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B nocneaaee apeMH MHoro BHHMaHHH yaenseTCH npo6neMe KorepeaT

aoro B38HMOaelkTBHH 6hiCTpb!X '18CTHU C HJlp8MHo 3Ta npo6neMa HayqaeTCH 

H8 BCeX 6onbWHX ycKOpHTenHX MHpa. llo CHX IIOp KOrepeHTHOe po~eHHe 

'18CTHU 6biCTpb!MH IIHOH8MH H8 Hapax HCCneaOB8110Cb 0 B OCHOBHOM, C IIOMOlllblO 

MeToaHKH HaepHbiX SMY1IbCHit H IIY3blpbKOBblX K8Mep. 

0CHOBHbie peaynbT8Tbl/ 1/ JlO. KOrepeHTHOMy pO)!{aeHHIO 6bl1IH II01Iy'!.9Hbl 

c IIOMOWbiO IIY3blpbKOBOH KaMepbi, aanonaeHHOA nerKHM !flpeOHOM c2 F 5 a ' 
IIpH HMIIynbCe nepBH'IHbiX IIHOHOB 15 H 16 fsa•c-1 •. Kol'epeHTH09 pO)!{aeHH9 

OK8381!0Cb BO MHOrOM IIOXO)!{HM H8 ynpyroe paCC9HHHe: 1) H8K1IOH au!flpaK

UHOHHOrO IIHKB onpeaenHeTCH paaMepOM Hapa; 2) COXp8HHIOTCH ~30CIIHH 0 

G -'IE:!THOCTb, a CIIHH-'IeTHOCTb npuaaane:lKaT cepHH P = ( -1) j + 
1 

B npeanono:lKeHHH, 'ITO HyKnOHhi B sape ae cKoppenupoaaHbi, H B npe

ae6pe:lKeHHH IIOrnoweHHeM Ce'leHHe KorepeHTHOrO po~eHHH H8 Hape MO:lKHO 

38IIHC8Tb !flopMynolt: 

d a ) coh 
(-

(1) 

dq2 

rae ( da I d q2 ) N -. ceqeaue aaaHMoaeli:cTBHH c oTnenbHbiM HyKnoHoM, A -Mac

coaoe 'IHcno sapa, F ( q 2 ) - ljlopM!flaKTop Hapa, KoTopbilt npu ycnoBHH 

q R < 1 MO)!{HO aaiiHcaTb KSK F ( ~) = exp (- < R2 > q2 I 6 ), rne R -pa-

nuyc sapa. 

C pOCTOM HMIIY1IbC8 I19pBH'IHOrO IIHOH8 p in MHHHM81IbHbili: nepenaH-

Hb!lt HMIIY1IbC yMeHbW89TCH 0 cornaCHO !flopMyne 
2 2 

qmin =(M -miT) 1 2 Pin • 
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a KBanpaT po~naeMofi KorepeHTHO MaCChi M 
2 2 t/3 

M = m 17 + 2 m 17 p in / A • 

pacTeT nHHefiHo: 

C .npyroA CTOp0Hbl 1 ITpH Bb!COKHX 3fl:eprHSl:X Ce'leHHe HeKorepeHTHbiX 

KaHanoB Ha sr.npe non~Ho rranaTb c aHeprHefi rrporropuHoHanbHo ce'leHHro Ha 

CB060AHOM HyKJJOHe B TOM ~e KaHane; B TO ~e BpeMsr O~HnaeTCSl: 1 'ITO Ce'l.e

HHe KorepeHTHOro po~neHHSl: oy.neT cna6o MeHsrTbCH c aHeprHefi. B peaynb

TaTe rrpH HCCJJe.[loBaHHH KOrepeHTHOI'O po~.[leHHSl: Ha sr.npax MO~HO o6Hapy

~HTb HOBbie 6030HHbie pe30H8HCbl C 60JJblliHMH MaCC8MH B CHCTeMe 2 77 
0 0 u 

377 , p 77 , f 77 • r•ccnenoBaHHe peaoHaHcoB, o6Hapy~eHHhiX rro crreKTpy 

aljlljleKTHBHb!X Mace, 06ner'laeTCSl: TeM, 'ITO 1) OHH He CBSl:3aHbl C 6apHOHHb!MH 

pe30HaHCaMH1 T.e. He CyiUeCTByeT rrpo6neMbl HHTep¢epeHUHH Me~ny 6030HHb!MH 

H 6apHOHHblMH pe30HaHCaMHi 2) CITHH-'IeTHOCTb KOHe'IHOf'O COCTOSl:HHSl: rrpHHanne

~HT cepHH i P . = 0-, 1+, 2- ••• c nonHpHaauHefi, nepneanHKynsrpHofi ny'I

Ky, 'ITO B 3Ha'IHTeJJbHOfi CTerreHH o6nerqaeT aH8JlH3 HX KB8HTOBb!X 'IHCen/2,3/ • 

J13 38BHCHMOCTH Ce'leHHSl: o6p830B8HHSl: pe30H8HCOB OT M8CCOBOI'O 'IHCJ18 

A ( a¢¢eKT nornomeHHR B RApe ) MO~Ho nony'IHTb HH!jlopMaUHro o ce'leHHH 

B38HMO.[lefiCTBHSl: KOpOTKO~HBYlliHX pe30H8HCOB C HYKJJOH8MH1 8H8J10f'H'IHO TOMy, 

K8K aTO 6binO c.nenaHO B pa6oTe no lj!OTOpO~.[leHHro BeKTOpHhiX Me30HOB Ha Sl:.[l

pax/4/ H no KorepeHTRoMy po~.neHHro aa Ne B pa6oTe/5/. 

HH~e npe.nnaraeTcsr nocTaRoBKa aKcnepHMeHTa c uenbro Hccne.noBaRHsr 

KOrepeRTHOf'O po~eHHSl: B peaKUHH 

77 + H .... 77- + 77 ++ 77- + H. ( 2) 

npH HMnynbC8X nepBH'IHbiX nHoHOB B AH8IT830He (,30 .. 50) faB·c-1 Ha pa3HhiX 

sr.npax. 

1. CxeMa aKcnepHMeaTanbHOi!:· ycTaROBKH npHBeneaa aa pHc.l. ITepBH'I

Hhifi ny'IOK OTpHUaTeJJbHb!X '18CTHU 1 BbiAensreMhifi AH4JijlepeHUH8llbHb!M 'lepeR-
v 

KO'BCKHM C'leT'IHKOM C H CUHHTHJJJlSl:UHOHHbiMH C'leT'IHK8MH S l S2 H S 3 

IT8.[l89T HB MHllleHb 1 B KS'IeCTBe KOTOpoi!: HCITOJ1b3YIDTCH BeiUeCTB8 C p83JlH'I

HbiMH aToMHhiMH aoMepaMH oT nHTHH no ypaaa. C'leT'IHKH A 1 , BKmo'leHRhie 

Ha aHTHcoBrra.neRHH, cny~aT nnsr nonaBneHHsr HeynpyrHx npoueccoa, HAY!llHX 

C p83B8J10M sr.npa. 
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PHc. 1. CxeMa aKcrrepHMeHTa. 8 1 , 82 , 8 8 - CUHHTHnmntHOHHbiE 

'IHKH MOHHTOpa, 84 , 86 - CUHHTHJJJJSUIHOHHbl~ C'll!T'IHKH J 

rHcTpaUHH BTopH'IHbiX rr -Meaoaos, A 1 , A 2 - cuHHT 

UHOHHble C'lilT'IHKH, BKJllo'leHHble Ha .8HTHCOBIIaneHHSI 0 ·r - IV 

H 1 , H 2 - CUHHTHnnHUHOHHbie ronocKOIIbi, 't - nH<I$epeHuH 

qepeaKOBCKHlt C'll!T'IHK, Fe - I!IHn&Tp nnH perHcTpauHH p. -
Cn-40 - aaanHaHpyiOIUHlt MaraHT. 

CUHHTHJlJJSl:UHOHHbie C'leT'IHKH S .4 H S 6 1 BKJJro'leHHbie H 

HHR1 perHCTpHpyroT BTOpH'IHb!e '18CTHUbl OT aaaHMO.[lei!:CTBHfi '18CT 

aoro ny'IKa c HApaMH MHllleHH. CuHHTHnnHUHOHHbie ronocKonhi 

cny~aT AJJSl: 38ITYCK8 yCT8HOBKH TOJlbKO OT TpeX'I8CTH'IHhlX (HJJH n 

Hh!X) C06biTHfi B KOHe'IHOM COCTOSIHHHo LlnSI 8THX uenefi MOI'YT 6bi 

30B8Hbl TaK~e ITpOBOJlO'IHbie K8Mepb! 1 pa6oTaromHe B rrponopUHOH8Jll 

Me., B KoHue ycTaHOBKH pacrrono~eH ~eneaHhifi ¢HnbTp Fe H C'lt 

CJJy~alliHfi AJJSl: ITO.USBJJeHHSl: 38ITyCKOB, B KOTOpb!X XOTSI 6bi O.UH8 H3 

'ld.CTHU HBJJH9TC~ p. -Me30HOM. 
v 

3anycK ycTaHoBKH ocymecTsnsreTcsr co6biTHeM C S 1 S2 S 3 

npH yCJJOBHH 1 'ITO 'lepe3 CUHHTHJ1J1Sl:UHOHHhl9 f'O.UOCKOIThl npolliJJO 

BTopH'IHhiX aapsr~eHHhiX '18CTHU. AHanH3 co6biTHi!: ocymecTBJJHeTCSI 

npOBOJlO'IHbiX HCKpOBbiX K8Mep C M8f'HHTOCTpHKUHOHHbiM C'b9MOM H 

.U8HHbl9 C KOTOpb!X ITOCTynaroT B 3BM H 38ITHCbiB8IOTCSI H8 M8f'HH1 

Y CT8HOBKOi!: pei'HCTpHpyroTCSI Yf'Jlhl nepBH'IHOfi H BTOpH'IHb!X '18C 

rrynbCbl BTOpH'IHbiX '18CTHU ITO yrny HX OTKJJOHeHHSI B M8f'HHTHOM rr 

aHpyromero MaraHTa. 

Llnsr H3Y'I9HHSl: rrpouecCOB KOrepeRTHOf'O B38HMO.U9fiCTBHH 

KpeMHHSI npe,unaraeTCSl: ITpHM9HHTb E K8'19CTBe MHlll9HH ITOJJyiTpOI 

KpeMHHeBbii!: .ueTeKTop/ 6, 7 I, aMITJJHTynHaSI HR¢opMauHsr c KOTopoi 
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eMofi KorepeHTHO MaCChi M pacTeT mmeil:Ho: 

in / Al/3 • 

TOpOHbi, IIpH Bb!COKHX 3HeprHSIX C9"!9HH9 HSKOrepeHTHblX 

AOJI~HO rranaTh C 9HeprHefi IIpOIIOpUHOHaJibHO CS"!eHHID Ha 

e B TOM lK9 KaHane; B TO ~e BpeMSI O~HnaeTC5I 1 "'TO Ce"!.e-

pO~ll9HH5I 6yneT cna6o MeHSITbcs:r c sHeprHefi, B pesynh

osaHHH KorepeHTHoro po~neHHSI Ha s:rnpax MO~Ho o6Hapy

HHbie p930H8HCbl C 60JiblllHMH M8CCaMH B CHCTeMe 2 77 

f O 17 , l1ccnenoBaHHe pe30HaHCOB1 o6HapylKSHHbiX IIO CIISKTpy 

o6nerqaeTC5I T9M 0 'ITO 1) OHH He CBH3aHbl C 6apHOHHbiMH 

He cymecTsyeT rrpo6neMbi HHTepcpepeHUHH Me~ny 6osoHHbiMH 

OHaHCaMHi 2) CIIHH-'I~THOCTb KOHS'IHOrO COCTOHHHSI IIpHHanne

+ -
1 , 2 , , , C IIOJI5IpH38UHefi, rreprreHUHKYJISipHofi IIY'I-

CTeiiSHH o6nerqaeT aH8JIH3 HX KB8HTOBbiX 'IHCeJI/2,3/, 

OCTH ceqeHHSI o6pa30B8Hif5I pe30H8HCOB OT MaCCOBOrO 'IHCJia 

O!lleHHSI B ~npe) MO~HO nony'IHTb HH~OpM8UHro 0 C9'19HHH 

OpOTKO~HBYUIHX pe30H8HCOB C HYKJIOHaMH, aHanorH'IHO TO My, 

JI8HO B pa6oTe no ~OTOpO~ASHHID BeKTOpHbiX M930HOB H8 SIJl

peHTHOMy po~neHHro na Ne a pa6oTel5/. 

araeTCSI nOCT8HOBK8 9KCIIepHM9HT8 C U9JibiD HCCJI9Jl0B8HHSI 

neHHSI B pe8KUHH 

11 +fi-.17-+77++77-+H. ( 2) 

PBH"!HbiX nHOHOB B AH8n830H9 ( 30 .. 50) rsa·c-1 H8 p8f3HbiX 

cnepHM9HT8JibHoil:· ycTaHoBKH npHsenena Ha pHc,1. ITepBH'I

TenbHbiX '18CTHU, Bblll9JI5I9Mb!il: AH~~epeHUHallbHb!M qepeH-
v 

M C H CUHHTHJIJifiUHOHHblMH C'I~T'IHK8MH S I 8 2 H 8 3 

b, B K8'19CTBe KOTopoil: HCnOJib3YIDTCH BeiUeCTB8 C pa3JIH'I-

OMepaMH oT nnTnH no ypaHa, C'I~T'IHKH A 1 , BKJIIO'ISHHhie 

cnylKaT nn.s~ nonaaneHHs:r neynpyrHx npoueccoa, HAy!llHX 

a. 
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Pac, 1, CxeMa aKcnepHMeHTa. S 1 , 82 , 8 8 - CUHHTHnnHUHOHHbie C'I~T-
'IHKH MOHHTOpa, 84 , 8~ - CUHHTHIIJISU!HOHHbl~ C'I~T'IHKH .llJISI pe-

rHCTp8UHH BTopH'IHbiX " -Meaouoa, A 1 , A 2 - CUHHTHnnH-

UHOHHbie C'lilT'IHKH, BKnio'!eHHbie Ha .aHTHCOBIIa.QeHHII, T - MHwen&, 

H 1 , H 2 - CUHHTHnn!IUHOHHbie ro.llOCKOIIbi, C - .llH«jlcjlepenuaan&Hbiii 

qepeHKOBCKHII C'I~T'IHK, Fe - cflan&Tp .llJIH peracTpauHH p. -Meaonoa, 

Cn-40 - 8H8IIH3HPYIOIUHII MarHHT, 

CUHHTHJIJISIUHOHHbie C'I~T'IHKH S -4 H 8 6 , BKJIID'I9HHbl9 H8 COBnane-

HH5I0 perHCTpHpyroT BTOpH'IHbl9 qacTHUbi OT aaaHMOnelkTBHll: qaCTHU nepBH'I

HOrO nyqKa c s:rnpaMH MH!lleHH, CuHHTHJIJISIUHOHHbie ronocKonbi H 1 H H 2 

cny~aT llJISI sanycKa yCT8HOBKH TOJibKO OT TpeX'I8CTH'IHhlX (HJIH ns:rTH'I8CTH'I

HbiX) C06biTHil: B KOHS'IHOM COCTOSIHHH, .fiJISI 9THX uenell: MOryT 6biTb HCnOJib-

30B8Hbl TaK~e npOBOJIO'IHbl9 K8M9pbi, pa6oTaiOIUH9 B nponopUHOH8JibHOM pe~H

Me,, B KoHue ycTaHOBKH pacnono~eH ~ene3HbiA ~HJibTp Fe H c'I~T'IHK A 2 , 

CJiy~8UIHll: llJISI nOJl8Bn9HH5I aanyCKOB, B KOTOpb!X XOTH 6bl OllH8 H3 BTOpH'IHbiX 

'ld.CTHU RBJIReTCij p. -M930HOM, v 
3anycK ycTaHOBKH ocymecTBJISISTCSI co6biTHeM C S 1 8 2 S 3 84 S 5 A 1 A 2 

npH yCJIOBHH, 'ITO qepe3 CUHHTKJIJISIUHOHHbl9 ronoCKOnbi npOUIJIO TpH ( ns:rTb) 

BTOpH'IHblX 38pH~9HHbiX '18CTHU. AHaJIH3 C06biTHll: OCYIU9CTBJIH9TCH C IIOMOIUbiO 

npOBOJIO'IHb!X HCKpOBblX K8M9p C MBrHHTOCTpHKUHOHHbiM C'b9MOM HH~OpM8UHH, 

ll8HHbl9 C KOTOpb!X nocTynaroT B 38M H 3allHCbiB810TCH Ha MarHHTHYIO neHTy, 

YcTaHOBKOA perHCTpHpyroTCH yrnhi nepBH'IHOA H BTOpH'IHhiX qacTHU H HM

nynhCbi BTOpH'IHbiX 'laCTHU no yrny HX OTKJIOHSHHH B M8rHHTHOM none 8H8JIH-

3Hpyromero MarHHTa. 

.Un.s~ K3y'leHHH npoueccoa KorepeHTHoro asaHMonell:cTBHSI Ha .s~npax 

Kp9MHHSI npennaraeTCH npHMSHHTb E K8'19CTB9 MHUISHH nonynpOBOAHHKOBb!ll: 

Kp9MHH9Bb!li: A9T9KTOp/ 6, 7/, aMnJIHTYJlH8SI HH~OpMaUHH C KOTOporo HCIIOJib

i 
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3 yeTcSI JUISI saiTycKa ycTaHOBKH H ITocneayJOm~ro aHanHsa co6hiTHSio ilaHHbie, 

ITony'leHHbie C HCIIOnb30B8HHeM KpeMHHeBoro aeTeKTOpa, MOryT cny)I{HTb T8K

)I{e anSI ITpOBepKH 'IHCTOTbi BhiaeneHHSI C06biTHJl: Ha apyrHX Siapaxo 

OueHKH ITOK83hiB8JOT, 'ITO B aaHHoll: reoMeTpHH ycTaHOBKH 'IHCno no)I{HhiX 

38ITYCKOB He ITpeBbiCHT 10~20 38 UHKn yCKOpHTenSI (ITpH HHTeHCHBHOCTH ITep

BH'IHOrO ITY'IK8 5o104 ), B TO B.peMSI K8K yCT8HOBK8 CITOC06Ha perHCTpHpOB8Tb 

ao 100 .. 200 cpa6aTbiB8HHJl: B UHKn ( BpeMSI p8CTSI)I{KH ITY'IK8 0,5 CeK) o 

OcHOBHhiM <)loHOBbiM ITpoueccoM, TpyaHo oTaenHMhiM oT HccneayeMoll: 

peaKUHH, SIBnSieTCSI ITpOUeCC pO)I{aeHHSI Tpex 6b!CTpbiX '18CTHU H8 KB83HCB06oa

Hb!X HyKnoHax Hapao Mo)I{HO IToKa3aTb1 oaHaKo, 'ITO B HsyqaeMoll: o6nacTH 

M8nbiX ITepeaaHHbiX HMITynbCOB BCneaCTBHe HeKOrepeHTHOCTH OTHOCHTenbHbiJl: 

BKnaa STHX ITpOUeCCOB OK83biB8eTCSI M8nbiM1 oco6eHHO H8 TSI)I{enbiX Hapaxo 

AHanH3 HMeiO.!I{HXCSI 8KCITepHMeHT8nbHbiX aaHHb!X ITO H3y'leHHIO ITpouecCOB yiTpy

roro paCCeSIHHSI 6biCTpbiX '18CTHU H8 Hapax ITOK83biB8eT/8/ t 'ITO B o6naCTH 

ITepeaaHHhiX HMITynhCOB ao 180 M aBocl-"1 BKnaa pacceSIHHSI Ha KB83HCBo6oaHhiX 

HyKnOH8X, H8ITpHMep 1 H8 S!)lpe MeaH1 He ITpeBbilil8eT HeCKOnbKHX ITpOUeHTOBo 

2. ilnS! oueHKH aKciTepHMeHTanbHhiX B03MO)I{HOCTeii: ITpeanaraeMoii: ycTa

HOBKH 6binO ITpOBeaeHO MO)lenHpOB8HHe pe8KUHH ( 2) ITpH HMITynbCe ITepBH'IHOrO 

17 -Me30H8 50 fas•c-1o ilHQJQJepeHUHBnbHOe ce'leHHe pe8KUHH ( 2) p83b!r.pb!Ba-

nocb MeToaoM MoHTe-Kapno ITO saKoHy do-jd q2 "'exp[-a(q2 -q 2 )l , rae 
min 

senH'IHHa a CBSI38Ha c pasMepoM Hapao 3aTeM pashirphiBancSI paciTaJl 

o6pasosasmerocSI cocTOSIHHS! c Maccoii: M . B xapaKTepHCTHKH reHepHposaHHhiX 

T8KHM o6p830M C06hiTHii: ( yrnhi ITepBH'IHOif H BTOpH'IHb!X '18CTHU) BBOaHnHCb 

TaK)Ke MeTOJlOM cny'I8MHbiX 'IHCen OUIH6KH, COOTBeTCTBYIO!I{He O)I{H)laeMoll: 

aKcrrepHMeHTanbHolf TO'IHOCTH H3MepeHHii:o MciTonh3osanacb peanbHBSI reoMeT

pHSI ycT8HOBKH H y'IHTbiBBnCSI ~pOCTpaHCTBeHHbiJl:, yrnOBOM H HMITynbCHhlif pa3-

6pOCbi ITepBH'IHoro ITY'IKa. 

Ha pHCo 2 ITpHBeJieHa reoMeTpH'IeCKBSI a<)l<jleKTHBHOCTb ycTaHOBKH B 38BH

CHMOCTH OT. BenH'IHHbi SQJQJeKTHBHOii: M8CCbi Tpex BTOpH'IHbiX ITHOHOB B CHCTe-

P
O 

17 
x/ 

Me o 

x/ o JJ 
KpHBbie reoMeTpH'IeCKofi at!Jij>eKTHBHOCTH anSI pacnaaoB M-+ p 17 H M-+t 17 

Ilp8KTH'I9CKH COBII81l810To reoMeTpH'I9CKBSI alj>lj>eKTHBHOCTb yCT8HOBKH He 

aaBHCHT OT nepenaHHoro 'leTbipeX-HMnynbca no q = 600 Mas·c-1. 
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arrycKa ycTaHOBKH H rrocneayJOm~ro 8H8nH38 COOb!THSio naHHbie, 

HCITOnb30B8HHeM KpeMHHeBoro aeTeKTOpa, MOryT cny~HTb T8K

pKH 'IHCTOThi BhmeneHHSI coohiTHA Ha apyrHX Hapax. 

ITOK83b!B810T, 'ITO B aaHHOH reoMeTpHH ycTBHOBKH 'IHCnO nO~HbiX 

rrpeBh!CHT 10~20 38 UHKn ycKOpHTenH (rrpH HHTeHCHBHOCTH rrep-

8 5.104), B TO B.peMSI K8K YCT8HOBK8 CITOCOOH8 perHCTpHpOB8Tb 

pao8Tb!B8HHH B UHKn ( BpeMSI p8CTSI~KH ITY'IK8 0,5 CeK) • 

hiM ¢oHOBbiM rrpoueccoM, TpyaHo oTaenHMhiM oT HccneayeMoA 

eTCSI rrpouecc po~aeHHSI Tpex ObiCTpbiX qaCTHU Ha KBaaHcBoooa

x Siapa, Mo~HO ITOK838Tb1 oaHaKO, 'ITO B H3y'l:aeMOH oonaCTH 

8HHbiX HMITynhCOB BCneaCTBHe HeKorepeHTHOCTH OTHOCHTenbHb!H 

poueCCOB OK83b!B8eTCSI M8nbiM1 OCOOeHHO H8 TSI~enbiX Hapax. 

.WHXCSI 8KCITepHMeHT8nbHb!X aaHHbiX ITO H3y'leHil:IO ITpOUeCCOB yrrpy

HSI Ob!CTpb!X '18CTHU H8 HapaX ITOK83b!B8eT/8/ r 'ITO B oonaCTH 

MrrynbcoB ao 180 M aB.c.l."l BKnaa pacceHHHSI Ha KBaaHcBoooaHhiX 

ITpl!Mep, H8 Slape MeaH 1 He rrpeBb!WaeT HeCKOnhKHX ITpOUeHTOB, 

oueHKH 8KCITepHMeHT8nbHb!X B03MO~HOCTeH rrpeanaraeMOH ycTa

poBeaeHo MoaenllpoBaHHe peaKUHH (2) rrpH HMrrynhce rrepBH'IHoro 

50 faa•c-1. nH¢¢epeHUH8nbHOe ce'leHHe peaKUHH (2) p83b!r.pb!B8-

MoHTe-Kapno no aaKoHy da/d q 2 "'exp[-a(q 2 -q 2 )l , rae 
min 

CBSI38Ha c paaMepoM Siapa. 3aTeM pa3hirphiBancSI pacrraa 

ocSI cocTOSIHHSI c Maccoii M . B xapaKTepHCTHKH reHepHpoaaHHhiX 

M COObiTHH ( yrnhi rrepBH'IHOil: H BTOpH'IHb!X '18CTHU) BBOaHnHCb 

OM cny'IBHHbiX 'IHCen OUIHOKH, COOTB9TCTBy!OWHe O~HaaeMOH 
.. , 

nhHOH TO'IHOCTH H3MepeHHii. McrronhaOBanacb peanbHBSI reoMeT-

H H y'IHTbiBBnCSI rrpOCTpaHCTBeHHbiH, yrnOBOH H HMrrynbCHb!H paa

'IHOrO ITY'IK8, 

2 rrpHaeaeHa reoMeTpH'IeCKaSI a¢¢eKTHBHOCTb ycTaHOBKH B aaBH

enH'IHHbi alfl!fleKTHBHOH M8CCbl Tpex BTOpH'IHb!X ITHOHOB B CHCTe-

pHBbie reoMeTplP!eCKOH a<jJ¢eKTHBHOCTH nnSI pacrranoB M-> p rr
0 

11 M-..f rr 

CKH COBIIanaiDT, reoMeTpH'I9CK8SI 9!jl!jleKTHBHOCTb YCTBHOBKH He 

OT rrepenaaaoru 'leThrpex-HMrrynbca ao q = 600 M9B"c-1• 
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ITpH Bhi'IHCneHHH y<IHThiBanHCb. cneayiOIUHe rrapaMeTpbi ycTaHoBKH: 

1) cpeaHHe pa3Mepbi rrepBHtiHoro rry<IKa (5x5) cM2; ero cpetlHSHI yrno

BaSI p8CXOtlHMOCTb - 1,5 Mpaa; 

2) p83M9pbl M8rHHTOCTpHKUHOHHbiX HCKpOBbiX K8M9p tlO MarHHTa -

( 60x40) cM2, rrocne MarHHTa - ( 150x70) cM2; KaMepbi pacrronO)I{9Hhi Ha 5a3e 

250 eM; 

3) HaiipSI)I{eHHOCTb MarHHTHoro rrong aHanH3HPY,IOIUero MarHHTa CIT-40 

B pa5citieM o5'heMe ( 100x50x150) cM3 - 11 Kraycc. 

B cnyqae, ecnH p 0 
H f 0 

oT pacrraaa MaCChi M SIBmiiOTCSI rronRpH-

30B8HHhiMH, reoMeTpHqecKaSI 9¢!jJeKTHBHOCTb ycTaHoBKH rraaaeT. HarrpHMep, 

s!jJ<!JeKTHBHOCTb rraaaeT rrpHMepHo B aBa pa3a, ecnH pacrrpeaeneHHe rro yrny 

Bbin9T8 17 -M930H8 B CHCT9Me IIOKOSI p'0 -M930H8 HMeeT BHtl ros 2 (} 
17 

rae yron (} 17 OTC'IHTbiB89TCSI OT H8IIpaBn9HHSI p 0 
-M930H8 ( CM,pHc,3) • 

J JpH MOtl9nHpOB8HHH HCCne)lOBBnOCb BnHSIHHe pa3nH'!HbiX qJ8KTOpOB H8 

BenH'IHHy OIIIH5KH B IIepeaaHHOM 4-HMIIynbce. H B s!jJ!jJeKTHBHOH Macce, Pe-

3ynbT8Thl pacqeTOB IIpHB9)l9Hbl B T85JIHUe 1. KaK BHtlHO H3 Ta5nHUbi 1 OCHOBHOH 

BKnBtl B CyMMapHyiO OWH5Ky BHOCSIT MHOrOKp8TH09 paCC9SIHH9 B MHlli9HH (sTy 

OWH5Ky MQ)I{HQ yMeHblliHTb, IIpHM9HSISI 5onee TOHKYIO MHlli9Hb HnH 5onee ner

K09 B9IU9CTBO) H TO'IHOCTb OIIpeaeneHHSI H8IIpaBneHHH TpeKOB B HCKpOBbiX 

a 
marr 

a 
q 

Cny<JailHaH owi!6Ka, 

o6yCJIOBJieHHaH 

MHoroKpaTHbiM pac

cc>JHJWM B Ml!llleHl! 

0,3 CM Pb 

12 MsB 
-I 

16 M3B. c 

T a6mll!a I 

Cny'lailHaH owH6Ka 

B 113MepeHHH IIO

ll51p110f'O .\Tllll Bx ~ 
8 y = 0, 2 'l.~Ll, 
COOTBeTCTBYIOWBH 

KOOPlli!HBTHOH 

TO'lHOCTH ax~ 

a y = 0,4 MM 

7 MsB 
-I 

14 Mss •C 

Cny<JaiiHa51 

OllJH6Ka B 

HMnynbce 

nepBH'lHoro 

ill'C:Hf.~l f1,3·:Ya 

< 2 M:olB 
-I < 2 M3B·C 

KaMepax (STy TO'IHOCTb MO)I{HO IIOBb!CHTb, yBenH'IHB8SI 5a3y), Mbi H8tl99MCSI 

T8K)I{9 1 'ITO HaM Ytl8CTCSI yny'llllHTb KOOptlHH8THyiO TO'IHOCTb HCKpOBbiX KaMep 

(B pacqeT8X OH8 IIpHHHManaCb paBHOH 0,4 MM) tlO 0,15+0,2 MM, 
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P11c, 3, 3aBHCHMOCTb reoMeTpH'leCKOil 3~~eKTHBHOCTH YCTBHOBKH OT E 
Hbl 8 TT 1 rne 8 rr OTC'lHTbiB8eTCSI OT HanpaBneHHSI ABI 
HHSI p0 -Me30H8 B CHCTeMe IIOKOSI M8CChl M (3Ha'leHHe Ma 

M = 1500 M3B), 

9 



cneHHH y'IHTbiBallHCb. cneAyJOUlHe rrapaMeTpbi ycTaHOBKH: 

e paaMepbi rrepBH'IHoro rryqKa ( 5x5) cM2; ero cpeAHHH yrno-

Th - 1,5 MpaA; 

phl MarHHTOCTpHKUHOHHhlX HCKpDBhlX K8M8p AD MarHHT8 -

Cll8 MarHHT8 - ( 150x70) CM2; K8M8pbl paCII01102K8Hbl H8 5aae 

eHHOCTb MarHHTHOrD IIDllH aHallH3HPY,JOUlero MarHHTa CIT-40 

Me (100x50x150) cM3- 11 Kraycc. 

ecJIH p 0 
H f 0 

OT pacrraAa M8CCbl M SIBllSIIOTCSI IIOJIS!pH

M8TpH'I8CK8SI s¢~eKTHBHDCTb ycTaHDBKH rraAaeT. HarrpHMep, 

rraAaeT rrpHMepHo B ABa paaa, ecnH pacrrpeAeneHHe rro yrny 

830H8 B CHCT8M8 IIOKDSI p'0 -M830H8 HM88T BHA ros 2 8 
17 

OTC'IHTbiB88TCSI OT H8IIp8Bll8HHR p0 
-M83DH8 ( CM.pHc.3) • 

1!HpDB8HHH HCC118AOB8110Cb B11HRHH8 p831lH'IHbiX ¢aKTOpOB Ha 

H B rrepeAaHHOM 4-HMrrynbce H B a~~eKTHBHO~ Macce. Pe

TOB rrpHB8A8Hbl B Ta5JIHU8 1. KaK BHAHO H3 T851!Hllbl, OCHOBHO~ 

HYIO OWH5Ky BHOCSIT MHOrOKp8TH08 paCC8SIHH8 B MHlli8HH (aTy 

yMeHblliHTb, IIpHM8HSISI 5onee TOHKYIO MHUl8Hb HllH 5onee ner-

H TO'IHOCTb DIIp8A8118HHSI H8IIp8B118HH~ Tp8KOB B HCKpDBbiX 

Ta6mrua I 

----· -------
'18HH8H Oli1116Ka, 

CJTOfiJT8HH8H 

l'OKp8THb!M pac
IHI!eM B MiiJJJ8HII 

CM Pb 

12 M3B 
-I 

16Mo>B•C 

Cny"!ailHaH oum6Ka 

B 113M8p8HIIII 110-

IH!pi!Of"O yrrra 0, ~ 
8 y ~ 0,2 'ld;l, 

COOTB8TCTBy !OWBH 

KOOPili!HtlTIIOH 

TO'IIIOCTII ax~ 

o v ~ 0,4 M~I 

7 M3B 
-I 

14 M:om •C 

Cny"!aiiHaH 

OWI!6Ka B 

l!MIIYJTbC8 

fl8[lBII'II!Ol'O 

111A"Oift1 n,3% 

< 2 M3B 
-I < 2 M3B•C 

O'IHOCTb MD2KHD rroBbiCHTh, yBenH'IHB8H 5aay). Mbi HaAeeMcH 

YABCTCR Y llY'IlliHTb KOOpAHH8THYIO TO'IHOCTb HCKpOBbiX KaMep 

8 I1pHHHM8Jl8Cb paBHO~ 0,4 MM) AD 0, 15+0,2 MM. 
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PHCo 3, 3aBHCHMOCTb reoMeTpHqeCKO~ g¢$eKTHBHOCTH YCTBHOBKH OT B811H'IH-

Hbl () TT 0 !'Jle () TT OTc"'IHTbiB88TCSI OT H8!Ip8Bll8HHSI JlBHJKe-

HHSI p
0 

-M830H8 B CHCTeMe IIOKOSI M8CCbl M (3H8'18HH8 MaCChi 

M = 1500 MaB). 

~ 
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' Ha pHCo 4 H 5 npHBe.QeHbl pacnpeAeneHHSI C06biTHlt COOTBeTCTBeHHO no 

s4JcPeKTHBHOft M8CCe Tpex nHOHOB ( npH <jJHKCHpOB8HHOM 3H8"1eHHH m 
377 

= 
1100 ~aB) H no nepe.Q8HHOMY 4-HMnynbcy (npH <jJHKCHpOB8HHOM 3H8"1eHHH 

q = 100 M ae.~o,c-1) anSI cneayiOIUHX 3Ha"'eHHA napaMeTpos ycTaHOBKH: 

TOniUHHa MHIUeHH - 0,3 CM Pb 0 TO"'HOCTb H3MepeHHSI KOOpllHH8T HCKpbl B 

KaMepe U x = Uy = 0,4 MM0 HCKpOBbie KaMepbl B 6noKaX llO M8rHHT8 H 

nocne ero pacnono:ll<eHbi Ha 6aae 2 M. Ha pHcyHKOB BHJlHo, 'ITO cyMMapHbie 

OIUH6KH B H3MepeHHH a<jxjleKTHBHOlt MaCChi COCTaBnSIIOT 14 ~9B1 a B onpe

JleneHHH nepellaHHOrO HMnynbCa - 21 ~as•c-1, COOTBeTCTBeHHOo 

3. TipH OUeHKe 3aTpaT BpeMeHH Ha YCKOpHTene 1 He06XOJlHMOrO JlnSI Ha-

6opa CTaTHCTHKH to4 C06biTHlt 1 JlnSI OllHOrO 3Ha"'eHHSI nepBH"'HOrO HMIIynbCa 

H aToMHoro HOMepa MHllleHH A rrpHHHManocb: 

1) reoMeTpH"'eCKaSI a¢<j:leKTHBHOCTb ycTaHOBKH paSHa 0,2; 

2) a<jJ<jJeKTHBHOCTb perHCTpaUHH C06biTHSI HCKpOBbiMH KaMepaMH paSHa 

0,8; 

3) HHTeHCHBHOCTb rrepBH"'HOrO IIY'l:Ka 5•104 77- fUHKn; 

4) "'aCTOTa UHKnOB ycKopeHHSI 0,1 CeK-1; 

5) ceqeHHe KorepeHTHoro PO*IleHHSI 10 M6apH/11: 

6) TOniUHHa MHIUeHH COCTaBnSieT 1•to22 aTOMOB ··CM2 ('ITO COOTBeT-

CTByeT 0,3 CM Pb HnH 0,2 CM Si ) • 
B aToM cnyqae .Heo6xoAHMoe BpeMSI aa ycKopHTene cocTaBnSieT 15 qacos. 

TaKHM o6paaoM, rrpeanaraeMaSI aKcrrepuMeHTanbHaSI ycTaHoBKa: 

1) o6na.QaeT XOpOlliHM paapellleHHeM (TO'IHOCTb H3MepeHHSI a<jxjleKTHBHOlt 

MaCCbi IIO KpaltHelt Mepe B IISITb paa ny'lllle, .'I eM B IlpOIIaHOBOft KaMepe) 0 

2) o6naaaeT 6biCTpoTolt aa6opa cTaTHCTHKH; 

3) rroasonHeT uccneaosaTb rrpouecc KorepeHTHoro PO*IleHHSI Ha paaHhlX 

S1JlpaX1 a TBK*e IIpHMeHSITb KpHCTannH'IeCKHe .QeTeKTOpbi ( B cny'lae KpeMHHSI) 

anSI H3MepeHHSI aHeprHH 1 rrepeaasaeMolt SlllPY• 

Tiony'leHHbllt 3KCIIepHMeHTanbHhllt M8TepHan 6yaeT 8HanH3HpOBaTbCSI C 

TO'IKH 3peHHSI! 

1) 3BBHCHMOCTH ceqeHHSI KorepeHTHoro po*AeHHSI oT aaeprHH rrepBH'IHoro 

IIHOHa H MBCCOBoro 'IHCna A MHllleHH; 

10 ... 

N 

5110 

4m 

Dl 

2110 

G) 

IOSO 11011 1150 1200 1250 
,mlli[Ma&] 

PHc, 4. PacnpeneneHHe co6biTHil: rro aljMjle~THBHoil: Macce Tpex nHoHoB 
AY!OlllHX aaaqeHHll napaMeTpoa: m 317= llOQ Mas, Tonumaa 1 
0,3 CM Pb 1 OWH6Ka B rrepBH'IHOM HMnynbCe 0,3%, OWH6Ka 
peHHH yrnoa 0,3 Mpan. 
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c. 4 H 5 npHB9A9Hbi pacnpe.neneHHSI C06biTHil: COOTBaTCTBeHHO no 

MSCCe Tpex fiHOHOB ( npH ¢HKCHpOB8HHOM 3HS'IaHHH m 3 TT • 

H no rrepeASHHOMY 4-HMnynbCY (rrpH <fJHKCHpOBSHHOM 3HS'IaHHH 

M se,.c-1) .nnst cne.nyJOWHX aHa'leHHA rrapaMeTpoe ycTaHOBKH: 

weHH - 0,3 CM Pb 0 TO'IHOCTb H3MepeHHSI KOOp.llHHST HCKpbi B 

x = ay = 0,4 MM0 HCKpOBbie KSMepbi B 6nOK8X ,llO MarHHTa H 

acnono)l{eHbi Ha 6aae 2 M. l13 pHCYHKOB BH.IlHO, 'ITO cyMMapHbie 

MepeHHH s¢¢eKTHBHoit MaCChi cocTaBnSJJOT 14 Mas, a B orrpe-

HMnynbCS - 21 Mae·c-1, COOTBeTCTBeHHO. 

oueaKe aaTpaT epeMeHH aa ycKopHTene, aeo6xo.llHMoro JlnSJ aa

THKH 104 C06biTHll, JlnSI O.llHOrO 3HS'IeHHSI nepBH'IHOrO HMnynbCS 

aoMepa MHllleHH A npHHHManocb: 

MeTpH'IeCKSSI 8¢¢eKTHBHOCTb yCTSHOBKH paBHS 0,2; 

<fleKTHBHOCTb perHCTpSUHH C06biTHSI HCKpOBbiMH KaMepaMH paBHS 

eacHBHOCTb rrepeH'IHoro ny'IKa 5•104 rr- luHKn; 

UHKnOB YCKopeHHSI 0,1 CeK-Jt 

eaHe KorepeHTHoro PO*JleHHSJ 10 M6apa111: 
nWHHS MHllleHH COCTSBnSJeT 1•1022 STOMOB ·CM2 ('ITO COOTBeT-

HnH 0,2 CM Si ). 
cnyqae aeo6xoAHMoe epeMSJ aa ycKOpHTene cocTaensteT 15 qacoa. 

o6paaoM, npeJlnaraeMaSJ aKcnepHMeHTanbHaSJ ycTaHoBKa: 

8A89T XOpOlllHM paapellleHHeM (TO'IHOCTb H3M9p9HHSI 8¢¢eKTHBHOll 

paltaelt Mepe B nstTb paa ny'lllle, 'leM B nponaaoeoil: KaMepe); 

na.naeT 6biCTpoTolt aa6opa cTaTHCTHKHj 

eonsteT HCcne.noeaTb npouecc KorepeHTHoro PO*JleHHSJ Ha pa3HbiX 

npHM9HSITb KpHCTannH'IeCKHe A9TaKTOpbi ( B cny'lae KpeMHHSJ) 

aaeprHH, rrepe)laeaeMoll SJJlPY• 

aKcnepuMeHTanbHbiil: MaTepuan 6y.neT aaanuaupoaaTbCSJ c 

C9'19HHSI KorepeHTHOrO p0)1<Jl9HHSI OT aaeprHH nepBH'IHOrO 

ccoeoro '!Hcna A MHllleau; 

10 
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G) 

1100 1150 1200 1250 
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PHc. 4. PacnpeAeneaHe co6brTHll no aljJ<jle~THBHoll Macce Tpex nHOHOB Ami cne-
AYIOlllHX 3H8'18HHll napaMeTpOB! m 3 rr= 110Q M 8B 0 TOnl!lHHB MHlli8HH 

0,3 CM Pb , Oll!H6Ka B nepBH'IHOM HMnynbCe 0,3%, OlliH6Ka B H3Me

peHHH yrnoa 0,3 MpaA. 
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I_ 

N 

ltiXJ 

D 

PHc. 5, 

~ 

2111 

fOil 

·so 200 250 
~[M3&fc} 

PacnpeneneaHe co6biTHII no nepenaHHOMY 4-HMnynhcy nnll cnenyiOIUHX 

aHa'leHHII napaMeTpoa: q "' 100 Msa·c-1, TonmHHa MHilleHH 0,3 eM Ph, 
OIIIH6Ka B onpeneneHHH nepBH'IHOrO HMIIynbC8 0,3%, OIIIH6Ka B H3Mepe

HHH yrnoa 0,3 Mpan. 

12 

2) HCCneAOBBHHSI CBOil:CTB pOlKABJOmeil:cg CHCT9Mbl - IIOliCK 1 

6030HHbiX pe30H8HCOB, a 38T9M orrpe11eneHHe HX KB8HTOBbiX 'lli:Ce, 

qeTHOCTb); 

3) orrpeneneHHe ITOnHoro C9'19HHSI B38HMOA9il:CTBHSI pOlKA8JOW9il:C~ 

Mbi ( pesoaaaca) c HyKnoaoM. 

nonaoe speMSI aa ycKopHTene, aeo6xoARMoe nnll HccnenosaHHSI K 

HOrO pOlKll9HHSI HB pasnH'IHbiX S!llp8X H ITpH H9CKOnbKHX rrepBH'IHb 

rHSIX, cocTaBnl!eT "' 300 '18COB, 

II. YcTaHOBKa, rrpennolKeHHBSI nnll HccnenosaHHSI npoueccos K 

HOrO pOlKA9Hli:SI H8 S!Apax, C ae6onbWHMH H3M9H9Hli:S!MH MOlKeT 6b!Tb 

30B8Ha nnll H3Y'I9HHSI yrrpyroro pacceHHHS! rr -Me30HOB C HMf 

(30+50) fss·c-1 aa S!Apax c uenbJO orrpeneneHHSI semecTBeHaoil: qacT 

TYAhl pacceSIHHSI nH60 H3 S~~eKTa HHTep~epeHUHH M9lKllY KynoHOBCKOi 

HOil: 8MIInHTYll8MH 0 nH60 ITO rny6HH9 rrepsoro llH~p8KUHOHHOrO MH 

B rrocnenHee speMSI ¢RsHKa BbiCOKHX sHeprHil: sHa'IRTenbHO 

HynaCb Bilepen B Il0HHM8HHH I1pOU9CCOB p8CC9S!HHSI 'IBCTHU Bb!COKH' 

aa Rnpax. Oco6eaao rronpo5ao 6hinH rrpoaaanRsRpoBaHbi rrocnenaHe sKcm 

rro pacceHHHJO rrpoTOHOB Ha Hnpaxl 10/. MonenH, rrpHMeHHeMbie rrpH ' 

coynapeHHil: anpOHOB C S!llp8MH/9/ 0 BKnJO'I8JOT B ce6SI C8Mb!9 06WHe 

Tbl OI1HC8HHS! B38HMoneil:CTBHS! BCeX CHnbHOB38HMOll9il:CTBYJOmHX 'II 

IlO-BHllHMOMY, 6ynyT I1pHM9HHMbl nnH OilHCBHHS! coynapeHHS! anp 

0'19Hb 6onbWHX SHeprHSIX, B CBSI3H C STHM KalKeTCSI HHTepeCHbiM 

pacceSIHHe ITHOHOB BbiCOKoil: saeprHH c RnpaMH, o6nanaromHMH cne 

CBOil:CTB8MH: 

1) crrHH Rnpa pasea aynro (s aToM cnyqae B MaTpRue pacceH 

eTCSI TOnbKO OllHH CKBnS!pHb!il: 'lne H); 

2) MBCCB Slllp8 BenHK8 ( B STOM cnyqae rrepBbJil: llH~p8KUHOHHI 

MyM nelKHT B o6nacTH ManhiX yrnos); 

3) Slnpo c¢epH'IecKoe. 

TaKHMH RnpaMH HBnliJOTCSI, aarrpHMep, Hnpa 
28 Si , 30 Si 

B cny'lae KOHe'IHoro arrrrapaTypaoro paapeweHHSI HsMepeHHO 

peHUHBnbHOe Ce'leHHe MOlKeT OK838TbCSI IlpOCyMMHpOB8HHbiM IlO B< 

1.3 



ISO 200 250 
· ~{M3&/c] 

acnpeaeneHae co6hiTHII no nepe.oaHHOMY 4-HMnynbcy .onst cne.oy10IUHX 
H8'ieHHil napaMeTpoB: q = 100 MaB·c-1, ToniUHH8 MHIIIeHH 0,3 eM Ph, 
IIIH6Ka B onpe.oeneHHH nepBH'iHoro HMnynbca 0,3%, OIIIH6Ka B H3Mepe

HH yrnoB 0,3 Mpa.o. 

12 ..., 

2) HCCJJ8ll0B8HHSI CBOtiCTB pO>Kll8IOIU8tiCSI CHCT8Mbl - ITOHCK TSI>K8JJbiX 

6030HHblX p830H8HCOB, a 38T8M orrp8JI8JJ8HH8 HX KBaHTOBblX 'IHC8JJ ( CIIHH, 

qeTHOCTh) t 

3) 'orrpeneneHH8 IIOJJHOrO C8'!8HHSI B38HMOL18tiCTBHSI pO>KLl810IU8HCSI CHCTe-

Mbl ( p830H8HC8) C HYKJJOHOM, 

00JJH08 Bp8MSI Ha yCKOpHTene, H806XOllHM08 LlJISI HCCJJ8ll0B8HHSI KOrepeHT

HOrO pO>Kll8HHSI H8 pa3JJH'!Hb1X S1llp8X H IIpH H8CKOJJhKHX rrepBH'IHblX 9Hep-

rHSIX, COCT8BJJSI8T "' 300 '18COB. 

U. YcTaHoBKa, rrpeAno>KeHHaSI llJJSI nccnelloBaHHSI npoueccoB KorepeHT

Horo pO>Kll8HHSI H8 Slllp8X0 C He60JJbiUHMH H3M8H8HHS!MH MO>K8T 6b!Th HCIIOJJb-

soeaaa AnSI H3y'leHHS! yrrpyroro pacceSJHHS! " -Me30HOB C HMIIYJJhC8MH 

(30•50) faB•c-1 Ha Slllp8X C U8Jihl0 OITp8ll8JI8HHSI B81U8CTB8HHOti '18CTH 8MITJIH~ 

Tyllhl pacceHHHS! JJH60 H3 a~~eKT8 HHT8p~epeHUHH M8>KllY KynoHOBCKOti H Rnep

HOti 8MIIJJHTynaMH 0 JJH6o ITO rny6HHe rrepBOrO llH~paKUHOHHOrO MHHHMyMa. 

B rrocnenaee epeMSJ 41nsHKa BbiCOKHX aHeprHil: 3H8'1HTenhHO rrponeH

Hynach BIIepen B ITOHHM8HHH rrpOU8CCOB paCC8SIHHSI '18CTHU BhlCOKHX 9H8prHil: 

Ha Hnpax. Oco6eHHO ITonpo6Ho 6biJJH ITpoaHannsnpoBaHbi ITocnenHHe aKcrrepHMeHThi 

ITO pacCeSIHHIO IIpOTOHOB Ha S!!lpax/ 10/ o MonenH, IIpHM9HS!9Mb18 ITpH OIIHC8HHH 

coynapeHHH anpoaoe c RnpaMH/9/, BKJJIO'IBIOT B ce6R caMbie o6mHe aneMeH

Tbi OITHC8HHSI B38HMO!leii:CTBHS! BCeX CHJibHOB38HMOl18tiCTByiOIUHX '18CTHU 0 H 0 

ITO-BHllHMOMy, 6ynyT ITpHM8HHMbl llJJS! OIIHC8HHS! coynapeHHS! anpOHOB IIpH 

O'I8Hb 6onbiUHX aaeprHRX. B CBS!3H c aTHM Ka>KeTCS! HHTepeCHhlM H3y'laTh 

paCC8SIHHe IIHOHOB BbiCOKOil: aHeprHH C S!!lp8MH 0 o6nanaiOIUHMH CJJ8llYIOIUHMH 

CBOii:CTB8MH: 

1) CITHH Sll1p8 paBeH HyJIIO (B aTOM cnyqae B M8TpHU9 paCC8SIHHS! HMe-

8TCS! TOJihKO OllHH CK8JJSipHbJti 'IJieH) t 

2) M8CC8 S!llp8 B8JIHK8 ( B aTOM cnyqae IT8pBbJti llH~paKUHOHHb!ll: MHHH-

MyM ne>KHT B o6naCTH M8JJblX yrnoB) t 

3) SlllPO C~epH'I8CKOe, 

TaKHMH SlllpaMH RBJJSIIOTCSI, HaiTpHMep, S!llpa 
28 Si , 30 Si ~08 Pb 

B cnyqae KoHe'IHOro arrrrapaTypHoro pasperueHHS! nsMepeHHoe An414le-

peHuHanhHoe C9'19HH8 MO>K8T OK838TbCS! rrpocyMMHpOB8HHbiM ITO BCeM B03-

l. 3 
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6y)!(,[leHHbiM COCTOSIHHSIM Sl.llpa. B HSCTOSIIUee speMSI KSl!<eTCSI 1 'ITO B cnyqae 

CBHHUS 3TH acMJeKTbl MOJKHO .llOCTSTO'IHO TO'IHO Bbl'IHCnHTbX/ • 

TIOCTSHOBKS SKCITepHMeHTS ITO H3y'leHHID yrrpyroro pacceSIHHSI ITHOHOB 

HS Sl.llpSX aHanorH'IHS TOI\
1 

KOTopaSI OITHCSHS B pa6oTe/8/ .CeqeHHe ynpyroro· pacce

SIHHSI Ha H.opax senHK0
1 

reoMeTpH'IeCKSSI s¢4JeKTHBHOCTb ycTaHOBKH 6nH3Ka K 100%; 

ITOSTOMY speMSI Ha6opa .llOCTSTO'IHO 6onbWOA CTSTHCTHKH O'leHb Mano. 

llnH BbmonHeHHSI rrporpaMMbi HaMepeHHSI yrrpyroro pacceSIHHSI Ha paa-

nH'IHbiX Sl.llpSX B 5-t 1Q. TO'IKSX ITO SHeprHH ITOTpe6yeTCSI 100 'ISCOB pa60Tbl 

HS yCKOpHTene. 
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COCTOSIHHSIM SIAP8• 8 H8CTOS!lll99 apeMSI K8lK9TCSI 1 'iTO B Cllyqae 

s4J!jleKTbl MOlKHO AOCT8TO'iHO TO'iHO Bbl'iHCIIHTbX/ • 

HOBK8 gKcnepHM9HT8 no H3Y'i9HHID ynpyroro p8CC9SIHHSI ITHOHOB 

norH'iHa Toil:, KOTopaSI onucaHa B pa6oTe/8/ .CeqeHHe ynpyroro· pacce

x B91IHK0
1 

reoMeTpH'i9CK8SI s4J!jleKTHBHOCTb yCT8HOBKH 6nHaKa K 100%; 

eMS! Ha6opa AOCT8TO'iHO 60ilblllOH CT8THCTHKH O'i9Hb M81IO. 

biiTOIIHeHHH nporpaMMhi HaMepeHHSI ynpyroro pacceSIHHSI Ha paa-

5~10 TO'iK8X no 3HeprHH noTpe6yeTCSI 100 'i8COB pa60Tbl 
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