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METOOUWYECKUE YKA3AHUA K PELLEHUIO 3AAAM

1. BHumarenbHO mpouuTaiiTe yciaoBus 3anauu. Craenaite COKpaleHHYIO
3aMuCh JAHHBIX U MCKOMBIX (DU3MUECKHUX BEJIWYHUH, MPEIBAPUTEILHO TMpeE-
CTaBHB WX B MHTEpHALIMOHANIbHOU cucTeme eaunuil (CH).

CH cocTOUT U3 OCHOBHBIX, JOMOJHUTEIBHBIX M MPOU3BOAHBIX €IMHHMII.
OCHOBHBIMH €JIMHULIAMU SIBIIAIOTCS: €IMHMIIA JUTMHBI — METP (M); Macchl —
KWJIOTpaMMBbI (KT); BpEMEHU — CeKyHJa (C); CHJIbI 3JEKTPUYECKOTO TOKa —
amrmep (A); TepMoarMHaAMUYecKoil Temmnepatrypbl — kenbBuH (K); konnyecTBa
BEIlleCTBA — MOJIb (MOJIb); CHJIBI CBETa — KaHena (Ki).

JIoTIOTHUTENbHBIE €UHUIIBI: €AMHMIA TUIOCKOTO yria — paauaH (pan);
€MHUIIA TEJIECHOTO yria — cTepaauas (cp).

[Ipou3BoaHbIE €OUHULBI YCTAHABIMBAIOTCS 4Yepe3 APYrue €IWHMIIbI JaH-
HOI CHCTEMbl HA OCHOBAaHUHM (PU3MYECKHX 3aKOHOB, BBIPAKAIOIIHUX B3aUMO-
CBA3b MEXAY COOTBETCTBYIOILMMH BEJIMYMHAMHU.

B ycnoBusix ¥ npu penieHuH 3a1ad 4yacTo MCHOJIB3YIOTCS MHOYKHUTENN U TIPH-
ctaBku CU 1715t 00pa3oBaHus AECATUYHBIX U JJOJBHBIX €TUHMII.

2. Buuknute B cMbich 3amaun. [IpencraBere Qpusndeckoe sSiBICHHUE, O KO-
TOPOM HJIET PEYb; BBEIUTE YIPOILIAIOIINE PEANOI0KEHUS, KOTOPHIE MOKHO
clenaTh MpH pemeHuu. s 3Toro HeoOXOAUMO HCIOJIb30BATh Takue abCT-
pakuuu, Kak MaTepuaibHasi TOUKa, a0COJIIOTHO TBEPAOE TEIO, IyY CBETA.

3. Ecnu no3BossieT yciaoBUE 3a/1auM, BBIIIOJHUTE CXEMaTUUECKUN YEPTEX.

4. C nomouipio (PU3NYECKUX 3aKOHOB YCTAHOBHUTE KOJIMUYECTBEHHBIEC CBSI-
3U MEXIY 3aJJaHHBIMA M MCKOMBIMH BEJIMYMHAMH, TO €CTh COCTABBTE 3aMK-
HYTYIO CHUCTEMY ypaBHEHHUH, B KOTOPOW YUCIO ypaBHEHUN PaBHSIOCH OBl
YHUCITYy HEU3BECTHBIX.

5. HaiiguTe pernieHre noy4eHHOM CUCTEMbI YPABHEHHM B BUE aITOPUT-
Ma, OTBEYAIOIIEr0 Ha BOMPOC 3aJa4H.

6. IIpoBepbTe MPaBUIBHOCTH MOTYYEHHOTO PEIICHUS, UCIONB3YS MpaBH-
JIO Pa3MEPHOCTEM.

7. lloxcraBbTe B MOJIy4EHHYIO (DOpMYJy YUCIEHHBIE 3HaY€HUs (u3Nye-
CKHMX BEJIMYMH U MpoBeaeTe BblunciaeHuss. O0patute BHUMaHUE HA TOUYHOCTh
YHCJIEHHOTO OTBETa, KOTOpasi HE MOXET ObITh OOJIbIIE€ TOYHOCTH MCXOJHBIX
BEJIMYMH.



1. MHOXeCcTBeHHbIe npouecchl

OpauH u3 HamOoJee MIOJOTBOPHBIX METOJIOB MCCIIEIOBAHUS MPUPOJIBI
B3aMMOJICUCTBUS JIEMEHTAPHBIX YACTHUI] OCHOBAH Ha IPOBEICHHUM JKCIEPU-
MEHTOB, B KOTOPBIX M3Y4YalOT 3aKOHOMEPHOCTH IPOLIECCOB PACCESHUS U POXK-
JI€HUsI HOBBIX YaCTHL. UeM BBIIIE DHEPIHs CTAJKUBAIOIMIMXCS YaCTHUL, TEM
OOJIbIIIE YACTCS TOMYUYUTh JAHHBIX O B3aUMHBIX MPEBPAIICHUSIX U CTPYKTY-
pe 4acTHll, Ha OCHOBE KOTOPBIX MOKHO MOCTPOUTH 00Jiee COBEPIIICHHBIE TE€O-
puu U 3aK0HbI [Ipupobr.

Tak 3auem-dnce HYIHCHBL 6Ce DoJ1ee MOusHbIE yCKOpumenu?
W3 cootHoIIeHuii HeonpeaeneHHoctel I'elizenbepra ArAp =h crienyer,

YTO JJIA BBISBJICHMS JIeTaNel CTPYKTYphI mopsiaka Al Hy>KHO UMETh 30H/IH-
PYIOLIKE YaCTHIIBI ¢ UMITYJIbcoM Ap > h/Ar .

Ecmu npunste Ap=E/c, Tto Ar =hc/E. CoBpeMeHHbIE YCKOPHUTEIH
T03BOJISIOT MONYYaTh YaCTHII ¢ Heprueit 1o 1000 3B ~ 10*° 5B. Cueno-
BaTenbHO, Ar ~ (107°*-10°)/(10"-10*°) 10 ™M™

Taxum 00pazoM ¢ MOMOIIBIO COBPEMEHHBIX METOJIOB UCCIIEI0BAHUS MBI
MOYEM TIPOHUKHYTh BIIyOb CTPYKTYpHI BemecTsa 10 19™m.

Paznuuarot mpu ypoeuns muxpomupa:

1. Monexynapno-amomnoiii E=1-10>B Ar ~10° -10"m.

2. SimepHbIit E=10°-10°5B Ar =10™ —-10"m.
3. Menpuaitmue gactunsl  E >10° 3B Ar <107™°Mm.

[Ipu yBeaM4YeHNUU SHEPIUU CTAIKUBAIOIIMUXCS YaCTHUI[ OTKPHIBAIOTCS HO-
BbI€ KaHaJbl, pOXKAACTCs OOJBINOE YMCIO BTOpUYHBIX udactuil. Ceituac oc-
HOBHYIO YacTh HalllUX 3HAHUN 00 3JIEMEHTAPHBIX YACTHUIIAX MbI MOJIy4aeM B
pe3yJbTaTe SKCIEPUMEHTOB 0 MHOMCECMBEHHOM) POKIECHUIO B CTOJIKHOBE-
HUSIX YaCTHUIl BRICOKMX DHEPTH, TPOBOJUMBIX Ha TUTAHTCKUX YCKOPHUTEIISIX.
ITo sTOM MpuyMHE BeaylIMe CTPaHbl MUPA COOPYXKAIOT YCKOPUTEIU — J0PO-

FOCTOSIIIME YCTAHOBKH JUISl IONYdYeH s YacTHI] ¢ sHeprusimu E >>mc?,

2. Knaccudumkauma yckopurtenen

Ycxopumenamu 3apsokeHHBIX 9aCTHIT HA3BIBAIOTCS YCTPOWCTBA, B KOTO-
pPBIX TIOJ JNEWCTBHEM DJJICKTPUYCCKUX W MArHUTHBIX IIOJICH CO3MAI0TCS U
YIPABJISIOTCS TYyYKH BBICOKOAHEPTETUYHBIX 3apsSKECHHBIX YaCTHII (DJICKTPO-
HOB, IIPOTOHOB, ME30HOB U T.II.).



JIr000i1 yCKOPUTENb XapaKTEPU3YETCsl TUIIOM YCKOPSAEMbIX YacTHUL, pas-
OpOCOM YacTHII 1O SHEPTUSM U UHTCHCHUBHOCTBIO MydYKa. Y CKOPUTENU TMO-
pa3fessIoTCs Ha HenpepbvléHble (PaBHOMEPHBIA BO BPEMEHU IIYYOK) U UM-
nyavcHble (B HUX YaCTULBI YCKOPSIOTCS MOPUUSAMU — umnyJbcamu). Ilo-
CJIEHUE XaPAKTEPU3YIOTCA JUINTEIBHOCTHIO UMITYJIbCA.

[To ¢opme TpaekTopuu U MEXaHU3MY YCKOPEHMSI YACTHI] YCKOPHUTEIU
NENATCS HA JIUHElHble, YWUKAUYeCKue U UHOYKYUOHHble. B TMHENWHBIX yCKO-
PUTEISAX TPACKTOPUU JBMKEHMS YaCTHUI] OJU3KHU K NPSMBIM JMHUSAM, B LIHUK-
JMYECKUX U UHAYKIHMOHHBIX TPACKTOPHUSAMHU YACTHILL SIBISIOTCS OKPYKHOCTH
WINA CIIUPAIIH.

PaccMoTpuM HEKOTOpBIE TUIIBI YCKOPHUTENEH 3apsKEHHBIX YaCcTHULL.

3. llnHenHble yckoputenu

1. JInHeliHbIi yCKOPUTEJb. Y CKOPEHUE YaCTHUI] OCYIECTBISETCA JJIEK-
TPOCTATUYECKUM IIOJIEM, CO3JABAEMBIM, BBICOKOBOJIBTHBIM T€HEPATOPOM
(puc.1). 3apsbxkeHHas yacTULa MPOXOIUT IIOJIE OJHOKPATHO: 3apsn (, MpoXo-
151 Pa3sHOCTh MOTEHLMAIOB @ —(P,, IPHUOOPETAET KUHETHUYECKYIO DHEPIHUIO

K =q(p, —¢,). Takum cmocobom uactuiel yckopsitores 10 =~ 10 MaB. Ux

JajbHEeNIlee YCKOPEHUE ¢ MOMOIIBI0 HCTOYHUKOB MTOCTOSTHHOTO HAIPS>KEHUS
HEBO3MOKHO M3-3a YTEUKH 3apsA0B, IPOOOEB U T.1.
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2. JIuHeiiHbIH pPe30HAHCHBIN YCKOPUTE/b. YCKOpPEHHUE 3apsHKCHHBIX
YaCTUI] OCYIIECTBISACTCS MEPEMEHHBIM JBJIEKTPUUYECKUM IIOJIEM CBEPXBBICO-
KOW 4YacCTOThI, CHHXPOHHO HM3MEHSIOIIUMCS C JBM)KEHHUEM 4YacThll. Takum
CIIOCOOOM MPOTOHBI YCKOPSIIOTCA J0 DHEPrUil MOpPsAKa ECATKOB METadJIeK-
TPOHBOJIBT, JIEKTPOHBI — 10 JIECATKOB TUTA3JIEKTPOHBOJIBT.



OOt BUA JUHEHMHOTO YCKOPHUTENST Ha Oerymieil BOJHE MpHUBEIEH Ha
pucyHke 2. 3apsHKE€HHBbIE YaCTHUIIBI MHOTOKPATHO MPOXOAST YCKOPSIOUIHIA
MPOMEXYTOK B IBYX pe30HATOpax M300paKCHHBIX Ha PHUCYHKE.

Puc. 2

3. Jluneiinblii kosutaiaep. B 1966 r. B CtandopackoM yCKOpPUTENb-
HOM LIEHTpEe ObLI MOCTPOEH CaMblil OOJIBIION JIMHEWHBIA YCKOPUTENb 3JI€K-
TPOHOB JJIMHOM 3.2 KM, UMEIOIIMI Ha BeixoAe 3Hepruto 2313B. Uepes 20 net
Ha 0a3e CTaporo yCKOpUTENs HayaloCh OCYLIECTBICHHE HOBOI'O IPOEKTa —
CO3/IaHHE B MHUpE TepBoro JmHelHoro koywaiaepa SLC. HaunHas ¢ BecHBI
1987 1., B TeueHUe BYX JET, yCHIIUSIMH THICSTYHOTO KOJUIEKTHBA IIEHTpa ObI-
JM pa3pelieHbl MHOTOUYUCIICHHBIN (DU3UKO-TEXHUYECKHE MPOOJeMbl U 3aIry-
LIEHBl MapaJuIECIbHbIE IMyYKH 3JIEKTPOHOB M IO3UTPOHOB C JHEPTUSIMH I10
50I»B. Ha BbIxo/€ My4YKH OTKJIOHSIFOTCS B JBE OOJIBIIUE JYTH, U MPOU3BO-
JUTCSl BCTPEYHOE CTOJIKHOBEHHUE. DTOT YCKOPUTEIh SKBUBAJIEHTEH YCKOPUTE-
JIIO C OHUM ITy4KkoM 3Hepruelt T, , ~10TaB.
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Puc. 3

11 ampesnst 1989 r. meTekTop OGHAPYKII MEPBYI0 Z°- 4aCTHILY MAcCoil
91,2 I'3B — mepeHocunka 3JIEKTPOCIA00ro B3aUMOICHCTBUS, KOTOPAsl «CO-
IJIACHO» TEOpUM TpaHCPOpMHUpOBaAIACh B JABa JIMBHS aapoHoB. B 1990r. na
SLC ycranosien 4000 TOHHBIN 1€TEKTOP, MO3BOJISIONICH C BHICOKOM TOYHO-
CTBIO UCCJIEA0BATh KaXIbIi TPEK YaCTHII.

4. Llmknnyeckue yckoputenu

1. BeraTpoH — €AMHCTBEHHBIN HUKIMYECKUI YCKOPUTEID (3JIEKTPOHOB)
HEPE30HAHCHOT'O THUIIA, B KOTOPOM YCKOPEHHE OCYIIECTBISIETCS BUXPEBBIM
ANEKTPUYECKUM TOJIEM.

DNEeKTpOABMKYLIAs CUJIa MHAYKIMH, CO3JaBaeMasi MEPEMEHHBIM Mar-
HUTHBIM TI0JIEM, MOXET CYIIECTBOBAaTh U B OTCYTCTBHE MPOBOJHUKOB. DHEP-
rus K, nepenaBaemasi BAXPEBbIM JIEKTPUUECKHUM TOJEM €IMHUYHOMY IOJIO-
KUTEIBHOMY 3apsily, paBHa KOHTYPHOMY MHTErpaly Mo 3aMKHYTOW TPaeKTo-
pun L:

Cornacno 3akony ®dapanes 3TOT UHTErpajl paB€H U3MEHEHUI0 MarHUT-
HOTO MOTOKa uepe3 3aMKHYThIM KOHTyp L. Takum oOpa3zom, BUXpEeBOE 3JIEK-
TPUUECKOE MOJIE MOXKET AEHCTBOBATh HA CTYCTOK JIEKTPOHOB, JBUTAOIINXCS
B U3MEHSIOLIEMCSI MATHUTHOM I10JIE, U YCKOPATH UX. [Ipu onpeneneHHbIx yc-
JIOBUSIX ABUKEHHUE DJIEKTPOHOB IMPOUCXOAUT B IEPEMEHHOM MAarHUTHOM IOJIE
1o OpOUTE MOCTOSIHHOTO pajnyca U SBISETCS yCTOMYUBBIM, IPUUEM SHEPTUs
AJNIEKTPOHOB YBEJIMYMBAETCS 33 CUET BUXPEBOIO 3JIEKTPUUYECKOIO MOJs, CO3-
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JABa€MOI'0 M3MEHSIOIIMMCSI MarHUTHBIM ITOTOKOM, IIPOHU3bIBAIOIIUM OpOUTY
gactul (puc. 4). Lluknudyeckuii MHIYKIHMOHHBIA YCKOPHUTENb 3JIEKTPOHOB
JAHHOT'O TUIIA HAa3bIBACTCS OemampoHOM.

Bep

B

Buacboky B

ynp ynp

Puc. 4
Kak nmoka3aHo Ha pucyHke 4.7, nepeMeHHbII HEeHTPaIbHBIA MarHUTHBII
noToK B, cozpaer B OerarpoHe BuxpeByro DJIC MHIOYKIUH, YyCKOPSIOLIYIO
ANEKTPOHBI. B cooTBeTCTBUM C BhIpaxeHueM (3.4.5)

ml)2
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2
npuU KAxicOOM 00X00e KOHMYpa dHep2usi d1eKMPOHO8 VBeaUuduBaemcs Ha e-
auyuny QE&;j.
VY nepxaHue 3JIEKTPOHOB HA CTAIMOHAPHON KPYrOoBOW OpOMTE OCYIIECT-

BJCTCA YHPABIAIOINUM MAarHUTHBIM I1IOJIEM Bynp’ OIIpCACIICHHBIM 06pa30M

HU3MCHAIOIMUMCA BO BPDCMCHH.
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Puc. 5

Bberatpos (puc. 5, a) COCTOUT U3 TOPOUAATHLHON BaKyyMHON KaMephbI
(puc. 4.8 6), MIOMEIIAIOMICHCS MEXIY MOTIOCAMH JJICKTPOMAarHuTa CIIeIHalIb-
HOU (opmbl (puc. 5 6). OOMOTKA 3JIEKTPOMArHuTa MUTACTCS MEPEMEHHBIM
TOKOM ¢ yactoToi v ~100T1.

[lepeMeHHOE MAarHUTHOE TOJI€ BBIMOJHSET JABE (DYHKIMHU: BO-TIEPBBIX,
CO3/1a€T BUXPEBOE IJIEKTPUUYECKOE I0JIe, YCKOPSIOIIEE 3JIEKTPOHBI BHYTPU
TOPOUIa; BO-BTOPBIX, YIACPKHBAECT DJIEKTPOHBI HA OpOUTE (CUIIOBBIC JTUHUU
pacmoJiararoTcs Tak, 4ToObl MyYOK SJIEKTPOHOB HAXOMWIICS B COCTOSIHUM YC-
TOMYMBOTO PABHOBECHUSI B IICHTPE TOPA).
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3a Bpems mopsiaka 1072 ¢ anexTpons! yernearot caenath g0 10° o6opo-
TOB H npuodpectu 3Hepruio 10 500 MaB (cotHu M»sB B pa3Hbix yckopure-
ns1x). IIpu Takoil 3HEpruM CKOPOCTh 3JEKTPOHOB OJIM3KAa K CKOPOCTH CBETa
(v=cC).

Kpome Toro, cam ke mydek 3J€KTPOHOB B JAHHOM CIIy4ae BBITOIHSET
POJIb BTOPUYHON 0OMOTKH TpaHchopmaTopa.

B kOHIIE MKIa YCKOPEHUS BKIIFOYAETCS TOMOJHUTEIBHOE MAarHUTHOE
1oJie, KOTOPOE OTKJIOHSIET AJIEKTPOHBI OT CTAIIMOHAPHON OpOUTHI M HAIpaB-
JSI€T UX Ha CHEHHAIbHYI0 MUILIEHb, PACIIOJNIOKEHHYIO BHYTpHU KaMepsl. [loma-
Jasi HA MUIIEHb, JIEKTPOHBI TOPMO3ATCS B HEW U UCITYCKAIOT JKECTKUE Y-ITy4H
(nm peHTreH), KOTOPhIe UCIOIB3YIOTCS B SIIEPHBIX MCCIICIOBAHUAX MIPH He-
pa3pylIaIIKUX METOAAX KOHTPOJISI, B MEIULIUHE U T.1I.

Uness OGeratpona 3amateHToBaHa B 1922 r. JIxk. CnenstHom. B 1928 r.
P. Bunepos cpopMynupoBai ycioBUE CYIIECTBOBaHUSI PAaBHOBECHOW OpOUTHI
— OpOUTHI MOCTOSIHHOTO pajinyca «ycioBue 2:1». IlepBrlii neicTByOMmMiA Oe-
tatpoH 0bu1 co3aan B 1940 r. JI. Kepcrom.

B CCCP nepsbie 6eTaTpoHbl ObLIM pa3paOOTaHbl U CO3/IaHbl YUEHBIMU
ToMCKOro MmoJIMTEXHUYECKOTO MHCTUTYTa (HbIHE YHUBEpPCHUTETA): mpodecco-
pamu A.A. BopoOweBbim, JI.M. AnanbeBbiM, B.U. ['opOoyHnoBbeiM, B.A. Moc-
kanesbiM, b.H. PogumoBeiM. B niociienyromnye roibl B MHCTUTYTE UHTPOCKO-
nun (HUWH npu TITY) nmox pykoBoactBoM mpodeccopa B.JI. Haxiosa yc-
NENIHO pa3padaThIBalOTCS M HM3TOTABIMBAIOTCS Majlora0apuUTHbIE MEpEeHOC-
Hble OETaTpOHBI, IPUMEHSIEMbIE B MEAUIIMHE, 1€(EKTOCKONUH U IPYTUX MpH-
KJIQ/IHBIX ¥ HAyYHBIX HCCIeoBaHusX (puc.6).

brnaronapsi mpoctoTe KOHCTPYKIMH, ACIIEBU3HE U YI00CTBY MOJIb30Ba-
HUsI OETATPOHBI HAIILJIK 0CO00 MIMPOKOE MPUMEHEHHUE B MPUKIAIHBIX LIEJISX B
nuana3zone sHepruu 20 + 50 MbB. HMcnonws3yercss HEMOCPEACTBEHHO CaM
3JIEKTPOHHBIN IMYYOK WJIM TOPMO3HOE Y-U3JIYUYEHUE, SHEPTUS KOTOPOTO MOKET
IJIABHO U3MEHSTHCS.
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2. HUKIOTPOH — IUKINYECKHA pPE30HAHCHBIA YCKOPUTENb TSKEIBIX
gacTul] (MpOTOHOB, MOHOB). B 1929r. amepukanckuii ¢pusuk O. JloypeHc
MIPEIUIOKAIT UAECI0 TAKOTO YCKOPUTEIIS.

[TpuHIMNIManbHas cxema [UKJIOTPOHA NPUBEJICHA HA PUCYHKE /.

a Bricikas B
HECTOTS

| Mo
WETOHHMIE

BriBefaHHei
Ty

Puc. 7

Mex 1y MOoJIrcaMy CHIIBHOTO DIIEKTPOMAarHuTa MOMENIaeTCsl BaKyyMHast
KaMepa, B KOTOPOW HAXOASTCS JIBA DJIEKTPOAA B BUJIC MOJIBIX METAJUIMIECKUX
NONYyIWIHHAPOB, Wi AyaHToB (3). K myaHTam NpHIOkKEHO MepeMEHHOE
anektpudeckoe noie (5). MaruHutHoe 1moie, co3aaBaeMoe IEKTPOMAarHUTOM,
OJTHOPOJIHO ¥ MEPIEHANKYIISIPHO TUIOCKOCTU JTYaHTOB.

Ecnu 3apshKeHHYIO 4acTHIly BBECTH B LEHTp 3a3opa (1) Mexay myaHTa-
MH, TO OHA, YCKOpsieMasl AJICKTPUIECKUM U OTKJIOHSIEeMasi MAaTHUTHBIM ITOJIsI-
MH, BOMJIET B lyaHT M OMHILIET MOIyOKPYKHOCTh, Paguyc KOTOPOIl MpoIop-
IIUOHAJICH CKOPOCTH 4YacTHilbl. K MOMEHTy ee BbhIXola M3 TEepBOro TyaHTa
MOJIIPHOCTD HANPSKCHUsT U3MeHsIeTCs (TP COOTBETCTBYIOLIEM MO00PE U3-
MEHECHHSI HANPSHKEHHUS MEXTY JIyaHTaMH), TO3TOMY YacTHIIA BHOBb YCKOPSI-
eTcs |, MEPEeX0/isl BO BTOPOH JyaHT, OMKCHIBACT TaM IMOJYOKPYKHOCTh YXKe
OoJbIrero paauyca (2) u T.n.

JI7is1 HEeTIPEepBIBHOTO YCKOPEHHUsS YACTHIBI B IHUKIOTPOHE HEOOXOIMMO
BBITIOJTHATh YCJIOBHUE CUHXPOHHU3MA (YCIIOBHE «PE30HAHCa») — MEPUOJIbI Bpa-
IIEHUS] YaCTHUIBI B MAarHUTHOM IIOJIE M KOJEOaHWH DIIEKTPUYECKOTO TIOJIS
JOJDKHBI ObITh PaBHBL. [Ipy BBIOIHEHUH 3TOTO YCIOBUS YacTHUIIA OYAET JABH-
raThCsl MO PACKPYUYMBAIOMICHCS CIIUPAIIH, MOJydasi MPH KaXIOM HPOXOKIe-
HUM Yepe3 3a30p JOIMOJIHUTENbHYI0 dHepruto. Ha mocnenHem BUTKe, Korna
SHEPrus YaCTHIl M PAJANYC OPOUTHI TOBEIEHBI 10 MAKCUMAIBLHO JTOTYCTHMBIX
3HAYCHUH, MTyYOK YACTHUIl MOCPEACTBOM OTKIIOHSIOIIETO JIEKTPUIECKOTO I0-
JIs1 BBIBOJIUTCS M3 IIUKIOTPOHA (4).

B nukioTpoHax 3apspKeHHAs 4acTHIA C 3apsAaoM (| U Maccod M yckopsi-
eTCcs JI0 CKOPOCTEH, MPH KOTOPBIX PEISTHBHCTCKUN SPPEKT yBETHUCHUS
MacChl YaCTHIIBI TIPAKTUYECKU HE TposiBisercs. [lepuon oOparieHus 4acTu-

IIBbI
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_ 2mm

T=—0-.
qB
Pannyc TpaekToprn yacTHLBI
R=V
qB

[{UKIOTPOHBI MO3BOJIAKOT YCKOPSATH MPOTOHBI 0 HEPTUA HPUMEPHO
20 M>»B. JlanpHeiiniee UX YCKOPEHUE B LIUKIOTPOHE O2PAHUUUBAEMCS Delsi-
MUBUCMCKUM 803DACMAHUEM MACCbL CO CKOPOCHIbIO, UYTO TIPUBOJIUT K YBEIU-
YeHHUIO Tepuoja obOpamieHus (OH MPOMOPIMOHANIEH Macce), 1 CHHXPOHU3M
HapymaeTcs. [10AToMy HUKIOTPOH COBEPIIEHHO HEMPUMEHUM [JIsl YCKOpe-
HUs AJIeKTpoHOB (ipu £ = 0,5 MaB m = 2mg, ipu £ =10 MsB  m = 28m).

B nuknoTpoHe yacTuilbl HAUMHAIOT JABUXKEHUS U3 IIeHTpa kamepsl. [e-
Hepatop paboTaeT Ha (GPUKCHPOBaHHOIM YacTote ®, =(B/m. ITockoabKy mpu

KOKJIOM MPOXOXKIECHUU 3a30pa KMHETHUYECKAasl SHEPTUs YaCTHUI[bl PACTET, TO
COIJIACHO YBEIMUYMBaETCs paauyc opoutsl R = p/qB.

[IprunHa OorpaHWYeHHs] SHEPTUU MPOTOHOB B IIUKJIOTPOHE B TOM, UTO C
POCTOM PHEPTrUM YMEHBIIIAETCS YacTOTOM oOparmieHusi . BenencrBue sToro
HapyIIaeTCsl yCIOBUS PE30HAHCHOTO YCKOPEHUs

qBc’
me’ +E’

YckopeHue persITUBUCTCKUX YaCTUIl B ITUKIMYECKUX YCKOPHUTEIAX
MOHO, OJHAKO, OCYILIECTBUTh, €CJIM MPUMEHATh NPEeMJIOKEHHbIA B 1944 r.
coBerckuM (pusukom B. U. Bekciaepom (1907-1966) u B 1945 r. amepukan-
ckuM (uszukoM O. Mak—Munanom (1907-1991) npunyun asmogazupos-
ku. Ero unes 3axirodaercss B TOM, YTO JJiI KOMIICHCAIIMKM yBEIUYCHHUS Tie-
pHOJa BpallleHUs YacTHIl, BEAYIIETO K HAPYIICHUIO CHHXPOHU3MA, U3MEHSIOT
100 YaCTOTY YCKOPSIOMIETO JIEKTPHUUECKOr0, 00 HHIYKIIUI0 MAarHUTHOTO
noJsieit, 1mdo To u apyroe. IlpuHuun aBTo(azupoBKU UcHoNb3yeTcs B (a3o-
TPOHE, CHHXPOTPOHE U CHHXPO(a30TpOHE.

a)e:a):

3. MUKpOTPOH (3IEKTPOHHBIN ITUKIOTPOH) — ITUKINYECKUA PE30HAHC-
HbIIl YCKOPUTENb, B KOTOPOM, KaK M B IIMKIOTPOHE, 1 MarHUTHOE TOJIe, U
4acTOTa YCKOPSIOMIETO MOJIsl TIOCTOSHHBI BO BPEMEHH, HO PE30HAHCHOE YCIIO-
BHE€ B MPOILIECCE YCKOPEHUSI BCE KE COXpaHSAETCA 32 CUYET U3MEHEHHUS KpaTHO-
cTu yckopeHusi (. YacTuua Bpamaercs B MUKPOTPOHE B OJHOPOJHOM Mar-
HUTHOM T10JI€, MHOTOKPAaTHO MPOXOsl YCKOPSIIOIIUKA pe3oHaTop. B pe3onaro-
pe OHa IMOJy4YaeT TaKOW MPHUPOCT SHEPTUH, UTO €€ TEPHOJ OOpaIlleHUs U3Me-
HSETCSl Ha BEJIMYUHY, PAaBHYIO WM KPATHYIO MEPUOJY YCKOPSIOIIETO Hampsi-
xenus. [Ipuuem, ecnu yacTuiia ¢ caMoro Hadajga BOIILIA B PE30HAHC C YCKO-
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PSAIOLIMM II0JIEM, 3TOT PE30HAHC COXPAHSETCS, HECMOTPS HAa M3MEHEHHE IIe-
puoga obOpamieHus. B MUKpOTpoHE AEMCTBYeT MeXaHWU3M aBTO(a3upOBKH,
TaK YTO YACTHUIIbI, OJIM3KUE K PAaBHOBECHOW OpOUTE, Takke OYAyT YCKOPSTh-
Col.

MUKpPOTPOH — YCKOPHUTEIb HENPEPBIBHOIO JIEUCTBHS, CIOCOOEH JaBaTh
Toku nopsaka 100 MA, MakcuManbHas JOCTUTHYyTast sHeprus — nopsiaka 30
MbB (Poccust, BenukoOpuranus). Peanuzanus OObIIMX HEPIUM 3aTPYIHU-
TeJIbHA W3-3a TMOBBIIMICHHBIX TPEOOBAHUW K TOYHOCTM MArHUTHOTO MOJS, a
CYIIECTBEHHOE MOBBIIICHUE TOKAa OIPAHUYEHO 3JIEKTPOMArHUTHBIM H3JIy4de-
HUEM YCKOPSIEMBIX 3JIEKTPOHOB.

JInst AIUTENBHOTO COXPAHEHUS! PE30HAHCA MAarHUTHOE TI0JIE MUKPOTPOHA
JOJDKHO OBITh OJHOPOJHBIM. Takoe mosie He oOnanaer (POKYyCHPYIOIIUMU
CBOMCTBaMH I10 BEPTUKAJIU; COOTBETCTBYIOIIAS (POKYCUPOBKA MPOU3BOAUTCS
ANEKTPUYECKUM TOJIEM pe3oHaropa. lIpennmaranuce BapruaHThl MUKPOTPOHOB
C MEHSIOIIMUMCS MO0 a3UMYTY MarHUTHBIM IOJIEM (CEKTOPHBII MUKPOTPOH), HO
CKOJIbKO-HUOY/Ib 3HAYUTEIBHOTO Pa3BUTHUSI OHU MOKa HE MOJTYYUJIIH.

4. ®a30TPOH (CUHXPOLUMKIOTPOH) — IIUKINYECKUN PE30HAHCHBIM YCKO-
pUTENb TSKENBIX 3apsYKEHHBIX 4YacTHIl (HampuMep: ITPOTOHOB, MOHOB, .-
YacTHI]), B KOTOPOM YIPABJISAIOIIEE MAarHUTHOE MOJI€ MOCTOSIHHO, a 4acToTa
YCKOPSIIOLIETO 3JIEKTPUYECKOTO IOJISI MEUIEHHO WU3MEHSETCA C IIEPUOIOM.
JIBum>keHue yacTull B ()a30TpoHE, KaK U B IIUKIOTPOHE, MPOUCXOIUT MO pac-
KpyuuBarolieics cnupainy. Yactumpsl B (pa30TpoOHE YCKOPSIIOTCS A0 YHEPIH,
npuMepHo paBHbIX 1 I'3B (orpanuueHust 3nech ONpeneNstOTCS pa3MepaMu
¢da3oTpoHa, T.K. C POCTOM CKOPOCTH YACTHI] PACTET PAIUYC UX OPOUTHI).

5. DJIeKTPOHHBIA CMHXPOTPOH — LUKINYECKHI PE30HAHCHBIN YCKOPHU-
TEJb YJIBTPAPEIATUBUCTCKUX DJIEKTPOHOB, B KOTOPOM YIPABJIAIOIIEE Mar-
HUTHOE TI0JIE U3MEHSETCA BO BPEMEHH, a YaCTOTa YCKOPSIOIIETO AJIEKTpUYe-
CKOTO TOJsI mocTosiHHA. Ha pucynke 8 cxemaTnuecku M300pakeH CHHXPO-
TPOH: 1 — MHKEKTOP JIEKTPOHOB; 2 — MOBOPOTHBIN MAarHuT; 3 — IMy4eK JJICK-
TPOHOB; 4 — YNPABJISAIOWINN IJIEKTPOMArHUT; 5 — BaKyyMHasi TOPOWIAJIbHAs
KaMepa; 6 — yCKOPSIIOIINN TPOMEKYTOK.

[lepBblii YCKOPUTEIh TAKOTO TUIA C 3HEpruei 35ekTporHos 300M»sB, no-
ctpoeHHbli B 1947r. Buemnuii Bug Tomckoro cuHxpotpoHa Ha 1,5 I'3B
MIPE/ICTABJICH HA pUCYHKe 9.
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Puc. 8

DONEeKTpOHBl B CHHXPOTPOHE BHaualieé YCKOPSIOTCS A0 3Hepruit 2 — 4
M>5B, pu KOTOPBIX UX CKOPOCTh NPAKTUYECKU PaBHA CKOPOCTH CBETA. 3aTEM
BKJIIOYAETCSI BHICOKOYACTOTHOE HAIPSKEHUE U B YCKOPSAIOLIEM MPOMEXKYTKE
MIPOUCXOJIUT NAJIbHEHIIee YyCKOPEHHEe Ha OpOUTe MOCTOSIHHOTO paauyca R.
[ToaTOMY MarHuTHOE IOJIE CO3[JAETCS TOJBKO B OKPECTHOCTH Y3KOM KOJIbLIE-
BOM JOPOKKM B BaKyyMHOU Kamepe, umeroiieid gopmy Topa. ITockosbky
gactota V=R ~C, TO 9yacToTa reHepaTopa JOJDKHA OBITh MOCTOSHHOU U

paBHA YacTOTE OOpaIleHHs MIEKTPOHOB ®, =C/R:
c eBc?

R mc’+E
CreoBatenbHO, MIPUPALIEHUE DHEPTUU JOJDKHO YJIOBJIETBOPATH YpPaB-
HCHUIO
dE dB,
— =¢,CR :
dt dt

Takum 00pazom, HEOOXOAUMOE MPUPAIICHUE DPHEPTUHM B YCKOPSIOIIEM
IPOMEXYTKE 3a BpeMsi ofHOro obopora At=2n/w, ompenensercs cKopo-

CTbIO HapaCTaHHUA HHAYKIWHW MAaIrHUTHOI'O ITOJIA:

AEE:QEAt:Zn%RZdBE
dt dt

CrnenoBatesibHO, 1JIS BBIIOJHEHUS YCIOBUS CUHXPOHU3AIMU JIEKTPOH
Ha KaxJ0M 00OpOTE JOJIKEH YCKOPSTHCS PAaBHOBECHOW Pa3HOCTHIO MOTEH-
IAAJIOB

AE dB
V,=—, V,=2mR*—=L.

e dt

HOTCpH OHCPIruu Ha U3JIYUCHHC aBTOMATHUYCCKHU KOMIICHCHUPYIOTCA H3-

MEHEHHUEM DPABHOBECHOW (Da3bl YCKOPSIOMIETO SJEKTPUUYECKOro mojst. Tpyn-

0
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HOCTHU CO3JAaHUs MOIIHBIX YCKOPSIOIINUX YCTPOMCTB, KOMIICHCUPYIOIIUX I10-
TE€pU HA U3IYyYEHHE, OTPAHUYUBAIOT IIPEAEIIbHBIE TOCTUKUMBIEC YHEPTUH.

CHHXPOTPOH SIBJISIETCS PEAKUM MPUMEPOM YCKOPHUTENEH, B KOTOPBIX 3a
KOPOTKO€ BpeMsl ObUIM JTOCTUTHYThl MakcuMaibHble 3Heprun 5 — 10 ['3B. B
1964 . Ob11 3amyIIeH camblii 0OJBINION B EBpoIie CHHXpOTPOH J1abopaTopuu
DESY (Deutsches Electronen Synchrotron, /'ambype) C MakcuMalIbHOM dHEP-
THEH ITy4yKa 3JIEKTPOHOB 7,5 [3B.

5. Cunxpo¢a30TpoH — 3T0 HamboJee COBPEMEHHBIN TUKINYHBIN pe30-
HAHCHBIM yCKOPHUTENb MPOTOHOB, MO3BOJISIONIUMN TMOJTYYUTh SHEPTUU B HE-
ckoibko Thicsid ['9B. B cunxpodazorpone mpuHIun aBToha3upoBKH T0CTH-
racT CBOETO0 HAWBBICIIETO Pa3BUTHUS. 3J€Ch KOMOMHHUPYIOTCS TEXHUYECKUE
OCOOCHHOCTH CUHXPOTpPOHA U (a3oTpoHa. /s coXpaHeHHs MOCTOSHCTBA pa-
Myca WHAYKITUS MAarHATHOTO TIOJIS BO3pacTacT MO Mepe HapacTaHUs dHEpP-
run. [IpoTOH yCKOpSIeTCSI B OJHOM WJIM HECKOJBKUX MPOMEXKYTKaX, Pacio-
JIO’)KEHHBIX Ha opOuTe. OMHAKO B OTJIMUKE OT AJICKTPOHOB, AJIT KOTOPBIX CKO-
pPOCTh OJIM3Ka K CKOPOCTH CBETa yKe Mmpu HeOobInoi sueprun(v=0,98c npu
E=2 M»5B) u yacToTta 00paieHusi MpakTUYECKH MOCTOSHHA, CKOPOCTh MPO-
TOHOB CTAQHOBHUTCS TIOCTOSIHHOW JIMIb TMPU TOPa3fgo OOJBINMX 3HAYCHUSIX
sHepruu (v = 0,98c npu E=4 [3B). [losTomy B mpoliecce yCKOpEeHUs CKO-
pPOCTh M YacToTa oOpalleHus TPOTOHOB Bo3pactaroT. CienoBaTeiabHO, s
COXpaHEHUs PE30HAHCA YACTOTA YCKOPSIOIIETo MOJIsl JOJKHA OBITh CBSI3aHA C
3aKOHOM HapacCTaHUs WHIYKIIMA MAarHUTHOTO TOJISl COOTHOIIICHUEM:

ecB

J(me)? + (eBR)?

[lepBas mammna takoro tuna — xocmompor Ha 3 I'’B (BypkxeiiBeH,
CIIA) 6b1n 3amymien B 1952r. Ha cuaxpodazoTpoHe ¢ MaKCUMaIbHOU DHEP-
rueit npotoHoB 6,3 I'3B, nonyunBmm Ha3Banue OeBatpoH (bepkin, CILLIA),
Obu1 OTKpHIT aHTUNPOTOH (HoOeneBckast mpemusi, 1955r.) U aHTUHEUTPOH
(1956r.). B 1965r. ObpuUl0 MOTYy4YEHO TMEPBOE AHTUAAPO-aHTUIECHTPOH-
CBA3aHHOE COCTOSTHUE aHTUHEHUTPOHA U aHTUIIPOTOHA.

Ha cunxpodazorpone B Cepnyxose (puc. 10) ¢ MmakcumanbHON SHEPru-
eil mporonoB 76 I2B, 3amymenHoM B 1967r., OTKPBITH SApa aHTUTEIHSI-3
(1969 r.) u anTutpurtus (1974r.).

PaccMoTpuM felicTBHE JIOPEHLIEBOM CHIIbI M PACCUUTAEM SHEPTUIO MMPOTOH-
HOTO YCKOPHTEJIS, TPEICTABIISIONIETO OO0 KOJIBIICBOM MAarHuT TUaMeTpoOM 2
KM. MexXly NOJF0cCaMu 3TOr0 MarHuTa pacnojokKeHa TOPOUJAIbHAS BaKyyMHas
KaMepa, B KOTOPYIO MHXKEKTUPOBAH ITy4eK NPOTOHOB. Ecii cMOTpeTh Ha yCKO-
putesb cBepxy (puc. 11), To MydoK MPOTOHOB JABKMYKETCS TI0 YaCOBOM CTPEJIKE CO
CKOPOCTBIO V, OJIM3KOI K CKOPOCTH CBETA.
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Ha mporoH melicTByeT HEHTPOCTPEMHTEIbHAS CHJIA, HAIpaBJICHHAS K
nentpy. Eciu mone B HampariieHO U3 IIIOCKOCTH YepTeka, To cuia Jlopenia
F =[v, B] Bcerna HanpaBieHa Kk LEHTPY.

[Tpoton

&,

Obnactb
nosist B

Puc. 11

[leHTpOCTpeMUTEIbHAS CHJIa PABHA
2
F.=m (v°/R),
rae M, — pelATHBUCTCKAas Macca ImpoToHa. Tak Kak 3Ta cuiia 00yCIIOBJICHA
JeficTBIEM MAaTHUTHOTO oJis, oHa paBHa (evB). Torma m v?/R =evB.

TTocKoTBKY D = C, TO MOXKHO 3aIHcaTh, 94To0 M,C* =eCBR — Tak MoXHO

paccuuTaTh MOJHYIO PEISATUBUCTCKYIO SHEPTUIO MPOTOHOB:
E=16-10"°-3.10%.18-10° =8,64-10"® [I)x =540 I»B.

3aMeTUM MpU 3TOM, YTO MArHUTHOE MOJI€ HE YBEJIUYMBAET CKOPOCTH
WJIM SHEPTUIO YacTHIl. Y CKOPEHUE MPOTOHOB OCYIIECTBIIAETCS MPHU KAKIOM
X 000pOTEe B KOJIBIIE 32 CUET JIEKTPOCTATHUECKOr0 MOJIsA, KOTOPOE IEUCTBY-
€T Ha KOPOTKOM y4acTKe KOJIbIIA.

[Tnanupyercs noctpouts B I. CepriyxoBe MPOTOHHBIN CUHXPO(a3z0TpoH
Ha sHepruto npuMepHo 3 000 I'5B (muamerp ycranoBku npumepro 6 000 m).

B ¢azotpoHax, MUKpOTpOHAaX, CHHXPOTPOHAaX M CHHXpO(]a30TpoHax
YaCTHULbl YCKOPSIIOTCS 10 PEASATUBUCTCKUX CKOPOCTEM.

Macca yacTHUIbI M 3aBUCUT OT €€ CKOPOCTH V'

My

my
m= 22 2!
Ji-v2/c? J1-
rae M, — Macca IMOKOs YacTUIbL;, 3 =V/C — OTHOIIEHHWE CKOPOCTH YaCTHUIIBI

V K CKOPOCTH CBETa C B BaKyyMe.
Kunernueckas sHeprus gactumel K: K =W —W,, rie W =mc® — mon-

Hast SOHCPIrus 4aCTUIIbI, W, = m002 — OHEPTUA ITOKOA YaCTHIIBI.
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NMnynbc peasiTUBUCTCKONW YaCTHLIBI

pzl\/K(K +2m,c?).
c

[Tepuon obpareHus peIsITUBUCTCKON YaCTHUIIBI
T 21tm, 2n\W

qBV1—v2/c? gBc?

Pannyc oKpy>KHOCTH TPAEKTOPUH PEIIITUBUCTCKON YaCTULIBI

R=— 0¥
gBv1-v*/c?
Kecmkaa gpoxycupoeka
JlanpHeliee yBEIMYEHUE JHEPIUU CBA3AHO C NPUMEHEHUEM HOBBIX

MeTO/0B (POKYCUPOBKHU YacTUll. s TOro, 4ToObl TOCTUYb SHEPTUHU, CKAKEM
10 I'B, npoton coBepiiaet 4,5 MiiH 000pOTOB, MPOXOAS MyTh B 2,5 pasa
00sbIIKi, YeM paccTostHue oT 3emiu a0 JIynsl. [ToaToMy HEoOxoaMMO 0bO€ec-
NEYUTh TAKYI0 YCTOMYMBOCTH Iy4YKa, 4YTOOBI HEOOJIBIIINE OTKIIOHEHUS OT PaB-
HOBeCHsI OpOUTHI HE MPUBOAUIIM ObI K IOTEPE YACTHIL.

B 1950 r. rpekom H. Kpucrodpunocom u HezaBucumo B 1952r. amepu-
kaniamu E. Kypantom, M. Jlusunrcronom u I'. CHaliziepoM ObUT OTKPBIT HO-
BB TUIlT MarHUTHON (POKYCHUPOBKH, MOJYUYHMBIIWI HA3BaHUE CUIbHOU WU
ocecmkoul pokycuposku. OHU NPETIOKWIN COOpaTh MarHUT B BUJE MEPUO-
JUYECKU YEPEAYIOIINUXCSA CEKTOPOB, KAXAbIH M3 KOTOPBHIX (POKYCHPYET Hac-
TULBI 110 OJHOW MOMEPEYHON K CKOPOCTH KOOpAMHATE U AEPOKYyCHPYET IO
npyroii. B pesynbrate Bo3HHKaeT 3pdexkTuBHas (POKYCHUpPOBKA MO paauaiib-
HOMY M BEPTUKAJIbHOMY HAlpaBJICHHUSIM. 3HAUYUTEIBHO COKpAILAETCAd CTOM-
MOCTh MarHuTa M CUCTeMbl NUTaHUS. IMEHHO 3TO OTKpBITHE CHIENaio BO3-
MO>KHBIM CO3/JaHuEe CUHXPO(hA30TPOHOB HA CBEPXOOIBIITNE YHEPTHH.

Y CTOWYMBOCTh TAKOTO THUMA MOYXHO IMOSCHUTH MPUMEPOM U3 ONTHUKHU:
ONTUYECKasi CUCTEMA, COCTOsLIAas U3 pacceBarolleld U coOuparomen JIMH3 K-
BUBAJICHTHA COOMparoIen JTUH3E.

5. YCKOpUTENnu Ha BCTPEYHbIX Ny4Kax

PaccMOTpUM CTOJNIKHOBEHMHU YaCTHL] PaBHBIX Macc M, =m, =m,. Ilycte

KMHETUYECKAsi SHEPrusi MEepPBOM YaCTUIlbI, B3aMMOJCUCTBYIONIEH C HEMOA-
BIDKHOM MUIIECHBIO paBHa E, . IlonHas >HEprus 4acTuu 6 cucmeme yewmpa

mace pasHa +/(2m,c?)? +2m c’E, . B ycKopuTere Ha BCTPEUHbIX MydKax KH-
HETUYECKas DHEPTHsl KaXIOW 4acTHIbl paBHa E,. B oTOM ciywae mosmHas
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sHeprusi dactuil pasHa 2(m,c’ + E,). [IpupaBHHBasi MOJHBIC SHEPIUH Yac-
THII, TIOJTyYUM YpaBHEHUE:

2(m,c? + E;) =+/(2m,c?)* + 2mc’E, .

OTcrozia mosry4uM, 4to Korgaa £, >>MC’, uMeeM CyIIECTBEHHOE YBEIIH-

YeHHE SHEPTUH B3aMMOJCHCTBHS BCTpeuHbIX yactui: E, = 2E7 /mc® >> 4E,.

Campblit 6onbiIoN cuaxpodazotpon — «TrBatpon» depmueBckoil Ha-
[MMOHAJIBHON ycKopuTelnbHOU nabopatopuu B baraBum (CHIA) pasronsier
BCTPEYHBIX IMYYKOB NPOTOHOB W  AHTUNPOTOHOB [0  DJHEPTUH

T, =1T>B(1T5B=10"%5B). [Tockombky Macca POTOHA

m, =938,2796 MbdB/c?, TO 3TOT YCKOPHTEIb SKBUBATICHTEH OOBIYHOMY C

sHeprueii ogHoro myuka T, , ~10°T>B.

6. HakonuTtenbHble KonbLua.

VYckoputenn Ha BCTPEUHBIX MydyKaX UMEIOT HAKOMUTEIbHBIE KOJbLA —
BAKyyMHBIE KaMephl, B KOTOPbIE€ MOCTYIAET YACTUIIBI U3 OOBIYHOTO YCKOPH-
TeJIsl U YCKOPSAIOTCS COOCTBEHHOM 3JIEKTPOMAarHuTHOM cuctemoil. B 1982 r.
OBLJI0O OCTAaHOBJICHO IIaBHOE KoJibllo cuHXxpodazorpoHa FNAL. Ilog aum
CMOHTHUPOBAJIM BTOPOE KOJBIO I aHTUIPOTOHOB. B 1983 r. Obuta moctur-
HyTa 3Heprus nmydkoB 500 M»sB. Ceituac sHeprus my4koB JoBeaeHa A0 1
TaB. Jlerextop pukcupyer 120 Thic. cTonkHOBeHUM 3a 1 cek. «TeBarpon» -
OJINH U3 CaMbIX MOUIIHBIX YCKOPUTEIEH B MUPE — MPU3BAH BHECTH SICHOCThH B
aKTyaJbHbIC TPOOJIEMbI (PU3UKHU DIIEMEHTAPHBIX YaCTHII.

Ceituac Ha 6a3e naboparopuu JIE3U paGoTaroT mpOTOH-2THETPOHHBIE
HakonuTeabHbIe KoJiblla HERA — sieKTpoHHOE KOJIBIIO M MTPOTOHHOE KOJIb-
110. DHEPTUsi My4Ka 3JIEKTPOHOB OTPaHUYEHA M3-3a MOTEPh Ha CUHXPOTPOH-
HOE U3JIy4eHUE, KOTOphIE YK€ HEBO3MOXKHO CKOMIICHCUPOBaTh. B 3TO# yHU-
KaJIbHOM yCTAHOBKE MCIOJIb30BaHA caMasl COBEPIIECHHAs] B TO BPEeMsI T€XHO-
norus. [Tonepeynuk choKycUpOBaHHOTO IMy4Ka, cocTosiero u3 210 npotoH-
HBIX OCHUEH JJIMHON METp Ka)Ibld paBeH MPUMEPHO OJIHOM THICSIYHOU MUJI-
JIUMETpa. YYacTKH KoJiblla JJIMHHOW 6.3 KM cocTaBiieHbl U3 840 MarHUTHBIX
moayneit mmHou 12 u 14 metpoB, unaykius nonst B = 4,53 Tna co3ngaercs
TokoM cwioid 6000 A mpu TemmepaType JKHAKOTO reiusi. Y CKOPUTEIbHBIC
MPOMEXKYTKH padboTaro Ha yactote S2MIm. 250 naT4nkoB MO3BOSIOT KOH-
TPOJIUPOBATH MOBeAcHUE Myuka. Ha 3TOl ycTaHOBKE MOXKHO AETalbHO MC-
CJIe0OBaTh CTPYKTYpY MPOTOHA M B3aUMOJICHCTBHE MEXAY DJIECKTPOHOM U
KBapKOM, MOCKOJIbKY 3JIEKTPOHBI HE YYaCTBYIOT B CHJIBHBIX IIBETOBBIX B3au-
MOJICHCTBUSIX.
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B 1995 r. Ha HakonUTENM aHTUIIPOTOHOB EBpomeiickoil opraHu3anuu
ANIEPHBIX UCCIe0BaHUM BOMM3H JKeHeBbl OB CUHTE3UPOBAHbI MEPBbIC aH-
THATOMBbI — AHTUBOJOPO. JTO OTKPBITUE MO3BOJIWIO OCYLIECTBUTH MPOBEPKY
OCHOBHBIX IIPUHIIUIIOB TEOPUH.

Ceituac ob6cyxnaercs mpoekT co3nanus K 2011 r. kpymHeimero Kom-
IJIEKCA MTYYKOB PAJHOAKTUBHBIX MOHOB B snOHCKOM 1eHTpe PUKEH. Mak-
cuMalibHas sHeprus noHoB 1 — 1,45 ' B/Hyki. Peanuzamus npoekra OTKpPoOeT
MPUHIIMITHAIBHO HOBBIE BO3MOKHOCTH HCCIIEAOBaHUS B (PUBHKE spa, O3BO-
JUT TPENIETbHO PACUIUPUTh CEMEICTBO M3ydaeMbIX siiep, GOpMUpYs JTH0ObIE
paspenieHHbIe TPUPOAOH KOMOMHAIIMK HYKJIOHOB: OKUJAETCS MOJy4YeHHUE 10
2,5 ThICAY HOBBIX U30TONOB si/ep. BO3MOXKHO, MBI CTaHEM CBUAETEISIMU PO-
KJICHUS HOBOTO HANpaBleHUS — acTpOPU3UKH, HCCIAEAYIOUIEH MpoOieMbl
CUHTE3a JJIEMEHTOB BO BeeneHnnoi.

7. bonbLwon agpoHHbLIU Konnanaep

Boabmoii axponnslii kosunaiinep (anri. Large Hadron Collider, LHC;
cokp. BAK) yckoputenb 3apsKeHHBIX YaCTHIl HA BCTPEUHBIX My4YKaX, MpPe.i-
Ha3HAYEHHBIN NI pa3roHa MPOTOHOB U TSDKENBIX MOHOB (MOHOB CBUHIA) U
M3y4YEHHS] NPOAYKTOB MX coyrapeHuid. Koimmaigep moOCTpOoeH B Hay4dHO-
HCCJIEIOBATEIILCKOM LIEHTpPE EBpPONENCKOro coBeTa SIAEPHBIX MCCIIECIOBAHUM
(bp. Conseil Européen pour la Recherche Nucléaire, CERN), Ha rpaHulie
[IBeiapun u @Ppanuum, Hepaieko ot JKeneBol. BAK sBiserca camoi
KPYITHOM 3KCIIEPUMEHTAIIBHOM YCTAHOBKOM B MHUpE. B crpoutenscTBe U uc-
CJIEIOBAHUSIX y4acTBOBAIM U y4acTBYIOT 60siee 10 000 yu€HbIX U UHKEHEPOB
u3 6osiee uem 100 ctpan (puc. 12).

Bonpmmm Ha3BaH U3-3a CBOUMX Pa3MEPOB: JUIMHA OCHOBHOT'O KOJIblIA yC-
KOPUTENS COCTaBIACT 26 659 M; alpOHHBIM H3-3a TOTO, UTO OH YCKOPSET aJl-

21



POHBI, TO €CTh YaCTHIIBI, COCTOSIIIIAE U3 KBApKOB; KoutaiaepoM (anri. collide
CTaJIKHUBATBLCS) U3-3a TOTO, YTO MYYKH YACTHUI[ YCKOPSIOTCS B MMPOTHUBOIIOJIONK-
HBIX HAMPaBJICHUAX U CTAIKUBAIOTCS B CHEIUATBHBIX TOYKAX CTOJKHOBEHHS.

TexHU4Yeckue XxapakTepUCTUKK

B yckoputene mnpeamnonaraeTcsi CTajJKMBaTh MPOTOHBI C CyMMapHOM
sHeprueit 14 THB (wm 14x10" 3JICKTPOHBOJILT) B CUCTEME IICHTpa Macc Ha-
JIETAIOIIMX YaCTHIl, a TAKXKe siipa CBUHLA ¢ d3HEeprueu 5,5 ['3B (5,5><1()9 dJIeK-
TPOHBOJIBT) HAa KOKAYIO APy CTAIKHBAIOIINXCS HYKJIOHOB (puc. 13).

B OynymeMm, korna Hanaaka o0opynoBanus OyaeT 3aBepiieHa, bAK Oy-
JIET CaMbIM BBICOKOPHEPTUYHBIM YCKOPUTEJIEM 3JIEMEHTAPHBIX YACTHUIl B MU-
pe, Ha MOPSAIOK IMPEBOCXOJS MO PHEPIHM OCTaJIbHBIC KOJUIAAEephl, B TOM
YHCIIe U PENIATUBUCTCKUM Koutainep Tsokénbix nonoB RHIC, paboTarommuii B
BpykxeitBenckoit mabopatopun (CILIA).

Ceetumocth BAK Bo Bpemss mnepBoro mnpo0Oera COCTaBUT BCErO
10*° gactrm/cm?-c. IT0 BechMa CKpoMHas Benn4dnHa. OJTHAKO, MOCIIE 3aImyCKa
BAK i skcrnepuMeHTalbHBIX MCCIEIOBAHUMN, CBETUMOCTh OyJEeT mocTe-
IEHHO  TOBBINIATBCS  OT  HadalbHOM  5%10%2 0  HOMHHAaJIBbHOU
1,7x10* wactun/cm? ¢, 4to 10 MOPSAJIKY BEJIUYHUHBI COOTBETCTBYET CBETUMO-
ctsiM coBpeMeHHbIX B-adbpuk BaBar(SLAC,CIIA) u Belle(KEK, Snonwus).
Brixo/1 Ha HOMUHAIBHYIO CBETUMOCTH Muianupyercst B 2011 rony.

Cucrema yckopuresieit OcHOBHBIE FKCHEPUMEHTAIBLILIE 30HbI OOf1uue XapakTrepUCTHKH
Liupkynupyiowue 8 Konnaiigepe nyuku NPOTOHOE CNOCOGHBI cosep- D
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Puc. 13
YckopuTenb pacnoyioKEH B TOM K€ TYHHEJE, KOTOPBIA NPEkKIe 3aHH-
Maja OOJBIION 3JEKTPOH-TO3UTPOHHBIN KoJutaiaep. TyHHENb ¢ ATUHON OK-
PYXKHOCTH 26,7 KM MpOJOXKEH MOJ 3eMIEW Ha Teppuropun PpaHuuu u
[Iseiitiapun (puc. 14). I'myOuna 3aneranus TyHHeas — ot 50 go 175 mer-
POB, IPUYEM KOJIBLIO TYHHEII HAKIIOHEHO TpuMepHO Ha 1,4 % oTHOCUTENBHO
MTOBEPXHOCTHU 3€MJIU.

Puc. 14

Cucrtema paboTtbl Konnangepa

ATOMBI BOJOpO/A MOCTYIMAIOT CTPOrO JO3UPOBAHHBIMHU NOPLUHUSIMH B Ka-
Mepy JIuHeliH020 yckopumensn (puc. 15), TaM OT HUX OTACISIOT 3JICKTPOHHBI,
OCTaBJISISL TOJBKO siipa BoAOpoJa. IIpOTOHBI HECYT MOJNOXKUTENBHBIA 3aps,
YTO MO3BOJISET MPUIABATh UM YCKOPEHHE MPU MOMOLIN JIEKTPUUECKOTO MO-
Js. DTy CTaJIMIO pa3roHa YacTHIL B IMHEMHOM YCKOPHUTENE MOKHO CPABHUTH C
nepeoll cmynenvio Kocmudeckol pakemsl. Ha BbIXoze oTcrojja MpOTOHBI Oy-
IYT JBHUTAThCSI CO CKOPOCTHIO paBHOM 1/3 ckopoctu cBeta. Tenepb OHH rOTO-
BbI [IOCTYIIUTB B OYCTEP UIIU BO 8MOPYIO CMYNEHb PAKembl.

23




5BAK
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Puc. 15

YroObl MakCUMalbHO MOBBICUTH IJIOTHOCTh MOTOKA YaCTHUI[ UX pasjie-
JSOT Ha 4 4acTH, KaXaas U3 KOTOPBIX IOCTYIAET B OTIAEIBHOE KOJIBLIO Oyc-
mepa (Hakonutens). JInHeitHOe ycKopeHue 3/1ech yke He 3(P(HEeKTHUBHO, TO-
ATOMY NMPUMEHEHO ABWKEHUE IO KPYyry JUIMHHOW myTu 157 MerpoB. UToObI
MpUAATH YacTUIaM OOJIBIIYI0 CKOPOCTh, OHU MPOXOAT MO KPYr'y MHOTO pa3s,
IIpU 3TOM HA HUX BO3JCUCTBYIOT MYJbCUPYIOIIUM 3JIEKTPUYECKUM IIOJIEM.
MorHble MarHUThl MTOMOTAIOT MPUAATh YACTUIIAM HYXKHOE HAlpaBICHHUE U
yAEpKaTh UX HAa KPYroBOW TpaekTopuu. Konbvuegoi yckopumensv pasroHseT
poTOHBI A0 91,6 % ckopocTH cBeTa, MPU 3TOM COOMPAET UX B IJIOTHBIN MYy-
yok. [locne aToro yacTuisl U3 4 Kojel coOMparTcs BOSIUHO U MOCTYNAIOT B
NPOMOHHBLI CUHXPOMPOH dTA Mpembs CIYNeHb Haulel paKkemal.

[IpoTsiaKEHHOCTh CUHXPOTpOHA 628 METPOB 3TO PACCTOSIHUE MPOTOHBI
npoxo At 3a 1,2 cekyHbl, pa3roHsach A0 99.9 % ckopoctu cBera. ImeHHO
3J1eCh JIOCTUraeTcsl Touka nepexona. K sHeprum nBrKeHUs yacTHll 00aBs-
€TCSl DHEPIUs dJIEKTPUUYECKOTO IOJs, HO 3TO HE NPHUBOJAUT K JAJIBHEHIIEMY
pasroHy, MNOTOMY YTO YaCTHULBI YK€ MOYTH JOCTUIIIA MAaKCUMAJIbHO BO3MOX-
HOW CKOpOCTH cBeTa. HO B pe3ynbraTe Takoro BO3JACHCTBUS YBEIUYUBACTCS
Macca MPOTOHOB, €CJIM TOBOPUTH KPATKO, TO MPOTOHBI HE MOTYT YCKOPSThCH,
a CTaHOBATCH Tspkenee. Ha 3Toi crannm sHEprus KakI0M 4acTHULlbl PaBHSET-
csl 25 MIpJ. 3JIEKTPOHBOJIBT MPU 3TOM IMPOTOHBI CTAHOBATCA B 25 pa3 TsxKe-
Jie€ YeM B COCTOSTHUU TIOKOSI.

Teneps HaumHaercs 4 cragus. Ilpomounsiit cynepcunxpompon — or-
POMHOE 7-MU KHJIOMETPOBOE KOJbIO. Ero 3agadya yBeIu4UTh 3HEPTHUIO MPO-
TOHOB 710 450 MIIp/I. 3IEKTPOH-BOJIBT.

Jlanee my4ku MPOTOHOB OYAYT FOTOBBI K IEPEMEILEHUIO B 0016U101 A0-
POHHBLIL Konnaiioep. B HEM TIPOTIOKEHBI J1BE BaKyyMHbIE TPYObI, IO HUM B
IIPOTHUBOIIOJIOKHBIX HAIPABJIEHUAX, IBHXKYTCS IMy4YKH NpoToHOB. [Ipn momo-
1 CHEUANBHBIX YCTPOMCTB HOBBIE MOPIMH MTPOTOHOB MOCTYMAIOT B TPYOBI
TaK, YTOObI HE MEIIATh ABMKEHUIO YK€ 3arpyKeHHbIX Tyaa nmydykos. [lo ox-
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HOU TpyOe YacTUIBl ABMKYTCS MO YacCOBOM CTPENKH, a MO APYrod MpPOTHB.
Ot1u TpyOBI MEPECEKAIOTCS B YETHIPEX MECTAX I'/I€ YCTAHOBJIEHBI JETEKTOPHI.
MIMeHHO 371eCh NPOTOHBI MOKHO CTOJKHYTh JIPYT C JAPYIOM. DHEPIHs CTOJIK-
HOBEHUS B JIBa pa3a MPEBBIIIAET 3a11aC SFHEPTUU KaKJOro MPOTOHA.

B Tteuenune momydaca B kojutaiiiep mocTymnaroT okoio 2800 mopumii
yacTull. Bce 310 BpeMs koyaiaep NpuaaeT JOMOIHUTENbHYIO SHEPTHUIO Yac-
THLIAM JABUTAKOLIMMCS IIOYTH CO CKOPOCTBIO cBeTa. KaxKyro ceKyHay NpoTo-
HBI MIPOXOJAT, 27 KUIOMETPOBBIN Kpyr Oosee 11 ThICAY pa3 MOCTOSHHO IO-
JIy4asl, AMITYJIbCBhl YCKOPSIOIIETO 3JIEKTPUYECKOIO IMOJSA. ODHEPrus KaxKJI0Tro
npoToHa yxe coctasiser 7 TaB, a macca B ceMb ThIcsY pa3 OoJibllE HOP-
MaJIbHOM.

KpyroByro TpaeKTopuro, 4acTULaM MPUAAIOT IPU ITOMOIIKA MAarHUTHOTO
noJisi. OHO HACTOJIBKO BEIMKO, YTO €T0 AJIEKTPOMArHuThl (puc. 16) J0mKHBI
BBIJIEP/KMBATh AJIEKTPOTOK CHUJION ABEHAAATh THICSY aMIIep, YTO JOCTHraeT-
Ci 3a CYET OXJaXJIEHHUSA, B PE3yJIbTaTe, KOTOPOIrO MArHUTHl CTAHOBSITCS
CBEPXMPOBOASIIMMH.

" ——MPOTOHHGIV
CQP&%P%“ ATLAS CYNEPCUHXPOTPOH

CBEPXHPO?B&?{W&

3KCNEPUMEHTANBHbIE

YCTAHOBKW HA MABHO!
KONMbUE B0/bLLIOTO AQl-
POHHOIO KONNAMAEPA

Puc. 16

Teneps MPOTOHBI TOTOBBI K CTOJIKHOBEHHIO. Hampapistommii Maraut
obecrnieynBaeT HEOOXOAUMYIO ISl ATOTO TPAEKTOPHUIO MX JBMKeHUs. OO1as
SHEPrus ABYX CTAIKHBAIOIIUXCS MPOTOHOB paBHa 14 TaB (puc. 17).
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Puc 17
Bcermieck OT CTOJNKHOBEHUSI MOXHO HAOJMIOAATh B TEUEHUE JIBYX CEKYH.
TpaekTopuu BBIICIHUBIIMXCS B PE3yJbTaTe€ CTOJKHOBEHHUS dacTull (puc.l8)
AHAJIM3UPYIOT KOMIIBIOTEPHI, K KOTOPBIM MOIKITIOUEHBI demekmopul (puc. 19).

Puc. 18 Puc. 19
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BaKyymHasa Kamepa

UEeHTpanbHbIA AeTexKTop

sneKTponaanTHuﬁ

/ KanopHuHerTp

anpOHHBIHA
-~ KanopumMeTp

Aertextop CHMS
B LLEPHe.
Anamerp — 15 n,
annHa —22 n,

macca — 14 S00 TOHH

Puc. 20

Bce 310 MokeT momMoub B3TIIHYTh Ha TPOOIeMy BOSHUKHOBEHHUS HAIIEH
BCEJICHHOW U MOHSTh, KAK OHA Pa3BUBAECTCS, YTO MPOUCXOJUT C HEN cerdac u
YTO OXKUJIAET €€ B OyIyIIeM.

NMocTaBneHHbIe 3agauu

B nauane XX Beka B (hu3MKe MOSBUIUCH JIBE OCHOBOIOJIArAIONIUE TE€O-
puu - obmast Teopusi otHocutenbHoctu (OTO) AnbOepra DiiHIIITEHA, KOTO-
pas onuchiBaeT BeeaeHHyo Ha MaKpOYpOBHE, U KBAHTOBAsI TEOPUS TOJIs, KO-
TOpasi onuchiBaeT Beenennyro Ha MUKpoypoBHE. [Ipobiema B ToMm, 4TO 3TH
TEOPUU HECOBMECTUMBI APYT ¢ ApyroMm. Hampumep, aiis aJekBaTHOTO OMKCa-
HUSI IPOUCXOJISIIIETO B UEPHBIX JIbIpaX HYKHBI 00€ TEOpUU, & OHU BCTYMAIOT
B MPOTHUBOPEYHE.

DWHIITEHH MHOTHE TOJIBI MBITAJICS pa3padoTaTh CIUHYIO TCOPHUIO TOJI,
HO O€3YCIIeITHO, MOCKOJIbKY UTHOPUPOBAJ KBAHTOBYIO MeXaHUKy. B koHIe
1960-x ¢usukam ynanoch paspaborate Ctanmaptayto monaens (CM), koTo-
pas oOBeAMHSET TPU W3 YETHIPEX (yHIAMEHTAIBHBIX B3aUMOACUCTBUU -
CUJIbHOE, CJTa00€ M AJIEKTPOMArHUTHOE. [ paBUTAIIMOHHOE B3aUMOJICHCTBUE
no-fpexxkueMmy onuchiBaioT B TepMuHax OTO. Takum oOpa3om, B HacTosIIee
BpeMs (pyHIaMeHTaJbHbIC B3aUMOJICHCTBUS OMUCKHIBAIOTCS JIBYMs OOIICTIPH-
HateiMu TeopusiMu: OTO u CM. Mx o0bearuHeHus 1moka J0CTHYb HE YAAJIO0Ch
13-3a TPYIHOCTEN CO3AaHUs TEOPUU KBAHTOBOM I'PABUTALIUH.
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Jlnia nanbHenero oobeIuHeHus GyHIaMEHTAIbHBIX B3aUMOJICHCTBHI B
OJIHOM TEOPHM HMCHOJB3YIOTCS Pa3Iu4HbIe MOIXOJbI: TEOPUS CTPYH, MOIY-
yuBIIas cBO€ pa3BuTue B M-teopum (Teopun OpaH), TeOpusl cyneprpaBUTa-
LMY, TIeTJeBas KBaHTOBas rpaBUTalus W Ap. HekoTtopwsle W3 HUX HMEIOT
BHYTPEHHHE MpOOJEMbI, U HU y OJHOW M3 HHUX HET SKCIIEPUMEHTAIBLHOTO
noarBepxkaeHus. [Ipobnema B TOM, 4TO AJi1 MPOBEACHUS COOTBETCTBYIOIIUX
DKCIIEPUMEHTOB HYKHBI JHEPI'MH, HEJOCTHKUMBIE HA COBPEMEHHBIX YCKOPH-
TEJAX 3apsKCHHBIX YaCTHIL.

BAK 1no3BoauT NpoBeECTH HKCIEPUMEHTHI, KOTOPBIE paHee ObLJIO HEBO3-
MO>KHO IPOBECTU M, BEPOSTHO, NMOATBEPAUT WA ONPOBEPTHET YaCThb 3TUX
Tteopuil. Tak, CylEeCTBYeT LENbl CHEKTP (PU3NYECKUX TEOPUH C pa3MEpPHO-
CTSIMU OOJIbLIE YETBHIPEX, KOTOPHIE MPEANOIaraloT CyLUIECTBOBAHUE «CYIEp-
CUMMETPHUUY» - HAIIPUMEP, TEOPHsI CTPYH, KOTOPYIO MHOTAA HA3bIBAIOT TEOPU-
el CynepcTpyH HIMEHHO HM3-3a TOTO, YTO 0€3 CYylIepCUMMETPUU OHA yTpauHlBa-
eT ¢puznueckuil cmpici. [loaTBepkaeHNE CyIIECTBOBAHUS CYIIEPCUMMETPHH,
TakiUM 00pa3oM, Oy/IeT KOCBEHHBIM MOATBEPKICHUEM UCTUHHOCTU 3THX TEO-
puil.

IHocraBieHHbIC 3a02a4K
N3ydeHne Ton-KBapKoB
N3ydyenne MexaHu3Ma 3J€KTpocaadboil CUMMETpUU
N3ydeHune rirooHHOM T1a3Mbl
[louck cynepcummeTpun
N3yuenue hoToH-aIpOHHBIX U (POTOH-(DOTOHHBIX CTOIKHOBEHUN
[IpoBepka 3K30TUUECKUX TEOPHU.

Ilnanbl Ha OJIMsKaIINEe HECKOJIBKO JIeT
2011 rog

[Ipenmnonaraercs, YTO CTOJIKHOBEHUSI POTOHHBIX MTyYKOB BO30OHOBSITCS
B cepenuue mapta 2011 roga u OyayT NpoOUCXOAUTh HA CYMMAapHOUN SHEPTUU
7 ToB no xonna 2011 roma. Borpeku nmpeaBapuTeNbHbIM IUIAHAM, COBETOM
nupextopoB LIEPHa 31 suBapst 2011 rozna Ob110 OPpUHSTO pelIEHHE MPO0JI-
KUThb paboTy koyaiaepa B 2012 rogy. DTo, BO3MOXKHO, MO3BOJIUT OTKPHITh
0030H Xwurrca, a Takxke HadpaTh CTATUCTUKY, HEOOXOAUMYIO JUIsl IPYTUX UC-
cnepoBanui. Taxxe B 2012 rogy BO3MOKHO MOBBIIIEHUE YHEPTUH MYYKOB 10
4 T>B, okoHuaTeNbHOE pelIeHre 00 ITOM ellé He MPUHSTO.

2013 roa u gajiee
[Tocne oxonuanusi ceanca pabotel B 2012 roxy kosaiinep Oyner 3a-
KPBIT Ha JOJTOBPEMEHHBI PEeMOHT. PEeMOHT mpennoNoXKUTENbHO OyaeT
JUIMTBCA HE MEHee mosyTtopa jeT u 3aiMer Bech 2013 roa. Ilocne pemonTa
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0’KMJIA€TCS MOBBIIIEHUE YHEPTUM IPOTOHOB 10 NMPOEKTHOU 3Hepruu B 7 THB
Ha ITyYOK.
Ili1anbl pa3BuUTHA:

[Tocne Toro, kak LHC BeIiiieT Ha TPOEKTHYIO YHEPTUIO U CBETHMOCTb,
IJIAHUPYETCS MMPOBECTU MOJCPHHU3ALMIO KACKa/la MPEIBAPUTEIBHBIX YCKOPU-
TeNeH, B MEpBYIO odepenb SPS, 4TO MO3BOJMT 3aMETHO MOBBICUTH CBETH-
MocCTh KoJutaizaepa (mpoekt Super-LHC)

Takxe 00Cy)IaeTcsi BO3SMOKHOCTh MPOBEACHUS CTOJIKHOBEHUH MPOTO-
HOB U 3J1eKTpoHOB (mpoekT LHeC). [lns aToro norpedyercs npucTpouTh Ju-
HUIO YCKOPEHHUsI 3IeKTPOHOB. OOCYy)IaloTcs JBa BapHaHTa: MPUCTPOUKA JIU-
HEWHOTO YCKOPUTENS AJIEKTPOHOB U Pa3MEIICHUE KOJIBLIEBOIO YCKOPUTEINS B
ToM k€ ToHHene, uro u LHC. Ormeuaercs, 4To B OTIMYHAE OT MHPOTOH-
MPOTOHHBIX CTOJIKHOBEHHM, PACCESHHUE JIEKTPOHA HA MPOTOHE - 3TO OYEHb
«YHUCTBIN» MPOLECC, MO3BOJISIIOIINN U3y4aTh NApmMoOHHYI0 CTPYKTYPY MPOTOHA
HAMHOI'O BHUMATEIIbHEE U aKKypaTHEE.

Kakum Oynet cienyroniee MOKOJEHUE YCKOpUTENei? Y nactest iu HaTh
HOBBIC IPUHLIMIIBI YBEJIUYEHHS TEMIIA POCTA SHEPTUU?
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KOHTPOIJIbHbIE BOMNPOCHbI. YIIPAXXHEHUA

1. Kak Oyzaer nBUratbcs 3apspKeHHAs 4aCcTULA, BIETEBIIAs B OJTHOPOIHOE
MarHuTHOE T0JIe, K BekTopy B mox yriom /2 ?

2. Korpa 3apspkeHHast yacTHIIA JBIDKETCS B MATHUTHOM TIOJI€ 110 CIIMpasIu?
Ot yero 3aBucuT war cnupainn? OTBETh! MOATBEPIUTE BHIBOJAMU (POPMYII.

3. Yto Takoe yCKOpHUTENH 3apsuKeHHBIX yacTul? Kakue oHn ObIBAIOT U
YeM XapaKTepUu3yrTcs?

1. Tlouemy anst yCKOpEHHS SJIEKTPOHOB HE MPUMEHSIOTCS ITUKIOTPOHBI?

2. B dewm 3axmouaercs npuHiun aBTodasupoBku? I e on ucnonszyercs?

3. Uewm oTanuaeTcsi CAHXPOTPOH OT CHHXpodazoTpoHa?

4. Ha xakylo BeIMYMHY YBEIMYMUBACTCS DHEPTHS IJICKTPOHOB IMPH Kaxk-
J10M 00X0/1e KOHTYypa B OeTaTpoHe.

5. Kakas nocturayra MakcuMaibHasi S3HEPrus MPOTOHOB?

METOOUKA PELLEHUA 3A0AM

1. OnHa 3 BO3MOYKHOCTEH 3HAUNUTEIILHOTO YBEIMYCHUS SHEPTUU COYIa-
PAIOLIUXCS YaCTHIl 3aKJIF0YAETCSl B UCTIOJIb30BAHUM BCTPEUHBIX MTYYKOB 3THUX
gacTull. Kakyr KHHETHYECKYIO DHEPTHIO CJIEIOBAIO OBl COOOITUTE MPOTOHY,
HaJIETAIOIIEMy Ha MOKOAIIUNUCS TPOTOH, YTOOBI UX CyMMapHasi KWHETHYECKas
sHeprusi K, B cCUCTEME LIEHTpa MHEpLUU ObLIa Obl TaKOHM Ke, KaK y JABYX
MPOTOHOB, JIBIXKYIIUXCS HABCTPEUY APYT APYTY ¢ KUHETUYECKUMU SHEPTHS-
mu K; =10 1»B?

Hano: Pemenue: Eciin oCymiecTBUTh CTOJIKHOBEHHUE

K;=101»B BCTPEYHBIX MYYKOB YacTUll, TO 3hdexT OyaeT

W, =0,938 I'»B TAKOW K€, KaK IMPU CTOJKHOBEHUU C HEIMOJ-

Ky =7 BHKHBIM ITIPOTOHOM C SKBUBAJICHTHOW 3HEPIU-
el K.

[To Teopur OTHOCUTENBHOCTH CBsI3b MOJHON 3Heprun W ¢ uMIyibcoM
PENSATUBUCTCKON YaCTHIIBI:
p ¢’ = = myct, (1)
YYHUTBIBAsI, YTO Macca TOKOSI YaCTHIIBI My W CKOPOCTh CBETA ¢ B BaKyyMe He
3aBUCST OT BBHIOOpAa MHEPIMAIBLHOM CHCTEMBI OTCYETa, cieaoBaresibHo, (1)
MO’KHO 3aITHCaTh:

2
W——p —mg z—inv, (2)
c?

T.€. Pa3HOCTh KBajipaTa nojiHoi s3uepruu W, nejieHHOW Ha KBaJpaT CKOPOCTH
CBETa ¢ B BaKyyMe, U KBaJpaT UMITyJIbCa 3TON YACTHUIIBI HE 3aBUCIT OT BHIOO-
pa MHEPUUAIBHOW CUCTEMBbI OTCUETA.
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VYuutsiBasi, uro nosnHas 3Heprus W paBHa cymMMe KUHETUYECKON SHEp-
run K u sHeprum nokos W, gacTuIsl
W =K + W, 3)
ypaBHEHUE (2) B CUCTEME OTCYETA, CBA3AHHOM C LIEHTPOM HMHEPLUHU MPOTO-
HOB, 3aIITMIICTCA
Ko +200)° > [2K, + 1)) 4)

2 = 2 >
c c

7l p — PEISTUBUCTCKUI UMITYJIbC POTOHA, HAJIETAIOIIETO HA HEOABHKHBIHI
MIPOTOH

K, o (K, +2W,)
p’= S a— ()
[loacraBuB npaByto yacTsb (5) B (4), nocie npeodpa3zoBaHU NOITyYUM
2K (K, +2W,)
OKB WO s
K - 2:10(10+2-0938) _ rop
0,938

Takum 006pa3om, criocoOOM BCTPEUHBIX MYYKOB TEOPETHUECKH MOXKHO MOJTY-
YUTh SHEPIHIO, B 25 pa3 MPEBBIIAIOINIYI0 KHHETHUYECKYIO SHEPTHUIO JIBUXKY-

IIUXCS MPOTOHOB.
OtBert: K, = 250 I'2B.

2. OJHOKpaTHO MOHM30BaHHBIA MOH Teaus He' yckopsercs B LHUKIO-
TPOHE TaK, YTO MAaKCUMAaJIbHBIA pajnyc KpUBHU3HBI ero Tpaekropun R = 0,5
M. Onpenennre KWHETHYECKYIO SHEPTUI0 K MOHOB reiivs B KOHIIE YCKOPEHMUS,
€CJIM MHIAYKLIHSI MAarHUTHOTO TOJIS1 BHYTPY HUKIOTpoHA B = 1 Ti.

Hano: Pemenue: Kunernueckast 3HEPTUsi HOHOB (KO
R=0,5m 2 A
B=1Tn Mo C°) K== (1)

Mo =6,4-10%" kr | pamuyc R KpHUBH3HBI TPACKTOPHUH YAaCTHIIBl B LIHUKJIO-
q=1610"Kn |TpoHe
K=? R="0" 2)
qB
Pemas cucremy (1), (2), moayuyuM ucKoMoe BbIpaKeHUE B anreOpaunye-
CKOM BH/JIC

K = (qBR)*/ 2m,.

AHanu3 Moxy4YeHHON 3aBUCUMOCTH MTOKa3bIBAET, YTO JIJISl YBEJINUEHUS
SHEPTUM 3apsHKEHHBIX YaCTHUI B IIUKIOTPOHE HEOOXOAMMO MOBBIIIATH WH-
OYKIIUIO MAarHUTHOTO I10JI U YBEJIMYUBATH PagUyC MOJIIOCOB DIIEKTPOMAarHu-
Ta.

Brraucnss, noiryyum
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~(1,6-1077-1-0,5)°

K
2:6,4-107%

=5.10" JIx = 3,125 M»aB.

OtBet: K= 3,125 M»B.

3. Haiitu ammuryaHoe 3HaueHue Uy yCKOPSIONIETO HANpsHKEHUS Ha
JyaHTax IUKJIOTPOHA, MPHU KOTOPOM PACCTOSTHUE MEXKIY COCEIHUMH TpPacK-
TOPHSIMHU MPOTOHOB ¢ paauycoM R = 0,6 M paBHo AR =1 cm. YacTora re-
Hepatopa HMKIoTpoHa Vv = 10 MI'm.

Jano: Pemenue: 3anuiiieM CKOpocTh V; MPOTOHOB Ha Tpa-
R=0,6 m €KTOPHH paguycoM KpuBHU3HBI R; = R
AR=10"7%Mm Vi = 2nRv, (1)
v=10"Tn U CKOPOCTh V, MPOTOHOB Ha TPAEKTOPHUH PagUyCcoOM
Mo = 1,67-10%" kr KpuBu3HBl R; = R +AR
q=1,6-10" Kn Vo =271 (R + AR)v. (2)
Ug—? Kunernueckas sHeprus AK, KOTOPYIO MOJTy4aeT
IPOTOH 3a OJIUH NEPUOJ,
2 2
AK:2qU0=m°—2V2—%. (3)
Pemas cucremy (1) — (3), moayuum
U, :n2v2m0(2RAR+AR2)' 4)
q

VYuuteiBas, uro (AR 0 R), Beipaxkenue (4) MOXHO yIPOCTHUTH:
U, ~ 2n*v?RARm, ‘
q
[ToxcTarmsis 9UCIOBBIC 3HAYCHHUS, TIOTYIUM
U, - 2-314°-0,6-107 -1,67-107
1,6-107"

=12-10° B.
Otet: Uy =0,12 MB.

4. Kunetnueckas sHeprusi K npotoHoB B CepnyXoBCKOM CHHXpoda3o-
TpoHe pocturaer 76 I'3B. Beruncnure, npenedperas AeCTBUEM BHXPEBOTO
JIEKTPUYECKOTO I10JIs,, MAKCUMAJIbHBIA UMITYJIbC IIPOTOHA U MAaKCUMAJIbHBIN
paauyc ero opOMTBHI, €ClIi MHAYKIMS MarHUTHOTO mojisi B B cuHxpodaso-
TpoHe pasHa 1,07 Ti.

Hano: Pemenne: Kunermueckasa sHeprusa K
K=76T3B=1,2.10"° Jx MpOTOHA OoubIe dHepruu mokos Wy =
mo = 1,67-107% kr mocz, clieoBaTeJIbHO, HEO0OXO0IUMO

W, = 0,938 5B = 1,5-10° JIx YYUTBHIBATh PEISATUBUCTCKUE YPDEKTHI.
N3 cooTHOmEHHsT Mexay
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B=1,07Tn
q=1,6-10"" Kx
p—? Rpax—? ‘ SHEPTUEH U UMITYJIbCOM YaCTUIIbI

myV

1 2 2
p=—l L Wy,
JI-vi/c? ’

C

rne W — monHas SHEprusl MPOTOHA, YYUTHIBAs, UTO KUHETHYECKas SHEPTHUs
nporoHa K =W — Wy, nonyuaum p =Lk~ 2myc?).

C
Ecnm yuects, uto K ? mocz, TO MMITYJIbC TIPOTOHA p ~ Klc.
HOI[CTaBI/IB YU CJIOBBIC 3HAYCHUS, OIIPCACINM
p=1,2-10%3-10° = 410" kr-m/c.
MakcumanbHbIN painyc OpOUTHI TPOTOHA

R MV Do JEK(K +2myc®) g

— ~
= ~

e gB gB gBc gBc’
Rmax = 1,2-107%/(1,6-10".1,07-3-10% ) ~ 236 m.
Co3gaHue CIUIOIIHOTO 3JIEKTPOMAarHuTa ¢ IMaMeTPOM OKOJIO TTOIYKUJIOMETpa
IIPEICTABIIACT MPAKTUUECKHU HEBBIMOIHUMYIO 3a7a4y. [ToaToMy B cunxpoda-
30TPOHE YaCTHULBI JIBUXKYTCS 10 OKPYKHOCTH ITPAKTUYECKHU ITOCTOSIHHOTO pa-
JAyCa B y3KOM KOJIBLIEBOW BaKyyMHOM KaMepe.
OtBeT: p = 4-107Y kr-M/¢; Ry ~ 236 M.

5. B OerarpoHe MHAYKLMS MarHUTHOrO IMOJS B BHYTpH paBHOBECHOM
opOuTHl pamuyca Fp = 25 c¢M BO3pacTaeT 3a BpeMs YCKOPEHHS 3JIEKTPOHa
MPAKTHUYECKHU C MOCTOSHHOW CKOPOCTBIO (AB/At) = 25,5 Tn/c ~ const.
[Ipu >TOM 57EKTPOHBI MPUOOPETAIOT KMHETHYECKYI0 dHepruto K = 25 M»B.
Haiitu uncino 06opotoB N, coBepmiaeMbIX 3JIEKTPOHOM 3a BpEMsl YCKOPEHUS,
¥ COOTBETCTBYIOIIIEE 3HAYCHHE MPOUEHHOTO UM TyTH S.

Hano: Pemenne: YckopeHue 3JeKTPOHOB B OeTa-
K=25M>5B=4.10" JIx TPOHE OCYUIECTBIISICTCSI BUXPEBBIM JJIEK-
rh=0,25m TPUYECKHUM TIOJIEM B HapacTarolleM BO Bpe-
(AB/At) =25.5Tn/c MEHHU MArHUTHOM II0JIC.

e=1,610"PKn Ha pucynke nzobpaxxeHa kamepa ¢
N-? S-7? YCKOPSIEMBIMH 3JIEKTPOHAMU B [IEPEMEH-

HOM MarHMTHOM ToJie, rae E; — TaHreHuumanbHas cocTaBisIoas BUXPEBOTO
ANEKTPUYECKOr0 MOJI paBHA MOJYJIIO HAIMPSKEHHOCTH BUXPEBOTO JIEKTPHU-
YEeCKOT0 I0JIs Ha PaBHOBECHOI opOuTe
Et =F.
PaboTa A cui 3M€KTpUYECKOr0o BUXPEBOTO IMOJS MPUBOAMUT K yBEJIHYE-
HUIO KUHETHYeCKOoM aHeprun AK 351eKTpoHa 3a BpeMs OAHOro 06opoTa
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A= AK. (1)
Pa60Ta CHUJI DJICKTPHUYCCKOT'O BUXPCBOI'O ITOJIA:

A=e§Edl:e§EdZ=eé°, (2)
L L
rae E — 3/1C unaykuuu, onpeaensiemas o 3akony dapanes
dd
e=-2= 3
" 3)

rae @ — MOTOK MarHUTHOW MHAYKIMH, IPOHU3BIBAIOLIMI 00JaCTh B MpeJie-
Jax miouiaan S opOUTHI ANEKTPOHA B MOMEHT BpEMEHU t.

O =7} <B>. 4)
DJEKTPOH ABMKETCS IO OpOUTE MOCTOSHHOTO pajuyca, ypaBHeHue (3) mpu-
MET BUJL

A< B>
E=—mr? . 5
3 A<l (5)
YuuteiBas 6eTaTpoHHOE yciioBue < B > = 2B, dopmyiny (5) MOKHO 3amucaTh
AB
&=22mr? =2, 6
3 A8 6)

Pemwas cucremy ypaBuenuii (1), (2) u (6), nosmyunum, 4To 3HEprus, npuodpe-
Taemas JIEKTPOHOM 3a OJUH IIEPUOJ,
AK =—2enr;} AB _ 2| e |7tr02 M
At
[Tonnas sHeprus, npuodperaeMas 31eKTpoHoM 3a N 060poTOB,
K =N-AK.

Takum 00pa3oM, 4uCIO 0OOPOTOB AJIEKTPOHA 3a BPEMs YCKOPEHUS 10

sHepruun K
e Y
2| e |TCI"0 (AB/ At)

DNEeKTPOHBI BpalllaloTCs M0 OpOUTE MOCTOSTHHOTO paauyca Iy, ciaeaoBa-

TEJBHO, MyTh S, IPONACHHBIN 2JIEKTPOHOM,

S=2n ro'N. (8)
[ToacTaBuB B (7) yuciIOBBIC 3HAUCHUS, HAWJIEM YHCIIO 00OPOTOB DJICK-
-12
TpOHA N = 4-10 =2,5-10°.

2.1,6-10 " -314-0,25%-255
ITo bopmye (8)
$=2.3,14-0,25-2,5-10° = 7,85-10° m.
Ortser: N = 5-10° o6oporos, S = 7,85-10° m.
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6. DnexTpoH B OeTaTpoHE 3a OUH 000POT MPHOOPETAET KUHETUIECKYIO
sHepruto AK = 15 3B, aBurasce no opoute paauycom o= 0,3 M. Brrunc-
JUTh CKOPOCTh W3MEHEHUs] MarHuTHOW mHAyKimu d(B)/dt, cumras a1ty cko-
pPOCTh B TEUEHHUE NHTEPECYIOIIET0 HAC MPOMEKYTKA BPEMEHHU TIOCTOSIHHOM.

Hano: Pemenne: YckopeHue 31eKTpOHOB B OeTa-
rh=0,3m TPOHE OCYILIECTBIIIETCA BUXPEBBIM 3JICK-
AK=153B=2,4.10" Jx TPUYECKAM TIOJIEM B HapacTarmolEeM BO
e=-16-10"Kn BPEMEHU MarHUTHOM I10JIE.

d(B)/dt — ? DOnexkTpoH B OeTaTpoHE 3a OJIMH

000poT mpuoOpeTaeT KMHETHYECKYI0 3Hepruto AK, paBHyr0 padote 4 cui
AJIEKTpUYECKOro BUXpeBoro noist AK = 4

AK = e§Ed1 =2nreE =eé,
L

158)051
E=AK/e, (1)
rae E — 3/1C unaykuuu, onpeaensemMas mno 3akony dapanes
_do 2 d<B>
A0 _pad<B> 2)
dt dt

rae @ = ms’ <B>-TOTOK MarHUTHOM MHIYKUWH, IPOHU3BIBAIOIINAN 00JaCTh

B IpeJIeIax IIOMaau S = 7tF 2 OpOUTEI JJIEKTPOHA B MOMEHT BpEeMEHH .
[IpupaBHuBas neBble yacTu Boipakenuii (1) u (2), momyunm

d<B>=_ AK
dt enr()z'
_18
d<B> S 2’41910 > ~53 Ti/c.
dt -1,6-107"-3,14-0,3

Otser: d(B)/dt =53 Tn/c.
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3AO0AYUN ONA CAMOCTOATEJIBHOIO PELUEHUA

1. BHyTpenHuii quamerp TyanToB HuKIoTpoHa d = 1 M. UHIyKIms
MarauTHOTO mojst B = 1,20 Tn. Yckopstoiiee HampsiKeHUE U, =
100 xB. Haittn makcumanbsHyto sHepruio K, 1o xkotopoit Moryt ObITh yCKO-
PEHBI B 3TOM LUKJIOTPOHE MPOTOHBI, U CKOPOCTH V, IPHUOOPETAEMYIO MPOTO-
HaMHU K KOHIlY YCKOPEHHUS.

OtBet: K=17 MaB; Vv = 5,8-10 m/c.

2. BHyTpenHuii quamerp TyanToB HuKiIoTpoHa d = 1 M. UHIyKIms
MarauTHOTO noJst B = 1,20 Tn. Yckopsitomiee HanpsiKeHUEe Un, =100
kB. Halitu BpeMs T, B TeU€HUE KOTOPOTO JUIUTCS MPOLECC YCKOPECHUSL.

Orser: 1=4,7-10° ¢,

3. Yacrora reneparopa nukinorpona v = 10 MI'n. Halitun ammuim-
tyaHoe Up, yckopstoliee HanpssKeHUE Ha JyaHTaX 3TOTr0 LIUMKIOTPOHA, HpU
KOTOPOM PACCTOSIHUE MEXKIY COCEIHUMU TPACKTOPUSMH IIPOTOHOB C PAINY-
coM I = 0,5 m He MmenbItre yeM Ar = 0,1 m.

Ortser: U, = 0,1 MB.

4, [IpOoTOHBI YCKOPSIOTCA B LUUKIOTPOHE TaK, YTO MAKCHUMAaJbHBIM
paguyc KpUBU3HBI UX TpackTopuu Iy = 50 cMm. HaliTu kuHEeTHUYECKy1O dHED-
ruto K npoTOHOB B KOHIIE YCKOpPEHUs, €CIM MHIYKLIHS MarHUTHOTO IOJISI B
nukiaoTpone B = 1,0 To.

Otset: K =12 M»B.

S. IIpOTOHBI YCKOPAKOTCS B LUUKIOTPOHE TaK, YTO MAKCHUMAaJIbHbBIN
paauyc KpUBU3HBI UX TpaekTopuH Ih = 50 cM. HailTu MUHMMAaIbHYIO 4acTOTY
Vyun TEHEpPATOpa LUKIOTPOHA, MPU KOTOPOM B KOHIIE YCKOPEHHs MPOTOHBI
OyIoyT UMETh KuHEeTH4ecKyto sHepruto K =20 M»B.

OTBeT: Vyyy = 20 MI 1.

6. Nuaykuus B MarHUTHOTO 1oJis UKJI0TpoHa paBHa 1 Tin. Kakosa
4acTOTa V YCKOPSIOIIETO IMOJs MEXIY AYaHTaMH, €CJIU B LIMKIOTPOHE YCKO-
PSIIOTCSL ACUTPOHBI | D ?

OtBer: v=7,7 MI'l.

7. B uuknorpone Tpedyercs yckopsath noHbl reaus (He'™). Yactora
V IIEPEMEHHON Pa3HOCTH MOTEHIMAIOB, IPWJIOKEHHON K JyaHTaM, paBHa 10
MI'1. KakoBa momkHa OBITh MHAYKIHUS B MarHWTHOTO TOJS IUKJIOTPOHA,
4yT0OBI IepuoA 1 0OpalieHrus HOHOB COBMAJ C MEPUOJIOM MU3MEHEHHsI pa3Ho-

CTU NOTEHIIHATIOB?
OtBetr: B=1,3 T
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8. YT0oObI B IUKJIOTPOHE HE BO3HUKAJIA paCCTPOMKA B IIPOIIECCE yC-
KOPEHUSI YaCTHIIbI, CBSI3aHHAs ¢ M3MEHEHHWEM €€ TMepuojaa OOpaiieHus Mpu
BO3pAaCTaHWU 3HEPIHH, MENJIEHHO M3MEHSIOT YacTOTY YCKOPSIOLIEro MOJs.
Taxoit yckoputens HaszbIBaeTcsi ¢pazsomponom. Ha CKONBKO MPOILIEHTOB Ciie-
yeT W3MEHSATHh YacTOTy YCKOPSIOMIETo Moysi (a3oTpoHa, YTOOBI YCKOPHUTH

MIPOTOHBI U O-YaCTHUILBI 10 SHEPTUU K=500 M>B?
Otsert: (Av/v)-100 % =35 %.
Q. Onpenenuts unciio N 000poTOB, KOTOPOE AOJKEH CHENIATh MPO-

TOH B MarHMTHOM TIOJI¢ IUKJIOTPOHA, YTOOBI MPUOOPECTH KUHETUYECCKYIO
sHepruto K = 10 M»aB, ecnu npu kaxaoM 000poTe TPOTOH MPOXOAUT MEKIY
JyaHTaMH pa3HocTh noteHimanos Uy, = 30 kB.
OtBet: N =167 060poTOB.
10. [IpOoTOHBI YCKOPSIIOTCS B UUKJIOTPOHE B OAHOPOJHOM MAarHWT-
HOM mnoJie ¢ uHaykuuen B = 1,2 Tn. MakcuMalbHbId painlyC KpUBU3HBI Tpa-
€KTOpPUU IMPOTOHOB COCTABIET Iy = 40 cm. OnpenenuTs MUHUMAIbHYIO Yac-
TOTY YCKOPSIIOUIETO HANPSLKEHHS Vi, MPU KOTOPON MPOTOHBI YCKOPSIIOTCS
no sHepruri K =20 M»B.
OTBeT: Vpin = 24,6 MI11.
11. [Ipn xakux 3HaUYEHUAX KHMHEeTHU4YecKou sHepruu K mepuop T o0-
palieHus 3JIEKTPOHOB, MPOTOHOB U OL-4aCTHI] B OJJHOPOJHOM MarHMTHOM I1O-
ne Ha 1 % OGouibliie meproa oOparieHus Ipu HEPEIITUBUCTCKUX CKOPOCTSX ?
Otser: K. = 5,1 x3B; K, = 9,4 MbB; K, = 37,3 MsB.
12. Omnpenenuth yaeabHbIA 3apsaa /M YacTHIl, YCKOPEHHBIX B ITUK-
JIOTPOHE B OJJHOPOJHOM MATHUTHOM IOJI€ C UHAYKIIMEH B = = 1,7 Tn
IIPX YaCTOTE YCKOPSIOIIEro HanpspkeHus v = 25,9 MI'n.
Ortser: g/m = 9,57-10° Ki/kr.
13. B OerarpoHe MHIYKLMSI MarHUTHOTO IMOJS HA PAaBHOBECHOU Op-
oute paguyca o= 20 cMm u3meHsiercs 3a Bpemsi At = 1 Mc pakTUYECKH C I0-
CTOSTHHOM CKOpOCThIO OT HyJsa A0 B = 0,40 Txn. Haiitu suepruto K, mpuobpe-
TAaeMYIO 3JIEKTPOHOM 3a KaXKJblii 000pOT.
Oteet: K= 100 3B.
14, CpenHsisi CKOpOCTh M3MEHEHHsT MarHuTHOro mnoroka (dd/dt) B
OertaTpoHe, paccuMTaHHOM Ha sHepruto K = 60 M»sB, cocrasiser 50
B6/c. Onpenenuts uncio N 060pOTOB AyIeKTpoHA Ha OpOUTE 3a BPEMS YCKO-
PCHHOTO JBM)KEHUS U MyTh |, MPOWICHHBIN SJIEKTPOHOM, €CJIH Paauyc Fy op-
ouTsl paBeH 20 cM.
Otser: N =1,2.10° obopoTos; | = 1,51-10°% m.
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15. . CpennHee 3HaYeHNE MarHUTHON MHIYKIMH (B) MOJs, cO3/1aBae-
MOTO MarHMTOM O€TaTpoHa, U3MEHSISICh MPUOIU3UTENBHO 110 JIMHEHHOMY 3a-
KOHY, Bo3pacTaeT 3a Bpems T = 1,00 Mc OT HyJIg 10 3HAUCHUS B, =200
mTn. Paguyc opOuthsl 3mekTpoHOB Ip = 300 MM. 3a BpeMsi yCKOpEHUS dJIeK-
Tpoms! mpounty myts S = 1,7-10° M. HaifTi ckopoCTh V 7I€KTPOHOB B KOHIIE
YCKOPEHHS.

Otsert: V = 0,99995¢.

16. B OerarpoHe MarHWTHBIA MOTOK BHYTPU PaBHOBECHOU OPOMTHI
paauyca fp = 25 ¢cM BO3pacTaeT 3a BpeMsi YCKOPEHUsI MPAKTHUECKH C MOCTO-
sHHOI ckopocThio dd/dt = 5 B6/c. Ilpu 3TOM 3JeKTPOHBI MPHOOPETAIOT
sHepruto K = 25 M»sB. Haiitu uncio 060poTtoB N, COBEpIIEHHBIX 3JEKTPO-
HOM 32 BpeMsl YCKOPEHHS, U COOTBETCTBYIOIIEE 3HAUCHUE MPONUICHHOTO UM
nyTH S.

Ortser: N = 5-10° o6opotos; S =8-10° m.
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OCHOBHbIE 3AKOHbI N dOPMYIIbI

¢ Kunernueckas sHeprus K, npuoOperaeMasi 4acTULIEW MPU MPOXO0KIECHUN

YCKOPSIFOLIETO 3a30pa B IMHENHBIX U HUKINYECKUX YCKOPHUTEISAX
K=Z7|e|Uy,

rae Uy — aMImmmTygHOe 3HaueHHEe YCKOPSIIOUIET0 HaIlpsDKEHUs B 3a30pe; Z —

YHCIIO DIIEMEHTAPHBIX 3apsIOB || B 3apsijie (| YCKOPSIEMOM YaCTHUIIBI.

¢ B mMKIMYecKuX yCKOPUTEISX 3apsyKeHHAs YacTULA C 3apsSA0M (| 1 Maccoi

M yCKOpSIeTCsl IO CKOPOCTEH, MPU KOTOPBIX PEISTUBUCTCKUHN D (DEKT yBenu-

YEHUS MACChl YaCTULBI IPAKTUYECKU HE MPOSABIIACTCS.

. 2mm
¢ Ilepuon oOpaieHust HEPEIATUBUCTCKON YacTHIBI | = ——.

qB
¢ Ecnu 3apsbkeHHasi yacTUIAa B LMKIMYECKUX YCKOPHUTENAX YCKOpSeTcsa J0
CKOPOCTEW MPHU KOTOPBIX MPOSIBISIETCS PENATUBUCTCKUN 3P (DEKT, He0OX01U-
MO YYUTBIBaTh YBEIMYEHUE MACCHI YACTHILIbI

1
¢ HMMnynbc pensaTUBUCTCKON YacTUIBI P = —\/ K(K + 2m0C2 )
c

¢ Kunernueckas sueprus sactumpl K =W —W, =mc? —m,c?.

¢ Illar BuHTOBOI TMHUY TpackTopuu h=vT COSa.

¢ Ilepuon oOpareHus PEISTUBUCTCKON YaCTHIIBI
27W

T 21m _
gBy1-v?/c® aBc’

¢ Paanyc oKpyXHOCTH TPAa€KTOPUHU PENSATUBUCTCKON YaCTULIBI
R MoV

qBy1-v?/c?

L4 9H€pFI/I$[, nepeaaBacMasd BUXPCBbIM JJICKTPUYCCKHUM I10JICEM CAUMHUYIHOMY

2
3apsiy ml:fqlé'dl =94 .
L

2
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NMPUNOXEHUE

3HayeHusn (l)yHI[aMCHTaJIbHI)IX KOHCTAHT

FpaBI/ITaHI/IOHHaH IIOCTOsHHAasA

G =6,6720-10"* H-m%/kr?

CkopocTb cBeTa B BaKyyMe

¢ =2,99792458.10% m/c

MarxauTHas OCTOSTHHAS

1o = 12,5663706144-10"' I'u/m

:‘)J'IGKTpI/ILIeCKaﬂ IIOCTOsIHHAasA

g0 = 8,85418782-10 %2 @/m

ITocrossaHas Iimanka

h =6,626176-10">* Ix-c

Macca moxos QJICKTpPOHA

m, = 9,109534-10~3! kr

Macca moxos IMpOTOHA

m, = 1,6726485-10 %" kr

Macca nokost HeUTpoHa

my, = 1,6749543-107% kr

OTHoOIIIEHNE MacCChI IIPOTOHA K MAaCCE JJICKTPOHA

m,lme = 1836,15152

DneMeHTapHBIN 3aps]

e =1,6021892-10 ¥ Kn

OTHolIeHHE 3apsga 9JICKTPOHA K €ro Macce

e I me=1,7588047-10" Kn/kr

ATomHas CANHUIIa MaCChbl

1 a.e.m. = 1,6605655-107%" kr

I'peyecknii ajgpaBur

A o —anbda Hn—osta Nv—H0 T t—Tay

B B — Geta ® 0 —T19Ta = & —keu Y v — uncunox
I' y —ramma I 1—iioTa O 0 — OMUKpOH ® ¢ — du

A O — nenbra K % — kanma II7—1um Xy —Xu

€ € — SIICHJIOH A A — nambna Pp-—po Y vy — icu

Z {— n3era M p — mr0 Y ¢ —curma Q) ® — omera

MHoOKUTeIN ¥ NPUCTABKH VI 00Pa30BaHUSA
AECATUYHBIX KPATHBIX M J0JIBHBIX eIMHUIl H UX HAUMEHOBAHU

MHOKHTEJIb IIpucraBka O0o3HaueHune
1 000 000 000 000 = 10" Tepa T
1 000 000 000 = 10° rura r
1 000 000 = 10° Mara M
1000 = 10° KHJIO K
100 = 10° CEKTO r
10 = 10° neKa ma
01=10" bi(S04%¢ bi
0,01=10" CaHTHU C
0,001 =10"° MUWJLIA M
0,000001 =10"° MHKDO MK
0,000000001 = 10°° HAHO H
0,000000000001 = 10 * TTKO n
0,000000000000001=10 demTo b
0,000000000000000001=10""® aTTo a
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IIpousBoanbie enmunubl CHU,
HMeIne co0CTBeHHbIe HANMEHOBAHHSA

Bripaxxenue
Ennnuna o
IPOU3BOTHON €MHHUIIBI
HanmMmeHnoBaHmue O0o3Hauenue APYT
€IMHUILIBI €IMHUILIBI
CUu CHUu
Yacrora repit T' ¢t
Cuia HBIOTOH H M'KI"C °
DHeprus, padbora _
PIHA, p ’ JKOYJITh Jx H/Mm MZKr-C 2
KOJI-BO TEILIOTHI
MomHocTs, IOTOK _
= ’ BaTrT Br TIx/c M2 KDC
SHEPrUu
Kou-Bo anekTpu-
YECTBa, JIEKTPH- KYJIOH Kn A-c cA
YECKUU 3apsij
DIIEKTpUUYECKOE
HAIIpsHKEHUE 3.
P > . BOJIBT B Bt/A M2 kr-c At
AJICKTPUICCKUI
MMOTEHIIAA
DiekTpuuecKas o
N P dbapana ) Kin/B M 2kr Tc*A?
8MKOCTE
DIIEKTPUUYECKOE 3A-
P oM OMm B/A M2 K¢ A
COINPOTHBIICHUE
DiexTpuyecKas o
p CHMEHC CMm A/B M2k TcPA?
MIPOBOAMMOCTH
OCBelIEHHOCTD JIFOKC JIK MiZKI['Cp
JudJjiekTpuyeckue NPpOHUIIAeMOCTH
JAudj1eKTpuK € JAMdIeKTPUK €
Bonxa 81 Kepocun 2,0
IMomuyTunen 2,3 Crekio 6,0
Bo3nyx 1,00058 [Tapadun 2,0
Cmona 7,5 Ddapdop 6,0
Bock 7,8 IInexcurnac 3,5
Crupr 26 D00HUT 2,7
YaenabHoe 2JIeKTPOCONPOTHBIEHHE
HEKOTOPBIX MATEPHAJIOB, Om-m-10°
Cepebpo 0,016 Koncranran 0,4-0,51
Menb 0,017 Huxpom 1,1
AnroMuHuR 0,029 dexpaib 1,2

44




