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lanLHettmee yrny6neHH8 Hamux 3H8HHI B o6naCTH ~H3HKH 3Jl0-

.M8HT6PlillX qaCTHU Tpe6yeT BCe 6onee TQqHW{ H 0,ItH03HaqHwc CBe~e~ 

HHll O nponeccax, npOHCXO~smtHX npH B38HUO~ettcTBHH qacTHU BUCOKHX 

3HeprHtt. KaK cne~CTBHe 3TOro,npH npOB8~8HHH ~H31N8CKHX 3KCnepH

M8HTOB B03HHK88T H806XO~HMOCTL YCT8HOBneHHH npupo~u B38HMO~en

C?BYlllllHX qacTBU H,B nepByD oqepe~LJqacrHriu, BU3UB8D~en B36HMO

~encrBH8. CoepeMeHHue MeTOALI HA8PHOI amKrpoHHKH no3BOJIHDT no

nyqHTL CB8A8HHH O npHpOA8 qacxun, KOTOpue uoimo B noCJJeAYl)JI!8M 

HCnOnL30B6TL AJIII 3anycKa 3KCnepHM8HT8nLHOtt annapaTypu. 0,ItHBKO 

OAHH H3 H8H6onee pacnpocTpaHeHHUX npH60pOB B HA8PH0tt ~H3HKe, 

nysupLKOBBH lt8Mepa, He npHrOA8H AJIII H36HP8T8nLHOrO 3anycKa.rro

CKOnLKY npouecCH po:E,IteHHH BTOpnHHx qaCTHU Ha wmeHH npH BUCO

KHX 3HeprHHX T8KOBH, qxo OAHOBP8M8HHO p0%A88TCH H8CKOnLKO cop

TOB qaCTHU C p83HOtt BepOHTHOCTLD, TO npH X8MHHH H3yqBTL C no

MO~LD nysapLKOBOI K8M8pII nponecca, HH~HpOB8HHH8 onpe~eneHHHM 

copTOM qactun, B03HHK88T H806XOAHMOCTL B C03~HHH "quctux" nyq

KOB - nyqxos, o6ora~eHHUX O,ItHHM coproM qaCTHU, T0-8CTL B03HHK8-

er He06XOAHMOCTL B npocrpaHCTB8HHOM p83AeneHHH qacrun no HX uac

~L 

C~eCTByer HeCKOnLKO cnoco6oB npocrpaHcrseliHoro pa3Aene

HHH qacrHn no wccai/11, uau6onLmee pacnpocrpaHeHHe H3 Koropwc 

nOJIYqHJl}f 3Jl8KTpOcraxnecua H BHCOKoqacTOTHllH. H B TOM H B APY
roM cnyqanx p83A8MHH8 npOH3BOAHTCH 38 cqer orKnOH8HHH npeABa

PHT8nLHO ~OPMHPOBBHHWC no HMllYALCy qacxun B nonepeqHQM 3n8KT

puqecKOM none. 0,ItHaxo, ecnu npn aneKTpocraxnecxoa cenapannu 

ABO copra qaCTHU C MaCCBMH m, H ml, H HMllYALCOM f'G- B no

CTOHHHOM anexrpuqecxou none cenaparopa nonyqamr paBHUe orxnoHe

HHa B O.ztHY H ry X8 cropoHy H p83A8A8HH8 npOHCXOAHT 38 cqer 
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pa3HH~ B orKJIOHeHHax, ro npH BHCOKoqacrorHott cenapauHH re xe 

qacrH~, npe,D;BapHre.m,Ho crpynnHpOBBHHHe no ¢asau BHCOKOff qac-

roru /. nocJie nponera HeKoroporo pacc:roaHM L, , paBHoro 

l =~/{V1+(1>1elz)2 -r/t+(m,ct/) (l) 
2 /. pc pc ~ 

nona,D;aD:r B orKJIOH/ID~ee ycrpottCrBO co C,ll;BHrOM¢Q3, PBBHHM ll, 

H noJiyqanr nporHBonono:EHHe orKJIOH8HM no,D; B03,D;ettc:rBHeu npo:rHBO-

. qiasHoro nonepetrnoro 3JieKrpH•rncKoro noJIH, npaqeM pas,D;eJieHue paBHO 

cy:iwe OTKJIOH8HHtt. B peJ11IrHBHC!CKOM CJlj'qae yrJIOBOe pa3,D;8Jl8HHe 

qacrHU MOXHO sanHcar& B BH,D;e: 

a) ,D;.mt snexrpoc:ra:rHqecxott cenapauHH 

e.Ee - J 
4 o( =- 2{pt:)3 [tm1.tt/·- (m,c 2)?. , 

O) ,D;M BHCOKoqacro:ruott cenapauuH 

!!. ix :. eEe 
pe 

(2) 

(3) 

3,D;ec& E - HanpazeHHOC:r& snex:rpHqecKoro noM, a t; - aJieK:r-

puqecKaa ,ll;JIHHB OTKJIOHHD~ero yc:rpoflC:rBa. RaK BH,ll;HO H3 npHB8,D;eH-

HHX BWll8 ~OPMYJI, C poc:roM HMnYJI&Ca yrJIOB08 pa3,ll;8J18HH8 npu 3JICK:P.. 

poc:ra:ruqecxon cenapaUHH yueH&maerca oOparHo nponopUHOHM&Ho xyoy 

uuny.m,ca cenapupyeUHX qacrHu, Bro BpeHII xax npH BHCOKoqacror-, 

Hoff cenapaUHH - TOJlbKO nepBoff creneHa.3:ro 00CTO/IT8Jl&CTBO Hoo~

/ICH/I8T Oo.m,mon HHrepec K p83JJHllHHM M8TO,ll;8M BHCOKoqac:rorHOfl ce

napBUHH. 

Hacroa~as ,D;HcceprauHa nocBs~eua sonpocau, cssaaaHHM c 

oc~ecrBJIBHHeM o,D;Horo ua uero,D;OB BHcoxoqacroruon cenapauuu 

qacrHu BHCOKHX 3HeprHfl no MaCCaM, npe,D;JI0%8HHOrO B 1957 ro,D;Y/Z/ 

aKa,D;eHHKOM B.H.BeKCMpou H npo~ccopou B.A.IleryXOBHM. 
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,ltHcceprauHH HanHCaHa HB,OCHOB8 pa6ox13- 7, Il-241, BHnOJI

H8HHHX B ]IadopaxopHH BHCOKHX 3HeprHtt O.IBIH B nepHO,ll; c 1957 no 

I967 ro,D;H, onyOJIHKOBBHHHX B npenpHHXBX H HayqHHx XYPHBJiaX H 

,ll;OJIOZ8HHHX Ha pa3JIHqHHX M8Z,ll;YH8p0,ll;HHX Koa¢epeHUHIIX H CHMII03H

yuax. 

,ItHcceprauHa COCTOHT H3 rpex rJl8B, BB8,ll;8HH/I H 38KJIDqemra. 

Bo BB8,ll;8HHH n·oK83HB8UC/I, qxo npH BHCOKHX 3HeprH/IX BHCOKO

qacrOTHH8 MeTO.ItH cenapauuH HMBDr npeHMY~ecrBa nepe,D; s.neKrpocra

ruqecKHw, H ,D;aerca Kparxun oOaop srHx MeTO,ll;OB. 

B nepBott rJiaBe no,D;pOOHo H3Jiaraerca ue:ro,D; cenapauuu, npe,D;

JiozeHHHtt B.H.BeKcnepou H B.A.Ile:ryxoBHM, pa30HpaDxca yaJIOBHe npo

O.new, rpeOOBBBmHe HCCJ18,ll;OB8HHff H paspaOoxoK, H OOOCHOBHBaerca 

BHOOp OCHOBHHX napaMeTPOB ,ll;Jl/I 3JI8KXpO,ll;HHaMHqeCKOro cenaparopa 

aHxHnporOHOB C HMnyJI&COM 5 rss/c, 003,ll;BHHOro B JJaOoparopHH BH

COKHX 3HeprHff B 1966 ro,D;yl3,41. Cy~HOCTb Mero,D;a COCTOHT B TOM, 

qro ,ll;Jl/I ¢a30BOtt rpynnHpOBKH cenapHpyewx qaCTHU, HeOOXO,ll;HMOff 

,ll;Jl/I llPOB8,ll;8HH/I npoc:rpaHCXB8HHOro p83,ll;8J18HH/I HX no MaCCaM, npe,D;

Jiaraerca HcnoJI&30Bar& cau ycxopu:reJI&, nepexoM ,D;M sroro Ha 

KparKOBp8M8HH08 ycKopeHHe npOTOHOB Ha BHCOKOtt KPBTHOCTH B KOHUe 

OCHOBHOro UHKJIB ycxopeHHII. EHJIO npOB8°,ll;8HO oOOCHOBBHH8 napaMeT

POB nyqxa H ycrponcrB 3Jl8K:rpo,D;HHaMHqecxoro cenaparopa/5, 6,71. 

A. MHKpocrpyxrypa cenapHpOBBHHoro nyqxa 

Ha oO~ero paccuorpeHHII npHHUHna cenapauHH B npe,D;noJioxeHHH, 

qro Bp8MeHHOe pacnpe,D;eJI8HH8 HHT8HCHBHOCTH qaCTHU B MHKpouuny.m,

ce IlO,ll;qHHaerca HOPMaJibHOMY 38KOHY pacnpe,D;eJI8HHII, CJie,D;ye:r, q:ro 

,ll;Jl/I npOB8,ll;8HHH cenapauHH qaCTHU C K03qxpHUH8HTOM oqHCTKH? :IO~ 

aucoxoqac:rorHaa MHKpocrpyKrypa Bropuquoro nyqKa ,D;o.mma HMer& 
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CKBalltHOCTL I Ii< r,-a- H YPOB8HL qJOHa S < rn-3. 

E. Pa6oqaa qacToTa cenapaTopa 

ITOCKOJlbKY, KaK BH,llHO H3 qiopuyJill (I), npoAeTH0R 6a3a, He-

06XO,ll;HMaR ,ll;Jl/l cenapanHH qaCTHU .naHHOrO HMilYAbCa, 30BHCHT OT 

pa6oqeff qaCTOTU cenapaTopa, TO C yqeTOM peam,HUX B03MOXHOCTell 

no pa3Me~8HHD oTKAoHanmero ycrponcrBa cenaparopa Ha HL!ElD~Hxca 

3KCnepHL!ElHTOJIT,HUX nJJoma~x 6UAO noKa3aHo, qTO panHOHOJU,HO ce-
~ --napa~HD 5 r3B/C p H ,, - M830HOB npOBO,ll;HtL Ha qacrore 

149,52 Mr~ H ycxopeHHe nepBHqHOrO nyqKa Ha 104-oR KpatHOCTH. 

B. CHcte.1.16 &parHoro ycxopeHHR 

lJlll BWICHeHHR Tp~60BaHHR K CHCT8L!El KparHoro ycKopeHHR 

paCCMaTpHB6AOCL ,ll;BHX8HH8 npOTOHOB BHYTPH CHHxpoqia30TpOHa B npo

necce yc&opeHHR. EuAo HaJ;t,IJ;eHo, qTo ,ll;JUI Toro, qT06u He 6UAO 3Ha

qnrenLHux norepL B HHT8HCHBHOCTH npH nepexo.ne Ha KpaTHOe ycKo

peHHe, npH YM8HLmeHHH pa)l;HOALHOqJa30BHX p03M8p0B nyqKa .no ±a,2Yi3/ 

,ll;OCTaToqHO o6ecneqHTL aWJAHTYAY ycxopanmero HOnpaxeHHR KpatHOll 

qacTOTU V;1l ~ 70 KB,a CHHXpOHH3M M8Jt.JJ;Y qaCTOTOll 06pa~eHHR 
' cryCTKa nepBOR KpatHOCTH w, H qacroron CHCT8MH KpOTHoro yc-

KopeHHH wi- C roqHOCtLD ± 50 r~. ITo.nyqeHHH8 pe3y.nr,raTU Tpe-

60BaAH nepBooqepe,llHOR 3KCnepHM8HT6JILHOll npoBepKH, TOK KaK nepe

xo.n Ha ycKopeHHe CTOJlI, BUCOKOR KpatHOCTH npe,ll;AaraAOCL oc~ecr

BlfTb BnepBue B MHPOBOll npaKTHKe. 

r. BUBO,ll; yCKOP8HHOrO nyq&a HO MHIIl8HL 

Pacqeru noKa3uBaDr, qro npa ycKopeHHH Ha ITOCTOHHHOR qac

TOTe H BUBO,ll;e ycKopeHHOro nyqKa Ha MHmeHL C nouomLD 63H,MJTaJlI,HOR 
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acHMM8TpHH 191 MOl!tHO o6ecneqlfTL Tpe6yeMyD ,ll;M cenapa~UH CKBOl!:

HOCTL B .MHKpocrpyKrype TOJIT,KO npu BpeMSHH BUBO,ll;a 'f: ~ 4,0MCeK. 

0,ll;HaKo y6apaa H3 ycKopeHHoro nyq&a.qacTH~ c 60.nr,mH.MH OMIIAHTY

,ll;aMH CB060,ll;HUX Kone66Hlfi1 sa ClJeT npe,nBapUTe Jll>HOR 11 06,ll;HpKH" nyq

Ka npHMepHO Ha 30% 06 O,ll;HY H3 MHmeHeH yc&opuTeJlll, 3TO Bpe:MJI 

MOl!:HO COKPBTHTb B ,ll;Ba pasa. 3,ll;eCL lite YK63UBaeTCR Ha B03MOlltHOCTb 

o6ecneqeHHH ycnoBHR o.nHoKparHoro npoxox,ll;eHua qacTH~ qepe3 pa-

6oqyn MHmeHL H npe,ll;naraeTCR ,ll;Jl/l sroro pa6oqyD MHmeHL ycraHOBHTL 

Ha pa.nuyce, 60.nr,meM paBHOBeCHOro, H npe.nyc110Tp8TL ,ll;OITOJIHlfte.nr,

HYD wrmeHL-nepexBarqa& ua pa,ll;Hyce, MeHLmeM paBHOB8CHoro,c)l;BHHYB 

ee Ha 100° no a3H.MJTY orHocure.nr,Ho pa6oqeff MHmemr. CAe.nyer 3a

MeTnn, qTo BblBO,ll; nyq&a Ha MHmeHL C no.nyqeHHeM BUCOKoqaCTOTHOR 

.MHKpOCTpyKrypbl BTOpHqHoro nyqKa onpe,ll;eneHHux,Hanepe.n 3a,ll;aHHUX 

napaMeTpOB,Tarute npOH3BO,ll;HACR BnepBue H rpe60BaA nepBooqepe,ll;H0!1 

3KCnepHM8HT6ALHOH npoBepKH. 

l• OtKAOHRD~ee ycrpol1ctBO 

CpaBHeHHe pa3AHIJHUX cnoco6oB nonyqeHHR 3ABKTPlflJ8CKlfX noneR 

.naHHOl1 qacroru noKa3ano, qro Hau6onee nenecoo6pa3HO H sKOHO.MHIJ

HO BUilOAHHTL OTKAOHRDmyn CHCTB.MY B BH,ll;e COBOKYITHOCTH H3 mecr

Ha~aTH H83aBHCHMO qJ63Hpyewx pe30H6TOPOB KBa3HTOpOH)J;a.nr,Horo 

THna1I01. IlpH 3TOM 6uno noKa3aHo, IJTO npH qia3HPOBK8 pe30HaropOB 

MBl!tAY codon c yqeroM BpeMBHH nponera 11 -MesoHa.MH pe3oHaTopoB 

Ha paCCTORHHH 20 MOT neHTpa CHCTeMH npa uanpaxeHHOCTH 3ABKTpH

lJ8CKoro ITOJl/l B pe3oHaTopax E=30 KB/CM ITOAYIJBDTCR O,ll;HHOKOBU8 H 

npoTHBononoxHue orxnoHeHHR .nna II -MB30HOB H j>, paBHue ±8,6clf:V 

IloKa3BHO TaKllte, IJTO OTHOCIITeALHO HeCnOl!tHO llOJJyqHTL nonepelJHOe 

pacnpe.nenemrn IIHTeHCHBHOCTH nyqp;a B M8CTe p63,ll;8JJ8HlfH lJBCTHn 
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no uaccau c yqeToM KaK nonepeqHwc pasuepoB nyqKa, TaK Hero 

BPBMBHHOll AJIHT8Jll,HOCTH, BCJIH npBAilOJIOXHTL, qTo H TOH Apyroe 

no~HHHBTCH HOpMaJJl,HOMY 3aKOHY pacnpeABJieHHH. Ha pac.5 npeA-

CTaBJIBHU pesym,raT& qHCJieHHWC pacqeTOB, CABJlllHHWC Ha 3BM, no 

qiopuyne: 2ii (X'- 'Xe,o)z. 

r/>{xJ -==- e<j e - 2 <P· cl¢, (4) 
0 

rAe ~ - HOPMHPOBoqHull K03qxpHUHBHT, 6- -cpeAHBKBOApaTnq-

Han nonymap1ma nyqKa, a Xcp":.x.,..~c,1;(~- ~), X.., -wKcHuam,Hoe oT

KJIOHeHHe qaCTHU cenapaTOPOM, 36BHCH1!188 OT napaMBTPOB ero OTKJIO

HHIJl!l8'1 cHcre:w. 

PacqeT& npOBOAHAHCL AAH cnyqaeB, KOrAa HanpHX8HHOCTL 

3JieKTpHqecKoro noAH B pesoHaTopax noJiaranacL paBHOll 22,4 KB/CM 

(KpHBaH 2); 19,9 KB/CM (KpHBaH 3) H 6- · = 0,52 CM (KpHBaH I). 

E. HoHoonTHqecKan cucrew 

IlpH B&dope BapHaHTa HOHOOnTaqeCKOll CHCTe:M!I - MarHHTHOrO 

KaHana c noMOl!ILll cneuuam,Ho cos~aHHoll ~AH 3THX ueJien nporpaM

uuf12/ npe~BapHTBJILHO duJIO npoBe~eHO cpaBHBHHe onraqeCKHX CBOiCTB 

pa3JllfqH&X THnOB od~eKTHBOB H BapHaHTOB CHCTeM, COCT6BJI8HHHX 

:113 3THX od~eKTHBOB_.B pe3yJILTaTe duna B&dpaHa OTHOCHT8Jll,HO npo

cran cxeua KaHa Jia, Y~OBJI8TBOPHlll!l6H 118 TOJJl,KO TpedOBaHHHM B&dpaH

HOro MeTO~a cenapaum1, HO H Il03B0JB!llman BilHC6TbCH B HMeBmHeCH 

3KCnepHMeHTaJJl,HU8 nJI01!16AH H npe~ycuorpeTL B03MOXHOCTL pasueme

HHH ~eTBKTopa qacTHU - lOf~KOBO~OPOAHOll nysupLKOBOll KaMep& B 

KOHUe KaHaJia Ha cenapapyeMOM nyqKe. IlpH 3TOM dUJIO noKa3aHo,qTo 

B ~aHHOM cnyqae P6UHOH6Jll,HO OTCTynHTL OT YCT6HOBHBmencn rpa~

UHH H HMnYJJl,CHUff aHaJIH3 BBCTH B TOR xe IlJIOCKOCTH, qro H pas~e

JIBHlfe qacnru no MaCCaM. KaK BHAHO H3 pHc. I, MarHIITH&ff K6H6JI 
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Ha yqaCTKe OT lil!W8HH AO M8CTa p83A8H8Hlfll qaCTHU no WlCCaM coc

TOHT 11:3 ABYX ocheKTHBOB wna Tp11:nneT L,, - L,'> 11: l, 4 - l,, 11: ABYX 

OTKHOHllDllllfX WlrHHTOB MI If Ll:2, nplfqeM O~H 11:3 HHX,Mr,BMeCTe 

C KOHJIH.MaTOPOM K3 cnyxHT AJlll Bll,lteneHHll HWYJII,CHOrO HHTepBaHa 

B Kauane, a BTOpon, M2,-JtJUJ KOWeHCBUHH B03H11K8Dut8H npH 3TOM AHC

nepc11:11:. Ha 3TOM yqacTKe B ropH30HT8JII,HOll nnOCKOCTH AJlll YM8Hbme

Hlfll K03qJ<pHUlf8HTa nHH8llHoro YBeJIHqeHHll H xpo:uaT11:qeCKHX aOeppau11:n 

M8lltJtY nepBUM If BTOpblM oO~eKTHBaWI C03A8Banca napanneJll>Hblll nyqoK, 

B TO BP8M.ll KaK B BepTHK8HbHOll nnoCKOCTH q>OKYCHpOBKa uor.na ocy

l!l8CTBJllITbCll KaK c npoMexyToqHuM H3oOpa:a:emreu, TaK H Oe3 aero. 

ITpH 3TOM KOHJIHMaTOp ¾, ycTaHOBR8HHUll B MeCT8 npouexyToqnoro 

H300paxeHHR,CJJYXHT B cnyqae HeOOXO~MOCTH AJlll 'nOABBJ!8HHR npauo

ro ~OHa OT YCKOpHTeJlll, Kr SIBM8TCll aneprypHUM KOHHHMaTOpOM Ha 

BXOA8 nyqKa B Kaaan. Pa3A8H8HHbl8 no WlCCaM nyqKH 3BT8M C noMO!llbD 

uarHHTa M3(CII-IOO) pa3BO,lt!lTCll B npOTHBOnonOlltHUe CTopoHU, TBK 

qro 'j;' -M830HHUll nyqoK raCHTCa B OeTOHHOll 3all{HT8, B TO BpeWI 

~ KaK f - nyqox c nouoll{M> .zcrO.neTa JIHH3 li-1, H L,, 8 ~KYCHpyeTca 

B BOAOPOAffOn xauepe, pacnonOllt8HHOn B MBrHHTe M4• KpoMe Toro, Ha 

OCHOB8 npOB8Jt8HHUX H3MepeHHn TOnorpaqiHH MarHHTHOro IlOJlll B 3H8-

M8HTax KaHana C OOMOil{blO 3BM Oun npoBeJteH OOJtpOOHUH aHaJJH3 q>OKY

CHPOBKH 'BUOpaHHOro BapHaHTa Kaaana1I3 , 141, n03BOnll:BWHll He TOJII,KO 

onpeAeJIHTb napauerpu OTJt8HbHUX ero 3H8MeHTOB, ~o 11: nonyq11:ib ox11:

.n,aewn 11:wynbcaun cnenp If pa3uepu nyqKa B J1100ou uecTe KaHana. 

Bropaa rnaBa nOCBllll{8Ha onHCBHHD BOnpOCOB, CBa3aHHUX C pa3-

pa00TKon 3KCnepHM8HT8RbHon annaparypu, HeOOXOJtHMOll AJlll npoB8Jte

Hlfll H8Jl8JtKH If CHaTHa xapaKrepHCTlfK OCHOBHUX Y3HOB cenapaTopa. 

Euno nOKB3aHo, qTO BC8 paOOTbl no HanaAKe If CHSITHD xapaK

TepHCTHK MOXHO noJtp83Jt8JlHTb Ha npocrpaHCTB8HHUe If Bp8M8HHU8 

lf3M8p8Hlfll 0 lO 

" ( 

' ~ 
L 

lJlll npOB8Jt8Hlfll npocrpaHCTB8HHUX lf3Mep8HHn Ouna C03Jt8H8 

Cll:CT8Ma 11:3 CUHHTlfRJJJlUHOHllh[X cqeTqHKOB, COCTORil{aa H3 ABYX nap 

"OeraDI1111X" cqeTq11:KoB, npe.1tHa3aaqaBmHxca AJJJI CHaTHa pacnpe.1tene

a11:n HHT8HClfBHOCTl1 B ropH30HTaHbHOll H B8pTHK8Jll>HOll nnoCKOCTax, 

If JtBYX TenecKonoB, OAHH 11:3 KOTOpux npeAU83Haqanca JtJlll MOHHTO

pHpOBBHHll HHT8HCl1BHOCTH ycxopeHHoro nyqKa, BblBOAHMoro Ha paoo

qyn MHW8Hb,a BTOpoil- .1tr~ MOHHTOPHPOBBHlfll nyqxa B Kaaane 11:,KaK 

npaBHno, oKpyxan "O.eraJOUlHe" cqeTqHKH. "EeranutHe" cqeTqHKl1! Ounn 

CJt8R8HU napHUMH JtJlll YM8Hblli8HHll cqeTa cnyqanuux COBna.1teHlfH If 

lfM8Hlf CUHHTl1HMTOPU B nepBUX cqeTqirnax TOJllljl1HOll 3 H 5 MM, pa3-

BepHyrue TOPUOM K nyqKy. 3TH cqeTqlfKH lfM8Hlf JtHCTflHUHOHHOe yn

paBR8Hlf8 C TOqHOCTbD ycTaHOBKlf B KfllltJtOM Il0R0llt8Hl1H ~ 0,5 w. 

nna npoBe.1teHHa BpeMeHHUX H3MepeHHli cenap11pye1rnro nyqKa 

HeOOXOJtlfMO 6uno pa3pa60T8Tb annapaTypy C pa3pemaDil{lfM BP8lleH8M 

7 ~ 0.7 HCeK If BpeMeHeM pa3.1teneHlfll Ha ypOBHe O,I% cz-.,,i~ 3,3HCEK 

Eunw pa3pa6oTaHu: 

a) qeTupexKaHBRbHaa cxeMa COBilBJt8HHn C peKOPAffUMl1 AM 

Toro Bpeuea11 napaMeTpaMH: pa3pemaJOlllHM BpeMeHeM ?' = I,5 HCeK, 

BpeMeHeM pa3Jt8R8Hlfll 'lo,/ = 3 HC8K lf 3qxp8KTHBHOCTblD Bume 95~IS,I&' 

d) HOBUH 3H8M8HT OTOopa COBilBJt8Hlfll BHYTPl1 cauoro q>OTO-

YMHOlltlfT8M. Euno noKa3aHo, qro 3H8M8HT OTOopa COBna.1teHHli BHYTPlf 

q>OTOYMHOlltl1T8M uenecoo0pa3HO lfM8Tb no B03MOlltHOCTl1 0Rlfllt8 K q>OTO

.KaTOJtY lf qro naunyqmlfM BapHaHTOM Ouna db[ pa3pa60TKa q>OTOYM

HOXlf?eM, HMeD~ero OAffY lfnlf AB8 ynp8BMDllllf8 C8TKH B0H!13lf ¢0TO

K£lTOJta/I7,IB/_ PaOom no HOBUM ynp8BJ!fl8MUM qJOTOYMHOlltl1T8.llllM 

npOBOJtlfnHCb COBMeCTHO C 3neKTpOT8XHl1qeCKUM 11HCTlfTYTOM CnoBau

KOH AKa.1teM11H HayK (EparncnaBa, qCCP) accne.1toBarenbCKHM 
~ 

II 



mrcn1:ryToM no naKyy.MHon :rneKTpOTexmfKe (Ilpara, tJ:CCP), r)le Ha 

Cla3e rporoyMHOllClfTeJl!I Byner 6IPK4I2 Clim pa3paeloraH qioroyW1oi1m

rer.1 C O)lHOll ynpaBJlilDmen ceTKOll, lf HapO)lHllM npe)lnpHSITlfeM Kapn 

[{enc lfeHa (r.w), r,lle Ha Cla3e q>OTOYMHOlB:aTeJlil IU4 F.S 50 Cllln C03-

)laH qioTOYW!Ol!CaTem SKP-I c .llBYMSI ynpaBJlilDl!llfMH cerKaMH. 

Euna rane npoBe)leHa nponepKa npaH~Hna paeloru ynpaBJlile

Moro qJOTOYMHOJIHT811/1 na craH,llapTHOM <I>3Y-36. IIpoBepKa npOBO)lHnac1 

npH qacTOTe ynpaBJlillll!lero HanpSilB:eHlfSI 70 Mrll 1201. Il03)lHee Cluna 

npone)leHU acrruraHlfSI Ha qacrore 150 Mrll )lJl!I oelpa3Jl0B q,3Y- 36 ' 

lfM8BfillfX y BTOporo H qernepTOro )llfHO)lOB BUBO)lll Ha ClaJIROH.P83YJib

TaTu HCilUTaHlfll 3TlfX q>OTOYMHOlB:HTenen npH ynpanneHlflf no qeTBepro

MY )llfHO)ly /2I/ H <PoTOYMHOllCHTenen C ynpaBJlillll!llfMH C8TKaMH THna 

PM (6IPK4I2) /I9/ H SKP-I 1221 npH ynpanneHHH BUCOKOizacTOTHUM 

HanpSill:8llH8M !50 Mrit,noKa3uBaDT' 

'l = 0,6 HC8K H apewi pa3)lenelllfSI 

paelore C .llBYMSI qJOTOYMHOlB:HT8Jl!IMH 

qro Haanyqmee pa3pemeHae 

~ = I,5 HCeK nonyqeHO npH ,, 
S'KP-I 1231. Pa3pemaDmaR cno-

coelHOCTb Kailc)loro H3 HIIX COOTBeTCTB8HHO paBHa ,Z- = o, 43 HCeK 

H 1Z;, = I,06 HCeK. TaKaM oelpa3oM, pa3paeloraHHaR annapaTypa no 

CBOHM napaMeTpaM nom10CTbD Y.llOBneTBOpSieT IlOCTaBJI8HHUM BHm8 

Tpeeloaam1SIM. 

3aMeTlfM, qro )lM Bblelopa OilTHMaRbHUX pexlfMOB paelOTH qio

TOYWIOlB:HTenen ClHJI npo)lenaH Clommon KOMnneKc reopeT11qecx11x pac

qeToB )lBHX8HHSI 3JI8KTPOHOB B oelnacrH ynpaBJI8HHSI no)l )l8itCTBlfeM 

CMemaHHblX BUCOKoqaCTOTHOrO H IlOCTOSIHHOro 3JieKTpnqecKHX nonen. 

B TpeTLell rmBe H3JIOX8Ha MeTO)lHKa H npHB8)l8HH 3KCnepH

M8HTaJILHU8 pe3ymTaTu, nonyqeHHHe npH HacTponxe OT)lemHux 
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Y3ROB H KOMilRBKCHOll HaRa)lK8 3JieKTp0,llHHaMHqecKoro cenapaTopa. 

IlepBOHaqaJibHO C noMOl!lbD MO)l8RH CHCT8Mbl KpaTHOro ycKopeHHa, 

pa<loTaDmen Ha qacToTe 69 Mr~, Clun anepnue ocymecTnneH 

peXHM ycxopeHHSI B CHHXpOqll30TpOHe Ha 48, 49 H 50 rapMOHHKax. 

IlpH 3TOM Clune OTpaelOTaHa KOHCTpyK~HSI CHCTeMbl KpaTHoro ycKopeHHSI 

H 3KCnepHMeHTaRLHO onpe,llenenu OCHOBHU8 xapaKTepHCTlfKH 3TOro pe

lB:HMa: 3aBHCHMOC!b nepe3axaaTa yCKOp8HHllX npoTOHOB B pelB:HM KpaT

Horo ycKopeHHSI &- OT aMnRHTY.JlU yCKOpS!Dl!lero HanpaxeHHSI BU

COKOll KpaTHOCTlf VIJ, lf OT BeRHqHHU OTKJIOH8HlfSI OCHOBHOll YCKO

panmen qaCTOTll OT KpaTHoro COOTHOmeHHR; 3aBHCHMOCTb CKBalB:HOCTH 

h H ypoBHR qioHa S B BHCOKoqacTOTHOll MHKpocTpyKTYPB 

BHB6)l8HHOro BTOpHqHoro nyqKa OT pa)lH6JibHOro IlOROl!C8HHSI WIIl!eHH -

nepexaaTqHKa/2 4-1. 

B pe3yJibT6Te Cluno H6ll)l8HO, qTO npH OTHOCHT6JibHO H6BUCO

KOM HanpR%8HHlf KpaTHOll qacTOTU·H6 l!l8JlH yCKOpS!Dl!l8rO pe30H6TOpa 

v,._ = 50-70 KB H COClRD)l8HHSI KpaTHOCTH B qacrorax c TOqHOCTbD 

.t 100 ~ MOZHO nonyqlfu 6- ~ 0,5 H npH apeMeHH BHBO)la nyq-

Ka Ha Mll'.meHL 7 MCeK - h = I/7 H & = o,oc:2. Ha pHc.2 

MOlitHO BH)l8Tb 3<p:p8KT, nonyqeHHlill OT HCnOJib30BaHlffl l!Hfil8HH-nepe

XBaTqHKa, KpHBaSI "6". KpHB6SI "a"npe)lCT6BM8T pe3yJibT8TU, IlOJIY

qeHHHe Cles MHmeHH-nepexaarqlfKa. 

P83YJILTaTU H8Jia)lKH OnTHKlf MarHlfTHOrO KaH8Jia npH HCnOJib-

30BaHHH onHCaHHOR B )llfCCepTaJlHlf HOBOA .1481'0,llHKlf )lJISI ero Hacrpon

.im:114-1, KaK Blf)lHO H3 pac.3, HaXO)lSITCSI B xopomeM cornaClflf C pac

qeroM. B OKOHqareJILHOM aapHaHre HHT8HCHBHOCTb qacTH~ B KaHaJie 

COCT8BMJia I04 h -M830HOB Ha !O!I npOTOHOB, B36HMO)l6itCTBYDlllHX 

C Mlflll6HLD. 
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IlpH H6JI6llteHHOM MarHHTHOM K6H6JI8 CluJia npoBe.n;eHa HacrponKa: 

a) padoqero BapaaHra cHcrew KparHoro ycKopeHHa, paC10-

raD111en Ha qacrore I49,52 Mru, qro COOTBeTCTBYST yoKopeHHD Ha 

104 KpaTHOCTH, H noJiyqeHu oJie,n;yD111vie pesym,Tarn: h ~ O,I65 

H b ~ 0,00!, npH HanpaxeHHH H6 1I1eRH pe30H6TOpa CHCTSL!ll 

V,i, = 60 KB, COCIJllO.n;eHHH KpaTHOCTH B qaOTOTa_x c roqHQOTI,D .:!;50 ru, 

BpeMeHH BllBO.n;a nyqKa Ha MHrueHL 2 MCSK H paCIOTe c ,n;ByMa MHmeHaMH; 

Cl) OTKJIOHHIOIIIS re yoTpOllCTBa, paCIOT61llll8rO ua Ton lite qaCTO

Te, qTo H CHCTeMa KparHoro ycKopeHHa, H noJiyqeuo, qTo npH pac

qeTHOM C~Hre <pas Mellt.D;Y coce~HMH pe30H6TOpaMH ,ae, = 32°.:!; 5° 

H BBO~Mon MOIIIHOOTH B I6 pe30H6TOPOB I,5 MBT H I,I MBT MaKOH

MaJILHOe OTKJIOHSIIHe nyqKa II6XO.D;HTCa B- xoporueM cor J16CHH O pacqe

TOM. 

Ha puc.4 npe.n;cTaBJieHa BllCOKoqacrOTHaa MHKpOCTPYKTypa Bll

Be.n;eHHOro BTopviquoro nyqKa, nonyqeIIIIaa B Mecre pas.n;eJieHHa qac

THU no MaCCaM. IlonyqeHHlle 3KCnepHM8HT6JILHl:l8 .n;aHHl:le npH Hcrmra

HHH orKJIOHaDIIlero yorponcrBa noKaSaHl:l Ha pHc.5. 

IlpH KOMnJISKCHOll HaJ18.n;Ke 3Jl8KTpO.D;HHOMHqecKoro cenapaTopa/41 

npn pa Clore BCex ere CHCT8M B OllTHM6JII,HOM pexviue, CIUJIO yoraHOB

JISHO, qro: 

a) ecRH np0113BO,!J;HTL OTKJIOHeHHe U -M830HOB BJieBO no nyq

KY, 'ITC COOTBSTCTBYeT npoeKTY, H BllClpaTL pasMepu 111eJIH MaCCO~O

ro KOJIJIHMaTOpa, paBHliMH 40 MM, YOT6HOBHB ere Ha paccroaHHH 35 MM 

BnpaBO OT OCH KaHaJia D MeCTe pas.n;eJieHHa '16CTHU no MllCCaM, TO 

KOaqxpHUHeIIT O'IHCTKH cenapaTopa Cly.l(eT IOOO; 

Cl) npH BllClpaHHliX pasMepax H noJIO:.teHHH MllOOOBOrO KOJIJ!HMa

TOpa qepes Hero Cly,n:er npoxo.n;lITL rv 8()% BCex 6HTHnpoTOHOB, HMSJO

lllHXCa B nytJKe; 

16 

B) cenapHpOD6HHllll nyqoK nOCJie MaCCOBOro KOJIJIHMaTOpa 

co,n:epxHT O.D;HH 6HTHnpOTOH Ha .n:ne ¢oHOBlle qacrviuu. 

B 36KJIDqeuHe npHBO)tSITOa OOHOBHli8 pesyJILT6Tll H60T0Hlllen 

paeloru, KOTopue OOCTOaT B CJI8.D;YDIIl8M: 

1. Ha OCHOBe reopeTH'leCKoro paCCMOTpeHHa MeTo,n;a cenapaunn, 

npe.n;JIOllCSHHOro aKa.n;eMHKOM B.li.BeKCJiepoM H npo¢eooopoM B.A.Ilery

XOBllM, ClllJI OCIOCHOB6H BllCIOp napauerpOB 3Jl8KTpO,n;HH6MH'l80KOro ce

naparopa aHTHnporoH~B c HMIIYJILCOM 5 rsB/c. EumnoKasaao, qro 

,!J;Nl OCY1118CTBJ1eIIHa npe,n:JIOllt8HHOro MeTo,n;a Heoelxo,n;HMO H .D;OCT6TO'IHO: 

a) ocymeOTBHTL ycKopeHHe Ha Kp6THOll '16CTOT8 B T8'18HH8 

20 MCeK B KOHUe OOHOBHOro UHKJia ycKopeIIHa CHHxpo¢asorpoHa; 

Cl) oClecneqHu Buno.n: ycxopeHH·oro nytJKa Ha MHmeHL sa BpeMSI 

rv 2 MC8Kj 

B) BllBO.D; nyqKa Ha MHmeHL npOBO.D;HTL T6KHM oClpasoM, 'ITOClll 

nOJIY'IHTL BTOpH'IHllll ny'IOK C BllCOKoqaoroTHOll MHKpoorpyxrypon, 

HMeD111en CKB6lltHOCTb '1 ~ I/5 H ypOBSHL ¢oHa S ~ I03; 

r) B K6'18CTB8 paeloqen 'IOOTOTll Bllelpan 1 ~ I50 llru., 

c11e.n;OB6T8JILHO, ycKopeHHe BeOTH Ha 104 Kp6THOCTH; 

.n:) npn nuelpaunon paeloqen qacrore aMnJIHry.n;a Kparnoro yc

KopaD1I1ero HanpaxeHH/I .n;oJWia Cluu v}'t) ~ 70 KB; 

e) .n;JI/I OTKJIOHaD1I1ero yorponorna uerecooClpasIIo BllClparL pe

soHaropu TOpOH,ll;8JII,HOro rnna B KOJIH'leCTBe 16 mTyK, pa3M80THB VIX 

Ha paccroamrn ,v 56 M OT MHmeHH; 

x) ,lJ;JI/I ¢opMHpOB6HHa BTOpH'IHoro nytJKa HCilOJIL30B6TL cpaB

HHTSJILHO npoCTYll cxeuy MarHHTHOro KaHaJia, OOCTOHIIIYll HS Tpex 

oCl~eKTHBOB H Tpex MarIIHTOB, npn 3TOM, OTCTynHB OT Tpa.n:HUHH, 

17 
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npOH3BO,llH?b HMIIYJibCHHll 8H8JUl3 H KO.MII8HCa~HD )lHCnepCHH B roli xe 

_nnocKocrH, qro H paa.11eJieHHe no uaccaM, a orKJIOWIDil!ee ycrpolicrBo 

cenapaxopa pacnonoxHTb B cxo~meMc11 nyqKe. 

2. IlpH TeopexHqecKOM paCCMOTpeHHH: 

a) paapa6oxaH MeTO.ll pacqexa .11ellCTBH11 OTKJIOHIIDil!ero ycrpon-

CTBa H3 11 VI II pe30HaTOpOB Ha nyqoK C yqeroM ero BP8M8HHOlt 

H. npocrpaHCTB8HHOll cxpyKTypu; 

6) npHMeHeHa HOBa11 MeTO)lHKa pacqera OilTHKH MarHHTHOro Ka

Hana, Il03BOJIIIDill8/I He TOJILKO BHdpaTb pexHM padoru OT)l8JlbHUX ero 

3Jl8MeHTOB, HOH onpe.11emrrh B~eJL<teMUli HMIIYJILCHHlt HHTepBaJI qac

rH~ H paaMepu nyqKa B pa3RHqHUX Mecrax KaHam. 

~M IlPOB8,ll8HH/I 60JibmHHCrBa pacqeTOB C03,ll8H Pll.ll nporpaw, 

Il03BORHBlllHX C IlOMOil!bD 3JI8KrpOHHO-BHqHCJUIT8JibHOli MamHHli 38 KO

porKHli cpoK npoaHanH3HpOBarh 60JILmoe qffCJIO pa3nffqHux BapHaHTOB. 

3. IlpoBe.11eH aHaJIH3 p11.11a napauaxpoB cenapaxopa, xpe6oBaB

mHx 3KCnepHM8HT8JlbHOll npoBepKH, H BupaOoraHH rpe6oBaHH/I K H3-

MepHr8JibHOll annapaxype. 

4. Pa3pa6oraH KOWIJieKC annapaxypu, Il03BOXHBJUHli npOBO)lH?b 

H3MepeHHII: 

a) npocxpaHCTB8HHUX xapaKrepHCTHK nyqKa C xoqHOC?bD 

< 3 - 5 w.i; 

6) BP8MeHHUX xapaKxepHCrHK nyqKa c roqHOCTbD <. 0,8 HCeK. 

5. IlpH paapaOoxKe annapaxypu OuRH npe.11JioxeHu: 

a) HOBlilt M8TO,ll HCCJI8,llOB8HH/I BpeMeHHHX xapaKrepHCTHK nyqKa 

C IlOMDil!bD MHOrOKaH8JILHOli cxew COBil8)l8HHlt, HCilOJlb3YIOilllIM npHD/13-

Ky K qiaae ycKOPIIDil!8rO Hanp/OlteHH/1: 
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6) uero.11 HCCJJe,llOB8HH/I BP8MeHHHX npo~eccOB C BHCOKO!i 

TOqHOC?bD npH IlOMOil!H rpex THilOB ynpaBJ1118MllX ¢oroyMHOEHT8JI8lt. 

6. Teope:rHqeCKH H 3KCnepHM8HT8JILHO HCCJI8)lOB8HH pelB:HM!l 

paooru ynpaBJ1118MHX ¢oroyMHoxH:remn. 

_7. IlpOB8,ll8HO 3KCnepHM8H?8JibH08 HCCJI8,llOBaHH8 BHCOKoqac

TOTHOli MHKpocxpyKxypu BTOpHqHoro nyqKa Ha MaK8T8 H pa6oqau Ba

pHaHTe CHCTeM!i Kp8THOro ycKopeHH/1, Il03BOJUIBmee onpe.11eJIHTL 

pexHM pa6oxu, Y.llOBJI8TBOPIIDil!Hli reoperHq8CKHM rpe00B8HHIIM. 

8. Ilpe,llJIOJB:eH M8TO)l nO~BJI8HH/I ¢oHa B BHCOKoqacrOTHOli 

:L!HKpoc:rpyKrype cenapHpyeMoro nyqKa 3a cqer nepeXBara pacce11B

mHxc11 B pa6oqeJt WDIIeHH qacrH~ MHmeHLD-nepexBarqHKOM. 

9. Ilp~ JIOJB:eHa H onpo6oBaHa HOBa/1 Me?O,llHKa )lJIII HaJIB,llKH 

OilTHKH MarHHTHOro KaHana, OCHOBBHHB/1 Ha HCilOnL30BBHHH pacqe:r

HHX saBHCHMOCT8lt ?OKOB B 3JI8MeHrax o6~eKTHBOB, npH KOTOpux ¢o

KYCHPYDil!H8 CBOffCTBa o6~eK:rHBa M8H/ID?C/I TOXLKO B O,llHOli IlJIOCKOC

:rH. 

IO. IlpOB8,ll8HO 3KCnepHMeHTanLH08 HCCJI8,llOBaHH8 O?KJIOH/!Dlll8-

ro .11eliCTBH/I CHCT8Mli H3 16 p830HaropoB H onp8,ll8Jl8HO ~eK?HBH08 

3Haqeaae aanP11xenaocrH 3Jl8KtpHqacxoro nona B paaoHaropax no 

O?KJIOH/!Dlll8MY .11eacrBHD CHC:raw. IloKa3aHo, qro raopeTHq8CKH8 pac

qeru xopomo cormcynrc11 c axcnepHMeHrou. 

II. B pe3yJILT8T8 KOllIJMKCHO! HBJIB,llKH BC8X CHCT8M 6HJIH 

nonyqem cne,llYDil!He · ocHOBHlie xapa xrapHCTHKH cenaparopa /14 / • 

HlmyJILc cenapHpye:r.mx qacrH~ 
HHrepBaJI HMnYJILCoB, nponycKaewa 
uarHHTHHM KaHBJIOMA p 
HHreHCHBHOCTL aHrHnpOTOHOB 
Ko3~H8HT cenapa~HH (oqHCTKH) 
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4,95 rali/c 

'!. 0,02 raB/C 
I p/I010p 
Ia3 



J{JmHa KaHana OT wmeHH AO ABTeKTopa 
Pa6oqag IJ8CTOT8 
RpaTHOCTb YCKOpeHHSl 
HwynbCH8Sl BUCOKOIJ8CTOTH8Sl MOmHOCTb: 
a) CHCTeW Kp6THOro ycxopeHHSl 
6) OTKROHRDmero YCTpollCTB8 
CTeneHb OIJHCTKH 
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