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Baen:e1111e 

Kaaallhl 'lliCThiX urnos aapllli<811BhlX 'lllCTIIll CTIUrll 11eon.euneuoll 'laCThJO nJo6oro 

ltpynaoro ycxopHT8.IIIIo Onaaxo It llllCTOlllllGIIQ' BpeUeHII MOli<.IIO C'IIITil'l'b OCBOGIIIIbiM C TO'IItll 

3p8B1111 cenapanllll BTGpii'IBbiX 'lllCTKn AH8D830B BMDYJD.COB liiDJh no 10 raa/c. B CBSI311 co 

CTpOHT91lhCTBOM !SOllee MOJIJ.I{biX yCitOpBTenell (BaDpJIMep, CepnyXOBCitOro npOTORHOro CHHXpo

TpOIIIl aa aaeprBD 70 rsa) • npoexTIIpOsaHIIeM YCTilBOBOit Ra aaeprn DpOTOROB no 

1000 faa B03BIIIt88T BGOlS:tonKMOCTb B Dony'I8RIII cenapBpOBilRHbiX ny'IJtOB B 6onee mKpo

ltOM KKTepsane IIMnym.COB (no cOTeB ras/c). Bnaronapll nARBOMY o6CTORT8nbCTBY H Tpe-

6oBaBJIIIM, BblnBIIraeMblM 4>K311XAMK, DpOIICXOAIIT BenpepblBIIOG ycosepmeaCTBOBiliiHe cyme-

CTBYJOWIIX II IIIIT9HCIIBII08 pa3Bl1TIIe BOBLIX MeTOnOB C81U1panKllo 

B HaCTO!Ililee speMB Kaa6om.myJO pacnpOCTpaHeHBOCT'b a c11ny caoell yHHsepcam.aocTK 

II OTHOCHT9llhHOA DpOCTOTbl Dony'llln 9ll91tTpOCT8TII'I9CXIIA MeTOn cenap8.DIIllo Onaaxo OMilCTb 

ero DpHM9H8BIISI B8ChM8. orpaiiii'I9B8o 3TOT MeTon, nall<e C Y'feTOM QOCnenHHX nOCTlllK9HHA 

3 XCDepKM8HT8.llhHOA T8XHH1tll 0 D<>-'BKniiMOyY0 6yneT IICDOllh30BaTbCSI Dp8HMYIIl8CTB9HHO nnB 

'lllCTBn C IIMnyllbCS.MH no 10 fss/c. nponBIIIIYTbCII B o6nACTb IIMnyllloCOB B neC!ITI<K, 8. 

MOlK8T 6btTb 0 II COTHII fss/c MOlKliO HanellT'bCSI C DOMOWbiO BLICOitO'IACTOTIIblX MeTonOB 

cenapaDRII. OnpeneneaeyJO ysepeaaocTb s aTOM araome!IR1I scen11eT ycnex, nocTHrayTbtA 

a UEPH e no aanycxy xaaana c BNCOitO'I&CTOTBoA cenap8.DIIel! 

10 rss/c 
111 

K -Me30HOB c HMnynbCOM 

B naaaol! pa60Te naeTCII o63op nocnll<eBBA a o6nacn ceuapaDRK aapBll<eHHLIX 

'18CTHD. II BpOBOAIITCII 8.Rilnll3 llaDpABneBBA, no I:';"OpblM IIJleT ycosepmeHCTaOBaHHe II p.83BH

TIIe paanB'IIINX MeTonos. Hama aana"!a cy:m.ecTBeBIIO o6ner...aeTCII TeM, 'ITO 4>K3K'IecJ<Ke 

DpKHllRDN, nonoJKeHHNe s ocaosy MeTonos cenapanu, nonpo6ao paao6pallbl 11 cacTeMaTII

aaposaabl B pa60Te/
2

/ II 118. IIX H3.110lK8BIIII MOJKBO He OCT8H8.B.IIIIB8T'bCIIo 
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1. CocTaB BTOPB"lllhiX IIT'I!OB • o~euhle BHTeBCBaJI~ 

.nnll npoe&ft})OB&Oll IUI.B&nOB TJ>aBCDOpftPOBD D}"'IKOB BeOOXO.IUlNO 3BaTJo COBO&yi!BOC'fto 

napaueTpoB
1

poJKAaJOIQJIXCll u ,.men 'IACTU. fiposel1e&Bhle B UEPH e, BprxxeiiBeae 

B Bep~ SKCDepBN&BThl DO ODp911eneOJO CD9KTpOB B BhiX0110B BTOp~hllt 'aC~D DpB 

&BeprBlllt ycJtopeBBhllt DpOTOJIOB 110 SO feB, a Ta&llte HCcnei10B4Bllll1 BhiDonB9BJihl9 C KOCNB

'8CIB,_ ll)"la,_ DpB CYJil&CTB9BBO ISom.mBX SHeprBllX, D03BOIISDOT C4loPMYllllpOBa'fto B9KOTo-

pble o6~e 3altOJIOM9pBOC~ B 9ICTJ>8DonBpOBaTJo I18JIJ!bl9 DO BhiXOI1aU B CD9IT-

paM BTopB"lllhllt "18CTBil B OOJIACTlo &BeprBII COTD rsa. TaKall &KCTJ>ADOIIlliXBSI IShlna Dp0Be119U 

/4/ 
ueTOI10u, DpellnOlKeBJihlu Kol[l[OJIB • Aaafura &JtcnepBMeHTam.HYX 118J!Hh1Jt noKaaysaeT, "'TO 

~ 80% BCeX poJKAaiOmBXCll BTOpFIBhiX '18CTU COCTaBnSIJOT TT -Ne30Hhl0 a sa 1101110 K -ue-

30BOB, 8BTBDpOTOBOB B rBJiepOBOB DpJIXOI1BTCB Me!lhme 20%. npB &TOM 11ns &BeprBII ycKo

peBBbiX DpOTOBOB E i > so rea 0 lltBI1a&Mble OTBomeBBs K -M930JI08 • aBT11npOTOBOB I[ 

" -ueaouau f5yl1yT paaabl: 

K+/"+~0,1-0,2; K-/TT-~0,1; p /TT-~ 0,01 • 

.nanee MOlKBO uaATH OADy sa BalltBeAmax xapa&TepBCTBI n106oro ODTB'lecJtoro Kaaana -

ero np03p8'1BOCTJo. fiOA Rp03p8'lBOCTbJO K8B8na AnBHOll L ROBJIMaeTCll B9nB'IKB8 
·L/L 

G = !'!. p !'!. 0 e """ , p8BB8ll OTBomeoJO '!Kcna 'laCTilll nassoro copTa B KO.Illle Kaaana 

K '!Kcny 'laCTBil TOro lKe copTa, pOlKA&HHhiX sa MBmeBB a &IIBBli'IBbiX Tenecsou yrne B 

IIBTepaane BMDynbCOB, npB STOM 'lepea f'!.O Of503Ba'I&H BbiA&nll&Mblll Tenec&blll yron, 

'lepe3 f'!. p -Bb1A9RSI9Mb1A HHTepsan IIMDynbCOB 'laCTBil, a 'l&p93 

B9CTaf5Hn&HbiX 'laCTHil, onpeA&RSI&MaB COOTHOW9Bli9M 

L pac - pacnaABaSI ARRHa 

L 
r p c 

pao E 
0 

rAe r - Bp&MSI lKB3BII 'laCTHilbl B E
0
- ee &BeprBSl ROKOll. 

'lepes 

rAe 

Ecna of5oaHa'IHTb MIIHHMan&aoe '!Reno 'laCTBil aylKBoro copTa sa BbiXOAe Kasana 

0
0 

, TO MKHHM8nhH8H BenHqHB8 

G 
d~ 

dp ttl 

G MBH f5yA&T paasa: 

Do 

U In 

(2) 

d 2<7 
--- - C9'19BB9 pOlKJl&HBB B8 OAHB B38HMOA&ACTBYIOWHII npOTOB B &AHIIB'IBbllt Tenec
dp dO 

HOM yrne B BHTepsane HMDyRbCOB0 I - 'IHCno ycKopeHBbiX a llBKne npOToaos, - sci>-
cj>EilTHBBOCTb B3811MOAeiiCTBIIIl Ry'!KB npOTOBOB C MBW9Bh100 u - nonuoe ce'leBBe aeynpyro

tn 

ro B3aHNOA&liCTBBSI RpOTOB-HilpO, KOTOpoe, BanpBMep, ARB 6epllnnBeBOJI MBW&HII P8BHO 

~ 180 Mf5, 

+ + 
Ha pBcynax 1, 2, 3 npBB9119Bbl rpacj>BitB G MHB An!l aBTHDpOTOHOB "= H K- -Me-
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30ROB0 po•QORRYX Ra 6epBnn&esoll MBWORB npB z0,5,aaeprBR yc~opeBHhlX npOTOHOS 

Ej •70 res, sn;eaCilSHOCTB I -2•10
11 

B n 0 •10. B COOTBeTCTBBB C Ta61UIIlell 1 

JtaBam.l nns K- -Me30HOB c BMlryllhCaMB QO 4 .;. 6 res/c (Bpy~ellsea, UEPH) HMeiOT G 

S npeQOIIAX 0T R&C~OJibXIlX Q&CSITYX Qonell QO BeCitOIIbXBX eQHRHil. flpHHHMaS! G= 1, 

H3 pBC. 2 UOII)"'IBN 0 ~TO QnSI o6ecll&~8HBSI Ba ltORile ~aaana He MORee 10 K -M030ROS HX 

BMlryllbChl QHSI yrna pOlKJleHBSI 10° Be JlOnlKilhl npeBYWA'n> senH'IRRY 6,5 fas/c, JlnSI yrna 

6° - COOTSOTCTBeHBO 15 fas/c H0 RaltOBOil, )lnll yrna 2° ORH JlOnJKBhl 6b1Tb UOpliJlXa 

82,5 res/c. AunorH'IHO Jlnll aHTBUpOTOBOS s TeX JKe xaaanax G ltOne6neTCll OT B8CI<Oilb-

)[][X Jl&CSITitOB no coTes. EcnB npBHSITb G =80, TO aa ~oane ~aaana MoJKHo HMeTb ae Me-

see 10 AHTHUpOTOHOS (eM. pBC. 3) npH HMnynbCaX OT 16 ras/c (yron pOJKQOHB SI 10°), JlO 

25 res/c npB yrne 5° H COOTS8TCTB8BHO JlO 45 fas/c npll yrne 2°. CTOnb pe3KaS! 3aSH

CBMOC~ M8ltCBMaHbBOrO HMnym.ca OT yrna pOJKJleHBSI CSll3aHa C TaM, 'ITO yrHOBOll paCTSOp 

XOayca, S X:OTOpOM HeTHT UOIIOSBH8 SCeX o6pa3yiOI!lBXCll 'laCTBU npB aaeprHB E i ~70 ras, 

COCTaBnlleT 

Ha nposenenaoro Ka'lecTaenaoro ananHaa cnenyeT, so-nepeblx, 'ITO c ysensqeaHeM 

:3HeprBB yc~opeHHbiX IIpOTOBOB He06XOJlHMO CTpeMHTbCSI I< pa60Te CO STOpB'IHbiMH 'laCTHUa

WB0 pOlKJlOHHhiMB IIOJl yrnaMB, 61U13I<BMB K 0° H, BD-BTOphiX, cymeCTBYIODlBli yposeHb TeX

KH~B TpaBCUOpTBpOS~B ny'IKOS MOJKeT CnylKHTb OCHOSOA JlHSI C03JlaHBll ~aHaHOS C He06XOJlH

MbiMH UapaMeTpaMB B WHpOKOM BHTepsane HMnynbCOS STOpB'IHhlX 'laCTBU, IIO KpaJ!Heli Mepe 

npB aaeprBB yc~opeHHbiX IIpOTOHOB 70 faa. 

2. 3neKTpOCTaTH'I8C~He cenapATOpbl 

B aacTomnee apeMll aneKTpOCTaTH'IeC~He cenapaTOpbl cTans yJKe xnaccsqecKHMH a 

s cany caoell yHBsepcanbHOCTB aas6onee pacnpocTpaaeaniMH a HHTepsane HMIIynbcos 

STOpB'IHYX ~aCTBil JlO 8 ras/c. B Ta6naue 1 npaseneHbl napaMeTpbl 6onbWHHCTS8 ~ananos 

'IHCTbiX Uy'l:ltOS 0 S XOTOpbiX HCnonb3yeTCll :3TOT MeTOJl. KaK BKJlHO B3 Ta5nHilbi 0 B o6naCTB 

Manblx HMnyHbcos npaMealleTCII 'lame scero onnocTyneH'IaTast cxeMa cenapanKa, a s o5-

nacTB 60JibWBX BMnyllhCOB- llBYXCTyiieH'laTBll • 

.Un11 K -Me3oaos nnaaa ~aaanos c onnOCTYUeH'IaToA cenapanHel! ~one6neTcs a npene

nax OT 17 no 40 M, a nnsaa xaaanos c nsyxcTYnenaToll cenapausell cocTa&nlleT 80;. 140M 

s o6nacn H..uym.cos K -Me3osos (3,5 :- 6 ) ras/c. Tuoe ysenaqease nnBBbi xaaanos 

nns pacnaQBYX 'laCTBil aaxonKTCH s npenenax non~cTHMoro, Tax ~ax pacnansall nnsaa 

paCTOT nponopllBOHallhHO HMnym.cy (CM. cjlopMyny (1)). 'iHCTOTA nyq~a, o6ecne'IBBaeMaH 

Kll..llana.a c OllBOCTynea~aToA cenapallBell, ~one6neTCs OT 10% no 70%, a s nsyxc~nea

~aToR cxeNe QOCT!IraeT 95-100%. 
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BTopH'IHhle 'laCTHIXbl, nocT7DaJOmae B J.:Ail8110 6epyTCII 110 OTHOW9HH10 I< HanpaBn9HHIO 

JlBHlKeHHII nepBH'IHbiX npOToaoa noll yrnauu OT 0° JlO 19°. Bb1lX91llleuble Tenecable yrn.Lt 

JlJIII BC9X t<aHanoa nelKaT B np91l91l8X (10-5-; 10-3) CTepa.a.. J.iM!IynbCilbt A HHTepaan. t.p / p 

npoayct<a9Mb1A J.:a&an.aMB, COCT8BnSI9T !. (0,25 %7 2,5%), Bb11l9Jl911B9 BYlKHOro BHT9pB8n.a 

HMDyllbCOB npOBOJlHTCSJ C HOMODlhJQ OTlUIOJISJX>DlHX MarllHTOB0 Hpli'19M np9JlB8pHT9 11.hllblli aHa-

1013 · no HMDyn.&caM '!ACTO ocymecTBn.sreTCSJ uoneM caMoro yct<opHTen.SJ, ecn.H MHmem. pacno

n.olKeaa a o6n.acTH MarHHTHoro nonSJ, H.llll pacce>IHHbiMB non.S<MK, t<OrJla HX aen.&aSJ MBHOBaT&. 

Hcnon&3yeMbte a t<aaanax 'IHCTbJX Dy'II<OB cenapaTopbl AenaJOTCSJ ABYX THnoa: co ct<pe

meaHbiMll ane~o:TpH'Ieci<HM • MarHHTHbiM nOnSJMII u 6ea MarHHTHoro nonSJ. MarHHTlloe none 

a cenapaTopax uepaoro THI!a xoMneacapyeT OTitn.oHeHHe 'laCTHIX ayJKuoro copTa OT oca. 

B cenapaTopax aToporo nna A11SJ t<oMneacauua OTxn.OH&HHSJ acnOn.&ayJOTCSJ cnenuan.&Hble 

MarHHTbl. 3Ta CHCT9M8 6onee HpOCTa, HO H9CJ.:On.&XO ycnOlKHSI9T H8118Jll<Y J.:8Hana HO cpaa

ll911H!O C D9pBOA CHCTeMOA B B ll9!<0T0pb1X C11.y'18!1X Tpe6yeT H3110M8 nnaCTHH M9lKJlY Celt

IIRSJMH, 'ITO npHBOilHT I< yaen.H'IeBBJO a6eppanuA a caMHx cenapaTopax. Bo acex n.a6opaTopH!IX 

cenapaTOpbl C06Hp810TCSI H3 C9J.:IIBA llliiiBOA (5.; 10) M, 'ITO onpeAEi11SJ9TCH B03MOlKHOCTb10 

o6ecne'IHT& ueo6XOJlBMYID JOCTHpoaxy MelKsne~o:TpOAHoro 3a3opa. PaccTO>IHHe M9lKilY anet<

TpOJl&MH COCTaB1l.J19T (5 710) CM1 II B UOC1191lllHX J.:OIICTpyJ.:IIIISJX ero CT8p810TCH ll91!8Th pery

n.upyeMbJM, 

Do'ITH BC9 neACTBYIODlll9 H np091tTHpyeMbl9 cenap&TOpbl pa60Ta!OT npH H8UpRlK9HH<IX 

M9lKJlY 9119J.:TpOn8M11 (an.eJ.:TpOnbl 113 H9plK8B9!0Dl9il CTan.11) UOpRnKa (350.;.450) l<B, 

nocnenlllle axcnepaMeHTbl, npoaeneaable a Eept<nH K noaTopeaable a UEPH e aa M<>

nenSIX cenapaTOpOB CO CT9!<11SJHHbJM nonorpeB8f!Mb!M l<ATOnOM B BHOnOM H3 H9plKaBeJOmeA 

CTana, UOK838n.H 0 'ITO Ha 3830p9 5 CM B03MOlKHO HOM9plKHB8Tb H8UpRlK9H11SI no 600 l<B /
231 

Ha MonenSJX cenapaTopoa UEPH' a c Ot<C11n11poaaHHbtM xaTonoM 113 an!OM11HHR H aaoJlOM H3 

/23/ 
HeplK8B9!0DleA CT81III D011.y'19Hbl C119JlY!ODlH9 pe3yn.&T8Tbl : 

3a3op 10 CM 

3830p 14 CM 

3830p 7 CM 

H8HpBlK9HH9 ( 500.;. 600 ) !<B 0 

uanpSJlKeHHe (7007740) xa, 

uanpSJlKeHBe JlO 770 t<a. 

DpB aTOM ua6nlOJlaeTCSJ acero nBm& HeCI<On.&J.:O pa3pBAOB a 'lac, nalKe noene 

10 
5 

npo6oea • 

.0.ocTHrayTbl9 CeA'IaC np06BBHb19 H8DpSilKeHHB H8 3a3ope 5 CM COCTAMBJOT DpHMepHO 

820 ~.:a. B uenane~toM 6yJlymeM, no-aanBMOMY, MOlKHO HAJl&!ITbCR nony'IHTb pa6o'IHe aanpSilKe

HHII a cenapaTopax no 1 Ma • 

.D.nR o6eCD9'19HHSI XOpomeA O'IHCTX11 ny'IXOB B 06118CTB 6ollhm11X 11MflY1lhCOB JlOnyCX11 

Ha 113rOToaneuue cenapaTopoa H onHoponuocTb oTxnouSI!OmHx noneA pe3xo aoapacTaiOT. Tat<, 
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eanpHMep, s AproeeJtoM eenapaTOpe
117 1 

npa ADHHe OAHOII cTynes• 18 M cTpeMSITCSI Bhl

nepJKaTb napanD9DbHOCTh DDaCTHH C TO'IHOCThJO ~ 0,08 MM B OAROpOAHOCTb B CTa6BDhROCTb 

DODell C TO'IROCTbJO !_0,05%. 

nocTaTO'IHO 6hiCTp09 pacnpocTpaH9RH9 8D91tTpocTaTB'I9CitBX cenapaTOpOB sa epaBHB-

T9DbHO WHpOitBII HRTepsan HMifYDl>COB 

c xapAHRam.swM y~wes&eM Jta'leeTaa MarHRTHOII OnTHitR JtaRanos, a ue c cosepmescTao

aaHHeM caMHx cenapaTopos. Bonee Toro, HBTeHCHBBaR pa6oTa no yny'lmeBHJO napaueTpoB 

CaMHX CenapaTopOB eTHMfm!pyeTCSI HM9BBO TOM, 'ITO Jta'leCTBO ODTBJUI ltaHaDOB B HaCTOSI

mee speMSI noseneeo no'ITB no npaltTB'lecKoro npenena. CosepwescTaosaoe onTBlUI npoao.llK• 

DOCb DO ffiiUHB '=03AaHBSI liHR3 H MaJ'HBTOB C XopowQ! CTa6BDhHOCTbJO eHeTeM JIHTaiUISI B 

C MHBBManhBhll\01 H90AHOPOAHOCTSIIIOI M&rBBTBhiX DOilell (pa3A. 4), pa3pa60TitH 6onee COBep-

W9HHhiX OnTH'I9CitBX CX9M0 DpJIM8H8RBII ltOppeltTBPYJClii!BX MarBBTBhiX 9D9M9BTOB ADS! axpo

MaTH3anHH ODTB'l9CICHX CBCT8M, HeDOJih30BBHBSI •ltOChlX menell• ADS! eBllll<9llllSI BDBSLHHSI Xpo

MaTH'l9CitBX a6eppanall. HeManosaJKRyJO pom. npw STOM ehlrpano C03ABB119 yBllaepcanhHhiX 

ODTHMH3Hpy10WBX nporpaMM ADS! pae'leTa ODTHitH KaHana B8 8D9ltTpOHRo-Bhi'IHCDJIT9DbRhlX 

Mamaeax. HaiiJI"'ae nporpaMM Aano B03MOli<IIOCTh nepeiiTB 1t cospeMeRHOMf, nenHKOM asTo

MaTB3HpoB8HHOMY H 6hlCTpowy oCSc'leTy DO'ITJI ruo6oll Bhl6paRBOA ODTJI'l9CitOII CX8Mbl e ee 

ODTHM1138I!H911. 

8 l[a'leCTBe DpHMepa BOBoro pemeHBH ODTII'I9CitOA CHCT9Mb1 0 Dp9AR83Ba'I9RHOA JlDH 

eenapai!HB K -M930HOB e II!I.QIYJiheoM AO 6 ras/c, DpHB&JlQM cxeuy AproRCitoro KaHana 

/171 
C ABYXCTyne.ll'laTOII eenapal!B9il (eM. pRe. 4). nnH STOll eRCT9Mhl xapaltT9pRa 

CHMMeTpHH o6eax eTyneaell ~tanana OTHOCHTem.ao nepsoA •Maccosoll wenH•, 'ITo 

o6ner'laeT pae'leT R sanaJlltY xaeana. B Kali<Aoll eTyneo wenonh3YIOTCR aneKTpocTaTB'Ie

eJtHe eenapaTopbl co cKpeweRRhlMB aneltTpocTaTB'IeCKRM H MarRHTBhlM nonSIMH. AeanH3 

'laeTBD DO BMDynl>CaM B nepsoA CTyD9UH . ocywecTBDSI9TCSI llBYMSI MarBliTaMH B H B • 
2 

Bb!Aeneoe Hyli<Roro HMnyn»eeoro HHTepsana npOH3BOAHTCH C DOMOWhiO 

I[ODDHMaTopa, paenODOlK9RROrO M9:lKAY ltBanpynoDHMH Q ~ H Q 
4
• ny6neT JIHB3 Q 

1
- Q 

2 

~pMHpyeT B B9pTRit8DbBOII DDOCitOCTH (nDOCitOCTh eenapanHH q:aeTHil) napannenl>Bhlll 

lfY'IOit M9lKJIY DDBCTBBBMH cenapaTopa, a B rOpH30HTaDbHOII DDOCitOCTH naeT H30~pa:lK9RRe 

MHW9BH Ra HMDyBheRoM ltODJIHMaTope. 

ny6neT DHH3 Q a -Q 4 ~pMHpyeT H3o6palK9BR9 MHW9BH B BepTBitam.Boll DDOCXOCTH 

Ha MaeeOBOII weBB K , a-B ropH30HTaDbBOII DDOCitOCTB ~ltyCHpyeT B TO lKe M9CTO 

HCTO'IBJI1t0 eoOTB9TCTByJOwHII ll8HTpallhHbiM ny'IAM pa3nH'IBOrO HMI!ym.ca H paeUODOlK9BBblll 

B Il811Tp8 OTI[DOBSIJOWBX MArBBTOB ( CM. pRe. 4 B ) • 

Ksanpynona Q e o6ecne'IRBaJOT nepexoA OT oABoll eTynellll IUlHana 1t npy-

roll, eHMM9TpR'IBOII Depaoli. KowneBCA!lBill AJiei!epcaB ADS! BbiA8D8BBOro BMDyDhCBOro BBTepna-

na OCyw9CTBDi119TCSI M&rBBTaMB B a • B. • nng yMem.meBBSI xpouaTH'IeCitBX a6eppal!BII 
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s nnocJtoCTK cenapanuu npe.llll<maraeTCII ucnom.3oBATJo mecTRDOJJbllble JIIII3Lt. AoeppanHoa

llble JKe s<!><l>e~<Tbl, Bb13biBAeMble pacceS!HilblMH Doru!MI xsanpynon:ell, 6ynyT YCTPAIISITbCII c no

MOUU.JO OJ<TynOJlbHbiX IIHH3, p83M9WA9MbiX M9JK.!lY J<BAnpynon5Dilll ltAJKilOro ny6JJeT4. 

Hcnonh30B811He meCTHDOJJbllbJX miii3 - 11e enHIICTB911llblll cnoco6 6op&6bl c xpot.CATJI-

'leCJ<HMJI a6eppanJtSIMH. B nocnen11ee speMSJ nn11 ywem.mellliH Bniiiiill:ll aTBX a6eppanull 

11a X8'19CTBO pa3n911911HSI '18CTHD DO MaCCAM, IIA'Ian np11M911~C:II TAX 1183biB88t.a.lll MeTOn 

"J<OCbiX mene11•
1171

, cocToamulls cnenyJOmeM. llpu paa6poce 'IACTJtn no Jtwnym.caw 11306pa

lK9llllll BCTO'IIIHJ<OB, COOTB9TCTBYJOWJIX p831lH'IIIblM HMRyJJbCAU, 6ynyT npenCTABJIIITio B nep

BOM np11611H)f{9HHJI B ropB30HTaJJbiiOii D110Cit'bcTB lipS!JilYIO IDIIIJIJO, IUIJ<nOH911JIYIO X OCB 1:4JI.AJIA 

non uexOTOpbiM yrnoM. B sToll JKe nnocxocTK Jt306pa)f{eJtJtll, o6ycnosneRHble sepTBJ:allblloll 

<jloJ<ycuposxoa , 6ynyT pacnonaraTJocsr aa npyroli npsrMoll nBiliiB, 11e cosnanAJ:>mell c nepaol. 

EcnB non6opoM napaMeTpoB onTU'leCJ:BX aneMeHTOB aTH nse DBBIB COBM8CTliTio • 

DOCTABUTb MaCCOBYJO !lleJJb RAJ<nOHIIO It OCJI J<aHana TU, 'IT06bl 99 o6paayJOW811 6blna napan,.. 

nem.aa B3oopa)f{eHUJO, a reoweTPBSI '!llex• nosTop!llla reoweTpliiO rpaiiB'IBbiX TPaeKTOpllll 

B 069JIX D110CKOCTIIX, TO MIIHJIIIQ XpOMATJI'I9CitliX a6eppai{Bil B TAJ:Oil CHCT8M8 oyneT CBene-
/17/ 

BO JC MBHliMYMY• llpHMeBelllle STOrO MeTOna B Bep1<1111 D03BOJJJUlO lipll COxpABQBJill BbiCo-

J<Oil CTeneiiH O'IIICTICH ny'IJ<a DpOBQCTB '19p93 J<8HAn 'laCTBI{bl CO 3Ba'IJITQnbllblM pa36pOCOM 

DO JIMRyllhCaM (!_2%) • 0rCJOll8 IICBO, 'ITO ODBCaHHblll UeTOn yCTpaH9HBII BnliSIIIJI:II J.:POMATB

'IQCIJIX a6eppanull oco6eaao neaeu, xorna BbiXOn BTOpB'IIILIX 'laCTBil cpABllliTem.uo wan 

(uanpBMep, npu auepruu YCKOpeHBbiX lipOTOHOB no 10 ras) •• cnenosaTellbiiO, o6mee BX 

'IJtcno B Jt8Jlane MO)f(JIO ysenu'IHTio , pacwupSUI nponycxaeMbiA JtaTepsan JtMnym.cos. 

3. BYcoJ<o'IACTOTH&Ie MeTO.Ilbl cenapaiiiiB 

llocAe y coewaoro aanycJtA ceoapaTOpa UEPH BbiCOIO'IACTOTHble MeTOnbl ceoap8ABB 

113 o6nacTU uporaoaos uepewo n cojlepy peam.Hblx cpenCTB, c uouolllbJO J<OTOpblx, no-sB.IlB

MOMY, 6yneT OCB4BB4TbCII niiAJJA3011 aaeprliA .no COTQH ran. MeTonbl "·'· C911Ap81{BB nosom.

HO pa3H006pA3Bbl, U ltAJKllblll .113 .. X UOIQT OltA38TioCil JJOlle3BbiM llll:ll yCJ<OpBT91ISI TOrO BAH 

Jtaoro TBna. Tax, nn11 cTaa~opncJ<oro nsyxMBm.aoro nuueAaoro yc~topliTeA:II aaB6onee uene

coo6pa3BbiM SIB1IH9TCII B.'l. C9114p8TOp C OllBOil 0Tit110DSIJOW9A CHCT9MOII B BBne B011HOBOllA 

aa 6erymeA sonae c qacToToll, pasuoA pa6oqell 'IACTOTe yc~topaTenSI (2856 Mrll). 

llOCKOJJbKY BbiCOIO'I8CTOTH811 CTpyJ<Typ8 DY'fXA npenCT8Bn:II9T Co6oll D9pBOnB'I9CJ<ll 

cneny10mue co CJ<B8lKHOCTioJO (60 ~ 70) xopoTJtBe crycnu 'laCTBll, TO 6aaa nponeTa Mali<Ay 

MBW911hl0 B OTK110HIIIOWBU B011BODOnOM Bb!6Bp89TCII TAJtOII, 'ITOObl pa3BOCTio ~3 M9JI<AY 

<jloHOBbiMJI II 1101193Hb1MB '18CTHil8MB Sa BXOne B B011HOB0ll 6 bl1!8 p aBBA " no OTaome-

BBJO 1t pa6oqeA nAuae sonHhi. Aaanoru ... aaa cxe wa MolKeT 6b1Tb npuMe aeaa • nn11 CJia6o-
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ljloi)'CKpyiOUlel'O DpOTOHHOI'O CHBXpOTpOHa. B ABHHOM C1[)''1Be B&06XOAHMBSI B.'l. CTpyKTyp8 

BTOpH'IBOI'O ay'll<8 C03,118eTCSI nyTeM nepe38XB8T8 ycz:opeHBMX npOTOHOB B pe~HM yCKOpe

RllSI Ha BMCOXOil Xp8THOCTK K DOCJl9AYJOlllKM CDeD:H8JlbllblM pe>KKMOM H8B9A9BHSI D)''IKB H8 

/21/ 
MBmellb. Taioli npamum 6wn npenno~ea H peaJ1K3yeTCSJ aa CHHXpO<jla3oTpoae OIHIH • 

B K8'19CTBe OTXJlOHSilOlll&il CHCTeMbl 3A9Cb HCDOilb3)'eTCSI He BOJlHOBOA, a CHCTeM8 Clj>a3Rpo

BBHHMX p&30HaTOpOB CDeDH8JlbHOil ~pMbl. 

nASI CHJlbHO<j>oKyCilj))'IOlllHX DpOTOHHblX CHHXpOTpOHOB C 9HeprHeil 30 faa H 6onee 

3TOT M9TOA MBJlO npHrOA&B. neiiCTBHTe.IIbHO, AJlSI DOJl)"'&H:HSl MHIDIM8JlbHOil 6a3bl nponeTa 

B&06XO.IIHMO BM6paTb KAJI; MO~O 6onee awcoiyJO pa6ov.y10 'lBCTOT:y cenapaTopa. MHHHM&Jlb-

BASI AJlHHB BOJlHbl ,\ 
MHH 

B AABJOM MeTO.ll9 onpe.lleJlSieTCSl Ce'lelllleM Scjllj>eKTHBHOii o6na-

CTH aaiyyMaolt KaMepw S sci>• 'iT06bl HCKJliO'IHTb B03MO:>KHOCTJ, 1131[)''19IDISI (paCT91<8BHS1) 

B.'l. MOlllHOCTil B X&Mepy )'CKOp11T9JlSI, C&'lellllSI BByTpeHBHX DOJlOCTeil pe30HBTOpOB CHCTeMbl 

xpaTHOI'O yCIOp9HilSI AOJl:>KHbl 6b!Tb 3BDp9A8JlbHblMil DO OTBOWeHHIO K HH3Weil MOAe H0 1 B8 

pa6o'Jeli AJlHKe BOJlHbl. C ,llpyroil CTOpOBbl 0 BO H36e:>KaHHe DOT&pb YCKOpsteMblX 'IBCTHU pe3o-

BBTOpbl ae AOJllKBbl YM9HbW8Tb pa6o'lyJO o 6nacTb K8Mepw YCKOp11T9JlSI 

2 
Mep, nnsr cepuyxoscKoro ycKopaTensr S sq.- 11,5 x 17 eM a, cnenoaaTeJlbao, 

S a¢ • TBJ:, aanp11-

A Mas ~35c .. , 
3 

4"10 • 'iT06bl 06eCD9'1HTb npll 9TOM S<l><i>eKTHBHblli Dep&3BXBAT '18C-8 Kp&TBOCTio qMaJ<C 

THII B peliCHM xpaTKOI'O ycz:opeBHsr, Beo6XOAHMO HMeTb CYMM8pByiO SMDJlllT:yAY yCKOPSIIOlllel'O 

aanpS!:>KeBila ~ (5 ~ 10) MB. B cao10 o'lepellb, sTo nOTpe6yeT pa3Memeaag DO nepHMeTpy 

YCKOpHT9JlSI 3B8'1BTeJlbBOI'O 'IHCJl8 pe30K8TOpOB C TO'lHOil !j>a3HpOBKOli HX OTHOCHTe JlbKO 

.11pyra. B pe3yllhT&Te nonyqaeM rpoM03nKyJO, n awcmell cTeneHH DpHBSI3BHHYJO I 

yciopaTenJO CHCTOMY. 

npyl'KM Cepb93Kb!M BeAOCT8T][OM paCCM8Tp11BaeMOI'O M9TOA8 C TO'lKH 3peBHSI pa60Tbl 

ny3wpbKOBblX JUIM&p SlBJlSJeTCSJ OTBOCHTeJlbHO 60Jlblll8SI A1UIT9JlbBOCTb Bo'to HMnyJlbca TBKOI'O 

cenapaTopa ~ 10 MCei), o6ycnonneaaaSI cnenw.Paioil pe:>KHMa aaaeneKKSI ycKopea aoro ny'lxa 

Ka MRW911h. 

Bonae nparonaolt MSI TBIHX )'CICOpHTenell SIBliSJeTCSI CXeMa llaaoBCKOI'o-lliBenna
1231 

• 

B cooTaeTCTBHH c 9TIIM npaananoM cenapaTop cocTOBT H3 ABYX BnB Tpex oTKnOBHIOlllHX 

B.'l. ceinall 11 ae Tpe6yeT npensapaTeJlbaoll rpymmpoBXB ycKopeaaoro ny'IIa a JtopOTKHe 

crycTKB. B IIJiaape 1965 r. nono6awlt cenapaTop 6wn 3anymea a UEPH e. HanoMBIIM IpaTIO 

91'0 CX&M:y ( CMo pHC. 5) H BB DpHMepe 9TOli )'CTBBOBJ<Il DOSICBIIM npHRilHD ,lleiiCTBBSI AAHHOI'O 

MeTona cenapanaa. 

BwcoKO'IaCTOTBblll cenapaTop pa3Memea a BocTO'IBOM 9KCDepKMeHTBJlbBOM 38Jle 

npOToaaoro caHXpOTpoaa UEPH a a npe.ncTannsteT co6olt cocTaaayJO 'I&CTb z:aaana 

npyroll '18CTbiO 9TOI'O l<8BAn8 CJlY:>KKT SJleJ<TpOCT8TH'IeCIKll cenap8TOp, H8 ODHC8HIIH l<OTOporo 

Mbl OCTBHBBliHBATbCSI Be 6yneM. nng DOJl)''leHHSI aeo6XOAHMOI'O ny'IK8 BTOpH'IBblX '18CTHD 
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MHmem. pacnonaraeTCs ssy-rpa MarHBTHoro 6noxa s TAJtOM non:oJO<euxa, ~ upa aaepr•• 

ycxopeaBbiX upOTOHOB 25 raa DODAAAIDT B lt8BA11 OTpiiDBTeJILHO 3Ap11liC9HBble BTOpB'IBb1 6 

'tBCTBD.hl C BMnym.COW 8 ras/c, p0lKJ19HHhl9 DOll Ky116BblW yrnow, B STOT yron: B03p8CT8eT 

AO 3,8 ° A1111 'tBCTBD. C BMnym.COM 20 r a a/c. llpB STOW WIIW91Uo MOlKeT pA3M61118TbCSI B 

't9Tblp9X ~BKCHpOBBBHblX TO'tX8X no A3BMyTy, a pBAB&JILIIOe D0110li<9HB9 ee B I8li<AOli 113 

TO'!ex MOlKeT ueuRTbCll ua 3 eM. Haseneu11e ycxopeuaoro ny'tlta aa ... wellb npoacxo,llKT 

38 0111111 o(iopOT C DOMOIIIbJO 'IKI9pBOI'O ' M8I'HIIT8o 06maR AIUIH8 lt8H8118 COCT8B1IS16T 178 w, 

II B H9W IICnMb3yiOTCII CT8B.ll8pTIIl>!e ltBBApynom.Hble n:BH3bl H 0Tit110HSIIOIIIB9 MBI'HIITb! 

UEPH a (cu. Ta6n. 4 • 5 ) • llonepeVfbie p83Mepbl D)"lltA B nJ06ow ce'lellllll xaaana 

He npeBb!IIIB!OT 10 CM. 

BTOpii'IHb!e 'tBCTIID.bl, polKJleaah!e aa MBmeHB, npoxonliT saa'lane say-rp11 lltene3aolt 

-rpy6hl, xoTOpa!l sxpaaupyeT ax OT neACTBHII pacce11aaoro non>~ nocnenyJOmero NArBHTsoro 

6noxa ycKopvTenR. BepTexam.ahlA a ropli30BTam.ahlA xonnKMATOpb! K 1 , K 
2 

BblAenmoT 

aeo6XO.ll11Mblli TeneCHbiA yrOJt C, {} Tp11nneT ICsanpynonbBb!X DB3 Q 1 , 
Q II 

2 Q 3 

~J<ycupyeT ny'lox a neaTp xomiBMaTopos K 
3 

11 K • c OOTBeTCTaeBBO no ropii30BTaJIII 

11 sepTKxanv. OTz:noRSIJOIIIIIe MBI'RHThl M 1 u M 2 ocymecTBJI!IJOT vMJtym.CBhlA aaaJI113 

ny'IJ<a s ropu3oRTanhaoA nnocKOCTB. CneAyJOmaR 38 Jt01IIUIMaTopoM K, ODTII'tOCIBll 

CHCT9Mll ( DIIB3b! Q 4 , Q 5 , Q 
6 

, Q 7 11 M8I'BIITb! M 
3

, M ( ) yCTpaiiSI9T ABCDepCIIJO D)"llta II <l>op

~mpyeT 11306 paJKeHJie a ueaTpe nepsoro aonsosona. Mell<!ly nepabiM • BTOpblw sonaoaona-

M il p a 3 M9 1ll89TC!I CIIMM e TpB'tllb!ll ltB8pT9T JIHH3 Q 8 ' Q 9' Q 10 ' Q I I , ltOTOpbiA nepenaeT 

H3 06palKeHBe B3 !l9BTpA nepBOI'O BOllJIOBO.lla BO BTOpoA. BOJUIOBOilb! BAXOAliTCR Apyr OT Apy-

ra a a paCCTOSUIIIR, paBHOM 

L 

2 

A ( p c) 

E 2 - E 2 
01 0 2 

(3) 

rne A - JlnBBa BOnBb! a sonaosonax, a E 
0 1 

11 E 
02

- uacchl noltOR ~oaoablX • BylKIIbr.x 

'taCTRI!. Ea3a L nono!ipaua Talt, 'ITO 'laCT.I<Db! o6oax copTOB, nony'lllsmae yrnoshle 

OTitDOB9BBR npa nponeTe nepBOI'O BODBOBOAa, 6nal'O.ll8p !! p83BB!l6 B CltOpOCTIIX, pa30AAyTCII 

BA011b OCII OTHOCKT91Ibll0 Apyr Apyra BB paCCTO!IBBe, p8BBOO A/2 • Ecm1 COOTBeTCTBY!OillJIM 

06pa30M C~3BpOB8Tb Bon&OBOAbl, TO np11 nponeTe BTOpOI'O BOl!IIOBO.lla ~BOBble '18CTII!lbl 

MoryT uoracKTb caoe yrnoaoe OTJ<noaeHBe, a aylKHbre 'I&CTIID.bi-YllBOIITb era. 3aTew 

<l>oBOBble "18CTIID.bl, 119Tlllllll9 no OCII, 3&/laplKIIBa!OTCSI HOI'110TIITe119M n , 118 KOTOpb!A 

cnpoeD.aposaso 113o6paJKeBBe sepTIIJ<am.aoro ltomiBM&TOpa K 5, a ByJKBble qaCTB!lbl, OTJtno

u e aable oT oca,- ~PMBPYJOTCII B nyqox CIICTeMoA ltOJ1JiliM&Topos K
6 

.;. K9 , MarBHTaMB 

M 5 , M 
6 

11 DIIB3&MH Q 12 , Q 1 3 
a aanpaanmoTCII aa ny3hlpbxoayJO lt&Mepy. XapAJtTep•

CTaxu oliBcaaBoro a.'t. cenapaTopa UEPH a npuseneab! a Ta6n•ue 2. H3wepeBBII IIBTea-

CBBBOCTII II 'IIICTOTbl ny"'XB 118 9TOM xaaane, !Ill0B9.ll91Ulb19 C DOMOIIlbiO 'l9p9BXOBCitiiX C't9T-
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"'III:OB, AAIOT a 12K- -M030HOB H = 61' ME!30HOB npB ltAlK,IlOM 1011t40 pa60Thl yCII:OpBTe

.Jtll/l 
1• B 6101li<&Jimee speMII aa C'IOT yily'!meJIHj[ MHmeaell • llOCTa&osu TpeTbero sonso

Bo.aa npelUIOJIAraeTCII DOny'lliTb Ba BLIXOA8 11:8Ba.Jt8 K -Me30Hhl C BM!IYIIbCOM AO 16 rss/c B 

asnnpOTOHhl c BMltyn&cOM .ao 20 rss/c. 

KpoMe OIDIC8HHhiX Bblme CXeM B,'l. C8D8p8DBB1 OCHOBAHHhiX BA DODepe'IHOM OTJtnO&e-

/25/ 
BBB 'IACTBJX, npeA.JtOlKeBa TAII:lKe B.llell CeDApATOpa C DpOAOn&Bo-yCII:OplllOII!ell Ceii:DBOII • 

8 BO.JtHOBOA, npeACTABnliJOII!BII Co6ol! Ceii:DBJO nBBell&oro ycxopBTe.JtS!1 BBOABTCS! ny'IOII: BTQ-

pR'IHbiX 'lACTBIX ABYX COpTOB C 3.!lAAHBhiM BMUyllbCOM • ~830BAS! CltOpOCTb yCII:OplllO-

mel! BO.JtHbl Bb16JqJ8eTCS! paB&OA CII:OpOCTB DGne3HhiX 'IACTBD1 8 AnBHA BGnHOBOA8 

Cll TAJtOII, 'IT06hl CyMMApllblll C.IIBBr DO ljlaae (jl<>BOBhiX 'lACTBil 6biJI p8BeH 2rr: 

r.ae L onpeAe.Jtii9TCS: COOTBome HBeM ( 3) • 

AenaeT-

(4) 

B peaym.TaTe aa BhiXOAe sonaoao.aa saepreTB'IeCII:Hil CDeii:Tp ¢oaoahiX 'IACTBIX coan8-

AaeT c BCXOABhiM, B TO apeMsr: II:Ait cne11:Tp noneaRhiX 'IACTBil pacmJqJsr:eTCsr:. CneAOBATem.uo, 

npOBCXOABT p83Ae.JteRBe 'lACTBil llO M8CCAM B npOCTpAHCTBe llpOAOIIbHOrO HMnym.ca. nocne

JIYIOII!BM M8r!111THhiM AHAnB30M STO paa.aeneRBe nepeBOAilTCK B llpOCTpAHCTBeHHOe. ~OHOBhiO 

'UICTilllbl B '18CTb DO.Jte3Rh!X llOCTYllAJOT R8 nornoTBTeiib, 8 OCTa1IbHhle DO.Jt03Hhl9 '18CTRDhl 

H8Dp8B.!tSI10TCSI B X8Mepy. C yaenB'IeRBeM BMnyllbCA T8li:Oi! BO.JtHOBOA CT8HOBBTCSI 0'19Rb 

rpOM03AitBM R AOpOrOCTOSIII!BM 1 C HCJtJIJO'IBTeiibHO M8.JthiM 8XCellT8HCOM. nosTOMJ' BhlrOARee 

BCDOIIb30B8Tb ReCII:OIIbii:O BAeHTB'IHhiX II:OpOTII:BX BOnHOBOARhiX ce~i!, ltOTOphle C~3BpOBAHhl 

OTHOCBT011bHO Apyr Apyra. B llpOMeJKyTII:8X MOJKAY COitDBSIMB C.JtOAyeT p83M0CTBTb ODTB'Ie

CitHe CHCTeMhl 1 D03BO.JISIIOII(Be nepeA8B8~ B306palKeRBe HCTO'IHBI<ll B 060BX D.JtOCI<OCTS!X B3 

neHTpa npeAhiAYIIlell ceJtDIIH a neaTp Docne.ayJOmell. 

~B3R'l8CI<A,K 11:8pTBBa 3AOCb llGnROCTb!O 8H8.JtOrH'IHA Toll, I<OTOpASI llMeeT M0CTO B cen8-

p8TOp8X C nonepe'IHhiM OTII:.JtOHeHBeM 'laCTBil, HO TOIIbii:O He B D.JtOCI<OCTS:X OTI<.JtOH8H1UI 'laCTBil 

no yrn8M, 8 B npocTp8HCTae npoAom.Horo BMnym.c8. Asanoras 6yAeT eme 6onee oqeaBA

aoA, ecnw cpaBIIHTb npoAOIIbBhiA cen8p8TOP c ABYMB ~~:opOTII:BMil "·"'· celtllBBMH, paaAenes-

HhiMB 6aaoA nponeTa L (eM. (3)) C COOTBOTCTBYIQIIIHM llODepe'IHbiM CenapATOpOM. 

ByAeM C'IBTATb OABHai<OBbiMB AnBHy BO.ItHJ>I A , BbiAO.JtS!eMbll! BHTepaan BMnynLCOB 

II BMnynbC Pu cenapJqJyeMbiX '18CTBD1 A TaXJKe 6aay M8lKAY HBMB L • npa 

3TBX ycnOBBBX, O'leBBABO, ODTBit8 11:8Hll.Jt0B llpAII:Til'I8CitB 6y.aeT BA8HTB'IB81 B Cp8BHeHBe 

He06XOABMO npOB3BOABTb DO napaMeTpaM B.'l, CBCTeMbl H BBTeHCHBHOCTH 'l.!lCTilll H8 BbiXo-

.Ae KaHana. 

Ha aH8nB3a pa60Tbl nonepe'laoro cenapaTopa cne.ayeT, 'ITO A.JtK oDTBMam.aoA ero 

/26/ 
pa6oTbl aeo6XOAHMO Bblno.JtHBTb ycnoaae 
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__!'j_ 
p 

= a (5) 
0 

rAe a 0 - uaqanhuwA aepTH~BnhHWA yron pacxonHMOCTR nyq~a, P L- aMnllHTyAa nonepeq-

uoro uMnyJibca, npuo6peTaeMoro qacTHnaMH rrpH nponeTe OABOA ce~n11u. AuanorK'IBO AilS! 

rrpoAonhaoro cenapaTopa TaiBM ycnoaxeM 6yAeT: 

~ ,f. Po (6) 
p 0 p 0 

rAe 1\ Pn - aMnnHTyAa npapameuuH npoAOllhHoro HMIIynbca sa a.q. ceKnHu • .Llanee, no aaa-

noruu c nonepeqawM a npoA01lbHOM cenapaTope ~3a so BTopoA Bo'to CeiilBll ycTaHaBJIHaa-

eTCH TaJColl, qTOObl nonHOCTbiO KOMU9HCHpOBaTb npHpameRHe DpOAOJibHOrO HMIIYJ1bCa AI1H 

¢ouoawx 'taCTHD., nonyqeusoe a ne paoA cexnuu. B pe3yllbTaTe auepreTH'tecxuA cneJCTp 
+ 

A11H <jJOHOBbiX qaCTHil Ha BbiXOA9 BTOpoA ce~UHH paaeH HCXOABOMY -6. p0 • a anR nonea-

HhlX qaCTHD. COCTaBJIHeT ::. 36p0 • nocneAyiOIIlliA MarHKTIIbiH aaallll3 1103B011110T BWA911HTb 

qaCTb none3BbiX 'taCTHil. C y'leTOM pa31lli'IHOrO pona a6eppauull II AOnyCKOB MOlKHO TAK 

JKe , KaK u AI1H cnyqag nonepeqnoil cenapau.aa, C'IHTaTb Koa<jJ<jJau.uesT nepeAa'tR nor11oTHTe11sr 

paBHhiM 1/2. AnepTypbi n . 'l. c eKuRA cenapaTopoa aTRX Aayx TRnoa 6ynyT pa31lll'IHW BBHAY 

Toro, 'ITO nonepe'IHWH cenapaTop pa60TaeT aa ra6pHAHOA HE 11- MOAe, a rrpoAOilbHbiA 

Ha CHMMeTpR'IHOA E0 1- MOll e. B Ta6nune 3 ( a - paAHYC BOI1HOBOAa, d - Toruuuua 

Aaa<J>parM, D - nepHOA nqel!KR BAOilb OCR BOilHOBOAa ) npHB91l9Hbl OCHOBHble napaMeTpW 

o6eux BOIIHOBOAHWX CTpyKTyp All>! BBAa K011e6a aRA rr/2 
127,28/ 

H3 Cp8BHOHRH OOOHX THROB BOIIH BH!lHO, 'ITO COOTHOIIl9HIIe anepTyp CHJlbHO 38BB-

CRT OT 3Ha'leHHH rpynnOBOA CKOpOCTH {3 • 3To CB<I3aHO C TaM OOCTOHTellbCTBOM 0 'ITO lli1H 

ru6pHAHOA MOAN HE It cymeCTBYIOT o6paTHble BOI1Rb1 0 H B nepeXOAHOl! o6naCTH OT rrpH-

MbiX JC o6paTHbiM BOIIHAM npll I<OH9'1HOA anepType !lBatjJparM a MOlKHO nony'IHTb CKOilb 

yroauo Maltbie rpynnonble CKopot::TK o6oux 3naJCoB • .LlnH BOJIHbl E 
0 I 

n106oe JKenaeMoe 

yMenbmeRKe {:J ReH309lKRO UpHBOAHT K COOTBeTCTByiOnteMy CHHlKeHJIIO anepTypbl 

Ecnu npHHRTb !lllH cenapaTopoB o6oux THROB 3aaqeaue rpy nnoil CI<opocTK, paBaoe P z0,02 

( HMeauo B TaKOM pelKKMe pa6oTaeT B. 'I. ceRapaTop UEPH a), TO anepTypa aua<jJparM a 

KaK BH!lHO H3 TaOilHilbl 3, llllH [10118 HE 11 rrpu6nR3 HTenbHO B !lBa paaa npeBhiiilaeT anep-

Typy All!l E OJ - BOI1Hbl . 3TO 3KBHBallCHTHO Rpll npO'IHX paBHbiX yCilOBHHX BbiHrpbiUIY B HR

T9HCKBHOCTH ann noRepequoro cenapaTopa B 4 pa3a. Oaaai<o cnenyeT yqecTh, 'ITO B npo

aonbHOM CeRapaTOpe HCROilb3yeTCH B9Cb BepTHKallbHbiH aKCenTaHC BOIIHOBO!la, B TO Bp9MH 
/26/ 

KaK B nonepe'IHOM ceRapaTope - llHIIlb 1 /3 ero • 3ToT <jJai<TOp B cao10 oqepellb RpK-

BO!lHT npK npO'IHX p8BHblX yCilOBHHX K CHHlK9HHIO HHT9HCHBHOCTH B nonepe'IHOM CeRapaTOpe 

B 3 paaa. TaKHM o6paaoM, npu oauaaKOBbiX anuuax Bl'l ceKnRll a cenapaTopax o6oux THROB 

Mbl HM99M np8KTil't9C!tH p8BHOUeHHble 00 8KC9fiT8BC8M OTKnOHSilOIUH9 CHCT9Mbi. ll.anee cne-

12 



AY&T ~ecTb, ~To DpH aanaaaoA sneKTpH"'eCKOA npo"'HOCTH aonaoaonoa una aanauaoM ypoaae 

B."'. MODIBOCTH reuepaTOpOB SKBUBaJieHTHaJI RaDpiVK&BUOCTb OTJCnORIDOmer o sn&JCTPU"'eCJCOrO 

nona nn11 HE 11- MOAb! M&llbme yc~~:opsnomeA aanplllK&HuOCTH nnsr 

CTBeaao a naa H1IH TP• paaa. 0Tc10na nn11 npocTOTbl C"'UTaeM ycnoaueu paaaoneaaocTH 

060IIX M&TO!lOB 

(7) 

HnH 

(8) 

Ecm1 BbiA&nSieMbiA saepreTU'l&CJCHA UHTe paan 1\ P0 uellbwe ( 8), To npononbllblli 

THH cenapaTopa CTaBOBHTCII s<jKjleKTHBRell nonepe"'HOro Kalt C TO"'KH 3pOHUII HOTpe6HSieMoli 

B.'l. MODIIIOCTU, TalC H no HHTeRCUBIIOCTH 'l8CTHU Ha BbiXOAe KaHana, u6o Tpe6yeMaSI nnuaa 

a. '1. ceKUHA yMeHbmaeTC g ( o6nacTb II aa pxc. 6). Hao6opoT, npl! yaenH'leHHH UMnynbc-

110r0 UHTepaana no Cp8BU9HUJO C (8) CTaHOBUTCSI BblrO!lllbiM nonepe~HbiH cenapaTop no TOM 

>1<.9 napaMeTp8M ( o6naCTb Ha pxc. 6). Ha puc. 6 TaKJKe OTMe'leHbl TO'IK4MH napaMeTpbl 

neACTBYIOmero B."'. cenapaTopa UEPH a 11 nayx npoeKTRbiX aa 6onee BbiCOKue saeprxx
1291 

( cenapaTopbi nonepe'lHoro THna). 

0TCJOA8 8HilHO, 'ITO npH 6onee 8biCOKHX SHepruHX H OTHOCHT9nb110 ManOM BbiAOnSie-

MOM HHT9p8ane HMnynbC08 cenapaTOpbi npOUOnbHOrO THna Bnonue MOryT KOHKypHp088Tb 

c cenapaTopaMH nonepe'lHOro THna. 

4. 0nTH'l9CKI!9 sneM&IITbl KBRaJl08 

YcneXR B coanaaHH Kaaano8 'lHCTbiX ny"'K08 8 3H8"1UTenbaoli CTeneax aaauCRT OT Ka'le

CT88 onTH'leCKHX sneMeaToa. B CBSI.3H c 9THM ocTaH08HMCSI KpaTKo aa HeKoTopblx xapaKTe

pucTUKax HOBOpOTUbiX MarUHT08 H K88ApynOnbHbiX m1B3, HCnOnb3Y9MbiX 8 pa3nH'lHbiX na6opa

TOpRSIX B 06ecne"'BB810DlHX HOpManbHYJO pa6oTy KaHanoa. 

IUHX 

B Ta6nune 4, aaHToA H3 o63opa K11ara
1301

, 
x) 

MSrHHTOB 

npHB9Q9Hbl OCHOBHbl9 nap8M&Tpbl OTKnOHsttO-

!13 9TOll Ta6nHUbl, ao-nepBbiX, BHURO, 'ITO B npaKTHJCe <jlB3H'l9CKOrO 9KCnepHM911T8 

HCKnJO'lHT9 nb110 HCnOnb3yJOTC II H-o6paaabie u C-o6pB3Hbie MarHHTbi. B 9HepreTR'lecKoM 

X) napaMeTpbl OTKnOHRIOIUHX Mar;m-yoa B KB8ApynOnbHbiX nHH3, 11CnOnb3Y9MbiX B na6o-
p8TOpHSIX CCCP, npuaeneHbl B pa6oTe • HanolKeHHbie HHlKe BbiBOUbi o aau6onee pacnpo-

c-rpaaea&hiX THD8X nHR3 ll MSrHHTOB OTBOCHTCSI T8JOKe H K ll8HHblM ODTH'leCIHM sneMeHTSM. 

13 



OTHOWeHHB, 8 TaiCJKe B OTHOW9HHB onaoponBOCTB llOJlSI H-o6p83llb19 MBrBBTbl npenno'lft

TeJibBel! C-o6paaublx. Onaaxo c TO'IKB apeBBSI B03MOlKHOCTll paaMerueBBSI MarBBTOB s ae

nocpencTseuaoll 6nuaocTH " ycKopuTerr~ C-o6pa3Kble MaraHTbl KOHCTPYITHBHO 6onee yno6-

Hhl. B H-o6pa3Hb1X MarBBTax, IaiC cnenyeT ua Ta6JlllUbl 4, MaiCCHMSJlbHble aaa'<eBBSI nonell 

Kone6moTC« OT 16 no 20 IC3pCTen, a aaa6onee ynoTpeoHTeJlbHble nlfBIIbl MarBBTHhiX nopo

JKe~~: rreJKaT s npenenax (100 7 200) eM. B C-o6pa311biX MarHliTax Kcnon&ayJOTCSI nonS! no 

16 K3pCTen a nrrHnhl nopoJKeiC no 100 eM. C pocTOM 3HeprBB yc~~:opeanblx 'IBCTHU yiaaaa

Hble unuabl MarHBTHhiX nopoJKei, o'lesanao, 6ynyT aenocTaTO'lHhl. TaK, yJKe npll 3BeprBstX 

'l8CTHU 50 f3B ll nrrBHe MSrHllTHOl! llOpOlKICH 2p0 CM yrorr nOBOpOTa 'l8CTBUbl COCT8BBT 

serrH'lHHY, secKOJlbiCO 6oJlbruyJO 1°. B To JKe speM!I SICHo, 'ITO ysenuqeHlte ra6apBTOB Mar-

HHTOB H8 nop<l.llOIC nQ cpaBH9HHJO C cyrueCTBYJOlliBMB 3K OHOMH'<9CICB B rrp8KTB'<eCICB senerre

C006paaoo. B CBR3B c STBM, no-sunBMOMy, HS'IHYT paasBBBTbC!I BMnyrrbCHble 6eaJKerrea-

Hble ICOIICTpyKUBH C nOIISIMH 110 COT911 IC3pCTen H CBepxnpOBOnSIWBe MariiHTbl• 

K MSrJIBTaM, KSIC yCTpoliCTBBM, OTICIIOHSIJOIUBM 'laCTBUbl B 8H8n:lf3BpyJOruBM HX no BM

DYilbCaM, npen'hSIBnRIOTCR nec&Ma BhiCOICBe Tpe6osaHBSI. Tax, aarrpHMep, s 6pyKxeAnescKoA 

HaUHOHBilhHOll rra6opaTOpBB MarHBTbl onaoro ICIIBCCa Bll9HTB'lHbl no nonJO C TO'lHOCTbJO 

2 • 10-
4

, npB'leM O;tHOponBOCTb MarHHTHOrO nOIISI B ropB30BTallhDOll nllOCKOC'•'B He XyJKe 

5•10-3 
npx cpenseM none 18 Ks

1321
• Y~taaasable TO'<HOCTB sa cospeMeHHOM 3 Tane paasu

THB 3KCrrepBM9HT81lbHOll Sl.[lepsol! ~B3HICB BllOIIHe ynosrreTaOpBTellbHbl . 

Ha6op BCIIOilb3Y9MbiX KsanpynorrbHbiX IIHII3 , TalC lKe ICaiC H MBrHHTOB, nOCTBTO'lBO 

paasoo6paae11. B Ta6nune 5 npuaeneshl xapaxTepucTBKH seiCOTOpbiX IaanpynoJlbB.hiX llltsa, 

npuMea!leMbiX a pS!Ile na6opaTopua
1301

• HecMOTpSI aa ax MHoroo6paaue, MOJKHO OTMeTBTh 

PS!Il o6mux aaKOHOMepaocTell. BerrB'lBHa MBKCHMBilbHoro nonS! B Ma~~:c aa noaepxuocTH 

norrJOCHbiX aaKOHe'lHBICOB, aa se6orrhWHM BCKIIJO'IeHBeM, 11e npeBbiWaeT (10~12) K9. EoJlb

lllBncTso JillH3 HMeeT anepTyphl d =20 B 30 CM, a cnenosaTellbno, rpansesThl none!! 

B HHX ( G= 
28 

) COCTBBillUOT (1QOQ.:t2QQ) ~ B (670-800) .I!.I2£!!Ul. 
d • CM CM 

COOTBeTCTB9RHO. EcnH paCCMOTpeTb npyroll napaMeTp IIHH3 - BX nnaay, TO OK83biB8e TCB, 

qTo npeBMYmecTsesao oaa rreJKHT s npenenax (70 .;.too) eM. OnHaKo aa npoTOHHbiX caRXpo

Tpoaax EpyJ<xelinesa H UEPH a aawnH wspoJ<oe npaMeHeHlte TBICJKe IIBH3bl nrraaoA 150 B 

200 CM. flyqllJBe o6p83Ubl 11HH3 HMeJOT CTa6HilH38UH~ no TOKY He xyJKe 10-3, 8 H91lHHeil

HOCTb nona B61IH3H nonJOCHbiX HBKOHe'IHHKOB COCT8BIIB9T BCero llHIUb 10-
2 

OT ypOBHSI 

/32/ 
OCHO'BHOrO nong 

HapSI.!ly C npHBelleHHbiMH B T861lBUe 5 THIIBMB IIBH3 B 9KCnepBMeHT81lhHOli np8KTBKe 

HBXOnBT CBOe npHMeHeBBe cnenHBilhHble IIHH3hl, o6ecne'IBB810ll1He 38XB8T 'l8CTBU B 60JlbWeM 

TenecaoM yrne. 

K IIBH38M C 6onee 9~9KTHBHO BCUOJlb3yeMOII anepTypolt OTHOCBTCB IIHH3bl naHOBCKo-

14 



ro
1881 

(npRMOyronhB8R anepTYPa) B annsrrTBqecxae naaaw
1341 

( annanTBqecKaK anepTypa), 

noeneABRR B3 YK83aKHMX nHR3 rrpB OAHHaKOBOM c liBB30A nauo ncxoro 3~KTBBBOM ceqe

BHB nOTpe6n<~eT a uecJtonhKO paa MeBbme a.&e pr•• ua nonyqeaue Toro JKe rpuaeBTa. 

XapaKTepBCTHKB aTBX nayx Tunon nasa npuaeneuw a Ta6nane 6, 

npyroA pa3ROBHABOCTb~ KBanpyDOnbBMX liBH3 HSn<leTCR TaK Ha3MBa8M8K nBH38 

c 'npo6neab1MB' rronJOCaMB (eM. pac. 7), ra6apBTM KOTopoA 6naronapg cnellBallbBOM)' pac

npeJJ.eneuuJO o6MOTOK a (2 -2,5) paaa MeBbme, qeM y o6wqaoA IIJIH3M c TOA Jl<e anepTYpoA 

H rpanueHToM
1351

• B cooTBeTCTBHB c MeHbWBMH paaMepaMB 3TH naaabl MOlKBO paaMemaTb 

auaqHTe.llloBO 6nBJKe x MBmeBB, Bb!Aenrut TeM caMhiM 6onbWHll TeneCBbiA yr011. XapaxTepBCTH

KH onsoA &3 Taxax nasa, npBMeaReMoA a UEPH e , naRM a Ta6.rmne 7. 

<l>oJtyCRbl e pSCCTORBH<I nBB3 C poeTOM 3HeprHB yCKOpeHBM X qaCTBD paCTyT DpB6JIB3H

T8libHO rrponopnsoaanbao BMDYllhCy. 4To6bl coKpaTHTb ¢oxycnbie paccToSIBBK, aeo6xonBMO 

yaenuqaaaTb na6o rpanHeBT nonR BBH3bl, na6o ee nnsay. Onnaxo yaensqeaBe ra6apHTOB 

liHH3bl B9CbM8 H9lK9/l8T9nbBO, a poeT rpaAB9FIT8 MOlKHO oeyweCTBIITb liBWb J M9HbWaK a nep

Typy, Talt K8K npH TOA lK9 anep-rype poeT M8rHHTHOrO nons! Ha noaepXBOCTH n on !OCOB npH

BOABT K HaCMDl9H HJO lKene3a. 0TCKJAa Cli9AJ9T 0 qTQ nn<l C03Aa1Jll !l liHH3 C 60libWBMK r p8AD9H

T8MH H anepTy p aMH He06XOAHMO BCDOlib30B8Tb 693lK9R93Bb19 KOHCTpy~HB B HMDy nbCHyJO 

Texnaxy. HMnynhCHbiA p elKHM pa6oTbt nasa TeM 6one e lKen aTenea acnencTaHe Toro, qTo 

6onbwoe xonsqec Tao sa n106ou ycxopaTene J<aaanoa, Ka lKAbtl! 113 KOTOpbtX ocaawea nec.rr-

K8MH liHH3 H MarnHTOB, Tpe6yeT orp OMHOrO paCXOA8 3HeprHK, 

OneHJ<H, npoaeneHRbte a pa60Te
136 1

, noxaaana, qTo npH c oapeMeRHOM ypoaae HMnynhc-

aoA T9XHHKH B 6e3lK9li93HMX RBH38X THD8 naHOBCKOrO MOlKHO nonyqHTb rpanHeHTM B 7 p83 

6onbwae cyweCTBJKlWBX, Koaeqao, npa coanaHBB 6eaJKene3RhiX HMnynb c aw x nxa3 B031l11KaeT 

MHOro TeXRBqecxHx rrpo6neM, CBR3BHHbtX, B nepay10 oqepeAb, c o6ecn eq eKBeu xopowe A 

CT86HBbHOCTH napa r.<eTpOB, 

'ITO J<acaeTCR CBepxrrpOBOASIDlBX JIDH30 TO npB 6onbWHX p83Mepax KBTymex OHH noxa 

cnoe o6Bbl neaaTb BbiBrpblm a rpanseaTe acero nHWb B 2 paaa no cpaaaeaaJO c o 6blqHblMB 

B peaylibTBTe H9KOTOpblX llBJI9HBA, B03BBK8!0DlBX DpB 3BaqBT9lib HblX MarHHTRblX DORRX/
3 / 

B 38KRKJqeaae aBTOpbl nonh3yiOTCH cnyqae~ Bblp83BTb rny6oJ<yKJ 6naronapaoeTb 

C.E.Hypyweay, nKJ6eaao npeJJ.oeTaauaweuy a pacnopKJKeBBe aaTopoa peay nhTBTbl pacqeToa 

no cnexTpaM BTOpH'IBbiX qacTHn, a TaxJKe JI.<I>. Conoabeay, rrpHHHMaaweM)' yqacTHe a npoae

neuua R9KOTOpbiX pacqeTOB H OOCylKAeHHA, 
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