIM KPUCTAJIIIOM MOYKET JJOCTUTATDH JECSITKOB TTPOIIEH-
toB [15,16]. HemaBro B padore ITEPH [17] moka3zaHo,
YTO [iBa TIOCTIEIOBATEILHO PACITOJONKEHHBIX KPHUCTAJ-
J1a ¢ TIPSIMOYTOLHBIMHU TOPIIAMHU MOTYT WCIOJIb30BATHCS
111 3 PEKTUBHOTO yIIPABJIEHIS TPOTOHHBIM ITY 9KOM HA
yckopurese. Kpucrasib xKe ¢ poKycupyroreit KpoMKOit
MOryT (DOPMHUPOBATH MYYKH BTOPUUHBIX JACTHUIl, BHIIE-
TAIOIIUX U3 MUIIEHEH CO 3HAYUTEIbHOU yIJIOBON pacxo-
JIAMOCTBIO.

Jlmst peanm3anuu cxeMbl (POPMHUPOBAHUS PACXOIA-
Ierocst My YKa JABYMS MOCIEI0BATETHLHO PACTTOTOKEHHBI-
Mu (poKycupyomuMu Kpucraaiamu Ha Y-70 6b110 n3-
TOTOBJIEHO 2 3K3EMILISIPA KPUCTAIINIECKUX YCTPOUCTB
¢ dokycHbIM paccrosHueM 1.7 m 2M Ha OCHOBE IIa-
CTWH TPAITENUNAATHHON (DOPMBI CO CKOITIEHHBIM TOPIIOM
(puc. 1).

B sT0it opurnHanbHOM KOHCTPYKIIMA KPHUCTAIATE-
CKasl TTACTHHA TPAMEUHIATHHON (POPMBI, BhIpE3aHHasT
M3 KPEMHUS BIOJb KPUCTAIIOrPAMUIECKOH MIOCKOCTH
(111), umeer pasmepbi: 2 MM 1o mupusae X, 70 MM 110
BbICOTE Y, ¥ JIJIUHY BJOJIb ITy9Ka 0 Koopauuate Z ot 20
1o 40 MM, Giaromapsi CKOIMEeHHOMY Topity. Merasmnde-
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Puc. 1. (IIpernoit onnaita) Bremmawnit Bum dokycupyrome-
I'0 KPHUCTAJLIMYECKOr0 YCTPOHCTBA 1 cXeMa (POKyCHPOBKH
Iy4Ka U3 HapaJlieIbHOr0 B TOYKY C THOMOIIHIO TAKOI'O MO-
HOKPHCTAJIa, TIOKa3aHHad Ha BCTABKE PUCYHKA

CKUIl KPUCTAJIIOAEPKATEb CO3JAET MTPOIOIHHBIN U3TH-
baromuit MoMeHT 1o KoopaunHare Y. Biaaromaps anuzo-
TPOIHBIM CBOWCTBAM KPUCTAJLIMYECKOH pererku (CM.,
HanpuMep, [1, . 85]) BO3HUKAET MOTIEpeIHbIH N3rM0 KPH-
CTAJIIIA C PAIUYCOM HECKOJIBKO METPOB, KOTOPBIH U WC-
MOJIb3yercs st (POKYCHPOBKH U MOCTEYIOIIEr0 OTKIIO-
senus dactuil. OCOGEHHOCTH KOHCTPYKIWMH (6OJIbIIast
BBICOTa, KPUCTAJIA), KaK 9TO BUIHO U3 pHC. 1, MO3BO-
JISIIOT CHUBUTH (POHOBBIE YCJIOBUs, TAK KAaK BEIECTBO
METAJITHIIECKOTO JIEepP:KATeNs He MOMaJaeT B My4d0K, 00-
JIYYAeTCs JIUITh CAM KPUCTAJLI, UMEIOIIUN JJINHY JIAIIH
6 % or mamHBL gnepHOro B3ammozeiicrsud. Ilo cpapme-
HHUIO C MPEXHUME 00pa3aMi KPUCTAIMICCKUX JINH3,
9TH OTJIMYAIOTCS eIle U 00JIee MPEIU3NOHHBIMU METO/ 1A~
MH 0OPabOTKH MOBEPXHOCTH.

Cuauaina na ycranoske KPMCTAJLJI, pacnonoxen-
HOU HA BBIBEIEHHOM ITyuke Y-70, 3TH KPUCTAJLIBI OBLIN
MPOTECTUPOBAHBI B MOJie (DOKYCHPOBKH W3 MAPAJLIETH-
HOI'O IydYKa B TOYKY (CM. puc.2), rue ObLId M3MepeHbl
bOKyCHBIE PACCTOSIHUS ¥ MMPOBEPEHO KAYECTBO (DOKYCH-
poBKu. Pexxum KaHAJIMPOBAHUS HAXOIWUJICS C TTOMOIIBIO
CIMHTHJLISIIIUOHHBIX TEJIECKOMOB, a OrHOAoIas MmyJdKa
B pe3ysibTare (POKYCUPOBKY OMPEIeNIsiach ¢ TOMOIIBIO
CJIOEB dMYJIbLCUOHHON TJIEHKU, KAK 9TO IEJIAJIOCh DaHee
B [12].

Bamernm, uro B skcnepumenTax [IEPH [18-20] 6bI-
JIO BBISICHEHO, YTO B PEKUME KAHAJIUPOBAHUS TIPU BHICO-
KUX SHEPIUAX MHOMOKDPATHOE PACCESTHUE YACTUILL, YMEHb-
maercs B 8 pa3. Cromnb caboe KyJTOHOBCKOE PACCEsTHUE
B PEXXVMEe KAHAJUPOBAHUS O3HAYAET, YTO BEPTUKAIHHO

FWHM (mm)

0 05 10 15 20 25
L (m)

Puc. 2. Orubaomasa myvka (pa3Mep MmydKka B 3aBUCAMOCTH
OT PACCTOSHMSI, OTCIUTHIBAEMOTO OT KPUCTAJLIA,). TOIKI —
skcrieprMenT. KpuBast — pacder st peajbHBIX YCJIOBUIA C
YIETOM DACCEeSTHUST HA BO3IYXE M OMYJIbCHUIX

U TOPU30HTAIHLHO (POKYCHPYIOIHE KPUCTAIIBI, PACIIO-
JIOXKEHHBIE TTOCJIeIOBATEIBHO, HE OYIyT MEIarTh APYT
JIPYTY. DTO MO3BOJISAET CO3JABATH CUCTEMBI (POPMHUPOBA-
HUSA IIy4YKa U3 HECKOJIbKHUX IOCJEe0BATEHLHO PaCIOJIO-
JKEHHBIX KPHUCTAJIJIOB, HATTPUMED, CO3JaBATh aKCHAJIHHO
CUMMETPUYHBbIE TTyYKN TTHOHOB M KAOHOB JIJIST TeHEepaInu
HEUTPHUHO MO HOBOW CXeMe.

Ha xanaJjie 4a Y-70 mpoBezeH 3KCIEPUMEHT 10 MPOo-
BEpKe KPUCTAJITOOTTHIECKON CHCTEMBI, COCTABJIEHHOMN
U3 ITUX KPUCTAJIOB, & HMEHHO, JBYXKPUCTAIb-
Hasg CXeMa, TIO3BOJSIONIAA TOJYINTh aKCHAJIbHO-
CUMMETPUYHBIN My4YOK C MaJIO# yIJIOBOW pPacXOAUMO-
CTBIO JIJId TeHepalyu HedTpuHo (puc. 3).

Puc. 3. (IIpernoit onnaiin) /IByXKPHUCTATbHAS ONITHIECKAS
cxema g (POPMHPOBAHUSA AKCHATHHO-CHMMETPUYHOTO
y4Ka

Cymecreyrommas yecranopka KPUCTAJIJT mrst sTux
TECTOB ObLIa JIONOJHEHA BTOPbIM TOHHOMETPOM JIJIs
BEPTHKAJIBHO-OTKJIOHSIONIEro KprcTaiia (puc. 4).
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Puc.4. (Ipernoii omnaiin) Komdurypamms ycranoBkm
KPUCTAJIJI ¢ akTuBHON MHIIEHbIO U ABYyMs (DOKYCH-
pylomuMu Kpuctajuiamu: 1T — akTWBHag MumieHb; Si-h —
rOPU30HTAIBLHO (POKYCUPYIOMUN KPUCTAILT B TOHUOMETDPE;
Si-v — BepTuKaabHO (GHOKYCUPYIOMUNA KPUCTAI B TOHUO-
mverpe; H — crgaTmsiisiuonsbiit rogockort. Jly4un pa3abix
[BETOB [TOKA3bIBAIOT OTKJIOHEHUE Iy YKa KPUCTAILIAMU, I10-
SICHEHMSI TIPE/ICTABICHBI HA PUC. 6a

s co3manus TOY€IHOrO HCTOYHUKA PACXO/ISAIIErO-
¢S My4YKa MpOTOHOB ¢ 3Heprueit 50 '3B Obi1a ycranose-
HA aKTUBHASA MUIeHb T B BUE TOHKON MaacTubl (TOJ-
mmHoit 150 MrM) u3 rszkesnoro cuuntusisTopa Csl. Ha
MUIIEHDb TOMAJAIIA JIUIIb MAJIasd OIS Iy IKa HHTEHCHUB-
rocThio 2 X 103 wacrwm/c. Ily9ok TpOTOHOB B Mue-
HU OBLT PACIYIIEeH A0 HEOOXOIUMOM BEJIMIUHDBI YIIIOBOM
PaCXOIUMOCTH 05 = 0y = 0.9 Mpas. Kpucranner BBoan-
JINCh B PEXXUM KAHAJIMPOBAHUS TOOYEPEIHO, MO CXEME,
OPECTABIEHHO HA PUC. 5, KaK 3T0 jAenanock B [15].
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Puc. 5. (Ilsernoii omnaiin) Cxema HAXOXKICHUS DEKUMA,
KAHAMPOBAHWS B KPHUCTAJLIC, PACIIONOKEHHOM B TOHHO-
MeTpe

Db derT HOKYCHPOBKHU U MOCIEAYIONIETO OTKIOHE-
HUS PACXOIAIIErOCs My 9IKa (PUKCUPOBAIICSA CIUHTHILISI-
[UOHHBIM TOZOCKOMOM (¢ marom 1.6 MM), BKIIOUEHHBIM
HA COBTAIEHUS CO CIMHTHUJIISTOPOM TOHKOW MWUIIEHH,
COIJIACHO METOJy, IpUMeHeHHOMY B [15].

ITo aramoru<HOit cxeme ObLT HACTPOEH Ha, PEXKUM Ka-
HAJIMPOBAHUS BEPTUKAIBHO-OTKJIOHSIONINI KPUCTAJLII.
IToce 3TOr0 KpUCTAIBI BBOAWINCH B MYYOK OTHOBPE-
MEHHO.

Ha pucynke 6 moka3anbl mepBbie PE3yIbTATHI 0 -
(EKTUBHOCTH OTKJIOHEHUST PACXOISINEr0oCs C MUIIEHU
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My9Ka [IOCJIe TTPOXOXKICHUS B PEXKUME KAHATINPOBAHUS
Tepe3 IBa KPUCTAIIA.

Kazkaprit u3 kpuctaios hpOKyCUPOBAI U OTKJIOHSIT
My4oK ¢ oxkupaeMoit adpdekTnsHoCTHI0 0K0Io 10 %. OT-
HOCHTE/THHO HEBBICOKAsT 3(PHEKTUBHOCTH ABOMHOIO Ka-
HasnupoBanus (okoso 1.4 %) oObsICHAETCS CPABHUTENh-
HO HU3KO# sHeprueit mporonos 50 3B, roe aruHa gexa-
HAJIMPOBAHUS COCTABIISIET ~ 2 cM. DD HEKTUBHOCTH KPH-
CTAJLIMYECKOW CHCTEMbI PE3KO BO3PACTAET IS TIBHBIX
SHEPTHiA, IJIe JJINHA JeKaHa upoBanus cebiiie 50 cM (co-
[JIACHO M3MEPeHHbIM BesimunHam [21]).

IIpumenenmne Takoit cxeMbl C BHYTPEHHEH MUIIEHBIO
U JIByMsi KPUCTAJLIAMU [TO3BOJIAT PEATN30BAThH HA KPYTI-
HBIX YCKOPHUTEISX HOBBIN MeTOI (hOPMUPOBAHUS Ty TKOB
HEATPUHO, KOTOPBIN OTJIMYAETCAd CyIIEeCTBEHHOU ITPOCTO-
TOW, IO CPABHEHUIO C MPUMEHAEMbIMHU CXeMaMH ceidac,
KOTOpBIE TPEOYIOT BBIBOJA MTPOTOHHOTO IyYKa, €ro B3a-
AMOJIEfiCTBIE C BHEIIHEHl MUIIEHBIO U (DOKYCHUPOBKY IIH-
OHOB W KAOHOB, POJUTeNell HEUTPUHO, CHEeIUaIbHBIMHA
CHUJIBHOTOYHBIMY 3JIEKTPOMATHUTHBIMUA YCTPONUCTBAMA —
ropaamu [22]. Takast rpPOMO3/KAst CXeMa, O3BOJISET IO
JIYYUTh My90K HEHTPUHO TOJIHKO B OTHOM 33IAHHOM Ha-
MPABJIEHUU, B TO BPEMS KAK KPUCTAJILI JIETKO MOTYT
OBITH YCTAHOBJIEHBI B TTPOU3BOJIHLHBIX TOUKAX YCKOPUTE-
Jisl, HATIpDUMEP, [IJIsi 30HIAPOBAHUSA 3E€MIU C MOMOIIBIO
BBICOKOIHEPTETHIHBIX HeHTpuHO. KommdecTBeHHAS WH-
dopmanms o0 CIeKTpax M MOTOKAX HEATPUHO TOIPOOHO
npezcrasieHa pasee B padore [23].

B pabore MbI mpeacTaBUIM HOBBIE IPUMEHEHHS U30-
THYTBIX KPUCTAJJIOB B YCKOPUTEJIHHOMW HAyKe, KOTOPHIE,
MBI HAJIEEMCsi, MOTYT CTHUMYJIUPOBATH HOBBIE SKCIIEPH-
MEHTBI TI0 (PU3UKE BHICOKUX IHEPIHI.
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