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BBeneune 

B ·nocnenuee BpeMH, 6naronapH oTKpbinoo Ubersfeld' oM, Erb'oM H Mot·-. 

chane 111 H HesaBHCHJI:-fO Proctot'oM H Ahragam' oM
121 

nHHaMH'lecxon opneHTa-

UIIH nnep B TBepnbiX napaMai"HHTHbiX Tenax, CH1IhHO B03pOC HHTepeC K panHO'lac· 

TOTHOfi OpH9HTaUHH Hnep, noHBH1IOCh 001IhlllOe K01IH'leCTBO paooT, UOCBHIUeHHblX 

KaK Bb!HCH9HH 10 CYIUHOCTH HB1JeHHH, TaK H ero ncnonhsoBaHHIO nnn cosna
/3/ 

HIIR opHeHTHpoBaHHbiX MHweuen. Ycnexn, nocTHrHyTbie Hwang'oM , Jeffries' OM/4~ 
/6/ 

Abraham' oM/ 5/ Borghini 

' 
U03B01IHIOT HaneHThCH, 'ITO B HaCTOHIUee BpeMH 

B03MO:>KHO cosnaHHe MHWeHH 1 conep:>KaiUefi OpHeHTHpOBaHHbie UpOTOHbl CO CTe

U9HbiO nonnpnsauHH 6onhweli 25%, 

nepcneKTHBHbiM MaTepaanoM nnH npOTOHHOfi MHW9HH HB11H9~CH U011H9TH-

1!9H0 KOTOpblfi HMeeT U1IOTHOCTh B nBa pasa 0011hWYIO, '19M 'lHCTblfi }KanKllfi' B0-
'3 

nopon /0,14 rpaMM01!eKy11bl Ha 1 C M nnH U011H9TH1!eHa H 0,07 r-M nnH )KRn-

KOI"O Bonopona/, 1:{1151 cosnaHHH napaMai"HHTHbiX ueHTpOB B U011H9TH1!eHe MO:>K

HO HCU01!h30BaTh panHOaKTHBHhl9 H311Y'l9HHH /npoTOHhl, OhlCTphle HefiTpOHhl, Y 
0 /3/ 

1IY'IH H aneKTpOHbii. npa TeMnepaType 1.2 K Hwang U01IY'IH11 HaH0011hWee 

ycnneHHe cnruana HnepHoro MarHRTHoro pesoHaHca /f{M PI 1J = 40 nnn no-

nnaTnneHa. BbiCOKoi!: nnoTHOCTH, oony'leHHoro obiCTpbiMR uei!:TpoHaMH B Aparou

cKoM peaKTOpe 0 'ITO COOTB9TCTByeT U011HpH3aUHH UpOTOHOB 1.2%, VfHTepeCHOfi 
1 

OC009HHOCThiO, OTMe'leHHOi!: Hwang OM, HB11H8TCH TO, 'ITO npn: UOHH:>KeHHH TeMne-

paTypb; oT 77°K no 1.2°K ycn:neHRe yMeHhwaeTCH B nBa pasa. VlsMepeuue . 
/3/ 

:apeMen penaxcaun:n:, cnenauuoe B , ue oo'hncunno aToT a<iJ<iJexT. 

Uenhro nauuoi!: paooTbi n:annnocb B&mcuenHe aosMo:>KHOCTH cosnaHHH MHwenH,, co

nep:>Kamelt opHeHTHpOBaHH&Ie npoTOHbi. Bbl1111 HsMepeHbi BpeMeHa nnepH:olt H :~nexTpou

Holi penaKcaulin. CTaTbH conep:>KHT onHcaHne 6onee neTanbHbiX axcnepnMeHTOB c o6-

ny'leiiHbiM n011H9TH11eHot-'f, '!eM BbmonHeHbi Hwang' OM • PaooTa n:anneTcn npen:aapH-

T911bHbiM 9TaUOM B cepHll :9KCnepHM8HTOB no cosnaHHIO OpH8HTHpOBalpiOfi MHW8HH, 
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1. Orr:HcaHHe ycTaHOBKH 

Bnox-cxeMa ycTaHOBKH anH oaHoapeMeHHoroHa6nroaeHHH HaepHoro MarHHT

Horo peaoHaHca H anexTpOHHoro rrapaMarHHTHoro peaoHaHca -130?1 rrpH renHe

BbiX TeMrrepaTypax rroxaaaHa Ha pHc. 1. B peaoHaTope Boa6y%aanHcb Itone6a-

HHSI THrra H102 c 'lacTOTot!: v9 = 9.3 x Mru. 06paaeu rroMemancg B 

BbiCOKO'IacTOTHOe MarHHTHoe none H
13 

• BbicoxoqacTOTHbi:lt reHepaTop Ha 

KJlHCTpOHe o6naaan MOlilHOCTbiD UOpHaKa 20 MBT. Jlng CTa6HJIH3aUHH '18CTOTbl 

xnncTpoHa ucrronbaoaanacb cncTeMa aBTOMaTH'Iecxo:lt rroacTpo:ltxn 'laCTOTbi I An"L:: ' 

OTHOCHTeJlbHO C06CTBeHHO:lt '18CTOThl p930H8TOpa, B KOTOpOM H8XOaHJICH HCCJie-
/71 

ayeMbiil: o6paaeu • Pacnono%eHHe KOHTypa HMP reHepaTopa npeacTaBnHno ao-

BonbHO cno%Hyro aaaa'ly. BbinO ncnpo6oBaHo Hecxonbxo napHaHToa. 

1 I BHyTpeHHHA KOHTyp. KoHTyp na 7-9 BHTKOB ToHxoro (0,2 MM) MeaHoro npoaoaa 

B aManeaoa HaonHUHH HaMaTbiBancH Ha o6paaeu. KoHUbi KOHTypa 'lepea cne~ 

uuaJibHbie menH B peaoHaTope BbiBoa·,HnHcb Hapy%y H 'Iepea xoaxcnanbHbi:lt xa-

6enb coeanHHnHcb c perHCTpHpyrome:lt cxeMo:lt. B aToM aapHaHTe ..ocymecTang-. 

nHcb aae MoaHQ:!nxaunn: 11/ ocb KOHTypa nepneHaHxynHpHa BHemHeMy Ma:r'HHT

HOMy nonro H 0 Tax, 'ITO H0 , H18 H MarHHTHOe none KOHTypa H r H npea-
• 

CTaBnHIDT TpO:ltKy B3aHMHO-nepneHanxynHpHhlX BeKTOpOB lpHC. 21 H 

121 OCb KOHTypa COCTaBngeT Manhl:lt yron C Ho I pHc. 31. 

21 BHeWHHfi XOHTyp. KOHTyp HaMaTbiBancg Ha p930H8TOp, CT9HKH KOTOpo

ro 6binH CQJpeaepoBaHbl ao TOnlllHHbl 0.2 ~ 0.3 MM ang YM9HbWeHHH axpaHH

pyromero ae:ltcTBHH Ha KOHTyp SIMP - reHepaTopa. Baonb ocH peaoHaTop 6hln 

paapeaaH, 'IT06hl ycTpaHHTb KOpOTK03aMKHYThl:lt BHTOK. 

31 K oM6HHHpoBaiiHbi:lt KOHTyp. B aToM cny'lae Manag· 'lacTb BHTKOB HaMa

TbiBanach UpSIMO Ha o6paaeu B MOaiiQJHK8UHH 11 I, a 60JibWaH 'laCTb BHTKOB 

pacnonaranacb a6nHan HM P -reHepaTopa • .[leTeKTopoM cnrHana HM P cny%H-

na MOaHQJHUHpoBaHHaH aBTOaHHHaH CXeMa Ha naMne 6X<11 n lpHc.4/. Haep-

H8SI '18CT.OTa Vg = 14 Mru. CHrHan HMP Ha6nroaancg npn npoxo%aeHHH 

SiaepHOil: 'laCTOThl 'lepea p930HaHCH09 3H8'19HH9 npH QJHKCHpOBaHHOM MarHHTHOM 

none. tlacToTHoe npoxo%aeHHe ocymecTBnHnocb c noMombro apamaromerocg 

x OHa eHcaTopa Cn lpHc .4 I, cBH3aHHoro 'lepea peayxTop c ocbro anexTpoMo-
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Topa. qT05bi Ha5emaTb. H8CbiW9HHR no st.ziepHoi!: qacToTe, reHepaTop pa5oTan 

Ha MHHHM811bHO LlOCTH)KHMOM ypOBHe Kone5aHHH IB511H3H rpaHHUbl CpbiBa reae

pauHHI. npH 9TOM '18CTOTH09 npoxom .aeHHe. MeHSlJlO YPOB9Hb reaepauHH, .[lnR 

CT85H1lii38~HH ypOBHSl npHM9HSlJ18Cb 8BTOM8TH'1eCKaSl nOLlCTpOi!:Ka ypOBHSl reHepaUIIH 

/AnY/. AMnnHTy.aa reaepHpyeMoro cHrHana ycHnHaanacb ¥!3q 1n
2

1 H .aeTeK-· 

THpoaanacb ·LlHo.aoM 1n
3 

1. 

npo.aeTeKTHpOB8HH09 HanpstmeaHe -qepe3 RC -uenb c 5onbwoi!: nocTosta-

aoi!: apeMeHH no.aasanacb aa ceTKY reaepaTopHoi!: naMnbr In} I H TeM caMbiM pe-

rynHpoaano cMerueHHe aa ceTKe reaepaTopa, no.a.aepmHBast nocTOSIHHbii!: ypoBeHb 

BbiCOKO'laCTOTHbiX Kone5aaHi!:, CHcTeMa AnY B To me apeMst noaaonstna .aoc

THrHYTb 0'19Hb ManbiX ypoaaei!: reaepauHH, TaK1 npH TeMnepaType mH.aKoro 

renHR ypoaeHb reHepauHH nerKo nonyqancst nopst.aKa 0,005 aonhTa. 

Baewaee Mara~Taoe none Mo.aynHpoaanocb c -qacToToi!: 860 ru Ha rny5H-

. HY nopst.aKa 1 a, 3H8'1HT~1lbHO M9Hbll1YIO WHpHHbl 1lHHHH ~M p B -liO?JH9TH1l9He, 

nocne .aeTeKTHpoBaHHR cHraan HMP nocTynan nocne.aoaaTenbHO aa .a-ayxKac

KaLIHbii!: ycH1lHT91lb HH3KOH '18CT0Tbl Ha naMne 6H3n 1 p930H8HCHbiH yc~1lHT911b 1 

H8CTp09HHbiH Ha '18CTOTY 860 I'll, H CHHXpOHHbiH Ll9T9KTOp, 3anHCb CHI'Hana 

!IpOH3BOLlH1l8Cb H8 C8MOnHCeu 3n.n-0,9.3Ta CHCTeMa o5ecne'1HB81l8 npH renHe

BblX TeMnepaTypax .anst aeycHneaaoro cHrHana HM P 4>aKTop CHr.a.an lwyM- nopst.a

Ka 50 I 1 • 

2. 05paaubl nonHaTHneaa 

05pa3Ubl H3I'OTOB11Sl11HC~ H3 n011H9TH11eHa pa311H'1HbiX COpTOB, nonH9TH119H 

BbiCOKOI'O Ll8B119HHSl HMeeT M811YIO nnOTHOCTb ( p ~ 0.90 - 0.92 

nonH9TH1leH HH3KOI'O Ll8B11eHHS! HMeeT 5011bWYIO nnoTHOCTb 

r 
3 

CM 

( p ~ 0.95-0.97 __ r--oo3r-)• nonH9TH11eH ~H3KOI'O Ll8B1l9HHSl 5bin B3SlT C pa311H'l- · 
CM 

aoa Bst3KOCTbiO, BstaKoCTb aenocpe.acTBeaao xapaKTepHayeT cpe.aaHi!: MoneKyn~p-

Hbli!: aec nonHMepaoi!: ueno'IKH nonHSTHneaa. 

l1 ccne.aoaanHcb cne.ayiOwHe o5paaubi: 

/1 I na an 1M -rronH9TH119H Bb!COKOi!: nnOTHOCTH c BSl3KOCTb 10 3.2 na, 

'ITO COOTBeTCTByeT cpe.aHeMy M011eKy11SipHOMY Becy nonHMepHOH uenO'lKH 
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4 X 105. npeccoBKa IIpOH3BO,llHnacb H3. rpaHyn. PaaMep o6paaua 17x9x7 MM 
'3 

I - 1.0 CM I. 

/2/ nsBnlE -rromr9THneH BbiCOKOft IInOTHOCTI! C BSI3KOCTbiO 3,2 II3, 

npeccOBKa H3 rpaHyn IIpOHCXonuna B HeCKOnhKO npyrHX ycnOBHSIX, qeM· nnn 

nsBnlM. Pa3Mep o6paaua 21x9x7 MM f...-1.3 cM 3 t. 

/3/ n3Bn2 -rronH9THneH BbiCOKOft rrnOTHOCTII C BSI3KOCTbiO 2,6 II3 1 qTo 
5 

COOTBeTCTByeT MOnexynnpHOMy Becy 2 X 10 /snBoe MeHbiUe, qeM nnn n3Bn 1/. 

PaaMep Taxoft :>Ke KaK nsBnlE. 

/4/ n3Hn- rronH9THneH HH3KOH IInOTHOCTH , 

Pa3Mep o6paaua KaK y nsan 1M. 

06pa3Uhl o6nyqanHCb 6wcTphlMH HefiTpOH8MH B TH:>KenOBOnHOM peaKTOpe 

11TS<l> AH CCCP B TeqeHHe 20 qacon rrpH TeMnepaType 65°C IHHTerpanhHaH 
17 -2 

noaa o6nyqeHHH 7 x 10 nefiTp.cM I. nocne o6nyqenHH o6paaubi HMenH 

y -axTHBHOCTh rropsnxa 100 {J -aKTHBHOCTb npax-

THqecxH oTcyTcTnyeT. Tax xax nnpo 

Mxp/cex. 

c12 /XHMHqecxas ¢opMyna nonHsTHneHa 
• 13 

CH
2

/ nocne aaxBaTa HefiTpOHa o6paayeT cTa6HnhHbiii H30Torr C , KOToporo 

M ano B ecTeCTBeHHOfi CMeCH H3~TOIIOB II KOTOpblfi oqeHb cna6o 8KTIIBHpyeTCH /rrepH-
14 

on rronypacnana H30TOIIS C 5500 neT/, TO 8KTHBHOCTb BepOSITHO Bbl3biBaeTCSJ 

3SI'pg3HeHHHMH /T,H, 30nhHOCTb IIOnH9THneHa/, nocne TpexcyTO'IHOI'O Bbinep),KH·
:,; 

DaHHB o6paauon B :>KunxoM aaoTe Inns coxpaHeHHn 

nanana HH:>Ke 6eaonacHo nonycTHMoro yposnn. 

F -ueHTpos/ aKTHBHOCTh 

3. SxcnepHMeHTanhHbie peaynhTaTbi 

YsenHqeHHe nonnpHaauHH rrpoToHoB xapaxTepHayeTcn xos¢¢HuHeHTOM nH-

HaMHqecxoro ycHneHHB ~ 1 paBHOI'O OTHOW eHIIIO CHI'Hana .H M p Up II HanH'IHH 

H8CbiiUeHHB sneKTpOHHOI'O pe30H8HC8 F -ueHTpOB K CHI'Hany .H M p B OTCyT-

CTBHH HSCbiiUeHHH F -ueHTpoB. 06o3Ha'IHM 'lacToTy paape.wenHofi nKHHH 

snP qepea ll.l,... , cooTBeTcTByiOmee none - H • CsepX'l'OHKan cTpyxTypa 
"' OS 

_§)nexTpoHHoro peaoHaHca nnn .rronHSTHnena He paapeweHa, K os¢¢HUHeHT nuHa-

MHqecxoro ycuneHHH rrpH HacbnueHBH "aanpeweHHoro" nepexona ()) + ()) 
9 g 
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/coOTBeTCTBYIOl!lee none , aHa-

qep_ea 

CpaBHeHHe o6paauoB npoHSBO.llHliOCb npH TeMnepaType 77°K. M OlUHOCTb, 

HaCbll!laiOl!laH SnP, paBHa 20 MBT, ViCII01Ib30Ba1ICH BHyTpeHHHA KOHTyp B MO

.lliiqlHKaiiiHI /1/, CxeMa B .aHanaaoHe ypoBHeA reHepannH .HM P Vr "" 0.05 + 
+ 0.2 Boni.Ta 6bma liHHeAHotl: /xoaciJciJHIIHeHT .anHaMH'Iecxoro ycHneHHH 'f/ He 

aaBHCHT OT Vr /. Pa6o'IHlt ypoBeHb reHepauHH Vr = 0.1 B. PeaynbTaTbi Ha

MepeHntl: npe.acTaBneHhl B Ta6nHue 1. 

T a 6 n H 11 a 1. 

0 6 p a a u bl 'f/_ Tj+ 

nssn1M 22 + 2 25 + 2 

nssn1s 15 3 2 18 + 2 

nsan2 10 + 2 14 + 2 

nsHn 3 + 1 3 + 1 

nSBn 1M .aan HaHOOliblllee ycHneHHe, n 01IH9TH1IeH C MeHblliHM _Monexy

liHpHbiM BeCOM .aan MeHblllee YCH1I9HH9 npH TOft R<e .ll039 001IY'I9HHSI, 0T1IH'IH9 

nssn 1M. H nssn 1 B, 1303MO R<HO# Bbi3BaHO pa3Hb!MH ycnoBHHMH npeccoB~H o6- • ·-' 

paauoB H3 rpaayn. 

Bbmo HaMepeHo BpeMH sr.oepHoA cnHH-pellleTO'IHO~ penaxcauHH ~sr npH 

77°K. ViaMepeHHe Ttsr npOH3BO.llH1IOCb cne.ayiOlUHM oopaaoM. LfacToTa reHe-

paTopa SIMP aacTpanBanacb Ha peaoHaHcHoe aHa'leHne Tax, 'ITO caMonHcen 

maromntl: sn p F -ueHTpoB. AMnnuTy .a a cHrHana sxcnoHeHnnanbHO cna.aana 

.llO 3Ha'leHHH, COOTBeTCTBYIO~ero HeycH1I9!IHOMY CHI'Hany. PoeT H cna.a yCH1I9H -

HOI'O CHI'Hana OIIHChlB~9TCH O.llHOit 9KCIIOHeHTOft CO BpeMeHeM 

TnnH'IHSH penaxcauuoHHaH xapTHHa nox.aaaHa aa pnc. 6. 3anncb yc·nneHHorn 

H aeycnneHHOro cnrHanoB .HM P noxaaaHa Ha pnc. 7. 

lliHpHHbl YCH1I9HHOI'O H HeycH1I9HHOI'O CHI'HaliOB .HMP paBHbl H 

. ' 

" 
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IlOSTOMy Kos¢¢HUHeHT AHH8MHqecKoro ycHneHHH 6pancH KaK OTHOWeHHe MaKcH

ManbHhlX 3HaqeaaA npOH3BOaHhlX STHX CHrHanoB. 

DpH renaeBoA TeMnepaTy·pe aayqanac& paanaqabie BapaaaTbi pacnono>Ke-
. 0 

HHH xoaTypa .RM P. Dpa TeMnepaType 4.2 K ao6poTHOCTb peaoaaTopa c o6paa-. 

UOM H KOHTypoM, IlOMeiUeHHbiMH BHYTt'>b pe30HaTopa 0 paBHHnacb Q = 2000. 
0 

TeMnepaTypa 1.6 K nonyqanacb c noMOIUbiO OTKaqxa napoB renag ¢opaaxyyM-

HbiM aacocoM PBH-20. l1HTepecao OTMeTHTb, qTo npa nepexoae OT KOMHaT

aoA TeMnepaTypbl K aaoTaoA, wapaaa caraana .RM P cHnbHO yBenuqaaanacb • 
0 0 

DpH noHa>KeHHH TeMnepaTypbi oT 77 K ao 1.6 K wapaaa nHHHH npaKTaqecxH 
/8/ ne aaMenanacb. 3To cornacyeTcH c pa6oToA • 

3xcnepaMeHTbi npa renaeBoA TeMnepaType npoHaBoaanacb c o6paauoM 
0 nasn 1M' HMeiOIUHM npH 77 K ycanenae 18,! 3. 

0 BnyTpeHHHA KOHTyp, MoaaQ:>axauasr /1 I. Dpa TeMnepaType 4.2 K H ypoa-

He reHepaUHH Vr = 0.006 B· nonyqeHO ycaneHHe 11_ = 18,! 2; '1/+= 

16:t2. Vf3MepeHHSI '1/ C p83Hb1MH 3HaqeHHHMH Vr noxaaana saaacaMocTb 11 

ynano ao 6 npH 0.02 B. oT Vr • HanpHMep, '1/+ c 16 npa 0.006 B 

0 
Dpa TeMnepaType 1.6 K nonyqeno 

Vr = 0.006 B, 

'1/+ = 11,!2, .,_ 42,! 3 npH 

VfaMepenasr npa 1.6°K aaroT 11_ > '1/+. Taxoe paanaqae Me>Kay .,+. a 11_ cBsrsaHo c 

HenaHeAHbiMH scpcpeKTaMH B CXeMe .fiM p - CileKTpOMeTpa, KOTOpb!e B03HHKaiOT 

Toraa, xoraa MOIUHOCTb 1 nornoruaeMaH ana aanyqaeMasr npa .RM P nonHpaso

BaHHhlMH IlpOTOHaMH 1 CpaBHHMa C MOIUHOCTbl0 1 noaBoaHMOA B Kone6aTenbHbiA 

KOHTyp .SIMP - cnexTpoMeTpa. naaasr aanyqeaasr .SIMP npa none ll ( 1- ~). 
o s ILs 

COOTBeTCTBYIOIUaH OTpHUaTenbHOA nonHpH3aUHH IlpOTOHOB, npHBOaHT K perenepa-

U~H- KOne6aTenbHOrO KOHTypa reaepaTopa .fiMP, IlOCKOnbKy BHOCHT OTpHuaTenb-

H ble IlOTepH B KOHTyp, K6MileHCHpyrowHe nOnO>KHTenbHbie OMHqeCKHe IlOTepK. 

3TO Sl{BHBaneHTHO YBenaqeHIIIO ao6pOTHOCTH KOHTypa, IlpHBOaHIUeMy K )"Benaqe

HHIO ypOBHSI reaepaUHH , EcnH. HanyqaeMasr IlpOTOHaMH MOIUHOCTb aocTaToqHo 

BenHKa, qT06hl CKOMil~HCHpOBaTb OMHqecKHe IlOTepR B KOaType, HacTynaeT s¢

¢eKT yCHneHKH KOne6aHHA B KOHType. nonyqaiOIUHACH KBaHTOBbiA ycHnHTenb Ha 

~ qacToTe .RM P Mo>KeT np11 HeKoTOphlX ycnoBasrx caM oaos6y aHTbCH, M bi ne accne-
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.ll0BS1IH ,lleTSllbHO STOT acpcpeKT, O.llHSKO HS61IIO.ll81IH npif 1.6°}) 3HS"'HTe1IbHOe 

ysenH"'eHHe ypOBHSI KOne6am,j1 B KOHType .HM p -cneKTpOMeTpa UpH 0TpHUST91Ib

HOil: fi011SipH38UHH npOTOHOBo npH fi01IO:lKHTe1IbHOil: fi011SipH38UIIH npOTOHOB 1 KOTO.

poi!: COOTB9TCTByeT K08cpcpHUH9HT 71+ , HS61IIO.ll8110Cb 3HS"'HT91IbHOe yM9Hb me-

HHe ypOBHSI KOne6aHHil: B KOHType. 0TM9THM 1 "'TO HS61IIO.llSeMbi9 acpcpeKTbi· 6bi-

1IH 3Ha"'HTenbHbiMH, T,K. OHH He ycTpaHSI1IHCb ,lla:lKe cxeMoi!: APY • 

. 3TH acpcpeKTbl npllBO.llH1Ill K 8Mfi1lliTY .llHOH H91IHH9HHOCTH .HM p -cneKTpo-
. 0 

MeTpa H o6'bSICHSIIOT, "'TO npH 1.6 K 1!_ > 71+ • npH 4.2 K B1IHSIHHe aTHX acp-

cpeKTOB 6b1110 HeCyilleCTB9HHbiM, 

Bb111H C.llenaHbi HaMepeHHSI c uenbiO onpe,lleneHHSI MOillHOCTH, Heo6xO.llH-

o . 
Moil: .ll1ISI HaCbiilleHHSI :anP np11 TeMnepaType 4.2 K. PeaynhTSTbt noKaaaHbi aa 

pH C. 8. M OlllHOCTb K1IHCTpOHa, Heo6XO.llHMaSI .ll1ISI HSCbiWeHHSI :3 n pI OK838118Cb 

paBHOl\ 1 MBT npH .ll06pOTHOCTH pe30H8TOpa Q = 2000, EcTecTBeHHO, 

C fiOHH:lK9HHeM TeMnepaTypbi MOillHOCTb HSCbi!lleHHSI 6y.lleT YM9Hbill8TbCSI. 

VIaM:epeHHe speMeHH cna.lla H HapacTaHHSI cHrHana HM P npil BbiKliiO"'eHHH 

H BK11!0"19H!Ill MHKpOBOliHOBOH MOWHOCTH, COOTB9TCTB9HH0 1 . BbiSIBH110 HHTepeCHbie 

.lleTanH. PenaKcaUHSI ycHneHHoro CHrHana nocne BbiKDIO"'eHHSI KDHCTpoHa onHcbl-

saeTCSI .llBYMSI speMeHaMu: .T' -KopoTKoe. speMSI H T" · -.llnHHHoe. T· 
ZSI 1 S1 Zg 

STO BpeMSI CnHH-peme'I'O"'HOH SI.ll9pHOH penaKCSUHH. npu BK11!0"19HHH K11HCTpOHa, 

HacbrwaiOwero :anP F -ueHTpos, CHrHan .HM P HapacTaeT .llO 3Ha'leHHSI, co-

OTB9TCTBYIOWero yCH119HHOMy CUI'Hany. PoeT CHI'H8118 OnHCbiBaeTCSI TSK:lKe 

cyMMOil: .llBYX SKCfiOHeHT C BpeMeHaMH r' H r" • BenH'IHHbi 
0 SI Og O O 

T' 
ZSI 

H T' 
zSI 6bi11H H3MepeHbi npH TeMnepaType 1.6 K H 4.2 K. 

PeaynhTSTbi npHBe.lleHbi B Ta6nHue 2. 

Ta6nHua 2 

ceK r' 
T' T" r' r" JJL 'fOK T' zSI Zg Og (1il ,SI 

1.6 50! 10 150!_20 23+5 80+ 10 0.45 

4.2 17:!: 3 67t 10 17!. 3 66:!: 10 1.0 

r' r" 
Og ' Og• 

r ' 
OSI 

T" rSI 

0;53 

1;0 
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' ' 0 
npH T9MllepaType 4.2 K BpeMeHa paapyweHHSI H BOCCT8HOB119HHSI llOils:!PH.,.. 

0 
38UHH COB118Ll8IOT, npH 1,6 K Bp9Ms:! BOCCT8HOB119HHSI 1101ls:!pH38UHH B LlB8 paaa 

KOp0'19 0 '19M Bp9Ms:! paspyweHHSI, BK118Ll KOpOTKOft 9KCllOH9HTbl B penaKC8UHIO 

0 ' 
npH 4.2 K nops:!LlKS 30%. npHCYTCTBHe B penaKcauHH LlBYX 9KC110H9HT MO:lKHO 

06'bs:!CHHTb H811H'l:H9M LlBYX rpynn 11pOTOHOB, HM9IOII.lHX pa3Hbl9 BpeMeHa penaK-

C8UHH, n epByiO rpynny COCTSBils:IIOT npOTOHbl, H8XOLls:!Il.lH9CSI B611H3H F -uea-

TpOB H HM9IOII.lH9 KOpOTKOe Bp9Ms:! penaKC8UHH, BTopyro rpynny COCT8Bils:!IOT npo

TOHbi, Y Ll8119HHbl9 OT napaM8I"HHTHbiX U9HTpOB, nons:~pH38UHSI K llO,Cil9LlHHM ne

p9Ll89TCSI ll0Cp9LlCTBOM cnHHOBOft LlHcpcpy3HH 0 

npHCyTCTBHe LlBYX 9KCllOH9HT B penaKC8UHH Ll9MOHCTpHpyeTCSI Ha pHC, 9, 

l1a o6meft KpHBOft "a" Bbi'l:TeH LlllHHbift XBOCT "B-,. To'l:KH nomaTcg aa nps:~MyiO 

*c". 

THnH'l:Hbie penaKcauHoHHbie xapTHHbi noKasaabi aa pH c. 10 H 11. ConocTaB-

o 0 
neHHe- BpeMeH cnHa-peweTo'l:aoft penaKcauHH npH TeMnepaTypax 4.2 K H 1.6 K 

nOK83hlB89T, 'ITO B LlH8ll830H9 
-1 

cs:~ no aaKoay T 

TeMnepaTyp 1.6°-4.2°K T' H 
lSI 

T'• H3M9HSIIOT-
1g 

KaK yme OTM9'18110Cb, CXeMa C BHyTp9HHHM KOHTypoM B MOLlHcpHK8UHH 

11 I p'a6oTa eT H911HHeft:ao, nosTOMY 6binH HCC119LlOB8Hbl LlPYI"He BapHaHThl pac-

nonomeaug KOHTypa. 

B Hew HHft KOHT:P• K 838110Cb 6b! I BapHaHT C BH9lli HHM KOHTypoM s:!BilSI9TCSI 

O'l:9Hb nepcneKTHBHhlM, CBSI3b o6pasua c KOHTypoM cHnbHO ocnaGneaa IBayTpH 

peaoaaTopa none ocna6nSieTcSI no'l:TH B 10 pas I H noaToMy scpcpeKTbi, HMeiOmHe 

M9CTO B cnyqae BHyTp9HH9I"O KOHTypa, LlOil:lKHbl OTCyTCTB0~8Tb, 0LlH8KO CX9M8 C 

BH9WHHM KOHTypOM OK838118Cb CHilbHO H911HH9l!:HOit, Koscpt!JHUH9HT LlHH8MH'l:9CKC,_ 

I"O yCH119HHSI 3H8'l:HT91lbHO 38BHC911 OT ypOBHSI reaepaUHH ~- , npH'l:9M LlllSI 71_ 

H 71+ H911HH9ftHOCTH 6binH pa311H'l:Hbi9, J.13M9p9HHSI Bp9M9H SILl9pHOft penaxca

UHH npH 4.2°K LlanH T;SI = 120 :!:4 I ceK H T~~ = 190'!:.151 ceK, 'ITO B npe

Llenax OW H60K cornacyeTCSI C H3M9p9HHSIM H H8 BHyTp9HH9M KOHType, 

KoM6HHHpoBaHHbift KOHTyp. L{anee 6bin HCC119Ll0B8H BapHaHT C KOM6H-

HHpOB8HHbiM-KOHTypOM, JlBa BHTKa H8M8Tb!:S811HCb H9IIOCp9LlCTB9HHO Ha o6pa--

39U, 15 BHTKOB Bb!HOCHilHCb H3 KpHOCTaTa, H pacnonarallHCb pSILlOM C .SIMP-
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0 
-reaepaTopoM, Vf3MepeH!Ht ycnneHHst npH 4.2 K 6binH c.aenaHbi B .aHana3oae 

ypoBHelt reaepaUHH vr /0.04- 0.4 I B. KoacjJc}1HUH9HT ycifneHHSI TJ 

npH aToM H3Meastncst oT 15 .ao 24. 0wH6Ka H3MepeHHst paBastnacb + 4. TaKHM 

o6pa30M B npe.oenax y.oaoeaaolt owH6KH H3MepeHHil: 3Ha'leHHst TJ_ npR pa3-

HbiX V r nepexpbiBanHCb H .aamr cpe.oaee 3HaqeaHe TJ_. = 19 + 4. AHano-

f'H'lHhl9 H3M9p9HHSI .onst TJ+ .aanH cpe.oaee 3Ha'leHH9 20 ;t 3. · 

BayTp9HHRit KOHTyp, MO.llliqJHK8UHSI /2/ --

Bo acex Hccne.ooBaHHbiX aapHaHTax pacnortomeaHst KOHTypa ae RMenocb B03-

MomaocTH aenocpe.ocTBeaao npoBepHTb nHaeltaocTb perHcTpHpyromea cxeMbi. TaKylj:l 

803MO)!{H.OCTb C03.ll89T BapHaHT C BHyTpeHHHM KOHTypOM B MO.lllHpRKaURH 

/2 I, Kor.aa HanpaBneHRe BHeiWHero nonst 11 ocb KOHTypa SIMP. /pRe. 3/ 

M8f'HHTa/, MoryT 6biTb c.oenaHbi napannenbHbiMR /aTo .oocTnranocb _BpameHR9M 
o'' o 

M9)!{.llY JH! H OCb!O KOHyTpa OT 90 __ .llO 0 
0 Vf3M9H9HH9 yrna a 

eT KOMUOH9HTY pa.llHO'l8CTOTHOf'O Maf'HHTHOf'O nonst 

yM9Hbllia

H1~, nepneH.llRKynstpHyro H 0~ 

no 3aKOHY H ~ sin a EcnH oTcyTcTByeT Hacbiill9HRe no st.oepHoi!: qacToTe, 
Zg 

aMnnHTy.oa cHrHana .HM P .oonmaa MeHstTbCst no 3aKoHy H1!;-sin
2 

a • HanpH-
o 0 

Mep, npH noBopoTe MarHHTa oT 90 .oo 45 •cHrHan SIMP .oonmeH yMeHblliHTb-

cst B .llB8 pa3aj COOTB9TCTB9HHO, OT 90° .llO ,30~ B 4 pa3a, TaKHM o6pa30M~ ec .. 

nH H3M epeHHst .oaroT, 'ITO aMnnHTY .oa cnraana SIMP MeasteTcst no 3aKoHy- sin
2 

a1 

To perHcTpHpyromast cxeMa stBnsteTcst nnaeltHoi!: • 

3KcnepHM9HTbl C aTHM B8pHaHTOM pacnonomeHHSI KOHTypa 6binH npOB9.ll9Hbi 

npH TeMnepaTypax 4.2°K H 1.6°K. 

0 
TeMnepaTypa 4._~· npH ypoaae· reHepaUHII V = 0,014 B 

T' 
cxeMa 

SIMP 6bma nHaeltHa c xopowelt. TO'lHOCTbiO. 3KcnepHM9HTanbHbie TO'IKH Ha pHc. 12 

XOpOlliO COBna.oaiOT C 38KOHOM sin 2 
a • Y CHneHR9 paBHO TJ_ = 21 "t. 3. 

noBb!lli9HH9 ypOBHSI reHepaUHH B Tpli pa3a npHBeno K 3aM9THOMY H8Cb!Ill9HII!O 

pe3oaaHca /pHc. 12/. YcHneaHe B sTOM cnyqae ae H3M9HHnocb H paBHstnocb 

TJ_ = 20!_3. 

TeMnepaTypa 1.6°K. npll ypoBH9 reHepaUHH v = 0.0084 B r 
cxe-

Ma SIMP 6bma TaKme nHHei!:aolt. KoacjJcl>HuHeHTbi ycnneHHst npH a 

30° COBna.oanH H paBHstnHCb TJ 18+ 3, noBbJlli9HH9 ypoBHH reHepauHH .llO 



-:~ 

12 

0,045 B IIpHB9110 K 3aMeTHOMy H8.Chll.U9HHIO pe30H8HC8, J13M9p9HHSI IIpH a 
o· o o 

== 90 1 30 . H 5 .ll8.11H pe3yllbT8.Thi 1 COBII8,ll810I.UHe B npe.oenax 9KCIIepiiM9HT8.11b-

Hb!X OWHOOK CO Cp9.llHHM 3H8.'l9HH9M TJ_. = 20 :!: 3. Tn:nH'IHaSI 3anHcb ycHneH-

HOI"O H H9YCII119HHOI"O CHI"HB.IIOB HM p UOK8.38H8 HB. pHC, 13. 

0 l13MepeHHe apeMeHH cnHH-perueTO'IHoil: penaKcauHII llPII T = 4.2 K .oaeT 

T' == 118 + 31 ceK H T" == 110 + 151 ceK, 'ITO cornacyeTcSI c npemHJr-
tSI - tSI - O 

Mil pe3yllbT8T8.MIIo C IIOHH:lK9HHeM TeMnepaTypbl .llO 1,6 K 113M9H9HII9 BpeM 9HH 

T -T·t .. CIIHH- peJW9TO'IHOil: penaKC8UHH IIpOHCXO,llHT UpHOIIH3HT911bHO KB.K lSI • 

nocne.oHII9 113M E;!P9HHSI C BHyTpeHHIIM KOHTypoM B MO.llHqlHKB.Ul:rl:r 12 I .ooc

TB.TO'IHO H8.,ll9:lKHhl 1 'ITOO~I C,ll9118.Tb Cl19.llYIOI.UHil: BhiBO.ll. 

B .ouana3oue 1.6° - 77°K Koa¢¢H.uHeHT .llHHaMH'lecKoro ycunemrSI oT TeM·· 

nepaTyphi CYlll9CTBeHHO He 38.BHCHT. 3TOT pe3yllbT8.T IIpOTHBOpe'IHT .llB.HHhiM 
,. 131 

Hwanga ., KOTOphiil: H8.01110,ll8.11 CHCTeMB.TH'leCKOe II8.,lleHH9 YCHI19HHSI B .llBB. pa-

38. npH nepexo.oe oT 8.30THhlX TeMnepaTyp K renHeBMM. 

113M ep9HH9 Bp9M9HH 9119KTpOHHOil: cn~m-pew 9TO'IHOil: penaKCB.UHH Tts 

UpOH3BO.llHIIOCb IIpH 1.6°K H 4.2°K HB. cyrrepreTepO,llHHHOM pa.oHocneKTpOMeTpe 

181 
MeTO,llOM· HMIIYilbCHOI"O H8.Chllll9HHSI 

THrrH'IHhie penaKcauHOHHbie KpHBhie UOK8.3B.Hhi ua pHc. 14 H 15. BpeMeHa 

cmm-peweTO'IHOil: penaKcauHH oKa3anHCb paBHhiMH T
19 

= 1200 :!: 201 m ceK 

0 0 
rrpn 4.2 K H T19 = 1440 "t 301 m ceK np11 1.6 K, H3MeHSISIC.b c TeMnepaTy· 

-1 
poi!: npHOIIH311TenbHO no 38.KOHY T • 

B HB.lllHX sKcnepHMeHTax nony'leuo MaKCIIMB.IlbHoe .llHHB.MH'lecKoe ycHneHHe 

U011SipH38.UHH IIpOTOHOB TJ 20. M B.KCHMB.IlbHOe 3Ha'leune Kos¢¢uuHeHTa .o~ma-

MH'l9CKOI"O YCH119HHH 1 IIp9,llCK8.3b!B8.9MOe TeopHeil: B C.lly'lae p8.3perueHHOil: C.Bepx-

. I 4 I P.s ( f )"t 
TOHKOft CTpyKTypbi 911eKT·POHHOI"O pe30H8.HC8. 1 paBHO TJmax =·~ 1 + ) 

r.oe p. - MB.I"HHTHbiil: MOMeHT 

TOHB. 

H 

I ~ = 6601, -f= 
ilSI. 3 

a:eKT~oua, 

- __::tl! . 
N Ttsr 

F -ueuTpod a lcM 1 COOTB9TCTB9HHO, 

p.SI MB.I"HHTHhlfi MOMeHT npo-

n, ~ 
- KOIIH'l9CTBO IIpOTOHOB 

J1CIIOI1b3YSI H3MepeHnhle 3H8.'l9HHSI 

T H T 
t9 1 SI 

1 MO:lKHO OU9HHTb B911H'IHHy f .llllSI H8.lll9I"O CIIY'IB.SI, rpyoaSI 

oueuKa .oaeT ;._50, COOTB9TCTB9HH0 1 TJ 10 • 
max 

·TJpH f »1 TJ......, _1_ ,_, N 
max f ' 
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8 CBSISH C 9THM HHTepeCHO rrpoBepHTb, KaK CHJlbHO 

eHT llHHaMH'reCKOI'O ycHneHHS! C yMeHbWeHHeM KOJlli'IeCTBa 

MeHHeTCSI K09cPqJHUH

F -ueHTpoB. 06-

paseu o6ny'leHHOI'O llOJ1H9THJ1eHa Bbillep.:>KHBal1CSI rrpH KOMHaTHOJi TeMrrepaType 

oKono 30 '!a coB. K onH'IeCTBo F -ueHTpoB aon.:>KHo yMeHbWHTbCSI B 3.5 pasa, 

ecnH .BpeMSI .lKHSHH F -ueHTpoB ·rrpH aToli TeMrrepaType c'IIITaTb paBHbiM 1 
/3/ 

cyTKaM , YcHneHHe rrpH aToM yrrano ao TJ = 14 ! 2, T,e, Ha 30%. 3To osHa-

'laeT, 'ITO KOHUeHTpaUHH F ueHTpOB, llOCTHrHyTaSI rrpli o6ny'leHHH, HaXO-

llHllaCb He O'leHb aaneKO OT SHa'leHHH, COOTBeTCTBYIOLUero MaKCHManb-

HO llOCTH.lKHMOJi UOllS!pHsaunH rrpOTOHOB, npH'IHHbl 9TOI'O pacxo>KaeHHSI 

Haao HCKaTb B TOM, 'ITO llllSI llOJ1H9THJ1eHa CBepXTOHKaSI CTpyKTypa 

aneKTpOHHOI'O peSOHaHCa He SIBJIS!eTCSI paspeweHHOil:, 'ITO rrpHBOllHT K yMeHbwe

HH!O llHHaMH'IeCKOI'O yCHJ1eHHSl rrpH HaCbiLUeHHH OllHOil: HS "3arrpemeHHb!X" nH

HHil: sa c'leT 'laCTH'IHOro HaCbiLUeHHSI apyroli 
0
SaupemeHHOH

0 
nHHIIH, aaiOmeit 

ycHneHue c o6paTHbiM SHaKOM. TeM He MeHee, onTHManbHaSI KOHUeHTpaunSI F

-ueHTpOB BOSMO.lKHO He 6bina llOCTHrHyTa, B CBSISH C 9THM UHTepeCHO IIpOBeCTH 

HaKonneHHe F -ueHTpOB npn asoTHOil: TeMrrepaType, upn KOTopofi BpeMSI .:>Kns-

HH F -ueHTpOB O'leHb BeJ1HKO, noao6Hblfi 9KCrrepHMeHT HaXO.UHTCSI B CTa· 

llHH llO.UI'OTOBKH, 

3aKJ1IO'!eHHe 

B pa6oTe nccneaoBanacb .UHHaMH'IecKaSI rronSipusauHSI upoToHOB uonnaTHne

Ha, o6ny'leHHOI'O 6b!CTpblMH HefiTpOHaMH, 

/1/ uony'leHo yBenn'leHne upoToHHofi uonSiprisauHH B 20 pas npH Hano.:>KeHHH 

Bb!COKO'IaCTOTHOrO Mai'HliTHOI'O IIOJ1Sl, HaCb!LUaiOLUero aneKTpOHHbiJi peSOHaHC 

"saupemeHHbiX rrepexo.uoB° F - ueHTpoB, rrpH TeMnepaType 1.6°K H none 

3500 9, 'ITO COOTBeTCTByeT IIOl1SlpHSaUHH IIpOTOHOB 0,45%, 

/2/ HSMepeHhl BpeMeHa SI,UepHOH H aneKTpOHHOJi penaKCaUHH rrpH renHeBhlX 

TeMuepaTypax. 

/3/ MOII-\HOCTb 1 He06XO,UHMaSI .UllSI HaCbiLUeHHSI 3n~ COCTaBnSieT 1 MBT 

0 
rrpH TeMn epaType 4.2 K H .uo6poTHOCTH pesoHaTopa Q = 2000. 

B saKniO'IeHHe aBTOphl nonbsyiOTCSI cnytiaeM BhlpaSHTb_6naro.uaPHOCTb 

Wauupo ¢ .JI. sa uocTOSIHHOe BHH~IaHHe Ii HHTepec K pa6oTe, M HnSieBy B. A •-

sa y'laCTHe B HSMepeHHSIX BpeMeHH 9JleKTpOHHOH penaKcauuu, Kpyrr'IHUKOMY n.A. 
sa coaeil:cTBHe B o6ny'leHitli o6pasuoB rronuaTuneua H K oKopeBy B.VI. sa rrOMOLUb 

B pa6oTe. 
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PacnonomeHKe o6paaua c KOHTypoM B peaoHaTope. 
BHyTpeHHSHI KaTywKa" Mo.aHcPHK8UHSI I l/. 

.FMP 

Oo.tt!lveHH &J _ 
o5pa.Je~4 11.:J/11J.J1"nU.17~Ha-

To me, 'ITO H Ha pHc. 2. Mo.aHcpHKauKSI /2/~ 
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·CxeMa ypOBHei!: CKCTeMbi sneKTpoa:-npOTOH B CHnbHOM Mai'HRr
'HOM none. 
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10 20 JO 

0 PenaxcauHR. cHrHana .HMP npK 77 K. 
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p H C, 10. PenaKcauHoHHbre KpHBbre npH 4.2°K. 

0 IJ/Jo 

p H C, 11. P ena:KcauHOHHbie KpHBbie npH 1.6°K. 
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3aBRCRMOCTb aMnJJHTy .ll bi cHraana. H M P oT yrna noeopoTa 
Mat'HHTa, 

T• ~6°1< 

--

p K c •. 13. Y cRneaxe cHraana HM P npK 1 ;6°K. 
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