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0TpHUB.TenbHbl9 HOHb1 1 HCUOnb3y9Mble B KB.'leCTBe yCKOplleMbiX 'lB.CTHU, o6na.o.ruoT 

s p11.o.e cny'laee onpe.o.eneaH&IMH npeeMymeCTBB.MH nepe.o. aaanorH'lHbiMH nono>KHTenbHblMH 

'18CTHU8MH. 

BoaMO>KHOCTb nony'leHHll oTpeaaTenbHbiX HOHOB noasonHna nepewarayTb npe.o.en 

aaeprHH, .llOCTHraeMbll! B aneKTpOCTB.TH'leCKHX yCKOpH'I'enl!X THUS. ~B.H-rpaaq>a (- 8 Mas) 

H npO.llBHHYTbCll B o6nacTb aaepraa nopH.llKB. lQ-:.!0 Mas c noMOlllbiO nepeaapll.llHbiX ( TaH

.o.eMHbiX) yCKOpHTeneJI. 

0TpHUB.TenbHble HOHbl B STHX yCKOpHTenHX nony'lB.IDTCll B cneaHanbHOM nepe38.pll.llHO~ 

ycTpOI!CTBe (cjlonbra, raa, CTpyll napa) 113 nonO>KHTenbHbiX ROKOS, 3cjlcjleKTHSHOCTb npeo6-

paaOBaHKll nonO>KHTenbHbiX HOBOS B OTpHUB.TenbHble HeBbiCOKB. ( < 10%) 1 H noaTOMY HHTeH
/1/ 

CHBHOCTb nony'leHHbiX ny'lKOB 06bl'lHO He npes&IW8.9T HeCKOnbKHX .ll9CliTKOB MHKpOB.MUep 
/2/ 

XOTll H3BeCTHbl H 6onee MOlllHble HCTO'lHliKH OTpHUB.TenbHbiX HOHOB o 

He MeHee HHTepeCHblM l!Bnl!eTCll ycKopeHHe OTpHUB.TenbHblX ROKOS B UHMOTpOHB.X 

11 ,q,aaoTpoaax, 3To oco6eHHO samao B ycKopaTenllx c aHepreell E > 15 Mas/HyMoa, 

T,e, B TeX cny'l8l!X
1 

Kor.o.a Bb!BO.ll aaepreTH'leCKHX ny'lKOB 06bl.'lllb1MH aneKTpOCTB.TH'leCKH

MH .o.e¢neKTOp8.MH 38.Tpy.O.HHTeneH H MBnOacjlcjleKTHBeH, npH yCKOpeHHH OTpHUB.TenbHbiX HOHOB 

npo6neMa s&xso.o.a pewaeTcll nerKo 11 c 6onbWoll acjlcjleKTHBHocTbiO: nepe3apH.O.Ka oTpHaa

TenbHbiX 1101108 B nonOJKHTeUbHble nepe.ll BbiBO.llOM npBBO.llKT K H3MelleHHID 3H8.K8. KpHBHa

Hbl TpB.eKTOpHH ny'lKB., 'ITO U03BOnlleT ocymeCTBHTb BbiBO.ll C paanH'lHblX pa.O.HyCOB YCKOpe-

HKll, HB.'lHHB.ll C R > ! Rk ( Rk -KoKe'IHblll pa.o.Kyc). 

TaK, s 52-.o.roiiMosoM nHKnoTpoHe Konopa.o.cKoro yaueepcHTeTa oTpaaaTenbH&xe 

HOHb1
1 

yCKOpeHHble .0.0 KOH9'1HOrO p8.llHYC8.1 6&InH Sb1Be.ll9Hbl nyTeM 06.0.HpKH 118. MHWeHH 

H3 Als 0
8 

, VIHTeHcHBHOCTb BbiBe.o.euaoro ny'lKB. s npe.o.sapHTenbHblX onhlTax cocTB.Bnllna 

/3/ -~ 1 MKB • OTpHuaTenbH&Ie HOHbl H 6blnH ycKopeHbl TB.Kme Ha nonyTopaMeTpOBOM 

UHKnOTpoHe VIA3. ny'lOK HHT9HCHBHOCTb ID - 0, 7 fdlt8 6bm BblB9.ll9H O.llHB.KO o6bi'IHOI! 

aneKTpOCT8.TH'l9CKOil CHCT9MOI!/
4/, 

MaJtCHMB.nbHblll TOK D- nopll.o.Ka 2 Ma 6bln nony'leH B cTeH.o.os&xx acnbiTB.HHliX 

/51 
.o.yrosoro RCTO'IHHKB. C M!lrHHTHbiM noneM 

B aeKOTOphlX npoeKTHpyeM&IX ycTaHoBKB.X c aHepraell E - 100 Mas TB.Kme npe.o.

nonaraeTCll HCnOnb30B8HH9 OTpHU8T9nbHbiX ROKOS C T9M, 'lT06&1 ocymeCTSKTb Bb!SO.ll C 
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nepeaapSI.IlKOII, 8TaM 05'baeHaeTeJJ liOHBHBWHllea 8 noene.oaee 'BpeMll aHTepee K H3y'leHHJO 
. ·) 

npoueeea 05p830B81fHB OTpHU8TenbHhlX BOROS H pS3p850TKe HeTO'IHaKOB .llliSI HX ll0i1Y'I9HHSI, '3' 

IlellbiO H8eTOBLUell pa50Thl SIBHliOeb Heene.llOBSHHe oeo5eHHOeTell nony'leHHH OTpHua-

,. . 16/ 
T9llbHblX HOHOB BQ.IlOpO.Il8 8 05hl'IHOM llpOTOHHOM .llyr080M HeTO'IHH.Ke e 803MO)I(H0 MeHI<:" 

!IJHM K0liH"19eT80M paeXO.IlS raaa, 8TO O'leHb eyweeTBeHH01 T8K K8K llpH yexopeHHH OTpH

uaT9llbHbiX HOJIOB B KSMepe UHKliOTpOHS .ll0li)I(9H 5b!Tb XOpOWHII BSKyyM, 'IT05br HC,KliJO'IHTb 

nepeaapR.IlKy, Vfellb!TSHHH np080.1lHlllfeb H·8 eTeH.Ile, li03BOliHIOLU9M OeyweeTBHTb SHSliH3 

no npHHUIIIly cfloKycHpOBKH BhlTBrHB8eMhlX H3 HeTO'IHHK.a HOHOB npH liOBOpOTe ny•ua H8 180° 
171 

8 O.llHOpO.IlHOM MarHHTHOM none 

YenoBHH npose.oeHHR onMTOB H onecaaee leTauosKH 

VfeTO'IHHK a exeMa ero naTaHall npe.oeTaaneH&I aa pae, I. 

Vfeene.oyeM&lll .llyroaoll aeTO'!HaK - ;!!BKphlTOrO THlla e K8TO.Il0M npRMOrO Haxana, 

HaroTOBlleHHhlM aa BOllbiPpaMOBOII Hlla TSHTSli080il llpOBOliOKa .llaSMeTpOM 3 MM, jjO.IlOpO.Il 

B raaopaapSI.IlHYJO KSMepy no.oasaneR B6liK3K KSTO,IlS, KoHCTp:fKUHR HeTO'IHHKS li03BOliSill8 

OeyweeTBliSITb pa6oTy HCTO'!HaKS B pe)l(aMax e np~MOll na()o OeUKllliHpyJOmell .llyroll ( nono
)l(eHaH I K 2 py6Hnbuaxa P Ha pee. I'). 

HB'IBnbH8R ,JOCTKpOBKS KSTO.Il8 llpOH3,BO.IlHliBeb liO MBKeHMYMY TOKa B uenK SHTaKSTO.IlS 

B pe)l(aMe C npHMOII .llyroJI, 

Haxan .KaTo.oa ueTO'IHKKa ocyweeTsnanea BhlllpRMaTeneM c U H •12 a, I 
8 

•600 a, 

TOK HBKSliS eOCTSBli.Hll 8 HSWaX OllhlT8X 380 -440a, Llyra paap51.1l8 nHTSll8eb OT BhlllpRMHT&-..... 
liB, .oaJOwero uanpR)I(eHae .oo 1000 a npa TOKe 10 a, B uenb liKTaHHR .!lyra Morna 6h1Tb 

BKnJO'IeHhl MO.Il:)'liHTOpK&Ie TpHO.Ilhl (THna rM1-A), 'ITO li03BOll51liO oeymeeTBKTb HMllyllbe

Hblll pe)I(HM pa60Tbl HCTO'IRHK8, B HenpephlBROM p9)1(HMe B U&llb .llyrH BKniO'ISliOeb 6annaeT

Roe eonpoTHBli&RHe 20 OM, 

VfORhl aaaneJCanHeb H3 aeTO'IHHKa 'lepea wenb p83MepOM 0,5 X 10 MM BhlTHr'!B810LUHM 

Sli&KTpO.IlOM B Sll.lle .llY8HT81 H8 KOTOphlll liO.Il8SBneB nOliO)I(HTellbHhlil noTeHUHBn U BhlT, • 

• 6- 10 KB, jjbiTRrHS8eMhle ROHhl B O.llHOpO.IlHOM N8rHKTHOM none ( H •3000 8) cfloxyeHpo

B8lllleb Ha LUeliH KOlllleKTopa (pa3MepOM 1 X35 MM), KOTOphlll MOr nepeMeLU8TbeB no p8.1lHr 

ey B.llonb .oyauTa, Ha xonnexT~P 6brn no.oan nonoJKKT&llbH&rll noTeauaan 100 a. Tox oTpuua

TenbHhlx HOMOS H3MeplllleR Renoepe.lleTBeHHO MRKp08Mll8pM8TpOM THll8 M194 (a Henpephls

ROM pe)I(HMe), LlasneHHe B 05'b&Me SO Sp&MII pa60Thl HeTO'IHHK8 eOCT8BllllliO (2-6)•10-~op, 
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Pe3Yli~T8Thl HaMepeaxa 

Ha ShlXO.Il ll0li0)1(RT8llbHhlX aOBOB H3 .lly,rOeoro aeTO'IHHKa BnaaeT p51.1l B38HM0381aiil~·' 

eaMhlX ll8paMeTpOB p8)1(HMS .!lyra, a3 KOTOphlX S8)1(H&IIWHMa IIBliHJOTe& .ll8Bli8HII8 B raao

p83p51.1laOll KBM&pe (perynllpyeTeH R3MGH8HKeM liO.Il8'1a rasa B aeTO'IHaJL ), H8llp51li_'8R!(,Q B :
1

. 

TO!t '.llyrR (aaBHel'T OT .ll8Bn8KaR B I'830p83pll.llBOll K8M&pe a perynHpyJOTeR aaMeH&HRe~· 
TOKa H8X8na K8TO.Il8 B H8llpli>K8BKII SblllpliMaT&llll nHT8KBll .llyrK ), 

HaMB '15blno ueene.ooaaHo snBliHae aTKX napaMeTpoB aa ShlXO.Il OTpauaT&llbHhlX HOHOI!I 

' 
SO.Il0PO.I18, 

1, JjnHRHIIe paeXO.Il8 I'838 H8 B&lla'IHHy TOKS HOHOB H 

·..' 

,. < 

;,·i\· 

Bena'IKHa paexo.oa rll3a B aeTO'IHHXe sa)KHa npH yexopealia oTpHrtaTellbHbiX aoaoa·, 
• .. Y· ~·: 

Tax KaK s aTOM eny'lae yenoaa11 pal5oqero eaxyyMa a xaMepe yexopaTenll 6onee )Kee:rxa, , :. 

'18M llpK yexopeHaH .liOliO~aT&llbHbiX HOHOB, noaTOMy )KellaT&llbHO H8i!TR llpB&Mli&Mblll p9)KB.;;:j ·:,;::,: 

pa60Thl HeTO'IHHK8 llpa MKaKM8llbHOM paeXO.Il8 raaa, '· .. :~ 

Vfeene.oosanaeb pai50T8 BeTO'IHKK8 B HenpepbiBROM pe)KaMe e llpiiMOll H oenBllliHpyJO-

LUeil .llYI'Oll, npe eHliTHH 38BaCHMOeT&ll {
8

.!' f ( Q ) , npaB&.Il8HHbiX HS pRe, 2, S&nB- .. 

'IHR8 TOK8 H Hanp11)1(8HB8 .llYI'H liO.Il.ll8p)l(aBanHeb liOCTOHHHhlMH (H3M9H9HH9M TOK8' HllK~8 

K8TO.Il8) R eoeT8BnllliR 3a H 75s llpB OpliMOII .!lyre ·H 4a K 80s llpH Oelllll'JliRpyJOLU&ll .!lyre, 
3 ' '• 

Kpasble aM&JOT M8KeHMYM npa paexo.oe rasa Q •1,5- 2 eM IMKH •. npe.llliO'ITHTeni.abiM>· 

RBIIli&Tell pe)l(aM ei,ea OC!lllllllllnaH 9li8KTpOHOB, KOr.ll8 TOK HOHOB .llOeTHI'8ll - 60 Mlt8, 

'J!'. 

2. BliH81!H8 BenH'iaH&l TOK8 AYtH H8 Bb!XO.g HOHOB 

3asaeHMoeTH I 
8

_a f (I .ll) .cHaManaeb npa noeToHHHOM onTBM&nbHOM paexo.oe rat!a 

( Q ~ 1,5-:.! eM
3 

/MHH) B HenpepbiBHOM pe)KHMe, Xap8KT8pHeTHKa1 eHST811 B pe)I(HMe C Rpli-

MOII .oyroll npa U .ll .. 75 B ~cons! , aaol5pa)l(eHa aa pae. 3. Ha pae: 4 npe.oeTaeneHa 

38BHeaMoeTb I H-"" f (l.ll) llpB liOeTOIIHHOM TOKe H8K8liS K8TO.Il8 8 TOM )1(8 p9)l(BM8, 

Ha paeyaxe npase.o&Hhl senH'IaHI>I aanpsrll<eaaa .oyra s K8)1(lloll TO'!Ke xpxaoii(Tox B9H9JI,.H· 

."\:i'\' 

,i 

B OTHocaT&llbHbiX 9.1lHHH118X). Jj npe.llel!ax U,o a30-50a 38SHCHMOCTb BblXO.Il8 -HOHOB H- • ,. 

OT TOK8 .llYI'H liO'ITH liHH9iiH8111 xap8KT8p !tpHBOil H8XO.IlKTes 8 eoOT89TeTBaB e .ll8HHbiMH 

/5/ 
pai50Thl .llliH OTpauaT&llbHbiX KOHOB .ll&IIT&pi!H, 0.1lH8KO 8HBnOrK'IH&le KpBBb18 fi pa6o-, 

/5/ . 
T9 eHIJM811Heb llpB liOCTOHHHOM paexO.Il& I'838 I! npH liO.Il6ope p83pll.llROI'O H811pli~8HIUI 

S Jt8)K.Il011 TO'IK& Kpasoll T8KHM 06p830M 1 'IT06bl BbiXO.Il KOHOB 0 6&rn MaxeHManbllibiM< 

B&rX9.1l OTpHn8TellbHbiX aoliOB SO.IlOPO.IlB B p9)1(HMe e oeuannapy'JOLUeil .llyroll 6bln 

3H8'1aTellbHO H1!)1(8, 
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3. Bnusaue uanps)I(&HHR .p.rru ua BbiXO.E! uoaoa 
·) 

8 ODbiTaX DO Bbi51BD9HHIO BDHRHHH B9DH'IHHbl HaDp51)1(9HHA .o.yra Ha BbiXO.O. 0Tp>IUST9Db;.,. r:J' 

HbiX HOHOB BO.O.Opo.o.a pacxo,.o. rasa yCTilHilBDHB8DCH ODTHM8DbBbiM. ( Q •1,5-2c~/MHH) 

TOK tlyrB D0.0..0.9p)I(HB8DCH DOCTOHHHbiM 1.0.= 3a =const(B3M9H9UII9M TOKa UaKana KaTOAI!I), 

XapaKTepucTBKB : _ = f ( U A) , npu8&.0.9HHble aa puc, 5 1 noitaabl8aroT, 'ITO 8 npe.o.e-
H ' 

nax U ):1•50-150 8 aa8BCHMOCTb 8biXO,O.a BOH08 H- OT ~aspH.O.HOr"O HaDpH)I(9HHR .laeCbMa 

cna6aSI, oco6euao npu pa6oTe c nouunnupyro!IUlA .o.yroA (nyHKTHpHaSI KpH8all), 

8 C8H3H C T&M, 'ITO 80 MHOrHX CDy'lallX UHKDH'I9CKH9 yCKOpHT9DH pa6oTaiOT 8 BM

nynbCHOM pe)I(H!-!9 1 8bllll9yK83aHHbl9 xapaKT9pHCTKKH 6biDH CHllTbl DpH pa6oTe KCTO'IHHKa 

TliK)I(9 8 HMDyllbCHOM p9)1(HM9 CO CK8a)I(HOCTbiO IQ DpH .O.DHTeDbHOCTH HMD)'DbCa 1 MC9K, 

PeayDbTaTbl HaMepeauA npa8e.o.eubl a a puc. 6, 7 H 8 ( TOK H- 8 OTHOCHTen&HbiX 

e.o.aHauax). Xapa~tTep ·KpH8biX 8 aenpepb18HOM a uMnynbCHOM pe:iKuMax o.o.uuaKo8, 

38BKCBMOCTb TOlta OTpBuaT&DbHbiX BOHOB BO.O.OpO.O.a OT p8CX0.0.8 rasa HM99T M8KCHMyM 

DpH Q :: 1 CM
3 

/MHH, H p9)1(HM DpllMOA .o.yrH (CDDOWHBH Kp&8as) TaK)I(9 HBllll9TCH Dpe.o.-

noqTHTenbHbiM. 

CHnbHas sa8aCHMOCTb 8&Ixo.o.a uouoa H- oT aenH'IHHbl TOKa .o.yru BbiHBnHeTCH 

H B HMDyDbCHOM pe)I(HM9 (puc, 7) KaK DpH DpllMOA {cnnOWHllll KpHBas), TaK H DpH OCUHD

DHpyroweA .o.yre ( nyHKTHpuas KpH8aSI). Xap811!TepacTHKH CHHTbl npu ueaaMeHHOM TOKe HaKa

na KaTo.o.a, uu!jlpbl ua.o. KpH8biMB yKB3bJ8aiOT paspg,o.uoe uanps)l(euue, 

Cna6Bll 3a8HCHMOC'rb B9DH'IHHbl TOKa OTpRUaT&DbHblX HOHOB BO.O.Opo,o.a OT B9DH'IRHbl 

HaDpll)I(9HHH Ua ,o.yre OCTa&TCll B CRD9 H B HMD)'DbCHOM p9>KHM9 (puc, 8), 
...... 

J::lo BC9X xapaKT9pRCTRKBX 0 CHllTblX DpH HMD)'DbCHOM pe>KKM9 pa6oThl HCTO'IHHKa, 

a6CODIOTHBR 89DH'IHHa Cpe,o.Hero TOKB OTpHuaT&DbHbiX HOHOB Ha DOpR.O.OK HH>K9 '19M B 

DO,o.06HbiX aaBHCHMOCTHX DpB HenpepbiBHOM p9>KHM9 0 T8K KB K CK8a)I(HOCTb HMD)'DbCHOl! 

pa6oTbl pasua 10, 

HaKOH9U 0 6bloa CURTa 3a8HCIIMOCTb BbiXO.O.a OTpRUaT&DbHbiX HOH08 80.0.0pO,O.a OT ll9DH

'IHHhl BbiT!IrHBaiOU19rO HBDplll'K9HBH (puc, 9), J::l npe.o.enax U BbiT,~6-10 K8 TOK BOHOB li

OT 89DH'IHHbl B61T!IrHBliiOW9rO Hanpll>K9HHSI He aa8HCHT, 

Bbi80.0.bl 

Pesyn&TBT&I uccne.o.oaauus Ha cTeH.o.e .o.yroeoro HCTO'IHKKa c ropll'IHM KaTo.O.oM 

KBK HCTO'IHHKa OTpHuaT&Db~biX HOHOB 80.0.0pO,o.a D03BODSIIOT c,o.enaTb CD9.0.)'10WH9 BbiBO.!lhlo 

1, npu pa60T9 HC·TO'IHHKa C pasp!I.O.OM 693 OCUHDDSIUHH Sll9KTpOHOB BbiXO.O. HOHOB H

DOlly'la&TCSI 60Dblll9 0 '19M DpK OCUHD11Hp)'IOW9ll .o.yre, Pa6oTB HCTO'IHHKa C DpllMOA Ayroll 

OKaaanacb . 6onee acp!jl&KTHBHOI! KaK B H9Dp9pblBHOM 0 TaK K B HMD)'DbCHOM pe)I(HMBX, 

6 

., 

2, 388KCBMOC'I'b TOK8 1 110~0B H- OT P8CX0.0.8 rasa BMEI9T MaKCHM)'M DpR 

pliiCXO.O.BX, 'ITO-..OCOtleHHO BB)I(HO. tl.DH III0.0..0.9p)I(8HHH BbiCOKOrO B8KyyMa 8 pa6G'I9N 

ycxopaTeribBbiX ~taMep. 

3, HanpS)I(9HR9 Ha .O.yre 8 11p9D.9ll8X 5o-150 8 M8DO 8DHli9T H8 8b1XO.O. OTpBU,!I'I'ttn~ 

HbiX' BOROB BO.O.Op0.0.8 (upu DOCTOIIHHOA 89DK'IHH9 TOK8 .O.yra), 

4. Ha6nJO.IlaeTcs canbHaR 3eaacaMocTb 8b1Xo.lla uouoa H 
i/·>t~: 

oT ToKa .o.yra. Krnrn•"''··:·,. 
' ' , I , ·"' . ',/; ~ "'-

H8 xapaKT&pRCTRKR 1
8

_• f (I 
1

) 60fiblliQ, ecnu c yaenu'I&HReM ToKa .o.yru noa~o~w'ileTCII .,, '
1 

· 
' ' /'•'j• 

K p83pH.IlROe HaDpH>K9KR9, 'i _':;+_'·!'~\'~ 
~ : '', ::,·:}~() 

5, npa p860T9 ROTO'IRRK8 B RMD)'llbCHOM pe)I(RM9 Cp9.1lHBll TOK R3BD9'18HHiolX 83 .• ¢~,~~·~ 
. ,-_-~ .. ~:~<<.~r 

yMeHbWa&TCH DO Cp8BH8HHIO C Henpepb18Hb1M pe>KHMOM 06paTHO llpOft?J!'!"::c'.~t HRK08 BOH08 H 

UROHBllbHO CK88)1(HOCTK, . ;\}f~ 
8 OllBCaHROA CRCT9M9 KOilDRMauRB Dy'IK8 BOH08 6&1~ DODy'I&H TOK OTpR!laT&DbHblli; ' -~~s~~ 

ROHOB 80.QOpO.Il8 ,. 70 MKa, Coopy)l(eHHe CD911KBDbHOrO HCTO'IHRK8 OTpRU8T91lbHbiX BOliO&,., ''"::f?' 
···r.:''il' 

.T8KOrO TBDa DpB ODTRM8DbHOM DO.Q6ope KOHCTpyKTHBHbiX napaM&TpOB ( p8$Mepa ra30p~:. >.:~';~~ 
pH.IlHOA K8Mepb1 0 BblllO.IlHOA W9DR R T,Jl,) D0380DRT, BepOHTH0 0 JibDy'IRTb TOKIJ HOIIOB -~ ~'..··· .. :·1:1\.,' 

I ,' ,,::',-/'~: ! 

B H&CKOilbKO p83 60DbWHe, , ;:til 
."·•'(~.,· 

,i'\~~{ 

::/~;1, 
TaKBM o6p830M 1 .llyrOBOA BCTO'IHRK C rOpH'IHM KaTO.IlOM saKpbiTOro THD8 BDODHe 

DpBrO.Il9H .QDH RCDOllb30BaHHII 8 1!HKDH'19<;KRX )'CKOpBT9DHX OT,PKI!8T9DbHbiX HOHOB, 
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