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CU V1H TV1nfl.Hl.l V10H Hbl C:1 M ETOLI 
HA6fliOLIEHV1.S1~ 3A flY4KOM 

B CV1HXPO¢A30TPOHE HA 10 63B 



PaccM8TpnnaeMbiH MeTOLl H86mone HHil 38 rryLIKOM rrpoTonon n KaMepe cnuxpo

cpa3oTpona OCHOBSH H8 B3BHMO.[leHCTBHH · HpOTOHOB C MHWeHblO H3 CUHHTIIJIJIHpy!OLUe-

1'0 MaTepii8na. CneTonoli cHrnan, HcrrycK8eMbiil MHwenbro, perHcTpHpOB8JIC51 cpoTo

YMHO>KIITeneM, HMITYJibC Harrpg:m:eHI-IIl C KOTOpO!'O H86JIIOLl8JIC51 Ha 9Kpane OCUHJIJIO

I'pacpa. 3TOT MeTO.[l Hawen WI:IpOKOe rrprrMeHJ:!HI:Ie .UJI51 pe!'HCTpaUHH IIy'!KOB Manofi 

HHTeHCHBHOCTH IIpH rrpOBe.ueHHll ITYCKO- H8JI8LlO'!HhlX pa6oT Ha CIIHXp0~830Tpone, 

nocKOJibKy B H8'!8JibHb!H nepno.u 3arrycKa ycKoprrTenn pa6oThl nenncb rrprr HHTen-

CHBHOCTH ITY'!K8 3Ha<I!ITeJibHO HH)Ke rrpOeKTHOH, 60JibWOe BHHM8Hlle y.ueneHO ITOBbi

W8HHIO '!YBCTBHTeJibHOCTH pe!'HCTprrpy!OlllHX ycTpOiiCTB 0 

~ 

Gl1 

8 OLlHOH CT8Tb8 HeB03M'Q)KHO OITHC8Tb MHo:m:ecTBO U3MepnTeJibHb!X ycTpOHCTB, 

nprrMennnwrrxcn .ann H86nro.ueHH51 38 rry<rKoM. Hu:m:e paccMaTpHB810TC51 JIHWb 

o6mue norrpocbi, KoTopbre ·6biJIH· peweHbi rrpH paapa6oTKe MeTo.ua • 

. 
1. Bbr6op CUH.HTHJIJIHpyromero MaTepHana 

B 38BHCHMOCTH oT ycnoBHli aKcrrepHMeHTa K MaTe;:many MHweHH npenonnnn

IOTC51 Te HJIH HHbie Tpe60B8HH51. Ba:m:nei1wue H3 HHX cne.uyiOLUHe: 

a/ MaTepHa'l .uon:m:en 6biTb acpcpeKTHBHbiM .ann perHcTpauHH npoToHon B .=-tHana-
. 4 

30He oT 9 Man .uo 10 Man • • 

6/ CneTOBOH BbiXOLl CUHHTH1lJI51TOpa na 8LlHHHUY ITO!'JIOLUeHHOll anep!'HII He 

LlOJI)KeH 3aBHCeTb OT MOlUHOCTH .[l03bi o6ny'!eHHH. 

n/ CnoiicTBa MaTepnana He .uon:m:Hbi H3MeH51TbCH rrpH LlJIHTeJibHOM o6nyqennH. · 

r/ TaK KaK MHWeHH H3 CUHHTHJIJIHpyromero MaTepH8JI8 ITOMeiU810TCH B KaMepy 

yCKOpHTeng, OTK8'!HB8eMyiO LlO BbiCOKO!'O B8KyyMa, MaTepH8JI M HWe!IH ne LlOJI)KeH 

YXYLlW8Tb B8KyyM rrpH 6oM68p.UHpOBKe ITY'!KOM • 

.a/ nnn TO'!HO!'O BOCITpOH3Be.ueHH51 CTpyKTyphl rry'!Ka BO BpeMeHH LlllHTeJibiiOCTb 

ITOCJiecBe'leHH51 CUIIHTH1lJIHpyiOLUero MaTepHaJia .UOJI>I<Ha 6biTb .UOCT8TO'!HO Mana 

I ....,. 10-a ceKI. 

e/ B 3aBHCHMOCTH OT TeXH01lO!'HH rrpHrOTOBJieHHH MHWeHH K MaTepiiany 

MO!'YT 6biTb rrpe.U'b51B1leHhl Tpe6oBaHH51 rrpOCTOTbi o6p'a6oTKH 1 y.uo6CTB8 rrpHrOTOBJieHH51 

MHLUeHeA 6onhWHX paaMeJ}OB H T.LI.. 



'4 

3 Tli Tpe6o B8HHSI OrpaH li'I li B8 lOT Kpyr CUHHTIUlJlHpy IOUlHX M 8T9pli8JlOB, KOTOpb!ll 

MO)I{eT 6biTb npnMeHeH .Ll:JlH Ha6niO.ueHHH aa · ny'IKOM B .cHHXpocpaaoTpoHe. TaK , Ha-

npHMep, opraHH'I9CKHe CUHHTHJ1JlSITOpbl 1 BBH.UY HX H9,UOCT8TO'IHOll CTOHKOCTH K o6ny-
1 

'I9Hli 10 t 8 T8KiKe BCJ19,UCTBHe Taro, 'ITO OHH YXY.UW8IOT BaKyyM npH 6oM6ap.un-

poBKe ny'IKOM , OK83hiBaiOTCH Henpnro.UHhiMH. DnH Bhi6opa Han6onee no.uxo.uHmero 

M8T9pli8Jl~ 6hlJ1H HCCJ19.UOB8Hhl H9KOTOphle OT9'I9CTB9HHhl9 CUHHTHJlJlSITOphl. 

nocKOJlbKY 60JlbWHHCTBO ·sKCII9pliM9HTOB no HCCJ19D.OB8HHIO pe>KHM8 HH)I{9KUlili 

H H8'I8JlbHOrO STana YCKOpeHHSI npOBO.UHJlHCb npH SHeprHH, 6JIH3KOll K SHeprHH HH

iK9KUHH 19 M sBI, npe.ucTaBliSino HHTepec onpe.uenHTb scpcpeKTHBHOCTb cpoccpopoB 

no OTHOlll9HH.IO K npOTOH8M STOll SHeprHH 0 

nV'IOic' __ ..,.. __ 
U3 /l.Y. 

• 
01 ~ 

Pnc. 1. CxeMa onhiTa no onpe.ueneHHIO scpcpeKTHBHOCTH cunnTnnnHTopoB. 

H a pnc. 1 nOK838H8 cxeMa onbiTa. ny'IOK npOTOHOB, BbiXO.USIUllill li3 JlliHeiiHoro 

ycKopnTenst, .unac}JparMnpoBancH c noMOUlbiO BepTHK8JlbHOii II I n ropnaonTanbnofi 

,Uliac}JparMhi 121. 3aTeM OH npOXO.UHJl 'Iepe3 UHJlHH.Up ¢>apa.uest C peweT'I8TbiM .UHOM 

13 I H nona.uan Ha nccne.a.yeM hifi cnnHTHnnHpyiOmKil MaTepnan I 4 I. CBeToBoR ·cnrHan 

OT CUHHTIIJlJlSJTOpa perHCTplipOB8J1CSJ C nOMOUlbiO cpOTOyMHO)I{HTeJISJ cl>3Y-19M 151 

n no.uaaancH Ha O.UHH Ha axo.uoa .uayxnyqeaoro ocunnnorpac}Ja 17 I. Ha BTopoA nyq 



.. , 
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aToro ocuHnnorpnclJa nonasancH cnruan c UH11HHL1P8 <PapaneH. UH,1HH1lp <PapaneH, 

3anep:>K!iB8H 9/10 '18CTeil npOxo:tHtuero .•tepe3 nero ny•JK8, 'cny.:-I\H11 MOHHTopoM 

Jl!IH .KOHTp011H 38 liHTOHCIIBHOCTblO I1Y'IK8 I1pOTOHOI;3. ¢oH '18CTHU M8110ii' SHeprlm, 

conep:>!<8BW!iitcH B ny•IKe 1!3 !IHHOiiHOI"O YCKOpHT8liH 0 ycTp8HH11CH c· IlOMOI.llbiO 811JO

MHHH8BOH. cpO!Ibi"H T011UlHHOlt 50 M!iKpOH 0 KOTOp8H 6bl11ll I1pHK11eeHa. 118 O!li!Y II3 .'11I8cp-
.~ 

pai"Mo LJT06b! II36.e>I\8Tb IICK8)K8HliH CIII"H8118, Bblb1Ip8!ICH ffJOTOy:'\lf!O/!(IITe11b, OiJilll/1810-

IU!iH 111IH8.i!HOH 38BIICiiMOCTbl0 Bb!XOllHOI"O Clii"H8'Jl8 OT I18,'l810IUOI"O CFIOTOI'IOI"O I10TOK8 

B HCC1181lY8MOM llli8I1830H8 3Hat.teHIIH CBOTOBOI"O. I10TOK8o AHOLl cpOTOYMHO>KIIT011H •)hill 

Harpy)!(eH HS COI1pOTIIB119HUe 100 KOM. l]8nee Clii"H81l IlO,'l81'18JlC.H 1!8 BXO:I. K8T0.'1HOI"O 

JlOBTOpHT911H, 8MI11IHTY llH8H X8p8KTep1IC·~HK8 KOTOpOrO 6bJ118 T8K :>Ke JUII!eiina :LilH 

- 3H84.9HHfi 8MI111HTY1lhl OTpHil 8T811bHOI"O CIII"H81J8 JlO 100 B. ¢OTOy!\1HO ·l<IITen·eM pern-
. x/ . . . 

cTprrpoBancst Te:>(.HUt.teCKHfi B.biXOJl cBeTa .• Tonwnna o6p83UOB ·Bo ncex II3!\1epemHIX 

. Bbt6upanacb TaKoii, 'lTo6hi· B neil yKnan hiBancst npo6~r npoToHOB c anepr!teii 9 Man. 

nonpaBKH.H8 I19I"110Ul8HH9 CB8T8 _1110MHHeCUeHUHH B CUHHTH1111UpyiOW8M MaTeplt8119 He 

yqnThiBamtcb. He y'lHTbiBanocb TaK :>K e p8311H'IU8 cneKTpOB 11IOMIIH8CU911IIUU p8311U'I-

Hb!X CUHHTU1111HTOpOB U CI18KTp811bHOH 'IYBCTBHT911bHOCTII cpoTOK8'TOLi8 ¢3Y-l9-M • 

To'IHOCTb H3MepenHSI aMII11HTY n cHrnanoB 6bma ne xy)i(e 10%. A!\1IIlliiTYJlhl cur

nanoB OT pa311H'iHbiX CUHHTH111IHTOpOB 0 OTneceHHbJ.e K 0JlHH8KOBOii HnTencHBHOCTH, 

Cp8BHHB811l1Cb C 8MI11IHTy.nofi CHI"H8118 OT 11JOMUH8CUeHTHOI"O llOpOWKa. B011bcpp8M8T8 

KaribttHSI / CaWOI(l .Pe3y11bTaThl H3Mepennil: npHBenenbi B Ta6nuue 1. 

Hau6on.ee acpcpeKTHBJihiM H3 neopranHqecKHX MaTepHanoB HBnSieTcH. cseTococTaB 
' ' ·. ~ 

K-11. OnnaKo, on o6[1anaeT 6onbWHM speMeneM nocnecee'leHnH-nopHnKa 1.0 ceK. 
. . 

KpoMe Toro aToT MaTepH811 naeT cpoccpopecuenuuJO, KoTopast HMee-r 6onbwy!O nnHTenb-. . 

HOCTb. B cuny aToro cBeTocbc·TaB K-11 Jl11H perHcTpauHu HMIIY11bCOB '18CTIIU H8MH. 

ne npHM9HSI1Icst. Eonee WHpoKoe npuM:enenue on Kamen Jl11SI BH3yanbHoro na6niO.'leHIISI 

38 lly'lKOMo 

x/ T u L ..J.. 
eXHH'leCKHll BbiXOll CtieTa 38BHCHT OT 't'H3H'leCKcro 

IIOI"110UlE:lHnOfi SHeprRH, npeBpatriennoil: B CBeT/, l1p03p8'1HOCTH 

11JOMHHecue.nuuu u oT nornomenuSI nepBH'lHoro H3ny~eHHSI. 

Bb!X01l8 CBeTa /nonH 

M8TepHa11a K cneKTpy 



Ta611Hua 

C UHHTH11 1111 py IO!flliii M a Tep 11811 

!I IOM HnecuenTH biii Co WO, 
/nopowoK/ 

Y C H11 8HH bifi 1110!\1 HH ecueHTH blii 

Co wo, /nopouJoK/ 

CaeTococTaB K-11 

KJ (re) 

C.s'J (re} 

KJ 

M OHOK p1ICT811.11 

MOHOKpllCT81111 

neaKTHBI!pO B8HH blii 

2% aTpauena B no11HCT1tpo11e 

2% ,- ~epcpeltll118 B ll0111lCTHpO.ne. 

6. 

2% p -:-TepcpenH11a + PO POP. 0,02% 
B ll0111lCTHp011e 

0THOCHT,9cpc}JeK
TIIBHOCTb 

2,5 

4 

.3 

8 

0,2 

0,5 

o·,7·, ,•. 

1,1 '· 

(' 

3TOT fK~ Ht:!lOCTaTOK npHCylll M ~··;luK /- .rc T l!1ila \I HOD IICTOrO ItP.3HH ciJ{rt). 
B Hill~.Hx yc11oBilf!X CsJ (rR) "'"" nawe11 npnMenenHH. 

Eo11ee y no6nhiM MaTepHa11oM HBfiH~TCH · fionH~Thifi Ka11Hii I( :J('f~) • ·on 11erKo 

Bblp8lllliB8ElTCH B BH!le f>oJtbWHX KpHCT81111,0B 1 He rHrpOCKOllH"!eH, 0611anaeT !lOCTa

TO"'HOH ·acpcj:JeKTRBHOCThiO. _!l11HTe11bHOCTb llOC118CBe"!eHHH 11efKHT B HHTepBa11e 

10 - 5- 10-B ceK. JC:f(~-e) yCTOli"'HB K nei1CTBHIO H3Ily"!eHUH 1 ' acpcpeKTHBHOCTh cneTOBoro 

1 , 2, 3 . B . . . 
Bb!XO!l8 M8110 38BHCHT OT 9HeprHH' ll8!l810lllHX npOTOHOB . • pHne C11yqaeB 

Kpi!CT81111bl I( J (T f). ycnewno naMH npuMeHH11HCb. 
. 0:. 

-
L111H npHr(>TOB11eHHH MHwelieii 6o11bWHX pa3Mepoa npiiMeHH'1CH nopowoK 11IOMII-

necuenTnoro B011bcppaMaTa Ka11bUHH /CCA.WO,/· I. Cnoii ne6011b!l10i't T011lllHHhi MOfKeT 

6biTb 11erKo no11yqen na noaepxno·cTII MHwenn ny .. >~<nofi cpopMbi nyTeM oca>KnenHH no

powKa Ca wo, H3 pacTBopa cnHpTa c n'e6011bll10ii no6aBKOii K!leH B¢-4. Ca wo, 
!l0CT8TO"'HO 9cpcpeKTHB8H, 0611anaeT CTOHKOCTb!O K 0611,Y"'8HHIO, ac!JcpeKTIIBHOCTb 

1 2 4 . 
caeToaoro BbiXona ne 3aBHCHT oT aneprHH npoTOHOB ' ' • D11IITenbnocTb noqne-

~ 1 . 
caeqenHH ....... 10 ceK • 3ToT cunnTHJI11HTop nau.e11 wnpoKoe npnMenenne npii 

pa6oTe C cPOTOYMHO)KliTe11eM·, a TaK>I<e !11151 BH3y8llbHOrO H8611IO!leHI1H 38 ny"'KOM, 

Hau6o11ee yno6HhiM Ma.Tepl!a11oM, !11151 .MnorH:(( ncc11enoaanuii ny"!Ka HB11HIOTCH 

n.,acTII"!eCKHe CUHHTHllllHTOpbi. B 6onbllll!HCTBe cnyqaeB npiiMeHH11l!Cb nnacTMaCCbi 

------------
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C 2% COLI.epm:aHHeM p-Tepc}:>eHHJI8 HJIH ITJI8CTM8CCbl C 2% p - Tepc}:>eHHJJa C LJ.O-
' 5 

•6aBKoii 0,02% POPOP • 8Tn nnacTMaccbi scpc}:>eKTHBHhi K perHcTpaunn npoToHoB, 

u 6 6 6 Ll.OCT8TO<!HO CTOHKH K 0 Jiy<IeHUJO t 0 JI8LI.810T BpeMeHe:-.t BhiCBe<IJIB8HHSI nop5ILI.K8 

-9 
10 ceK, <ITO IT03BOJI5IeT npHMeH5ITb HX LJ..Tl5I Ha6.TJJOLJ.8Hii5I 38' BpeMeHHOfi CTpyKTypofi 

HMnyJihCOB qacTIIu. CpaBHUTeJibHO nerKo MoryT 6hlTh. nprrroTOBJieHhl nnacTMaccw 

7 
60JibWHX p83MepoB o npH 8TOM OHH 06JiaLI.8IOT 60JJbWOii ITp03p8<!HOCTbJO K cneKT-

py JIJOMHH8CU8HUHH II ~OpOWO o6pa6aTbiB810TCHo 

PaccMoTpHM noapo6Hee Bonpoc o B03Mo>KHOCTH npHMeHeHIHI nnacTrr<IecKnx 

CUIIHTliJIJISITOpOB LI.JISI perUCTpaUHII OTHOCUTellbHOll liHTeHCIIBHOCTU nyqKa Ha Bb!COKIIX 

CBeToaoii BbiXO.Ll H3 cun:HTIIJIJIHTopa onpen~nsteTcst, c O.LlHOi'I cTopoHbiJ noneii 

8Heprn:H, ITOTepHHHOll B HeM 'l8CTiiUeii, C .zipyroii CTOpOHbl-8cPcpeKTHBHOCTbiO CUIIHTH1l-

nstTopa n era npo3pa<IHOCTbJO K cneKTpy nJOMHHecueHunn. YnenbHbJe noTepn snep-

rnH .LlllSI CllO}KHbiX BewecTB, COCTOSILUHX lld UeCKOllbKHX 8JieMeHTOB 1 MOryT 6b!Tb 

ITOlly<IeHbi nyTeM C1JO}l{eHHSI y n enbH biX "noTepb aHeprnn B Ka)K noM ll3 81leMeHTOB 1 

BXOLI.5!LUIIX B COCTBB aT oro aewecTBa /npaBHno Bpsrra · 
8 I 

d£ 4r.eli z [:n,ZL[en 2.m ~2c 2 · 
- fz] clJC mp~cz I, (1-pz) l 

3necb Z. 3apst.Ll 6oM 6apLI.rrpy 10 weii qacTIIUhi, pc - cKopocTb 6oM6apnrrpy1oweii 

qaCTHUbi 1 - Macca 81leKTpOHa, Ia ,.. 3Bp5ILI. 81leKTpOH8, 11£ - "HICJIO 8TOMOB 

sneMeHTa ' B cM
3 

6oM6apnnpyeMoro BewecTBa, Z i 3apstn Hnpa sneMenTa 

i , Ii- cpe.aHHii noTeHuHan B036y)i<neHnst sneMeHTa i. 

3necb .P - ITllOTHOCTb BeweCTBa, 

Ai.- aroMHbiii Bee sneMeHTa i 
o{ i - nonst sneMeHTa t, 

. . 3 
no aecy B 1 .eM , 

N - qncno Aaoranpo. 

ijJISI ITJIBCTHqecKHX CUHHTHJillSITOpOB Ha OCHOBe ITOllllCTHpona: 

dE 
ofx 

- 16,8 . 10~ - flz. [ t.J, 7 +2 en ~ - 13
2

7 
. · 1-p I J 
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I. 

11 rntnl 11 tJj 
Pnc. 2. JaanenMoeTb saeprnn,TepHeMoA npoTOHOM B nnaeTuqeeKOM 

euHHTHnnHTope TOnWHHOH 1 eM,OT 9HeprHH DpOTOHOB. 

H a pne. 2 noKaaaHa aaanerrMoeTb 3Hep:uu, noTepHHHoA npoToHoM a nnaeTMae

ee Tonwuaoii 1 eM 1 OT 3Hepruu npoToHa. ,iloneii aHeprun, nowe.uweii Ha H.nepHhre 

B3aHMO.aeiieTBHS1 1 DpH TaKOH TOnWHHe aeweeTBa MO)KHO npeHe6peqb• 8cpqJeKTHBHOeTb 

. ""' npeoopaaoaaHHH nornoweaHoii aaepruu B eaeToayiO Mom:eT aaaueeTb oT aHeprun 

9 na.:raiOWHX DpOTOHOB H HX IIHTeHeHBHOeTH. no .aaHHb!M paOOTbi nponopuHOHanb-

HOeTb Meih:.:XY BbiXO.:XOM niOMHHeeueHUHH H MOWHOeTbiO .ll03bi HOHH1Hpy10Wero H3-

nyqeHUH eoxpaHHeTeSJ .llnH nnaeTMaeeOBb!X eUUHTH.TinHTOpOB DO KpaiiHeA Mepe Jio 
6 apr u 

10 o npu TOqHoeTH H3MepeHUll DOpSI.llKa 10% acpcjJeKTaMH yMeHbUJeHHSI r.eeK 

Bhrxo.ua n .aononHHTenhHhiM nornoweHrreM .eo6eTBeHHOH niOMUHeeueaunn oT noapem:ne· 

HliH euHHTH1111S1TOpOB oonyqeHHeM MO)KHO npeJteopeqb BDnOTb !10 ooweii ./:103bl 

0 8 . ' 
3. 1 aprlr. MOWHOCTb .ll03bi oonyqeHHSI npn OOMoapnnpOBKe MHUJeHH HMnynbeOM 

qaeTnu, paaao:-.tepHo paenpe.aeneHHhiX ao apeMeHn, onpe.aenSJeTe51 eooTHoweaneM: 
-II. 

'7'\ =1,6·10 A£ N 
~ ·ec-cy 

3neeb A E aaeprng B sa, BbinenHeMaH npoToaoM a aeweeTae MHJ.lleHn
1 

AI -

queno qaeTnu B nMnynbee, ~ - apeMSJ, aa KOTopoe nyqoK nonanaeT Ha MnweHb
1 

~ - Bee oonyqaeMOH qaeTH euHHTHnnHTOpa • 
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VIa KJ;>HBoA pHc. 2 cnenyeT, 'ITO npu sueprnn npoTouoa 6onbweA """ 500 M sa, 

B8nH'IIlH8 8He PrHH, TepHeMoii B nnaCTI!'IeCKOM CUIIHTI!nnHTOpe onpe::reneHHOH cTOniUIIHbi, 

cna6o aaBHCHT OT SHeprHH uanaiOIUeH '18CTHUhl. OnpenenHM MOIUHOCTb noah! B STOM 

niianaaoue SHeprHii. EcnH TOniUHHa CUHHTHnnHTOpa B HanpaBneHHH ny'!Ka 1 CM, Bpe:

MH nopanaHHH ny'IK8 H8 MHWeHb B yKaaaHHOM niianaaoue sneprllii 1 MeeK, TO 

npii paaMepe y'lacTKa pa6oqeif MHWeHH, o6nyqaeMoro ny'IKOM, 4 eM 
8 

no BbiCOTe H 3 CM no paniiycy ,. !lpll HHTeHCHBHOCTH 10 npoTOHOB, MOLUHOCTb noah! 
5 spr 

B HMnynbce : 3"10 o npu T8KOH MOIUHOCTH· noabl BbiXOn CBeTa npHMO npo-
r.ceK 

nopuHOHaneH · SHeprHH 0 BhineneHHOii '18CTHUeii B CUHHTHnnHTOpe. TaK K8K HMnynhCI>I 

cnenyiOT C '18CTOTOH OnHH paa B 12 ceK, ST8 aaBHCHMOCTb COXp8HHeTC5! Ha npOT5!-

/ 10
6 . · 1 n >KeHIIH nnHTenbHOro BpeMeHH ""'" UHKnOB YCKOp8HHH • poapa'IHOCTb nnaCTH-

7 
'!eCKHX CUIIHTIInnHTOpOB K C06CTBeHHOH niOMHHecueHUHH BenuKa , nOSTOMy nOTepeii 

CBeTa B TOniUHH8X ...., 3 CM MO>I<HO npeHe6pe'lb. 

VIa cKaaaHHOro en en yeT, 'ITO nnaCTH'IeCKHe CUHHTUnn5ITOpbl MO>KHO npuMe-

HHTb nnH Ha6niOneHIIH aa OTHOCHTenbHhlM HaM~HeHHeM HHTeHCHBHOCTH lly'IK8 B o6-

naCTII sHeprHii cBhiwe 500 Man. AMnniiTyna cnrHana B aToM cnyqae c TO'IHOCTbiO 

-·no 20% 6yneT nponopunoHanbHa 'IHC.Tif 'laCTHU, npuu:enwiix Ha MIIweHb, no Kpaiiueii 
9 . . 

Mepe 1 no IIHTeHCHBHOCTH 10 '18CTIIU B I!Mnynbce. 

2. nepena'la. CBeTa OT MHWeHII Ha cPOTOKaTOLl yM.HO>KHTenH 

Bbi6op ciJopMbi H RaaMepoB MHweun onpenenHeTCH ycnoBHHMU sKcnepuMeHTd. 

Mnwenb noMemaeTcSt a BaKyyM 11 MarHHTnoe none, T.e. B TaKHe ycnoann, Kyna 

Te.XI-~II'IeCKri Heyno6uo nOMeCTUTb cPOTOYMHO)!(HTenb. nosTOMY cPOTOYMHOi!(IITenb npu

XonHTCH pacnonaraTb a oKue aneKTp'oMarunTa cuuxpo¢aaoTpoua. Pacnpeneneune 

M8rHHTHOrO nonH B OKHe npH paanH'Illb!X 3Ha'leHHHX HanpH>KeHHOCTII MarHHTHOrO 

nonH a aaaope MarHHTa noKaaaHo na puc. 3. 

Bunno, 'ITO cymecTayeT o6nacTh na paccTOHHHH 2,4-2,7 MoT uenTpa Marnii

Ta, a KOTopofi auaqeuiie MarHIITHoro nonH ue npeBhiwaeT 200 apcTen a Te'!eniie 

acero UHKna ycKopeunH. B aTo:ii o6nacTH noMemancH aamiimeuuhiH OT neiicTBHH 

MarnHTHoro nonH ciJoToyMHO>KHTenh. Cnoco6 aKpaHIIpoBKH <P3Y oniicau HII>Ke. 

B Tex cny'laHx, Korna paaMepbi MIIweuu Manhi, c6op caeTa c nee Ha cPOTo

KaTon yMHO){<HTeng nponaBOD.HnCH C nOMOIUbiO CBeTOBO.llOBo flng STOii uenn npiiMe-

·., 
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PHc. 3. PacnpeneneaHe aanpHmeaaocTH pacceHHHoro MarHHTHoro ll01lH B 

H811p8B1l8HHH panHyca B OKHe M8f'HHT8 11pH ~831JHqHhlX 3HaqeHHHX 

ll01lH B pa6oqefi o6nacTH, no OCH a6cinicc YKB3anb paccTom-iHe OT 

ueaTpa pauoqeil o6nacTH MarnHTa, 

Hfl1lHCb Kpyr'1lbl8 1101lHpOB8HHbl8 CTep)KHH H3 ll1leKCHf'1l8Ci'l, 0ftU O'IeHb Yll06Hbl B o6pa-

1U8HHH, XOpOWO Il01lHpy!OTCH, H U3rrt5aiOTC.II 1 t~TO !103BOTIHeT llpH.U8Tb CB8TOBOllY .ryro-

6yiO cpOpMy. npo3p8'-IHOCTb T8Ii:l!X ~T'HJ)f{Heii K CBeTy 1l!OMHH8CU8HHU CUHHTH1l1lHTOpa 

3asncHT oT copTa nneKcHrnaca. HaH6onee no.uxoaHll!HM c aTofi ToqKH 3peHHH HBnH

eTcH aBHBUHOHHbiii nneKcHrnac. B oT.uenbHbiX cny'Iastx npHMeHH1lHCb cseToBO.Ubl .unn

aofl 2 - 3 M. M Hweab H3f'OTOB1lstnacb H3 MaTepHana, npo3pa'Inoro K co6cTseaaoii 

1l!OMHH8CU8HUHH /aanpHMep, 111l8CTH'I8CK0f'O CUHHTH1l1lHTOpa/, 0nTH'I8CKHii KOHT8~T 

M8)1(.[{y MHW8Hbl0 H CB8TOBO.[{OM CO::Oll8B81lCH C llOMOlllbiO TOHKOf'O C1l0st, B8381lHHOBOf'O 

Macna. C6op cseTa c noMOI.UbiO cBeToso.ua HBnHeTcH aaH6onee acpcpeKTHBHbiM, TaK 

KBK B 9TOM' cnyqae B81lHK T81l8CH bill yf'01l, IlOll KOTOpbiM TOpeu CB8TOB0.[{8 BH.[{eH 

H3 111060ii TO'IKH MHW8HH. 

C6op cBeTa c MHweaeii 6onbWHX pa3Mepos ocymecTB1lH1lCH c noMOll!biO onTH

qecKoii CHCT8Mhl, BaKyyMHaH KaMepa CHHXpocpa30TpOH8 HMeeT OTBepcTH~ BO BHyTpea-
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nei'I u BHewnei'I cTenKax, pacnono~Kennbre npyr npoTIIB npvra. 4epe3 onHo H3 aTIIX 

OTBepCTIIH BHyTpb BaKyyMHOH K8M8pbl BBO::IIInacb MHW8Hb H3 CUIIHTif.'I.'H!TOpa, ..QJHI 

TOI"O, 'IT06bl co6paTb CBeT C MHW8HII Ha cpOTOK8TOLt YMHO>KHTenH, pacnonO)K8HHblli 

B o6nacTH MHHIIManbHOI"O M8I"HHTHOI"O nonH1 K npOTIIBOnonO>KHOMy OTBepCTIIIO 

qepe3 nneKCII!"naCOB08 OKHO TipHC08LtHHHn8Cb OTITII'l8CK8H CIICT8M8 /pUC, 4/, nono-

)K8HII8 MHW8HII l\IO)I<eT H3MeHHTbCH B npenenax pa6oqei'I o6nacTII cnnxpocpaaoTpona 

/:t_ 70 CM OT U8HTpa K8M8pbr/1 ll08TOMY OTITH'l8CK8H CHCT~Ma LtOn)KH8 nepenaTb C 

MliHHManbHbi\1H llOT8pHMH B8Cb TIOTI8Lt81011..1HH B Hee CBeT H8 cP0TOK8TOLl YMHO>Kl!Te-

.rur npH 1:o6o:-..1 nono;rc~HHII :-..1Jt:.ucHl!, ,;]1l1 "'-'1"1'1T-I! :'1~1 3T:rx Tpe6oBaHJII1 ObiJ'ta npHMe

rH~Ha Lll3J;,.lllfl,3'1i33.H KO:-i,ll8HCOpHaH Or!JH'IOCii:a>: CHCT8Ma, nony'IHBW8SI H83B8HH8 "'CHCTe-

6 '" 10 0 u Mbl C TipOM8)KyTO'IHbiM OTO pa)K8HII8M • TITH'l8CK8H CX8M8 8TOII CHCT8Mbl II XOLt 

nyqei'! nnsr nByx Kpafiniix nono>Kenni'! MIIwenii npencTaBneHbi na piic. 5. Llnsr nonyqenn, 

/ I / 

// J/ 1/ 
I 

/ . 

2700 

PHc. 4. OTnocHTenbnoe pacnono>Kenne onTII'lecKoil cHcTeM bl H H3MepH-

Tenbnoii MIIW8HH H8 KaMepe CHHXpocpa30TpOH8, } - OTITH'l8CK8SI 

CHCT8M8, 2 - H3MepiiT8nbH8SI MHW8Hb, 3 - CMOTpOB08 OKH0 1 

4 - aaKyyMnasr KaMepa, 5 - MarnnT. Ha pHcynKe yKaaanbr 

KpalinHe nono>KenHsr M Hw enH. 
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Pn:c. 5. 0nTH'IeCK8SI CXeMa KOH.lleHCOpHOH CHCTeMbl H XO.ll 1Iy'leii 

.ll1ISI .llBYX KpafiHHX ll01IO)KeHHH MHWeHH 0 

.uocTaTO'IHoii ceeTocn:1Ihi · cn:cTeMhi .un:aMeTp 1IHH3hi 11., Bhi6paH MaKCHM81IhHO eoaMo)K· 

HhiM 1 8 HMeHH0-210 MM npH cPOKyCHOM paCCTOSIHH~ ~300 MM. ll1IH TOro .q;06bi yc110~ 
' ; '. ' ·. 

BHSI npoXO)K.lleHHSI CBeTa qepe3 CHCTeMy OCT81IHCb HeH3MeHHhiMH npH p831IH'IHhiX 

U01IO)KeHHSIX MHW9HH 1 Heo6XO.llHMO, 'IT06hi 1IHH38 /11. He orp8HH'IHB8118 npoXO.llHUlH:li 

qepe3 Hee CBeTOBOH UOTOK npH BCeX npoMe)KyTO'IHhiX U0110)K9HHHX MHW9HH. 3TO .uo

CTHraeTCH COOTBeTCTByiOUlHM Bhi60pOM .llH8M9Tpa 1IHH3hl Jlz • TaK K8K 3T8 1IHH38 

.ll01I)KH8 6biTb KOpOTKOcPOKyCHO:li, TO, HCXO.llH H3 pa3yMHOro COOTHOW9HHH .llH8MeTpa 

H cPOKyca, ee COCTaBH1IH H3 .llBYX 1IHH3 1 K8)KJ;l8H H3 KOTOpbiX HMeeT .llHaMeTp 

75 MM H cPOKYCHOe paCCTOHHHe 100 MM. npn: 3THX napaMeTpax OUTH'IeCK8H CHCTeMa 

o6ecneqn:eaeT nepe.uaqy ceeTa 6ea noTepb c noeepxHocTH Mn:weH~.llHaMeTpoM 

250 MM 1 H8 cPOTOK8TO.ll yMHO)KHTe11Hr .llH8MeTpOM 35 MM 1 npH U01IO)KeHHH MHWeHH 

1200 MM- 2600 MM OT nepeo:li 1IHH3hle B K8>K.ll0M ll0110)K9HHH MHWeHH CBeT, HC

XO.llHUlHii H3 K8)K.UOH _TO'IKH MHW9HH, paBHOM:epHO OCBemaeT 1IHH3y ./If 1 ll03TOMy 

llOBepXHOCTb cPOTOK8TO.ll8 6y.ueT OCBemeHa T8K)Ke paBHOMepHO. 3To ll03B011HeT 

HCK1I~'IHTb B1IHHHHe HepaBHOMepHOCTH 'IYBCTBHTe1IbHOCTH llOBePXHOCTH cP0TOK8TO.ll8. 



3MO:>K· 

ycno,..., 

, .a. o-

a 

MeTpa 

reM a 

H 

18. 

13 

.TlaH3bl II3T'OTOBJI9Hbl II3 OIITI1'I9CKOT'O CT8KJI8 MapKH K-8, KOTopoe XOpOWO rrporrycKa

eT CB8T JIIDMHHBCUBHUIIII CUHHTIIJIJIHTOpOB. KOHCTpyKTHBHO CIICTeMa o6~BLI.HHBHa 

B CBBTOHBIIpOHliU88MblH 6JIOK 1 CO'!Jl8HHIDW:HiiCH C 6JIOKOM cpOTO.YMHO:>KliTBJIH. ilJIH TOT'0 1 

'IT06b! CKOppeKTHpOB8Tb BJIIIHHH8 a6eppaunii: U TOJIW:HHbl JIIIH3, IIOJIO:tKBHUB JIIIH3bl f1z 

MO:>KBT l13MBHHTbC5l OTHOCHTBJibHO Jll1H3bl Jl 1 IT ciJOTOKaTOLI.a YMHO:>KHTB.TI5! B rrpe.a.e-

118X ±_ 20 MM • 

Puc. 6. OrrTwrecKaH crrcTeMa c 6noKoM cpoToyMHO:tKIITenSI. 

Ha pUC. 6 LI.aHa qJOTOrpacpHSI OIITH'IBCKOil: CHCT8Mbi C 6JIOKOM ciJOTOYMHO>KHTBJISI. 
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3. CxeMa c}:loToyMHO>IOITenn 

CBeToBoli curHan, HanyttaeMbiH MHllleHbiO n.on neiicTBHeM nyttKa, perHcTpupyeT

cst cpoToaneKTpOHHbiM yMHO>KHTeneM. cPoToyMHO/I<HTenb non>I<en pa6oTaTb B pe>l<u

Me, o6ecnettHB810illeM 6onbWYIO 'IYBCTBUTenbHOCTb npH ManOM ypOBHe WyMOB II B03-

MO>I<HOCTb nepena'IH CTpyKTypbl CBeTOBOrO CHrHana 6ea UCK8>K9HHH. npH aarpy3Ke 

cPOTOyMHO>I<UTenst HHTeHCHBHblMH CBeTOBbiMH CHrHanaMH. OH non>l<eH COXpaHSITb nHnefi

HOCTb no B03MO)J<HO 6onbWHX B~nH'IHH CHrHanOB. 

B paccMaTpHsaeMoii CHcTeMe Ha6niOneHHH aa ny'IKOM npnMeHstlHICb c}:loToyMno>KuTe

nH ¢3Y'-19 H ¢3Y'-25. CeoifcTsa ¢3Y'-19 cneuHanbHo HccnenosanHch npuMeHHTenbHO K 

ycnOBHSIM HX HCIIOnb30B8HHSI Ha CHHXpOc}:J830TpOHe. cPOTOyMHO>I<UTenH ¢3V-25 HCIIOnb30-

BanHCb B Manora6apHTHoA annapaType, a TaKme B cnyttaHx perHcTpauuu UHTeHcHBHhlX 

CBeTOBbiX CHrnanos. 3neKTpHtt9CK8SI CXeMa cPOTOYMHO>KliTenSI IIOK838ll'l 118 puc.7. 

CHrHan C c}:JOTOyMHO>I<HTenst nonaeTC.SI H8 K8TOnHblH IIOBTOpHTenb 1 KOTOpbiii co6pan 

IIO CXeMe 1 nponyCK810IlleH 6ea HCK8)J<eHHH OTpHU8T9nbHbiii CHrHan C 8MIInHTynoif 

no 100 B. T.fTOfibi o6ecne'IHTb nHH9ifHOCTb Me>l<ny BbiXOnHblM cnrHanoM H nana10-

~.~~~t~r 

¢951- ~91'1 

-2/K)() I' 

Puc. 7. CxeMa -c}:loToyMHO>KHTenst. 
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'lllHM CBeTOBhlM HMnynhCOM 1 HanpsPKeHHe H8 nocnei:lHHe K8CK8Llhl naeTCSl 6onhwee. 

'!eM HB npei:thiLlYLUHe. nonKniO'IeHHe 118 nocneLXHHe K8CK8Llhl eMKOCTeil YM9HhW89T 

CKB'IOK HanpH>I<eHHSI Ha HHX B MoMeHT npoxomneHHSI MOLUHhrx .HMnynhcon. 3KaeMnnH

phr ¢3Y' OTfiHpanHCh no MBKCHMBnhHOii 'lyBCTBHTenhHOCTH 1 MHHHManhHOMy ypOBHIO 

wyMoB H nHHefiHocTn aMnnHTYLlHOii xapaKTepucTHKn. Ha puc. 8 npuneneua aanucu

MOCTh Bb!XOLXHO!"O CHrHana tPOTOYMHO>I<HTeng npH Harpy30'IHOM CbnpOTHBneHJIH 

100 KOM OT ceeTonoro noToKa, .nanaiOmero Ha ¢oToKaTon, nnH npHronuoro u 

HerrpuronHoro 9K3eMnnSipa. H a ocu a6cuHcc oTnomeHa nenH'IHHa HMnynhcHoro cne-

TOBO!"O nOTOKB B OTHOCHTenhHhlX enHHHU8X 1 no OCR OpLlHH8T BenH'IHH8 CH!"Hana 

na BhiXone KaTonuoro non~opHTenH. Bn!IHO, 'ITO xopow ue o6pa3Uhl ¢3 Y nponycKa IOT 

6e3 HCKB>I<eHHH HMnynbCHbie TOKH r.O 500 MKa. 

UfJ'} 

Pnc. 8. 3aBHCHMOCTb BbiXOLXHoro cHrHana OT cneToBoro noToKa, nana10mero 
Ha cPOTOyMHO*HTEmb. 1 - nmt npuronHoro aKaeMnnSipa, 11 - nnSJ 

Henpuron 1:1oro SK3eMnnapa. KpHBbie CHSJTbi npH Hanpst>l<eHHH Ha 
cPOTOyMHO}f(HTene 1700 Bo 
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B paannqHbiX pe)KHMax cnHxpocpaaoTpoHa amiTenbHOCTb cneTOBbiX cnrHanoB 

MO)KeT H3MeHSITbCSI OT HeCKOI!bKHX MKCeK LlO COTeH MCeK. LJ:T06b! perHCTpHpOB8Tb 

STH CHrHaiibl 6e3 IICK8)KeHUH1 H8 BbiXOLle ¢3Y rrpe.r:iyCMOTpeHO H3MeHeHHe 3HaqeHUS! 

-7 . -3 RC OT 10 ceK LlO 10 cex. nepeKniOqeHUe R.C rrpoH3BOLliiTCH LlHCT8HUHOHHO c 

IIOMOIUbiO pene. Yl3MeHeHIIe R.C H8 BbiXOLl8 ¢3Y II03BOI!SI8T T8K)Ke IIOnyqaTb 

naHBbiroaHeiiwee OTHoweniie nenuqHHbi curnana K wyMy. 3To 6bmaeT Heo6xoaiiMO 

IIpH perHCTpaUHH Cna6biX CB8TOBb!X ,CHrHai!OB Ha ypOBHe WyMOB., o6yCIIOBI!eHHhiX 

IIOCTOpOHHHM CB8TOM B KaMepe CHHXpocpa30TpOHa. 

,UenHTei!b cp0TOYMHO)KHT9IISI llHTaeTCSI OT BhiCOKOBOIIbTHOrO BhiiipSIMHT8IISI 1 Ll8IO

IUero perynnpyeMOe HanpSI:>KeHHe LlO 2000 B., CTa6HIIH3HpOB8HH08 C TQqHOCTb!O 

LlO 0, 1%. qTOOhi YM8HbWHTb orpaHHqeHHe TOKOB Ha ll0CII8!1.HHX SMHTTepax ·n cny

qagx periiCTp8UIIII cpOTOyMHO)KUTeiieM HHT8HCHBHhiX CBeTOBh!X CIIrH8IIOB 1 Ll8IIHT8I!b 

YMHO)KHTeiiSI BhlOIIpaiiCSI TaKHM 1 qTo6hl TOK qepe3 Ll8IIHT8I!b 6hlii 3HaqHT8IIbHO 

OOIIbW9, qeM TOK qepe3 cpoTOyMHO)KHT8IIb; B STHX cnyqaSIX OH LlOCTHran 5 1\ta. 

lJ.IIH HIIIIIOCTpaUIIH Ha puc. 9 Ll8H8 THIIHYJH8SI OCUHIIJIOrpaMMa CHT'H3Jlll C q)OTO

yMHO)KHT8IISio B Haqane paaaepTKH auaeH HMnynbc oT qacTnu, He aaxnaqeHnhrx A 

Puc. e. OcunnnorpaMM8 cnrHaJia c cpOTOYMHO)I(IiTC!!H. BepXHHii JIY'I -ocuunnorpaMMa 

ycxopSIIOIUero n.•x. HanpSI)K8HHSI. HH)KHUii nyq - cnrnan oT qacTJru, cnepuys

w HXCst K BHyTp8HH8My KpaiO pa6oqejj OOJ18CTH. 
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ycKopeuHe H caepHyBWHXCSI ua MH:WeHh, pacnono:>KeuuyiO y BHyTpeuuero Kpa5I pa6oqeii: ·o6-

nacTH MaruH:Ta. BTopoii: nMnynhc o6ycnoaneu ycKopeHHhiMH 'Ia.cTnuaMn, caepuyawnMHCSI 

Ha MHW9Hh nocne BbiKniO'I9HH5I BbiCOKO-"l8CTOTHOJ"'O' Hanp5I:>K9HHSI. npn nccne.uona

HHH noTeph n ua'IanhHhifi nepHo.u ycKopeung 6brnaeT ueo6xo.uHMO ua6niOr:taTh Manhte 

H:MnynhCbi OT 'I8CTHU, Bblll8BW HX 1!:3 YCKOpeHH:SI 1 KOTOpbie cne.uyiOT Cpaay :>Ke nocne 

MOWHOI"O HMnynhC8 OT 'I8CTHU 1 Bbin8BW H:X TIJ)Il: 38XB8 Te. 3To 38Tpy .UH5I9TC5I TeM 

06CT05ITenhCTBOM 1 'ITO cpaay no.cne ·p"erHCTp8UHH MOIUHOI"O CB9TOBOI"O H:MnynhC8 3H8'III-. 

TenhHO yMeHhwaeTCSI 'IYBCTBH:TenhHOCTh qmToyMHO:>KHTeng H aoapacTaeT yponeHh my

MOB, M8CKHpyiOUlll:X none3Hbii\: CHI"Han. qT06bi o6oi\:Tn aTy Tpy .UHOCTh 1 Hanp,5I:>K9HHe Ha 

.uenHTenh cpoToyMHO)KHTeng' no.uaaanoch~HMny.Tibcuo. B MOMeHT npHxo.ua Momuoi\: aa-
. . 

CB9TKH cpOTOyMHO)l{HTenb pa6oTaeT npH Hanpg:>KeHHH 600 B, nocne np~XO:>K.[l9HH5I HM-

nynhC8 uanp5I:>KeuHe pe3KO aoapacTaeT .uo 1800-2000 a. CxeMa HMnynhcuoro •nHTa

HHSI cpOTOYMHO:>i{HTeng UOK838HB H8 pHC. 10. B U9llh BbiCOKOBOnhTHOI"O HCTO'IHHK8 

·' 

PHc. 10. CxeMa HMnynhcHoft no.ua'IH BbiCOKononhTHoro uanp5I:>KeHB5I 

Ha cpOTOyMHO)KHTenh. 
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nHTaHHR nocneaoBaTenbHO c aenHTeneM cpoToyMHO*HTensr BKmo'ieaa perynHpyromasr 

naMna /13. • K MOMeaTy MOII.{HOH CBeTOBOll 3arpy3KH cpOTOYMHO)KHTeng Ha ceT-

Ky STOll J18Mn.bi noaaeTCR OTpHUaTeJibHblll HMnyJibC1 reaepHpyeM bill MYJ1bTHBHOp8TOpOM 

I /11 I. l1Mnynhc, 3anycKaromHft MynhTHBHopaTop, CHHXpOHH3oBaH c MarHHTHbiM no-

neM ycKopnTensr H Mo)KeT ObiTh noaaii Ha ceTKy J!1 B nroooft MOMeHT UHKJ18 YCKO-

peHHR. ¢pOHT HapaCT8HHR BbiCOKOro HanpR)KeHHR H8 aennTene cpOTOYMHO)KHTensr 

1 MeeK. YpoBeHb BbiCOKoro Hanpsr*eHnsr MomeT perynnpoeaTbCR nyTeM It3MeHe

HHR Hanpg)KeHHR CMell.{eHHR Ha ceTKe /fJ 

KaK .yKa3biBanocb Bbiwe, npn paooTe a cHcTeMe HaonroaeHHR 3a ny'IKOM cpoTo

yMHo~Tenh pacnonaraeTcsr B oonacTn paccesrHHoro MarHHTHoro nonsr ycKopnTensr 

.~. 200 apcTea. HopMaJibHasr paooTa cpoTOYMHOX<IITenn B03MO*Ha npH nonsrx, ae 

npeBbiW8lOll.{HX 0,4 apcTeaa, n03TOMY npeayCM8TpHB8J18Cb 3Kp8HHpOBKa cpOTOyMHO)KH

TeJIR OT Jl8HCTBHR MarHHTHbiX noneft. 3Kp8HHpOBK8 ocymecTBJ1RJ18Cb C nOMOll.{blO 

Tpyo .H3 CT8J1H 3, BHyTpb KOTOpbiX UOMemaJICR cpOTOYMHO)KHTeJib • .QnR nonytieHHR 

~oacpcpHuneHTa aKpaHnpoaaHHR ,.., 1000. npHMeHRnHch MHorocnoiiHbie aKpaHbi. PactieT 

.llH8MeTpOB H TOJ111IHH 3Kp8HHpyiOll.{HX Tpy6, paCCTORHHR Me*.llY HHMH npOH3BOLlHJ1CR 

11 
no cpopMyne ;'tt 

rt=zR I 

rae ''1, - KoacpcpHUHeHT ~K.p8HHpOB8HHR OLlHOll CT8JlhHOll T·pyobi 1 }1 M8rHHTHBR 

Up0HHU88MO~Th, t TOJ1ll.{3H8 Tpyobi, R - aapy*Hbiii paauyc Tpyobi. 

.Unn MHorocnoiiHoro aKpaHa: 
ltD 

·7,.::. ~1·1[,~:· ···'Z,.····'ln , rae 'tx - Koacp-

,cpnuHeHT. aKpaHnpoBaHHR Ka*.uoro cnon. Ha.ue*HOCTh aKpaHHpOBKH cpoTOYMHO)KHTenB 

.oT MarHHTHoro nonn npoaepnnach aKcnepnMeHTan_hHO. 

4. l1H.llHK8UHR ny'IK8 M8J10ll HHT8HCHBHOCTH Ha BhlCOKHX 

3HeprHRX 

npH nepBOH8'18J1bHOll H8Jl!:i.llKe pe)KHMa ycKopeHHR Kpai!He 'aa)KHO HM8Tb H8Jl8)K

HYIO HH.llHK8UHIO, U03BOJ1RIOiityro cneaHTb 38 OTHOCHT8J1bHbiMH .H3M8HeHHRMH HHTeHCHB

HOCTH, nOJI0)KeHH8M H p83MepaMH nytiKa H T.n. 3TH H80J1lO.lleHHR UpOH3BOLlHJ1HCb C 

UOMOll.{biO CUHHTHJIJlRUHOHHbiX MHWeHeft, pacnOJIO)KeHHbiX y BHyTpeHHero Kpasr paoo

'lefi oonac-Tn. ria pnc. 11 aaHa ocunnnorpaMMa cnrHana c TaKoft MHWeHH oT nytiKa 
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PHc. · 11 ~- OcuH.rmorpaMMa cHrHana c· MrruieHrr, pacnono'iKemwfi y BHyTpeHHero · 

Kpag pa6oqeft o6nacTrr MarHHTa. 

qacTHu, ycKopeHHbiX ao KOHeqHofi au eprnrr H c Bepuy-l3umxcg . riocn.e BbiKn roqeurrg 

BbiCoKoqacToTuoro uanpg~eung ua MHJ?_eHh,: YI3Mepgs· rriiTepBan BpeMeun oT MoMeu'J'a 

BbiKnroqeHH9 . Bb!COKoqaCTOTHOI'O . Hanpg:iKeHH9 JJ.O HOHB.TI8H~g HMITynbC8 H JJ..TIHT8nb

HOCTb HMITY.TibCa, M02KHO onpeaen~Tb COO;B~TbTB~HHO paJJ.Ha_nbH08 llO.TI02K8HH8 nyq

K8 B KOHU8 YCKOp8HH9 H ero paJJ.H8.TihHbiM pa3Mep. Yf3M8Hgg BepTHK8.Tibli08 nonome

HH8 MHweHn MO)KHO onpeaenHTh nonomenrre nyqKa no. BepTrrKanrr rr BepTrrKa.TihHbrfi 

pa3Mep nyqK:a. AMH.TIHTyJJ.a perHCTprrpyeMoro .crrrnana aaeT ·npeacTaB.TI8HH8 o6 HHTeH

CHBHOCTH yCKOp8HHOI'O~yqKa. 

qT06bi yBenHqHTh qyBCTBHT8.Tibli.OCT~ perrrcTprrpyroruefi. CHCT8Mbi nprr pa6oTaX 

C nyqKOM M&.TIOM HHT8HCHBHOCTH Ha. 6o.TihlUHX au.eprngx, aToT nyqoK nepBouaqanhHO 

HanpaBn9n~g ua paaHaTop H3 Tgmenoro BeruecTBa. B pe3ynhTaTe. gaepHbiX B3arrMo

aeficTBrril: _B B8IU8CTB8 o6pa3ylOTC9 MHOI'OqHC.TI8HHbi8 BTOpilqHbi8 qacTHUbi, B TOM 

qrrcne qacTHUhl Manhlx aHeprrril:, KoTophle 6onee a~~eKTHBHO perHcTprrpyroTcg 

CUHHTH.TI.TI9TOpdM. CxeMa TaKOM MHlll8HH npHB8JJ.8Ha Ha prrc. 12. nocKO.TihKY B T92K8-

.TIOM B8l.U8CTB8 npH OJJ.HH8KOBbiX I'80M8TprrqecKHX p83M8pax JJ.O.TI9 qacTHU, HCllbiTaB

lllHX 9JJ.8pHbi8 B38HMOJJ.8MCTBH91 6onbW8, qeM B cnyqae .TI8I'KOI'O B8IU8CTBa, H B 
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PHc. 12. · CxeMa rvtumeau LtllH HHLtHKauuii Ha BbrcoKHX aHeprrn1x. 

PHc. 13. M HW8Hh Ltmi perHcTpaunn MaJIOHHTeHciiBHhrx r(y'-IKOB '-IaCTHU 
BhlCOKOA 3HepriiH. 



21 

K8rK.[lOM 8KTe H.U9pHOrO B381IMO.Ll9HCTBIIH oopa3yeTCH 00JlbW99 KOJ1H:'I9CTBO BTOpHq

HbiX 'I8CTHU, B K8'I9CTBe p8.UH8TOpa ObiJlH HCnOJlb30B8Hbl ·opyCKII CBIIHU8 1 TOJllUIIHOll 

2 eM B HanpaBJ19HHH nyqKa. CyMMapHaH Tonmrma CBHHUa B HanpaBJleHHH nyqKa co

CTaBnsna 8 eM. 

Dons qacTHU nepBH'IHoro .ny'IKa, HCUbiTaBwHx s.uepHbie B38HMo.ueitcTBHH, onpe-

12 
.Ll9J1SI9TCH COOTHOW9HH9M 

r.ue X 

npOTOHa B 

2 
TOJllllHHa BemecTBa B rlcM , 

. . 2 
BemecTBe B rlcM • 

il, c - cpe.uHHH .UJlHHa cBooo.uHoro npooera 

npll OOJlbWIIX SHeprH.IlX npOTOHOB .[lJlH CBHHU8 :£c.= 164 rlcM
2

• npn CYMMap

HOll TOJllUHHe C~:!>HHU8 8 CM 43% nepBH'IHOrO ny'IK8 HCnbiT8IOT H.U9pHbl9 B38HMO.[l9HCT

BHH • .Uns Toro, 'ITOObi scpcpeKTHBHo perHcTpH:poBaTb BTopn'lHbie 'lacTHUbi Manoit 

SH9prHH 1 M9:lli:.UY CBHHUOBbiMH opyCK8MH noMemeHbl opyCKll CUHHTllJlJlHTOpa. TaK K8K 

cpe.uH BTOpH'IHhlX npo.uyKTOB s.uepHhlX B38HMo.ueitcTBnit HMeeTcH oonbwoe Konnqe-

12 
CTBO M9.[lJ19HHbiX H9HTpOHOB C SHeprneit .UO 100 M SB .UJlH perHCTp8UHH HX 

no npOTOH8M OT.[l8'III B K8'l9CTB9 CUHHTHJlJlHTOpa ObiJlO BbiOpaHO BO.UOPO.LlOCO.Uepx<a..,. 

mee BemecTBO lnonHCTHpon c TepcpHHHJloM I. 

t{TOObi MHW9Hb .Ll8B8Jl8 BbiHrpbiW B9JlH'IHHbl CB9TOBOrO CHrH8Jl8 H8 K8:lli:.[lblll 

na.[l8IOlUHll npOTOH 1 H900XO.UHMO Ooecne'IHTb npOXO:lli:.U9HHe nOJlHOll TOJllUHHbl MHW9HH 

nepBH'IHOit qacTHueit. T aK KaK war cBepTbiBaHHH nyqKa 3a ooopoT B Koaue ycKope-

-3 
HHH M8Jl /,.., 2• 10 CM;, TO CT8HOBHTCH CyiUeCTB9HHbiM BJlH.IlHHe nepeKOCOB MHW9Hlf 

OTHOCHTeJlbHO paBHoBecHoit opoHThl • .Uns yBeJlH'leHHH wara ceepThlBaHHH npn nona.ua

HHH ny'IK8 Ha MHW9Hb K Kp8IO MHW9HH ObiJ18 npHKpenneHa M9T8JlJlH'l9CK8H nJ18CTHH

K8 /"cpna:lli:OK" I, BbiCTynaromas Ha HecK.OJlhKO MHJlJlHMeTpoe 38 MHW9Hh no Hanpaene

HHIO p8.UHYC8 B bTOpOHY K p8BHOB9CH0ll OpOHTe lpHCo 121. t{TOOhl paCC9HHH9 nepBH'l-

eo "cpna:lli:Ke" ObiJlO HeeenHKO, oH H3roToeneH H3 anroMHHH.Il, Ceopa'IH-

B8IOlUHllCH ny'IOK nepBOH8'I8JlbHO nona.uaeT Ha "cp118:lli:OK" H Tepse•r B H9M SHeprHIO 

A£. , BCJ19.[lCTBHe STOrO war CB9pTbiB8HHH YB9JlH'IHB89TCH .UO B9JlH'IHHbl 

~ AE 
~t :.. 

~2 (t-n} E 

r.ue E. - nonHaH .aHeprHH 'laCTHUbi 1 

R - pa.uHyc paBHoeecHoit opoHTbr, 

CB9T8o 

n - nOK838T9Jlb cna.ua MarHHTHOrO nOJlH 1 

(J - OTHOW9HH9 CKOpOCTH 'l8CTHUbl K CKOpOCTH 
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Pacnpe.aeneaHe nailaroruHx qacTHU c aaeprHeil: 9 Bas no MHweaH B aanpas

neHHH pa.aHyca npH TonruHHe "¢na2KKa" 1,5 MM noKaaaao aa pHc. 12. Tonrurma 

"cPna2KKa" no.a6Hpanach aKcnepHMeaTanhHO. lJTo6hr aa.ae2Kao nepeKphiTh sepTHKanh-

Hhiil: paaMep nyqxa, . .aa2Ke B cnyqae HCKa2KeHHH cpe.aaeil: nnocKociH MarmrTaoro no-

JIH /nnocKOCTh, r.ae H~=O I , paaMep MHweaH no BhiCoTe BSHT paBHhiM 10 eM. 

(; 

C6op CBeTa C MHWeHH ocyruecTBJIHJICH npH noMOIUH OnHCaHHOH BhiWe OnTH'IeCKOH 

CHCTeMhle .BpyCKH CBHHUa H CUHHTHJlJIHTOpa HB6HpanHCh B o6oil:My, BHyTpeHHHH noBepx

HOCTh KOTOpoil: C.l:(eJiaHa aepK8JlhHOH 1 'IT06hl. OTpa2KaTh CBeT B CTOpOHy OnTH'IeCKOH 

CHCTeMhle cf>oTOrpa¢HH MHWeHH, npe.aHaSHa'IeHHOH .l:(JlH perHCTpaUHH Ma.riOHHTeHCHBHhiX 

ny'IKOB 'IaCTHU BhiCOKOH. 9HeprHH, .a aHa Ha pHC. 13. 

3aKJIIO'IeHHe 

OnHcaHHhril: MeTo.a 6hiJI paapa6oTaH B 1954-56 r.r. H yc.newao npHMeHHJlCH 

B pa6oTax no aana.axe pe:>KHMa HH:>KeKuHH, pe2KHMa ycKopeHHH1 B pa6oTax no noshrwe

HHIO HHTeHCHBHOCTH YC':J<OpeHHOro nytiKa H T.n. YBeJlH'IeHHe HHTeHCHBHOCTH ny'IKa nd:I

BOJIHJIO npHMeHHTh MeHee 'IYBCTBHTeJlbHhie cnoco6hi Ha6nro.a'eHHSI 1 TaKHe KaK CHrHanh-

. 13 . . rl-. '"'"' 14 B -Hhie. aneKTpO".l:(hl 1 pa3JlH'IHhie MO.l:(H't'HKaUHH UHJIHH.l:(pa '"i"'apa.aesr H T.n. HaCTOHIUee 

BpeMH CHCTeMa aa6nro.aeH:HH npHpnoco6ne.aa K ycnoBHHM aKcnnyaTaumr cHaxpo-

cpaaoTpoaa H .aaeT B03MO:>KHOCTh KOHTpOnHpOBaTb :"iiapaMeTpbi ny'IKaJ HH:>KeKTHpye-

MOrO B KaMepy, SaXBaT IJB nepBOM aTane HH:>KeKUHH, saxBaT B pe:>KHM YCKOpeHHH, 

npouecc ycKOpeHHH nyqKa H napaMeTphi BTOpHti:HhiX ny'IKOB, BhiBO.l:(HMhiX H3 KaMephi 

CHHXpo¢asoTpoaa. 

n 

ABTOphi nonoayiOTCH npe.aocTaBHBweil:csr soaMO:>KHOCThiQ, 'IT06br BhipaaHTh 

npHaaaTenhHOCTh aKa.aeMHKy B.H.BeKcnepy H npocp. B.A.neTyxosy sa ueHHhie ' 

o6cy:>K.aeaHsr npH BhmonaeHHH .aToil: pa60Thr, a TaK:>Ke B.H.Byn.aaKoBcKoMy,. A.H.Kpro

KoBy H M • .Q.EpwoBy, npo.aenaBWHM 6onowyro pa6oTy no aana.aKe ycTpoil:cTB H cxeM 

CHCTeMhi aa6JIIO.l:(eHHH sa ny'IKOMe 

PyKonHCh nocTynHna B Ha.aaTenhCKHil: oT.aen 

22 HIOHH 1960 ro.aa. 

· .. 
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