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B.H.[losguakos, B.H.Pebkos, A.B.Canosckuit, 11.Cnacos, B.I' . Tumodees,

H.A.Tankuu, H.A .®unarosa, 3.H.Ilsiranos
O6beaNHeHHbI HHCTHTYT AEPHAIX HCclefoBaHui, [ly6Ha

[.I' Komkapes, U.B.Pyackoit, A.H.Tansmsus, 10.H.Yebnyxos
HHCTHTYT TeOpEeTHYECKOM H 9KCIIepUMeHTaIbHOI (pu3nKH, Mocksa

Kak uapecrio, B CIIA npuHATO pellleHHMe O CO3[aHWH CBEpXIIPOBONA-
wero cynepkonnaitnepa (CCK) c 3Heprueit myukoB 20x20 TaB. Ilpoek-
THpOBaHHe ObUl0 Hauato B 1982 romy. B 1986 roay sakoHueHO co3maHHe
MpeaBapHUTeIbHOTO npoelcm1 , B KOTOpPOM YTOUHEHbl BCe TeXHUYeCKue
OeTal W NoKa3aHa MPHHLHIHMANBHAA BO3MOMHOCTh MTOCTPONKH TAKOH MalllH-

bl. B 1989 roay, nocite toro, kak npasutenbcrBo CIIA npumer peinenue
O MecTe CTDOMTENbCTBA, HAuHeTCA TeXHHYeCKasdA pealn3allA IIpOeKTA.
Ilo npeaBapHTeNbHBIM OLIEHKAM, yCKOPHTENb HauHeT paboTars Ha puanuec kui
akcnepuMeHT ' B 1996 rony.

Yuactie ¢pusnkoB OUAU u CCCP B HccienoBaHHAX HA 3TOM YCKOPH-
Tene 6bu10 Obl BecbMa nonesnbiM., Ouauku OMAN u CCCP mornm 6m1
BoitHh B coBmectHble pabGoTbl Ha CCK ¢ 3aMeTHbIM HHTENNEKTyalbHbIM
BKJIaIOM, npefsioxHB opraHn3oBaTh Ha CCK MemsieHHbHt BBIBOM yCKOPeH-
HOrO MyYKa C MOMOLILI0 KPUCTATMYECKOTrO CenryMa M nanbHelllyio pa3Bog-
Ky BbIBEJEHHOro MyyYyKa TaKXXe C [IOMOLUbI0 M30THYThIX KpHcramtoB. Ilpen-
BapHUTeNIbHbI MPOeKT KoJulalinepa He npejlycMaTpUBaeT OPraHM3alMI0 Mel-
JICHHOTO BbIBOZA IMyuKoB ¢ dHeprueil no 20 THB Bcencreme ero TexHMYecKon
cnoxHocern. OpHako Ha nocieannx coBewaHHsix no CCK HeonHokpaTHo
BbICKA3bIBANACh HACTOATENbHAA HeobxoaumMocTs opraﬂuam.gm TAKHX My4YKOB
JUIA NpoBeJleHN TeCTOBBbIX M METOOMYEeCKHX MCCI1e/lOBaHMIl

[locne npenckaszauna s¢dekra mxnouemm HIYYKOB  3apAXXEeHHbIX
YACTHIL C MOMOLBI0 HU3OTHYThIX Kpl‘lCT!}J’IJ}O ! ha cuHx podaszorpone ONAN
6buta BbINONHeHa rMoHepckaa paboTa B KOTOpOW BrnepBbie NpoaeMOH
CTPMPOBAHA BO3IMOXHOCTb YNPABIEGHMA NYYKAMH 3APAXKEHHbIX YACTHL C [10-
MOUIBK HIOTHYThIX kpucTaioB. UyTh noaxe oToit ke rpynno#t aBTOpoB

yulecmneu MEJUIeHHbI BLIBOJI YCKOPEHHOro mnydka M3 cuHxpodalorpo-
yeM GbUTa NOKA3AHA BO3IMOXHOCTb TOXHHYECKOI'O NPUMEHEHUA OTKpbI-
Toro angeHUA. HynHo ormerurs, yro NeppoHaYaIbHAA HMIeA HMCNOJIb30BAHMA
HM30THYTOIO0 KPHUCTALIA B KAYeCTBe CenTyMa JUIA BLIBO/A YaCTULL H3 YCKOPH-
TeNIA BbICKA3aHA B pa()ore/ / . [Mo3anee rymecmoaanue 3TOTO ABJIeHHUA ﬁbmo
MONTBEpXEHG A yexopuTenax uepu/8/, nmae/®’ u onan/10
Bo ®HAIJI 10/ H, Heckonbko noaxe, B JIBI ()MHM/“/ H HQBS/IZ/ ocy-
LecTBJieHa Pa3BO/IKa IYYKOB ¢ NOMOLUBLI0 H30THYTOr0 KpHCTANIA.

B nanHo#l paGoTte npesuiaraeTcA ocyliecTbneHne MeJIEHHOrO BhiBoAA
20-Tasuoro nyuka M3 CCK. B o6wux yeprax 9TH MOeH BbICKAILIRWIMCH B
pacore/? —_—
| YIS V]ldﬂnyy
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Puc. 1. O6wyan cxema xonaaiioepa cex/V.

Ha puc. 1 npubenena oGiaa cxema kosnaitepa CCK. Kosviahuep
COCTOHT M3 JBYX HAKOINMTENbHLIX KOJICL, PACIIONIOKEHHDBIX OUMH HAl APYTHM.
PaccTosHMe Mexqly MeuaHHLIMM IUIOCKOCTAMM JABYX Kosiel (110 Bepryhka-
ny) cocrasnaner 70 ¢Mm. Komriuleke Briitouaer B cebn nBa nosiykonsua ¢ pa-
auycom 11,7 kM W apBa knacrepa - BOCTOMHLIA W sauaiHbii. Bocrounnih
KIacrep OyleT HWMeTh YeTbipe MeCTa 1HEpPEeCeUCHMA (yYKOB W IOJHOCTbIO
OTBOMMTCA noj ¢dusnueckue ycranopkd. [losiosuna sanamoro wiacrepa,
HMelland Jipeé TOUKH [1€PeCCUCHUH, TAKXe OTBOAUTCH 110]1L 'JKCIIBL)HMOH'I'HJII;-
Hbl® yCTAHOBKM. Jlpyrad NOJIOBMHA 3a04HOT'0 KIACTEPa UCIHONIb3YCTCH NOJL
HHXXEKUHOHHbIA KOMIUICKC.

3aecs we PacroNaralvTCs YCKOPHIOLLMe CTAHUMU 0D0uX yCckopuTenei, a
TAKXe CHMCTeMbl aBapuiiHoro cOpoca myuKoB. JTa HaCTh 3QIAJAHOTI'O KIIACTePa Ha-
3bIBAETCA 30HON cobGcTBeHHOro obecnevenun komnniiepa. Cxema 30HLI COO-
cTBeHHOro obecrieueHns MpeiCTaBIeHa Ha puc. 2. 3ola UMeeT JIBA y4yacTka
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Puc. 2. Cxema 30161 cOOCTREHHO20 0OeCNCYECHUA (,‘(,'K/ 1 .

JuHO no 670 M, Ha KOTOpPbIX LMPKYAHPYKILIUE MNYyUYKH [peTeprneBaloT
TPOMHON M3JIOM B TOPUIOHTAIBHON TUIOCKOCTH M OTKJIOHAKTCA [IPH HTOM
Ha 0,16 M oT npAMONMHEAHOH TpaeKTOpPUHU. DTO 1M03BOJAET NPU HEODXOHU-
MOCTH MpOM3BECTH ObICTPBLIH aABAPUMIHBIA COPOC MyUYKOB N MCKITIOUZET 110M18-
JlaHve COPOLIEHHOI'O MY4YKa HA XOJIOJMHLIC 4acTH MArHWTOB. BepXHuii nyuok,
HAPKYJIMPYIOIMA 110 4acoBOM cTpesike, cOpPACLIBAETCA HA 1PABOM y4acTke,
HWXKHUW, UMPKYJIMPYIOIIMA IPOTUB UYACOBOW CTPenkH, cOpachiBaetcs Ha Jie-
poM yuacrke. Majom nyukos ua yroa okoso 0.6 mpai m obpatio obecne-
WMBAKOT JIKIIOJIBHBIE MAIHUTLI, CTOsINMEe B Hauwie H Kodile 670-Merponnix
yuyacTkons (1o 4 WT. Ha KAXJIOM KOHIIE) , & TAKME JIBY XanepTypuLie ceirrym-
MarHuThl  JlamGeprcona, pacrlionoXeHHLIe B HEHTPE Y KAa3aHHBIX  yuacTKoB
(no 13 mr. Ha KAKIOM) . B HOPMWIBHOM PeAMMC IMPKYIALMA [IYUYKH 11PO-
XOJUIT uepes aKTUBLHbIe anepTypnl Maramton Jlambepreona, OTKIOHHNCH 1A
HEOOXOMMMEIR yros, Kak B OOLIMHLIX JIMIONHAX. AbBapuiiHuil cOpoc nyuka
OCYIICCTRIIHETCH [IPK HOMOLILM KU KEP-MalrHuTa, KOTOPLIK OTKJIOHHET NYUYOK
B BCPTHKAJIBHONW IUIOCKOCTH Ha yros okosio 90 Mxpal W tHalpaBaneTr ero
B HACCUBHYIO aneprypy marudra JlamOeprconn, ¢poboMyI0 0T MarndTioro
1OJIf.

Mejutenunit Bbisoa 20-THBuoro nyuka v CCK ¢ nomMotnsio wsornyroro
KPUCTAUIA MOMHO OCYLIECTRUTL HY OJIHOM M3 yUacTKoB aBapuiiHoro cbpoca.
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Ha piuc. 3 nokasaH yuacTOK aBapuifHOro c6poca [nA HHKHero myuxa. [lo
MPOEKTY BEpPXHHI ITyYOK MPOXOOHT Ha 3TOM yuacTKe 6e3 oTkinouenuii. Eciu
Ha 3TOM )€ yuyacTke YCTaHOBHTb HOIMOJIHMTENIbHbIe OHIIOJIbHbIE MArHHUTHI H
maruauTbl Jlambeprcona (Ha puc. 3 moxasaHbl TOHKHMH JIHHMAMH) M Mpesno-
MHTb BEpXHHA NMyYOK AHAJIOTHYHO HHXKHEMY, TO B 3TOM MECTe MOXXHO Opra-
HH30BaTh MeIUIEHHbI BbIBOJ, OTOHMpafd KPHCTA/UIMYECKHM CeNTyMOM uacTh
YacTHI{ M3 rajlo0 OCHOBHOIO Ifyuka. Yrojs H3ruba KpHcTauia OOJkeH ObITh
paBeH 95 Mkpax. KpHCTaT mO/MkeH OTKJIOHATHh YAaCTHILI B BEPTHKAILHOMN
IVIOCKOCTH, HaNnpaB/fAA HX B MaCCCHBHYIO anepTypy HONOJHUTENbHbIX MarHu-
ToB JlambeprcoHa. MeCTo pacnoo)xeHMa KpPHUCTAUIA OTHOCHTENILHO MATHHT-
HBIX 3/IEMEHTOB JOJDKHO ObITh aHAJIOrMYHbIM MECTY DACIOJIOKEHHA KHKep-
MarHuMra aBapHitHoro cOpoca. Ilpenmosiaraerca HCNoONb3OBaTh KpPHCTaLI
KPEeMHHA, OPHEHTHPOBaHHBIA TU10ckKOCThI0 (111) mapasUieNnbHO NYYKY.

Puc. 1 Cxema Mednennoeo

ableOda  nyy¥Kkd ¢ NOMOUbIO
WIOCHYTO20 — KpucTania  Ha
Yuacrke  asgdpuiunoco  cOpoca.

Hao6xonumMo oTMeTHTb, YTO HCNO/b30BaHHE TPANHIMOHHON CXeMBI Mell-
nensoro BhiBoAa M3 CCK npenacraBnser co6oil upesBHIYAHHO TPYOHYIO H
IOPOroCTOALLYI0 TEXHMYECKYI0 Mpo6GiieMy.

Ouennm 3¢ deKTHBHOCTh BHIBOAA ITyYKA KPHCTAUTHYECKHM CENTyMOM,
KOTOpasA 3aBHCHT OT BEJIHUMHbI KPHTHYECKOrO yrjia KaHAJIMPOBaHUA, yIJI0BOH
pacxoOMMOCTH 1yuka H 3¢dexra AekaHAIMpoBaHMA. BenmnunHa KpHTHYe-
CKOro yrija IUIOCKOCTHOIO KaHalHMpOBaHHA WA rwiockoctd (111) xpucran-
Jla KpeMHHA 1pH 3Hepruu nporoHoB 20 T3B cocraBaser okono 1,6 Mkpax.

Yrnosaa pacxoZMMOCTb Nyuka B NpenrnojiaraeMoOM MecCTe BbIBOJA CO-
craBnsAer okono 0,14 Mkpan, YTO YOOBJIETBOPAET YCIOBHMAM MPaKTHYECKH
MOJIHOTO 3axBaTa YaCTHIl B peXHM KaHaIMpoBaHHA. I[Ipu 3toM MBI npen-
nonaraeM, 4yro 3¢Q¢eKTHBHOCTh 3aXBaTA MAapAUIENIbHOrO IMyuyka B PeXxHM
IUIOCKOCTHOI'O KaHAIMPOBAHMA MMPH 3THX HEepruAx OGnuska k eauHuue. Pas-
Mepbl rano myuka (~1 MM) cCyleCTBEHHO MeHblle pa3MepoB KPHCTa/IH-
4YeCKOro Centyma M He yxyawmaioT 3¢¢deKTUBHOCTH BbIBOIA.

JiuHa pexaHATMPOBAHHA B KpHMCTal/le KpeMHHA npu 3Heprum 20 TaB
cocTaBnsAeT okojlo 14 M, T.e. 3¢ ¢dpekToM 0OBIYHOr0 NeKAHATTMPOBAHHUA MOXHO
npedebpeus. Takum 006pa3oM, 3¢pdeKTUBHOCTs BhiBOa Oyder orpaHHYMBaTh-
CA B OCHOBHOM BEJIMMMHON TAK HA3bIBAEMOro LEHTpOGeNmHOoro aeKaHaJIHpO-
sannsal/ 13/, OueHKH MOKA3LIBAIOT, YTO MPH paguyce H3ru KpHCTa/LIa
500 M ueHTpOGeXHOe NeKAHANHPOBAHME COCTABHMT OKoso 6% ~ ' . [Ipd atom
IUIA OTKJIOHEHHA nyuyka Ha yron 96 Mxpax Heo6xOQHMMO HCIOJIbL30BATL KpH-
cTaUl UIHHON okosio 6 cm. HykHO OTMeTHTh, YTO MO3RHYHOCTh KpPHCTa/LIa
momxHa ObITh CyLIECTBEHHO MeEHbIle KPUTHYECKOro YIJiA KaH&lIMPOBaHMA.
Heo6xoaMMO MCNoONb30BATh KPHUCTAUIbI C MAIBIM KOJIMYECTBOM AMCJIO KALHIA,

IIpoexkTHOe 3HaueHHe BpemeHH »m3Hu nyuka B CCK cocraBnser okoiso
24 u ('~'105 c). Ecnn semBoants 3 CCK 107 NMPOTOHOB B CE€KYyHAY, YTO
BIIOJTHe AOCTATOYHO [UIA MMPOBeNeHMA MHOTMX MeTOQHYeCKMX M (PH3IHYeCKHX
HcenenoBaHuil, To oOllee UHCIO YacTHll, BbiBEeHHbIX H3 MaluuHbl, Gyner
paBio N = 107x10% = 1012, YTO COCTABHT OKoONo 1% Mo OTHOLIEeHHI0 K
o6urelt HHTEHCHMBHOCTH YACTHLL B yC KO pHTene.

3abpoc nyuka HAa KpucTal (reHepauMs rano), no-sHaUMomy, Gynmer
B OCHOBHOM OMNpenenAaTbCA yNpyriM M KBA3UYNPYrdM pp-pacCefHneM B Me-
CTAX BCTPEYH MMYYKOB, U MO OlLEHKAM, MpuBeleHHbIM B pabor , COCTABHT
38 CYTKM HECKOJIbKO /leCATbIX [Aojell npoueHta OT MNOJHO# HHTEeHCHB-
HOCTH MYUYKa, YTO COOTBeTcTByeT noTpebHocTAM (uankos. KoopanHaTHbmh
3a0poc B KPHMCTANA MPU 3TOM COCTABMT [0/ MHJUIMMETpa, 4YTO HBJIHETCH
BMOJIHE NMpHeMIeMON BesTHUHHOMN.

Ilounomerpuyeckoe yctpoitctso, obOeciieunBalllee yrioByK HCTHPOB-
KY KpHUCTAINA € TOYHOCTLIO OKOJNO 10'7, BO/IHE TEeXHHYECKHM OCYLIecT-
sumo! 13/,

B asainwueHne apTopbl xotenu Obl Bhipasuts OnaroaapHocts T.Tyury
34 1MoJ1e3Hble 0bCYyHeHHA.
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